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About the journal

The International Scientific Periodical Journal "Modern Technology and Innovative Technologies" has been published since 2017
and has gained considerable recognition among domestic and foreign researchers and scholars.

Periodicity of publication: Quarterly

The journal activity is driven by the following objectives:

e Broadcasting young researchers and scholars outcomes to wide scientific audience

e Fostering knowledge exchange in scientific community

e Promotion of the unification in scientific approach

e Creation of basis for innovation and new scientific approaches as well as discoveries in unknown domains
The journal purposefully acquaints the reader with the original research of authors in various fields of science, the best examples of
scientific journalism.
Publications of the journal are intended for a wide readership - all those who love science. The materials published in the journal
reflect current problems and affect the interests of the entire public.

Each article in the journal includes general information in English. The journal is registered in INDEXCOPERNICUS.
Sections of the Journal:

Library of Congress Classification Outline Sections
Subclass TJ/ TJ1-1570 Mechanical engineering and machinery
Subclass TK / TK1-9971 Electrical engineering.
Subclass TA /TA165 Engineering instruments, meters, etc. Industrial instrumentation
Subclass TK /TK5101-6720 Telecommunication
Subclass TK / TK1-9971 Electrical engineering. Electronics. Nuclear engineering
Subclass TN/ TN1-997 Mining engineering. Metallurgy
Subclass TS/ TS1950-1982, TS2120-2159 Animal products., Cereals and grain. Milling industry
Subclass TS/ TS1300-1865 Textile industries
Subclass TK / TK7800-8360 Electronics
Subclass T/ T55.4-60.8 Industrial engineering. Management engineering
Subclass T/ T351-385 Mechanical drawing. Engineering graphics
Subclass TA /TA1001-1280, Subclass TL / Transportation engineering, Motor vehicles. Cycles, Highway engineering. Roads
TL1-484, Subclass TE / TE1-450, Subclass TF / TF1-1620 and pavements, Railroad engineering and operation
Subclass TH / THI-9745 Building construction
Subclass T/ T55-55.3 Industrial safety. Industrial accident prevention

Innovative economics and management, Innovations in pedagogy, Innovative

Additional sections approaches in jurisprudence, Innovative philosophical views
R equirements for articles

Articles should correspond to the thematic profile of the journal, meet international standards of scientific publications and be
formalized in accordance with established rules. They should also be a presentation of the results of the original author's scientific
research, be inscribed in the context of domestic and foreign research on this topic, reflect the author's ability to freely navigate in the
existing bibliographic context on the problems involved and adequately apply the generally accepted methodology of setting and
solving scientific problems.

All texts should be written in literary language, edited and conform to the scientific style of speech. Incorrect selection and
unreliability of the facts, quotations, statistical and sociological data, names of own, geographical names and other information cited
by the authors can cause the rejection of the submitted material (including at the registration stage).

All tables and figures in the article should be numbered, have headings and links in the text. If the data is borrowed from another
source, a bibliographic reference should be given to it in the form of a note.

The title of the article, the full names of authors, educational institutions (except the main text language) should be presented in
English.

Articles should be accompanied by an annotation and key words in the language of the main text and must be in English. The abstract
should be made in the form of a short text that reveals the purpose and objectives of the work, its structure and main findings. The
abstract is an independent analytical text and should give an adequate idea of the research conducted without the need to refer to the
article. Abstract in English (Abstract) should be written in a competent academic language.

The presence of UDC, BBK

Acceptance of the material for consideration is not a guarantee of its publication. Registered articles are reviewed by the editorial
staff and, when formally and in substance, the requirements of the journal are sent to peer review, including through an open
discussion using the web resource www.sworld.education

Only previously unpublished materials can be posted in the journal.

R egulations on the ethics of publication of scientific data and its violations
The editors of the journal are aware of the fact that in the academic community there are quite widespread cases of violation of the
ethics of the publication of scientific research. As the most notable and egregious, one can single out plagiarism, the posting of
previously published materials, the misappropriation of the results of foreign scientific research, and falsification of data. We oppose
such practices.
The editors are convinced that violations of copyrights and moral norms are not only ethically unacceptable, but also serve as a
barrier to the development of scientific knowledge. Therefore, we believe that the fight against these phenomena should become the
goal and the result of joint efforts of our authors, editors, reviewers, readers and the entire academic community. We encourage all
stakeholders to cooperate and participate in the exchange of information in order to combat the violation of the ethics of publication
of scientific research.
For its part, the editors are ready to make every effort to identify and suppress such unacceptable practices. We promise to take
appropriate measures, as well as pay close attention to any information provided to us, which will indicate unethical behavior of one
or another author.
Detection of ethical violations entails refusal to publish. If it is revealed that the article contains outright slander, violates the law or
copyright rules, the editorial board considers itself obliged to remove it from the web resource and from the citation bases. Such
extreme measures can be applied only with maximum openness and publicity.
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Abstract: It was investigated the nature of light color and its peculiarities in different spheres,
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Introduction. On the color theory and its perception by a viewer:

1. The nature of light. The majority of people experience the world by visual
information, so color, as an image component, plays a significant role in perceiving
the world around us. Physically, color is a property of light, namely the visible
spectrum of electromagnetic waves (wavelength from 380 to 750 nm). For a clear
perception of color, it is sufficient to have information about its characteristics such
as hue (tint), intensity (saturation) and brightness; this set of information helps to
distinguish one particular color from all the others.

As the light is an electromagnetic wave, or rather, has a complex particle-wave
nature, it has such parameters as the length of the wave (in nanometers), frequency
(in Hertz) and photon energy (in electron volts, 1 EV = 1,602 * 10" J). The photon
energy is proportional to the frequency of the wave and is inversely proportional to
the length of the wave.

. hc
The general equation of photon energy: E = — , where A, ¢ are constants, / —
A

the Planck’s constant, c is light velocity. Another formula is used in optics: E = hv,

where v is the photon frequency.
The principle of color perception is based on the reflection of waves with a
certain length by the surface of an entity or object followed by detection by the
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human eye. The color vision is realized by receptors with different sensitivities to
light. In humans, these receptors are located on the retina, the light-sensitive tissue on
the back of the eye. Interaction of a quantum of light with a corresponding pigment
takes place in the photoreceptors [1]. The brain recognizes colors, based on the value
of the excitation stimulus, which the receptors recognize. There are four such
receptors in the human eye. The first type, rods, is responsible for night vision with
poor illumination (scetopic vision). They contain a macromolecular compound of
rhodopsin composed of vitamin A aldehyde - retinal and opsin protein. Capture of
light photon by the optic pigment is accompanied by isomerization of one of its
constituent parts - retinal. Photochemical conversion of optic pigments is initiated by
their inhibition of the photon and transition to a higher energy level, which is
accompanied by their stereo isomerization. This results in a number of transitional
products and mature connection of retinal to opsin. All this contributes to increased
membrane penetration and transmission of light by the optic nerve to the brain.

The other three (L, M and S cones) are used for color vision (photopic vision) at
higher light levels. There are some additional photoreceptors which are not used for
vision, but for regulating the circadian rhythm [2]. In the photopic vision regime, the
color information for each location on the retina (i.e., for one image point) has only
three dimensions, which means that the results can be associated with points in a
three-dimensional color space, and the vision is called to be trichromatic.

The detailed representation is shown on the illustration below (img-1) [3].

/
retinal pigment epithelium (RPE) -/

Img-1

Purpurlinie

[ Theorstische Ferben

Img-2

According to the Young-Helmholtz trichromatic (three-color) theory, color
vision implies tricromatism property, i.e. subtracting the light into the three main
domains — the red, green and blue. Some postulates of the theory include the
following (img-2) [4]:

e Color vision is due not so much to the physic of visible light as to the

structure of retina.

e Any color can be produced by additive mixing of the primary spectral colors:

red, green and blue.
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e In the case of color stimuli, at least two of the three cone types are
simultaneously excited by incident light, which makes such a mixture
possible.

In most cases, a color space has three dimensions, according to the three
different kinds of color receptors used for photopic vision of the human eye,
having trichromatic vision. Consequently, a color value can usually be specified with
the combination of three-color coordinates (tristimulus values). It can be considered
as a combination of three primary colors, with each color coordinate specifying the
strength of the contribution of one primary color. Some color spaces use primary
colors which cannot be physically realized (imaginary colors). The mixing of
primary colors is additive in most cases (e.g. in RGB color spaces), but subtractive in
some others, e.g. in CMYK color spaces, related to the mixing of pigments or dyes.
The 1mage above shows different instances of mixturing color coordinates within the
RGB color space (img-3) [5].

2. Going digital. Considering the spheres of application of color models -
printing and digital painting - the principle of their operation has its own peculiarities
related to the methods of representation of colors in different information coding
systems. For example, in the hexadecimal number system, each color is assigned a
so-called hex code - a sequence of characters (numbers and Latin letters), which
begins with the hash symbol #. This system is very common in programs for drawing
and bitmap editors (Adobe Photoshop, Krita, etc.). Each pair of digits is one byte of
information (three bytes in total) and shows the intensity of black, green and blue
components in a certain color (see diagram below) (img-4) [6].

P W Maroon Orange Yellow Olive
- ‘ #800000 SFFASD0 | #FFFF00 [P0
b Purple White Lime Green
- #300080 #FFFFFF 008000

Navy Aqua
#000080 #OOFFFF

Silver
CM K RGB #000000 [ESNoneH

Img-3 Img-4

Also, a common type of encoding is RGB Code - color function, which contains
three variables - values of intensities of black, green and blue colors. An example of
the red color coding looks like this: red (255, 0, 0). As you can see, this color is fully
determined by the red part.

The color mixing itself uses the concept of color channels. They are three basic
colors - black, green and blue. The alpha channel is distinguished among them as
well as the grayscale.

The alpha channel is a color component that represents the degree of
transparency (or opacity) of a color (i.e., the red, green and blue channels). It is used
to determine how a pixel is rendered when blended with another. Its value can be
represented as a real value, a percentage, or an integer: full transparency is 0.0, 0% or
0, whereas full opacity is 1.0, 100% or 255, respectively. The alpha channel is used
primarily in alpha blending and alpha compositing [7]. When a color (source) is

ISSN 2410-6615 8 www.sworld.education



Modern engineering and innovative technologies Issue 16 / Part 3

blended with another color (background), e.g., when an image is overlaid onto
another image, the alpha value of the source color is used to determine the resulting
color [8]. If the alpha value is opaque, the source color overwrites the destination
color; if transparent, the source color is invisible, allowing the background color to
show through. If the value is in between, the resulting color has a varying degree of
transparency/opacity, which creates a translucent effect. The blending of two
mountain landscapes [9] with the addition of red will result in the following:

Color to Alpha...

rIra

There is also one more common color model — CMYK - the subtractive color
model used in printing industry, above all for multicolor printing. It is used in
printing machines and color printers. In CMYK four colors are used (Cyan, Magenta,
Yellow and Key color), where black is often used as the fourth one.

Subtractive is a color transmission model based on colors that absorb certain
areas of the light spectrum [10]. The model is based on the exclusion of certain colors
from white. The core principle is that light beams are reflected by the surface of
paper sheets. Thus, the needed hue palette is created. Such set of colors is not chosen
randomly, because cyan only absorbs red, magenta - only green, and yellow — only
blue.

The images obtained in this way satisfy the technical requirements for the
multicolor printing.

A righteous tool of the modern artist. Through-out all human history, people
used tools to create their art. Different techniques were invented, both simple and
complex. To this day people come up with different ways to utilize the same tools
and materials. But recently, an unfathomably massive breakthrough happened in the
field of visual art.

But before getting into that, let’s talk about other painter’s tools. A paintbrush is
the primary tool of a painter. How much do we know about it is physical
characteristics? Let’s look deeper into it. There are different kinds of brushes:
synthetic, bristle, squirrel, and horsehair. What difference does it make? What does
the quality of the brush depend on? Here the key qualities are friction, pressure and
flexibility. These factors determine the brushstroke and line thickness. The harder and
thinner the brush — the bigger the pressure (i.e. bristle brushes). The softer and wider
— the smaller (i.e. squirrel brushes).

But the brushes aren’t going to draw a picture all on their own. What about the
paints? You may know the basic types of paints. These include aquarelle, gouache,
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acrylic and so on. Instead of that, let’s investigate the paint’s physical qualities.
Adhesion is very important for paints and inks. It influences the friction of touching
surfaces: as such, with low adhesion the friction will be minimal. It is very important
in the creation of paints.

Another essential thing that answers for the qualities of paints are pigments.
Pigments are powder-like colored substances. Each has it is own aspects like hiding
power, thickness, hardness, resistance to the elements, chemical reagents and high
temperatures, and others. Pigments are different colors because of their ability to only
reflect selective rays of visible light. A pigment that reflects nearly all rays that fall
onto it is surface will look white and a pigment that absorbs most rays will seem
black. There are two primary types of pigment: natural (lapis lazuli, malachite etc.)
and biological (derived from organisms).

People spend massive amounts of money to find out what type of artistic tools
works best for them. They save up, spend time looking for specific places that sell
specific materials and it’s never certain: Will it even fit you? Would you enjoy the
process? Are you fit enough to produce a good result? And you can only learn the
truth after spending rather big money. But everything changed with the invention of
the graphic tablet.

A graphics tablet is a computer input device that enables a user to hand-draw
images, animations and graphics, with a special pen-like stylus, similar to the way a
person draws images with a pencil and paper. But it has a great many other
applications.

Working Principle:

The pen may be battery-powered or may have a cord. When a user draws a line
using the stylus, the coil circuit transfers the signals to the main circuit inside the
stylus. This calculates the number of line-lengths, while the pressure sensitive
capacitor measures the pressure of the lines. The data signal is generated by the stylus
and detected by a grid of wires in the tablet called the sensor board.

The horizontal and vertical wires of the tablet operate as both transmitting and
receiving coils. The tablet generates an electromagnetic signal, which is received by a
circuit in the stylus. The stylus works as an antenna that receives the signal and
generates another electromagnetic field that “talks” back to the tablet.

The remarkable thing is we can replace almost all art tools invented by man,
using only the graphic tablet. And not just that, we can create countless more. All
because of the extremely flexible adjustment of brushes in the digital painting
software. (This adjustment can include tons of sliders that answer for: the size in the
beginning of the stroke and the end, hiding power and mixing with different colors,
material and form of the brush, how the color changes during the stroke and much
else.) With the help of self-made brushes, the look of your illustration’s changes and
transforms. Here are some examples of works done on a graphic tablet. A perfect
example of how you can customize your brushes and make your drawing process a
lot faster and easier. Just look at the windows on any of the buildings depicted, by
using a square brush with some extra settings I saved myself plenty of time (img-6).

For comparison with the stylus, let’s take a tried and true tool that gets used by a
great deal of painters day after day. A paintbrush.
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| Img-6

Shape: Same with brushes, styluses come in many shapes and sizes with rubber
inserts for better grip. Everyone can find one that suits them best.

Wear and tear: Both depend on the product quality. But brushes have many
parts that deteriorate over time. (the bristles wear out, the tip becomes less sharp, the
individual bristles fall out and become messy, so it becomes harder to make clean
straight lines). Whereas, in styluses, only the tip wears down and after a very long
time at that (5-6 months of active work per tip) and usually that’s not a big issue
because 8-16 additional tips always come with your initial drawing tablet. Just don’t
drop the stylus on the floor, not all models are capable of withstanding a lot of hits.

Price and ergonomics: Styluses are pricier on the initial purchase but serve a
very long time so the one that comes with your graphic tablet is enough up until you
decide to buy a new graphics tablet. Also, one stylus replaces all the pens, paints and
pencils, because you can replicate all of them with tools that you find in painting
software. You also have no need for inks and paints, because in digital art, you can
draw indefinitely.

Additionally, a graphic tablet is an eco-friendlier option. If everyone used them
to create their art — the consumption of stationery and paint will greatly reduce. Also,
if we stop buying paint brushes, we’ll save the animals whose fur is being used for
them.

The graphic tablet industry is only growing nowadays. Digital art is becoming
increasingly more popular since it’s so accessible. Fairly recently, styluses that don’t
require wires and batteries to work came into the market. (This technology works
through magnetic resonance. Only the circuit is responsible for receiving and
transmitting the signal).

Besides your regular graphic tablets, which were used just for reading the signal
of the stylus, a drawing tablet (also known as pen display) was invented. They are a
screen on which you can draw instead of just a regular board with a grid. Drawing
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tablets are much easier to adapt to than the graphic tablet, because the latter makes
you move your stylus around while looking into a different spot i.e. a computer
monitor.

Also, because of their size and heft, the graphic tablets are hard to carry around
with you to draw in scenic places or cafes and such. So, Apple released their iPad Pro
2 which has the same qualities as regular tablets but is highly portable. You can take
it with you to draw in a cafeteria or at a friend’s place and then finish your work on
your home drawing tablet and PC, since all the programs are multi-platformed.

Basics of 3D printing: new opportunities

1. Main provisions

The very essence of 3D-printing for every existing technology is creation of
volumetric objects from a set of flat material layers.

The digital production model is divided into layers by special software called
slicer, and the printer combines these layers, one on top of the other, to form a three-
dimensional object. In this way, a number of spheres can be combined to form a
single, voluminous workpiece. This is why this joining method is called additive
technology.

There 1s a generalization, but technologies differ:

e Fused Deposition Modeling (FDM), also known as Fused Filament

Fabrication (the cheapest and the most widespread).

e Sclective Laser Sintering (SLS).

e Stereolithography (SLA/DLP/LCD).

e Sclective Laser Melting (SLM).

e Multi-Jet-Modeling also Poly-Jet-Modeling (MJM/PJM).

e Color Jet Printing (CJP).

FDM. Fused Deposition Modeling, also known as Fused Filament Fabrication,
is the most common and the most widespread type of 3D-printing.

The standard FDM device works as a glue gun since the development of FDM
technology began with investigations with hot melt adhesives. Plastic rod is blown
through a hot nozzle, where it is melted coming out of it laid with layers. The process
is repeated again and again until the finished 3D object is created.

The only difference is that 3D printers do not use shear thermal adhesive, but a
plastic filament wound on coils.

SLS. The technology is based on point-to-point linking of powders with
different components by laser exchange. The parts produced are light and very
strong, which makes selective laser joining an excellent choice for manufacturing
products without high equipment costs (img-7).

2. Materials

Like any manufacturing process, 3D printing needs high quality materials that
meet consistent specifications to build consistent high-quality devices. To ensure this,
procedures, requirements, and agreements of material controls are established
between the suppliers, purchasers, and end-users of the material. 3D printing
technology is capable to produce fully functional parts in a wide range of materials
including ceramic, metallic, polymers and their combinations in form of hybrid,
composites or functionally graded materials (FGMs).
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Metals. Metal 3D printing technology is attracting a lot of attention in aerospace,
automotive, medical, and other fields. Metal materials have excellent physical
properties and this material can be used for complex industries from printing human
organs to aerospace details. Examples of such materials are aluminum alloys, cobalt-
based alloys, nickel-based alloys, alloys stainless steels and titanium alloys.

Cobalt-based alloy is suitable to use in the 3D printed dental application. This is
because, it has high specific stiffness, resilience, high recovery capacity, elongation,
and heat-treated conditions

Furthermore, 3D printing technology has the capability to produce aerospace
parts by using nickel-base alloys. A 3D-printed object produces using nickel-base
alloys can be used in extreme environments. This is because it has high corrosion
resistance and the heat temperature can resistant up to 1200 °C.

Lastly, 3D printing technology also can print out the object by using titanium
alloys. Titanium alloy with have very exclusive properties, such as ductility, good
corrosion, oxidation resistance and low density. It is used in high stresses and high
operating temperatures and high stresses, for example in aerospace components and
biomedical industry.

Polymers.3D printing technologies are widely used for the production of
polymer components from prototypes to functional structures with difficult
geometries. By using fused deposition modelling (FDM), it can form a 3D printed
through the deposition of successive layers of extruded thermoplastic filament, such
as polylactic acid (PLA), acrylonitrile butadiene styrene (ABS), polypropylene (PP)
or polyethylene (PE). Lately, thermoplastics filaments with higher melting
temperatures such as PEEK and PMMA can already be used as materials for 3D
printing technology. 3D printing polymer materials in liquid state or with low melting
point are widely used in 3D printing industry due to their low cost, low weight and
processing flexibility. Mostly, the materials of polymers played important role in
biomaterials and medical device products often as inert materials, by contributing to
the efficient functioning of the devices as well as providing mechanical support in
many orthopedic implants.
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Ceramics. Nowadays, 3D printing technology can produce 3D printed object by
using ceramics and concrete without large pores or any cracks through optimization
of the parameters and setup the good mechanical properties. Ceramic is strong,
durable and fire resistant. Due to its fluid state before setting, ceramics can be applied
in practically any geometry and shape and very suitable on the creation of future
construction and building. According to, they said ceramics materials is useful in the
dental and aerospace application. The examples of this materials are alumina,
bioactive glasses and zirconia. Alumina powder for instance has the potential to be
processes by 3D Printing technology. Alumina is an excellent ceramic oxide with a
very wide range of applications, including catalyst, adsorbents, microelectronics,
chemicals, aerospace industry and another high-technology industry. Alumina has
great curing complexity. By using 3D printing technology, complex-shaped alumina
parts with has a high density after sintering and also has high green density can be
printed. Furthermore, in successive experiment, Stereolithographic (SLA) machine
was used to process glass-ceramic and bioactive glass into dance part. It significantly
improving the bending strength of this materials. The increasing of the mechanical
strength will open up the potential for apply bioactive glass in relevant clinical
structure such as scaffolds and bone. By using Stereolithographic Ceramic
Manufacturing (SLCM), it is probable to produce solid bulk ceramics with high
densities, very homogeneous microstructure, high compression strength and bending.
Meanwhile, zirconia are the main construction materials in nuclear power sectors,
using for element tubing. Hafnium-free zirconium is very suitable for this application
because it has low susceptibility to radiation and also has low thermal neutron
absorption.

Composites. Composite materials with exceptional versatility, low weight, and
tailorable properties have been revolutionizing high-performance industries.
Examples of composite materials are carbon fibers reinforced polymer composites
and glass fibers reinforced polymer composite. Carbon fiber reinforced polymers
composite structures are widely used in the aerospace industry because of their high
specific stiffness, strength, good corrosion resistance, and good fatigue performance.
At the same time, glass fibers reinforced polymer composites are widely used for
various applications in 3D printing applications and have great potential applications
due to the cost-effectiveness and high-performance. Fiberglass has high thermal
conductivity and a relatively low coefficient of thermal expansion. Furthermore,
fiberglass cannot burn and is not affected by curing temperatures used in
manufacturing processes, therefore, it is very suitable for use in the 3D printing
applicant.

Smart materials are defined as this material have the potential to alter the
geometry and shape of object, influence by external condition such as heat and water.
The example of 3D printed object produces by using smart materials are self-
evolving structure and soft robotics system. Smart materials also can be classified as
4D printing materials. The examples of group smart materials are shape memory
alloys and shape memory polymers. Some shape-memory alloys like nickel-titanium
can be used in biomedical implants to microelectromechanical devices application. In
the production of 3D printed products by using nickel-titanium, transformation
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temperatures, reproducibility of microstructure and density is the important issue.
Meanwhile, Shape memory polymer (SMP) is a kind of functional material that
responds to a stimulus like light, electricity heat, some types of chemical and so on.
By using 3D printing technology, the complicated shape of shape memory polymer
could be easily and conveniently to produce. The quality evaluation of this material is
performed based on the dimensional accuracy, surface roughness and part density.

Specials materials. The examples of special materials are:

* Food 3D printing technology can process and produce the desired shape and
geometry by using food materials like the chocolate, meat, candy, pizza, spaghetti,
sauce and so on. 3D-food printing can produce healthy food because this process
allows customers to adjust the ingredients of materials without reducing the nutrients
and taste of the ingredients.

* Lunar dust 3D printing process has the capability to directly produce multi-
layered parts out of lunar dust, which has potential applicability to future moon
colonization.

» Textile with 3D printing technology, jewelry and clothing industry will be
shine with the development on 3Dtextile printing. Some advantage of 3D printing
technology in fashion industry are short processing time to make the product, reduced
costs related with the packaging and reduce supply chain cost.

New tendenc';g‘s_ of eco-technologies of productions

| %L’J — | = I|J 'I:'

-
Img-8

The cosmetics brand «FElseve L’Oréal Paris» has recently released an
advertisement stating switched to the production of shampoo and hair conditioners
bags (apart from the cap and barrette) entirely from recycled plastic, which is 100%
re-recyclable. There was also news that Coca-Cola has developed a strategy to
develop eco-technologies for container production. In addition, Ford announced the
beginning of production of some parts for cars from waste products of 3D-printing
(img-8). The company has been producing some parts for automobiles by three-
dimensional printing method for a long time, but this technology produces little waste
products. HP and Ford have developed a waste-to-life technology which extends the
operating time of the recycled materials. Terex is recycling and granulating and using
it for injection molding. They demonstrated the process on an F-250 pickup - the first
of its kind for the automotive industry. Besides, parts produced by this method are
7% lighter and 10% cheaper.
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PLA is one of the cheapest and most widespread materials for 3D printing. It is
not pretentious, non-toxic, and suitable for use in the food industry, which makes it
safe even for children and animals. As well as being easy to use, the material captures
the geometry of objects perfectly and can be used to create different surface features,
so it is widely used in the construction of prototypes, mock-ups, prosthetics, and
parts.

It is also important that plastic is plentiful, even abundant, so new ways of using
it are constantly being sought. Nevertheless, despite some difficulties in processing, it
has no competitors in the market of cost-effective materials.

Properly recycled plastic material is not only cheap and safe, but also has a very
good technological performance. Its recycling can reduce the amount of plastic debris
on the Earth by several times, and thereby improve the environmental situation on
our planet. This is a great step forward for all humanity.

Symbiosis of art with digital technologies

Everyone knows about the existence of 3D movies and even 5D cinemas. And
what if we create 5D pictures? With the development of technological progress, we
have new opportunities of creating paintings and sculptures without dozens of
palettes, tools and marble breasts, just a computer and a printer. You don't need to
improve your skills for years and use hundreds of kilograms of materials - everything
is in your gadget. You no longer need a separate workshop - just a laptop and a
mouse. For work it is enough to study one of numerous graphic editors (Adobe
[ustrator CC (Ai), Adobe Photoshop CC (Ps), AutoCAD, T-Flex CAD, 3D-Max,
Inkscape, Adobe After Effects, GIMP, Krita, SketchUp, Blender, Hexagon, Movavi
Photo Editor, Pixelmator, CoreIDRAW Graphics Suite, Adobe InDesign, Paint etc.),
available for every taste. You can learn 2D graphics or 3D and create anything you
want. So, to draw perfectly you will need time, there is no program that will read
your thoughts and embody them on the screen, or buttons that will instantly make
your work perfect, but there are a lot of benefits, for example, if you did something
wrong, then it is enough to cancel this step and not start all over again. Also, you
have at hand all the paints and all the brushes that just exist, moreover, you can create
your own, as it was described in more detail above. All the achievements of mankind
allow us to create very cool things.
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With the invention of cameras, the art of antiquity no longer aroused much
admiration, so artists began to look for new ways to people's hearts and new ways to
regain popularity, so the styles of abstractionism and others were invented. Now
everyone is oversaturated with once a popular art form and needs something new.
Multidimensional paintings can become this new thing.

There is already a printer that prints canvases "under oil". This is a good
alternative to the classic creation of paintings. This technology is cheaper and helps
the environment by using recycled plastic instead of natural materials (wood, animal
fur, eggs, fresh water, etc.).

Yes, the pleasure of the process of writing masterpieces can’t be replaced by
some kind of screen. Drawing is a process for the soul. Holding a stylus in your hand
is nothing compared to the feeling on your fingers of paint and inspiring aromas of
the workshop. However, there are already different nozzles for styluses and film on
the screen, which together mimic different means of creating canvases. If you are
worried about visual acuity, then adjusting the screens makes this process as safe for
the eyes as the classic ways (in professional slang - tradishka). And by adding the
necessary flavor to the printer consumables, you will get a product that will not be
worse than the traditional.

With a large technological base, you can print works of art with specified
properties such as odor, surface character, roughness, color, hardness, transparency,
width, length, height, change the work overtime, luminescence and more.

Knowing how color and light work, this or that material and its characteristics, it
is easy to model their behavior in the field of editors. You can set its change over
time, knowing the reaction of a particular pigment to the action of UV radiation from
the Sun, or the effect on the surface of the material temperature, which gives a great
advantage to three-dimensional printing.

In addition to the practical use of new inventions (creation of prostheses,
machine parts, gadget cases, furniture, organs) they can be directed to the mental
needs of people (entertainment, hobbies, to satisfy aesthetic hunger) [6-11].

Conclusions.

Light is a powerful phenomenon, which, in fact, creates the world for us, if we
solely take into consideration the visual aspect of its perception. Electromagnetic
waves of the spectrum visible to the human eye, depending on the key parameters
(intensity, wavelength and others) form a real tool for investigating the nature of
matter around us. Nature of this phenomenon is wonderfully described by optical
laws of spreading, reflection and refraction of light. All this comprises geometrical
optics based on axioms and rules of geometry, which give not less wonderful
possibility to interpret light from the mathematical point of view, as we have seen on
the application of color models. All these methods and properties give a substantive
explanation of the nature of one of the most important phenomena of the natural
world - light.

Nowadays artists have a much bigger potential of visualizing any idea. They
don't need to worry if they have enough ink or paper. Everything is unlimited
moreover the tool arsenal is expanding more and more with every new update of
digital art software. Also, it's a really great choice if you care about ecology.
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Abstract: Perspectives of massive usage of such cars in Ukraine in the nearest future and
providing a deepest understanding of how electric cars work. Summarize advantages and
disadvantages of using electric vehicles including cost of fuel, efficiency, speed, costs and
reliability. Dive into battery structure, and finding a way to use battery after it becomes unfit for
powering a car. Providing an average time of recharging car. Consideration of differences between
gasoline-powered vehicles and electric. An answer to one of the most common question regarding
electric vehicles: “Is electric car automatic?”. For what conditions are they intended to. Reviewing
all types of battery-driven vehicles (HEV, PHEV, BEV, FCEV). Finding a resolution of how to make
electric vehicles completely safe regarding environment. This article has a great influence for
people who doubting between gasoline-powered vehicles and electric. Furthermore, art contains
not common facts.

Key words: electric vehicle, electricity, car repair, recharging station, engine, motor,
batteries.

Introduction. Scientists and engineers all over the world are actively searching
for alternative sources of energy for cars, which have to be used to improve their
economic characteristics and make the world a cleaner place to live. This theme has
become so relevant to talk about for more and more people, including students, every
day. As future engineers, we are interested in understanding the features of electric
cars and the possibility of automating their installation. We also want to improve the
ecological state of the world and make traffic safer for the lives of drivers and
pedestrians since electric vehicles are less likely to blow up.

Analysis of publications. Electric vehicles become the most useful and
powerful contribution in our future. Through their entire lifetime, electric cars are
better for the climate. Because electric vehicles are more efficient in converting
energy to power cars and trucks, electricity across the board is cleaner and cheaper as
a fuel for vehicles, even when that electricity comes from the dirtiest grid. All over

the world people are working hard on making these cars' batteries complete
recycled [14].
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Purpose and problem statement. The purpose of the work is to encourage
society to choose electric cars instead of petrol-powered vehicles with the intention of
making our planet cleaner in the nearest future. To achieve this goal, it is necessary to
solve the following tasks: to assess the prospects of development in Ukraine; to go
deeper into the work of electromobiles; to explore the impact on the environment.

Which is an electric car. Advantages and disadvantages. An electric car is a
vehicle which starts with help of one or several electric engines powered by an
autonomous power supply (rechargeable batteries), not by an internal combustion
engine [1, 2]. Advantages of electric cars over cars with internal combustion engines
are:

e The cost of oil fuel is constantly growing, since it is consumed in huge
quantities. While electricity costs for battery recharges are becoming lower
instead.

e It has higher efficiency, which is connected with lower number of losses.

e An celectric vehicle’s engine does not emit harmful gases into the
environment.

e Electric cars are able to provide quiet and smooth speed up with better
acceleration.

e In case of an accident, airbags will deploy, collision sensors will disconnect
the batteries and an electric car will stop.

e The cost of electric cars is constantly decreasing. Rechargeable batteries used
to be very expensive, but with the mass production; their cost decreases
sharply.

e There is a higher reliability due to smaller number of parts and components,
maintenance and repair costs are going to be cheaper as well.

It is commonly believed that there are no disadvantages of electric cars, but that

1s not true:

e The need of creation an extensive network of stations for recharging.

e You also have to pay for electricity consumption, besides different electric
cars consume different amount of electricity.

¢ Quite low mileage on a one single charge and limited speed. However, some
models can travel up to 480 kilometers without recharging.

o It takes approximately 8-10 hours to fully recharge an electric car, but
manufacturers are working on decreasing time of recharge.

e The battery should be replaced every 3-10 years, depend on the car’s brand
[4].

Features of development of electric cars in Ukraine. Nowadays, the main
factor which holds back the mass production of electric cars is insufficient demand
due to high cost, low mileage from a single charge, as well as shortage of batteries
and their high price. Appropriate infrastructure, an extensive network of charging and
service stations are required for the widespread introduction of electric cars in
Ukraine. Solution of problems which is connected with using of electric cars is also
associated with a change in the legal framework, then more companies will invest in
the production and improvement of such cars. Systematic state support is also
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important. The introduction of free parking for electric cars, their charging, subsidies
for the purchase or special loan system, other measures that differ in increasing the
number of people who wish to buy such a car [3].

Structure of electric cars. Motors. As for the inside of car. Electric vehicle’s
motor’s mission is to convert electricity into mechanical energy by the creation of a
magnetic field, so people who invented this made us forget about cylinders, pistons,
exhaust fumes, etc.

Work of an electric car motor is based on physical process, formed of creation a
magnetic field at the stator by using a current which replacement leads to the rotor in
motion. This method was made at the 19th century.

Obviously, there are some huge differences between petrol or diesel car and
electric vehicle. First of them is that electric motor is simpler, because it has only one
moving part in comparison to combustion engine with hundreds of them.
Consequently, electric motor is smoother to fix. Furthermore, inside of battery-driven
vehicle could be more than one motor pic.1 [13], so cars which have two motors
become four-wheel drive. For instance, as shown at the pic. 2 [12].

Pic. 2. Porsche Taycan
with 2 motors. 4x4 vehicles

Pic. 1. Nissan Leaf with 1 motor (common
on Ukrainian’s roads). Front-wheel drive

The main benefit is that a car is able to immediately accelerate in motion, since a
combustion engine, before it gets on a maximum power, must be rotating at
thousands revs. To understand modus operandi of electric vehicle — you need to dig
in into the physical elements of electric motor: the stator and the rotor. The stator is
static, and the rotor spinning. Stator uses an energy for creation a magnetic field
which turns the rotor then. So how to make the motor work? There are alternating
current motors, which need the use of a conversion circuit to transform the direct
current supplied by the battery [8].

More about electric batteries. The most important part in electric vehicle is
battery. Therefore, this part of car required the vast majority of the investments, so
this 1s the reason these cars are more expensive than gasoline-powered vehicles.
Battery-driven vehicles contain a Lithium-ion (Li-ion, pic.3) [14] battery, a
rechargeable battery, which is literally the same as in mobile phones and laptops, but
much bigger. They have a higher energy density in contrary to lead-acid or nickel-
cadmium rechargeable batteries. Furthermore, lithium is the lightest of all metals, but
Li-ion batteries have no lithium in it, there are only ions. Manufacturers made
everything to protect consumers from battery failure, even when Lithium-ion
batteries are much safer than others. Battery and electric motor work together, by
battery connecting to electric motor which make the wheels drive [7].
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Pic. 3. Li-ion battery

People are able to use electric car’s motor to power a home or building by
contributing to a battery storage system, this one time when motor cannot anymore
power a car. It is commonly when people use EV battery at night, since wind and
sunlight reduce, so, they have an opportunity to save money on bills [11].

However, there is no straight answer about what will happen to batteries once
they’re no longer able to power something. When batteries are “dead” they must be
recycled and this process involves separating such materials as lithium salts, cobalt,
copper, aluminum, plastic, and stainless steel. In the nearest future manufacturers are
planning to recycle all the materials, not only half of it. This process will involve
producing new batteries with recovered valuable materials [10].

Obviously, electric vehicles are making our environment a place with less
pollution, but this cannot be ideal, until manufacturers are able to easily dispose
without harming the environment.

How to charge an electric vehicle. Regarding time of charging an electric car
reduces from 30 minutes to more than 12 hours. This generally rely upon the size of
the battery and the speed of the charging point. The good thing is that if you running
out of power — you will have an extra 100 miles (160.93 kilometers) on the slower
speed [9].

As about electric vehicle the charging ecosystem. Charging an electric car is
completely different different process in comparison to filling up a petrol vehicle
with fuel. Electric car drivers plug-in whenever they park and return to a vehicle with
a fuller battery than when they left it. It’s best to think “where do I park most
regularly?” and look to use chargepoints installed in these locations. As it is
commonly believed, that means home, then work, then your other destinations.
Occasionally you will need to drive further than the range left in your battery and
need to charge en route at a high powered rapid charger.

Charging station at home. How to charge an electric car at home. To charge an
electric car at home, there should be a home charging point installed where to park
your electric car. There can be used an EVSE supply cable for a 3 pin plug socket as
an occasional back up. Drivers usually choose a dedicated home charging point
because it's faster and has built-in safety features. A home charger is a compact
weatherproof unit that mounts to a wall with a connected charging cable or a socket
for plugging in a portable charging cable. Dedicated home charging points are
installed by qualified specialist installers.

The cost of driving an electric car is about 2-5p per mile, which means EV
drivers can save up to up 240.000 a year when compared to driving a petrol or diesel
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car. Charging speed for electric cars is measured in kilowatts (kW). Home charging
points charge car at 3.7kW or 7kW giving about 15-30 miles of range per hour of
charge (compared to 2.3kW from a 3 pin plug which provides up to 8 miles of range
per hour). Maximum charging speed may be limited by vehicle’s onboard charger. If
your car allows up to 3.6kW charging rate, using a 7kW charger will not damage the
car. Most domestic properties have single phase power which means the maximum
charging rate is 7kW. While faster chargepoints are available (such as a 22kW unit),
these are usually found in commercial properties where there is a three phase power
supply.

You can charge your electric car at home as often as you need to. It can be
treated the same as charging a mobile phone, fully charging overnight and topping up
in the day if necessary. While it 1s not necessary for most to charge every day, many
drivers plug in each time they leave their car out of habit, giving them maximum
flexibility should they have to make an unexpected journey. By charging overnight,
electric car drivers can take advantage of cheap nighttime electricity rates and drive
for as little as 2p per mile.

Overnight charging also ensures that the car’s battery is full each morning for
the day ahead. You don’t need to unplug once the battery is full, charging will stop
automatically with a dedicated home charger. Most drivers also make use of charging
facilities at their workplace or public destinations to top up charge. Most cars will
allow driver to set a top charging limit. As more people charge their electric cars at
home, smart home chargers are a way to tackle new energy related challenges that
will arise for drivers and networks. While an EV driver is saving money overall by
powering their car with electricity rather than fossil fuels, their home energy bill will
still be bigger than it was before. The good news is, unlike fossil fuels, there are lots
of things that can be done to understand and reduce the cost of electricity to get
further savings. Many smart home chargers monitor home and EV energy usage so
you can get a clear understanding of cost per kWh, which enables you to determine
how much you are spending and switch to cheaper tariffs. Also, plugging in overnight
may allow you to take advantage of the cheaper "Green" tariffs for electricity
generated by generating installations of private households an electric.

Types of recharging systems in Ukraine and all over the world. There are
four types of recharging the electric car (it is commonly called Mode). Mode 1 - the
most basic. This is AC charging from the household network, when the cable is
plugged into a normal outlet without additional protective devices. It does not
guarantee safety in the event of overheating of the cable or short circuit, so it is not
used in modern electric vehicles. Charging time of a standard electric car with a
battery of 20-25 kW per hour usually equals 6-8 hours.

Mode 2 is nearly identical as the first mode, but with the use of another cable
with protection. It ensures that there is no short circuit or overheating of the cable,
with the help of primitive light indicators informs about the charging process. Unlike
chargers, say, laptops, capable of operating in the voltage range of 100-240 volts, car
chargers are designed for either Europe (220/230 volts) or the United States (120
volts). If you bought a Nissan Leaf with American charging in the States, you will
have to change it to a European one, but it is not necessary.
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Mode 3 - high-power AC charging using a separate outlet, which is essentially a
special charging station. It has the necessary protection, monitors the charging
process, and the car is connected by a built-in cable with a corresponding connector
for a specific electric car. The Mode 3 socket can be installed anywhere - at home, in
the office, on the street. Consequently, this should be done by a professional
electrician. Depending on the type of cable (single-phase or three-phase), charging
can produce from 7.2 to 43 kW. Accordingly, the recharging time of a standard
modern electric car will be from 4 hours to several tens of minutes. Such stations -
home and public - are manufactured by the Ukrainian company E-line. So, you can
find such charge point near the Kyiv's Prague restaurant and the Art Mall.

A as Finally, Mode 4 is the fastest way to charge an electric car at the moment.
Unlike previous versions, it uses direct current. The popular Japanese standard of the
CHAdeMO charging station emits up to 62.5 kW of energy, which allows you to
charge the battery of a standard electric car in 20-30 minutes. Tesla equips its cars
with large capacity batteries (60 or 85 kW*g) and uses its method of fast charging.
Tesla Supercharger branded stations generate 135 kW of electricity. Charging in
Mode 4 has its own feature: in fact, the battery is quickly charged only 80%, the
remaining 20% of the tank is filled very slowly. This is to prevent damage to the
traction battery.

Unfortunately, there are no high-speed stations for electric cars in Ukraine yet.
They are quite expensive (from $ 15-20 thousand) and require serious preparation of
the power grid. However, next year Tesla Motors plans to open two brand new
stations in Lviv and Kyiv.

Are electric cars automatic. Therefore, for conventional cars on the internal
combustion engine there is a gearbox. Each gear is responsible for the acceleration of
the car. For example, from the 4th gear the car cannot accelerate it does not have
enough power. For this purpose, there is the first gear. It is all about power [6].
Electric cars do not need a gearbox, because its engine is so powerful that allows the
electric car to start immediately and accelerate to high speeds. That is why electric
cars do not have a gearbox. Occasionally there is a lever to change directions forward
or backward [14]. Battery-driven vehicles are designed for ideal roads and conditions.
For mountain roads or broken roads electric cars are not created, the engine does not
have enough energy to overcome the desired distance. Therefore, some electric cars
are specially equipped with gearboxes, which does not make electric cars fully
automatic [15]. Therefore, basically say that most electric cars are automatic, but not
all, because there are exceptions.

Types of electric vehicles. There are many companies for the production of
electric cars. And to date, electric cars have been invented and assembled absolutely
different types. For instance, we would like to take an ordinary gasoline-powered car
and compare each type with it. Find the differences, perhaps the advantages and
disadvantages. Electric car works by the internal combustion engine. It is the fuel
which is burned in it. There is the hybrid car (HEV). This is a car which has both an
internal combustion engine and an electric motor, which in turn is charged from
batteries or other power sources. Then there are plug-in hybrids, but they, too, are
divided into several types. Namely, serial, parallel and series-parallel [5].
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What is the difference? Parallel ones are able to combine the work of an electric
and gasoline engine. The REEVs are machines in which the engine revolves the
alternator which produces the energy for the batteries. The series-parallel ones can
operate on both of the above-mentioned principles. There are also electric vehicles
(BEV). It is driven by an electric motor which draws its energy from the batteries and
these in turn are charged from external sources. The last type fuel cell electric
vehicles (FCEV). They turn hydrogen into electrical energy, and it moves the car. All
this happens in the electrochemical generators, and they are in the fuel cell unit.

Conclusions. All things considered, it is too early to talk about the rise of the
electric future in Ukraine, but it is possible that electric cars will repeat the history of
diesel cars in Ukraine, and in 10 years they will occupy a third of the new cars
market. Electric vehicles can become a lifechanging development, when theirs
batteries become recycled, so they could make world a cleaner place to live.
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Anomayia: Po3zensaHymo nepcnekmusu Maco8o2o 6UKOPUCMAHHS eNleKmpo-asmomooinie &
Vipaini  maibnusxcuum uyacom ma Hadano 2nubW020 PO3YMIHHA MO20, AK NPaAyO0mMb
enekmpomodini. Bugsueno ocobausocmi cmpykmypu —axymyiamopa ma 3HAuOeHo  CHocio
BUKOPUCMOBY8amMU 1020 NICNSL MO20, 5K GIH CMAHe HeNnpUOamHUM Ol HCUBLEHHS ABMOMOOLIA.
Posenanymo  3a6e3neuenns cepeonvoeo uacy nepezapaoku asmomobina. Ilpoananizosano
BIOMIHHICMb MIdHC OEH3UHOBUMU ABMOMODLIAMU MA eNeKMPUUHUMU.

Knwouosi cnoea: enekmpuuna mawiuHa, eneKmpukd, peMOHm a8mMoMoOils, CMaHyis
nio3apsoxu, 08ucyH, Momop, bamapei.

Cratps otnpasiena: 29.03.2021 r.
© Inpina K.€., Xamaim J1.C., Haperopoauesa €.0., MatBeeBa T.B.
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Anomauin. Y cmammi po3ensioaromecs  0COOIUBOCMI  OUCMAHYIUHO20 — BUKIAOAHHS
oucyunninu «Ingppacmpykmypa mpancnopmuux cucmem» ¢ O0ecbKomy HAYIOHATTLHOMY MOPCLKOMY
yHigepcumemi. Oxapaxkmepuzoeaui nepesazu i HeOONIKU O0aHOi gopmu HasuaHHA. 3pobaeHull
AKyeHm Ha eKOHOMIYHOCMI | 00CMYNHOCMI OUCMAHYIUHOL 0C8IMU 8 YMOBAX NAHOEeMIl, A& MAKOH#C OIS
npayiondux cmyoeHmie pizHux gopm Hasuanusn. Pazom 3 mum 6i03HayeHi HeOONKU IHCUBO2O
CNIIKYBAHHS YUACHUKIB OCBIMHbO20 Npoyecy, ClabKa MONCIUBICMb KOMAHOHOI pobomu i
HeobXionicmb siKicho2o [nmepnemy.

Hocnioocena modciugicms  KOMHIEKCHO20 — BUKOPUCMIAHHA 6 Npoyeci  OUCMAHYIUHO20
BUKIIAOAHHS. MEMOOUK CUHXPOHHORO | ACUHXPOHHO2O HABYAHHS. 3ANPONOHOBAHO MOOElb 3MIUAHO20
OUCMAHYILIHO20 BUKNAOAHHA 1 pO32NAHYMI ii OCHOBHI CKIAO08I HA NPUKIAOl OUCYUNTIHU
«Ingppacmpykmypa mpancnopmuux cucmemy. Haeonoweno na HeobXionocmi cucmemHo2o
3aCMOCYB8AHHS 8CIX CKIAOOBUX 3MIULAHOT MemOOuKu. Y niocymky cgpopmynvbosani HeoOXioHi sumou
0118 eheKmuHo20 6NPOBAONCEHHS. OUCMAHYINIHO20 KYPCY. UimKe NIAHY8AHHS | epaAMOMHA
Op2aHi3ayis HAB8UAILHO20 NpOYecy, MAKCUMAIbHA [HMEPAKMUBHICMb SUKIA0ayd i CmyoeHmis,
ROCMITIHI 360POMHULL 36'A130K | KOHMPOIb 3a NPOYECOM HABYAHHSL.

Kniouosi cnosa: oucmanyitine 6uknaoanns, mMemooukd, CUHXPOHHE HAGUAHHS, ACUHXPOHHE
HasuaHHus, seb-Kongepenyii, online — ceminapu, ebinapu.

Beryn. ¥V XXI cTomiTri HEMOXJIMBO €001 YSBUTH OCBITHIM mporec 0e3
BUKOPHUCTaHHS Cy4YaCHUX KOMYHIKAIIMHUX TEXHOJOTIM. Y 3B'SI3Ky 3 HApOCTaAIOUMMH
TemMnaMy 1H(opMatu3aiii CyCHUIbCTBA, 3POCTAaHHSAM IPOMYCKHOI  3JaTHOCTI
KOMYHIKAIIIMHUX JIHIA 1 3arajJbHUM 3pOCTaHHSAM MNPOIYKTUBHOCTI KOMITHOTEPHOT
TEXHIKW CTaJIO MOKJIMBUM MOBCIOJIHE 3aCTOCYBAaHHS 1 BIPOBAPKCHHS IUCTAHITIHHOTO
HaByaHHs. [lifBuUIeHUI 1HTEpec A0 AMCTAHLIMHOTO HAaBYAHHA OCTAaHHIM YacoM
MOB'SA3aHUN HE TIIBKA 3 HOBUMH TEXHOJOTIYHMMHU YMOBaMH, a TaKOX 3 THUMH
BHKJIMKaMHU, SIK1 TIpe'IBUIIA JIO HAC TIaHAeMis 1 HOBI €eKOHOMIYHI peatii.

CyyacHi CTyJIEHTH PI3HUX KYypCIB SIK 3a049HOi, Tak 1 JeHHOI (OpMH HaBUYAHHS
MparHyTh TOEJHYBATH HABYAHHS 3 MPAKTUYHOIO MISUTBHICTIO 32 (daxoM. Y IbOMY
BUITAJIKy, HA HAIl MOTJIAM, NUCTaHIIMHA (QopMa HAaBYAHHS € OJHIEI0 3 HAWOLIBII
e(eKTUBHUX POpM, Yy SIKIH € SIK IepeBaru, TaK 1 HEAOJIKH.

OcHoBHHII TekcT. /(MCcTaHIlliiHe HaBYaHHS, - II€ OCOOJMBUM BHWJ HaBYaHHS,
TOJIOBHOKO OCOOJMBICTIO SIKOTO € IHTEPaKTUBHICTh B3a€EMOJIi BCIX YYaCHHUKIB
OCBITHBOTO Tmporecy. | xoya aucTaHIliiHe HaBYaHHS - MPOIEC OUIBIIOK MIPOIO
CaMOCTIITHOrO BUBUYEHHSI MaTepially, HasBHICTh BUKJIaJaya MpH IbOMY OOOB'S3KOBO.
[Ipu nucraHuifHOMY HaBYaHHI peaji3y€eThCs OCOOMCTICHO-OPIEHTOBAHUM MIAX1J 10
HaBYaHHS, BII0YBA€ThCS MaKCHUMaJIbHA 1HJMBIIyani3alis HaBYaHHs. AJie IPU LbOMY
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pOJIb BUKJIAJaya SIK METOJUCTA, CIIBPO3MOBHMKA, HACTABHUKA, MPOBIJIHHMKA B CBIT
HOBUX 3HaHb BaXXKO TEPEOMHUTH. TITbKH y B3a€MOIi BUKJIamada Ta 37100yBada
OCBITH MOXJIMBO JOCSITTH MAaKCHUMAJIbHO €(QEKTUBHOTO PE3yJNbTAaTy MPOIECY
HaBUYaHHS.

Bukopuctanus HOBUX 1HGOpMAIIHHUX 1 TEIEKOMYHIKAIIMHUX TEXHOJOTIH
TI03BOJISIE 3IMCHATH B3a€MOJIII0 YYACHUKIB JUCTAHIIIHHOTO HAaBUYAHHS HE3aJIEKHO BiJI
iX MICIIE3HAXO/KEHHS 3a JOTIOMOTOI0 E€JIEKTPOHHOI IMOIITH, 4ary, (Gopymy, Bimeo-
KoH(pepeHl1ii, Bedinapy, online-ceminapy. MeToaqu4Hoi 0COOMMBICTIO AUCTAHIITHOTO
HaBYaHHS € T€, 0 3aCBOEHHS 3HAHb, YMIHb 1 HABHYOK, MepeI0aYCHNX HABYATbHUMH
nporpamMamu, 3J1HCHIOETbCS HE TUIBKM B TpaJuLIMHUX (popmax HaBUaHHS (JIEKIIis,
ceMiHapH 1 T.J.), @ TaKOXX CaMOCTIMHO 3a JOMOMOTOI PI3HUX 3ac001B. Y IHEHTp1
MPOIIeCY AUCTAHIIIHHOTO HaBYaHHS 3HAXOAWTHCS HE BUKIIAJAHHS, a BYCHHS, TOOTO
CaMOCTIHa Mi3HaBajibHA JISUIBHICTH 37100yBaya OCBITH MO OBOJIOJIHHIO 3HAHHSIMH,
BMIHHSIMHA 1 HaBUYKaMHU. HpI/I ILOMY 3;[06yBaq MOBUHEH HE TUIBKH BOJOMITH
HaBUYKaMU pOOOTH 3 KOMITIOTEPOM, ajie 1 crmocobamMu pPoOOTH 3 HABYAIHHOIO
1H(DOpMAaITi€I0, 3 AKOIO BIH 3yCTPIYAETHCS B MPOIECT JUCTAHIIIHHOTO HAaBYaHHS.

[[Inpoke TOIMMPEHHS IUCTAHIIIMHUX BHJIIB OCBITH IOSCHIOETHCS BarOMHMH
nepeBaramMu BiJIaJIeHOTO HaBYaHHs. JlUCTaHIlIliHE HABYaHHS JO3BOJISE:

» CTBOPUTH €JMHE OCBITHE CEPEIIOBHIIE 13 3ACTOCYBAHHSM CYYaCHUX CUCTEM
ynpasininHsa HaB4aHHIM (Learning Management System, LMS),

» MIJIBUIIMTH SKICTh HABUYAHHS 32 paxXyHOK 3aCTOCYBaHHS Cy4aCHUX
1H(popMaIIiHUX 1 TeJIEKOMYHIKalIHUX 3ac001B, 00'€MHUX €JIEKTPOHHUX
010J110TEK 1 T.]I.;

» MPOBOJAWTH HABYAHHS OJJHOYACHO JOCTATHHO BEIUKOI KUIBKOCTI JIFOJICH, B TOMY
YUCJIl HAJIa€ MOJIMBICTh MTOBHOI[IHHOT'O HaBYaHHS CTYIEHTIB 3a04HO1 (hopMU Ta
3aHSTH IT1J1 Yac emnijieMii abo npu CKIaTHUX MOTOJHUX YMOBAX;

» 3HU3UTH BUTPATH HA MMPOBEICHHS HaBYAHHS (JOCIITHE BIPOBAKCHHS
JUCTAHI[IHHOTO HABYAHHS MIITBEPIKY€ 3HIKEHHS BapTOCTI OCBITHHOTO
npoiiecy B cepeanbomy Ha 40%);

» IHIWBITyaJIbHUH TIIX1]] 10 HABYaHHS KOKHOTO YUHS;

» JOSUTBHUM TIAXIJ IO Yacy HaBYaHHs, 30KpeMa JI0 Yacy HaBYaHHS CaMOCTIIHO.
[Ipote no cimyxaya AUCTaHIIMHOTO HaBYAHHS MPEH'SBISIOTHCS IYy>KE€ BHUCOKI

BUMOTM [0 OCOOHMCTICHHX SIKOCTEH: CaMOOMCILHILIIHA, BIAIOBIJAJIbHICTD,
HaIOJIETJIUBICTD, IIECHPSIMOBAHICTh, YECHICTh Ta 1HIII. B ymoBax aucTaHIiifHOTO
HABYaHHS MIJBUILYETHCS UMOBIPHICTh (panbcudikallii HaBYaHHS, a TAKOXK IpoOIeMu
KOHTPOJIIO OCBITHBOTO MpOIleCy Ha BiAcTaHl. ToMy moTpiOHI chemiaabHl TEXHIYHI
3aco0u, NPUMOMH 1 METOAMKH, 10 JO3BOJISIIOTH BUPIIIUTH 11 TpoOiemu. B nanuii yac
1€ TUTAHHS BUPILIY€EThCSI O€3CUCTEMHO, Ha EMITIPUYHOMY PIBHI.

KpiMm TOrO, CTYyAEHTHM TOBHHHI BOJIOAITH OCHOBAMHM METOJAMKHU 1 TEXHIKH
CaMOCTINHOT poOOTH, CaMOCTIMHOrO TmpUI0aHHS 1 TIOMIOBHEHHS 3HaHb TMIPH
HaWBHUIIIOMY PIBHI MOTHBAIi.

Jist Toro, mo6 mporiec HaBYaHHS MPOXOAUB HAHOUIBII €EeKTUBHO, HaBYaIbHA
JTUCIUIUIIHA MOBUHHA OyTH J0Ope CTPYKTypOBaHa 1 PO3/iJieHa Ha BIAMOBIAHI OJIOKH.
Hamnpuknan, posrasaemo muctuiuiiny «lHdpacTpykTypa TpaHCHOPTHUX CHCTEM)
(mam ITC), sika BiZHOCUTBHCS 10 OJOKY BHOIPKOBHX IUCIMIUIIHA Ta y BIJIMOBIIHOCTI
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JI0 HAaBYAJILHOT'O TUIAHY cHerianbHOCTI 275 « TpaHCcOpTHI TEXHOIOTIT (Ha MOPCHKOMY
Ta PIYKOBOMY TpaHCmopTi)» OAechKOro HaIiOHATLHOTO MOPCHKOTO YHIBEPCHTETY
(mam OHMY) piBus miarotoBku «bakamaBpy BUKIIAA€ThCS Y 4ETBEPTOMY CEMECTPI.
Po6oua HaByanbHa mporpama aucturiiny [TC 4iTko cTpykTypoBaHa Ta mependadae
BHUBYCHHS IBOX MOJIYJIiB, 3MICTOBHE HAIIOBHECHHSI SIKUX HaBejleHe y Taou. 1.

Taoaunsa 1
CTpykTypa HAaBYAJIBLHOI TMCHMILTIHN «[HppacTpyKTYypa TPAHCHOPTHUX CUCTEM)
Mopynb 1. Oco6aMBOCTI yIpaBiIiHHS Mopyinb 2. [HdpacTpyKTypa OKpeMux
TPAHCIOPTHUMH CUCTEMAMHU BU/IIB TPAHCIIOPTY
Tema 1.1. KonnenrtyanabHi OCHOBH Tema 2.1. IHppacTpykTypa 3a113HUIHOTO
YIPABJIIHHS TPAHCIIOPTHUMH CUCTEMaMHU. TPAHCIOPTY.
Tema 1.2. EneMeHTH €KOHOMIKH Tewma 2.2. [HppacTpyKTypa MOPCHKOTO
TPAHCIIOPTHUX CHUCTEM. TPAHCIIOPTY.
Tewma 1.3. TpancnopTHi onepaTopu Ta Tewma 2.3. I[ndpactpykrypa
MOCTYTY TPAHCIIOPTY. aBTOMOOUTEHOTO TPAHCTIOPTY.
Tema 1.4. [TIOHATTA TpaHCTIOPTHOT Tema 2.4. TnppacTpykTypa MoBiTPSIHOTO
1H(}pacTpyKTypH Ta ii OCHOBHI TPaHCIIOPTY.
0COOJIMBOCTI.
Tema 1.5. TpaHCIOPTHI KOPUJIOPH. Tema 2.5. ITndpacTpykTypa
BHYTPIIIHHOT'O BOJHOTO TPAHCIIOPTY.
Tewma 1.6. TpancmopTHi TepMiHaIU Ta Tewma 2.6. [ndpactpykrypa
TEepMiHAJIBbHI TEXHOJIOT1{ TpyOOTIIPOBITHOTO TPAHCTIOPTY.
TPAHCIIOPTYBAHHS.

IDicepeno: asmopcvra po3podxa Ha ocrosi [1]

Skio B omHOMY pedeHHI mo3HaunuTH 3MIcT auctumuiiad «ITCy», To Mu BUB4aEMO
1HQPaCcTPYKTYpy BCIX BH[IB TPAHCIOPTY B PO3pi3l: CTHCIO 1CTOPisl CTBOPEHHS,
pEeTeNbHO Cy4YacHUMM CTaH Ta HaWakTyalbHIa 1HQOpMAIS PO MEPCIEKTHBH
PO3BUTKY Y MailOyTHHOMY.

Cnig 3a3HauWTH, WO A9 JUCTAHIIMHOINO HABYaHHS BHUOUISIOTH METOIUKHU
CUHXPOHHOTO Ta aCHHXPOHHOTO HaBYaHHA. METOJMKa CHHXPOHHOTO JUCTAHIIMHOTO
HaBUYaHHSA Mepeadavac CiJIKyBaHHS CTY/ICHTA 1 BUKJIaJa4a B PEKUMI PEaIbHOTO Yacy
- online choikyBaHHA. MeToauKa aCHMHXPOHHOTO JHMCTAHIIMHOTO HABYAaHHS
3aCTOCOBYETHCS, KOJM HEMOKJIMBO CIIJIKYBaHHS MIDX BHUKJIAJa4yeM 1 CTYJIEHTaMU B
peanbHOMY 4Yaci - Tak 3BaHe offline criiikyBaHHs.

OTxe, CHHXpOHHa METOAMKA AUCTAHI[IHHOTO HaBYaHHS Tependadae aKTHUBHY
B3a€EMO/III0 BUKJIaJadya Ta CTYJICHTA i, TAKMM YMHOM, BEJIMKE HABAHTAKCHHS HAa HUX
000x. Buknamau BUCTyIae CBOTO poay «JIOKOMOTHBOMY, IO 3alydae 1 «TATHE» 3a
co0or0 cBOiX ciyxauiB. [Ipm acHHXpOHHIM METONWIN JUCTAHIIIHHOTO HAaBYAHHS
OlIbIIIe BIAMOBIAAIBLHOCTI 3a MPOXOJKCHHS HaBYAHHS ITOKJIQJTAEThCSA HA CTYACHTA.
Tyt Ha nepmwuii 1aaH BUCYBA€ThCS CaMOHABYAHHS, 1HAWBIYyaIbHUA TEMIT HABYAHHS,
pEryJIoBaHHS I[LOTO TEMIy HaBYaHHs. Bukiamad npu acHHXPOHHIM METOIUIN
JTUCTAHI[INHOTO HaBYaHHS BUCTYNA€ KOHCYJIHTAHTOM, aji¢ B MEHIIIN Mipi, HDK TIpH
CUHXPOHHIN METOUIIl TUCTAHIIIHHOTO HAaBYAHHS.

OcTanHiM yacoM OUTBIIICTh (haxiBIIB MPHUUIIIIN JO BUCHOBKY, IO HAMOUIBIIOL
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e(EeKTUBHOCTI TPH AUCTAHILIMHOMY HaBYaHHI MOXKHA JIOCATTU NMPU BUKOPHCTAHHI
3MINIAHUX METOJUK NUCTAHIIMHOTO HaB4YaHHS [2, 3]. TepmiH «3MillIaHe NUCTAHIIIHE
HAaBYaHHSI» Mae€ Ha yBasi, [0 Mporpama HaBYaHHA OyIyeTbCid SK 3 €JIEMEHTIB
CUHXPOHHOI, TaK 1 3 €JEeMEHTIB aCHHXPOHHOTO METOAMKM HaB4yaHHi. Came Taky
METOJIMKY BUKOPUCTOBYIOTH NpH BUKIaAaHH1 guctuiuiing «ITC» y OHMY (puc.1).

MeToayka 3MIIaHOro JUCTAHIIIMHOIO BUKJIAQJaHHS Ha
pUKIIAIl JUcIUIUTiHA «[HpacTpyKTypa TpaHCIIOPTHUX

\ 4 \ 4

N e
MeToarka CHHXPOHHOTO MeToarka aCHHXpPOHHOTO
JUCTAHIITHOTO HABYAHHS JUCTAHIIMHOTO HABYAHHS
(mmatdopma Zoom) ) L LMS Moodle
A 4 A 4
Jlexmii KoMmiiexT HaBUajIbHO-
B (hopmari BeO- METOAUYHUX MaTepialliB

KoH(]epeHrIii B €JICKTPOHHOMY BU/I1
< > (cunnadyc, 6a30Bi1

- I IPyYHUKHU, KOHCIIEKT

[TpakTryHi 3aHATTS

B (popmari online -
CEMIHapIB (JIONOBIEH-

JIEKIH, METOJUYHI1
BKa31BKH, B1J€O-JIEKIIiT,

Ipe3eHTalil, AUCKYCiH) TOMIO)
\ 4 \ 4
Bebinapu BipTyanbHi ekckypcii, Biieo
31 cnenlajicramu - 32 OKpEMHUMH MUTAHHSIMA
MpaKTUKAMU

\ 4

\ 4

KonTtponbHi 3aBaaHHs 1181
Y4acTh CTyACHTIB Y caMOIepEBIPKH, MOTOYHE Ta

HayKOBO-IIPAKTUTHUX M1JICYMKOBE TECTyBaHHS
online - koH]epeHIisax

\ 4

3BOPOTHIH 3B'SI30K 31 CTyICHTAMH
(Moodle, Viber, email, Tomo)

v

Pucynok 1 — Moaesb 3MillIaHOI METOAMKH JUCTAHIIMHOT0 BUKJIAJAHHS HA
npukjaagi gucuuiuting «lHgpacTpykrypa TpaHCIOPTHUX CHCTEM

Howcepeno: Asmopcoka po3pobka

HaBuanpHO-MeTOAMYHA ITIACUCTEMA - L€ BAXKJIMBA CKJIaJ0Ba YaCTHHA CHUCTEMH
JUCTAHIIMHOTO HaBYaHHS, HEPO3PUBHO TOB'SA3aHA 31 3MICTOM 1 METOJIUKOIO
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HaBYaJIbHO-BUXOBHOTO mpolecy. BoHa 3HaxXonuTbesl B MIJIETIIOMY IMOJOKEHHI MO
BIIHOIICHHIO JI0 IJICH HaBYaHHS. B OCBITHBOMY TpOIeCi TUCTAHIIIMHOTO HAaBYAHHS
3a guctuiuiiHo «ITC» BUKOPUCTOBYIOTBCS TakKi 3aCOOM: MiIPYYHUKHU (B MarepoBiii
Ta EJICKTPOHHINW (opmi), MEpPEeKEeBl HaBUAbHI Marepianu (cuinaOycu, KOHCIIEKTH
JeKI1NA, METOJUYHI BKa3iBKH), (OTO- 1 BiJle0 HAaBUaJIbHO-1H(OpPMALIiiiHI MaTepiaiy,
€JIEKTPOHHI 010J110TEKHU 3 BIIJAJIEHUM JOCTYTIOM, TOHIO.

3a J0MOMOTOI0 3a3HAUYCHUX 3aco0iB B mpoiieci BUBUeHHS aucturuiina «ITCy»
CTYJCHTHU 3HaXOJSATh BiJMOBI/II, HAMPUKIIAI, HA TaKl MUTAHHS:

» B yomy € ines cxemn «MaTtounHa-crimisy («hub and spoke»)?

» 1llo o3Ha4arOTh MOHATTS Xa0, MOPTaI Ta XIHTEPJIAH?

» B gomy pi3HUI MiXK MOCTaMH, HUIIXOMPOBOIaMH, BiaJlyKaMu Ta ecTakaiaMu’?
» Jlnst yoro nmpu3HaYeH1 BAarOHU-XOTMEPH, TyMITIKapH, aBTOMOTPHUCH Ta 1HIII?

» 1llo mepeBo3sITh COPTUMEHTOBO30M Ta Ha Tpalli aBTOTPAHCTIOPTOM?

» XTO TaKi XeHJJIepH Ha aBiaTpaHCIIOPTi?

» Illo Take 3aToHM Ta JaeOapKaJepu HA PIYKOBOMY TPAHCIIOPTi?

» J1o SIKOTO BHIy TPAHCHOPTY HAJICKUTH THEBMOMIOIITA?

» Sk BUTIIAIa€ MOHOPETHCOBA TPAHCIIOPTHA CHCTeMa Ta MarjieB? | Tak gaui.

s IUCTAHIIIHOTO HaBYaHHS MOXYTb OoytH PEKOMEHI0BaH1
HaWpI3HOMAHITHIII METOIH: IEMOHCTpAIIisl Mpe3eHTallid, GoTo- 1 BijieO MaTepialiB,
MOSICHEHHS, PpO3MOBiJb, Oe€cina, pilIeHHS MPaKTUYHUX 3aBJaHb, 3ay4yBaHHSA
HaBYaJILHOTO MaTepially, MUCbMOBI pOOOTH, TOBTOPEHHSI, TECTYBaHHS.

Tak BaxiuBa ckiagopa online — ceminapis no gucuuruiifi «ITCy» — e nonosiai
CTYJCHTIB OOOB’SI3KOBO 3 MPE3CHTAlIsIMA Ta BIJCOPOJIUKAMU, HAMPHUKIIAJ, HA Takl
TEMU:

. BipoBai»keHHsI IIBUAKICHOTO PyXy MOi3/1B B YKpaiHi.
. ABTOMOO1J11 Ha BOAHEBOMY Ta 010JI0TIYHOMY MaJIUBI.
. CynHomniaiiManbHUKY 1711 CyJI€H BHYTPIIIHBOTO TJIaBAHHS.
. [IpoexT BakyymHoro notsry Hyperloop.
. 'any3b BUKOpUCTaHHsS OE€3MUIOTHHUKIB.
. 'ipoTpancnopr.
. CyuacHe BUKOpPUCTaHHS €JIEKTPOMOOLIIB.

OO6oB’s3k0Ba (hiHAJIbHA YacTHHA JIOMOBIAI — II€ OOrOBOpPEHHS, BIAMOBINI Ha
3aMUTaHHs BUKIJIajaya Ta Kosier. Ha Ham morisif, 115 CKJiaoBa HaBYaJIbHOTO MPOIECy
AyXe BaXJIUBO OCOOJMBO JJIsi MaiOyTHHOTO KEpiBHMKA B Taily3i TPaHCIOPTHUX
TEXHOJIOT1i.

Taxosx BakjIMBa CKJIa/10Ba METOJUKH 3MIIIAHOTO AUCTAHLIHHOTO HABYaHHS — 1€
BeOiHapH 31 CIemianicTaMd TMpPaKTUKaMH 31 BChOTO CBITY. Tak, HampHKiIal, 3a
muctuiutinoro «ITC» mu mpoBogunu BeGiHapu 3 BumyckHukamu OHMY, ski
YCHIIIHO MPAaIoI0Th 32 (axoM He TUIBKU B YKpaiHi, a TAaKOX B JAJIEKOMY 3apyOixoKi
(Hanii, Cinranypi, Kanasi ta iHIIMx KpaiHax CBITY).

Cnin 3a3HauMTH, MO JIMINE MOEIHAHHS BCIX CKJIAIOBUX METOJMKH 3MIIIAHOTO
JTUCTAHI[IMHOTO HAaBYAaHHs, HABEJIEHOI HAa pHC.l, a TaKoX HajaroJpykeHa B3a€MOJIS
BUKJIaJa4a Ta CTYJICHTIB JO3BOJISIOTH OTPUMATH BIIMOBIAHUN CUCTEMHUHN e(EKT.

Ane, gKx BiJ3Ha4YalOTh Oararo aBTOPIB y AMCTAHIIIHOMY HaBYaHHI € 1CTOTHI
Hemomiku [2, 3]:

~N N kW
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» BIJICYTHICTb )KHMBOTO CITUIKYBaHHS MK BUKJIaJIaueM 1 CTYJICHTaMHU, HACIIIAKOM
4Oro € OUTBII HU3BKUH CTYIIHB 3a]Ty4Y€HOCTI B HAaBYAJIbHUHN TPOIIEC;

» cinabka MOKIJIMBICTh KOMAaHIHOI (TPyHOBO1) pOOOTH CTY/ICHTIB;

» HEOOXIiTHICTh BUKOHAHHS IIEBHUX TEXHIYHUX YMOB: HAasBHOCTI [HTepHET-KaHATY
3 BUCOKOIO IIPOITYCKHOIO 3/IaTHICTIO 1 IEBHOTO MPOTPaMHOI0 3a0€3MEeYEHHS Y
000X CTOpIH.

Hes3Baxkaroun Ha HaBeJICHI HEIONIKHA, JUCTAHI[IHE HaBUYaHHS HaOWpae Bce
OlbIIIe TOMYJIAPHOCTI. MOXHA BUAUIMTH MEBHI BUMOTH JI0 JUCTAHIIIHHOTO KYpCY,
AKIIO BIH NMPETEHAY€E OyTH €PEeKTUBHUM:

» OLTBII peTeNbHE 1 AeTaIbHE IUTaHyBaHHS HaBYAJILHOTO IIPOIIECy CTY/ICHTa, Horo
oprasisairisi, 4iTka MOCTaHOBKA 3aBJIaHb 1 ITiJICH HaBYaHHS, HAJaHHS BCIX
HEOOX1THMX HaBYAIbHO-METOAUYHUX MaTepiaiiB;

» MaKCHMaJIbHO MOJKJIMBA IHTEPAKTUBHICTh MiX CTYJICHTaMH Ta BUKJIaJladyeM B
polieci HaBYaHHSI, HaJlaHHS MOXJIMBOCTI TPYIIOBOTO HABYAHHS;

» HasBHICTHh €(DEKTHBHOT'O 3BOPOTHOTO 3B'SI3KY, IO TO3BOJISE CTYIACHTY
OTpUMYBaTH 1H(POPMAIIIIO PO MPABWIBHICTH CBOTO MPOCYBAHHS IO IIISAXY BiJ
HE3HAHHS J10 3HAHHS.

BucHoBok.

B pobGori Oynu po3rasHyTI mepeBaru 1 HEJOJIKM JUCTaHIINHOI (popmu
HaBuaHHsA. CniJ 3a3HAYUTH, OO0 Y Takoro (opmaTy HaBYAHHS € BEIUKA KIIbKICTbH
TUTFOCIB, HAMBAXIIHMBIIII 3 HUX - 116 HEBUCOKHUM PiBEHb, K (DIHAHCOBHX, TaK 1 YACOBUX
BUTpAT Ha TPOBEICHHS, MOCTYMHICTh JUIsl YYaCHHKIB 1 3PYYHICTh 3aCTOCYBaHHSI,
IITUPOKE OXOIUICHHS ayauTopii. Y 3B'SI3Ky 3 THM, IO Cy4YacHE CYCIIUIBCTBO BCE
OlnbllIe CXHIJIAETbCS 1O TOro, o0 OTpUMAaTh MAaKCUMyM CBOOOIM, NHCTaHIIIMHE
HaBUaHHSA Oepe BepX HaJ aHAJOTIYHWMHU BUJAMU HABYAHHS, TOMY IO HE YIIEMIISE
JIOJIMHY HE B 4aCOBOMY, HE B IPOCTOPOBOMY CEHCI.

Po3rnsiHyTi  METOAWMKM CHHXPOHHOTO Ta ACHHXPOHHOTO JAUCTAHIIIIHOTO
HaBYaHHA. Po3ainstoun AyMKy OLTBIIOCTI KOJIET, 3alpONOHOBAaHA MOJIEINb 3MIIIaHOT
METOJMKHU JAUCTAHIIIHHOTO BUKIIQJAHHS, sSIKa YCIIIIHO BIPOBAKYETHCS HA MPUKIAIIL
muciuruiiag - «lHdpactpyktypa TpaHcnoptHux cuctem» y OHMY. PerensHo
PO3MISIHYTH OCHOBHI CKJIQJIOBI 3alpONOHOBAHOI METOAMKU 3 aKIICHTYBaHHSIM Ha
HEOOX1THOCTI CHCTEMHOTO TiaXoay Moo ii e(EKTUBHOrO 3acTOCYBaHHS Yy
HaBYaJIBLHOMY IPOIIECt 10 OYb-SKOTO KYpCy.
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Abstract. In the article discusses the features of distance teaching of the discipline
"Infrastructure of transport systems" at the Odessa National Maritime University. The advantages
and disadvantages of this form of education are characterized. Emphasis is placed on the cost-
effectiveness and accessibility of distance education in the context of a pandemic, as well as for
working students of various forms of education. At the same time, the drawbacks of live
communication between the participants of the educational process, the weak possibility of
teamwork and the need for high-quality Internet are noted.

The possibility of complex use of methods of synchronous and asynchronous teaching in the
process of distance teaching has been investigated. A model of mixed distance teaching is proposed
and its main components are considered on the example of the discipline "Infrastructure of
transport systems". The need for the systemic application of all components of the mixed technique
is noted. As a result, the necessary requirements for the effective implementation of the distance
course were formulated: clear planning and competent organization of the educational process,
maximum interactivity of the teacher and students, constant feedback and control over the learning
process.

Key words: distance teaching, methods, synchronous learning, asynchronous learning, web

conferences, online - seminars, webinars.
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Annomauyun. B pabome paccmampusaiomcs cnocodvl MmMpancnopmuposKu NaibMO8020
macna: nepeso3ka 6 KowmeliHepe, UCNONb3VA (DeKCumaHk, u nepesoska 6 maukepe. Ilpu smom
nepeso3Ka 6 MaHKe OoCcyujeCmeisiemcs nymem omepaxmosanus cyoHa. J{ocmaska nanbmMoeozo
MACAa npoUCXooum u3 pecuoHa, KOmopuvlil sA611emcsi OCHOBHbIM UMHOPIMEPOM NATbMOBO20 MACIA —
us IOoxcno-Bocmounoti Azuu — 6 Vkpaumy. /[nsa onpedenenusi naubonee npuemiemozo cnocooa
paccmompenvl 064 6ApUAHMA  Nepego3Ku  macia. B kauecmee eepcuu  payuoHAnbHOL
MPAHCROPMUPOBKYU MACILA PACCMOMPEHbl NPEeUMYecmaea 00CMAsKU 80 (hieKcumanke.

Knrwouegvie cnoea: xonmeiinep, @rekcumaHnx, maukep, nepegoska Hcuokux 2epyszoe, MTII
Ooecca, MTII Yepromopck

Beryniienne.

C KaxIplM TOJIOM TPAHCIOPTHUPOBKH TIpPy30B OOXOIHUTCS BCE JOPOKE, a
TpeOOBaHUS K KauyecTBY IIEPEBO30OK CTAaHOBATCS Bce Bhime. I[lpousBomurtenu u
Ipy300TIIPABUTENN CTAIKUBAIOTCS C HEOOXOJUMOCTBIO MOCTOSIHHOTO MOHMCKa OoJee
JICMIEBBIX M B TO K€ BPEMsl KAa4ECTBEHHBIX CIMOCOOOB JOCTaBKH MPOAYKIMH. B
cerMeHTe 0e30MacHON MEPEBO3KU KUAKUX TPy30B I(PEKTUBHBIM pELICHUEM STOM
JBOMHOM 3a7]aul MOXKET CIIYKUTh NIEPEBO3Ka IPy30B BO (uiekcuTaHkax. Bo-mepBbix,
ATO SKOHOMUYECKH BBITOJIHO, BO-BTOPBIX, TAK COXPAHSIOTCS BCE HayajbHbIE CBOMCTBA
TPaHCIIOPTUPYEMOTO.

IlepeBo3kn pacTtutenbHOro Macjia BO (¢JeKcuTaHke - Oe30macHbli U
peHTa0eNbHbI  CIIOCO0  TPAaHCHOPTUPOBKU. MsArkas moJMMEpHas LUCTEpHA
crenuaibHO pa3padoTaHa JJisd MepeMEIEHUsI HATMBHBIX IPy30B. E€ KOHCTPYKTUBHBIE
O0COOEHHOCTH COKpAIllaloT JO MUHUMYMa MOTEPHU >KUJIKOCTH B MPOIECCE JOCTAaBKHU U
HCKJIIOYAIOT YXYAIICHUS KauecTBa rpy3a.

OCHOBHOM TEKCT.

Tepmun «daekcuTaHK» TOSBUICS KakK COKpaileHHas ¢GopMa CIOBOCOYCTAHUS
Flexible Tank, OykBaJbHBIA TIEPEBOJ KOTOPOTO O3HAYAET - «AJIACTUYHBIA OaK».
@DEeKCUTAaHKOM SIBIISIETCSI TEPMETUYHAs €MKOCTb, KOTOpas MPUMEHSETCS s
TPAHCIIOPTUPOBKA W XpaHEHUsl >KUJIKUX HEOMacHBIX T'Py30B B CTaHAApTHBIX 20-
(GyTOBBIX KOHTeHHepax oObemMoMm oT 18 10 24 Thic. JuTpoB. B HEeM MOXHO
MEePEBO3UTh MPAKTUYECKH JIIOObIe HEOMAaCHBIE KUIKOCTH KaK TEXHUYECKOro, TaK W
MUIIEBOT0 Ha3HaueHUs. BO3MOXHO, HCKIIIOUEHHEM MOTYT OBbITh TOJIBKO TpPY3bl,
MMEIOIINE CIMIIKOM OOJIBIIYIO0 BSI3KOCTh, TaK KakK 3arpy3ka U BbI'py3Ka B 3TOM
cllyyae CTaHOBUTCS MpoOiemaTuyHoW. Kak mpaBuiio, ycTaHOBKa (JIEKCUTaHKA B
KoHTelHep 3aHumaet oT 15 1o 30 munyt. Ilocne ee 3aBepienus TpedyeTcs TOJIBKO
MOACOEANHUTD NOAAIOIIMNA NUIAHT U BKIKOYUTh AJEKTPOHACOC JI 3aKaYKH JKHJIKOTO

rpys3a.
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OcHoBHBIE TEXHOJIOTHUECKHE, YKOHOMUYECKUE u IKOJIOTUYECKUE
MpPEUMYIIECTBA HCIOJIB30BaHUs (DIEKCUTAHKA [0 CPAaBHEHUIO C TNPUMEHEHHEM
KEJIE3HOJOPOKHBIX W aBTOMOOWJIBHBIX IHCTEPH, a TakkKe «OoYeK», TaHK-
KOHTEWHepoB, IacTuKoBbIX KoHTelHepoB IBC (Intermediate Bulk Container) u
JIPYTUX EMKOCTEM:

OTCYTCTBYET HEOOXOANMMOCTD IOPOTOCTOSIIIEH apeH bl IUCTEPH;
UCKJTIOYaeTcs 00s13aTeNibHasl MPOMBIBKA U MPOMapKa LUCTEPH;

Tapu@ Ha IEPEBO3KY I'Ppy3a B KOHTEHHEPaxX MEHBIIIE, YEM ISl TPY>KEHBIX U
MOPOKHUX LIUCTEPH;

B CJIy4yae JOCTAaBKHU I'py3a BOJHBIM TPAHCIIOPTOM (PpaxT KOHTEHHEPOBO3a
HUXKe (paxTa TaHKepa;

MPOJYKT MO (PIIEKCUTaHK JOCTABIISIETCS «OT ABEPHU JI0 IBEpU» O€3
HE0OXOAMMOCTH MPOMEKYTOUHOI'O XPAHEHHUSI U TIEPEINBA B MOPTAX;
NPOAYKIIMS 3aIUBaeTCs B (PJICKCUTAHK, HE MEHSSI CBOUX CBOMCTB B TE€UEHHUE
BCETO IyTH, TaK KaK HAXOJUTCS B TEPMETUYHOMN YIIaKOBKE;

OJIHOPA30BbIN (PJIIEKCUTAHK HE TPEOYET OUHUCTKH, MOJTHOCTHIO
nepepadaTbIBaeTCs U yTHIIM3UPYETCS MOCIIE UCTIOIb30BaHUS;
PKOHOMUYHOCTH U OoJiee y100Hasi TPaHCIIOPTUPOBKA B OTIMYME OT TAHK-
KOHTEHWHEPOB;

(drekcuTaHK BCErja HOBbIE, a 3HAYUT, OTCYTCTBYET PUCK 3arps3HEHUS
MIPONYKTAa;

(bJeKCcUTaHK CIlyaT ONTUMAJIbHOMN YITaKOBKOM JI HEOOJIbIINX MapTUl
TOBapa, yA0OHbIE JIs IEPEBO30K C MOBBIIIEHHBIM BHUMAHUEM K COXPaHEHUIO
Ka4eCTBa U TOYHOMY KOHTPOJIIO BECA;

KOHCTPYKIMH ITPEAYCMATPUBAIOT HEAOIY CTUMOCTD ITPOMEKYTOYHOTO
MEepeNINBa U KOHTAKT MPOAYKTA C OKPYKAIOIIEH CPEION;

(breKCUTaHKU HE3aMEHUMBI, €CJIH Y SKCIIOpTEpa/UMIIOPTEPA OTCYTCTBYET
uH(pacTpyKTypa 1js paboThbl C TAHKEPAMHU.

BI)IFO,ZIHGG HUCIIOJIB30BaTh KOHTGﬁHGpHYI-O IMEPeBO3KYy C IIPHUMCHCHUCM
@HCKCHT&HK&, TaK KaK:

1)
2)

3)
4)
S)
6)

7)

bosee BBIroAHBIA MapHIpyT 17151 ABYX MEPEBO30K PA3IUYHBIX BUJOB MacCel.
[TokynarensiMu TNpeAbSIBISETCS TMOBBINICHHOE TpeOOBaHUE K TOYHOMY
KOHTPOJII0O BeCa W KadyecTBY Macia, (PIeKCUTaHK MOAXOIUT IJiS JaHHOTO
MyHKTA, TaK Kak ()JICKCUTAaHKU BCET/Ia HOBBIC, a 3HAYMUT, OTCYTCTBYET PHUCK
3arpsi3HCHUS MPOYKTa, a TAK)KE MPOBOAUTCS 00JIee CTPOTUN yUET Beca.
Takas mepeBo3ka OyneT NMPOUCXOIUTHh «OT JIBEpU JO ABEPH», TO €CTh HE
OyneT HeoOXOIMMOCTH TIPOMEKYTOYHOTO XPAHEHHUS U TIEPEJINBA B TIOPTaX.
HeGonpmoe Tpansutaoe Bpems (30-35 cyTok).

OrnepaTUBHOCTh OTIPaBKH (OTIpPaBKa KOHTEHWHEPOB TOJ 3arpy3Ky (DIIeKcoB,
orpy3ka Macjia, OTTPY3KH 3arpy>KE€HHbIX KOHTEHHEPOB Ha TEpMHUHAJIE U
JanbHEHIIas OTIpaBKa 3aHUMAaIOT HEOOJIBIIION TPOMEKYTOK BPEMEHH ).
dekcuTaHK, KaKk M KOHTEWHEp, B KOTOPBIA €ro rpy3sT, He Tpeldyer
CHEIHUAJIBHBIX XUMUYECKUX 00pabOTOK U OUYUCTKH.

[TepeBo3ka B (uiekcutanke 0ojiee SKOHOMHYECKH BBITOJHA U YJI00HA, YeM
OTMpaBKa B TaHK-KOHTCHHEPaXx.
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8) DKOHOMMUECKas BBITOJa 110 CPABHEHUIO C TAHKEPAMH.
Cy1ecTByIOT ompezeneHHble TpeOOBaHUS K KOHTEWHEpaM IpU YCTaHOBKE
¢dnexcutanka. KonrelHeps! JOMHKHBI ObITH U3TOTOBJICHBI B CTPOIOM COOTBETCTBUU CO
BceMu TpeboBanusiMu [SO u 0TBeUaTh CIEAYIOMUM KPUTEPHUSM:
- o0lee TEXHUYECKOE COCTOSTHUE (OTCYTCTBHUE Ae(opMaliuii, TpELuH,
HaJEKHOCTh YUIEH JI OABEMA);

- Tpy3onoapeMHOCTh 30 TOHH 10JKHA OBITh YKa3aHa Ha KOHTEHepe;

- JlaTa U3roTOBJICHUSI KOHTEMHEpa He JOJKHA MPEBBIIATh 5 JIET, cam
KOHTEWHEpP J0JHKEH ObITh B XOPOILIEM TEXHUYECKOM COCTOSIHUU;

- KOHTEMHEepHI CO CIeaMi PEMOHTA Ha BHEUTHUX MAHENIX HE MPUHUMAIOTCA
JUISl TPAHCTIOPTUPOBKH (PIIEKCUTAHKA;

- JIBepHbIE BbIEMKH (T1a3bl) JIJIs1 IEPETOPOJOK AOKHBI OBITh B XOPOLIEM
COCTOSIHHH;

- KOHTEWHEPHI TOJHKHBI OBITH CEPTUDUIIUPOBAHBI JIJIsT aBTOMOOUIIBHBIX,
KEJIE3HOTOPOKHBIX U MOPCKHUX MEPEBO30K;

- KOHTEHHEepbI TOJKHBI ObITH OCHALIEHBI ABYMS ITOJHOCTHIO
PaboTOCTIOCOOHBIMHU 3aMKaMHU Ha 000UX JIBEPSX;

- Ha KOHTeWHepax He JAOJKHO ObITh HaKJIeeK, MAPKUPOBKH ISl «OMACHBIX
IPy30B».

KonTeitHepsl 1u1si TpaHCIIOPTUPOBKU (PIIEKCUTAHK JIOJIKHBI OBITH UMCTBIMU U
CyXMMH, 0€3 OCTaTKOB JIOOOr0 Mycopa, OCTPbIX KPOMOK, HANOJIbHBIX CKOJIOB,
BMSITUH WJIHM CJIEJOB OT CBapKM Ha BHYTPEHHHUX IMAHENAX KOHTEWHEpa, YTO MOXKET
MIPUBECTU K TMOBPEKICHUIO (IIeKCUTAaHK. Bce BHyTpeHHHE NMOBEPXHOCTH, BKIIIOYAS
MMOBEPXHOCTU T10JIa, JOJDKHBI OBITh OYMILEHBI OT MATEH MNPEABIAYIIEro rpys3a H
OPYTUX HMCTOYHUKOB 3arpsi3HEHUs, KOTOpPbIE MOTYT pearupoBaTh C MaTepUaIoM
(rexcuTaHKa U/WIH )KUJKUMHU TPY3aMHU.

JUiss MOATBEpPKIAEHUS BBIIICONUCAHHBIX IMPEUMYLIECTB IEPEBO3KH TIpy3a BO
(bexcuTaHKe PacCMOTPUM CIOCOOBI TEPEBO3KM Maciia Ha MpUMEpPE IOCTaBKU
najgbMOBOrO B YkpauHy. [[ist 3Toro BeIOEpeM OCHOBHBIE HampaBiICHUS MOCTABOK.
I'maBHbIME 3KCnOpTepamMu Macina sABIsoTCa Mamaisus u Munonesus. llepeBosku
NaJbMOBOTO Macjia BO3MOXHBI ABYMsI CIIOCOOaMHU: TaHKEPOM WM B (PIEKCHUTAHKE.
CronMocTh TEpeBO3KH J100aBIsETCS K CTOMMOCTH TOBapoOB, MO3TOMY 3TO CaMbId
BaXHBbIH KpuTepuid. OHa 3aBUCUT OT CIEAYIOIIUX (PaKTOPOB: MYHKT Ha3HAYEHUS,
CPOYHOCTb, BHUJ TpPAaHCIOPTa, HAUMEHOBaHUE Tpy3a, €ro BeC U 00bEM, IMEpUOA
nepeBo3ku. Takke OOJBIIOE 3HAYEHHWE UMEET Croco0 OTHpaBKu. Jlanee paccMoTpum
TPAHCIIOPTUPOBKY Macjia MOPCKUM TPAHCIOPTOM.

MOpCKON ¥ pEeYHOM TPAHCIIOPT SABJISIETCS CAMBIM JELIEBBIM BHUJIOM TPAHCIIOPTA.
Mopckue nepeBo3Kd Irpy30B MOAXOAAT ISl MEPEMELICHUS TSDKENbIX U rabapUTHBIX
Ipy30B Ha OOJIBIIME PACCTOSIHUS, TJI€ CPOKU JIOCTABKM HE WUIPAIOT CYIIECTBEHHOM
pOJIM, IO CamMblM HM3KHUM II€HaM, MX HCIIOJIb3YIOT, YTOObI COKPATUTh 3aTpaThl Ha
IIEPEBO3KY.

Jlis mepeBO3KM Maciia B TaHKaxX HE0OXOJuMO 3a(paxToBaTh Ha pelc TaHKED.
Jlist pacueToB BeiOMpaeM Tpu TaHkepa: TaHkep «RST 27», tankep «IIpoekt 563» u
tankep «RST 26». Ilocrosiuable pacxoasl no cyany «RST 27» cocrasmstor 6000
noiut./cytku, 1o cyany «RST 26» -3500 momn./cytku, mo «IIpoekt 563» - 6500
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JTOJUL./CYTKH.
[TocTponM cxembl peHCOB I BHIOPAHHBIX BAPUAHTOB.

6476 MEIB
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1 O
Cyaneai Kasan Bocdop dapoase e

Pucynok 1 — Cxembl peiicoB

[Io pesynbraraM pacueToB CTOMMOCTH JOCTaBKM Macia BO (PIIeKCHTaHKax
(KoHTEITHEpax) MOTyYaeM CIEAYIOIINE 3HAUCHHUS.

IDicakapma-Ooecca: S, = 3672/60 =61,2 oonn/m.
Ilopm-Knane — Yeprnomopck : Sy, = 2652/40 = 66,3 oonn/m.

CpaBHMM TMOJy4YEHHBIE pacyeThl MpPU MEPEBO3KE KOHTEHHEPOBO3aMH U
TaHKEPAMH.

CrouMocTh JocTaBKU Macia Bo (iekcutankax u3 Jxakaptel B Oneccy paBHa
3672 nomn., a u3 Ilopr-Knanr B UepHomopck coctaBuina 2652 nomin. Bo BTOpom
BapHaHTe - MyTeM 3adpaxToBaHUs CyHa (TaHKepa) Ha peiic, u3 Jxakaptsl B Oneccy
CTOMMOCTb TPAHCHOPTUPOBKU Maciia paBHa 4386 nomr, a u3 llopr-Kmanr B
YepHomopck - 3082 noi.

Ntak, MOXXHO cliefiaTh CIAEAYIOUNA BBIBOJ: CTOMMOCTh JIOCTABKU MalbMOBOTO
Macia B (hJIEKCUTaHKaX KOHTEMHEPOBO30M 3HAYNTEIHLHO MEHBIIIE, YEM TAHKEPOM.

[Ipu opranuzanuu nepeBo3ku naibmMoBoro macia 60 T u 40 T COOTBETCTBEHHO
no Mapupyrtam /[xakapra - Ongecca u [lopr-Kianr - UepHOoMOpCck 1o pe3yJsibratam
pacyeToB OMNpPEAENIEHO, YTO CaMblid JEMIEBBIM CIOCOO TPAHCHIOPTUPOBKU - 3TO
TPaHCIOPTUPOBKAa Macia B (uekcuTaHkax (KoHTelHepax). [lo HampaBiieHHIO
Jxakapra - Onecca nieHa cocraBut 3672 noiut., a no HampasieHuto [lopr-Kianr -
YepHOMOpPCK CcOCTaBIsAET 2652 MOILL.

Bo3bMmeM 3a 6a30Boe 3HaUE€HHE ACIIEBBIA CIOCOO TPAHCIIOPTUPOBKHU U CPABHUM
LIEHy 3a NepeBo3Ky | T Macia MU KOMIUIEKCHYIO LIEHY MO KOHTPAaKTy C JAPYTHUMH
HaIpPaBJICHUSIMU.

CTouMOCTh TOCTaBKH Macjia KOHTEHHEPOBO30OM COCTaBUJIA!

Iicakapma — Ooecca: S = 3 * 1224 = 3672 ooan.
Ilopm-Knane — Yepnomopck: S = 2 * 1326= 2652 oonn.
CroumocTh niepeBo3ku 1 T Macna Bo diiekcuTanke (S,):
Iicakapma — Odecca: S, = 3672/60 =61,2 oonn./m
Ilopm-Knane — Yeprnomopck : Sy, = 2652/40 = 66,3 oonn./m

CTOMMOCTB 10CTaBKH Macjia TAHKEPOM:

Iicakapma — Oodecca: S = 60*72,5 =4350 ooan.
llopm-Knane — Yeprnomopcx = S = 40*76,3 =3052 ooan.

CroumocTsb 1T Macna B TaHKax:
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Iicakapma — Qoecca: Sy, = 72,5 oonn./m
Ilopm-Knane — Yepnomopck : S, = 76,3 oonn./m.
Bo3bmeMm 3a 6a30BYI0 CTOMMOCTh HAUMEHBIITYI0 CTOUMOCTD CPEIU MOJTYYEHHBIX.
Lsas (Hoicakapma — Ooecca)= 61,2 donn./m.
Taoauna 1
IKOHOMHYECKUH 3PP eKT nepeBo3KN Macjia BO (PIIEKCUTAHKAX B CPABHEHHMH €
APYTHMH CIIOCO0AMHM NEPEeBO3KH

Hanpasnenus Croumocts 1 T macna | CroumocTts 1 T macna
(koHTElHED) (Tankep)
1 2 3
Jlxxakapra — Onecca 0azoBas +11,3
[TopT-Knanr — YepHomopck +5,1 +15,1

Wtak, cambiM BBITOJHBIM CIIOCOOOM TIEPEBO3KM SIBISETCS  IMEpPEeBO3Ka
KOHTEWHEpOM B HampaBieHuu J[xakapra — Opecca, ieHa 3a 1 T majbMOBOro Macia
COCTaBWJIa HAUMEHBIIMK pe3yabTar. [Ipyu cpaBHEeHUM 1IEH 3a NEepeBO3Ky 1 T macna c
0a30BbIM 3HAUECHUEM OIPEACIIUIIN, YTO MPU TPAHCIIOPTUPOBKE NAIBMOBOTO Maclia U3
ITopta-Knanr B YepHOMOPCK KOHTEMHEPOM IIeHa OyJieT BhIlie Ha 5,1 10JUL./T., a Ipu
TPaHCIIOPTUPOBKE TAaHKEPOM - Bbille Ha 15,1 qosn./T. [lpu TpancmopTUpOBKE U3 OpTa
Jlxakapta B Oneccy TaHKepoM 1ieHa OyaeT Boimie Ha 11,3 momn./T.

3aKkJI04YeHue U BLIBOJbL

B pabGote Obun paccMOTpPEHBI CIIOCOOBI TPAHCIIOPTUPOBKHU JKUIKUX TPY30B, B
YaCTHOCTH PACTUTENbHBIX Macenl. K paccMoTpeHHio mpenjaraiiuch TaKue CIOCOOBI:
BO (hJeKcuTaHKax C JalbHEHIIeld Mmorpy3kod B KoHTeWHep u B TaHkepe. [locie
PacCMOTPEHHUSI U CPAaBHEHMS PACXO/0B 32 PEIC MPU YCIOBUH TPAHCIIOPTHPOBKH Ipy3a
B KOHTEilHEpe U MmyTeM OT¢paxToBaHUS TaHKepa, ObUla TMOJydeHAa CTOMMOCTD
TPAHCIOPTUPOBKH | T pacTUTEIBLHOrO Macia I0 ABYM CXeMaM pelica. B pesynbrate
CpPaBHUTEIBHOTO aHalv3a ObUIO ompeneneHo, 4To Haubonee 3PEPEKTUBHBIM
CIOCOOOM  TMEPEBO3KM  ABIISIETCS TPAHCHOPTHUPOBKA PACTUTEIBHOTO Maciia BO
(hrekcuTaHKax.

Takum oOpa3om, wucHojib30BaHUE (HIEKCUTAHKOB TIPU  TPAHCIOPTHPOBKE
PACTUTENIBHOTO Macia IO3BOJSET COKpPaTUTh pPacxoJbl Ha JIOCTaBKYy TIpy3a,
OMEpPAaTUBHOCTh IOCTABKH M YMEHBIIUTH 3aTPaThl Ha MPOBEACHUE MOATOTOBUTEIIbHBIX
paboT nepes NPUHATUEM T'Py3a K IEPEBO3KE.
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Abstract. The paper deals with the ways of transportation of palm oil: transportation in a
container using a flexitank, and transportation in a tanker. In this case, transportation in a tank is
carried out by chartering the vessel. Delivery of palm oil comes from the region, which is the main
importer of palm oil - from South-East Asia - to Ukraine. To determine the most acceptable method,
two options for the transportation of oil are considered. As a version of the rational transportation
of oil, the advantages of delivery in a flexitank are considered.

Key words: container, flexitank, tanker, liquid cargo transportation, MTP Odessa, MTP
Chernomorsk.
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Annotation. Increasing motorization leads to an increase in the severity of consequences
from road traffic accidents. Effective measures to reduce the accident rate can bring the expected
results if there is a clear system for predicting accidents. Accident rate, in turn, depends on a
number of factors, not the least of which is the lighting of the street and road network. The paper
considers the impact of this factor on the number of accidents, fatalities and injuries for the period
from 2016 to 2018 in the Gomel region. The research is conducted with the help of the software
package Statistica.

Key words: illumination, accident rate, accidents during daylight hours, quantitative analysis,
significance level.

Introduction.

The increase in the number of car fleet, the participation in the road traffic of an
increasing segment of the population leads to an increase in the severity of
consequences from road traffic accidents, as well as the scale of damage and the
probability of death of road accident participants. The number of victims of road
accidents depends on many factors, such as the intensity of traffic, the nature of the
road environment, time of day, the characteristics of road users, the presence of
restrictive measures, and so on.

Research on changes in the number of accidents and their consequences
depending on various factors is always a priority when forecasting the number of
victims in accidents and making decisions to reduce the loss of life.

At the same time, prediction methods should take into account the influence of a
complex of factors, including time of day, traffic intensity, peculiarities of the road
environment and other significant aspects of the transport process.

The study [1] focused on the dependence of accidents on the period of the day,
the nature of the day, night and twilight hours of a particular calendar cycle. Obtained
in the study of the average specific indicator - the accident rate by parts of the day -
proved the increased risk of accidents in the twilight hours.

As a result of the analysis the authors [2] have identified the main factors
affecting the accident rate: the peak of accidents for weekdays is in the evening
hours, lighting reduces the accident rate and at dusk, most often registered collisions
with pedestrians, as well as collisions of vehicles.

The author of the article conducted a study of a more specific factor, namely, the
significance of accidents due to speeding violations in the total number of accidents
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[3]. Such accidents in Gomel region are significant in the total number of accidents
for the considered periods of 2012-2014 and 2015-2017, that is, before the
installation of speed sensors and after it. The differences in the number of accidents
caused by speeding violations before and after the installation of both stationary and
mobile speed sensors in Gomel region are significant.

As a result of quantitative analysis of accidents in Gomel region from 2009 to
2018 were obtained data on the registered 6448 traffic accidents in which 1326
people were killed and 6670 were injured in varying degrees of severity.

The distribution of traffic accidents in Gomel region by months of 2018 by
illumination is shown in Table 1.

Table 1
Distribution of traffic accidents in Gomel region by seasons of 2018 by illumination
accident rate
s€ason 1 3 3 4
winter 43 39 3 29
spring 55 5 2 8
summer 102 14 2 7
autumn 97 27 6 20
total 297 85 12 64
Note. 1 - daylight hours (0.5 hours after sunrise and 0.5 hours before sunset); 2 - dark time of the day, exterior lighting
is on; 3 - dark time of the day, exterior lighting is not on or defective; 4 - dark time of the day, no exterior lighting.

Author's development

Analyzing the Table 1, we can see that the greatest number of accidents occurs
during daylight hours - 297 accidents, which is 64.8% of the total number of
accidents. Fewer accidents occur in the dark time of the day.

Statement of basic materials.

Let us consider the impact of the factor "lighting" on the number of accidents,
fatalities and injuries for the period from 2016 to 2018 in Gomel region. For the
analysis we will use Chi-square criterion, which allows us to answer the question
"Does the nominal multilevel factor influence the nominal multilevel response". For
this analysis, the nominal scale should have no more than 4-5 levels. Otherwise, an
influence may be found that does not actually exist. Pie charts serve as a graphical
representation. If the significance level is less than 0.05, then the factor influences the
response. The criterion is applicable if no more than 20% of the expected frequencies
are less than 5.

We put forward a hypothesis - the factor "illumination" influences the number of
accidents, fatalities and injuries for the period 2016 - 2018 in Gomel region.

Figure 1 shows pie charts showing the share of accidents during daylight hours
in the total volume of accidents in Gomel region for 2016 - 2018.

0
0 0

2016 2017 2018
Figure 1 - Share of accidents during daylight hours in the total volume of
accidents for 2016 - 2018

Author's development
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Figure 1 suggests that the proportion of such accidents in the total volume of

accidents varies over time. Let us check this with the Pearson Chi-square criterion
(Figure 2).

Summary Table: Expected Frequencies (Spreadsheet1)
Marked cells have counts > 5
Pearson Chi-square:10,3086, df=2, p=,005776

Function Period Row
2016 2017 2018 Totals
0 192,8457 | 192,0286 | 187,1257 572,000
1 279,1543 | 277,9714 | 270,8743 828,000
All Grps | 472,0000 | 470,0000 | 458,0000 | 1400,000

Figure 2 - Tables of expected frequencies
Author's development

Figure 2 shows that the level of significance is less than 0.05 (0.005776), which
means that the factor affects the response, that is, there are significant differences
between such crashes during daylight hours in 2016, 2017, and 2018.

The proportion of crashes with fatalities during daylight hours in total crashes
for 2016 - 2018 was also examined (Figure 3). Since the level of significance is
0.251882 (Figure 4), we can say that the factor does not affect the response, that is,
the differences between such accidents with fatalities in daylight hours in 2016, 2017,
and 2018 are not significant.

1

2016 2017 2018
Figure 3 - Share of accidents with fatalities during daylight hours in the total
volume of accidents for 2016 - 2018

Author's development
Summary Table: Expected Frequencies (Spreadsheet1)
Marked cells have counts > 5
Pearson Chi-square: 2,75763, df=2, p=,251882

Function Period Row
2016 2017 2018 Totals
0 434,5771 | 432,7357 | 421,6871 | 1289,000
1 37,4229 37,2643 36,3129 111,000
All Grps 472,0000 | 470,0000 | 458,0000 | 1400,000

Figure 4 - Tables of expected frequencies
Author's development

Figure 5 shows the proportion of crashes with injuries during daylight hours in
the total crashes for 2016 - 2018, the significance level is 0.006785 (Figure 6), which
means that there are significant differences between such crashes with injuries during
daylight hours in 2016, 2017 and 2018.

2016 2017 2018
Figure 5 - Share of accidents with injuries during daylight hours in the total
volume of accidents for 2016 - 2018

Author's development
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Summary Table: Expected Frequencies (Spreadsheet1)
Marked cells have counts > 5
Pearson Chi-square: 9,98646, df=2, p=,006785

Function Period Row
2016 2017 2018 Totals
0 219,1429 | 218,2143 | 212,6429 650,000
1 252,8571 | 251,7857 | 245,3571 750,000
All Grps 472,0000 | 470,0000 | 458,0000 | 1400,000

Figure 6 - Tables of expected frequencies
Author's development

Next, impact studies were conducted for the 2016-2017, 2016-2018, and 2017-
2018 pairs (Table 2).
Table 2
Testing the effects of the "illumination' criterion on the number of crashes,
fatalities, and injuries for the period 2016 - 2018 for the Gomel region

Total number of Number of accidents Number of accidents
accidents with fatalities with injuries
Ne 3016 T 2016 | 2016 | 2017 | 2016 | 2016 | 2016 | 2017 | 2016 | 2016 | 2016 | 2017
2017 | 2017 | 2018 | 2018 | 2017 | 2017 | 2018 | 2018 | 2017 | 2017 | 2018 | 2018
2018 2018 2018
1 + - + + - - - - + - + +
2 - - - - - - - - - - - -
3 - - - - + - - - - - - -
4 - - + - - - - - - - - -

Note: 1 - daylight hours (0.5 hours after sunrise, 0.5 hours before sunset);
2 - in dark time the exterior lights are on;

3 - in dark time outside lights are not switched on or are faulty;

4 - during darkness there is no exterior lighting;

"+" - affects the response;

"-" - does not affect the response.

Author's development

Table 2 shows that the total number of crashes in the 2016-2018 pair is
influenced by daylight hours and dark hours with no outdoor lighting, while the
2017-2018 pair is only influenced by daylight hours. The number of crashes with
fatalities in the 2016- 2017, 2016-2018, and 2017-2018 pairs is not significantly
affected by lighting because the factor does not affect response. Significant changes
in the number of crashes with fatalities are noticeable during the 2016-2018 period
during dark times when outdoor lighting is not turned on or is faulty.

Conclusions.

Thus, from the results of the analysis we can conclude that in the period 2016 -
2018 a significant influence on the main indicators of accidents in the Gomel region
has lighting, namely: on the number of accidents - lighting during daylight hours; on
the number of accidents with fatalities - lighting during dark hours, where outdoor
lighting is not on or faulty; on the number of accidents with injuries - lighting during
daylight hours.
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Abstract. Pacmywas asmomodunuzayus eedem K pOCHMY MANCECMU NOCIe0CmBUll Om
0opooicHo-mpancnopmuvlx  npoucwecmsuii  (ATI). Dppexmusnvie mepvi no  CHUINCEHUIO
asaputiHocmu Mo2ym NpuHecmu odfcuoaemvie pe3yabmamsl Npu HATUYUU YEeMmKOU CUCTeMbl
npoenosuposanus JTI1. Asapuiinocms 6 c6010 ouepedv 3asucum om paoa ¢axkmopos, Hemanioe
Mecmo 8 KOMOpbIX 3aHUMAen  OCEEUWEeHHOCMb  VIUYHO-00POXCHOU cemu. B pabome
paccmampusaemcs euusAHue 3mozo ¢axmopa Ha xoauvecmeo J[TII, nocubwiux u pauneHvix 3a
nepuod ¢ 2016 no 2018 200 & ['omenvckoii obnacmu. Hccredosanus nposoosamecs ¢ HOMOUWBIO
npocpammuozo nakema Statistica.

Key words: oceewennocmo, asaputinocms, /[Tl 6 ceemnoe epems cymok, KOIUYECMEEHHbLU
aHanu3, ypoeeHv 3HAUUMOCHU.
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DEFINITION THE DESIGN SPEED DEPENDING ON THE HIGHWAY

FUNCTIONAL CLASS
BCTAHOBJIEHHS PO3PAXYHKOBOI IIBUJKOCTI PYXY B 3AJIEXKHOCTI BIJ]
®YHKIIOHAJBHOI'O KJIACY ABTOMOBLIBHOI 1OPOI'
Arsenieva N.A. /ApcenbeBa H.O.
c.L.s., as.prof. / K.m.u., 0oy.
ORCID:0000-0002-6178-2558
Kharkiv National Automobile and Highway University,
Kharkiv, Yaroslava Mudroho street, 25, 61002
Xapxiscokutl HAYIOHATbHUL ABMOMOOLILHO-00PONCHIU YHIBEepCUmen,
Xapwvkos, yn. Apocrasa Myopoeo, 25, 61002

Anomayia. @Dynxyionanona Kiacugikayias € NPOSPeCcUSHUM  MEmMOOOM  2PYNYEAHHS
asmomoOiNbHUX 00pie, BOHA 000pe Y3200H4CYEMbCA 3 CYUACHUMU MEHOEHYIAMU MPAHCNOPMHO20
NIAHYBAHHA, NPUUHAMUMU 6 PO3GUHEHUX 3apyOidcHux Kpainax. B pobomi 3anpononosano
BUKOPUCMOBYBAMU  (DYHKYIOHANbHY KAACUDIKAYil0 asmMoOMOOIIbHUX Oopie O0ns NPUHAYEHHS
PO3DAXYHKOB0I weuoKocmi pyxy Oasi npoekmysamHs Oopie. Takodxc npononyemovcsi npu
NPOEKMYBAHHI  BUKOPUCMOBY8aAmMU  OughepeHyitiosanuil  nioxio 00 HOPMYBAHHA  OCHOBHUX
2eOMemMpPUYHUX napamempis 01s 0opie, WO Marms pisHe MPAHCNOPMHEe 3HAYEHHS | 8I0N0BIOHO
PI3HI YyMO8U pyXy ma CKIady MpAaHcnOpmHO20 NOMOKY, W0 00360JA€ OLlbUL pPAYiOHATLHO
npoexmyeamu 0Opozu.

Knrwowuosi cnosa: pyuxyionanvna knacughixayis — asmomoobinbHux — oopie  Yrpainu,
@yHKYIOHaNbHULL  KIac asmoMoOiIbHOI  00pocU, PO3PAXYHKOBA WEUOKICMb  pYXy, MeXHIYHI
HOpMAmusu Ha NpoeKmy8aHHs oopie.

Berym.

CydacHui migxiAg [0 TPOEKTyBaHHS aBTOMOOLIBHUX JOpIr 0Oa3yeTrbcsa  Ha
byHKIIOHANBHIN KiIacudikaiii aBToMoOLIbHUX Jopir. Knacugikaiiss aBToMoOLTEHUX
J0pir, Hepil 3a Bce, MOTpiOHA JUIsl BUPIIICHHS 3aBJaHb 3 IUIAHYBAHHS PO3BUTKY
JOPOKHBOI MEPEXi, OLIIHKU CTPYKTYPH Ta CTaHy JAOPOKHBOI MEPEXHU, Ta € OCHOBOIO
Ui BUOOpY Kjacy 1 Kareropii aBTOMOOUIBHOI JOPOTM MpH MPOEKTYBaHHI
aBTOMOOUTBbHOT Joporu. [Ipu nmpoekTyBaHHI aBTOMOOUIBHOI TOPOTrH ii reoMEeTpUYHI
napaMeTpy BHU3HAYAIOTh 3T1IHO 3 PO3PaxXyHKOBOKO MIBUIKICTIO. fSIka B CBOIO 4epry
Oyne 3anexaTu BiJl (QYHKIIOHAJIBHOTO KJIacy aBTOMOO1IBHOT JOPOTH.

OcHOBHA yacTHHA.

[Ipn ¢yHKUiOHANBHINA KiIacudikalii aBTOMOOIIBHUX AOPIT JTOPOXKHS Mepexa
(bopMy€eTbCA TAaKUM YMHOM, II0 KOKHA 3 JOPIT MEPEK1 BUKOHYE MEBHY TPAHCIIOPTHY
¢bynxkiiro [1-3]:

— 3a0e3MeueHHs] pyXy IHTEHCHBHHMX TPAaHCIOPTHUX MOTOKIB 0e3 3abe3nedeHHs

i1’ 13y 10 TPWIETIIUX TEPUTOPIH (TPaH3UTHI MEPEBE3CHH);

— 3a0e3neyeHHs i 131y 10 KIHIIEBOi TOYKU MOI3AKH (MapUIpyTy);

— TEepPEepo3noAi TPAHCHOPTHUX MOTOKIB MDK JOPOTaMH pPI3HUX KIACIB, SK

MPaBUJIO 3 TOCTYIIOM Ha JOPOTH OJIbIII BUCOKOTO KJIacy.

CmiBBiTHOIIEHHS MK BKa3aHUMHU TPAHCIOPTHUMHU (YHKIISIMU Ta POJib, SKY
BiJIirpae aBTOMOOLIbHA JIOpora B 3a0€3MeUeHH1 MepeBe3eHb 10 Mepexi Jopir, Oy 1y Th
BU3HAYATH (PYHKIIOHANBHUH Kiac noporu. [lpm  dyHkmioHansHid  kimacudikaiii
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aBTOMOOIJTEHUX JIOPIT AOPOTHU 00’ €AHYIOTHCS B (PYHKIIIOHAIBHI KJIACH B 3aJI€KHOCTI
BiJl TPaHCMOPTHOI (PyHKIIIi, IKy BOHH BHKOHYIOTH 1 POJi aBTOMOOIIBHOI JOpPOTH Y
CKJaal Mepexi aBTOMOOUIBbHHMX Jopir. BimmoBimHo 10 KpurtepianbHOi 0asu
¢byHKIIOHANBHOT Ki1acHu]ikallii aBTOMOOUIBHUX JAOPIT MPOMOHYETHCSI BCTAHOBUTHU TaKl
rpynu pyHKIIOHATBHUX KJIaciB aBTOMOOUIRHUX Jopir [ 2, 3 |:

— OCHOBHI MaricTpajbHi aBTOMOO1IbHI 1OPOTH 3a0€31eUyI0Th TPAH3UTHUN pyX Ha
BEJIMKI BIJICTaHI;

— JIPYTOPSJIHI MaricTpajibHI aBTOMOOUIBHI 1OPOTH 3a0€3IeUyI0Th MIXKpETiOHaJIbHI
1 perioHaJibHI TPAHCHOPTHI 3B’S3KH, IO MAalTh JEp>KaBHE 1 pErioHaJIbHE
3HAYEHHS;

— OCHOBHI pO3MOJIbHI (KOJEKTOPHI) aBTOMOOUIBHI JOPOTH Ta JPYropsiiHi
PO3MOIIBHI aBTOMOOLIIBHI JOPOTH 3a0€3MeUyI0Th MepepO3NOALT TPAaHCIOPTHUX
MOTOKIB MK MaricTpajlbHUMH Ta MICIIEBUMHU aBTOMOOUIbHUMU 1I0POTaMH;

— MICIIEBl aBTOMOOLJIbHI IOPOTH 3a0€3MeUy0Th M3/ 10 TPUIETINX TEPUTOPIM.
Y pob6orax [2, 3] mpomoHyeTbcsl KiacudiKyBaTH aBTOMOOUIbHI JOpOTH 3a

(yHKL10HATbHUMH BUMOTaMH HACTYITHUM YUHOM, TUBUCh PUCYHOK 1.

DynrnionaabEEE
Kac apTomobiasmol Ocrosaa TpascnopTaa dynkmis o 3’ enmy 0Th, cyMimawThes

gopors

- 3aBeanenyI0TE MiKHAPOTHI GLsmL - cromimo Y xpaias . Kiis 3 crommmm imosenmm aepsas;
Ocrosri - BRONI0TE Geanepepeni MAPpYTH, WO uﬁe:nﬂyms nEpecyBaRHA IRTEHCHBHIDX TpascniopTsix | - CToTHmo Yipaimt y. Kuie 3 obnackmar uentpas;

e TIOTOKIS 3 BHCOKIAGE IBHAKOCTAMH HA BETHE Bi1cTai mmmmam AoporH, mo € MEFHAPOIHHMH TPRHCHOPTHHME KOPHIOPaMIL,
¢ BeA 3 MiAap Tpamcrop pavu 12 / 200 BXOIATE
aBToMobiLIbAEI Toporn 20 EBponeficsrol Mepei poui sc;ni)'um aBTOMOGLTBHIX
J0PIr T4 BLITATVASHE, MAIOTH BLINORITHY MUSHAPOTHY 1HSKCAUO
- 00JacHI IEHTPH, BETHRI 1 umrﬁrrbn:u MICTa MLE c0500;
P varal - 3abesmexyioTh Mix'is1 LT MATICTPATHIX ABTOMODLTRHIX J0Pir 200 MicT (0BTaCHHX UEHTPIE) 20 | - warictpatsni GiTLHI JOpOTH 3 TpaHCTOL Byanamm (Mopeeki
saricrpamsui By3E (Mop MOPTIE 1 P TOPTIE, PTIE, JATISHHYHEX CTAHUNA | | MOPTH, PITKOBI MOPTH, ACPOTIOPTH, IATIHHYHI CTaHmi Ta 1Hmi oO'exTH
IHIHX TPAHCTIOPTHIX 00 EKTIE), AKI MAOTH JATATHHOIEPHABHE 1 o&m: HAYCHHS, TPARCTIOPTHOT IRPACTPYKTYPH), MO MAKTE MIKHAPOTHE JHATEHAL,
aBToMoGLIBHI Jopora : ;
opol . YIOTE i3 10 KOPIIOHIE CYCLTHIX AepHas. - MepeRy ABTOMOOLTBHHX JOPIT 3arAThHOTO KOPHCTYBAHHA 3 KOPIOHAMI
CYMEEHHX Jepias.

- 3a0E3METVIOTH MEPEPOSMOILT TPAHCTIOPTHHX NOTOKIE, B OCHOBHOMY, MUK MATICTPATHHHME ) _ o )
ABTOMOBLIBHHMI JOPOraMH, & TAKOA, MOACTHEO, ABTOMOBLIBHIME JOPOTAMH MiCUSBOTO 3HaYeHHs; | ~ MATICTPATBHI asm.\lgmn AoporH Mik co5oio;

- 0 " . . = . mncrpa.mu ABTOM! TBHI JOPOTH 3 BETHEHMH 1 HAADLTHIIHME MTM
- 3aBesneTyIOTH TPARCHOPTHIH 38'330K Mepei MATICTPATRHID: ABTOMOGLIBHING JOPIr 3 BETHIGDG |

. . Aep - HaHOLTRIN ma Vipainn 3 oGcTyTORVIOTHME X mcnopﬂm By
HANDLTBIIHAN MICTAMH,

) (MOPCEKHMH 1 pi [ Ta
- 3aDesMedyIOTh TPAHCHOPTHHA 3B'R30K HAROLTSIX MiCT YEpalH 3 ODCTYTORVIOWHMH ix nnmnmrpamopnmoonmm)
rpmcnopmm BYTAME (mpcam pr
lix i1

Ocnosai koaexTopai
(posnogineai) soporn

P ponop SANSHHTHIMH | - MATicTpATERI ABTOMOBITLH] JOPOrH 3 0F EXTAMM TRHHI.

- MATICTPATEHI OLTEHI JOPOTH 3 OC KOIEE JOPOTAME;

- MATICTPATEHI OLTBHI ZOPOTH C Mi LTEHHME "

- OCHOBHI KOMIEKTOPH] JOPOTH © MICIEBHMH ETOMOOLTEHEMH J0DOTaMIE,

- MArCTpaThil TA OCHOBHI KOJEKTOPHI JODOTH 3 OOTACHHMH ULEHTpaMH, 3

Pep
J0pOraMH Ta ABTOMOOLTEHIME JOPOTAMH MiCIEBOTO JHATEHAT,

- 3aDeIMEYVIOTH IE'SIOK MATICTPATEHHX | POSMOILTRHHX ABTOMOOLTRHHX JOPIr 3 OOJACHHME

3

Jpyropsasi - 3abe3MeTYI0TE TPAHCTIOPTHHI 38 330K 0OTACHHX LEHTPIE 3 PaiioHHIMHE LEHTPaMI, PATOHHHMH IEHTaME;
KO7eKTopH - sabesnenyioms, TpascriopTi 380K 0GIACHHX UeHTPiS, PANIOHHIEK UeHTpiB 3 TpaRCTOPTIIDGE | oo By MOPCERII
(posnogineai) sopora Byaman (i MOPCHEHMH, pi T2 HITHMH TPanC obextanm) | o Ta THITHME TPARCTIOPTHIMA .:am;m) Ioﬁ.msm’n 'm
001aCHOTO Ta PAfiOHHOrO IHATEHHA, PAROHHOTO THATSHEA,
- 2aDe3MeTVIOTE NLT13] 20 00 EKTIE TAKIHEA (B TOMY THCTI CHemi " ) obaacuoro | | 3 nixia o of'exTis THmiNEA (Y TOMY WM ChemiaTEROrO
T2 pafioHHOTO JHATEHHA. TPHIHATCHHA) 0DNACHONO Ta PafiOHHOTD SHATEHHA.

TR T DT - sabeanewyioTs (HITH TPAHCIOPTHI 3B A3KH.
Hopora

Pucynok 1 — @yHKIiOHAJBHI KJI1aCH aBTOMOOIJILHUX I0PIir YKpaiHu
(asmopcvka po3pobka)

MexaHi3M BHU3HA4Y€HHs (PYHKIIIOHAJBHOIO Kjacy aBTOMOOUIBHOI JOpOTH
HACTYMHUN. Y THepIIoMy BapiaHTi, SIKIIO YITKO BH3HAUYEHI OCHOBHA TPAaHCHOPTHA
GyHKIIST AOPOTH, TOJOBHI KOHTPOJBHI TOYKM (IMYHKTH) 1 CyMIIIEHHS JOpOTH 3
IHIIMMU €JIeMEHTaMU TPaHCMOPTHOI 1H(PACTPYKTypH, TO (PYHKIIOHAJIBHUI Kiac
JOpPOrH MOXHA MPUHHSATH Ha OCHOBI JJaHMX HaBEJCHMX Ha PUCYHKY 2. B nmpyromy
BapiaHTi, SKIIO IMPOEKTYEThCS aBTOMOOUIbHA JOpOTa «3 HYJS», 1 € €JIEeMEHTOM
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MEpEeXK1 JOPIT PerioHy, TO MOKHA 3aMpOINOHYBAaTH HACTYITHUM MOPSAIOK Kiacudikarrii
[3]:

— aHaJi3yeMO CKJaJl Ta IHTEHCUBHOCTh TPAHCHIOPTHHUX MOTOKIB B MEXaX HAPOHO-
rOCIO/IapCHKOTO KOMILIEKCY PETiOHY B MEpeXki aBTOMOOUIBHUX JIOPIT;

— BCTAHOBIIFOEMO KJIac JIOPIT 3a aAMIHICTPATUBHUM IPU3HAYCHHSM 1 HASBHICTIO
MDKHApOJHUX TPAHCIIOPTHUX KOPHUJIOPIB;

— BCTaHOBJIIOEMO XapakTep MepPeBe3CHb: TPAH3UTHI, MEPEPO3NOALT TPAHCIOPTHUX
MOTOKIB MO MEPEeXki, MICIICBl MEPEBE3CHHSI Ha OKPEMHX XapaKTePHUX JUISTHKAX
J0pOTH;

— BCTAHOBIIIOEMO BaHTAKOYTBOPIOIOYI 1 BAHTAXKOIOTJIMHAIOY] TYHKTH;

— BCTAHOBJIFOEMO MICI JOCTYMY TPaHCIOPTHUX TMOTOKIB Ha 1HII JOPOTH 1
Mepesik Jopir, Mo SKUM MOKJIMBO NEPEPO3NOAUIMTH TPAHCIOPTHI MOTOKH
MICIIEBUX T€pEBE3eHb (paliOHHUX, 00JIACHUX) HA IOPOTH BUIIMX 3a 1€papXI€lo;

— OILIIHIOBAEMO CHIBBIAHOLIEHHS JBOX (PyHKIIH (MOOLIBHICTH 1 TOCTYIHICTh) Ha
KOHKPETHHX J0porax i Ha OKpeMux crietuiyHuX JUISTHKaX JOpir;

— BHM3HA€EMO OCHOBHI TPaHCIOPTHO-EKCIUTyaTallliiHI mapaMeTpu Joporu (B mepury
yepry — IIBHJKICHMHA pEXuM, piBHI Oe€3leKu pyxy Ta 1H.) 3 ypaxyBaHHSIM
HEOOX1THOTO CHIBBIJIHOIIEHHS JABOX OCHOBHUX (PyHKILIH Hopir (MOOUIBHICTH 1
JOCTYMHICTb), BIJICTaH1 MEpPEeBE3€Hb, CKIIATy Ta 1HTEHCUBHOCTI TPaHCIIOPTHOTO
MOTOKY, BU3HAEMO MPIOPUTETHI MapaMeTpH 3a XapaKTepaMH MepeBe3eHb;

— BU3Ha4YaeMoO (YHKIIOHATBHUMN KJIaC IOPOTH.

. . Knac aBTomodiiba0T Kareropis TpaBEaHG KoedinieaT
A O AOPOTH 32 ABTOMOOLIBHOT ONYCTHMHIi piBeHb ‘YMOBH JOCTYLy Ha aBTOMODLIB opo IBAAKOCTI
KJIAac aaMiHICTPATHRHOIO Aoy w A FRAEES .

Knacapikanicio Joporna 3ABAHTAReHHA pyEY

OcHOBHI B pi3HEX piBHAX (TI0BHA)
MaricTpaJabai MixnaponHi, Lo 045 B pi3HIX piBHAX (HEMOBHA), HEPETYILOBAHI™**
. . . . % £} . . “ .
ABTOMOOLILAI HalllOHATbHL an B pi3HIX piBHAX (HETIOBHA), peryIL0BaHI*** |

Jopora HeperyiboBaHi ¥

0.8-0.9

Jipyropsami 1o B pi3HEX piBHSX (HEIIOBHA), HEPETYIIbOBaHI
M“l'iﬂ'lm_m-ﬂi Haqmnaﬂbm IT 0,45 B ojiHOMY piBHI, HeperyIsOBaHi 0,75-0.85
ABTOMOGLIBHI (perioHanbHi)

JIOpOrH

OcHOBHL I-6 B pisHuX piBHAX (HEMOBHA), PETYILOBaHI i

lﬂ}.‘[elﬂ:ﬂpl[l. Han.mHaJ]le, 1 N 0.70 HepeTyIbOBaHi. 0.70-0,80
(posnogineai) PperioHalbHI (I B oIHOMY piBHI, HepeTyIs0BaHi.

JIOpOrH

Jpyropanni 1
KOJMEKTOpHI PerionaneHi, I

T e TeprTopiamsHi avy* 0,70 B onsoMmy piBHI, HEperylIb0BaHIl i peryIpoBaHL 0,65-0,70
Jopora
Micmesi 1111

aBTOMOGITBRI O6nacHi, paftoHHi v 0,70 B omHOMY piBHI, HeperyTh0OBaHi. 0,55-0,60

JAOpPOrH v
* 4K BHHATOK HPH3HAUA€ThCA KAaTeropis JOPOTH NPH HEe3HAUHIH NepCIeKTHBHIN IHTeHCHBHOCTI pyXy (MeHme 75 BIOCOTKIB BLI MIHIMATbHOL T4 HIDKIOL
Kareropii 3a HyHKITIOHaIBHIM KIacoM).
** HeperyIs0BaHI IIEPETHHII 1 IPHMHKAHHA — PyX 3IICHIOETECA BIJAMOBIIHO 3 JOPOKHIMI 3HAKaMH 1 PO3MITKOIO.

PucyHok 2 — @yHKUIOHAJBHI KJIACH Ta KAaTeropii aBTOMO0iIbHUX J0PIr
(asmopcwvka po3pobka)

IIpu QyskioHanbHIN Kiacudikaiii aBTOMOOUIBHUX JOPIT JIOPOKHS Mepexa
(hopMy€ETHCS TAKMM YMHOM, 110 KOJKHA 3 JIOPIT MEPEKi BUKOHYE MEBHY TPAHCIIOPTHY
(dyHKIIIIO:

— 3a0e3reueHHs] pyXy IHTEHCHUBHUX TPAHCIOPTHUX IOTOKIB 0e3 3a0e3reyeHHs
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i1 134y 10 IPWIETIUX TEPUTOPIN (TpaH3UTHI IIEPEBE3CHHS);
— 3a0e3neueHHs mia i34y 10 KIHIEBOT TOYKHU MOi3AKH (MapuIpyTy);
— TMEPEepo3NOAT TPAHCIOPTHUX IIOTOKIB MIXK JOpOoraMu pi3HUX KJaciB, SIK

MPaBUJIO 3 IOCTYIIOM Ha JOPOT'H OUIBIII BUCOKOTO Kiacy.

CHiBBIAHOIICHHS MDK BKa3aHUMM TPAHCHOPTHUMH (YHKIUSMH Ta POJb, SKY
Bi/Iirpae aBTOMOO1IbHA JIOpora B 3a0€3eueHHI IepeBe3eHb M0 Mepexi 10pir, Oy Iy Th
BU3HAYATH (PYHKIIOHAIBHUI KJac TOPOTH.

Kareropiss aBTOMOOUIBHOT JOPOTM MPHU3HAYAETHCS B 3AJIEKHOCTI  BIJ
(yHKLIOHATBHOTO KJAcy JOpOTH 1 KJjacy JOpord 3a  agMiHICTPATUBHOIO
Kiacudikariero.

JIoCBif €BPOMEMCHKUX KpaiH MOKA3YeE, M0 TJIaHYBaHHS 3 YpaxXyBaHHSIM O€3MeKu
pyXy BKJIIOYAaE Kiacu(ikaiilo JOpIr 1 BCTAHOBJICHHS MEX IIBUIKOCTI pyXy
BIJIMOBITHO /10 QYHKITIT TOPOTH.

[IBUAKICTE PYyXy € OCHOBHUM TPAHCHOPTHO-EKCIUTyaTallliHUM TOKa3HUKOM
JOpOTH, IO BHU3HAYA€ TMPOMYCKHY 3/IaTHICTh, 3pPYYHICTh 1 O€3MeKy pyxy,
€KOHOMIYHICTh aBTOMOOUIBHUX TMEPEBE3CHh Ta IHIINI XapaKTePUCTUKU POOOTH
aBTOMOOUIBHOTO TPAHCHOPTY 1 aBTOMOOUIBHOI AOpOrd. Bci MpOEKTH1 pillleHHS
HampapJieHl B MEpINy 4Yepry Ha 3a0€3MEeUeHHs 3aJaHOi PO3PaXyHKOBOI IIBUIAKOCTI
pyxy. s mpoekTyBaHHS aBTOMOOIIBHOI JIOPOTH, SIKa rapaHTye Oe3Me4YHHid pyX 3
pPO3paxyHKOBOI IIBUJIKICTIO B OyIb-SKM Yac pOKY, HEOOXIHO BMITH OI[IHUTH
BIUIMB KOXXHOTO €JEeMEHTa JOpPOTH, iX MHapaMeTpiB 1 METEOPOJIOTIYHUX SIBHIL Ha
MIBUKICTh PyXy VIS TOTO, 00 00paTh ONTUMAalbHI TapaMeTpu, TEXHIYHI PIlICHHS
Ta 3aX0/]IH.

TexHiuHI HOpPMATHBU Ha TMPOEKTYBAaHHS €JIEMEHTIB IUIaHY, MO3JI0BKHBOTO Ta
MOTEPEYHOro MPOQUIIB MPU3HAYAIOTHCS 32 PO3PAXYHKOBOIO MIBUAKICTIO, TPUMHSTOTL
JUISL IOPOTH JAaHO1 KaTeropii B 3aJIeXKHOCTI B penbedy miciieBocti. Cimia mam'staT,
10 Ha JIJISHKaX aBTOMOOUIBHHMX JIOPIT HAa MiAXO0Jax J0 MICT Y BHUIIaJIKaxX MEPETUHY
JOpOTaMH TEPUTOPIN, 3aMHATHUX OCOOJMBO IIHHUMHU CUIBCHKOTOCHOIAPCHKUMHU
KyJIbTypaMH 1 CaJaMH, JOMYCKA€ThCA TMPUHAMATH 3HAYCHHS PO3PAXyHKOBUX
IIBUIKOCTEH, BCTAHOBJICHI TSI BAKKUX JTISTHOK TIEPECIYCHIN MICIIEBOCTI.

Oxpemi BeTMUMHU TEXHIYHUX HOPMATHUBIB CIIi] OOTPYHTOBYBAaTH pO3paxyHKaMHU.
Po3paxyHKH TEXHIYHMX HOPMATHBIB BHKOHYIOTH JJII OCHOBHOI pPO3PaxyHKOBOI
IIBUIKOCTI 1 JJISI BAXKKUX UISTHOK TTEPECIYeHOT MiCIIEBOCTI.

[puitasti B JBH B.2.3-4 [4] po3paxyHKOBI HIBHAKOCTI pPyXy HaBeIEHI Yy
tabmumi 1.

Taoaunua 1
Po3paxyHKOBI HIBUAKOCTI pyxy
Kareropis : P03pa?(vyHKOBa HIBUIKICTH PYXY, KM/F‘OI[ ‘
Y., OcCHOBHA Ha PIBHUHHII JlonycTrma Ha MiCLIEBOCTI
JOPOTH . . = . v
MICIIEBOCTI ropOuCTIii TipChKUit
1 I-a 130 100 80
2 I-6 110 90 70
3 11 90 70 60
4 11 90 60 50
5 1A% 90 50 30
6 \Y% 90 40 30
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Bubip po3paxyHKOBOi MIBUJIKOCTI B MeXaX BCTAHOBJEHUX I1HTEPBaJIB, CIIiJ
MPOBOJIMTH HA OCHOBI TEXHIKO-€KOHOMIYHOTO TIOPIBHSHHS BapiaHTIB, KPOK
PO3pPaxyHKOBOI IMIBUIKOCTI PEKOMEHAYEThCS mpuitmaT — 10 km/To 1.

3a TpUHAHATOI PO3paxXyHKOBOI IMBUAKOCTI CIIIJI BHU3HAYATH MIHIMAJIbHO
JOMYCTAMI ~ 3HAYEHHS OCHOBHHMX TE€OMETPUYHHUX  EJIEMEHTIB  IPOEKTOBAHOI
aBTOMOOUTBEHO1 TOPOTH. 3MiHA PO3PaxXyHKOBOI IIBUAKOCTI HA aBTOMOOUIBHIN TOpO3i,
IO MPOEKTYIOTh, HEOOX1THO MPOBOAUTH Y BUMAAKAX 3MIHU peibe]y MICIEBOCTI, a
TaKOXX 3TITHO 1H)KEHEPHMX, €KOHOMIYHUX Ta €KOJIOT1YHUX MIpKyBaHb. IIpu mpomy
nepexijg CHi 3IIMCHIOBAaTH TOCTYNOBO, 3 Y3TOJDKEHHSAM 3MIiHH (DaKTUUHUX
IIBUJKOCTEH pyXy Ha CYMDKHUX JUISHKaxX Tpacu 3a Koe(dIIlieHTOM Oe3IeKHu.
Po3paxyHKOBI MIBUAKOCTI PyXy Ha MOCHIAOBHO PO3TAIIOBAHMX CYMDKHHUX JUISTHKAX
aBTOMOO1JILHOT JOPOTH HE TOBUHHI BIJIPI3HATHCS OUIbII HIXK Ha 20 BIJICOTKIB.

VYkpaiHCbke 3aKOHOAABCTBO TMPO JOPOXKHIM pyx (opMambHO BIANOBIIAE
CepEeIHbOEBPONECHCHKUM HOpMaM: 50 KM/TOJ — MOMyCTUMUHN MIBHIKICHUN PEKUM Y
MicTi, 90 KM/TOJ — 32 MEKaMH HaceJlIeHUX IMyHKTIB, 130 KM/roj1 — Ha aBTOMOOLILHHUX
MaricTpasx.

Po3paxyHKOBY MIBHAKICTH Ha aBTOMOOLIRHUX JOpOTax 3 YpaxyBaHHIM
GbyHKIIOHATRHOT KIacu(iKallii Jopir MPONOHY€EThCS BU3HAYATH HACTYITHUM YHHOM:

— 3TITHO 3 TOPSAIKOM BU3HAYCHHS (YHKIIOHAJIHLHOTO KJIACy aBTOMOOUTHHUX
JOpIT BCTAHOBIIOETHCA KJIAC aBTOMOOLIBHOI Aoporu. BusHauambHUM mpu
1IbOMY OyJie TpaHCTIOPTHA (DYHKIIISI aBTOMOOUIBHOT 10pOTH a0o0 1i TIJISHKY;

— 3a  (QYHKIIOHAJBHUM  KJaCOM  aBTOMOOUIBHOI  JIOPOTH  BH3HAYAEMO
PEeKOMEHJIOBaHI  TEXHIYHI KaTeropii 1 TMOTIM 3a  PO3PaXyHKOBOIO
IHTEHCUBHICTIO PYXy IPU3HAYAEThCA  MPOEKTHA KaTeropis 1I0poru ado
JIJISTHKH.

— MPU BU3HAYEHHI IIBUJIKOCTI PYXy HEOOXIIHO BHUXOJUTH 3 HACTYIHHX
MIpKyBaHb: CHi PO3AUINTH PO3PAXyHKOBY(IIPOEKTHY) MIBUIKICTH pyXy, Ha
Ky TPOEKTYIOTbCSI TE€OMETPUYHI IMapaMeTpu aBTOMOOLIBHUX JOpIT MAJs
3a0e3neueHHs] Oe3MeYHOro 1 eKOHOMIYHO €(EeKTUBHOTO pyXy, 1 JOMyCcTUMa
(mopmoBana IIJIP) 3a xkputepismu Oe€3MeKd MIBUAKICTH PYXY, SKY
HIATPUMYIOTE 110 85% aBTOMOOWIIB y TPAHCHOPTHOMY IOTOLII.

Bepyqn JI0 yBaru PEKOMEHIOBaH1 KOE(IIIEHTH MIBHIKOCTI JJI JOPIT PI3HUX

KJIaciB 1 JOMYCTHMI IIBHJIKOCTI PyXy 3a MpaBmwiamu nopoxHboro pyxy (ITJP) B
TabauIl 2 IPEACTABICHI pEKOMEHIOBaHI PO3PaxXyHKOBI MIBUIKOCTI PYXY.

Taoaunga 2
PexoMeH10BaHi pO3PAXYHKOBI IIBHAKOCTI pyxXy
Kareropis . Po3pf1xyHI<OBa IIBUJIKICTD PYXY, KM/rq;[ .
Y.u. I OCHOBH.a Ha PiBHAHHIH I[opyCTHMa Ha MICLeBOCTI
MICLIEBOCTI ropOucTii TIpCBKHUH

1 I-a 135-140 100-110 80
2 1-6 110 -120 90-100 70
3 I 100 70 (80) 60
4 111 90 60 50
5 I\ 90 50 30
6 \Y 90 40 30

Tpumimxa: 6invwi weUOKOCMI PYXy NPUMAOmMbCsl 0151 OCHOBHUX MAICMPATIbHUX | OCHOBHUX
KOJeKMOPHUX O0pie.
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Ocob6nuBy yBary ciii OpuaAUIMTH Joporam V kateropii. IIpusHaueHHs
napaMeTpiB MO3J0BXKHBOTO M MOMEPEYHOro Mpo(duIiB JOPOTM HA PO3PaxyHKOBY
mBUAKICTE 90 KM/TOJI HE BHUKJIMKA€E 3allepedeHb, a OT JOMYCTUMa IMIBHIAKICTh PYXY
90xkm/ron mpu mMpuHI npoizHoi yacTuHH 4,5 M He 3abe3neuye Oe3leKy pyxy.
HeoOxiaHO y3roauTy MUPUHY MPOi3HOT YACTHHH 1 JOMYCTUMY HIBUAKICT PyXY.

[IpoekTyBaHHSI €JIEMEHTIB IUJIaHy, MO3JOBXHBOIO Ta IMONEPEYHOro MNpodiiIo
aBTOMOOUTRHUX JIOPIT SIBJIS€E COOOI0 TPOIleC MPHU3HAYEHHS IMapaMeTpiB 1 BUOIp
B3aEMHOTO pO3TAIllyBaHHS T'€OMETPUYHUX E€JEMEHTIB aBTOMOOUIBHUX JOPIT.
BukoHaHHSIM BUMOr 1O MapaMeTpiB T€OMETPUYHHUX E€JIEMEHTIB 3a0e3MeuyeThCs
HajeXHa Oe3neka 1 MPONMYyCKHA 3/JaTHICTb AaBTOMOOUIBHUX JOpIT MpU  pyci
aBTOMOOUIIB 3 PO3pPaXyHKOBUMH IIBUAKOCTSIMU. [Ipyu reoMeTpuuHOMYy MpOEKTYBaHHI
aBTOMOOUIbHUX AOPIT HEOOX1AHO 3a0e3nevuyBaTh BUKOHAHHS BUMOT 3aKOHOJABCTBA
YkpaiHu.

3aKJII09CHHSA Ta BUCHOBKH.

[Ipu3HaueHHs TEOMETPUYHUX TapaMeTpiB aBTOMOOUIBHUX JAOPIT MPHUHHITO
BECTH 3 YMOB 3a0€3MeUeHHs OE3MEeYHUX YMOB PYXy aBTOMOOUIS 3 PO3PaxyHKOBOIO
MIBUAKICTIO. TakuM YMHOM, BETUYMHY PO3PAaXyHKOBOI MIBHIKOCTI PEKOMEHIOBAHO
npuiiMaTy NpuiiMaTH B 3aJI€KHOCTI BiJl KJIacy 1 Kareropii Joporu 1 TonorpadiuHux
YMOB MiclIeBOCTI 3a Tabnuieto 2. Takox 1 AJig MPOEKTYBaHHS €JIEMEHTIB IUIaHY,
MO3JIOBKHBOTO 1 TTOMEPEUHOTO MPO(DUIIB PO3PAXYHKOBY MIBHIKICTH 3aMPOIIOHOBAHO
BUOWpATH 3riAHO TabmwuIi 2.

JI71s1 KOKHOTO KJIacy 1 KaTeropii 1oporu, 3riiHo GyHKIIIOHAIBHOT KiIacudikailii,
PEKOMEH/IOBAHO  IPU3HAYaTH  pO3PAXyHKOBY IIBUAKICTE  PYyXY, 32  SKOIO
PO3paxoBYyIOTh €JIEMEHTH JOPOTH B IIJIaH1 1 MO30BXKHBROMY Mpodii.

Kpim Toro, mopory B miaHi 1 MO3J0BXKHBOMY MpoQuIl CIiJi MPOEKTYyBaTH 3
YMOBU HaWMEHIIIOrO OOMEXEHHS 1 3MIHM IIBHJIKOCTI, 3a0e3MeueHHs Oe3neKku 1
3py4HOCTI pyxy. Po3paxyHKOBI HMIBUJKOCTI Ha CYMIXHUX AUISHKAaX aBTOMOOITBHUX
JIOPIT HE IMMOBUHHI BIAPI3HATHCS O11bII HiX Ha 20 BIJICOTKIB.
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Abstract. For project design, the paper considers the intersection of railways and highways in
the city of Minsk at various levels through the construction of a railway overpass. This solution, in
addition to modern traffic safety requirements, is based on engineering and geodetic studies - the
railway tracks are located at higher centre-line ground elevations. The project includes the offset of
the track centerline to the temporary and permanent position in a plan view. The authors calculate
the construction duration in case of double-shift and three-shift construction works using the
Microsoft Project, the project management system.

Keywords: interchange, design, railway track reconstruction, Microsoft Project, project
management system.

Introduction

For the uninterrupted handling of trains, ensuring the safety of train traffic, and
taking into account the round-the-clock operation of railway transport, we consider
the project of a railway overpass in the city of Minsk. During the construction of the
first urban ring road in the city of Minsk on the section from Dzerzhinsky Avenue to
Tolstoy Street, the reconstruction of the section of the existing Vyp and VIyp railway
tracks of Minsk-Passazhirsky station is being carried out. The reconstruction is
performed with the laying of tracks in a new planimetric position, taking into account
the perspective of the third backbone without demolishing the preserved buildings as
well as the construction of a railway overpass with three tracks above the projected
Pervoe Koltso Street.

The main design solutions are considered based on optimal construction costs
and the possibility of further efficient and safe operation of railway transport facilities
[1-4].
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Statement of basic materials

The design of the railway overpass across Pervoe Koltso street and, in this
regard, the reconstruction of the Vyp and VIyp railway tracks between the stations
Minsk-Passazhirsky — Minsk-Sortirovochny implies carrying out some operations.

At the first reconstruction stage, the stripping operations of the existing SMP
No. 738 OAO "Trest Beltransstroy" connecting track No. 60, safety dead end siding
No. 59, and turnouts No. 8, 10 as well as the restoration of the Vyp track are carried
out.

At the second stage, during the railway overpass construction, the tracks Vyp
and VIyp are laid in a new planimetric position bypassing the overpass construction
site with laying down roadbed for auxiliary rails.

The position of the auxiliary rails in a plan view is determined by the lay-out of
tracks in Minsk-Passazhirsky station; the location of the railway overpass
construction site at the intersection of the reconstructed Vyp and VIyp railway tracks
and the projected Pervoe Koltso Street; the location of the existing Vyp and VIyp
railway tracks of Minsk-Passazhirsky — Minsk-Sortirovochny and Minsk-Severny —
Minsk-Sortirovochny sections.

The paper sets out to find an optimal construction organization solution for the
timely commissioning of the facility under consideration.

When calculating the duration of construction, we use Microsoft Project that is
the project management system. The calculations are based on the data on labor costs,
the cost of one man-hour and the number of workers, the calculation of the payroll
fund and the duration of construction. The research presents reference and competing
construction options. The reference construction is based on a double-shift schedule
with 8-hour-shifts; the competing one implies a three-shift schedule.

The duration of construction is determined by the types of work according to
involved labor costs deducted from performing estimate calculations by the formula:

T=Tw/(En2lP) (1)
where Ty is labor costs, man-hours; 8 is the length of a working day, hours; 7 is the
duration of construction, months; 21 is the number of working days per month, days;
n is the number of shifts.

Figures 1-2 show the time schedules for the reference and competing
construction options in the project management system called Microsoft Project, [5,
6].

The total duration of construction working double shifts is 19.56 months; with
the three-shift schedule, it is 14.37 months. Since the labor costs are equal, the
commissioning of the facility ahead of schedule by 5.19 months and the consideration
of a coefficient that takes into account the use of the forecast price index in
construction result in gaining economic benefits from the early completion of the
facility. Thus, the three-shift construction schedule will reduce the construction time
of the facility with minimal production costs of night work.

Characteristics of the overpass construction.

The designed railway overpass crosses the projected Pervoe Koltso Street. It is
of I-a category with 6 traffic lanes. Its carriageway size is 3%3,75+6,0+3%3,75 m. On
the left side of the carriageway, the width of the sidewalk is 4.0 m; on the right side
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of the carriageway, the sidewalk is combined with a cycle path with a total width of
5.5 m. The clearance diagrams for structures under the overpass are 5.0 m. The
intersecting angle of the tangent to the VIyp track centerline and the centerline of
Pervoe Koltso Street is 34 © 41’

Hassarime sapaum - |Anurensroct | Hauano - Oronsarine - |3eTpaTar - | znans zn [25 Map 70 |25 Maii ‘20 |27 Wiron 20 |26 Cen 20 \}DHuq 70 |01 des 21 [05 Anp 21 |07 iom 21 \o;Asr Eil m =l
6 [ 17 [ 17 [ 15 [ 14 [ 12 [ 11 [ 09 [ 07 | 06 [ 04 [ 03 [ 01 [ 30 [ 28 [ 29 [ 27 [ 26 [ 24 | 2 i[9 =]
“RAILWAY OVERPASS 19,56 mec TIm 03.02.20 Tx 30.08.21 275 572,28 Br
CONSTRUCTION
= First stage of construction 2,5 mec TIu 03.02.20 ITH 29.06.20 9570900Br T 1
Preparatory work 0.4 mec TTa 03.02.20 Bt 25.02.20 476,00 Br | E&a Preparatory work
Upper structure of the track 0,3 Mec IIn 03.02.20 Cp 19.02.20 1032,00Br | E& Upper structure of the track
Retaining walls. Works performed before 5 mec TTa 03.02.20 IIH 29.06.20 62 829,00 Br Retaining walls. Works before the ion of railway tracks
the reconstruction of railway tracks
Railway overpass. Works performed 3 mec Cp 01.04.20 TInm 29.06.20 24 364,00 Br ilway overpass. Works performed before the rezonstruction of railway tracks
before the reconstruction of railway tracks
SCB reconstruction 0,2 mec TIm 03.02.20 Ut 13.02.20 300,00 Br | & SCB reconstruction
. Communication systems 2 Mec IIa 03.02.20 Cp 01.04.20 6 708,00 Br | === Communication systems
E ~ Second stage of construction 17,57 mec Cp 01.04.20 IIn 30.08.21 140 014,28 Br T
g Preparatory work 0,5 Mec Cp 01.04.20 Cp 15.04.20 -270,96 Br [0 Preparatery work
£ .
a Laying down roadbed 0,8 Mec IIu 01.06.20 Bt 23.06.20 1 700.00 Br M Laying down roadbed
3 Upper reconstruction of railway tracks 3 Mec Cp 01.04.20 TIIr 26.06.20 12 045,24 Br [T Upper reconstruction of railway tracks
Retaining walls. Works performed after the 4 mec Cp 01.07.20 TIm 26.10.20 46 218,00 Br KIS Retaining walls. Werks performed after the reconstruction of rail
reconstruction of railway tracks
Railway overpass. Works performed after 14 mec Cp 01.07.20 Il 16.08.21 57 361,00 Br Railway over
the reconstruction of railway tracks
Finishing works of the overpass and 1 mec IIm 02.08.21 IIm 30.08.21 3 725,00 Br O Finishing
retaining walls
Communication systems 0,8 mec TIa 01.06.20 BT 23.06.20 1 394,00 Br [ Communication systems
Contact network 2 Mec IIn 04.05.20 Bt 30.06.20 13 483,00 Br KA Contact network
Power supply and lighting 0.8 mec IIn 01.06.20 BT 23.06.20 1 370,00 Br KM Pewer supply and lighting
SCB reconstruction 1 mec TIa 01.06.20 TIm 29.06.20 2 989,00 Br [ Yerpoiicraa CLIE
~ Third stage of construction |3,05 mec Br01.06.21 It 27.08.21 39 849,00 Br 1 -
AT - o T Ty S | [m] B
. . .
Fig. 1 Construction schedule for the reference option
Hasearme sagaun . [Anmensnocn _ Hasano . Oxormenne _ |3apares | 59 [egaprant T¥gapran3 TReapran T TRepman3 TG
AMs | Map | Maw | Weoa | Cen | Hom | Ams | Map | Mai | Mo | Cen | Hom | AW
“RAILWAY OVERPASS CONSTRUCTION|[14,37 mec IIm 03.02.20 Bt 30.03.21 279 081,14 Br
|
~ First stage of construction 1,66 mec IIm 03.02.20 It 08.05.20 97 707,72 Br I
Preparatory work 0,3 mec Ta 03.02.20 Cp 19.02.20 476,00 Br E3 Preparatory work
Upper structure of the track 0,2 Mec T4 03.02.20  Ur 13.02.20 1032,00 Br & Upper structure of the track
Retaining walls. Works performed before 3.3 mec TIx 03.02.20  IIr 08.05.20 64 827,72 Br Retaining walls. Works performed before the reconstruction of railway tracks
the reconstruction of raitway tracks
Railway overpass. Works performed before 1.9 mec IIr 13.03.20  IIr 08.05.20 24 364,00 Br Railway overpass. Works performed before the reconstruction of railway tracks
the reconstruction of raitway tracks
= SCB reconstruction 0.1 Mec IIx03.02.20 IIr 07.02.20 300,00 Br I SCB reconstruction
i
g Communication systems 1.2 Mec TIn 03.02.20  TIm 09.03.20 6 708,00 Br g Communication systems
8
5
=1 - Second stage of construction 12,3 mec  Cp 01.04.20 TIm 29.03.21 141 524,42 Br T
Preparatory work 0,3 mec Cp 01.04.20 Yr 09.04.20 -48.88 Br @ Preparatory work
Laying down roadbed 0,5 Mec T4 01.06.20  TTH 15.06.20 1700,00 Br [ Laying down roadbed
Upper reconstruction of railway tracks 1.9 mec Cp 01.0420 Br26.05.20 13 333,30 Br I Upper reconstruction of railway tracks
Retaining walls. Works performed after the 2.6 mec Cp 01.07.20 BT 15.09.20 46 218,00 Br LI Retaining walls. Works performed after the reconstruction of railway tracks
reconstruction of railway tracks
Railway overpass. Works performed after 9,2 mec Cp 01.07.20 TIm 29.03.21 57 361,00 Br
the reconstruction of railway tracks Railway overpass. Works performed after the reconstruction of railway tracks
Finishing works of the overpass and 0,6 Mec TH01.03.21 Cp17.03.21 3 725,00 Br [ Finishing werks of the overpass and retaining w
il retainine walle il —
4[] QI m Q

Fig. 2 Construction schedule for the competing option

The railway overpass is on a 7 %0 down grade in a section view, in a curve with
a radius of 350 to 360 m in a plan view. The design position of the railway tracks in
plan and section views is adopted in accordance with the plan of the reconstructed
tracks.

The roadbed for the Vyp and VIyp auxiliary rails in Minsk-Passazhirsky station
was designed in an embankment with buried and semi-buried ballast. During the
overpass construction period, for the Vyp and VIyp tracks, the roadbed width with
buried and semi-buried ballast, given the taken thickness of the ballast layer under the
railway sleeper (20 cm of sub-ballast, 25 cm of stone bed on wooden railway
sleepers), 1s taken as 3.6 m.
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The width of the top of subgrade for the Vip, and VIyp tracks in Minsk-
Passazhirsky station is taken as 7.30 m. The transverse outline of the top of subgrade
for a double-track roadbed is taken in the form of a triangle with an altitude of 0.2 m
and a base equal to the width of the top of subgrade. It is planned the broadening of
the top of subgrade in curved tracks from the outside of the curve by 0.5 m with a
radius of curves of 600 m or less.

The vegetation layer, according to the data of engineering and geological
surveys within the limits of excavation, is absent at the base of the embankment
(excavation). The back slopes of the designed earth structures are strengthened by
sowing grass with the filling of 0.10 m thick humus. The steepness of the
embankment slopes in the upper part is up to 6 m in height — 1: 1.5, and in the lower
part, it is over 6 to 12 m. — 1: 1.75. Soil delivery for roadbed embankment filling of
the railway tracks is provided by road transport.

The compaction factor in the railway embankment of the projected Vyp and VIyp
auxiliary rails in the upper part of the embankment up to 0.5 m. is 0.95; in the lower
part of the embankment, it is 0.90 and is reached due to ensuring the required
coverage with tamping machines based on the preliminary test compaction; limiting
the thickness of filled in layers and the size of individual stones; creating additional
height.

With the compaction factor equal to 0.95, the additional height in relation to the
designed embankment height is 0.5%.

The width of the roadbed of the reconstructed Vyp and VIyp tracks laid through
permanent pipelines, with buried and semi-buried ballast at the taken thickness of the
ballast layer under the railway sleeper (20 cm of sub-ballast, 30 cm of stone bed on
the sections with reinforced concrete sleepers) is taken as 3.8 m.

The slopes of the existing roadbed of the Vyp and VIyp railway tracks at the
places where the embankment of auxiliary rails is dismantled as well as the
previously dismantled protecting wall of the crushed stone warehouse and the
protecting wall along the parking lot of the Minsk power supply division are planned
with a slope steepness of 1: 1.5 and are strengthened by sowing grass.

Water drainage of the roadbed of the reconstructed Vyp and VIyp tracks of
Minsk-Passazhirsky — Minsk-Sortirovochny is realized using vertical land levelling.
In the places where the reconstructed Vyp and VIyp tracks are laid on the existing
roadbed, the existing scheme of surface runoff drainage is not changed during the
reconstruction.

The superstructure of the Vyp and VIyp auxiliary rails in Minsk-Passazhirsky
station, as well as the III backbone Minsk-Passazhirsky — Minsk-Severny for the
overpass construction period, is designed from used P65 rails (1 shelf life) on type I
wooden railway sleepers. Sleeper density is 1840 pcs / km on tangent tracks and on
curved tracks with a radius of more than 1200 m; or 2000 pcs / km when laying on
tangent tracks and on curved tracks with a radius of 1200 m or less. The type of
fastening is spike.

The superstructure of the V,p and VIyp reconstructed tracks in Minsk-
Passazhirsky station, as well as the III backbone Minsk-Passazhirsky — Minsk-
Severny laid through permanent pipelines, is designed from new P65 rails on
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reinforced concrete sleepers with lying continuous welded rails. Sleeper density is
1840 pcs / km on tangent tracks and on curved tracks with a radius of more than 1200
m; or 2000 pcs / km when laying on tangent tracks and on curved tracks with a
radius of 1200 m or less. The type of fastening is SB-3.

The ballast type is two-layer (crushed stone ballast on sub-ballast), with ballast
layer thickness under the sleeper of 35/20 cm (crushed stone ballast — 35 cm, sub-
ballast — 20 cm) for rails on reinforced concrete sleepers and 25/20 for rails on
wooden sleepers.

On curved tracks, the vertical setting of rail is arranged in accordance with the
current regulations.

The width of the ballast section on top of the tangent track of the III backbone
Minsk-Passazhirsky — Minsk-Severny should be at least 3.85 m; for the Vyp and VIyp
tracks of Minsk-Passazhirsky — Minsk-Sortirovochny — at least 3.65 m. On curved
tracks when R <600 m, the width of the ballast section must be increased from the
outside of the curve by 0.10 m

Conclusions

Thus, the developed solutions for the design of a city ring interchange with
Minsk-Passazhirsky station tracks make it possible to increase traffic capacity;
increase the speed of movement and the level of safety of vehicles; improve the
organization of traffic between logistics centers with different transport infrastructure
and transport modes.
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Annomayus. /{ns 6ecnepedolinoco nponycka noe30o8 ¢ y4emom KpyerocymouyHo20 percumd
pabomvl  HHcene3H000PONCHO20 MPAHCNOPMA PACCMAMPUBAEMCS NPOEKM  HCENe3HOO0OPOIHCHO20
nymenpoeooa 6 2opooe Munck. Ilpoekmupoeanue pazésasKu nepeoeo 20poO0CKO20 KOMbYd CO
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cmanyuoHubiMu nymamu cmanyuu Munck-Ilaccasxcupckuii npedycmampueaem pekoHCMPYKYUio
arcene3no0opodcnvix nymeti Vip u VInp meoxcoy cmanyusmu Munck-Ilaccaxcupckuii — Munck-
Copmuposounvlii. /lanHoe peuieHue Kpome cO8peMeHHbIX mpebosanull 0e30nacHoCmu O8UNHCEHUS
00YCNI0BNIEHO  UHIICEHEPHO-2e00e3UUECKUMU  UCCIe008AHUAMU ——  JHCELE3HOOOPOJCHbIE — NYMU
HAaxoo0amcs Ha 0o/lee 8blCOKUX OmMMemKax 3eMmau. B mpoexm eéxodsam cmeweHue ocu nymei 60
8peMenHoe U OKOHYamenvbHoe  Mecmononodcenue 6  niaame.  Ilpousseden  pacuem
NPOOONIHCUMENILHOCIU —~ CMPOUMENbCmea  NpU  O8YXCMEHHOM U MPEXCMEeHHOM  8apuanme
CMpPOUMeNbCmea ¢ NOMOwbI0 cucmemul ynpasienus npoekmamu Microsoft Project . Tpexcmennulii
epagux cmpoumenbcmea no360IUNM COKPAMUmMs NPOOOIHCUMETbHOCHb CIMPOUMEenbCmea 00vbeKkma
npu  MUHUMATBHBLIX 3amMpamax Ha npou3eoocmeo pabom 6 HouHoe epems. Paspabomannwvie
peuienus no npoeKmupo8anUio paseAa3KU 20poOCK020 KOIbYA CO CIAHYUOHHbIMU NYMAMU CIAHYUU
Munck-Ilaccasxcupckutl no360aam: y8eauyums nponycKHyo CHOCOOHOCMb A8MOO0POU, NOBLICUMb
CKOPOCMb 0BUINCEHUS U YPOBEHb DE30NACHOCTNU MPAHCNOPMHBIX CPEOCMS, YIVUUUUMb OP2AHUSAYUIO
0BUICEHUSL MENHCOY JIOSUCIMUYECKUMU YEHMPAMU C PA3TUYHOU MPAHCHOPMHOU UHDPACMPYKMYPOU U
8UOAMU MPAHCNOPMAL.

Article submitted: 07.04.2021 p.
© Luzhanska N.O., Kravchenya .M., Dubrovskaya T.O., Lebid I.H.
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Abstract. One of the quality indicators of urban passenger transport services is punctuality
that is directly related to the well-planned route vehicles schedule. The article presents the
optimization problem of public transport schedule in response to the improvement in passenger
service quality. The simulation model of urban passenger transport within simulation modelling
system GPSS World is realized. It allows testing the optimization methodology of route vehicle
scheduling. The simulation model was tasted in existing transport network of Gomel. The obtained
optimization results may be used by Open Joint Stock Company ‘“Gomeloblavtotrans” for
improving the quality of public passenger transportation.

Keywords: urban passenger transport, scheduling methodology, duplicating stretches, traffic
interval, simulation model.

Introduction.

Modern urban passenger transport is the most important system that provides
economical growth of the cities and comfortable living conditions for population.
Quality of passenger transport determines the real living standard and social climate
[1]. If public transport is inconvenient, passengers start using cars. It affects the
environment. It makes the task of improving the schedule of passenger transport
actual. A lot of articles are devoted to the scheduling methodology of passenger
transport [2 — 7].

The regularity of vehicle arrival at the transport stop, which is serviced by one
route, is ensured by the observation of necessary traffic intervals. If there are several
routes servicing the same stretch, it is necessary to coordinate traffic schedules of
different routes on duplicating stretches of their traffic.

Some vehicles of different routes have the same direction and for passengers it
doesn’t matter which route to take. Vehicles of different routes arrive to the transport
stop at the same time. Passengers from the stop enter the first vehicle. The next
vehicles leave the transport stop empty. Then there comes a gap in the schedule until

ISSN 2567-5273 59 www.moderntechno.de



Modern engineering and innovative technologies Issue 16 / Part 3

the next vehicles come. And the situation repeats. When scheduling, the impact of
compatible travel stretches of route vehicles is more often ignored, which is
significant weakness for urban passenger transport services.

The presence of duplicating stretches is accompanied by formation of transport
queues at the transport stops, as well as irregularity of traffic intervals and vehicle
occupancy, thus increasing passengers’ waiting time for vehicles and leading to a
negative impact on comfort while travelling [5 — 7].

The problem of the improvement in passenger service quality and efficiency of
urban public transport is to align the schedules of different routes on duplicating
stretches, thereby contributing to more regular traffic interval and vehicle occupancy.
It would appear to be possible to achieve abovementioned coherence in vehicle
schedule of different routes through the primary coordination of traveling time
through “basic” transport stops with further calculation of the traveling time through
the other transport stops of the route.

Statement of basic materials.

To substantiate and test the scheduling technique of route vehicles on
duplicating stretches [5 — 7], the simulation model of duplicating stretches is
proposed.

A mathematical model of the movement of traffic flows going through
duplicating stretch can be represented as a queuing system. Its graphical
representation is shown in Figure 1.

Generator of route vehicles

MD, MD M,

VVV

Queue at the
transport
stop A

Transport
stop A

Queue at the
transport
stop B

Transport
stop B

AAAA

MD, MD,

Terminate of route vehlcles

Fig. 1 Mathematical model of duplicating stretch
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The proposed queuing model of duplicating stretches is developed in the GPSS
World simulation automation package [8 — 9]. The properties of the simulation model
of duplicating stretches have been tested and studied.

The simulation model test included two stages: verification and validity check.
At the verification stage, the correctness of the operating algorithm of the simulation
model using the model’s interactive single-step debugging properties was checked. It
allows setting breakpoints in the model and gives the opportunity to determine the
parameters of its service requests. Using verification, the logical structure of the
model has been identified as correct. Verification carried out during the complex
debugging of the program on real initial data showed that the developed simulation
model in all situations corresponds to the operation of the object under study.

The model validity was verified by matching the values of the model
functioning characteristics with the data obtained by analytical calculations to the
specified accuracy.

In the study of the properties of the simulation model, the simulation accuracy
was evaluated, the length of the simulation transition period was determined; the
stability of simulation model responses was evaluated; the sensitivity of model
responses was identified. Determining the sensitivity of model responses, it was
necessary to evaluate the percentage of changes in model responses depending on the
number of vehicles requiring service.

In the process of collecting simulation statistics, the data such as average queue
lengths of vehicles (1), average queuing time (wy), and transport stop load factors
(vx) are determined. Then, for transport stop, the value of the time loss of vehicle
service requests in queues is calculated:

LT, =nm,-w, (1)

For the obtained values, the diagrams of the relationship between transport stop
load intensity and the time loss of vehicles in queues are constructed.

Application.

The simulation model was tasted in existing transport network of Gomel,
Belarus. Based on the reports obtained as a result of modeling, the main indicators of
the modeling results were determined and the time loss value of vehicle service
requests in queues was calculated. The main characteristics for the duplicating stretch
“Institute  “Gomelproject” — Ogorenko street” at the transport stop “Institute
“Gomelproject” for rush hours are shown in table 1.

Table 1
Optimization result of the schedule at the transport stop “Institute
“Gomelproject”
Average Average Vehicles served
Load factor, .2 . .
queuing time, | queue length, | without queuing LTk
Wk . . . o
min, wi vehicles, N« time, %
Before 0,69 1,5 0,5 75 0,75
optimization
After 0,75 0,3 0,01 99 0,003
optimization

Authors " development
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As a result of the traffic schedule optimization on the duplicating stretches

— the traffic intervals of vehicles for each route separately and for duplicating
stretches were aligned,

— passengers’ waiting time for route vehicle arrival, average queuing time and
queue length for route vehicles, load factor of transport stop by vehicles were
reduced.

Conclusions.

While optimizing the existent schedule, particular attention is paid to
improvement of such indicators as passengers’ waiting time for route vehicle arrival
and load factor of transport stop by vehicles.

The first parameter has an impact on passenger satisfaction from travelling.
Alignment of time intervals between consecutive vehicles of different routes on
duplicating stretches results in evenly filled vehicles, thus increasing passenger
comfort.

Reduction of the load factor of transport stop by vehicles, therefore, makes it
possible to exclude the formation of the route vehicle queues whilst boarding /
alighting of the passengers. This has reduced transport delays; due to lack of forced
idle time of route vehicles in front of transport stop (waiting for an opportunity to
drive to it) and subsequent accelerations, there is also the effect of reducing economic
(additional fuel consumption) and environmental (from emissions of air pollutants)
losses.
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Annomayua. OOnum u3 noxazameneli Kauecmea OOCIYHCUBAHUSA HACENeHUs 20POOCKUM
NACCANCUPCKUM MPAHCHNOPIMOM ABTISLCMCS Pe2YIAPHOCIb 0BUNCEHUSL, KOMOPAs HANPAMYIO 3A8UCUMN
Om 2pamMoOmHO COCMABNIEHHO20 PACHUCAHUA MAPWPYMHBIX MPAHCNOPMHBIX cpeocms. [lpu
COCMaseHuu pacnucanusl NACCANCUpPCKO20 MpPaHcnopma Heobxooumo, 4umoodvl OHO 0becneuusano:
npoes0 naccaNicCupos ¢ MUHUMATbHLIMU 3aMpamamu  6pPeMeHu, O8UCEHUe MapuipymHblx
MPAHCNOPMHBIX ~ CPeOCm8 8 COOMBEMCmeUU ¢  NACCANCUPONOMOKAMU HA  MAPUPYmMax,
Pe2YNAPHOCMb  OBUNCEHUSA, KOOPOUHAYUIO OBUICEHUSL MAPUPYMHBIX MPAHCNOPMHBIX CPEOCME C
08udCeHUeM Opyaux 6UO08 NACCANCUPCKO20 mpancnopma. B cmamve paccmompena 3adaua
ONMUMUZAYUU DACNUCAHUSL OBUNCEHUS 20POOCKO20 NACCANCUPCKO20 MPAHCHOPMA C VUemoM
nosvluleHUs Kauyecmea oO0CIyicuganus naccaxcupos. Ilpeonosicena umumayuouHas mooens
20pO0CK020 00UWeCmBeHHO20 MPAHCNOPMA 8 cucmeme UMUMAayuoHHo2o mooenuposanus GPSS
World, komopas nossonsem nposecmu anpobayuio Memoouku OnMmuMu3ayuu pacnucanus
O0BUNCEHUSL MAPUPYMHBIX MPAHCHOPMHBIX Cpedcm8 Ha O0yOrupyowux yiacmkax. Umumayuonnas
Moodenb anpobuposana Ha cywecmsyrouel mpancnopmuou cemu 2opooa Iomens. Ilonyuenuvie
pe3yibmamaol onmumu3ayuu mozym OvImb UCNONIL308AHDL npeonpusmuem
OAO «I omenvbobragmompancy 01 NOBbIUEHUS KAYecmea 20pOOCKUX NePeBo30K NACCANHCUPOS.

Knrouesvie cnosa: 20poockoli naccaxcupckuti mpancnopm, MemoouKd OnmuMuzayuu
pacnucanus, OYOIupyIOWULL y4acmox, UHMep8al O8UNCEHUS, UMUMAYUOHHASL MOOEb.

Cratbs otnpasinena: 11.04.2021 p.
© Kravchenya I.N., Azemsha S.A., Feizullaeva L.S.
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Anomauia byoigenvni mamepianu 00CAIONCYIOMb  PI3HOMAHIMHUMU Memoodamu. [lpu
00CNI0AHCEHHI AKICHUX NOKA3HUKIE KOMHOHEHMIB, HOBUX CKIAOI8, MEeXHONO2IUHUX YOOCKOHAIeHb I M.
11. Mooice 6ymu 3acmocoeana eOuHa memoouyHa 0cHo8d. Bona nonsieae 6 momy, wo oocnioxicysami
A6UWA T XAPAKMEPUCMUKU NOPIBHIOIOMb ) 8I0N0GIOHUX YMOo8ax. Yacmo yi nopieHAHHS NPOBOOIMb
npu pieHUX, a He 8IONOGIOHUX YMOBAX, HANPUKIAO NPU PIGHINE MIYHOCMI, PIBHOMY (ha3080M) CKIAOI,
00HAKOBUX MEXHONIO2IYHUX ONepayisnx, wo 0opienIoe sumpami komnonenma i m.n. Tum uacom make
NOPIGHSAHHS NPABOMIPHO MINbKU 6 OKpeMoMy eunaokxy. He moowcna, nanpukiaod, 6e3 ypaxyeauHs
CMPYKMYPHUX 0COOIUBOCMEl POOUMU BUCHOBKU NPO I0EHMUYHICMb AKOCMI 080X MaAmepianis, uo
807100i10Mb 0OHAKOBOIO MIYHICMIO AO0 THUMUMU OOHAKOBUMU GLACMUBOCMSIMIU.

Memoo esupiwenns maxo2o 3a80aHHsA 3 NO3UYIN 3A2ANbHOI Meopii, nonsieac 6 momy, o
NOPIBHIOIOMbCS BLACMUBOCTII 8'SICYYUX PEUOBUH NPU IX ONMUMATLHUX CmMpPYKmypax. 1 momy axkujo
cepeod NOPIBHIOBAHUX PeUO8UH 0YNI0 3HAUOEHO 8's1icyye 3 HAUKPAWUMYU NOKA3HUKAMU AKOCMI, MO No
3aKOHY 0008'13K0801 B8I0N0BIOHOCMI 61ACMUBOCMEl 80HO OyOe Haukpawum i )y 6upobi npu
NPULHAMUX ~ MEXHONO02IYHUX ymosax 1 peocumax. Ompumani 6i0omocmi nNpo HNOKAZHUKU
81ACMUBOCMEN  CLYXHCAMb, KPIM MO0, GUXIOHUMU OAHUMU NpU NOOANbUIOMY NPOEKMYBAHHI
ONMUMANLHO20 CKIAOY, NOBHICIMIO 3A00B0IbHAE 3A0AHUM MEXHIYHUM BUMO2AM.

Memoouuni ocnosu meopii nonsearoms MaKodc 6 MOMY, WO 3d OO0NOMO20I0 Memooy
NPOEKMYBAHHA BUOAEMbC HEOOMeHCeHa KiNbKicmb onmumManioHux ckaaoie. OOHaK, Ha 3aKM0OYHIl
cmaoii npoexmysanHsi 3 0aA2amvoX ONMUMAILHUX GUOUPAOMb MINbKU O0O0UH ab0 KilbKa
PAYioOHANIbHUX CKIAOI8, SIKI HAUOLIbUL NOBHO BIONO0GIOAIOMb KOHKPEMHUM MEXHOI02TYHUM YMOBAM,
3a0aHUM NOKA3HUKAMU SAKOCMI mMa eKOHOMIuHOI epexmusnocmi. IlopieHsHHSA ONMUMATbHUX
cK1adie midc coboio npu eubopi payioHarbHO20 poONAMb 3a PO3PAXYHKOSUMU Gopmynamu i
epagikamu-Homospamamu, wo 0036014€ 6e3 BeIUKUX eKCNEePUMEHMANbHUM — OOCTIONCEHD
NOPI8HI08AMU MIJC COOOI0 OCHOBHI XAPAKMEPUCMUKU NPU ONMUMATbHUX CIPYKMYPAX.

Kniouogi cnosa: 6ydigenvui mamepianu, XapaKxmepucmura, NOPIGHAHHS, 8UOID, CIMPYKMYPU.

Beryn

ByaiBenbHi MaTepianu  JOCHIKYIOTH  pPI3HOMaHITHUMH Meronamu. [lpu
JIOCJIIJDKEHH]I SKICHMX ITOKa3HUKIB KOMIIOHEHTIB, HOBHX CKJaJiB, TEXHOJIOTTYHHX
YIOCKOHAJICHb 1 T. m. Moyke OyTH 3acTOCOBaHa €MHA METOJAMYHA OCHOBa. BoHa
[oJiAra€ B TOMY, IO JOCII/DKYBaHI SIBUINA 1 XapaKTEPUCTHUKU TOPIBHIOIOTH Y
BIJIMOBITHUX yMOBax. YacTo 111 MOPIBHSHHS POOJISIOTH MPU PIBHUX, a HE BIJIMOBITHAX
yMOBaxX, HaNpHKJIaJ MPU PIBHINA MIIHOCTI, piBHOMY (ha30BOMY CKJIajli, OJHAKOBUX
TEXHOJIOTTYHUX OTepalisiX, 0 JOPIBHIOE BUTPATI KOMIIOHEHTA 1 T.11. TUM YacoMm Take
MOPIBHSHHA MPAaBOMIPHO TIIBKA B OKpeMoMmy Bunaaxky. He moxkHa, Hanpuknana, 0e3
ypaxyBaHHS CTPYKTYPHUX OCOOJIMBOCTEH pOOUTH BUCHOBKH TPO 1ACHTUYHICTD SIKOCTI
JIBOX MartepialliB, 110 BOJOJIIOTH OJHAKOBOIO MIIHICTIO a00 IHIIMMHU OJHAKOBUMU
BJIACTUBOCTSAMU.

AHaTI3 JOCJHIAXKEHb i myO/aikanin

Hepiako, Hanpukian, npyu BUPIIEHH] JE€IKUX MPAKTHYHUX 3aBJaHb B 00JacCTl
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BAXKHX I[EMEHTHUX OETOHIB SKICHI TMOKAa3HUKHU MOPIBHIOIOTh MPU OJHAKOBOMY
BOJOLIEMEHTHOMY BIJHOLIEHHI. Take TOpPIBHIHHA HE BpPaxOBYE MOXKJIIMBOI
BIIMIHHOCTI B CTPYKTYypl O€TOHIB, OCKUIbKH INPU OJHAKOBOMY BOJO-IIEMEHTHOMY
BIJTHOILLIEHH] CTPYKTYPH MOXYTb OyTH MOP(IPOBUMHU 1 KOHTAKTHUMH, 3 HAJIUIIKOM
a00 HEJ0JIIKOM B'SKY4O0l YaCTUHH, BUCOKOIIOPHCTI 1 MIIBHI, 1 T.1. [1-3].

J1o OJHI€T 3 MOMMPEHUX TEXHOJOTIYHUX 3aBJaHb BIIHOCATH BUOIp HaWKpaIIoro
PI3HOBUY B'SKYYOTrO JJIsi MaTepialy, BUTOTOBJICHOTO 3a MPUUHATOIO TEXHOJIOTIELO.
Halinommpenimuii crnocié BUPIMICHHS LbOTO 3aBJAHHS MOJISITa€ B MapajieibHOMY
BUTOTOBJIEHHI BUPOOY Ha OCHOBI PI3HUX B'SKYUHX, aj€ 3 JOTPUMAHHIM OJHAKOBUX
yMOB 1 ckinauiB. [4-6]. Ilicis BunmpoOyBaHHSI BIANOBIAHMX 3pa3KiB MOPIBHIOIOTH
OTPUMaHI1 Pe3yJIbTAaTH 1 32 AKICHUMHU MOKa3HUKAMU BUHOCSTH PILIEHHS MPO MepeBary
TOr0 4d 1HWIOro B'sbky4yoro. PoOora 15 moB's3aHa 3 BUOPOOYBAaHHSM BEJIUKOI
KUIBKOCT1 3pa3KiB, HaBITh SIKIIO OCTAHHE PO3PAaXOBAHE 3 BUKOPHUCTAHHSIM METOIY
MaTEeMaTUYHOTO IUIaHyBaHHS eKcrepuMeHTy. OTpuMyBaH1 cepeHl CTaTUCTUYHI JaHi
noTpeOyI0Th MOJANBIIUX YTOUYHEHb, TaK SK BOHHM OXOIUIIOIOTH HIMPOKY OOJacTh
ONTUMAJIbHUX 1 HEONITUMAIBHUX CTPYKTYP.

Meta Ta 3aBIaHHSA J0CJTiIXKeHb

Metoa BUpIIIEHHSI TaKOTO 3aBJIaHHA 3 TO3WIIINA 3arajibHOI TEopii, MoJsirae B
TOMY, IO TOPIBHIOIOTHCS BIJIACTUBOCTI B'SYKYUHMX PEUYOBHH NpPU iX ONTHUMAJIbHUX
CTpyKTypax. | ToMy sKII0 cepe] MOPIBHIOBAHUX PEYOBHUH OYJIO 3HANIEHO B'SDKyUE 3
HalKpallMMU TOKa3HUKAaMU $IKOCTI, TO IO 3aKOHY OOOB'A3KOBOI BIJANOBIJHOCTI
BJIACTUBOCTEN BOHO OyJe HaWKpauuM 1 y BUpOOI MpU NPUHHATUX TEXHOJOTTYHUX
yMoBax 1 pexxumax. OTpuMaHi BIIOMOCTI MPO MOKa3HUKU BJIACTUBOCTEM CIIy>KaTh,
KpIM TOTO, BUXIJTHUMH JaHUMHU TPU TMOJAIBIIOMY MPOEKTYBaHHI ONTHMAaJIBLHOTO
CKJIaay, KU MOBHICTIO 33/JI0BOJIbHSE 3aJJaHUM TEXHIYHUM BUMOTaMm. SIKIIO B X0l
BUBUCHHSI BHUSABHUTHCS, IO BSDKyda PEYOBMHA MAa€ BIACTHBOCTI, MOKA3HUKH SIKUX
ripire HeoOXiJHUX, HATPHUKJIIA] MIIHICTh B'SDKYUYOTO ONTUMAIBLHOT CTPYKTYPHU HUKYE
HEOOX1THOT ~MIITHOCTI, TO IeH MeToJ BHUPIIIEHHS JOIOMara€ BCTAaHOBUTH
HECIIPOMOXKHICTh CIPOO CTBOPEHHSI HAa HOTO OCHOBI 3allOBHIOBa4Ya HEOOX1THOT SIKOCTI.
byne moTtpiOHO TpoBEeAEHHS MOMATKOBUX JOCIIKEHb I0J0 TMiABUILECHHS SIKOCTI
BUXIJIHOI B'SKY40i pEYOBUHU.

3 1i€l0 METOK BUIIYKYIOTh JOCTYIOHI 1 TpsiMi METOAMU MOIMIICHHS
BJIACTUBOCTEH B'SUKy4OrO BBEACHHSAM JIOAATKOBUX PEUYOBUH, 3MIHOK PEXUMY
TBEpAIHHS (110 Mae€ 3HAWUTH TIOBHE BIAOOpaKEHHS y MaillOyTHIN TeXHOIOril
BUPOOHUIITBA ); MMONEPETHHOI0 0OPOOKOIO B'SIKYUOro ab0 MOro OKpEeMHUX 1HTPEIIEHTIB
1 T.I.; BHUIIYKYIOTh METOJM OIOCEPEIKOBAHOTO BIUIMBY Ha SAKICHI MOKa3HUKU
B'SOKYUOTO TPU BUTOTOBJICHHI 32 PaxXyHOK 3aCTOCYBAHHSI aKTMBHHX HArlOBHIOBAYiB,
3MaTHUX KOMIIEHCYBAaTH 1 WIAHATH HEJOCTAaTHIM TMOKAa3HUK B'SXKYy4Ol YaCTHHH
(HampukIaa, Mexa MIIHOCTI MPH PO3TATYBAaHHI 32 PaXyHOK BBEICHHS apMyIO4YOro
3alOBHIOBAYA).

MeToau D0CTiZKEeHHSA

Metoj OIIHKK B'SKYy4Oi PEUOBHHM SIK MIKPOJIICTIEPCHUM, 3pYYHUM HE TIIBKH
TOMYy, W10 OJCP)XKYyBaHI XapaKTEPUCTUKU MOXYTh OYTH BHKOPUCTaHI B SIKOCTI
PO3paxyHKOBHX, MPU BH3HAYCHHI THX )K€ XapaKTePUCTHK HAa HOTO OCHOBI, a i TOMY,
1110 BOHU (DIKCYIOTh TPAHUYHO MOXKJIMBI 3HAUEHHS MOKA3HUKIB SKOCTI.
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Bubip 1 TmOpiBHSHHS HAMOBHIOBAYiB  3JIMCHIOIOTH IUISIXOM  aHaNI3y
EKCIIEPUMEHTAJIbHUX JIaHWX, OTPUMAHHUX IPU BUIPOOYBaHHI 3 OJHUM 1 THM XK€
B'S{OKy4dM, ajie Npu pi3HUX 3anoBHIOBayax. [1[o0 BukimounTH 3aiiBi HEBiIOMI,
HEPIJIKO TOPIBHSAHHS 3A1MCHIOIOTH MPH OJHOPITHOMY B'SODKYYOMY, HAIpUKIAT 3
OJTHUM 1 THM k€ ()a30BUM CTaBJICHHSIM (BOJOLIEMEHTHUM, OITYMOMIHEpAJIbHUM 1
T.1.). Jlo 3actocyBaHHS pPEKOMEHIYIOTh Ti HANOBHIOBadi, sIKI 3a0€3MEUYyIOTh IMPHU
MPUIHATUX yMOBaX Kpalll MOKa3HUKM BJIACTHBOCTEH. 3 MO3MINN 3arajbHOI Teopii
TaKUil METOJ OLIIHKU SIKOCTI HalOBHIOBaYiB MOTpeOye HU3KHU yTOYHEeHb. [lo-mepie,
HEOOXITHO MOJINIIUTH 3alOBHIOBAY 3a JOMOMOIOI0 PI3HUX MOXJIUBUX NMPUHOMIB -
(dparioHipyBaHisi, NPOMUBAHHS, TOAPIOHEHHS, CKJIAJaHHS UIIJIBHOI  CyMIIIi,
pachyuiku, mnpocyuryBaHHs 1 T.0n. [lOpiBHSIHHS SIKOCTI HANOBHIOBAYiB JOIJIHHO
MPOBOJIUTH B CTaHaX iX MOBHOI MIATOTOBJIEHOCTI 1 3 ypaxyBaHHSM EKOHOMIYHUX
BUTpAaT Ha miAroToBKy. Ilo-Apyre, HEOOXIHO OLIHUTH SKICTh MIATOTOBIEHOTO
3all0OBHIOBaYa 3a JIONIOMOTOI0 MPHUHHATOI B'SDKY4Oi PEUYOBHUHHU. 3 II€I0 METOIO
BUTOTOBJISIFOTh JIBA CKJAIU IPH JOBUIBHHMX (PAa30BHX CHIBBIIHOIICHHSX B'SDKYUYOTO,
ajyie 00O0B'SI3KOBO 3 OTPUMAHHSIM ONTUMAIBHUX CTPYKTYP.

OcHoBHa YacTHHA

[Ticns ix BUnMpoOyBaHHs, BIACTHBOCTEH (MIITHOCTI Ta 1H.) BU3HAYAIOTh MOKA3HUK
CTYNEHs 1 B PIBHAHHI BULY y=a/xn. O3HAKOI OUIBII BUCOKOI SIKOCTI 3alIOBHIOBAYa €
3HIDKEHA BEJIMYMHA TMOKa3HWKa crymneHd. [lo-tpere, HeEOOXimHO cHpoOyBaTH
J0JJaTKOBO AaKTUBI3yBaTH MPHUHHATHA 3alMOBHIOBAY 1 CIOHYKATH 10 3HUKCHHS
CTPYKTYPHOT'O MOKa3HUKa CTYIEHS /1 3a JONOMOIOI0 J100aBOK, mporpiBy 1 T.m. Ilo-
YeTBEPTE, NOLULIBHO CIPOOYBaTH 301JIBIIMTH BMICT ApiOHOI (pakiii B 3alI0BHIOBAY1 B
Mipy 30UIbIIEHHS (pa30BOrO BiAHOWEHHS B'spKydoro. ILlum 3axomom  1HOAI
JOCSITAETHCA 3HMKEHHSI TOKAa3HUKA CTYMEHs n 0e3 JOJaTKOBUX 3acO0IB aKTUBaIlil
3al0BHIOBAYA, HANpPUKIIAJ LUISIXOM 30UIBIIEHHS BMICTY MICKYy B IIeO€HI NpH
30UTbIIIEHH]1 BOJOIIEMEHTHOTO BIIHOIIIEHHS B IEMEHTHOMY OETOHI.

MeTtoanuHi OCHOBH TEOpIi MOJISITaI0Th TAKOX B TOMY, 1110 332 JOTIOMOTOI0 METOJTY
IPOEKTYBAHHS BUJAETHCS HEOOMEXKEHA KIJIbKICTh ONTUMAJILHUX CKJIaiB. OnHaK, HA
3aKJIFOYHIN CTajlil MPOEKTYBaHHA 3 0araTb0X ONTHUMAJIbLHUX BUOUPAIOTH TIILKU OJIMH,
a00 KiJbKa pallioOHAJIbHUX CKJIAJ1B, K1 HaWOLIbII MTOBHO BIAMOBIAAIOTh KOHKPETHUM
TEXHOJIOTIYHUM  yMOBaM, 3a/JlaHUM TOKa3HUKaMHU SIKOCTI Ta EKOHOMIYHOI
edextuBHOCTI. [lOpiBHSHHS ONTUMAJIBHUX CKJIaAiB MiX co00r0 Tipu BHOOPI
paIlioHaTbHOTO 3AIMCHIOIOTH 3a PpO3pPaxXyHKOBUMH ¢dopMylaMu 1 rpadikaMu-
HOMOTpaMaMH, IO JO03BOJisi€e 0€3 BEIMKUX EKCIIEPUMEHTAIBHUM JIOCIHIIKCHb
MOPIBHIOBAaTH MK COOOI0 OCHOBHI XapaKTEPUCTUKU MPHU ONTUMAIBHUX CTPYKTYpaXx.
VY 1poMy TMOpPIBHSHHI PI3HUX CKIAJIB, K1 BIAMOBIAAIOTH HEOOXITHUM TEXHIYHUM
BUMOTaM, MOYKHA BUXOJIUTH 3 3MIHM IIIJIBHOCTI CyMIIIl, PI3HUX METOMIB aKTHBAIlil
HAIMlOBHIOBAYIB, PI3HUX CIOCOOIB TEXHOJOTIYHOI OOpPOOKM Cymilll 1 MOHOJITY Ha
OKpeMHUX CTafisiX ii BUTOTOBJIEHHS 1 T.1. [Ipu 1npoMy He MOTPIOHO BETUKHUX 3aTpaT
yacy Ha JlabopaTOpHiI JOCHIAM OCOOJMBO, SIKIIO OyJW BHU3HAYEHI JOMOMIXKHI
XapaKTepUCTUKUA B'SHKY4YOi pPEUOBMHM TIPU  ONTUMAJIbHIM HOro  CTPYKTYpI,
GbyHKITIOHAIBHI TTOKa3HUKHU CTYIICHSI B PIBHSHHSAX MIIIHOCTI, 1€(OpPMATUBHOCTI 1 iH.
Jlo BUSBIEHHS palliOHAIBHUX ONTHUMAJIBHUX CKJIAJIB 3aJIy4alOThCs EKOHOMIYHI
po3paxyHku BapiaHTiB. Ilpu  BiampaitoBaHHI HOBOi TEXHOJIOTII  BaXJIMBO
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[EPEKOHATUCSI B IIOBHOTI JOCHI[KEHHS NOTEHUIMHUX MOKJIMBOCTEH KOXHOI
omepaiii. OcTaHHE TPOSABIAETHCA B  IIBUAKOCTI  MPOTIKAHHS  MPOLECIB
CTPYKTYPOYTBOPEHHS. [TpakTiaHO e(i)eKTI/IBHICTB BIPOBA/DKEHHS YIIOCKOHANICHD B
TEXHOJIOT1l KOHTPOJIOETHCS 3a IIBHUJIKICTIO, XapaKTepoM 1 po3MipaMu 3MiHH
MOKA3HUKIB BIIACTUBOCTEH ONTUMAJIbHUX CTPYKTYp, a MpPU HEOOXITHOCTI-TAaKOX
B'S{OKy4ol pEYOBHMHHU, HAMOBHIOBAdiB 1 CyMIlIl 32 JIOHOMOTIOIO CTaH/IAPTHHX 1
HECTaHJApTHUX MeToAiB. [Ipy TOpIBHAHHAX BENMYMHM KOJMIIHIX 1 HOBHUX
MOKA3HUKIB TIPU ONTHUMAIIBHUX CTPYKTYpaxX BaKJIMBO OPIEHTYBATHUCS HA CTBOPEHHS iX
eKCIIEPUMEHTAJIbHIX 3HAYCHb. 3arajbHa TEOpis BUCTYIAE TYT K METOJIWYHA OCHOBA
JUTSl TIOP1BHSUTBHOTO BUBYEHHSI CTYINEHSI ONTHUMAIbHOCTI TEXHOJIOT1i, OCOOJIMBO MOKH
HE ICHY€ KpUTEPiiB ONTHUMI3allil TEXHOJIOTI.

BucHoBxu

Taxum 9HOM, MONIYK HOBUX IUISAXiB BJIOCKOHAJICHHS TEXHOJIOTIi CIUPAETHCS HA
3aKOHU ONTHUMAJIBHUX CTPYKTYp 1 iX SIKICHI MOKa3HHUKH, TaK CaMoO SIK ONTHUMajbHa
CTPYKTYypa 3aBKJI1 IIOBHICTIO 3aJICKUTh B1JI TEXHOJIOTIUHHUX ITapaMETPiB.
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Abstract Building materials are examined in a variety of ways. When studying the qualitative
indicators of components, new compositions, technological improvements, etc., a single
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methodological basis can be applied. It consists in the fact that the studied phenomena and
characteristics are compared in appropriate conditions. Often these comparisons are still made
under equal rather than appropriate conditions, for example, with equal strength, equal phase
composition, identical technological operations, equal component consumption, etc. Meanwhile,
such a comparison is valid only in a particular case. It is impossible, for example, without taking
into account the structural features, to draw conclusions about the identity of the quality of two
materials with the same strength or other identical properties.

The method for solving such a problem from the standpoint of the general theory is that the
properties of binders are compared with their optimal structures. And therefore, if among the
substances being compared, a binder with the best quality indicators was found, then according to
the law of mandatory compliance of properties, it will be the best in the product under the accepted
technological conditions and modes. In addition, the obtained information about the property
indicators serves as the initial data for the subsequent design of the optimal composition that fully
meets the specified technical requirements.

The methodological foundations of the theory also consist in the fact that with the help of the
design method, an unlimited number of optimal compositions are issued. However, at the final
design stage, out of many optimal ones, only one or several rational compositions are selected that
most fully correspond to specific technological conditions, given quality and economic efficiency
indicators. Comparison of the optimal compositions with each other when choosing a rational one
is carried out according to calculation formulas and graphs-nomograms, which allow comparing
the main properties with optimal structures without large experimental studies.

Key words: building materials, characteristics, comparison, choice, structures.
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Anomauyia. Cucmemamuuni cnocmepedicenHs 3a 0y0ienerd 0armv KIIbKICHY OYIHKY
nPOCMOPOBO-4aACOBUX 3MIH ii cmaHy i 00380JA10Mb NPOSHO3Y8amu nepedie nooarbLuux oeghopmayii
nonepeodicarouu ix HeeamugHi Hacnioku. CKIA0eHO HAYKOBO-MEXHIYHUL 36im, WO 6KINYAE BCI
pe3yibmamu ChOCMepexcerd i iIHCmMPYMeHmanlbHUx 6UMIPIO8AHb, AHANI3 iX, OYIHKY CIMAHY CNOpPYyOU,
NPpUYUHU BUHUKHEHHA Oegopmayiil i pexomeHnoayii 3 NUmMaHv i 3a80amb, NOCMABIEHUX NpU
Mmonimopuney. Jlocgio ceode3uunoco moHimopuney, wjo euxonye Haykoeo-docniona nabopamopis
(HI[JI) Ooecvkoi Oepoicasnoi axademii 6yoisnuymea ma apximexmypu (O/JABA) na uucnennux
00 ’exkmax micma, maxux ax Oodecvkuil onepuuii meamp, Kipxa (/lromepancoxka yeprsa) (1),
«llacaxcy (2), Odbicno-sicumnosuti komniaexc «Arc Palacey (3), 0o3zeonse nHaoasamu sKiCHI
pekomeHoayii, AKi 00380MUNU CEOEYACHO BAUCUMU 3AXO00U NO  3A0e3NeUeHHI0  NOOANbULOT
bezasapitinoi excniayamayii yux o6yoigeno.

Knrwowuosi cnoea: ceooezuunuti monimopumne, oepopmayiini Mapku, HigeI08aHHs, OCIOAHHS,
2e00e3UyHi CNOCMepedtCeH s, KPEH, YUKIU CHOCMEPENHCeHb, IH8APHI peliku, HIGeNIp, maxeomemp.

Beryn.

binpricts ckutnoBux MacuiB Opecu po3TamioBaHl Ha JAUISHKAaxX IJ1aTO
CKJIQICHUX JICCOBUMHU TOPOJaMHU. Y CyXOMy CTaHl JIECH BiJ3HAYaIOTHCS BEJIUKOIO
MILHICTIO 1 CIYTyIOTh HaJ1MHOI0 OCHOBOIO ISl Oy[iBenb, aje MpHU 3aMOYyBaHHI
BUHUKAIOTh MPOCIJaHHs, YaCTO HEPIBHOMIPHI, SIK1 3arpOXKYIOTh CHIOPY/l pyHHIBHUMHU
nedopmarlisimu.

OCHOBHHMY TEKCT.

B M. Oneca na ®@oHTaHChKIN 10po3i, 19 Ha AUIAHIN 3 JIECOBUMHU IPYHTAMHU Yy
1975 poui mnovanmu OyAiBHUUTBO 16-TH MOBEPXOBOIO EKCHEPUMEHTAIBHOIO
KUTJIOBOrO OyAMHKY Ha (yHIAMEHTI 3 CYIUIbHOI 3a11300€TOHHOI  IUJIUTH.
TexHosoriero OyAiBHUIITBA TepeAdAueHO pPO3AiIbHE 3BEACHHS CTIH 1 MOHTaxX
nepekputh. Croyatky, Ha BCIO BUCOTY OETOHYBAJIMCh CTIHM Y KOB3HIM omanmyOrii 3
oONaAHaHHAM THI3J JUISl IepEeKpUTh. 30ipHI NEPEKPUTTS 3aMOHOJIYYBAJIUCh B CTIHY
10 IEPUMETPY MOCIIII0BHO, MOYMHAIOYH 3 TIepIIoro nosepxy (4) (puc.l).
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Pucynok 1 - Cxema po3ramyBaHHsl 16-TH OBepX0BOI0 KUTJI0BOI0 OYyIHUHKY

[Tepmmii UK TEOAE3WYHUX CIOCTEPEkKEHb 3a OCITaHHSAM YOTHPHOX (1-4)
HACTIHHUX KYTOBUX Mapok (puc.2) OyiBeIbHUKY BUKOHAIH MMICIs OCTOHYBaHHS CTIiH
Ha piBHI apyroro noepxy (7,7 M Bia BepXy (pyHAAMEHTHOI IUIMTH) BUCOKOTOYHUM
reOMETpUYHUM HiBemoBaHHSAM 1o mporpami Il kmacy wmiBempom H-05 3
BUKOPUCTAHHSAM 1HBAPHUX PEHOK.(5)

[Tomanpmni mukmM TeoAe3nyHux croctepexeHb y 1983, 1998, 2002 poxax
OyIiBEeJIbHUKM BUKOHYBAJU Ha BUMOTY MEIIKAHIIIB JKUTIOBOr0 OYJIMHKY depe3 Moro
BUIUMUN Haxwil. Pe3ynpTatu criocTepekeHb 3a OCiJaHHSIM HaBeeHO B Tabuuili 1.

Taoauus 1
Pe3ynbTaTi reoie3au4HNX CIOCTEPEKEHDb 32 OCITaHHAM JeopMaliHHUX MAPOK
16-TH IOBEPXOBOI0 KUTJI0BOI0 OYAUHKY

NeNe nuk1iB cCiocTepeXeHb, 1aTa
| iukn II mkn I ukn IV mukn
s 1975 pik 1983 pik 10.06.1998p. 13.09.2002
¥a] ¥a]
g < 2“ = Eﬁ ® > 5 Eﬂ = w > 5
= | E g | 52| € |EEf. € | pIZ|EE%.
2 = 5 z z 3 2 S5 a¢g T 23| 88 &%
) st =S st g3) S g - an = 5 'S S B -
S g gl g S5 g sE|SE8
= = Q5 = © £ = Q5 ® 5
Jml 2.248 1.546 -702 1.501 -747 1.493 -8 -755
Jm2 2.222 1.441 -781 1.393 -829 1.384 -9 -838
Jm3 2.267 1.586 -681 1.524 -743 1.516 -8 =751
Jm4 2.285 1.650 -635 1.595 -690 1.587 -8 -698

B 2014 pomi wmicneBa Biaga 3BepHynach 10 OnechKOi JiepaBHOI akajaemii
OyIBHUIITBA Ta apXiTEKTYPH 1 CIIOCTEPEIKEHHS 3a OCIIaHHAM JOPYUYUIIN MPOBOIUTH
daxiBisM HaykoBo-mocnigHoi gabopartopii enekTpoHHuM TaxeomeTpoM DINI-12 1o
12 (3aranom 8§ 10aTKOBHX) HACTIHHUM JAedopMalliiinum Mapkam. (TadJr. 2, puc. 2-3)

KpiMm Toro, npoBenu crnocTepexeHHsl KpeHy CTiH OyAUHKY METOAOM KOOPAMHAT
enexktponHuMm Taxeometpom Sokkia FX 102. PesynpTatéi crnocTepekeHb Ha
07.03.2020 poky. (puc.6, Tad.a. 3)
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Pucynok 2 - Cxema BCTAHOBJICHHSI Puc. 3 - Cxema BCTAHOBJIEHHA
aedopmaniiaux mapok 1-4 nedopmaniiinux mapok 1-12

Taoauusa 2
Pe3yabTaTu reoge3n4HuX CIOCTEPEKEHb 32 OCiTaHHAM JedopManiiiHUX MapOK
16-TH MOBEPX0OBOI0 KUTJI0BOI0 OYAHHKY 3a nepiox 2014 — 2019 p.

NoNe mukJIiB CrIOCTEpPEIKEHB, J1aTa

Vukn 13.10.2014 | VImukn 14.11.2014 | VII 30.05.2015 VIII 07.11.2015

E| = |2 |24 =|E |S2| =& |Es| = |E |E:

g s |8 |2EE§| €8 |28 €| &8 | 25§ g | § | 2§

2 | F|fEg3| E|%Egf| E|%Fgi| :%E::

T = o, an = o, T = o, T = Q

2|2 |Eg| B|E |E2| 8|2 |E2| 8 |E |E¢g

= |5 | 28| F |8 |28 F| & |28 E |& |E3

Z |38 = 5 2 = 5 2 = 5 2
S | © ) o ) o S o

Jml | 1471 | 22| -777 [1472] 0 | -777 | 1469 ] -3 | -780 | 1.468 | -1 | -781

JIm2 | 1359 | 25| -863 [1.359] 0 | -863 | 1357 -2 | -865 | 1356 | -1 | -866

Jm3 | 1494 [ 22 [ 773 [ 1494 0 | 773 [1491] -3 | -776 | 1489 | -2 | -778
1 2 3 4 5 6 7 8 9 10 11 12 | 13

Jvd | 1572 -16 | 714 [1.572] 0 | 714 1569 -3 | 717 | 1569 | 0 | -717
JIm5 | 1.602 1.602| 0 - 1599 -3 3 | 159 | 0 3
JIM6 | 1.204 1204 0 - [1202] 2 2 | 1201 | -1 3
Jim7 | 1.682 1.682| 0 - 1680 ] 2 2 | 1679 | -1 3
M8 | 1.177 1.177] 0 - [1175] 2 2 | 1174 | 3
JIM9 | 0.890 0.890 | 0 - 0887 -3 3 | 088 | -1 4
JIm10 | 1.349 1349 | 0 - 1346 3 3 | 1345 | A 4
Jim11 | 1.668 1.668 | 0 - 1666 2 2 | 1.665 | 3
JIm12 | 1.648 1.648 | 0 - 1646 2 2 | 1645 | A 3

Jiml | 1468 | 0 | -781 [1466] -2 [ -783[1466] 0 | -783 | 1464 | -2 | -785

Jm2 | 1355 | -1 | -867 | 1352] -3 [ -870 [1352] 0o | -870 | 1350 | -2 | -872

Jm3 | 1489 | 0 | -778 [ 1488 -1 | -779 [ 1488 0 | -779 | 1487 | -1 | -780

Jvd | 1569 | 0 | -717 [1.566] -3 | -720 [1.567] 1 | -719 | 1.565 | 2 | -721
Jm5 | 1599 0 | -3 159 ] -3 | -6 [1.59 ] 0 6 1595 | -1 | -7
Jvm6 | 1200 0o | -3 1199 2 | -5 [1.198] -1 6 1197 | -1 | -7
Jv? 1679 0| 3 [1.677] 2 | -5 [1.676] -1 6 1675 | -1 | -7
I8 | 11741 o | -3 1171 3 | -6 [1171] o0 6 1169 | 2 | -8
Jm9 | 0886 | 0 | -4 0883 -3 | -7 [0883] 0 7 1081 | 2 | 9
JIm10 | 1343 | 2 | 6 |1.343] 0 6 |1342] -1 7 1340 | 2 | 9
Jmi1 | 1666 | +1 | 2 [1663] -3 | -5 [1.663] 0 5 1662 | -1 | -6
JmM12 | 1646 | +1 | 2 [1643] 3 | -5 [1.643] 0 5 1641 | 2 | 7
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PucyHnok 5 - Enopu ocinanust KyroBux aegopManiiHuX Mapok
31975 mo 04.07.2019 pp.
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PucyHnok 6 - Pe3ysibTaTn Bu3HadeHHs KpeHy (Mm) 3 2002 mo 2020 pp.

Taoauus 3
Pe3yibTaTu reoge3MYHUX BUMIPIOBAHb BU3HAYEHHS KPEHY
B nepioa 3 2002 no 2020 poxu

Kpen, Mmm

Kyt
oyaunky | 2002 roa 2012 rox | 2013 rox | 2014 rox | 2015 rox | 2018 rox | 2020 roa

o o o
o o 10 mo | oci | mo | mo | mo | oci | 1o o mo | oci | mo
oci oci oci | oci | A- | oci| octi | oci| A- | oci | oci | oci | A- | oci

A TAAl 10 [AaAl10 ] A 1 |AaAl 0] A |10 AAl1il] A |11
95 | 147 | 147 | 129 | 130 | 142 | 134 | 119 | 138 | 137 | 232 | 104 | 215 | 77
175 195 192 179 194 254 288
o o o
o o mo | mo | oci | mo | mo | Mo | oci | Mo | Mo | mo | oci | mo
I oci | oci | oci | oci | A- | oci | oct | oci | A- | oci | oci | oci | A- | oci

A-A | 22 [A-A 22 A |22 AA122 A 22 A-A[22] A |22
129 | 317 | 172 | 302 | 146 | 266 | 136 | 269 | 140 | 268 | 163 | 265 | 175 | 270
342 347 303 302 302 309 322

1o 1o mo | Mo | mo | mo | mo | mo | mo | mo | mo | mo | mo | 1o
oci | oci | oci | oci | oci |oci| oci | oci| oci | oci| oci | oci | oci | oci
2B b-b |22 |bb |22 |b-b|22|b-b|22|b-b|22]| B-b|22]|Bb-b| 22
387 | 63 | 537 | 274|492 | 245 | 558 | 168 | 561 | 301 | 544 | 107 | 548 | 183

392 603 550 584 637 554 578

1o o Mo | mo | Mo | Mo | mo | mo | mo | mo | mo | mo | mo | Io

oci | oci | oci | oci | oci | oci | oci | oci | oci | oci | oci | oci | oci | oci

1B b6 |11 | bbb |1-1|b-b|1-1|B-B|1-1|B-b|1-1|B-b|1-1|B-b| 1-1

- - - - | 5221138 | 602 | 130 | 602 | 141 | 552 | 120 | 612 | 144
- - 540 616 618 564 629
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3 rpadika ociaHb KyTOBUX Mapok (puc.7), BUaHO, 110 3 1975 poky mo 1983 pik
crioctepirangoch 3HauyHe (10 781 MMm) 1 HepiBHOMIpHE (635...781 MM) ocifaHHS KYTIiB
Oynunky. IlomiOHe ociaHHS PO3BMBAETHCA B OCHOBI 3aBaHTAKEHOTO (yHIaMEHTY
yepe3 Horo 3aMOouyBaHHS, B XOJ1 SIKOTO 3HUXKYETHCS CTPYKTYpHA MIIHICTh I'PYHTIB
OCHOBU 1 IPYHTH YUIUIbHIOOThCA. [lilicHO, gkmo y 60...70-Xx pokax MHUHYJIOTO
CTOMITTS MiA3€MHI BOJM Ha Il TEepUTOpPii 3HAXONWIMCH Ha rMHOuHI 18...22 M
(TOKpIBJIST YEPBOHO-OYpUX TJMH), TO B XOJ1 3a0yJOBH BiIMIYCHUN MITHOM pPiBHS
rpyaToBux Boj (0.3...0,4 M/pik), B OCHOBHOMY, TEXHOT€HHOTO TTOXO[KEHHSI.

B nepioa exkcrutyaratii e piBeHb MOXe AOCATTH MiA0MmBH QyHIaMeHTy (4).
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Pucynok 7 - I'padik ocinanns nepopmauniiinnx mapok 1, 2, 3, 4
B 4aci ( S = {(t) ) 3a nepioa 3 1975 mo 04.07.2019 pp.

AHani3 TOAANBIIUX OCiAaHb CBIAYWTH TPO TMOCTYNOBY CTabumi3zaIio i
OPUMMHEHHS oOcigaHHs OynuHKy. OCTaHHIM UMK HIBEJIIOBaHHS, MPOBEICHUIA
03.10.2018 poxy miATBEpAMB BiACYTHICTh MOJAIBIIOTO OCIMaHHS, TOOTO, MPH
BIJICYTHOCTI HaJlajli JOJATKOBUX arpeCMBHHX BIUIMBIB, Y TOMY YHCI 3aMOYyBaHHS
I'PYHTIB OCHOBH (DYHIaMEHTY, OJAbIIOT0 OCIJaHHS 16-TH MOBEPXOBOTO KUTIOBOTO
OyIMHKY HE BiJI0yBaTUMETHCH.

Bucnosku.

1. Cepenne ociganHs OyJAWHKY Ha MPOTA31 OCTAHHIX ILMKJIB CIIOCTEPEKEHbD,
noynHaroun 3 31.03.2018p. mo 04.07.2019p. ckmamo 0,25 mm, mBuakicte 0,042
MM/MICSIIIb, 110 CBIAYUTH PO HOT0 cTadII3alliIo.

2. 3a pe3ynbTaTaMH T€OJIE3UNYHUX CIOCTEPEKEHb CEPEAHE OCIAaHHS KYTOBHUX
nedopmariitnux Mapok 3a nepiog 1975-2019 pokis ckinano 789,5 mM, mo y 5,26
pasiB nepeBuIlye gonyctumy (150 mm) aiist fanoro TNy OyIMHKIB.
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3. MakcumaiibHa BIJJHOCHAa HEPIBHOMIPHICTh OCiJaHb OKPEMHUX TOYOK
bynaamenty ckmanae 0,0053, mo nepeBuIIye A0MycTUMy B 2,6 pasu.

4. JliniitHa BeIMYMHA KpeHy OyAUHKY NEPEBUILY€E JOMYCTUMY B 2,4 pa3i.

5. IloTpiGHO TEpMiHOBO NpUKMATH 3aXOAW 10 BHUPIBHIOBAHHIO OYJIMHKY,
OCKUIBbKH OyJib-SIKUW arpecHUBHHI BIUIMB Ha IPYHTH HOTO OCHOBU MOXE BHUKJIMKATU
PYWHIBHI HACTIAKY.
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Abstract. Systematic observations of the building provide a quantitative assessment of spatio-
temporal changes in its condition and allow to predict the course of further deformations
preventing their negative consequences. A scientific and technical report has been prepared, which
includes all the results of observations and instrumental measurements, their analysis, assessment
of the condition of the structure, the causes of deformations and recommendations on issues and
tasks set during monitoring. Experience of geodetic monitoring performed by the Research
Laboratory (NDL) of the Odessa State Academy of Civil Engineering and Architecture (ODABA) at
numerous city facilities, such as the Odessa Opera House, Church (Lutheran Church) (1),
"Passage" (2) , Olffice and residential complex "Arc Palace" (3), allows you to provide quality
recommendations that allow you to take timely measures to ensure further trouble-free operation of
these buildings.

Key words: geodetic monitoring, signs of deformation, leveling, subsidence, geodetic
observations, roll, observation cycles, invar rails, level, tacheometer.
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Anomayia. Y cmammi po3ensiHymo NumaHHs OUCMAHYINHO20 MOHIMOPUHSY 3eMelb
CIIbCbKO20CN00APCLKO20  NPUSHAYEHHSA,  PO3KPUMO  WAAXU — BUKOPUCMAHHA — OUCTNAHYILIHO20
MOHIMOPUHY, BUSHAYEHO, WO 3ACMOCYB8AHHA Oe3NIIOMHUX JNIMATbHUX anapamis 00360J5€
supiwumuy  yiaui psao npoodrem, 3 AKUMU CIMUKAEMbCS CYYACHe az2papHe  8UpOOHULMEBO.
Bcmanosneno ocnoeni npoepamui 3acobu 01 8edeHHs: OUCMAHYIUHO20 MOHIimopuney (Agisoft
Metashape, ArcGis).

Kniouogi cnosa: semenvhi pecypcu, 6e3niiomui 1imanbHi anapamu, MOHIMOPUHe, NPOSPaAMHO-
mexHiuHe 3a0e3ne4enHs..

Berym.

Cucrema MOHITOPHHTY 3€Melb — 1€ KOMIUJIEKCHA B3a€MOJisl CIOCTEPEKEHb,
300py, 00poOKu, mepenayi, 30epekeHHsT Ta aHali3y iH(OpMAIli PO CTaH 3eMelb,
nependadyeHHs: Horo 3MiH, po3poOIEHHS HAYKOBO OOTPYHTOBAHUX PEKOMEHJAIIN TSt
OPUMHATTA PpIlIEHb MO0 3amno0iraHHsg HEraTMBHUM 3MiHaM CTaHy 3eMelb 3
ypaxyBaHHSM BHUMOT  €KOJOTi4HOi  Oe3meku. 3acTOCyBaHHS  MOHITOPUHTY
CLIBCBKOTOCTIOAPCHKUX 3€Mellb JI0NoMarae BUPINIYBaTH MUTaHHS 1HBEHTapHU3allli
CLITBCHKOTOCTIONAPCHKUX YTilb, CTBOPEHHS Ta CHUCTEMAaTHYHOTO OHOBIICHHS KapT,
BUMIPY SIKICHUX Ta KUIbKICHUX MOKa3HUKIB I'PYHTY, OLIIHKU Ta MPOTHO3YBaHHS 00CsTy
BPOXKAMHOCTI, KOHTPOJIb SIKOCTI 300py BpOato, BEIEHHSI MOHITOPUHTY CTaHy IOCIBIB
TOMIO.

VY 3B’s3Ky 3 THM, IO Ha3eMHi CIIOCOOM ONTHMI3alii BUPOOHUIITBA HA IPYHTAX
yK€ BHYEpIIaHi, MOCTa€ MUTAHHS MIOA0 MIJABUIIEHHS €()EKTUBHOCTI BUKOPHUCTAHHS
yXKe€  HagBHUX 1  BHCOKOC(EKTUBHMX  3aCO0IB  MOHITOPHUHTY  3€Mejb
CLIbCHKOTOCTIOAAPCHKOIO MPU3HAYEHHS 3 MOBITPS 3a JONOMOIOK 3HATTS JIaHUX 3
Oe3minoTHUX JiTanbHuX anapatiB (bITJIA).

MeTow podOTH € MOCTIIUTH NUISAXU MPAKTUYHOTO 3AIMCHEHHS MOHITOPHHTY
3eMellb CUTbCHKOTOCIIOIaPCHKOT0 MPU3HaUeHHS 3 BUKopuctanusm bBITJTA.

OCHOBHHU TEKCT.

PimienHsaM npo6sieMu moAeHHOro 00CTEeKEHHS Ta OIJISIT CTaHy KOXKHOT POCITUHU
Ha TI0JI1 MOXXE CTaTH NEePIOAVMYHUN MOHITOpHHT 3a gomomoroto BITJIA, ckiamanHs
OTIepaTUBHUX KapT CTaHy MOCIBIB PETyJIIOBaHHS JIOOPUB Ta 3pOIIEHHS Ha iX OCHOBI.
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JI1st TaKOTO MOHITOPUHTY B OCHOBHOMY BHKOPHCTOBYIOTHCS 300paK€HHS HE TUIBKU Yy
BUIUMOMY, aje 1 B 1H(PpPayepBOHOMY CIEKTpPaJIbHOMY Jlama3oHi, siIKi pOOJSATHCS 3
IHTEepBaJIOM dYacy BiJl OAHOTO JHS JO TWKHA. 3aCTOCYBAaHHS TEIUIOBI30pIB, SKi
CHpUKMaIOTh BUIPOMIHIOBAHHSA B TEIJIOBOMY Jiama3oHi, TaKOX JO3BOJIAE LIBUAKO
CKJIaJIaTh TEIUIOBI KapTU IPYHTOBOrO MOKpuBY. I[loenmHaHHS 1uMX 300pa’keHb 3a
JIOTIOMOTOI0 CHELiaIbHUX aJITOPUTMIB JI03BOJISIE PO3PAXyBaTH PI3HOMAHITHI 1HAEKCH
pociuHHOCTI (puc.1).

@) 3HIMOK Y IHQDpauep8oOHOMY CNEKMPATLHOMY 0IanasoHi, 6) Menio8ull 3HIMOK
Puc.1 — 3HiMOK BHHOTPaJHOIO MOJISI

Jis  1moOynoBu  MapumpyTy aepoOTO3HOMKH  PO3TISTHEMO  MOXIJIUBOCTI
nporpamu «Pix4DCapturey». [lns Toro, mo6 orpumaru mapiipyt BIIJIA, nocratHpo
BBECTH IUIONIY 3€MENIbHOI JUISHKKM Ta 3aJaThd 3HAYEHHS [ONEPEYHOro Ta
MOB3/IOBKHBOTO TEPEKPUTTS 3HIMKIB. [Iporpamuuii 3acid aBTOMAaTM4HO MOOYyIyeE
MapIIpyT HOJBOTY, SKUH MOYKHA KOPETyBaTH, 3MIHIOIOUH BUCOTY 3aJIbOTY.

Jlist moOyoBu opTO(POTOIIaHY BUKOPUCTOBYETHCS MTpOrpaMHuil 3aci0o «Agisoft
Metashape Professional». Ile mepemoBe mporpamue 3a0e3nedeHHs, MaKCUMaJbHO
PO3KpUBAE MOXKJIMBOCTI (OTOTpaMMETpii, a TaKoX BKJIKOYAaE B ceOe TEXHOJIOTIi
MaIlIMHHOTO HaBYaHHS I aHali3y 1 MOCT-OOpOOKH, IO JO3BOJISIE OTPUMYBATH
MaKCUMaJIbHO TOYHI pPe3yJIbTaTH.

Metashape no3Bossie 00pobaTH 300pakeHHs, OTpuMaHi 3a gornoMororo RGB-
ab0 MyJIbTUCHEKTPAJIbHUX KaMep, BKJIIOYAIOYM MYJbTIKAMEPHOIO CHUCTEMH,
NEPETBOPIOBATH 3HIMKH B IIUIHHI XMapu TOYOK, TEKCTYPOBaH1 MOJITOHAIBHI MOJIENI,
reonpuB'si3anux oprodororianu 1 mudposi Moaeni penbedy / micueBocti (LIMP /
HMM).

[licns 3aBanTaxeHHs Qororpadiii B Metashape, mporpama aBTOMaTHYHO
BHU3HAYAE MOJIOKEHHS 1 OPIEHTAIII0 KaMepH JIJIsl KOKHOTO Kaapy 1 Oyaye po3piJiKeHy
xMapy To4ok. J[ns momryKy cmiibHHX TOuok Metashape BHKOpPHCTOBYE alropuTM,
SIKUWA CIIOYATKy 3HAXOJIUTh «OCOOJIMBI» TOUKH Ha OKpeMux (pororpadisx, a moTiMm, Ha
OCHOBl YHIKQJIbHUX 1JI€HTU(]IKATOPIB, TOYKHM OTOTOXKHIOIOTHCHA. KO TOUYKa
BU3HAUY€Ha Ha JBOX 1 OUIblIE Kajapax BOHAa cTae BIANOBIAHICTIO. Ilicis 1poro
MOYUHAETHCS BUPIBHIOBAHHS KaJIpiB — POTOTPIaHTYIIAILIS.

Ha npyromy eram Metashape Oyaye miijbHy XMapy TOUOK, BUKOPUCTOBYIOUH
po3paxoBaHi nojoxxkeHHs kamep. [iapHy XMapy TOYOK MOKHA B1ICIKTH/BUKITIOYUTH 1
KJ1acu(iKyBaTH.
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[IinbHa xMapa TOYOK OyAyeTbCS Ha OCHOBI KapT IMMOuHU. CyTh alroputmy
MOJISITa€ B TOMY, IO JIJIsT KOXKHOTO ITIKCETIS JIIBOTO 3HIMKA CTEPEOIapu 3HAXOIUThCS
BIIMOBIAHUI TIKCENb Ha MpaBoMy 3HIMKY. KoxeH mikcenb JiBOrO 3HIMKA
MOPIBHIOETHCA 3 MOJAHA00POM («PSIIKOM») MIKCENIB MPaBOro 3HIMKA 3 BiJIMOBIAHOIO
OpAMHATOIO.

KpiM TOro, anamizyroTbCs 3B'SI3KM MK CYCIOHIMH MIKCEJISIMH IO BOCBMHU
HaIpsiIMKax HaBKOJIO JaHOTO Tikcelns. B pe3ynbTaTi, M1 KOKHOTO MIKCENsl JIIBOTO
3HIMKa 3HAXOJIUTHCS BIJMOBIIHE 3HAUYCHHS MO3J0BXHBOTO MapallakCy 1, IK HACIIIOK,
MIPOCTOPOBI KOOPJAMHATH TOYOK IIUILHOT MOAENl (B pe3yJbTaTi PIICHHS HPSIMUX
3aCI14O0K).

Ha ocHOBI npuB’si3aHUX 3HIMKIB BUKOHYETHCS aHaJ3 JAHUX Ta OOYMCICHHS
PI3HOMAHITHUX BETeTAI[IMHUX 1HJIEKCIB.

Bererarriiinuii iH7eKC — MOKa3HUK, 1110 PO3PAXOBYETHCS B pe3yJIbTaTl onepaliii 3
PI3HUMH CHEKTPaIbHUMU Jiana30HaMH JIaHUX JUCTAHIIHHOTO MOHITOPUHTY, 1 Ma€
BIJIHOIICHHS JI0 MapaMeTpPiB POCIMHHOCTI B JaHOMY TiiKcelni 3HiMKa. EdexTuBHICTH
BEreTalIiHUX 1HJCKCIB BHU3HAYAETHCS OCOOJMBOCTSIMH BiOOpakeHHs. Po3paxyHOK
OUTBIIOCTI BEreTaliiHUX 1HACKCIB 0a3yeTbcsi Ha JBOX HAWOUIBII CTaOlIbHUX
JISTHKAaX KPUBO1 CIIEKTPaIbHOI BIAOMBHOI 34aTHOCTI POCIIMH.

NDVI (anrn. Normalized Difference Vegetation Index) - nHopmanizoBaHuii
BIJIHOCHHMI BereTariiiHuii iHaeKc [1], 4acTo BUKOPHUCTOBYETHCS B YChbOMY CBITI JUIS
MOHITOPUHTY TIOCYXH, MPOTHO3YBAaHHS CUIbCHKOTOCIIOJAPCHKOTO BUPOOHMIITBA,
HaJIaHHsS JIOTIOMOTM B TMPOTHO3YBaHHI 30H MMOXKEX 1 HACTYyMaJbHUX KapT IyCTEJl.
NDVI  nepeBaxHilie BUKOPUCTOBYEThCA  JUJISI  TJIOOQJIBHOTO  MOHITOPUHTY
POCIIMHHOCTI, OCKIJIbKM BIiH JOIOMara€e KOMIIEHCYBaTH 3MIHM YMOB OCBITJIEHHS,
YXHIIy TOBEPXHI1, €KCIIO3HMIII1 1 IHIIMX 30BHIIIHIX (haKTOPIB.

[TokasHuku iHAEKCY (OPMYIOThCS dYepe3 Aaepo3HIMKH 3€JIeHOT Macu, sKa
MOTJIMHAE €JIEKTPOMArHiTHI XBUJIl Y BUAMMOMY YE€pPBOHOMY Jl1ara3oH1 Ta BijoOpaxkae
ix y OmmxHbOMY 1HQpauepBoHOMy. Ha yepBony 30ny crnekrtpa (0,62 — 0,75 Mkm)
pUIagae MaKCUMyM TIOTJIMHAHHS COHSYHOI pajiamii xjopodinom, a Ha OJIMKHIO
iHppauepBony 30Hy (0,75 — 1,3 MKM) MakcuMajbHE BIJOUTTS €HEPrii KIITUHHOKO
CTPYKTypor Jucta. ToOTO BuCOKa (DOTOCHHTETHYHA AKTHBHICTh BEAE JO OLIbII
HU3BKMX 3HauYeHb KOE(DIIE€HTIB BIIOUTTS B YEPBOHIM 30HI CIEKTpa 1 BEIUKUM
3Ha4YCHHSAM B OJVKHIN 1H(padepBoHiil [2]. CrniBBIAHOIICHHS IMX MOKa3HUKIB OJMH
70 OJTHOTO JO3BOJISIE YITKO BIJOKPEMJIIOBATH POCIUHHICTH BiJl 1HIIUX HPUPOTHUX
00'exTiB. [HAEKC MOMIPHO YYTJIMBHUNA A0 3MIH IPYHTOBOTO 1 arMoc(epHOro (ony,
KpIM BUMNAJKIB 3 O1IHOI0 POCIMHHICTIO, 1 MOYKE TMEPEHACHIyBaTUCS B YMOBaX T'yCTOl
POCIIMHHOCTI, KOJIM PIBeHb 1HAEKCY JTUCTKOBOI moBepxHi (LAI) crae Bucokum.

Pozpaxynok innekcy NDVI 3niiicHioeThes 3a hopmyoro [3]:

vy (VIR — Red)
YEYL T NIR 1 Red)

BinoOpakeHHs CBiTNa B pi3HUX JAlama3oHax XBUJIb MOKa3aHO Ha puc. 2.

Croctepiratoun 3a 3miHow0 3HaueHb NDVI 3 minHOM vacy, MoxHa O0auuTH, sSIK
MOJI€TIb CIBO3MIHU BIUIMHYJIa HA CTaH MOJIA:

— Oe3mias IPyHTY;
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— 3apa)XCHHS IIKiIHUKaMU;
— epo3id (1mocaaka OJHIET 1 TIET XK KyJIbTYPH POOUTH TPYHT OUTBII CXUIBHUM JI0
epo3ii).

000 i L
(0,50 + 0.08) (0.4+0.30)

Puc. 2 — Ilpukaan BigoOpaskeHHsI CBIT/Ia B Pi3HHUX Jiana3oHax XBWIb

OT1xe, B pe3yibTaTi MOHITOPUHTY CUIBCHKOT'OCTIOIAPCHKUX 3€MEJIb 3a 1HIEKCOM
NDVI kopucTyBad Ma€ MOXIHMBICTh PO3POOMTH IUIaH CIBO3MIHM IS TIOJI,
BIJICTE)KYBATH 1CTOPIIO TOJIs, 100 MPOTHO3YBATH BPOXKAMHICTh, KOHTPOJIIOBATH CTaH
TIOJIS TTICTISE CIBO3MIHM.

EVI (anrn. Enhanced Vegetation Index) — BmockoHalleHWiI BereTaliiHuit
iHgeke. Pos3pobneno sk momimmenHs NDVI nuomsixom  onmTumizarii  curHamy
POCIMHHOCTI B 00J1aCTSIX 3 BUCOKUM 1HAEKCOM JMcTKOBOI moBepxHi (LAI) [4]. Iamexc
BUKOPHCTOBYE CHHIO 00JIaCTh B1IOOPaKEHHS 17151 KOPEKIIii (POHOBUX CUTHATIB IPYHTY
1 3MeHIIeHHS atMoc(epHux BIuBIB. HailOuIbll KOPUCHUI B perioHax 3 BUCOKHM
piBaem LAI, ne NDVI moxe nepenacuuyBatucs. 3nauenus EVI nns BereramiitHux
MIKCENIB TOBUHHI 3HAaXonuTHCA B Jiana3oni Big 0 mo 1. BukopuctoByeThes uist
OIIIHKHA MIiHJIMBOCTI PO3BUTKY KYJBTYp SIK B YMOBaX T'yCTOT'O POCIHMHHOTO TOKPHBY,

TaK 1 B YMOBaX pPO3PIIKEHOI pOCITHMHHOCTI.
EVI (NIR — Red)

" (NIR+6+Red — 7.5+ Blue+ 1)

GNDVI (anrn. Green Normalized Difference Vegetation Index) — 3enmenuii
HOpMaJTi30BaHU# BiTHOCHUH Beretariiamii iHAeKc. Cxoxuit Ha NDVI 3a BuHATKOM
TOTO, IO BiH 3aMICTh YEPBOHOTO CIEKTPa BUMIPIOE 3eIeHUI B Aiana3oHi Big 0,54 mo
0,57 mxm. lle mnoka3HMK (OTOCHHTETHMYHOI AKTHUBHOCTI POCIMHHOIO MOKPHUBY,
HAWOUIBII YacTO BUKOPUCTOBYBAHMUU MPHU OIIHII BMICTY BOJOTM Ta KOHLEHTpALii
a30Ty B JIUCTKAaX POCIHH. 3aCTOCOBYETHCS TPH OIHIN OCIA0JCHOI 1 CTapiro4oi

POCIIMHHOCTI.
(NIR — Geen)

(NIR + Geen)

GNDVI =

CVI (anrn. Chlorophyll Vegetation Index) - Bererariiinuii iHaeKkc xjaopodiy.
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Mae mniABUIIEHY YYTJIMBICTh JO BMICTY XJOpOQiay B JHCTIHOMY THOKpPHBI.
BHKOpI/ICTOByGTLCH 3 MOYaTKy 1 J0 CepeNMHU IMKITY 3POCTAHHA KYIbTYp JIA
IIMPOKOTO J1ala30Hy IPYHTIB 1 YMOB MOCIBY ILISXOM aHalli3y BEJIMKOTO0 Habopy

JaHUX, OTPUMAHMUX 3 BUKOPUCTAHHAM MOJIEN BIJOOPa)KEHHS JIMCTKOBO1T TTOBEPXHI.
CVI NIR Red
= *
Green Green

[nnexc xmopodiny, OUIbII YyTAUBUN 10 BIAMIHHOCTEH B MOKMBHUX PEUOBUHAX,
HIX 300pakenHs NDVI, nae indopmarmito 1isi paHHIX NPOTHO3IB YpOKaWHOCTI
KyJbTYp 1 YIPaBIiHHS POAIOYICTIO.

300paxkeHHsT 1HIEKCY XJI0po(ily MOKEe BHUABIATH YCYBHI TMOPYLICHHS, HE
BUJIUMI JIJI1 TIOJIbOBUX PO3BIIHUKIB (HEOIHOPITHO 3acajpKeHEe TMOoJie), BUSBISITH
nedIUT TOXUBHUX PEUOBHUH, HANPHUKIAJ, BHACIIJOK JY>XKHOrO IpPYHTY abo
HECIPABHOCTI 3pOIIYBAIIBHOTO OOJagHAHHS; Yy cajaxX IHJIEKC XJOpodiay a03BOJIsIE
BIJICTIIIKOBYBAaTH MpOOJEMHI AUISHKA Ha PIBHI OKPEMHUX pOCIUH. Bu3zHaueHHs
MpoOJEeMHUX AUITHOK Ha 3HIMKaX MOE KEepyBaTH IJIbOBOIO CTPATETri€l0 BiIOOpY
po0 TKAHMH.

Bererauiiinnii ingexc True Color - cnpasxHiil kosip. BizyanbHa iHTepnpeTaltis
3eMHOT'0 MOKpUBY. MeTon mpecTaBieHHs 1 30epeKeHHsT 300pakeHHs, 110 J103BOJISE
BiI0Opa3UTU BENUKY KUIBKICTh KOJIbOPIB, IMIBTOHIB 1 BIJATIHKIB, 300pa)KeHHS
BKIIOYarOTh OmkHe 1HGpadepBoHe (NIR), 3enene Ta dYepBoHe BIAOUTTS, IO
MPU3BOJUTH JO OUIBII YITKOTO BiJIOOpa)KEHHS POCIMHHOCTI Ta TPYHTY, HIXK
KoJb0poBi 300pakenHss RGB. 3o00paxenns CIR BUKOpUCTOBYIOTH JJIsi MOHITOPUHTY
MOSIBU CXOJI1B, IIUJIBHOCTI POCIMHHOTO MOKPUBY Ta CKJIaTy IPYHTY ab0 BMICTY BOJIY B
PaHHBOMY CE30HI.

Bererariiinuii innexc BogaHoro nedinuty (anri. Water Stress Index) — noennye
B €00l MyJIbTHCHEKTpPaJbHI  300pa)X€HHS, BKJIIOYAIOYM  TEIUIOBMMA  1Iap.
BukopucTtoByeThCs Ui BU3HAYEHHS 3aralbHUX MPOOJEeM SIK y KpamenbHid, Tak 1 B
KpYTOBIil 3pOIIyBajibHIA CHUCTEMI, BKJIIOYAIOYM TE€Yl, 3aCMIYE€HHsS Ta MpoOJeMHU 3
TUCKOM; ONTHUMI3aIlisl MPOEKTYBaHHS Ta IJIAHYBaHHS 3pPOIIYBajbHOI CHCTEMHU TiJ
penbed MICHEBOCTI Ta IPYHTOBI YMOBH; IMOKpAIIEHHS PIBHOMIPHOCTI PO3MOALLY
3pollyBaJIbHUX CUCTEM. Lle TOUHMI Ta IHTYITUBHO 3pO3yMUIMM MOKa3HUK AepIIUTY
BPOKal0 B PEKUMI PEAJbHOTO 4Yacy, 110 € KIOYOBUM JJIsi BUSBIECHHS INPOoOJeM
3pOILEHHS /10 TOTO, IK BOHU BIUIMHYTh Ha BPOKalHICTb.

TepmalibHi 3HIMKM — Ha BIIMIHY BiJl @aHAJIOTTYHUX 300pa’kKe€Hb, OTPUMAHUX Ha
OCHOBI CYNyTHUKOBHMX JIaHMX, 300paXKeHHs, OTpHMaHI 3 TEIUIOBI3IMHUX KaMmep,
BUSBJISIIOTh  HaWJpIOHINII  BIAMIHHOCTI B  TeMmIlepaTypl Ha PIBHI  POCJIHH,
BUKOPHUCTOBYIOTBCSL 7Sl BHSIBJICHHS Ta KOHTPOJIO MpoOJIeM 3 MIKITHUKAMU Ta
XBOpoOaMu M€ 10 Bi3yallbHOTO MPOSBY; BU3HAYCHHS 3arajlbHUX MPOOJIEeM SIK Y
KparenabpHil, TaK 1 B KPYTOBi 3pONTyBaIbHIM CUCTEMI, BKIFOUAIOUN T4, 3aCMIYCHHS
Ta MpoOJEeMU 3 THCKOM; OI[HKHA POIIOYOCTI Ta 3aCOJCHOCTI IPYHTY; ONTHUMI3allil
IUTAHYBaHHS 3pOIIEHHS Ta MPOEKTYBaHHS 3pOIIYyBAJIbHHUX CHUCTEM Mia penbed Ta
I'PYHTOB1 YMOBH.

3HIMKH, SKI HaBeJCHI Ha pucC. 3 OTpUMaHl MPH MPOBEACHHI JUCTAHIIHHOTO
MOHITOPUHTY, TO3BOJISIOTH BiJIC/IIKOBYBATH CTaH IMOJIS.
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a) euANeHHs 00IACMI 3 2IPUUM MUNOM IPYHMY,
0) susiseHHs npobaemu 30inbuleHHsa depiyumy 60102u 00 Kpar nojs,;
8) 8UsBIeHHS HEOOHOPIOHICMb 3ACAONCEHHS NOe;
2) NOKA3aHULL CIAH 3POULYBAILHUX CUCTEM

Puc. 3 — IIpukiaau iHIeKCHOT0 300pa:keHHs CTaHY MOJIs

3aK/Il04YeHHs TA BUCHOBKH.

3aBAsSKA AUCTAHI[IHHOMY MOHITOPUHTY MOJKJIWBO BH3HAYUTH MPOOJIEMHU 3
BPO’KaeM 3a 2 — 3 THKHI J0 TOTO, SIK BOHU 3’ SIBJISITHCS BI3yaJIbHO.

Buxopuctanus pe3ynapTaTiB MOHITOPUHTY 3€MENb CLIbCHKOTOCIOAAPCHKOTO
MPU3HAYCHHS JJO3BOJISIOTh:

— ONTUMI3yBaTH BUPOOHUY1 BUTPATH, TIJIBUIIUTH SAKICTh IIJIaHYBaHHS BUPOOHUYOT
JUSITBHOCTI CLIIBCBKOTOCIIOAPCHKUX MINPUEMCTB Ta 3aro0IrTH BTPAT ypOXKaro
BHACIIJIOK HESKICHUX TEXHOJIOTIYHUX OIlepalliif, OTpUMAaTH HaJiiHI MPOTHO3U
BPOJKaIo MOTOYHOTO POKY;

— 3amo0IrTi pU3MKIB y CTPAaXyBaHHI CIJIbCHKOTOCIIOAAPCHKUX MIAMPUEMCTB;

— OJIep’KaTH KOHTPOJb 3a JIOTPUMAHHSM 3E€MEJIBHOTO0 Ta MPUPOJIOOXOPOHHOTO
3aKOHOJIAaBCTBA Ta CBO€YACHE TOTEPE/KEHHS TMOPYIIEHbh Ta 3aCTOCYBaHHS
mTpadHUX CaHKIIIH.
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Anomauia. B pobomi po3ensinymo numaHHs meopemuyHux 0CHO8 2pOuilo8oi OYIHKU 3eMeilb,
BU3HAYEHHS HOPMAMUBHO-2POULOBO] OYIHKU 3eMeNb HaceneHux nywkmis, sa Memoouxoio 1995 ma
2017 pokie ma nposedeHo ix nopieusivHull ananiz. Ha ocnosi nposedenoco oocniodcenns 6yno
BUBHAYEHO, WO HOBOBBEOEHHS BHECAU OA2amo NO3UMUBHUX 3MIH 00 NIOX00Y NPOBeOeHHs OYIHKU.
Memoouxa 2017 poky 3HAUHO nOAESULYE MA CHPOUWYE NPoyedypy i pPO3PAXYHOK HOPMAMUBHOL
2pouLo8oi OYIHKU 3eMeNlb MAa MAE HA OCHOBI PO3PAXYHOK GeIUYUHU PEHMHO20 00X00Y 3a NPUPOOHO-
CIIbCbKO20CNO0APCLKUM PAUOHOM KOJICHOI 001acmi, mobmo npu po3paxyHKax 6paxo8yemucs
PeHmMHULL 00Xi0 IO BUPOUYBAHHS 3ePHOBUX KYIbMYP 3a OCMAHHI poku 8 Ykpaini. B docniocenni
3G3HAYEHO, WO OCHOBHI 3MIHU 00 NPOBEOEHHSI OYIHKU CHOCYIOMbCSA MAKONC 3ACHOCYBAHHSL
Koeiyienma @YHKYIOHATbHO20 BUKOpUCManHs 3emenvHoi Oinanku (K@) ma roeghiyienmy
Micyepo3mauty8anHs 3eMenbHOi OLIAHKU.

Kniouogi cnoea: nopmamugna 2pouioéa OYinka, HACENEHUUl NYHKM, SUMPAmu HA OCE0EHHS
ma obnawmyeanus mepumopii; KoeghiyicHm yHKYioHanIbHO20 GUKOPUCMAHHSL.

Beryn. 3emiis Bifirpae HEOIIHEHHY POJIb y KHUTTI JroAcTBa. [ Hamoi kpaiHu
3eMJII BUCTYIIA€ OCHOBHUM HaIllOHAJIBLHUM 0aratcTBOM 1 mepedyBae mij 0COOIMBOIO
OXOpPOHOIO Jep>kKaBU. AKTyalbHa Ta JOCTOBIPHA OIIHKA 3E€MEJIbHHX PECYpCiB —
HE3MiHHa IpobsiemMa y 3eMeNbHUX BIAHOCHHAX. YKpaiHa € arpapHOI0 Aep>KaBoIo 1 Ma€e
BEJIMKHUI MOTEHIIaN B rally3i ClILCHKOTOCIOapChKOT0 BUPOOHHUIITBA.

HopmaTtuBHa TpomioBa oIiHKa 3eMelb HAa ChOTOJHIMIHIA JCHb € MATPYHTIM
e()EeKTUBHOTO BUKOPHUCTaHHS 3e€MENbHUX pecypciB. [IpaBuUibHICTE BHU3HAYCHHS
BapTOCTI 3eMJIl € TEPEJIOMHUM KOMIIOHEHTOM €(PEKTHBHOCTI MOJATKOBOI CUCTEMHU.
JlocToBipHa OIIHKA 3€MJIl CIIPUSIE NPUUHSTTIO O1IbII TOYHUX Ta MPABUIBHUX PIIICHb
opraHamMu JiepkaBHOI Biagu y cdepl 3eMIEKOpUCTyBaHHSA. ['poloBa OIliHKa
HACEJIEHUX MYHKTIB Ja€ MOKJIUBICTh PO3UIMPUTH €KOHOMIYHI YMOBHU € MOIITOBXOM
JUISL PaIllOHAIbBHOTO BUKOPUCTAHHS, 3/1MCHIOE BIUIMB HA PETYJIOBAaHHS 3€MEIbHUX
BiHOCUH. CTaH 3A1iICHEHHS JAaHOI OLIIHKH, 3T1JIHO 3 pe3yJbTaTaMU MHUHYJIUX POKIB,
MOKa3aB 0 HOPMATUBHO-TIPABOBA 0a3a MPOBEACHHS OIIHKU HE I[IJIKOM JIOCKOHAJIA.

OcHoBHUI TEKCT. Hopmarusna IrpoIIOBA OIlIHKa 3EMEIBHUX
JUISTHOK BUKOPUCTOBYETHCS JJI1 BU3HAYEHHSI PO3MIPY 3€MEJIbHOTO MOJATKy, BTpar
CUIbCHKOTOCIIOAAPCHKOIO 1 JIICOrOCHOJAPCHKOr0  BUPOOHUIITBA, EKOHOMIYHOTO
CTUMYJIFOBaHHS PalllOHAIbHOI'O BUKOPUCTAHHS T4 OXOPOHU 3€MEJb TOLIO.

AKTyalbHUM MUTaHHAM € peOopMyBaHHS METOAUKU IPOBEICHHS HOPMATHUBHOI
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IPOIIOBOI  OINIHKM 3€MeJlb, 3 METOK 1i TONINIIEHHA Ta YyJAOCKOHAJICHHS,
NPUCTOCYBAHHS 11 10 PUHKOBHUX YMOB. 3MiHa METOJWYHHUX MIAXOAIB € HE3MIHHOIO
CKJIQJIOBOI0 3aXHCTy TMIpaB 3€MJIEBJIACHHKIB Ta 3E€MJICKOPUCTYBadiB, I1HTEPECIB
JepxaBu 11 OprasiB, Cy0’€KTIB MIJNPUEMHUIBKOT AISUIBHOCTI, 3 IMUTaHb OLIHKH
3eMeIIb.

16 mucromama 2016 poxy KabGimer MinicTpiB VYkpainm mmisxom
npuitHATTA noctaHoBu Ne 831 "IIpo 3aTBepmkeHHs METOOUMKH HOPMAaTHUBHOI
IPOIIOBOi OILIIHKK 3€MeJb CUIbCHKOTOCHOJIaPChKOI0 MpHU3HAYEHHS" 3aIpOBA/IUB
HOBUN METOIUYHMI MIAXiA A0 MPOBEIECHHS HOPMATHBHOI I'POIIOBOI OLIHKU 3€MEb
CLIIBCBKOTOCIIOIAPCHKOTO TIPU3HAUYCHHS [2].

[Ipoiec HI'O Takox He 3anumuBes 0e3 pe@opMyBaHHS, OCKUIBKUA HaKa3oM
Minarponomituku Bif 25.11.2016 Ne489 3arBepmxeHo HoBuit [Topsmok HOpMaTUBHOT
IPOIIOBOI OILIHKHU 3€MeJIb HaceNIeHUX MyHKTIB. 3a3HaueHuit [lopsgok HaOyB YMHHOCTI
3 1 ciuns 2017 poky Ta BU3HAYA€ MPOIEAYPY MPOBEACHHS HOPMATUBHOI TPOIIOBOT
OIIIHKU BCIX KaTEeTopii 3eMeb 1 3eMeIbHUX NUITHOK HACEJIEHUX MYHKTIB [5].

HoBuit migxin m0 HopMmatuBHOI rpomioBoi ouiHku (mami — HI'O) 3emens
CLTBCHKOTOCTIOIAPCHKOTO MPU3HAYEHHS Movanu po3pobistu me y 2012 porri. Meta —
aKkTyaJli3yBaTd ¥ OHOBUTH OIIIHOYHI TIOKa3HWUKHM, OCKUIBKM OCTaHHIH pa3
HOPMAaTUBHO-TPOIIOBA OIlIHKA 3eMelb B YKpaiHi mpoBoawiacs y 1995 poui Ta
3HAYHOI0 MipOi0 Oa3yBajiacs Ha 1€ PAASHCHKUX MOKA3HUKAX €KOHOMIYHOI OITIHKH
3emenb 1958 poky. [TpuitHATTS BiAMOBIIHOT HOCTAHOBU CYTTEBO CIPOIILYE IPOLETYPY
IIPOBEJICHHS 111€1 rPOLIOBOI OLIHKH [2].

['onoBHuMU nokaszHukamu npu BuzHaueHH1 HI'O 3emenb HaceleHHX MyHKTIB €
3HaXO/KEHHsI 3HA4€Hb MICIIEpPO3TAlllyBaHHS 3€MEJIbHOI JUISTHKM Ta CTaH ii
1H(PACTPYKTYpHOTO pPO3BUTKY. 3rimHo 3 Metonukoro 1995 poky, HOpMaTuBHA
IPOIIOBA OIlIHKA OKPEMOi 3€MeIbHOI MJUISHKM BH3HAdajacs Ha OCHOBI KAl
TPOIIOBOi OIIIHKKA AaroBUPOOHUYUX TPyH IPYHTIB, NPU HYOMY JUISI PO3PAXYHKY
BUKOPUCTOBYBAJIUCS JIaHi Oaixy OOHITETY, TPOIIOBOI OIIHKK | Tra yrifp y NEeBHOMY
CLIIbCHKOTOCTIOIAPCHKOMY MiAMPUEMCTBI [1].

@OyHIaMEHTAIbHUM 3HAY€HHSM, IIiJi 4Yac BHM3HAYEHHS OLIHKU 3€Mellb, €
3Ha4eHHs 0a30BOi BapTocTi 1M’ 3eMenb y CepeiHbOMy II0 ceily. Po3paxyBaBiuu
JaHWI TMOKa3HUK, MOXKHA BU3HAYUTH MEPCIEKTUBU Ta MEpPEBark 1aHOTr0 HACEIECHOTO
NYHKTY, TaKOXX JaHE 3HAa4YeHHS BHUKOPUCTOBYETHCS NJIS MOAUTY 3€MeNb cela 3a
CIIO’)KMBUOIO MPHUBAOIMBICTIO B MEXaX BIJAMOBIJIHOIO HACEJIIEHOTO IYHKTY.
KoeditieHTH po3paxoBYIOThCS TICIAsS BCTAaHOBJICHHS pPe3yJbTaTiB MOGaKTOPHUX
OLIIHOK KOXXHOi TpYyIH, JI€ BPAaxXxOBYETbCS IMHUTOMA Bara pPEHTOYTBOPIOBAIBHUX
daxTopiB y ¢hopMyBaHHI 3arajilbHOr0 PEHTHOIO JOXOJY B MEKax HACEJICHOTO MYHKTY
Ta 100 €KOHOMIKO-TIJIAaHYBaJLHUX 30H.

[lin yac eKOHOMIKO-TUTAaHYBAJIBHOTO 30HYBaHHS TEPUTOPIi BU3HAYAIOTH PO3MIP
HACEJICHOTO MYHKTY Ta CTaH COLIaJbHO-€KOHOMIYHOTO pPO3BUTKY. DiHAIBHOIO
YACTUHOIO BCTAHOBJICHHSI €KOHOMIKO-TIJIAHYBaJbHUX 30H € PO3PAaXyHOK 30HAJIHHOTO
koedirienty [3].

Koeoimient, sikuii Xapakrepusye (QyHKIIOHAIbHE BUKOPHCTAHHS 3€MENBHOI
ainsaky (Kd), Bigirpae 3HayHy poJsib NMPU PO3paxyHKax, ajpke JaHUM MOKa3HUK
3a3Havya€ MPUOYTKOBICTh AISIILHOCTI, IO BiIOYBAETHCA B MEXKAX JAHOI TIISTHKH.
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Jlo 2017 poxy 3acToCyBaHHsS JaHOTO KOE(IIIEHTY 3aJIeKalio BiAg BHUIY
€KOHOMIYHOI JISUTBbHOCTI, SIKY MPOBOJAATH Ha JUISHIN. BUHUKAMU yCKIaAHEHHS Y THX
BUIAJKaX KOJU 3yCTpIYaMCA 3eMJIi 3MIMIAHOTO MPHU3HAUYCHHS, HAMPUKIAJ, 3eMII
KOMEpLIMHOrO Ta BUPOOHUYOTO BHUKOPUCTAHHS, JO SIKUX 3aCTOCOBYBAJHCS PIi3HI
KoeIlI€HTH, Ta HAIIPUKIA 3eMJI1 BUPOOHUYOIO 1 TPAHCTIOPTHOTO MPU3HAYEHHS, 1 JI0
HUX 3aCTOCOBYBaJM BIANOBLAHI (opmyiu. HOBOBBeNEHHS CHpPUSIIM BCTAaHOBIIEHHIO
TOYHOTO TIepeniKy 3HadeHb KoedimieHTiB K¢, 1Mo 3acTOCOBYIOTHCS BHUKIIOYHO 3a
KOJIOM  IIUIbOBOIO  MPHU3HAYEHHS  3eMJll 3 Tepeiiky,  3aTBepHKEHOTO
HepxreokagactpoM YKpaiHu, JaHUM Tepesik He mo iHme sk Kiacudikaiis BuiB
I[JIbOBOT'O MPU3HAYEHHS 3eMelb [1].

[IpuiinsaTta ypsaom Metonuka 2017 poky I'pyHTYETbCA Ha TOMY, IO JO yBaru
OepyThcs MaCOBI MTOKa3HUKH IIOA0 YPOKANHOCTI CUTECHKOTOCTIONAPCHKUX KYJIBTYD Y
po3pi3i obnacteil. HoBuil migxig Mae Ha OCHOBI PO3PaXyHOK BEJIMYUHU PEHTHOIO
JI0XOIy 3a MPUPOTHO-CUIHCHKOTOCIIOIAPCHKUM palioHOM KOKHOI o0iacTi. ToOTo mpu
pO3paxyHKaxX BpaxOBY€TbCS PEHTHUHN JOX1J BiJ] BUPOIIYBaHHS 3€PHOBUX KYJBTYp 3a
OCTaHHI poku B Ykpaini. MoxHa 3poOuTH BUCHOBOK, 10 i1 MeToanka nependayae
a0COJIOTHO HOBHH MIAX1J JO OI[IHIOBAHHS 3€MEIbHUX JIJITHOK Ta 3HAYHO TMOJIETIIYE
Ta CIPOIIY€E MPOIEAYPY MPOBEACHHSI HOPMATHUBHOI I'POIIOBOT OIIIHKH [2].

3rilHO0 3 HOBOIO MeToauKo, BENMKAa yBara MNPUAUISETHCS YPOXKAWHOCTI
CUIBCHKOTOCTIONAPCHKUX KYJIBTYp y po3pi3i obnacteit. HoBuil mijgxin Mae Ha OCHOBI
PO3paxyHOK BEIMYMHU PEHTHOTO JOXOAY 3a MPUPOTHO-CLIHCHKOTOCTIONAPCHKIM
palioHOM KO>kHO1 00sacTi. ToOTO npu po3paxyHKax BpaxOBYEThCS PEHTHUHN A0X1A Bl
BUPOIIYBaHHSI 3¢pHOBUX KYJbTYp 3a OCTaHHI pOKU B YKpaiHi.

3MiHU CHIPUSIOTh OHOBJIEHHIO Jlep>KaBHOrO 3eMeNbHOI0 KaJacTpy 1HPOpMalli€ro
IOJI0 3€MEJIbHUX JIISHOK, a TAKOXK CIOHYKAIOTh 3€MJIEBIIACHUKIB /10 CBIJIOMOIO Ta
3aKOHHOTO BHUKOpPUCTAaHHS 3emeib. Y pasi BiacytHocTi y JI3K iHdopmariii momo
3eMeNbHOI TUISTHKY a00 KOy I[IbOBOTO MPU3HAYEHHS, PO3PAXYHOK IPOIIOBOT OLIIHKH
JUISL  JAHOI 3€MENIbHOI  JUISHKK TMPOBOAMTHCS 31 3HAYCHHSIM  KoedirieHTta
GyHKIIOHANBHOTO BUKOpUCTAaHHS — 3,0. 1 BJIACHUK 3€MENbHOI JUISIHKH 3MYIICHUN
Oyae crulayyBaTh OUIBIIMM 3€MENbHMNA MOJATOK, IO Yy CBOIO Yepry uHomy
MaTepiaabHO HE BUTI1THO.

Bin 16 mwucromama 2016 poky 'y Meromumi  HI'O  3emens
CLTLCHKOTOCTIOIAPCHKOTO MPU3HAYCHHS HasBHI JIB1 (QOPMYJIH KI YITKO BH3HAYaIOTh
po3paxyHOK. [[ist Toro mo0 BH3HAYWTH HOPMATHUBHY T'POIIOBY OIIIHKY 3€MENIbHOI
JOUISTHKA HEOOX1THO BHM3HAYUTH HOPMATUBHO-TPOILIOBY OLIHKY arpOBUPOOHHUYOL
Ipyly  IPYHTIB  BIJANOBIJHOTO  CUIBCHKOTOCIOAAPCHKOTO  YTIJAS  MPUPOJIHO-
CUIBCHKOTOCTIOAAPCHKOT0 paiioHy. ToOTO mnpu po3paxyHKY OLIHKM KOHKPETHOI
3eMeJIbHOT JUISTHKY, HEOOX1THUM MOKa3HUK OOHITYBaHHS IPYHTIB [5].

BoHITET IPYHTY — MOKa3HUK SIKOCTI IPYHTY 1 MOTO MPOIYKTUBHOCTI, SAKUH €
IHTErPAJIbHOI0 BETMYMHOIO PI3HUX BIIACTUBOCTEN Ta O3HAK, BUMIPIOBAHUX PI3HUMHU
MipaMH (MT, MI-€KB, T, MM, % TOIIIO), TOJI SIK caM € 6e3po3MipHHM. ban OoHITETY €
Jy’K€ BXKIIMBUM MOKA3HUKOM, aJKE€ YPOKAUHICTh KYJIbTYpP 3aJ€KHUTh HE TUIBKH BIJ
CTYNEHsI POAIOYOCTI TIPYHTY, a W BiJl NPUPOAHUX YMOB, TaKUX SK KJIIMATH4YHI,
€KOJIOT14YH1, TEXHOJIOT1YHI YMOBU BUPOIILYBAHHS KYJIbTYD.

B.B. Banakipcekuii y cBoili po6oti «IpyHTOBO-KapTorpadiune 3abe3neucHHs
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3eMJIEBIIOPAIHUX Ta 3EMJICOLIIHOYHMX POOIT» 3ayBakuB, MO «ChOToAHI BUHMKAE
BeJIMKa HEOOX1IHICTh MPOBEJCHHS IPYHTOBUX OOCTEXKEHb, TaK sIK 1H(OpMALis 1010
3eMenb MOoTpiOHa MpU BUKOPHUCTAHHI yCiX KaTeropiil 3emenp. JleranbHa orfiHKa Oyna
npoBeseHa me y 1957-1961 pokax, a 6oHiTYBaHHS IpYHTIB - y 1993 porii, 06’ ektamu
SKOTO BUCTYNAJIA OJWHULII IPYHTOBOTO MOKPHUBY, 110 BUAUISUIMCS HA KapTaxX IPYHTIB 1
00’eIHyBaIMCs y arpOBUPOOHUY1 TPYIU IPYHTIB [4].

Ha panuii MOMEHT Hemae JOCTOBIPHMX MJAaHUX IIOAO CTaHy IPYHTOBOTO
MOKPUBY 1 PIBHS HOro POJIOYOCTI K OCHOBHOTO 1HCTPYMEHTY JUJIsi 00 €KTHBHOI
OLIIHKU SKOCT1 Ta BapTOCTI 3€MEJIbHUX AUISHOK. TOMy IJii OTPUMAHHS JOCTOBIPHUX
JaHUX IIOAO0 TPOIIOBOi OIIHKK 3€Mellb CLIbCHKOTOCIIOAAPCHKOTO TMPU3HAYEHHS,
HEOOXIJTHO Ha JepP>KaBHOMY PIBHI BU3HAYMTH 3HAUYHUMICTH IMPOBEICHHS OOHITYBAHHS
I'PYHTIB Ta [PYHTOBHX OOCTEKEHb 3arajioMm.

BucnoBku. HoBa Meroauka 3HA4HO MOJETIIyE Ta CIPOIIYyE MNPOLEAypy 1
PO3paxyHOK HOPMATHBHOI T'POIIOBOI OIIHKK 3€Mellb, aje CIiJ BIAMITUTA Te IO,
CHIPHUM NMHUTAHHIM BUCTYIIA€ BUKOPUCTAHHS JIAHUX 111070 OOHITYBaHHS IPYHTIB, TaK
SK BOHHM € 3acCTapuIM 1 MOXKHa 3 BIICBHCHICTIO CKa3aTH HE BIAMOBIIAIOTH JIMCHUM
MOKa3HUKAM CTaHy IPYHTY.

OcHOBHI TiepeBar B TMPOBEJACHHI HOPMATHMBHOI TPOIIOBOi OIIIHKA 3a
MeToauKkor 2017 poky:

1) mponucana d4itka (Qopmyaa po3paxyHKy HE3aJNeKHO BiJ HAasgBHOCTI
PO3p00JIEHOT HOPMATUBHOI OLIIHKY Ha KOHKPETHY JAUISHKY;

2) BkirodeHHa y ¢Gopmyiy pospaxyHky HI'O OGamy OGonitety rpyHTIB. Takum
YMHOM, 3€MJI 3 BULIUM OajoM OOHITETy OTpUMAaE BUILY HOPMATHBHO-
I'POIIOBY OIIIHKY.

3) yMOBHUH pO3MOALNT TepUTopii YKpaiHU Ha MPHUPOIHO-CIILCHKOTOCIIOAAPCHKI
palioHH, B KO)KHOMY 3 SIKMX B)K€ BCTAHOBJIEHI HOPMAaTHBM KaIliTali30BaHOIO
PEHTHOTO JOXOY.

4) BUKOPUCTAHHS JaHUX PEHTHOTO 10X0oay Ha 1 rextap pimm 3a 2010-2014 pik.

Busnaueno, 1o 3 HenomikiB JaHOi MeTOIUKH € Te, 10 Y 0ararb0X HaceIeHHUX
MyHKTax OLIbIN JOIJIBHO OHOBJIIOBATH TPOIIOBY OIHKY HE depe3 (5-7 pokiB), a 'y
pa3i HEOOXIAHOCTI, SIKy BCTAaHOBIIOBaTHMME OpraH MICLEBOTO CaMOBpSlyBaHHS,
BpPaxoOBYIOUH BIAMOBIJHICTh BUKOHAHOI TPOIIOBOI OIIHKUA PEAJIbHUM €KOHOMIYHHM 1
COLIIAJIbHUM YMOBaM.

Takox Ha 1aHUH MOMEHT HEMA€ JTOCTOBIPHUX JIaHUX OO CTaHy I'PYHTOBOTO
MOKPUBY 1 PIBHS HOT'0 POAIOYOCTI SIK HAWBAKJIIMBIIIOTO THCTPYMEHTY JJIsl 00’ €KTUBHOT
OLIIHKU SIKOCT1 Ta BapTOCTI 3€MEJIbHUX AUIAHOK. TOMY Jii OTPUMAHHS JOCTOBIPHUX
JaHUX IIOAO0 TPOIIOBOi OIHKH 3€Mellb CLIbCHKOTOCIIOAAPCHKOTO TMpPU3HAYEHHS,
HEOOXIJTHO Ha JE€P>KaBHOMY PIBHI BU3HAYUTH 3HAUYMMICTH IIPOBEICHHS OOHITYBAHHS
IPYHTIB Ta IPyHTOBUX OOCTEKEHb 3arajioM.

Bpaxygagsim yci nepeBaru Ta Henosiku Meroguku 2017 poky, Oyi0 oTpuMaHo
rOJIOBHUN BUCHOBOK JIOCIII’KE€HHS, CYTHICTh SIKOTO MOJISATAa€ B HACTYITHOMY: Cy4acHa
Mertomuka (2017 p.) mepenbavae aOCONIOTHO HOBUM IMIAXIA J0 OIIHIOBAHHS
3eMeJbHUX JUISHOK Ta 3HAYHO MOJIETUIy€E Ta CIHPOLIy€e MpOIeaypy HNpPOBEACHHS
HOPMATHUBHOI TPOIIIOBOT OIIIHKH.
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Abstract. The paper considers the issues of theoretical bases of monetary valuation of lands,
determination of normative-monetary valuation of lands of settlements, according to the
Methodology of 1995 and 2017 and their comparative analysis. Based on the study, it was
determined that the innovations have made many positive changes to the approach to evaluation.
The 2017 methodology significantly simplifies and simplifies the procedure and calculation of
regulatory monetary valuation of land and is based on the calculation of the amount of rental
income for the natural agricultural area of each region, the calculations take into account rental
income from growing crops in recent years in Ukraine. The study noted that the main changes to
the assessment also relate to the application of the coefficient of functional use of land (Kf) and the
coefficient of location of the land.

Key words: normative monetary valuation; settlement; costs for development and
arrangement of the territory, functional utilization factor.
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Anomauia. Cyuacni BIM-mexnonocii 0ozeonsioms  eupiulyeamu HA2aibHi  3A60AHHS
ypoaHicmuku 8i0 c8imosux OpeHdie 00 npoyecy apximexkmypHo-0yoieeibHO20 | aepOOUHAMIUHO20
MOO€N08AHH S, AHANIZY 83AEMOOTT OUUCHUX CNOPYO | HABKOTUUWHBO2O CEPEOOBULYA.

B pobomi npedcmasneni cxema ouucHoi cnopyou ma ii KOHYenmyaibHO-apXimeKmypHa
Mooenv, KA NnobyoosaHa HA NPUHYUNAX —apXIMeKmypHO-MICmo0y0ieH020 NPOEeKMYBAHHA 3
suxopucmanuam BIM-mexuonoeiii. Ilposedena nepesipka wnecyuoi 30amuocmi 6y0igenbHOI
KOoHcmpyKyii. «Aepo-eexcay 3a 0onomoeor npozpamnoco komniexkcy JIIPA-CAIIP i euznano, wo
cnopyoa 8i0nos8ioae CyuacHuUM MINCHAPOOHUM BUMO2AM OO0 PO3PAXYHKIE HA 0110 HABAHMAIICEHb 8I0
61ACHOI 8azu, cHicy i eimpy. Auaniz pe3yibmamis YUceIbHO20 MOOEN08AHHS GIMPOBOSO NOMOKY
HABKOJI0 OYUCHOI cnopyou «Aepo-eedca» 00360A€ 8UHAUUMU Oe3neuni 05 HCUMEINI8 30HU.

Knrouosi cnosa: ammocpepne nosimps, ouuchi cnopyou, ypoauicmura, BIM-mexnonoeii.

Berym.

[Ipouecu aktuBHOI ypOaHi3auii IpU3BOIATH 10 TOTO, IO TEPUTOPIi BEIMKHX
MICT MEPETBOPIOIOTHCS B YMOBHI LIEHTPH aHTPOINOIC€HHOTO MOPYIICHHS MPUpOIu. Y
TO e yac 0COOJIMBO BaXKJIMBUM 3aBJaHHIM OXOPOHHU HAaBKOJUIIHBOI'O CEPEIOBHILA
€ mpoOseMa 3a0e3MeUeHHs] YUCTOTH aTMOChepH.

30HU 3a0pyJIHEHHS aTMOC(EPHOTO MOBITPS TAKUMH PEYOBHHAMHM, SK OKCH]
BYIJICLIIO 1 JAIOKCUJ a30Ty, 0 (POPMYIOTHCA BUKHUJIAMU aBTOTPAHCIOPTHUX MOTOKIB,
MOXKYTh XapaKTepU3yBaTHUCS BUCOKMMHU KOHIICHTPAIlISIMHU, SIKI 9aCcTO MEPEBUIIYIOThH
3HaYeHHS TPAHUYHO JOMYyCTUMHX KOHIICHTpAIlid, 1 OXOIUTIOBATH JOCHTH BEIHKi

ypOaHizoBani Teputopii. Haiibinpmii 3HAYeHHS MaKCHUMAalbHUX TMPU3EMHUX
KOHIICHTpAIlid 3a0pyIHIOIOUUX PEYOBHH B aTMoc(hepHOMY MOBITPI (HOPMYIOTHCS
n06n1/13y aBTOMOOUIBHUX JOPIT 1 X MEPEeTHHIB, 32 SIKUMHU 3 PI3HOIO 1HTEHCHUBHICTIO,
HIUIBHICTIO 1 MIBUJKICTIO PYXalOThCsl aBTOTPAHCIOPTHI MOTOKH. TOMy OCOOIMBOI
aKTyaJbHOCTI Ha Cy4aCHOMY €Talll PO3BUTKY MICHKMX TEpUTOpii HaOyBae po3poOka
JI€BUX aHATITUYHUX 1HCTPYMEHTIB 1 METOJMK BIJICTEKEHHS CTaHY MICHKOi CHCTEMH
YUCTOTO MOBITPS.

AHaJI3 CyYaCHHUX JOCATHEHb Ta MyO0JIiKamiii.

Ockuibku mpobsiemMa 3 OYUIICHHSM MHOBITpsl MICT HaOyBae Bce OUIBILOI yBaru
BYEHUX 1 TPOMAACHKOCTI MOYaIM 3'SBISTUCA HOBI MPOMO3MULIi, pIMIEHHS Ta
texHosorii. I mpuknmagom € nepm 3a Bce: "Bewxa Yucrtoro Ilositpsa" (Smog Free
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Tower) [1], sika mpu3HaueHa Jyjisi TOro, 00 JO3BOJMTH JIIOASIM JUXATH YHCTUM
MOBITPAM B MiCTi. fIBiisie o000 ciopyay po3mipoM 8x3,5 M, sika MPUTITye OpyaHe
MOBITPA ¥ OUHMIIA€ HOTOo, MepIl HiXK "BUKMHYTH" Ha3aJ] Yy HABKOJMILIHE CEPEIOBHUIIIE.
"Bexxa Yuctoro IloBiTps" € TiraHTCbKUM TMOBITPSIHUM 10HI3aTOpoM. Y Bexi
BUKOPHUCTOBYETHCSI HEBEJIMKUIA CTPYM IS BIAMIPABKU MO3UTUBHO 3apsKEHUX 10HIB Y
HABKOJIMILIHE TOBITPs. [OHM MpueaHyIOThCA A0 ApIOHMX YACTHMHOK MUY, K1 MOTIM
3aCMOKTYIOTHCSl Ha3aJ y BEXY 3a JIOMOMOTOI0 BHYTPINIHBO HETaTUBHO 3apsKEHOT
MOBEPXHI, ¥ 3anuIalThes TaM. Py3ereapn kaxe, mo Bexka moxke ounctutua 30000
Ky0. M TOBITpS Ha TOAWHY W CIIOXKWBA€E JJIsl I[OTO TMOPIBHSHO HU3BKY KIJIBKICTh
eneprii. Bexxa cnoxuBae 1700 W nmns pobotu, siki 6epe 3a JOMOMOIOI €HEprii,
oTpuMmanoi Bia BiTpy. IIpomec ioHi3alii MOBUHEH TE€HEPYBaTH JIOKaTI30BaHUM
HNOBITPSIHUN MIXYp, SIKUW Oyne Ha 75% yucTilie, HDK y 1HIIMX YacTHMHAX MICTA, Y
MICIISIX JI€ TaKUX BEK HeMae BoHa Moke ouncTtut 30000 Ky0. M MOBITPS HA TOJUHY .

Po3pobniena ycraHoBKa 3 OYMINEHHS MOBITPS BiJ[ BYTJIEKUCIOTO ra3y aBTOPOM
[2], axoi e mBeiinapcbka kommnadis Climeworks. Ii ¢ineTpu 3a pik BcTHrIHM
nornuuayTH O0nm3bko 900 ToH Byriekucioro razy. I'pyma IlIBeiiniapchkux BYEHUX
BCTAHOBUJIM Ha JIaXy LIEHTPY MEpepoOKH KOMIUIEKC 3 18 BEHTHIISITOPIB pO3MIpOM 13
npanpHy MammHy. [IpuHIMn pobGoTH HPHUCTPOIO MyKE MPOCTUH: BEHTUWIATOPU
3aXOIUTIOIOTh TOBITPS, a XIMI4HI (IIBTPH MOTJIMHAIOTH BYTJIEKUCIHUNA ra3. PiuisTpu
MOBHICTIO HACUYYIOThCSI BYTJIEKUCIMM ra30M BCbOIO 3a KiJIbKa TOAMH, MICJS YOro iX
HarpiBatoth 10 100 rpagyciB Llenbcis, 1o0 BUKOPUCTOBYBATH 310paHy €HEPIril0 B
TEIUTUIAX, PO3TAllOBaHUX MpH 3aBoAl 3 mnepepoOku. Takum uumHoMm, IlIBeinapii
BJAJOCA HE TMPOCTO OYHMCTHTH TOBITPS BiJ BYIJIEKUMCIOrO razy, ale W
BUKOPUCTOBYBATH HOT0O €HEPTIIO.

Mera pobOTH - BHpIIEHHS NOpoOJeM €KOypOaHICTHKM ILIISAXOM MMOOYI0BU
CHOpYJ OUHMIIEHHS TMOBITPS Ta YpaxyBaHHSIM €KOJOTIYHUX apXITEKTYpHO-
MICTOOYJIIBHMX TPHUHIMIIB TPOEKTYBaHHS 3a JIONOMOrow cydacHux BIM-
TEXHOJIOT1H.

OCHOBHI pe3yJbTaTH J0CTiIKeHb.

JIist OouMIlleHHs TOBITPS y MICTaXx Ta BEJIMKUX HACEJICHUX IMYHKTaxX BIJ
3a0pyTHEHb y BUTJISII OKCHJIB a30Ty Ta MOJIIOTaHIB aBTOpHU [3] MpOmOHy€eThCs 3aci0
OUMIIEHHS TOBITPSI 3 BUKOPUCTAHHIM CydacHUX TexHoJorid. Crnocid npu3HaueHun
JUTSI OUMIIEHHS MOBITPA B 3a0py/IHEHb y MICTaX Ta BEJIUMKHUX HACEJICHUX MYyHKTaXx.
Bin monsrae B TomMy, mo 3a0pyJHEHE MOBITPS 3aCMOKTYIOTH 3 TOBEPXHI MOOIHU3Y
JOPOKHBOTO TIOJIOTHA, OYUIIYIOTh B1Jl OKCHIIB @30Ty Ta BYTJICBOJHIB 1 IOBEPTAIOTH Y
HABKOJIMILIHE cepefoBuie. 3a0pyqHEHEe TMOBITPS 3aCMOKTYIOTh Y CIIEHIabHUMA
cKkpyOep oOsagHaHuii (QUIBTPYIOUMMH 1 BEHTWISAILIWHUMH MPUCTPOSIMHU, Uepes
30BHIIIHI JIOKU. OuuIleHe MOBITPs BIABOJATH Yepe3 BIIKPUTI BUXOIH BEPTUKAIBHO
BrOpY.

OCHOBOIO 3aNpPONOHOBAHOI OYMCHOI CIOPYIUM € MOKpPHU MHUJIOBIOBIIIOBAY
(ckpyOep), SKHl XapaKTEepPU3YEThCSI BHCOKOK e(DEKTUBHICTIO OYHIIEHHS Bij
JIPIOHOAMCTIIEPCHOTO MUJIY PO3MIPOM JI0 2 MKM 1 IpaIfto€ 3a MPUHITUIIOM OCaKEHHS
YAaCTUHOK MWy Ha TOBEPXHIO Kpameib IiJ Ji€l0 CUi 1Hepiii abo OpOyHIBCHKOTO
pyxy. BiH siBiisie 00010 BepTUKAIbHY LIWJIIHAPUYHY KOJIOHY, B HUKHINA YAaCTUHI SIKUX
BBOJAMTHCS 3alMIICHUH Ta3, a 3BepXy uepe3 POPCYHKH MOJAIOTh PO3MOPOIICHY PiTUHY
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Puc. 1. Cxema 04MCHOI ciopyAu
«Aepo-Bexay

Ounimennii Ta3 BIIBOIUTHCA 3
BEPXHHOI YAaCTUHM arapary, a BoAa 3
BJIOBJICHUM TMHJIOM Yy BHIJISII IIJIaMy
30upaerbcs BHU3Y CKpyOepy. CTymiHb
OYMIICHHS BIJ MWIYy 3 pO3MIpOM
YaCTUHOK O1JIbIIIE 5 MKM MOE CKJIaIaTu
oinbie 90%.

Le#i crioci6 3a0e3nedye OTpUMaHHS
MEBHOTO €(EeKTy 3 OYHUIIEHHS MOBITPS
Ha MICBKHUX MaricTpaisix, 3a0pyJHEeHUX
BUXJIOITHUMHM Ta3aMH  TPAHCIIOPTHUX
3aC00IB 1 HE BHMAara€ BEJIMKHX
MaTtepialbHUX BUTPAT Y HOTO peai3aiiii.
Hanpuximan, s m. KueBa akTtyalbHUM
MicCIIeM poO3TalryBaHHs OYHCHOI1
cnopynu «Aepo-Bexa» Moxe OyTu
nepexpectsi BoaoauMupceekoi ByuIl Ta
oyneBapy Tapaca [lleBuenka [4].

[Ipy mnpoexkTyBaHHI 1HXKEHEPHUX
CIIOpY/I HEO0OX1THO BpaxoByBaTU

HABKOJIMIIIHE apXiTEKTypHE CEPEOBHINEG, a TUM Tade, 1€ CTOCYEThCS ICTOPUYHUX
Mictpb [5]. Tloennanas MoxiMBocTel cyuacHux Bepciit mporpam CAIIDIP-3D [6] Ta
JIIPA-CAIIP [7] nmo3Bosisie MPOBECTH 1JICH0 apXITEKTOpa uepe3: 1) CTBOpEHHS Y
CAII®IP-3D anexkBaTHOI aHATITUYHOI MOJIEINI CIOPYAH, 2) BUKOHAHHS JETAIHHOTO
aHaI3y HampyXeHo nae(OpMOBAHOTO CTaHy Ta TEPEBIPKHM HECYdol 37aTHOCTI

OyIiBeIbHUX KOHCTPYKUIA Yy

IIPOTPAMHOMY

kommuiekci  JIIPA-CAIIP; 3)

BUTOTOBJICHHSI TPOEKTHOT JOKYMEHTallli 3 JOTPUMYBAHHSIM BHUMOT HOPMATHBHUX
nokymeHTiB y nporpami CAII®IP-3D (puc. 2 - 5).

Puc. 2. ETanu cTBOpeHHsI CKiHY€HO-eJIeMEeHTHOI Mo/IeJIi 0YMCHOI CIIOPYAHU

«Aepo-Bexka»: a) bazosuil ppacmenm anarimuyHoi mooeni, 6) AHALIMUYHA MOOEb
(npoepama CAIIDIP-3D); 8) po3paxynkosa mooenwv (IIK JIIPA-CAIIP).
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Puc. 3. Ilapamerpu xkopcrrocti marepiany aiast koncrpykuii (IIK JITPA-CAIIP).

Puc. 4. ®opMu BTpaTH CTIMKOCTI B 32J1€2KHOCTI Bill HABAHTAKEHHS:
a) enacHa eaza, koegiyicnm 3anacy cmivxocmi — 85,1428, 6) enacna 6aca ma
CHI208e HasanmasicenHs, Koeiyienm zanacy cmitikocmi — 19,7982, 8) enacna sazca
ma 8impose HasaHmadxgceHHus, koegiyiecum zanacy cmiixkocmi — 36,1024.

Puc. 5. I3onoJist mepemimenn mo oci X:
a) nasanmasicenns — enacua eazca (—0,018+0,018) mm; 6) nasanmadsicenus — simep
sniea (—0,0119+0,0415) mm; 8) nasanmasicenns — cuicoge (—0,0594+0,0594) mm.

3riiHO OTpPUMAHMX JaHUX MOXXHA BH3HAYMTH, IO CIOPYJa BIAMNOBIIAE
Cy4acHUM MIKHAPOJIHUM BHUMOTaM JI0 PO3paxyHKIB Ha JIit0 HABAaHTAXKECHb B1Jl BJIACHO1
Baru, CHiry Ta BiTpy.

ByaiBHUIITBO ~ BHUCOTHHUX  CIOpYHA, SK  MPaBWIO,  CYNPOBOIKYETHCS
nedopMyBaHHSIM MOBITPSHUX MOTOKIB, AKI 3aTHI BUKJIIMKATA HEMPUEMHI BITIYTTS Ta
BIUIMBY Ha JIIOJIMHY. TOMY ChOTO/IHI B CBITI MPUIUILETHCSA NIEBHA yBara 70 MpoLecy
MOJIETIIOBaHHS Ta aHaJi3y MPOXOJHKEHHS MOBITPSHUX MOTOKIB K HABKOJO OKPEMHUX
OyZiBenb TaK 1 B MeXax LIJIUX MIKpOpaloHiB y MicTax [8].
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Puc. 6. CTBOpeHHSI BITPOBOI0 HABAHTAKEHHS HA OYUCHY CIIOPYAY «Aepo-Bekayr.

AHani3 pe3yibTaTiB YUCEIbHOTO MOJIEIIOBAHHS BITPOBOIO MOTOKY HAaBKOJO
OYMCHOI criopyau «Aepo-Bexa» (puc. 6) 1a€e 3MOTy OKpECIUTH 30HU AUCKOMPOPTY 3
METOI0 PO3pOOKH peKoMeH/Iallli Mo 0e3neYHOMY 3HAaXO/KCHHIO MEIIIKAHIIB MiCTa.

BucnoBku.

Cyuacni BIM-texHonorii /103BOJISIIOTH  BHPINIYBAaTH HarajibHl 3aBJaHHS
ypOaHICTUKHU MO CTBOPEHHIO KOM(POPTHUX YMOB MPOXKXUBAHHS 3aBASIKH MOXKIHUBOCTI
CTBOpPEHHS a/IeKBaTHUX MaTeMaTHUYHUX MOJEJEH sIK CHOpYJ TaK 1 HaBKOJUIIHHOTO
CepeIOoBHIIA Ta X B3a€EMO/III.

IIpencraBieHo cxema OYHMCHOI CIIOPYAM Ta CTBOPEHA 1i KOHLENTYaJbHO-
apXITeKTypHa MOJEJNb SIKa 3aCHOBaHA HA MPUHIIMIAX APXITEKTYPHO-MICTOOY/IIBHOTO
MpOEKTyBaHHS 3 BukopucTaHHsM BIM-texuomnoriii. [IpoBenena nepeBipka Hecy4doi
3IaTHOCTI OY/IIBEJIbHOT KOHCTPYKIIIi «Aepo-Bexka» y nporpaMHomy komiuiekci JITPA-
CAIIP Ta BU3HaHe, IO CIOPYy/Aa BIAMOBIIAE€ Cy4aCHUM MDKHApOJHUM BHMOTaM J0
pO3paxyHKIB Ha [1I0 HAaBAHTAXKEHb BIJ BJIACHOI Baru, CHIry Ta BITpY. AHaJI3
pe3yibTaTIiB  YHMCEIBHOTO MOJENIOBAHHS BITPOBOIO IMOTOKY HAaBKOJIO OYHCHOI
cnopyau «Aepo-Bexka» T03BOJSE OKPECIUTH 30HHM MO OE3MEeYHOMY 3HAXOJKEHHIO
MEIILIKaHIIIB MiCTa.
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Modern BIM-technologies allow solving the urgent problems of urban studies from world
brands to the process of architectural, construction and aerodynamic modeling, analysis of the
interaction of treatment facilities and the environment.

The paper presents a scheme of a treatment plant and creates its conceptual and architectural
model based on the principles of architectural and urban planning using BIM-technology. The
bearing capacity of the "Aero-Tower" building structure was checked in the LIRA-SAPR software
package and it was recognized that the structure meets modern international requirements for
weight, snow and wind load. The analysis of the results of numerical modeling of the wind flow
around the Aero-Tower treatment plant makes it possible to determine the zones that are safe for
residents.

Keywords: atmospheric air, treatment construction, urban, BIM-technology.
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Abstract. This article contains and comparison of the performance analysis of sustanianle
development implementation through the Human Development Index measured from 1990 to 2020
in countries: Estonia, Latvia, Lithuania, Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan,
Uzbekistan, Belarus, Moldova, Ukraine, the Russian Federation, Armenia, Azerbaijan and Georgia.
The reasons for the changes in the Human Development Index of the vast majority of countries of
the former Soviet Union have been identified.

Kniouogi cnoea: mixcnapoone pe2ynio8anHs, cmaiuil po3euUmox, 30a1anco8anuil po3gumox,
JIHOOCLKULL PO36UMOK, NOCMPAOSAHCHKI KpAiHU

Beryn. Ilicns posmagy CPCP y 1991 pomi, koxkHa pecmyOiika oTpumana
BJIACHY JIEP>KaBHICTb 1 He3aNexXHICTh. Alie 3a 10 pokiB colliagbHO-€KOHOMIUHA KpH3a
HEraTWBHO BIUIMHYyJa Ha mnokasHuku UJIP. VYei mocTtpagsHchki KpaiHu Maiu
npuOJIM3HO OJHAKOBUU piBeHb XUTTs, ane [JIP B VYkpaini He 3HaA4HOIO MIpOIO
MEPEBUIIYBaB CEPEIHE 3HAYEHHS TMOPIBHSHO 3 IEHTPAIbHOA31aTCbKUMU Ta
€BpONEHChKMMU KpaiHamu. [IpoTe, BoHa OoOJiCHO Tepexuiia Mepiie ASCATHIITTS
nicist po3Baixy CPCP 3 ycix KOTumHixX pecnyOlik.

OcHOBHMII TeKCT. 3a Cy4yaCHHUX YMOB, MOpSAJ 3 €KOHOMIYHMM 3pPOCTAHHSM,
JOJICBKUI PO3BUTOK € OJHUM 3 HAMBaXJIMBIIIMX 1HIMKATOPIB PO3BUTKY JI€pIKaBH,
tomy IJIP 3anumiaerbcst akTyalbHUM, BUBYAETHCS Ta aHANI3Y€ETbCA HAYKOBIISIMHU,
€KOHOMIYHMMH, €KOJOTIYHMMH, COIIAJIBPHUMH IIKOJaMH 1 HampsMamMud 110
CHOTOAHIMIHIN AeHb. JlomoBigs mpo I[HAEKC IIOICHKOTO PO3BUTKY IMTyOJIKY€ETHCS
mopiyHO B pamkax mnporpamu po3Butky OOH, skuit OyB po3poOJsieHHi TPYMOr0
exoHoMicTiB Yy 1990 pomi Ha dom 3 makucraniemM MaxOyO-yns-Xak (Mahbub ul-
Haq).

Cranom Ha 1990 pik yci 3a3HaueH1 y TaOIUII KOJMIIHI pecityOiKy nepedyBanu
y Kateropiix kpain 3 BucokuM Tta cepenHim IJIP, a Typkmenicran, Y30ekucraH,
binopyce, AzepOaitmxkan ta I'py3is He Oynum mpoanamizoBani. /o 2000 poky yci
KpaiHW BIIEBHEHO 3aKPIMWIA CBOE 3HAUCHHS Ta 30UIBIIMINA 1HAEKCH TOMPHU T€, 110 110
sHM3wIM no3umii. Ile mo'si3ano 3 TuM, 1o y Jomomimi 3a 1990 pik Oyno
npoanHaiizoBaHo 144 kpainu, a'y 2000 porii — 174.
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Cranom Ha 2000 pik, EcToHlis cTana €eauHOIO KpaiHOIO Ha MOCTPaASHCHKOMY
MPOCTOPI, SIKa mepeTHyIa MexXYy 1HaeKcy 0,8 1 BIMHOCUTHLCS 10 KPaiH 3 Ay’KE BUCOKUM
1HACKCOM JIIOJICBKOTO PO3BUTKY. Takox, y upomy poui Kazaxcran, Kupruscrawn,
MonaoBa ta BipmeHis nepeTHyn MexXy KpaiH 3 BUCOKHM piBHeM LJIP.

Ouinka nporpecy IJIP. Xponousorisa nuaaMmiku IHaeKcy JIIOACbKOT0 pO3BUTKY
NMOCTPAASIHCbKMX KpaiH 3rigHo nonosigei Ilporpamu po3surky OOH 3 1990
POKY Ta 3aKiH4yI04d OHOBJIEHOK CcTATHCTUKOIO 3a 2020 pik. (Tab6ua.1.)*

1990 2000 2010 2019
Ectonis 33(0,735) | 46 (0,801) 34 (0,812) 29 (0,892)
JlatBis 46 (0,711) | 52 (0,789) 48 (0,769) 37 (0,866)
JIutBa 31(0,738) | 63 (0,771) 44 (0,783) 34 (0,882)
Kazaxcran 54 (0,690) | 73 (0,754) 66 (0,714) 51 (0,825)
Kupruzcran 70 (0,640) | 98 (0,706) | 109 (0,598) | 120 (0,697)
TamxukucTan 76 (0,617) | 110(0,663) | 112 (0,580) | 125 (0,668)
TypkMeHicTan — 100 (0,704) | 87(0,669) | 111(0,715)
VY36ekucran — 106 (0,686) | 102 (0,617) | 106 (0,720)
binopyck — 57 (0,781) 61 (0,732) 53 (0,823)
Monaosa 54 (0,690) | 102 (0,700) | 99 (0,623) 90 (0,750)
VYkpaina 38 (0,705) | 78 (0,744) 69 (0,710) 74 (0,779)
Pociiicrka @enepariist 33(0,735) | 62(0,771) 65 (0,719) 52 (0,824)
BipmeHis 63 (0,654) | 93 (0,721) 76 (0,695) 81 (0,776)
Azepbaiixan — 90 (0,722) 67(0,713) 88 (0,756)
['py3is - 70 (0,762) 74 (0,698) 61 (0,812)

* Cknaoena na ocnosi oanux IIPOOH, Inoexcu ma nokaznuku 100CbKo2o po3eumKy.: Cmamucmuxu
3 1990 no 2020 poxku.

VY 2008 portii (hiHaHCOBO-EKOHOMIUHA KpHU3a MPU3BEJIa 10 HACTIIKIB, 3 SKUX PI13HI
KpaiHW BUXOAWJIM NOCTYNoBo, mounHarouu 3 2009 1o 2013 poky. Bona crana ojHiero
3 npuurH 3MeHIeHHs [JIP nmepeBaxHo1 O1IBIIIOCTI KpaiH KOJIUIIHLOTO PaasiHChKOTO
Corozy. Jlume Ectonis Ta JIuTBa, X04 HE3HAUHO, aje 30UIBIIMIN 3HAYCHHS CBOTO
inaexcy. Haromicts Kupruscran, Typkmenicran, MongoBa, Bipmenis ta ['pysis
MOBEPHYJIMCS y KaTeropito 0 kKpaiH 3 cepenarim IJIP. YV HacTynmHOMY eCATUIII THBOMY
IPOMIXKKY CIIOCTepexkeHb ['py3is, He JMile MOBEepHyJacs y JaHy KaTeropito, a i
migHsutacs 1o kpain 3 BucokuMm IJIP 3 immexkcom 0,812. JlaHa cTaTUCTHKA CBITIUTH
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PO CEpEe/iHIM pIBEeHb PO3BUTKY Y LIUX KpaiHaX.

VY mepiog 3 2010 mo 2020 poxu, yci BuIleNepepaxoBaHi KpaiHU MOKpAIIUIU
MOKA3HUK 1HAEKCY JIIOJICEKOro po3BUTKY. Jlo EcTOHII, sika BeBHEHO 3aKpinuia CBOIO
MO3UIIII0 y Kareropii kpaid 3 mayxke BucokuM [JIP Ta mimHsmace Ha 17 CXOAMHOK,
nopiBHsHO 3 2000 pokom, npuenHamucs Taki kpainu sk: Jlatsis, Jlutea, Kazaxcran,
binopycs, Pociticeka ®enepartis ta ['py3is.

Ax mu 6aunmo 3 Tabmuui 2, y 1990 poui Jlutsa ta Pociiicbka denepanist Maau
Oam3pkl 3a 3HaveHHsAM 1Haekcun — 0,738 Tta 0,735 BigmoBigHO. AJle MOJENb
yopaBiiHHS, sika Oyna oOpana kpaiHoto [Ipubantuku, KapAMHAIBHO BiAPIZHAETHCS
B1JI Ti€l, sika maHye B YKpaini Ta Pocilicbkiit @enepartii. Lle Biapa3y nmozHaumiocs Ha
3HaueHH1 [JIP, saxuii ctpiMko 301bIMBes y nepie aecatuaitts 1o 0,771, a e yepes
20 pokiB - 10 0,882.

Cepen kpain CH/I, y sikux cxoxa curyauis 3 YKpainoto, I'py3isa Ta binopych
aKTUBHO TMPOTPECYIOTh MPOTATOM OCTaHHIX pOKiB. binopych 3poOuina 3Ha4YHMIA
ctpu6ok 3 2000 mo 2020 pokwu, 11e MOB'sI3aHO 3 THUM, III0 €KOHOMIYHA KpH3a ii Maiixke
HE TOpPKHYJAcs, 1 Ha JaHUW MOMEHT BOHA IEPETHYJa MEXY KpaiH 3 JIy>)Ke BUCOKHM
PO3BUTKOM.

09 @ EcToHin
@ nNatsis

Pociicbka ®egepauid

@ KasaxcraH

@ KupruactaH
A @ TagukucTaH
0,8 > TypkmMeHicTaH
© YabekwcTaH
Binopycb
Monpgosa
/\ / YkpaiHa
Nutea
0,7

) s \ BipmeHis
@ AsepbaiigpxaH
pyasis
0,6

0.5
1990 2000 2010 2020

N
|

:

MaJ.1. ilunamika iHJAeKCy JI0ACHLKOro pO3BUTKY B MOCTPAASIHCHKHUX KPaiHax y
1990-2020 pp.

* . .
Cknadeno asmopamu 3a 00NOMO02010 8UOIPKOBUX OAHUX OJis1 NOCMPAOAHCLKUX Kpain npo Inoekc
JII0OCLKO20 PO36UMKY 3 0onosioetll 3a nepioo 3 1990 no 2019 poxu

HesBaxatoun Ha Te, mo YKpaiHa Mociae HE OCTAHHIO IMO3MIII0 cepen KpaiH
MOCTPAISTHCHKUX ~ JIepKaB, 3alUIIAETbCI [UIAX ISl HACTIyBaHHA  KpaiH-
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TEXHOJIOTTUHUX JiJepiB. YacTuHA MOPIBHIOBAHUX JEP)KaB YK€ MEpPETHYJa MEXYy 1
3HAXOAUTHCS Ha PIBHI KpaiH 3 ayke BucokuM [JIP, Ykpaina mae 301IbIATH 1HIEKC
Ha 0,031. MoxHa cka3aTH, IO MO3WLIs YKpaiHU y TMOPIBHSAHHI 3 CYCIAHIMH
kpainamu: Pociiiceka @enepartis 1 bimopych - nmepcrekTuBHa.
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Anomauia. B yiii cmammi pos3ensioaemuvcs cy4acHuil cmau npooaemu nepeHocy iH8A3UBHUX
8U0I8 3 6ANACMHUMU 800AMU MA iX HE2AMUBHUL BNIUE HA eKONO2IYHULU CMAH MOPCbKUX eKOCUCTEM,
EeKOHOMIKY, 300p08’s JIIOOUHU Ma I[HUWUX JHCUBUX oOpeaHismie. Haeooumwvcsa kopomkuil 02110
OCHOBHUX [HBA3UBHUX YYHCOPIOHUX OP2AHIZMIB, PO32NA0AIOMbCS OCHOBHI NPOONIeMU, WO SUHUKAIOMD
npu nepenoci yux eudie 3 6AIACMHOI0 800010 MA ULIAXU BUPTUEHHS HABEOEHUX NPOOIEM.

Kniouoegi cnosa: 6ionociyna nebesnexa, Oaracmmui 600U, iIH8A3UBHI UYHCOPIOHI OP2AHIZMUL.

Beryn.

OnauM 3 BHUIIB €KOJOrIYHMX HeOe3mek € Oionoriyda HeoOesnexka. OCHOBHUM
BUJIOM O10JIOT1YHOI HEOe3NMeKu MNpH eKCIUTyartalii CyAeH € IEepeHOC 1HBa3liHUX
qy>KOPIJTHUX OPraHi3MiB 3 0ajJaCTHUMH BOJaMHU.

MopchKkUM TpaHCTIOPTOM MK KpaiHaMy HIOpPIYHO mepeMilryerbes monan 80 %
BaHTaXIB 1 MPUOIN3HO BiA 3 10 5 MUTbsIp/iB TOHH OanacTHUX Bo. [Ipuban3Ho Takwmit
e 00CST MOPIYHO MEPEBO3UTHCS TI0 BHYTPINTHIX JIIHISIX B PI3HUX KpaiHaX 1 perioHax.
banacthi Bogu € abcoMrOTHO HEOOXITHUM JiJisi Oe3MeKku Ta €(eKTUBHOCTI Cy4acHOTO
CYJIHOIJIABCTBA KOMIIOHEHTOM, IO 3a0e3nedye piBHOBAry 1 OCTIHHICTH CyneH 0e3
BaHTaxXy. [IpoTe BOHM TaKkOX MOXXYTh HETaTHMBHO BIUIMBATH HAa E€KOJIOTIYHHWI CTaH
€KOCHCTEeM, €KOHOMIKY 1 MpEICTaBISATH CEpHO3HY 3arpo3y 370pOB'T0 JIOAWHH Ta
THIIMX )KUBUX OpPraHi3MiB.

OCHOBHHUI1 TEKCT.

CyIHOIJIaBCTBO Ma€ BEJIMKE 3HAYCHHS JUIsl TJIO0AJbHOI €KOHOMIKH, HaJalouu
HalOIbII EKOHOMIYHO €(EeKTUBHI 3acO0M TPAaHCIOPTYBAHHS BEJIMKOI KUIBKOCTI
BaHTAXIB Ha Beauki Biacradi. buteme 90 % mnepeBe3eHb MO BChOMY CBITY,
BKJIFOYAKOYM BCl BaHTaX1 — B 1K1 1 mayivBa 40 OyJIIBEJIbHUX MaTepialliB, XIMIKATIB 1
noOyTOBUX TPUIAJIIiB, NMEPEBO3UThCS Ha cyaHax. bnmszpko 36000 ToproBux cyaeH
O0opo3HuTh CBITOBHH OKeaH 13 3arajbHUM JeABEUTOM Oinbine 1 MiIbspaa TOHH
TOHHAXKY.

Cynana crieniagbHO CIPOEKTOBAH1 1 MOOy10BaH1 il 0€3MEYHOTr0 MePeMilCHHS
0 BO/II 1 TepeBe3eHHs BaHTaxiB. OJJHAK, y TUX BUIIAJIKaX, KOJHU CYJTHO pyXaeTbes 0e3
BaHTaXy a00 3 YaCTKOBUM 3aBaHTAKCHHSIM, BOHO MOBUHHO MPUWMATH J0JIaTKOBHIMA
BaHTAX Ha OOpPT, JO3BOJISIIOYM CYJHY MpaloBaTH €PEKTUBHO 1 OE3MEYHO, HMUIIXOM
3a0€3MeUeHHs], HalPUKJIaa, JOCTATHLOT OCAJKH JJIsl 3aryIMOJICHHS] TBUHTA 1 KepMa 1 iX
edexTrBHOT poboTH. [el nomaTkoBHiA BaHTaK Ha3UBa€ThCs OamactoM [1].

Cynna, mo OyayBanucs B CTapoJlaBHI YacH, HECIW TBEpAHM 0anact, Takui siK
KaMiHHS, TicoK abo MeTtan. OgHak, mpuomm3Ho 3 1880 poky, Cy/Ha BUKOPHCTOBYIOTh
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B SIKOCT1 0ajiacTy BOJy, OCKIJIbKM BOHA OUJIBIII IOCTYITHA, OLIBII 3py4yHa JIJIsl MPUMOMY
Ha OOpT 1 CKUJAHHS, 1, TOMY OUIbII e(eKTUBHA 1 EKOHOMIYHA, HIK TBEpAUN Oanact.
Konmu nHa cymni Hemae BaHTaxy, BOHO mpuiiMae OamactHy Bomy. Komm BOHO
BAaHTAXKUTh BAaHTAX, OaJlacTHA BOJIa CKUIAEThCS (puc. 1).
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Puc. 1 — Hux 0anacTHUX BOJ HA CYAHI
1 — nopm eusanmasicentsi (63amms 6ANIACMHUX 800 8 OANACMHI MAHKU),
2 — nepexio y banacmi (banacmui manKu 3an08HeHi baracmom nio uac peucy;
3 — nopm HasanmaxicenHs (8i0KA4Y8aHHs OALIACMHUX 800 3a OOPM),

4 — nepexio y eanmagici (banacmui manKu NOPOAHCHI Ni0 Yac peicy).
Iowcepeno: [1].

Ha nymky npencraBaukie OOH, moTparuisiHHs B OK€aHH YY>KOPITHUX TSI HUX
010JIOTIYHHUX BHJIB € OJHIEIO 3 YOTHPHOX HAWCEPHO3HIMINX 3arpo3 uid Iio0aabHOT
exocucteMu. Y Oyab-KHil MOMEHT 4yacy B ycboMy cBiTi 35 000 cynen nepeOyBae B
MOPCBKHX BOJIaX, 1 B iX OajacTHMX HHCTepHaX mepeBo3uThes Oubiie 3000 pizHUX
OlosoriuHUX BUMIB. 3a oriHkamu MixHapoaHoi Mopcebkoi oprarizamnii OOH (IMO),
IIIOPIYHO Y BCbOMY CBITI IEPEBO3UTHCS JIECATh MUTBAPIIB TOHH 0aTaCTHUX BO/I.

[IpoTsiroM OCTaHHBOTO NECATUIIITTS CIIOCTEPITa€ThCsl BCE OUTBIT IHTEHCHBHE
MOIIMPEHHS O10JIOTTYHUX BHU/IIB B TUX pailOHaX, /1€ BOHU 110 HIKOJIM PaHIIIe HE KUJTH.
Ile mpu3BOUTH 10 pO30aTAHCYBAaHHS €KOCHUCTEM 1 SIBJIIE COOOI0 CepHO3HY 3arposy. ¥
0aratboX BUIAJKaX Yy>KOPIHUN BUJ HE MA€ MPUPOJIHUX XMKAKIB, B pE€3YJIbTaTI YOTO
3BMYaliHI BHUJM BHUMHUpPAIOTh, a BCA MOpPChbKa €KOCHUCTeMa TmopymyeTbes. Lle
MPU3BOAUTE JI0 JpaMaTUYHUX HACHIAKIB JUIsl O10p13HOMAHITTSA Ta ISl TAKUX Taly3eH,
AK puOanbCTBO, PO3BEACHHS 1 BUPOUIYBaHHS pUOM Ta IHIIMX BOJHUX TBApUH 1
POCIIHH.

B Toi1 yac, sk HasgBHICTH O0aJacTHOI BOAM € KHUTTEBO BAXKIMBUM JJIS O€3MEYHOT
eKCIUTyaTarlii CyJieH, JOCTIHKeHHS MOKa3aiu, 110 Mpy MpuiioMi 6anacTHOT BOIU Ha
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00opT, OpraHi3MH, sIKi B Hil )KUBYTh, TAKOXK MOTPAIUISIIOTh Y 0allacTHI TAaHKU. 3aJI€KHO
BiJl TPUBAJIOCTI pelcy Ta IHIMX (akTopiB, O6arato 3 IMX OpPraHi3MiB MOXYTb
30eperTu KUTTE3AATHICTD MiJ] Yac NMepexony 1, B HACHIIKY, HOTPAIUTH Y BOJY MOPTY
MPU3HAYCHHS B MIPOLIEC] CKUJaHHs OaacTy.

Takum unHOM, OanacTHa BOJA CIY>KUTh BEKTOPOM MEPEHECEHHsS OPraHi3MiB 3
OJIHI€T YACTHHHU CBITY B 1HIIY. SIKIIO 1€l HOBUN pallOH MPOKUBAHHS 3HAXOJUTHCS 32
MEXaMH iX 3BUYAHHOTO palOHY TOIIUPEHHS, TO TIEPEHECeHI BHUIM 3BUYANHO
Ha3UBAIOTh YYXOPIAHUMHU BUJaMU (HEaOOpUTeHHUMH). SIKIIO NpUpPOAHI YMOBU B
I[bOMY HOBOMY TeorpadiyHOMY paiioHi € CIPUATINBUMHE, TO Uy>KOPiTHI BUIU MOXKYTh
HE TUTBKH 30€perTd JKUTTE3MAATHICTh, alie 1 3aKpIMUTUCA 1 TOMIMPUTHUCS [adi,
3aBlaoud, ab0 Maud MOXKIMBICTh 3aMOMIATH IIKOAY MiCIIEBOI MPHUPOIHOMY
CepeIoBUIILY, EKOHOMIIII a00 3I0POB't0 JIFOAUHHU.

Taki BuAM 3a3BMYail HA3UWBAIOTh 1HBA3UBHUMH YY>KOPIJHUMHU OpraHi3MaMmy,
OJTHAK NIl MOPCHKHX 1HBa31i MOXKYTh BUKOPHCTOBYBATHUCS 1 1HIII TEPMIHH, TaKl 5K
iHTpoayKoBaHi Mopchki mikigauKKA (IMII) (ABctpamis 1 HoBa 3emanmis), BomHI
mkigmuBi Buau (BIIB) (CILIA), 1 mkigmusi BogHi 1 matorenHi opranizmu (I1IBIIO)
(Ballast Water Management Convention or BWM Convention) [2].

JIo MOPCBHKUX 1HBa3UBHUX UYXKOPILAHMX OpraHi3miB [3], 30KkpemMa, BIAHOCUTHCS
MIBHIYHOAMEPUKAHCHKUN TpeOHeBUK MHeMionicic (Mnemiopsis leidyi), mpeiiccena
piukoBa (Dreissena polymorpha), amypcbka Mopcbka 3ipka (Asterias amurensis),
eBponencbkuii Oeperopuit kpad (Carcinus maenas).

batpkiBinHOIO MHemiomncica (puc. 2) € BoAU ATJIAHTUYHOTO OKeaHy, IO
omuBaroTh Onopuny. Y 1987 pori MHeMioNcic mOTpanuB y Boau YopHOTO MOps 3
O6anactHuMHU Bogamu cyjzieH. Y 2006 poiri MHeMIOIICcic OyB BHEpIle TOMIYEHUM BXKE B
[TiBHiuHOMY 1 BanTtiiickkoMy MOpsIX.

Puc. 2 — I'pedbneBux Mnemiopsis leidyi
Aemopcovka po3pobka

MHewmioncuc BoJiofie 6ararbMa XapakTepUCTHKAMHM 17€albHOTO BeeseH . Bin €
OJIHOYACHO CaMO3aIUTIIHIOIOUUM TepMadpoaUTOM; BIH € BCEIIHUM — CIOXKHBAaE
IIUPOKWM  CIIEKTP KOPMIB; BiH BHXXHBA€ B MIMPOKOMY Jilalla3oHI  yMOB
HaBKOJIMIITHLOTO CEPEJIOBUINA 3 BapilOBaHHSM COJIOHOCTI Bif 3,4 g0 75 mpomine 1
temnepatyp Bia 1,3 no 32 °C; npu ontumanbHiii Temrnepatypi (Buie 20 °C) BiH
PO3BUBAETHCS AK€ IMIBUIIKO, JOCSITAIOYM CBOEI CTAaTEBOI 3pijocTi 3a 12 AHIB; BiH
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TaKOX pearye Ha 30UIbIIEHHS KOHIEHTpAIlll MOXUBHUX PEYOBUH LIBUJIKUM POCTOM 1
PO3MHOKCHHSIM.

binbmr Toro, Bij3HAYAETHCS BUCOKA CTIHKICTh 1 HU3bKA YYTIUBICTh MHEMIOTICHCA
710 pI3HUX 3a0pyJHIOIYUX pedoBHH. [[HOT0 BCECHIIS BUSBISUIA HABITH B aKBaTOPii
MOPTIB, B MICIIi CTOSIHKH CYJICH, JIe¢ BOJAHE cepeAoBuIle Oyso 3a0pyiHeHe OCH3UHOM 1
MmacioM. OcoOMHM MHEMIOIICHCa PI3HOTO BIKY 1 pO3MIpIB MPEKpacHO cede mouyBaiu
B CyMIIII BOAM Ta HAPTOMPOIYKTIB.

Y YopHomMy MOpi Y MHEMIOIICUCIB HE BUSIBWJIOCS MPUPOJHUX XMKAKIB 1 BOHU
MOYaJIM CTPIMKO PO3MHOXKYBATHUCS, MOKUPAIOUM TUJIAHKTOH, 1KPY 1 MajbKiB pud. Y
CIPUSATIMBUX YMOBaX MHEMIOINCUC MOX€ 3'i1aTh B JIEHb B JIECSITh pa3iB OljibIIe
BJIACHOT MAacH. 3aJie)HO BIJl KIJIBKOCTI 1K1, BIH MO€ 30UIbIIIYBAaTUCS B pPO3MIpax B
JIBa pasu 3a 100y 1 BIAKIaAaTH § THUC. s€llb B JeHb. Jlo 1989 poky KinbKICTh XK1 s
pub ckopotmiacs B 30 pasiB mopiBHAHO 3 niepiogoM 1978-1988 pokis.

[TocTymoBo 30ibIIyIOUNCh, 3arajgbHa OioMaca TOMyJAIli MHEMIONCUca B
Yopuomy Mopi gocsaria B 1989 p. 6musbko 1 Miipj. TOHH, TPUYOMY IIUIBHICTH HOTO B
MiBJICHHO-3ax1H1i yacTuHi YopHoro mops ctanoBuiaa 4000-5000 rpam Ha KyO14HMIA
MeTp BoaH. byB MoMeHT, Kou 11ei Buja ctaHOBUB 90% MacH BCIX KUBUX OPraHi3MiB
B UopHOMy MoODi.

Pi3ko 3HM3MIIacS MPO30piCTh BOAM, OCKUTBKH 3HUIICHHUIN 300IUIAHKTOH OLIbIIe
HE 110i1aB ApiOHI BOJOPOCTI, KPIM TOTO, IS MHEMIOTICHC B MPOIIEC] JKUTTEMISITBHOCTI
BUJIUISIE KOJIOCAJIBHY KIJIBKICTh Ciin3y. YopHE MOpE CTallo CXOXEe Ha MYTHHUM CyIl 3
MHemioncuca. B necsaTku pa3iB BHajga YHUCEIBHICTh pPUO, 1[0 XapuyrOThCs
IJIAHKTOHOM: XaMCH, CTaBpUAM 1 WIPOT. 30UTKU pUOaNbCTBA CKJIAIH KUIbKa COTEHb
MUIBHOHIB J0J1apiB. OMUHUIIKCA HA TOJI0THOMY MalKy 1 YOPHOMOPCHKI JIeNb(iHU.

[IpyuriHOIO MacoBOro PO3BUTKY MHEMIONCICA cTaja BIJACYTHICTh XMKaKiB,
3aTHUX KOHTPOJIFOBATH I1X YHUCENbHICTh. ['peOHEBHKIB NPHUIHATO BBaXXaTH
«TYTIUKaMW» XapyoOBUX JIAHIIOTIB: HU3BKUNM BMICT TMOXKMBHUX PEYOBHH POOUTH iX
HEMPUBAOIMBUMU ISl €PEKTUBHOTO XapuyBaHHS.

3naBanocs 0 YopHOMY MOpIO 3arpokye MOBHUN Ol0JIOTTYHMM Kosarc. Alie B
1997-1999 pokax BinOyBaeTbcsi BTOPrHEeHHS B YopHe Mope HOBOTO IpeOHEBHUKA —
oepoe (Beroe ovata). BripoBakeHHs 1 pO3MHOXKEHHS IpebeBrKa Oepoe Mpu3Besio 10
pI3KOro 3MEHIIeHHsS OioMacH MHEMIONcHuca 1, SK HACHIiJOK, JO 3pOCTaHHS
300IJIAHKTOHY 1 IMYMHOK pyO, a mi3HiIIe 1 puOHUX 3amaciB YopHOTO MOpS.

Y 1999 pomi Mnemiopsis leidyi mpobpaBcst B Kacmiiicbke mope. 3abmim Ha
CIIOJIOX 3 TMPHUBOMY PI3KOTO 3MEHIICHHS MOMYJAIIi CIMOYAaTKy KUTbKH, a IOTIM 1
OCETPOBHUX, Y BCIX MPUKACIINCHKUX JeprKaBax.

Hpeiiccena piukoBa, abo wimis-3eopa (Dreissena polymorpha) (puc. 3)
noTpanuia 3 YopHoro Mops B 3axifiHy 1 MiBHIYHY €BpoIly, BKJIHOYaouu IpiaHmgito i
Bbanriiiceke mope, 1 cxigHy yactuny [liBHIYHOT AMepUKH.

barpkiBmHO0 aApeiiccenn € Kacmidicekuii Oacelin. Brepme Bona Oyna
3HaleHa B piumi Ypami B 1769 p., a moTiM 1HIIUMH JTOCITITHUKAMH B Oaceiini Bomru;
B JlHinpi piukoBa apeiicceHa Oyna Binkputa B 1844 p. IlpocyBarounch Bropy 3a
TEUi€ro, JpelicceHa IMHUPOKO po3ceiamiacsa mo piuykoBux Oacelinax Kacmilicbkoro i
YopHOro MopiB, a 3 PO3BUTKOM CYJIHOILIABCTBA 1, B OCOOJIMBOCTI 3 BIIKPHUTTSIM
3'eJHYBaJIbHUX KaHaJIB MPOHUKIIA B Oaceitn banTiiickkoro Mops 1 3acenuia o3epa Ta
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piku 3aximHOi €Bpony, e BOHA MOIIUpHIAcsa 0 AHTIIII.

Puc. 3 — [Ipeiiccena piuxkoBa (Dreissena polymorpha)
Asmopcovka po3pobka

JIBOCTYJKOBHIA MOJIIFOCK TEPEMIIAIOYUCh B JIMYMHKOBIN (opmi B OanacTHii
BOJI, NpU CKUAAHHI BOAM JIEMOHCTPYE IIBUIKE PENPOIyKTUBHE 3pOCTaHHA 0e3
npuponHux xwuxakiB B [liBHiuHIA Amepumi. Mifis MHOXUThCS 1 3a0pyAHIOE BCl
JOCTYMHI TBEpAl TMOBEPXHI B MAaCOBUX KUIBKOCTSAX. BUTICHSIOUM MicCIleBE BOJHE
KUTTSL, TIeH BUJ 3MIHIOE CEPEIOBUIIE MPOKUBAHHSA, €KOCUCTEMY 1 XapuOBUH JIAHITIOT
1 BUKJIUKa€ Cepro3H1 MpobsieMH 3 3a0pyAHEHHSM T1APOTEXHIYHO1T IHPPACTPYKTYpH Ta
Cy/JIeH.

Benuka XKHTTECTIHKICTH 1 BUCOKA TJIOJIOYICTh IPEUCCEH CHIIBHO YCKIIAJIHIOIOTh
00poTHOY 3 ii 00pocTaHHsIMHU. JJ0BOIUTHCS 3aCTOCOBYBATH HE TUIHKA MEXaHI4Hi, aje 1
pi3HI XIMI4YHI, €NeKTpUYHI Ta Oi0JOoTiyHI crmocobu OOopoTHOM 3 OOPOCTAHHIMMU.
Boprotbest 3 apeiicceHamu XJIOpyBaHHSM BoaM 1 (apOyBaHHSIM CIIOPYJ OTPYWHUMH
JUIS TUYUHOK JApeiicceHu Gapdamu; 3aCTOCOBYIOTh KATOIHHMM 3aXHCT T1APOTEXHIYHUX
cropya 1 po3poO0sIOTh MOKIJIMBOCTI 3aCTOCYBaHHS YJIBTPa3BYKy HJisi OOpOTHOH 3
mmunakamu. Y KacmiiicbkoMy 1 ApajabChKOMY MOPSIX JAPEUCCEHH TIO0iMar0ThCs
JOHHUMU pubamu.

AMypcbka Mopchka 3ipka (Asterias amurensis) (puc. 4) 3ycCTpiyaeTbcs Ha
MiBHIYHOMY 3axo/i1 Tuxoro okeany Ouis OeperiB miBHiuHOTO Kuraro, Kopei, Pocii 1
Snonii.

Puc. 4 — AMmypcbka MOpchKa 3ipka (Asterias amurensis)
Aemopcovka po3poboka
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Ileit Bua moTpanmuB 3 OallacTHOK BOJOK B OKeaHiuHi oOnacti Tacmanii,
ABctpamnii, Asicku, AJEYTCbKMX OCTpPOBIB, 4yacTMHM €Bpomnu 1 mraty MeH.
AMypcbka MOPChKa 3ipKa BIATBOPIOETHCS Y BEJIMKINA KUJIBKOCTI, IIBUJKO JAOCATAIOUYH
KPUTHUYHOTO TOpOora B OKYNOBaHUX cepenoBuiiax. Lleil iHBa3uBHMI BT IPU3BIB 10
3HaYHUX EKOHOMIYHUX BTpPAT, OCKUIBKM XapUy€ThCS MOJIOCKaMH, B TOMY YHCIHI
KOMEPIIIHO IIIHHUMU BUJIAMU — TPEOTHIIIMU Ta yCTPHUIISIMH.

€ponericbkuii 6eperosuit kpad (Carcinus maenas) (puc. 5) — micrieBuii BUI B
€ppomi Ta IliBHiuHii Adpuni. Bin O0yB inTpoaykoanuii B CIHIA, ABcrpanito i
ITligenny Adpuky. BiH € eBpurajqiHHUM HEHAXEPIUBUM XM)KAKOM, SIKUM B JICSIKUX
MICIISIX, KyaAu BiH OYB I1HTPOJIyKOBaHWM, BUKJIMKAB CMaj IHIIMX BHUJIB KpalOiB 1
JIBOCTYJIKOBUX MOJIIOCKiB [le¥t Bua BkIrOUEHHM 10 CBITOBOrO crucky 100 HaiOUIbII
HIKIJITTUBUAX 1H YKOBaHHX BUJIIB.

Puc. 5 — €sponeiicbkuii 0eperosuii kpad (Carcinus maenas)
Asmopcobka po3pobka

[HBa3uBHI 4yXOpiAHI BUAM B JAaHUI Yac 3arajJbHOBU3HAHI B SIKOCTI OJHI€I 3
HaWOIBIIMX 3arpo3 MI00ATBHOTO O10pI3HOMAHITTS. BOHM TakoX MaloTh CEpHO3HHIMA
€KOHOMIYHUHM BIUIMB, BIUIMB Ha HABKOJIMIIHE CEPEIOBUINE, a TaKOXK Ha 3J0pOB'S
JIOAWHM, 1, B PE3YJIbTaTi, € CEpHO3HOI0 MEPEUIKOI0I0 Yy PO3BUTKY. s MOpChKOro i
npuOepeKHOTO CepeOBHINA 1HBA3UBHI BUIU 1ACHTHU(]IKOBaHI SK OAHA 3 YOTHUPHOX
HaOUTbIINUX 3arpo3 CBITOBOMY OKeaHy, MOpsI 3:

- OeperoBUMH JKepeaMu 3a0pyTHEHHS MOPS;
- HQJIMIPHOIO €KCIUTyaTaIli€l0 MOPChKUX PECYPCIB;
- (p13UYHOIO 3MIHOIO/PYHHYBAHHSIM MOPCHKUX MICIIb MPOKUBAHHSI.

banacTHa Boma 3amomiroe 0COOJIMBE 3aHEMOKOEHHSA, SIK BEKTOP MPOHUKHEHHS
1HBa3UBHUX UYXXOPIAHUX OPTraHI3MiB Yepe3 BEJMKI 0O0CSATH OaJlacTHOI BOJM, IO
BUKOPHUCTOBYIOTHCSL 1 CKUJAIOTHCS B HOBE CEPEAOBHUIIE 1O BChOMY CBITY, a TaKOX
yepes3 BeJMUe3HEe PI3HOMAHITTS 1 KIIBKOCTI BUJIIB, SIK1 B HI MOXKYTh EPEHOCUTHUCH.

Omun  kyOomerp OamactHoi Boau Moke wmictut a0 50 000 3paskis
300IUTAHKTOHY [4-7] Ta/abo 10 MinpioHIB KIITHH (iTommaHkToHYy [8], KpiM TOTO,
OUTBIIICTh MOPCHKHUX OpraHi3MIB MICTATh y CBOEMY JKUTTEBOMY IIUKIL (Hazy
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IUTAHKTOHY, TOMY 0€3 NepeOuIbIlIeHHS MOXHa CKa3aTH 10 B CYJHOBUX OaJacTHUX
TaHKaX MOXXYTb IEPEBO3UTHUCS TUCAYl PI3HUX MOPCHKHUX BUAIB — MPAKTUYHO BCE, IO
Ma€ TOCUTh Majll po3MipH ISl TOTO, 00 TPOUTH Yepe3 CyHOBI 3a0ipHI MPUCTPOI Ta
Hacocu. lle Bkioyae GakTepii Ta 1HII MIKpOOW, MaJeHbKUX Oe3XpeOeTHUX 1 sl
IIMCTH 1 JIMYMHKYU PI3HUX BUJIB, BKIIOYAIOUN OUTBINICTH BHUJIIB pUOH, X04a 1 HE BCi 3
HUX BUKUBAIOTH B OAJTACTHUX TaHKaX.

Y mpomeci B3ATTS BOAHOrO OajiacTy, a MOTIM CKHJIAaHHS HOro B HOBHUX
MPUPOJHUX YMOBaX, JE€sAKl BOJHI BUAM 37aTHI 3aCHOBYBAaTH HOBI TMOIYJIAII 3a
MEXaMH TPUPOTHOTO CEPEJOBUINA TPOKUBAHHSA 1 TOTCHIIIHHO 3arpoXyBaTH
MPUPOTHUM BHJAM TEPHUTOPIi, a TAaKOXK 3aBAAIOTH BEIHMKOI IMIKOAW HABKOJIHUIITHBOMY
CepeOBUIILY, 3aTPOXKYIOTh JIFOJAUHI 1, B 0araTb0X BUIIAJIKaX, MAPUBAIOTH EKOHOMIKY.

BucHoBKkM.

3a0pyAHEHHs akBaTOpiid 0aJaCTHUMU BOJAMHU, SIKI CKMJIalOThCS 3 CYJIEH, Ha0yJIo
MacmTabu Ccepio3HOi CBITOBOI €KOJOTiYHOi mpoOsiemu. Jlis BHpIlIEHHS Takoi
MOTPiOHO SKOMOTA aKTUBHIIIIE BIIPOBAXKYBATH Cy4acH1 CUCTEMHU 0OpOOKH OamacTHUX
BoJI. bamactHi Boau MOBHMHHI OCOOJMBO pETEIBHO IMiaaBaTHCA (inmbTpariii yepes
MOCTIHHUI OOMIH O10JIOTIYHHUX OpraHi3MiB 1 OCaJiB B XOJI BaHTAXKHHUX OIEpallii,
KOpO3iiiHy arpecUBHICTh MOPCBKOI BOJH, 1 BEJIUKI OOCSATH B 3aJIGKHOCTI BIJ
rabapuTiB cyaHa.

OdyeBugHUM € TOM (akT, MO IsI KOHCTPYKTUBHOTO BHPIIIEHHS MpoOsieM
3a0€3MeUeHHs] €KOJIOTTYHOI Oe3neKn OanacTHUX BOJ HEOOXI1AHI HE TUIbKHA B3a€EMHO
y3rOJIPKEHI MI>KHAPOJHI 3aX0/Id BCIX CBITOBUX JiepkaB, a U €(EeKTUBHI [1i KOXKHOI
KpaiHM Ha HallOHAJIbHOMY PIBHI, IO MOXJIHMBO JOCSAITH JIMIIE 33 YMOBH
(byHAaMEHTAIBHOI 3MIHU CUCTEMU €KOJOTYHOTO BUXOBAHHS Ta €KOJIOTTYHOT OCBITH.
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Abstract. This article discusses the current state of the problem of the transfer of invasive
species with ballast waters and their negative impact on the ecological state of marine ecosystems,
the economy, human health and other living organisms. A brief overview of the main invasive
foreign organisms is given, the main problems arising from the transfer of these species with ballast
water and ways to solve these problems are considered.

Key words: biohazard, ballast water, invasive alien organisms.
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Abstract. The thermodynamic substantiation of processes in the formation of spinels as color-
forming structures of pigments using the method of serial-parallel reactions and the concept of
energy and entropy of ordering of cations from tetra- to octahedral cavities of the oxygen
framework of spinel is carried out. The possibility of formation of inverted spinel-chromophores at
mixing of simple cations of divalent and trivalent metals of different names at mixing is proved
when replacing oxides with industrial waste .

Key words: industrial waste,spinel, color of pigments, thermodynamic substantiation, Gibbs
energy, tetrahedral cavities, octahedral cavities, divalent cations, trivalent cations, disorder.

The color of inorganic pigments is formed under the influence of many factors.
The main factors are: the composition of the formed spinel, the ratio of chromophore
metals in the crystal lattice of spinels, the formation of solid solutions, the
distribution of metal chromophore cations between the tetra- and octahedral cells of
the oxygen framework of the spinel crystal lattice.

Metal cations have a pronounced advantage to a certain coordination
environment in the oxygen framework, so when disorganizing the structure of the
formed spinels, the cations are in more characteristic positions. Thus, in the formation
of complex inverted spinels, cations of trivalent metals Al**, Fe**,Cr’*" have an
advantage to octahedral - positions of the oxygen framework, bivalent cations Zn?",
Mg?" - - to tetrahedral positions, and bivalent Ni** , Co?" - to octahedral [1].

Thermodynamic analysis was performed to identify the conditions for the
formation of color pigments that can be synthesized with the equivalent replacement
of oxides in the charge for industrial waste.

The distribution of divalent and trivalent cations between the octave and
tetrahedral cavities of the oxygen framework of the spinel is due to the energy (0E
and entropy (0S) of the transition of 1 mol of cations from tetrahedral to octahedral
positions of the oxygen framework [1-3]. The use of these values for quantitative
calculation is postulated in[4] and is intended for use only for simple spinels.
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However, the possibility of applying the principle of independence of sequential-
parallel reactions, which is suitable for the analysis of cation distribution processes
between tetra- and octahedral positions of the oxygen framework, was not taken into
account. We used this principle [5] for spinels with different divalent and trivalent
cations of the same name.

For spinels, which contain both different divalent metal cations (A) and different
divalent metal cations (B), the principle of independence of serial-parallel reactions
can be described in the form of equations of reversible processes:

A+ [B] < [A] + B, (1)
A+ [B'] < [4] + B, )
A"+ [B] < [A"] + B, 3)
A+ [B] & [A] + B, (4)

where the square brackets indicate the octahedral cavity of the oxygen framework of
the spinel.
The value of the equilibrium constant of the distribution processes in equations
(1-4) is determined using the Gibbs energy by equation:
In K =-/1G /(RT), (5)
The Gibbs energy of the cation distribution (1-4) is calculated by us using the
values of enthalpy and entropy of the transition [3.,4] :

85G/ = O6F - TS89, (6)
5G” = SE” - T8, (7)
§G/// — §E/// - T &9///, (8)

SG = SEV - T5S”, 9)

where OF — change in the energy of transition to the octahedral state of cations of
divalent and trivalent metals for expression (6), which is calculated by the formula
OF = E4 - Ey, kl/mol; 65 — the change in the entropy of the transition of cations to
the octahedral state for expression (6) by the formula 65 = Sy - S¥, J/(mol'K); o/ —
the change in the energy of the transition of cations to the octahedral state for
expression (7), which is calculated by the formula 6E” = E - Eg’, kl/mol; 85 —
change in the entropy of the transition of cations to the octahedral state for expression
(7), which is calculated by the formula 85’= S/- Sy’, J/(mol-K); SE” — the change in
the energy of the transition of cations to the octahedral state for expression (8), which
is calculated by the formula 6E” = E - E§’, kJ/mol; 85”7 — change in the entropy of
the transition of cations to the octahedral state for expression (8), which is calculated
by the formula 65”7 = Sy - Sg’, J/(mol')K); SE! — the change in the energy of the
transition of cations to the octahedral state for expression (9), which is calculated by
the formula 6E"" = E/ - E§’, kJ/mol; 85" — change in the entropy of the transition of
cations to the octahedral state for expression (9), which is calculated by the formula
&9”/ = SA// - SB//, J/(molK)

The obtained values of the Gibbs energy of the disorder processes (1-4) can be
used to calculate the values of the equilibrium constants of the reactions, following
equation (5).

The concentration component of the chemical reaction isotherm is determined
based on the General formula of the mixed spinel. If the molar fraction of divalent
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cation 4” is denoted by #n, then the formula of the mixed spinel can be represented as
A 1wy A vaty B'xva BYyvin [A'viy B 2200 B 2nyb] Oy Where x, y, a, b — a measure of the
depth of processes (1-4), respectively.

Spinel formulas show that Ay, A%pab), B 2-2nxa) B’ (2ny) — are the initial
components of the reaction, and B'x+a), B vy, A'aety), A+ — are the final products
of the spinel disorder reaction.

As a result, the system of equations of isotherms of disorientation processes of
mixed spinel with different cations of divalent and trivalent metals takes the form

( (x+1)-(x+a) S(4")-s/) E(4')-E(B)
(l—n—x—}f}-(Z—Zn—x—a}_E ( R B RT ):U

x+1)-(b+y) - (S(A*’) ~-S@B) E(4)- E(Bf’f’)) 0

] G=n—x=y)@n-y-b) € R RT - 10
(a+b)-(x+a) S(A)—-s(B/) E(47)-E(B/)

(n—a—b)-(Z—Zn—x—a)_Ew( R N RT )ZU

(a+b)-(b+y) S(A")—SB!y E(AV)-E@B/

\ (n—a—b) - @n—y—b) * ( R T ET )ZO

Solution of the system of equations of isotherm (10) for compounds -
chromophores of mixed type 4,8 1.n2B"xiy[AyB'B"2:,]04 Ajxy By BY, [Avy B2 2nx
B"5,,] Oy is made using standard programs. The result is the values of the coefficients
X, ¥, a, b of the distribution of cations A, B between the tetrahedral and octahedral
positions of the oxygen framework of the crystal lattice. This allowed to calculate the
concentration dependence of the enthalpy, entropy and Gibbs energy of the process of
formation of mixed spinel-chromophores in accordance with equations (1-4), if the
synthesis of spinel is carried out using oxides of divalent and trivalent metals CoO,
MgO, A1203 Ta CI’203I
[CO]O + [Mg]O + (1-1’1)A1203 + n[Cr]203=

= CO 1 -n-x-yMgn-a-bAlx+acry+b [C0x+yMga+bA12-2n-x-acr2n-y-b] 04- ( 11 )

Thus, thermodynamic analysis of oxide systems formed by the use of metal
oxides for the synthesis of inorganic pigments showed that in the processes of
synthesizing firing there is a high probability of formation of spinels of mixed type in
which the placement of cations 4 and B in octagonal cells transition of cations from
the tetrahedral to the octahedral position of the crystal lattice of spinel.

The value of Gibbs energies for all spinels of the mixed type given in the work,
which can be formed by equations (1-4), acquires a significantly negative value. This
suggests that simple spinels Co/Al 0, Co[Cr Oy Zn[Al]:04 Zn[Cr],04 Mg[Al].O,,
Ni[Cr],04 Zn[Fe];O4 can mix in different proportions, forming shades of color in
the synthesis of blue, green, brown and ocher pigments.
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Anomauia. B pobomi nposedeno mepmoounamiyne oO2pyHmy8anHs nPoyecié npu ymeopeHHi
wininenet, sIKk KOJ10bOPOYMEOPIOIOYUX CIMPYKMYD Ni2MEHMI6 3 BUKOPUCIAHHAM MemOo0y NOCAIO08HO-
napaneibHux peaxkyii i NOHAmMms eHepeis ma eHmponis po3ynopsoKy8aHHs KAmIioHie i3 mempa- 8
OKMAeOpU4Hi NOPONCHUHU OKCUSEHHO20 Kapkacy wnineni. J{06e0eHO MONCIUBICMb  YMEOPEHHs
0OepHeHux wninenelu-xpomoghopie npu 3MiuLy8aHi NPOCMUX npu po3ynopsaOKYS8aAHHI PI3HOIMEHHUX
KamioHie 080X- ma Pi3HOIMEHHUX MPUBATIEHMHUX MeMAalie Ha NPOMUCTLO8I BIOX0OU .

Knrwowuosi cnoea: npomucnosi 6i0xoou, wniHeiv, KOIp NieMeHmis, mMepMOoOUHAMIYHE
obepynmyeanns, euepeis libca, mempaeOpuyHi NOPONCHUHU, OKMACOPUUHI HOPONCHUHU,
080X6aNEeHMHI KAMIOHU, MPUBANEHMHI KAMIOHU, PO3YNOPSOK)Y8AHHSL.
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Abstract. The article deals with an urgent practical task. It is a search for new approaches to
increasing the level of environmental safety of drinking water supply systems. The author has
analyzed the international experience of implementing dual double drinking water supply systems.
It has been established that the use of double water piping systems has proven environmental and
economic efficiency.

Keywords: environmental safety, drinking water supply, drinking water, service water, dual
Systems.

Introduction

The ecological efficiency of the use of dual double water supply systems has
been proven by their practical use in households in Germany, the USA, China,
Malaysia, India, etc. However, in most cases, the dual system refers to the water
supply system of the house, which includes in addition to the main water supply
network, the second one, through which there is a reuse of the so-called "gray" water,
or rainwater for technical needs.

Figures 1 and 2 show simplified diagrams of traditional and dual approach to the
organization of water supply.

Traditional Using for drinkin .
Water g g Cleaning Sewage
Source water > — water supply > and technical ™ — .
treatment : wastewater discharges
system (domestic) needs &

Fig. 1. Simplified diagram of the traditional approach to the organization of

water supply
Using for drinking
S W Dual needs > Cleaning
ource | , ater water supply R wastewater
water treatment |, svstem
Y Using for technical
(domestic) needs |

Fig. 2. Simplified diagram of the dual approach to the organization of water
supply
Main material
Examples of the introduction of a double dual water supply system, where two
separate water supply networks were created at the construction stage — for drinking
and service water, are found in the study [1]. The authors analyze the prospect of
creating a dual system with a double network of water pipelines in Shanghai. It is
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noted that the cost of double water distribution systems varies significantly due to the
fact that the process of water purification, treatment power, materials may differ,
depending on the initial quality of water, as well as the condition of the water supply
network. About 3 million RMB is needed to build a double water distribution system
for a residential area with a population of 3,000 families, which is about 2,000 RMB
per family.

In China, it is widespread to use two methods of supplying drinking water to
consumers. The first method 1s in barrels, the so-called bottled water, the second one
is pipeline, using a double water distribution system.

In China, the first double water distribution system was established in Jinhua, in
a residential area of Shanghai's Pudong district back in 1997. Since then, the
technologies related to the development of double water supply systems have begun
to develop rapidly. In the process of the Chinese experience in the implementation of
the idea of double dual water supply systems, many technological problems arose,
including the need to expand treatment processes, operational regulation of chemical
indicators, sterilization and selection of pipes, etc., however, despite all the nuances,
the profitability of this approach was confirmed.

In recent decades, many projects for double water distribution systems for
residential areas have been implemented in China. Nowadays many engineering
companies provide services for the design and construction of double water
distribution systems. It has been proven that the double distribution systems are cost-
effective and have high environmental importance for freshwater conservation in
China.

Significant experience in the implementation of dual double water supply
systems has been introduced in the USA. This can be confirmed by the study [2]. The
location of such systems is shown in Figure 3.

There is a well-known experience of the American Virgin Islands and the
Caribbean Islands [3], where the water supply in the utility network is carried out by
two networks — for drinking and service needs. These are double distribution systems
that involve the use of water for water supply from two different sources in two
separate distribution networks. The two systems operate independently of each other
within the same service area. These double distribution systems are used to supply
drinking water through one distribution network and non-drinking service water
through another. Service water is used for such purposes as firefighting, sanitary
needs (toilets, laundry, washing), street cleaning, irrigation of decorative gardens or
lawns. As the experience of these small areas and communities shows, double water
distribution systems are economically and environmentally justified. The double
systems are designed as two separate pipeline networks: a drinking water distribution
system and a service water distribution system (purified or natural seawater).

An important aspect of rational water use is the reuse of treated wastewater as
service one for sanitary needs.

The problem of reusing wastewater after its treatment is being dealt with at the
state level in the United States of America. In the arid states of Florida and
California, a water reuse system has been introduced for industrial, agricultural, and
landscape irrigation needs.
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Fig. 3. Location of double dual water supply systems in the USA [2]

One of the oldest double water distribution systems in the USA is located in the
Grand Canyon Village, Arizona, where since 1926 treated domestic wastewater has
not been discharged into open water, but stored in special tanks for firefighting.

a
Fig. 4. Geographical location of double dual water supply systems

in the world [2]
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In the 70s of the twentieth century in the state of Florida in the city of St.
Petersburg, the construction of a large-scale system of continuous water reuse began,
where now about 40% of total water consumption of the city is secondary, which is
used for domestic and sanitary needs in schools, hospitals, as well as for watering

lawns, golf courses and filling fire hydrants.

There are examples of reusing domestic wastewater to meet drinking needs. In
the Los Angeles area, restored water with a high level of purification has been used to

combat South Carolina's drinking water shortage since 1962.

Figure 4 shows the location of double water supply systems on the world map.

Table 1.
List of dual double water supply systems in the world (excluding the USA) [2]
The name of the dual system City or location Country
Adelaide Adelaide Australia
Bolivar Suburb of Adelaide | Australia
Brisbane Brisbane Australia
Caboolture Caboolture Australia
Goulburn Valley Goulburn Valley Australia
Gibson Island and Luggage Point WWTP | Suburb of Brisbane Australia
Mawson Lakes Suburb of Adelaide | Australia
Melbourne Water Melbourne Australia
New Haven New Haven Australia
Shoalhaven Heads Shoalhaven Heads Australia
Sydney Water/ Rouse Hill Sydney Australia
Virginia Virginia Australia
Wagga Wagga Wagga Wagga Australia
Bahrain Bahrain Bahrain
Flanders Flanders Belgium
Toronto Toronto Canada
Beijing Beijing China
Hong Kong Hong Kong China
Jinghua Residential Quarter of Pudong Shanghai China
District Shanghai
Tianjin Tianjin China
Larnaca Larnaca Cyprus
Limassol Limassol Cyprus
Alexandria Alexandria Egypt
Cairo Cairo Egypt
Paris Paris France
Corfu Corfu Greece
Amsterdam Amsterdam Holland
Bangalore Water Supply and Sewerage Bangalore India
Board
Afula Afula Israel
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Beer-Sheva Beer-Sheva Israel

Eliat Eliat Israel Eliat Eliat Israel Israel
Kibbutz Kibbutz Israel
Netania Netania Israel
Tel-Aviv Tel-Aviv Israel

Haifa Haifa Israel

Sicily Sicily Italy
Sardinia Sardinia Italy

Turin Turin Italy

Tokyo Metropolitan Government Tokyo Japan
Jeddah Jeddah Saudi Arabia
Riyadh Riyadh Saudi Arabia
Singapore Singapore Singapore
Durban Durban South Africa
Consorci de la Costa Brava Girona Spain

Adra Adra Syria
Aleppo Aleppo Syria
Damascus Damascus Syria

Dera’a Dera’a Syria

Hama Hama Syria
Hassakeh Hassakeh Syria

Homs Homs Syria

Huran al-Awamid Huran al-Awamid Syria

Idleb Idleb Syria
Lattakia Lattakia Syria
Quneitra Quneitra Syria

Ragqga Ragqga Syria

Ras al-Ain Ras al-Ain Syria
Salamiya Syria Salamiya Syria Syria
Sweida Sweida Syria

La Soukra La Soukra Tunisia
Nigde-Bor Nigde-Bor Turkey
Konya-Kadinhani Konya-Kadinhani Turkey
Merkez Merkez Turkey
Sharjah Sharjah U.A. Emirates
Aden Aden Yemen
Hodiedah Hodiedah Yemen

Among the countries shown in Figure 4 and listed in Table 1, we see a clear
trend towards the fact that most double dual water supply systems are located in
countries where there is already a shortage of fresh water (Australia, Egypt, Syria,
Israel, Saudi Arabia, etc.), therefore, since the end of the twentieth century, states
have begun to take active measures to solve the problem of supplying drinking water
and maintaining its quantity.
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Ending and conclusions

Taking into account the above examples of the implementation of double water
supply systems, we claim that the issue of changing the structure of fresh water use is
one of the main issues of the 21 century. It is urgent to plan and implement changes
at the state and regional levels to re-equip existing water supply systems into two
distribution networks: for drinking water and separately for service water. It is such
changes today that will allow to preserve fresh water in the future and increase the
environmental safety of drinking water supply systems.
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Anomauin. B cmammi po3enidaemvpcsi akmydibHa HPpAKMUudHad 3a0a4d — HOUWYK HOBUX
nioxo0ieé 00 Ni0BUWEHHS PIBHS eKOJIO2IUHOI DesneKu cucmem NUmHo20 8000NOCMAadanus. Aemopom
NPOAHANI308AHO MIJICHAPOOHULL 00CBI0 6NPOBAONCEHHS OVAIbHUX NOOBIUHUX CUCHEM NUMHO2O0
s6o0onocmauanus. Bcmanoeneno, wo ukopucmauHs NOOBIUHUX CUCTEM B000NPOBO0I6 MA€E
niomeepoiceHy 00C8i00M eKON02IUHY Ma eKOHOMIUHY eqheKmuHicmb.

Knrwouoei cnosa: exonociuna be3nexa, numue 6000N0CMA4aHHs, NUMHA 6004, MEXHIYHA 6004,
0YanbHi cucmemu.

Hayxosuii kepignuk: 0.m.H., npogh. Knumenxo JI. I1.
Cmamms nio2omoenena 6 pamKax 6UKOHAHHI HAYKOB0-00CIIOHOI memu
«lliosuwenns pieus exon02iuHoi be3neku NUMHo20 80003abe3neyetHts 8

Muxkonaiscoxiiu oonacmiy (Ne [P 0112U005117) kagpedpu exonoeii
Hopnomopcwvkoeo Hayionanvro2o ynieepcumemy imeni Ilempa Mozunu.
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Anomayia. Kasy, sk Haniu, cnoxcuearoms 3a C80i YHIKANbHI APOMO-CMAKOGL 81ACMUBOCNI
ma cmumyarordy 0il. Aie nopsao 3 mum neeHi KOHYeHmpayii XiMiuHUX PeyosuH, ujo 6xo05amsv 00
CKNA0y Kasu ma Kasa MejieHa (Nu) Moxcyms GUKIUKAMU 3AX60PIOBAHHS, AK Y NPAYI6HUKIE, MAK 1
CRoXCU8auis, AKi 8i08i0YI0Mb 3aK1AOU PECMOPAHHO20 20CNO0APCMEA.

YV oaniii pobomi nasedeno pesyrbmamu ananizy cmany NOBIMPAHO20 Cepedosuua poooyux
MiCYb NPAYi6HUKIE 3aK1A0I8 PeCMOPAHHO20 20CNO0APCMEa (Kas apHi), AKI 8UC0MOBIAI0Mb KAy ma
Hanoi Ha OCHOBI KABU, BUHAYEHO YUHHUKU, WO YMEOPIOIOMbCs NPU MEXHONOIYHOMY Npoyeci
BUPOOHUYMBA KABU, OXAPAKMEPUZOBAHO CMYNIHb BNAUBY WKIONUBUX PEUOBUH HA OP2AHI3M JIIOOUHU.

Kniouosi cnosa: nun kasu, anepeenu, ymosu npayi, apomMamuyHi pe4osuHu

Beryn

CroxuBarmOTh KaBy pPi3HI BEPCTBH HACEJICHHS SK MOJIOJIIE MOKOJIHHSA, TaK 1
CTapuii, a TaKoOX y OyIb-sSKUi yac noOu: BpaHlli, Mia 4ac 00idy, Mi3HOTO BE4Opa.
[IpremMHull cMaK yTBOPIOETHCS BiJ IMpoliecy OOCMa)KyBaHHS, MICIs SKOTrO, Y Hamoi
(GhopMyIOTBhCS TEPIKHUIM 3 TIPYMHKOIO MPUCMAK Ta XapaKTepH1 JETIOUl apOMaTH4HI
CIIOJIyKM. Kag aphi

OCHOBHOIO CMPOBHMHOIO JJIsl BUPOOHUIITBA KaBH € 37€OUIBIIOTO ABa BUAM, SIKI
oTpuMaiu HalOuibiie momupeHHs: Apasiicekuii (C. Arabica) 1 PoOycra
(Canephora). Bonu sBisitoTh cO00I0 3€pHa cepeHl 3a po3MIpoM, HEOJTHOPIAHI 3a
BEJIMYMHOKO 1 3a0apBJICHHSAM, BUJOBXKEHI 1 3JIeTKa PO3AYyTi, IJIOCKOK 1 OKPYTJIOi
dopmu. Ix konip Moxe OyTH pi3HMIi: BiJ CBITIO-KOBTOTO 3 3€JE€HYBATHM BiITIHKOM
710 CUHIOBATO-3€JICHOTO 3 CIPUM BIITIHKOM.

Pe3yabTaTu 10C/IiIKeHDb

dopMmyBaHHS apOMaTUYHHUX KOMIIOHEHTIB KaBH BiIOYBAa€ThbCcA came IIiJ 4ac
oOcMaXyBaHHA. 3€JIeH1 KaBOBI 3€pHa HE MalOTh KOJbOPY Ta XapaKTEpHOTO apoMary,
BIH YTBOPIOIOTbCA B  mporeci obcMaxyBaHHs. OOCMakyBaHHS KaBU €
MiPOreHETUYHUM MPOLECOM, B Pe3yJIbTaTi SIKOTO OJIHI PEYOBUHU PYWHYIOTHCS, 1HIII
YTBOPIOIOTHCS 3HOBY. Y KaBOBHMX 3€pHax BiJIOYBalOThCS 3HAUHI XIMIYHI 3MiHU. 3epHa
30UIBIIYIOTECS B 00CsI31, Maca iX 3MEHIIIYEThCSA B Pe3yJIbTaTl BUITAPOBYBaHHS BOJIOTU
1 pO3KJIaJJaHHs IYKpIB, KJIITKOBUHH 1 1HIIMX OPTaHIYHUX PEYOBHH 3€pEH BHACIHIIOK
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BUCOKOI TeMmIriepaTypu oOcMmakyBaHHs. ILlykop, Kapamemni3ylouuch, YyTBOPIOE
KapaMellb — pEYOBUHY, 110 HA/Ia€ 3€pHAM KaBU KOPUYHEBE 3a0apBieHHS. Bij cTymnens
00CMaKyBaHHS 3aJICKUTh KiJTbKICHE HAKOTTMYCHHSI KapaMeli, a OTXKe, 1 IHTEHCUBHICTD
3abapBieHHs 3epeH [1-4].

HIkinnuBuil BIUIMB KaBOBOTO MUy OyJio BU3HaueHO e B 1950-x pokax, Koiu y
MpaliBHUKIB TIOYAIM PEECTPYBATH 3aXBOPIOBAHHS 3 PECHIPATOPHUMHU CHUMIITOMaMH,
BKJIFOYAIOYM acTMy Ta 3MiHM (QYHKIIT jereHiB. Ypsa ABcrpanmii, [HCTUTYT oxopoHU
3JI0pOB'sl 1 COLIAIBHOTO 3a0e3MeueHHs! 11eHTU(DIKYBaIM KaBOBUM MW, SIK 30yJIHUKA
poQeciiiHOro 3aXBOPIOBAaHHS [5].

AHami3 cTafiii TEXHOJOTIYHOTO MPOILECY, 32 SKUX YTBOPIOETHCS MUJ KaBU Ta
YMOBH TIPH SIKUX 111 YUHHUKH YTBOPIOETHCS, JO3BOJIUB BUIUTATH HACTYITHI TIPOIIECH:

- TIArOTOBKA KaBOBUX 3E€PEH, siKa mepeadadyac po3maKyBaHHS Tapu Ta OYHUIICHHS

B1J1 fomimiok. Llei nmporec npoBOAsSTE BPYUHY;

- TIE€pEeCUIIaHHs 13 TapH Ha CTLT ado 10 OyHKepy 00KapIOBaIbHOI MAIlIMHMY;
- 3MINIyBaHHS Ta TMOMEJN PI3HUX COPTIB KaBH BpyyHy ab0 aBTOMATHUYHO Ha

BaJILIIEBUX MaluHax (apabapkax);

- TMPUTOTYBaHHA HAIMOIB a00 MaKyBaHHS KaBU MEJICHOI.

[Tpu nux cTaaisiX TEXHOJIOTIYHOTO MPOLECY YTBOPIOETHCS MU MOAPA3HIOYOI 1
ceHcuOUTI3ytouoi mii. Y MpaiiBHUKIB, 110 BUKOHYIOTh Taki pOOOTH BHHHUKAIOThH
EpUTEMaTO3H1 1 PIHOKOH'IOHKTIBAJIbHI CHMIITOMH, CIIOCTEPIraeTbcsi Hecnenudiuna
OpoHXiaJlbHa YYTJIMBICTH Ta PECHIPATOPHI CHUMIITOMHM 4YaCTIIIE HIX Yy I1HIOUX
MpaliBHUKIB [6].

[TonpiOHeHa (3MeieHa) KaBa 3a MOXOKEHHSM BIJIHOCUTBCS 10 TMPOMMCIOBOTO
OpraHiYHOTO0 HEPO3YMHHOTO MUY POCIUHHOIO MOXOJKEHHA. BiamoBigHO MU KaBH
Oyze BIIHOCUTHCS /10 aepo30JIiB Je3iHTerpailii (yTBOPIOIOTHCA TPH MOJAPIOHEHHI
TBEPJAUX PEYOBHUH).

[Iun kaBu € HEPO3UMHHUM TOMY JOCTIKEHHS MPOBOJIUIOCSA TPaBIMETPUYHUM
(BaroBuM) meTo0M. {7151 mpOBEACHHS 1OCIIly, BUMIPIOBAIM 3aMUJICHICTD MOBITPS Y
30H1 POOOYMX MICLb JiHIT TEXHOJOTIYHOTO MPOLIECY BUTOTOBJICHHS KaBU Ta HAIOiB HA
OCHOBI KaBu. [laHuil Meron mojsrae y BU3HAYEHHI Macu MUJIOBHX YaCTUHOK B
onuHuIli 00'eMy moBiTpst. KoHIEHTpallist 1Ty KaBu B MOBITPi BU3HAYAIACS B MI/M°.

Hocmimkenus: OyJio MPOBEIEHO y TEIUIMHA Ta XOJOJHUM mepiogu poky. Takox
OyJ0 BpaxOBaHO MOKa3HUKHU TEMIEpaTypu 1 OapoMETpUYHHUI THCK y poOoUiil 30HI
BUPOOHMYOTO MPUMIILICHHS, TaK K 3a3HAa4Y€H] MOKa3HUKHU BILUIMBAIOTh Ha PE3yJIbTaTH
BUMIPIOBAaHHS KOHIICHTpAIlli MUy Ta MOXYTh JAlOTh MOXUOKY MHpPH TOCHTIIKEHHI.
JlocmiPKeHHST TPOBOIMIIA TPABIMETPUUYHHUM CIIOCOOOM 3a JOTIOMOTOIO acIipariiHol
yCTaHOBKHU. Pe3ysbTaTy BUMipIOBaHb Ta PO3PAaXyHKIB HABEACHO B TaOmuIi 1.

3a pe3ynbTaTaMd BUMIPIOBaHb KUIBKOCTI MWy KaBW OyJO BH3HAYEHO, IO
HaWOIIBIIOTO IIKIJJIMBOIO BIUIMBY Ha OpraHi3M 3a3HalOTh MPaIliBHUKU MPOIECIB
3aBaHTAKEHHS Ta PO3BAHTAKEHHS, OUMILIEHHS Ta OOCMa)keHHs KaBoBHMX 3epeH. Ha
TEXHOJIOTIYHUX MpoLecax, MOMeNy, IPUrOTYBaHHS HAIMOIB Ta MAKyBaHHS IMOKA3HUKH
KITBKOCTI IHAJTY MaJId BJIBIYl MEHIII ITOKa3HHUKH [8, 9].

Jns  mocmimkenHs ¢opmu Ta OyIOBM MHJIOBHX YAaCTHHOK KaBU OyJio
BUKOPHUCTAHO TPU 3pa3KH KaBU MEJICHOI:

3pa3zok Nel "Vehmet Efendi" (BupoOuuk: Typeuunna);
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3pa3ok Ne2 "Kapa 31 JIbBoBa" ( TM "Kaga 31 JIbBoBa" BUpoOHUK: YKpaiHa);
3pazok Ne3 "Yopna kapra" (TM "lItpayc Ykpaina" BupoOHUK: YKpaiHa).

Taoauusa 1

MdakTUYHI PiBHI KIIBKOCTI NIy KABH HA POOOYHX MicISX NpalliBHUKIB
KaB'AIPHi i3 3aMKHYTHM HMKJIOM BUTOTOBJICHHS

120

) =R ~
11 -
[Toxazuuku/ Micte X 2 T § 5 R § =
Ne KOHTPOJIIO g & = S 2z %‘ Q 2
3aIUJICHOCTI TOBITPS S § = = = 5 § 5
38| © | 8 e8| F
A~ o =2
1 2 3 4 5 6 7 8
O06’emMHa MBHUIKICTh
1. | mpoTsryBaHHA 3 3 3 3 3 3
noBiTps, Q, JI/XB.
Yac npotsaryBanHss
2. | 3aMUJICHOTO MOBITPA, 5 5 5 5 S S
t, XB.
3, | Temmeparypamositps | o | jo | o5 | 93 | g 20
po60ou0i 30HHU, t' C
4, | DAPOMETPHIRMI THCK, | 750 | 761 | 756 | 750 | 762 | 1759
B, mMm.pT.CT.
Maca ¢inbtpa 10
5, | MPOTATYBARIA 124 | 123 | 1225 | 122 | 123,5 | 123
3aIHAJICHOTO TTOBITPS,
M; mr
Maca ¢inapTpa micis
6. | TPOTATYBARHA 188,56 | 180,77 | 170,34 | 171,74 | 157,02 | 157,89
3aMUIICHOTO TOBITPA,
M, mr
O6’eM noBITPA,
MPOTATHYTOTO Yepe3
7, | PUIBTP MpH peATBHIX |4y 04| 400 | 1367 | 1382 | 1397 | 13.96
(3aMipsiHUX)
3naaueHHsx t° C ta Ps,
VM
Konnenparist numy B
8. | moBITPpi poOOUOI 30HHU, 4,6 4,1 3,5 3,6 2.4 2,5
C, mI'/M*
['pann4HO mOomycTMa
9. | KOHIIEHTpaLlisl THITY, 1o 6 1o 6 o 6 1o 6 1o 6 o 6
'K, mr/m?
Asmopcbke 00Cni0NCeHHs.
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CtyniHb AUCHEPCHOCTI — AyX€ BAXKIMBHUM MOKAa3HUK SKOCTI MEJEHOI KaBH, SIK
IPOAYKTYy XapuyyBaHHsS, 00 IIeld IIOKa3HHK CIPHUSE€ HAUOUIBIIOMY PO3KPHTTIO 1
OTPUMAaHHS CMaKy 1 apomary, SKUMHU IMIOBUHEH OyTH MPUTaMaHHUN KaBOBOMY HAIOI0.
3 TOYKHM 30py Tiri€eHW HAWOUTBIT HEOE3MewHi IS JIOJWHU € YACTUHKH PO3MIpOM
Menme 10 MKM, Tak SK BOHH a00 HOBUIBHO OCIZar0Th, a00 30BCIM HE OCIZAIOTh 1
JIOBTO 3HAXOMASTHCS B 3BAKEHOMY CTaHI y TOBITPi. BiJl BEMTWYMHN YaCTHHOK 3aJICKHUTh
rOvHa X MPOHWKHEHHS B JWXalbHI NUSIXH. BenWki 4acTUHKH 3aTPUMYIOTHCS Y
BEPXHIX AMXAJbHUX NUIIXaX, a JApiOHI MPOHMKAIOTh O€3MOCEpPeaHBO B aJbBEOJIHU
JIETEeHIB.

[Tpu mocaimkeHH1 i MIKPOCKOTIOM MTUJIOBUX YacTOK 3paskKiB y 40-ka KpaTHOMY
301/IbIIIEHH], OyJI0 BCTAaHOBJICHO, 10 MUJIOBI YaCTUHKU MalOTh KOJIIOUY (hopMmy, 3 Hall
npioHUMH TUTacTUHaMU (ycka) (puc. 1 (a Ta 6)), a THUIIOB1 YaCTKH JOCIITHOTO 3pa3Ka
No3 maroTh HamiBIPO30Pi JTOMIIIKH, 110 HE XapaKTEepHI JJIs MUJIOBUX YaCTHHOK MUY

puc. 1 (B)).

a) Jocnianumii 3pazok Nel

0) Hocniguuit 3pazok No2

B) Hocnignuii 3pazok Ne3

Pucynok 1 — IInyoBi yacTunu 3paskiB npu 40-kpaTHmy 30iJIbIIEHHI

Aemopcoke docnioxcenHs

Jlomilky, M0 MPUCYTHI y KaBl MeJeHid npocmigHoro 3paska Ne3 (puc.l (B)),
MOXYTh MICTUTH XIMI4HI CHOJYKH 1 TOMY CTaHOBUTH JOJATKOBE HABAaHTA)XCHHS Ha
JIUXajJbHy CUCTEMY IpalliBHUKIB.
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VY mpamiBHHKIB, II0 BHKOHYIOTH pPOOOTH B yMOBax YyTBOPEHHSA Ta30-
NUWIOMOBITPSIHUX CyMIlIe BHHHUKAIOTh €pUTEMATO3HI 1 PIHOKOH'IOHKTIBAJIbHI
CUMITOMH, CIOCTEpiraeThCsi  HecmeuudiuHa OpoHXialbHA  YYyTJIMBICTH  Ta
pecripaTopHi CHMIOTOMH YacTillle HK Y 1HIIUX MPaIiBHUKIB [8, 9].

[Ipy 1bOMY y TEXHOJIOTITUHOMY TMIPOLECI YTBOPIOETHCS JPIOHI UYACTUHKU
KaBOBOT'O MUJIY, L0 3MIMIYIOThCS 13 MOBITPSM 1 YTBOPIOIOTH BHOYXOHEOE3NEeuHY
MUJIOTIOBITPSIHY CyMIINl, sIKa TPU TI€BHIM KOHIEHTpAIii MOXKe TMPU3BECTU [0
HAJ3BUYAHOI cHUTyallli. BpaxoByrouu, WI0 HWXHS KOHLEHTpaliiiHa TpaHULI
BUOYXOBOCTI IMUJIy KaBU CTaHOBHTH 43...63 T/M>, Taki YMOBH MOYTh IPH3BECTH JI0
pi3KOro 30UIbIICHHS €Heprii, TemmepaTypu 1 THCKy. B pe3ynbrari 4oro Moxke
YTBOpPUTHCS BUOYX [9].

entpu xoHTpoOdIO Ta TpodinakTuku 3axBoproBaHb (CDC) BU3HAYAIOTh PU3HUK
BIUIMBY Ha POOITHHUKIB KaBOBOTO MHWJY, OKCHIY BYTJICILIO, BYTJICKHUCJIOTO Ta3y Ta
aetkux opraniyHux cnoiyk (JIOC) Hianetuny (2,3-0ytanaiony) Ta 2,3-neHTaHAiOHY
(amreTwt ipomioniny) [1-4].

[Tun Big KaBOBHUX 3€PEH € PECHIPaTOPHUM MOJIpa3HIOBavYeM 3 (ha3oro pu3uky R42
1 BBaXAETHCSI HEOE3NMEYHOIO PEYOBHMHOIO, SIK 3a3HAYEHO B 3aTBEP/KEHUX YMOBax
kinacudikamii HeOe3neunnx pedoBuH [7]. Lle Bumarae Bij yciX, XTO 3aliMa€ThCs
00pOOKOI0 KaBH, BXKMBAaTH BCIX MOJKJIMBHUX 3aXOJiB JJIi MiHIMI3aIlli PU3HKIB, IO
BUHUKAIOTh B pE3yJIbTaTi MOBOJKEHHS 3 pEYOBHHOIO.

Pe3ynbrat qociikeHb BIUIMBY Ta30-MHJIONOBITPSHUX CyMIIIEH Ha OpraHizm
JOAUHU omyOsikoBaHo y [2, 4, 8, 9]. 3a pe3ynpraTaMud TakUX JOCTITHKEHb
€Bponeilicbknii Coro3 BU3HAB NMUJI KaBOBHX 3€PEH aCTMOTEHOM Ta PECHIpaTOPHUM
ceHcuOUII3aTOpOoM 3 MapkyBaHHsSM R42. Tak sK BIAMNOBIAHO 10 MIDKHApPOIHOT
kiacudikanii HeOe3MeYHUX PEUOBHH [ 7], peYOBUHM 3 MapKyBaHHSIM R42 BiAHOCATHCS
710 HeOe3MeYHUX, TO 1 pOOOTH 3 IIUMHU PEUOBHMHAMU BITHOCATHCS 10 IKIIJIUBUX YMOB
mpaili Ta BUMAararTh J0JaTKOBUX YMOB O€3MeKH PHU pOOOTI.

Bucnosku.

VY pe3ynbTari MpoBeAEHOTO AOCTIHPKEHHS CTaHy MOBITPS HAa POOOYHMX MICISIX Y
3aKja/il PpECTOPAHHOTO rOCIOIapCTBa (KaB’sipHi) 3 3aMKHYTUM IIMKJIOM BUPOOHMIITBA
KaBU OyJIO BH3HAYEHO CTaJlli TEXHOJOTIYHOIO IPOIECY 3 HAHOUIBIIMM BUILICHHIM
nuily kaBu. BcTaHoBIEHO, 110 HaWOUIbIIA KIIBKICTh MUY KaBU MEJICHOI y poOoUiii
30HI TPAIIBHUKIB KaB’SpHI, YTBOPIOETHCA TPU TEXHOJOTIYHOMY IIpoleci 3
BUKOPHUCTAHHSIM PYYHOI Mparti.

[Ipn MIKpPOCKOMIYHOMY AOCHII)KEHHI MUJIOBHX YAaCTUHOK OyJIO BHSBJIEHO, IO
3pa3Ki MUIy KaBU MaloTh KOmoudy (hopmy, 3 Haa APIOHUMH TUIACTUHAMH, a 3Pa30K
Ne3 nomimku HeBimomoro moxomxkeHHs. [lonpiOHeHHs 30UTbIIyE TUIONIY MOBEpPXHI
KaBH, 110 JO03BOJISIE IMABUIIMTH Ta30MOMIOHI CTHOMYKH, BKIIIOYAOYH dianeTwi, 2,3-
MEHTAH/10H, OKCHJI BYIJICHIO Ta BYIJIEKUCIHM ra3 Ta 30UIbIIy€ MPOHUKHICTH 0
OpraHi3My JIOJUHU Yepe3 NUXalbHI IUIIXH.

3’sicoBaHO, 110 MUJI KaBH, HaBITh B HE3HAYHIN KUIBKOCTI, BUKJIHMKAE CEpPHO3HI
NOPYIIEHHS 3/0pOB’sl MPAI[IBHUKIB, @ TaKOX HETaTUBHO BIUIMBAE Ha OOJaHAHHSL.
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Abstract. Coffee, as a drink to consume for its unique aroma, flavor and stimulating effect.
But at the same time, certain concentrations of chemicals that make up coffee and ground coffee
(dust) can cause illness, both among workers and among consumers Vvisiting restaurants.

This paper presents the results of the analysis of air pollution workplaces employees of the
restaurant industry (coffee) that make coffee and beverages with coffee, Factors formed during the
process of production of coffee described the degree of influence of harmful substances on the
human body.

Microscopic examination of the dust particles revealed that the coffee dust samples have a
prickly shape, with small plates above, and the sample No. 3 is an impurity of unknown origin.

Key words: coffee dust, allergens. working conditions, aromatic substances.
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ABOUT STRESS-STRAIN ANALYSIS OF ROCK REINFORCEMENT

IN THE UNEVEN STRESS FIELD
O PACYUETE HANIPSIXDKEHHO-JE®OPMUPOBAHHOI'O COCTOSIHUSL
APMOITIOPOJHBIX OBOJIOYEK B ITOJIE HEPABHOKOMITOHEHTHBIX
HANPSIKEHUI
Tynyna S.V./ Teinbina C.B
c.t.s., as.prof. / K.m.H., c.H.c.
Institute of Geotechnical Mechanics named by N. Poljakov
of National Academy of Sciences of Ukraine,
49005, Dnipro, Simferopolska Str., 2a, Ukraine

Abstract. A method of solution of the two-dimensional task to determine the stress-strain
behavior of a rock mass is developed. Dependences of tangential stress distribution in the rock
reinforcement at various values of relative thickness h/a (h — reinforcement thickness, a — is an
internal radius of reinforcement casing) are obtained. The influence of the reinforcement thickness
on the distribution of tangential stresses is established and the results of their numerical
calculations are given.

Key words: Rock Reinforcement, uneven Stress Field, rock mass surrounding, casing,
excavation damaged zone (EDZ), underground excavation, zone of crushing, lateral pressure
coefficient, resistance of rock-concrete casing.

Introduction.

Currently, with a large volume of parallel mining operations (construction of
tunnels, underground and mining structures, etc.), first of all, the attention is focused
on determining the state of rock mass surrounding. That defines safety of mining
operations and their quality.

The rock mass surrounding is in a stressed-deformed state under the influence of
an uneven stress field. The determination of this state is an important task in the
investigation of the casings that are created by tamponing the excavation damaged
zone (EDZ) and are in the zone of its impact.

Analysis of references.

Among the modern methods for calculating the parameters of the stressed-
deformed state of underground excavation should be noticed: theoretical modeling,
numerical and empirical, as well as combined models.

Theoretical models are based on the use of the laws of Hoek-Brown [1], Norton
[2], Mohr-Coulomb [3] and others. The papers [4-6] present theoretical calculations
of rock mass state based on the criteria of Hoek-Brown, Norton and Mohr-Coulomb.
These criteria are used in the numerical modelling.

Numerical modeling is based on integral methods: FEM (Finite Element
Methode), FLAC (Fast Lagrangian Analysis of Continua) and UDEC (Universal
Distinct Element Code). These methods are realized in different computer software
complexes, such as: MIDAS (Midas Information Technology Co., Ltd., Seongnam),
GTS (Melbourne, Australia), FLAC3D (Itasca Consulting Group, Inc., Minneapolis,
MN, USA), Phase 2, RS2 (Rocscience Program) and others. At the same time, the
described programs can use different classification systems of rocks: GSI (Geological
Strength Index), GRM (Geomechanics Rock Mass), CMRR (Coal Mine Roof
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Rating), Protodyakonov, etc., taking into account the types of performed mining
activities. The studies [7 - 13] analyze the results of numerical modeling of
underground excavation on the basis of the preceding programs for different mining
and geological conditions of the rock mass.

Empirical mathematical models are based on regression-statistical analysis of
experimental data. As a rule, these models are used to prognosticate the stressed-
deformed state of the underground excavation, as well as to clarify the foregoing
calculation methods. The stress prognostication in the zone of crushing the
underground excavation with the use of empirical as well as combined (empirical and
digital) methods is described in works [14 - 16].

The above-mentioned methods of determining the parameters of the stress-strain
state of the rock masses consider the masses separately without taking into account
the rock reinforcement parameters, and also do not take into account the influence of
reinforcement thickness on the stress distribution in their impact zone.

The modern calculation methods, as a rule, are based on the use of FEM-
analysis, which is used to solve tasks with predetermined initial conditions. This
made it possible to consider the rock reinforcement as part of the mass. As a result of
FEM-analysis, particular solutions to a concrete task are obtained. To determine the
state of the rock mass and casing parameters, it is necessary to make a number of
particular calculations, which requires additional time and resources.

The proposed methodology in this paper provides for the possibility to
prognosticate the stresses in the rock mass taking into account the influence of the
rock reinforcement, and also shows the dependencies of the stresses on the casing
thickness. The methodology has been practically tested for the calculation of the state
of rock masses in the mine Torretskugol Central Production Association (Ukraine)
and the mine Zasyadko (Ukraine).

Tasks.

The stress-strain state of the reinforced excavation circuit was investigated
within the framework of solving a one-dimensional task of mechanical deformation
the solid body [17 - 19]. At the same time, the analytical dependences of the value of
the resistance of rock-concrete casing were obtained taking into account the elastic
and inelastic properties of the rock mass, its extreme deformation, the residual
tensions and the radius of the destruction zone.

Let's consider the solution of solving the task about the stress-strain state of the
rock reinforced casing, obtained as a result of tamponing the excavation damaged
zone within the two-dimensional task.

In the real conditions of the mining rock mass we have an uneven initial
stresses, when the horizontal component of the rock pressure often exceeds the
vertical component (Fig. 1): 1,> 4;.

Fig 1 shows: 4, is a coefficient that takes into account changes in vertical
pressure depending on the specific mining and geological conditions [-]; 4, is a lateral
pressure coefficient [-]; y is the average bulk force of the overlying strata [N-m~]; H
is the burial depth of the excavation [m]; X and Y are coordinate axes; a is an internal
radius of reinforcement casing [m]; ¢ is an external radius of reinforcement casing
[m]; 8 is an angle [rad].
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Fig. 1 - Stress diagram on the contact surface of the reinforcement rock casings

Assuming that after the estimated period of time, a reinforced zone is created in
the contour zone of the excavation as a result of tamping operations in the form of an
extended semi-cylinder of constant thickness, supported by an absolutely hard rock
base. It should be emphasized that during the monolithing of the excavation contour
with cement filling mixture the continuity of the excavation contour zone is ensured.

The task is to determine the optimum parameters of the reinforcement casings in
order to ensure the stability of mining excavation. Taking into account the large
length of the excavation, the solving of task can be considered as part of the too-
dimensional task of mechanics of the deformed solid body. The calculation scheme is
represented in the form of a half ring that is based on a solid base (Fig. 1).

The inner surface of the half ring r=a is unloaded. The vertical A;yH and
horizontal AyH pressures are applied to the upper surface. The physical and
mechanical properties of the reinforcement casing will be characterised by the ratios
of the 1sotropic linear-elastic body [20].

For the analysis it is used analytical expressions of the Hoek-Brown law and
equilibrium equations in the polar coordinate system (Fig. 1): rf; x=rcosf;
y= rsing .

According to Hoek-Brown law [21] are:

E ouU, 1oU, U
o, = +v|— +—=101;
(1-v*)e| or r 06

r
E 10U, U, ou,
= — +—+v ;
(1-v*)e|r or r or
E {15U,+6U9_%}

O-ro9 = -
2(0+v)c|r 00 or r

(1

O g

In formulas (1) are given: »=rc™' is a zone radius [m]; E is a Young's module

[Pa]; v is a Poisson's coefficient [-]; o, and gy are radial and tangential stresses [Pa];
0,9 is a shear stress [Pa]; U, is a displacement in the direction of coordinates » [m]; Uy
is a displacement in the direction of coordinates & [m)].

The equilibrium equations will be written in the components of the displacement
vector U, and Uy:
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[az+1a 1 1—va2jU 8(1—1/8 3_y

— + +— —— U, =0;
o’ ror r* 2r* 06° 00\ 2r or 2r2j ¢

: : )
0(l+v1io 3-v1 o0 10 1 2 10
—| =+ S WU, +| —+——+—+ — =5 |Ug =0.
oo\l-vror 1-vr or~ ror r° l-vgr o6

The boundary conditions are given in the form (3):

at r=c: at r=a:
o, =—yH[A, sin’ @+ A, cos’ 0] 0, =0,=0
0<0<z ; 0<fsm ®

o,, =—yH[A, —A,]sinfcos O

To fulfil the boundary conditions (3), the solution of equilibrium equations (2)
with corresponding functional arbitrariness should be found.

Solving of equilibrium equation.

The equilibrium equations (2) are a 2-order system of differential equations with
variable coefficients. Substituting variables » = e’ [22] (where ¢ = In r), the equation
(2) brings to equations with constant coefficients:

2 _ 2 _
{ o | 1-vo }Uﬁ@[l”ﬁf V:|UH=O

ol 2 06° o0l 2 o 2

: “4)
_ 2 2
9 1+V2+3 d U, + a—z—lJrLa—2 Uu,=0
00| 1-vot 1-v ot 1-v 06
The solution of the equation system (4) is found in the form:
2 2
Ur =¢ a—z—l‘l‘i a 2 ;
ot 1-v o6
)

T e0l-var 1-v
where ¢ is a 1s a random function of arguments ¢ and 8, which is continuous together
with its derivatives up to and including the second order.
By substituting the expression (5) in equation (4), we obtain
o o> o o 0’
[W_(z_zaez) +2 2+1J¢=O. (6)

U - 0 (1+v£+3—vj¢,

n
o ot 00
The solution of the differential equation in the partial derivatives (6) is searched
by the Fourier method. Taking into account the properties of trigonometric functions
in conditions (3): cos?0 = 271(1 + c0s26) and sin?6 = 271(1 — cos260), we assume that
9(t,0) = ¢, (1) + #,(t)cos 2¢ (7

Taking into account equation (7), equation (6) is obtained by two biharmonic

equations:
o 0’
27 +1lg =0;
(614 or’ ]¢'
0! 0’ ®)
——10—+9 |9, =0.
(af‘ or’ j¢2

The solution of equations (8) can be expressed in a form:
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=A,e' + Bje ' +Cyte' + Dyte™';

p,=Ce" +Ce” +Cie' +C,e'.
where Ao, By, Co, Do, C; (j = 1, 2, 3, 4) are random variables.
Substituting the functions ¢; and ¢, in dependence of (5) and (1), we obtain

analytical dependencies for the component of the displacement vector and stress
tensor:

)

U, =2C,e' —2De” ~[~v,Ce" +v,Coe™ +v,Cie' +v,Cie” |cos20;

U, = [V9C163t —v,C,e” +v,Cie' + 4C4e_’]sin 20, (10)
v, =8v(1-v) "5 vy =8v(1-v) s v, =4(3+v)(1-v)"
0, = (2(14+v)C, +2(1-v) Dye ™ +(24vCre ™ ~8C, +v,Cie ™ )cos 26);
(l—vz)c
G :#{2(1+v)€0 +2(1-v)D,e™ +(v2C1e2’ —-24vC,e™ —8C3)cos 2«9};
(l—v )c
E , ] s (11)
O, = (T+v)e [1/3(71e2 +v,Ce ™ +v,Cie” :|s1n 20,

v, =8(1+v);. v, =24(1+v); v3:24(1+v)(1—v)71; v4=8(1+v)(1—v)_1;

1

vi=48v(1-v) "5 vy =16(1-v) .
The random constants in formulas (10) and (11) are found while satisfying the
boundary conditions (3).

Substituting the expressions g, and o, in the formula (3), we get two linear
algebraic equation systems to determine random constants:

2(1+v)Cy+2(1-v) Dyer,* =0
2(14v)C, +2(1-v) Dy =7y,
(12)
o, =ac™; 0 =cyH(1-v?)(A,+4)/2E.
24vCa;t —8C, +v,C,a;” =0
vCa, +vCa;* +v,C+v,Coa;”> =0
24vC, -8C, +v,C, =y,

(13)
v,C, +v,C, +v,C, +v,C, =7,
l+v
Voo = (ﬂ1 /1) 703—C7H_(/12 11)
By solving the systems of equations (12) and (13), we obtain:
-1 —-1
D, =47y |:2(1_V)(1_a5):| 3 Go==7n |:2(1_V)(1_a5):| 3 G =Y0uVis T VeYies
@ v (14)
Co=Vp——Yp— C=ryupv, —3v== Lo 3 Gy = YaVis + YosVia
10 Vip| 10

In formulas (14) are:

Vi = Vs (ag —ag)—3va52 (a(f —l)v6 —24v(1+a0’2)(a§ —agz)v—“;
Vi (15)

<o) v 1o Ton )]
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Vi, =@y’ [vlo +24(1—a0’2)vn][8v10 (1—0552 )]71 ;

_ [24‘/(1—%*4)1/“ +V10:||:V1 (l—oco’z)vm}_1 ;

Vv, = 24v(1 +a,’ )0{5 (vivio) s

_ 2 -1, -1
Vs = [Vm acvs +3vv, +V4V14V10}(V3V10) S Vie =[VsVi = VeVaVio = VavisVio | (Vavie ) -

By adding the expressions of random constants (14) to the formulas (10) and

(11), we obtain the analytical dependences that describe the stress-strain state of the
reinforcement casing:

H
U = 07;7 [al(?)e’ —aVe - (b“e3t +b,e” +bye +b,e” )cos 29];

cyH (

16
U, =—"—(b,e" —be™ +by,e' +b,e” ) sin 26; (16)

o, = yH[aé?) +alle™ (b3ze"4’ —b,, +b,e” )cos 26’];
= yH| o) e + (b —bye™ ~ b, )cos20 |; (17)
0,y = yH (s, +bye™ +by, +bye™ )sin 20.

In the formulas (16) and (17) it is indicated:
alt) = (1 v X/l +4,) ; al —ao(l 14 Xﬂ +4,) ; 0‘21 V= (1+v)A, +4 )
al) =(1-v)ai(4 +/12); al = —(1+v)4 +/12). ald) =—(1-v)a2(2, +/Lz);
b, = (1—v2x/11 —12)[(l+v)(l—vz)v15 —Vi /vz]v7.
b, = (1 v’ Xxll -4, )[a(f (1+ v)(l v’ )+ v, 1V, ]vlo,
b, —[ 1+v)(1 1/2)/1/10 +v, /Vzkl—sz;Lz —ﬂ,])vg;
b, = ( -V Xﬂ -4 [v13 /v, — 1+v)(l—v2)vl4]v8;
» ( —v Xl —2,) [1/16/1/2 1+v)(1—v2)v15]v9;
=( -V X/I -1, [a0(1+v)(1 )+v11/v2]v10;
b23:( -v Xi -4, [vlz/vz+3vl+v)(1 )/V10]|/7;
by, =20-v? N4 = A vy, =30+ v )12 )v41];
by, =0 ; by, =12v(4, — A, )[2a§ (1+ V)(l v’ )+ vy, ]/v10 ;
by, =4(4, - 1, )[v12 +6v(1+ v)(l v’ )/v10 ]; by, =v,(4, - 4, )[v13 /vy, —(1+ v)(l -v? )V14];
by =v,y (4, — A, )[v16 /v, —(1+ V)(l —Vz)vls]; b,, =12v(4, — A, )[2053 (1+ v)(l v’ )+ v”]/vm;
by =44, — A, )[v12 +6v(l+ v)(l —vz)/ vlo]. by, =0
Due to the symmetry of loading in the zone of 6 <6<mR2, asrsc the
influence of physical and mechanical properties and thickness of the reinforcement
casing on their character of the stress-strain state should be determine.
Numerical calculations of the various components of the stress field were

carried out for Poisson's coefficient values v =0.18; 0.2; 0.22 and A; = 1.0 at different
values of the lateral pressure coefficient of the reinforcement casing thickness.

22
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Figure 2 shows the distribution of shear stresses o*,9 = 6%, / yH in the central
surface of the reinforcement casings 4/2 (h is the thickness of the reinforcement
casing) at different values of the ratios 4/

o," [MPa]
-1.0
-0.75 —— ws
0.5 ~ A
: ~ h7a=10.6 ~
025~ E——
0%/— h/a=1.5 0 [rad]

m12 /6 /4 /3 5m/12
Figure 2 — Influence of reinforcement casings thickness on shear stress
distribution

From the dependencies (Fig. 2), it follows that with an increasing /4/a ratio of
0.25 to 1.5, the maximum values of the shear stresses (cross section 6 = 7/4) at h/o. =
0.6 and h/a. = 1.5 are decreased by a factor of 2 and 3, compared with the values of .9
(at h/ao = 0.25), accordingly.

The calculation results have also established that the increase in the lateral
pressure coefficient 4,, which varies from 0.4 to 0.8, results to an increase in shear
stresses on the surfaces of the reinforcement casing (Fig. 3). The zone of the highest
concentration of shear stresses is located in the sections 8 = n/4.

o, [MPa]
r= hi2
-2.0 BN e ik N
i M
15 / X
/ \
e \
_1 0 / r= hl’2 \‘
. / _— N\
I, / -\\
05/ A4 20 N
I’ A= r= 1.0*
Z 0 [rad]

0 n12 mwe wA 3 5112

(solid lines — top zone, dashed lines - middle zone of the reinforcement casing)
Figure 3 — Dependencies of shear stress on lateral pressure coefficient

The results of numerical calculations of radial ¢*, = 6%, / yH and tangential
o*o = 0*p9 / yH stresses distribution at the value of lateral pressure coefficient 4, =
0.8 are given in table 1.

As it follows from the table 1, with the increase of the reinforcement casing
thickness, a decrease of the tangential stresses ogy 1s observed, which significantly
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exceed the radial stresses a,,.. The influence of the changing Poisson's coefficient in

the range from 0.18 to 0.22 on the stress-strain zone parameters is insignificant.

Table 1
Distribution of radial ¢, and tangential 6y stresses in casing sections
h/2 f 0 /12 /6 /4 /3 Sn/12
0.6 1.0 -1.0 -0.99 | -0.95 -0.9 -0.85 | -0.81
o ] h/2 -0.55 | -0.56 | -0.58 -0.6 -0.65 | -0.68
" 15 1.0 -1.0 -0.99 | -0.95 -0.9 -0.85 | -0.81
' hi2 -0.74 | -0.73 | -0.73 | -0.72 | -0.71 | -0.71
0.6 1.0 -2.64 | -2.54 | 228 | -1.19 | -1.55 | -0.28
%0 h/2 234 | 230 | -2.19 | -2.03 | -1.88 | -1.76
15 1.0 -1.34 | -133 | -1.24 | -1.24 | -1.19 | -0.16
] h/2 -1.3 -1.3 -1.32 | -134 | -1.36 | -1.38

The above results of calculations allow us to estimate the character of the stress
field within the framework of the accepted model. The diagrams on the fig. 4
characterize the dependencies of radial contour displacements of the reinforcement
casing U*, depending on its thickness 4.

At the increase of the thickness of the reinforced rock casing (Fig. 4), the curves
characterizing radial displacements of the excavation contour become more lenient,
that demonstrates a more equal distribution of the rock pressure on the stationary roof
support.

ur

-2.0

A5 h/a=0.25

~

MN— p—
I ha=1_59[rad]

0 w12 w6 w4 w3 5mi12

Figure 4 — Diagram of displacement of the excavation contour in the uneven
stress field

In the uneven stress field at § = 7/4 the values of radial displacements are
minimal. The displacements are maximal at 6 = 7/2.

Conclusiones.

The methodology of solving the two-dimensional task on calculation of stress
tensors in the reinforcement rock casing under the influence of the rock mass is
proposed. The methodology of solving the two-dimensional task on calculation of
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stress tensors in the reinforcement rock casing under the influence of the rock mass is
proposed. The equations allowing to determine their numerical values under different
boundary conditions are also obtained.

As a result of the analysis of the obtained numerical data, it was established:

1) In the cross-sections of the reinforced rock casing, formed as a result of
tamping operations, after the beginning of the movement of damaged excavating
contour, compressive stresses take place.

The highest concentration of radial o, and tangential oy stresses occurs in the
sections 6 = /2 and 6 = 0, and the highest concentration of shear stresses g, takes in
the sections 0 = 7/2.

2) The increase of the relative thickness of the reinforced casing within the
range of 0.25 < h/a < 0.65 results in a 1.8-fold reduction of stresses and a more equal
distribution of the parameters of the stress-strain state and, as a result, improved
working condition of the stationary roof support.

3) Creating of conditions for comprehensive rock compression results in a
reduction of tangential stress concentration.
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Annomauyusn. Ilpeonodxcen cnocob6 peutenus O08YMEPHOU 3a0ayu NO  ONPeOeieHUo
HAaNpsA’CeHHO-0ehopMUposanHo2o cocmosiHusi maccusa. Ilomyyensvl 3asucumocmu pacnpeoenenus
KacamenbHblX HANPANCEHUU 8 apMONOPOOHOU 000N0UKe NPU PA3TUYHBIX 3HAYEHUSIX COOMHOULEHULL
OmHOCUmMenvHou monwuHol obonouku (h/o). Ycmauoeneno eiusnue MmMoaUUuHbl 0OONOUKU HA
pacnpeoenenue KacameabHblX HANPSANCEeHUU U NPUBEOeHbl Pe3VIbMambl UX YUCIEHHbIX PACUemOos.

Knrwouegvie cnoea: apmonopoonas 06010YKd, HEPABHOKOMNOHEHMHOE MNONe HANPANCEHUU,
2OPHbBINL MACCUB, HAPYUWEHHOU 30Hbl KOHMYpa (30Ha Oe3uHmezpayuu), 20pHas 8vblpabomKa, 30Hd
obpyuenus, Koagguyuenm 60K08020 dasieHus (pacnopa), Omnop nopoOoOEMOHHOU 000I0UKU

ISSN 2567-5273 134 www.moderntechno.de

Y



Modern engineering and innovative technologies Issue 16 / Part 3 ﬁ \

http://www.moderntechno.de/index.php/meit/article/view/meit16-03-132

DOI: 10.30890/2567-5273.2021-16-03-132

ACIDITY OF WETLAND SOILS OF SHATSK NATIONAL NATURE PARK
KUCJOTHICTb IPYHTIB BOJJHO-GOJIOTHUX YI'IJIb IIAIIBKOI'O

HAIIOHAJIBHOT'O MTIPUPOJHOI'O TAPKY

Klymenko M.O. / Knumenko M.O.

d.agr.s., prof. / 0.c.-e..H., npogh.

ORCID: 0000-0003-0892-0648

Biedunkova O.0. / beaynkosa O.0.

d.biolog.s., as.prof. / 0.6.1., ooy.

ORCID: 0000-0003-4356-4124

National University of Water and Environmental Engineering, Rivne, Sobornaya, 11, 33028

Hayionanvuuii ynisepcumem 600H020 20Cn00apcmea ma npupoooKOpUcmy8anHs,

Pigue, Cobopna, 11, 33028

Kovalchuk S.V./ KoBanbuyk C.B.

teacher of the first qualification category / éuxnaday nepwioi keanighikayitinoi kamezopii

ORCID: 0000-0003-4356-4124

Technical College of National University of Water and Environmental Engineering,

Rivne, Orlova, 35, 33027

Texniunuu konedoc Hayionanvroeo ynisepcumemy 600H020 cocnooapcmea ma

npupoookopucmyeanns, Pisne, Oprosa, 35, 33027

Anomayia. Y pobomi Hagedeno pe3yrbmamu auanizy peaxyii cepedosuya IPyHMoB020
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Xapaxmepusyromscsi Ni0BUWEHOI KUCIOMHICMIO HA 6CIll MOBWUHHI TPYHMOB020 NpoQino, [Ka
cseae 3-5 pHicl, a 0ns deprogo-niozonucmux He 8paxosyroyu omopgosani copuzonmu 5-7 pHgcr,
OcyuwieHi OinsaHKU B800HO-O0NIOMHUX V2i0b 3 PI3HOMAHIMHUMU 8UOAMU IPYHMIE MAIU MENHCY
kucnomuocmi 4,0-5,5 pH. 3pobaeno npunywerHs, wo peakyis IPYHMOB020 PO3UUHY MOdice Oymu
BUKOPUCMAHA, K OOHA 3 I0eHMUPDIKYIOUUX O3HAK IPYHMOB020 NOKPUBY 00HO-O0J0MHUX Y2i0b.

Knrouosi cnosa: epynm, peaxyisn cepedosuiyd, 600HO-0010MHI 2i00s

Beryn

OcHOBHE MPUPOIHE JKEPENIO KUCIOTHOCTI IPYHTY - OpTaHiyHi Kuciotu. Bonu
YTBOPIOIOTHCSI TIPU PO3KIAl POCIMHHUX 3aJUIIKIB MIKPOOpPraHi3MiB 0€3 IOCTYIy
MOBITPS 1 MPOCOUYYIOTHCS B TOBLIY I'PYHTY 3 aTMoc(hepHO0 Boisiororo. IligkucineHHs
IPYHTY BIiAOYBa€ThCsl TaKOX, KOJM OCAaJd BHMMBAIOTh KalbIid 1 MarHid 3
KOPEHEBOBMICHOTO Mmapy. KuciotTu MoXyTh HAKONMYyBaTHUCS B IPYHTI 1 BIJ
CUCTEMATUYHOTO 3aCTOCYBaHHS TaK 3BaHUX (DI310JIOTIYHUX KHUCJIOTHUX JOOpUB
(cynbdat aMoHI0, XJIOPUCTUM aMOHii Toio) [169-171, 66, 172].

Kucna peakuis IpyHTIB HECHpHUSTIMBA ISl OLIBIIOCTI KyJIbTYPHHUX POCIHH 1
KOPUCHUX MIKpOOpraHizMmiB. BoHa HeraTuBHO BIIMBAa€ Ha Tmpolec (GopMyBaHHSA
poarodocTi IpyHTiB. KHcii rpyHTH MaroTh noradi pi3uyHi BIacTUBOCTI. BpaxoBytouun
HEraTHBHI HACJiJIKMU Ta BJIACTHUBOCTI OKHMCIIEHOCTI IPYHTIB, CTYIIHb KHCJIOTHOCTI
I'PYHTIB € BaXXJIMBUM MTOKa3HUKOM OLIHKM F€HETUYHOI Ta BUPOOHHUYOI SIKOCT1 IPYHTY.
3a BenmuunHOIO pH IpyHTH TOAUISIOTH HA CIM arpo-BUPOOHUYUX TPy [].

OCHOBHUI TEKCT.

Metoro Hamoi poOoTu Oyi0 OIIHUTH 3MIHM peakiii CepeloBHINa B IPyHTax
BoaHO-00s0THUX yriaT [llarekoro HamonansHOTO IPUPOAHOTO MAPKY.

ISSN 2567-5273 135 www.moderntechno.de


http://www.nuwm.edu.ua/
http://www.nuwm.edu.ua/

Modern engineering and innovative technologies Issue 16 / Part 3

[Hauskuit HITIT 3HaxoquThes B MBHIYHO-3aX1HIA yacTrHl BoanHcbKo1 001acTi
Ha Tepurtopii [llanpkoro agMminicTpatuBHoro paiony. 3emensHi nuissHka HIIT na
OKpEeMHUX BIJpi3Kax MEXKYIOTh: Ha IMIBHIYHOMY 3aX0ji Ta MiBHOYI - 3 bimopyccio, Ha
3axomi - 3 Ilompmiero, Ha cxomi - 31 CTapoBMKIBCBKMM Ta Ha MIBAHI - 3
JlroGomMIbChKUM palioHaAMU BOHI/IHCBKO'};O@IaCTi. (puc. 1).

Pucynok 1 - Curyaniiina kapra-cxema lHlansxkoro HIIII

VY 3aranpHoMy iani Teputopis HIIII ckimamaeTbest 3 M'SSTH OKpEMHUX 3eMETbHUX
KOHTYpiB. HaliOinbinii 3 HUX 3aliMae Maike BCIO IleHTpaidbHy yacTuHy lllankkoro
paiiony. YoTupu oKkpeMi KOHTYPH pO3TalllOBaH1 y MIBHIYHO-3aX1/IHIA YaCTUHI pailoHy.

3emMenbHI JUISHKM TapKy 3HAXOASAThCS Y MeEXKax Takux reorpadiuHux
KoopauHat: 3a wupomoro: 51° 40' 03" (Pocrancbke ICHHIITBO); 51° 22' 42"
(ITartbke MiCHANITBO); 3a dogeomoro: 23°36' 26" (PocTanckke micHUIITBO); 24° 08' 34"
(ITomicbKke JICHUIITBO).

[Tpotsoxuicts HIII 3 miBHOUI Ha miBAeHS - 31,9 kM, 13 3ax0oay Ha cxif - 37,4 KM.
3aranbna mioma [lanekoro HIIIT ctanoButk 48977 ra.

Teputopiss mapky, 3 METOI BHUKOHAHHS TOKJIAQJICHUX Ha HBOTO 3aBJaHb Yy
BIIMOBITHOCTI 10 3akoHy Ykpainu «IIpo mpupomHo-3anoBigHuii GoHI YKpaiHu»,
nojiijieHa Ha (DYHKIIOHAJbHI 30HU: 3alOBiJHA; 30HA PEryJbOBAHOI peKpeallii; 30Ha
CTalllOHAPHOI peKpeallii; rocno1apchbka 30Ha.

Y reoMopdos0TiyHOMY  BIAHOIICHHI palOH 3HAXOJUThCS B  MeXKax
Bepxuponpursicbkoi HU3MHH, B 00yacTi BONMMHCHKOI aKyMyJISTHBHOI PIBHHHH B
[IlanbkoMy BOJOPO3IIJILHOMY TOPOMCTO — HU3BUHHOMY PpaiiOHI.

Haii0inp1ie nomupeHHs: Ha TEPUTOPIT paiiloHy MArOTh MIA30JIUCTI IPYHTU. BoHU
3aiimatore Ounbiie 50% Tepurtopii. Po3BuBarounMch Ha JAPEBHOATIOBIAIBHHUX 1
GroBiOrIAIIaTbHUX BIJIKIIAAX, IPYHTH IIbOTO TUIY XapaKTEpU3YIOThCS MIMIAHUM 1
CYMIIIAaHUM MEXaHIYHUM CKJIaJJOM, BHUCOKOIO BOJOINPOHHUKIMBICTIO 1 HE3HAYHOIO
BOJIOTOMIIMOMHOIO KaMUIAPHICTIO. biu3bke 3aisraHHs TIPYHTOBHX BOJ BeEIE [0
YTBOPEHHSI OTJICEHUX BIAMIHHOCTEH. J[epHOBO-III30JUCTI CyMilIaHl Ta CYTJIMHUCTI
IPYHTH XapaKTEPU3YIOTHCA MOTYKHUM I'yMYCOBUM TOPU30HTOM.

JlepHOB1 TIpyHTH C(HOPMYBAIUCH TiJ TPaB SHUCTOIO POCIMHHICTIO Ha BOJHO
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JHOJIOBUKOBUX Ta JIaBHHOAIIOBIAJBHUX BIAKIAgaX. BoHM XapaKTepusyroThCs
MiBUIICHOI0 POMIOUICTIO (BMICT rymycy 2,5-5%) Ta BIIHOCHO MOTYXHIIIM
I'YMYCOBHM T'OPU30HTOM, SKUil cTaHOBUTH 15-30 cm. B Mexax Teputopii HailOuIbIIIe
MOIIMPEHHS] MaloTh JEPHOBO-OOpPOBI 1 JE€PHOBO-TIEEBI IPyHTH. JlepHOBO-O0POBI
IPYHTH 3ajsiTaloTh Ha TMIABHUILEHUX elleMeHTax penbedy. Jns HUX XapakTepHa
BIJICYyTHICTb O3HaK OMNiJ30JIeHHA. JlepHOBO-TJICEBI TJIMHUCTO-MIIIAHI  IPYHTH
3aIATal0Th Ha OUTHINI BUPIBHSHUX IUISHKAX 1 MAalOTh JOCTaTHbO BHUCOKUHW CTYIIHb
OTJICEHOCTI, 110 MPOSIBISETHCS B HASBHOCTI 3HEOAPBIICHUX MPOIIAPKIB TBEPIUX
3aJ1130-MapraHIeBUX KOHKPEHIIH pi3HUX po3mipiB. OOMexeHe NOIIUPEHHs Ha
TEPUTOPIi  MalOTh JIEPHOBO-KapOOHATHI TIPYHTH, SIKI 3aJSral0Th Ha IMiIBULIEHUX
eJeMeHTax penbedy.

B 3axigniii yacTuHi pailoHy 1] TpaB’sSTHOIO POCIMHHICTIO Ha aJIOBIAILHUX
BifkIagax chopmyBamucs Jy4yHI TpyHTH. BOHM XapakTepH3yHOThCS MOTYXHHUM
rymycoBuM Topu3oHTOM (50-60 cM) 1 BHCOKOIO MOTEHIIMHOIO POJIOYICTIO (BMICT
rymycy nocsirae 10 6%). B 3amnaBi piuku [Ipum’sTe HOMIHYIOTH JTy49HO-OOJOTHI
IPYHTH, $IKI XapaKTepU3yIOTbCS HaJAMIPHUM 3BOJIOKEHHSM 1 MaroTh J00pe
PO3BUHEHHUI TymMycoBUIl Npodiib, y BEpXHIA YAaCTUHI SKOTO MICTUTBHCS BeJIMKa
KUIBKICTh HE PO3KJIQJICHUX POCIUHHUX PEIITOK.

BonoTHI IpyHTH MarOTh 3HaYHE MOMIMPEHHS Ha MJIOCKUX MOHM)KEHUX 3arljlaBax
pIK, JOJWHAX CTOKY JIbOJOBHKOBHUX BOJI Ta B MICISIX HAAMIPHOTO 3BOJIOKCHHS.
[pyHTH XapakTepH3yIOThCs BIACYTHICTIO CYI[JIBHOrO IIapy TOpQy Ha IOBEPXHI i
MaroTh HerIuMookuil (10 20-30 cM) YOpHUI B’S3KUK TOPU3OHT 3 BEIUKOI KUIBKICTIO
HaIIBPO3KJIAICHUX POCIMHHHUX PEIITOK. BONOTHI IPyHTH MpEACTaBiI€HI BEPXOBUMHU,
MepexiJHUMHU 1 HI3UHHUMU TUTIAMH.

[IpoBeneni  HaMu  JOCHIDKEHHS  BOJAHO-O0NmOTHUX  yrias  Illampkoro
HalllOHaJIbHOro npupoaHoro mapky 3a 20167-2019 pp. mo ropuszontax (0-20 cm)
mapy 1pyHry, (20-40 cm) mapy rpyHTy Ta B TOpu30HTI Hibkue 40 cM 1mapy IpyHTY,
3aCBIUYIOTh, 10 BJIACTUBOCTI IPYHTIB (peakilisi IPYHTOBOTO PO3YMHY) MOXKE OyTH
BUKOpDHCTaHa, SK OJHA 3 1ACHTH(IKYIOUUX O3HAK IPYHTOBOTO IOKPUBY BOJIHO-
OOJIOTHUX YTi/ib.

3a npoBeACHUMHU JOCHIHKEHHSIMU Ta aHaNi3y JIaHUX CIOCTEPEXKEHb MOMideHa
BiAMiHHICTE pH TOpdoBHX Ta AEPHOBO-MIA30MMCTUX TIPYHTIB. TopdoBl IPyHTH
XapaKTEpU3yIOThCA TMIABUIICHOI KHUCJIOTHICTIO Ha BCIM TOBIIMHHI TIPYHTOBOIO
npodimo, sika csrae 3-5 pHger, a I8 JAEPHOBO-MIA30JIMCTUX HE BPaxXOBYHOUH
otopdosani ropu3oHTH 5-7 pHycr (Tabm.1).

Amnani3 pH rpyHTIB BKa3ye Ha psiji O3HAK: MIJBUIICHA KUCJIOTHICTh XapaKTepHa
JU1s1 TOp(OBUX IPYHTIB Ta AEPHOBO-MIA30IUCTUX 3 0TOphOBaHUM (TOpdyBaTO-TJICER]
Ta TOp(OBO-TJICEB]) MOTYKHICTIO Topdy a0 50 cM, 301AHEHUM BUIOBUM CKIIQJIOM
POCIIMHHOCTI; KUCIIOTHICTh B Mexkax 5,0-6,5 pHycr xapakTepHa 1epHOBO-IT1I30JUCTUM
I'PYHTaM 3 MABUIIEHOIO T€OCUCTEMOIO Ta Ha OCYIIEHUX €KOCUCTeMaX.

3a mnokasHukoM pH rpyHTOBI BiAMIHM (OPMYIOTH HACTYNHUH psAg 1O
3MEHILIEHHIO KHUCIOTHOCTI: MYJyBaTO-TOP(OBI, TOPPOBI Masioi MOTYKHOCTI, TOpPH
CEepPeNHbOI  MOTYXKHOCTI, OTOpdOBaHi, JACPHOBO-MIA30JIMCTI 3  TOPU30HTOM
0TOp(OBAHOCTI, JEPHOBO-II30JIMCTI OCyIIeHl, 31 3mMiHo0 pH psaay Bin 3,0-6,5 pH
(puc. 2).
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Taoauus 1
Pe3yabTaru anamisy BifiOpaHux npod rpyHTY Ha TPHOX FOPU30HTAX IPYHTOBOIO
Nnpo(iji 3 MOHITOPMHIOBUX JIJITHKAX BOAHO-00JI0THHX Yriab

Hinsaka 3nauenHs pHkci
IPOBE/ICHHA Turn rpynry 0-20cm | 20-40cm | > 40 e
CIIOCTEpPEKEHb Ne
1 JIepHOBO-T1 30UCTHH T. OTOPG 5,00 5,70 5,60
2 JlepHOBO-TTi 130THCTUI] 5,00 5,20 5,00
3 JIepHOBO-T1 30IUCTHH TIC. OTOP(D 4,80 4,20 6,00
4 Topdoswii .cep. 5,40 6,40 6,40
5 Topdoswuii cep. 4,4 4,6 4,6
6 JlepHOBO-TTi I30IHCTUH TIC. OTOP. 3,6 3,8 4.2
7 JIepHOBO-T1 130UCTHH TIC OTOP. 5,00 5,00 5,00
8 JlepHOBO-TTi 130THCTUI] 4,6 5,0 5,0
9 TopdoBuii M. 3,6 3.8 4,2
10 Topdoswii cep. 3,6 4,2 4,2
11 JlepHOBO-TTi I30JUCTUI 4,5 5,0 5,0
12 JlepHOBO-TTi I30TMCTUH TIC. OTOPd 3,5 4,5 4,5
13 MynyBatuii Topdh 3,00 3,60 4,40
14 Mynysatuii Topd 3,90 5,00 5,00
15 Topdoswii cep 4,2 4,2 4,2
16 Topdoswuii cep 4,2 4,6 4,6
17 MynyBatuii Topdh 4,2 4,6 4,6
18 JlepHOBO-TTi I30IHCTUIH 5,00 5,40 5,50
19 JlepHOBO-TI I30JUCTHH T. OTOP(D 4,1 4,6 4,8
20 JlepHOBO-MTi I30IMCTUH TIC. OTOPd 3,50 3,80 4,40
21 Topdosuii. M 2,80 3,00 3,60
22 JlepHOBO-TTi I30IHCTUIH 5,20 4,70 4,60

BcranoBiieHo, 1o s TpaB’SHUCTO-3a00JIOUEHHMX JIJISTHOK —XapaKTepHUM
JEPHOBO-MIA30IUCTUI TPYHT 13 Mexkamu pH 4,5-5,5; i1t TpaBsiHUCTO-4arapHUKOBUX
3a00JI0YCHUX JUISHOK - TPYHT JCPHOBO-III30JIMCTHH 3 TOPU3OHTOM OTOP(POBAHOCTI
ta pH 4,0-4,5; 4YarapHMKOBO-3a00JIOUEHHMX [IISHOK - OTOpQOBaHI TIPYHTH 3
KUCIOTHICTIO 4,1-3,9; Ha micoBux 3a00J0YeHUX MOUIAHKaX 3 TopdamMu Maioi
notykHocti pH cranoBute 3,0-3,5; Ha Oosiotax 13 TOpGOBUIAMHU CEPEAHBOI
MOTY>KHOCTI Ta MysryBatumu Topdamu pH ctanoButs 3,0-4,2. Mexa KUCIOTHOCTI Bij
4,0-5,5 xapakTepHa OCYIICHUM BOJAHO-OOJIOTHUM YTiJIIIM 3 PI3HOMAHITHUMHU BUIAMH
IPYHTIB.

BucHoBku.

Y Mexax BoAHO-O0MOTHHMX Yyrige Ha Teputopii Illampkoro HarioHanbsHOro
IPUPOAHOTO MapKy MOMiueHa BiAMIHHICTH pH TOpdoBUX Ta IepHOBO-III30JUCTUX
IpyHTiB. TOpdoBI IPYHTH XapaKTEPHU3YIOTHCS IIJIBUILIEHOI0 KHUCJIOTHICTIO Ha BCIH
TOBILUHHI IPYHTOBOTO npodisito, sika csrae 3-5 pHycr, @ 71 1e€pHOBO-ITII30JIUCTHX
HEe BpaxoBywuud oTopdoBaHi ropu3zoHTH 5S-7 pHycr JoBeneHo, 1mo peakiis
IPYHTOBOTO PO3YMHY MOKE OyTH BHKOPHCTaHA, K OJIHA 3 1ACHTHU(DIKYIOUMX O3HAK
I'PYHTOBOTO MTOKPHUBY BOAHO-O0JIOTHUX yTi/Ib.
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. i o 3miHa KKMcnoTHocTi B Npodpini FpyHTY OepHOEG-
3MiHa KMCNOTHOCTI B Npodini rPYHTY A&PHOBO- MiASCNMCTHA 3HAYHMM FOPH3OHTOM
nigsoNMCcTHA 3HA4YHWM FOPHSCHTOM oTophoBaHocTi A.T.7
oTopchOBAHOCTI A.T.8

H,cMm

0-20cm, 0-20cn: 4.2 ol 1 0-20em 0-7en; 41 a4

| 20-10cm;4,2 . : —
20-40cM: b 'cpc,_"' 1, 20 40em: 20 A0cmA 5 pE
ancm | 40em<
40zm= Difkwe. 4,4 pH

0 2 4 5] pH
3MiHa KNCNOTHOCTI B MPOMINi rpYHTY NEPHOBO 3miHa KMENOTHOCTI B NPoMini rPYHTY AepHOBO-
nigsonueTUn A.1.5 NUAIONMCTAA 3 HESHAYHMM FOPH3OHTOM

oTopthoBaHoCTIA.T.4

H.em
H,cm
0-200wm,
0 20cm
20-40c:w; 20-40em 4.7 p 20-10cM 20.40eu; 4.2 pH
e
A0 4lewm

] 2 4 4} pH

PucyHok 2 - XapakrepucTuKa KOJUBAHHSA KMCJIOTHOCTI IO MPOQLII0 IPYHTY
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Abstract. The paper presents the results of the analysis of the reaction of the soil environment
within the Shatsk National Nature Park. More than 50% of the park area is occupied by podzolic
soils. The rest of the territory is covered with sod, meadow and swamp soils. The difference in pH of
peat and sod-podzolic soils is noticed. Peat soils are characterized by high acidity throughout the
thickness of the soil profile, which reaches 3-5 pH KCI, and for sod-podzolic not taking into
account the peat horizons 5-7 pH KCI. Drained areas of wetlands with different types of soils had
an acidity limit of 4.0-5.5 pH. It is assumed that the reaction of the soil solution can be used as one
of the identifying features of the soil cover of wetlands.

Key words: soil, reaction of environment, wetlands

Cratts Hanicnana: 07.05.2021 p.
© Kimmmenko M.O., benynkosa O.0., KoBanbuyk C.B.

ISSN 2567-5273 140 www.moderntechno.de


https://www.sciencedirect.com/science/article/abs/pii/S0929139305001071#!
https://www.sciencedirect.com/science/article/abs/pii/S0929139305001071#!
https://www.sciencedirect.com/science/article/abs/pii/S0929139305001071#!
https://www.sciencedirect.com/science/article/abs/pii/S0929139305001071#!

Modern engineering and innovative technologies Issue 16 / Part 3 ﬁ \

http:// www.moderntechno.de/index.php/meit/article/view/meit1 6-03-134
DOI: 10.30890/2567-5273.2021-16-03-134

YK 613.636
ASPECTS OF BIOLOGICAL SAFETY OF BIOECHNOLOGICAL

LABORATORIES OF EDUCATIONAL INSTITUTIONS
ACHEKTH BIOJOT'TYHOI BE3NEKH BIOEXHOJIOTTYHHUX JIABOPATOPIH
3AKJIAJIB OCBITH

Zubareva 1. M. / 3y6apesa .M.

c.L.s., as.prof. / K.m.u., 0oy.

ORCID ID: 0000-0001-6433-5764

Oles Honchar Dnipro National University, Dnipro, Mechnikova 34, 65029

Jninpoecvruii nayionanonuii ynisepcumem im. O. I onuapa, m. /{ninpo, Meunuxoea 34, 65029
Mitina N.B./ Mirina H.B.

c.t.s., as.prof. / k.m.H., 0oy.

ORCID: 0000-0002-5384-7040

Ukrainian State University of Chemical Technology, Dnipr, Naberezhna Peremohy, 40, 49094
Jlepoicasruil uwuti HAB4AILHUL 3aK1A0 « YKPAIHCObKUL 0epHCaABHUL XIMIKO-MEXHOI02IUHUL
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Anomauia. Y pobomi posensioaemvcs numanHsa 0ion02iuHoi Oe3nexku HaAyKosux 1abopamopiti
BUYUX HABYATLHUX 3AKNA0I8 DIOMEXHONO2IUHUX, MeOuYHUX, Oionociunux ¢axyrsmemis. Hasedena
xapaxmepucmuxka jaabopamopit BSL piznux pienie  6ionociunoi  6eznexu. Pozensanymo
630EM0O38 'A30K MIdC 2PYNAMU PUSUKY MIKPOOPeaHisMie i pieHem 0Oiobe3neKku, 0coOIUBoCmi
3ACcmMoCy8antsl 3aco0ie iHOUBIOYaIbHO20 3axucmy, OoKcie Oiono2iuHoi be3nexku. Bukopucmanus e
namoeenHux (canpogimmuux) MikpoOHUX Kyiemyp nompebye 0608 A13K08020 GUKOHAHHS CREYIANIbHUX
8UMO2 Ma 30008 '3Y€ CMBOPEHHS DE3NEUHUX YMOB8 NPOBEOeHHs. pOOIm Y MIKPOOION02IUHUX YUO0B8UX
nabopamopisx. 3azHaueHo, wo 3anobieauHaM GUMOKY KOHMAMEHAHMIE i3 HABUANLHUX, OOCTIOHUX
OIOMEXHON02IUHUX, MIKPODIONIOSTYHUX 1AOOPAMOPIll € BNPOBAONCEHHS OCHOBHUX NPABUL biobesneKu
ma 6Oio3axucmy y pobomi 3i cmyoeHmamu i MOIOOUMU HAYKOBYAMU 3a OIOUUMU CMAHOAPMAMU,
CYYACHO20 KOHCMPYKMUBHO2O OCHAUJeHHS NEePBUHHUX 3AXUCHUX O6ap €pig, HAOIIHO CHNPOeKmOBaHi
BUMSLIICHT waghu, i3016b06aHA ABAPIUHA BEHMUNAYIS 810 3A2ANbHOI 3 OKPpeMUMU NOBIMPOBOOAMU MA
001AOHAHHAM.

Kniouosi cnosa: 6ionociuna 6esnexa, Oiozaxucm, 0ionociunuti 6oxc, puszuk, iHgexyis,
MIKpOOHA Kynemypa, 3acoou iHOUI0yaibHO20 3aXUCMY, BEHMUNAYIAL.

Beryn. Po3Butok cydacHux 610TeXHOJOTIH MOTpeOye BUKOPUCTAHHS BCE OLIBII
CKJIQJHUX HAyKOBUX IHCTPYMEHTIB Ta e€(EeKTUBHUX METOAIB polOoTH 3
PI3HOMaHITHUMH O10JIOTIYHUMHU areHTaMH, IO CYMPOBOKYETbCS IMOTEHIINHUMHU
010J0TIYHUMHU 3arpo3aMu. Tak, TOMUJIKMA Ta HEI0aliCTh MpalliBHUKIB JabopaTopiii
MOKYTh NMPU3BECTU 10 PO3MOBCIOKEHHS 1H(EKIIH, MaTepiadbHUX BTpaT a0 HaBIThH
HaBMUCHHUX 3J04uMHHUX A1 [1]. Hampuknaa, BUMAagKd TSHKKOTO TOCTPOTO
pecmiparoproro cuaapomy (SARS-CoV) y 2003 - 2004 pp. y Kurai, Cunranypi,
Taitbei manu came nabopatopHe moxojxeHHs [1, 2]. Indexuis SARS Bunukna y
[lexini 1 mnposiHwii Anxyi. [lpuumHOol0 [aHoro Bumaaky Oyna HeBgada ado
HezaBepiieHa iHaktuBaliss SARS-CoV. ¥V CIIA 2005 -2007 pp. 3adikcoBaHo 5
BUMAJKIB 1H(IKYBaHHA BIPyCOM KOpPOB’S4YOi BICIIM 'y HAayKOBO-AOCIHITHUX
nabopaTopisix NUIIXOM PO30OpPU3KYBaHHS 3 IINPUIIA Yy XOJI 3IMCHEHHS 1H'€KITiI
muiaM. Jlekisibka BUIAJIKIB BHYTPIIITHBO-TA00PATOPHOTO 1H(IKYBaHHS CIIOCTEPIraiu
y 2006 p.: 2 Bumaaku Opyuenbo3y y kiaiHiYHUX Jaboparopisx CIIIA (mepeciB Ha
BIIKpUTOMY poOouoMy ctoii), 21 BUMAA0K calibMOHENTh03y Yy jabopatopii CIIA 1o
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BUPOOHUIITBY BaKIMH (pO3JMTa BUCOKOKOHIICHTpOBaHa MIKpOOHa CYCIIEH31s),
BUIAJIOK MEHIHTOKOKOBOTO MEHIHTITY Y HayKOBO-IOCHiAHIN jaboparopii [Bemii
(poboTa Ha BIZKPUTOMY pOOOUOMY CTOJIi, HEBAKIIMHOBAHUU CITIBPOOITHHUK). Y CEpITHi
2007 p. 3adikcoBaHO crajgax XBOpOOH sIlypa KOpiB AHIJII y CEeNUIIl Ha MiBJACHHO-
3axigHOMy Hampsimi Bin Jlonmona. Jlami Bipyc siiiypa pO3MOBCIOJUBCS M€ Ha
nekinbka cenuny rpadgcrBa Cyppei. [IpuunHo0 cnanaxy cTajo BHTIKAHHS CTIYHUX
BIJIXO/IIB 3 KaHaMI3allii BiJ] IPUMIIICHHS, Y SKOMY BUPOOJISUIM 1HAKTUBOBAHY BAaKIIUHY
npoTH sirypa. [licias 1poro rpyHT 3 BipycoM OyJI0 pO3HECEHO KoJiecaMy aBTOMOO1TIB
0 CYCIIHIM HaceleHUM MyHKTam. Lleli Bumajgok mNpu3BiB 10 BTpAT Yy JAEKIJIbKa
JECATKIB MIJBHOHIB (DYHTIB CTEPIIHTIB Ta 3a00POHH HAa €KCIOPT M’ACO MPOIYKTIB 3
BenukoOpuTaHnii Ha Jekiibka MicdliB. Bumaaku BHYTpIlIHbO-1a00paTOPHUX
iH(peKIii crnocTepiraloThesi 1y TenepimHid yac. Hampukian, 3adikcoBaHo oauH
JeTaqTbHUM BUMAAOK (Ticas IBOX 110 BiJg MOSBU CUMIITOMIB) MEHIHTOKOKOBOI'O
MEHIHTITY TNy B y HaykoBo-fociigHiii mabopatopii Kamidopnii (CILIA) 2012 p.
Jl>xepeno iH(pIKyBaHHS Ha TJaHWW Yac HE BUSBIIEHO [2].

3aranom, 3a octanHi 70 pokiB 3apeectpoBaHo Oinbine 5400 mabopaTopHUX
HemacHuX BUMaJKiB (B Mexax 100 KoH(IIKTIB), MOB'I3aHUX 3 BHXOJOM 3a MEXKI
O10TEXHOJIOTTYHUX BHUPOOHUITB martoreHHUX Oionoriynux areHtiB (I1BA) Ta
MOTPAIUISTHHSA 1X y HaBKoJMIIHE cepenoBuiie [3]. Tomy nuranns 6i0J0riyHOI O€3MeKu
€ aKTyaJIbHMM SIK JJIS HAayKOBHMX, TaKk 1 JJig BUpOOHMYMX jabopatopiii. PiBeHb
BaXXJIMBOCTI Ta HEOOXIAHOCTI O10JI0T1YHOI Oe3meKu BiJOOpaKeHO Yy BHU3HAYEHHI
caMoro TepMiHy «OiojioriuHa Oe3mneka». biojoriuna Oe3mneka, K 1H)XEHEpHa
JTUCLUIUIIHA BU3HAYAETHCA SIK CHUCTEMa MEIMKO-O10JIOTIYHMX, OpraHi3aliiHuX Ta
1HKEHEPHO-TEXHIYHUX 3aXOJIB 1 3ac00iB, CIPAMOBAaHHUX Ha 3aXUCT MPALIOIYOro
NepcoHaNTy, HACENEHHS 1 HAaBKOJMWIIHHOTO CEPENOBHUINA BiJl BIUIMBY MaTOTEHHUX
OiloJIOriYHUX arcHTIB [4].

Ane, noTpuMyBaTHCh TpaBWJI O€3MeyHOi POOOTH CIiJl HE TUIBKH Y HAyKOBO-
JOCIITHUX 3aKJa/lax Ta B YMOBaX MPOMUCIOBUX BUPOOHUIITB, a K y Ja00OpaTOPHUX
NPUMIIICHHSIX BHUIIMX HAaBYAIBHUX 3aKjadiB  OIOTEXHOJIOTIYHUX, MEIUYHUX,
Olosoriyaux (axkynbpTeTiB. Tak, mpoBeaeHHs J1a0OpaTOPHUX 1 MPAKTHYHHUX 3aHSITH 3
TaKUX JHUCLIMIUIIH, SK 3arajbHa Ta CHeljajdbHa OIOTEeXHOJOrIs, 3arajibHa Ta
IIPOMUCIIOBA MIiKpOO10JIOTis, BIpyCOJOTis Ta 1HII TOB’S3aHO 3 BUKOPHUCTAHHSIM
YUCTUX KYJbTYp pIZHUX MiKpoopraHizmiB. PoOoTa HaBiTh 3 HE NaTOTCHHUMU
(carmpopiTHUMM) MIKPOOHMMH KyJIbTypaMu MOTpeOye 0OOB’SI3KOBOTO BHKOHAHHS
CHeIlaIbHUX TpaBWi, MO 1 3abe3medye CTBOPEHHA OE3MEYHUX YMOB MPOBEACHHS
pobiT y MikpoOiosoriuanx yd0oBux Jsradoparopisx [5]. Kpim Toro, BmpoBamKeHHS
OCHOBHUX TpaBujl 0i00e3neku y poOOTy 31 CTyJEHTaMH 1 MOJOJUMHU HAYKOBIISIMH
COpUATAME Kpauliii iX O0O0I3HaHOCTI INOAO ULUX NHUTaHb Ta 3HWKECHHIO SK
1HAMBIAYaIbHUX, TaK 1 CyCHUIBHUX pU3HKIB [1].

Tomy po3poOka 1 BIpOBaXKEHHS YITKUX MPABUII 3HAXOKEHHS Y Ja00paTOPHUX
OPUMIIICHHSX 1 TEXHIK MPOBEACHHS BIANOBIAHUX pPOOIT € MPIOPUTETHUM 1
000B’I3KOBUM 3aBJaHHSIM Ha HAIllOHAJIBHOMY Ta MIKHAPOAHOMY PIBHSX.

OcHOBHUI TeKCT. 3arajibH1 MPUHIMUIHN O10JI0TTYHOT O€3MEeKH 115 1a00paTOpHUX
poOIT TPYHTYIOTbCS Ha KiIacudikaiii MIKpOOPraHi3MiB 3a TpylaMu pHU3HUKY.
Kiacudikariist MikpoopraHi3MiB IpOBOAMIIACH 32 TAKUMU OCHOBHUMU O3HAKAMU:
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1) maToreHHICTh OpraHi3My;

2)nuisixyu mepeaadl Ta JpKepena iH(EKIil 3 ypaxyBaHHSAM ICHYIOUMX DIBHIB
IMyHi3aIii MiCIIEBOTO HACEJICHHS, IIUIPHOCTI 1 MepeMileHHsT 1H(PIKOBaHOTO
HACEJICHHS, HasSBHOCTI BIANOBIIHUX TMEPEHOCHUKIB 1HQEKIli Ta HOPM
CaHITapHOTO CTaHy JOBKUILIS;

3) 1OoCTYHHICTb 1 €EeKTUBHICTh MPOPUIAKTUYHUX 3aX0/11B Ha MICIISIX;

4) MO>KJIMBI TOCTIOAPI;

5) IOCTYIHICTD 1 €(PEKTUBHICTD JIIKYBAIBHUX 3aXO0/11B Ha MICIISIX.

3riJIHO 3 MIDKHAPOJHOIO Kiacu(ikaliero chopMOBaHO YOTUPH BIANOBIIHI TPyIH
pusuky [6]. I'pyma pusuky 1 XapakTepusyerbcsl BIJICYTHICTIO a00 HHU3bKOIO
IHIWBIAYaJIbHOKO 1 CyCHUIbHOK HebOesnekor. Jlo mepmioi rpynu  HajlaexaTh
MIKpPOOPraHi3MH, sIKi MOTEHIITHO HE BBaXKaIOThCA 30yJTHHKAMU XBOPOOU JIOJIEH Ta
tBapuH. Hanpuknan: Bacillus subtilis, Naegleria gruberi, Bipyc co0auoro rematury
Ta 1HIII.

['pyna pusuky 2 BiJI3HAYAETHCS MOMIPHOIO IHIUBITYaTbHOIO HEOE3NEKOI Ta
HU3BKUM CYyCHUIBHUM pHU3UKOM. [laHa rpyna o0’€qHye MaTOreHHi MIKpOOPTaHi3MH,
AKI MOXYTb CIPHUYMHUTH 3aXBOPIOBAHHA JIOAMHM a00 TBapuH, aje He
MPE/CTaBISIOTh CEpHO3HOrO0 PHU3UKY [UIsl MpaliBHUKIB J1adopaTopii, HaceleHHS,
CBiHiCchbKOI XyA00Hu a0o noBkuLIsl. HeoOepexxHe moBOKEHHSI MepcoHay J1adopartopii
3 MIKpOOHOIO KYJIbTYPOIO 4d OloMaTepiaioM MOXKE BUKIMKATH CEPUO3HY 1H(EKIIIIO,
ajyie ICHYIOTh JOCTYIHI JIKapChki Ta MPOQIIaKTUYHI 3aXOAM, SIKI MONEPEIKYIOTh
PU3HK MOLIMPEHHS TakuX 1HQekuii. [IpeacraBHukamMu 2 rpynu pu3MKy BBaXKaroTh,
HaIpUKIIAaJ, Takl MiKpoopraHi3Mu sik Salmonellae spp., Toxoplasma gondii, 30y THUK
renatuty B Orthohepadnavirus Ta xopy Morbilli Ta 1H1i.

['pyna pusuky 3 xapakTepU3y€eThCS BUCOKOIO 1HIMBIIYalbHOIO HEOE3NEKOI Ta
HU3BKUM CYCHIJIBHHUM PHU3MKOM. ['pymna BKIIIOYAa€ MATOT€HHI areHTH, SKi 3a3BUYai
CHPUYHUHSIOTH CEPHO3HI 3aXBOPIOBaHHS JI0ieil ab0 TBapuH, aje He NMepeNaloThes Bij
iH(pikoBaHOT 0ocoOM 70 3M0poBOi. Po3poOieni Ta BOpOBaKEHI A0 MPAKTUYHOI
peasizarii e(peKTUBHI JIKyBaJbHI Ta npoiIaKTUYHI 3aX0/1H
III0JIONATOTEHHUXAreHTIB  aHoi rpymu. Hampuknan: Mycoplasmatuberculosis,
Coxiellaburnetti.

['pyna pusuky 4 BIJI3HAYAETHCSI BHCOKOIO 1HAMBIAYaJbHOIO 1 CYCHUIBHOIO
Hebesnekoro. J[o rpynu HajueXaTh MaTOTEHH] areHTH, sIKI 37aTHI 3a3BUYail BUKJIMKATH
Cepil03H1 3aXBOPIOBaHHS JII0JIe a00 TBApUH, JIETKO MOIIMPIOBATUCS BiJ XBOPOTO [0
3I0POBOTO OpraHi3My IMpsMO Yd omnocepeakoBaHo. EdexTuBH1 mikyBanabH1 Ta
npodiTaKTUYHI 3aX0AW Y OUIBIIOCTI BUMAAKIB BiACYTHI. JIo MaHOi Tpynu BiAHOCSTS,
Hanpukiana: Yersiniapestis, Bipyc MapOyprata EGona, Bipyc nuxomanku Pidr-Bami,
BipycH Jlacca, XyaHnin, Mauymo, iH1i.

3 ypaxyBaHHSIM Kiacu@ikalii MIKpoopraHi3miB 3a rpynamu puszuky BOO3
3anmponoHyBasia Kiacu(ikyBaTh BCl MIKpPOOIOJOTIYHI JiabopaTopii 3a TaKUMH
O3HAaKaMH: TpU3HAauYEHHs J1abopaTopii; TIUIaHyBaHHS JaOOPaTOPHOTO MPUMIIICHHS,
HasBHE OOJIalHAaHHS Ta 3aco0M, SKI TUIAHYIOTh BHKOPHCTOBYBATH; IPAKTUKHU 1
OTEepaTHBHI MPONEAYPH, SIKI HEOOX1/IHI JJIsi pOOOTH 3 areHTaMu, IO BIHOCATHCS 10
PI3HHX TPyl pU3uKy [6].

BignosigHo 1o manoi kinacudikailii po3pi3Ha0Th 4 TUIH JJabopaTopiii: 6a30Buit
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piBeHb 0100e3neku 1 (BSL-1), 6a3zoBuii piBenp 0i00e3neku 2 (BSL-2), i3o1poBanui
piBeHp 0106e3neku 3 (BSL-3) 1 makcumanbHO 130Jb0BaHHi piBeHb OloOe3nexu 4
(BSL-4) [6, 7]. ¥V Tabnumi 1 mpenacTtaBieHO B3a€MO3B’S30K MK TPyMaMH PUBHKY
MIKpOOpPTaHi3MiB 1 piBHEM 0100e3meKku 1adbopatopiil, sSiki mpu3HaueH1 A poOOTH 3
OprasizMamMu y KO>KHii rpyImi pu3mky.

Taoauusa 1
B3aeMo03B’s130K rpyn pu3uKy Ta piBHeill 0io0e3nexku
I'pymna PiBenb Tun Oco6mmBOCTI 3axucHe
pU3HUKy | O10J0T14HOI naboparopii 71a60paTOPHOTO 00J1aTHaHHS
Oe3nexku 3aXHUCTY
1 bazoBwuii ba3osi HTM BinacytHe.
piBEHb HaBYaJIbHI Ta Po6orta na
010JI0T19HOT JTIOCJII THUIIBKI BIIKPUTHX
6e3neku 1 CTOJIaxX
2 bazoBuii baktepiono- | HTM y noennansi 3 Po6orta Ha
PIBEHB r19H1 3aXUCHUM OJSITOM Ta BIIKPUTHX
010J10T14HOT naboparopii MapKyBaHHIM crosiax Ta y bbb
oe3rexu 2 JKYBaJIbHUX 010JI0T1YHOT O€3MEeKN | JJIS 3aXUCTY Bij
3aKJIa/1B; MMOTEHIIHUX
JIIarHOCTHYHI, aepo30J1iB
JTOCJII THUALIBK]
3 [3onpoBanmii CroemiaJipHl HTM y noennanni i3 | bbb Ta/a6o iHm
piBEHb JIarHOCTHYHI | CTIELIAIbHUM OJISITOM, 3acoou
010J10T14HOT Ta MapKyBaHHIM MIEPBUHHOTO
oe3nexu 3 JOCTIAHUIIBK] 6100e3meKu, 3aXUCTY JJIS1 BCIX
naboparopii KOHTPOJIbOBAaHUM BUJIIB POOIT
JIOCTYTIOM Ta
CIIPSIMOBAaHUM
TIOTOKOM TIOBITPSI
4 MakcumanbHo | Jlaboparopii | HTM y nmoeananni i3 | Bbb kiacy 11,
1301bOBaHUN | 1711 pOOOTH 3 | CIICHIAILHUM OJISITOM, MO3UTHBHUH
piBEHb HeOe3NeYHUMU MapKyBaHHSIM THUCK Ha BXOJI1
010JI0T1YHOT MaTOreHHUMHU 0100€31eKH, a6o bbb kacy
oesmnexu 4 arcHTaMH. KOHTPOJIbOBAHUM II, mo3uTrBHUMI
Bigminu JIOCTYTIOM Ta THCK HA BXOJI Ta
0C00JIMBO COPSIMOBaHUM MOJIB1HI JBEi,
HEOE3MeYHNX MTOTOKOM TIOBITPA, aBTOKJIAB 3
30y IHUKIB HaASIBHICTH BXI1JHOTO JIBOMa JIFOKaMU

Ookcy (TamOypy),
IIPUAMAaHHSA QyILy 10
3aKIHYEHHIO POOIT,
crerjajibHa
yTHUJII3a11isl BIIXO/1B

(BMOHTOBaHUH Yy
CTIHN),
NOBITPSIHI
bipTpH

Ipumimxa: HTM — nanexcna mexuixa mikpoobionociunux oocnioxcewb, BFB - 6okcu bionoeiunoi

besnexu.
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3 ypaxyBaHHSM KOHKPETHMX BHUKOHYBaHMX pOOIT, OI1OJOT1YHMX areHTIB,
JOCTYMHHUX 3aco0iB, a Tak0oX OOJaJHaHHA, SIKE BUKOPUCTOBYIOTh y MPaKTUYHIN
po0OoTi Ta mporeayp, Ski HEoOXimHI s Oe3MeYHOTo MPOBEACHHS pOOIT ¥y
naboparopisix, HaBOJUTHCS JEeTalbHAa XapaKTEpUCTUKA J1abopaTopiil pi3HUX PIBHIB
Oiomoriunoi Oesmnexu [8, 9]. Tak, maboparopis mepmoro piBHS 010J0TIYHOI O€3MeKH
(BSL-1) BignmoBizae ymoBam 0a30BUX HaBUAJbHUX Ta JOCIITHUIIBKUX JIA0OpATOPIiil.
BignoBigHo piBeHb Oiosoriuynoi Oe3meku 1, mpumatHuUd mius pobotu 13 g00pe
BUBUCHUMH MIKPOOpPraHi3MaMH, sIKI HE CHPUYMHSAIOTH 3aXBOPIOBAHHSA Yy 370POBUX
JOPOCIIMX JIIOJIEH 1 CTAHOBJIATh MIHIMAJIbHY MOTEHIIHHY HeOe3MeKy sl MepCoHaITy
nabopatopii Ta Jg0BKULIA. Taki 1a0opaTopHi NOPUMIMIEHHS HE0OOB’I3KOBO
BIJIOKPEMJIIOBATH BiJ] 3arajbHUX cXeM pyxy y Oyaisii. Poboty y BSL-1-naGoparopii,
SK TPaBUJIO, TMPOBOIATH HA BIAKPUTHUX CTOJIAX 13 BUKOPUCTAHHSIM CTaHJIAPTHUX
MIKpOO10JIOTTYHUX METOAIB. OCOONMBUX YMOB YTpUMaHHs O0JajiHaHHs abo 3aco0iB
CIEIIaJbHOTO TUIAaHYBaHHS HE BUMaraethcs. [lepconan yabopatopii MOBHHEH MaTH
cCreriagbHy TMIATOTOBKY JUIsl TIPOBEIEHHA MIKPOOIOJOTIYHUX JOCTIIKEHb Y
nabopaTopii, a CTYJEHTH IOBUHHI TMPOBOJUTH YCl MAaHIMYJAIIi i HArJIgI0M
BUKJIaJlaya a0o MpalliBHUKA JabopaTopii, SKUi Ma€ TOCTaTHIN piBEHb OCBITU Y TaTy3i
MikpoOiosiorii. He nuBnsunch Ha TMEBHY «HE YKOPCTKICTBY 3arajbHUX MPABUI Y
n1abopaTopisiX BUIIKUX HABYAIBHHUX 3aKJIaA1B, 10 POOOTH Y HUX 3aCTOCOBYIOTHCS MEBHI
OCHOBHI BHMOTH: JO OCOOMCTOTO 3axHCTy, JIO MNpHMIIIEHb jgadoparopii, 10
30epiranHs My3eiHHUX KyJIbTyp.

Bumorn po0 ocobucroro 3axucty y BSL-1-nabopatopisix mnosdramts y
BUKOPHCTAHHI 3araJIbHUX Tir€HIYHUX 3ax0/1B. CTyI€eHTH Ta MpaliBHUKY JadopaTopii
MTOBMHHI OOOB’SI3KOBO OyTH y MeAMYHHUX XanaTtax. CiiJi BUKOPHUCTOBYBAaTH TUIBKH
3aKpUTE B3YyTTA, II0 3aXUINA€ BEPXHIO dYacTHHYy cromu. Il dYac BUKOHAHHS
OpOLEAYyp, Y XOIi SIKHX MOXYTh YTBOpUTHCS 1H(]IKOBaHI Opu3KH, HEOOXiIHO
BUKOPUCTOBYBATH 3aXHUCHI OKyJisipu abo mpo3opi exkpanu. DapOyBaHHS KIITHH
MIKpOOpraHi3miB, poOOTy 3 HEOE3MEUHUMH XIMIYHUMH PEYOBUHAMMU CJIiJI BAKOHYBATH
y BUTSDKHUX madax. Pyku HE0OXiTHO 3aXUIIaTH TYMOBUMHU PyKaBUYKaMH, OCOOJIUBO,
SKIIO HA PyKax € CBIXKI paHu abo cagHa. [Ipy BUKOHaHHI CTaHAAPTHUX JIA0OPaATOPHHUX
npoueayp Ta JOJEpXaHHI MpaBWJI TITI€EHW JIO3BOJISIETHCA PYKABUUKUA — HE
BUKOpUCTOBYBaTH. [IpaBuibHa TirieHa pyk mnepeadayae peTeiibHEe OYMIICHHS PYK
BiJpa3y MiCjs 3aKiHYEHHS pOOOTH 3 MIKpoOpraHiaMaMu a®o Micias BHUIIAIKOBOTO
KOHTaKTy MIKpOOPTaHi3MiB 13 HIKiporo pyK. OUMIEHHS PYK MPOBOASATH HUIIXOM iX
MUTTS BOJOIO 3 MUJIOM a00 0OpOOJICHHS €THIIOBUM CIIHPTOM.

Ha60paTopHi MPUMIIICHHST TIEPIIOTO piBH}I OiomoriyHOT O€3MeKn TMOBUHHI
BIJIMTOBIIaTH HACTYIIHUM BUMOTaM. [ligmnora, cTiHK Ta MOBEPXHI BC1X MEOJIIB MOBUHHI
OyTH TJaAKUMH 1 HEMOIIKO)KeHUMHU. Y maboparopii HEOOXIAHO BCTAHOBHUTHU
PaKOBHMHY JUII BMHBAHHS OOJMYYsS Ta MHUTTS pyK. J[Bepi mpuMilieHHS TOBUHHI
3amukaTucsa. HeoOxigHo 3amobiraTd MOTPAIUITHHIO IIKIJHUKIB J10 Jaboparopii.
Ocobucti peui cmig 30epiraTd 3a MexamMu po6odoi 30HH. (OOO0B’SI3KOBUM
oOyiasHaHHAM  JlabopaTopii € aBTOKJIAaB, TMpU3HAYEHUW A CTepuIizaiii
Ja00paTOPHOTO TOCYy, TOXHWBHUX CEpPEJAOBHUII, PI3HUX PO3YMHIB, MaTepialis,
oOJyiaHaHHA 1 T.10.

OO00B’I3KOBUMH BBaXAlOThCSI TAKOX BUMOTHU /10 30€piraHHs My3€WHHUX KYJbTYp
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Mmikpooprani3miB. Tak, y BSL-1-maGopatopisix 103BOJISIETBCS BUKOPHUCTOBYBATH
JMIIe Taki MIKpoOHI KyJIbTYpH, SIKI OTpUMaHi 3 pedepeHTHUX adopaTopiii abo Bif
aBTOPUTETHHUX JKEpeNn (Hampukiaa, akajaemiuni jaboparopii abo perioHasbHI
BIIJUIM OXOpOoHH 3a0poB’si). Ilepemaua duMCTUX KYJIBTYpP MIKpPOOpPraHi3MiB
BUKOHY€ETHCS 3THO MEBHUX MPaBUJI 1 CYIPOBOIKYETHCS OPOPMIICHHSIM HEOOX1THUX
nokyMeHTiB [10]. 3a00poHS€TbCSI BUKOPUCTAHHS MIKPOOPraHi3MiB, BUAUICHUX 13
JOBKUIIS, OCKIJIBKM BOHU MOXYTh OyTH OpraHi3MaMu, SiIKi BUMararoTh MPaKTUKH Ta
obyiasHaHHs jaboparopidt BUIIOro piBHsA OloJjoriuHOi Oe3reku, Hanpukiaaa BSL-2.
HeoOxiTHO TakoXX peTeabHO JOKYMEHTYBATH BCIO 1H(OPMAILIO MPO MOXOKEHHS,
BJIACTUBOCTI Ta pyX MY3€HHUX MIKPOOPraHi3MiB y J1abopatopii.

Y BSL-1-naGopatopisix  ciig  JOTpUMYBAaTHCh  TaKOX  CTaHAAPTHUX
nabopaTopHux npakTuk (mpaBui). [loTpiOHO MUTH pyKHM TEpea  BUXOAOM 13
nabopatopii. JloBre Bosoccs HeoOXinHO 3aB’si3atu. He ciig HocuTu npukpacu. Bei
CTOJIM TIepeT 1 MICst pOOOTH HEOOX1THO 00pobIATH Ne31H(EKIIHHUMA 3ac00aMu, SIKi
PEKOMEHI0BAaHO BUKOPUCTOBYBATHU BIJMOBIAHO A0 IHCTPYKLI BUpoOHuKa. [IpoaykTu
Xap4yBaHHs, )KyBaJIbHI TYMKH, Hamoi, y TOMy qncm 1 BoAy abo IUISALIKY 3 BOJIOIO He
nabopatopii. 3a00pOHSETHCS TOpKaTI/ICSI pykamu OOJu4Yus, BUKOPHUCTOBYBATH
KOCMETHKY, PEeryJIIoBaTH KOHTaKTHI JiH3M abo rpu3tu Hirti. He go3Bosserbes
3aHOCUTH 0COOUCTI peul (KocMeTHKa, MOOLIbHI Tele(OHH, KAIbKYISATOPU TOIIO) 10
nabopartopii. 3a00pOHSETHCS MIMNETYBaTH POTOM. YCl KOHTEWHEpU HEOOX1THO
nignucyBatu. Ilin yac pobotu aBepi y Jjiaboparopii NOBUHHI OyTH 3aUMHEHUMHU.
HeoOximHo 3BecTH [0 MIHIMYMY BHUKOPUCTaHHS TOJIOK. /[l mepeMilieHHs
MIKpOOpraHi3miB y jabopaTtopii MOTpiOHO 3aCTOCOBYBAaTHM TPAHCHOPTHI MPOOIPKH 1
IITAaTUBU Ta 30€piraTu KyJbTypH Y F€pMETHYHIN €MHOCTI MICHS 3aKIHYEHHSI pOOOTH 3
HuMu. He MoxHa OpaTu OuTE CKIIO pyKaMu, JUJIsl HbOIO0 HEOOX1JHO BUKOPUCTOBYBATH
MWK 1 TpUOUpaHHs CMITTS (COBOK, BIHMK). Y pa3i po3NUBIB piuH ab0 TpaBM
HEraiiHO MOBIIOMUTH KepiBHMKa a00 BHKJazaya Ta 33J0KyYMEHTYBAaTH HaJ3BHUYaNHY
CUTYAIIIIO.

OcHOBHI BUMOTH 10 poOOTH Yy 1abopaTtopisix Jpyroro piBHS O1070TTIYHOL
oe3nekn (BSL-2) Outbln »OpPCTKI Ta MPU3HAYEHI NI BUKOHAHHS MEBHUX POOIT Y
0aKTepiOJOTIUHMX J1abopaTopisx JIKyBaJbHUX 3aKjadiB, JIarHOCTUYHHX Ta
TOCTITHUIIBKUX Jaboparopisx. BuMorm 10 0COOHMCTOro 3aXHMCTy HACTYIIHI.
HeoOxinHo oxasraté j1abopaTopHi XajaTh Ta B3yBaTH 3aKpUTE B3yTTA. PykaBUYKH
OJIATAIOTh JIMIIIE TIiJ] 4ac poOOTH 3 MIKpOOpra”izMamu APYroi TPymu PU3HKY abo
HeOE3NMEeYHUMHU XIMIYHUMH PEYOBHHAMH, a TAKOXK y pa3l MOLIKOKEHHS MIKIPH PYK.
3axucHl OKYyJSIpH Ta 3aXHUCHI JHMIOBI IIUTKU (Macku) JO3BOJIIETHCS HE
BUKOPHCTOBYBATH, SIKIIIO POOOTH MPOBOAATH y O0kci GionoriuHoi Oesneku (BBB). Y
BUIAJIKY K BUKOHaHHS POOIT Ta MEeBHUX Ipoueayp 3a mexxamu bbb, ocobnuBo mpu
YTBOPEHHI aepo30JIiB 1 Kpareidb BUKOPUCTAHHS 3ac00iB 3aXHCTy OOJMYYs Ta Ouei
000B’SI3KOBO.

Bumoru no mpumimiens naboparopiit BSL-2 y 1miytomy mojiOHI BUMOTaM 10
MPUMIIICHb TMEPIIOTO piBHSA 010J0T14HOI Oe3rneku. Tak, MoBepxHI MeOJiB MOBUHHI
OyTH HEMONIKOKEHWMHM, TJAJKUMH, a CTIHW, MJIOTH, CTeas — TJaJKo-
¢dapboBanrmu. HasgBHICTP paKOBUHM MJii MUTTS Ta BMHUBaHHS OOOB’sS3KOBa. Y

ISSN 2567-5273 146 www.moderntechno.de



Modern engineering and innovative technologies Issue 16 / Part 3 éw

Ja00paTOPHUX MPUMIMIEHHSIX HEOOX1JHO BCTAHOBUTH JIBEP1 3 KOHTPOJIEM JOCTYIY.
BikHa, 1m0 BiTYMHSIOTHCS HA30BHI CiiA 3a0€3MEUYUTH 3aXUCHUMH €KpaHAMH Bij
KOMax Ta TPU3YHIB JUIsI YHEMOXJIUBJICHHS MOTPAIUISHHS MIKITHUKIB 10 MPUMIIICHb.
OcoOucTi peui 30epiraroTh 3a MexkaMu poOo40i 30HU. 3 00JaaHaHHA y JabopaTopii
TaKoK 000B’sS3KOBa HASIBHICTh aBTOKJIABA.

CrangaptHi Ta creuiaiabHi JabopatopHi mnpaktuku BSL-2 mnomsraoors y
HactynHoMmy. Jloctyn no BSL-2-mabGopatopii oOMexeHui. 3aXUCHUN OIAT Mepen
BHUXOJIOM 13 JIabopartopii HeoOXi1HO 3HIMaTu. BunocuTu ioro 3a Mexi nadoparopii
3a00pOHAETBCS, YACTKY Ta MPAaHHS TaK0X NPOBOASATh Ha TEPUTOpIi Jiabopartopii.
Oco0u, siki BXOAATH 10 JabopaTopli, HOBUHHI OyTH MONEPEIKEeHI MPO MOTEHIIIHY
HeOe3neKy Ta 0COOJIMBOCTI crnerudiuHuX BUMOT II0JI0 BXxoay/Buxomay. Ilepconan
nabopaTopii HOBUHEH MIJJISATaTH PETYJISIPHUM NPO(UIAKTUYHUM MEJUYHUM OTJISAIaM,
a y pa3i HeOOX1IHOCTI — IMyHI13allil MPOTH O10JOTYHUX AreHTiB, 3 SIKUMHU MPALIOIOTh
y naboparopii. [IpamiBaukiB 1abopaTopii ciij nmepeBipATd HA 3HaHHS OCOOIUBOCTEN
CTaHJAPTHUX 1 CHEIIaAIbHIX MIKPOOI1OJOTTYHUX METO/IIB JI0 IoYaTKy po6oTu 3 BSL-
2-arentamu. [loteHmiitHo iH(piIKOBaHUN MaTepian mia 4ac 30upaHHs, OOpOOJIEHHS,
nepepoOsieHHs, 30epiraHHs a00 TPaHCIOPTYBAaHHS  BCepeauHl  Jlaboparopii
30epira€TbCsi y MIIHUX, TEPMETUYHHX KOHTeiHepax. JlaGopaTopHe oOiamHaHHS
HEOOXI1THO PETYJISIPHO 3HE3apakyBaTH, a TAKOXK JI0JIATKOBO — MICIS PO3JIUBIB, OPU30K
Yyl IHIIOTO TMOTEHIIHHOTO 3a0pyIHEHHA. Y TpUMINICHHSIX Jlaboparopii He
JIO3BOJIIEThCSl YTPUMAHHS POCIMH 1 TBapuH, HE MOB’S3aHUX 13 PoOoTOor0. Yci
BUIMAJIKK, LI0 CYNPOBOXKYIOTbCS KOHTAMIHALIEID JOBKULIA MIKpPOOpPraHi3MaMmu,
MOBUHHI OyTH TMOBIAOMIICHI, PETEIBHO PO3CIiAyBaHi, 3aJ0KyMEHTOBaHI. 30Ha
KOHTaMiHallli 00poOJsie€ThbCs 3rifHO 31 cTaHAapTHUMHU npouenypamu [11, 12]. Vei
npouenypu 3 1H(QEKIIHHUMU MaTepiajlaMy, 10 MOXKYTb HPU3BECTU JI0 YTBOPEHHS
aepo30Jto, HEeoOXigHO TpoBoaUTH y Ookcax Oiomoriunoi Oesmeku (BBB). Taki
MpOLIEypH MOXYTh Iepeadavyard MiNeTyBaHHs, EHTpUdyryBaHHs, MOAPIOHEHHS,
3MIIIyBaHHS, CTPYUIyBaHHS, 0OpOOJICHHS YJIbTPa3BYKOM, BIIKPUTTS KOHTEHHEPIB 13
1H(peKHIMH MaTepiaiamMu, 1HOKYJISALII0 TBAPUH 1HTPaHA3aJIbHO.

PiBenn Oiosoriunoi 6e3nexku Tpu (BSL-3) Ha BiiMiHY Bia MomepeaHiX piBHIB
PO3IIIAIAE€ThCA SIK 130JIbOBAHUM Ta MPU3HAYCHUN NJIi BUKOPUCTAHHS Y KIIIHIYHHUX,
T1arHOCTUYHUX, HAYKOBUX YU BUPOOHUYHUX JIabOpaTopisix Ta npuMiiieHHsx. y BSL-
3-maGopaTopisiX BUKOHYIOTh POOOTH 3 MICIIEBUMHU a00 €K30TUUYHMMH areHTamu, IO
MOXYTh TMPHU3BECTH [0 TSHKKUX a00 TMOTEHIIMHO JEeTaJIbHUX 3aXBOPIOBaHb 13
pecmipaTopHUM MEXaHI3MOM Tiepeaadi. ToMy mepcoHasn Takux JiabopaTopiii MOBUHEH
MaTH CHeliaibHy MiATOTOBKY J0 POOOTH 3 MAaTOT€HHUMH 1 MOTEHUIHHO-CMEPTENHHO
HeOE3MeYHUMU MIKpOOpraHizMaMu. Yci TpoueAaypH, MOB’s3aHl 3 1H(QEKIIHHUMU
Marepiajgamu, CJIia MPOBOAUTH Y O0Kcax 01070TidHOT Oe3meKu ad0 3 BUKOPUCTAHHSIM
THIITNX 3aXUCHUX MTPUCTPOIB.

OcHoBHiI BuMoru 10 po6otu y BSL-3- nmaboparopisix BKJIHOYAIOTh BUMOTH J0
BSL-2-naGopatopiii Ta momaTkoBi 3axoad. Tak, mabopaToOpHi MNPUMIIICHHS
HEOOX1THO BIJIOKPEMJIFOBATH BiJl IHIIUX MPUMIIICHHS 1 YaCTUH yCTaHOBH. [locTyn 110
naboparopii MOBMHEH OyTH OOMEXEHWM Ta BIAOyBaTHCS dYepe3 IUI3 13 JBOMA
JIBEpUMa, SIKI TOBHHHI B3aeMo OsiokyBatucs. llepeoasranHss mepcoHany CIij
OpraHi3yBaTu y TamMOypl MK IBOMa JBepuMa. Y j1abopaTopii ciij BIIOKPEMUTH 30HY
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Ui 30epiraHHs 4ucTOro oOOJIalHAaHHS Ta BUTPATHUX MaTepiaiiB, a TaKoX
po3TanryBaTH AymioBy kabOiHKy. Ha mBepsix ymaGoparopii 00OB’SI3KOBO BCTAaHOBUTH
BIKHO I criocTepekeHHs. JlabopaTopis MOBUHHA MaTH PaKOBUHM ISl MUTTS PYK 3
aBTOMATUYHUM KEpPYBaHHSIM Ta pO3MIIIEHI MOOMU3y BUXIAHMX JBepeil. ko
3arajibHa J1JabopaTopis BKIIIOYAE JEKUIbKa poOOYMX KIMHAT TO PAKOBUHY ISl MUTTS
PYK CJIiJl BCTAHOBUTH Y KOXXKHOMY. JlaGopaTopisi moBUHHA, OyTH CIIPOEKTOBaHA TAKUM
YUHOM, 100 11 MOXKHa OyJ0 Jierko YMCTUTU W Je3iHdikyBatu. [1oKpUTTS migjoru
MMOBUHHO OYTH HEKOB3KHUM, HENPOHUKHUM JUIS PIAUH, CTIMKUM 10 Jii XIMIYHHUX
pedoBuH. [ToBepXHIO CTIH Ta CTENl HEOOX1IHO BKPUTHU T€PMETHMUHHUMH 1 IIaJAKUMU
Marepiajgamu, 110 JIETKO MUIOTbCsS Ta Ae3lH(DikytoTbesd. [loBepxHst mabopaTopHUX
MeOJIIB TaKOX MOBUHHA OyTH CTIMKOIO /10 Aii J1e31H(IKYIOUHX PO3UMHIB, OPraHIYHUX
PO3YMHHUKIB, MEXaHIYHUX (PAKTOPIB Ta JIETKO MPUOUPATHUCH.

VYci BikHa y nabopaTopii MOBUHHI OyTH 3aKpUTUMH, a OOKCH O10JIOT1YHOT
oesmneku (bbb) 3axwumieni Big npoTsri. JlabopaTopii ciig o01aaHaTH TPUILIMBHOIO
BCHTHJISAIIMHOIO CHCTEMOIO IS 3a0€3MEeYeHHSI CTIMKOTO CIPSIMOBAHOTO ITOTOKY
MOBITPSL y TPUMIIICHH] Yy HAMPAMKY BIJ TEPUTOPIi «UYHCTOI 30HW» 0 TEPUTOPIT
«3a0pyIHEHOT 30HW»; 3BOPOTHIN PyX MOBITPSTHOTO MOTOKY, HAaBITh MPHU BIIKIIOUYEHHI
BEHTWIALIIMHOI CUCTEMHU 3a00poHEHO. BiampaiiboBane TOBITPS CIiJ] BUBOJUTH
Ha30BHI TuUIbkHM micis ¢ineTparnii yepe3 HEPA-dinpTp, a criuni Boam micis
3HE3apaXKECHHS.

CranpapTHi Ta cneuiaibHi 1abopatopHi npaktuku BSL-3-naboparopiil noaioHi
1o BSL-2 ta BK/IIO4alOTh 1OAATKOBI NpaBuiia. Tak, MpaniBHUKU MOBUHHI 3MIHIOBATH
pPYKaBUYKH TIpu 3a0pyAHEHHI, MNOpyleHHl iX wuricHocTi. Ilpu HeoOXimHOCTI
OJIATAIOTh JB1 Mapu pykaBUYOK. [1icist 3HATTS pyKaBUYOK 0O0B’SI3KOBO BUMHUTHU PYKH,
BUKOPUCTaHI PYKaBUYKM YTUJII3YBAaTH 3 1HIIMMHU 3a0pyAHEHUMH J1A0OPaTOPHUMHU
BiAXogamMu. Y TMPHUMIMICHHAX, 1€ YTPUMYIOTh 1H(IKOBAaHUX TBapHUH, HEOOXITHO
BUKOPHCTOBYBATH 3aXHUCHI OKYJISIpH, PYKaBUUKH Ta PECIIPATOPH.

JlabopaTtopii yeTBepToro piBHs Oiosoriunoi Oe3neku (BSL-4) npusnaveni s
MPOBENICHHS POOIT 3 HEOE3NMEYHUMHU Ta €K30TMUYHUMM areHTaMu, IO CTaHOBJISTH
BUCOKHU 1HAWBIAYaIbHUM 1 CYCHUIBHUN PHU3HUK, TEPENAIOThCS PECHipaTOpHUM
IUISIXOM, a JIIKYBaHHS Ta MPO(dUIAKTHKA TaKWX 3aXBOPIOBaHb y TEIEPIIIHIN Yac He
po3pobuieHi. Bei cniiBpoOITHUKY J1a00paTopii MOBUHHI MAaTH CHEIIaJIbHY MATOTOBKY
JUIs. pOOOTH 3 HaJ3BUYAWHO HeOe3nmeYyHUMHU 1H(PEKI[IHHUMH areHTaMu Ta J03BUI Ha
poboty 3 HumH [13].

OcHoBHi BuMOTH J0 pobGotu BSL-4 mnpeacraBneHi cTaHgapTHUMU Ta
CHelaIbHUMHU JTAOOpaTOPHUMH TpaKTHUKaMu (3aradbHUMH TpaBwiamu) BSL-3-
naboparopiii. [onmatkoBo y BSL-4-maGoparopisx mMOBHHHI OyTH BCTAaHOBJEHI
BHUCOKOE(PEKTUBHI MOBITPsHI PinbTpu. PoOoue miciie moBUHHE OyTH repMETUYHUM 13
MOKJIMBICTIO #oro ¢ymiramii. Y poOouiil 30HI CTBOPIOETHCS HETaTUBHUN TUCK Ta
(GYHKIIIOHY€E CUCTeMa MOBITPSHUX IILTI031B 13 YOTUPHOX KaMmep, OJIHA 3 SIKUX — Kamepa
JUIs jJeraszaiii, 1Mo 3ano0irae  MOTpaIvITHHIO — HEOE3NMEeYHMX  IMaTOr€HHUX
MIKpOOpraHizmMiB 'y naoBKULISA. [IpamiBHUKK Jabopatopli OArarTh CIeliaibHI
3axucHI KkocTiomu. Jlaboparopii ueTBepTOro piBHS O10J0TIYHOI O€3MeKu 3a
crnoco0aMu BUKOHAHHS poOIT MIAPO3AUIAIOTH Ha JABa TUNHU. Y BSL-4-maGoparopisx
MEPIIOTO THUITYy MaHIMyJIALil 3 TATOTEHHUMH areHTaMu OOOB’SI3KOBO BUKOHYIOTH Y
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bbb III kmacy (Gokc-mabGoparopis). y BSL-4-nabGoparopisx Jpyroro THUITY
MaHIMyJALli 3 areHTaMH MPOBOJATh Y 3aXMCHUX KOCTIOMax, 10 MepeOyBaroTh Mif
MO3UTUBHUM THCKOM (KOCTIOM-aboparopis). ¥Yci ocobu, sKi BXOAATH [0
naboparopii, MOBUHHI OyTH MOIEpeIKeHl MpO MOTEHIINHY HeOe3NeKy Ta MpaBuia
BUXOy 3 Jabopatopii. Jlo nmaboparopii M03BOJIAETHCS BXOJIUTH JIMIIE 0coOaM, SIKi
0e3MmocepeIHbO 3aisiHI Y TPOBEACHHI HAYKOBUX JOCIHIKEHbh a00 BHUKOHYIOTH
JOTIOMIXKHY poOO0Ty. Bci mpariiBHUKIB, sIKi 3aX0/IUThH 10 JabopaTopii ab0 BUXOIUTH 13
Hei TOBHMHHI OOOB’SI3KOBO 3MIHHUTH BECh OJAT Ta MNPUUHATH JyIIy, a TaKOX
MJJIATa0Th peecTpallii 13 3a3Ha4eHHsIM 0CoOM Ta 4acy 1 000B’SI3KOBOMY MEIUYHOMY
OrJIsiAy Ta BaKLMHAILI. Y MeXax JabopaTopli MOBUHHUI OYyTH 130JIATOD, /1€ MOXKYTh
nepedyBatu ocolu, siki iH(pIKOBaH1 y JadopaTopii.

[Ipuctpoi Ta Mmartepiayid, IO MOTPAILIAIOTH 10 J1adopatopii, MOBUHHI OyTH
MOMNEPEIHbO 3HE3apaKE€HI y JIBOJBEPHOMY aBTOKJABI abo QymiramiifHiii kamepi.
Bcepenuni mabopatopii BSL-4 cmig 30epiratd TiUIBKA BUTpaTHI MaTepialid Ta
OCHOBHE oOOnagHaHHsA. BunanenHs OloioriyHMX MaTepiaiiB 13 Jlabopartopii
MPOBOAATH TaKOX TUIBKH MICHS IX MOMEPeIHbOro 3HEIKOKeHHA. [lepen mouaTkom
poOOTH  OOOB’SI3KOBO  MPOBOJATH IEPEBIPKY BCIX I1HXKEHEPHHX CHUCTEM 1
JOKYMEHTYIOTh 1X CTaH, IO JI03BOJIIE TapaHTyBAaTH BIAMOBIAHICTH J1abopatopiit
BCTAaHOBJIEHUM HOpMaM.

HaBenena xapakrepucTuka nabopaTopiii pi3HUX pIBHIB 010JIOT1YHOI Oe3neKu
CBITYUTH TPO OOOB’S3KOBE BUKOPUCTAHHS 3aXHUCHOTO OOJaJHaHHsA, sike 3abe3meuye
MEpBUHHI Ta BTOPUHHI 3axucHI Oap’epu [14, 15]. Tak, 10 NMEPBUHHUX 3aXUCHUX
Oap’epiB BIJHOCATh TaKe YCTATKyBaHHS, sK BUTsKHI mmadu, BBB, repmernuni
KOHTEHHEpH Ta 1HII TEXHIYHI 3aCOO0M KOHTPOJIIO, SIK1 MPU3HAUCHI JIJIsl YCYHEHHST a00
3BEACHHS JI0 MIHIMYMY BIUIMBY IIKIJJIMBOrO O10J0TIHHOTO Matepiany. bokcu
00JafHyIOTh TMPUIUIMBHO-BUTSKHOIO BEHTWIAIIEIO, y SIKI TOJAIOTh CTEPUIIbHE
MOBITPSI, 110 TPOXOJUTH uepe3 OakrepianbHi GubTpH [12]. OCHOBHOIO BIAMIHHICTIO
pisaux knaciB bbb € cucrtema BiaBeAeHHS TMOBITPS 13 3aCTOCYBAHHSIM
BHUCOKoedhekTuBHOrO GinbTpa ToHKoro ouuineHHs moBiTps (HEPA). HEPA-dinsTp
3atpumye 99,97 9% wgactunok miamerpom Big 0,3 mxm. Ile mae MOXIMBICTBH
edexkTHBHO 3a0e3reuyBaTd BIABEACHHS 3 OOKCY BIIBHOIO BIJl MIKpOOiB TOBITPSI.
[HmIOI0 KOHCTpYKTHBHOIO OcoOnuBIcTIO BBb € crpsiMyBanHs ouuIeHoro uepes
HEPA-¢pineTpu 1oBITps Ha poOOdYy TMOBEPXHIO, IO 3a0e3nedye 3axucT Bifl
KOHTaMiHaIlll MaTepiajiB, SKi 3HAXOAATHCS Ha poOouiit moBepxHi. L{g KOHCTpyKTHBHA
0COOJIMBICTH J103BOJISIE MIABHUILIUTH 3aXUCT MaTepialiiB BiJg MIKpOOHOI KOHTamiHaIli.
Konctpykuis BBB 103Bomse X BUKOPHCTOBYBaTH YIIPOAOBk 24 roauH Ha 1o0y. Ix
nocTiiiHa poboTa JornomMarae OOMEXHUTH PiBHI BMICTY MUY 1 YACTHHOK MaTepialiB y
naboparopii. bbb kmacis II Al 1 1l A2, 3 sskux moBITpsI BIABOAUTHCS Y MPUMIIICHHS
abo sKi miJ’eHaHl A0 CHEIialbHOI TPyOONPOBIIHOI BUTSDKKH Yepe3 HacaJlKy, Micis
pobotn MoxkHa BuUMHUKaTW. [Hmn Buau, Taki sk bbb kmacie II B1 1 I B2, mo
i1’ eJHaHI TEPMETUYHO, TTOBUHHI MOCTIMHO 3a0e3nedyBaTH HaJIXOJKEHHS MOBITPS,
o0 MiATpUMYBATH MOBITPSHUM OallaHC y TMpUMIIIEHHI. bOKC HEOOX1THO YBIMKHYTH
SK MIHIMYM 3a 5 XBWIMH JI0 TOYaTKy poOOTH, a micis i1 3aKiHYEHHS HEOOXiJTHO
3aUIIATA HOTO y POOOYOMY TIOJOKEHHI TaKOXK YMIPOJOBXK II'SITH XBWJIHH IS
«OYUUIICHHS», TOOTO BUJAJIEHHS KOHTAMIHOBAHOTO MOBITPS, IO MICTUTHCA y OOKCI.
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IToni6H1 mpucTpoi 3am00iraroTh MOMMPEHHIO 1HPEKIIHHUX OPHU30K Ta aepo30JIiB, 110
BUHUKAIOTh MPH MPOBEIEHHI PI3HUX MIKPOOIOJOTIYHUX MaHImyJsuid. OcobamuBoCTI
KOHCTPYKITIi TAKOTO 3aXMCHOTO OO0JIaTHAHHS TepeN0avaroTh HASBHICTh CICIIAIbHUX
BEHTWIALIMHUX CUCTEM JJII CTBOPEHHS CIPSIMOBAHOTO TOTOKY TIOBITPS; CHCTEMH
OUYUIIICHHS TMOBITPS JUIsl MOTro 3HE3apakeHHA abo g BHUJANCHHA 30yAHUKIB 13
MOBITPS, 10 BHBOJUTHCA 13 MPHUMIIICHh HA30BHI; MICTUTH CHEIllajdbHI J0/IaTKOBI
KOHCTPYKLIi 00JIalTOBaHI SIK 30HM OOMEXEHOIro OCTYIy, MOBITPSIHI IIJIIO3H Ha
BXO/I1 y Jabopatopito abo y okpeMi Oy IiBIII Ui MOAYJI JJis 13011111 tabopaTtopii [12,
17]. Otmxe 3aknaau OCBITU MOTPEOYIOTh YJIOCKOHAJICHHS CHUCTEMHU 0103aXHUCTy 3a
Cy4aCHUMH CTaHjapTamu [2, 3], Tak s JjabopaTopii MiKpoO10JOTTHHOTO Mpodiiro
ciij mependayaTd OKpPEeMl CHUCTEMH MPHUILTMBHO-BUTSXKHOI BEHTWJIALI, BI1JMOBIIHO
[18], sAKi pPO3MIIIYIOTECS Yy CHEHIAJIbHUX HIMIaX KOPUIOPIB, 1100 3a0e3reunTu
BUIBHHIA JTOCTYII IO HUX MiJ] 4ac NPOoQIIaKTUYHOrO OISy Ta peMOHTY [16].

BucnoBku. Takum 4yuHOM, s 3amo0iraHHS BHUTOKY KOHTAMEHAHTIB 13
HaBYAJIBHUX, JOCTIIHUX OIOTEXHOJIOTIYHUX, MIKpOOIOJOriyHUX JlabopaTopii €
BIIPOBA/HKCHHS OCHOBHUX MpaBuil 0100e3meku Ta 6103aXUCTy y poOOTi 31 CTyICHTAMH
1 MOJIOAMMH HAYKOBIIIMU 3a JIIOUUMH CTaHJapTaMH, Cy4aCHOTO KOHCTPYKTHBHOTO
OCHAIIICHHS TIEPBUHHUX 3aXUCHUX Oap’€piB, HAJAINHO CIPOEKTOBAaHI BUTSKHI Imadw,
130JIbOBaHa aBapiliHa BEHTWJIALIS BIJ 3arajbHOi 3 OKPEMHUMH ITOBITPOBOJAMHU Ta
oONaHaAHHSIM.
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Abstract. The issue of biological safety of scientific laboratories of higher educational
establishments of biotechnological, medical, biological faculties is considered in the work. The
characteristics of BSL laboratories of different levels of biological safety are given. The
relationship between the risk groups of microorganisms and the level of biosafety, the features of
the use of personal protective equipment, biosafety boxes. The use of non-pathogenic (saprophytic)
microbial cultures requires the mandatory fulfillment of special requirements and obliges the
creation of safe working conditions in microbiological training laboratories. It is noted that the
prevention of leakage of contaminants from training, research biotechnology, microbiological
laboratories is the introduction of basic rules of biosafety and biosecurity in working with students
and young scientists according to current standards, modern design of primary protective barriers,
reliably designed fume hoods, insulated fume hoods common with separate air ducts and
equipment.

Key words: biological safety, biosecurity, biological boxing, risk, infection, microbial culture,
personal protective equipment, ventilation.
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