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ENERGY EFFICIENT RECONSTRUCTION OF BETHANY SHELTER CENTER
BUILDING IN MALACKY, SLOVAKIA

Mykola Savytskyi', Dr. Sc. (Tech.), Prof., Maryna Bordun', Postgrad. Stud.,
Oksana Zinkevychl, PhD, Assoc. Prof., Andrii Zinkevychz, PhD, Assoc. Prof.
! State Higher Education Institution
“Prydniprovska State Academy of Civil Engineering and Architecture”,
? Dnipro National University of Railway Transport named after academician V. Lazaryan

Problem statement. According to the European directive of energy efficiency of buildings
[1] all new buildings from December 31, 2020 must meet the standard of a building with zero
energy consumption or be “positive”, all existing buildings must be thermally modernized to
meet modern requirements.

Scientists and students of SHEE PSACEA took part in cross-training of the design of
buildings and structures on the principles of sustainable development in the framework of the
International Project InStep Project "International Sustainable Engineering Practices", which was
supported by the Visegrad Foundation. One of the tasks to be solved was to increase the comfort
of staying in the Shelter Center for women with children in Malacky (Slovakia).

Centers of social help for families and children are social service institutions directed to
provide social, household, medical, psychological or legal assistance to families, children and
individuals. The building of Shelter-Center is quite old and does not meet modern requirements
in the field of energy efficiency, in the center there is no in-patient station for the provision of
qualified medical care, there is no program for the rehabilitation of the shelter residents, there are
no playgrounds for children and landscaping around the center.

Purpose of the study. To propose measures for improving the energy efficiency of the
building and to improve the quality of the internal environment of a social institution for women
with children in Malacky (Slovakia). The paper proposes a number of measures aimed to the
energy efficiency of the building by insulating the external enclosing structures and reducing the
energy consumption of the building. The next step was the design of a greenhouse combined
with the building of the Center, which will partially solve the issue of psychological
rehabilitation and leisure for residents of the center by growing, caring for and contemplating
various plants [2].

Main results. To analyze the state of the building, a visual inspection of the building of the
Shelter Center was performed. The building of the Center is one-storey with dimensions in terms
of 42.38 x 12.53 m, height 4.85 m, attached to the end of a multi-storey residential building. The
composition of external walls is profiled sheet + brick + interior plaster, total width is 330 mm,
total area is 469,3 mz, the heat transmission coefficient is U = 1,78 W/mzK, significantly exceeds
the standard value. 90 % of windows are plastic and have a two-chamber profile, but have a high
coefficient of thermal conductivity. The rest (10 %) are old windows with aluminum profiles.
The total area of windows and doors is 62,08 mz, U = 2.0 W/m’K. Roof construction of building
is presented of flat roll roofing, the total area is 4944 m2, U = 0,6 W/m’K. The heat
transmission coefficient of floors is U = 0,27 W/m?K.

Heat losses were calculated through the building envelopes every month during the heating
period after the methodology [2]. The climatic condition data and calculated temperatures were
taken according to [3].

The results of calculation show that the greatest heat losses occur through external walls —
60 %.
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Fig. 1. Heat losses through Center s building envelope during the heating period, kWh, %

To reduce heat loss through the building envelope we proposed to do measures for the
thermal insulation protection of the external building envelope and to attach the greenhouse on
the southern and eastern side of the building [4].

Fig. 2. Greenhouse attached to the Center s building from the southern and easten side

The part of the enclosing structures of the Center building, which do not contact with the
greenhouse, is proposed to be insulated with the use of ventilated systems, where basalt wool
slabs are used as a heat-insulating layer. It is necessary to replace window filling with modern
energy-efficient structures for reducing heat losses through translucent openings. For the
construction of greenhouses in the center of Bethany, we propose to use a frame made of light
steel thin-walled structures. As a material of translucent coating in the greenhouse we use
cellular polycarbonate, 16 mm thickness.

Heat losses were calculated monthly for the heating period, as well as monthly solar heat
gains were calculated every month for Center’s building.

According to the results of the calculations, it was found that the annual heat inputs
significantly exceed the annual heat losses of the building. But at the same time, due to the
climatic conditions, heat inputs are unevenly distributed throughout the year.
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Fig. 3. Annual heat losses and heat inputs through the translucent structures
of the attached greenhouse

Therefore, for the operation of the greenhouse all year around, it is necessary to provide
additional sources of heating during the coldest period or means of external protection of
translucent structures from overcooling (external louvers). Additional sources of heating can be
proposed heat accumulators: daily allowances for the autumn-spring transitional periods, and
seasonal for the coldest winter months.

Conclusion. The erecting of a greenhouse, combined with the building of the Center, has a
multifunctional value for increasing the comfort and quality of stay in the Center. The design of
the greenhouse can serve as an additional heating source during the cold period, and solar energy
stored in the greenhouse can be used as an additional source for heating the building. Also, the
greenhouse design serves as a transitional thermal zone between the exterior and interior space.

On the social and domestic side, building a greenhouse and growing plant products in it
will diversify the daily diet of Bethany residents with high-quality and healthy food, save money
for buying food, and possibly give additional gains from selling the overage products.

Another positive aspect of the construction of the greenhouse can be considered the
organization of leisure activities of the residents of Bethany by employment in gardening, which
is very important not only for adults, but especially for children from the point of view of
education and becoming a personality.
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State Higher Education Institution
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Problem statement. A challenging problem of Civil Engineering is the protection of
buildings against dynamic loads and earthquake impacts. The advanced solutions employ
lightweight, material saving structures equipped with special damping devices. These devices
can be active or passive and their application depends, in general, on the investments for the
project. The active devices change their properties depending on the structural response and they
are the most expensive ones. On the other hand, passive devices are essentially cheaper and, in
many cases, require minimal costs of installation and maintenance.

Last decades, passive friction dampers are widely used for the earthquake protection of
multi-storey buildings [1]. The friction dampers make use of the effect of solid friction to
dissipate the mechanical energy and to reduce the amplitude of the vibration of the structure. The
friction is developed between two solid bodies sliding in relation to one another. As usual, pairs
of metal, polymer or concrete components can be utilized. Determination of the optimal location
of friction dampers inside the building presents a complicated task for the practical design.

Purpose of the study. Several studies have been devoted to predicting the best properties
and placements of friction dampers (e.g., see papers [2-4] and references therein). From the
mathematical point of view, this is a non-linear optimization problem and, in generally, such
problems can be nonconvex. They may be treated by different methods; for a general overview
of the subject we refer, for example, to the well-known books [5, 6]. In recent years, the methods
of artificial collective intelligence are rapidly developed providing a number of advantages
comparing to the classical procedures [7]. In this study, a new approach to determine the optimal
location of friction dampers is proposed basing on the method of particle swarm optimization
(PSO). The PSO method presents an artificial simulation of the phenomenon of collective
intelligence, which is observed in many decentralized biological systems like ant colonies, bee
swarms, flocks of birds and even social groups of human individuals [8].

Main results. As an illustrative example, the 2D model of a six-storey concrete frame
building with three friction dampers is considered. In a case of horizontal seismic loads, the
stress-strain state of the structure is determined mainly by the bending deformations of the
columns, while the longitudinal deformations of the frame elements can be neglected. Following
this assumption, the dynamic model of the building is adopted in a form of a vertical cantilever
rod with lumped masses. Let us note that the natural frequencies and the normal modes of the
proposed simplified model are in a good agreement with the frequencies and the modes of the
original structure, which are determined using the FEM program package «LIRA-SAPR».

Several sets of dynamic simulations are performed. The differential equations of motions
are integrated numerically by the Runge-Kutta method. The software implementation is
developed using the open-source CAS Maxima. Solutions of the optimization problems are
obtained employing the population of 16 particles, while the number of iterations does not
exceed 10.

In the case of a harmonic resonant load, the horizontal acceleration amplitude of the
basement is assumed to be equal 0.4g, which corresponds to the 9th degree of seismic intensity
by the Medvedev—Sponheuer—Karnik scale. The frequency of the load is equal to the lowest
natural frequency 2.96Hz. Two types of the objective functions are considered to be minimized:
the displacements of stories and the interstorey drifts. For the both functions the same optimal
solution is obtained implying installation of the all three dampers at storey 1. Figs. 1, 2 present
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the obtained results for the displacements and for the interstorey drifts. Here we denote:
— uncontrolled structure without dampers; 2 — a uniform distribution of damper loads over the
all stories; 3 — the optimal location of the dampers.
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Fig. 1. Displacements of stories under the Fig. 2. Interstorey drifts under the harmonic
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The seismic load is described by a zero-mean normal random process simulated by a
superposition of harmonic modes with different frequencies and random phases [9]. The power
spectral density is determined using Kanai-Tajimi model [10]; the peak ground acceleration is
0.4 g. The minimal displacements are achieved installing the dampers at stories 1, 3, 4, while for
the minimal interstorey drifts the optimal location of the dampers is predicted at stories 1, 2, 3.
The latter solution ensures also the minimal accelerations of the stories, which makes it the most
reasonable from the engineering point of view. Numerical results are displayed at Figs. 3—6.
Dashed curves correspond to the uncontrolled structure without dampers and solid curves — to
the obtained optimal solution.
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Conclusions. The analysis of the results shows that installing friction dampers at the
optimal locations allows reducing the displacements of the stories up to 45 %, the interstorey
drifts up to 50 % and the accelerations up to 70 %. The developed approach can be extended to
various problems of the optimal design of buildings and structures.

Acknowledgement. This work is supported by EU Horizon 2020 project “A novel
decentralized edge-enabled prescriptive and proactive framework for increased energy efficiency
and well-being in residential buildings”, grant ID 958284.
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Problem statement. Not so long ago, wooden windows with double frames or twin frames
were installed in our houses. And such windows had many cracks which created a draft and
allowed dust to pass through. Since heating costs were relatively low at the time, no one paid
much attention to this.

But over the time, realizing the timing of the depletion of energy sources and the rapid rise
in prices for them, people began to spend money wisely on utility costs and count heat losses.

Thanks to modern technologies, today it is possible to manufacture sealed metal-plastic
windows with a single-chamber or two-chamber glass unit. At the moment, the main advantages
of metal-plastic structures are determined by glass, fittings and a profile that is used for the
manufacturing of sashes and frames, as well as energy-saving glass coatings.

So, during the construction of new housing or its reconstruction, the windows must have
the minimum permissible values of heat transfer resistance: — for the first temperature zone of
Ukraine — 0.75 (m* - K)/W, and the walls — 3.3 (m” - K)/W [ 12].

This indicator can be easily ensured for walls, but it is not so simple and very expensive for
windows.

Also, to increase comfort, it is necessary to take into account the fact that condensation can
form on the surface of the glass units, and moisture can accumulate on the slopes of the window
openings, leading to the destruction of the trim and the appearance of mold.

Modern conditions of comfort and periodic increases in energy efficiency requirements for
enclosing structures make us constantly improve the construction of window filling. And one of
these types of window construction is a double-frame window construction with modern metal-
plastic windows spaced at a distance (by calculation) to ensure thermal conductivity and increase
noise insulation.

Purpose of the study. Increasing the heat transfer resistance of translucent structures for
filling window openings.

Main results. For some covering constructions with windows, thermal conductivity
calculations were performed using the “Elcut 5” software package.

When determining the reduced resistance of heat transfer of the structure, the following
materials were taken: material of the bearing wall — heavy concrete A = 2.04 W/(m-K) for
operating conditions B [1]; window 3-chamber PVC profile — 0.63 W/(m-K) [3]; air gap —
0.15 W/(m-K) according to table 12 (with a closed layer width of 5...30 cm) [4] taking into
account the phenomena of convection and radiation; standard window glass — A = 1.0 W/(m-K)
[5].

As an initial constructive solution, the enclosing structure (according to Fig. 1) was
adopted, the walls of which were made of large reinforced concrete wall blocks, wooden
windows with double frames, and a reinforced concrete decorative U element.

As a result of the calculation in the “Elcut 5” software package, data on the temperature
distribution isofields before (on the left) and after insulation (on the right), as well as the change
in the heat flux, were obtained.
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Fig. 1. Variant of a fragment of the enclosing structure before (left) and after (right) insulation
with temperature distribution isofields

As seen in Figure 1, the heat flux decreased from 206 to 19 W, and, accordingly, the
thermal conductivity coefficient of such a structure will decrease from 1.29 to 0.12 W/(m-K).
At the same time, the reduced resistance to heat transfer increases from 0.31 to 3.36 (m* K)/W.

Conclusion. For enclosing translucent structures, the installation of an additional window
frame increases the resistance to heat transfer, thereby reducing heat losses, the slopes become
warmer, which prevents the formation of condensation on the window and the formation of
fungus on the surface of the slopes.
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Problem statement. The concept of sustainable development integrates environmental,
social and economic components and provides for the creation of stable conditions for a healthy
life for present and future generations in harmony with nature. The leading idea of sustainable
development — the interaction of all segments of the population, scientific and cultural
community in solving the most urgent problems of civilization: to ensure quality of life and
preserve the environment, not only as a source of resources for future generations, but also as a
biological condition of the species Homo Sapiens and spiritual development of human
civilization. Taking into account the human factor and the possible consequences of human
behavior — this is the main difficulty of predicting the development of mankind and the
coevolution of man and nature. Greening the public awareness, education, thinking is the main
condition for implementing the concepts of sustainable development of modern society.

Purpose of the study — an analysis of the importance of environmental thinking in
implementing the concept of sustainable development and need of its formation and
development in process of engineering education.

Main results. We consider the environmental thinking as the level of understanding of
reality, forming conclusions as a result of reflection and motivation for further action.
Theoretical and practical research allowed to determine the main components of the formed
environmental thinking:

1. Developed logical thinking as a necessary tool for understanding information, its
analysis and establishing patterns and relationships in the system "man-nature", "man-
environment", the essence of the interaction of the biosphere and technosphere;

2. Developed figurative thinking associated with the aesthetic perception of the
environment, with the process of transition of information into personally meaningful knowledge
associated with one's own experience, images of his imagination and memory;

3. Creative thinking, characterized by originality, flexibility, non-standard approach to
solving existing problems.

Environmental thinking is a systemic thinking that requires the study of not one factor, one
aspect in the system "man-nature", but a set of relationships, interactions of abiotic and
anthropogenic factors.

Of particular importance is the need for the development of environmental thinking in the
process of forming professional thinking - a leading tool of engineering education. Priority in
this area get new pedagogical models and technologies, methods and teaching aids that have a
shape future competence at first as a specialist subject of sustainable development concept:
problem teaching, dialogic, interactive forms, the development of reflexivity, creativity, logic
reasoning. The most important are the ability and the need to acquire new knowledge, the
independent cognitive activity, the ability to analyze unusual situations and based on this
analysis, the knowledge gained by working in a team of professionals, make informed decisions
and take responsibility for their consequences.

Results of the study are introduced to the work of the Laboratory of Environmental
inculturation — the structural unit of the Ukrainian National Center for Environmental
Architecture and Green Building, which is established in the Dnieper State Academy of
Construction and Architects, in the development of innovative technology projects based on the
synthesis of modern technical and humanitarian culture [2; 3].
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Conclusions. The human factor is becoming decisive in the implementation of innovative
projects and environmentally friendly technologies. The need for rigorous environmental
expertise, the search for new creative solutions, mastering environmental thinking — this is a
requirement for a modern specialist, for modern engineering education. The developed
environmental thinking that allows us to conclude that the only way to resolve disputes and
conflicts is through negotiations, the path of compromise, and the achievement of consensus.
This way not only morally justified but also sensible from a pragmatic point of view: economic,
political, ecological. Now we want to remember the words of our great compatriot V.I.
Vernadskyi that the noosphere must be created [1]. It is a process that includes not only scientific
knowledge, education, intellectualization of all spheres of human activity, but also the formation
of democratic and social organizations of people capable of uniting humanity, social structures
capable of ensuring the purposeful development of the biosphere and controlling these processes
on a global scale.
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Problem statement. Currently, methods of manufacturing building structures and products
using a 3D printer becoming more and more popular. Such a technology for manufacturing
structures consists in principe that a building or its individual structural elements can be
constructed by layer-by-layer application of a concrete mixture using special computer programs
[1]. Using of 3D printing allows you to reach a new level of creating objects of complex
configuration using the necessary materials. With the help of construction 3D printers, you can
create high-strength structures in shortest possible time, and reduce labor costs and production
waste to a minimum [4].

Purpose of the study. Consists in a combination of large-scale robotic FDM printing with
simultaneous pouring of fast-setting concrete.

Main results. Using this technique, the Zurich researchers, together with the German
engineering firm Basler & Hofmann, planted a “tree of the future” in the courtyard of the
company's headquarters. This model, in addition to others produced by the researchers, could
well demonstrate the potential of the process for mass customization and optimization of
structures within concrete architecture. (Fig. 1)

Fig. 1. Tree of the future, printed on a 3D printer

Concrete is the most widely used building material in the world. However, in order to be
printable, it must be supported by formwork during solidification, which can be quite expensive,
up to 50 percent of the material cost, or even more for non-standard elements [2; 3].

As a result, while concrete can theoretically be formed into almost any shape, standard,
orthogonal structures remain the norm. And while 3D printing has shown promise for use in
construction, the method's speed, limited scope, difficulty with reinforcement, and the inability
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to produce thin printed structures that act as formwork to hold fresh concrete are hindering
widespread adoption.

The early Smart Dynamic Casting (SDC) method, developed by a team of researchers in
Zurich in 2014, assumed a different approach. Through using of a digital pouring process and
concrete hydration control, the material that exit the moving formwork was able to bear the load
of the overlying material. Although this process was faster than previous methods, the range of
geometries it could produce also remained limited due to the complex mechanical controls
required for dynamic movable formwork.

In an effort to leverage the advantages of the SDC process while eliminating its
disadvantages, the Zurich-based research team developed the "eggshell" concept. The new
technology combines large-scale robotic FDM 3D printing with an SDC-developed digital
injection molding system. This allows for more complex structures with using a thin single-layer
shell as formwork (Fig. 2).

Fig. 2. SDC digital casting system

In order to try out the new technology, the Zurich-based researchers developed the
concepts of "branching column", "twisted column" and "tree of the future". To create these
concrete structures, the team used a robotic arm, controlled by specially designed Python
software, which gave arm ability of printing out the formwork using a homemade extruder.

Conclusions. Researchers are now working to automate the process and strive to make the
method more sustainable and financially viable. In addition, they came to the conclusion that it
was necessary to develop a faster version of the method, which would prevent the joints of the
created structures from drying out.
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Problem statement. 3D printing will soon become the most important tool in the
construction industry around the world, so architects and designers are creating new housing
projects that can be simply printed on a printer [1; 2].

Italian bureau Mario Cucinella Architects has unveiled an innovative house, designed on
the principle of a wasp nest and 3D printed from clay with the addition of adobe.

Purpose of the study. Development of housing of the future with minimized negative
impact on the environment.

Main results. A printed clay house can become an effective model of economically
profitable and environmentally neutral housing in the face of a rapid increase in the world's
population (each year it increases by 80 million people who need to live somewhere). Clay was
named by architects as an ideal building material — fully recyclable, widely available, cheap and
non-waste, with the possibility of almost universal use (fig. 1).

Fig. 1. Innovative House "Wasp's Nest"

Outside, the "wasp" TECLA house has soft, rounded shapes, converging upward with a
dome; the internal layout can consist of any number of residential and common premises in an
arbitrary layout. The printed prototype shows an apartment with a living room and a separate
bedroom. A huge window in the dome vault provides all rooms with natural light (fig. 2).
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Fig. 2. Internal layout of the house "Wasp's nest"

The architects of the project argue that TECLA houses can be built both in the existing
structure of the urban environment, and in the form of isolated and completely energetically
autonomous eco-friendly settlements surrounded by wind turbines and solar farms, gardens and
vegetable gardens.

Fig. 3. Eco settlement based on a house "Wasp's nest"
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Problem statement. In Ukraine there are a lot of structures in operation which were
calculated according obsolete standards. The periods of their service life exceed the periods of
their design working life. The structures are damaged and the current loads exceed those that
were designed. Moreover, their replacement is not planned.

The assessment methods of technical condition of load-bearing tower steel frames based on
the comparative analysis of dynamic characteristics are developed [1]. The methods of structural
dynamics analysis can be successfully applied to solve risk problems and durability problems
taking into account the service life of a structure [1-4].

Purpose of the study. Steel space frames, such as water-cooling tower (27 m tall, with
9.5 m between the bands in the lower section and 6.8 m — in the upper section); technological
structure with dynamic test facility of zero-gravity (18m x 18m, 40 m high); three-edged lattice
tower of ventilation duct with cross diagonal web (113.5 m high, with 5.5 m outer diameter of
gas exhaust duct inside the tower) were taken as survey items.

Methods of research — examination of technical condition of building structures according
to [5]; measurements of structure vibrations with the use of Vibran devices of Interpribor
company and seismic sensors; modeling and calculations by means of SCAD Office 21.1
software package.

The techniques to analyze dynamic characteristics of structures in order to evaluate fast
technical condition of load-bearing structures is developed. The methods of practical evaluation
of technical condition [5], methods of dynamic models, methods of dynamic calculations and
tests, as well as forecasting methods of dynamic response of structure [1; 3; 4] were summarized
to be the basis of this approach.

The comparative analysis in order to identify frequency and forms of vibrations before and
after damage is performed. Processing of vibration records of free decreasing vibrations allows
for the analysis of friction changes in construction (additional parameter for comparison).
Computer models are specified according to the field measurements results of dynamic
characteristics.

Main results. Interconnection between structural elements damage of different groups and
dynamic characteristics changes of the item were detected.

The scheme of the water-cooling tower is shown in Fig.1.

Damage (failure) of horizontal truss elements causes the decrease in the frequency of
principal mode. The forms with higher relative strain of horizontal trusses with up 1 Hz
frequency instead of forms of higher relative strain of tower bands with 6.2...9.3 Hz frequency
are displaced to the first place in frequency spectrum.

Damage of tower band elements leads to the decrease in the frequency of principal mode
up to 15 %.

Fig. 2 shows that damage of vertical ties in columns gives lower frequency of principal
mode. The forms conforming to ‘tortional’ (conditional twisting against standing axis) and
specified by the curve of columns with up to 1 Hz frequency instead of the curved forms by
analogy with cantilever bar with 2Hz—3Hz frequency are displaced to the first place in frequency
spectrum.

23



XVIII mixxHapogHa HAYKOBO-TIPaKTUYHA KOH(EPEHIIis
«IHHOBaIIIiTHI TEXHOJIOTI] y OyAiBHUIITBI, UBLIBHIN iHXEHEpIi Ta apXiTekTypi», Jninpo, 26.11.2020

Fig. 2. Skeleton structure, vibration mode variations of the damaged X-brace columns
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Fig.3. Ventilation duct power

Fig.3. shows that local failures leads to the local vibration mode in the beginning of the
spectrum.

Conclusion. The variation analysis of dynamic characteristics allows identifying the group
of damaged elements and separate units without detailed examination of the whole structure.
Further recommendations concerning dynamic models and methods of vibration measurements
will be given in the report. The atlases of vibration forms and frequency for certain types of
standard construction units should be made. It will make possible not only to examine failures,
but also to develop rational reinforcement ways without full durability test calculations at the
initial stage.
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Problem statement. Nowadays constructions with using composite sections (concrete floors
on a steel beams, for example) is a popular in building industry. Using the anchors, cross-section
ensures interoperability and more efficient in terms of bearing capacity than a similar non-combined
cross-sections made by same materials. Currently, many methods of calculating the composite
cross-section have been developed, and conditions of stress-strain state were taken into account.
This is led to very close to real results, with a minimum of errors. However, almost nothing is
known about the effects that occur at the assembly stage, when the composite section of steel and
concrete is not yet joined, the concrete has not yet hardened and has not gained its strength. For
example, in such cases, during the hardening of the concrete mixture, the reverse bending of the
beam was observed [1].

Purpose of the study is to investigate the redistribution of forces and the change in
deflections during the stabilization of the concrete flange in the composite section.

Main results. A 19.5 m long steel beam with a cross section area 270.4 cm (wall height
1 400 mm, thickness 12 mm, flange width 320 mm, flange thickness 16 mm) and a Young modulus
equal to E =206 000 MPa were accepted for this study. A concrete flange with a thickness 0.225 m
and a width 7.7 m, with a Young's modulus from 10 MPa (non-zero, insignificant value that will not
lead to mathematical or software error in calculations with zero value) to 30,000 MPa (design value
for reinforced concrete class C20 / 25), were accepted to simulate hardening of concrete mix. The
strength of concrete varied from 0 to 17 MPa, in proportion to the changes in the Young's modulus.
The finite element model was made in the PC "ANSYS", the load has been set as the own weight
plus the weight of workers with the tool, whole load was 7.33 kN / m”. The initial small step of
Young's modulus was chosen, in order to detect the moment when the concrete flange and steel
beam will combine into a composite section. An additional model was prepared, using not a solid
concrete shelf, but prefabricated reinforced concrete multi-hollow slabs. The values of deflections
and normal stresses were measured (according to Kondratyuk E.V. [2], during installation there are
various effects of stress redistribution, the nature of which is still not precisely determined, which
many confirms in foreign sources [3] by accepted coefficients). Measurements were made in the
upper flange of the beam support section, the lower flange of the beam support section, and the
lower flange in the middle of the beam span section, as the most stress points, when the Young's
modulus of the concrete flange was 10, 50, 100, 500, 1 000, 5 000, 10 000, 15 000, 20 000, 25 000,
and 30 000 MPa. All data have been entered in the table below.

The results shows a decrease deflections of the beam with a monolith reinforced concrete
flange from 1.416 cm at 10 MPa of Young’s modulus to 0.387 cm at 30,000 MPa of Young’s
modulus, with a rapid changes in values up to 1000 MPa, and slow changes after 5 000 MPa. The
values of normal stresses in the upper flange of the beam support section were changed from
264.81 MPa to 11.795 MPa, in the lower flange of the beam support section were changed from
245.46 to 123.74 MPa, and in the lower flange in the center of the span were changed from
74,479 MPa to 31.662 MPa. For the beam with a slabs flange, the values of deflections were
0.725 cm at 10 MPa, and decreased to 0.576 cm at 30,000 MPa. The normal stresses in the upper
flange of the beam support section decreased from 107.46 MPa to 65.348 MPa, in the lower flange
from 131.49 MPa to 111.3 MPa, and in the center of the span in the lower flange values were
changed from 55.876 MPa to 47.273. Was also founded, when the Young's modulus increases to
1000 MPa, the values almost do not change, when increased to 5 000 MPa, are large changes in the
values is occurs, and then stabilize again.

26



XVIII mixxHapogHa HAYKOBO-TIPaKTUYHA KOH(EPEHIIis
«[HHOBaIiiTHI TexHOJOTI] Yy OyIiBHUITBI, HUBLIBHIN iHXKeHEpil Ta apxiTekTypi», JHinpo, 26.11.2020

Table
Young’s % Normal stresses, MPa
Model mlodu- max | Deflec- Support section Support section Center of the

us, E, tion, cm span lower
MPa MPa upper flange lower flange flange
10 0,033 1.416 264.81 245.46 74.479
50 0,167 1.325 251.62 242.31 73.553
100 0,333 1.31 246.66 239.15 72.239
500 1,667 1.165 198.46 223.81 66.555
1000 | 3,333 1.066 167.27 218.03 62.038
Monolith | 5000 16,67 0.72 68.496 184.05 48.562
10 000 | 33,33 0.581 42.173 162.89 42.117
15 000 50 0.506 28.403 148.88 38.145
20 000 | 66,66 0.457 21.342 137.65 35.173
25000 | 83,33 0.422 16.758 130.12 33.439
30 000 100 0.387 11.795 123.74 31.622
10 0,033 0.7246 107.46 131.46 55.876
50 0,167 0.7242 106.23 129.82 55.983
100 0,333 0.7266 105.66 128.46 56.276
500 1,667 0.7224 101.77 133.39 56.374
1000 | 3,333 0.7178 99.017 129.47 56.111
Slabs 5000 16,67 0.686 88.354 123.91 53.917
1 0000 | 33,33 0.659 80.965 120.33 51.889
15 000 50 0.636 76.181 117.55 50.364
20000 | 66,66 0.617 71.978 115.26 49.141
25000 | 83,33 0.594 68.663 113.372 48.207
30 000 100 0.576 65.348 111.49 47.273

Conclusion. Based on the research, we can say that the largest changes between the values
of deflections and stresses occur in the concrete flange between 1 000 and 5 000 MPa of the
Young's modulus. These experiments also showed that the using the slabs as a fixed formwork is
more appropriate for composite cross-section of the beam than a monolith floor on a profiled
sheeting. It is especially important in cases where it is impossible to install inventory pillar, or the
duration of installation is too long.
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Problem statement. Architectural and construction companies become increasingly
digitized and more efficient nowadays because of implementation of technologies like Building
Information Modeling used in design, bid and construction processes, Terrestrial Laser Scanning
(TLS) used on the projects of reconstruction, renovation but even for construction quality control
and Photogrammetry intended for construction changes recording. [5; 6] Virtual reality (VR) in
construction industry is commonly used for photorealistic walk-through project experience of the
clients in early phases of design processes in architectural offices. There is belief, that VR
technology could be also more adopted by contractors by using it for controlling processes and
health and safety checks on the field. [1; 2; 3; 5]

Purpose of the study. Virtual reality environment is a great way for experiencing future
projects and even different possible situations on them. The ability to walk, turn your head,
catch, and manipulate with objects is highly immersive and natural for users. There are several
studies, that confirm the positive impact of VR for construction purposes. It is used for safety
education, project site management, clash detection, scaffolding control, virtual meetings on the
construction and so on. [1; 3; 6] Thanks to increased level in efficiency in data processing in
terrestrial laser scanning, photogrammetry and their interoperability with mobile devices, BIM
software and CDE systems, there is even more possibilities for the use of these technologies in
conjunction with virtual reality on the construction site [1; 4].

Maine results. In the last decade there was a significant improvement in data creation and
in their processing. Not only hardware: computer parts, mobile devices, laser scanners, total
stations, 360-degree cameras, VR headsets etc. was considerably improved, but also software for
Building Information Modeling, point cloud processing and Common Data Environment has
evolved. Thanks to this evolution, we can work with bigger data, process them much faster and
create algorithms for thousands repetitive or checking tasks. [5] There is impressive study where
the point cloud data from construction site were used for creation of algorithm for identification
and evaluation of potential fall and cave-in hazards. [4] Falling hazard is one of the most
common on the construction sites worldwide and is also one of the control processes on the field.
According to [2] is construction safety training the second largest application area of using
virtual reality in construction engineering education and training. There is several software for
displaying point cloud data in virtual reality, but usually the user have to use more than one of
them for accomplishment of this task — e.g. after the laser scanning, user have to import point
cloud into the BIM design software and then create an export to virtual reality environment, that
he can display in visualization or VR application. These processes are often too complicated and
takes too long, so the engineers just prefer to check the models and point clouds in their desktop
software. If these processes would be less time consuming, the VR safety trainings displaying
the latest point clouds from the construction site could be immensely helpful and could lead to an
increase in the safety level on the field. Nowadays, contractor often use 360-degree cameras, that
capture construction progress and changes periodically. There are several software and CDE
systems, that allow 360 photos collections, walk through these pictures, and their split screen
comparison with a BIM model. These photos can user easily display in his VR headset, but there
is lack of BIM model, so he cannot compare the as-built condition (360 photo) with a required
one in project (BIM). Both mentioned technologies (TLS and photogrammetry) are largely used
for dimension, flatness and deviation checks on as-built structures. Several studies of VR
experience declare that the environment is incredibly immersive, and the users can detect errors
and abnormalities efficiently [1]. It is probable, that combination and interoperability of
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mentioned technologies would increase the quality of the as-built controlling processes and
health and safety defects checks on the construction site.

Conclusion. Despite the significant evolution in hardware and software and the increasing
amount of technology used in construction industry in last decade, there is still lot of space for
improvement of software interoperability in the issue of virtual reality usage for displaying
overlays of BIM models and laser scans or 360-degree as-built photos in virtual environment.
However, these technologies can be in VR environment very well applied by construction site
professionals for as-built structure quality controls, health and safety checks and trainings, as
well as for virtual coordination and control days. It is therefore clear, that research and
development in these areas could significantly improve their efficiency and quality.
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Problem statement. The emergence of innovative technologies in production and
construction is an integral part of scientific progress. The purpose of creating new or
modernizing the fear of technology is the human need for a cheaper, more environmentally
friendly and reliable material.

Purpose of the study. The aim of the work is to study today innovative building materials.

Main results. Self-healing concrete could solve the problem of the deterioration of concrete
structures long before the end of their service life. Concrete is still one of the main materials in
the construction industry, from building foundations to bridge structures and underground car
parks. Tiny cracks on the surface of the concrete make the entire structure vulnerable, when
water gets in, the concrete collapses and corrodes the steel reinforcement, which significantly
reduces the life of the structures (Fig. 1).

Fig. 1. Destruction of concrete and corrosion of reinforcement

The job of bio-concrete is that specially selected bacterial species of the genus Bacillus,
along with calcium nutrients known as calcium lactate, as well as nitrogen and phosphorus, are
added to the concrete ingredients when it is mixed. These self-healing agents can sleep in
concrete for up to 200 years. However, when the concrete structure is damaged and water begins
to seep through the cracks that appear in the concrete, bacterial spores will germinate on contact
with water and nutrients. Once activated, the bacteria begin to feed on calcium lactate [1].

As bacteria feed on oxygen, it is consumed and the soluble calcium lactate is converted to
insoluble limestone. Limestone hardens on the cracked surface, thereby compacting it. Oxygen
consumption during bacterial conversion of calcium lactate to limestone has an additional
advantage. Oxygen is an important element in the corrosion process of steel, and when the
bacterial activity has completely consumed it. This increases the durability of steel reinforced
concrete structures (Fig. 2).
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Fig. 2. Self-healing of concrete: a) before, b) after

Two parts of the self-healing agent (bacterial spores and calcium lactate based nutrients)
are injected into the concrete in the form of separate expanded clay granules 2...4 mm wide,
which ensures that the agents are not activated during the cement mixing process. It is only when
the cracks open the granules and the incoming water brings the calcium lactate into contact with
the bacteria that they become active.

The disadvantages of self-leveling concrete are, firstly, clay granules containing a self-
healing agent make up 20 % of the concrete volume. This 20 % is usually a denser aggregate
such as gravel and this weakens the concrete by 25 % and significantly reduces its strength. The
second significant drawback is its cost, which is almost twice the cost of conventional
concrete [2; 3].

Conclusions. Based on the foregoing, that for the further development and application of
bioconcrete on an industrial scale, it is necessary to eliminate the above disadvantages, as well as
for the operation of bioconcrete in aggressive environments, it is necessary to find bacteria that
can survive in an extreme alkaline envirnment. Cement and water have a pH value of up to 13
when mixed together, usually a hostile environment for life: most organisms die in an
environment with a pH of 10 or higher. It is necessary to find microbes that thrive in an alkaline
environment.
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Problem statement. The connection of a concrete slab and wooden beams is very
important, therefore, the joint operation of the composite floor depends on the correct choice of
the type of connection.

Purpose of the study. When a concrete slab rests freely on a beam, then the friction
between the materials is considered insignificant, in this case, under load, the beam and the slab
will work separately, since slippage will occur between them. Slippage can be reduced by
installing connectors between timber and concrete. In turn, the prevention of slipping inevitably
leads to a decrease in vertical movement. Thus, by connecting two elements together, their
combined bending stiffness can be increased. This phenomenon of thes two components working
together is known as composite action [1; 2].

no shp ‘ (2) full composite action

—

" low deflection

(b) partial compaosite action

T4

(c) no composite action

Tr

stress apiar
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deflection
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Fig. 1. Types of composite actions

Of course, the degree of composite action increases with the stiffness of the joint. The
degree of composite action may differ from composite action without bonding, full composite
action for an infinitely rigid bond.

The higher cross-section of the composite member compared to the cross-sections of its
individual sub-members results in a longer internal moment. Consequently, the normal stresses
resulting from an arbitrary external load are reduced within the structure. For a very rigid
connection, the result is a state in which the concrete slab is mainly subjected to compressive
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forces, while the tensile stresses are concentrated in the timber part (Fig. 1). Thus, the materials
of the composite section are used as efficient as possible [3].

It should be emphasized that the correlation between the flexural stiffness of a composite
structure, often referred to as effective flexural stiffness, and the stiffness of a joint is not linear.

Main results. Thus, it can be argued that an important part of any composite structure is
the connection between its elements. This component is usually called a connecting element, its
main function is to connect the component parts of the section and work in shear. Low load-
bearing capacity of the connecting element can lead to destruction of the entire composite
structure. The stiffer the connection between the slab and the beam, the higher the bearing
capacity of the connecting element must be, since the effect of shear forces increases with the
stiffness of the connection. At the same time, the low bearing capacity of the connecting element
can be compensated by increasing their total number.

The connecting element, in addition to ensuring the rigidity of the composite parts and
high bearing capacity, must have the ability of elastic-plastic deformation under the load
exceeding its bearing capacity. The ability of elastic-plastic deformation of the connecting
element allows to warn of the inevitability of the destruction of the composite structure. Since
the destruction of concrete in compression and wood in bending is considered brittle, the most
desirable option for the loss of the bearing capacity of a composite section is considered to be the
destruction of the structure along the connecting elements with a short plastic deformation. This
type of failure will lead to a slow increase in the deflection of the composite structure prior to
failure [4].

The bearing capacity, joint stiffness and elastic-plastic deformation of the bearing element
are determined by symmetric or asymmetric shear tests.

Conclusions. Based on the analysis of the means of ensuring the joint operation of
structural elements of different physical and mechanical characteristics, it was found that an
important part of any composite structure is the connection between its elements. The
combination of constituent elements in the structure is performed by the connecting element, its
main function is to work in shear. Low load-bearing capacity of the connecting element can lead
to destruction of the entire composite structure. The more rigid the connection between the slab
and the beam, the higher the bearing capacity of the connecting element must be, since the
influence of landslide forces increases with the stiffness of the connection.
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Problem statement. The green roofs are mostly seen as architectural components having
a positive influence on quality of life, particularly in urban settlement structures. This positive
effect is manifested at the macro level through improving air quality and also reducing effect
called urban heat islands and at the very buildings by raising their interior comfort, especially
floors directly under the roof. The precondition for effectiveness at macro level is particularly
healthy green converting carbon dioxide to oxygen, casting a shadow on the flat roof and
moisturizing surroundings in the summer. In the winter, it has particularly aesthetic and
psychological importance. The care of greenery is of paramount importance, while in larger areas
it may also be quite costly affair. The operation of green roofs may over time exceed possibilities
of small investors, which is then reflected in a gradual decline of greenery and counterproductive
change of the roof into a dusty surface with negative impacts in the environment (Fig. 1).
A correct design of greenery reflecting the roof structure and location of the building is therefore
very important.

Fig. 1. Failed extensive roof greenery

In terms of the quality of the internal environment the greenery itself is more or less non-
significant factor, a more important role plays the substrate, which can contribute to the thermal
protection of the internal environment in the summer and winter as well. In summer, it is
especially its ability to accumulate solar radiation and thus prevent overheating of the under-roof
space. In winter time period, the substrate is contributing to the improvement of thermal
resistance of the roof structure, even though it has to be ignored within calculation of the roof’s
thermal resistance as it is not its integral part. From legal point of view, hence, an improved
thermal protection of under-roof spaces is a secondary effect of the green roof and as such should
not play a major role in the decision-making process during the green roof design (even though
in case of wooden roofs it can be quite an important factor). More important is to consider



XVIII mixxHapogHa HAYKOBO-TIPaKTUYHA KOH(EPEHIIis
«[HHOBaIiiTHI TexHOJOTI] Yy OyIiBHUITBI, HUBLIBHIN iHXKeHEpil Ta apxiTekTypi», JHinpo, 26.11.2020

whether the cost of its construction and operation will return in the form of more attractive and
healthier environment, but this is easier said than quantified.

Purpose of the study and main results. The essence of green roof is greenery and its
positive health and aesthetic effects on humans. It can, however, only be achieved, if the
greenery is truly functional. Under the climatic conditions of Central Europe with four
approximately equal seasons, cold winters and relatively warm, and often dry, summers are the
plants in artificial conditions, under which the green roof can be considered, subject to extreme
temperature fluctuations. Even plants typical for the Central European area that thrive in this
environment can be difficult to survive. In contrast to the plant roots in the normal ground, the
temperature of which oscillates at one meter depth under the ground surface between 0° and
approx. 16° of Celsius, i.e. in the range of approx. 16 Kelvin, the roots of greenery planted in
roof’s substrate are exposed to a much wider temperature range. Using an example of typical
green roof with extensive greenery (substrate thickness between 6 and 12 cm [1]) the case study
shows the course of temperatures in the substrate of green roof during the common winter and
summer days and compares it with the temperature course at the same depth below the surface of
the common ground.

The contribution introduces possible ways to address the above issue, starting with the
selection of suitable plant species, through year-round care, for example by summer irrigation
and winter protection, up to creation of a constant temperature of the substrate with heated /
cooled ceilings under the roof layers. The last method is predominantly tested in overseas, in
Central Europe would be likely to encounter administrative difficulties as this type of roofing
does not contain thermal insulation and therefore would not reach the required level of thermal
resistance without the use of a heating system. We refer to it for the sake of completeness of the
topic (such roofs could be used above unheated spaces, e.g. garages). In order to demonstrate the
performance differences among different roof compositions the results of dynamic simulation of
compared roofs backed by some on-site measurements will be introduced in the accompanying
presentation.

Conclusion. Even though extensive vegetated roofs are considered (and promoted) in
Central Europe as maintenance- and irrigation-free they need both — a year round maintenance
and regular irrigation during summer months. When creating details, special attention must be
paid to fire safety, protection against the growth of roots, and the selection of suitable plants (not
simply some kind of succulents). The design of green roofing is a complex matter, which
requires highly professional attitude and strong cooperation between architect / planner on the
one hand and garden designer on the other hand. Even though there is not too much
standardization and legislation regarding the roof vegetation, the recommendations of specialized
professional associations should be kept.
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Problem statement. The implementation of the concept of sustainable development as an
energy-efficient, balanced, environmentally friendly construction with a comfortable lighting
environment involves a harmonious combination of resource use (natural light) and aspects of
technological development (artificial sources). Since natural light is the most favorable for
humans, the subject of the study was the impact of artificial lighting on human performance in
the process of work [1].

A person receives up to 90 % of information through sight. V. Vavilov said that "the eyes
are a remote part of the brain", so the creation of a comfortable light environment is a priority for
the implementation of the concept of sustainable development in occupational safety.

According to the source of origin, there are two types of lighting in the room: natural and
artificial. The natural light environment in the workplace is provided by the spatial planning
solution of the room and the flow of natural light through the openings. Indicators of artificial
lighting are mainly determined by the choice of lamp in the lamp. Priority solutions are the use
of fluorescent or LED lighting.

Purpose of the study. Staging an experiment. The main indicators of efficiency are the
speed and accuracy of the task. The employee focuses on the task, increases the tension of the
central nervous system, emotional state, so for the reliability of the results selected the following
research criteria:

1. The choice of methods of analysis of the psychophysiological state of the employee,
which determines the indicators of human performance: concentration, quality of information
processing, thinking process.

2. Light environment parameters:

a) levels of illumination of the workplace according to DBN B.2.5-28: 2018 and the
international standard DSTU EN 12464-1: 2016 (EN 12464-1: 2016, IDT) [2; 3] from the
minimum normalized to physiological comfort, obtained by scientists in branches of
physiology [4; 5];

b) types of light source: natural (as a standard). Artificial: fluorescent and LED in the same
levels of lighting;

¢) the value of the color temperature of the LED lighting on the plane of the work surface.

Maine results. Conducting an experiment. Analysis of methods for studying visual
performance and psycho-emotional state allowed to choose the one that adequately reflects the
concentration of attention, the thought process - the Bourdon test. The paper contains 81 columns
with 30 different shapes in each. Task: according to the sample, which is located at the top of the
column, you need to select and cross out the figure in 12 seconds. (According to the test results it
was determined: the number of processed lines, the number of errors in each line, the amount of
unprocessed information) [6; 7].

Performance assessment was performed on the coefficient of productivity (Kyj), which was
calculated by the formula:

K, = I1-0
T

>
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where: [1 — the number of characters viewed; O — number of errors; 7' — task execution time.
The higher the figure Ky, the higher the labor capacity labor capacity at short-term labor
intensity.
Every 12 seconds the column work ended and started with a new row. This allowed at the
end of testing to determine the speed during the proposed dosing load. Indicator of concentration
E, was determined by the formula:

>
Z+O’

where: S — the number of characters that were viewed; X — the number of missing characters;
O — the number of correctly crossed out characters.

The smaller the figure E, the higher the efficiency at long-term labor intensity.

The study involved men and women aged 18 to 65 years, a total of 500 people. A total of
1,500 tests were processed. The study was conducted in groups of 10 employees.

The time of the study was selected, which was conducted with individuals in a state of
average stability (from 14.00 to 15.00), according to the psychology of work, according to the
self-assessment of psycho-emotional state (SAN scale) from 5 to 9 points. The experiment was
conducted in the spring and summer, which is characterized by increased human activity and
high levels of natural activity.

Light levels were measured using an instrument CHROMA METER ST520. The
measurement was performed immediately before the experiment and again every 3 minutes until
the end of the experiment.

Experimental studies on the effect of light parameters on the employee were conducted in
3 stages.

Stage 1. Natural light environment. The experimental group of workers performed testing
in the workplace in the ranges of lighting levels (300, 400, 500, 600, 750, 1000 lux). After
testing, employees did not feel fatigue or overexertion (on a scale of SAN 7-9 points), the
average number of errors - 16. Parameters of performance: Ky = 2,5; E = 70,56.

Stage II. Artificial lighting environment equipped with lamps with fluorescent lamps. The
experiment was conducted in a specially selected room without light openings, so that natural
light does not affect the psycho-emotional state. The walls are painted yellow to maintain the call
sign mood. The room is equipped with lamps with fluorescent lamps. The level of illumination
varied in lamp power in the range of 400...750 lux. Number of errors — 17. Performance
parameters: Kip = 2,3; E = 136,25.

After testing, employees felt stress, fatigue, assessed the psychological state on a scale of
SAN 3...5 points.

Stage III. Artificial lighting environment with CD lighting system. The same room was
used for the experiment as in the second stage. Fluorescent lights off. LED lamps are connected.
The level of illumination also varied the lamp power in the range of 400...750 lux. Number of
errors — 15. Performance parameters: Ky = 2; E = 65,8.

Conclusion

1. On the basis of the analysis of modern scientific researches of visual working capacity
and existing methods of definition of their parameters, it is expediently chosen and artificially
created conditions of the stated researches providing reliability and validity of experiment.

2. Indicators of working capacity of the employee increase in the range of 600...700 lux,
which is consistent with scientific physiological studies of visual performance. Such levels of
illumination in the workplace are provided only by adding artificial light sources in the morning
and evening.

3. Productivity at short-term influence of tension is more with use of fluorescent lamps.

4. Indicators of concentration of attention of workers at long-term pressure in work are
higher at use of LED lighting in the same range of levels.

E=S

37



XVIII mixxHapogHa HAYKOBO-TIPaKTUYHA KOH(EPEHIIis
«[HHOBaIiiTHI TexHOJOTI] Yy OyIiBHUITBI, HUBLIBHIN iHXKeHEpil Ta apxiTekTypi», JHinpo, 26.11.2020

5. The use of LED lighting in the workplace not only saves electricity, but also increases
occupational safety, which corresponds to the concept of sustainable development as a balanced
human life.
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Problem statement. Environmental problems are related not only to the reduction of the
use of non-renewable resources, but also the reduction of emissions, waste and pollutants. The
important indicator for the environmental impact assessment is the carbon footprint, which is
expressed as the carbon dioxide equivalent. The carbon footprint evaluation for a specific
construction project must take into account all emissions that occur not only during the service
life. The possibilities of reuse and/or recycling of components and materials in the future after
demolition of the building should also be considered, as well as, where possible, impacts outside
the system of the construction site.

To reduce the environmental impact of the construction industry, in particular the carbon
footprint of the building, innovative design solutions for multi-storey hybrid buildings, which
allow application of timber in combination with traditional reinforced concrete or steel
structures, are being developed today.

Purpose of the study. The aim of this work is to evaluate the effectiveness of multi-storey
hybrid buildings with wooden structures in terms of reducing the carbon footprint.

Main results. Two variants of a 15-storey building with a reinforced concrete frame and a
hybrid frame (columns and beams are made of glued laminated timber and a reinforced concrete
rigidity core provides spatial stability) were considered. The assessment of the carbon footprint
(carbon dioxide equivalent) was performed taking into account the requirements of the standard
EN 15978, which considers all stages of the life cycle and the possibility of recycling the
components and materials after the demolition of the building.

The results of the assessment of the carbon footprint of multi-storey buildings with
reinforced concrete (option 1) and hybrid frame (option 2) are shown on Figure 1.
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Fig. 1. Carbon emission diagram for considered life cycle modules and total carbon footprint
For the considered variants of the buildings and the stages of the life cycle, the application

of a hybrid structural system with the predominant use of load-bearing elements made of timber
and timber-based products reduces the carbon footprint by more than three times compared to a
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traditional building with a reinforced concrete frame and floors. The use of timber structures due
to the possibility of recycling for reuse allows further reducing the emissions by 232 tCO2eq.

Such significant differences in the carbon footprint of the considered buildings with load-
bearing structures of reinforced concrete and timber emphasize the importance of the choice of
structural material in the design according to the criteria of life cycle sustainability and prove the
feasibility of hybrid systems in multi-storey construction aimed at decreasing the environmental
impact.
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Formulation of the problem. The world of Nature as a boundless and immeasurable
environment of the thinking man, created wisely and expediently, constantly arouses in him the
desire to know its secrets in order to use them to create nature-relevant objects, processes and
phenomena. The diversity of natural objects for cognition has divided people into their types
according to their cognitive interests in these objects, each of which has only its own properties.
But, despite their fundamental differences, there is a common universal property among them as
the main subject of study — their morphology, which reveals the secret of their composition,
building, construction or structure.

As a result of morphological research, representatives of various natural sciences have
reached the indisputable idea that there is nothing elementary in the world, that any object is a
complex system of elements that combines into a single whole, integrating the shape of the local
part of space which they occupy.

However, the world in which we live is a very complex system of interconnected worlds
of natural nature and the artificial environment created by man from the material of nature, and
this creation is impossible without a systematic understanding of the structure of these objects,
which underlies their design.

Therefore, the idea of the whole system of everything natural should form the basis for
the creation of everything artificial on the basis of a deep understanding of the peculiarities of its
structure and the constructive properties of the connections and relations between its elements. If
by artificial we mean objects of construction and architecture, the creation of which is preceded
by their design and engineering as a mental experimentation with creative images of their
elements and connections between them, information about the results of which are encoded on
paper by graphic dots and lines, the conceptual basis of descriptive geometry should be the
paradigm of their systematic understanding as graphical models of systematic geometric
representation of their authors and designed project. In this case, it becomes a natural science as
the geometry of pictorial space, the elements of which are reversible projection images, which
axiomatically describe their pictorial properties, containing information about the position and
metrics of the object, which is necessary and sufficient for its construction in real life.

The problem of this study is to prove the need to modernize the geometric and graphic
education of school and student youth through the introduction into their consciousness of
understanding the nature of design objects as complex systems of interconnected elements, and
its design drawings — as image systems of its interconnected elements, connected by graphical
models of interconnections and relations between them.

The purpose of this study is to transform traditional descriptive geometry as a component
of applied geometry, which lacks its own axiomatics, in nature-appropriate fundamental systemic
descriptive geometry of picture space with its own axiomatics, the elements of which are
reversible images of objects-systems of real space in different projections, devoted to the
development of constructive methods of their construction, transformation and synthetic
description of pictorial properties for their practical application in various fields of science,
technology and art.

Results. The crisis state of geometric literacy of high school graduates who become
students of technical and architectural faculties of higher educational institutions encourages the
development of such pedagogical technology for the gradual transformation of their initial
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amateur thinking in the beginning of constructive-compositional, which would removed all the
shortcomings of applied geometry and contributed to the education of project thinking.

As a result of many years of research into the genesis and development of theory and
practice of the pictorial component of the design process as mental experimentation with the
concepts of elements of a virtual object and the relationships between them, a pedagogical
system for overcoming this crisis was proposed, which consists of three subsystems: ideological,
epistemological and methodological.

The ideological subsystem was devoted to the ideological, philosophical, professional
and universal aspects of system descriptive geometry, which considers the reversible image as an
intellectual product as a source of information about the properties of the depicted object, the
level of perfection of which determines the level of intelligence of its author.

Epistemological system considers architecture as an element of the Earth's technosphere,
which interacts with its ecosphere and saturates its noosphere or space of mind, explores the
features of sensory perception of space and knowledge of its objects as systems whose elements
are geometric concepts of "points", "lines" , "planes" and "surfaces", which create thought-
images of objects that are projected, subject to the conditions of five groups of axioms of
Euclidean geometry. This determines their morphology and on the basis of information from
different fields of knowledge concludes that the architect works on the thought-image of the
object in several spaces: first in the perceptual space of sensory perception, then — in the
conceptual space of knowledge, after that — in the pictorial space of its reversible image as an
element of the design space, and finally — in the real space of existence of the constructed object.
This unfolds the concept of the forms of the object as materialized structures of the spaces of its
existence. After all, in real space the object has a real or real form, in the visual — many
promising visual, in the space of knowledge — one ideal, and in the picture — several conditional
forms in the form of its projection images.

The theoretical basis of the process of obtaining an image is the process of projection,
which is essentially nothing more than a process of imaginary establishment of collinear
correspondences between elements of an existing object and the corresponding elements of
Euclidean space, called the process of reflection of a real object in human consciousness, in
which image of this object as its geometric model appears, the structure of which is adequate to
the structure of this object. As a model of the spatial system, the thought-image is also spatial,
systemic and conceptual, and therefore serves as a kind of "nature" for further establishment of
already constructive correspondences between its virtual elements-concepts and graphic
elements of pictorial space. The result is its image as a graphical model, the process of obtaining
which is called the process of mapping the conceptual space of knowledge on the pictorial space
of a sheet of paper. In other words, the world is informationally and sensually reflected in
consciousness, and from consciousness, as from a "black box", is reflected on a flat carrier of
information about its positional and metric properties.

The process of forming thought-images is based on knowledge of Euclidean geometry,
and the process obtaining their images — on the knowledge of descriptive geometry system. After
all, descriptive geometry "depicts" Euclidean. This circumstance actualizes the need for
conscious and creative mastering of system descriptive geometry, which integrally unites these
two system mathematical and therefore fundamental sciences.

Conclusion. Systemic descriptive geometry is natural in that it graphically models
systemic objects in both the eco- and technosphere, and fundamental because it graphically
models Euclidean geometry and synthetically describes its projected rotating images.
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DYNAMIC INCREASE FACTOR FOR CALCULATION
OF STRUCTURAL RESPONSE AGAINST PROGRESSIVE COLLAPSE

Denis Yaroshenko, Ph.D. (Tech.), Anna Guslysta, Ph.D. (Tech.), Assoc. Prof.
State Higher Education Institution
“Prydniprovska State Academy of Civil Engineering and Architecture”

Problem statement. Last years the problem of safety in buildings has been paid a lot of
attention. Very often explosions, fires, earthquakes, sudden destructions of supports cause the
accident and lead to progressive collapse. Thus, the calculation of the stability to progressive
collapse of building structures is very acute question today. It should pay particular attention
to the considerations of dynamic effect during destruction and it should take into account
dynamic increase factor. The analysis and review of the standards and the scientific literature on
this problem indicates that we have not a clear understanding of the value of dynamic increase
factor of different failure types [1—6].

Purpose of the study. To review the standards and the scientific literature on emergency
load calculations that are linked with stability to progressive collapse of building structures and
dynamic influence of localized structural component damage (failure) on the building structure.
To study the dynamic influence on the building structure of its localized structural component
damage by laboratory experiment and numerical simulation.

Maine results. To reach the goal the existing standards and the scientific literature of
different countries on calculations and design of resistant to progressive collapse buildings and
structures were reviewed. The laboratory bench was created (fig. a).
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Fig. Laboratory bench — (a); schedule of experimental results — (b);
comparation of numerical and experimental accelerogram — (c)
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Experimental and numerical studies were conducted by modelling dynamic behaviour of
the building structure. The laboratory bench was statically indeterminate system in order to
localized structural component (flexible stud under the end of the cantilever beam) damage
(failure) did not lead to the hole structure destruction but only to its qualitative reconfiguration.
During the laboratory experiment the vibrational accelerations and displacements for
characteristic point of structure were registered. By processing vibrational diagrams, the values
of the frequencies and the laboratory bench free vibrations logarithmic decrements were
received, as well as the value of the dynamic increase factor by different load levels and different
failure types. Experimental results were checked by numerical simulation (fig. c).

Conclusion. The studies allow to evaluate dynamic effect of localized structural
component damage two types. It was also discovered that the values of dynamic displacements
and accelerations may be different by several times by the comparable values of the dynamic
increase factors of different failure types.

The results suggest that in the case of total structural component failure the value of
dynamic increase factor (stresses and accelerations) is more than that in the case of structural
component damages while retaining partial functionality. In such a case when carrying out
practical engineering calculations it would be sufficient to consider the total structural
component failure while the possibility of partial damages would be as reserve of power.

Schedule of experimental results (fig. b). In the legend of the graph numbers 1—6 — the
results -for the case of buckling failure of flexible stud and 7-9 — the results for the cases of
sudden and complete failure of flexible stud from work at different masses at the end of the
cantilever beam.
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3ATAJIbHI XAPAKTEPUCTUKHA PYHHYBAHHS HU3bKOBYTJIELIEBUX
MIKPOJIETOBAHUX CTAJIEA

Bekeros O. B., x. 1. H., jo11.; Jlayxin I. B., 1. T. 1., mpod.; laaiBepina JI. M., k. T. H., J01L.;
Babdenko €. O., acniipant; Caynceka 1O. C., acmipanr
Hepoicasnuii guwuti Hag4aIbHULL 3aK1A0
«IIpuoninposcvra oepoicasna akademis OYOI6HUYMBA MA APXIMEKMYPU»

Ilocmanoeéka npoéaemu. PO3BUTOK CydacHOTO OYIIBHHUIITBA CTaBUTh BCE 3pOCTarOUl
BUMOTH JI0 BIIACTMBOCTEH MarepiasiiB: MiJBUILEHHS X MEXaHIYHUX 1 KOPO3IMHUX XapaKTePUCTHK.
Boanoyac 3 po3poOKor0 HOBUX CIUIABIB #Ji€ BJIOCKOHAJICHHS Ta IOJIMIICHHS SKOCTI BXKE
icHytounx. Ilomanpiie mpocyBaHHA B LIbOMY HampsIMKy HEMOXIMBE O€3 pO3IIMPEHHS Ta
noriOJIeHHST 3HAHb Ta YSABJIEHb NPO NPOIECH, SKI BiAOyBarOThCS B MeETaji Miag Yac HMOro
TEPMIYHOTO Ta MEXaHIYHOTO OOpOOJEHHS, HOro B3a€MOJIi 3 30BHIIIHIM CEPEIOBHUIIEM IIiJ Yac
excruryaranii. OcoOnuBe Miclie B IIMPOKOMY KOJI NMHUTaHb, MOB’S3aHUX 3 W€ MPoOIEMOIO,
NOCiJa€ BHMBYEHHS 3/aTHOCTI MaTepialiB YHHUTH omp pYWHYBaHHIO TIpH CTaTHYHUX 1
JUHAMIYHUX HaBaHTa)KEHHSX, TOOTO MOKAa3HUKHU YAApHOI B’SA3KOCTI. 3 TEOPETUUYHOI TOUKHU 30DY,
OUTBIIICTh ICHYIOUMX MOAeJeld pyHHyBaHHS (SIK KPHXKOTO, TaKk 1 BS3KOro) 0a3yroTbcs Ha
3arajJbHUX KOHICTIISIX MEXaHIKh JAehOpPMOBAHOTO TBEPJAOTO TiMa. 3 1HINO OOKY, JJIs OIIHKH
B’SI3KOCTI pYHHYBaHHS KOHCTPYKIIIHMX MarepiajiB ICHye JOCTaTHbO BEJIHMKAa KUIbKICTb
CTaHJAapTU30BaHUX J1A0OPATOPHUX BUIPOOYBaHb, SIKI , YacoM, HAaJalOTh HEOJHO3HAYHY
iH(pOpMAaLIII0 CTOCOBHO MPOIECIB 3apOKEHHSI Ta PO3MOBCIOKEHHS pyiHYyBaHHSA. Came ToMmy,
MOPIBHSJILHUN aHaJIi3 MOBEPXOHb PYWHYBAaHHS OTPUMAHUX 32 PI3HUMHU METOJIJaMU BUITPOOYBaHb €
AKTyaJIbHUM SIK 3 HAyKOBOI TaK 1 3 MPaKTHYHOT TOUOK 30pY.

Mema oOocnioxycenna. JlocnmipkeHHST TIOBEPXOHb PYHWHYBaHHS  HH3bKOBYIJICIIEBOI
mikposeroBaHoi ctani 0912C miciast pi3HUX PeXUMiB BUIIPOOYBaHb.

Buknao ocnoenoco mamepiany. 3 METO0 BHU3HAUEHHS 3arajbHUX XapaKTEPUCTUK
pyHHYBaHHS HHU3BKOBYIVICLIEBUX MIKPOJICTOBAaHUX CTajed Oyl1o 3iiiCHEHHO JUHAMIYHI
BunpoOyBanHs 3pa3kiB ctami 0912C mpu temmeparypax +20 ta -40 °C Ta BUMpoOyBaHHS Ha
po3Tar. Pesynbraru mpoBeneHOro KOMIUIEKCY (pakTorpadiyHUX JOCHIKEHb y3araJbHEHO Ta
HaBEJICHO Ha PUCYHKY 1.

AHamni3 HaBelIGHUWX [AHUX TIOKa3ye, M0 TpH Temmeparypax BumpoOyBanHs +20 °C
pyHHYBaHHsI BiIOyBa€ThCs 3a paxyHOK OJHOYACHOI Jii JBOX MEXaHI3MiB: BIIPpUBY Ta 3CYBY IO
IUIOIMHAM CKOJY. 31 3HDKEHHSIM TeMIeparypu BUIpoOyBaHb pyWHYBaHHS BiOyBa€ThCS Maiike
MOBHICTIO 32 MEXaHi3MOM BiJipuBy. el dakT miaTBepIKyeThCS HASABHICTIO 3HAYHOT MJIACTHYHOL
nedopMartii CTpyKTypHHUX CKIIQJOBHX (TpeOHI BiIPHUBY, CXOIUHKH).

Takum 9yuHOM, B 3aJIEKHOCTI BiJI TeMIlepaTypu BUIIPOOyBaHb TOBEPXHS PYHHYBaHHsI Oyre
CKJIaJIaTUCS 3 IUIOUIMH KPICTAJMYHUX 3€PEH, OPIEHTOBAHUX IO HANPSIMKAM IUIOIIUH KOB3aHHS B
KPUCTAJIIYHINA TPATIl, 3TiAHO IKUX BiI0yBa€ThCS BiAMOBIIHA TUIacTUYHA AedopMaltist (TIOMUHA
3cyBYy) a00 3 IJIOUIMH, SIKi CMIBIAAAIOTh 3 IUIOUIMHAMU BiApUBY (TpaHi KyOy AJs O.1.K. TPaTKH).
A0Go0 3 ix koMOiHaIii.

3rigHO JaHWX JiTeparypHUX xkepen (auB. Hanpukian [1—3]) aHamoOriyHUM YHWHOM Ha
3araJbHUM BUIVISJ TOBEPXHI PYHHYBAaHHS BIUIMBA€ IIBHJKICTh NPUKIAJaHHS HABAaHTAKECHHS.
Buxonsdi 3 mpumnyiieHHs, o MoBepXHs pyHHYBaHHS B 000X BUMAAKaxX (TP 3MiHI TeMIIepaTypu
BUMPOOYBaHb Ta MIBHUIKOCTI HABAHTAKCHHS) CKIAMAETHCSA 3 IUIOMIMH BIIPUBY KPHUCTATIYHOL
PEIIITKH, TO MOMJIMBO MPUITYCTUTH HAsBHICTH BIAMOBIAHUX MOPQOITIYHUX OCOCOIMBOCTEM
371laMy 1 MpU OTPUMaHHI MarepiajoM JesKoi miactuuHoi naedopmariii. ToOoTo, pyliHyBaHHS 3a
MEXaHI3MOM BIJIpUBY, SIK€ ACOLIIOTHCS 3 «KPUXKUM» HE OTrpPAHIUyeThCsS TUIBKU BHITAKAMH
pPYHHYBaHHs 3a CICHIAJIbBHUMH yMOBaMH (HHM3bKa TeMIlepaTypa BHUIPOOyBaHb) ajie YacCTKOBO
MOXe OyTH IPUCYTHIM 1 IpU pYHHYBaHHS B HOPMAJIbHUX YMOBaX.
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Puc. 1. Pesynomamu ¢haxmoepaiunux oocniodncens spaskie cmani 09172C:
a, 6 — ounamiuni sunpodysanns npu +20 °C; 8, e — ounamiuni eunpobysanns npu -40 °C;
0, e — 8UNPoOYBaHHs HA pO3MA2

[IpoananizyBaBImu JaHi, IpeACTaBICHI HA PUCYHKY |, MOXIJIMBO BiJOKPEMHUTH TPU THUIH
pyitnyBanHs# [3]:

1. [TnomuHa pyifHyBaHHS CIIBIAJa€ C MUIOUIMHOIO KOB3aHHS (3CYBY).

2. JIBi TUJIOMIMHM 3CYBYy CEMETPUYHO PO3TAIIOBaHI BiJIHOCHO HAMpPSIMKY HaWOIIBIIOTO
TOOJIOBHOTO PO3TATYIOUOTO HANPYKEHHS ((POPMYETHCS «KJIMH PYHHYBAHHS»).

3. PylinyBaHHsI BiJJpHBOM.

Ha 6inpmocTi moBepXoHb pyHHYBaHHS NMPHCYTHI SIK MIHIMyM JiBa 31 3a3HAQUCHHMX THIIIB
pyiiHyBaHHs. KpimM mboro Ha MOBEpXHI 3J1aMiB MPUCYTHI CIiJIM 3HAYHOI TUTACTHYHOI AedopMartii
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CTPYKTYPHHUX CKJIaJOBHUX. TakUM YMHOM CyMICHHUH BIUIMB 3a3Hau€HUX (PaKTOPIB MPUXBOIUTH 110
pyWHYBaHHs 3a JIBOMAa OKPEMHMH MeEXaHi3MaMHU: TMepIUid — CTPYKTYpPHI CKJIaJIOBi
PO3IIEIUTIOIOTECS TICHs HE3HAYHO! IUIACTUYHOI jAedopmariii; Ipyruii — CTPYKTYpHI CKJIaJI0Bi
BUTATYIOTHCS B HANPSAMKY Jii mmactudHoi aedopmariii i GopMyrOTh TMOBEPXHIO pYyHHYBaHHS
BOJIOKHHMCTOTO THITY.

Bucnoexku

1. Pi3Hi TMNM AWHAMIYHUX BUIIPOOYBaHb MaTHEpPiajiB MOXYTh JaBaTH Pi3HY KUIBKICHY
OILIIHKY TTapaMeTpiB 3apOKEHHS Ta PO3NOBCIOIKEHHS pyHHYBaHHSI.

2. BcTaHoBneHO, 10 B 3aJIE)KHOCTI Bifl TEMIIEpaTypy BUIPOOYBaHb MOBEPXHS PYHHYBaHHS
Oyae ckiazaTvcs 3 IUIOIIMH KPICTAIWYHUX 3€peH, OPIEHTOBAHMX [0 HampsIMKaMm IUIOIIMH
KOB3aHHS B KPHCTAJIYHIN Tparili, 3TiIHO SKUX BiAOYBA€THCS BiIMOBITHA TUIACTHYHA AedopMmartis
(TuToTIMHM 3CyBY) a00 3 TIIOIIWH, K1 CITIBITAIAl0Th 3 TJIOMIMHAMY BiAPUBY (TpaHi KyOy IS O.I1.K.
rparku), abo 3 ix komoOinarii. Iloka3zaHo, 110 MOBEpXHS PYHHYBaHHS NPH 3MiHI TeMIeparypu
BUNPOOYBaHb Ta/ab0 MIBHUAKOCTI HABAaHTAXEHHS CKJIAJAETHCS 3 IUIONIMH BIIPUBY KPUCTAIIYHOL
PEIIiTKU. AHaNariyHa KapTUHA CIIOCTEPIraeThes 1 MPU OTPUMaHHI MarepiajioM JEsSKOi IIAaCTUYHOT
nedopmarii. To6TO, pyiiHyBaHHS 32 MEXaHI3MOM BIJPUBY, SIKE€ ACOIIIOTHCH 3 «KPUXKHUM» HE
OTpaHIvy€eThCS TUTBKM BUTIIAIKAMH pyHHYBaHHS 3a CIELiaTbHUMH YMOBaMH (HU3bKa TEMIIEpaTypa
BUNPOOYBaHb) ajie YaCTKOBO MOXKE OYTH IPUCYTHIM 1 IpU PyHHYBaHHS B HOPMaJbHUX YMOBAaX.

3. BcranoBieHo, 110 Mif Ji€l0 PO3TATYIOYOr0 HAaBaHTAKEHHs PYHHYBaHHS B1IOyBa€ThCs 3a
JIBOMa OKPEMHMH MEXaHI3MaMHU: TEpPIIMi — CTPYKTYPHI CKJIQJIOBI PO3IICTUTIOIOTHCS TTICIIS
HE3HA4YHOI MJIACTUYHOI AedopMallii; qPyruil — CTPYKTYPHI CKJIQJI0B1 BUTATYIOTHCSI B HAPSMKY JIii
MJIaCTHYHO1 Aedopmartii i GOpMyIOTh TOBEPXHIO PYHHYBaHHS BOJIOKHUCTOTO THITY.

4. AHami3ylouu TPOBENCHUN KOMIUIEKC JOCIHIPKEHb BITHOCHO TIOBEPXOHb 3IJIaMiB
OTPUMAaHUX TIPH PI3HUX YMOBax BUIPOOYBaHb Ta BIAMOBITHUX TEOPETHYHOTO aHAII3y MOMJIHBO
BCTAHOBUTH HACTYIHI MEXaHIi3MH, SKi MpAIIOIOTh IiJ] 4ac pPYHHYBaHHS HU3bKOBYIVICLIEBUX
MIKpPOJICTOBAaHHMX CTaJIel: KPUXKHH, KBa3iKpUXKUI; B’ SI3KHI. 3a TOMTOMOTO0 TOOY/IOBY Ta aHATI3y
BIJIOBITHUX (DI3MKO-MAaTEeMaTHYHUX MOJIENICH MOXKIIMBO TIOKA3aTH, 1[0 OCHOBHOIO YMOBOO 3MiHU
MEXaHi3My pYyHHYBaHHS € 3aKOHOMIPHOCTI pO3IMOBCIOKEHHS IIJIACTHYHOI jaedopmMarliii 1o
NEepeTHHy Marepiamy.
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PO3BUTOK AEPEB'SIHOI'O JOMOBYIAIBHHUIITBA : HOBI MATEPIAJIN
HA OCHOBI AEPEBUHMU 1 IINJIOMATEPIAJIIB,
IX MOXKJIUBOCTI I OBMEXEHHSA

BepanukoB M. P., acm. kad. 3ami300€TOHHHX 1 KaM’ STHUX KOHCTPYKITii
Hepoicasnuii guwuti Hag4aIbHULL 3aK1A0
«IIpuoninposcoka Oepacasna axademis OYOiBHUYMBA Ma ApXiMmexmypuy»

Ilocmanoseka npoonemu. JlepeBa Ta iX BHPOOHHYI «IIPOAYKTH» BHKOPHUCTOBYBAIHCH
CYCIIIBCTBAMH IO BCbOMY MHPY Ha MpoTs3i TUCAYOMITTSI. CydacHe OyIiBHHUIITBO BHCOKHX
OymiBenb 3 JiepeBa, MOBHICTIO 200 YaCTKOBO, CBIYHMTH MPO 3POCTAIOUMMA IHTEpEC 0 MOTEHITIATy
OyIiBHMIITBA 3 JCpeBa B paHHIX HENOCSHKHHMX MaciiTabax. OCKUIBKH JIepEeBHHA € OJHUM 3
HebararbOX HaTypajJbHUX TMPUPOTHUX OymiBEIbHUX MaTepiandiB, MH 3BEPTAEMO yBary, IO
OyIIBHUIITBO 3 ACPEBUHU KOPHCHO ]ISl HABKOJIMIITHHOTO CEPEOBUIIA. AJie TIPHU SKUX YMOBaXx IIe
niicHo Tak? ExonoriuyHi mepeBard BUKOPUCTAaHHS JIEPEBUHM HE OJHO3HA4HI. Xoua IIe
HATypadbHUN TPOAYKT, Ha MOTO CYyIIKy Ta O0OpoOKy BHTpaudaeThcsi Oarato eHeprii. bimbma
YacTHHA IIbOTO MOXKE IMOCTYMaTH 3 010MacH caMoro JiepeBa, aje ISl IbOTO MOTPIOH]1 IHBECTHIIIT B
POCIIMHHUIITBO, IO HE 3aBXK/IM MOXJIMBO y HaIl 4yac.

3micm. B ocTaHHI pOKH AepeB'siHE 0araronoBEpXOBe KUTIOBE OyTIBHUIITBO CTA€ HE MEHII
MOMYJISIPHUM, HIXK 1HIUBIAyadbHI MPOEKTH MAJOMOBEPXOBUX JIEPEB'STHUX OyIWHKIB. 3pOCTaHHs
MOMYJISIPHOCTI MOB'SI3aHe 3 THM, 110 Ha TaHU MOMEHT TOJIOBHHM MHUTAHHSAM B Oy/iBEJIbHIN Taiy3i
€ BUpIIIEHHS MpoOIeM MOB'I3aHUX 3 eKoJOTier0. OCKUTBKH 32 KOPJOHOM IMPOBOAUTHCS O€311id
JIOCITI/DKEHb 1 €KCTICPUMEHTIB, 8 TaKOX W€ aKTHBHUN PO3BUTOK HOBUX TEXHOJIOTIH, JIEPEB'SHE
OyHIBHUIITBO TaM Ma€ OCOOMMBHUI MOMHT 3a PaxXyHOK BIIPOBAKCHHS CYYaCHUX MarepialiB B
KOHCTPYKIIii. 3aBIsIKA IIbOMY, J0JIA AepeB'ssHuX OynuHKiB B HimewunHi ctaHoBuTh 10 20 %, B
Oimmstaaii — 35...40 % ycworo OyniBenTbHOTO PUHKY. 3TiTHO 3 TOCHTIKeHHSIM KommaHii Research
Techart, B8 CIA 1 Kanani nonang 80 % mnpuBaTHMX OynMHKIB OynayroTbes 3 JepeBa, B SmoHil
YacTKa JCpeB'SHUX OYIWHKIB CTaHOBUTH ONMu3bko 40 % Bim BCIX CHOPYIKYBAaHUX >KUTIOBUX
OynuHKIB. 3a paxyHOK O€3JIiul MporpaM 3 PO3BHUTKY «3€JIEHOTO» OyMiBHUIITBA, OMHIECIO 3 SKUX €
«/epeB'sHa €Bpoma» mig erigo €BPONEHCHKOTO COMO3Y, IUIAHYETHCS 30UIBIICHHS YacTKU
MaJIONIOBEPXOBOTO JIepEB'IHOTO kUTia [1].

BaMOyk 5 omHUM 3 NEpCHEKTHBHUX MarepiajiiB B JAEPEB'STHOMY JKUTIOBOMY OYIiBHHUIITBI:
BOJIO/IE BIIMIHHUMH MEXaHIYHUMH BJIACTHBOCTSAMH, 3POCTA€ y KUIbKa pasiB MIBHIIE, HIX
JiepeBo 1 Horo moTpiOHO 3HAYHO MEHIIe, HiX Oyap-sIKOTO 1HIIOrO BUAY JepeBUHU. OgHHM i3
MPUBOJIIB 1HTEPECY /O JAHOTO MaTepialy € 0araroBiKOBI Tpanauilii OymaiBHHITBA 3 OamOyka B
CXITHHMX KpaiHaxX, Jie¢ HOro BUKOPUCTOBYIOTH SIK B 00pOOJIEHOMY, TakK i B IPUPOJHOMY BUIIIAII.

B cepemuni 90-x pOKIB MHHYIOTO CTOMITTS ABCTpiliCbKa acorfiaiis JepeB'stHol
IIPOMMCIIOBOCTI MpOBEa HAayKOB1 JOCIIKEHHS, SKI MPUBEIM JI0 PO3BUTKY HOBOI TEXHOJOTIi
monudikamii nepeBuHH, sika oTpumana Ha3By "CLT-texHomoris". Ha mowyarky HUHINIHBOTO
CTOMITTS OYJIBHUIITBO 32 HOBUMHU TEXHOJIOTISIMH BXK€ 3HAYHO 301TbIIHIACS.

CLT (Cross Laminated Timber) - «0araromapoBa mmaHesb 3 MUJIBHOI I€PEBUHMNY, 3a3BUYAM
CKJIaJIa€ThCsl 3 TPHOX IIapiB. BucymieHi B meyi JOUIKK CIIOYAaTKy CKPIIUIIOIOTH OMH 3 OIHUM,
BOHHU YTBOPIOIOTH Oe3MepepBHi AOMIKHA A0BXKKUHOIO 10 40 dyTiB (12,192 Mm). Tonki mapu aepesa,
pO3TaIoBaHi MONEPEK OAMH OJHOTO MiJ MPSMUM KyTOM, JJaMiHOBaHI BOTHETPUBKUM KJICEM JIJIS
CTBOPEHHS OUIBIII MIITHOTO 1 BOTHECTIHKOTO MeperieTeHHs [2].

MHM (Massiv-Holz-Mauer) — «macuBHa nepeB'sHa cTiHay. Lle TexHooris, KOIu Jamerni
3pONIYIOTHCS Ha MeTajieBomy pureni. [lepeBara Takoi TeXHOJIOTIT B TOMY, IO CTiHA MOXKE OyTH
TOBIIMHOIO 110 35 canTuMeTpiB. MHM-ctina terutime, Hixk CLT abo kieenuit 6pyc, 3a paxyHOK
TOTO, IO KOXKEH JIaMeJib Ma€ BUOIPKY («TrpebiHelby), sika (opMye MOBITPSIHI KaMepH BCEPEIMHI
ctinu [3].
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LVL (Laminated Veneer Lumber) — «munomarepiai 3 TUCTKOBOTO IIMOHY»: KOHCTPYKIiITHA
Oanka 31 IIMOHY, $Ka CHIKAETHCA TMJI BIUIMBOM THUCKY 1 BIUTMBOM MIKPOXBHJIBOBOTO
BUIIPOMIHIOBAHHS, B pE3yNbTaTi BHUXOAWTh KOMIIO3UTHHUH Marepial 3  yHIKaJbHUMHU
BJIACTUBOCTSAMU [4]. 3aBIAKH PI3HOCKEPOBAHOCTI BOJIOKOH JIEPEBHMHA CTBOPIOE aKyCTHUYHUN
edpext. KneiioBuil moB Mik jJamensiMu (OpMYyeThCS Ha MOJEKYISPHOMY piBHI 1 aOCONIOTHO
HEITKIIJTUBUMA, TOMY III0 BHKOPUCTOBYIOThCS cepTh(ikoBaHi B €BpoI KIIEHOBI CHCTEMH.

Bucnoeku. CBiToBa IIpakTHKa IMOKa3ye, 110 JEPEB'ssHE OYIIBHUIITBO Ma€ psiji repesar. BoHo
€ OUIBII EKOJOTIYHUM B TMOPIBHSHHI 3 OymiBHUITBOM 3 OETOHY 1 cTayli, TOMYy IO MpH
BUPOOHUITBI OCTOHHUX 1 CTaJIEBHX KOHCTPYKIIH B arMochepy BHUKUIAETHCS BeIMYE3HA
KUIBKICTh BHAUICHOTO BYIJIGKHCIIOTO Ta3zy. BimomMo TakoX, IO MIKpPOKJIIMAT MPHUMIIICHh B
JEpeB'sTHUX OyIMHKAaX OUThIN KOM(OPTHHI IJI MPOKUBAHHSA. BYyNIBHHUIITBO 3 JEPEBUHU OLIBII
mBUaKe 1 ekoHoMIuHe. CydacHi TeXHOJIOT1i BUTOTOBJICHHS JIEPEB'THUX KOHCTPYKIIIH T03BOJISIOTH
3HM3UTHU PU3HK MOSBU YCAKH, MMiIBUIIUTH 1X BOTHECTIHKICTb.

e Yac OyniBHHUITBA CKOPOUY€EThCA 710 25 % B MOPIBHSIHHI 3 KapKacoM 13 cTalii abo OeToHy;

e poOorta, sika HeoOXi/IHA JUTsI BCTAHOBJICHHS MEPEKPUTTS, 3MEHIIIEHa 110 25 % B MOPIBHAHHI
3 aHAJIOTIYHUM OCTOHHUM OYJIiIBHHIITBOM;

® 3MCHIICHHS BUKH/IIB BYIJIUIIIO P BUTOTOBJICHHI Ta YCTAHOBII KOHCTPYKITIH;

e 3MEHIICHHs 3arajibHoi Baru Oy/iBii 10 65 % B MOPIBHSAHHI 3 0ETOHHOI aJIbTEPHATUBOIO;

e 3MCHIICHHS Baru OYyAiBIl CYNPOBOMKYETHCS 3MEHIICHHSM 3arpaT Ha (yHIaMEHT 1
3MEHIIEHHSIM CEMCMIYHOTO HABAHTAKEHHS;

e JOBelE€HA OTHECTIHKICTh, BIAMOBIAHA HOMIHAJIBHUM BHMOTaM IS OUIBIIOCTI THIIOBHX
Oy/iBeb;

® TMIPUCYTHICTh y OyJIBHHUIITBI JiepeBa Ta IHIIUX HATYpaJbHHX MarepialliB 3HUXKYE PIBEHb
CTpecy y MEIIKaHIIB OymiBIi;

® TIOKpAIEHHS SIKOCTI TTOBITPS B OY/IiBII.

CnucoK BUKOPUCTAHUX JIAKepeJT
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MPUPOJIA 3UENIJIEHHSA CTEP)KHEBOI APMATYPU
INEPIOAUYHOI'O NPOPLJIIO 3 ITOJIMEPBETOHOM

Bepesok A. M., k. m. H., npog.; Fannuk M. L., k. m. n., ooy.,
Maptum O. IL., x. m. u., ooy.; Maptum O. O., k. m. H., Ooy.

Hepoicasnuii guwuti Hag4atbHULL 3aK1A0
«IIpuoninposcvra oepoicasna akademis OYOi8HUYMBA MA APXIMEKMYPU»

Ilocmanoseka npoonemu. B MeranypriiiHii Ta XiMi4HIA HPOMHCIOBOCTI BHHHKAE
npoOiiemMa 10 3aCTOCYBAaHHIO €(EKTHBHHMX MarepialiB, SIKi BOJOAIIOTH BHCOKOK TEPMIYHOIO 1
XIMIYHOIO CTIMKICTIO 1 B TOH e yac Mainu O He BHUCOKY BapTicTb. [lomimep GeTOHM Ha OCHOBI
TEPMOPEAKTUBHUX CMOJI BIAMOBiAalOTh MM BUMOTaM. OCHOBHHUM KOMIIOHEHTOM IIUX OETOHIB
SIBIISTFOTHCSI BIAXOAM MPOMHUCIIOBOCTI, IO TO3BOJISIE YTUIi3allii BIAXOMIB 1 BiIMOBIHO BUPIIIICHHIO
eKOJIOTTYHHMX TpobneM. AHami3z mpociimkeHb. [Ipobmema po3poOku edeKTUBHUX OyliBEIbHUX
MarepianxiB B OOJIACTSAX arpeCHBHOTO CEpPEIOBHUINA 3aBXKIM OOTOBOPIOBANACH JOCTITHUKAMH Ta
BupoOHukamu. [1]. Hampyra, gedopmarii i mepeMimeHHs apMaTypHOTO CTEpXHS B TOJIIMEp
OETOHI 3aJIeXKHUTh BiJl KOE]IIIEHTY MOTOHHOI IUIOIIMHU BUCTYIIIB apMaTrypu, MIITHOCTI MOJIiMEp
O0eToHy 3 Koe(dimieHTOM ii MICIIEBOTO 301TBIICHHS, a TAaKOXK Koe(DIIieHTa, SIKUA XapaKTepHU3ye
cepenHi nedopMariii OrmopHOro mojiMep OETOHHOTO IWITIHIpa. 3MEHIICHHS PO3MipiB Ky0a BIBOE
MPUBOJIUTE 110 301IbINEHHS Horo mirHocTi mpubauszno B 1,1...1,15, B cepennpomy 1,25 pasm.
Tomy mepexin Bix pedpa 200 MM 10 BUCTYIIIB apMaTypu BUCOTOIO 10 1...1,5 MM mae xoedimieHT
vy = 2. Y BUNAAKy BUTATYBaHHS apMaTypH, TUCK BiJl BUCTYITIB MEPEAAEThCS HA OAMH 13 TOPIIIB
OITPHOTO KiJBIIS.

Mema oOocnioycennn — TIOKa3aHAa HAYKOBO OOTPYHTOBAHICTh TPUPOAM 3YCTLICHHS
CTep)KHEBOI apMmarypu TmepioguyHoro mpodimo 3 momimep OETOHOM, a TaKoX OCHOBHI
3aKOHOMIpPHOCTI TpW 34erieHHI. [loka3aHwii TakoX 3B'SI30K MK B3a€EMHUMH 3MIHEHHSIM
apMmarypH i rnosiMmep 6€TOHY i yMOBHHUMH JOTHUYHUMH HAPyTaMy.

B3aemomis MK apMaTyporo MEpiogMYHOro NpoduIo 3 momiMmep OETOHY HPOXOAWTHh B
OCHOBHOMY IT10 OMIPHUX KUIBIEBUX IUIOIMHAX MOMEPEYHUX BUCTYIIIB apMaTypH, JIe MiX MoJiimep
OCTOHOM 1 apMaTypor0 BHHHUKAIOTh HOpMajbHI Hampyrd. BokoBy moBepxHIO apmarypu Oynemo
BBA)XKAaTH BUTBHOIO BiJI JIOTUYHHX 1 HOpMaJIbHUX Hanpyr [1; 2].

YMoBa Hepo3pHuBHOCTI nedopmarliiii mpuiiMae yMOBH PIBHOCTI NMPUPOIIEHHS NEPEMIIICHb
apmarypu Al, 1 monimMep 6etoHy Alys Ha JTOBKMHI MK BHUCTYIIaMU apMarypH l, TaKuM 4MHOM
Al,= Alys (puc. a).

11 11
Ala=[€,dz €,,;Ala=AIn6=] €,,dz=€,,1,¥;(1)
0 0

ne Y < 1 e xoedilieHT TOBHOTH eNOpU € HA TOBKHUHY 1], IKMI1 BpaxoBye poOOTy 007acTi, sKa
NPUISTa€e i3 30BHIIIHBOTO OOKY JI0 OMOPHOrO mojiiMep OeToHHOro uwiiHapa. B 3arambHOMY
Bumaaky W 3anexuts Bin BimHomieHHs h/l, e h = R — 1, 1 miamerpa crepxHs d. fIBHO, 110
€16 = €2/ Y. YMOBa piBHOBAru CUJI €JIEMEHTY CTEPKHS JIOBKUHOIO:

do,
d,

Ifa:_an6fb;(2> ,

ne f, — monrHa ornmopHOi MOBEPXHI BUCTYILY (KUIBIIA).
3B'130K MK Hampyram# i nedopmartissiMu mojiMep 0eToHy TpUHMaEMO y BH/II:
E€E
Ez"éz i(3)
(1r—25
4R’y

Gnﬁ
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ne E — Moaynb MPYXHOCTI MONIMEpOETOHY; Y — KOEQIIieHT 301IbIIEHHS MIIHOCTI TOJIMEp
OCTOHY B 3B’S3KYy 3 MaJWMH IUIOIIMHAMH 3MIIICHHS. 3alexHICTh (2) Mae BUXITHY Ta IMOJIOTY
BHU3 CXONAYy AUISHKY, BIAMOBIMHUN BUMAAKY 3aBaHTQXCHHIO TONIMEp OETOHY B CTICHEHHX
YMOBax 1 pO3BUTKY Y HhOMY 3Ha4HUX Jiepopmartiii (puc. 6).

[TincraBnsiemo B popmyimy 3:

€ o
€ ;=—=——man=—",mooi
v By E
Ao
— a ; 4
" (1+Bd?) @,

v
£
4._-.!-..‘
y
i

= R I —

Puc. 1. Ocrosni 3akonomipnocmi npu wenieni cmaibHoi apmamypu 3 Qypanosum noiimep
bemonom: a) 3ycunis, diroue Ha apMamypHUll CImepiceHb el1eMeHmapHoi 008HCUHU;
0) 3anexcHicmsb Midc Hanpyeamu ma oeghopmayisimu Gypanosoeo noiimepoemona,
8) 3aexcHicmb BIOHOCHUX HANpYe 8 apmamypi 8i0 8i0HOCHOI opounamu &;
2) 3aneHCHICMb BIOHOCHUX KAca OOMUYHUX HANpYe 610 8i0HOCHOI opounamu &

Bucnoeku

1. ¥V Bumagky BUTATYBaHHs apMarypH i3 mojiiMep O€TOHY, THCK BiJl BUCTYIIIB TIEPEIAETHCS
Ha OJIMH 13 TOPIIiB OMOPHOTO Kbl Tomy W = 0,6 : 2 = 0,3.

2. 3nauenHss W s BTATYBaHHS 1 BUTATYBAaHHS apMarypd MaJio BIIPI3HSETHCS OAWH Bif
OJTHOTO, TIIO BIJTOBiIa€ B AOCTIaX Malliid Pi3HUIN Y BenuuuHi q [3].

Hampyra, nedgopmariii i mepeMilieHHsT apMaTypHOTO CTEPXHS B MOJIMEp OSTOHI 3ajexarb
BiJl Koe(illi€eHTY OTOHHOI IJIOMMHN BUCTYHIB apmarypu C = fy, . | f,; minHicTh monimep OeToHy
R 3 xoedimienToM ii micrieBoro 30UTbIIEHHS Y, a Takox KoedimieHTHn ¥, sSKkuil Xapakrtepusye
cepenHi aedopmariii ompHOTro momiMep OeToHHOro IwiiHApa. 3HadeHHs C OIS CTEPXKHIB
nepioguyHOoro nmpodiro i3 cranei knaciB A-I1, A-II1, A-IV, npuBeneHi B TabmuiIi.
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Tabnuys
BinnocHo norona niiomuHa pucryniB apmarypu C B 1 mm
C10° C10°
d, . . d, . .
MM MiHi- HOMi- MaKCH- MM MiHi- HOMi- MaKCH-
MaJIbHE HaJIbHE MaJIbHE MaJIbHE HaJIbHE MaJIbHE
6 24 63 125 20 21 37 55
8 37 70 118 22 19 32 51
10 21 59 102 25 17 29 44
12 27 56 94 28 17 30 50
14 24 48 81 32 14 24 37
16 25 44 69 36 14 22 33
18 24 41 64 40 12 20 29

1. Bastion S. Wpluw Wielkosci I ksztaltubetonoweto ciala pzobnego na jego witzzymalose.
Inoicenepia ma 6yoienuymeo. 2008. Ne 1. C. 12—16.
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2. Memoukin b. M. Teopis npyxuocTi. KuiB : JlepxOynsunar, 1990. 234 c.

3. €pmoB B. M., 3apuroB A. A., Xogua B. I'. ta in. XiMiuHa CTiHKICTh Ta MOB3YYICTh
noJiiMepHuX (pypaHOBHX B’sDKy4YHX : HaykoBi mpaili CapaToBCHKOTO MOJIITEPMIYHOTO 1HCTHUTYTY,

2017. Bum. 70. C. 91-95 (pociiicbkoro).
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YIK 005.52:624.04

JOCIIIHPKEHHSA 3ACTOCYBAHHA B[M-TEXHOHOFIi B 3AJAYAX YIIPABJIIHHSA
PU3NKAMMU IHBECTUHIMHO-BYAIBEJIBHUX ITPOEKTIB

Binokons A. L, 1. T. H., ipod., Bintodposa FO. O., cTyx.
eporcasruil suwuii HaguanbHUL 3aK1A0
«IIpuoninposcvka depoicasna axademis 6YOIBHUYMBA MA APXTMEKMYPU»

Anoranisa ®akr Toro, mo OyTIBHUIITBO € OMHIEIO 31 cdep MiSUIBHOCTI, CXWIBHOIO 0
BEJIMYE3HOI KUIHKOCTI PU3WKIB, 1032 BCAKUMH CYMHIBAMH — PHU3UKOYTBOPIOIOUl (akTopu
IPUCYTHI y BCIX OCHOBHHUX pecypcax OyIiBesnbHOi cdepH, 10 TOro X JUIsl KOKHOT CTalii MPOeKTy
XapakTepHi 1 BIporigHi Ti uu 1HII pu3uku. OgHAK, HAJArOKEHO1, CTPYKTYPOBAHOT CHCTEMH TI0
BUSIBJICHHIO 1 3HW)KEHHIO PU3UKIB B OyIIBHHUIITBI Ha CHOTOJIHI HEMa€e. ABTOpaMHU 3apOIIOHOBAHO
Ui MiHIMI3alii pU3HWKIB TpuU  peamizarmii iHBecTimioHHO-OymaiBenbHOro mpoekty (IBIT)
BUKOPHCTOBYBATH 1HCTpYMEHTapiil pu3HMK-MEHEe[KMEHTY. HOBITHIM B JaHOMY HEpeliKy
IHCTPYMEHTIB € BHKOPUCTaHHs 1HGOpMaIiifHOi TexHoJsorii, Bimomoi mia abpesiaryporo BIM
(Building Information Modeling).

KiouoBi ciioBa: iHBeCTHLIHHO-OyAiBETbHUMI MTPOEKT, MOJIEIIOBAHHS, PU3UK, YIIPABIiHHS,
BIM-texHororis

Beryn [HBecTuiliHO-OyniBeNbHI MPOEKTH 3a CBOIM XapakTepoM € iH(opMamiiHO
HACHMYCHHMH, CKIQJHAMH, MAlOTh JKOPCTKI BUMOTH JOTPUMAaHHS EKCIUTyaTaliiHuX
XapakTepUCTUK 1 EKOJOTIYHOI palliOHAJBHOCTI, MO TEpMIHIB IX peamizallii, IO TMOSCHIOE
CKJIQJIHICTh YIPABIIHHS MPOEKTAaMHU 1 BUCOKY PHU3MKOBaHICTh rajy3i B 1UJIoMy. B Takux ymoBax
BUKOPHCTAHHS CYYaCHMX TEXHOJIOTili MOJENIOBaHHS B TMpollecax INPOEKTyBaHHS OylliBeb,
CIIOPY/ 1 TEPUTOPIN CTAaE OCHOBOIO MiABUIICHHS €(EKTUBHOCTI YIPABIIIHHS, ITiIBUIICHHS SKOCTI
IPOEKTYBaHHS 1 JTOTPHUMAaHHS OCHOBOIIOJIOXKHMX JJIsi OyniBenbHOI cepu MOKa3HHUKIB Oe3MmeKu
KUTTEISITBHOCTI, @ TAKOXK CIPUSIE 3HUKEHHIO PU3UKIB MTPH 1HBECTYBaHHI B MPOEKTHI PO3POOKH.

lanmy3s mOBHHHA aganTyBaTHCS 10 3MiH, MOB'SI3aHUX 3 BIIMOBOIO BiJl TPAIUIIHHUX METOIIB
MPOEKTYBaHHS 1 OyIIBHHUIITBA 3 TEpeNavyero MPOeKTHOi iHdopmallii B MarnepoBOMY BHIVIAI HA
KOPHCTh IHHOBALlIHHUX cIOCO0iB peasnizaiii mpoekTiB. MOXKIMBICTh TAKOTO MEPEXOly 3yMOBJIEHA
IHTEHCUBHUM PO3BUTKOM 1H(OPMAIITHUX TEXHOJOTIN 1 MOSBOIO CIEIiali30BaHUX MPOTrPaMHHUX
IPOJYKTIB, CIIPSIMOBAHUX HA CTBOpPeHHA M (poBoi iH(popmaniiiHoi Mozaesi 00'ekTa OyniBHUIITBA,
10 BKJIFOYAE BC1 HEOOXITHI BIIOMOCTI TIPO HBOTO [5].

OcHoBHa yactuHa HaiiGinpm nomupeHoro iH(GOPMAINiifHOI TEXHOJIOTIEI B MPAKTHIIL
apXITEeKTYpHO-OYyMiBEIBHOTO TpOeKTyBaHHS € BIM-TexHOoTis, 1m0 T03BOJISIE MPUCKOPUTH 1
3HaYHO CHPOCTHTH BECh MPOLEC MPOEKTYBAaHHS, MOYMHAIOYM 3 MOJEIIOBAHHS CHTyaIil i
3aKIHYYHOUM TPOBEJAEHHSAM (HIHAHCOBO-EKOHOMIUYHUX PO3PaxXyHKIB 1 OIIIHKOIO €()EeKTUBHOCTI
KaliTaJbHUX BKJIAJICHb B OyliBHULITBO. MOXHA CTBEPKYBaTH, 10 TEXHOJOTIS 1H(OpMAaLiiHOTO
MonemoBaHHs OyaiBens (BIM-texHosmorist) crnpuse MiIBUIIEHHIO €(QEKTUBHOCTI YIpaBIiHHS
IPOEKTHUMHU poOOTaMHu.

Cuctema ynpasmiads IBIl Bkimtowae B cebe cremiamizoBaHi 1HCTPYMEHTH JJII OKPEMHUX
¢yHkuiit ynpasiaiaas npoektamu. B BIM-texnomnorii MoxxyTh OyTu peasizoBaHi Taki (QyHKIi
YIOpaBIIHHS TPOEKTAMH, SIK YIPABIIHHS 3MICTOM, YIPABIiHHS BapTICTIO, YIPABIIHHSI PU3UKAMHU
Ta YOpaBIiHHSA KOMYyHikaiisimu. 3actocyBanHs BIM-texHomorii 3xificHioe 30ip iH(opmarii B
IHTETPOBaHIM CHCTEMI, IO JO3BOJISIE CKOPOTHTH KUIBKICTh BHHHUKAIOYUX TIOMHJIOK TIPH
MPOEKTYBaHHI, 1 Bi/IMOBIHO CKOPOTUTH KiJIBKICTh Pi3HOTO POAY TOPOOOK MPOEKTY.

o ocHoBHEX TiepeBar BIM-texHomoriit BigHocATh [ 1]:

— MOXJIMBICTH NPOEKTYBaHHS HE MpocTo 3D KapTMHKM, a CTBOPEHHS HapaMeTpUYHOI
MoJieTli TOTOBO1 70 TpaHchopmarlii, KOpUryBaHHs, THII3allii, TOIIO, IO JO3BOJISE 3MIHIOBATH
IPAaKTUYHO BCI MApaMETPH SIK OKPEMHX €JIEMEHTIB MOJIeNIi TaK 1 MOJE B I1JIOMY;;

— MOXJIMBICTh MiJBHIIUTH «TOYHICTB» TPOCKTHOTO IUIaHY, 33 PaxyHOK BUSBIICHHS
MOMMJIOK Ha CTa/lii MPOEKTYBaHHS 1 MOACTIOBAHHS,
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— MOXJIUBICTh CKOPOUYEHHSI THMYAacOBHX BUTpPAT HA MEPEANPOEKTHINH cTaiii peamizaril
MIPOEKTY.

Takox, 3acrocyBanHs BIM-TexHomorii AOIUIBHO, B TEpUIy 4Yepry, i MaciuTaOHUX
MPOCKTIB, OCKIIBbKM BUKOPHUCTAHHS JAaHOI TEXHOJIOTIl J03BOJISIE 3a JIOTIOMOTOI 3ac00iB
BiJIIaJICHOTO JJOCTYITY BPaXOBYBAaTH PEKOMEHIAIlI] BCIX CTEHKXOIAEPiB MPOECKTY.

3a JaHUMU MDKHApOMHOI MpakThkd, BIM-TexHOJOTii CTUMY/IIOIOTH BIPOBAIKCHHS
iHHOBaIi}l B OyniBenbHIN cdepi, CHPUAIOUN: BIOCKOHAICHHIO MPOIECY MPOEKTYBAaHHS, PO3BUTKY
OyIiBeNbHOI TEXHIKH, YIOCKOHAJIIEHHIO TEXHOJIOTIi OyAiBETbHUX POOIT, PO3BUTKY PI3HUX TaTy3eH
OyniBenbHOI cdepu, BKIOYAIOUM OONACTh OyIiBENbHUX MarepiajiB, MEperisily i yTOYHEHHIO
HOPM IIPOEKTyBaHHS [4].

Opnak, HEoOXiTHO BPAaXOBYBAaTH, IO BIPOBA/PKCHHS I1HHOBALlIMHUX TEXHOJIOTIH B
MPOCKTHY MISUTbHICTh y OymiBenbHINA cdepi, € pKepeaoM BUHUKHEHHS JOJaTKOBHX 3arpo3 i
pU3UKIB. Y TakUX yMOBax HEOOXiHO 3BEpHYTH yBary Ha 3aXO/AM IIOAO MiHIMi3allii pU3UKIB MPH
3MIACHEHH] PU3UK-MEHEDKMEHTY, IO O3HAa4Ya€ MPUUHATTS YHOPaABIIHCBKUX PIMIEHb 00
croco0iB pearyBaHHS Ha pPHU3MK a0O HApOCTAHHS pHU3MKY, 1, SK HACTIOK, (QOopMyBaHHS
KOHKPETHOTO 3aXO0/y 11010 MiHIMI3allii IIbOTO PU3HKY.

3axonmu 3 pearyBaHHs Ta YIpPaBIiHHSA PU3MKAMH, SKi TIOB'S3aHI 3 BIPOBAIKECHHIM
iHHOBamiHUX TexHosorii y IbIl, moBuHHI 3a0e3MeuyBaT KOHTPOJIb 1 3HI)KEHHSI PIBHIB PU3UKIB
JI0 IPUHHATHOTO /ISl IOCATHEHHS [UILOBUX MMPOCKTHHUX MapaMeTpiB [2; 3].

Tabnuys 1
3axonM nmo ynpasJiiHHIO PU3MKaMH BIPOBA/’KeHHS iHHOBaliiiHuX TexHoJorii y IBII
Crniocib pearyBaHHs [Tpukiagy 3axoiB 1O YIIPaBIIHHIO PU3HKAMHU
YHUKaHHS PU3UKY BinMoBa Bij iHHOBaIlii a00 MPOEKTY, 1HIIKUX Jii; 3aMiHa OO HAHHS

Ha 1HIIE, 3aMIHa TEXHOJIOTIH Ha 1HIII, [0 BUKIIOYAIOTh JaHUN PU3HK;
aJBTEPHATUBHI TOCTAYAILHUKH T AP THUKA

3HMKEHHS pU3HKY Bu3HaueHHs BiANOBiANBHOCTI poOOYOi IPyHH 3a MPUHHATTS PU3HKIB,
10 TTEPEBUIIYIOTh JOIMYCTUMI MEX1 Ta / a00 BCTAHOBJICHI JIIMITH;
po3poOka MIaHiB MiHiIMi3awii HACIiAKIB peai3allii pu3nKiB:

- TUTaHHU JIIKBIAAIi aBapii;

- IUTAHYBAHHS AISITBHOCTI B KPU30BUX CUTYALlifX;

- TU1aH 3a0e3neveHHs 0e3MePEPBHOCTI X0y MPOEKTY;

- BCTAHOBJICHHS JIIMITIB 1 IOMYCTUMHUX 3HaYE€Hb TOKA3HUKIB PU3UKY;

- CTBOPEHHS MarepialbHUX 1 ()IHAHCOBHUX PE3EPBIB Y BUMAJKY, SKIIO
1HHOBAIIis, IO BOPOBAKYETHCS € MIEPEOIIHEHOIO

[TpuiiHATTS PU3UKY MoHITOpUHT  pIBHS  PHU3HMKY, po3poOKa  PE3epBHOTO  IUIAHY
BIIPOBAKCHHSI IHHOBAI[IHHUX TEXHOJIOT1i
[lepenaua pusuky [lepemaya mpomecy Ha  ayTCOPCHHI, CTpaxyBaHHS  PHU3HKIB

BIIPOB/KCHHS 1HHOBalild B OyliBHUYMX MpoekTax (iHmi (iHaHCOBI
IHCTPYMEHTH); BCTAHOBJICHHS YMOB B JIOTOBOpPi 3 IMOCTa4aIbHUKaAMU
PO MaTepialbHy Ta iHIY BiINOBIIATbHICTh

BucHoBku. Ha Ham mormsn, HaWOUIbII NMEPCTIEKTUBHUM HANpPSIMKOM 3HMKEHHS DPIBHA
PU3HKIB MOXXHA BIJIHECTH CTBOPEHHS apXIiTEKTYpHO-OyMiBEIHHUX MPOEKTIB 3a JTOTOMOTOIO
3aCTOCYBaHHA HOBITHIX iH(OpMaliMHUX TEXHONOTIH Ta Cy4acHUX TPOTrpaMHUX 3aco0iB
MPOCKTYBAaHHS, BIPOBA/DKEHHS SKUX JO3BOJISIE YHUKHYTH 30LIBIIEHHS CpPOKIB peaizalii
IPOEKTY Ta BApTOCTi, 30UIBIIUTH TOYHICTh MIJICYMKOBUX PO3PAaXyHKOBHX IOKa3HUKIB MPOEKTY,
10 HaWOLTBIIIO Mipi BIUIMBAE Ha 3aranbHy BapTicTh IBIT myist mpuitHATTS pilieHHs 1010 HOoTo
IHBECTHLIHHOT MPUBAOINBOCTI.

OcHOBHI mpuunHHU, 3a SKUMH BIM-MomentoBaHHS 3aCTOCOBYIOTh B CHCTEMI YIpPaBIIiHHSI
pU3BHKAMH — II€ MOXJIMBICTh KOHTPOJIOBATH OIOKET MJis 3HWKCHHS BUTPAT 1 3MEHIICHHS
PHU3HKIB BCIiX CTaAiil iHAHCYBaHHS, a TaK CaMO ITiIBUIIICHHS SIKOCT1 MPOEKTHOI mpoaykiii. BIM
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TEXHOJIOTI] CTaloTh BCE OUTBII MOTPIOHMMHM 1 3acTOocOBHMMHU Tpu peamizanii IBIl, mo poOutsh
MOKJIMBHM YCITiITHE (QYHKIIIOHYBaHHS Oy/iBEJIBHOI raly3i B yMOBax 1U(PPOBOT EKOHOMIKH.
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VIIK 69.059.2

AHAJII3 BILTUBY HUKJITYHUX PEXKUMIB POBOTH MEYE
HA TEXHIYHHI CTAH TA30XO/IIB TA ®YHJIAMEHTIB JUMOBHUX TPYB
(HA TIPUKJIAJI JMMOBOI TPYBH KLJILLEBOI IEYI Ne 1 JUISTHKU IMTPOKATY
Y THI Ne 4 TIAT «IHTEPIIATTI HT3»)

Borauenko C. B., acnipant, CmupHoB A. C., actiipant, CaBunbkuii M. B., 1. T. 1., ipod.,
IlaTos C. B., 1. 1. H., no1., Kopoa B. B., k. T. H.
Jlepoicagruii suwuti HABYAILHUL 3AK1AO0
«IIpuoninposcvra oepoicasna akademis OYOI8HUYMBA MA APXIMEKMYPU»

Ilocmanoeka npoénemu. 1lin 4yac BUKOHAHHS TIJIAHOBUX CE30HHUX OMISIIB OYliBEIIbHHX
KOHCTPYKIIHM quMoBoi Tpyou KinmbieBoi medi Ne 1 pinsgaku npokary y TIIL (TpyOHO-pOKaTHMIA
nex) Ne 4 mepcomamom IIAT «IHTEPIIAWII» HT3 (M. [[Himpo), MpOTAroM TPHBAIONO Hacy
(ikCcyBaBCSl PO3BUTOK BEPTUKAIBHUX Ta TOPU3OHTAIBHUX TPILIMH B KIaALi QyTepyBaHHs CTIHOK
ra3oxo/ly B 30HI MOTO MPUMUKaHHS 10 ¢yHIaMeHTy Tpyou (puc. 1). s BUSBICHHS NMPUYUH Ta
MOXIIMBUX BIUIMBIB Ha Oe3MeuHy eKcIuTyaramnito cropyau criBpobitHukamu /IBH3 ITJJABA B
KOBTHI-TpynHI 2019 p. Oy/io TpOBEIEHO KOMIUIEKCHE OOCTEKEHHS KOHCTPYKIIIH Ta30Xomy Ta
byHIaMeHTY TUMOBOT TPYOH.

Puc. 1. Tpiwunu y pymepyeanni cmin 2azoxody

Mema oocnioycennsn. BuzHaueHHS TpUYWH pyWHYBaHHS (QyTepyBaHHS CTiH Ta30XOdy
JMMOBOI TPYOH IIJISIXOM:

— BI3yaJIbHOTO OOCTEXEHHS OYIIBEIbHUX KOHCTPYKIIA criopyau — (QyHIaMEHTy TpyoOw,
CTIH Ta30X011y;

— BH3Ha4YeHHS (PAKTUYHMX TapaMeTpiB KOHCTPYKIIH B XOIi 1HCTPYMEHTaJbHOTO
OOCTe)KEHHSI — BEJIMYMHH KpPEHY, MIIMHOCTI OETOHY CTIHOK Tra3oxomy Ta (yHIaMEHTY,
XapaKTepUCTUK IPYHTY.

Buknao ocnoenozo mamepiany. JlumoBa TpyOa sBiIsIE COO0I0 KOHIYHY CIIOPYIY BHCOTOIO
80 ™M BukoHaHy 3 mMHAHOI mermu Mapku 100 Ha po3umHi Mapku 75. DyHAaMEHT TpyOu
3aJ1i300€TOHHUN  CTaKaHHOTO THITY 3 JKapocTidkoro Oerony kimacy C16/20 (M250),
3aMpOEKTOBAHUI JJIS1 OJHOPITHOTO HEMPOCATOYHOTO TPYHTY 13 YMOBM BiJICYTHOCTI I'PYHTOBOL
Bonu. [liamerp mimomBu GyHIaMeHTy ckiagae 14 m. Bucora dynnamenty 6,5 M. 3 BIAMITKH —
4,590 M 3arpoeKkToBaHO OTBIp JIsi BBEICHHS OOPOBY /sl BiABONY ra3iB mepepizom 2,32 x 2,32 m.
®dyrepyBaHHs (DyHAAMEHTHOT YaCTHMHHM IUMOBOI TPYOM Ta CTiH Ta30Xoay 10 JaepopMaiiiHOro
1Ba BUKOHaHa 3 mamMoTtHoi nermu Mapku bJI-1,3 11 copty Ha >kapoTpUBKOMY pO34HHi. Y SKOCTI
TETIOI30JISIIIT 3acTOCOBaHA KJIagKa 3 JIaTOMITOBOI menm. Pexxum poOoTH medi Ta Tpyowm —
MUKTIYHUH (peryaspHi 3HauHi mepepBu B poOOTi).

Jlist BUSIBNIEHHS MPUYWHHU PYHHYBaHHS (yTepyBaHHS CTIH Ta MOXIIMBOCTI MPOBEICHHS
JIETATBLHOTO Bi3yaJlbHOTO Ta IHCTPYMEHTAJIBLHOTO O0CTEXEHHS OYyJI0 BUKOHAHO PO3POOKY IPYHTY Y
MiCIIi MPUMHKaHHS OOpOBY 110 pyHIaMEHTY TpyOu (puc. 2).

B xomi Bi3dyanmbHOTO 0OCTEXKEHHs OYyJM BHSBJICHI HACTYMHI NePEKTH Ta IMOIIKOIKCHHS
(puc. 3):
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— BIJCYTHICTb 3alOBHEHHS JAe(opMalliifHOro msa Mi>K CTIHAMH Ta30XOAy Ta €JIEMEHTOM
dbyHIaMeHTy TPYyOH;

— pyHHYBaHHS KJIQJKH TEIUIOI30JIA1I11 CTIHOK ra30X0/y;

— pYyHHYBaHHS 3aXHCHOTO IIapy OeTOHY CTiHM OOpOBa 3 OTOJICHHSIM 1 KOPO3i€l0 apMaTypH
10 25% mepepisy 3 JTOKami3allielo B MicIli MPUMHKAHHS 10 PyHIaMEHTY;

— BIJCYTHICTb T1JIPOI30JIAIIii 30BHINITHIX CTiH OOPOBY.

— MICII 3HAYHOTO TMPOCIIaHHS MPUJIETVIOl 10 AUMOBOI TpyOW TepUTOpii Ta pyWHYBaHHS 1
JIOKaJIbH1 MiCIISl MPOBaiB ac(haqbTOOETOHHOTO BUMOIIEHHS TUMOBO1 TPYOH.

Puc. 3. Bussneni deghexmu ma nowkoOdcenHs: KOHCMPYKYil

Jns  BusHadeHHs  (AKTHUYHUX  XapaKTePUCTUK  KOHCTPYKIIM  Oylo  BHKOHAHO
IHCTpyMEHTaJIbHE 00CTEXXEHHS Ta Ja0opaTopHi TOCIIIKEHHS, a caMe:

— BU3HAYEHHS MIIHOCTI OETOHY HEPYWHIBHUM METOJIOM Y BiJMOBITHOCTI 10 BUMOT [1; 2]
Ta pyHHIBHUM METOJIOM BIAMOBITHO 10 cTaHAapTiB [3; 4] (puc. 4);

— BU3HAYEHHS KpEeHY CTOBOypa TpyOH METOJIOM BUMIipIOBaHHS KYTiB [5];

— BU3HAYEHHS HOMEHKJIATYpH IPYHTIB [6—8].

g e

a) po3MiTKa IUISTHKA 0) B110ip KepHa 8) KEpH 2) XapakTep
Bi1OOpY KepHa pyHHYBaHHS 3pa3ka

Puc. 4. Buznauenus miynocmi 6emorny memooom pyuHieH020 KOHMPOIIO
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3a pe3ymbTaraMM KOHTPOJIO MIIIHOCTI OETOHY BCTAaHOBIICHO, IO MIIHICTh OETOHY
dbyHInaMeHTy nuMoBOi Tpyow Biamosimae kmacy C18/22,5 (mapka M300), minHicTh OeTOHY
30BHIIIHIX CTiH O0poBy Binmoainae kinacy C16/20 (mapka M250). Jlani pe3yasraTu cBi4aTh Ipo
BIJIMOBITHICTh (PAKTUYHOT MIITHOCTI TPOCKTHUM BUMOTaM.

Amnani3 JIUHAMIKM PO3BUTKY KpeHy CTOBOypa TpyOM TIOKa3aB BiJCYTHICTH OCaJI0K
dbyHnameHnTy 3a octanHi 12 pokis (117 MM B miBaeHHO-cXigHOMY Hanpsamky y 2007 p. ta 116 mm
B MiBIEHHO-CX1AHOMY HanpsiMky B 2019 p.).

3a pesyapTaramMu J1aOOpaTOPHUX BHUMPOOYBaHb BCTAHOBJICHI XapaKTEPUCTUKH TPYHTY:
IICOK KOBTYBATO-CIpUil MaJjOBOJIOTHH, CepelHbOl LIUIBHOCTI, 3 JOJaTKaMHU >KOBTOTO 1 Oypo-
JKOBTOTO, 3 PIIKICHUMU BKJIIOUEHHSIMHU, 70 5 % KOpPCTBM Ta IIeOEHIO, TpaHiTy, HUIaKy. 3a
HIUTBHICTIO CKJIaJIaHHS IPYHTU XOU 1 BIAHOCSATHCS 70 CepelHbOl HIUTBHOCTI ajie HaOMMKeHU 10
PUXJIOTO, 1110 CBITYUTH PO HEJOCTATHE YIIUTBHEHHS 1] 9ac 3BOPOTHOT 3aCHUTIKH.

AmHani3 pe3yibTaTiB  Bi3yaJdbHOTO Ta I1HCTPYMEHTAJBHOTO OOCTEXEHb II0Ka3aB, IO
YTBOPEHHSI BEPTUKAIBHUX TPINIUH B KJIAAIl IIAMOTHOTO (pyTEpyBaHHS B MICIll TMPUMHUKAHHSI
ra3oxoqy J0 TpyOM Ta TOPHU3OHTAJIBHOI TPIIIMHUM MDK TPUMHUKaHHAM JO0 TpyOH Ta
nedopmariiHuM MBOM Ta30X01y CIPHYMHEHO TPUBAJIOKO JI€I0 KUIBKOX (paKTOpiB:

— HEIOCTaTHE YIIUIBHEHHSI 3BOPOTHOI 3aCHMIKH (ITyXKUH CTaH TPYHTY) HICIs 3BEICHHS
MiJ36MHUX KOHCTPYKIIHM Ta 3aJIUIIEH] TOPOXKHEU1 TMPU3BEIU JI0 MIBHIKOTO MOTPAIUISTHHS BOJIOTH
B T1JIO KOHCTPYKIIii, 10JaTKOBUX JedopMalliil 1 pyiHyBaHb;

— 3aMOYyBaHHS TOBIII CTIHM Ta30XoJy MDK (yTepyBaHHSIM Ta 30BHIIIHBOIO
3aJ11300€TOHHOIO CTIHKOIO Ta30XOAy 4dYepe3 He3aloBHEHWH nedopMamiiHuii 1I0B, IO €
HEMPUIHATHAM Ta MOMUJIKOBUM PIIIEHHSIM ITPH BUKOHAHHI Oy/1iBEJIbHO-MOHTaXXHHUX POOIT;

— BIJACYTHICTh 3acO0iB BOJIOBIJBEJCHHS (BUMOIICHHS) Ta JOBrOTpHBaia QIIbTpaIlis
arMocepHOi BOJIOTH 4Yepe3 MyXKHH IPYHT, IO MPHU3BEIO 10 MeXaHI4HOi cydosii IpyHTy 3
MEPEXO/IOM 13 TMYXKOTO CTaHy JIO CTaHy CEepeqHbOi MIbHOCTI. CBIIYEHHSM IIHOTO CIIYKUTh
YTBOPEHHSI MIPOBaJIb Ta BUIMOK Ha TIOBEPXHI, 5SIK1 HAIOBHIOIOTHCS aTMOC(EPHOIO BOJIOTOIO;

— BIUIMB TEPMOAMHAMIYHUX KOJHMBAaHb (LMKIM HArpiBy Ta OXOJOMKEHHS) 3 OJHOYACHUM
KaliJIIpHUM THUCKOM BOJIOTH HAa CTPYKTYPY TEIUIOI3OJALIMHOrO mapy KIaaku (3 AiaTOMITOBOi
nernu). B pe3ynbrari 3BOJIOKEHHS KKK BigOyBaeThCcs 11 HACHUYCHHS BOJIOTOIO, sKa 13
301IBIICHHSIM TEMIIEPAaTYpH MOYMHAE BUMIAPOBYBATUCS Ta i/l THCKOM PYHHY€E CTPYKTYpY LETJIH,
10 MTPU3BOJUTH J0 YIIUIPHEHHS KJIAIKH TETUTO130JIAII11 (301IbIICHHS 11 TUTOMO1 Baru) 1 BUKJIMKAE
epexT «posnupaHHs». OAHOYACHO BUHHMKAIOTh TEPMOAMHAMIUHI HANpPYXEHHS B IOIEPEUYHOMY
HaIpsMi MDK IIapaMu pyTepyBaHHS Ta TETUIO130IA1T YIITEHEHOT H)KHBOT YaCTHHH KJIAIKH.

Bucnoexu. 3a pezynbraraMu 00CTEXEHHSI KOHCTPYKIIIM TpyOH BCTAHOBJICHO, IO PEXHUM il
eKCIUTyaTallii He BIUIMBAaE HAa XapaKTEPHUCTHKU MarepiajiB HECy4YHX €JEeMEHTIB (yHIaMEHTy Ta
razoxony. IIpoTe HUKITIUYHUI peXuM pOOOTH 31 3HAUHUMH KOJHMBAHHSAMH TEMIIEpaTypu B
CYKYITHOCT1 3 JOMYIICHHUMU TOMHJIKAMH Ha eTami OyJIiBeIbHO-MOHTOXKHHX pPOOIT MOXYTh
NpPU3BECTH JO TMOTPAIUIAHHS BOJOTM B TOBILY KOHCTPYKIIH 1, SIK HACIiJIOK, BHKJIHUKATH
PYHHYBaHHS OKPEMHUX €JICMEHTIB.

CnHcox BUKOPHUCTAaHUX JAKepet

1. ICTY b B.2.7-224:2009. bynisensHi Matepianu. beToHn mpaBuiia KOHTPOJIIO MIITHOCTI.
Kuis : Minperiondyn Ykpainu, 2009. 23 c.

2. JCTY b B.2.7-220:2009. byniBenpHi Marepiaaud. beroHW BU3HAUYEHHS MIITHOCTI
MeXaHIYHHMHU METO/IaMH HepyiHiBHOTO KOHTpouo. KuiB : MinperionOyn Yxpainu, 2009. 19 c.

3. ICTY b B.2.7-214: 2009. byniBenbni wmatepianu. beronu. Meronnm BU3HAYECHHS
MIITHOCTI 32 KOHTPOJIBHUMH 3pa3kamu. KuiB : MinperionOyn Ykpainu, 2009. 43 c.

4. JICTY b B.2.7-223:2009. bynisensHi Matepianu. beronn. Meroaun BU3HaA4Y€HHS MIITHOCTI
3a 3pa3kaMu, BiliOpanuMu 3 KOHCTpyKUiid. KuiB : Minperion0yn Ykpainu, 2009. 10 c.

5. ICTY b B.2.1-30:2014. Ipyatu. Mertoau BuMmiproBanHs aedopmaliii OCHOB OYIUHKIB i
cnopya. Kuis : Minperion Ykpainu, 2014. 14 c.

58



XVIII mixxHapogHa HAYKOBO-TIPaKTUYHA KOH(EPEHIIis
«[HHOBaIiiTHI TexHOJOTI] Yy OyIiBHUITBI, HUBLIBHIN iHXKeHEpil Ta apxiTekTypi», JHinpo, 26.11.2020

6. JICTY B B.2. 1-8-2001. OcHoBu Ta migBaauau OyauHKIB i ciopya. [pynTu. Binoupanus,
yIaKkyBaHHs, TPAaHCIIOPTYBaHHS 1 30epiranns 3pa3kiB. Kuis : JlepkaBHui KomiTeT OyIiBHUIITBA,
apXiTeKTYypH Ta XKHUTIOBOI momiTuku Ykpainu, 2001. 16 c.

7. OCTY b B.2.1-17:2009. OcHoBu Ta migsanveu OyauHKIB i cropyx. Ipyaru. Mertomu
nabopaTopHOro Bu3HaueHHs (izmuHuX BractuBocted. KuiB : Minperionoyn Ykpainu, 2009.
32c.

8. JICTY b B.2.1-2-96. OcHoBu Ta migBaiuuu OyauHKiB i cropy. Ipyntu. Kinacudikais.
Kwuis : JlepxaBHU KOMITET OYAIBHUIITBA, apXITEKTYpPH Ta KHUTJIOBOI MOJITUKH YKpainu, 1996.
Slec.

59



XVIII mixxHapogHa HAYKOBO-TIPaKTUYHA KOH(EPEHIIis
«[HHOBaIiiTHI TexHOJOTI] Yy OyIiBHUITBI, HUBLIBHIN iHXKeHEpil Ta apxiTekTypi», JHinpo, 26.11.2020

VIIK 628.517(075)

OIIHIOBAHHSA ITYMOBOI'O 3ABPYIHEHHS )KAUTJIOBUX TEPUTOPIN
B PAMOHI TIPOEKTYEMOI'O AEPOIIOPTY

linbos B. B., k. 1. H., go11.; [TorTopaubka B. M., k. T. H., 1011.; [Ipokod’eB L. B., CT. BUKIL.
JIBH3 «IIpuoninposcvka depoicagna akademis 0y0ieHUymea ma apximekmypuy

Ilocmaneoxka npoénemu. Ilpu 3eneHoM OyAIBHUITBI Ta TMOAAJIBIIOT eKCIUTyaTarli
00’€KTiB, BIUIMB SKii BOHM YTBOPIOIOTb HA HABKOJUIIHE CEpPENOBUILE IOBUHEH OyTH
MiHiMaTbHUM. [IpuHIIMIIaMK 3eTeHNuX (€KOJIOTIYHUX) CTaHJAPTIB Y KOHTEKCTI CTAJIOr0 PO3BUTKY
€: Oe3neka i COPUATINBI 370POBI YMOBH KHUTTEIISIIBHOCTI JIFOAUHU; OOMEKEHHSI HEraTUBHOTO
BIUTMBY Ha HaBKOJIMIIHE CEPEJOBUINE; BpaxyBaHHS IHTEpeCiB MallOyTHIX MOKOJiHb. bararto B
YoMy II€ TIOB’A3aHO 3 3a0e3MeUeHHIM SKOCTI KHUTTA MoAei. Y 2019 pori, a7 00CTyroByBaHHS
JlHinponeTpoBchbkoi Ta 3amopi3pkoi obnacted, B MiHicTepcTBi iH(pacTpykTypu YKpaiHu
3arpoIoHyBaiu MoOynyBaTu HOBUH aeporopT «IIpuaHinpoB’s» Hemonamik Bix cenuma ConoHe
Ha KOpJIOH1 1BOX obJyacTeil. PiBeHb mrymy, 1110 BUHUKAE TIPH €KCIUTyaTallii MOBITPSHUX CYJeH Ha
aepoApoMi Ta B HOro OKOJHIISNX, 3a3BUYail BBAXKAETHCS OJHUM 3 OCHOBHHUX (DakTOpiB, IIO
HETaTHUBHO BIUIMBAIOTh HA HACEJICHHS Ta HABKOJIMIITHE CEPEIOBUIIIC.

Mema oOocnioycenna — BU3HAUMTH HACEIEHI MICIM Ta KUIBKICTH IX MEIIKAHIIB, SAKi
MOXYTh TOTpPanUTH Yy 30HY IIIYMOBOTO 3a0pyIHEHHS TpU BBEJACHI B IO aepomopTy
«[IpunHIIpoB’si».

MicToOymiBHI TIOMHJIKH YacTO € TMPSMOI0 MPUYMHOK 3HUKEHHS SKOCTI >KUTIOBHX
TEpUTOpi, TOMY TpH TMPOEKTYBaHHI aepomopry MOTpiOHO  BpaxoByBaTH  0Oararo
B3a€EMOITIOB SI3aHUX  3aBJaHb. TEXHOJOTIYHUX, MICTOOYTIBHUX, apXITEeKTYypHO-OyIiBEIbHUX,
CaHITApPHO-TITIEHIYHUX, COLIATBLHUX, EKOJIOTIYHUX, €KOHOMIYHMX. OcoOnmBYy yBary mOTpiOHO
MPUAUTATA €KOJIOTIYHUM BHMOTaM, sIKi 3a0€3Meuy0Th OXOPOHY, HAMOUIbII TTOBHE BiJHOBJICHHS 1
30aradeHHs] HaBKOJMIIHBOTO CEpEelOBUINA B Ipoleci OyIiBHUITBA 1 eKCIIyaTaiii aepomnopry.
BruuB  aepomopTy Ha HABKOJMIIHE CEPEAOBHINEG B 3HA4YHIM Mipl BHU3HAYa€e XapakTep
BUKOPUCTAHHS 3€MENbHUX JUISHOK, IO MPUMHUKAIOTh 10 aepornopty. OJHUM 3 HETaTMBHHUX
dakTopiB BIUIMBY € IIymMoBe 3a0pymaHeHHs. [Ipu iHTEHCHMBHOI, MJI0OOOOBOI eKCIuTyararii
aepoJpOMiB, €KBIBAJIEHTHI PiBHI 3BYKY Ha TE€PUTOpii KHUTIOBOI 3a0ylOBH JOCATAIOTH B JICHHHMA
yac 80 nbA, y uiunuii — 78 n1bA, MakcuMmalibHI piBHI KoiuBaroThes Big 92 mo 108 nbA [1].
OCHOBHI JpKepena IIyMy Ha MiANPUEMCTBAX IMBUIBLHOI aBiallii yMOBHO MO)KHA Kiacu(ikyBaTu 3a
TaKUMU TPYIIAMU:

1) urymu Bij JiTakiB, [0 BUKOHYIOTH MOCAAKY a00 3IiT;

2) mIyMH BiJl IEpEMIIIIEHHS JIiTaKa M0 PYIDKHUX CMYyTrax 3 BUKOPUCTAHHSM TSTH JIBUTYHIB
JITaKa;

3) mymu nipu BUNIPOOYBaHHI aBiaJIBUTYHIB;

4) mrymu cTaHIii BUTpoOyBaHHS aBiaJIBUTYHIB;

5) mIyMH TEXHOJIOTIYHOTO OOJaJIHAHHS PEMOHTHHUX 1 €KCIUTyaTaIliiHUX aBiaIliIIPUEMCTB
LUBLIBHOI aBiari.

HaiiGinpmuii BIIMB aBlalliiHUK ITyM HaJa€ Ha HACENEHHS, SKE MPOXXHBAE TOOIH3Y
AepOTOPTIB, IO TOSCHIOETHCA CUJIBHUM IIIYMOM Il Yac 37bOTY 1 mocamku JitakiB [1; 2].
MaiiOyTHbuit MikHaApoaHUH aepornopT «[IpuaHIMpoB’si» MOXKHA BiTHECTH J0 aepomnopTy I kiacy.
[IpunycTumi 3HaUEHHS €KBIBAJIEHTHUX 1 MAKCHUMAJIbHUX PiBHIB 3BYKY IMPOHHKAIOYOTO IIyMYy Ha
TEPUTOPISX, K1 O€3MOCEePEAHBO MPUIIATAIOTH JI0 KUTIOBUX OyIMHKIB, JJIS JEHHOTO Ta HIYHOTO
yacy no06u BctanoBmowThes JIBH bB.2.2-12:2019 «IlnanyBanHs 1 3a0ygoBa TEpHUTOPIi»,
JBbH B.1.1-31:2013 «3axucT Tepputopuu, OyANHKIB 1 CIOPYA BiJ IIYMY».

KinpkicHy OIIIHKY aKyCTHYHOTO peXHMY JUIs OO €KTiB, IO TMPOEKTYIOTbCA Tpeda
3MIACHIOBATH 3a pe3ylIbTaTaMH aKyCTHYHUX pPO3paxyHKiB. Kputepiem miis OIIHKA CTaHy
EKOJIOTIYHOi ~ Oe3MeKkM 3a UYWHHUKAMHU IIYMOBOTO 3a0pyIHEHHS KUTJIOBOI  TEpHUTOpIii
3aIMpPONOHOBAHO MTOKA3HHUK KUJIBKOCTI HACceJIEHHs, 1[0 MEIIIKA€E B 30H1 €KOJIOTIYHOTO TUCKOMQOPTY.

60



XVIII mixxHapogHa HAYKOBO-TIPaKTUYHA KOH(EPEHIIis
«[HHOBaIiiTHI TexHOJOTI] Yy OyIiBHUITBI, HUBLIBHIN iHXKeHEpil Ta apxiTekTypi», JHinpo, 26.11.2020

Jlis OIIHKM BIUIMBY aBIallifHOTO WIYMy HOBOTO aeporopTy Ha ICHYIO4Y 3a0yI0BY
BUKOPHUCTOBYIOThCS KapT KOHTYpiB mymy «lllymorpad-A» [1]. BukopucroByroun «lllymorpad-
A» ans aeporopty | kimacy Oyn0 moOyZoOBaHO KapTy IIyMYy 3a HAMpsSMKOM 3JIITHO-ITOCAIKOBIL
cmyru 3axin-Cxin (3rigHo JICTY-H b B.1.1-27:2010 «byniBenbHa KiIiMaTOIOTIs EPEBAKHUMU
HaIpsSIMKaMH BiTpy y JIHIMPOMEeTpOBChKii 00IaCTI € CXIAHUI Ta MIBHIYHUHN ), BU3SHAYCHO HACEIICHI
MYHKTH, 110 TOTPAITWIN B IUIONTY IUISIMHA IIYMOBOTO 3a0pyIHEHHS Ta PO3paxOBaHO €KOHOMIUHHM
30MTOK Yepe3 MOKITUBE IITYMOBE 3a0py/IHEHHS HACEIEHUX MICIb.

Tabnuys 1

KisabkicTh Hace1eHHs, siKe MOe IOTPANIUTH B 30HYy LIIyMOBOI0 3a0py/IHEHHS A¢PONOPTY
«IIpuaHINpoB’ s Ta eKOHOMIYHM A 30UTOK

[Toka3Huku Hymosiid pexnm kacy, AbA Bcerworo
90 85 80 75 70 65 60

KinbkicTs
HACEJICHHS, 366 1779 1381 582 9816 9255 11 743 39 987
H, gomn.
Exonomiunuit
30MTOK, 3 , 863,77 | 29809 | 16258 | 421,0 | 4381,6 | 2477,6 | 1835,5 | 14 586,1
THC. TPH/PIK
Cyma 30uTKy 3 ypaxyBaHHAM KoedinieHTa kparHocTi (K= 2,5), 36 4653
THC.TPH/PIK ’

Bucnoexu. Anani3 i OIIHKY aKyCTHUYHOTO PEXHMY Ta PO3pPOOJICHHS 3aXOIB 3aXHCTy BiJ
myMy TpeOa BHUKOHYBaTH Ha BCIX CTaJisiX MPOEKTyBaHHS, OyTiBHUIITBA, PEKOHCTPYKIN 1
eKCIuTyarailii 00’ €KTiB.

IIpn po3ramyBaHHi HOBOr0 MiKHAPOAHOr0 aepomopry B c¢. M. T. CojloHe B 30HY
Mai0yTHbOI0 LIYMOBOIO 3a0pyAHEHHsI NOTPamsiloTh 118 HaceneHMX NYHKTIB, 0JIM3BKO
40 THCAY MENIKAHIIB, 2 €KOHOMIiYHMH 30MTOK HAa CHOIOAHIIIHIA JAeHb Oyle CKJIagaTH
0,1M3bKO0 36,5 MJIH I'pH.

3abe3neveHHs] Ha TePUTOPIi KUTIOBOI 3a0y/IOBU 1 B IPUMIMIEHHSX JIe TTepeOyBaOTh JIIOH
AKyCTMYHOTO PEXUMY, IO BIANOBIJA€ TITIEHIYHUM HOPMATHBaM, TOBUHHO 3IiHCHIOBATHCH
IIUISIXOM 3aCTOCYBaHHSI MiCTOOYIIBHHX, apXiTEeKTYpHO-TUIAaHYBaJIbHUX, KOHCTPYKTHBHUX PIIlICHb,
OpraHizalifHO-TEeXHIYHUX,  aJMIHICTPAaTHBHO-OpTraHi3alliiHUX  3aXO[iB Ta  OyIiBEJNbHO-
AKyCTUYHUX 3aCO0iB.
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YIK 691.620.3

MPOBJIEMU JUCHEPTALIII HAHOCUCTEM Il YAC BUTOTOBJEHHS
BYAIBEJIbHUX MATEPIAJIIB

Jepen’sinko B. M.l, 1. .T. H., ipo¢., Mopo3 B. IO.I, acm., Mopo3s JI. B.Z, K. T. H.,
! Jleporcasruil suwuil HABUATLHUL 3AKIAO
«IIpuoninposcvka depoicasna axademis 6YOiIBHUYMBA MA APXTMEKMYPU»
? JlHinpoecokuil 0epacasHull acpapHo-eKOHOMIYHULL YHIGepCcUumem

Beryn. MoauBiCTh CTBOPEHHSI MaTrepialliB 3 MOKPAIIEHUMH BIACTHBOCTIMH 32 PaxXyHOK
Moudikailii OCTaHHIX HAHOYACTMHKAMH BXKE HE BHKIIMKAE YKOJHUX CYMHIBIB. 3Ba)Kalouu Ha Te,
[0 HAHOYACTHHKU JOJIAIOThCS y HAJIMIPHO MalUX KIJTBKOCTSIX, PO3MIp OYIKYBaHOTO e(exTy
NOKpaIieHHsT (Pi3MKO-MEXaHIYHUX BJIACTUBOCTEH OyHiBeNbHUX MarepianiB 0Oe3mocepeTHbo
3QJIEKUTH BiJl PIBHOMIPHOTO iX po3moiiay B 00’€Mi MaTpHIll Ta MEXaHI3My iX B3aeMomii 3
KOMIO3ULIHHUMH 00’€KTaMH 70 SIKMX BOHM AopatoThes. Cepen mpobieM, 10 BUHUKAIOThH MPH
PO3IOIJTI HAHOYACTHHOK B Marepiaii Ta MiAIaraloTh BUPIICHHIO MOJKHA BUJIUTUTH HACTYITHI:

1. CxmagHicTh aucmepraiii, BHACTIIOK HE3HAUYHOI KUIBKOCTI HaHOMO0aBOK 1 Mpolecy
arJioMepariii B piIkoMy CEepeIOBHIIII.

2. TlomepemxeHHs TpolLecy KOaryislii YacTUHOK Y JWCHEpProBaHiii CUCTeMI IpH
30epiraHHi.

AHani3 icHyroumx nyOaikauii. JlochiJpKeHHS BIUIMBY CEpelOBHINA Ha CTYMiHb
aucriepraimii HaHoyacTHHOK [1—13] BusiBMIM, MO 130JIbOBaHA CHCTEMAa HAHOYACTHHOK €
€HepreTUYHOI0 CHCTEMOI0 ocolnuBoro BuAy. Tak aBropu [1] BBakawTh, IO arperamis
HAHOYACTUHOK 3 YTBOPCHHSIM arioMepariB BUKIMKaHA JUCHIIAIEI0 eHeprii Ta Mmae OyTu
nornepepkeHa  3azznaneriib. OCKUTBKM BEJIMKAa KUIBKICTh HAHOYACTHHOK BHUTOTOBJISIETHCS Y
BUIJIAII TOPOIIKY, TPOIEC arioMepallii € HeBiABOpOoTHIM. Piaki mucrepcii HaHOMPOIYKTIB
MOXYTh 3aXHUIIAaTH YaCTUHKHU Bijx armomeparii. bap’ep, mo Onokye 301MKeHHS HAaHOYACTHHOK
MOJKe OyTH TIPEICTaBICHUI MMOBEPXHEBO-aKTUBHOIO PEUOBUHOIO 200 3apsHDKEHUM €JIEKTPOITITOM.

Pazom 3 TuM 3aBmaHHS aucneprainii HAaHOYACTMHOK MOXe OyTH BHPIIIEHO IUISIXOM
po3MeNoBaHHs, (YHKI[IOHAmI3alii MMOBEpXHI (HANpUKIAL KHUCIOTHAa O00poOKa), a TakKoxX
BUKOPHCTaHHS MTOBEPXHEBO-aKTUBHHUX areHTIB (PO3YMHU CIUPTY — €THIOBOTO, MOJMIBIHIIOBOTO,
nuMeTtuihopmaminy, rymmiapadikm) [2].

Cripobu OTpUMaHHSI HAHOCTPYKTYPOBAHOTO B’SDKYUOTO HIJISIXOM PO3MEINIOBAHHS MOKA3aIH
HEOOX1HICTh KOHTPOJIO BEJIWKOI KUIBKOCTI MapaMeTpiB, sIKI BIUTMBAIOTH HA SIKICTh KIHIIEBOTO
nponykry (aucmepcHictb, pH cepemoBuia, temmneparypa Tomio). IIpoMiKHHI KOHTPOJb
XapaKTEePUCTUK MOTpedye 3yMUHKHU MPOIIECY PO3MENIOBAHHS, IO B CBOIO YEPry 3MEHIIYE SKICTh
KIiHIIEBOTO MPOJYKTY Ta IMiIBUIILYE HOTO TPYAOEMHICTS [3].

HaiinpocTimum 1ociipkeHHsIM Ha CTYIIHD JUCTeprallii € Bi3yaJbHUM aHaTI3 CyCIeH31l Ha
PEAMETHOMY CKJIi 32 JIOIOMOTOIO ONTHYHOTO MIKPOCKOMY, /IS BUSIBJICHHS BUIMMHUX BKJIIOUCHb
IIUISIXOM OITIHKHM OJHOPITHOCTI KOJIbOPY 0€3 HasBHUX JOMIIIOK [4].

Cepen HalNOMMpPEHINMX TEXHOJOTIH Jaucmepramii po3pi3HSAITh POTOPHO-CTATOPHI
3MillIyBadi, MOPITHHOBI TOMOTE€HI3aTOpHU a00 METOIN MOKPOTO PO3MEITFOBAHHS.

Opnak HaWOWTBII eQEeKTUBHUM CHi BBaXKaTH crnoci® gucmepramii — oOpoOka
yABTPA3BYKOM.

OcHoBHuii Martepiau. [Ipu ynbTpa3ByKOBOMY AMCIIEPryBaHHI CyCHEH31H, AMCIEPCHICTbH
MPOAYKTY 301IBIITY€EThCS HA JACKIIbKA MOPSKIB. PedoBUHM, 110 3HAXOAATHCS B HAHOPO3MIPHOMY
CTaHi MalOTh IHIII BJIACTHBOCTI 3a pPaxyHOK 30UIBIICHHS NHUTOMOI TIOBEpXHi, a TaKOX
MOKpAIeHHS XIMIYHOI Ta TONMOXiMiuHOT akTUBHOCTI. EpexTuBHICTh MO biKaIlii HaHOTOOABKaMU
3aNIeKUTH BiJl OMHOPIAHOCTI po3noairy B 00’emi [5]. OkpiM ynbTpa3ByKoBOi 0OpOOKH CTYIMIHb
JUCTIEPCHOCTI TOKPAIIYIOTh 32 PaXyHOK 1HTEHCHBHOTO TEPEMIITyBaHHs, a TaKoK Momudikartii
MOBEPXHI BYIVIELIEBUX HAHOYACTHHOK  (i3uKo-ximMiuHuMH Merofamu. JlocmimkeHHs [6]
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MIOKa3YIOTh, 110 JUISI YTBOPEHHSI CTIMKOI IMCIIEPCHOI CUCTEMH CJIiJI BpaXOBYBAaTH THI BYIJICLIEBUX
HaHOTPYOOK, a TaKOXX B’ SI3KICTh AUCTIEPCIMHOTO CEPEIOBHIIA.

[TepeBarn yabTPa3ByKOBOTO PO3MOALTY HAHOYACTUHOK y BOJHHMX PO3UMHAX BIAMIUEHO Y
po6oTi [7]. ABTOpHM 3a3HAYarOTh, IO YIBTPa3ByKOBa 00OpoOKa 3a OCHOBY Ma€ sIBUIIE KaBiTallii,
sgKe MpUIIBHALTYE (Di3UKO-XIMIYHI TporecH y piauHi. IloBepXHEBO-aKTHBHI PEYOBHHH, SIKi
MICTUTh KOJIOIJHHM PO3YMH CHPHUAIOTH CTBOPEHHIO OJHOPIAHOI CyCIEH31l Ta B MOJAJbIIOMY
BiJIIOBIAFOTH 3a 30€pEkKEHHSI MOCTIHHOTO CTYIEHs aucnepcHocTi cuctemu. Cepen ¢pakTopis, 10
BHU3HA4YalOTh €()EeKTUBHICTh 3aCTOCYBAaHHS MOBEPXHEBO-AKTUBHUX PEYOBHH € X KOHIIEHTpAIlis Ta
yac yIbTpa3ByKOBOi OOpoOKHM po3unHy. 3MiHa IIUX MapaMmeTpiB MOXKE MPUBECTH O HYIHOBOTO
a00 HaBITh HETAaTUBHOTO PE3YyNbTaTy il MOBEPXHEBO-aKTUBHOI PEYOBMHM Ha cucTeMy. OIlIHKY
pPO3MOJITY HAHOYACTMHOK MOKHA TPOBOJUTH 32 MOKA3HUKOM OINTHUYHOI IIUTBHOCTI, 8 TaKOXK 3a
JIOTIOMOTOI0 MIKPOCKOTIa — HAasiBHICTh YAaCTUHOK OUIBIIIE BHU3HAYEHOTO po3Mipy. JlocmimKeHHs
napamMeTpiB yAbTPa3BYKy JUIsl BCTAHOBIIEHHS ONTHUMAbHUX PEXUMIB 00poOKH 3abe3rneuye He
TUTBKH AWCTIEPTyBaHHS IUCIIEpCHOI (a3u, ajie 1 MOsSBY IHIIUX HETIHIWHUX e(eKTiB B3aeMomii
YIBTPa3ByKy Ta pPIiAMHU, HANpUKIaA Jerasaiilo CepeloBHUINA HOCIsA, pO3irpiB, MOIEKYISpHI
nepeTBOpeHHs Ta iHmI [8]. BIIMB MOBEepXHEBO-aKTUBHUX PEUOBHMH Ha CTaOLIi3aIlil0 CHCTEMH
«CepeoBUIIle HOCIHi — HAHOYACTHHKH» MIAKpecieHo 1 y poboti [9]. Pesynsratu OIiHIOBAaHHS
IHTEHCUBHOCTI jJucrepraiiii Ta CTIHKOCTI CHCTEMH CHEKTPO(YOTOMETPUIHUM  METOJOM
JEMOHCTPYIOTh CYTTEBE MIJABHUINEHHS SIKOCTI JUCTepramii Ta CTabiIbHICTh CYCIEeH311 BHACTIIOK
JOJIaBaHHSI MOBEPXHEBO-aKTUBHUX PEYOBHH. 3B'A30K ONTHUYHOI INUIBHOCTI CYCIEH3ii,
KOHIIEHTpAIlil MOBEpXHEBO-aKTUBHOI PEYOBMHU Ta ii CTYNEHIO OKCHETHIIYBAHHS Ja€ 3MOTY
MPOTHO3YBATH CTIWKICTh CYCIIEH31i MPOTATOM IEBHOTO dYacy. ABTOPH TaKOX ITIKPECITIOIOThH
CYTTEBI BIIMIHHOCTI B pPO3IIIHYTHMX 3aKOHOMIPHOCTSIX TMPU BHUKOPHCTAaHHI BYIJICLIEBUX
HaHOTPYOOK Ta (yrepeHiB.

IcHye nyMKa, 110 OCHOBHHUM HEJOJIKOM YABTPa3BYKOBOI JMCIEpramii € BeJHKa
€HEePrOEMHICTh Ta MaJla BHPOOHMYA TMOTYKHICTh. 3BaKalOuW HaA Te, IO YIbTPa3ByKOBa
JUcTiepraiisi  gBias€e Cco0O  HAMMOMMpPEHIMMHA  crmocid  PiBHOMIPHOTO — PO3MOAUICHHS
HAHOYACTUHOK y PIAMHI 3a MPUCYTHOCTI MIACTU(DIKYHOUOi 100aBKH, 3’ SABISAIOTHCS HOBI METOIU
KaBiTaliifHOTO AucrepryBaHHs. OMHUM 3 TaKUX € CIOCIO OTPUMAaHHS CTa0UTBHHUX Ta OJHOPITHIX
CyCIIeH31d 3a JIONOMOTOK KaBiTAIllIMHOTO TiApoAuHAaMIYHOTO oOnagHaHHsA. PozmineHHs Ta
JHCTIeprallisi ariOMEpOBaHMX BYIJICLIEBUX HAHOTPYOOK BiAOyBa€Tbcs BHACHIJOK 3MiHH
(301BbIICHHS] TAa 3MEHIICHHS) IIBUAKOCTI IOTOKY PIJIMHM Ta THCKY Yy TIOTOI, BHACIIIOK
OOTiKaHHS TOTOKOM CTPW)KHIB, PI3HOMAHITHMX 3BYXEHb Ta PO3IIUPEHb TiAPOAMHAMIYHOTO
nuctiepraropa. [lepeBaramu 1i€i TEXHOJIOTIT € CyTTEBE 3HWIKEHHS €HEpro3arpar Ta MOXKJIUBICTh
00poOKHM BeNMMKHUX 00’€MiB PIUHM, 110 HEOOXITHI HAMPHUKIA] Uil HaHOMOAUdiKalii OeTOHY B
yMOBax peajgbHOro BUpoOHuITea [11].

BincyTHicTb SKiCHOTO crIOcOOY /10/1aBaHHSI HAHOYACTUHOK Ta PIBHOMIPHOTO X PO3MOIiTY B
cycmeH3ii 4um wmarepiaji, a TakoX 3a0e3MedeHHs CTIMKOCTI cycrmeH3ii mpu 30epiraHHl 4H
TPAHCTIOPTYBaHHI € HAaralbHUMH MUTAHHSMH BHKOPHCTAHHS HAHOYACTUHOK TPU OTPHMAaHHI
OymiBenbHUX MartepianiB. Lli muTaHHS MOXYTh OyTH NPUYMHOK HEOTHOPITHOCTI OTPUMAHHUX
pE3yABTATIB MIPH 3aCTOCYBaHHI HAHOTEXHOJIOTTYHUX PIIlICHb.

BucHoBku. BiImoBiHO 0 PO3MISHYTOTO 3JIMIIAIOTHCS YITKO HE BHU3HAYCHHMH Ta
TaKMMHU, 110 TOTPEOYIOTh MOJAIBIINX J0CIHIKEHb, HACTYITHI KaTeropii:

— BUOIp cepeoBHIINA JIJIs TPOBEICHHS TUCTIeprallii HAHOYaCTHHOK;

— BUOip ONTUMANIBHOI TEXHOJIOTI{ JUcTepralii YaCTUHOK Y CepelOBHILI HOCI;

— BUOIp 3ac00iB KOHTPOIK PIBHOMIPHOCTI PO3MOIiIY YACTHHOK Yy CEPEIOBHINI HOCII, a
3rofIoM 1y Marepiaii.
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YIK 692.42/.47
EHEPITOE®EKTUBHE PIINEHHS ITOKPIBJII HUBIJIBHUX BYJIUHKIB

Hikapes K. b., x. T. H., n0o11., Kucamus JI. B., k. T. 1., nou., Kynenko A. O., k. T. H., JI01I.
Hepoicasnuii guwuti Hag4atbHULL 3aK1a0
“Ilpuoninposécvka oepoacasna akaoemis OyoisHuymea ma apximexmypu”

Bcemyn. Tlutanns 30epekeHHsT TEIUIOTH, pallioHAIbHOTO BUKOPUCTAHHS €HEPreTUYHUX Ta
TEIUIOBUX PECypCiB 3aiiMae 0coOIMBE MicIe B OyAiBEIbHUX TEXHONOTISIX. Taki MUTaHHS JIexkarh i
B OCHOBI jociipkeHb Kadernpu Texnomorii OymiBenbHoro BupoOHmmTBa [1]. OcHOBHA
eBporeiicbkka  crparerias  «20—20—-20» mepexbayae  MIBUIIMTH  €HEProe(eKTHUBHICTDH
HaIlOHAJIbHUX eKOHOMIK Ha 20 %, 3au3utH Ha 20 % BUKUIM Ta3iB B atMocdepy (y MOpiBHIHHI 3
1990 p.) Ta mocsarayru nokputts 20 % 3aranpHux eHepronorped [2] B pamkax «llakery miit
10710 OOPOTHOM 31 3MIHOKO KJIIMaTy Ta BUKOPUCTAHHSM BIJHOBIIIOBAHOI €HEPTii».

Byeni mparHyTh CTBOPUTH MaTepiall 3 HEBEJIHMKOI 00 €MHOI0 Macol Ta HHU3BKOIO
TEIJIONPOBIIHICTIO. [CHye BXe BenWKa KUIbKICTh TEIUIOIBOAIIMHMX 1 KOHCTPYKTHBHO-
TETUIOI30JIMHNX OyaiBeNbHUX MarepianiB. 3 iHIIOro OOKY, Taki OyaiBeNbHI Marepiaiu sK
0eToH, 1ieriia, caMaH, KaMiHb, JIEpeBUHA € JOCHUTh XOPOLIUMH TEIUIOaKyMYJIsTOpaMH, OCKUIbKU
MaroTh BHCOKI MOKAa3HHKH TEIIOMICTKOCTI. OKpiM MacHBHHUX TEIUIOAKYMYIIOIOUHMX MaTepialis,
IITUPOKOTO 3aCTOCYBaHHS ChOTOIHI HA0YBatOTh (ha30repexi/iHi TeIIOaKyMYITIOI0U1 MaTepiaiy.

VY Ham yac HaOUIBII MPHUIATHUMH AJIS aKyMYJIIOBAaHHs TeIja BBAKAIOThCS mMapadiHu.
Takuii marepiall B yMOBaX BHCOKOI TeMIIepaTypH, HAIIPUKIIAJ, 3HAXOIIIUCh Y TIOKPIiBIl OyIUHKY
i COHSTYHUM BUITPOMIHIOBAHHSAM MPOTATOM JHS, Oyze MPUIMaTH TEIUIO 1 MOTIM BiJIaCTh HOTO B
HABKOJIMIIIHE CEPEOBUILE B HIYHMI Yac.

Memoto 0anoi po6omu € BUCBITIICHHS TEXHIYHOTO PIIICHHS, 1[0 CTOCYEThCS] KOHCTPYKIIi1
MOKPIBJIl KUTJIIOBOTO OYIWHKY 13 MOMKJIMBICTIO PETYIIOBaHHS KUIBKOCTI TEIUIa, sKa MEPEIacThCs
BiJl TIOKPIBIIi O BHYTPINIHIX MpuMilieHb. Ha OCHOBI 3amaTteHTOBaHOTO B YKpaiHi TEXHIYHOTO
pillIeHHsT TOKPIBEJIBHOI MaHen 13 ¢a3zonepeximHuM marepianoM [3], A0 cKiIaay MOKpiBIi, IO
PO3IIISIAETHCS  BKJIFOUEHO JOAATKOBI E€JIEMEHTH — BEHTHIATOPH, SKI JAlOTh MOXKIUBICTh
NPUIIBUIIIATA PYX TOBITPSI Y BEHTHJIHOBAHOMY Iapi, THM CaMHUM 30UIBIIYIOYM KUIBKICTh
BUBEJICHOTO 3aB/STKA BEHTUJISIIIT TeIIa.

Quikysani pe3ynrvmamu. BimoMUMU € COHSYHI HAKONWYyBa4dl TEIJIOBOI €Heprii 3
dazonepeximHuMu Marepiadamu [4; 5], MO TpuU3HAYCHI [ BUKOPUCTAHHS arpapisMu.
HaiiGiapIm OMM3bKUMH 10 TEXHIYHOTO PIIIEHHS, IO PO3IVISAAETHCS € BEHTHJIbOBaHI MOKPIBI 3
dazonepexiiHUMHU MaTepianamu [6; 7], mpu3HaUeHi IS KUTIOBOTO OymiBHUITBA. Hemomikom
X TIOKPIBEJIb € HEMOXJIMBICTh PETYTIOBaHHS IIIBUIKOCTI PyXy IOBITPSHOTO TIOTOKY Y
BEHTHJILOBAHOMY IIIapi.

B 0OCHOBY TE€XHIYHOTO pIllIEHHS, MO0 PO3MIAAAETHCS B JaHIA pPoOOTi, MOCTaBJIeHA 3a/aa4a
OCHAIIIEHHS TTOKPIBII JKUTIOBOTO OYTMHKY BEHTHJILOBAHUM IIAPOM, TUTHH MOBITPS Y SIKOMY MOXE
3MIHIOBATUCS BIJMOBIIHO 10 KUTBKOCTI TEIUIA, SIKE MOTTTMHAETHCS TTOKPIBJICIO 13 HABKOJIHMIITHHOTO
cepenopuma. IloctaBneHy 3amgady BHpIIIYIOTh OCHAIICHHSM BEHTUJIHOBAHOTO  IIAPY
JOJATKOBUMH €JIEMEHTAaMU — BEHTWISATOpPaMH, SK1 Jal0Th MOXJIMBICTh MNPULIBUAIIUTH PyX
MOBITPSI, TAM CaMUM 30UTBIIYIOUM KUTbKICTh BUBEICHOTO 3aBISKW BEHTHIIALIT Teruia. dparmMeHT
MOKPIBJIi 300paKEHO HA PUCYHKY.

Bepx#iit rigpoizonsimiiamii map mokpiemi 10, M0 KpimuThCs A0 0OpENIiTKN 9 HarpiBaeThCsS
MiJl JI€F0 COHSYHOTO BUITPOMIHIOBAHHS CIIOHYKAIOYU PyX IOBITPS Y BEHTHJIHOBAHOMY IIapi 6.
3HayHa dYacTWHA TeMa BiJ] HArpiTOro MOBITPS TOTIMHAETHCS IMAapoM 3 (a3omnepexiTHuM
Matepiasiom 5. Terutoizonsmiauii map 4, po3TalloBaHUN MiX KpokBamMH 1 1 OOMEKeHU
BHYTPIITHIM OOJHIFOBAaHHAM 3, 3aTpUMYe€ JESKY YaCTUHY HAKOITMYECHOTO TeIlia Ta MEPEIIKoIKae
HaIMIpHOMY HarpiBaHHIO MOBITPS BHYTPIIIHIX MPUMIIIEHb OYTUHKY.
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1

Puc. @pacmenm nokpisni 3 pazonepexionum mamepiaiom ma pe2yibo8aHuM NOGIMPIHUM
NOMOKOM Y 8EHMUTbOBAHOMY Uapi

[Ipu yBIMKHEHHI BEHTHJIATOPIB 7, HACA[PKCHUX Ha HaNpsIMHY 8, sKa 3aKpirieHa a0 jar 2,
MIBUJIKICTh PYXy MOBITPS y BEHTWJIHOBAHOMY IIapi 301IBIIYETHCS, a OTXKE 3OUIBIITYETHCS 1
YacTUHA BUBENICHOTO 3aBISIKM BEHTHJIALIT Teruia. [Ipy BAMKHEHUX BEHTHUIISITOpaxX 7, y MPOIIApKy
BiZIOyBa€ThCSA MPUPOAHA BEHTUJISIIIS.

Bucnoeku. 3actocyBaHHs (Pa30omepexiTHOTO TEMI0AKYMYIIOUOr0 Marepiany y SKOCTI
OJTHOTO 3 IHIapiB TOKPIBII HUBUILHOTO OYIWHKY JOTIOMOXKE YPIBHOBAXHUTH TEMIIepaTypHi
KOJIUBaHHS TMPOTITOM J00M, a OCHAIIEHHS IIOKPIBJII BEHTUJISATOPAMU JacTh MOXJIMBICTh
peryiIoBaTé KUIBKICTh TeIjia, siKa MepelaeTbcs OO0 BHYTPIIIHIX NpuUMIlIeHb OyauHky. lLle
JIO3BOJIUTH TIOKPAIIUTH KIIIMAT JKATIIOBOTO NMPHUMIMIEHHS, a TAKOX OTPUMATH JIESKY €KOHOMIFO
E€HEPreTHYHUX Ta TPOIIOBUX BUTPAT MOPIBHSIHO 3 BHKOPUCTAHHSIM MOKPIBIII KIIACHYHOTO CKJIAY.
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3D-APYK BYAIBEJIbHUX OB’€KTIB:
A0 IIUTAHHS CTBOPEHHSA TEPMIHOCUCTEMMU

€sceena I I1., 1. H. nepx. ymp., npod.,
CaBunbkuii M. B., 1. T. ., npo¢., lllaros C. B., 1. T. H., 1011.
Hepoicasnuii guwuti Hag4aIbHULL 3aK1A0
«IIpuoninposcvra oepoicasna akademisi OyOi6HUYMBA MA APXIMEKMYPU»

Ilocmanoeka npoonemu. Hayka Oyab-sKoi rajry3i CTPIMKO PO3BHBAETHCS 1 1€ CTOCYETHCS
HaBITh TAKOi YCTAJICHOI rany3i sk OyliBHUIITBO. BUHUKHEHHS HOBUX HAINpPSMKIB HAyKH B Tajys3i
BIUIMBAa€ Ha CYMDKHI HayKH, TaKk 30KpeMa BUHUKHEHHs 3D-npykyBaHHS B MalIMHOOYTyBaHHI
3yYMOBUWJIa BUHUKHEHHS TAaKOTO HAMpPSMKY HAyKH 1 B Taiy3i OymiBHUIITBA. [Ipo momynsipHICTh Ta
aKTUBHICTh HAyKOBIIB B HampsAMKy 3D-apykyBaHHS cBiT4uMTh (DaKT 3pOCTaHHs IATEHTIB Ta
BUHaxXO/iB. Tak, 3a ctBepkeHHsaM [. O. Auapornryka «Ykpaina BXoauTh 10 20 MpoBiTHUX KpaiH
cBity (11 wmicne), ne Oyno momano mepir mateHTHi 3asBku B 1995-2001 pp. 1 2005-2011 pp. y
cthepi 3D-npyky» [1]. Cporogni YkpaiHa mocijgae Im’siTe MicIle B NaTeHTYBaHHI BHHAXOIIB Yy
ctepi 3-D npyky, npomyctuBmm momnepeny cede mume CIIA, SAnoniro, Kuraii ta I[liBneHny
Kopero. [IpuaninpoBchKa aepikaBHa akaaeMis OyIiBHUIITBA Ta apXITEKTYpH Yy Ik cdepi mocinae
mepuie Mmiclie, came HayKoBiil Immikoii, od4omoBaHid mnpodecopom Mukosnow CaBHIBKHM,
HaJISKUTh OUTBIIICTH MaTeHTIB 3 3D-IpyKyBaHHs y Tay3i OyTiBHUIITBA.

Cranom Ha 10.03.2017 poky B YkpaiHi YMHHUMH € 22 TaTeHTH, 3 HUX 3 MaTeHTH Ha
BUHaXou. Bcroro 3a anamizoBanuid mepion Oymo momaHo 16 3asBok Ha BMHaxomu 1 36 — Ha
KOPHCHI MojieNli. 3a OCTaHHI 3 pPOKM BHHAXiJHHUIIbKA aKTUBHICTh 3HAYHO 3pocia. KinbkicTb
BHUJIaHUX TareHTiB ckiagae 34. 3 Hux 10 mareHTIiB Ha BUHAXoAW 1 24 — Ha KOPHCHI MOJEI.
Tinbky B MUHYIOMY POl YKPaiHCHKUM 3asBHHUKaM Oyno BUAaHO 27 MaTeHTIB Ha BUHAXOAU Y
chepi anuTUBHUX TeXHOJIOTiH. 15 iHHOBaIIiTHA TEXHOJIOTISI Ma€ MIKTalTy3eBHM XapakTep 1 HaJlae
HEOOMEXEHI MOXIJIMBOCTI Ul €KCIIEPUMEHTIB B TakuX cepax sK apXiTeKkTypa, OymZiBHHMIITBO.
3D-mpyk BMHUK Ha 0a3i BK€ ICHYIOUMX TEXHOJIOT1H (hOpMYBaHHs MarepialliB y IMJIACTUIHOMY
crani. Tomy TepmiHosoriyHa cucrema 3D-ApyKyBaHHS TOBHHHA KOPENIOBATHCA 3 I1HIIUMH,
30KpeMa 3 raiay33i0 MalInHOOYTyBaHHS.

3D-apykyBaHHS — IIe TPOIEC BiITBOPEHHS pealbHOr0 00'€kTy 3a 3pa3kom 3D-momeni.
Ha BimmiHy Biji 3BHYaiiHOTO TMpUHTEpa, KU BUBOAWUTH 1HGOpMAIil0 Ha JUCT mamepy, 3D-
NPUHTEp JI03BOJISIE BUBOJAWTH TPUBUMIpHY iH(OpMaLilo, TOOTO CTBOPIOBATH MEBHI (i3n4HI
o0'ekt. B ocHOBI TexHomorii 3D-ApyKyBaHHS JISKUTH TPHHIIUI IOMIAPOBOTO CTBOPEHHS
(BupoluryBaHHs) TBepaoi Moaeini. 3D-apyKyBaHHS MOXKE 3IiHCHIOBATUCS PI3HUMH crioco0amH i 3
BUKOPUCTAHHSAM pI3HUX MarepialiB, aje B OCHOBI OyIb-SKOTO 3 HHX JICKUTh TPUHIIUII
NOLIAPOBOTO CTBOPEHHS (BUpOIIYBaHHs) TBepaoro o0'ekry. lLleit Merox 3HaXOAWTH CBOE
3aCTOCyBaHHA B Oararbox cdepax BHUPOOHMIITBA: €IEMEHTH MalIuHOOYTyBaHHS, PI3HOMaHITHI
MaKeTH, eIEMeHTH 1HTep'epy, pi3Hi AeTani. Y OymaiBHUUITBI 3D-npyKyBaHHS BHUMarae CTBOPEHHS
TEXHOJIOT1, €(PEeKTUBHOTO YCTaTKyBaHHS, HOpMaruBHOI Oa3u. Pi3HOMaHITHICTH OymiBeIbHOL
JPYKapChKOi TEXHIKM BiIKPUBAE IMIMPOKI MOXKJIMBOCTI B OyniBenbHiN iHIycTpii. Ha cydacHOMy
erani KOHCTPYKIIi TMPUHTEPIB JO3BOJISIFOTH CTBOPIOBATH MAJIOTIOBEPXOB1 CIIOPYIHU PI3HHUX
KOH(Iryparii i3 3acTOCyBaHHSAM Pi3HUX OyIiBeNbHUX CyMillIeH.

Mema Oocnidxycennsa YHOPSAKYBAaTH TIPOIEC Y3TOJUKYBAHHS ¢ YIOCKOHAIIOBAHHS
YKpaiHChKOi ~HAayKOBO-T€XHIUHOi TepMmiHomorii 3D-mpykyBanHs B raiy3i OyaiBHUIITBA;
MOJIETIIUTH  CIpPUIIMaHHS Ta PO3YMIHHA HAyKOBO-TEXHIYHOTO TekcTy 3D-mpykyBaHHS;
MOJITIIIATY HAI[IOHAJIbHI TEPMIHOJIOTIYHI CTAHIAPTHU MO0 3MICTY i opopmIteHHSI.

Buknao ocnoenozo mamepiany. B ykpaiHChKii HayKoBiii cdepi YHOpPMYyBaHHS
TEPMIHOCUCTEMH 3JIHCHIOETbCS HA TiJCTaBI HOPMAaTHBHO-IPABOBHX JOKYMEHTIB, 30Kpema
JACTY3966:2009 [2], ACTY3008:2015 [3] Ta in. Tepmiau 3D-mpykyBaHHS y Tamy3i
Oy/liBHMIITBA CTAHOBIISITH OKpeMy TepMiHocucTeMy. TepMmiHOcHCTEMa — BiJIHOCHO 3aMKHEHa,
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KUIBKICHO OOME@XeHa MHOYKHHA TEPMIiHIB, [0 BiIOWBA€E MOHSATTEBY CUCTEMY MEBHOI MPEIMETHOL
c(hepu Ha BIZIMOBITHOMY eTarli ii po3BUTKY [1].

Tepminomnorito 3 mnuranb 3D-gpykyBaHHsS y Taiy3i OynyBaHHSA mae Oytu
CTaHJAPTU30BAHOIO ISl TOTO, 00 YHOPMYBATH Ta 3aTBEPAUTH B PI3HUX HAINPsIMKaxX OyliBeIbHOL
rasysi 0OJJHO3HA4YHO 3pO3yMiTi, HECYIIEPEWINBI TEPMIHHU JUISL BCIX cpep 3acTOCyBaHHS, 30KpeMa B
JTIOBIJTKOBIM, METOAMYHIN, TEXHIYHIN 1 HAYKOBIM Ta HABYAJIbHIN JiTeparypi. Ik HaMm 37Ma€ThCs, 11e
3a0€e3MeUnTh OJIHAKOBICTh ONMUCYBAaHHS OO'€KTIB Yy MpOIECi TapMOHI3yBaHHS HAI[lOHAIBHUX
CTaHJapTiB 3 MbKHapomHumu cradggaptamu (MC), perioHaJbHUMH YW HalllOHAJLHUMH
CTaHJApTaMH IHIIMX KpaiH. YCyHe TEpPMIHOJIOTIYHI TMEpeuIKoad B pa3i  CTBOPEHHS
KOHKYPEHTOCIIPOMOKHOI MPOMYKITi B YKpaiHi Ta 3a0e3MeunTh ii BUXiJ HA €KOHOMIYHUN PUHOK.
YHOpMoOBaHa TepMiHonoris 3D-ApyKyBaHHS BUSBUTH W YCyHE Baaul TEPMIHOJIOTII, y)KHBAHOI B
JOKYMEHTAIlli, COpUATUME TMiIBUINEHHIO PIBHs 3arajibHOi Ta ()axoBOi OCBITHM B YKPaiHCBKUX
(axoBUX BUILIAX, YIOCKOHAIUTH MOJAJBIINNA PO3BUTOK YKpPaiHCHKOI HayKOBO-TEXHIUHOI MOBHU B
rany3i 3D-npykyBaHHS.

[IpenmetHa cdepa 3D-npykyBaHHS 1 BIACTUBI 1i MOHATTS Pi3HOMAHITHI Ta OaraTtorpaHHi,
ajie € CHiJIbHI O3HAKH, SIKI BU3HAYAIOTh CYTh OY/Ib-SIKOTO T€pPMiHA K JEKCUYHOI OJUHUII, SKOIO
no3HaueHo mneBHe MOHATTA. LI[o6 BuKoHyBaTH cBOi (PyHKIII, TEpMiH Ma€ 3aJ0BOJBHITU TaKi
BUMOTH: CHCTEMHICTh; BIAMOBITHICTh JIEKCHYHOTO 3HAYCHHS TEpPMiHA II03HAYEHOMY HUM
MOHATTIO; OJTHO3HAYHA BiJIMOBIIHICTh TepMiHA MOHATTIO; PalliOHAbHA CTUCIICTh; CTHIICTUYHA
HEUTPaJIBHICTh, CIOBOTBOpYA (JepWBalliifHa) 37aTHICTh; MOBHA TMPABWJIBHICTh; MEPEBaXKHICThH
PiAHOT MOBH; 3rapMOHI30BaHICTh; HASIBHICTh BU3HAYCHHS TIOHATTSL.

CucTeMHUMHU BBa)KalOTh MPOCTI TEPMiHU, SKIIO IX YTBOPEHO CHUCTEMHHUM 3aCTOCYBaHHIM
CIIOBOTBOpPUMX  a00  IHIIMX  MOBHUX  3ac00iB,  HANPUKIAA:  BAHMANCOMICMKICHD,
BaHMANHCONIOUOMHICMb, BUNPOOYBAILHULL MALLOAHYUK, eKOCUCTeMd TOIIO.

IMEHHUKH Ha MO3HAYEHHS BIACTHBOCTEH 00'¢kTiB 3D-1pyKyBaHHA MOXHA yTBOPIOBATH 3a
JIOTIOMOTO0 OJTHOTO 3 HAWTIPOAYKTHUBHIIMINX CY(IKCIB -icmb, TOMAHOTO JO OCHOBH MPUKMETHUKA
(acunxponuicme, OinonsApHicms, HAOJIliHICMb, Oe3neyHicmv, mounicms). [ Ha3B 3HAPSIAAS il
3D-npykyBaHHS HEOOXITHO BHKOPHUCTOBYBATH MPOIYKTHUBHI Cy(iKCH -au 1 -Huk, AOAAIOYH 0
OCHOBH [IIECIIOBA (BUMUKAY, BUMIPIOBAY, OXON00XNCYBAY, 3AMUCKAY, 3AMIHHUK, 3AN0OINCHUK,
JYUTBHUK).

[I{os0 BUMOTH BiNOBITHOCTI JIEKCUYHOTO 3HAUYEHHSI TEPMiHA IMO3HAYCHOMY HUM TOHSATTIO,
T0o Bapto 3a3HauuTH, 10 JACTY3966:2009 tak periameHTye BUMOTH: «Bu3HaueHHSI MOHATTA Y
TEPMIHOJIOTIYHUX CTaHAApTaX — II€ 3a3BUYAM OMHUC MOHATTS Yepe3 HalOImKIe poIoBe MOHITTS
Ta CYTTEBI BUIOBI O3HAKH, MOB's3aHi JoriyHuMH 3B'si3kamu. 1106 chopmymnroBatn BH3HAYECHHS,
Tpeba BCTAaHOBUTH 3B'A30K TMO3HAYYBAHOTO TMOHSTTS 3 TOHSITTSAMH, SKI HAJEXaTh CHUCTEMI.
Bu3HaueHHS MOHATTS € OCHOBHOIO IIJICTABOIO, OO0 aHaMI3yBaTu Ta JOOWUpaTH TEPMIHU s
crangaprusyBans» [1]. Hanpuknan: «bydieenvni 3D-npunmepu — ye ycmamrky8auHs HOB020
NOKONIHHA OJisl 36e0eHHsT OYOisenb i Cnopyo, a maxoxc eiemenmis OyOielbHUX KOHCMPYKYIL,
«EKcmpyoep — uacmuna OpyKy8anbHo20 eleMeHma, AKUll hopmye mosujuHy SUMUCHEHO20 Wapy
byodisenvroi cymiwiy; « Ekempydyeanna — mexuono2iunuii npoyec, aAkuti 3abe3neyye noulapose
sumucHents Oyoigenvroi cymiwtiy; «3D-mexunonozia» Te K came MO «A0umueHi mexHonozii —
00HA 3 (hOpM MEXHONO02IL AOUMUBHO2O BUPOOHUYMBA, 0e MPUBUMIPHULL 00'€KmM CMEOPrOEMbCs
WLIAXOM  HAKIAOAHHS (OPYKY, BUPOULYBAHHS) NOCAI008HUX wiapie mamepiany (0yoigenbHux
cymiweit) 3a Oanumu yu@posoi mooeni. [[pyk 30IUCHIOEMbCSA CREYianbHUM NPUCMPOEM —
3D-npunmepom, axkuii 3abe3neuye CMEOPeHHA Qi3uuH020 00'€Kma WIAXOM NOCAIO08HO20
HAKIAOAHHS NAACMUYHO20 Mamepiany Ha 0cHo6l gipmyanvroi 3D-modeniy [4; 5].

Bucnoeéxu. Ha nymKy HaykoBLIB, SIKi HpamlioloTh y cdepi 3D-npykyBaHHsS B ramysi
OymiBHHMIITBA, TepMiHOocHcTeMa 3D-IpykyBaHHS Ma€ pPO3BUBATUCA Ta CHCTEMATH3yBaTHCS
BIJIMIOBITHO 10 BHUMOT HOPMATHUBHO-IIPABOBOi 0a3W Ta MDKHAPOMHUX CTAaHAAPTIB Yy TaKHX
HampsiMKax: 1) oOnagHaHHS, MEXaHI3MH Ta ycTarKyBaHHS 3D-ApyKyBaHHS;, 2) TEXHOJOTii
3D-npykyBanns; 3) wMarepianu Ta cymimi  3D-mpykyBanus; 4) OymiBni Ta  BHUpoOuM
3D-npykyBanHs. KoxxeH 3 BU3HaY€HHX HAINPsSMiB TOBUHEH MaTH OCHOBHI BU3HAUCHHSI M TIOHSTTSI,
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SKI TIOBUHHI KOPENIOBATHCS MIX COOOI0 Ta YTBOPIOBATH CIIJIbHY TEPMIHOCHUCTEMY TEXHOJOTIT
3D-npykyBanHS y rany3i OymiBHUIITBA. Halri momanbIii JOCTiKEHHS MOISTaTUMYTh Y PO3BUTKY
1 cucTeMaru3allii KOKHOTO HAPSIMKY.
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YIK 624.04:624.07:519.688

OCOBJIMBOCTI PO3PAXYHKY I ITIPOEKTYBAHHS CTPU)KHEBUX CUCTEM,
IO EKCIVIYATYIOTBCS B YMOBAX
BHUITAIKOBHMX HABAHTAKEHbD I BIIJIMBIB

€ropos €. A, 1. T. H, npod., Kyuepenko O. €., k. T. H.
eporcasnuii suwiti HaguaIbHUL 3aK1A0
«IIpuoninposcvra oepoicasna akademis OYOi6HUYMBA MA APXIMEKMYPU»

Ilocmanoeka npooéaemu. Pi3HOMaHITTS CydacHHX apXITEKTYpHHX (OpM, TEPCIEKTUBU
OCBOEHHS KOCMOCY Ta iHIII HOBI BHUKJIMKM B OyliBelbHIM ramy3i BHCYBalOTh Oararo HOBHUX
npoOriemM, sSKi He BKJIAJIAIOTHhCS B ICHYIOUY (Giocodito 3araJbHOTO METOAY iX pO3paxyHKy Ta
npoekTtyBaHHs. lle BHWKIMKaHO, Tepmr 3a Bce, THUM, IO Yy BCIX TNEpeliueHUX BUMAJKAX
BapiaTUBHICTh 30BHINIHIX BIUIMBIB BUSBISETHCS BAXKKO MependadyBaHO. A B YMOBax KOCMOCY
(pi3ki mepemanu TeMmImeparyp, paiiamis Ta iH.) JaJeko HEBU3HAYEHUMH CTAalOTh 1 MOXIIMBI
3MiHIOBaHHS ()13MKO-MEXaHIYHUX BJIACTUBOCTEH OY/IIBEIIBHMX MaTepiaiiB, B TOMY YHCII 1 CTaIi.
3acTocyBaHHS B TaKMX yMOBAaxX METOJy pPO3pPaxXyHKOBUX TIpaHHYHUX CTaHiB (abo meromy
YACTKOBUX KOE(QIII€HTIB HAIIHHOCTI, SK MPUHUHATO HA3MBAaTH WOTO 3a KOPIOHOM) B HOTO
TpaaullifiHii TOCcTaHOBLI He 3ale3redye 3HAXOPKEHHS €(EeKTUBHOTO KOMIIPOMICY MiX
HAJIHHICTIO Ta €PEKTUBHICTIO 00’ €KTIB, 110 OyAyrOThCs [1].

Mema poboomu. Y naHiii poOOTi aBTOpU JEMOHCTPYIOTh MOXIIMBICTh PO3B’sI3aHHS 3aj]ay 3
PO3paxyHKy 1 MPOEKTYBaHHS KOHCTPYKIIH Yy BUIVISAII TUIOCKHX a00 MPOCTOPOBHUX CTPHKHEBUX
CHCTEM Ha OCHOBI PO3pOOJEHOT0 HUMH aJrOPUTMY. AJITOPUTM IPYHTYETHCS Ha BHKOPUCTAHHI
HaIBBU3HAYEHOI ONMTUMI3AIli JJI1 MONIYKY ONTHUMAJIBbHOI TOIMOJOTIi CUCTEMHU 3 BHU3HAYEHHSIM
napaMeTpiB IepepiziB BCiX ii €JIEMEHTIB 1 OTHOYACHUM OUTBII PETEIBHUM 1 TOYHHM YPaxyBaHHSIM
MO>KJIMBOI 3MIHHOCTI 30BHIIIHIX HaBaHTa)KE€Hb 1 BIUIUBIB.

Ocnosni  pesynemamu. lmocTpallis aliropuTMy TMOJAE€THCS HAa NPUKIAAL  TUIOCKOI
CTPW)KHEBOT CHCTeMH, 0a30BHil BapiaHT (MOBHUM Tpad) sKOi MOKa3aHWii Ha pUCYHKY 1. B cxemi
BiJICTaHb MK OTIOpaMH CKJIagae 2 M, a BUcora 1 m.

F24 *de
> 2 4 6
Fax

Puc. 1. bazosa cxema cmpykmypu

[IpunyctumMo, 10 CWUM, SKI MOIFOTh HA CHCTEMY, MalTh WMOBIPHICHY MPUPOAY Ta
BiJIMIOBIIAFOTh HACTYITHUM PO3TOALIAM:
1. Cuna Fay — posmozin Beiibyna W(L = 2-10°, k = 1.3);
2. Cuna F,y — HopManbHuii po3nogin N(p = -105, o= 103);
3. Cuna Fz4y — y3araJbHEHHH po3MoAalT ekcTpeMaabHuX 3HaueHb GEV(u = -2:10°, 6 = 10°,
E=107).
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3a TakuX YMOB CEpelHI 3HA4YeHHS HaBaHTaXeHb 3 95 % noBip4YOIO HMOBIPHICTIO
3HAXOJATHCS B IHTEpBAJIAX: 1) Fox € (176483, 194263) H; 2) Fpy& (-100057, -99935) H;
3) F4y & (-199496, -199334) H.

Tpeba BHU3HAYMTH, sKA TOMOJOTISI CHUCTEMH 1 SKi IUIONII TIEpepi3iB  SKHaMKparie
BiJIOBITATUMYTh HABEJACHUM BHIIE YMOBaM.

Jns BiAmoBimi  HA TOCTaBJIieHEe MHUTAHHSA GOPMYIOTBCS N BHIMAJAKOBHX BHOIPOK
HaBaHTaxeHb {Foy, Fay, Fay}icin 1 mami gand kokHOi Takoi BHOIPKM — pO3B’S3y€ThCA
HaIiBBU3HAYCHA ONTHMI3alliiiHa 3a1a4a:

minimize Q

m
ZVI. <1
i=1

v.20,i=1..m

Q F'
- ELv,
Fpo 2
i=1

L2

T
aa;

1 7 .. ) m .
e QZEF U, ai — CTOBIELb MaTpuULll PIBHAHb pIBHOBar"; L € R — NOBXWHMU CTPUXKHIB;

E € R — monyni IOHra, siki BBaXKaTHMEMO PiBHIUMU 2- 10" Ia.

Po3B's130k 3a71a4ui BU3HAYAE 3arajbHy TOMOJOTII0 CUCTEMU Ta ONTHUMAIbHE CIiBBIIHOIICHHS
MDK 00'€eMaMU CTPUXKHIB V;:V, :...:V, . O0'€eM KO)KHOTO OKPEMOIO CTPUXHS OOUHCIIIOETHCS SIK
V.=V-v,, ne V — 3araibHuil 00’€M BCIX CTPH)KHIB, SIKHH BU3HAYa€ThCS 3 JOJATKOBHX YMOB

MIIIHOCTI Ta cTiiikocTi [5, 6]. B manoMy BuUMNaAKy poO3DISAanudcs CTPYOKHI 31 cTram 3
pospaxyrkoBuM omopom R =2.1-10%Ta. Teomerpist mepepisis CTpHKHIB MpHiiMaTacs y BUTIS
CYIUTBHOTO Kpyra (CYTO JJIS CIIPOIICHHS PO3PaXxyHKOBUX OIEparlii).

Po3B's3yBanHsl onTUMI3aliifHOT 3a1a4i Beie A0 TOMOJOTIYHOI CXeMH, sika 300pakeHa Ha
PUCYHKY 2.

F2 Fa
&2 CSOLID 4{ Y

F2x

CSOLID CSOLID CSOLID

Puc. 2. Onmumansna mononoeisi cmpudicHegoi cucmemu

[Tpy mbOMy PO3MOINT BUIMAIKOBUX BHYTPIMIHIX 3yCHJIb B NMEBHUX CTPIDKHSIX MaTHMEMO
MYJIBTUMOJIATbHUN Xapakrep. Came 11e, TOJOBHUM YHMHOM, 1 OOYMOBIIIOE CKJIATHICTh MPOLECY
BU3HAUEHHS KOHCTPYKTUBHUX MapaMeTPiB HABITh TAKOT TPUBIaJIbHOT CTPHIKHEBOI CHCTEMH, SKIIO
BOHA (DYHKIIOHYE 32 YMOB OJHOUYACHOI J1ii BUTIQJIKOBIX HABAHTAXKEHb.

VYV Tabmumi 1 HaBeneHO AOBIpYl IHTEPBAIM IUIONII TEPEPi3iB CTPUIKHIB CHUCTEMH, K1
BU3HAYAINCS 3 BUKOPUCTAHHIM CTaTUCTHYHOTO OyTCTpeIy.
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Tabnuys 1
CtpuxeHb 0.9-KBaHTHIIb, M IaTepBan, Ve
1-2 0.001554 (0.001551, 0.001559)
1-4 0.002940 (0.002920, 0.002957)
2—4 0.003474 (0.003430, 0.003514)
4-5 0.002373 (0.002370, 0.002375)

OTtpuMaHi pO3MOAUIA TEpPepi3iB CTPHIKHIB 1 TOMOJOTIA CHCTEMH € B CBOEMY pOIi
ONTUMATTLHUMH (10 Maci) AJI PO3TISIHYTOTO MPUKIIATY.

BucnoBku. HaBeneHo oAMH 3 MOXIMBHUX aJTOPUTMIB ONTUMAIbHOTO IPOEKTYBaHHS
CTPMKHEBOT CUCTEMH TIPH il HA Hel BUMAJIKOBUX HABAHTAXKEHBb. AJITOPUTM JO3BOJISI€ BU3HAYATH
ONTUMAaJIbHY TOTIOJIOTIF0 CHUCTEMH 3 BHU3HAUCHHSIM BIAMOBIAHOI MUIONI mepepisiB (Oymb-sKOTO
BUJY) BCIX 11 CTPHIKHIB.
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YIK 624.953:624.046.03

OIIIHKA HECHOI 3JIATHOCTI CTAJIEBUX BEPTUKAJIbHUX HUJITHJIPUYHUX
PE3EPBYAPIB I1PU BITPOBOMY HABAHTAKEHHI

IBuenko 10. B., k. T. H.
eporcasruil suwuii Ha84ANLHUL 3AKIAO
«IIpuoninposcvka depoicasna axademis 6YOIBHUYMBA MA APXTMEKMYPU»

AHagi3 crany nmuTaHHsi. Ha mpakTuil crtaneBi BEepTUKaNbHI IWITHAPUYHI pe3epByapu
HaAOLIBII YacTO 3aCTOCOBYIOTHCS SIK HA(TOCXOBHILNA HA3€MHOrO THUIY. Y BITUM3HSHIN

HOMEHKIIATypi 06’€M pe3epByapiB po3mIsiHyTOro Ty craHoButb 100...75 000 M. TeomeTpuuHi

napaMeTpud pe3epByapiB 3MIHIOIOTbCS B JIOCUTh HIMPOKOMY Jiama3oHi: U r—0,672,5;

r/t=600+3800 (!,r,' — nomxuHa, pajgiyc i TOBIIMHA LWIIHAPUYHOI CTIHKH pe3epByapy).
3 HaBeIeHUX CITIBBIHOIICHb BHJHO, IO HWJIIHAPUYHA CTIHKA pe3epByapiB BIAHOCUTHCS IO
KJIacy BEIbMH TOHKOCTIHHUX oOosoHOK [1; 2]. Ilpm ekcruryaramii Ha pesepByap i€ LUIHANA
KOMIUIEKC HaBaHTa)XEHb: TUCK BiJ MPOAYKTY, 10 30epiraeThcs, HA/UIMIIKOBHIA TUCK B Ta30BOMY
MPOCTOPi pe3epByapa, BIacHA Bara KOHCTPYKIIIH CTIHKH 1 TOKPHUTTS, CHITOBE HaBaHTa)KEHHS,
BaKyyM, BITpOBe HaBaHTaxxeHHsA. Ha ocoOnuBy yBary 3aciyroBye Jis BITPOBOTO HaBaHTaKCHHS
Ha pe3epByapH.

IMocTaHoBKa 3aaayi. 3riTHO HOPM MPOEKTYBaHHS [3] BITpOBE HABAaHTAXXEHHS Ha CIOPYAH
MUATIHAPUYHOT (GOpMHU MPEACTABICHE y BUIVISAAI HEPIBHOMIPHO PO3IMOAUIEHOTO MO KOJY THUCKY 1
PIBHOMIPHO PO3MOIJICHOT0 HABAHTAXECHHS HA MOKPUTTA. Y PO3paxyHKax MIIIHOCTI pe3epByapiB
BITPOBE HaBaHTAXCHHS HE BPAXOBYETHCS, OCKUIBKY HAMPY>KEHHS BiJl BITPOBOTO THCKY 3a 3HAKOM
Oy1yTb 3BOPOTHMMH HANpYXEHHSM BiJl OCHOBHOTO HaBaHTAXEHHS [UI1 pe3epByapiB —
TiPOCTaTUYHOTO THUCKY Bijl Baru 30€peKeHO0T PITMHU; a TAKOXK 3 OIVISIY Ha HEBEJIMKY BETUYHHY
Hamnpy)XeHb BiJl BITPOBOrO HaBaHTaXeHHA. llpu po3paxyHKy pe3epByapiB Ha CTIHKICTb
PO3IISIAETHCS TUIBKM BITPOBE HABAaHTAXEHHS Ha KOPIYC pe3epByapa 0e3 ypaxyBaHHS
HaBaHTAXEHHS Ha TOKPUTTA. [Ipy 1bOMY, 3TiJHO BITYM3HAHUX HOPM TNPOEKTYyBaHHA [4],
HEpIBHOMIPHHI BITPOBUH THCK Ha IMJIIHAPUYHY CTIHKY 3aMiHIOETHCS PIBHOMIPHUM THCKOM 3
OJTHAKOBUM JIJIsI pe3epByapiB BCIX 00’eMiB KoedilliEHTOM TMpHUBEACHHS, 10 nopiBHIOE 0,5.
3 ommsimy Ha BUINEBHKIAJEHE, Oyna MOCTaBICHA 3a/ada JOCHITUTH OCOOIUBOCTI TMOBEIIHKU
MUATIHAPAYHOT CTIHKK CTaJIeBHX pe3epByapiB IMpPU BITPOBOMY THCKY 3 ypaxyBaHHSIM HOTO
(aKTUIHOTO PO3IOILTY.

3mict gocaimxennb. JlocmimkenHs mnpoBomuiucs uucenbHuM  MetonoMm  (MCE)
3 BUKOPHCTaHHSAM MporpamHoro komiuiekcy «JIMPA». Posmisnanucs numaiHApu4YHI 0OOTOHKH
MOCTIHHOI TOBIIWHM, TEOMETPHYHI TMapaMeTPH SIKUX MPUUMaINACS OJMU3BKHUMHU JI0 TEeOMETpii

peallbHuX pe3epByapiB: r/t=1500+3000 , lr=06+25 . Y AKOCT1 HaBaHTaKEHHs OyJ0 IPUHHATO
PO3IOILT BITPOBOTO THUCKY 1O KOJTY 000JIOHKH 3TiTHO HOpM TIipoekTyBaHH [3]. [Ipu npu3HadeHHi
IPaHUYHUX YMOB OyJ0 pO3MISHYTO JBa BapiaHTH 3aKpilUIEHHS 000X TOPLIB OOONOHKH:
1) mapripHe oOnupaHHs; 2) )KOPCTKE 3aTUCHEHHS.

JlocipkeHHsT BUKOHYBJIMCS B Takiii mocmimoBHocTi. Ha mepmiomy erami BHKOHYBaBcs
aHaji3 HampyXeHO-IAe(OPMOBAHOTO CTaHy OOOJIOHOK MpH BITPOBOMY THUCKY. Ha HacTymHHX
eTarnax BUKOHYBaBCs HENIHIHHUH aHai3 AeOopMyBaHHS 1 pO3PaxyHOK CTIMKOCTI OOOJIOHOK IpH
BITPOBOMY HaBaHTa)KCHHI.

CraTndHul po3paxyHOK MMOKa3aB, [0 Y BCIX BUIAIKAX BEJIMYUHA KiJTbIIEBUX HAMIPYKEHb HE
nepesuntyBaia 12...18 Mlla, a exBiBaneHTHUX HampyxkeHb — 17...20 MIla. Sk 1 cmig Oymno
OYiKyBaTH, pO3TISHYTI 000JIOHKHA MAIOTh BEIMKUH 3amac 3a MIIHICTIO, a BITPOBE HABAHTAXKCHHS €
HeOe3IeYHNM 3 [IO3UIIA CTIHKOCTI.

Amnani3 n1eopMaTHBHOTO CTaHy OOOJIOHOK IIPH BITPOBOMY HaBaHTAXXEHHI IIOKAa3aB, 110 HA
MOBEPXHI 000JIOHOK (O0COOJIMBO B 30HI Jii aKTUBHOTO BITPOBOTO THCKY) BHHHKAIOTh XBHJIHOBI
pamiabHI BIIXHWIEHHS, SKI € HACIiJKOM HEOTHOPITHOTO XapaKTepy HaBaHTaKEHHs. BenndmHa
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TaKWX BIIXWJICHb HEBEJIMKA, MPOTE JOBKMHA iX OJHM3bKa JOBKUHI XBWJIb BUIMHAHHSA BIACHOI
dbopMu BTpaTH CTIHKOCTI 0OOOJIOHOK.

Ha nactymHOMy eTami JOCHi/)KEeHb BUKOHYBaBCS HENIHIHHHMHA aHali3 Je(OpMOBAHOTO
cTaHy OOOJIOHOK TpH BITPOBOMY HaBaHTaXECHHI. B pesynabrari po3paxyHKy Oyau OTpUMaHi

up |
IPaHHYHI 3HAYEHHs BITPOBOTO THUCKY (BepxHe rv i mixue v 3mavenns), nedopmoBani cxemu
000JI0HOK. AHaJIi3 OTPUMaHUX Pe3yJbTaTiB BKAa3ye Ha Te, U0 ICTOTHI po301KHOCTI MK JiHITHIM

1 HENIHIMHUM aHaji3oM J1e()OpPMOBAHOTO CTaHy TMOYHMHAIOTH MPOSBISATUCA TMPU JOCATHEHHI
. =0.8-g" . . . .
BiTpoBuM THCKOM BemmumeE v~ O 9w | TIpy 1pOMy iCTOTHO 3GIMBIIYIOTBCS pajianbHi

nepeMiIeHHsT 000JIOHOK 1 3TMHANIbHI HANPY)KEHHS KUTHIIEBOTO HAMPSMKY.
Ha tpeTproMy erami qoCIHi)KCHh BUKOHYBABCS JIIHIMHUN aHami3 CTIMKOCTI HUJIIHAPUIHIX
000JIOHOK TIpU BITPOBOMY THCKY. B pe3ynbrari po3paxyHKy OTpHMMaHI KPHTHYHI 3HAUYCHHS

BITPOBOTO THCKY q”’W. HeoOximHO BiI3HAYMTH, IO, SKIIO TOCATHEHHS TPAaHUYHUX 3HAYCHD
up [
BITPOBOTO THUCKY Qorw , Qo CYIPOBOJIKYETHCSI ICTOTHUM 3pOCTaHHAM Jedopmariiii 0007I0HOK, TO

JOCATHEHHS HABAHTAXXCHHAM KPUTUYHOIO 3HAYCHHS Ter MIOB'I3aHO 3 TIOBHOK BTPaTolO
CTIAKOCTI 000JIOHKH, 110 € HETPUITYCTUMUM JIsI pe3€pBYapiB, 10 3HAXOAATHCS B €KCILTyaTaIlii.
3 aHami3y OTpUMaHUX JaHUX BCTAHOBIIEHO, IO JUIS PO3IIIHYTUX LMITIHAPUIHUX 00O0IOHOK

qcr,w

up
BCPXH1 I'paHWYH1 3HAUCHHA Gor TPOXH BHUIIC KPUTHUYHUX 3HAYCHB , 4JIc B INUIOMY BOHH

| up
6nu3pKi. CHIBBIIHOIICHHS MiK HIDKHIM TPAHHYHMM HABAHTAXKCHHAM 10 | Bepxmim lrv
cranoBuTh 0,6 - 0,8 B 3aJeKHOCTI BiJ] TEOMETPUYHUX MApaMETPiB 1 YMOB OOMUpPAaHHS TOPLIB

r/t=1500 I/lr=1

obonoHok. Tak, m1g OOOJOHKH 3 BKa3aHe BIJHONIEHHS CTAHOBUTH:

H
MZ@ZO,GZ ]_C:L

¢ 3,18 . o . . . -
Qer,w BinnoBiiHi BENIWYMHM BIJHOCHHUX pAJIaIbHUX IPOTUHIB t 1€l
up  _ . N I _ o
000JIOHKY CKJIQ/Ial0Th: TIPH Gorw=318 klla — f=09+26 ; IpH Qorw=1,98 klla — f=5+20 .

BucHoBku
1. AHami3 OTpUMAaHUX JaHUX TMOKa3ye, MO Uil PO3NIAHYTUX IMIIHAPUYHUX OOOIOHOK

w
BEpXHE IPAHMYHE 3HAYCHHS BITPOBOrO THCKY "' | OTpHMAHE 3 pillleHHs HeiHiifHOI 3amaui

nedopMyBaHHS, 1 KPUTHYHE 3HAYEHHS BITPOBOTO THCKY Ter , OTpUMaH€ 3 pIIICHHs 3a/adi
CTIMKOCTI, AyXe OIH3bKI.

2. Ilponec aedopmyBaHHS IMTIHAPUIHUX OOOJIOHOK MPH BITPOBOMY THCKY MAa€ B IJIOMY
CTIMKHMI XapakTep, a came 1o coOl BITpOBE HABAaHTAXEHHS HE MPEACTABIsA€ HEOE3MEKH IS
3arajbHO1 BTPaTH CTIMKOCTI OOOJOHKH.

3. B imKeHepHHX pO3paxyHKax OI[IHKH CTIHKOCTI pe3epByapiB B SIKOCTI TPaHUYHOTO
3HAQUEHHS  BITPOBOTO HABAaHTA)XEHHS  PEKOMEHAYEThCS  TPUHAMATH  HWKHE  TPaHUYHE

up
HABAHTAXKCHHS I7¥ | 1[0 TAKOX TOTIEPEINTh PO3BHTOK HAIMIPHO BEIMKHX MPOTHHIB, IKi MOXKYTH
CYNMPOBOKYBATHCS TUTACTUIHUMH JIe(pOpMAITisIMH.
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VIIK 69.059.7

YNHHUKU, IO XAPAKTEPU3YIOTb OCOBJIUBOCTI BUPOBHHUIITBA POBIT
B YMOBAX PEKOHCTPYKIIII IPOMUCJOBUX BYJIIBEJIb
31 3SMIHOIO ®YHKHOIOHAJIBHOI'O ITPU3HAYEHHSA

Komaanos B. B., x. T. H., mo11.
Hepoicasnuii guwuti Hag4aIbHULL 3aK1A0
«IIpuoninposcvra oepoicasna akademis OYOi6HUYMBA MA APXIMEKMYPU»

Ilocmanoseka npooénemu. JInsg OUIBIIOCTI BEIUKHX MICT aKTyaJlbHOIO € TpodOiieMa
HiABUIIEHHS €(EeKTUBHOCTI OpraHizalii Ta YHpPaBIiHHA NPOIECOM PEKOHCTPYKIIi MiCHKOi
3a0ynoBu. Bupimenns 1i€i mpobiieMrn MOXIHMBE Ha OCHOBI PO3pOOJCHHS KOHIIETIIIT,
METOJIOJIOTIYHUX ~ MPHUHLUIIB, METOAIB  OpPraHi3aliifHO-TEXHOJOTIYHOTO  MPOEKTYBaHHS
PEKOHCTPYKIIIi MPOMHUCIOBUX Oy/iBeNb 31 3MIHOIO iX (DYHKITIOHAJHLHOTO MPU3HAYEHHS MUISTXOM
MOAAJBIIOTO PO3BUTKY MeXaHi3My (OpMyBaHHS, OLIIHIOBAHHS, aHAJI3y Ta BUOOPY parioHaJIbHUX
OpraHi3aIlifHO-TEXHOJIOTIYHUX PIIeHb, CIPSIMOBAHMX Ha 3a0€3MEUeHHs] €HEProoMIaJHOCTI Ta
€KOJIOTIYHOCTI 00’ €KTIB, 13 ypaXyBaHHSIM CHCTEMHOT'O BIUIMBY OpraHi3alliifHO-TEXHOJOTIYHHUX Ta
YIPaBIHCHKUX YUHHUKIB [1].

Memoto Oocnioxycennsa € cuctematusanisi (akTopiB, M0 XapaKTEPU3YIOTh OCOOIUBOCTI
BUPOOHMIITBA POOIT B YMOBaXx PEKOHCTPYKIli MPOMHUCIOBUX OymiBeNnb 31 3MIHOIO iX
(YHKLIOHATBHOTO TpPU3HAYEHHS Ta 3/1MCHIOIOTh BH3HAYAJNbHUM BIUIMB Ha TOKAa3HUKU
e(hEeKTUBHOCTI OpraHi3aIiifHO-TEeXHOJIOTTYHHUX PIIICHb.

Ocnosni  pesynomamu. llpu OOTpyHTYBaHHI OpraHi3aliiHO-TEXHOJOTIYHUX PpIlIeHb
PEKOHCTPYKIIIi MPOMHUCIOBUX OyMiBENb 31 3MIHOIO iX (DYHKI[IOHATHHOTO MPU3HAYECHHS HEOOX1THO
BpPAaxOBYBaTH BIUIUB MHOXHHM OpPTraHi3alliifHO-TEXHOJOTIYHUX, TEXHIYHHX Ta YIPaBIiHCHKUX
daktopiB [2], cepen SKWX BH3HAYaJbHE 3HAUYCHHSI MAIOTh TaKi YMHHHWKHU, K TEXHIYHWH CTaH
OyniBii, CTHCHEHICTb, HACHYEHICTh MPOMUCIOBOI TEPUTOPii IHKEHEPHUMH MepexaMu 1
CIIOpyJaMH Ta YMOBH X €KCIUTyaTaIlii.

TexHiuyHuii cTaH OyliBeNb CYTITEBO BIUIMBA€ Ha BUOIp METOHIB iX peKoHCTpykmii. B
3QJIEKHOCTI BiJl BETUYMHHU (DI3UYHOTO 3HOCY OYMIBETBHUX KOHCTPYKIIH Ta TEXHIYHOTO CTaHy
Oy/iBenb pO3POOISIOTECS PILICHHS, CHPSIMOBAaHI HAa YCYHEHHsS O3HaK ()i3MYHOTO 3HOCY Ta
BIJIHOBJICHHSI €KCIUTyaTaIliHUX SIKOCTEHW OymiBETbHUX KOHCTPYKIIIH, 30KpeMa MUISIXOM PEMOHTY,
migcvieHHs a00 3aMiHH.

PoGotn 3 OlIHIOBaHHS TEXHIYHOTO CTaHy OYIIBEIbHUX KOHCTPYKIIIA TPOMHUCIOBUX
Oy/1iBeJb BKIIIOYAIOTh: MONEpETHE 00CTEKEHHS 00’ €KTY 3 OLIHIOBAaHHIM 00CATIB poOiT; 30MpaHHS
Ta aHalli3 TEXHIYHOI JOKYMEHTAIlll; BHSIBJICHHS XapaKTepHUX Je(EKTIB 1 TMONIKOIKCHbD,
aBapiiHUX IUISHOK; OOpOOJEHHS Ta aHaji3 pe3yJabTaTiB OOCTEKEHHS, BU3HAUEHHS (i3UUHOTO
3HOCY 00 €KTY.

TexHiyHMI CTaH NPOMHCIOBUX Oy/iBeNb OOYMOBICHHMH SK BHYTPIIIHIMU BIUIMBAMH
(TEXHOJIOTIYHMI TIpOlleC, HABAaHTAXXCHHS BiJ BJIacCHOI Barm Ta OOJQTHAHHSA, KOJIMBAHHS
TEMIIeparyp TOIO), TaK 1 30BHIMIHIMH BIUTUBaAMH (TeMIlepaTypa, MOBITPs, ONajau, ra3u, XiMidHi
PEYOBHHH, pajiallis, eJICKTPOMarHiTHEe BUIPOMIHIOBaHHS, THCK IPYHTY, BOJH TOIIIO).

[Tpu pexoHCTpyKILii TPOMUCIOBUX Oy/iBENb 31 3MiHOIO iX (DYHKIIOHAJIBHOTO MPU3HAYEHHS,
BHUXOJISTYM 3 TEXHIYHOTO CTaHy OyliBEIbHUX KOHCTPYKIIIM Ta 3aJIe)KHO BiJl 00paHOi MaiiOyTHHOT
GyHKIIIT 00’ €KTY, 10 epeTiKy OCHOBHUX OyliBEIbHUX POOIT HAICKATUMYTh:

— PEMOHT Ta YTETUICHHS 30BHIMIHIX OTOPOKYBATbHIX KOHCTPYKITIH;

— 3aMiHa BIKOH 1 IBEepei;

— PEMOHT, MiJICUIeHHS a00 3aMiHa KOHCTPYKIIIH MTOKPHUTTIB;

— peMoHT abo 3aMiHa MOKPIiBIIi;

— PEMOHT i JIOTH;

— PEeMOHT a0o0 BIALITYBAaHHS 1HXECHEPHUX MEPEIK;
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— PEMOHT BHYTPIIIHBOTO Ta 30BHIIIHBOTO OMOPSIKEHHS,

— Omaroyctpiii TepUTOpIi.

CTHCHEHICTh 00’ €KTY PEKOHCTPYKIIIT SBIJISIE COO0I0 YCKIAAHIOIOUNH YHHHUK, 10 OOMEXYE
MOJIMBOCTI €()eKTUBHOTO BHKOPHCTAHHS 3acOo0iB MeXaHi3allil Ta oprasizaiii MalijaH4YhKa B
3B’SI3KY 3 HAsBHICTIO MEBHUX Mepenikol. CTUCHEHICTh BUSBIAETHCS B 0OMEKEHHI MOKIIUBOCTEH
IIOI0 PO3MIIIEHHS Ta TMEpeMilleHHs OyIiBeJbHOI TEXHIKH, CKIaJyBaHHA Oy/iBEIbHUX
KOHCTPYKIIIM, TpPaHCIOPTYBaHHS OyIiBEJIbHMX BaHTaXIB, CTBOPEHHS BHPOOHUYO-TTOOYTOBHUX
YMOB J1J1s1 pOOITHHKIB.

Hacuuenicte TepuTOpii TPOMHUCIOBOTO MIAMPUEMCTBA THKECHEPHUMH MEpPEKaMy Ta YMOBH
iX ekcmryaramii TakoX BH3HAYaIOTh CHElU(iKy BUKOHAaHHS OyniBeIbHMX pPOOIT B yMOBax
PEKOHCTPYKIIIi. MOXKITUBI TaKi CUTYaIIii:

— He3HauHa KUTbKICTh I1HXKEHEPHHX MeEpexX, II0 He MOTPeOyITh iX 3axucry ado
nepeKyalaHHs B MPOIECi pEKOHCTPYKIIIT;

— HasBHI I1H)KEHEpPHI MeEpexXi, IO eKCIUTyaTylOTbCs B TIPOIECi PEKOHCTPYKIi 1
noTpeOyrTh iX 3aXHCTy 200 MEePEeHECEHHS B HE3HAYHIN Mipi;

— HasBHA 3HAYHA KUIBKICTh I1HXKCHEPHHX MEpexX, SKI eKCIUTYyaTyloThCS B TIpoleci
PEKOHCTPYKIIIT 1 MOTPeOYIOTh X 3aXUCTy 200 TIepEeHECEHHH.

Te caMe CTOCYEThCS 1 HACHUEHOCTI TEPUTOPIT MPOMHKCIIOBOTO IMiANPHUEMCTBA THKECHEPHUMH
CHOpYAaMHU Ta YMOB iX €KCIUTyaTallii, 010 SIKUX MOXKIIUBI TaKi CUTYyaIlii:

— HasBHI 1HXEHEPHI CIIOPYIU MTOBHICTIO PEKOHCTPYIOIOTHCS,

— HasBHI IHXEHEPHI CIIOPYIU YaCTKOBO PEKOHCTPYIOIOTHCS, @ YACTKOBO 3HOCSTHCS,

— HasBHI iH)KEHEepHi CIIOpYy/IX OBHICTIO 3HOCATHCS.

Bucnoexku. 3actocyBaHHA CHCTEMAaTH30BaHMX (PAKTOpiB Tpu po3poOJIeHHI Mojenen
OOTpYHTYBaHHSI OpraHi3aliifHO-TEXHOJIOTIYHUX PIIeHh PEKOHCTPYKIlI MPOMHCIOBUX OYIiBEIb
31 3MiHOIO iX (DYHKIIOHAJTBHOTO MPHU3HAYEHHS JIO3BOJIUTH KUIBKICHO OILIIHIOBATH piBEHb
JIOCSITHEHHS 3aJIaHOTO PE3yJIbTaTy, 30KpeMa 3a KPUTEPISIMH TPUBAJIOCTI 1 BapTOCTI, HA Pi3HUX
eTarnax yrnpaBliHHA Oy/AiBeTbHUMH TPOSKTaMH.
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YIK 624.073:531.3

JTOCJII)KEHHSA KOJTMBAHDb TA TUHAMIYHOI CTIMKOCTI IIJIACTUH
3A IIi PYXOMOI'O HABAHTAKEHHSA

Koxkemskina 1. ®@., x. T. 1., J1011.
Jleporcasnuii suwull HABYATLHULL 3AKAAO
«IIpuoninposcvka depoicasna axademis 6YOiIBHUYMBA MA APXIMEKMYPU»

Ilocmanoseka npoonemu. JlocmipkeHHs Al pyXOMHX HaBaHTaOXEHb  Ha EJIEMEHTHU
KOHCTPYKIIIM TPOBOASATHCS B OUIBIIOCTI BUTIAJKIB y JABOX HampsiMax. [lepmmii Hampsim moJisrae B
BU3HAYCHHI JUHAMIYHUX KOe(DIiIi€HTiB, APYyruil TOB’sS3aH 3 JIOCHIIKCHHSIM KPUTHIHHX
MIBUIKOCTEH 1 30H JWHAMIYHOI HECTIMKOCTI €JeMEHTIB crmopyd.. KpUTHYHI IIBHUIKOCTI €
OCOOJMBUMM 3HAUYEHHSAMH TapaMeTpiB JIu(epeHIlialbHuX pIiBHSHb KOJIWBaHb EJIEMEHTIB
KOHCTPYKII. B 3anexHOCTI BiJi MTOCTAaHOBKH 3ajadi KPUTHYHI IIBUAKOCTI MOAUISIIOTHECS HA JIBa
TUIY: KPUTUYHI IIBUJIKOCTI, SIKI BUKIMKAIOTh PE30HAHC, 1 KPUTHYHI MIBUIKOCTI, MEPEBHUILICHHS
AKX KOJMBAHHS CTalOTh HECTIMKMMH. KpUTHYHI MIBUIKOCTI NEPILIOTO THITY SBISIOTHCS
130JIbOBAaHUMH, X MO>KHA YHUKHYTH, SIKIIO 301JIBIIUTH MIBUIKICTh PyXy HaBaHTakeHHs. Jpyruii
THUI MIBUJKOCTEH MPHUBOAUTH K HECTIMKOCTI KOJIMBAJIBHOTO MPOILIECY.

Mema Oocnioncenna. HarnpyxeHo-nepopMoBaHUd CTaH 3 BHCOKHM ITOKa3HHKOM
3MIHHOCTI, IO € XapakKTepHUM ISl €JIEMEHTIB KOHCTPYKIIIM 3HAYHOI TOBIIMHH abo mpw il
30Cepe/KEHNX HABAHTAKEHb, OUIbII TOYHO OIHUCYEThCA DPIBHAHHAMH TeOpii IpPYKHOCTI. Ix
pillieHHsT TIOB’si3aHE 31 3HAYHUMH MAaTeMAaTHUYHUMH TPYIHOIIaMH. ICHYIOTH pi3HI BapiaHTH
YTOYHEHHUX MOJENeH, IS SIKUX BPAaXOBYETHCS CKPUBICHHS €NEMEHTY, 11010 aedopmamii €
HOPMAaJIbHUM JI0 CEPEIMHHOI ITOCKOCTI. [lepexin Big TPUBUMIPHHUX 3a/1a4 TEOpii MPY>KHOCTI 10
JIBOBUMIPHHMX 3JIHCHIOETHCS LUIIXOM alpoKcUMallii MOJiHOMAaMHU IO MOMEPEeYHi KOOpAMHATi
KOMITOHEHT HampsbKeHO—Ie(OpMOBAHOTO CTaHy. Po3misgaeTbest anmpokcuMalisi mepeMilieHb Y
BUTJIS/II CKJIAJIOBUX, SIKI MAIOTh TIEBHUM T€OMETPUYHHI 3MICT.

IIpencraBumo nepemMileHHs y BULISAL

9
u [y, 2 t=ug, x,y,t=uy [xy 2t [y 2 =ug, e,y =2 25 f(2)g(x, )

uy(x,y,z,t):uoy(x,y,t)—uly(x,y,z,t)+u2y(x,y,z,t):uoy(x,y,t)—z%ﬁ(z)tﬂ(x,y,t)

W(X,y,Z,t)ZW(X,y,l')

9

=0
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ne flz) _ GYHKIIIS, 110 OMUCYE 3aKOH CKPUBJICHHS MOMEPEYHUX BOJIOKOH, Taka, 1110 f10 ;

d)(x,y ’t), lp(x’y ’t) — KYTH TIOBOPOTY IIONEPEYHUX BOJOKOH Y CEPEIUHHOI IUIOCKOCTI.

ulx(x,y,z,t) - uly(x,y,z,t)

[Tepemimenns MOB’s13aHI 3 TIOBOPOTOM HOpPMaJi 0 CEPEeIMHHOL

IIOCKOCTI, (%72, - uzy(X,y,Z,t)

BU3HAYAIOTh 3aKOH CKPUBJICHHS MOMEPEYHHUX BOJOKOH,
00yMOBIICHUH JeOpMAITIEI0 3CYBOM.

Jlyist TpaHCBEepCaIbHO 130TPOITHOTO MaTepiany
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3ruHajJbHUM, KPYTHHUH MOMEHTH, HO3,Z[OB>KHi Ta TIONEPEYHI CHJIM BHU3HAYAIOTHCS
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SIkio Bubparu f(z)zc(z—4z3/3h) ,3a =1 orpumaemo k1_4/5 , ky=213 .

B posmsnytiit mMomenmi gedopmariii, 10 BpaxoBye 3CyB Ta iHEpLil0 oOepTaHHS,
NPUAMAETBCSL 10 YBarW CKPHUBIICHHS TIONEPEYHMX BOJIOKOH 1 TOB’S3aHE 3 HUM HENiHIHEe
PO3MOAITICHHS HaNpyKeHb MO BHUCOTI IutacTHHU. Jledopmariii, HampyXeHHs 1 HepeMilleHHs
PO3AUTIOIOTHCST Ha KJIACHYHI Ta JOAATKOBI, SIKI OB’ s13aH1 31 3cyBoM. [lonepeuHi cviin, 3ruHaIbHI
Ta KPYTHUH MOMEHTH MAalOTh Pi3HI KOE(]IIIEHTH 3CYBY, L0 3aJ€KaTh BiJl 3aKOHY, SIKHH OMHUCYE
CKPHBIICHHSI ITOTIEPEYHUX BOJIOKOH.

Jliss oTpyMaHHS PIBHSHB KOJIMBaHb IJIACTUHU BHKOPUCTOBYETHCS BapialliiHUN MPUHIIMIT
I"aminerona-Octporpanacekoro. OTpumani nudepeHiiitHi piBHSAHHS B YaCTKOBUX ITOXITHHX 3a
noroMororo mponenypu byOnoBa — lanepkiHa 3BOASTBCA K 3BUYAMHUM JUEpeHLIHIM
PIBHSHHSIM.

PosmsimaeTeess pyxoMe 30cepemkeHe iHeplliiHe HaBaHTakeHHs. J[oCHiKeHHS CTIMKOCTI
3BOJIUTHCSI IO 3HAXOMKCHHS YMOB, KOJIM XapaKTePHCTUYHE DIBHSIHHA HE Ma€ KOpPEeHIB 3
JIOJIaTHOO PEUOBUHHOIO YacTHHOW. JlOCHiIKeHHs] IWHAMIYHOI CTIHKOCTI €IeMEHTIB
KOHCTPYKIIIM MpH Al pyXOMOTO HaBAaHTAKEHHS B KJIACHYHINA TOCTAHOBII JIO3BOJISIE OTPUMATH
KPUTHYHI IIBUAKOCTI, 0 BU3HAYAIOTh 30HM HECTIMKUX pilIeHb NU(EPEHIIaIbHOTO PIBHIHHA
JIPYTOro MOPAJZIKY 3 TepiogudyHuMu KoediienTamu. OCHOBHA 00J71aCTh HECTIMKOCTI BUSBIISIETCS
00MEXeHO1 3HU3Y, 1HIII CTATHYTI B JIiHii.

Po3rsiHyTO yMOBH AMHAMiYHA CTIMKOCTI IUIACTUHU TIPH il PyXOMOTO HAaBaHTAXCHHS B
yTOYHEeHI mocTaHoBIi. JlocmiJykeHHs CTiliKocTi pimeHHS AudepeHuiiHOro PiBHAHHS
YETBEPTOTO MOPSAIKY 3 MEPIOAUIHUMH KOS(DIIIEHTAMH TaKOX 3BOAUTHCS JI0 3HAXOHKCHHS YMOB,
IPU SAKUX XapaKTePUCTUYHE PIBHSAHHA HE Ma€ KOPEHIB 3 JI0JJaTHOIO PEUOBHHHOIO YaCTHHOIO. J[Ba
PIIIIEHHST OJTHAKOBOTO TEPioay 0OMEXKYIOTh 00JIaCTh HECTIMKOCTI, JIBa PIIEHHS PI3HUX MEPIOJIiB —
obnacTh cTiiikocTi. Ha rpaHuisx oGnmacteld HECTIHKOCTI 3HAXONATHCS MEpIOAMYHI pillleHHS 3

nepiogomM T ago 2T .
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[

Bucnoeku. Y Hacniaky HOCTiPKeHb OTpUMaHa KPUTHYHA IBUJIKICTh V"p , 0 OOMexXye

OCHOBHY 30HY HECTIHKOCTI. Ile TUII MIBHIKOCTI, IO NPUBOAUTH K HECTIMKOCTI KOJIMUBAJILHOIO
vV

nporecy. Ilpu mBHIKOCTI ' Criliki KONMBAaHHA ~ IUIACTMHU IIPU Jii PyXOMOTO
HABAHTA)XCHHS HEMOXXIIUBI. 3HAWJEHI IIBHIKOCTi, IO 3HAXOASITHCS HA TPAHUIX HIDKIMX
obnacTeil HeCTIMKOCTI — pe30HAHCHUX KpWBHX. [IpM KPUTHYHUX MIBUIKOCTSX , SIK1 JIEKATh HA
PE30HAHCHUX KPUBUX MOPYIIYETHCS AMHAMIYHA CTIHKICTh TIACTHHU. L{i KpUTHYHI IIBHUIKOCTI
SBIISTFOTBCSL  130JJbOBAaHUMH, iX MOXKHA YHUKHYTH, SKIIO 30UTBIIUTH IIBUAKICTH PyXy
HABaHTa)KCHHSI.

Korkna 3 HIkuux obiiacteid po3nagaeThes Ha AB1 001acTi Manoi mupuHd. [Ipu 3HEBaxaHH1
iHepuiero obepTaHHs BOHM CTATYIOThCS B JiHii. LlIBuakocTi, 3HalfieHI MO YTOYHEHi Teopii,
MEHIIIe MBUAKOCTEH, BABHAYCHHX I10 KJIACHYHIN Teopii.
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mOoA0 BIMIPIOBAHHSA IBUAKOCTI YJIIBTPA3BYKY
1] YAC BUSHAUEHHS BJIACTUBOCTEM BETOHY

Koaoxos B. B., x. 1. 1., go1., Cominbasak A. M., K. T. H., JI0II.,
Tumomenko O. A., k. T. H., 1011., KosioxoB O. B., marictp
Jlepoicagruii suwuti HABYAILHUL 3AK1AO0
«IIpuoninposcvra oepoicasna akademis OYOi6HUYMBA MA APXIMEKMYPU»

Ilocmanoeka npoonemu. Buznadenns ¢izuko-MexaHigHux xapakrepuctuk (PMX) 6eTony
— OJHa 3 HaWBWKJIMBIIIMX CKJIAJAOBUX BHU3HAYECHHS TEXHIYHOTO CTaHy 3a1i300€TOHHHUX
KOHCTPYKIIi. BukopucranHs 1is mporo npmiaiB HepyhHiBHOTO KoHTpoJto (HPK) HopmyeThes
JepKaBHUMU cTaHgapramMu Ykpaiau [1-3]. HaiiGinpmoro momupeHHs 3a3HaB yiAbTPa3BYKOBUN
METOJlT BHU3HAYEHHS, 1110 BHUKOPHUCTOBYE TOYKOBMM akycTWdHUH KOHTAakT (TAK) mix
MIEPETBOPIOBAYEM-TIONIMPIOBAYEM YAbTpa3BykoBux konuBaHb (Y3K) Ta 6eroHoM. Sk moka3aHo B
[4; 5] Ha pesymbraTH BuUMiproBaHb MBUIKOCTI Y3K CyTT€BO BIUIMBAIOTH PiBEHb HANPYTH B
KOHCTPYKIIil, 3yCWJUIS NPHUTUCKAHHS NpUJIaay A0 TOBEpXHi, CKJIady, yMOB (opMyBaHHS Ta
tBepaHeHHs1 Oerony. JICTY [2] Bumarae moOymoBy TapyBaJIbHOi 3aJIeKHOCTI, aje I dYac
IPOBE/ICHHS] BUMIPIOBaHb BIATBOPUTU YMOBH 32 SIKMMHU CTBOPIOBAJIACH TapyBajbHA 3aJIEKHICTD
nyxke ckianHo. OKpiM TOTO, SKIIO TapyBajdbHa 3aJICKHICTH BUKOHAHA CIOCOOOM HACKPIZHOTO
Npo3By4YyBaHHsS a Juisd Bu3HaueHHS PMX OeToHy BHKOPHCTOBYIOTH YIBTPa3BYKOBI MPHIAAU 3
TAK nHeoOximHO Bu3Hauath koedimieHTH mepexomy Bina mBuakocTi Y3K mpu moBepxHEBOMY
npo3By4YyBaHHi 10 mBHAKOCTI Y3K mpu HacKpi3HOMY MPO3BYUyBaHHI.

Mema oocnioxcenns. BusHaueHHS MOXXJITMBOCTI BCTAaHOBJICHHS KOE(IIICHTH TTEPEXOY BiJl
mBuakocTi Y3K mpu moBepxHEBOMY Mpo3BydyBaHHI 70 ImBHAKOCTI Y3K mpu HackpusHOMY
MPO3BYyYyBaHHI B YMOBaX KOHCTPYKIIiH, 0 €KCILTyaTyFOThCS.

Buknao ocnoenozo mamepiany. JIns npoBeACHHS TOCITIKCHHS BUKOPUCTAHI TOMIEPETHBO
BUTOTOBJICHI OETOHHI TPHU3MHU 3 JIPIOHO3EPHHUCTOrO OETOHY PIZHUX CKIAMiB. Y JOCIHIIKEHHS
Bukopuctano npubop «Novotest UTICM-VY». Crnuparouuch Ha JOCBiJ AOCTIKEHb [6], mix 4yac
€KCIIEpUMEHTY 3MIHIOBAIM 3YCWIUISA NPUTHCKAHHSA NpWIaTy A0 TOBEpXHI OetoHy. Sk 1 B
HOTIEPEHIX TOCTIKEHHIX 3YCHIUIA MPUTHCKAHHS 3MIHIOBAJIOCH MOCTYNOBO 0e3 MepeMilleHHs
npuwiany HPK Ta He mepeBumiyBanmo piBHS, SKUW 3aJaHO TEXHIYHOK JOKYMEHTAIlIEI0 Ha
Bukopuctanus npuiany HPK. IIpouec npoBeneHHs BUMipiB MpeCTaBIeHO Ha PUCYHKax 1-2.

a o

Puc. 1. Ilpogedenns sumiprosanns weuokocmi Y3K (nosepxunese npo3eyuyeanns,) :
a — 3ycunnsa npumuckauns 0,0 kI, 6 — 3ycunna npumuckanus 2,0 kI’
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a 9]

Puc. 2. I[Iposedenns eumiprosanns weuoxocmi Y3K (Hackpizne npo3zeyuysauHs) :
a — 3ycunna npumuckauus 0,0 kI, 6 — 3ycunns npumuckanus 2,0 kI’

Pesynmpratn  BumiptoBanb mBHUAKOCTI Y3K miATBEpAMSIM HASBHICTD  3alIeKHOCTEH
mBuakocti Y3K Bif 3ycwuis NpUTHUCKaHHA Tpuiaxy A0 TMoBepxHi OeroHy. Ha BiamiHy Bin
MOTNIEPETHUX JOCHTI/DKEHb TMiJ Yac TMPOBEJACHHI BHUMIPIB IIBHAKOCTI TPU TIOBEPXHEBOMY
MPO3BYYYyBaHI EKCTPEMYMH Y 3alleKHOCTI «mBUAKICTh Y3K — 3ycwins NpUTHCKAHHSI
3 SBJISTFOTHCS JIMIIE TIpU 3MiH1 3ycwiuia nputuckanus Big 0 go 0,5 kI 3adikcoBano 3pocTaHHs
mBuakocti Y3K Ha mpomy iHtepBani B mexax 18,3..20,8 %. Ilpu momanpiiomy 3pocTaHHI
3ycwJUIsl mpuTucKaHHs wmBHIKICT Y3K 30iibmyBanace Ha 6,5..8,3 %. Ilpu HackpizHOMY
IPO3BYYYBaHHI €KCTPEMyM 3aleXHOCTI mBUAKOCTI Y3K Bif 3ycmiis mpUTUCKaHHS MPUIIATY
smimeno B iHTepBan 1,0...1,5 I, mpu 30unpmenni mBuakocti Ha 39,8...41,4 % 3 momanpmmm
3pocTaHHsM Ha 5,7...6,3 %.

Bucnoeéku. 3a pesyabraraMu TPOBEIEHUX JOCIHIDKEHb IMMIATBEPPKEHA 3aJICKHICTh
pe3ynbratiB BuMipiB mBuakocTi Y3K Binm 3ycumist mputuckanas npuiany HPK mo mosepxHhi
O6erony. Ilix wac HacTymHUX JOCHiIKEHb MOXe OyTH c(OMOBAaHO auropiTM BU3HAYCHHS
koedimieHTy nepexony Bia mBuakocTi Y3K mpu moBepxXHEBOMY MPO3BYUYBaHHI JI0 MIBHIKOCTI
V3K npu Hackpi3HOMY IpO3BY4YYyBaHHI i3 3acTOocyBaHHs yabTpa3BykoBux mpuianiB HPK, ski
BUKOpUCTOBYIOTh TAK.
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YIK 69.032.22

BPAXYBAHHS ®AKTOPY 3HAYHOI BUCOTH 1T YAC OPTAHIZAIIIMHO-
TEXHOJIOI'TYHOTI'O ITPOEKTYBAHHA 3BEJEHHS BUCOTHUX BYAIBEJIb

KpaBuynoBcbka T. C., 1. T. H., ipod.; 3asus €. L., 1. T. H., mpod.;
Tkau T. B., k. T. H., 1o11.; Opumenko A.QO., cTyx.
JIBH3 «IIpuoninposcoka 0epicasna akaoemis 0y0i6HUYMEA ma apXimeKmypuy

Ilocmanoseka npoénemu. Ilpu opraHizaliifHO-TEXHOJOTIYHOMY NPOEKTYBaHHI 3BEIACHHS
BUCOTHUX OyIiBelb HEOOXIHO BpaxOBYBaTH JOCBIJ 3apyODKHHMX PO3POOHHKIB OO
BIIPOBA/KCHHSI OPTaHI3allifHO-TEXHOJOTIYHUX 3aXOMiB 1 Cy4acHOi Oy/iBeTbHO-MOHTKHOT
TEeXHIKH (BUCOKHMI PIBEHb MeXaHi3allii, 4iTKa opraHizalliiiHa CTpyKTypa, HaJIaro/KeHi 3B’ I3KH 13
CYMDKHUMH yYaCHUKaMH OyJIiBEIBHOTO IPOIECY, NMEPEBHUILEHHS MPOEKTHOI BapTOCTi POoOIT Ta
TEPMiHIB X BHUKOHAHHS) 1 MiCIeBI YMOBU (HasBHUN TapK OYyIiBETbHOI TEXHIKH, PIBEHb
KBaJidikalii pobo4oro nepcoHany, CTaH po3BUTKY OyaiBenbHOI iHAYCTpii TO1IO0) [4; 5].

OcHOBy TIporieCy 3BEACHHS MOHOJITHUX BHCOTHUX OymiBeNbh CKJIaJa€ KOMIUICKC
TEXHOJIOTIYHUX 1 OpraHi3alifHUX 3axoAiB, CHPSIMOBaHMX HAa ONTHMI3allil0 TPUBAJIOCTI
BUPOOHMIITBA POOIT, CKOPOYECHHS TPYAOMICTKOCTI poOIT 1 3a0e3meueHHs HaJeKHOI SKOCTI
OyHiBENBHOT IPOTYKILi.

Mema oocnioxncenna — BU3Ha4eHHS (AKTOPIB IO BIUIMBAIOTh HA BUOIpP opraHizariiiHo-
TEXHOJIOT1YHUX PillIeHb, yXBaJIEHUX MPU 3BEJCHHI BUCOTHHUX OY/IiBEIb.

Pezynomamu o0ocnioxcenns. 3BeACHHS BHUCOTHUX OymiBeNb CKIAAETHCS 13 BUKOHAHHS
BIJOMUX TEXHOJOTIYHHUX TMPOIECIB 3 yIalITyBaHHS a00 MOHTaXy KOHCTPYKIH OymiBi:
(dbyHIaMEHTIB, CTiH, KOJOH Ta iHme. OgHaK O0COOJMBOCTI MX KOHCTPYKIH 1 (hakTop 3HAYHOI
BUCOTH BU3HAYa€ psiji BIIMIHHOCTEH B TEXHOJIOTii BUKOHAHHS POOIT, 10 BUPAXXKAIOTHCS B TOABI
HOBUX a00 YIOCKOHAJEHHI ICHYIOYMX 3aco0iB MeXaHi3allli, TEeXHOJOTIYHHUX OCOOJUBOCTEH
BUKOHAHHSI POOIT, MPOEKTHO-TEXHOIOTIYHOI JOKYMEHTAIII].

Skmo qocmiauTy naHi mpobaeMu BIIHOCHO BapTOCTI poOiT, MOXKHA MOOYyBaTH BiAMOBIAHI
rpagiku 3anexxHocrtei (puc. 1).
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20 40 60 so  TmoBepxi.
Puc. 1. 3pocmanus sapmocmi sumpam Ha 3a0e3nevents HeoOXioHoi eapmocmi 06ydieni [3]

Cnin 3ayBakWTH, IO croeru@dika BHYTPIMIHIX 03700TI0BAILHUX POOIT J03BOJISIE HE
pO3MISIIaTH 1X B IUIaHI TEXHOJOTIYHHUX BIAMIHHOCTEW BiJl 3BHYAWHOTO OYIiBHHUIITBA, OCKIIBKH
«BUCOTHICTh» B 1X BHKOHAHHI OOMEKEHa BHCOTOI) OKPEMOTO TMOBEpXY (MiABUIIYETHCS TUIBKU
BapTICTh JOCTABKM MarepiajiB Ta poOITHHUKIB 10 pOOOYOTO MICIIs).

MoHTaxkHi1 orepartii Tako)X MPaKTUYHO HE BIAPI3HAIOTHCS BiJ 3BUYANHHX.

HaiiGinpm ouyeBUAHI BIAMIHHOCTI BHCOTHOTO OYIIBHHUIITBA PO3TISTAIOTHCS 3 MO3UIIIN
MaIlIH Ta MEXaHi3MIB, III0 3aCTOCOBYIOTHCS, Ta 3a0€3MeUeHHs O€3MeKH poOIiT Ha BUCOTI.

Jlyist 3BefieHHsI BUCOTHUX Oy/iBellb HEOOXiAHI JCKiTbKa KaTeropi TeXHiKW, OONagHaHHS 1
MaTepialliB, a came: BAHTAXKOIITAOMHI KpaHHM PI3HUX THITIB, BHCOKOMIITHI KJacu OETOHIB 1
KOHCTPYKIIIMHOI cTaji, omajgyOKH pI3HUX THIIB 1 NMpPU3HAYEHb, OETOHOHACOCHU 1 pO3JaBasIbHI
CTpin.
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ByniBHUIITBO BHCOTHOI 4YacTUHU Oy/IiBIi BKJIIOYA€E €Tanmy 3BEACHHS KapKacy, CHCTEMH
MEPEKPUTTS Ta CXOAOBO—II(TOBOrO By3ja 3 PO3MIMIEHHSM MPUCTABHOTO 200 CaMOMIiIHOMHOTO
KpaHy Ta pPO3MOAUTEHOI cTpinu OeToHOHacocy. Ha 3HauHii BHCOTI HEOOXIAHO YIaIITyBaHHS
BITPO3aXHUCHOTO OTOPOJKEHHSI, SIKE PO3POOIISIE 1 BCTAHOBIIIOE MiIPsiIHA opraHizaris (puc. 2).

YLWINLHEeHHA BITPOBOMND BIT pﬁgam{:l-li
NOTOKY B MOHTaXHHX 0ro pofas¥eHHA
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Puc. 2. Bimpo3saxuche o2opoodicents sucomuoi 0yoiani

TurmoBwii mMoBepX BUCOTHOI YACTHHH MOJISETHCS HA TPH TEXHOJIOTIYHI 3aXBaTKH.

[Tepmioro 3axBaTKOI CIYTYIOTh BEPTUKAIbHI €1EeMEHTU Ji(hTOBOI YACTHHH, IO 3BOISATHCS
CaMOCTIMHMM TEXHOJOTIYHUM TIOTOKOM, SIK TPaBWJIO, B IIUTOBUX a00 CaMOIiTHOMHHUX
ornajyOKax 3 BUIEPEIKEHHAIM Ha 2—3 moBepxu. Jlpyra i TpeTs 3aXBaTKH BKIIIOYAIOTh POOOTH MO
3BEJICHHIO KOJIOH, 0aJIOK, IEPEKPHUTTIB, TOIIO [6].

Jlist cTBOpEHHSI PUTMIYHUX MOTOKIB MiAOIp ckiIaxy OpHraja 3AiiCHIOETHCS 13 YMOBH PiBHOI
TPUBAJIOCTI 3 YpaxXyBaHHSIM TEXHOJOTIYHUX MEPEPB HA HAOIP MIITHOCTI OETOHOM.

[Ipu BHOOPI palioHANBHOTO BapiaHTy 3BEACHHS MOHOJITHMX BHCOTHUX OYIMHKIB CIif
BUXOJIMTH 3 TAKUX MIEPETYMOB:

— OeToHYBaHHSI KOHCTPYKII B OomayryOIli pi3HUX THUIIIB (camoImigioMHii a0o MigiioMHO-
nepecTaBHii omaryorri);

— KpIIUICHHS €JIeMEHTIB OMaayOKH /0 paHilie 3a0eTOHOBAHUX KOHCTPYKIIN 311HCHIOETHCS
3 ypaxyBaHHSM MIIIHOCTI OETOHY JO0 MOMEHTY Iepefadli Ha HbOrO HaBaHTAXEHb BIJ
3aCTOCOBYBAaHHX KPIIJICHb;

— TMO€THAHHS OCTOHYBaHHS 3 BUPOOHHIITBOM 1HITUX BHJIIB POOIT HA HIKUYUX MEPEKPUTTIX
Ha OJIHIM 3aXBaTIi BUKOHYETHCS TUIBKM 3a CHEIIaJbHO po3polieHuMH Trpadikamu (3axomamn),
10 BPaxOBYIOTh O€3MeuHe BUKOHAHHS POOIT.

Bucnoeok. TakuM YMHOM BCTAHOBIIEHO, III0 B CY4acCHOMY OY/IiBEJIbHOMY CepelOBHILI
3HAYHE MICIle 3aiiMae 3BEJCHHS BUCOTHUX OymiBenb. [Ipore depes cKiIamHICTh TaKMX 00’ €KTIB,
301IbIIEHHST BUTpAT Tpali, dYacy, OCOONMBOCTI MICIEBUX YMOB HEOOXiJHO pETEIbHO
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JOCTI/KYBaTH BiJIMOBIIHUHM TOCBiA BITYM3HIHHUX Ta 3apyODKHUX PO3POOHMKIB JJIs1 ONTHMI3alii
BUTpAT Ta pallioHaji3alli opraHizaifHo-TeXHOJOTIYHUX PIIICHb.
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VIIK 69.059.7
MEPCIEKTHUBH I IEPEBATH 3EJIEHOTO BY/IIBHUIITBA B YKPAIHI

Kpusokons A. A., ctyn., KpaBuynoBcebka T. C., 1. T. H., ipod., 3asius €. L., 1. T. H., 1011
Hepoicasnuii guwuti Hag4atbHULL 3aK1A0
«IIpuoninposcvra oepoicasna akademis OyOi6HUYMBA MA APXIMEKMYPU»

Ilocmanoeka npoonemu. Ha cphorogHi ocoOiauBOi akTyalbHOCTI HaOyBae mpobOiieMa
NEPETBOPEHHS MICT 13 BHUKOPHCTAHHSIM €KOJIOTIYHO MPYXKHIX TEXHOJOTIM JUIsl MIATPUMKH iX
SKUTTEMISUTBHOCTI.

Amxe y BeNMKHX MicTax YKpaiHM NepeBaHTaKeHa BHPOOHHMYA CTPYKTypa, 3arocTpeHi
€KOJIOT14HI MpoOJIeMH, MIChKI 1H)KEHEPHI MEepexki rmepeOyBatoTh Ha MEXi TEPMIHIB PO3PaXyHKOBOL
eKCIUTyarallii, He BUCTaYae TOCTYMHOTO *)uTia [1].

OmauM 13 epeKTUBHHX HAMpsMIB 3a0€3MEUEHHSI CTAJOTr0 PO3BUTKY MICT MOXYTh CTAaTH
3eNieHl OYAIBHMILITBO 1 PEKOHCTPYKIis OymiBeNnb, aJKe CTaJhi PO3BUTOK MICT HEPO3PUBHO
OB’ I3aHUH 13 OXOPOHOIO JOBKULISA [2].

Memoto 00cnidxcenna € BU3HAUCHHS IepeBar 3eJIeHOro OYAIBHHUIITBA K HAMPSIMY CTaJloro
PO3BHUTKY MICT.

Ocnosni pezynomamu. CydacHa KOHIICTILIS CTaJOr0 PO3BUTKY BH3HAYA€ TEHJEHIT 11010
3a0e3neYeHHSIM eHeproeeKTHBHOCTI Ta pecypco30epekeHHsI 00 €KTIB OYIIBHHUIITBA MPOTATOM
iX KHUTTEBOTO LUKIY [3].

3eneHi cTaHAAapTH OOYMOBIIOIOTH HEOOXITHICTh TPHCKOPEHHS TMPOIECYy MEepPeXoay Bia
CTaHJApTHOTO OYyJiBHUIITBA JI0 CTAJIOTO, SIKE BIAMOBIIAE MPUHIMIIAM O€3MEKH Ta CHPUSTINBOCTI
3JIOPOBUX YMOB KUTT€3a0€3MeUeHHS JTIOANHHU, 0OMEXEHHs] HETaTUBHOTO BILUIMBY HAa HAaBKOJIHUIIIHE
cepeloBUIlEe, MPUIHSTTS 10 YBaru iHTepeciB MaOyTHIX MOKOJiHb.

[IpoexTyBaHHsA 1 CHOpYMKEHHsS OyJiBeNb, K1 BIAMOBIAAIOTH MOTpedaM CYCHUIbCTBA 1
BOJIHOYAC 3HIDKYIOTH CBii HETaTUBHHUH BIUIMB HAa HABKOJIMIIHE CEPEAOBHUINE, € OJHUM i3
TOJIOBHUX MICTOOY/IIBHUX 3aB/IaHb. 3aBJISIKH IHHOBAIIHHUM TEXHOJIOT1SIM MOXKJIMBO JTOCSTTH SIK
1111 T ABUILEHHS PiBHS KOMGOPTY, TaK 1 SK I[iJ11 3MEHIIEHHS (YHUKHEHHS) eKOJIOTTYHUX 30UTKIB.

PiBeHb pO3BUTKY 3€JeHOTO OYAIBHUIITBA 3aJICKUTh BiJ JOCATHEHb HAYKH 1 TEXHIKH, BiJ
IPOMHCIIOBUX MOXJIMBOCTEH YKpaiHM, a TakoX BiJ TOTOBHOCTI CYCIIJIbCTBAa JOTPHUMYBATHCh
€KOJIOTIYHUX TIPUHIIHIIIB.

3enene OyAiBHHUIITBO — 1€, TIEPIII 3a BCE, BUCOKA SKICTh OyIIBHUIITBA TA POECKTYBAHHS IIPH
MIHIMQJIBHUX BUTpPATaX €HEPropecypciB, MAaKCUMAIBHOMY pecypco30epexeHHl 1 MakcuMizallii
KOMQOpTY.

3emeni OymiBiali MawTh MEHIIMH TOTEHIAN IIKIJJIMBOTO BIUIMBY Ha HABKOJUIITHE
CepeIoBUINE 3aBASKH OUTbII e(eKTHBHOMY Ta palliOHATbHOMY BUKOPHCTAHHIO aJbTEPHATUBHUX
pecypciB eHeprii i 30epeKeHHS TPUPOTHUX PECYPCIB.

3enenHi OyiBIi MPOEKTYIOTHCS 37EOUTBIIION0 3 METOK 3HIDKEHHS CIIOKMBAHHS €HEprii Ta
BOJIU.

J10 OCHOBHHUX TiepeBar 3eJIeHOTO OyAiBHUIITBA MOXHA BITHECTH TaKi:

— EKOJIOTIYHI TIepeBarv: 3HWKEHHS MapHUKOBUX BHUKHIIB y aTtMochepy, CKOpOYCHHS
00CSTIB yTBOPEHHS BIIXOMIB CIIOXWUBAaHHS, CHOPHUSHHS TMEpepoOJEeHHIO Ta BTOPUHHOMY
BUKOPUCTAHHIO BiJXOJiB, 3HIDKEHHS BUKHUIIB 3a0pyqHEHOI BOAM Yy MPUPOJHE CEPEIOBUIIE,
30epeKeHHS TPUPOTHUX PECYPCIB;

— CKOHOMIYHI TIepeBard: CYTT€BA CEKOHOMis CIIOKMBAaHHS BOJHHMX Ta EHEPTeTUYHHX
pecypciB mij yac ekcruryaTauii OyAiBii, 3aI[iKaBICHICTh OPEHApiB y PalliOHAIBLHOMY €Hepro- i
peCypCOCIOKMBaHH1, HU3bKI (DiHAHCOBI BUTpATH HA YTPUMaHHS Ta €KCIUTyaTaIlito OyaiBii;

— comianbHi nepeBaru: KOM(MOPTHI YMOBU B MPUMIIIEHH] Yepe3 SKICTh MOBITpPs, TEIJIOBI
Ta aKyCTHYHI XapaKTePUCTHUKH, MOKpPALICHHS YMOB JKUTTS, 3/10pOB’S MEUIKAHIIIB Ta OpeHAapiB
[4-6].

Peanizariis iux mepepar 3eJieHOro Oy1iBHUIITBA MOXJIMBA 32 TAKHX YMOB:
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— BHKOPHCTaHHS HPUCTPOIB Ta YCTaTKyBaHHS IJisi 3a0€3MEUEHHS CaHITapHO-TIr1€HIYHUX
MOKa3HUKIB MPUMIIICHb OyAiBII: TEMIIEpaTypH, BOJIOTOCTI, Ta30BOTO CKIIATY;

— OI[HIOBaHHA pafialiiHOl aKTHUBHOCTI OydiBeNbHMX MaTepiamiB 1 iX BIUIMBY Ha
CaMONOYYTTS Ta 370POB’S JIOJEH, a TaKoX HAAXO/DKCHHS paJOHy, aepo30JiB Ta I1HIIUX
3a0pyIHIOIOUNX PEYOBUH y MPUMIIICHHS OyiBITi;

— TIJABUINEHHS PIBHS aBTOMATH3aIlli CUCTEM 3a0e3MeUYeHHS MIKPOKJIIMATy MPUMIIICHb,
CHCTEM OCBITJICHHS, YNPAaBIiHHS pPI3HUM YCTaTKyBaHHSIM TOILIO, JO AaBTOMAaTH3allii CHUCTEM
MOXKE)KOTACIHHS, TTOXKEXKOOIOBIMIEHHS, O€3MeKu JIIoACH Ta 3aXHUCTy BiA TEPOPUCTUIHHUX
akTiB [7].

Bucnoeéku. B VYxkpaini mepexin 10 3eJIeHOro OYIIBHHIITBA TMOTPIOHO pO3TIIANATH SK
BOXJIIMBY CTpaTEriuHy IEpPCIEKTUBY, sSKa CHPUATHME 3aJIy4eHHS 1HO3EMHHUX IHBECTHIH Y
BITUM3HSHE OYAIBHHUIITBO, 110 HAJIACTh JOJATKOBHM MOIITOBX JIJISi BIPOBA/KEHHS IHHOBAIIIHIX
Oy/IiBETbHUX TEXHOJIOTIH.
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YK 622.413.4:622.481
POJIb CACTEMM MIKPOKJIIMATY ITIJ{ YAC TEPMOPEHOBAIIII BYJAIBEJIb

JIsxoBenbka-TokapeBa M. M., k. T. H., FOpuenko €. JL., k. T. H., 1011.,
KoBagan O. O., k. T. H., C. H. C.
eporcasruil suwuii HaguanbHUL 3aK1A0
“IIpuoninpoecvka depacasna akademis 6ydienuymea ma apximexkmypu’”

Ilocmanoska npoénemu. Xurnosuii Goux YkpaiHH 3HAXOAUTHCS B Mexax | mupa m,
3HaYHA YaCTHHA SIKOTO OyJia cripoekToBaHa 1 mooOynoBana 10 1991 poky. CrioxkuBaHHS €HEprii AJis
OTTaJICHHS KHUTJIOBHX Ta TPOMAJICHKUX OyliBellb € MPUUYNHOK BHUCOKOI €HEPrOEMHOCTI BAaJIOBOTO
HaIlIOHAJTFHOTO TMPOAYKTY Ta NPHU3BOAWTH JIO 30UIBIICHHS COOIBapTICTI BUTOTOBJICHHS
HaIlIOHAJBHOT MPOIYKIIii, 1[0 MPU3BOAUTH JI0 HU3bKOI KOHKYPEHTOCIIPOMOXKHOCTI BITYHU3HSIHHUX
TOBapiB, BUCOKOI BapTOCTi OymiBenb 1 cropyd. JKUTIOBO-KOMyHaJIbHUN CEKTOp KpaiHU €
€HEeproeMHUM cektopoM. B iHmmux kpainax Bigx 30 mo 40 % cCHoXMBaHHS €HEPrii TaKoX
npumnazgae Ha omajeHHs OymiBenb Ta cropyd. Y OyaiBeTbHOMY KOMILIEKCI OUIbIIa YacTHHA
€HEprii BUTpayaeThcsi HA poOOTY CHCTEM OMAJICHHS B Oy/MiBIISAX, TOOYJOBAHUX y MOTIEPEIH] POKH.
Takum  uyuMHOM,  3a0e3leuYeHHs  CTAHIAPTH30BAaHWX  CAHITAPHO-TITIEHIYHUX  BUMOT
€Hepro30epiralouiMu CUCTEMaMH ICHYIOYOTO KOMIUIEKCY OymiBeNb Ta CIOPYA € MPiOpUTETHUM
3aBHaHHsIM. [1].

OcHoBa BUOOpPY KpUTepiiB A5 OyaiBenb 3 €(pEeKTUBHUM BUKOPHCTAHHSIM €Heprii 0a3yeThes
HAa TPUHLMII 3a/I0BOJICHHS OCHOBHHUX BHMOT CIOXKMBauiB, SKMM TIOBUHHA BiJAMOBIIaTH
noOynoBaHa Oy/iBIIs:

— BUMOTa JI0 KOM(OPTY B IPUMIIIEHHAX OyIiBIi;

— MaKCHUMaJbHUH piBEHb THUTOMOI BHUTPAaTH €HEprii Ha OMaJeHHI CHCTEMOIO
TEIUIONOCTaYaHHs MPOTATOM OIAIOBAIBLHOTO MEPIOAY;

— YMOBH MiIBUIIEHHS KOM(OPTY Ha BHYTPILIHIX TTOBEPXHAX OTOPOXK.

[ToxazHuk eHeproeeKTUBHOCTI OY/IBIII XapaKTEPU3YEThCS BETUYMHOIO IMUTOMOI BUTpATH
TETUIOBOI €HEeprii Ha OMaJeHHS B XOJIOMHUM Ta MEpeXiHUU Nepiogu POKy 3 YypaxyBaHHIM
BCTAHOBJIEHOT MOTY>KHOCTI CHCTEMH OTajieHHs. [2].

VYci enepro3oepirarodi 3axoaM IepeadadaroTh 000B'S3KOBY BHMOTY IOJAO 3a0€3MEUYCHHS
CTaHJAPTU30BAaHUX 3HAUYEHb IMOKA3HUKIB MIKPOKJIIMATy Ta YHUCTOTH TOBITPS B OOCITYroBYBaHId
30HI1 MPUMIIICHHS.

Mema oOocnioycennsn. Bu3HaueHHS YacTKM BEHTHIJIAINII B 3arajibHId  CTPYKTYpl
€HEepreTUYHOro OanaHcy MpH MPOBEACHHI TEPMOPEHOBALIT KHUTIOBUX OYy/liBEIb.

Ocnoeni pesynemamu. Haiibinpa yactka cioxkuBanHs eneprii (38...58 %) npunagae Ha
HarpiBaHHs XOJIOJHOTO TOBITPA, 110 MPOHHUKAE Yepe3 HEUIUIbHOCTI. YacTKH TEmIoBTpaT yepes
30BHIIIIHI CTIHU Ta BIKHA BUSBUJIUCS MPAKTUYHO MOPIBHIHHUMH, B SIKUX 30UIbIIIEHI BTPATH TEILIa
yepe3 CTiHM OOYMOBJIEHI 3MEHIIEHHSM YacTKH EHEProBUTpaT Ha HarpiBaHHS MOBITPS, IO
MPOHMKAE 13 3MEHIICHHSAM MOBITpoOoOMiHYy a0 n = 0,67 1/rox. 3HWKEHHS TOBITPOOOMIHY 3
n = 1,0 mo 0,67 l/ron BUSBHIOCS E€KBIBAJICHTHUM IIiBUIIICHHIO PIBHS TEIUIOBOTO 3aXHUCTY
soHimmix crin 3 1,08 10 3,16 M°K/Br. Haiibinbma gactka Brpar terta (50 %) y BuTparHiii
YacTUHI TEIIOBOTO OajaHCcy iCHYrO4YOi OyiBii BiAMOBIAHO 10 ©6a30BOro BUIAAKY OOyMOBJIEHA
JOJATKOBUM CIOXXHBAHHSIM €Heprii i HarpiBaHHs IMPOHHKAIOUOTO XOJOAHOIO TMOBITPA
NepeBaXHO uepe3 BiKHA, JBEpl Ta BepTHKaJIbHI CTHKH 30BHILIHIX CTiH MaHeJel. 3acTOCyBaHHS
eHeproe()eKTUBHUX BIKOHHUX KOHCTPYKIIH 0€3 TerIoi30sIii 30BHINIHIX CTiH J03BOJISE
3MEHIINTHU BTpaTH Terwia npu nepeaadi 3 413 mo 215 MBT-roz.

CtpykTypa eHepreTHdHoro OajaHCy OyaiBil 3HAYHOK MIpPOI0 BHU3HAYA€ MOXKIHUBOCTI
eHepro30epekeHHsT B Pi3HUX cdepax Ta ONTHUMAaJIbHE MOEIHAHHS €HEepro30epiraloumx 3axoliB.
3HaHHS i€l CTPYKTYPH J03BOJISIE IPUIMATH €KOHOMIYHO OOTPYHTOBaHI TEXHIUHI PIIIEHHS 00
3MEHIICHHSI CIOKMBaHHS €HEeprii Ta JOCSATHEHHS MAaKCHUMAaJIbHOI EKOHOMIl eHeprii mpu
MiHIMQJIBHUX KaIMTATHHUX Ta EKCIUTyaTallIHUX BUTPATaX.
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Bigmosigao no JIbH B.2.6-31:2016 [3] HaBeieHO HOPMATUBHI BUMOTH JIO MAaKCUMAIbHHUX
BUTparT Teruia OyaiBenb. ['paHHuHE 3HAUYEHHS MUTOMOTO CIIOKMBAaHHS €Heprii AJis OmajieHHs
CHCTEMOIO TEeIUIONOCTauaHHs OyiBiIl MPOTATOM OMNANIOBAJIBHOIO IEPioAy BHU3HAYAETHCS SIK
KUIBKICTh €HEprii Ui OMaJeHHS, IO TMOJAEThCA MPOTATOM OMNATIOBAJIBLHOTO TEPIOAy B
MEPBUHHOTO JDKEpeNia eHeprii 10 CroKuBada Teruia Ha 1 M’ 3araibHOi Harpitoi Turomr OymiBii
(abo 1 M° Harpitoro 06'emy).

Busnaueni peanbHI MOKa3HUKM THMTOMHUX IIOKa3HUKIB EHEProCHOXHMBaHHS OyIiBesb
CHUCTEMOIO TEIUIONOCTayaHHs MPOTITOM OINAIOBAILHOTO MEPIOAY.

Po3paxynku mokaszyiorh, mo aumie 30 % BHUPOOICHOTrO Teria BHKOPUCTOBYETHCS IS
OomajieHHs, TOOTO KOe(]iIieHT eHeproe(EeKTUBHOCTI ICHYIOUYOI IIEHTPaTi30BaHOI CHCTEMU
cranoButh nonas 0,3. [Totenmian 30inbeHAS KoedilieHTa eHeproeeKTHBHOCTI MPU BKUBaHHI
Iy)ke aoporux 3axoiiB He mepeBuirye 0,5...0,55 momo kopucHoro Ttemia. Pemra 55..45 %
BUPOOJICHOT TETUIOBOI €Heprii BUTpadaeTbcs HA BTPATH Yy JDKEpEnax, BTPATH B TEIUIOBHX
Mepekax, BTpaTH MPHU PO3MOILUT Ta PerylTrOBaHHI, HA/UIMINKOBI BTPATH Yepe3 OTOPOKYBaIbHI
KOHCTPYKIII Ta BTpaTH, TOB'A3aH1 3 HEJIOCKOHAIIMMH BHYTPIIIHIMU 1H)KEHEPHUMH CUCTEMaMHU.

Bucnoeok. TexHONOTIUHI pIIIEHHS, IO JO3BOJSAIOTH YCYHYTH ab0 CYTTEBO 3MEHIITUTH
HEBUPOOHUYI BTpaTH, 3yMOBWIM HEOOXiTHICTb BHKOPHUCTAHHS HOBHMX EHEpro3oepiraroumx Ta
e(DEeKTUBHUX TEXHOJIOT1H, IO O3BOJISIIOTH 3a0E€3MEUUTH JOCTAaTHBO TEIUIa, KOJIM 1 Je IIe
HEOoOXiTHO.

Po3paxyHkamu 1oBesieHO, 10 MOZCPHI3allisi CHCTEMH BEHTHIISIIIT, III0 JO3BOJISIE 3MEHIITUTH
KpaTHicTh TOBITpooOMiHy (n = 0,6...0,8 1/rom) mMae MOKa3HUKU €HEPreTUYHOi e(HEeKTHBHOCTI
piBHO3HAuH1 yremieHHO ¢acamiB Oymiiai (1o 40 % exoHOMIi Terua), 3 TrapaHTOBAHUM
JOTPUMaHHSIM HOPMAaTUBHUX MapaMeTpiB MiKPOKIIIMATy IPUMIIIECHb.

KommiekcHe BupileHHST UX MPOOJIEM J03BOJISIE TOCATTH 3arajlbHOTO €(PeKTy €KOHOMIl
tea 1o 50..70 %, 1mo [03BOJsS€ IIBMJIKO OKYIMTH BHUTPaTH Ha BUKOPUCTAHHS
E€Hepro30epirarourx TEXHOJIOTIH.

EdextuBHUM c1ocoOOM 3MEHIIICHHS] eHEPTeTUYHUX BUTPAT HAa POOOTY CHCTEM OMAJICHHS B
OyaMHKaX € BUKOPUCTaHHS BTOPUHHUX TEIJIOBUX PECYpCIB.
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YIK 69.057:658.513.4
PECYPCO3BEPEXEHHS ITPHU 3D IPYKYBAHHI ¥ BYJAIBHUIITBI

Haropna A. B., ctyn., aaiBepina JI. M., k. T. H., ou1., Tkau T. B., k. T. H.
Hepoicasnuii guwuti Hag4atbHULL 3aK1A0
«IIpuoninposcvra oepoicasna akademis OyOi6HUYMBA MA APXIMEKMYPU»

Ilocmanoska npoo6aemu. AXTyalbHOIO TPOOJIEMOIO JIJIsi CydacHOi OY/iBENbHOI Taiy3i €
3a0e3neueHHsT HaceJeHHs YKpaiHM JOCTYMHUM JKUTIOM. [l BupilieHHS I1i€l HayKoBO-
MPUKIIATHOT MPOOJIEMH JIOIIJIBHUM € 3aCTOCYBaHHS IHHOBAIIMHUX TexHOJIOT1H 3D npykyBaHHS.
Pa3zom i3 TUM HEOOXIHO OPIEHTYBATUCh Ha pecypco30epekeHHsl Ha BCiX eramax Oy/AiBHMIITBA,
OJIHMM 13 HANpSIMKIB SKOTO MOXX€ OyTH BTOpPUHHE BHKOPHCTAHHS BiJXOIIB BHPOOHMIITBA Ta
crioxuBaHH4 [ 1; 2].

Memor oocnioxycennsa € BU3HAYCHHS HANPSIMKIB (POpMyBaHHS pPecypco30epekeHHs MpHU
3D npykyBaHHi y Oy1iBHUIITBI.

Ocnoeni pezyromamu. Ha chOTOHIIIHIN I€Hh Y BCbOMY CBITI CTOITh TOCTpa Mpobiema 3
BiJTXOJJaMU BUPOOHHIITBA Ta CIIOKUBAHHS. TEHICHIIIT 00 KOPEKTHOTO 30upaHHs, 00pOOJICHHS,
yTHITI3aIil Ta 3HEIIKO/PKEHHS BIAXOIB TIJIbKHA MOYMHAIOTh HAOUpaTH 00epTH.

3BHYaiiHO, 110 B OUIBIIIN Mipi caMe BiJIXOIU BUPOOHUIITBA 3I1MCHIOIOTH YKpail HEeraTUBHUM
BIUTMB HAa CTaH HABKOJIMITHBOTO CEPEIOBHINA, aje MOOyTOBI BiAXOMIH, K1 MIOAHS YTBOPIOIOTHCS
BiJl JISUTBHOCTI JIIOIMHU, TAKOX CIPABJISIOTh HETaTUBHUHN BIUIMB Ha JOBKULISA. Cepen HUX 3Ha4YHA
YacTKa MPUIAJae Ha OHOPA30BI MIATY3KH (K IS TITEH, TaK 1 TOPOCITUX).

OnHopa3oBi miAry3ku — OararomapoBuii BUpiO pa3oBOro BUKOPHCTaHHS 3 abcopOyrounM
mapoM 13 BOJIOKHUCTUX HamiB(paOpHKaTiB MEPEeBaXHO JIEPEBHOTO IMOXOKEHHS, IO MICTUTH
reJIeyTBOPIOIOUl  BOJIOTOMOTIIMHAKOYI pedoBUHU (cymepabcopOeHTr). OcoOMUBICTE Pa30BOTO
MiTy3Ka B TOMY, 110 BiH CKJIAIA€THCS 3 ICKIIBKOX II1apiB, KOXKEH 13 SIKUX Ma€ MEeBHI1 BIACTUBOCTI.

BepxHiii MOKpUBHUH IIap CTUKAETHCSA 31 MIKIPOIO JIIOIMHU 1 MPOITYCKA€E PIAMHY BCEPEAUHY
miary3ka, adcopOyrounii map HarmoBHEHUN CynepaOCOpOCHTOM Ta MOTIMHAE 1 YTPUMYE PiAUHY
yCepeauHl MiAry3Ka Imapy, 3aXWCHHHA Map 3armobirae MPOHWKHEHHS pIIUHU HA30BHI, 1
CKJIAJIA€ETHCS 3 TMOJTIMEPHUX MaTepiamis [3].

3a JaHWMHM HAyKOBHIX JOCHIIKE€Hb, HA BHUTOTOBJICHHS OJHOPA30BHUX MIJITrY3KiB Ha OJHY
JIOAWHY IIOPOKY BUKOPHCTOBYEThCS MpuOIM3HO 136 KT mepeBunH, 23 Kr HA)TOBOI CUPOBHUHH 1
6mu3bko 10 kr xJI0DY.

O06’emMH BUTOTOBJICHHS MIATY3KIB 13 KOXKHAM POKOM HEBITMHHO 3POCTAIOTh 1 CEpeJl TOBApiB
0CcOOMCTOI TIri€HW MIATY3KH TMOCIAAaI0Th TPETE Micle 3a KUIBKICTIO cepell TBEpAUX MOOYTOBHX
BimxoAiB. [Ipubnu3Hi miApaxyHKH IMOKa3ylOTh, IO CEPEAHHOCTATUCTHYHA CIM’S B TEPiOA Bij
HApO/DKEHHS JAUTUHHM 1 10 2,5 POKIB BHKOPUCTOBYE Bia 2 THC. 10 6 Thc. miaryskis. Lle mpocto
KOJIOCAJIbHA KUTBKICTh CMITTSI, sIKE€ HE TiyIsarae mepepoOIl 1 Oyae po3KIagaTuch y MPUPOIl B
cepenaboMy Big 250 g0 500 pokis [4].

Bce Ounbmie kpaiH y BCbOMY CBITI MPUETHYETHCS JO €KOJOTIYHOI yTHIIi3arii MiAry3KiB.
OpauM 13 HaWlKpalmuxX BapiaHTIB € BUTOTOBJICHHS OyMiBEILHUX MaTepiaiiB, sKi MMiIXONATH s
3D OynmiBHUIITBA.

[Migry3ku Tta iHmi abcopOyroui TOBapH OCOOMCTOI Tiri€HH BUPOOISAIOTHCA 3 CyMili
nmoJIiMepiB 1 JepeBHOro BosiokHa. Ilicis crepumimizamii mi CKIagoBl MOXYTh OyTH MOApiOHEHI 1
BIJIOKpEMJICH1 O/IMH Bij OJHOTO.

JlepeBHE BOJIOKHO MO>KHA TTOTIM BUKOPHUCTOBYBATH B OY/IiBHUIITBI:

— Y JOpOXKHBOMY OyIIBHHIITBI, SIK OCHOBHHUH KOMIIOHEHT Ui BHPOOHHIITBA
cTabL113y1040i J0OaBKH JUIsl IIe0EHEeBO-MaCTUYHOTO ac(hanbTOOETOHHOTO MOKPUTTS,

— Y BHUPOOHHWIITBI CyXHX OyIiBeNbHHUX cyMimei. Llemromo3He BOJOKHO — IIHHHUH
KOMIIOHEHT Yy CKJIaJi CyxXux cymimed. BiH BucTymae nucrnepcHoapMyrodor ma00aBkoro [5].
TakuM 4YUHOM, caMe IIeNFOJI03HE BOJIOKHO MOXKE CTaTH OCHOBHHM KOMIIOHEHTOM I HaJlaHHS
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MIITHOCTI Ta CTiifikocTi OETOHHOI CyMilli, M Yac BUKOpHUCTaHHS sikoi y 3D OyniBHUIITBI 4acTo
BUHHKAIOTH 0arato mpooiem;

— LEeJNIOJIO3HUH yTerumioBad — exoBara. HaiiBimomimmii 1 mommMpeHuii TOToBUi ToBap 13
MaKyJaTypHOTO BOJIOKHA. Bukopucranus 3D mpuHTepa Hajgae MOXKIUBICTh YKIAJAaTH €KOBATY
HIiIbHIIIE Ta 03 3a30PiB.

[TomimepHi MaTepiany 3 MATry3KiB MOKHa BUKOPUCTOBYBATH:

— 1711 BATOTOBJICHHS TTOKPIBEIBHOT YePETHIIi;

— gK 700aBKy a0 OCTOHHHMX cywimiei, mo OyJe HajaBaTH OUIBIIY IJIACTUYHICTb.
Hanpuknan, me Moke cTraTH TOJOBHHUM KOMIIOHEHTOM mia dac 3D ApyKyBaHHS CKJIaJHUX
apXiTEeKTypHHUX (HOpM.

Bucnoexu. byniBHUIITBO 00’€KTIB 13 BUKOPUCTAHHSAM 3D ApyKyBaHHS MOJKIJIMBE 3aBISKU
00’€THAaHHIO 1HHOBAIIMHUX PO3pPOOOK Yy Tamy3sx TEXHIKM, TEXHOJIOTIi, MarepiajJo3HaBCTBA,
apXiTeKTypH, TU3aliHy Ta KOHCTPYIOBaHHS.

ByniBenbHI TpoeKTH, SKI peami3yloThCs 3 3acTocyBaHHAM 3D JApyKyBaHHS, MaroTh
nepeBary MioJ0 CKOPOYEHHI TPUBAJIOCTI OYMIBHHUIITBA, & TaKOX MIOJI0 MOKIUBOCTI CTBOPEHHS
00’€KTIB Ta OKPEMHUX KOHCTPYKIIiH, SIKi HEMOXKJINBO BUKOHATH OYIb-sIKUM 1HIIIMM CIIOCOOOM.

[Monmanpuii gociikeHHs 3 po3poOKH OyAiBeNbHHX CyMilleid, BUKOPUCTOBYBaHHX y 3D
JIpYKyBaHHI, J03BOJISITh BHUKOPHUCTOBYBAaTH B SKOCTI CHPOBHMHHU BIAXOAW BUPOOHHWIITBA Ta
CTHIOXXHBAHHS.

Takum 9rHOM, yTHJII3aIlisl MATY3KIB MPU BUPOOHUIITBI OyAiBeTbHUX MartepiaiiB mpu 3D
JPYKyBaHHI B OYy/[IBHUIITBI MaTUME SIK TIO3UTUBHUI BIUIMB HA JOBKLLIA, Tak i 3a0e3meuyBaTUMe
pecypco30epexeHHS.

CnHcox BUKOPHUCTAaHUX JAKepet

1. CommaneHoe xwibe B peruone EDK OOH. Mogenu, TeHAEHUUH W BBI3OBBHI.
EBpomneiickass skoHOMHYECKass KOMHCCUSI OpraHu3aluu oObeauHeHHbIx Harwmidl. 2018. URL:
https://www.unece.org/fileadmin/DAM/hlm/documents/Publications/Social_Housing_in UNEC
E_region.rus.pdf (nara 3Bepuenns: 03.11.2020).

2. The 3D Printing Construction Market 1is Booming. Contact. URL:
https://www.3dnatives.com/en/3d-printing-construction-240120184/ (mara 3BEpHEHHS:
03.11.2020).

3. ®aktbl 0 moary3Hukax. Bel 006 3Tom 3agymeiBanuch? Pademens. URL: http://radetel.
ru/rubric/diapers/165

4. BigmoBa Biax MiATy30K 3apaau 30epeXeHHS HaBKOMUIIHBOro cepepoBumia. URL:
https://rivnel.tv/news/vidmova-vid-pidhuzok-zaradi-zberezhennya-navkolishnoho-
seredovishcha-shcho-pro-tse-dumayut-rivnenski-mami (gara 3sepuenns: 03.11.2020).

5. URL: https://ru.m.wikipedia.org/wiki/ (nata 3Bepuenns: 03.11.2020).

90


https://www.3dnatives.com/en/3d-printing-construction-240120184/
https://rivne1.tv/news/vidmova-vid-pidhuzok-zaradi-zberezhennya-navkolishnoho-seredovishcha-shcho-pro-tse-dumayut-rivnenski-mami
https://rivne1.tv/news/vidmova-vid-pidhuzok-zaradi-zberezhennya-navkolishnoho-seredovishcha-shcho-pro-tse-dumayut-rivnenski-mami

XVIII mixxHapogHa HAYKOBO-TIPaKTUYHA KOH(EPEHIIis
«[HHOBaIiiTHI TexHOJOTI] Yy OyIiBHUITBI, HUBLIBHIN iHXKeHEpil Ta apxiTekTypi», JHinpo, 26.11.2020

YIAK 624. 012.44

PO3POBKA PECYPCHOI'O METOAY 3BEAEHHSA BY/AIBEJIb
I3 MOHOJIITHOI'O TA 3BIPHO-MOHOJIITHOTI'O 3AJII3OBETOHY

Hanipauxk P. B, x. T. H., 7011., Ornancekuii 1. @., k. T. H., 011, Jdikapes K. b., k. T. H., 7011.
eporcasruil suwuii HaguanbHUL 3aK1A0
Ipuoninposcoka depoicasna axademis 6yO0iGHUYMBA MA aApXimexKmypu

IMoctanoBka mnpodiemu. ExoHOMiIuHMI PO3BUTOK YKpaiHM BUMAara€ HOBHX IMIJIXOMIB JI0
npoOieMH SKUTIOBOTO OymiBHUIITBA. byniBenbHa ramy3b 3a3HAa€ HETAaTUBHOTO BIUIMBY BiJl
iHGAil, WamiHHA peanbHUX JOXOMIB HAceleHHS MpH IXHii audepeHmiamii, 3MeHIICHHS
JepkaBHOTO (hIHAHCYBAHHSI, PI3KMX 3MiH €KOHOMIYHOI TOJITHKH. B yMoBax, 10 CKiIayimcs,
HeoOxizHa TpaHcopMallis CKIAZOBUX OyniBEIHHOIO KOMIUIEKCY — BiJIMOBAa BiJl HaAMIipHOi
yHipiKamii 00'eMHO-TUIaHYBaJbHUX 1 KOHCTPYKTHUBHUX pillleHb, OuIbINa  BIJKPUTICTH
TEXHOJIOT1YHUM HOBAIIisIM, TApPMOHIi3allisl BITHOCHUH BCEpPEeIUHI raity3i i 3 mapTHepaMu. 3BepHEHHS
JI0 CBITOBOTO JOCBiAy TIOKa3ye, IO TPH 3POCTaHHI PO3MAITOCTI 00'€MHO-TIJIaHYBIBHHUX 1
KOHCTPYKTUBHHX PIllIEHb MIepeBara BiAIa€ThCs 3BEJACHHIO KUTIOBUX OYyIMHKIB 3 MOHOJIITHUX Ta
301pHO-MOHONITHUX 3alli300€TOHHUX KOHCTPYKIiH. OjHaK JOCSITHEHHIO CBITOBOTO PiBHSA
MEPENIKO/Kae Cy4aCHHM CTaH YChOTO KOMIUIEKCY CKJIaJIOBUX MOHOJITHOTO OYIiBHUIITBA B
VYkpaiHi.

AHaJi3 nocaifkeHb. [CHYIOTh YnMalli pe3epBH YIOCKOHAJIEHHS TEXHOJIOT1i MOHOJIITHOTO
OyIiBHHIITBA, IO JO3BOJISIOTH IMO30aBUTH ii BiJl BHUCOKOI TPYIOMICTKOCTI. K TOKa3yrTh
pe3yNbTaTd KOMIUIEKCHUX JOCIHIKEHb TPYAOMICTKICTb, COOIBapTICTh 1 MaTepialloEMHICTb
OyIMHKIB 3 MOHOJIITHOTO Ta 301pHO-MOHOJIITHOTO 3aJ1i300€TOHY B TOpPIBHSHHI 3 OyIMHKaMH 3i
30ipHUX 3113006 TOHHUX KOHCTPYKIIIH MOXYTh OyTH 1CTUHHO 3HMXKeHi [1;2].

JIsi yIOCKOHAIOBaHHS IIHOTO KOMIUIEKCY ICHYIOY1 HAayKOBI po3poOku HemocrtatHi. Lle
BIZTHOCUTBCSI, HacaMIiepel, A0 NPUHIMITY iHIycTpiani3amii MOHOMITHOTO OyHiBHHUIITBA, SIKHH He
BIJINOB1/Ia€ €KOHOMIYHIN TOJITHIl, Opra”izamiiHuM QopMaM, IO BHUIUIMBAIOTH 3 PHUHKOBHUX
BITHOCHH, CBITOBOMY JOCBiIy, COLIaJbHUM 3ajadyaM i, OTXe, HE MOXE 3aCTOCOBYBaTUCh B
CydyacHUX ymoBax [3; 4; 6].

IcHyroui anamiTHuHi Ta rpadoaHANITUYHI METOAM BU3HAYCHHS 3alHATOCTI pecypciB Ha
3aXBarlili BPaXxOBYIOTh POoOOTYy TUIHKMA caMOi OmajyOKH 1 KpaHiB, ajié He BPaxOBYIOTh YCI BHUIU
BUKOPHCTOBYBaHUX pecypciB [5; 7].

Merta crarrti. Po3pobnena Meromuka 3BeleHHS OYyIMHKIB 13 MOHOJITHOTO Ta 30ipHO-
MOHOJITHOT'O 3aJ1i300€TOHY, SIKa BPaXx0OBY€E MapaMeTpH 3aXBaTKH, iX KUIBKOCTI Ta KIIBKOCTI SIpyCiB
Ha TOBEpCi, KUIbKICTh MOBEPXiB OymiBIi, SIKa 3BOIUTCS, KITBKICTh TEXHOJOTIYHUX TPOIECIB 1
3alHATICTh BCIX BHUJIB PeCypciB, SIKi BUKOPUCTOBYIOTHCS (a2 caMe MAIllMHU 1 MEXaHI3MHU: KpaH,
OeToHO3MIITyBa4, OETOHOHACOC; MaTrepialibHI PECypCH: CHCTeMa OmNaixyOKH, apMaTrypa, OETOHHA
CyMIIII Ta iH., a TAKOXX TPYAOBI PECYpCH).

Buxnan. KokeH moBepx OymuHKY pO30HMBAETHCS Ha 3aXBaTKU Ta SPYCH. Y CBOIO Yepry,
KOXKHA 3aXBaTka PO3JUISETHCS HA KiJbKa TEXHOJOTIYHUX TPOIECIB IS 3BENEHHS OYIWHKIB 1
CIIOPYZL 3 MOHOJITHOTO Ta 30ipHO-MOHOJITHOTO 3ami300eToHy. KokHa 3axBarka moTpelye
KOMIUIEKT ONayOKH, 1110 0OCIYrOBYETbCS OMHUM OAIITOBUM KpPaHOM, CUCTEMaMH apMYyBaHHS Ta
nmojiavi, YKJIaJKWA 1 YIIUJIBHEHHS OCETOHHOI CyMIllll, BUTPUMKY OETOHY Iepe]] pO3MaIyOKO Ta
JaHKy poOiTHHKIB. [ToBepx OyTMHKY MOXe MaTH KijbKa SpYCiB Ta 3aXBaTOK, 1110 0OCIYTOBYIOThCS
OJTHIEI0 CHCTEMOIO TO/1a4l KOMIUIEKTY OMaIyOKH, KOMIUIEKTY apMarypH, OETOHHOI CyMiIlli,
CHUCTeMOI0  30WpaHHs BHpPOOHMYMX BIAXOMAIB,  OAHMM CKJIQZIOM apMarypH, AUISHKOIO
NepEOCHAIICHHSI.

CyTHICTB peCypCHOTO METOAY BH3HAUEHHS 3alHITOCTI BCIX PECypCiB Ha KOXKHIM 3aXBarTIli
MOJIATAE B TIM, IIIO CTIOYATKy BBOAUTHCS 1H(POpPMAITliS IO KO)KHOMY PECYypCy, 110 MPUMMa€E y4acThb
B Ipoleci OymiBHMUIITBA, 30€piraeTbcsi, BUKOPHUCTOBYETHCS IPH BHUKOHAHHI TEXHOJOTIYHOTO
mporieccy, i y pe3yapTari Horo BUKOHAHHS (opMYyeThbCs iH(POpMAIliS PO 3aMHATICTH KOXKHOTO
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pecypcy y BUNIAII BiAPI3KIB Hacy MPOTATOM po3paxyHKoBoro mepiony. Ilpu HeoOximHOCTI
BUKOHAHHS SIKOTOCh TEXHOJIOTIYHOTO TMpOIeCy Ha oOpaHiii 3axBarili (MOHTaX apMmarypd 1
apMaTypHUX KapKaciB, BCTAaHOBJICHHS OMNalyOKH, OETOHYBaHHS KOHCTPYKLIH, JE€MOHTaX
OomayyOKy ¥ 1H.) CIIOYATKy BU3HAYAIOTHCS PECYpCH, 10 OymyTh 3alHSTI MPH WOTO BUKOHAHHI.
[TotiM mepeBipsieTbes 3alHATICTE OOPaHUX PECYPCIB 1 BU3HAYAETHCS MOXKIMBUNA Yac BUKOHAHHS
TEXHOJIOTTYHOTO TTPOILIECY.

VY pe3ynbrari po3paxyHKy BH3HAYa€ThCS 3alHATICTH KOXKHOTO pecypcy Yy mporeci
3BEICHHS; TPHWBAIICTh 3BEIEHHS OY/iBIi; TPYAOMICTKICTh pPOOIT; MaKCUMaJbHa 1 CepeaHs
KUJTBKICTh POOITHUKIB; KUIBKICTh SIPYCIB Ta 3aXBaTOK HAa IOBEPCi; KUIBKICTh TEXHOJOTIYHUX
npoiieciB (MOTOKIB) Ta T. iH. Ha pucyHKy mpeacTaBieHO OJIOK-CXeMY TEXHOJIOTIYHOTO IMPOIECy
3BEJICHHS OyAYHKY 13 MOHOJIITHOTO Ta 30ipHO-MOHOJIITHOTO 3a/11300€TOHY.

BBEJEHHA BXIOHOI IHOGOPMALLII

\

Y
Bubip nosepxy, 3axsaTki, Apycy ANA 3BeJeHHs BYANHKY i3
MOHORITHOrO 3anizo6eToHy .
Bubip TexHonoriyHoro npouecy Ans BUKOHaHHSA pobiT Ha I
3axsaTLi 44 Apyci.

Bubip HeobXiaHWX pecypcie AN BUKOHAHHS
TEXHONOrYHOro npoLecy.

5| BusHaueHHs1 Mmexx 3aiHATOCTI BCIX HeoBXiAHNX pecypcis. I I I

BW3HauYeHHs Yacy BUKOHAHHA TEXHOMOTIMHOTo Npouecy Ha
3axBaTyi un sipyci 3 o6nikom 3afHATOCTI Beix pecypciB.

Bubip HacTynHOro TexHonoriyHoro npolecy Ans
BUKOHAHHS pobiT Ha 3axBaTtui um sapyci.

Yu yci TexHonorivHi npoueck BUKOHaHI Ha 3axBaTkax i Hi

sipycax noBepxy?
¢ Tak IV

g| MNepexia Ha 3axBaTky i SpyCcK HACTYNHOro NOBEPXY .

v

10 Un 3zeaeHi yci nosepxu 6y anHky ? Hi
¢ Tak

11 Po3paxyHOK TEXHIKO-eKOHOMIYHWX NOKA3HUKIB.
\
Y

12 AHaniz pospaxyHkoBoT iHchopmaLii.

Puc. Bnok-cxema mexuonoziunozo npoyecy 36e0eHHsi OYOYHKY i3 MOHONIMHO20
ma 30ipHO-MOHONIMHO20 3ANI300eMOHY

3BeeHHST  OararomoBepXoBOi  OyiBii 13  MOHOJITHOTO YW 30ipHO-MOHOJITHOTO
3a1i300€TOHY PO3MOYMHAETHCS 3 TEPIIOi 3aXBaTKH, MEPIIOro spycy, nepuioro mosepxy. Jlo
poOOTH TIPHUCTYIAE MEPIINA YaCHUM TOTIK, SKUHA BUKOHYE TEXHOJIOTTYHHH MPOIEC MO0 MOHTAXY
apMarypu, apMaTypHUX BHpPOOIB Ta 3akjagHuX jAeranei. s Horo BUKOHaHHA HEOOXiIHO
BUOpaTH yCi pecypcH, sKi 3aifHATI Ha WOTo 3/IHCHEeHHI. Y MPOIeCi BUKOHAHHS TEXHOJIOTTYHOTO
IpoIlecy BU3HAYAETHCA Yac 3aMHATOCTI KOKHOTO 13 pecypciB. Ilicisi BUKOHAHHS MEpIIOTO

92



XVIII mixxHapogHa HAYKOBO-TIPaKTUYHA KOH(EPEHIIis
«[HHOBaIiiTHI TexHOJOTI] Yy OyIiBHUITBI, HUBLIBHIN iHXKeHEpil Ta apxiTekTypi», JHinpo, 26.11.2020

TEXHOJIOTIYHOTO Mpoliecy Ha MEepIIiil 3aXBaTili MepIIOro SPycy MEepLIIOro MOBEPXY YaCHOM MOTIK
HEepexXoIuTh 10 APYroi 3axBaTKHM. A Ha MU BUKOHYETHCS, JIPYTUM YacHUM IIOTOKOM,
TEXHOJIOTIYHUI Tpouec 3 MOHTaxy omnanxyoouHoi cucremu. [loTiM mepmmii yacHMH MOTIK
MepPEXOIUTh Ha TPETIO 3aXBaTKy, APYTHi Ha JIPYyTy, a Ha MEPIIii MPUCTyMae A0 poOOTH TpeTii
YacHUH NOTIK, SKWH BUKOHY€E TEXHOJIOTTUHUI Mpoliec 3 1mojayi, yKIaJKi Ta YIIUIbHEHHS O0eTOHOT
cymimri. Takum ke YMHOM JI0 pOOOTH 3aTydaroThCs CIITYI0Ul YacH1 MOTOKH, /I BAKOHAHHS yCiX
IPOIIECIB JJIS 3BEICHHS IEPIIOTO SIPYyCy MEPIIOrO MOBEPXY.

[Ticns BUKOHAHHS MEPIIOTO TEXHOJIOTIYHOTO MPOIIECY Ha yCiX 3axBaTKax IMEPIIOro spycy,
nepuIvii YacCHUM TOTIK MEPEeXOJUTh Ha MEpIIy 3aXBaTKy JIPYroro sipycy IepIIOro MOBEpXY.
3a HUM CITITYIOTh yci yacHi moTtoku. Komm Ha ycix 3axBaTkax 1 sipycax IoOBepXy Oy/ie BAKOHAHO
TEXHOJIOTIYHUI MpOIEeC TepIIMM YacCHHUM MOTOKOM pPOOOTH pPO3MOYMHAIOTHCS HA JIPYroMy
nmoBepci. 3a MepIrM YaCHUM TTOTOKOM CJIITYIOTh YC1 YacH1 IMOTOKH IO 3BOJICHHI OymiBii. PoGora
TaK MPOAOBXKYEThCSA JIOKM HE OynaTh 3B€EHI yCi MOBEPXHM MOHOJITHOI YU 301pHO-MOHOMITHOL
OymiBiIi.

VY pesyabrari po3paxyHKy po3poOisioThes: rpadik BUKOHAHHS poOiT abo IHMKIOTrpama;
rpadiku moTpedu y poOiTHHKAX 3araJIbHUM Ta Mo MPoQecisax; BEKTOPH 3aHATOCTI YCIX PeCypciB,
K1 3a/115H1 y 3B€ICHH1 Oy/1iBIIi; cepeHs KiIbKICTh POOITHUKIB 1 T. 1.

BucnoBku. OTtxe, po3poOieHUl pecypCHUI METOJ 3BEJICHHS OYIWHKIB 13 MOHOJITHOTO
3a11i300€TOHY, SIKUil BpaXOBY€e apaMeTPpH 3aXBaTKH, 1X KUIBKOCTI Ha TIOBEPCi, KUIBKICTh APYCiB Ha
MOBEPCi, KUIBKICTh MOBEPXIB OYIMHKY, KIJTBKICTh TEXHOJOTIUHHUX IPOIECIB 1 3aWHSTICTh BCIX
BUJIIB PECYPCIB, 5IKi BUKOPHUCTOBYIOTHCS (a caMe MAaIlIMHM 1 MEXaHi3MH: KpaH, OETOHO3MIIyBaY,
OETOHOHACOC; MaTepiaJibHI PEeCypCH: CHUCTeMa omajayOkw, apmarypa, OeTOHHA CyMiml 1 iH.;
TpyaoBi pecypcu). CyTHICTh METOIMKH 3aKIIOYaeThes B TiM, 1m0 B mamaAti [IK 30epiraerscs,
BUKOPUCTOBYETHCS TPH BUKOHAHHI TEXHOJIOTIYHOTO MPOIECY, a B PE3ynbTaTi HOro BUKOHAHHS,
dopmyeTbes Horo iHGoOpMaIis Mpo 3alHATOCTI KOXKHOTO PECypCy y BHUIVISAI BiApI3KiB dacy
HPOTSATOM PO3PaxyHKOBOTO MEPIOAY.
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YK 699.86+697.14
NEPBUHHU IHCTPYMEHTAJIbHUI EHEPTOAYJIUT ’KUTJIOBOI'O BYAUHKY

Ipuropuunska K. B., ctyn., bonnapenko A. B., cTyz.,
KOpuenko €. JL., k. T. H., 1o11., KoBaas O. O., c. H. c., 7011.
eporcasruil suwuii HaguanbHUL 3aK1A0
«IIpuoninposcvka depoicasna axademisi 6YOIGHUYMBA MA APXTMEKMYPU»

IMocTanoBka npodaeMu. OTHNUM i3 BOXKIMBUX KOMIIOHEHTIB KOM(QOPTHOTO NepeOyBaHHS B
OymiBni € 3a0e3nedyeHHs MapaMeTpiB MikpokiaiMary. KomdopTHI mMOKa3HUKH Temmeparypu
BHYTPIIIHBOTO TMOBITPs, BIAHOCHOI BoJIOrocTi Ta piBHIO KoHIeHTpamii CO, 3abe3nedyroTsh
3JI0pOBE TepeOyBaHHs JIOACH Y KUTIOBUX MPHUMIMICHHSIX Ta € MPIOPUTETHUMH (PaKTOpaMH MPHU
MPOBEACHHI TEPMOMOJIEpHi3allii OyaiBenb. HamaranHs okpeMuX BIaCHHKIB 3a0IIaIUTH KOIITH Ha
OMAaJICHHS MIISIXOM IPOBEACHHS «IOKAIBHUX YTEIUIEHB» TOCIOAAPYMM METOIOM YacTo
MPHU3BOJUTH JI0 HETATUBHUX HACIIJIKIB.

Meta gocJiasKeHHsI: 1HCTPYMEHTAJbHO TIEPEBIPUTH OCHOBHI TIOKa3HUKH SIKOCTI
MIKpOKJIIMaTy KU TIOBUX MPUMIILIEHb: TEMIIEPATYPY, BOJIOTICTh Ta piBeHb CO,.

O06’ekT: XUTIOBUN OymuHOK 69,9 M> 3 HHX 37,6 xutnoBa 1miomna, po3ramoBaHuii B Il
TeMIIepaTypHiil 30H1 y mepeamicTi M. XepCoH, 3HaXOAUTHCS 32 MICTOM JIAJIEKO BiJl MaricTpaneil.
[TpoXnBarOTH I’ ATh JOPOCIUX JIFOJEH Ta CIM JIOMAIIHIX TBapUH. BEHTHIIAMIMHNX KaHAJIB JBa, B
KyXHI Ta BaHHI{ KiMHATi, BEHTHJISLIS NPUPOAHS. ByniBis ckiagaeTrbcsi 3 OCHOBHOI YaCTUHH 3
OTOPO/KYBAJIBLHOIO CTIHOBOIO KOHCTPYKIIEIO 3 OyTy Ta mpuOyIOBH (KyXHs Ta BaHHA KIMHAaTa) 3
KPUMCBKOTO pakymHsaky. CTiHu Oynu yTeruieHi MiHOMIACTOBMMH IUIMTaMH TOBUIMHOKO 50 MM
OLTBIIICTh BIKOH 3aMiHEHI Ha METAJOTUIACTHKOBI 3 JBOKaMEpPHUMHU cKiornaketamu. [ligymora y
npuOyIoBi IIEMEHTHA CTSHKKa; B OCHOBHIM Oy/iBii JepeB’sHa Mmijuiora ¢ TeXmigniuisiM. [opurie
JIBOCKAaTHE HEYTETUICHE.

OcHoBHi pe3yabraTn. Po3paxyHKOBI 3Hau€HHS TeMIeparypd Ta BOJOTOCTI MOBITPA
MPUMIIIEHB TS )KUTIOBUX Oy/IiBeNb 3rigHO HOPM [ 1] mopiBHIOIOTH: BHYTpimIHE moBiTps = 20 °C;
BiTHOCHA BOJIOTICTh MOBiTps 55 %. 3rimno JIbBH B.2.5-67:2013 pexomeH10BaH1 TUTIOBI 3HAYCHHS
3a piBHeM KoHmeHTpamii CO, mas onTUMalibHUX yMOBax MikpokiiMary 500 ppm, TUMOBHIA
nianazon 400...600 ppm [2].

JlocmipkeHHST TIPOBOAMIIMCH 3a JOTIOMOTOK0 Tpmiany — uudpoBoro BumiproBada CO,
HT-2000 co2/temp/rh data logger. Slkmii omHouyacHo dikcye mani Temmeparypu, piBas CO,,
BOJIOTOCTI TIOBITpS Ta 3a JOMOMOTOK TporpamMHoro 3abe3medeHHs 3adiKcoBaHI JaHi
3aBaHTAXXYIOTbCS Ha KOMIT FOTEp Ta MPOBOIUTHCS MOHITOPUHI Ta 00OpoOKa OTPHUMAaHUX IaHUX.
Le#i BuUMiproBa4 OOMAIITOBAaHUIN JATYUKOM KU TIomiepekae mpo nepesuiieHHs piHs CO,, Mae
MOXJIMBOCTI BCTAHOBJIGHHS MAaKCHMAaJIbHOTO Ta MiHIMalbHOTO mopory. Jliarna3oH BUMiprOBaHb:
Bymekucanii raz (COz) 0 ~ 9999 Ttounicte: + 50 ppm + 5 % Biag mMoka3aHHS, Alana3oH
temneparyp: -10,0 ~ 70,0 °C (14 ~ 158 °F) Tounicts : + 0,6 °C / £ 0,9, niama3zoH BOJIOTOCTI:
0,1 ~99,9 %, Tounicte: £+ 3 %.

Ha mowarky nocmimkeHHst Oynu 3apeecTpoBaHi morofni ymou Ha nary 31.10.2020 na
npoTs3i 106U Oylno moxmypa Mmoroja piBeHb BOJOTOCTI KonuBaBcs Bif 77 10 96 %, temmneparypa
B aeHb +10...+12 °C, BHoui +9 °C, BBeuepi HaKkpamnas JO1I.

BuwmiproBannst poznouanucs Beuepi 30.10.2020 o 18:39, tpuBamu 25 roawH, iHTEpBajl
3aMiproBaHHs KokHi 3 XBuUiIMHU. [IpoTarom Beyopa B KIMHATI 3HAXOAMIIOCS BiJl OHOTO IO TPHOX
0oci0 1 70 TPhOX JOMAIIHIX TBapWH, OyJM YBIMKHEHI moOyroBa TexHika (HoyTOyk) o 21:14
BIZIKPUJIM BIKHO Ha MPOBITPIOBAaHHS Ha 15 XBWIMH, HA rpadikax y el 4ac MOXKeMO CrocTepiraru
naJiHHs MOKa3HUKIB. 3 22:45 nmo 8:37 3HaXoauiaoch TITbKK 1B1 JroauHu. Ha pucynky 1 rpadiky
Bmicty CO2(PPM) B mpumilieHi Ta Ha pUCYHKY 2 Tpadiky BOJOrocTi B NpHUMilIeHI 6aunmo
OMK4e 70 paHKy IiJBHINCHHsS BEJIWKUX 3HAY€Hb, a HA PUCYHKY 3 rpadiky Temmeparypu B
npumimeni (°C), HaBnaku, — 3HWKEHHA. 3 7:44 no 8:07 Oyno Bimkpute BiKHO, Ha Tpadikax 3HOB
3adikcoBaHe MaaiHHs 3Ha4eHb. Jlam, pyxarounch no rpadiky 3 9:37 no 9:42 ta 3 10:08 g0 15:30
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HIXTO HE 3HAXOIMBCS B NMPHUMIIEHI, TOMy 1 KOJIMBaHb He BinOyBasoch. Jlami rpadik modnHae
3poctatu: 3 15:30 no 17:00 B ximHari Oyna ogHa mroauHa, 3 17:00 mo 20:00 — nBi JronuHU Ta
YBIMKHEHUI HOYTOYK.

Pesynpratn HaBenmeHi Ha rpadikax:. Sk 0aunMo, 3a IUMH JaHUMHU Maibke HE OHE
3HAYE€HHS HE BIJAINOBiJa€ HOPMATUBHHUM, KpiM Temmeparypu. Pesinb Bmicty CO, (PPM) B
MPUMIIIEHH] TEPEBUINYI0 HOPMATHBHI IOKAa3HWUKH. PiBeHb BOJIOTOCTI B OyIiBIi TeX HE €
MOKa3HUKOM HOPMH.

Ipadik Bmicty CO2(PPM) B npumiLeHHi I'padik Bonorocti B npumiwieHi (%RH
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Puc. 3. I'pagix memnepamypu ¢ npumiweni (°C)
BucHoBKH

1. ®akTuyHi 3amMipu TTOKa3ax 3a nepioa BuMipiB (25 rogun) 3HadeHHs BMicTy CO, (PPM)
B IIPUMIIIIEHH]I KOJMBAEThCS B Mexkax BiJl 1 798 no 4 767 PPM. 3HaueHHS BOJIOTOCTI B IPUMIIIIEH]
KOJIUBAJIUCH B MexXax 76,5 1o 85 %. 3HaueHHs Temreparypy B MPUMIIIEHI KOJTUBAETHCS B MEXax
Bix 18,4 mo 21,1 °C.

2. HopMaTuBHUM TIOKa3HHUKAaM BIJIMOBIIAa€ TUIBKU TeMIleparypa, mokasHuku Bmicty CO; ta
BOJIOTOCTI HE BIAMOBIZJAIOTh HOPMAaTHBHUM.

3. B nanomMy 00’ €KTI JOCIIPKEHHS MPUCYTHI MPOOJIEMHU 3 BEHTHIISIIEIO B PUMIIIISHHI.
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4. Pexomenparii: MOTpiOHO MONATKOBE JOCIHIDKCHHS BEHTWJISAIIMHUX KaHANIB Ta
PEKOMEHIOBAaHO PO3IVISIHYTH TaKWi eHeproeeKTUBHUH 3aXiJ] sIK pEKyIepaTop.

Cnucox BUKOPHUCTAaHUX JAKepet

1. IBH B.2.6-31:2016. Tennosa i3omsmist OyaiBenb. KuiB : MiHiCTepCTBO perioHaIBHOTO
pPO3BUTKY, OYIIBHUIITBA Ta >MXHUTIOBO-KOMYHAJILHOTO rocmoaapcTBa Ykpainu, 2016. (Cr. 29,
tabmuis B.2) (JepsxaBHi OymiBenbHI HOpMU YKpaiHH).

2. IBH B.2.5-67:2013. OnanenHs, BeHTW SIS Ta KOHAUIIoHyBaHHsA. KuiB : MinperionOyn
Vkpaiau, 2013. (Ct. 107) (lep>xaBHi OyniBenbH1 HOpMU YKpaiHH).
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YIK 728.98.012.18

EHEPITOE®EKTHUBHA PEKOHCTPYKIIA BYAIBJII HEHTPY-ITPUTYJIKY BETAHI
B m. MAJTALIKH, CIOBAYYNHA

Casuunknii M. B. 1, 1. T. H., pod., Bopayn M. B. 1, acn., 3inkesuu O. I'. 1, K. T. H., JOII.,
3inkeBu4u A. M. 2, K. T. H., JOII.
Jﬂepofcaeﬂuﬁ BUUL HABYATILHUL 3AKIAO
«IIpuoninpoecvka oepoacasra akademisi OyOi6BHUYMBA Ma apXimexmypuy,
? Jninpoecvkuti HayionanvHull yHigepcumem 3a1i3HUYHO20 mpancnopmy im. B. Jlazapana

Ilocmanoska npoonemu. B €BponeichbKiii TUPEKTUBI 3 eHeproeeKTUBHOCTI OymiBelns [ 1]
3a3HA4YEHO, M0 BCl HOB1 OymiBmi, mounHatoun 3 31 rpyaHs 2020 poky MOBHHHI BiJMOBigaTH
CTaHAapTy OYHIiBII 3 HYITHOBHM €HEPTrOCHOXHBAHHIM a00 OyTH «IO3UTHBHUMHY, BCi ICHYIOUl
OymiBii MOTPeOyrOTh TEPMOMOJIEPHI3allii BiMOBITHO 10 CyYaCHUX BUMOT.

Haykosmi Ta ctynentu JIBH3 [IJIABA nipuiiHsun y4acTb y Kpoc-HaBUaHHI MPOESKTYBAHHIO
OymiBenb Ta CHOpYyA 3a TMPUHIMIIAMHU CTIHKOTO PO3BUTKY y pamMkax MiKHApOZHOTO IMPOEKTY
InStep Project «International Sustainable Engineering Practices», skuii BHKOHYBaBcS 3a
niaTpuMkn Bumerpaacekoro ®@onmy. OgHUM 13 MOCTaBIEHUX IJIs BUPIIICHHS 3aBIaHb Oyiio
niABHIEHHS KoM(pOpTHOCTI iepedyBanHs y LIeHTpi-npuTynKy JUIst )KIHOK 3 AITbMU B M.Manauku
(CnoBayunHa).

LenTpu comianbHOT JOMIOMOTH — YCTAHOBH COIIAJILHOTO OOCITYrOBYBaHHS, 1110 MTPU3HAYCH]
JUISL HaJlaHHS COIliajibHOI, MOOYTOBOI, MEIWYHOI, MCHXOJOTIYHOI a00 HOPUIAUYHOI JTOTIOMOTH
ciM'siM, JiTAM Ta oKpemuM rpoMaiasHam. byniens LlenTpy-nputynky berani qocuth crapa i He
BIJINOB1/Ia€ CydyacHUM BHMOTaM B c(epi eHeproepeKTUBHOCTI, B Hiil BIJCYTHIM CTalllOHApHUNA
MYHKT HaJaHHs KBali(pikoBaHOT MEIMYHOI JOIMOMOTH, BiJICYTHI JMUTAYl IrpoBI MaWgaHUYUKH 1
Omaroyctpiii TepuTopii 611 LleHTpy.

Mema po6omu. 3anpOTIOHYBATH 3aX0/U IIOJO MiJBUILEHHS eHeproeeKTUBHOCTI OymiBIIi
Ta TIOKPAIIEHHS SKOCTI BHYTPIIIHHOTO CEPEIOBUINA COIIAIBHOTO 3aKJIaay ISl XKIHOK 3 TIThMU B
M. Mananku (CnoBayumHa). B poGori Oyno 3amporoHOBaHO TPOBECTH ps  3aXOfiB,
CIIPSIMOBAHUX Ha TMIJBUIIEHHS €HEProeeKTHBHOCTI OymiBII NUISIXOM YTEIUICHHS 30BHIIIHIX
OTOPO/IXKYBAJIbHUX KOHCTPYKIIH 1 3HM)KEHHS eHepromnoTrped Oyamisni. HacTtymauM kpokom Oyio
3BEICHHS TEIUIWIl, KOMOiHOBaHOi 3 OymiBiero lleHTpy, 10 YacTKOBO JO3BOJMTH BHUPIIIUTH
NUTAaHHS TICUXOJIOTIYHOI peadumiTamii Ta MpOBEACHHS MO3BULISA AJS JKUTENIB LEHTPY LUIIXOM
BHUPOIIIYBaHHSI, IOTJISITY Ta CIOTIISIaHHS PI3HUX POCIHH [2].

Buknao mamepiany. Pezynoemamu. ]l ananizy crany OyaiBii OyJ0 BUKOHAHO Bi3yalbHE
obcrexxenns OymiBm LlenTpy-nputynky B M. Mananku. bymisns IlenTpy omHomoBepxoBa 3
po3mipamu B mani 42,38 x 12,53 M, Bucororo 4,85wM, mo npuOyroBaHa 0 TOPIS
0araromoBepxoBOro KHUTIOBOro OyauHKy. CKiiam 30BHINIHIX CTiH OymiBm — mNpogHACTHI,
CHJIIKaTHA IIerVIa, IEMEHTHO-TIIIaHa MTyKaTypKa, 3arajbHa ToBuHa 330 MM, 3arajbpHa IUIOIIA
469,3 M*, po3paxyHKoBHiil KoedinienT Temmonepenadi U = 1,78 Br/M2K, 1o 3HAYHO IepEBUILYE
MiHIManpHe HOpMaTHBHE 3HaueHHS. 90 % BIKOH IUTACTHKOBI, aje MalTh OJHOKaMEpPHHM
npodine, iHmi (10 %) — crapi BikHa 3 anmOMiHi€EBUM mpoduiem. 3araibHa IJIOIa OTBOPIB
62,08 m>. Cepenniit pospaxynkoBHii koedirient Temmonepenadi U = 2 Br/m’K. TToxpisms Gyaisii
LEHTPY — pYJIOHHA, 3arainpHa mwoma 4944 M°, po3paxyHKOBHH KoedilieHT Teruromepenadi
U = 0,6 Br/M’K. ITijurora BUKOHAHA 10 IPYHTY 3 PO3PAXyHKOBAM KoeillieHToM Teruionepeadi
U =0,27 Bt/m’K.

B nmanomy gochijpkeHHI Oylno TpOBEIEHO pPO3pPaxyHOK TEIUIOBUX BTpaT uepes
OTOPO/KYBaJbHI KOHCTPYKIIT OyIiBII TOMICSAYHO TMPOTITOM OIATIOBAIBHOTO TMEpiony 3a
meronukoro JIBH B.2.6-31:2016 [2]. [Jlani mo KiIIMaTMYHUM YMOBaM 1 pPO3paxyHKOBI
TeMITepaTypH npuiManucs 3rigHo [3].

Pesynbrarn po3paxyHKy IOKa3aiu, [0 HaWOUIbIN BTparu Temiia BiOyBalOThCS uepes
30BHIIIHI cTiHU OyAiBmi — 60 %.
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B TennosTpatn uepes
CTiHW, KBT'rog, %

¥ TennosTpatn yepes
BiKHa Ta ABepi, KB-
Trog, %

Puc. 1. Bumpamu menna uepe3 020po0xcy8aivti Koncmpykyii 0yoieni L{enmpy
3a onanosanbHull nepioo, kBm-200, %

Jis 3HWKeHHS eHepronoTpeOu Oy/iBii 3ampONOHOBAHO BHUKOHATHU TETIOI30JIALIIIO
OTOPO/IKYBAJIBLHUX KOHCTPYKIIH 1 mMpuOyayBaru Terwuito a0 Oyaisii LlenTpy 3 miBaeHHOI abo
CX1THOT CTOpOHM (HANOUTBIN paIlioHaTbHA OPIEHTAIIIS IS TeTUTUI) [4].

Puc. 2. ApximexmypHo-koncmpykmueHe piuienHs npudyoo8u menauyi
0o 6yoieni Llenmpy bemani

YacTHAa OrOpoO/KYBAJIbHUX KOHCTPYKHii OymiBni LleHTpy, sIKi He CTHUKAlOThCS 3
TETUTUIEI0, TPOMOHYETHCS YTEIUIUTH 13 3aCTOCYBAaHHSIM BEHTUJIHOBAHMX CHUCTEM, JI€ B SKOCTI
TETIOI30JISIIIIHOTO MIapy B3ATI TJIUTH 3 0a3anbTOBOI BaTH. JIJis 3MEHIIIEHHS BTpaT TeIlia depes
CBITJIONIPO30pP1 OTBOPH 1 JIBEpi HEOOXiAHO MependaunTH iX 3aMiHy Ha Cy4acHi eHeproeeKTHBHI
koHCTpyKIii. Kapkac mnpuOymoBM TEIUMIII BUKOHATH 3 JIETKUX CTaJeBUX TOHKOCTIHHIX
koHcTpykLii (JICTK), Kpok momepedHux pam pPEeKOMEHAYETbCS 3 M, MOKPUTTS BUKOHATH IO
dbepmam 3 JICTK, criiiku kapkacy — 3 C-mogiororo mpodimro 200 x 70 x 2,5 mMm. Sk marepian
CBITJIONIPO30POT0 MOKPUTTS B TEIUINLII BUKOPHCTOBYEMO CTIIBHUKOBHH MOJIiKapOOHAT TOBIIUHOIO
16 mm. Jlns OymiBmi Llentpy berani, mo moegHaHuii 3 TEIUHIECO, OyB BUKOHAHUI PO3PaxyHOK
BTpPAT TEIJIa MOMICSYHO 32 ONATIOBAILHUM MEpiof, a TAaKOXK PO3PaXyHOK HIOMICSIYHUX COHSYHUX
TETUTOHATXOKEHb.
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Puc. 3. Piuni smpamu menna i menioHa0xo0JceHHs yepe3 C8Imionpo30pi KOHCMPYKYii
npubyoosanoi menauyi

3riiHO pe3yNnbTariB pO3paxyHKy BCTAHOBJIECHO, IO PiYHI TEIUIOHAIXOMKEHHS B TPU pasu
MEePEBUIYIOTh pIYHI TEIUIOBTpATH OymiBii. Ajie TpH IOMY, B 3B'A3Ky 3 OCOOJHUBICTIO
KJIIMaTHYHUX YMOB, TEIIOHAJXOMKEHHS PO3MOAUISIOTECS HEPIBHOMIPHO MPOTAroM poky. s
eKCIUTyaTalii TeIrUIuIll IUIMA pIK HEoOXiTHO Tmepeadavyard JOAaTKOBI JpKepena oOirpisy B
HaOLIBII XONOMHUH nepion abo 3aco0M 30BHIIIHBOT 3aXUCTY CBITJIIONPO30PUX KOHCTPYKLIN Bij
MePEOX0JI0/PKeHHS (30BHIMIHI Jkaimto31). JlogaTkoBUMH pKepernamMu 00IrpiBy MOXKYTh CIY>KUTH
aKyMYJISITOpU TeIUia: J0O0OBI — Il OCIHHBO-BECHSIHOTO MEPEXiJHOro Mepiofy, 1 Ce30HHI — Juis
HAWOUIBII XOJIOIHUX 3UMOBHUX MICHIIIB.

Bucnoexku. 3BeneHHs Terudii, mo KoMOiHoBaHa 3 OyamiBnetro Llentpy, Mae
OararoyHKITIOHAIbHE 3HAYEHHS IS TIJBHUINEHHS KOM(OPTHOCTI 1 SAKOCTI TMepeOyBaHHS B
Hentpi. KoHCTpyKIlisS TEmmuIli MOXKE CIYXHTH JIOAATKOBUM JDKEPEIOM TeIia B XOJOAHHIA
MepioJl, a COHSAYHA €HEePris, 0 HAKOTUYIOETHCS B TEIUIUIlI, MOKE BUKOPHUCTOBYBATHUCS B SKOCTI
JIOIATKOBOTO JIXKepesa Terula JJsi onaysieHHs OyfiBii. Takok, KOHCTPYKIisS TEIUIHII CIIYKHUTb
HepexXiIHOI0 TEIUIOBOT 30HOI0 MK 30BHILIHIM 1 BHYTPIIIHIM MpocTopoM. SIKIIo aHamizyBatu 3
COLIIaTbHO-TIO0YTOBOT CTOPOHM, TO 3BEACHHS TEIUIMI 1 BHUPOIIYBaHHA B HIH POCIMHHOI
HPOIYKI] TO3BOJINTH YPi3HOMAHITHUTH LIOJICHHUI paIlioH kuTeliB beraHi sKicHOIO 1 3710pOBOIO
Kero, 03BOJIMTH 30€pertd KOIITH, M0 MPHU3HAYEH1 AJIS TMOKYNKH XapyyBaHHS, a MOXJIHBO, 1
JacTh JIOJATKOBUM MPHOYTOK Bif Mpojaxy HaumMmKy mpoxaykmii. Ille omauM mo3uTHBHUM
MOMEHTOM 3BE/ICHHS TEIUIMIII MOXKHA BBa)KaTW OpraHizalliio J03BULIA >kxuTeniB berani mpu
3alHATOCTI POCIMHHMIITBOM, IO TYy)XK€ BaXIMBO HE TUIBKU JUIS JOPOCIHUX, aje OCOOIMBO IS
JITeH 3 TOYKH 30py BUXOBAHHS 1 CTAHOBJIEHHS OCOOUCTOCTI.

CnucoK BUKOPUCTAHUX JIZKepet

1. EUR-Lex. Access to European Union law. URL: https://eur-lex.europa.eu/legal-content/EN/
TXT/?qid=1399375464230&uri=CELEX :32012L 0027

2. 1IBH B.2.6-31:2016. Temnosa i3omsuisi OyniBenb. KuiB : MiHICTEpCTBO pEriOHAIBHOTO
PO3BUTKY, OYIIBHUIITBA Ta YKHUTJIOBOTO-KOMYHAJIBHOTO rocrofapcTBa Ykpainu, 2017. (JlepxaBHi
OyniBenbHI HOpMH YKpaiHH).

3. ICTY-H b B.1.1-27:2010. BynisenpHa kmimarosoris. KuiB : MinperionOyn Ykpainu, 2011.
123 c.

4. Savytskiy M., Bordun M., Spiridonenkov V. The Sustainable Design of the Greenhouse by
Criteria of Heat Losses and Solar Heat Gains. Lecture Notes in Civil Engineering Proceedings of
EcoComfort 2020. Vol. 100. Springer Nature Switzerland AG. 2020. Pp. 393—401.
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YIK 519.673:624.154

OCOBJIMBOCTI YN CJIOBOI'O MOJAEJIIOBAHHSA HAC OCHOBH
BATATOBUTKOBOI ITAJII Y HATYPHHUX YMOBAX

Cenin B. JL., 1. 1. 1., npod., Borusinebkuii FO. 1O., acnipant, Kos6a B. B., k. 1. H., 11011.,
bikye K. M., k. T. H., g01I.
Hepoicasnuii guwuti Hag4aIbHULL 3aK1A0
«IIpuoninposcvra oepoicasna akademis OYOi6HUYMBA MA APXIMEKMYPU»

Ilocmanoeka npoonemu. B yMoBax po3BUTKY T€OTEXHIYHOTO OY/IiBHHUIITBA TTOB’ I3aHOTO 3
BUKOPUCTAHHSAM MalbOBUX (YHIAMEHTIB 3 0araTOBUTKOBUX Naib JJisi OyniBelb Ta CHOPYd B
CKJIAJTHUX 1HKEHEPHO-TEOJOTIYHNX YMOBAaX, MPOTrpaMHi KOMIUIEKCH BIIITPalOTh BEJIMKY POJIb JJIS
IHXKEHEepIB Ta TeoTexHiKiB. TpaauiiiiHi IHXEHepHI METOAMKHA HE JO03BOJSIOTH JOCTATHBHO
JIOCTOBIPHO OIIIHUTH HaINpyXeHo-Ie(GopMoBaHUN CTaH OCHOB 0€3 BUKOPHUCTAHHS MOTYXKHUX
TEOTEXHIYHUX MPOTPAMHUX KOMILIEKCIB.

YucnoBe MoOjETIOBaHHA poOOTH OaraTOBUTKOBUMX Mallb 3a JIOMOMOTOK CYYacHHX
PO3PaxXyHKOBHX MPOTPaMHUX KOMILUIEKCIB, [0 OTPUMAH CHOTOMHI IIHPOKE PO3MOBCIOMKCHHSI,
MOXKE€ 3HAUHO CIPOCTUTH 1 MPHUIIBUININTH BHU3HAYEHHS HECY4Oi 3JaTHOCTI MaJbOBHX
JIOCTAaTHBO TOYHI PE3YJbTATH IJIs TOTpeO mpoekTyBaHHs [1].

Mema Oocnidxycennsn. Y 3B’SI3Ky 3 BUIIEBUKIAJICHHUM BHUHUKA€ HEOOXITHICTH CTBOPUTH
YHUCIIOBY MOJEIb JJIsl MPOBEIEHHS YUCIOBOIO MOJIEIIOBAHHS HANpPYKEHO-1e(OPMOBAHOTO CTaHY
OCHOBHM OaratoBuTKoBOi mami. Takok € HeoOXiTHUM TPOBECTH TOPIBHSHHS OTPUMAHHUX
pe3ynbTaTiB YUCIOBOTO MOJICIIOBAHHS 3 pe3y/bTaTaMi HaTYpHOTO BUIPOOYBaHHS Ui aJanTarii
napaMeTpiB ICHYFOUOi YUCIIOBOT MOJIETII.

Ocnosne oocnioxcennsn. YuciaoBe po3B’si3aHHS TOCTABICHOI 3a/1a4i BHUPINTYBAIOCH 3
BukopructanHsiM MCE y IIK Plaxis 3D, y HeniHiiiHii MOCTaHOBII, 13 3aCTOCYBaHHSM MPY>KHO-
MJIACTUYHOI Mojieni pobotu 31 3MintHeHHsAM TpyHTY (Hardening Soil Model) [2]. V po3paxyHkoBY
oOiacTh Oyln0 BKJIIOYEHO MacuB TIpyHTY(puc. la), ckiagenuit 3 yorupbox II'E, nocminna
OararoBuUTKOBa Tajsi JMOBKHHO 2,0 M 1 HaBaHTAXKEHHS, SKE BIAMOBIAAIO IOETAITHOMY
HABAaHTA)KCHHIO HATYPHOI TaJTi.

MonentoBaHHsI BUKOHYBAJIOCS Y HACTYITHIN MOCIITOBHOCTI:

- CTBOPEHHSI TEOMETPUYHOI MOJIETI1 IPYHTY;

- CTBOPEHHSI T€OMETPUYHOT MO/Ie i 6araTOBUTKOBOI Tajli;

- MOeTanHe HABAaHTAXKEHHS 0araTOBUTKOBOT IMaJIi.

[Tim gac MomenOBaHHS MOCTABIICHOI 3aj1adi, OCHOBHA yBara Oynia MpHijeHa CTBOPEHHIO
YHUCIIOBOI MOjeNi 0aratoBUTKOBOi maii. bararoBuTkoBa malii MOJETIOBANIACh 3a JOMOMOTOIO
CTPW)KHEBUX Ta TUIOCKUX eJIeMeHTiB (puc. 1 6).
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Puc. 1. I'eomempuuna ckiHueHHO-e1eMeHMHA MOOENb.
a) IpyHmoeoi ocHosu, 6) baeamosumxogoi naui
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Jlis MonenroBaHHS MacHBY IPYHTY Ha mepimiii ¢as3i po3paxyHKy BUKOPHUCTOBYBAllacs
¢dynxkuis KO-procedure, 3a 10moMororw skKoi MOKHa pEereHepyBaTH BEPTUKAJIbHI HANpPYKECHHS B
CTaHi pIBHOBAru 3a BIACHOIO Baroio.

[ToerannHe HaBaHTa)XEeHHS OararOBHTKOBOI I1ajli MOZEIIOBAIOCS IUIIXOM 30UIBIIECHHS
MPHUKIIAICHOTO 30CEPEHKCHOTO HABAaHTAXCHHsS J0 BEPXHHOI YACTHHU TMalli BIAMOBIIHO O
MOETATHOTO HaBaHTAKEHHS HarypHoi mani. Po3paxyHOK mpoOBOAMBCS A0 MpPHUKIAJaHHS
MaKCUMAJIBHOTO TIPOEKTHOTO HaBaHTaxkeHHs P = 20,58 kH npu BOaBIIOBaHHI mali Ta
P = 14,7 kH nipu ii BACMUKYBaHHI.

B pesynbrari 4ucioBOro MozentoBaHHS AedopMarlis TOCHiTHOI 0araToBUTKOBOI Mai Bif
MaKCHUMaJIbHOIO OCHOBOI'O CTAaTHMYHOI'O BIABIIOIOYOTO HaBaHTaxkeHHI P = 20,58 kH ckiana
S = 0,468 mm. 13071HI1 BepTUKATBHUX MEepEMillIeHb 0araTOBUTKOBOI M MOKa3aHi Ha pUCYHKY 2.

a o 8 2

Puc. 2. [3oninii gepmuxanvHux nepemiwyerv npu CMmamuyHomMy 60as10040M)y HABAHMANCEHHI:
a)3,9xkH; 6) 13,7 kH; 6) 17,65 kH, 2) 20,58 kH

Hedopmartiss mociigHoi 0araTOBUTKOBOI IMajli BiJi MAKCUMaJIbHOTO OCHOBOTO CTAaTHUYHOTO
BUCMHKYIOUOTO HaBaHTaxeHHs P = [4,7kH cxinana S = 1,53 mm. [30miHIi BepTHUKAIbHUX
nepemileHs 6araToBUTKOBOI TaJli TOKa3aHl Ha PUCYHKY 3.

o 8 2

Puc. 3. I3oninii eepmuranvhux nepemiujernb npu CMamudHOMYy UCMUKYIOUOMY HABAHMANCEHHI.!
a) 2,94 kH; 6) 10,29 xkH; ¢) 13,23 kH, 2) 14,7 kH

Jlnist OLiHIOBaHHS KOPEKTHOCTI YMCJIOBOTO MOJENIOBAHHS OyJI0 MPOBENEHO MOPIBHSHHS
OTpUMaHUX PE3YIbTaTIB MIPHU YHUCIOBOMY PO3PAaXyHKY Ta MPOBEICHUX HATYPHUX BUIPOOYBaHHSIX.
Jnist BUpA3HOCTI pe3ynbTaTti 300paxeHi y rpadivHOMY BUIVISII HA PUCYHKY 4.

OCHOBHUMHM [JIS OILIHIOBAaHHS PO3pPaxyHKYy € HaBaHTaxkeHHS P 1 ocimanHs S. 3 aHamizy
rpagiky (puc. 4 a) BUIHO, 10 TP MAKCUMAIILHOMY CTaTUYHOMY B/IaBIIOIOYOMY HAaBaHTaKeHHI P
= 20,58 kH pe3ynbTaTi MOJCIIOBAHHS Ta HAaTYpHUX BUIPOOYBaHb JEMOHCTPYIOTh 3aJI0BIIBHY
30DKHICTh, pI3HMLS OCigaHb npu HaBaHTtaxeHHi 0,468 Tta 0,48 MM (Ipu HaTypHUX
BUIIPOOYyBaHHX) He nepesuilye 3 %. 3 anamizy rpadiky (puc. 4 6) BUIHO, IO NPU CTATUIHOMY
BUCMHKYIOUOMY HaBaHTaxeHH1 P = 20,58 kH pe3ynbTatu MOETIOBaHHS Ta HATYPHUX CTaTHYHUX
BUNPOOYBaHb JEMOHCTPYIOTh 3aJIOBUTbHY 301KHICTh, PI3HHUISI OCiJIaHb TPH HaBaHTAKEHHI
1,53 Tai 1,5 MM (mpu HaTypHHUX BUMPOOYBaHHSX ) HE TiepeBHUILYE 2 Y.

a
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HapanTaxenns P, kH 1.8
0 3.90 80 11.70 13.70 15.60 17.65 19.61 20.58

Ociganns S, MM

Ocizanug S, MM

0 2.94 5.88 8.82 10.29 11.76 13.23 14.70
HapanraxenHs P, kKH

0.6 -

—e—MNoOIeIIOBAHHA —e—Harypre BHUNpOGYBaHHA =+—Mojiemopanis =<—HarypHe BHIpoOyBaHHA

a o

Puc. 4. I'pagix 3anesxcnocmi ocioants 3mM00e1608aHOI 00CIIOHOT 6a2amosumxo8oi naui 8io:
@) cCmamuyHo20 80ABII0IOY020 HABAHMANCEHHS, 0) CIMAMUYHO20 BUCMUKYIOU020
HABAHMAICEHHSL

3 anami3zy rpadikiB (puc. 4 a, 6) MOXHa 3pOOUTH BHCHOBOK, IO MPOBEACHE YHUCIIOBE
MOJICJTIOBaHHS Ta MOPIBHSHHS MOTO PE3ybTaTiB 3 pe3yabTaTaMd HATYpHOTO JOCIiIKEHHS
JIEMOHCTPYE 3aJI0BUTbHY 30DKHICTH, IO CBIIYUTH TPO aJEKBAaTHO MimiOpaHi MmapaMeTpu
NOpY)KHO-TUIAaCTMYHOI  Mozaeni 31 3minHeHHsM r1pyHty B IIK Plaxis. Ile no3Boste
BUKOPHCTOBYBATH CTBOPEHY YHCIIOBY MOJENb JUIS MOJAIBIINX PO3PaxXyHKIiB 0araTOBUTKOBUX
najb 3 METOIO OIIHKY JeopMallii OCHOBH Ta HECYUOi 31aTHOCTI 0araTOBUTKOBHUX Ialb.

Bucnoeéku. BuxopucTaHHS CTBOPEHOI YHCIIOBOT MOJENl IS OIIHKH jJedopMaliii
OCHOBH 1 Hecyuoi 3aTHOCTI 0araTOBUTKOBUX Iajb B KOHKPETHHX 1H)KEHEPHO-TEOJOTTUHUX
yMOBaxX JIOLUIBHE JIs TOINEPEAHhOT0 BUOOpPY TEXHOJOTII BIAIITYBaHHS IMaJlb Ha eTarll
npoektyBanHs. lle mo3BonmuTh 30eperté KomTH HEoOXimHI i BUOOPY B TEPIIOMY
HaOJIMKEeHHI 0araTOBUTKOBUX IMaJlb BIJIANITOBAHMX 3a PI3HUMH TEXHOJIOTISIMA Ta 3 PI3HUM
KPOKOM T1aJib Ha OJTHOMY OY/IiBEIbHOMY MaiJaHUMKY, 10 iX HATYpHUX BUIPOOYBaHb.
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YIK 697.11:620.21

J0 OOIHKHW EHEPTOE®EKTUBHOCTI IIIJT YAC HPHﬁHHTTﬂ PIINIEHDb
oA0 BUBOPY JIZKEPEJI TEIIVIOTHU 3A YMOBH IX KOMBIHYBAHHSA

Coaon JI. B., k. 1. H., nou., Aneros O. B., k. T. H., 1o11., bepe3wk I. I., cT. BuKJI.
leporcasruil suwuii HA8UATLHUL 3AKIAO
«IIpuoninposecvka depacasna akademis 6yOiHUYMBA MA APXIMeEKMypuy»

Ilocmanoeka npoonemu. CbOrofHI HE BUKJIHMKAE CYMHIBIB aKTYyaJIbHICTh €HEPro30epexeHHs
Ta TMIABUIICHHS €HEProe(PeKTUBHOCTI CHCTEM EHEPronoCTayaHHs. 3arajbHOI0 TEHJICHIIIEI0
3a0e3MeueHHs B MAIUBHO-EHEPTETUYHUX PECypcax CIOKHBAYIB € BPaXyBaHHS €KOJIOTIYHOI Oe3MeKH
MpU TeHeparlii Ta CIOXWBAaHHI PI3HUX BHUIIB €HEPTii, a TaKOX MaKCUMalbHa IuBepcudikaiis
NOCTa4yaHHs ePBUHHUX eHepropecypciB. TakuM YMHOM, € aKTyaJlbHUMH PO3BUTOK HOBHUX I1IXO0/IIB
JI0 3a0€3MEeUeHHsI CTIIOKMBAUIB €HEPri€lo Ta po3poOKa BIAMOBIIHUX TEXHIYHHUX PilIeHb. 30KpeMa B
cdepi TEIrIONOCTauyaHHs 1€ MOXKE OYTH TMPOTO3HWINsSI €HEeproeeKTUBHUX 3acO0iB 3a0e3MedyeHHS
CITO’KMBAYIB TEIIJIOBOIO CHEPTIEIO.

Mema Oocnioxncenna. Pe3ynprati JOCTIKEHb 100 TPUBAJIOCTI TEMIIEPaTyp 30BHIIIHBOTO
MOBITPSI MPOTATOM omnaatoBabHUX mepioAiB 20052018 pokiB B perionax Ykpainu [1; 2] mokazamu
MOXJIUBICTh BUKOPUCTAHHS TEHICHLI MiJBUIIEHHS TEMIIEpaTyp 30BHILIHBOTO IMOBITPs B YKpaiHi
JUISL  €Hepro30epekeHHS TPHU  TEIJIONOCTadyaHHI. TpPHUBAIICT TEPIOJAIB 3  TEMIEPATYpPOrO
30BHINIHBOTO TMOBITPSI PIBHOIO TEMIIEpaTypi HAUXONOMHIIIOI I ATUISHKH, IO HaBeneHa B [3] Ta
NPUAMAETBCS 32 PO3PaXyHKOBY IPH TPOCKTYBaHHI CHUCTEM TEIUIOMIOCTAYaHHs, Ui OOIacHUX
HEeHTpiB YKpaiHnu ckiagae Bij 3 1o 36 roguH 3a onantoBaibHUi nepioa. Hampuknan, ans Kuesa,
IEPiOJl CTOSHHA CEPENHBOI000BOI Temmeparypu Bif -5 °C Ta BHIE CTAaHOBUTH OCHOBHY YaCTHUHY
(80%) cepenHbOCTAaTUCTUYHOTO OMAJIIOBAIBLHOTO CE30HY.

OueBuaHa AOUUIBHICTG KOMOIHYBaHHSI JDKEpEN TEIUIOBOI €Heprii, Mpu SKOMY OCHOBHE
(6azoBe) mkepeno Oyme 3abe3redyBaTH CIOXKHBada OLIBITY YAaCTHHY OMATIOBAJILHOTO TEPIony, a
1HIIE BHUKOHYBaTH pOJb IMIKOBOTO JDKEpeda Ta BUKOPUCTOBYBATHUCH INPH HU3BKUX TEMIIeparypax
30BHINIHKOTO TMOBITPsi. Take KOMOIHYBaHHS JDKEPEN TEIUIOTH MOXKE PO3IVISAATHCh Cepell 3aXOJliB
IIO/I0 BIPOBAPKEHHSI IOTO03aJIEKHOTO PEryaloBaHHS BHPOOHMIITBA TEIUIOBOI eHeprii s
TETJIOTIOCTaYaHHs PI3HUX 00’ €KTIB.

MeToro IOCHIPKEHHS € BUSBICHHS YaCTOK PI3HUX JDKEPEN TEIUIOTH, IO PO3IVISAAI0THCS JUIS
TETJIOTIOCTaYaHHsI BU3HAYCHUX CIIOYKMBAYiB B 3a0€3MEUeHHI MOTPEOH WX CIOKHUBAYiB B TEIUIOBIi
eHeprii 3 HUUII0 OLIHKKA €Heproe()eKTUBHOCTI NMPH MPUHHATTI pillleHb MO0 BHOOpY JKepeln
TETJIOTH TMPH iX KOMOIHYBaHHI.

Ocnosni  pesynomamu. MOXIMBOCTI  KOMOIHYBaHHS — JDKEepeNl  TEMJIOBOI  eHeprii
JOCITI/DKYBaJUCh B paMKax BHKOHAHHS MAariCTepChbKUX KBalli(ikamiiHUX pPOOIT 3a OCBITHBO-
HayKOBOIO Iporpamoro «Tersora3onocrayans, BeHTWIALIA 1 KOHAULIIOBaHH [4; 5].

B pobGoti [4] 00’ektomM nocmipKeHHS OyB JKHUTJIOBHM JBOIIOBEPXOBHM OYIMHOK THITY
«Taynxayc» B M. JlHinpo. [[nsg Temonocradants 00’ €KTy po3MIIaloCh BUKOPUCTAHHS TETJIOBOTO
HACOCY «IIOBITPSI-BOZIa» B SIKOCTI OCHOBHOTO JDKEpelia TEIJIOBOI €HepTii 3 eNeKTPUYHUM KOTIIOM B
SIKOCT1 JIONATKOBOTO (IMIKOBOTO) JuKepena. TerioBa eHeprisi BUTPAvYaeThCcs HA OMAJICHHsS Ta rapsye
BojonoctadanHs. OTpUMaHi Taki JaHi: TETUIOBUM HAcOC TMOBHICTIO MOKpUBaE MOTpeldy 00’€kTa B
TEIUTi IPU TeMIIeparypi 30BHIIIHBOTO MOBITPst Bumie -11°C Ta 3abe3neuye 85,6 % piuHoi morpedu
00’ekTa B TEIUIOBIM €HEprii, BIAMOBIIHO EJIIEKTPUYHHUNA KOTEJI BMHKAETHCSA TPHU TeMIEparypi
30BHIIIHBOTO MOBITPs HIKYe abo piBHi -11 °C Ta 3a6e3neuye 14,4 % piunoi morpedu 06’ €KkTa B
TEIUIOBiM eHeprii. 3a gamuMu [6] Temmeparypa 30BHIIIHROrO TOBiTpS Hmwkue -11 °C
criocrepiraerscs B M. J{Hinpo 6:1m3bKo 17 116 omamoBaibHOTO NEPIOy.

ToOTO TEeruIOBHMII HAacOC MpaIloe 10 BU3HAYEHOI OIBaJIGHTHOI TeMIIEpaTypw, a TpH OUTbII
HU3BKUX TEMIeparypax 30BHIIIHBOTO MOBITPs AJs 3a0e3nedeHHs 00’€KTy TelIOBOK EHEPTi€lo
BMHKA€ETHCSl €JICKTpUYHUN Koren. [loTpeOm Ha rapsiue BOIONOCTaYaHHS TakKoXK 3abesredye
TEIUIOBHI Hacoc depe3 0ak HENmpsiMOro HarpiBy 31 30UIBLICHOIO IJIOLICI0 MOBEpXHI Harpisy. [Ipu
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OUTBII HM3BKUX TEMIIeparypax 30BHIIIHBOTO TMOBITPS MOTpeOM Ha Tapsye BOIONOCTaYaHHS
3a0e3reuye eNeKTPUIHUN KOTell.

Takox mpoaHaTi30BaHO BapiaHT BUKOPUCTAHHS K MMIKOBOTO JKepelia TeIJIOTH ra30BOro KOTiIa
Ta BapiaHTH BUKOPHCTaHHS €IMHOTO JDKEpea TEIUIOTH - eJIEKTPHUYHOro abo ra3oBOro komia 0e3
KOMOIHYBaHHS 3 TEIUIOBUM HAacOCOM a00 iHIIMM JKEpenoM. 3a TEPMiHOM OKYIMHOCTI TEIJIOBOTO
HacoCy KOMOIHYBaHHS HOTO 3 €JeKTPUYHUM KOTJIOM € OUTBIN MEPeBaXHUM HIK 3 Ta30BUM, TAKOXK
el BapiaHT € ONTUMAIILHO MPUHHSATHUM 32 SKCIUTyaTalliiHUMU BUTPAaTaMH Ha MauBO.

B poGoti [5] mochimkyBamuch MOXIHMBOCTI BHKOPHUCTAaHHS TEIUIOBHX BTOPWHHHX
€HEepropecypciB  sK OCHOBHOTO JDKEpeda TEIUIOTH JJs  TEIUIONOCTa4aHHS MPOMHCIOBOTO
MIIMPUEMCTBA. 30KpeMa, BU3HAYAIach YacTKa MOTPEOM B TEIJIOBIM €HEprii Ha OmMajeHHs Ta rapsye
BOJIOTIOCTAa4aHHs 00’ €KTIB XJII00MEKapHOTO BHUPOOHMIITBA, M0 MOXKE OyTH TOKpPUTA 32 PaxyHOK
BUKOPUCTAHHS TEIUIOTH BIIXIJHUX JHUMOBHX Ta3iB 3 TMEKApPChbKUX TIeUeH IIICIs CIaJlOBaHHS
IPUPOIHOTO Taszy.

Yrunizariss TMMOBHX Tra3iB BiJl BOCBMH JIIHIN XJI100MIEKapHOTO BUPOOHUIITBA BUKOHYETHCS 3
BUKOPHCTAHHSAM TEIUIOOOMIHHOTO OOJagHAHHSA THIY «IMMOBI Ta3u — BOJa». Y TUIII3aTOpU Teruia
BCTAHOBJTIOIOTHCS Y JUMOBI TpyOU Ha KOXKHY JIIHIIO BUPOOHUIITBA, /1€ MPOIYKTH 3TOPSIHHS MOXKHA
oxosoauTH 10 Temneparypu 120 °C, mo6 3amo6irtu konaeHcarii. Harpituii TemioHociit — Boxa
HAJXOIUTh JIO0 3arajbHOr0 TpPYOONPOBOMY Ta CIHPSIMOBYETHCS JIO HAKONMUYYyBAIBHUX OaKiB-
aKyMYJISITOPIB, 3BIJIKM BIIOMpAEThCs HA MOTPeOH miAnmpueMcTBa. B kimimarnunux ymoBax M. Kuesa
TeIjia OTPUMAHOTO BiJ] YTHIII3aTOPIB BUCTaYa€ JJisi 3a0e3MeUeHHsT 00’ €KTIB IMAMPUEMCTBA TETUIOM
pU TEMIEPaTypi 30BHIMIHBOTO MOBITPS 10 -5 °C BkiouHo, 1m0 ckiamgae 77,5 % 3aranbHol
notpedbu o00’ekTa B TeIUIOBId eHeprii, 22,5 % mnorpebu B TemnoTi 3a0e3MedyeThCcsi Ta30BOIO
KOTENIbHEI0. 3a JaHuMu [5] TeMreparypa 30BHINIHBOTO MOBiTps Hikue -5 °C crmocTepiraerbes B
M. KuiB 6mu3bko 45 1116 omaitoBaIbHOTO MEPioy.

B pesynprari BUKOpUCTaHHS TEIUIOBOI €HEprii BiJ yTWmi3amii JAUMOBHX Ta3iB B
TEIJIOOOMIHHMKAX Ta 3aCTOCYBaHHS Ta30BOi KOTENbHI JIMIIE SK IIKOBOTO JDKEpelia TEIIOTH
OTPUMYETHCS €KOHOMIsI TIPUPOTHOTO Ta3y, 32 PaxyHOK YOT0 CHCTeMa TeIUIOYTHIIi3allii OKYMaEThCs
MEHIIIE HIX 32 TPU POKH.

KoskeH 3 po3mIssHyTHX MPHUKIIAIIB Ma€ CBOi OCOOIMBOCTI, IO MOBHWHHI OyTH BpaxoBaHI MpH
po3poOIli  BIAMOBIAHUX  TEXHIYHUX  pillleHb, MPOEKTYBaHHI Ta  TEXHIKO-€KOHOMIYHOMY
OOTpyHTYBaHHI.

Oco0nuBiCTIO pOOOTH TEIUIOBOTO HACOCYy € HOro MEepeKIIoueHHS 3a MOTpPeOM Ha pPexHuM
BIJITAIOBaHHS 30BHINHBOTO OJIOKY, MO0 Kpura HE 3aBakajla HOPMaJbHIM pPoOOTI 0OIagHAHHS.
3a temmneparypu Hikue 0 ‘C BOymoBaHUiI B 30BHIIIHINA OJIOK TEIUJIOBOIO HACOCY TEPMOCTAT
nepeMHuKae Horo poOOTy 3 CHCTEMH OMAJICHHSI/TapsTd0T0 BOIOIIOCTAYaHHS Ha PEKUM BiJITAlOBaHHS,
IpU I[bOMY BHKOPHCTOBYETHCSI TEIUIO 3 CHUCTEMHU ONaJeHHs. J[1s KomrieHcallii HecTadi Tersia B
CHUCTEMI OMAJICHHs Ha TEpiof PEeXUMY BIATAlOBAaHHSA TEIUIOBOTO HACOCY Ma€ 3aCTOCOBYBATHUCS
OydepHa eMHICTB, IO AKyMYITIO€ TETIO JJIS ITLOTO TPOIIECY.

[Ipu BUKOpUCTAaHHI TeIIa JMMOBHUX Ta3iB BiJ TEXHOJIOTTYHOTO OOJIaHAHHS Ma€ MICIle BIUIMB
HEPIBHOMIPHOCTI PEXUMIB pPOOOTH MBOTO OONAAHAHHS, IO CIOPUYHMHSE HEPIBHOMIPHICTH

HAJXO/KEHHSI TEIUIOBOTO BTOPHMHHOTO EHEPropecypcy — JAWMOBHX Ta3iB Uil poOOTH
TEIIOOOMIHHUKIB — yTHIi3aropiB. MoximMBo Oyne JOUIIBHO BUKOPHCTAHHS aKyMYNTIOBaHHS
TETIJIOTH.

[IpoBeneni noCHiPKEHHS TMOKa3aji, MO S NPUHHATTS PIMIEHHS IIOJ0 3aCTOCYBAaHHS
KOMOIHYBaHHSI JDKEPEIT TEIJIOTH JIJIsl IEBHOTO 00’ €KTY HEOOX1THO BUKOHAHHS HACTYITHUX €TalliB:

— aHaJIi3 XapaKTepUCTUK 00’ €KTY — CIIO’KMBaya TEIUIOBOI €Heprii Ta KIIIMaTUYHUX YMOB;

— PO3paxyHOK TEIJIOBOI MOTYKHOCTI CHCTEMH TEIUIONOCTauYaHHS;

— mialip BapiaHTIB JpKEpen TEIUIOTH AJIsi KOMOIHYBaHHS Ta aHalli3 X 0COONMMBOCTEH;

— moOynoBa rpadiky BUTpaTH TEIUIOBOI €HEprii B 3aJICKHOCTI BiJl TPHBAJIOCTI TeMIEpaTyp
30BHIIIHBOTO MOBITPS MPOTATOM OMAITOBAIBHUX MEPIOJIIB Ta BU3HAYCHHS YaCTOK KOXKHOTO 3 JKEpe
TEIJIOTH Y TIOKPHUTTI 3arajibHOI MOTPeOH CIIOKMBavya B TEIJIOBiM eHeprii,

— IIPOBENIEHHS TEXHIKO-eKOHOMIYHHUX PO3PaXyHKIB.
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[licns BU3HAUEHHS ONTHMAJILHOTO BapiaHTy KOMOIHYBaHHS JUKEpeNl TEIUIOTH BUKOHYETHCS
MPOEKT CUCTEMH TETUTIONOCTaYaHHSI.

Bucnoeok. 3a pesynpraraMu aHallizy JMOCTIDKEHBb OO0 KOMOIHYBaHHS JIKEpen TEeIrIoBOl
eHeprii it 3a0e3MedeHHs] TEeIMJIOM BH3HAYEHUX CIIOKHMBA4iB  (JIBOIIOBEPXOBUW  OyIHHOK,
IPOMMCIIOBE MiANPHUEMCTBO) OTPHMaHI JaHi MPO YACTKH PI3HMX JDKEpeN TEIUIOTH B TOKPHUTTI
noTpeOu CrokMBaviB B Teruti. BusiBnena ekoHoMiuHa €(peKTUBHICTh KOMOIHYBAaHHS JIBOX JDKEpeEs
Teria JuIs 3a0e3MeYeHHs OHOTO 00’ €KTa cepell sIKUX ofHe Oy/ie OCHOBHUM Ta MpaIfoBaTé OLIbIITY
YacTUHY ONAJIOBAJIBHOTO TIEPiOAy, a iHIIE MIKOBUM Ta MPAIIOBaTH NMPH HHU3BKUX TeMIeparypax
30BHIIIHBOTO TOBITPs. YacTKu KOMOIHOBAaHUX JDKEepen Teljia Ta TeMIleparypa, Mmpu sKiii Oyae
BKJIFOUATUCh TKOBE JDKEPENO MOXKYTh OyTH BU3HA4Y€HI TPH MOOYI0BI Tpadiky BUTpaATH TEIIOBOI
€Heprii B 3aJIeKHOCTI BiJl TPUBAJIOCTI TeMIeparyp 30BHIIIHBOTO MOBITPSL.

[Ipu po3msiai pi3HUX BapiaHTIB KOMOIHYBaHHS JDKEped TEIUIOBOi €Heprii HeoOXiaHui
nornepeaHii aHami3z iX 0coOnMBOCTE Ta BHKOHAHHSA IHIIMX €TamliB, 1O C(HOPMYIbOBaHI IS
NPUAHATTS PIIICHHS MO0 3aCTOCYBaHHS KOMOIHYBaHHS JDKEPEN TEIJIOTH IS MEeBHOTO 00’ €EKTY.
Busnaueni eranmu NpUUHATTS pILICHb MOXYTh PO3MISAATHCH SK OCHOBA QJITOPUTMY OLIHKH
eHeproe(EeKTUBHOCTI MPU MPUUHATTI PIICHb MIOI0 BUOOPY JKEPEIT TEIJIOTH MPH X KOMOIHYBaHHI.

Cnucox BUKOPUCTAHUX J7KepeJI
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VIIK 697.133

OBIPYHTYBAHHS JOLIJIBHOCTI 3AXO/AIB 3 PEKOHCTPYKIIIT
IHO®OPACTPYKTYPHU ’KUTJIOBOI'O MACUBY

Tumomenko O. A., k. T. H., g011., [lepuanux H. B., marictp apxitekrypu,
Kouaoxos B. B., k. T. 1., g011., Tumomenko JI. O., cT. BUKIaI.
eporcasnuii suwuii HA8UANLHUL 3AKIAO
«IIpuoninpoecoxa oepacasna akademisi OyOi6HUYMBA Ma ApXimexmypuy»

Ilocmanoeka npoonemu. IlpoekTyBaHHs Ta OyIIBHUIITBO OUIBIIOCTI XUTJIIOBUX PalOHIB
BEJIMKMX MICT 3/IIICHEHO y TpeTil UBEepTi JBAALATOrO CTOMITTS. YacTHHA TakuX paiioHiB B M.JlHimpo
po3TamoBaHa B310BX p. [[Hinpo. Pekpearttiiini 30HH, sIKi pO3TalIOBaHO B3JIOBXK PiYKH, BIIOKpEeMIICHI
BiJl cemiTeOHOT 30HM Hei aBromaricTpansaMu. OCKIJIBKM TPOKTYBAaHHS JKUTJIOBUX pailoHIB
3MIACHIOBAJIOCh HA TIACTaBl HE JII0YMX BXE CBOTOIHI HOPM TO 3pPOCTaHHS KUIBKOCTI
ABTOTPAHCIIOPTY TPUBENO 10 3017IbIIEHHS TEXHOTEHHUX HABAaHTAXKEHb sKI He Oynu mependaveHi.
OKpiM MEepEeBUIICHHS MIFOUUX HOPM 3a0pyIHEHHS TOBITPS 1 MOCWJICHHS IIyMYy HEOOXITHO TaKOX
BpaxoByBaTu Oe€3MeKOBUH (pakTop, a came MiABUINEHHS BIPOTITHOCTI JOPOXKHO-TPAHCIIOPTHUX
MIPUTOJI TTiJT 9ac OCTYMY MICIIEBUX JKHTEJIeH 10 peKpealiitHuX 30H.

Mema oocnioxycenns. BuzHadyeHHsS MOXKIIUBOCTI 3HM)KEHHS TEXHOTCHHOTO HABAaHTAXXCHHS B
JKUTJIIOBOMY paiiOH1 Ta MiBUIIEHHS PIBHS O0€3MEKH.

Buknao ocnoenozo mamepiany. Ilin 4ac npoBeAeHHS MOCHIPKEHHS BHU3HAYEHHS PIiBHIB
3a0pyTHEHHS TPUMAriCTPaIbHOI TEPUTOPIl BUKHIAMH OKHCY BYIJICITIO Ta IIYMOBOTO 3a0pyJTHEHHS .
Pe3synpratu BU3Ha4eHHs NPEICTaBJICHO HAa pUCYHKax 1 Ta 2.

[—
] ]

Q%] Ejl:l — —
- . I =1

By Mapmana ManrroECEROTO

. 30 mr/m? . 25 mr/m? .20 mr/m* 15 mr/m 10 mr/m? 5 mr/m?

Puc. 1. Busnauenns pieHs 3a0pyOHeHHs NpUMAzicmpaibHoi mepumopii
BUKUOAMU OKUCY 8V2lleyto

Puc. 2. Busnauenns pisHs wymo8020 3a0pyOHeHHs NPUMALICMPaibHoi mepumopii

Busnayenuit piBeHb 3ara30BaHOCTI MPUMAricTpajgbHOI TEPUTOPIi B yMOBAX ICHYIOUOI CHTYyAIlii
Ha */M «Consuanii»: Ccomax = 32,0 Mr/m*; knac 3arazoBarocti — 30 Mr/m3, ToOTO TIepeBHIYE
CepenHIo J000BY I'PaHIuYHY JOIMYCTUMY KOHIICHTPAIIiI0 oKucy Byrero B 10 pazis [1]!
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Po3paxyHkoBHii piBeHb IIyMy BiJ ()yHKIIOHYBaHHS aBTOTPAHCIOPTY IO Byl. Mapiana
ManunoBcekoro ckiagae 77,5 nbA (Bimmosinae 75 kmacy). PiBeHs mrymy Ha TepUTOpIi IEpEBUIITYE
JneHHy HopMmy (MakcumanibHO Ha 30 nBA) [2; 3].

3aans yCyHEHHS HETaTHBHHX BIUIMBIB IPOIOHYETHCS BHKOHATH aBTOMAarucTpaib Yy TYHEN,
TOOTO BUKOHATH 3aINIMOJICHHS YaCTUHH aBTOMATICTpalli HUXKYe PiBHS ICHYI0UOi MOBEPXHI.

[Tpomo3wuitist o0 pEKOHCTPYKIIIT HaJaHa Ha PUCYHKY 3.

Puc. 3. Ilponosuyis wooo pexoHcmpyKkyii

[Tix yac peKOHCTPYKIIiT BUKOHYIOThCS:

e TyHenb Ui TPAH3UTHOTO PYXY TPAHCIOPTY MPOTSLKHICTIO 1,15 KM;

e [lapkoBKH JUIst 0COOMCTOrO TPAHCIIOPTY 31 CTOPOHU JKUTIOBUX OYTMHKIB i1 3eMIIEIO ;
e Micus 3ynMHKH TPOMaJICHKOTO TPAHCIIOPTY;

e Pekpeariiina (3e1eHa) 30Ha HAJl TYHEIEM.

[licns BUKOHAHHS 3aMpPONOHOBAHMX PEKOMEHAIN piBeHb 3a0pyIHEHHS 3HUKYETHCS
OCKUIBKH BCi1 3a0pyIHIOIOUI PEUOBHHU OYIyTh BHUKHMJATUCSA B OiK NMPHOEPEk HOI 30HH CHCTEMOIO
BEHTWJIALII TYHENIO Ta TOTJIMHATUCS 3€JICHUMH HACa DKEHHSMHM, SKI Hapa3l BXKe ICHYIOTh OuId p.
JlHInpo, Ta po3CitoBaTHCS HAJl 13EPKAJIOM PIKH.

Bucnoeku. 3a pesynpraramMy MpOBEIEHUX JOCIHIIKEHb MOKa3aHa MOXKIUBICTH MOJIMIICHHS
€KOJIOTIYHOI CUTYallii Ta MiJBUIIECHHS piBHS Oe3MeKH B MeXaX KHUTIOBOTO paioHy.

CnucoK BUKOPUCTAHUX JIKEpeJT

6. Tumomenko O. A. MOHITOPHHI HAaBKOJIUIIHBOTO CEPEIOBHINA : METOIWKA BH3HAYCHHS
PO3paxyHKOBOI KOHIIEHTpAIlii OKHUCY BYIVICIIO, KW MPHUCYTHIA y BUKHIAX aBTOTPAHCIIOPTA, IO
PYXa€ThCsl MaruCTPaJbHOK BYIHUICIO | METOAMYHI BKA3iBKU JIO0 NMPAKTUYHUX 3aHsTh. [[HITIPO
JABH3 ITIABA, 2017. 26 c.

2. ABH B.1.1-31:2013. 3axuct Tepuropiit, OyauHKiB i ciopyn Bif mymy. [Uuanuii Big 2013-
12-27]. Kui : Minperion Ykpainu, 2014. 4 c. ([lep>xaBHi OyaiBesbHI HOPMH)

3. ABH b.2.2-12:2018. IInanyBanns i 3a0ygoBa Teputopiid. [Uunnuit Big 2018-09-01]. Kuis :
Minperion Ykpainu, 2018. 185 c. ([lep>xaBHi OyaiBenbHI HOpMH YKpaiHu).
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VIIK 69.059.2

OBCTEXEHHSA TEXHIYHOI'O CTAHY CIIOPY HAAINAXTHHUX KOIIPIB,
BUKOHAHMUX 3A PI3BHUMU TUIIOBUMU IMTPOEKTAMM I «CXIAI'3K»

Turwk A. O., K. T. H., 1o11., [llaToB C. B., 1. T. H., 1o11., TuTIOK A. A, K. T. H.
leporcasruil suwuii HA8UATLHUL 3AK1AO0
«IIpuoninposecvka depacasna akademis 6yOiHUYMBA MA APXIMeEKMypu»

Ilocmanoeka npoonemu. J111 «Cxinl'3K» B 2021 poui manye OyaiBHUITBO 4-X HaIIAXTHUX
KompiB i moTped migmpuemctBa. Y 2019-2020 poxax kepiHunTBoM JIIT «CXIAI'3K»
MIOCTaBJICHO 3aJa4dy 3 OOCTE)XKEHHS TEXHIYHOTO CTaHy CHOPYJ HAAIMIAXTHHUX KOMpPiB BHKOHAHUX 32
pI3HMMH THIIOBUMH HpoeKTaMH (puc. 1) Ta BU3HAYEHHS KOHCTPYKTHBY HAJIIAXTHOTO KOMpa 3
OUTBIIIMM 3aJIMIITKOBUM PECYpPCOM IPH YMOBI OJJHAKOBUX YMOB €KCILTyaTallii.

i -

Puc. 1. Cnopyoa naowaxmmoeo xonpa:
a — HaowaxmHul Kkonep cmeoaa «/fonomixcnuily, 6 — HaowaxmHuui konep cmeona « PE-6»

Mema oOocnioxycenna. BuU3Hau€HHS TEXHIYHOTO CTaHy OyiBeTbHUX  KOHCTPYKIIIH
HA/IIIaXTHUX KOTIPiB Pi3HUX KOHCTPYKTHBHHUX CXEM.
Buknao ocnoenozo mamepiany. OOCTSKESHHIO MIJISATANA HAAIIAXTHUH Komep cTBojia «PE-6»
Ta HAAIMAXTHUH Korep cTtBona «/lomomixkuawniiy HoBokoctsaTuHiBebKOoi maxtu 1T «Cxial 3K».
Komnep 3 HaamaxTHO0 Oy/IiBICIO — TIPHUYOTEXHIYHE CIIOPY/HKEHHS HAJl MIAXTHUM CTOBOYpPOM,
110 BXOJUTH JI0 CKJIaJy IIAXTHOI MmiiioMHOI ycTaHOBKH. Komep mpusHadeHuit Ui CIlyCcKy/migiomy
JIIOZIeH, TIPCHKOI MacH, MarepiajliB Ta yCTaTKyBaHHsA. HaamaxTHuil komnep cnpuiiMae HaBaHTaXEHHS
BiJl HAaTATY MiJHOMHHMX KaHaTiB, TUCKY BITpPYy Ta Baru OOJaJHAHHS], 110 BCTAHOBJIEHE Ha KOIIPI.
KoHCTpykTHBHA cXeMa — IMOBHHM MeETaJeBUU MPOCTOPOBUN KapKac IIATPOBOTO THUIY Yy dopmi
yciueHoi mipamiau. [IpocTopoBa >KOPCTKICTh Ta CTIMKICTh 320€3MEUYyIOTHCS CIHUIBHOIO pPOOOTOIO
CTIHOK, PO3KOCIB, 0ajoK Ta 3B’sI3KiB. B Kompi po3TamoBaHO KOHCTPYKINI CTIHOK MiAIIKIpHOTO
MaiiJaHYMKa Ta KOHCTPYKIii BOYTOBaHUX NMPUMIIIEHb CUTHAJICTIB Ta JOMOMDKHUX MPUMIIICHb.
Haowaxmmnuii konep cmeona «PE-6)» mae nacmynne éukonanns:
e (yHIZaMEHTH — MOHOJITHI OKpEMO pO3TallOBaHI IiJ KOJIOHM, 30ipHI 3ani300eTOHHI
byHnaMeHTHI Oanku;
® KOJIOHM — METaJIeBi JIBO- Ta TPUTLIKOBI, IpaT4acTi 3MIHHOTO, CKJIQJIEHOTO MEpeTHHYy (Tpyda
?219 x 8 mm, mBenep Ne 20) ta 3 mpokatHux npodutiB (Tpyda P21 X § Mm);
® 3B 53K — METAJIEBI 3 MPOKAaTHUX MPOoQiIiB (criapeHi KyTHKH 63 X 6 MM Ta 75 X 7 MM);
® KOHCTPYKIIi MOKPUTTS — METajeBi 3 MpokaTHUX MpodiniB (1BoTaBp Ne 50 Ta crapeHi KyTHKH
75 X 6 MM);
e QaJKH IMIKPAaHOBHUX NUISXIB — METaJIeBl 3 mpokaTHUX mpodimiB (1BoTaBp Ne 40);
® CTiHOBE Oropo/KeHHS — A0 BigMm. +1,200 3 cHIIKaTHOI IErd Ha LIEMEHTHO-IIIIAHOMY
pO34MHi Ta 13 30ipHHUX 3a711300€TOHHUX CTIHOBUX MaHenei; Buile BiaM. +1,200 — 3a craneBux pam
(kytuku 45 X 4 MM Ta 63 X 5 MM) 110 MeTaJieBUM mporoHam 3 aBotaBpiB Ne 20 Ta mBenepiB Ne 20 i3
3aITOBHEHHSIM 3 TUIACKUX a30€CTOIIEMEHTHHUX Ta METAJIEBUX JIMCTIB;
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® TIOKpiBISI — MeTaneBi NpodinbOBaHi JHMCTH, YKJIaaeHl Ha aepeB’sHuir Opyc 80 X 80,
3aKpIIUICHUH Ha MeTaleBUX MporoHax (Kytuk 80 X 7); 30BHILIHE BOJOBIIBEICHHS Bi/ICYTHE.

3a pe3ynbTataMH OISy MPHIIETVIOl 10 CIOPYAM TEPUTOpIi Ta MiJIOTH 3CEPEAMHHU KOIpa He
BUSIBJICHI O3HAKU OCIJaHHS MOBEPXHI BHACITIIOK 3aMOYYBAaHHS IPYHTY, TEXHOT€HHUX [iil, 3CYBHHX
IpOLIECiB, MOPO3HOTrO MydeHHS IPpyHTY. Oms] Ha3eMHUX KOHCTPYKIIH HE TOKa3aB HAasBHICTbH
MOIIKO/KEHB Je(OPMAIIIITHOTO Ta 0CaJ0BOTO XapaKTepy.

B xomi oOcrexeHHs 0e3mocepelHbO0 MOHOMITHUX (YHIAMEHTIB IIiJl CTIMKKM Kapkaca
BCTAHOBJICHO 3aMOKaHHS 30BHIIIHIX MTOBEPXOHb (PYHIAMEHTIB Ta YaCTKOBO BHYTPILIHIX MOBEPXOHb.
Sk HacHiAOK 3HAUYHUX PYyWHYBaHb 3a3Hajla BEpXHS YacTHHA (DyHAAMEHTIB — 30HA 3aMOHOJIIYyBaHHS
CTHKIB CTillOK 3 aHkKepamu (QyHIameHTy. BinOymocs pyliHyBaHHS O€TOHY Ha DIMOMHY 10 5 CM.
B mwxHIN yacTtuHi QyHAaMEHTY, TOOTO B TUTI (PyHIAMEHTY BCTAHOBJICHO BIJKOJIU OCTOHY JIMIIC B
JeSIKUX MICIIX Ha IIHMOUHY 10 2 cM. BUsBIEHI MOMIKOIKEHHS B LIIJIOMY HE BILTMBAIOTh Ha Oe3MeuHy
eKcIuTyaraiiro cropyau [1-4].

[Tig yac omsagy 6anoK MiJKPAaHOBUX HUISXIB BHUSABJICHA IUISHKA MOHOPENIBCY 3 BUTMHOM Yy
rtomuyHI BenmmurnHo 100 MM (puc. 2). 3riIHO 3 IEPEeBIPHUM PO3PaxXyHKOM HECyda 3/1aTHICTh OallKu
MOHOpEIbCY 3abe3mneueHa, ajae BIAMOBIIHO JO TEXHOJIOTIYHMX BHMOT, IO HaBeAeHi y Tabmuimi 1
JACTY [1] momyctiMa BelW4YMHA BUTUHY f =//400=15mu. Ha migcraBi LbOro TeXHIYHMH cTaH

BKa3aHOI MUISHKM MOHOPEJNbCY KJIACH(IKOBAaHO SK HENPUIATHUM JO HOPMAaJbHOI EKCIUTyaTarlii,
Kareropis «3». PekoMeHIyeThCsl BUKOHATH 3aMiHy J1e(OPMOBaHO1T OQJIKHU T1KPAHOBOTO IIJISAXY.

£

A W

Puc. 2. Bussneni deghexmu cnopyou naowaxmnoeo konpa cmeona « PE-6».
a — Kopo3is hacoHok bazu KonoHu, O — eUeUH OAIKU MOHOPENbLCY

Haowaxmnuit konep cmeona «/[onomisxicnuily) mae nacmynne 6UKOHAHHA:

e pyHIaMeHTH Tij CTIHKH KapKaca — OKPeMO PO3TaIlOBaHI MOHOJITHI 3a11300€TOHHI;

e CTilikm — MeTaseBi 3 MpokaTHUX Oe3moBHUX TpyO V377 x 10 mm Ta D273 x 10 MM Ha
¢aHneBux OONTOBMX 3’€IHAHHSAX, IOCHJIEHI B3JOBX YOTHPMAa METAJIEBUMH KYyTHKaMU
100 x 10 MM, 1110 «OTIMCaH1» HABKOJIO Mepepi3y Tpyou;

®pPO3KOCH — METaJIeBl 3 TPOKaTHUX Oe3moBHUX Tpyo D219 x 10 mm, @140 X 8 mwm,
D194 x 10 mm Ta @273 x 8 MM Ha (uiaHIIEBUX OOJNTOBUX 3’ €qHAHHSX, MOCHJICHI B3JOBXK YOTHpPMaA
METaNeBUMH KyTHKaMu 75 X 8 MM Ta 63 X 6 MM, 1110 «OIUCaHI» HaBKOJIO Mepepi3y Tpyou;

® DO3BaHTAXYBAJLHUM MaiaHuMK Ha BigM. +8,820 — meraneBuid, 3BapHH 1o Oanmkax 3
MPOKaTHUX MpoQiTiB, TOJOBHI Oanku MaljgaHduka 31 cmapeHux 1mBenepiB Ne 30, mporoHu
(mpyropsiiHi 6anku) i3 mpokarHux mmBenepiB Ne 20, 3B’SI3KM TOPU3OHTAIIBHI 13 CTAIBHUX MPOKATHUX
KYTHKIB 75 X 5, HACTHJI 13 JINCTOBOT pU(QIICHOT TPOKATHOI CTaJIi TOBIIUHOIO 6 MM.

e CTifiKM MiJl PO3BAaHTAXYBaJbHHUI MailaHYMK MPOCTOPOBI pemrityari 3 Tpyou 159 x 10,
niakoci — 31 ciapenux mBenepiB Ne 20, Ta po3mnipok 3 crapeHux msenepiB Ne 14 ta tpyou 57 x 4;

e0ajoyHa KJIITHHA TMIJIIKIBHOTO MaiJlaHYWKa — TOJIOBHI OaJKW BHKOHAHI 13 JIBOTaBpiB
ckiageHoro mepepizy posmipom 1040 x 10, 410 x 20 MM, 3’eaHaHl MK COOOK KOCHMHKaMHU Ha
OONTOBHX 3’€THAHHAX IO BEPXHIM Ta HIDKHIM TOsicaM; HAacTHJ BUKOHAHHMM 3 pHUQIEHOI cTasi
TOBIIUHOIO 4 MM TI0 MPOTOHAM 31 MpOKaTHUX 1mBesiepiB Ne 16; oropo/uKeHHs — 3 TPOKATHUX KYTHKIB
45 x 5 ta npyty 914 mm;

e Ha10y/I0Ba — CTIWKM BHKOHAHI 31 CIIApEHUX MPOKAaTHUX KyTHKIB 120 X 9 mwm; miakocu — 3
MPOKATHUX KYTHUKIB 75 X 7 MM; Ganku 0OB’S3KH — 31 CIapeHUX TH. mBesepiB Ne 24; ropu30HTAIbHI
3B’A3KH — 3 IPOKaTHUX KYTHKIB 63 X 5.
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B xoni omsany mpuiieriioi TepuTopii Ta HaA3EMHUX KOHCTPYKIIIH HE BUSBJICHI IMOIIKOKEHHS 1
nedopmariii 0caoBOro XapakTepy, O3HAKH OCIJIaHHs TIOBEPXHI MPHJIETIIOl TEPUTOPIi BHACIIIOK
3aMOYyBaHHS IPYHTY, TEXHOT€HHHX JIiif, 3CYBHUX MPOIIECIB, MOPO3HOTO ITy4EHHS IPYHTY.

OCHOBHUM TOIIKO/DKEHHSM JUIsl BCIX CTaJIeBUX EJIEMEHTIB KapKaca Kompa € pyHHyBaHHS,
MOIIKO/KEHHST a00 3HOIIEHHS aHTUKOPO31HOTO MOKPHUTTA 1 SIK HACTIIOK PIBHOMIpHA IMOBEpPXHEBa
KOpO3is 6e3 CyTTEBUX BTpAT ILJIONI ITepepi3iB (puc. 3).

BusBneHi HaCTYMHI MOIIKOKEHHS B CTIMKaX MiJl IUIOMAAKY:

® HETIPOSKTHHUI HACKPI3HUI BUPI3 y OMOPHIN KocHHII Ous hyHIaMeHTy B ocsx b/2;

® pyiiHYBaHHS aHTUKOPO31MHOTO MTOKPUTTS CTIHOK 13 3araJIbHOIO IIOBEPXHEBOIO KOPO3i€HO.

e pyifHYBaHHS IIBIB 3’€IHYBAJIBHUX TUIACTUH (CyXapiB) MK CIIapEHUMU IIBEIEPAMH ITIIKOCY
CTIHKH.

B KOHCTpPYKIIISX MiAMIKIBHOTO MaiilaHYMKa BUSBIIEHI HACTYITHI MOIMIKO/KEHHS:

® pyiiHYBaHHSI aHTUKOPO3iHHOTO TIOKPHUTTS, 3arajibHa IOBEPXHEBA KOPO3is;

® BUPI3U Y BEPXHIX Ta HUKHIX MMOsCaX CEPEIHIX OaOK IMAMKIBHOTO MaiiJaHUYHKa.

BubipkoBuii ormian 3’€qHaHb KOHCTPYKIINA y HalWOUIbII HAaBAaHTAKEHMX By3JaxX IIOKa3aB
BiZICYTHICTb TIOIIKOJIKEHB Ta J€(PEKTiB 3BapHUX IIIBIB.

OCHOBHUM TIOIIKO/PKEHHSIM €IIEMEHTIB OYHKEpY € PYHHYBaHHS aHTHKOPO3IHHOTO MOKPUTTS 3
3araJibHOIO MOBEPXHEBOIO KOPO3I€TO.

[Tix gac orsay OyHKepiB BUSBIICHI MOIIKOIKESHHS IT1]T TITOIIAIKY:

e ocsiabeHHs OOJITIB HA OMOPHIN TUTACTHHI Ha (pyHAaMEHTI CTiiiku 1o oci 1;

® [TOIITKO/KEHHSI aHTUKOPO3IMHOTO TIOKPUTTS CTIHOK OyHKEpa Ta ONOPHHX CTIHOK 13
3arajibHOO MTOBEPXHEBOIO KOPO3i€H0.

a o
Puc. 3. Bussneni degpexmu cnopyou HaOwaxmHoeo Konpa cmeona «/JonomincHut»:
a — pYUHYBAHHSA 36APHO20 3'€OHAHHA 8 MICYAX 3 €OHYBANbHUX NIACMUH CNAPEHUX WeeNepi8 CIILKI,
0 — 8upiz Memany 8 KOCUHYI ONOPHOI YACMUHU CMIUKI

Bucnoexku. 3a pesynbraraMu OOCTEKEHHS KOHCTPYKIM HAaJIIaXTHUX KOMpIiB PI3HUX 3a
KOHCTPYKTUBHOIO CXEMOIO, & TaKOX aHalli3y BUSBICHUX J1e(PEKTIB BCTAHOBJIEHO, IO KOHCTPYKIIis
CIIOpYIM HAAMIAXTHOTO Kompa cTBoia «PE-6» € Ounmbml ekcrutyaraiiiHo mpuaaTtHoro. Bussieni
ne(eKTH Ta MOIIKOMKEHHS B IIJIOMY € BUKJIIOYHO €KCIUTyaTalliiiHI Ta MarTh MEHII JerpaaariiiHi
O3HaKW. 3aMOBHHKY OyJ0 PEKOMEHJOBAaHO JJIsi HOBOTO OyliBHMIITBA BUKOPUCTOBYBATHM THUIIOBHUI
MIPOEKT CIOPYAH HAAMAXTHOTO Kompa cTBoja «PE-6» HOBOKOCTSHTHHIBCHKOI IIAXTH.

Cnucox BUKOPUCTAHUX J7KepeJ

1. ACTY b B.1.2-3:2006. Cuctema 3a0e3nedeHHs] HaAIMHOCTI Ta Oe3meku Oynaienb. [Iporunum i
nepemimenHs. Bumoru npoekryBanns. Kuis : Minperion0yy Ykpainu, 2006. 39 c.

2. JIBH B.1.2-2:2006. Cuctema 3abe3nedyeHHsT HaAiHOCTI Ta Oe3meku Oy/iBeNbHHX O0O0'€KTiB.
Hapanraxenns i BrumBu. Hopmu npoextyBants. Kuis : MinperionOyn Ykpainu, 2006. 43 c.

3. ICTY-H b B.1.2-18:2016. HactanoBa 110710 oOcTexxeHHs Oy/iBeNb 1 CIIOPY/ JUTsl BU3HAUYCHHS Ta
OLIIHKH iX TexHiYHOro cTany. Kuis : Minperionoya Ykpainu, 2016. 48 c.

4. JICTY T'OCT HCO 10543:2007. Tpybu craneBi HamipHi O€3IIOBHI Ta 3BapHI rapsS4eTITHYTI.
Mertoa yneTpa3BykoBoi ToBmuHoMeTpii. KuiB : Minperion Ykpainu, 2007. 34 c.
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YIK 502:2:629.113

MPOTHO3YBAHHS EKOJIOTITYHOI EPEKTUBHOCTI IIYMO3AXUCHUX 3AXO/IIB
B YMOBAX MICHKOI 3ABYJIOBA

Tkau H. O., xaHj. TexH. HayK, JOL.
leporcasruil suwuii HA8UATLHUL 3AK1AO0
«IIpuoninposcvka depacasna akademis 6yOiHUYMBA MA APXIMeEKNypuy»

Ilocmanoseka npoéaemu. OpHiero 3 TpoOJieM eKoJoriyHOI Oe3mekn B YKpaiHi € cTaH
aKyCTUYHOTO 3a0pymnHeHHs atMocdepHoro moBiTpss. OMHUM 3 HEOE3NMEeUHNX 1 MIKITUBUX (PaKTOpiB
TEXHOT€HHOTO CEpPEeOBHINA, MOPSA] 3 IHIIMMH, [0 TMEpeNiueHi B MiA3aKOHHHUX aKTax, € IIyM,
3IaTHUH BIUTMBATH HA CTaH 3JI0POB'S JIIOAWHU W KOM(OPTHICTH YMOB ii icHyBaHHs [1]. MacmTabu
IIYMOBOTO 3a0pyIHEHHS CBi4aTh MPO HEIOCKOHATICTh METOJIB MPOTHO3YBAHHS Ta OI[IHKU PiBHS
IIYMOBOTO 3a0pYJHEHHS JKUTJIOBHX DPAMOHIB BiJl aBTOTPAHCIOPTY 3 ypaxyBaHHSM HOPMAaTHBHHX
BHUMOT 3TigHO [2].

Mema Oocnioycennsa — OIlIHKA Ta TIPOTHO3YBAaHHS €KOJIOT1YHO1 ~ e()EKTUBHOCTI
IIYMO3aXHCHUX 3aX0/liB B YMOBaX MiCbKOi 3a0y/JOBH.

VYkpaiHa TOCTYIIOBO TEPEXOJUTh Ha IDISIX CTAJoro pO3BUTKY, SKUH 0e3 mepersimy
MiCTOOYNiBEIbHOI CTparerii OXOpOHM HAaBKOJIMIIHBOTO CEPElOBHUINA Ta IMiJABUIICHHS SKOCTI Ta
O€3IMeKN KUTTEIISIIBHOCTI HAaceNeHHs He MOXJIUBUN. [IuTaHHsS mopyiieHi y poOOTi JTOMOMOXYTh
nepexony YKpaiHu 10 JOTPUMAaHHS MDKHAPOJHUX CTAHAAPTIB MO 3a0€3MEYCHHIO SKOCTI JTOBKLULISL.
Opniero 3 poOemM 3a0pyIHEHHs JOBKULISA € CTaH SIKICHUX MOKa3HUKIB IS JKUTIOBUX TEPUTOPIi
micta JIHIMpo Ha mpeaMeT IIYMOBOTO 3a0pyiHEHHS. B ymMoBax peKOHCTpYKIii MiCBKUX TEPUTOPIN
MosiIBA METOJMK, SIKI JIO3BOJISIIOTH OOTPYHTYBAaTH HEOOXIHICTHh MIJBUINCHHS SKICHUX TOKa3HHUKIB
KUTIOBUX TEPHUTOPIid, MA€E BEIMKE 3HAYCHHS, SIK Y HAYKOBOMY, TaK 1 y MpakKTUYHOMY IUIaHi. B manwmii
yac Ha OIlIHKY CTaHy NIyMOBOTO 3a0pyIHEHHS J>KHTJIIOBHX TEPUTOPIM BIUIMBAE CYKYITHICTh
aKyCTUYHUX, CAHITApHO-TIT€HIYHUX, MICTOOYIIBHUX 1 €KOHOMIYHMX KpuTepiiB. OCHOBOIO s iX
OTPUMAHHS CIY)KaTh TOKA3HUKHU IIYMY 1 XapaKTEPUCTUKU TEPUTOPIi, 10 MiITAETHCS 3a0PyTHEHHIO
(UIIBHICTB, TIOBEPXOBICTH, XapakTep 3a0ynoBH, HaceleHHs). JocChmikeHHsS JiKapiB-Tiri€HICTIB,
COITIOJIOTIB, TIOB'SI3aHI 3 BUSIBJICHHSAM CYO'€KTMBHOI 1 OO'€KTMBHOI peakIlii JIOAMHHM 1 MaToJIoril
OpraHi3aMy Ha BIUIUB WIyMY, JO3BOJIMJIA BCTAHOBHUTH JOMYCTUMI DPIiBHI Ha TEPUTOPISX PIZHOTO
(GYHKITIOHATBFHOTO TTPU3HaYeHHs MacmTabu mryMoBOTo 3a0py/IHEHHSI CBITYaTh PO HEJOCKOHAIICTh
METOJIIB MPOTHO3YBaHHS Ta OLIHKMA PIBHS IIYMOBOTO 3a0pyIHEHHS >KUTIOBHX pPalOHIB BiJ
aBTOTpaHcnopty. [IuTaHHS OLIHKK Ta MPOTHO3YBAHHS €KOJIOTTYHOTO €()EeKTHBHOCTI ITYMO3aXUCHUX
3aXOIiB TEXK € HE JIOCKOHATTUMHU, TOMY III0 OIIIHIOETHCS B OUTBIIIOCTI BUITAIKIB €()EKTUBHICT 3aXO/IiB
BHUXOJISTYM 3 JJAHUX IIIO/I0 PIBHS 3a0pyAHEHOCTI B OKPEMUX 1HTEpBaIaxX 4acy, IpH I[bOMY B LIJIOMY HE
IPOBOAATHCS AOCIIKEHHS 1010 3MIHM PiBHS IIYMOBOTO 3a0pYIHEHHS 3 YpaxyBaHHSIM €KOJIOT1YHOI
€(DEeKTUBHOCTI OKPEMOTO 3aXOMly MPOTIATOM 100u. TakuM YrHOM, poOOTa MPHUCBIYEHA PO3B’SI3aHHIO
aKTyaJIbHOTO HAyKOBO-TIPAKTHYHOTO 3aBJaHHS, L0 IOJISATa€ y BUBYEHHI 3MIHM PIBHS LIYMOBOTO
3a0pymHEHHS 3 ypaxXyBaHHSM €KOJIOTIYHOI €()eKTUBHOCTI IITYMO3aXHUCHUX 3aXOiB MPOTITOM 00U
Ta BU3HAYCHHI MOKA3HUKIB €KOJIOTIYHOI €(PEeKTUBHOCTI IIYMO3aXUCHHUX 3aXOiB ISl KOXXHOTO Yacy
00u.

IIpu mpoBeneHi anamizy poOiT [3—6] BuUsABIEHO, IO NPU MPOBEAEHI JOCTIKEHb MIONO
NIPOTHO3YBaHHS IIyMOBOTO 3a0pyAHEHHS B IEPIIy 4Yepry BUXIJHUMHU TaHUMHU € a00 TOKa3HUKU
HaOLIBIIOr0 HaBAaHTAKEHHS JKepelN IIyMy (Tak 3BaHI yacH-NiK), a00 MOTONWHHI JaHi MPOTATOM
nus1. [llogo moka3HUKIB ¥ BETMYMH 3a3HAYCHUX KPUTEPIiB MPOTATOM yCiei 100, TOOTO B HIYHMIA Yac
JaH1 MPaKTUYHO BiJICYTHI.

[InanyBanHs ¥ 3a0ymoBa CeNBOMITHOT TEPHUTOPIi MICT Ta CUIBCBKUX TIOCEJICHh TOBHHHI
3a0e3neuyBaT HOPMAaTHBHI BHUMOTHM JI0 JONYCTHMHX piBHIB Imymy. Po3smisgaroum 3acobu
IITyMO3aXHUCTy, Tpeba BIAMITHTH, IO €KBIBaJEHTHUU PiBEHb 3BYKY BYJIHIII YH JOPOTH MIHSETHCS
OpOTATOM J100M, Tak $K 3HAYHO 3MIHIOETHCS I1HTEHCHBHICTh Ta UIBHIKICTH pPyXy, CKJaj
TPAHCMOPTHOTO TIOTOKY. TOMY Ba)KJIMBUM 3aBJaHHSM € BH3HAYCHHS PO3PaXyHKOBHX €KBiBaJICHTHUX
PiBHIB 3BYKY BYJIHUIb UM JIOPIT, 10 3HAXOAATHCS Ha TpaHulli 3 3a0yoBoro. [1lymMoBi XapakTepucTHKI
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JDKEpes IIyMy BHM3HAYalOTh HATYPHUMH 1HCTPYMEHTAJIbHUMHU BHMipaMH a00 IUIIXOM PO3paxyHKiB
BianosigHo 10 JICTY-H b B.1.1-33:2013 [7]. 3nadeHHs1 TOMYCTUMHX PIBHIB JIJIs1 PI3HUX TEPUTOPIH
BU3HAUAIOTh 3T1HO [2; 8]. 3HMKEHHS PiBHA 3ByKY €KPaHOM-CTIHKOIO BH3HAYaJIH 3TiHO [7].

Bynu mpoBeneHi JOCHIDKEHHS IOAO PIBHIB 3BYKY BiJ aBTOMOOUIBRHUX MaricTpajieid Ta Ha
TepuTopii oOpaHoi Teputopii mpoTsrom go0u. Ilpu 1BOMY NPOBOAMIOCS TOCITIKEHHS 3MIHH
€KOJIOT1YHOI €(EeKTUBHOCTI IIyMO3aXMCHUX 3axOdiB (€KpaHiB pPi3HOI BHUCOTH) 3 ypaxyBaHHSIM
HOPMAaTHBHUX BHMOT. OKpeMoO Ui KOXKHOTO 4Yacy j00u OynyBamucsi KapTh IIyMy JO Ta Ticis
3aCTOCYBaHHS €KpaHiB, BH3HAYaJIUCSA TakKi TOKA3HUKH, SK: KoeDimieHTH auckoMdopTy T
HACEJICHHIO Ta 10 TePUTOPIi )KUTIOBOI 3a0yI0BH, AKI BPaXOBYIOTh BIJICOTOK HACEJEHHS Ta IUIOIII
TEPUTOPIi, IO 3HAXOUTHCA Y TUCKOM(OPTHUX YMOBAX.

3 ypaxyBaHHAM MICTOOYIIBHOI CHUTyalii Ha JKWUTJIOBIM TepHuTOpii, OOMEXKEHOi BYIL.
BucokoBonbTHa, mpocr. ['arapina ta 3amopi3bKuM IIoce OyiM BH3HAYEHI B SKOCTI IMTyMO3aXUCTY
JUTSL TIOAAJIBIIIOTO JTOCHIDKSHHS 3MiHU TMOKA3HHKIB PiBHS IIYMOBOTO 3a0pyAHEHHS MPOTITOM 100U
IIIyMO3axXUCHI ekpanu Bucotoro 1,5; 1,8; 2,1; 2,7 ta 3 m. IlepmoueproBuM 3aBaaHHSM OYJI0
BU3HAUEHHs PIBHIB IIyMY BiJl KOXKHOi MaricTpalji MpOTSAroM A00M Ta aKyCTUYHO! e(EeKTUBHOCTI
IIIyMO3aXUCHUX €KpaHiB.  Jlaml OIliHIOBajIoCs BIAXWJICHHS PIBHIB IIIyMYy BiJI HOPMAaTHMBHUX
JOMYCTUMHUX 3HAYeHb. 3 YpaxyBaHHAM JaHUX, 10 OyJIM OTpUMaHI B pe3ylbTaTi NPOBEICHHS
HaTYpHUX JOCHIDKEHb Ta PO3PaxyHKIB PIBHIB IIyMY BiJl aBTOMOOUTEHUX MaricTpaiei, TaKoXK ITiCIIs
aHaJlizy TepeBUILEHHS AONMYCTUMHX pPIiBHIB LIyMy Ha Byjl1. BucokoBonbTHa, mpocn. larapina ta
3anopi3zpKoMy II0ce HamMH OyiIu ToOy/I0BaH1 KapTH MTyMY JI0 Ta IMiCIIs 3aCTOCYBAHHSI IIIYMO3aXUCHUX
€KpaHiB. 3 ypaxyBaHHSM JaHHUX OO0 JOMYCTUMHX PIBHIB LIyMy HamH OyiIM BHM3HA4€HI 30HU
nuckoMmboprty. Jlo myMo3axucTy IUIONM 30H JAUCKOMMOPTY MPOTATOM JT0O0M HAMOUIBII OIM3BKO
200 THC. M® criocTepiraloThest 3 22 10 24 ta 3 7 10 8 rommum. ITics MyMO3aXHCTy IUIONI 30H
JUCKOMOPTY IPOTSArOM 00K He mepeBHIyoTh 100 THC. M, OKPIM 3aCTOCYBAHHS KPAHY BHCOTOO
1,5 M (3 22 10 23 ta 3 6 1o 8 roguuu mwiomi Bume 100 Tuc. M%). Iltomi Gimpme 50 THC. M
CIIOCTEPITAOTHCS I yCiX eKpaHiB (KpiM ekpaHy BHUCOTOr 1,5 M) Tinbku 3 22 1o 24 ta 3 6 110
8 rOQMHM, B iHINMX BHIAAKAX MEHII HiK 50 Trc. M’. 3TiZHO OTPHMAHHX PE3yIBTATIB PO3PAXYHKY
KUJIBKOCTI HAacelleHHS B 30HI JAUCKOM(OPTY MPOTIroM T00M MOXHa 3pOOMTH BHCHOBKH: [0
IITyMO3aXUCTy KUTBKICTh HAcCeJEeHHS B 30HI JUCKOM(OPTY MPOTATOM J100M HaWOIIbIne OiabIne
3 500 yonoBik croctepiraerbes 3 22 1o 24 ta 3 7 1o 8 roguuu. Onuparoyrch Ha OTPUMaHi JaHi,
I0/I0 BEJIMYHH TUIOMI TUCKOM(OPTY, Ta KUTBKOCTI HACEJIEHHs, 10 MPOXKUBAE B 30HAX THUCKOMGPOPTY
HamMHu Oynu po3paxoBaHi KOE(]Ili€HTH, IIO XapaKTepU3yIOTh 3MiHY €KOJOTi4HOI e(eKTUBHOCTI
KOJ)KHOTO IITyMO3aXHCHOTO €KpaHy PI3HOI BHCOTH MpOTAroM mo0m. Buxonmsuu 3 pe3ynbrariB
pO3paxyHKy Koe(DilieHTy TUCKOM(OPTY [0 HACENEHHIO MPOTATOM JOOU CIIOCTEPIraeThCs KOTUBAHHS
BEJTMYMHU JAHOTO KOE(DIITIEHTY.

Jani mpoBeseHW# aHalli3 OTPUMAHHUX pE3YIbTATiB PO3PAaXyHKY BeIMYUH KOoe(illieHTIB
TUCKOMGOpPTY TIO TEpPUTOpli Ta IO HACEJCHHIO JO Ta  ICJIS BIPOBAKCHHS KOXKHOTO 3
PEKOMEHIOBaHUX €KpaHiB Pi3HOT BUCOTH /ISl KOKHOTO Yacy J100M, a came MPOBEACHO JIOCIIiIKCHHS
IIOJI0 BiJICOTKA 3HIDKEHHS KOKHOTO 3 KOe(iIlieHTiB. 3a pe3ylbTaTaMu pPO3paxyHKiB MoOymoBaHi
rpadiky, Ha SIKUX MPEICTABICHA 3MiHA BEJIMYUHH BIJICOTKY 3HIDKEHHS KOCQIIIEHTY TUCKOMQPOPTY
10 HACEJICHHIO Ta IO TEPUTOPii MPOTATOM JOOM TICiIs 3aCTOCYBaHHS €KpaHIB pi3HOI BHCOTH. 3a
JIOTIOMOTOI0  OTPUMAHHUX 3alie)KHOCTEW 3MIHM BEJHMYMHU BiJCOTKY 3HIDKEHHS KOe(IIllE€HTIB
JTUCKOM(OPTY MO HACENECHHIO Ta MO TEPHUTOPIi MPOTITroM JOOM MOXKHA Yy TOAAJBIIOMY BH3HAYaTH
Koe(inieHTH qucKoM(OPTY Micis 3aCTOCYBaHHS €KpaHiB 3 ypaxyBaHHIM iX BHCOTH Ta yacy J100u.

Byno mocTaBieHo 3aBIaHHs Ha MiJACTaBl HaBEACHUX JAHUX TO: PIBHSAM IIyMY MPOTITOM 100U,
Koe(ilieHTIB AUCKOMDOPTY, pIYHOrO 30MTKY BiJ IIYMOBOTO 3a0pyIHEHHS, BiJCOTKY 3HMKECHHS
BEITUYMH KOe(DIMIEHTIB TUCKOMMOPTY MO TEPUTOPIi 1 MO HACEICHHIO MICHISI 3aCTOCYBAaHHS €KpaHIB
pi3HOI BHCOTH, TOOYAyBaru TPEHAM 1 MpOAHANI3yBaTH, SK OMUCYIOTh IMPOLEC AMHAMIKA 3MiHU
npotsaroM Jo0u  JiHIMHA, JorapudMidyHa, TOJIHOMIallbHA, CTEMEHeBa 1 EeKCIOHEHIlalbHa
3aNIeKHOCTI. 3 ypaxyBaHHSIM XapaKTEpPUCTUKU BHJIB arpokcuMalii HaMu Oyly MpoaHaTi30BaHO
MOJKJTUBICTh 3aCTOCYBaHHS KOXKHOT /i1 OOpaHUX TTOKa3HHKIB.

B pesynbrari Oyno BH3HA4YeHO, 110 HAWOULIBII SKICHO OTpUMaHi JaHi MO MOKa3HUKaM, IO
3MIHIOIOTHCS TIPOTATOM JI00W B 3aJICKHOCTI BiJl 9acy MOYKHA OMHUCATH 3 JOCTAaTHHO BUCOKOIO MIipOIO
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JIOCTOBIPHOCTI 32 JOMOMOTOI0 IMOJiHOMIaJIbHOI alpoKCUMAllii, SIka BUKOPUCTOBYETHCS VIS OIHCY
BEJIUYHH, 1110 TTOTIEPEMIHHO 3pOCTaIOTh 1 YOyBalOTh.

Pesynemamu  0ocnioycenns. 3MIUCHEHO HA MIATPYHTI CHUCTEMHOTO MIiAXOAY CHpoOy
KOMIUIEKCHOTO BWPIIICHHS THTaHb 3a0€3MeUeHHs] SKOCTI JOBKULISL B YMOBaX pPEKOHCTPYKIIiT
MiCBKHX TepuTopiid. IIpoBeneHO AOCHiKEHHS MIOAO 3MIHM PIiBHS IIYMOBOTO 3a0pyIHEHHS 3
ypaxyBaHHSIM €KOJIOT1YHO1 €(h)eKTUBHOCTI IITyMO3aXWCHUX 3aXOiB, B 3aJIEKHOCTI BiJ Yacy J00HW Ta
MicToOyniBHOT cuTyanii. [IpoBefeHO SIKICHY OLIHKY IIYMOBOTO 3a0pyIHEHHs BiJ] aBTOTPAHCIIOPTY
JKUTJIIOBOTO paioHy micta JIHIMpO mpoTsAroM A00W 10 Ta MICs 3aCTOCYBaHHS ITYMO3aXHUCHHX
eKpaHiB pi3HOi BHCOTH. [IpoBeieHa eKOHOMIUHA OLlIHKA 3MIHU MPOTATOM JOOM PIYHOTO 30UTKY Ta
PIYHOTO €KOHOMIYHOTO PE3y/IbTaTy IUIBOBUX MPOTUITYMOBHUX 3aXOIiB.
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YIK 624.131.383

PE3EPBU HECHOI 3JATHOCTI HONEPEJHbO OBTUCHEHHUX
OCHOB BYAIBEJIb TA CITIOPY]]

Tpery6 O. B., x. 1. H., no11., Kipiuek FO. O., 1. T. 1., mpo¢., Konuxk B. C., 3100yB.
leporcasruil suwuii HA8UATLHUL 3AK1AO0
«IIpuoninposcvka depoicasna akademis O6yO0iGHUYMBA MA APXIMEKMyp»

Ilocmanoseka npobnemu. BUMOTOI Cy4acHOTO TEOTEXHIYHOTO IPOCKTYBAaHHS € TIONIYK
pecypco30epirarounx pilieHsb s parioHaIbHOTO BUKOPHUCTAHHS PE3€PBiB HECYYOi 3[aTHOCTI OCHOB
npu 30UIbIICHHI HAaBaHTAXXEHb HAa QyHAaMeHTH OyaiBenb 1 cropyd. Lle oOymoBmIoe HEOOXiTHICTH
MONIYKY HOBUX TEXHIUYHUX PIIICHb, YIOCKOHAIICHHS METOJIIB PO3PaxXyHKY 1 MpoeKTyBaHHsA. OHUM 13
NUISX1B BUPIIICHHS 3a3HAYEHOTO 3aBJaHHS € 3aCTOCYBAHHS B MPAKTHUIll TPOSKTYBAHHS HENIHIHHUX
MOJIeTIeH 3 ypaxyBaHHIM 3MIITHEHHS IPYHTY Ha OCHOBI HaTYpHUX JaHUX Ta BU3HAYCHHS XapakTepy
3aJIeKHOCTEH MiXK HAMPYXEHHIMHU 1 fedopMartissMu BUripoOyBanusmu [1; 2].

Mema o0ocnioxceny — OIlIHKA MOXJIMBOCTI 301JIBIIIEHHS HaBaHTAXEHb Ha (yHIaMEHTH
MUJIKOTO 3aKJIaJaHHS 3 YpaxyBaHHAM pE3EpBiB HECY4Oi 37aTHOCTI OCHOB IPH IONEPEIHBOMY
0OTHCHEHHI Ta HEMHINHOCTI 1X 1epopmMyBaHHSI.

Ocnoeni pezynomamu 00C1ioxHceHb.

[Ipu mocTymoBoMy TpHUKIAJeHI HaBaHTAXXEHb Ha (YHIAMEHT, HANpy)XeHHS B OCHOBI
PO3NOAUISAIOTHCA 3PYLIYIOYH YaCTKH IPYHTY. [0 TOCSATHEHHS HAPY>KEHHSIMU CTPYKTYPHOT MIITHOCTI
IpyHTy aedopmaiiii Horo MaroTh TNpYXHUK xapakTtep. [Ipum mepeBuiieHHi Imi€i MexXi IPyHT
MOCTYIIOBO  YIIUIBHIOETHCS, a JedopMallii BKe HE BiJHOBIIOIOTHCSI. Y [bOMY Jiana3oHi
HAaBaHTAXKEHb BI0OYBA€ThCS 3MiHA CTPYKTYPH IPYHTY — BOHA YIIIJIBHIOIOYHCH 3MIITHIOETHCS.
[TocTymoBe 3pocTaHHs HaBaHTAXKEHHS MPU3BOJE N0 MOMEPEYHHUX 3ABUTIB, PO3BUTKY IIACTUYHUX
nedopmariiii, po3ymiiabHeHHS TpyHTY. s 3a0e3medeHHs HEOOXiTHOTO 3MIIHEHHS TPYHTY TpH
MOTNIEPEeTHHOMY HaBaHTAXXEHHI OCHOB HEOOX1AHO 3HATH MEXY MIXK (Da3aMH YIIUTHLHEHHS Ta 37[BUTIB Y
rpyHTi. 3rigHo pochimpkens M.O. llurtoBuya [3] Meka Mik Tepiio Ta Jpyrow ¢dazamu
nedopmariiii TpyHTY BIAMOBIJAE TOCATHEHHIO MAaKCUMAJIBHOTO MO/ aedopMaliii y MITaMIIOBUX
BUIIPOOYBaHHSIX.

CTBOpEHHS YMOB IS YIIUIbHEHHSI Ta 3MIITHEHHS IPYHTIB B OCHOBI OyaiBii (cropyau) — €
IpOIIeC MONEPEeTHHOr0 OOTHCHEHHSI HABAHTAXXEHHSIM, €(EeKT BiJl SKOr0 MOXKe OyTH JOBrOTPUBAIUM
a00 TUMYACOBHM, SIKHI JOIIPHO BUKOPUCTOBYBATH MPHU PEKOHCTPYKIIii a00 HOBOMY OyIiBHUIITBI Y
HACTYITHUX BHITJIKaX.

[Ipu pekoHCTpyKIii BUHUKAaE HEOOXIMHICTh y 30UIbIIEHHI HaBaHTaXeHb Ha (QyHIaAMEHTH
OyniBenb. 3a pe3yabraTaMH OOCTEKEHHSMH OCHOB Ta (pyHIAMEHTIB, BUIPOOYBaHHSMHU IPYHTIB
BU3HAUAE€ThCs (DAaKTUYHA HECYYa 3/IaTHICTH OCHOBH Ta 11 pe3epB Bijl JOBIOTPHBAJIOTO HABAHTAKCHHS
Oy/iBIICIO, OLIHIOETHCS MOXKJIMBICTD 301JIbIIEHHS HaBaHTaXeHb Ha (yHIaMEeHTH OyaiBii. AHami3
JOCTITHUX JIaHUX BKa3y€e Ha 3MIIHEHHS IPYHTY Ta 3pOCTaHHS pe3epBY HECYYOi 3/1aTHOCTI OCHOB 3a
paxyHOK VIIIIbHEHHS IPYHTY TpPH JOBTOTPUBAIOMY HaBaHTakeHHi. [licnms crabimizamii ocigaHb
3MIHU CTaHy I'PYHTY MOXYTh OyTH BUKJIMKaHI MPOIECaMH TEXHOTCHHOTO XapakTepy. Bu3HadeHHs
EMITIpUYHUX 3aJIe)KHOCTeH MDK HaNpyXKEHHSMH Ha IPYHT 1 MEXaHIYHUMH XapaKTepUCTHKAMU
JIO3BOJISIIOTH TTPOTHO3YBATH 3MiHU HECYYOi 3/ITaTHOCTI.

JlomycTUMHI TUCK Ha OCHOBY CIIiJI pPO3paxOBYBaTH BUKOPUCTOBYIOUM OOTPYHTOBaHI KpHUTEpii
HAJIHHOCTI, TPUIMAIOYH IO YBard BeJIMUYMHU Jedopmartiii OymiBii 1 TEXHIYHUN CTaH KOHCTPYKITIH.
Jns pecypco3bepiraiodoro mpoeKTyBaHHS (PyHIAMEHTIB Ta IiJBUIIEHHS TOYHOCTI PO3PAXyHKY
oCiJJaHb HEOOX1IHO 3acTOCOBYBaTH HENIHIMHI Moxeni naedopMyBaHHS TIpyHTIB. I[lapamerpu
HEJIIHIHHUX MOJIeNIeH CIiJl BU3HA4YaTH 3a rpadikaMy OCiTaHHS JOCHIJHUX HITaMIIIB Ha BCIX CTaisX
nedopMyBaHHS TPYHTY Ta BU3HAYaTH €MIIIpHYHI piBHSAHHA. [Ipu 1IbOoMy JOMyCTHMI HaBaHTAXEHHS
Ha (DyHIAMEHTH CJiJ TepeBipATH 3 ypaxyBaHHSM 3a/JaHOTO PIBHS HaJIIHHOCTI, HEOAHOPITHOCTI
IPYHTY JETEPMIHOBAaHUM METOJIIOM 3 BHUKOPHCTaHHSM Ha00py po3poOiaeHuX KoedillieHTIB
HaAIIHOCTI 200 IMOBIpHICHUMH MeTofamu [4].
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JocaikeHo cnocid MmigBUIIEHHS HECYy4oi 34aTHOCTI OCHOBH, SIKMI mepenbavae iHXEHEpHY
MIJTOTOBKY TEPUTOpIi J0 mMoYarky OyAiBHHMIITBA CIOPYIM Ta TUMYAcOBE OOTHCHEHHS CIAOKHX
rpyHTiB [2]. Ile BuMarae po3poOKu TEXHOIOTIi poOIT Ta METOIUKH HAYKOBO-TEXHIYHOTO CYIPOBOLY,
MOHITOPHUHTY 3a OCIJJaHHSMH OCHOBHM Ta 3MIHaMH Hampy>KE€HO-Ie(OPMOBAHOTO CTaHy IPYHTY 1
MOJITIIIICHHS HOTO MEXaHIYHUX BIACTUBOCTEH.

Po3rsiHyTO MPUHIIUIIOBO BIAMIHHHK CTIOCIO MONIEpEeAHBOTO OOTUCHEHHS IPYHTY Ta CTBOPECHHS
JIOIATKOBUX DPE3epBiB HECYy4uoi 37aTHOCTI OCHOBM Npu HOBoMy OyniBHUITBI. Ilpu 3Beneni Oymisii
MOXXJIUBE TIOCTYIIOBE HABAaHTAKEHHS JUISHOK IUIUTHOI YAaCTHHU CTPIYKOBOTO (yHIAMEHTY 13
30ipHUX TUIMT-TIOAYIIOK CUCTEMOIO JOMKpATIB, a MOTIM PO3BAHTAKEHHS JI0 PO3PaXyHKOBUX THCKIB.
[Tepenbavaerbcst HEOOXiHE 3MIIHEHHS TPYHTIB YIIUIBHEHHSM IIPH IOETAITHOMY TEPepO3MOALT
HaBaHTAXEHb BiJ BIIACHOI Baru OyaiBii, (OPMYIOUM >KOPCTKICTH OCHOBH Yy BIAMOBIJHOCTI 10
oCiJJaHb, MO CIocTepiraroThesa. Po3paxyHku QyHIAMEHTIB Ta KOHCTPYKIIA TIpU ypaxyBaHHI
MIOCTYIIOBOTO 3aBaHTAXEHHS, IO CYMPOBOIKYIOTHCS HEPIBHOMIPDHMMHU OCIIaHHSMH, MOXKIIHBO
BUKOHYBaTH 3a MOJIEIUTI0 3MIHHUX KOE(DIIIEHTIB >KOPCTKOCTI OCHOBH [5]. HepiBHOMIpHICTH
nepopMyBaHHA MOXe OyTM ypaxoBaHa 3aBIAHHSIM BIJIOBIIHUX PO3PAXYHKOBHUX CXEM.
[TepenbavaeTbesi, MO0 TaKUHM MiAXI AO3BOJUTH PAIlIOHAIBPHO BUKOPHUCTATH CYMICHY POOOTY OCHOBH
3 HA3eMHUMH KOHCTPYKI[ISIMH ITPH MIPUCTOCYBAHHI iX 710 Ae(opMmariii.

Bucnoeku

BusnauenHi npu oOCTeXeHI pe3epBH HECy4yoi 371aTHOCTI JOBIOTPHUBAIO OOTHCHEHHUX OCHOB
JIO3BOJISIIOTH TTIJIBUIIYBAaTH HABAaHTAKCHHS HAa OCHOBH OY/IIBENIb MPU PEKOHCTPYKIIi 3 ypaxyBaHHSIM
HeJiHIHHOCTI 1epOopMyBaHHS IPYHTIB.

JocmipkeHa MOXKIIMBICTh OyIiIBHHUIITBA 3 YPaxXyBaHHSIM MONEPETHHOTO OOTHCHEHHSI OCHOB, 1110
MoOke OyTH peali30BaHO SK CTBOPEHHSM THMYacOBOTO HABAHTAXKEHHS TaK 1 aKTUBHHUM
HAaBaHTAKEHHSIM Baroro Bij OymiBii. Bumororo € 3abe3nedeHHs JOMYCTUMUX PO3MIPIB IIACTUYHUX
nedopmartiii, MpOrHO3yBaHHS 3MiH HAPYXEeHO-e()OPMOBAHOTO CTaHy IPYHTY.
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OCOBJIMBOCTI AIAT'HOCTHUKH TA HNIJICUJIEHHSA
CIIOPYJ KAPKACHOI'O THUITY

BsiuecsiaB Yabamn, x. T. H., 1011., Irop JaBunos, k. 1. H., A01I.,
Tersana Kosryn-I'op6a4oBa, k. T. H., J011.
eporcasnuii suwuii HA8UANLHUL 3AKIAO
«IIpuoninpoecoxa oepacasna akademisi OyOi6HUYMBA Ma ApXimexmypuy»

Ilocmanoeka 3aodaui. Ha choromHimIHIA JeHb SK y HAINM KpaiHi, Tak 1 3a KOPJOHOM
BiZIOyBa€ThbCcs 3HAauyHA KUIBKICTH aBapii Ta pyiHyBaHb OyaiBeIb 1 CHOPYA pPi3HOMaHITHOTO
MpU3HAYCHHS (BI PETYISPHOTO PYWHYBAHHS KOHCTPYKIlIM OajakoHIB B OYIIBISAX CTapOBHHHOT
3a0y0BH 70 PyHHYBaHHS 3HAYHUX Ta MIMPOKO 3HAHUX CHOPYH — TakuX, SK MicT MopaHnai B
M. T'enys, pamioreneckon «Apeci6o» 1 T. m.). JlochmikeHHsT aBapifHUX CUTYaIliid B pi3HI MEpioau
MOKa3ye, 0 MPOIICHT aBapiid, M0 CTAIUCS 3 IPUYMHU MMOPYIICHHS MPaBUJl eKCIUTyaTaiii HEBITUHHO
3pocTtae 3a octanHi 60 pokiB — 13 15...20 % [1] mo 50...60 % [2]. OnHuM 13 3aco0iB 3amobiranHs
CTBOPEHHS aBapiiHUX CHUTYyaIliil )KUTIOBUX, TPOMAJICHKHX Ta MPOMUCIOBUX OyAiBeNb 1 CIIOPYH, LI0
3HAXOAATHCS B €KCIUIyaTallii, € IPOBEACHHS J1arHOCTUKHU TEXHIYHOTO CTaHy, @ TAKOXX CBOEYACHOTO
BUKOHAHHS POOIT 13 PEMOHTY, BITHOBJICHHS YM MIJACWICHHS KOHCTPYKLIA (B 3aJIe)KHOCTI BiX
pE3YAbTATIB AIarHOCTUKH ).

[Ipu mpoBeneHHI AIarHOCTHKH OAHUM 13 BaXJIMBHX NHUTAaHb € TPOBEIACHHS MEPEBIPHUX
PO3paxyHKIB KOHCTPYKIIIH CITOPY/ i3 BpaxyBaHHIM HasiBHUX HaBaHTAKCHb Ta BIUIUBIB, yMOB pOOOTH
KOHCTPYKIIIM Ta HAsSBHOCTI Ae(EKTiB 1 MOMIKOMKEHb (y BIAMOBIIHOCTI JO BHUMOT HAIllOHATBLHUX
crangaptiB [3; 4]). Tomy mpu mpoBefeHHI TEPEBIPHUX PO3PAXyHKIB CIOPYH KapKaCHOTO THITY
PEKOMEHYEThCSI BUKOPUCTOBYBATH DPO3Tally)KeHi MPOCTOPOBI MOAETI, IO BPAaXOBYIOTh peajbHi
YMOBH POOOTH OKpPEMHUX KOHCTPYKIIIH Ta criopynu B 1ijioMy [S]. [IpoBeneHHs po3paxyHKiB MO TaKii
METOJIMIII JO3BOJIIE BUKOHYBATH aHATI3 HaNpPYXeHO-Ae(hOPMOBAHOTO CTaHy (a TaKO)X BHKOHYBATH
aHaJi3 HasiBHOCTI JA€(EKTIB 1 MOLIKOKEHb 3a MeTouKaMu [6—8]) — 3a paxXyHOK BUBUEHHSI CIIEKTPY
BJIACHHUX YacTOT Ta (GOpPM KOJIHMBAHb.

Kpim Toro, nmpu mpoBeneHHI po3paxyHKiB KOHCTPYKIIN MiJCHICHHS (HANPHUKIAJ — METOAOM
30UTBIIIEHHS TTEpEPi3y UM METOIOM 3MiHU CXeMHU POOOTH KOHCTPYKIIT — [5]) He0OX1HO BpaxoByBaTH
MOITMBHUI TEPEepO3MOAT 3YCHIIb B €IIEMEHTaX KOHCTPYKIIM CIOpyaiH — SK JUIsi CTaTHYHO-
HEBU3HAYEHOI CXEMH.

Mema oOocnioycenns. OCHOBHA ifiess poOOTH TMONSTae y BU3HAYCHHI BIUTUBY BpaxyBaHHS
MIJCUJICHHS! KOHCTPYKIIIA Ha PO3MOJiA BHYTPIIIHIX 3yCHJIb (3THHAJIBHUX MOMEHTIB M, 3pi3arounx
cun ( Ta MOB3AOBXKHIX cull N) Ta HampyXEeHb MK €leMEHTaMH KOHCTPYKIIH (1[0 BXOMSATH IO
CKJ1ay OyaiBeh KapKacHOTO THITY) — IIPH 3aBaHTKEHHI PI3HUMHU BUAAMH BIUIUBIB (B TOMY YHCII —
quHaMiuHUMHK). 1le no3Boisie OliHIOBAaTH €(EKTHBHICTh BHKOPUCTAHHS METOJIB IMiJACHICHHS Ta
OuTbII €(hEKTUBHO BHKOPHCTOBYBAaTH Ta TMEPEPO3NOAUIATA MiXK KOHCTPYKTUBHUMHU €JIEMEHTAMH
KapKacy pe3epBU HECY4Oi 34aTHOCTI.

Ocnoeni pezynemamu. B poOOTI HaBeeHI JOCIHIDKEHHS HaNPY>KeHO-Ae(hOPMOBAHOTO CTaHY
KapKacHUX Oy/iBeNlb Pi3HUX THIIIB: CTAJEBOi 0AraromoBEepXOBOi €TAXXEPKH, IO IMPAIIOE 32 PAMHO-
3B’SI3KOBOIO CXEMOIO (pHC. @); OTHOIIOBEPXOBOI OyIiBIi, 110 MPAIIOE 32 PaMHOIO CXeMoro (puc. 0);
OJTHOTIOBEPXOBOi OY/iBJi 13 HEMOBHUM 3MIIIAHUM KapKacoM — 13 2-Ma MOB3JIOBKHIMU HETIITHUMH
CTIHAMU 3 TUIACTPAMH Ta CEPEAHIM PSIJIOM 3a11300€TOHHUX KOJIOH (pHC. 8).

[Tix yac BUKOHAHHS JTOCHIPKEHB JIJIsl KOJKHO1 CITOPYAH OyJIU MPOBEICHI: aHaJI3 PO3IOALUTY MiX
KOHCTPYKTUBHHMH €JIEMEHTaMH BHYTPIIIHIX 3yCHUIb — TiJ 4Yac 3aBaHTAKEHHS CTAaTHYHUMHU Ta
JTUHAMIYHUMH HaBaHTaXeHHsIMHU. KpiM Toro, aHasi3yBajauch BJIacH1 4acTOTH 1 (HOPMH.
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8
Puc. Kapracui cnopyou, 6 axkux 00cniodncysanucy cnekmpu 81acHux 4acmom i popm, a maxoxc
PO3NOOLNIEHHS GHYMPIUWHIX 3YCUTIL MA HANPYIHCEHD

AHasi3 CHeKTpiB BIACHUX YacTOT 1 OpM TPHOX CIIOPYH MOKa3aB, IO B CIIOPYIi Ha PUCYHKY
O TPpUCYTHS HENOCTaTHS >KOPCTKICTh, IO XapaKTePU3YEThCS HHU3BKOIO BIIACHOID YaCTOTOIO
(BenmnumHA BJIACHOT YacTOTU (POPMHU MOCTYMOBUX KOJIMBAHb B HANPSIMY MOB3JOBXKHIX paM CKIajae
mumie f = 0.62 I'm). Kpim toro, s ¢opma KojMBaHb po3TallloBaHa Ha TMEPIIOMY MICIl B CHEKTPi
BJIACHHUX KOJIMBaHb — 1[0 € HETUIIOBUM [Tl CLIOPY/ MOAI0HOT cXxeMu poOoTu. Takuil MiarHOCTUYHHIA
eKCIIpec-aHaji3 CBIAYUTh MPO MOKIUBY HEIOCTAaTHIO HECYdy 3/aTHICTh KOJIOH — IO 1 Oymo
MiTBEPHPKEHO MTOBHUM KOMITJIEKCOM PO3paxXyHKIB.

B sikocTi migcunenHs OyB BUKOPUCTAHUN METOJ 3MIHU CXEMHU POOOTH CIOPYAH B ILIOMY — B
JTAHOMY BUNAJIKY IO KOJIOHAX B HAMpsSMY MOB3I0BXKHIX paM Oyl BCTAHOBIICHI BEPTUKAIIBbHI 3B’ SI3KH
(To6TO0 cxema poOOTH Kapkacy cTajga paMHO-3B’si3k0BO0). lle m03BONMMIIO 3HAYHO MIiABUIITUTH
JKOPCTKICTh OyiBIi (BENTWYMHA BJIACHOI YacTOTH (OPMHU TIOCTYMOBUX KOJIMBaHb B HANPSAMY
MOB3JIOBKHIX paM Micis miacuieHHs cknana f = 1.06 I'm), 1 BiANOBIAHO, 3HAYHO PO3BAHTAXKUTH
KOJIOHH KapKacy.

AHaui3 HarpyxeHo-1e(OpMOBaHOTO CTaHy CIIOpPYI Ha PHCYHKY @ Ta g IOKa3aB, 0 Hecyda
3MIaTHICTh CTIOK Ta KOJIOH LUX CHOpYA HEeNOCTaTHs. B sikocTi migcuiieHHS OyB BUKOPUCTAHHIMA
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METOJI HapoIlyBaHHA MepepiziB. 3a pe3ynpraraMu AOCTIKEHb MOKa3aHOo, IO MiJCHICHHSI METOI0M
HapOIIyBaHHs TEpepi3iB MPHU3BEJIO J0 MEePEePO3MOAITy BHYTPINIHIX 3YCHIb B KOHCTPYKIISX (3a
paxyHOK CTaTHYHOI HEBM3HAUEHOCTI PO3PaxXyHKOBOi CXeMH) 1 30UIbIIEHHS 3yCHJIb B MiJACUICHUX
KoHCTpyKIisx (Ha 20...30 % — mys cTiiiok etaxkepku Ha pucyHky a; Ha 80...110 % — mnsa konoH Ta
MUSCTPIB CTIH CHIOPYIM HA PHCYHKY 6), IO, B CBOIO 4Yepry NpPHU3BEIO 10 HEOOXiTHOCTI
KOPEKTYBaHHS MEPEepi3iB eNEMEHTIB MiACUIICHHS.

Takox I pO3MITHYTUX CHOPYA Oya0 MpoaHaTi30BaHO MIABUIIEHHS HECY4YOi 3aTHOCTI
KOHCTPYKIIIH 32 paXyHOK iX 4aCTKOBOTO PO3BAaHTAXXEHHS (HAIPHUKIA[, 32 PaXyHOK 3MEHILIECHHS Baru
MOKPUTTS Ta TIOKPIBJi, 3MEHIICHHS Bark TEXHOJOTIYHOrO oOnamHaHHs). [lpuw HasBHOCTI
JUHAMIYHUX HABaHTAXXEHb IS METOAWKA MPU3BOAUTH HE TIABKH JO0 3MEHIICHHS IOB3IOBXKHIX
3yCHJIb B KOJIOHAX Ta CTiiKax, a 1 0 3MEHIIECHHS 3rHHAJIbHUX MOMEHTIB Ta MOMEPEeYHUX 3yCHIIb — 32
PaxyHOK ITiJIBUIIIEHHS BIACHUX YaCTOT KOJUBaHb OYIiBIIi, 1, BIAMIOBITHO, IO 3MEHILIEHHS JHHAMIYHOI
CKJIaI0BO1 HaBaHTa)keHb. Hanpukinaz, muist OyaiBiai pUCYHKY 6 3MEHIIEHHS BJIACHOI Baru MOKPHUTTA
ta nokpisiai Ha 20...25 % NOpU3BOAMTH A0 3MEHIICHHS 3TMHAJBHUX MOMEHTIB M Ta MomepeuyHux
3ycunb O Ha 40...50 %.

Bucnoexu. B po6oTi Ha puKiIagax po3paxyHKiB peajqbHUX cropy/ (pi3HHX THIIB) MOKa3aHa
HEOOX1HICTh BpaxyBaHHs MEPEPO3NOALTY BHYTPIIIHIX 3yCHIIb B €JIEMEHTaX KOHCTPYKIIH KapKaciB
— TpU BUKOHAHHI MiJCHJICHHS OKPEMHMX KOHCTpPYKLiH. Takoxk Moka3zaHO, IO MPH HASBHOCTI
JTUHAMIYHUX HaBaHTAXCHb MIABUIIECHHS HECYYOi 37aTHOCTI KOHCTPYKIIM MOXKE€ BHKOHYBATHCh
IIJIIXOM KOPEKTYBaHHS 3HAYEHb BJIACHUX YacTOT (10 MPU3BOAMUTS /10 3HIDKEHHSI BHYTPIIIHIX 3yCHIIb
B €JIEMEHTaxX KOHCTPYKITIH).

Cnucox BUKOPUCTAHUX J7KepeJ

1. JTamenko M. H. ABapun MeTammm4ecKux KOHCTPYKIMM 31aHUN U cOOpYyKeHUH. JIeHnHrpan :
Crpoiinzaar, 1969. 184 c.

2. IMTiwyrin C. ®., Imutpenko C. A. Amnami3 aBapii y OymiBHUITBI. Bichux Odecbkoi
OdepacasHoi akademii Oyoisnuymea ma apximexmypu. 2016. Bun. 61. C. 331-338.

3. JICTY-H b B.1.2-18:2016. HacranoBa miom0 oOcCTeXeHHS OyIiBelb 1 CHOPYH I
BU3HAUCHHS Ta OIIHKHU iX TexHiyHoro ctany. Kuis : JII1 «VkpHJIHL», 2017. 44 c.

4. ICTY b B.2.6-210:2016. Or1iiHka TeXHIYHOTO CTaHy CTaJeBUX OyMIBEIbHUX KOHCTPYKIIIH,
o excruryaTtytotbes. Kuis : Minperion Ykpainu, 2017. 80 c.

5. ACTY b B.3.1-2:2016. PemoHT 1 miJicUJIieHHS HECYYHX 1 OTOPOJDKYBaJbHUX OYIiBEITBHUX
KOHCTPYKLIN Ta ocHOB OyxiBenb Ta criopya. Kuis : 1T «YkpHAHL», 2017. 67 c.

6. Kulyabko V., Macarow A., Nechitailo O., Yaroshenko D. Structure dynamics: calculations,
designing, diagnostic tests and nonlinear damping. Harvard Journal of Fundamental and Applied
Studies. Harvard University Press, 2015. Nel (7). Pp. 520—-530.

7. Kulyabko V., Chaban V., Makarov A., Yaroshenko D. Taking account of nonlinear
properties of subsystems in problems of dynamic interaction of structures with loads, bases and
flows. Nonlinear Dynamics — 2016: Proceedings of the 5th International Conference. National
Technical University “ Kharkov Polytechic Institute” at al. Kharkov, 2016. Pp.125-132.

8. JlaBeimoB U. U., Koryn-I'op6aueBa T. A., Yaban B. Il. [IlpumeHeHne WHHOBAIIMOHHBIX
METOJIOB TUHAMHUYECKOW JTUAarHOCTUKU K aHAU3y HArPYKEHHOCTH BBITSDKHOM OallTHU CaHUTapHOU
TpyObl. Cmpumenvcmeo, mamepuanoseoerue, mawunocmpoerue. Beim. 56. 2010. C. 138—142.
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VIIK 69.002.5
OBJIATHAHHS JUTS VIIIBHEHHS PI3HUX BU/IB TPYHTIB

IlaroB C. B., 1. 1. H., fo11., JIucuus B. B., actipant
leporcasnuil suwuii HA8YANLHUL 3AK1AO
«IIpuoninpoecoxa oepocasna akademisi OyOi6HUYMBA Ma ApXimeKmypuy»

Ilocmanosexka npooaemu. Y OydiBHUITBI 3[aTHICTh TPYHTIB, KaM'sSsHUX MaTepiais,
acdanbToO0ETOHY Ta IIEMEHTOOCTOHY NPOTHUCTOSTH HAaBAaHTAKEHHSM, IIOB'A3aHa 3 MIpOIO
VIIUTBHEHHS ITUX MaTepialiB. YIIIJILHEHHS — MPoIeC 30UThIICHHS IIUIBHOCTI MaTepially MIITXOM
J0JIaTKa 30BHINIHIX CHJI, SIKIi MOXYTh OyTH cTaTW4HUMH a00 nuHamigHaumu [1; 2; 10]. HaitGinbi
MOIIMPEHUMH O0JIACTSAMH € aBTOMOOLUTBHI IOPOTH, BYJIHUIII 1 MaricTpai, aepoApOMH, 3eMJIsTHI Tpedii,
HACHUIM 3aJli3HUIB 1 QyHHameHTH OymiBenb. [HII o6macTi 3aCTOCYBaHHS BKIIIOYAIOTh CKJIAJICHKI
MaWJaHYMKHA, CTOSHKH JUIsi MAallluH, IPOMKCIOBI Ta >HWTJIOBI IUIONI, OYIIBHUIITBO IIOPTIB,
pesepByapiB 1 kaHaiB. BapTicTh yiriibHeHHS ckianae 3...5 % BiJ 3araibHOI BapTOCTi OyIIBHUIITBA,
OJTHAaK 3HAYCHHS YIIIJIbHEHHS B SIKOCTI Ta JIOBFOBIYHOCTI 3aKIHYEHOTO 00'€KTy 3HAYHA: SKIIO BOHO
BUKOHAHE HEIOCTaTHHO a00 HEMmpaBUIBHO, TO 3'ABISATHCSA TMOMIKO[KCHHS Ta pYyHHYBaHHS,
PE3YABTATOM SIKHX Oy/le BUCOKA BapTICTh BIIHOBJIEHHS 00’ €KTIB.

IcHyroue obnamHaHHS JUIA OUX POOIT BUKOPHCTOBYIOTH Ul MEBHUX YMOB, IO OOYMOBIIIOE
HEOOXITHICTh y PI3HUX THUIIAX MAIIWH IS YIIIJIbHEHHS KOHKPETHUX MarepiajiiB Ta TEXHOJOTIYHUX
Bumor [8; 9; 11; 12]. Tomy cTBOpeHHs yHiBepCaJlbHMX MALIMH 1 OOJIAHAHHS A €(PEeKTUBHOTO
VIIUTBHEHHS MaTepialliB € aKTyaJIbHOI HAYKOBO - TEXHIYHOIO MPOOIEMOTO.

Mema oOocnidrcennsn. Po3poOka TPOMO3UIINA 3 YIOCKOHAJICHHS KOTKIB JUJISl IMiJBUIICHHS
e(hEeKTUBHOCTI MPOIIECY YIIUTbHEHHS PI3HUX BUIB MaTepiaiB.

Buknao ocnoeénozo mamepiany. llpu yUIIbHEHHI OJHOKpPaTHE HAaBaHTAXCHHS Ta
PO3BAaHTAXKEHHS TPYHTY BUKJIMKAE SK 3QJIMINKOBI, TaK 1 MPYyXHI aedopmarliii, mpuaomMy 3aJuIIKOBI
nedopmariii CyTTeBO mepeBaXkaroTh NnpyxkHi. [Ipu GaratokparHOMy HaBaHTaXEHHI Ta PO3BAHTAXKEHH1
CHIBBIJHOIICHHS TPYXHOI 1 3aJUIIKOBOI jaedopmarliii MOCTYymoOBO 3MIHIOETbCS 1 I'PYHT HalyBae
CTaOLIIBHOTO CTaHY, KU XapaKTePU3yEThCS JESIKUMH MTOCTIHHUMU MPY>KHUMU BIACTHBOCTSIMH.

Ha mixcraBi aHamizy TEOPETUYHUX TOJIOKEHb TMPOLECY VYIIUIBHEHHS 3alpONOHOBAHO
BUKOHYBaTu (OpMy BalbIlsl y BUIVISAI BUCTYHIB Ta 3armuOineHb (puc. 1 a, 6). 3ammuOneHHs
3a0e3MeuyloTh HasBHICTh Ha poOodviii moBepxHi Banbl BucTymiB [3]. Ilpum 1poMy HasiBHICTBH
BUCTYTIB 3a0e3reuye rneperaBaHHs HaBaHTA)KCHHS Ha BH3HAYCHY IUIOIIMHY MOBEpXHI IpyHTY. Lle
JI03BOJII€ 30UTBIIMTH THMTOMUN THUCK Ha TOBEPXHIO MarepiayliB Ta IMiJBUIIUTH MPOIYKTUBHICTDH
MPOIIeCY YIIUIbHCHHS.

Puc. 1. Buxonanus po6o4oco eanvys KOmKis. a, 6 — 3 gucmynamu ma 3a21ub1eHHIMU,
6 — NONICOHANLHULL 3 KVIAUKAMU: 2 — I3 3MIHHOI 00BHCUHOI0 POOOUUX OLNIAHOK

[TonibHy nil0 BUKOHYE KOTOK 3 BajblleM, poOoua MOBEPXHS SKOTO BHKOHAaHA y BHIVISAIL
KyJlaukiB [7], 3MIIIEHUX OAMH BIJHOCHO IHIIOTO MojiroHanbHO (puc. 1 8). [locmimoBHO 30iMbIIYE
MUTOMUH THCK Ha MaTepial Bayiellb [4] 13 3MiHHOIO JOBKHHOI poO0ouuX TUISTHOK (pHcC. 1 2).

[TocTymoBo 30UIBPIIUTA MUTOMUN TUCK Ha MTOBEPXHIO MaTepialliB JO3BOJISIE KOHCTPYKITisS KOTKa
3 JIEKUIbKOMa pOOOYMMU BaJbISIMU 3 PI3HUM HAXWJIOM MTHEBMATUYHHX IIMH HA KOXKHIN Bici (puc. 2).
e 3MiHIO€E TIOMMHY KOHTAKTHOI MOBEPXHI IHH [5].

119



XVIII mixxHapogHa HAYKOBO-TIPaKTUYHA KOH(EPEHIIis
«[HHOBaIiiTHI TexHOJOTI] Yy OyIiBHUITBI, HUBLIBHIN iHXKeHEpil Ta apxiTekTypi», JHinpo, 26.11.2020

—\/
[IZNIZNIZN
SN S
a 9]

2

ST

Puc. 2. Komok 3 pisHum Haxunom nHeeMamudHux wuH.
a — 3a2anbHUll 8UlA0; 6 — U0 36ePXY; 8 — GEPMUKANbHI WUHU, 2, O — WUHU 3 HAXULOM.
1 — msaeau; 2 — xo0oea uacmuna; 3 — kabina, 4 — ouwno, 5 — pama, 6 — banacm,
7, 8, 9 — poboui sanvyi; 10, 11, 12 — wunu

[IpucrocyBarvcs 10 pi3HUX BUIIB IPYHTIB, SIKI MOTPIOHO YIIUTHHIOBATH, JO3BOJISSIFOTH KOTKH 13
3MIHHUMHU BaJbIsIMU (pHC. 3 @, 6) Ta 3 KEPOBAaHUMHU KYJIayKaMH, SKi y BHUMAAKYy HEOOX1JTHOCTI
BUXOMATH 13 TIOPOXHHUH TIAJACHBKOTO Baibls (puC. 3 6, 2, 0). IligiioMoM pamu MPUYIMHOTO KOTKa
BUKOHYETHCS 3aMiHa OJTHOTO THITY BaJbIls HA 1HIIHH [6]. 11 KOTKM BCTaHOBIIOIOTH HEOOX1THUMA THIT
BaJIbLIA JJI1 KOHKPETHOTO BULY IPYHTY Ta B 3aJISKHOCTI BiJl HOTO (Pi3MKO-MEXaHIYHUX IMOKa3HUKIB.

e HC 3

Puc. 3. Komxku, axi adanmyomvcsi 00 3MiHY U0y TPYHMY:

a, 6 — i3 sminHUMU sanvyamu: 1 — kabina, 2 — 0sueyn, 3 — mseoei koneca, 4 — pama; 5 — gicwb;
6 — kpornwmetin; 7, 8, 9 — eanvyi;s, 2, 0 — 3 Keposanumu Kynaukamu: 1 — xabina, 2 — 08ueyH,
3 — msaeoei koneca; 4 — pama; 5 — gicb, 6 — 60K08a NOBEPXHA, 7 — NOPOICHUHU, 8§ — KYILAUKU,
e, Jic, 3 — 13 IMIHHUMU 8ATILYAMU NPUYINHO20 KomKa: 3 — ouuino; 4, 6 — pama, 7, 17 — eaneywb,
12 — kpinnenns eanvys,; 13 — onopa, 14 — ciopoyuninop niotiomy pamu
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Psn xOTKiB, po3po0IeHUX B pe3yNbTari TOCHIIKEHHS, MAlOTh BaJIblLli, SKi MOXYTh 3MIHIOBATH
dbopmy (puc. 4 a, 6) 30BHIIIHKOI MOBEPXHI Ta PO3MIPHU — J1aMeTp BaIbIs (puc. 4 8).

Puc. 4. Buxonanmns pobouoeo eanvys Komkia:
a, b — 3 sucmynamu ma 3a21UbIeHHAMUY, 8 — NONICOHATLHULL 3 KYIAUKAMU
2 — 13 BMIHHOI Q0BHCUHOIO POOOUUX OLIAHOK

Ile no3Bonsie BUKOPUCTOBYBATH iX JUISl YIIUIBHEHHS IPYHTIB 3 PI3HUMH BJIACTUBOCTAMHU Ta
XapaKTEPUCTUKAMU.

Bucnoeku.

1. YirinpHeHHsT MarepiamiB 3abe3nedye OymiBeIbHUM 00’€KTaM 3[aTHICTh BHTPUMYBATH
HABAaHTAKEHHS BiJI BIACHOT Baru 00’ €KTIB Ta JIii 30BHIMIHIX (aKTOPiB.

2. Hait6inpm nomupeHuM oOMaHAHHAM JJIS YIIUTBHEHHS MaTepialiB € KOTKA CTaTUYHOI Ta
BiOpariiiHoi 1ii. OCHOBHHM HEJOJIKOM TaKOro OOJIaJHAHHS € HEMOXIIUBICTh aJalITyBaHHS KOTKIiB JI0
PI3HHMX THIIB IPYHTIB.

3. Po3po6ieni TexHiYHI MPONo3uLlii KOTKIB 3 pi3HUMH (GopMamH BajbliiB Ta OOJaTHAHHA 13
3MIHHHMH BJIBIISIMH JIJIS1 YITUTBHEHHST MaTepiaiB.

Cnucox BUKOPHUCTAHUX J7KepeJ

1. Xmapa JI. A., Kpagens C. B., Ckob6mrok M. I1. Ta iH. Mamman 17151 3eMIISHEX poOIT : miapyy.;
3a 3ar. pex. JI. A. Xmapu ta C. B. Kpasus. Xapkis : XHAJLY, 2014. 548 c.

2. HexmonoB M. K. Meronbsl M cpeacTBa MEXaHM3alMU YIUIOTHEHWS TPYHTOB. MoOCKBa :
Tpancnopr, 1987. 188 c.

3. [TarenT 68818 Ykpainm, onmyosm. 10.04.2012, bron. Ne 7. — 4 c.

[Tarent 72252 Ykpainu, onyos. 10.08.2012, bron. Ne 15. -3 c.

[TarenT 72652 Ykpainu, onyosn. 27.08.2012, bron. Ne 16. — 6 c.

[Tarent 74586 Ykpainu, ornyou. 12.11.2012, brom. Ne 21. -3 c.

[TarenT 74588 Ykpainu, onyos. 12.11.2012, bron. Ne 21. — 4 c.

I'mazkoB A. A., ManakoB H. A., IlankparoB A. B. CtpourenbHasi, 10p0o>kHas U clieldaabHas
TEXHHUKa OTEYECTBEHHOTO MPOU3BOACTBA : Kparkui copaBouHuk. MockBa : 3A0 «busnec-
Apcenan», 2000. 816 c.

9. TexHuKoO-dKCIUTyaTallUOHHAss XapakTepucTtuka wmammH ¢upmbl  «Caterpillar»:  crpas.
Wnnunotic, CIIIA: Caterpillar Inc., 1999. 724 c.

10. JliBiacekuit O. M., Jlopodee B. C., Ymampkuit C. A. Ta iH. TexHosnoris OyaiBeIbHOTO
BupoOHuITBa (KH. 1: 3aranbHi BiIoMOCTi po OYiBHUIITBO, pOOOTH ITiITOTOBYOTO MEPIONY, 3eMIISHI
pobotu Ta iH.) : HaB4. nmoci6. Kuis : YAH, “MII Jlecsa®, 2012. 416 c.

11.®opcconan JI. BubpanmonHoe yrnjaoTHeHHE TPYHTOB M ocHoBaHuil. Mocksa : Tpancmopr,
1987. 188 c.

12.TepuoBuii B. L., Ymaneup 1. M., Caymesa JI. C., Monoxin O. C. ViIinbHEHHS IPYyHTIB Y
oyniBaunTBi. Kuis : «[JTK KOMITPUHT», 2015. 136 c.
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VIIK 504.06

IMINIEMEHTANIA CTAHOIAPTIB «3EJIEHOI'O» BYAIBHUIITBA
AK IHCTPYMEHTY JOCATI'HEHHA
CTIMKOT'O PO3BUTKY B YKPATHI

SAxopumuna T. ., 1. T. H., J0II.
eporcasnuii suwuii HA8UANLHUL 3AKIAO
«IIpuoninposecoxa oepacasna akademisi OyOi6HUYMBA Ma ApXimexmypuy»

Ilocmanoska npoonemu. CTanaapTH «3€JI€HOT0» OyIIBHULITBA, CIPSIMOBaHI Ha PEryJIIOBaHHS
HAPOIHOTOCIOJAPCHKOT JISUTBHOCTI B MEXaX TEXHOTCHHO HABaHTAXECHHUX YPOOEKOCHUCTEM 3TiTHO
KOHIIEMI[i CTaJoro pPO3BUTKY, 3aKJIaJal0Th OCHOBU CTBOPEHHS TapMOHIWHOTO, €KOJOTI4HO
0e31meyHoro, KOM(pOPTHOrO Ta arpakTHBHOIO CEPEIOBUINA IS KUTTEASUIBHOCTI HACEIEHHS Oy/b-
skoi kpainn. Kpim Toro, epekTuBHUM CIOCOOOM JTOCATHEHHS CTIMKOTO PO3BUTKY ypOaHI30BaHHUX
TEpUTOPiI € peanizaiis KOHLEMIII «3eleHOro» OymiBHMIITBA, a/pke B MEXax MicTa 3a YMOB
CTalllaJIbHO-IECTPYKTUBHOTO, IHTPEIIEHTHOTO Ta TapaMEeTPUYHOTO 3a0pYyIHEHHS BHACHIIOK
IHTEHCUBHOTO aHTPOIIOTEHHOTO BIUIMBY «3€JIE€H1» Oy/iBIi CHpsAMOBaHI Ha MIATPUMKY T'OMEOCTa3y
ypOOEKOCHUCTEM, OTXKE MAIOTh EKOJIOTIYHI Ta COIllaJbHI MepeBard MpU iX BUKOPHUCTAHHI 3apa3 i
rapaHTyIOTh EKOHOMIYHI NpedepeHIlii B MailOyTHEOMY.

Mema oOocnioxcennsa TmoNsATaNa y BUBYCHHI OCOOJMBOCTEH IMIUIEMEHTAIlli CTaHIapTiB
«3enenoro» OymiBaunTBa (BREEAM — Benukobpuranis, LEED — CIIA, DGNB — HimeuunHna,
HQE — ®panmis, Green Star — ABctpaiisi, Green Mark — Cidramyp) siK 1HCTpYMEHTY JTOCSTHEHHS
CTIMKOT0 PO3BUTKY TEXHOT€HHO HaBaHTAXEHUX ypOOeKocucTeM B YKpaiHi.

Pezynomamu oocniorcenns. OCHOBHUM 3aBJIaHHSM «3€JIEHOTO» OYIIBHHIITBA €, TO-TIEPIIIE,
3HIKCHHSI PIBHS CIIOKMBAHHS PECYpCiB, MEPEAyCiM EHEpreTHYHHX Ta MaTepialbHUX, MPOTATOM
YChOTO JKUTTEBOTO IUKIY OymiBii, a came, BiJ BHOOPY MUISHKH 3 TPOCKTYBAaHHS, MPOBEIACHHS
OymiBenbHUX POOIT, EKCIUTyararlii, peMOHTY, 3HOCY, a, MO-ApyTe, — MiIBUIICHHS SKOCTI Oy/[IBHHUIITBA,
koMpopry 1 Oe3meku  BHYTPIIIHBOTO  CEPENOBHUINA, IO  MOXIWUBO  JOCITTH  SIK
BHCOKOTEXHOJIOTTYHIMH PIIICHHSIMH, MPUMIPOM BIIPOBA/DKEHHS <GEICHUX» TEXHOJOTIH, TakK 1
PIIICHHSIMH, 110 3HAXOASTHCS B IJIONIMHI TACUBHOI apXiTEKTypH.

Jnst omiHkM e(eKTUBHOCTI 3aXOMiB IMOAO 3HM)KCHHS HETaTWBHOIO BIUIMBY Oy/iBenb Ha
HABKOJIUIITHE CEPEJOBHINE Ta MiJBUIICHHS SIKOCTI >KUTTEMISUIBHOCTI HACENeHHS B TEXHOTEHHO
HAaBaHTAKEHUX ypOOEKOCHUTeMaxX ICHYe€ JOCHUTh 0araro <«G3eJeHHX» CTaHIapTiB  IIUPOKO
anpoOOBaHUX B pI3HMX KpaiHax, HalOuIbml ycmimHi 3 skux — Leadership in Energy and
Environment Design (LEED) (CIIA), Building Research Establishment Environmental Assessment
Method (BREEAM) (Benuko6putanisi), DGNB (Himeuunna), Haute Qualit¢ Environnementale
(HQE) (®panmis), Green Star (Asctpanis), Green Mark (Cinramyp). Kpim Toro mnepeBaru
crangapty BREEAM niaTBepKyIOThCS alanTalli€lo B TaKMX KpaiHax, sk Kanana, [onkonr 1 Hosa
3enmanmis.

3aranbHUMH acleKTaMH JJis HABEACHHUX «3EJICHHX» CTAaHIAPTiB, SIK MPOBIIHUX MPABUI
BeJICHHs OY/IIBHUIITBA, €:

1. BIOCKOHAJIEHHS MPOLIECiB MPOEKTYBaHHs, Oy/lIiBHUIITBA Ta EKCIUTyaTallii;

2. BHOPOBAIKCHHS HaWKpalMX MPUPOJOOXOPOHHUX 1 EHEProeeKTUBHUX TEXHOJOTIH,
oOJlaiHaHHS Ta Marepiais;

3. IPOJIOBKEHHSI TEPMIHY CIIY>XKOU OyTiBIIi;

4. TIONIMIIEHHS CUCTEMH YIIPaBIIHHS EKCIUTyaTallii OymiBii Ta €KOHOMisl eKCIUTyaTalllitHUX
BUTpAT;

5. 3HW)KEHHS TePIOANYHOCTI MOTOYHUX PEMOHTIB;

6. 301IBIIEHHS BApTOCTi, OPEHAHOI CTaBKHM OO0’ €KTY, CTBOPEHHS IIO3UTHBHOTO IMIIKY
3a0yIOBHUKA;
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7. cTBOpeHHsI OuIbII KOM(OPTHUX YMOB poOOTH, MPOKMBAHHS, JO3BULIAL, 1 K HACTIIOK —
3pOCTaHHS TPOIYKTUBHOCTI TIparli, 30epeKeHHs 3A0pOB’S HACENICHHs, 30UIBIIEHHS TPHUBAIOCTI
KUTTS,

8. CTBOpEHHs €KOJIOTIYHO Oe3meyHoi OyiBeNbHOI MPOAYKINi, HOBHX pOOOYHX MICIb Yy
BUPOOHUYOMY Ta eKCIUTyaTaliiiHomMy cextopax [1].

[Ipote 3a3Ha4yeHi CTaHAAPTU TAKOXK MAIOTh 1 S BIAMIHHOCTEH, OLIBIIICTh SKHUX CTOCYETHCS
BpaxyBaHHs caMe€ €KOJIOT1YHUX KPUTEPIiB, AKi B 3HA4YHIA Mipi 3MIHIOIOThCS B PI3HHX CTaHIApTax,
MPUMIPOM HAWOUIBII BOKJIMBUMH XapaKTepUCTUKaMu 1l BenmukoOpuTaHii € eHeproe()eKTUBHICTD
Ta 37I0pOB’Sl MEIIKaHIB, B TOM yac sk ans KpaiH [lepcbkoi 3aToku Ha mepiie Miclle BUXOIHUTH
BOJIOCTIOKMBAHHS Ta sIKICTh Bomu. llopiBHsSUIbHUEN aHami3 €(eKTUBHOCTI BHKOPHUCTAHHS TOTO YH
HIIIOTO «3EJICHOT0» CTAaHAAPTY YTPYAHIOEThCA HE TUTBKU BHACIIIOK BUCOKOTO CTYIEHS MiHJIMBOCTI
KpUTEPIiB, IO BPaXOBYIOTHCS, @ TAKOK 3YMOBIICHHH PI3HUMH IIIXOAaMH JI0 iX SKICHOT 1 KUIbKICHOT
OLIIHKH. BiAMIHHOCTI B cHCTEMax OI[IHIOBAaHHS E€KOJIOTIYHOCTI OyIiBesb MOJIAraloTh B KIJIBKOCTI 1
(GbOopMyITIOBaHHSX 3aCTOCOBYBAHMX KPHUTEPIiB, BIMOBIIHUX 1M KIJTBKOCTI OalliB, a TAKOXK MPUHHATOT
CUCTEeMH Tpajialii cepTru(dikariB BiAMOBITHOCTI 00’ €KTIB BUMOTaM «3EJICHHUX» CTaHIapTiB [2].

Apnantamisi MDKHapOAHUX CTAHAAPTIB 10 HAI[IOHAIBPHUX YMOB MOXJIMBAa 3a YMOB
BUKOPHCTaHHS HacTymHux mopeneil. Ilo-nepiue, y ponuni cranaapris BREEAM icuye crannmapr
BREEAM International, sskuit po3po0ieHuit came 11 3aCTOCYBaHHS Ha MI>XHAPOIHOMY PiBHI, aJiKe
BiH mepenbayae 3adydyeHHS MICHEBUX CTaHmaprTiB 1 mnpaBui OymiBaunrsa. Ilo-apyre,
MEePCIEKTUBHUM TaKOXK BBa)KAETHCS CTBOPEHHS HaIllOHAJIBLHOTO cTaHAapTy Ha ocHoBI BREEAM, 110
Oyno 3milicHeHO B psai kpain €Bpocorosy — Jlanisa, [ommangis, Icnanis ta B kpaiHax I[lepchkoi
3aroku (BREEAM Gulf). 3 meToro 3a0e3neueHHs MiXKHAPOIHOTO BH3HAHHS OY/IIBEIbHUX 00’ €KTIB,
o cepTU(diKyOThCS 3TiTHO CTBOPEHUX HAIIOHATBHUX CcTaHAapTiB, 90 % OCHOBHUX KPHUTEpIiB
aJanTylThCs i HalllOHAJIbHI HOPMH 1 npaBuia, a pemra 10 % — mae OyTH MOBHICTIO 3MIHEHA 3
MeTOI0 yBiOpaTu B cebe MicueBi OCOOMMBOCTI OyNiBHMIITBA Ta ICHYIOUI €KOJIOTIYHI MPOOJIEMH.
Btpere, 0coOGmmMBOCTI €KOJIOTIYHOI CHTyallii B MeXax KpaiHu, MOXYTb OyTH BpaxoBaHI uepes
BBEJICHHSI BaroBUX KOE(QIII€HTIB 3a €KOJIOTTYHHMH KPUTEPISMHU, IO € HAWOIBIN JOIIILHUM JIJIs
yMOB YKpaiHU 3 BUCOKUM PIBHEM TEXHOT€HHOTO HaBAaHTAKEHHSI Ha JIOBKIJIIS.

CrocoBHo cuctemu LEED, To Ti agamTaiis 10 HaliOHAJbHUX OCOOJHMBOCTEM MOXKIIMBA 3a
YMOB CYMICHOi pOOOTH 3 AMEpPUKAaHCHKOIO paol0 MO «3eJIeHOMY» OyHiBHHITBY, ab0 dYepes
ceprudikallito MPOEKTIB 3a aMepukaHCchbkoro Bepciero LEED, mpore y ocCTaHHROMY BHUIAIKY
perioHanbHi 0anu npy MPOBEICHHI OLIIHIOBaHHS OyJie BTpayeHo.

Bucnoeku. IlincymoByroun BuUIlle 3a3HA4YEHE CJ1J BIAMITUTH, [0 Ha IMJICTaBl aHATI3y
0COONMMBOCTEH IMIUIEMEHTAIll CTaHIAPTIB «3€JICHOTr0» OYIIBHHUIITBA A JOCATHEHHS CTIMKOTO
PO3BUTKY TEXHOTCHHO HAaBaHTAXEHUX YypOOEKOCHCTEM B YKpaiHi HaWOUIBII AOUUIBHUM Oyfe
anantanist BREEAM International 3 ypaxyBaHHSIM HaIliOHaJIbHUX CTAHAAPTIB OylIiBHUIITBA.
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