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Abstract. The article analyzes the basic models of realization of the
concept of «naturalness» in the organization of interior design of hospitals
for children. The interior design of hospitals has recently been aimed at
rethinking the problem of scarcity of natural components and finding
new ways of implementing them. It is because of the need for emotional
relaxation in the natural environment of children undergoing treatment
that designers are increasingly trying to come up with interesting ideas.
Today, the interest of practicing designers in solving the above problem
has increased significantly, as evidenced by the visual material of the study.
However, it should be noted that theoretical developments in this area are
almost absent. Works that reveal the nature of the embodiment of natural
components or their artificial imitation in the design of children’s hospitals
are more descriptive. Thus, the need to analyze the formation of interior
design of medical institutions on the basis of the concept of «naturalness»
becomes relevant and requires the definition of its models, functions,
systematization of the principles and methods of realization of the author’s
intention in the system of combining the child and nature through the
introduction of elements of artificial and living nature. In elaborating
the topic of the study, the author created generalizing tables in order to
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systematize the functions, principles and techniques that characterize the
content of artistic ideas of the author.

1. Introduction

Recent project designs by architects and designers indicate that in the
context of globalization, the role of the environmental factor, as one of the
main ones, is growing. Ecological aesthetics shapes a child’s positive attitude
to the artistic image of objects of design, directly influences to his psycho-
emotional state and helps nurture a positive attitude to the environment
through a complex of graphic, plastic or interactive components.

Among the scientists who raised environmental issues in the design of the
object-space environment should be mentioned the following: O. Boychuk
[2, p. 28], S. Kryvuts [1, p. 72], V. Bondarenko [1, p. 72], V. Kurochkin [4],
V. Prusak [6, p. 88]. Author of the article «Ecological theme in urban art
design», V. Kurochkin, revealing the need for environmental factor, states that
natural images of art objects, their genre environmental orientation, integration
into the existing architectural structure allow to visually transform the space,
help to reduce negative influence environment and increase the creativity
of the individual, create a comfortable atmosphere [4]. Essential aspects of
eco-design are meaningfully provided by Pankin’s research «Ecologization
modern design» [5, p. 380]. The author reveals a number of factors that are
basic in the contemporary design of objects, including: natural decoration
materials; elements of shaping that allow you to create the most comfortable
visual environment, as well as technical innovations that extend the potential
of design solutions that are inherent in nature. An ecological approach in the
design of innovative building and decoration materials, whose characteristics
further affect the condition of the design objects, is analyzed in the article of
S. Kryvuts, V. Bondarenko [1, p. 72].

Thus, the multifaceted perception of the interior space of children’s health
care facilities is manifested through the organization of a design idea, which
is due to the introduction of artistic and modern technological techniques
and materials. The variational nature of the above techniques in shaping the
modern design of hospitals for children allows to determine the relevance
of the concept of «naturalness». Systematization of the main aspects of
this problem reveals the fundamental novelty of the design approach in
terms of organizing the visual image of a harmonious and comfortable
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environment of children’s hospitals. The methodology of the research is
to apply the method of analysis of scientific sources, which was carried
out in order to study the state of the problem under study and determine
its relevance; an empirical method of research that allowed purposefully
and systematically to collect information, make a primary generalization,
systematize and classify conceptual models of decision making for the
design of children’s health care institutions; an important role was played
by the phenomenological method, which allowed to determine the predicted
impact of the chosen composite decision on the viewer.

2. A paradigm shift in the design of hospitals for children

The social relevance and relevance of the chosen topic of the study is to
analyze and identify fundamentally new design models for the implementation
of a new paradigm based on the concept of «naturalness». The design of
health facilities for children in economically developed countries, such as
the USA, Spain, Portugal, China, points to changes in the approaches to
their design processes. Characteristic features of the solution of their design
are the use of technological innovations, the availability of space-planning,
design and artistic-shaped solutions. It should be noted, as evidenced by the
visual material of the study, in recent years the demand for the introduction
of elements related to nature has increased significantly in the design of
medical facilities. Focusing the kids on bright graphic images or art objects
that resemble natural ones changes the psychology of the health institution’s
perception, reduces stress, discomfort. In addition, at the present stage of the
design of hospitals for children, discovering the concept of «naturalness»
contributes to the emergence of a sense of belonging to the natural world.
Thus, it can be argued that the emergence of a new concept — the concept of
«naturalness» — is a manifestation of modern understanding in the need to
change the modeling of the object-space environment of medical institutions
for children. It should be noted that the main six models of the concept of
«naturalnessy are a fundamentally new means of its implementation and open
the possibility of artistic expression of medical institutions on the basis of two
directions: natural (two models) and artificial (three models).

The natural direction is based on the search for the effective use of
natural components in hospital design, where the author’s concept is
revealed through the introduction of two models:
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— the use of natural elements and forms of landscaping that enhance the
aesthetic characteristics of the overall composition of hospital premises;

— the use of a transitional model in interior design, where the effect of
filling with natural components is achieved by the abundance of glazing. In
this case, the principle of the flowing of elements of wildlife into the interior
space is created by creating the illusion of the presence of natural forms
associated with the visual perception of children of their composite elements.

The artificial direction of the concept of «naturalness» is decided by
specialists on the basis of three models, where the compositional accents
and artistic and figurative characteristics of artificial natural elements of
form formation are revealed by specialists due to their stylization, variety of
execution techniques and coherence with other subject-space filling of the
interiors of the hospital:

— based on the interpretation of artificial art objects as natural forms;

— based on the creation of murals or decorative panels in abstract and
symbolic language by various artistic and technological means;

— by means of digital art.

It should be noted that the innovative modern possibilities of
technological execution and expressiveness of artistic-figurative techniques
allow to determine the perfection and variety of topics in the disclosure
of the concept of «naturalness». Among the many concepts that convey
the content of the concept, architects and designers use precisely those that
allow the child to plunge into the magical world of the transformative reality
of the interior space of the medical facility. The main topics that change
the child’s perception of the medical atmosphere should be the following:
1) travel from earth to heaven; 2) travel in the forest; 3) sea voyages.

3. The main factors of natural direction models

Designing an ecological space based on the model of introduction of
natural elements of landscaping today is one of the effective tasks of solving
the problem of improving the visual and emotional state of the treatment and
rehabilitation of a sick child. Considering the importance of an ecological
function that purposefully helps to create favorable microclimatic conditions
for the treatment of children through the use of natural landscaping, it is
necessary to analyze the principles of their construction on the examples of
foreign experience.
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Design of Asuncion Trauma Rehabilitation Center near Lambare
(Paraguay), is designed by the local Gabinete de Arquitectura Studio. The
complex is built on the principle of expediency and reveals the content of
the main idea through the design-organization of stone buildings in the lush
green garden for recreation and games for children. Due to the introduction
of the recycling method, the formation of interior and exterior spaces was
made using only natural recycled materials: bricks, ceramic tiles, wooden
sheds, etc. The function of introducing environmental sustainability is solved
by the project sponsors as a demonstration of reforming a new outlook on
environmental issues. Conservation of living elements of nature becomes
the key in determining the compositional accents of building the space of
the rehabilitation center. Big trees, green lawns are all harmoniously formed
by the authors of the project and offset the signs of a healing atmosphere.
This example points to the possibility of organizing a hospital space design,
combining an environmental approach and the use of natural recycled
materials.

The following example also confirms the interest of specialists in the
design of children’s hospitals, taking into account the model of introduction
of natural elements of landscaping. Maintaining the inner peace of a
sick child is the most important task of the authors of the project. The
expressiveness of the design organization of the interior of the hospital
is achieved by solving humanistic problems through the introduction of
natural components (trees, flowers, etc.) in the rest area. The conceptual
idea of the work of designers is revealed because of the clarity of the spatial
organization of natural objects. The principle of mobility, which created
the main composite model of landscaping, makes it easy to service plants,
if necessary — to change the overall composition associated with the use
of colors of different bright colors. When designing many models for the
introduction of natural landscaping into indoor space, one should analyze
the professionally designed interior of Waikato Hospital in Hamilton, New
Zealand. The main concept behind the project is to create a breathtaking
dynamic landscape with the means of a spatial organization. The authors
of the project tried to unravel the undulations of agricultural lands and
hills inherent in the Waikato area in the composition of the space. Another
source of inspiration for the author was to create a place where you can
meet with family, socialize and forget about stressful situations for a while.
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The professionally formulated concept of the architectural and artistic
solution of Waikato Hospital reveals the content of the transitional model of
the flow of natural elements into the interior space. It should be noted that the
importance of a bright color palette of artificial three-dimensional elements,
which are lined with environmentally friendly material — marmoleum.
The green, orange, and yellow hues of the three-dimensional body covering
the entire space of the room create a positive psycho-emotional atmosphere
for relaxation. Along the perimeter of the zones, developed with the
help of decorative artificial elements, are dark green tall natural plants,
which additionally create the effect of “centers of gravity to the natural
environment”.

The second transitional model, where the effect of filling with natural
components is achieved by the abundance of glazing, is presented in the
project Children’s Hospital Ziiric. The main characteristic of the concept of
“naturalness” and the most important task of the authors of the project is the
inner peace of the sick child. The expressiveness of the design organization
of the interior of the hospital is achieved by solving humanistic problems
through the introduction of natural components (trees, flowers, etc.) in the
rest area. The conceptual idea of designers is revealed because of the clarity
of spatial organization of natural objects. The principle of mobility, which
created the main composite model of landscaping, makes it easy to service
plants, if necessary — to change the overall composition associated with the
use of colors of different bright colors.

4. The main factors of artificial direction models

Considering that the influence of the third model — models of interpre-
tation of artificial objects as natural forms and today is very widespread,
more and more often in the design of interior design architects use artificial
elements that imitate natural plants by various means of design. An example
is the Royal Aberdeen Children’s Hospital. An important component of the
concept of “naturalness”, in this case, is the solution of the walls due to the
large amount of glazing, which starts from the floor and continues to the
ceiling. Thus, nature almost “enters” the premises of the hospital. The com-
positional dominant in deciding the space of the hospital is the spatial, cen-
tric shape that resembles a tree. Made of wood, it is a generalized stylized
symbol of the “concept of naturalness” in deciding the interior of a hospital.
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All functional areas of the room are unfolded near the symbolic tree. Emo-
tionally saturated space is built with bright colors that reflect the external
characteristics of natural elements (yellow, green, blue). The function of
ecology is solved by the authors of the project through the use of Sarlon
flooring, Forbo Flooring Systems, which has high acoustic and hygienic
qualities. Minimizing the noise pollution of Sarlon eco-friendly material
can help you avoid sleeping disorders, headaches, stresses, etc. when used
in the design of healthcare facilities.

It should be noted that in the context of defining the concept of “natural-
ness” on the basis of the third model, the means and types of its construc-
tion are quite diverse. Among the main #ypes of popular are the following:
1) imitation of the natural landscape abstract and symbolic language ar-
tificial means of design; 2) creating an imitative image of natural forms
by artificial means of design. Analysis of the visual material showed that
the imitation of the natural landscape with abstract symbolic language by
artificial means of design is quite expressive in the design organization of
interiors of children’s hospitals and is based on the principle of comparison.
An example of the artistic expressiveness of a medical facility is a rehabil-
itation center for children in Manitoba, Canada. In deciding the artistic and
figurative component of the concept of “naturalness”, the project author
uses associative-symbolic language in deciding the stylization of the floor
and decorative objects above the ceiling. The main compositional emphasis
that visually emphasizes the importance of natural elements in the design
of the room is the juxtaposition of living trees and trees made of colored
plywood. Of course, the interior has a positive effect on the child being
treated here. It should also be noted that the overall composition of the in-
terior space performs a cognitive-educational function. The interior design
of the hospital is characterized by a variety of natural-looking broadcasts
in the main aspects: the vibrant colors of the natural environment, the un-
obtrusive stylized decorative elements of natural shapes, the furniture and
equipment that resemble animals or stones. Thus, the creative design of the
rehab center helps the child consistently obtain new information, created by
the magical world of artistic culture.

A striking example of creating an imitative image of natural forms by
artificial means of design is the design of the Randall Children’s Hospi-
tal, designed by ZGF Architects, 2012 (Portland, Oregon 97227, USA).
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To this date, constant information oversaturation negates or complicates
the perception of important information. However, the architects of ZGF
Architects Studio have been able to overcome this phenomenon by offer-
ing thematic images of the natural world on each floor that have specific
characteristics specific to specific regions of Oregon and Washington, USA.
Each proposed by the architects animal is made in different materials and
appears in the most unexpected places for the child. The importance of this
concept for the child is that it forms the necessary value system through a
combination of creative and educational tasks.

The fourth model of disclosure of the concept of “naturalness”, as
shown by the analysis of visual material, occurs through the detection of
story content is based on the creation of murals or decorative panels in
abstract and symbolic language. The effect of expressiveness, in this case,
is formed through the use of various artistic and technological techniques
and materials, namely: 1) graphic techniques; 2) tactile in combination with
graphic; 3) volume plastic. Each designer creates the space of the hospital
for children in accordance with his professional handwriting, emphasizing
the uniqueness and individuality of the concept of “naturalness”. In addi-
tion, choosing one technique to perform or combining different techniques,
choosing a scale that reflects the master, all have a positive effect on the
perception of the space of the healthcare facility. Innovative techniques in
the design of the hospital space and the use of modern technologies in the
processing of materials lead to the fact that

Let us analyze the expressive examples of contemporary project prac-
tice in the formation of children’s hospitals on the example of the Royal
Children’s Hospital in Melbourne, Australia (Figure 1). The main purpose
of the conceptual design of the designer was to create space on the basis of
the scenario approach, that is — from travel in natural conditions. Walking
along the colorful images on the walls, it seems that the master himself
was filled with positive emotions from what he saw. The compositional
integrity of the dynamic panels is achieved by the harmonious blend of
bright spots and the expressiveness of a thin linear pattern that pervades the
spots with the image of natural elements. The combination of these execu-
tion techniques allows you to design a complete monumental and decora-
tive work on the perimeter of the entire wall of the hospital based on the
principle of harmony. For a quick understanding of key functional areas
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of the Royal Children’s Hospital, designers choose travel topics as a way
of reference in the space of a healthcare facility. Each floor forms its own
interpretation of the design concept of “naturalness” through the following
changes in visual-graphic language: 1) each floor has its own composition,
which is solved by a color scheme, which is not repeated on the other floor;
2) the clarity of the linear pattern is transformed into a large number of
background color spots, the expressiveness of which is complemented
by the drawing; 3) the compositional content of the panel is solved using
3-4 colors.

Figure 1. Royal Children’s Hospital in Melbourne, Australia

When small patients move from floor to floor, the subject matter of forest
adventures on earth changes to natural adventures in the sky or in the ocean.
Accordingly, changes occur in the color scheme and graphic stylization of the
drawing. This project won the 2012 IIDA (IIDA) Global Excellence Awards.

Another theme of the concept of “naturalness” — adventure in the forest,
it is quite common in the design of children’s health facilities. By creating
a hospital-themed design, the craftsmen transform the interior space into
a solid forest with many animals trying to communicate with a sick child
(Figure 2). The main purpose of creating a morality design at a London
hospital is to provide a visually appealing atmosphere where toddlers can
instantly forget about health issues by consistently studying animals as they
move further along the hospital corridor. To create the desired impression
of compositions, designers use a simple graphical technique of overlapping
one image to another. This example demonstrates the reception of increased
contrast in color-tone relationships and the reception of simplification of
visual motives. The silhouette of the decorative panels, the schematization
of the images of animals and plants, the openness of color — all contribute



10

Oksana Hnatyshyn, Svitlana Kryvuts

= ]
ol el ] | 5 o~ g
! = '
- i
w _ g - i
1 |
1]
[ 14
= s

Figure 2. University Children’s Hospital (London, UK),
Arch. EMMI Studio

Figure 3. Emma Children’s Hospital in Amsterdam, the Netherlands

to the tension and understanding that in this interior — color is an expression
of a conceptual idea.

As shown by the material of the study, the reception of approximate color-
tone relationships is common no less than contrasting colors and fits the aes-
thetic function of building design of health facilities for children (Figure 3.).
The Emma Children’s Hospital in Amsterdam demonstrates the variability
of the character of modern interior design. The main idea, which was suc-
cessfully executed by the designers, was aimed at creating an unobtrusive
positive psycho-emotional atmosphere that is least reminiscent of the healing.
The above confirms the regulatory function of the hospital design, which has
the character of neutralizing psychologically difficult emotions. This effect
is achieved by the very chosen designer reception of decorative panels along
the entire space of the hospital, the main concept of which is the concept of
“naturalness”. Converging color-tone relationships of the developed graphic
compositions have a calming effect on the visitors, symbolically synthesize
the image of natural elements, and to some extent create the illusion of com-
plete distraction from difficult thoughts related to treatment.
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The natural process of knowing the child of the natural world today is
due to the active use of photos in the design of medical institutions. Modern
printing services are an affordable means of obtaining the desired result
in creating the necessary artistic image. The analysis of visual material
showed that the modern objects of children’s hospitals reveal the meaning
of the concept of “naturalness” by means of photographs using the follow-
ing artistic techniques: 1) contrast of color-tone relationships; 2) receiving
a larger scale; 3) equilibrium of image elements (Figure 4).

Figure 4. Phoenix Children’s Hospital / HKS Architects

Nowadays, when printing technologies have reached the high quality of
color images, a means of using them to improve the psycho-emotional atmos-
phere of children’s health care institutions is becoming popular. Providing
high quality transmission of color-tone relationships led to the decision of
decorative panels based on the reception of a larger image. This technique
is fundamental in creating a compositional dominance in the design of chil-
dren’s hospitals. Considering that the natural world is very rich in expressive
forms, elements and details, it is important to note that the use of large-scale
photographic images is an important component of interior space design, has
a cognitive-educational function and has a positive effect on the perception
of images by visitors of all ages. Through the play of rich colors, the multi-
plicity of demonstrations of textures and textures of the natural world, the
child’s attention is completely subordinated to the perception of the informa-
tion provided by the master. The proposed photo compositions in the design
of hospitals for children have a local nature of their location and are a kind of
landmark. This approach of the authors shows a positive example of broad-
casting information and communication functions in hospital design.

11
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One of the priority graphic techniques in the photo industry today is
to call integration. The example of children’s hospital formation of Seat-
tle-Childrens-Hospital-South-Clinic-Earth-hallway (author Zaara Kitten-
Chops) confirms the abovementioned (Figure 5). To create a decorative
panel on natural themes, the designer uses transparent and white film,
which is pre-painted with realistic images of the natural world. To reveal
the depth of the composition space, the author integrates brighter realistic
images into the background images. The figurative expressiveness of the
decorative panel is achieved with the help of collage technique. However, it
should be noted that the technique of collage on different floors and differ-
ent functional areas is different from each other, namely:

— when using a background film, which, thanks to the possibilities of
printing, draws on the basis of the artistic reception of the approximate
color-tone scale, the designer enhances the juxtaposition between the back-
ground and the main image, integrating realistic images of the stones, leaves
and clouds with a zoomed in relation to the child;

— color film shows realistic images of animals, leaves, flowers, mush-
rooms and more. The effect of expressiveness is achieved by constructing
the composition on the basis of a larger scale in the collage technique,
without drawing the images on the background film and its subsequent use.
The fact that the elements of the composition are arranged in a chamber
along the wall, they look more contrasting (without the background film),
which increases the interest of children in the processes of knowledge of
the natural world. Reception of creation of literal texture of natural ele-
ments through the demonstration of their realistic branches, petals, texture
of stone. All this creates harmony in the conditions of design organization
of object-space environment of children’s hospital. Thus, the author of the
images (Zaara KittenChops) reveals the concept of “naturalness” through
the activation of the cognitive-educational function.

Interpenetration of architectural and design techniques with specific
modern techniques of graphic design means the development of a new
trend. Creating a decorative panel with graphic design tools, the masters
comprehensively solve the problems of environment design, based on the
principle of transformation and contribute to the formation of a positive
emotional state of visitors. Possibilities of modern printing technologies,
expressiveness of panel techniques, comparison of background abstract
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Figure 5. Seattle-Childrens-Hospital-South-Clinic-Earth-hallwa

symbolic images with realistic — all the above components prove that in
the design of children’s hospitals at the beginning of the XXI century a
new trend was developed, which in the complex of all signs is responsible
for the harmony and comfort of the medical space — reception of receiving
a combination of tactile elements with graphics. For example, the design
authors of Royal London Hospital laconic on the basis of the above admis-
sion reveal the meaning of the concept of “natural” (Figure 6).

Figure 6. Royal London Hospital

The rhythmic sequence of the natural surroundings of the images on
the walls is made in green with no unnecessary details and lines. Nothing
distracts from the overall composition’s perception of the whole: almost
even proportions of natural hills do not violate the overall impression of the
composition. Large colored spots of hills are offered at the level of perception
by both adults and small visitors. Compositional dominant features are
stylized elements of plywood. Woodworks author Miller Goodman creates
laconic decorative inserts to help reveal the main idea without overloading
the space with unnecessary decor elements. This technique speaks to the
professionalism of a designer who does not try to overload the unnecessary
elements of the perception of decorative panels in the hospital room.

13
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The introduction of the theme of «sea adventuresy in the implementation
of the concept of «naturalness» occupies no less important place in the work
of modern designers. Consider the basic techniques for creating interiors
for children: 1) imitation of the marine landscape in an abstract symbolic
language by artificial means of design; 2) design art objects using natural
elements: stones, seashells, corals, crabs and more; design art objects using
artificial design tools. The informativeness and richness of marine natural
resources often gets the attention of designers. A clear example of this is the
design of a children’s hospital Ann & Robert H. Lurie Children’s Hospital
(Figure 7a).
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Figure 7. a) Ann & Robert H. Lurie Children’s Hospital;
b) Children’s Hospital Therman Statom, Norfolk, Virginia

In this environment, the function of environmental sustainability is
achieved through the use of forms of marine plants made of artificial ma-
terials on the basis of large-scale reception with the addition of natural
marine animals as a compositional emphasis. A large number of seashells
fill the structure that mimics the “sea reef”. All elements of the composi-
tion look very natural and attractive. In fact, it seems like a complete dive
into the depths of the sea. Emphasizes the effect of immersion of a devel-
oped porthole with live marine fish, in which you can contemplate the life
of sea creatures. The main idea of creating expressive space also reflects a
regulatory function, since long periods of hospitalization can accumulate
psychologically difficult emotions. By revealing the content of the con-
cept of “naturalness” the authors of the project by the following means:

— technological: availability of panoramic glazing (this technology is
a modern trend in the design of public buildings; creates an opportuni-
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ty to dramatically change the perception of interior and exterior space;
improves the quality of interior lighting; contributes to reducing energy
costs;

— artistic and imaginative: the visual organization of the interiors is due
to the introduction of large, laconic colored patches of blue tint on the walls
and floor. Smooth lines of the drawing contour move along the wall, result-
ing in a calming effect. In the absence of unnecessary decorative elements,
the design of the medical facility looks attractive and creates an atmosphere
of relaxation. Convincing in creating a common design concept combines
the view of a seascape behind panoramic windows with a rather restrained
decision of hospital premises based on light blue ratios. Around you can
feel the “breath of the sea breeze”.

Another example is an organic combination of functional and
aesthetic environments. The design of the Therman Statom Hospital,
Norfolk (VA) is solved by expressing the plasticity of decorative
elements made of plexiglas blue shades on the ceiling and graphic
elements on the floor (Figure 7b). The decorative elements attached to
the ceiling have a rectangular shape with a slight wavy slope. Wavy
forms create the effect of movement of decorative elements. Splashes
of bright compositional accents in the form of large, stylized marine
fishes, turtles, etc. throughout the ceiling give the impression that there
is some wonderful effect in the depths of the ocean. It should be noted
that the artistic image of the inner space of the children’s hospital is
formed almost only at the expense of the ceiling. An additional feature
is the wavy elements on the floor, which visually delimit the space in
accordance with the functional areas. The emotional impression of the
proposal of the authors of the project creates a positive unobtrusive
atmosphere in the hospital.

Fifth model of artificial direction of the concept of «naturalness» reflects
the innovation in approaches to environmental design. Contemporary
digital art has a huge influence on the concept of «naturalness» in the
design of hospitals for children. Up-to-date design thinking covers the
following technological tools: 1) interactive; 2) touch; 3) using LED
technology. Through the expansion of the child’s worldview this function
contributes to the acquisition of knowledge about nature, man and so
on. An example of the above is the clinic in Toronto (Just for Kids for
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St. Joseph’s Health Center). Thanks to the GestureFX Health GestureFX
spreadsheet program, children have the opportunity to receive interactive
video projections, which are aimed at a unique form of learning through
the projection of gestures and movements based on the immersive method.
It should be noted that the actual use of interactive technologies based
on this method in shaping the design of children’s hospitals is the basis
for the education of moral, personal and aesthetic qualities of the child
during its treatment. The importance of the concept of the design team
was awarded for the effective use of immersive projections in creating an
innovative space of St. Joseph’s Health Center. The design of the hospital
is designed to create a relaxing environment that can reduce stress when
treating children. If we consider interactivity as a means of expressing the
communicative function, it should be noted that it helps the development
of a new type of aesthetic consciousness. The themes of various creative
digital ideas are formed in accordance with the creation of a socially
adapted atmosphere of the medical institution, namely — through the
introduction of the concept of &quot; naturalness&quot;: marine subjects
and through the effect of flow of the external natural world into the internal
on the basis of immersive method.

The study of the solution of multifunctionality of the object can be
traced on the example of Lurie Children Hospital (Chicago), the design
of which fully corresponds to the main concept of today — the concept of
&quot; naturalness&quot. In this case, the formation of the design of the
interactive environment is built thanks to flexible fencing structures with
light effects, which are a composite accent of a large area of the internal
space of the hospital. The combination of artificial interactive forms and
elements of wildlife allows to solve the following questions in formation
of hospital design:

— zoning of hospital space;

— humidity control;

— creation of favorable microclimatic conditions in the interior by means
of light effects;

— sampling of music recordings that are responsible for the psycho-
emotional atmosphere of visitors.

The result of the innovation is the positive state of the children
being treated and the opportunity to gain an unusual experience based
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on cognitive-educational function. New technologies allow the sto-
ryline to be revealed with bold, non-standard 3D tools and, most
importantly, to reduce stress. Feeling in the virtual world, the child
changes the perception of the outside world and perceives emotionally
and physically offered fleeting artistic images of the deep-spatial com-
position (Figure 8).

Figure 8. Interactive Media Wall at Boston Children’s Hospital

5. Conclusions

1.The scientific novelty of the research material is that:
1) the significance of the concept of «naturalness» in shaping the design of
hospitals for children is theoretically substantiated; 2) five main models of
this concept have been identified, developing in two directions: natural and
artificial; 3) analyzes the functions, principles and techniques (artistic and
technological) by which the leading masters solve the problem of artistic
and aesthetic image of objects (Figure 9).

2.The results of the study indicate that the performance of leading
masters of creative work in the space of children’s hospitals, through
the use of these topics, has a therapeutic soothing effect. In addition, the
important principles and techniques of visualization of the concept of
«naturalness», which are of great importance for visitors of different ages,
take into account: improving the microclimatic features of the premises;
change of visual perception of medical space; aesthetic characteristics of
the completed overall composition of the establishment, accessibility of
perception of the navigation system.

3. Systematization of the best samples of design solutions which confirm
the formation of the concept of «naturalness» in the design of hospitals for
children, helps to master the techniques of enrichment of design solutions
and their reflection in the future in students art practice.

17



Oksana Hnatyshyn, Svitlana Kryvuts

MODELS OF IMPLEMENTATION
OF THE CONCEPT OF «NATURALNESS:
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Abstract. The article deals with the manifestations of modern dance
and neoclassical dance in the Ukrainian ballet of the second half of the
XX — beginning of the XXI centuries. The purpose of the study is to
identify the ballet masters and choreographers — representatives of modern
dance and neoclassical dance in the Ukrainian ballet of the second half
of the XX — beginning of the XXI centuries, ways of implementation of
these directions of theatrical dance, forms of its presentation, methods of
mastering of aesthetics on the Ukrainian stage of the specified period. The
methodology of the research is based on the using of analytical method
for the analysis of creative achievements of Ukrainian ballet masters of
the second half of the XX — the beginning of the XXI centuries and the
identification of representatives of new trends in theatrical dance (modern
dance and neoclassical dance); cultural and art studies — to identify ways
of implementation modern dance and neoclassical dance, forms of its
presentation, methods of mastering of aesthetics on the Ukrainian stage of
the specified period; historical — to set the timeline of events. The scientific
novelty of this exploration is to study the history and analysis of the so-called
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cross-cultural diffusions in the fields of new directions of theatrical dance
(modern dance and neoclassical dance), their results, which will enrich the
experience of the traditions of the national ballet theatre, as well as the
practice of new style directions of theatrical dance for the purpose of social
modernization of modern Ukrainian society.

Conclusions ofthe study: 1. The Ukrainian balletmasters — representatives
of new directions of theatrical dance (modern dance and neoclassical
dance) of the second half of the XX — the beginning XXI centuries and
their creative achievements in this field were investigated: G. Mayorov,
P. Virsky, A. Shekera, M. Arnaudova, G. Kovtun, A. Bedychev, A. Rubina,
O. Nikolaev, A. Rekhviashvili.

2. The methods of mastering the aesthetics of modern dance by the
Ukrainian choreographers of the second half of the XX — the beginning of
the XXI centuries are reveled: a) tours of foreign ballet companies: S. Lifar,
M. Bejar, P. Taylor, P. Shmock, Swedish Royal Opera, Polish Bolshoi
Theatre, dance theatres of A. Ailey, R. Manu, J. Roussillo in the second half
of'the XX century in the territory of the USSR; b) to get acquainted with the
work of foreign representatives of new directions of theatrical dance during
the participation of Ukrainian choreographers in the international festivals
and seminars of the 80’s XX — beg. XXI cent. («American Dance Festivaly,
«International Dance Week» in Prague, «Dance of the 21st Century»
in Kyiv, ect.); c¢) production of ballets by the author’s choreography
and choreography of famous ballet masters (M. Fokin, Kh. Lymon) —
representatives of new directions of theatrical dance on the Ukrainian stages
by foreign ballet masters (M. Liyepa, M. Boyarchykov, M. Boyarsky,
Kh. Myuller, A. Merkuryev).

3. The ways of implementation modern style in choreography and
neoclassical dance in Ukrainian ballet of the XX — the beginning of the
XXI centuries are reveled: a) quotation or repetition of the author’s
choreography of famous ballet masters («Dances for Isadora» by
Kh. Lemon; «Vision of the Rose» by M. Fokin, «Carmen Suite» by
A. Alonso) — representatives of new directions of theatrical dance;
b) creation by the Ukrainian ballet masters of the author’s versions of
famous works of the world contemporary ballet («Parsley», «Holy Spring» —
A. Rubina, A. Bedychev, G. Kovtun; «Firebird» to music by 1. Stravinsky —
A. Asaturyan; «Romeo and Juliet» to music by S. Prokofiev — G. Kovtun;
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«Boleroy» A.Rekhviashvili); ¢) creation by the Ukrainian ballet masters of the
original copyrighted works by means of modern dance and neoclassical dance;
in particular, through the dialogue of different styles in the middle of one work.

4. The forms of presentation of modern dance and neoclassical dance
on the Ukrainian theatre scene are investigated: choreographic evenings;
ballet performances; opera-ballet; pantomime ballet; the so-called «plastic
version of the drama» (rthythmoplastic construction of mass scenes; plastic
leitmotifs — character characteristics).

Practical meaning. The results obtained will be of importance for
further theoretical understanding of the tendencies in the development
of contemporary scenic choreographic art in Ukraine; they will form the
basis of art — generalizations on the theory and history of contemporary
choreographic art. Materials can be used to develop manuals and textbooks;
in teaching courses in the history of choreographic art, the art of ballet
master, directing the dance theatre, provided by educational and professional
programs for training specialists in choreography in higher education.

1. Beryn

CyuacHwuii erar po3BUTKY 0aJIeTHOTO Tearpy YKpaiHu XapaKTepH3yEThCs
AKTUBI3ALIEI0 TOLIYKIB CHOCOOIB 3aCBOEHHS €CTETHKHM 1 3aCTOCYBaHHS
MPaKTHKH HOBHX CTWIBOBHX HAIMpPSMKIB TEaTpPajbHOTO TAHIIO 3 METOIO
MOJIepHi3allii Cy4acHOro yKpaiHChKOTO OaneTHOro Tearpy. ToMy pe3yib-
TaTW BUBYCHHS iCTOpii, TaKk 3BaHMX, KPOCKYIBTypHHX IuQy3iii B ramysi
HOBHX HAIPSIMKIB TeaTpaJbHOTO TAHIIO JO3BOJSTH MOCHIUTH XyTOXKHIN
MTOTEHITiaJ HAIlIOHATILHOTO OAJIETHOTO TeaTPy. AKmYyanbHiCcHb JTOCITIIKSHHS
MTOCHITIOETHCS TAKOXK BIJICYTHICTIO TEOPETHYHHMX HaA0aHb y Tally3l KOMIIO-
3WIIi] HOBUX HANPSMKIB TE€aTPaJbHOTO TAHITO. Y 3B’SI3KY 3 IIMM, BPAXOBY-
FOUH TTABUINECHUI IHTEpeC YKPATHChKUX apTUCTIB Oanery, OaneTMencTepis,
BUKJIaJIaviB 0 SIBUIIA CYYacHOTO TAHIITEATPy B3aralli Ta HOBUX HAIPSIMKiB
tearpaibHOro TaHmw XX — XXI ¢T. 30kpemMa, BUHHKA€e HEOOXIHICTh TEO-
PETUYHOT MIATPUMKH MUACTELBKOTO Ta HABYAILHOTO MPOLIECIB.

Ananiz oocnioxcens. IlutaHHs BUKOpHCTAaHHS HOBHUX (HOpM Tearpalib-
HOTO TaHIIIO, TAHIIO «MOJIEPHY 1 HEOKJIIACHYHOTO TaHIIIO 30KpeMa B yKpaiH-
ChKOMY OaJieTi 3aJIMIIAI0ThCA 11032 MEKaMH HayKOBUX PO3BiJOK HEUHCENb-
HUX JOCIIAHUKIB y Tay3i Teopii i icTopii cydacHOTro TeaTpaJbHOTO TaHIIO
1 Cy4acHOTo OaneTy paJsHChKOTro i moctpansHebkoro npocropy (I1. binma,
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O. Bepxosenko, O. [lnaxoraiok, M. [Torpednsk, O. Uenanos, /{. lllapukos
Ta iH.), 110 3YMOBJIFOE AKMYyaIbHiCMb 00PaHOT TEMHU.

OnHOYaCHO MTOBEPXHEBO TOPKAIOTHCS IIUX NMUTAHb OKPEMi JTOCIITHUKA
YKpaTHCBKOro OayieTHOro Tearpy. Tak, mpoOsiieM TMOIIYKY B YKpaiHChKOMY
OaneTHOMy TeaTpi XX CT. HOBOT XopeorpadiyHOi MOBH, sSIKa MOETHY€E MOJIHU-
(hikoBaHWI Ha HAIIOHAJBHIA OCHOBI KJIACHYHHUU TaHElb 13 CYyYaCHUMH
(hopMamMu TOPKAOThCS y CBOIX qochipkeHHsX HaykoBIli: FO. O. Cranimes-
cekuii, B. 1. ITactorinceka, M. I1. 3araiikeBuu [7; 15; 23]. M. 3araiikeBuu
CTBEp/KYy€, L0 MOsiBa B YKPaiHCHbKOMY MHCTELTBI TBOPIB y3arajbHEHO
CHMBOJIIYHOTO 3MICTY «HAKJIaja BiOMTOK Ha XapakTep Xopeorpagiu-
HOTO BTUICHHS, BIIMIY€HOTO CYyYacHOIO JICKCHKOIO 1 BITBHUM IIACTUYHUM
MaJIFoHKOM» [7, ¢. 42].

VY nucepranii T. I1aBmrox [ 14] okpeMy yBary NpuIiIeHO TUTAaHHIO AKTHB-
HOTO «OTIaHYBaHHS JOCBIJly Cy4aCHHX PI3HOBHIIB TaHIFO MOJIEPH, OHOB-
JICHHSI IMIJIXOJIIB J0 aKaJeMidyHUX Bepciid KiacuuHoro oanety» [14, c. 11]y
npyrii monoBuHi 80-X — moyarky 90-x pp. XX ct. Jlocmigauis €. B. SHi-
Ha-JlemoBCchKa BUSBIISIE HOBI clieHOrpadiuHi PilliCHHS B CyY4acHHX BEpCisix
«Bechu cBanieHHoO» Ta cnenudiky 1 XopeorpadiuHuX TPaKTyBaHb yKpa-
fHChKUMU Oanermeiictepamu (A. PyOina, I. Kosryn, P. ITokmitapy) [32].
€. B. fnina-JlenoBchka 3a3Havae, 0 1i OageTMEHCTepH «BUKOPUCTAIIN Y
pILICHH] TOIOBHUX TeM OalieTy: ...eJeMEHTH MAaCKyJIbTypH i eCTpajHOTro
HIOY...; JIGKCHKY KJIACHUYHOTO TAaHIIO...; 3aCO0U «KiHEMaTorpaidHOro
MUCJICHHS Yy TIOE€JJHAHHI €IIEMEHTIB HAPOJHOT0, KIACHUYHOTO Ta CHOPTHUB-
HOTO TaHIIIB 3 eJIeMeHTaMu akpoOartukm» [32, c. 18]. H. CemenoBa y mij-
po3niii 2.3 cBo€i HAYKOBOI Mparli 3rajiye Mpo HEOKJIACHYHI TEH/ICHITT B eKC-
MEPUMEHTAIBHUX OalleTHUX TMOCTAHOBKAX YKpATHChKUX OajeTMencTepiB
ki XX —nou. XXI ct. [19]. JI. JI. Ko3uHKO y TpeThOMY pO3JIiii ArcepTa-
IAHOTO JTOCITIPKEHHSI Ha IPUKJIa/li ITOCTAHOBOK OKPEMHUX CYyYacHUX OajeT-
MeHcTepiB BUSIBIISIE BBEICHHS «EJIEMCHTIB (DOIBKIOPHOTO 1 HApPOIHO-CIIe-
HIYHOTO TaHIIO 10 TEKCTY BUCTABH Ta IMIOEJHAHHS 1X 13 pyXaMH KIACHIHOTO
TaHIo 1 TaHo Moaepu» [10, c. 13]. Memoro NOCHiKEHHSI € BUSBICHHS
OaneTmelicTepiB 1 xopeorpadiB — MPeACTaBHUKIB TAHIIO «MOAEPH» 1 HEO-
KJIACMYHOTO TaHIIO B YKpaiHCbKOMY Oajeri Apyroi mojoBuHU XX — MOd.
XXI cr., nNUIAXiB BIOPOBAIKECHHS IIMX HANpPSIMKIB TE€AaTPaJbHOTIO TAHIIIO,
(hopm ixHBOI mpe3eHTalii, coco0iB 3aCBOEHHS 1 OMAHYBaHHS C€CTETHKHU
Ha YKpalHCBKIl CIIeHI 3a3HaueHOro mepioxy. Memodonoeia docniodicents
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IPYHTYETBCS HAa BUKOPHCTaHHI aHANITUYHOTO METOAY U aHaJTi3y TBOp-
4oro JOpoOKy YKpaiHChKHUX OasieTMeHcTepiB Ipyroi MOJIOBUHU XX —
mo4. XXI cT. Ta BUSIBIICHHI TIPEICTABHUKIB HOBHX HAIPSAMKIB T€aTPaIbHOTO
TaHIIO (TAHII0 «MOJIEPH» 1 HEOKJIIACHYHOTO TAaHIN0); KYJIBTYPOJIOTIYHOTO
1 MHCTENTBO3HABYOTO — [UIs BHSBJICHHS IIUISIXIB BIPOBAKCHHS TAHIIIO
«MOJICPH» 1 HEOKJIACHYHOTO TaHI0, (OpM iXHBOT Mpe3eHTallii, crocooiB
3aCBOEHHS 1 ONAHYBaHHS C€CTETHKHM Ha YKPAiHCBKIM CIIEHI 3a3HAYCHOTO
nepiony; iCTOPUYHOTO — JJIsi BCTAHOBJICHHS XpoHoJorii monid. Hayxosa
HOGU3Ha 1i€1 PO3BIAKY TOJIATAa€ y BUBUCHHI iCTOPIi 1 aHAi3y, TaK 3BaHUX,
KPOCKYNBTYPHUX IU(y3iil B ray3i HOBUX HAIIPSIMKiB TEaTPaNIbHOTO TAHIIIO
(TaHIIO «MOJIEPH» 1 HEOKJIACUYHOTO TAHIII0), IXHIX pPe3yJbTariB, 10 J103-
BOJISITh TIOCHUJIUTH XyJAOKHIN MOTEHITiall HAIlIOHATIBHOTO 0aJIeTHOTO Tearpy,
a TaKOX CIIPHATH SIKICHOMY 3aCTOCYBAaHHIO HOBHX CTHJIBOBHX HAIIPSIMKIiB
TeaTpaJbHOTO TAHIIO 3 METOI COIOKYJIBTYPHOI MOJCpHI3allii Cy4acHOTo
YKPaTHCBKOTO CYCIIbCTBA.

2. 3MicT MOHATH «TaHelb '"MoepH'» Ta «KHEOKJIACUYHUI TaHeIb)»

ABTOPKOIO TaHOT HAYKOBOI PO3BIJIKH y HAyKOBiH nparii « TaHels MoepH
XX CT.: BUTOKH, CTHJIBOBA THIIOJIOTISI, TAHOpaMa ICTOPUYHOI XOH, CBOIIIO-
is» BH3HAYCHO 3MICT IOHSTTS TAHIIO «MOJAEPH» SIK OCOOJIHMBOI €CTETH-
KO-(i10coCchKOl Ta XyA0KHBO-ECTETUYHOT IPAKTUKY, 10 31HCHIOETHCS Y
BIJIMIOBIAHOCTI 10 BU3HAUEHOI HAMH CYKYMHOCTI «()iT0cO()CHKO-CBITOIMIA-
HOTO», €CTETUYHUX 1 TEXHIYHUX TPUHIHUIIB, a came: « Ditocoghcvro-cai-
MOoNAOHULY NPUHYUN € OCHOBHMM (DOPMOTBOPUUM UHUHHHUKOM MIAHYIO
«MOOepHy» 1 TIoNIATae y IParHeHH1 0e3M0CcepeTHhOT0 Mi3HAHHS «CYTi pedein»,
SIBUII, OCOOMCTOCTEH, BIIKPUTTS TXHBOTO <JTUKY» 3aco0amu 0€3yMOBHOTO
PYXy y BIAMOBITHOCTI /10 (iI0CO(PCHKO-CBITONISTHAX TIepEKOHAHD MUTIIS.
Ecmemuuni npunyunu: BigMoOBa BiJl YMOBHOCTEH 1CTOPHYHUX Ta TOOYTO-
BHX, TIOBHA cBOOO/Ia POpM. Texuiuni npunyunu.: KONAIC, i30JIS1is, TOJIPUT-
Misl, TIOJIIIEHTPIs, IMIYJIbC, peNlaKcallisi, HalpPyKSHHS.

HeBianoBigHicTh XopeorpagiuHoro TBOpY OAHOMY 3 LHMX IIYHKTIB
POOHTH HEMOXKIIBUM BiIHECCHHS HOTO JI0 CTHIIIO «MOJICPHY.

InougioyanvHy npaxmuky Takoro poay 3allpOIOHOBAHO HA3WBATH IHOU-
gioyanvHum cmuiem. 3B’ 430K (inocodii 3 TaHIEM «MOIEPH» MOJSTae Y
TOMY, III0 [1¢ MUCTELTBO MOXKE ICHYBATH JIMIIC 32 YMOBH INMTHOOKOI BipH y
ICTHHHICTB (iT0cO(CHKOr0 MPHUITYNIICHHS PO ICHYBaHHS TaK 3BaHOI «CYyTi
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peueiiy, sike (MPUIYIICHHS) € XapaKTePHUM JJIs1 OLTBIIOCTI 11ealiCTHIHUX
¢binocopchkux BYCHb. TOMY, aBTOpKa JOXOIUTh BUCHOBKY, IO, 3 OJHOTO
00Ky, BC1 pI3HOBH/IM TAHIIIO «MOJICPH» € OJIHOPITHUMH 3 TOUKHU 30pY 3aCTO-
CYBaHHS HUMH €CTCTHYHHX Ta TEXHIUYHHX NPUHIMIIB, a TaKOX 3 OOKY
HASBHOCTI TIOTYXHOTO (hi710COPCHKO-CBITONIAIHOTO MIATPYHTS. AJie, OJTHO-
YacHO, BOHH JEMOHCTPYIOTh OC3MEKHY pizHOMaHimuicms (opm («8ilb-
HULLY, «BUPA3HULLY, «ACOONIACIUKAY, «MAHYI MAUUHY, CMUILIZ08aHUL
HapoOHull, «contemporary dancey, «MoOepH-0*CaA3 MAHeYbY», AHKOKY-0Yno
ma in.) 3yMOBIICHY PI3HOMAHITHICTIO CBITOIVISLTHUX CHCTEM, 1[0 MPAKTHKY-
I0ThCS IXHIMU npencTaBHuKamu [17, ¢. 54-55].

Takok aBTOPKOIO BH3HAUCHO MOHATTS «HEOKJIACHYHHUN TaHEIb», IO
O3Haua€ HOBHMH CTWJIHOBHH HampsM TEaTpajbHOTO (CIEHIYHOTO) TAHIIIO,
KA BHHUK Y TIporieci pedopMyBaHHS KIACHYHOTO OaieTy Ha MOYaTKy
XX cT. 1 Ma€ MeBHi ecTeTHYHI 0cOOMUBOCTI. A came: 1) Moaudikaris Kia-
CUYHOTO TAHIKO Y 01K OibIIOT MJIACTUYHOT BUPA3HOCTI 1 CBOOOHU THTEICK-
TYaJbHO-KOHCTPYKTHBICTCHKAM METOIOM a00 METOJIOM IMITPOBI3aIlii MuIs-
XOM HOBMX KOMITO3HIIIHHUX PIllICHB; 2) TUTACTHYHA Bi3yai3allisi My3UKHU SK
Takol; 3) 3BiICK BUHUKAIOTh HOBI, XapaKTePHi [T HEOKIACHIHOTO TAHIIIO
¢dopmu mpeseHTanii — Oaner-cum@oHis i Tanucumdonis (Oe3crokKeTHA
tdopma) [16, c. 489-490].

3. HoBi ni1actuyni 3acodu B ykpaincbkomy 6aJieri 1960-70-x pp.

3’scoBaHoO, 10 y ApYTrii momoBuHi XX CT. CydacHa TEMaTHKA yKpaiH-
CBKHX OaleTiB CTUMY/IOBaJa BHKOPHCTAaHHS HOBHX BHPA3HUX 3aco0iB,
30KpeMa, acTHaHuX. [lepm 3a Bee, 11e cTocyBanocs 0aneTiB «y3araibHe-
HO-CUMBOJIIYHOTO 3MicTy» [ 7, . 42] 1 mepeBayKHOTO 3BEPHEHHSI JI0 TPAHHYHO
cUM{QOHI30BaHOT My3HKH. Tak, XopeorpadiuHi XapaKTepUCTUKNA CUMBOJIIY-
HUX niepcoHaxiB dayety A. llekepu Ha My3uky JI. Jliuko «/locBiTHI BOTHI»
(1967-1 p.) BiIPI3HSUTHACS HOBOIO TAHIIOBATIBHOIO JICKCHKOIO 1 XapaKTEPHUM
JUTSL HOBHX CTHJIHOBUX HAIPSMIB TEaTpPabHOTO TAHIIO BUTBHUM ILIACTHY-
HUM MAIJTFOHKOM.

«BupazHuit» TaHeup 1 eKCIPECUBHI IIACTUYHI KOMITO3UILT Oy BUKO-
pucrani I1. BipcekuM y 6aneri «Kosrhesa nerenga» (1967-i p.) Ha My3uky
JI. Kononyo0a.

TpanchopMoBaHUH KITaCHUHHUN TaHENb CTA€ BUPA3HUM 3aCO00M OJIHO-
akTHoro Oanery I'enpixa MaiiopoBa «CBiTaHKOBa IOEMay», CTBOPEHOTO

25



26

Maryna Pogrebnyak

Ha ocHOBI ¢opremnianHux 1m’ec B. Kocenka, nmocrasneHoro B 1973-my p. y
KuiBcbkoMy akaziemigHoMy Teatpi orepu ta 6asnery iM. T. [lleBueHka.

MoBOIO «BHPA3HOTO» TAHIIO, @ CaMe BHPA3HUMH 3aC00aMH, «3aI03H-
YEHHUMHU 3 CKYJIBITYPHOT 1 )KHUBOITUCHOT TIACTHKYY [7, ¢. 45] Oynin cTBOpeHi
CHUMBOJIYHI Xopeorpadiuni oOpasu y Oaneri-Tpuiorii «B iM’st KHUTTSI»,
noctapieHoMy B Kuesi y 1975-my p. Ganermeiicrepamu A. Illekeporo i
I'. MaiiopoBuM. My3WYHOIO OCHOBOIO TPHUJIOTI] CTaJIX TBOPU CUM(DOHIYHOTO
sxanpy («Ilapruzanceki kaptuam» A. Illtorapenka, moema «Bo3’eaHaHHD»
b. JIstomuncekoro, ¢inan I1’stoi cumdonii /1. llocrakoBuua).

BusiBneHo, 1m0 CHHTE3 MOB BipTYO3HOTO KJIACHYHOTO Ta «BHPA3HOTO»
TaHINI0 BUKOPUCTOBY€EThCS OaneTmerictepom [. MaiiopoBuM Ipu CTBOpEHHI
IUTACTUYHUX XapaKTEePUCTHK T'epoiB i KopaebaseTy Oanery-ka3ku «Hurmo-
JiHO», TpeM’epa sikoro BimOymacs B 1974-my poui y KuiBcskomy akasne-
MigHOMY Tearpi onepu i 6amery iMm. T. I IlleBuenka. B npomy Oaneri, 3a
cIIoBaMU OajeTMmelrcTepa, «y KOYKHOTO MepcoHaka CBOSI TOBipKa... SIKmmio y
YuroniHo — 3yxBajia xopeorpadisi, To y Bumenbku — enerantsa...» [1].

[Ipu BiaTBOpEHHI XOpeorpadhiyHOro TEKCTY rOJIOBHUMHE TeposiMu (Uwurio-
niHo, [Tpuni JINMOH Ta iHIII) Mae Miclie 1HIUBIAyaIbHE MJIACTUYHE TPOYH-
TaHHA (IMIPOBI3allis) JiTepaTypHOro oopasy.

ABTOPKOIO JOCTiKEHO, 110 3 1963-ro poKy 1 mpOTAroM HACTYIHHUX
JIBOX JACCSTUIITh Ha CLEHI XapKiBChKOTO TeaTpy oIepu Ta Oanery, 3a CBil-
gyeHHsM O. Yenasnosa, BIepIie 3’ sBIsIIOThCS OalleTH, TO3HAYEHI MOLTyKaMH
HOBHX BHpa3HUX 3ac00iB, HOBUX (HOpM, 30KpeMa, TeaTpalbHOrO TAaHIIIO.
Ile: «Kam’stHa xBiTKa», «[lomemomkay, «Pomeo i xymserray C. Ilpo-
ko(’eBa (mocranoBuukn O. [lanimkiniani. M. ApHaynosa, A. [laaTukin);
«ITpomereit» D. ApucrakecsHa, «J{on XKyan» B. 'ybapenka, «Jlerenna mpo
KOXaHHs» (moctaHOBHUK M. ApHaynoBa), «[lansHka i xysiras» /1. llocra-
koBuya (mocranoBHUK K. Bosipchkuit); « CTBOpeHHS CBITY» 1 «beper Hamii»
A. TlerpoBa (nmocranopuuk M. T'asuneB); «IIpurogu Himbca» I. Kopaua
(mocranoBrHuku B. Ilomos, B. I'yaumenko); pok-6aner «Opdeit Ta EBpi-
nika» Ha My3uky A. XKypbina (Oanermeiicrep H. BospumkoB); Bedopu
Oanery y mocranoBii H. Pwxenko 1 M. Jlienu (3okpema, «TaHii mmst
Aticenopu» 3 xopeorpagiero X. JIumona, «BuUIiHHSA TpOsSHIN» 3 XOpeo-
rpadieto M. @okina); 6aneru I. CrpaBincbkoro «XKap-ntuis» (6aneTmeii-
crep A. Acarypsn); «llerpymxka» i «BecHa cBsieHHa» (OanerMeicTep
A. Py6ina) [30, c. 26-29].
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Tak, BUKOpHUCTaHHS HOBUX (DOPM TeaTpaIbHOTO TAHIIIO B 00pa3Ho-TIIac-
THYHOMY BHpillIeHHI cBoix BucTaB 60-70-x pp. XX CT. Xapakrepusye
TBOpPYICTh OanerMeiicTepa XapKiBCBKOTO TeaTpy orepH Ta Oanety Mapra-
put ApHaynoBoi. Y 1972-My p. BinOynacs mpem’epa i aBTOpCbKoi Bepcii
6anery «IIpomerein» Ha My3uKy BipMEHCHKOTO Kommo3uropa E. Apicro-
kicstHa [13, ¢. 170]. B aBTOpchkOoMy XOpeorpadiuHOMy MPOYUTaHHI Midy
M. ApHaynoBoi KokHUI xopeorpadiunuil 00pa3 MoeTHYHO CUMBOJIIYHHM.
Bona cTBOpIO€ «sIckpaBuit 00pa3 60rodopIs», CTBEPIAXKYE «ifei mepeMoru
no6pa i cBiTiIa HaJl cuilami 371a 1 TeMpsiBu» [11, c. 3]. Creni ky3Hi ['edecra,
TaHelb opila, skuii MyuuTs IIpomeres Ta cuena nekia, ae Ilpomeres oro-
IyIOTh 3JI0BicHI (ypii MoOya0BaHI 3 BUKOPHCTAHHIM «BHPA3HOT0» TAHITIO.
B npomy x pormi BimOynacs mie oxHa npem’epa M. ApnaynoBoi. Lle OyB
crektakib «Jlon XKyan» Ha My3uKy XapkiBchkoro xommosutopa B. ['yba-
peHKa, B OCHOBY sIKOTO OyI10 mokJagieHo apamy Jleci Ykpainku «Kam’ ssHuid
rocriogap» [13, ¢. 170]. ABTopchka Bepcis M. ApHaynoBoi y criBmpaili 3
KOMITO3UTOPOM 1 JIOpeTHCTOM Oyiia OJU3BKO0 10 ifeitHO-(pi1ocodchkoro
3MicTy ApaMu. HacuueHa IMCHXOJIOTIYHUM 3MiCTOM My3HKa XapaKTepH3Y-
BaJIa KOJKHHI 00pa3. baneTMeiicTep BUKOPUCTOBY€ 3aCO0M TAHITIO «MOICPH)
JUI aBTOPCHKUX TIACTMYHHUX 3HAXIAOK Yy XopeorpadiuHoMy BiATBOPEHHI
(halOyIbHUX JpaMaTUYHMX JiHIH, 3HaXOAUTh CBOIO XOopeorpadiyHy JIEKCHKY,
sIKa BIJIPI3HSAE OJMH MEPCOHAX BiJ iHIIOro (mpuHuecy, Jogopec, HUTaHKY,
CIYTY Ta iH.).

Taxk, 3a TBepkeHHsIM M. 3araiikeBud, HalBUTiTHINIE Y TOPIBHAHHI 3
«Kam’ssaum rocnomapem» A. lllexepu y BapianTi 6anmery M. ApHaymnoBoi
BUIIISIATH XapaKTePHI CTHIILOBI POPMH «OaIeTMEHCTEPCHKOTO MTOYEPKY»,
IO MIPHUBENO J0 «IIEPEKOHINBOTO 0OPa3HO-TAHIIOBATHHOTO BiITBOPEHHS
(haOyIpbHUX JpaMaTWYHHUX JIiHIA, JIOTIYHO CIPSIMOBAaHHX HA PO3KPHTTS
OCHOBHOTO COIIaIbHO-IICUXOJIOTTYHOTO KOHDIiKTa» [6, ¢. 45].

[Ipem’epa Ganery «IlansHka 1 xysiram» (6anermeiicrep K. bosipchkuit)
Ha Mmy3uky JI. IllocTakoBuya 3a OJHOIMEHHHMM KiHOCIleHapiem B. Mas-
KOBCBKOTO BizOynacsi y MaiioMy akaJeMiYHOMY TeaTpi orepu Ta Oainery
(M. Jleninrpan) y 1962-my p. His BinOysaetbes y 20-1i poxku XX cr. [Tnac-
TUYHI XapaKTEPUCTUKH JIIFOIMX 0C10 BUOYI0BaHI 3ac00aMU TaHIIIO «MOJIEPHY.
XopeorpadiuHuil TEKCT BYIMYHUX XYyJIIraHIiB sBIIsiE COO0I0 He3rpadHy Mpu-
3eMJICHY TAHIIOBAIBHY JIGKCHKY 3 BIPTYO3HUMM CTPUOKaMH, MaIiHHSIMH,
aKpOOATMIHUMHU €IEeMEHTaMH OOpOTHOM Ta IHIIMMH O3HAaKAMH EKCIPECio-
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HICTHYHOTO «BHPA3HOT0» TAHINIO. 3aCO0AaMHM IIHOTO K TAHITIO 3 EIEMEHTAMH
aKpoOaTHYHUX IMIITPUMOK, TpaHCc(HOpMOBAHOT NATBIIEBOT TEXHIKK BUPIIICH]
nyetd O(DIIiaHTKX 1 BIIBiyBaya pecTopaHy, MPOCTHTYTKH, BaTakKKa XyJIi-
raHiB. MOBOKO KJIACHYHOTO TaHIIO OajieTMEHCTep XapaKTepH3ye IyIIeBHI
SIKOCTI FOHOT BunTebku. CTocyHku XyiiraHa i [1aHsSHKH BHpa3HO PO3KPHTI
3a paxyHOK IPUHOMY «OE3KOHTAKTHUI IyeT», MMOOYIOBAaHOTO Ha PI3HHUX
TUIACTUYHHX XapaKTePUCTUKAX TOJIOBHHUX TepPOIB, @ TAKOXK 3 BUKOPUCTAHHAM
ctopmoBanoro B CPCP jyeTHO-KIIaCHYHOTO TAHIIIO 1 TEXHIKH Ta liHb. JKUTTS
BYJIMYHUX IIMHKIB OXapaKTepH30BaHE COLiaTbHUMU (OaJbHUMH) TAHISIMU,
BUKOHAHUMH Yy TPOTECKOBiil MaHepi. Y KOMIO3HIIT TAHIF0 BUKOPUCTAHI MPH-
HOMHM «CTOII-KaApy», aCUMETPii, aHTUYHICOHY 1 T. iH. [2].

VY 1980-x pp. y XapkiBcbKoMY JepkaBHOMY opieHy TpymnoBoro Uepso-
HOTO Tparopa AkajeMigHOMYy Tearpi omepu Ta 6anery iM. H. B. Jlucenka
banermeiicrepom H. bosipunkoBuM Oyna 31iiCHEHA TOCTAHOBKA OIepH-0a-
neTy aBTOpchKkoi xopeorpadii «Opdeii Ta EBpimika» Ha my3uky O. XKyp-
OiHa. AHTHYHHIN Mid, 10 MaB B icTopii OajeTy Oararo iHTepIpeTallii, cTaB
UL Xopeorpada HKEperIoM HOBOTO 3MICTy i HOBOI TaHIFOBAJIbHOI MOBH.
Temoro Oanera cTamo MopalbHE MEPEPOKCHHS TBOPILS-IIOMUHA Y TBOP-
1151-1/10/1a, OTOYEHOTO rajlacIMBOIO CIABOIO 1 HOro MOBEPHEHHS O ICTUHHUX
LIHHOCTEA.

OpurinansHa My3uka 3oHr-omepu O. JKypOiHa mnepemyBaia MOsBi
pok-6anery. Komno3urop He HanmcaB HOBOI pefakuii st 0aneTy iy crek-
TakJi Oylia BUKOpUCTaHa (JOHOTpaMa pOK-OIepr Y BUKOHAHHI BOKaJIbHO-1H-
CTpyMeHTaIbHOTO aHcaMOro JlenkoHnepty «CriBodi riTapuy» y o€ AHAHHI
3 KUBUM 3By4aHHsSM cuMdoHigHOTO OpKecTpy. Ilpem’epa pox-Oanera
0. XKypb6ina BinOynacst y 1975-my poui y Jleniarpani [27, c. 16]. Cy4yacHa
IHTepIpeTaIlisl CHKETy aHTW4YHOI Midororii Oyma 3ilicHeHa 3acobamMu
HOBHX (JOPM TeaTpalibHOTO TaHII0. A came: «BubHOTO» (EBpimika i I1Tax);
ekcnpecionicTuyroro (®opryHa, XapoH); MoAepH-/Ka3-TaHI0 (30HTH) Ta
in. Ile#t cuHTE3 PI3HOBHUIIB TAHIIO «MOJCPH» JOTIOBHIOBABCS CIEMCHTAMHU
aKpoOaTHUKH 1 TAHTOMIMHU.

Tax, mnacruka [Iraxa, mo cumBomnisyBas aynry Opdes, uyitHO pearysaiia
Ha BHYTpIIIHI Komi3ii criBaka. Hampukiaz, TyXOBHA CIYCTOLIEHICTh Iepost
XapakTepusyBajacs BTpaToro [ITaxoMm 31aTHOCTI JIITaTH 1 MPU3EMIICHICTIO
fioro Ttanmo. [lmactuuna xapakrepuctuka PopTyHH sBIsUIA COOOI0 Pi3Ki
PYXH, EKCTIPECHBHI MO3H, PANTOBI NIEPEXON BiJl HEPYXOMHX CTaTUUHHX I103
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JI0 CKJIaIHUX KoMmOiHarii. «lleit oOpa3 BUKIMKAB acoriaiii TO 3 XMKUM Ta-
XOM, TO 3 HEBTPUMHHUM TIOITyM’simy» [ 3, ¢. 34]. Tpilius criiBakiB, 110 3Marajimcs
nopyd 3 Opeem, icis H0To mepeMorH MePeTBOPIOBANICS Y CBOEMY EKCIIpe-
CHBHOMY TaHIIi «Ha SKHXOCh KEepIIiB peBY4Oro HaTtoBmy» [3, ¢. 35].

3’sicoBaHO, 0 6araro XTo 3 CydyacHUX XopeorpadiB CTBOPIOBAB TBOPH,
npucBsueHi A. Jlynkan: Kenner Makmimnan («Alicenopa»), ®penepik
Amron («IT’ste BanbeiB bpamca y crumi Aiicenopu dyHkan»), Mopic
Bexap («Aiicenopa», y BukoHaHHi Maiii Ilnucenpkoi), Xoce Jlumon
(6aner «Tanui ansa Alicenopu»). Lleit 6anet, mocrasnenuii X. JlIumoHom B
1971-my pomi, Gamermeiicrep Haramist Puxenko mepeHecna Ha CLEHY
XapKiBCHKOTO TeaTpy omepH i Oanery. 3acodaMn aMEpUKAaHCHKOTO TAHIIO
«MOJICPH» Pi3HI TAHIIBHMII 300paXyl0Th MOMEHTH HaWBHINOI HANpYTH,
KpaiHBOTO TYIIEBHOTO MiAHOMY, KOJH ITiACBIIOMICTh Kepye misMu A. JlyH-
KaH y Pi3Hi Nepiou ii KUTTSA: paHHBOI TBOPYOCTI, MATEPUHCTBA, KOXaHHS,
3aXOIUICHHSI PEBONIOLIMHUME iesmMu PansHcbkoi Pocii. BukonaBuisMu
xapkiBcbkoi moctaHoBku ctanu T. beketoBa, A. BonorHukoBa, T. 3opiHa,
1. XoBanosa. I1Insx TaHIIBHUIN J0 BIYHOCTI 1, OJHOYACHO, ii Oe3cMepTs
BHpaXae ii MOBUIBHUHI PyX Y3/I0BXK CIICHH y TIPOMEHI IMOTY>KHOTO MPOYKEK-
Topa 3 1oBruM mapdom Ha mui [29, c. 13].

4. TaHeub «MOJEPH» B AaBTOPCHKUX TBOpPax
yKpaiHchbKUX OajteT™melicTepiB

3’scoBaHO, IO CBOI aBTOPCBHKI Bepcii Oanery «BecHa cBsmeHHa»
Ha My3uKy l. CrpaBincekoro micis B. HikuHCBbKOTO mpoTtsirom XX CT.
npesenTyBasin Mopic bexap (1959-i p.), Auxenen [Ipenbxokax, [lina
Baym (1975-# p.). Xopeorpadiuauii TeKCT IUX Bepciii OyB moOymnoBaHui
3aco0aMu «BHPA3HOTO» (EKCIPECIOHICTUYHOI0) 1 MOJEPH-JKa3 TaHITIO.
[Tepura mocranoBka 1poro Oayiery B YkpaiHi Oyma 3iilicHeHa AJUIOO
PyGinoro Ha cueni XapkiBcbkoro Tearpy imeni H. Jlucenka B 1998-my
poui. CTpmKHEM IOCTAaHOBKH cTajo Jiopero H. Pepixa i s3MuHUIBKUIA
o0psa, skuil OanerMelicTep BIATBOPIOE Yepe3 MPEAKOBIUHI IUIACTUYHI
cumBoIu [26, c. 24-25].

OcobnuBicTio aBTOpCchKOi Bepceii Oanery «llerpymka» A. Py6inoi Ha
My3uky [. CrpaBincbkoro (2000-if p.) € BUKOpUCTAHHS TPUHOMY «KHBOT
JeKoparii» y xomrnosuiii TaHmro [21, c. 14], ska cTBopeHa Ha CIEHi IiB-
KOJIOM TaHILIBHHUKIB y O6apBHCTHX KOocTiomMax. Ha BinmMiHy Bix cTaTHYHOTO
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JIeKopaiiiHoro kxuBonucy B 6aneri M. dokina, nekopaitist A. PyGiHoi cTae
PYXOMOIO 32 paxyHOK TUTACTHKH, MIMIKH 1 )KE€CTiB BUKOHABIIIB.

VY 1980-90-x pp. y KuiBchkoMy IUTSYOMY MYy3HYHOMY Tearpi Oalert-
Mmetictep [eopriii KoBTyH mponopxkye excriepuMeHTH [eHpixa Makoposa,
skt y 60-70-X pp. IOETHYBAB Y CBOIX MOCTAHOBKAX KJIACUYHUI TaHEIIb,
TaHeIb «MOJAEPH», aKpoOaTHKy 1 moOyToBi xectu. B 1990-x pp. y npomy
teatpi [. KoBTyH mpesenTtye cBoi aBTopchki Oanern «Pomeo 1 JKynbeTTan
Ha my3uky C. Ilpokod’eBa, «Mayrmi» 1 «PacnyTin» Ha My3uky A. I'pan-
cpKkoro. CyuacHa aBTOPChbKA IJIACTHYHA BEPCisl BIIOMUX CIOXKETIB BUPIIILY-
€Tbcsl OaneTMelcTepoM 3aco00M CHHTE3YBaHHS PI3HUX XopeorpadidHux
MOB AT TUITACTUYHUX XapaKTCPHCTHK PI3HUX CHMBOJIIYHUX IEPCOHAXKIB,
10 € XapaKTePHOI PUCOI0 KOMIIO3HIIIi Cy4acHOTO OalneTy.

Tak, y Oaneri «PacmyTtin» yci crienu 3 Boxiem siBisitoth co00t0 poOOTH-
30BaHO JKECTH «HAPOIY» («TaHIll MaIIuH»); Xopeorpadiuna nmapris Pacmyrina
(Cepriii bonmyp) moOymoBaHa Ha «BUPa3HOMY» TaHIIl 31 «CKOPITIOHTINMEID)
T03aMH 1 CKJIQJIHUMH TIMHACTUYHHMH 1 aKpOOATHYHMMH TPrOKaMH. IMriepa-
TOpPCHKA ciM’st (ap, ApUIsL, YOTHUPH JOHBKH 1 CIIAAKOEMEIIh) «CXapaKTePH30-
BaHI 32 JOIIOMOT'OI0 KJIACHYHOT'O TAHITIO, 1 KOYKHA TXHSI [TOsIBA CYIIPOBOIKYE€THCS
CBITJIOIO, IOETUYHOI0 MY3UYHOIO TeMoto» [12, ¢. 26]. [l miacTuyHOi Xapak-
TEPUCTHKU YEKICTIB Xopeorpad BUKOPUCTOBYE JPKA30BUIA CTHIIb — «Opeiik», a
y xopeorpadiuniii xapakrepuctuili Llaps, HaBmaku, epeBakae CTaTHYHE Yep-
T'YBaHHS 1103, CTBOPIOIOYH 00pa3 cinaboxapakTepHOi JTFOAUHH.

ITnacTu4Hi XapaKTCPUCTUKH OPTaHIUYHO BIUIITAIOTHCS Y KOMIIO3MIIIIO
MacCOBHX CIICH, 110 300pa)ar0Th Pi3HI IJIACTH KUTTA Pocii B yacu nepmioi
CBITOBOT BilfHM 1 BHUPIIIEHUX TOJIPOHIYHOW NOOYI0BOIO Mi3aHCIeH. Tak,
OJTHA 3 HUX, 3a cBiueHHsIM H. Masyp — «Ha CIieHi OCSSTHO YepPBOHHUM CBIiT-
noM [IpuBua peBoITtoLii IOTaHs€e «3alPsDKEHUI» MOKIPHUNA HATOBII, CTpa-
YeHI MiAIMMalOThCs 13 0e3IMEHHOT MOTHIIH 1 JIUBJISATHCS Ha KpaiHy, 3aJIUTY
kpoB’to» [12, c. 27]. My3uka A. I'pajchKoro moeaHy€e po3MaiTTsI TeM, 1110
XapakTepu3yloTh ermoxy (Bin «Comnarymku, 6paBo pedarymkm» g0 «IIpo-
LIaHHS CJIOB’ IHKH ).

YV JAHinpoa3epKuHCbKOMY My3UYHO-paMaTuyHoMy Tearpiy 1980-x pp.
Oanermeiicrep Amnatomiii benuuer (BumyckHuK IlepMchkoro xopeorpa-
¢iuHOrO yumnmima Ta JlepxkaBHOro iHCTUTYTy TeaTpaJbHOTO MHUCTEITBA
A. B. JlynauapchKkoro) 3/1iHCHIOE psiJi aBTOPCHKUX ITOCTAHOBOK, 1110 IPETCH-
JYIOTh Ha BiIPO/DKEHHS JKaHpy IutacTuaHoi apamu 20-x pp. XX cT.
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Hum Oynu mocraBneHi omgHoakTHI 6ajeTd Ta OajeTH-MAaHTOMIMH (CiM
HoBeln Ha My3uky L.-C. baxa, K. [leanepennkoro, 1. Tyxmanora); «BecHsHi
yapu a0o TaHIr0oeMo BiBanbai»; Ha My3uky «Ilopu poky» (A. BiBanbui);
«Pozgymu» (’sTh mec i TiTap) i «Mapciih» Ha my3uky M. PexiHa;
aBTropcbka Bepeist «llerpymkmny Ha My3uky 1. CtpaBincbkoro. Takox Oymn
MOCTABIICHI CIIEKTaKIb Ha My3uKy Yaka MankioHi — «Taka HeckiHUeHHA
HEIUIsH» W BEUYOPH ONHOAKTHUX 0OaneriB — «KoHTpanmyHkTH» 1 «Datym» B
Tpanuuisax miactuaHoi apamu 20-x pp. XX cT. Y cBOiX aBTOPCHKUX poOOTax
A. beanueB BUKOPUCTOBYE TaKi MPUHOMH KOMIIO3HUIIIT TAHIIO «MOAEPH»:
KOHMPAanyHkm 30poeux ma 36ykosux oopasie («KonrpamyHnktuy, «Jlronuna
Taii TiHbY», «Ho nonanoy, «piaga ta Llukmomy», «/{Boe Ha Oepesin); konmpa-
NYHKMY8aHHs Opamamypeii — TOEJHAHHS KIJTbKOX CMHUCJIOBUX JIiHIH, KOXKHA
3 SKHX HECE CBOK IHJMBINyallbHICTh 1 BUpa3HiCTh («KOHTpamyHKTHY);
«MOHTa)KHI CTHKM» — Pi3Ki Mepenajy y TUIaCTHII;, KpynHi ma OpiOHi niaHu
(6aner-nantomiMa «IlepeBeprenny); «Hakiadenus» kaopie (OayeT-MaHTo-
MiMa «IlepeBepTeHby); «cTomn-Kaapm» (Oaner-nanromiMa «IlepeBepreHny);
«cnoginoHena 3tiomka» (baner-nanromima «llepeBepTeHb) ); BAKOPHCTAHHS
3ac00iB MacoBO1 KYJIBTYPH — JIEKCHKH (DiIbMIB jKaxXy, epOTUYHOTO TeaTpy,
cxigHux OoioBux TexHik («Darym, «[lepeBepTeHny Ta iH.)

MetadopuyHicts XopeorpadiuHoro TEKCTy B MiHiaTiopax Oanera
«Kontpanmynkrn» (1987-1 p.) BupilleHa MOBOIO EKCHPECIOHICTUYHOTO
TaHIIO, KO0 OajeTMeHCcTep pO3MOBIAE MPO CTpax Mepe] CaMOTHICTIO,
po3dapyBaHHs, po30HUTY Bipy, M000B («/IBo€e Ha Oepesin); abeypn adcypa
(«Ho momamno»); eqHicTh 1 00poTHOY mpoTunexuocteit («/piana i Liukmomy).

Tpu xomnozumii 6anery «Parym» — «BoBkymnakay (Ha my3uky K. Ilen-
nepenpkoro), «IIpomoBigauk» (Ha my3uky M. XKappa) 1 «Parym» — Bkpaid
PI3HI 32 3MICTOM, MArOTh 1 BKpail pi3HE IUIaCTHYHE BUPIMICHHS 3 BUKOPHUC-
TaHHSM MPUIOMIB KOMITO3UIIIT TaHIF0 «MozaepH». Tak, «BoBKymaka» — 1e
Oajer-maHTOMiMa, y SIKOMY «KOHTPACTHHH 3WI3ar CTaHIB BOBKYJAKH Ta
KIHKWY [24, ¢. 8] BHpIIICHUI 3a JOMOMOIOK BHINCHA3BAHUX MPHHOMIB:
«MOHTQKHUX CTHKIBY, «KPYIHHUX Ta APIOHUX MJIAHIBY, HATUTUBIBY», «HAKJIa-
JICHHSI KaJ[PiB», «yIOBLUILHCHOI 3HOMKI, «CTOI-KaAPIiB.

«[IponoBigHUK» — 11e MIMOJpama, sIKa BiAPOJKye Ha cleHi i1ei Jlocro-
€BCBKOTO, TEMH COBICTI, BipH, nomykiB bora, criokycu. «Bupasuuit» (ekc-
MIPECIOHICTHYHMI) TaHelb biyTHUII Ma€e «iHOJIi He 3aBkK/IM KOPEKTHY XOpe-
orpadiuni popmy» [24, c. 8].
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Ines moy «®arymy» mpo nUIsX JIFAWHU y MaTepialbHOMY CBITi (Hapoj-
KCHHsI, TI3HAHHS, JIOOOB, CIIOKyCa, CMEpTh) BHPpIIICHA BHIICHA3BA-
HUMH 3ac00aMH MacoBOi Ta MOOYTOBOI «BYJIMUYHOI» KYJIBTYPH, Y TOMY
qucii «OperK-1ancay, mo Oyyio HeOOXITHUM JJIs aJeKBaTHOTO BTIJICHHS.
[TnacTHyHI XapaKkTEPUCTHKH CHUMBOJIIYHHMX TiepcoHaxiB I[Ipeuncroi [liBu
(diBu Mapii), ®ei Mait (KopomeBu CHy) Ta iH. moOyIoBaHi Ha 032X,
JKecTax, rpuMacax.

B »xanpi aBropchkoro Tanurearpy y 1990-my p. 6anermeiicrep 3ailic-
HIO€ MocTaHoBKY «Crimi» M. Metepninka. Hatanis CTenaHeHKo HABOAUTH
cnoBa A. bennuesa, Sikuil BU3HAYMB KaHpP CBOET MpALli K «IIJIACTHYHY BEp-
cito apamm» [24, c. 8]. Y clekTaxii HeMae PO3rOpHYTHX XopeorpadidHnx
CIIeH, a CIIeHOTpadis y BUINIAII TEPHOBOTO BiHKA, 200 OTOPOIXKi 3 KOJIKOYOTO
JIPOTY CTBOPIOE CTATHYHHN 3aMKHYTHH MpocTip. [ImacTrdaHicTh CEKTaKIIo
CTBOPIOETHCS MPUHAOMOM «IHTOHAIIIHHOTO KECTy», SKHW BiJIIOBIAE BHY-
TPIIIHLOMY CTaHOBI repoiB. HacTpoeBi, 00pa3oBi, CEHCOBI 1 pUTMOBI cIOBa
BIJINIOBIJIa€ TICBHUM JKECT PYK 1 MajbIliB, TOJOKEHHS KOPIyCy 1 T. 1HIIE,
IO CBIAYUTH PO 3aCTOCYBAHHS KOMIIO3UIIIIHOTO MPUHOMY OJHOTO 3 Pi3-
HOBHUJIIB TaHIIO «MOJICPH» — acJOIUIACTUKU. «My3UUHa JHIsD» CIIEKTAKIIO
BuOymyBaHa 3 ¢pparmentiB TBopiB 1. ['abeini, /x. b. [lepronesi, I.-C. baxa,
M. Yekanina, 1. Jlens, C. I'prondepra, A. BiBanbi.

ITpuitom «iHTOHAIiMHOTO >XecTy» Oanermelictep A. benuueB BHKO-
PUCTOBYE 1 TPU CTBOPEHHI IUIACTUYHUX XapaKTEPUCTUK TepOiB Ka3KH
«Comnogeit» I'-X. AnpepcenHa (moctaHoBka A. Banina, cueHorpadis
0. Komapnuipkoi) [24, c. 6-9].

5. Crioco0u 3aCBOEHHSI €CTeTUKH HOBUX HANPSAMKIB TAHLIIO

3 70-80-x pp. XX CT. HU3Ka MMOTY>KHUX YNHHHKIB CIPHsLIA 3pOCTAHHIO
MOIH(GOPMOBAHOCTI PaJSTHCBKUX XopeorpadiB y Tainy3l HOBHUX Hamps-
MOYKHA BIJJHECTH YYacCTh BITUM3HSIHHX OalleTMEHCTEpPIiB Y MIKHAPOTHHX
(decTuBanAx Ta ceMiHapax i racTpodi 3apyOlKHUX TaHLTEaTpiB 1 OaNeTHUX
Tpyn Ha Tepuropii konumHboro CPCP: «I'pann-onepa» mija KepiBHULITBOM
C. JIndaps, aHrmiiicbkoro KOposiBChbKoro oainery, 6anetnoi Tpynu «Hsro-
Mopk citi 6amiey» (HeOKIaCHUHMIA TAHEIb); AMEPHKAHCHKOTO TEaTPy TAHIIEO
A. Eiini, 6ensriiicekoi Tpynu Mopica bexapa «6aner XX cromitrs», ame-
pukancekoi OanernHoi Tpynm Iloma Teitmopa, mBencpkoi KopomiBebkoi
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oriepu, NoNbChKoTo Bemmkoro tearpy, [1passkoro kameproro 6anery IlaBma
[IImoxka, «EmmiHchKOT XOpeonpamm», Painy MaHy, «aBTOPCBKOTO Tearpy»
YKozeda Pyccinbiio (TaHes MOIEPH).

PansHCBKi yyacHUKH MibXHapojHoro (ectuBamo «IHTepOaner — 89» y
Bynanemri 3Morm 1mMo3HaHOMUTHCST 3 TBOPYICTIO IPEICTaBHUKIB aMepH-
KaHCBHKOTO Ta €BPONECHCHKOTO Manylo «MoOepH» Ha MPHUKIAIl TPyI: Xoce
Jlimona (CHIA); monozaixxnoro ancamomo Hiznepiaanacskoro tearpy, CTBO-
peHoro y 1978-my p. sik TBopua Maiicrepus Ipxi Kimiana; HoBoro lat-
CBKOTO Tearpy mia kepiBHUITBOM AHeT AbGinaraapn ta Bapena Cneapo;
Hbepcpkoro 6anety min kepiBHHLTBOM IBana Mapko; Jloasiiicekoi Oanert-
HOi Tpynu (xopeorpad-nocTaHoBHUK — €Ba BoiiniexiBcbka).

Po3BHUTKOBI TBOPUMX KOHTAKTIB MK PaJTHCHKUMH, OCTPAIIHCHKUMH 1
3axiJHUMHU apTUCTaMH Ta Xopeorpadamu CIpUs ghecmusani i ceminapu,
TaKi K «MiKHapoaHuid THkIeHb TaHio» (IIpara, 1988-it p., 1990-i p.),
«AMepHUKaHCHKHI (ecTHBaNb TaHIO» (1opiyHo 3 1977-ro p.), mepmuit
(becTHBANIb CyYacHOTO TaHIIO €Bpomneichkrx kpain (Mocksa, 1999-i1 p.)
[5,c.59; 22, c.26-27; 25, c. 55].

Y 2000-my p. KuiBchkuM HeHTpoM cydacHOl xopeorpadii OyB oprasi-
3oBanuit pecruBanb «Tanens XXI cromitrsa». Y poOOTi 1HOTO (hECTUBAIIO
B3sIa ydacTh OaneTmerictep Ajuia Py0OiHa 31 CBOIMU yUEHUISIMU-CTYAEHT-
kamu KuiBcbkoro xopeorpadiunoro yuminima Aninoro Koxokapy, Karepu-
Horo Tuxonosuy, Cepriem €roposum, Harankoro Bypnakoro. Ha dectusani
BOHH MaJI MOXKITUBICTh O3HAHOMHUTHUCH 3 TBOPYICTIO MPE/ICTABHUIII HiMEI[b-
Koro «BHpaszHoro» TaHIio lenpietn I'opu (mkoma «Folkwangshuley) ta
IHIITNX MPECTaBHUKIB €BPONEHCHKOT T1IKH TAHITIO0 «MOACPH).

3HaMEHHUM MOMEHTOM CTaja crpoOa BiJITBOPEHHS Ha YKpaiHCHKIH
crieHi OaneTMencTepchKoi Bepcii AboepTo AsioHco «KapMeH-croitay, 1o
Oysia HammcaHa KoMIo3uTopom Pomionom IllenpinnM 3a MOTHBaMU OTiepu
bize «Kapmen» miast Maiii [Tnicenpkoi. st komis BuctaBu A. AJOHCO, 110
Hapoamiacs Ha cleHi Bemmkoro Teatpy B MockBi, Oyia mepeHeceHa o
XapkoBa, Onecu ta Kuesa. 3a cioBamu OaneTmeiictepa, LEHTpaIbHUM
MicueMm [ii y 6aneti Oyna BuOpaHa apeHa y YepBOHOMY KOJbOPi i 6010
OMKIB — KOpHJa, sKa «Ma€ BEIMKe CHUMBOJIYHE 3HAYEHHS 1 Mae Oarato
CHUIBHOTO 3 THUM, IO BiIOyBaeThes y kUTTI» [9]. exopanito b. Meccepepa
JIONIOBHIOIOTH CTUIBIN 3 BUCOKMMH CIHMHKAMH IO HEPUMETpPy 0ap’epa «sK
Ha 1HKBI3UII».
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B mmactuuniit XapakTepuctumi KapMeH BHKOPHCTOBYIOTBCS «ILTOCKa»
1 CKOpOUCHa CTYITHS, HEBUBOPOTHE ITOJIOKEHHS HiT, 110 T IKPECITIOE 3yXBa-
it XapakTep ronoBHOI repoini. Ii compHi i xyeTHi maprii mobyosawi 3aco-
06amu TpaHC()OPMOBAHOTO KIACHIHOTO TAHITIO 3 €IEMEHTAMHU «BHUPAa3HOTOY
TaHIl0. B excnipecioHicTHYHIM MaHepi moOymoBana napris Topeomopa i
kopaebanety. OpieHTallis Ha 1HAMBIIYaTbHI SIKOCTI BUKOHABIIB MO3HAYH-
JIach Ha BapiaTHBHOCTI 31IHCHEHUX MOCTaHOBOK «KapMeH-CIOiTH» y pi3HUX
TeaTpax. TakuM YMHOM, Yepes3 «IOBTOp-iHTepnpeTalio» [ 14, c. 8] BindyBa-
€TbCSl OITAHYBAHHS 1 BIPOBAKEHHS 3apyOi’HOTO JOCBIAY B raiy3i HOBUX
HanpsAMiB TeaTpalbHOTO TAHIIO B YKPaiHChKOMY OalieTi.

6. HeokiacuuHuii Ta TaHeb «MOJEPH»
B YkpaincbkoMy 6asteti 1990-x pp.

VY 90-x pp. XX cT. IeneHTpaizaiis XyJIoKHBOTO KUTTS 3MYIIyBaJia
YKpalHCBKI TeaTpy BUOOPIOBATH CBOE MPABO HA aBTOHOMIIO PI3HUMH IIIIS-
xaMu. [lO)KBaBIIOETHCS EKCIIEPUMEHTATOPCTBO, AKTHBHE OITAaHYBaHHS
HOBHX CTHIIHOBHX HAIPSIMIB TEATPaIHHOTO TAHIIO (TAHIIIO «MOIEPH» 1 HEO-
KJIACUYHOTO), 3’ SBJISFOTHCSI HOBI pOOOTH MOJIOIUX ITOCTaHOBHUKIB, IO TIpe-
3EHTYIOTb «HOBI (hopmMM cyuacHOi BUCTaBU»: omepy-Oaner «HespampxeHna
mo6oB» Ha My3uky JI. Komogyb6a (Hdoneupk, O6anermeiicrep 1. Komoba-
KiHa); onepy-0OaneT «BiuHe iM’st TBOe» Ha My3uKY I. XKykoBcbkoro (Xapkis,
xopeorpad B. Illynbko); My3uuHO-X0opeorpadiuny micrepito «lepHikay
Ha My3uKy Sl. @peiianina (Oneca, 6anermeiictep A. llleBensoBa) Ta orme-
py-6anet Ha Mmy3uky B. I'yOapenka «Biii» (6anermeiicrep B. CmipHOB-T0-
noBaHoOB) [14, c. 12].

Omnepa-6aner «Bii» 3100yna creHiyHy A0i0 Ha cieHi OpechbKoro
HaIlOHAJIBHOTO aKaJIEMIYHOTO TeaTpy orepH Ta Oanery y ceprHi 1984 poky.
Han mocranoBkoro mpartroBaiu: pexxucep Aptyp [1ounKoBChKHiA, TUPUTEHT
Bopuc Adanacbkes, 6anermeiicrep Bikrop CMUPHOB-I 0JI0BAHOB, XYTOKHUK
€pren Jlucuk. Ls mocranoBka npoitnura 6utein Hixk 200 pasis [20, c. 32].

Hanpuxkinui xutta (2000-my p.) komnosutop B. I'ybapeHko Ha 0CHOBI
MY3UKHU Orepu-0anery HamucaB xopeorpadiuni cuenu i uepe3 30 pokiB
Oys0 puitHATE pillleHHs MOEAHATH 111 1Ba caMOCTiiHi TBopH [18].

Tak, HOBa mocTaHOBKa onepu-6anery «Biity B. I'ybapenka Ha 1iii camiit
cueHi BigOynacs y BepecHi 2014-ro p. (pexucep i xopeorpad I. KoryH).
s xopeorpadiunoro mouepky I. KoBTyHa xapakTepHa iHAMBiTyaJbHa
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IUTACTHYHA MOBA — CAaMOOYTHIH CIUTaB «BUPA3HOTO) TAHIIIO, CKIIAJTHUX aKpO-
0aTUYHUX TPIOKIB, HAPOJIHO-CIICHIYHOTO TAHITIO 3 CIEMEHTAMHU CTHJII3aIlil
(Y MacoBHX cIleHax sipMapKu), TPaHC(HOPMOBAHOTO KIACHYHOTO TAHITIO IS
BHPIIICHHS PI3HUX XapakTepiB MepcoHaxiB. YKaHp orepu-0aneTy po3ii-
JIMB TIEPCOHAXKIB HA BOKAIBHY Ta TAHIIOBAJIbHY IPYMH. Y IUIACTHUII TAHITIO
PO3KpHBAJIIU CYyTHICTh CBOiX repoiB [orons 1 [TaHHOYKa. Xopeorpadiunuii
TekcT [oromns, kMU IITIB MEPEXKUBO CIOXKETY, M0OynoBaHUN OajeTMencTe-
pOM Ha JieKculi «contemporary dancey.

[Mnactuuna xapakrepuctuka [[aHHOYKH B COJNIBHUX 1 AyeTHUX (hopmax
(3 XoMo010) HAOMIKAETHCS 10 «BHUPA3HOTO» TAHIIO, aje B MOPIBHSIHHI 3
KYJIBTOBOIO €KCIIPECIOHICTHYHO poboToto M. Birman «Binemay 1i TaHelp,
a TaKO)K MAacCOBHUII TaHEIb «HEUNCTI» HETOCTAaTHRO BUPA3HO PO3KPUBAE CYT-
HICTB SIBUILIA.

TakuM 9YMHOM, OHOBJICHHIO JICKCHKH TEATPAIFHOTO TAHIIO CIIOHYKAIN
CyYacHi My3W4HI TBOPH — NPOYUTAHHS JIITEPATypPHUX aHAJIOTIB. [HIIMMU
MPHUKJIaJIAMH CTalOTh: OayieT «MaTepuHChKe Toe», nocTaBieHud y JIHi-
MIPOTIETPOBCHKOMY TeaTpi 32 MOTHBaMH MOBicTi Y. AHTMAaToBa Ha MY3UKY
K. Monnob6akcanoBa. baner Oy crBopenuit y 1975-my p. B Kuprusekii
PP, a 'y 1976 poui nocraBieHuil B 6ararbox Tearpax COIO3HHUX PECIyOJIiK
komuiHboro CPCP 1 3a kopmoHoM. A Takox, Oanetr «Mezaes» Ha MY3HUKY
P. I'a6iuBanze (JIpBiB), y SIKOMY IIaCTUYHUMHU BHPaKaJIbHUMHU 3aC00aMU €
«BIIbHUIY TaHeup (kopaedaner) 1 HeoknacuuHuil (Menes).

Hocnimkeno, mo y4enb HoBaropa demopa Jlomyxosa mo Jleninrpan-
CBKill KoHcepBaTopii AmoT AmnzapifioBuu AcarypsH (OamermeicTep 3
Bipmenii) OyB 3ampomennii Ha poOoTy 10 XapKiBCHKOTO Te€aTpy OIEPH Ta
OaleTy 1 HOro MepIuMH CIIEKTaKIsIMU y 1991-My porii cranu «OKap-nTais»
1 «Opdeii» Ha My3uky 1. CTpaBUHCHKOTO. 3ac00aMH HEOKJIACHYHOTO TAHITFO
A. Acarypsia y 6aneti «Opdeii» mokasas BHYTPIIIHIO 00pOTEOY XyI0)KHHAKA
3 caMuM c00010, a y «Cumponiunux tanisx» C. Paxmaninosa (1997-i)
«BiTUyBajacs ... Tyra y INIACTUYHUX IHTOHAMIAX XYIOKHUKA, SIKOTO 3aJIH-
mana My3a, aje Bitana barekiBuuna» [29, c. 13].

Y 1990-Ti poku MOCTaHOBKM OasieTiB y L[bOMY TeaTpi 3A1HCHIOBAIH
3apyOixkHI MUTL, 30KkpeMa, xopeorpad X. Mromnep 3 Himeuunnu (6aner
«Hami Bycta BUnoBHIOIOTHCA paicTion) [30, c. 28-29].

Hanpuxkinami 90-x pp. XX ct. B Kuepi nounHae cBoi mepir excrepu-
MEHTH y Taly3l HOBHX HamIpsAMIB TeaTPaJbHOTO TaHIO OaneTMeicTep
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Amnixo PexsiamBini (Ha TOH uac 3aBimyBad meprroi B YkpaiHi kadeapw
cydyacHoOl kiacu4yHoi xopeorpadii KuiBChbKOTO HAIliOHATBLHOTO YHIBEPCH-
TETy KYJIBTYpH 1 MUCTENTB, 3 2013-T0 pOKy XyJIOXKHIl KepiBHUK OaJleTHOI
TPYITH HAIIOHAJIBLHOI OomepH YKpaiHu), Jiaypear MixKHApOIHOTO KOHKYPCY
apructiB Oanery iM. C. Jludaps B HomiHamii «Xopeorpapuy.

Hampukinani 90-x pp. Ha 6a3i crBopeHoro Heto KonektuBy «AHUKO
baner» xopeorpad 3miliCHIOE pPsT aBTOPCHKHX IOCTAHOBOK, T'OJOBHUM
BHUPa3HUM 3aC000M SKHX CTalOTh HOB1 (DOPMU TeaTpaabHOIo TaHL0. A caMe:
EKCIIPECIOHICTUYHOTO TaHII0 — Xopeorpadiuna Miniatiopa «Kpuk» 3a
MOTHBAMHU OTHOMMEHHO] cepil eKcIpecioHicTHYHOro kuBonucy E. Mynka
(1996-ii p.) 3 BUKOPUCTAHHSIM CKCTIPECUBHUX CTPUOKIB y Y0JIOBIUiif mapTii;
«Mapna po3moBay (1996-if p.); HEOKJIAaCUYHOTO TAHIIIO — MiHiaTIOpa-3aMa-
npoBKa «Yexanus» (2014-i p.); «Ave Maria» Ha My3uky [pxymio Kaumni
(1999-i1 p.); onHoakTHI 6asetn «Por0» (1997-i1 p.) Ha My3uky J[>KoBaHHI
[T’epo PerepOepi 1 «bonepo» Ha my3uky Mopica Pasens (1998-ii p.).

Hawmu 3’scoBano, mo me B 1928-my p. M. PaBenb cTBOpHB My3uKy st
banery «bonepo» Ha 3amoBicHHs Oanepunu [nu PyGinmreiin. ITpem’epa
Oanery BinOymach 22 mucronana 1928-ro p. y [Tapusbkiit onepi 3 xopeorpa-
¢iero b. Hixkuncrkoi 1 nexopartisimu Onekcanpa benya. 3rijHo croxeTy i€l
nepiioi nocraHoBku «bosiepoy, BiBiAyBadi iClaHChKO1 TaBEpHH PO3MOBia-
I0Th 1CTOpIT PO CKJIA/IHE TIEperyIeTeHHs TeMHHX npuctpacteil. «M. Paens
TpaHchopMyBaB icllaHChKUH TaHelb «O0onepoy kiHis X VIII cr., BuTpumanmii
y HOTpifHOMY TOMIpHOMY PHUTMi, — Y MOTHB, 110 MOHOTOHHO MTOBTOPIOETHCH,
a 'y QiHam gocsirae po3neyeHoro mapokcmsmy» [4, c. 194-195].

Hactynni nocranoBku «bonepo» Oynmu crBopeni C. Jludapem, AHTO-
HoM Jlonminum, ABperio Minomem, Mopicom bexxapom, octaHHIM —y CTHITI
«MOJICPHY.

V 6aieti «bonepo», A. PexBiamBii 1110 € pernpe3eHTAaIl €0 TICHX0JIOT Y-
HHUX CTOCYHKIB M)XK YOJIOBIKOM 1 YKIHKOIO, IH/IMBI/Ia Ta CYyCIJILCTBA, BUPa3Hi
3ac00M HEOKITACUYHOTO TAHIII0 CHHTE3YIOThCS 3 CTUIII30BAHUM ICIIAHCHKUM
HApPOIHUM TaHIICM.

Baner «Pouno» Ha my3uky Jlxk. PeepOepi, 1110 CKIIaaeThCs 3 IEKIIBKOX
xopeorpadiuaux xaptun («Visioni di Venesia», «Ultimo Incontro», «Note
Venesianay, «Venti d’Oriente», «Accademia») [31] 6anermeiictep 3acobamu
JIyeTHO1 (hOpMH HEOKJIACHIHOTO TAHIIO PO3MOBIAE PO Pi3HI rpaHi BiTHOCHH
MDK KOXaHUMH YOJIOBIKOM 1 JKIHKOKO: MPO MOJIOMICT 1 MOYATOK BiJJHOCHH,
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TapMOHIIO 1 CIIOKiH, pO3CTaBaHHSI, BIYHUH PyX, MTOIIYK, BIIKPUTTS. X0opeorpa-
(biuHUI TeKCT nepcoHaxiB OayeTy moOy/JOBaHUH Ha MIBUIKUX Typax IICHE,
obeprax y mo3ax «I arabesques» i «attitude», kpokax, OIroBi, mapTepHUX, a
THOJTI TIOBITPSHUX MIATPUMKAX OJHIEIO Ta JIBOMA PYKaMH 32 TaJIf0.

7. BUCHOBKH

1. BusBneni ykpaiHCbki OajeTMeHCTepd — MPEINCTaBHUKH HOBHUX
HanpsMKIB TeaTpajbHOTO TaHLIO (TAHLIO «MOAEPH» 1 HEOKJIACHYHOTO
TaHII0) Apyroi monoBuHU XX — mo4. XXI cT. Ta JociKeHo iXHIi TBOpUHiA
nopo0bok y i€l ramysi: I. Maiiopos, I1. Bipcekuii, A. [llekepa, M. Apna-
yaoBa, I. KoeryH, A. beauues, A. Py6ina, O. Hikonaes, A. PexpiamBini.

2. BusBieHi crnocoOW 3acBOEHHsS 1 ONMaHyBaHHS €CTETHKH TAHIIIO
«MOJICPH» yKpaiHCBKUMH Xopeorpadamu npyroi moia. XX — mod. XXI cr.:
a) ractpoui 3apyoixHux OanerHux tpym: C. Jlidaps, M. bexapa, I1. Tei-
nopa, I1. IlImoxka, mBencekoi KopomiBebkoi omepH, moibchbkoro Bemwmkoro
Tearpy, TeatpiB TaHiro A. Eimi, P. Many, XK. Pyccineiio y npyriii mour.
XX cr. Ha Tepuropii konuniaboro CPCP; 0) 03HallOMIJIEHHSI C TBOPYICTIO
3apyODKHHX IPECTAaBHUKIB HOBUX HAIPSIMKIB TeaTPaJbHOTO TAHIIO ITiJT 4ac
ydacTi YKpaiHChKUX OaJieTMEHCTepiB y MDKHAPOAHUX (PECTUBAIAX 1 ceMi-
Hapax 80-x pp. XX — nou. XXI cT. («AMepuKaHCbKHN (pecTHBAJb TAHIIO,
«MixHapoaHuii THXIeHb TaHIo» y [Ipasi, «Tanens XXI cromitts» y Kuesi
Ta iH.); B) MOCTAHOBKHU 0aJieTiB aBTOPCHhKOT Xopeorpadii 1 xopeorpadii Bimo-
Mux OanermeiictepiB (M. dokina, X. JInMOHA) — MPEACTaBHUKIB HOBHX
HAIPSMKIB TeaTPAILHOTO TAHIIO Ha YKPATHCHKUX CIIEHAX 3apyOLKHIMHI MHT-
wsmu (M. Jliena, M. bosipurkos, K. Bosipcbkwii, X. Mromep).

3. BusBneHi OUIIXH BIPOBAKCHHS CTUIIO «MOJCPH» B XOpeorpa-
(bii 1 HEOKITACHYHOTO TAHIIO B YKpaiHchkoMy Oaneri XX — mou. XXI cr.:
a) IIUTYBaHHS 200 MOBTOP aBTOPCHKOI Xopeorpadii BijoMux Oanermeicre-
piB («Tanni ais Avicenopu» X. JIumona; «Buninas Tposaau» M. Dokina,
«Kapmen-croitay A. AJOHCO) — MpeNCTAaBHUKIB HOBUX HAIPSIMKIB Tea-
TPaJIbHOTO TaHIIO; 0) CTBOPEHHA YKpalHCbKMMHU OalieTMelicTepaMu aBTop-
CBKHX BepcCiil BiIoMHX TBOPIB CBITOBOro cyyacHoro Oaiery («Ilerpymikay,
«Becna cpsmienna» — A. Py6ina, A. beauues, I. KoBryH; «OKap-nTuis»
Ha My3uky l. CtpaBiHcbkoro — A. AcatypsiH; «Pomeo i JIxynbeTrTay Ha
my3uky C. Ilpoxod’esa — I'. KoryH; «bonepo» A. PexsiamBini); B) CTBO-
PCHHS YKpaiHCHKUMU OaeTMeiicTepaMyl OPHUTiHATIBHIX aBTOPCHKHUX TBOPIB
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3aco00aMM TaHII0 «MOJEPH» 1 HEOKIACHYHOIO TaHI0; 30KpeMa, IUIIXOM
JIAJIOTY PI3HUX CTHJIOBUX HAIPSIMKIB B CEPEAMHI OJTHOTO TBODY.

4. NocaimkeHo GopMHU PE3eHTAIIT TAHIIO0 «MOJICPH» 1 HEOKJIIACUIHOTO
TaHITI0 Ha YKPaTHCHKIM TeaTpalibHil ClieHi: XopeorpadiuHi Be4opH; OaneTHi
BUCTAaBH; orepa-0aieT; OaneT-maHToMiMa; Tak 3BaHa, «IUIACTUYHA BEpCis
JpaMu» (PUTMOIUIACTUYHI MOOYIOBHM MAacOBHX CIEH; IUIACTHYHI JIEHTMO-
THUBH — XapPaKTEPUCTUKU TIEPCOHAXKIB).
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Abstract. The purpose of the study is to characterize the climatic
conditions in the Biloozerskyi array of the Rivne Nature Reserve and to
identify its peculiarities according to the indicators from the meteorological
stations in Sarny, Liubeshiv and Manevychi.

Subject of study. Climatic features in the Biloozerskyi array of the Rivne
Nature Reserve in modern conditions of global warming.

Methodology. In the article results of observations of the period
2006-2018 from the meteorological stations in Sarny, Liubeshiv and
Manevychi are used, namely: atmospheric pressure, wind regime, air
temperature, humidity, cloudiness, precipitation, snow cover. These materials
are freely available in the Internet network: http://www.pogodaiklimat.ru,
http://rp5.ua. Climatological information has been analyzed in the course
of the research. Calculations of mathematical statistics and methods
of constructing graphical model (Excel) have been used. Furthermore,
interpolation techniques have been performed with help of Vertical Mapper
3.0 in MaplInfo Professional 9.5. Indicators of radiation and light regime,
partial pressure of water vapor and its deficiency have been analyzed
according to the results of observations in the Kovel meteorological station.
The scientific work is based on statistical, analytical, comparative, graphic
and descriptive methods of research.
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Conclusions of research. In the course of the study, the main meteorological
indicators of the climate regime in the Biloozerskyi array of the Rivne Nature
Re-serve have been established. The radiation regime of the study area is
determined by the position of the Sun on the sky and the time of sunrise and
sunset. Anticyclones dominate in the general circulation of the atmosphere.
They move from the west, southwest, northwest, north, northeast and
southeast, while cyclones move from the west, southwest, northwest, south,
or are of local origin. The average annual atmospheric pressure is 996.1 hPa
with an amplitude within 5.5 hPa. In wind regime, during the cold period,
western, southwestern, southern and southeastern winds, dominate, in the
warm season — the western, northwestern, southwestern and southeastern
winds, there is a high proportion of calm. The average annual wind speed
is 2.0 m/s with an amplitude of 0.7 m/s. The maximum wind speed is in
January is 2.4 m/s, and the minimum is in August — 1.7 m/s. The average
annual air temperature is +8.7°C with a maximum in July — +20.2°C and a
minimum in January — -3.5°C. The average relative humidity of the study
area is 77.7 %, the maximum is in December — 87.9 %, and the minimum
is in April — 68.6 %. The average annual total cloudiness of the ter-ritory
is 6.5 points, and lower cloudiness is 4.3 points. The maximum cloudiness
occurs in December, and the minimum is in August. The territory is located
in the zone of sufficient humidity, therefore, the amount of precipitation is
656.5 mm, of which: in the warm period falls 443.5 mm, in the cold period —
213 mm. The maximum amount of precipitation falls in July — 91.9 mm, and
the minimum is in February — 32.5 mm. Tables and graphs have been used for
better representation of information.

The materials of this research can be used for further meteorological
research of nature reserves, in recreational and agrometeorology purpose, in
the educational process, namely for studying homeland subjects.

1. Introduction
Rivne Nature Reserve is nature protection territory. It was created in
1999 on the base of four wildlife preserves of the national value, separated
one from other territorially: “Biloozerskyi” — Volodymyretskyi district,
“Somyno” — Sarnenskyi district, “Syra Pohonia” — Rokytnivskyi district,
“Perebrodivskyi” — Dubrovytskyi and Rokytnivskyi districts. From the
moment of formation of Rivne Nature Reserve, each of them has ceased to
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exist as an independent object of the natural reserve fund and has become
its part. The Biloozerskyi forest district embraces that territory of former
landscape wildlife preserve of national value of “Biloozerskyi” that has
entered in the complement of Rivne Nature Reserve and Biloozerskyi is
named as an “array”.

Formulation of the problem. In the conditions of the growing
anthropogenic loading on the natural complexes, study of the climatic
features and dynamics of the meteorological indexes of territories is
relevant. The nature reserve territories have the special interest among
natural complexes. Therefore, research of the weather elements within the
limits of Biloozerskyi array of Rivne Nature Reserve has large scientific
interest.

Analysis of researches and publications on the problem. This direction
of the climate researches at the last decades is actively developed by the
employees of the Lesya Ukrainka Eastern European National University.
Thus, these ques-tions are exposed better of all in the monograph “Nature
of Western Polissia, adherent to Khotyslavsky quarry of Belarus”. In
particular, the radiation and light mode, features of atmospheric circulation
and wind, thermal mode and mode of moistening, atmospheric phenomena
are analyzed [3].

The research of climate of the northeast Volyn Polissia, where Rivne
Nature Reserve is located, comes true only on the data basis of the Sarny
meteorological station. Thus, at the works of Tarasiuk F. P. and Tarasiuk
N. A., the question of the atmospheric circulation, wind and thermal modes
[7], the mode of moistening and cloudiness is considered [8]. At the works
of Voloshynova N. O. and Gorbach A. O., the question of the temperature
features condition and the mode of moistening of Rivne Nature Reserve is
considered, according to the meteorological station of Sarny for the period
2000-2008 [2].

The results of the previous researches are not presentable enough for all
the territory of Rivne Nature Reserve because three arrays of reserve are
located to the close proximity to Sarny, while Biloozerskyi array is located
over 60 kilometres to the west of Sarny. Therefore, at the study of climatic
terms of this territory, it is worth considering to the account data of the
Manevychi and Liubeshiv meteorological stations at the Volyn area that is
located much closer.
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2. Radiation and light mode

Solar radiation is the main source of energy for almost all natural
processes and phenomena occurring in the geographical envelope and one
of the main factors of climate formation [4, p. 41]. The radiation regime is
determined primarily by astronomical factors: the position of the Sun on
the sky at different times of the day and year as well as the time of sunrise
and sunset. The duration of the day changes throughout the year. The
shortest day (7.5 hours) and the lowest Sun (h = 15°) at noon are recorded
in December. The longest day (16.5 hours) and maximum sunshine at noon
(62°) can be traced in June.

Duration of sunshine. An important indicator of the radiation regime is
the duration of the sunshine, which is determined by the number of hours,
during which the sun illuminated the terrain. The number of sunshine
depends on the length of day, cloudiness and the horizon. The length of
the day, which depends on the latitude of the place and the time of year,
determines the theoretically duration of the sunshine, the duration of the
sunshine in a cloudless sky at a particular latitude [4, p. 42].

Therefore, on the latitude of the studied territory, the Sun shines 1864 hours
per year, 1529 hoursof them are in the warm period from April to October.

The lowest values of duration of sunshine are recorded in winter,
which is caused by the shortest day duration and the highest cloudiness.
On the investigated territory, the minimum duration of sunshine is fixed in
December and it is 37 hours per month (Table 1).

In January, the duration of the sunshine increases slightly and in February
it almost doubles — 55 hours (21 %) and 67 hours (24 %), compared to
December. In spring, the length of the day is increasing and the cloudiness
is reducing, which causes an intense increase on the duration of the sunshine
and its quality indicators. Thus, in March, these are 131 hours (36 %),
186 hours in April (45 %) and 269 hours in May (56 %) (Table 1). However,
in June, despite the increase from the length of day, the number of hours of
sunshine decreases due to the increase in cloudiness and these are 252 hours
or 51 %. The maximum duration of the sunshine reaches 278 hours in July
or 55 % due to a decrease in cloudiness and an increase at the number of
clear days. In August, the duration of the sunshine is 254 hours (56 %). The
reason is a decrease in cloudiness and an increase in the ratio of the true
duration of the sunshine, which reaches its maximum.
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Table 1
Indicators of solar radiation*
5] ~ ~ 5]
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2E=E g | B | 25| 5| £¢
A% S 85 B3 2 2 -
=5 I g & & 2
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January 27 56 83 —34 59 55
February 37 84 121 —18 52 67
March 117 160 277 59 36 131
April 154 196 350 141 19 186
May 262 255 517 217 19 269
June 285 258 543 259 19 252
July 264 279 543 245 19 278
August 247 226 473 187 19 254
September 149 163 312 101 19 157
October 71 99 170 29 20 133
November 26 53 79 -8 26 45
December 11 41 52 —34 48 37
Winter 75 181 256 -86 53 159
Spring 533 611 1144 417 27 586
Summer 796 763 1559 691 19 784
Autumn 246 315 561 122 22 335
The cold period 218 394 612 -35 44 335
The warm period 1432 1476 2908 1179 19 1529
Year 1650 1870 3520 1144 23 1864

*— according to the source [1, pp. 40-41; 3, p. 67]

In autumn, the duration of the sunshine decreases significantly due to
the increase in cloudiness and the decrease on the length of day, at the same
time the quality index decreases. Thus, in September, the number of hours
of sunshine de-creases to 157 hours (41 %), 133 hours in October (40 %),
45 hours in November (17 %) (Table 1). The greatest relative stability of
sunshine is traced 51-56 % from May to August. With duration of sunshine,
there is a number of days without a sun. In general, there are 95 days
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without sun during the year. Most of them are observed in the cold period,
18-20 days, with a maximum in December. In spring, the number of days
without sun decreases and in May these are 1-4 days. In summer, the days
without the sun are rarely 1-3 days. In autumn, their number increases and
in October there are 6-9 days [4, p. 45].

Radiation balance of underlying surface. Total radiation depends on
many factors: the height of the sun, the length of the day, the transparency
of the atmosphere, the cloudiness. The daily course of total and direct
radiation is determined by the height of the Sun, so its maximum in the
absence of cloud accounted for noon [4, p. 52]. In the warm period, at the
real terms of cloudiness, the change of direct solar radiation during a day
is asymmetrical relatively for noon to noon sums more than after noon
[4, p. 45]. The maximum of the scattered radiation during the warm season
is shifted by the first half of the day as the amount of water vapor that
absorbs solar radiation increases during the day [4, p. 50]. At cloudy days,
the normal course of total radiation is disturbed according to the actual
change of cloud cover. This contributes not only to the reduction but also
to the increase in solar radiation and in particular scattered radiation. Due
to the reflection of solar radiation from pile clouds, not only scattered but
also total radiation can increase. The share of direct radiation fluc-tuates
throughout the year. From November to February, the proportion of direct
radiation is 21-33 % and 42-53 % from March to October (Table 1).

In the annual course, the maximum monthly sums of total radiation
account 543 MJ/m? for June-July and the minimum (52 MJ/m?) for December
(Table 1). During the year, there is a sharp increase in the monthly sums of
total radiation from February to March (an average of 156 MJ/m?), which is
caused not only by an increase in the sun’s height and by the length of the day
but also by better transparency of the atmosphere in March. A sharp decrease
in total radiation by 142 MJ/m? can be traced from September to October.

The radiation balance of the underlying surface is determined by the
difference between the radiation energy input and its consumption. Therefore,
it can be both positive and negative. The formation of the radiation balance
is determined by the duration of the sunshine, the cloudiness, the state of the
atmosphere, the underlying surface [4, p. 61].

The annual radiation balance is negative -34 MJ/m? from November to
February with a minimum in December-January, which is caused by low
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total radiation and the highest reflectance. The maximum values of the
radiation balance are fixed in June — 259 MJ/ m?. The radiation balance for
the year reaches 1144 MJ/m?, 32.5 % of total radiation (Table 1).

The daily course of the radiation balance depends on the height of
the sun above the horizon, cloudiness and transparency. At the daytime,
the radiation balance is usually positive during the day with a high at
noon and negative at night with a low after sunset. The transition of the
radiation balance from positive to negative values and vice versa occurs
at an altitude of the Sun above the horizon of approximately 5-15°.
The significant effect on the daily course of the radiation balance and
passing it through zero is made by the cloud, which at night weakens
the effective radiation and in the daytime reduces the total radiation
[4, pp. 63—-64].

3. General circulation of the atmosphere,
atmospheric pressure and wind

Features of atmospheric circulation. Solar radiation causes uneven
warming of the earth’s surface, which leads to the displacement of air masses.
It is the circulation of the atmosphere, which is an important climatic factor.
The interaction of atmospheric circulation and solar radiation is reflected in
the peculiarities of the annual and daily course of meteorological elements.

The formation of the climate of the territory of Ukraine is significantly
influenced by the western transfer of air masses from the Atlantic, which is
accompanied by cyclone and anticyclone activity. Ukraine has an average
of 63 % of days with anticyclones and 37 % with cyclones a year.

In Ukraine, low pressure regions (cyclones and basins) become 42 %
of all bar formations. There are an average of 43 cyclones and 60 basins
annually and local cyclogenesis generates an average of 17 cyclones, most
of them in summer (7) [4, p. 89].

Low atmospheric pressure barricades are mainly displaced from the
west, south and northwest but the southern cyclones are the most intense
and long lasting. Local cyclones are less frequent and their duration is
much shorter. The duration of cyclone formations increases from summer
to winter with only southeastern and southern cyclones, having the highest
duration in summer. Southern cyclones last up to 57 hours in summer and
local ones last up to 15-18 hours [4, p. 90].
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Notable areas of low atmospheric pressure — basins — occupy a
significant place among bar systems. Their recurrence in separate seasons
makes 12-16 cases.

The anticyclone type of weather in terms of quantity and duration
during the year is dominated by cyclone. The main trajectories of
anticyclone movement in Ukraine are western, southwestern, northwestern,
northern, northeastern and southeastern. Among the local processes of
anticyclogenesis, the development and extension of the southeastern
projection to the west of the Donetsk highlands are highlighted as well as
the formation of a barrier of high atmospheric pressure in summer over the
central part of the country [4, p. 92].

Spurs and protrusions with the western and eastern orientation of the
axis are equally important for the formation of synoptic processes and
the most wide-spread. It is mainly the periphery of the Azores and Asian
anticyclones, the boundaries of their further eastern or western distribution,
bearing the provisional name “Voyikov axis” [4, p. 92].

Atmospheric pressure. Atmospheric pressure is one of the main
characteristics of the physical state of the atmosphere. It is characterized
by spatial and temporal changes that depend on climatic factors [4, p. 101].

The annual course of atmospheric pressure. Features of the annual
course of atmospheric pressure are determined by seasonal changes in the
atmosphere’s circulation. Higher pressure is observed in the cold season,
lower is observed in the warm season, which is caused by the general
warming of the atmosphere. In the annual course, the main maximum of
atmospheric pressure is observed in October (999.3 hPa) and the secondary
one in January (997.3 hPa) (Figure 1). The basic minimum atmospheric
pressure is observed in July (993.8 hPa). Thus, the annual amplitude
is 5.5 hPa. The highest rise in atmospheric pressure occurs from July to
August and from September to October by 2.5 and 2.4 hPa. This is due
to a decrease in heat input and a change in macrocirculation. The greatest
fall in atmospheric pressure occurs from November to December and from
February to March by 2.0 and 2.3 hPa. The second fall is explained by the
end of winter and the diminishing role of circulation processes.

Maximum atmospheric pressure. Given the variability of the averages,
the extreme values of the atmospheric pressure and their amplitude are more
indicative. The annual course of maximum atmospheric pressure is similar
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Figure 1. Annual atmospheric pressure at station level, hPa*

*— developed by the authors according to sources [5]

to the annual course of average atmospheric pressure. The highest maximum
atmospheric pressure is observed in the period from October to March and
reaches values above 1014 hPa in January-February and October-November.
The lowest maximum pressure is observed in the summer, 1004.2 hPa in
June-July. Thus, the maximum atmospheric pressure has an amplitude of
10.9 hPa and exceeds its average values by 8.5-18.0 hPa (Figure 1).

The absolute maximum of atmospheric pressure is the highest pressure
recorded during the observation period. The highest absolute maximum of
atmospheric pressure is observed above 1022 hPa in January-March and
the lowest in June-August. The highest absolute maximum pressure was
recorded in January 2006 — 1024.1 hPa, and the lowest absolute maximum
was recorded in August 2015 — 1006.0 hPa [5]. In general, the absolute
maximum atmospheric pressure has an amplitude of 18.1 hPa, exceeds the
average maximum values by 1.2-9.8 hPa and the average by 10.5-27.6 hPa
during the month.

Minimum atmospheric pressure. The annual course of minimum atmospheric
pressure is the opposite of the annual course of average atmospheric pressure.
The highest minimum atmospheric pressure is observed in the period from May
to September and reaches values above 982 hPa and in November 980.4 hPa. The
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lowest minimum pressure is observed from December to March — 974-976 hPa.
Thus, the minimum atmospheric pressure has an amplitude of 11.7 hPa and less
than its average values of 10.4-22.6 hPa (Figure 1).

Absolute minimum atmospheric pressure is the lowest pressure
recorded during the observation period. The highest absolute minimum of
atmospheric pressure is observed from May to September — 973-978 hPa,
and the lowest does not exceed 970 hPa from October to April. The highest
absolute minimum pressure was recorded 978.2 hPa in May 2007 and the
lowest absolute minimum was 956.0 hPa in October 2017 [5]. In general,
the absolute minimum of atmospheric pressure has an amplitude of 22.2 hPa
during the month is less than the average minimum values of 4.8-21.8 hPa
and the average of 15.9-43.3 hPa.

Therefore, the maximum values of the absolute amplitude of the
atmospheric pressure are characterized for the period from October to March
and range from 52.5 hPa in February to 65.6 hPa in October. From April to
September. the absolute pressure amplitude decreases to 28.6-35.8 hPa due
to weak advection and a stable temperature regime.

The daily course of atmospheric pressure. Atmospheric pressure also
has regular patterns in the daily course. The daily course of atmospheric
pressure is characterized by the presence of two maxima and two minimum,
the daily amplitude and changes in pressure between observation periods.
The daily course of pressure is determined by its increase in the first half
of the day (12 h) and an additional increase in the evening. The time of
occurrence of the maximum and minimum pressure in the daily course is
closely related to the time of sunrise and sunset [4, p. 107].

The maximum is clearly expressed throughout the year and reaches a
value of about 12 hours. The secondary maximum is less clear, tends to
decrease and is observed in the evening (21 hours) or night (0 or 3 hours).
The basic minimum of atmospheric pressure is observed in the afternoon
(15 or 18 hours), the secondary is in the morning (6 hours) (Table 2).

In the daily course, the atmospheric pressure decreases most intensively
from 12 to 15 hours from 0.2 hPa in summer to 0.9 hPa in autumn. The most
significant increase in pressure occurs: in the cold period from 9 to 12 hours
by 0.4 hPa, in the warm period from 6 to 9 hours by 0.3-0.6 hPa. Pressure
fluctuations during the day are determined by the average daily amplitude
and insignificant: 0.7-1.1 hPa (Table 2).
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Table 2

Daily atmospheric pressure at station level, hPa*
Period Observations, hours Amplitude
0 3 6 9 12 15 18 21
Winter | 996.2 | 996.0 | 995.7 | 996.0 | 996.4 | 995.9 | 996.0 | 996.2 0.7
Spring | 994.3 | 994.2 | 994.1 | 994.4 | 994.5 | 993.9 | 993.5 | 993.9 1.0
Summer | 994.5 | 994.7 | 994.4 | 995.0 | 994.8 | 994.6 | 993.9 | 994.4 1.1
Autumn | 998.1 | 998.0 | 997.9 | 998.2 | 998.6 | 997.7 | 997.7 | 997.8 0.9
Year 995.8 [ 995.7 [ 995.6 | 995.9 | 996.1 | 995.5 | 995.3 | 995.6 0.8

* — developed by the authors according to the source [9]

Wind. Wind is one of the main and changing characteristics of the
atmosphere. The movement of air masses is caused by the circulation of the
atmosphere and is determined by the presence of bar centers, the nature of
the underlying surface and the shape of the relief. The annual course of wind
characteristics is determined by the seasonal displacement and intensity of
the centers of action of the atmosphere, so the prevailing wind direction and
velocity change during the year [4, p. 108].

Wind direction. In the cold season, the distribution of wind directions
over Ukraine is caused by the presence of high pressure bands formed
by spurs of anticyclones from the east (Siberian) and west (Azores), so
southeastern, southern, southwestern and western winds prevail.

In spring, due to the general decrease in the intensity of cyclonic
circulation, the wind direction is more influenced by the local conditions,
so southeastern and northeastern winds are dominant.

During the summer, the Azores anticyclone is activated, the spurs and
nuclei of which spread to the territory of Ukraine, so from June to August
western and northwestern winds prevail.

In autumn, the impact of the Azores anticyclone decreases, so the wind
direction changes from the south and west in early autumn to southeast in
the second half, which precedes the transition to winter type atmospheric
circulation [4, p. 108].

However, within the study area, certain differences can be traced (Figure 2,
Table 3). Thus, the prevailing winds in winter are western, southwestern
and southeastern, which recur at 53.7 % of cases. Northern and northeastern
winds have the lowest recurrence rates only 4.8 % and 5.5 %.
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Figure 2. Repeatability of winds by the main direction, %*
* — developed by the authors according to the source [6]

With the onset of summer, the wind regime changes (Figure 2). The
prevailing wind directions are the western and northwestern ones — 28.1 %,
again the share of calm is 28.6 %. However, the recurrence of other directions
decreases significantly, especially the eastern and southern directions are

6.2 and 6.3 % (Figure 2, Table 3).

Table 3

Repeatability of wind directions by major directions, %*
o - e
Repeatability of winds by the main direction, % Calm,

Season North- South- South South- West North- %,

North East East East West West

winter | 4.8 5.5 9.0 11.4 | 12.1 13.4 16.8 8.6 18.4
spring | 8.5 7.5 7.8 9.1 8.4 9.2 14.2 11.7 | 23.6
summer | 7.1 6.8 6.2 8.2 6.3 8.7 15.0 13.1 | 28.6
autumn | 3.9 5.5 7.5 12.3 11.0 | 124 14.6 8.3 24.5

*— developed by the authors according to the source [6]

During the transitional periods. the atmospheric circulation changes,
spring winds of different directions have more or less the same frequency. The
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prevailing winds in spring as well as in summer are the western and northwestern
ones, which together account for 25.9 % (Table 3), increasing the share of calm
at 23.6 %. The frequency of winds in other directions is 7.5-9.2 %.

In autumn, the atmospheric circulation switches to winter type, so the
distribution of wind directions has similar features to the winter one (Table 3).
Thus, the prevailing wind directions are the western, southwestern,
southeastern and southern, which together make up 50.3 %. The proportion
of calm is reduced by 24.5 %. The northern and northeastern winds have the
lowest recurrence rates — 3.9 and 5.5 %.

Wind speed. An important characteristic of the wind regime is the wind
speed, which is determined by the bar gradient and atmospheric circulation
conditions [4, p. 109]. During the year, consecutive changes in wind speed
have been made. The annual average wind speed is characterized by higher
speeds in the cold season from November to March: 2.2 m/s.

An important indicator of the annual wind speed is its maximum
performance. So the highest values of the maximum wind speed are
characterized for the period from October to April as well as in July: more
than 7 m/s. The absolute maximum occurs 9.4 m/s in March (Figure 3).

The lowest values of maximum wind speed are recorded 6.3-7.0 m/s in May—
June and August-September (Figure 3). Also winds with speeds of 17-18 m/s
are usual for the investigated territory, although they are recorded in the native.
In general, the absolute maximum of the fixed wind speed is 22-24 m/s [5; 6].
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h
=
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Figure 3. Annual wind speed, m/s*
*— developed by the authors according to sources [5; 6]
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Daily wind speed. Wind speed is also characterized by daily flow, which
de-pends on the intensity of turbulent exchange during the day [4, p. 109]. The
daily course of the wind speed of the study area meets the general laws. Thus,
the maximum values of the average wind speed at different times of the year are
fixed at 15 hours and the minimum values at 3 hours or at 0 and 6 hours (Table 4).

Table 4
Daily average wind speed, m/s*

Observations, hours .

Season 0 3 6 9 2 15 13 o1 Amplitude
Winter | 2.3 2.2 2.3 2.2 2.7 2.9 2.4 2.3 0.7
Spring | 1.5 1.4 1.5 22 3.1 3.3 2.9 1.6 1.9
Summer | 0.9 1.0 0.9 1.8 2.7 3.0 2.6 1.1 2.1
Autumn | 1.8 1.6 1.7 2.0 2.6 2.9 2.1 1.8 1.3
Year 1.6 1.6 1.6 2.0 2.8 3.0 2.5 1.7 1.4

* — developed by the authors according to the source [6]

The best daily course of wind speed is manifested in summer during
anticyclone weather. At night and early morning, a minimum of wind
speed is recorded, which increases in the day and reaches a maximum in
the afternoon, then decreases slightly and approaches the minimum in the
evening (Table 4). The amplitude of the average wind speed is 2.1 m/s.
In the transition periods, the amplitudes are smaller: in spring it is 1.9 m/s,
1.3 m/s in autumn. In winter, the daily course of wind speed is smoothed,
the amplitude is only 0.7 m/s but the course remains (Table 4).

Local winds. In the general circulation of the atmosphere there are two
types of local winds. Their formation is caused by the influence of changes
in the air currents of the general circulation of the atmosphere and the
physical and geographical features of the territory but they are of limited
distribution. A breeze (the White Lake, 453 ha) is observed among the local
winds in the study area. It belongs to winds arising from uneven heating or
cooling of adjacent areas of the underlying surface and are characterized
by daily frequency and velocity. The breeze changes direction twice during
the day: in the daytime it is from the lake to the land, at night it is from
the land to the lake. Its occurrence is caused by the difference between
the air temperature of the land and the water surface, so vertical thermal
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circulation in the coastal zone is formed. The temperature contrast between
the lake and the land is greater during the day, so the breeze develops more
strongly. Also, the breeze creates more comfortable conditions: it lowers the
temperature of the air and increases its humidity. The greatest development
of the breeze reaches the summer (July-August), and in spring and autumn
it noticeably weakens [4, pp. 112—-113].

4. Thermal mode

Air temperature is one of the important meteorological values. All
phenomena and processes occurring on the Earth’s surface are directly
conditioned by the thermal conditions of the environment. The air
temperature also determines the features and weather conditions. In winter,
the thermal regime is determined by the atmospheric circulation and
associated air advection. In the warm period, the thermal regime depends
mainly on radiation factors, along with which the underlying surface also
has a significant effect [4, p. 114].

The average monthly air temperature. The annual course of air
temperature generally coincides with the annual course of solar radiation
but is slightly delayed and has slight fluctuations between the months of
winter and summer and the sharp ones in autumn and spring [4, p. 115].

So the lowest average monthly air temperature is characteristic for winter
is -2.0 °C. The minimum air temperature is observed -3.5°C in January, in
February is -2.3°C and December is -0.3°C (Figure 4).

Spring is characterized by a significant increase in the average monthly
temperature, so in March it is already +2.7°C, in April is +9.6°C and in May
is +15.0°C.

The highest average monthly air temperature is characterized +19.3 °C
for summer. The maximum air temperature is observed +20.2 °C in July, in
June is +18.3 °C and August is +19.4 °C.

The autumn is characterized by a decrease of the average monthly
temperature: September is +14.1 °C, October is +8.0 °C, and November is
+3.7° C. Accordingly, the average monthly temperature in autumn falls by
6.1°C and 4.3°C in two months (Figure 4).

The average annual air temperature of the Biloozerskyi array of Rivne
Nature Reserve in 2006-2018 year was +8.7°C with an average monthly
temperature amplitude of 23.7°C.
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Figure 4. Annual course of air temperature, °C*
*— developed by the authors according to sources [5; 6]

The maximum air temperature. The maximum air temperature
characterizes the hottest part of the day and is observed for about 14-15 hours.
The annual course of maximum air temperature is similar to the annual
course of the average monthly temperature. Therefore, the lowest values of
the maximum temperature are typical for winter: from -0.9°C in January to
+1.7°C in December (Figure 4).

The highest values of maximum air temperature are observed in summer: from
+23.8°C in June to +25.9°C in July. In general, the maximum air temperature
exceeds the average air temperature: from 2°C in December to 6°C in August.

Absolute maximum air temperature is the highest air temperature,
recorded during the observation period. The highest absolute maximum
of air temperature is observed in July-September and is above +35 °C
[5; 6]. From April to September the absolute maximum temperature is
above +30°C. The lowest absolute maximum is characterized for January
+11.2 °C. The absolute maximum air temperature amplitude is 24.5°C.

Thaw. Thaw day is the day when a maximum temperature above 0°C
is ob-served against a constant negative air temperature [4, p. 133]. Thaws
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are observed several times during the winter, on average 8-10 periods with
thaws of different duration and intensity. There are 54 days of thaw in the
studied territory in winter [1, p. 78; 5].

The minimum air temperature. The minimum air temperature characterizes
the coolest part of the day and is observed before sunrise. The annual course
of the minimum air temperature is similar to the annual course of the average
monthly temperature [4, p. 138]. Therefore, the lowest values of the minimum
temperature are typical for winter: from -2.6°C in December to -5.8°C in
January (Figure 4). The highest values of the minimum air temperature
are observed in summer up to +14.9°C in July. In general, the minimum
air temperature is lower than the average air temperature: from 2,3°C in
December and January to 5,9°C in May (Figure 4).

Absolute minimum air temperature is the lowest air temperature
recorded during the observation period. The lowest absolute minimum air
temperature is observed above -28°C in January-February. From December
to March, the absolute minimum temperature is above -20°C. The highest
absolute minimum is characterized for summer, during this period it
is positive and in July is +7.6 °C [5; 6]. The amplitude of the absolute
minimum air temperatures is 36.5°C.

Frosts. Frosts are short-term reductions in air or soil temperatures up to
0°C and below with a constant positive average daily temperature. Frosts
occur at night or in the morning, quiet weather when conditions contribute
to the intense cooling of the earth’s surface and the ground layer of air.
Frosts are usually recorded in transitional seasons [4, p. 146]. At the study
area, spring frosts cease to cross in the middle of the third decade on April
26. Autumn frosts appear in the first decade on October 6. The part of the
year, during which frosts are not recorded is called the frost-free period. The
average duration of the frost-free period in the air (at an altitude of 2 m) is
162 days [1, p. 53; 4, pp. 147-149].

Daily course of air temperature. The daily course of the air temperature is
conditioned by the radiation balance, which depends on the height of the sun,
the length of the day, the cloudiness and the transparency of the atmosphere.
The daily course of air temperature is characterized by uneven changes. After
sunrise and noon there is an intense increase in temperature, then the growth
slows down and at 15 hours the maximum. After 15 hours a gradual decrease
in air temperature begins, which reaches a minimum before sunrise [4, p. 122].
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Therefore, the maximum daily temperature is fixed at 15 hours during the
year, the minimum at 9 hours in the cold period and 6 hours in the warm
period (Table 5). The lowest amplitude of daily temperatures is typical for
winter — 2.7 °C and the highest in summer is 9.9 °C.

Table 5
Daily course of air temperature, °C*

Observations, hours .

Season 0 3 P 9 D) 15 13 o1 Amplitude
Winter | -23 | -2.7 | -3.0 | 3.1 | -1.8 | -04 | -1.0 | -1.9 2.7
Spring | 7.3 5.8 50 | 7.3 | 114 | 132 | 13.0 | 10.1 8.2
Summer | 16.8 | 150 | 140 | 182 | 223 | 239 | 23.7 | 20.7 9.9
Autumn | 74 | 65 | 60 | 6.6 | 104 | 122 | 11.3 | 8.6 6.2
Year 7.3 6.1 5.5 73 | 106 | 122 | 11.8 | 94 6.7

*— developed by the authors according to the source [6]

5. Moisture and cloudy mode

Air humidity. Humidity is one of the important signs of moistening the
area. The humidification mode is caused by radiation factors, atmospheric
circulation, features of the underlying surface. Humidity has an effect
on the intensity of evaporation, the occurrence of frost, the formation of
fogs, clouds and more. It is determined by the amount of water vapor in
the atmosphere and is described by three values: partial pressure of water
vapor, relative humidity and humidity deficiency [4, p. 158].

Water vapor partial pressure. The annual course of the partial pressure of
water vapor changes in parallel with the course of the air temperature has a
pronounced annual course and increases from winter to summer [4, p. 159].
The lowest value of the partial pressure of water vapor is recorded 3.9 hPa
in January. In February and December, it is slightly higher (4.1 and 5.0 hPa).
In February, the partial pressure of water vapor begins to increase, which
is most intensively manifested from April to May and from May to June
by 3.0 and 3.1 hPa. In May, the partial pressure of water vapor is 10.4 hPa.
In July, it reaches a maximum of 15.0 hPa and begins its gradual decline.
The largest decline is observed from August to September and from September
to October by 3.2 hPa. In September, the partial pressure of water vapor is
11.6 hPa and in November it is 6.7 hPa [3, p. 77; 4, pp. 159-161].
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The daily course of the partial pressure of water vapor is similar to the
daily course of air temperature but manifests itself less clearly, especially
in the cold period.

Relative humidity. Relative humidity is the indicator that has the greatest
practical interest at the degree of saturation of air with water vapor. Relative
humidity in the surface layer has a daily and annual course, the reverse of
air temperature [4, p. 161]. In winter, the average monthly relative humidity
reaches the highest values. The maximum (87.9 %) is recorded in December
(Figure 5).

From February, the relative humidity begins to decline. In April, it
reaches a minimum 68.6 % and in May it is 69.5 %. In summer months
the relative humidity is quite high 70.1-72.9 % (Figure 5). In autumn, the
relative humidity increases and in November is 87.5 %.

The number of days with high (80 % and more) and low (30 % and
less) relative humidity has a great practical interest. The days when the
humidity in the daytime (at 1 pm) reaches 80 % are humid. If at least
one of the observation periods had a humidity of 30 % or less, this day
is considered dry. The recurrence of wet and dry days is affected by the
temperature regime and the humidity at the atmosphere [4, p. 162]. Wet
days are recorded throughout the year. The highest number of such days
is observed in December and the smallest in the warm period from May
to September (2-5 days). Dry days (with a relative humidity of 30 % and
below) are most often recorded in spring: 3 days in April, 4 days in May
(Figure 5). In summer there are generally 3-5 dry days. In autumn and
winter there are very few days [1, p. 67; 4, p. 162].

Daily course of relative humidity. As the course of relative humidity
is opposite to the course of air temperature, the daily minimum relative
humidity corresponds to the daily maximum of the air temperature and
is observed at 15 hours, the maximum of humidity with the minimum of
the air temperature and falls at the time of sunrise at 6 hours [4, p. 162].
In general, the daily course of relative humidity is best manifested in
summer, when the amplitude is 39 % and the weakest in winter with an
amplitude of 10.4 % (Table 6).

Saturation deficiency. Water vapor saturation deficiency has an annual
course corresponding to the air temperature. In winter with heavy clouds,
frequent rainfall and almost complete absence of evaporation, water vapor is in
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Figure 5. Annual course of relative humidity, %*
*— developed by the authors according to sources [5; 6]

the air with a state close to saturation [4, p. 163]. According to the annual course
of air temperature, the saturation deficit in this period is 0.7-0.8 hPa. In March,
the saturation deficit begins to increase to 1.5 hPa, in April and May it is 3.7 and
6.1 hPa. In summer, the water saturation deficit of water vapor increases even
more and as a partial pressure of water vapor, reaches its maximum of 7.4 hPa in
July. In August, the saturation deficit still retains high values is 6.1 hPa but with
the onset of autumn there is a sharp decrease: 4.1 hPa in September, 2.2 hPa in
October, 1.0 hPa in November [1, p. 68; 4, pp. 163—164].

Cloudiness. Cloud mode is formed under the influence of synoptic
processes that determine the moisture content of the air masses and the
direction of their movement [4, p. 164].

Table 6
Daily course of relative humidity, %*

Observations, hours
0 3 6 9 12 15 18 21

Season Amplitude

Winter | 87.0 | 88.4 | 89.1 | 89.2 | 85.0 | 78.8 | 81.2 | 853 10.4

Spring | 77.8 | 82.6 | 859 | 77.2 | 61.2 | 54.1 | 543 | 67.3 31.8

Summer | 82.0 | 872 | 90.0 | 76.1 | 58.3 | 51.1 | 53.1 | 66.0 39.0

Autumn | 87.5 | 89.1 | 90.3 | 89.1 | 76.9 | 68.2 | 73.9 | 83.6 22.1

Year 83.6 | 86.8 | 88.8 | 82.9 | 70.3 | 63.0 | 65.6 | 75.6 25.8

*— developed by the authors according to the source [6]
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Annual course of clouds. Cloudiness depends on seasonal changes at the
atmosphere, so its annual course is clearly noticeable. The highest cloudiness
is observed in winter at 7.8-8.3 points of total cloudiness and 4.9-6.3 points
of the lower one (Figure 6). The maximum of cloudiness falls on December
at 8.3 points of total cloudiness and 6.3 points of lower cloudiness. In spring
the cloudiness gradually decreases. The lowest cloudiness is observed
5.0-5.8 points overall in summer and 3.0-3.6 points lower. The minimum
is in August 5.0 points of general cloudiness and 3.0 points of lower
cloudiness. In autumn cloudiness again increases (Figure 6).

In general, the recurrence of cloudy skies (8-10 points) with a total
cloudiness in January is 75 % and in July is 45 %. Whereas the average
number of cloudy days with a total cloudiness is 145 days a year while the
lower one is only 85 days [4, pp. 165-168].

An important indicator of cloudiness is the fraction of lower cloudiness.
The largest part is characterized 62.0-76.1 % for winter but the maximum
is 78.3 % in November. In spring, the share of lower clouds in general
decreases to 62.0-65.3 %. The lowest proportion of lower cloudiness in
summer is 60.5-62.5% while the minimum is 60.5 % in August. In autumn,
this indicator is rising again to 63.2-78.1 %. In general, the share of lower
cloudiness has the same annual trend as that of cloudiness.

Daily cloud cover. In the daily course of general cloudiness in the warm
period, the maximum falls on 15 hours and the minimum falls at night (0 and

cloud cover, points

moverall| 8,1 | 78 | 67 58 | 57 | 58 56 | 50 | 55| 63 | 78 | 83
mbottom| 5,6 | 4,9 | 42 3.6 | 37 | 3.6 3,5 30 | 37| 40 | 61 | 63

Figure 6. Annual cloud cover, points*
* — developed by the authors according to the source [5]
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3 hours); in the cold period the maximum is observed in the morning at
9 hours, and the minimum is observed in the evening and night (18, 21 and
3 hours) (Table 7) [4, pp. 165]. In general, the daily amplitude of cloudiness
in summer reaches 1.8 points and in winter is only 0.5 points (Table 7).

Table 7
Daily general cloud cover, points*

Observations, hours .

Season 0 3 G 9 1’ 5 15 15 N Amplitude
Winter | 8.1 8.0 8.0 8.3 8.0 7.9 7.8 7.8 0.5
Spring 5.8 5.8 6.0 5.9 6.3 6.5 6.4 5.9 0.7
Summer | 4.7 4.5 5.1 4.9 5.8 6.3 6.0 5.0 1.8
Autumn | 6.6 5.7 6.5 6.8 6.7 6.8 6.5 6.6 1.1
Year 6.3 6.0 6.4 6.5 6.7 6.9 6.7 6.3 0.9

* — developed by the authors according to the source [9]

Rainfall. Atmospheric precipitation is one of the most important
characteristics of the climate. Rainfall is associated with various forms of
clouds: layered-rain, high-layered, layered, and cumulus-layered [5].

Annual rainfall. The amount of precipitation that has fallen on the
underlying surface is determined by the thickness of the formed layer of
water (mm) that has fallen out over a period of time (hour, day, month,
year). The study area is located on sufficient humidity, so 656.5 mm of
precipitation falls during the year and 67,6 % or 443.5 mm of precipitation
during the warm period (April-October) and 32.4 % or 213 mm during the
cold period (November-March) (Figure 7).

According to the date, the minimum precipitation falls 32.5 mm
in February. Most of the cold season falls 47.9 mm in December. The
maximum precipitation falls in the warm period in July is 91.9 mm. The
lowest rainfall in the warm period occurs at the beginning and at the end
of the period is 37.4 and 46.7 mm in April and October (Figure 7). There
is a sharp increase in rainfall from April to May (by 31.5 mm) and from
June to July (by 29.5 mm) with a further decline. The largest decrease in
precipitation is observed from August to September by 21.3 mm.

A maximum rainfall reaches the maximum in summer is 22-26 mm with
an absolute maximum in August is 26 mm. The lowest values of maximum
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Figure 7. Annual precipitation (mm) and days with precipitation*
*— developed by the authors according to sources [5; 6]

precipitation are observed in winter is 6-8 mm of precipitation in 12 hours (Figure
7). So the maximum annual rainfall for 12 hours coincides with the annual rainfall.

The characteristic feature of the weather is the recurrence of rainfall
as more than 180 days are observed annually with rainfall with a layer
exceeding 0.1 mm. Therefore, the highest number of days with precipitation
during the month is recorded 17-21 days in winter and the smallest from
August to October is 12 days. Other months the number of days with
precipitation is 13-17 days [5].

Snow cover. In winter, snow cover has a significant impact on the climate
formation of the territory. Snow cover has high reflectivity (albedo), sharply
reduces radiation balance, promotes cooling of lower air layers and formation
of stable anticyclones, increasing of wind speed [4, p. 191]. Permanent snow
cover at the study area is set at the end of December. With the increase in air
temperature, the destruction of the stable snow cover begins in early March.
Persistent snow cover is typically stored for 60-70 days. However, the longest
snow cover was from December 2012 to April 2013 — 124 days and the lowest
was in winter 2014-2015 — only 37 days [5; 6].

The height of the snow cover is variable. Thus, from the moment of its
appearance in November, it gradually increases to February from 1.5 to
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8.5 cm. The maximum height of snow cover during the same period varies
from 3 to 15 cm. In March, the height of the snow cover halves: average to
4 cm and maximum up to 7 cm (Table 8).

Table 8
Characteristics of snow cover*
Indicators Months
November | December | January | February | March

Height of snow cover, cm 15 47 6.9 35 40
Average
The maximum 3.0 9.0 1.,0 15.0 7.0
Number of days of snow 4 14 21 20 12
cover

*— developed by the authors according to the source [5; 6]

6. Conclusions

The radiation regime of the study area is determined by the position of
the Sun on the sky and the time of sunrise and sunset. During the year, the
length of day varies from 7.5 hours, in December to 16.5 hours, in June
and the height of the Sun above the horizon from 15° in December to 62°
in June.

The average duration of the sunshine is 1860, including 1529 hours in
the warm period.

The radiation balance of the territory during the year is positive and
amounts to 1275 MJ/m?.

The average indicator for the year is 63 % of days with anticyclones
and 37 % with cyclones. Anticyclones generally move from the west, south
and northwest, north, southeast, cyclones move from the west, south and
northwest.

During the year, the amplitude of atmospheric pressure is observed in
the study area within 5.5 hPa with an average value of 996.1 hPa. Changes
in atmospheric pressure during the day are less significant, but during the
warm period the amplitudes are larger and amount to 1.0-1.1 hPa.

In the cold season winds are dominated by west, southwest, southeast and
southeast winds and in the warm west, northwest, southeast and southeast
winds, a high proportion of calm is 18.4 % and 28.6 %.
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The average wind speed during the year is 2.0 m/s with an amplitude of
0.7 m/s. The maximum wind speed is 2.4 m/s in January and the minimum
is 1.7 m/s in August.

The daily course of wind speed is best followed by summer when the
amplitude is 2.1 m/s and maximum values of the average speed are fixed at
15 hours and the minimum values of the average speed are fixed at night.

The average annual air temperature is +8.7°C with a maximum in July
and a minimum is -3.5°C in January.

The daily course of the air temperature is best manifested in the warm
period and is characterized by an intense increase of temperature after
sunrise and by noon with a maximum at 15 hours and a further gradual
decrease with a minimum before sunrise.

The average relative humidity of the study area is 77.7 %, the maximum
falls 87.9 % in December and the minimum is 68.6 % in April.

The average annual cloudiness of the territory is 6.5 points total and
4.3 points lower. The highest clouds are observed in December and the
lowest in August.

The area is at the zone of sufficient humidity, so the amount of
precipitation is 656.5 mm: in the warm period is 443.5 mm, in the cold
period is 213 mm. The highest rainfall occurs in July is 91.9 mm and the
minimum is 32.5 mm in February.
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Abstract. Inthe modern educational space, professional physical training
is interpreted as a necessary prerequisite and at the same time as a means
of FC forming of a future specialist in a particular industry. Thus, the latest
stage of physical education development is characterized by the integration
of socio-philosophical, medical-biological and psychological-pedagogical
areas of specialists’ professional and applied physical training, substantiated
in the previous years’ research. In this context, students’ professional and
applied physical training is considered by modern scientists as a process
of professional physical culture formation of the future specialist in the
mastering course of educational, upbringing and developmental values.
This is evidenced by numerous foreign and domestic scientists’ studies on
students’ PPFP of various specialties and specializations.

The today realities, the intensive renewal of the socio-economic,
scientific and technical sphere and the society spiritual life causes an increase
in the requirements for the student youth capacity, who are called taking an
active part in this process initiating and organizing. Modern conditions of
higher education (hereinafter higher educational institutions) of Ukraine are
characterized by intensification and professional orientation, the process of
reforming higher education, in accordance with the European educational
space requirements, aimed primarily at improving the educational quality of
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future professionals capable for hard long-term work. One of the essential
integration attributes into the European educational space is the renewal of
the educational content.

Recently, scientists have been intensively developing methods for
quantitative and qualitative assessment of the highest subsystem of the
human personality structure, its worldviews of socio-psychological
orientation. This area is very important for the selection of training tools and
methods of future specialists of the agro-industrial complex and vocational
training as its component. In this regard, research in this area is of particular
importance and needs further development.

The structure of students professionally applied physical training of higher
educational institutions is considered in the presented article. The professional
and applied awareness level of student youth of agricultural specialties is
investigated. It is established that the theoretical component of professional
and applied physical training significantly influences the system formation of
students’ theoretical and practical knowledge, necessary for future specialists
of the agro-industrial complex in professional activity and life.

The study of the professional and applied physical awareness level
was attended by students aged 18-20 years I-III courses of agricultural
specialties of Sumy National Agrarian University (n = 652), Kharkiv Petro
Vasylenko National Technical University of Agriculture (n = 431) and
Hlukhiv Agrotechnical Institute named after S.A. Kovpak (n = 108) in the
total number of 1201 people.

The questionnaire contained five questions blocks grouped by the
common theme.

The personal data analysis allowed to state the insufficient knowledge level
of future specialists of the agro-industrial complex in the physical culture,
sports, healthy lifestyle and professional-applied physical training sphere.

According to the quantitative assessments results of the answers to the
five questions blocks, the authors determined the level below average in
6.4% of students, characterized by meaningful answers to the two questions
blocks, or answers with shortcomings and errors to 3-4 questions blocks out
of five. 93.6% of respondents answered one question of the five blocks, or
could not formulate definitions and give clear meaningful answers to most
questions of each block. Their professional and applied physical awareness
level is defined as low.
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1. Introduction

At the present stage of its development, the industry of our country feels the
need for educated, highly qualified professionals with fundamental knowledge,
professional skills and abilities, experience in creatively solving new pressing
problems and the ability to realize skills in various fields of professional
activity. In this context, professional physical training may be interpreted as a
necessary prerequisite and at the same time as a means of forming the physical
culture of future agro-industrial complex specialist. Thus, the newest phase of
physical education development is characterized by the integration of socio-
philosophical, medical-biological and psychological-pedagogical areas of
professional and applied physical training of specialists. All these areas were
substantiated in the research of previous years. Modern scientists considers
student’s professional and applied physical training as a formation process of
professional physical culture of the future specialist in a process of learning a
set of educational, upbringing and developmental values. This is confirmed by
numerous studies of foreign and domestic scientists on vocational training of
students studying on various specialties and specializations.

One of the main components in Ukraine economy is the agro-industrial
complex, which combines the production of agricultural products,
agricultural processing and logistics support services [26].

However, the agricultural industry of our country acutely needs qualified
specialists. One of the main reasons for this problem is the low level of
professional and applied physical preparedness of graduates of agricultural
higher educational institutions [25].

According to experts, a significant number of modern graduates of
higher education institutions are physically unable to meet the modern
requirements of the labor market [23-24]. In this context, the physical
education system, and espesially its professional and applied component, is
considered to be essential for future specialists’ training in higher education.

2. The main tasks of physical education
Consider the definition of the notion of “physical education system”.
The physical education system is a historically determined type of
physical education social practice including teleological, scientific-
methodical, program-normative and organizational elements (bases), that
provide physical education of citizens.
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Therefore, physical education is an integral part the overall education
of students in Ukraine. The goal of physical education in higher
education establishments of our country is assisting in the preparation of
comprehensively developed and highly qualified specialists.

In view of the above, physical education is faced with the following
tasks:

— strenthening the health and ensuring high mental and physical
productivity based on ensuring the full development of physical abilities;

— mastering special knowledge;

— creating the need of systematic physical exercises using of various
rational forms;

— ensuring a sufficient level of general physical fitness in accordance
with the norms and standards that meet the mandatory program of the higher
education establishments;

— achieving the appropriate level of necessary physical preparedness in
accordance with the requirements of the chosen profession;

— mastering the organizational foundations and methodology for
applying of the most effective types of motor activity;

— basic knowledge of rehabilitation methods and physical improvement
using traditional and innovative means and methods of physical culture;

— systematic physical training aiming at health improvment or athletic
performance;

— mastering organizational skills and abilities to carry out independent
forms of physical education [14].

Preserving and strengthening the student youth’s health, creating the
need for physical improvement and a healthy lifestyle is one of the main
tasks of physical education. The principle of organic connection of physical
education to the practice of labor activity is most specifically embodied in
professional and applied physical training.

As a general, the tasks of professionally-oriented physical training can
be formulated as follows:

— purposeful development of physical abilities which are specific to the
chosen professional activity;

— development of mental qualities, which are important for a certain
professional activity (strong will, operational thinking, attention, emotional
stability, speed of perception, etc.);
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— formation and improvement of professional and applied skills and
abilities related to special external conditions of future work, sensory skills;

— increasing the functional resistance of the organism to the adverse
effects of factors of specific working conditions (hypokinesia, high and low
temperature and ambient temperature fluctiations, naupathia, the damage
from the toxic substances, etc.);

— acquisition of knowledge which are necessary for future specialists to
successful master the practical section of Professional and Applied Physical
Training (hereinafter the “PAPT”), and application of the acquired abilities,
skills and qualities in the further professional activity.

Tasks listed above should be specified taking into account features of the
chosen profession. The implementation of the tasks of PAPT should provide
the necessary level of professional and applied physical preparedness for
the chosen profession.

Physical education in the system of higher education should be based on
new teaching technologies, which will ensure the professional physical and
psychophysiological readiness of students to perform professional duties.

3. Peculiarities of professional and applied physical training
of future agro-industrial complex specialist

To ensure optimal planning of physical education classes for students
studying on agricultural specialities, it is necessary to take into account
the requirements for their future activities, because, as V. Levkiv and
O. Ostapova emphasize, “the content of professional and applied physical
training of students should reflect not a strategic directions, organization
and learning environment of students in higher education establishments,
but rather features of students’ future professional activity « [10; 18].

The scientist S. Zaskalieta believes the requirements for the system of
professional training of agricultural sector specialists to be greatly influenced
by the factors that govern the development of agriculture industry and its
sectors. Among others, the scientist singles out the following [9]:

— world trade rules;

— development of European Union agricultural policy;

— productivity development and technical development;

— socio-economic expectations of farms;

— environmental policy development.
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S. Zaskalieta believes “ensuring the effective functioning of the
agricultural sector of the economy” [9, p. 28-29] to be the main task facing
the system of professional training of agricultural sector specialists, so,
as the researcher notes, there is a need to train competent professionals
who can act in mixed social economic environment. According to the
researcher, this factor has resulted in the rapid quantitative growth of higher
education establishments and the need to expand and reform the system of
professional training of agricultural sector specialists. However, the new
socio-economic conditions are making adjustments. There is an urgent need
to increase the defence capacity of student youth involved in training in all
areas of activity in Ukraine.

At the same time, Ye. Prasolov, V. Dudnyk and S. Bielovol note that
the professional training of future agro-industrial complex specialist should
take into account the innovative economy conditions, because “higher
agricultural education faces the task of significantly improving the quality
of future professionals’ training, in other words, it must to prepare young
people for active life in a democratic society, to form the basis for their
professional career and individual development, to intensify the mobility
of students [21].

Scientist Yu. Ovsienko [17] notes that most students studying on
agricultural specialities trust the advice of parents in choosing profession,
without detailed information about further professional activity’s features.
At the same time, the researcher emphasizes that for the agricultural higher
educational establishments the issue of implementation of modern training
methods and forms is relevant and complex, as this industry is in a state of
search and reform.

S. Amelina [1] in her dissertation research has proved the fact that
the culture of professional communication is one of the most important
components of the agrarian specialists’ professional culture, which ensures
their competitiveness in the current and future labor market, allows to solve
production problems, drawing on ability to communicate and collaborate
with different people.

Researcher O. Ilkiv [12] focuses on the formation of information culture
of students studying on agricultural specialities. The researcher considers
the widespread use of computer technology in the pedagogical process
of higher education institutions to be an important prerequisite for an
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innovative approach to the professional activities of future agro-industrial
complex specialist.

Thus, according to the authors, it reinforces the need to review the
process of organizing the physical education of students to prevent the
consequences of long-term work on the computer.

V. Molochenko notes that it is important for training of future agro-
industrial complex specialis to form readiness to work in a team, to partner
in professional activities, which has a collective character and can be
productive only if the different workers will cooperate [4, p. 16].

In this regard, the development of readiness of students studying on
agricultural specialities to professionally oriented partnership, as the researcher
emphasizes, should become one of the priority tasks of their vocational training.
Using of cooperative forms of educational activities during classes, according to
the scientist, can contribute to the formation of students’ professional activities
skills, which are important for future of partnership:

— ability to organize the functioning of the group: unification, target-
setting, establishment of norms of interaction, compliance with the sequence
of actions;

— ability to effectively perform group tasks: raising issues, division
of responsibilities, action planning, delegation of authority, performing
their part of the work, managing joint work, stimulation for other group
members, managing or subordinating depending on the task; expression of
support, constructive criticism;

— ability to effectively exchange information: establishing a constructive
dialogue, expressing their views to partners during interaction, seeking
clarification, clarification and generalization of information, maintaining
group memory, cheking the understanding, reasoned persuasion of
colleagues in the correctness of the proposed solutions;

— ability to regulate interpersonal relationships: tolerant attitude towards
partners, acknowledging their mistakes, acceptance of the views of others,
control of personal emotions, helping colleagues, managing their emotions,
prevention and constructive conflict resolution;

— reflective skills: group analysis and evaluation of the achievement of
goals, identifying problems of group activities, correction of ineffective
methods of interaction, stimulating the activity of individual members and
the group as a whole [5-8; 16].
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In the scientific researches of Z. Burkovska attention is drawn to the
fact that the acquired professional values play a vital role in the activities
of the agro-industrial complex specialist. The researcher draws attention to
the fact that a graduate of a higher agricultural education institution must
know the history and culture of their people, the history of the world and
Ukrainian economy, history of agriculture industry, rules of the market
economy and mechanisms for their implementation, the history of world
and domestic political thought, the contribution of Ukrainian farmers to
world agricultural science and practice, fundamentals of the Ukrainian
legislation on agricultural entrepreneurship and the environment, legal and
economic aspects of agricultural enterprises, names of Ukrainian agrarian
scientists and practitioners. Their must be responsible, treat their native
land with love, adhere to an honest partnership in business, be fluent in the
state language, take an active role in public life and be a patriot, have the
skills of organizational work in an agricultural enterprise [3].

As can be seen, the physical education system plays a leading role in
maintaining health, education of professionally important physical qualities
and skills of future specialists. Therefore, it is important for agricultural
higher educational institutions to find ways to solve a number of problems,
which will determine the training level of future agro-industrial complex
specialist.

The professional orientation of agricultural higher education results in
a need to pay special attention to the development of future specialist’s
professional qualities and professional education in the process of forming
personality [22].

The physical education curriculum emphasizes that one of the main
criteria for the effectiveness of graduates physical education is knowledge
of the basics of professional and applied physical training in the chosen
specialties and the ability to apply them in practice [2].

Students’ professional training should be aimed primarily at mastering
a certain amount of theoretical knowledge, practical skills, maintaining
the necessary state of health, as well as at the purposeful development
of professional performance associated with the sufficient development
of physical and psychophysiological qualities [27]. Scientific works of
V. Ilinich, Yu. Pozdniakova, M. Khoma, N. Storchevoi were dedicated to
the peculiarities of professional and applied physical training of of agrarian



Chapter «Physical education and sport»

higher educational establishments students. In their scientific works,
N. Bezghodova, N. Bibik, V. Vvedenskyi, T. Horokhovska, M. Lisovyi,
V. Momot, A. Khutorskyi deremined the criteria and analyzed the formation
levels of indicators of professional and applied physical training of higher
educational institutions students.

Ya. Zorii interprets professional and applied physical training as a
complex process of purposeful pedagogical influence on physical, mental,
psychophysiological and morphofunctional indicators of organism development,
which makes professional knowledge and skills of future specialists turn into
parameters of their readiness to perform professional duties [11].

B. Semeniv distinguishes two blocks of content of professionally
oriented physical training of Food Technology Faculty students — physical
education (theoretical block) and professional and applied physical training
(practical block) [27].

M. Bozhyk considers the level of teachers’ professional and applied
methodical readiness to be an efficiency criterion of the methodical
component of their professional and applied physical training system [2].

R. T. Raievskyi considers methodical, practical and theoretical training
to be a structural components of PAPT of Electrical Power Faculties
students. He highlights the following tasks of theoretical training:

— to motivate students to implement PAPT during their studies at the
university and in extracurricular activities;

— further mastering the system of knowledge necessary for the practical
implementation of individual PAPT for selected professional activity in the
energy sector at the stage of university education [24].

Professionally oriented direction of physical education creates the
prerequisites for successful mastering the professional skills and practical
knowledge, achieving the appropriate level of physical and functional
preparedness of the student, helps to reduce the period of adaptation to
working conditions and extends the professional longevity of the future agro-
industrial complex specialist [20]. Scientists note that using expert’s basic
professional model as a foundation, the professional and applied physical
training program of the future specialist is developed which includes means
and methods of teaching, estimation methods of physical, psychological
and psychophysiological qualities of the person, professional reliability
parameters, physical health and the forecast of professional longevity [15].
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In addition to development level of professionally important physical
qualities and physical health, the cognitive component of professional
and applied physical training plays a vital role for specialist training, that
provides the formation of a system of general theoretical, methodological
and professional and applied knowledge for further use in professional
activities and everyday life. Despite the significant amount of modern
research on professional and applied physical training of higher educational
institutions students [13; 19; 27-29], it should be stated that in the scientific
literature there are no any works presenting an level analysis of professional
and applied awareness of Ukrainian students studying on agricultural
specialities.

4. The organization and methods of research

The purpose of this research was to determine the level of professional
and applied awareness of students studying on agricultural specialities.

Research methods: theoretical analysis of literature sources, survey,
mathematical statistics methods.

The study involved the 1st — 3rd year students studying on agricultural
specialities of Sumy National Agrarian University (652 students), Kharkiv
National Technical University of Agriculture named after Petro Vasylenko
(431 students) and Hlukhiv agrotechnical institute named after S. Kovpak
(108 students), with total number of 1201 students.

The authors conducted a survey to determine the level of professional
and applied awareness of agrarian students. The questionnaire contained
5 blocks of questions grouped according to the following characteristics:

1. General-theoretical — testing the level of knowledge on physical
qualities and concepts of “physical culture”, “physical education”,
knowledge of self-control methods.

2. Methodical — testing the level of knowledge on the methods of
physical qualities development.

3. Axiological — testing the level of knowledge on recreational activities
and individual exercise; conditions and reasons motivating motor activity.

4. Prognostic — testing the level of knowledge on the importance of
physical education for future self-realization of the specialist in the chosen
specialty, students’ ideas of ways to optimize the system of physical
education in agrarian higher education institution.
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5. Professional-applied — testing the level of knowledge on the concept
of “professional and applied physical training”, professionally important
physical qualities, basic safety rules and medical first aid in the chosen
professional activity.

The survey results were processed based on quantitative and qualitative
assessments of the answers. Quantitative assessment involves evaluating the
questionnaire responses on a scale. The student’s knowledge levels tested in
each block were evaluated on a scale of 0 to 2. The score of 0 points indicates to
an unsatisfactory level and means the students answered “I do not know” and
“have no idea” to the questions of this block; the score of 1 point corresponds
to a satisfactory level and student was given a score of 1 for incomplete or
vaguely formulated answers, in other words, it means the student answered “I
do not know” and “I have no idea” to more than half of the questions of the
block; the score of 2 points indicates to a sufficient level and such score was
given for meaningful answers to all questions in one block.

The level of professional and applied awareness of future agro-
industrial complex specialist was eveluated by the sum of the number of
points obtained in each block of questions. The obtained number of points
is correlated with a qualitative assessment, which reflects the appropriate
level of professional and applied awareness and assumes the certain level
of theoretical knowledge and ideas (Table 1).

Table 1
Quantitative and qualitative assessment of professional and applied
awareness level of students studying on agricultural specialities

Professional
The number .
. Knowledge level and applied
of points
awareness level
High level of theoretical knowledge, meaningful .
9-10 answers to all questions of each of the five blocks high level
7.8 Sufficient level of theoretical knowledge, meaningful above average
answers to the questions of the four blocks g
5.6 Average level of theoretical knowledge, meaningful average
answers to the questions of the three blocks g
3.4 Satisfactory level of theoretical knowledge, below average
meaningful answers to the questions of the two blocks g
0-2 Unsatisfactory level of theoretical knowledge, low level
difficulties with answering questions of at least 4 blocks
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5. Level of general theoretical knowledge

The analysis of the responses to the survey questionnaire allows to make
a conclusion about future agrarians’ awareness level regarding methods of
self-control in physical education. Responding to the questions, 36.8% of
students had no difficulties, 13.6% of them were able to name two or more
methods. Methods most often mentioned were as follows: measurement of
heart rate, blood pressure, body temperature. It should be noted that 22.7%
of respondents could not measure their own heart rate.

46.8% of surveyed students indicated that they have bad habits. It should
be noted that more than half of them — 73.4% — were young men. 55.6% of
students consider their health to be satisfactory, 12.3% consider it to be good,
and 32.1% consider their health to be unsatisfactory. 32.7% of respondents
have chronic diseases, among which the most common were diseases of
cardiovascular system, digestive system and musculoskeletal system. It
is important to note that the number of days missed by students in the
academic year due to illness ranges from 5 to 21. Responding to the question,
respondents noted that they continued to attend classes even being sick.

Students had significant difficulties responding to the questions regarding
the notion of physical qualities (“strength is ...”, “coordination abilities is ...”,
etc.), methods of their development and notions of “physical culture” and
“physical education”. 53.1% of students associate physical culture with sports;
13.6% — with physical exercises; 9.7% defined physical culture as the general
culture of humankind; 23.6% of respondents could not answer to this question.

47.4% of respondents defined the notion of “physical education” as a
set of exercises being taught in practical classes; 21.8% of respondents
consider physical education to be the education of students during classes;
19.1% students associate physical education with physical culture or its
variety; 11.7% of respondents had difficulties responding to this question.

The answers to the questions regarding the definition of physical
qualities varied. Authors have noticed the following definitions to be most
common among the answers of respondents:

— strength is: «the ability to lift weightsy, «the ability to perform heavy
worky, «the ability to carry loads over long distances», «the ability to
perform strength exercises»;

— endurance is «the ability to run over long distances «, «the ability to
work for a long time», etc.;
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— dexterity is: «ability to perform complex work», «ability to react
quickly», «ability to act in different situations», «ability to carry small
objects», etc.;

— flexibility is: «ability to bend», «ability to stretch musclesy, «ability to
perform gymnastic exercises», etc;

— speed is: «ability to run fast», «ability to run over short distancesy,
«ability to do work quickly», etc;

— coordination is: «orientation in space», «ability to react quickly»,
«ability to keep balancey, etc.

Having analyzed the answers to the questions of the general theoretical
block, it is possible to make a conclusions about the level of students’
awareness on this indicator. 93.8% of surveyed students could not answer
the questions of this block and the received responses were awarded a score
of 0; formulating the definition in their own words 6.2% of respondents
could not define the content of notion, and such responses were awarded a
score of 1.

6. Level of methodological knowledge
The answers to the methodological questions significantly varied and
were not clearly formulated. There have been recorded the following answers
to questions about the development methods of physical qualities (Table 2).

Table 2
Agrarian students’ understanding of development methods
of physical qualities

Phys.lc'al Development method

qualities
Strength to lift weights, to do pull-ups’, muscles pumping, to run, etc.
Endurance to work a lot, to train a lot, to go to the gym, a lot of running, etc.
Dexterity to train, to practice, etc.
Flexibilit to perform stretching exercises, to bend over, to touch feet without

Y bending the knees, to train, to do gymnastics, etc.
Speed to run a lot, to run over a short distance (spring), to train, to take part
p in competitions, etc.
Coordination to learn to keep balance on one leg, to perform complex exercises, to
play sports, etc ...
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Summarizing the above-mentioned, it should be state that 87.4% of
respondents had difficulty in answering the questions of the methodological
block; 10.8% of respondents could not give a complete and meaningful answers
regarding the development methods of physical qualities; 1.8% of students
gave only general answers, without specifying the features of the methodology
and intensity of physical efforts. Having made a quantitative evaluation of the
obtained responses, it is possibly to state that 87.4% of students received a score
of 0 points; answers of 12.6% of students were awarded a score of 1.

7. Peculiarities of motivating students

The importance of recreational activities to strengthen and maintain
health and prevent mental overload is understood by 35.7% of future
agro-industrial complex specialist: 9.6% of students go in for tourism and
hiking; 8.8% like cycling and walking; 17.3% prefer sports and outdoors
games. 31.9% of students lack for free time for active recreation; 32.4% of
respondents do not want to engages in physical activity in their free time.

Determining the conditions motivating students to engage in physical
culture, it have been obtained the following results (Table 3).

Table 3
Conditions motivating agrarian students to engage in physical culture
Y
Conditions T zenadr 3
A desire to do physical exercise 38,4% 29,3% 27,6%

The use of the newest means, methods and

0, 0, 0,
techniques in physical education classes 13,1% 19,7% 26,1%

A good coach, teacher, instructor 10,6% 7,8% 4.3%
The availability of time 7,9% 10,8% 16,1%
Health and well-being 8,1% 11,1% 12,6%
Availability of fitness equipment and conditions |  10,9% 12,4% 4,8%
Other factors 4,7% 3,2% 4,1%
It is difficult to answer 6,3% 5,7% 4.4%

As can be seen, 38.4% of 1 year students believe desire to do physical
exercise to be the main reason to engage in physical culture. 29.3% of 2
and 27.6% of 3™ year students also indicated this condition to engage in
physical. 13.1% of 1, 19.7% of 2" and 26.1% of 3" year students noted the
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importance of using the newest means, methods and techniques in physical
education classes. And in the absence of a good coach, instructor, teacher,
10.6%, 7.8% and 4.3% of first, second and third year students do not want
to do physical exercises. The largest percentage of respondents lacking the
time was found among 3™ year students; 10.8% among 2™ year and 7.9%
among 1st year students. The average percentage of respondents considering
the health and well-being as the main condition for physical training varies
between 8-12%. Availability of fitness equipment and conditions was
indicated as important condition by 10.9% of st year, 12.4% of 2™ year
and 4.8% of 3" year students, respectively.

8. Students’ understanding regarding the organization
of physical education process

According to the results of the suvey in the axiological block of questions it
have been determined quantitative assessments of surveyed students’ knowledge
on this indicator: 0 points — 82.1%; 1 point — 13.3%; 2 points — 4.6%.

When choosing forms of physical education classes, 18.1% of
respondents preferred practical classes; 13.9% of students chose sectional
classes as a priority form; lectures was chosen by 2.3% of students. 65.7%
of respondents had difficulty in answering the questions.

Analysis of the answers allows to state that 83.4% of surveyed students
are not satisfied with the conditions in which physical education classes are
held: 28.7% of future agrarian specialists consider a clean and well-lit gym
to be the main condition for physical education classes; 16.4% of students
would like to take physical exercise outdoors; 38.3% of respondents would
like to train in a gym with good fitness equipment. 1.3% of students are
quite satisfied with the conditions for classes; 15.3% of respondents had
difficulties in answering this question. It should be noted that, in the view of
the students, the priority ways to optimize the process of physical education
in agricultural universities are follows:

— changes in the curriculum content (23.2%);

— changes in forms of physical education classes (9.4%);

— changes in technical equipment and training conditions (16.9%).

50.5% of the surveyed students could not answer the question.

Quantitative assessment of students’ answers to the questions of the prognostic
block is as follows: 0 points — 72.6%; 1 point — 25.8%; 2 points — 1.6%.
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9. Analysis of the responses to questions
of professional and applied block

The data obtained as a result of the analysis of the answers to the
questions of professional-applied block demonstrates that most students of
Ist — 3rd year have little understanding regarding the content and essence
of professional and applied physical training in general and its features
for agricultural specialties’. Students’ understanding of the concept of
“professional and applied physical training” are presented in Table 4.

Table 4
Agrarian students’ understanding of the concept
of “professional and applied physical training”
Understanding of “professional Year
and applied physical training” as: 1% 2m 3
education process 0,6% 1,3% 2,6%
a complex of physical exercises and
activities aimed at better mastering the 5,6% 9,8% 14,6%
future profession
a set of physical quallths Qf the future agro- 7.9% 5.8% 9.1%
industrial complex specialist
an amount of theoretical knowledge 8.1% 9.3% 13.7%
important for the chosen profession
a focused use of physical education
methods to prepare future professionals for 0,9% 9,1% 4,3%
the peculiarities of professional activity
Other understanding 5.6% 1.2% 5.9%
It is difficult to answer 71.3% 63.5% 49.8%

0.6% of 1t year students, 1.3% of 2" year students, and 2.6% of
3 year students consider PAPT (Professional and Applied Physical
Training) to be an educational process. Number of respondents, which
believe professional and applied physical training to be associated with a
set of physical exercises and activities aimed at better mastering the future
profession, ranges from 5 to 14%. 7.9% of surveyed st year students,
5.8% of 2™ year, and 9.1% of 3™ year students believe PAPT to be a
set of physical qualities of the future agro-industrial complex specialist.
About 9% of 1% year and 2™ year students answered that professional and
applied physical training is an amount of theoretical knowledge important
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for the chosen profession. 13.7% of 3™ year students consider PAPT to
be a theoretical training for a future specialist. 0.9% of 1st year students,
9.1% of 2" year students and 4.3% of 3 year students preferred the idea
of professional and applied physical training as a focused use of physical
education methods to prepare future professionals for the peculiarities of
professional activity.

It should be noted that the number of students which had difficulty in
answering the questions was more than 50% of the surveyed participants.
Undoubtedly, the obtained results are an indicator of the low awareness level
of majority of students about professional and applied physical training. On
the positive side, the number of students having difficulty in answering the
questions has almost halved from the 1% year to the 3™ year.

The 18-3" year students have identified the professionally important
qualities as follows: strength — 56.3%, endurance — 67.9%, dexterity —
21.6%, coordination — 35.8%, speed — 38.4% flexibility — 12 ,7% (Figure 1).
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Figure 1. Agrarian students’ understanding regarding professionaly
importance level of physical qualities for chosen speciality

About 14.7% of respondents had difficulty in answering the questions
about professionally important physical qualities. It should be noted that the
largest part of them — 72.4% — were 1* year students.
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48.1% of students believe that to successfully master the profession it
is necessary to carefully study special theoretical disciplines in the chosen
speciality. An important role of physical education and sports was outlined
by 15.6% of respondents, 4.8% of them believe that physical training
should have a professional orientation and take into account the specifics
of the future profession. 36.3% of students had difficulty in answering the
questions about PAPT.

Having analyzed the answers to the questions of the professional
and applied block, it is possibly to state that 85.3% of respondents have
an unsatisfactory awareness level, their responses were awarded a score
of 0. 12.5% of respondents were able to answer the questions, but their
answers were not clearly formulated and did not fully disclose the content
and features of the concepts of the notions proposed in the questionnaires,
their answers were awarded a score of 1 point. Answers of 2,2% of students,
which were able to clearly and meaningfully answer questions, showed
awareness of the peculiarities of their future profession and preparation for
working conditions, were awarded a score of 2 points.

10. General level of professional and applied awareness

Analysis of the research results and statistical processing of the obtained
data allowed made it possible to determine the general level of professional
and applied awareness of students
studying on agricultural specialities
(Figure 2).

The survey showed that 6.4 % of
respondents provided meaningful
answers to the questions of the two
blocks and showed a level, which is
below average. 93.6% of surveyed
students, which only answered the
questions of one of the five blocks,
or could not formulate the notions
Figure 2. Level of professional  and give clear meaningful answers

B below
average

B /ow

and applied awareness to most questions of each block,
of students studying have a low level of professional and
on agricultural specialities applied awareness.
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11. Conclusions

This study has outlined the main tasks of physical education in higher
education establishments. As a result, the role of the professional and applied
physical training in the system of physical education has been defined.

The survey results make it possible to state that most of surveyed
students have a low level of professional and applied awareness. That
was demonsrated by the fact that the high percentage of respondents had
difficulties responding to the questions about theoretical, methodological,
motivational, prognostic and professional-applied areas.

A large part of students’ answers turned out to be far from the generally
accepted definitions of notions. The percentage of answers, that would be
clearly formulated and fully disclose the content of the notions proposed in
the questionnaires, is insignificant.

Low level of professional and applied awareness was recorded in 93.6%
of respondents; below average level of awareness was recorded in 6.4 % of
surveyed students.

It should be noticed that the results corresponding to the average, higher
than average or high levels of professional and applied awareness were not
recorded among students.

The directions of further scientific researches will be to find ways to
increase the level of professional and applied awareness of students studying
on agricultural specialities.
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RADIATION DIAGNOSIS OF AORTOMESENTERIC
DUODENAL COMPRESSION
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KOMITPECCUHU IBEHATIATHIIEPCTHOM KUIIIKA
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Abstract. In the following study, we presented and conducted a struc-
tural analysis of the clinical manifestations of aortomesenteric conflict (or
superior mesenteric artery syndrome, SMA syndrome) in 71 patients aged
14 days through 65 years. We aimed to assess the evolution of the symp-
toms in time and its connection to other abdominal pathology. The selection
criteria for this study included MSCT signs of aortomesenteric conflict and
following a deep analysis of the patient’s case history. Patients presented
with exocrine pancreatic insufficiency and gastric outlet obstruction were
excluded unless MSCT showed signs of aortomesenteric conflict, because,
in most cases, these symptoms were reflexive. All patients were fasting and
imaging studies were conducted using the standard multiphase protocol for
contrast-enhanced CT using iodine-based non-ionic contrast media.

The preliminary analysis discovered that in the current study group with
devel-oped clinical signs of SMA syndrome, only 36 patients were exam-
ined for suspected chronic duodenal ileus. In other 35 patients imaging study
was performed due to the following clinical manifestations: hydronephro-
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sis (15 patients), hematuria (9 patients), chronic pancreatitis (5 patients),
abdominal aortic aneurism (2 patients), abdominal trauma (1 patient),
small bowel obstruction (1 patient), hyperlordosis and scoliosis (1 patient),
abdominal neoplasm (1 patient). These findings suggest this pathology is
significantly more widespread than it was previously estimated. The pres-
ence of efficient compensatory mechanisms that conceal the pathology can
be presumed. How-ever, in the long-term perspective, clinically relevant
symptoms of duodenal ileus developed in all cases.

During this study we established that images from MSCT could be used as
a predictor of chronic duodenal ileus: the level of the manifestation of the SMA
syndrome is connected not only to the angle of SMA branching but to the dis-
tance between SMA and aorta at the duodenum level and interval between the
duodenum and the angle apex as well. We refined duodenal distance ranges that
had distinctive clinical manifestations. Age, in our opinion, is another significant
prognostic since the relative position of the aorta, SMA, and duodenum changes
during the child’s development, which, in turn, reduces the symptoms. Notably,
in patients with a “congenital” anomaly of minute SMA branching angle from the
aorta, the distance between these two blood vessels increased, which alleviated
aortomesenteric conflict symptoms. We believe that the aforementioned changes
are induced by the development of Treitz ligament and duodenum as well as
abdominal organs’ growth. At the same time, in patients with “acquired” SMA
syndrome, evolving secondary to various diseases, as, for example, in pancreatic
pseudocysts, advanced right-side hydronephrosis, hyperlordosis combined with
scoliosis, pancreatic cystadenoma, abdominal aortic aneurism, obesity, lymphop-
roliferative diseases, we noticed an opposite pattern. Clinical mani-festations of
aortomesenteric conflict become more often and worse with time due to the weak-
ening of neuromuscular junctions, which leads to pyloric relaxation and duodenal
reflux. In turn, this causes gastric enlargement and development of bile reflux
gastritis. Described pathological pathway alters structural relationships between
blood vessels, thus it is considered as a predictor of the disease progression.

In this study, we also analyzed various anatomical features that in the
long-term perspective caused SMA syndrome in connection with other
pathological condi-tions. Additionally, we presented cases of “acquired”
aortomesenteric conflict with vascular anatomy alterations induced by past
medical history or concomitant diseases, e.g. pancreatitis, pancreatic cysta-
denoma, lymphoma, abdominal aortic aneurism.
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1. Beryniienne
1.1. AKTyaJBbHOCTH MPOGJIEMBI

ApTrepromMe3eHTepralibHas KOMIIPECCHs SBJISIETCS OAHON W3 NPUYHH
XPOHUYECKOH IyOJCHAJbHONH HEMPOXOIMMOCTH HUKHE-TOPU3OHTAIBHON
YacTH JIBEHAALATUIIEPCTHON KUIIKK, BOSHUKAIOIIEH B pe3ysbTare cliaBie-
HUS IBEHAALATUIIEPCTHON KUILIKKA MEX/y BEpXHEl OpbbkeedHoi aprepueit
U aOpTOH.

Briepseie B 1861 romy 6apon Von Rokitansky 3amerwi, uTo BepxHHE
OpbDKEEUHBIE COCYIIBI MOTYT CIIABJIMBATh U MEPEKPHIBAThH JBECHAIIATUTIED-
CTHYIO KHIIKY HaJ HOSICHUYHBIM OTJEJIOM I03BOHOYHMKA. Briociencreum,
B 1927 rony, Wilkie onyOnuKkoBas NepBBIM HCCIIEIOBaHUS M3 75 TAIMEH-
ToB. Takum obpazom, SMAS Takxke uzBecreH kak cunapom Wilkie, apre-
pHOMEe3CHTepHabHAsL TyOJCHANbHAS KOMIIPECCHS, XPOHIMUCSCKAsl JIBEHAI-
narunepcrHas kumka [11; 20].

CHUHIPOM COCYAMCTOM KOMIPECCUH 12-MepCTHON KHUIIKH MO JAaHHBIM
JTUTEpaTyphl SBIAETCS PEIKUM M TSDKEIO TUarHOCTUPYEMbIM 3aloJieBa-
HueM. Berpeuaercs B 0,1-0,3% ot uncna obcnenoBannbix [1-4]. Cpenu
MAIEHTOB, OMUCAHHBIX B TUTEPATYPHBIX UCTOYHUKAX, IPEOOIa atoT KEeH-
HIMHBI B cooTHOWEHUHU 3:2 B Bo3pacte 10-39 ser, HO MOKET BO3ZHUKHYTh U
mobom Bospacte [1-4; 7].

1.2. PeHTren anatroMu4ecKue 0COGEHHOCTH

B HOpMe BepxHsS OpbDKecUHAast apTepusi OTXOANUT OT AOPTHI TIOJ YIIIOM
30-60° Ha ypoBHE TIEPBOTO MOSICHUYHOTO 1TO3BOHKA. OOBIYHO yTOJ COCTaB-
nmser 45° [7; 11; 17; 20], npu aprepuoMe3eHTepruaIbHOW KOMIIPECCHH
yMmeHbIaercst 1o 6-25° (puc. 1, 2). Tperbs wacts HAIIK pacnonaraercs
0OBIYHO Ha YpOBHE Te€la TPEThEro MOSCHUYHOIO MO3BOHKA U MPOXOAUT
MEXTy a0pTOH (C3a1) U BEpXHEH OpbbKeeuHol apTepuel (cnepenu) (puc. 3).
Pacctosinue Mexny stumu cocynamu cocrasiser 10-28 mm, mpu AMK
yMeHbliaercs a0 2-8 mwm [7; 11; 17; 20].

BBA orubaet n1BeHaIIaTUIIEPCTHYIO KUIIIKY TJIABHO, HE TIPHXKUMAs €€ K
aopTte, B TOM YHCJIEC M 32 CUET KUPOBOW TKaHU W JTUM(PATHIESCKUX COCY/IOB,
PaCTONOKEHHBIX MEXTy apTepueit u kumkon. Cesazka TpelTia ynepKuBaer
JIBEHA/IIATUIIEPCTHYIO KUIIKY B cocynucToM yrie mexxy BBA u BA [21; 24].
Ona MOXeT (PUKCHPOBATHCS BBICOKO U ITOATSITHBATH KBEPXY TyOICHOCIOHAITB-
HBIW U3TKM0, KPOME TOTO, OHA MOXKET OBITh (PMKCUPOBaHA K BOCXOISIICH WITH
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HWKHEH TOPU30HTAITLHON YacTH JBEHAIIATUTIICPCTHON KUIIIKU. DTO CIIOCO0-
CTBYET CMEMICHUIO HIDKHEH TOPH30HTAIBHOM YacTW JBEHAIATHUIICPCTHON
KHIIIKH BBEPX U MPHOIIKCHHUIO €€ K BEPITHHE a0PTOME3EHTEPUATBHOTO YIvIa.
[Torepst Macchl Tena MPUBOIUT K YMEHBIIEHHIO PETPOIIEPUTOHEATHLHOTO U
TIePHUTyO/ICHAIILHOTO KHpa, paccrosiane Mexny BBA u BA ymenbmaercs, n
pa3BUBaeTCs KIIMHUKA JTyo/IeHAIbHOW Herpoxoaumoctu [20].

Ligament of Treitz

Aorta

Lelt renal vein

Uneinate process

of pancreas
MCA

vena cava

Puc. 1. A: Cxemamuueckoe uzobpagicerue HOpManbHO2O AHAMOMUYECKO2O
63AUMOPACNONONCEHUsL O8EHAOYAMUNEPCIMHOU KUK, ces3ku Tpeiimya, aopmul.

BbA nepecexaem xuwiky 6 eé mpemuveti yacmu. B: boxosas cxema unmocmpupyem
CpeOHeCmamucmuyecKull aopmome3eHmepuanbhblil yeon 42,4°, nopwansroe
83aumopacnonodicenue aopmol u BHA no omuowenuro Kk no360HOUHUKY, a maxdice
cooepaHcUMOe AOPIMOMEICHMEPUATTLHOR0 Y2IA.: 1e6as NOYEUHAsl 8EHA, KPIOYKOBUOHbILL
OMPOCMOK NOOJICEYO0UHOL dicenesbl, 12-nepcmmuas KUWIKA U pemponepumoneaIbHas
arcupoesas npociotixa, CKA (cpednsis 0000ouHo-KuweuHas apmepus) u HUdicHss nonas éeHa [12]

1.3. MeToabl U 1eJIb HCCJIeI0BAHUSA

Lenbio maHHOW pabOTHI SIBISETCS BBIIBICHUE 3aKOHOMEPHOCTEH pas-
BUTHSA KIIMHUYCCKUX U PCHTTCHOJIOI'MYCCKUX HpOfIBJ’IeHI/Iﬁ aApTEPUOME3CH-
TEpUAIBLHONH KOMIIPECCHH B 3aBHCHMOCTH OT BO3pacTa, COITyTCTBYIOIICH
IIaTOJIOTHUH, a TAaKXKE HpPI‘{I/IHHO—CHelICTBeHHOﬁ CBA3U MEKIY aOPTOME3CH-
TePUAITLHBIM KOH(MIMKTOM, KOMITpeccuer 12-TIepCTHON KUIIKH U APYTHMH
KJIMHUYECKUMU NPOSABICHUSAMHU JAHHOIO CUHJIIpOMA.

B pabote npuBeIcH CTPYKTYpHBIN aHATU3 MPOSIBIICHUN apTepUOME3eHTe-
pu-anpHOM KoMIipeccnu y 71 marnuenTa o ganabiM peHTreHoBcknx 1 MCKT
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820
degress

Puc. 2: A. Hopmanonulii aopmo-mesenmepuanvhuiii yeon. B: Bonee ocmpwiii aopmo-
ME3eHMEPUAIbHBII V20Tl Y NAyueHma ¢ cocyoucmot oocmpykyueti 12-nepcmuoii
Kuwku. C: Bulpasicennbvlil NOACHUYHBLIL I0PO03 MOdcem YCy2yOnams apmepuo-
mezenmepuanshuiil kongnukm. SMA (BBA), eepxusis opuvioiceeunas apmepus [12]

Anterior

Puc. 3. Cxemamuueckoe uzobpasicenue akcuanbHoo cpesa na ypogre L2-L3
WIIOCMpuUpyem 6eposimmuule Mecma 06cmpyKyuu mpemoeti yacmu 1 2-nepcmuoii KUK
mexncoy BBA u aopmoti unu CKA u npasoui nosicnuunoi motuyeti. SMA (BBA), eepxnsis

opvioiceeunasn apmepusi;, MCA (CKA), cpednsisi 0600ouno-kuweunas apmepus [12]

WCCIIEIOBAaHMM B Bo3pacTte ot 14 mueit 1o 65 net. PaccMotpens! aHaromuye-
CKHE BapHAHTBl COOTHOIICHUS CTPYKTYp, MPHUBOIAIINE K apTePHOME3EHTe-
PHATTLHOM KOMITPECCUH ¢ OCOOCHHOCTSIMH MX TIPOSIBIICHHS M aCCOIMAIIUCH
C JIPyTMMU TIATOJIOTUYECKUMHU COCTOSTHUSIME (TIAHKPEAaTUT, KUCTa U IUCTa-
JIEHOMA TIOJKEITYI0UHOH JKele3bl, TuMpoma, aHeBpru3Ma OPIOIITHON a0pTHI).
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Puc. 4. Hopmanvrnoe coomnouierue medxcoy eepxmeli Opvloceeurou apmepueti
u aopmoii na KT. Apmepuansnas gpasa

2. Pe3yabTaThbl HCCI€10BAHMST

AHaN3 NOTyYeHHBIX JAHHBIX BELSIBHIL, YTO y 36 MAIIMEHTOB CHHAPOMOM
XPOHHYECKOH AyOCHATBHON HEIOCTATOYHOCTH ObLJIa 3aTI0/I03PEHA apTepH-
OME3CHTepUaIbHasg KOMIPECCUS JI0 MPOBEICHHS JIy4€BOTO MCCIISIOBAHNS.
OcranpabiM 35 manrenram MC KT ObUIO BBITIOIHEHO IO JPYTHM KIWHU-
YeCKUM MOKa3aHUsAM. B 9To#i rpyme Opiin ManueHTh ¢ THAPOHEPPOTHYE-
ckoii TpaHchopmanueii mouek (15 manueHToB), remarypuei (9 nanueHToB),
XPOHMYECKUM MTaHKPEATUTOM (5 ManneHTa), aHeBpU3MON OPIOIIHOM a0pThI
(2 manuenTa), TpaBMaTHUECKUM MOBPEXKIEHUEM OPraHOB OPIOLIHON MO0~
ctu (1 manmeHT), BHICOKOW KHIIEUYHOW HEmpoXoAuMocThio (1 mammeHr),
TUIIEPIIOPA030M M CKOJMO30M (1 TManueHT), OHKOJIOTHYESCKUMHU 3a00JIeBa-
nusmu OBIT (1 nmanueHr).

2.1. Knaccndukanusa NIpuduH, BHI3bIBAIOIIHX
apTepuoMe3eHTEePHAJIBLHYI0 KOMIIPEeCCHI0

OCHOBHBIMH TNPUYMHAMHM BO3HUKHOBEHHUS apTEepPUOME3CHTEPHAIbLHON
KOMIIPECCHUH JBEHAAATUTIEPCTHON KUIIIKHU SIBJISTIOTCS:

1. HapylieHHe aHATOMHUYECKOTO COOTHOIICHHUS MEXIY BEpXHEW OpbI-
JKEEUHOM apTepuel, aOpTOI0 M HIKHEH TOPU30HTAIBHOM YacThIO JABEHAI-
narunepctHor Kumku Ha ypoBHe II-1II mosicHMYHBIX MMO3BOHKOB. B 3THX
CITydasix JTBCHAIIATHIICPCTHAS KHIIKAa MPYDKAMAETCsl BEpXHEH Opbrkeed-
HOM aprepuel K aopre;
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2. Cy’)K€HHE UCTUHHOTO MPOCTPAHCTBA MEXK/Y a0PTOI0 M BEpXHEH OpbI-
YKEEUHOU apTepue;

3. BO3MOXKHO C/IaBJI€HUE ABEHAATUIIEPCTHON KUIIKH MEXAY CpeaHei
000/I0YHOM apTepHei U TTO3BOHOYHUKOM;

4. 6omBIIIOE 3HAYCHUE MTPEAACTCS HATMYUIO\IIOSBICHHIO JKUPOBOH KIIET-
YaTKu B OpbDKEHKe, KOTOpash Kak MOAYIIKA 3allMIaeT HUXKHIOK TOPU30H-
TaJbHYIO YacTh JABEHAILATUIIEPCTHON KUILKK OT CAAaBJICHUS BEPXHEH OpbI-
JKeeyHOH apTepueil. 3To BO MHOTOM OOBSICHAET HHBOJIIOLNIO KITMHUYECKUX
U PEHTTeHOJOTHYECKUX MPOSBICHUN apTepUalbHOM KOMITPECCUU Yy JeTeil
C BO3pAcTOM;

5. upe3mepHas MoJIBUKHOCTh MPaBOM MOJOBUHBI TOJICTON KUIIKH;

6. pe3KO BBIPAXKEHHBIN JIOP/I03 U CKOJIMO3 B HIDKHE-TPY/JHOM U TTOSICHUY-
HOM OT/IeJIaX II03BOHOYHUKA;

7. «TIpoBHCaHME» YIIMHCHHON |2-1IepCTHON KHUIIIKH, HHOTZIA B COYETa-
HUU C TH-NEPIOPIO30M;

8. nuTeIbHOE HAXOXKICHHUE NAllMeHTa B TOPU30HTAIBHOM I0JI0KEHUY;

9. cnaeyHble IpoOLECCHl  IOCIE€  MNEPEHECEHHBIX  OIeparusIx
Ha OBII;

10. HaTsDKeHHE KOPHS OpbDKEHKH y KaXeKCHYHBIX MAIIMEHTOB, OOIbHBIX
C BUCIIEPOIITO30M U MAIIMEHTOB € OOJIBIIMMHU aXOBBIMH IPhIKaAMHU;

11. ocTpoe pacupeHHe >Kelyjaka U clIadoCTh HepenHei OprourHoit
CTEHKH Y MAlMEHTOB C U30BITOYHBIM BECOM;

12. nepunyoneHur;

13. yBenuueHue TMM(paTHIECKUX Y3I0B KOPHS OpbDKEHKH MpH TUM(po-
nposinepaTUBHBIX 3a007I€BaHUAX 0COOCHHO Y JIeTeH;

14. oTTecHeHHME BEpXHEH OpPBDKECUHOW apTepuH K3aJH OIYXOJbIO
IIOJDKEITYJOUHOIN JKeye3bl, KPYIHBIMHM IICEBIOKUCTAMH I1OJUKEIYI0YHON
’KeJe3bl, 00Pa30BABIIMMUCS B PE3yNbTaTe OCTPOTO JCCTPYKTUBHOTO IaH-
KpeaTuTa; Ipu TPaBMaTH4eCKOM remaroMe OPIOLIHON MOJIOCTH U OTTECHE-
HUE a0PTHl AaHEBPU3MOH WIIH IIPH TeMaToMe, 00pa30BaBIICHCS IPH pa3phIBe
AQHEBPU3MATHYECKOTO MEILIKa,;

15. narosmoruei moyex.

B pesynprare BBIIICONMHUCAHHBIX MPUYMH MPOUCXOAUT KOMIIPECCHS
TOPU30H-TAJIbHOM YacTH JIBEHAALATHIIEPCTHOW KHIIKHA C pPacCHIMPEHHUEM
BBIIIEJIXKAIIEH €€ YaCTH U MOCTENEHHO HapacTalolel XpPOHUYECKON /1y0-
JICHAJILHOM HEJI0CTAaTOYHOCTBIO.
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B rpymnre namueHToB ¢ NMpU3HAKAMH apTEPHOME3CHTEPHAILHONW KOM-
IIpeccuei, MO-sBUBIIETOCS B PE3y/bTaTe Pa3BUBIIMXCSA [ATOJIOTMYECKUX
W3MCHEHUH B OPIOIIHON MONOCTH, B KIWHUKE YaCTO TPEBATNPYET TSHKECTD
OCHOBHOTO 3a00JeBaHMs. B HEKOTOpPBIX Cilydasx AyoneHajbHas HEIO-
CTaTOYHOCTh CTAHOBUTCS MEPBOM MPUYMHON 0OpallaeMOoCTH MalUeHTa B
JeueOHOe yUpexKIeHue

2.2. Knunuyeckue nposiBjieHus.

JKano6b! 0ONBHBIX IPU apTepHOME3eHTepHaIbHOM komnpeccuu JAITK:

— TIEpUOAMYECKHUE, TyMble HOMIMe Oonu 0e3 OmpeneseHHON CBS3H
C TPHEMOM NHIIH, HE 3aBUCSAT OT BPEMEHH CYTOK, HE MPOSBIISIOT CE30H-
HOCTB; HE KYITUPYEMBIMH aHAJIBICTUKAMH U CIIA3MOIUTHKAMH

— TSDKECTH B AINUTACTPATBHON 00JIaCTH MPUXOSIIIE OO, IOCTE SIIBI;

— YyBCTBO JIaBJICHUS U JUCKOM(OpPTA B XKUBOTE;

— YyBCTBO OBICTPOTO HACHIMIEHHS, AUCKOM(OpPTa B BEPXHHUX OTAENIAX
KHUBOTA;

— TOILIHOTA;

— U3XKO0ra;

— OTPBIXKKA BO3YXOM HJIH KETYJOUHBIM COAEPKUMBIM;

— MHOT/IA, 3aKaHYMBAIOIIASICSl PBOTOIH € MPUMECHIO JKEITUHU;

— HapylICHUs CTyJa B BUJIE IOHOCA WU 3aI0pa.

Ha no3auux cragusx 3a0onieBaHusl KIMHUYECKAsh KapTHHA apTEepUO-
ME3CHTEPHATBHON KOMIIPECCHH PEATN3yeTCsl MPU3HAKAMU OCTPOTO HIIH
XPOHUYECKOTO XOJNEHHUCTUTA, MMAaHKPEaTHUTa, SI3BCHHOM 00Je3HH. Y Takux
MAIIMEHTOB BBISIBIISIIOTCS HAPYIICHUE COKPATHTEIBHON (DYHKITUH KETIHOTO
My3BIPsI U PACIINPEHUE OOIIETO KETIHOTO MIPOTOKA.

3. IlnarnHocTuyecKue NPU3HAKU apTepHuOMe3eHTepHaIbHOI
kommpecun JIITK

PenTreHonoruyeckue CUMITOMBI apTEPUOME3EHTEPUAIBHOM KOMIIpeC-
CUM Jyulle auarHoctupyrotrcs npu nposeneHu MCKT ¢ KOHTpacTHBIM
ycunenueM 1 MPT. CnenyeT nOMHUTB O IepeMesKaloieMcs XapakTepe CHH-
JpoMa apTepHAIbHON KOMIIPECCUM U MPOBOAUTH HUCCIEI0BAHUE B MEPUOJT
KIIMHUYECKOTO 000CTPEHUS MPOSBICHNH 00JIe3HH, TaK Kak B MIPOMEKYTOK
MEXY MPUCTYNIAMH HapyIIEHUH B MOTOPHO-BAaKyaTOPHOU JESTEIbHOCTH
MO>XHO HE€ BBIABUTB.
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Puc. 5. [layuenm JI, 34 2o0a. Coasnenue kopHem Opbidceliki
HudicHel eopuzonmanvrou éemeu 1K

3.1. OcoOenHocTu J1yueBbIxX nposisiaeHuii AMK y nereii

Puc. 6. Hosopoorcoennas. Puc. 7. Penmeenocpamma ciesa. Bepmukanoho.
7 Oneul. I'enamocnienomezanus. Tunopocnazm: pazoymeiii eazamu JHceryoox,
Kenyoox ommecnen enus, HebonbUloe KOTUYeCmeo 2a3a HepagHOMEPHO
pasoym eazamu (cunue pacnpedenero no nemaam kuuieyHuxa. Ilooospenue
cmpenku), eas 6 1yKoguie HA NUIOPOCNA3M HEOOOCHOBAKHO. YEETUYEHHbIIL 6
12-nepcmuoil kuwiku (Kpacras 00veM JHcelyOoK (Kpachvle CImpenKu) ¢ 6o1buum
cmpenxa). Ipunyunuansto Konuuecmeom nuwu (Cuss IuHus) om-mecHsem
6ADICHO OMAUYUMb NULOPOCNA3M — Nemu Kuweynuka enus. Kuweunuk cooepocum
U 8POJICOEHHDBIU NUTOPOCTNEHO3 3HAUUMENbHOE KOIUUECBO 2aA308

Y HOBOPOXKICHHBIX € KIMHUYECKUMH TIPOSBICHUSAMH THIOPOCIIa3Ma
TIPU PE3KOM CMEIICHUH JKEIyIKa CICAyeT TIOMHHUTE U O BO3MOXXHOCTH BO3-
HUKHOBEHHUS HMINIEMHH OpBDKEHKH BCICACTBUE e¢ HaTshkeHus (puc. 0, 7).
CBsI304YHBIH anmapar HOBOPOKAEHHOTO HETOCTaTOUYHO C(OPMHUPOBAH, IO~
BIDKHOCTB JKEJTyIKa OTPaHUYMBACTCS (PUKCAIFell MaJloro CalbHHKA, a dBa-
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Kyalusi U B TOPU30HTAJIbHOM ITOJIOKCHHUU JaXKEC B HOPME COCTaBJIACT
4-5 gacoB [24]. Bce BhimenepeunciieHHbIe (HaKTOPBI MPEAPACIIONaraloT K
Pa3BUTHIO apTEPHATEHON KOMITPECCHHL.

CuHIpOM AyONeHAaTbHOM KOMIIPECCHH MOXET OBITh OOYCIOBICH U
MaJIbpPOTAIUCH KUIICUYHHUKA, CBSI3aHHBIM C «IIPOBHCAHHEM» |2-IIEpCTHOM
KHIIKA. Bo3MOXKHA M acCOIMaIisi ¢ BPOKICHHBIM CTEHO30M IIPHBPATHUKA
KaK B [IPUBOIMMOM HIDKE ClTyyae.

Puc. 8. Manvuux. 3 nedenu. Hepesxo avipasicennblill 8p0OHCcOeHHblll NULOPOCHIEHO3.
Manvpomayus kuweunuxa (cunue cmpenku). IIpsmvie npusnaxu 8po#cOeHHO20
NUIOPOCMEH03a. YONUHeHUe NPUSPAMHUKA (KDACHbIE CIMPENKU), HECKONIbKO
NOBEPXHOCHIHBIX NEPUCTATLINUYECKUX 80TH NO OOIbULOU KPUBUSHE, BUOUMBIX
00HOBPEMENNO; 8 0OIACIU Yena HCeNYOKa OMMeYaemcs u 2yooKds nepucmona

Puc. 9. Jlesouxa. 12 nem. Cacummanvhas pexoncmpyryus MC KT no3zousis
apmepuanvhasn gaza. Apmepuomesenmepuanvras Komnpeccus. Yeon omxodcoenus
8epxHell OpvloceeuHoll apmepuu (KpAcHas cmpenka) om aopmol (CUHASL CIMPeNKa)
menee 150, pacnonoosicen na yposne L1. Kopuunesas cmpenka ykazvleaem Ha
3aoicamylio medxncoy cocyoucmuvimu cmpykmypamu 12-nepcmnoii kuwiku. Yposeno
npoxodcoeHuss medxcoy cocyoamu 12-nepcmmoul kuwxu — L3-L4
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Puc. 10. [lesouxa. 12 nem. IIpodonscenue cryuas.

Cacummanvhas pexoncmpykyus KT nosouss apmepuanvnas gasa.
Hccnedosanue nposoounocs namowjax

Ha caruTrajbHOM cKaHe CHHUE CTPEJIKU YKa3bIBalOT Ha JKeJy/0K, HaTo-
LIaK COAEpP KA 3HAYUTEIIbHOE KOJIMYECTBO KHUJIKOCTH U HE3HAYUTEIIbHOE
KOJIMYeCcTBO ra3a. KpacHble cTpenKu yKasbIBaloT paciimpenue 12-nepctHoit
KHILKH BBIIIE MECTA CAABJICHUS €€ TIPU ITPOXOXKICHUH MEKy A0pTOM U BEpX-
Hell OpbphKeeuHol apTepueil n paciupenue xenyaka. [IpuBpaTHUK 3usier.

Puc. 11. Jlesouxa. 12 nem. Ilpooonsxcenue cryuas. Ha axcuanonom ckane MC KT
6 NO30HI0I0 APMEPUATILHYIO a3y HALTISOHO 8UOHO, KAK MeXNCOY aopmoll U epxHell
Opwidceeunoll apmepuell (KpacHvle CMpenKu) Maio ocmaemcs Mmecma 0isi COa81eHHOl
Ha amom ypoene 12-nepcmmnoil Kuwku. Bolue mecma odbcmpykyuu 0yooeHym
3HAYUMENbHO pacuupena (CUHss cmpenka)

ITo mepe pocra peGeHKa pacCTOSIHHE IO BEPIIMHBI YIJIa OTXOXKICHUS
BepXHeH OpbDKEEYHOW apTepHy OT aOPThI OyAeT yBEINYUBATHCS, YBEIH-
YUTCA U UCTUHHOE PACCTOSHUE MEKIY 3TUMHU aHATOMHYECKUMU CTPYKTY-
pami, a TaKXKe YKPEIUIEHUE CBA304HOIO allapara U MOsBICHUS KUPOBBIX
OTJIO’KEHUM BOKPYT 12-epCcTHOM KMIIKU TEM CaMbIM yMEHbIIAs IPU3HAKU
apTEpUOME3EHTEPUAIILHON KOMIIPECCHHU.
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3HAYNMOCTh M BaXHOCTH HE TOJIBKO yIJIa OTXOXKACHHS BEpXHEH OpbI-
JKEEYHOH apTepuu OT aOpThl, HO U YPOBHS PACIOJIOKEHUSI MEXKAY ITUMU
AQHATOMUYECKUMM CTPYKTypamMH 12-epcTHOM KHUILKH WJUIIOCTPUPYET
HIDKETIPUBEICHHOE HAOIIOICHHE.

Puc. 12. J/lesouka. 4 200a. Knunuxa bicoxotl KuuieuHoll Henpoxooumocmil.
KT cacummanvnas MIP— pexoncmpyxyus. Pannss apmepuansnas gasa

Yron Mexmy cocymaMu COCTaBisieT 6 TpaaycoB (CHHHE CTPEIKH).
CreHkn 12-mepCTHOW KHUIIKK OTEYHBIC, PACIIMPEHBI, COXPAHIETCS ameK-
BaTHOC HAKOIUICHUE CIM3UCTOW KOHTpacTa. 12-MepCTHOM KUIIKH 3a’Kara
MEXIY COCYIaMH, B €€ IPOCBETE IOSBIIOTCS IICEBIOKAIIOBEIC MACCHI
(kpacHbIe cTpenku). YpPOBEHb PaCIONIOKEHHs 12-MepCTHON KUILKA MEXIY
cocynamu L2 (puc. 12).

Puc. 13. IIpooonscenue cnyuas. /leeouxa. 4 cooa.
Knunuxa evicoxotl kuuieunou Henpoxooumocmu
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KT ¢ponransnass MIP-pexoncTpykuus. Panusst aprepuansHas dasa.
Pacrm-pennas jiykoBuna 12-nepcTHOW KUIIKHU (CHHSS CTPENKa), B €€ Mpo-
CBETE Ta3 M OCTaTKU IHIIH, ICEBIOKAJIOBbIE MACCHL; JKEJIYAOK CIIAaBLIMNCS,
mpaBasi JKeIMYIOYHAs apTepusi HICT BIONb OONBIIONW KPUBU3HBI JKEITyAKa
(KpacHbIE CTPEJIKH); B IPOCBETE JKEIYKa — a3 U OCTATKU MULIHU (OpaHKe-
BbIe cTpenku) (puc. 13).

Puc. 14. /lesouxa 6 nem. MIP-pexoncmpykyuu. Knunuueckue npucmynwl 6onei
«HeACHOU DMuono2uny. ApmepuomeseHmepuanbHas KOMnpeccus
3a cuem nPoBUCAHUsl YOTUHeHHOU 1 2-nepcmuotl KuwKu

B axcuanbHOM U caruTaabHON MPOEKLUAX II0KAa3aHO PACCTOSHUE MEKIY
BepXHel OpbDkeeuHo aprepuedt u aopToi (3.5 Mm). 12-nepcTHas KHUIIKa
0003HauCHa CHHUMH CTpeikaMu. [IpokcnmanbHee MecTa CHKaThs MEXIY
cocynamu JIITK pacmmpena, comepKuT )XUIKOCTh; TUCTAIbHEE — CIIaBIla-
sicst. B skenynke octarku nuimy u Bo3ayX. [IpuBparnuk 3usiet (puc. 14).

B o

Puc. 15. [lesouxa 6 nem. MIP-pexoncmpyxkyuu. [Ipooonscenue ciyuas
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B03MOXXHOCTh aHATOMHUYECKOTO YIJIHHEHUS], «IPOBUCAHU» 12-miep-
CTHOW KHIIKH TOXKE MOYKET JIEMOHCTPHPOBATH a0PTO-ME3CHTECPHAIbHBIN
KOH(JTHKT.

3.2. Accommanusa AMK
BrlmepacmonoxeHHble peKOHCTPYKIHH (pHC. 15) 1eMOHCTPUPYIOT KOM-
MIPECCHUIO JIEBOI MOYEYHOM BEHBI IPU MPOXOXKACHUU MEXKYy A0PTOH U BepX-
Hell OpbbkeedHoM aprepueit — cumnroM LlenkyHuunka.

Puc. 16. /lesouxa 6 nem. I[Ipodonscenue ciyuas. Ilokazano paccmosnue
MedHcOy aopmoil U 6epxHell Mezenmepanvhol apmepuell. Bvisedeno mecmo
npoxoNcOerus Medxicdy Humu 1egotl noueyrnou apmepuu. Cocyo 4acmuyuno
KOMUPUMUPOBAH, UMO BbI36AI0 PACUIUPEHUE €8Ol IOXAHKU

ITo manueiM KT paccrosiHue MeXy aopToil U BepXHEW OpbhKEeeUHOU
apTepuu B MECTE MPOXOKJCHUS AYOIEHYM COCTaBisIeT 3.5 MM (CKaHBI U
3D-pexonctpykuusi, puc. 16). Ha carutanbHOW PEKOHCTPYKIIMU YETKO
BUJHO YpOoBeHb L4.

Manbporanus npaBoil IOUYKM — 4acTO BCTpedaeMasl acCoLUalus Cpeau
HaOI0-1aeMOoil HaMH TIPU BEIOOPKE MAIIMEHTOB B JCTCKOM BO3pacTe.

3.3. IIposiaenust AMK B pe3yibTare nprno0peTeHHbIX 32001eBaHUI
[Ipn 3HAYUTETHPHOM YBEIHYCHUH MOMKEIYIOTHOW >KENe3bl JI000Tro
reHe3a, OHA OTTECHSET BEPXHIOI OPBDKECYHYIO apTepHIO K3aIH, YMEHB-
[IaeT PACCTOSHHUE MEXIy HEI0 M a0pTOd. Tak Kak TOPHU30HTAIbHAS YacCTh
12-nepcTHOM KUIIKHU JIEKUT B bursa omentalis 1 IpOXOUT MEXKITY dTUMHU
COCYyIaMH, TO OHA CIaBIIMBACTCS, BO3HUKACT COCYAUCTAst KOMIIPECCHSL.
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B Huwxe npusopumom citydae (puc. 17) 3HaUMTENBHO YyBEIUYEHHas
MOJDKEITY-TOYHAsl JKelle3a 3aHMMAeT NPAKTHYECKH BCE CBOOOIHOE MPO-
cTpaHCcTBY B bursa omentalis. [IpeacraBiiseMble CKaHBI BBITIOJHEHBI B
mo3Hel apTepuanbHOi (haze, MOATOMY MODKEITYJOUHAs KeJe3a ycIena
XOpOIIO HAKOMUTh KOHTPACT, W KHUCTOBUIHBIC OOpPA30BAHHS XOPOIIO
BU3yaJIu3upyroTcsa Ha ee Qone. [lopkenynounas xeje3a 4aCTUYHO KOM-
MpUMHPYET 12-MepCTHYI0 KUIIKY U OTTECHSET ee JlaTepaibHo. Ompene-
JISIeTCS CMEIEHUE BepXHEel OpblkeeyHol apTepuu k3aau. [IpocTpaHcTBO
CYMKH HACTOJBKO TUIOTHO YIMAKOBAHO IOKENYJOYHOM >Kelne30H, 4To
aopTa BIUIOTHYIO NMPHJIEKHUT K TETy MO3BOHKA. PaccTosiHMe MeXIy HEIo
1 BepxHel OpbDKEeeUHOH apTepuei (JKenTas CTpelKa) CTAaHOBUTCS MHUHU-
MaJIbHBIM U cocTaBisteT 3-4 mm. OnpenensieTcs U yMepeHHas KOMIIPECCHs
nopranbHO# BeHBI (PV).

Puc. 17. Mysicuuna. 34 cooa. LJucmaodenoma nooiceny0ouHol dcenesul.
Axcuanvuvie ckanvt KT 6 apmepuanvuyio gasy

Pa3nble 3a0oneBaHUsT MOTYT PEHTICHONOTHYECKU JEMOHCTPUPOBATH
MOXOXKYI0 KapTHHY KakK B IMPUBOAMMOM HIDKE KIIMHHYECKOM CIydae Haru-
€HTAa, MIEPEHECIETO ASCTPYKTUBHBIIN naHpeatut (puc. 18).

IIpn necTpyKTHBHOM MaHKpPEaTHUTE B ClIydae OOpa3OBAHUS KPYIHBIX
KHCTO3HBIX TOJIOCTEH M (UOPO3HBIMU M3MEHCHHUSMH B MapanaHKpeaTHye-
CKOH KJIeTYaTKe MEHSETCS] apXUTEKTOHUKA COCYIOB.

ITo maHHBIM JHTEPATypHI, YACTOTA COCYIHUCTHIX OCIOKHCHUI NMaHKpea-
trTa coctanisier 1,2-14% [25; 26; 27].

[Tpu XpoHIYECKOM MTAaHKPEaTUTE TAKUE OCIOKHEHHUS BCTPEIAIOTCS JaIle
(7-10%), mexenu mpu octpoM (1-6%). OOmmIas cMEpTHOCTE OT KPOBOTE-
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YEHUH IIPU OCTPOM INaHKpearute focturaer 34-52%, u 3TO 3HAUYUTEIHHO
BBIIIIC, YeM Y TIAIIMEHTOB 0e3 KpoBoTeueHwus [25; 26; 27].

PazBuTHe nIceBnOaHEBPH3M BEpXHEH OPBDKECUHOI apTepUH CBS3BIBAIOT
C HemocTaTkoM aib(dal-aHTuTpuncHHa. B HacTosIIIee BpeMs MCeBIOAHEB-
PHU3MBI BepXHEH OpbDKECUHOH apTepHy B IBYX U3 TPEX CIIydacB BCTpeEda-
I0TCS cpeid My 4uH. VX BbIsIBIIEHUE ABJISETCS TPYAHON IUArHOCTHYECKON
JUIEMMOM, 4TO 00YyCIOBIIEHO, C OAHONW CTOPOHBI, OTCYTCTBUEM KIMHUYE-
CKOIl CUMNTOMATHKH, a C JPYroil — BEICOKOM BEPOATHOCTBIO JICTAIBHOIO
UCXO/la B Cllydae pa3pblBa ICEBAOAHEBPU3MBL. CUHUTAETCS, YTO pa3phIB
HUCTUHHOM aHEBPU3MBI — SBIEHHUE PEAKOE, a Pa3pbIBbI IICEBIOAHEBPU3MbI
npoucxoat vamie. JletanbHOCTh Ipu pa3pbiBe Koebnercs ot 25 g0 100%.
JlmarsocTuka 1ceBaoaHeBpU3M BUCLIEPAJIBHBIX apTepuid 3aTpynHeHa. [lpu
PCHTTEHOIOTHYECKOM HCCIICIOBAHUH €€ OOBIYHO IMPHHHMAIOT 33 KHCTY
MODKEITYIOYHON JKENe3bl WIM HHTPAMYPaTbHYIO IT00POKaYeCTBCHHYIO
OIyXOJIb JKeIyJKa. B ominyne oT aHeBpU3M CEJIE3EHOUHBIX U IIEYEHOUHBIX
apTepuii HanOoJiee YacTOM NMPHYMHON aHEBPH3M BEpXHEH OpbDKECYHOMN
apTEPHH OCTACTCST MH(EKITHSL.

Puc. 18. Myscuuna, 50 nem. Ilcesooxucma npunexcum Kk apmepuu (CUHsSL CMpenKa),
a hepmenmbl naHKpeamuuecko2o coka 6bi3blearom appo3uio ee CmeHKu
U KpogomeueHue 8 npoCceen Kucmul

Kucra no nepudepun 3anoaHuiack TPOMOOTUYECKUME MaccaMu (JKeJ-
Tas CTpeNKa), HO B €€ LIEHTPe coXpaHseT KpoBOTOK. [Ipu coobiieHnn nces-
JIOKUCTBI (KpacHble CTPENIKU) C IVIABHBIM MAHKPEATHUECKUM IMPOTOKOM
KpOBBb yepe3 OobIon cocok nBeHaanarunepctaoi kuku (BCIAK) moxer
MOCTYNATh B IIPOCBET.
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Puc. 19. Kanvyunayus cmenku nces0OKUCHbvl OKasvléaem 00ONOIHUMENbHbLU dpghexm
npu coagaueanuu 12-nepcmuou KUWKY U modice Kax 0moenbHulil SHAUUMbIL Gakmop
yuacmeyem 8 peanu3ayuu cocyoucnozo KOHPAuKma

Cpenu NOXXHUIIOTO HAaceJeHHUs BO3PACTACT KOJMUECTBO JIOKHBIX aHEB-
pu3M npu nankpearutax (puc. 20).

Puc. 20. Kanvyunuposannas nceg0OKUCmMa noONCeryO0UHO JHcenesbl,
MHOJICECMBEHHbLE KOHKpeMeHmbl no x0dy Bupcyneosa npomoxa. Icesdoanespusma
6epxHell OpbIdICeeUHOU apmepu OCI0ICHUBULASICS. KPOBOMEYEHUE 8 NCEGOOKUCIY

W3meHeHre BO B3aMMOIIONOKEHUH COCYIOB B CBA3M C (UOPO3HBIMH
M3MEHE-HUSIMU B IapanaHKpeaTHYecKol KIIETYAaTKE CO BPEMEHEM TOJIBKO
YCYTYOJISIFOTCSL.

[TpuuuHO# nepBUYHON 00pamaeMoCTH B HAOIIOMAaeMON HAMH TPYTIIe
MAIMEeHTOB 3HAYUTENbHast 10 (24 manueHTta) ObulK KayoObl Ha TodYed-
Hyro maronoruto. Bo Bpems mposenenuss KT oOcienoBaHus BBISBICHHE
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MIPU3HAKOB JYOJEHAIbHON KOMIIPECCUU COCYIaMH 4aCTO OKa3bIBAJIUCh HEO-
JKUIAHHOCTBIO, T.K. KJIMHUYECKH Ha IEPBOM MECTE IPEAbABIUIUCH IpyTrue
KaIOOHI.

[Ipn maronornu 3a0pIOMIMHHOTO TIPOCTPAHCTBA, HAIPUMED, THAPOHE]-
POTHUYECKOH TpaHC(HOPMAIHS ITOYKH, MOJIOKEHHE COCYIUCTBIX CTPYKTYP
MOXET MEHAThCS. MOXET MPOUCXOAUTH Oojiee MM MEHEe BbIpaKeHHas
KOMIIpeCCHs HUYKHEH MOJION BEHBI CO CONIMKEHUEM BEpXHEH OpbIKEeeUHON
apTepuu C aopTOi, MEXJy KOTOPBIMM «3a)kaToi» okas3blBaeTcs 12-mep-
CTHasg KuIIKa. YeM MOJIOKe MAIMeHT, TeM OoJiee SIPKO KIMHUYECKUA DTO
TIPOSIBIISIETCSI.

B Hmxe mpuBencHHOM ciydae peOeHKa 8 JeT ¢ BBIPaKCHHBIM THIPO-
Hedposzom. Kimnnuuecku npeodnagany mpu3Haky gyoaeHocTasa (puc. 21).

Puc. 21. Aopma-kpacnasa cmpenka. Bepxuas 6pvioiceeunasn apmepust —
eonybas cmpenka. 12-nepcmmnas Kuwika — cunue cmpenxu

BaxHO OTMETUTB, UTO C-M IIEJNKYHYHKA, TO €CTh CIaBJIEHHE JIEBOM Iouey-
HOMW BEHBI MPU TPOXOXKICHUN MEXKITY a0pPTOH W BEpXHEH OpbDKEeUHON apre-
pueii Bo MHOTUX ciydasix (puc. 21-22) He MposBISETCS KIMHUYECKH, XOTS
paccTosHUE 3TO MOXKET ObITh COBCEM MaJIeHBKUM. MBI CUMTaeM, 4TO 3TO
CIIEICTBUE OCOOEHHOCTEH CTPOEHHUSI CTEHKH MOYEYHBIX BEH U OTHOCHUTEIILHO
MaJIbIM JJaBJIEHHEM KPOBH B JaHHOM cocyze. braronapst uemy yciioBusi OTTOKa
JUTUTEIILHO COXPAHSIOT CTAOMIBHOCTD M HE CTAHOBSATCS. KPUTUYHBIMH.

KomMOuHaius aopro-Me3eHTepHuaNIbHOr0 KOH(IMKTAa U C-Ma IIENIKYH-
YUKa CpeAM HAONOaeMbIX HAMH TAIMEHTOB C KIMHUKOW JyOJeHATbHOU
HEIOCTAaTOYHOCTH BCTpeUuaeTcst 0ojiee 4YeM B TIOJIOBUHE ciydaes (puc. 23).
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Puc. 22. Cunumu cmpenxkamu Ha 6cex CKaHax ommedenad pacuiupernas ebiue Mecma
cyocenus 12-nepemuas kuwika. JKenmvimu cmpenkamu 06031avena pacuiupennas
JIOXAHKA NPABOTL NOYKU, YEeTudeHue KOmopoll 6bI3bl6aen OUCTOKAYUIO HUICHEN
NOJIOUL 8eHbL U BEPXHEL OPbIXHCEeUHOU apmepul, NPUICUMAS NOCLEOHION0 K aopme.
Aopmomesenmepuanshulil y2on cyscer 00 8 epadycos, pacCmosiHue Mexcoy aopmoti
u gepxHell Opuvidiceeutol apmepueli 6 Mecme «NPOCKAIb3bIBAHUA» MeNCOY HUMU
12-nepcmnoii kuwiku cocmaeinaem écezo 3 mm. 12-nepcmuas kuuika maxaice ucnvimuleaem
JIOKabHOE Oa6ieHue YeNudeHHOl 8 00beMe JOXAHKOU NPasoll NOYKU, 6CAEOCMEUE 4e20
ommecusiemcs. dmo ewe bonee ycyayonsiem KIUHUKY 0yooeHocmasa. JKernyook pacuupen

Mbl paccMOTpeNnH yMEHBIIECHHE PACCTOSHUS MEXIy COCYAaMU IpH
OTTECHEHHHU BepXHel OpbhkeeuHol aprepun k3aau. B kiaMHUUecKoil npak-
TUKE BCTPEYAIOTCA U IPyTrHe KIMHUYECKUE CIIydad: KOIZa aopTra cMella-
eTCsl KIepeau, KpUTHYHO MPUOIMKasICh K BEpXHEil OpblKeeuHOl apTepuu 1
cAaBiauBasl 12-nepcTHyIO KULIKY.

AHEBpU3MaTHYCCKHUI MEImOoK (A) OpIONIHOM aopThl PACTIONIOKEH Ha
ypoBHe L3-L5 BrimonHeH TpoMOOTHYECKUME MaccaMi. AHEBpH3Ma pacipo-
CTPAHAETCS OT YPOBHA OTXOXKIEHUS PEHANIBHBIX apTEPHid 10 30HBI IEPEX0aa
aopThl B IOJB3/IOUIHBIE apTepUH. B CBA3M ¢ pacnpoCTPaHEHHOCTBIO aHEB-
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RV Y-
Puc. 24. Mysicuuna. 64 2ooa. Ilosicnenus 6 mexcme
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PU3MBbIL OBUIO BBIMOJHEHO «BBICOKOE CTCHTHPOBAHUC) . CTEeHT Ha MOMEHT
HCCIICIOBAaHMST PACHONIOKEH IICHTPATbHO. YacTHUHBIN KaJbIIMHO3 CTCHOK
aHeBpU3MEIL. [IpelMKTOpOB pa3phiBa aHEBPU3MBI HE BBISBICHO (pHC. 24).

Puc. 25. Ilpooonscenue cryyasa. Ilosacnenus 6 mexkcme

AHeBpU3Ma 3aHUMAET 3HAYUTEIHEHOE MTPOCTPAHCTBO, OTTECHsI 12-11ep-
CTHYIO KHUIIKY (KOPUYHEBBIC CTPEJIKH) KIEPEIU U MPUKAMAsI €€ K BepXHEH
OpbDXKeeuHON apTepun. YIoll OTXOXAEHHs BEepXHell OpblkeeuHOl apTepuu
OT a0pThl, HA00OPOT, yBeauuuiacs. OJHAKO MPOCTPAHCTBO MEXKAY A0PTOM
U BepxHell OpbbkeeyHoil apTepueil Ha ypoBHE MPOXOXKACHHS MEXy HUMU
CY3WJIOCh A0 4 MM, 4TO BBI3BAJIO PEHTITCHOJIOTMYECKYI0 U KIMHUUYECKYIO
peanu3anunio aOpTOME3eHTEPUAIbLHOr0 KOH(IUKTa (puc. 25).

Peanu3zamnms aOpToMe3eHTEpHAIBEHOTO KOH(INKTA Pa3sBUBACTCS y MAIH-
€HTOB ¢ uMdorponrdepaTuBHBIMU 3a00JICBAHUSAMHI U MIPH HAITUYHUN KOH-
IIIOMEPATOB YBEINYCHHBIX JUM(PATHICCKUX Y3JIOB B HEMOCPEICTBCHHOM
ONI30CTH K COCYIUCTBIM CTPYKTYpaM.

Hwxe mpuBOmATCS Ciydal TaKWX MATOJOTMYECKHUX TIPOSBICHHN TPU
mumpome XomKkuHa (puc. 26).

VBenuyeHHbIE TUM(ATHICCKUE Y3Ibl MOSCHUYHON M MEKKHUIICUHOH
rpynm (Kopuy-HEBasi CTpeNKa) BBI3BIBAIOT CHABIMBaHUE 12-mepCcTHON
KUIIKY (CHHHUE CTPENIKHM) HpU MPOXOXKACHUU €€ MEXIY COCYAUCTHIMU
CTPYKTypaMu. AopTa yKa3aHa KpacHOH OykBoit A (puc. 26).

KpymHblii KoHIIoMepar TuMpaTHIecKuX y3710B 3a0pIOIIMHHON U PETPO-Kpy-
PaNBHOI TPy OXBAaTHIBACT A0PTY, OTTCCHSICT BEPXHIOIO OPBDKECUHYIO apTEPHUIO
KIEPEeM 1 YBEIMUMBACT YOI OTXOKACHHUS 9TOTO COCYIIa OT a0pTHI (puc. 27).
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. :
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Puc. 26. Jlumpoma Xoooxckuna.
Konmponvnoe ucciedosanue ociie npogedentoll Kypca XuMuouyyesoti mepanuu.
Iosicnenus 6 mexcme

Age:32 years siFcor
£ "

Puc. 27. Jlumpoma Xooockuna.
ITopasicenue 3a6pPIOWUHHBIX U PEMPOKPYPATLHBIX TUMPAMULECKUX Y3N08.
Toscnenus 6 mexcme

Puc. 28. Jlumpoma Xooxckuna. Ilpooondxcenue cryuas.
Iosicnenus 6 mexcme
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Konrmmomepar mumQaTiHaecKux y310B, OXBaTHIBAIONIHN a0pTy (OykBa A)
W OTTeCHsoNMA e€ Knepeau. PaccTosiHue MEKIy BepXHEH OpbDKeeuHOU
apTepueil (KpacHas CTpeNKa) U a0PTOH 3aII0THEHO KOHTIIOMEpaToM JIMpo-
y3JI0B, yBEJIMYCHO. BepxHsis Opbhkecunas aptepusi (AMS) u HUXKHsISI TIoast
BeHa (IVC) cmemiensl.12-niepcTHast KHIIKa (CHHSISI CTPEJIKA) KOMIIPUMU-
poBaHa B MeCTe MPOXOKIEHHS MEXKIY COCyIaMH. 3Ha4MMas KOMIIPECCHS
12-11epCTHOM KUILKH TPOU3BOIUTCS MPEUMYILIECTBEHHO TUM(aTHueCKUMU
y3namu (puc. 28).

Puc. 29. Jlumppoma Xoosckuna. Iosicnenus ¢ mexcme

[lpn HaMWYMK MEJIKMX MHOYKECTBCHHBIX JUMQATHUECKUX Y3JIOB, HE
CIIMBAIOIIUXCS B KOHITIOMEPATHI TAKOH KOMITPECCHH, HE HaOIIOIACTCsI JaKe
TIpU BBIPAYKEHHOM OTEKe KieTdaTku (puc. 29).

4. BeiBoabI

1. Bo3pact nanueHnTa B coue€TaHUU ¢ TapaMeTpaMu pa3MepoB sIBISEeTCA
MPOTHOCTHYCCKH 3HAYMMBIM MTPH3HAKOM. MBI CBSI3BIBaE€M 3TO C (POPMHUPO-
BaHUEM CBSI304YHOTO armapara TpelIieBoi CBSI3KK U 12-TIepCTHON KHUIIKH,
poctoM camux BHyTpeHHuX opraHoB OBII u yBenuueHueM ux aOCOIIOT-
HBIX pa3MepoOB, MEHSIOLIMX COOTHOIIEHHWE MapaMEeTPOB AOPTHI, BEPXHEH
OpbDKEeyHOW apTepru U IBEHAALATUIIEPCTHOM KUIIKOH. B «urctom» Buzie
apTepuOME3EHTEPHUAIbHAsL KOMIIPECCUSl  JABEHAALATUIIEPCTHON  KHIIKH
BCTpEYAETCs JIUIIb Y HOBOPOIKEHHBIX.

2. Y B3pOCIbIX B MEXaHU3ME PA3BUTHUS 3TOTO KIMHUKO-PEHTTEHOJIOTH-
YECKOTO CHHJPOMa HaOIIONACTCsl MPSMO MPOTHUBOIIONOXKHAS TEHJICHIIUS.
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A WMEHHO: HapacTaHWe KOMIIPECCHH M BTOPHUYHOM AMCIOKAIMN BEpXHEH
OpbDKECYHON apTepyH, MPUYMHONW KOTOPOH SIBISIFOTCS Apyrue (mpuoodpe-
TEHHEIC) 3200JICBaHsI, BBI3HIBACT YCYTYOICHIE KIMHUIECKUX MPOSBICHUIHA
apTeprOMe3eHTepHUaIbHON KOMIIpECCUH. AHAJIOTHYHO, B Cllyyasx cMelle-
HHUE aOpTHI KIEpEeIy Ha YPOBHE OTXOXKICHHS BEpXHEH OpBIKEeeUHOH apre-
PHH, IPUBOIHMT K JIOCTOBEPHOMY CY)KEHHIO YIIIa MEXKIY €10 U BEpXHEH OpHI-
KEEYHOH apTepueil 1 YMEHbIICHUIO PACCTOSHUS Ha YPOBHE MPOXOXKACHUS
12-nepCTHOM KHUILIKH.

3. Bce BBINIEHU3N0KEHHOE TTO3BOJIIET HAM CYUTATh, YTO Pa3BUTHIO XPO-
HUYECKOH MyOoleHAIbHOW HEJOCTaTOYHOCTH MPEIUIeCTBYET IINTEIbHBIN
MIEPHUOJT BPEMEHH, KOTJIa KITMHIUYECKUE CHMIITOMBI HOCST OOIINN U HESICHBIN
XapakTep.

4. CunraeM, 9TO NP OOCIICAOBAHUH NAIIMEHTOB C HESICHBIMH CHUMIITO-
MaMU 00JIeid B OPFOIITHOM TOJIOCTH CIIEIYET 0053aTeIIbHO UCCIIEIOBATh YTOJI
OTXOXKICHHUS BEpXHEH OPbDKECUHON apTepUH OT a0PTHI.

5. MBI mpenmonaraeM, 4TO CHHAPOM COCYIMCTON KOMIIpECCHH Oolee
pacnpocTpaHeH B YEJIOBEUECKOM MOMyALUH, YEM ITO CUUTAETCS ceiyac.

6. CrereHb BBIPaKEHHOCTH Kall00, IPEABBIICMBIX MTAllHCHTAMU,
HanpsMy10 3aBHUCUT HE CTOJIbKO OT yIJla OTXOXJEHHUS OT aOPThl BepX-
Hell OpbDKEeYHOH apTepuu, CKOJIbKO OT PACCTOSHUS MEXAY J3THUMU
cocyaaMH.

7. OTHOCUTENBLHO MO3/IHSS BRIABISIEMOCTh 3TOro cuHapoma (20-40 ner)
CBUJICTEJIBCTBYET O HEJAOCTATOYHOW OCBEIOMIICHHOCTH Bpaded OOICKIIU-
HUYECKOHM CeTH O CTPYKTYpe ITOM MATOIOTHU U MO3IHETO HAIIPABICHHS Ha
00cJIeI0BaHKE.

8. Mbl npeaniaraeéM yuuTbIBaTh BO3PACT NAllMEHTa Kak IPEAUKTOp pas-
BUTHUS a0PTO-ME3E€HTEPUAIbHON KOMIIPECCHH.

9. IIpu B3pocCieHNH Y MaLMEHTOB JETCKOrO BO3pacTa B CBA3U C YBEIH-
YeHUEM aOCONIOTHOTO PACCTOSHHS MEXKIY COCYAHCTHIMH CTPYKTYpaMH H
COBEpILEHCTBOBAHMEM CBA30YHOIO armapara 12-nmepcTHON KUIIKA MOXKHO
OKHMJaTh YMEHBIICHUE KOJIMYIESCTBA U OCTPOTHI MPUCTYIIO00pa3HbIX Oosei
B ciencteun AMK.

10. ¥V manueHToB cTapiieil BO3pacTHOW TPYIIIBI MOXKHO MPEronarath
yCyryOieHne naToaoruu.
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Abstract. Described for the first in 1832, Hodgkin’s lymphoma represents
4% of all newly diagnosed malignant tumors in Ukraine. The incidence rate
is 2.4 per 100,000 population / year and constitutes 1% of all malignant
neoplasms. The incidence rate is higher in men (1.4: 1) and two peaks of
morbidity of aged 15-30 and older than 55 are recorded. AIDS patients
are 8 times more prone to disease. Lymphogranulomatosis (LGM) is an
intermediary between cancer in non-infected patients and systemic blood
diseases, therefore requires a special approach in treatment. In recent years
clinical medicine has had remarkable success in treating patients with close
illnesses; but the results of treatment depend largely on early diagnosis. If the
disease is detected at an early stage, a complete cure is possible.

The main objectives of CT studies in the prevention, diagnosis and
treatment of lymphoproliferative diseases:

1. Primary diagnosis of isolated forms;

2. Stages 1 to 4 [2] (B-systemic symptoms, E-extranodal lesion);

3. Evaluation of treatment results;

4. Control of relapses;

5. Monitoring the state of residual mass.

Most affected with Hodgkin’s lymphoma are the mediastinal lymph nodes
(60%), less commonly are cervical, bronchopulmonary (20%) and at hilum.
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We conducted a study to identify the primary location of the lesion and
determine its involvement in the pathological process in 156 patients with
HL. The mean age of the patients was 60. Studies have been conducted
with a duration of the disease of several months to 10 years. The stages of
the disease have been evaluated according to the principles of international
classification.

The studies were conducted using “Toshiba Asteion Super-4” 4-slice
computed tomography scanner, “Toshiba Aquilion 64 64-slice CT scanner,
“Philips Intera 1,5T” MRI. In nearly all patients, the data obtained have
been confirmed. In all patients, abdominal organs and retroperitoneal space
were examined. Examinations were repeatedly conducted: before and after
chemoradiotherapy. In most patients, the diagnoses were histologically
confirmed.

1. Beryniienue

BriepBrie onmcannas B 1832 1. mumdpoma XomkkuHa cocTaBiseT 4%
CpeIu BCeX BIICPBHIC BBIABISICMBIX 3JI0KAYCCTBEHHBIX OIyXOJleH B YKpa-
nre. Yacrora 3abonesaemoctr 2.4 Ha 100 000 HaceneHHs/TOIL M COCTaB-
nseT 1% Bcex 370KaueCTBEHHBIX HOBOOOpa3zoBaHUN. My>KUHMHBI 0OJIEIOT
yame (1,4:1) u cymecTByer aBa nuka 3aboneBaeMocTd Bo3pact 15-30 u
ctapiie 55 net. [Tanumentsl, nanuentsl co CITM oM, 3a0oneBarot B 8 pa3
vamie. Jlumdorpanynemaros (JI'M) 3aHuMaeT MpoMexXyTOUHOE MOJIOXKE-
HUE MEXKIY PakoM y HE MH()HUIMPOBAHHBIX MAIUEHTOB[1] U CUCTEMHBIMU
0oJIe3HsIMH KPOBHU U TpebyeT 0co0oro moaxoa K JedeHuro. Kinnanyeckas
MEIMIIMHA B TIOCIIEHUE TOMABI JJOOMJIACh BBIIAIONIUXCS YCIIEXOB B 00ia-
CTH JICUCHUsI OOJBHBIX C MOJOOHBIMHU 3a00JICBAHUSIMH, OJHAKO PE3yIBTaThI
JICYEHUsI B 3HAUUTENIBHOW MeEpe 3aBUCAT OT paHHEW NHAarHocTUkU. [lpu
BEISIBJICHUH 3200JICBaHUS HA paHHEH CTaIuH BOZMOKHO TIOJTHOE H3JICUCHHE.

Ocuosusle 3agaun KT nccnenoBanmii B mporUITakTHKE, THATHOCTHKE U
nedeHnu JuMdonponrdepaTuBHBIX 3a00JICBaHUIH:

1.IlepBuuHast UATHOCTHKA H30JUPOBAHHBIX (POPM.

2.CragupoBanue 1-4 [2] (B-cucremuble cumnTomsl, E-akcTpaHonaib-
HOE TIOpaXkeHHeE).

3.011eHKa pe3yabTaToB JICUEHHUS.

4. KOHTpOJIb pELUIUBOB.

5.KoHTpoIb cOCTOSIHUS OCTATOYHBIX Macc.
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ITo manneM TuTepartypsl [3], mpu mumpome Xomkkuaa Hanbomee gacto
nopakarorcst TuMdaTudeckue y3iabpl MeanacTuHanbHble (60%), meiHble,
peke OpoHxomynsMoHaIbHbIE (20%) 1 KOPHEBBIE.

Hamu ObUTO MPOBENEHO KCCIIEAOBAHWE UIS BBISIBICHUS TEPBHYHON
JIOKAITU3aI[MK TTOPAKEHUS U OTPEJICICHUE €r0 BOBJICUCHHUS B MATOIOTHYE-
ckuii iporrece y 156 6onpabIx ¢ HX3J1. Cpennuii Bo3pacTt 00ciieI0BaHHbBIX
nanuenTos 60. MccnenoBanus ObLIN MPOBEEHBI C JUIUTEIBHOCTHIO 3a00I1e-
BaHUA OT HECKOJIbKUX Mecsanes 10 10 mer. Craguu 3a001eBaHus OLlCHUBA-
JIach MO MPUHLIKIIAM MEXAYHApOJHOH! Kinaccupukanuu [2].

HccnenoBanmss ObUIM TIPOBEAEHBI Ha 4-X CPE30BOM KOMIIBIOTEPHOM
tomorpade Toshiba Asteion Super-4, 64-x cpe3oBom KT Toshiba Aquilion
64, MPT Philips Intera 1,5T. IlpakTrdeckn y BCeX MallMEHTOB 3aKJIIOUCHHUS
ObUTH BepU(PHUIUPOBAHBI. Y BCeX OOJBHBIX 00CIEIOBAIUCH OPTaHbl OPFOII-
HOW TIOJIOCTH, 3a0pIONIMHHOrO mpocTpaHcTBa. OOCieoBaHHUsS TPOBOIH-
JIFICh MHOTOKPATHO: JI0 U TIOCJIe XUMHUOIYyYeBOH Teparnun. Y OOJIBITHHCTBA
MAIEHTOB TUArHO3bl BEpUDUITUPOBATUCH TUCTOIIOTUYECKH.

2. Pe3ynbTaTsl HCCIeI0BAHAS

[TepBuunbIii omyxoseBbiit ouar mpu HX3J1 pa3BuBaercs B 1000M opraHe,
coaepxaiieM JTUM(OUIHYIO TKaHb, M Yallle BCEro, BO3HUKAET B JIUM(paTH-
yecKux y3iax — 48,2%, pexe B Ipyr'ux opraHax: B jK€JIyJOYHO-KUIIEYHOM
tpakte (OKKT) — 13,8%, B xonbue Banpaeiiepa — 9,2%, B koctsx — 8,6%, B
Koxke -7,4%, B B MATKHUX TKaHsIX — 3%. YacToTa SKCTpaHOaIbHBIX MTOpake-
HUHl (TIeueHb, cee3eHKa, MOMKEIyI0UHas JKene3a, MOYKH, HAAOUYeUHUKN
BapbUpyeT B MHPOKUX mpenenax: oT 4,1% no 48%). KT kapruna skcTpa-
HOnanbHBIX nposiBrienni npu HX3JI pasHooOpaszHa u He Bcerja nMeeT BeCh
KOMIUIEKC XapaKTEePHbBIX MTPU3HAKOB.

BwMmecre ¢ TeM, coueTaHne MOpaKeHHsl OTAEIIBHBIX OPIraHOB U YBEJIMUYEHUE
TM(pOY3TI0B BCera XapakTepHO ISl HeXOLKKUHCKUX JuMbom [1; 4]. Taxk,
HampuMep, TPH KOMITBIOTEPHO-TOMOTPA(HIECKOM FHCCIIECIOBAHUH HKEITYIKa
npu KT-uccnenoBanuu nokanbuble v auddysusie popmbl HX3J BRIABISITICH
Ha cpe3ax B Buje yronmieHus (Oonee 8§ Mm) U aedopMarii CTEHOK, Kak 10
Hapy>KHOMY, TaK U [10 BHyTpEHHEMY KOHTypaM. [Ipu 5ToM nopaskeHue xKenyaxa
HE BCEIa COMPOBOXKIATIOCH PETHOHAPHON JTM(OaeHONAaTHEH, a Jare BCero
B 00JIaCTH BOPOT KEIYJKa U IIEYCHH OINPENeIUINCh MHOYKECTBEHHBIC MEITKUC
MIAKEThI YBEIMUCHHBIX JIUM(OY3IIOB 10 6-8 MM B Auamerpe (puc. 1, 2).
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Puc. 1. Ha cepuu ckanog 8ulpasiceHuas uHGUIbmpayus causucmou 000n0uKku
U NOOCUZUCINO20 CNLOSL ADOOMUHATLHO20 OmOeNa NUesood,
KapouanbHozo u cyoKapouanbHo20 0moenos HcenyoKka ¢ ymonujeHuem ux.
B 6uonmame nocne D@I'JIC oannvle 6 nonvzy MALT-numgpomvr

Puc. 2. Ha cepuu KT onpedensemcs ymonujenue causucmoi 000104KY HenyoKd,
YEMKO NPOCIENCUBACICS SPANUYA CUSUCTNOU O UHIMAKIMHOZ0, MOHKO20 U POBHO20
NOOCIUUCTOZ0 U MBIULEYHO20 CLOSL. DHOOCKONUA-30KAYECMBEHHAS TUMPOMA

[Ipu nopakeHUH MEYEHHU TernaroMerayins OOHapyKHBalach MpaKTHYe-
CKH y Bcex OosibHBIX obOciemyemoii rpynnbl. B 60% OoJbHBIX B Me4eHU
BBISIBJIGHBI OYaroBble M3MEHEHUS. BU3yann3upoBaiuch Kak eIUHHYHBIC
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TaK U MHOXCCTBCHHBIC TUIIOMHTCHCUBHBIC OYaru pasjnvHoOro auameTpa,
YaIe BCEro ¢ HeYETKUMHU KOHTypaMu. [IIOTHOCTh MEYeHU CHHIKAIACh [0
40-45 En.H (mpu HOpMe 55-60 Ex.H).

VBeNnnuuBaeTCs B pazMepax Takke cele3eHKa. B cTpyKType cene3eHKH
OIPE/IEIISUTUCh 04Yaru pasHbiX pa3mepos ot 0.5-2.0 cM 10 Gosiee KPyIHBIX.
IToBepXHOCTD CEIEe3EHKH CTAHOBHIACH OYTPUCTON.

Puc. 3. Boipadicennas cnienome2anusi ¢ MHO2004a20601U UHGUIbMPayuell napeHxXuMbl
Cene3eHKu, NePUIUEHANIbHO20 NPOCMPAHCMEA U OPIOWHOU CIEHKU.
Veenuuenue naxosvix mumehoysios ¢ 08yx cmopou

Puc. 4. Yuepennas cnnenomezanus u nopasicenue 3a6prouunbIx aumgpoy3nos
u UMPOY3106 60pOM nevenu
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3HAUNTEIHHO YBEIMYMBATIACH TPYIMIa BHYTPHOPIONIHBIX JUM(OY3I0B
(>1.5-2.0 cm). Yame Bcero oHU 00pa30BBIBAIM KPYITHBIC KOHITIOMEPATHI,
KOTOpPBIC pacIiojarajiuch y BOPOT IIEUCHH, CEIE3CHKH, B IapalaHKpeaT-
YEeCKOW KIIeTYaTKe, BIOIb KPYITHBIX COCYIUCTBIX CTPYKTYP aOpTHI, HUKHEH
TI0JION ¥ BOPOTHOH BeH (puc. 3, 4).

[akeTsr 71/y370B ONMpEAESUINCH TaKke B OOJACTH HAAIIOYCYHUKOB U
nouek. [Ipu B/B KOHTpacTUpOBaHUH J1/y37bI ClIA00 HAKAILIMBAIH KOHTPACT.
B otzaenbHble 1/y31aX OTMEYAIUCh YYACTKH HEKPO3a, HE HaKarIMBaroIIue
KOHTpacT. THOTJa KOHITIOMEPAThI JI/Y3J710B BU3YaITU3UPOBAIUCH KaK OITyX0-
JeBUHOE 00pa30BaHuE C OyTPUCTOI MOBEPXHOCTBIO HIIH C yUaCTKaMH pa3-
PSPKEHHBIX KPYITHBIX KOHITIOMEPATOB, YTO IIPUBOJIMIIO K 3aMETHOMY CMEIIE-
HUIO M CIaBJIMBAHUIO COCYIOB OPIOIIHOW MOJIOCTH, JKEIY/IKa, KAIIICYHUKA,
MOYEBOTO My3bIpsi. Baxkao noguepkuyTh, uto KT mo3BossieT BoIABUTH Han-
0oJiee U3MEHEHHBIE JI/y3J1bl, ONPEICIIUTh UX IIYOHHY, 3aJICTAHUE U TOYHOE
pacroJoKeHHe, OTHOIICHHE K IPYyTHM OpraHaM, YTO JaeT BO3MOXKHOCTD
Ooree IeNEHANPABIEHHO OCYIIECTBISATh JOKAIBHYIO JIyUeBYIO TEpPaIHIo,
CIIeaUTH 32 e¢ (P (HEKTUBHOCTHIO

[opakeHne MOIKETYIOUHON >KENe3bl HANOMHHACT IMOPAKCHHE IPU
XPOHMYECKOM TMaHKpeaTUuTe, HO NpU JUMQpOoMax OTMEUaeTCs HaKOIJICHHE
KOHTpacTa B 30HE JIOKAJU3AILMK OIYXOJIEBOTO KOHIIOMEpara ¢ HaJlu4ueM
TOHKOTO 0007Ka BOKpYT (puc. 5) [5; 6; 7]. MHoraa noBblmieHUE IUIOTHO-
CTH OTMEYaJIOCh M BCEH TKAHU MODKETYJOYHOH KeJIe3bl, YTO YKa3bIBAJIO
Ha JUTMTENBHBIA MPUEM IUTOCTaTUYECKUX MpenaparoB. Breicokodddek-
TUTBHBIM METOJOM OKa3aJIO0Ch KT IIpy¥ BTOPUYHOM IMOPAKCHUU HAAIIOYCH-
HuKOB y OombHBIX ¢ HX3JI. [Ipu 9TOM OTMEYanoch yBeanueHHE pasMepoB
Ha/AMTOYCIHUKOB, JTHOO TTOSBICHNAE 0YaroBbIX 00pa30BaHMH.

BricokoadextutBHEIM MeTomoM okazanock KT mpum BTrOpmuHOM
MOpaXeHUH HaMmouYedyHUKOB y 0ombpHBIX ¢ HX3JI. I1pu aTomM oTmMeuanock
YBEIIMYCHUE Pa3MEPOB HAIITOUCYHHUKOB, JINOO ITOSBIICHUE 09aroBLIX 00pa-
3oBaHmid. Crienuduueckne MOopakeHHs! MMOUeK HAOIIONAINCh B HE3HAUH-
TEJIHHOM IPOLIEHTE MauueHTOoB. [Ipu 3TOM 00HapyKUBaIOCh YBEIMUYECHHE
pasMepoB oprasa, 1n00 ONPEAeNAIUCh OYaru, pa3InyHble MO MIOTHOCTH.
3avacTyto BOJM3M TMOPaXEHHOTO OpraHa PEerucTPUPOBAINCH YBEIUYEH-
HbIe TUM(DOY3IIBL.

bonee uerko KT gaet BO3MOXXHOCTH BBISIBUTH OIIyXOJIEBOE MOpaXKe-
Hue kumevnuka [8]. Jlumpoma KuIIeyHuKa mpeacTaBiIsieT co0oi Heoll-
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Puc. 6. [locne 6Hympugenno20 60110CHO20 KOHMPACMUPOBAHUA 8 BEPXHEM Ce2MeHMme
npasoil NOYKU MACCUBHDLIL Y4ACMOK TUMPOUOHOU UHDUILMPayuU
¢ HeuemKkuMU KOHMYpamu, He HaKAnIugaowuil KOHMpAcmHoe 6eujecmeo,
PaAnpoCmpanaWUIcs 8 NepUIUeHaIbHOe NPOCMPAHCTNEO

Puc. 7. Tom sce nayuenm nocne Kypca xumuomepanuu uepes 3 Heoenu
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Puc. 8. Ha cepuu KT ommeuaemcs maccusnas nponugepayus umpouoHoi mranu
3a0PIOWUHHO20 NPOCMPAHCMEA, NOJOCIMU MA3A U NOOE300WHOL 0OIACMU CNPaAsd, d
makdice conUOHoe MASKOMKAHHOE 00pa308anue NepupenaibHo20 NPOCMPAHCMEA Cledd

HOPOJHOE 00pa30BaHKE PA3IUUYHBIX pa3MepoB U MIOTHOCTH. OHa pas-
BUBAECTCS M3 JIMM(POUTHON TKAHH MOACIU3UCTOTO CIIOS CTEHKH KHIIIKH,
mpopacTaeT B CIU3HUCTYI0 OOOJIOUKY C OOpa3OBaHUEM SI3B M TaKXKe
MOJKET MPOPacTaTh B CEpO3HYI0 000m0uKy. [Tockonbky nuMdoma xapak-
TEPU3YCTCA MECTHBIM MHBA3UBHBIM POCTOM, OHA 4aCTO METACTAa3UPYECT B
peruoHapHbie TUM(PATUYSCKHUE Y3IIbl, 3aTEM B CEJIC3CHKY U OoJiee OoT/a-
neHHble obnacTu (puc. 9).

Puc. 9. Veenuuenue aumgoysnos 6pwidicetixu,
nopaicenue cienoll KUK U yeenudenue 3a0pIouuHHbX TUMpoy3nos
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B xome obcnenoBanns manmentoB ¢ HX3J1 onpenensinack 3(pekTHBHOCTR
npoBOIMMON Teparnvi. Hamu ObUTo ycTaHoBjIeHO, uTo 1/3 marmeHToB jocTta-
TOYHO OBLIO 2-3 KypCOB XHMHOTEpAIUs JUIl YMEHBICHHS J1/y370B. OIHAKO,
B IIEJIOM HEOOXOIMMO TIPOBOIUTE 5-6, @ MHOTIA U 8§ KypCOB XUMHOTEPAITHH, a
HEKOTOPBIM TAIMEHTaM TIPOBOIUTD JIOKATLHYTO JTy4deByto Tepanuto (puc. 10).

Puc. 10. Cocmosnue numgpoysnos 00 u nocie Kypca 1yuesol mepanuu

ITpu HX3JI B omyx0s1€eBblii IpoLiecC MOMKET BOBJIEKATHCsI ILIEBpa. Yalle Bcero
CKOIUICHHE YKUJIKOCTH B IUICBPAJILHOM TOJIOCTH, HAOMFONACTCS Y TIAIMEHTOB C
9acTO PEIUIMBHPYIOIINM TIPOIIECCOM M TeHEpaIM3aIMeH OITyXOJIEeBOTO Ipo-
niecca. Kpome Toro, sKHUIKOCTh MOXKET HaOIMoaThes B riepukape (puc. 11, 12).

Puc. 11. Pacnpocmpanennsiii iumghonponughepamueHsiii npoyecc epyoHot Kiemku
¢ KOHMAKMHBIM NOPAdCEHUEM NNEBPbI, Ne2KUX, TUMPOY3N06 CPEOOCHEHUs
U 180l aKCUaIbHOU obnacmu, nepukapoa
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Puc. 12. Tom orce nayuenm - nopadicenue ouappazmol, sHeeryoKkd, nuyesood, MoHKoU
u moncmou kuwikuy, oprownol cmenxu. CocmosiHue nocie CnieH3KmoMul U pe3ekyuu
kuwteynukallpu smom credyem o6pamume GHUMAHUE HA HATUYUE YEENULeHHIX
J/V3108 8 Cpedocmenul U Ha cneyuguyeckoe nopasicenue necounou mxanu [1]. Hanuuue
JHCUOKOCIU 8 Nlespe U nepuKapoe 2080pum o nioxom npocrose. Y nayuenmos HX3J1
8 OPIOWHOL NOTOCMU MAKIHCE HEPEOKO ONPeOeiemcs dCYumudeckas H#HCUOKoCmy

(a) Ilapampaxeanvrvie 1/y

4

|

Y, N\

(b) Pempoxpypanvhvie 1/y
Puc. 13. Jlumgppoma Xooxckuna
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(a) KT be3 ycunenus. (b) KT ¢ ycunenuem.
Konenomepam pempocmepnanohoix 1/y. Ilepeonee cpedocmenue

Puc. 15. Jlumgpoma Xooockuna

- e ! ] . | i

Puc. 16. Jlumpoma Xooockuna: (a) [lpesackynapvie. 1umgoysivl;

(b) meouacmunanvhas gopma (<necounviit> pesxcum); (c) Meduacmunanvras gopma
sepxHee cpedocmerue. MHosxiecmeo ysenuuennvix n1/y (MAeKOMKaHbIll pexcum)
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Taxem numehoyznoe nioxo (a) meouacmunanvras gopma,
oughepenyupyemvix mesxncoy 6epxiee cpedocmenue
coboii (medcdy 0yeoll aopmul u
MeOUACMUHATLHOU NI1esPOil)

Puc. 17. Jlumgpoma Xooockuna

(a) Ilapampaxeanvhvie rumpamuyeckue yanvl, (b) bponxonynvmonanroHvie 1/y;
(¢) Tpaxeobponxuanvhvle u Gugyprayuonnvie TuMpamuyeckue y3ivl
¢ Komnpeccuell u deghopmayueti mpaxeu (CpedoCmeHue pacuiupeHo)

Puc. 18. Jlumgpoma Xoosickuna

- . ’1 6‘ a
| | . |
a b
(a) Ysenuuennvle, ¢ menOeHyuell K CIUAHUIO MEOUACMUHATIbHbLE /Y,
epanynemvl  necounoli mxauu,; (b) Jlecounwiil pucynox ycunen, oegpopmuposan.
B neckux MHOdMCECNE0 MENKOOUALOBLIX 00PA308AHUTL OKPY2NOll opmbl
MACKOMKAHOU NIOMHOCIU C YeMKUMU POGHBIMU KOHIMYPAMU.

-

Puc. 19. /lumgpoma Xooowckuna. Meduacmunanvro-iecounas opma
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Puc. 21. JTumgppoma Xooockuna. MCKT — aneuoepaghus.
Pacnpocmpanernue Ho6000pazoeanus Ha nepeonee,
cpeonee u 3a0Hee cpedocmeHue

Puc. 22. [layuenmxka K., 55 nem. [quaenos: Cr LK, [lep.-cp. 300

ITonyueHHble naHHbIE: bomblas HEOMHOPOIHASI XOPOIIO OTPAaHUUYCHHAS
Macca B IEPEeAHEM CPEAOCTCHUH ¢ 00IaCTSIMU OOBI3BECTBICHUSI.
Judd. nuarnos: Tumoma u Teparoma
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Puc. 23. Jlumpoma Xooxckuna. Ilocne 9 cearcog xumuo-nyuesoil mepanuu

MeauactuHalbHO-JIeTO4Has popma. Hamdme ocTaTouHbIX Macc.
Bupryanbnast pexoHcTpykimsa. OuOpo3HbIE TSHKH B JICTOYHOH TKAHU
(mocTIIy4eBO¥ CUHIPOM)
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Puc. 24. Jlumpadenonamus 6 odnacmu y0aieHHO20 HOB00OPA306aHUSA 20JI08KU
N00HCEYOOUHOUL dcene3bl. Veenuuenue 1/y 6epxHell NOSICHUYUHOU 2PYnibl

AxcuarnbHas 1 KOcasi KOPOHAIbHAsI PEKOHCTPYKIIUS
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SKOVALEVA TP
Li61 ll 2395ELUNGS CTA
AgeBiiyears

& &
29 Apr 2009
12:56:23

Diag. Centre UG-Ukimed [l KOVALEVA T_B Diag. CoMtre UG-Ukimed
23337-LUNGSCTA \

23337-LUNGS CTA
1Eca1 [l Age:61 yadis

Age:61 years

HFCO1

29 Apr 2009
12:56:23

F
29 Apr 2009
2:56:23

Ortient: 172°,:72°-172°

(a) Bupmyanvnaa dponxockonus. llpusnaxu komnpeccuu mpaxeu
(b) Obvemnas pexoncmpykyus 6 pexcume 6030VULHOU MKAHU.

Puc. 25. Vsenuuennvie 1/y aopmanvHoz2o okna
(comozcennoe msackomrkanoe 06pasoeanie).
Pax eéepxywixu neckozo onyxonw Ilankocma.
Komnpeccuonnuiii cunopom
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Puc. 26. Jlumgpoma Xoosckuna (KOHmMpons nociie XuMuo-1yye6oti mepanuu,).
Veenuuenvt noacnuunvle u mexckuuieynvle epynnul 1/y. Konanomepamot yeenuuenmvix
/y 6 obnacmu nudicHell nonoll 6enbl U napaaopmanbio. Ouazu decmpyKyuu
CMEWAaHHO20 MUNA 8 Menax NO360HKO8 U 8 pedpax
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Puc. 27. Jlumgppoma Xooxckuna.
Topasicenue 3a0PIOUWUHHBIX U PEMPOKPYPATLHBIX 11/Y
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| S
Puc. 28. Penmeenoepagpus OI' K — nepsuunwiii memoo ucciedosanus npu 601e3Hu
Xoooickuna, Ha KOMopom 6bISIGISIEMCsL KOPHEBAsL U CPeOOCMEeHHAs IUMPadenonamus
¥ 60% nayuenmos, unozoa c komnpeccuetl uiu cmeujenuem mpaxeu

Puc. 29. bonvuou M., 72 nem. [uacnos: Huzkooupgpepenyuposannas
3n0Kauecmeennas aumgpoma. Ilonyuennvie OanHvle: CnieHOMe2aus, ACYUm.
Obwupnoe nopasxcenue 6PIOWHBIX, MA308bIX U NAPAAOPMATLHYIX 1/, 806leKaiouee
6 npoyecc H.NOYI0 6eHy U MOYEMOYHUKU, PACNPOCMPAHAIOUECs 6 Ma3
€ gogreueHuem obeux no0g300uwHvIX obracmeil. I uoponedpos cnpasa

Puc. 30. Myosicuuna 65 nem /Juacnos: Hexoodckunckas aumgpoma,
60A6IEHUE CUSMB 8 CENIe3eHKY, KUUEeUHO-NY3bIPHAS (hucmyna

Cerne3eHKa yBeNMUYCHA (BHABICHHE TIETIIM CUTMOBHIHOW KHIIKH).
B maiiom Ta3y o0pazoBaHue MOHWKEHHOHU moTHOCTH 11 X 10 cM, coaepixa-
1iee HeKpOTHYeCKHe Macchl AcUUT. PeTpokpypasibHas U napaaopTanbHas
nuMQoaeHonaTusl.
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B curme u B MoueBoM my3bIpe — Hanmuuue raza. OucTtyna IuarHocTu-
pyeTcs Mo KOCBCHHBIM ITPHU3HAKaM: CBOOOTHAS JKHUIKOCTh B MAJIOM Tasy, B
MOYEBOM ITy3bIpE U B CUTME.

Puc. 31. Mysicuuna 65 nem. [uaenos: Hexoosickunckas tumegpoma,
60aGIeHUE CUSMbL 8 CELE3CHKY, KUUEUHO-NY3bIPHASL (hucmyia

Cene3eHka yBenudeHa (BJABICHHE NETIM CUTMOBUAHOW KHIIKH).
B manom Ta3y obpazoBanue moHMWKeHHOHN mioTHocTH 11 x 10 oM, conep-
JkKalllee HEKpoTudeckue Macchl AcuuT. PerpokpypaiibHas U napaaopralib-
Has J'II/IM(i)OaI[eHOHaTI/IH. B curme u B MmoueBOM IIy3bIp€ — HAJIWYMUEC Tasa.
ductyna AMarHOCTUPYETCS MO KOCBEHHBIM MPU3HAKaM :CBOOOIHAS JKUJ-
KOCTb B MQJIOM Ta3y, B MOUEBOM ITy3bIPE U B CUI'ME.

Puc. 32. /luacnos: evicokooupghepenyuposannas B-kniemounas napanegpanvras
aumgpoma. Ilo nepedreil nosepxnocmu 1e60il NOYKU OMMedaemcs Hatudue
MSASKOMKAHO20 KomMnonenma pasmepamu 2.4cm n/3 x 6.0cm r/x.

B aopme konvyesuonulit mpomob

HCXO}I)KKI/IHCKEIH III/IM(i)OMa HOﬂX(eHyHOqHOﬁ JKEJIE3bI MOXKET BBIIVIAACTH
Ha KT, kak oHa U3 cienyronmx Gopm:

1. Juddysznoe ysenuuenue [1K.

2. Iudysnoe yemmuenne [IDK ¢ MHOKECTBEHHBIMU THUIIOIECHCHBIMHU
MaccaMH.
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3.Msrko-TkaHHas Macca ¢ YeTKHUM KOHTYPOM.
4.Macca ¢ KHCTO3HOH 00JIaCThIO B IIGHTPE U YIJIOTHEHUEM TI0 KOHTYPY
(puc. 33).

Puc. 33. Jlumgpoma nooocenyoounoti
arcenesvl (JITDK). I'ucmonozuuecku
noomeepoicoennan HXJI
NOONHCEYOOUHOT JHCeLe3bl;
KpYNHOKIemOouHblil 810

Puc. 34. Jlumpoma opoumer. [layuenm K., 66 nem ¢ noHUdsiCeHHOU 0CMPOMOU 3peHUs.
B unmpaxoponanshoti obaacmu 1eoti opoumbl GU3YAIUIUPYEM S MASKOMKAHOE
00pasosanue HU3KOL NIOMHOCIU 6e3 04a208 00bI36eCMEIeHUs
U PACNPOCMPAHeHUsi HA KOCIHbLE CIPYKIMYPbl

Puc. 35. MPT T1 u T2-BHU ¢ konmpacmuuvim ycurenuem. Ilepsuunas yepedopanvras
sumepoma. [ayuenmra C., 79 nem (3 nedenu oezopuenmayuu)
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OTGK B O6CI/IX 3aJHCTCMCHHBIX MU 3aTBIJIOYHBIX O6HaCTﬂX, C BOBJICUC-
HHEM MO30JIUCTOTO Tejia. IHTEeHCHBHOE HAKOIUICHUE KOHTPACcTa B 00IaCTH
MTOBPEIKAEHHOTO0 MO30JIKCTOr0 Tea. JndepeHnnansHplil MarHo3 ¢ TIHo-
0J1acTOMOIA.

Puc. 36. 3noxauecmsennas aumgoma (6nepsvie 8viA61EHHAS).
Okempanodanvhoe nopadicenue. Ouazu 0ecmpyKyuy CMEWAKHO20 Xapakmepa
6 Meax N0360HK0G
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PRE TREATMENT, £
522008

11677003 1302

Puc. 37. Haxonnenue paduoHykauoa 6 nopajceHHuIx Ium@oysnax

3. BoiBoabl

[Ipr HEXOMKKUHCKUX XPOHUYECKHX 3JIOKAYSCTBCHHBIX JIUM(pOMax
(HX3JI) B maTtonormueckuil IMpoiecc BOBJICKAIOTCS MHOTHE OpraHbl
cucteMbl. Hanbomnee crnokHas AMarHocTHKa 3TUX 3a0oneBannii y BUY-uH-
(bMIIMPOBAHHBIX JIUII, T.K. TIPOUCXOAUT BOBJIICUCHHHE B OIMyXOJEBBIA TPO-
LI€CC MEYECHU, TOJIKEITYTOUHOM JKeIe3bl, CENe3eHKHU, KUIIEYHUKA, HAATI0Yey-
HUKOB M OPTaHOB MAJIOTO Ta3a, a TAKXKE Pa3IMYHbIX TPYII JIUM(PATUIECKUX
y3II0B.

KT sBasiercss onuuM u3 Beaymux metonoB auarHoctuku HX3JI. Ero
BBICOKas MH(OPMATUBHOCTh Mo3BoJsieT pekoMeHnoBath CKT B kauecTse
OCHOBHOTO METOJ]a JIMATHOCTUKU MOPAXKCHHBIX a0IOMUHAIBHBIX TUMQO-
Y37I0B M TIAPEHXMMATO3HBIX OpraHoB. [IpyW BBHISBICHHHM TMAKETOB YBEIH-
YEHHBIX JI/y3]I0B 0053aT€NbHO CIIEIyeT MPOBOIUTH OCMOTP MPHIICKAIITHX
OpPTaHOB: TIEYEHH, CETIE3EHKH U JIP. OPTAaHOB; OMPEENITh X pa3Mep, IJI0T-
HOCTb. YBEJIIMYCHHBIC JI/y3JIbl Yallle BCETO PACIIONAratoTcsl BIOJIb KPYITHBIX
COCY/IOB M BOPOT TI€YECHH, CEIC3CHKH, TTOYeK. BaXkHYI0 JUarHOCTHYECKYIO
napopmanmo KT maeTr mpu Ipyrux SKCTPaHOMANBHBIX JIOKATU3AIUASIX
HX3JI, B T.4. %eIyA0YHO-KUAIIIEUHOTO TPAKTA, INIEBPHI, IEPUKAPAA, JTETKHX.
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[Mpumenenne CKT mo3Bomsier Takxke onpeaenuTh 3(pQeKTHBHOCTh Mpo-
BOJIMMOTO JIeUeHUs! (XUMHOU JTydeBor Teparnnn).OneHnuBasi 9yBCTBUTEIb-
HOCTS U crien(puaHOCTh JaHHBIX KT, MOYKHO OTMETHTB YyBCTBUTEIBHOCTD
B OIICHKE COCTOSIHUS a0JIOMHUHAIILHBIX TUM(OY3TI0B paBHOU 96%, a crieru-
¢uaHOCTH-92%.

KT xaptuna skctpanofganbHbix mnpossienuit npu HX3JI pasnoobpasna
U He Bcerja MMeeT BeCh KOMIUJIEKC XapaKTepHBIX NMpHU3HaKoB. Bmecte ¢
TEM, COUYETaHUE MOPAKEHUs] OTIACNBbHBIX OPraHOB U yBeNIUYeHHE TUMPO-
Y3JI0B BCEIJa XapaKTepHO U HEXOPKKMHCKUX JuMdoM. Tak, Hanpumep
3HAYUTENBHO YBEJIWYHMBANIACh TpPYyMNa BHYTPUOPIOMIHBIX JHUM(DOY3I0B
(>1.5-2.0 cm). Yame Bcero oHU 00pa30BBIBAIM KPYITHBIC KOHITIOMEPATHI,
KOTOpBIC PacCIoNIaralliCh Y BOPOT TICYCHHU, CEIC3CHKH, B MapanaHKpeaTH-
YECKOH KJIeTYaTKe, BJIOJb KPYITHBIX COCYAMCTBIX CTPYKTYP aOPThI, HUKHEH
TI0JION ¥ BOPOTHOM BEH.
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CHAPTER «VETERINARY SCIENCES»

CHEMICAL COMPOSITION OF MEAT
OF SLAUGHTERED ANIMALS FOR PROCESSING
WASHING AND DISINFECTING MEANS

Nadia Bogatko'
DOI: https://doi.org/10.30525/978-9934-588-53-2-50

Abstract. Studies have found the lowest energy value of meat of
slaughtered animals for doubtful degree of freshness and treatment
of detergents, respectively: beef —156.01£1.24 and 124.69+1.11,
135.39+1.32 kcal/100 g (for treatment with formaldehyde solutions
(10%) and chlorine (chlorine activity 3%) — at meat production capacity
for 21-22 days at temperatures from —2 to —3°C; pork — 143,72+1,14 and
134,14+1,29, 133,44+1,18 kcal/100 g (for treatment with hydrogen peroxide
solution (5%) and alkaline detergents) — at wholesale bases for storage for
21-22 days at temperatures from —2 to —3°C; mutton — 140,30+1,38 and
125,05+1,17 kcal/100 g (for treatment with potassium permanganate solution
(5%) — for sale on the agro-food market for 3—4 days at temperatures
from 0 to 6°C; meat of goat — 154.89+1.25 and 131.97+1.22 kcal/100 g
(for acetic acid solution treatment (10%) — for supermarket sales for
3—4 days at temperatures (4+2)°C.

It was found that the largest mass fraction of water was 73.60+0.62% in
beef treated with formaldehyde solution (10%), in mutton 73.63+0.69% in
potassium permanganate solution (5%), in pork 72,14+0,73% for treatment
with alkaline detergents, in meat of goat 71.44+0.71% for treatment with acetic
acid solution (10%); the smallest mass fraction of fat — in beef 4.33+0.17%
for treatment with formaldehyde solution (10%), in pork 5.06+0.24% for
treatment with hydrogen peroxide solution (5%), in mutton 4,57+0,17% for
treatment with potassium permanganate solution (5%), in goat 4,17+0,25%

! Candidate of Veterinary Sciences, Associate Professor,
Bila Tserkva National Agrarian University, Ukraine

© Nadia Bogatko 145



146

Nadia Bogatko

for treatment with acetic acid solution (10%); the smallest mass fraction of
protein—inbeef3.08+0.17% and 3.11+0.04% for treatment with formaldehyde
solutions (10%) and chlorine (chlorine activity 3%), respectively, in pork
3.69+0.10% and 3.71+0.11% for treatment with hydrogen peroxide solution
(5%) and alkaline detergents, respectively, in mutton and goat — 3.47+0.15%
and 3.29+0.17% for treatment with potassium permanganate solutions (5%)
and acetic acid (10%), respectively; the lowest mass fraction of ash — in beef
0.644+0.01% and 0.68+0.01% for the treatment with formaldehyde (10%)
and chlorine (chlorine activity 3%), respectively, in pork 0.89 + 0, 01% and
0,90 + 0,02% for treatment with a solution of hydrogen peroxide (5%) and
alkaline detergents, respectively, in mutton and goat — 0.82 + 0.04% and
0.78 £ 0.01% for treatment with potassium permanganate solutions (5%) and
acetic acid (10%), respectively. The mass fraction of fat in beef of questionable
freshness was significantly reduced by 1.24 times (p<0.001), in beef treated
with formaldehyde solution by 1.49 times (p<0.001) and treated with chlorine
solution by 1.43 times (g <0,001); in pork of questionable freshness, it is
probably reduced by 1.40 times (p<0.001), in pork treated with a solution of
hydrogen peroxide (5%) by 1.59 times (p<0.001), and in pork treated with
alkaline detergents in 1.57 fold (p<0.001); in mutton treated with potassium
permanganate solution (5%) was 4,57 £ 0,17%, which is 1,60 times less
(p<0,001), in mutton of doubtful degree of freshness 1,22 times less (p<0,001);
in meatofgoat treated with acetic acid solution (10%) — 4,17+0,25% with a
high degree of probability 1,65 times less (p<0,001) and in low-fat meat of
goat, a decrease in fat mass fraction (5.4140.32%) was also observed, with a
significant difference of 1.26-fold (p<0.001) compared to control parameters.

Therefore, in order to obtain high-quality and safe meat with high
nutritional and energy value for consumers, it is necessary to introduce
a comprehensive system of state risk-oriented control of the detection of
chemical hazardous factors, taking into account the requirements of the
VACCP and TACCP systems when applying rapid patented methods for the
production and circulation of meat of slaughtered animals.

1. Introduction
Innovative methods of testing their safety and quality must be put in place
to monitor the activities of the slaughterhouse meat production, storage and
circulation facilities. This will ensure that the food chain is properly monitored
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in the traceability system, ie from the production of slaughtered meat to the sale
in supermarkets, agri-food markets to the average consumer, and to monitor,
evaluate and manage the risks involved in the production and circulation of food
products [32, p. 203; 14, p. 3]. The authenticity of meat is currently receiving
considerable attention in the multi-stage food chain from animal production on
the farm to the consumption of the final food by consumers. The set of methods
should include the analysis of the elementary and molecular components of the
meat, including the chemical composition [22, p. 3].

Veterinary health inspectors can easily have developed express
techniques for controlling the safety and quality of slaughtered meat for
state risk-oriented controls on their production and handling facilities
to verify compliance with food safety legislation and individual food
quality indicators; as well as for state monitoring — to carry out a series of
observations and measurements in accordance with the annual plan in order
to obtain information on the national status of contaminants in the months of
slaughtered animals for taking decisions on their basis and to take measures
to improve the level of consumer health protection [24, p. 16].

Therefore, it is necessary to determine the nutritional value of such meat
by its chemical composition, energy value, taste properties and digestibility
[2,p. 19; 31, p.2].

Topicality. In order to comply with good hygiene and production practices,
the principles of HACCP system implementation, the basic provisions of
the VACCP and TACCP systems for their use during the food chain at the
facilities for the production and circulation of meat of slaughtered animals
(beef, pork, lamb, goat), the system must be developed risk-oriented control
of chemical hazardous factors using patented methods for detecting detergent
residues [21, p. 19]. The operators of the market for the production and
circulation of slaughtered animals must comply with food law at all stages of
their production and circulation; to develop, implement and apply permanent
GVP, GHP, GMP, GLP procedures based on the principles of hazard analysis
and critical control points (HACCP systems) and to control hazardous factors,
especially chemical ones, through the establishment of CTS at certain stages
of food product [25, p. 21; 18, p. 3; 19, p. 5].

At slaughterhouse meat production facilities, the safety of biological,
chemical and physical hazards is a top priority for consumers’ health
[1, p. 46; 5, p. 4; 30, p. 124].
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After slaughter changes in meat, namely — the maturation of meat affects
its biochemical, physical processes, tenderness, so the developed concept of
maturing of meat with the use of optimal regimes at 0—4°C for 48 hours or
at 2-4°C for 72 hours has a positive effect on the quality and energy value
of raw meat [36, p. 76].

Scientists have developed the Australian Meat Standards Scheme (MSA)
for lamb throughout the supply chain, taking into account carcass sorting,
chemical performance and nutritional value [26, p. 47].

In case of non-observance of technological processes of slaughtered
animal meat production, temperature, shelf life during storage and
circulation, a number of irreversible biochemical changes (processes of deep
autolysis) develop in the muscle tissue, accumulate toxic products — products
of decomposition of proteins (amines, ammonia, indole, scatol) and lipids
(volatile fatty acids, aldehydes, ketones) odor (suffocating-acidic), color
gray-brown or gray-red for the formation of metmyoglobin, very consistent
sluggish, developing microflora, resulting in reduced nutritional and
organoleptic characteristics, destroys vitamins (except vitamin A), extractive
nitrogen-containing and nitrogen-free compounds.Such slaughtered meat is
not edible and is not allowed for sale [20, p. 62; 23, p. 4].

Detergents, if processed, increase the safety of slaughtered meat and
prolong the shelf life of the product, eliminate the development of microflora.
Deliberately damaging the meat of slaughtered animals with detergents can
harm the brand and lead to illness and death from the use of such a product.
Therefore, due to the proper control of meat at its production and circulation
facilities, as well as the awareness of the service personnel for the use of
detergents, their marking, storage, it is necessary to use the basic requirements
of TACCP and VACCP systems [8, p. 7; 17, p. 4; 33, p. 6].

Alkaline detergents, including chlorine solution, act as antioxidants, and
solutions of formaldehyde, hydrogen peroxide, potassium permanganate,
acetic acid for use have a preserving effect — increase the shelf life and
protect against the deterioration of bacteria, inhibit the development of
other bacteria. microorganisms.

It has been proven that formaldehyde is hazardous to both human health and
the environment, and it is officially recognized as a human carcinogen [27, p. 5].

Intentional processing of meat with a solution of acetic acid adjusts
the pH of the medium, loosens the muscle tissue, while the treatment of
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hydrogen peroxide bleaches muscle tissue and loosens, and when treated
with a solution of potassium permangate darkens the muscle tissue and
slightly loosens. Consumers using such meat of slaughtered animals for the
deliberate treatment of detergents can have allergies, asthma, psoriasis, and
some preservatives contribute to the development of malignancies, diseases
of the digestive system, liver, kidney and skin diseases [4, p. 447; 35, p. 126].

International law regulates the installation of chemical reagents in
foodstuffs when using a pollutant control system to assess the negative
impact on the environment and consumers [6, p. 8; 7, p. 13].

Therefore, the question now is to develop rapid methods of controlling
the chemical hazard in slaughtered animals in the case of detergents, and
tests have been carried out to establish the chemical parameters and energy
value of meat of different quality.

The purpose is to determine the effect of detergents on the chemical
parameters and energy value of beef, pork, lamb and goat fresh, questionable
freshness and processed by these means.

The task is to evaluate the chemical performance and energy value of the
meat of slaughtered animals of different quality and in the case of treatment
with detergents to hide the signs of its poor quality.

2. Materials and methods
The study included meat samples of slaughtered animals from the longest
back muscle in the amount of 126, which were selected from the capacity of
production and circulation of meat of slaughtered animals in the Kyiv region,
which were fresh and questionable, as well as treated with detergents: beef —
formaldehyde solution (10%) and chlorine solution (chlorine activity 3%) — at
meat production capacity for 20, 21-22 days at temperatures from —2 to —3°C;
pork — a solution of hydrogen peroxide with a mass concentration of 5% and
alkaline detergents — on wholesale bases for storage for 20, 21-22 days at
temperatures from —2 to —3°C; mutton — a solution of potassium permanganate
with a mass concentration of 5% — on the agri-food market for 2, 3—4 days
at temperatures from 0 to 6°C; goat — a solution of acetic acid (10%) — in the
supermarket at 2, 3—4 days at temperatures (442)°C.
Preliminary tests have been carried out to determine the degree of freshness
in accordance with conventional methods [15, p. 5; 28, p. 36] and by express
patented techniques for establishing the treatment of detergents [3, p. 2].
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The determination of the pH value in the meat-and-water extract was
determined according to DSTU ISO 29172001 carried out by destructively
measuring the pH value in a homogenized meat sample due to the
measurement of the potential difference between the glass electrode and the
reference electrode placed in the prepared meat sample [9, p. 4].

To detect the treatment of meat with a solution of formaldehyde (10%)
used a mixture of concentrated nitric and sulfuric acids in a ratio of 1:25,
which was applied to the surface of the muscle tissue of pork, beef, mutton,
meat of goat with an area of 2.5x3.0 cm and through 4-6 minutes set color
change: purple-red (with falsification by formaldehyde solution) or yellow-
brown (in the absence of falsification).On this method obtained a Patent of
Ukraine on utility model 81943, 2013 [3, p. 5].

To detect meat processing of chlorine solution (chlorine activity of 3%)
used 2.0-2.1 cm® meat-water extract in the ratio of 1:2, to which reagents
were added sequentially: 0.2—0.3 cm? solution potassium iodide with a mass
concentration of 5.0%, 0.2—-0.3 cm? solution of water-soluble starch with a
mass concentration of 2.0% and 2.0-2.1 cm? of concentrated hydrochloric
acid, and after 1-4 minutes the presence of color was established: blue
(by adulteration with chlorine solution) or colorless (in the absence of
adulteration). On this method obtained a Patent of Ukraine for utility model
81944, 2013 [3, p. 7].

To detect meat treatment with hydrogen peroxide solution (5%) used
0.5-0.6 cm® of concentrated sulfuric acid and 0.2-0.4 cm® of potassium
iodine starch applied to the surface of muscle tissue of pork, beef, mutton,
meat of goat with an area of 1.5x2.0 cm in size and after 1-5 minutes
established the presence of color: light blue (by adulteration with a solution
of hydrogen peroxide) or without color formation (in the absence of
adulteration). On this method obtained a Patent of Ukraine for utility model
81945, 2013 [3, p. 9].

To detect the treatment with a solution of acetic acid (10%) used a
0.5-0.6 cm® of sodium hydroxide solution with a mass concentration
of 0.1 mol/dm*® and 0.1-0.2 cm® indicator of an alcohol solution of
phenolphthalein with a mass concentration of 1% was applied to the surface
of the muscle tissue of pork, beef, mutton, meat of goat with an area of
2.0x2.5 cm and after 0.5—1.0 minutes established the presence or absence
of color: pink (by adulteration with acetic acid solution) or without color
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formation (in the absence of fraud). On this method obtained a Patent of
Ukraine for utility model 102019, 2015 [3, p. 11].

To identify the processing of meat with a solution of potassium
permanganate used 0.4-0.5 cm® solution of sulfuric acid with a mass
concentration of 0.5 mol/dm?, which was applied to the surface of the
muscle tissue of pork, beef, mutton, meat of goat size 2,0x2.5 cm and after
0.5-1.0 minutes the presence of color was determined: slightly pink (with
falsification by a solution of potassium permanganate) or without color
formation (in the absence of falsification). On this method obtained a Patent
of Ukraine for utility model 102020, 2015 [3, p. 12].

To identify the processing of meat with alkaline detergent solutions used
0.2-0.3 cm? alcohol solution of bromothymol blue with a mass concentration
0f'0.04%, which was applied to the surface of the muscle tissue of pork, beef,
mutton, meat of goat size 2,0x2,5 cm and after 2—3 seconds established the
presence of light yellow color (negative reaction — no falsification) or the
presence of blue-blue color of different intensity depending on the amount
of alkaline detergents added:light blue (positive reaction) — the presence of
alkaline detergents on the surface of muscle tissue up to 5.0%; blue-blue
(positive reaction) — presence of application of alkaline detergents on the
surface of muscle tissue more than 5,1%. On this method obtained a Patent
of Ukraine for utility model 116831, 2017 [3, p. 14].

Tests were conducted to determine the chemical parameters (mass
fraction of water, dry matter, fat, protein, ash), carbohydrate content, and
energy value of slaughtered animal meat. The studies were conducted at the
accredited Central Testing State Laboratory of the State Consumer Service
in the Kyiv region and the city of Kyiv.

The mass fraction of water was determined according to DSTU ISO
1442: 2005 [10, p. 6] by mixing homogenized meat sample having a
temperature of 25°C with sand and drying it at (103+£2)°C, and then
calculating the formula in percent.The mass fraction of dry matter in the
meat of slaughtered animals was determined by calculating the difference
of 100% and the mass fraction of water. Determination of mass fraction of
fat (without conversion to dry matter) was performed by the Soxhlet method
(without protein hydrolysis) according to DSTU ISO 1443:2005 [11, p. 3]
by boiling the test sample of meat with dilute hydrochloric acid to release
bound and unbound of lipid fractions, filtration of the resulting mass, drying
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and extraction of the fat remaining on the filter using n-hexane or petroleum
ether, and then subtracting the total fat content, expressed as a percentage
by weight, were calculated by the formula. Determination of protein mass
fraction (without solids) was performed by the Kjeldahl method according
to DSTU ISO 937:2005 [12, p. 7] by determining the nitrogen content in
meat by burning the test portion with concentrated sulfuric acid using copper
sulfate (II) as a catalyst for conversion of organic nitrogen to ammonia ions,
alkalization, distillation of released ammonia to excess boric acid solution,
titration with hydrochloric acid to determine the ammonia bound by boric
acid, and calculation of the nitrogen content in the sample, based on the
amount of distilled ammonia.The nitrogen content, expressed as a mass
fraction, in percent (%) is calculated by the formula, the conversion factor
of the mass fraction of nitrogen to the mass fraction of protein is 6.25.

Determination of the mass fraction of ash (excluding dry matter) was
carried out according to GOST 26226—1995 [16, p. 6] by determining the
mass of the residue after burning the sample of meat and subsequent calcining
and subtracting the mass fraction of crude ash in the percentage by the
formula.Measurement of nutritional and energy value of meat was carried
out in accordance with the Test procedure «Determination of energy and
nutritional value in raw materials, products of animal and vegetable origin»,
approved. State Scientific Research Institute of Laboratory Diagnostics and
Veterinary and Sanitary Examination, Minutes of the Academic Council
No. 8 dated July 17,2017 [34, p. 4]. The determination of the energy value
in the meat of slaughtered animals was carried out by a calculation method
with a preliminary determination of the nutritional value, namely proteins,
fats, carbohydrates per 100 g of product.

Determination of nutritional value in the meat of slaughtered animals
was to carry out physico-chemical studies to determine the mass fraction
of fat, the mass fraction of protein, the mass fraction of solids and the mass
fraction of ash, with subsequent determination of the calculated method of
carbohydrates, namely the determination of carbohydrates by subtraction
solids (dry residue) is the sum of the mass fractions of protein, fat and ash.

Determination of the energy value (calorie) of meat was determined by
calculating the formula of already known nutrition information (mass of
protein, carbohydrates, fat) using energy values (4.0 — 1 g of protein or 1 g of
carbohydrates in the product, kcal/g; 9.0 — 1 g of fat in the product, kcal/g).
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3. Chemical parameters and energy value of beef of different quality
and for treatment with formaldehyde and chlorine solutions

It should be noted that, according to the conventional methods, beef at
slaughterhouse capacities for storage for 20 days at —2 to —3°C corresponded
to the parameters of fresh meat: the number of microorganisms in smears-
prints from deep layers of muscles — 6+1, the reaction with copper sulfate is
positive, the pH value is 5.76+0.02, the content of amino-ammonia nitrogen
is 0.65+£0.02. On 21-22 days, a doubtful degree of freshness of beef was
established: the number of microorganisms in smear-prints from deep layers
of muscles was 12+1, the reaction with copper sulfate was negative, the pH
value was 5.97+0.01, the content of amino-ammonia nitrogen 1.28+0.02 mg.

Beef of questionable degree and treated with a solution of formaldenide
(10%) for 21-22 days at temperatures of —2 to —3°C had the following
parameters: the number of microorganisms in smears-imprints from deep
layers of muscle — 12+1, the reaction with copper sulfate is negative, the
pH value 6.324+0.01, amino-ammonia nitrogen content 1.29+0.02 mg.And
the beef of questionable degree and treated with a solution of chlorine
(chlorine activity of 3%) for 21-22 days at temperatures of —2 to —3 °C had
the following parameters: the number of microorganisms in smears-prints
from deep layers of muscles — 12+1, the reaction from copper sulfate is
negative, pH value is 6.29+0.01, the content of amino-ammonia nitrogen is
1.30+0.02 mg.

Table 1 presents the chemical parameters and the non-energy value
of fresh, doubtful freshness and doubtful freshness for formaldehyde and
chlorine treatment.

Table 1 shows that the mass fraction of water in beef of dubious
freshness was not significantly increased by 1.01 times (by 0.73%), but
in beef treated with formaldehyde and chlorine solutions for 21-22 days
at temperatures from —2 to —3°C was probably increased respectively by
1.10 times (p<0.001) and 1.05 times (p<0.01) compared to the control
values (fresh beef) for 20 days at temperatures from —2 to —3 °C. According
to the increase in the mass fraction of water — the mass fraction of dry matter
in beef of doubtful freshness is reduced by 1.02 times, in beef treated with
formaldehyde solution (10%) — by 1.26 times (p<0.001), in beef treated
with chlorine solution (chlorine activity of 3%) is 1.11 times (p<0.001)
compared to the control values.
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Table 1

Chemical parameters and energy value of beef of different quality and
for treatment with formaldehyde and chlorine solutions, M+ m,n=9

Beef of different quality
. beef treated Beef treated
h 1
Chemica fresh beef beef of with solution with chlorine
parameters dubious .
(control) freshness formaldehyde | solution (3%
(10%) activity)
Mass fraction of | (6 041066 | 67.57£0.61 | 73.6060.62%%% | 70.11:0.79%*
water,%
g’[ass fraction of | 33 15,049 | 32.43£0.52 | 26.400.51% | 20.89:0.62%%*
ry matter, %
lf\;[fﬁ/i fraction of | ¢ 451018 | 5.1320.10%** | 43320.17%%* | 4.5120.15%**
Mass fraction of sk sk ek
ra 6.1240.41 | 4.27+0.19 3.080.17 3.11+0.04
protein,%
Egﬁs;)fracuon of |1 08£0.01 | 0.84£0.01%%* | 0.64£0.01%%* | 0.68+0.01%**
Carbohydrate 19.5140.56 |23.19+0.63%** |  18.35+0.69 20.59+0.51
content, g/100 g
Energy value, | ) 6 57,1 27 | 156.0121.24% | 124.6041.11%%* | 1353041 30%%+
kcal/in 100 g

Note: * — p<0.05; ** — p<0.01;*** — p<0.001

The mass fraction of fat, protein and ash in beef of dubious freshness
and treated with formaldehyde and chlorine solutions was likely to
decrease. Thus, the mass fraction of fat in beef of questionable freshness
was significantly reduced by 1.24 times (p<0.001), in beef treated
with formaldehyde solution — 1.49 times (p<0.001) and treated with
chlorine solution — 1.43 times (p<0.001);the mass fraction of protein in
beef of dubious freshness — 1.43 times (p<0.001), in beef treated with
formaldehyde solution — 1.99 times (p<0.001) and treated with chlorine
solution — 1.47 times (p<0.001); the mass fraction of ash in beef of dubious
freshness is 1.29 times (p<0.001), in beef treated with formaldehyde
solution — 1.69 times (p<0.001) and treated with chlorine solution —
1.59 times (p<0.001) compared to control metrics.

Carbohydrate content of beef of questionable freshness was significantly
increased by 1.19 times (p<0.001), and in beef treated with chlorine
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solution it was not significantly increased by 1.06 times; in beef treated
with formaldehyde solution not significantly reduced by 1.06 times.At the
same time, the lowest energy value of the bulbs was set in beef treated with
formaldehyde solution — 124.69+1.11 kcal/100 g and in beef treated with
chlorine solution — 135.39+1.32. It should also be noted that the energy
value of beef of dubious freshness and treated with formaldehyde and
chlorine solutions was likely to decrease 1.03 times (p<0.05), 1.29 times
(p<0.001) and 1.19 times (p<0.001) respectively compared to fresh beef.

4. Chemical parameters and energy value of pork
of different quality and for treatment with hydrogen peroxide
solution and alkaline detergents

According to the conventional methods, pork on wholesale bases for
storage for 20 days at temperatures of —2 to —3 °C corresponded to the
parameters of fresh meat: the number of microorganisms in smears-prints
from deep layers of muscle — 7+1, the reaction with copper sulfate is positive,
pH 5,80+£0.02, amino-ammoniacal nitrogen content 0.72+0.02 mg. On
21-22 days, a doubtful degree of pork freshness was established: the number
of microorganisms in smear-prints from deep layers of muscle was 12+1,
the reaction with copper sulfate was negative, the pH value was 6.03+£0.01,
the content of amino-ammonia nitrogen 1,37+0.02 mg.The pork of doubtful
degree and treated with a solution of hydrogen peroxide (5%) for 21-22 days
at temperatures of —2 to —3°C had the following parameters: the number of
microorganisms in smears-imprints from deep layers of muscles — 14=+1, the
reaction with copper sulfate negative, pH value 6.45+0.01, amino-ammonia
nitrogen content 1.38+0.02 mg. And pork of doubtful degree and treated with
alkaline detergents for 21-22 days at temperatures of —2 to —3°C had the
following parameters: the number of microorganisms in smears-prints from
deep layers of muscles — 15+1, the reaction with copper sulfate is negative,
the pH value 6.74+0.01, amino-ammonia nitrogen content 1.39+0.02 mg.

Table 2 presents the chemical parameters and the non-energy value of
pork fresh, dubious freshness and dubious freshness when treated with a
solution of hydrogen peroxide and alkaline detergents.

From the table 2 shows that the mass fraction of water in pork of dubious
freshness and treated with a solution of hydrogen peroxide and alkaline
detergents for 21-22 days at temperatures from —2 to —3 °C was significantly
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Table 2

Chemical parameters and energy value of pork
of different quality and for treatment with hydrogen peroxide
solution and alkaline detergents, M £ m, n =9

Pork of different quality

pork treated

Chemical pork of . . pork treated
parameters fresh pork doubtful with a solution with alkaline
(control) freshness of hydrogen detergents
peroxide (5%) g
Mass fraction of | ¢ 37,0 69 | 70.3120.69%* | 71.90£0.63%%* | 72.14+0,73%**

water,%

Mass fraction of
dry matter, %

Mass fraction of

32.63£0.60 | 29.69+0.67** | 28.10+0.76*** | 27.86+0.63%***

o 8062026 | 5.76:0.16%*% | 5.06+0.24%%% | 5.12£0.23%%*
Mass.frilctionof 6.6320.12 | 5.4140.17%*%% | 3.6940.10%%* | 3.71+£0.1]1%**
protein,%

Mass fraction of |1 160,05 | 0.96£0.01%* | 0.89:0.01%%* | 0.90£0.02%*

, /0

Carbohydrate 16.78£0.64 | 17.5620.62 | 18.46x0.72 | 18.13£0.76
content, g/100 g

Energy value, |y 66 1841 47 | 1437041 14%0% | 134.1421 20%% | 133441 1§%5x

kcal/in 100 g
Note: ** — p<0.01; *** — p<0.001

increased accordingly 1.04 times (p<0.01), 1.07 times (p<0.001) compared
to controls.At the same time, the mass fraction of dry matter was probably
reduced in pork of doubtful freshness by 1.10 times (p<0.01), in pork
treated with a solution of hydrogen peroxide (5%) and alkaline detergents,
respectively 1.16 (p<0.001) and 1.17 times (p<0.001).

A high degree of probability (p<0.001) of the mass fraction of fat,
protein and ash was found in pork treated with a solution of hydrogen
peroxide (5%), respectively, 1.59 times, 1.80 and 1.30 times compared to
the control parameters. In pork of dubious freshness, the mass fraction was
reduced: fat — by 1.40 times (p<0.001), protein — by 1.23 times (p<0.001),
ash — by 1.21 times (p<0.01).In pork treated with alkaline detergents
and disinfectants also the mass fraction was reduced: fat — by 1.57 times
(p<0.001), protein — by 1.79 times (p<0.001), ash — by 1.29 times (g <0.01).
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The carbohydrate content of pork of questionable freshness and pork
treated with hydrogen peroxide solutions (5%) and alkaline detergents
was not significantly increased, respectively, by 1.05 times, 1.10 times and
1.08 times compared to the control indicators.The lowest energy value of
pork was its treatment with alkaline detergents and a solution of hydrogen
peroxide (5%) — 133,44+1,18 kcal/100 g and 134,14+1,29 kcal/100 g,
respectively in 1,25 times (p<0.001) and 1.24 times (p<0.001) and in pork of
doubtful freshness — 1.16 times (p<0.001) less than the control indicators —
fresh pork.

5. Chemical parameters and energy value of mutton of different

quality and for treatment with potassium permanganate solution

According to the conventional methods of mutton for sale on the agro-
food market for 2 days at temperatures from 0 to 6 °C corresponded to
the parameters of fresh meat: the number of microorganisms in smears-
prints from deep layers of muscle — 6+1, the reaction with copper sulfate
is positive, the pH value is 5,92+0.02, the content of amino-ammoniacal
nitrogen 0.87+0.02 mg. On 3—4 days, a doubtful degree of mutton freshness
was established: the number of microorganisms in smear-prints from deep
layers of muscles was 16+1, the reaction with copper sulfate was negative,
the pH value was 5.85+0.01, the content of amino-ammonia nitrogen
1.32+0.02mg. Mutton of doubtful degree and treated with a solution of
potassium permanganate (5%) for 3—4 days at temperatures from 0 to 6°C
had the following parameters: the number of microorganisms in smears-
prints from deep layers of muscle — 17+1, the reaction with copper sulfate
is negative, the value pH 5.41+0.01, amino-ammonia nitrogen content
1.29+0.02 mg.

Table 3 presents the chemical parameters and the energy value of
fresh mutton, doubtful freshness and doubtful freshness when treated with
potassium permanganate solution (5%).

Analyzing the table 3, it should be noted that the mass fraction of
water in muttons of dubious freshness and lamb treated with a solution
of potassium permanganate (5%) for 3—4 days at temperatures from 0 to
6°C, when sold on the agri-food market, was probably slightly increased,
respectively, by 1.05. times (p<0.001) and 1.08 times (p<0.001) compared
to the control indicators of fresh mutton.Accordingly, the mass fraction of
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Table 3
Chemical parameters and energy value of mutton of different quality
and for treatment with potassium permanganate solution, M+ m,n=9

Mutton of different quality
. Mutton treated
Ch 1
p ar:llnnel::z‘rs fresh mutton Mutton of with potassium
(control) doubtful freshness | permanganate
solution (5%)
Mass fraction of . S
) 68.22+0.88 71.51+0.77 73.63+0.69
water,%
2’[“‘“ fraction of 31.78+0.63 28.49+0.72%* 26.37+0.77%%*
ry matter, %
Mass fraction of 7.3240.20 6.02+0.30%% 4.57+0.17%%+
fat,%
Mass fraction of 6.310.19 5.23+0.23%* 3.47+0.15%%*
protein,%
Mass fraction of 1.15+0.10 0.94+0.05* 0.82:£0.04%%
ash,%
Carbohydrate 17.00+0.83 16.30+0.81 17.5140.71
content, g/100 g
Energy value, keal/ | 159 1511 37 140.3041.38%%% | 125.05£1.17%%*
in 100 g

Note: * — p<0.05; ** — p<0.01; *** — p<0.001

dry matter in the studied mutton samples decreased somewhat: in mutton of
doubtful freshness — by 1.12 times (p<0.01), in lamb treated with potassium
permanganate solution (5%) — by 1.21 times ( p<0,001) compared to control
indicators.

The smallest mass fraction of fat, protein and ash were found in
mutton treated with potassium permanganate solution (5%), respectively —
4.57+0.17%, 3.47£0.15 and 0.82+0.04%, respectively. had a high degree
of probability (p<0.001), respectively, 1.60 times, 1.82 and 1.40 times
compared to the control indicators.In the mutton of doubtful degree of
freshness, there was also a probable decrease of mass particles of fat,
protein and ash by 1.22 times (p<0.001), 1.21 times (p<0.01) and 1.22 times
(p<0,05) compared to control indicators.

Carbohydrate content of mutton of doubtful freshness was reduced by
1.13 times, and in mutton treated with potassium permanganate solution
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(5%) increased by 1.03 times compared to the control parameters, but the
difference was not significant. The highest energy value was found in fresh
mutton — 159.12+1.37 kcal/100 g, and the lowest in mutton treated with
potassium permanganate solution (5%) — 125.05+1.17 kcal/100 g, which
in 1,27 times (p<0,001) less than the control indicators. Mutton of dubious
freshness also has a high degree of probability of energy value of 1.04 times
(p<0.001) compared to the control indicators.

6. Chemical parameters and energy value of meat of goat
of different quality and treatment with acetic acid solution

According to the conventional methods, meat of goat when sold on the
agro-food market for 2 days at temperatures from 0 to 6 °C corresponded
to the parameters of fresh meat: the number of microorganisms in smears-
prints from deep layers of muscle — 5+1, the reaction with copper sulfate is
positive, the value is positive 5.82+0.02, amino-ammonia nitrogen content
of 0.77+0.02 mg. On 3—4 days, a doubtful degree of freshness of the meat
of goat was established: the number of microorganisms in smears-imprints
from deep layers of muscle 13+1, the reaction with copper sulfate negative,
pH value 5.78+0.01, the content of amino-ammonia nitrogen 1.34+0.02mg.
The goat of questionable degree and treated with acetic acid solution (10%)
for 3—4 days at temperatures from 0 to 6°C had the following parameters: the
number of microorganisms in smears-prints from deep layers of muscles —
141, the reaction with copper sulfate negative, pH value 5.61+£0.01, amino-
ammonia nitrogen content 1.35+0.02 mg.

Table 4 presents the chemical parameters and the non-nutritive value of
fresh meat of goat, doubtful freshness and doubtful freshness when treated
with acetic acid solution (10%).

From the data table 4 it was found that in meat of goat of doubtful
freshness and goat treated with acetic acid solution (10%) for 3—4 days
at temperature (4+2)°C an increase of mass fraction of water was
found, respectively, 1.02 times and 1.08 times (p<0,001) compared
to control indicators.Accordingly, the mass fraction of dry matter in
the studied samples of goat meat decreased: in the goat of doubtful
freshness — by 1.03 times, and in the goat treated with a solution of
potassium permanganate (5%) — by 1.19 times (p<0.001) compared to
the control parameters.
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Table 4
Chemical parameters and energy value of meat of goat of different
quality and treatment with acetic acid solution, M+ m,n=9

Meat of goat of different quality
Chemical meat of
p ar:nnll (le::rs fresh meat of goat meatof goat of goattreated with
(control) doubtful freshness | acetic acid solution
(10%)
Mass fraction of 65.98+0.68 67.13+0.82 71444071 %%
water,%
g’[ass fraction of 34.02+0.73 32.87+0.49 28.56+0.70%%*
ry matter, %

Mass fraction of 6.82+0.11 5.4120.32%% 4.170.25%%x
fat,%
Mass fraction of 5.71+0.21 4.55:40.18%%* 3.2940.17%%*
protein,%
Mass fraction of 1.13+0.05 0.9120.02%* 0.78+0.0 1%
ash,%
Carbohydrate 20.3620.75 22.00+0.79 20.32+0.77
content, g/100 g
infg%ygvalue’ keal/ 165.66+1.30 154.89+1.25%*% | 131.97+] 22%**

Note: ** — p<0.01; *** — p<0.001

It should be noted that the smallest mass fraction of fat (4.17+0.25%),
protein (3.29+0.17%) and ash (0.78+0.01%) were detected in meat of goat
treated with vinegar solution acid (10%) and a high degree of probability
(p<0.001) was found to be 1.65 times, 1.74 times and 1.45 times, respectively,
compared to control indicators.Reduced mass fractions of fat (5.41+0.32%),
protein (4.55+0.18%) and ash (0.91+0.02%) were also found in the goat of
doubtful freshness, with a significant difference of 1.26 times (p<0.001),
1.25 times (p<0.001) and 1.24 times (p<0.01) compared to control indicators.
Carbohydrate content was slightly increased in the meat of goat of doubtful
freshness by 1.08 times, and in the goat treated with a solution of acetic acid
(10%) — slightly reduced compared to the control indicators, but no significant
difference was found. The highest energy value was set in fresh meat of
goat — 165.66+1.30 kcal/100 g, and the lowest in goat treated with acetic
acid solution (10%) — 131.9741.22 kcal/100 g, which in 1,26 times (p<0,001)
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less than the control indicators. In the meat of goat of doubtful freshness, a
high degree of probability of energy value was also established at 1.07 times
(p<0.001) compared to the indicators of control — fresh meat of goat.

It is necessary to apply the methods of control of meat and meat products
in the legislative field, since they are the source of high nutritional values
proteins, minerals, vitamins to improve the growth of profitability of the
meat industry and the efficient use of available resources [29, p. 65]. The
mass fraction of fat, protein and ash in pork of questionable freshness and
pork treated with hydrogen peroxide solutions (5%) and alkaline detergents
were significantly reduced. This is due to the fact that volatile fatty acids,
ammonia, ketones, etc. are formed during the spoiling of meat and the
treatment of disinfectants [22, p. 13; 35, p. 125]. The use of rapid patented
methods for detecting chemical agents in the meat of slaughtered animals,
namely detergents for the elimination of signs of spoilage, is important for
the use of simple tests in the veterinary medicine specialists in accredited
public service laboratories [13, p. 5].

Therefore, it is necessary for veterinary medicine or veterinary inspectors
to supervise the terms of storage and sale of slaughtered animals’ meat at
production facilities and wholesale bases above the set time of 20 days at
temperatures —2—-3°C; in the agro-food markets for 2 days at temperatures
from 0 to 6 °C; in supermarkets for 2 days at temperatures (4+2)°C, use
express patented methods of establishing the processing of meat with
detergents to hide the signs of spoilage, the expulsion of meat as a result of
changing the label. Therefore, we have developed a comprehensive system
of state risk-oriented control of the detection of chemical hazardous factors,
taking into account the requirements of VACCP and TACCP systems
[5,p. 2; 21, p. 20; 32, p. 204] when applying express patented methods at the
facilities for the production and circulation of meat of slaughtered animals.

7. Conclusions
1. In order to obtain high-quality and safe meat with high nutritional and
energy value for consumers, it is necessary to introduce a comprehensive
system of state risk-oriented control for the detection of chemical hazardous
factors, taking into account the requirements of VACCP and TACCP
systems when applying rapid patented production facilities animals, storage
(wholesale bases) and circulation (agri-food markets, supermarkets, shops).
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2. The lowest energy value of meat of slaughtered animals in doubtful
degree of freshness and treatment with detergents was set respectively in
beef—156.01£1.24 and 124.69+1.11, 135.39+1.32 kcal/100 g (for treatment
with formaldehyde solutions (10%) and chlorine (chlorine activity 3%) — at
meat production capacity for 21-22 days at temperatures from -2 to —3°C;
in pork — 143.72+1.14 and 134.1+1.29, 133.44+1.18 kcal/100 g (for
treatment with hydrogen peroxide solution (5%) and alkaline detergents) —
at wholesale storage bases for 21-22 days at temperatures from —2 to —3°C;
in mutton — 140,30+1,38 and 125,05+1,17 kcal/100 g (for treatment with
potassium permanganate solution (5%) — for sale in the agro-food market for
3—4 days at temperatures from 0 to 6°C; in meat of goat — 154.894+1.25 and
131.9741.22 keal/100 g (for treatment with acetic acid solution (10%) — for
sale in the supermarket for 3-4 days at temperatures (4 = 2)°C.

3. The largest mass fraction of water was found in beef 73.60+0.62%
for formaldehyde treatment (10%), mutton 73.63+0.69% for potassium
permanganate solution (5%), pork 72.144+0,73% for treatment with
alkaline detergents,in meatofgoat 71.44+0.71% for treatment with acetic
acid solution (10%); the smallest mass fraction of fat — in beef 4.3 £0.17%
for treatment with formaldehyde solution (10%), in pork 5.06+0.24% for
treatment with hydrogen peroxide solution (5%), in mutton4.57+0,17%
for treatment with potassium permanganate solution (5%), in meat of goat
4,17+0,25% for treatment with acetic acid solution (10%).

4. The mass fraction of fat in beef of questionable freshness was
significantly reduced by 1.24 times (p<0.001), in beef treated with
formaldehyde solution by 1.49 times (p<0.001) and treated with chlorine
solution by 1.43 times (g <0,001); in pork of questionable freshness, it is
probably reduced by 1.40 times (p<0.001), in pork treated with a solution of
hydrogen peroxide (5%) by 1.59 times (p<0.001), and in pork treated with
alkaline detergents in 1.57 fold (p<0.001); in mutton treated with potassium
permanganate solution (5%) was 4,57+0,17%, which is 1,60 times less
(p<0,001), in mutton of doubtful degree of freshness 1,22 times less
(p<0,001); in meat of goattreated with acid solution (10%) — 4.17+0.25%
with a high degree of probability 1.65 times less (p<0.001) and in meat
of goat of doubtful freshness, fat mass fractions were also observed
(5, 41+0.32%) with a probable difference of 1.26 times (p<0.001) compared
to the control indicators.



Chapter «Veterinary sciences»

5. The smallest mass fraction of protein was found in beef 3.04+0.17% and
3.1140.04% for treatment with formaldehyde solutions (10%) and chlorine
(chlorine activity 3%), respectively, in pork 3.69+0,10% and 3.71£0.11%
for treatment with hydrogen peroxide solution (5%) and alkaline detergents,
respectively, in mutton and meat of goat — 3.47+0.15% and 3.29+0.17%
for treatment with solutions of potassium permanganate (5%) and acetic
acid (10%), respectively; the lowest mass fraction of ash is 0.64 = 0.01%
in beef and 0.68 £ 0.01% in the case of formaldehyde (10%) and chlorine
(chlorine activity 3%), respectively, in pork 0.89+0,01% and 0,90+0,02%
for treatment with hydrogen peroxide solution (5%) and alkaline detergents,
respectively, in mutton and meat of goat — 0,824+0,04% and 0,78+0,01%
for treatment with potassium permanganate solutions (5%) and acetic acid
(10%), respectively.
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CHAPTER «AGRICULTURAL SCIENCES»

SEARCH OF THE OPTIMIZED DECISIONS
ON A SELECTION OF PARAMETERS AND VOLUMES
OF PRODUCTION OF PIG BREEDING PRODUCTS

NOmMYyK OIITUMI3OBAHUX PINEHb BUBOPY ITAPAMETPIB
TA OBCATIB BUPOBHUIITBA IMTPOAYKIIII CBUHAPCTBA
HA IIOTOKOBI OCHOBI
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Abstract. The priority of developing pig breeding makes it possible
to find ways to increase the number of products produced, and this can
be achieved either by building new complexes or by reconstructing the
existing ones and transfering to new technologies for housing and feeding
animals to increase their productivity. The effective investment in pig
breeding is not possible without a preliminary predication of the economic
feasibility of making changes, and an effective predication is impossible
without the careful profitability calculations. One of the fastest and most
effective means of achieving this goal is to create computer programs that,
through computer modeling in a short time, would be able to sort through
the probable profitability variants when changing the input technological,
economic, production and other parameters that accompany the production
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process. and to determine the effects of changes in input values on pork
production and its economic feasibility.

The software development in C ++ allows to adapt them to most modern
operating systems with 64-bit architecture (Windows, Linux, macOS, etc.),
as well as to mobile devices (Android, i0S).

The developed and tested program allows at the same time taking
into account the zootechnical indexes of sows’ reproductive properties
(multiplicity and duration of suckling period), the intensity of livestock
growth and the level of preservation of the litter at all stages of rearing,
price values of feed production, water value, water value etc. quickly
changing the value of these indexes to determine how the need will change
for livestock, machine tools, easel and total area, feed, water, energy, etc.
that affect on the overall profitability of production of pig breeding products.
Several reports are generated for each calculation:

—business project, which specifies the values of input indexes, calculated
the monthly need for machines, feed, water, energy, etc., the dates of
technological operations of forming and regrouping the livestock and the
annual requirement for the current and two following years. The need for
service personnel, the amount of costs and revenue and the overall balance
of work at the specified parameters are indicated,

— technological report indicating the rhythm step, the need for animals
of each technological group, the number of sections for their housing, the
machines, their area and the total area occupied by the machines of each
technological group, as well as the number of rhythm steps during the year,
the number of litter received, weaned piglets transferred for rearing and
fattening, the need for machines, machine and production area, the need
for feed and its value in a step group and herd during the year, as well as
technological indexes for 1 main sow.

The separate file lists the need for the premises, their size, it is notised the
constant livestock in each technology group, the amount of hourly and daily
output of animals of each group of heat (kcal, kW, kJ), water vapor (kg) and
carbon dioxide (1), minimum required volumes of air exchange (m*/h) depending
on the period of the year, the amount of manure formed and the nitrogen content
in it, the need for land areas for environmentally safe utilisation.

In the case of several consecutive calculations, a file is formed, where
all the values of the input and calculated indexes for each calculation are
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collected in one table. For each new calculation, a new column with inputs
and calculated values is added to this table.

This approach allows to analyze already systematized information and
to choose the optimal options of probable development of the enterprise at
the values which the enterprise can sustain for a long time while conducting
the current production of pig breeding products.

1. Beryn

CBUHApCTBO 3aBXk/11 OYIIO 1 € IPIOPUTETHUM HATIPSIMOM PO3BUTKY TBApUH-
HULITBA 00 T03BOJISIE OTPUMYBATH BIIPOAOBXK POKY BiJl ONHI€T IPOTYKTHBHOI
CBUHOMATKH O1JIbIIIE JBOX OMOPOCIB, 10 28 mopocsAT ado 10 3 TOHH CBUHUHU
y JKuBi# Maci. B octanHi poku Ha pHHKY B CHITy 0araTbox IPHYIHH BiTOyI0Ch
3HIDKEHHSI KUTBKOCTI MPOAYKIii CBUHAPCTBA TPH OTHOYACHOMY ITiIBHIICHHI
MIOTTUTY Ta peallizalliifHol BApTOCTI y )KHBIl UM 3a01iHIN Maci, 10 CTHMYITIOE
THBECTOPIB NIyKaTH NUISXH HAPOIIYBaHHS OOCATIB BUPOOHHIITBA TOBAPHOT
CBHUHMHH, TOMY 1110 YHUM BHIIA peati3alliifHa BapTiCTh BUPOOJICHOT POIYKITT
Mpu cTaOLTBHUX IIHAX HA KOPMH Ta €HEPrOHOCIT, TUM BHIA PUOYTKOBICTh
BHUPOOHUIITBA, & OT)KE PEHTA0CIBHICTh T OKYITHICTh BKJIQJICHUX 1HBECTHUIIIM.

CBHHApCTBO NPUBAOIIOE IHBECTOPIB 1I€ i TUM, LII0 CBUHI MalOTh BUCOKY
OaraTorTiHICTh, a peamizamiinoi Mmacu 110 Kr, 32 rapHUX yMOB TOJIBII Ta
JOTJIsILY, TOCATaloTh He Outbiie Hixk 3a 180 auiB. CBUHI BeceinHi, CBUHHHA
no0pe miAnaeTbes KyaiHapHii o0poOii 1 3 Hel BUPOOISIFOTh 3HAYHY KiJlb-
KiCTh CMAYHUX Ta MOYKMBHUX MPOAYKTIB XapUyBaHHI.

30inbIIeHHsT 00CSTiB BUPOOHHUIITBA NMPOXYKIii CBHHAPCTBA MOKINBE
ab0 nuIsIXoM MoOyJJ0BM HOBHX NPHMIIIEHb, a00 PEKOHCTPYKIii iCHYIOUMX
3 MOBHOIO 3aMIHOK0 TEXHOJIOTIT YTPUMaHHS, TOMIBJI, CTAHKOBOTO OO0JaJI-
HaHHS, MIKpOKIIIMATy, BUJIAJICHHS Ta YTHITi3allil THOIBKH.

[lignpuemini 3aBxIU peTeIbHO OOMPAIOTh IIUISTXH BKJIaIaHHS KaIliTary 3
000B’SI3KOBUM 3a3HAYCHHSIM MiHIMAJIBHUX PU3HKIB HEC(ESKTUBHOIO iHBEC-
TYBaHHS Ta HETIOBEPHEHHS BKJIA/ICHUX KOIITIB. 3aIliKaBICHICTh IHBECTOPIB
y BKJIQJaHHI KOILUTIB MOXKHA IMiJBUIIUTH LUIIXOM PO3POOKH MaKCUMaJbHO
MIOBHOTO BHUPOOHHMYOrO IJIaHy Je Oyae 3a3Ha4eHO HEOOXiAHY KiJIbKiCTh
MaTOYHOTO MOTOJIB’ s, KUIBKICTh OTPUMAHOTO MPUILIOAY Ta peaizoBaHOi
TOBapHOi CBUHWHH, HEOOXiJHI BUPOOHMYI TUIOIII, CTAHKOBE OONaTHAHHSA,
notpedy y KopMax, BOli, GHEPrOHOCISIX, CyMaxX BHJATKIB Ta BUPYYKU OTPH-
MaHUX 3a pe3yJabTaTaMH I'OCIOAAPCHKOI AisITBHOCTI.
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Jis ckimafiaHHs MPOTHO3Y MOTPIOHO OJHOYACHO BPaxyBaTH MaKCHMyM
MOKA3HUKIB, M0 Mopedye MeBHOI KBamidikalii i 60arato Jacy Ha mpoBe-
JICHHSI PO3PaxXyHKIB.

Haii0impir mBUIKHA TUIAX O OTPUMAHHS TPOTHO3Y BIPOTIIHOCTI
CKOHOMIYHOI JIOIJIBHOCTI, CTBOPSHHS YU peOpPMyBaHHS TOCIIONAPCTBA 3
BHUPOOHUIITBA IIPOAYKIIiT CBHHAPCTBA 32 3aJaHIMH TEXHOJIOTIYHIMH Ta KO-
HOMIYHUMH MapaMeTpaMu € MPOBEICHHS KOMIT IOTEPHOTO MOJICTIOBAHHS,
[IpU SKOMY Y 3aIMT BKJIAJIal0THCS TJIAHOBI 300TE€XHIYHI, BUPOOHUYI Ta €KO-
HOMIYHI IOKA3HUKH, a Y 3BiTi 3a3HaYa€ThCs oTpeda y morojiis’i, craHKax,
BUPOOHHUUIN miomi, KopMax Ta iH., OaJaHci BUPYYKH Ta BUAATKIB, HEOO-
X1THOTO PiBHSI MOBITPOOOMIHY Ta MOTpeda y THOECXOBHUINAX 1 3€MEIBHUX
pecypcax sl eKOJIOTiYHO 0e3IeuHoi yTHIIi3allii yTBOPEHOTO THO.

[IpoBeseHHsT KOMIT FOTEPHOTO MOJICIIIOBAHHS JIO3BOJISIE JIOBUTBHO 3Mi-
HIOBaTH 3HAYCHHS BXIJHHMX IOKA3HUKIB 1 BiJpa3zy X OTPUMYBATH IPO-
THO3-BIJITIOBIJIb HA TTUTAHHSA, SIK 3MIHUTBCS ToTpeda y TBapuHAX, KOpMax,
CTaHKax, BOJIi, CHEPTOHOCISX Ta iH., & TAKOXK (PIHAHCOBI pe3ysIbTaTu poOOTH
3a YMOBU JIOTPHMAaHHS 33/IaHIX BHPOOHUYMX MapameTpiB. Hampukian mpu
3MiHI 0araTorutiJHOCTI, a00 PiBHS TEXHOJOTIYHOTO BIJXOMIY, MPH HE3MiH-
Hili KiIJIBKOCTI OCHOBHUX CBUHOMATOK 3MIHIOETHCS KiIJIBKICTh OTPUMAHUX Ta
BIJUTyYCHUX TOPOCST, & OTIKE 3MIHUTBCSI TIOTPeda y CTAHKAX Ta CTAHKOBIH
IUTONIi AJISt TIOPOCSIT HA JOPOIIYBaHHI i Biarofiemi. IIpu 3MiHI iIHTEHCHUB-
HOCTI pPOCTy Ha JIOPOIIYBaHHI 1 BiATOAIBII Ta PiBHS TEXHOJOTTYHOTO Bif-
X01y, Oyze 3MiHIOBaTUCH KUTbKICTh TBAPHH 1 9ac 1X mepeOyBaHHs Ha KOXKHIH
¢a3zi, a oTke i morpeda y CTaHKax, KopMax Ta iH.

HasBHICTH KOMIT FOTEPHOT TEXHIKH JIO3BOJISIE 32 XBUJIIMHHU IPOBECTH PO3-
PaxXyHKH 1 OTpUMATH TPOTHO3-BIJINOBI/Ib HA TUTAHHS SIK 3MIHATBCS 00CATH
1 eKOHOMIYHA JOIUTbHICTh BUPOOHMIITBA MIPOYKIIIT CBUHAPCTBA Ta OTpeda
y BCIX BUTPATHHUX MaTepianax MpH 3MiHI KUIbKOCTI MaTOYHOTO MOTOJIB S,
PIBHS MeperysiB Ta BUOpaKyBaHHs, 0araToOIUTiTHOCTI, PiBHS TEXHOJIOTIY-
HOTO BiJIXOJly TIOTOJIB s, IHTEHCHBHOCTI POCTY, BAPTOCTiI KOPMIB, CHEPro-
HOCIiB Ta peai3oBaHOi MPOAYKIIII.

BinburicTs nepaBHUX AOCIHIIHUX TOCIOAAPCTB Mepexi HarioHans-
Hoi akajemii arpapuux Hayk (HAAH) goci mpaiioroTs 3a 3acTapiioro
TEXHOJIOTIEI0 sIKa Iependadae 3acTOCYBAaHHS TYpOBOI CHCTEMHU OIOpO-
CciB, BHACJIJJOK YOTO TOCIIOAAPCTBA MAIOTh HU3bKI BUPOOHNYI MOKA3HUKH,
CeJeKIIMHNH Bi101p HE MPOBOIUTHCS, TOMY TBAPUHHU MAIOTh CIIa0Hii TeHe-
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THYHUH TOTEHIIIaN, a iX TOMIBIIA 3IIMCHIOETHCSI KOPMaMHK 3a He30allaHCo-
BaHWMH PaIliOHaMHU.

3 MeTOr MiJBHIICHHS MPHOYTKOBOCTI Ta KOHKYPEHTOCIPOMOXHOCTI
CBUHAPCTBA, Y JICPXKABHUX AOCHIIHUX TocmomapctBax Ilpesnmiero HAAH
Bujano Hakasz Ne 125 Bix 20 sumust 2017 poky “IIpo mpoBeneHHsT peKoOH-
CTPYKIIii BUPOOHWYMX MPUMIIIEHD 1 BIPOBAKEHHS 1HHOBALIHHUX TEXHO-
JIOT1YHUX pillleHb MPU BUPOOHUIITBI NPOAYKIIi CKOTapCcTBa 1 CBUHAPCTBA Y
JIT AT mepesxi HAAH”. Bignosiano 1o Haka3y [HctutyT cBuHapcTBa i AIIB
BH3HAYEHO TOJOBHHUM 3 PO3POOKH pEeKOMEHJIAIiN MOIMIIeHHS TPUOYTKOBO-
CTi BUPOOHHLITBA MPOIYKIIil CBUHAPCTBA, BUKOHAHHS JOIMPOEKTHUX IMPOIIO-
3UIIH Ta 00’ €MHO-TUTaHYBAIBHUX PIlICHb 1 TEXHOJOTTYHHX MIIXO/IB 3T1THO
SIKUX TIOBUHHO OyTH MPOBEJICHE BIPOBA/KCHHS CYYaCHUX IHTCHCUBHUX TIPO-
MHCJIOBHX TEXHOJIOTIH i3 BUKOPUCTAHHSAM KOPMIB BIACHOTO BUPOOHHUIITBA.

OnHUM 13 NUISXIB MiJBUICHHS €KOHOMIUHOT €(DEKTHBHOCTI BHPOOHHUIITBA
MIPOAYKIii CBUHAPCTBA € 3alPOBA/KCHHS HOBUX HMPOEKTHO-TEXHOIOTIIHHUX
pillieHb SKi 0 MaKCHMaJBHO 33JI0BOJIGHSUIM YMOBH TIepeBeieHHs hepMu Ha
MMOTOKOBY CHUCTEMY OTpHMaHHs oropociB [1; 4, p. 46—48; 7, p. 16]. Ilepe-
BEJICHHSI TOCIIOIAPCTBA HA TIOTOKOBY CHCTEMY J03BOJIIE 3MIHHTH CTPYKTYPY
crazga 30UIBIIMBINY KIJIBKICTh BIATOMIBEILHOIO IIOrOMIB’S 3 OZHOYACHUM
3MEHILIEHHSAM OCHOBHMX MATOK Ta KHYPIB, HAJIATOAUTH PUTMi4HE BUPOOHUII-
TBO Ta peanizalliio BUpOOICHOI MPOMYKIil, MiABUIIUTU KYJIbTYpy BEJCHHS
CBUHAPCTBA, MOJINIIUTA YMOBH YTPUMaHHs MOTONIB’S Ta poboTu obcimyro-
ByI0o4oro nepconaiy [3, p. 19-20; 5, p. 13; 6, p. 14-15; &, p. 10].

Xoya KepiBHUKH TOCIIOJAPCTB i MOTUBYIOTH BiJIMOBY BiJ IIEPEBEICHHS
Ha TIOTOKOBY CHCTEMY BEICHHS CBHHAPCTBA BiJCYTHICTIO TOCTATHBOI KiJlb-
KOCTI BUIBHHX OOOPOTHHMX KOIITIB, BUCOKOK BAapTICTIO KOPMIB, CHEPro-
HOCIIB Ta iH., ajJi¢ Ha Halll OIS, iX CTPUMYE TAKOXK BiJICYTHICTH YiTKOTO
VSIBJICHHSI TIPO €KOHOMIUHI HACIIJIKW MPOBEJCHHS PEKOHCTPYKINT 1 3MIHH
CTPYKTYpPH CTaJla Ta TEXHOJIOTI] yTPUMaHHS CBUHOIIOTOJIIB 5.

OrrepaTiBHO OTPUMYBATH BIIIOBII Ha OUTBITICTD 3aITUTaHb BUPOOHIIOTO
Ta €KOHOMIYHOTO XapaKTepy MOXHA JIMILE BUKOPUCTOBYIOUH CIIELiabHO PO3-
pobiieHi porpamHi 3acobu Aki Oy 0 aanToBaHi SIK 0 Cy4acHOi KOMIT FOTep-
HOI, TaK i 10 MOOLIBHOI TEXHIKH. BUKOpUCTaHHS TaKUX NMPOrpaMHUX 3ac00iB
JI03BOJISIE OIIEPATUBHO, Y Oy/b-SIKUX BUPOOHUYMX YMOBAX, 3MIHCHUTH MOJICIIO-
BaHHS BUPOOHUYOI JISTIBHOCTI Ta OTPUMATH BIJITIOBI b HA OUTBIIICTh 3aIUTaHb
SIKi € KITFOYOBUMHU JIs1 iHBecTOpiB [3, p. 19-20; 4, p. 47; 5, p. 14].
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ITpoBeneHHst MPOTHO3yBAaHHS BipOTiMHOCTI 3MiHH €KOHOMIYHO{ TOIIiTb-
HOCTI TTPH 3MiH1 BXiJTHMX 3HAYCHb TEXHOJOTTYHUX, CKOHOMIYHHUX Ta BUPOO-
HUYHX TTOKA3HUKIB JI03BOJISE IIE JIO TTOYATKY MTPOBEICHHS Ta (iHAHCYBaHHS
poOIT 10 OYMIBHUIITBY, PEKOHCTPYKIIIT UM 3MiHI TEXHOJOT1l YTPUMAaHHS i
TOJIIBJI1, CKJIACTH YSBJICHHS MPO 3HAYCHHS OIJbINOCTI BUPOOHUYHX Ta KO-
HOMIYHUX TTapaMeTpiB, a TaKOX PO3PaxXyBaTH CTYIIHb PU3UKY HEIOBEp-
HEHHsI 1HBECTHI[IMHUX KOIITIB 3aJIe)KHO BiJl MPUITYCTUMOI 3MiHH ITIHOBHX
rapaMeTpiB, KOH IOHKTYpH PHHKY, Ta 1HIIUX BAXKKO rependadyBaHux (ak-
TopiB [9, p. 221; 10, p. 11-13].

3aMOBMBIIM Ta OTPUMABIIN OJHH 13 BapiaHTIB TEXHOJOTII, MPEICTAB-
JeHnit gk Oi3Hec-IUIaH, 1HBECTOP HE YsABISE coO1 OLIBIIOCTI BipOTigHMX
PHU3HKIB Hee(EKTUBHOTO BKIATAHHS KOIITIB 1 MPO HHUX BiH i3HAETHCA
JMIIe Yepe3 JeKiIbKa POKiB POOOTH, KOJIHM BXXKE HEMOMKJIMBO HIYOTO 3Mi-
HUTH 0O TPOII BKJIAJICHO, TBAPUHH 3aKYIUICHI, KOPMHU BUTPAUYCHI, TPHMIi-
IICHHS T00YyI0BaHI a00 PEKOHCTPYHOBaHI. 3alHUIIAETCS JIUIIC ITyKaTH
NUTSXHM BUPIMICHHS TPOOJIEMH SIK TTIOBEPHYTH BKIIAJICHE, Y0T0 MOYXKHA OYyi10 O
YHUKHYTH MPOBIBIIU JCKIIbKa MOCIIOBHUX PO3PAXyHKIB Ta MOPIBHABIIH
Pe3yIBTAaTH KOMIT FOTEPHOTO MOJICITIOBAHHSI.

Bukopucranns moBu nporpamysanis C++/Qt mo3Bossie po3poOisaTi
MporpaMHi 3aco0M Ta ajanTyBaTdh iX A0 OUIBLIOCTI CydyacHUX omepa-
miianx cucrem (Windows, Linux, Android, macOS, i0S), 3a monomo-
TOI0 SIKUX MOXKHa ONEpPaTHBHO MPOBOJUTH KOMII IOTEPHE MOJIEITIOBAHHS
€KOHOMIYHOI JOLIJILHOCTI 1 BCTAHOBJIIOBATHM HACHIAKUA 3MIHHM 3HA4YEHb
BXiJIHUX TOKa3HHKIB Ha 0OCATH BHPOOHUIITBA CBHHMHU Ta CKOHOMIUHY
JOLITBHICTE BUKOHAHHS poOiT. JlaHa MoBa mporpamyBaHHS TOEIHYE Y
€001 HU3BKOPIBHEBI (DYHKIIIOHAIILHI MOXIIMBOCTI MOBH MPOIpaMyBaHHS
C 3 nmpuHIUNaMu 00’ €KTHO-OPIEHTOBAHOTO 1 y3arajbHEHOTO MpOrpamy-
BaHHS Ta JI03BOJISE€ BUPINTYBATH CydacHI 3a/iavi, piBeHb CKJIaIHOCTI SKHX
nmocTiitHo 3poctae [11; 12].

2. MeTa 3aBJaHHs Ta 3ac00U BUPilIeHHS MPOOIeMH
OCHOBHOIO METOI0 JJaHOTO JIOCIHi/DKEHHS Oyla po3podka MexaHi3my
OIIEPAaTUBHOTO IOIIYKY ONTUMAJIBHUX DILIEHB, AKi O 3a0e3mnedyBann Mak-
CHMaJbHY EKOHOMIUHY €(eKTUBICTh POOOTH TOCIIOAAPCTBA 3 BUPOOHUIITBA
MPOAYKIIii CBHHAPCTBA, 0COOIMBO MPH MEPEBOi Manux (epM 3 TypoBoi Ha
MIOTOKOBY CHCTEMY OTPHMAHHS OIIOPOCIB.



Chapter «Agricultural sciences»

B ocHOBi po3poOkuM mporpaMHUX 3aco0iB Oyl10 BHKOPHCTAHO MOBY
nporpamyBanHs C++ ta cepenopuie po3pooku Qt Creator [11; 12], sike
JI03BOJISIE CTBOPIOBATH 3PYYHUH UIs KOPUCTyBada iHTepdeiic, aTanTyBaTH
HAOro JI0 pO3IIUPEHb PI3HUX E€KpaHiB, BAKOPUCTOBYBATH Oe3iid 0i0mioTek
JUTSL ONIPAIFOBAHHS BXIJHUX 3HAYCHB, 3MIHIOIOUH 32 BHOOPOM OKpEMi 3 HUX
1 Biipa3y >k OTPUMYBATH BIIMOBII HA MUTAHHS BIUIMBY HA BUPOOHHUY Ta
€KOHOMIYHY AisJIbHICTh BUPOOHULITBA MPOAYKLIi CBUHAPCTBA.

AKTyaJbHICTh MPEACTABIEHOT PO3POOKH MOJIATAE Y BCE3POCTAIOYOMY
MOMUTI Ha ONEPaTHBHE MPOrHO3YBAHHS BIPOTiIHOCTI 3MiH POOOTH rOCIHO-
JIapCTBA LIISIXOM MTPOBECHHS KOMII IOTEPHOTO MOJICTIOBAHHS 31 30€pekeH-
HSIM 4Yacy, KOIITIiB, BUTPATHUX MaTepiaiiB Ta iH. Y vac rmobanbHoi iH(pop-
Martu3alii, po3podka Ta 3aCTOCYBaHHS MPHUKJIATHUX MPOTPAMHHX 3aC00iB
Habupae Bce Oimpiroro 3HaueHHsA. KomIr'ioTepHE MOAETIOBAaHHS POOOTH
TOCTIONAPCTBA 3 BHPOOHUIITBA TPOAYKIII CBHHAPCTBA IO3BOJSIE CYTTEBO
SeKOHOMHUTH Yac, BUKOHYBATH PO3PaXyHKH 3 BUCOKOIO TOUHICTIO 1 CTBOPIO-
BaTU TPOTHO3, SIKMH JTOTIOMO)KE YHHKHYTH PU3UKIB HETTIOBEPHEHHSI iHBEC-
THUII BKJIQJICHUX Y TIOOYJIOBY YK PEKOHCTPYKIIFO MPUMIIIEHb, 3aMiHY TEX-
HOJIOTIYHOTO OOJIaTHAHHS Ta Ha 3a0€3MCUCHHS JKUTTEMISIBHOCTI TBAPHH.

3. Pe3yabraTu g0CaiTKeHb

J1s1 TpOBEICHHS MOIIYKY ONTUMi30BaHUX TEXHOJIOTIUHUX pillleHb Oy10
MPOBEICHO CEPil0 PO3paxyHKiB, BUKOHAHUX 3a JOMOMOTOI PO3pPOOIEHOT
KOMIT FOTEPHOI ITPOrpamH, sKa J03BOJISIE 3MIHIOKOYHM 3HAYCHHS TEXHOJIOT14-
HHUX, 300TEXHIYHNX Ta EKOHOMIYHNX MMOKA3HUKIB 301HCHIOBATH BU3HAYEHHS
PpO3MipiB HEOOXiTHOT BUPOOHMYOT Ta CTAHKOBOI ILJIOII, KUTBKOCTI CTaHKIB,
noTpedu y KopMax, BOJIi, CHEPTOHOCISIX, PiBHI HEOOX1THOTO MOBITPOOOMIHY
3aJIe)KHO BiJ] CE30HY POKY, 00CSTIB YTBOPEHOT THOIBKH Ta KiJIBKOCTI 3eMeJTb-

3riHO MTOCTABICHOTO 3aBAaHHsI U PO3POOKH TEXHOJIOT1i BHPOOHUIITBA
CBHHUHH, PO3POOKH 00’ €MHO-TUIAHYBAIBHUX PILICHB Ta JOIPOCKTHHX MPO-
MO3HIIIH, 32 OCHOBY OyJI0 B35TO TPU BapiaHTH POOOTH MAaTOYHHKA 3 TTOKa3-
HHUKaMU KpoKy putMy y 21 (1-4 xononku) Ta 28 nHiB (5-6 KOMOHKH), TaOm. 1.
MopaentoBaHHsI POBOAMIOCH 3 MOKa3HUKAMU: IJIAHOBA OaraToIUTiAHICTh
CBMHOMATOK Ha mepiiomy omopoci 11 mopocsat ta 12,5 mopocsat Ha apy-
TOMy 1 HACTYIHHX OTMOpocax 3 12 BiACOTKOBUM piBHEM X TEXHOJOTTYHOTO
BIJIXO/Ty BIIPOJIOBX MiJCHCHOTO TIepioay (HemapHi KOJIOHKH) 1 BiJIIOBITHO
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12 ta 13,5 mopocsT Ha onopoc i 10 BiICOTKOBUM TEHOJIOTIYHUM BiJIXOJIOM
(TTapHi KOJIOHKH), & TaKOX ITPH OAHOYACHOMY YTPUMAaHHI IIOPOCHUX CBHHO-
MAaToK y CeKIIil sika Mae 24 ctaHku Juis onopocy (1-2 koJoHKH, BapiaHT I),
20 crankiB (3-4 koonky, BapianTt II) ta 22 cranku (5-6 kononku, Bapianr I11).
TpuBaicTh penpoOayKTHBHOTO Tiepiony 157 MHIB, TPUBAIICTH MOPOCHOCTI
115 nHuiB, XomocTuii mepiof 14 AHIB Ta MiACUCHUI repion 28 JIHIB.

AHaJi3 OTpUMaHUX JaHMX BKa3zye Ha Te, IO 3MiHA Yy CeKUil i Omo-
pocy 3 24 no 20 craHkiB mpu 21 1eHHOMY KPOKY PUTMY 3MEHIIYE MOTpedy
Yy OCHOBHHMX CBMHOMATKax Ha 17 BiJICOTKiB, 3MEHILIEHHS CEKLii 10 22 cTaH-
KiB 3 OJJHOYACHUM TOJOBKEHHSI KPOKY PUTMY J0 28 THIB NPU3BOAUTH 0
3MEHIIICHHS IOTPEOM y OCHOBHUX CBUHOMATKax Ha 26% BITHOCHO MEPIIOTo
BapianTy Ta Ha 11% BimHOCHO Apyroro BapiaHTy. IlomimmeHnHs yMoB yTpu-
MaHHsI, TPABUIIHOCTI BUSBJIICHHS OXOTH 1 OCIMEHIHHSI CBHHOMATOK JIO3BOJISIE
IBUIIATH X 0araToIUTiIHICTh 3a TEPIIUM Ta JPYTHMM 1 HACTYITHUMH OII0-
pocamu Ha 1-1,5 TOITOBHU 3 OIHOYACHUM 3MEHIIICHHSM PIiBHS TEXHOJIOTIIHOTO
Bizxomy Ha 2%, 110 Npu3Bele 0 30UIbIIeHHS Ha 8,4% KIJIbKOCTI MPUTUIONY
y OJIHIN KpOKOBIi# rpyri. [Tpy 3MiH1 KITBKOCTI CTaHKIB JJIsl OMIOPOCY Y OHIH
CEKIIii Ta TPHBAIOCTI KPOKY PUTMY, OTHOYACHO 3MIHIOETHCS ITOTPeda Y Killb-
KOCTi XOJIOCTUX, YMOBHO-IIOPOCHUX Ta IOPOCHUX CBUHOMATOK, a BiAMIOBITHO
1 moTpeba y 3arajbHiil KUIBKOCTI CTaHKIB Ta po3Mipax BUPOOHHUYOI MJIOMI],
notpeda y KopMax, BOAi, CHEPIOHOCISX, KITBKOCTI 0OCIyTrOBYyOYOr0O MEepco-
HaJTy Ta KUIBKOCTI yTBOPEHOI FHOIBKH, IS K0T HEOOX1AHO nepe0adnTH Bij-
TMIOBITHI 00’ €MH MICTKOCTEH HAKOMMYCHHS 1 30epariHHs.

VY Toli ke yac, pu nepepaxyHKy Ha | OCHOBHY CBUHOMATKY, 3MiHA KiJTb-
KOCTI CTaHKIB y CEKIIil He BIUITMBA€ Ha KUIbKICTh OTIOPOCIB Ta OTPUMAHOTO
MIPUITIONY. 3MiHA KPOKY puTMY 3 21 110 28 110 3MEHIIy€ KIIBKICTh OTpHUMa-
HOTO npuIuIony Ha 5,14%, a BiuryueHnx mopocsT Ha 5,31 BigcoTka.

AHai3 JaHuX BKa3y€e HACKITHKH BAKJIMBO BH3HAUYUTHCH 13 3HAYCHHIMU
MOKa3HUKIB, SIKi TOCIMOAAPCTBO MOXKE BUTPUMYBATH NpPU TPHUBANIN CTa-
OUTBHIN pOOOTI, TOMY IO HemependadyBaHa 3MiHa MOTPEOH y MOTOMIB T,
CTaHKaX, BUPOOHMYIHM TUIOLIl, KOpMax Ta iH. MOXKE NPU3BECTU JO HEempa-
BUJIBHOTO MJIaHYBaHHs PO3MIpiB Ta PO3MIILIEHHS CEKIii 1 CTaHKIB, a TAKOXK
3aliBUX HEIUIAHOBUX (hiHAHCOBUX BUATKIB.

KoxxeHn 3 BapiaHTiB poOOTH CBHHApHHKA-MAaTOUYHUKA Oyno MiffaHO
JIOATKOBOMY AaHaNi3y IO BHSBICHHIO BIUIMBY DIBHS CEpeIHBbONO0OOBHX
MIPUPOCTIB, 0AraToILIiTHOCTI CBUHOMATOK Ta 30€peXEeHOCTI MPUILIONY Ha
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Ta6mmis 1
IopiBHsUIbHA XapaKTePUCTHKA POOOTH CBUHAPHUKA-MATOYHUKA
Po3paxynok
Iloxa3Huku 1 2 3 4 5 6
Kpok BupoOH.puTMy 21 21 21 21 28 28
KinmpKicTh KpoKiB 3a pik 17 17 17 17 13 13
Bceporo onopocis 3a pik 408 | 408 | 340 | 340 | 286 | 286
Bceporo npumiozny, roi. 4855 | 5263 | 4046 | 4386 | 3403 | 3689
3amuImITHCS 10 BiATYYCHHS, TOTI. 4273 | 4737 | 3560 | 3947 | 2995 | 3320
[Iponano HacenenHio (2%), roim. 91 96 75 88 60 66
[lepenano Ha gOpOLTYBaHHS, TOJ. 4182 | 4641 | 3485 | 3859 | 2935 | 3254
Kﬂypip (OCHOBHHUX, PEMOHTHHX, 12 12 10 10 1 1
niepeBipsieMUX, MPOOHHKIB), TOJI.
OCHOBHHX CBUHOMATOK, TOJI. 194 194 161 161 143 143
XoocTux, roi 41 41 33 33 26 26
‘YMOBHO OPOCHUX, TOJL. 29 29 24 24 26 26
[TopocHUX CBHHOMATOK, TOJ. 100 100 84 84 69 69
IligcucHMX, TOII. 24 24 20 20 22 22
[TopocsiT-cucyHis, T01. 286 | 310 | 238 | 258 | 262 | 284
BubpakxyBaHO CBUHOMATOK, T'OJI. 98 98 75 75 58 58
,(JELTJZ]{{ z;[‘é)I/IMaHHH oroTiB’ s MOTPiOHO, 142 142 118 118 124 124
[Torpeba B kOpMax, TOHH 279.4 | 280.2 | 230.7 | 231.3 | 206.9 | 207.6
Ha 1 ocHOBHY CBUHOMATKY

OmnopociB 3a pik 2,1 2,1 2,1 2,1 2,0 2,0
OTpUMAaHO MIPUILIONLY 25.0 | 27.1 | 25.1 | 27.2 | 23.8 | 25.8
Bimrydennx mopocsrt, Tou. 22.0 | 244 | 22.1 | 245 | 209 | 23.2
[lepeBeneHo Ha JOpOLYBaHHS, IOJ. 21.6 | 239 | 21.7 | 24.0 | 20.5 | 22.7

KIUIBKICTh MOPOCAT y OZHII KPOKOBIiH rpymi, Ka MepefacThesl Ha TOPOIILY-
BaHHS, TPHUBAIICTh MPOBEACHHS JOPOIIYBaHHS Ta BIATOMIBII, KIIbKICTh
CEKIIi} 1 CTaHKIB y HUX, & TAKOXX Ha PO3MipH BUPOOHNYOT IO, TOTPeOy y
KOpMax Ta iHIINX BUTPATHUX MaTepiajiax.

Jnst Biyasmizariii poOoT po3po0reHOT KOMITIOTEpHOT Tporpamu, y Tadm. 2
HABOJIMMO JIaH1 3MiHH TIOTOJIIB s, TOTPEOH y CEKIIisIX Ta CTaHKaX JIOPOIILY-
BaHHS 1 BIITOIIBIII, KOMOIKOpPMI Ta iH. JIMIIE 32 MEPIIUM BapiaHTOM po3pa-
XYHKIB (24 CTaHKH JIJIsl ONIOPOCY Y OJHIN CEKIIiT).
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ITpomonenioBaBIM BUPOOHUTY HisUTBHICTB, 3MiHY MOTpEOM y CTaHKaxX,
KOpMax Ta IHIIMX BUTparax MpHW 3MiHI KUTBKOCTI BIUTYyYEHHX MOPOCHT, SKa
HAJIXOJIMTh 3 MATOYHUKA B OJIHIA KPOKOBIH TPyIi Mpy 0ararornIiTHOCTI CBH-
HoMarok 11 Ha mepimoMy i 12,5 Ha JpyroMy 1 HACTYITHUX OMOpPOcax (KOJOH-
ku 1-3) Ta npu OararorIiIHOCTI CBUHOMATOK 12 1 13,5 BiamnoBijaHO Ha mep-
[IOMY Ta JIPYroMy omopocax (KOJOHKa 4), a IOKa3HUKH CepeIHbOI000BHX
npupocTtiB 320 T Ha nopouryBaHHi, 550 T Ha meplIOMY eTami BiIrOMiBii 1
680 r Ha apyromy etari Biaromisini (kononka 1), 3 mpupocramu 370, 600 i
730 (xononka 2) Ta 3 mpupoctamu 430, 650 1 830 1 BiamoBiAHO (KOIOHKH 3 14).

3a3HaueHi BUINE 3MIiHM IHTEHCHBHOCTI POCTY 3 OAHOYACHOIO 3MiHOIO
0araToruliJHOCTI CBUHOMATOK Ta 30€peXEHHs MPUIUIONY MPHU3BOAATH 10
301IBIICHHSI KITBKOCTI TOPOCAT y TEXHOJOTTUHIN KPOKOBiH Ipymi Maiixke Ha
11 BigcotkiB. [TokpareHHs IOy Ta BUKOPUCTAHHS OinbIn 30aaHcoBa-
HUX KOPMIB JIO3BOJISIE ITiJIBUIIATH 1HTCHCUBHICTH POCTY MOPOCSIT HA JIOPO-
IIyBaHHI, 3MCHIITUTH Yac iX nepeOyBaHHs y CEKIlii Ha OIMH KPOK PUTMY, a
MIJIBUINEHHS 1HTEHCHBHOCTI POCTY Ha BIJTOMIBII 3MEHIINY€E Yac iX BiAro-
JIBJII Ha OJMH-J[BA KPOKOBI MEPiou Ta MOTpedy y KOMOIKOpMI JIMIIIE ISt
OJTHIET KPOKOBOI IPYITH OLIbINIE HIXK HA 6 TOHH.

3MeHIIeHHs Yacy rnepe0yBaHHs Ha JOPOILYyBaHHI Ta BIATOAIBII MPU3BO-
JITH 10 3MEHILICHHS 32 [ISTHUX CCKIIii Ta CTAHKIB Y HUX, 110 JO3BOJISIE Mepe-
PO3MOUTUTH BiNbHI IUIONII sl yTPUMAHHS IOAATKOBOI KiJIbKOCTI MOTOJIiB 5
1 Ha TUX K€ BUPOOHUYHX TUIOIIAX 301UIBITUTA BUPOOHHUIITBO MPOAYKILii CBH-
HAapCTBa Ta MiBUIIUTH EKOHOMIUHY ¢()EKTUBHICTH pOOOTH TOCTIOAPCTBA.

3MEHIICHHS TPHUBAJIOCTI IMEPiOAy JIOPOIIYBaHHS Ha OJWH KPOKOBHIMA
Tepiosl 3MEHINY€E KUTbKICTh MOTOJIB Sl y CEKIIil TOpOIyBaHHSI Ha KPOKOBY
rpymy (246 ron.). IligBuimeHHs piBHS CEPEeIHBOTOOOBUX TPUPOCTIB Ha
BIJITOJIIBIII, 3MEHIIIYE MOTPeOy 3alIe)KHO BiJl KPOKY PUTMY Ha OIHY, abo
JIeKiJIbKa CEeKIIid, 1 BIMOBIIHO KUTBKICTh MOTOJIB ST HA PO3MIpP OfHi€l, a00
KUTbKOX KPOKOBHX TPYIT. 3MiHa OUIBIIOCTI 3a/ITHUX Y PO3paxyHKax mnapa-
METPIB MPH3BEJEC J0 3MIHM MOTPEOM MATOYHOTO IMOTOJIB’Sl Ta KUIBKOCTI
OTPUMAHOTO MPHUILIOAY, a OT)Ke a00 BUPOOHMUI IUIOLI 3aJUILAThCS He3a-
JUSTHUMH, 200 TIOTOMIB’ S Hijie Oy/ie TOCTaBUTH, 110 MOPYIIyBATUME TLIAHO-
BaHy PUTMIKy poOoTH.

[HTEHCHUBHICTH POCTY MOPOCAT HE BIUIMBAE HA PIBEHB LIOPIYHOI peaiza-
1ii TOBAPHOTrO MOTOJIIB 51, aJie 3MiHa OAaraToIUTiIHOCTI Ta PiBHS TEXHOJIOT4-
HOTO BIJIXO/Y 1 cepeTHhO000BUX MPUPOCTIB MPHU3BEIE 10 3MIHH KiJTbKOCTI
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Tabmurs 2
IMoxa3zHuky BUPOOHMIITBA MPOIYKUII CBHHAPCTBA 3aJI€KHO Bill KiTbKOCTI
TOBAPHOTO MOT0JIiB’sl TA TEXHOJIOTIYHUX MapaMeTpiB, BapianT I

Po3paxyHok

IHoxa3unku 1 ) 3 4
Kpokosa rpynna, roi. 246 246 246 273
FC/;}())%I)IIHLOIIO6OBi MIPUPOCTH Ha JOPOIyBaHHI, 320 370 430 430
TpuBasicTs JOpOITyBaHHS, JHIB 84 84 63 63
I-if eran Bixroxismi, r/no0y 550 600 650 650
TpuBamicts | erany Biaromismi, IH. 63 63 63 63
I1-#t eram Bigroxismi, r/no0y 680 730 830 830
Tpusaicts Il eramy Bigroaisii, aH. 63 42 42 42
Cepenniii 7000BHIA TIPUPICT, T 497 527 613 613
Pazom, mopornryBaHHs Ta BiITOIBIS, TH. 210 189 168 168
K/kopMy 17151 KpOKOBOT TpyIH, TOHH 106.3 100.4 100.0 110.6
JlopomryBaHHs, MOTPIOHO CEKIiH 5 5 4 4
3aHsATO CeKIii 4 4 3 3
CrankiB y 1 cexuii, mr. 9 9 9 10
CraHKiB 3a/1iTHO pa3oM, T 45 45 36 40
OnHOYACHO Ha OPOIIYBaHHI, FOJI 984 984 738 819
Bigromieist moTpiOHO CEKIil, MIT. 7 6 6 6
3aHATO CEKIIiH, IIIT. 6 5 5 5
CrankiB y 1 cexuii, mr 16 16 16 18
CraHKIB 3a/Ii5THO pa3oM, T 112 96 96 108
O1HOYACHO HA BIATOIBII, TOI. 1419 1183 1183 1308

[Ticist BUXOIy Ha MOBHY MOTY)XHICTh

KinpKicTh peanizoBaHOTO MOToMiB s, roi./pik | 3978 3978 3978 4403
Maca peasizariii, K. 110 110 110 110
Komb6ikopM, pa3oM 3a pik, TOHH 1847 1745 1738 1923
Buxia rHOMOBHX CTOKIB, TOHH 3318 2823 2742 3033

MOTOJTIB S sike Oy/ie 3HAXOJUTHChH Ha JIOPOIYBaHHI Ta BIJATOMIBII, TEPMIiHY
X BHPOIIYBaHHS, KUTBKOCTI 3aiHITHX CTaHKIB, MOTpeOH y KOMOIKOpMax,
BO/li, CHEPTOHOCISX Ta 1H., 1[0 MPU3BEE 10 3MiHK COO1BAPTOCTI BUPOOICHOT
MPOIYKIIii, 00CATY IIOPIYHOI peai3allii IOoroiB s, po3Mip BUPYYKH, MPH-
OyTKOBOCTI Ta peHTa0eIbHOCTI BUPOOHULITBA MPOAYKLIii CBUHAPCTBA.
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[Tin gac po3poOKK KOMIT FOTEPHOT MPOrpaMu y alrOpUTM Oyiio 3akia-
JICHO MOYJIMBOCTI BU3HAYCHHS pOOOTH TOCIIOIAPCTBA HE3aJICKHO BiJl HOTO
PO3MIpiB Ta TEXHOJIOTTYHUX TTOKa3HHUKIB. MOJIEITFOBAaHHS POOOTH PO3/IIICHO
Ha JIBI YaCTHHH: MAaTOYHHK (JIe OOJIIKOBY€ETHCSI YTPUMaHHsI CBUHOMATOK Pi3-
HUX (ha3 PEerpOIyKTUBHOTO HUKIY 1 MOPOCSATA-CHCYHHU) Ta BiITOMiBEIHHUK
(moporuryBaHHs 1 Biaromisis). Pyx moroiis’s, morpeda y cTaHKax, KOpMax
Ta 1H. 10 KOXKHIH 3 IBOX Ipyn OOMIKOBYETbCS OKPEMO, 110 J103BOJISIE IPOBO-
JIUTH PO3PAXyHKH SIK 32 JAB1 CTPYKTYpHO He3alexHi pepMu, Tak 1 00’ €THaHO
SIK €JJAHE TEXHOJIOT1uHe Ta (hiHaHCOBE BUPOOHHUIITBO.

3.1. ABromaTru3oBaHe GopMyBaHHs Oi3HeC-IIPOEKTY

ITpn mpoBeneHHI PO3paxyHKIB MO KOKHOMY 3 HUX (DOPMY€ETBCS CBiit
0i3HEC-TIPOEKT, 13 3a3HAUCHSIM IOMICSYHOI MOTPEOH y MOTOMNIB i, CTAaHKAX,
KOpMax Ta iH.

biznec-npoekT aJist rocnogapcera «IBkiBIi»

CBHHApHUK-MaTOYHUK (XOJIOCTi, TIOPOCHI, MiJICHCHI), OTPHUMAaHHS Ta
MOBHA pealti3amis BIITyIeHUX TOpOCsT. Po3paxyHKN BUKOHAHO HA IOTOYHUMA
Ta JIBa HACTYITHI POKH, TOMY IO 3 LIEH Iepioj1, 3a HOpMAaIbHUX YMOB POOOTH,
rOCIOIAPCTBO BUXOAUTH HA CTAOLIbHUI TEXHOJIOTTYHUN PeXUM. AHAJIOTTYHO
(hopMYIOTHCS BC1 3BITH 1 10 BIITOAIBEIBHUKY. Y cPOPMOBaHHUX Oi3HEC-TIPOEK-
TaX 3a3HA4aIOTHCS BCI 3aJisHI y PO3paxyHKaxX IMOKA3HUKH BXiTHUX 3HAUCHB,
a TAKOX PO3PaxXyHKOBI 3HAUCHHS, SIKi CYMPOBOIKYIOTh BUPOOHNYMIT TIporec.

Jlis BXOAYy KOMIUIEKCY y BHPOOHMYHI PUTM PO3PAXOBYIOTHCS TEX-
HOJIOTiYHI MapaMeTpH BUPOOHHUITBA CBUHHHH — MEPIOAWYHICTH 3aBO3Y
PEMOHTHOTO TOTOJIIB’sI, HOTO Macy Ta KUTBKICTh Y OXHiH Tpymi, Macy TBa-
PHH TIPH TIEPIIOMY OCIMEHIHHI, TPUBATICTh YTPUMAHHS y 1HMBITyBILHUX
Ta IPYNOBUX CTaHKAX, BIJICOTOK MIOPIYHOT 3aMiHW MAaTOYHOTO ITOTOJIB’S,
TEXHOJIOTTYHHUN BIJXIJ] MOPOCAT Y MIJICUCHHUNA TIEPioJl, TPUBAIICTh ITiJICUC-
HOTO Ta XOJIOCTOTO Mepioy i CaHOOPOOKH CTaHKIB, HEOOXITHI Maca Ta Bap-
TICTh KOMOIKOpMY, pO3MIp KapaHTHHHOTO MPHUMIIIECHHS, PO3MIPH CTaHKIB,
KUIBKICTB TOJIB y CTaHKY, IUIola Ha | royioBy, Maca Ta BapTiCTh peasiza-
il TOBapHOro Moroiis’s. Maca, BapTiCTb Ta JaTa 3aBE3CHHS MOJOAHSKY
PO3paxoBY€EThCS TaK, 100 110 3aKiHUEHHIO Nepiofy KapaHTHHY MOXKHA OyII0
po3nodaTy BUOIp CBUHOK B OXOTI Ta X OCIMEHIHHSI.

Po3paxoByeThCs KUTBKICTh CBHHOMATOK Y TPYTIi YMOBHO TIOPOCHHX, TPYTIi 3
BHI3HAUCHOFO TIOPOCHICTIO Ta TPy IMiICHCHIX CBUHOMATOK SIKi MAIOTh Oy TH IICIIS
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BUXOJTy Ha ITOBHY BUPOOHUUY IOTY)KHICTB MPH 33JaHOMY KPOKY PUTMY BHPOO-
HUIITBA CBUHWHH. Y KOXKHIi KPOKOBIH IpyIIi 3a3HAYAETHCS KIJTBKICTH HOBOHAPOI-
JKEHHX Ta BITyYEHHX ITOPOCHT, TX Maca, KUTbKICTh Peali30BaHUX HACCIICHHIO Ta
TepeIaHnX Ha JIOPOIIyBaHHsI, peaslizalliiiHa BapTiCTh Ta CyMa BUPYUYKH. Takox
PO3PaxOBYEThCS 32 PIK KUIBKICTH OMOPOCHHX TYPIB, OTPHUMAHHX, Bi/UTYUCHHX,
peasTi30BaHIX HACEICHHIO Ta TIEPSIAHNX Ha JOPOITYBAHHS IOPOCST.

Y Oi3HEeC-MpOEKTI 3a3HAYAEThCS JlaTa MOYaTKy OCIMEHIHHS, KiJIbKICTh,
Maca Ta Jiata Iepuioro BUOpaKkyBaHHs Micysl MEPEryiy, AaTa mo4arky mpo-
BEJICHHS OMOPOCIB, KiJIbKICTh, Maca Ta JiaTa Mepiuoro BUOpaKyBaHHs Micis
OTIOpOCy, Maca Ta JaTa MEepIIoro MEepeBOLy BIUTyUCHHUX IOPOCST Ha AOPO-
IIyBaHHS, KPOKOBA, MICSYHA Ta PivHA KUIBKICTh MEPEAAHOTO MOTOJIB’ S HA
JIOPOIIlyBaHHs, CyMH OTPHMAaHi 3a peaiizariro. Hikdye HaBOIUMO TPUKIIAL
KPOKOBOI 3MiHH KiJIKOCTI TIOTONIB 4 (Tabm. 3).

Tabmuns 3
KpoxoBa 3mina KiIbKOCTI OT0JIiB’ 51
I'pyna Ociveninmst Peanizanisn Onopoc. / Binryuenns P'ea.r1i3auiﬂ
TBapHH 3 neperyay | Ipumiix BiUTy4eHHX
[Tpu 21-TH feHHOMY PUTMI y KOXKHIN KPOKOBI# IpyIii MOBUHHO OyTH
CBHHOMATOK 29 5 24
[opocsT 310 279 273+ 6*

* — 273 — nepeBoAMTHCS Ha JOPOILYBaHHS, 6 — peaii3yeTbcs HaceneHHIo. Ywucna
3MIHIOIOTBCS 3aJIEKHO BIJl BBEIEHHMX 3HAUEHb OaraTOIUIIHOCTI, TEXHOJIOTIYHOTO
BIZIXO/y Ta BIICOTKY peai3alii HaCeICHHIO.

3 METOI0 TOJICTIICHHS YNPaBIiHHS CTaJOM Yy PO3paxyHKax 3a3Hadva-
IOTHCS JIaHi MPo JaTh (THXKHI POKY) MPOBEJACHHS TEXHOJIOTIYHUX OTepawin
3aJIe)KHO BiJl KPOKY pUTMY (Tab. 4).

Jst TIoMerteH s po3paxyHKiB KUIBKOCTI 1 po3MipiB BUPOOHUUMX HPHUMi-
IIEHb, CEKIiH IS Pi3HUX TEXHOJIOTIYHUX TPYII, CTAHKIB y CEKILi Ta CyMapHOi
KUIBKOCTI, CTAHKOBOI 1 3arajapHOT TUIOII 3aJIEKHO Bl KIJIBKOCTI CBUHEH Ta iX
KIIBKOCT] Y KPOKOBHX TPyIIax, PO3PaXOBY€eTHCS 1 3a3HAYAETHCS KUTBKICTh TEX-
HOJIOTIYHHX TPYII T2 TBAPHH Y TPy, SKAX YTPUMYOTh y JIAHOMY TIPHUMIIIICHH]
(tabm. 5). JlomarkoBO pO3paxoOBYEThCS KUIbKICTh TONIB Y CTaHKY, pO3MipH
CTaHKa, TIOMIa Ha | TOJOBY Ta (DPOHT TOJIBII, OATATOTUITHICTE CBHHOMATOK
3a TEpIIHM 1 APYTUM OTIOPOCAMH, IHTCHCHBHICTh POCTY TIOPOCST Y IiICHCHHUN
Tepiozt, KUTbKICTh OMOPOCIB BiJjl OHIET CBMHOMATKH BIPOIOBXK POKY.
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Tabmnuis 4
IIpoBenenns TexHoJioriunux onepauiii y 2020-2021 poxax

I'pyna TBapun
Twaern ITocTanoBka Peamnizanis
POKy OcimeHinHs ua omopoc* Omnopoc | Bimuryyenns BijTydenHX
IIpu 21-Ti neHHOMY PUTMI y KOXKHIH KPOKOBIH TPpyTI MOBUHHO OyTH
2020 p. (IloTrouHuii pik)
11-i I'pyma 1
29-i I'pyna 7 I'pyna 1 I'pymna 1
32-i I'pymna 8 I'pyma 2 I'pyna 2 I'pyna 1 I'pyna 1
50-i I'pyna 14 I'pyna 8 I'pyna 8 I'pyna 7 I'pyna 7
2021 p. (Hactynnuii pik)
1-it I'pyna 15 I'pyna 9 I'pyna 9 I'pyna 8 I'pyna 8
4-i I'pyna 16 I'pyna 10 I'pyna 10 I'pyna 9 I'pyna 9
52-it I'pyma 32 I'pyma 26 I'pyma 26 I'pyma 25 I'pyma 25

* — IIpU MaJoOMy KpPOKY PHTMY JaTH ITOCTAHOBKM Ha OIIOPOC 1 IPOBEJCHHS OIOPOCY
OyayTb BIAPI3HATUCH

Tabmnuug 5
CTpykTypa cTajga Ta norpeda y BUPOOHUUNX IJI0IIAX
Pa3om Ha
Jst 1 rpynn Pesepn KOMILTeKCi
I'pynu TBapuH 2 .a g g g o .g g I'pyn
S| 2| &| 5| &S| & &
= 5 = s 4 = s =
Xomocrti 41 6 | 70 | 1 12 | 41 7 | 82 1
IMopocki (1..32 1o6n) 29 | 29 | 47 | 29 | 47 | 29 | 58 | %4 1
Tlopocwui (33..115 ni6) 25| 4 | 44| 1 11 |100| 17 | 178 | 4
ITizcucHi CBUHOMATKHU 24 | 24 | 144 | 1 24 | 48 | 287 1
Kuypu-mmiganku 12 | 12 | 84 1 7 12 | 12 | 84 1
Pazom 33 | 83 | 206 | 142 | 725

KinbKicTh OCHOBHUX 1 epeBipseMux MaTtok 194 roi.
* — Jlo moroiB’ st KHYpiB-IUTITHUKIB JOIaHO PEMOHTHUX KHYPIB Ta KHYPIB-TIPOOHHUKIB.
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Takox 710 Oi3HEeC-TIPOEKTY BHOCSTHCS PO3PAaxXyHKOBI JlaHi ¢ 3a3Haua-
€ThCS KUTBKICTh ONEPATOPIB IO JOTVISITY 328 TBAPUHAMH PI3HUX TEXHOJIOT14-
HUX TPy, 3apo0iTHA IIaTa OreparopiB, CyMapHa MicsiYHa 3apo0iTHA I1ara,
MoMicsTYHa moTpeda y moroiiB’i, CTaHKax, KOMOIKOPMI Ta HOTO TIOMICSYHIN
1 cyMapHiil BAPTOCTI, & TAKOXK OOCSTH BUTPAT HA BOAOMOCTAYaHHSI, CHEPIO-
HOCI1, BapTiCTh BETCPUHAPHHX 3aXO/IIB.

3.2. ABromaTn3oBaHe ()OpMyBaHHS TE€XHOJIOTiYHOTO 3BiTY

[TapanensHo 3 Oi3HEC-IPOEKTOM (HOPMYETHCS TEXHOJOTIUHUHN 3BIT Y
SIKOMY 3a3HAYarOThCS BXIJHI Ta pO3PaxyHKOBI JIaHi, HCOOXIIHI JJIs TOTOY-
HOTO aHaJI3y ¥ NPUHAHATTS PIIICHb IO PO3POOIII 1 BIPOBAHKEHHIO TEXHOJIO-
rii yTpuMaHHs CBUHEH, PEKOHCTPYKII{ MPUMILIEHb Ta X NepeOoCHALIeHHS.

Huxye HaBOAMMO TEXHOJIOTIYHUM 3BIT OTPUMAHUM 1O OJHOMY 3 Bapi-
aHTIB PO3paxyHKY poOOTH CBUHAPHHUKA-MAaTOUHHUKA. AHAJIOT1UHI 3BiTH (Op-
MYIOTBCSI HIiCIISl KOXKHOTO PO3PaxyHKy MICNIsl MPOBEACHHS 3MIHM BXiTHUX
3Ha4YeHb (Ta0I. 6).

Tabnuns 6
TexHosnoriunmii 3BiT 111 rocnogapcersa «IBKiBIi»
CBHHApHHUK-MATOYHHK (XOJIOCTI, TOPOCHI, TICHCHI)

Po3paxyHOK CTPyKTypH cTaja Ta moTpedu y BUPOOHHYKX IIOIIAX.

Buxigui nani 3nadenns

MOKA3HHKA
OCHOBHHX CBUHOMATOK, TOJTiB 194
Heo0xitHO puMiNeHb 1
JTOBXXHMHA MPUMIIIEHb, M 80.0
LIMPUHA IPUMILIEHB, M 18.0
3arajibHa IUIONIa NPUMIIIeHb, KB. M 1440.0
3aiHATO CTaHKAMH, KB.M 725
BincoTok BUpOOHUYOT MIIONII i1 CTAHKaMH, % 50.3

Xo0/10CTi CBHHOMATKH:

CcexIii 1
rojiB 41
roniB y 1 cranky 7
CTaHKIB 7
po3Mipom 3.50x3.50 m
TUIONIA TIPUMILICHHS 11/ CTAHKaMH, KB.M 82.0

181



182

Vasyl Voloshchuk, Mykhailo Pidtereba

(3akinueHHs TaOMUI 6)

Buxigni nani 3navenns
MOKa3HNKA
‘YMOBHO MOpocHi cCBUHOMATKH (MicJisi ociMeHiHHA):
YTpHUMaHHS CBHHOK ITiCIIsl OCIMEHIHHS B IHMBITYJIbHUX CTAHKaX:
JHIB 21
CeKILii 2
TOJiB 29
CTaHKIB 58
pOo3MipoM 2.30x0.70 m
TUIOIIA MTPUMIIIECHHS Ti/I CTAHKAMH, KB.M 94
CBHHOMATKHM 3 BU3HAYEHOIO MOPOCHICTIO:
y IPYHOBHX CTaHKaXx, AHIB 87
CeKIii 4
roJIiB 100
roniB y 1 cTaHKy 6
CTaHKIB 17
PO3MIipoM, 3.00x3.50 m
TUIOIIA MPUMIIIEHHS i/l CTAHKaAMH, KB. M 178.5
IlincucHi cCBHUHOMATKH:
ITiJICHCHAN TIepioJl, THIB 28
3aMHSATO MICUCHUMU CBUHOMAaTKaMH, CTaHKIB 24
po3MipoM 2.60x2.30 m
CEeKIiN 1
3aMIOBHIOETHCSI MATKAMH SIKi Oy/lyTh MOPOCHUTHCH, CT. 24
TUTONIA ITiJT CTAHKAMH JJISI OTIOPOCY, KB. M 143.5
TUIOIIA MPUMIIIEHHS i/l CTAHKAMH, KB. M 287.0
Bchoro cTaHkiB, IIT. 48
IIpoBenenHs BeT.-caH. 0OpPOOKH, CTAHKIB 24
3aisiHO JUTS IPOBEICHHS BET.-CaH.00p0oOKH, KB.M...143.5
Knypu-mnignuxm:
CEeKLIN 1
roJIiB 12
roniB y 1 cranky 1
CTaHKIB 12
po3Mipom 3.50x2.00 m
IUIOIIA MPUMIIICHHS /I CTAHKAMH, KB.M 84.0
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SIKImo Kpok puTMy Oiiblie 7 JHIB, TO Bce BigiOpaHe KPOKOBE TOTOMIB s
CBHHOMATOK MOTPIOHO OCIMEHUTH BIPOJIOBXK 5 TIEPIINX JHIB KPOKY, 1HAKIIIE
nepios onopocy OyJie pO3TATHYTHH y Yaci 1 HaMiueHUH BUPOOHUYHN PUTM
He Oyyie JOTpUMaHo.

VY TEeXHOJOTIYHOMY 3BiTi 3a3HAYAIOTHCS BUPOOHHYI Ta PENpPOIYKTHBHI
MMOKA3HUKHU sIKi AyOJIIOIOTHCS B y3arajbHCHIM TaONHUIll MOCITIIOBHUX PO3-
paxyHKIiB 3MiHU BXIJHUX Ta PO3paxyHKOBUX 3Ha4eHb (muB. Tabm. 1). [Ipu
KOYKHOMY HOBOMY PO3pPaxyHKY HAcIHiAKiB 3MIHM BXiJIHUX MapaMeTpiB 0
TabIML 10JA€ThCA HOBA KOJIOHKA, 1[0 CYTTEBO MOJETIIYE aHalli3 BBEICHUX
1 OTpUMaHUX JAHMX TA BU3HAYCHHS HAHOIMBII pallioHAIBHUX, EKOHOMIUYHO
JOIUIBHUX Ta TEXHOJOTIYHO MOXJIMBHMX BapiaHTiB poOOTH rOCIONapCTBa
ITiCJISl 3MIHM TEXHOJIOT1i yTPUMaHHS TOTOJIB 4.

[Ipu 3a3HaYeHNUX MTOKA3HUKAX, MAlOUn 24 CBUHOMATKH y OJIHIH OMOpOC-
Hil rpymi, 3a 1 kpok (21 gH.) Oyxe orpumano 310 mopocsT, 3 IKUX 10 BiITy-
YCHHS 3aJUIIATECS 279 TOIiB, a 3 ypaxyBaHHIM 2% peartizallii HacelIeHHIo,
Ha JIOPOIIYBaHHS Ta BIATOMIBIIO Oy/ie mepenaHo 273 ToloBH.

106 He mopymryBaBcss HAMIYCHAH KPOKOBHH PEKUM PYyXy ITOTONIB S,
HEOOXIJTHO KOXKHI TPH MICAIl 3aKyIOBYBaTH Ta JOJABaTH JIO CTaaa IO
15-16 roniB 3 macoro 80 Kr i yTpuMyBaTd iX 1O MOYATKy OCIMEHIHHS Y
KapaHTHHHOMY MPUMIIICHH] PO3MipoM He MeHIie 33 mM? 3 IBoMa CTaHKaMu
moLero 10 12,5 M?> KOJKeH.

Juiis 3a0e3mnedyeHHss HAsSBHOTO TOTONIB’S KOpMaMH, HeoOXximHO Oyze
BUKOPHCTOBYBATH 3a MEPIINH pik A0 232 TOHH, 3a JpyTHi Ta HACTYMHI MO
280 — 283 TonHn KoMOikopmy. [Ipu 3a3HadenHi Baprocti 1 TOHHH KOMOi-
kopmy, 1 M* Boau, 1 KBT enekrpoeneprii, | J1 majgpHOTo Ta iH. aBTOMaTHYHO
PO3pPaxOBYETHCS X MOMICSIYHA Ta PIYHA BAPTICTh.

Bupyuka Big peamizamii BiIZTy4EeHOTO, BIJFOJIOBAHOTO Ta BHOpaKyBa-
HOTO TIOTOJIB’SI PO3PAaXOBYETHCSI HA MOTOYHHMM Ta JBa HACTYITHI pOKH. 3a
el mepio TOCIIONapCTBO BXOIUTD Y CTaOUIBHIA PEKUM POOOTH.

Po3paxyHok peaizariii TOBapHOTO ITOTOJIIB sl IPOBOAUTHCS 32 BUOOPOM:
MOBHICTIO JKMBOIO Macol0, YaCTKOBO JKMBOIO MAacoOl0 a 4aCTKOBO HaliBTy-
mraMu a00 TOBHICTIO HamiBTyIiamu. [IJisi BCTAHOBJICHHS CYMH BHPYYKH
3a3Ha4a€ThCS BIACOTOK PO3MONLTY Ha pealizallilo, BiJCOTOK 3a0iiHOTO
BUXOJY, BapTicTh 1 Kr *kKMBO{ Macu Ta BapTicTh 1 KT HAamiBTYII.

3a KOXKHHM PO3PAaXyHKOM y Oi3HEC-POCKTI Ta TEXHOJOTIYHOMY 3BiTi
3a3Ha4arOThCsl (DIHAHCOBI PeE3yJbTaTH TOCHOAAPCHKOI MisIIBHOCTI, Cyma
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3arajJbHAX BHUTPAT, BUPYUKH Bix peamizamii Ta OamaHc BUTpPAT i BHPYUKH
(THC.TPH.) BIPOJOBXK IMIOTOYHOTO Ta JIBOX HACTYITHHUX POKiB (TadII. 7).

Tabmuis 7
Exonomiunuii nporao3 podoTu rocnogapcrsa, THC. FPH.
Crarri BUTpar Porn

2020 2021 2022
Kombikopm 1328.2 1644.6 1632.0
3 HUX 7151 PEMOHTHOTO MOTOJIB’ A 43.6 58.2 58.2
Ta Ha HeBUPOOHHUYI BUTPATH 13.3 16.4 16.3
BapricTh 3aKymiBii MOCTaHOBOYHOTO ITOTOMIB 51 1470.5
BapTicTh 3aKymiBiIi PEMOHTHOTO ITOTOJIIB 51 288.0 384.0 384.0
3arajibHa CyMa BUTpar 3735.0 | 2731.1 2717.4
Piuna Bupyuka 3a peanizoBany MpogyKIi0 486.0 887.1 887.1
OuiHKa nepesaHoro Ha JOpOoLTyBaHH ™ 1590.0 | 3378.6 | 3378.6
CyMapHa piuyHa BUpyUYKa 2076.0 | 4265.8 | 4265.8
lopiuHO «BUPYYKA — BUTPATH -1659.1 1534.7 1548.3
Pi3Huns «BUpyUYKa — BUTpATH» BiJ mo4aTky podoru | -1659.1 -124.4 1424.0
CobiBapTicTh 1 KT peanizoBaHOI CBUHHHH, TPH: 62.9 36.6 36.4
PentabesbHICTh BUPOOHHIITBA CBUHUHH, %0 22,5 23,8

*— OHiHKa MIPOBOAUTHCSH y BUIIAJIKY KOJIM MAaTOYHUK IIPAIIO€ SIK aBTOHOMHA CTPYKTYypa.

Takox HajmaeTses iH(OPMAILS PO 300TEXHIUHI Ta CKOHOMIYHI MTOKa3-
HHUKH pOOOTH TOCTIOAApCTBA y PO3PAXyHKY Ha | CBHHOMATKY/pik. Y 3BiTi
3a3HAYA€THCS KUTBKICTh OMOPOCIB MO CTafy, IPHUIIONY, BIUTyUYCHUX TOPO-
CSIT, PeaTi30BaHNX HACEICHHIO Ta MEPEIaHuX Ha JOPOILyBaHHI, BUTPAICHO
KOpMY, CyMa 3arajlbHUX BUTPAT Ta BUPYYKH 1 OaJlaHC MIXK HUMH.

AHaJIOTIYHI 3BITH CYIPOBO/UKYIOTh YC1 BapiaHTH PO3PaxyHKiB, TaHi KX
3a Oa)XKaHHIM MOKHA (hOpMYBaTH y CyMapHHUH 3BIT HaBeIeHUH y Tao. 1.

3.3. Po3paxyHok BHiJIeHHS] TBAPMHAMU TeIa, BOASIHOI Hapu
Ta BYIVIEKUCJIOTO a3y, a TAKOXK 00cAriB MiHIMaJIbHO He0OXiTHOTO
NOBITPOOOMiHY i yTBOpEHHSI THOIBKHU
ITporpama n03BOJIsIE PO3PAXyBATH, 3aJEKHO BiJ TEeMIEpaTypH y NpH-
MiIlleHH], OOCATH BUAUICHHS TBAapUHAMM PI3HUX TEXHOJOTIUHHUX TPyl
TEeIUIa, BOJSHOI Mapy Ta BYIJICKHCIIOTO Tasy, IO HEOOXiJHO I BH3HA-
YEHHS MOTY)KHOCTEH 00IirpiBy a00 OXOJIOMKECHHS Ta MiHIMAJIbHO HEOOXif-
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HUX 00CSTIB BEHTIIIOBAHHS NPUMIIIEHb 1€ YTPUMYIOTBCS CBUHI, a TAKOX
JICHHY, MICSYHY Ta PIYHY KiJIBKICTh ITiJICTHJIKOBOTO MaTepiairy Mpu YTpH-
MaHHI CBHHEH y CTaHKaxX Ta Ha DIMOOKii miactwimi. Takok po3paxoBy-
FOThCS PivHI 00CSTH YTBOPCHHS THOTBKHM 1 HEOOX1/IHI 3€MeIbHI IO ISt
EKOJIOTIYHO Oe3rmedHoi iX yTwmisamii. Bel po3paxyHKOBI JaHi 3aHOCATHCS
MIPOTPaMOI0 IO OKPEMOro (paiiia, MO CIPOILy€e HOro BUKOPUCTAHHS (KOITi-
IOBaHHS, IEPEHECEHHS Ta iH.)

Hwxye HaBeeHO OCHOBHI PO3paxyHKOBI 3HAYEHHsS IO BUJIICHHIO
TeI1a, BYIJIEKUCIIOTO ra3y, BOJSHOI MapH Ta MiHIMAJIbHO HEOOX1THUX 00cs-
riB MOBITPOOOMIHY y IpuMilleHHi (Tabdm. §).

Tabmums 8
BuainenHs TBapuHaMu TenJia, BOASIHOI MapH Ta BYIVIEKHCJIOI0 Ta3y
npu Temneparypi y npumimenni, 18°C, a Tako:x HeoOxiani o0caru
NMoBiTPOOOMiHY, Ky0. M / rOIMHY

Buizenms 3a O0csirn nmoBiTpoodMiny y
rI([umH o pi3Hi nmepioaun poky, Ky6.m/
Pazom y TOAUHY
I'pynu TBapun .
rodie BOLHA | 00 | xomon- | mepexia-
kBT* | napa, 2 - PeXV | enmii
«r I HUH Huit
XomocTi 41 13.28 | 6.58 |1727| 2132 3198 4264
ITopoci (1..32) 29 939 | 4.66 |1221| 1537 2305 3074
IMopocHi (33..115) 100 [32.99| 16.34 |4289| 5504 8257 11009
ITizcucHI CBUHOMATKHA 24 18.55| 9.17 [2411| 1584 2376 3168
Kuypu (OcH.i niepeB) 12 6.21 | 3.07 | 808 | 960 1440 1920

* — 32 BUOOPOM J1aHI MOXKYTb OyTH IPEACTABICH] y KUIOKAIOPisiX a00 MerapKoOyIsax
** 'V HIYHUH Yac BUJIUICHHS TeTla TBApHHAMH 3MeHITyeThest Ha 20%.

AHAIOTIYHO TPECTaBICHO JaHl MPO CEPelHI0 KUTBKICTh BUILICHOTO
TeIuia, BYIJIEKUCIIOro ra3y Ta BOJASHOI apy y ACHHUH Ta HiYHUH yac. Po3-
paxoByeThcs OTpeda y MiACTUIILI TPU YTPUMAaHHI y CTaHKaxX Ta Ha rubo-
Kill IOBro He3MiHIOBaHi# mijctuii (Tadi. 9).

Bci po3paxyHku BiiOyBarOTbCs MUTTEBO, OJIpa3y IiCIisi BBEACHHS BCiX
HEOOXi/IHWX 3HAa4YCHHb IMOKA3HUKIB. BHcCOka MIBHIKOMIS 3a0e3MeuyeThest
TEXHIYHUMH MOMJIMBOCTSIMH €JICKTPOHHO-OOYHCITIOBAILHOT TEXHIKH Ta
HAJIATOJKCHUM aJITOPUTMOM BUKOPUCTAHHS JJAHUX 3aHECEHUX JIO BHYTPIIII-
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Tabmnuis 9
IMoTpeda y mincTuiui Asast rocnogaperpa «IBiBIi»

Ilorpeda mincTuiaku Ha 1 1eHb

Coaoma Cozoma Topd.
I'pynu TBapun Z 2| Comoma, kr > | mpecoBaHa, Po,
85 Ky0.M. 6 Ky0. M
£ £ Ky0. M
* *% * *% * *% * %%
Xomocri 41 22 157 10.45| 3.1 10.09| 0.6 [0.15| 1.0
ITopocwi (1..32) 29 16 111 10.32] 2.2 [0.06| 0.4 |0.11| 0.7

IMopocwi (33..115) 100 | 55 384 |1.10| 7.7 |0.22| 1.5 |0.37| 2.6
[MigcucHi cBHOMATKH | 24 33 230 |0.66| 4.6 [0.13| 0.9 |0.22] 1.5
Kuypu (OcH. i mepes) | 12 10 69 1020 1.4 [0.04| 0.3 [0.07| 0.5
PA3OM: 3a 1 nenb 206 |136kr | 1087 kr | 2.7 | 21.7] 0.5 | 43 [ 09 | 7.2

3a 1 micsrp 411 | 330 | 83 | 661 | 17 | 132 | 28 | 220

3a 1 pix 50T | 397t | 992 [7936] 198 | 1587 | 331 | 2645
* — IpW yTPUMaHHI BiATOAIBEIBHOTO TTOTOMIB Sl Y CTaHKaxX

** — [IpU yTpUMaHHI BiITO/iBE/IBHOTO MOTOJIIB’S y TIOJIETIICHHX CIOpY/IaX Ha IMOOKI MiCcTHLy

HBOI JTOBIZKOBOI 0a3w mpo MoTpedH TBAapWH Pi3HUX TEXHOJOTIYHHUX TPYII
y KOpMax, BOJIi, MIKPOKJIIMaTi, MiJICTHIKOBOMY Marepiaii Ta iH., a TaKOX
HOpPMH BHJIIJICHHS TeIUla, BOJSHOI Mapu Ta BYIVIEKUCIIOrO rasy i piBHIB
HEOoOX1THOTO MOBITPOOOMIHY y MPHUMIIIEHHSX 3aJI€KHO BiJ] KiTbKOCTI TBa-
pHH, iX MacH Ta TeMIIepaTypH y MpUMIIIEeHHI.

Jls BUIIIEHABEICHUX 3BITIB MOTEPENIHBO OYJI0 ChOPMOBAHO MIAOIOHH
TabmuIb 70 SKUX MporpamMa BHOCHTb HEOOXiJIHI BXiZHI Ta PO3paxyHKOBI
3HAUCHHS, 4 TAKOXK Y TEKCTOBY YaCTHHY, SIKa 3MiHIOETHCSI 3aJICKHO BiJl yMOB,
0 33JIaF0ThCS MPH BBOJI JaHWUX Ta BiJl OUIBIIOCTI 3HAYEHb PO3PAXyHKO-
BHX IMOKa3HUKIB. J{1s1 popMyBaHHS AOBIJHHKIB OyJI0 BUKOPHUCTAHO JaHi 3
«Bigomui Hopmu TexHoNoriyHoro npoektysanHs BHTTI-AIIK-02.05 «Ceu-
HapCHKi MiANPHEMCTBA (KOMIUIEKCH, pepmu, Maiti pepmn)» [2, p. 34-60].

[Ipu po3paxyHKy TOTpeOHM 3eMETbHHX YTiJib BPaxOBYBAJIUCh PivHI
00’eMU YyTBOPEHHsI THOHOBUX CTOKIB 3 ypaXyBaHHSM YTBOPCHHS Ky Ta
ceui TBAPHHAMHU Pi3HUX TEXHOJIOTIUHUX IPYI, OCKITbKH KOXKHA 3 HUX XapaK-
TEPU3YETHCS TPYIOBUMH OCOOIMBOCTSIMH BMICTY a30Ty Yy CEUi Ta KaJi.

[Ipu yTpuMaHHI y MaTOYHHMKY 3a3HAYCHOI BHIIE KIJILKOCTI ITOTOJIB’S,
IIOJICHHO Oy/ie YTBOPIOBATUCH JI0 2 TOHH, 3a MicAllb OnMM3bko 76 TOHH, a
3a pik — 912 TOHH THOMOBHX CTOKIB, 3 SIKHX KaJIOBI MacH CTAHOBUTHUMYTb
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O0nmu3pk0 247 TOHH 3 BMicTOM a30Ty 639 kr Ta 665 TOHH cedi 3 BMICTOM
134 xr a3ory.

3riJHO 3 HOPMaMu BHECEHHS THOIO OIMH pa3 Ha TPH POKH, 1100 Kiib-
KICTh BHECEHOTO a30Ty HE IMepeBHINyBajia JOMYCTUMI MeXi, HeOoOXiTHO
nepe0avunTH BiJTbHI 3eMebHI TUTOII ITiJT OKPEeMi IPYITH CilTbCHKOTOCIIONAP-
CBKUX KYIBTYp, 1 BTpHYi OiJIbIlle — NP IOPIYHOMY BHeceHHi (Tabu. 10).

Tabuus 10
006’eMu BHeCeHHsI THOIO M/l OKpeMi KyJIbTypHu
Ta norpeda 3eMeJTbLHUX pecypciB
pu BHecenni
O/IMH pa3 HA TPH .
K HIOPIYHO
YABTYPH /IJIsl BHECEHHSI THOIO | TOHH poxu

THOIO | TOHH/ a30Ty | TOHH/ a3ory

ra ra
ra KT ra Kr/ra
[IpocarHi KynmeTypH 175 | 248 | 0.7 | 210 83 2.1 | 70.0

O3uMa IMIIeHHUIIs Ta spi 3epHOBI 104 | 148 | 0.7 | 125 49 | 2.1 | 41.7

Bypsiku, penbka, onmiitai kynstypu | 167 | 472 | 0.4 | 400 157 | 1.1 | 1333

311aK0B0-0000Bi cymiri 84 | 236 | 0.4 | 200 79 | 1.1 | 66.7

OnHOpivHI TpaBu 167 | 236 | 0.7 | 200 79 | 2.1 | 66.7

BararopiuHi 31aK0Bi TpaBH) 132 | 248 | 0.5 | 210 83 1.6 | 70.0

gj‘;’g‘;ﬁf{ef:ﬁar“"pmnx 84 | 472 | 02| 400 | 157 | 0.5 | 1333
Pazom 912 3.5 10.6

4. BucHoBKH

3acTocyBaHHsI po3pO0IEHOT KOMIT FOTEPHOI POrPaMHu JUIsi IPOBEICHHS PO3-
PaxyHKIB TEXHOJIOT0-€KOHOMIYHOTO MPOrHO3Y POOOTH TOCIIOAPCTBA 3 BUPOO-
HHUIITBA MPOAYKILi CBHHAPCTBA JIO3BOJISIE BUKOPHCTOBYBATH Cy4acHY CIICKTPO-
HHHO-OOUHMCITIOBAITbHY TEXHIKY Ta MOOUIBHI MPUCTPOI, OCKUIBLKHM aITOPHTM €
VHIBEPCATLHUM JJIsl BAKOPUCTAHHSI Ha CYYaCHHUX OIEpalifHIX CHCTEMaX.

AHani3 Ta TOPIBHSHHSA OTPUMAHUX PO3PAXyHKIB, 3aJIKHO BiJl 3MiHU
3HAYEHHS BXIJIHUX JIaHWX, BKA3y€ IO HAaBITh HE3HAYHI 3MIHM BXIJHHX
MMOKA3HUKIB CYMapHO MPU3BOIATH A0 3HAYHOI 3MiHH 0araTboX po3paxyHKo-
BHX JIAaHUX, sIKi 02)KaHO BpaxOBYBATH IIIE JIO MTOYATKY IMPOBEACHHS POOIT 110
OyniBHUITBY UM PEKOHCTPYKIii IPUMINICHD 00 YHUKHYTH PU3UKIB Hepa-
[[IOHAJTLHOTO 1HBECTYBAHHSI.
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3MiHa 3HAYEHb TEXHOJIOTTYHUX MMOKA3HUKIB MPU3BOAUTH 10 3MIiHU Kijlb-
KOCTI TIOTOJIIB Sl Ta TPUBAJIOCTI HOro TiepeOyBaHHs Y CEeKIIisIX TOPOLyBaHHS
1 BIATOMIBII, MO MOTpeOye 3a0e3NeYCHHsS TBApWUH CTAaHKaAMH, KOPMaMH,
BOJIOIO Ta iH. Ta BIUTUBA€E HA 3MiHy BUTPATHOI YaCTHHU y CKJIaji cobiBapTo-
cTi BUpOOIEHOT MPOAYKLIIi.
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INTENSIFICATION OF HEAT AND MASS TRANSFER DURING
THE CONVECTIVE DRYING OF APPLE
TO LOW FINAL MOISTURE

IHTEHCU®DIKANIA TEIINIOMACOOBMIHY
I YAC KOHBEKTUBHOI'O CYIIIHHSA ABJYK
JIO HA3BbKOI 3AJIMIIIKOBOI BOJIOI'OCTI
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Abstract. A new form of dried products for Ukrainian consumers is
fruit and vegetable chips. Fruit or vegetable chips are thin lamina of fruits
or vegetables obtained without frying. Fruit or vegetable chips obtained
by drying to low residual moisture. Their characteristic is the lack in the
composition of cholesterol, carcinogens and more. The purpose of the
work is to intensify the heat and mass transfer during convective drying
of apples while creating energy efficient heat production technology for
chips. The article also analyzes various methods of preliminary processing
of raw materials before drying (steam treatment, treatment in solutions
of citric acid and sugar syrup). The paper presents the calculation of the
duration of drying of apples by the method of Krasnikov V. The values
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and the dependences of the Rebinder Rb number on the humidity of the
sample for stationary and stage dehydration modes were calculated. In the
work the numerical modelling of the process of drying of apples during
the production of chips was performed. Physical and mathematical mod-
els were constructed for a layer of a colloidal capillary-porous body in
the form of an unlimited plate which thickness is much smaller in length.
Objects and methods of research. Objects of research were Renet Simirenko
apples. Apples dehydration was carried out by the method of convective
drying to a residual moisture content of no more than 6%. The duration
of the apples’ stay in a medium of a certain temperature and moisture
content was monitored; the apples temperature in the course of drying
process did not exceed the maximum permissible temperature of 60°C for
thermally unstable raw materials. Drying experiments and the evaluation
of apples quality were performed according to standard procedures.
Conclusions. Analysis of modes and methods of pre-treatment of raw
materials on drying kinetics and the organoleptic finished product showed
that examined treatments provide a high degree of colour preservation of
raw materials and accelerating the kinetics compared to untreated samples.
We determined the optimal parameters of the drying agent and developed
the stage-wise dehydration modes resulting in 20% reduction of process
duration and providing high degree of preservation of pectin and other
bioactive substances in chips. On the basis of generalization of the results
of experimental studies, energy-efficient thermal technology of obtaining
chips was developed, which is based on the method of rapid convective
drying of scalded by steam apples in the modes of stage dehydration. Unlike
the world’s developments, the technology involves the production of natural
chips without artificial preservatives and fillers with the maximum degree
of preservation of natural components of raw materials, the recoverability
of which is 85%.

1. Beryn
OcraHHi JaHl CBi4aTh MpO Te, IO KaJOPiiHI TpaauLiliHi CHEKU BCe
OinbIlle BUTICHSIIOTHCS 3 PUHKY HarypaibHumH [1]. HarypanbHi uuncu —
JIOBOJIi HOBUII CyIIEHUH MPOAYKT i3 BUCOKMMHU OPTaHONENTUYHUMH BIIACTHU-
BOCTSIMH 3HECBOJHCHHH 10 HHU3BKOI 3aJMIIKOBOI BOJOTOCTi. Taki ummcu
OJIEPXKYIOTh 13 (DPYKTIB Ta OBOUIB. ACOPTHMMEHT YHIICIB JIOCUTHh HIMPOKHA,
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1 BKITIO4ae B cebde umrcy i3 sA0myK, TpyIl, XypMu, aifBu, 6aHaHiB, Oypska,
MOpPKBH, 0atary, O1TMX KOPSHEIJIO/AIB TOIIO.

OCHOBHMMH CTATTSIMH BUTPAT, IO CKJIAJIAF0Th COOIBAPTICTH YMIICIB € Bap-
TICTh CHPOBHHH, OOJIaIHAHHS, OTUIaTa MPalli, BATPATH Ha TEIIOBOJIOTY 00POOKY
TiepeT CyIIiHHSM Ta IPOIIEC 3HEBOTHEHHSI, SIKUI € OCHOBHIM Y TEXHOJIOTTIHOMY
KT, Ha coGiBapTicTs Takok BIUIMBAE TOMABAHHS CMAKOBUX HANIOBHIOBAYIB Ta
KOHCEpBAaHTIB, 110 NiepeidadeHo bararbMa TexHomnorisamu [2; 3; 4].

B VYkpaiHi BiicyTHE MacoBe MPOMUCIIOBE BUPOOHHUIITBO YMIICIB, a HASIBHI
B TOPTiBENbHIM Mepexi IMIOPTHI YMIICH HAATO JAOPOTri. S3HIKEHHS cobiBap-
TOCTI CYIIEHOi MPOIYKIiI MOXKHA JOCATHYTH 33 PaxXyHOK BUKOPHCTAHHS
CHEproc(heKTUBHOI TEIIOTEXHOJOTII Ta BITUM3HAHOTO OONanHaHHS 0e3
JIO/TaBaHHSI CMAKOBUX iHrpenieHTiB. OTKe, po3pOOICHHS Ta BIOCKOHATICHHS
TEIJIOTEXHOJIOTIH TTepepoOIeHHs (PPYKTIB Ta OBOUIB € aKTYaJIBHOIO 3a/1a4elO0.

[poriec cymIiHAS POCITMHHOI CHPOBUHH Ma€ CYTTEBI BIIMIHHOCTI BiJ] 3He-
BOJI-HEHHS KJIACHYHHX KOJIOTTHHX KaITIJIIPHO-TIOPUCTHX MaTepiaiiB. Tak, i
Yac CylniHHs (hPYKTIB TeMIleparypa Marepiary He MOBHHHA MEPEBHIIYBATH
BEJIMYMHY TPAaHUYHO JomycTimMoi Temmepatypu 60 °C. [HTeHcudikarlis mpo-
[eCy Ta CKOPOYCHHS HOTO TPUBAJIOCTI HEMOXKITHBE 32 PAXyHOK ITiIBHIICHHS
TeMIeparypu TemnoHocis. [lepepobneHHs: poCcIMHHOT CHPOBUHH XapaKTepu-
3y€TbCSI BUCOKOK) €HEPIrOEMHICTIO MPOLECY, HU3bKUM K.K.1., MiABUIICHUMU
BHUMOT'aMH JIO SIKOCTI KiHIIEBOTO MPOAYKTY Ta Horo Oe3nevyHocti. [Ipu pos-
PoO11i HOBUX TEIIOTEXHOOT1H epepobieHHs (PPyKTiB HEOOXiTHO BUPILIUTH
KOMIIIEKCHY 3aJ1aqy — 3a0€3MIeUNTH CKOHOMIYHICTb IIPOLIECY Ta 30epeKEHICTh
KOPHCHUX CKIIAIOBUX Y KIHIIEBOMY MPOIYKTI.

MeToro poOOTH € IHTEHCH]IKAIlis TerIoMacooOMiHy ITiJl 4Yac KOHBEK-
THBHOTO CYIIiHHS SIOJYK MPH CTBOPEHHI €HeproeeKTHUBHOI TEIIOTEXHO-
JIOTi1 OfIep KaHHS YHUIICIB.

JIJ1s TOCATHEHHST METH HEOOX1THO BUPIIIIMTH HACTYIIHI 3aBIaHHS:

— JIOCTIIUTH Ta HAYKOBO OOIPYHTYBATH BILIMB Pi3HHX CIOCOOIB TEILIO-
BOJIOTOi 0OPOOKH SIOTYK Ha MPOIEC CYIIHHS;

— BCTAaHOBUTH KIHETUYHI 3aKOHOMIPHOCTI IPOLIECY CYILiHHS;

— orpuMaru GOopMyIy I pO3PaXyHKY TPHBAIOCTI 3HCBOIHCHHS SIOIYK;

— po3pobutu ¢i3uuHy Ta MaTeMaTHUHY MOAENI TEIIOMacoOOMiHy Hpo-
Lecy CyLIiHHS A0IyK;

— TIOPIBHSTH EKCIIEPUMEHTAJIbHI KIHETHYHI 3aKOHOMIPHOCTI mporecy
CYIIIHHS S0IYK 3 TCOPSTUIHUMH Ha 0a3i MaTeMaTHYHOTO MOJICITIOBAHHS.
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2. O0’€KTH Ta METOAM J0CTiIKEeHb

B sixocti 00’exTy mocimimkeHHsT BUOpaHO s0myka copty Pener Cumu-
PCHKO, TaK SIK BOHH € MOITYJISIPHIMH Ta PO3IOBCIO/DKCHUMU B YKpaiHi. Xa-
PAKTEPHOIO BI3HAKOIO JAaHOTO COPTY € BEIHMYUHA I[YKPOBO-KHUCIOTHOTO
ingexcy — 16...20 (BigHOIIEHHS BMICTY LyKpy A0 KUCIOTH). Taka Benuuu-
Ha ONTHMAaJbHA 3 TOYKU 30PY TEXHOJIOTIi 3HEBOJAHEHHS Ta OPraHONENTHY-
HHUX MOKAa3HUKIB 4MICiB [5]. SI0myka Hapizanum Kpy>KalbILIMH 3aBTOBIIKH
6 =3...4 MM Oe3 BUIaNICHHS] HACIHHEBOT KaMepH.

JlocrmipkeHo HACTYIHI CITOCOOM TEIIOBOJIOr0i 00poOKH siOIyK: Tirpo-
TepMmidHa, y BogHuX po3unHax 0,1%-omy, 1%-0My JIUMOHHOI KHCIOTH Ta y
10%-0oMy IyKpOBOMY CHOTII.

ExcriepumeHTanbHI TOCITIIKSHHS TPOIECY CYIIHHSI 00p0oOIeHUX S0TyK
MPOBONMIIOCH HA KOHBEKTHBHOMY CYIIMIIFHOMY CTEHIII Y PEKUMIi JBOCTA-
niitHoro 3HeBomHeHHS. CTeHI OONaIHAHO AaBTOMATH30BAHOIO CHCTEMOIO
300py Ta 00poOku iHdopmanii. [loxuOka BUMIpIOBAaHHS TEMIIEPaTypu HE
nepesuutyBaia = 0,1 °C, a macu = 0,001 r [6].

JlocmipkeHHST TIPOLIeCy B PEXHMMi JABOCTAIITHOTO 3HEBOAHCHHS IPO-
BOJIMJIOCH TAKUM YMHOM: Ha MEpILii cTajii TeMieparypa TeroHocis Oyna
piBHoI0 80 °C, a Ha npyTiii, npu HAOIIKEHH] TemMIepaTypH S0IyK 10 55 °C,
TeMIepaTypy TEIJIOHOCIS 3HMKyBanu 10 Temreparypu 60 °C [5]. [Ipomuec
MIPOBOJIMIIN JI0 3aJIMIIKOBOI BOJIOTOCTI I0IMyK W © = 6%.

AHaIi3 iporiecy CyIIiHHS 3/1iIHCHIOBABCS HA MiICTaBi MOOY/TOBAaHUX KPH-
BUX KiHeTUKH W = f(1) 1 mBuakocti dW° /dt = f(W°) 3HEBOZHEHHS.

JIsi BU3HAYCHHS BIJIHOBIIFOBAHOCTI YHUIICIB BUKOPHCTOBYBAJIACH METO-
niKa [ 7], U po3paxyHKy TPUBAIOCTI 3HEBOTHEHHS I0JyK Ta yuciia PeOin-
niepa — eKCIIePIMEHTAIBLHO-PO3PAXyHKOBI METOIH O CIiDKEHB [§].

OO0poOKa EeKCHePUMEHTANBHUX JaHUX Ta PO3PaXyHKH BHUKOHYBAJIHCH
13 3aCTOCYBAaHHSIM Cy4YacCHHX KOMII IOTEpHHUX mporpaMm ~Sooshka2 27 Tta
Excel; nns maremaTyHO1 MOJIEIIi aBTOPChKA MporpaMa Ha MoBi Fortran.

3. BiiuB Ten10B0/10roi 00podxu s10/1yK Ha Npouec CyliHHsA
3 MeToro iHTeHCH(iKalii MacOepeHeCeHHS NMPU CYIIiHHI MPOBOASATH
TEIUIOBOJIOTY 0OpPOOKY POCIMHHOT CHPOBUHHM MTapOI0, BOJIOK a00 po3unHa-
MHU. Y pe3ynbTari Takoi 00pOOKH BHIIASIETHCS TTOBITPS, 3MIHIOETHCS Maca
Ta 00’eM MaTepiaiy, 30UTBITYETHCSI KIITHHHA MPOHUKHICTh, IHAKTHBYOTh-
cs1 epMEHTH, T1JIPONTIZYEThCS MPOTONICKTHH, TOKPAILY€EThCS BIHOBIIIOBA-
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HICTb. J|J1s1 KO’)KHOTO KOHKPETHOTO BUAY CHPOBHHH iCHY€ ITEBHA TPUBAIICTh
TEIUIOBOJIOT0T 0OPOOKH Ta CyIIiHHS, CPEKTHBHICTh SKOT 3aJICKUTh BiJl Ma-
Tepiay, Horo CTyImeHs 3puIocTi Ta oApiIOHEeHHS [6].

Ha puc. 1 300pakeHi KpHBI KIHETUKH Ta IIBHJIKOCTI CYIIIHHS TOIE-
penHBO 0OPOOICHUX SOMYK PI3HUMH CHOCO0aMHU. AHATI3 OTPUMAHUX EKC-
MEPUMCHTAIPHIX JaHUX IOKa3aB, IO BCi TOCIIKEHI CIIOCOOH 0OpOOKH
MIPUCKOPIOIOTH NPOIIEC 3HEBOAHEHHS MOPIBHIHO i3 CBXKUMH (HEOOpoOIIe-
HUMH) 3pa3kamu [9; 10].

Tak, mpu 06po011i 3paskiB y 10%-oMy po3unHi IIyKpOBOTO CHPOITY CyT-
TEBOTO CKOPOUEHHS HE CIIOCTEPIra€ThCs, TPUBAICTh MPOLIECY 3MEHIIYETh-
cst mume Ha 5%. Lle MO)KHA MOSICHUTH 3aKYIIOPKOIO KaIliIApiB IyKPOBHM
CUPOIIOM Ta YTBOPEHHSM ILTiBKM Ha MOBEPXHI 00’ €KTY 3HEBOHCHHSI.

O6pobdxa g6myk y 0,1%-omy Ta 1%-0oMy po3uMHAX JUMOHHOI KHCIIO-
TH CKOPOYY€E TPUBANICTH MPOIIECy MOPIBHIHO i3 cBiXUMHU Ha 9% Ta 13%
BIJIMOBIJTHO, 13 YOTO BHUTIKAE, 3HIKCHHS KACIOTHOCTI CEPEIOBHINA CIIPHSIT-
JIUBO BIUTMBAE HA KIITHHHI 00OJIOHKH, MiJBUIYFOYH TXHIO TPOHUKHICTH Ta
IHTEHCHBHICTH MIPOLIECY BUIAICHHS BOJIOTH.

TpuBaicTh 3HEBOIHEHHSI TIrPOTEPMIYHO 00POOICHHUX SIONYK € HAalMEH-
1010 1 cKOpouyeThes Ha 20% MOPIBHSIHO 13 CBIXKUMH, 1110 TIOB’SI3aHO 3 BIUIH-
BOM JIAHOTO CI1I0CO0Y 0OPOOKHM Ha TKAHUHH, KU IPU3BOJUTH /10 BTPaTH Oi-
OToJiMepaMu Tipo(iIbHUX AKTUBHUX IIEHTPIB TA 3HUKEHHIO 1X BOAOYTPH-
MYI04O01 31aTHOCTI, TOOTO A0 Mepepo3noiny (paxuii BOAU — 3MEHIIECHHIO
KUIBKOCTI 3B’s13aHOT BOJIM Ta 30UIbIIeHHIO BUTBHOI [11]. Came Bij KiIBKOCTI
3B’s13aHOI BOJH 3aJICKUTh TPUBAIICTH TIPOIIECY, 4, OTKE, CHEpreTHYHAa CKJIa-
J0Ba Tporiecy cyuriasa. HeoOXimanit eeKT nocsaraeThes 3a TeMIepaTypH
sg0myk ¢ = 85...95°C i3 Burpumkoro npotsrom 30...40 ¢ [5].

[Ipu rirporepMivniii 00poOIi HAWOLIBIT TTOBHO 30€pIiracThes MPUPOJI-
HIW CKJIaJ] CHPOBHHH, B TOW Yac, sIK IPpU 00poOIli y pO3YMHAX BiIOYBAETHCS
MepexiZ PO3YNHHUX CyXHX PEUOBHH CUPOBHUHU (2...4%) y OaHITyBaTbHUIA
po3uuH [12].

AHai3 KpUBUX IBUAKOCTI cyliHHsA (puc. 1, 0) mokasas, 110 Mpolec 3He-
BOJIHCHHSI TIPOTIKA€ B MEPIOji Majaro4oi mBHUIKOCTI. BijcyTHICTh iepioay
MOCTIMHOT IIBUIKOCTI TOSCHIOETHCS YMOBaMH IMPOBEJCHHS IMPOLECY CY-
mriHHs. HIBHAKICTS CyIIiHHA BCiX 00pOONICHUX 3pa3KiB BHUINA, HIXK CBIKHX
MPOTATOM Tporecy. MakCHUManbHa MIBUJKICTb CYIIIHHS CIIOCTEPIraeThCst
JULS TIrpoTepMidHO 00pOOICHUX 3pas3KiB, sika y 1,8 pa3iB BHIIA, Hi)K CBIXKHX.
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Puc. 1. BniiuB cnoco6iB TenJioBoJioroi 00podku s10J1yk Ha KiHeTHKY (a)
Ta WBUAKICTH (0) mpouecy cyminus, V= 1,5 m/c, d =10 r/kr c.. [10]:
1 — cBixi s10:MyKa, 2 — 00pobieHi y 10%-0My IyKpOBOMY CHpOTI,
3 — 06pobiteni y 0,1%-0My po3unHi TUMOHHOI KUCIIOTH, 4 — 00po0IeHi
y 1%-0oMy po34rHI TUMOHHOI KHCIIOTH, 5 — FIrpOTepMiYHO 00poOIIeH]

JlocmikeHHS TTOKA3aiH, 10 PO3MISHYTI CocoOn 0OpoOKH BHPIBHIO-
I0Th Ta CTa0UTI3YIOTh KOJip 00pOOIeHUX SIOIYK MPOTSITOM TPUBAJIOTO Yacy.
Komip 3paskiB (puc. 2, ), 00poOieHxX y IyKpOBOMY CHPOII, MiCJIs CYIIiH-
Hsl HaOyB JKOBTYBATOro 3a0apBIICHHS, a KOJIp 3pa3KiB, 00POOICHHUX Y PO3-
YUHAX JIAMOHHOT KUCJIOTH — BUCBITIUBCS (puc. 1, B). KpiM Toro, 3pa3ku
BTPATHIIM HATypajbHUW TApMOHIMHUN CMaK MpHUTaMaHHHWA CBIKUM s0ITY-
kaM. Haffkparmi opranonentiuaHi OKa3HUKH CIIOCTEPIraluch IS TirpoTep-
MIYHO 0OpOOJICHUX SIONYK — CMaK Ta 3amax BJIACTUBHH CBDKHUM SOTyKaM,
CBITJIO-KPEMOBHI KOJIp Ta XpycTKa CTpyKTypa (puc. 2, 0) .

3 METOX0 BU3HAYCHHSI SIKOCT1 YHIICIB 13 SIOTYK TMPOBEJCHO JIOCIIKEHHS
10 BU3HAYEHHIO Koe(ilieHTa HaOyXaHHS Ta BiAHOBIIOBAHOCTI (pHC. 3).

Bu3HaueHHIO BIHOBIIOBAHOCTI TIEpely€e pO3paxyHoK koedilieHTa HaOy-
XaHHSI, IKUH MMOKa3y€e BiTHOCHE 301IBbIICHHS MACH MPOAYKTY IIiCIIs Ha0yXaH-
HsI Ta BU3HAYAE 3IaTHICTH J0 BiJIHOBIIIOBAHHS IIOYaTKOBHUX BIACTHBOCTCH Ma-
Tepiamy. BinHoBmoBaHicTh (B) Marepiany € OiIbII TTOKa30BOI0 BETMIHHOIO,
sika 0e3TM0CePEeTHBO MOKA3Y€E HACKUIBKU BOJIOTICT BITHOBICHOTO MaTepiany
HAOJNMKAETBCS JI0 BUXIJHOT, sika ipuiiMaeThbest 32 100% [7]. Yum Bummi 3Ha-
YEHHS BIJIHOBITIOBAHOCTI, TUM Kpalla sIKICTh OTPUMAHOTO CYIIIEHOTO MPOIYK-
TY, THM MEHIIIOTO HETaTUBHOTO BIUIMBY BiH 3a3HAB IIiJT Yac CyIITiHHSL.
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B)

Puc. 2. BnjiuB TenyioBo.ioroi o6podxu
HA OPraHoJIeNTHYHI MOKA3HUKHU YHUICIB i3 A0IYK:
a — cBiXke A0yKO; O — TirpoTepMiuHO 00pobIIeHE; B — 00podKka y 1%-oMy
PO3YHHI TUMOHHOI KHCIIOTH; T — 00poOka y 10%-0oMy IyKpOBOMY CHPOITi

100 847 %0

B, %
=
==

1 2 3 4 5

Puc. 3. lunamika 3MiHN BiTHOBJIIOBAHOCTI YHIICIiB
3aJ1€KHO BiJl c10co0y TEINJI0B0JIOT0l 00pOOKM:
1 —y 10%-oMy po3unHi LyKpoBoro cupomy; 2 —y 1%-omy po3uuHi
TUMOHHOT kucnoty; 3 —y 0,1%-oMy po3dnHi IUMOHHOT KHCIOTH;
4 — rirpotepMiuHa 00poOKa; 5 — cBixki

SAx 6aunmo 3 puc. 3, HaOLIbII 3HAYSHHS BiTHOBIIOBaHOCTI B = 84,7%
OTPUMAHO JUTS TIrpOTepMiYHO 00poOieHnX 3paskiB. [IpoTe, MOBHOTO Bil-
HOBITIOBaHHSI YHUIICIB HE criocTepiraerbes. Lle moB’si3aHo 3 THM, IO TTiJT 9ac
CYIIIHHS SIOMYK BiIOyBa€eThCs ycajka Marepiany, nedopmariis CTpPYKTypH
MapeHXIMHUX TKAHWH, CTUCKAHHS BITbHUX MDKKIITHHHHUX MPOCTOPIB 1O
SIKUM BCMOKTY€ThCS BOa. Uepes TEIUIOBUI BIUTUB BigOYBa€THCS HEO0O-
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POTHA IGHATYpALlisl pEYOBHH, SIKi Y HOPMATBLHOMY CTaHi 3B S3yI0Th BOIY Ta
HalOyxaroTh [6; 9].

Sk 6auuMo 3 HaBEJCHUX JOCHTI/DKEHb, MrpoTepMiuHa 00poOKa A0IyK iH-
TeHCcH(DiKye 3HEBOJHEHHS Y 1,8 pasiB, MOPIBHIHO 31 CBIKUMH, 3a0e3Meuye
orpumManHs 100% HaTypaJbHOTO MPOIYKTY O3 JToaBaHHs JJONATKOBUX CMa-
KOBHX KOMITOHEHTIB i3 BUCOKMMH OPraHOJICNITHYHUMHE MOKa3HUKamu. CKo-
POYEHHSI TPUBAJIOCTI 3HEBOITHEHHS TOTOKHBO CKOPOYEHHIO €HEPrOBUTPAT Ha
npoliec. Yce BUIIEBUKIIAICHE TOBOANUTH IIEpeBary TirpoTepMidHoi 0OpOOKH.

4. Po3paxyHok TPUBaJIOCTI pouecy cyliHHs g0JyK

MeTtoto po3paxyHKy Oys10 BU3HAUEHHS TPUBAJIOCTI IIPOIIECY 3HEBOAHEH-
HJ 11T Yac BUPOOHMIITBA YHIICIB 13 SIOMyK.

BpaxoByrouw, 1110 TIPOIIeC CYIIIHHS € Ay>Ke CKIIAIHHUM 1 SBJISIE COOOI0 Cy-
KYTHICTB ITOB’sI3aHKUX OJTHE 3 OJIHUM SIBUIIL, SIKi TPOTIKAIOTh BCEPE/INHI Ta Ha
MOBEPXHI Marepiajy, a TAKOXK BCEPEeIMHI CYIIMIbHOI KaMepH, PO3paxyHOK
TPUBAJIOCTI CYUIIHHS yckiIaaHeHuH. i po3paxyHKiB BUKOPHCTOBYIOTbH
HaOJIYDKEHI METOIH, sKi 0a3yrThCsl Ha BHBYCHHI 3arajlbHUX 3aKOHOMIp-
HOCTEW TpoIiecy, Mo 30JIMKYE TEOpito Ta MpakTuKy cymriHHs. L{i meTonn
3aCTOCOBYIOTH JAJISI IIUPOKOTO KJIacy MaTepiajiB i3 pi3HOIO Fe€OMETPUYHOIO
¢dopmoro. [l po3paxyHKy HAMU BUKOPUCTAHO €KCIIEPUMEHTAIbHO-PO3pa-
xyHkoBuit Metos KpacHikoa B.B. [8].

3a OTpHMaHUMHU EKCIICPUMEHTAIFHIMU KPUBUMH 3HEBOTHEHHS SIOITyK
MoOyZOBaHO y3arajJbHEHY KPHUBY KIHETHKH CYIIIHHS Ta MPEICTABICHO ii B
HaniBrorapuMiyHii cuctemi koopauHat W °— Nt (puc. 4), 10 J03BOJINIO
BH3HAYMTH KPUTHYHI BOJIOrOCTI B TOYKaX nepernHy Wi . BiHOCHI koedi-
IIEHTH CYIIHHS Ta 3aJIe)KHICTh (2) JUIS BU3HAYECHHS TPUBAIOCTI MPOIIECY.

XapakTep 1moOyIoBaHOT KPUBOI MIATBEPAUB MPOTIKAHHS TPOIECY Cy-
HIHHS S0IyK y ApyroMmy mnepiofi majgarouoi MmBHAKOCTI. [pyruii mepiox
CKJIAJIA€ThCS 3 TPHOX YACTHH, HAa Tpadiky J00pe BUIHO TOUKH IEPETruHY,
SIK1 BIIMTOBIIAt0Th KPUTUIHUM BOJIOTOCTSIM.

3Ha4YeHHs BITHOCHHUX Koe]ilieHTiB cymrinas y2 = 13,9 - 10-4 (530> W ¢
2125),93=143-10-4 (125>2W<225)tay4=15,5-10-4 25=2W <> 6).
3aranbHa TPUBAIICTh T, MPOLECY CYLIIHHSA SOTYK:

1 1 WC 1 WCKpl 1 WCKpZ
T, = — g S o+ —lg . + . (1)
N %a w Kpl X3 w Kp2 Xa w ’

max
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Puc. 4. Y3araiibHeHa KpuBa KiHeTHKH MPoLeCy CYIIiHHS sIOIyK

e Nmax — MaKCHMaJbHa MBUJIKICTH CYIITiHHSI, WCU, WCK — [I0YaTKOBa Ta
KiHIIeBa BOJIOTOCTI Marepiany, W or W Sqp — TICpIIA Ta Jpyra KPUTHYHI
BOJIOTOCTI Y Kputn4Hux Toukax K, K,. 3HaueHHs KpUTHYHUX BOJIOTOCTEH
Weo =125% Ta W, =25%.

[lincraBuBmy y Bupa3 (1) BCi MIyKaHi BETUYUHU, OTPUMAHO BUpA3 JUIs
BHU3HAYEHHS 3arajbHOTO Yacy CYIIiHHS SOTyK:

1335
T =5 @)

max
BukopucToByIOUH OTpHMaHy 3aJICXKHICTH (2), MOKHA 3a3/1aJIeTib OIli-
HUTH TPUBATICTh MPOIECY CYIIIHHS SOMYK i 4ac BUPOOHHUIITBA YHIICIB
MPH 3MiHI TApaMeTPiB TETIIOHOCIS.

5. PozpaxyHok unciaa Pebinnepa,
sIK KpUTepilo onTUMi3alii npouecy cymiHHs

Ywucio Pebinzepa BH3HAYa€e BIAHOIICHHS KUTBKOCTI TEIUIOTH, SIKE
MiIUI0 Ha HarpiBaHHSA Marepiany A0 KUIBKOCTI TEIUIOTH BUTPAueHOi Ha
BUIIAPOBYBaHHS BOJAHU 3 HHOTO. Ynciio Rb € 0CHOBHUM KpHUTEpieM CYIIiHHSA,
1 Ior0o YacTo Ha3MBAKOTh KPUTEPIEM ONTUMI3allii Tporiecy cyminus [13].

Bennunna yucna PeGingepa 3aieXuTh Bijl TeMIIepaTypHOro KoeQilieHTa
CYWIiHHS b, MUTOMOI TEIIOEMHOCTI BOJIOTOTO MaTepialy ¢ Ta IMHTOMOi
TEIUIOTH BHUIAPOBYBaHHS 7, TOOTO BiA (opM 3B’SA3KYy BOIM 3 MarepiajoMm
[6; 14]:
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ne ! — cepenHs Temmeparypa marepiany, U — cepemHiii nuroMuii
BOJIOTOBMICT MaTepiaiy.

[Iporiec HEOOXiAHO MPOBOIUTH TAKHUM YUHOM, 10O 3HAYEHHS YHUCIIa
Pebinpepa Oynu MiHIManIbHUMM, TOOTO Tak, 100 ycCs MifBEJCHA TEILIOTA
BUTpayasach Ha BUMIAPOBYBAHHS BOJIOTHU 3 MaTepiay.

3HaueHHs uyucia Pebinmepa po3paxoBaHO IS TIrpOTEPMIUHO
00pobneHnx A0IyK, sIKi 3HEBOAHIOBAINCE 32 PI3HUX YMOB IIPOBEICHHS
nponecy cyuriHHg (puc. 5). 3anexHicth uncia Pebingepa wmae
CKJIQJHUW XapakTep 13 XapaKTepHUMH IePEeTHHAMH, SKi BIIMIOBIIAI0ThH
BU3HAYCHUM KPUTHYHUM BOJIOTOCTSM 1 BKa3yIOTh HAa BUAAICHHS Pi3HUX
BUIB BOJIOTH.

Sk 6aunMo, 301TBIIICHHS TEMITEPATYPH CYIIMILHOTO areHTa (KpuBi 1, 2)
Bix 80 mo 120° C npusBoauTh A0 30ubmIeHHs uncia Rb mo aGcomorHOoMy
3HaueHHIO. Benuuuna umcna Pebingepa i 3paskiB, 3HEBOJHEHUX 3a
CTaliliHUX pexXuMiB (KpuBa 3), MOPIBHAHO 31 3pa3kaMM 3HEBOJHEHUMHU
3a CTalllOHapHUX PEXUMIB (KpuBi 1, 2), MEHII BXE Ha IOUYATKy MPOLECY
Ta CyTTEBO 3HIKYIOThCS HAIPUKIHII. 3HIKEHHS uncna Rb wmaibxe 1o
HyJIs BKIHII TPOLECY CBITYUTH MPO TE, IO ycs TiJBEICHA TEIUIOTa
BHUKOPHCTOBYETHCS HA BUITAPOBYBAHHS BOJIOTH 3 SIOTYK.
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TakazanexHictsuncia PeOiHaepa 10BOIUT, [0 TO€THAHHS TIrPOTEPMIYHOT
00pOOKH SOITYK Ta CTAJIIHOTO PEXKUMY 3HEBOJIHEHHS € EKOHOMIUHO JIOIITHHAM
Ta CIpUsI€ 3HWKSHHIO EHEPTeTHYHHUX BUTPAT Ha MPOIIEC CYITIHHS.

6. lunamika npouecy CyumriHHs sIOIyK
Ha 0a3i MATEeMATHYHOI0 MOJEJII0BAHHS
6.1. ®iznyHa Ta MaTeMaTHYHAa MOA L
TeIIoMaco00MiHy NpH cyIiHHi
S10myka BIAHOCATHCS A0 KJIACy KOJIOIMHUX KaMiSIPHO-TIOPUCTUX Marepi-
aJIiB, 10 MPEICTABISIOTH TETEPOTCHHY CHCTEMY, SIKa BKITFOYAE TBEPAY a3y,
YTBOPIOIOUY TIOPUCTHH KapKac, a TAKOX PiZIKy, TApOBY 1 MOBITPSHY (a3u, 10
YaCTKOBO 3aMOBHIOIOTH MOPH. Y TPOIECi CYITIHHS 00’€M TaKHX MarepiajiB
3MEHIIYEThCS B JICKIIbKA Pa3iB 3aBISKH YCaJIll KapKacy, 0 Ma€e CyTTEBHA
BIUTUB Ha AWHAMIKY TETJIOMacOIlepeHECEHHS Ta (pa30BUX IIEPETBOPEHB.
®diznuna Moaesab mpomecy. MaTteMaTnyHa MOJENb TIOBUHHA BimoOpa-
»Katu (pi3UYHI MPOLIECH, 110 BiIOYBAKOTHCS B CUCTEMI (pHC. 6.) ,,CYIIMIbHAN
areHT — BOJIOTHH MOPUCTUI MaTepiai — mephopoBaHa perriTka’.

Puc. 6. ®izuuna moae/b npouecy cylmiHHA A0ayK:
1 — mepdopoBaHna peitTka; 2 — CyluiIbHa Kamepa;
3 — map KoJOIAHOTO KamiIApHO-TIOPUCTOTO MaTepiany

BinHOCHO TOHKHME Iap KOJOIMHOTO KamiJIIPHO-TIOPUCTOrO Marepiaty
TOBIIMHOIO / 00XyBAIOTh TEIUIOHOCIEM i3 TeMmmepaTyporo 7, HIBHIKICTIO
pyxy Vi BizHOCHOIO BoJoricTiO ¢. IIpupona marepiany Bu3Ha9aeThCs HOTO
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TerTo(i3NIHUMH BIACTHBOCTAMHU. BBaxkaemo, mo mepdopoBana permriTka
MaifKe He YCKITaJHIOE€ KOHTAKT MaTepiay 3 CyIIMIBHUM areHToM. /1o 30B-
HIIIHIX TTOBEPXOHb IIapy BiJl CYNIMJIBHOTO areHTY IMiJBOAUTHCS TEILIOTA
qumin, siKa iie Ha BUMIapOBYBaHHS BOJIOTH 1 HarpiBaHHS Marepiaiy. 3 mapoto,
110 YTBOPIOETHCA MPU BUMAPOBYBAHHI 1 BUXOAUTH HA30BHI g, BIIBOAUTHCS
Temiora ¢,, Temnora g, B HNOPHCTOMY IIApi BKJIIOYAE TEIIONPOBiIHY
CKJIAJI0BY ¢, CKJIaJIOBI, 1[0 BPAXOBYIOTh TEILIOTY (pa30BUX NEPETBOPEHb
44> IEPEHECEHHS TEIUIOTH TIPH PYCi PiAIKOi g, 1 1apOBOi g, ha3. Bennunna
g CKIIQ/IAETCS 3 TEPMOBOJIOTONPOBIHOI g, AUPY3iHHOI g, CKIANIOBHUX i
CKJIQJIOBOI, 1110 BpaxoBye (ijbTpaliiiHe MepeHeCeHHs BOJIOTH ghiIbTp.

MaremaruuHa mMoaeab mpomecy. Y [15] Oyna moOynoBaHa marema-
THYHA MOJIEIh TUQPY31HHO-DITBTpaIifHOTO TeIIoMacotiepeHeceH s, (a3o-
BUX MIEPETBOPEHB TA YCAJIKH MPH CYNIiHHI KOJOITHUX KaITUISIPHO-TIOPUCTHX
MarepianiB. Bona Moxke OyTH cIIpoIieHa, OCKUIBKH S0ITyKa € TepMOIa0iib-
HUM MaTepiajioM 1 B IpoIieci CyIIiHHs iX TeMIieparypa He IepeBHUIILy€E rpa-
HUYHO JIONyCTUMOTO 3Ha4YeHHs, sike Hrkue 3a 100 °C. [Ipu Takux ymoBax
OCHOBHMH MEXaHI3M HepeHocy € nudys3iitHuil 1 (inTpamifHIM MexaHi3-
MOM MOKHa 3HexTyBard [13]. ¥ mpoMy BUMaaKy MaTeMaTH4YHa MOJEINb
BKJIIOUa€ qudepeHIiiiine piBHSHHS IEPEHECEHHS eHepril (4), IepeHeceHHs
Macu pizkoi (5) Ta napoBoi ¢a3z (6):

oT 0 oT

Cp—=—(\ey —) — P 1, 4
ed 6‘[ ax( ed ax) ehtv ()

ou, o oU oT U, o
=—WD(—*+5,—N-1,-—2—=—+, 5
on ax( b x "ax)) " (+e,) ot ®)

oUu 0 oU oT U, o
no O p (s Ly e 6
ot 6x( n ox " 6x)) " (l+eg,) ot ©)

ne ¢, — ebexrusra Ternoemuicts, Jhx/(kr - K); v — wac, ¢; T — tem-
neparypa, K; e} — edexruna rennonposianicts, Br/(MK); 7, — edek-
THUBHA ITUTOMA TEIUIOTa (ha30BOTO TIEPEXOY, SIKa BPAXOBYE BUMIAPOBYBAHHS
BiIGHOI Ta 3B’s3aHOI BomH, KJDK/KT; [, — IHTCHCHBHICTh BUIIAPOBYBAHHS
pimvan B onuHMYHOMY 00°€Mmi; U, i U, — 00’€MHI KOHIEHTpaii mapu Ta
pinunu, kr/v’; D, D, — eextuBnuit koediuienT nudysii napu Ta pinuHu B
nopax marepiarny, M%/c; d,, d, — BitHOCHI KoeditienTn Tepmonudysii napu
ta piguuu, kr/(M*-K); &, — BigHOCHa 06’ eMHa Aedopmartis (ycaaka).
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HoBuwm y maremaTnuHii Mofeni € Te, o y piBHSAHHI (4) BUKOPHCTaHO
€(EKTHBHY MUTOMY TEIUIOTY (a3s0BOIr0 MEPEXOMY 7y, BUSHAYEHY E€KCIIEPH-
MEHTAJIbHO, SIKa BPAXOBYE BUIIAPOBYBaHHS BUIBHOI Ta 3B’3aHOT BOAW VIS
CBIXKHX Ta ONAHIIOBAHUX IMAPOI0 SIONYK, IO JO3BOJIMIIO MMiJBUIIUTH TOY-
HICTb PO3PAXYyHKY.

EdexruBauit K06(1.)1H1.€I.{T madysii pimuau D, B 1opax marepiaiy 3Ha-
xonuthbes 1o dopmymni Hikitenko ML [16]: D, = v, [exp(4, / RT) 11", a
JUISL TIApU 1 TIOBIiTPSI, BIATIOBITHO O MOJIEKYIISIPHO-KIHETUYHOI Teopii rasy,
D, = D, = v, T*"* / P, 1€ yp, i yp, — muahy3iiini koedinientn; 4, — enepris
akTuBarii B mporeci audysii, x.

Tuck P, ra30oBoi CyMmilli B MOpax MaTepially MPEACTaBISETHCS CYMOIO
napiajgbHUX THCKIB mapu P i nositps P

R:PH+PHOB' (7)
[pu mudysiitHOMy MeXaHi3Mi TEIIOMaCcOIIEPEHECEHHS THCK ITapora3o-

BOTO CEpPEIOBHIIA B TIOPaX Tija JTOPIBHIOE THCKY HaBKOJHIITHBOTO CEPEIO0-
Buma P, (TernoHocis), 1 mapIiiagbHii THCK HOBITpPS B Opax:

P =P - P, ®)

[NaprianeHuii THCK TapH 3HAXOAUTHCS 13 PIBHSHHS CTaHy IS pO3piaKe-
Hux rasiB: P, =p RT /p,, Ae ryctuHa napu p, =U, /¥, ; W, — MOJIpHA
Maca rmapH, Kr/MoJib.

O0’emHa dacTka B Marepiaji, IO 3aifHATa Ta30BOKO (hazoro:
Y. =1-¥, -¥,, ne ¥,=1-I1 - o0’emna 4yactka TBepaoi (asu,
¥,=U,/p, — o6’emna 4acTka piaxoi pasu, p, — rycruHa pigkoi hasu.
Toxi rycTuHa MOBITPS P,y = Proshtnes / (RT) , A€ P, — MOJISIPHA Maca IOBi-
TpsL, KI/MOJIb, @ 00’ eMHa KOHIeHTpaist U, . = p,.. ¥,

[HTEHCUBHICTH BHUITAPOBYBAaHHS PIJIMHU Ha 30BHIIIHIN TOBEPXHI MIapy
3HAXOMIUTHCS K PI3HUI MOTOKIB PIIMHU, 0 BUIIAPOBYETHCS 1 MapH, IO
KOHJIEHCY€eThes, 1o Gpopmyni Hikitenko M.I. [15]:

1=vfoulo(ew[4/(RTI,)]-1) = gy(exp[4/ (RT)] 1)} )

Tyt v, =ep,8* /4, Kr/M’c — TIOBepXHEBHiH KOe(illieHT iHTEHCHBHOCTI
BU-TIAPOBYBAHHs, € — KOC(QIIIEHT BUIIPOMIHIOBAaHHSA, 1/c; §*— TOBHIMHA
mapy KOHIEHCATy, Y AKOMY BiZOyBa€ThCsl BUIAPOBYBaHHs, & =5 /8* mnpu
0<8<8*1i8=1 mpu & > %, 3 — TOBIMHA APy KOHJEHCATY; (, — BOJIO-
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TIiCTh MAPOTIOBITPSHOI CyMiIlli B TTOpax, SIKii 3riJHO i30TepMi copOii BimoBi-
Jla€ KOHIICHTpAIIis U,B JaHii Tour Tina [16]; A — enepris akruarii, Jx; R —
yHiBepcalibHa ra3osa crana, Jx/(kmons - K); 7. 1 ¢, —mapaMeTpu 30BHIIIHBOTO
MaporazoBOro Cepe/IOBHIIA (TSIIOHOCIS); X — HOPMaJIb IIOBEPXHI IIACTUHH.

3a yMOBH JIOKaJbHOT TEPMOJHMHAMIUHOI PIBHOBATH (ha3, KOJIH TeMIIepa-
Typu (a3 B JaHii TOYL Tijia € pIBHUMHU, BUPa3 1Jis IHTEHCUBHOCTI BUIIAPO-
BYBaHHS B OIMHUYHOMY 00’eMi Tisla BUInBae 3 (11):

I, =v.[exp(4/ RT)~1]" (o, - 9)S . (10)
Tyt S — mionia KOHTaKTy piJKoi Ta ra3oBoi (a3 B HEIMOBHICTIO 3allOBHE-
HHX PIJUHOIO [TOPaxX OAUHUYHOIO 06’ eMy Tina, M*/M*; ¢ = P, / P,— BiiHOCHA
BOJIOTICTh Ta3y B MOpax Tilla HpH JAaHiid Temmeparypi. THCK HacHYCHHS
BU3Ha4aBcs 1o gopmyni Hikitenko M.I. [16] P, = pr/T [exp(A/ RT) - 11",
ze N, = const, pe3ysIsTaTy sKoi 100pe Y3ropKYIOThCs 3 TAOINYHAMHU JAHUMH.
Jlis Bu3Ha4YeHHS IOl S KOHTAKTy Pifkoi 1 ra3oBoi (a3 B mopax oiu-
HUYHOTO 00’ €My TiJa, sIKi He TIOBHICTIO 3allOBHEHI PiIMHO0, B po0OTI [15]
orpuMana (popmyIa (3a yMOBH, IO ¢ = @, ):

2yl -¢, 0U,
S=—— . (11)
P57 Jo,

Hoxinxa OU /0@, 3HaXOMMThCs 3 PIBHSHHS 130TepMu JecopOuii. {aui o
piB-HOBaXHIH BOJIOTOCTI W' 11 A0y K B3ATO 3 BIIACHUX EKCIIEPUMEHTAIIb-
HUX fganux, U, =0,01W p, .

BinnocHa 00’emHa gedopmariisi €v BUBHAYAETHCSI HA OCHOBI PIBHSHHS
TepMO-KOHIIeHTpaliiHoro aepopmyBanus Hixitenko M.I. [15], axe mus
Tin HainpocTimoi kKoH(irypamii BUpimieHO aHamiTHYHO. s TutacTHHH
0 <x, < h, neropMOBaHUil CTaH SIKOI TIOB’sI3aHUH i3 CHMETPUYHOIO HEOHO-
PLAHICTIO MOJIiB KOHIIEHTpAIIil KOMIIOHEHTIB 1 TEMIIEPaTypHu y3JI0BX OCi X,
aHATITUYHE PillleHHS Mae BUIIsT [17]:

€, =¢ —LTNdx £ —71+V”N— 2vy €,E,=63=63,=0
22 33 28 0 s “I1 1 _ VH 1 _ VH 22> ©12 13 23 .
€, :(1+811)(1+822)(1+833)_1]- (12)
Tyr N —  TepMoKkoHIeHTpamifina  ¢yskmis, H/m?  [15],
N =BT -T)) + D B, (0, — ), 1e B, =(éx /oT) / x — xoedilienT miniii-
HOro TepMiunoro’ posmupenns, 1/K; B, =(éx /dw,) /x — xoediuient
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JHIHHOT ycaaKu MpX 3MiHI MAaCOBMICTY (O KOMIOHEHTY ¥ ( = p, I, ITOB),
1/K; v, —xoedimient [lyacoHa.
Huis cucremu (4) — (6) noBuHHi OyTH 3a/1aHi TPAaHUYHI YMOBH:
— Ha 0Ci CUMETPii MaroTh Micue ymoBu cumetpii nomis 7, U, , w, , (X =p, )
ol _o, v, (13)
ox|._,  ox ox

=0.

x=0

bl

x=0

— Ha 30BHIIIHIH MOBEPXHI X = 0 (d = /4/2) 1apy 3a1a10ThCSl YMOBH 3-TO POy

oT
eb aixlx:é = Q(Y:- - Tlx:S) — red)[5
oy, oT
Dp(aixpl)C:S"rapal)C:S):I, (14)
oU oT
_D i 5 L _ U B |
n( ox . + n ox XZS) Ync( "lx:s pmwn)

TyT y,. — KOeQIIiEHT 30BHINTHEOTO MAapOOOMiHy, M/C, p,, — MapIiaibHa
TYCTHHA Iapd B TEIUIOHOCII, ¥, — 00’€MHa 4YacTkKa MmapH, o — KOe]ilieHT
temnosiayi, Br/(m*K).

MareMarnyHa MOJIETh € ICTOTHO HENIHIMHOIO 1 pO3B’sI3aTh 11 MOXKIIUBO
JHIIE YHCEIFHUM METOHOM. Byno po3pobneHo meron, mo 0a3yeTscst Ha
SIBHIM Tpuinaposiii pisHuuesii cxemi M.I. Hikitenko [15] ta mpouenypi
po3ueruieHHsT anroputMy 1o (izuanum ¢dakropam. [lepeBaroro naHOHO
CXEeMH € 1I POCTOTa, OCKUTBKM BOHA € SBHOIO, & TAKOK MOKJIHBICTH OOH-
patu JOBUIbHI KPOKM PI3HMLIEBOI CITKH, SIK JUIA HESBHOI CXeMH. 3riIHO
i€l cxemMH, Ha HEPIBHOMIpHiH pi3HHIEBIi citii X!, = X' + A", (i=0,1,...,1),

7,=nl, (n=0,1,..., [ > 0) anpokcuMaIiist piBHIHHS 1IepeHocy piguau (5):

(1+QD)U”” U -Q, Uil w_
/ / (15)
B[ 0 [/ S O R N TR 7o)
N 21, '
Uyl Uy, _ Uy & - (16)

[ 1t ]
ne ) > 0 — parosuii mapamerp. Takum e YHHOM aNPOKCHMYETBCS
JudepeHIiiiHe piBHAHHA nepeHocy napu (6). PiBHSHHS nepeHocy eHeprii
(4), 10 HE MICTUTH (YHKILIO &, AMPOKCUMY€ETHCSI PIBHSIHHAM, aHAJIOTTYHUM
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(15). Pi3HuIIEBI PIBHSIHHS glamTL MOXWOKY armpokcuMmartii: / + 4, i Heob-

X1JTH1 YMOBH CTIHKOCTI / < i(l +2Q) , Ie a IPUKMMAE 3HAUEHHS @ = Ay, / CyP
D, ra D, BiamoBiaHo ans piBHsHb (4), (5), (6).

6.2. IlopiBHAHHS TeOPETHUYHHUX TA eKCTIEPUMEHTATbHUX
3aKOHOMipHOCTell mpouecy CyliHHs

PesynpraTi 4HCceNbHOTO MOIENIOBAHHS IPOLECY CYIIIHHS CBDKHX Ta
OJTAHIIIOBAHUX MAPOX0 SOTYK 32 PI3HUX PEKHUMIB Ta TX MOPIBHIHHS 3 SKCIIC-
PUMEHTaJIFHIMU JAaHUMH HaBEJCHO Ha pHC. 7.

[TopiBHIOIOYM OTpHUMaHi Ha pUc. 7 PO3PaxyHKOBI Ta eKCIIEPUMEHTAIbHI
3aEXKHOCT 1= f(1), W° = f(x) Ta dW* /dt= f(W°) OGauumo, 110 IOB-
HOTO CHIBHAIiHHS TaHUX HE CIIOCTEPIraeThCs.

600 s 60 12
] T cxcnepument
500 x"%\ 20y o 30 : 10 T2 I powmymox 2 é
400 40 s 8
£ 00 A\ — T, ¥ 6 —
L \ TIZ oo L g . P N I 7
200 \ \ 5 20 < B / Pa—
100 ! e 1 10 2 S~
0 e 0 0
0 0 120 180 240 300 0 100 200 300 400 500
T, XB W, %
a)t=f(1), W= f(v) 0) dW*® /du=f(W°)

Puc. 7. 3icTaBieHHs: ekclIepUMEHTAJbHUX
Ta PO3PaxXyHKOBHX 3aJIesKHOCTel 3MiHU cepeHBOI TeMIepaTypu
3pa3Ka, BOJOrocTi A01yK (2) Ta WIBUAKOCTI cymIiHHsA s0ayK (0)
mig yac 3HeBoaHeHHs mpu V' = 1,5 m/¢, d = 10 r/kr c.m.:
1, 1" — cBixi sOnyka, t = 60 °C, 2, 2" — 6nanmoBaHni si6myka t = 80...60 °C

Ile MOXKHA TOSICHUTH THM, LIO [IPU CKJIaIaHHI MaTeMaTHIHOT MOJIeITi He
MOXXJIMBO BpaxyBaTH BCi MapaMeTpU Ta YMOBU BEACHHS MPOIECY 3HEBO-
HEHHSI SI0JTyK Yepe3 HOTo CKIIAIHICTh.

P0301KHICTh MK PO3paXyHKOBHMH Ta €KCIICPUMCHTAILHUMH JTAHUMH
HE TIe-peBHInye gomyctuMi 5%. [apHe y3romkeHHs eKCIIepHMEHTATbHUX
Ta OTPUMAHHX 32 MOJICIIIIO PO3PAaXYHKOBHX JAHUX CBIIUUTH MIPO aJICKBATHY
MareMaTHYHy MOJIEIb.
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Jany mareMarnyHy MoJeNb IU(Y3IHHOTO TErIoMacorepeHeCeHHs,
(ha30BUX MEPETBOPEHb Ta YCAAKH MPHU CYIIIHHI MOKHA BUKOPHCTOBYBATH
NpH IJIAaHYBaHHI PEXHMMIB BEJICHHS TPOIECY 3HEBOJIHCHHS SONYK TpH
BHUPOOHMIITBI YHIICIB O3 TPUBAINX Ta JJOPOTUX EKCIICPUMEHTIB.

7. EneproedexTuBHa pecypco3fepiraiya TernjaoTexHoJ0Tist
O/IepPKAHHS YUIICIB
Ha mincraBi y3araibHEHHsI pe3y/bTaTiB €KCIEPUMEHTAIbHUX JIOCIif-
JKEeHb pOo3pobIIeHa eHeproePeKTHUBHA pecypco30epiraroya TerIOTeXHOIOTis
OJIepKaHHS YUIICIB B OCHOBY SIKOT MOKJIa/IEHO METOJI IIBUKICHOTO KOHBEK-
THUBHOTO CYIIIHHS TirPOTEPMIUYHO 00pOOICHHX SIONyK y peKUMax CTamii-
HOTO 3HEBOJHEHHS (puC. 8§).

Ppykri

=1 |2 3 [ 4] 3 5]

=y oy W W N

Puc. 8. TexHoJioriuna cxema ojiep;KaHHs YUIICIB i3 A0ayK:
1 — 6yHkep; 2 — BaHHA JUIg 3aMOYYBaHHS; 3 — MUi{HA MalllKHa,
4 — iHCTIeKUiHUI TpaHCHOPTEP; 5 — MAIMHA JUIS Pi3KH;
6 — amapart JuIs TirpoTepMiuHOT 00pOOKH; 7 — CYIIMIbHA YCTAaHOBKA;
8 — amapar i OXOJIO/PKEHHSI; 9 — maKyBajbHE 001 JHAHHS

3a0e3neueHHs AKICHUX XapaKTePUCTHUK YUIICIB BIIOYBAETHCS HA KOXK-
HOMY eTari BUPOOHHIITBA, BIIMOBIAHO 10 YMOB ITATOTOBKH CHPOBUHU
JIO0 CYIIHHS 3 TOTPUMAaHHSAM PEKHMIB 0OPOOKH Ta CTaliIHHUX PEKHUMIB
3HCBOAHCHHS, a TAKOXK YMOB ITaKyBaHHS Ta 30epiraHHs umriciB. Hemo-
TPUMAaHHS PEXUMIB MPU3BOAUTH O 30UIBIICHHS TPUBAIOCTI 3HEBO-
HEHHsS 1 BIJANOBIJIHO €HEPTeTHUYHOI CKJIaJIOBOI MPOIECy Ta MOTIpIIye
SIKICTb YMIICIB.

[[[o6 yHMKHYTH IICYBaHHS TOTOBOTO MPOJYKTY, yIAKOBaHI YHUIICH i3
SIOTyK PEeKOMEHAYEThCS 30epiraT B MPUMIIIEHHAX MPHU BiAHOCHIN BOJIO-
rocti noBiTps He Ounbiie 75%, Temneparypi — He Oinbiie 20 °C i3 gonep-
JKaHHSIM CaHITapHUX MPaBIJI BiAMIOBIAHO 0 pO3pOOICHNX TEXHITHUX YMOB
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TY V 10.3-05417118-053:2016 ,Yumncu ¢pykToBi, OBOUEBI” MPOTATOM
12 micsiB 13 1aTi BUPOOHMIITBA.

XiMIYHUH CKJIaJl YUTICIB, 300pakeHUH Ha puc. 9, CBIIYHUTH Tpo 30epe-
JKCHHS I[IHHUX CKIJIQJ0BUX BHUXIJTHOI CHPOBHHH. BHCOKHMIT BMICT MEKTHHO-
BHX PCYOBHH Y YHIICAX 13 SOTYK J03BOJISE BIIHECTH X JIO MEKTHHOBMICHHUX
MIPOTYKTIB.

a30T. PE4OBUHM KNITKOBMHA  gong
3ona 7% 8,00% /7 6%
2‘000", o o ., I‘\\ /’/ .rf

NeKTUHOBI
PEYOBMHA ——
7.00%

Opr. KUCNOTH
2,00%

s

uyKpy
68,00%
Puc. 9. Ximiunuii ckaan ynncis i3 16;1yk Ha 100 r C.P. [10]
Eneprernuna ninnicth (kanopiiiHicts) 100 T yurncis i3 g011yK
He MeHIe 754 xJx

BoxuBaHHS TakuX MPOIYKTIB MiJICKITIOE 3aXUCHI CHJIA OpTraHi3My 1 CrpHsie
HOT0 03710pOBJICHHIO, BOHM HAOyBaOTh JTIKYBAJIBHO-IPO(LIAKTHYHO Ta HAMPAB-
JICHOT /11T 1 MOYKYTh CIIOXKMBATHCSI pEryJIIpHO 0e3 oOMekeHHs B yaci [6; 10].

HasBHICTH BYIVICBOJIIB B UHWIICAX, K OJHIE] 3 HAWBAKIUBIIIAX CKIIAJI0-
BHX TOBHOIIIHHOTO PAaIliOHy XapuyBaHHS JIFOJIMHHU, 3a0e3Me4ye OpraHim
CHEPri€ro Ta MATPUMAHHSIM ONTHUMAILHOTO PIBHS I[YKPY B KPOBI.

8. BucHoBKH
Y poboti 3 MeTor iHTeHcudiKalii TermIoMacooOMiHy AOCHiKEHO
3aKOHOMIPHOCTI KIHETHKH CYILIiHHS TirpOTEpMiuHO 0OpoOIeHUX sIONyK y
peXuMax CTaaiifHOro 3HeBOAHEHHS. Ha mifcTaBi OTpHUMaHHUX pE3yNbTaTiB
Ta X y3arallbHEHHS pPO3POOJCHO eHeproe(eKTUBHY pecypcos3Oepirarouy
TEIIOTEXHOJIOTiI0 BUPOOHHUIITBA YHIICIB 13 AOMYyK, sKa 3a0e3medye OTpu-
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MaHHS HaTypaJbHOTO MPOJYKTY 0€3 CMaKOBHX J100aBOK, apOMaTH3aTopiB
1 crabinizaropiB. [HHOBAIIHICTh PE3yNBTATIB JOCITIKEHD MiATBEPIKCHO
5 mareHTamMu YKpaiHu.

[lix yac BHKOHAHHS MOCTABJICHUX 3aBJaHb OYyII0 OACP)KAHO HACTYIIHI
pe3yIbTaTH:

1. JlocmikeHO BIUTMB Pi3HUX CHOCOOIB TEIIOBOJIOTroi 00poOKH sIOIyK
Ha TPOLEC CYIIiHHS, OPTraHOJENTHYHI NOKA3HUKH YUIICIB Ta iX BiIHOBIIIO-
BaHiCTh. JlOCTiIKEHHS JOBOSTH ITEPEBAry TirpoTepMiqHOi 0OpOOKH.

2. AHaji3 KIHeTHYHHMX 3aKOHOMIPHOCTEH Npolecy CymIiHHA SOIyK
MOKa3aB, 110 CTAJiMHI PEXXUMHU 3HEBOJHEHHS TirpOTEPMIYHO 0OpPOOICHUX
sIOTyK 3017BIIYIOTh IIBUAKICTH 3HEBOTHEHHS y 1,8 pasiB Ta CKOPOUYIOTH
TpuBaIicTh 10 20% .

3. Ha miacraBi nociipkeHb KiHETUKHA BOJIOTOOOMIHY OTpuMaHo (op-
MYy JUIS pO3paxyHKy TPUBAIOCTI POIIECy CYLIIHHS SOTyK PH OfiepKaHH1
yunci. [loOynoBano 3anexxHocTi uncna PebiHaepa 3a pi3HHX pPEXUMIB,
XapakTep SKUX JOBOJUTH IOUIIBHICTh MOEJHAHHS CTAAIMHOTO PEKUMY
3HEBOAHEHHS Ta rirporepMiuHoi 00poOKH sOIyK.

4. Po3pobieHo ¢i3nuHy Ta MaTeMaTHuHy Mojeni Augy3iiHo-inbTpa-
LII{HOTO TEIIOMAacONepeHEeCEHHs, (ha30BUX MEPETBOPEHb Ta YCAAKU INPH
CYIIiHH] I0IyK.

5. IlopiBHSIHHS €KCHEPUMEHTAIBHUX Ta PO3PaXyHKOBHX TEMIIEpaTyp-
HUX KPUBUX, KPUBUX KIHETUKHU Ta IIBUJKOCTI CyIIiHHS JOBOAUTH aJICKBAT-
HICTh pO3po0JeHoT MaTeMaTnyHo1 Mozesi. PO301KHICTh MK KPUBUMH HE
nepeBuurye 5%.
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Abstract. Underground pipelines (UP) transport gas, oil, water, raw
materials and products of chemical industry. Influence of environment can
lead to corrosion damages of pipelines. It causes large losses and troubles
with supplies of transported products, pollution of environment, accidents
and catastrophes.

For increase of reliability and continuation of exploitation time of
metallic pipelines complex corrosion protection (CP) is used. Insulation
and cathodic polarization are used. To prevent of irreversible corrosion
damages is necessary to establish CP on time and in appropriate places.
It requires periodic surveys for detection of corrosion hazardous places.
Traditional contact electromagnetic methods of UP inspection from the
ground surface are labor-consuming and not informative enough. In-tube
inspection can detect existing damages of pipeline metal but cannot
obtain needed information about state of anti-corrosion protection.
Efficiency of surveys significantly increases with use of contactless
methods, in particular, non-contact current measurement (CM). But for
their broad use appropriate tools for selection and data processing are
needed.
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Subject of this study is contactless method for UP current measuring,
control of insulation condition parameters and detection of places of
corrosion. Methodology of study is based on triune mathematical model of
UP electromagnetic field. It consists of solutions of electrodynamic boundary
value problems, theory of electric circuit with distributed parameters and
calculation of electric and magnetic fields of spreading currents in conducting
medium. The aim of the study is development of contactless method and
creation of technical devices for quality estimation of insulation for express
surveys and control of CP state parameters along the route.

As consequence of work in Karpenko Physico-Mechanical Institute of
Natinal Academy of Sciences of Ukraine method of contactless current
measurement is developed and new CM devices for control of UP CP state
are created. New technology of integral, differential and local inspection and
quantitative estimation of UP CP parameters are developed. New methods
for express detection of places with unsatisfying insulation, determination
of cathodic protective current density distribution, transitional resistance
“pipe-to-ground” and its components (insulation, ground and polarization
resistances) is proposed. Efficiency of created method and apparatus are
tested by comparison with results of traditional contact measurements on
test benches and during surveys on UP in operation. Designed method and
CM apparatus significantly increase effectiveness of diagnostic inspections,
quantity and quality of received information about state of UP CP.

1. Introduction

Underground pipelines (UP) play important role in industry, everyday
life and are important strategic factor of economic complex. In different
regions of the world there are more the 2 million km of pipelines, through
which gas, oil, raw materials and products of chemical industry are
transported.

Influence of environment can lead to corrosion damages of pipelines
and other metallic constructions [1-3]. It causes large losses and troubles
with supplies of transported products, pollution of environment, accidents
and catastrophes. Corrosion accident rate of UP is 27% and increases to
unsuitability of construction for further operation. For increase of reliability
and continuation of operation time of metallic pipelines complex corrosion
protection (CP) is used. For this purpose insulation and cathodic polarization
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are used (electrochemical CP). To prevent of irreversible corrosion damages
is necessary to establish CP on time and in appropriate places. It requires
periodic surveys for detection of corrosion hazardous places. Scientists of
different specialties are working to solve this complex problem.

Traditionally UP are investigated using contact electrometric methods
from the ground [1; 2; 4]. This is labor-consuming and not informative
enough. In-pipe pigging inspection can detect existing damages of pipeline
metal, but cannot obtain needed information about state of CP. Efficiency
of testing can be significantly increased using non-contact methods of
measurement. But for their broad use appropriate methods and tools for
data selection and its processing for qualitative estimation of control object
parameters, which is actual problem.

In Karpenko Physico-Mechanical Institute of the National Academy
of Sciences of Ukraine method of non-contact CM is developed and new
CM devices for control of UP CP state are created. New technology of
integral, differential and local inspection and quantitative estimation of CP
parameters distribution along route are developed. The goal of the study
is development of non-contact CM method and creation of technical tools
for detection of insulation and cathodic polarization for express testing and
control of CP state of metallic UP. For achieving of this goal next scientific
problems must be solved:

— To analyze current state of methods for corrosion control of UP and
informative signs of electromagnetic field on UP route; to explore current
leakage effect in UP;

— To develop method and to create apparatus for non-contact CM,
placement, orientation and depth of occurrence determination;

— To develop method for determination of cathodic protection current
distribution, transitional resistance and express control of CP parameters
on UP.

Methodology of study is based on triune mathematical model of UP
electromagnetic field. It consists of solutions of electrodynamic boundary
value problems, theory of electric circuits with distributed parameters
and calculation of electric and magnetic fields of spreading currents
in conducting medium. Investigation and equipment development are
based on theory of informational-measurement technology, mathematical
simulation with use of empirical and heuristic approaches, laboratory and
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full-scale testing. Efficiency of created method and equipment are tested
by comparison with results of traditional contact measurements on test
benches and during surveys on UP in operation.

In this article analysis of current state of UP corrosion control system,
results of scientific and technical development of methods and tools for
diagnostic surveys, UP CP state control and some of their applications are
showed.

2. Analysis of evolution of UP corrosion control systems

As result of many investigation and practice of long operation complex
method of CP for steel underground and underwater pipelines (UP) using
insulation and cathodic polarization are developed [1-4]. During building
and operation under influence of aggressive environment insulation are
decayed, aged, usually faster then metal of UP. Electrodynamic situation
along route changes over time. It requires periodic testing of CP state to
make reasonable planning of timely repair for prevention of damages and
accidents.

Today problem of diagnostic testing of metallic UP state is connected
to end of service life of significant number of arterial gas and oil pipelines,
increase of number of damages, accidents, catastrophes. Investigation of
corrosion state, estimation of reliability for further operation, determination
of types and scope of repairs for providing reliable functioning of pipelines
are needed [4]. This problem causes special attention because many
potentially dangerous arterial pipelines of high pressures are laid on
densely populated territory. Problem is complicated because of large length
of pipelines, existing of obstacles and inhomogeneity of conditions along
route. Inhomogeneity of environment characteristics causes irregularity of
corrosion process in different places on route. Thus timely detection of most
probable places of corrosion is very important.

Information-measuring systems (IMS) are used for investigation,
control, diagnostic and monitoring of UP technical state. These systems can
be divided on three types [4] (Figure 1). Stationary IMS are implemented
using systems of sensors placed in certain points on route and connected
to control point. Such systems provide only information obtained in these
points and integrally between them. In-pipe pigging inspection of metallic
pipeline walls is implemented with special magnetic or ultra-sonic systems
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[5; 6], which are moving through pipeline without stopping the flow of
product. However, in-pipe inspection can detect existing damages of
pipeline metal but cannot obtain needed information about state of CP.
Therefore, investigations of UP outer surface state (insulation, electric
polarization) and environment are needed. Systems of'the field expeditionary
investigation provide most information about CP state. Three types of IMS
can be distinguished among them (Figure 1).

Traditionally contact electrometric methods are used for CP inspection
[1;2; 4]. They are simple enough both in idea and implementation. However,
their efficiency is limited by labor intensity and difficulties with providing
enough reliable contact of measuring electrodes with pipeline and ground.
Besides, in electrometric methods only part of electric field information is
used. Magnetic field was more often used to placement determination of
pipelines.

Stationary IMS || Field (expeditionary) | IMS of in-pipe
testing inspection
Electrometric Electochemcal Electromagnetc IMS
methods and tools microprocessor for CP inspection
system

Figure 1. Systems of testing main pipelines

Non-contact methods of inspection have significant advantages in
comparison with traditional contact methods due to mobility, efficiency and
amount of information [4; 6—8]. But they need special measuring tools, thus,
they hadn’t such broad use. For implementation of non-contact methods
complex investigation of informative signs of field and measured signals,
creation of algorithms, measuring tools and data processing were necessary.

Methods for inspection of object without direct access, has been
developed in solving problems in field theory, measurement, data processing
in the field of physicometrics, geophysics, and also in problems of inspection
of hidden objects and conductive engineering communications, non-
destructive testing and technical diagnostics [6; 8]. Problem of selection
measured signals, quantitative estimation of their informative signs and
determination due to them of object parameters is one of the most important
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among problems, connected to creation of high-efficient IMS for search and
inspection of hidden objects [8]. This complex problem acquired special
relevance for problems of increasing efficiency and informativeness of UP
CP inspection and determination of most probable place of corrosion on
arterial pipelines.

Solution of this problem is connected first of all to study of relationships
between spatial and frequency characteristics of electromagnetic (EM)
fields and object parameters and selection of measured field characteristics
considering technical possibilities of measurement implementation,
creation of electromagnetic IMS, its algorithmic, hardware, software and
methodic providing [8; 9]. Thus relevance of research works caused by
necessity of investigation of UP EM field informative signs, development
of new methods of non-contact CM and determination of object parameters,
creation of scientific and methodic foundations for construction and
functioning of electromagnetic IMS with appropriate algrythmic, methodic
and technical equipment, designed for inspection of UP and associated with
them metallic constructions.

Currents have valuable information about corrosion processes of metal in
conductive medium. Current distribution is most sensitive to composition
of environment and insulation state. But use of traditional contact method
for CM in UP require special arrangement and thus is unusable for express
testing [4; 6-8].

For increasing of efficiency and informativeness of corrosion state
control in arterial pipelines researches and development of electromagnetic
method and tools of UP diagnostic testing was conducted in Karpenko
Physico-Mechanical Institute of the National Academy of Sciences of
Ukraine. Development of these method of non-contact UP inspection is
connected to research works of PMI about problems of informative signs
detection for medium, construction materials, orientational and irradiating
structures, and also electromagnetic measurements, IMS, non-destructive
testing, technical diagnostic and corrosion researches. Aspects of these
problems were also developed in other institues of the NASU, in institutes
and on enterprises of Naftogaz of Ukraine, and in Europian, American and
Asian countries [4; 6—10].

Currently non-contact methods have broad use only for pipelines and
cables placement determination, sometimes for detection of insulation damages
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[4; 7; 8]. Possibilities of non-contact CM for control of current distribution in
cathodic protection stations, and for quantitative estimation of distribution
of UP transitive resistance and its components are little used. Therefore,
popularization, broad use and further development of these method are relevant.

3. Theoretical foundations of UP non-contact testing

Based on previous development of electromagnetic field theory
for cylindrical partially shielded channeling and radiating structure
triune mathematical model (TUMM) of EM field of steel insulated
underground pipeline is proposed [8]. This model is consists of solutions
of electrodynamic boundary value problems, theory of electric circuits with
distributed parameters and calculation of electric and magnetic fields of
spreading currents in conducting medium (Figure 2).

From electrodynamic point of view steel insulated UP (Figure 3) is
cylindrical multilayer structure. Electrical and magnetical components of its
field can be described using longitudinal components of electric and magnetic
Hertz vector, that satisfy Helmholtz equation, to which Maxwell equations
comes down. Field changing with frequency o in each of structure subregions
is represented by decomposition on elementary wave functions like

1'[”’ (r,0,z,0 IZ R (vr)- @3 (¢) exp (tiyz)exp (iot)dy , (1)
where v? = k7 —y? is transversal wave numbers of subregions (/=b,T,i,c);

k, = Jo’ep, —iowc, is wave number of medium; a, is radius of pipeline
and insulation; radial field functions pen (v,r) are combinations of Bessel
n 1

functions due to boundary values and describe electromagnetic and metric
parameters of structure; constants of propagation y can be established from
dispersion transcendent equation obtained from boundary value systems [6; 8].

Field spreads along pipeline, in general, like quasi-TEM-wave, which
exists at all (including zero) frequencies [6; 8; 9]. Therefore, we can represent
UP as long line, which distributed parameters R, L, C, G is determined
by solving of electrodynamic boundary problems. Dependencies of field
spreading on structure parameters are explored using equivalent circuits,
which visually show electromagnetic processes and facilitate its analysis.
For natural soils, which usually is non-magnetic and weakly conductive for
frequencies less than 1500 Hz, UP current magentic field (1) at the small
distances from pipeline is described by formulae
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Electrodynamic boundary problems

e Structure parameters.
\' Characteristics, informative signs of
pipeline EM field

E,I:I(r,q),z;a,a,g,y;j,a))

Integral parameters Substantiation of model,
R L C,G limits of use
of equivalent circuits

Circuits with distributed Selection of Current magnetic field
parameters measurements;
pipeline inspection

e Pipeline. algorithms e Currents in pipeline

V' Voltage and current and ground.
distribution; ' Informative signs of

V' attenuation of field current magnetic field
along the pipeline. distribution

JV,y(R,C,L,) H(x, y,27)

Figure 2. Structure of triune mathematical model (TUMM)
of UP EM field

Figure 3. Underground pipeline with insulation and station
of cathodic protection (SCP). Components of current EM field of UP
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J . .
H, = ﬁexp (iot —iyz), when |v r|<<1, (2)
T c

which gives ground to simulate UP as linear power lines [6; 8].

The basis of TUMM is EM field theory for cylindrical structures. Object
complexity leads to cumbersome solutions, so it is methodologic expedient
to consider simplified models (equivalent circuits, linear currents).
Characteristics of magnetic field spatial distribution is the basis for choice
of measured parameters (input values) and construction of algorithms,
non-contact CM systems and UP coordinates. TUMM makes available to
efficiently explore electromagnetic fenomena, connected to UP corrosion
state, facilitate detection and analysis of EM field informative signs and
development of methods and CP inspection systems, is theoretical basis of
EM IMS [6; 8].

Using TUMM spatial characteristics of low-frequency current field
(Figure 4-5) along the route and UP leakage current [6; 8; 9] is analyzed.
Relationships between geometrical and electric UP parameters and its EM field
characteristics are explored, informative sings and range of measured values
are detected. Analysis of pipeline phenomenological circuit is performed,
simplified equivalent circuits for partial cases of direct and alternating
current is build, method for estimation of area of UP insulation damaged is
proposed [6]. Dependencies of distribution characteristics and pipeline EM
field spreading on its parameters, insulation state and conductivity of medium
is calculated. Required parameters of measuring transformers and devices
[6; 8] are determined; algorithms for input signal processing and determination
of measured values (currents, voltages, resistances) as informative signs for
estimation of UP CP state are created [10].

4. Non-contact UP CM

There is three method to measure current along pipeline without rupture
of power line: 1 — due to voltage on pipeline region with known resistance
using Ohm’s law; 2 — due to magnetic flux in closed closed loop covering
power line using Ampére’s circuital law; 3 — due to characteristics of current
magnetic field spatial distribution using Biot-Savart law. First method
requires contact with pipeline metal. Second method is non-contact and
integral, but requires circular access to pipeline. Third method is differential
and can be apply to our problem.
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Theoretical basics of differential method of non-contact CM as a
basis for systems of input transformers of non-contact UP CM design
is developed [4; 6; 8; 10]. Classes of gradient (radial) and parallax
(azimuthal) methods are distinguished. Their informative, metrological and
technological properties are analyzed and compared. New methods of non-
contact CM with azimuthal and radial orientation of the base of observation
points, with arbitrary placement of base in transverse to power line plane
(with component and modul primary transformers) (Figure 4) are proposed.
Also cyclic method with moving of observation points on a circular
trajectory is proposed.

3 @ 4 O 5

Figure 4. Method of non-contact CM:
1, 2 —radial; 4 — azimuthal; 3, 5 — invariant; 2 — difference

New methods and devices for non-contact CM are proposed. For
express UP inspection in order to prevent damages of pipelines apparatus
BIT-KVP [4; 6; 8] is developed. This device provides pipeline and power
lines placement, orientation and depth of occurrence determination and CM
with relief error correction without access to pipeline and ground. It is also
additionaly equipped with voltmeter for traditional contact CM and electronic
memory. Results of measurements are translated to personal computer for
automatic processing and documentation via interface using special program.

Conducted in PMI of the NASU with Lvivtransgaz theoretical and
experimental researches of EM characteristics on UP routes and comparative
methods and tools for diagnostic inspection show that for express testing
of CP UP non-contact differential measurements of variable component of
rectified pulsating current of SCP are most suitable. This current contains
information both about the electromechanical (active) protection current
distribution and about insulation state (passive protection) on different UP
regions [10—12]. Characteristics of natural, man-made and technological field
source on routes as interfering and SCP currents as informative are analyzed.
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Influence of current leakage (from UP to the ground) on magnetic field
behavior (Figure 5) and on results of non-contact measurements of depth
h of UP occurrence and current using gradient J, and parallax J, methods
are analyzed. It is showed theoretically and was confirmed experimentally,
that local current leakage creates anomalies in distribution of measurements
h(l) and J(/) along UP. It makes available to use this measurements for
differentiation of local insulation damages, which are distant from each
other at a distance not less than depth of UP occurrence [6; 8].

Hy 4V
& /@\ N\

) 0 h z Hs H(ﬂ
WA (i
V== A =
\J/ /;1 ¥ %\ \ Fhe

Figure 5. Magnetic fields components: Hg of transit current /
and Hs of current /s , that leaks through damage in UP insulation

5. Technology of non-contact UP inspection

Methods for measurement of SCP current distribution between different
threads and shoulders of pipelines (Figure 6, 7) and determination of UP CP
current density using non-contact CM and harmonic coefficient for arbitrary
point in SCP action area are proposed. Methods for detection of transient
resistance “pipe-to-ground” on different UP regions and its components
(ground, insulation and polarization resistances) are developed [12]. New
method for detection of metal surface polarization potential in conductive
medium with the exception of ohmic component by measurements of
constant and variable voltages is proposed.

Concept is proposed and new information technology for CP UP state
inspection based on non-contact CM for express detection of most probable
corrosion places with further use of improved compact electrometry in
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places of abnormally large SCP current consumption for estimation of
insulation and electrochemical protection state to prevent UP damages is

developed.

Created tools make express integral (Figure 6) and differential

(Figure 7, 8) inspections and control [4; 6; 10; 11] of CP parameters possible.

Also local [4; 6; 12] diagnostics inspections of underground metallic
constructions corrosion state are available. Results of measurements on

route automatically are stored in memory of device and translated to personal
computer for automatic processing and documentation via interface using

special program [4; 6; 13].
VK3
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Figure 6. SCP current distribution by shoulders of three UP
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Figure 7. Non-contact CM SCP and contact measurement

of UP potential
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Field tests and operation confirm, that non-contact CM method and EM
IMS created using it can obtain new information about UP corrosion state, in
particular: SCP current distribution, integral (Figure 6) and differential (Figure 7)
quantitative estimations of insulation state on different regions without opening
the pipeline. Functional possibilities of non-contact CM method, created devices
and developed technology are confirmed by comparative testing and examples of
use in express inspection of arterial oil and gas pipelines [4; 6; 10—13].

Created devices of type ORT or non-compact CM are put into operation;
they are used in Ukraine, Russia, Kazakhstan for diagnostics inspections of
arterial pipelines, pipeline networks in human settlements and on territory
of enterprises, other conductive communications.
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5.1.

Detection of

unsatisfactory UP

insulation

along arterial pipeline using data obtained by BMC-K

using

current measurements. Using non-contact methods we can measure value
of current Jn in UP points n =0, 1, 2..., distance between which are A/,. We
can calculate current losses on each interval A/, of the pipeline
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A, =T, =0, A 3)
Relative current losses on unit of pipeline length (relative linear current
leakage density) we can obtain using formulae
_ A,
", - AL 100, Y%/, 4
where J,, =(J, +J,.,)/2 is mean current in pipeline on nth interval.
Relative linear current losses density dJ, equals attenuation of signal
along UP. It is proportional to conductivity of insulation and is UP insulation
damage indicator: the largest values 6/, indicate places with the largest
conductivity “pipe-to-ground”, i.e, the least resistance of insulation.

If relative current losses in pipeline on certain interval is bigger
dJ, > dJ,, then critical value, which is detected by attenuation of EM wave
in ground and obtained by formulae [4; 6]

84 = 0,21 /P, %/m, (5)

where fis current frequency (Hz), p, is ground resistivity (Ohmem), then

it can be affirmed [4; 6], that insulation on this nth interval of given UP

region is unsatisfactory. Distribution of relative current losses 6./, calculated

using formulae (4), is showed on Figure 9. Overrun of its critical value 6J,,
indicate places of unsatisfactory insulation.

0J, %M ‘
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Figure 9. Distribution of relative current losses J/ along arterial
pipeline; critical relative loss 6J,, = 0,36 %/m

5.2. Transient resistance “pipe-to-ground” on unit of pipeline surface
for each interval of n UP region [4; 6; 8; 10] is calculated by formulae

RrD
Rﬂg (”): |8bJ|

, Qm, (6)
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where R, = % is input resistance of pipeline; V,, is voltage pipe-to-ground
and J, is current in pipeline measured on the beginning of the section (from
the current source). This values of transient resistance make possible to
compare protection cover state (considering ground) on different intervals
(sections) of UP.

5.3. Detection of cathodic protection current density distribution.
Using measured current losses (3) we can obtain current leakage density on

unit of UP surface for given section by formulae
=AML s, (7)
where s is area of controlled UP section (for one-threaded pipeline s =
nDAl; Al is section length). During inspection of ramifications of pipelines,
or their technological connections, currents of all pipeline branches and
connected to them power lines are measured and total area of underground
metallic surface on controlled section is calculated.

Orientation and value of constant component of rectified SCP current
during inductive non-contact measurements can be obtain by comparing
harmonics of current magnetic field using proposed methods [4; 6; 10].
Besides, current constant component density, which leaks to the pipeline
from ground on given sections, can be calculated by current variable
component density (7) with use of harmonic coefficient

in :j n / kn' (8)

Harmonic coefficient can be determined by ratio of variable Vg and

constant Ug voltages in ground across UP route k, =V, / U,,.

For cathodic polarization current density in places of insulation damage
with area s, on nth UP section, considering (3), (7) and (8), we have:
by =0, 54k, )
5.4. Determination of UP transient resistance components
Transient resistance (TR) is important generalized characteristic of UP
protection covers. Values of R,, components is needed during planning
and control of CP and diagnostics of its technical state. It is known, that
pipelines with same insulation, which is embedded in soil with different
resistivity have different TR [4; 12]. For example, TR in solonchak is three
times smaller then in mudrock (for equally insulated pipeline sections).
Soil, that surrounds pipeline (environment), is important part of protection
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covers. Thus concept TR pipeline-far ground R, and TR of insulation Ri—
and other components must be distinguished. It must be taken into account
during measurements, TR and its components determination and estimation
of UP protection cover estimation.

Known methods of UP TR and its components measurements are
labor consuming and sometimes inadequate to real conditions of metallic
constructions operation [1; 2; 8]. Disadvantages of traditional contact
methods of integral TR estimation are absence of information about actual
condition of protection covers on different sections of control region and
big errors associated with difficulties of precision determination of control
region length, selective measurements of potential “pipe-to-ground”
difference on measuring points and inadequate approach about uniform
distribution of SCP current along all action area. This method weakly
respond to single local decrease or increase of current between pipeline and
environment, which can lead to wrong results and conclusions.

This disadvantages of contact methods of UP diagnostic inspection .
Examples of practical UP insulation control with determination of TR and
its components distribution along UP using measurements of BMC and VPP
during arterial gas pipelines inspection given in the works [4; 6; 10—13]
and publications cited by them. In this section we describe methods of TR
determination methods based on UP non-contact CM.

Total UP TR (TR “pipe-to-far ground”) can be obtained by formulae (6)

Soil resistivity on UP route P, as main indicator of corrosion
aggressiveness of environment, tradltlonally is measured by method of
four electrodes on the side of the route (to exclude pipeline influence)
[1-3]. But during pipeline trenching soil characteristics will be violated
and can significantly differ from characteristics of the soil on the side of
the route.

Unlike this method, non-contact CM can determine resistance, that
directly surrounds the pipeline, located on given section at depth 4 [4]. We
use measurements of current leakage AJ, (3) and measurements of voltage

V., between two electrodes on ground surface at distance x and formulae

o =21V, /A, In(1+x* /h), Ohm - m (10)

Advantages of thlS method, except control of pipeline surrounding soil,
are possibility of pg determination using regular non-contact measurements
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of current J, and UP depth of occurrence hn and contact measurement of
electric voltage V,, = V,,, which are performed directly on the route during
UP inspection. So, using this measurements during their processing (without
installation of four electrodes and additional measurements) p, distribution
along UP.

Insulation resistance (insulated layer with possible pores and defects)
on UP section in alternating low-frequency current can be considering as
active (its reactive component can be neglected). It makes sense when
with increasing of current frequency polarization resistance “metal-to-
environment” no longer manifests itself as well as capacitive (reactive)
component of insulation (surrounded by soil) conductivity comparing to
ohmic (active) component of conductivity [6]. Then resistance of this real
(saturated with moisture, with pores and defects) UP insulated layer in
operation can be obtain by formulae

Rin:I/[n/jn ’Q'mz’ (11)
where current leakage density j, on given section can be determined
using formula (7). Alternating voltage on insulated layer V, can be
calculated by measurements of alternating voltages V;, between pipeline
metal and reference electrode, located on ground above UP, and V,, on
ground between two electrodes, spaced apart at distance x. Using solution
of electrodynamic boundary problem in [6; 8] was showed that if distance
x choose considering depth of occurrence and UP diameter, than measured
voltage on ground above UP V,, = V| equals voltage drop VG in ground
above pipeline V,, = V. Then for determination of insulation resistance we
obtain voltage on insulated layer:
Vo=V~ Vi (12)
Example of TR “pipe-to-ground” R,, and UP insulation TR R, due to
non-contact CM on different section of UP is showed on Figure 10.
“Metal-to-ground” resistance in direct current on UP section, similar

to (11) is determined by ratio
Ry = U, /i, , Om * M?, Ohm - m? (13)

where, unlike (11), polarization potential U,,, must be considered
Uy =Up=Uy- U

pol>

(14)
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Figure 10. UP TR “pipe-to-ground” R,
and UP insulation TR R, distribution along arterial pipeline
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and direct current density in can be determined using results of non-
contact CM and harmonc coefficient by formuals (7), (8).

The obtained value (13) of “metal-to-gound” TR in direct current
contains both insulation resistance R,, and polarization resistance R,,, on
given section. It can be used to calculate UP cathodic polarization.

Polarization resistance of unit of surface for given UP section by
obtained TR “metal-to-ground” and insulation resistance components can
be determined as:

R

pol = R R (15 )
Taking into account similar to (9) area of insulation damages we obtain

polarization resistance in places, where UP metal have contact with soil.
The obtained values of UP polarization resistance can be used for

estimation of residual corrosion speed [1; 4; 10—12] in places of insulation

damages in real conditions of underground metallic constructions occurrence.

Tgin ~ *Vin®

6. Non-contact CM processing under influence of interference

Current in UP monotonically decreases by exponential law with distance
from current source. Inhomogeneity along the route lead to changes of
attenuation current coefficient. Places of UP insulation damages can be
determined by these changes as well TR can be determined by values of
current losses. But monotony of UP current changes with distance from
source in its action area converges [11].

However in practice of testing measurement errors can lead to violation
of monotony of current changes along the route. Then direct application of
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Figure 11. Distribution along the section
of the main pipeline current measurements J(/):
1 — measurement results; 2 — approximation of measurements
by a polynomial; 3 — approximation by linear dependences

formulas (3), (4) and (7) for determination of current losses can lead to the
wrong results. Violation of monotony of current measurements results is
true sign of the presence of signifycant errors, which must be excluded or
corrected during data processing (Figure 11).

Reasons of non-contact CM error can be high level of interference
(comparing to useful signal), inhomogeneity of the route, violation of
normal equipment operation and human factor.

For correcting of array of measurements firsly single cases
(measurement error) are excluded. In case of little changes of the
measurement results for their correcting smoothing can be used [11].
During measurements in places of powerful interference, violations of
monotony of current measurements are much larger and require more
detailed analysis. Array of measurements can be divided on sections,
inside which mean values of measurements lied on line; it is piecewise
linear approximation. Approximation using method of least square can be
use too (Figure 11).

Only when changes of current measurements (along the UP route in
source action area), algorithms, described above, can be used properly.
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7. Conclusions

Important steel UPs are protected from corrosion using insulation
and cathodic polarization. For control of their state traditionally contact
electrometric methods are used. Disadvantages of known UP control
methods are labor consuming and insufficient informativeness.

Efficiency of the UP inspections is significantly increased by use of non-
contact methods, in particular, non-contact current measurement (NCM).
For their broad use appropriate measured data processing tools are required.

In PMI of the NASU triune mathematical model of UP electromagnetic
field are proposed. This model is based on solution of electrodynamic
boundary value problem, theory of electric circuits with distributed
parameters and calculations of spreading current electric and magnetic
fields in conductive medium. Method of non-contact current measurement
is developed. New BMC-type devices for control of corrosion protection
state of the UP in operation are created.

New technology of integral, differential and local inspections and
estimation of UP corrosion protection parameters are developed. New
methods of efficient detection of places with unsatisfactory UP insulation,
determination of cathodic protection current density along the route and
transient resistance “pipe-to-ground” and its components (insulation, soil
and polarization resistance) are proposed.

Efficiency of created method and equipment for non-contact inspection
are tested by comparing with results of traditional contact electrometry,
performed during diagnostic surveys of UP in operation. Developed
method and NCM tools significantly increase efficiency of inspection,
informativeness and reliability of results of UP corrosion protection control.
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Abstract. The main task of the food industry is the full provision of
consumer cooperatives with quality food, one of the main sources for
the production of which is fruit and berry raw materials. The search for
innovative measures to intensify the heat-mass exchange production
processes of quality products is needed to solve this problem.

The goal of this work is to justify technological and apparatus
improvement of the production processes of functional products on the basis
of’blended fruit and berry concentrated and dried products. The realization of
this goal will allow expanding the range of foodstuff with balanced content
of biologically-active substances and other physiologically-functional
ingredients.

For the selection of the optimal blending recipe of fruit and berry raw
materials into functional products with predicted structural and mechanical
properties, such differential function as particle radius distribution, taking
into account the average radius, proposed to use. This method allows to
determine the impact of the mass fraction of each component on the change
of structural and mechanical characteristics of the proposed multicomponent
fruit and vegetable purees and pastes.

The technological production process of blended functional fruit
and berry concentrated and dried products has been developed, namely
apple-based — 50%; dogwood-based — 40%; hawthorn-based — 10%.
This technology is different using gentle temperature modes during pre-

! PhD, Associate Professor at the Department of Processes,
Devices and Automation of Food Production,

Kharkiv State University of Food Technology and Trade, Ukraine
2 PhD, Associate Professor at theDepartment of Processes,
Devices and Automation of Food Production,

Kharkiv State University of Food Technology and Trade, Ukraine

© Andrii Zahorulko, Oleksii Zagorulko 233



234

Andrii Zahorulko, Oleksii Zagorulko

and primary heat treatment, which have been done on the developed and
improved equipment (total - 4 units), with the use of radiating flexible film
resistive electric heater. Steam blanching and keeping in NaCl solution
processes have been done in a multifunctional all-purpose apparatus. The
puree is heated to 30...50 °C by scraper heat exchanger. Concentration
processes to dry solids content of 28...30% at a temperature of 50...60 °C
for 0.6...0.85 min and further drying at a temperature of 45...60 °C to a
moisture of 6...8% DS are implemented in a rotary film apparatus and rolled
IR dryer, accordingly.

Changes in color formation have been studied at all stages of production
from puree to dried product, which confirmed the quality of semi-
finished products because color is one of the main factors determining the
physicochemical changes of raw materials and may influence consumer
choice. The brightness and purity of the experimental samples have been
compared, and it has been found that the loss of brightness has a small
percentage, within 3...8%, and the purity of color has been reduced to half,
which has been explained by mass losses of fruit and berry raw materials
during heat-mass exchange treatment. In general, an attractive visual color
of the products is provided.

The line for production of blended functional fruit and berry concentrated
and dried product using the developed equipment was chosen. The line can
be located in places of growth of fruit and berry raw materials, which will
significantly reduce the costs of transportation, storage of raw materials and
ensure its resource efficiency.

1. Introduction

The main task of food industry is the full provision of consumer
cooperatives with quality food, one of the main sources for the production
of which is fruit and berry raw materials. In addition, there is the increased
demand for high quality natural products. The search for innovative
measures to intensify the heat-mass exchange production processes of
quality products is needed to solve this problem [1].

Most of the existing technological and apparatus solutions are focused on
large volumes of raw material processing and are located in giant industries,
creating the need for storage and transportation of processed raw materials.
At the same time, most of the heat-mass exchange equipment is obsolete
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and has lost its repair ability. For the operation of heating equipment, steam
generators are usually still used, which makes it difficult to stabilize the
temperature effects on raw materials. This artificially increases the metal
consumption of the entire line with the complexity of operation [2, p. 78].

Projecting of mobile lines for the processing of fruit and berry raw
materials directly in the places of its growth will reduce transport costs,
simplify the operating conditions and increase the competitiveness of such
enterprises. Implementation of such mini-lines requires the development
and improvement of heat-mass exchange equipment based on resource-
efficient heaters and the creation of appropriate conditions for the production
of high-quality multifunctional blended fruit and berry products [3, p. 50].

This approach solves the issues and causes the need to modernize the
existing technological equipment to create conditions for the development
of small farmers’ businesses [4, p. 16].

The goal of this work is to justify technological and apparatus
improvement of the production processes of functional products on the basis
of blended fruit and berry concentrated and dried products for their further
use as a separate link of healthy nutrition and as natural fillers in various
food and treatment and preventive care products. The realization of this
goal will allow to expand the range of foodstuff with balanced content of
biologically-active substances (BAS) and other physiologically-functional
ingredients (PFI) [5, p. 333].

To achieve this goal and its practical implementation, the following
tasks were solved:

— to propose methods to create a recipe of blended fruit and berry semi-
finished products to obtain on their basis various functional products with
predicted structurally-mechanical properties;

— to develop the basic diagram of production of blended fruit and berry
concentrated and dried products;

—to present the constructions of improved heat-mass exchange apparatus
for the realization of the production of blended functional products;

— to confirm the effectiveness of the introduction of production mode
parameters using the proposed equipment by determining the color change
of raw materials;

—to propose the technical and apparatus scheme of'the line for production
of blended fruit and berry concentrated and dried products.
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2. Justification of recipe of blended functional fruit
and berry products

The prospect of using natural raw materials is due to the high content
of BAS, PFI and other useful substances for humanity. However, it
should be borne in mind that each fruit and berry raw material has
certain properties that must be taken into account when consumed and
sometimes even monitor its consumption. In the context of rational
natural nutrition, it is necessary to create functional concentrated and
dried products with optimal recipe ratio (BAS and PFI). Determining
the urgency of the introduction of blending methods of fruit and berry
raw materials in multicomponent products with predicted structurally-
mechanical properties [6, p. 268].

To solve the problem of proposing the method of blending of fruit
and berry raw materials into functional products with predicted structural
and mechanical properties, we used such differential function as particle
radius distribution (DFD), taking into account the average radius (r,,,).
The presences of its own DFD in each component of the fruit and berry
raw material with the relevant r_, allows study and compare the obtained
dispersion and resistance by determining the surface interaction of the
selected recipe components with each other. An accurate determination
of the interaction of fruit and berry components on the resistance of the
selected composition and a clear understanding of changes in the obtained
structure of the food mass are provided [7, p. 2].

During the research of the proposed method, fruit and berry raw materials
have been used, followed by blending. The main raw material is apple,
with the addition of other components that can change the organoleptic,
treatment and preventive care properties with natural colorants. In the Table
1 the recipe ratio of the blended composition is given.

The description of the obtained isotherms constructed by the Van
Bamelen tensometric method has been carried out by the equation:

393 11(r)+byos
r

(1)

u=u, exp[—

where u is the current moisture of the experimental sample, per unit;
u, is hygroscopic moisture by sorption, per unit;
r is the current radius of the capillaries of the experimental sample, nm;
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0,5 bg; — steels, given based on the type of the experimental sorption-
desorption isotherms and T = 293K.

Table 1
Blended ratio of fruit and berry compositions
Component composition a b c
Apple 60 70 50
Dogwood 30 20 40
Hawthorn 10 10 10
Control sample — apple raw material (100%)

It should be noted that the proposed method is simplified, since steels
o and b, equation 1, are included in the analytic expression that describes
the DFD.

f(r)= b a293r+2‘1293 In(r) exp[ Q593 ln(:)+b293] )
It makes it easy to find equilibrium values of the sorption-desorption in
a wide range of hygroscopic moisture content, increasing the accuracy of
the obtained values of a, b.
Determination of the average radius of the porous structure of the
product 7 in terms of the recipe ratio of the blended composition has been
carried out by the equation:

r= [rf(ndr 3)

where r,; is the minimum radius of the micro capillaries of the blended
mass;

I, 1S the maximum radius of the micro capillaries of the blended mass.

As a result of studies of the obtained curved lines of the distribution of
particles by radius (DFD) for the compositions listed in table 1, are shown
in Figure 1.

The average radius of the micro capillaries is determined by analytical
expression (2) taking into account f(r)that is for the compositions:
a—r =238nm,b— 7 =2.06 nm, c — ¥ = 1.80 nm. There is a tendency
to reduce the dispersion in the transition from the content of the dogwood
20% (sample b) to the content of 30% (sample a), and growth with
increasing the content of dogwood to 40% in (sample c). At the same
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Figure 1. Differential function of distribution of particles by radius

in blended ratio of fruit and berry compositions:
(a) 60% apple, 30% dogwood, 10% hawthorn; (b) 70% apple,
20% dogwood, 10% hawthorn; (c) 50% apple, 40% dogwood,
10% hawthorn; control (100% apple raw material)

significant strengthening of the structure in the sample ¢ (40% of the
dogwood), compared with 20 and 30% of its introduction and control is
provided. This result confirms the up-to-date using of the proposed method
of blending of fruit and berry raw materials into functional products
with predicted structurally-mechanical properties. This necessitates
further feasibility studies for the technological and apparatus production
processes of blended fruit and berry functional concentrated and dried
products. Since natural raw materials have a limited expiration date after
harvesting, the maximum preservation of their initial properties at all
stages of production is required.

3. Technological production process of blended functional fruit
and berry concentrated and dried products
Taking into account the limited period of processing of vegetable raw
materials requires a reasoned technological and apparatus improvement of
the production processes of blended functional fruit and berry concentrated
and dried products, including the basic technological operations necessary
to ensure their high quality production.
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The basic technological production process of blended functional fruit
and berry concentrated and dried products is shown in Figure 2.
Blended ratio of fruit and berry compositions has been previously
proposed in the Table 1. The harvested ripe fruit and berry raw material
goes to the washing machine, after which it is inspected and cut if necessary

(apple).
| Apple | | Dogwood | | Hawthorn
v 12 v
Washing
v v v
Inspection
v v
Cutting Blanching in a multifunctional holding in multifunctional
universal apparatus by steam: universal apparatus
—apple, T =3 min; (10...15% solutions NaCl,
— dogwood, t=4...8 min; t=25...30°C,
— hawthorn, T=3...7 min. t=15...20 min)
v
Rubbing drp = 0,5 -10° m
v
Mixing according to the set percentage of the composition (50:40:10)
v
Heating in a scraper heat exchanger: t = 30...50 °C
v
: Concentration in rotary film apparatus Packaging, heat
Skin with t=50...60° C, 7= 0,6...0,8 min. treatment and
pulp residues further
goes to the IR — Y implementation
dryer (t 10 45 Drying in roller IR dryert
°C,9..11 DS) t=45...60°C, CP - 6...8%
v
» Packing and subsequent implementation

Figure 2. Basic diagram of the production of blended functional fruit

and berry concentrated and dried products
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Then it comes to blanching in a multifunctional universal machine
(or apparatus) with steam (apple, T = 3 min; hawthorn, T = 4...8 min;
dogwood, T = 3...7 min). The dogwood is additionally kept in a universal
multifunctional apparatus (10...15% NaCl solution, t = 25...30 °C,
T = 15...20 min). Then the fruit and berry raw material is rubbed till a
homogeneous mass (d,, = 0.5 * 10 m) with separation of skins and stones.
Obtained after rubbing skin with pulp residues immediately goes to the IR
dryer, where it is dried at a temperature of not more than 45 °C, to a final
moisture content of 9...11% of dry solids (DS). After that, it is sent for sale
in various industries, in particular for extraction.

Further, the obtained homogeneous puree is blended in a ratio of:
apple — dogwood — hawthorn: 50:40:10 till a homogeneous consistency. The
obtained blended puree food mass is sent to the scraper heat exchanger and
getheated up to 30...50 °C, the heating of which is done by aradiating flexible
film resistive electric heater (RFFREH) [8, p. 2]. Then the heated mass is
sent into a rotary film apparatus (RFA) with an advanced heating system for
concentration to dry solids of 28...30% at a temperature of 50...60 °C for
0.6...0.85 minutes. After that, the concentrated paste, if necessary, is sent to
the packing machine with a further filling in the container, or is sent from
the RFA for drying in a roller IR dryer, where it is dried at a temperature of
45...60 °C to a moisture of 6...8% of DS with further packing in light-proof
sealed container of different volumes and sold in retail networks.

The majority of technological operations in the production of blended
functional fruit and berry concentrated and dried products are done
on advanced heat-mass exchange equipment under conditions of clear
stabilization temperature [9, p. 152].

4. Improvement of heat-mass exchange equipment
for production of blended functional products
The analysis of the scheme of production of blended functional fruit
and berry concentrated and dried products allowed distinguishing the
basic heat-exchange operations, which greatly influence the quality of
the products obtained. These include: preheating of the raw material,
steam blanching and keeping, concentrating and drying. In most cases,
mechanization is characterized by the complexity of the stabilizing impact,
as heating shells are used, which complicates the precise control: steam
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pressure — temperature. It requires steam generators and piping networks,
increases metal consumption, energy costs for technological processes,
causes complexity of operation.

One way to solve these structural and technological disadvantages is
to replace the heating system with intermediate coolants with a stabilized
electrical. This will ensure an equal distribution of heat flow, eliminate
heating shells and their piping networks, and simplify equipment operation.

The first heat treatment of vegetable raw materials in the proposed
method is steam blanching and keeping in a multifunctional universal
apparatus (MUA, Figure 3).

Which consists of the reservoir 1 mounted on the moving platform 2 for
mobility. At the bottom of the reservoir 1 there is the perforated dispenser
3, which is connected to the technical pipe of the protecting steam line 4.
Also the reservoir 1 is equipped with the tap for draining of process fluids 5.

The moving platform 2 of the MUA allowed accommodating the engine
compartment 6 on the basis of a worm reduction gearbox. To which, by
means of the coupling 7, the rotor shaft 8 with the replaceable section-
modular perforated liner 9 is attached. Also, the platform 2 has the steam
generator compartment 10, the vacuum compartment 11 with the vacuum
pipeline 12 and the draw-out rail with rotary lifting mechanism 13.

To the reservoir 1, with the help of ringbolts 14 (4 pcs.), the cover of
working technological reservoir 15 is attached having a rubber seal 16 in
places of interaction with the reservoir. The on-off valves 17 is on the cover
of working technological reservoir 1.

The next heat-exchange operation is preheating, which we propose
to perform on the advanced scraper heater. The vertical scraper heater
(Figure 4) has a vertical working chamber 1, the heating of which is done
by RFFREH 2 with the insulating surface.

Chopped food mass goes through the pipe 3, where it is on the distributing
disk 4 forming a uniform layer of raw material and placed on a rotary rotor
5. Then the raw material is picked up with the hinged blades 6 and is moved
on the working surface 7. The duration of heat treatment is regulated with
the thickness of the raw material layer and the speed of rotation of the blades
driven with the motor 8. The discharge of raw material is done through
the pipe 9. Then the heated mashed mass goes to the concentration into an
advanced rotary film apparatus (Figure 5).
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Figure 3. Diagram of multifunctional universal apparatus:

1 —areservoir; 2 —a moving platform; 3 — a perforated dispenser; 4 — a pipe of the
protecting steam line; 5 — a tap for draining of process fluids; 6 — an engine compartment;
7 — a coupling; 8 — a rotor shaft; 9 — a replaceable section-modular perforated liner;

10 — a steam generator compartment; 11 —a vacuum compartment; 12 —a vacuum
pipeline; 13 — a draw-out rail with rotary lifting mechanism; 14 — ringbolts; 15 — a cover
of working technological reservoir; 16 — rubber seal; 17 — on-off valves; 18 — a radiating
flexible film resistive electric heater with insulating surface (RFFREH)

The rotary film apparatus has the working chamber 1, which is heated
with the radiating flexible film resistive electric heater 2 with insulating
surface. The pumping and discharging of the raw material is done through
the pipes 3 and 4, and the discharge of the secondary steam with the pipe 5,
after its prior accumulation in the separation space 6. The formation of the
desired raw material layer is provided with the distribution ring 10 mounted
at the top of the rotor 8, which rotates from the motor 7 and on which the
hinged blades 9 are fixed.

After concentration, the paste-like blended mixture is sent to the last heat-
exchange treatment, namely drying in the IR field, which is implemented on
the rolled IR dryer (Figure 6).

The drying process is done as follows: puree with a content 0 26...30%
of DS after concentration is pumped with the screw with a separating
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Figure 4. Advanced model

of vertical scraper heater:

1 —a vertical working chamber; 2 — radiating
flexible film resistive electric heater with
insulating surface (RFFREH); 3 — a pipe for
raw materials pumping; 4 — a distributing
disk; 5 — a rotary rotor; 6 — hinged blades;
7 — a working surface; 8 —an electric motor
with worm reduction gearbox; 9 — a pipe for
raw materials discharge.

10

Figure 5. Advanced rotary film

apparatus:

1 — a working chamber; 2 — a radiating
flexible film resistive electric heater
with insulating surface (RFFREH); 3,

4 — pipes for pumping and discharging
of raw materials; 5 — a secondary steam
discharge pipe; 6 — a separation space; 7 —
an electric motor; 8 — a rotor; 9 — a hinged
blade; 10 — a distribution ring

nozzle 4 on the working grooved drum 2 forming the necessary layer
of raw material for drying. When rotating the drum counterclockwise,
intensive drying of the raw material at the required temperature is done.
The intensification of the process is provided by the creation of forced
convection with the injection fan 6. And the discharge of secondary air is
provided by the pipe 7. The dried raw material is cut with knives 6 and

falls into the product bin.
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7

Figure 6. Rolled IR drier:
1 —racks; 2 — a working grooved drum; 3 — a radiating flexible film resistive electric
heater with insulating surface (RFFREH); 4 — an injection screw with a separating
nozzle; 5 — an injection fan; 6 — cutting knives; 7 steam discharge pipe; 8 — a product bin

5. Research of change in the quality
of blended functional fruit and berry products

Having considered the basic technological diagram of production of
blended functional fruit and berry products and the proposed advanced
heat-exchange equipment it is necessary to prove the quality of the obtained
products. Namely, the changes of color formation at all stages of production
from puree to dried product were studied. Because color is one of the main
factors characterizing the physical and chemical changes of natural raw
materials and is fundamental for the consumer.

The first stage of the research was to determine the color characteristics
of'each of the components and blended compositions according to the recipe
ratio (Table 1), the results of the studies are given in Table 2.

The dominant wavelength in the paste sample a is 613.3 nm and
characterized with red-orange colour with the purity of colour tone — 73.6%.
For samples b and ¢ — 615.8 and 619.8 nm, accordingly. For sample b, the
purity of colour tone (76.2%) corresponds to red-orange. The purity of tone
of 79.1% in sample c characterizes the red-orange colour.
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Table 2
Colour characteristics of experimental samples of components
and blended fruit and berry puree compositions

Experimental v?;;‘;?:glgl Brightness | Colour purity cha:::rez;listic
samples Anm T, % P, % of sample color
Apple 560.2 20.5 64.5 greenish-yellow
Dogwood 608.1 38.2 77.8 bright-red
Hawthorn 590 33.5 90.4 dark-orange
Sample a 613.3 35.9 73.6 red-orange
Sample b 615.8 33.5 76.2 red-orange
Sample ¢ 619.8 38.6 79.1 red-orange

The second stage of the study determined the colour change of blended
puree after concentration in accordance with the regimes specified in the
basic diagram (Figure 2) in the proposed advanced rotary film apparatus
(Table 3).

Table 3
Color characteristics of experimental samples
of blended fruit and berry paste compositions
Samples of Dominant . . .
fruit and wavelength Brightness | Colour purity Vlsual. )
berry paste characteristic
o, o,
compositions Anm T, % P, % of sample color
Sample a 609.2 353 76.5 light red-orange
Sample b 612.6 33.9 65.3 light red-orange
Sample ¢ 615.3 36.3 79.1 red-orange

The dominant wavelength in the paste sample a is 609.2 nm and
corresponds to a light red-orange colour with the purity of 76.5%. For
pastes b and ¢, 612.6 and 615.3 nm, accordingly. For sample b, the purity
of tone (65.3%) corresponds to light red-orange colour. The sample c is
characterized by a red-orange colour as it has the purity of tone at the level
of 79.1%.

The third stage of the study was to determine the colour change in dried
blended functional products (Table 4).
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Table 4
Colour characteristics of experimental samples
of dried functional fruit and berry products

Samples of dried v?aovl:llen:gnt:l Brightness szlr(::l; Visual evaluation
products om T.% P % of sample color
Sample a 526.9 31.2 35.2 blue-red
Sample b 623.8 31.9 35.6 red-orange
Sample ¢ 568.5 32.6 353 bluish-orange

The characteristic wavelength of dried functional fruit and berry products
for sample a is 526.9 nm and corresponds to a blue-red colour with the purity
of tone of 35.2%. Samples b and ¢ have lengths of 623.8 and 568.5 nm,
accordingly. For sample b, the purity of tone of 35.6% corresponds to red-
orange colour. The sample c is characterized by a bluish-orange colour, as
it has the purity of tone at the level of 35.3%.

Having analyzed the obtained colour changes (Table 2-4) and compared
the brightness and purity of the tone of the samples, it is possible to
conclude that the loss of brightness has a small percentage, within 3...8%.
The purity of the colour is halved, which is explained by the drying of the
mass of fruit and berry raw materials during heat-mass exchange treatment.
Although, an attractive visual colour of the obtained products is provided
for the consumer.

6. Technical and apparatus diagram of the production line

for blended functional fruit and berry concentrated and dried products

To detail the technological and apparatus production process of blended
functional fruit and berry products, we present its technical and apparatus
diagram of the line (Figure 7).

The proposed production line for blended functional fruit and berry
concentrated and dried products may be located in areas of growth of fruit and
berry raw materials. It is characterized by: mobility, simplicity, resource efficiency.

6. Conclusions
The relevance of using of such differential function as particle radius
distribution, taking into account the average radius to choose the optimal
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Figure 7. Technical and apparatus diagram of the production line for

blended functional fruit and berry concentrated and dried products:
1 — a container tilter; 2 — a conveyor machine for washing; 3 — an inspection roller
conveyor; 4 — a machine for cutting fruit and berry raw materials; 5 — a container
for accumulation of liners; 6 — a multifunctional universal apparatus; 7 — a wiping
machine; § — a collector-measure; 9 — a gear pump; 10 — a scraper heat exchanger;
11 — a rotary film apparatus; 12 —a rolled IR dryer; 13 — a packing machine

recipe for blending fruit and berry raw materials into functional products
with the predicted structurally-mechanical properties. The average radius
of the micro capillaries have been determined taking into account f(r),
they are for the compositions: a— 7 =2.38 nm,b— 7 =2.06 nm,¢c— 7 =
1.80 nm, which indicates a significant strengthening of the structure of the
sample ¢ with a content of dogwood 40%.

The technological production process of blended functional fruit and
berry concentrated and dried products has been developed, namely apple-
based — 50%; dogwood-based — 40%; hawthorn-based — 10%. The developed
technology is different by using of gentle temperature modes during the
preliminary and basic heat treatment, which were done on the developed and
improved equipment (total —4 units) with the use of the radiating flexible film
resistive electric heater (RFFREH). Steam blanching and keeping processes in
NaCl solutions have been done in the multifunctional all-purpose apparatus.
The purée is heated to 30...50 °C by scraper heat exchanger. Concentration
processes to dry solids content of 28...30% at a temperature of 50...60 °C for
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0.6...0.85 min and further drying at a temperature of 45...60 °C to a moisture
of 6...8% DS are implemented in a rotary film apparatus and rolled IR dryer,
accordingly. Studies of the color changes at all stages of production from
puree to dried products confirm the preservation of the quality of semi-finished
products. Since the change in brightness and purity of the experimental
samples had a small percentage, within 3...8%, and the purity of color has
been reduced to half, which has been explained by mass losses of fruit and
berry raw materials during heat-mass exchange treatment.

The complete line has been chosen for production of blended functional
fruit and berry concentrated and dried products using the developed
equipment. The line can be located in places of growth of fruit and berry
raw materials, which will significantly reduce the costs of transportation,
storage of raw materials and ensure resource efficiency..
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NUMERICAL STUDY OF DYNAMICS OF MOTION
OF LIQUID AND HEAT TRANSFER IN A ROTOR-PULSATION
APPARATUS OF CYLINDRICAL TYPE

YUCJEHHOE UCCJIEJOBAHUE JUHAMUKU ABUKEHUA
KHUIAKOCTHU U TEIIJIOTEPEHOCA B POTOPHO-
IIYJIbCAIIMOHHOM AIIIMAPATE HUWJINHAPUYECKOI'O TUITA

Oleksandr Obodovych'
Vitalii Sydorenko?

DOI: https://doi.org/10.30525/978-9934-588-53-2-55

Abstract. The paper discusses the dynamics of fluid motion and
heat transfer in a rotor pulsating apparatus (RPA). General ideas about
the principle of discrete-pulse energy input, which is implemented in
rotor-pulsating apparatuses, are given. The problem was solved for a
cylindrical RPA with one fixed stator and one rotating rotor. The stator
and rotor were coaxial shells with holes. The calculation area included
sections of the working space, consisting of a stator and a rotor, as well
as gaps between them.

When solving the problem, a segment with an opening angle A9 was
considered. It is included one hole and half of the wall adjacent to it, sepa-
rating this hole from neighboring ones. The simulation of fluid motion and
heat transfer was based on the finite difference method.

The simulation consisted of solving a system of equations of dynamics
and energy for a viscous fluid in polar coordinates. An analytical calculation
of the temperature change in the RPA in the scheme: tank — inlet pipe —
RPA — outlet pipe — tank for viscous liquids are done.

From the heat balance equation, relations are obtained for determining
the amount of heat released per unit time inside the gap.

For the selected RPA design and the viscosity of the processed medium
obtained experimentally, the values of the temperature increase over time
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were calculated. An expression is derived for a coefficient relating the
change in temperature in the tank to the viscosity of the medium.

The fields of overpressure in the working area of the apparatus are pre-
sented, obtained by the method of numerical simulation of a fluid flow with
a viscosity u= 1.1 Pa-s at key points in time. In particular, at the moment of
coincidence of the slots of the rotor and the stator, complete mutual overlap
of the slots of the stator by the wall of the rotor.

The dynamics in time of the flow rate of fluid flowing through the work-
ing area in the radial direction is determined. The dependence of the pro-
cessed medium on viscosity is presented. A comparison of the calculation
results with the experimental result shows their satisfactory agreement.
Based on the numerical solution of the energy equation, a study was con-
ducted of the heating of the liquid in the working area of the RPA. The
results of calculating the fields of excess temperature during the laminar
flow of Newtonian fluids at different points in time allow us to conclude that
the most intense heat release due to dissipation occurs when the slots of the
stator and rotor overlap.

1. Beryniienue

[TpuHUIMT JUCKPETHO-UMITYJILCHOTO BBOJIA U TPAaHC(OPMALIUU SHEPTHH
(/IMBD) 6611 BrepBbie npeIoxkeH B padote [1], kak oboOImaromuii MeTox
HaIpaBJIEHHOTO, JIOKAJILHOTO M MHTEHCUBHOI'O MCIOIb30BaHUs KOHIIEHTPHU-
POBaHHOI PHEPTrUU B KUJKOCTHBIX JHCIEPCHBIX cucTeMax. Du3ndeckue
SIBJICHUS TMHAMUKHA OCHOBHBIX ayieMeHTOB JIMIBD B nmanbHeiiem Obun
TEOPETUYECKH HCCIIENOBaHbI B [2—4], a TEXHOIOTUYECKNE U UH)KEHEPHBIC
MIPHUIIOKEHUS ATOTO MTPHHIIMTIA TTPEJICTABICHBI B [5—7] 1 0000111eHHI B [8; 9].

Wnest IUBD coctout B TOM, 4TOOBI MPEIBAPUTEIBHO CTAIIMOHAPHO BBE-
JICHHYIO W TIPOU3BOJBHBIM 00pa3oM pacIpeeliCHHYI0 B pabodeM oObeMe
JHEPIuI0 aKKyMYJIUPOBaTh (CKOHLIEHTPUPOBATh) B JIOKAIbHbIX IUCKPETHBIX
TOYKaX CUCTEMbI U B JIaJIbHEHUIIIEM UMITYIbCHO Peaiu30BaTh JUIsl IOCTHKE-
HUsI HeoOXoaMMBIX Tertopusnueckux 3¢ dexron. Llens IUBD cocrout B
HMHTEHCU(UKAIUH TEIIIOMAaCCOOOMEHHBIX M TUAPOJUHAMUYECKUX MpoLec-
COB B TEXHOJOTHYECKHX CpeJax, a TAKkKe CO3JJaHUHM METOAMKH MX ONTH-
MHU3alUU ¥ cioco0oB ympasineHus umu. Haubonee pacrnpocTpaHeHHBIMU
BUJAMM YCTPOMCTB, B KOTOpbIX peanusyercs meron MBI, ssistorcs
poTopHO-TiynbcanonHble ammapatsl (PIIA), KoTopble 00BIYHO BKIIFOYAIOT
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B ce0s1 3aKIIIOUEHHBIE B KOPITYCEe KOAKCHATBHO PACHOJIOKEHHBIE CTaTOP(-bl),
1 poTop(-b1) B hopme 000104UEK C MPOPE3aHHBIMU B HUX MPAMOYTOIBHBIMU
OTBEPCTHUSAMH. MexX]ly CTaTOpOM U POTOPOM MMEETCA 3a30p.

B Hacrosiee Bpems A pellieHus: THAPOIMHAMUYECKUX 33124 HCIOTb-
3yI0T TPEXMEPHYIO MOCTAaHOBKY 3agadd. OJHAKO CXOAMMOCTh MOJ00-
HBIX TPEXMEPHBIX 33714 OYEHb MEJUIEHHAs, a MHOIJA U MpoOIeMaTuyiHasl,
MOCKOJbKY JUISl €€ pellleHHs HeoOXOAMMa BBIYMCIUTENbHAS TEXHUKA, Tpe-
Oyrolas OOIBIINX PECYpPCOB 10 ObICTpoAeiicTBUIO U T.A. BeneacTeue sToro
Ipeularaercs MoAXo ] K pEIIeHUI0 3aJa4l AUHAMUKY KU JIKOCTU U TEILIOIe-
penoca B PITA, ocHOBaHHBII Ha MPUONMKEHHBIX JBYMEPHBIX THJIPOIUHA-
MUYECKUX MozemsX. JJjst cBeneHus paccMaTrpuBaeMoi TpexMepHOH 3a1a4n
K JIBYMEPHOH, LMIMHAPUYECKUE OTBEPCTHSI B POTOPE U CTATOPE YCIOBHO
3aMEHSIIOTCS TIPOPE3SIMH MPSIMOYTOIBHON (DOPMBI, THAPABIMYCCKUHA ana-
METP KOTOPBIX COOTBETCTBYET AUAMETPAM YKa3aHHBIX OTBEPCTHIL.

2. [TocTaHoBKA 321241 AMHAMUKY KUJAKOCTH
B paGoyeM npocTpaHcTBe HUJInHApu4eckoro PITA

Penienue 3aauu CTPOUTCS IS CITy4asi HEMOABHUKHOTO CTatopa U Bpa-
maromierocst poropa (puc. 1). IlockonbKy OCHOBHBIMU pa0OYHMH AJIEMEH-
TaMH arrapara sBJISIIOTCS KOaKCUaJIbHBIC IMJIUHAPUICCKUE TeJla, CUCTEMY
ypaBHEHUH TWHAMUKH )KUJKOCTH U TEILIONEPEeHOca 1esIeCO00pa3Ho Ipej-
CTaBUTH B MOJISIPHOU crcTeMe KoopauHar (1, 0), Hauano KOTOpOH JIeXKHT Ha
o0niei ocu pabOYMX JIEMEHTOB.

Puc. 1. PacuyeTHasi cxeMa paGo4ero npocTpaHcTBa
IUJIUHIPUYECKOT0 POTOPHO-NYJILCAIIMOHHOTO annapara
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Cucrema ypaBHEHHH NWHAMUKH M SHEPTUM JUISl BSI3KOM >KMIIKOCTH B
MOJISIPHBIX KOOPAUHATAX UMEET BUJL;
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B ypaBnenusx (1) —(4) v, — pannanbHas COCTaBIAIOIIAsA CKOPOCTH; v —
TaHTeHIIMAIbHAsI CKOPOCTh; p — AaBieHue; 1 — TeMueparypa.

UucneHHoe pemieHue cuctemsl ypaBHeHui (1) — (4) BbImomHseTCS
MPH CIEAYIOMNX TPAaHWYHBIX yCIoBHsIX. Ha BXome B pacueTHyro o0iacTh
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qgenust A P> 0, a Takxe vO = 0, P 0 . Ha mosepxHoctu ctaropa v, = 0;
r

v, = 0; Ha moBepxHOCTH potopa v, = 0; v,= w - r. [Ipn =0 u 6 = Af 3agaercs
yCIIOBHE NEPUOTUUHOCTH BeeX (yHKUUii (v,, vy, £) IO yII0BOIl KoopauHare 6.

Pemrennie cucremsl ypaBHenuit (1) — (4) Bemonnsiercs it 0 < 6 <Al u
Fonpor = AP <1 <7 . T Ar, T€ AG — reoMeTpuYECKUid IEpUON pabounx opra-

HOB amnmapara; A7 =3 MM — IIUPHHA [IPEIBKIIOYEHHOTO yyacTKa (puc. 1).
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Pacuernas obmacts (puc. 1) BKiroyaeT B ce0st yyacTKu pabodero mpo-
CTPAHCTBA, COCTOSIIHE U3 CTATOPa U POTOPA, a TAKAKE 3a30PBI MEXK Ly HUMH.
Paboune smeMeHTHI IPEACTABIAIOT COO00H MMIMHAPHUYECKHE Tella C MepH-
OIMYECKH TOBTOPSIONMMHUCA OTBepcTHsMU. [Ipm pemenun 3amaum pac-
CMaTPHUBAETCSl CETMEHT C YIJIOM PACKPBITHA Af, KOTOPBIH BKIIOYACT OJTHO
OTBEPCTHE U ITOJIOBUHY IPHIIETAIOIICH K HeH CTeHKH, OTACIIAIONEeH TaHHO
OTBEPCTHE OT COCETHHUX.

ITpu Takoii mocTaHOBKE 3a/1a41 paccMaTpUBACTCsl AMCIIEPCHOHHAS cpejia
numerommas GU3M4ecKue CBOWCTBA KOTOPBIE COOTBETCTBYIOT 3()(EKTHBHBIM
CBOMCTBaM Kpaxmajiocozepskamieid cpeasl. [Ipy namuHapHOM TedueHUU
HBIOTOHOBCKOH KHUAKOCTH (P (EKTUBHBIE KOYDDHUIMEHTBI IEPEHOCA L,y U
Aypp OYZYT COOTBETCTBOBATH €€ KOOPPUIMEHTAM MOJIEKYIAPHON BABKOCTH

el

1 MOJICKYJISIPHON TETUIOIPOBOJHOCTH.

3. Pe3yabTaThl YHCJIEHHOTO MOIETUPOBAHMS JUHAMHUKH KHIKOCTH
1 TENJIONEPEHOCAa B POTOPHO-MYJILCAIMOHHOM anmapare
PesynbraTsl 4MCICHHOTO MOACTHPOBAHMS THUAPOIUHAMUKA W TEILIO-
mepeHoca B POTOPHOM arlapare MOJTyYeHBl PacueTHBIM METOIOM, IPE.-
JoxeHHbIM B MOHOTpaduu [10]. B ero ocHOBY MOJIOKEH METOl KOHEUHBIX
pasHocTel pelieHus cucteMsl ypaBHeHwuid (1) — (4).

4. BrlejieHHe TeIJIOThI B 3a30pe
WurencusHOCTS BblzieneHus Teruia B 3a30pe PITA omnpezensiercs ypaBHeHEM
2 2
Vs oR,
N 5)
* 8 8§ )
IJI€ v, TaHTeHIMaJbHasi CKOPOCTb B 3a30pe; & — TOJIIMHA 33a30Pa; © —
YIJIOBasi CKOPOCTb BpallleHUs poTopa; R, — BHELIHUN paguyc poTopa.
[apametp Oy, 3T0 yeIbHOE KOJIMUECTBO TEILIOTHI, BBIICIIAEMOE B €AUHUILY
BPEMEHHU B 3a30pe€ BCIJICICTBUE BSI3KOW nuccunanuu. KommyecTBo TEmsioThl,
BBIZICISIEMOE B 00BEME 3a30pa B SIIMHUILY BPEMEHH ONPEIEIIeTCS Kak
an : Vs >
rae V; — o0beM KHUIKOCTH BHYTPH 3a30pa paBHBIN V; = 2R ,6h
Torga KOIMMYECTBO TEIUIOTHI, BBIAEIAEMOE B €IMHUIY BPEMEHHU BHYTpPHU
3a30pa ONMCHIBACTCS YpaBHEHUEM
2n R w’h
0; =0V =n w2

5 (6)
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DTO TEIIO PACXOLYETCsl Ha HarpeBaHUe >KUJKOCTH, IPOXOIsILE yepes
KaHaJlbl pOTOpa U CTaropa, a TAK)Ke Ha HarpeBaHUE METaJNIMYEeCKOro mMac-
cuBa poropa, craropa u kopmyca PITA. Yactp TemnmoTsl BbIEnsieMOil B
3a30pe, NepeaaeTcss 4epe3 BHEILHIO MOBEPXHOCTh KOPITyca B OKPY’Karo-
LIYIO CPery.

5. MaccoBblii pacxo xuakocT yepe3 PITA
MaccoBslii pacxof xxuakocTu yepes PITA onuchiBaeTCsl ypaBHEHUEM

()

rae R, ¥ R, — BHYTPEHHMii M BHEWIHUIl paguychl potopa; ».§, —
cyMMa K03()(QUITMEHTOB THIPABINYECKUX COTMPOTUBICHUH B TNHUH. DTH
COTIPOTHUBIICHUS BKJIIOYAIOT ITyTEBHIC COMPOTUBICHUS KaHAJIOB pOTOpa H
craropa — (., u (,,, COOTBETCTBCHHO, ITyTE€BHIC COMPOTHBICHUS TPyOO-
npoBoIOB, coexuustonmx PIIA ¢ OyHKepoM, a Take CONPOTHBICHIS,
oInpeeNsolUe MOTepH Haropa mnepej B BXOJOM B KaHalla poTopa M Ha
BBIXOJ/I€ U3 KaHAJOB cTaropa. OHaKo HauOOIBIIUI BKIA B PACXOJ KU~
KOCTU B ammapare BHOCHUT CONPOTHUBICHHUE MEXIHIMHAPOBOTO 3a30pa
s = f(t), BenIMYMHA KOTOPOrO MEPMOAMYECKHM MEHAETCs ¢ OOMbIIOoi
4acTOTOW B IIMPOKOM MHTEpBaje B MPOLECC BpalleHHUs] poTopa U Iepe-
KPBIBAHUHM OTBEPCTHI KaHAJIOB POTOpa W CTATopa. TpyIHOCTh OICHKH
BEJIMYUHBI PACXOa 3aKIIOYACTCS B TOM, UYTO KOA(D(HUIIMCHTH THIPABIH-
YECKUX CONPOTHBICHUH, BXOIAIINX B YPaBHEHHUE, B CBOIO OUEPE/Ib, 3aBH-
CST OT BEJTMUUHEI pacxona G, .

6. Pacuer usmenenus remneparypsi B PITA

0O0603HaYNM TeMIIepaTypy Ha BXofe B KaHabI potopa T, ; TeMIeparypy
Ha BBIXOJIEe U3 KaHAJIOB craropa- 7, ; TeMreparypy *HJIKOCTH B OyHKepe —
T, ; TeMIiepaTypy KUAKOCTH Ha BXoze B OyHkep — 7, ; HauanbHas Temnepa-
Typa KHUJIKOCTH U CaMOTo arapara o0o3Hadaercss 7; U paBHA TeMIIEpaType
okpyskatomiero Bosnyxa 7, . O0beM xuakoctu B OyHkepe — V,

Macca MeTauIn4eckoro OyHkepa — m, ; Macca MOABOJIAIIETO TPYOOoIpo-
BOJIa MEK/IY BBIXOIOM M3 OyHKEpa U BXOJIOM B KaHAJIbI POTOPA — M1, ;MACCy
poropa — m,, ; MacCy craropa — m,,, ; Maccy kopmyca PIIA — m,, ; maccy

TpyOOIIPOBOJIOB OT BBIX0a 13 Kopiryca PITA 1o Bxoma B OyHKep — m; .



Chapter «Engineering sciences»

IInoTHOCTH KUAKOCTU — p ; TCINIOEMKOCTH KHUJIKOCTH — ¢, ; TCIIJIOCM-
KOCTh MeTajuia (ctanm) — ¢, . MaccoBblil pacxon xkunkocTt uepes PIIA -G,
, 00BeMHBIH pacxon — G, .

Kunxocts B OyHKEepe 00beMOM F, B MOMEHT BPEMEHH T HMEET TeM-
neparypy 7,. B enqunuiy BpemeHn B OyHKEp MOCTYIIaeT KOJIUYECTBO KU
koctH G, c Temreparypoil 7, W OTBOJMTCS KOJNMYECTBO JKUIKOCTH G, C
teMmieparypoit 7, .

Kosmuectso Teruia, mocrynaroero B OyHKep B €AMHHILY BpEMEHH PaBHO
0, =pc,G, (T, - T,) , konuuecTBO oTBOAMMOTrO Teria — Q = pc,G, (T, - Tp,) .

Iockonsky 7, > T, , Temio, IOCTyMarolIee B OyHKEP B €ANHUILY BPEMECHU
WJIeT Ha HarpeBaHHe JKUJKOCTH B OYHKepe 1 MaTepuaia caMmoro OyHkepa

W3 ypaBHEHHS TemIoBoro Oananca

dT,
(pcoVo + mlcm)TTb = pc,Gy (Tl - Tb) > ®)

CIIC/TyET, YTO MMOBHIIICHHE TEMIICPATYPHI KUIKOCTH B OyHKEpE H CTEHOK
OyHKepa B €JMHMILy BPEMEHHU ONpeAessieTcs U3 yClIoBHs OallaHca Terja U
OIKCHIBAETCS YPaBHEHUEM

dT, _ peGy (T, - T,) )
dt pcV, + me,

Brixoasimas u3 OyHKepa KUAKOCTh ¢ Temmeparypoi 7, mocTymaer B
3a30p Ha BBIXOJIE M3 KaHAJIOB POTOpa, HAarpeBas Mo MyTH MOABOASIINNA TPY-
OOMPOBOJ ¥ TIPUJICTAIOIINE K HEMY METAJITUYECKHE KOHCTPYKITHH ¢ 001Iei
Maccoil m, , BKJIIoUasi 1 Maccy potopa m,, . [Ipu 3Tom Temneparypa KuKo-
CTH Ha TOM yYacTKe CHIDKAeTCs. 3a CUeT IMOABO/A Teria Oojiee HarpeTon
JKUJIKOCTBIO TEMIIEpaTypa Ha BBIXOJE U3 KaHAJIOB poTopa R, IMOBBILIAETCS
B €IMHUIly BPEMEHHU Ha BeIuuuny d7,,

W3 ypaBHeHHS TeruioBoro Oananca

dT,
’nzcm d:‘ = pCOGV (7;7 - 7;)() > (10)

CJI/LyET, YTO MOBBIIICHUE TEMIIEPATYPhI KUJIKOCTH B OyHKEpE U CTCHOK
OyHKepa B CMHUIY BPEMEHH OIPENENsIeTCs U3 YCIOBHs OanaHca Tema u
OIUCBIBAETCS YPABHEHUEM

T, _pc (1,-1,) "
dr my,, ’

Ipu nepexoie yepe3 KaHaIbl pOTOpa M CTATOPa U Yepe3 3a30p KHKOCTh
HArpeBaeTcs 3a CUST MHTCHCUBHOM BSI3KOW AMCCHUIAIIMH B 3a30p€ H MOBbI-
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mraeTcst A0 Temreparypsl 7, Ha BBIXOJIC M3 3a30pa IPH BXOAE B KaHAIIBI
craropa. 3 ypaBHEHUS TEIIOBOTO OaaHca CIEAYeT, 9TO

PCo (T = To) = Os » (12)
IJie KOJMYECTBO TEIUIOTHI, BBIIEISIEMOM B €AMHUIy BPEMEHU BHYTpPH
3a30pa OIKMCHIBAETCH yPABHEHHEM
2no R0’ h

QB =H 5 P (13)

O4eBHIHO, YTO BCIIEACTBUE OCTYIICHUS HA BXOJ] KAHAJIOB POTOPA KU~
KOCTH ¢ 0oJiee BBICOKOH TeMIepaTypoii, TeMIiepaTypa >KUAKOCTH Ha BBIXOJ1e
U3 KaHaJoB cratopa 7, JO/DKHA B €IMHUILY BPEMEHH TaK)Ke TTOBBICUTHCS
Ha HEKOTOpylOo Bennuuny dT,,. .

Bynem cumTarh, 4TO BBIXOASIIAS M3 KaHAJOB CTATOpa *KUJKOCTh C
Temmneparypoit 7, HarpeBaer maccy crtaropa, maccy kopmyca PITA
u Maccy TpyOompoBoga mexay kopnycom PIIA u BXojmom B OyHKep.
OO0mas Macca HarpeBaeMbIX METaJUIMYECKUX KOHCTPYKIUI Ha 3TOM
y4acTKe paBHa my , BKIKOYasA MacCy cTaropa, m,,, ¥ Maccy Kopryca m,,, .
Ha Bxonm OyHKepa XHUAKOCTh MpHUXOAHT ¢ Temueparypoit 7, <7, . [lpu
3TOM BCJEICTBHE IMOCTYIUICHHUS OoJiee HarpeToil JKUIKOCTH TeMIlepa-
Typa ®KUAKOCTH Ha BXO/€ B OyHKEp B €UHUIly BPEMEHH BO3pacTaeT Ha
BeNIMUMHy d7; .

U3 YpaBHCHU TCIIJIOBOT'O OanaHca JJIs1 9TOr0 ydacTka

dT,
mc, 7’[1 = pCOGV (T;b:x - 711) s (14)

CIIEIYET, UTO MOBBIIICHNE TEMIEPATYPHI JKUAKOCTH Ha BXOJ B OyHKep B
€MHULy BPEMEHU OIMCBIBAETCS] ypaBHEHUEM

ﬂ — pcOGV (T;blx — TI)

> 15
dt mc,, (15)
CyMMHpYsI JIEBbIC U MpaBbie YacTH ypaBHeHui (5), (7) u (11), momy4unm
dT, dT, dT,
(pCOI/O + mlcm)T; + rn’Zcm d:x + m3cm T; = pcOGV (Tt‘;wx - ]:ax) (16)

W3 momyueHHOTO ypaBHEHUS CIEAYET, UTO TEIIoTa, IpuodpeTaemMast Ha
Ka)XK7I0M ydacTke JiuHud PITA B equHUIYY BpeMEHH B CyMMeE paBHA KOJIHUe-
CTBY TEILIOTHI, BBIJICISIEMOMY TEIIOBBIM HCTOUHHKOM B 3a30p€ BCIICACTBHE
BsA3KO# nuccunauuu. Mcnonessys ypasaenus (9) u (10), ypaBHeHue Termio-
BOro OanaHca (8) MOXKHO NPEICTABUTH B BUJE
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dT, dT,, dT, 2no R0’ h
(pa¥y + me,) 2+ me, o= me, S TERER L (17)

Jlanee MOXXHO cjienaTh BaXKHOE JOMYIIeHUE, 4To 1pu padore PITA temrre-
parypa Ha Ka)K/IOM y4acTKe JIMHUU BO3PACTAET Ha OJJMHAKOBYIO BEJIMUHHY, T.C.

ar, _at,, _dr;. as)
dt dt dt

[ToncraBnsist 3TO ycnmoBue B paBeHCTBO (2.9), IpUX0ANM K YpaBHEHUIO
a7, 2no R} 0’h
bl Rl P R
dt ) ’
W3 KOTOPOTO CIIENIyeT, YTO U3MEHEHUE TeMIIepaTyphl B OYHKEpEe OIHCHI-
BaeTCsl OOBIKHOBEHHBIM AU (hepeHINANEHBIM YPaBHCHUEM BUIA
dT, 2nR,0’h
= H >
dr 8(peVy + mic,, + myc,, + myc,,)
T.K. B IpaBoii 4acTU 3TOrO ypaBHEHUsI BCE NapaMeTpbl KpOME BSI3KOCTU
SIBISIFOTCSI TIOCTOSTHHBIMHE, YPaBHEHHE MOXKHO 3aITHCaTh B IIPOCTOM BUE

(pcoVy + myc,, + myc,, + myc,,) (19)

(20)

dT,
=K- 21
ik ue), @1
I7Ie KOHCTaHTa K OIUCHIBAETCS BBIPA)KEHUEM
3.2
2n R0 h B 2nR} w’h 22)

- [pcoVy + ¢, (my +my +my) ] 5 (pegVy + MynCy)’
roe m,, CyMMapHas Macca Metajuia B TuHuu PITA.

B 3Hamenarerne B ckoOKax COIEPIKUTCS Bce Macca cocTaBistomux PITA,
BKJItOYAss 00pabaThiBaeMYIO JKUKOCTh, KOTOPbIE HATPEBAIOTCS B Mpoliecce
00paboTKH.

Jlerxo moacuuTarh, YTO NpU 00LIeH Macce MeTaia (CTaiu) B JUHUH
PITA u xonmyectBe sxunkoct 100 1 Ha HarpeB MeTasIa 3aTpaunBaeTCs HE
oonee 10% oT 00IIUX 3aTpaT Terua.

Pemenue ypasuenus (18), onpenensiomiee 3aBUCUMOCTh TEMIIEPATyPbI
B OyHKEpe OT BpEeMEHH, CBOTUTCS K BHIY

T,-T,= K- [u(x)-d, (23)
0
Pacuer o popmyne (19) naer 3Hauenne K =4,25.10-3.

Pemenue ypaBHenust (20) 3aTpygHsieTCss TeM OOCTOSTEIHCTBOM, YTO
3aBUCHMOCTD BSI3KOCTH oOpaOareiBaemoii B PITA cMecu Hemb3s ompene-
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JIUTh TEOPETUUYECKH MyTeM. JIJIsT HaXOKACHHS STOW 3aBUCHUMOCTHU CIIEIYET
UCTIONB30BaTh PE3YIbTaThl SKCIEPUMEHTAIBHOTO OINPEICICHUS BSI3KOCTH
mpo0 oO6padaTeIBaeMOil cMECH, B3ATBIX Ha PA3IHMUHBIX 3TANax 00pabOTKH.

B rtabmune npencraBiieHbl HMEIOMINECS SKCIIEPUMEHTAIbHbIE JTaHHBIC
M0 OIIPE/ICJICHNIO BSI3KOCTH B pa3JIMYHbIC MOMEHTHI BPEeMEHH C Hadana
00paboTKH.

Ta6mura 1
Bpewmsi, cex
Mapaverprt 300 540 840
Bsi3kocts oc, [1a.c 0,2 1,1 2,7(2,1)
Pacxon G, , xr/c 0,92 0,70 0,33

[loganHbIM 3TON TaOJUIBI 3aBUCUMOCTb BSI3KOCTH OT BPEMEHH [UIs
HCCIIEAYEMON CMECH MOXHO alllpOKCUMHUPOBATH YPABHEHUEM

n(t)=p, +k, - 2 (24)
31ech o, — BI3KOCTH B MOMEHT BpeMeHH 1 =(, KOTOpYyI0 NMPHHUMAEM
paBHo# BsizkoctH Bojs (0,001 Ia.c). Koadduument &, =1.23.106.

[Moncrapnsist 5T 3HaYeHHS B ypaBHeHHE (16) ¥ TIPOBOISI HHTETPUPOBA-
HUE, MMOJYYUM

T,-T, =T, +K-j(u0 +ku1:2’2)~d1:=K-j'u(t)~d‘r:K-r(po +kptz’2),(25)
0 0

Ipu =5 mun =300 cex temneparypa 7,=28,75°C

IIpu =9 mun =540 cex tremneparypa 7,=45,15°C

ITpu =14 mun =840 cex Temneparypa 7,=90,15°C

[oBbimieHNE TeMIIEpaTypbl B KHIKOCTH IIPH TEPEXOIe Yepe3 3a30p
MOYKHO TaK)Ke OICHUTH HA OCHOBE aHAIN3a YKCIIEPUMEHTATBHBIX JAHHBIX.

Terutora Q,, BBIENsAEMas B €IMHHILY BPEMCHH B 3a30p€ BCIICICTBUE
addeKTa BI3KOH TUCCUITAIIMKU OlIeHUBAETCs 110 ypaBHeHuto (10).

KosinuecTBO TEIIoThl, MOJTy4aeMoe JKUAKOCTBIO IIPH 33J[aHHOM 00beM-
HOM pacxojie G, , OIIpe/ieIsieTCs] B COOTBETCTBUH C ypaBHEHUEM (9)

PCoGy (T = To) = pCy - ATy = Oy, (26)
[epenan Temreparypsl AT, B onpeesieHHbIH MOMEHT BPEeMEHHU PaOOThI
PITA ompenensiercst mo ¢popmyne
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0
AT, = =8 27
ey 27

CrnenoBaresibHO, €CITU JUIs TAaHHOTO MOMEHTa BPEMEHHU U3BECTEH Pacxoll
GV " BA3KOCTb o, TO MOXHO JIETKO OLICHUTH IMOBLIIICHUE TEMIICPATYPbL
JKUJIKOCTH JJIsi JAHHOTO MOMEHTa BpeMeHH. JlJisi pacdera BOCIOIb3yeMCs
JMaHHBIMA TAOIHIEI 1.

Juis Tex ske 3HaueHwid BpeMeHu S5, 9 u 14 MuHYT OepeM dKCIepuMeH-
TaJbHBIC 3HAYCHUS pacxona G, ¥ BSI3KOCTH o, YKa3aHHBIC B Tadnmre 1.
3Hast BI3KOCTh, paccuuThiBaeM 1o Gopmyrie (10) st 3THX MOMEHTOB Bpe-
MEHH KOJHYECTBO TEIUIOTHI O, a 1mo ¢opmyie (19) moBhILICHHE TeMITe-
paTyphl XHUIKOCTH B 3a30pe AT, . PaccuntaHHbIe 3HAYEHUS COAEPIKATCS B
tabnure 2. B aToi ke Tabnuie comepikaTcs 3HaUCHHUS TEMITEPaTyPhI KHI-
KOCTH B OyHKepe T, IUIsl 5TUX MOMEHTOB BpEMEHH.

Tabmuma 2
Bpewms, cex

Tapaverprt 300 S 840
Bssxocts o Ia. ¢ 0,2 1,1 2,1
Pacxox G, xr/c 0,92 0,70 0,33
Terora Q, , kka/c 1,27 7,0 12,72
Ipupocr temn. AT}, °C 1,38 10,0 38,6
Temneparypa , °C 28,75 45,15 90,15

Kak BugHO M3 Tabnuip! 2, Temreparypa B OyHKepe, 10 pacueTHBIM JaH-
HbIM, gocturaeT 900C, Takoe BBICOKOE 3HAYCHHME OOBSICHSCTCS TEM, YTO JUIS
pacyera UCTOJIB3YIOTCS 3HAYEHNUST BSI3KOCTH, MTOJTyYEHHBIE SKCIIEPUMEHTAIIBHO.

7. losin naBieHus B padoueii 3one PITA

Baxneiimel quHAMIYECKON XapaKTEPUCTUKON MOTOKA SIBISIETCS TOJIe
JaBJICHHUS, KOTOPOE U3MCHSETCS BO BpeMeHHU. Bimstomumu pakropamu Ha
MIPOIIeCCHI e(OpPMAINU U Pa3pyIICHHUS TUCTICPCHBIX YaCTHUI] B TETCPOTCH-
HBIX cpenax, oOpabareiBaeMbix B PIIA, SBISIFOTCS MyNbcaldu AaBJICHUS,
a TaKKe HOPMAaJbHOTO M KacaTeIbHOTO HAIPSDKEHHI, BO3HHUKAIOIIUE B
MOTOKE TPU €ro MpOXOKJICHUM depe3 pabouyro 30HY ammapara. Pacrpe-
JIeJIeHUe JIaBJIeHUs 10 00beMy paboueil 30HbI OTIUYAETCS 3HAYUTEIbHON
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CTETICHBIO HEPAaBHOMEPHOCTH, IIPHUEM XapaKTEep €0 PacIpeiesICHHs CTpe-
MUTENIBHO MEHAETCS BO BpeMEHU. Bo3HuKaromnue B IOTOKe rpaJueHThl 1aB-
JICHUS CTIOCOOCTBYIOT Ae(hOPMAITIH YaCTHII, a €T0 MyJIbCALlUH BO BPEMEHH
MOTYT BBI3BaTh BBICOKOYACTOTHBIC KOJICOAHHSI UX 000JI0UEK, YTO IPHBOIUT
K pa3pbIBy Mexk(}aszHbIX rpaHull. [IpuunHON BO3HIKHOBCHUS aqmadaTmye-
CKOT'O 3aKWTaHus 00padaTeBaeMOM Cpelbl ¥ MOCICAYIOMNX KaBUTAIIHOH-
HBIX (QQeKToB B pabodell 30HE ammapara MOXKET OBITH MyJIbCAIMOHHBIN
XapakTep U3MEHEHUs JaBieHUs. JlaHHbIA (aKT Takke CHOCOOCTBYET pas-
PYIIEHHIO TBEPABIX YaCTHUIl JUCIEPCHH.

Ha puc. 2 npencraBneHs! mosist U30bITOYHOTO JaBICHUS B pabodeii 30He
arrapara, MOJIYYCHHBLIC METOAOM YHUCJICHHOIO MOJCIIMPOBAHUSA TCUCHUSA
AKUIKOCTU ¢ BsA3KocTbio L = 1,1 Ila - ¢ B pa3nuuHble MOMEHTBI BPEMEHU.
[TockonbKy paccMaTprBaeMbIi POLIECC SBISIETCS MEPHOANIESCKIM BO BpE-
MEHH, MO>)KHO YCJIOBHO CUMTaTh, YTO MOMEHT COBIIAICHNUs IIpOpe3eil poTopa
Y cTaTtopa cOOTBETCTBYyeT MOMeHTy BpemeHH T = (0. Kak mokazano Ha puc. 2,
a, n30BITOYHOE MOJIOKUTENbHOE aaBieHue (1o +190 xlla) Habironaercs B
3a30pax MeX1y pOTOpoM U ctaTtopoM. I1o Mepe nocTeneHHoro nepeKporITus
CTCHKOH poTopa Ipopesu craropa (puc. 2, 6), y JIeBOro BHyTPEHHETO TOPIIa
IpOpE3U CTATOPa JAaBICHUE HAYMHAET YBEJIUUUBATBHCS, & OKOJO IPABOM
CTEHKHU pOTopa JaBieHue najaaet. [Ipu ganpHeileM yBeIUYEeHHH CTEICHU
B3aUMHOTO MEPEKPHITUS IPOpE3ei, aBIeHHE B MOTOKE OKOJIO BHYTPEHHEH
CTCHKHU CTAaTOpa yBEITUUUBAETCS (MEKAY POTOPOM U CTATOPOM).

K MoMeHTy moiHOro B3aMMHOTO MEPEKPHITHSI IPOPE3Ei cTatopa CTEH-
Kol potopa (puc. 2, B), 00JacTh MONOKHUTEIHHOTO JABICHUS Yy JICBOTO
BHYTPEHHETO TOpPIIAa MPOpPE3N CTaropa MEePEeMeINacTcs BHU3 10 MOTOKY H
OKAa3bIBACTCSI MEXIY POTOPOM M cTatopoM. Hambosmpiee MoIOKUTEIBHOE
nasienue (o + 260 xIla) B 3Tol 30HE TOCTHTACTCS B 3a30pPE MEXJTYy POTO-
poM u ctatopoMm (puc. 2, T).

Kak ynomuHanochk Bbllle, BaXXHOH TUHAMHUYECKOH XapaKTepUCTHKOM
MIOTOKA SBJISIETCA MOJIe JaBlIeHUs, KOTOPOE, KaK M IOJie CKOPOCTeH, u3Me-
HSIETCS BO BPEMEHM. AHAU3 BBIIICYKA3aHHBIX PUCYHKOB IOKA3bIBAET,
4T0 Haubosee BBICOKOE JaBJICHHE HAOIIOAACTCS B MOMEHT, KOIJIa KaHAJIbI
POTOpa HAUMHAIOT COBMAJIATh C KaHAIAaMU cTaTopa. B 310 e Bpems HaOo-
Jaercst 00J1acTh OTPUIATEIILHOTO 1ABJICHHS, KOTOPOE MPOUCXOAUT Ha BXOJIC
B Ipope3b cTatopa. [1o Mepe moCcTeneHHOTo MePEKPHITHS CTEHKAMU pOTOpa
KaHaJIOB CTAaTOpA I0JIe JABJICHUS CYIICCTBEHHO n3MeHseTcs. Kak BUIHO 13
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Puc. 2. ITosis1 n130bITOYHOTO 1aBJIeHNs B padoueii 30He annapara
B pa3jHn4Hble MOMEHTHI BpeMeHH! MPH BSI3KOCTH
o0pabarsiBaemoii cpeant p=1,11la - ¢

puc. 3 B nmepuon Bpemenu 1=0,3 Korna KpOMKH KaHAJIOB POTOpPA M CTaToOpa
cOmKaroTCs, JaBieHue mossimaercs no + 260 klla. [Ipu 3ToM ymeHbIna-
€TCs JJaBJIICHHE OKOJIO HApYKHOW CTEHKH KaHalla poTopa, MepeKphIBAIOIICH
BXOJ] B KaHai ctaropa. B moment 1=0,3 naBienue B 3T0i o0nacTu mamaer

1o — 80 kI1a.
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Puc. 3. U3meHenne Bo BpeMeHH U30BITOYHOTO aBjiaeHus: 1 — Ha Bxoje
B 3230p MeK/Iy POTOPOM M CTATOPOM; 2 — HA BX0/Ie B POpe3b CTATOPA

B pesysbrare Toro, 4to y4acTKd MUHUMAJTBHOTO M MAKCUMAJTbHOTO JTABJICHUIA
pacrionararorcsi B HETIOCPEACTBCHHON OIMM30CTH APYT K JIPYTY, OKOIO KPOMOK
BO3HHKAIOT BBICOKHE TPAJMCHTHI JIABIICHUS, 4 TAKXKE HOPMAJIBHOTO M Kacarellb-
HOTO HAaNPsDKEHHUH, KOTOPBIE CIOCOOHBI BBI3BIBATE JIC(HOPMAIIIN H Pa3pyIICHHUS
TBEpABIX "acTull aucriepcri. C yBelnueHneM mepernana aaiaeHust AP abco-
JIFOTHBIC 3HAYCHUS] MAKCHMYMOB JIaBJICHUSI BOJIM3HM KPOMOK Bo3pacrtaroT. Ce-
JIyeT TaKkKe OTMETHTb, YTO ITOABEM JABIICHHUSI OKOJIO KPOMOK, a TaKXKe €ro CIia/l,
MPOUCXOJIAT 32 JIOCTATOYHO KOPOTKUE MPOMEXKYTKH BpeMeHH. Takum obpazom,
MPOLIECC U3MEHEHUS IABJICHUS MIMEET XapakTep KPaTKOBPEMEHHBIX My IbCaLIIH.

W3 npencraBieHHbIX pe3yabTaToOB CIEAYET, AaBleHHe KUIKocTH B PITA
H3MeHseTcsl HanOoJiee MHTEHCUBHO B 3a30pax MEXKILy POTOPOM U CTaTOPOM.
3HaYMUTENbHBIC MIEPETabl IaBICHUS B 3a30paX MOXKHO OOBSACHUTH TEM, YTO
OCHOBHBIM (PU3UKO-XMMHUYECKUM CBOHCTBOM JKHJIKOCTH SIBJISIETCS €€ BBICO-
Kasi BS3KOCTb.

8. Pacxon u ckopocTh rereporeHHoON *KUIAKOCTH,
NMPOTeKAIIIUIA Yepe3 padouyro 30HY anmnapara
ATmmapaTbl pOTOPHOTO THITA OTHOCSTCS K YCTPOMCTBAM TEPHOIHYC-
cKkoro JeictBus. [eomeTpuieckas mepruoOAMYHOCTh KOHCTPYKIIUH pabodmx
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QJIEMEHTOB arapara npeaonpenesiseT IepuoANIHOCTh U3MEHEHHS BO Bpe-
MEHH AMHAMHYCCKHUX XapaKTEPHUCTHK TCUCHHUS KUAKOCTH Uepe3 paboduyro
30Hy. Jpyrumu ciioBamM, TP yCTAaHOBUBIIEMCSI pSKUME paOOTEHI armapara
KapTHHA TEUEHMs XKMJKOCTU IOBTOPSETCS MOC]E OYEPeAHOro IMOBOpPOTa
pOTOpa Ha IEPUOANIECKUH yron AB. YKa3aHHBIM MIEPUOIOM BPEMEHH OyIeT
uHTepBal AT. YUuTbIBas BblllIeCKa3aHHOe, OyneM B JaJbHEHIIEeM paccMma-
TPHUBATh Pe3yJIbTAThl pacueTa XapakTepUCTHK paboThI arnapara Ha yKa3aH-
HOM uHTepBase Bpemenu 0 < 7 < AT.

OnHUM U3 BaXKHBIX Moka3areneil padotel PITA siBisercs pacxof Kuj-
KOCTH, TIPOTEKAIOUIHIA Yepe3 padodyro 30Hy B paAraibHOM HallPaBICHHH.

Pacxon sxuakocTu B pajuasibHOM HANpaBiIC€HUH MPONOPIUOHAIICH
BEJIMYMHE CPEIIHEH CKOPOCTH paluaibHOTo TeueHus. Ha puc. 4. mpeacras-
JIEHBI U3MEHEHHSI BO BPEMEHH CPEITHEH CKOPOCTH 00padaThiBaeMOid cpelibl
BO BXOJHOM CCUCHHH pabodeii 30HBI 32 OJMH IEPHOI IPH PA3HBIX 3HAUC-
HUsX BszkocTd. OtHomeHus T/At=0 u T/AT=1 COOTBETCTBYIOT MOMECHTaM
COBIAJICHHUS OCel Tpopesel potopa u craropa. Kak BHIHO ¢ rpaduka,
KpuBble V(T) Ha NPOTSHKEHUU Nepuofa AT UMEIOT KaK MUHUMYMbI, TaKk U
MaKCUMyMbl. MaKCUMyM CKOPOCTH COOTBETCTBYET 3HAUEHHUIO BPEMEHU
T/A1=0,2. B 9TOT MOMEHT UMEET MECTO CMEIICHHE OCH OTBEPCTHS POTOPA
OTHOCHTEJIBHO OCH OTBEPCTHUS CTAaTopa Ha HEKOTOpbIi yroa AO>0, To ecth
MOCJIe COBMEIICHUSI OCeil poTopa M cTaropa. MHHUMYM XK€ CKOPOCTH
HaOMI0aeTCs HECKOIBKO MOKE MOJHOTO B3aUMHOTO MEPEKPBITUS OTBEP-
cTuii poropa u cratopa (1/A1=0,6). Xapakrep MOBBIIICHUS CKOPOCTH OT €€
MHHHUMAJIBHOI'O 3HAYCHUS JO MAaKCUMAJIbHOT'O 60_]'[66 HHaBHLIﬁ, YeM Xapak-
TEP y6BIBaHI/I$[ OT MaKCUMAJIbHOTO 3HAYCHHUA 10 MUHHUMAJIBHOTO. HpI/I 9TOM
WHTEpBaJ BPEMEHH, COOTBETCTBYIONINI YOBIBAHHIO CKOPOCTH, COCTABIISICT
oxono 0,4 ot amuTenbHOCTH Beero nepuosa At. M3 mpencTaBieHHOro puc.
4 TaxXxe BHJIHO, YTO 3a OJIMH TEPUOJl 3HAYCHHSI CKOPOCTH V(T) yMEHbIIa-
IOTCS C YBEIMUEHHUEM BS3KOCTH CPEIbl L, YTO SIBJISETCS Pe3ybTaToM pocTa
COIPOTHUBIICHUS TPEHUS MTOTOKY KUJKOCTH B OTBEPCTHSX.

Ha puc. 5 npezacrasiena 3aBUCUMOCTb pacxofia 00padaTbIBaeMoii cpeibl
oT Bs3KocTH. Kak BUHO ¢ rpaduka, CONOCTaBICHNE PEe3ylIbTaTOB pacyeTa
(xpuBas 2) ¢ pe3yabTaToM dKCIIepUMeHTa (KpuBas 1) moKa3bIBaIOT UX yIOB-
JIeTBOpUTEIbHOE cortacoBanue. IIpu atom nunsa p>0,8 Ila-c pacxox cpensl,
MOJIyYEHHBIN PACUETHBIM MyTEM, OKa3bIBAETCSl HUXKE, YEM HalICHHBIN U3
JKcIepuMenTa, a npu p<0,7 Ila-c — Bplwe.
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9. Brusinusi BA3KoCTH 00padaTbiBaemMoii cpebl
HA CTelleHb ee pa3orpesa M Ha YPOBeHb
JAUCCHIIATHBHOIO TEILIOBbIe]eHUs B padoyeM o0beme

Teuenue xuukoctu yepe3 padouyio 30oHy PIIA compoBoxkmaercs ee
HarpeBoM. HarpeB >KUAKOCTH B ammapare sSBJSIETCS CIEJCTBUEM IHCCH-
MalMyd MEXaHUUYCCKOH SHepruu B TEIUIoBYy0. M3ydeHuro 3toro Bompoca
MOCBAIICH Psii HAYYHBIX MyOMUKanuii, TAe MpH pacueTe CTENEHU Harpena
XKHUJIKOCTH B MEKIIMITHHIPOBBIX 3a30paxX MCIIOIB30BATIOCH MPEIIOIOKECHUE
0 JNUHEWHOCTH (DYHKIIUH PACIPENICICHHUS OKPY)KHOH CKOPOCTH B 3a30pe.
[Ipu 3TOM IPOCTPAHCTBO amnapara, B KOTOPOM pacCMaTpUBAIMCh AUCCUIIA-
THUBHBIC SIBJICHUS, (PaKTHUECKH OTPAaHUINBAIOCH 00IaCTSIMH 3a30poB. [lomy-
YCHHBIC B TAHHBIX pab0TaX TCOPETHUCCKUE PE3YIBTAThl OKAa3aIHCh OIH3KH
K pe3yjabraTaM 3KCIEPUMEHTAJIbHBIX UCCIEI0BAaHUN, XOTS OYEBUIHO, YTO
Oolee TOCTOBEPHBIC PE3YABTATHI OBUTH OBI ITOJYYCHBI IPU PACCMOTPEHHN
JMCCHNIALINA MEXaHMYEeCKOH SHEpruM BO BCeM pabodeM IPOCTPAaHCTBE
PITA, BkrOHarolieM paauanbHble IPOPE3U POTOpa U cTAaTopa amnnapara.

UccnenoBanue HarpeBa xKHIKOCTH B paboueii 3oue PITA Brinonnsercs
Ha OCHOBE UHCJICHHOTO PELICHUs ypaBHeHU sHepruu (4). OyHKIus pac-
npeneneHusl TeMIepaTyphl KUIAKOCTU 1Mo pabouemy oobemy PITA sBis-
€TCsl IepUOAMUYECKOl 10 yIIoBoM koopiauHate. Temneparypa XKUAKOCTU
TO ma BeIXOZE B pabO4yl0 30HY CUMTACTCS 3aJaHHON, a Ha BBIXOIC W3
paboueii 30HBI paguanbHas IPOU3BOIHASI OT TEMIIEPATyPHl IPHHUMACTCSI
paBHOM HYITIO.

Pesynbratel pacuera moseid n3bbitounor temmeparypsl (T — TO) mpwu
JIAMUHAPHOM TEUEHUH HbIOTOHOBCKHX KHMJKOCTEH B pa3iIMYHbIE MOMEHTHI
BpPEMEHH TIPH BsI3KOCTH oOpabareiBaemoii cpensr p=1,1 Ila - ¢ mpexcras-
neHsl Ha puc.2.8. Kak BUJIHO U3 MPEACTABICHHBIX PUCYHKOB, XHJIKOCTb
CYIIECTBEHHEE BCEIO HArpeBAcTCs B 3a30pPaX MEXAY POTOPOM U CTaTOPOM
(puc. 6, a, 6). Haubosiee ”HTEHCUBHOE TEIUIOBBIJENICHUE 32 CYET TUCCHIIA-
LIUH IPOUCXOUT MPU B3aUMHOM HEPEKPBITUH MPOpPE3ei cTaTopa U poTopa
(puc.6 B, T). 306bITOUHAs TeMIIepaTypa y KPOMKHU CTaTopa Ha JaHHOM Bpe-
MEHHOM MHTepBajle yBenuuusaercs 1o 2,0...2,5 °C.

10. BuiBoabI
TakuM 00pazoMm, B pe3yiibTare YUCICHHOTO HCCIICAOBAHUS IHHAMUKA
YKUJIKOCTH B POTOPHO-ITYJICAIIMOHHOM arrapare:
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Puc. 6. ITosis1 n130bITOYHOI TeMIlepaTyphbl B padoyeii 30He anmapara
B Pa3/in4Hbi€¢ MOMEHTbI BPEMEHHU MPU BA3KOCTH
o0pabaTsiBaemoii cpennl p=1,11la - ¢

YCTaHOBJ'IeHO 3HAYUTCJIBHOC yBGHI/I‘{CHI/IC JaBJICHUA B 3a30pax OTHOCH-
TEJBbHO JABIICHHUS Ha BXOJIe B pabouyro 30HY ammapara, KOTOpoe CBSI3aHO ¢
BBICOKOH BSI3KOCTBIO 00pabaThiBaeMOi Cpelibl.

Haiinensl 3aBUCMMOCTH OT BSI3KOCTH CPEIHEMACCOBOW CKOPOCTH
IIOTOKA, a TAKXE€ MOIMHOCTH MCTOYHHKOB AMCCHUIIATHUBHOI'O TEIIJIOBBIACIIC-
HUS B 00pabaTeiBaeMoH cpejie.

HccnenoBanbl Toist M30BITOYHON TeMIepaTypbl B paboueit 30He arma-
para B pa3NIuIHbICe MOMEHTHI BPEMEHH.
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MATHEMATICAL MODELING OF DIESEL ENGINE
OPERATION MODE INFLUENCE ON MASS EMISSION
OF PARTICULATE MATTER WITH EXHAUST GASES
USING MICROTUNNEL

Andrey Polivyanchuk!
Igor Gritsuk?
Elena Skuridina’

DOI: https://doi.org/10.30525/978-9934-588-53-2-56

Abstract. The work is devoted to solving an urgent scientific and prac-
tical task: establishing mathematical models that describe the effect of op-
erating modes of diesel engines on the content in the exhaust gases of a
dangerous pollutant — particulate matter (PM). The purpose of the work has
been to create and study the accuracy and practical suitability of the calcu-
lation method estimating concentrations and emissions with exhaust gases
PM by means of mathematical modeling of the influence on them of param-
eters that determine steady-state and unsteady diesel operation modes. The
following research methods have been used in the work, such as: analysis
and synthesis of information, mathematical modeling, experimental studies,
and computational experiment. The studies have been carried out on the
basis of the motor stand of a 4ChN12/14 autotractor diesel equipped with a
partial-flow system for diluting EG with air — MKT-2 microtunnels. Mea-
surements of mass and volume concentrations — c, (g/kg) and C, (g/mn’),
mass — PT__(g/h) and specific — PT (g/kWh) PM emissions have been
carried out by the gravimetric method with errors of £ 3 .. 10% in accor-
dance with the requirements of regulatory documents — ISO8178 standard,
UNECE Rules R-49, R-96, etc. The parameters, which determine the mode
of operation of the diesel engine, have been considered: during the studyof

! Doctor of Technical Sciences, Professor,

Department of Urban Environmental Engineering,

O.M. Beketov National University of Urban Economy in Kharkiv, Ukraine
2 Doctor of Technical Sciences, Professor,

Department of Operation of Ship Energy Systems,

Kherson State Maritime Academy, Ukraine

3 Graduate Student, Department of Urban Environmental Engineering,
O.M. Beketov National University of Urban Economy in Kharkiv, Ukraine

© Andrey Polivyanchuk, Igor Gritsuk, Elena Skuridina

269



270

Andrey Polivyanchuk, Igor Gritsuk, Elena Skuridina

the steady-state modes — the number of revolutions of the engine crank-
shaft (n, min™') and the load (L,%); in the study of unsteady modes — the
parameters n and L and the rate of change over time — An/At and AL/At. As
a result of studying concentrations and emissions PM at steady operation
modes, the type has been selected and the most reliable regression depen-
dence has been established — a second-order polynomial model that allows
us to estimate the values of Cpt, PT and PTp in the ranges of variation
of the parameters n and L — 1000 ... 2000 min and 25 ... 100%. The RSM
of the established dependencies when determining the indicated values is
comparable with the errors of microtunnels MKT-2 and is + 0.0042 g/mn’,
+ 2.02 g/h, = 0.077 g/kWh. A dependence for indirectly determining the
mass concentration of PM in the exhaust gases at unsteady diesel operating
modes, which are characterized by a duration of 10 ... 30 s and ranges of
variation of the parameters n, L, An/At and AL/At, given in dimensionless
form: 0.4 ... 0.8, 0.3 ... 1.0, -0.2 ... 0.2 and -0.35 ... 0.35, respectively, has
been established. The deviation of the calculated and experimental data
when using this dependence is = 0.005 ... 0.006 g/kg, which is comparable
with the sensitivity limit of MKT-2. A satisfactory accuracy and practical
suitability of the indirect optical-gravimetric method for controlling PM
concentrations and emissions at steady-state diesel engine operating modes
were proposed and experimentally confirmed.

1. Introduction

Among the most dangerous pollutants that enter the atmosphere with
exhaust gases (EG) of diesels and significantly degrade air quality indi-
cators, there are solid particles (PM) [1]. The averaged mass emission
of this substance from EG, which is determined taking into account the
operating conditions of the engine, is one of the main normalized envi-
ronmental indicators of a diesel engine [2]. At the same time, for PM
take all the material, assembled on a special filter with fluorocarbon
coating after passing through it a EG diesel, diluted with clean air to a
temperature not exceeding 52 °C is the dew point of the liquid hydrocar-
bons that make up the PM.

The methodology for determining PM mass emissions is regulated
by regulatory documents and involves the use of the gravimetric meas-
urement method, which is characterized by an increased cost, laborious-



Chapter «Engineering sciences»

ness and duration of the test procedure [3]. To implement this method,
special expensive equipment is required: a dilution tunnel, in which the
natural process of PM penetration into the atmosphere by mixing the
EG of the diesel engine with air is simulated and PM samples are col-
lected on filters to further determine the concentration and emissions
of PM from the EG [4]. In this regard, when conducting environmental
diagnostics of diesel engines according to exhaust gas toxicity indica-
tors, the urgent task is to create more economical, easy-to-use, and high-
speed indirect methods for controlling PM content in EG [5; 6]. One of
these methods is a computational research method based on the use of
mathematical models of the influence of diesel operating modes on PM
concentrations and emissions [7; 8].

The purpose of the work has been to create and study the accuracy of the
calculation method for estimating PM content in diesel EG by mathematical
modeling of the influence of parameters that determine stable and unstable
engine operation modes on concentrations, mass and specific emissions of
PM. To achieve this goal, the following fasks have been solved:

1) development of an experimental setup for the study of PM content in
exhaust gases on the basis of a motor diesel stand equipped with a gravimet-
ric monitoring system PM — microtunnel;

2) mathematical modeling of the influence of parameters that determine
the stable modes of diesel operation on the concentration and mass emis-
sions of PM;

3) mathematical modeling of the influence of parameters that determine
the unstable modes of diesel operation on PM concentration;

4) creation and research of an indirect optical-gravimetric method for
controlling PM concentrations and emissions at steady-state diesel opera-
tion modes.

Below are the results of solving these problems.

2. Experimental installation for studying the content of PM in EG
The experimental setup was assembled on the basis of the motor stand
of a 4ChN12/14 autotractor diesel engine, equipped with control means and
control devices for parameters characterizing stable and unstable engine
operation modes, as well as an automated gravimetric control system for
PM — microtunnels MKT-2 (Figure 1).
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Figure 1. General view of the motor diesel engine stand
4ChN12 / 14 with microtunnels MKT-2:

1 — mass air flow meter; 2 — fuel mass flow meter; 3 — torque meter; 4 — a measure of
the number of revolutions of the engine crankshaft; 5 — gravimetric control system
PM — microtunnels MKT-2; 6 — exhaust smoke meter; 7 — electronic control module
MKT-2, 8 — camera for stabilization and weigh-ing of filters

Basic elements, operating principle
and technical characteristics of MKT-2

Microtunnel MKT-2 [9] is a compact partial-stream system for diluting
EG of a diesel engine with air, sampling and analysis of PM samples,
designed in accordance with the requirements of international regulatory
documents: ISO8178 standard, UNECE Rules R-49, R-96, etc. The structure
of MKT -2 includes the following main elements (Figure 2, 3):

1) a sampling system designed to dilute the share of EG — 0,02 ... 1,2%
by air in a ratio of 1: 4 ... 1: 30; it contains three subsystems:

a) a system for selecting a fraction of the exhaust gas stream, which includes:

—a sampler, which is a stainless steel pipeline with an inner diameter of
6 mm and a length of 80 mm, mounted on the axial line of the exhaust pipe
of the diesel towards the flow of the EG;

— transportation pipeline of sample (PS) with an inner diameter of 6 mm
and a length of 80 mm;

—regulator expense EG by throttling the transverse cross-section PS;
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- selection EG
Sampling system | |y tion EG
(microtunnel)
- sample selection PM
- control indicators
Measurin sensors and flowmeters
g Electronic control .
complex with module »| - control sampling
microtunnel process
- PC connection
- air conditioning
— ber for ilizing > - temperature control
and weighing filters P
- humidity control

Figure 2. The main elements of MKT-2
and the functions that they perform

\ Dilution tunnel

Gas blowers

filters

Figure 3. General view of microtunnels MKT-2
at the diesel engine stand 4ChN12/14
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b) a system of dilution of EG, the components of which are:

— dilution tunnel — stainless steel pipeline with an internal diameter of
30 mm and a length of 300 mm;

— a diaphragm installed at the entrance to the tunnel in order to improve
the process of mixing the EG with air;

— gas blower, which has a capacity of 20 ... 120 I/min and performs the
function of a sampling pump;

— meter expense of 2 gas flows: diluting air — a collector profiled along
a circular arc with an inner diameter of 8§ mm and diluted EG — a normal
nozzle with an inner diameter of 3 mm;

¢) PM sampling system, the elements of which are:

— sampling line — stainless steel pipeline with an inner diameter of
16 mm and a length of 950 mm;

— regulators of the “bypass” and “sampling” — ball valves;

— the bypass main line, in which the throttle is installed, which equalizes
the pressure in the bypass and working main lines;

— the working main line in which the cartridge with a filter for sampling
is installed;

—aprotective filter with a paper filter element that prevents contamination
of the PM sampling pump;

2) an electronic control module is a microprocessor unit, which
is connected to the PC, to which sensors and governing bodies
MKT-2 microtunnel are connected; this module provides the fulfillment of
the following operations:

— monitoring the displays of sensors and flowmeters of the sampling
system;

— PM sampling process control — switching bypass and sampling modes;

— transfer of control and management functions of microtunnels to a PC,
allows you to register, process and log measurement results;

3) a chamber for stabilization and weighing of filters (Figure 4), which
provides the conditions for measuring PM mass established by regulatory
documents; inside the camera there are:

— the air temperature control system in the range of 18-40 °C with an
accuracy of £1 °C;

— a system for controlling relative humidity in the range of 40-90% with
an accuracy of £3%;
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Figure 4. The main elements of the camera

to stabilize and weigh the filters:
1 —housing; 2 — cartridge with filters; 3 — flue with fan and heater;
4 — humidity regulator; 5 — analyt-ical balance; 6 — stand for filters;
7 — electronic regulator of temperature and humidity conditions

— analytical balance with a weighing error of = 0.01 mg;

— cassette for storage and transportation of working filters with a capacity
of up to 30 pairs of filters;

— an electronic controller (control unit) for monitoring and controlling
the temperature and humidity conditions of the camera modes; duration the
continuous operation of the regulator is 36 hours.

The principle of operation of MKT-2 is as follows (Figure 5).

Part of EG with a mass flow rate of the G'_, is taken from the exhaust
pipe of the engine and fed through the pipeline to the dilution tunnel — DT,
where it is mixed with atmospheric air. From the tunnel, through one of
the ball valves, a stream of diluted EG with a G mass flow rate enters
either the bypass main line or the working channel, in which the cartridge
with a working filter is installed. For sampling PM, glass fiber-based filters
with a fluorocarbon coating are used with capture coefficient PM capture
rates greater than 99%. Working filters have an external diameter of 70
mm, the speed of passage of the sample through them varies in the range of
35 ... 100 cm/s. The pressure drop across the filters in the final sampling
phase does not exceed 25 kPa. The minimum allowable PM weight on the
filter is 0.25 mg. When sampling PM, the temperature of the sample in front
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Figure 5. Schematic diagram of microtunnels MKT-2

of the filter t, does not exceed 52 °C. Ball valves, which determine the direc-
tion of sample flow in the sampling line, are always in the opposite states:
when one is open, the other is closed and vice versa. When preparing the
sample for analysis, the diluted EG flows through the bypass main line. With
the help of a throttle installed in it, the pressure in the line is regulated so that
at the time of switching the valves there is no hydraulic blow. During the PM
sampling procedure, the entire diluted exhaust gas stream flows through the
filter. At the same time, the duration of this procedure is fixed -t .

After completion testing is measured the PM mass, m,, as the mass gain
of the working filter during the test. For control the parameters G, G
T,.» t and control ball valves an electronic module is used to.

The calculation of mass and volume concentrations —c  and C , mass —
PT, . and specific — PT emissions of PM is carried out using the formulas:

) m, 107
¢, = fm -q, g/kg, (1)

where m_— PM mass collected on the filter, mg;
m__—mass of sample diluted EG, which passed through the filter, kg;

q — the coefficient of dilution of EG with air in the tunnel, which is de-
termined as the result of dividing the value of G by G

exh’ " sam’

cxh;
Cpt = Cor " Pexn > g/ mn’, (2)
where p_, — the density EG of the diesel engine, kg/mn’;
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PTmass = Cpt : Gexh H g/h’ (3)
where G_, — mass consumption of EG in the test mode, kg/h;
PT, = ~"ms  g/kWh, (4)
where P — effective diesel power, kW:
n-M
P= k_p .k
9550 aux > W’ (5)

where n — the number of revolutions of the engine crankshaft, min;
M, — torque on the motor shaft, N-m;
P — power of auxiliary equipment, kW.

aux

Technical characteristics of the MKT-2 microtunnel:
— the accuracy of measurements of concentrations and PM emissions is

characterized by instrumental errors in determining the values of va PT
and PTp, which are 3... 10% (Table 1);

mass

— the speed of the PM sampling system is characterized by the duration
of preparation of the microtunnel for measurements, which does not exceed
5 minutes, and the duration of the PM sampling procedure, which in differ-
ent modes of diesel operation is from 1 to 7 minutes;

—overall dimensions (L, B, H) — 500 x 300 x 1200 mm, weight — 40 kg.

Table 1
Microtunnel accuracy characteristic of MKT-2
Relative measurement error
Requirements of standard ISO 8178
Parameter Provided by
MKT-2 Measurements at | Measurements on
the stand the object

Mf 2.7% 2.7%

™o 0.25% -

G 1.7% 4% 5%

(€ 0.8% 2%

Gy 0.8% 2%

P 2% of the P, 2% of the P, 5% of'the P,

PT, s 5.1% 6.0% 8.5%
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3. Study of PM content in EG at steady-state diesel modes

Based on the experimental setup described above, studies have been con-
ducted in order to establish and analyze mathematical models that describe the
influence of parameters that determine the stable operating modes of diesel on
volumetric concentrations —C | (g/mn’), mass emissions —PT __ (g/h) and specif-
ic emissions — PT (g/kWh) PM. For this, the following tasks have been solved:

— the choice of control steady-state modes for research is characterized
by two parameters: the number of revolutions of the engine crankshaft —
n (min') and the load — L (% of maximum torque at current n);

— measurement of the values of va PT___and PTp when the diesel en-
gine is in control test modes using MKT-2,

— establishment of regression dependences, reflecting the influence of
the parameters n and L on the values of Cm, PT_  and PTp;

—analysis of the results and development of recommendations for their use.

The choice of control modes of testing, measuring concentrations and
emissions of PM. For research, a 2-factor plan of the 3 x 4 experiment has
been chosen, in which the maximum operational ranges of variation of pa-
rameters n and L with the uniform nature of their changes are reflected. This
plan includes 12 steady-state operating modes of the 4ChN12/14 diesel en-
gine with 3 levels of variation of the parameter n — 1000, 1500 and 2000 min’!
and 4 levels of variation of the parameter L — 25, 50, 75 and 100%.

In each control mode, the values of Cpt, PT,_ .and PTp have been exper-
imentally determined (Table 2). The reproducibility errors of measurements
of these values ranged from 4 ... 7% — with a significant content of PM in
EG (in modes with a load of 50-100%) to 14 ... 17% — with a small content
of PM in EG (in modes with a load of 0-25%). The average values of the
measurement errors of va PT_ .and PTp amounted to 8 ... 10% or = 0.005
g/mn?, + 1.78 g/h, and + 0.04 g/kWh, respectively.

Establishment of the dependences of the values of Cpt, PT . and
PT, on the parameters that determine the test mode. Experimental data
on the concentration and emissions of PM in the control diesel operation
modes have been used to determine the regression dependencies

Y = f (}’l, L) 5 (6)
where Y — a generalized designation of quantities which are controlled —
Cm, PT or PTp;

mass

mass
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Table 2
The results of studies of the content of PM in EG
in control modes of diesel operation 4ChN12/14
Control test modes Measurement results
Ne e | momint | M| PKW | L% g/CnTl’ﬁ P g}"ﬁ“’ g/l:({vp’h
1 2000 478.0 100.1 100 0.063 37.82 0.378
2 2000 351.4 73.6 73.5 0.038 20.82 0.283
3 2000 239.0 50.05 50 0.042 20.06 0.401
4 2000 119.5 25.02 25 0.062 25.32 1.012
5 1500 541.2 85.01 100 0.074 30.10 0.354
6 1500 407.7 64.03 75.3 0.044 15.61 0.244
7 1500 274.8 42.95 50.5 0.034 11.07 0.258
8 1500 140.6 22.08 26.0 0.023 6.88 0.311
9 1000 379.6 39.74 100 0.125 24.42 0.614
10 1000 281.2 29.44 74.1 0.071 13.06 0.444
11 1000 189.1 19.8 49.8 0.030 5.50 0.278
12 1000 92.1 9.642 24.3 0.019 3.48 0.361

f (n, L) — the desired function of 2 variables —n and L.

Since the view of the regression equation (6) has not been known be-
forehand, 3 dependencies have been selected for analysis, the most reliable
of which have been determined:

— dependence 1:

V=K (V) £ (Y). )
where K| —a constant coefficient;

f (Y) and £, (Y) — functions of one variable characterizing the influence
of each of the parameters — n and L on the value of Y;

— dependence 2:

Y =K+ E(Y)+ F(Y), (8)
where K, — a constant coefficient;

F (Y) and F (Y) — functions of one variable characterizing the influence
of n and L on the value of Y;

— dependence 3 — polynomial of the 2nd order:

Y=A+A4 n+A4 L+A, n’+A, L +A, n-L, 9)

where A, A, A, A, A, A, —aconstant coefficients.
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The choice of the given dependences is due to the wide scope of their
use, ease of determination, and convenience in analysis and practical use.
Therefore, dependence 1 is successfully used in mathematical models to de-
termine the fuel and economic parameters of ICEs, which were constructed
based on the results of multivariate experiments [10].

The root mean square (RMS) deviations of the calculated data from the
corresponding experimental values, expressed in absolute units with a di-
mension of Y — S and in relative units (%) — s, have been considered as
criteria for the accuracy of the studied dependences [11]:

(10)

where Y . — the value of Y, which has been determined by the selected
regression equation in the i-th test mode;

Y, — the experimental value of Y in the i-th mode;

m = 12 — the number of control modes;

5, :%.100%, (11)

where Y — the average values of the studied value of Y, which have
been determined as arithmetic average of 12 measurements of Y, and are +
0.052 g/mn’®, &+ 17.85 g/h and = 0.411 g/kWh, respectively for Co PT and PT.

The coefficients K, K, and the functions f (Y), f (Y)and F (Y), F (Y)in
expressions (7) and (8) have been determined by the method described in
[10], and for the coefficients A, of the dependence (9) have been calculated
using the technique presented in [12] (Table 3, Figure 6, 7).

For each dependence, using the expressions (10) and (11), the values of
S, and s, were established (Table 4).

As can be seen from the Table 4, dependencies 1 and 2 do not have
sufficient accuracy, since the s, value for them is 29.3 ... 38.6% (with the
exception of the s, value = 14.1% for dependence 2).

For the polynomial dependence 3, the values of s and s, are com-
parable with the average experimental error, and the value of s, exceeds
it by 1.9 times. Thus, from 3 considered dependences, the most reliable is
the dependence 3 — a polynomial model of the 2nd order (9), which allows
a fairly accurate estimate of the influence of the parameters n and L on the
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Table 4
Absolute and relative values RMS of standard deviations
of dependencies (7) — (9)

Sy Sy, %
Dependence Scpt, Sprmass, Serp,
g/mn’ g/h g/kWh Scpt SPTmass Serp
1 0.0181 5.27 0.121 34.7 29.5 29.3
2 0.0176 2.52 0.159 33.7 14.1 38.6
3 0.0042 2.02 0.077 8.1 11.3 18.8

values of C and PT
value.

Analysis of the research results shows the following (see. Figure 7):

a) the influence operating mode of the diesel on the PM concentration:

— the value of C | with increasing n from 1000 to 2000 min™' varies de-
pending on the value of the load: at L = 25% it increases from 0.02 g/mn?
(minimum value) to 0.06 g/mn?, at L = 100 % — decreases from 0.12 g/mn?
(maximum value) to 0.06 g/mn’; at the same time with an increase in L
from 25 to 100%, the growing dependence of C | on n gradually turns into
a downward dependence.

b) the influence operating mode of the diesel on mass emission of PM:

—the value of PT___ with increasing n from 1000 to 2000 min™ at a fixed
value of torque increases with a close to linear dependence with an angular
coefficient of 0.015 (g/h)/min’';

— an increase in L from 25 to 60% has little effect on the growth of
PT, . butan increase in load in the range of 60 ... 100% leads to a signifi-
cant increase in PM emission — by 1.7 ... 3.5 times;

— the minimum value of PT___ — 3.0 g/h is observed in the mode with n
= 1000 min™', L = 25%, the maximum value — 37.4 g/h — in the mode with
n=2000 min"', L =100 %;

¢) the influence mode operation of the diesel on the specific emission of PM:

— the PT value with increasing n from 1000 to 2000 min™' changes de-
pending on the load: at L = 25% it increases from 0.34 to 0.91 g/kWh, at
L =100% it decreases from 0, 67 to 0.36 g/kWh; in this case, with an in-
crease in L from 25 to 100%, the growing dependence of PT on n gradually
turns into a downward dependence;

. and can be used for a rough estimate of the PT,

mas:
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— the minimum value of PT —0.25 g/kWh is observed at n = 1500 min,
L =75%, the maximum value — 0.91 g/kWh — at n = 2000 min!, L =25 %.

Recommendations for using research results. Establishing dependen-
cies to reflect the influence of diesel operating mode on the values of C.o
PT and PT can be used both for indirect estimation of their values and
for determining the minimum duration of PM sampling in dilution tunnels

T_..» at which the accuracy of these measuring systems is ensured [13]. S
when measuring the mass concentration of PM at a steady test mode, the
value can be determined by the formula

m, .
Cman = /i) “in > S (12)

(cpt(a) - Acpf(a)) ' Gsam(max)
where m; .= 0.25 mg — the minimum allowable mass of PM particles

on the filter;

Coe) — the calculated value of the mass concentration of PM in the EG,
determined using the established regression dependence, g/kg;

Ac i) — the error of indirect determination of ¢ iy which is determined
by the 2-sigma rule as 2-S . [14];

G mmax) — 2-3 &/s — the maximum allowable mass consumption samples
diluted EG in the tunnel,;

q,,, = 4 — the minimum allowable value of the coefficient of dilution of EG.

Formula (12) is obtained on the basis of dependence (1). Similarly, on the
basis of dependences (2) — (4), formulas can be established for determining

the duration T . when measuring the values t_. of Co PT and PT.

4. Study of PM content in EG at unsteady diesel modes

In the mathematical models, not only the values of n and L, but also the
rate of change of these values in time — An/At and AL/At are used to indirectly
estimate PM emissions from EG in unsteady diesel operating modes with pa-
rameters that determine the test mode. Moreover, to improve the convenience
of processing and analyzing experimental data, the parameters characterizing
the engine operating mode are presented in dimensionless form:

oo M~ Mg

ni = i M (11)

n - nidle

(12)
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where n; and n, — the dimensionless and absolute (min™) value of the
number of revolutions of the engine crankshaft in the i-th test mode, respec-
tively;

n,. and n_ —the number of revolutions of the engine shaft at idle and
rated power mode, respectively;

Li ta L, — dimensionless and absolute (%) value of the load in the i-th
test mode, respectively;

M, — torque on the motor shaft in i-th mode;

Mk(max)i — the maximum torque on the motor shaft at its rotation speed n,.

The results of experimental studies of the PM content in the EG for
different diesel operating modes show that for indirect determination of PM
concentrations in unstable test modes —¢™  the formula can be used

ey =cy +Ac, , gikg,(13)

where ¢* — the mass concentration of PM in the EG of the diesel en-
gine at the steady-state test mode, which is characterized by the parameters
n(n)and L (L);

Ac, — the increase in the mass concentration of PM, which occurs during
the transition from a constant to an unstable mode of operation of a diesel en-
gine and is characterized by the quantities An/At (An/At) and AL/At (AL/At).

During tests of the 4ChN12/14 diesel engine using MKT-2 microtun-
nels, a regression dependence has been established to determine Ac™
when varying the parameters n and L in the ranges: n = 1250 ... 2000 min™!
(n =04 ..0,8 and L =30 ... 100% (L = 0.3 ... 1.0) with the duration of
unstable modes At = 10 ... 30 s. Based on the analysis of experimental data,
the type of this dependence has been selected — a polynomial of the first order:

Ac, =K, (i’:] +K, [AAf] , g/kg, (14)

where K ta K| — the coefficients that have been determined during the
experiment;

(An, AL — relative increments of quantities » and L during the unstable
regime.

The procedure for determining the dependence coefficients (14) consist-
ed of 3 test cycles that have been performed sequentially one after another
(Figure 8):

A —acycle of 5 steady-state diesel modes;
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Figure 8. The experimental research plan the influence
of unstable operating modes of the 4ChIN12/14 diesel engine
on the content of PM in EG

B — a cycle of 10 unstable diesel operation modes with a duration of
At=21.5 %1 s; this cycle consists of 4 pairs of main modes with the same
values in each pair of one of the values — An or AL either with a zero value
of another value and 2 control modes with different values of An and AL;

C — a cycle consisting of 3 repeating unsteady modes, in which the values
An and AL have not changes and have been An = 0 and AL = 0.35, and the
duration of the At regime has changed and took the value of 10, 20, and 30 s.

As a result of the execution of cycle A, the PM concentration values ¢* |
have been measured — ¢* , which corresponds to the initial and final values
n and L of the parameters and unstable test modes of cycles B and C in the
ranges of variation n=10.4 ... 0.8 and L=0.3 ... 1, 0.

As a result of the execution of cycle B in the main test modes, the coef-
ficients have been determined:

— K, with an increase in L by 35% (AL = 0.35) at various initial values
of n (modes 1 — 2 and 2 — 3);

— K, with a decrease in L by 35% (AL = -0.35) for various initial values
ofn (modes 3 —2and 2 — 1);
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— K when n grows by 250 min" (An'= 0.2) at various initial values of
L (modes 4 — 2 and 2 — 5);

—K_ when n decreases by 250 min™ (An'= -0.2) at various initial values
of L (modes 5 — 2 and 2 — 4).

To determine the coefficients K and K, the formulas have been used:

K CPI (=) ( )/(k ) (16)

where Ac | — the deviation of the mass concentration of PM deter-
mined at the unsteady and corresponding to it steady-state modes of diesel
operation; the first value is determined experimentally using MKT-2 and
calculated using formula (1), and the second is taken to be equal to the av-
erage value of 2 PM concentrations at the steady-state modes, from which
the unstable mode begins and ends, and determined during cycle A.

In the course of processing the results of the execution of cycle B, for
each pair of the main test modes indicated above, the average value of the
coefficient that has been studied, K_or K, has been calculated and its RMS
has been estimated.

In the control test modes of cycle B (modes 3 — 5 and 5 — 3), the ac-
curacy of determination of ¢ has been estimated using dependence (13)
with simultaneous changes in the parameters An and AL.

As a result of cycle C, the following values have been determined: the
average value of the coefficient K, — K, ~and its RMS — S, with an in-
crease in L by 35% at n = 1500 min! (mode 2 — 3 An=0, AL =0.35) in
the range varying the duration of the unsteady mode At =10 ... 30 s; in this
case, the formula has been used:

Ky=52Ku (17)

i=1

(OSSR

where 1 — the index of the test mode;
n = 3 — the number of modes in the test cycle C;

(18)
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Research results and their analysis. During the cycles A, B and C us-
ing MKT-2, concentration the PM in the EG at steady — e and unsteady —
¢ operating modes of the diesel engine 4ChN12/14 has been determined
and and the coefficients K and K, of the dependence (14) have been estab-
lished (Tables 5, 6, Figure 9, 10).

Table 5
Results of studies of ¢ concentrations during cycle A
Parameters mode Results of measurements and calculations
Mode | D, M,, N
min N;(Il l:)\eil Egeﬁ: q Ts;m’ ?I;;nm’ g/S :::f’ c/ll;[,
(Il) (L) sam’ g g/kg
1500 | 175,7 0,73
1 ©0.6) | 03) 27.6 | 403.6 | 7.13 | 271.1 (199.2) 0.47 | 0.020
1500 | 351,4 0,74
2 0.6) | (0.65) 552 | 4233 | 6.35 | 301.1 (220.5) 0.88 | 0.030
1500 | 527,2 0,73
3 ©0.6) | (1.0) 82.8 | 4735 | 6.90 | 180.9 (1319) 1.16 | 0.073
1250 | 351,4 0,73
4 0.4) | (0.65) 46.0 | 332.8 | 7.01 | 211.8 (155.1) 1.22 | 0.066
1750 | 351,4 0,73
5 0.8) | (0.65) 64.4 | 523.8 | 6.38 | 211.3 (154.5) 0.61 | 0.030

Figure 9. Photos of filters from PM in the course of testing
a 4ChN12/14 diesel engine in cycles A and B
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Table 6
The results of determining the coefficients K and K, dependence (14)
during the execution of cycle B

Paramet:::l'(s)((;efsunsteady Results of measurements and calculations
Mode ok .
K K
n T At: Pc, chh) cun (C AC t(ex)? n y L ;
An AL ST kW [ kgh | 9 | gkg | glke (gk;)/ (gk;)/
0.055
1—2 21.09 | 414 | 413.5| 843 (0.025) 0.030
0 0.35 - 1.79
0.080
23 2221 | 69.0 | 4484 | 6.20 (0.052) 0.028
0.057
32 21.07 | 69.0 | 4484 | 6.65 (0.052) 0.005
0 [-0.35 - 0.00
0.020
2—1 2127 | 41.4 | 413.5| 643 (0.025) -0.005
0.058
4—2 21.30 | 50.6 | 378.1 | 6.82 (0.048) 0.010
0.2 0 0.96 -
0.038
2—5 21.33 | 59.8 | 473.6 | 7.81 (0.030) 0.008
0.029
552 20.83 | 59.8 | 473.6 | 7.47 (0.030) -0.001
-0.2 0 0.26 -
0.054
2—4 21.11 | 50.6 | 378.1 | 9.83 (0.048) 0.006
0.064 | 0.012
355 0.2 [-0.35]20.69 | 73.6 |498.7| 7.10 (0.052) | 0.009° 0.96 0
0.079 | 0.027
5—3 | -0.2 [ 0.35 | 20.11 | 73.6 | 498.7 | 7.48 (0.052) | 0.031° 0 1.79

Notes. " The value of Ac__ calculated using the dependence (13); ™ presents the
arithmetic mean values 0% the coefficients according to the results of 2 measurements.
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Figure 10. The results of studies of the influence of At on the PM
content in EG during the execution of cycle C:
a) influence on Ac ; b) influence on K|

An analysis of the results of the execution of cycle B shows the follow-
ing (see Table 6):

— with the growth of one of the values An or AL with a constant value of
another value, the average values of the coefficients K and K, are 0.96 and
1.79, respectively; while the absolute and relative deviations of the K and K|
values of the average values are: + 0.08 (g-s)/kg or 8.3% and + 0.06 (g-s)’kg
or 3.4%, respectively; thus, the load L has a 1.9-fold more significant effect
on Ac_ than the number of revolutions of the engine crankshaft n;

— when one of the values An or AL decreases a constant value of another
value, the values of the coefficients K and K| are not significant and may not
be taken into account, since the deviations of the PM concentrations deter-
mined in unsteady and steady-state test modes are Ac, =0.005 ... 0.006 g/kg,
which is comparable with the limit of sensitivity of MKT-2 — + 0.005 g/kg;

— the absolute deviations of the calculated values of Ac, determined us-
ing dependence (13) from the experimental data obtained during the exe-
cution of 2 control unsteady modes of cycle B are -0.003 g/kg and 0.004
g/kg, which is comparable with the sensitivity limit MKT-2, this confirms
the significance of the obtained values of the coefficients K and K| and the
practical suitability of dependence (13) for estimating Ac .

The results of the execution of cycle C showed the following (see Figure 10):

— with an increase in the duration of the unstable regime At the differences in
the concentrations of PM ¢ and ¢* decrease; so, with an increase in At from 10
to 30 s, the Ac, value decreases from 0 049 g/kg t0 0.016 g/kg, that is, by 3.1 times;
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— in the studied range of variation of At, the coefficient K, can be con-
sidered a constant value, the average value of which is 1.575; while RSM
of this value is = 0.105 (g's)/kg or + 6.7%.

Thus, taking into account the selected type of regression dependence for
estimating the Ac, value and the results of experimental studies, the formu-
la for determining the PM concentration in the EG of a diesel engine under
unsteady test conditions is:

=t 40 96-[A”*J+1 575-(“*] g/kg (19)
L At ’ At )’ ’

where An., AL. — the positive values of the velocities of the variable
intime n and L.

The practical value of formula (19) lies in the fact that it allows one
to estimate the content of PM in EG in unsteady diesel operation modes,
which are characterized by an unstable period of 10 ... 30 s and ranges of
variation of the parameters n, L, An/At and AL/At reduced to a dimension-
less form 0.4 ... 0.8, 0.3 ... 1.0, -0.2 ... 0.2 and -0.35 ... 0.35, respectively
with errors that are comparable with the errors of the gravimetric measure-
ment system — microtunnels MKT-2.

5. Optical-gravimetric method of indirect control of PM content in EG

Requirements for the accuracy of modern PM control methods.
Gradual reduction in the permissible levels of PM emissions from diesel
engines leads to an increase of the resulting error in measurement of the
standardized ecological index — an average operating emission of particulate
matter PM from EG. Thus, shifting from standard Euro 1 to Euro 6 stand-
ards of the specified index for automotive diesel decreased by 72 times —
from 0.36 to 0.005 g/kWh, and the resulting uncertainty of its determina-
tion accordingly increased: from 3 to 22% (7.3 times) — when conducting
research in the same lab; from 12 to 57% (4.8 times) — when research has
been conducted in different laboratories (Figure 11) [15].

In order to ensure the required accuracy of determining the mass PM
emissions, which are in the range of 0.005 ... 0.02 g/kWh, the modern
measurement methods of concentrations PM shall have a sensitivity
2-5 mcg/m® [16]. The best known high-precision inspection techniques
for PM emissions include: tapered element oscillating microbalance
(TEOM) based on compliance with resonant frequency of a trap, which



Chapter «Engineering sciences»

e T 1

EURO-IV.V . | | !
Reproducibility of results in the
40% I ( interlaboratory studies
L} "‘h."
20% Hrt—s “{4\

0% 1 Reproducibility of results
I from one laboratory v

20 IHgo v
/
-40% -ﬁ
V/
60%
0 005 010 015 020 025 030 035
Emission level of PT, g/kWh

Accuracy measurements of PT, %

Figure 11. Measurement error increase in determining
the average operating emission of PM in the conditions of reduction
of emission standards for diesel engines EG

is used to collect the particles with a mass of material that is captured
[17]; microbalance with piezoelectric sensing element — quartz crystal, on
the faces of which the PM are deposited (Quartz Crystal Microbalance —
QCM) [18]; the PT quantitative analysis method using laser-induced EG
incandescence (Laser Induced Incandescence — LII), which allows simul-
taneous measuring of PM mass and number concentration, as well as the
sizes of the primary soot particulates — by means of a single instrument
[19] and others.

Work on the creation of domestic analogues of modern high-precision
methods and equipment for measuring PM emissions from transport and
industrial diesel engines is of high relevance. The authors have proposed
and investigated an indirect optical-gravimetric method for monitoring PM
concentrations and emissions in steady-state diesel operation modes.

The essence of the optical gravimetric PM control method is to
use the PM capabilities contained in diesel EG to absorb light radiation
passing through a stream of a representative gas sample; thus changing
the optical density of the sample flow, which has a correlation with the
PM concentration [20].

The operating principle of this method is as follows (Figure 12).
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Before analyzing diesel EG, in or-
der to simulate the natural process of
their getting into the atmosphere, they
are previously diluted with clean air to
a temperature not exceeding 52°C, in
the sample preparation and calibration
system of the PM concentrations optical
detector, which is microtunnel MKT-2
(see Figure 3). In a special module
(Figure 13), prepared gas sample is di-
vided into two streams with equal mass
flow rates, one of which is directed to the
reference channel and another — to the
working path (channel) of the PM con-
centration meter. Each of these channels
has an electric particulate filter for trap-
ping diesel PM (Figure 14), the filter in
comparative channel is being constantly
used in the course of taking measure-
ments and the filter in working path be-
ing used only when setting zero at the PM
concentration detector.

From the two channels, the
flows of gas samples (one of
which contains the PM) enter the
optical PM detector (Figure 15),
wherein the corresponding op-
tical densities of flows are de-
termined, and the difference
between them being a function

1

\ 0,5:G;

from the PM concentration in To tthel
. . . contro
the diesel EG. Setting this func- 0l

tion is performed by calibrating
optical PM detector in accord-

‘ Diesel exhaust

1
Control Operating
channel @ channel
3|1<@|2 | =3
4

To the sampling

@ pump
Figure 12. The principles
of the method for optical

gravimetric measurements

of PM concentrations:

1 — microtunnel; 2 — sample flow
rate distribution module; 3 — electric
precipitators; 4 — photoelectric PM
detector

Sample from
the MKT

Y G,

2

0,5:G; \

To the
6 operating
| ————_ channel

AP

Figure 13. Schematic diagram of the
sample flow rate distribution module:

ance with the procedure set out
below.

1, 2 — sample flow control devices; 3, 4 — flow-
meters; 5, 6 — differential pressure transmitters
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Figure 14. Electric filter for PM catching:

1 — pipeline; 2 — insulator; 3 — metal rod; 4 — connecting pipe

Sample from the Sample from the

control channel operating channel
4 3 * 3 21 2 3 + 3 4
\ n_n// [\ \n_n/l [
Sl [ AEAHEZR A
i A I | |7 ¥ 8 |

1
+ To the sampling pump

Figure 15. Schematic diagram of the optical PM detector:
1 — light source assembly; 2 — a system of optical lenses;
3 — protective glasses; 4 — light detector with a compensating filter

To implement the described method, a prototype PM meter has been
developed, which allows to control the instantaneous values of PM concen-
trations and emissions: Coo PT _ _ and PTp.

The method for determining the quantitative characteristics of the
PM content in EG of diesel engines provides for the following algorithm:

1. During tests of a diesel engine on the brake tester equipped with PM
meter, the instantaneous values of the following parameters are determined:

— the number of revolutions of the engine crankshaft — n (min™') and
torque on engine shaft — M, (N-m);

— load on the motor shaft — L, which is determined by the formula
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M,

k(max)

L=

-100% , (20)

where M, o~ maximum torque on the motor shaft at the current value n;

— diesel EG mass flow rate in the exhaust pipe — G_, (kg/h);

—optical densities of the diluted EG sample streams flowing in the work-
ing — N, (%) and the control — N (%) channels of the optical PM detector.

2. Instantaneous values of n and L determine the mass concentration of
PM in diesel EG in the corresponding steady-state operation of the engine:
N, 1 N, 0

100 j, g/kg, 21
where K (n, L) — proportionality factor that depends on the test mode
and it is determined during the calibration of the optical PM detector.

To determine the value of ', atype of dependence is chosen based on the
MIRA (The Motor Industry Research Association) recommendations by the indi-
rect determination of PM concentrations using the index of EG smokiness [20].

4. The values of the mass and specific emissions of PM from the EG of
a diesel engine are determined using dependencies (3) and (4)

The calibration procedure of the PM optical detector involves es-
tablishing a dependence for determining the coefficient K (n, L), which
is used in formula (21) for indirect measurement of the value of ¢ . This
procedure is a 2-factor experiment, which consists of 4 basic and 3 control
measurements; according to its results, the Ist order regression equation
with normalized variables is determined (Figure 16):

Kioie =0y +a,- X, +a, - X, (22)

mod e
where a, a, i a, — constant coefficients,

c, =K

pt mod e

(n,L)-Ln[l—

1 — Mmia L - Ly . .
X, =—; X, = ———™ —normalized variables,
nstep Lstep
nmia = 0,8, Lma = 0,75 — average values of n and L magnitude varia-
tion range;

naep = 0,2; Laey = 0,25 — steps of changing the values # and L;
The coefficients of the regression dependence (22) are determined by
the results of the basic tests as follows [21]:

1 4
a, :Z'gKmode,- (23)
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Figure 16. Plan of the two-factor experiment

to determine the dependence of K, (n, L) in the scope of study:
n=06..10, L=025...1,0

‘o
=

: (Kmodel + KmodeZ - Kmode3 - Kmode4); (24)

: (Kmodel - KmodeZ + Kmode3 - Kmode4) 5 (25)

where 1 =1...4 — an index of the basic test;

K, .. — experimentally determined value of the coefficient K in the
i-th test: exp
o (26)

Kmode,» = 1
Ln(1- AN, /100)
where ¢ ,—PM concentration, which is measured using MKT-2 in the
i-th test, g/kg;
AN, — the difference of the optical densities of the sample flows in the
working and control channels of the optical PT detector in the i-th test, %.
Calibration results of the PM optical detector. On the basis of the
experimental setup described above for the study of PM content in EG in
accordance with the presented test procedure, a 2-factor experiment has
been conducted. The results are shown in Table 7.
Based on the results of basic tests 1-4 using formulas (23) — (25), the
coefficients of the regression dependence — polynomial of the 1st order are
determined (22): a, = 0.334,a, =-0,017, a, = -0.068.
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Thus, for determining the concentration of PM in EG on steady-state
modes of the diesel engine, the dependence is as follows:
— with normalized variables X and X :

~(0.334-0,017 - X, —0.068 - X,)- Ln(1 - AN/100)"; (27
— with dimensionless variables » and L:
=(0.606 - 0.085-n-0.272- L)- Ln(1 - AN/100) ' (28)

Based on the results of control experiments 57, the absolute Ac , the relative
éc , and the standard deviations of the calculated values of ¢, (obtained using
dependence (28)) from the experimental data — S oo , have been determmed The
calculation results —Ac  =-0.005..0.007 g/kg, 6 =-9 ... 13%,S_ =+0.006 g/kg
are comparable with the accuracy characteristics of microtunnels MKT-2.

Thus, the results of the experiment have shown satisfactory accuracy
and practical suitability of the optical-gravimetric method proposed by the
authors for indirect control of the PM content in EG diesel engine under
steady-state modes in the ranges of parameters n and L: 0.6 ... 1.0 and
0.25 ... 1.0, respectively.

6. Conclusions

1. On the basis of the motor stand of a 4ChN12/14 autotractor diesel
equipped with a partial-flow system of dilution of EG with air — microtun-
nels MKT-2, mathematical modeling of the influence of engine operating
conditions on the content in the exhaust gas of hazardous pollutant — PM —
has been carried out. There has been researched the influence of the parame-
ters of steady-state modes — the number of revolutions of the crankshaft —
and the load — L and the parameters of unstable modes — the values of n,
L and the rates of their change in time — An/At and AL/At on the mass and
volume concentrations — ¢ and C_, mass — PT___and specific — PT emis-
sions PM. Control PM emissions have been by the gravimetric method
in accordance with the requirements of regulatory documents — ISO8178
standard, UNECE Rules R-49, R-96, etc. with errors of = 3 ... 10%. Es-
tablished during the research, the mathematical models form the basis of
an economical and easy-to-use calculation method for controlling the PM
content in the EG at constant and unstable diesel operation modes.

2. As a result of studies of concentrations and emissions PM at steady-
state diesel operation modes, the type has been selected and the coefficients
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of the most reliable regression dependence have been determined — a sec-
ond-order polynomial model, which allows us to estimate the values of C_,
PT  and PT in the ranges of variation of the parameters n and L — 1000....
2000 min and 25 ... 100%. The RSM of the established dependencies when
determining the indicated values is comparable with the errors of microtun-
nels MKT-2 and is = 0.0042 g/mn?, £ 2.02 g/h, £ 0.077 g/(kWh).

3. A dependence has been established for indirectly determining the
mass concentrations of PM in the EG at unsteady diesel operating modes,
which are characterized by a duration of 10 ... 30 s and ranges of varia-
tion of the parameters n, L, An/At and AL/At, given in dimensionless form:
04..08,03..1.0,-0.2 .. 0.2 and -0.35 ... 0.35, respectively. The devia-
tion of the calculated and experimental data when using this dependence is +
0.005 ... 0.006 g/kg, which is comparable with the sensitivity limit of MKT-2.

4. An indirect optical gravimetric method for controlling PM concentrations
and emissions at steady-state diesel engine operating modes has been proposed
and studied. This method provides for the establishment and use of a regression
dependence for determining the mass concentration of PM — C, by the optical
opacity (smoke) EG diesel engine. A satisfactory accuracy comparable with the
accuracy of MKT-2 microtunnels and the practical suitability of the proposed
method for controlling the PM content in EG with varying parameters and in
the ranges of 1000 ... 2000 min™' and 25 ... 100%, respectively, are experimen-
tally confirmed. The absolute and relative errors in determining the value of ¢
using this method have been -0.005..0.007 g/kg or -9 ... 13%, respectively.
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Abstract. Evaluation of the effectiveness of the operation of any
management system and its compliance with modern requirements
should have a generalized criterion, the required number of effective
tools for measuring and regulating processes. Such a criterion is needed
to analyze the optimality of this system and predict the direction of its
modification.

In cybernetics, the level of organization or disorganization of the
control system is characterized by the term «entropy». In construction,
the term «entropy» is used as a measure of the organization of individual
construction processes and the organization of construction, including
the work of subcontractors, the provision of materials and structures,
construction equipment, etc. Unfortunately, weather statistics are not taken
into account in calendar planning. And this factor significantly affects
production processes.

The worse the controlled system, the greater its entropy. That is, the
increase in entropy indicates a decrease in the level of controllability of
the system due to poor organization and coordination of construction
processes, violation of schedules for supplies of materials and structures,
subcontractors and construction machines, inaccuracy of information, etc.
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However, the management of the production construction organization
is a man-machine system in which the final decisions are made by
managers at the appropriate level. Therefore, the measure of «entropy»
of such a system cannot be calculated mathematically accurately, but it
is necessary to predict and plan. Today, the term «entropy» can be used
as a theoretical measure for the analysis and design of human-machine
systems.

The lack of the possibility of accurate formalization of the general
criterion of the functioning of the system indicates that any strictly
formalized model has less diversity than the system itself. As a result,
the management system of the organization, built on the above model,
will not perform its functions if it is not built a person as a stochastic but
conscious, thinking, controlling element ofthe methodology of formalized
planned calculations. Thus, for the successful operation of any modern
production management system, they must include a person as a link
that ensures the viability of the entire system and the implementation of
the function of self-organization. Namely: Intellectual, psychophysical,
qualification, spiritual, ideological, social and other properties of the
human leader, human creator, human performer, involved at different
levels of the system, are no less important than the properties and
parameters used by automated or robotic complexes, machines,
mechanisms, tools, all kinds of resources, including time, finance,
information, energy, materials, etc., and methods and organizational and
technological forms and intellectual schemes and algorithms. Moreover,
it is difficult to accurately measure the parameters and mutual influence
of factors and elements of the system within the system (organization),
especially to determine the magnitude of external forces — international,
state laws and norms, social traditions, natural phenomena and space
laws. Without a deep study of these conceptual foundations it is difficult
to design and even more so to create a perfect model. To create a genome
of perfection or a stable perfect model of activity, it is necessary to select
people on a scientific basis with the necessary abilities and characters
and form effective organizations. Science studies, and history knows,
numerous attempts to create effective models for the development of
labor collectives and social systems. Experience shows that in the end
the staff decides everything.
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1. Beryn

Bimomi cripoOu cTBOpEHHS i/IcaTbHAX OPTaHi3aliiHUX CTPYKTYp 1 COIli-
anpHuX cucteM. [IpoTe i Ha ChOTOMHINIHIN ICHB LIS TeMa He BUUepnana. Tak
SIK 1 CTBOPEHHSI BIYHOTO JIBUTYHA, CTBOPEHHSI 1/1eaIbHOI COIialIbHOI BUPOO-
HUYO1 oprasizaiii npuBaditoe 10 cede JOCTiAHNKIB PI3HUX ranxy3eil HayKu.
HoBi 1oCSTHEHHS HayKH 1 TEXHIKH Aal0Th HOBI IHCTPYMEHTH 1 HOBI Haii Ha
BJIOCKOHAJICHHS COIliaJIbHUX BUPOOHHUYMX cucTeM. JIOCBif 1 aHami3 Tporie-
CiB Ti/IKa3ye, 110 OJIHI ¥ Ti cami SBUIIA 3 IO3MIIIN PI3HUX TUCIMILUIIH HAyKH
OTIMCYETHCS 1 OLIHIOETHCSI HEOJHAKOBO. TOMY HAIEBHO YCIIX MOXe OyTH
B MDKIMCIHUIUTIHAPDHOMY CHUCTEMHOMY TIIXONI Ha JiaJIeKTHYHIA OCHOBI.
YCBIIOMIICHHSI CTOXaCTHYHOCTI 1 1EpapXigHOrO XapaKkTepy iCHyBaHHsI 1 B3a-
€MOJIIT COMIaTbHUX BUPOOHUYNX CUCTEM JIOTIOMOXKE B IIPOBEIICHHI PEATHUX
JIOCTOBIPHUX MAaKCHUMaJbHO HAaOMIKCHHX A0 PEajJbHOCTI PO3paxyHKIB i
3MIHCHEHHS (DAKTOPHOTO MOHITOPUHTY 1 aHaNi3y. BUHUKae HEOOXITHICTh B
SIKOMOTa TIMOMIOMY 1 TOYHINIOMY NOCITIIDKEHHI yCiX MpoIeciB i GpakTopis
3 BUKOPUCTaHHIM HAWHOBIIIKX 3aC00iB 1 HAYKOBOTO 1HCTPYMEHTAPiIO ycix
rajgysei HayKH 1 TEXHIKH.

HayxoBi iH(opMmariiiHi mporpaMu i KOMIT'IOTE€pHI MIBUAKOMIIOUI TeX-
HiYHI 3aco0M MiJ KEPiBHUITBOM BHCOKOIHTEJIEKTYalbHUX 1 TYXOBHHX
JHOZICH MOXYTh OXOIHUTH BHUMIPIOBAaHHSMH BEJIMUE3HY KUIBKOCTI mapame-
TPiB 3HAUYIIUX MPOIICCIB, OLIHUTH IXHI{ BIUIMB HA KIiHIICBHUH 3arIaHOBa-
HUH pe3ynbTaT, Ha MOHITOPHHT YCiX MpoIeciB i iXHE perymoBanHs. [Ipu
IOMY apceHall IHCTPYMEHTIB IOBUHEH OyTH OUTBIIAM, HIJK KUTBKICTh TiJI-
KOHTPOJIBHUX MPOIIECIB 1 CHCTEM.

JIst po3BUTKY CHCTEM 1 OpraHizalliid BHIIE TEJICOHOMIYHOTO PIiBHS
TUTBKH HayKa I HAYKOBI ITiAXOIN MOXYTh 3a0€3MeUyBaTH peabHIIA CTaTHA
PO3BUTOK COLIaJIbHUX HAYKOMICTKUX BUPOOHHYUX CHUCTEM 3aCTOCOBYBATH
HAyKOMICTKi iHHOBaliliHi TEXHOJOTii, a KepiBHUKHK 1 MEPCOHAJ MOBHUHHI
MaTd BIANOBiIHI 3I10HOCTI, OCBITY, KBasmi(ikaiito, TiATOTOBKY 1 JOCBiI.
A Ui 00’ €KTHBHOT OLIIHKK KaJpiB Ma€ JiATH HEyNepeKCHUH, He3aIexK-
HUH JIep)KaBHUM MeXaHi3M MiATOTOBKY 1 Bi0OOpY KajapiB.

BaxnnBo J0CHiIUTH 1 BUSBUTH BHUpIIIANbHI BIUIMBOBI (hakTopu (PyHK-
I[IOHYBaHHS COLAJIFHIX BHPOOHMYMX CHCTEM 3 MO3MIIH PI3HUX HayK i,
KOPUCTYIOUUCHh TPH I[bOMY HAHOUIBII JOCKOHAJIMMH HayKOBO-TEXHIY-
HUMH 1HCTpyMeHTaMu. Takui IUIsIX 1 Taki cripoOu OyIiiy 3aroyaTkoBaHi 1me
0. O. bornanoBuM, aBTopoM TekTonorii-3arajibHOT OpraHi3aliiiHoi HayKu.
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[IponoBxyroun IisiTH B TOMY X HampsMKY. AJie BKe Ha 3HAYHO BHUIOMY
PiBHI pPO3BUTKY HAyKH 1 TEXHIKH MOYKHA JIOCSITTH 3HAYHOTO YCITIXY.

2. KiOepHeTuuHuii i cunepreTHYHUN miaxin
JI0 YNIPaBJIiHHS BUPOOHUYNMH €KOHOMIYHUMU CHCTEMAMH

B exoHOMIYHIi Teopii po3po0IeHO Pi3HI KOHIEHIIT CTPYKTYpHO-(DYHK-
ioOHANBHOTO yrpaBiiHHA. CHUTBHUM JUIS HUX € KIOGpHeTWYHHWH TiaXiJ
JI0 YTPaBIiHHS €KOHOMIYHOIO CHUCTEMOIO, B sIKiii BUOKPEMIIIOIOTbCA TakKi
CTPYKTYpPHI KOMIIOHEHTH, SIK BXOJM Ta BUXOJH, OPTaH YIPaBIiHHA, 00 €KT
yrnpaBimiHHA. Ha BXia cucTeMu MoJaroThCs MaTepiaibHi, TPYIOBi, QiHaH-
COBI, GHepreTHuHi, HpopMmariiHi Ta iHmi pecypcu. Ha Buxoni cucremu
JiCTaeEMO KiHIIEBUI MPOIYKT (TOBAPH Ta MOCIYTH), IO epedyBae y GyHK-
IOHATIBHIN 3aJIe)KHOCTI BiJ BXiHUX napaMeTpiB [1]. 3 momsay kibepHe-
THKH TIPOIIEC YIPABIiHHS CKJIQJHAMHU CUCTEMaMH IOJISATAa€ Yy 3iHCHEHHI
KEepYIOUHX BIUIMBIB CHUCTEMH YIPABIiHHS Ha KEPOBaHI MiJICHCTEMH s
JIOCSTHEHHSI ONTHUMAaJIbHOTO (DYHKI[IOHYBaHHS 00’€kTa B IomMy. OnTH-
MaJIbHE YIPaBIiHHS HACTAa€ 32 YMOBH, IO CHCTEMa MepedyBae y CTIHKOMY
CTaHI TOMEOCTaTHYHOI piBHOBaru. Y IbOMY CTaHi BOHA JIOCATA€ MAaKCH-
MyMy CBO€1 €(peKTUBHOCTI, HAHOILIBII IPOAYKTHBHOTO PEIKUMY SKOHOMIY-
HOro 3poctanHs [2]. ToMy rosoBHe 3aBIaHHs KIOEPHETUYHOTO yIPaBIiHHS
BEJIMKUMH E€KOHOMIYHUMH CHCTEMaMH TOJIATa€ B MOIIYKY Ta peasizamii
TaKUX KEPYIOUMX BIUIUBIB, sIKi 32 HAsIBHOCTI 30BHIIIHIX 1 BHYTPIlIHIX 30Y-
peHb 3a0e3neyarbh roMeOCTaTHYHHA peXUM (PYHKI[IOHYBaHHS Ta PO3BUTKY
cuctemu [3; 4]. Mertomomnorist ynpaBiiHHS SKOHOMIYHUMH 00’ €KTaMH Y
CBOIX 3arallbHUX TMOJOKECHHSIX TIPYHTYEThCS HA CHCTEMHHMX NPUHIUITAX
Teopii aBTOMATUYHOTO PETYJIIOBaHHA. ABTOMAaTUYHE YNpaBIiHHS (aBTOpE-
TYJIALS) € CIOCOOOM caMO-OpTaHi3allii, SKHid XapaKTepU3y€EThCs 3IaTHICTIO
CKJIAJIHUX CHUCTEM BIJTHOBJIFOBATH Ta 30epiraTd HOpMaibHHN (DYHKIIIOHAIb-
HUH CTaH Y¥ CaMOCTIHHO BUOMPATH HOBHUH, O1JIbII Oa)KaHWIA CTaH Ta mepe-
XOJMTH B HBOTO [5]. ABTOpETYJISLis NPUBOAUTH 10 MiABHIICHHS OPraHi3o-
BaHOCTI HEPIBHOBAXKHUX CUCTEM Y pe3yibTaTi BUOOPY ONTUMAIbHUX CTaHIB
Ha IUJISIXY J0 CBOTO BIOCKOHAJIEHHS. lle HAOWHO BHSBISETHCS B KUBUX
cUCTeMax YyMpaBIliHHS, B KUX 3POCTaHHS CTIMKOCTI Ta aJanToOBaHOCTI /10
30BHIIIHBOTO CEPEIOBHINA BiIOYBAETbCA 3a PAXyHOK TOMEOCTAaTHYHHUX
MEXaHi3MiB 1 HEPO3PHUBHO OB’ A3aHE 31 3pOCTAHHAM IXHBOI OpPraHi30BaHO-
CTi, 31 3HIDKEHHSIM eHTportii [6]. Ha BinMiHy Bif KiOEpHETHYHOTO MiAXOILy

305



306

Volodymyr Savenko, Serhii Palchyk

B CHHEPTeTHII BBAKAETHCS, 10 BU3HAYAIHHOIO YMOBOIO /TSI 320€31ICUeHHS
ONITUMAJIBHOTO TOBOKCHHS CKIIAHUX EKOHOMIUHUX CHCTEM € CaMe HasB-
HICTh HEPIBHOBRXHUX CTaHIB Ta NpolieciB camoopranizanii [7]. HepisHo-
Bara Jia€ 3MOTY 3JIMCHIOBATH BiJIbHHI BHOIp BapiaHTa MOJAIBIIOT0 PO3-
BUTKY 3 IILIIOTO CIICKTPa MOKIIMBHX HANPSIMKIB. SIKIIO piBHOBaXHUH CTaH €
HEOO0X1THOIO YMOBOIO IS CTAI[IOHAPHOTO ICHYBaHHS EKOHOMIYHHX CHCTEM,
TO HEPIBHOBA)XHUH CTaH ABJISiE COOOI0 MOMEHT MEPEXO/Ly J0 SIKICHO HOBOTO
CTaHy, B IKOMY €KOHOMI4Ha CHCTeMa MOXe 37100yTH OUIbII BUCOKHUN PIBEHb
oprasizanii Ta MIpoyKTUBHOCTI 1 HABMAKH.

Konu exoHoMmivHa cucTeMa BTpadae (PyHKI[IOHAIBHY CTiHKICTh, BUHHKA-
I0Th CaMOOpTraHi3aliiHi mpouecu GopMyBaHHS HOBUX €(DEKTHBHUX CTPYK-
Typ. B HOBHX yMOBax (yHKIIOHYBaHHS €KOHOMIYHA CHCTEMa NPOXOIUThH
CBOi pIBHOB&)XHI CTaHM SIK POMDXKHI €TallM Ha TPAEKTOPISIX HEPiBHOBAKHOI
camoopra#isariii. [zeTbcs po Te, 10 B Mepiogr HECTAOUTLHOCTI MOXKYTh
CIIOHTAHHO BHMHHWKATH TapayielbHi HeQOpMalabHI CTPYKTYpH, HAIPUKIA]
BIJINPaIlbOBaHI CXEMH YXWJICHHS BIJI TIOJATKIB, CIIPSMYBaHHS (P IHAHCOBHX
MOTOKIB B O(DIIOPHI 30HM, HEMJIATEX1 MOCTadyalbHUKaM, OapTepHI CXeMHU
PO3paxyHKIB, BHIUIATH 3apOOITHOI IUIATHI «YOPHOIO» TOTIBKOIO TOIIO. 3a
MIEBHUX YMOB BOHU MOXYTb OyTH JOCUTb CTIHKUMHU, 110 CBIAYUTH IIPO CTH-
XIHHUI BUXIJ CHCTEMHU HA HEONTHUMAJbHY I0JI0 €KOHOMIYHOI €(EKTUB-
HOCTI TPA€KTOPiI0 PO3BUTKY. 3aMiCTh MPOTpecy Moxe OyTH NMpH HasiBHUX
yMoOBax i perpec [4]. 3 momaay CHHEPreTUKH HEe(EKTUBHE YHPaBIIiHHS
COLIaJIbHO-CKOHOMIYHUMH CHCTEMaMH MONATa€ B HAB SI3yBaHHI CHCTEMI
TaKOTO TIOBOJDKCHHSI, sIKe 1l HE BIACTHBE. 3Ti/HO 13 CHHEPTeTUYHO KOH-
nentiero Ol eeKTUBHUM Oy/ie Tak 3BaHE, «M’sKe» YIPAaBIiHHSI, Ha
BIJIMIHY BiJl <CKOPCTKOTO», IPOTPaMHOT0. M’siKe YIIpaBIiHHS — 1€ yIpaB-
JIHHS 32 TOTIOMOTOI0 HEe3HAYHUX, aJIe HAICKHUX PE30HAHCHUX BIUIMBIB, SIKi
MAalOTh BIJIMOBIIATH BJIACHUM BHYTPIIIHIM TEHCHIIISIM PO3BUTKY CUCTEMHU.
lomoBHA MeTa Takoro yHpaBIiHHS MOJIATAE B TOMY, IIOO 3aBISKH HE3HAY-
HOMY PE30HAHCHOMY BIUTHBY «ITIIIITOBXHYTH CHCTEMY» JO OIHOTO i3 ii
BJIACHUX CHPUATIAMBHUX LUIAXIB PO3BUTKY. CBO€YACHI PE30HAHCHI BIUIMBU
MOXYTh BUSBHUTH 3HAuHi, NOTYXHI BHYTpillHI pe3epBu cuctemu. CuHep-
TeTUYHE YIPaBIiHHS 0a3y€eThCsl HA TAKHUX IMOJIOKEHHAX: ICHYIOTh CHEKTPHU
MOJJIMBUX MaiOyTHIX CTaHiB, i1 TOMy 3aBIaHHS YIPaBIiHHA TMOJIATAE Y
BHOOpI HAWKPAIIOro 3 JOCTYITHUX BapiaHTIB; X04a IIISIXiB PO3BUTKY MOXKE
Oyt Oararo, ajie iX KiJbKICTh CKIHYCHHA; Y TPOIECi yMpaBlliHHS HE00-
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XiJTHO BpaxoByBaTH HE TiJTHKH CTaH 30BHIMIHBOTO CEPEIOBHUINA, a i BIACHI
TEHJICHIIIT €BOJIOIIT CHCTEMH; TOJIOBHUM € HE CHJIA, IHTCHCHBHICTh, TPUBA-
JICTh YIPABIIHCHKOTO BILUIHBY, a WOTO IMpaBHIIbHA TOTIOJOTIS MIPOCTOPOBA
Ta YacoBa 1 Y3rO/DKCHICTh 13 BIACHUMH TCHJCHIIIMH PO3BUTKY CHCTEMHU.
CHHEpreTHYHHN MiIX11 10 YIPABIiHHS OPIEHTOBAHUM Ha Mi3HAHHS 3aKOHO-
MIpHOCTEH camMoi CUCTeMH Ta IPoIieciB 1i camoopranizariii. He3naunuii, ae
MOTOKEHHIA PE30HAHCHUH BIUTHB B TOUKaX Oi(ypKaIlii MOke MPU3BECTH JI0
CYTTEBHX 3MiH Y TPAEKTOPIi pyXy 1 MOBOMKEHHI cucTeMH. J{Js BiaCIIi KO-
BYBaHHS TaKUX TOUOK 1 MOMEHTIB Aii MOTPiOHO IOCH OiNbIle, HiX 3HAHHSL.
CuHTe3 3HaHb, MATOTOBKH 1 AOCBIAY — Lie OiyIblIIe, HiXK CyMa OKPEMHUX CKJIa-
noBuX, Lleit 1yxe BaKNNBUI CHHTETUYHNHN MPOMYKT IHTEIEKTY SIBHO HEAO-
OIIIHIOETHCS. SIKIIO iTH 11Ie 1A, TO TEX OYEBHIHO, 110 HE KOXKHOMY BiH JIa€
OIHAKOBI MOXKJIMBOCTI. Pi3HI 3A10HOCTI MPUHOCATH pi3HI pE3yNbTaTH, TYT,
SK K&KyTh Ma€ MicIle BTpy4aHHs BUIIIMX CHJI 1 3aKOHIB, sIKi 0arato B YoMy
HEBIJIOMi JIFOJISIM 1 MOKe Tak OyTH JO KiHIlS iX Ti3HaTtv i1 He JAaHo. Tomy
BiJIO1p KaJpiB BIAMOBIIHUX 310HOCTEH, 32 YMOBH IiITPUMKH 1 OBOJIO/TIHHS
CUHTE30M 3HaHb, MIFOTOBKH 1 JIOCBI/TY, BUPINIYIOTh BCE.

3. OnTumizauis nigdéopy kaapis
JJIs1 KOHKPEeTHUX BUAIB JiIBHOCTI [5]

IMuranHs minbopy kazapiB 3aBkAM Oya0 HANBAXJIMBIIIUM YHHHUKOM
(opmyBanHs Oynb-sKo0i opranizarnii B yci yacu binsricts (axiBLiB 3 mep-
COHAJI-MEHE/DKMEHTY BBAYKAIOTh MEPIITy CITiBOECI Ty HAWBAXKIIMBILIIMM 1 Haii-
Ba)XYMM €JIEMEHTOM NPHIOMY HOBOTO IpAIliBHUKA B OpraHizaiiro. bararo
BITYM3HSHUX MEHEKEPIB 3aliMarOThcs Mia00opoM KajapiB Oe3 cremianbHOT
MIJITOTOBKW, HE BOJOMIFOYM HEOOXiTHOK — KOMIIETEHTHICTIO B JaHOMY
nuTaHHi. [IpakTrka HaiiMy CrIemiaicTiB Ha BITYM3HIHOMY PHHKY TIOKa3ye,
0 aHaJTi3 TaHUX MOTEHIIAIbHOTO — MPETeH/ICHTA Ha BAKAaHTHE MICIIe 3BO-
IUTHCSL IO BUBUCHHS aHKeTH. HaifOumpIn momupeHoo (GopMoio BHKIALY
BIJOMOCTEH MpO KaHAWAaTa € pe3ioMe, 3Mo0yBad 3aloBHIOE HAOIp CTaH-
JapTHUX (pOpMyIIIOBaHb PO OCBITY, KBaJli(hiKallito, TOCBiA, MPOCYBaHHA 10
ciyx01 1 cymyTHI HaBUYKM, YMiHHA, iHTEepecH, x0001 1 T. a. [lepeBiputu
JOCTOBIPHICTH 1H(OpMAILii, 1[0 MOBIIOMIAETCS (HOPMATBHO, 1O MpUOMY
Ha poOOTY MOKIIMBO IO JOKYMEHTAaX . AJie TIPAKTUYIHO BAXIIUBI PUCH OCO-
OHCTOCTI, HA sIKI HE BUJAIOTh JOBIJOK 0€3 CIeliaJbHOTO TECTyBAHHS YU
BUNPOOYBaHb B PEANbHUX YMOBAX BU3HAYUTH Oe3 (axiBIiB UM KEpiBHU-
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KiB THUX HiAPO3AIIIB, Ky Ma€ HaNpaBisATHCh MaHOyTHIH CHiBpOOITHHK
Yy TIApTHEp BU3HAYMTH HEMOXUIMBO. HasBHICTH KBamidikalii, KOMyHika-
TUBHUX 3M10HOCTEH, JTiIEPChKUX 1 BUKOHABCHKUX SKOCTEH 1 0araro iHIINX
HIOAHCIB, 3QJIMIIAFOTh TOTEHINAN TpaIliBHUKA HE3 SCOBAHUM — II¢ CTaHE
BiJloMO mi3Himre. HeBiAMOBIAHICT OYiKYBAaHOTO 1 OTPUMAHOIO MA€ Miclie
y OLIBIIOCTI pOOOTOMABINB, SKI BUKOPHCTOBYIOTHh TPAMIIHHI (opmartic-
TUYHI TiJIXO/IN B CBOTH KaJpOBil MOMITHIN, BUHUKA€E MUTAHHS: MIHATH IO
MOJIITUKY Ha OLIbILI MPOrpecuBHY a00 BTpayaTy 4ac i rpolli Ha 3BIIbHEHHS
HEKOM-TIETEHTHUX JItofiell 1 Habip HOBUX 3 PHU3UKOM MOBTOPY MOIEpPEAHIX
nomMmiIok. JIoCBiA MoKasye, 10 HA PUHKY Mpalli iCHye YOTHPU HaHOiNbII
MOUIMPEHUX CIIOCcOOU BiIOOPY KaApiB: «3 BYIHII», Yepe3 KaapoBi areHILi,
gepes «CBOTX» JIFOJICH, 3a JOTTOMOTOFO TICUX0JIOTa-KOHCYJIBTaHTa (IITaTHOTO
a00 3ampoIIEHOT0).

[Mepmmmii criocid MpakTUKy€e OIMBINICTh JACPXKITIIMPUEMCTB 1 OpraHiza-
Iif, SIKI BUKOPUCTOBYIOTh MAaJIOKBaNi(DIKOBaHY MpaIlo, sSKa HE XapakTe-
PHU3YETHCS MPECTHKHICTIO, MEPCIIEKTUBHOCTHIO 1 BUCOKMMH 3apOOITKAMH.
[Tpu 11bOMy cmoco0i FOJOBHUM IHCTPYMEHTOM POOOTOAABIS €«BUIIPOOY-
BaHi1» (popMasbHI aHKETHI METOJIM 1 Taka X (opmaibHa criBoecina. B sko-
CTI MpeICTaBHUKA POOOTOMABIS BUCTYIIAE KAIPOBUK, SIKUH PO30HPAETHCS
Kpalle 3 marnepamu, HixK 3 JIFOIbMH.

Ho nmpyroro crmocoOy Bce yacTille BAAIOTbCS MiAINPUEMCTBA 1 OpraHi-
3aIii«CepeHiX MOXKIIMBOCTEH», SIKI HE MOXYTh JTO3BOJIUTH CO01 «PO3KIII»
Mard IITAaTHOTO TIcHXoyiora. ToMy Mmpoleaypa Bidoopy B TAaKUX areHCTBaxX
IIpU BCii peKIaMoBaHill HUMH IpodeciiHOCTI Mae BHpPaKeHY TEHCHIIIIO
1o (dopmaizarii. 3 i€l ) TPUYUHKA B KaJPOBUX CIY)KO0aX KOMIETCHTHHMA
TICUXOJIOT-JIIarHOCT — B JIMKA PiAKICTh. TpeTii crmocid € OCHOBHUM 1HCTPY-
MEHTOM ()OpMYBaHHS KIAHOBUX — OpraHi3alliiHUX CTPYKTYp, B IKHX CIO-
JIYYHY 1 MOTHBYIOUY POJIb MTOKJIMKAaHI BiJIiIrpaBaTh BiJIHOCHHHU CITOPIIHEHOTO
49U IpYKHBOTO XapakTepy. Takuil XapakTep BIIHOCHH rependadae B sIKOCTI
TOJIOBHOI I[IHHOCTI MpaliBHUKAa HOro 0COOMCTY BiIaHICTh POOOTONABIIIO,
sIKa IIOBHHHA MTOLIMPIOBATHCS Ha BCO (ipmy. Opranizalii, CTBOpEHi 3a Kiia-
HOBHUM IPHHIUIIOM, MOXKYTh OyTH Pi3HOTO CTYIICHS «BarOMOCTI» Ha PHHKY
1 pizHOi opienTanii, OHaK Opi€HTallis HAa «CBOiX» JIF0Jel OyBae HETIPOLYK-
TUBHOIO 3HIDKEHHSIM MTPOQECiHHOro piBHS, CTA0KUMHU MOXKIUBOCTSIMU CHC-
TEMU -1HJIMBIyaTbHOTO KOHTPOJIIO 1 caHKid. Hacnigkom Takux BiIHOCHH
€ ciabka MOTHBAIsl CHIBPOOITHUKIB 10 CAMOPO3BHUTKY 1 BiIHOCHA 3aKpH-
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TICTh OpraHizamii, sxa 0 3HM3MIA iHTEHCHBHICTH iH(OpManifHOro 0OMiHy
1 MBUAKICTH ajanTailii mpu MIHIUBIA cuTyamii Ha puHKYy. YerBepTuit
cnoci0 BiOOpY KaJpiB XapaKTEepHUH JUIS OpraHi3alliii, siki HaMararThCs
MPAIOBATH 32 MPHKIAIOM IEPEIOBHX 3aXiTHUX (GipM abo € CHiTbHUMHU
MIIPUEMCTBAMH, B SKHX KOOPJMHAIlIS KaJpOBOi TMONITHKH BiJIOYBAEThCS
3 iHILIaTUBY 1HO3EMHOIO CIIBBJIACHUKA. Y TaKWX BHITaJKaX HOBI CITiBPO-
OITHUKM HAaOHPAIOTHCS 3a JONOMOIOI0 KBai(hiKOBAHUX IICHUXOJOTIB, SIKi
4acTo TPar0Th POJib PaJHHUKIB-KOHCYJABTAHTIB MEPUIMX OCI0 MiAIpUEMCTBA.
3aCTOCOBYIOThCS IEPEAOB] IICUXOTIOTIYHI TEXHOJIOTT, 1[0 MO3UTUBHO 3ape-
KOMeHayBanu cebe B YkpaiHi 1 3a kopmoHoM. CoOIioJOTi4HI TOCHTIIKESHHS
MOKa3yI0Th, 1[0 B YMOBHOMY PEHTHHIY Pi3HHX CIIOCOOIB KaJpOBOTO Bif-
Oopy mepiie micue 3aiiMae TpeTiit crmociO. [losicHeHHST TIboMy (EHOMEHY
3HAXOANTHCS HE CTIIBKH B HOTO €(EKTUBHOCTI, CKITBKH B OCOOIMBOCTSIX
HaI[lOHaJhHOTO MeHTamiTeTy. OJHa 3 BIAIMIHHUX SKOCTEH IIbOIO MEHTAJi-
TETy — IEepPEeBaXKaHHSI B HAI[IOHAIBFHOMY XapaKTepi CepeIHbOTO YKPaiHIL
eMOIIIHHOT KOMIIOHEHTH HaJI JIOT1YHOK (PO3yMOBOKO), KOJIU OCOOUCTI BiJl-
HOCHHH CTOSITh BHIIE TLTOBOTO 00’ €KTHBHOTO Tixxoxdy. [Jpyre miciie 3aiimae
MPUHIUI «BYJIUYHOTOY» IMi00PY SK HAHOUIBII MPOCTOTO 1 JienieBoro. Ale
e Hee(heKTUBHI crtocoOu poOOTH 3 TOTEHUIHHUMU NpaliBHUKaMu. Ha Tpe-
THOMY MICILIi — IPUIOM Ha poOOTY uepe3 KaapoBi areHcTBa. Lle nocuth nep-
CIEKTUBHUI HAMPSMOK MPU YMOBI HOTo onTHMI3arii.

Ha uetBepromy micui Toii crioci0, skuit Mae Oytu neprmunm. Bes cknan-
HICTh B TOMY, III0 MAacOBa CBIJIOMiCTh HE MiJIrOTOBIIEHA JIO0 TOTO, 100 IMpa-
IIOBaTH MPOo(eciiiHo B TOMY YHCIi B Tary3i MepcoHaI-MEHEKMEHTY. THM
4acoM y PO3BHHEHHUX KpaiHaxX B ICHXOJOTIi YIpPaBIiHHS, yIPAaBIIHCEKOTO
KOHCYJIBTYBaHHSI 1 MEHEDKMECHTY HAKOIMUYEHO 3HAYHWU JIOCBiI BijOOpY
MepPCOHAITY 3 BUKOPHUCTAHHSIM ICUXOJIOTTYHOT IIarHOCTHKH K ¢(EKTHBHUN
MeToj TipodeciitHoi cenekiii. Ha »xalib, HeKOMITETeHTHICTh MPU3BOIUTH 10
IrHOpyBaHHs Oaratoro iHdopmMmariitHoro pecypcy. Jlo uucna po3poOHHKIB
MOIIUPEHUX B IUBLII30BAHOMY CBITI METOIMK CJiJl BIJHECTH TaKUX BiJl0-
Mux BYeHUX 1 (haxiBuiB; A. Iliza («MoBa xectiBy»), M. Apmxaiin («Mosa
norsiay»), E. Kpeumepa («bynosa tinma i xapaxtep»), . HipenOepra,
I. I. Kanepo («BuiTbcs ynTaTH JIOIUHY, K KHUTY»), Y. Lllennona («Anamni3
KOHCTUTYIIHHX BiAIMIHHOCTEW») 1 pA iHIIUX [9].

ColioHika TakoK BHPOCIA HA OCHOBI THMOJOTii XapakTepiB. Ii
3aCHOBHHUIA A. AyryCTiHaBIUIOTE CIiyBaia TPAAUIIsIM 3aXiTHIX THUIIONO-
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riB (K. FOmnra, 3. @peiina i in.). [Ipu po3pobmi CBOIX XapaKTepoIOTiTHNX
onuciB 16 THITIB. Bi3yaJbHOI A1arHOCTUKH, HAJICKHUTH IO HEPOPMAIBLHUX
METOJIiB OIIIHKH JITOBUX SIKOCTEH ocoducTocTi, COIliOHIKA 31aTHA CHHTE3Y-
BaTH OUTBIIICTh BIJIOMHX JIarHOCTHYHHUX METOMIIB JUTS BUPIIICHHS Po0ieM
nigdopy 1 GopmysanHs mnpodeciiiaux rpyn. CriOeciza moOynoBaHa 3a
MPUHIIAIIOM KYPHAIICTCHKOTO IHTEPB 10, BKIIFOYA€ B ceOe JIBi MPOICIYPH:
BepOasbHy (ClOBECHY) 1 HeBepOalibHY, CIIOCTEPEKHY, 3aCHOBAHY Ha aHa-
JIi31 30BHINIHIX JIAHUX JIIOAWHH-aHATOMIYHUX, XapaKTep MIMIKH, JKECTiB,
MaHepH OATaTUCs, BAKOPUCTOBYBATH Pi3Hi akcecyapu 1 T. 1. JlocBinueHnit
(haxiBenb-TUITIONOTII 3BEpTa€ yBary Ha OE3J1i4 HIOAHCIB, 3 IKUX CKJIQAAEThCS
nponec KomyHikauii. [Ipu cmiBOecini BaskInMBO 3icTaBasATH (HOpPMY Moaadi
iHpopMmarii 3 xapakrepoM ii 3MicTy. [HmuMu c1oBamMu — iHPOPMATHBHO i Te,
PO 110 TOBIIOMJISIE 0c00a, 1 Te, K BOHA 11¢ PoOUTh. OJJHAKOBO BasKIMBO
SIK BUKJIAJ (DaKTiB, Tak i IHTOHAIl, MiMiKa 1 )KeCTH, SIKUMU CITUIKYBaHHS
CYIIPOBOIKYEThCS. Hampukiaa: jorik (JTroanHa 3 TepeBaKaHHIM MUCITH-
TEJBHOTO THITY CBITOCIPHUHATTS NIMOOKO BITYYBa€e, TOOTO 00’ €KTHBHO-O-
LIHIOE JIIOIMHY) aKICHTY€E yBary CliBpO3MOBHHMKA Ha KIJbKICHHX 1 SIKICHHX
MOKa3HUKAaX 0OrOBOPIOBAHOTO 00 €KTA, a €THK (4yTTEBUH THIT OCOOMCTOCTI,
Cy0’ €KTHBHO-OLIHIOIOYHH JIFOIIHY ), HABIIAKH, — HEPIIl 32 BCE MiIKPECIIOE
CBO€ TIO3UTUBHE a00 HETaTWBHE CTaBJICHHS 10 00’ekra uu sBumia. Oco-
OHCTICTh CEHCOPHOTO THUMY (KOHKPETHO BIAUYBA€ 1 OLIHIOE PEaNbHICThH
JOIMHY) IEMOHCTPY€ MparMaTu3M 1 yBary 1o aerajieil. Taka JroauHa cKo-
pime Moke 3HaWTH criocoOu A7 peatizaliii 3ayMaHoro, MIJISIXH 1 MOXKIIH-
BocTi. Lle Xopommii TAKTHK 3HAE, K 3pOOUTH Ty UM iHIIY cipasy. JlronnHa,
sSIKa Ma€ IHTYITHBHUH THIT XapaKkTepy, BOJIOIE XOPOIIHM a0CTPaKTHO 00pas-
HUM MHCJICHHSM 1 311I0HOCTSIMU J10 acomialiiii. Bin xopomuii ctparer, 3Hae,
o poouTH, 60 710Ope BUCBITIIOE NPOOIEMy B3araii 1 CTaBUTh HOBI 1T 1
3aBJaHHs. BiH OULIBINE IIKABUTHCS MOMXJIMBOCTSMH 1 TIEPCIICKTHBAMH, HIXK
KOHKPETHHMHU, IEPEBIPCHIMH MIPAKTHKOIO TEXHOJNOTisiMU. JIronnHa 3 pario-
HAJILHUM THIIOM XapakTepy, He JIIOOUTh MiHATH CBOI IUIAHU 1 IEPEKOHAHHS,
JIOCUTHh KOHCEPBAaTUBHA B CBOIX MOMVISNAX 1 3BUYKAX, 3aJICKHUTH BiJl CBOIX
yCTaJCHUX MPHHIMIIIB 1 YCTAHOBOK. IppaliioHanbHa 3a XapaKTepoM CBIiTO-
CIPUKAHATTA JIFOAMHA — OUIbII CIIOHTAHHA, MIBUALIE 1 JIETIIE OPIEHTYETHCS
M0 XOJy CHTYyaIlil, HiX I10 3a3/alerip NpoAyMaHUX IUaHax. Bin meHne
3aJICKHUTH BiJl CBOIX 3BHUYOK, MA€ IMITyJbCUBHUM XapakTep 3 Pi3KHUMH IiJ-
ffomaMu i cajaMy HacTPOIO, CAMOTIOUYTTS 1 JITOoBOT akTuBHOCTI. ExcTpa-
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BEPT IO TUITY CBITOCHPUHHATTA (JTIOANMHA, 30pieHTipoBaHa OiNbIIe HA 30B-
HINTHINA CBIT 1 I0Ope B HOMY OPIEHTYETHCS) OIIBIN JEMOHCTPATHBHUN — B
CIUIKYBaHHI 1 BIIKPUTHH JUIS CITIBPO3MOBHHUKA. BiH CXMIIBHUI TIOBiOM-
JIATH Oibine iHpopMallii, HiXk HeoO0XiTHO, 00 TparHe OyTH KOPUCHUM BCIM
1 BHKIIMKATH 3arajbHE CXBAJCHHs. [HTpOBEpPT — JIOAWMHA, 30pPiICHTOBaHA
OinbIe Ha CBIH BHYTPINIHIA CBIT. JIJI1 HHOTO BJIacHA JyMKa BayKJIMBIiIlIEe
JOYMKH THIIUX JTEOACH, TOMY BiH HE IparHe 10 BU3HaHH:I. BiH Buae nwmie
MiHIMYM HeoOXigHOi iH(opMalii i He CXWIbHUN MPOSBIATH ab0 mepexo-
IUTIOBATH iHINIATUBY SIK B CIIpaBax, Tak i B Oecifi, He Mparte A0 JiAepcTRa.
Binnosinatoun Ha MUTaHHS ICUXOJIOTa, PECIIOH/ICHT PO3KpUBAE Oararorpan-
HICTb, SIKY HE 3aBX/I1 MOXKJIMBO OIMCATH JIUIIIE CYKYITHICTIO TIEPEUUCICHUX
paHilie 03HaK: palioHANBHICTb-IppalliOHANBHICTE, EKCTPaBepCis-iHTPOBEp-
cisi, JIOTiKa-eTuKa, CeHCOpUKa-iHTYiIis. OcoONIMBOCTI OIOPUTMIB BIIACTHBI
KOXHIH JIFONMHI BiJl HAPOJDKCHHS, HAJIUISIFOTh MOTO TAKMMHU SKOCTSIMH ITpa-
[IE3JIaTHOCTI, SKi J0Ope TOSCHIOIOTHCS IMIKAIOK «TePMiHAIBHO-I1HIIIAb-
HUby. JluxoTomisi «TepMiHaIbHO-IHINIaIBHHID Oyia 3amporoHOBaHa st
PO3YMiHHSI MEXaHI3My YTBOPCHHS MIATUIY a00 BapiaHTy THITy OCOOHCTO-
cti. KoskeH 3 16 THITIB 0COOMCTOCTI Ma€ JiBa BapiaHTH BIACTUBUX iM PUTMIB
BKJTFOUEHHSI JIFOIMHU B JIsTbHICTh. TepMiHANIBHUM TUIT IOBEAIHKHU JTFOIUHA
XapaKTePU3YEThCS NSSIKOI0 «PO3KAYKOIO»1 IMOCTYIOBHM BKIIIOYCHHSM B
JISUTBHICTE 3 HAPOIYBAHHIM TEMITY i MAKCHMAJIBHOIO MPOJIYKTHBHICTIO B
KiHmi mponecy. Lli aromu «coBu» B poOOTI. Im nerme moBoAMTH 10 KiHISA
CTIpaBy, HIX 11 MOYMHATH.

[HimiampHWIA THIT TPOTHIICKHUAN 32 CBOIM MPOSIBOM 1 XapaKTePU3y€EThCs
pi3kuM, 0e3 MorepeHbOl MiITOTOBKH, BKIFOUECHHSIM B JiSUTBHICTH 1 MOCTY-
MOBUM 3HIDKCHHSM TIPOAYKTHBHOCTI JI0 MOMCHTY 3aBEPIICHHS MPOIECY
a00 HaBITh NEPEPUBAHHIM HOTO 3 TPArHEHHSAM «Iepenaru ecradeTry»
inmmm. 1e — «KkaifBOpoHKH» B poboTi. IM merme mo-HeOyns MOYMHATH,
HiX3aKiHYyBaTH. J{OCIIDKEHHS MMOKa3aJH, MO SICKPaBO BHPAKEHI TEPMi-
HAJIBHI MITUIIH 32 CBOIME IPUPOIHUME O10pUTMAMH YACTIIIE BiTHOCATHCS
JI0 «COB» TOMY, III0 y BEUipHbO-HIYHUH Yac T0OU, MAIOTh B CBOEMY Xapak-
Tepi nepeBakaHHs CIIOKIHHUX, IHEPTHUX TEMIIEPaMEeHTIB — (IerMaTH4YHOTO
1 MesTaHXoNiiHOro. [HiIiaabHI BapiaHTH TUIIB 0COOMCTOCTI BITHOCSTHCS 10
«OKalBOPOHKIBY, 00 HAPOIWINCS B ICHHUI YU PaHKOBUHN Yac 1 MarOTh BiJl-
HOCHE MEPEBAYKAHHS KUBUX, AKTHBHUX TEMIIEPAMEHTIB — XOJCPUUYHOTO i
CaHTBIiHIYHOTO. Y «roiy0iB» (IPOMDKHHUM THII) ONMCAaHI O3HAKU 3a3BHYal
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30aaHCOBAaHUH XapakTep ado OffHa 3 03HAK Ma€ JTy)Ke HE3HAUHY IIEepeBary.
e mronu 3 BITHOCHO 30alITaHCOBAaHUMHM TEMITEPIIMEHTaMH a00 Ti, XTO HApO-
JIUBCS B TIepeXiIH1 repioan 100u. [ KepiBHUKA OCTaHHI XapaKTePUCTUKH
JIOTIOMAraroTh BCTAHOBUTH, KM MpPAIliBHUK Oyae OUTBIN e(peKTUBHUU Y
JIPYTil TIOJIOBUHI JTHS 1 B HIYHY3MiHY. Y OUIBIIOCTI PO3BUHCHHUX KpaiH Ha
migbip KaapiB BUTPAYa€ThCS JOCTAaTHBO Yacy, MI00 3BECTH IOMIUIKH IIPH
npuiiomi Ha poboTy no MiHiMyMmy. [Ipy mepexoi BITYM3HSAHOI EKOHOMIKH
Ha PUHKOBI BiIHOCMHHM TiepeBara Oyzie y THX Oprasisailiii, siki 30cepensth
y cebe KpalliIoAChKi pECypcH Ta MaTUMYTh HalOUIbII KOHKYPEHTOCIIPO-
MOKHI KOJIKOJIEKTUBH, 3/1aTHI MPAIIOBATH ¢(PEKTUBHO 1 37ar0/’KEHO, BUKO-
PHCTOBYIOUH IIEPEfOBi TexHONOTi. B TOMy dmcii COmioHiYHi, Ca€HTOIO-
TiYH1, ICUXOJOTTYHI 1 T. [I.

Jemo iHIMK MAXiJ B OILIHII CTaHIB JIOJMHHU, B OLIHII 11 MOXKJIMBO-
cTeel 1 MAXiA IO TeCTyBaHHS JIIOCH 3a MCHUXO-(DI3UYHUM CTaHOM Ja€e
J1. Pon Xa606ap.

4. Buxopucranns mkaju TouiB P. Xao6apaa
A5 OI[iIHKH CTAHY MePCOHATY

IlIkaa TOHIB — Lie y’Ke BaK/ITMBHI iHCTPYMEHT. Moro MoXHa BUKOPHCTO-
BYBaTH y BCiX c(hepax KUTTS, B AKUX TaK UM iHaKIIe OepyTh ydacTs Jtoau. Ha
il mIKaji moka3aHi eMOIiiHI TOHU JroAUHU. [1i1 TOHOM pO3yMi€ThCs eMo-
UiiiHKi cTaH mroarHu. Ha 1mikani B meBHiM MOCIiIOBHOCTI pO3TAIOBYOTHCS
emo1tii, Taki Sk cTpax, THIB, TOpe, €HTY31a3M 1 iHIII, IKi MOXYTb IIEpPEKUBATH
THOIH. SIKIIO BMUIO KOPHUCTYBATHCA III€I0 MIKAJIOK, TO MOYKHA Iepea0dayaTv
1 pO3yMiTH JFOACHKY MOBEAIHKY B ycix 1 mposiBax. llIkana TOHIB HAamIsAIHO
TIOKAa3ye, SIK BiJIOYBAETHCS KOB3aHHS 1O MOXMJIIM TUIONIMHI BiJIMaKCHMAab-
HOI YKATTEBOI CHJIM 1 CBIJIOMOCTI Yepe3 3MEHIIICHHS ITi€1 CHITH 1 CB1JIOMOCTI
BHU3 JI0 cMepTi. [1Ikasia TOHIB 3aCHOBaHA Ha BCUISIKMX PO3paxyHKaX KHUTTE-
BOI €HEprii, Ha CIIOCTEPEKEHHSX 1 BUMpoOyBaHHsx JI. Pona Xa06apna. Bona
MOKa3ye PiBHI MOBEIIHKH JFOAWHH B Mipy TOTO, SIK Y JEOJUHU CTa€ BCE MCHIIE
1 MeHIe XuTTA. Lli piBHI 3ycTpiuaroThes y BCIX JTIOACH.

Konu nroguna Onu3bka 10 CMEpTi, TO MOXKHA CKa3aTH, 110 BOHA 3HAXO-
JIUTHCS B CTaH1 XpOHI4YHOT anaTii. | BoHa MOBOIUTH ceOe MeBHUM YHHOM 10
BiJTHOIIEHH!O JI0 iHIUX peueil. e 0, 05 3a mikanoro TOHiB.

Konu nromuHa 11e He OMmyCTHBCS 3a IIKAIO TOHIB JI0 PiBHS rOps, Po3y-
Mi€ 10 HaJ HEF0 HaBHCIIA 3arpo3a BTPaT, a00 K BOHA 3aCTPSINIA HA [IbOMY
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PiBHI B pe3ynbTaTi MUHYIHX BTPAT, TO MOXKHA CKa3aTH, IO BiH epedyBae B
TOHI cTpaxy. Lle B pationi 1, 0 Ha mii mikaiti.

JlromuHa, sika OOpeThCs 3 3arpo30k0 BTPAT. 3HAXOAUTHLCS B THIBI. B Horo
MOBEJIIHITI CITOCTEPIratoThes 1HI ocoduBocTi. Ile — 1,5.

Konw monuHa TITBKY Mi03PIOE, IO BTPATa MOXKE CTAaTHCA, a00

— SIKIIO BIH «3acCTPsAr» Ha IbOMY PiBHI 1 00yproeThes. MoXKHA cKa3arw,
o BiH B aHTaroHi3mi. Ile 2,0 Ha mii mkami. Ha piBHI BUIlle aHTaroHi3My
CTaH JIIOJUHHU LI HEJTOCTaTHbO;

— rapHHUil., 1100 BiUyBaTU €HTYy31a3M, aJie 1 He HACTLNbKU TOraHui, 11100
BiguyBaTH 0OypeHHs. JIroquHa BTpaTHia SKICh Lidi 1 B JaHUH MOMEHT He
MOJKe 3HaiTH HOBUX. MOXKHA CKa3aTH, IO BOHA BiJuyBa€e HyAbr'y a0o 3Ha-
XOJIUTHCS 32 IKAJIOK TOHIB Ha PiBHI 2,5.

PiBens 3, 0 Ha 1mIKami TOHIB — I1e KOHCEpBaTHU3M. JIFOMMHA BITHOCUTHCS
JIO0 JKUTTSA 00CPEKHO, HE JIOMAaraeTbes cBOiX mijiei. PiBenp 4,0 Ha mmikaii
TOHIB — eHTYy31a3M. JIFoJIHA NIaciIMBa 1 CIOBHEHUH KUTTEBUX CHIL

Jlume mesiki BiI MPUPOIH 3HAXOAATHCS B TOHI 4,0. SIKIO HE MAXOMUTH
HaJI TO CYBOPO, MOYKHA CKa3aTH, IO CEPEIHIN TOH JIFOACH — MpuOIH3HO 2,8.

HaiTouHinmmii TNOKa3HHWK, SKUH JIO3BOJISIE BH3HAYHUTH TTOJIOKCHHS
JIIONMHY Ha IIKaJl TOHIB — 1€ MOBa. SIKIIO JIIOUHA HE TOBOPUTH BIIKPUTO
1 cyxae Heoxoue CIpHiiMae CKa3aHe, TO HE MOXKHA CKa3aTd, L0 BiH Ha
Jy’Ke BUCOKOMY piBHI 10 mIKaji ToHIB. Y Xa0O0apaa A OUIHKU JIOAUHA
HE TUIBKM MOBA: SIK TOBOPHUTH aje i K ciayxae. Jleski qoau HE MOXYTb
3pO3YMITH, IO CIIJIKYBaHHS MOJISITAE SIK 3 BUX1JHOTO TOTOKY, TaK 1 3 BXiJI-
HOTO NMOTOKY. CHIOCTEPE)KEHHS 3a THUM SIK JIIOUHA CITyXa€ 1 TOBOPUTH TOYHO
BKaKe MOTO MOJIOKEHHS Ha IITKaJIi TOHIB.

[cuxomeTpis — 11e crociO OIMIHKK PO3YMOBHX 3/1I0HOCTEH 1 IKOCTEH 0COo-
OMCTOCTI, a TaKOX JIOCIIDKeHHST po3yMoBHUX TporporieciB. 1106 ii nmpose-
CTH, HEOOX1JTHO TIPOCTO TIOYATH TOBOPUTH 3 JIFOJIMHOO Y HAHBHUIIIOMY TOHI, JIO
SIKOTO TUTBKH MOMKJIMBO TBOPYO 1 KOHCTPYKTUBHO IITHATUCS, @ TIOTIM ITOCTY-
MIOBO 3HIDKYBAaTH TOH PO3MOBH IO TOTO PiBHI, HA SKOMY IISI JIFOIFHA BIATY-
Ky€eThCsl Ha ciioBa. JItoarHa Halkpallle BiAIYKHEThCS Ha CIUIKYBaHHS B HOTO
BJIACHOMY [liana3oHi, 1 3a JIOTMOMOTOI0 PO3MOBH JIFOMMHNA MOYKHA MiJHSATH 32
LIKAJIOK0 TOHIB IPUOJIN3HO HA MIBTOHY. PH MPOBEICHHI LIbOTO BUY «TICHXO-
METpii» He CITij] TPOJOBKYBATH PO3MOBY HaJITO JIOBIO Hi Ha OJIHOMY 3 PiBHIB
IKaK TOHIB. JJocUTh O/IHI€T @00 JIBOX MPOMNO3HUILii. B iHIIOMYy BUMIajaKy pos-
MOBa MO)KE TPOXH MiJHATH TOH JIFOJUHHY 1 TOPYIIUTH TOYHICTH TECTY.
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5. EBoJirontist miicucreMu ynpapiinHs opraizamii

OpraHizaisi CKIamaceThCsl 3 MIJACUCTEMH YIPABIIHHSI 1 BHKOHABYOI
(xepoBanoi) migcucremu [2; 3]. CTpyKTypa miICUCTEMH yIpaBIiHHS 3aJie-
JKUTH BiJl (DYHKLIA BUKOHABUOI MiJCUCTEMH. SIKIIO po3miiaaTu ii OKpeMo
0e3 KepoBaHOI MiJICUCTEMH, TO BUHUKHYTh HEBU3HAYCHOCTI 3 ii opraHiza-
riero. CKibKHM MOTPIOHO PiBHIB YIPABIiHHS, SIKa CIIEL{iali3allis eJICMEHTIB
i T. 1. Lli nuTaHHA TOBOIUTLCS BUPILITYBAaTH PU IPOCKTyBaHHI. B opraniza-
uiitHii npaktumi. CTpyKTypa Mia0HpaeThes, sIK MPAaBUIIO, EMITIPUIHO MEHE-
JoKepaMu BUIIOi TaHKK. OIHAK, HE3BAYKAIOYH HA BIIMIHHOCTI B CTPYKTypax
CHUCTEM YIIPaBIIiHHS 3aBXKIHM ICHYIOTh 0a30Bi enemeHTH. Takoro 0a3or €
iepapxiyHa OymoBa cUCTEeM. lepapXis IPOCTEKYEThCS B Oararbox MPUPOI-
HUX cucTeMax (OpraHi3MH, COIIyMH 1 iH.). Bylb-siKi JIFOACHKI CHUTBHOTH
opraHi3oBaHi iepapxiuHo [5; 7].

lepapxiss € mpuHIMI MOOYIO0BH opraHizamii lepapXis BHHHKIA TOMY,
IO JIFOIMHA HE MOXKE OITHOYACHO KOHTPOJIOBATH 1 YIPABILSITH OUIbINE, HIXK
5-7 mignermumu. A oprasizailisi MOXKe CKJIAJaTUCS 3 COTSHb JIFoAeh. TibKu
iepapxis J03BOJIAE KOHTPOJIOBATH 1 YNPABIATH OE3/Y4I0 CHUCTEM 1 eJie-
MEHTiB. PallioHanbHICTh, €EKTUBHICTh, CyBOpa perfiaMeHTallis, PO3MOIi
YIPaBIiHCHKOI Mpalli, HEYOCOOIEHICTh PO3MIIAIAI0THC SIK i7ieal OpraHizaiiii-
Hoi pisutbHOCTI [17]. B imeanbHiit mozgeni 6topokparii M. Bebepa [17] nepen-
0ayaeThCsi, 10 BUIIMA YMHOBHHUK OLIbII KOMIETCHTHHM, HDK YMHOBHHK
HWKHBOTO PiBHA [7]. Konm mucraHIist Mk piBHEM TPUHHATTS PIilICHHS 1
BHKOHABIIEM 301IbITYETHCS, €JJHICTh 1 KOOPAWHAIIS MOXYTh OyTH JOCSTHYTI
TIUTBKH TIPA BUCOKOMY CTYIICHI (popMaitizarii. Ajie peaibHICTh CYIepeunTh
i igeanpHid Momerni. DOpMyeThCsS THI YMHOBHHKA, SKHH KEPYeEThCS B
CBOIW JISUTHHOCTI CHCTEMOIO (hOpMalTbHUX MPABHUII, & HE MPUITUCaMU Tieda.
Bropoxparist HepinKko i€, BUXOASYHN 31 CBOiX BIACHUX IPYIIOBUX IHTEPECiB, a
He 3 IHTepeciB Ti€i opranizaLii, AKiii HaJIeKHUTh 1IeH anapar.

Bropokparnunuii anapar moOyaoBaHHid Ha By3bKiil criemiasnizalii BUKO-
HaBIiB. By3bKka crierianizaliisi BAKOHABIIIB CTBOPIOE€ BUCOKHIA MTpodheciona-
JIi3M 32 YMOBH 1/1€abHO Y3TO/DKEHOI B3aeMoii. Ane OI0pOKpaT HEe aBTOMAT.

HeedextuBHicts OOpokpaTii MOSCHIOEThCS «mpuHIMIOM [liTepay.
SIKmIo mouarkiBeIh OI0POKPAT YCHIITHO CHPABISETHCS 31 CBOEIO POOOTOIO,
TO MOTO YeKae IMiJIBUIICHHS Ha TMOcaji. SIKIO BiH 3HOBY JOBOJIUTH CBOIO
KOMITETCHTHICTh-BiH 3HOBY OTPHMYE IIJBUIIEHHS 1 T. JI. AJie OCh BiH JI0XO-
JIUTh J0 CTYIICHS, KOJM HE MOXKE JIOMOTTHCS YCIIiXiB, TO/AI BiH HE OTpH-
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MY€ 4eproBOTO IiJIBUIICHHS, 1 3aCTps€e Ha Il mocami. TakuM unHOM, ycCi
OFOPOKPATHYHI TTOCAIN 3alHATI HEKOMIIETCHTHUMHU JIFOJABMH, SIKi JTOCSITITA
CBOTO «PiBHSI HEKOMIIETEHTHOCTI». [liIBUTIIEHHS B TTOCali Kpalle oriavy-
€TBCS 1 € XOPOIIO MoTHBaIlier npartii. [Ipobiema B ToMy, IO KiJIbKICTh
mocaj Pi3Ko CKOPOUYETHCS MO Mipi CXOMKEHHS MO Kap €pHUX cxomax. Bei
BEPXHI CXOJMHKHM OKYIYIOTh MaiKe JOBIYHO paHINIC IMiJHATHMHU Ipa-
[IBHUKAaMHU, Ma€ MiCIl€ BiJICYTHICTh TMEpCIEeKTUBH 3pocTaHHs. Kap’ephe
3pocTaHHs nepectae OyTu MotuBauiero. 11100 3MIHUTH Taky CUTyalil0 B
MPOTOHYETHCS 3MIHUTH 3BUYANHY IITATHY CIIyKOOBY IpaOHHY HA IOXILITY
IUIOIIUHY 0€3 CXOAMHOK TOJI 3acTy>XeHi (axiBii OyayTh miAasIraTé poTamii
10 TOPU30HTAI, BIATIPAIIOBABINY TICBHUI TEpMiH HAa OMHOMY Micli, Ha0y-
BaTH HOBHX HAaBUYOK i KBaui(ikallii Ha HOBOMY MIiCIli, 3BUIHUBIIN CBOE
Micue st iHmuX. MOKINBO MOJIOAIINX, YU O1IbII KOMIIETEHTHUX. MEHIIIE
CTIIOYMBATH Ha JIOCSATHYTOMY 1 MOXKJIMBO 3 YacoM 3actapiiomy Oaraxi. Tak
4yacTo OyBae, KOJH CTapi KaJpu CTAI0Th TOPMO30M IIPOTpecy.

B nanuit yac 1151 izes He Jyxe MOIMyJsipHa 3 0araTboX MPHYUH; BiACYT-
HI TPaBOBUI MEXaHi3M CIpaBeIJIMBOI, KBai(hikoBaHOI poTallii Kajpis,
3alHATTS TocaJ 3 MOJITHYHUX YM POJMHHHUX MOTHBIB 1 T. 1. Porariro
CKJIaJHO 3I1HCHIOBaTH NpU BYy3bKiH cnewiamizanii mpauiBHukiB. [ligiiom
Bropy BUMarae OUIbII MIMPOKOrO CBITODIAAY. [IpHHIMIN ONTHMATBEHOTO
CMIBBITHOIIEHHS crenianizauii i yHiBepcamizamii B cUCTEMax yNpaBiIiHHS
JI03BOJISIE PO3BUBATH MEPCOHANT 1 MOXKIIMBICTh HOTO BEPTHKAIBHOI 1 TOPH-
30HTAJILHOI poOTallii, B3a€EMHOTO 3aMillleHHs B pa3i HeoOximHocTi. Tum
CaMHM Bi/10yBa€ThCSl HAKONMMUCHHS 3HAHB 1 yMiHb, IIIHHOTO JOCBiy i CTBO-
PCHHS TIepEayMOB IOSIBH T€HOMA A1JI0BOT JOCKOHAIOCT] OpraHizariii.

MexaHi3M OyJIiBHUIITBA YA MOHTaXy Kapkacy OyIHWHKa XapaKTepusy-
€TBCS CBOEIO CIEIU(IKOI0 1 B YCIINIHUX OPTaHi3alisgx UM 3aiMaroThCs
KOMIUIEKCHI Opuraju, jae SApOM € TIpyla yHiBepCaIbHUX BHCOKOKBAJIi-
(hiKOBaHUX CIHELIATICTIB, SIKI MPH HEOOXIAHOCTI MOXYTh 3aMIHHUTH Bil-
CYTHBOTO CIIeIlialicTa, mo0 HE 3yNMUHUTH BHKOHAHHSA TOTO YU IHIIOTO
npoiecy (MOHTaX, OCTOHYBaHHS, €. 3BAPIOBAHHA 1 T. 1.). B iepapxiuHux
mijicucTeMax YIpaBlliHHS CTYMiHb Creliaii3amii 301IbIIyETbCA 3BEpXY 10
Hu3y. Haitbinpmr mupoke i cTpareridyHe KoJlo 3aBJaHb y TOI MEHEIKepa.
VY 6ionoriuHUX cHCTeMax B XOJIi €BOMIOLIT 3pocTala sIK CIelianizaris, Tak
1 yHiBepcamizaiis. OTxe, s eBOMOLIT MOTPiOHA SIK crieriani3alis, Tak i
yHiBepcamizamis. Li ¢pyHKIii 3aiiMaioTs CBOI Hillli B YIPaBIiHCHKIH iepap-
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xii. Tomy mmst Toro, mo6 migHATHCS Ha IadeNnb BHUIIE, MOTPIOHO PO3IIH-
PUTH KOJIO CBOIX 3HaHb. lle mpaBmiIo 0COOIMBO HEOOXiHO BPaxOBYBaTH
MpH poTarii mepcoHaxy mo Beprukaii. Lle romoBHa BHMoOTa JUIS AUTOBOT
kap’epu. bo ¢opmanbHe MiABHUIIEHHS HA TOCA/Il IPU3BOIUTH JI0 TIAPAJTOKCY
[TiTepa, 10 3pocTaHHS HEKOMIICTCHTHOCTI.

Porartist mepcoHany — 1ie mepeMilieHHs CIiBpOOITHUKA 3 OJJHOTO Tij-
PO3A1sly KOMIaHii B IHIINH, 1HO/1 aX 10 3MiHU poAy AisibHOCTI. [Ipu nepe-
XOJli Ha IHIIY MOcay CHiBpOOITHUK OTPUMAE HOBUM TOCBiJ, HOB1 3HAHHS
1 BMiHHS, IPOAYKTUBHICTh pOOOTH 3pOCTe, X0Ua JesIKUil uac Oyne HEKOM-
¢doptHo. [IpoTe BigoMo, 110 PO3BUTOK 3HAXOAUTHCS 32 MEKAMHU HAIIOTO
koMmdopty. Poramis mepcoHany gomnomarae MmiJiroTyBaTH YHiBEpCATbHHUX
¢daxiBiiB. TakuM YUHOM, TOPU3OHTAJIbHA POTAIlis PO3LIMPIOE 1 TECTYE
MOXJINBOOCTI CIIBPOOITHHUKIB 1 TOBHHHA TIIepPEIyBAaTH BEPTHUKAIbHIN
poraiii. OueBHIHO, TEPEMIIIIATH MOXKHA Ti TOCAIH, SKi CYMIXKHI 1 MalOTh
BIJIITOBIHI OCBITHI 1 opuANYHI 0a3m Poraris mepcoHany AUIATBCS Ha
kitbka TumiB. [Ipu KiIbLEBi# poTalii mpaliBHUK 32 IEBHUH Mepioj] 4acy
MPOXOAUTH HU3KY IOCAll, a MOTIM 3HOBY ITOBEPTAETHCS HA CTApy MOCALY.
KinpueBa poraliis cnpuse yHiBepcanizaiii cmiBpobiTHuka. [Ipu 6e3mo-
BOPOTHiH porauii cniBpoOITHUK 3aJUIIAa€ThCA Ha HOBIM mocani, ae oro
JianpHICTh HalObm edexkruBHa [5]. Ilpu pokipoBuUi Ba MpaliBHUKa
OJTHOTO PiBHSI OOMIHIOIOTHCS MOCafaMu. POKIpOBKH MOXYTb MPOXOJUTH
3a 00paHOI0 CXEMOI0 1 TAKOXK CIIPUSAIOTH YHiBepcamizaiii. [1{o6 3mina npa-
IIBHUKIB BigOyBasacs 0e3 3aiiBUX MOTPSACIHB, MPAIiBHUK CIIOYATKY ITOBH-
HEH CTaBaTH MOMIYHMKOM YW 3aCTYITHHKOM. A Ticis ajanTaiii 3aiiMarn
nmocany kepiBHHKa. @OpMyBaHHS HOBHX B3a€MUH MIX CIiBpOOITHUKaAMH
KOMITaHii JTIO3BOJISFOTh MAaKCHMAaIIbHO pallioHaIi3yBaTH Oi3HEC-TIPOIECH,
301IBIITYBaTH 1HHOBAIIMHICTH 1 HOBOBBEJCHHS 3a PaxXyHOK KpeaTHB-
HOCTI KoMaHu. [lei mpuitoM TaBHO BUKOPUCTOBYETHCS MPH «MO3KOBOMY
IITypMi» IPY TPUHHSITTI PIlICHb, KOJIH CIPUSIIOTH €KCIIEPTH Pi3HOTO MPO-
¢imo 3HaHb. [lepeMilnieHHs ciBpOOITHUKIB Ha HOBI MicIisi 000B’I3KOBO
¢bikcy1oThCcs B WITATHOMY po3kiazi. [lpu npomy crniBpoOITHUK MOBUHEH
OyTH monepeKeHui Mpo nepeBe/eHHs 3a3aalneriib. B 0oCHOBY LUX Mpo-
rpaM 3aKJIaJaroTh aTeCTaliiiHI XapaKTepUCTUKH Ta 1HIII JaHi PO MpaliB-
HUKa. B X071 KibI1eBOi TOPU30HTANBHOIT POTAIlii HOTO NOINBHO 3adiKCy-
BaTH B HaOimbII eeKTUBHIN As mpamiBHUKa nocani. L{s nmocama Oyne
CTapTOBOIO /IS POTAIlii MO BEPTUKAIII.
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Poramis mo BepTukani Mae Ha yBasi i mimiom, i cmyck. [licms porarii
110 TOPU30HTAJI BHSBISETHCS CIAOKMil CHiBpOGITHHK. MOro CryckaroTh
Ha piBeHb HIDKYE, a HOro Miclle 3aiiMae TEePCICKTHBHUAN CITIBPOOITHHK 3
HWKHBOTO piBHsI. CIIBPOOITHUK caM BHPIIIIYE MiIHIMATHCS BUINE YU Hi. Ha
HOBOMY PIBHI BiH TaKo)X Oyjie 3/1HICHIOBATH TOPH30HTAIBHI POTAIlii, 3HAX0-
JUTH MEXI1 JUTa cebe 1 HalOUbI yeimay Himy. KpiM Toro cTBoproroThest
pesepBH i KoxHOiT ocaau [11; 15].

Tak ycyBaetbes edext [litepa B OropokpaTHuHiil cucTeMi yIpaBIiHHS.

SIkicTh KepiBHHKIB Ha BCIX PIBHAX iepapxii Oyde MOCTIHHO miIBUILY-
Batuch. Pyx kanpiB BimOyBaeThcsa MO eBotOLiiHIN cmipani ['ens. Topu-
30HTAJbHA POTALlS € CENCKINI€I0. KQJPH CTAIOTh 0araTo(yHKIiOHATbHUMHU
Kpare po3yMiloTh IiTi OpraHizallii. yIpaBliHChKY TiSUTBHICTH O CHHXPO-
Hizamil QyHKOiHA pi3HUX migpo3ninis. [Ipn Baamiit ropuzoHTansHOi poTamii
MPAIiBHUK MOXKE 3HAHTH CBOE MICIIE caM 1 MOBIJIOMHUTH KEpiBHHKAM, IO
BiH TOTOBHH JI0 MiJiioMy Ha cXoAwHKy Bropy [12; 13]. Poramii o ropu-
30HTAJIl MOXKYTh 3IIMCHIOBATHCS: 3 IHII[IATHBH aIMIHIHICTpaIlil OpraHizailii,
a poralii o BepTUKaIl — 3a 1HILIATHBOO MPAIliBHAKA YH KOJCKTHUBY, a00
aJMiHicTpaii. SIKIo MpaniBHUK HE 3MOXKEe BUIPABIATH OYiKyBaHHS KepiB-
HUKIB, TO BiH MOBEPTAETbCA HA KOJMIIHIA piBEeHb, Jie BiH Oyae yCHilIHO
npautoBat. BinOyBaeTscs Binxia Bij OopokparnyHux ineanis M. Bebepa.
3aMicTb BificTanoi iepapxii BiJ0yBaeThCsl TOPU30OHTAIBHA POTALlis BCIX PiB-
HIB yNpaBJIiHHSA, 3 NEPIOAUUHIMH MiAHOMaMH Ta CIIyCKaMH 110 BEPTHKAJI.
Lle#t mporec MOJKHA HAa3BaTH CHipanbHOIO poTanieto. OCKIIbKY B IPUHHATTI
pimeHs 1 BIOCKOHANIEHH] (DYHKINIH BUKOHABINB Pi3HUX MIAPO3/LIIB OepyTh
y4JacTh 1 KepiBHUKH i BUKOHABIII, a CHCTEMa YIIPaBIiHHS HaOyBa€ eNeMEHTH
camooprasizairii. YHiBepcamizallisi Crpus€e B3a€MO3aMiHHOCT1 YITPABIIiHIIIB
1 BUKOHABIIIB Ha 1TOCaIaX 1 ypaBIiHChKUX JAHKAX.

6. CucremHa i JiajieKTUYHA CYTHiCTH eHTPOMii
Y BUPOOHUYMX OpPraHi3aiisix
JlocnipkeHHs. HayKOBUX MPallb NPUCBAYEHUX EHTPOIIT HE Ja€ MOBHOTO
Ta OOIPYHTOBAHOT'O YITKOTO MOHATTS €HTPOIii 7151 eKOHOMIYHUX BUPOOHHU-
YUX CHCTEM, B TOMY uHcHi OyniBenpHUX opraHizauiil. EdextuBHa misib-
HICTh MiJIPUEMCTBA HEMOXKJIMBA 0€3 SKICHOTO Ta 3J1aro/KEHOTO MPOLECY
YIPaBIIiHHS FOCIOAPCHKOI0 AiSIBHOCTIO MiANpHeMCTB. Came ynpaBliHHS
MiAPUEMCTBOM, OpTaHi3aIli€l0 i3 CEpPEeAWHH TOJOBHUM UYHHOM (HOpMye
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HOro cTaH B pUHKOBOMY cepeoBHIL. EQeKTHBHICT yIpaBIiHCHKOT TisUTh-
HOCTI BHU3HAYA€ETHCS Yepe3 CTaH SHTPOMIl Ha MiANPHEMCTBI, TOOTO Yepe3
MIpy Xaocy siKa «ITaHy€e» B TaHIM CUCTEMI, 1 BIULTUBAE HA JIISUTBHICTD SIK CHC-
TEMH B [IJIOMY TaK 1 KOKHOTO ii migposainy [2; 6; 14].

B TexHiuHIA 1 €KOHOMIYHIH JiTeparypi HeMae €IMHOI IYMKH IOJ0
TpakTyBaHHsI ne(iHilii eHTpomii. B ¢BOiX HAyKOBHX JOCHIDKEHHSIX TaHY
npobieMy po3misipanu Taki BueHi: Kpsaes A. B., Maroxin B. B., Kiima-
HoB C. I'., [lopomienko M. €., [Tpuroxun A. 1., JIesia M. 1., Karutynos B. A.,
Arnom A. M., Srmom I. M., Iletepc €. €., [Ipanrumsiini I. B. He3paxaroun
Ha JOCTaTHbOI KIJIbKICTh BUEHHX, SIKI 3aiMalOThCS JAHUM MUTAHHAIM Ha
CBOTOJHI HE iCHYy€ 3arajJbHONPHHHATOTO BH3HA4YCHHS Ae(iHImI] «eHTpo-
Iis» 3 OpraHi3aniifHOl Ta eKOHOMIYHOI TOUKHU 30py. ToMy MmocTae mMUTaHHS
y BUBUCHHI IIi€i KaTeropii 3 METO MiIBUIIICHHS 1HBECTUIIITHOT IPHUBaOIH-
BOCTI JIOCKOHAJIOCTI IiIIPUEMCTBA.

3 mo3uii eHTpomii opraxizamii (MIMPUEMCTBY) IPUTAMaHHI HACTYIIHI
XapaKTePUCTUKH:

1) cucTeMa € AMHAMIYHOIO, CTOXaCTHYHOIO;

2) BHKOPHCTOBYIOYM IIEBHHI alTOPUTM YIPaBIIHHS, Kepyroda CTPYK-
Typa MojAa€ Ha BXOAU KEPOBAHOI MiJICUCTEMH BiJIMTOBIAHI yIPABIISIOYl CUT-
HaJIM, IPU LbOMY OyAb-SKUW yNpaBIiHCBKUN akT nepeadaydae BUOIp Kpa-
IIOT0 KePYIOUOTro BILUIMBY, TaK K METOIO YIPABIIHHSA € MOXKIIUBICTH BUOOPY
ONTUMAJIBHOTO PEXXUMY (DYHKIIOHYBaHHS 00’ €KTa yNPaBIiHHS;

3) kepoBaHa CHUCTEMa BHJA€ BUXIiJHI CUTHAIM B BHIVISII TOTOBOI MpoO-
JyKIii, iHHOBamil, EKOJIOTIYHOTO 3a0pYJHCHHS, CKOHOMIYHOTO e(eKTy,
COILIIaTBHOTO e(heKTY;

4) moBeJliHKa CHCTEMH B OyJIb-sIKHH MOMEHT 4acy iIMOBIPHICHUM YHHOM
BHU3HAYAETHCS BUXIIHUMHU CHTHAJIAMH, ii BHYTPIIIHIMHU IMOTICPETHIMHU CTa-
HaMH 1 B JJAHWHA MOMEHT Yacy, B CBOIO Uepry, 3MiHa BUXIJHHX CHTHAJIB
IMOBIPHICHUM YMHOM BHKJIMKA€THCS 3MIHOIO BXiJHHX CHI'HAJIB, a TaKOX
BHYTPIIIHIX CTAHIB CHCTEMH, 1[0 BiTHOCSTHCS 10 JAHOTO MOMEHTY 4acy;

5) pyX CHCTeMH BiIOYBAETHCS 3a JCSKOI TPACKTOPI€I0, KiHI[ECBA TOYKA
SIKOT HA3MBAETHCSL METOIO YIIPABITIHHSL.

EnTpornist BUHMKAe TOMY, 1[0 B IPHPOJIi HE iCHYe aOCOIOTHO 130JIb0Ba-
HOI CHCTEMH, TOMY MK CHCTEMaMH BifI0yBa€ThCsI MOCTiiHMIT Tporiec 0OMiHy
pecypcamu, eHeprieto, iHopmariero 1 T. a1 Lleit mpomec BinOyBaeThes 3a
paxyHOK TOTO, III0 BCE B MPUPOIi TIparHe A0 OajaHCy, ajie e MOMJIMBO MPH
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MOCTIHHOMY TIporieci po3mnamy. ToOTo 3 mo3uitii i3k MOKHA CKa3aTH, IO
BCI CHCTEMH, B TOMY YHCJII 1 colliayibHi (OpraHizaitisi, miImpHeEMCTBO) BOJIOII-
FOTh SIK CHTpOITiEI0 Tak | HereHTpormiero. 1le omHiEr0 XapaKTepUCTHKOKO ITijI-
MIPUEMCTBA 3 TIO3UIIIT TEPMOJMHAMIKH € TE 110 SHTPOIIisl BHHUKAE ITiJ] BILIH-
BOM KOHKYPEHIIIT 32 IH(pOPMAIIiF0, CHEPTit0, PECYPCH 1 IIMM TOSICHIOETHCS TE,
10 OJTHI MiIIPHEMCTBA HAOYyBAIOTh TIOCTYIIOBUX 3MiH IIIOAO BIIOPSIKYBAHHS
CBOET CHCTEMH, a 1HIII pO3MaJaloThCs 1 BUXOIATh 3 PUHKY. B cepemoBuii
(mignpueMcTBa) CUCTEMH BiAOYyBarOTHCS MPOLECH MEPETBOPEHHS Mif] BILIU-
BOM EHTPOMIi MiIIPHEMCTBA, a Ha BUXOAL MiIIPUEMCTBO OTPUMYE PE3YJIBTaT
Bifl CBO€T NiSUTBHOCTI, SIKUI BUpaXKaeThCsl B HAOOP1 MOKA3HUKIB, fKi 1 CKIaja-
IOTBCS B IHTETpaNbHy OLIHKY IHBECTUIIHHOT MpuBabauBocTi [5; 15].

Hactynuwmii npopuB y BuB4YeHHI eHTpomii 3ailicauB JI. bonbivan. Bin
BIIEpIIE BiMIHIIOB BiX PO3IISANY CHTPOMIi JHIIE SK TEPMOAMHAMIYHOTO
MMOKa3HUKA 1 B CBOEMY BU3HAUYCHHI HAIMCAB, 1110 CHTPOIIis 1Ie Mipa HAIIoro
HE3HAHHS TIPO CHCTEMY.

Pociiicekuii BueHnit A. H. Kommoropos B cBOili HayKOBi#t mpaii 3arpo-
MOHYBaB, IO INBUJKICTH BTparh iHGOpMAIll CHCTEMOI MPH3-BOAHUTH
JI0 XaOTHYHOCTI I[i€] CHUCTEMH 1 € TMOKAa3HUKOM eHTporii. ICHyIOTh pi3Hi
MiAXOAM /0 BHU3HAYEHHS MOHATTA eHTpomis. EHTpomito, sik Mipy HEBH-
3HaueHocti po3rsyianu E. X, Jliis, 1. B. [Ipanrumsini, H. T. Hi3oBkiHa,
C. 1. bymryes Ta iH. Tak, E. X. JIiiiB cTBepaxyBaB: “EHTpomnis ABjIsi€ cOO0I0
MOKA3HUK HEBU3HAUCHOCTI, Oe3/1aay, po3MaiTTs, Xaoca, HEPIBHOBAXKHOCTI
y cuctemi” [2; 6]. 3a cnoBamu 1. B. Ilpanrumsini: “KinekicHOrO Miporo
HEBU3HAYEHOCTI 3 NMPHUBOAY MailOyTHHOTO CTAaHy €KOHOMIUHOI CHCTEMH €
CHTPOIIisl, & BAMIPOM EHTPOIIi] HA3UBAETHCS KUTBKICTh JOCTYIHO] iH(pOopMa-
uii mpo cucremy”. H. I. Hi3oBKkiHa npuTpuMyBanach mosuiiii, mo: “Extpo-
Iisi — KUTBKICHAa Mipa HEBU3HAUYEHOCTI JESKOT CYKYITHOCTI XapaKTepPHCTHK
00’€eKTa, mo BUBYaeThes . A Ha tymMKy JI. C. Ycoa: “EHTpomnis — KiibKicHa
Mipa HeBH3HAYCHOCTI CHTYyallii”. EHTpoMito, Ik HeIOCTaTHICTh TH(pOopMaIIii
posmsinas JI. borpaman. A. H. KonMoropoB mpuTpuMyeTbest TyMKH, IIO:
“EHTpoIIis € OLIHKA MIBUAKOCTI BTpaTy iHPOpMaLii 1 MOXKe po3IIIsgaTUuCs
SIK Mipa «maM’sITi» cucTeMamMu, ado Mipa MIBUAKOCTI 3a0yBaHHs» MOYATKO-
BUX yMOB. TpeTiii miaxix — eHTpomisl, K Mipa HEBIOPSIKOBAHOCTI CUCTEMH.
B. @. IcnamyTtnuHoB [2; 6] BBaxaB, mo: “Byab-gki cucTeMu BONOMAIIOTH
OIHUM 3arajJbHUM ITOKa3HUKOM — PiBHEM EHTPOIIii, SKUi BigoOpaxkae CTaH
CUCTEMH 1 nuHaMiKy ii po3BuTKy. A 3a b. A. Paiiz6epr, JI. 111. Jlo30BChKHH,
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E. b. Crapony0bnesa (“Entpormis — BenmnunHa, 3BOPOTHA PIBHIO OpraHizamii
cuctemu”. A. I1. JleBuu e BBaxkas, 110: “EHTpoIIis — 11e BIIXWJICHHS CTaHY
BiJl lor0o OE3CTPYKTYpPHOTO aHaiora”.

I A. Kpacnos, B. B. Bunorpanos, A. A. KpacHoB MaroTh JyMKy, 110:
“Entporis — Mipa BHYTPIIlIHbOI HEBIOPSIKOBAHOCTI CHCTEMH. EHTpOIIis
301IBIIY€ETHCS TIPH XAOTHYHOMY PO3MOIALT 1H(POPMAIIHHUX pecypciB 1
3MEHIIYETbCS NIPHU 1X BIIOPSAIKYBaHHI .

Bci BuszHaueHHs eHTponii MOkHA KiIacu(iKyBaTH 3a TphOMa PyIaMu:
SHTPOMIsl K Mipa HEBU3HAUYEHOCTI; SIK HEIOCTATHICTb iH(OpMaliii; sK
Mipa HEBIOPSAAKOBAHOCTI cucTeMu. HalOinbInoi yBaru 3aciiyroBye rpymna
EHTpOTIS K Mipa HEBU3HAYCHOCTI», 00 dyepe3 HEBU3HAYCHICTH BinOyBa-
€THCSl HEBIOPSIKOBAHICTh CHCTEMH 1 HEAOCTATHICTH iH(opMarii mpo Hei,
10 HEraTUBHO BILIMBA€E HA JISUTBHICTh 1€l CHCTEMH, B JAHOMY BHIIQJIKY
mignpueMcTBa [6]. 3BiICH BUILIUBAE, IIO0: SHTPOIIS — 1€ MPOIEC 3MCH-
IIeHHsT 200 3pOCTaHHS HEBH3HAYCHOCTI CHCTEMM HACIHIJIKOM SIKOi € HEJ0-
OTPUMaHHS, Y¥ HaJMIpHA KUIBKICTH 1H(OpMAIli Mpo Hei BYCHI B OCHOB-
HOMY 30CEpeIKYBaIM yBary TiJIbKU Ha 1HG)OpPMAIIMHUAX Ta MarepialbHUX
pecypcax, 60 BOHU € OCHOBOIO BCi€i ISUTBHOCTI MiATIPUEMCTBA, aje HeoO0-
X1THO pO3mIsLaaT yci (akTopu: 4ac, TyXOBHI, IPUPOIHI, TIOICHKI, (piHaAH-
COBI pecypcH Ta iHII1 K IPUYUHU 3pOCTaHHS eHTPOIIii, 00 HEAOOTPUMAHHS
pecypciB MPU3BOIATH 1O NOPYIICHHS! B KEPIBHUX CHUTHANAX 1 B pecypcax,
B 3pOCTaHHI EHTPOIii, Xaocy i T. /1., PO3Maay eKOHOMIYHOI CUCTeMH. 3 1€l
no3uiii MOXXHa C(OPMYITIOBATH BHM3HAUCHHS I1HBCCTHLINHOI NpuBaOIH-
BOCTI Ta AIJIOBO{ TOCKOHAIOCTI — I TaKW{ CTaH OpraHi3amii mpu sKoMy
MATIPUEMCTBO Ma€ HaWOUIBITY BHOPSIKOBAHICT, Yepe3 sSKiCHE yIpaB-
JIHHS pecypcamu, 110 BeJIe /10 3MCHIICHHs SHTPOITIT 1 SIK HACIJIOK TapaH-
Ty€ BHCOKY BIPOTiIHICTH OTPHUMAaHHs OaXaHOTO €(EeKTy BiJl BKJIAJaHHS
pecypciB. OTxe, BAPOOHUYI, CKOHOMIYHI KaTeropii (IHBECTHIIIHA MPUBa-
OJTUBICTD, JIJIOBA JIOCKOHANICTh Ta CHTPOIIiS) 3aJeKarh BiJl ¢(heKTUBHOTO
VIPaBIiHHS BIaCHHUMHU PECypCcaMu, 4acoM, IIEPCOHATIOM, MAaITHHAMH i BKa-
3yI0Th Ha MOXJIMBOCTI JUIs iHBeCTOpiB. Tak, Ha YCHIIIHICTh OyAiBEeIbHOI,
€KOHOMIYHOI 1 1HIIUX BUAIB IISTIBHOCTI Ta A1JI0BOI JOCKOHAJIOCTI BILUIUBAE
CTaH EHTPOMIl MiIPHUEMCTBA, TOOTO Mipa Xaocy, MpU sIKil 3AIHCHIOEThCS
HOro OCHOBHA JISUTBHICTB Ta 30a1aHCOBaHICTh YCiX mpoueciB. UuMm MeHIa
eHTporis abo Xaoc YMM MEHIIIAa HeBU3HAYCHICTh MiIPHEMCTBA, OpraHizanii
THM BUINA OTO 1HBECTHUIIIHA MPUBAOIMBICTh Ta J1JIOBA JOCKOHAIICTH [6].
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3BUTPHEHHS €Heprii MmpM 3MEHIICHHI EHTPOIi] CTUMYIIOE TBOPUYHN
PO3BUTOK. 3Ba)KarOuM Ha BAXKJIMBICTh OIIIHKHM CHTPOIT MIPU BUMIPIOBaHHI
napaMeTpiB NpoIeciB, HEOOXITHO BpaXOBYBaTH ii MPH NMPUHHATTI yIIpaB-
JITHCHKUX, THBECTHIIMHUX 1 OyIb-SKHUX PIIICHb.

Po3BuBaroun naHe TBEpKCHHS MOXKHA MPHUITYCTUTH, IO YIIPABIiHHSI
SHTPOIIIEI0 MO3UTUBHO BILTMHE Ha €()EKTHBHICTH POOOTH Ta IIIIIOBY JTOCKO-
HaJicTh opranizaiii. [Toku 1o, 3 oSy Ha BIJICYTHICTh TPOCTUX, e(eK-
TUBHHX 1 TOJIOBHE OCTOBIPHHUX IHCTPYMCHTAJIIBHHUX METOAUK, CHTPOIIIO
OLIIHIOIOTh HEMPSIMAM EKCIICPTHUM IUIIXOM, [TOPIBHIOIOYH JOCITIKYBaHY
CUCTEMY YH 00 €KT 3 eTaJoHOM [06].

O0’ekTamMy capka3My BYCHHX IOKH IO € MasTHUKU, PAMOYKH, MOTCH-
miomerpu, E-MeTpu, TecTn, AETEKTOpH, MPOTE B CIICIiaTbHIX OpraHi3ariix
HE3BAKAIOUM Ha iXHiil OIS HayKOBHH CTaTyc, BOHH BCE )X BHKOPHCTOBY-
10Thes. [IprkinamiB qOCHTE 6araro ane MOKH HE 3’ SIBUTHCS MPHIIA]] 91 METO-
JIMKA JIOCTYITHA CIeIiaIiCTaM, YMHOBHUKAM, COJITHUM aKaJIeMiKaM, JTOBECTH
OCh Tak, sIK Kojuch KorepHiky, Meccinry uu Tecni B CBiif yac Oy/ie BaKKo.

7. EuTponmis i cunepreTruka

EnTpomnist — mipa HeBU3HaueHOCTI, Mipa xaocy [2; 3; 6]. ¥V 3anexHo-
CTi Bij| raTy31 3HaHHS, BUJJISIOTH 0€3114 BUIB €HTPOIIii: TepMOIMHAMIYHA
(entpomis bonbivmana), iHdopmariiina (entpomis llleHHOHA), KyIbTypHA
(entpomis I'i60ca), enrpomist Knaysiyca i 6araro inmux. Entponis bombi-
MaHa € Mipoto 0e3J1a Ty, XaOTHYHOCTI, OJHOPITHOCTI MOJICKYJISIPHUX CUCTEM.
@Di3uvHUN CeHC eHTPOIii 3’ICOBYEThCS TPU PO3INISIII MIKPOCTaHY pevo-
BuHH. JI. bonmbiMan OyB mepImM, XTO BCTAHOBHB 3B’ 30K €HTPOMII 3 iiMo-
BipHICTIO cTaHy. Y (opmysroBanHi M. [liianka TBepIKCHHS, 110 BUpaXKae
e 3B°5130K 1 Ha3BaHEe MPUHITUIIOM bobIiMana, IpeICTaBIsIETHCS IPOCTOIO
¢dopmyioro S = kB InW. Cam bonbiiMaH Hikonu He nucas 1€l hopmysu.
e 3po6us ILinank. ﬁOMy K HAJIE)KUTh BBEIEHHS nocTiiHo1 bonbimana kB.
Tepmin «npunnmn boabiimanay O0ye BBeaeHuid A. EifHinrerinoM. Tepmoan-
HaMmi4Ha UMOBIpHICTH cTaHy W a0o0 cTaTMCTHYHA Bara I[bOr0 CTaHy, — L€
YHUCIO CNOC00iB (UMCIO MIKPOCTaHy), 3a JOMOMOIOIO SIKMX MOXKHA peati-
3yBaTH JaHuil MakpocTtad. Enrpomis Kiaysiyca mpomnopuiiiHa KiJTbKOCTI
3B’s13aHOI €HEePrii, 1[0 3HAXOAUTHCS B CHCTEMI, SIKY HEMOXKHA MIEPETBOPUTH
Ha poOoty. Extpomis IlleHHOHa KiTBKICHO XapaKTepH3ye TOCTOBIPHICTH
nepenaHoro curHaity (iHgopmamnii) i BUKOPHCTOBYETHCS JUIS PO3PAXyHKY
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KimpkocTi iH(popmamii. JI. Cuimapa, po3missHYBIIM OAWH i3 CHPOIICHHX
BapiaHTIB MapaJiokcy MakcBeluia, 3BepHYB yBary Ha HEOOXiJIHICTh OTpH-
MaHHs 1H(QopMaIii mpo MOJEKYIH 1 BIJKPHB 3B’SI30K MK 1H(QOpMAIIiE
Ta TEPMOJAMHAMIYHUMHU XapaKTepHCcTHKaMH. Hamami pinieHHs mapaaokcy
Makcgeiia Oyio 3amporoHOBaHO OaratbMa aBTOpaMu. 3MICT BCIiX pillleHb
MOJIATA€ B HACTYITHOMY: 1H(OPMAIIiI0 HE MOYKHA OTPUMYBATH OC3KOIITOBHO
[2; 6]. 3a Hel OBOAUTHCA IIATUTH EHEPri€ro, B Pe3ysbTaTi Yoro eHTpo-
Iisl CUCTEMH MiJABHUILYETHCS Ha BEIMUMHY, IPUHAWMHI, piBHY 11 3HW)KEHHIO
3a paXyHOK oTpuMaHoi iHdopmarii. ¥V Teopii iHpopmanii eHTporis — 1e
Mipa BHYTPINIHBOT HEBMOPSAKOBAHOCTI iH(opMariiiHoi cuctemu. EHTpo-
mist 30UIBIIYETHCS TPU XaOTUYHOMY PO3MOILUI 1H(QOpMAIiHHUX pecyp-
CIB 1 3MCHIIYETHCS TPH iXHBOMY YMOPSAKYBaHHI. TyT JOpedHO 3ramaTtu
M. O. Kosupesa (Bpems kak ¢u3nueckoe sSBICHUE), JIe aBTOP CTBEPIKYE
PO B3a€EMOJIIIO Yacy i marepii (eHeprii 1 iHGopMarlii Tex), o HABOJAHUTH
Ha JYMKY TIPO 3B’S30K CTaHy CHUCTEMH 3 ii CHEPreTHKOK, MaTepiabHIUMH,
1HpOPMALIIHHUME 1 YaCOBUMH PECYpPCaMM Ta MPEJCTABICHHUX 1 KUIbKICHO
(hopMalibHO BUPAKEHUX CHTPOITIEO MPOIIECIB 1 CHHEPTi€0, B3aEMOJIIFOUHNX
CIIEMCHTIB Ta CHCTEM.

OcHOBHI TONIOXKEHHs Teopii iHdopmarii [2] B Tii dhopmi, Ky il HamaB
K. ennon. Indopmauis, sKky MicTUTh o1 (IpeaIMET, OpraHizailisi, CTaH)
Y npo noxaito (mpeaMeT, OpraHizaiito, cTan) X J0piBHIOE (BUKOPUCTOBYEMO
norapugm 3a ocHoBoto 2): I (x, y) = log (p (xX/y) / p(x), ae p(x) — iimMoBip-
HicTb mofii X 10 HacTaHHs Mo/l Y (Oe3yMOBHA IMOBIPHICTB); p (X/y) — iiMo-
BipHicTh noaii X 3a ymMoBH HacTaHHA mofii Y (yMoBHA HMOBipHicTb). [1in
X 1y 3BU9aifHO pO3YyMIIOTh CTUMYJI 1 PEaKIifo, BXi i BUXi, 3HAYCHHS TBOX
PI3HUX 3MIHHUX, [I[0 XapaKTEPU3YIOTh CTAaH CUCTEMH, MOIisl, TOB1IOMIICHHS
mpo Hei. Bemmunny [ (X) Ha3WBaIOTh BIACHOKO 1H()OPMAIII€r0, IO MICTHTHCS
y noxii X. Hampuritan: vam nosiommin (Y), 110 KOJIOHA CTOITh Ha KBa-
npatHomy Oynmaiinanuuky (8 psaais — A, b, B, T, JI, E, XK, 1 Ta 8 Biceii 1,
2,3,4,5,6,7,6)ynosuiii X = A-4. SIKII0 /10 NOBiIOMJICHHS HMOBIPHOCTI
nepeOyBaHHS KOJIOHH Y BCIX MO3MLIAX Oyl OIHAKOBI 1 piBHI p (X) = 1/64,
TO oTpuMana iHpopmauig ogHo I (x) =log (1/1/64) = log (64) = 6 6ir.

B sixocTi oguuuni iHdopmanii I npuiiMaroTs KinbKicTh iHGOpMaii B
JIOCTOBIPHOMY MOBIJJOMJICHHI NP0 MOJil0, amnpiopHa HMOBIPHICTH SIKOTO
nopiBHioe /2. L5 onuHUIS ofiepkaia Ha3By “0iT” (Big aHDilChKOTO binary
digits) SIkmo oTpuMmaHe MOBIZOMJICHHS Oyl0 HE IIJIKOM TOYHUM, HAIpH-
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KJIa 1, SIKIIO HaM TOBIJJOMWIIA, IO OpakoBaHy KOJIOHY BapTo A-ITyKaTH 4d
TO B mo3uiii A-3, yu To B no3uilii A-4 (rmomana Ha 00’ €KT HENPHIHSATOO
BTK B KOMITIEKT] 3 iHIIMMHU KOJIOHAMH 1 Oyiia BiJIOMO KOJIM 3MOHTOBAaHA).
Toni ymMoBHa MMOBIPHICTH 1i 3HaXO/UKEHHsS B mo3uiii X = A-4 IOpiBHIOE
BXKE HE oMHUIl, a p (X/y) = S. OtpumMana iHpopmailis Oyze J10piBHIOBATH
I (x,y)=1log ((1/2) / (1/64)) = 506it, ToOTO 3MEHIIUTLCSA HA 1 OIT B MOPIiB-
HSIHHI 3 MOMNEpEeHIM BUMAaIKoM. TaKUM YUHOM, B3a€MHa iH(GOpMAIlis THM
OijIbIIE, YUM BHILE TOYHICTH ITOBIIOMJICHHS, 1 B MEKaX HAONIKAETHCS 10
BiacHOi iHpopMmaii. EHTpomnito Mo)kHA BU3HAUUTH K Mipy HEBU3HAUCHOCTI
a00 AK Mipy pi3HOMaHITHOCTI MOXJIMBUX CTaHIB CUCTeMH. SIKIIIO cucTeMa
MOXe TepeOyBaTéH B OJHOMY 3 M PiBHONMOBIPHHX CTaHIB, TO CHTPOIMIs
H nopisatoe H = log 64 = 8 0it. SIkmio yacTiHa Oy MaiiiaH4MKa 3aifHATa
THIIMMHU KOHCTPYKIIISIMH 1 HEIOCTYTTHA JJISl OTVISILY YU 0OCTEXEHHS, TO Pi3-
HOMAaHITHICTh MOXJIMBUX CUTYAI[Iil YM CTAHIB 1 CHTPOIIisl 3MCHIITYFOThCS.

Takum YMHOM BHXOIUTb, III0 EHTPOTIisI CIY>KUTh MIPOKO CBOOOIN CHCTEMHU:
YKM OLIBIIIE Y CHCTEMH CTYTIEHIB CBOOOI, YAM MEHIIIEC HA Hel HaKIIaJIeHO 00Me-
JKEHb, TUM OLJIBIIIC 1 SHTPOITIS ccTeMu. [IpH 1IboMy HYJTBOBIH €HTpOITIT BiJIITO-
BijIa€ MOBHa iH(pOpMaITist (CTYITIHb HE3HAHHS TOPIBHIOE HYJTIO), 8 MAKCUMAJIBHOT
EHTPOIIii — MOBHE HE3HAHHS MIKPOCTaHy (CTYIiHb HE3HAHHS MaKCUMaJIbHa-0).
SIBuIIIe 3HIKEHHS EHTPOIIIT 32 PaXyHOK OTpUMaHHs iHpopMallii BiiOyBa€eThCs
3a IPUHLIUIIOM, C(OpMYIIEOBaHUM Y 1953 p. ameprkaHchkuM (izuxom Jleonom
BpronnieH i koneramy, o JOCIIHKYBaIM B3a€EMOIIEPETBOPEHHSI BUIB €HEpTil.
@DopMyITIOBaHHS IPUHIMUITY HACTyMHE: «[H(opMarlis € HeraTuBHUI BHECOK B
CHTPOMi0». [ [pHHINIT HOCUTH Ha3BY HETCHTPOMIHHOTO MPUHIIHITY iH(OopMaILii.
[NonsTrs HerenTpormii (Te X, 110 i HeraTUBHA EHTPOIIISt a00 CIHTPOTTIST) TAKOXK
3aCTOCOBY€ETHCS JI0 KUBHX CHUCTEM ([UISI BUPOOHMYHMX CHCTEM TaKOK), BOHA
O3Ha4Ya€e CHTPOITIIO, Ky JKHBa (COIliabHA, BUPOOHUYA) CHCTEMa CKCIIOPTYE,
00 3HU3WTH piBEeHb BIIacHOI enTporii [13; 17].

[TuTaHHS PO CTaBICHHS KHUTTS 0 JPYTOTO Hadala TePMOJHHAMIKH —
[le MUTAHHS PO Te, YU € XKHUTTS OCTPIBIIEM OIOpY ApyroMmy Hadaiy. EBo-
JIOLISL KUTTSA HA 3eMJIl IPOXOAUTH BiJ MPOCTOrO 0 CKJIAaJHOTO, a Apyre
HayaJo TePMOJIMHAMIKHI MPOPOKYE 3BOPOTHUHN LUISX €BOJIIOLIT — BiJ] CKIIa/1-
HOTO JI0 MPOCTOro. 3a3HadeHe MPOTUPIYUs MOSICHIOETHCS B PAMKaX TEPMO-
JUHAMIKH HEe3BOPOTHUX IporieciB. JXKuBuii opranism (BupoOHHUA cucTEMa,
OpraHisailis) sK BiIKpUTa TEPMOAMHAMIYHA CHCTEMa CIIO)KMBA€ SHTPOMil
MEHIIe, Hi’K BUKU/IA€ ii B HABKOJMIITHE cepeoBuIne. Bemmunna enrpomnii B
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Xap4YoBUX MPOMYKTaX YU pecypcax sl BUPOOHHUOI CHCTEMH MEHIIE, HiXK
y BUpOOJIFOBaHIN MPOAYKIIIi Y MPOIYKTAaX BHIICHHS )KUBOTO OPTaHi3MYy.
[HITIIME cTTOBaMM, KUBUI OpraHi3M iCHY€E 332 paxyHOK TOTO, II[0 MAa€ 3MOTY
BUKHHYTH CHTPOIIiI0, [0 BUPOOISIETHCS B HHOMY BHACIIIOK HE3BOPOTHHX
MPOIIECiB, B HABKOJIHUIIHE cepenoBuiie [6; 16].

Tak, ICKpaBUM MPHKIIAJIOM € YITOPSAIKOBAHICTb O10JI0TIYHOT OpraHizartii
JIIOJICBKOTO TiJ1a. 3HM)KEHHS €HTPOIIii PY BUHUKHEHH] Takoi 010JI0T14HO1
oprasizatii 3 JerkicTi0O KOMIEHCY€EThCSl TPUBIAIbHUMU (PI3UYHUMM 1 XiMid-
HUMH TiporiecamMu. HaykoBuil MOTEHIIIAN SHTPOIIT 1aIeko He BUUYCPIIaHUI
BKE ICHYIOUUMH JIOAATKaMU. Y TePCIeKTHBI MPOHUKHEHHS CHTPOII] B HOBY
rayry3b HayKH — CHHEPIETHKY, SIKa 3aiiMa€eThCsl BABYUCHHSM 3aKOHOMIpPHOCTEH
YTBOPEHHS 1 pO3Maay MPOCTOPOBO-9AaCOBUX CTPYKTYp B CHCTEMax pi3HOL
npupoau: (i3NIHUX, XIMIYHUX, O10JIOTIYHIX, EKOHOMIYHHX, COI[IaIbHAX i
BUPOOHHYUX 30KpeMa OymiBeJIbHHX CHCTEMax 3acTOCYBaHHS Ha MPAKTHUIl
B OYJIBHUIITBI IIi MiJXOAM HE OCMHCIIICHO 1 HE OCBOEHO, B YCAKOMY pasi
3PYYHUX JJIsI KOPHCTYBaHHS METOANK UM MOJIEIICH HeEMae.

8. leneTwuHmii miaXia 10 po3BUTKY

Opranizaniiina reHeTHKa — Cy4acHUI MeTOoJ] BUBUEHHS 1 MPOEKTYBaHHS
OpraHi3aliifHuX CHCTEM, JI€ CIiJIbHa CHHEepPreTHYHAa AisUTbHICTD Jitoaei (op-
Mye€ CTilKi Tpaauilii, mporpaMu JisUIbHOCTI OpraHi3aliii He3MiHHUX B 4aci,
K1 MepelaloThCsl 3 MOKOMIHHS B TIOKOJIIHHS 1 IX MOXKHA Ha3BaTH TEHOMOM
opranizamii [10; 11; 15].

Jlroncbka cHigbHOTA — IIe HE IPOCTO CYKYITHICTB JIFONEH, a SK €IuHHUN
KUBHUI OpraHi3M, 10 BOJIOJIE€ BCiMa HOTO O3HAKAMH — IeHAMH, TEHOMOM,
TCHOTUIIOM, (EHOTHUIOM, (YHKIIIOHAILHUMH CKIQJIOBUMH OpraHi3my,
eTaraMu Horo po3BUTKY. Lle BIIHOCUTBCS 1 IO OpraHi3aiiid pi3HOTO THITY,
c¢(hopMOBaHUX 3 METOK BUKOHAHHSI PI3HUX POOIT, B TOMY YHCII JJIs BUPOO-
HUITBa ToBapiB i mocnuyr [13; 14]. Y HayKoBiil JiTepaTypi 3raayroThCcs
TaKi CIIOBOCIONYYCHHS, SIK: «T€HOM IiIIPUEMCTBAY», KTCHOM OpraHi3aIlii»,
«TEHOM CYCIIJIBCTBAY», «COLMOTEHETUYHHI MiIXiT» 10 TOCIiIKEHHs opra-
HizauiiHOi KynbTypu. [loTeHuian comianbHOI TeHETHKH, SIK 00JacTi mpo-
TPECUBHOTO 1 aKTYaJIbHOTO 3HAHHS, SIK HAyKOBOI CUCTEMH, IO PO3ILIMPIOE
METOJI0JIOTiYHI TOPHU30HTH COLIO0IOTIT, 0OTPyHTOBAaHMHN Y IPAISIX MPOBLIHNX
BueHUX ®. I'yisp, . Kemri, A. 1. Cy6etro, 0. B. fIkoBens. Coriorenerika
SBJISIE COOOI0 CHHTE3 HAyKOBHX 3HaHb, sikuil E. ['nnenc ta I1. A. Copokin
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BH3HAYIIIN, SIK BUIIUH piBeHb HAayKoBOi TBOpYOCTi, a B. 1. Bepraaceknii,
E. H. KusizeBa, H. JI. Konnpatee, A. 1. TIpurokuH peanizyBaiud B CBOIX
mpamsx [11; 12]. Ha commoreHeTHYHMA MiAXIJ B MPOIECI JOCITIIKSHHS
OpraHi3amiiHOl KYJIBTYpPH KOMITaHIA CITUPAETHCS 1 JTOKTOP COIIOJIOTTYHHX
Hayk Lllanosanosa 1. C. (besropoackkuii qepykaBHUIA HAIOHATBHUEA JTOCITI-
HULIBKUI yHiIBepcHUTeT). BOHA CTBEpIKYE, 1110 COLIOreHETHKA JO3BOJISIE CTBO-
pIOBaTH HOBI COLiaJIbHI MOJIEINI 1 TEXHOJIOT1i BUBUEHHS Ta YIPABIiHHS COL-
aNnbHUMHU pecypcamu opranizauii [10]. Kanauaar ekoHOMIYHUX HAyK, JOLEHT
HogikoB O. B. (Cankt-IletepOyp3bkuil nep:kaBHUM MOPCHKMIT TEXHIYHUIM
YHIBEPCUTET) PO3IIAAAE EBOMIOLIMHY TEOPil0 EKOHOMIKH 1 TEOpi0 T'€HHOI
IHKeHepil BUpOOHUYHX CHCTEM i 3a3HAUaE, 110 CydacHa TEOpisi eKOHOMITHOT
€BOJIIOLIIT BUXOJUTH 3 ICHYBaHHS B OpraHi3allisix JCIKAX aHAJIOTiB Oi0yoriy-
HOTO TEHOMa, TaK 3BaHUX «OpraHi3allifHUX PYTHH», IO € 3arajlbHUMH Ipa-
BUJIAMU TIOBEIHKK OpraHizaiii. BiH Takok BBakae, 10 TCHOM OpraHizailii
€ (DyHIaMEHTAIBHOI OJIMHUIICIO X Bifdopy [2; 10]. A goKTOp MEAMYHUX 1
¢binocopcrkux Hayk, ipodecop Acrad’eB b. A. cTBepIDKYE, IO «HAWBAKITH-
BIIIIOKO TIOJTI€F0 B PO3BUTKY HAIIOT MJIAHETAPHOT IIMBLII3AIli 1 TOYATKY HOBOT
eMOXH CTAJO BIAKPUTTSA ['eHOMa CBITY 1 EBOMIONIHHKUX alnropuTMiB CBITY, a
TaKOXK BEJIMKOTO KOMIUIEKCY 3araibHUX 3aKoHiB cBiTYy» [11].

3rajani Ta psiji IHIIUX AHAJOTIYHUX TBEP/DKCHb JIAIOTh IMIACTaBYy JIJIs
3MiHM ySBJIEHb TPO CTBOPEHHS YCHIIIHUX OpraHisauiil i MmifBHINEHHI iX
€(eKTUBHOCTI, JI03BOJISAIOTH O 1HIIOMY OCMUCIIMTH METO/IM BIOCKOHAJICHHS,
110 3aCTOCOBYIOTHCSI HA TPAKTHIL, 1, 1O TIEBHOI MipH, BUKOPHCTOBYBATU IS
«BUPOLITYBAHHS» YCHIITHUX OpraHizamiil «oiomoriuni miaxomm» [10; 11].

Oco0nmuBuii iHTEpEC MPEICTABISAIOTH, IEPII 32 BCE, TaKi MOHSTTS, K TeH
1 reHoM (CYKYTHICTh TeHIB 200, CYKYITHICTh CIaJKOBOTO MaTepiaiy, yKia-
JICHOTO B KIIITHHI OpTraHi3My), TOMY, III0 caMe BiH MICTHTh BCIO iHpopMa-
1iF0, HEOOX1IHY JIUIsl ITOOY/TOBH 1 MIITPUMKH OpTraHi3my. B sSIKOCTI «KITITHHY
MOXYTbh OyTH PO3IVISIHYTI: JUIs OpraHi3alii — 1 CiBpOOITHUKH, a JUIs Jiep-
JKaBU — HOTO opraHizariii.

9. Monei i KoHIenmii T0CKOHAJIOCTI
SIK TeHH KOPNOPATHUBHOI KYJIBTYPH
KomruiekcHe nocmiKeHHs YCHIIIHUX OpraHi3aiiil 3 MeTo BUALICHHS
(hyHIaMEHTaIbHUX KOHIEMIH 1X JOCKOHAJIOCTI Jy)Ke Ba)KJIMBa 1 IliHHA
iH(OpMAIis IS TiIBUIICHHS 3arajbHOI KyJIbTYpH BUpoOHHUITRa [§; 12; 15].
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VY CKOHIICHTPOBaHOMY BUIIISIII, SIK B TEHAX, TYT KOAYIOThCS Hal3arajibHEH1
BiJIOMOCTI TIPO OpraHi3aiiifHy (KOpIopaTHBHY, A1JIOBY) KyIBTYpY, IHIIHMHU
CIIOBaMH — «JIyXOBHHI CBIT» YCIINTHUX opraHizaiiii [14; 15].

BukopucTaHHsS KOHIICTIIIH J03BOJIIE COTHSM THCSIU OpraHizaiii Ha
BCIH IJIaHETI Kpallle 3p03yMiTH 3aKOHH YCIIIIHOCTI, C(OPMYBaTH BiAMOBII-
HUH TM KOJIEKC MOBEIIHKH 1 Ha I[ii OCHOBI MIBUIIE, e(DEKTUBHIIIC 1 HATIH-
Hillle BIOCKOHAMOBATUCS. [IpH IIbOMY MiBUIIYETHCS X ILTOBA KYJIBTypa,
KOHKYPEHTOCIIPOMOXKHICTh, JOCATAlOTbCS BUCOKI KIHLEBI pe3yJbTaTH,
3aJIOBOJIBHSIOTHCS 3allikaBJeHi cTOpoHU. KoHuemniii J0CKOHAJoCTi, IO
BiZOOpakaroTh Oprasizaiiiiny KyasTypy y Bepcii EFQM (€Bponeiicskoro
($OHIy YIpaBIiHHS SKICTIO) — «3aKOHOAABIIS MO/I» B YACTHHI JIOCKOHAIHUX
oprasizamiii Ha eBporneiicbkoMy KOHTHHEHTI [8; 15].

JlocsrHeHHs 30a7TaHCOBAHMX pPE3yJbTarTiB). byab-ska misuibHICTE 200
iHiI[laTMBa opraHizaiii Moke OyTH BHCOKO OIliHEHA, TUIbKH SIKIIO BOHA
3a0e3nedye NOCATHEHHS 3alUTaHOBAHHWX PE3YyNbTaTiB, a MOCATHEHHS IIHX
PE3yNBTaTiB, B CBOIO YepTy, CIIpHsIE peaitizalii Micii i 0aueHHs. JlockoHaa
OpraHizailisi BMi€ OI[IHIOBaTH BCi HANPSIMKH CBOET JISUTBHOCTI, CITPOCKTY-
BaBIIIM JUIS I[LOTO €IUHY CHCTEMY MOKAa3HHKIB JisTILHOCTI — BiJ I100ab-
HUX TOKa3HUKIB peanizaiii micii, 0 onepariiHuX MOKa3HUKIB HAa HIDKHIX
PiBHSIX ynpaBiiHHS. BaxkyinBo, mo0 11i TOKa3HUKU CTABUJIUCS HE TLTBKU 10
(hiHAHCOBUX ACMEKTIB AiSIBHOCTI 200 33 JOBOJICHOCTI CIIOKMBAUiB, a J03BO-
JISUTH OLIIHUTH JiSUTBHICTD OPraHi3alii 3 TOUKH 30py BCiX 3alliKaBIEHUX CTO-
pin, 30amancyBaru ix motpedu i ouikyBaHHs [15; 17].

JlomaBaHHs LIHHOCTI JUIS CIIOKHMBadiB YCHIIIHI OpraHi3aiii aKTHBHO
IIYKaIOTh MOJKJIMBOCTI 3aIPOTIIOHYBATH CIIOKUBAYaM HOBI IIHHOCTI, IKi 103~
BOJIATH BUKOHATH a00 MEPEeBEPIINTH iX O4iKyBaHHA. [IJIs IIbOTO BOHU TIpar-
HYTb TIIMOOKOTO 3pO3YMITH CBOIX CIIOXKHMBaUiB, iX IIIHHOCTI, Mpii, IpoOIeMH,
MIPOIIECH, CUCTEMHO 30UparOTh BIAMOBIMHY 1H(OPMAIIIIO TPO CIIOKUBAYIB.
Ha migcraBi 3i0paHoi iH(popMaIil A0CKOHATIOpraHizamii NpUIyMYOTh 1
CTBOPIOIOTH HOBI MPOIO3HMIIIi JUTs CIIOKUBAYIB, B TOMY YHCIIi — IHHOBAIIiHI.
s mistipHICTh OLMbII e()eKTUBHA, KOJIU CIIOXKHBadl OEpyTh ydacTh B Hil,
aKTUBHO JUIATHCS CBOEIO iH(oOpMariiero Ta igesmu. Oprasizailis MOBHHHA
3a0e3MeYnTH EMOLIHHY PUXUIBHICTb CIIOKHBAYIB, 11100 BOHU OYITH 3alliKaB-
JICH] B IOBFTOCTPOKOBOMY PO3BHUTKY OpraHi3alil i MATPUMYBAJH il B IIbOMY.

VrpaBniHHA yepe3 OaueHHsI, HATXHEHHS 1 YECHICTh JIJACpH YCHIIIHUX
oprasizamiif MaloTh OadeHHs MaiOyTHHOTO OpraHi3allii, JOCUThH SICKpaBe i
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qiTKe, 00 HAAWXHYTH BECh NIEPCOHAN HAa TBOPUY pPOOOTY IO HOTO IOCAT-
HeHHIo. [Ipy 1npoMy y JIiJiepiB Ha BCIX PIBHSX YIPABIiHHS € MEXaHI3MH,
MMOBHOBA)XEHHS 1 pecypcH, 1100 iHIIIIOBATH Ta peai3oBYBaTH iHIIIATHBH,
CIPSIMOBAHI Ha JTOCSTHEHHSI Takoro OadeHHs. TakoX BHU3HAYCHI I[IHHOCTI
1 IPUHIIMITY, B SIKI OpraHi3allis BIpUTh 1 SKHX BOHA JTOTPUMYETHCS Y CBOTH
JisuTbHOCTI. Jlilepy BCiX PiBHIB HE TUIBKH OCOOMCTO JIOTPUMYIOThHCS 1X, a
W JEeMOHCTPYIOTh II¢ IHIIOMY MEpCOHATY, OyAy4d Ui HOTO HPUKIAIOM
MOBEIIHKY, BiJITIOBIJIHOTO BU3HAHUM I[IHHOCTSIM [15].

VYnpaBiiHHS 4epe3 MpoLecH.

JlockoHama opraHizarisi po3IIsIa€ BCIO CBOIO PETYISIPHY JisSUIbHICTh
SIK CTPYKTYPOBaHY CHCTEMY B3a€MOIIOB’sI3aHUX MPOIECIB 1 yIPABIISIE HEIO
SK IporecamMu. B mepury uepry 1e o3Havae, o mops 10K BUKOHAHHS KOXK-
HOI JiSUTBHOCTI NMPOEKTYETHCSI B paMKaX HACKPI3HUX MIXK(YHKIIOHAIb-
HUX MPOIIECIB 1 3MIHCHIOETHCS MOCTIHHUN MOHITOPUHT €(PEKTUBHOCTI ITHX
MIPOIIECiB, a TAKOXK MONTYK MOKIIMBOCTEH JUIS iX BIOCKOHAJICHHS Ta Iepe-
MPOEKTYBaHHS.

JlocsrHeHHs ycrixy uepes Jroneit [15].

Kpaii opranizarii po3misiialoTh CIIBPOOITHUKIB HE SK pecypc, a sK
piBHOMpaBHUX NapTHEPiB B yAOCKOHAJEHHI JisUIbHOCTI. BOHM mparHyThb
30aaHCyBaTH 3aJI0BOJICHHS LIl opranizamii i 0coOMCTUX 1iJIel KOKHOTO
ciBpobiTHUKA. Lle o3Havae yBary 10 0coOMCTHX LiJeH, HiHHOCTeH 1 Mpiit
CHiBPOOITHUKIB, IX CHCTEMHE OOTOBOPEHHS, TOTOBHICTh 1HANBIAyallizyBaTu
CHCTEMy MOTHBAIlii, PO3BUTKY Ta OLIHIOBaHHS MEPCOHATY. Y TOI e Jac
OpTraHi3anis CTBOPIOE YMOBH, B IKHX KO)KCH CITIBPOOITHUK MOXE PO3BHBATH
1 BUKOPHCTOBYBATH BECh CBilf MOTEHIIiaN, CBOI TamaHTH i1 3miOHOCTI. s
LOTO CIIBPOOITHUKM OTPUMYIOTh HEOOXIJHI TIOBHOBa)KEHHSI, PECYPCH,
CEpEIOBHIIE, MOKIUBOCTI TSI PO3BUTKY.

BuporyBaHHs TBOPYOCTI Ta iIHHOBAIIIH.

JlockoHani oprasizaiii aKTHBHO IIYKAOTh 1 MPHIYMYIOTh MOXIIUBOCTI
JUTSL BIOCKOHAJICHHST CBO€EI IISUTBHOCTI, B TOMY YHCII — IJISl IPOPUBHOTO
IHHOBAIIfHOTO BIOCKOHAJCHHs. Bce B opranizarii (IisIbHICTB, MPOIIEC,
MPOIYKT, MOCIYra) MEpiOMYHO aHANI3YEThCS: «YM MOXKHA 3pOOUTH IIe
kpatie». [Ipu 1boMy BUKOPHCTOBYIOThCSA TBOPUI 3[10HOCTI CIiBpOOITHHUKIB
Ta IHIINX 3alIKaBJICHUX CTOPiH. ICHye crcTeMa poOOTH 3 TBOPUUMH iAEAMH
a00 MOXIIMBOCTSIMHU /ISl BIOCKOHAJICHHS, CIIPSIMOBAHa Ha T¢, 00 BOHU HE
Oynu 3a0yTi a00 BTpaveHi, a YCIIITHO peaji30ByBaINCS.

327



328

Volodymyr Savenko, Serhii Palchyk

IToGynoBa mapTHepChKHX BimHOCHH. Kpamii opranizamii He 0oOMexy-
IOTh BIOCKOHAJIICHHS IisUTGHOCTI CBOIMH IOPHIMYHMMH MEKaMH, a Ipar-
HYTb TIOKpAIyBaTh Bci (DaKTOpH, 10 BIUTUBAIOTH HA BIOCSATHEHHS 1X MicCii 1
OaveHHsI. BOHM aKTHBHO IIYKAIOTh 1 3aTy4a0Th TAPTHEPIB (NIOCTaYaIbHUKIB,
JTUIIEPIB, OCBITHI Ta HAYKOBI YCTAaHOBH, 'POMAJICHKI opraHizamii i T. 1.), sKi
TOTOBI CITIJIBHO 3 HUMH OpaTH y4acTh B I[bOMY TOJMIMIIIeHHI. BoHH po3ymiOTh
HACKpI3Hi nporiecu (opMyBaHHSI IIHHOCTEH, 110 OXOIUTIOIOTH KijlbKa OpraHi-
3aliif, 1 mparHyTh CHiILHO ONTUMI3yBaTH 11l HACKPI3HI NPOLIECH, BAKOPUCTO-
BYIOUM JJISI I[bOTO 3HAHHSA 1 PecypcH BCix cTopiH. Taka chiipHA AiSUTBHICTD
TPYHTYETBHCSI HA YECHOCTI, MPO30POCTi Ta B3aeMHiii nmosasi [18; 19].

[TpuiiHATTS BiNOBIJAIBHOCTI 3a cTaje yCIilIHe MailOyTHE TOCKOHAIa
Opraizailis mparte 3a0e3neYnTH CTAINH PO3BUTOK B IOBTOCTPOKOBIH Tep-
crexTuBi. Bona He poOHTS Miif, sIKi MOXYTh HETATUBHO BIUTMHYTH Ha TaKUH
PO3BUTOK, HaBITh SIKIIO IIi JTii JO3BOJIIOTH JOCATTH KPAIIUX KOPOTKOCTPO-
KOBHX Pe3yJbTaTiB. 30KpeMa, OpraHizallis po3yMie, 110 JOTPUMaHHS eTHY-
HUX TIPaBIJI 1 HOPM € BOKJIUBUM (PAKTOPOM CTaJIOTO PO3BHUTKY. KiTroqoBoI0
YMOBOI CTajJiOro MalOyTHBOTO OpraHizaiii € cTiiike MailOyTHE CyCIiib-
CTBa, B SIKOMY I OpraHizaiis mpaioe. Oprasizaiiisi po3ymie CBiil BIUTHB
Ha CYCIIBCTBO, SIK MO3UTHBHE, TaK 1 HeraTHBHE. BoHA mparHe BIUTHBATH
Ha CYCIUIBCTBO TAKHUM YHHOM, 11100 POOUTH BHECOK B HOTO CTaJMii IIporpe-
CUBHHI PO3BHUTOK.

KoHuenmii 70ckoHANIOCTI, 1O CYTi CBOIH, € COLIaTbHO-OPIEHTOBAHUMH.
I e mpupoaHO, TOMY, 1110 B yMOBAaX HACHUYCHOTO PUHKY YCHIIIHUMH MOTJIH
CTaTW TUIBKM Ti OpraHizaiii, SKi 3aCTOCOBYBAJM IMiIXOJX 1 METOIM, IIO
3a0e3mednny M JIOSIIBHUX CIIOKHMBAdiB, MEPCOHAIN, CYCHUIBCTBO Ta iHIII
3aIliKaBJICHI CTOPOHU. BUX0/1s9M 3 1IbOT0, KOYKHA OpraHi3ailis, 0 MOoKJaia
B OCHOBY CBOT'O PO3BUTKY KOHIIEHIIIT JJOCKOHAJIOCTI, KPOK 32 KPOKOM TIiJI-
BHIIY€ TaKOX PIBEHb CBOEI COIIATBHOT BIAMOBIAAIBLHOCTI 3 ypaxyBaHHSIM
IHTEpPECIB yCiX 3aI[iKaBICHUX CTOPIH.

JlI IpaKTHYHOTO 3aCTOCYBAaHHS KOHICTIIH 3 METOIO BIOCKOHAJICHHS
BUKOPUCTOBYIOTbCSl ~ CHELiajibHI 1HCTPYMEHTH: MOJAel JOCKOHAJIOCTI
(Mozeni iaeanbHUX Oprasizauiii), jorika RADAR, a Takox mikana, piBHi i
CXOZIN IOCKOHAJIOCTI.

Mogeini JOCKOHAJIOCTI. Y CBITI HAHOUIBII BiJOM1 7 OCHOBHUX MOJEIEH:
aBcTpamiiichka, 10epo-aMepHKaHChKa, iHAIMCBKA, ciHramypcbka, CLIA,
AMOHCHKA Ta eBporneiicbka (Moxens EFQM). Ix xoopaunaris saiiicHroeThes
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B pamkax Pagn GEM (Global Excellence Model). [TopiBHSIHHS KOHKpETHOT
OpraHizailii 3 MOAEIUTIO JTO3BOJISIE BU3HAYMTH 11 CHIIBHI 1 CJIa0Ki CTOPOHU
(obmacti s ynockoHaneHHs ). OTpuMaHHS 1 aHasi3 iHGOpMAITii Tpo Kparry
CBITOBY Ta BITUM3HSIHY JIJIOBY MPAKTHYy JTO3BOJISIE OpraHi3alii po3poOnuTn
KOHKPETHY IUICCIPSIMOBaHy iHHOBALliHY IpOrpamy BIOCKOHAJCHHS Ha
neBHui miepion. Ilicist BUKOHAHHS 3aXOJIiB MPOTrpaMy OpraHi3allisi 3HOBY
OLIIHIOETHCS, TOOTO MOPIBHIOETHCS 3 MOAEIUIIO. | 3HOBY: CHJIBHI Ta ciadki
CTOPOHM — 3HaHHs — nporpama [16; 20]... Butok 3a BUTKOM, 110 cHiipali, Bce
BHUIIIE 1 BUIIIE.

10. BucHoBkn

1. be3 4iTKOro yCBiJJOMJIGHHSI CTOXaCTHYHOCTI 1 1€papXidHOrO Xapak-
Tepy iCHyBaHHS 1 B3a€MOJii COmiaTbHUX BUPOOHUYNX CHCTEM HEMOKIMBO
MIPOBOIUTH PEATHHX JOCTOBIPHUX MAKCUMAIIbHO HAOIIKEHHUX JI0 PeaibHO-
CT1 pO3paxyHKIB 1 31iIHCHEHHS ()aKTOPHOTO MOHITOPHHTY 1 aHAI3Yy.

2. Tinbku HaykoBi iH(OpMAIliHI MPOrpaMu 1 KOMIT FOTEPHI INBH/I-
KOJIIFOUl TEXHIYHI 3acO0W TiJ KEPIBHHITBOM BHCOKOIHTEJICKTYyaJbHUX 1
IYXOBHUX JIOAEH MOKYTh OXOIUTH BHUMIPIOBaHHSIMH BEIUYE3HY KUTBKOCTI
rapameTpiB 3HAYYIIUX NPOIECIB, OIIHUTHY IXHIil BIUTMB Ha KiHIIEBUH 3aruia-
HOBAaHUU pe3ynbTaT, HA MOHITOPUHT YCiX MPOLECIB 1 IXHE PEryiIrOBaHHS.
ToOTO apceHan iIHCTPYMEHTIB TOBUHEH OyTH OUIBIIMM, HiXK KiJIBKICTh ITiJI-
KOHTPOJIBHUX MPOLECIB i CUCTEM.

3. Ha eranmax po3BUTKY CHUCTEM 1 OpraHizaiiii BHILE TEICOHOMIYHOTO
PIiBHS TUTBKH HayKa 1 HAYKOBI MiJXOAHM, a HE OIOPOKpaTHYHA CHCTeMa (sIKa
MO0 CyTI CTae TOPMO30M MPOTPEeCy BUPOOHHYUX CHII 1 BIJIHOCHH), MOXE
3a0e3IeuyBaTd peallbHUM CTalMil PO3BHTOK COIIaJbHUX HAYKOMICTKHX
BUPOOHHYHUX CHUCTEM.

4. YnockoHaJCHHS MiAMPUEMCTB 1 OpraHi3allii 3 BAKOPHCTAHHSIM TeHe-
THYHOTO IMiJIXOJY MOXE 3HAYHO MiJBHUIIMTH €()EKTUBHICTH 1 KOHKYPEHTO-
CIPOMOJKHICTh, SIK CAMHX MIJAMPHEMCTB, TaK i €KOHOMIKH B Iitomy. st
peanizariii Takoro IMiJXoay HeoOXiTHO 3aTPaTUTH OLjIbIIE 1 Yacy, 1 pecypciB.
AJle X i IpH MPOEKTYBaHHI aBTOMATH30BAaHUX CHCTEM YIIPABIiHHS BUTpA-
YaeThCs 3HAYHO OLNbIIIe Yacy 1 pecypciB, HixK MPH BIPOBAPKEHHI CTaHap-
TiB Ha I[IJIbOBI CUCTEMHU MEHeKMEHTY. O/IHaK 11e He CTaJI0 PUBOJOM ISt
CKacyBaHHs aBTOMATH3aIlil MpoIleciB ynpasiiHHA. B manumil gac BpoBaa-
JKCHHSI CTAaHAAPTIB HA CHCTEMH MEHE/DKMEHTY 0€3 HaJIeKHOI IHCTUTYIHHOT
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MiATPUMKH HE MPHHECIIO MOMITHOTO MO3UTHBHOTO e(eKTy Ha piBHI Jiep-
’KaBH — II¢ IIMPOKO BiOMHHI (DakT. AJie 5K TaK CTaJIOCh TOMY, IO JIepKaBa
UM HE 3aiiMalach, a 3aliMayia TO3HUIIII0 HE3alIKaBICHOIO CIIOCTepiraya.
A B OKpeMHX Oprasizallisix CHOCTEpiraBcsi 3HAYHHU MPOTpec, 3BUYANHO
Tam, [I¢ UM IHCTPYMEHTOM 3MOIJIM CKOPHCTATUCh. TOMY, Taka MpaKTHKa
BIOCKOHAJICHHS HE € JOCTaTHHO €(EKTHBHOIO 1 cama MmoTpedye BIOCKOHA-
JICHHS 1 PO3BUTKY 3a CIIPUAHHS 3 OOKY JepiKaBH.

5. I1o6 edekTHBHO 3aCTOCOBYBAaTH HAYyKOMICTKI 1HHOBAlLilHI TEXHOJOTIi
KEpiBHUKU 1 IepcoHas MOBUHHI MaTU BiAOBI/IHI 3A10HOCTI, OCBITY, KBaliika-
1Iif0, MiJIFOTOBKY 1 IOCBiJI, a U1l 00’ aKTHBHOI OIIHKY KaJIpiB Ma€ JisATH HeyTie-
PEmKCHNH, He3ICKHUI AP KaBHUM MEXaHI3M ITiITOTOBKH 1 BiTOOPY KaJpiB.
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Abstract. In the last decades, we have witnessed the development of
soliton theory. This theory had a significant impact on both physics and
mathematics. It provided rich material for models of classical field theory.
Among these models there are well-known and important applications
of equation such as the Korteweg-de Vries equation, the sine-Gordon
equation, and others have proven to be well known. The soliton theory
is the fusion of the classical theory of linear differential operators, the
theory of Lie algebras, elements of geometry, algebra and the theory of
derived categories. The theory of derived categories was the starting point
for the development of F-theory, superstring theory, and D-brane theory, a
modern version of The Theory of Everything. The paper is devoted to the
theoretical researches for high-energy soliton objects of type of D-branes.
D-brane theory is characterized by a very rich mathematical apparatus,
the components of which are category theory, K-theory and homological
algebra, which give information about the spectra, masses, decays of
D-branes. For the further studying of D-branes their energetic spectra and
phase transitions between different soliton states are calculated. By means
of package INSTANTON BPS, states are calculated. For investigation of
space of modules of Calabi-Yau manifold —the base of D-brane fiber bundle
and for calculation the number of generations of quarks and leptons, the
Nakamura’s algorithm is applied for calculation the Hilbert scheme for
orbifold model. By means of Clifford’s algebra, the topological invariant
of D-branes — K-functor is calculated, and the decay of D3-brane into
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D5-brane and D5-antibrane is studied. The theory of derived categories
is applied for investigation of D-brane stability. One of the axioms of the
theory of derived categories — the axiom of an octahedron is applied to
D-brane treatment of pentaquarks and for investigation the decay of a
proton. Within the theory of extra dimensions, microscopic black holes in
the deconfinement phase in the framework of AdS/CFT correspondence
are considered and found matter content. Experimental observation
of high-energy solitonic objects of the D-brane type requires not only
a sophisticated and modern mathematical apparatus, but also super
expensive and highly efficient experimental complexes. There are many
such accelerators, but the Large Hadron Collider is the most promising
and effective. The discovery of the Higgs boson is the greatest triumph
of experiments at the LHC. However, supersymmetry has been proposed
for the solutions of the hierarchy problem. Superstring theory is applied
to construct the Minimal Supersymmetric Standard Model. The mass
spectrum, partial widths and production cross sections of superpartners
are calculated. This approach gives concise predictions for superpartner
searches at the LHC. The study of extended Higgs boson sector is made
and within Two-Higgs-doublet model the masses, decay widths and
production cross sections are calculated. The reconstruction of the LHC
at larger energies will make it possible to verify existing predictions of the
observables and adjust theoretical models.

1. Introduction

Novelty and actuality of theme. The development of high energy
physics is now associated with both a powerful theoretical apparatus — the
theory of D-branes and superstring, and the ability to test the most recent
theoretical predictions in the experiment. Although virtually all of the
experimental data observed on the high-energy accelerators are in good
agreement with the predictions of the Standard Model (SM), many factors
indicate the closeness of the energy scale, at which new physics beyond
the SM should manifest. The searches for Kaluza-Klein (KK) particles of
gauge bosons, microscopic black holes (MBHs), superpartners, and other
exotics in experiments at the Large Hadron Collider (LHC) are aimed
at discovering new physics beyond the SM. The increasing accuracy of
experimental measurements of observed quantities in modern high energy
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physics requires the improvement of the theoretical description of relevant
physical phenomena, which is the main purpose of the work.

The work is devoted to the development and application of D-brane
and superstring theory methods to describe BPS states, spaces of extra
dimensions, KK partners of gravitons and bosons, superparticles, and the
extended Higgs boson sector, the searches for which are realized in modern
high energy physics experiments.

The only theory of fundamental interactions is the F-theory, which
establishes a one-to-one correspondence between the singularities of the
toric varieties and the matter content, which is searched for at the LHC.
Typical examples of toric varieties are the Calabi-Yau threefolds, for
which the gauge and multiplet content are calculated. The phase transitions
between different threefolds give information about the decay and fusion
reactions of the particles, which are carried out at high energies. This is very
relevant in the light of the search for new physics at the LHC. The use of a
mathematical apparatus — homotopy groups, cohomology groups, K-theory
for calculating topological invariants of high-energy solitonic objects —
D-brane, is analogous to the solution of quantum-mechanical equations
for finding observable and states. These calculations are a mathematical
envelope of those physical phenomena at high energies, the mechanism of
which has not yet been established, and where the application of analytical
methods to calculate the observed phenomena is an impossible task because
of the deep nonlinearity of the processes. Therefore, within the framework
of algebraic geometry and theory of derived category, it is important to be
able to give preliminary theoretical and computer calculations of topological
invariants to characterize solitonic states and to study their transitions to
other states, to study the multiplet content of particles, and to understand the
strategy of further searches for new physics.

The paper uses the theory of derived category to calculate the physical
characteristics of the elementary particles observed in the experiment.
Theory of derived category is a mathematical apparatus of superstring
theory. Aspinwall’s work on the application of category theory to D-branes is
a fundamental work in the further application of the mathematical apparatus
of derived category theory to the study of stability of D-branes [1]. In high
energy physics, we work with ten dimensional space-time R*' x X , where
R*' is a four-dimensional space-time and X is a space of extra dimensions,
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which, in particular, can be a Calabi-Yau space, an orbifold, etc. We focus
our attention on this space and study it in various aspects.

Carrying out mass calculations for KK partners of gravitons and vector
bosons within the model of extra dimensions is an urgent task due to the
active search for heavy gauge bosons at the CMS and ATLAS (LHC)
installations. Experimental search for supersymmetry (SUSY) signal at the
LHC within the framework of CMS collaboration at energy Vs = 13 TeV in
proton-proton collisions is important both for the development of methods
of experimental search for supersymmetry on CMS and for further search
of superparticles at energy Vs = 14 TeV.

The main purpose of the paper is to study the properties of high-energy
solitonic objects such as D-brane and superstrings. The subject of the study
is the oscillatory modes of superstrings, i.e., superparticles, the extended
Higgs boson sector, the KK partners of gravitons and gauge bosons,
microscopic black holes, the purposeful search of which is performed at
the LHC. Since the properties of such objects depend on the properties of
the space of extra dimensions, the task of the paper is to study the features
of such space.

2. Research methods

The following methods are used in the paper: toric geometry; algebraic
geometry; Nakamura algorithm; K-theory; derived category theory;
computer programs INSTANTON, SOFTSUSY, SDECAY, PYTHIA,
PROSPINO, HIGLU, SusHi.

String theory appeared as an attempt to describe the strong nuclear
force in 1960. The idea of strings was proposed to explain the structure and
scattering of m-mesons at high energies, which were represented as one-
dimensional strings. Later in 1970, equations of this theory with interactions
through strings were proposed by Nambu, Nielsen, Susskind. In 1974, in the
framework of string theory the unification of all four fundamental forces and
elementary particles was proposed. The incorporation of a supersymmetric
group into Neveu-Ramond-Schwarz string model leads Wess and Zumino
to the idea of space-time supersymmetry in 1974, the consequence of
which was ‘Superstring Revolution’. There are five superstring theories:
type I with SO(32) gauge symmetry, type IIA and IIB with closed strings
and no gauge symmetry, heterotic theory with SO(32) gauge symmetry



Chapter «Physical and Mathematical sciences»

and heterotic theory with F; x E; gauge symmetry. ‘Second Superstring
Revolution’ in 1995 was proposed by Witten introduced dualities, which
unified all five 10-dimensional superstring theories into 11-dimensional
M-theory. M-theory led to the concept of D-branes.

The ideology of D-brane theory is connected with the development of
the theory of solitons from the equations of Korteweg-de Vries, sine-Gordon
to monopoles and instantons. The new solitonic objects that appeared in the
1970s are the result of superstring theory. Such an interpretation of elementary
particles avoided the problems of renormalization of quantum field theory.
Incorporation into the theory of open strings led to the introduction of
multidimensional objects — Dp-branes (p — dimension of measurements), on
which open strings with Dirichlet boundary conditions are attached. They are
solitonic objects in multidimensional space-time and have great application
in high energy physics. For D-brane as solitonic object (X), the space-time
variety M is endowed with a certain structure. For the main bundle over M

X
e
M

with structural group G as a gauge group, it is possible to construct a
vector bundle, which plays an important role not only for the calculations
of topological invariants, but also for the study of transitions between
D-branes. The basis of the bundle or the space of extra dimensions M may
be the space Calabi-Yau, orbifolds and other varieties. The paper is devoted
to the study of the properties of Calabi-Yau manifolds, orbifolds, which
give information about the physical properties of solitonic states of type of
D-brane. For example, Bogomolny-Prasad-Sommerfeld (BPS) states were
calculated by Klem, Mair, and Waffa [2] only for threefolds, but fourfolds,
which are important in F-theory, were not considered. These manifolds were
presented in our paper. The calculation of topological invariants of D-brane
with the help of K-theory [3] was proposed by Witten, Olsen, and Szabo
[4]. So, the spectra of type IIB and IIA superstrings as the products of the
decay of a microscopic black hole calculated using the K (5°) functor and
Clifford algebras was actual and considered in the paper. These calculations
are important in the aspect of finding of microscopic black hole at high
energies at the LHC.

337



338

Tetiana Obikhod

In 2000, Douglas [5] and Aspinwall [6] constructed the theory of
D-branes in terms of derived categories. It is widely used not only for
theoretical constructs, but also to calculate the observables. For example,
the theory of triangulated categories is applied for the interpretation of the
masses of pentaquarks, for the elucidation of proton stability, and to study
the stability of solitonic objects at high energies.

The F-theory, which combines four types of interactions at high energies
is now being tested at the LHC. Particles such as microscopic black holes,
KK partners of gravitons and gauge bosons are the subject of search at
the ATLAS and CMS experimental facilities at the LHC. Within the
framework of AdS/CFT correspondence, the paper presents the searches
for a microscopic black hole in deconfinement phase. The matter content
described by the Conformal Field Theory (CFT) which is holographically
dual to the space of anti-de-Sitter (AdS) is obtained.

The transition of the F-theory to the supersymmetric theory at energies
of 10% GeV allows us to consider the MSSM model. The search for
superparticles, as a confirmation of the theory of SUSY, is being actively
pursued at the LHC.

The discovery of the Higgs boson in 2012 [7; 8] was the most important
event in physics in recent years. Now, at the LHC the properties of this
particle are studied. Although it is confirmed that it belongs to the SM, but
some of its properties are uncertain. MSSM theory predicts the existence of
an extended Higgs boson sector. Within the framework of this theory, we
calculated the properties of the SM-like Higgs boson.

3. F-theory and properties of Calabi-Yau manifolds and orbifolds

F-theory as theory of all particles and interactions generalizes superstring
theory and called The Theory of Everything (TOE). Modern physics requires
that the TOE combine four known fundamental interactions: gravitational
interaction, electromagnetic interaction, strong nuclear force, weak nuclear
force.

The first step towards this was to combine electromagnetic and weak
interactions in the theory of electroweak interaction, created in 1967 by
Stephen Weinberg, Sheldon Glashow, and Abdus Salam. In 1973, the theory
of strong interaction was proposed. Currently, the main candidate for TOE
is the F-theory, which operates with more than the observed 3+1 space-time
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dimensions. The impetus for this has been the Kaluza-Klein theory, which
allows the integration of general theory of relativity and electromagnetic
theory by introducing an extra dimension.

The F-theory is a twelve-dimensional theory that is defined at
energies of the order of 10" GeV. The compactification of the F-theory
to the space of extra dimensions leads to a our four-dimensional space
with certain characteristics of solitonic states in vacuum. Therefore, to
study the supersymmetry defined in four-dimensional space, we consider
the compactification of the F-theory on Calabi-Yau manifolds with
certain properties. The large number of Calabi-Yau manifolds leads to
a large number of new models being implemented in the low-energy
approximation. Therefore, one of the main tasks of the physicists is to
select from a satisfactory set of spaces Calabi — Yau such set that would
give the most adequate justification of the number and content of all known
particles. The physical characteristics of topological solitonic states,
which are realized as elementary particles in a low-energy approximation,
are determined by studying the features of the Calabi-Yau manifolds using
algebraic geometry [9].

Our aim is to calculate the spectra of BPS states in F-theory on elliptically
fibered fourfolds using the computer program INSTANTON.

Let us consider the Donagi-Grassi-Witten Model. The spectrum of BPS
states is presented in Table 1 for the model P'x S, where P' — the one-
dimensional projective space, S — the del Pezzo surface.

The sequences, 1 - 252*, 2 - 5130%, 3 - 54760%*, (marked with an asterisk
in Table 1) are new and physically interesting because they indicate the
presence of additional states.

We also considered elliptically fibered fourfold over P'-fibration
P(0, ® O, (f; + f,)) on the base B = (Pl)2 , where f; and f; are the layers of
two projections from B in P' and elliptically fibered fourfold over P' x F ,
where F, is the Hirzebruch surface. In these two cases sequences

1-252,2-5130, 3 - 54760, ...,
-2:9252,-3 - 673760, -4 - 20534040, ...,
3 - 848628, 4 - 115243155, 5 - 6499779552, ...

are new and interesting from a physical point of view as they indicate
the presence of additional states.
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Table 1
Instantaneous numbers (degeneracy rates of BPS states) for the model P! x.§
1300 1301 My 1300 My 1303 1304 Myi30s
1 252 5130 54760 419895 2587788
27 sequences
M 1301 Myos01 My3301 M50l Mys301
1-252% 2 -5130%* 3 -54760% 4 -419895% 5-2587788*
27 sequences
Ny030.1 Ny 1301 Ny3001 Ny3301 Ny4301 Nys3001
1 252 5130 54760 419895 2587788
513 sequences
Ds03.01 051301 Ds55.01 Ds5330.1 Ds430.1 Ds55.01
1 252 5130 54760 419895 2587788
702 sequences
D630 D613.0.1 D630 N6330.1 N6430.1 Dgs30.1
1 252 5130 54760 419895 2587788

189 sequences

The study of D-branes on orbifolds is connected with the space of the
orbifold modules C* / Z,, n=3. It is constructed using the iNakamura
algorithm. An example is Nakamura’s algorithm for a model 5(1, L1) is

presented by the McKay quiver parked with tripods in Figure 1 and Figure 2.

Figure 1. McKay quiver Figure 2. A monomial
for the model %(1,1,1) representation of the McKay
quiver for the model %(l, 1,1)
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3.0.0 Hilbert’s scheme for the model
%(1,1,1) is presented in Figure 3.

Thus, the presentation of the Hilbert
scheme as a toric variety of fans and
the splitting of the fans into cones has
a deep physical meaning. For example,

in the case of a model %(1, L1), knowing
the number of vertices of the Hilbert
scheme and the number of cones, we
03 have information on the fundamental
representation of the group SU(3). The
Figure 3. The Hilbert scheme number of generations of quarks and

of the model %(1,1,1) leptons characterized by this group is
equal to three.

0.3,0

4. D-brane properties and high energy physics
The section is devoted to the study of D-brane properties. D-branes
as solitonic objects are characterized by topological invariants of the
type of homotopy groups or cohomology groups [10]. At high energies,
instead of the analytical approach, it is advisable to switch to the fibered
spaces for calculations of topological invariants, which are analogues of
the observables in quantum physics. We deal with the computation of

Table 2
Cliffford algebras and groups K (S*)
C. | K(s)
1 cacC 0
2 c z
3l coeca | o
) 7
S| C@eCH) 0
6 C(8) Z
7| C@8)®C(8) 0
8 C(16) Z
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topological charges of D-branes using the K-theory. To consider the decay
of the D-branes the Clifford algebra together with the Grotendick group K
is applied. This group describes the topological charges of a topological
soliton of D-brane type presented in Table 2.

The spectrum has been calculated by applying the spectral sequence of
Ati-Hirzebruch. The decay of the D3-brane corresponds to the nesting of
K-groups

K(5°) > K(s*) @ K(S*)
which signals about the existence of a decay

D3 — D5+ D5S.
The consideration of the triangulated category and octahedron diagram
F E F E

e N
B me G

PN /
C

] A C ]

<
w

A

where distinguished triangles are marked by .
Since quarks, leptons, and X-bosons are solitonic excitations in a proton,
we plot an octahedron

d d d d
1 e AN
lll\ u / [ .\ e+/o
[ ] [1]
X / g \ u X m \ u

From the consideration of the experimental data on masses of u-quark
and d-quark [11] we conclude that the proton decay is impossible.

5. The study of the properties of Kaluza-Klein modes
Another solutions to the problem of the hierarchy are models with extra
dimensions: Arkani-Hamed-Dimopoulos-Dvali (ADD) [12] and Randall-



Chapter «Physical and Mathematical sciences»

Sundrum (RS) [13]. One of the characteristic features of the models with
extra dimensions is the existence of the Kaluza-Klein (KK) mode. Their
identification is one of the leading tasks of the LHC. It is assumed that during
the collision of 14 TeV particles, a short-lived fireball or a microscopic
black hole (mbh) is formed in the center of mass energy system, which
decays into a jets of new particles — KK— partners.

We have considered the microscopic black hole in the deconfinement
phase in the framework of AdS/CFT correspondence. The matter content,
described by holographically dual to the AdS space Young-Mills theory, has
the following form

31 3 .1,+
D(1,0,016), +D[§,§,0|4l +D[§,O,§|4l £ D(2,1,01), + D(2,0.1]1),,

D(4,1,1]1) +D(7 p, |Zj +D[z,1,1|4] +1)(3,1 1|15j +D(3,1,0]6), +
0 2 2 2 2 1 2

272 22
+D(3,0.18) +D[z,1,0|4j +D[z,o,1|1] +D §,1,0|20j +D(§,o,1|ﬁj .
I S VI A A VA , 272 ),
+D(2,0,0120), + D(3,0,0(10), + D(3,0,0/10) + D(4,0,011), + D(4,0,0[1),.

and is described by both exotic KK partners and well-known 15-plet
of vector mesons D(3,%,% | ISJ and 20-plet of baryons D(%,%,O | 20J ,
1

2
which emphasizes the correct choice of theory to predict the spectrum of

particles, purposeful searches for which are carried out at the LHC.

6. Searches for superparticles

The search for new physics at the LHC is intended to discover
superpartners of quarks and leptons provided by MSSM model. As SUSY
model is the part of unified theory of fundamental interactions, we must
build MSSM model by using theories of D-branes and superstrings. The
theory of D-branes and superstrings is based on the mathematical apparatus
of the theory of derived categories. In this approach, D-branes are described
by quivers, and superstrings are described by Ext groups. The objects of
derived category are quivers, and morphisms are the Ext-groups that describe
the superstrings. Ext-group calculations make it possible to calculate the
particle content of the MSSM model, which, in addition to the known
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particles, contains superpartners and extended be
sector of Higgs bosons. Computer algorithms
allows us to calculate the mass spectrum of
superpartners and Higgs bosons, as well as the )
partial widths and production cross sections

of the superparticles. These predictions are
very promising because they are related to the Ext F(Q, Q')
search for new physics beyond the SM and can

be tested on the CMS and ATLAS detectors. .

The quivers and morphisms are presented in %
Figure 4.
Substitution of orbifold charges
a=b=c=a'=b'=c'=4 S L
in groups o Figure 4.
Ext’(Q,Q) = C* e, The representation of
Ext'(Q,Q') = (33 D-branes by quivers and

together with the use of the Langlands superstrings by arrows

hypothesis [14], gives the realization of the
space of superstring modules in terms of SU(5) multiplets:

3% (2445, + 5, +5, + 5, +10, +10x) .

With this result, we can construct a gauge invariant superpotential of the

MSSM model
Wi = 15 Sy x 5 x 10G) + 0.1, -5, x10) < 105) + -5, < 5, .

The use of this superpotential, together with the five parameters
on which it depends, makes it possible to calculate the masses of
superparticles, the widths of decays, the production cross sections of the
superparticles, the histograms of the mass distribution of superparticles.
An example of calculating the partial widths of superpartners for gluino
is shown in Table 3.

The histogram of the mass distribution of superparticles, calculated with
the corresponding five parameters

my =20 GeV, m, =440 GeV', A, =-25 GeV,

tanB=15, sgn(p)=+1
is presented in Figure 5.
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Partial widths of superpartners for gluino

channel BR channel BR
g |da 0.023 ¢’ 0.025
d,d 0.023| &.c 0.025
dpd’ 0.046 | Cac 0.044
dyd 0.046 | Cxe 0.044
au 0.025| bb 0.074
au 0.025| b'b 0.074
' 0.044 | bb 0.050
T 0.044 | byb 0.050
5,5 0.023 | &t 0.099
5,5 0.023| 't 0.099
Ses” 0.046
Sps 0.046
=
7] - . <0 ¥
O 9—=4qr —q x5 — 44T
o
T o120+
2 Mean 97313
€ RMS  26.98
|.u Entries 3210
5|
L X
90 - X
N X
X
31X
XX
XX
XX
L XX
L X (X
60 [ o
r X|[x
XX
XX
X[X]
_Ix[x
XXX
_|x|x|x]
L 31X XX
30 [~ Ml
r X[ |x|x
L X[ R X X
TR X X
KX XXX
FIEIE R B Bt
Gik .. [T rEkﬁI-IT Xla X
700 800 900 1000
mg (GeV)

Table 3

Figure 5. The histogram of the mass distribution of gluino g
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7. The study of the Higgs boson properties within MSSM model

After the discovery of the Higgs boson in 2012, in the physics of
elementary particles began a comprehensive study of its properties. The
main goal is to study the properties of this particle, its deviation from the
predictions of SM. The detection of physics beyond the SM connected with
many scenarios which include a SM-like Higgs boson as part of an extended
sector of scalar particles. In any case, searches for new Higgs bosons are
connected with the measurements of the properties of the new particles of
an extended sector.

With the help of SOFTSUSY, SDECAY, HIGLU computer programs,
within the experimentally selected set of MSSM model parameters, masses,
decay widths and production cross sections of the lightest Higgs boson of
MCCM model were calculated. It is shown that the mass at a certain set of
parameters coincides with the mass of the experimentally open Higgs boson

(Table 4).

Table 4
The mass spectrum of two Higgs bosons M,, M, of MSSM model
m, m,, tan § A, M, M,
800 650 10 0 116 118
800 650 50 0 117 620
800 650 50 50 117 618
800 650 50 300 117 609
800 1500 10 0 120.9 205.5
800 2000 10 0 122.2 258.8
800 2500 10 0 123.1 311.8
2000 2500 10 0 123.2 356.5
2000 3000 50 0 124.2 212.1
3000 3000 30 0 124.7 385.7
3000 3000 25 0 124.8 407.7

One of the models of beyond the SM physics is the two-Higgs doublet
(2HDM) model [15]. This model provides a solution to the hierarchy problem
and predicts five Higgs bosons: two neutral CP-even Higgs bosons, h and
H, one neutral CP-odd Higgs, A and two charged Higgs bosons, H*. There
are many experimental data connected with searches for extended sector
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of Higgs bosons, one of which is the resonant Higgs boson production via
the process pp — H — hh — bbtt, where H is the CP-even Higgs boson of
unknown mass, Figure 6.

27" (13 TeV)
1t b e +bb T, ;
ined channels

10

L] —_— | S—|
e F —— Observed Cls

95% CL limit on ofpp — H} % BR {H = hh — bbrt) [pb]

++u-+ Expected ClLs
B Expected + 1o
+esse Expected + 2a
10_2 5 1 | g L. 1 i
300 400 500 600 700 800 900
my, [GeV]

Figure 6. The upper limit on o(pp - H)x BR(H — hh — bbrr)
as the function of m, , [16].
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Figure 7. o(pp — H)x BR(H — hh — bbtt) for the gluon-gluon fusion
(ggo ) and b-associated production process (bb¢)
at a center-of-mass energy of 14 TeV at the LHC
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Using the computer program  SusHi, we  calculated
o(pp - H)x BR(H — hh — bbtt) for the gluon-gluon fusion ( ggo ) and
b-associated production process ( bbo ) at a centre-of-mass energy of 14 TeV
and tan B = 2 in the mass range M,; = 300 — 1000 GeV, Figure 7.

Production via gluon-gluon fusion and b-associated production process
and found the predominance of the ( ggo ) process for small values of tanp .

8. Conclusions

The paper is devoted to the study of the properties of D-branes and to the
searches for new physics beyond the SM at the LHC. Since the properties
of the D-brane are determined by the properties of the space of extra
dimensions, which carries information about particles that are formed at
high energies, the following work has been done to study this space using
various mathematical methods:

— the instanton numbers for the three models of Calabi-Yau fourfolds are
calculated and found new sequences of BPS states;

— Nakamura’s algorithm applied to calculate Gilbert’s scheme for
orbifold C*/ Z,, which is associated with the procedure of blowing up of
singularity. With module space represented in the form of a Gilbert scheme,
a set of particles is associated;

— using the K-theory has made it possible to perform the calculations of
Grotendick K-group by means of Clifford algebras do predict the decay of
D3-brane into D5— and D5 -branes;

—1n the framework of the theory of derived category using the triangulated
categories it has been possible to calculate masses of pentaquarks and to
elucidate the proton stability conditions;

— microscopic black holes in the deconfinement phase in the framework
of AdS/CFT correspondence are considered. The matter content described
by the supersymmetric Young-Mills theory is obtained;

— within the supersymmetric MSSM model using computer programs
the following observables the following parameters are calculated: masses,
widths of decays, production cross sections, histograms of mass distribution
of superparticles;

— within 2HDM model the production of cross sections on branching
fraction, o(pp - H)x BR(H — hh — bbtt) at 14 TeV with the help of a
computer program SusHi have been calculated.
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