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UDC 728.1:699.8

ARCHITECTURAL AND PLANNING DECISIONS FOR RESIDENTIAL
BUILDINGS WITH SAFETY CAPSULES

Bordun M.%, PhD, Bevz M. 2, Dr. Arch., Prof., Savytskyi M.3, Dr.Sci.(Tech.), Prof.,
Nevgomonnyi H.%, PhD, Assoc. Prof.
13,4 Prydniprovska State Academy of Civil Engineering and Architecture,
2 Lviv Polytechnic National University
! bordun.maryna@pdaba.edu.ua; ® ms@pdaba.edu.ua;
* nevhomonnyi.hryhorii@pdaba.edu.ua; 2bevzmist@polynet.lviv.ua

Problem statement. Since the beginning of the full-scale invasion, the Russian
Federation has been consistently waging an undeclared terrorist war against the civilian
population of Ukraine. The Russian army is constantly shelling Ukrainian populated areas,
destroying infrastructure. As a result, there are significant human casualties, destroyed and
damaged buildings, and crippled enterprises and networks for electricity and heat supply.
Most people perish from rocket fragments injuries rocket fragments or other ammunition
types due to shelling, or they become buried alive under the rubble of destroyed buildings.

Therefore, today, the state's top priority is not only conducting defensive-offensive
operations aimed at liberating Ukrainian territories from aggressors, but also is protection and
security of its citizens.

The military aggression of the Russian Federation against Ukraine has proved the critical
necessity of implementing new principles in the planning and design of residential and public
buildings. Today to protect the population, building and structures must design with protective
structures which are able to defend from external attack, namely, special autonomous
protective structures (shelters) or structures and dual-purpose elements.

Civil protection facilities in Ukraine are designed in accordance with the relevant rules
and regulations [1; 2]. These regulatory documents are mainly devoted to the design and
construction of large-capacity collective civil defence facilities.

In July 2022, the Law of Ukraine No. 2486-1X “On Amendments to Certain Legislative
Acts of Ukraine on Ensuring Civil Protection Requirements in the Planning and Development
of Territories” was approved. This law is aimed at rapidly establishing a modern network of
civil protection facilities to enhance the level of citizen protection. According to this law all
new building and reconstructed building must have reliable shelters [3].

Despite that regulations are existence, there aren't protective premises in mostly
Ukrainian residential building. To happens also that protective premises are existence, but
conditions for people to stay during danger aren't ensured. Therefore, residents such building
have to use collective civil defence shelters, which were built in Soviet times. The main
problem this defence shelters is location. Usually such collective shelters were built one
shelter per some buildings, and often one shelter per district and its located outside the zone
of quick access to them. For this reason, most Ukrainians ignore air raid alarms or, in better
cases, use the “two walls” rule and try to find safer places in their apartments.

Purpose of this study is to develop an architectural and structural solution for civil
population protection in a multi-storey residential building by creating a safe space of
immediate accessibility.

Maine results. The main types of protective structures include [4]: specialized
protective structures such as shelters or anti-radiation shelters; non-specialized structures that
include dual-purpose structures, and the simplest shelters.

The first individual shelters were built during the Second World War in Great Britain.
The first individual shelters were built during the Second World War in Great Britain. The
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main aim these shelters was protection of London habitants against bomb fragments and blast
waves. Particularly popular were the Anderson shelters, Stanton shelters, and the Morrison
shelter [5; 6]. These shelters could accommodate one or several individuals, up to six, and
were utilized in almost every household.

Another interesting solution was bomb shelters by designing Leo Winkel and Paul
Zombeck (Germany) [7]. “Winkel” bunkers are above-ground structures designed to protect
staff at large industrial enterprises and important institutions within the territory of Germany,
and also for the nearby residential building’s inhabitants. Their structural feature is the conical
shape of the building, with small dimensions in plan up to 30 meters in diameter, making it
less vulnerable during air attacks. They have thick walls ranging from 1.5 meters at the base
of the building to 1.0 meter at the top.

Modern bomb shelters are protective structures designed for collective or individual
use, equipped with various autonomous engineering systems to protect the population from
various types of hazards over a certain period of time. Significant attention to the construction
and operation of civil defense shelters is paid attention by countries such as Switzerland,
Finland, Israel, and Singapore. At the same time, individual shelters are more popular in Israel
and Singapore. A series of regulatory acts were adopted in these countries that provide for the
design and construction of civil defense shelters in each building or apartments.
Reinforcement through increased thickness of wall and ceiling structures, separation of shelter
premises from the facade of the building, and the use of doors made of protective steel are
included in the household or story shelters in Singapore. The reinforced concrete is the main
material for bearing structures of the shelter. Technical requirements for the design of such
shelters regulate the location of the shelter within the living space, as well as the distance to
the external structures of the building. These shelters provide protection for residents from the
effects of weapons, explosions, and shrapnel during emergencies. The greatest advantage of
such shelters is their accessibility [8].

Today in Ukraine, Israel's experience of population protection is actively interrogated.
There are three types of shelters In Israel: the “Merhav Mugan Dirati” or “Mamad” (safe
room) — an individual room within an apartment; “Mamak” floor shelters — communal
shelters in multi-apartment buildings; and “Maman” protective shelters — used in public
buildings [9]. It is also should noting that underground public bomb shelters aren't almost
applied. On the contrary, preference is given to individual safe rooms. This decision is driven
by many factors, but the main ones are the rational assessment of the most common threats
during bomb attacks, as well as considering the time needed for civilians to seek shelter in
real conditions. The minimum size of a safe room is no less than 9 square meters, with a
ceiling height of no less than 2.5 meters. Safe rooms can be used as regular premises during
peacetime, where technical rooms or children's bedrooms are located. However, to install
kitchens and bathrooms in such rooms is prohibited.

Project solutions of universal “safety capsule” with a capacity of 10 and 20 people for
multi-storey residential buildings have been developed based on past and present experience.
Detailed planning of the interior space in these solutions was carried out with considering for
the standardization of all dimensions. The safety capsule consists of a main compartment with
two-tiered accommodation, where sleeping places constitute 20 % and of the available seats,
and auxiliary premises — a bathroom and a room for additional equipment and storage of food
and water supplies. An advantage of the project solution is the curved shape of the external
wall of the safety capsule. This shape better perceives a load from the blast wave and
projectile impacts. According to the project solution the safe spaces are located on each floor
within the elevator-staircase zone of the building (Fig. 1).
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The developed safety capsule variants were integrated into the architectural and
planning structure of multi-story buildings, namely, into a typical section of a 12-story
residential building with 60 apartments (Fig. 2) and into a two-section 16-story residential
building that was designed according to an individual project with 126 apartments (Fig. 3).
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Fig. 1. The project solutions for the universal “safety capsule ”:
a) safety capsule for 10 people; b) safety capsule for 20 people;
c) safety capsules location in the floor plan of the building
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Fig. 2. Integration of the safety capsule into the architectural and planning structure
of a 12-story residential building
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Fig. 3. Integration of the safety capsule into the architectural and planning structure
of a 16-story residential building
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Conclusion. The advantages of the developed project solution include:

— Quick access to shelter for building residents. The safety capsules are located on each
floor of the building and are estimated for the number of residents.

— Structural independence. Safety capsule structural elements are independent of other
structural elements of the building. Safety capsule has their own walls, reinforced concrete
floors and spatially locates adjacent to the stairwell and elevator.

— Functional independence. Safety capsules have individual engineering networks that
are connected to centralized systems. In case of emergency situations safe places are
additionally equipped batteries for autonomous power supply, ventilation systems with air
purification and have a water supply reserve calculated for 3 days for the number of users.

— Adaptability to the architectural-planning and functional building structure. The
proposed safety capsules have standardized dimensions and can be easily applied to any
buildings.
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Problem statement. Conventional building construction methods often leave structures
vulnerable to damage from vibrations and seismic impacts. These events can cause significant
structural stress, leading to costly repairs, safety hazards, and even building collapse.
Therefore, there is a critical need for innovative and effective strategies to enhance the
seismic resilience of buildings.

This research investigates the potential of concrete-rubber layered structures as a novel
approach for mitigating the detrimental effects of vibrations and seismic events on buildings.
The study aims to explore the effectiveness and feasibility of this layered design in absorbing
and dissipating seismic energy, thereby reducing the structural burden experienced by the
building during such events.

The purpose of the work. The application of metamaterials and heterogeneous
structures for creating new types of vibration and seismic isolation of buildings and structures
has been an actual research topic in recent years [1-3]. The presence of heterogeneous leads
to complex dynamic effects, one of which is the formation of discrete frequency bands of pass
and stop [4]. Thus, heterogeneous materials and structures can be used as wave filters,
blocking the propagation of elastic waves in specified frequency ranges. This work is devoted
to the development of layered structures for protecting buildings from seismic loads and
vibrations.

Main part. The width of the band gaps increases with increasing contrast between the
mechanical characteristics of the components. One of the promising solutions is to use combinations
of concrete and rubber layers [1; 2]. The densities of concrete and solid rubber differ by about 2
times, while the difference between the elastic moduli of these materials reaches 10° times.

For given properties of the components, the band gap frequencies can be changed by varying
the size | of the cell of the structure's periodicity. Thus, the first band gap is formed at | = L/2, where
L is the wavelength [4]. Therefore, the lower the frequency of the wave that needs to be blocked, the
larger the size of the periodicity cell and, accordingly, the thickness of the layers should be.

In this work, analytical solutions for the dispersion characteristics of layered structures were
found using the Floquet-Bloch method [4]. Numerical simulation of the propagation of elastic wave
processes was performed in the Ansys software package. The obtained analytical and numerical
results are in good agreement with each other.

Two models of concrete-rubber structures were investigated, the characteristics of which are
given in the table.

Model 1 is effective for vibration protection, providing maximum attenuation of elastic waves
at a frequency of 50 Hz. Model 2 is proposed for protection against seismic loads. For its
development, the seismogram of the earthquake in Oroville (California) in 1975 was used, the peak
of destructive frequencies of which fell on the mark of 18 Hz [5].

Figures 1 and 2 show the signal energy attenuation levels depending on the frequency for
models 1 and 2, respectively. The numbers near the curves indicate the number of periodicity cells.
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Characteristics of layered structures

Parameter Model 1 Model 2

Concrete density, kg/m? 2300 2300
Young's modulus of concrete, Pa 3.14x10%1 | 3.14x10%°
Concrete volume fraction 0.5 0.5
Rubber density, kg/m? 1300 1300
Young's modulus of rubber, Pa 5.8x105 1.4x105
Rubber volume fraction 0.5 0.5
Width of the periodicity cell, m 0.3 0.4
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Fig. 1. Attenuation of elastic wave energy (Model 1)
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Fig. 2. Attenuation of elastic wave energy (Model 2)
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Conclusion. It can be concluded that a layered structure with only five cells provides
effective protection against dynamic effects, reducing the wave energy at the design
frequency by 60 dB (10° times). The results of the work can be used to develop various types
of heterogeneous materials and structures with pre-specified dynamic properties for protecting
buildings and structures from seismic effects, vibrations, and creating effective acoustic
insulation.
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Problem statement. Millions of dollars are spent annually in the world on technical
diagnostics of buildings and structures. Natural disasters such as floods and earthquakes,
along with numerous negative man-made impacts lead to serious damage to building
structures. The problem of diagnostics of the buildings and structures became extremely
urgent after the aggression of the russian federation in Ukraine, which led to large-scale
damage and destruction of industrial projects, housing stock and infrastructure projects such
as roads, bridges, tunnels, etc. An important and urgent problem of Civil Engineering is to
automate the processes of diagnostics of buildings and structures and to develop new methods
for identifying building defects in building structures that would save human resources and
reduce the dependence of survey results on subjective factors.

The aim of the study is to develop artificial neural networks for the identification and
classification of cracks in vertical elements of building structures (e.g., concrete and
reinforced concrete walls). The solution of this problem is complicated by the fact that cracks
may be often visually similar to surface defects. The images of the studied structures can vary
greatly depending on the texture of the surfaces, paint, light intensity, photography angle, etc.
Cracks can be also irregular. These factors cause significant difficulties in training and testing
ANN models [1-3].

Image dataset. We use SDNET 2018 digital photo collection [4] for training and testing
the ANNSs. The collection consists of 56 092 images of concrete structures with and without
cracks, taken by a Nikon camera with a matrix resolution of 16 megapixels. To form the
collection, 230 construction objects were used, which belong to three types: roads
(104 objects), walls (72 objects) and bridges (54 objects). Images are scaled down to 256 by
256 pixels and have 3 colour channels with 256 luminance levels each (24-bit color).

Let us consider an ANN model that will diagnose cracks in concrete walls and classify
them as vertical or horizontal. In practice, vertical cracks can usually indicate foundation
settlement. Horizontal cracks may occur due to insufficient bearing capacity or overloading of
the structure. The selected image dataset contains 1 086 photographs evenly divided into three
groups: vertical cracks, horizontal cracks, and undamaged structures. Accordingly, each group
consists of 352 photos.

Subsequently, the image dataset is divided into two groups. 80—85 % of images
(training samples) are used to train the ANNS, that is, to establish optimal connections
between neurons that allow the model to make correct decisions on data classification.
The remaining 15-20 % of images (test samples) do not take part in the training process, but
are used to test the model and check how effectively it can process data that it encounters for
the first time.

Development of the ANN using Teachable Machine. Teachable Machine [5] is a free
Google cloud tool that makes it easy to create machine learning models. Interaction with the
tool is carried out through the web interface. Using the Teachable Machine, it is possible to
train ANNs to recognize images, sounds and poses. Teachable Machine is based on a
JavaScript machine learning library TensorFlow.js.

It should be noted that the developed model may not always work as expected. Training
a neural network is a heuristic procedure, which effectiveness depends on a large number of
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parameters. In most cases, the optimal values of these parameters cannot be predicted in
advance and must be determined experimentally for each individual task.

To develop the model, we use the image dataset described above. Teachable Machine
allows one to modify the following training parameters:

1. Epochs. The number of epochs determines the duration of the training.

2. Batch Size. It determines the number of samples used in one training iteration.

3. Learning Rate. This coefficient controls the level of correction of the model
parameters at each iteration.

In our study, the best results are obtained for Epochs =50, Batch Size = 64,
Learning Rate = 0.001. The accuracy of the model is displayed in Fig. 1. The loss function is
given in Fig. 2. Here and in the sequel, blue and orange curves correspond to the training and
to the test samples accordingly.
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Fig. 3. Confusion matrix

Development of the ANN using TensorFlow. A significant limitation of the Teachable
Machine is the inability to change the internal architecture of the ANNSs, which is predefined
automatically depending on the type of the project. In order to develop an ANN with its own
architecture, we employ the open sources software library TensorFlow [6], developed by
Google for machine learning and creating artificial intelligence models. We use Python and
Colaboratory (Colab) [7] cloud development environment.
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We conduct a series of computational experiments and determine the rational ANN
architecture, which allows us to achieve a high accuracy and to minimize losses of the model.

The developed model is a multilayer convolutional ANN. The first layer is the input
image layer with size 256x256x3, where 256x256 is the pixel size of the analyzed images,
and 3 is the number of colour channels for one pixel. This layer also normalizes the input
data, which brings all images to the same brightness level.

Next, there are 6 blocks located sequentially, each of which includes:

e 2D convolution layer tf.keras.layers.Conv2D, which detects the main features of the
image;

e subsampling layer tf.keras.layers.MaxPooling2D, which reduces the size of the
previous layer by compressing the image and discarding minor details;

o exclusion layer tf.keras.layers.Dropout, which randomly excludes a certain proportion
(20 % in our project) of the neurons of the previous layer. This reduces the total
number of weight coefficients and prevents the model from overtraining.

The tf.keras.layers.Flatten layer then reduces the dimensionality of the data by
converting the 2D matrix input into a 1D vector output.

Next there are three conventional, fully connected neural layers tf.keras.layers.Dense,
which classify the received data. The size of these layers decreases gradually. The last one has
a size of 3, which equals to the number of classes that the model recognizes (vertical cracks,
horizontal cracks, intact walls).

Thus, the model includes 23 layers (among them, 9 training layers) and 67 875 weight
coefficients. For each layer, the nonlinear ReL U activation function is employed.

The model is trained for the following parameters: Epochs =50, Batch Size = 64,
Learning Rate = 0.001. The accuracy and the losses of the model are shown in Figs. 4, 5. It
should be noted that the developed ANN classifies correctly all the examples that was
misclassified by the Teachable Machine model. This allows us to conclude that the individual
tuning of the ANN architecture for every specific task allows achieving significantly better
results than the use of some general universal solutions.
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Conclusions. Two ANN models are developed for detecting and classifying cracks in
concrete walls. We study how the magnitudes of the training parameters affect the accuracy of
the models and determined the optimal values of these parameters. When developing the
ANN using TensorFlow, a series of computational experiments is carried out and it is studied
how the network architecture (number and types of layers, number of neurons, etc.) affects the
performance of the model. As a result, the rational internal architecture of the ANN is
determined ensuring the highest accuracy and the lowest losses.

The obtained results confirm a high efficiency of the methods of artificial intelligence
for the diagnostics of buildings and structures. The proposed approaches can be further
extended to diagnose and to classify a wide variety of building defects.
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Problem statement. In contemporary Civil Engineering, heterogeneous structures and
materials are prevalently employed. Illustrative instances encompass multi-span beams,
perforated membranes and plates, stringer plates and shells, alongside a diverse array of
composite materials.

The phenomenon of splash effects in the transmission of elastic waves within
heterogeneous structures gives rise to notable dynamic manifestations. These include
phononic band gaps, negative refraction, dynamic anisotropy, waves focusing, acoustically
invisible cloaks, waves localization in structures with defects, and splash effects.
A comprehensive overview of advancements in this domain can be found in the work by
Hussein et al. [1].

The purpose of the work. This study delves into the splash effects observed in the
transmission of elastic waves within heterogeneous structures, specifically within a discrete
monatomic lattice and a continuous layered structure, under the influence of an external pulse
load. A noteworthy aspect of the pulse load scenario is the occurrence of local stresses at the
microlevel, surpassing the magnitude of the initial excitation during transient wave
propagation. This phenomenon stems from the spatial redistribution of energy due to
structural heterogeneity, a phenomenon absent in homogeneous solids.

Main part. Consider a semi-infinite (x = 0) lattice comprising uniform particles with
mass m interconnected by springs with negligible mass and rigidity c (Fig. 1). The lattice
experiences a pulse load Pd(z), applied at its edge x = 0. In this context, P represents the
force amplitude, and d(z) is the Dirac delta function.

PS(1)

—— OO —
PN

!
Fig. 1. Monatomic lattice under consideration

Colquitt et al. [3] introduced an advanced higher-order triple-dispersive dynamic
equation to characterize the macroscopic behavior of the lattice across a broad frequency
spectrum. Employing this continuous model, we apply the Laplace transform method [4] to
derive an analytical solution for the pulse load problem. Utilizing the Runge-Kutta fourth-
order method to numerically solve the original discrete problem. The results, depicted in
Figure 2, showcase displacements u calculated under the conditions P/(cl) =1
and ty/em = 1, where | represents the inter-particle distance. Remarkably, both the analytical
and numerical solutions exhibit a commendable level of agreement.
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Fig. 2. Transient waves in the lattice excited by the pulse load. Red — analytical solution;
orange — non-dispersive solution for the homogeneous solid;
dots — data of the numerical simulation

Numerical simulations employing ANSY'S are conducted to analyze the phenomenon of
splash effects during the propagation of elastic waves within heterogeneous structures.
Alternating layers of two materials characterize these structures. The model encompasses 50
unit cells, each with dimensions of 2x1x1 m. Each layer possesses a thickness of 1 m, and the
overall length of the structure extends to 100 meters, as illustrated in Figure 3.

Modsl

‘Frequency: N/A S

TR N

(K] Foced Support 100 o
Frictionless Support G f&

Frictonless Support 2
Fritionless Support3
Frictonless Supportd

t%
<2

e

Fig. 3. Basic geometry of the continuous layered structure

Investigation pertains to the analysis of transient waves propagating along the x-axis.
Macroscopic boundary conditions encompass a fixed support located at one extremity of the
structure, a pulse load of 1000 N applied in the x-direction at the opposing edge, and a
continuous support along the longitudinal facets. To elucidate, consider a composite structure
comprising concrete and rubber, a prospective design for novel vibration and seismic isolation
systems [5; 6]. The material characteristics are delineated in Table. Figure 4 visually
represents the time-dependent solution for the normal strain in the cross-sectional area,
specifically at a distance of 40 meters from the loaded edge.

Table
Layer | Material Density, kg/m® Young’s Modulus, Pa Poisson’s Ratio
1 Concrete 2.3x10° 3.1x10%° 0.33
2 Rubber 1.3x10° 5.8x10° 0.46
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Fig. 4. Normal strain in the layered structure induced by the pulse load

Conclusion. Examination of the findings depicted in Figures 2 and 4 reveals that within
heterogeneous structures, there are instances where localized perturbations in both
displacement and strain fields surpass the mean values observed in homogeneous conditions
by a range of 17 % to 24 %. This phenomenon holds considerable significance in the context
of dynamic failure and proves to be of paramount practical relevance in the formulation of
novel designs for heterogeneous structures and materials. Furthermore, the methodologies

devised in this study can be extrapolated to address multi-dimensional problems.
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Formulation of the problem. Additive manufacturing or three-dimensional (3D)
printing at the current stage of its development has turned into a powerful complex of
advanced methods and means of automating production processes on a global scale, including
construction, construction of building structures from various materials, in particular,
concrete.

However, existing models of information data are not fully suitable for the
implementation of 3D object printing technology. This is due, first of all, to the lack of
information about the relationships between the process, the printing material and the
geometry of the digital model of the future construction object.

Also, a significant problem is the lack of appropriate equipment already in the process
of creating a prototype before direct printing of the developed model. It is at this stage that it
is possible to experimentally check the digital model for redundancy, loss of information and
for the correspondence of geometric transformations of the surface of the future building [1].

Purpose of the study. Development of the algorithm of the procedure for creating a
virtual 3D printer based on software for simulating robotic construction processes when using
3D printing technology.

Main part. To create a virtual 3D printer, first of all, you need to accept the reference
specification of the construction 3D printer and choose the basic software.

CoppeliaSim provides the researcher with a powerful platform for designing and modeling
robotic systems. One of the valuable features is the ability to create your own models, which allows
you to adapt the software to the simulation process of construction 3D printers [2].

The creation of a virtual model of a 3D printer in CoppeliaSim from 3D files follows a system
process that guarantees accuracy, efficiency and a full understanding of the internal processes of the
system.

The action algorithm can be divided into several processes (Fig. 1):

Importing the 3D File.

To import the prepared 3D model of the object into the CoppeliaSim environment, the
parameters related to the import process are set. It should be noted that the 3D model of the
object before this process must already be properly processed and meet its geometric
requirements.

Configuring Model Properties.

At the stage of setting model properties, special instructions are developed for setting
various properties of the 3D printer model in CoppeliaSim. The physical properties of the 3D
printer to ensure interaction with the future environment are determined: accuracy, printing
speed, working volume, time, mechanical stability, control system.

Visual appearance, materials and textures are adjusted for realistic reproduction [3].

Defining Model Kinematics.

At this stage, the kinematic definition of the model takes place, connections are created,
common properties are determined, and interdependence between objects is established.
A representation of the kinematic structure of the 3D printer is formed for accurate modeling.

Conducting Simulations.
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This is the most responsible process, during which the BIM model of the construction
object itself is transferred to a virtual 3D printer. At this stage, simulation parameters such as
time step, duration and other settings [4] are determined and adjusted, simulation scenarios
are created and edited. The behavior and performance of the developed 3D printer model, in
particular, and the 3D printing process as a whole are tested and evaluated.

Importing the 30 File

Configuring Model Properties

Defining Model Kinematics

Conducting Simulations

Fig. 1. Stages of creating a virtual model of a 3D printer

Conclusion. The proposed algorithm of the procedure for creating a virtual 3D printer,
which allows you to check the BIM model of the construction object for compliance with
functional and operational characteristics before the start of the implementation of the
construction project. Also, the virtual stand for physical modeling of the processes of 3D
printing of construction objects can be used both during scientific research and in the
educational process.
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Problem statement. Scale formation in ship desalination plants is a common problem
associated with the deposition of mineral deposits due to the high concentration of salts and
minerals contained in seawater. Scale impairs heat transfer efficiency, reduces equipment
performance and can lead to equipment damage. Methods for controlling scale in seawater
distillation systems are constantly being improved, including the use of advanced modeling
techniques that take into account the interaction of various parameters that affect system
performance. Factors such as seawater density, thermal conductivity and specific heat
capacity are considered along with scale deposition parameters such as salt concentration,
scale formation rate and deposition rate. It is proposed to use an integrated model that
provides insight into the optimization of desalination processes on board ships using
thermodynamic analysis, scale formation kinetics and heat exchange between various system
components, taking into account the influence of salt concentration and pressure on the rate of
scale deposition. Expected result: improved water management strategies for offshore
operations.

Purpose of the study. Despite the diversity of research work on water treatment and
marine operations, there is a significant gap in addressing the interconnectedness of these
topics and a comprehensive approach is needed, taking into account efficiency, safety and
environmental impact. A holistic study that integrates these aspects could offer invaluable
insights and solutions for the sustainable advancement of water extraction techniques and
marine activities.

Maine results. Extensive research emphasizes the decisive role of the mineral
composition of water for human health, and water containing less than 75 mg/l of minerals is
biologically inadequate and can lead to various disorders of the stomach, structural changes in
the stomach, imbalance of calcium metabolism, and disturbances of enzymatic processes. The
recommended minimum mineral content for drinking water is 100 mg/L, with the optimal
range being around 300 mg/L.

In marine environments, desalinated water for drinking purposes is subjected to
mineralization before use. To effectively solve this problem, salts designed to mineralize
different volumes of desalinated water, as well as different types of mineralizers, have been
developed.

Modern ship desalination systems carry out deep desalination of sea water, resulting in
practically desalinated or distilled water containing up to 0.5 mg/| of salts, mainly in the form
of chlorides. In engineering practice, salinity is commonly denoted in degrees Brandt. 1°B
corresponds to 10 mg/L of salts or 6.06 mg/L of chlorides. The lower the salinity of the
distillate, the higher not only its technical qualities, but also its initial hygiene. Therefore. it is
considered that desalinated water with salinity up to 30 mg/l meets hygienic standards and can
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be used for preparation of desalinated drinking water. If the salinity of distillate exceeds
30 mg/l, such water should be thoroughly disinfected and used for washing.

Conditioning desalinated water involves two key processes: mineralization and
disinfection. On ships, industrial sets of salts are utilized for mineralization, with each set
comprising five salts.

During the evaporation process from seawater to desalinated water, various organic
substances, including petroleum products, may transfer, leading to specific odors and tastes in
the water. To address this, a filter-deodorizer is employed to remove these substances, thereby
deodorizing the water and, if necessary, dechlorinating it in the presence of excess chlorine.
Once treated, the water becomes suitable for cooking and drinking.

On ships, there are five primary methods employed for desalting seawater: distillation,
chemical treatment, electrochemical processes, freezing, and membrane-based methods.

Among these methods, distillation stands out as the most prevalent technique for
desalination on maritime vessels due to its cost-effectiveness relative to other desalination
methods. The fundamental principle of distillation involves the separation of water molecules
from dissolved salts during the process of water evaporation. This evaporation typically takes
place at the surface layer of the water, where individual groups of molecules, through random
collisions driven by thermal energy, acquire sufficient Kinetic energy to overcome
intermolecular forces and transition into the gaseous phase.

Scale formation poses a common challenge in marine thermal power engineering,
manifesting as deposits of hardness salts like calcium and magnesium salts on various
equipment surfaces, including heating elements, heat exchangers, pipelines, etc. These
deposits not only increase energy costs and reduce equipment lifespan but also contribute to
significant operational expenses and environmental emissions. The visual representation of
typical scale deposits is depicted in Figure 1.

Fig. 1. Scale deposits on heat exchanger plates

Limescale, comprised mainly of calcium sulfate, calcium carbonate, magnesium oxide
hydrate, and other salts, forms through the complex process of salt precipitation from
oversaturated solutions. Salts' solubility in water varies with temperature, influencing their
propensity to form scale. Various factors like salt concentration, evaporation conditions,
solution residence time, and water treatment methods affect scale formation. Scale on heat
exchanger surfaces impedes heat transfer by increasing thermal resistance.

The rate of hydroxyl and carbonate ion formation drives scale composition and
intensity.

At temperatures exceeding 80 °C, the increased rate of hydroxyl ion formation
decreases the concentration of carbonate ions in brine. The concentration of hydroxyl ions is
restricted by the solubility of hydrogen magnesium oxide, and it can only increase until solid
aqueous magnesium oxide begins to form. This delicate balance of ion concentrations and
reactions across different temperatures plays a pivotal role in the scale formation process.
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Using heat transfer equations, salt state equations, and scale deposition Kkinetic
equations, a simplified model of the seawater distillation and scale deposition process can be
developed. The main components of the model and the formulas used to describe them help to
analyze the process of distillation and scale deposition in the system, taking into account
various influencing factors.

To build a model of the seawater distillation and scale deposition process, we can use
heat transfer equations, salt equations of state, and scale deposition kinetic equations. The
main components of the proposed model are as follows:

- heat exchange in the distillation system;

- heat transfer and deposition Kinetics;

- heat transfer equations for vapor cooling and deposition thermodynamics.

These parameters will allow you to simulate and analyze the processes of distillation
and salt deposition in the system, taking into account various influencing factors. The
following factors can also be included in the seawater distillation and scale deposition model
to account for other processes:

- effect of salt concentration and pressure;

- accounting for the kinetics of scale deposition;

- accounting for heat transfer in various system components.

Considering the heat exchange in different parts of the system (e. g. evaporator,
condenser, etc.), we can add the appropriate equations for each part to determine the overall
heat balance.

For example, to take into account heat transfer in the evaporator:

Qevap = Uevap : Aevap : (Tin - Tboil), (1)

where: Qevap — amount of heat transferred to the evaporator; Uevap — heat transfer coefficient in
the evaporator; Aevap — surface area of the evaporator.

An additional equations and parameters will allow for a more accurate modeling and
analysis of the distillation and deposition processes in the system, considering various
influencing factors.

The model allows prediction and analysis of seawater distillation and scale deposition in
the system. Some specific results that can be obtained from this model include understanding
heat transfer efficiency, scaling rates, optimum operating conditions, salinity and pressure
effects, heat exchanger design improvements, energy consumption analysis, scale control
strategies, and process optimization recommendations. All of these results combine to
improve the efficiency, sustainability and reliability of seawater distillation systems.

Conclusion. The presented model allows simulating the dynamics of scale formation in
desalination systems. Taking into account key parameters such as temperature, salt
concentration, residence time and surface characteristics, the model predicts the rate and
nature of scale deposition. Understanding the relationship between salt solubility, evaporation
conditions, and surface interactions is critical to the development of effective scale prevention
and removal strategies and provides a basis for optimizing desalination processes to minimize
scale formation problems. Strategies such as adjusting operating parameters, surface
treatment, and improved brine management can significantly reduce scaling and improve
system efficiency. Addressing scale buildup not only improves operational efficiency, but
also contributes to sustainable water management. Reduced energy consumption, longer
equipment life and reduced maintenance requirements are consistent with global efforts to
conserve resources and protect the environment. Further refinement of the model, including
real-time data input and validation of experimental results, will improve prediction accuracy.
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Problem statement. The maritime industry is a vital component of global transportation
networks, playing a crucial role in international trade, logistics and passenger transportation.
As it evolves, increasing attention is being paid to the sustainability, efficiency and safety of
all operational aspects such as environmental sustainability, energy optimization and the
search for efficient sources of clean energy. Modeling the dynamics of a ship-wind turbine
system to optimize power generation helps maximize the energy output of wind turbines
while maintaining the stability and safety of ship navigation.

Purpose of the study. Develop mathematical models describing the interaction of wind
forces, turbine performance and ship dynamics to investigate the impact of different wind
conditions, turbine design and navigation parameters on energy efficiency, which will provide
valuable practical recommendations for the implementation of wind energy technologies in
maritime operations, promoting sustainable development and environmental standards in
shipping. This study focuses on the development of a model aimed at simulating the dynamics
of ship-wind turbine systems with the dual objectives of optimizing energy generation and
ensuring safe and efficient shipping and aims to provide valuable insights into the
implementation of wind energy technologies in marine operations, thereby contributing to the
development of sustainability and environmental friendliness in the shipping industry.

Results. The relevance of using wind turbines on ships for energy production is driven
by the growing need to move towards sustainable and environmentally friendly methods of
maritime transport. Wind turbines offer renewable wind energy to generate electricity,
reducing dependence on fossil fuels and reducing its environmental footprint cut down
operating costs associated with fuel consumption.

Wind energy technologies have gained significant traction in maritime applications due
to their potential to reduce fuel consumption and environmental impact. Several key
technologies and systems are employed on ships to harness wind energy effectively:

- Sails and Rotor Systems. Traditional sail systems have been modernized with
advanced materials and designs, enhancing their efficiency and durability. Rotating mast
systems and automated sail control mechanisms optimize wind capture.

- Flettner Rotors. Flettner rotors utilize the Magnus effect to generate propulsion force
perpendicular to the wind direction. These rotors are increasingly integrated into ship designs
to provide supplementary thrust.

- Kite Systems. Tethered kite systems exploit high-altitude winds to generate electricity
or propulsion force. They offer a compact and versatile solution for wind energy utilization on
ships.

- Hybrid Wind Propulsion Systems. Integrating wind turbines or sails with conventional
propulsion systems creates hybrid setups. These systems intelligently manage power
generation based on wind conditions and ship operational requirements.

30



“Innovations in Construction and Smart Building Technologies for Comfortable, Energy Efficient and Sustainable Lifestyle” (2024)

It is necessary to solve the problems of optimizing the efficiency of turbines, integrating
systems into existing ship designs and ensuring reliable electricity production in variable wind
conditions.

The installation of wind turbines on ships requires careful planning to reduce
aerodynamic drag and structural loads. The presence of turbines also affects ship stability,
requiring adjustments to navigation strategies and ballast management to ensure safe
operation.

Ship-wind turbine dynamics modeling involves simulating the interactions between a
ship and a wind turbine system to optimize energy generation and navigation enabling
informed design decisions and operational strategies for energy-efficient and navigation-
optimized ship systems.

The power of a wind turbine on a ship is assessed according to different criteria,
depending on the specific characteristics of the turbine and the ship. One of the most common
is Betz's law, which calculates the maximum theoretical power that can be obtained from a
wind turbine, assuming ideal efficiency. Blade element momentum theory takes into account
the aerodynamics of turbine blades and calculates power output based on local wind speed at
various points along the blade. The power curve formulation of a wind turbine uses a
predefined power curve that relates the power output of the turbine to the wind speed. The
actual power output of a wind turbine on a ship will depend on many factors, including wind
conditions, the speed and direction of the ship, and the efficiency of the turbine itself. To
develop a system of differential equations for the motion of a ship with a wind turbine, it is
necessary to take into account the forces and moments acting on the ship and the wind
turbine.

The thrust generated by the wind turbine, can be modeled as a function of the wind
speed and the pitch angle of the turbine blades. The pitch angle can be controlled by the ship's
autopilot system to maximize the power output of the turbine. The simulation of the ship and
wind turbine motion in time can be solved numerically using various methods, such as the
Runge-Kutta method or the Adams-Beshforth method. These expressions can be refined
depending on the specific details of the vessel and wind turbine, such as the shape of the hull,
the number of blades on the wind turbine, and the type of propulsion system used to simulate
the motion of the vessel and wind turbine under different operating conditions.

Wind Turbine Power Dependence on Parameters
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Fig. 1. Wind turbine power dependence on parameters

The graph in Figure 1 shows the power output of a wind turbine on a ship as a function
of wind speed and the angle of the turbine blades. The X axis represents the wind speed (in
meters per second), the Y axis represents the angle of the turbine blades (in degrees). The Z
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axis represents the power output of the wind turbine (in kilowatts), which is calculated based
on a given wind turbine power calculation function based on given parameters such as wind
speed and blade angle of attack. This function can be a mathematical model or physical
calculations that take into account the aerodynamic characteristics of the turbine blades, wind
speed and other parameters. Typically, these calculations are based on formulas that take into
account the efficiency of converting the kinetic energy of the wind into the mechanical energy
of the blades and then into the electrical energy of the generator.

The graph demonstrates that optimal levels of power output can be achieved at certain
combinations of wind speed and blade angle and can be useful for optimizing the performance
of wind turbines on ships, as well as for making decisions about blade angle settings to
maximize power production under different wind conditions.

The modeling takes into account the aerodynamic characteristics of the turbine blades,
wind speed and other parameters, such as the angle of attack of the blades and the rotor speed.
This calculation is usually based on appropriate aerodynamic models and formulas that
describe the interaction of turbine blades with air flow. The resulting torque is an important
parameter in the design and performance evaluation of wind turbines. At certain combinations
of wind speed and blade angle, an optimal torque value is achieved, which can be important
when designing and optimizing the operation of wind power plants on ships.

The analysis of the obtained simulation results includes an assessment of the efficiency
of wind energy use in the context of reducing energy consumption and the efficiency of the
ship. The results of the analysis can determine the impact of a wind turbine on vessel
performance, taking into account various conditions such as wind speed and direction, wind
turbine size and characteristics, and vessel design and type. The model allows you to evaluate
the actual reduction in energy consumption and the effectiveness of alternative energy sources
on a floating facility. Navigation characteristics such as speed, controllability, stability and
maneuverability of the vessel are also subject to analysis to identify possible changes or
improvements when using a wind turbine.

The main aspects of the analysis include estimation of fuel savings, changes in the
course angle or speed of the vessel under different wind farm modes of operation, and the
impact on the overall performance and environmental sustainability of the vessel. The results
obtained can be used to optimize wind turbine operation, develop energy saving strategies and
improve the efficiency of offshore vehicles in general.

Conclusion. The study evaluated the efficiency of wind energy utilization on ships,
revealing the significant potential of this method to reduce energy costs and the
environmental impact of shipping. The results showed that wind turbine integration
contributes to improving the energy efficiency of ships and reducing dependence on
traditional fuels. Further research in this area can focus on optimizing wind turbine design for
different types of ships, developing intelligent energy management systems, and studying the
effect of wind conditions on the navigation of ships with installed wind turbines. These steps
can contribute to the further development of environmentally sustainable maritime
transportation and improve the overall energy efficiency of the industry.
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Statement of the problem. It is known that under normal conditions, 20 to 30 % of a
house's heating energy is lost through windows, and these losses can significantly increase
when the surface is exposed to strong winds.

One of the major factors contributing to significant heat loss through windows is free
convection — the movement of fluid within a gravitational field caused by temperature field
unevenness. When the vertical layer's side surfaces (window glass) containing liquid or gas
have different temperatures, it leads to circulatory convective motion within the layer. For
small temperature differences between surfaces, convective heat transfer is considerably less
than that by conduction, indicating a “weak influence” of convection on overall heat transfer.
The “weak influence” threshold is at the Rayleigh number level, defined by the distance
between walls, 103, and for air, with a 10 K temperature difference between surfaces, this
distance is about 0,01 m. However, for many practically important cases with uneven
temperature distribution on surfaces, Rayleigh numbers are significantly higher, and heat
transfer occurs mainly through convection.

The aim of the study is to develop a mathematical model for the movement and heat
exchange of air in a window glazing and to conduct an investigation of the corresponding
velocity and temperature fields under the influence of wind.

The main part of the study. Let's consider the air movement and heat transfer during
natural convection in a flat, enclosed, vertical layer of window double glazing, positioned
between two vertical surfaces of equal height, set at a predetermined distance from each other.

To construct the mathematical model, we will use the classical two-dimensional Navier-
Stokes equations for convective movement and heat exchange within the Boussinesq
approximation [1]. These equations are derived from the general Navier-Stokes equations for
compressible gas, assuming that its density does not depend on pressure but can depend on
temperature, leading to forces that cause convective movement. It is also assumed that
deviations of all thermodynamic parameters from the average values are insignificant.
Changes in pressure and Kinetic energy are not considered in the energy equation.

The boundary conditions for the equations of motion are zero air velocity at the solid
boundary of the calculation area, and for the energy equation, the thermal insulation
conditions at the ends of the double-glazed unit and the third-type boundary on vertical
surfaces (glass surfaces).

Forced convection occurs near the external surface of the double glazing, where wind
speed plays a determining role. On the surface located inside the building, a heat transfer
coefficient corresponding to free convection was specified.

The heat transfer coefficient for forced convection from the external surface of the
window was determined using empirical formula [2].

To solve the obtained system of differential equations, the control volume method [3]
was utilized.
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As a result of the calculation, velocity and temperature fields were obtained, from which
streamlines and isotherms were constructed. These results indicate that the influence of
convection on heat transfer significantly increases as the distance between vertical surfaces
increases. Reducing the distance between the vertical surfaces of the glass leads to significant
inhibition of air movement due to viscous forces and reduction of heat losses, which can be
the starting point for choosing renewable energy sources based on an economic and applied
approach [4].

Conclusion. The constructed mathematical model enables the investigation of velocity
and temperature fields in the window glazing under wind influence and to determine heat loss
during the winter period depending on weather conditions.
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Problem statement. Smart home technologies, often known as “intelligent homes” or
“smart-home” are becoming increasingly common in the modern world.

Building automation systems (BAS) or Building management systems (BMS) are the
basis of smart buildings. Network of sensors, controllers and devices are used in these
systems to automate and optimize building operations, including heating, ventilation, and air
conditioning (HVAC), lighting, security systems, etc.

The smart buildings technologies are used to increase energy efficiency, occupant
comfort, environmental protection, to provide security, access control and also reduce
operating costs.

The beginning of the use of smart buildings technologies can be considered the early of
the 20th century, when thermostats began to be used for regulation of the indoor temperatures
in buildings.

However, significant development of smart building technologies began in the 1980s
due to the global energy crisis and the need to solve energy efficiency problems in the
residential sector of the economy.

In the 1990s, with the introduction of new technologies such as sensors, automation,
and computer systems that formed the centralized building management system (BMS), the
concept of “smart” buildings significantly evolved. New technologies are already allowed to
control various systems in the building, including heating, ventilation, air conditioning, and
lighting.

Since the early 2000s, the number of devices for smart buildings has been rapidly
increasing and uniting by in the concept of “Internet of Things” (loT). 10T devices are
basically smart devices that are connected to the Internet and are able to interact with other
devices via the Internet. While the user can remote access to control the devices according to
your needs.

Purpose of the study. The aim of this work is to highlight the implementation
experience elements of smart building technology in the execution of scientific research and
scientific-technical projects at the Prydniprovska State Academy of Civil Engineering and
Architecture. Additionally, the issues related to Internet of Things (1oT) technology will be
reviewed.

Main results. In the modern world, the majority of everyday tasks are simplified or
automated, and this trend continues to grow with each passing year. Electronics and remote-
control technologies got deeply integrate into the daily lives of contemporary individuals. The
popularity of automated systems, such as “smart homes” is driven by people's desire for
comfort and convenience. One such technology is the Internet of Things (1oT).

The Internet of Things (10T) is a concept of a network that is consist of interconnected
physical devices with embedded sensors, as well as software that enables the transmission and
exchange of data between the physical world and computer systems automatically, using
standard communication protocols. In addition to sensors, the network may include actuators
embedded in physical objects and connected to each other through wired or wireless
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networks. These interconnected devices have the ability to read, process, analyze data and the
system can make decisions according to received data, and can eliminate the need for human
intervention through the use of intelligent interfaces [1].

The main concept of 10T is the ability to connect various objects (things) that people use
in everyday life, such as refrigerators, air conditioners, cars, etc. All these objects (things)
must be equipped with built-in sensors that can process information from the surrounding
environment, exchange it, and perform various actions based on the received information. An
example of implementing such a concept is the “smart home” system. One of the directions of
operation of such a system is monitoring and regulation of microclimate parameters in the
premises of a building without human intervention.

The Internet of Things (loT) has the potential to bring about significant changes in
everyday life, providing ordinary users with an entirely new level of comfort. However, such
smart systems have a both range advantages and disadvantages and dangers.

The advantages of 10T Technology are providing good automation and control between
devices and machine interaction, the saving a lot of time and the saving money by reducing
manual task and time, the increasing quality of life.

The disadvantages of 10T Technology are the lack of international standards for
interoperability, they may become highly complex resulting in failure, 10T devices may get
affected by privacy and security breach, reduced safety for users, reduced of the employment
of manual tasks and job reductions, Internet of Things devices may take control of life in due
course of time with increasing Al technology.

The experience of implementing and using smart technologies in scientific projects
of PSACEA. A smart system for monitoring microclimate parameters was used to evaluate
the efficiency of using thermal accumulators in the greenhouse heating system (Fig. 1).

60,0 120
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Fig. 1. Study of the efficiency of using heat accumulators in the greenhouse heating system:
a) general view of the experimental greenhouse; b) Tinytag Ultra 2 data logger;
c) experimental measurements of the temperature and humidity inside
and outside the greenhouse
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The system consisted of digital sensors Tinytag Ultra 2 TGU-4500 to continuity control
temperature and relative humidity indoor and outdoor of greenhouse during long time and
software for data decryption [2].

Some elements of construction smart technologies have been implemented in PSACEA,
namely: security elements — surveillance cameras both outside and inside the premises,
elements of remote monitoring of heat consumption in the dormitories of the academy,
management of the lighting of the facades and premises of the academy, monitoring of
electricity generation of the solar power plant (Fig. 2).

The following smart building technologies have been realized in a private building in
the village of Slobozhanske 14 WWshneva str.: hybrid solar power plant with a capacity of
15 KW with electricity accumulators and monitoring of electricity generation; heat recovery
ventilators; heated windows (Fig. 3).

T e

Fig. 2. Elements of smart technologies in PSACEA: a) security elements — surveillance
cameras both outside and inside the premises; b) management of the lighting of the facades;
c¢) monitoring of electricity generation of the solar power plant

Fig. 3. Elements of smart building technologies in a private house in the village
of Slobozhanske: a) building facade with solar panels; b) solar system control panel;
c) heat recovery ventilator

In a first energy efficient building in Ukraine Optima House in the village Mykulichi
near Kyiv the complex smart building technologies have been implemented, namely
management of heating, ventilation, and air conditioning, lighting and security systems [3]

(Fig. 4).
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c

Fig. 4. Smart building technologies in Optima House: a) general view of the Optima-House
building; b) daylight visualizer test; ¢) monitoring system of microclimate parameters

The technical solution for a proactive management system of residential buildings has
been developed and realized in the residential complex “Panorama” while to work under the
international project PRECEPT.

The technical solutions are based on smart building technology and provides monitoring
and management of thermal and electrical energy consumption, microclimate parameters
(temperature and humidity), and air quality (carbon dioxide level) [4] (Fig. 5).
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Fig. 5. Smart building technologies in residential complex Panorama:
a) pilot object — Panorama residential complex; b) installation scheme of smart equipment
in a typical apartment; ¢) Schematic diagram of a technical solution for a proactive
management system for residential buildings; d) the controller WebHMI

Conclusion. Smart technologies unclose significantly potential for improving quality of
life. Today, the evolution of smart buildings continues with the development of new
technologies such as edge computing, 5G networks, artificial intelligence (Al), machine
learning, blockchain, and advanced sensors.
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Smart homes represent a significant step towards a more intelligent, convenient, and
sustainable future. With the rapid technological progress, it can be expected that smart homes

will continue to evolve, offering increasingly innovative solutions to better meet the needs of
users.
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Problem statement. As a result of russia's insidious war against Ukraine, thousands of
infrastructure facilities and energetical objects were destroyed or damaged. We are sure,
Ukraine will win this war. Already today, the territories of the country freed from the
occupiers with the destruction of residential and civilian buildings, infrastructure facilities
need restoration. In Ukraine, the Government Plan for the Recovery of Ukraine has been
developed. Ukraine's recovery plan is aimed at accelerating sustainable economic growth. But
this Program outlines general approaches and directions for the recovery and development of
Ukraine. Therefore, it is necessary to develop detailed local programs that contain
organizational and technological approaches to the implementation of restoration works. The
programs must to help local authorities, territorial communities in which housing and social
infrastructure objects were damaged or destroyed as a result of russian armed aggression, to
make decisions regarding the planning and implementation of restoration works and the
development of territories.

Purpose of the study. To develop detailed local program which specifies the National
Programs of the Recovery Plan of Ukraine and contain organizational and technological
approaches to the implementation of restoration works.

Maine results. The war, insidiously unleashed by russia against Ukraine, continues.
russian armed aggression against Ukraine includes: Russia's armed invasion of Crimea on
February 20, 2014, the war in eastern Ukraine (Donbas) since April 2014, and the full-scale
invasion of Ukraine by russia on February 24, 2022.

The war brought many human victims. From February 24, 2022 to January 10,
2024, 10,233 civilians were killed and 19,28 were injured. Human rights activists
claim that up to 700,000 Ukrainian children were forcibly taken to russia. The
kidnapping of young Ukrainians by russia is a crime of genocide. The number of
refugees from Ukraine reaches 6.3 million worldwide [1].

The extent of the destruction of civil infrastructure as of February 20, 2023 is estimated
at 81305 destroyed and damaged objects. More than 44 million square meters of housing
stock worth 39.3 billion dollars were destroyed. As a result of the russian armed aggression
against Ukraine on June 1, 2022, Ukraine lost 35 percent of its GDP, and direct losses from
the war already exceed 600 billion dollars. The World Bank estimated Ukraine's losses from
the war at 350 billion (as of June 1, 2022).

But the war will still end with our victory and it will be necessary to rebuild the country.
In Ukraine, the Government Plan for the Recovery of Ukraine has been developed [2]. Within
the framework of the plan, a list of 17 National programs for achieving key results has been
determined. Among the National programs, 5 of them directly affect the construction sector of
the economy: Strengthening defense and security; Reconstruction of a clean and protected
environment; Energy independence and the Green Course; Restoration and modernization of
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housing and infrastructure of the regions; Restoration and modernization of social
infrastructure.

The construction industry will play a key role in the recovery of Ukraine. It is known
that the level of development of construction speaks about the economic development of the
country and the standard of living of its population. The share of construction in the GDP of
Ukraine in 2010 was 8 %, today it is slightly more than 2 %. In EU countries, according to
2019 data, the industry provides 9 % of GDP. Construction during the three months of the war
was reduced by 70 %, the cost of construction increased by 20 % [3].

We have developed the Program “Regenerative industrial construction (restoration of
destroyed) objects of the social infrastructure of Ukraine using recycling and distributed
energy technologies”, which specifies the National Programs of the Recovery Plan of
Ukraine. The program is designed to help local authorities, territorial communities in which
housing and social infrastructure objects were damaged or destroyed as a result of Russian
armed aggression, to make decisions regarding the planning and implementation of
restoration works and the development of territories. The program includes technologies and
organization of restoration works of infrastructure objects of Ukraine.

Main features of the Program:

1. Focus on low-rise construction. Energy-efficient reconstruction. Three zero buildings
— ZEero energy, Zero emissions, zero waste.

2. Industrial (factory-made) architectural-constructive-technological systems of
buildings to ensure high rates of construction.

3. Technologies of recycling (reusing) materials of destroyed buildings and structures.

4. Creation of a network of distributed small industrial productions, close to the places
of destruction areas and construction sites for the rationalization of transport costs.

5. Use of distributed (decentralized) energy systems using renewable energy sources to
ensure autonomous production.

Organization of the implementation of the stages of the Program:

1. Assessment of the amount of destruction of social infrastructure objects of a separate
region or city of Ukraine as a result of the war.

2. Diagnosis and evaluation of the local scale of the destruction of social infrastructure
objects by robotic and IT technologies for the selection of machines and mechanisms for the
dismantling of destroyed objects.

3. Diagnostics and assessment of the technical condition of damaged buildings and
structures for the development of capital repair technologies, strengthening, and
reconstruction of structural elements of structures.

4. Development of detailed local programs for the restoration of destroyed social
infrastructure facilities with the involvement of local authorities and territorial communities.

5. Development of detailed area plans (DPT) — urban planning documentation of the
local level and land management documentation, which determines the planning organization
and development of the territory.

6. Design of objects of housing and social infrastructure with the development of
estimate documentation to determine the necessary amounts of financing.

7. Restoration of damaged buildings and structures in non-emergency technical
condition (overhaul, strengthening, reconstruction).

8. Dismantling of buildings and structures that are in an emergency technical condition
and completely destroyed.

9. Creation of distributed energy systems of production, transformation, storage and use
of energy for the production process.
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10. Construction of local technological lines for the production of industrial elements
and building structures.

11. Determination of construction organizations for construction works.

12. Restorative construction (restoration of destroyed) objects of social infrastructure

Reconstruction of the country after the war will be a great challenge for our
state in its history. The restoration of Ukraine is not the reconstruction of Ukraine
to the pre-war state, it is a comprehensive transformation, a deep modernization of
the country. That is why the construction industry of Ukraine should be the
locomotive of innovative reconstruction of infrastructure facilities. The main
criteria for evaluating this process will be the quality and speed of reconstruction.
It is possible to achieve this through the introduction of modern construction
methods using construction products of industrial (factory) manufacture in
combination with the most modern design approaches based on BIM technologies

[4].

Conclusion. 1. Developed the Program “Regenerative industrial construction
(restoration of destroyed) objects of the social infrastructure of Ukraine using
recycling and distributed energy technologies”, which specifies the National
Programs of the Recovery Plan of Ukraine.

1. Modern organizational and technological solutions are proposed to speed up
renovation works, reduce construction costs, ensure energy security, and provide
modern energy-efficient architectural solutions for residential buildings: low-rise
residential buildings; energy-efficient buildings; industrial (factory-made) architectural-
constructive-technological systems; recycling (reusing) materials of destroyed buildings;
distributed small industrial productions, close to the places of destruction areas and
construction sites; distributed (decentralized) energy systems using renewable energy sources.

2. The main organizational and technical stages of work execution according
to the program are defined.
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Problem statement. The concept of “Smart Home Technologies” today is associated
with a network of various sensors, controllers and devices to automate and optimize functions
in buildings, including heating, ventilation and air conditioning, lighting, security systems,
etc. Along with the undeniable advantages of smart building technologies that improve the
quality of life, they may become highly complex resulting in failure. Therefore, along with the
development of high technologies, it is advisable to use processes that occur in living nature.
We think no one will deny that it is nature that has created the most perfect technologies.

One of the elements that supports life on Earth is carbon. Along with oxygen, it is the
most common in the human body and biosphere. The life on earth is sustained by the process
of photosynthesis. Photosynthesis is the process by which plants use sunlight, water, and
carbon dioxide to create oxygen and energy in the form of sugar [1].

Modern achievements in materials science make it possible to create concrete carbon
composites, which are energy-harvesting systems that imitate natural processes.

Purpose of the study. The purpose of this research is to identify the possibilities of
creating “smart” concrete, which, thanks to the properties of electrical conductivity, thermal
conductivity, electromagnetism, and piezoresistive properties, can be used to create hybrid
structures with systems for monitoring the structural condition of load-bearing structures;
energy generation, transformation and storage; perform the functions of lighting, heating and
heating systems of buildings.

Maine results. Carbon in natural and modified forms (Table 1-3) is widely used in
industry [2]. The invention of graphene and its modifications creates new possibilities within
materials technology and electronics.

Graphene is an allotrope of carbon consisting of a single layer of atoms arranged in a
hexagonal lattice nanostructure [3]. The name is derived from “graphite” and the suffix-ene,
reflecting the fact that the graphite allotrope of carbon contains numerous double bonds.

Single-layer graphene was explored theoretically in 1947. But only in 2004 Konstantin
Novoselov and Andre Geim (University of Manchester, United Kingdom) successfully
produced this material, graphene, and mapped its properties: incredibly thin but still
incredibly strong, good heat and electrical conductivity, almost entirely transparent yet very
dense. At 2010 Andre Geim and Konstantin Novoselov was awarded The Nobel Prize in
Physics “for groundbreaking experiments regarding the two-dimensional material graphene”.

Despite its relatively young age, 20 years, graphene and its modifications are used today
in many industries, including construction.

Prospective directions of use in construction are composites and energy. On the basis of
graphene and its modifications, as well as carbon materials, composites with outstanding
properties have already been obtained. Thus, on the basis of the assembly of graphene and
carbon nanotubes (CNTSs), ultra-flyweight aerogels (UFAs) were obtained, which are
7.5 times lighter than air and can be used as an ultra-effective thermal insulating material [4].
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Table 1

Natural carbon forms

graphite diamond lonsdale — diamond

Table 2
Amorphous carbon modifications

carbon black activated carbon

Table 3

peat brown coal anthracite oil shale oil gas
coal

Carbon fiber composite materials, also known as carbon fiber reinforced plastics
(CFRP), are composite materials made of carbon fibers and resin (mainly epoxy resin) [5].
Carbon fiber can also be referred to as graphite fiber or carbon graphite. As light, strong, and
hard materials, they are used in wide range of applications. In Construction Carbon Fiber
Fabric is used: for Precast Concrete Construction, as Reinforcement, in Bridge Construction.

On the basis of the concrete matrix and functional fillers with physical effects, it is
possible to obtain smart — concretes and, first of all, energy-generating and energy-storing
ones. Combination in a certain way the most used artificial material in the world, cement,
whose age reaches two thousand years, with technical carbon it is possible to obtain an
electrically conductive nanocomposite, a supercapacitor or a battery.

Thermoelectric Generators (TEGS) [6]. are devices generating electrical power directly
from thermal energy. The thermoelectric properties of cement-based materials have been
achieved using certain types of additives, such as carbon and steel fibers, carbon nanotubes,
graphite and metal oxides.

Pyroelectric behavior refers to the change in electric polarization in a material due to a
change in temperature. In this way, thermal energy is converted to electrical energy and
concrete becomes a smart material [7].
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When piezoelectric materials are added to concrete, the produced concrete has the
ability to convert mechanical energy into electrical energy. Piezoelectric cement is composite
comprising 50 % lead plumbum zirconate titanate (PZT) particles [8].

The principle of operation of Conductive concrete [9] is the absorption of
electromagnetic waves of a certain length and their transformation into thermal energy or
shields against damaging radiofrequency electromagnetic field or Electromagnetic Pulse. The
conductive concrete mix, which was developed at the University of Nebraska, contained
1.5 % of steel fibers and 20 % of steel shavings per volume. The steel fibers and shavings that
were added to a regular concrete mixture aimed to achieve the required electric resistivity for
electrical resistance heating.

Light-emitting concrete is a type of energy harvesting concrete that possesses the ability
of absorbing and storing external light (natural light or artificial light) radiation energy, and
then releasing the stored energy in the form of visible light in darkness [10].

Thermal-storing concrete has the ability to collect, store, transport, and release thermal
energy by means of energy conversion inside the material. It use Phase Change Materials
(PCMs) [11].

Self-sensing concrete is a smart concrete technology that can sense the stress, strain, and
damage in itself. It is also called as self-monitoring or piezoresistive, or pressure-sensitive, or
intrinsically smart concrete. Piezoelectric cement, carbon nanotubes (CNT), carbon fibers
(CF) are used as components in such concrete [12].

Self-healing concrete is a process in which the material repairs itself by repairing
internal cracks. This process can occur through autogenous or autonomous healing. Special
admixtures or bacteria are introduced into such concrete during production.

Conclusion. Smart concrete provides an opportunity to create multifunctional building
structures that combine both traditional functions — load-bearing and enclosing, as well as
functions of generation, storage and transformation of electrical, thermal, electromagnetic,
mechanical, and light energy. In this case, they act as generators of electrical energy, heat
energy, accumulators of electricity, thermoaccumulators, elements of protection against
electromagnetic fields, have functions of self-diagnosis of the technical condition, as well as
self-healing from defects and damage in the form of cracks.

Today smart concretes with the help of innovative technologies imitating natural
processes make it possible to create smart houses.
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Problem statement. Electrically conductive concrete [1] is a promising direction in the
creation of smart concrete. In this case, they can act as generators of electrical energy, heat
energy, accumulators of electricity, elements of protection against electromagnetic fields.

The mechanism of electrical conductivity in composite electrically conductive materials
is quite complex. In the simplest case, charge transfer can occur through direct contact
between aggregate particles. Therefore, electrically conductive concrete must contain an
electrically conductive aggregate. Electrically conductive aggregates can be combined into
two main groups: a) metal; b) carbon [2].

One of the most important criteria for the filler of electrically conductive composites is
availability and low cost. Therefore, it is advisable to use inexpensive electrically conductive
fillers. These conditions are most fully satisfied by carbon fillers. Carbon, like a metal, has
electronic conductivity. Carbon fillers include soot, graphite, carbon black, coke. These fillers
are cheap, available in any region, and have low electrical resistivity. Currently, there is no
generally accepted method for determining the electrical resistivity of electrically conductive
fillers, so its development and testing is necessary.

Purpose of the study. The purpose of this research is to create a method for determining
the resistivity of electrically conductive fillers, test the technique and experimentally
determine the electrical resistivity of some carbon fillers for electrically conductive concrete.

Maine results. The essence of the method for measuring the electrophysical parameters
of electrically conductive fillers is to measure the resistance of a filler column enclosed in a
dielectric tubular matrix between two conductive punches under a pressure of 1 MPa with the
passage of direct current.

Equipment. To carry out measurements, the following are used: 1) a direct current
source — charger, adapter or battery; 2) multimeter for measuring electrical voltage,
multimeter for measuring electric current; 3) laboratory press providing a pressure of 1 MPa;
4) a matrix with punches to which electrical conductors are connected.

Testing. A sample of electrically conductive material is loaded evenly into a matrix with
a lower punch. The upper punch is inserted into the matrix with electrically conductive
material. The matrix with punches and insulating gaskets is inserted into the press. Press
loading is carried out with a force that provides a pressure of 1 MPa on the material. After 1
minute after loading, the punches are connected to the measuring circuit. The measurement is
repeated for three samples of the same batch of electrically conductive material.

Processing the results. The value of conductor resistance can be determined using the
formula of Ohm's law:

R=UI, D)
where: R — resistance in ohms, Q; U — voltage in volts, V; | — electric current in amperes, A.
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It was experimentally discovered that the resistance value of any conductor is directly
proportional to its length and inversely proportional to its cross-sectional area. In other words,
the longer the conductor and the smaller its thickness, the greater the resistance of the
conductor. In formula form it looks like this:

R = p*L/A, (2)
where: L — length, m; A — cross-sectional area, m?; p — resistivity, Ohm m.
p = R*A/L. (3)

The final resistivity result is taken as the arithmetic mean of all measurements.

For testing, we used coke breeze [3] with a maximum grain size of 5 mm and carbon
black [4] (Fig. 1).

A polypropylene pipe 260 mm long with an internal diameter of 23 mm was used as a
matrix. A screw press equipped with a dynamometer was used as a loading device.

A battery charger and a rechargeable battery were used as a current source.

A multimeter for measuring electrical voltage and a multimeter for measuring electric
current were used (Fig. 2).

a b
Fig. 1. Electrically conductive material for testing: a) carbon black; b) coke breeze

multimeter

SCrew press

battery charger

dynamometer

multimeter

Fig. 2. Equipments for testing the electrical resistivity of electrically conductive fillers
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The results of tests performed to determine the electrical resistivity of electrically
conductive fillers are shown in the Table 1 and Table 2.

Table 1
The testing results the of coke breeze electrical resistivity
Specimen | Temperature, | Current, | Voltage, | Moving/ Resistance, | Resistivity,
°C mA \Y length, Ohm Ohm*m
mm
Charging device
1 18 7,64 13,06 4-246 1709 2,88
2 18 7,49 12,94 7,7-242,3 1727 2,96
3 18 7,58 12,28 7,6-242,4 1620 2,77
Accumulator battery
1 18 8,59 12,75 8,1-2419 1484 2,54
2 19 8,84 12,69 7,1-2429 1436 2,45
3 22 7,84 12,73 9,5-240,5 1624 2,80
Average value 2,73
Table 2
The testing results the of carbon black electrical resistivity
Specimen | Temperature, | Current, | Voltage, | Moving/ Resistance, | Resistivity,
°C mA \/ length, Ohm Ohm*m
mm
Charging device
1 18 3,06 13,06 26,1/224 4 268 7,90
2 18 3,71 12,94 22,0/228 3488 6,35
3 18 3,11 13,10 24,0/226 4212 7,73
Accumulator battery
1 18 3,33 12,86 22,8/227,2 3862 7,05
2 18 3,11 12,92 21,5/228,5 4154 7,54
3 18 3,40 12,90 24,2/225,8 379 6,97
Average value 7,26

Conclusion. 1) A methodology for determining the conductive characteristics, namely,
the resistivity of bulk materials for the production of conductive concrete, has been
developed.

2) Tests were carried out and data on the resistivity of carbon black (7,26 Ohm*m) and
coke breeze (2,73 Ohm*m) were obtained.

3) The obtained results prove that the conductive properties of coke breeze are 2.7 times
higher than those of carbon black.
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Problem statement. Constructions of basements are damaged during operation and need
to be reinforced. Significant consequences for the structures occur when the premises are shut
down (heating, ventilation, etc.) and from the effects of influences, including aggressive ones.
The determination of the technical condition of structures and the design of repairs and
reinforcements is carried out following regulatory documents [1-3]. Studies of the technical
condition of structures and measures for their repair and restoration are carried out by a wide
range of researchers, including [4—8].

Purpose of the study. Given the need to return the special-purpose basements to
operation, the question arose of determining the technical condition of the structures of such
premises. Identification of priority repair measures will allow us to resume the operation of
the premises with minimal time.

Maine results. Using the example of the basement under assessment, we will consider
options for restoring its operation. The walls and foundation slab of the basement are made of
monolithic reinforced concrete, and the floor is precast monolithic. The floor was covered
with soil and grass was sown on top of it. The waterproofing is made of fiberglass fabric in
2—-3 layers, which should work in the event of a malfunctioning water drainage system.
According to the project, the water drainage is arranged in the form of a ring drainage located
at a depth of 6-7 m from the surface below the base of the foundation slab. The drainage
consists of round asbestos-cement pipes with slots every 30 sm, laid in trays and covered with
coarse and medium-grained sand. The slope of the pipes near and i = 0.005. Wells are made in
the corners of the basement and the middle of its long sides.

The main damage of the basement was water permeability at the time of the assessment,
the water level was + 20—30 mm, but judging by the locked plaster, the water was at a level of
about 600—700 mm (Fig. a). This level of flooding can be explained by both the termination
of the external drainage water separator located around the building and the water
permeability of the precast and monolithic reinforced concrete enclosing structures of the
foundation slab and walls.

Years of being in a semi-flooded condition in the basement led to the following damage:

1. Destruction of floor structures (rotting, etc.) (Fig. a, b);

2. corrosion wear (up to 100 %) of metal structures of networks - ventilation, heating,
water supply, electricity, sewage (Fig. b, c, d);
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3. corrosion damage to the working reinforcement of precast concrete roof panels.
Corrosion thickness of 1-2 mm, formation of pitting, damage to protective plastering, and
efflorescence (Fig. c, d);

4. accumulation of semi-rotten garbage — the remains of furniture and equipment
(Fig. a, b).

The condition of the load-bearing building structures can be assessed as condition 3 —
unsuitable for normal operation, and the condition of all networks — condition 4 — emergency,
destroyed.

c d
Fig. The main damage of the assessed basement

Given that the damage to the basement was caused by the cessation of operation
(cessation of water lowering works, water pumping in the 90s of the last century, cessation of
heating, etc.), it can be noted that the restoration of the basement requires not only one-time
investments for repairs but also constant costs (for pumping, heating) to maintain the working
condition of the basement. When deciding on restoring the properties of a basement, one
should also take into account the constant subsequent costs of maintaining it in working
condition.

So, to restore the basement, the following measures can be recommended:

1. Installation of low-voltage safe lighting (for wet working conditions).

2. Removal of debris and floor residues, corroded networks, and destroyed plaster.

Next, we can offer 2 options for resuming the operation of the basement.

The minimum cost option:

3. Restore the water intake sumps, as an option, it is possible to arrange backfilling with
80 mm crushed stone, and a new reinforced concrete floor of 60—80 mm with water intake
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tanks, from which water should be pumped out with drainage outside the basement,
preferably into the drainage system.

4. Restore ventilation (exhaust and supply). If change the purpose of the basement is, it
is possible to arrange natural aeration.

These works will make it possible to use the object immediately after its completion
(costs -—lighting, water pumping, ventilation).

Major overhaul option:

The following measures are recommended to be added to the above measures 1—4:

5. Restoration of drainage and external water reduction.

6. Repair of the basement roof:

— Removal of soil embankment;

— restoration of waterproofing (gluing of waterproofing, asphalt concrete screed);

— installation of polystyrene concrete thermal insulation 300 mm thick,
Yo = 100—150 kg/m?;

— asphalt concrete screed & = 60—80 mm;

— backfilling with clay and soil mixture 400—500 mm.

7. Restoration of heating in the basement.

8. Restoration of water supply and sewerage networks.

9. Restoration of interior decoration.

10. Restoration of furniture and equipment.

To perform work under the first option, an estimate and a defective act are sufficient.

The second option requires a detailed project and expert evaluation.

Conclusion. If it is necessary to quickly return basements to operation, it is important to
take minimum measures to ensure trouble-free operation of the structures. All measures
should be taken following [9]. This includes strengthening the structures whose damage were
identified during the assessment and ensuring appropriate operating conditions (water
drainage, ventilation, lighting). When planning major repairs, it is necessary to execute design
and estimate documentation that will include, in addition to the above, repair and
strengthening of structures, restoration of networks (heating, water supply, sewerage), interior
decoration, and equipment of premises.
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Problem statement. The small communes with low population are the most widespread
settlements in central regions of France. The social and economic decline has been observed in most
of such settlements since the second half of the 20th century. The economic decline was triggered by
the closure of industrial production facilities and a significant decline in mining activities caused by
the low-quality raw materials, the changes in the technological characteristics of production, the lack
of sufficient interregional transportation routes, and the lack of industrial facilities related to these
industries. These regions have been facing a demographic crisis, with the average age of the
population is more than 50 years old. The young people are leaving for more developed regions in
search of better job opportunities and a more comfortable socio-cultural environment.

In 2000, the region prefecture decided to conduct a study to ensure the safety of the industrial
zone and to chart a further course for the urbanization of post-industrial areas [1].

Purpose of the study is to assess and identify the main directions of economic
development for depressed post-industrial regions and to propose the measures for their
revitalizing.

Main results. The teachers and students from the PSACEA actively researched the town
urban problems in the French towns with abandoned mining industries. They developed the
proposals to preserve or restore the industrial heritage buildings and structures in small towns,
to revitalize the urban areas, and to create the favorable and comfortable conditions for
attracting new residents to the region. These proposals will help to enhance demographic
stability and economic attractiveness.

= Lavaveiu-Les-Mines, 23150
PROJET URBAIN :
Les Atallers de la Mine
Le Bourg de Lavavelx

Une bcholle globale / Des pevjors locons

dereVt

.lo, & 1
Workshop avril/Aodt 2022

Fig. 1. Project proposals cover page for the revitalization of a post-industrial city [2].
Photo of a coal mine (late 19th and early 20th centuries)

The revitalization of a post-industrial urban areas includes measures which aimed to the
organization or restoration of a lively social life in a settlement by the changing of functional
purpose of buildings and structures in order to reveal and use their capabilities.

The small towns, that were formed around industrial facilities, have a rich heritage in
the form of industrial buildings and structures. These objects can be attractive to organize
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tourist routes, museum complexes, sports and entertainment centers. The spaces for meetings,
festive events, library, office premises, laboratories, cafes, shops or workshops can be created
in such buildings [3; 4].

A N

Fig. 3. Site plan for the reconstruction of a complex of workshops for the repair of mine
equipment [2] and a fragment of the workshop interior

An equipment store, a second-hand goods shop, a library, an office space, a hall for
various events and a café-bar were located in the old mine equipment repair workshops
according to recommendations. A laboratory for testing the quality of agricultural products
and a vegetable shop will be also planned in this location.
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Fig. 4. Mine equipment and tool repair workshops

Conclusion. In the result of the internship, the demographic situation of French town
with abandoned industrial infrastructure was studied. In addition, the main transport routes,
territorial and geological possibilities for city development and place for leisure activities
were identified. In compliance with the requests of the mayor's office and inhabitants,
sketches of reconstruction and reorientation of existing commercial, public and residential
buildings were proposed [2]. The project conception of a recreational space for organizing
sports, recreational, entertainment and leisure activities was also suggested. The main
directions for the tourism development in this region were identified.
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Ilocmanoeka npoonemu. €BPONEHUCHKI TOCTIHKCHHS OCTaHHIX POKIB MOKa3aiH, 10 B
OinpriocTi kpaiH moHax 40 % TNEpBHHHUX EHEPropecypciB CHOXKHUBAETHCS SKUTIOBHUMHU
OCBITHIMH,  COLIaJbHO-aAMIHICTDAaTUBHUMH  OyAiBISIMH Ta JIKApHAMHU. 3MEHIICHHS
CIIO)KUBAHHS €HEPropecypciB y OyIiBISAX PI3HOTO MPHU3HAYCHHS — 0COOMMBO akTyaiabHe. Kpim
TOrO, 3a0e3MeueHHs] EHEpreTHYHOI E(EeKTUBHOCTI BCiX THHIB OyniBenb CTa€ OCOOIUBO
Ba)KJIMBHUM Y TI€PiOJl BiTHOBJICHHS Ta OHOBJICHHS YKpaiHU.

3HIKECHHS CIIOXKHMBAHHS eHeprii B OyiBiasx OOyMOBIIOE aKTHBHY PO3POOKY HOBHUX
KOHCTPYKIII ~ OymiBeNlb,  TEXHIYHUX  pilleHb  JUI1  JIOJIAaTKOBOTO  TEPMO3aXHCTY
OTOPOIKYBaJbHUX KOHCTPYKIIN 1 0COOIMBO CBITIONPO30PUX MPOPI3iB 3aJE€KHO BiJl HOTOTHUX
Ta KJIIMaTHYHUX YMOB €KCIUTyaTallii, morpedye po3poOKu HOBOT KIIIMAaTUYHOI TEXHIKH, CUCTEM
JUIs TIATOTOBKM Taps4oi BOAM 1 HOBHMX IHTEJEKTyalbHHX 1H(POPMALIHHUX TEXHOJIOTIN
YIpaBIiHHSA MIKPOKIIMATOM B TNpUMIIICHHSIX OymiBens. Y kpaimax €C Oyna mpuitHsATa
HupextuBa 2010/31/€C EPBD 2 «Ilo Eneprernunomy 3abe3mnedcHHio OymiBenab» [1-3].
Meror Ilpuitaarts JupektuBu Oyj0 MOCHICHHS BHUMOT JIO CHEPreTHYHOi e(eKTUBHOCTI
OymiBeb.

OcHoBHE 3aBAaHHS HOBHUX IH(OpPMAIIMHUX TEXHOJOTIM YMpaBIiHHA — II€ KepyBaTH
TEHEPALi€I0 Ta CHOKMBAHHAM TEIUIOTH 1 XOJIOMY Ui 1HKEHEPHHX CHCTEM MiKpOKIJIIMATY,
TCHEPAILII€I0 Tapsv0l BOAM JUIS MOTPEO JIFOMUHM, CIIOKHBAHHSIM €IIEKTPOSHEPTii Ta BOIHOYAC
MiHIMI3yBaTH BUTPaTH EHEPrOpeCypCiB.

OCHOBOI JUIsS PO3POOOK IHTENIEKTYaJbHUX CHCTEM YIPABIIHHS € Pe3ylbTaTd poOoTH
€BpOIEHCHKOTO MPOEKTY 31 CTBOPEHHS «IHIMKAaTOpa IHTENEKTYalbHOT TOTOBHOCTI» OyiBii —
SRI — «Smart Readiness Indicator» ta konuenmii yrnpasainas «Posymuamii gim» [3—5]. Taxi
IHTEeNEKTyallbHI CHCTEMH YTPABIIHHS JalOTh 3MOTY TEHEpyBaTH Ta CIIOKHUBATH EHEPTiio
MPUMIIIEHHSAMH B OYIIBIIAX Y HEOOXITHOMY 00Cs31 Ta B MOTPiOHMI Yac 1 BiAMOBIAHO 3HAYHO
3HU3WUTH CIIOKUBAHHS €HEprii.

Mema po6omu TmonATaE B aHANI3l MOMJIMBOCTI BHKOpPUCTaHHs «IHaMKaTopa
IHTEJIEKTyJIbHOT TOTOBHOCTI» SRI OymiBmi aisi yXxBalieHHS pillleHb IOJ0 BIPOBADKEHHS
E€HEproe()eKTUBHUX IHXKCHEPHUX CHUCTEM Ta IHTEJICKTyallbHUX CHCTEM YIPaBIiHHS
KJIIMaTHIHUMH 1HKEHEPHUMHU CUCTEMaMHU Oy/liBeIb.

Ocnoena wacmuna.

OcHOBHa cTpareris MiABUIICHHS €HEProeQeKTUBHOCTI Oy/iBeNlb — 1€ YIOCKOHAJCHHS
TEXHOJIOTIH 3 TEepMOMOJEpHi3allii OymiBelb, BUKOPHUCTAHHS KOMOIHOBAaHMX KIIMaTHYHUX
IH)KEHEpHUX CHUCTEM, BHMKOPHUCTAHHS €(EeKTUBHUX CHUCTEM TeHepamii rapsdoi BoOaWM Ta
€JIEKTPOCHEPrii, BIPOBA/PKECHHS 1HTEIEKTyaJbHUX CHCTEM YIIPaBIiHHS TeHEpaIi€ Ta
CTIO)KMBAaHHSM TEIUIOBOI Ta €JIEKTPUIHOI eHeprii.

Taka cTparterisi moysira€e B TOMY, IO 3HW)KCHHS CHEPrOCIIOKUBAHHS 3IIHCHIOETHCS 3a
paxyHOK BHKOPHCTaHHsS €HEprii TUIBKM B Ti MOMEHTH, KOJHM B IIbOMY € HEOOXIJTHICTH Ta B
MiHIMaJbHO HEOOXITHOMY OOCS31 I JOCSTHEHHS I[Iel CIIOKUBAHHS €HEpTii.

Inmukarop iHTEenmektyanmpHOi TOTOBHOCTI SRI OymiBmi abo OymiBenbHOTO OJIOKY
BHUPAXKAETHCS Y BIACOTKAX, IO BiAOOpa)ka€ CIIBBIIHOIICHHS MiX «PO3yMHOIO» TOTOBHICTIO
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OyniBim abo OyIiBETBHOTO €JIEMEHTY MOPIBHIHO 3 MaKCUMAaJIHHOI «PO3YMHOI0» TOTOBHICTIO,
K01 BIH MOXe JOCATTH. [HauKaTop iHTenekTyanbHoi rotoBHOCTI SRI cTpykTypoBaHMii Takum
YHHOM, 10 MOYXKE OI[IHIOBATH «PO3YMHICTB» TPhOX TpyH iHpOpMaIii moxo crany Oymisii Ta ii
MELIKAHIIB.
1. Tpu KI1H040B1 MOXKIIUBOCTI «PO3YMHO1» TOTOBHOCTI Oy/iBJIL:
EneproedekTHBHICTh Ta €KCIUTyaTallisl.
PearyBanHns Ha moTpeOn MEIIKAHIIIB.
EnepreruuHa rHy4KiCTb.
CiM kpuTepiiB BILTUBY pO3yMHOi TOTOBHOCTI:
EneproedexTuBHICTb.
Texniune o0CITyroByBaHHS Ta MPOTHO3YBAHHS BIAMOB-HECTIPAaBHOCTEH 001aIHAHHS;
Komdopr.
3py4HICTb.
[HdopMmalis 11 MEIIKAHIIIB.
310pOB's Ta CAMOIIOYYTTS.
I'HyukicTh Ta 30epiraHHs €HEeprii.
JIeB'SITb TEXHIYHUX MOCIYT «PO3yMHOI TOTOBHOCTI»:
OnaneHHsl.
Ox010/)KEHHS.
I"apsiue BomonocrayaHHs.
KoHTponroBaHa BEHTHIIALIIS.
OcBiTJIEHHS.
» JluHaMi4Ha OrOpOIKYBaJIbHA KOHCTPYKIIis.
» Enexrpuka.
» 3apsjka enekTpoMoOiiB.
» MOHITOPHHT Ta KOHTPOJIb.

[Tocmyru «po3yMHOI TOTOBHOCTI» OIIIHIOIOTHCS 1HAMBIAyanbHO. [locayry, siki ToCcTymHi
B Oy/iBJIi, 0OCTE)XXYIOTHCS 1 BU3HAYAETHCS PIBEHB iX (YHKIIOHATBHOCTI. [[1s KOXKHOI OKpemoi
MOCITTYTH BU3HAYAETHCS OIIHKA BIUTUBY, JJISi KOKHOTO 3 CEMH KPUTEPIiB BILIUBY.

Jns orpumanus 3HaueHHS SRI pospaxoByroTh orinky BimiuBy N. IlToTiM 1s orfinka
BIUIMBY HOPMaJIi3y€ThCS LUIAXOM JUIEHHS i Ha MaKCUMAaJIbHO JIOCSYKHE 3HA4EHHS Jlii-3aX01y
Ha KOHKpeTHY OyziBmto. Lle criBBiIHOIIEHHS, BUpakeHE Y BIJICOTKaX, 1 € SRI.

Ominka BruBy N BH3HAUa€THCSI HACTYTHUM YHHOM:

N=Axa+Bxb+Cxc+Dxd+Exe+Fxf+Gxg,

VVVVY VVVVVVYVY VYVYY

ne: N — 3aranbHa orinka BruuBy SRI, 3BajkeHa oIliHKa MO MOCIYTror; A — OIliHKA BIUTHBY
(0—100) nnst exoHomii eneprii; B — ominka BrumBy (0—100) 3a THYYKICTB 1 30epiraHHs €Heprii;
C — ominka BBy (0—100) 3a xomdopt; D — ominka BrumBy (0—100) mns 3pydHOCTI;
E — ominka BrumBy (0—100) Ha 3mopos'st 1 Gmarononyyusi; F — ominka Brumsy (0—100) ams
NPOTHO3YBaHHsS TEXHIYHOTO 0OCIyroByBaHHs i HecnpaBHOCTi; G — ominka BBy (0—100)
s iHpopMarii MemkaHuiB Oyaiii; a — BaroBuil koedimient BBy (0—100 %) ms
exoHoMil eneprii; b — BaroBuit koedimient BBy (0—100 %) mist THYYKOCTI i 30epiraHHs
eHeprii; C — Barouii koedinient BumBy (0—100 %) mis komdopry; d — BaroBuii koedilieHT
BBy (0—100 %) mist 3pyuHocTi; € — BaroBuit koediuieHT BmuBy (0—100 %) Ha 310poB's 1
Onaromonyyusi; f — BaroBumit koedimient BBy (0—100 %) mms oOciyroByBaHHS Ta
NpPOTHO3YBaHHs HecnpaBHOCTI; § — BaroBuil koedinieHt BBy (0—100 %) mo indopmaii
MENIKAHIIB Oy/TiBIIi.

Junamiuna 3MiHa OaraTthboX MapaMeTpiB MIKPOKIIMATy 3a KOPOTKMH Tepion yacy €
CYTTEBOIO OCOOJIMBICTIO PO3POOJICHHS Ta 3aCTOCYBaHHS IHTENEKTYaJIbHOTO YIPABIiHHS
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CUCTEMaMM ONAJICHHS, BEHTWIALII Ta KOHJIWLIIOBAHHS MpHUMIIIEHb OyauHKy. Taki cuctemu
KEpYBaHHS € CKJIa/I0BOIO YACTUHOIO 3arajlbHOI CUCTEMH YIpaBIiHHS «Po3yMHUI OyTUHOKY.

BaxnuBy ponab y BHMKOHaHHI IOCIYI pPO3yMHOI TOTOBHOCTI OyAiBIi BIAIrpae
3aCTOCYBaHHS KOHLEMI] 1HTeNIEeKTyaJbHOro ympaBiiHHA «Po3yMHui nimM», ska nepeadauae
IHTETrpaIlifo HACTYITHUX CUCTEM B €JIMHY CUCTEMY YIIPaBIiHHS Oy/IiBIICIO:

> CucteMy onajieHHsl, BEHTHIISLIT Ta KOHIUI{IOHYBaHHS.
> Cucremy resepatii 1 akyMyJIFOBaHHS TEIUIOBOI Ta €JIEKTPUYHOI €HEPTii.
> OXOpOHHO-TIOKEKHY CUTHANI3AIlI0, CHCTEMY KOHTPOJIO JOCTYIy B IMPHUMIILICHHS,

KOHTPOJIIO MPOTIKAHHS BOJH, BUTOKIB rasy.

> CucreMy Bi/IeOCIIOCTEPEIKECHHS.

> Mepexi 3B's13Ky (30Kpema TenedoH 1 JIokaabHa Mepexa Oy IiBiIi).

> CucteMy OCBITJICHHS.

> Cucremy enextpoxuBieHHs Oynisii (ABP, mpomucnosi JIbX, musens-reneparopn).
> Mexanizariito OyaiBii (10JaTKOBUMH 30BHIITHIMHA OTOPOIKCHHIMH,
BiJTUMHEHHS/3aUNHEHHS BOPIT, UIar0ayMiB, €JIEKTPOMIAIrPiB CXOAMHOK TOIIIO).

VY1paBiiHHA 3 OJJHOTO MICIIS ayai0-, BIIEOTEXHIKOO, JOMAIIHIM KiIHOTEaTpOM.
Tenemerpiro — BifganeHe CTEKEHHS 3a CHCTEMAaMHU.

IP-moHiTOpUHT 00'€KTa — BijIajieHe KEpyBaHHs CHCTEMaMH Yepe3 MEPEKYy.
GSM-MoniTopuHT — BinganeHe iHGOPMYBaHHS MPO IHIMACHTU B OyIUHKY (KBapTHUDI,
odici, 00'ekTi) 1 yIipaBIiHHS CHCTEeMaMH OyAMHKY depe3 TeledoH.

> Binnanene kepyBaHHS €JEKTPONPHIAJAaMH, NPUBOJAMH MEXaHI3MiB 1 BciMa
cUCTeMaMH aBTOMAaTHU3aIlil.

Bucnoeox. 3actocyBaHHs «lHIuKaropa IHTENEKTyalbHOI TOTOBHOCTI OymiBmi» Ta
BUKOPHUCTAHHS 1HTEICKTYaJIbHUX CHCTEM YIIpaBIiHHSA OyiBiei0 3a0e3MMeYuTh ONTHUMAJIbHI
napaMeTpu MIKpOKJIIMaTy B TNPHUMIIICHHAX, €()EeKTUBHE BHUKOPUCTAHHS EHEPropecypciB i
MaKCHUMaJIbHHH KOM(OPT repeOyBaHHS JIOAMHU B IPUMIIIICHHSIX TaKOi Oy IiBIIi.
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Ilocmanoexka npoonemu. PoO3BUTOK aBTOMaTu3aimii BUPOOHMYMX TIPOLECIB 13
BUKOPHCTAaHHAM 1H(GOpMALIHHUX Ta MENIHHUX TEXHOJIOTIH BHKIMKAE 3POCTAHHS YHUCIIA
MpaIiBHUKIB, O0COOJMBOCTI Mpalll SKUX IOB’S3HI 3 TPUBAIMM HABAaHTAXCHHSM Ha 30POBHUMA
anamizatop. Craructuka Mixuaapoanoi Opranizanii Ilpami mokasye, mo i3 3pOCTaHHAM
YACTKH 30POBHUX POOIT BUCOKOI CKIQAHOCTI y BUPOOHUUYHUX Tpoliecax 301IbIIY€EThCS KITbKICTh
BUIAJKIB HA0YTOI KOPOTKO30POCTI, XBOPOO OMOPHO-PYXOBOTO amapary Ta CepreBO-CYAMHHOT
CHCTEMH, BUKIIMKAaHUX HETaTUBHUM BIUIMBOM Ha 30pPOBHUH aHAJI3aTop 1 MOB’SI3aHHUX 13 HUM
cucreM [1].

Otxe, cepen psna HETaTUBHHX (akKTOpiB, A0 SIKUX MOTPIOHO BpaxoBYyBaTH IIPH
arecranii poOOYMX MiCIb Ta NMPHU MPOEKTYBaHHI, OyJiBHUITBI, BiAOYyIOBI Ta PEKOHCTPYKIIT
BUPOOHMIITB Ta PO3POOIII HOBUX TEXHOJOTIYHUX IPOIECIB JOCIIHKEHHS SKOCTI CBITJIOTO
cepezioBuIna 3aiimMae ocoomuse Mmicte [2; 3].

Mema pobomu tmionsTae B po3poOIll YIOCKOHAJIECHOI METOJUKH OIIHKUA BIUIMBY
BI3yaJbHOTO CEpeoBHINAa HAa KOMQOPT, Mpame3TaTHICTh Ta OE3MeKy IKHUTTEIISUIBHOCTI
MpaIliBHUKIB, 1[0 BUKOHYIOTh 30POB1 pOOOTH BHCOKOI CKJIaTHOCTI.

Ocnosna wacmuna. JInsi NOCATHEHHS TOCTAaBIIEHOI MeTH OylIO PO3IISHYTO Kareropii
POOITHHKIB PI3HHMX Tally3el, 10 MalOTh CIOPITHEHI YMOBH Ipalli 3a KPUTEPIEM CBITIIOBOTO
cepenoBuIa. Byno BHIIEHO MIMPOKY KaTeropito poOITHHUKIB Pi3HHUX Tairy3eil MmiJnpHeEMCTB
VYkpaiau, TisTIbHICTh SKHUX € CIOPITHEHOI0, II0 BU3HAYAJIOCh HA OCHOBI JOCIIKEHHS 3MICTY
po0OOTH TpaIiBHUKIB Ta KaTETOPi€l0 30pPOBOI CKJIAJHOCTI, MOTPIOHOT A BUKOHAHHS IIi€l
po6otu [4; 5]. Ilii kareropii poOITHHMKIB OylO JaHO YMOBHY Ha3By «IHXEHEPH 1
MIPOEKTYBAITLHUKI

Ha npyromy erari pocnipkeHs Oyiia 3po0iieHa XapaKTepUCTHKAa HOPMATHBIB CBITIIOBOTO
cepefoBuIa JUIE poOOYMX MiCIb JUIS MPAIiBHHUKIB, 110 BUKOHYIOTH 30pOBI pOOOTH BHCOKOT
30pOBOi CKJIQHOCTI, IO JiFOTh B YKpaiHi Ta kpaiHax €C Ta oOrpyHTOBaHO HEOOXiTHICTH
BIIPOBA/DKCHHST HOBOT METOMUKH JIOCTIDKEHb POOOYMX MICIb 3 ypaxyBaHHSIM (aKTopiB
CBITJIOBOTO CEpEIOBHIIIA.

[TpoBenenuii aHami3 MoOKasza, MO B AIFOYMX CTaHAApTax HE 3alpONOHOBaHI KpuTepii
OIIIHKH SIKOCTi CBITJIOBOTO CE€pEeOBHIIA, SKi HEOOX1THO BPaXOByBaTH MPU BUKOHAHHI 30POBUX
3aBllaHb MiJBUINEHOI CKiIamHoCTi. lle BmMBae Ha arecramiro poOOYMX MiCIb, SIKICTh iX
NPOEKTYBAHHS 1 TOBHOTY BUKOHAHHS BUMOT O€3IIEeKH II0/I0 CBITIIOBOTO CEPEIOBHIIA.

3rigHo 3 pe3yapTaraMd MPOBEASCHUX HAMH JOCITIKEeHb, KOMILIEKC 3aXOMiB, SKi
3aJIOBUTHHSIOTH BHUMOTH JIO OCBITJIIEHHS pPOOOY0i 30HHM Ta pPOOOYOro CepeloBHINA Ta
BIJITIOBITAOTh KPUTEPIsIM OE3MEKH KUTTEMISIIBHOCTI JIFOMUHU, 0a3ylOThCS HAa HACTYITHUX
rpyrnax napameTpiB:

- 30poBoro kKoMpopTty (poOITHHKH MarTh TapHE CaMOMOYYTTS, IO OMOCEPEIKOBAHO
CIIpHsi€ TABUIIICHHIO PiBHS MPale3aTHOCTI Ta IKOCTI poOOTH);

- 30pOBO1 Mpare31aTHOCTI (MpaliBHUKM MOXYTb BHUKOHYBAaTH CBOi 30pOBi 3aBJaHHS
HaBITh Y B&KKMX YMOBAX 1 MPOTATOM O1JIBII TPUBAIUX TIEPIOIIB);
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- 3a0e3MevyeHHI0 Oe3MeKH TEXHOJIOTIYHMX TIPOLECiB B ypaxyBaHHSIM (i3UuHOrO 1
NICHXIYHOTO BIUTMBY CBITJIOBOTO CEPEOBHUINA HA CTaH JIFOCH, IO MPAIIOIOTh.

ToMy Ha OCHOBI MPOBEAECHUX HAMH JOCTIIKEHB ISl OMIHKM KOMIIOHEHTIB CBITJIOBOTO
CepelioBUINIa 3 ypaxyBaHHSM BIUIMBY MPHUPOAHBOTO Ta INTYYHOTO OCBITJICHHS SIK Ha
npane3aaTHicTh, 0e3MeKy, Tak 1 Ha Mcuxo(]i3ionoriyny AisUIbHICTh, HAMH PO3POOJIEHO HOBHIA
QJITOPUTM TIOKPOKOBOTO LIUKJTY OIIIHKH SIKOCTI OCBITJICHHSI.

Po3pobnenuit anroput™ 103BOJISE KOMIUIEKCHO OIIHUTH KUTBKICHUH Ta SIKICHUU BIUIHMB
KOMIUICEKCY YMHHHKIB BI3yaJIbHOTO CEPEIOBUINA Ha TMpale3laTHICTh, Oe3IMeKy Impari Ta
30poBHii KOM(OPT MPAIiBHUKIB, III0 BUKOHYIOTh 30pOBI POOOTH BUCOKOT CKJIaTHOCTI.

3arponoHOBaHUH aJITOPUTM Iepe0vae BUKOHAHHS JOCITITHUKOM JTBOX €TAIliB.

Ha mnepmomy erami TpOBOAWUTHCSA AOCTIIKEHHS HAWBU3HAYHIINIUX MapaMeTpiB sK
napamMeTpiB CBiTiIa (SIK MPUPOAHBOTO TAaK 1 INTYYHOTO), TaK 1 BI3yaJIbHOTO IPOCTOPY
NPUMIIIEHHS, 76 BUKOHYIOTHCSI 30pOBi poOOTH BUCOKOI ckianHocTi. [lapamerpu QikcyroThes,
OIIHIOETHCS CTYIIHB Jii KOKHOTO 3 HUX, MPOBOIUTHCS MOPIBHIHHSA 3 JIFOYMMHU Tir1€HIYHUMH
HOPMAaMHU.

Ha npyromy ertari OIHIOETBCS BIUIMB JOCII/DKCHUX Ha MEPIIOMY CEpEIOBHINA Ha
30pOoBUI KOMQOPT, Mpane3naTHiCTh Ta Oe3MeKy Ipaii poOITHHKIB, 10 BUKOHYBATUMYTh Y
[IbOMY MPUMIIIIEHHI 30pOB1 POOOTH BUCOKOI CKJIATHOCTI.

Bucnoeku. IlpoBenene N0CHIHKEHHS MOKa3y€e PO3MOBCIOMKEHICTh 30pOBUX POOIT 5K y
OyIiBeNbHIN Taly3i, TaK 1 y 1HIIMX rajy3sx MPOMUCIOBOCTI B YKpaiHi 1 cBiTi. HalGinb1oro
IPYNOI0 PU3UKY 1O PO3BUTKY NMpO(eciiHMX 3aXBOPIOBAHb BHACIHIJOK HETaTUBHOTO BILIUBY
CBITJIOBOTO CEpEAOBHINA € POOITHUKH, IO BUKOHYIOTH 30pOBI POOOTH BHCOKOI CKJIAIHOCTI.
Jlochi/pkeHHsT JTaHMX CBITOBOTO JIOCBiAY, IO CBig4aTh NP0 3HAYYILIICTh CBITIOBOTO
cepenoBuiia i (GOpMyBaHHS ONTUMAIBHUX YMOB IMIpalli Ta HaBYaHHS, MPOQITAKTUKA
TpaBMaTH3My Ta BHUHUKHEHHS HAOyTHX XBOpOO, J03BOJII€E 3pOOMTH BHCHOBOK IIPO
HEOOX1AHICTh MOTIMOICHHS HAyKOBUX JOCITIKEHb 10 KOMIUIEKCHOMY BIUTMBY yCiX (pakTopiB
CBITJIOBOTO cepeloBuIa Ha (Di3iONCUXONOTHYHUN CTaH POOITHUKIB Ta BCTAaHOBICHHS
MaTeMaTUYHUX MOJEJCH pHU3UKY 3I0pOB’F0 PpOOITHHKIB 33 YMOB palliOHaJIBHOTO
BUKOPUCTAHHS TPHUPOIHOTO OCBITIIEHHS y poOOYMX TPHUMIMIEHHSX Ta MPOCKTyBaHHS
MITYYHOTO OCBITJICHHS JJIsi POOITHUKIB Kareropii «iHXXEHEpHU 1 MPOCKTYBAIBHUKWY», IO
BUKOHYIOTb 30pOBI POOOTH BHCOKOI CKJIAQIHOCTI, Yy TOMY 4YHCIi 3 BHKOPUCTAHHSIM
IHHOBAIIMHUX 1HKEHEPHO-TEXHIYHHUX PIllICHb.

B HuHINIHIN yac, K Mi>KHApOJHI HOPMH, TaK 1 HOpMaTHBHA 0a3a YKpaiHH, HEe B MOBHIH
Mipl BiIOOpakarOTh BHUMOTH, SIKI TPEI SBISIOTHCS 10 POOOYOro CEepeloBHINA, Y SKOMY
BUKOHYIOTBCSL 30pOBi pOOOTH BHCOKOI CKiIagHOCTi. ToMy BH3HAa4e€Ha HEOOXIIHICTh MPOBECTH
OOTpyHTYBaHHSI BHOOPY OCHOBHHX KPHUTEPIiB OIlIHKH Ta PO3POOKH METOAMKH JOCIIKEHHS
JUTSI OI[IHKU CBITJIOBOTO CEPEIOBUIIA MTPY BUKOHAHHI 30pPOBUX POOIT ITiIBUIIEHOT CKIIATHOCTI.
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YK 662.995: 662.997

AJICOPBIIMHI TPAHC®OPMATOPHU TEILJIOBOI EHEPI'TI
JIJISI CACTEM ABTOHOMHOI'O OITAJIEHHS

Beasinosebka O. AL k. T. 1., nou., Cyxmii K. M.2, 1. T. H., npod.,
€pbomin O. 0.3, 1. T. 1., mpod., Cyxa L. B.*, kanx. TexH. HayK, JIOLL.
23V kpaincokuil Oepocasnull yHisepcumenm HayKu i mexHonozii,
YIBH3 « Ykpaincoruti 0epacasnuti XiMiko-mexHono02iunuil ynieepcumemy,
nemumym npomuciosux i 6iznec-mexnono2itl
! e.a.belyanovskaya@gmail.com; 2ksukhyy@gmail.com;

3 kaf.temp@metal.nmetau.edu.ua

Ilocmanosexka npoonemu. Jl0o OCHOBHUX KIHLIEBUX CIIOKMBAYiB TEIJIOBOI EHEpTrii
BIJIHOCATHCS JKUTIOBI OymiBmi [1], B TOM e Yac J0 OCHOBHUX MaJMBHO-EHEPTCTUYHUX
pecypciB BITHOCSTHCS BYTiuIs, HadTa Ta npupoaHuid ra3 [1], 3pocTaHHs CrIOKMBaHHS SKHX
nporHosyerbcsi He MeHm 10 2030-2050-x pokiB. B 1ux ymoBax cTae KIHOYOBUM
MaKCUMaJIbHO TMOBHE Ta €()EeKTHBHE BUKOPUCTAHHS BCiX HASBHUX CHEPrOpecypciB, B TOMY
YKCIIi BiJIHOBIIOBAaHMX Ta BTOPHMHHUX. AJle BUKOPHUCTAHHS BiJHOBIIOBAaHHX CHEPropecypciB
YCKJIAJIHEHO J000BOI0 Ta CE30HHOI0 HEPIBHOMIPHICTIO TeHepallii eHeprii, HecIiBIaaiHHIM
MaKCUMYMIB TeHepallli Ta CrloXuBaHHsA eHeprii. PimenHsam miei mpoGmemu mamu 6 Oytm
azcopOIiiiHi IepeTBOPIOBaUl TETIOBOI eHeprii [2]. AJie BIIPOBaHKEHHS MOMIOHUX MPUCTPOIB
YCKJIAJIHEHO HE JIMIIE HU3bKUMU aJICOPOLIHHUMHE BIACTHBOCTSIMH HAsBHUX aJICOPOCHTIB, aje
I BIJICYTHICTIO QJTOPUTMY DPO3PAaXyHKY TEXHOJIOTIYHHMX IapaMeTpiB poOOTH MPUCTPOIO Ta
OIIIHKH €()EKTUBHOCTI HOTO POOOTH Ha OCHOBI BCiX CTaJIil €KCIUTyaTaItii.

Mema po6omu OUIHUTH 3aXO0JH 3 MiABUIICHHA €(PEKTUBHOCTI poOOTH ajcopOIiitHoro
TETUIOBOTO HacOCa B yMOBaX CUCTEMH aBTOHOMHOT'O OTIJICHHS Ta BEHTHIIAIIII.

Ocnosna uacmuna. Excryaranis agcopOuiiiHoro TtpaHchopMaropa TEIJIOBOI eHeprii
nependoavyae HACTYIHI CTafii: po3psaa abo ajcopOris poOOYoi PEeUuOBHHH IIIAPOM  aJICOPOCHTY,
HiIrpiB aJcopOEHTY /10 TEMIEpaTrypy pereHepallii, JecopOlis Ta OXOJIOLKEHHS JI0 TeMIIepaTypH
MoYaTKy ajcopOmii. BimmoBimHO 10 cTamidi ekcrutyararlii MpUCTPOiB pO3pOOJIEHO aJTOPHTM
po3paxyHky (puc. 1).

B sxocTi kpuTepito epeKTHBHOCTI POOOTH aJICOPOINIHOIO TEIUIOBOTO aKyMYJIsITopa Ta
aJICOpOIIIIfHOTO TETIOBOIO Hacoca BUKOPUCTOBYIOTh KOS(IIIEHT MEpEeTBOPEHHS TEIUIOBOI eHeprii
(koeirieHT KOpUCHOI [ii), SIKM JOPIBHIOE BITHOIIEHHIO KOPHUCHOI TEIUIOTH JI0 BHUTpar Ha
eKcIutyaratito [3]:

Q
cop, =< (1)
qu;a;al
e Qcor — KOpHCHa TCIIJIOTa, SKa MNCPCHAECTLCS CIIOXKHWBa4aMm, KI[)K, qupl — BUTpAaTH Ha

EKCIUTyaTaIliro aacopOIiitHOro MPUCTPOrO, KJIK.
KopucHy TeruioTy BU3Ha9ar0Th SK TEIDIOTY aicopOIlii a0o K cyMy TETIOTH aJIcopOrrii Ta
TEIUIOTH KOHJEHCaIii afgcopbary, Hanpukiaa, Boau [4]:
Qcor = Mads*AHads, (2)
Qcor = Mads*AHads +Mw20° AHcond, (2a)

ne Mags — maca aacopOenTy, kT, AHads Temmora amcopOuii, kJk/kr, MH20 — Maca Boau, KT,
AHcond — TeTUIOTA KOHACH AT, KJK/KT.
Terutoty ayicopOrrii BU3HAYArOTH SIK [3]:

AHads= Ah-A-(1000/ur20), (3)
ne Ah — terora agcop6uii 1 Mons Boau, kJx/Moinb, A — aacopOrtisi, KI/KT, (H20 MOJISIpHA Maca
BOIU, KJK/KT.

AicopOI1ifo BU3HaYaroTh 3riaHo [3; 4]
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A= (CO - C) Vair/ Mads, (4)
ne Co i C — movaTkoBa 1 KiHIIEBAa KOHIIGHTpAIlli BOAM B TOBITPI MICIS MPOXOMKEHHS IIapy
ancopbenty, kr/m>, Vair — 00°€M TOBITps, SIKH TPOHIIOB uepe3 map ancopOenty, Mads — Maca
asicopOeHTy, KT,

[ ITouarok ]

v

BBenennsa nannx

v

«

BrsHaueHHS KoedilieHTa Maconepenadi.
Po3paxyHOK BOIOTIOTIHHAHHS (a1copotii).
[Po3paxyHOK KOPHCHOI TEIIOTH acopOIii.
Bu3HayeHHs TEIUIOTH KOHAEHCALl.

Po3paxyHoK BUTpaT Teruia Ha poOOTy MpHiIay:
1) Terio au1s HATPiBY aaCOPOEHTY.
2) Teruio ist HArpiBaHHs KOPITYCY IPHCTPOIO.
3) Teruto st miAirpiBy TiAPaBIigYHOTO KOHTYPY.
4) Terutota aecopOii.
5) Teruio [ist HArpiBaHHS BOJM B OaKy.
6) Teruto i BUIIApOBYBaHHS BOIM B OaKy.
7) TerutoTa Jutst HarpiBaHHS a1CcOpOOBAHOI BOIH.
[Po3paxyHOK Koe(dillieHTa IEPETBOPEHHS TEIUIOBOI eHEPTil

!

w=w+0.1

Busenenns
pe3ynbTariB

\ 4

Kinens

Puc. 1. Brox-cxema aneopummy pospaxyHky xoegiyicuma KopucHoi 0ii a0copoyitinoco
mennompancgopmamopa

[Tpy Bu3Ha4YeHHI KOEQIIIEHTY KOPUCHOI il TEIJIOBI BHTpPaTd Ha POOOTY MPHUCTPOIO
PO3PaXOBYIOTHCS SIK CyMa TeIUIa Ha HAarpiBaHHs aJICOPOEHTY, KOPITYCY MPUCTPOIO, TiAPABIIYHOTO
KOHTYPY, BOIIM B 0aKy Ta ajcopOOBaHOI BO/IM, BUMAPOBYBAHHS BOJIM B pe3epByapi Ta IecopOIil.

[Tpu miBUIIIEHHI a0COIIOTHOT BOJIOTOCTI Ta BUTPATH MOBITPS HA KOS(DIIIEHT MIePeTBOPECHHS
TETUTOBOI €HEeprii acopOIIiTHOTO TEIIOBOTO HACOCY 3MIHIOETHCS MOMIOHO KOE(IIIEHTY KOPUCHOT
i ancopOIiHOTO TEIIOBOTO aKyMyJIATOpa TEIUIOBOI eHeprii (puc. 2). MakcuMabHi 3HauYCHHSI
koedillicHTa MepeTBOPeHHs TEMIoBoi eHeprii Biamoigarors BuTpati nositps 0,08-0,1 m%/c Ta
abcomoTHiit BomorocTi nositpst 0,03-0,04 kr/m® Ha BXozi 110 Mapy ancopOeHTy.
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Puc. 2. 3anexcnicmo xoeghiyienma nepemeopents meniogoi enepeii 01 adcopoyitinoco
Menio8o2o nacoca 6e3 ymunizayii meniomu konoencayii (@) ma 3 ymunizayiero meniomu
KOHOeHcayii npu napo8omy 360J10H4CeHHI NOBIMPSL, sIKe NOOAEMbCS Hepe3 Wap a0copoermy

[lpu ckumaHHi TEIUIOTH KOHIEHCAIll [0 HABKOJIHMIIHBOTO CEpeloBHIa KOe(DillieHT
MIEPETBOPEHHS TEIUIOBOI EHEPrii MPAaKTUYHO CIHIBMAJA€ AHAJIOTIYHUMH BEJIMYMHAMU IS
aJICOPOIIMHNUX TEIUIOBUX aKyMynsTopiB (puc. 2, a). 3a yMOBH YTHIIi3allii TEIUIOTH KOHAEHCAIIi
KoedilieHTa mepeTBOPEHHS TEIJIOBOT eHEepril OUIbIIL, HIK B 2 pa3u BULHi (puc. 2, 6).

Jns po3poOku MeTOIB MiJBMIIEHHS KOe(illieHTa IepeTBOPEHHs TEIUIOBOI eHepril
MIPOaHAII30BAHO CTPYKTYPY BUTpAT TEIUIOTU JJIsi poOOTH MPHUCTPOIB. 3TIAHO MOTO Pe3ysIbTaTiB
HaWOLIBII 3HAYYIIIMMH € BUTPATU Ha BUMapoByBaHHs Boau (43 %) Ta necopoOuiro (47 %), nami
AIyTh BUTpaTH Ha HarpiBaHHs ajncopOoBanoi Bomau (6 %), HarpiBaHHsS BOAM y 3BOJIOXKYBadi
noBiTps (3 %) i HarpiBaHHs KOPITYCY Ta TiAPaBIYHOrO KOHTYpY ajcopOuiiiHoro npuctporo (1 %).

B mmx ymoBax KIIIOUOBMM HAalpsIMKOM IIJIBUIIEHHS Koe(illleHTa KOPUCHOI [ii cTae
3MEHIIEHHs BUTPAT HAa BUIIAPOBYBAHHS BOJIOTH, 110 MOJKHA 3pOOUTH 32 PaXyHOK 3HM)KEHHSI MacH
BOJIY, IO TIOMAETHCS JI0 mIapy afcopOeHty. BoueBuap, 1Mo Maca BOaM, IIO TOJAETHCS 10 MIapy
aJicopOeHTy, 3 YypaxyBaHHSM BIUTMBY aOCONIOTHOT BOJIOTOCTI Ha ancopOriiro, Moxe OyTu
BIJTKOPUTOBaHA PETYIIOBAHHIM 00’ €My TMOBITPS IUISTXOM 3MIHU TIEpepi3y MPUCTPOIO aKyMYJIsTOpa
Tervia i, OTXKe, TOBIIMHA INapy aAcopOeHTy. TakuM YMHOM, 3MEHILIEHHS IUIONII MONEepPEYHOro
niepepizy 3 0,1662 1o 0,0831 M2 CHIpHSi€ T IBUIIIEHHIO KoedimieHTa kopucHoi 1ii 3 42 o 50 %. Lle
CIIpHSE TOMY, 1[0 MaKCHUMaJlbHI 3HAUCHHS KOe(III€HTIB KOPUCHOI Iii JOCATalOThCS B OLIBII
[IMPOKOMY JIiaria30H1 MIBUIKOCTEN MOTOKY BOJIOTOTO TOBITPS B MOPIBHSHHI 3 TOAY€r0 BOJIOTHU
BIZITIOBITHO 10 MAKCUMAJTLHOI aJICOPOIIii.

binbl nepcrneKTHBHUM BapiaHTOM IMABUIIEHHS €()EeKTUBHOCTI afcOpOLIHOroO Npuiiaay €
YJIBTPa3ByKOBE 3BOJIOKEHHSI MOTOKY TOBITpSA, SIKE HE JIMIIE PO3LIMPIOE HTEpBasl IIBUIKOCTEH
MOTOKY IMOBITPSI MPU JOTPUMAHHI MaKCUMalIbHOI €(heKTUBHOCTI, ajie 1 30UIbLICHHS KoedilieHTa
KopucHOI aii npuHaiimHi Ha 20 %.

Bucnoeok. IlpoananizoBaHo OCHOBHI (aKTOpH, $KI BIUIMBAlOTh Ha €(EKTHUBHICTh
eKcIuTyartarii aacopOILiiHIX TpaHchopMmaTopiB TerioBoi eHeprii. [IopiBHSHO OCHOBHI 3aX0au 3
M1IBUIIEHHS €()eKTUBHOCTI NMPUCTPOiB. BCcTaHOBIEHHS MiABHUIIEHHS €()eKTUBHOCTI eKCILTyaTarlii
a/ICOpOLIHHUX TEIIOTpaHCHOPMATOPIB MPH BUKOPUCTAHHI YIIBTPa3BYKOBOI'O 3BOJIOKEHHS TIOTOKY
TIOBITPSI, SIKE TIOJIAETHCS JI0 IIapy aJCOPOCHTY.
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Ilocmanoska npoonemu. Y cy4acHOMY OYIIBHUIITBI OJHUM i3 Ba)JIMBUX ACIEKTIB €
VIPaBIIHHSA KOJI3iIMH B IH)KEHEPHUX CHCTEMaX, TaKHUX SK TPyOONpOBOIM, BO3IYXOBOIH,
eJleKTponpoBoAka Tomo. Komi3ii MOXyTh MNPHU3BOAWTH IO 3aTPUMOK Yy TIPOEKTI,
Mepepo3NoALTYy pecypciB Ta HaBiTh A0 BeMMKUX (iHAHCOBUX BTpar. Bimomo, 1m0
BrpoBapkeHHs: TexHoiorid Building Information Modeling (BIM) B OyaiBenbHy npakTHKY
MOK€ 3HAYHO IOJIETIINTH BUSBICHHS Ta yrpaBaiHas komizismu [1]. IIpore, icHYIOTh TUTaHHS
o0 KOHKpeTHoro BIuMBY BIM Ha edexTuBHICTH BUpIIIEHHS MpoOieM KOMNi3il y pi3HUX
TUTax OyMiBEIbHUX MPOEKTIB. Tako)K BaXKJIMBO BPaxXyBaTH MOKJIMBI TPYIHOII Ta OOMEXEHHS
npu BrpoBapkeHHI BIM 'y mpoueci BupimeHHS KoOdi3ii B IH)KGHEPHHX CHCTEMax.
JlocmipkeHHST 1UX acIeKTiB JIOTIOMOXKE 3pO3yMITH TMOBHUM o0car BrumBy BIM Ha
e(EeKTUBHICTh YTNpPaBIiHHSA KOJMi3iAMH B OyHIBHHUTBI Ta pPO3pOOMTH pEKOMEHAAlii is
NPaKTUYHOTO 3aCTOCYBAHHS I[i€1 TEXHOJIOT1].

Mema pob6omu monsrae y BU3HaueHHI BIUmMBY TexHonorii BIM Ha edexTuBHiCTH
BUpIIIEHHS MPOOJIeM KOMi3ii B IH)KEHEPHUX CHCTeMax OyIIBHMIITBA, i aHaJi31 Ta OLIHII B
KOHTEKCTI peaJlbHUX OyHiBEIbHUX MPOEKTIB, a TaKOoXK y pO3poOIli pEeKOMEHIAIliid 010
onTUMaabHOrO0 BUKOpucTaHHS BIM nmis mokpareHHst ynpaBiiHHS KOMi3iIMH Ta ITiIBHUIICHHS
SKOCTi OyHiBETbHHUX TPOIIECIB.

Ocnosna uacmuna. Y OyIiBHUIITBI 1H)KCHEPHI MEpPEXi OXOIUIFOIOTh PI3HOMAaHITHI
1H(PaCTPyKTypHI CUCTEMH, JI0 SKUX HAJICKHUTH €IEKTPHUKA, BEHTUJIAILISI Ta KOHAMUIIOHYBaHHS,
BOJIONIOCTAYaHHs Ta KaHaJi3allisl, CHCTeMa OIaJIeHHs, TIoKexHa Oe3neka. OIHI€I0 3 KIIFOYOBUX
npoOIeM € KoJi3ii MiXK piI3HUMH iH)KEHEPHUMHU CUCTEMaMHU Ta KOHCTPYKISIMH Oy/TiBIi.

Komizii MOXXyTh BUHHMKATH Y€pe3 HEJOJIKH Y MPOCKTYBaHHI, HECTady KOOPJAMHAIT MiXK
pI3HUMH YYacCHUKaMHU TIPOEKTy abo 3a paxyHOK HENpPaBWIIBHOTO PO3TAlIyBaHHS Pi3HUX
cucreM. Hampukinan, TpyOONpOBiA MOXKE TNEPEIIKOKATH BEHTWISIIHHOMY KaHaly a0o
MIEPEeKPUBATH IIIISX KaOSIBHUX JIiHIN, III0 MOXKE BHKJIMKATH TPOOJIEMH 1111 4ac Oy/[iBHUIITBA Ta
MOJIaJIbIoOI eKcrutyararii Oyaisii. KpiM Toro, koimi3ii MOXyTh HMPHU3BECTH /IO 3aTPUMOK Yy
rpadiky poOiT, TOJATKOBUX BHTpAT HA BUIPABIICHHS NMOMHUJIOK Ta HETaTUBHO BIUIMHYTH Ha
3arajibHy SIKICTh Oy/iBETLHOTO MPOEKTY.

Po3MimeHHs pi3HUX 1HXXKEHEPHHX CHUCTeM Yy OyaHiBii MoTpedye TOuHOI KOOpAMHAI Ta
iHTerpamii 3 IHIIMMH acreKTaMHu TpoekTy. Lle ocoOMMBO BaKJIMBO B CY4YacHHX CKJIaTHUX
OymiBnsiX, J€ pi3HI CHUCTEMH I[IOBHHHI MPALIOBaTH CHHEPTETUYHO IS 3a0e3TeYeHHs
ONTUMAaTBHOTO (PYyHKITIOHYBaHHS OY/IiBIIi.

SIKIIO CBOE€YACHO HE BUPINIMTH MPOOJEeMH 3 KOJI3iAIMU 1€ MOXE IPHU3BECTH O
HEOOX1AHOCTI BHECEHHS KapJAWHAIBHUX 3MiH y 3aBEpIIeHI eTanmy OyIiBHHUIITBA, 11O 3HAYHO
301IBIIyE BUTPATH Ta 3aTPUMY€E BBEIEHHs 00'€kTa B eKCIuTyaramiro. KpiM Toro, HeyBakHE
CTaBJICHHS JI0 MPOOJIEM KO3 MO)KE TOTIPIIUTH PEIyTallif0 3aMOBHHKA Ta MPH3BECTH IO
30UIBIICHHS 3araJIbHUX BHUTpAaT HAa OyHIBHUIITBO B IiJIoMy. TOMy BHSBICHHS Ta YCYHCHHS
KO3l Ha paHHIX eTanmax NpPOEKTYBaHHS € KPUTUYHO BaXJIMBUM 3aBJaHHSAM. 3
BIIPOBA/DKCHHSAM TexHonorii BIM crae MOXIMBMM TpOBENEHHS JETATBHOTO aHali3y BCiX
IHKEHepHUX CHUCTEM IIe [0 TMoYarKy OyaiBeldbHHX pOOIT, IO JO3BOJSE 301IBIINTH
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e(EeKTUBHICTh BHSBICHHS Ta BHUPIMIEHHS KOJI3ii, TUM CAMHUM CHpPHUSIOYH MOKPAIICHHIO
yOpaBIiHHS OyAiBeIbHUM MPOEKTOM Ta 3a0e3Meuyodn HOro yCHilllHe 3aBEePIICHHS.

Texnomoriss BIM Hamae MOXIMBICTD BHpINIyBaTd Iii MPOOJIEMH 3aBYaCHO, IMUIIXOM
CTBOpEHHS! LU(POBUX TPUBUMIPHUX MoOjeNel OymaiBii, B SKHMX BpaxoBaHI BCi 1H)KEHEpHI
cucremu [2].

[Tpu HasBHOCTI TPUBUMIPHOI MOJIEIN 3 yCiMa KOMYHIKAIIHHUMU CUCTEMaMH, BUSIBICHHS
KOJI131# B1/10yBa€ThCSI aBTOMATHUYHO 3a JIOMTOMOTOI0 CIEIlajli30BaHUX MPOTrpaMHUX 3ac001B, sKi
aHaJII3yIOTh B3a€MOJII0 PI3HUX €JIEMEHTIB Y MPOCTOpl. Y paMKaxX MPOBEIEHOTO J0CHIIKESHHS
Oysa cTBopeHa iH(opmaliiiiHa Mojaeib odicHoro npumimierns B Archicad. ITicis npoBenaeHHs
nepeBipku Ha Kodi3ii (GopMyeTbesl OeTadbHUN 3BIT, SKUH MICTHUTH 1H(POpPMAIiIO MPO BCi
BUSIBIICHI TIPOOIEMHI MicIIsl 3 Ha3BaMU KOHCTpYKIii Ta ix ID (puc.).

12.03.2024 19:08
12.03.2024 19:08
12032028 1908
12.03.2024 19:08

Puc. Asmomamuzosane susignenns koniziu 6 BIM-ywooeni ogicnoi 6ydisni

Po3poGiiena mozmens gae 3MOTy Bi3yaJlbHO OIIIHHTH CHTYaIlif0, OCKUIBKH Iporpama
BioOpakae mpoOieMHui By30J Ta MaciiTalye ioro Ha ekpai. Lle 703BosIsie MBHUIKO 3HAWTH
Ta BUPIMIUTU MPOOJIEMH, HABITh Y BEJIMKUX Ta CKIAJHUX MOJEINSAX, HE BUTPAYalOun 3aiiBOTO
Yacy Ha TOIIYK.

Jns BukopucranHs texnomorii BIM y mpoueci BupimenHs mnpobiaeM Komi3id B
IH)KEHEPHUX CHCTeMax Ha OyIiBHHIITBI, MOJKHA CKJIAacTH HacTymHui anroput™: [Kpok 1: 36ip
Ta aHami3 BuxigHux aaHux| — [Kpok 2: CtBopenns BIM-moneni] — [Kpok 3: Inrerpamis
imkenepaux cucteM]| — [Kpok 4: BusiBnenns kodmisiii] — [Kpok 5: Anami3z ta BuUpillIeHHS
npooinem] — [Kpok 6: Onosienns BIM-monmeni] — [Kpok 7: IloBropeHHs anamizy Ta
KOPEKIIis].

30ip Ta aHai3 BUXITHUX JAaHUX BKIIOYAE 30epekeHHs BCiX iH(GOpMaLiiHUX MaTepialiB
MIPOCKTY, TAKUX SIK TUTAHW OYIIiBJIl, 1H)KEHEPHI MEpeXi, po3TallyBaHHS OOJIaJHAHHS Ta 1HIII
nerani. Ha ocHOBI 310paHuX JaHUX CTBOPIOETHCS HM(pPOBa TPUBUMIpHA MOIENb OymiBii 3a
JIOTIOMOTOI0  TporpaMHoro  3abe3neueHHs BIM. BpomsaTecss naHi mpo  po3ramryBaHHS
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TpyOOIIpOBOAIB, KaOelnbHMX JIiHIM, BEHTWIALIMHUX CHUCTEM Ta IHIIMX 1HXKEHEPHUX
KoMyHiKalii y BIM-moznens. 3anydaroTecst cnemianicTi 3 pi3HUX raiyseil Ta miaposainis. Le
Ba)KJIMBO, OCKUTBKHM KO)KeH (haxiBellb Mae CBOi crieruQivHi 3HAHHS Ta €KCIEePTH3y B TEBHIN
ramysi, sika JOMOMarae BpaxyBaTH BCl JeTail Ta BUMOrH mpoekTy. Ilicims mporo mozeni 3
1HKEHEpPHUMH MepeXaMH 1HTErpyIOThCSl B TOJIOBHE sIpO Oy/iBIi, 110 JO3BOJISE 3a0€3MEUNTH
MOBHY iH(OpMaIlio PO BC1 CUCTEMH Ta iX B3a€MOJIII0 B MeKaX KOHCTPYKIIii OyiBIIi.

Jnst coiBmpaini pi3HUX 1H)XXEHEPIB Ta MiAPO3/AUIIB PEKOMEHIYEThCS BUKOPHCTOBYBATH
dopmar IFC (Industry Foundation Classes), sikuit € cTaHAapToM IJi1 OOMiHY JTaHUMH B ramysi
apxitektypu Ta npoektyBaHHs. [FC 103Bomsie iHTErpyBaTH AaHi 3 pi3HUX MPOTrPaMHUX 3aC00iB
Ta MmIaThopM, 10 BUKOPHUCTOBYIOTHCS PIZHUMH CHeEIiajicTaMu IIij 4ac cTBOpeHHs BIM-
mozeni. Lle 3abesneuye yHi(ikoBaHMNA MiAXiJ A0 OOMIHY MOJENSMHU Ta CIPHSE 3pyYHOCTI
CIIJILHOT pOOOTH Ta B3aEMO/IIT MK PI3HUMH YYaCHUKAMH TPOEKTY.

HactynHuii Kpok — BHSBJICHHS KOJI3iid. 3a JOMOMOTrOI0 CHEUiadbHHUX MPOTPAMHUX
3aco0iB, Takux sk Navisworks, Revit, Archicad, Solibri npoBoautscs ananiz BIM-moneni mis
BUSIBJIICHHSI TOTCHLIWHUX KOHQUIIKTIB Ta KOJI31M MK PI3HUMH IHXKCHEPHHMHU CHCTEMaMH,
TaKUMHU SIK CHCTEMH BEHTHIIALL, OIIAJICHHSI, €JIEKTPOIIOCTayanHs Ta inmmi [3].

InenTudikoBani Komi3ii aHATI3YIOTHCS, 1 PO3POOISAIOTHCS PILICHHS A 1X BHPIIICHHS,
Taki SK 3MiHAa pO3TaIlyBaHHS CJIEMCHTIB, KOPUTYBaHHS JiaMeTpiB TpyOompoBomiB abo
BeHTWIAIIIMHUX KaHamiB, Tomo. llicis BHeceHHs 3MiH A0 mpoekry BlIM-monens
OHOBITIOETHCS, 100 BiOOpakaTu BHECEH1 3MIHHM Ta 3HOBY NEPEBIPUTH HA HASBHICTH KOJI3iH.
[k anamisy Ta KOPEKIil MOBTOPIOETHCS, JOKH BCi MPOOIIeMH KOJi3ii He OyyTh BUPILICHI.

OTtxe, anroput™m BKIO4Yae B ceOe KpOKHU 300py AaHMX, CTBOPEHHs LU(PPOBOI Moneni,
BUSIBJICHHS Ta BUPIIICHHS KOJIi31i, a TAKO)K OHOBJICHHS Ta MOBTOpHMIA aHaii3 BIM-monerni.

Bucnoeok. BrpoBamkeHHs TtexHonorii BIM wMae 3HayHMI BIUIMB Ha TIOKpaIIeHHS
e(eKTUBHOCTI BHUpIIICHHS TpOoOJeM KOMi3iii B iH)KEHEpHHMX cuUcTeMax Ha OymiBHMITBI. J{is
MTOBHOIIIHHOTO BUKOPHCTAHHS ITi€l TEXHOJIOTIT HEOOX1THO Ha JIep’KaBHOMY PiBHI BIPOBAKCHHS
BIIMOBIJIHUX CTpaTeriii Ta mporpamM, COpsSIMOBAHUX HA IMIATPUMKY 1 po3BUTOK TexHosorii BIM B
OymiBHMITBI. KpiM TOro, BaJIMBO 3a0€3MEUUTH JIOCTYIHICTH HEOOXiTHOTO IPOTPaMHOTO
3a0e3reyeHHs Ta TMPOBECTH KBasTiikariifHi Kypcu i ¢axiBmiB OyaiBenbHOI ramysi. [ToTpiOHO
AaKTUBHO CIIPHSTH IHIIIaTHBaM CTBOPEHHS CTaHAAPTIB 1 HOPMATHBIB, SKI PETYITIOBATUMYTH
BUKopucTaHHs TexHonorii BIM B Ykpaini Ta 3a0e3nedars €IHICTh IMiIXO/IB JIO il 3aCTOCYBaHHSI.
Po3poOka craHmapTiB 1 HOpPMAaruWBIB TIOBMHHA MPOBOJUTHUCS BIAKPUTHMH TIpOIECAMH 3
BpaxyBaHHSIM KpaIIMX MPAKTUK Ta PEKOMEH/IAIIIN BiJ €KCTIEPTiB TaTy3i.
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OPTAHIBALIIHE CEPEJOBUILE ITPOCKTIB
JNEBEJOIMEHTY HEPYXOMOCTI
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! belokon0604@gmail.com; 2lina_kalnysh@ukr.net

Ilocmanoseka npoénemu. Ilpobiiema cTBOpeHHSI KOM(OPTHOrO MPOCTOpPY y MiCTax
BUMarae 30ajJaHCyBaHHsS IHTEPECIB PI3HUX YYAaCHHUKIB, BKIIOYAIOUM MEILIKAHIIB, Oi3Hec,
MICIIeBY BJaJy Ta €KOJIOTiuHi opranizamii. HeoOxigHo 3a0e3meyuTH MOCTYNHE XHUTIO IS
PI3HHMX COILIAJIIBHUX TPYI Ta PO3BUTOK 1H(PPACTPYKTYypH, IO BiAMOBIAa€ MOTpedaM CydacHOTO
HKUTTSL.

3eneHe OYyIIBHUIITBO Ta CTAJIWA PO3BUTOK MOXKYTh BHUPIIIMTH IIi MPOOJIEeMH dYepe3
BUKOPUCTAHHS  €KOJIOTIYHO  YHCTUX  TEXHOJOTiH, CTBOPEHHS  3€JI€HUX 30H Ta
eHeproeekTuBHUX 00'ekTiB. Kirou 10 sIKICHOI KOHIIEMIIi PO3BUTKY TEPUTOPIH — SKICHUH
npocTip, KOMGOPTHUH s TNPOXKHUBAHHA, poOOTH Ta BIANOYMHKY JIIOJCH, oOpraHizaris
SKICHOTO 00CITyTOBYBaHHSI 1 YIIPaBJIiHHSA 00’ €KTaMU HEPYXOMOCTI.

BupimenHs Takux 3afad CTOITh HNPIOPUTETHUM MJIsi JCBEJONMEHTY HEPYyXOMOCTI, SK
OesrepepBHUX 3MiH (PEKOHCTPYKIIiS, HOBHM PO3BUTOK) HABKOJHUITHBOTO CEPEIOBHINA JJIS
3aJJ0BOJICHHS MOTped cycminberBa. /s aeBernonepiB, O OPraHi3oBYIOTh Ta peali3oBYIOTh
MPOEKTHU JIEBEJIONMEHTY, TOJIOBHOIO METOIO € 3pOCTaHHS BapTOCTI HEPYXOMOCTI, 1110 BU3HAUYAE
CYTHICTb iX JISTTBHOCTI.

[MutanHs opranizamii cepeoBHINA IPOEKTHOI KOMaHIU B KOHTEKCTI PO3BUTKY
JICBEJIOTIMEHTY HEPYXOMOCTI € HEBiI'€MHOI0 YaCTHHOIO CTaJOro pO3BUTKY. BaxiamBoio
CKJIQJIOBOIO € po3poOka e(eKTHBHHMX CTpaTerii ympaBiiHHS pecypcamu Ta BUKOPUCTAHHS
eHeproeeKTUBHUX TEXHOJIOTIH, IO CIPHUATHME CTBOPEHHIO EKOJOTIYHO YHCTUX O00'€KTiB
HepyxomocTi. TakuM 4uHOM, TIOTpeda CyCHiIbCTBA B JIEBEJIONIMEHTI HEPYXOMOCTI TOCTIiifHa,
OCKIUTBKMA TEXHOJOT1i, CHOXHBUYI CMaKH 1 YSBICHHS CYCIUIbCTBA MPO SIKICTh CEpPEIOBHINA
MOCTIHHO 3MIHIOIOTHCS.

Mema oOanoi po6omu — cHopMyBaTH CHUCTEMHI YSBJIECHHS Tpo (opmu opranizarmii
MIPOEKTIB JIEBEIOMMEHTA.

Ocnoena uacmuna. J{nsi NOCATHEHHS MeTH, (POpPMYBaHHS IUTICHOTO YSIBIEHHS IIPO
oprasizarfiiiHi MeXaHi3MH1 YIIpaBJIiHHS MPOEKTAMH JACBEIONMEHTA, PO3TJISHYTO OpraHi3aliiHe
CepeZIoBUIIIE B SIKOMY TIIOTh MPOEKTHI IpymHH 1 GOpMH OpraHizamii yrpaBiIiHHS MPOEKTAMU B
JIEBEJIONEPCHKUX KOMITaHISX.

[TokazaHo, B MO/l >KUTTEBOTO LHUKJIA INPOEKTA, OpraHi3almiiiHa cXema YHpaBIiHHA
MIPOEKTOM MOXKE€ OYTH Pi3HOIO SIK Ha OKpeMux (a3ax Tak 1 JUIsl PI3HUX 3a KOHIICTIIEIO 1
MacmTaboM MPOEKTIB.

[TpoanaiizoBaHo oprasi3aliro yrnpasiiHHS Ha ¢a3ax kuTTeBoro mukia (JKII) npoekTis i
oprasizaiiiiHi CTpyKTypH KOMMaHiil aeBenonepiB Ha (a3i OymiBHuiTBa. [lokazaHo, cyuacHi
opraHizarfii TOCTIHHO CHPSIMOBYIOTh CBOi 3yCWJUIA Ha BIOCKOHAJICHHS (PO3BUTOK)
OpraHi3aIifHOro CepeIOBUINA YIPABIIHHS JEBEIOMMEHTOM 1 CTBOPSHHSI YMOB JUISI yCIIITHOT
peamizaiii mpoekTiB. ToMy, OKpiM I[IHHOCTI CTBOPEHHUX HUMH HOBHX MaTepiaJIbHUX aKTHBIB
rpyna ympasniHHsa —npoektoM (I'YII) nmomae  (CTBOprO€)  HiHHICTH — YHIKQJIBHOTO
OpraHi3aiiifHOro cepeoBHIIA.

[TokazaHo miAXix 10 OIIHKY I[IHHOCTEH CIiIBbHOI poOOTH KOMaHIU NPO€EKTy. Po3BuHyTE
oprasizaiiifne cepenoBuile, 6€3yMOBHO, NIPEICTABISIE IIHHICTh, SKY JEBENONEp 0JaTKOBO
OTPUMYE Pa3oM 13 HOBUMHU 00'€KTaMU JE€BEIONMEHTA.
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B po6oTi po3riisiHyTo 007aCTh IEBEIONMEHTA, SIKa CTOCYETHCS OpTaHizallii yrnpaBIiHHS
NpOEKTaMU JieBelonMeHTa. [loka3aHO, JIEBEJIONIMEHT HEPYXOMOCTI Ma€e psij  TMEBHHX
0COOJMBOCTEH, AKi 3IMCHIOIOTH MPSIMHIA BIUIMB Ha MisJIBHICTH JEBENIONepa 1 opraHizaliio
yIpaBIiHHS JeBeIONMMeHTOM. HasBHICTh WX OCOOIUBOCTEH CTBOPIOE YHIKATBHE CEPEOBHUIIC
B SIKOMY Ji€ JeBelionep 1 ke 00yMOBIIIOE Pi3HI MIIXOU, CXeMH, GOpMHU, MOJIEIT OpraHizamii
yIpaBIiHHS NPOEKTAMHU JE€BEJIONMEHTA.

B [1] aBTropamu mpeacTaBiI€HO JEBEJIONMEHT HEPYyXOMOCTI, $K IiIIPUEMHHULIbKA
JISUTBHICTh, CHpPSMOBaHa Ha CTBOPEHHS, IOKPAIIEHHS YW BIOCKOHAJICHHS O0O0'€KTy
HEPYXOMOCTi, a caMe OY[iBJi, UM 3eMENbHOI NIJSHKU, KA 3a0e3MeunTh 301IbIICHHS HOTO
BapTOCTI Ta MOJAIBIIOTO MPOAAXY (OpeHIN) 13 3MIMCHEHHAM (YHKIIH YIpaBIiHHSI HOBOIO
HEPYXOMICTIO, Ta OTPUMAHHIM JIOJIaTKOBOTO MpUOYTKy. B mepioxa BinOynoBu Hamioi KpaiHu
pOJIb JeBelonepa HadyBae Ba)KJIIMBOTO 3HAYCHHSI.

MarepianbHi IepeTBOpEHHS, 0 3/1ICHIOIOTH 32 PaXyHOK JIEBEJIIONIMEHTY 3a0€31eUyI0Th
3pOCTaHHsl BapTOCTI Hepyxomocti. s meBenorepa, sSK MiANPUEMIIS, IO OpPraHi3oByeE i
peai3oBy€e MPOEKTH JIEBEJIONMEHTa, caMe Yy 30UIBIICHHI BapTOCTI 00'€KTa HEPYyXOMOCTI
MOJIATA€E 3MICT 1 CYTHICTh HOTO JISTTBHOCTI, OCKIJIBKM CaMe I1€ 3POCTAHHS 1 € JDKEPENIO T0XO0Ty
JieBeIonepa.

JleBenonMeHT HepYyXOMOCTI Ma€ psiji TIEBHUX OCOOIMBOCTEH, SIKi 3IHCHIOIOTH TPSIMUI
BIUIMB Ha JIISUTBHICTH JIEBEJIONepa 1 OpraHi3allio yupaBiIiHHS JeBEIONMEHTOM.

JleBemonepchbKi  MPOEKTH, € CKIQAHUMH Y  MICTOOYJIBHOMY, TEXHIYHOMY,
TEXHOJIOTIYHOMY Ta EKOHOMIYHOMY pO3YMiHHI IPOLIECOM, HAJEXKaTh /0 KaMiTaJOEMKUX
MIPOEKTIB; Pi3HI 3a 00CATOM, 3a 3MICTOM, 32 BHJIaMH, 32 OTOYCHHSIM. MAlOTh TPUBAIUHA TEPMiH
OKYITHOCTI; TOPKArOThbCs iHTEepeciB 0ararbOX YYAaCHHUKIB, SKI MIATPUMYIOTH a00 MOXYTb
3aBaJUTH peaiizaiii MpPOoEKTa; MalTh 0Oarato 30BHINIHIX BIUIMBIB, IOBHHHI BiAMOBIIAaTH
BUMOTaM TOTEHLIHHUX KOPUCTYyBadiB; OyTH KOHKYPEHTHHMH; IX peaji3allisi MoB's3aHa i3
3HAYHOIO HEBU3HAUCHICTIO; PI3HATHCS 32 YMOBAMH 1 i7IC€0 BUKOPUCTAHHS 3€MEJIBHOT JIIISTHKH,
MarOTh BPaXOBYBATH YMCEIIbHI OOMEKEHHS.

HasBHICTB WX 0COOIMBOCTEH CTBOPIOE YHIKAILHE CEPEIIOBHIIE B IKOMY JIi€ JIEBEJIOTEp
1 ske OOyMOBIIOE pi3HI MiAXOaU, CXeMH, (GOpMH, MOJEN OpraHizamii ympaBITiHHS
JICBEJIOTIMEHTOM.

Tomy, poboTa, sika IPUCBAYECHA OpraHi3allii yIpaBIiHHS MPOEKTAMH JIEBEIOIIMEHTA Ma€
BOKJIMBE MPAKTUYHE 1 TEOPETHYHE 3HAYCHHS, 10 HAOyBa€ aKTyaJdbHOCTI TIPH BiIOy/I0Bi
VYkpaiau B MiCIBOEHHUI Mepiof.

[TinBumeHH0 ePEeKTUBHOCTI KOHIEMIIH PO3BUTKY TEPUTOPIM HMUIIXOM 3aCTOCYBaHHS
00'€KTMBHMX METOJIB OOTPYHTYBAaHHS IIiJIeH, 3MICTY 1 MEX TPOEKTIB JI€BEIONMEHTa
npUCBsueHa podoTa [2].

VYMiHHS TpaBWJIBLHO BH3HAYaTH MICil0, MacmTad TMPOEKTY, Y3TOTUTH IHTEPECH
JieBenonepa 3 iHTepecaMu MaiOyTHIX BIACHUKIB, — JO3BOJISIE JIOCSTTH MaKCHMaJIbHOI
e(EeKTUBHOCTI 1 pe3ybTaTiB. AHATI3YETbCS OTOYEHHS MPOEKTY JEBEIIOTIMEHTa Ta OCHOBHI
KaTeropii 3alikaBJIeHUX TPyH ocid 1 KOJIO iX 1HTEpeciB, cMCTEeMa IUIeH 1 MPIOPHUTETIB IS
PO3pOO0JIEHHS Ta OLIHIOBAHHS MOXIIMBUX aJbTEPHATUB MPOEKTA, IPOIIOHYETHCS ANTOPUTM i
Ta THCTPYMEHTApPIN ISl OOTPYHTYBAHHS 3MICTY 1 MEX MPOEKTIB JAEBEIONMMEHTY TEPUTOPIN Ha
OCHOBI €IWHOI cucTeMH wijed 1 mpioputeriB. Lle 103BOJsiE MiABUIIUTH €PEKTHBHICTH
MIPOEKTIB PO3BUTKY 1 30UIBIIUTH NMPUOYTKOBICTH BiJi BUKOPUCTAHHS TepuTopii. CBilt mormsiy
Ha CTBOPEHHS KOHIIETIii pO3BUTKY JIa€ SITOHChKA CUCTEMa 3HAaHb MPOEKTHOTO 1 MPOTPaMHOTO
yropaBliHHS Ha ocHOBI P2M [3].

B po6oti [6] chopmoBaHe crcTeMHE YSBJICHHS MPO HAKONHWYCHI 3HAHHS B MPOEKTAX
JIEMOHTaXy Ta 3HECCHHs OyIiBenb Ta CHOPYH. PO3MISHYTO NpoIecH MPOEKTYBaHHS €Tarry
BUBEJICHHS 3 €KCIUTyaTallil B JIIKBigaIii OyaiBesb Ta CIIOPYI.
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VY npoekTax BUKOHAHHS JEMOHTaXy (3HECEHHs) OyaiBelb 1 CIOPY/ 3aKiIaJaloTh BHOIp
METO/IIB 10 3a0e3MeYyI0Th €KOJOTIUHICTh (BIUIMB HAa OTOYYIOUE CEpeoBHILE) 1 Oe3MeYHICTh
(BILTHB Ha JIFOJIEH, CIIOPY/IH, 3aC00M BUPOOHUIITBA).

ABTOpamMu poOOTH [4] CTBOPEHO €NEeKTPOHHY 0a3y BUKOHABYOI JOKYMEHTAIIil MPOEKTIB
BupoOHunTBa poOiT (I[IBP) 13 uncna peani3oBaHMX MNPOEKTIB JIEMOHTAXY (3HECEHHS,
pyiHyBaHHs) Oy/IiBeJb Ta CIIOPY/I.

Busnaueno HaiiBaxuBili (K1r040B1) akTopu 00'€eKTa Ta OTOYEHHS, IO 3yMOBIIIOIOTh
BUOIp TEXHIYHMX pillleHb JeMOHTaxy. Ha ocHOBI rpyn kiIo4yoBHX (DakTOpiB 1 4acToTH
(MTOBTOPIOBAHOCTI) TEXHIYHHMX pillIEHb y MPOEKTaX JEMOHTaxy (3HECeHHi) 00'€KTiB crapoi
3a0y/IOBU CTBOPEHO CHCTEMY JOKYMEHTYBaHHs, TMOUIYKY 3a KJIIOYOBHUMH O3HAaKaMu
NPUHIUIIOBUX CXeM BHpPOOHHUITBAa poOiT. Lle mo03Boisie mepedTH n0 Tumizanii HalOUIbII
MOBTOPIOBAHUX TEXHOJIOTIYHUX pimeHsb [5] Ta g0 nudposizaiii nmpormecy po3poodieHus [1BP.

BukopuctoBytoun BinuudpoBaHy ©0a3y THUIOBHUX TEXHIYHUX pilleHb Ta HU(POBI
TEXHOJIOT11 CUCTeMaTHu3allii, neperysiay (momyky) Ta Tpancdepy cxem BUpPOOHHUIITBA POOIT y
HOBI MPOEKTH, MOXKEMO CYTTEBO CKOPOTUTH Yac PO3pOOJICHHS MPOEKTIB JEMOHTAXY Ta iXHBOT
peanizaiii 13 MiHIMAJIbBHUMH BUTPAaTaMH 4acy Ta 3aco0iB.

HampampoBaHi iHCTpYMEHTH 1 3acO0M 0€3yMOBHO CKJIQIal0Th IIHHICTb, II[0 PUBHOCHUTH
MIPOEKTHA TPyTa y CBOIN AiSIILHOCTI IJIs peami3allii MPO€EKTIB 1 Mporpam.

Opranizaiisi yrnpaBTiHHS JIEBEJIIONIMEHTOM BHKIaneHa B poborax [7—10]. Lli mpami
PO3TIISAAI0Th BaXKJIMBI MTUTAHHS B3A€MOBITHOCHH TaKi SIK:

- oprani3ailis cepeIoBHUIINA MPOEKTHOT KoMaHu [7];

- Oprasi3ailis maroToBKM BUKOHAHHS MPOEKTIB JIEBEIONMEHTA [§];

- opraizaniiiti (opMH yrpaBIiHHS JACBEJIONMEHTOM y MiHIKBOMY cepenosuii [9; 10].

Bucnosox: B pesynbraTi cOpPMOBAHO CHUCTEMHE YSBIECHHS TIPO OpraHi3alliio
yIpaBITiHHSA TPOEKTaMHU JeBeJonMeHTa. lIpoaHani3oBaHO MOXKIIHMBI OpraHizaiii NMpOEKTIB
JIEBEJIOTIMEHTA 1 €JIEMEHTH OPTaHi3alliifHOTO CepeOBHIIA KOMIaHii.
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VIIK 69.003.12:004.021

HOUPPOBI3ALIA PE3YJIBTATIB TEXHIYHOI'O OBCTEXXEHHA
BYAIBEJIb TA CITIOPY]

Borauenko C. B.}, acmip., Tutiok A. 0.2, k. T. 1., gou., lllaTos C. B.3, 1. T. 1., mow.
Ilpuoninposcvra depoicasna akademisi OyOi6HUYMBA mMa apxXimeKmypu
1 pbohachenko.serhii@pgasa.dp.ua; 2anatol.tytiuk@pgasa.dp.ua; 3shatov.serhii@pgasa.dp.ua

Ilocmanoeka npoonemu. CyyacHa iHXeHepHa 1HQPaCTPYKTypa, BKIrOUarouu OyaiBil Ta
CIIOPYAH, BiJirpae KIIOUOBY pOib Yy 3a0e3nedeHHi koMmpopTy Ta Oe3mexu moauHu. OHAK,
HE3BAKAIOYM HA CTAHJAPTH Ta HOPMATHBH, €PEKTUBHE 3a0e3MeueHHs Oe3IeYHOi eKCIuTyaTarii
00’€eKTiB OyIIBHUIITBA MOTPEeOy€E CHCTEMHOTO Ta IHHOBAILIIMHOTO TT1IXO.Y.

OcHOoBHMMH MeToAaMHu 3a0e3reueHHs] Oe3NevHOol eKCIuTyaTamii SBISETbCS BHUKOHAHHS
MOHITOPUHTY TEXHIYHOTO CTaHy OyIiBeIbHUX KOHCTpYyKIii. IIpoBeaeHHS TEXHIYHOTO
oOcTexxeHHs Oy/iBelb Ta CHOpPYJ 3aKpIIUICHO Ha 3aKOoHOAaB4YoMy piBHI [1; 2] Ta Ha piBHI
HOPMAaTHBHHX JOKYMEHTIB B oOmacti OymiBuumrsa [3; 4]. OxHi€ro 3 rolloBHHX IpoOieM B
JTAHOMY HANpsIMKY € BiICYTHICTh IHM(POBHUX 1HPOPMALIHHUX CHUCTEM 3a JOMOMOTOI0 SKHUX
MOKHA 30epiratu Ta B MOAANIBIIOMY aHaJli3yBaTH 1H(GOPMAIIi0 PO TEXHIYHUN cTaH OymiBeh
Ta crnopyd. ICHyHOdi METOIM MOHITOPHHTY, B OCHOBHOMY, I'PYHTYIOThCS Ha TEPIOAUYHUX
O0OCTEe)KEHHAX, PE3yJbTaTH SKHX BiJOOpakarOThCsA Yy 3BITaX Ha MamnepoBHX HOCIIX abo y
PO3pPI3HEHUX EICKTPOHHUX JOKYMEHTAX.

Biacyrtnicte 1mudpoBoi iHpoOpMaIiiHOT CHUCTEMH, L0 IOEAHYE JIaHI MOHITOPHHTY,
CTBOPIOE TPOTAIMHU B iHGOpMaUidHIA 0a31 [UIs yXBaJIeHHS YNPaBIIHCBKUX pIllICHb.
HeoOxignicte B iHGopMamiiHiii  mudpoBiii  miatdopMi, 37aTHOI  HAKOIHMYYBaTH,
CUCTEMAaTH3yBaTH Ta Bi3yali3yBaTd iHPOPMAINIO MO0 TEXHIYHOTO CTAaHy O0'€KTIB, CTa€
OLTBIII HIXK aKTyaIbHOIO.

Mema pobomu 1ionsTae B yIOCKOHAJIEHHI TIPOIECY eKCIuTyarailii OyiBellb Ta CIopy/I
NUIIXOM TG POBI3allii pe3yabTaTiB Bi3yaJIbHUX Ta IHCTPYMEHTAIBHUX 00CTEKEHb (B YaCTHUHI
MIITHOCTI Ta KpeHy) OyAiBeTbHIUX KOHCTPYKIIH.

Ocnosna wacmuna. 3a pe3yiabraTaMH JOCIIDKEHHS HaBEJIECHUMHU B [5] Oyino CTBOpeHO
0a3y maHWX IS peecTparlii pe3yibTaTiB OOCTeKeHb Oy/IiBeNb Ta CIOpPYyI, OOpaHO CHCTEMY
yIpaBIiHHS 023010 JJaHUX Ta BU3HAYCHO, 1110 MPOIIEC B3a€EMOJIii KOPUCTYBauiB 3 023010 JTaHUX
BiJIOyBAETHCS 32 IOTIOMOTOIO MPUKIIAHOT IPOTPaMHU.

Jyiss  cTBOpEHHsI TPUKIAMHOI TPOTPaMU BHKOPUCTAHO OO0’ €KTHO-OPIEHTOBAHY MOBY
nporpaMyBaHHs 3arajpHoro npu3HadeHHs C# B cepenoBHINI PO3POOKH IMPOTPAMHOTO
3abe3neueHHs Microsoft Visual Studio. 3aranpHa cTpyKTypa MpUKIAIHOI TPOrpaMH HaBeJeHa
Ha PUCYHKY .

Dopma AN onpayiosanHa iHpopmayil
npo enacHukie Gyaisens

Dopma ANA ONpayoBaHHA 3aransHol
iHdhopmauii npo Gyaieni oGpaHoro

Y

Enement KepyBaHHA ﬂ.D DﬂP:II.'I.ﬂllHHIﬂ Gupn?u Aanaon P_-ﬂqlﬂllﬂﬂuﬂ A!!'ﬂ.ll}mﬂ'l’
3araneHux ewgie Gyaieni iHchopmauii oBpanoi Gyaieni

|
] ] v

EnemeHT KepyBaHHs No onpayosaHHio EnemeHTH KepyBaHHs No onpayioBaHHio
Xap-ku Maliganuuka abyaoen TeXHIYHWX NoKasHKKis

E Py nio onpayosal
Ta iHWWx rpad
matepianie no Gyaieni

no
Xap-K OCHOBHMX BypiBenbHMX
KOHCTPYKUiA

Y

‘Ddopma AnA onpauioBaHHA PesynsTaTis
IHCTPYMEHTaNbHWX OBCTEMEHD
(MiyHicTb Ta KpeH)

®opMa ANA ONpayBaKHs pesynsratie
BisyanbHix oBcTeNeHs

Puc. 1. Cmpyxmypa npuxnaoHoi npoepamu
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OnmHUM 3 eJEeMEHTIB MPHUKIATHOI NPOTpaMu SBIAIOTHCS (GopMu. B KOHTEKCTI maHOi
po6oTH opMa — 1ie 1iaJ0roBe BIKHO 3a JOIOMOTOIO SIKOTO KOPUCTYBaY, MEPErIsIae, peaarye,
nomae abo Bupanse iHpopwmario 3 0asm gaHuX. JlaHi MpOIECH BUKOHYIOTHCS 3aBISKU
3a3maneriip ctBopeHUM SQL 3anmuTam, sKi 3aIyCKaloThes 3a JOMOMOToI0 pizHUX nofiit. [Ipu
nepexozi 3 ofHiel GopMu B 1HILY B1JIOYBa€ThCs Nepefada yHIKAIbHUX 1€HTH(IKATOPiB, 1110
JI03BOJISIE CTPYKTYPOBAHO BiJ10OpaXkaTu HasiBHY B 0a3i JaHUX iH(OpMaLlifo.

B ¢opmy ompairoBanHs iHpoOpMalii Ipo BIACHHUKIB 3aBaHTaXKYEThCs 1H(OpMaLlis Mpo
HasBHUX B 0a3i JaHMX BIACHHKIB, TaKOXK (opma J03BOJSIE MoAaTH iHPOPMAILIiI0 PO HOBOTO
BIacHMKa B 0a3y nanux abo pemaryBatu iHQopmaiiro mpo icHyrodoro. [licms BubGopy
BJIaCHUKA BIg0oOpa)kaeThCsl (opMa I OMpAIfOBaHHS 3arajlbHOi iHpopMamii mpo Oymiii
0o0paHOro BJacHUWKa 3 (PyHKIIOHAJIOM aHAJOTIYHUM MonepenHboi (gopmu. 3aranbHi BUAU
dbopm ompairroBanHs iHGOpMAIIii PO BIACHUKIB iX Oy/IiBJIl HABEICHO HA PUCYHKY 2.

EMPMIOY/IMH  Hassa opravisaui / M16.
3253315217 Borauerko Ceprii BikToposuu
MPYOHINPOBCHKA NEFXABHA AKAIEMIA BYIBHULITBA TA APXITEKTYPU

Hazsa oprarizawi/ M5

Ronamu niacnpuenc

Moewa Hazea
opranizaLi

{0punwra anpeca

Kon3a E0PTIOY

A Pisvuwa ococa

Puc. 2. @opmu onpayrosanus ingpopmayii npo enracruxie ma ix 6y0ieni:
a — ¢hopma onpayroeanHs inghopmayii npo 61ACHUKIB,
6 — popma onpayrosanns 3a2anvHoi iHghopmayii npo 6yoieni

3ar anbHi napameTpu

jto. wo aniicHuna o6cTexenrn (O (&) OBepiTe BIANOEINANEHOTO BUKOHEBUA ©(Z 06epiT naty BUAENEHHA DEdeEKTY G60
MOWKO/IXEHHA

1.1 5. sigioBifansHoro Bikoras: despans 20241, *

BT cp uT mT 6 BC
29 30 31 1 2 3 4
§ 7 8 910N
13[18) 15 18 17 18
021 2232425
789 123

45678 310
rouy oprarizavi | NG . :oo-cu [ [ Ceroaris: 14.02.2024

Korcrpyeis

Critiv Ta ninRCTRH

Puc. 3. @opma onpayrosanus pe3yrbmamis 6i3yanbHO20 0OCMENCeHH s
1 — 6nox 3aeanvhux napamempis; 2 — gidomicms Oeghekmie ma nOWKoOICeHb
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brok 3aranpHuX mapameTpiB BKITIOUa€E B cede: maHeli BUOOPY KOHCTPYKIIiH, opraHi3amini
10 MPOBOAMIN OOCTEKEHHs, BIAMOBINAIBHOTO BUKOHABIS Ta KajleHAap Ui BHOOpY IaTu
BUSIBIICHHS Je(eKTy Ta TOMIKOMKeHHS. BimomicTh HeQeKTiB Ta MOIIKOMKEHb O3BOJISIE
BHECEHHS pE3YJIbTaTiB Bi3yaJbHOTO OOCTEKEHHS 3a YMOBH BHOOpY mNapaMeTpiB B OOl
3arajJlbHUX MmapaMeTpiB. B BimomocTi nedexTiB Ta MOMIKOMHKEHh HasBHA KHOIKA
«/lonaru/IlokazaTi» 3a JOMOMOIOI0 SIKOi Y KOPUCTyBaya € MOMJIMBICTH NMEPErISHYTH abo
J0JIaTH HOB1 KIJIBKICHI MOKa3HUKHU Je(EeKTIB Ta MOIMIKOMKeHb. dopma A ONpaloBaHHS
pE3yJIbTaTiB 1HCTPYMEHTAJIBHOIO OOCTEKEHHsSI MO CTPYKTYypl aHaJOTi4yHa, 3arajibHUN BHJI
(dbopMu NpUBEACHUI HA PUCYHKY 4.

Ly OGepiTe AaTy BUABNEHHA
[echeKTy 860 NOWKODKEHHS

despans 20241, *

ET ¢p uT nT 6 BC

29 30 31 1 2 3 4
6 7 8 10N
12 [34]15 16 17 18
021 2 23 ]
27 28 29 1

7 8

Puc. 4. @opma onpayrosanns pe3yrbmamis iHCmpyMeHmManibHO20 0OCMEHCEHHSL:
1 — 610k 3aeanvrux napamempis; 2 — 8ioomicms pe3yibmamie UHAYEHHS MIYHOCMI
KOHCMPYKYii; 3 — 8i0oMicmb pe3yibmamis UsHaA4eHHsl Kpery 0y0i6i

VY pasi BHECEHHS HEBIPHUX JaHUX B 000X (hopmax repeadadyeHo KOHTEKCTHE MEHIO 3a
JIOTIOMOTOI0 SIKOTO MOKHA 3MIHHTH KOHCTPYKIIiIO, OpraHi3allio sika BUKOHYBaJla 00CTEXKEHHS,
BiJIMIOBIJAJIbHOTO BUKOHABIISI TA JIaTy BUSBICHHS JePEKTy a00 MONIKOIKCHHSI.

Bucnoeox. Po3pobriena mpuKiIagHa MporpaMa IMPENCTaBIse COOOK IHCTPYMEHT ISt
opranizariii Ta 30epiranas iHdopmarlii Mpo BIACHUKIB Ta iX OyiBIi, pPe3yJbTaTH Bi3yaJlbHUX
Ta IHCTPYMEHTAJIBHUX 00CTEXKEHb, Y CIeliaTbHO CTBOPEHil 0a3i JaHUX.
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VYkpainu, 2017. 53 c.
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YK 624.01

BIJHOBJIEHHA TA NIACUJIEHHSA HECYYUX HEI'IAHUX KOJIOH
3A JTOIIOMOTI'OIO MATEPIAJIIB TM MAPEI

Boraan C. M.}, acnipanr, Kosioxos B. B., . T. H., j1011.
IIpuoninpoecvra depoicasna axademisi 0yOieHuymMea ma apximexkmypu
's.bogdan@mapei.ua; vvkolokhov@gmail.com

IlocTtanoBka nmpo6sgemu. Ha cboroHimHii 1eHp 0araTo MPOMHUCIOBUX Ta ITUBUILHHUX
00’eKTiB YKpaiHU MaroTh MOIIKOPKEHHS HECy4YMX KOHCTPYKIIN SIKi YHEMOXIUBIIOIOTH X
Oe3rneuyHy Ta NPOEKTy eKcIutyararito. OCHOBHI IPUYMHU 1IbOI'O MOXKHA YMOBHO MOJLIUTH SIK
TaKi 110:

- moOy0BaH1 e NMpH PaJsHCHKOMY COIO31 1 0arato Cropyja B)K€ BIAINpaIlOBaIM CBiit
NPOCKTHUI TEPMiH €KCILTyaTallii;

- IOBrMil yac He IpalloBajM Ta HE OTPUMYBAJIU HAJEKHOIO OOCIyroByBaHHS 1
PEMOHTY, 110 MPULIBUALIMIO PYyHHYBaHHS CIIOPYI;

- OTpUMAJIH MOUIKOJKEHHS B HACIIA0K 00MOBUX /i, a00 B HACIIJJOK BIIy4aHHS paKeT,;

- CYKYIIHICTh YCiX IepeniuyeHux GpakTopis.

Bce me mpu3BOOMTH 10 aBapiiHOI 3yNUHKHA TEXHOJOTIYHOTO MPOIECY, TPUBAIUX
PEMOHTHO-BIIHOBIIFOBAJBHUX POOIT Ta MOBTOPHOTO, JOCUTh KOIITOBHOI'O, 3aIlyCKY
BUPOOHUIITBA.

Mema poéomu — HaaTH TEXHOJIOTII0O BUKOHAHHS PEMOHTHO-BiAHOBIIOBAILHUX POOIT
HETJITHUX KOHCTPYKIIIH 13 3aCTOCYBaHHSIM Cy4acHHX TE€XHOJIOTTUHUX PIIEeHb Ta MaTepiaiiB, 3a
JUISL IOCSITHEHHSI ONITUMAJIBHOTO Pe3yJIbTaTy MO SIKOCTi, CKOPOCTI BUKOHAHHS pOOIT, BapTOCTI
Ta TapaHTIHOMY TepMIHY eKCILTyaTallli BiIHOBJIEHOT KOHCTPYKIII.

Ocnoena uacmuna. BinHOBIIEHHS HECY4YMX KOHCTPYKIM MOBMHHO 3I1HCHIOBaTHUCS
TUTBKH TCSl BCTAHOBJICHHS TPUYMHU pPYHHYBaHHS Ta BH3HAYCHHS ITOTOYHOTO CTaHY
KOHCTPYKIIN HUISXOM IMPOBEICHHS OOCTEXEHHS iX MOTOYHOrO CTaHy, HECy4oi 37aTHOCTI, a
TaKOX, 3a HEOOX1JHOCTI, IarHOCTUYHOIO J1a00opaTOpHOro aHamizy. TUIbKM Takuh MiAXiJT
JI03BOJIsIE€ 3a0€3MeYNTH MPaBUIBHUM Mi0ip MaTepiaiB Ta TEXHOJOTIT pEMOHTY, BITHOBJICHHS
Ta MiJICUIICHHS KOHCTPYKIIIH, 110 JI03BOJISIE€ 3a0€3MEYUTH TIOBMOBIYHICTh Ta 1X UTICHICTH TICISA
NPOBE/ICHHS] PEMOHTHO-B1IHOBIIIOBAJILHUX POOIT.

BinHOBIEHHS LETNIIHUX KOHCTPYKIIi MPOBOIUTHCS B I€KLIbKa cTajii abo eTariB:

® [11/ITOTOBKA MOBEPXH;

® KOHCOJIIAAI[isI OCHOBH;

® PEMOHT TPIIIHH, BIIMAPOBAHUX JIIJITHOK Ta HEJOCTAIOYMX €JIEMEHTIB KJIaJIKH;

® [Ti/ICWJICHHS. KOHCTPYKIIH 13 3aCTOCYBaHHSIM CHUCTEM KOMITO3UTHHUX MaTepianiB Mapei
FRG System;

® OTIOPSIJKCHHS BITHOBJICHOT KOHCTPYKIII.

JIns mocCsITHEHHsI HAJIWHOTO BIJIHOBIICGHHS KOHCTPYKIIIH Ha KOKHOMY €Talli HeoOXiaHO
BUKOHAHHS TEXHIYHMX Ta TEXHOJIOTTYHUX BUMOT, SIKI HQJJAHO B PO3POOJEHUX TEXHOJIOTTUHUX
pIIIEHHAX BIAMOBIIHO 10 BUMOT €Bporneiickkoi Hopmu CNR DT 200/2004.

BignoBimHO 40 nmaHOi HOPMH Tiepes IMOYAaTKOM TNPOIECY BiIHOBICHHS UETJISHI
KOHCTPYKIIi HEOOX1THO OYMCTUTHU BiJ Opyay, IUIICHABH, BUCOIIB Ta 1HIIUX 3a0pyIHIOBAYIB,
KOTpIi MOTIpIIYIOTh are3if0 PEMOHTHHUX PO3YMHIB 10 OCHOBH.
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JpyraM eTtarmoM HEOOXiTHO BHUKOHATH KOHCOJIJIAII0 OCHOBU MUISIXOM ii HACHYCHHS
IPYHTOBKOIO TJIMOOKOTO TNPOHUKHEHHS fKa 3MILHIOE OCHOBY, 3MEHIIY€E ii HOIVIMHAJIBHY
3[IATHICTB Ta MOKPANIy€E aare3ir0 HCTYITHUX PEMOHTHUX MIAPiB.

[Ticas bOTO BUKOHYETHCS PEMOHT TPIIIMH B KAl SIKUW BKJIIOYAaE B ceOe HACTYIHI
eTanu:

1. 3anoBHEHHsS PO3KPUTTA TPIIIMHU PO3UYMHOM 3 OJHI€T UM 000X CTOPIH KOHCTPYKIIT
JUTSI 3aTI00ITaHHS BUTIKAHHS 1H €KIIHHOTO PO3YUHY 3 TPIIIHHU.

2. IH’eKTyBaHHS BHMCOKOTEKYYOTO pO3UMHY Ha ILIEMEHTHIH OCHOBI (200 Ha OCHOBI
MYLOJIAaHH VIS ICTOPUYHHX Oy 1iBEb).

3. 3a HeoOXiIHICTIO BUKOHAHHS TEXHOJIOTIi «3IIWBAaHHS» TPIIIUHU 33 JOMOMOTOIO
«CYXOT0» YU «MOKPOT0» METOAY.

4, 3aroBHEHHS Ta PEMOHT TEXHOJIOTIYHMX OTBOPIB TICIS BUKOHAHHS BHIIE
nepepaxoBaHuX BUIIB pOOIT.

: = 3
2 é\ i <3 ¢
o ol %

Puc. 1. Konconioayis ocnosu Puc. 2. Texnonoeis pemonmy ma in’€kmy8anus mpiuyuu

BukoHaHHS TiJACHICHHS UETJISHOT KOHCTPYKINI BHUKOHYETHCS TICJIS BiTHOBICHHS il
LIICHOCTI, BUKOHAHHS BUMOTI' 1O J0 HIOPCTKOCTI, ()OPMH, 3a0KPYIJICHHS KYTIB Ta 1HIIMX
BUMOT 11010 OocHOBH. [lincunenns Bukonyethes 3a Texnonorieto MAPEI FRG System sika
CKJIAaJIa€TbCs 3 3aCTOCYBAaHHSAM JBOKOMIIOHEHTHOTO IIeMEHTHOro po3uuHy Planitop HDM
Maxi Ta JyrocTtiiikoi CkJI0BOJIOKOHHOI ciTkum Mapegrid G120 mo BTOIUIIOETHCS B MacuB
po3unHy. JlaHa cucrtema mokasajga CBOIO €(EKTHUBHICTb NMpPHU MPOBENEHHI JabOpaTOpPHUX
BUNMPOOYBaHb 3 MIACWICHHS IETIsSHUX KOJOH (mpoBomuwiauck Ha 0a3i HY «JIbBiBchka
nojitexHikay 2018 p.) Ta Ha mpakTUI.

Reinforcement of wall cladding outside or inside:

-----

MAPEGRID G 220

MAPEWRAP G FIOCCO

2*Strato di
PLANITOP HOM RESTAURO

Puc. 3. Cxema enawmyeanns cucmemu niocunenns MAPEI FRG System

BrnamryBanHsT JaHOi CHCTEMU MiJCHICHHS HEe MOTpeOye CIeniaabHOro 00JIafHaHHS Ta
MeXaHi3MiB, J0/IaTKOBa Bara Bijl CHCTEMH TlijcuieHHs ckianae 21 kr Ha 1 M? mosepxHi, npu
[IOMY HE YTBOPIOIOTHCS «MICTKH XOJIOAY» IO IMO3UTHBHO BIUIMBAE HA €HEProe(PeKTUBHICTH
OynIiBii B IIOMY.
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Bucnosox. 3actocyBaHHS ~Cy4yaCHHMX TEXHIYHMX pIIIEHb 3 BUKOPHUCTAHHSAM
KoMmno3uTHUX MarepianiB Mapei FRP System Ta Mapei FRG System no3Bossie BukoHatu
PEMOHTHO-BIAHOBIIIOBAJIbHI pOOOTH:

- B HAUKOPOTIIHI TEPMiH;

- 3 MiHIMaJbHUM JIOJATKOBUM HABAaHTAKCHHSIM KOHCTPYKIIM (Bara CHUCTEMH CKJIAIa€
npu6ausHo 21 kr/m?);

- 0e3 3aCcTOCYBaHHS BEJTMKOTa0apUTHOI TEXHIKU Ta MIIHOMHUX MEXaHI3MiB;

- 6e3 J10/1aTKOBHX «MICTKIB» XOJIO/Y, HE MOPYLIYIOUH TEPMOI30JIALII0 OyaiBIIL;

- MiHIHE PpO3MIMPEHHS MaTepialiB CHCTeMU WiACWICHHS TOMIOHEe 10 JiHIHHOTO
PO3LIMPEHHs caMOi KOHCTPYKIT, 3aBASKH YOMY CHCTEMa Mpalfoe OJHOYACHO 3 OCHOBOIO Ta
He oTpedye J0JaTKOBOTO aHKEPYyBaHHS;

- Ha BIIMIHY B1JI pEMOHTHHUX POOIT miJ 4ac OOIIMBKYM CTAJICBUMH TUIACTUHAMHM, HE ICHY€E
po0JieMU KOpO3ii P 3aCTOCOBYBAHHI CUCTEMU TT1ICHIICHHS;

- cucrema Bianosinae Bumoram CNR DT 200/2004: «IncTpyKuisi 3 MPpoOeKTYBAHHS,
BHKOHAHHSl Ta KOHTPOJII0 CTAlliOHAPHMX CHCTeM MiJICWIEHHS, 3 BHKOPHCTAHHAM
KOMIIO3UTIiB AapPMOBAHUX BOJTOKHOM)
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OCOBJIMBOCTI APXITEKTYPHOI'O ®OPMOYTBOPEHHS
EHEPI'OE®EKTUBHUX BATATOIIOBEPXOBUX BYAIBEJIb

Bbonpapenko O. 1., ct. BUKiaz.
Ilpuoninposcvra depoicasna akademisi OyOi6HUYMBA Ma apxXimeKmypu
bondarenko.olha@pdaba.edu.ua

Ilocmanoséka npoénemu. AKTUBHE BIIPOBA/KEHHS €HEProe(EeKTUBHUX CUCTEM Y BCIX
cdepax KUTTA CbOTOJHI € HABaXKJIMBIIIOIO CKJIAJ0BOIO MalOyTHHOIO PO3BUTKY, SIKUI 31aT€H
3MIHUTH KUTTEAISIIBHICTD 1 KOM(MOPT KOXKHOI JIOAUHU. | Iyke BaKJIMBO BH3HAYUTH MiCIIe
apXITEKTYPHU B IIbOMY TIPOILIECI.

He Brparmia cBOI0O akTyallbHICTh ChOTOAHI 1 apxiTektypHa «Tpiama BiTpyBis»
«Minnicts. Kopucts. Kpaca» came ToMy, 110 3aBASKM aKTUBHOMY PO3BUTKY TEXHOJOTIH B
kymi 3 nparmatuuHicTio XXI cromitrs, «Kpaca» apxiTekTypu, sk ckiagoBa Tpiaau, HaXKanib,
YacTillle 3aJIUIIAEThCS 033y, K KaXyTh Ha «JIPYyTOpSIHUX POJISIX», a TOBUHHA HTH MOpYY 3
BHCOKHMMH TEXHOJIOTiIMU Ta 1HHOBAI[ISIMH.

Mema pob6omu  OCIIIATA  OCOOJIMBOCTI  apXITEKTYpHOTO  (OPMOYTBOPECHHS
eHeproeeKTUBHUX 0araTonoBepXoBUX OyiBeNb, SK pe3yJbTaT B3a€EMOOOYMOBICHOCTI
apXiTeKTypu 1 eHeproeeKTUBHUX TEXHOJIOTIYHMX CHCTEM, Ha TMPHUKIAIl CY4YaCHUX
apXITeKTypHUX 00’ €KTIB CBITY.

Ocnosna uwacmuna. EneproedexTuBHICTH OymiBial — 1€  BIACTUBICTh, IO
XapaKTepU3Y€eThCSl KUIBKICTIO €Heprii, ska mOTpiOHAa Ha CTBOPEHHS HAJICKHUX YMOB
MPOXKUBAHHS 1 KUTTEMISUTBHOCTI Jitofeld. UM MeHIe eHeprii BUKOPHUCTOBYE OYIiBIS IS
HiATPUMKH CHPUSATIMBOTO MIKPOKJIIMAaTy B HPUMIIICHHI, TUM OUIbII eHeproeeKTUBHUN
oymunok [1].

Bu3HaveHi TEXHONOTIYHO-KOHCTPYKTHUBHI BUMOTH 11010 320€3II€YSHHS BUCOKOTO KIIaCy
E€HEepPreTHYHO1 €PEeKTUBHOCTI OYIiBIIi, KOTP1 MOCTIHHO OHOBIIIOIOTHCS 1 pO3IMHUPIOOThCS. [le —
BiJTHOBJIIOBAJIbHA €HEPTis, SKICHA TEIUIOI30JIAIls, TepMETHYHA KOHCTPYKIisS, BEHTWISIIS 3
peKyIIeparlti€ro, sKicTh OyAIBHUIITBA, 130JISII1s MiIJIOTH, TOTPiifHE eHeproedeKTUBHE CKITIHHS,
peryJIroBaHHS 1HCOJIIT TOIO [2].

Cporoani 3poOJsieHI BeMMKI HampamroBaHHA B cdepi MPOCKTyBaHHS Ta OyIiBHHIITBA
eHeproeekTUBHUX OyniBedb B Oaratbox KpaiHax cBity. Po3poOnena kinacudikaris
eHeproeekTuBHUX OyniBens. B VYkpaini nie ximacudikamiss OymiBenb I OIIHKH
eHeproeeKTUBHOCTI Oy/aiBenb, BIAMOBIAHO 10 CTaHAApTIB E€BpONEHChKUX KpaiH: cTapi
OymiBii, HOBI Oy/iBIIi, MacKBHI OyiBIIi, OYIMHKH HYJIH0BOI €Heprii, OyaiBmi miroc enepris [3].

BukopucTanHsl BiIHOBIIOBAJIbHUX JKEpeN eHeprii ams OymiBmi. Y cydyacHii MpakTHI
HaWO1IBII TOMMPEHUMH JDKEPEIaMH BiTHOBIIOBAJILHOI €Heprii s OyIMHKY €: COHsSYHa
€HEprisi, eHepris BITPYy, reoTepMajibHa €HEpris, TIIPOCHEPTis, €HEpris okeaHy, OloeHepris.
BiamoBigHO THIy eHeprii, MpU MPOEKTyBaHHI €HeproeeKTUBHUX OyHiBEIb, 3aCTOCOBYETHCS
HACTyTHE iH)KEHepHe OOJaJHAHHSA: TETIOKOJIEKTOPH, COHSYHI KOJIEKTOPH, (OTOETEKTPUYHI
MepeTBOpIOBayi, COHAYHI Oarapei Ta iHII 3acO0M OTPUMAHHS COHSYHOI EHEprii,
BITPOTE€HEPATOpH; TeOTepMalIbHI CHUCTEMH; TiAPOENEKTPOCTaHIii, NPUINBHO-BIUIUBHI
eJIeKTpOoCTaHIIli Ta iHme [4].

BigHoBiroBaHi Jpkepena eHeprii  3a0e3nmeuyroTh TakKi XapaKTepUCTUKH JIOMY, SIK
€KOHOMIYHICTh, EKOJIOT1YHICTh, aBTOHOMHICTh, CaMOJOCTATHICTh, €HEProeeKTUBHICTH 1
BUCOKHIA PiB€Hb KOM(pOPTHOCTI MPOXKUBAHHS.

ATne, sIK 0 TOAMBUTHCS HA CXeMY 1H)KEHEpHOro oOnagHaHHs OymiBii, sika 3a0e3nedye
BCi IIi XapaKTePUCTUKH i, 0COOINBO, BUCOKHI KJIac €HepreTHdHoi eheKTuBHOCTI OymiBii, MU
Maibke He moOaummo apxitektypu. lle Oinbmie iHkeHepHHMI OO €KT, a IUIaHyBaHHS,
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apxiTeKTypa, KOMITO3HUIIisS BIXOIATh HA APYTUH miaH. Tpeba Takoxk BIAMITHTH, MO0 00’ €KTOM
JUIS  MOJICJIIOBaHHS ~ €HEProC(CKTHMBHUX TEXHOJIOTIYHMX CHCTEM Oyja TepeBayKHO
MaJIoNoBepxoBa OymiBIIsA 3 JOCTAaTHHOI IUIOMICIO IMOKPIBII JUISl TeIIOCUCTEMH (OCHOBHOTO
TEXHOJIOT1YHOTO €JIEMEHTY, SKUHA BHMpOOJsS€ €Hepriio), L0 CIPOLIyBal0 3a0e3MeUCHHS
BHCOKOTO KJIacy eHeproe(eKTHBHOCTI OyIiBIIi.

30BCiM iHIIA ICTOPis NMPOEKTYBAaHHS €HEeProe(peKTUBHUX OAraTornoBepXOBUX Oy/iBEb,
Je JUIS TOCSATHEHHS eHEepreTHYHOi e(peKTHBHOCTI OyIiBII 3aJlisiHI MOBEPXHI BCIX 30BHINIHIX
OTOPOIKYBaJbHUX KOHCTPYKIIIN: TIOKPIBJIS, CTIHU TOIIO.

@DOpMOYTBOPEHHS B apXITEKTYPHOMY MPOEKTYBaHHI — 1€ TBOPYUH MPOIIEC, IO BKIIIOYAE
CUCTEMY 3HaHb MPOEKTYyBAJIbHUKA B TEXHIYHIH, €KOJIOT1UHIN, KOMIO3UIIIHIHM, ICUXOMOT1YHIN
Ta iHIHX cdepax.

PosrnsinemMo nesiki  00'€KTH, 3BENEHI 3 BUKOPHUCTAHHIM IEPEIOBUX  «3EICHHUX)»
TEXHOJIOT1i, SIKi € HE JIUIIE 3pa3KaMH €KOJOTTYHOCTI 1 eHeproe(eKTUBHOCTI, & i BUAUISIOTHCS
apXiTEeKTYpHO-IIJIaHYBaJIbHUMH, 00EMHO-KOMIO3UIIIMHUMHU Ta 1H)KEHEPHUMH PIIIICHHSIMH.

1. Enepzoegpexmuena ogicna 60yoiens kopnopauii Manitoba Hydro, Binninee,
Kanaoa. «Kvsa Oyniens» 3 nepeoBUMHU TEXHOJIOTISIMY, SIKa THHAMIYHO pearye Ha MiCLIeBHi
xiimar (puc. 1)[5].

Puc. 1. Enepeoeghexmusna ogicrna 6ydiens xopnopayii Manitoba Hydro

ApxiTekTypHa Gopma 21-moBepxoBoi Oy/iBii — 1€ OpraHiyHa CUMETPUYHA KOMITO3HUIIis
TCOMETPUYHUX €EJICMEHTIB, IUHAMIYHO CHPSIMOBAaHUX Yy HEOO 1 PO3KPUTHX 10 COHIIS.
Haii6inpm 3HaKoBI TeXHONOTT4YHI 0coOmuBOCTi: «CoHsiuHuN mumapy», 115-metpiB (cuctema
nmacuBHOi (MPUPOAHOI) BEHTWJIANIT), TOMABIMHA QacagHa cHCTeMa HABICHUX CTiH, TpH
IIECTUIIOBEPXOBUX MIBIEHHHUX aTpiyma (Jerki Oynisii), Bomocnan (24 MeTpu) B KOKHOMY 3
aTpiyMiB, reoTepMaibHa CHCTEMa, 3eJeHui max cTtwiobary. OcobnuBa yBara mpuaijeHa
(hopMyBaHHIO KOMITO3UIiT BHYTPILIHHOT'O MPOCTOPY OYIiBIIL.

2. Exo-oyoiens, axa ovepmaemuvca 3a conuem, @paiioype, Himeuuuna. SIx nucrs ta
KBITH 00epTarOThCsl CIiZOM 3a COHIleM, Tak 1 Heliotrop crmimye 3a #oro pyxom, mo0 AOCATTH
MaKCHUMaIbHOI €()EeKTHBHOCTI BHKOPHUCTAHHS COHSYHOTO BHUIpOMiHIOBaHHS (puc. 2) [6].
HumingpiyHa, JIuHaMiuHa 3-1IOBEpXOBa JKUTIOBA eKO-0y0i6nia BCTAHOBJIEHA Ha KOJIOHI
Bucototo 14,5 m i miamerpom 2,6 M. 3 ofHi€i CTOpOHM OyAMHOK Mae MOTpiiiHE CKIIHHA, 3
1HIIOro 60Ky — 100pe 130J1bOBaHE CTiHA.
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Puc. 2. Exo-6yoisns Heliotrop, @paiibype Puc. 3. «Elithis Towery, [Jiscon, @panyis

3. Enepzoepexmusnua oyoiena «Elithis Towery, tHixcon, @panuis. Bupobise
eNeKTpoeHeprii Oynbine, HiX BHKOpucToBye. Ha nmaxy ta ¢acami 10-moBepxoBoro odicHoro
HEeHTpy po3aramoBaHo 330 COHSYHUX MaHENeH, 10 BUPOOJISIOTH €JIEKTPOEHEPrilo B 00cs3i,
JOCTaTHbOMY JIJIsl OCBITJICHHSI, OTIAJICHHS Ta KOHIUIIIOBaHHA 54 THC. M> 0(ICHOTO MPOCTOPY
(puc. 3) [7].

4. «Eko-oyoienny mupy — «lim Conysn i Micaus» 6 micmi /euscoy ¢ Kumai.
[MonidynkuionanbHuit KoMIuieke: 0o¢icu, 3UMOBHMI CaJ, BUCTABKOBUI KOMILIEKC, HAayKOBO-
JOCITITHI YCTaHOBH, HABYAIIbHI 3aKJIa]I1, KOH(EpEeHI[-3aJI1, TOTeNb. [ eniocucreMa — 1e oKpema
KOHCTPYKIIisl QyrononioHoi dopmu, sika 3abe3nedye HEOOXiTHY PO3pPaXyHKOBY IUIOILY JIJIst
COHSYHMX TMaHeNel 3arajabHoI0 noTyxHicTio 20 kBT (puc. 4) [8].

5. Eko-oyoiens Energy Flower — «Enepeemuua keimka», Kumai. HaykoBo-
JOCHiHUN 1eHTp BUcOTOI0 Onmn3bko 140 M. Eneprieto eko-OymiBist 3a0e3medyBaTUMEThCS 3a
pPaxXyHOK COHSYHUX IaHeled Ha Jaxy BEJIHMKOro JiameTrpa Ta BITpOTYpOiH, siKi OyayTh
PO3MIIIeH] B cepennHi NMTHAPUYIHOT KoJoHu. [lependadeHo cucreMy MpUpPOIHOI BEHTHIIAIIT

(puc. 5) [8].

Puc. 4. «[lim Conys i Micays» 6 Kumai  Puc. 5. Exo-6yoiens Energy Flower ¢ Kumai

Bucnoeox. Ananizyrouu CBITOBUH apXiTEKTYpHUH JOCBIJl OCTaHHIX JAECATUIITh, MOKHA
JIMTH BHCHOBKY, IO aJbTEpPHATHBHA CHEPreTHKAa BXKE HE MPOCTO Tay3b MPOMHCIOBOCTI, a
CBOTO POy CHMMBOJI HOBOI «BIJAIOBIIAJIBHOD apXiTEKTYpH Ta HOBOI €KOJIOTIYHOI CBIAOMOCTI
apXITEKTOPIB 1 Cy4acHOTO CYCIUIbCTBAa B IIJIOMY, IO YBIOpaB TepemoBi i7ei exomorii i
3HAHIIOB TPOSB B apXIiTEKTypi. Y psiii BUNAAKIB 00'€KTH albT€PHATHUBHOI CHEPIEeTHKH €
TOJIOBHUMH (paKTOpaMH, IO BHU3HAYAIOTh 3O0BHINIHINA BUDISLA Oy/aiBenab, MOYMHAKOYU Bif
JICKOPAaTUBHOTO 03/100J€HHS Ta BHOOpY MarepiaiiB, 1 3aKiHYYIOYM IUIaHYBaJbHOIO
OpieHTaI€r0 Ta OPMOYTBOPCHHSIM.
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PYPAJIBALIA JKUTJIOBUX BYIUHKIB /151 CTBOPEHHA
IHHOBAHIMHUX MIHIAT'POBUPOBHHUILTB MICTA

Bopo6iios B. B.}, xanu. apx., npog., lumo O. C.2, cT.Bukna.
IIpuoninpoecvra depoicasna axademis apximexmypu ma micmo0y0yeanHs
!vivavo151151@gmail.com; 2 shylo.olha2016@gmail/com

Ilocmanoexka npoéaemu. Ha Micusx pyiiHyBaHb 3a0yZI0BH B MICTax 1 celax YKpaiHW,
o novanucs 24 mororo 2024 poky B pe3ysbTaTi BiliCbKOBOTO BTOPTrHEHHS POCii, BAHUKAIOTh
OesutirepaTHBHI JaHAA(TH, HE MPUAATHI JUIS MMOJATBIIOT0 BUKOPUCTAHHS IIMX TEPUTOPIN
BHACIIIJIOK CHJIBHOTO XIMIYHOTO OTPYEHHS IPYHTIB Ta HAsIBHOCTI BEJIWKOI KUTBKOCTI 1HIIHX
KPUTUYHO HEOE3MEUHUX AKOCTEH, 110 HIKOJIM HE iICHYBAJIH.

be3 po3poOku HOBHX MiAXOMIB A0 BIAPOIKEHHS 3HUINEHUX 17 Yac MUTITAPHHUX IMOMIIN
HaceJeHUX Micip He oOiktucs. Ilpomec pesiTamizamii MicueBOCTeld MOXKe TpPHUBATH
JIecATUIITTA. BiH crimpaTuMeTbcss Ha TPUHIIMIIOBO HOBUH KOMIUICKCHHH TMIIXiA, JOCBiIY
SAKOTO TOKM HeMae. Y CKJIal MiAXOAY 3BOJUTUMYTHCS KHUTJIOBI OyIMHKH 1HHOBAIIMHHUX
TUITIB, CTBOPEHMX Ha 0a3l BHKOPHUCTAHHS Cy4YaCHHX JOCSATHCHb B apXIiTEKTypl Ta
micToOyayBanHi. Ha oamH 3 HMOBiIpHICHHX BapiaHTiB OyJIMHKIB HOBUX THUIIIB MOXE
npeTeHayBaTH 3a0yoBa 3 pypaoMiB abo arpoOyJIuHKIB 3MIIIaHOI ITOBEPXOBOCTI 3
CreniaJbHUMU IpuiHoMaMu iX po3MillleHHs Ha TePUTOPIi.

Mema 0ocnioxycennsa — OKa3aTH iHHOBAIIHHI OCOOJIMBOCTI PYPAOMIB UM arpoOyAHHKIB
AK 00'€KTiB-MiHIarpOBUPOOHUITB Yy CENBOMIHOI 30HI MICTa, 3JaTHUX CTaTH IHAMKATOPaMH
3MIHU YSBJICHB PO arpoeJIEMEHT Y CTPYKTYp1 MicTa.

Pesynomamu oocnioxycenns. BaxaeTbes, Mo pypanizamis (BiIATIK HACEIEHHS MICT y
CITBCBKY MICIIEBICTB) € aHTUIIO ypOanizaiii. el mporec xapakTepHUil i 4acy mepexoay
BiJl 1HAYCTpIQJIbHOTO €TaIly >KUTTS CYCHUIbCTBA IO TMOCTiHAyCTpiadbHOTO. OnHaK y OyIb-
SKOMY MICTI ICTOPHYHO 3aBXIW OyB TPUCYTHIH 1 JOCI ICHy€ arpapHUd €JIeMEHT —
1HAMBITyanbHI JKUTIOBI OyAMHKHA 3 TpHCAAUOHUMH 3eMETbHUMH JUIsHKaMu. Hepiako
arpapHuil eleMeHT pO3TalIOBYBaBCS y CaMOMY LEHTpI MICT. Y TOMy YMCIi — Ha CXHJax
0anok, Ha MIATOIUIEHUX, 3a00JIOUEHUX Ta IHIIMX HE3PYYHHX TEPHUTOPIAX. A TaKoXK Ha
nepudepii MicT.

Y MuHYNI ACCATWIITTS arpapHUil €JIeMEHT y MPOCTOpi MicTa Ypi3HOMAaHITHHMB CBOI
IPOSIBU 32 PaXyHOK BKJIFOYEHHS JI0 CTPYKTYPH BEIMKHMX 1 HAHOUIBLIMX MICT JAuHUX CEJUII,
1110 BUHUKJIU TTOpYy4Y. BOHM CTamy HOBUMH YaCTHHAMHM HOTO CENBOMIIHOI TepUTOpii. A B HU3II
KpaiH arpoizalfis oTpuMaia JoKallii 1 Ha Jaxax 0araTOIMOBEPXOBHUX JKUTJIOBUX OYJHMHKIB, y
BUTJISAI HAIOYZOBaHUX HAJl HUMH 0araTosipyCHHX BEPTUKaJIbHHUX arpodepm-aBTOMATIB, 110
MpaIioTh Ha 0a3l CynmepcydyacHHX arpoOTEXHOJOTIH 1 TMOBHICTIO 3a0€3MeUy0Th MEIIKAHIIIB
OyaIMHKIB OBOYaMH 1 HaBiTh Aeskumu (pykramu. Hampuknaxn, y Ilapmwki. Tobto B mpomy
BUITAJIKy BIJITOKY MICBKOTO HAacCEeJICHHS JIO CUIbChKOI MICIIEBOCTI HeMae. A CLIbChbKa
MICIIEBICTh Cama Terep 3auIia 10 MicTa.

I1i mpouecu MOXHa TPakTyBaTH MO-pi3HOMY. OYEBHIHO, IO TPAKTYBaHHS MOBHICTIO
3aJICKUTh BiJ 3MIHM MEHTAJBHOCTI Ta BiJ] CIOCOOY JKHUTTS JIIOJEH, MOB'SI3aHOTO 3
JOCATHEHHSIMH HayKOBO-TEXHIUHOTO Mporpecy, TpaHcpopMalii colialbHO-eKOHOMIYHHUX,
nemorpagiuHuX, KyJIbTypOJOTIYHUX, PENTiHHUX, MOJITHYHHX, BIHCHKOBHX Ta MPaBOBUX
nporieciB. Illo mae i HOBI MOXIHMBOCTI 3aiiMaTHCs POOOTOIO BIOMa, BUKOPUCTOBYIOUH Pi3HI
Bepcii Qpimancy, HOBI ¢opMu HaliMy Ha pOOOTYy IHIIUX JIFOAEH, HABYATHUCS AWUCTAHIIKHO,
OTPUMYBATH TOCIYyr'H 3 OyIb-sKOi KpaiHM uYepe3 IHTepHeT — KOMYHIKalii, a TakoX MaTu
Oarato iHmUX npedepeHmiid, Ha AKi Tenmep He MOTPIOCH Yac JUIs TOi3MO0K, JUIs 30WpaHHs
BEJIMKUX TPYII JIOACH OJHOMY MICII 4M JIIsl 1HIIKUX MPOCTOPOBO-4acoBUX (GYyHKIIH. Pedmekcii
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HACEJICHHA CTalOTh NMPUHIMIIOBO iHmMMHU. Cepen pediaekciii — MOXIUBICTH CTBOPIOBATH
00'€KTH IPUHIIUIIOBO HOBUX THIIIB, TEX IMOB'A3aHI 3 pypaiizamiero. A Takox OyayBaTu 3 HUX y
Me)Kax MPUBATHOI BJIACHOCTI IJII KOMIUIEKCH B OJHOMY Ta BOJHOYAc y 0aratboX IHIIMX
mictax. [1o cyTi MOXKHa cKazaTu, 10 KOKEH pypasli3oBaHUN OYIWHOK YM KOMIUJIEKC 3 TaKUX
OyIUHKIB y CTPYKTypl MicTa — 1€ HOBHUH TIOpUIHUI BHUJ MIKpPO-arpOBUPOOHHUIITBA,
3pOILEHOTO 3 KUTIOBOK (PyHKIict0. Lle 1 mpomMucioBa, i cenpOUIIHA 30Ha B OTHOMY O0'€KTI,
PO3TaIIOBAaHOMY B MICTI, a He 3a ioro mexkamu [1—3].

CrnoyaTKy apxiTeKTypHi 0Opa3u pypAOMIB CTBOPIOBAJMCS IE€PEBAKHO Ha OCHOBI
MEXaHIYHOTO 3'€JIHaHHS 3BHYAHHHMX KOTEMXKIB 13 TEIUIMIIMH. A 0araTomoBepXiBOK — i3
npuOyI0OBAaHUMU BEPTHKAJIBHUMHU arpodepMamMu i3 PydYHUM OOCITYrOBYBaHHSM IPOIIECIB
BUPOIIYBaHHA  CLIbCBKOTOCIIOAAPCHKUX  KynbTyp. IIpoTe Oinmbln  jeranpbHa — OLHKA
apXITEKTypPHO-MHUCTELBKOIO TOTEHI[laly Takux OO0'€KTiB TMoKazana, II0 TYT 3aKjIaJeHO
NPUHIUIIOBO 1HIN, IO HAyTh Ha MEXI HE pPeajbHOTr0, Yd HE KOCMIYHOTO, MiAXOIU IO
apXiTEeKTypd Ta TPHUHIMIIOBO IIHPII MOXIMBOCTI  (PYHKIIOHAJIBHOTO HAIIOBHECHHS
arpockianoBoi. BuB4aroun moteHmian, mi0 paHime He MOMIYald YKpPAiHCBhKI apXiTEKTOPH,
aBTopH naHux Te3 mpotaroM 2010—2020 pokiB MpoBEIU CEPir0 KOHIENTYAIbHUX MPOCKTHUX
NOUTYKOBUX pOOIT, MeTa SKMX — IOKa3aTH, M0 B CTPYKTYpl CENUIIHUX 30H MICBKHX 1
CIECBKMX ~HACENEHMX Micllb 3'BMBCS NPUHIMIIOBO HOBMH THI 00'ektiB. Moro
dbopMOyTBOpEHHS 0a3y€eThCs Ha!

— BUKOPHMCTAHHS JIMHOIOHIKMA Ta €HIOTOHIKU K Cy4aCHUX IHHOBAIIIMHUX TEXHOJIOTIH 3
BUPOILYBaHHS arpoKyJbTyp, XapuyBaHHs Ui SIKHX OepeTbcs He 3 3eMili, He 3 IPYHTY, a 3
MOBITPS Ta 3 eHeproiHdopMaIiiHUX MOTOKIB y mpocTopi. Lle 103Bossie BUpOITyBaTH 3HAYHO
OUTBIIy BpPOXKAWHICT, HK HA IPYHTI, Ta 3 OLIBII BUCOKMMH CMAaKOBUMH SIKOCTSIMH, HIK Ha
rpankax. [lpy 1poMy He 3acTOCOBYBaTH XIMIYHUX PEUOBHH MJI 3aXHCTy POCIHH BiJ
IIKiTHUKIB, OCKUTBKH iX Y IIbOMY BHIIAJKy MPOCcTO Hemae. ToOTo, MpoayKIlis ijeabHO YUCTa
B KOHTEKCTI €KOJIOT1I;

— BUKOPHCTAHHS JJIsi BUPOIIYBAaHHS POCIUH OCOOJMBHX KIHEMAaTHUYHUX CTPYKTYp VIS
€JIEMEHTIB arpodepM y Ckiajai pypaomy, [Ki 3a JONOMOTOI0 aBTOMAaTUYHHUX CHUCTEM, 3aJI€KHO
BiJl pUTMIiB eHeproiHGOopMaIifHUX TOTOKIB y MPOCTOpPiI PO3KPHUBAIOTHCS a00O MParHyTh 10
3XJIOMyBaHHS, SIK MEJIOCTKH JIESKUX KBITIB, a TAaK0XX 00EpPTAIOTHCS 1 MiAHIMAIOTHCS HA Ty YU
HIITy BHCOTY HaJl TIOBEPXHEIO 3eMJIi, 110 3aJI€KUTh BiJl BUIY BHPOILIYBAHUX KYJIbTYP;

— BUKOPUCTaHHSA BcepeauHl (epM NpHHIMMIIB CUMOI03iB HE JHUINE MDK PI3HUMHU
rpylnaMu pOCIHH, a i cUMOi03iB 3 JIIOJMHOIO 1 HaBITh 3 €HEproiH(OPMAIIHHUMHU SKOCTSIMHU
reoMeTpii GopMH PYpIOMIB; IHAKIIE KaXydd, aOpUCH TaKUX PYpPAOMIB HAPOKYIOTHCS 3
abpucy (GopM BHUXPOBHX BHCXIIHUX, HU3XIJHHMX 1 MIO WAYTh MiJl PI3HUMHU KyTaMH O JIiHii
TOPU30HTY eHeproiHpopMamiiHuX mOoTOKIB [1—3]. ApXITeKTOp MOBHHEH 3a JOTIOMOTOO
cremiajJbHOro oOyiagHaHHS 3aikcyBaTH Ii MOTOKM Ta BHUKOPHUCTOBYBAaTH iX Ha OCHOBI
MOp(}OpEe30HAHCHUX BiMOBIAHOCTEH (HOPMOYTBOPEHHS YEPTrOBOIO PYPAOMY Ta LUX MOTOKIB.
VY pesynbTari reoMeTpudHi 00pa3u CTBOPIOBAHHMX MOJMIOHMM METOJIOM PYpAOMIB B3araii He
OyIyTh CXOXI Ha TpaaMIliiiHI 00pa3u OyjiBenb Ta CHOpPYJ; 3BUYAWHO, Taki OyJUHKH OyIyTh
JOPOTMMHU 3 TIOTJIALY OJHOpAa3oBHX (DiHAHCOBUX BIMBAaHb;, aje BOHM B pa3u OyIyThb
JIEMICBITUMHU 1 IIBHUJIIE OKYIUIATHCA B TEPioJl EKCIUTyaTalliiHUX 1 KOMEpPIIIHHUX BUTpaT,
OCKUTHKM TOBapHa Maca arponpoiyKIlii, 0 BHUPOIILYEThCS B HHUX, UMK PIK JTO3BOJHUTH
3HauHy i1 YaCTMHY BUKOPUCTOBYBATH I MPOJAXy SK i7ealbHy €KOJOTI4Hy DKy, sika B
yChbOMY CBITI Ha0araTo A0poxya;

— BHUKOPHUCTOBYBaTH BcepenuHi ¢epmu Oarato IHIMKX (yHKIOINA, SKI MOXHA
3arporpaMyBaTd B CHMOIOTHYHHX Ta €HEpProiHQOpMamiiHUX MATPHIAX IBOTO O00'€KTa;
HANPUKIJIAJ, BKIIOUYUTH B CTPYKTYpPY PYpPAOMIB MIiHIKOMIIJIEKCH [JJISi BHUTOTOBICHHS
MOJIEKYJISIPHOT 1K, sIKa BiloMa THCSYi POKIB; OZJHAa TOPOIIMHA 3 MOJEKYJISIPHOI iK1 llaMeTpoM
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OJIMH CAaHTHUMETP J03BOJISIE€ 3a0C3MEUYUTH JIOAMHY BCiMa HEOOXITHUMH MIKpPOEIEMEHTaMU Ha
TpU 100M; TpH 100U He MOTPIOHO XapuyBaTHUCs! HE MOTPIOHO MaTH CKJIAJCHKI MPUMILICHHS
BEJIMKHX PO3MipiB; BCS 1’Ka Ha PiK OMICTHTHCS B HEBENMKil Kopobouri! MoxkHa, 6e3yMOBHO,
BUPOILYBaTH XKy 1 sl TPAIULIIIHOTO Xap4yyBaHHS;

— B arpodepmax-aBTOMAarax, a aBTOMATHYHE BHUPOIIYBAHHS POCIMH — BiIMIHHA
0COOJMBICTh BHUIIE HA3BaHUX TEXHOJIOTiM, MOYKHA CTBOPIOBATH Micls Ui HPOQUIAKTUKU
3I0POB'Sl, A1 CHOPTY, JUIA 3aHATH 3 JITBMHU Ta Ul CIMEHHOTO BiANOYHMHKY, AJS IpuiioMy
roctei Ta Oararo iHmMX. | e nuie yacTuHa MO3UTUBHUX MpeQepeHLlii, SKi Aal0Th pypaoMa.

HaBenemo geski 3 ixHix BuaiB, po3podbnenux B. B. Bopo6GitoBum ta O. C. Hlumo
IPOTATOM MUHYJIHUX JecATHIiTh. CIIOYaTKy BOHHM 3aMHUCIIOBANNCS JUISL OCOOJMBHX BHIIB
eKoroceneHb. AJe BiliHa 3MyCHIIa OLIHUTH TXHIHM MOTEHIia 1 111 BAKOPUCTAHHS MiCys HAIIO1
[lepemorn. 1 BiH BusBHBCS npuiHATHUM. Haromomryemo: B yMoOBax MiCISIBOEHHOTO
BUKOPUCTAHHS OTPYEHUX IPYHTIB y MICUSX, /i€ NPOTIroM BiifHM OyB TeaTp BOEHHHX Jiid,
no/i0H1 TexHoJyorii rpaHu4yHo gopeuHi. o poOuTu 3 OTpyeHHMH IpyHTaMH, Ha SKHUX
CTBOPIOBATHMYThCS TaKi OyIMHKH — OKpeMa TeMa. 1i CITii po3risaaTh CBOiM 6I10KOM.
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Puc. 1. Ilpuxnaou konyenyiil pypoomis, wjo iHmezpyoms iHHOBAYIUHY MIHIA2POBUPOOHUYY,
HCUMNI0B8Y MaA THWE PYHKYIL Y cenbOUuwHit 301i Micma.
Apximexmopu: B. B. Bopo6iios, O. C. Iluno. 2010—2020 pp.

BucHoBok. Pypamizanus JKUTIOBUX OYIWHKIB JUIsi CTBOPEHHS I1HHOBAIIMMHUX
MIHHArpOBUPOOHUIITB MiCcTa — €(QEKTUBHUN KpEeaTUBHUN THUIT OO0'€KTIB, SKHHA MOXKJIHUBO
BUKOPHCTOBYBATH JIJIS BIAPOKEHHS MICT YKpaiHu.

Cnucok BUKOPUCTAHHUX JIZKEPEJI

1. Xpucrenko A. lO., Bopo6iioB B. B., Illuno O. C. Ekoc'sizeBuil pyp-KOTeIX, SK
00'ekTUBHUN eneMeHT Oioreorieno3y. Mamepianu Il naykoso-npaxmuunoi KoHpepenyii
cmyoenmis [Ipuoninposcvkoi depaicasnoi axademii 6yOigHUYMBA Ma apxXimekmypu : 30ipHUK
me3. Ynopsgauku Mukona CaBunbkuii, Brnagucnas [lanimescekuii, Onena TumormieHko.
Huinpo : I[IJIABA, 2021. 250 c. (enextp. Bux.). C. 81-83.

2. Ananacenko A. A., Bopo6iioB B. B., Illmmo O. C. Eko3B's3eBuii TeHepaIbHUHA TUIaH
pyp-cenuiia y npoctopi Hoobioreonenosa. Mamepianu 11l naykogo-npakxmuunoi KoHgepenyii
cmyodenmis IIpuoninposcvkoi 0epaicagnoi akademii OyOienuymea ma apximexmypu . 30ipHUK
me3. Ynopsgauku Muxona CaBunbkuii, Bnagucnap [lanimeBcbkuii, Onena TumMoIieHko.
Huinpo : TIJIABA, 2021. 250 c. (emextp. Bux.). C. 11-13.

3. «ApXITeKTypHE NpPOEKTYBaHHS» Ul CTYJEHTIB crewnianbHocTi 191 «ApxiTekTypa Ta
MICTOOYTyBaHHS» OCBITHHOTO CTyIeHIO «bakanaBpy, «Marictp npodeciitauiiy ta «Marictp-
HAYKOBEIb» JCHHOI (OpMH HaBUaHHS: METOAWYHI BKa3iBKH [0 BUKOHAHHS PO3ILTY
«Exosnorizaiis )XHTIOBUX Oy/IiBeNb» 3 TUCHUILIIHU. YKianadi : Bopo6iios B. B., Ilumno O. C.
Huinpo : JIBH3 ITABA, 2020. 30 c.
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Ilocmanoska  npoonemu. OctaHHi TONIi  SKI  TNEPEBAXHO  IMOB’sA3aHI 3
MMOBHOMACIIITA0OHOIO BIHHOIO B SIKiM OMMHMIIACS YKpaiHa, TOKa3ylTh HACKIJILKH KOPUCHO OYJ10
0 maru B Oyab sIKMii Tepiof] 4acy MOBHY iH(opMmarlliifHy Moaelns, o Moria 6 MICTUTH B co0i
MOBHUH CrIeKTp iH(opMartii mpo 00’ €eKT.

B Vkpaini Bke NeBHMH 4Yac pO3BUBAIOTHCS HAYKOBO-JOCIIIHUIBKI HAmpsiMH B
OyIIBHHUIITBI «eHEproedeKTHUBHI OymiBJII Ta CHOPYIW», «EKOJOTI4HI OymiBiIl Ta CIOPYIN»,
«CHUCTEMH 1HTENEKTYaIbHOTO KEPyBaHHs Oy/IiBISMH Ta CIIOPYIAMI.

Bci mi migxomd BUKOPHUCTOBYHOTHCS B €BpOI IS CTBOPEHHS KOMGOPTHOTO
MIKpOKJIIMAaTy y TMpPHUMILIICHHAX Ta e(QEKTUBHOIO BHUKOPUCTAHHS €HEPrii 30BHIIIHBOTO
CepeoBHINa, UIsl YKpaiHW 11l METOAM Ta IMAXOAW CTaHyTh B HAroii MijJ Yac BiAHOBJICHHS
KHUTIOBOTO Ta MIPOMHCIOBOTO KOMILJIEKCY.

Jns  BupilleHHA TPAaKTUYHUX 3a7a4d eHeprozOepexeHHs OyAiBedb Ta CIOPYI,
BUKOPUCTOBYIOTbCS TaKi METOIM SK, BHUKOPUCTaHHA €(EKTUBHUX TEIUIOi30JIALIHHIX
MarepiaigiB, €HEPrO€KOHOMIYHHUX  KOHCTPYKI[IH  30BHIIIHIX  CTiH, BHKOPHUCTAHHS
eHeproedexTuBHOro obnamHanas cucreM OBiK Takoro sik TemjaoBi HACOCH TUIY «HOBITpS-
BO/Ia», NPUITUBHO-BUTSKHI BEHTWIAIINHI YCTaHOBKM 3 PEKyIepalli€ro Terua, CHUCTEMH
TETUIOTIOCTaYaHHs TIOB’si3aHI 3 BHKOPHCTAaHHSIM albTEPHATHBHUX JIKEpEN eHeprii, aie
€(DEeKTUBHICTh ITUX PIIICHb MOKHA OILIIHWTH JIMIIE ITiCJIsI BUKOHAHHS IUX IPOIEAyp, TOMY B
Cy4acHOMY B CBITi Bce OiJIbIlle TOYMHAE BUKOPHCTOBYBATUCH 1H(OpMAIliiiHe MOJICITFOBAHHSI.

Mema pobdomu monsrae B JOCTIDKCHHS METOJIIB ITIBUIICHHS €HEProeeKTHBHOCTI
OyniBii 200 CrOpyIu Ta MOKITUBOCTEH CydacHOTro iH(opmarliitHoro moaemtoBanus (BIM) mis
JOCSATHEHHS HEOOX1THUX IMMOKa3HUKIB eHeproe(peKTHBHOCTI.

Ocnogna yvacmuna.

Building Information Model (BIM) — 11e HOBHiA miaXi/] 10 IPOEKTYBAHHS i CTBOPEHHS
JIOKYMEHTAIlii Oy1iBeThHUX 00’ EKTIB.

Mopeni BIM MarTh neski mepeBarn Haj 3BUYAHUMHM METOJAMHU TNPOCKTYBaHHS, a
came:

Bkiaanena indopmanis — B Moaenb MOXHa 3aBeCTH Oynb sKy iH(popmarliito, sK
TEXHIYHI TaK 1 3arajJbHOr0 XapakTepy, i BoHa OyJae He3MiHa JuIi IIi€i MOJelni BIPOJOBXK
MOBHOTO LUKy pOOOTH.

I'eomeTpu4Hi mMapamMeTpH — reOMETPUYHI TabapuTH 00’ €KTIB HAIIITHO BH3HAYAIOTHCS,
Ta MOBHICTIO BIJMOBIAAIOTh PeabHIN CTPYKTYpi BHYTPIIIHBOI Oy TOBH.

Kommuiekci Ta B3aeMo10noBHIOW0YI PyHKIIT — BCi 00’ €KTH 5IKi 3HAXOIATHCS B MOJIEII
MarwTh CBOI 3a3/ajierib BU3HAYCHHI BJIACTMBOCTI (BJIACTUBOCTI MarepiaiiB, TEXHIYHI
napaMeTpH sSK MaTepialiB Tak 1 oONajaHaHHS, abo IHII 3arajbHi IMapamMeTpu Taki sK, IiHH,
JaTH TEXHIYHOTO OOCIyrOByBaHHS, TOMIO).

Bci taki mapameTrpu MO)KHa BHUKOPUCTOBYBAaTH B MOIU(IKOBAHMX, JOTOBHIOIOUHX, i
crnerianizoBanux Gopmarax tumy IFC, BcepenuHi cBo€i Mojeni Tak i mo3a Hel, Iuist podoTH 3
iHmmMu BIM opieHTOBHMMYU TIPOTpaMHUME KOMIUIEKCaMHU.
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Benuka kinbKicTh CeMAaHTHYHHMX 3B’fI3KiB — MOJIEJIb BCTAHOBIIIOE Ta BUKOPHCTOBYE
BIJHOCHHHU Ta B3a€MO3aJIEKHOCTI MK 00 €KTaMH, TakKl K, «MICTATBLY», «3aJl€XaTh Bigy, «€
YACTHUHOIO» Ta 1HIIII.

I{i 3B’A3KK AOMOMAararTh KOOPAWHYBATH MK COOOIO BENHMKY KUIBKICTh NaHUX, fKi
MICTSITBCSL Y MOJIEI, TIPU «BKJIAJJaHHD» OJHIE€T MOJIEN B 1HIILY.

Texnonoriss BIM wmognentoBanHs 0a3zyeTbcss Ha MPUHLUIL 00 €KTHO-OPIEHTOBAHUX
napaMeTPUIHUX MOJIEIISX.

Takuii mpUHIMI Ja€ 3MOTY Ha PI3HHX eTamax poOOTH HaJ MPOEKTOM MaTH OKpeMy
MOJIEJNIb JUISL KOYKHOTO 3 PO3[iIiB, sika Oyae HecTH B co0i BCIO HEOOXiHY iH(popMalliio s
cyMicHol poboTH ycix Bimmimis [1; 2].

[ndopmarniitne MoaenroBaHHS Mae 1Bi cyTTeBi epeBaru Hag CAD npoexTyBaHHSIM:

1. BIM wmopemtoBaHHs — 1€ HE TUIbKM rpadiuHi 00’ekTH, aje ¥ iHbopmaris ska
3a0e3meuye aBTOMATHYHY TeHEpaIlifo PI3HUX BHJIIB KPECICHb B 3aJIKHOCTI HEOOX1THOT
iHpopmarii ( MOHTaXHI CXEMH, 3BEJCHI CXEMH, IUIAHM MOHTaXy Ta JCMOHTaxXYy,
AKCOHOMETPHYHI CXEMH, CXEMH EJIeKTp03abe3reyeHHs), 3BiTiB Ta creun@ikanii 10 HUX.

2. Ilpunrun iHGOpMAIIITHOTO MOCITIOBAHHS MIATPUMYE METOIU PO3MOIIICHUX TPYII,
TOOTO OKpeMmi Jroau abo MPOEKTHI TPyNMU MalOTh 3MOTY BHKOPHUCTOBYBATH iH(opMaiiiHi
MOJICJII HE3aJICKHO OJMH BiJ OJHOTO, & BCI 3MIHM OJpa3y CHHXPOHI3YIOTHCSA y 3arajbHOMY
daitmi.

OpHuM 13 OCHOBHHX CIIOCOOIB €HEPro30epexeHHs B JKUTIOBHUX Ta TIPOMAICHKUX
OyIBIISIX € MiABUIICHHS TETI0€()EKTUBHOCTI OTOPOKYBAIBHUX KOHCTPYKIIH, BUKOPUCTAHHS
EHEproe(PeKTUBHUX 1HKEHEPHUX CHUCTEM, MOXIIMBICTb BHUKOPHCTAHHS BiJHOBIIIOBAJIBHUX
THIB eHeprii [1; 2].

[TpoGnema minBHIIEHHS] eHEProeEeKTUBHOCTI B Oy MIBIISIX € aKTYaJIbHOIO, ajie CKIIATHOIO
K B YKpaiHi, TaK i 32 KOPJJOHOM.

[TinBumuTH piBeHb €HEProePEeKTUBHOCTI Oy MBI, MOYKHA JEKUTBKOMA 3aX0IaMHU:

CyuacHi Teruioizonsinilini mMarepiajm — TpU TPOEKTYBaHHI CHOPYAM HEOOXiTHO
MiIOUpPaTH TETUIOI30JIAIINHI MaTepiad TaKMM YHHOM a0W BOHHW MaJId XOPOII IMOKa3HUKH
KoeQillieHTy TeIuIonpoBigHOCTI B Mexax 10 0,175 Bt/m-K Ta Bignosinamu sumoram JIBH.

IIpaBuibHe apXiTeKTypHO-IUIaHYBaJibHe PpillleHHA — B [bOMY IyHKTI HEOOXiIHO
BpaxOBYBaTH Opi€HTAIII0 OyAiBIIi, MICIIi po3TalryBaHHs Oy/iBIi, iCHyI04y 3a0y0BYy HaBKOJIO
00’exkty. Bim mux mapameTrpiB 3aJ€KHUTh KIJIbKICHE 3HAYEHHS COHSYHOI pajiarii, BITPOBHX
XapaKTepUCTHK Ta OMAJiB, SKi Ha MPsAMY BIUIMBAIOTH HA PiBEHb €HEProeEeKTUBHOCTI OyHiBIII
abo criopyu.

Bukopucranus eneprosoepirarounx cucrem OBiK — i migBumeHHS piBHA
eHEeproePeKTUBHOCTI PEKOMEHY€ThCS BUKOPUCTOBYBATH CUCTEMH BEHTWIIALII 3 MEXaHIYHUM
CTHIOHYKaHHS Ta PEKyIepali€lo Teria, Mo MPU3BOIUTH 0 3MEHIIEHHS TeIUIOBTPAT.

Takok peKOMEHIY€ThCsS BUKOPHUCTOBYBATH OOJIaHAHHS SIKE BUTpAdae €HEprii MeHIe
HIK BUPOOJIsi€, HANPUKJIIA]l TETJIOBI HACOCH.

Jnst 3menmenns BukuiiB CO2 Ta rponIOBUX BUTPAT PEKOMEHY€ThCS BUKOPHUCTOBYBATH
B SKOCTI JDKEpella CUCTEM TeIIONOCTauYaHHsl BiTHOBIIOBAIbHI THUIU €HEPril (COHIlE, BiTep,
reoTepMalibHa eHepris, eHepris Boau) [3].

ABTomatu3anis cucrem OBiK — cywacHi cucremum aBTOMaTH3amii Ta KOHTPOJIO
KJIIMATy TMOBHICTIO OyaiBiIi a00 OKpeMHUX MPHUMIIICHb J03BOJSIOTH JOTPUMYBATUCh 3aJaHUX
napaMeTpiB MiKpOKIiMaTy 0e3 yJ4acTi JFONHH.

MosxuBocti cucteMm aBToMartuzanii OBiK 6e3MexHi, BOHM MOXYTh MpAaIfOBaTH SK B
noroyio 3ayexxHoMy rpadiky ( Koiau oOJaJHAHHS 3MEHIIYE CBOIO MOTYXKHICTh a00 HaBIAKU
301bIIy€E B 3aJIEKHOCTI BiJ TeMIlepaTypH 3OBHIIIHBOTO cepeloBula), abo mo rpadiky
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BAIIOTO 3HAXO/DKEHHS JI0Ma, TaKi MOKIIMBOCTI JJAIOTh 3MOTY YHHUKHYTH 3aliBOTO Yacy poOoTu
CHCTEM, Ta IPUBECTH JI0 TPOIIOBOT €KOHOMII.

OcTaHHIM YacoM B CHCTEMax aBTOMAaTH3allil MIMPOKE BHUKOPHUCTAaHHS OTPHUMAJIO
o0JiaIHaHHA 3 BUKOPHCTAHHAM MTy4HOro iHTenekTy (LLI).

Take oOmamHaHHA CIPOMOXHE /10 CAMOHABYaHHS, 100 B YITKO 3a/JlaHU YacCOBHUI
OPOMIDKOK B IPUMIILIEHHsI OYJIM OTpUMaHi 3aJaHi apaMeTpy MiKpOKJIimary.

BIM nae 3mory cnporso3zyBaTi Ta MiHIMI3yBaTH €KCIUTyaTalliliiHl BUTpaTH Ta CTBOPUTHU
eHeproeeKTHBHI Ta «3€JeHI» 00 €KTH Ta Ie Ha CTalil MPOEKTyBaHHS MPOBECTH aHaJi3
MO/IEJTi Ha €KOJIOTIYHICTh Ta eHEProe()eKTUBHICTb.

Ile MoXxHa 3pOOHMTH 3a JIONOMOTOI0 IHCTPYMEHTIB XMapHOTO OOYHMCICHHS TaKHX SIK
Autodesk Insight.

Autodesk  Insight — xmapumii cepBic aIf  BHKOHAHHS  MOJCIIOBAHHS
€HEepProCIOXUBAHHS Ta eHeproeeKTUBHOCTI Oy 1iBJIl HA OCHOBI aHAIITUYHOI MOJIEINI.

Jlanuii XmapHHMiI cepBic  JO3BOJISA€ MpAIlOBaTH 3 TOKa3HUKaMH e(EeKTHBHOCTI,
KOHTPOJBHUMHU (paKTOpaMu Ta crenudikamisiMi y peaqbHOMY 4aci 3a JOIOMOTO0, TIPUYHUHO-
HACJIIIKOBUX 3aB’A3KiB.

st poGoTH 3 cepBicOM HEOOXIAHO CTBOPUTH aHATITUYHY MOJIeNb OyaiBii (copyan) y
Revit, ta 3amanHs Tii OCHOBHHX HapaMeTpiB CHEPrOCIIOKHUBAHHS 1 3aBaHTAXKCHHS MOJEII Y
cepBic.

Autodesk Insight no3Bossie B peaapbHOMY Yaci MEPEeBIPUTH ONTUMAIBHICTH Opi€HTAIIil
Ta Miclle po3TauryBaHHS Oy[iBii, 3a JIOIOMOIOI0 BHUKOpUCTaHHA TouyHOro GPS
HaJIAIITyBaHHS.

[Ticis yoro KOpHCTYBau Ma€e 3MOTY pO3paxyBaTH KiIbKICTh COHSYHOI pafiamii sika Oyze
MOTPAIUIATA 710 TPHUMIMICHHS 4Yepe3 CBITIOMPO30pl KOHCTPYKIT B 3aJeKHOCTI Bif iX
po3TallyBaHHS Ta OpIEHTAIlii, HABITh SKIIO B MOJEJIl BOHM MAalOTh iHIII MapaMeTpu Ta Ha
OCHOBI ITUX PO3paxyHKIiB MiIOpaTH CHCTEMY KOHJIUIIIOHYBaHHS [4].

Building Orientation Window Shades - South
Rotates a building clockwise from 0 degrees Shades can reduce HVAC energy use. The

e.g. 90 degrees rotates the North side of the impact depends on other factors, such as
building to face East window size and solar heat gain properties.

Current Setting: Current Setting:
0 2/3 Win Height

Puc. 1. Moocnusicms nepesipku onmumanvHocmi opicumayii 6y0ieni ma 6ikoH

Xwmapuuii ceppic Autodesk Insight no3Bonisie BUKOHATH TEPEBipKY po3poOIICHOT
Mozen OyAiBial Ha ONTHUMAIBHICTE BHOOPY apXiTEKTypHO-IJIaHYBaJIbHUX PIllIeHb, CKIIAIy
OTOPO/KYBAIBHUX KOHCTPYKIIM HAa HASBHICTh HENIUIBHOCTI 32 PAaXyHOK SKAX MOXKYTh
YTBOPIOBATUCS 1H(IIBTPAIITHI TOTOKH IMOBITPSL.

Sxmo Bama aHaNITUYHA MOJETh Ma€e B CBOEMY cCKiani po3pobieHi cucremu OBiK,
Autodesk Insight mosBosise BHKOHATH pO3paxyHOK €HEProeEeKTHMBHOCTI OOJIaqHAHHS, 3
BUKOPUCTAHHSM CaMe TOTO OOJIaJIHAHHS SIKE B 3aIPOCKTYBAJIH.

Jlns migBUIEeHHS eHeproedeKTUBHOCTI OyHiBiII (CIOPYAHM) XMapHUH CepBiC MOXKeE
BUKOHATH PO3PAXyHOK BCTAHOBJICHHS COHSYHMX ITaHENEH a00 KOJIEKTOPIB, B PO3PaXyHKY BiH
3MO)K€ BHJIATH BaM 3HAYCHHS MPOYKTUBHOCTI TAKUX CHCTEM, 1X BapTiCTh, @ TAKOXK MOKA3HUK
€KOHOMIYHOTO e()eKTH BiJi BCTAHOBJICHHS CHCTEM 3 BHKOPHUCTAHHSIM BiTHOBIIFOBAIBHUX
JOKepen eHeprii.
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Wall Construction Roof Construction Infiltration

Represents the overall ability of wall Represents the overall ability of roof The unintentional leaking of air into or out of
constructions to resist heat losses and gains. constructions to resist heat losses and gains. conditioned spaces; often due to gaps in the
building envelope.

Current Setting:
R38 Wood

Current Setting:
Bis Current Setting

i <

Puc. 2. Mooicnusicmo nepegipku KOHCMpPYKYIUHUX elemMenmis 0yoiei

[Ticns BUKOHAHHS yCiX HEOOXIJIHUX BaM pO3pPaxyHKIB, CEpBIC MOXKE BUJATH 3HAYCHHS
eHeproe(eKTUBHOCTI aHATITHYHOI MOJEII Ta MOPIBHATH HOTO 3 €TAJIOHHUMHU IMOKa3HUKAMH
iHmMX OymiBens [4].

HVAC PV - Surface Coverage
Represents a range of HVAC system efficiency Defines how much roof area can be used for PV

which will vary based on location and building panels, assuming area for maintenance access,
size. rooftop equipment and system infrastructure.

€

Current Setting: Current Setting:
High Eff. Package 90 %
System

Puc. 3. Pospaxynok enepeoegpexmuenocmi cucmem OBiK

BucHoBkH. 3 oanpuM po3BUTKOM Ta BHKOpucTaHHS BIM TexHomoriit B YkpaiHi €
peabHa MOJJIMBICTH NPOEKTYBAaTH Ta OynyBaTh eHeproe(eKTHBHI, «3eleHi» OymiBii, fKi
OyIyTh BIAMOBIJIaTH €BpOINEUCHKUM cTaHaapTaMm. BIM MopenioBaHHs nae 3Mory 1ie Ha eTarni
NPOEKTYBaHHS Ta Y3ro/DKEHAa TMPOEKTy MDK pPI3HUMH  BiJJIiJIaMH, 3HaXOJWTH Ta
BUKOPHUCTOBYBAaTH ONTHUMAaJbHI BapiaHTH BHKOPHUCTAHHS SK MPUPOJHIX PECypciB Tak i
e(PeKTHUBHOTO TEXHOJIOTIYHOTO OOJaJHAHHS, IS CTBOPEHHS €KOJOTIYHO YHCTHX Ta
eHeproeeKkTUBHUX Oy/1iBETh

3 TOUYKH 30py HAYKOBOTO IiIXOJy, BUKopuctanHs BIM TexHonoriii tTa MoximuBocTei
MPOrpaMHUX KOMIUIEKCIB MOJIEITIOBAHHS €HEPrOCIOKUBAHHS Ta eHeproe(eKTUBHOCTI Jal0Th
3MOTY TMOTJIMOM JOCHIPKEHHS KOHCTPYKTHBHUX €JIEMEHTIB OyaiBili, TeIIoi30/siHHIX
MaTepialiB Ta TEXHOJIOTIYHOTO 00JIaJHAHHSA K €JUHOTO KUBOTO OPraHi3My.

Choucokx BUKOPUCTAHHUX JIZKEPET

1. Tou X. M. BukopucranHs cydacHux TexHonoriii CAIIP s mnpoexTyBaHHS
eHeproePeKTUBHUX OYHIBENb. YnpasninHs po3eumrkom CKIAOHUX cucmem . 30. HAYK. 6u0.
2010. Ne 2. C. 100—106. URL: https://urss.knuba.edu.ua/files/zbirnyk-11/100-106.pdf.

2. Tpau P. B. Indopmariitne monemtoBanus B OyniBaunTei (BIM) : cyrtHicTs, eranu
BCTAHOBJICHHSI Ta TEPCIEKTHBH PO3BUTKY. [10OanvHi npobonemu exoromiku. 2017. Ne 16.
C. 490—-495. URL.: http://global-national.in.ua/archive/16-2017/99.pdf.

3. Uympuna X. M. IHTerpoBaHa e€aMHa €HEpPreTUYHa MOJENb OyAiBIi. Ynpaeninuus
PO3BUMKOM CKIAOHUX cucmem . 30. wayk. np. 2014. Ne 17. C. 125-131. URL:
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AHAJII3 BILJIMBY BIBPALIIA HA CTAJIEBI PAMHI KOHCTPYKIIII:
MOJIEJIOBAHHSA TA EKCIIEPUMEHTAJIBHI JOCIIIKEHHSA

Naeugos L. L1, k. 1. n., gou., Yaosuuenko €. O., cTys.
Ilpuoninposcvra depoicasna akademisi OyOi6HUYMBA mMa apxXimeKmypu
'davydov.ihor@pgasa.dp.ua

Ilocmanoeka npoonemu. OnuuM 13 pakropiB koMpopTy OyaiBeIb € 3HUKEHHS BILUTUBY
BiOpamii [1]. [CHy!OTP YMHHUKHM JUHAMIYHMX MaKpO BIUIMBIB, SIKI MOXYTb MPHU3BECTH M0
MOPYILLIEHHS! BUMOT IEPIIOi IPyld T'PAaHUYHUX CTaHIB HECYUHMX KOHCTpYKLii OyaiBens. Taxki,
SIK BIUIMB BITPY, CEHCMIUYHMX KOJHMBaHb, MPOMUCIOBUX BiOpaliid, aBapiil. Aje iCHYIOTH 1
JUHAMI4HI YHHHUKUA MIKpo aii. Binomo, mo Oynb-sikuii piBeHb BiOpalii Mo)ke BIUIMHYTH Ha
KOHCTPYKTHBHI CUCTEMHU, IH)KEHEpHE 00IaTHAHHS, TIOICHKUI OpraHi3M.

Ile BimoOpakaeThCcsi y HOpMax MPOECKTYBaHHS OymiBeNb 1 CIOPYI, K OOMEXKEHHS HE
TIIBKMA aMIUTITYA, BiOPONMPHUCKOPEHb, BIOPOIIBHAKOCTEH, 1 BiOpomepeMilleHb BUMYIICHHX
KOJIMBaHb, TAKOXK 1 IIEP10/11B HUKUUX (POPM KOJIMBAHb.

Y rTenepimHii 4Yac, 3acTOCYBaHHA JJIi PO3PAaXyHKIB KOHCTPYKLIH MOTY>KHUX
0OUYHUCITIOBaHUX KOMIUIEKCIB JTO3BOJISIE MOJAETIOBATH MAaKpO BIUIMB Ha CIIOPYAHW, aHANi3yBaTd
nuHaMiuHy peakiito. [Ipu npomy mpsMuil AMHAMIYHUEN aHAai3 BCE IIE 3aTHMIIAETHCS JTOCUTH
TPYIOMICTKOIO Mpolenyporo. Tomy dacTillle BUKOHYIOTh PO3PaxyHKH Yy KBa3iCTaTUYHIN
MOCTAHOBIII 3 BUKOPUCTAHHSAM KOE€(IIli€HTIB IUHAMIYHOCTI.

[IpakTHuHO HE BUKOHYETHCS aHaJi3 MpoOieM MIKpO BIUIMBIB BiOpallii Ha KOHCTPYKIIii,
1HKEHEPH1 CHCTEMH Ta JIIOACHKUI OpPTaHi3M.

Mema o0ocnioscennn. OCHOBHUM 3aBJaHHSIM € PO3BUTOK METOIUKH, YTOYHEHOIO
JUHAMIYHOTO MOJENIOBaHHS [2; 3], IO M03BONIAIOTH BpaxyBaTH Makpo Ta MIKpO BIUIHB
BiOparrii Ha MexaH14H1 cucTeMu. st 1Tboro HEOOX1THO MiIBUIIYBAaTH TOYHICTH MOJICTIOBAHHS,
e(dexTiB B3aeMOoIii TMHAMIYHIX HaBaHTAXKECHb 1 KOHCTPYKTUBHOI CHCTEMH, PI3HUX THITIB TEPTS
Ta HETMHIMHUX (PaKTOpiB POOOTH ITi€T CUCTEMH.

Ocnoeni pesynomamu. J[ns ananizy koiauBaHb (BiOpallii) KOHCTPYKTHBHI CHCTEMHU
NPEACTaBISIIOTHCS SIK TUCKPETHI 0arato MacoBi MoJieli, SIKi OMHCaHi 3a JTOTIOMOTOI0 CUCTEMHU
3BHUaiiHux gudepeniianbHux piBHAHb [4]. 1Ii piBHsSHHS (HOPMYIOTHCS BIAMOBIAHO [0
npununy Jlamambepa, sKuii BpaxoBye BCi CHIHM, SIKI JIIIOTh Ha KOXXEH MAacCOBHH €JIEMEHT
CUCTeMH, Ta iX B3aeMOAiI0 MK coboro. HaBememo mpukiaax MOAENIOBaHHS MO3I0BKHIX
KOJIMBaHb 0arato MacoBOi CHCTEMHU.

myVy + vy —y2) + o+ B0 — ) + o = Py(t);

myY, + 11y, — y1) + (v —ys) +o+ BV — Y1) + Ba (v — y3) + 0 = Pa();

muy, + J'ﬂn(:‘r’n - I'Ln(t)) T+t ﬁ(};n - I'Ln(t)) + ot HnSi.gn(.}:rn - Il.n(t)) = B, (t)’

JIe Mi — 30CEPE/KEHI MacH JaHOI CUCTEMHU; Ii — KOe(]IIli€HT MPY>KHOCTI 3B’A3KIB MK ITUMH
macamu; Bi, Hi — xoedinientn nemndipyBanHs (B'SI3KOro abo CyXoro TepTs) pi3HUX YaCTHH
CUCTEMH; Yi — y3arajibHeH1 KOOpJMHATHA CUCTEMH; V; Ta V; — BIATOBIIHO MEPII i JPYyTi MOXiTHI
3a YacoM BijJ y3arajbHeHHX KoopauHat, Pi(t) — QyHKIii, 1m0 OMHCYIOTh 3aleKHICTH
BUMYIIICHUX KOJIMBAHb, KA Ji€ Ha JUUISTHKE KOHCTPYKTUBHOI cucTteMu y vaci; nn(t) — GpyHKIii,
IO OMUCYIOTh KiHEMaTHuHe (HApUKIIaJ, ceicMiuHe) 30yIKeHHs, 1[0 MPUKIIAJIEHO 10 Pi3HUX
IISTHOK CUCTEMU.

Takuii Bup 3amucy piBHIHb pyXy, A€ MOXIUBICTh MOJETIOBAHHS HENIHIHHUX
JVICUTIATUBHUX 1 TPY)KHUX XapaKTePHCTUK, CHIIOBOTO 1 KIiHEMAaTW4YHOro BIUMBY. [lpu
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BUpIMICHHI 3afa4i OyaM 3acTOCOBaHI  pPi3HI METOAM  YHCENBHOTO  IHTETPyBaHHS
mudepeHiiansHuX piBHAHb pyXy B cuctemMax MATLAB i Wolfram Mathematica.

Jis TecTyBaHHSI MPUHHATOT METONUKH 1 MOCIIIKEHHS €(EKTUBHOCTI IOPIBHIOBATIUCS
pe3yibpTaTH, OTpUMaHi 3 KOMI'TOTepHOT Ta ¢i3uyHOi Mojaeneil. Y MOCHiKeHH] po3Iisiaanacs
onHo mnpositHa Il-monibHa craneBa pama 3 BUCOTOKO 1 mHpoiboToM 0,6 M 1 MEPEeTHHOM
4 x 0,6 cm. Ilig yac TecTyBaHHS MOPIBHIOBAIMCS 3YCHILIS, MEPEMILICHHS, @ TAKOX YacTOTH
BJIACHUX KOJIMBaHb.

Ha pucyHnky HaBeneHuil MpuKIIaj aHali3y pe30HAHCHUX PEXUMIB poOOTH paMH.

0.014 T T T T T T T T T

T
|

0.012 ; 7N

0.01- , - \ : -

t, m

- 0.008
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1
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0.002

T
!

1
0 0.2 0.4 0.6 0.8 1 1:2 1.4 1.6 1.8 2
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Puc. Ananiz pesonancnux pescumis pobomu pamu

JUis  mpoBeieHHS  1a0OpaTOpHOrO  €KCIEPUMEHTY  Ha  €JEeKTPOAMHAMIYHOMY
BiOpamiitHomy crenai EJIBC-10M Oyna BUKOpUCTaHA HACTYITHA CXeMa.

[TinroToBka oOiaiHaHHs Ta MEpeBipKa CIPABHOCTI OJIOKIB BUMIPIOBAHHS MPHUCKOPEHb,
TeHepaTopa CHHYCOiJaJIbHUX KOJIIMBaHb, OJOKy MiACWIIOBa4a, BiOPOBUMIPIOBAIBHOI
anapatypu Tuy SDM-132 ta i’ siTH KaHaJIBHOTO CaMO MUIITYYOTo MPUIaTy.

[TiaroToBKa KOHCTPYKIIi1 CTATIEBOT paMH, IPUEAHAHHS 10 OTIOPHOT KOHCTPYKIIIi paMu.

BceraHOBIEHHS €KCIEpUMEHTAJbHOI CUCTEMHU: 3 €IHAHHS BiOpaTropa 31 IITOKOM Ta
KOHCTpYKIIi€to craneBoi pamu. IligxmrodeHHs m'e3oenekTpuuyHuil garauk KD-21 mo Gmoky
BUMIPIOBaHb IPUCKOPEHb.

HanamryBaHHs mapaMeTpiB: BCTAHOBJICHHS MOTPiOHOT YaCTOTH KOJMBAHb HA T€HEepaTopi
CHUHYCOiJaJIbHUX KolMBaHb. HanamTyBaHHs MifcUiIOBaya Ul ONTHMAIBHOIO MiJACHUICHHS
CUTHAITY BiJl I'€30€IEKTPUYHOTO JaTIYNKA.

3amycK eKCIEepUMEHTY: YBIMKHYTH T€HEepaTop CHHYCOIlaJdbHHUX KOJMBaHb Ta IOYaTH
peecTpanito JaHuX 3 JaT4hKa MPUCKOPEHHs. 3alyCTHTH BiOpamiiiHuii cTeH Ta 3a(ikCyBaTH
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JaHi TpO TPHUCKOPEHHS Ta IHIII BUMIPIOBAHHS HA II'STH KaHAJIBHOMY CaMO MHIIYyYOMY
npuiIami.

AHaui3 pe3ynbTariB: OIIHWTH aMIUTITYAy, YacTOTy Ta iHIII MapamMeTpH KOJIUBAaHb 3i
30epexkeHux AaHux. [IpoBecTH TOPIBHAHHA OTPUMAaHHUX pE3yJAbTATIB 3 TEOPETUYHUMU
3HAUEHHSMH Ta 3IMCHUTH BIIMOBITHI BUCHOBKH MO0 €(PEKTUBHOCTI €JIEKTPOINHAMIYHOTO
BiOpaliifHOTrO CTeHIy Ta HOTr0 BUKOPUCTAHHS Y MPAKTHIIL.

[Ipu ropusoHTaIbHOMY KiHEMAaTWUYHOMY 30ypeHHI pamu (II€peMillleHHS MiJCTaBU 3
amrutitynoro 0,37 mm) Ha pe3oHaHCHIH yactoTi 1 'l mepemileHHs CepeHbOrO MEePETUHY
cTiliku craHoBwim 12 MM, a mepemimenHs purens 94 mwm. Illo moOpe y3romkyerbes 3
pe3ysibTraTaMi TEOPETUYHOTO PO3PAXYHKY 32 METOIAMKOIO, 10 PO3IISAAE€THCS.

byB Takox BHKOHAaHWH aHaji3 €(QEKTHMBHOCTI 3aCTOCYBaHHS TUHAMIYHOIO TaCHHKA
konmuBanb (JI'K) 1 ¢pukniiianx miaroHanpHUX 3B's3KiB. B sikocti JII'K Oynma 3actocoBana
craneBa cmyra nepepizom 3 X 0,4 cm pomxkuHO 0,66 M 3 Macamu Ha KiHIAX. B sKocTi
(GPUKIIMHUX T1arOHATBHUX 3B'SI3KIB 3aCTOCOBaHI JIB1 CMYTH 3 (hiKcalliero 1BomMa 601Tamu.

[Ticna ycranoBku JII'K ropusoHTasnbHI HepeMillleHHS CEpelHbOr0 NEePEeTHHY CTIHKU
3MEHUIWINCA Yy 2,5 pa3u, a pureiis 3MeHIIWINCs B 5 pasiB. [lpu BnamryBanH1 (QpuKLIHHUX
3B'SI3KIB PEAKIIisl CTIHKM 1 pUress K aMIUTITy/1a TIepeMillieHb 3MEHIIMIINCh B 5 1 12,5 pasis.

Bucnoeku. Pexomenpaiii 11010 CTBOPEHHSI TUCKPETHUX IWHAMIYHUX Mojeseil Oynu
y3arajbHEHI 3 METOI0 3a0e3MeueHHs OTHOTUITHOCTI Y MPOLEC] aHalli3y pi3HUX KOHCTPYKIIH Ta
ix Bys3miB. Il 1mporo Oynau po3poOSieHI CTaHAApPTHI TMPOLEIypH Ta METOAU CTBOPCHHS
MoZeNel, AKi BKIIOYaloTh B ceOe BU3HAUCHHS NU(EpEHIiaIbHUX PiBHSIHb PyXY, BPaxyBaHHS
napameTpiB MarepiajgiB Ta reoMeTpii KOHCTPYKIIIH, a TaKOXK BCTAHOBJICHHS IMOYATKOBUX Ta
IPaHUYHUX YMOB.

s mepeBipku e(heKTUBHOCTI PO3pOOIICHOT METOMKH OYyJI0 MPOBEACHO TECTyBaHHS Ha
mpUKIai craneBoi pamu. Lle Bkimrouano B ceOe BUKOHAHHS JUHAMIYHUX PO3pPaxyHKIB, aHAII3
OTPUMAaHUX pe3ylbTaTiB Ta TMOPIBHAHHA iX 3 EKCIepUMEHTAIbHUMH JaHUMHU abo
AQHAITHYHUMH pimeHHAMU. Take TECTYBaHHS JO3BOJWIO BHU3HAYUTH €(PEKTHBHICTH Ta
TOYHICTH 3aCTOCOBAHOI METOAMKH.

Y nomoBiai OymyTh 3ampolOHOBaHA METOAWKA JUHAMIYHOTO MOJIEIIOBAHHS, IO
JI03BOJISIE BUKOHYBATH aHaJi3 MpoOJieM MIKpO BIUIMBIB BiOpaliii Ha KOHCTPYKIIii, 1HKEHEPHI]
CUCTEMH Ta JIIOICHKHI opraHi3M. OOTroBOPIOIOTHCS OCOOIMBOCTI MOJICITIOBAHHS 3THHAIBHUX
Ta KPyTHJIBHUX XapaKTEpPUCTUK 0araro MacoBUX CHCTEM, YpaxXyBaHHS B3a€MOi1 KOHCTPYKITi
3 pI3HHMH BHJIAMU JTHHAMIYHUX HAaBaHTAXKCHb.

CnucoK BUKOPHCTAHMX JIKepeJT

1. KazakeBnu M. I., Kynsa6ko B. B. Beenenns y BiOpoekosorito OymiBeib Ta CIOpYy.
Juinponerposebk : [TJIABA, 1996. 200 c.

2. Kulyabko V. V., Davydov I. I. Laboratory of dynamics and diagnostics of
constructions Archives of Civil Engineering. Polish Academy of Sciences, Institute of
Fundamental Technological Research. Vol. 49, Ne 3. Warsaw, 2003. Pp. 25-50.

3. Kulyabko V., Davydov I. Simulation of dynamic responses of structures on the elastic-
dissipate foundation at operation wind loads. 2nd East Europen Conf. on Wind Eng. Vol. 2.
Prague, 1998. Pp. 423-428.

4. Tlanosko f. I'. BBenenns y Teopito MexaHI4HUX KouBaHb. Bua. 3-e. 1991. 256 c.

95



“Innovations in Construction and Smart Building Technologies for Comfortable, Energy Efficient and Sustainable Lifestyle” (2024)

YIK 624.012.35

BIIJIUB ITAPAMETPIB IMCKPETHHUX BOJIOKOH HA BJTACTUBOCTI
HEMEHTHO-IIIAHOI'O PO3YUHY
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Ilocmanoeéka npoénemu. JI0BroBiuHICTh 3a711300€TOHHUX KOHCTPYKIIN y OyamiBiIsAX Ta
CHOpyJax Ha ChOTOJHIIIHIN JIeHb € OJHIEI0 13 HaWOUIBII akTyaJbHUX IpolieM. Y mpoueci
OymiBHMLITBA, eKcIUTyaramii OyaiBeslib Ta CHOPYJI BHHHUKaE TMOTpeda y BiTHOBJICHHI
3aJ11300€TOHHUX KOHCTPYKI. YacTo I1e BIAHOBICHHS 3aXHCHOTO IIapy 3alli300€TOHY,
AHTUKOPO31MHMIA, XiMIKO-O10JIOTIYHMN Ta BOTHE3aXWCT, MOCHJICHHS KOHCTpykKmii. I[TomiOHi
poOOTH CKJIaJH1 HE TUIBKW Y BUKOHAHHI, a i y PaBHUJIBHOMY BHOOpPI1 TEXHOJIOTII Ta MaTepiay.

Crin opieHTYBAaTUCh HA CydYacHI Marepialid Ta TEXHOJIOTII, sKi 3a0e3Meuyr0Th 32 YMOBU
MPaBUJILHOTO BHOOpPY TMPOMOBKECHHS TEPMiHY CIY)KOM KOHCTpYKIid Bix 15-20 1o
30—40 pokiB. KpiM TOro, Ba)JJIMBOI € TEPEOIiHKA MiIXOMIB JO BHOOpPY MarepialiB, IO
BUKOPUCTOBYIOTBCS JUISl PEMOHTHHUX POOIT, KPUTEPISMU ISl IKMX CTaU AKICHI MOKa3HUKH Ta
JIOBIOBIYHICTh. AHAaJIi3 OCTaHHIX MyOIiKalii Mmokasye, mo B YKpaiHi HEAOCTaTHbO PO3BUHEHE
BUPOOHUITBO CyXuX OydiBeNIbHUX CyMillleld, apMOBaHUX JUCKPETHUMHU BOJIOKHAMH,
BHACIIIZIOK YOTO JOBOJUTHCS BUKOPHCTOBYBATH IMIIOPTHI, SIKI € JIOCHTH JIOPOTUMH, a L€ HE
JIO3BOJISIE 3pOOUTH BITYM3HSHY MPOAYKIIII0 KOHKypeHTOocrnpoMoxHow [1-3]. Tomy nuranHs
JNOCT/DKEHHA Ta pPO3pOOKM HOBHX CyXHMX OydiBeJIbHHMX CyMiled, Moan(ikoBaHUX
JTUCKPETHUMHU BOJIOKHAMU BITYM3HSHOTO BUPOOHUIITBA, € JOCUTH aKTyaJTbHUMHU.

Mema po6omu. 3 MeTOIO OOTPYHTYBaHHS MOXKIIMBOCTI 3aCTOCYBaHHS ITaHOTO THUILY
BOJIOKOH Y CKJIa/IaX PEMOHTHUX CyMillIel Ha MepIIoMy eTarli JA0CTiI)KeHb BU3HAUaBCS BILINB
napamMeTpiB apMyHO4Y0Tro KOMIIOHEHTA Ha BIIACTUBOCTI IIEMEHTHO-TIIIAHOTO PO3UHHY.

Ocnosna uacmuna. ApMyBaHHS MarepiajiB J03BOJs€ 30UTBIIUTH iX CTIMKICTH 10
TEMIIepaTypHHX, BOJIOTUX Ta KOPO3IHHUX BIUIMBIB, TOKPAIIUTH MEXaHI4HI BIIaCTUBOCTI.

['onoBHUMU IUTSIMU apMYBaHHS CyXuX Oy/IBETbHUX CyMillleii BOJOKHAMH €:

* 30UTBIIICHHS MIITHOCTI Ha PO3TATYBaHHS Ta 3TMHAHHS,

* 30UIBIIICHHSI YIapHOT B'SI3KOCTI;

* 3HWKCHHS YCaJKH MPH TBEP/iHHI,

* [T IBUIIIEHHS MOPO30CTIHKOCTI, 3HOCOCTIMKOCTI, aaresii.

CyTHiCTh pOOOTH apMOBAaHOTO (KOMITO3HUIIIITHOTO) Marepiajdy MOJsIrae B TOMY, IIO
HaBaHTAKEHHS, 1110 BUHUKAE B PE3YJIBTATi 30BHIIIHIX 1 BHYTPINIHIX BIUIMBIB Pi3HUX (PakTOpiB
NEPEAEThCS 3 MATPHIN HA BOJIOKHA, IO MAlOTh BHCOKI MOKA3HUKH MIIHOCTI, THM CaMuM,
CTaBJISTYM MATPHITIO B MOJIETIIIEHI YMOBU poOOTH. BoslokHA 3011bIIYIOTh MIIHICTh KOMITO3HTY,
NEPEIIKO/PKAIOTh BUHUKHEHHIO Ta PO3BUTKY TPILIMH. 3aJIeKHO BiJ JOBKWHH, Opi€HTalii B
00cs131 MaTepiany, a TaKoX KITBKICHOTO 3MICTY MOKHA HE TUIBKH TOKPAIIWTH BIIACTUBOCTI
MarepiaiiB, ajie i OTPUMAaTH HOBI 3 TMOKpAaIIeHUMHU Xapakrepuctukamu [4—5]. Ha miacrasi
MPOBEACHOTO JITEPaTypHOTO OINISIY, K apMYyHOUUN KOMIIOHEHT AJIi PEMOHTHHUX CyMIillleH,
Oyi0 BHUKOpHCTaHO 0a3zainbroBe BOJIOKHO. Lle BOMOKHO 3a0e3rnedye TPUBHUMIpHE 3MIiITHEHHS
PO3YMHY B IOPIBHAHHI 3 TPAJAMIIIMHOI apMaTyporo, 1o 3abe3mnedye JIHIIe JIBOBUMIpHE
3MinHeHHs. Bce 1me € J0AaTKoBUM apryMEHTOM Ha KOPUCTh JUCHEPCHO-apMOBAHUX
PEMOHTHUX PO3uMHIB. [HTepBan BapitOBaHHS KOMIIOHEHTIB MpeACTaBIeHUN y Tabmuti 1.

VY 3B'SI3Ky 3 TUM, III0 OCHOBHUM TIPIOPUTETOM € 3aCTOCYBaHHS BITYM3HSIHUX Marepiaiis,
MeX1 BapilOBaHHS JTOBKHMHU BOJOKHA 3HAXOMATHCA Yy TOMY [liama3oHi, KU MOXe HaJaTu
3aBOJI-BHPOOHUK.
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3rigHo 3 IHTEpBAJIOM BapilOBaHHS KOMIIOHEHTIB (Tabn. 1), CKiIaleHO MAaTpPHIIO
TUTAHYBaHHS €KCTIepUMEHTY (Tabm. 2), mpoBeaeHo BUnpoOyBaHHs (Tadu. 3) 1 po3paxyHOK Rer,
Renr B 0Omacti mociimkens (puc.l).

Tabnuys 1
InTepBaJ BapiloBaHHSI KOMIIOHEHTIB
@DaxTop BILIUBY On. Bum. | Ilosn. | Hmkwiil piens | Bepxwiii piBeHb
1 2 3 4 5
Ilement % X1 24,8 25,1
ITicox % X2 74,8 75,1
BookHo % X3 0,1 0,4
JloBknHa BOJIOKHA MM X4 2 12
Tabnuys 2
Martpuns IVIAHYBAHHA eKCIIEPUMEHTY
Ne HiameTtp dakropu
BOJIOKHA X1 Xo X3 Lement ITicox Boaokno
1 1 0 0 25,1 74,8 0,1
2 0 1 0 24,8 75,1 0,1
3 0,5 0,5 0 24,95 74,95 0,1
4 2—12Mm 0 0 1 24,8 74,8 0,4
5 0,5 0 0,5 24,95 74,8 0,25
6 0 0,5 0,5 24.8 74,95 0,25
7 0,33 0,33 0,34 24,9 74,9 0,2
Tabauys 3
Tabauus pe3yabraTiB BUIPOOYBAHHS CKJIAIB «PO34YUH + 0a3a1bTOBE BOJIOKHO»
Ne | JloBkrHa 1 KOHIIEHTpAITis Rer, MITa Ruur, MITa
n/m | 0a3aJbTOBUX BOJOKOH 3 106u 28 ni6 3 106m 28 71i6
1. Uwuctuii po3uuH 3,34 11,01 1,33 3,75
2 I=2mm,n=0,1% 3,65 10,71 1,58 3,43
3 I=2wmm, n=0,2% 2,80 8,70 1,15 3,6
4, | =2 MM, pn=0,25% 3,24 10,14 1,00 3,44
5 I=2wmm, n=0,4% 3,78 10,86 1,72 3,50
6 I=5mm,u=0,1% 2,73 6,12 1,03 3,19
7 I=5mm, n=0,2% 3,59 11,18 1,21 3,70
8 |=5mm, n=0,25% 2,3 7,19 1,02 3,22
9. I=5mm, n=0,4% 3,42 7,08 1,25 3,22
10. =10 mm, n=0,1% 1,84 5,94 1,24 3,15
11. =10 mm, n=0,2% 2,96 9,57 1,04 3,26
12. =10 mm, p=0,25% 1,94 6,07 0,88 2,83
13. =10 mm, u=0,4% 3,72 11,22 1,64 3,70
14. 1=12mm, u=0,1% 4,65 10,62 1,48 4,80
15. =12 mm, p=0,2% 3,20 10,7 0,90 2,80
16. =12 mm, p=0,25% 2,27 7,12 1,01 3,95
17. =12 mm, n=0,4 % 3,74 8,4 1,30 3,31
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JloCImiKeHHST 3aJICKHOCT] MIITHOCTI HAa CTUCK T4 BUTWH PO3YMHHOI CyMIIIi BiJ BMICTY
HEMEHTY Ta 0a3aJbTOBOTO BOJIOKHA JOBXKUHOW 12 MM y Bitli a) 3 1obwu, 6) 28 nil.

B pesynbrari aHami3zy eKCriepuMEHTATbHUX 3pa3KiB MOKHA BHIUIMTH TaKi 0COOIMBOCTI:
0a3a1bpTOB1 BOJIOKHA TOBKHUHOIO 10 MM MiABHUILYIOTH MIIHICHI Ta €KCIUTyaTalliiiHI BIaCTUBOCTI
PO34UMHIB SIK HAa PaHHIX TakK 1 Ha MI3HIX TepMiHaX TBEPAIHHS IPU KOHLEHTpaLli BOJOKHA 3a
macor nemeHty 0,4 %. IlpupicT MIIHOCTI Ha CTHCK y Bili 3 100W Mpu JOBXKHHI BOJOKHA
10 MM Ta xoHmentpamii BosokHa 0,4 % crtanoBuB 9,9 %, y Bimi 7 110 — MIIHICTH HE
3MIHIOEThCS, Y Billl 28 1106 MIIHICTh HA CTUCK MiABUIIYETHCS HA 1,9 %. MilHICTh Ha 3THH Ha
mi3HIX TepMmiHax (28 ni0) 3aiMIIaeThcsi PiBHOIO MIITHOCTI KOHTPOJBHHUX 3pPa3KiB 13 YHCTOTO
pO34MHY, y TOH yac sk y Bii 3 a10 BoHa miaBuiyeThes Ha 23,3 % (puc. 1).

MiyHicTe, MNa

BonokHo =10 MM
0.0, 100

| EO
F
100, : ® 28
o 0z %o a7s 100 4
Micok —
a) UemeHT
MiunicTe, MMa
Bonokuo =10 MM
0.0, 100

. v
, . -
100 28 Qoo Di
Qoo [P aso ans 10 Eé‘

6) Uement Nicok

Puc. 1. 3anesxcnicmo miynocmi Ha cmuck 3pasKie po3uyuUHHOL cymiuii 810 6Micmy yemenmy
ma 6a3anvmoeozo 6010KkHa 008xcunoto 10 mm y 6iyi a) 3 0oou, 6) 28 0i6

BucnoBok. JlocmimkeHHs 3acTOCYBaHHS 0a3ajJbTOBUX BOJIOKOH SIK JIUCIIEPCHOTO
apMYIOYOTr0 KOMIIOHEHTY PEMOHTHHX CyMIIIeH MOKa3alu psJi XapaKTepHUX 3aKOHOMIPHOCTEH,
Kl HEOOX1ZIHO BpaxoOBYBAaTH MpH BBEIEHHI 0a3aJbTOBUX BOJOKOH [0 CKJIaay CyXHX
OymiBeNbHUX CyMIlIel, a caMe 3acTOoCyBaHHs 0a3ajbTOBOTO BOJIOKHA JOBXKHMHOKO 12 MM
HiABUIICHHA (I3UKO-MEXaHIYHUX XapaKTepUCTUK CyMillell HaleQeKTHBHIIIE Ha paHHIX
TepMiHax TBepHiHHA. Ilpu bOMY KIUTBKICTH 0a3aIbTOBOrO BOJIOKHA % BiJl MacH IEMEHTY
noBuHHa cTaHoBUTH 0,1 %. IlpupicT MinHOCTI npu CTUCKaHHI Yy Bili 3 110 mpu AOBKHUHI
BOJIOKHA 12 MM Ta KoHIeHTpalii BonokHa 0,1 % cranoBuB 39,22 %, a npu Burusi 11,28 %
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BIJl MIITHOCT1 KOHTPOJIbHUX 3pa3KiB 13 YUCTOTO po34MHy. MILHICTh NP 3rMHAHHI y Billl 28 110
3pocna Ha 28 % (puc. 1).
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JOCJJIIKEHHS BIVIMBY CHIBBIJHOIIEHHS CaO/Al203
HA YTBOPEHHSA ETPUHIITY TA OTPUMAHHSA CTPYKTYPU HEMEHTHOI'O
KAMEHIO I3 CIIEHIAJIBHUMH BJIACTUBOCTAMH

Jlepes’sinko B. ML.%, 1. T. 1., npod., pumko I. M.2, 1okTopaHT,
Bara:xxummun O. B.3, acn.
! derevianko.viktor@pdaba.edu.ua; 2 hryshko.hanna@pdaba.edu.ua;
3 vatazhichin.oleksandr@pdaba.edu.ua

Ilocmanoska npoonemu. B niponeci rigparanii minepaiie cucremu CaO—Al203—H20
yTBOpIOKOTHCs TrigpoantoMinary i reab CAHio, CaAHio, CsAHs, C3AHs, CsAHis, Al(OH)s.
B cucremi CaO—Al203—-SO3—H20 npouec rigparanii Oinbm ckimagauii. [lo-mepme, imyTh
oJTHOYaCHO (OpMyBaHHS TiapoaatoMiHariB 1 riapocyiasdoattominarieB TTCAK 1 MI'CAK, mro
€ MOKa3HUKOM (hOpMYyBaHHS MEPBUHHOT cTpyKTypH [1—3].

[To-npyre, yacThHa TiApoaNIOMiHATIB pearye i3 cyiab(aramMu KaJbIlif0, YTBOPIOIOYH
TI'CAK i MI'CAK i neii mporec BiuMBae Ha (OpMyBaHHsS CTPYKTYpH, IO 1 BU3HAYa€ Taki
BJIACTUBOCTI SIK MIIHICTh, BHYTPIIIHE HAINPYXXEHHS, po3mupeHHs 1 Tak naini. CKIaaHICTh
3aBJaHHA NOJSTa€e y BCTAHOBJICHHI Iporieca (opMyBaHHS i BIUMBY criBBigHOmeHHs C/A Ha
yTBOpeHHs Ha nepmomy etarni CnAmHx 1 TTCAK, MI'CAK.

Mema pobomu. YcranoBineHHs npoueca (opMyBaHHS 1 BIUMBY criBBigHomeHHs C/A
Ha yTBopeHHs Ha mnepmomy erami CnAmHx 1 TTCAK, MI'CAK Tta oTrpumaHHS CTpyKTYpHU
[IEMEHTHOTO KaMEHIO 31 CIeI[iaTbHAMH BIACTHBOCTSIMHU.

Ocnosna uacmuna. llpuBeneHi pe3ynbTaTH TEOPETHYHUX 1 EKCIIEPUMEHTAIBHHUX
nociipkenp nporiecis rigparaiiii cucteM CaO-Al203- SO3-H20. OcobnuBa yBara npujijicHa
npobnemi ytBopeHHs BropuHHOro etpuHrity (TI'CAK, MI'CAK), mnepekpuctamizamii i
crabimizamii ga3 HaHOTOOABKAMHU.

VY po6oTi oKazaHo, 1110 Yy CHPOBHHHUX Marepianax, CKiaajax Ta Mpoliecax TiapaTalii €
CXOXICTh XIMIYHUX 1 MIHEPAJIOTIYHUX CKJIAJIB: aIIOMIHATHHX (@) Ta cyabhoaroMiHaTHINX (0)
LIEMEHTIB:

a) —Al203 — 35...50; CaO — 35...45; SiO2 — 5...15; TiO2, MgO, SO2, K20 Bix 0 10 2,5.

0) — Al203 — me menmre 20...25; CaO — 55; SiO2 — 10; SO3— 3; Fe203 -5...10; MgO - 2
Ta 3aJISKHO BiJI TEXHOJOTIT XIMIYHUH CKJIa] MOXe OyTH Jy’Ke Pi3HOMaHITHUM, ajieé OCHOBHOIO
YMOBOIO € HasgsBHicTh He MeHiIre 20 % Al20s.

OcHoBHUM (hakTOpOM € Te, IO MpH Tifparamnii Cynb(oaToMiHATIB 1 alOMIHATIB B
npucyTHocTi Tincy (CaSOa4-2H20) yTBoproeThcsi rigpocyibdoantoMinaTHa (aza, 1Mo Jae
3MOTY OTPUMATH CTPYKTYPY IIEMEHTHOTO KaMEHIO 3i CrelliaIbHUMH BIaCTUBOCTSIMU [4—5].

3araqbHUM U1 TPOIECIB TiApaTallii aJlfoMiHAaTHUX IIEMEHTIB B MPHUCYTHOCTI TIICy €
yrBopeHHS (pa3u C3A3CsSH32 (Tabm. 1), ToOTO HOBOYTBOpPEHHS, IO BiJirpac OCHOBHY POJb
npu Monudikallii IByBOIHOTO Cyab(haTy Kajbllito, a00 IPH YaCTKOBiH 3aMiHI TJIMHO3EMHUCTOTO
nemMeHTy gooaskoro CaSOs-2H20.

Posrsan MIPUKJIAIiB OCIIIDKEHD MPOIIECiB rigparartii CUCTEMU:
Al203—Ca0—-S03—H20, nokasye, 0 YTBOPEHHS €TPUHTITY MOXKHA PO3JIUTUTH HA JIBa CTallH.
Ha mnepmomy etami yTBOPIOIOTHCS CIIONYKH, SIKi TIOTIM BCTYNAalOTh Y B3aEMOIII0 3
cynbparamu. [IpsiMe yTBOpEeHHs €TpHMHTITY — IIe peakuis amrominatiB Cs3A 1 cymbdaris, a
Takok B He3HauyHii kuibkocTi CA 1 CA2. Ilpouecu rigparamii, ¢opMyBaHHS
rizpocynb(oanoMiHaTiB BUCOKOCYIb(pATHOT (OpMU HAa OCHOBI TMPOMDKHHX CIIOJYK Ta B
nporieci ekcrutyaraiii (puc. 1) CTBOPIOIOTH MPoOIeMHU BUHUKHEHHS BHYTPIIIHIX HAMPYKEHb
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Tabnuysa 1
Ha6au:xeni BapianTu rigparauii cucrem: CaO—Al>03—H>0; CaO—-Al,03-S0O3-H.0
[Ipouecu riaparaiii cucremu: IMpouecwu rigpararii cucremu: Al203—CaO—SO3—H20
CaO—-Al203-H20 _
1. CA — C3AHs 2. CA — C3A3CSHi2; Al203-3H20

CA2 — C3AHs noBunbHa peakiisi | CA2—3Ca0-Al203-3CaS04-31H20
C12A7 — C3AHs, Al203-nH20 C12A7—3Ca0-Al203-3CaS04-31H20
C3A — CsAHais, C2AHs C3A—3Ca0-Al203-3CaS04-31H20
III. InuuO3eMUCTHII  LIEMEHT FLI+Finc—>C3ACSH12; Al203-3H20
C3AHe+ CaSO4-H20
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Il - erpunrit (3Ca0-Al203-3CaS0O4 -31H20): B - crpusrit (3Ca0-Al:0s-3CaSOs -31H20):
[ - erpunrit (3Ca0-Al203-3CaSO4 - 12H20); [ - erpunrit (3Ca0-ALO3-3CaSO; - 12H20):

& - rinpoamominar (Cas- AlL(OH)14-6H20):

e & rl;{poa}noMlHaT.(Ca-tv'Alz(OH)14'6H20), . * -4OTHPBOXKAIBLIEBHIT ACB SSTHANLSTHBO IHHIT
* -4OTHDBOXKAIbIi€BHI NeB'ATHANIIATHBO IHHIT rizpoamominar (4Ca0- ALOs- 19H20):
rigpoamromizat (4Ca0O-Al203-19H20): X -HOTHPBOXKAIBLIEBHIT TPHHAALATHBOIHMIT

. - o rigpoamominar (4Ca0O-ALOs-13H20)
K -JOTHPBOXKaNBIi€BHIl TPHHAIIATHBO JHHIT

rigpoamromizat (4Ca0O-Al20O3-13H20)
I'[J+I"—3 0o6u I'1+I"14-28 oio
Puc. 1. Penmeenoepamu 3pa3sxie cknady I'L{+1" 6 nepioou meepdinnsa 3 i 28 0id

B po6oti nmpuBeneHi pe3ynbTaTd TEOPETHUHUX 1 €KCTIEPUMEHTAIBHUX JOCIIKEHB 0
BUSIBJICHHIO 3aJIGKHOCTI TIOBEPXHEBOI eHeprii [100ca Bif a. 0. M. (puc. 2, a).

Ha ocHOBI po3misimy CTpyKTypu MiHEpaTiB 1 BH3HAUCHHS TEPMOJUHAMIYHHUX
XapaKkTepUCTUK (puUC. 2) 3alpOoNOHOBAHO TIMOTE3y 3aJeKHOCTI moBepxHeBoi eHeprii ['106ca
(AG = f(CaO/Al203) Bix criBBiIHOIICHHS MOJCKYISPHUX MaC XIMIYHUAX €JIEMEHTIB MiHEepasliB
(puc. 2, 6).
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Puc. 2. Ipagixu 3anexcnocmi AG: a — AG =f(a. 0. m.); 6 — AG = f(C/A)
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[TpoBeneHi mOCHiKEHHS TEPMOIMHAMIUHUX XapaKTEPHCTUK YyKa3aHUX MiHEpalliB
MiATBEPDKYIOTh TINMOTE3y BIUIMBY IOBEPXHEBOI €Heprii Ha MMBUAKICTE (HOpMyBaHHS
MiHepaJiB.

Iness BUBUEHHS MOCHIIOBHOCTI YTBOPEHHS CyNIb()OANTIOMIHATIB HA OCHOBI MPOMIKHUX
CHOJIYK Ja€ MOXJIMBICTb OTPUMATH CTPYKTYpY PpO3YMHIB BHCOKOi MIIHOCTI abo 13
crenialibHUMU BiacTUBOCTAMHU. Po3paxynok koedinientiB K (cmiBeigHomenus CaO/Al203)
nokazye mnpsamy 3anexsicte AG = f(CaO/Al203) (puc. 2, 6): Kcaz = 0,27; Kca = 0,54;
Kci2a7=0,80; Kc3a = 1,63.

ExcriepyMeHTanbHi  JOCHIHDKEHHS. TEPMOAUMHAMIKM YHCTUX MiHEpaliB MiATBEPININ
3aIPOTIOHOBAHY TiIOTE3Y.

B po6oti mpuBeneHi pe3yasTaTé JOCIHIPKEHb BIACTUBOCTEH CTPUHTITY, OTPUMAHOTO B
nporieci riparauii unctux minepanis (C3A) i aByxBomHOro cybhara kansiio (CSHa).

[Tponec rimparamii MIMHO3EMHUCTOTO LEMEHTY i3 J100aBKOIO TiApOCyIb(aTiB KalbLio
TaKOXX CTBOPIOE YMOBH (opMyBaHHS B OUIBIIK Mipi YK€ BTOPHMHHOTO ETPHUHTITY,
MaKCHMaJbHa KIJIBKICTh SIKOTO YTBOpIo€ThCs mpu criBBigHomenHi 'L+ % (70+30 %).

JlocmipkeHHS 3MiHU CTPYKTYPH TIPH aHalli31 AudpakTorpam i pe3ysbrariB udepeHiiito-
TEPMIYHOTO aHali3y BKa3ye€ Ha 30UIbIIEHHS KUIBKOCTI €TPUHTITY B TpOLECi TBEpAIHHSA
1o 24 mio.

Sk BigomMo, eTpHHTITOBA (ha3a He € cTaOUIBFHOO MPU eKCIUTyaTamii. 3riHO HAIIOI T1I0Te3:
cTalbiTi3aIio CTPYKTYPH €TPUHTITA MOJKHA JTIOCSATTH IIIJITXOM BBEJICHHS HAaHOMOIU(DiKaTOPiB.

Ha ocHOBI monepenHix IOCHIPKEHb 1 aHAII3y JITEPaTypHHUX JAaHUX BMICT HaHOAOOABOK
3HAXOAMThCA B MEKaX COTHX, a 1HOMI 1 TUCAYHHMX JOJIeH BiACOTKIB. lle BHKIMKae 3HA4HI
npoOJieMu MpH Jaucrepraiii HaHomo0aBOK B Takiii KUIBKOCTI. BapiaHToM BUpilIeHHS
poOJIeMH € BUKOPUCTAHHS IJIACTU(DIKATOPIB.

CyTHICTH ~TEXHOJNOTii ToJsrae B TOMNEpeAHid aucnepramii HaHOMOOABKH B
KOHIICHTPOBAHOMY PO34YHHI BOJIa-TIIIaCTU(IKATOP.

B po6oti mpoBeneHo aHami3 JIiTeparypu Ta MPUBEACHO PE3yNIbTaTh JOCTIIKEHBb 10
BU3HAUCHHIO BIUIMBY YJIBTPa Ta HAHOAWUCIEPCHUX JT0OABOK PI3HOTO PiBHS, SIKi BBOISATHCS IS
moaudikamii cynbdarHux 1 cymbdoamrominaTHuX ¢a3. Lle mae 3Mory 3MiHIOBaTH IpoLec
(GopMyBaHHS TEPIIONOYACTKOBOI CTPYKTYpH, a B TIOAAJbIIOMY 1 OCHOBHHX (hi3HKO-
MeXaHIYHUX BIACTUBOCTEH KOMIO3UIIIHIX Oy/IBEIBHUX MaTepialiB.

BB momudikaropiB BH3HAuadu Ha OCHOBI EKCHEPHUMEHTAIBHUX JTOCITIIKECHb
cymimeit umctux wiHepaniB CsA, I'll, T'll[+I" i wnanomoGaBok (Tayput, Oima caxa,
HaHOMOU(DIKATOPH).

BuchHoBok. JlocmipkeHHST 3 BUKOPUCTaHHSAM YIbTpa- Ta HAHOTUCIIEPCHHUX H00ABOK
HampaBlieHI Ha  MOJENIOBaHHS Ta  YOPaBIiHHA  BJIACTHBOCTAMH  CyibdaTHHX 1
cynbhoamomMiHaTHUX (a3 OyaiBeNbHUX MarepiajiiB, Ha CHOCOOM YIPaBIiHHA MPOIECAMU
CTPYKTYpOYTBOPEHHSI KOMITO3UTIB Ha OCHOBI IIEMEHTHOTO Ta TilICOBOTO B'SDKYYOro, Ha
Moaudikamifo MarTpuii Marepially HaHOYaCTWMHKAMH, B TOMY YHCIi BYyIJIEIEBUMHU
HAHOTpyOKaMHW 1 HaHOBOJIOKHamu. [linTBep/pkeHO TimoTe3y 3aJeKHOCTI  BEIHMYUHH
noBepxHeBoi eneprii ['i60ca Bix cniBBigHomeHHs AG = f(C/A) i nmponoHyeTbcs BU3HAYaTH
ebexTuBHICT 1i BIUIMBY HAa TpoOIEC  Tiaparamii  MiHEpaJliB  KOMITO3HMIIIHHUX
cynbdoantomiHaTHUX cucTeM Koedimienrom Minepana Kca = Cm/An.ge Cm/An — mmoBepxHeBa
enepris ['1066ca, Kecman — koedilieHT MiHepaia cUCTEMHU.

3a momomoror HaHoMoau(DikaTopiB chOopMOBaHi IEMEHTHI OJIOKH BUTEHO 3POIIYIOTHCS
B IIEMCHTHIM MaTpHIli, IO MPHU3BOAWTH JIO 3MEHIICHHS BHYTPIIIHIX HANpyXeHb B IlIe HE
chopMoBaHill IEMEHTHIN CUCTEMI.
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OCOBJIMBOCTI BUKOPUCTAHHA TEX.HOJIOFIi 3D-APYKY BYJIBEJIb
JJIAA HOTPEB IMNICJIAABOE€HHOI BIIBYAOBHU YKPAIHU

€uaiceea M. O., K. T. H.
Hayionanenuu mexniunuu ynigepcumem «/[Hinposcoka noaimexnikay
Yelisieieva.M.O@nmu.one

Ilocmanoeka npoodnemu. B ymoBax BOEHHOTO KOH(IIKTY Ta HEOOX1JHOCTI IIBUIKOI Ta
cTasoi BiIOyAOBU SIK 00 €KTIB JKUTIOBOrO (hoHAYy, Tak 1 00’€KTIB LMBUIBHOI Ta COLIAIbHOI
1HPACTPYKTYpH IPOBITHOIO TEXHOJOTIEIO 31aTHOIO 1€ 3a0e3neunTu € 3D-npyK OyniBeib.

Tak, 3a manumu Kyiv School of Economics (KuiBcekoi mkoiau exonomiku) [1, ¢. 6],
BHACIIIZIOK MOBHOMacmTaOHOi BiifHM Ha TepuTopii Ykpainu, Ha mouaTok oceni 2023 poky
3arajibHa KUIbKICTh 3pYHHOBaHUX a00 MOMIKOMKEHHUX KUTIOBUX Oy/iBEJb CTAHOBHIIA OIU3BKO
167,2 TuCS4; BETUKUX 1 CEPEHIX MPUBATHUX IMIIMPUEMCTB Ta JEpKaBHUX KoMIaHiid — 426,
3aKJIa/iB OCBITH — MOHAM 3,5 THCSYl OyliBeslb, MEAMYHHUX 3aKkiadiB — 1 223; aepomnopTiB Ta
[UBILTBHUX aepOapOMiB — 18; MOCTIB Ta MOCTOBHX MEPEXOAiB — OM3bKO 344; aBTOMOOUIEHUX
NUISXIB PI3HOTO 3HAYEHHS — MOHAM 25 TucsAad KutomeTpiB. Haibinbmn mocTpaxaainMu
perionamu € Jlonempka, Jlyranceka, KuiBchka, XapkiBchbka, MukomaiBchka, 3amopisbka,
XepcoHchka Ta YepHiriBcbka 00macTi.

Kpim Toro, 11 rpymus 2019 poky B €Bpomnapnamenti OyB MpencTaBIeHHMA
€pornericbkuii 3enennit kypc (European Green Deal), 0CHOBHOIO IIJUTIO SIKOTO € JIOCSATHEHHS
KIIIMaTHYHOI HEUTPaIhbHOCTI €BpONeichkoro kKoHTUHEHTY 10 2050 poky [2]. BiamosigHo 10
Communication from the commission. The European Green Deal, po3mimeHoi Ha BeOcaiiti
European commission [3], ogHi€ro i3 ckIaA0BUX YacTHH €BPOMEUCHKOTO 3€JCHOTO KYpCy €
eHeproe(ekTuBHE OyIIBHUIITBO Ta pPEKOHCTpYKIis. lle Mae 3abe3meuyBaTics MIISTXOM
NPOEKTYBaHHS HOBHUX 1 PEKOHCTPYHOBaHUX OyIiBeNb i3 BpaxyBaHHSIM MOTPEO IUPKYISPHOI
€KOHOMIKH, a TaKOX 3Ty4CHHS U HKUTATI30BaHUX TEXHOJIOTIH y OyaiBeIbHY 1HIYCTPIFO, 10
B KOMIUJIEKC] CIIPHSTAME KIIMaTHYHOMY 3aXHCTy OyIiBeNbHOTO (OHTY.

be3 cymuiBy Best iHdpacTpykTypa YkpaiHu moTpelye SKICHOTO Ta IIBHIKOTO TPOIECy
BiOyOBH, sIKMii OW Oa3yBaBCS HA BHUKOPUCTAaHHI CTIMKUX IHHOBAIIMHUX OyTiBEIBHUX
MPaKTAK Ta BIAMOBIZAB CyYacHHM pPECypco30epiratoduM BHMOTaM 1 KIIFOUOBUM IIUISAM
€BPOIEHCHKOTO 3€JIEHOTO KypCYy.

Mema pobomu nionarae B po3riiali OCHOBHUX 0COOMUBOCTEN Bukopuctanus 3D-apyky
OymiBenb Ta X BIUIMBY Ha SIKICTh OTPHUMAaHUX OYIiBEIbHUX KOHCTPYKIIH Ta OysiBensb,
BpaxyBaHHS SKHX HAJacTh 3MOTy IIBUIKO Ta €(QEKTUBHO 3alpOBAJUTH TMEPCHEKTUBHY
TEXHOJIOT1I0 B Oy/liBEJIbHY 1HIYCTPIIO /Ul TOBOEHHOI BiIOy10BU YKpaiHu.

Ocnosna uwacmuna. HoBiTHI aquTHBHI TEXHOJOTIi B OYyMIBHUIITBI TPYHTYIOTHCS Ha
3aCTOCYBaHHI CreliaibHUX OynaiBenbHUX 3D-mpuHTEpiB, sIKi 3a3BHYail BUKOPUCTOBYIOTH
METOJ eKCTpPY3ii, mpu KoMy Oe3lepepBHUN MOTIK Marepiady (opMyeThCS y OKpeMi Mmapu
MEBHOT TOBIIMHU 1 KOXXHHUM HOBHH IIap HAHOCUTHCS MOBEPX MOMEPETHHOTO JJISI CTBOPEHHS
TPUBUMIPHOTO TOLIApPOBOr0 00’ekTy. KOHTpOMIOETBCS mMpollec HaHECEHHS MapiB 3a
JIOTIOMOTOI0  POOOTOTEXHIYHMX MAaHIMyJSATOpiB a00 KO3JOBHUX CHCTEM, SIKi TPAIIOIOTh 32
3a/1aHOI0 UG POBOIO (KoM roTepHOI0) 3D-Moaemto [4, ¢. 2; 5, ¢. 165; 6, c. 56; 7, c. 128].

Bubip marepiany mist 3D-apyky 3alieXuTh Bil HU3KH KPHUTEPIiB, TOJIOBHUMH Cepej
AKUX € MPU3HA4YCHHsI OyiBII Ta BIAMOBIIHO 3a0e3Me4YeHHs] HEOOXIIHUX XapaKTEePHUCTUK Il
KOHCTPYKTHUBHUX €JICMCHTIB, a TAKOXK KOHCTPYKIisi 3D-nipuHTEpY Ta METOI, SIKUH ISl HHOTO
BUKOPHCTOBYEThCs. Hapasi mnpu  MeTolal eKcTpysii MNepeBa)kKHO BUKOPHUCTOBYIOTHCS
npiOHO3epHHUCTI OETOHHI CYMIIIl BUCOKOT TUTACTHYHOCTI.
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Cepen OCHOBHHX IepeBar 3acTOCyBaHHs TexHousorii 3D-apyky y pospisi cranmoro
OyIIBHUIITBA € MOKJIMBICTh CKOPOUEHHSI BUTPAT CUPOBHHHUX PECYPCiB, 3HIKEHHS KUTBKOCTI
OyIiBeNbHUX BIIXOMIB TICIISA 3aBEepIICHHS OYIIBHHIITBA, MiABHIIEHHS Oe€3reku poOoUYoro
nepcoHany Ta KuBJeHHs 3D-npuHTepiB BiJ BiAHOBIIOBAIBHUX kepen eneprii. Kpim Toro, 3a
JAHUMH YKpaiHCHKUX Ta 3aKOpJOHHUX BueHux [4, c. 9—10; &, c. 16] B sikocTi J100aBOK /10
6eroHHux cymimen s 3D-npuHTepiB MOXKYTh BUKOPUCTOBYBATHCS BTOPUHHI MaTepiasibHi
pecypcH, Taki Sk 30J1a-BUHOCY, TOMEHHUN T'paHyJIbOBaHUM ILIaK, MIKpOKpeMHe3eM Ta iH. Lle
BCE B KOMIUICKCI MiHIMI3ye 3a0pyJHEHHS HaBKOJMWIIIHBOTO CEPEIOBUINA Ta IiABUIILYE
€KOJIOT14YHICTh Oy 1iBEIBHOT 1HIYCTPii.

TumM He MEHII € 1 TEBHI BHUKJIHMKH, SKI TOTPIOHO TMOAOJATH JUIsI MacOBOTO
3alpOBa/KCHHS €BOJIONIHOT TexHonorii 3D-npyky B OyaiBHHUTBI. Bapro po3poOutu
HOPMAaTHBHO-TIPABOBI JOKYMEHTH (JIeprKaBHI CTaHAapTH), ki 0 peraMeHTyBald IpaBuiIa
BUKOPHCTaHHS I1i€i TexHomorii B OyaiBenbHIN cdepi Ta MiABHIYBajdM piBEHb JOBIpU Ta
MOTHBAIli cepex 3a0yJOBHUKIB 1 TrpoMajsH. Takok moTpeOye BHPIMICHHS ITUTAHHSI
ceprudikanii 3D-naapykoBanux OyziBens Ta OyAiBeTbHIX KOHCTPYKIIIH.

[HImMM cTpumyrounM (akTopoM € 1oporoBapticTh 3D-npuHTEpa Ta KOMILIEKTYIOUHX 10
Hporo. Ilpore i3 po3MIMpEeHHSM BUKOPHCTAaHHS HAHOTO YCTaTKyBaHHS Yy HalOMMmK4oMy
MaliOyTHHOMY MPOTHO3YETHCS 3HUKEHHS LUX BUTPAT MPSMO MPONOPIINHHO 3pOCTaHHIO
KOHKypeHIIii Ha puHKY. [|Jis cTapTy »* BUKOPHUCTAHHS IIi€i TEXHOJIOTIi MOTPiOHI i1HBECTHIIII Ta
KOOmepallis 13 €BpPONEHChKUMM MapTHEpaMH, B TOMY 4YHCIi, 4Yepe3 3allyuyeHHs KOUITIB
MDKHAPOIHUX JIOHOPIB Ha peai3allito MoaiOHIX MPOEKTIB.

[leBHy o0OMexeHICTb BUKIMKAa€ HeAOCTaTHS 0a3a 3HaHb WIOAO BIUIMBY Ha SIKICTh
OymiBeNbHHX KOHCTPYKLIH Ta OyaiBenb, OTpHUMaHuUX 3a jgomomoror 3D-mpuntepa,
PI3HOMaHITHUX TEXHOJOTIYHUX (akTopiB. Tak, MEBHUH NPOMIDKOK dYacy HE BAaBaiIOCH
orpumatu 3D-HazmpykoBaHi OyiBenbHI KOHCTPYKIIi 3 TMOKa3HMKaMH MIIHOCTI Ha BUTHH
pPIBHUMH OyIIBEIbHMM KOHCTPYKIiSIM, OTPUMAaHMMH TIPM BHKOPHCTaHHI TpaauIliiHOI
texHojorii. IlpuynMHa BUHHMKHEHHS Takoi MpoOJeMH TONATana B HEMOXJIMBOCTI TpH
3acTOoCyBaHHI TexHojorii 3D-apyKy cTaHmapTHOro apMyBaHHS OyIiBEIbHUX KOHCTPYKITIH
craneBuMu Kapkacamu. OjHaK, ocTaHHI AociipkeHHs [4, c. 40] BHpINIYIOTH 16 TUTaHHS
HIISIXOM JIO/IaBaHHA JI0 CKJIaay OSTOHHOI CyMIllll apMYIOUUX BOJIOKOH, SIKi 3/1aTHI MOKPAIUTH
MOKA3HUKH MIIHOCTI Ha BUTUH Maibke Ha 175 %.

3araloM Ha SKICTh KIHIIEBOI OymiBeNbHOI MPOAYKIlii, BHUTOTOBIEHOI 3D-apykom,
BEJIMKOIO MipOIO BIUTMBAIOTH 3 KaTeropii XapakTepPUCTHK: BIACTUBOCTI CBIKOMPUTOTOBIEHOI
OeTOHHO1 cyMiIIi (pyXoMicTh, 0OpOOIIOBaHICTh, B’SI3KICTh, PO3IIAPOBYBAHICTh, CTPYKTYpHa
MIIHICTb, MBUJKICTh TY>KaBJIEHHS, yCa/iKa), BIACTUBOCTI 3aTBEPALIOr0 OeTOHY (MIIHICTh Ha
CTHUCK, MIITHICT Ha BHWIMH, KOHTaKTHAa MIIHICTh MDK IIapaMHu, CEpeIHs TyCTHHA,
MOPO30CTIHKICTh, ycajKa) Ta mapaMeTpu ekctpysii (popma coria, BHCOTa IIapy, HAPSIMOK
coruia i ckpebok) [4, ¢. 2; 8, ¢.15; 9, c. 39; 10, c. 66].

PerymoBat MOKa3HWKM BIAaCTHBOCTEH OETOHHOI CyMilli Ta 3aTBEPALIOrO OETOHY
MOXKHa TUIIXoM Monudikamii iX cKimaay pi3HOMAaHITHUMH KOMIUIGKCHUMH J00aBKamw,
BiJITIOB1THO, 3MIHIOIOYH CITiBBITHOIIICHHS MK OKPEMHMH KOMITOHECHTAMH.

Hapasi ocHOBHa yBara B IOCTiDKCHHIX OymMiBeNbHUX cyMimneit 1 3D-apyky Ha OCHOBI
MOPTIAHAIIEMEHTY 30CEpeIDKCHa Ha TMOKpAlleHHI IXHIX PEOJOTIYHUX Ta MEXaHIYHUX
BJIACTUBOCTEN.

Takok 3ampoBajpKeHHs 1HHOBaMiHOI TexHojorii 3D-apyky B OymiBenbHY Taly3b
notpedye MiArOTOBKM BHCOKOKBai(hiKOBAaHMX KaJpiB, a caMe ONepaTopiB 3MaTHUX KepyBaTH
ABTOMATH30BaHUM IPOIIECOM OYIIBHHIITBA Ta MaTepiajO3HABINB JUIS SKICHOI ITiITOTOBKH Ta
3MiIlyBaHHS KOMIIOHEHTIB CyMIIIIi.
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Bucnoeok. Texnonorii 3D-apyky CTpIMKO pO3BUBAIOTBCS Ta BXKE CHPUUMHHWIN
CIIPaBKHIN PEBOIIOLIIHMI cTpUOOK y Oarathox chepax MOACTBA: MEIUIIMHI, AePOKOCMIYHIH,
aBTOMOOUIbHIN, MaTMHOOYIIBHIN Ta 1HIIMX Tally3sSX €KOHOMIKHA YKpainu. [linBuiieHHSs piBHS
aBToMaTu3allii OyaiBelIbHOTO CEKTOPY 4epe3 3ampoBakeHHs TexHojorii 3D-apyky Oynienb
HaJacTh Oe3/i4 MOXJIMBOCTEH /I CTBOPEHHS OUIBII CTAJIMX Ta IHHOBAIIMHUX METOIIB
OyAiBHULITBA, EKOAPYXKHIX 10 HABKOJIHMIIHHOTO CEPEIOBHILA T IPUPOJIH.

[IpoTe po3BUTOK 1i€i MEPCIEKTUBHOI TEXHOJOTIi B OyAiBeNIbHIA 1HAYCTpii MoTpedye
IPYHTOBHMX HAayKOBUX JOCII/UKEHb Ta BIANOBIAEH HAa HU3KY NHMTaHb JOCBIJYEHUMH
(axiBLsMHU pi3HMX rajxy3eil Ta ixX TicHOI cmiBmpami MiX co0010. 30KpeMa, MaTepialo3HaBIiB
JUIs po3poOKM HMMHU ONTHMAJbHHUX CKJIaIiB OCTOHHMX CyMilmIed JUIsl IX MaKCHMAaJIbHO
e(EeKTUBHOTO BUKOPHCTAaHHSA B TexHonorii 3D-apyky OyaiBens pi3HOTO NpU3HAYCHHS,
IH)KEHEPIB-MEXaHIKiB Ta KOHCTPYKTOPIB, SIKi pO3POOIISIFOTh Ta ONTHUMI3YIOTh KOHCTPYKIii 3D-
NPUHTEPIB Ta KOMIUIEKTYIOUMX IO HUX, BPAXOBYIOUM BHMOTH JI0 MIIIHOCTi, CTIMKOCTI Ta
eexTuBHOCTI BUPOOY; (axiBIliB 3 KOMII IOTEPHOI rpad)iku Ta MOJACITIOBAHHS JIJIsi CTBOPCHHS
HUMH BIpTyaJbHHX MoJeNiell OyaiBelbHUX 00’€KTiB, AKi MOTIM MOXYTh OyTH BIATBOpEHI 3a
JorioMororo OyniBensHOro 3D-TiprHTEpa; apXITEKTOPiB Ta AW3alHEpIB, SKI BIAMOBITAIOTH 3a
PO3poOKy KOHIIETIIi# Oy/iBesb Ta iX KOHCTPYKTUBHHX €JIEMEHTIB 13 BpaXyBaHHSIM €CTCTUYHUX
Ta QYHKIIOHATBHUX BHMOT JI0 KOHKpPETHOI OymiBii; EKCIepTiB 3 aBTOMaTH3alii Ta
pOOOTOTEXHIKH IJIT PO3POOKH Ta BIOCKOHAJICHHS CUCTEMH aBTOMAaTu30BaHOTO 3D-Ipyky, 1o
JI03BOJII€ MOKPAIIUTH MPOSYKTUBHICTh Ta TOYHICTh Iporecy. TuIbKM CHUIbHA poOoTa LuX
(axiBLiB TO3BOJMTH 31HCHIOBATH KOMIUIEKCHUH MiIXix 10 nociimkens 3 3D-apyky OyaiBenb
Ta 320€31eYNTH MaKCUMaIbHUH €()eKT, CTalliCTh Ta IHHOBAIIMHICT Oy/1iBEIIbHOT TaTy31.
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YK 697.1:621.178:697.34

TEOPETUYHI JOCHI’KEHHS BUSHAYEHHSI KPUTUYHUX YMOB
MIKPOKJIIMATY IIPU ABAPIMHUX BIAK/JITIOYEHHAX TEIIJVIOIIOCTAYAHHSA

Kene3nakon €.0., acucr.
Jninposcoxuii 0eparcasnuii azpapro-eKoHOMIUHUL YHIGepcumem
zhelezniakov.ie.o@dsau.dp.ua

Ilocmanosexka npoonemu. 3abe3nedeHHS OE€3MEKHW SKUTTEISIILHOCTI JIIOJUHU B
OyIIBJIIX Ta CIOPYAax € HEMOXKJIMBUM O€3 OLIHKA 3MiHM YMOB MIKPOKJIIMATy 3aJI€KHO BiJ
apXITeKTYPHO-IUIaHYBaJIbHUX PILICH 1 MPU3HAYCHHS IPUMIIICHb.

3 IpaKTUKH €KCIUTyartaiii OyaiBesb BiJIOMO, 110 KYTOBI MPUMIIIEHHS Ta Ti, SKI MalOTh
BEJIMKY IUION[Yy 30BHINIHIX OrOPOJKEHb, BIJIPI3HAIOTECS 3HAYHUMH  KOJUBAHHSIMU
TEeMIIepaTypH BHYTPIIIHBOTO MOBITPS, K y JITHIO IMOPY POKY (3a MEPiOAMIHOTO ONPOMIHEHHS
COHIIEM), TaK 1 B 3UMOBHIA 1epiof (y pa3i KOJMBaHb TEIUIOBIIauil OMATIOBAILHUX MIPUIIAIIB).

KonuBanus TemmepaTypu BHYTPILIHBOTO TIOBITPS HECHPUSTIMBO BIUIMBAE Ha
camonovyTTs Jitojiei. ToMy nmpoBeeHHs JOCTiKEeHb Ta BU3HAYCHHS KOJTMBAHb MIKPOKIIIMATY
Ha MMOBEPXHI CTIH 1 TEMIIepaTypy BHYTPIITHLOTO MOBITPSHOTO CEPEIOBHINA CTAJIO MPOOJIEMOIO
choroyieHHs [1—4].

Mema pobomu monsrae B aHali3l, JOCIIIKEHHI 1 OOIPYHTYBaHHI PIIICHb MO0
3a0e3nedeHHs] HEeoOXiJHOro piBHSA HaaiHHOCTI W e(EeKTUBHOCTI €JEMEHTIB KOMILIEKCY
Ter1o3ade3neueHHs Oy/IiBIIi 3 TMO3UIIIi TapaHTOBAHOI MIATPUMKH HEOOX1THOTO BHYTPIIITHBOTO
TEIUIOBOTO PEXKUMY y pasi MOPYIICHHs a00 BiIMOBH pOOOTH CHUCTEMU TEILIOMOCTAYaHHS.

Ocnoena yacmuna. TemnepaTypHuil peXxUM MPUMILIEHHS € BU3HAYaJIbHUM I HOro
TETIOBOTO KOM(OPTY MPH OOMEXKEHHI IHIIMX MIKPOKITIMATUYHUX MAapaMeTpPiB — BOJIOTOCTI 1
IIBUIKOCTI pyXy TOBITps. BigoMo, 1m0 HU3bK1 3HAYeHHS BiJHOCHOI BOJIOTOCTI BHYTPIIIHHOTO
noBitpst  (20...25 %) MOXyTh BUKIMKATH MpPOCTYAHI 3axBoproBaHHSA. Kpim TorO,
CIIOCTEpIraeThCsl MiABHUILEHE YTBOPEHHS MUYy 4Yepe3 HaJMIpHE BHUCHUXaHHS TPEAMETIB 3
HaTypaJbHHUX MaTepianiB. Bucoka BigHocHa Bojoricth (70 %) TakoK HEraTMBHO BIUIMBAE Ha
CaMOTOYyTTs JIOAUHU. [[71s1 mpuUMillieHb, SKiI ONMAaNIOI0THCSA, JOMYCTUME 3HAYEHHS BIJHOCHOT
BoJiorocti 3a remnepatypu 18...22 °C ne Oinbiue 65 %, ontumanshe 3HadeHHs — 50...60% 3a
20...22 °C [3].

3HayHy poib Bigirpae BuOip OyAiBeNbHHX MaTepialiB OrOpOKeHb, a caMe ix
TEIUIOTEXHIYHI TOKa3HUKH — KOe(ILI€HTH TEIUIONPOBITHOCTI, TEIMJIO3aCBOEHHS Ta
NapOTIPOHUKHEHHS Ta 3aJeXHI BiJ] HUX 3araJbHAN TEPMIYHMHA OMip 1 TEIJIOTPUBKICTH
OTOPOJIKEHb.

[Tpu aBapiifHOMY BIJKJIIOUEHHI Ta TPUBAJIOMY IPOCTOi OOCITYrOBYBaHHS IHKEHEPHHUX
KOMYHiKaIlii 00oB'si3koBe. B pe3ynbrari A0CTiPKEHh BCTAHOBIICHO, IO TEXHIUHI MPUCTPOT
BUSIBJISIFOTh CXWJIBHICTB JI0 BUXOAY 3 JIaAy IMpH TeMmepaTypi noBitps B npumimeHHi 8 °C i
HIOKYE Ta MOXYTh BHMaraT 3HAYHUX MaTepialbHUX BHUTPAT Ha IX BIJHOBICHHS B
Maii0yTHEOMY .

Ha mnpomecu 0X0J0MKeHHS €JIeMEHTIB KOHCTPYKIT Oropok BIUIMBAE paiialfiiiHa
AKTUBHICTb COHSYHOI €HEprii, a TaKOX BITPOBE HaBaHTaXXEHHs. BCTaHOBIIEHO, IO B3UMKY Ha
KOXXHUU | M/C 301IbIICHHS IIBUAKOCTI BITPY TeMIepaTypa HAaBKOJIHMIIHHOTO CEpPeIOBHUIIA
3HMKYy€eTbes Ha 2 °C.

HaBkonuiiHe cepenoBullle Mae BIUIMB Ha MapaMeTpH MIKpOKIIMATy 4epe3 30BHIIIHI
Ooropo/pkeHHs1 (puc.). Bu3Hadaroum 3HauYeHHS MapaMeTpiB MIKpOKIIMaTy, HEOOXiTHO
BpaxoBYBaTH TakKi 30BHIIIHI YMOBH, SIK TeMIepaTypa 30BHIIIHBOTO MOBITPs, HANPSIM BITpY,
COHSTYHY paJiallito, ONaJH Ta BiIHOCHY BOJIOTIiCTh IOBITPA.
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3Hal0uM KIIMaTHYHI XapaKTEePUCTHKH PaiioHy 3a0yIOBH 1 TEIUIOAKYMYJISIIIO 30BHIIIHIX
OTOPO/I’KEHb, «MOKHA ONTHMI3yBaTH KUTBKICTh 1 SKICTh TEIUIOBOI €Heprii, HeoOXiaHOi st
HIiITPUMKH ONTUMAJIbHUAX MapaMeTpiB MikpokmiMaty» [1; 5-9].

Puc. Bnus 308uiunix (paxmopie na MiKpOKIiMam npumiuiets y npoyeci 63aemooii
3 BHYMPIWHIM cepedosuyem pobouux micyv.: 1 — posa impis;, 2 — iHCONAYISA BOEHb;
3 — Hiunuii yac, 4 — oow i 8on02icmsv,; 5 — xmapuicms,; 6 — memnepamypa 3umMos8a;

7 — memnepamypa piyna; 8§ — weuoxicmo 8impy,; 9 — mamepian 6y0igebHUX KOHCMPYKYIL,
10 — cman nogepxui 306HiUHLO20 OOKY OYdisenbHuX KoHcmpykyit, 11 — memnepamypa
6cepeouni npumiwgenus,; 12 — onmumanvrua onozicms ycepeouti, 13 — nodaemuvcs Kinbkicmo
menna ecepedury npumingenns, 14 — meniosa akmuenicms 6yoisenvHux koncmpykyii [3]

Bucnoeok. PerenbHe JOCHIIDKEHHS 3MIHM  MIKPOKJIIMATy B MPUMIIICHHAX, 3
ypaxyBaHHSIM KOHCTPYKTHBHO-TUIAHYBaJIbHHUX PIIICHb Ta 3MIHH TEMIEPaTypu 3aJ€KHO BiJ
MOpH  POKY, JO3BOJIAE TMPOTHO3YBATH TNPUHHATTS 3alMOO0DKHHUX  3aXO0JliB  poOOTH
yCTaTKyBaHHsI B Oy[iBIIsSIX Ta 30eperTH iHKeHepHI KOMYHIKallii B podouomy ctaHi [1; 5-9].
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VIK 372.8:721.021.2
IITYYHUM THTEJEKT Y HICJISIBOEHHIN BIIBYIOBI YKPATHU

3axapos JI. }0.%, acmip., lllatos C. B.2, 1. T. ., po¢., Jlango E. 0.3, k. 1. n., go1,, c. H. C.
Ipuoninposcvka depoicasna axademis 6y0ieHuUYymMea ma apximexmypu
! polimoli73@gmail.com; 2shatov.sv@ukr.net; ® lando.evgen@pdaba.edu.ua

Ilocmanoska npoonemu. B cyyacHOMy CBITi, ¢ TEXHOJOTIi CTPIMKO PO3BUBAIOTHCA,
NUTAHHS BUKOPUCTAHHS INTYYHOTO 1HTEJNEKTY BiJIKPUBAIOTH HOBI TEPCIEKTHBH IS
BiMOyIOoBH KpaiH. YkpaiHa, SK KpaiHa, [I0 CTUKA€ThCS 3 YHCICHHUMH BUKIMKAMHU,
BUSIBJISIETBCS. HA MEPEXPECTi MOXKIMBOCTEH Ta PU3UKIB, MOB'I3aHUX 13 BIPOBAKCHHAM i€l
TEXHOJIOTil. Y I[bOMY KOHTEKCTI PO3IVIAJAETHCS THUTaHHS, SIK BUKOPUCTAHHS IITYYHOTO
IHTENIEKTY MOXe CHPHUSATH BiTHOBICHHIO Ta PO3BUTKY KpaiHH, a TAKOX SKI MOJIMBI acIeKTH
CJi BpaxyBaTH JJIs TOCSATHEHHS OaJlaHCy MK 1HHOBAIIISIMHM Ta €TUYHICTIO B IIbOMY ITPOIIECi.

Mema pobomu mionsATae B IOCTIKCHHI MOTEHINaNy Ta MOXKJIMBOCTEH BUKOPUCTAHHS
MITYYHOTO 1HTEJEKTY IS BiAOYyIOBM YKpaiHM, BH3HAYCHHI KIIOYOBHX c(hep 3aCTOCYyBaHHS
TEXHOJIOT11 , BpaXyBaHHI PU3HKIB Ta ETUYHHX ACTIEKTIB BIIPOBAKCHHS.

Ocnosna wacmuna. Tpoananisysasiuu 10cBia Bukoprctanns LI [1] y OyaiBesbHiii ramysi
HaMH OyJI0 BUSIBICHO €Ki KITFOYOBI 3aCTOCYBaHHS B Oy/IiBHUIITBI:

1. Ontumizarist au3aiiHy: 3acTOCYBaHHS INTYYHOTO IHTEJIEKTY B apXiTEKTypPHOMY
NPOEKTYBAHHI MOXKE JOTIOMOITH OITHUMI3yBaTl CTPYKTYpy 1 IUTaHYBaHHS OyJIiBIi.
AHamizyroun BeNvki o0csary qanux, 1111 Mmoxke reHepyBaTi ONTHMAaIIbHI MPOEKTHI PIIICHHS 3
ypaxyBaHHSIM TaKMX YMHHHKIB, SIK CTPYKTYpHa CTaOUIbHICTD Ta €HEProe()eKTUBHICTb, THM
CaMHM TIJIBUIIY 04U €(DEKTUBHICTB 1 IKICTh IPOEKTYBAHHS Oy/TIBEIIb.

2. [EHeproMeHe/KMEHT. Ha erTami eKCIUTyaTarii OymiBii INTyYHHH I1HTENEKT MO)KHA
BUKOPDUCTOBYBAaTH B IHTEJICKTyalbHUX CHCTEMaX YIPABIIHHSI EHEPrOCIOKHBAHHSIM.
Biacrexxyroun Taki AaHi, K CIIOKWBaHHs eHeprii Ta mereoponoriuni ymosH, LI moxe
MPOTHO3YBAaTH TOTPeOM OymiBII B EHEpPrii Ta peryiroBaTd OMAJCHHS, BEHTHJIALIIO,
KOHJIUITIOHYBAHHSI Ta 1HII CUCTEMH I JOCATHEHHS ONITUMAIbHOTO BUKOPHCTAHHS €HEepTil
Ta 3HIWKEHHS eKCIUTyaTallifHIX BUTPAT.

3. besmeka Oy/iBHUIITBA: IITYYHUI IHTENEKT BiJirpae KIFOYOBY POJb y 3a0€3MeueHH] Oe3neKkn
OymiBenb. BHUKOPUCTOBYFOYM TEXHOJOTIIO Bi3yalnbHOro po3mizHaBanHsA, [l  moxke
KOHTPOITIOBATH Oy/iBeNIbHI MaiJaH4YMKH, BUSBISATHA TIOTEHININAHI 3arpo3u Oe3meri Ta
cBoevacHo morepemkaru. Kpim toro, Il moke aHami3yBaTé CTPyKTYpHUUN CTaH OyIiBIIi,
1100 3a371aJ1eri/b BUSBUTH MOTSHIIIHHI CTPYKTYpHI IPOOIeMH.

4. VYrpaiiHHS TPOEKTOM: IHTETPYIOUM BEJIMKI OOCSTH JIaHWX 3 yrpaBiiHHA mpoekramu, LT
MO)Ke Hajard OuTbIl e(eKTHBHI pIlIeHHS 3 YNpaBIiHHSA TMPOEKTaMH. BiH omnTumizye
rpadiky, po3MOAUT PECYpCiB 1 BUSBIISE MOTESHITIMHI PU3HMKU IS TIIBUIIIEHHS €(DEeKTUBHOCTI
peadizaiiii Oy/liBeJIbHUX MPOEKTIB.

5. InarenexryanmpHi OyiBNII: INTyYHWHA IHTENEKT pOOUTH OymiBimi po3yMHIimmMu. CHcTeMH
PO3yMHHUX OyniBelb MOXYTh IMIIBHIIMTH KOMQOPT 1 eHeproeeKTHBHICTh Oy/IiBelb,
HABYAFOYKCh 1 aJaNTyIOUMCh JI0 TOBEIIHKH MEIIKAHIIB a00 CITBPOOITHHKIB, & TaKOX
PETYIIIOI0UH TTapaMeTPpH JIOBKLILIA, SIK-OT OCBITIICHHS, TEMITEPaTypa 1 SIKiCTh TTOBITPSI.

6. Criiika apXiTeKTypa: IITYYHUH THTEIEKT TaKOX BIAINPae KIIFOYOBY POJIb, KOJM HIETHCS TIPO
crane OymiBHuITBO. LI MOXe aHami3yBaTH >KUTTEBUH LMKJ MarepiaiiB 1 JaBaTu
pEKOMEHaIll 1010 BUOOPY EKOJIOTYHO YMCTHX OyniBeNnbHUX MarepianiB. BomHouac BiH
TaKO)K MOYKE OITHMI3yBaTH TPOEKT Oy/iBii, 100 3MEHIIMTH BIUIMB Ha HABKOJIMWIIHE
CEpEIOBHIIIE.
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OpHi€r0 3 TOJMOBHUX 33/a4 MICIs 3aKiHYEHHS BIHHM B YKpaiHi CTaHEe aHaNi3 Ta pyWHAIlS
CHJIBHO TIOLIKO/DKEHHX Oy/IiBENb y 3B'SI3KY 3 LM CITiJI 3BEPHYTH YBary Ha BUKOPHCTaHHS [(POBHX
JIBIHHUKIB 3a IOTIOMOTOIO Takux mporpam, sk Autodesk Tandem i Material Passports (6asa manux,
sIKa BIICTEXKY€ BCI Marepiaii, BUKOPUCTaHI B MPOEKTI), cTapi Oy/iBii CTalOTh OAHKAMH MaTepiaiB.
TakuM YMHOM, BUKOpUCTaHI CcTajieBi Oanku abo IenTy, MPOCTEXKEHI 3 MOMEHTY iXHBOTO
BCTAHOBJICHHS, MOXXHA BIJIHOBUTH 1 BHKOPMCTOBYBaTM IHiJ 4ac OyJiBHHLITBA IHIIOTO (acamy
Oymisii [2].

o 6inble MU 3HaEMO PO OYIBHULITBO Oy/AiBII JI0 1i IEMOHTaXy, TO MPOCTILIE 1 JIeIIeBIIe
Oyze MOBTOPHO BHUKOPHCTOBYBaTH ii marepianmu. Uepe3 BiICYTHICTH IUIaHy 3HECEHHs OuTbla
gacThHa Oy/iBIIi BUpYyIIae MpsMO Ha 3Bajmine. Komu mporiec mpoekTyBaHHS Ha OCHOBI JaHHX
3aBEpPIIYETHCS CTBOPEHHAM LU(PPOBOTO JIBIMHHKA, apXiTEKTOPU Ta IHKEHEPU OTPUMYIOTH XOPOILi
MOXXJIMBOCTI JUISl aJaliTUBHOTO ITOBTOPHOTO BHKOPHCTaHHSA. BHKOPHCTOBYIOUM T'€HEpaTHBHHUIA
JIM3aiiH, apXiTEeKTOPH MOXKYTh TIEPEOCMUCITIOBATH 1 MEperisiaTh IUIaH|, 00 HAMKpaIuM YUHOM
BHKOPHCTOBYBAaTH JOCTYNHHI mpocTip. [lacnopri MarepiaiiB Takok MOXYTh CHPHSTH TBOPYOMY
NPOEKTYBaHHIO Oy/iBellb 3 BHUEPIAHUM TEPMIHOM eKcIuTyararii. Kpamie po3ymiHHS crapux
00'ekTiB 200 OO0'€KTIB CIAIIIMHKA JIA€ 3MOTY apXITEKTOpaM, 1HKEHepaM 1 MiAPSIHAKAM TTOBTOPHO
BUKOPHCTOBYBATH IIEHTPaIbHI a00 HasiBHI KOHCTPYKIIl a00 MOMIIIATH mepepoliieHi MaTepiaii B
OCHOBY nu3aitHy HoBoro mpoekty. ¥ Cimnei HoBa Bexka Quay Quarter Tower Oyna moOynoBaHa
IUIIXOM MOBTOPHOTO BHKOpUCTaHHs 68 % crapoi Oymismi 1970-x pokiB, 110 mpeacTasisie coO0r0
exoHoMmiro eHeprii, ekBiBasieHTHY 10 000 peticis 13 Cinnest B MenbOypH.

Demolished structure Retained structure New structure

Puc. Besca Quay Quarter y Cionei

Bucnosox. BUKOpUCTaHHSI IITyYHOTO 1HTENEKTY B OyTiBHHUIITBI OXOILTIOE Pi3HI ACTIEKTH,
Taki SK TPOEKTYBaHHS, YIPABIiHHS EHEProClOXMBAHHSIM, MOHITOPUHT O€3MeKd Ta
ynpapniHHs npoektamu. i iHHOBamii CHPUSIOTH MiABHUINEHHIO €()EKTUBHOCTI Ta SKOCTI
CIIOpyl, a TakokK (OPMYIOTH OCHOBY IS CTQJIOTO PO3BUTKY MalOyTHIX OyiBesb.
MakcuManbHe BUKOPUCTAHHS TMOTEHINAy IITYYHOTO IHTENEKTy B OyHiBeNbHINM Tamys3i
3a0e3MneunTh OUIbII PO3yMHE, e(peKTUBHE Ta CTiiike Mail0yTHE IIbOTO CEKTOPY.
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TEXHIKO-TEXHOJIOTTYHI OCOBJIMBOCTI CIIOPY/[KEHHSA
BUCOTHUX BYAIBEJIb

Basiup €. L1, 1. T. 1., mpod., Koconanos A. ®.2, k. T. H., 1011
L Hpuoninposceka oepacasna akademisa 6yodienuymea ma apximexmypu,
2 Hayionanonuti mexuiunuil yrieepcumem «/AHinpoécoka nonimexmixay
! yevhen.i.zaiats@pdaba.edu.ua; 2 sgm@sgm.org.ua

[Tpu opranizaniiiHO-TEXHOJOTIYHOMY NPOEKTYBAaHHI CHOPY/DKEHHS BUCOTHHUX OyIliBelb
NOTPIOHO BPaxOBYBATH JOCBIJ JICBEJIONEPIB IIOAO BIPOBAKCHHS TEXHOJIOTIH 1 TEXHIKU
(BUCOKMI piBeHb MeEXaHi3alli, YiTKa OpraHi3alliiiHa CTPyKTypa, HaJIaro/PKCH1 3B’SI3KH 3
CyMDKHUMHU (ipMaMH, TPOTE 1 MEPEBUIICHHS IMPOEKTHOI BapTOCTI POOIT Ta TEPMiHIB iX
BUKOHAHHS) 1 MICIIeBI yMOBH (HasBHUHM IapK TEXHIKH, KBaTi(iKOBaHICTb KajpiB, PiBEHb
PO3BHUTKY OyniBeIbHOT iHIYCTPil TOIIO).

OcHoBy mpoliecy CHOPYIKEHHS MOHOJITHHX BUCOTHUX OyiBeNb CKJIa/la€ KOMILIEKC
TEXHOJIOTIYHUX 1 Opra”i3aliifHUX 3axXofiB, CIPSMOBAaHMUX Ha ONTHUMI3ALil0 TPHBAIOCTI
BUPOOHMIITBA POOIT, CKOPOUCHHSI TPYAOMICTKOCTI POOIT Ta 3a0e3meveHHs HAJICKHOI SIKOCTI
KOHCTPYKIIiH.

CriopymkeHHsI BUCOTHUX OYJIBENIb CKIIATAETHCS 31 3AIHCHEHHS BiJIOMUX TEXHOJIOTIYHUX
IPOIIECiB, MPOTE OCOOIMBOCTI KOHCTPYKI[iM Takux OyiBesnb Ta YMHHUK 3HAYHOI BHUCOTH, Ha
SKId BUKOHYIOTBCSI pOOOTH, OOYMOBIIOIOTH IE€BHI BIAMIHHOCTI B TEXHOJIOTii BHPOOHHIITBA
poOiT, 0 BiZOOPaXKalOThCS B MOSBI HOBUX 3aCO0IB MeXaHi3allil, BUIiB POOIT, TEXHOIOTIIHOI
JIOKyMEHTAITil.

Jlist ciopyKeHHsSI BUCOTHUX 0araro()yHKI[IOHATbHUX KOMIUICKCIB HEOOXITHI JAeKiTbKa
KaTeropii TexHiKW, OOJIagHAHHSA 1 MarepiajiB, a came: MiTHOMHI KpaHW PI3HHX THITIB,
BHCOKOMIITHI MapKu OETOHIB 1 KOHCTPYKUINHHOI CTasli, OonasyOKy pi3HUX THUIIB 1 MPU3HAYCHb,
OETOHOHACOCH 1 pO3/IaBaJibHI CTPILIH.

[Tpu BUOOpPI paliOHATBFHOTO BapiaHTy CHOPYKEHHS MOHONITHUX BUCOTHHX OYyIWHKIB
CJIiJ1 BUXOJIUTH 3 TAKUX MEPEIYMOB:

— OeToHyBaHHS KOHCTPYKIIM B OMNaIyOIll PI3HUX THUIIB (caMoImaioMHIiH abo
i IOMHO-TIepeCcTaBHil onanyorri);

— KpIMJICHHS €JIEMEHTIB OMaxyOKd [0 paHime 3a0eTOHOBAaHMX KOHCTPYKIIN
3MIMCHIOETBCS 3 YypaxyBaHHAM MIIHOCTI OETOHY [0 MOMEHTY Iepenadi Ha HbOTO
HaBaHTa)XEHb BiJl 3aCTOCOBYBAHUX KPIIJICHb;

— MO€JHAaHHS OETOHYBaHHS 3 BUPOOHHUITBOM IHIIMX BHIIB pOOIT Ha HUKUYUX
MEPEeKPUTTAX Ha OJHIM 3axBaTili BUKOHYETHCS TUIBKH 3a CHEIIalbHO PO3POOIECHUMU
rpadikamu, 110 BpaXxOBYIOTh O€31I€UHe BUKOHAHHS POOIT.

OnanyOHi cucTeMd 1 omamyOHI TEXHONOTii BW3HAYalOTh TEMIM OyIIBHUIITBA i
TPYIOMICTKICTh Omepaiiii Ha 6eToHHHX poOorax. CiiJ BpaxoByBaTH, 110 Ha BUCOTI IOHAJ
100 M yepe3 BITpH 1 TyMaHU KpaHU HE 3aBKAM MOXKYTh MOBHOIIIHHO MpAIfOBaTH. 3a IIMX YMOB
HaWOIUTHHIIIMMHE € CaMOITiTHIMAJIbHI Ha T1JIPaBIIYHOMY PUBO/II ONaTyOHI CUCTEMH.

[Tpu OymiBHMLITBI 30BHIIIHIX cTiH OyaiBens Bume 30 MOBEpXiB 3aCTOCOBYIOTH
NepecTaBHl CaMOIiHIMAaJIbHI OManyOKH 3 TiAPaBIIYHUM MPHUBOAOM, SIKI SIBISIOTH COOOIO
CYKYMHICTh MOAYJS ONalyOKu, IO CKJIAJA€ThCS 3 30BHIMIHBOI 1 BHYTPIIIHBOI OMamyOHOT
MaHesi, HECyuYnx poOOYUX PUIIITOBAHB 1 aHKEPIB JJI KPITUICHHSI ONairyOKu 10 Oy/IiBIIi.

EdexTuBHICTh mepecTaBHOI ONMaxyOKH, KOHCTPYKLIA SIKOT Ja€ MOXJIHMBICTH O€3MEuHO
nepeMilard BeCch OJIOK KpaHOM, IOJISITAa€ B 3HUKEHHI TPYAOMICTKOCTI OMAIyOHUX PpOOIT,
301IBIICHH] TEMITIB Ta SKOCTi OyiBHUIITBA.
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CamorigiioMHi onasyOKkd B KOMIUIEKCI BUPIIIYIOTH MUTAHHS OMATYOKH 1 MEXaHiuyHOi
po3nayOKl KOHCTPYKIIH, MEXaHIYHOTO MEepeMIIIeHHs OMadyOKd MO BHCOTI, 3a0e3meueHHs
0e3neuyHnX YMOB BUPOOHMIITBA pOOIT 1 MAKCUMAJIBHOTO 3aXUCTY BiA BITpY. OnanayOka HOCUTh
IHANBIAYaIbHUM XapaKTep, MPOEKTYEThCS 1 BUTOTOBISIETHCA M7 KOHKpPETHHM 00 €kT. J{ms
0COOJIMBO CKJIAIHUX BHCOTHHMX OyaiBellb PO3pOONISIIOTH CIeLiajbHI MPOEKTH 3 YB’SI3KOHO
HEepeMilleHHs] 110 BUCOTI ONaNyOKH, TiJPaBIiyHOI PO3MOAUIBHOI CTPUIM 1 1HIMBIAYyaJbHUX
KpaHiB, 1110 pO3MILIYIOTbCS Ha HOBOMY KapKaci.

[Tpu cropymxkeHHI BUCOTHUX OyIMHKIB HEOOXITHO BHOMpaTH HAHOUIBII palliOHaIbHI
KOMIUJICKTH 1 TUTIH OTIaTyOKH.

Bubip tumy onanyOku MpoOBOAATh 32 TaKUMH KPHUTEPISIMH CKJIATHOCTI MOHOJITHHUX
KOHCTPYKIIiif BUCOTHOTO OY/IMHKY:

— YHIi()iKOBaHICTh Mepepizy BEPTUKATBHUX KOHCTPYKIIIH;

— 3MiHA 10 BUCOTI TOBUIMHU HECYUHX CTIH;

— 3MIIIEHHS OCl CTIHU IO BUCOT1 OYy/IMHKY;

— 3MIHM BHUCOT I10 MIOBEpXax;

— HasBHICTb IOXMUJIMX MOHOJITHUX CTiH;

— BIAMIHHICTh KOHCTPYKTHBHHUX PIIIIEHb KapKaca 110 MOBEPXaxX BUCOTHOTO OYIMHKY;

— IMIBHJKICTH CIIOPY/KEHHS OYy/TiBIIi;

— MOXJIMBOCTI 1 3aBaHTa)KCHHS BAHTAXKOI{IHMaJIbHUX KPaHiB 1 IMiIHOMHUKIB;

— TIOBEPXOBICTb.

st 3a0e3neueHHs] IIBUJKICHOrO 1 Oe3meyHoro OyJiBHUITBA BUCOTHUX OYIHMHKIB
3aCTOCOBYIOTH CIIelliaIbHE MiAHOMHO-TPAHCIIOPTHE 00IaJHAHHS: BAHTAXKOMIA1MMabHI KpaHH,
BaHT@)XHI Ta BaHTAXONACaXUPChKI MigioMHUKHU. [loTpeba B OCHOBHMX MeXaHI3Max
BU3HAYAETHCS B MIPOEKTI BUPOOHULITBA POOIT Y BIAMOBIAHOCTI 3 TepMiHAMU BUKOHAHHS pOOIT
Ha T1JCTaB1 KAJICHIapHOTO TUIaHy OyIiBHUIITBA 00’ €KTA.
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VIIK 620.197.5

MOXJ/IUBOCTI METOAY AHOAHO-ICKPOBOI'O OCAKEHHAA
JJIs1 CTBOPEHHSA MATEPIAJIIB EKOJIOT'TYHOI'O BYAIBHULITBA

Kaaninivenko O. O.%, k. 1. 1., f011., KoBanbos C. B.2, k. T. H., J101L.,
Cyxnii M. K.2, 1. T. 1., npod.
L2 IBH3 « Ykpaincokuil OepacagHuil XiMiKo-mexHon02iuHuil yHieepcumemy,
3 Vkpainucokuii OepocasHuil yHisepcumem HayKu i mexHonozii
! kalinichenkoolegl@gmail.com, 2sv_kovalyov@i.ua, 2 tntmishatnt@gmail.com

Ilocmanosxka npobnemu. Y CydacHOMY CBITi, KOJIM BXKIUBICTh EKOJIOTIYHOTO
OyIiBHHUIITBA POCTE, BUHUKAE HEOOXIIHICTh PO3POOKH Ta BIOCKOHAJIECHHS TEXHOJIOTIH,
CHPSIMOBAHUX HA CTBOPEHHS €KOJIOTIYHO Oe3nedHux marepiaiiB aisi OymiBHUITBA. OmHUM 13
MEePCIEKTUBHUX METOIB € aHOMHO-ickpoBe ocakeHHs (AlO), ske Moke 3a0e3MeduTH
CTBOPEHHS OJHOYACHO 3aXHUCHUX Ta JEKOPATHBHUX IMOKPUTTIB HA METaJIaX.

AlO, sk mnpouec eIeKTPOXIMIYHOIO YTBOPEHHS 3aXMCHOIO OKCHJHOIO INapy Ha
MOBEPXHI METajy, MOJKE BUPIIIUTH HACTYITHI POOIeMH y OyliBHUIITBI:

e 3axucT BiJ KOpo3ii (TOBCTi, CTiIKi MOKPUTTSA, IO JAO3BOJISATH 301JIBIINTH TPUBATICTH
ciIy>kOM OyAiBENIbHUX MaTepiaiiB Ta 3MEHIIUTH NoTpely y iXHIH 3aMiHI YM PEeMOHTI yepes
KOpO3iitHMii 3H0C) [1].

e[lokpalieHHs €CTeTMKHM 1 Ju3ailHy O03000MI0BaJIbHUX MarepiaiiB (JIeKOpaTHUBHI,
KOJIbOPOBI, TEKCTYPHI OKPUTTS HA METAJEBUX MOBEPXHSAX, IO POOUTH iX MpUBAOIMBUMHU IS
BUKOPUCTAHHS B Cy4aCHOMY apXITEKTypHOMY Au3aiiHi) [2].

o [[iBUIIICHHS! MEXaHIYHUX BIACTUBOCTEH MOBEPXHI BUPOOIB (MIOKPUTTS 3 MIABUIICHOIO
MIIHICTh Ta 3HOCOCTIHKICTh METaJeBUX MOBEPXOHb, 3a0€3MeUyIOTh JOJATKOBUI 3aXUCT BiJ
MeXaHIYHUX MOIIKO/HKEHb Ta MOAPSAIINH).

e YockoHanieHHs! KOM(GOPTHUX BIAaCTHBOCTEN MarepiajiiB (MOKPUTTS 3 MOKpPAICHUMH
TETUIO- Ta 3BYKOI3OJSALIHHUMH BIACTUBOCTAMHU JJISi BUKOPHUCTAHHS Y KOHCTPYKIISX 31
301JIBIIEHUMH BUMOTAMH JI0 130JIA1I11).

ebe3neka 11 HaBKOJIMUIHBOTO CEpelOBUINA (€KOJOTIYHO Oe3MeUHU TEeXHOJIOTIYHHMH
IPOIIEC 1 MOKPUTTSI, IO J03BOJISIE€ 3HU3UTH HETAaTUBHUI BIUTMB Ha HAaBKOJIMIITHE CEPEIOBHIIIE)
[3].

e Mema po6omu mnonsrae y JOCIIIPKEHHI Ta OLIHII MOJIMBOCTEH METOLY aHOJHO-
ICKpOBOTO OCaJKEHHS JJIi CTBOPEHHsSI HOBUX E€(PEKTHUBHHMX OYIIBEIbHUX MarepiajiB, sKi
MOKYTh 3a0€3MeYUTH CTIMKICTh 10 KOPO3ii, MEXaHIYHUX MOUIKO/KEHb Ta 1HIINX HEraTUBHUX
BIUIMBIB JTOBKIJIJISL.

Ocnosna wacmuna. AHOIHO-ICKPOBE OCAKEHHS — 11€ METOJ O0OpoOKM MOBEpXHi, LIO0
BUKOPHCTOBYETHCS JJISi OTPUMAaHHS BIJHOCHO TOBCTHUX OKCHIHHMX MOKPUTTIB Ha MarHii,
amoMinii, TuTaHi. [lokpuTTS (HOPMYIOTBCS TIiJI BHCOKOK HAMpPyTOK pO3psSaaMu, IO
BUHHUKAIOTh Ha TIOBEPXHI MOKPUTTA. MICIEBUI BUCOKHMU pO3IrpiB MOBEPXHI Yy po3psaax
CHpUsiE€ YTBOPEHHIO TYIOIJIaBKUX OKCHIHUX (a3. IlepeBaramu mpoliecy aHOTHO-1CKPOBOTO
OCaJUKEHHS € MiHIMalbHI BHMOTH JO TONepeaHboi O0OpOOKM, BHCOKA MIBHJAKICTH
TEXHOJIOT1YHOTO TIpolecy, Oe3MeyHICTh M HAaBKOJIUIIHBOTO CEpeAOBHUINA TEXHOJIOTI 1
MOKPUTTIB, IO JTO3BOJISIE OTPUMYBATH MOKPUTTS 3 BUCOKMMHU MEXaHIYHHUMHU BIACTHBOCTSIMH,
CTIMKICTIO 10 KOPO3ii Ta IMHPOKOIO MaIiTPOIO KOJIBOPIB Ta BiATIHKIB [4].

3aBIsKM CBOIM YHIKQJIGHUM BIIACTHBOCTSIM METAJIH IIHPOKO BUKOPHCTOBYIOTHCS B
OyniBHUIITBI. BOHM € He3aMiHHMMH Marepiajamu JUis PI3HUX KOHCTPYKIIM Ta geraneil y
CKJIal:

— CTPYKTYpPHHMX €JI€MEHTIB KOHCTPYKIIii (altOMiHiii 4YacTO BUKOPHCTOBYETHCS IS
BUPOOHHUIITBA CTPYKTYPHUX €JICMEHTIB Oy/1iBesIb, TAKUX K PAMHU, KOJIOHH, OAJIKH);
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— oOnumIoBaHHSA Ta 00poOKa MOBEpPXHI BHPOOIB (ATIOMIiHIEBI KOMITO3WTHI ITaHENi
LIIMPOKO BUKOPHCTOBYIOTBCSA JUIsl 03710071€HHs (acamiB OyaiBesb uyepe3 CBOIO JIETKICTh,
MIIIHICTb 1 MOXJIMBOCTI JJIsI PI3HOMAHITHUX TU3aWHEPCHKUX PIIIICHB);

— cHCcTeMax BEHTUJIAII1, OMalieHHs Ta KOHIUIIFOBaHHS MOBITPS (BEHTWIALINAHI TPyOH Ta
Ta TEIUIOBI PaJiaTOpPH € OCHOBHUMH KOMITOHEHTaMHU TAKUX CHCTEM);

— eJIEMEHTax [u3aiiHy 1 JeKopy NpHuMilleHb (MOpy4Hi, Mepuia, JixXTapi Ta iH., SKi
HaJar0Th OY/IiBIIi CTHIIb Ta 1HIUBIIyaJIbHICTB).

VYei wi acmektu poOsATh MeTajeBl BUPOOM HEBI'€EMHOK YAacCTHHOIO OyJliBeNbHOI
IHAYCTpii Ta CHOPUSAIOTH CTBOPEHHIO HAIIMHMX, KOMQOPTHUX, O€3MeYHHX Ta ECTETUYHO
pUBaOIUBUX CIOPY.

VY Ttabnuili HaBEeJEHO JesKi BIACTHBOCTI MOKPUTTIB HA alOMiHIii, 30BHIIIHINA BHIJIS
SKMX MOXXHA TI00AUUTH Ha PUCYHKY.

Tabnuys
BiacTuBoCTI NOKPUTTIB, OTPUMAHUX METOAOM AHOAHO-ICKPOBOI0 O0CAsKeHHS [S]
. MikpoTBep- .
MeTtan ToBmmna, | IlopucricTs, . P p JlonaTkoBi
Cxiang 0 aicts, HV )
OCHOBH MKM Y0 MOKJIIUBOCTI
Al203 ..
) Enexrpoximiune
(3 MOXXJTUBICTIO (bapGysanHs
Al BBEJICHHS 3—-150 5-30 300-800 poy ’
TEIUI0- Ta
JIOIaTKOBUX ) .
. €JICKTPO130JIALIIsT
KOMIIOHEHTIB)

YucTi MeTanu-ocHoBa
Al, Mg, Ti, Ti-Mo

Puc. ®omo nokpummis, ompumanux memooom anoOHO-ICKPOBO2O 0CAONCEHHS

Bucnosok. 3aBISKy HaBEJICHUM BUIIE BIACTUBOCTSIM, aHOIHO-ICKPOBE OCA/KEHHS Ma€e
ITUPOKI MOYKJIMBOCTI TIPH BUTOTOBJICHI BUPOOIB N1 OyJIBHHUIITBA Ta 3HAYHWUW MOTEHINIAN JJIs
BimOynoBM YKpaiHM Ta pPO3BUTKY OyIiBeNbHOI Taimy3i. AHOIHO-ICKPOBE OCAKEHHS BXKE
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YCIIITHO BUKOPHCTOBYETHCS ISl CTBOPEHHS 3aXMCHHX, JEKOPATUBHHUX Ta (DYyHKIIIOHAIBHUX
MOKPUTTIB HAa METAJICBUX IOBEPXHSAX, IO JO3BOJSE IMIJBHINUTH CTIHKICTH 10 KOPO3ii,
3HOIIIYBAaHHS Ta IHIINX HETaTUBHUX BIUIMBIB.

BinHoBieHHs 3pylHOBaHOI 1H(QpacTpyKTypu Oyde BHMaraTd BEJIHMKHUX 3yCWIb Ta
IHHOBALIIMHUX MIAXOAIB, a aHOJHO-ICKPOBE OCAJKEHHS MOXKE CTaTH Ba)JIMBOIO CKJIaJ0BOIO
IIbOTO TPOILIECY, a CaMe CIIPHUATH 30€PEXKEHHIO PECYPCIB, SMEHIIIEHHIO BIUIMBY HAa HABKOJIUIIHE
CepelIoBUILE Ta MIJBULICHHIO SIKOCTI Ta TPUBAJIOCTI CIIy:kOM OyniBenbHUX 00'ekTiB. Kpim
TOT'0, PO3BHUTOK I[i€1 TEXHOJIOT] MOXKE CTaTH CTUMYJIOM [yl BHECEHHs 1HHOBALIK B OyAiBEIbHY
rajiy3b Ta CHPHUSATH CTBOPEHHIO HOBHX POOOYMX Micub y cdepi HAYKOBHX HOCTIIKECHb Ta
BUPOOHHMIITBA.

OTxe, METOA aHOJHO-ICKPOBOTO OCA/HKEHHS BiJKPUBAE IIHUPOKI NEPCHEKTUBU IS
BUTOTOBJICHHS IHHOBAIllIMHUX MarepiajiB B OyMiBHHUIITBI Ta Ma€ IMOTEHIIA CTaTH BaKJIUBUM
IHCTpyMeHTOM B Tmpoleci BiaOymoBu Ta MopepHizamii YkpaiHu.CHMCOK BHKOPHCTAHHMX
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VIIK 624.9
BILJIVIB BIBPAIIIi V BYJIBJISIX : HPOBJIEMM TA HIJISIXW BUPILIIEHHS

Kosposa B. 0.1, acmip., Boakosa B. €.2, 1. 1. H., mpo.
Ipuoninposcvka depoicasna axademis 6y0ieHuUYymMea ma apximexmypu
! kovrovaviktoriia@gmail.com; 2 drvev09@gmail.com

Ilocmanoska npoonemu. Y 3B'a3Ky 31 30UIbIIEHHSAM 00CATIB Oy/IIBHUIITBA HA JITSTHKAX,
110 MiJAAI0ThCsl BIUIMBY BIOpalliil pi3HOTO XapakTepy, npoOiieMa KOHTPOJIO LIHUX KOJIUBaHb
HabyBae Jenani GiIbIIOl aKTyadbHOCTI. IXHill MOCTiHHMI BIUIMB Ha KOHCTPYKIIil CIIPUYMHSIE
HE JIMIIE MarepianbHi 30MTKH, ajle i MOXXEe HETaTMBHO BIUIMHYTH Ha 370POB'Sl JIIOACH, sKi
nepeOyBaroTh y nux npumimienusx [1]. BiOparii B OymiBiai He JMIIE MOXYTh BHKIHKATH
HETPUITYCTUMO BHUCOKI piBHI IepeMillleHb, ajie i MPU3BOAUTU IO MOCHUJICHHS IMOBITPSHOTO
mrymy. Kputepii BminuBy s periaMeHTalil TpaHUYHO-IOMYCTUMHUX pIBHIB KOJUBaHb
KOHCTPYKIIiii OymiBenb BcTaHOBIeHO J[lepkaBHumu OymiBenbHumMu HopMmamu (JIBH B.1.2-
10:2021. 3axmctr Bim mymy Ta BiOpamii) [2]. Bu3HaueHo, MmO aMIUNITyau KOJIMBaHb
00MEXyIOThbCs B Jiana3oHi yactot 1,4—88 1’1, 1m0 CBIAYUTH MPO BaXKIMBICTh BpaxXyBaHHS IHX
napamMeTpiB IpH MPOEKTYBaHHI Ta eKcIuTyaTarii OymiBenb. TakuM YWHOM, TapaHTyBaHHS
Oe3mekn Ta KOMGOPTY XKUTTA 1 pOoOOTH T'pOMAIsH, pPO3yMiHHS Ta €(pEeKTHBHE YHpPaBIiHHSA
BiOpartiero y OyIiBIsSX cTa€ HaI3BUYANHO BXKJIMBUM 3aBJIaHHSM.

Mema po6omu monsrae B JOCTIDKCHHI BIUIMBY BiOpallii Ha OpraHi3M JIOJWHU Ta
acreKTiB BiOpoOe3Iekn y OyaiBIsAX, PO3MISAL CTparTeriid 3amo0iraHHs Ta MiHIMIi3allii BILUTUBY
BiOpaIii Ha )KHUTIOBI CIIOPY/IH.

Ocnosna uacmuna. BiOpaiiisi BBaXa€TbCs OTHMM 13 BUAIB (PI3MUHOTO 3a0pymHEHHS
OTOYYIOYOTO CEpEIOBUINA, 10 MOXKE TMPU3BECTH JIO TOTIPIIEHHS YMOB MPOXKUBAHHSA MEIIKAHIIIB
OyiBenb. ByTIBHHIITBO Cy4acHUX KHTJIIOBHX KOMILJICKCIB Ha TEPUTOPISX, IO 3HAXOMATHCS B 30HI
BIUIMBY TPAaHCHOPTHUX MaricTpajei, 3aJi3HUYHOTO Ta TPAMBAHHOTO TPAHCIOPTY abo Ois
Marictpajieii 3 IHTCHCUBHHM PYXOM BAaHT)KHUX aBTOMOOLTIB MOXKE TMPH3BECTH JO TOPYIICHHS
OyniBeTbHUX Ta CAHITAPHUX HOPM 1 MPABHJI MO0 OE3MEKH KOHCTPYKIIH Ta 3aX¥CTY BiJ| BIUIUBIB
BiOparlii Ta myMmy B TPUMIIIECHHAX. BrummBu BiOpariiiHOrO XapakTepy MOKyThb HECTH HETaTHBHI
HACIIIIKK UIsl CcTaHy OymiBI, a came TNPU3BOIUTH 10 BUAWMHUX YIIKOIDKEHb KOHCTPYKIIH Ta
3MEHIITyBaTH IXHil eKCIUTyaTaliiauii Tepmin [1].

TpancnoprHa BiOpariisi MoXke OyTH YMHHMKOM BUHHMKHEHHS THCKOM(OPTY Ta HETaTUBHOTO
BILUTMBY Ha 37I0POB'S Ta CAMOIIOMYTT JIFoniel. JIoBroTpuBaiiii BiOpariiifHui BIUTUB MOKE TIPU3BECTH
710 HEOOOPOTHHX 3MiH y BHYTPIIIHIX OpraHax Ta 3araJlbHOMY CTaHi 310poB's. 3 iHmoro 60Ky, 1o0pe
BIZIOMO, 110 JIFOJIM TIEPEHOCSITh HabaraTo BUII 3HAYEeHHS BiOpallii B TpaHCIIOPTHUX 3ac00aX, HIK Y
Oynipisax. Lle moB’si3aHO 3 THM, 1110 BiOpallii B X JBOX BHIIAIKAX 3HAXOMATHCS B PI3HUX YACTOTHHX
miamazonax [3]. Yacrotu copuiiHsTTs BiOpariii B OyJiBISX 3HAXOMATHCS B HU3BKOYACTOTHOMY
Jiara3oHi, OM3BKOMY JI0 YacTOT BHYTPIIIHIX OPTaHiB JIFOACHKOTO Tijla. 3a TPUBAIOTO repeGyBaHHs
JIONCH y 30HI BIUIMBY HHM3BKOYACTOTHHX BIOpaliii MO)Ke BiJ3HAYATHUCS HETaTUBHHWN BIUIMB Ha
CaMOTIOUYTTs, Ha (PYHKIIOHAJILHUM CTaH IIEHTPAIbHOI HEPBOBOI CHCTEMH Ta CEpIEBO-CYIHHHY
AKTHBHICTh, & TaKOX CHPHATH MiJBHIIECHHIO PH3UKY PO3BHUTKY MEBHHX 3axBOoproBaHb [1]. Okpim
TPAaHCTIIOPTHUX ~ BiOpamiii y TpUMIMIEHHSIX, MOXYTh BHHHUKATW  BiOpallii, BHKIMKaHi
(GyHKITIOHYBaHHSAM JI(TIB Ta BUKOHAHHAM OYIIBEIIBHUX POOIT IMOPYY 3 KUTIIOBUMHU OyJTMHKAMH,
TaKMX SK 3a0WBaHHS TMalb a00 JEMOHTaX OyMIBETBHUX KOHCTPYKIlH. OcoOnuBy mpodieMy
CTaHOBUTH OYHIBHHUIITBO METPOMOIITEHY y BEMUKHX MICTax, /€ JiHii MPOXOIATh MiJ ICHYIOUUMHU
KUTJIOBUMH palOHAMIL,TaK $K 30HAa TIepefadi BiOpamiii BiJ METPONOJiTEHY 10 OyIMHKIB
3HAXOMUTHCS Y pamiyci 10 40—70 m Big TyHemo [1].

MexaHiuHI KOJIMBaHHS, SKi BIUTMBAIOTH HA JIFOAWHY, CIIPHAMAIOTHCS 1i TIJIOM SIK KOJIWBAJIbHA
cucrema, y sKii BiOyBaroThesi OiomexaHiuHi peakuii. OcoOnuBa yBara NpHIUISETHCS
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PE30HAHCHOMY SIBHIITY, SIKE BIJIOYBAETHCS SIK Y BCHOTO TiIA, TaK 1 OKPEMHX OPraHiB Ta CHUCTEM.
JlocnimkeHHsT oKa3aiu, 0 py 4acToTi BiOpari nonax 2 ['i monuHa copuiiMaeThest K HiTiCHA
Maca, a JJIsl CHJISTIO01 JIFOMHU PE30HAHC TiTa NPUIaaae Ha iHTepBai Big 4 10 6 I'm. [ama cmyra
PE30HAHCHUX YacTOT 3HAXOMUThCS B Aiana3oHi 17—30 [ i BIUTMBaE HA CUCTEMY «TOJIOBA — IS —
IUIeY1», 1€ KOJMBAHHS TOJIOBU MOXKE OyTH yTpHUYl CHIIBHIIINM, HDK KOJMBaHHS 1ieded. OTxe, TUI0
JFONIMHU € CKJIAJIHOIO KOJNMBAIBHOK CHCTEMOIO 3 BIACHUM PE30HAHCOM, II0 BM3HAYAE YACTOTHY
3aJIXKHICTh Oararbox OioNoriuHmX edekTi Bidparii [1].

EdexTuBHUM 3aX0/10M 3 AMHAMIYHOTO 3aXUCTy Oy/iBeNb 33Ul MiHIMi3allii BIUIMBY BiOpariiit
HA CTaH KOHCTPYKII Ta CAMOIIOYYTTS JIFONCH € BCTAHOBJICHHS IHEPLIMHUX TaCHTEIIB KOJIUBAHb,
CeHCMIYHOT i30/s1iil, a Takok pisHuX BHAIB AemrdepiB [4]. OcranHi i3 3a3HAYEHMX MOKHA
PO3IUTMTH Ha JBI OCHOBHI Kareropii: TifpaBiiyHi Ta MeXaHIuHi. Y TigpaBmivHUX Jemrdepax
EHEprisl PO3CIIOETHCS 3aBISKU OMOPY, 110 BUHHUKAE BIJl PyXy pimuHM Tix ThckoM. Lli nemmidepu
no0pe BOMPAIOTh €HEepriro, OCTYIOBO BKIIFOYAIOYHCH Yy POOOTY, 1 HE CTBOPIOIOTH BUCOKOYACTOTHHX
KonMBaHb. [IpoTe BOHM BBKAIOTBCS BITHOCHO JOPOTMMH Ta TOTPEOYIOTh TEXHIYHOTO
00CITyroByBaHHS 3a 4ac iXHboi ekcrutyaranii [5]. Ha npakTuili OCTaHHIX POKIB aKTHBHOTO BXKUTKY
HaOymu gmemmdepu cyxoro Teprs (JICT). IxmiMm mepeBaramMm € TpocToTa Ta HAmiHHICTH
KOHCTPYKIIIi; BIJICYTHICTh HEOOXITHOCTI Y TEXHIYHOMY OOCIyTOBYBaHHI 3a IEpioj eKCIUTyararii;
MOMKJIUBICTh 0araropa3oBOro BUKOPHCTAHHS; HU3bKa BapTiCTh Ta MPOCTOTa MOHTaXYy. LIi mpuctpoi
TaKO)K XapaKTEPU3YIOTbCS BUCOKMMH JIMCUTIATUBHUMU BJIACTUBOCTSIMH, IO JO3BOJISIOTH
e(eKTUBHO TOIIMHATH SHEPIiI0 IMiJ] Yac 3eMJISTPYCIB Ta 1HIIMX JWHAMIYHUX HABAHTA)XEHb Pi3HOT
npupomu [4]. V pasi ceiicmiunnx konmBanb BepxHs yactuna J{CT 3cyBaeThCs BiIHOCHO HUKHBOI, a
CHJIM TEPTS HOIIMHAIOTH €HEPTiF0 CEHCMIUHMX KOJIMBaHb [5].

[lpy BuKOpHCTaHHI JUHAMIYHMX a0O0 YJAPHUX TACHUKIB €HEpris KOJMBAaHb IEPENacThCs
TaCHUKY, SIKMH KOJIMBAETHCS 3 T IBUIIICHOK aMILTITYIIOKO, 1 3aCTOCOBYEThCS [UIS TACIHHS KOJIMBAHb y
BHCOKUX IPOMHCIIOBUX OyMIBJIAX, Oamrax Ta enemeHTax OymiBenb. Lli racHUKH MOXyTh OyTH
BUTOTOBJICH] y (hOpMi JTIOIAaTKOBOI MacH, sika TIPUEHAHA O KOHCTPYKIIii abo Oe3mocepeaHbo 10
MallliHH, $IKa CTBOPIOE€ KonmuBaHHS. LIIMpOKO 3acTOCOBYIOTHCS TAKOK TAaCHUKH, Maca SIKHX
PYXa€eTbCs TIO KPUBOMIHINHIA TMOBepXHI ab0 TigBilieHa $SK MasTHUK. JIJI1 IMX TacHUKIB
BHUKOPHCTOBYIOTBCS Pi3HI TIPY>KHI €IEMEHTH, TaKi SIK CTaJIbHI MPYXUHH, TYMOBI €I€MEHTH, a TaKOX
Marepiajii 3 IMiJIBUIICHUMH JMCHIIATHBHIMH BJIaCTUBOCTSIMH, TaKi K TymMa 4M TuiactMacu. Lle
JIO3BOJISIE  3MEHILIUTH KUJIBKICTh IMKJIIB 3MIHM HAlpyXeHb, [0 TO3WUTHBHO BIUIMBAE Ha
JIOBTOBIYHICTh Ta HAIHHICTh KOHCTPYKIIiH [5].

Bucnoeox. BrumB BiOpamiii pi3HOro xapaktepy Ha OyIiBil Ta JIOAEH, IO y HUX
nepeOyBalOTh, € CEpHO3HOI TPOOJIEMOI0, sKa TMOTpedy€e YBaXHOTO pO3TIAY Ta
BITPOBAKCHHSI BIJMOBIIHUX 3aXOJiB 3 MiHIMi3aIlii IbOTO BIUTUBY. {71 3MCHIIIEHHS BILTUBY
JMHAMIYHUX HaBaHTOKEHb HA CKCIUTyaTalliifHi XapaKTepUCTUKA KOHCTPYKIIIH Ta Ha
CaMOTIOYYTTSI PEKOMEHIYEThCS BUKOPHCTAHHS 1HEPI[IHHUX TaCUTENIB KOJIHBAaHb, CEHCMIYHOT
13omsamii Ta gemmdepiB, 30kpema aemidepiB cyxoro TeprTsa. LI TexHOOTIi M03BONSAIOTH
e(eKTUBHO MOTJIMHATH €Heprito BiOpamiii Ta 3MEHIIyBaTH iX BIUIMB Ha OyaiBIi Ta 370pOB's
Jrojiedi. PetenbHe BUBYCHHS Ta BIPOBAKCHHS TAaKUX 3aXOJIB CIPUATHME IMOKPAIICHHIO YMOB
nepeOyBaHHS B OyMiBJISIX 1 320€3MEYNUTh IXHIO BUCOKY MIIIHICTh Ta IOBTOBIYHICTb.
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HEPYWHIBHI METOIHW BU3SHAYEHHSI BIACTUBOCTEM MATEPIAJIIB
AK CKUIIAJJIOBA CUCTEMHM «SMART HOUSE»

KouioxoB B. B., k. T. H., 1011
Ilpuoninposcvra depoicasna akademisi OyOi6HUYMBA Ma apxXimeKmypu
kolokhov.viktor@pdaba.edu.ua

Ilocmanoexa npoonemu. IcHyt0uuii piBeHb HOPMATHUBHO TEXHIYHOI 0a3W 1 MPOIO3HIIIT
MO0 CTBOPEHHIO KOMILJIEKCHOI CHCTEMH OI[IHKM HAJIMHOCTI, JOBrOBIYHOCTI 1 MPOTHO3YBaHHS
MIiHJIMBOCTI BIACTUBOCTEW MarepialiiB i Oy/iBeIbHUX KOHCTPYKIii 103BOJIsIE HAMITHUTH HUISXU
i pileHHs, 1 CTBOPIOIOTH NMEPEIYMOBH JIi CTBOPEHHS CHCTEMH KOHTPOJIIO BJIACTUBOCTEH
OymiBeTbHUX KOHCTPYKIIN B MPOIIEC] EKCIUTyaTallii B peKuMi peasbHOTO 4acy.

Taka cucremMa TMOBMHHA CKJIAQIaTHCS HE JIHMIIE 3 TEOPETHYHO OOIPYHTOBAHUX
HMOBIPHOCHO-CTaTUCTHYHUX METOIB 00poOKM oTpuMaHoi iHdopmalii, ane i 3 amaparypHoO-
JTOCITITHUIIBKOTO KOMIUIEKCY 3aco0iB HEPYHHIBHOTO KOHTPOJIO, M0 BIJOWBAE CydacHi
YSBICHHS PO CTPYKTYPY 1 BIACTHBOCTI OETOHY 1 3a111300€TOHY.

AnlekBaTHE BiJUI3€pKajieHHs BJIACTUBOCTEH MaTrepially CyYaCHUMH METOJaMH 1
npuwiagamMu yckianHeHe. Jlo TOro cTaHgapTH30BaHI METONM HE J03BOJSIOTH MOOYHAyBaTu
ABTOMAaTH30BaHy CUCTEMY KOHTPOIIIO BIIACTHBOCTEH Marepially B IPOIeCi eKCILTyaTaIlii.

[ToGynoBa cucteMu MOHITOPUHTY OymiBeTbHHX KOHCTPYKIiM OyaiBenb 1 cmopyn Ha
OCHOBI aJICKBAaTHOTO BHM3HA4YeHHS (i3MKO-MexaHiYHHX Xapakrtepuctuk (PMX) marepiaiis
KOHCTPYKIIIi B yMOBax eKcIUTyaTalii JO3BOIUTh 3a0e3neunTu Oe3aBapiiiHy eKCIuTyaTalliio, a
TaKOK BU3HAYNTH 3aJIMIIKOBHI PeCypc KOHCTPYKIIii, OymiBens i copyx [1; 2].

Mema pooomu. OOTpyHTYBaTH KOHIICTIIIIO ITiIBUIEHHS TOYHOCTI BU3HaueHHST OMX
Marepially eJeMEHTY KOHCTPYKIlii, IO 3HAXOAWThCS B EKCIUTyaTallii Ta BCTaHOBHTHU
BiJIIOBITHICTh METO/IIB BU3HAUCHHS BIACTHBOCTEH OCTOHY 3aBJaHHIM KOHTPOJIO i BU3HAUYUTH
MEXi 3aCTOCOBHOCTI METOJIB JOCTI/DKCHHS 3 TOAAJBIIAM JOAaBaHHSAM 1i JI0 CHUCTEMH
«SMART HOUSE».

Ocnoéna uacmuna. 3a pe3ynbTaraMu JIOCIHIPKEHb BCTAHOBJICHO, IO ITiJIBUIICHHS
TOYHOCTI Bu3Ha4eHHS PMX OGeTOHYy KOHCTPYKIIi MOXHA JOCSATTH IUISIXOM YJOCKOHAJICHHS
METOJIMKN HEPYHHIBHOTO KOHTPOJIIO 3 YpaxyBaHHSM BIUTMBY 3HAYMMUX YHHHUKIB.

Puc. 1. I'iopoerekmpocmanyis Puc. 2. Amomna enexmpuuna cmanyis

Ha meit wac cucteMu MOHITOPHHTY BCTAHOBJICHO JIMINIE HAa OCOOJMBOBIAMOBIIATBHUX
00’extax (puc. 1, 2). Taki cucTeMu BCTaHOBIIOIOTHCS JIUIIIE i 9ac OydiBHUIITBA, B mporeci
eKCIUTyaTallii YacTHHA JaTYMKIB IMX CHUCTEM BUXOIUTH 3 JIaidy, alie X 3aMmiHa I 9ac poOoTH
CUCTEeMH BUKIMKae Oararo mnpobmem. OkpiM IbOTO YWHHI METOAWKH HE JO03BOJISIOTH
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ajiekBaTHO BimoOpakatn ®MX OeToHy KOHCTPYKIii cucTemMam# siki © Oy BCTaHOBIICHO ITiJT
yac eKcIuTyaraiii OyiBeb.

VYrnockoHaneHHSI HEPYHHIBHUX METOIIB JTO3BOJIUTH 3IHCHUTH MIEPEXif BiJl MOHITOPUHTY
0COOJIMBO BIAMOBIJATBHUX O0’€KTIB O 3BHYAWHUX 00 €KTIB IMBUIBHOI 1HPPACTPYKTYypU Ta
0araTroroBepXOBHUM JKUTIOBUM OynuHKaMm (puc. 3, 4).

Puc. 3. llInaxonposio nao 3anizHuyero Puc. 4. JKumnosuii 6younox

Jlis ynockoHasleHHSI METOAMKH OyJI0 IPOBEICHO BU3HAYCHHS BILIHBY:

e (akTOpiB sAKI TOB'A3aHI 3 TEXHOJIOTIED BHPOOHHUIITBA OCTOHHOI CyMimmi 1
TEXHOJIOT1€10 BUPOOHMIITBA POOIT 1O OETOHYBAaHHIO KOHCTPYKIIIH;

® YMOB eKcIUTyarTallii KOHCTPYKIIi 1 piBHSI HAapy>XeHO-1e(OPMOBAHOTO CTaHY;

® YMOB NPOBEJCHHS BUMIPIOBaHb.

Pesynpratu npoBeneHux OOCHiTKeHb [3—6] 103BOMISIIOTH c(hOpMyBaTH CXEMHI pillIEHHS,
siki MockHa BOynyBatu y cucteMmy « SMART HOUSE» B sIKoCTI CKJIaoBO1 Jj1s1 3a0€3MeUeHHS
OILIIHIOBAaHHS TEXHIYHOTO CTaHy KOHCTPYKIM OyaiBiIi Ta MPOrHO3YBaHHS IOJAJIbIIOrO
dyukionyBanss Oyniemni Ta cuctreMu «SMART HOUSEy.

Bucnoeéoxk. CucreMun MOHITOPHUHTY  BJIACTHBOCTEM  MaTepiayiiB  Ha  IMiJICTaBi
YIOCKOHAJIENX HEPYWHIBHUX METOJIB BM3HAYEHHS JI03BOJISIOTH HajmaTH cucreMi «SMART
HOUSE» nocratHpoi cTaOUILHOCTI Ta JOBIOBIYHOCTI.
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MOJEPHIBAIIA CUCTEMMU INTEPIOANYHOI'O KOHTPOJITIO
BJIACTUBOCTEHM BETOHY

Kouioxos B. B.L, k. 1. 1., nom., Bk B. B.2, acnipant
Ilpuoninposcvra depoicasna akademisi OyOi6HUYMBA Ma apxXimeKmypu
! kolokhov.viktor@pdaba.edu.ua; 2kolemasakar@gmail.com

Ilocmanoeka npoonemu. JliarHOCTyBaHHS KOHCTPYKI[IH BUKOHY€ETHCSI IT1/1 Yac:

* IPUAMAJIBHOTO KOHTPOJIO 30IpHUX 3aJ1i300€TOHHUX KOHCTPYKLIH 3aBOJICHKOTO
BUTOTOBJICHHS,

* IPUMMANbHOTO  OI[IHIOBAaHHA  TEXHIYHOTO  CTaHy  3BEIEHUX,  KalliTaJlbHO
BiZJPEMOHTOBAaHUX 200 PEKOHCTPYHOBAHUX 00'€KTIB;

* KOHTPOJIIO TEXHIYHOTO CTaHy 00'€KTa B MPOIECi IMIIaHOBUX a00 M03a4eproBHX OIISIIB
(MOHITOPHUHT, PO} ITAKTHYHIIA KOHTPOJIB);

* TEXHIYHUX 00CTEKEHbD:

Ompu peHoBalii 00'€KTIB He3aBepIIEHOTO Oy/1iBHUIITBA;

0TS POEKTYBAaHHS KaliTaIbHOTO PEMOHTY 1 pEKOHCTPYKIIIT;

O(eKkcrepTu3n) BHU3HAYEHHS CTaHy YIIKOKEHMX KOHCTPYKIIM 1 aBapifx y mpoueci
eKCILTyaTarii.

YuHHI HOPMATUBHI JOKYMEHTH PEIJIAMEHTYIOTh 3aCTOCYBaHHS HEPYHHIBHHX METOJIB
KOHTpOJIFO Ta mpouenyp. [lonepeaHiMu mocaipkeHHSIMHU MTOKa3aHo [1—6], 1m0 airo4ui METOAN
3aCTOCYBaHHS MPHUJIAJIB HEPYHHIBHOTO KOHTPOIO HEOOXiTHO BIIOCKOHATUTH, OCKUTLKH BOHU
HE BpaxOBYIOTh [ESKHUX BIUTMBOBUX (akTopiB. [IpoBeneni B s1abopaTOpHHX yMOBax
JOCTI/DKEHHS JI03BOJIMIIM MOJICPHI3yBaTH METOJUKH 3aCTOCYBaHHS HEPYHHIBHUX METOJIB
KOHTpOJt0. [l mepeBipku A1€BOCTI 3alIPONOHOBAHUX YAOCKOHAIEHb PO3POOKY BUIIPOOOBAHO
B YMOBax peajbHOro o0’eKTa.

3anpornoHoBaHy MOJIEPHI30BaHY METOAMKY 3aCTOCOBAHO IIiJl 4Yac OOCTEKEHHS s
BU3HAUEHHSI TEXHIYHOTO CTaHy 00’€KTa He3aBepIIeHOro OymiBHMITBA 16-TH TOBEPXOBOTO
YKUTIOBOTO OyIMHKY 3 METOIO HaJIaHHS PEKOMEHJIAIiif CTOCOBHO HOTO PEKOHCTPYKIIIi.

Mema pooomu. TlepeBipka Mi€BOCTI  yAOCKOHAJICHOTO METONY IPOBEICHHS
NEePIOAMYHOTO KOHTPOJIIO BIACTUBOCTEN OETOHY B YMOBaX PeaibHOTO 00’ €KTa.

OcHnoena uacmuna.

OI11iHKY TEXHIYHOTO CTaHy Oy/iBJIl BUKOHAHO Ha ITiJICTaBl METOAMKH [7].

ITix yac oOCTeXeHHS 3OiCHEHO: 3arajJbHuil ormgn o0'€kTa Ta BHU3HAYEHHS
KOHCTPYKTUBHOI CXeMH Oy/liBJli; BU3Haue€HHA Ta ¢oTodikcallito Ae(heKTiB Ta IMONIKOIKCHb
OymiBeNTbHUX KOHCTPYKIIN; BUKOHAHHS CXEM PO3TallyBaHHS KOHCTPYKINI Ta nedeKTiB, Miclb
BUKOHAHHS 1HCTPYMEHTAJIBHUX CIIOCTEPEKCHb, BH3HAYCHHSI MIITHOCTI OCTOHY OymiBEIbHUX
KOHCTPYKII Ta NepioJUYHUI KOHTPOJIb 3a IX 3MiHAMHM Ta OI[IHKY TEXHIYHOTO CTaHy
Oy/liBeIbHUX KOHCTPYKIIH Ta po3p00KYy TEXHIYHOTO BUCHOBKY.

[Tix gac oOcTeXEeHHST BUSIBIICHO 3HAYHY KUIBKICTH JIe(DEKTIB MOB’I3aHUX 13 HABMUCHUM
pYHHYBaHHSIM KOHCTPYKIIIH, sIKE 311 CHIOBAJIOCH JJIsl BUITYUYCHHS METay.

UYepe3 3Ha4YHY KUIBKICTh AE(EKTIB, MOB’A3aHUX 13 BTPYYaHHSIM B OKpPEMi KOHCTPYKIIii
OyIMHKY, BHHHKAa€ HEOOXITHICTh OTPUMaHHS iH(OpMaIlii MPO HASBHICTb YU BIJACYTHICTh
nporeciB  neopMyBaHHS ~ KOHCTPYKIii  Bchoro  OyamHky. Haiibinem — edexktuBHO
(3a mapameTpoM omnTHUMi3aimii — MiHIMadbHI 3aTpaTH Ta HaWOiIbIIA aJIeKBaTHICThH
BIOOpaXKeHHS 3MiH) IO 3a/ady MOXE PO3B’sA3aTH MOJCPHI30BaHA METOJMKA 3aCTOCYBAHHS
yABTPA3ByKOBUX MPHUIIa/iB HEPYHHIBHOTO KOHTPOIIO.
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B mexax peamizamii Takoi MeTOmMKH (HOPMYIOTHCS 30HHM MPOBENEHHS BHMipIOBaHb.
B mux 30Hax (opMyBasich MO 7 pernepHUX TOYOK (pHC.) Uil BCTAHOBICHHS MPUAMATbHHUKIB-
BUIIPOMIHIOBAYiB yJIBTPa3BYKY.

VY mporeci AOCTIKEHHSI BUMIPIOETbCS Yac MOLIMPEHHS YIbTPa3ByKOBUX KOJIUBaHb Ta
BiZICTaHI MK PETIEPHUMHU TOUYKAMH.

[IBUAKICTh TOWIMPEHHS YABTPA3BYKOBHX
KOJTMBaHb BU3HAYCHA 13 3aCTOCYBAHHAM IPHIIATY
Novotest ITICM (cepiiinuit Ne 012.138.0519)
BIJITOBIHO JIO0 MOCIOHMKA 3 eKCIUTyaTarii 1[boro
npuiany. IlpusHauenus mnpuiaagy  (puc.8):
BUMIPIOBaHHS MIIIHOCTI OETOHY Ta LETJIH, BUMIP
[TMOMHHU TPIIMH, JePEKTOCKOMis OymiBeIbHUX
KOHCTPYKITii.

Ilig Jac OCIIDKEHD puiIaa
BUKOPHCTOBYBAJIM B PEKUMI BUMIPIOBAaHHS 4Yacy
MOLIMPEHHSI YIIBTPa3BYKOBHX KOJIHMBaHb. Bumipu
npoBonuiy 3 inTepsanom 70 ni6. BukoHnano tpu

Puc. Posmiwenns penepnux mouox ma Pl BUMIPIOBaHb vacy TIOIIMPCHH
SUMIDIOGAHHA UaACY NOWUPEHHA YIBTPA3ByKOBUX  KOJNMBaHb. Perephi  30HH
VIBMPA3EYKOGUX KOTUBAHD 00JIALIITOBAHO HA MEPUIOMY, TPETHOMY, I’ SITOMY,

CbOMOMY,  JIeB’SITOMYy  Ta  OJUHAJALSATOMY
noBepxax.

Pesynbrarn BHMIpiB Ta pO3paxyHKIB JIEMOHCTPYIOTh HE3HA4YHI BIAXWICHHS Bif
CepeHbOro 3HaucHHs (HaiOimblne BiaxwieHHs He nepeBumnrye 1,5 %), 1m0 cBig4HUTH MPO
CTaOlIbHUN CTaH KOHCTPYKIIIH.

Taxi BIZXUJIECHHS MOXKHA MOSICHUTU MOXUOKOIO MPUIaAy BUMIPIOBAHHS Ta BIAMIHHICTIO
y TEMIEpPaTypHO-BOJIOTICHOMY PEXHMI T Yac MPOBEICHHS OKPEMHX BHMIpIOBaHb. TOOTO
CTaH KOHCTPYKIIi# OymiBIi MOXKHA KBaTi(hiKyBaTH SK 3a10BUIBHHM.

Bucnoeox. Po3pobieHa MeTonuka NEpiOAUYHOTO KOHTPOJIIO BIACTUBOCTEH OETOHY
KOHCTPYKIII JEMOHCTPY€E HEBUCOKY CKJIQHICTh BUKOHAHHS pOOIT Ta JOCTATHIO HAIIMHICTH
OTPUMAaHHX PE3YJIBTATIB, IO JO3BOJISE 3aNPONOHYBATH ii /Ui BU3HAYCHHS TEXHIYHOTO CTaHy
EKCIUTyaTOBaHUX KOHCTPYKIIiH.

Choucokx BUKOPHUCTAHHUX JIZKEPET
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VIIK 622.063.4
TEXHOJIOTTSI EKOJIOTTYHOI PO3POBKH JIIKYBAJIBHUX T'PSI3EI

Kopoabos B. M.}, nomykau, Illlatos C. B.2, 1. T. H., mpo.
Ipuoninposcvka depoicasna axademis 6y0ieHuUYymMea ma apximexmypu
! viktorkorolov21@gmail.com; 2 shatov.sv@ukr.net

Ilocmanosxka npoénemu. ByNiBHHIITBO EKOJOTIUHUX COIIIOKOMILIEKCIB TMependadyae
MOKPAIIEHHS YMOB KHTTS JIFONICH Ta 1X 30pOB’s, 30KpeMa BHKOPHUCTAHHSAM Y JIIKYBaJIbHOMY
mporeci MmenoifiB — JiKyBalIbHUX Tpszei [1]. OqHuM 3 HaWOIIBIIMX POMOBUI MENOiNiB B
VYkpaini € o3zepo ConoHuii nIUMaH po3TalloBaHe Ha MiBHIY Bix cena HoBoTpoinbke
HoBomockoBchkoro paiiony (puc. 1) [2]. JlikyBansHuii mporiec 3aificHioe JIHITponeTpoBCchKa
obOmacHa ¢izioTepaneBTruHa JikapHs «CoONIOHWI TMMaHy», KU mependadae BUIOOyBaHHS,
TPAaHCHOPTYBAHHS, IEPepOOKy Ta BUKOPUCTAHHSI JIIKYBaJIbHOI TPsI3i IIbOTO 03€pa.

a o
Puc. 1. Ozepo Cononuii ruman:
a — 3aeanvbHull 6u2si0; 6 - MonozpapiuHuil NIAH Ma Mencu po3pPoOKU NIKYEATbHUX eps3ell

Po3poOka pomoBuma oOyMOBI€Ha BUMOTaMH HOPMATHBHOI JOKYMEHTAIlil, [0 Ji€ B
VYkpaini [2-9], Ta moBrHHA 3a0€3ME€YUTH €KOJOTIUHUI 3aXUCT POIOBHMIIA BiJl BUCHAXEHHS Ta
3a0pyAHEHHS MpU 30epiraHHi NpUponHOi SKOCTI Ta (Pi3MKO-XIMIUHOTO ckiaay rpsseid. Tomy
aKTyaJIbHOIO TPOOJEMOI0 € YIOCKOHAJICHHS KOMIUIEKCY 3 EKOJIOTIYHOTO BHIOOYBaHHS
JiKyBaJbHUX Tpsi3zeit o3epa ConoHuil TuMaH.

Memor pooomu € po3poOKa MPOMO3UIIINA 3 PEKOHCTPYKIIT KOMIUIEKCY 3 €KOJIOT14HOTO
BUJI00YBaHHS JTIKYyBaJIbHUX T'psi3eit o3epa ColoHMM TuMaH.

Ocnosna uwacmuna. Cxnan OymiBeIbHOI YaCTMHM MEJAWYHUX 3aKJIQIIB BU3HAYAETHCS
HepxxaBuumu OyaisensHuMu Hopmamu JIBH B. 2.2-10-2001 [3]. BukopucTanHs JIiKyBaJIbHUX
rpsseil Bii0yBaeTbes y (1310T€paneBTUYHUX JIIKApPHAX Ta Y CAHATOPHO-KYPOPTHUX 3aKjajax.
Croci0 Ta TeXHOJOTIYHI BUMOTH J0 PO3pOOKHU JIIKyBaJIbHUX I'psA3ei HE PEeriIaMeHTYEThCS, a
BU3HAYAETHCS Ta MPOEKTYETHCS TSI TAKUX 3aKJIAIB 1HIUB1TyaJbHO.

[Toyatok po3poOKK JiKyBaJbHUX Tpsizeil o3epa CoNOHMI JHMMaH TOB'SI3aHUM 3
BUKOPUCTAaHHSAM HaWIpOCTIMX 3aco0iB — Jiomar Ta pi3HUX eMmKocTed. ['eororiuni 3amacu
rpsseii 3a oniHkoro mianpuemcTsa «IliBeHyKpreonorisy» Ha miomi o3epa 3,4 KM? CTAHOBIATH
466 608 M° [2]. 3 ypaxXyBaHHAM MOTYKHOCTi MiHIMaJIBHOTO IIapy KoprucHOi komanuau 0,2 M B
MeXaX BIIBOAY 3aJIATaHHS TPSA3bOBOTO TMOKJIaay, OadaHCOBI 3amacu JIiKyBaJbHOI Tps3i
CTaHOBIATH 24,8 THC. M3, a 3armacy 3 HeBU3HAYCHUM IPOMHUCIIOBHM 3HaueHHsIM - 149,6 Tuc. M
(puc. 1, 6).

3 2001 p. omikyBanmbHI Tpsi3i BUIOOYBAaIOTBCA 3a JOTMOMOIOIK  rpeidepHoro
HaBaHTaXKyBaya, SKUH IMEpPEeMIlAa€Tbcs Ha PEMKOBOMY MeXaHi3Mi Mo aamM0i MK O3epaMu
Cononnii muman ta JlyxkHe (puc. 2). TexHomorier mnepeadadaeTbcsi JOTPUMAHHS BUMOT 10
3a0€3MeUeHHI0 BiJICYyTHOCTI IIKI[UIMBUX [i HA HABKOJUIIHE CEPENOBHUIIE, a TaKOK
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BUKOPUCTAaHHS OOJaJHAHHS 3 CE30HHUM BUAOOYBAaHHSIM JIIKyBAIBHUX Tps3eil (BeCHa, OCiHb)
3a HasIBHOCTI OOBOJTHEHOT'O CepeloBUILA. BaHTaXXHUM Bi3KOM pa3oM 3 rpeiigepom JiKyBabHa
IpsI3b MEPEHOCUTRCS JI0 MICI PO3BAHTAXKCHHS Ta PO3BAHTAXKYETHCS Y TPAHCTIOPTHHIMA 3aci0
(caMockm), SKUM JOCTaBIAETbCS Yy Tps3elikapHIO Ha mpouexypu. IIpoaykTHBHICTH
rpeiihepHOro HaBaHTa)KyBaya cknanae 3 m>/roxudy (300 mM3/Micsip).

Puc. 2. Pospobka nenoidis o. Cononuii auman:
a — 3aeanvHull 8u2iA0, 6 - MpPaHCNOPMY8aAHHI CAMOCKUOOM

3apa3 3amacu JiKyBaJbHOI Tpsi3l y poOoyoMy mpocTopi rpeiidepa Buuepnani. Bunukia
norpeda y peKOHCTPYKIIIl 3a00py JIIKYBaJIBHOI TPs31 11032 30HO0 1T HaBaHTaxkyBada (40 M Ta
Olnbllie BiJg HaBaHTaXXyBaua) 1 mepemimleHHs ii 10 Hboro. Bumoru no texHomorii 3m00udi
JIKyBaJIbHUX Tpsi3ell epeadadaroTh:

- HasBHICTH piBHA Boau B o3epi 0,01-0,5 m;

- HEOOXITHICTD 3aJIMIIIATH OXOPOHHMM map nenoiaiB 0,1 M 1y X BIAHOBIICHHS;

- JOTPUMaHHs BUMOT TIO €KOJIOTi.

Po3pobOka pomoBumia o3epa Cononuil naumMaH OOyMOBJIE€HA BHMOTaMU HOPMAaTHUBHOI
JOKyMEHTAIli1, mo fie B Ykpaini [3—5], Ta moBuHHA 3a0e3Me4nTH PO3pOOKY AUISHKH, KA HE
MOKpPUTA BOJOI0, €KOJOTTYHHUN HOr0o 3aXMCT BiJl BUCHAXXEHHSI Ta 3a0pyAHEHHS Npu 30epiraHHi
OPUPOTHOL SKOCTI. Y mporeci AOCHKeHHS Oyno po3poOieHo AeKinbKa MPOTMO3HINA 3
BUpIIIEHHS 11i€i mpoOiemMu. 30KpeMa, MPOEKT Ha PHUCYHKY 3 Tepemdavae 3acTOCYBaHHS
CKpETIepHOT0 TNPHUBOAHOTO KOBIIa 6 Ha THyuykux KaHarax 7 Ta 8. IlpuBonmna nebinka 5
BHKOHAHA 3 IBOMa OapabaHaMu /11 HAMOTYBaHHS KaHaTiB 7, 8 Ta pO3TallIOBYETHCS] HA HUKHIM
Oanui icHyrouoro rpeiidepHoro HaBaHTaxxyBada 1. IlpuBin nebinku eNeKTpUYHHUM Bix
€JICKTPOMEpEeXKi HaBaHTAXXyBada 3 YIPaABIIHHAM 13 HOro KaOiHH. Y 3B'SI3Ky 3 CE30HHUM
BUJ0OYBAaHHSAM TMEJOiJIB IepeadadeHo 3MiHHE KpiIuIeHHS JeOiKM 10 HIDKHBOI Oanku
HaBaHTa)xyBaua. Kanatu 7 Ta 8 oruHaroTh 0J10K, BCTAHOBJICHHI Ha aHKEpHIi omopi 9.

9 8 ¢4 6 7 10 1 2
i fﬂ \ j{ / |

Puc. 3. IIpoekm 3 00HOI0 ankepHOO ONOPOIO:.
1. epetichepruii nasanmasicysau, 2. peiiku; 3. mexca pooosuwia, 4. pooosuwye;
5. npugoona nebioxa;, 6. ckpeneprutl Kigwi, 7. msa208uti Kanam, 8. 360pOMHULL KAHAM,
9. anxepua onopa, 10. dinaunka pooosuwa
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[Tpu mepemimeHi KoBIma 6 y HampsIMKy A0 HaBaHTaXyBada | BHKOHYETHCS pO3poOKa
cepenoBuina. Henomikom cxeMu € Majia MUpHUHA po3poOIIOBaHOT TUTSIHKH.

[TpoexT Ha pucCyHKy 4 TiepenOadae BCTAHOBICHHS aHkepHHX omop 11 1 12 Ha wmexi
JOUISHKA ponoBHMINA 4, Ha SKHUX 3akpilvleHHd HecHuM kaHat 9. Ha HecHomy KkaHati 9
BCTaHOBJIeHAa KapeTka 10, siky oruHaroTh kaHatu 7 1 8 mpuBoay kosma 6. [l nepeMileHHs
KoBIIa 6 HaBaHTaXyBad | pa3oM i3 NPUBOAOM 5 mepecyBaeThCs BAOBXK AUIAHKM 13. 3a
pPaxyHOK HaTSDKIHHSI TATOBOTO KaHaTy 7 nepemimyeTbes kaperka 10 nmo HecHoMy kaHary 9. Ls
MOXJIUBICTh 3a0€3MeuyeThCsl CHELiaJbHOI PYyXOMOI KOHCTpyKuiero kaperku 10. Ilicns
HAKOIMYEHHS JIIKYyBaJbHOI Tps3i Ha ainsHi 13 11 momampmmii 3a0ip Ta mepeMilieHHs
BUKOHY€ThCS] HABAaHTaKyBayeM | y CaMOCKHI.

Puc. 4. I[Ipoekm 3 06oma aHKkepHUMU ONOPAMU A NEPEMIUJeHHAM KOBUA HABAHMANCYBAUEM:
1. epetichepruii nasanmasicysau, 2. petiku; 3. mexca pooosuwja, 4. pooosuwye;
5. npugoona nedioxa, 6. ckpeneprull Kigwi, 7. msa208uti kanam, 8. 360POMHULL KAHAM,
9. necnuit xanam, 10. kapemxa; 11, 12. anxepni onopu;
13, 14. dinsauxu pooosuwa; 15. oamba

3a pilleHHAM Hapagu, B SKOCTI POOOYOTO MPOEKTY PEKOHCTPYKIT KOMIUIEKCY 3
BUAOOYTKY JIIKyBaJIbHUX Tps3edd, Oyna mpuiHATa cxemMa Ha pUCYHKY 4. Y mailOyTHbOMY
IJIONMIMHA PO3pOOKKM MO)ke OyTH 301JbIIIEHA NUISIXOM TEPEMIIeHHS aHKepHUX OIop Ta
3aMiHOIO KaHATiB.

Bucnoeéox. BukoHaHWi aHami3 KOMIUIEKCY PO3POOKHM  JIIKYBUIBHHX  TI'ps3el
¢iziorepaneBTryHOI JikapHi «CONOHMNA JTMMaH» MOKa3aB HEOOXIAHICTh HOTO PEKOHCTPYKINT
IIUISIXOM PO3pPOOKH MIEPCTIIEKTUBHOT po00U0i AinstHKHA. Po3po6ieHi mpormo3uiiii 3 peKOHCTPYKITii
ICHYFOUOTO KOMIUIEKCY, OCHOBOIO SIKHUX € BHKOPHCTAHHS CKPETNEPHOTO KOBIIA  JUIS
BUJIOOyBaHHS TIEJIOIMIB 3 TEPCIEKTUBHOI JUISHKA Ta iX TEPEeMIIICHHS y 30HY JIF0YOTO
HaBaHTaxXyBauda. )i MOMaNbIIOro MPOEKTYBaHHS TMPHUIHATA paIliOHAIbHA CXeMa BUKOHAHHS
oOJagHaHHA.
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VIIK 69.069.7:658.2

JOCJIIIKEHHSA KOMILJIEKCY POBIT 13 3AMIHU KOHCTPYKIII
HEPEKPUTTIB TA HIOKPUTTIB TPOMUCJIOBUX BYIIBEJIb

Kpasuynoscbka T. C.L, 1. 1. 1., npod., Bponesuubkuii A. I1.% k. T. H.
Ilpuoninposcvra depoicasna akademisi OyOi6HUYMBA Ma apxXimeKmypu
! kravchunovska.tetiana@pdaba.edu.ua; 2andbron.gm@gmail.com

B ymoBax pesirtanizaiiii npoMHcIoBUX Oy/iBesb JTOBOAUTHCS YaCTO BUKOHYBAaTH pOOOTH
3 3aMiHHU JIepeB’IHUX MEPEeKpHUTTiB. Lle BUKIUKAHO K (iI3MYHUM 3HOCOM KOHCTPYKLIH, TaK 1
3MiHOIO (301JIBIIIEHHSIM) HaBaHTaXXeHb HAa HUX. PoOOTH 3 po30upaHHs MEPEKPUTTIB B MpoIeci
iX 3aMiHU TOB’s3aHI K 3 HEOE3NMEKOI BHKOHAHHS POOIT, Tak 1 HEOE3MEKOK MOCIa0ICHHS
MIPOCTOPOBOI KOpCTKOCTI OymiBmi abo ii okpemux eneMeHTiB. Lli 0COOMMBOCTI BHUMararoTh
JIOJIATKOBUX MaTepiajibHO-TEXHIYHUX 1 TPYJAOBHX PeCypciB. 3aMiHa JepeB’THUX TIEPEKPUTTIB,
BUXOISIUMU 3 IPAKTUKU PEKOHCTPYKIIii, MOXe 3/1iICHIOBaTHCS IIIXOM BIIAalITyBaHHSA [2]:

— HOBHX MOHOJITHHUX 3aJ11300€TOHHHX IUTUT [0 METaJIeBUX Oakax;

— HOBHX MOHOJITHHX 3aJ1i1300€TOHHUX IUTUT 13 BUKOPUCTAHHSAM ICHYIOUHX MEPEKPHUTTIB
SIK OTTAITyOKH;

— HOBHX 30ipHHMX 3aJ1300€TOHHUX IUTHT (APIOHO- 1 BEJIMKOPO3MIPHHX) MO METAJIEBHX
Oankax;

— HOBHX 30ipHO-MOHOJIITHUX 3ali300€TOHHUX OaJIOK i3 BKJIAaIUIIAMHU 3 €(EeKTHBHUX
MaTepialliB Ta IHIIMMU CIIOCO0aMH.

VY Tabnuui 1 npuBeneHi HaWNMOMMpPEHIN crnocoOu 3aMiHU JAEpeB’SHUX NEPEKPHUTTIB i
BKa3aHi MHMTOMI TPYAOMICTKOCTI BHKOHaHHA pOOIT Ta dYactora 3actocyBaHHs. JlaHi
TPYAOMICTKOCTI OTpPHUMaHI Ha OCHOBI TIPOBEICHMX JOCTIUKCHh Ha HU3Il 00’ €KTIB
pexoHcTpykmii B Kuesi, J{xinpi, Xapkosi Ta inmmux [1; 3].

Tabnuys 1
Cnoco0u 3aMiHu epeB’sIHUX NIEPEKPUTTIB
Ne HaiimenyBanHs criocoOy Yacrora TpynomicTKicTb,
3/ BUKOPUCTaHHS, Yo JTFOJL.  TOI/M?
1 | BnamtyBanHs HOBHX MOHOJTITHHX 76 74
3aJ11300€ TOHHMX IUIUT IO METaJIeBUX Oakax
2 | BnamryBaHHs HOBHX MOHOJIITHUX 4 46
3ali300€TOHHUX IUIMT 13 BUKOPUCTAHHIM
ICHYIOUUX MEPEKPUTTIB SIK ONagyOKu
3 | BnamryBanus HOBHX 301pHUX 12 53
3aJ11300€ TOHHUX TUTAT (npibHO- 1
BEJIMKOPO3MIPHUX) IO METaJeBUX Oaskax
4 | BramTyBaHHS HOBUX 30ipHO-MOHOIITHHX 8 59
3a;11300€TOHHUX OaJIOK 13 BKIAOUIIAMU 3
e(eKTUBHUX  MaTepiajiB  Ta  IHIIMMH
cnocobamu

TexHonoriss  BIAIUTYBaHHA  MOHOJITHHX  3aJlI300€TOHHUX  MEPEKPUTTIB  IMPHU
PEKOHCTpPYKIii OymiBellb Mae€ CBOi OCOOJIMBOCTi, IO BIAPI3HSAIOTH 1l BiJ aHAIOTIYHOT
TeXHoJ0Tii HOBOTO OymiBHUIITBA. Lle MOB’s13aH0 3 pi3HUMHU KOH(IrypamisiMu Oy/iiBesb B TIJIaHi,
BEJIMKOIO PI3HOMAaHITHICTIO MPOJBOTIB 1 BUCOT. Y LIIOMY, XapaKTep BUKOHAHHS POOIT CXOKUN
Ta BKJIIOYA€E TaKi IIPOLIECH Ta €Tallu:

— MATrOTOBYI 3aXx0oAW 3 3a0e3MmedeHHs JOCTymy 10 (pOHTY pPOOIT, CTBOPEHHS yMOB
0e3MeYHOr0 BUKOHAHHS po0iT, 001aTHAHHS BAHTKOIIIHOMHUX MEXaHI3MiB;
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— pO30MpaHHs YaCTUHU 1CHYIOUMX KOHCTPYKIIIH MOKPUTTIB Ta HECYUUX €JIEMEHTIB;

— BIAIITYBaHHS OMOPHHUX EJIEMEHTIB y HECY4YMX BEPTHKAIbHUX KOHCTPYKIISAX, IS
oOnMpaHHs HOBUX KOHCTPYKIIIH;

— YCTaHOBKA HECYYHX OAJOYHUX KOHCTPYKIIIiA;

— YCTaHOBKA YM BJIAIITYBaHHS KOHCTPYKIIIH IUTUT MEPEKPUTTIB;

— po30upaHHs 3ac00iB BUKOHAHHS POOIT Ta 3ac001B i IMOIITYBaHHS TOIIO.

B 3a3HaueHOMYy KOMIUIEKCI POOIT € AesiKi OCOOIHMBOCTI, III0 HETATHBHO BIUIMBAIOTH HA
edexTuBHICTh poOiIT. [lo-mepie, podoTH 3 3aMiHU MEPEKPUTTIB BUKOHYIOTHCS 0OMEKCHUMH
TUTSTHKAMU, Yepe3 HeoOX1THICTh 3a0e3MmeueHHs] TPOCTOPOBOI JKOPCTKOCTI Ta CTIMKOCTI Oy MiBIIi
yn ii yactuHu. [lo-mpyre, TexHIYHMI cTaH OyAIBEJIbHUX KOHCTPYKUIA NPU3BOAUTH 10
HMOBIpHOi HEOOXIAHOCTI BUKOHAHHSA POOIT 3 MOMEPETHBOTO IiJICHIIEHHS KOHCTPYKIH Ta
CTBOpEHHSI Oe3MeYHHX yMOB BHUKOHaHHS poOiT. I[lo-Tpere, BUKOHAHHIO POOIT 3aBXKIU
NEePEIIKOPKAE HAsIBHICTh 1H)KEHEPHUX MEPEK Ta KOMYHIKAIlii, Ki He0OX1IHO BIIKIIIOYATH YU
oropokyBaTH. [lo-ueTBepre, OAHMM 13 BaXJIMBHX BUAIB POOIT € BIAILTYBaHHS HILI JUIS
oOnupaHHs KOHCTpyKuii. Lleii mpouec mnorpedye pyiHyBaHHA KaM SHUX KOHCTPYKLIH
(mernsHux, OETOHHUX ), 10 YCKJIAIHEHO ABOMA CKJIaJ0BUMHU:

— pobOTH 3 pO30UpPAHHS;

— HAasBHICTb IHXKEHEPHUX KOMYHIKalliii, SIK1 3aTPyIHAIOTh YCTAHOBKY OaJloK.

Ha ocHoOBI jgaHux Ta0m. 1 po3po0IieHO TiCTOrpaMH YacTOTH ITOBTOPIOBAHOCTI BapiaHTIB
Ta TPYJOMICTKOCTI OKpeMux IpoueciB (puc. 1). JlaHi ricrorpaMu BKa3yloTh, 10 HalO1IbIIOTO

PO3IMOBCIOPKEHHSI OTPUMAaB CIIOCIO yJIaIITyBaHHS HOBUX MEPEKPHUTTIB IO METAJIEBUX OajIKax.
80 76

74

-
=1
]

[my]
=1
]

Ln
=]
]

Yacmoma, %
TpyaomicTricTb, A0a.-roafm2
&

1

30 4 mPag 1
a0 - HPag 2
10
0 -
MoHoAITHI Mo ICHY Y KM Mo meTanesrm Mo 3anizobeToHHKUM
sanisobeToHHI NepekpUTTAM, AK  Dankax s gpibHo- yM bankams
NeEpEKpUTTA No onanybuwi KPYNHOROSMIPHMUMK BHASOMIIEMH
METENEBWMM BaNHaxX MAMTEMHM
Cnocobu

Puc. 1. I'icmoepamu wacmomu nosmoprosanocmi cnoco6ie (pso 1)
3aMiHU Oepes aHuUX nepekpummis ma ix mpyoomicmkicms (pso 2)

OpHuM 13 eQeKTHMBHHMX BapiaHTIB MIJACUJICHHA MEPEKPUTTIB € BIALITYBAaHHS HOBUX
(momatkoBux) Hecyunx Oanok. Lli Oanku, sk mpaBWiIO, OOMHMPArOThCS HAa HECydi CTiHH, 3a
CXEMOI0, AHAJIOTIYHOIO PO3TALIYBAHHIO ICHYIOUMX KOHCTPYKLIH.

Ile moB’s13aHO 3 THUM, IO 3MiHA CTATHYHOI CXEeMHU pOOOTH OyiBJIi MOKE TIPHU3BECTH 10
Hepepo3noiily HaBAaHTAKEHb Ta BHYTPIIIHIX 3YCHWJIb y OYJIBEJbHUX KOHCTPYKLIAX. Taki
3MiHH 9aCTO MPU3BOASATH 10 TOSBU Ha MMOBEPXHI KOHCTPYKILIN AedopMaIliiil Ta MOMIKOKEHb.
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OKpiM KOHCTPYKTUBHHX OCOOJIMBOCTEH Iy)K€ BaKIIMBE 3HAYCHHS Ma€ W TEXHOJIOTis
BUKOHAHHS OyIiBENbHHUX pOOIT, sfKa 3yMOBJIEHAa yMOBaMH pPEKOHCTPYKIii. TpaaumiitHo
po0OTH 3 yIamITyBaHHA HECYYHX OaJlOK TMEPEKPUTTS BUKOHYIOTHCS KiIbKOMa crocobamu. B
MIATOTOBJIEH] 3a31alleriab Hillll 3aBOAATHCS Oanku. OaHak crociO 3aBeneHHS 0al0K MOXKE
3/11ACHIOBATHCH B 3aJIEKHOCTI BiJ] YMOB: HUIIXOM PaJlajbHOIO MOBOPOTY; HUIIXOM IPOIYCKY
0asloK uepe3 MOHTaKHI OTBOPH B CYMDKHHUX CTiHAX; MOEJIEMEHTHUN MOHTaX 13 HACTYIHUM
yKpynHeHHsM. KoxHuil 13 1ux crnocoOiB Mae€ CcBOi OOMEKEHHS B 3aJIEXKHOCTI B YMOB
BUKOHAHHS po0iT. OOMeXeHHs BIUIMBAIOTH K Ha HaJilHICTh Ta Oe3leKy BUKOHAHHS POOiT,
TaK 1 Ha TEXHIKO-CKOHOMIYHI MMOKa3HUKW BUKOHAHHS OyTiBEIbHUX POOIT.

[TopiBHAMBEHUN aHaATI3 TPEACTABICHHX CIOCOOIB 3aMiHHM KOHCTPYKIIH TOKPHUTTIB
MOKa3ye IX MUPOKY PI3HOMaHITHICTH. Lle moB’s13aH0 3 0COOIMBOCTSIMU peBiTANI3AIIT KOKHOTO
OKpeMOTo 00’ekTy. BcTaHOBIIEHO, 110 B HOMEHKJIATYpl poOIT 3HAYHY YacTKy POOIT 3aiiMaroTh
JI0/IATKOBI Ta MiArOTOBYI po6OTH. IX yacTka cTaHOBUTH Bia 34 10 75 %. Bouu € pesymsraTom
BIUTMBY YMHHUKIB peBiTamizamii. Yepe3 1e HeoOXigHO OUIBII JCTAJIBHO aHaji3yBaTH
0COOJMBOCTI BHKOHAHHS pOOIT Ha 00’€KTaX Ta BPaxOBYBaTH BIUIMB JECTA0LII3YIOUHX
dakTopiB.

Chucox BUKOPUCTAHHUX JI7KEPET

1. CagitoBcrkuii B. B., bponeBunkuii A. I1., CapitoBckuii A. B. BausiHue TeXHUYECKOTO
COCTOSIHMSI ~ CTPOUTENBHBIX  KOHCTPYKUMA HAa  TEXHUKO-DKOHOMHUYECKHE  IOKa3aTean
PEKOHCTPYKIMH. Becmuux Unoiceneproii Akaoemuu Ykpaunwi. 2008. Ne 1. C. 21-22.

2. CaitoBckuii B. B. Bo3Benenne u pexoHcTpykuusi coopyxenuii. Kues : Jlupa-K,
2015. 268 c.

3. CagitoBcrkuii B. B.,  BponeBunpkuii A. [1.,  CasiioBckuii A. B.  PexoHcTpykuis

MIPOMHUCIIOBUX OyfiBenb Tpw iX pesitamzaiii. Hosi mexwnonoeii 6 0yodienuymei. 2014.
NeNe 27-28. C. 33-36.
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BIIJIMB 30JIbHOTI'O ITHUJIY HA BJIACTUBOCTI
JEPEBUHHO-ITOJIMEPHOI'O KOMIIO3UTY
Kpugsoaanos JI. C.}, acnip., Cyxuii K. M.2, 1. 1. 1., mpod.,
bamrranuk II. L., k. T. 1., 1o11., TperbsikoB A. O., K. T. H., JIOL.
HBH3 «Yxpaincokuii 0epaicasHuii XiMiko-mexHoI02i4HULl YHigepcumem»
! dmipro706@gmail.com; 2 ksukhyy@gmail.com

Ilocmanoseka npoénemu. OCTaHHIM 4YacOM Ha PHUHKY OyaAiBEJIbHO-0310071H0BAILHUX
MmatepiasiiB HaOyBarOTh MOMYJISIPHICTh BUPOOH 3 JepeBUHHO-TIONIMepHHX KoMmo3uTiB (AIIK)
[1]. AINK — me KOMIIO3UT, SKHH IOE€JHYE BIIACTHBOCTI SIK JEPEBHHH (BHPOOHM MOKHA
00poONATH TaKUMHU K METOJaMH, K 1 3BHYAliHy JEpEeBHHY), Tak 1 mojimepy (MaTepiai
MiIAETHCS TIepepoOIll y BUpoOH, 30kpeMa MeTosioM ekcTpysii). JITK BHKOpHCTOBYIOTHCS B
yMOBax [iii BOJIOTH, TEMIIEPAaTypHHUX BIUIMBIB, Y@ BUIPOMIHIOBAHHS, & TAKOX MEXaHIYHOTO
HABAaHTAKCHHS, a OTXE, OIIHKAa SKOCTI MPOAYKIi Ta MOPIBHSAHHS DPI3HUX THUIIIB BUPOOIB
MOBHMHHI MPOBOAMTHUCS 3 YPaxXyBaHHAM yCiX BKa3aHUX (pakropis [2].

AKTyaJabHOIO MpPOOJIEMOI0 PI3HOMAHITHUX TEXHOJIOTIM € BUKOPUCTAHHS BTOPHUHHOT
CHPOBHHM Ta BIIXOMIB pPI3HUX Tany3ed BUpOOHUITBA. Tak, BUKOPUCTOBYIOUM BTOPHHHI
MOJIIMEPH, SIKI HAIIOBHEHI MOOIYHMMH MPOJYKTaMH PI3HOMAHITHUX Tally3ed BHUPOOHHIITBA,
MOKHa OTPUMYBATH HOBI KOMITO3UTH 13 3a37alieriib 3aJlaHUMU BIACTHBOCTAMU. OHHM 13
TaKUX MOOIYHMX NPOAYKTIB € 30JbHHM MWJI, L0 YTBOPIOETHCS B PE3YJbTaTl CIaJCHHS
TBepaoro nanuea Ha TEC, miciis 90To yIOBIIOETHCS eNeKTpodiIbTpamMul 1 B CyXOMy CTaHi 3a
JIOTIOMOTOF0 TTHEBMOTPAHCIIOPTY HAAXOUTh Y CHIOC-HaKomuuyBad [3].

Mema pobomu tmonsArTana |y JOCHIIPKEHHI BIUIMBY BHUKOPUCTaHHA Yy  SIKOCTI
JIPpIOHOIMCIIEPCHOTO HAIMTOBHIOBAYa 30JIbHOTO MUY Ha (I3MKO-MEXaHIUHI Ta eKCILTyaTalliiHi
BiactuBocti J{IIK Ha OCHOBI BTOPHHHOTO MOJTI€THIIEHY BUCOKOI T'YCTHHHU.

Ocnoena yacmuna. SIx 00’€KT NOCHIKEHHS BUKOPUCTAHUNA KOMIIO3UT 13 HACTYITHUM
CKJIaJIOM: BTOPMHHHI ToOJieTHSIeH BHCOKOi ryctuHn — 30 mac. %; AepeBHHHE OOpOIIHO —
54 mac. %; kanpiut — 11 Mac. %; nmomieTuieH i3 BMicToM 1—6 % npuIienieHoro MajieiHoBoro
aarigpuay — 0,85 mac. %; momietmneHoBuit Bick — 1,1 mac. %; creapuHOBa KHCIIOTa —
1,1 mac. %, Y@ crabinizatop Ta 6apBHUKH — iH11Ie [4]. 71 OLIHKY BIUIMBY 30JIbHOTO MUY Ha
BJIACTUBOCTI JaHOTO KOMIO3HUTY Bif0yBajach 4acTKOBA 3aMiHa KaJbIUTY HA 30JIbHUH MUJT Y
HACTYMHUX mporopuiax: 3pazok Ne 0 — kampuur - 11 wmac. %, 3oma -
0 mac. %; 3pazok Ne 1 — kanpuut — 8,25 mac. %, 30ma — 2,75 mac. %; 3pa3ok Ne 2 — kanpuur —
5,5 mac. %, 3oma 5,5 mac. %; 3pazok Ne 3 — kanbiut — 2,75 mac. %, 3oma — 8,25 mac. %;
3pa3zok Ne 4 — xanerut — 0 mac. %, 3oma — 11 mac. %. Pe3ynbpratu mocimikeHHsS] HAaBEJIEHO Y
TaOJIHULI.

AHaunizyroun iaHi TabIuIl, MOKHAa KOHCTAaTyBaTH, IO 3aMIIICHHS KaJBIUTY 30JIbHUM
MAJIOM MIABUINYE MIIHICTh NpH BUTHHI kKommo3uty (Bix 51,3 mo 55,8 MIla) Ta 3HauHO
3HWXKY€E BOJIOTIOTJIMHAHHS, TEXHOJOTIYHY YyCaaKy Ta Koe(ilieHT JiHIHHOTO TEepMiuHOTO
pO3IIMpPEeHHS. AJie MPU 1IbOMY AYXK€ 3HIKYEThCs yaapHa B’si3kicTh 3a Illapmi JITIK. Taky
TEHJCHIIIF0O MOXKHA TIOSICHUTH HAIMOBHEHHSIM YaCTKAMH 30JbHOTO Ty BHYTPIIIHIX
MOPOKHUH y KOMIO3HTI, MPO IO CBIAYUTH 3pOCTAHHS WOTO T'YCTUHH. A 3HWKEHHS YJIapHOI
B’s13Kk0cTi 3a [llapmi Bka3zye Ha HEOCTATHIN 3B’S30K HA MEXKi pO3MOALTY (a3 «30TbHHMA THIT —
TTOJTIMEDY.
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Tabnuys

®Dizuko-mexaniyHi BiaacTuBocTi IIK B 3a1e:kHOCTI Bix BMiCTY 30JIbHOT0 AT

BnactuBocrti 3pa3ok
0 1 2 3 4

I'yctuna, kr/m° 1234 1259 1275 1287 1294
Minnicts nipu BuruHi, MIla 51,3 51,4 53,9 54,6 55,8
VYnapua B’s3kicte 3a  apmi | 11,9 6,9 54 51 51
(Ha 3paskax 3 Hajpizom), KJ[x/M?
Koedimient miniitHOro Tepmiu- | 4,90 2,65 2,55 2,50 2,30
Horo posmmpenns, 10° 1//C
Bogomornunanus, % 0,34 0,33 0,31 0,26 0,11
TexHosoriuyHa ycajaka, %o 0,55 0,4 0,28 0,2 0,17

Bucnoeok. 3HIXKEHHS X KOEPIIEHTY JIIHIKHOTO TEPMIYHOTO PO3IIMPEHHS y JBIYl Ta
TEXHOJIOTIYHOI yCaJKiu B TPU pa3u J1a€ MOXKJIHUBICTb 3pOOMTH BHUCHOBOK, L0 3aCTOCYBAaHHS
30JIbHOTO MWy Y SIKOCTI JpiOHOJMCIEPCHOrO HANOBHIOBauYa B JIEPEBUHHO-IIOJIIMEPHUX
KOMIIO3UTaX JI03BOJIMTH OTPUMYBATH BUPOOM, SIKI MAOTh OUIBII TOYHI PO3MIPH B YMOBax
BEIIMKOT0 PO30iry TeMmrepaTryp eKCIUTyaTarii. A TakoX, OCKUIbKU 30JIbHUH MHJ € BIAXOIOM
€HEepreTU4HOl Tady3i, TO BHUKOPHUCTaHHS MOro y SKOCTI HAlOBHIOBA4Ya Yy JEPEBHHHO-
HOJIIMEPHUX KOMIIO3UTaxX Ja€ 3MOTY 3HU3UTU COOIBapTICTh BUPOOIB 3 HUX Ta MO3UTUBHO
BIUIMBA€ HA €KOJIOT1I0 HABKOJIHUIIHBOTO CEPEOBUIIIA.

Cnmoxk BUKOPHCTAHMX [IZKepeJt

1. Kopmyn O. A., PomanoB H. M., HanazamBunu U. X., buxbay M. fI. Dxomorndyecku
YUCTHIE JIPEBECHOHAINIOIHEHHbIE IUTacTMacchl. CTpouTenbHble MaTtepuanbl. 1997. Ne 5.
C. 8-11.

2. A6ymenko A. B., Bocko6oiinukos U. B., Kouapariok B. A. [IpousBoicTBO u3nenuii u3
JPEBECHO-TIOJTMMEPHBIX KOMITO3UTOB. /[enogoti scypuan no oepegooopadbomre. 2008. Ne 4.
C. 88-94.

3. Drozhzhin V. S., Danilin L. D., Pikulin I. V. and etc. Functional Materials on the Basis
of Cenospheres. World of Coal Ash Conference. (April 11-15, 2005, Lexington, Kentucky,
USA). 2015. Pp. 117-118.

4. Kpusonanos /. C., Cyxuii K. M., bamranuk I1. 1., TperbsikoB A. O., bezpykasuii B. O.
JlocnmimKkeHHsT BIUIMBY CTEapUHOBOI KHCJIOTH Ha BIACTHUBOCTI JI€PEBUHHO-TIONIMEPHUX
KOMITIO3HTIB. [lumanns ximii ma ximiunoi mexnonoeii. 2023. Ne 5. C. 50—54.
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ITPOEKTYBAHHSA BAT'ATOIIOBEPXOBOT'O BY/IUHKY
3 IHAUBIAYAJIBHUM YKPUTTAM HA ITOBEPCI B REVIT

Mocbnan €Bren, actipant, ConmiibHSIK ApTrem!, K. T. H., 101,
Ilpuoninposcvra depoicasna akademisi OyOi6HUYMBA Ma apxXimeKmypu
!sopilniak.artem@pdaba.edu.ua

BrpoBapkeHnst BipryasibHUX iH(MopMarniiaux wmoxenedi (BIM) B yuOoBwmii mporiec
OyaiBeNbHOI aKa/ieMii € CTpaTeridyHO Ba)JIMBUM KPOKOM Yy CydYacHiM MiAroTOBLI MaiOyTHIX
daxiBiB OymiBenbHOT ramysi. Ll iHimiaTuBa crnpsiMOBaHA Ha Te, MO0 MOKPAIIUTH SIKICThH
OCBITH, 320€3MEUYNTH CTYJCHTIB HEOOX1THUMH MPAKTUYHUMH HaBUYKaMU Ta MiATOTYBATH iX JI0
BUMOT Cy4acHOTO Oy/iBeJIbHOro puHKy. Bukopucranus BIM TexHom0rii 103BOISIE 301IBIINTH
e(eKTUBHICTh HaBYaHHS, 3a0€3Me4Uylo4d JOCTYI CTYACHTIB JO CY4YacHHUX IHCTPYMEHTIB Ta
METOJIIB MPOEKTyBaHHS Ta OyxaiBHUITBA. KpiM TOro, BOHO cCIpHs€ NMPaKTUYHIA oOpieHTaril
HABYaHHS, OCKIJIBKM CTYJACHTH MAarOTh MOXJIHMBICTh HAOyTH NPAKTUYHUX HABHYOK Y
BIpTyaJIbHOMY CEpEJOBHIII, 110 JIOTIOMAarae iM Kpaiie 3p0o3yMiTH peaibHi 3aBJaHHS 1 BUKJIUKA
OyIiBeNbHOI 1IHAYCTPII.

3acrocyBanHs BIM TexHonoriii B yu60BOMy MpOIECi TaKOXX CTHMYJIOE TBOPYICTH Ta
IHHOBaLIHHUN TiaXin cTyaeHTiB (puc. 1). BoHM Hagar0Th MOXJIMBICTD CKCIIEPUMEHTYBATH Ta
PO3BHMBATH HOBI KOHIENLii Ta pimeHHs y OyniBHUITBI. OKpiM mporo, BmpoBamxeHHs BIM
JIOTIOMArae IiJBUIIUTH SKICTh HABYAIBHOTO IPOIIECY, CTBOPIOIOUM OUIBII MOMIIMBOCTI IS
B3a€MOZII MDK BHKJIAJAa4aMd Ta CTYACHTaMH, a TaKoX 3a0e3leuyloun peanicTU4Hi
IHCTPYMEHTH ISl OLIHKY 3HaHb T HABUYOK.

|

Puc. 1. Yuacms y konxypci «3axucm, 6e3neka, yKpummsiy

Kpim Toro, Bukopuctanas BIM TtexHomoriii gomomarae MiArOTYBaTH CTYAEHTIB [0
BUMOT' Cy4aCHOTO pUHKY Ipaii. BoHM HaB4arOThCs MpPaLlOBaTH 3 TUMHM 1HCTPYMEHTaMH, SIKi
BUKOPDHCTOBYIOTbCS B mpodeciiiHiii  misutbHOCTI, MmO  poOuTh  iX  OUIBII
KOHKYPEHTOCIPOMOXKHUMH Ha pUHKY mpari. Taki BUIyCKHUKH MalOTh IepeBary Ipu MOIIYyKy
POOOTH, OCKIJIBKH BOHH BXKE 03HAHOMIIEH] 3 CyYaCHUMH TEXHOJIOTISIMH Ta TIPOIIECaMH B Tay3i
OyIiBHUIITBA.
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Puc. 2. Peanvhe npoexniyganus MidCHApoOHO20 8UCMABK068020 yeHmpy 6 M. Kuesi

3anmy4yeHHsI MPEJCTABHUKIB MPUBATHUX OPTaHi3allid J0 MPOBEACHHS BIAKPUTHX JICKITIH
HA TEMY aKTyaJbHOCTI OTPUMAaHHS HABUYOK Ta MPAKTUYHOTO BUKOopucTaHHS BIM TexHomorii
Mae HM3Ky Baromux mnepemar. Ilo-mepiie, 1e 103Bojsi€ CTyA€HTaM OTPUMATH IMPAKTUYHUN
JOCBiJ Bix (paxiBIiB, sSIKIi aKTMBHO 3aCTOCOBYIOTh BIM y peanbHuX OymiBeTbHHX MPOEKTaX.
Kpim Toro, Taki JeKIiii J03BOJISIFOTh CTYICHTaM O3HAHOMUTHUCS 3 OCTAHHIMHU TCHACHIIISIMHU Ta
iHHOBamisiMu y cdepi BIM, mo nomomarae miaTpUMyBaTH aKTyalbHICTh iXHIX 3HAaHb.
3anyyeHHs NpPUBAaTHUX KOMIIAHIM TakoX MOXE CIPHUITH BCTAHOBJIEHHIO MAaPTHEPCHKHUX
3B'SI3KIB Ta PO3BUTKY CHUIBHUX IPOEKTIB MDK HaBYAJIBHUM 3akiazoM 1 OizHecom. lle
BIJIKPUBAa€E HOBI MOXIIMBOCTI JUIsl CTaXyBaHHsS, NPOQECiiHOro pO3BUTKY Ta MOAAJBILIOTO
3aWHATTSL.

OHJIAUH-JIEKLISA «HA IIJIAXY 10  OHJIAMH-3YCTPIY 3 PO3POBHUKAMMU IIK
MPO®ECIT» BI/| BUILDIT UKRAINE “BUILDING MANAGER". BIM-TEXHOJIOT'II

@ NOABA . y
°

IHnaik-nexuis «Ha wnsxy fo npogeciis aig BUILDIT Ukraine

B TS
P e -~ o

Puc. 3. 3anyuenns 0o oceimnvozo npoyecy npedcmagHuxie bisnecy

&
| » OHnan-3ycTpiy 3 poapobuukamu MK “BUILDING MANAGER". BIM-
TexHonorit

OTtxe, BrpoBapkeHHs BIM TexHomoriii B y4ub6oBuii mpouec OyaiBenbHOI akaaeMii €
KJIIOYOBMM YMHHUKOM Y MIATOTOBLI KBaJi(hiKOBAaHMX Ta KOHKYPEHTOCIPOMOXHMX (axiBILiB
st OynmiBenmbHOi ramysi. Llg iHimiaTuBa JO3BOJSIE MiTHSATH SKICTh OCBITH, 3a0€3MEUUTH
CTYJEHTIB HEOOX1JTHUMHU HaBUYKaMM Ta FOTYBATH iX O BUKJIMKIB Cy4aCHOTO PUHKY ITpalll.
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BIIJIUB 30BHINTHHOI'O OITPOMIHEHHS HA JIIOJJUHY
3AJIEZKHO BIJ Ii TOJIOKEHHSA
TA AHTPOITIOMETPUYHUX MOKA3HUKIB

Muaunenxo O. B.L, k. T. 1., no1., Illanomos B. A .2, k. T. H., 7011,
Pynenko B. I1.3, acmip., Tumuenko I1. 0.4, acmip.
Ilpuoninposcvra depoicasna akademisi OyOi6HUYMBA ma apximeKmypu
! pylypenko.oleksandr@pdaba.edu.ua; 2 shalomov.volodymyr@pdaba.edu.ua;

3 rudenko.vacheslav@365.pdaba.edu.ua; * tumchenko.pavlo@365.pdaba.edu.ua

Ilocmanoexa npoonemu. CTaTUCTUYHI MeTOoaU 300py iH(OpMaIlii, BAKOPUCTOBYIOTHCS
BKE OUIblle TPHOXCOT POKiB, ajie KOKHA raiy3b Mae CBoOi creuu¢idHi BUXIJHI Ta BXiaHI
napameTpH IS HaJaHHs 3arajibHOi abo OKpeMoi OIliHKHM. B pamiamiiiHiii Oe3meri, mmpoke
3acTOCyBaHHs 3HaimoB Meton Monte Kapno [1], skuii Mae JIOCHTH 3pO3yMiTHiA
IHCTpYMEHTApiid, ajie CHIBHO 3aJIe)KUTh BiJI KUIBKOCTI iTepalliif, a TaKOXK Bij mapamMeTpiB Ta
[IBUIKOIIT OOYHCITIOBAIBHOT TEXHIKH.

Mema pobdomu 1nionsrae B yIOCKOHAJICHH] MiJIXO/iB 11100 BU3HAYCHHS BIUIMBY MEBHUX
JOKEepen 10HI3yI0YOoro ONMPOMIHEHHS Ha OPraHi3M JIFOJMHHU, B 3aJIEKHOCTI BiJ] TBOX 0a30BUX
YUHHUKIB: pO3TallyBaHHS POOOYOro MiCIlsl JIFOAMHU Ta TapaMeTpiB JDKEpen 10HI3yHUoro
BUIIPOMIHIOBAHHSI.

Ocnosna wacmuna. Ilicnsa npuiinatts B Ykpaini [Tocranosu Ne 62 [2], Oyii0 BU3HAUEHO
HANPSIMOK PYXY IIOJO0 BCTAHOBIICHHS JIEPKaBHHUX (PETiOHANBHUX) PaAialliiHUX PETrJIAMEHTIB,
K1 0a3yBagMCh Ha peKOMEeHalisx MixHapoaHO1 KoMmicii 3 pamiamiiiHoro 3axucty (MKP3)
Ne 60 [4]. Jo 2000 poky, YkpaiHa CTBOpMJIa HOBHHUH KOMIUIEKT HOPMAaTHUBHO-TIPABOBHUX
JIOKYMEHTIB y cdepi pasmiamiiHoi O0e3neku, 3 yacom Oyno Bumano MKP3 Ne 74, 89, 103 Tta
119 [4], sKki 3amOBHWJIM TEBHI MPOTAJIMHU B 3HAHHSAX Ta 3aTBEPAWIM BUMOTH HE TUIBKH IO
pernmamenTiB 1 ta 3 Tpynm, ane W g0 pemtameHTiB 2 rpynu. [licis migmucaHHS HU3KH
JTUPEKTHB Ta JOOMPAIFOBAHHS JIOJATKOBUX PO3JUTIB B ICHYFOUMX HOPMAaTHBHHX JOKYMEHTaX,
Hallla Jep)kaBa IodYala TapMOHIWHUI pPO3BUTOK MEIWYHUX Ta TEXHOTCHHO-IIIBUIICHUX
perjiaMeHTIB, 3 PO3MIMPECHHSM 3HAYCHb Ta JOJATKOBUMH TOSCHEHHSMH YU TIyMAadeHHSMU B
snepHii eHepretuili. Tak, JlupektuBa 2013/59/€BPATOM 3actocoByeThbcsi 10 Oyab-sSKOi
CHUTYyallil TJIaHOBOTO, ICHYIOUOro ab0 aBapiifHOTO ONpPOMiIHEHHS, IO TOB’S3aHA 3 PH3UKOM
10HI3YIOUOTO BHIPOMIHIOBAHHS, SKUM HE MOJYKHAa HEXTYBaTH 3 TOYKH 30py pajlialiifHOTO
3axucTy a00 3 OMIAQy Ha JOBKULIA, 3Ba)KAIOUM HA JOBIOCTPOKOBHUH 3aXHCT 3/I0POB’S
mroaunu [3].

3HaHHS METOJMK, IJIXOJIB 1 BHUCOKAa KOMIIETCHTHICTh (DaxiBI[iB MEIUYHOI Tamy3i,
MpOMEHEeBO1 Teparii, MPOMEHEBOI MIarHOCTUKH, XIpyprii 3 BHUKOPHCTAHHAM JDKepes
ioHI3yto4oro BunpoMiHioBaHHs (/{IB), MOB’s3aHUX 3 MEAMYHUM ONPOMIHEHHSM, ITPOBEICHHS
tomorpadii, peHTreH-00CTeKEHb, CTOMATOJOTIYHUX Ta IHIIUX PAAIOJOTIYHUX TPOIETYP,
JO3BOJIMJIO JIOCATTH MAaKCUMAJIBHO HAJICKHUI 3aXHMCT MAII€HTIB, SIKI MPOXOJIATh MEIAMYHI
MIPOMEHEBO-/IIarHOCTHUYHI 1 MPOMEHEBO-TEPaNneBTUYHI Tporieaypu. OJHUM 3 YHHHUKIB Yy
MEAWYHIA Talxy3i € TaKkoX peadimiTaiis, JOAATKOBi, BUMAJKOBI Ta HEHABMHCHI MEIWYHI
OTIPOMIHEHHSI, HaIJISIA Ticis iX peajizarii Ta 3amo0iraHHs BUIIAIKOBOMY Ta HCHAaBMHUCHOMY
MEIUYHOMY OIPOMIHEHHIO 1 JIIKBiNAIil HACTIJIKIB y BUMAJAKaX, KOJIM BOHO BiOYBa€THCA.
30kpeMa BHU3HAYEHHS Ta BUBYEHHS PHU3UKIB Y MPOMEHEBIM Tepamii, il YHUKHEHHS TaKuxX
IHIIUACHTIB, JJIT 4oro 1e¢ OyJio BBEJCHO B MPAKTUKY OOJIIKOBHUX 3aIHCIB, IOBIJOMIICHB,
aHaJi3y Ta KOPUTYBAJIBHUX MIPOTUITPOMEHEBUX 3aXO/IB.

MoxHa cKa3aTu, IO BHUIIE3a3HAuYeHi OCATHEHHS y MeAW4Hii cdepi Ta aTomHii
MPOMHUCIIOBOCTI, HE BHpIIIEHI [ TMpaliBHUKIB Ta (QaxiBliB, fAKI MpaIioOlOTh Ha
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XBOCTOCXOBHIIIAX, NUIAMOHAKONHMYyBayaxX Ta BiJBalax 3 paJdiOaKTUBHUMH JDKEpETaMH
BUIMIPOMiHIOBaHHSA. ToMy HamOaHHS Ta NPaKTHYHI JOCSATHEHHS 3 IMX MUTaHb HEOOXiITHO
3aCTOCOBYBAaTH 1 B IIbOMY cerMeHTi poOiT. J{ist 1mporo Oyino CTBOpPEHO 0a30By CHCTEMY
BUXIIHUX JAaHMUX 31 3HAHHSIM Ta PO3PAXyHKOM Yacy ONPOMIHEHHS Ta IIIJIbHOCTI MEBHUX
OpraHiB JIIOAUMHU (Tida B3arajli sK OpraHy). 3ajada 0Opo TMOBEAIHKY Takoi CHUCTEMH
(bOpPMYITIOETbCS CUCTEMOIO 1HTEIPOBAHO-AU(EepEHIIaANbHUX PiBHAHB. Taki piBHSIHHS BiJJOMi B
KIHETUYHIN Teopii rasiB sk piBHSAHHS bonbliMana. Y Teopii HMOBIpHOCTEM AElIO CXOXI1
cutyauii onucyroThcs piBHIHHIMU Dokkepa-Ilnanka. [lyxe crnpoiieHa Bepcis Takoi 3axaui
IPUBOAUTH JI0 piBHSIHHSA [1]:

ou(x,y,z)

. a(x, y, z)Au+b(x, y, z)u(x,y, z). (1)

3HaO4Yu cepe/iHE 3HAYEHHSI IIUIBHOCTI HIKIPH JIFOAUHHU 1 I OpraHiB Ta 4yac OIPOMIHEHHS
MOXKHA BH3HAYUTHU K JKEPENO 10HI3yIOUOro ONPOMIHEHHS BIUIMBAaTHME Ha OPraHi3M Ta sKi
PHU3UKH MOXKYTh MaTH Miclie y Maii0yTHbomy. Criepiry TpeOa BUSHAYUTHU B SIKOMY CTaTUYHOMY
Yy TMHAMIYHOMY CTaHl Moke mepeOyBaTH JitonuHa. Po3risiHeMo 4oTupHu 0a30Bi MOJOXKEHHS
TiJIa JIFOMUHU: JIe)Kadl, CUISY1, CTOSIY1 Ta B CTaHi pyxy (puc. 1).

(& D
w 872
dace ]
| e 5 i I
a4
NoguHa NMoauvHa MoauHa NMwoauHa
nae CTOITb cUaAUTL NexuTb

Puc. 1. Posmawysanus mynyoy aroounu

HaiiGinpm JOIiIbHAM € TIONOXKeHHS Komu (paxiBenb ige 3 TOYKM A B TOuky b,
MIPOBOSYH JOCII/DKEHHSI YU BUMIPIOIOYM YHCENIbHI 3HAYCHHS Ha 00’€KTi J1e 30epiraroThbes
(3a ckiaioBaHi) pajiaiiifHi peuoBUHH, MaTepiain ado paaioHyKIiIH.

Jpyrum 0a30BUM MUTAHHSAM € KUTBKICTh (Maca abo 00’€M) peuoBHHHU 1 K BOHA BIIMBAE
Ha TIEPCOHANI 1[0 OOCIYroBy€ XBOCTOCXOBHUINA Ta BIACTIMHUKH 3 paIialliiHUMHU BigxoJaMu
SIEPHO-TTIAJIMBHOTO IUKITY. [[y’ke crpoliieHa Bepcist Takoi 3aaa4i po3misiaiack y MONepeIHix
poborax [5] 1 mpUBOOMTBCS 1O YMOBM BIUIMBY aib(a-BUIPOMIHIOBaHHs, OeTa-
BUITPOMIHIOBAHHS, a TaKOX BIUTUBY EJICKTPOMArHITHUX BHIIPOMIHIOBaHb: HEHTPOHHOTO Ta
ramMMa-BUIIPOMIHIOBAaHHS, SIKI MOXKYTh BIUTMBATH B OHIN (TUIBKHU X, Y, Z) IJIOIIMHI, Y JBOX
(mapu Xy, ZX, YZ) IUIoImKHaX, 3 ycix OOKiB OJHOYACHO (XYz), B ra30BHX, PIAKHX 1 TBEPAUX
cucTeMax, 1110 BiI0Opa)KeHO Ha pUC. 2 Ta OMMCaHe PIBHAHHAM 2.

Kaaas Kﬂgas K73a3 Kn2113
HZed; =f|| Ka,, [+|KB,» |+| Ky, |+|Kn,, |[dm/dt. (2
Kam@m Kﬂmam Kymem Knm@m
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Tperim 0a30BUM THTAaHHSM € aHTPONOMETpPisS TiMa JIIONWHHU, 1 BIK Ta CTaH
¢iziomoriunoro 310poB’s. [ 11boro HeoOXiTHO MPUHHATH TPH THUITH JIIOAWMHH 3 Jlara30HOM
Biky [6] Bim 18 mo 60 pokiB Ta MEBHOI aHTpOMOMeTpiero [7] mpeacTaBiIeHUX HIDKYC
(puc. 3, a—s).

Jocniaauky maBHO Hamarajaucs o0’ €IHATH JIIOEH 3a CHIILHUMU O3HAKaMH B OKpeMI
IpyNy — THUIHA KOHCTUTYIIT (Bif JiaT. constitutio — Oymosa Tina). Kimacudikanii 6a3yBaiucs Ha
PI3HUX NpHUHLHUIAX: MOP(OJIOTIYHUX, (PYHKIIOHAIBHUX, OlOXIMIYHUX, HEHPOpPEaKTHUBHHX,
TOPMOHAIBHUX ToIo. Hirkue HaBeneHo Tumm KOoHCTHUTYIIT 3a M. B. YopHOpylbkuM, IO
IPYHTYIOTbCS TOJIOBHUM YMHOM Ha MOP(}OJIOTIYHUX, O10XIMIYHHX 1 JeSKUX (DYHKIIOHATIBHUX
O3HaKax.

Ois onpomMiHKOBaHHA
B nnowwmHi "Y", "X" Ta "Z"

Puc. 2. Hanpsamku éniugy 0dxcepena ioHizyrouo20 onpoMiHeHHs Ha JI0OUHY 8 NAOWUHI 3p

AcCTeHIYHUN THI — BUCOKWU (pinlne cepeaHiid) 3picT, BHJIOBKEHA TI'pyIHAa KIITKAa 3
TOCTPHUM MATPYIHUHHAM KyTOM, JIOBTa IS, BY3bKi IUIEYi, BITHOCHO JOBTi KiHIIIBKH, HiDKHA
TOHKa OJij1a mKipa, c1abKo pO3BHHYTA MiAMIKIpHA KIiTKOBHHA. Ceplie HEBEIMKUX PO3MIpIB,
JeTeHi BHJOBXKEHI, KHIIKM KOPOTKi, THCK KpOBI 3HWKEHWH; TepeBakaloTh IPOIECH
TUCUMUIIALIT.

Puc. 3. Tpu munu xoncmumyyii 1100unu 3a aHMpONOMEeMpPULHUMU OAHUMU
a — acmeHiuynull, O — HOPMOCMEHIYHUL, 8 — 2iNepPCMeHIYHUI

lNnepcreniunnii (MKHIYHAN) THT — PUCH B LIJIOMY MPSIMO MPOTUIICKHI MOMEPETHEOMY:
3picT cepenHii ab0 HWXKYMA 3a CepeaHid, TIIO MacHuBHE, Oarare >KHPOBIIKIAICHHS
(CXWIBHICTh O TOBHOTH), TOPIBHSHO KOPOTKI KIHI[IBKH, KOPOTKI TpyIHA KIITKAa W WS,
BEJIUKUI O KHBIT, BEJIMKE CEpIle, MOBI KHIIKH, CXWJIBHICTH JO0 IJABUIICHOTO THCKY;
MepeBaXKarOTh MPOIICCH aCUMIJIALIIT.

HopmocTteniunoMy TuIy BIacTHBa MPOMOpIliiHA TapMoOHiiiHa OymoBa Tija, g00pe
PO3BHHYTI y OIIBIIOCTI BHIAAKIB KICTKOBa 1 M’S30Ba TKAaHMHU. BBaxkaeTbcs, IO
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HOPMOCTEHIYHUN THUIl 3aiiMa€ cepeqHE MOJOXKEHHS MK aCTEHIYHMM 1 TINepCTEHIYHUM
TUTIAMHU.

Bucnoeok. IlinBuiieHHs piBHS 30BHIIIHBOTO OMPOMIHEHHS JIIOJAWHH 3aJICKUTh BIJ
HU3KM OCHOBHHMX, 0a30BHX Ta CHEeHNU(PIYHUX yMOB 3HAXO/DKEHHS Ha pPoOOYOMY MicIli,
HAsBHOCTI OJIHOTO 4M OUIBLIOI KIJIBKOCTI JKEpesl ONpPOMIHEHHS, JIHINHHOI/MOCTIiiHOI abo
3MIHHOI/IMITYJIbCHOI i JKepena, HIUIBHOCTI MOTOKY, BHAYy i30Tomy. Jlo BUIIE€3a3HAYEHHUX
MOKa3HUKIB Tpeda M0JaTh TakoxX (GopMy Tila, po3TallyBaHHS TyJyOy BIJHOCHO JKepesa
OTIPOMIHECHHSI Ta aHTPOTIOMETPUYHI JaHHI JIFOJAWHHM, 10 30UIBIIUTH BipOT1AHICTh BUSHAUCHHS
1HAMBITya bHOT €()EKTUBHOI JO3M ONMPOMIHEHHS Ha TPYNU OpPraHiB Ta Ha BCE TUIO JIIOJMHU.
Sk pe3ynpTaT MOKHAa OUIBII YITKO BU3HAYUTH PHU3UK BUHUKHEHHA CTOXaCTHYHUX 1
JIeTePMIHOBAHHUX €(EKTIB SIKi MOKYTh MaTH MICIE B 3AJIEKHOCTI B/l pO3TalryBaHHs poOOYOro
MICIISl Ta pO3TAllyBaHHS TyIyOy JIIOJJUHH 3 aHTPOIIOMETPI€I0 BKIIOUHO.

JUis moanemmx JOCiKeHb HEOO0XiTHO BUKOPUCTOBYBATH 1HINI THITH MOJENEH TaKUX
K MOJIEJIb TUIYy «JEpEeBO MOAii» sSKe BUKOPUCTOBYE MOYATKOBY MOJiI0 B SKOCTI BUXIAHOI
(MoyaTKOBOi) MO3HUIIT PO3BUTKY CLIEHApil0 KPUTHYHOI mofii, abo monens tumy «SWOT-
aHaJi3», A BU3HAYCHHS CUJIbHUX Ta cIabkux (akTopiB, IO OUIbLIE YU MEHIIE BIUIUBAIOTh
Ha CHCTEMY OIPOMiHEHHs, a00 MOJENb «PHU3UK-OPIEHTOBAHOTO» IMIAXOAY 3 KOHIEHIIE0
HYJIbOBOT'O PU3UKY OIIPOMIHEHHS.

Chucox BUKOPUCTAHHUX JI7KEPET

1. The Monte Carlo method. J. Amer. Statistical Assoc. 1949. URL: http://links.jstor.org/
sici?sici=0162-1459%28194909%2944%3A247%3C335% SATMCM%3E2.0.CO0%3B2-3.

2. Tlpo BBeaeHHs B aito JlepkaBHUX TirieHiYHMX HopmaTuBiB «Hopmu pamiaiiiHoOi
oesnexku Ykpainu (HPBY-97)» : IloctanoBa I'omoBHOTO canitapHoro jikaps Ykpainu Ne 62
Bix 01.12.97, m. Kuis.

3. HupexktuBa pamu 2013/59/€BPATOM Bin 5 rpyaas 2013 poky. IIpo BcTaHoBieHHS
OCHOBHHMX HOpM Oe€3meKkd JUisi 3aXHCTy BiJ] 3arpo3, 3yMOBJEHHX BIUTUBOM 10HI3yIOHUOTO
BUIIPOMIHIOBaHHS, 1  cKacyBaHHS  jnupektuB  89/618/€Bparom,  90/641/€Bparom,
96/29/€Bparom, 97/43/€sparom i 2003/122/€Bparom. URL.: https://snriu.gov.ua/storage/app/
sites/1/docs/pereklady_direktivy/radi-201359evratom.pdf.

4, Tlepenix myOmikarmiii MixkaapoaHoi koMicii 3 pamiariiinoro 3axucty (MKP3). URL:
https://www.icrp.org/page.asp?id=5.

5. CoxonoB 1. A., Banpyain B. ®., bemikos A. C., [Tumunenko O. B., I'ymamo O. C.,
Capunibkuit M. B. PagonoBa 6e3mneka sXuTIoBUX OyaiBens © miapyd. st ctya. BH3 3 rpudom
MOH (Ne 14/18-1"-1583). IninponiepoBcrk, 2008. 313 c.

6. IlyGmikamis MKP3 69. Bik-3anexHi a03u 0ci®0 3 HACEJICHHS BIJ] HAJIXOHKCHHS
PagiOHYKITITIB.

7. benikoB A. C., IIlanomoB B. A., Kyns6au A. A., Kanma I'. C., Kosanenko O. B.,
boponina H. A., Tperbsxos O. B., J/lanuenko 0. M. Epronomika B OyniBHUITBI. J[HITIpO :
Kypodonn, 2022. 219 c.

140


http://links.jstor.org/

“Innovations in Construction and Smart Building Technologies for Comfortable, Energy Efficient and Sustainable Lifestyle” (2024)

VIIK 691.32

E®PEKTUBHICTb BUKOPUCTAHHSA KAPBOHATHUX
HAITOBHIOBAYIB Y BETOHAX

Paakesu4 A. B.L, 1. 1. ., mpo¢., Hereca M. L2, 1. T. u., npod., Hereca A. M.3, k. T. n., go.
Yxpainucokutl oeporcasrnuil ynisepcumem HayKu i mexHonoeiu,
Jninposcokuti incmumym ingppacmpykmypu i mpancnopmy
ta.v.radkevich@ust.edu.ua; 2m.i.netesa@ust.edu.ua; 3a.m.netesa@ust.edu.ua

Ilocmanoska npoonemu. PanioHambHEe KOMIUIEKCHE BHMKOPUCTAHHS MPUPOTHUX
pecypciB € OJHIEI0 3 HAWBAXKIMBIMIUX MPOOJeM cydacHOCTi. Taka mpoOiiema iCHye TakoX 1
npu BUIOOYTKY, 1 Npu mepepoOIi Oaratbox komanuH. OJHIEIO 3 HUX € BUKOPUCTAHHS
NpiOHO3EPHUCTUX MPOAYKTIB, SIKI € BTOPUHHUMH MPOXYKTaMHU IpU BUIOOYTKY 1 mepepooii
MapMmypy. [OJIOBHOIO OCOONMBICTIO MHMX JAPIOHO3EPHUCTHUX BTOPUHHUX TPOAYKTIB Bif
aHAJIOTIYHUX, HAIIPUKJIAl, XBOCTIB 30araueHHs 3aJIi3HUX Py, iX XIMIYHAN Ta MIHEPAJIOTIYHUNA
CKJIaJ.

Mema pob6omu Tmonsrae y BU3HAYCHHI pAliOHANBHUX CKJIAJiB OCTOHIB 13
CITIBBITHOIIICHHSIM KOMIIOHEHTIB BEJIMKHX JIO CEepeaHiX Ta JpiOHO3epHUCTHX 52:23:25,
JpiOHO3EPHHUCTI KOMIIOHEHTH B SIKUX MPEACTABICHI IEMEHTOM Ta BTOPUHHUMH IPOIYKTaMHU
BUPOOHMIITBA MapMypy. 3a KpUTepid €(EeKTHBHOCTI NMPUHHATH Koe]ilieHT e(eKTHBHOCTI
BUKOPUCTAHHS [IEMEHTY, 110 BUPAXKAE BITHOMICHHS AOCATHYTOI CEpeIHBOI KyOIKOBOT MIITHOCTI
oerony (fem) m0 BUTpaTH LIEMEHTY Ha KyOomeTp OeToHHOi cywmimn. [lomryk Takux ckiaaiB
HEOOXiIHO BecTH uIs OCTOHIB i3 cepeqHBbOI0 KyOiKOBOIO MilHICTIO Ha cTtuck g0 20 Mlla,
Koe(imieHT e(heKTUBHOCTI BUKOPUCTAHHS IIEMEHTY B SIKMUX 3HAYHO MEHINWH, HDK y OeToHaxX
BUMIOI MinHOCTI. [l peamizarii mocTaBieHOT MeTH HEOOXIHO BH3HAYHTH TOTPIOHY
KUIBKICTh HAallOBHIOBAYa i3 BTOPMHHUX MPOIYKTIB BUPOOHHUIITBA MApPMYpPy y CKJIaai OeTOHHOT
CyMillli, 3ampoBa/PKEHHSIM SKOTO MOXKHA 3a0€3MeUnTH palioOHAJbHUN TpaHyTOMETPUIHHNA
cknay il kKoMImoHeHTiB. JJIs Takux CKJIa/liB HEOOX1HO TaKOXK BHU3HAYMTH HEOOXITHY KIJTBKICTh
cynepruiactudikaropa, 1o 3a0e3nedye HEOOXiTHY 3pydYHICTh JUIsi TAaKUX CKIIAJIB TPU
MiHIMQJIBHO HEOOXITHOT KUIBKOCTI BOIM B cyminmi. J[Jig BUpIICHHsS] TOCTABICHOTO 3aBJIaHHS
Bukopuctanu Kpusopizpkuii nopmianauemMedT CEM 40,2, Benukuii 3amoBHIOBaY T'paHITHUN
meOiHb 13 MAaKCUMaIbHOKO KPYIHICTIO 3epeH 20 MM. Sk ApiOHMIA 3alTOBHIOBAY BUKOPUCTAHHUMA
MiCOK KBAapIOBUH PIiYKOBOIO CEPEeNHBOIO0 MIIMBbHICTIO mopomd 2 630 Kr/mM°, HacHIHOIO
mineHicTIo 1 550 xr/m®, myctotmictio 41 %, Momyns kpymHOCTi 1,56. 3MicT MIKiAIMBUX
JOMIIIOK Yy MeXaxX HOpMHU. SIK MiHepaibHy 100aBKYy BHKOPHCTOBYBAJIUCS JPiOHO3EPHHCTI
BTOPUHHI MPOIYKTH BUPOOHUIITBA MapMypy, 3€pHOBHI CKiIaa AKX OyB MPUOIM3HO TaKuil
caMuil K IEMEHTy — KpymHICTh 3epeH MeHmie 80 mMkM (3aymmok Ha cuti 008 craHOBHB
omuzpko 7 %). Jlnd TONiMmIeHHS TEXHOJOTIYHUX BJIACTUBOCTEH OETOHHOI cyMmimni
3actocoByBan  cymnepriactudikarop «FLVICEM»  iramiiicekoi  ¢ipmu  «COLMEF»,
peKoMeHI0BaHa BUTpara sikoro ckiaaana 0,5—1,5 % Big Macu HeMeHTY.

ExcniepuMeHTanbHI  JTOCTIDKEHHS TMPOBOAWIM Ha CcepTH(IKOBAaHOMY 0OIaIHAHHI.
beronny cymimn nepemiinryBaiu B JJaOOpaTOpHiiH O€TOHO3MIITyBayl MPUMYCOBOI JIii €EMHICTIO
25 n. KoMmmoHEHTH M03yBaJId 3a Macolo, 4Yac MepeMilllyBaHHS OJHOTO 3aMicy o00'eMoM
7,0 1 cranoBuB 3 xB. KoHTpOnbHI 3pa3ku-KyOuKH 3 po3mipoM pedpa 10 cM yHIiIbHIOBAIN Ha
CTaHJApTHOMY JIabopaTopHOMY BiOpoMmaiinaHumky 3 dYactororo BiOpoBmmBy S50 I,
ammutitynoro 0,35—0,5 mM. MillHICTh NPU CTUCKAaHHI BU3HAYAJIM 332 CTAHIAPTHOIO METOIUKOIO
y 28-mo60oBOMY Billi TIIC)ISI TBEPAIHHS y CTaHIAPTHUX yMoBax Ha mpeci [ICY-50. 3a koxxHuM 13
15 mocnifiB OPTOrOHANBHOTO MJIaHY TOTYBAlld 3aMic Ha 7 JITPIB i3 MPEACTaBICHUX CKIIAIIB.
3 KOXHOTO TaKOTO CKJIany BindOopMOBaHO MO MICTh 3pa3KiB KyOWKIB 3 PO3MIpOM CTOPOHHU
10 cm. BumpoOyBaHHS 3pa3kiB TpoBeAeHO y 28 m000BoMy Bili Miclisi TBEpIiHHS B
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CTaHJIAPTHUX yMOBax. BizyaJlbHUMH CITOCTEPEIKESHHIMHU BCTAHOBIICHO, IO Y CKIaaax 5, 6, 12,
y SKHX CyMapHMH BMICT JIpiOHO3EpHHCTOTO KOMIIOHEHTA, MPEACTABIEHOTO LEMEHTOM Ta
BTOPHMHHUMH HPOAYKTAMH BHPOOHHITBA MapMypy, cTaHoBuTh 200—250 kr/m® GeToHHOI
CyMilll, criocTepiragocsl BOJOBIAAIICHHS HA 1X MOBEpXHi. A 3pa3ku 3 IHIIUX CKJIaliB 100pe
VIIUIBHIOBAJIUCS 3 YTBOPEHHSM IVIaJIKOI INIaJKoi moBepxHi. I'padiyHi 3aineKXHOCTI MILHOCTI
O6etony B 28-mu 1n000BOMY Billl BiJ (haKTOpiB, L0 BapilOIOThCS, OTPUMaHI OOPOOKOIO
MOJIIHOMA TPETHOI'0 CTYIEHS 1 BIANOBIIHUX KOe(Dilli€HTIB MpeicTaBieHi Ha puc. 1. A rpadiuHi
3aJIeKHOCTI  KoedilieHTa e(EeKTUBHOCTI BHMKOPUCTAHHS LEMEHTY BiAg (axkTopiB, MLI0
BapilOIOTHCS, OTPUMaHi 0OPOOKOIO TMONIHOMA TPETHOTO CTYIEHS 1 BiAMOBIIHUX MPEACTABICHI

Ha PUCYHKY 2.
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Wo 8apitoiomvCs. a — i30N0J51 KoehiyicHma egheKkmusHoCmi UKOPUCMAHHSL YeMeHM):
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Il — me came, 100 ke; 6 — i30ninii Koeghiyienma eghekmusrHocmi GUKOPUCMAHHSL YyeMeHm)
npu eumpami yemenmy 200 ke na kybomemp bemonnoi cymiwi; 8 — me came, 150 ke
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Bucnoeku. BtopunHi JIpiOHO3EpHHMCTI MPOAYKTH BHPOOHHUITBA MapMypy MOXYTh
YCIIIIHO BUKOPUCTOBYBATHUCS K MIKPOHAIIOBHIOBAYl I BUTOTOBJICHHS O€TOHHHMX CyMilleH.
Haiibinpime edexTuBHO iX 3acTtocyBaHHA Ui OeroHiB MinHicTIo 1m0 20 Mlla, mo
3aCTOCOBYIOTHCS JJIi HEapMOBAaHMX KOHCTpPYKLil. 3abe3neuyroud palioHaJbHUNA 3€pHOBHIMA
CKJIaJl KOMIIOHEHTIB, MOKHA OTPUMAaTH CyTT€BE MIABHUILEHHS €(PEKTUBHOCTI BUKOPUCTAHHS
LIEMEHTY B TaKUX OETOHAX, OTXKeE, 1Oro eKOHOMIO.
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MPUHIUIIA BIZTHOBJEHHSA 3PYHHOBAHOI'O APXITEKTYPHOI'O
CEPEJIOBHUIIIA HA OCHOBI TEXHOJIOI'II 3D-IPYKY

Posencoknii I'. B.%, ctyn., Kopanbuyk O. I1.2,
no11. Kad Tu3aifiHy Ta PeKOHCTPYKIIT apXITEeKTYPHOTO CEPEIOBUIIA
! elizavetalarionova99@gmail.com; 2 kovalchuk.oleksandr@pdaba.edu.ua
IIpuoninpoecvra depoicasna axademisi 0y0ieHUYMEa ma apximexKmypu

Po3rasiHemo npuHLIMIH, 32001 1 TPUIOMU BiIHOBIICHHSI apXITEKTYPHOT'O CEPEIOBHILIA.

Hpunyunu:

elcTOopyM3M: MaKCHMAJIbHO MOXJIMBE 30€pEeKEHHS AaBTEHTHYHHX EJIEMEHTIB Ta
ICTOPUYHOTO BUIJISILY apXiTEKTYPHOI'O CepeIOBUILA.

e PeBepcuBHICTh: BC1 BTPY4YaHHS B ICTOPHYHY 3a0yJ0BY MOBUHHI OyTH OOOPOTHUMH,
1100 HE 3alIKOAUTH MOXKIIMBOCTI MallOyTHIX pecTaBparliil.

o OyHKI[IOHAJIBHICTh: BIAHOBJIEHHS apXITEKTYpPHOI'O CEpEeJOBMILNA IOBUHHE WTH 3
ypaxyBaHHSIM Cy4aCHUX MOTPeO Ta HOPM.

o KOMIUIEKCHICTh: BiTHOBJICHHS IOBUHHE OXOIUIIOBATH HE JIMILE OKpeMi OyAiBii, aje i
BECh HABKOJIMIIIHIN MPOCTIp.

© EKOJIOTIYHICTh: BHKOPHCTAHHS E€KOJIOTIYHMX MaTepialiB Ta TEXHOJOTIH MpH
BiJTHOBJICHHI apXITEKTYPHOTO CEpEIOBHIIA.

3acoou:

e PecTaBpaitisi: BI/IHOBJICHHS aBTCHTUYHOT'O BUTJISY 1ICTOPUYHUX OyTIBENb Ta CIIOPY/I.

® PEKOHCTPYKILisl: 3MiHA ICTOPUYHOTO BHUIIISAY OyIiBEelb 3 METOK IOKpAalIeHHS iX
(GYHKIIOHAIBLHOCTI 200 IPUCTOCYBAHHSA /IO HOBUX YMOB.

e Perenepaiiisi: BITHOBJIEHHSI 1ICTOPUYHOTO CEPEOBHINA LUISIXOM HOBOTO OyIBHUIITBA,
SIKE BIJIMOBIJIA€ CTHITIO Ta MacIITaly iCTOPUYHOI 320y I0BH.

Ilpuitomu  apximexkmypnozo  3D-opyky.  Apxitexktypauii  3D-apyk  MoOxe
BUKOPHCTOBYBATHUCS ISl CTBOPEHHS pi3HUX 00'ekTiB, OyniBens abo cmopya. Ock nmeski
MIPHUKJIATU TIPUHOMIB, SIKI MOKYTh BUKOPHUCTOBYBATHCS B apXiTeKTypHOMY 3D-IpyKYy:

o CTBOpEHHSI NPOTOTHUIIB — apxXiTeKTypHui 3D-Ipyk MOXHAa BHKOPUCTOBYBATH IS
CTBOPEHHsI NPOTOTHMIB OyJiBenb abo cropya. Lle no3Bossie apxiTekTopam TeCTyBaTH CBOi
MIPOEKTH Ta BHECTU HEOOX1THI 3MIHU JIO TOTO, SIK PO3MOYHETHCS Oy AIBHUIITBO.

e CTBOpeHHSI Mojened — apXiTekTypHuil 3D-Ipyk MoOXHa BHKOPUCTOBYBATH IIs
CTBOpEHHs Mojeneil OymiBenb abo crmopyxa. Lli mMomeni MOXYyTh BHKOPHCTOBYBATHCS JUJIS
PEKJIaMHHUX I11JI€H, OCBITH a00 TIPOCTO JJIsT €CTETUKH.

o CTBOpEHHSI TOTOBUX BUPOOIB — apXiTeKTypHuUi 3D-ApyK MOXKHa BUKOPHUCTOBYBATH
JUIsSl CTBOPEHHS TOTOBUX BUPOOIB, TAKUX SIK MeOJTi, CKYJIBITYpH a00 HaBITh Oy IiBIIi.

Ocobnueocmi apximekmypnozo 3D-0pyky. Apxitektypuuii 3D-apyk wMae psjg
0COOJIMBOCTEH, K1 BIAPI3HIIOTH HOTO BiJl IHIIMX METOIB OyIBHUIITBA!

o 3pyuHIiCTh — apxiTekTypHuil 3D-ApyK H03BOJIsI€ CTBOPIOBATH O00'€KTH OYIb-sIKOi
dbopmu abo po3mipy. lle poOuth #HOro iAcaIbBHUM [JIi CTBOPEHHS CKJIAIHUX abo
HECTAH/IAPTHHUX O0'€KTIB.

e ExoHOMiuHICTE — apxiTekTypuuii 3D-apyk Moke OyTH OUTBII E€KOHOMIYHHUM
crmocoOoM OyIiBHMIITBA, HDK TpaauiiiHi Mmetomau. lle mos's3aHo 3 TWM, IO BiH BHMAarae
MEHIIIe MaTepialiiB 1 poOOYOi CHUIIH.

e [lIBuakicTe — apxiTekTypHuil 3D-apyk MoOKe BHUKOPUCTOBYBATHCS Uil CTBOPEHHS
00'eKTiB 3a KOpOTKUH mepion dacy. lle Moxke OyTw BaKIMBO AJisi MPOEKTIB, SKi MOTPIOHO
peaizyBaTH MBHJIKO.
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Ilepcnexkmueu apximexmypnozo 3D-0pyky. ApxitektypHuit 3D-Apyk € BITHOCHO
HOBOIO TEXHOJIOTIE€IO, allé BOHA IIBUAKO PO3BUBAETHCSA. OUIKY€ThCS, IO B MalOyTHbOMY
apxitektypHuii 3D-npyK cTaHe OUTBII MOMMPEHUM MeTojaoM OynaiBHUITBA. Lle moB's3aHO 3
THUM, IO 1Sl TEXHOJIOTISl Ma€ psifl epeBar nepeja TpaauiiiHuMu MeToJaMu Oy T1iBHHUIITBA.

eCTBOpeHHS HOBHMX THmB OyjaiBenb —  apxiTektypHuii  3D-Ipyk  Moxe
BUKOPHCTOBYBATHUCS ISl CTBOPEHHSI HOBUX THUIIIB OYJIBEJb, SIKI HEMOXJIMBO MOOYayBaTH
TpaauuiiHuMu Metonamu. Hampuknazn, apxitektypHuii 3D-Apyk MOXKHa BHKOPHUCTOBYBATH
JUIsL CTBOPEHHS OyJiBenb CKIAAHUX (popm abo Juisi CTBOpEHHsS OyJliBEJb, SIKI BUTOTOBIIEHI 3
HE3BUYAHUX MaTepialiB.

e [TokpalieHHs SKOCTI XKUTTS — apXiTeKTypHUl 3D-aApyKk MOKe BUKOPUCTOBYBATHCS VIS
MOKpAIICHHsT SIKOCTI KUTTA Joaer. Hampuknax, apxitektypuuir 3D-mpyk  MoxHa
BUKOPUCTOBYBATH Il CTBOPEHHS JOCTYIHOIO >KUTJIa abo A CTBOpEHHs OyniBenb, SIKI €
OUTBII CTIMKUMU JIO CTUXIAHUX JIHX.

e 30epeKEeHHs] HABKOJIMIIHBOTO CEpEeNoBHINAa — apXiTeKTypHuid 3D-apyk Moxke
BUKOPUCTOBYBATHCA s 30€peKEHHS  HAaBKOJMIIHBOIO  cepepoBuina. Hampukian,
apxitekTypHuid 3D-IpyK MOKHa BUKOPHUCTOBYBATH JIJII CTBOPEHHS OyiBEsb, SIKI BUMararoTh
MEHIIIe MaTepialiB 1 poO0YOi CHUITH.

BucnoBku. 3aranom, 3D-n1pyky Mae psia nepeBar Al BAKOPUCTAHHS Yy B1JAHOBJICHHS
3pyHHOBAHOTO apXiTEKTYpHOIo cepeoBuina. Lli mepeBaru BKIOYAIOTh:

e [[IBuakicTh. 3D-IpyK MOKe BUKOPUCTOBYBATHCS Ul CTBOPEHHs OyiBedb Ta 1HIIMX
CIIOpY/I 3a JiiueH1 JHI a0o HaBiTh roauHM. [{e Moke OyTH 0COOIMBO BaKJIMBO B palioHaX, sKi
Oynu 3pyiHOBaHI CTUXIHHUMU JUXaMu a00 KOH(IIKTaMU, JI¢ BXKJIMBO IIBUIKO 320€3MeUnUTH
JIFOJISIM JKUTJIO Ta 1HIIT HEOOX1THI MTOCTYTH.

e EdextuBHIicTh. 3D-IpyKk MOXK€ BHKOPHCTOBYBATHCS JJIsi CTBOPCHHsI OYIIBENb Ta
IHIIMX CHOPYJ 3 MEHIIOK KUTBKICTIO MaTepialiB Ta TMparmi, HDK TpaauliiHI METOAu
OyniBHunTBa. Lle Moke JOMOMOTTH 3HU3WUTU BUTPATH HA BIJHOBJIEHHS Ta 3pOOUTH HOTO
OUTBII JOCTYITHUM.

o Crifikicts. 3D-apyk MOKHAa BHKOPHCTOBYBATH MJISi CTBOPEHHsI OyiBeNb Ta 1HIIMX
CIIOPY, Ki € OUTBII CTIHKMMH JI0 CTUXIHHUX JIUX Ta 1HIMMX NPHPOAHHX 3arpo3. Lle moske
JIOTIOMOTTH 3aXUCTHUTH JIIOJICH Ta MaifHO BiJl IOJAJIBIIOTO PyHHYBaHHS.

[Tpotre, 3D-nmpyk Takok Mae Jeski OOMEXKEHHsS, sKI CIIiJl BpaxoByBaTH TpH i
BUKOPHUCTAHHI JUIS BiJIHOBJICHHS 3pYHHOBAaHOTO apXiTeKTypHOTo cepenoBuiia. L{i oOMexeHHs
BKJIIOYAIOTh:

e Macmra6. [Totouni TexHosorii 3D-apyKy Bce 1€ MaroTh OOMEXKEHHS 100 PO3MIpy
00'eKTiB, SIKI BOHM MOXYTh CTBOpIOBaTH. lle Mo)ke OOMEXHTH BHKOPHCTAHHS TEXHOJOTIl
3D-npyKy a1 CTBOPEHHS BETUKHUX OY1iBEJIb a00 CTIIOPY/I.

e Exonoriunicth. Jleski Marepiaiau, SKi BUKOPHUCTOBYIOThCA s 3D-IpyKy, MOXYTh
MaTH HETaTHBHHUU BIUIMB Ha HABKOJMIIHE CEpEIOBHUINE. BakIMBO BpaxoBYyBaTH €KOJIOTIUHI
HACJNIJIKK BUKOpUCTaHHS TexHonorii 3D-npyky mnpu ii BUKOPUCTaHHI IJisS BiAHOBICHHS
3pYyHHOBAHOTO apXiTEKTYPHOTO CEPEIOBHIIA.

HesBaxarouu Ha 11i oOMexxeHHs1, 3D-1pyKy Mae BeTUKUI MOTEHIIa A1l BUKOPUCTAHHS
y BIJIHOBIICHHSI 3pyHHOBAHOTO apXiTEKTypHOTO cepeoBUIIa. BoHa MOXKe TOTIOMOTTH 3pOOUTH
[pOIIEC BIJHOBIICHHS OUIBII IIBUIKUM, €(EKTMBHUM Ta JOCTYIHUM, a TaKOXX IOMOMOITH
CTBOPUTH OLIBII CTIHKI OyiBIII TA CIIOPY/IH.
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VYIK 372.8:721.021.2
IMPUHIOUIIN ITIABOPY MATEPIAJLY JJIA 3D-IPYKY

Pynin A. A.%, acrip., Illatos C. B.2, 1. T. 1., ipo¢., Maumiii €. T.%, acmip.
Ipuoninposcvka depoicasna axademis 6y0ieHuUYymMea ma apximexmypu
! aconicus@gmail.com; 2 shatov.sv@ukr.net; 3 yegor10Opaliy@gmail.com

Ilocmanoeka npoonemu. Ilponec 36araueHHs Byr'Juls CyNpOBOKYETbCS YTBOPEHHSAM
Ta HAaKOMHMYEHHSM BIAXOAIB Bymie30arayeHHs y 3HAYHUX 00’eMax, [0 Ma€ 3HA4YHUN
HEraTUBHUH BIUIMB Ha €KOJIOTIYHHM CTaH Micllb iX 30epiraHHs yepe3 3Ha4yHi IO, Ki BOHU
3aliMalOTh 1 pU3UK 3a0pyAHEHHS 1€ OUTBIIMX TUIOL] Yepe3 MOXKIIUBY 1H(UIBTpAIiI0 y IPYHT Ta
MoJIaIbIIoro  3a0pyaHeHHsT Tig3eMHUX Boa. Ilocrae mpoOmema po3poOKU  TEXHOJIOTIT
BUKODHCTAaHHS LUX BIAXOMAIB, HANPHUKIAA Yy PECYpPCHOMICTKIA raiy3i BHpPOOHHIITBA
OC3KIIIHKEPHUX B SDKyYUX 3 METOI0 3HUKECHHS EHEpreTMYHUX BUTPAT, BUKUMIIB IPHU
BUPOOHHUITBI Ta MONAIBIIOTO BHUKOPUCTAHHS MarepiajiB Ha OCHOBI TakuX B SDKyYUX HpHU
3Be/ICHHI Oy/IiBeIbHUX 00’ €KTIB 200 KOHCTPYKIIiK MeTooM 3D-apyKy.

BpaxoByroun, 1110 3riJJHO i3 CTATUCTUYHUMU JaHUMH BapTiCTh OyliBEIbHUX MarepialiB
Ta poOOYOi CHUJIIM Y CBITI MOCTINHO 3pocTae, iX e(eKTHBHE BUKOPUCTAHHS y OYmiBHHUIITBI, a
came 3MEHIICHHS TePMiHIB OyiBHUIITBA Ta 3MEHIICHHS 3TyUCHHSI JIFOJACHKUX PECYPCIB uepe3
aBTOMAaTH3aIlil0 OyaiBeTbHUX TMPOIECIB HAJMAIOTh 3HAYHI TEPCIEKTHBU [UJII  PO3BUTKY
TEXHOJIOT1i OymiBHHUIITBA MeTOAOM 3D-IpyKy Ta yAOCKOHAJICHHIO BIACTHBOCTEH OYyIiBEIBHHUX
MaTepiaiiB IpH 1l BUKOPHUCTAHHI.

Mema pobomu TmONSATaE 'y BHU3HAUCHHI MNPUHLIMIIB MigOOpy MarepiaimiB aus
OyniBenbHOrO 3D-ApyKy 3 BpaxyBaHHSAM OCOOJIHMBOCTEH TEXHOJOTII Ta BHMOT JO iX
MEXaHIYHUX Ta PEOJIOTIYHUX BIACTHBOCTEH, a TAKOXK 3aCTOCYBaHHS BTOPHHHOI CHPOBHMHH Y X
BUPOOHMIITBI.

Ocnosna wacmuna. TexHomnorist OyniBHAIITBA METOIOM 3D-IpyKy — 1€ OIMH 13 Cy4acHUX
METO/IIB OyJIIBHHIITBA, KU JO3BOJISIE Y 3HAYHIN Mipi aBTOMAaTU3yBaTH OyJiBEIIbHHM TTPOIIEC 3
JOCATHEHHSIM BHCOKOI TOYHOCTI y BHTIOTOBJIEHHI KOHCTPYKIiHM CKiIagHOT KOHQirypamii 3a
norioMororo  obnagHanHsa (3D-mpuHTEpY), SKEe TMpalIoe Mia YIPaBIiHHAM MPOTPAMHOTO
3a0e3neueHHs ISl 3aBAaHHs TOUHUX KOOPAWHAT MOJIEN, IO APYKYEThCA. 3 €KOJIOTIYHOT TOUKH
30py BIAXOAW BYT1IBHOI MPOMHMCIIOBOCTI CTald CEPHO3HOI MPOOIEMOI0 1 MOTPEeOyIOTh iX
nofanbmoro Bukopuctanus. [Tonax 50 % Bigxo/iB MOTPAIUIAIOTh HA CMITTE3BAIIUIINA, 3BIIKA
MOXKYTh JIETKO BUMUBATHUCSI B HaBKOJIMIIHE cepeloBulle. Binxoau Byrie3daraueHHs: MalOTh y
CBOEMY CKJIaJi BYTiUJIbHI BKIIOUEHHS, BHACIIJOK YOTO iX TEIIOTBOPHI BIACTHBOCTI MOXYTb
OyTH 3aCTOCOBaHI y TEXHOJOTI BUPOOHHUIITBA 3 HU3bKOTEMIIEPAaTypHUM BHIIAJIOM. Takum
YHHOM BiJXOAM ByIJIe30aradeHHs MOKYTh OyTH BUKOPUCTaHI SK MAJTUBHUN KOMITOHEHT Ta SIK
KOMIIOHEHT CHUPOBHMHHU. 3a paxyHOK peasi3allii TelIOTBOPHUX BJIACTHBOCTEH BYTUIBHUX
BKJIIOUEHh MO)KHA 3HHM3MTH TEMIIepaTypy BHIANY JJIs OTPUMaHHS BaIHAKOBOI CKJIAJIOBOI
B’SKYYOTO, a BIAMOBITHO 1 3HMKEHHS E€HEPreTHYHUX BUTpaT Ta 3HWKeHHA BUkHIiB CO2 y
armocdepy [1; 2].

ba3yrounce Ha momepemaHiX MOCTIDKEHHSX 1 JocBigi TexHosorii 3D-apyky B
OymiBHMIITBI, MOXXHa BH3HAUUTH NPUHIUIM MiAOOpY CKIaay cyMimied T iX HeoOXimHi
BiacTuBOCTI (puc.) [3]. Cxian cymimni migOMpaeThes AT KOHKPETHOI Mojeli OymaiBeIbHOTO
3D mnpuHTEepy i3 BpaxyBaHHSIM HOTO TEXHIYHHUX OCOOJIMBOCTEH, THIy KOHCTPYKIii abo
€JIEMEHTIB, IO APYKYIOTbCA T4 MOXYTh OyTH YHIKaJIbHUMU Ha Oy[iBEILHOMY PUHKY.

Marepian 1y1st 3aCTOCYBaHHS B TeXHOJIOT11 OyniBHUIITBA 3D-IpyKOM 3aJIe)KHUTh BiJl TPHOX
¢dakTOpiB: CHPOBHUHHU, CLIOCOOIB 3aCTOCYBAaHHS Ta METOY OyIiBHHUIITBA.

TexHomoriuHi 0cOOMUBOCTI OymiBHHIITBA MeToAOM 3D-IpyKy HakiIaJaloTh BiANOBiIHI
BUMOTH JI0 MEXaHIYHUX Ta PEOJIOTIYHMX BJIACTUBOCTEH OyIiBeTbHUX MarepiaiiB, IO
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3aCTOCOBYIOTBCSI 30KpeMa: BHCOKA B’SI3KICTH 1 CTPYKTypHAa MILHICTh, MOAOBXKEHI TEPMiHU
TY>KaBJICHHS 1 IIBUJKE TBEPAIHHS, 3HAUHA aare3is MK OKPEMHUMH IlIapamMH, BUCOKI MEXaHIYH1
XapaKTePUCTUKH NpY 3a0€3MeYeHHI HEOOX1THUX TeTT0()i3NIHUX BIACTUBOCTEH.

BapTicTh CHPOBHHH ; i
L Toctymi IMpuponi
pecypcH pecypc
K o O6pobaena —>
OHCTPYKIIi
CHPOBHHA * Marepianu
nepepodKH
_ | Buxopucran Y

Hi €JIEMEHTY

A

VYMmoBH
BHPOOHHITBA |

T 1
Bapricts
BHPOGHHIITBA

TexHooris
3D-1pyky

Y

Martepian

BapricTs rot.
eleMeHTy

[Ipu3HayeHHA

€JIeMEeHTY Exonoriuni

BHMOI'H

Heotxmt - - HIBnaKicTh
BIIACTHBOCT1 B.‘laCT.HBOCTl MaTepiany: BHPOGHNIITBA
- 37aTHICTH eKCTPYyBaHHA
-31aTHICTh NPOKaYyBaHHA
-TexHonOrUHICTH
-PoGota 3 roToBoro opmMor0
-Pauniii HaGlp MiIHOCTI
-Yac cXonmoBaHHA
-MOXTHBICT YKTAJKH MIapy
- HamiifHiCTh KOHCTpYKIIi

Puc. Ipunyun niobopy 6yodigenvrnoco mamepiany 0as 3D-0pyky

[Tpu po3podui marepiamy anst TexHojorii 3D-apyKy HEoOXiIHO 3BEpHYTH yBary Ha
BJIACTUBOCTI, SKUMH TIOBUHHA BOJIOJITM BHUTOTOBJICHA KOHCTPYKIIS 1 MOXKIIHUBOCTI
KOHKPETHOTO TpuHTEepa. JOIIBHO 3BEpPHYTH yBary Ha HasBHY MICIIEBY CHPOBHUHY MOOJIH3Y
OyIiBeNbHOTO MaiflaH4ynKa, 00 BUTpaTH Ha i1 TpaHCHOPTyBaHHS OylM EKOHOMIYHO
IOLIUIBHAMH.

Bucnoeok. 3actocyBaHHS B’SDKYYMX MarepiasliB 3 BUKOPHUCTaHHSIM TPOIYKTiB
ByIvie30aradeHHss y KOMOIHAIl i3 CydacHOI0 TEXHOJIOTi€I0 BUTOTOBJICHHS KOHCTPYKIIH Ta
3BelleHHs1 Oy/iBelbHHX OO’€KTIB 3a paxyHOK TexHomorii 3D-IpyKy J03BOJHUTH CKOPOTUTH
TepMiHU OyiBHUIITBA Ta 3MEHIINTH BapTICTh 3aBISKH 3aCTOCYBAaHHIO MarepiajiB i3 BMiCTOM
NPOAYKTIB ByIfie30aradeHHss BOIHOYAC TOTPUMYIOUUCH KOHIIEMINI cTajoro OydiBHHUITBA 13
NOAMITUBOIO BUTPATOI0 TPHUPOJHUX PECypCiB Ta OJHOYACHUM BHUKOPHCTAHHSM BTOPHHHOI
CUPOBHUHH.

Choucox BUKOPUCTAHHUX JIZKEPET

1. [Tpuxomuenko B.JI., CnameBa O. €. [rta iH.]. OCHOBHI HaNpPsSMKH BUKOPHUCTAHHS
BizgxoxiB ¢rotamii YepBonorpaacekoi L3P B OyxisensHiit ramysi. [I'TM HAH Vkpaian. 2013.
C. 220-227.

2. llImupt M. . Be3BimxomHa TEXHONOTIS. YTHIII3aIis BiIXOMIB JOOYTKY Ta HepepoOKH
roprounx konanuH. [1ix pea. b. H. Jlackopina. Mocksa : Hanpa, 1985. 367 c.

3. Katarzyna Pacewicz, Anna Sobotka. Characteristic of materials for the 3D printed
building constructions by additive printing. AGH University of Science and Technology.
2018. URL: https://doi.org/10.1051/matecconf/20182220101.
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BITPOBA/KEHHS IHTEJIEKTYAJIBHUX CUCTEM YIIPABJIIHHS
BYAIBJISAMMU B KK «ITAHOPAMA»

Capunbkuii O. MY, k. T. 0., Cuupugonenkos B. A.?, llurankosa C. I3, k. T. 1.
L IIBMII « Cmpoimenv-IT? », > TOB «dninpo 35Ky,
3 [Ipuoninpoecvka depacasua axademis 6YOisHuymea ma apximexmypu
! san.stroitelp@gmail.com; 2 sva.stroitelp@gmail.com; 3 tsygankova.svetlana@pdaba.edu.ua

Ilocmanoska npoonemu. B €Bpornelcbkiil TUPEeKTHBI 3 eHeproe(eKTUBHOCTI OymiBelb
[1] 3a3HaueHo, 1m0 BCi HOBI OyaiBii, mounHarouu 3 31 rpyaus 2020 poky MOBUHHI BiAMOBiAATH
cTaHapty OymiBIi 3 HyJbOBUM €HEPTOCIOKUBAHHAM a00 OyTH «IIO3UTUBHUMHY, BCl iCHYIOUI
OyiBii MOTpeOy0Th TEPMOMOICPHi3allii BIAMOBITHO 1O cydyacHUX BUMOT. CIijl BIAMITHTH, 1110
y meperisHyTiii qupextusi [1] nmepemnbadeHo MOCHIIEHHS BHMOT J0 €HEeproe(eKTHBHOCTI, a
TaKOX 3HAYHE CKOPOUYCHHS TEPMiHIB JOCATHEHHS 3asIBICHUX MOKA3HUKIB €HEProCIOKHBAHHSI.
Kommanis IIBMIT «CTPOITEJIb-II» orpumana ¢iHaHCyBaHHS Ha BIOCKOHANEHHS
eneproedextuBHOCTI KK «ITAHOPAMA » y pamkax MiDKXHApOZHOTO HAyKOBOTO TPAHTY «A
novel decentralized edge-enabled PREsCriptivE and ProacTive framework for increased
energy efficiency and well-being in residential buildings» — PRECEPT — IIpoaktusHi
PO3yMHI OYIMHKH 3 TiBUIIEHOI €HEProe(peKTUBHICTIO Ta AKICTIO KUTTS» [2] 3a Mporpamoro
JOCTiKeHb Ta iHHOBawii €Bporneiicbkoro Coroszy Horizon 2020.

Mema po6omu. 3anponoHyBaTH 3aXOIU IIOJIO BIPOBAKEHHS 1HTEICKTYaJbHUX
CHCTEM YyNpaBIiHHA OyIiBISIMH, MiJBUIICHHS €Heproe(eKTUBHOCTI OyiBIII Ta MOKPALICHHS
skocTi BHyTpimHboro cepeaopuina KK «ITAHOPAMA» B m. [uinpo (Ykpaina).

Ocnoena wacmuna. 3a TPaHTOBOIO Yroy1010 Tpo (inancyBaHHs 10 KBapTHP-BOJIOHTEPIB 3
TPHOX KopIyciB kuTinoBoro komruiekcy «ITAHOPAMA» wmicra J[Hinpo, OymayTh OCHaIIEHI 3a
paxyHok €C 0e3apoToBUM OOJIaHAHHSAM JUISI MOHITOPHHTY Ta 1HIUBIAYyaJIbHOTO YIIPABIIHHS
CIOKUBAHHIM €HEpri€ro Ta KoM(POPTOM y MPUMILIIEHHSIX.

st Bcix 10 xkBapTHp-y4YacHUKIB Tepeq0aueHO OCHAIICHHS MiHi-KOMIT IOTepaMu, sKi
BUKOHYIOTh POJIb O€3APOTOBOrO KOMYTYIOYOTO MpHUCTPoro-xaba. KoxkeH MiHi-KOMIT'IOTEp J1a€
MOXJIMBICTh 300py iH(OpMamii 3a pe3ynbTaTaMH MOHITOPHUHTY CIIOKMBaHHS €HEprii y
KBapTUpax OY[iBIi Ta CyMapHOi BUTPATH €HEPropecypciB KOXKHOIO KBApTHUPOIO Ta Mepenadi
JAaHUX Ha 3arajJbHUM cepBep s aHaiily iHpopmallii Ta BuAadi pEeKOMEHIAI 1010
CIIO’KMBAHHS Ta YIIPABJIiHHA CIIOKUBAHHIM €HEPropecypciB.

Oxpim MiHi-KomIT'toTepiB yci 10 ydacHHKIB NMpOEKTY OTPHMAalOTh O€3IpOTOBI cMapT
JATYUKU-CEHCOPH, SIKi OyIyTh BCTAHOBIICHI B KOKHIM KBapTUpi (Ta0:1.).

Tabnuys

Ilepeik 00JagHAHHS 3 MOHITOPUHIY Ta IHAUBIAYaJbHOI0 YIPABJIIHHS CIIOKMBAHHAM
eHeprier Ta KoM¢OPTOM /sl KOKHOI KBAPTHUPH — YYACHHUII MPOEKTY

WebHMI Cepsep 300py Ta 00poOkH JaHUX 3 BeO-iHTEpdeiicom 1
Transcend Kaprka nmam’siti npomuciioBa Transcend industrial 1GB 1
Meanwell brnok xxuBnenns 24Vdc 1
7bit AirGate ]sg?éﬂpOTOBI/II/I IIUTFO3 JUTsT MOy TiB TenemeTpii, Lora 868MHz, Ethernet, 1
e besnporosuii moayns Tenemerpii Lora 868 MHz (Temnepatypa,
(DItAIrPoINt | oricTs, CO2), <220B !
Zbit AirPoint BGS,[[p.OTOBI/II/I MOZYIIb TENEMETPIi Lora 868 MHz (Temneparypa, 3
BOJIOTICTh), aBTOHOMHUH (3XAAA)

150



“Innovations in Construction and Smart Building Technologies for Comfortable, Energy Efficient and Sustainable Lifestyle” (2024)

Eastron JliunneHUK enekTpudaHoi eHeprii, Modbus

Tpancdopmarop cTpymy (a5 enexkTpoaidyuiabHUKIB ) S0/5A
SHARKY 774 | JliunnbHuk TerioBoi edeprii, Mbus, 1V-15, 0.6 m3

7bit USB- . U
Mbus [TeperBoproBau inTepdeiicy Mbus 1
E Next Po3noninsua maga mnactukosa (maact.) 250x330x130mm, 1

IP65 3 mpo3zopumu aBepisitamu, (a00 aHAIOT 32 pO3MipamMu)
«CmapT»-po3eTku ¢ QyHKIIE MOHITOPUHTY NOTYXHOCTi, WiFi, I6A | 3

CnocrepekeHHSI 3a CIIOKMBAaHHSM BCIX BHUIB €HEpPrii MPOXOAUTHUMYTH IPOTATOM
18 wicsaniB. OOnagHaHHs, ske Oyde BCTAHOBICHO Yy KBapTUPAX, 3AJIHIIAETHCS IS
MOJANBIIOT0 KOPUCTYBaHHS MEIIKAHUSAMU LUX KBaptup. Lle obmagnanHs MoxHa Oyne
BUKOPHCTOBYBATH SIK CUCTeMY «IHTeleKkTyaslbHa KBapTUpa» ab0 MiAKIIOUUTH 0 3arajbHOi
«InrenekryansHoi Jucneruepcrkoin KK «ITAHOPAMA».

T

Puc. 2. Domo ecmanosneno2o ob1aoHanus
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The PRECEPT
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Puc. 3. Apximexmypa cucmemu enepeomenedsncmenmy KK « [ IAHOPAMA»

Bucnoeéku. BrpoBa/pKeHHS 1HTEICKTYAJIbHUX CHCTEM YIpaBIiHHA  OyIiBISIMH
HEOAMIHHO 3aJI€)KUThH BiJT

1. TIpoBeneHHS TPEHIHTIB 3 KIHIIEBUMH KOpUCTyBadamu. 30ip 1 cucTeMaru3altis BiAryKiB
BiJ[ 3aI[iKaBJICHUX CTOPIH 11010 okpameHHs pimeHs PRECEPT.

2. HaykoBO-TeXHIYHOTO CYINpPOBOJY YCTAaHOBKHM 1 HallalITyBaHHS CMapT-OOJiaJHaHHS B
NUTOTHUX Oy TIBIISIX.

3. IlpoBenenHs TecTyBaHHS poOOTH cMapT-00daJHAHHS B MUIOTHUX OYIiBJISX B yMOBax
peaNBHOTO Yacy.

4. Po3poOKM JeTanbHUX IJIAHIB 1 PEKOMEHAAIN MO0 YCTAHOBKU OOJaJIHAHHS CMapT-
NPUCTPOIB B MIJIOTHUX OYHIBIISX.

5. 3niiicHeHHs KOMYHIKalii (JIUCTyBaHHS, y4acTb y pPOOOYMX OHIJIAWH 300pax) Mix
MmixHapoaHOI0 kKoMaHa0t0o PRECEPT ta komangoro [TBMIT «CTPOITEJIb—IT»:

6. Kowmymnikaris 3 menemxmenTtom OCBb ITIAHOPAMA-JTHITIPO cTOCOBHO yCTaHOBKH
oOagHaHHA, MepeadavyeHoro MpoekToM, Ha Teputopii kommuiekcy [TAHOPAMA-
JHIITPO.

7. Kowmynikamis 3 ICT xommaniero-migpsaaukoMm (DDS LLC), BiamoBimanmpHOIO 3a
YCTaHOBKY 00JIaIHAHHA y KBapTHpax-y4acHUKaX MPOEKTy, 30ip Ta mepenady JaHUX Ha
noptan PRECEPT;

8. Koopaunaris po6otu mixk DDS LLC Ta misxknapogHoro komangoro PRECEPT.

Choucokx BUKOPHUCTAHHUX JHKEPEI

1. Directive EU 2023/1791 of the European Parliament and of the Council of 13 September
2023 on energy efficiency and amending Regulation (EU) 2023/955. URL: https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32023L.1791.

2. A novel decentralized edge-enabled PREsCriptivE and ProacTive framework for
increased energy efficiency and well-being in residential buildings — PRECEPT. URL.: https://
cordis.europa.eu/ project/id/958284.
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YAK 711.5: 001.8 + 656.2.9

HAPAMETPH 1 PECYPCHUI MOTEHIIIAJI TEPUTOPII
HACEJIEHUX ITYHKTIB B 30HI BIIVIMBY 3YIIMHOYHUX ITYHKTIB

Capunbkmii M. B.L, 1. T. 1., mpod., Tos6uu B. B.?, 1. apx., mpod.,
Kyniuenxo H. B.3, ct. BuKL.
L3 IIpuoninpoecvia oepocasna akademis 6ydienuymea ma apximexmypu,
2 Kuigcokuii nayionanoHuil ynisepcumem 0yO0ieHuymea ma apximexmypu
! savi5@ukr.net; ? tovbych.vw@knuba.edu.ua;® n.kulichenko@ukr.net

Ilocmanosxka npoonemu. Metonu GOpMyBaHHS €IEMEHTIB COLiaTbHO-TUIAHYBaJIbHOI
CTPYKTypa HACeJIEHOTO IMYyHKTY — J>KHUTJIOBOI TpYIH, KBapTally, MIKPOPaiOHY, *HTIOBOTO
paiioHy, IUIaHYBaJbHOTO pailoOHy, IUIAaHYBaJbHOI 30HM JETAJbHO ONUCAHI B HOPMAaTHBHUX
nokymeHTax [4; 5]. lllogo 30HM BIUIMBY 3yNMWHOYHUX IMYHKTIB (30HM B MEXaX MIIIOXiTHOI
JOCSHKHOCTI 3yNMMHOYHUX ITYHKTIB), TO il TapaMeTpH 1 pecypcH, HACKUIbKH BiJOMO aBTOpaM,
HE JIOCH1/IKYBAJINCA.

Mema po6omu. ABTOPH HE CTaBIATh 32 METY KOMIUICKCHHM aHali3 BCiX acCIEKTIiB
dbopmyBaHHs 1 PyHKITIOHYBaHHS 1TUX TepUTOpii. CTarTs mpoOieMHa, HOCUTh TTOCTAaHOBOYHHMA
xapakrep. MeTor poOOTH € pPO3paxyHOK PECypCHOTO IMOTEHIiany (KUIBKICTh HACEJICHHS,
JKUTJIOBA TUIOIIA), TapaMeTpiB TepUTOpii (MIMpUHA 30HM BIUIMBY, IUIOIIA 3a0y/JI0BaHOI
TEpUTOpii) 3 BUKOPUCTAHHSIM HOPMATHBHUX JOKYMEHTIB [3—7], a TakoX BUSBICHHS
B3a€MO3B’A3KIB M1’ OKPEMHUMH CTPYKTYPHUMH €JI€MEHTaMH, sIKi BIUIMBAIOTh Ha (hOpMyBaHHS
miei Tepuropii; BHU3HAYCHHS BAXKJIMBOCTI IUX TEPUTOPIH B IUIAHYBAJbHIM CTPYKTYpi 1
KUTTEIISIBHOCTI  HACEJIEHUX IYHKTIB, BHUSBIEHHS OCHOBHHMX HAIpPSMKIB JOCIIKEHb,
HalpaBJICHUX Ha yAOCKOHAJECHHS (OpPMyBaHHS MapaMETpiB i peCypCHOro MOTEHIHaly IHX
TEPUTOPIH.

Bcei BusiBneni myOmikanii [2; 8—12; 17—24] npucBsiueHi JMIIe OKPEMHM acleKTam
JOCIIKEHHS 30H BIUIMBY 3YMMWHOYHHUX IYyHKTIB, MPU 1IbOMY JOCTI)KEHHS MPOBOAMUIUCST B
YMOBax ICHYIOUHMX HACEJICHUX IyHKTiB. ABTOPH IMOCTaBHJIH 32 METY JOCTIIUTA OCOOIMBOCTI
dbopMyBaHHS 30H BIUIMBY 3YIMMHOYHHMX ITyHKTIB Ha 0a3i yCepeIHEHHWX ITOKA3HHKIB,
MPUBEJICHUX B BiJIMOBITHIX HOPMATUBHUX JIOKyMEHTAX.

Ocnoena yacmuna. OKpiM 30HU BIUIMBY 3yNMHUHOYHUX MyHKTIB BBEIEHO HOBE MOHSTTA —
30HAa BILUIMBY TPAHCHOPTHOI JiHil, 10 BU3HAYAETHCA K TEPUTOPIsL, IO PO3TAIOBAHA B3IOBX
TPaHCIIOPTHOI JiHii i JOPiBHIOE TIIOMI TepuTOpii B KM BimHEceHOi 10 1 KM TpaHCHOPTHOI
JiHi1, TOOTO MOHSATTS MPOTUIIEKHE HIITBHOCTI TPAHCTIOPTHUX JIiHIMH.

AHati3 pe3ynbTariB po3paxyHKiB ITOKa3aB TakKe.

1. CmiBBigHOIICHHS IUPWHH 30HU BIUIMBY 3yIMMMHOYHUX ITYHKTIB JIO IIMPUHU 30HH
BIUTMBY TPAHCIIOPTHOI JIiHIi KOTUBAETHCS, 3aJIEKHO BiJl TPYyNH HACEIEHUX MYHKTIB 1 X 30HH,
IIUTBHOCTI TPAHCMOPTHUX JIiHIN, BIICTaHI MK 3YNUHOYHUMH IYHKTAMH 1 HOPMAaTHBHHUX
MIIIOX1THUX BiZICTaHEH A0 3yIMMHOYHUX MYHKTIB B IIUPOKUX Mexax: Bix 2,45 no 0,14 .

Bennka  po3OiKHICTP MK IUMH  TOKa3HHKaMHd  OOyMOBIIEHa  BiJICYTHICTIO
30aJIaHCOBAHOCTI MK IIUIBHICTIO TPAHCIIOPTHUX JIHIN, NTUPUHOIO BYJIHIlb, BIICTAHIMH MiX
3YNUHOYHUMH TYHKTaMH 1 MMIIOXiTHAMHE BiJCTaHSAMHU O HUX, SKi MPUBOAATHCA B [3—7] sK
He3aJeKH1 BEJIMYUHHU, 110 PUBOIUTH A0 MapaJOKCaTbHUX HACIHIJIKIB, KOJIU B IIEHTP1 KPYITHUX
1 HaWKPYIHIMIUX MICT 32 PaxyHOK 3HAYHOTO 3TYHICHHS MIUIBHOCTI TPAHCIOPTHHUX JHIN 3
OJTHOYACHHMM 3MEHIIEHHSIM BiJICTaHI MIX 3YIIMHOYHUMH IMyHKTAMHU 30HA BIUTUBY 3yMHHOYHHUX
IYHKTiB(30Ha MIIIOX1THOI TOCSDKHOCTI) Maike B 2,5 pa3u MOXKE NIEPEBUIIYBaTH 30HY BIUTUBY
TPAHCIOPTHOI JiHIl, IO HEAOUITbHO 1 Oylde HEraTMBHO BIUIMBATH HA EKOJOTIYHHUI CTaH B
HEHTP1 MiCTa.
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B nepudepiitnux 30HaxX HaBIAKH, /I¢ BEJIMYMNHA CITiBBIIHOIICHHS IIUPHHA 30HU BIUTHBY
3yNMHOYHUX MYHKTIB 10 IIMPUHU 30HM BIUIUBY TPAHCHOPTHOI JIiHII Maja, HOPMATUBHOI
MmoXigHoT BijcTaHi Moxe OyTH HENOCTAaTHBO ISl JIOCSTHEHHS 3YNHHOYHUX ITYHKTIB
MEILKAHISIMH LIUX 30H.

SIK BUCHOBOK Oa4yuThCs HEOOXITHICTHP BUKOHAHHS HOCHIKEHHS 3 METOK BHU3HAYECHHS
ONTUMAJILHOTO CITIBBITHOUIEHHS MK LIUIBHICTIO TPAHCHOPTHUX JIiHIN, IIMPUHOIO BYJIMIIb,
BIJICTAaHSIMHU M1 3yITMHOYHUMU ITyHKTAMU 1 MIIIOX1THAMHU BIICTAHIMU J0 HUX.

Po3paxyHkoBa mupuHa 3a0y/0BU B 30H1 BIUIMBY TPAHCIIOPTHOI JIiHIT OZIHOTO HANPSIMKY
PYXy, B 3aJI©XKHOCTI BiJI TPYIH 1 30HH HACEJICHUX IyHKTIB Ta IMIMPHHU BYJIHUIlb, KOJHBAETHCS
Bix 154 no 335 M, po3paxyHKoBa IIMpHUHA 3a0yJOBU 30HU BIUIMBY 3YIMHMHOYHHMX ITyHKTIB
OJTHOTO HAINpSMKY pyxXy (B MeXax HOPMATUBHOI MIIIOX1THOI TOCSHKHOCTI) — Bix 74 1m0 284 M.
binbii BeMMUnMHY MapaMeTpiB BiTHOCATHCS 10 IIEHTPAIBHHUX 1 CEPEIHIX 30H MICT, MEHIII — JI0
nepudepiinux 30H. CriBBiIHOMEHHS IIUPUHHI TEPUTOPil 3a0y/T0BU 30HU BIUIMBY 3yMHHOYHHX
MyHKTIB JI0 IIMPUHHA TEepUTOpPii 3a0y0OBM 30HW BIUIMBY TPAHCIOPTHOI JIHII AJisi OLIBIIOCTI
BUMaakiB cTaHoButh ~ 0, 5-0,8 3a BUKIIOYEHHAM IEHTPAJIbHOI 30HM HAWUKPYIHININX 1
KPYHHHX MICT, Jie OMyCKA€ThCs IMUIBHICTh TPAHCHOPTHUX HiHill 3,5 kM/kM? i BicTaHb Mik
synuakamu 250-350 M 1 ae e chiBBiAHOIIEHHST MOKe nocsarata Big 1,0 mo 2,4, mo me pa3
BKa3ye Ha HeOOX1JHICTh 30aJ1aHCYBaHHsI HOPMAaTUBHUX NOKA3HUKIB

Po3paxyHkoBa TuIOIIAa HACENEHOTO IyHKTY OJHOTO TIEPErOHy 30HU  BIUIUBY
TPAHCIOPTHOI JIiHIT cTaHoBUTh ~20—50 Ta, 10 MOXKHA MOPIBHATH 3 IUIOIICIO MIKpOPaloOHY
(1560 ra) [4, ct. 17]. BUHATOK CTaHOBHThH LEHTPaJbHA 30HA HAWKPYMHINIMX 1 KPYIMHUX
HAaceJICHUX MyHKTIB, J¢ 1ei moka3Huk ~ 10 ra.

[Ilo cTocyeThCcst MOl 3€MENbHOI IUISSHKM 30HM BIUIMBY TPAHCHOPTHOI JIHIT fKa
3aNUINAETHCS Ui 3a0yJJ0BH, PO3PAaXyHOK IOKa3aB, 110 BOHA MOXKE Maru po3mipu Big 3,4 1o
25,6 ra, a A IUIOLI 3€MENbHOI JIUISIHKM B MeXaX 30HHM BIUIMBY 3yNHHOYHHUX IIYHKTIB
(B MeXax HOPMAaTHBHOI MIIIOXiAHOI BiacTaHi) — Bix 4,6 no 11,5 ra. IlpuBeneni po3paxyHKu
TaKOXX MPUBOJIATH JI0 BUCHOBKY PO He30a1aHCOBaHICTh HOPMAaTUBHUX MOKA3HHUKIB.

AHaui3 pecypcHOTO MOTEHIiaJly 30HU BIUIMBY 3yMHMHOYHOTO ITYHKTY OZHOTO HANPSMKY
pPyXy I'pOMajICKOTO TPAHCIOPTY CBITYUTH PO HACTYIIHE.

Po3paxyHkoBa KiBKICTh HaceN€HHs HAa TEPUTOPii 30HU BIUTUBY 3YMUHOYHOTO IYHKTY
OZTHOTO HAIpsIMKY PYXy I'POMaJICBKOTO TPAaHCIOPTY, 3aJI€KHO BiJl NMOBEPXOBOCTI 3a0y10BH,
ctanoBUTh BiJ 1 502 1o 13 775 ocib, MakcuManbHUN PO3paxXyHKOBHI KUTIOBUN (OHA — Bix
45 10 398 tuc. M.

Po3paxyHkoBa KUJIbKICTh TUITOBHX CEKIill KUTIOBUX OyIMHKIB, SIKI MOXHA PO3MICTHTH
Ha 3eMENbHIM JUISHII 30HM BIUIMBY 3YNHHOYHOTO TWYHKTY OJHOTO HANpPSMKY pyXy
IPOMAJICBKOTO TPAaHCIOPTY CTaHOBUTH Bin 84 1o 248, 3 skux MoxHa copMmyBaTd, 3
ypaxyBaHHSIM MTPOMIKHHX 1 TOPIIEBUX CEKITIH, BT 8§ 10 24 necsaTH-CeKIinHNX OyIHHKIB, TOOTO
npuOIU3HO BiJ 2 10 6 )KUTIOBUX TPYIL.

Bucnoeku. Teputopii HaceleHMX IyHKTIB B 30HI BIUIMBY 3yNHHOYHHUX IYHKTIB
3aliMalOTh BaroMe Miclie B IUIaHYBaJbHIA CTPYKTYpi 1 KHUTTEAISAIBHOCTI HACENCHUX IMYHKTIB
3aBJSIKH X 3HAYHOMY PECypCHOMY IMOTEHIliaTy — TePUTOPii, HaCeJICHHSI, )KUTIOBOMY (OH/Y, a
TaKOX TICHOMY B3a€MO3B’SI3Ky IX CTPYKTYpHHX MapameTpiB i3 MmapaMeTpaMu TPaHCIOPTHOI
1H(pacTPyKTypH, 110 BKa3ye Ha HEOOX1IHICTh PO3MISAATH iX SIK €/IMHE I1iJIe

[{inpHICTE JMiHIA TPOMAJCHKOTO TPAHCIOPTY, BIACTaHb MK 3YNMUHKaMHM, MIIIOXiTHA
BIJICTaHb /10 3yNHHOK, IIMPUHA BYJIMIIb 1 TOPIT MatoTh OyTH 30aJaHCOBAaHUMU MiX CO0010, IS
4Oro HeoOXiJHO MPOBECTH MOJATKOBI TEOPETUYHI JOCIIKCHHS, IPUXHSBIIY 32 BUXIIHI laH1
o 3a0y10BH, a00 KUIBKICTh HACEJICHHS 30HU BIUTUBY 3yMMMHOYHUX IMyHKTIB. [lepepaxoBani
napaMeTpu B Mexax Min — max MarTh OyTH PO30HTI Ha PsiJI MPOMIKHHUX 3HAYCHb 3 METOIO
OLTBII SKICHOTO 1X 30aJIaHCYBaHHS 1 BAKOPUCTAHHS MOIYJIBHOTO ITPOCKTYBaHHSI.
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YIK 681.5:711.4:167

JOITPAIIIOBAHHA METOAUKHU OLIHKH MICT
HA NPEJMET BIAITOBIAHOCTI BUMOI'AM SMART SITY

Canbkos I1. M.}, . T. B., mpo¢., Jdikapes K. B.2, k. 1. n., gou., losoriii M. A.3 cT. BukuL.,
Tkau H.O.% k. T. H., #011.,
Hixapesa JI. K.5, yuenuis K30 «HaykoBuit Mmenuunuii mineit «J{Himpo»
Ilpuoninposcvra depoicasna akademis OyOieHuymea ma apximexkmypu
! petrsankov5581@gmail.com; 2 Kdikarev@ukr.net; 2 dolotij.marina@pdaba.edu.ua;
4 tkachnati3@gmail.com; ° Idikareva09@gmail.com

Ilocmanoexa npoonemu. ®axisusimu [1JIABA po3pobneHa iHHOBaIiiiHA METOIMKA Ha
npeameT BignosimHocTi Mict Bumoram SMART SITY. Ils meromuka oOroBoproBaiach B
paMKax KiJIbKOX MDKHApOIHUX KOH(EPEHINiH, a i1 CKIIaoBi 1 pe3y/IbTaTh OIIHKH KUJIBKOX MICT
pi3HUX Jep)kaB CBITy OMyOJiKOBaHI B HAayKOBHX BHMJAHHSAX, SKi 1HJEKCOBaHI B HAyKOBO
meTpuuHnx 6asax Bim Google Scholar o Scopus [1—4]. B monorpadii [5] 3i0pani ocHOBHi
pesyasratu 1o po3pooneHuMm B I[IJIABA meTomukam OIIHKH CTaHy €JIEMEHTIB JOBKIJUISA,
JTOCTI/DKEHO Ta TpPOaHali30BaHO Ha MPHUKJIAZAaX 3aKOHOMIPHOCTI BIUIUBY apXiTEKTypHHX,
MiCTOOY/IIBHUX, €KOJIOTIYHUX 1 OpraHi3amiifHO-TeXHOJOTIYHUX (aKTOPiB, IO BIIOOpaX)aroTh
crieniiigHi 0COONMMBOCTI BCIX HANPSMKIB MIiABUINCHHS SKOCTI 1 O€3MEKH KUTTEMISIIBHOCTI
JIOMVHM B Cy4aCHOMY MICTI 1 3[1HCHIOIOTh CYTT€BUH BIUIMB HA TPUBAJICTh, BAPTICTh 1 SIKICTH
nepen MPOEKTHUX JOCHiDKeHb. B 3ramaniii MoHorpadii 5 po3mial NPUCBSYCHHA TeMi:
Mertoauka OIiHKH MicTOOYIiBHUX (DaKTOPIiB CyYaCHUX MICT B YMOBaxX PEKOHCTPYKIIii i .HOBOTO
OyniBHuITBa Ha mpeaMeT BianoBigHocTi BuMoraM SMART SITY. CTocoBHO 1i€i METOIUKH
CIIiJ 3ayBaKUTH, IIO OLIHKA MPOBOAUTHCS MO YOTUPHOX Tpynam (akTopiB (IMOKA3HUKIB),
KUIBKICTh SIKUX jJopiBHIOE 31. BpaxoByroui Benukuii 00’€M JOCTIDKEHb, SKI TOTPIOHO
MPOBECTH ISl BU3HAYCHHSI TaKOi KUTBKOCTI MMOKA3HUKIB, y HAC BUHUKJIIA iJIes TOOMPAIFOBAaHHS
3rajlaHol METOAMKHU OIL[IHKH, IIUISXOM 3MEHIIEHHS i€l KUIBKOCTI 0 MiHIMaJbHO MOYKIHMBOTO
HEePEeTKy.

Mema po6omu monsrac B yJIOCKOHAJICHHI METOIAWKH OINIHKHM MiIiCT Ha MpPEIMeT
BiJIOBITHOCTI BUMoraM Smart Sity.

Ocnosena wacmuna. Cuctema sIKOCTi Ta 6e3neKH XUTTEAsTbHOCTI HaceneHHs (SIBXK/H)
CKJIa/Iayiacs 3 CeMU obacTeit Omaromnomydusi , a B po0oTi [4] HaMHu BU3HAYEHO BOCEMY O0JIACTh
— 80-00 «Tepuropist rocmomapchbkoi akTUBHOCTI JroguHW» (puc. 1). Jlna mocsrHeHHs
MIOCTABICHOI METM MM BHKOPUCTANM KJIACHU(IKAI[il0 EKOJOTIYHUX YWHHHKIB, SKY
3aIpOIIOHOBAHO B MaTepiali mpe3eHTallii 10 ypoky [6].

Ob6aacri Kaacu

81-00 conianbuuii pO3BHTOK
82-00 npupojini noxkasHukH
83-00 anrponorenni noKa3HUKH
84-00 TexHoOreHHi NOKa3HNKH

80-00
Tepuropis rocnogapeskoi
AKTHBHOCT] JIOIMHH

Puc. 1. Obnacms onacononyyus 80-00 « Tepumopisi 20cnooapcvkoi akmueHoCmi 10OUHU»
i womupu kracu yiei obnacmi 3 3azanvHoi cucmemu ABXK/H

Ha pucynky 2 Mu Hagaemo cliaid 3 3rajaHoi mpe3eHTarii ypoky. Lle onuH 3 0CHOBHUX
BapiaHTIB Kiacu(ikallii eKOJIOTIYHMX YMHHUKIB 33 PI3HUMH KpuTepismu. Jlam 3 4oTupbox
rpyl TMOKa3HHWKIB (3arajJibHa KiIbKICTh 31) MU BimiOpanw TUIBKK Ti, K1 MiANaZarOTh I
HaBeleHy Ha pUCYHKy 2 kiacudikamito. Takux TOKa3HUKIB BUSBWIOCH 5. JlOmaTKoOBO
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3’SCOBaHO, IO KpPIM EKOJOTiYHOi CIPSIMOBAHOCTI BigiOpaHi TMOKAa3HWUKKA OJHOYACHO € 1
MiCTOOY/TiIBHMH.

TakuMm 9MHOM, MU 3aIlIPOIOHYBaM HOBUH Kiac (85-00) B obmacti Gmaromomyqaust 80-00,
SKOMY HaJIalli Ha3BYy «3BEJEHI €KOJIOT1UHI MOKa3HUKW» (puc. 3). BimoMuM HUIsIXOM «eKcTepHe
OLIIHYBaHHS» MM BH3HAYWJIM Bary KOXXHOTO 3 5-THU BiIOpaHMX MOKa3HHKa B HOBOMY KJiaci

(85-00), sixy npezcrasieHo B Tadmwuii (puc. 3).

KAracughikauin eKoroziunux. uum—bﬂ HomepHwit
5 it Ne NOKa3HUK Bara
Ba mopeae = oo B TexHOreHHi NOKasHUKM thakTopa B
* Texpozenni =2 Kknacyl/dakTopa .p
3a dosugem i 85-00 rpyni, W;
L Tidporoziuni
e acfieni ‘1 1 85-01 «[pUpoAHUIA PyX HaCcENeHHA» 0,5
3a xapaxmepo Do 2 85-02 «Hecnpun‘rnns! NpUpoaHO- 25
2 TBioroziuui ‘ al‘éT[??l'!OFEHHI npouecu»
= i _ «CTiliKicTb NpUpogHoro
Sa oblexmorcenatiey | - 7eyoe: ! 3 85-03 cepefoBMwLa» 35
Couiars 4 85-04 «YpbaHizoBaHicTb TepuTopii» 1,0
3a cmy e o «TeXHOreHHO-eKONOriuHa
enausy e 5 85-05 HebGesneka» 25

Puc. 2. Knacughikayin exonociunux

: . . Puc. 3. 3seoeni exonoeciuni nokasnuxu (85-00)
YUHHUKIG 3a PI3HUMU KpUMepisimu

Bucnoexku. 1. ChopmoBano HoBuii kjac oOsacti Omaromomyuust 80-00 «Teputopis
rOCIOAAPCHKOT aKTUBHOCTI JIFOAMHNY — «3BelieHl ekoyioriyni mokasHukuy (85-00). [lnsaxom
€KCIIEPTHUX OIIHOK BU3HAYEHO Bary KO)KHOTO 3 BiIOpaHUX NTOKa3HUKIB.

2. 3a gomomororw c(OpMOBAHOTO HOBOTO KJIacy 3 ITSTH EKOJOTIYHHMX IMOKa3HUKIB,
NPOBENICHO OLIIHKY (OTpHMaHa HOBa EKCIPEC METOJMKA, KA 1 € TOOMPAIIOBAHHIM METOIUKA
OMiHKU MO 31 MOKa3HMKY) MOCHIKCHHX HAMH paHime 13 MicT Ha mpeaMeT BiIMOBIIHOCTI
BuMoraM Smart Sity. KputepieM BiIOBiTHOCTI MPUHHSTO 3BECHUH 1HTETpaIbHUN MOKA3HUK
sxocti (K3), stymit Mmoxe 3MiHtoBaTuCh Big 0 110 4.

3. Po3paxoBaHo cepenne apudmMeTnuHe BigxwieHHs K3, oTpuMaHOro 3a J0MOMOTOIO
METOJIMKH, sIka BpaxoBye 31 moka3HUK i HOBOT ekcripec MeTomuku (-1,9 %).

CnucoK BUKOPHCTAHMUX JIKepeJT

1. Canbkos I1. M., 3anopoxens B. 1., Typuaninosa FO. O. IlepcniekTuBr BIIPOBaKEHHS
TexHosoriii Smart Sity B cBiTosiii npaktuii. Actual Problems of Science and Practice : The
14 th International scientific and practical conference (27-28 April, 2020). Stockholm,
Sweden, 2020. 673 p. Pp. 569-573.

2. CanpkoB II. M., 3anopoxeup B. 1., beaxammy M. M. Po3poOka MeTOIUKH OILIHKH
MICTOOY/IIBHMX BJIACTUBOCTEH MICT 3a PI3HHUMH (aKTopaMud 3 METOI BHSBICHHS IX
BianosinHocTi BUMoram SMART SITY (SS). Actual Problems of Science and Practice : The
14 th International scientific and practical conference (27—28 April, 2020). Stockholm,
Sweden, 2020. 673 p. Pp. 574-578.

3. Sankov P., Dikarev K., Kushnir Y., Tkach N. Modern Smart City Concept Considering
Population Safety Issues. Lecture Notes in Civil Engineering. Vol. 73. 2020. Pp. 225-234.
URL.: https://doi.org/10.1007/978-3-030-42939-3_24

4. Sankov P., Zakharov Y., Tkach N., Chashyn D., Yurin O. Innovative Program of
Quality Assessment of Cities for the Compliance with «Smart City» Category. Lecture Notes
in Civil Engineering. 2023. Vol. 299. Pp. 517-525. URL: https://d0i:10.1007/978-3-031-
17385-1 41.

5. CanmpkoB II. M., T'imroB B. B., Tkau H. O. Ta iH. MeTOOMKHA OLIHKH SKOCTI
KUTTEAISUTBHOCTI JTIOUHU cydacHoro micta. [{ainpo : TTIJIABA, 2023. 245 c. ISBN 978-966-
323-241-6.
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6. Ilpesenramis 10  ypoky  «Exomoriuni  ¢dakropm»:  BeO-caiit.  URL:
https://naurok.com.ua/prezentaciya-do-uroku-ekologichni-faktori-178148.html/ (mara
3BepHeHHs: 27.11.2023).

7. CanbkoB II. M., [dikapeB K. b., Tkau H. O., ITanarina JI. I1., lixapesa JI. K. Po3rmusa
BIUTMBY €KOJIOTIYHMX CKJIQJIOBUX IHHOBAIiiiHOI MeToawku, po3podneHoi y IIJABA, na
npeamet BianosinHocti Mict BuMmoram SMART SITI. Integration of Science as a Mechanism
of Effective Development : The 11th International scientific and practical conf. (November 28
— December 01, 2023). Helsinki, Finland, International Science Group, 2023. 475 p.

Pp. 454-459.
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YK 69.069.7:658.2
MPOBJIEMHU I HEPCIIEKTUBU PEKOHCTPYKIIII MPOMUCJOBUX BY/JIBEJIb

Cenin B. JI.Y, 1. 1. 1., npo., Kopansos B. B.2, 1. 1. 1., gou., Kopaasos M. B.3, acr.
Ipuoninposcvka depoicasna axademis 6y0ieHuUYymMea ma apximexmypu
1 geotecprof@gmail.com; 2 kovvyach12@gmail.com; * covamax1979@gmail.com

[Tpob6aemi po3pobiaeHHs Ta OOIPYHTYBaHHS IPOEKTHUX 1 OpraHi3aliiHO-TEXHOJOTTYHUX
pillleHb PEeKOHCTPYKIIi IPOMUCIOBUX OyiBesib MPUCBsiUeHO HaykKoBl mpaui A. I. binmokows,
. ®@. I'onuapenka, O. @. OcuroBa Ta IHIINX yUYECHUX.

3aBIaHHsIM NPOTHO3YBAaHHS Ta ONTHMI3alii MapameTpiB TEXHOJOTIYHUX IPOLECIB 1
CHUCTEM opraHizaiii OymiBHUIITBA, MIJBUIIECHHS OpPTaHi3allifHO-TEXHOJOTIYHOI HAIIHHOCTI
OyniBHUIITBA mpucBsdeHO pobotu B. O. amymiko, I1. €. I'puroposcekoro, A. Jl. €curmeHko,
O. I. Meneiimoka, A. B. PankeBuua, I'. M. Tonkaueea, I.B.IllymakoBa Ta 1HIIUX
JIOCJIITHUKIB.

PospobnienHro Ta onTuMizamii ¢opm ympaBiaiHHA OyaiBEJIBHHUM BHUPOOHHUIITBOM,
OOIpYyHTYBaHHIO 1 BUOOPY palliOHAIBHUX OpraHi3alliiHUX CTPYKTYp 1 METOMIB yIpAaBIiHHS B
OyIiBHHUIITBI, PO3BUTKY I1H(OpMAIlIMHUX TEXHOJOTIM OpraHizamii Ta  yNpaBIIiHHSI
OyIIBHHLITBOM, YJOCKOHAJEHHIO METOJIB CTBOPEHHS Ta eKCIUTyaTalii HepyXOMOCTI
npucBsueHo nociipkenns €. }0. Antunenka, 1. A. ApytionsH, B. 1. Jlonenka, €. 1. 3aiins,
B. O. Ilokonenka, O.A. Tyras, [[. O. YepHuiiepa ta iHIINX.

Pe3ynbrath BUKOHAHOTO aHaji3y HAyKOBUX Mpallb MPOBIAHUX yYeHHX 1 (axiBIiB y
rajry3i MPOEKTYBAaHHS, PEKOHCTPYKIli Ta eKCIUTyaraiii MpOMHCIOBUX OymiBeNlb T03BOJIMIN
3pOOHWTH BUCHOBOK MPO BiJICYTHICTh €IMHOTO MIAXOAY SIK 10 PO3POOJICHHS Ta OOTPYHTYBaHHS
OpraHizalifHO-TEXHOJIOTTYHUX PillIeHb PEKOHCTPYKII MPOMHUCIOBUX Oy/iBeNb 31 3MiHOIO iX
(GyHKIIIOHAJILHOTO TTPU3HAYEHHS, TaK 1 0 BpaxyBaHHs (PaKTOPIB BILIUBY Ta BUOOPY KPUTEPitO
e(EeKTUBHOCTI YIpPaBIiHHA, a TaKOX BIJICYTHICTh BHYEPITHOTO HAYyKOBOTO OOTPYHTYBAaHHS
MPOTHO30BAaHUX TIOKa3HHUKIB €()EKTUBHOCTI OpraHi3amiiiHO-TeXHOJIOTIYHUX PIIIeHb, K1
3a0e3MeuyroTh MiJBUIIEHHS SKOCTI PEeKOHCTPYKLIi OyAiBens 1 crmopyn npu ePeKTHBHOMY
BUKOPHCTaHHI PECYpPCIB Ta 3HWKEHHI HECTIPUATIMBUX BIUIMBIB HA TOBKIJLJIA.

OcobnuBy yBary INpH OLIHIOBaHHI YMOB PEKOHCTPYKIIi MpPOMHCIOBUX OyniBenb 3i
3MiHOIO 1X (DYHKIIIOHAJILHOTO TIpU3HAYEHHS 1 OOTpyHTyBaHHI €(QEKTHBHOCTI BapiaHTIB
OpraHizalifHO-TEXHOJIOTIYHUX pillleHb i3 BUPOOHMITBA OyAIBENBHHX pPOOIT MpH 3aJaHUX
PECYPCHHUX OOMEXEHHSX JOIUIBPHO MPUIIIUTH 3a0€3MEeYEHHI0O YMOB CTIHKOCTI CXHJIIB Ta
CTiiKoCTi OyiBeJb, PO3TAIIOBAaHUX HA CXUJIAX.

CnucoK BUKOPHCTAHMUX JIKepeJT

1. KoBanroB B. B.,,  KpaBuynoscbka T. C.,  JlanunoBa T. B.,  €midanuena C. B.
@®opmyBaHHS BUMOT 10 00’€KTiB OYHIBHUIITBA MPOTATOM iX MOBHOTO JKUTTEBOTO IHKIY.
LInaxu niosuwenns eghexkmunocmi 6y0i6HUYMEA 8 YMOBAX POPMYBAHHS PUHKOBUX 8IOHOCUH.
Kuis : KHYFA, 2019. Bun. 39, 4. 1. C. 179-186.

2. KoBanboB B. B. Po3po0iieHHs mporpaMHOTO KOMITIEKCY PpO3paxyHKy CTIHKOCTI
pO3TalIOBaHUX MOPYY 31 CXWJIAMH TPOMHUCIOBUX OyIiBeNb IS iX PEKOHCTPYKMii. BicHuk
Ipuoninposcwvroi deparcasrnoi axademii 6yoienuymea ma apximexmypu. 2020. Ne 1. C. 49-58.
URL: doi: https://doi.org/10.30838/J.BPSACEA.2312.260220.49.610.

3. Tyrait O. A.,, OcumoBa A. O. IlepexymMOBH BIOCKOHAJCHHS  Oprafi3aliifHo-
TEXHOJIOTIYHUX PIllIeHb PeBiTali3alii TEXHOJOTIYHUX MPOLECiB Oy1iBEIbHOTO BUPOOHHIITBA.
Ynpaeninus pozeumrom cxnaonux cucmem. 2017. Bum. 30. C. 200-204.

4. Yepuumes /1. O. Merononorisi, aHaMITUYHUNA 1HCTpYMEHTapii Ta IpakTHKa
opranizarii 6iocdepocymicaoro OyniBaunTa. Kuis : KHYBA, 2017. 294 c.
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VIIK 72.02
MPUHLIANH 3EJEHOI APXITEKTYPH B OCBITHHOMY ITPOILIECI IIABA

Canasinceka I M., cT. BHKIL.
Ipuoninposcvka depoicasna axademis 6y0ieHuUYymMea ma apximexmypu
slavinska.hanna@pdaba.edu.ua

Ilocmanoeka npoonemu. Konueniis cTanoro po3BUTKy novana po3susarucs me y 70-x
poOKax MHUHYIJIOTO CTOpiuysi. Y 1€l Yac BWMIIIA HHU3KA HAYKOBUX CTAaTed IO ITIHIMAJIH
IOUTAaHHA OOMEXEHOCTI MNPUPOJHHX pecypciB 3emusi Ta 3a0pyJHEHHS HaBKOJMUIIHBOTO
cepenoBuIna. Brepiie mOHATTS «CTIHKUKA po3BUTOK» Oyno yxkuto y 1987 poui y momosini
CgiToBoi komicii OOH 3 HaBKOJUITHBOTO CEpEOBHUINA Ta PO3BUTKY. ChOTOJHI KOHIICTIIIIS
CTAJIOTO PO3BUTKY — II€ MOJAEIb PO3BUTKY IMBLMI3amii, mo Oa3yerbcs Ha OanaHci
€KOJIOT1YHOT0, COIIAJIBHOTO Ta €KOHOMIYHOTO acmnekTiB. Haibinbm nommpena po3mmudpoBKa
[OTO TIOHSATTA — PO3BUTOK, IO HE CYNEPEYUTh MOAAJIBIIOMY ICHYBAaHHIO JIIOICTBA Ta
1HTepecaM MaiOyTHIX IMOKOJIIHb.

3eneHa apxiTekTypa — L€ MiIXix 10 OyHiBHMILITBA, SKAW 3BOAWTH /O MIHIMyMY
IIKIJTMBUNA BIUIMB Oy/IBEJIbHUX IIPOCKTIB Ha 3J0pPOB'S JIIOAMHM Ta JOBKULIL. Bimowmi
HOCTIIOBHUKHU «3esieHo0i apxitektypu» — Piwapa Pomxepc, Hopman ®ocrtep, fAn Kamiki,
Tomac Xepuor, Ta Ken Sar. e aBa mecATWIiTTS TOMY IIi aBTOPH HAroJIOIIyBaJld B CBOIX
poboTax Ha aKTyalbHICTb MUTAaHb BIUIMBY apXiTeKTypu Ha AOBKULIAL. ChoromHi i mobiemu
CTajy Ie OUTBII aKTyaJIbHUMHU. APXITEKTOPH aKIICHTYIOTh yBary, mo OymiBlli MIPOCKTYIOThCS
BIZIMIOBIZTHO /10 BUMOT Oy/iBEJIBHUX HOPM, — y TOW Yac KOJIU MPH MPOEKTYBAaHHI €KOJOTTUHUX
OyiBenb iCHye€ HarajbHa HEOOXITHICTh BHUUTH 3a paMKH HOPM, a0W IMOKPAIIWTH 3arajibHi
XapaKTepUCTUKU OyIiBli Ta MiHIMI3yBaTd BIUIMB HA HABKOJIMIIHE CEPEIOBHUILNE HPOTATOM
YCBHOTO KHUTTEBOTO IUKITY.

HoBuit eBponeiicekuit  bayrays (NEB) — me mikaucumiutiHapHa —iHiliaTHBa,
3anouatkoBaHa y 2020 pomi Ypcymnor ¢don ngep Jlsen. Binm Bupaxae mnparnenHs €C
CTBOPIOBaTH KpacuBi, CTIHKI Ta IHKIIO3MBHI MICIs, TPOXYKTH Ta crocodu >kutts. Lle
BHUKJIMKAJI0 HU3KY TPOEKTIB Ta 1HIIIATUB , SIKI TECTYIOTh 1 IEeMOHCTPYIOTh inei Ta aii NEB.
VY 2024 poui Ha 1oAaTOK 10 AepxaB-wieHiB €C Brepiie Ha KOHKYPC NPUAMATUMYTh 3asBKH
Ha MPOEKTH Ta KoHIeniii B Ykpaini. Hominantam Oyzae mpucymkeHo npemito «CrerianbHe
BU3HAHHS 3yCHJIb 3 BiTHOBJICHHSI Ta BiTHOBJICHHs YKpainu» [1].

Ha ocHOBI BuIlle HaBeICHWX TEHACHIIINH CYy4aCHOTO CBITOIVISAY 3pOMiJO HEOOXITHICTH
3aCTOCOBYBAaTH 3€JIeHI TEXHOJOTii y BCiX cdepax OymiBenbHOI Tamy3i Ykpainu, a sl IbOTO
noTpiOHO miAroTyBaTH KBamidikoBaHUX (haxiBIliB.

Mema poboomu mionsrae B yAOCKOHAJICHHI HaB4ambHOTO mporecy [IJJABA umisxom
BIIPOBA/DKEHHSI MPOrPaMHUX KOMIUIEKCIB 3 BPaxyBaHHSIM BHUMOT 3€JIEHOT apXITEKTypH s
aKTyaji3alii HaBUYOK Ta YMiHb CTY/EHTIB Ta OTPUMAaHHS CYy4acHOTO JIOCBily B Oy/iBeNbHIN
ramysi.

Ocnosna wacmuna. YpsgamMu JeMOKPAaTUYHMX KpaiH BHKOPHCTOBYETHCS «3eJeHa
KHHATa» — JOKYMEHT MJisi JeKJapyBaHHS Ta OOrOBOPEHHS TOJIOBHUX HAMpsMIB Ta 3MICTy
JIepKaBHOT TIOJIITUKK Y Ti 4M iHIII cdepi, Y3ropKeHHs iX 3 TPOMAaJICHKICTIO Ta Oi3HECOM.
OmauM 13 3ac00iB  BUPINICHHS HHU3KH €KOJOTIYHUX TIPOOJIEM MOXE CTaTH «3ejieHa
apxiTeKTypa», ska HaOyBa€ IMOIIMPEHHS B YChOMY CBITi. Y Hili BTUTIOETHCS HOBUH CIIOCIO
KUTTS. 1 MHCJICHHsS, a BIPOBA/KCHHsS 1i MNPUHIMIIB 3HIKYE EHEProCIOKUBAHHA B
excrryararii OymiBm MiHimyM Ha 25 % (moxnmBo, mo 50-80 %), crmoxwBaHHS BOIU —
Ha 30 %. Y HimeuuuHi Bxe OyayroTh OyJUHKH 3 HYJIbOBUMHU €HEPrOBUTPATAMU, BUKUIAMU
COg2, BimxoaaMu — 1ie Tak 3BaHi OyaAuHKHN TpboX HyiiB (3 «0» homes) [2]. V 3eneniii kHuU31
«B3aeMoniss ydacHUKIB PHHKY OYJIBHHIITBA B pO3pi3i KHUTTEBOTO LHKIY OyaiBelb Ta
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copya», crBopenoi B 2022 3a iximiatmBu Kowmitery BepxoBHoi Pagm Ykpainm 3 nmuTasHb
opraizauii JepXaBHOI BJaJd, MICIEBOIO CaMOBPSAYBaHHs, PErioHAJbLHOIO PO3BUTKY Ta
MICTOOYyAyBaHHs,  TNPOAHAII30BAaHO  MPIOPUTETHI  HANPSIMKHA  PO3BUTKY  ramysi
OyniBuunrBa  [3].Ockinbku  mig  4Yac ~ OyAIBHUIITBA  BHKOPUCTOBYEThCS  Oarato
HEBIJTHOBJIIOBAaHUX  PECYpCiB, IUIaH 30CEpE/PKEHUH Ha  CHOPUSHHI  BUKOPUCTAHHIO
eHeproeeKTUBHUX METOJIB OyJIBHUITBA, TaKUX SK KIIMaTW4Hi OyAiBIi, [OCHUJICHHS
nudposizamii Ta JOTPUMaHHS MPaBUJI IIOAO0 €HEpreTHYHOi epekTuBHOCTI Oyniens. Cepen
IHIIMX aCMEKTIB 3a3aHAa4eHO BAXIMBICTh 3alPOBAKEHHS OyAiBEIbHOro iH(OpMaLiifHOrO
moaemoBanHsa (BIM-TexHomorii), mepir 3a Bce 3aBAsSKH 3HAYHUM IIepeBaraM: 3a0IaHKeHHS,
Kpala CHiBOpansd MiX 3aly4eHUMH CTOPOHAMM M, 3arajioM, MOKpalleHHA e(EeKTHBHOCTI
MPOEKTY.

Texnonorii BIM nepen6avarors noOy0By TpUBUMIPHOI BipTyasibHOI Mojesi Oy liBii B
nuGpoBOMYy BUIJISIZL, 110 Ma€ MOBHY 1H(popMauio npo MaiOyTHii 00’eKkT. 3acTocyBaHHS
BIM-texHonorii B mpoekTyBaHHI OyAMHKIB nepeabadae 30ip Ta KOMIUIEKCHY OOpOOKY
TEXHOJIOTIYHOI, apXITEKTypPHO-KOHCTPYKTOPChKOI, €KOHOMIUHOI iH(opmauii nmpo OyniBio,
3aBJIIKM YoMy OyiBelIbHUI 00 €KT 1 BCe, IO € HOro CKIaJ0BUMH, PO3IIISAAIOTHCA SIK €HHE
nite. Takuif MacuB JaHUX JIONIOMAara€ aHajii3yBaTH €(pEeKTUBHICTh ICHYBaHHS MailOyTHHOTO
00’€KTY 3 YpaxyBaHHSM BCbOT'O )KUTTEBOTO UKy OyaiBii [4].

[Tounnaroun 3 2018 poky BukIamadi kadempu OCHOB apXITEKTypH 3ampolIyIOTh Ha
3yCcTpivi 13 CTyACHTaAaMH NPOBIIHMX CIEMIaNICTIB 3 Pi3HUX HanpsAMKiB. OJHUM 3 TaKUX
KOPHCHHUX JOCBIIiB craja Oecima i3 3acHoBHHKOM Active House Academy Ouiekcanapom
KyuepsiBum (puc. 1), B sikiii BiH HOIIINBCSA BIACHUM JOCBIZIOM Ta HArOJIOCHB Ha BaXKJIMBOCTI
JOTPUMaHHS BUMOT 3€JICHOI apXiTeKTypH BXK€ Ha IMOYATKy ONAHYBAHHS CTYJICHTAMH OCHOB
MPOEKTHOT MIsUTBHOCTI.
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Puc. 1. Onnaiin 3yempiu cmyoenmie 3 3acnosnuxom Active House Academy

bararo cTyneHTIB BXe Ha MOYATKy HaBYAHHS PO3YyMIIOTH BaXKJIMBICTh BOJIOJIHHS CaMme
iHcTpymeHTamMu BIM-mpoekTyBaHHS, TOMy aKTHBHO 3aJIy4aroTh 3HAHHS, OTPUMaHi 30KpeMa
Ha Kadeapi HapuCHOI TeoMeTpii, B KypcOBOMY IpOEKTyBaHHI (puc. 2).
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Puc. 2. Mooeni 6younkie, cmeopeni cmyoenmamu

Bucnoeok. BianosiHicTh piBHS NiAroToBkH BUIycKHUKIB [IJTABA cyyacHuM BuMoram
3aJICKUTh BlJl I[IOPIYHOTO BJOCKOHAJIEHHS HABYAJIbHOIO MPOLECY aKaaeMii IUIIXOM
BIIPOBAKEHHSI IPOTPaMHUX KOMILJIEKCIB 3 BUKOPUCTAHHSAM HOBITHIX TEXHOJIOTIH, Oprasizaii
3ycTpiueil cTyeHTIB 3 (paxiBUSIMHU-TIPAKTUKAMU [l (POpPMYBaHHS CY4aCHHUX yMiHb 1 HABHUOK
MaiOyTHIX BUCOKOKJIACHUX MPO¢eciOHaTIB.
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®OPMYBAHHSA NPUHIUIIIB KJIIEHTOOPIEHTOBAHOI'O HIAXOAY
TPAHCHOPTHUMMH IMIAIMIPUEMCTBAMU B YMOBAX CTIMKOT'O PO3BUTKY

CwmepiueBchbknii C.®.%, mpod., Mobepexna 3.M.2, nmpod., Kpusos’sasiok 1.B.3, npod.,
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12,45 Hayionanouuii asiayitinuii ynisepcumem,
2 JhyybKuil HAYIOHATbHUL MEXHIYHULE YHIGepCUmem
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3 krivovyazukigor@gmail.com; # 8258810@stud.nau.edu.ua; ° 7772637 @stud.nau.edu.ua

Ilocmanoeka npoonemu. Y 3B'S3Ky 3 neAaii OUIBIIOK 3HAYUMICTIO YMPABIIHHS, SKE
OpIEHTOBAaHO HA MOTPEOU KIIEHTA, TPAHCIIOPTHI MiJIMPHUEMCTBA BCE YACTIlIe CTAJHM BHIIISTH
OpIEHTAIlII0 Ha KIIE€HTA SK KPUTHUYHUNA YWUHHUK YCIIXYy CBO€i IisIbHOCTI. TpaHCIOpTHI
HiANPUEMCTBA TPArHyTh 3alpONOHYBAaTH CBOi TOCIYTH, $Ki TOYHO BIJMOBIZAIOTH
BIIOI00AHHSM 1 MOTpebaM 3aMOBHHKA, IMPOTIOHYIOYHM KIIIEHTAM BEJUKY 1HIWUBIAyasi3aiiio Ta
rHydKicTb. Tak, popMyBaHHS NPUHLHKIIB, IKi MOXKYTh MIATPUMYBATH KIIEHTOOPIEHTOBAHICTh
MOCJIYT Ta iX BIUIMB Ha ICHYIOYI orepalii Ta mporecu Mae Besuke 3HadeHHs. OpieHTais Ha
KJIII€EHTA € CTyneHeM (POKyCy MOCTadyalbHUKA TPAHCIIOPTHHUX MOCIYT Ha MOTpeOu 3aMOBHUKA,
BU3HAHHS 1XHIX 1HTEpEeCiB, mepeadayeHHs] O4iKyBaHb BiJl KOHTPAreHTa, 10 J03BOJISIE SKICHO
BUAUIATHCh HAa PHHKY cepel KOHKypeHTiB. CydacHa CHTyallisi y CBITOBill eKOHOMII Iue
OinbIIe akTyamizye mpoOnemMu 3a0e3MedeHHs] CTIHKOro PO3BUTKY, TOTPUMAHHS IIi€T KOHIISTIIiT
Ta (POPMYBaHHS NMPHUHLHUIIIB KIIEHTOOPIEHTOBAHOTO MiIXOMy € OCHOBOIO HOTO 3a0e3reueHHs.
Y cydacHii EKOHOMIIll KJIIEHTH HE PO3MEXKOBYIOTh IOCIYTy (TpaHCIIOPTYBaHHS) Ta
00CIIyroByBaHHs, CIIPUIMAarOYl OOCIYTOBYBaHHS SIK HEBIJA'€MHY YacCTHHY 3arajbHHUX MOCIYT.
TakuM 4YHMHOM, 3aBIAHHS MIOAO 3aJI0BOJICHHS KITIEHTIB Ma€ TEPIIOPSAHE 3HAYCHHS IS
TPAHCIOPTHUX MIATIPHEMCTB Ta € 3aCO00M JOCSATHEHHsA ioro OizHec-mineil. Came Tomy
aKTyanbHOCTI HaOyBae TWTaHHS (OpPMYyBaHHS NPHUHIMIIB KII€EHTOOPIEHTOBAHOTO IIAXOTY
TPAHCIIOPTHUMH MiAIMPUEMCTBAMH B YMOBAX CTIHKOTO PO3BHTKY.

Meta poGotu monsrae 'y (opMyBaHHI TNPUHIMIIB KIIEHTOOPIEHTOBAHOTO IiIXOMY
TPAHCIIOPTHUMU TiAMPUEMCTBAMH B YMOBAX CTIHKOTO PO3BUTKY.

OcHOBHa 4YacTHHA. Y CY4YacCHOMY BHCOKOKOHKYPEHTHOMY CEpEIOBHIII 3IaTHICTh
TPAHCHOPTHUX IiIIPUEMCTB JI0 TPUBAIOTO (DYHKIIIOHYBAaHHS 3aJIEKHUTh BiJl TOTO, HACKUIBKA
NpoayMaHUMH € iX Oi3Hec-MojeNli 3 TODISLy CTBOPEHHs CHOXMBauiB. [Ipore BHUCOKa
MIHJIMBICTh KJITIEHTCHKHX TOTPeO BHMAara€ BiJ MiJIPUEMCTB TOCTIHHOTO BIOCKOHAJICHHS
MoJIeJTi BeJIeHHs Oi3HeCY JUIsl yTPUMaHHS JIOSUTBHOCTI CriokuBadiB [1].

TakuM YHHOM MOXXHA BHIUIMTH Pl (QaKTOpiB, SKi € KIIOYOBUMH Y PO3BUTKY
TPAHCHOPTHUX TIAMPHEMCTB Ta € OCHOBOK JUISI PO3BUTKY CYyYacHOTO OOCITyrOBYBaHHS
KITIIEHTIB (puC.).

dakropamu 1010 PO3BUTKY TPAHCIOPTHUX MIANPHEMCTB B yMOBAaX CTIHKOTO PO3BHUTKY

- YKpyIHEHHs Oi3HeCy, CTBOPEHHS XOJJWHTIB, BEpTHUKaJIbHA Ta TOPH3OHTAJIbHA
IHTETpaIis miAMpUEMCTB;

- TIOMiHyBaHHs PoJi iHGOpPMAIIHHUX TEXHOJIOT1H;

- (GopMyBaHHS TPUHIUIIB KII€EHTOOPIEHTOBAHHUX IIIXOIIB Ta iX BIPOBA/HKCHHS HA
PHHKY;

- BUCOKA SIKICTh TIOCIYT Ta 00CITyTrOBYBaHHS KITI€HTIB;

- (pokyc Ha MPOAYKTHUBHICTb, ONITUMI3AIIIF0 BUKOPUCTAHHS PECYPCIB;

- IPUIUICHHS 0COOIMBOT yBaru A0 YIPABIiHHS BiIXOJJaMH Ta IX BIUIMBOM Ha €KOJIOTIYHE
CepeIoBHUIIIC.
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Boporeba 3a migepcTBO y Tamysi Beae 10 (OpMyBaHHS HACTYIHHX TPUHIIMIIIB
KJIIEHTOOPI€EHTOBAHOI'O MiXOAY TPAHCIIOPTHUMM MiANPUEMCTBAMMU:

- 3a0e3neueHHs] BHMOI KJIEHTIB J0 OOCIyroByBaHHS (4ac [IOCTaBKH, 3pPYy4YHICTb
PO3MIILIEHHS/yIPaBIiHHS 3aMOBIICHHSIM );

- onTUMI3alli opraHizalniiHo-(QyHKIIOHAIBHOT CTPYKTYPH MIIPUEMCTBA;

- BIJINIOBITHICTh BUCOKHM OYiKyBaHHSIM PUHKY;

- e(exTUBHA KOOpAMHALII MISJIBHOCTI OKpPEMHUX MiAPO3AUTIB MIANPUEMCTBA, IO
peasnizyroTh HacKpi3Hi Oi3Hec-Tpolecy;

- IPOrHO3YBaHH Ta ajianTaiis 0i3Hec-Moenel TPaHCTIOPTHUX HiAPHEMCTB;

- iHpopMariitHa MOOITTLHICTb KITIEHTIB [2].

KirouoBi akTopr KITi€HTOOPIEHTOBAHOTO ITiTXOIY
TPAHCIIOPTHUMH i IPUEMCTBAMU

MixxuapoHi Tenpenmis

CTaHJapTH Ta PO3BUTKY Gi3HeCy Hudposi PosBuToxk
JeprKaBHA B TPaHCIOPTHIH TEXHOJIOT11 CYCHUTBHHX ITOTPEO
MO THKA ramysi

e I 1T J

- HOBI K - CTBOPEHHS \ / - IHTepHET peqeﬁ\ / \
KOMEPIiiiHi i TPaHCIIOPTHO- (1oT); - BHMOrH
MIX/IepKaBHi JOTiCTHYHOL - Benuki gadi (BIG ——

YTOJIH; E€KOCHCTEM; DATA); crifiKoro

- IITY4YHUHI
. y PO3BUTKY;
- PO3BUTOK - CTBOPEHHS inTenext (Al,
TPaHCHOPTHUX THTErpOBaHUX Artificial - OBBHTOK
AJbSHCIB; MDXKKOpHOpa- intelligence); P .
KOPIIOPAaTHBHOI
TUBHHX Ta - MallMHHE N
¢ poBoi Ta
- PO3BUTOK TPAHCIOPTHUX Hapuanus (ML, . N
. - COLiaJIbHOT
KOHIIEIIT CHCTEM machine learning) BimoBiaTBHOCT]
(MAAS) - OIIOKYEeHH
- BipTyasbHa i
JIOTIOBHEHA
peanbHICTh
(AR/VR);

\ / K j K - BIM-TeXHonori'l'/ K /

Puc. Kniouosi ghakxmopu KiieHmoopieHmosano2o nioxooy mpaucnopmHumu RiONPUEMCmMeamu

Bci 11i npuHIMIEM HEMOXKIIUBI 0€3 BIPOBAHKEHHS Ta MOCTIHHOTO PO3BUTKY IHU(PPOBUX
TexHoJorii. KoHmemnmis BIpOBa/KeHHS IUPPOBUX TEXHOJIOTIH Yy KIIEHTOOPI€EHTOBAHHUN
MiIX14 BU3HAYAETHCS BXKE HE SK TEHJICHINS, a SK JAaHICTh TOTOYHOTO Ta MaiOyTHBOTO
(GyHKIIOHYBaHHSI.

OCHOBHMMHM 3acajlaMd  BIIPOBa/KEHHS LHU(POBUX TEXHOJIOTIH TpPaHCIIOPTHUMHU
HiAnpreMcTBaMH IpH (POPMYBaHHI KIIIEHTOOPIEHTOBAHOTO TiIXOMY €:

- PpO3BUTOK cydacHUX TexHojoriii (intepHery peueir (IoT), xmapHuUX cepBiciB,
BIpTyallbHOTO MoJeNtoBaHHs, mryuHuil iHTenekT (Al artificial intelligence), mammnaHE
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HaBuanHa (ML, machine learning), OmokueiiH, BipTyanbHa Ta JONOBHEHA pEaJbHICTH
(AR/VR), BIM-texHoJ10T1i Ta TEXHOJIOTi# 3aXKMCTy TaHHUX Ta iH;

- PO3BUTOK TPAHCIIOPTHUX aJbSHCIB BUKOPHCTAHHS MU(PPOBUX TEXHOJOTIH (TpaHchep
TEXHOJIOTIH);

- PO3BUTOK KOHIIEMIIii CUCTeMH yripaBiiHHA sikicTio nocayr (Total Quality Management
(TQM)): o

- BUMOTH KOHIICTIIIii CTIKOTO PO3BUTKY

- PO3LIMPEHHS KIIIEHTCHKOT ayIUTOpii;

- PO3BHUTOK CHCTEM YIPaBIiHHSA 3 KII€HTAaMH, IHIAMBIAyadbHUHA MiAXiJ, CHUCTEMa
JIOSTIBHOCTI KITIEHTIB.

TakuM 4MHOM, MOXKHA BiA3HAYMTHU MEPEBAry Bijl BIPOBAKECHHS HU(POBUX TEXHOIOTIN
Ta B3a€MOJIIi 3 KJIIEHTAMU 3 METOIO PO3BUTKY KJIIEHTOOPIEHTOBAHOT'O MiAXOAY TPAHCIIOPTHUMU
HiAIPUEMCTBAMH, & TaKOXK 3 METOI 3a0€3MEeUYeHHsI CTIMKOTO PO3BUTKY: CTBOPEHHS TepeBar
JUIS YTPUMAaHHsI KJII€HTIB; 130JIAIisl BiJ BIUIUBY KOHKYPEHTIB; 3HWXCHHS BHUTpaT Ha
PO3MIIIEHHS/00pOOKY 3aMOBJICHHSI, IEPCOHAN; 3POCTAaHHS PEKOMEH 1Al Ta 3HUKCHHS BUTPAT
Ha 3aJTy9CHHS HOBUX KJIIEHTIB; PO3BUTOK JIOSUIBHOCTI KIIIE€HTIB [3].

TakoX BaXJMBO BII3HAYUTH JTUCTPYKTUBHI  (aKTOpH, IO MEPEUIKOKAIOThH
(GhOpMyBaHHIO KJII€EHTOOPIEHTOBAHOTO IIIJIXOMY: BHUCOKAa BapTICTh IMOCIYr y TMOPIBHSAHHI 3
KOHKPEHTaMH B TAaKOMY >X PHHKOBOMY  CErMEHTI; TPHMBaJHMi TEpPMiH NepeBE3eHHS Ta
HEJOTPUMAaHHS TEPMIHIB HaJIaHHS TOCIYT; CKJIQJHONI 3 JOKYMEHTOOOIroM (y TOMY 4YHCII
TpUBaJM TepMiH OGOPMIICHHS Ta TOTOKEHHS JOKYMEHTIB); HPOCTOI Ta 3aTpPUMKH B
JIOCTaBIIl; CKJIAAHOIII y TJIAHYBaHHI IepeBe3€Hb, 3 IMiIFOTOBKOIO JI0 TIEPEBE3CHHS Ta 1H.

Bucnoexku. AHani3 OisUIbHOCTI TPAHCIIOPTHHUX MIATNPHEMCTB Ja€ MOXKIJIMBICTH BHUSBUTH
03HaK{ KOHKYPEHTHOTO (PyHKIIOHYBaHHS Ha PUHKY Ta B OKpeMHUX ()YHKI[IOHAJbHUX Tally3iX
MK KOHKYPYIOUMMH TianpueMcTBaMu. DopMyBaHHS NPUHIMIIB KII€HTOOPIEHTOBAHOTO
MiIXOMy Ta TO3WIIOHYBaHHSA Ha PHUHKY € e(EeKTHBHUM IHCTPYMEHTOM YIMPAaBIiHHS Ta
iHTerpalii TPaHCIOPTHUX MiJIPUEMCTB, IO J03BOJISAE IM 3a0e3MedyBaTu CTIMKUI pO3BUTOK,
CIIpHsi€ MiABUIICHHIO €()EKTUBHOCTI AISUTBHOCTI Ta (opMyBaHHS KOHKYPEHTHHX TiepeBar. Y
CYy4aCHUX YMOBAxX KOXXHE TPaHCIOPTHE IMiJIPUEMCTBO MA€ PyXaTHUCS 10 CTIMKOTO PO3BUTKY 3
METOI0 JIOCSTHEHHS KOHKYPEHTOCTIPOMOXKHOCTI. [l JOCSTHEHHS CTIMKOTO PO3BUTKY [IyKe
Ba)KJIMBO OHOYACHO ONITHUMIi3yBaTH BCl CHIIBbHI Ta C1a0Ki CTOPOHH MMiAIPUEMCTBA, BUMIipPIOIOYH
SK MarepianbHy, Tak 1 (¢iHAHCOBY CTOpoHH. i1 1Oro mepmodyeproBuM € (HOpMyBaHHS
KOHIENii CTIMKOrO pPO3BUTKY Ta OCHOBHHX TPHUHIMIIB, M0 TIPYHTYIOTBCS Ha
KJIIEHTOOPI€EHTOBAHOMY TIiJIXOJII Ta 3 OpieHTaIli€o Ha mpuHIMIHY [HayCcTpii 4.0.
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HAIIAHICTh KOMIIO3UTHUX MATEPIAJIIB
B IOBYTOBUX CUCTEMAX BE3IIEKH

Cyxuii K. M.}, 1. 1. 1., mpog., Cyxa L. B., k. T. u., gou., Yynpuna H. M., 1. e. H., npod.,
Bosoaumupos B. B.2, acmip.
JBH3 «Yxpaincokuii 0eporcagnuti XiMiko-mexHon02iyHuil yHigepcumemy
ksukhyy@gmail.com; 2vasyas@ua.fm

Ilocmanoska npoonemu. laTepHET TEXHOJOTI MMOYaIN 3HAYHO BIUIMBATH HA 1HIYCTPIIO
Oe3neku. 3acrapine obiaHaHHS, TaKe K 3YUTYyBadi — KOJOBI KJIaBiaTypH Ta JPOTOBI MaHeNi,
IIBUKO 3aMIHIOETHCS CYYaCHUMH DPIIICHHIMH, SKI MOXKYTh OyTH pO3MilIeH]I y Oyab-SIKOMY
micii Oynieni. Hampukiian, HOBITHI yHiBepcanbHI MaHeNl MOXYTb OyTH I1HTETrpoBaHi 3
(poBUMH IIOMIYHUKAMU, TAKUMH sIK Amazon Alexa, Ta ocHamieHi BOyJJOBaHUMHU KaMepaMH
BiJICOCTIOCTEPEKECHHS NIl PO3IMI3HABAHHS OO0JIMY, a TaKOXX IMOKPAIIEHUMHU JHUHAMIKAMH, SKi
MO’KYTh BIATBOPIOBATH MY3UKY a00 BUKOPUCTOBYBATHUCS SIK CUPEHA JUIsl CUTHAJIi3allii.

3rigHo 3 OCTaHHIM JociipkeHHsM kommanii Omdia, y 2020 porii y BcboMy CBiTi 0yJ1o
BIIPOBADKEHO TMOHAJ 44,5 MinbioHIB POo(deciiiHO KOHTPOIHOBAHUX CHCTEM O€3IEKH, a 0
kiang 2024 poiy iX KUTBKICTh 30UIBIIUTECSA 10 54 minbiioHiB. Jlami Oyxe omucaHo YOTHPHU
OCHOBHI TeHJEHINT y cdepi cucteM O€3MeKH ISl KUTIOBUX NMPUMIIICHb, K OyIyTh MaTH
TEHJICHIIIIO 10 PO3BUTKY HPOTATOM HACTYITHHUX POKIB.

Mema pobéomu mnonsArae B CUCTEMAaTHU3allll ICHYIOUUX CHUCTEM OXOPOHHU MPUMIIICHb Ta
BU3HAYEHHI IUIAXIB iX MOJANBLIONO PO3BUTKY 3 METOI0 MOJETHICHHS IX iHTerpauii a0
HOBOOY/IiBEJIb Ta 3aMiHH MOPAJILHO 3aCTaPLIMX CUCTEM OXOPOHH Ha O1IBII Cy4acHI.

Ocnosna uacmuna. CydacHi OXOpPOHHI CHUCTEMH TIIOBHHHI BIANOBiIaTH TEBHUM
BUMOTaM, SIKi TPYHTYIOTBbCSI Ha 3MiHI TEXHOJIOTIH OXOPOHHU 1 CIOCTEPEKECHHS Ta TEHJICHIIIH
nu3aiiHy Tomo. Hwkde Oyne mpencTaBieHO YOTHPH OCHOBHI TEHJIEHIT y cdepi cuctem
0e3neKu AJIs KUTIOBUX MPUMIIIEHB, HA K1 BAPTO 3BEPHYTH yBary y HaCTyITHOMY POIIi.

1. Ob6aanHaHHs, siKe ileajbHO BINHMCYEThCS B iHTep'ep OyIMHKY. Xoua 3aXHCHI
MaHeNni 3 JUCIUIEEM HE € HOBHMHM, HOBI TEXHOJIOTIi, IHTETpOBaHI B IIi MaHENi, JO3BOJSIIOTH
po3MicTUTH OOJiagHaHHS B Oyab-sikoMy Micui OynuHKY. /leski OpeHau HaBiTh HANOJISATraloTh
B3STH IMJI KOHTpoJb aomantHid Wi-Fi mist nomarkoBoi 6e3neku. Lli TeHaeH i CTUMYTIOIOTh
iHHOBAIil JUIS TpaAWIIMHUX OpeHmiB Oe3MeKu Ta TOBHICTIO JEMOHCTPYIOTHCS TaKUMHU
opennamu posyMHoro OynuHKy [1], sk IKEA Ta Sonos, siki 006'eqHamuCs 11 pO3pOOKH JIaMIT
Ta HACTIHHOTO MHCTENTBAa i3 BOYJZOBaHOIO TEXHOJIOTi€l0 AuHaMmikiB. Tak camo HoBmii Echo
Show 15 nparne Bnucarucs B iHTep'ep OyIMHKY, KOJIH BiH HE BUKOPHCTOBY€ETHCS, BUCTYIAIOUU
SIK paMKa JUIst 300pakeHHsl, MoIi0HO 70 TeneBizopa Samsung Frame.

2. IITy4yHuii iHTeJeKT 3MeHIIeHHsI XHOHUX cnpanboByBaHb. Y 2022 pori Taki
Opennu sik Alarm.com aHoHCyBanmu TexHonoriro Ambient Insights, sika Bkitouae mTyYHUN
IHTEJIEKT IS TOCTa4aHHS OuIbImIoi KITBKOCTI iH(MOpMaIli Ha I[EHTpalbHI CTaHII1
MoHiTopuHTY. Ll nomatkoBa iH(OpMAaIiss MOXe OMOMOITH CTaHIISIM MOHITOPHUHTY
BU3HAUWTHU TPIOPUTETH CUTHAJI3AI] Ta HAICIATH BIIIMOBIIHI CIY>KOM €KCTPEHOI IOTTOMOTH.
B momampmomy I rparume BaroMy poib Yy CKOpPOYEHHI KiNBKOCTI TMOMHIJIKOBHX
CIIpaIlbOBYBaHb CHTHAJII3aIlii Ta 3a0€3MeueHHI JOaTKOBOI iH(popMaIlii Isl eKCTPEHUX CITYKO.

3. Bigzeoanajituka marume Barome 3HadeHHsi. [P xamepu BizeocmocrepekeHHS —
OJTHE 3 HAWMOMYJISPHIIIUX JOTIOBHEHB JJIsi CUCTEM O€3MeKH KUTIOBUX Ta POZYMHHX OyIHHKIB,
1 OpeHar MOYMHAIOTh KOPUCTyBaThCA M. Hanpuknam, neski OpeHan MpOMOHYIOTh CITYXOH
EKCTPEHO1 JTOMOMOTH Oe3MocepelHb0 B MOOUTRHOMY JIOJATKY, TO3BOJISFOYM KOPUCTYBA4YeBi
BUOpaTH MOXXEKHY, MOTIIEHCHhKY a00 METUYHY CITy>KOy, BUXO/ISIYH 3 3aMMCIB BlJICOKaAMEPH.
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4. 3onayBanns Wi-Fi Ta pagapu MoKyTh NOIVIMHYTH PUHOK AHAJIOTOBUX JATYHUKIB.
Byxe 3apa3 Gararo BHpPOOHMKIB MPUCTPOIB BHKOPUCTOBYIOTH KoMOiHamii pamapa, Wi-Fi Ta
YABTPA3BYKy Ul JATYHUKIB PyXy Ta BIIACTEKEHHS TPUCYTHOCTI Jtoned y OyamHkax. Tak,
KOMITaHisi Amazon OrojJoCHIIa, 10 B OCTaHHIX MOJCNSX IHTEJIEKTyalbHHX muHaMikiB Echo
Oyle 3acTOCOBYBATHCS YJIBTPa3ByK Ui BU3HAYCHHS TNPUCYTHOCTI JIFONECH, TaKOX OIHA 3
HOBITHIX TEHJCHIIIM I1e. BUKOPUCTAHHS paJapiB Ui MOBIJOMJICHHS MPO  3aTOIJICHHS
OyIMHKY, BUSIBICHHS DPyXy a00 HPUCYTHOCTI JIIOAEH MOXE CIHPUYMHUTU CTPIMKHUHA 3pICT
BUPOOHHUIITBA TA MONUTY HA JATYUKU BIJKPUTTS Ta JATYUKH PYXY.

Cnip 3a3HaYUTH 110 BITYU3HSHI BUPOOHMKHM BXKE AJANTYIOThCS O CYyYaCHUX BHMOT,
HANPUKIAJ TaKui BUPOOHUK cucteM curHaizanii sk ASKC [2] Bxe mpornoHye ity HU3KY
0e31pOTOBUX PIlLIEHb JUIsl CACTEM OXOPOHHU MPHUMIIIEHb Ta MPOTUIIOKEXKHOI curHamizanii. He
B OCTAHHIO Yepry BUPOOHUK 10/0aB PO AU3aiiH Ta 3pY4YHICTh BCTAHOBJICHHS 32 JIOTIOMOIOO
6e3aporoBoi Texnouorii Jeweller , sikuii siBisie co00r0 6€3APOTOBHUIT TPOTOKOI IS IBUIKOTO
Ta HaJ{IHHOTO JBOCTOPOHHBOTO 3B’SI3Ky MK XaOOM Ta MpHeIHaHUMU TpucTtposMu. [IpoTokon
niATpuMye OJI0KOBe MMGPYBAaHHS 3 IUIABAIOUMM KJIKOYEM Ta PO3MI3HABAHHSA HPUCTPOIB Yy
KOKHOMY CE€aHCl 3B’SI3Ky UIs 3amoOiranHs ca®oTaxy Ta miaMmiHi. (s KOHTporo 3B’SI3Ky 3
NPUCTPOSIMA CHCTEMH Ta 3a3HAYCHHS iX CTaTyCiB y 3aCTOCYHKax Ajax mepeadadyeHo CHCTEMY
OMUTYBaHb «Xa0—mpuctpiit». [lepioguuHicTs OMUTYBaHb: MOKE OYTH BCTaHOBIEHA BiJ 12 10
300 cexyna. TakoX 10AaTKOBUMM €JIEMEHTAMHU 3aXHUCTy MOXKYTh BHUCTYIATH HE TUIBKH
CHCTEMHU CIOBILICHHS, a i €IeMEHTH CUCTEMH po3yMHUH aiM. OTHUM 3 MIPUKIIAAIB SIKOT MOXKeE
OyTu 3amipHUIl KiamnaH nojaayi BOAU. SIK TUIBKM CHCTeMa pO3Ii3HA€ BUTIK BOJIU TO OKPIM
BUJA4l CIIOBIIIEHHS JI0JIATKOBO, 3a IOMEPEIHBO 3alPOrPaMOBAHUM CLIEHapieM, Moxke OyTH
3/11CHEHO MEePEKPUTTS [10/1a41l BOJIM Ha MiIKOHTPOIBHOMY 00’ €KTI.

Bucnoeok. IligBuiieHHs Ta yTpUMaHHS MapaMmeTpiB O€3MEKH € OJHIEI 3 CyYaCHHUX
BUMOT IIpH OyJIBHUITBI Ta peHOBallii 00’ €KTIB K KUTIOBUX TaK 1 HEKUTIOBUX MPHUMIILIEHb.
BrockonaneHHs Ta ajanTariisi CHCTEM CHUTHAJII3aLil Ta IPOTUIIOKEKHUX CUCTEM JI0 CYyYaCHUX
BHUMOT € 3alIOPYKOI0 0e3meKoBoi Ta KOM(GOPTHOI X eKCIUTyaTaIllii.
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VIIK 624.00
3EJIEHE BYIIBHHUITBO : 3BEPEKEHHS MIPUPOIHOTO CEPEJOBUIIA
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Ilocmanosxka npoonemu. CydacHa apXiTeKTypa KepYyeThCS MPHUHIMIIAMH CTaloro
PO3BHUTKY, OCHOBHOIO 1/€€l0 SKHX € OajmaHc MDK gronuHo0 1 mpupomoro. Cepen
HAUCKJIQMHIMX MpoOJIeM  CydacHOTO  CYyCNUIbCTBA €  3MEHIIEHHS  3a0pyaHEHHS
HABKOJIUIIIHBOTO CEPEIOBHUIIA Ta EHEPTOCTIOKUBAHHS B OY/1IBETLHOMY CEKTOPI.

Crayimii pO3BUTOK BCE YACTIllIe CTA€ KIFOUOBHM (PAKTOpOM JUisi OyIiBHUIITBA 3 METOIO
MiBUIICHHS €KOHOMIYHOT €(DeKTHBHOCTI, 3aXWCTy Ta BIJHOBJICHHS EKOJOTIYHUX CHCTEM 1
HOKpaIieHHs 100poOyTy srofei. OCHOBHI MOKAa3HUKH CTaJOr0 PO3BUTKY: MOPAIbHO-CTUYHI,
NICUXOJIOTIYHI,  OMKCOBI; OpraHi3amiifHi; TIOKA3HUKH SKOCTI KHUTTSA;  COIIAJIbHOTO
3a0€3MeUCHHS; TOKa3HUKH (I3UYHUX PECypCiB; EKOHOMIYHI Ta (DIHAHCOBI;, MOKA3HUKH
3aJIGKHOCTI Ta EKOJIOTIYHOT BUTpUBAIOCTI [1].

Jns  mocsATHEHHS CTajdoCTI HEOOXITHO: MIHIMI3yBaTH CIIOKMBAHHS €HEprii, Maru
MOXIJIUBICTh ITOBTOPHOTO BHUKOPHUCTaHHS Ta MEpepoOKH MarepiajiB, 3al0BOJIBHATH MOTPEOU
JIFOJIMHY 32 YMOBH MiHIMAJIbHOTO BILIMBY Ha HABKOJUIIHE cepenopuiie [2].

3rijiHO 3 BU3HAYCHHSIM ATCHTCTBA 3 OXOPOHHM HAaBKOJIHMIIHBOTO cepemonuia (According
to Environmental Protection Agency (EPA)), «3eneHe OymiBHUIITBO» — II€ IIPAaKTHKa
CTBOPEHHS KOHCTPYKIII 1 BUKOPUCTaHHS €KOJOTIYHO  BIANOBIIabHUX  IPOIIECIB,
pecypcosbepirarounx, MIPOTATOM YChOTO JKUTTEBOTO IMKIY OymiBenb. y eKCIUTyaTallii,
00CITyroByBaHH1, pEKOHCTPYKIIii Ta AeKOHCTpYKii [3].

barato pecypciB crioXuBarOThCS JIOABMHU B OymiBIISIX 1 criopynax. bymiBenbHHI CEKTOp €
OHI€I0 3 HAWOUIBII TpPAJAMIIHHUX 1 €KOHOMIYHO OPIEHTOBAaHUX Tally3eil, TOMY IOULUIBHO
BIIPOBA)KYBAaTH IHHOBAIlli, SIKI € EKOJIOTIYHMMH Ta EKOHOMIYHO CTIHKMMH. 3ejeHa
apxiTeKTypa MparHe MiHIMI3yBaTH KiJIBKICTh PECypCiB, CIIOKMBAaHHMX TMija 4yac OyniBHUIITBA,
BUKOPHCTaHHS Ta €KCIUTyaTarii Oy/miBelb Ta CHOPYH, a TaKOK 3MEHIIHMTH IIKOMY, 3aBIaHY
HABKOJIUIIIHBOMY CEPEJIOBUINY Yepe3 BIAXOAHM, BUKHUIUA Ta 3a0pyIHEHHS i1 KOMITOHEHTIB.
AHAJIOTIYHO, CTAJIMH PO3BUTOK 30CEPEIKYETHCS Ha MOCIIJJOBHOMY COIiaJIbHO-EKOHOMIYHOMY
Ta €KOJOTIYHOMY 3pocTaHHI. BiH po3misgaeTbcsi SK HOBE PO3YMIHHS Cy4YacHHX
B3aEMOBIJTHOCHH M1X JIFOMUHOIO 1 TPUPOJIOIO.

Mema podomu 1ionsrae y pO3MOBCIODKEHHI 116 «3€JIHOr0», TOOTO €KOJOTIYHOTO
OyIiBHHUIITBA, iK€ O MiHIMI3yBaJIO HETAaTUBHHUI BILIUB Ha MPUPOIHE CEPEIOBHIIE, BOAHOYAC
iIBUIIYIOYH PiBEeHb KOM(POPTY HE TUTBKHU JIIOAEH, a i 1HIIUX )KUBHUX 1CTOT.

Ocnosna yacmuna. CepeJl TSHICHIIIH, SKi TOCTIHHO OyAyTh PO3BUBAaTHCh B 3EJICHOMY
OyIIBHHMILITBI, MOXHA BHJUINTH: CTBOPEHHS Ta 3aCTOCYBaHHS EKOJIOTIYHO O€3MeYHHX
OyiBeJIbHUX MaTepiaiiB, pereHepaTUBHUN JTU3aiiH B 1HTEp €pi Ta eKcTep’epi, mudpoBizalio
Ta aBTOMATHU3ALIIO.

Tak, mpu 3eyeHOMYy OYJIIBHHIITBI, HAJAIOTh IepeBary BiJIHOBIIOBAIBHHM, O€3MEYHUM
OyZiBeNbHUM 1 pOCIMHHUM MarepiajaMm, Taki sK 0aMOyk, cojoma, cepTHdikoBaHi
MUJIoMaTepialiy 3 JIiciB, mepepoOeHnii KaMiHb, IepepoOIeHni MeTall. Takok, HETOKCUIHUMH
1 OaraTopa3oBUMH, SK: Tpac, JIHOJEYM, OBEYA IIEPCTh, MAHENl 3 TaNepOBUX IUIACTIBIIIB,
CIpecoBaHi 3eMIIsiHI OJIOKH, camaH, TJIMHA, BEPMUKYJIIT, JUITHE MOJOTHO, KEPaM3UT, KOKOC,
JIEPEBOBOJIOKHHCTI TUTHTH, KaJIbI[IEBUH MINAHUH KaMiHb.

ATEHTCTBO 3 OXOpPOHM HAaBKOJHUIIHBOTO CEPEIOBHUINA TPOIMOHYE BHKOPHCTOBYBAaTH
niepepoOJICHI MPOMHUCIIOBI TOBapy B OyMiBEIbHUX MPOEKTAX: MPOIYKTH CHATIOBAHHS BYTLLIA,
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JUBApHUN TICOK, OyJIiBeTbHE CMITTA. BUKOpHCTaHHS Takoro Marepiaiy, SK MOJiypeTaH
JI03BOJIUTH 3HAYHO CKOPOTHUTH BUKHH Byriemto [3].

[Tpu mpoexTyBaHHI OyIiBENIb YaCTO BXHBAIOTH 3aXOIH 31 3HIKECHHS €HEPrOCTIOKUBAHHS.
BucokoepexTuBHa i305d1isl BIKOH, CTiH, CTell Ta WAJOTH MOXE MiABUIIUTU
€HEproe(PeKTUBHICTb OTrOPOKYBAJILHUX KOHCTPYKLIN. IcHye # iHIIA MeTonuKa 100
3MEHIIEHHS! €HEPrOCIOKUBAaHHS — MAaCUBHE BUKOPHUCTAHHsS COHSYHOI eHeprii, ToOTO yepes
crerianbHi OyJiBeIbHI TEXHOJIOTT, 1110 JI03BOJISIOTh aKyMYJIIOBATH COHSAYHY €HEpIiio.

Kpim TOro, mnpaBuibHEe pO3MILIEHHS BIKOH IIPU HPOEKTYBaHHI Oy/iBelb MOXe
30UIBIIUTH TOTPAIUISIHHA HPUPOJHOTO CBITIA, IO JO3BOJUTH 3a0INAJAWTH CIIOKWBAHHS
IITYYHOI'O OCBITIEHHA. SIKIIO po3misfaTd B IIOOAJbHOMY MaciuTadl, BHKOPUCTAHHS
COHSYHOI, BITPOBOi ab0 TigpoeHeprii M03BOJIMTH MiHIMI3yBaTH HEraTUBHHI BIUIMB Ha
HaBKOJIUIIHE CEPEeIOBUILE.

[I{ono eneproeeKTUBHOCTI BEHTHIIALI], TO NIEpeBaka€ MPUPOIHS y 3€JICHUX OyIiBIIAX,
OCKUIBKM HE BHUMAara€ €IWHUX MEXaHIYHUX CHUCTEM I MUPKYISIii moBiTps (puc. 1).
VY hesakux BUNAAKAaX MPUPOIHS BEHTHIIALIS MOXKE HE 3a0€3MEYUTH HAJIEKHOTO OHOBICHHS
MOTIKY MOBITPSI, TOJII JOIIPHO KOMOIHYBATH ii 3 MEXaHIYHOIO.

al shading

all glazing, g
| 16 breezes
BEDROOMS ,l; I

pergola

COURTYARD

LIVING

iI=mi houses designed

— - - tairs outside to minimise

— ‘ the envelope overshadowing
-~ | -

deciduous planting

Puc. 1. Ilpuxnao yupxynayii nogimps 8 6yOuHKy

[Tpoextytoun OyniBI0 Ha MEPUIMX eTanax JOpPEYHO BPAaXOBYBaTU MOXKJIMBICTD
NPUPOMHOI BEHTHJIAIIl 3 TPAaBHIBHOK IHPKYISIIEI0 TIOTOKY TMOBITPS. 3aBISKH I[HOMY
oprasizanii MOXyTh 3MEHIIUTH CBOIO 3aJIC)KHICTh BiJl MEXaHIYHUX CHUCTEM, IO MPHU3BEAE 10
3HaYHOI €KOHOMIi BUTpaT Ha TEXHIYHE OOCIIyrOByBaHHS OOJIaJHAHHS, PEMOHT 1 PaxXyHKH 3a
€JIEKTPOEHEPTiI0.

Cria 3a3Ha4MTH, 10 Pi3HI KIIMaTUYHI YMOBU BUCYBaIOTh II€BHI BUMOTH JI0 OCBITJIEHHS,
COHSYHOI eHeprii, BEHTUJIALII Ta KOHTPOJIIO TeMIlepaTypH. [HKeHepu MOBUHHI BpPaxoByBaTH
Oarato (akTopiB, MOB'A3aHUX 3 00’€KTOM OYIIBHUIITBA, TaKi K MaKpOKJIiMart, Tonorpadito,
pPO3MIpH Ta OpIEHTAII0 IUISHKH, ICHYIOUlI HAaBKOJIMIIHI 3a0yldoBH, OyIiBelbHI HOPMHU i
npaBuIIa TOMIO.

Bucnosok. TakuMm YuHOM, KOHIICTILIS 3€JI€HOTO OyAIBHUIITBA BPAaXOBY€E TEXHOJOTII, sIKi
HiBUIIYIOTh PIBEHb JKUTTS MEUIKAHIIB Yy CIPUSTIMBIN A1 HaBKOJUIIHBOIO CEpPEAOBUIIA
atMocepi 3 MIHIMAIBHOIO WIKOAOK JUIsl JOBKULISA. 3eneHi OyIiBial BHUKOPHCTOBYIOTh
ONTUMAJIbHY KUIBKICTh €HEpTii, CIIOKMBAIOTh MEHIIIE BOAM, 30epiraloTh MPUPOIHI PECYPCH,
3MEHIIYIOTh BiIXOJH, CTBOPIOIOTH MPOCTIP AJISt 3A0POBOTO Ta KOM(MOPTHOTO KUTTSL.
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ACIIEKTH 3ACTOCYBAHHSA ®PAKTAJIBHOI'O MOJEJIIOBAHHSA
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Ilocmanoeka npodnemu 3 IOYATKy 3aCTOCYBaHHS TeOpii ppakTaiiB A MOJCIIOBAHHS
CTPYKTYpH Ta BJIACTHBOCTEN MaTepiajiB MUHYJIO Bxke noHaa 40 pokiB. 3a 1eif yac y 6aratbox
nyOJiKamisaX MiATBEPPKEHO 3B'A30K MK (paKkTajabHOIO (JpOOHOI0) PO3MIPHICTIO €JIEMEHTIB
CTPYKTYpH PI3HHX MaTepiaiiB i iX ¢i3uko-MexaHIYHUMH BIACTUBOCTAMU. AJie Hapa3i HE iCHYy€
€IMHOTO TIAXOMy B MUTAHHSAX OpraHizailii ¢pakTaabHOTO MOJACTIOBaHHSA. ToMy B HaBEICHIM
CTaTTi BUKOHAHO aHaNi3 JESIKUX €TamiB ()paKTaJbHOrO MOAETIOBAHHS 3 METOIO OI[IHEHHS iX
3aCTOCYBaHHS JUIsl KOHKPETHHX BHITQJIKiB POTHO3Y KPUTEPIIB AKOCTI METaJIiB Ta OCTOHIB.

OcHnosna ywacmuna. Po3risiHyTO OUH 3 aTOPUTMIB (PPaKTATLHOTO MOJEITIOBAHHS, 110
3aCTOCOBYETHCSI B Marepiallo3HaBCTBI: OOYMCIICHHS (pakTanbHOi po3MipHOCTI D 00'ekTa
nocimimkenas 3a  ¢opmynoro @, Xaycmopda; BH3HAYCHHS caMOMOAIOHOCTI 00'exTa
(iHBapiaHTHICTH BITHOCHO MacITaly YSBIEHHS); JOCIIKCHHS MOJEII Ha BIAMOBIIHICTH
yMOBaM, 10 BiJIOBIJaIOTh MOKa3HUKY YYyTIUBOCTI; BUOIp (yHKIII METH (KPUTEPilO SKOCTI),
3MIHHUX ((ppaKTaIbHUX PO3MIPHOCTEH €JIEMEHTIB Oy/I0BH) Ta perepHUX TOYOK; (popmasrizalis
OTPUMaHUX pPE3yJbTaTiB (BUOIp aleKBAaTHOI MOJIEINI, 1[0 OMHUCYE 3B'A30K MUK (PpaKkTaIbHOIO
CTPYKTYpPOIO Marepiady Ta HMOro BIIACTHBOCTSIMH); OIIIHIOBAHHS CTYIICHS HEOIHOPIIHOCTI
dpakraibHOTO 00’¢kTa 32 (opMynoro PeHbi Ha HaANEKHICTE [0 MYJIBTH(PPAKTAIIB;
IHTepIpeTaliss OTpUMaHuX pe3ynbrariB. HaBepeHo mpukianu peasnizailii KOKHOTO 3 IyHKTIB
anroputMy (pakTaIbHOTO MOAETIOBAHHS. 3’5ICOBAHO JIOULIBHICTD TOTIOBHEHHS PO3IIISIHYTOTO
QITOPUTMY 32 PaXyHOK MOXIIMBOCTI 3aCTOCYBaHHS (PpakTaJbHOTO (hopMali3My y paH)KyBaHH1
KpPUTEPiiB SAKOCTI Ha TmpHKiIani mMerany Ta OetoHy [2—4]. 3acrocyBaHHA MOIIOHOTO
CHUCTEMHOTO TMiAXOAy y (pakTaibHOMY MOJCIIOBAaHHI J03BOJISE TOJMIMIIUTH PE3yIbTaTh
NPOTHO3Y JOCIHI/PKYBaHUX BJIACTUBOCTEW MarepiajiB Ha OCHOBI aHamidy iX CTPYKTYpH Ta
MaKpOCTPYKTYpHU. Y CBOK 4Yepry, Ii¢ CIpHUS€ BCTAHOBICHHIO HOBHX 3aKOHOMIpPHOCTEH
CTPYKTYypa-BIaCTUBOCTI.

52 53
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50 1 * 50 4 »
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@ 49 4 s * g 49 - * .
= A

48 4 . * a8 .

47 4 47 A

46 46 : . . . ,

1,74 1,77 18 183 186 189 192 L7477 18 18 18 18
Dz
D1
a 6 (b)

onx kap6ioie: HSD = —17.91-D; + 82,176; R¥ = 0,83 o1 KapGioie: HSD = —20.,553-D; + 86,478, R* = 0,82

Puc. 1. 36'a30x pozmipnocmi kap6idie (yemenmumy nededypumnoi mampuyi) (a, 6),
i meéepoocmi sanxie CIIXH-43 [1]

BucHOBKH. 3amporioHOBaHO BapiaHTH JIOMOBHCHHS alTOPHTMY  (PAaKTAIBLHOTO
MOJICTIOBAaHHS CTPYKTYpH Ta BIAacCTHBOCTeH MeTamiB (craimi 1 4YaByHy) W OETOHIB.
3acTOCyBaHHS IHMX AJTOPUTMIB JI03BOJISIE HE TIILKH BCTAHOBJIIOBATH CITIBBIIHOIICHHS, a W
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OLIIHIOBAaTH YYTJIHMBICTh MK (PPaKTAIBHOI PO3MIPHICTIO CTPYKTYPH 1 BIaCTUBOCTSMH, a
TaKoXX TPOBOJUTH PaH)KyBaHHS KPUTEPIiB SKOCTI MarepianiB Ha OCHOBI aHalizy pobodoi
00J1acTi iX 3Ha4YEHb.
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TUIIOJOTITYHUMN AHAJII3 MOBLJIBHUX JKUTJIOBUX TEXHOJIOT'TA
Y KOHTEKCTI IPOBJIEMHU EHEPI'O3BEPEKEHHSA

Humbanosa T. A., k. apx., 101
Ilpuoninposcvra depoicasna akademisi OyOi6HUYMBA Ma apxXimeKmypu
zimbalovat@gmail.com

Ilocmanoseka npoonemu. IlpakTuka BUKOPUCTAHHS KOHCTPYKTHBHO-()YHKIIOHAJIBHUX
0COOMBOCTEH MOOITBHUX JKUTIOBMX TEXHOJOTIH MOB sA3aHa, HAacaMIlepes, i3 MirpamiiHuMu
IpoIeCaMU: TPYAOBUMH, TYPUCTHUHO-PEKpEAI[ifHUMHU, OCBITHIMH, a TaKOX, BHUMYIICHUMH,
(1o cipu4MHEHI BiHCHKOBO-TIONITUYHHMH Ta IPUPOIHO-TEXHOTCHHUMH JINXaMH).

VY GaraTbOX NPOBIIHUX Ta EKOHOMIYHO PO3BMHEHHX KpaiHaX iCHy€ 3HAUYHUH JOCBi
BIIPOBA/DKEHHS NEPECYBHHUX JKUTIOBUX TEXHOJIOTIH HAa3eMHOTO Ta aKBaTOpiaJbHOIO
0a3yBaHHS IPH CTBOPEHHI COIIAJILHO JOCTYIIHOTO >KUTAa (y TOMY WYHCII, y paMKax
aJBTEPHATUBHOTO MiXOMy 0 BUPIIIICHHS TPOOJIEM IePEHACEIICHHS ).

B cywyacHux ymoBax B apxXiTEKTypHO-OyHiBEeNbHY MiSUTBHICTH y BCbOMY CBITI
BIIPOBA/KYIOTBCS HOBI METOOM IIPOEKTYBAaHHS HA OCHOBI BHMMOI EKOJIOTIYHOCTI Ta
30epeKEeHHs IPUPOTHUX PECYPCiB.

B VYkpaiHchkili nepxkaBi, y 3B'A3KYy 13 ICHYIOUYOKO IMOJITHYHO-EKOHOMIYHOIO CHUTYAITI€IO,
NPaKTUYHE OCBOEHHS MOOUTPHHX XHTIOBUX TEXHOJOTIH CTaHOBHTH OCOOJIMBY COILIaJbHY
3HAUUMICTb, BPAXOBYIOUH PIBEHb 3a0€3ME€UECHHS HACEJICHHS KU TJIOM PI3HOTO THUITy Ta SKOCTI.

3acTtocyBaHHS MOOUIBHHMX JKMTIOBHUX TEXHOJOTIH MoOXke OyTH, 30KpeMa, TUMYAaCOBHM
pIIIEHHSIM >KUTJIOBOI MPOOJIEMH, 3aBISKU [IEBHUM IlepeBaraM B MMUTAHHSIX E€KOJOTIYHOCTI Ta
€Hepro30epeKeHHs, Y NOPIBHAHHI 13 KalliTAJIbHUMH KUTIOBUMU OyIIiBIISIMH.

BuxopuctanHs MOOUIBHOTO JKHTIa B YKpaiHIi HHHI BiJIpI3HIETHCS OOMEKEHICTIO
(yHKIIOHATPHO-TUIIONIOTIYHOTO  CKJIaxy.  PO3BHTOK ~ BHpPOOHMIITBA  iHIYCTpiaJlbHUX
NEepeCyBHUX JKUTIOBUX TEXHOJIOTIH Ma€ MEpCNEeKTUBY iX INPaKTUYHOIO 3aCTOCYBaHHS Y
MIMPOKOMY €KCIUTyaTaI[ifHOMY CIIeKTpi.

Mema pob6omu T10oNATaE B TPOBEJIEHHI THUIOJOTIYHOIO JOCHIDKEHHS Cy4acHHX
MOOUTBHUX JKUTIIOBHX TEXHOJIOTiH, BHSIBICHHI ONTHUMalbHUX (YHKI[IOHAIBHUX THUIIB, 3
NO3MLII BUKOPUCTAHHS ITOHOBIIOBAJIBHUX JUKepes eHeprii 1 30epeXeHHs MPHPOJIHOrO
JIOBKIJIISL.

Ocnosna yacmuna. KOHCTPYKTUBHO-TUIOJIOTIYHUI Jllalia30H Cy4acHOI0 MOOLIBHOTO JKUTIIA
€ JIOCTaTHBO PO3BHHYTHM.

IHO3eMHMIT NOCBIJ] BUKOPHCTaHHS MEPECYBHUX  JKMTIOBMX TEXHOJOTIM CBIIYUTH, IIO0
HaHOUTBIIONO TIOMIMPEHHS OTPUMAIM KOHCTPYKIIl JKUTJIOBHX MOJIYJIB TIOBHOI 3aBOJCHKOL
TOTOBHOCTI y BUIVISAI ONOKIB-KOHTEHHEPIB [4].

Hacammepen, € XapakTepHUM BHKOPUCTaHHS  KOJMIIHIX — TPAaHCIIOPTHO-BAHTAKHHUX
KOHTEHHEPIB, MEPII 3a BCEe, MOPCHKHX (T0SBA HOBOIO apXiTeKTypHOro crmmo — Cargotecture)

(puc. 1).
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Puc. 1. Komnnexc cmyoenmcovKux 2ypmodircumkia i3 MopcoKux konmetinepis «Keetwoneny
(m. Amcmepoam, Hioepranou)

OcoOnmuBUM  PI3HOBUJIOM CYYaCHUX JKUTIOBUX Oy/iBeNbHO-KOHTEHHEPHUX TEXHOMOTIH
BUIUBIIOTBCS TaK 3BaHI JKUTIA-KalCylmu (Cropymd 3 MiHIMI30BaHMMHU — (DYHKI[IOHAJIBHO-
IUIAaHYBaJbHUMU TapaMeTpaMy, SIKi OTPUMalIM HAaHOUIbII MIMPOKE MOIIMPEHHS B Meramojicax i
MPOMUCIIOBO-MiCchKHX aromepartisx Cxianoi Ta [liBnerHo-CxinHol Asii) [7].

Jlo mepcneKkTMBHOrO KOHCTPYKTHMBHOTO —HANpPSMKY Cy4acHOro MOOLIBHOTO JKUTJIA
BITHOCSATBCS PO3POOKH MOOUTHHUX TpaHchopMepiB  (MOTYIbHO-30ipHI  00'€MHO-TIIIAHYBaJIbHI
PpillIeHHSI, OTPHMaHI B pe3yJibTati TpaHC(hopMallil KOHCTPYKTUBHHX 3ar0TOBOK).

Oxpemuii  (yHKIIIOHATLHO-THIIONOTIYHAM  PI3HOBUJI TIPEICTABISIFOTE MOOUTBHI  KHUTIOBI
TEXHOJIOTi  akBaropiajbHOro Oa3yBaHHsS (Ha ()OPMyBaHHS SIKOTO BH3HAYAJIbHUI BIUIMB MalOTh
MPUPOITHO-TIAPONIOTIUHI IEPETyMOBH, a TAKOX, MOIIYK AJTBTEPHATUBHUX MICIb U1 TIPOKMBAHHS B
YMOBaxX Ha3eMHOi IepeHaceneHocTi). bylnHKM Ha TMOHTOHHIA OCHOBI 3HAWIUIM HIMPOKE
PO3MOBCIOIKeHHS Y Kpainax €Bporm (Higepnanmu, Jlanis Ta iH.) Ta MBAEHHOA31aTCHKOTO PETiOHY
(Kurait, B ernam, Kambomxi ta iH.) [6] (puc. 2).

Puc. 2. ITnasyui 6younxu na nonmouax (m. Amcmepoam, Hioepranou)

[Iupoky momysapHiCTh HaOYJIM JKATIOBI KOHCTPYKIII, po3MillieHi Ha 0a3i aBTOMOOLTHFHOTO
11aci — aBTOOY/IMHKY Y BUIVISI/II CAMOXITHMX KEMIIEPIB Ta aBTOIpPHUUETIiB (TpeiiiepiB abo KapaBaHiB).
Kpainoro 13 HalOUTBIIT 3HAYHWM JOCBIJIOM BUKOPHUCTAHHS CEPIHHOTO aBTOMOOLTBHOTO J>KUTIIA
sammmatotbess CHIA (ma mouarky XXI cr., Outbme 20 muH. xuteniB CHIA npoxuBamm y
MOOUTPHHX JKUTJIOBHX KOMILIEKCAX — TPEHJICpHHMX IMapKax, IO CTaHOBHTH Omu3bko 8 % BChOTO
HaceJeHHsI Kpaiuu) [5].

Cy4acHOIO MPOBIIHOIO TEHJICHITIEIO € BIIPOBAHKEHHS B apXITEKTYPHO-OY/IIBEIIbHY AISUTHHICTD
KOHLICTIIi{ 1HTErpoBaHOi €KOJOr0 Ta EHEproeeKTUBHOI OMIHKK (HAa piBHI MicTOOYAiBHOTO
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JTaHAMA(THO-TIPOCTOPOBOTO  IMIXOMY, OymIiBEIBHUX MarepialiB, MPOTHO30BAHOI EKCILTyaTarlii
Oymisesb Torio) [2].

AmnHami3 QyHKIIOHATEHUX OCOOIMBOCTEH MOOUTBHHX JKUTJIIOBHX TEXHOJIOTIH y KOHTEKCTI
npoOneMu eHepro30epeKeHHsI CBIIYUTH MPO TIEBHI TepeBard y TOPIBHSHHI 13 KamiTalbHUMU
KUTJIOBUMH OyniBIISIMM, 30KpeMa BHUKOPUCTAHHS MOXJIMBOCTEW aBTOHOMHOI €KCILTyaTauii Ta
HIBUIKOI aJANTUBHOCTI JI0 3MiHU YMOB €KCILTyarTaitii.

VY cydacHHMX yMOBaX, aBTOHOMHICTh MOOLTBHUX KU TJIOBUX TEXHOJIOT1 MOYKE OyTH JTOCATHYTA
3aB/ISIKM BUKOPUCTAHHIO BiIHOBIIIOBAILHUX JKEPETT €HEprii; HalOLIbII TEXHOJIOTIYHO JOCTYITHHM €
eHeprooOIaIHaHHs Ha OCHOBI COHSIYHOI pajiawii i cuitu Bitpy [1].

B ymoBax cyvacHoi Ykpainm, mo npuenHanacs y 2015 p. 1o crpareriyHoi IuiaHeTapHOi
nporpamMu  «CTIMKOrO  pO3BUTKY», NPHHIMIN EHEPrOAKTMBHOCTI CTaIX  MPIOPUTCTHHUMH
eKCILTyaTalllfHUMK XapaKTEepHUCTUKAaMH Oy/IBHUIITBA Ha 3aKOHO/IABUOMY PiBHI; Ha JKaJjlb, TIOKH 110 B
Hallii KpaiHi, e(EeKTUBHICTh BUKOPHUCTAHHS EHEPropecypciB, y TOMY 4YHCI B >KHTJIOBOMY
Oy/TIBHUIITBI, y KUJTbKa Pa3iB HIDKYA 32 CEPE/IHI TTOKA3HUKH, TIOPIBHSIHO 3 HIIIMMH PETIOHAMH CBITY 31
CXO)KUMH KIIIMaTHYHUMH yMOBamH [3].

Ha teputopii YkpaiHChKOi AeprkaBH B ICHYIOUMX COIIAIbHO-TTOITUYHUX 00OCTaBUHAX 3HAUHY
aKTyabHICTh HaOy1a mpobiieMa PO3CENICHHS JTFOICH, IOCTPAXKIATNX Bil BOEHHUX JIIH.

JIOIUTEHUM BBQ)KAETHCS BUKOPUCTAHHS apXITEKTYPHO-OyMIBEIbHUX pIllIeHb, 3IaTHUX JI0
HAWIIBUIIIO! peakuii Ha Ait0 (akTopy OOMEKEHHS YacoM, a came — MepecyBHOTO THMYacOBOTO
KUTIIA.

Hacamniepen, BUIIISIIOTBCS 71Ba OCHOBHUX KOHCTPYKTHBHO-TUIAHYBAJIBHUX THITH:

a) Excnpec-oicumno minm 4Yac HEOOXiIHHX EKCTPEHHMX TepecesieHb. JIisi MoYaTkoBOro
KUTIOBOTO YKPUTTSl XapakTepPHUM € BHKOPHUCTAHHS PI3HUX THIB MOMYIGHUX TEHTOBUX
KOHCTpPYKIIIM; TaKO)K, BIPOBADKYETbCS MPAKTUKA 3aCTOCYBaHHS PI3HUX KOHCTPYKTHBHHUX
TpaHchopmariiii, y TOMy YHCITi, CTBOPEHHX 32 IIPUHIIATIOM «CaAMOYTIAKOBKID».

0) O6'eckmu weuoko2o 36edernHst (BCECE30HHOTO THITY, HA OCHOBI BUKOPHUCTAHHS TEXHOJIOTIi
i3 BHCOKMM CTYIEHEM 3aBOJICBKOI TOTOBHOCTI). KOHCTPYKTMBHO-IUIAHYBAJIbHI — PillICHHS
nepenoavaroTh (PYHKITIOHAIBHE 30HYBaHHS BHYTPIIIHBOTO MPOCTOPY 13 MOXKITUBICTIO PO3IOLUTY Ha
okpeMi nipumitieHHst. Cepen HaAOUTBIN MOMMPEHNX MOOUTEHUX TEXHOJOTIH MIBUAKOTO 3BEIACHHS €
MOYJIbHO-KOHTEHHEPHI Ta 301pHO-PO30ipHI OyITHHKH.

Mo0GinbHa XUTIIoBa IHAYCTpist B YKpaiHi HA JaHW 4ac 3HAXOMUTHCS HA PiBHI CTAaHOBJICHHSI.
3BakKarouM Ha TIEPCTICKTUBY IOJITHYHOI CTAaOUTI3aIli Ta BIIHOBJICHHS E€KOHOMIYHOTO PO3BHTKY,
MOOLITBHI TTepeCcyBHI TEXHOJIOTiT MOKHA BUKOPHCTOBYBATH SIK:

— OpEeHJTHE JKUTIIO, sIKe 3HAYHOIO MIpOIO CIIpUsiE CBOOOII MpalleBIaIlITyBaHHS,

— TUMYacoBe Ha NIEPio1 IIPOBEICHHS PEKOHCTPYKTHUBHUX POOIT;

— TOTeJbHE y BUDAAI XOcCTenmiB (y TOMy YHCHII MiJ Yac IS TPOBEACHHS KyJBTYypHO-
CIIOPTHBHHX 3aXO/IiB);

— pekpeartiifiHe Ta pekpearifHO-TypUCTUYHE.

Bucnosox.  KoHCTpYKTHUBHO-(DYHKIIIOHAIBHI ~ MOXJIHMBOCTI ~ MOOUIBHOTO  JKHUTJIA
JO3BOJIAIOTh  BUKOPUCTOBYBATH WOTO THUMOJOTIYHMM aCOPTUMEHT 13 3aCTOCYyBaHHSIM
eHeproeeKTUBHUX TEXHOJIOTiH, HAHOUTBII JOCTYITHUMH 3 SIKUX € €HEProCUCTEMH Ha OCHOBI
eHeprii coHIs Ta BiTpy. Takok MepecyBHE >MHUTIO MOXE BIJIrpaBaTH 3HAUYHY pOJIb B
€KOJIOT1YHIN ONTUMI3allil yMOB IMPOXKMBAHHS HACEJICHHSI.
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METOAOJOI'TYHI OIAXOAN 10 HPOEKTYBAHHA BIONNO3UTUBHUX
PEABIVIITAHIMHUX BYAIBEJIb

Illexopkina C. €., 1. T. H., npod., Mepuiosa 1. 0.2, k. apx., gou., Baéenko M. M.3, k. T. H.
Ilpuoninposcvra depoicasna akademisi OyOi6HUYMBA Ma apxXimeKmypu
!svitlana.shekhorkina@pdaba.edu.ua; 2irina.merilova@gmail.com;
3interscience.psacea@gmail.com

Ilocmanoska npoénemu. I'id6puanHa BiiiHa pocii npotu Ykpainu, mo Tpusana 3 2014 p.,
B motomy 2022 p. mepepociia y BIAKPUTHUN HIMPOKOMACINTAOHWN BOEHHHN Hamaj, SIKUN
NpOAOBXKYyeTbcst 1 porenep. Hacminkamu 1€l arpecii € pyilHyBaHHA JKMTJIA Ta
1HQPACTPYKTYpH, TOSBAa BHYTPINIHBO MEPEMIIICHUX Oci0, ODLKEHIB, TPaBMOBaHHX Ta
IHBAJIIZIIB SIK cepe/a BIMCHKOBUX, TaK 1 cepell NMBUIBHMX. He MeHI 3Ha4ymuMu € Ti, 110
CTOCYIOThCSl TOPYIICHb ICHUXIKA Ta TMOBEMIHKM — CWJIBHI peakilii Ha HE3HA4HI CTUMYJIH,
MICUXIYHI TIOPYIICHHS PI3HOTO CTYIICHS, Cepell SKUX IOCTTPAaBMATHYHI CTPECOBI PO3Jaau
(IITCP), sk xpaiiHs peakmis Ha 3arpo3dy XuTTi0 JoauHd. 3a3Buvaid [ITCP nouwnnae
MPOSIBIIAITUCS TIPUOJIM3HO Yepe3 IICTh MICAIIB IICIs TPaBMYyrUoOi mojii. BBaxkaeTncs, 1o
cepeani nokaznuku nommupeHocTi IITCP cepen HaceneHHs B yMoBaxX BiliCBKOBOTO Yacy
ctanoBuTh Bix 15 10 30%. Omxe, YkpaiHa HeBAOB31 MoXke 3iTKHYTHCS 3 XBuieto [ITCP, mo
CIPUYUHUTH ICTOTHUH BIUTMB Ha COMIAIbHO-€KOHOMIYHY c(epy Ta raixy3b OXOPOHHU 3I0POB’S.
Oxkpemoi yBaru, 0€3CyMHIBHO, IOTpeOY€ MUTAHHS peadimiTaiii TUCAY BINCHKOBUX, SIK1 IIIOTHS
PU3UKYIOTh CBOIM 3J0pOB'SIM Ta XHUTTSAM 3apaJyd CyBEpEHITETy Hamioi nepxasu. [lopsan 3
TPaAUUIHHUMU MEIWYHHUMM MiAXOJaMH, 3aco0aMu Ta MpenaparaMu, ChbOTOAHI KPUTHYHO
HeoOXiJfHa po3poOKa IHHOBALIWHUX pIlIEHh B CYMDKHHX Taly3sX, SKi 3a paxyHOK
CHHEPTreTHYHOTO €(EeKTy J03BOJIATh €(PEKTHBHO pealiTiTyBaTH BETEPaHIB Ta NHUBUIBHUX 3
IITCP, sixi cipuYrHEHI BINCBKOBUMH JTISIMH.

Binomo, mo IITCP mnposiBAsS€TbCA MOCTIHHUM BIAYYTTSAM CTpaxy Ta HEOE3NeKH,
NMaHIYHAMH aTaKaMH, HaB’ SI3IMBUMH JyMKaMd TPO TPaBMATH4YHI MOJii TOIIO. BUHUKHEHHS
CHUMIITOMIB MOK€ OyTH BUKIHMKAHO Oyab-4MM, IIO XO4ya O BIJAAJICHO Harajaye TpaBMYyOUy
NOJIiI0; «TpUrep» Oyae aBTOMAaTHYHO (HA PiBHI YMOBHOTO pe(ieKCy) BUKJIMKATH HeTaiHy
3aXHMCHY PEakKIlito BChoro opranizmy. OCKIJIbKH TpaBMa KHBE Ta JIi€ 4epe3 TiJI0, a TUIO pearye
Ha (i3UYHMUI TPOCTIp O TOTO, SK JIOJMHA WOTO KOTHITUBHO OOpPOOUTH (OCMUCIHUTH,
YCBIJIOMUTB), OYMIBJISI SIK IITYYHE CEPEIOBHUIIE € HEBIJ'EMHOI YAaCTHHOIO TOTO, SIK JIFOJMHA
nepekuBae TpaBMy, 1 MOTEHLIWHO 3/aTHA 3aCMOKOITH PEaKIil0 OpraHi3My Ha CIPHHHATI
CTpecopy, MOAYJIOIOYM Ta HIBEIIOIOYM HABKOJMIIHI MOAPA3HUKH. BHECKOM y BHpIIICHHS
npobiaemu peabimiTamii HaceleHHS Ta BiIWCHKOBOCTYXOOBIIB, MIO TOCTPaXKJald Bix
BIMCHKOBOI arpecii Ta O0HOBUX i, MOKe OyTH MPOEKTYyBaHHS 010TIO3UTUBHUX OyIiBeNb Ha
OCHOBI €KO-OPIEHTOBAHUX «3EJIEHUX)» Ta CHEPrOe(PEKTHUBHUX PIllIEHb.

Mema po6omu — aHaji3 Cyd4acHOTO CTaHy HayKOBO—TIpUKJIanHOi TmpolneMu Ta
po3poOka METOMOJOTIYHUX TMIAXOAIB 10 TPOEKTYBaHHS OIOMO3UTHUBHUX peabdlTiTamiifHIX
OyziBenp JIsi BETEpaHiB Ta IMBUIBHUX, MOCTPAXIAIUX BHACIIIOK POCIHCHKO-YKpaiHCHKOT
BIHH.

Ocnosna wacmuna. 3arajoM JIKapHSAHI  YCTaHOBM  BB@KAIOThCS  OJHUM 13
HaWicTpecoBimux cepenoBuml. CydacHi MOCTDKEHHS 3 (QopMyBaHHS —apXiTEKTYpHO-
IUTAHYBAJIBHHUX PIllIEHh MEIWYHUX YCTAaHOB CTaBIATH B OCHOBY NOTpeOM Ta KOMQOPT
nanieHTiB. TpaBMa-iHpopMoOBaHUH NH3aiiH CTaB HOBOIO OOJIACTIO apXiTEKTYpPHO-OyaiBEIbHOT
MPAKTHKH, CIIPSIMOBAHOT Ha CTBOPEHHS IITYYHOTO CEPEIOBHUIIA ISl MTOM'SIKIICHHS (DI3UYHHUX,
MICUXOJIOTIYHUX Ta €MOIIMHUX HACTIAKIB BAKKHX XBOpPOO Ta MOB'SI3aHUX 3 HUMU MATOJIOTii
[1]. 3 moyarkoM HIMPOKOMACIITAOHOTO BTOPTHEHHS pocii B YKpaiHy BITUM3HAHUMHU
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HayKOBISIMH JIOCITIJUKYIOTHCS IIUISIXY TIOKPAIEHHS MEIUYHOTO 00CITYyrOBYBaHHS y HACEJICHUX
MYHKTaX Hamoi Jep:kaBu, sKi O CIOPHSUIA PO3BUTKY 1HHOBAalld y MEAMIIMHI Ta OyIiBeTIbHIN
raiy3i [2]. 3akopmaoHHi aBropu [3] Bi3HAYAIOTh MO3UTUBHHUNA €(QEKT BiJl BIPOBAKECHHS
MPOEKTHUX PIIIeHb, IO BiAMOBIAAIOTh MPUHIIMIIAMH «3€JICHOTr0» OyIiBHUIITBA, Ha 3HIKCHHS
PIBHS CTpecy Ta TPUBOXKHOCTI. B OHKOJIOTIYHUX JIKapHSIX BIJ3HAYEHO CYTTEBUIl BIUIMB Ha
HOKpAILEHHS [ICUXOJIOTIYHOTO CTaHy MAalli€eHTIB BIPOBAPKEHHsS 010(iIbHOT apXiTEKTYpH, SIK
OpsIMOrO  Bi3yaJbHOrO 3B’SI3Ky 3 acmnekramu npuponu [4]. Haeaeni mociiikeHHs
HiATBEP/UKYIOTh MEPCHEKTHBHICTh 3aCTOCYBAaHHS €KO-OPIEHTOBAHUX «3€JCHHUX» PILICHb Y
OymiBnsiX peabuTiTallioHOr0 MpPU3HAYEHHS Ui CTBOPEHHSA 3I0POBOTO Ta KOMQOPTHOTO
MPOCTOPY, L0 CIPUSATUME BiTHOBIECHHIO (PI3UYHOTO Ta MCUXOJIOTIYHOTO 3/10pPOB’Sl BETEpaHiB
POCIHCHKO-YKpaiHCHKOT BIHH Ta IUBIIBHUX, [0 MOCTPAXKIa BHACITIIOK BiCHKOBOI arpecii
pd potu Ykpainm.

Ha cporoaHimHiii Je€Hb MOJOXKEHHS apXiTEKTYPHOTO MPOEKTYBaHHS 3a KPHUTEPIsIMH
TpaBMa-iHpopmMoBaHOCTI, 0i0(UIBHOrO AW3aiiHy 30CepeKeHl Ha TOJOJIaHHI HACTIIKIB
JOBrOTpUBAIIOl i30is1iil mij yac nanaemii Covid-19, mokpaieHHs cTaHy OHKOXBOPHX TOIIIO.
[TocTTpaBMaTH4HI CTPECOBI PO3/Iaad, IMOB’s3aHI 13 MOMISIMH BOEHHOTO XapakTepy, MaroTh
CBOIO cnenu(]iky Ta iCTOTHO BIAPI3HSAIOTHCS TPUTEPaMU Ta PEAKI€I0 HA HUX TPaBMOBAHOI
moauHd. [IpakTU4Hi  pekomMeHaaIii [oJ0 NPOCKTYBaHHS OI10MO3UTHBHUX OydiBeh
peabiniTaniiHOro MpU3HAUYEHHs MOBMHHI BPAaXOBYBAaTH OCOOIMBOCTI aHTPONOMETPIi Jronei 3
IHBaJIITHICTIO (aMITyTallii, HassBHICTh aHATOMIYHUX JAe(EKTiB, Baau 30py, CIyXy, HEOOOPOTHI
NOpYIICHHS (PYHKIIH OpraHiB i CHCTEM OpraHi3My) Ta NCUX0()i3MUHOTO CIPUIHATTS MaLllE€HTA,
10 MPOKIIOB Yepe3 00ioBi aii. [Ipu po3podii apXiTeKTypHO-IIaHyBaIbHUX, JIAHIMA(THUX
Ta KOHCTPYKTHBHHUX pillleHb ocoOnmBHii (hoKyc Mae OyTH Ha MICHEBY aBTEHTHYHICTh Ta
KyJBTYpY, ACHEeKTH MPHUPOIHOrO JAaHAMA(Ty, JOKAJIbHOI pecypcHOi 0a3u, M0 JIOIOMOXKE
CTBOPHTH BIAUYTTS JIOMIBKH, O€3MEKH Ta KOM(OPTY, 3HAYHO CIIPHUSIOYH IPOLIECY OTy>KAHHS Ta
MOBEPHEHHS MAIliEHTa 0 HOPMAIbHOTO JKUTTSI.

Bci 3amporoHoBaHi pimieHHsT 010MO3UTHBHOI OyiBIIi TOBHHHI BiJIOBIaTH BHUMOTaM
€BpOMNENCHKOTO 3€eNIEHOr0 Kypcey ILIOJ0 BUPIMICHHS KIIMaTUYHUX Ta €KOJIOTIYHUX MpoOieMm.
o crocyeTbcsi KOHCTPYKTHBHHUX PIlIEHb HECYYHX Ta OTOPOKYBAJbHHX KOHCTPYKIIH, TO
BOHHU MAlOTh BIATIOBIAaTH BUMOTaM HECYYOi 31aTHOCTI Ta eKCILTyaTaIliitHOl MPUIATHOCTI 1 IpH
I[LOMY CTBOPIOBATH MiHIMAJIBHHUM OOCST IIKIJUTMBUX BHUKHUIIB MPOTSITOM BCHOTO KUTTEBOTO
UKy, MaKCUMaJbHO €(EeKTUBHO BHUKOPHUCTOBYBaTH MaTepiayibHi Ta EHEPreTHuYHI pecypcH,
OyTH TpUAATHUMHU J0 TepepoOKH y BTOPUHHI MaTepianu abo 10 MOBTOPHOTO BHKOPUCTAHHS,
HE MaTH MIKiJIMBOTO BIUIUBY Ha 37I0POB’S JIOIUHHU.

IcHytOUi nOCHi/DKEHHsST B Traiy3i €KOJOTiuyHO Oe3nmeyHuXx OyiBeNbHHX MarepialiB
3/1e01IBIIIOT0 MPUCBSIYCHI BUBYCHHIO TEIUIOI30JSALIMHUX BIIACTUBOCTEH, OCKIIBKU TETNIOBUIN
PEXUM y TIPUMIIEHH], SIK TIPAaBUIIO, BBAKAETHCS KIIFOYOBUM aCIIEKTOM MPOEKTYBaHHS Oy/iBIIi.
[Tpu npoexTyBaHHI OyaiBeahr MEIUUHOT chepr HE MEHII BOXIMBUM IapamMeTpoM KoMMOpPTy €
130J1A111is1 BiJ] CTOPOHHIX IIyMmiB. ToMy HEOOXiZHO BHKOHAHHS JOCIIKEHb 3BYKOI30JISALIHHUX
XapaKTEPUCTHK OTOPOKYBATBHUX KOHCTPYKIIIH 13 €KOJIOTIYHUX MaTepiaiiB.

Jliss CTBOpEHHSI 30pPOBHX YMOB Yy NPUMIIICHHSX MNOTPiOHO BpaxoByBaTH KpHTEPii
BHOOpPY eKomarepialiB /sl OI0TO3UTUBHUX Oy/IiBEIb HA OCHOBI €KOJIOTIYHHMX Ta CaHITapHO-
TiTi€HIYHUX XapaKTePHCTUK (TEIUIOTEXHIKa, IIKIUIMBI eMicii, TOKCHYHICTb, TOPIOUICTb,
Mikpodopa). IlinTpumaHHs HEOOXITHMX IMOKa3HUKIB MIKpOKJIIMAaTy OKpEeMHX KIMHAT Ta
peabimitamiiinoi OynmiBiai B LUIOMY JOUIIBHO BHUKOHYBAaTH IIUISIXOM PO3POOKH  Ta
BIIPOBA/DKCHHA  1H)KCHEPHO-TEXHIYHMX  pINIEHb  CHUCTEM  OMNAJCHHS,  BEHTUJIALII,
KOH/IMIIIOHYBaHHS Ta OCBITJEHHS 3 BHUKOPHUCTAHHSM BIJHOBIIOBAHUX JDKEPENl €HEeprii Ta
CMapT-TEXHOJOTi KOHTPOJI0. TapreTHUMU MOKa3HUKAMU CHUCTEM MaroTh OyTH MiHIMi3allis
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CIIOKUBAHHS €HEPrii, aBTOHOMHITCH BIJ IEHTPATI30BAaHUX MEPEK Ta 1HAMBIAYaTbHUAN IT1IX1]]
JI0 TTOTped KOHKPETHOTO Malli€HTa.

Bucnoeox. Buxonmsunm 3 TIPOBEICHOTO IMONMEPETHHOTO aHANI3y ICHYIOUMX 3a
pOoOIEMATUKOIO TIPOEKTY TOCHIKEHb Ta PO3pPOOOK, MOJKHA 3pOOUTH BUCHOBOK, 10 PO3POOKa
INPOEKTHUX PIlIEHh Ta PEKOMEHJALId 3 MPOEKTyBaHHHS O10MO3UTHUBHUX peaduLIiTaliiHuX
OymiBenb SIK «MEpIIOi JIiHI(» MATPUMKHA TEPANeBTUYHUX MiAXOAIB B CHUCTEMI MEIUKO-
comianpHOi peabumitamii Ta gikyBaHHs [ITCP, ¢i3uuHOTO Ta NMCHUXOJOTIYHOTO BiAHOBICHHS €
Ha/I3BUYAIHO aKTyaJIbHOIO 1, BOAHOUYAC, KOMIUIEKCHOIO 33]1auelo.

Hdus 11  BupimenHs  HeoOXiJHE  TPOBEACHHA  KOMIUICKCHUX  TEOPETHKO-
eKCIEPUMEHTAJIbHUX JOCIHIKeHb, WI0 CHOPSIMOBaHI Ha pO3poOKy Ta OOIpyHTYyBaHHS
IHHOBAIlIfHUX  IHKJIO3MBHUX TpPaBMa-iHPOPMOBAHUX  APXITEKTypHO-IUIAHYBAJIbHUX  Ta
JaHAIAGTHUX PIIICHb, €KO-OPIEHTOBAHMX PECYpPCOSHEKTUBHUX KOHCTPYKTHUBHHUX PIIICHB.
3acTocyBaHHSI EKOJOTIYHUX Ta «3eJIeHHMX» OyliBelIbHUX MaTepiaiiB, €Heproz0epirarodmx
CMapT-CUCTEM, KOHTPOJIbOBAHO-ONTHUMAJIBHOTO MIKPOKJIIMAaTy Ha OCHOBI BIJHOBIIOBAaHUX
JDKEpen eHeprii JT03BOJMTH BIEpIIE B YKpaiHi 3alpONOHYBaTH HAyKOBO-TIPAKTHUHI 3acaju
MIPOCKTYBaHHS OI1OMO3UTHBHUX OyAiBedb SK IITYYHOTO CEPENOBUINA «IIEPIIOl JIHII»
OIATPUMKH TEPAaNeBTUYHHUX IMIJXOAIB B CHCTEMi MEIHKO-COIiaibHOI peadimitamii Ta
nikyBaHHs [ITCP, ¢i3uuHOro Ta ICUXOJIOTYHOTO BiIHOBJICHHS BETEPaHiB Ta IUBLIHHUX.
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OCOBJIMBOCTI AOCJIIIZKEHB TEIIJIOBOI'O BIIJIUBY
HA 3AJII3OBETOHHI KOJIOHU
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Ilocmanosxka npoéonemu. CydacHUil CTaH 13 MOXKEKHOIO HeOe3NMekor B YKpaiHi
3yMOBIIIOE€ BaXKJIMBICTh 3aj]ay, SIKI CIIPSIMOBaHI Ha 3a0€3ME€YEHHs BiJMOBIIHUX HOPMAaTHBHUX
BHUMOT ITI0JI0 TIOXKEKHOT O€31MeKku OyTMHKIB 1 CIIOPY/ Y T.4. II0JI0 BOTHECTIMKOCTI Oy/IiBEIbHUX
HECYUYHX 3a1i300eTOHHUX KOHCTPYKIIiH, 30KpemMa 3alli300€TOHHUX KOJIOH, aJIKE 32 X BiIMOBHU
OyIMHKM Ta CIHOPYOW 3a3HAIOTh HAWOUIBIIMX pyHHYBaHb W BIAMOBIAHO HAWOLIBIIUX
COLIaTbHO-EKOHOMIYHHX 30HUTKIB.

Ha choromHimHii JeHb 3a11300€TOH 1 KOHCTPYKIli 3 HBOTO, € OJHUM 13 HAMOLIBII
BUKOPHCTOBYBaHMUX Oy/iBeJIbHUX MarepianmiB y OyaiBenbHii ramy3i. KoncTpykmii i3
3aJ11300€TOHY BHUPI3HSIOTHCS BUCOKOK MIIHICTIO W MAXOAATh MPAKTHYHO M Oyab-sKi
NPOEKTHI pimeHHs. ByaiBenbHi eneMeHTH OyIWHKIB 1 CrIOpya 13 3a1i300€TOHY, MOPIBHAHO 31
CTaJ€BUMH KOHCTPYKIIISIMH, MarTh OLIbIII BHUCOKY IOXKEKHY CTIHKICT. HasiBHa 3apa3
HOpPMAaTHBHA JIOKYMEHTalis Ta poOoTH OaratbOX BUCHHMX, SKI BHUBYAIOTH IOBEHIHKY
3aJ11300€TOHHUX KOHCTPYKIIM 32 YMOB BHCOKOTEMIIEPATYpHOTO BIUIMBY ITiJI Yac TOXKEXI,
OpeACTaBWIM Oe311id METOJIIB, IO ONMUCYIOTh POOOTY IUX OyHiBeNbHUX KOHCTPYKIH 3a IUX
ymoB [1—-3]. HaiiGinemr HagiiHUM 1 JOCTOBIPHMM METOIOM BH3HAYCHHS TEMIIEpaTypu y
nepepizax OyHiBeNbHHX €JIEMEHTIB — € TPOBEJCHHS BOTHEBUX HATYPHUX BHUIPOOYBaHb.
A aJBTEpPHATHBOIO IHOTO CIIOCOOY € 3aCTOCYBAaHHS PI3HUX PO3PaxyHKOBMX MeTomaiB. Ha
CBOTOJIHI TEOpPETUYHA i MeToaruHa 0a3a, TAaKUX MiAXO/IB € y cepii HOPMaTUBHUX JJOKYMEHTIB,
10 JIF0Th B YKpaiHi.

Mema poéomu. IIpoBecTr NOCTIKEHHS 3 BU3HAYCHHS HECYYOi 3JaTHOCTI KOHCTPYKITif
Ta YMOB TEIUIOBOTO BIUIMBY 3 YpaxyBaHHSIM 3MiH MEXaHIYHHMX BIIACTHBOCTEH TEIJIOBOTO
BIUIMBY BPaxXOBYIOYH 3MiHYy MEXaHIYHHMX BIIACTHBOCTEH MaTepialiiB 3aJIeKHO BiJl TEMIIEPATYPH,
JIOMATKOBI 3yCHJIIS 1 3MIiHM PO3PaXyHKOBOI CXeMH KOHCTPYKIIIH, 1[0 BUHHKAIOTh YHACIIIOK
TeMIepaTrypHuX aedopMariiii i 3SMiHU BIACTUBOCTEH €JIEMEHTIB 3113006 TOHHUX KOHCTPYKIIIH.

Ocnogéna wacmuna. 3amiz00€TOHHI KOJIOHU BIIHOCATHCSA 10 CTHCHYTHX €JIEMEHTIB
OymiBeNbHUX 3aTi300€TOHHUX KOHCTPYKIIM SIKi CHpUIIMalOTh depe3 1€ HaHOLIbImi
HAaBaHTAKEHHS 1 € HAaWO1IBIN BIAMOBIAAIBPHIMH €IEMEHTaMHU OyJIWHKIB ¥ CIIOpy/, camMe TOMY
NOPYIICHHS 3arajbHOI CTIMKOCTI yciel OymiBil MiJ 4Yac TOXKEXI 3aBKIU BiIOyBaeThCs SIK
pe3yJabTaT MOBHOI BiAMOBH IMX elleMeHTiB. [Ipu oOBajeHHI Hecy4yuX 3a1i300€TOHHUX
KOHCTPYKIIIF BHACTIIOK pyHHAIlil KOJIOH, 30MTOK MOXeE JTOCSITaTH MaKCHMaJbHHUX 3HAYCHb, a
Il TOB'SI3aHO 13 MOXJIMBHMH >KEPTBAaMHU CEpeJl IMBIILHOTO HACEJICHHS, IMONIKOKCHHSIM
JIOPOTOBAPTICHOTO OONagHAHHS, 3HHUIIECHHSIM OTOPOKYBAaJbHUX W HECYYMX KOHCTPYKIIiH
OynuHKiB 1 criopya. OTke, HaAIMHICTh 3aTi300€TOHHUX HECYUYMX KOJIOH TpHU iX aBapiiHIi
POoOOTI Ti/T Yac MoXex JO3BOJISE 3AIMCHUTH Oe3NeyHy eBaKyallito JIrofei Ta podboTy aBapiitHo-
PATYBATBHUX MIAPO3IIIIB, caMe Yepes Iie 10 3aTi300eTOHHUX KOJIOH BHCYBAIOTHhCS Ba)KIIMBI
BHUMOTH MI0/I0 TXHBOI BOTHECTIUKOCTI.

BunpoOyBaHHs Hecy4Hx 3alli300€TOHHHMX KOJIOH II[OJI0 BOTHECTIHKOCTI BiOYBa€ThCS y
BiJITOBITHOCTI JIO CTaHIApTiB. 3TiTHO 3 HUMHU KOJIOHA IMOBWHHA OyTH Ti/IaHa BOTHEBIH Jii 1m1e
i B yMOBaxX HaBaHTAXXEHHS CHJIOBUMH (DaKTOpaMu, siKi TMOBHICTIO BiAMOBIAIOTH JII0YOMY
HABaHTAXXECHHIO Yy 3aJIi300€TOHHIN KOJIOHI 3TiTHO 3 PO3PaXyHKOBOIO CXEMOIO KOHCTPYKIIT
cropyau. Taki YMHHUKH CTBOPIOIOTHCS 32 PaxXyHOK BiIIOBITHHX BY3JiB BHIIPOOYBaJIbHUX
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YCTaHOBOK, SIKI W IOEJHYIOTh BOTHEBY ITiY 3 OMOPHO-HABAHTAXyBaJIbHUM IpHCTpoeM. Ha
puc. 1 moka3aHa cxeMa-pOTOTUI TaKOi YCTAHOBKH, 1110 HaBeJleHa y BIAMOBIIHOMY CTaHAAPTI.

Puc. 1. Yemanoexa ons eunpobysarnms 3a1i300emoHHUX KOJLOH HA 8602HECIUKICMb !
1 — cmitiku; 2 — 2iopoyunindp, 3 — 3pazok 01 unpodyeam,; 4 — 020poodiceHHs neui,
5 — wapHipna onopa, 6 — onopua cucmema, T — mepmonapu

CuctemMa BKa3aHMX CTaHIAPTIB y IMOBHIM Mipi BH3HA4a€ KOMIUIEKC BHMOT IIOJIO
KOHCTPYKTUBHMX OCOOMMBOCTEHl 11 KOMIIOHEHTIB yCTaHOBOK Ui  BHUIIPOOYBaHb,
0COONMBOCTEH MIONO 3pa3KiB, KOHTPOJIBHO-BHUMIPIOBAIBHOI apMaTypH, OKpIM TOTO, MOPSAKY
MIPOBEJICHHSI MPOIEAYP BUIIPOOYBaHb i 0OPOOKH TXHIX Pe3y/IbTaTiB.

TemneparypHuii peXuMm BUIPOOYBaHHS TOB’S3aHUN TaKOX 13 TeMIEepaTypHUMH
pPEeKUMaMU MOXKEX — 3MIHU CEPEIHbO00’ €EMHOI TEMIIEPATYPH OCEPEAKY MOXKEXKI1, B 3aJI€KHOCTI
BiJ yacy ii TpuBayocTi. TeMmepaTypHi PeXHUMH pealbHUX MOXKEXK Yy MPUMIIMICHHSIX Pi3HUX
OyJIMHKIB Ta CIIOPYI MOXKYTh Jy’K€ CYTTEBO BiIPi3HATHCH OAMH Bi 0mHOTrO [4—6].

L1i pexxuMu 3ajeKarh BiJ KUTBKOCTI Ta CKJIAAy TIOKEKHOTO HaBAaHTAKEHHS; TOBEPXHEBOT
IUIONII TOPIOYMX MarepiajiB, TUIONII Ta BHCOTH BIKOHHHMX TMPOpi3iB; OymiBeIbHUX
XapaKTePUCTUK Takux mpuMinieHb. OKpiM TOro CIiJ 3a3HAYUTH MO0 TOXKEKI MAIOTh
nioHaliMeHIIe 3 XapakTepHi CTajii, a came: MoYaTKoBa CTajis, CTajis MOBHOTO PO3BUTKY
NOXKeXi Ta cTamis 3racaHHs 1ii. TemmepaTypHuii pexuM BUNPOOyBaHHS IMOBHHEH
ycepeKyBaTH pe3yibTaTH JOCHIHKeHb TOXEXI y TOW e caMuil yac CTBOPIOBaTH U
JIOCTaTHBO JKOPCTKI YMOBH, MO0 IIi JOCIIPKyBaHI KOHCTPYKIII MaJld TEBHUN 3amac 00
MIIIHOCTI 3a YCIX MOXJIMBUX CIICHapiiB moxkexki. Ha pucyHKy 2 mokaszaHi TemIeparypHi
PEKUMHU, IO MOXYTh BHUKOPHCTOBYBATHCS TiJ 4Yac BOTHEBUX BHIIPOOYBaHb OyIiBEIbHHUX
3113006 TOHHUX KOHCTPYKIIH Yy 3aJeXKHOCTI BiJ crnenudiku Oe3rmocepeaHbo OyaiBeTbHUX
00’€KTiB, 16 BOHU OyTyTh BUKOPUCTOBYBATHUCSI.

Ha Bumamok BiJACYTHOCTI OCOOJIMBUX YMOB, 3a SIKUMH IPAIIOIOTh JOCIIKYBaH1
3ami300€TOHHI KOHCTPYKIii, st BUNpoOyBaHb Ha BOTHECTIHKICTh BHKOPHCTOBYETHCS
TEeMIepaTypHa KpuBa MOXexi craHaapTHa (puc. 2, kpuBa Ne 2). CaMe 11 KpuUBa yCepeKye
TEMIIEPATYPHI PEKUMH TOXKEXKi, 0 OTPUMAHI JIOCIITHUM MUISXOM W CTBOPIOE JTOCTATHHO
JKOPCTKI YMOBH IIIOI0 BUIIPOOYBaHb 3aBISKH BIJICYTHOCTI TTOYATKOBOI cTaii 1 cTajii 3racanHs
noxkexi. OKpiM 1HOrO, BUKOPHCTAHHS caMe Takoi YHipikoBaHOI KpHBOI JO3BOJISIE
3a0€3MEeYNTH BIATBOPIOBAHICTh IITICHOCTI €KCHEPUMEHTY, C(HOPMYIIIOBATH €IWHI BUMOTH
1010 BHUIIPOOYBaJbHOTO oOOnamHaHHA. Ll TemmeparypHa KpuBa ONHCYETHCS TaKOIO
dbopmyoro:

Tp (z')z 345. |g(82' +1)+T0, (1)

Je T — Yac CTaHJapTHOrO BOTHEBOTO BHUIPOOYyBaHHsS, XB; To — MOYAaTKOBA TeMIEparypa
cepenopumia, °C; To ~ 20 °C; Tp(t) — TemmepaTypa BOTHEBOI KaMepH B YCTaHOBII OO0
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BU3HAUCHHS MEX BOTHECTIMKOCTI 3a1i300€TOHHMX KOHCTPYKIIIA Yy 3aJIe)KHOCTI BiJ dacy
CTaHJAPTHOT'O BUIIPOOYBAHHSI.
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Puc. 2. TemnepamypHi pescumu unpooysans KOHCMPYKYILL:

1 — syenesoonesa kpusa 3a EN 1363-2:1999; 2 — eouna cmandapmua memnepamypna kpusa
noacedici 3a 1SO 834 ma JICTY B.B 1.1.4-98; 3 — kpusa maitouoi noxceci 3a EN 1363-
2:1999; 4 — minimizosana cmanoapmua kpusa 3a ISO 834,

5 — mynenvHa kpusa 3a cmanoapmamu Hioepnanois (RWS);

6 — mynenvna kpusa 3a cmanoapmamu Himeuuunu (RABT)

Bucnoeok. J151s1 cTBOpEHHS 3a3HAYEHUX YMOB Ui PEAIbHUX YCTAHOBOK ICHYIOTH Jy’Ke
CEpHO3HI TEXHIYHI TPYIHOILN, cepel SKUX Tpebda 3a3HAYMTH MOMKIHMBICTH pealli3oByBaTH
TUTBKM LEHTPAJIBHUN CTHCK 3ai1300€TOHHMX KOJIOH, JIMIIE OJWH THUI IXHBOTO 3aKPIIUICHHS,
Ha)kallb, 0araTo pealbHUX YCTAaHOBOK B3araji He mependadaroTh MPHUKIAJaHHS TaKuX
CWJIOBHX HaBaHTaXeHb. OKpIM IbOTO BHMOTH CTaHJIAPTIB 30BCIM HE PETJIaMEHTYIOThH IOJI0
croco0y ¥ MOCIiIOBHOCTI HABAHTAKEHHSI, TOMYCTUMOI TOXUOKH TIi/1 Yac IIEHTPYBAaHHS.
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OIJIBUILEHHA EHEPTOE®EKTUBHOCTI )KUTJIOBOI BYIBJI
3A PAXYHOK BJIAIITYBAHHS COHSYHOI EJJEKTPOCTAHIIII

IOpuenko €. JI., x. T. 1., nou., Kopaas O. 0.2, k. T. 1., 1011.,
JIsxosennka-Tokapesa M. M.3, k. T. H., no11., Oqnodypues P. O.%, maricTp
Ipuoninposcvka depoicasna axademis 6y0ieHuymMea ma apximexmypu
!yel@pdaba.edu.ua; ? koval.olena@pdaba.edu.ua; 2 lyakhovetsky-tokareva@pdaba.edu.ua;
4 rostyslav.odnoburtsev@gmail.com

Ilocmanoeka npoonemu. IloxkpameHHs eHEproe(EeKTUBHOCTI Ta 3MEHIICHHS BHUTpAT
€JICKTPOCHEPrii B HAIll POKU CTajJ0 Ie OLIBIN aKTyaJbHUM IIICIS BUHUKHEHHS MpoOieM 3i
3MEHIIEHHSIM KIUTbKOCTI €HEePrOBUAOOYBAaHHS Ta JOCTABKOIO EIEKTPOCHEPrii KOPUCTyBadaM,
Jenani CKIaJHIIA CUTyalls € B3UMKY JIeé 3 HAacTaHHSM IMOBHOMACIITAOHOTO BTOPTHEHHS
3’ IBUJIMCH Taki mpoOiemu sk «biekayT» Ta, BiAMOBIIHO, MAaCOBI BIAKIIOYECHHS CBITIIA.

CaMe TOMYy 3MEHILIEHHS EHEPrOBUTPAT 3a PAXyHOK BUKOPUCTAHHS aJIbTepPHATHUBHOL
CHEePreTUKHU € HaWOUThIIl eKOHOMIYHO BUTITHUM Ta NPaBHILHUM pilieHHsM [1].

TakuMu KpokaMH HE TUIBKH OKpeMi KOPHCTyBadi eJIeKTpOeHeprii aje i cama YKpaiHa
3arajioM Oyzie TIOCTYIOBO BUXOIUTH Ha HOBHI PiBEHb €HEPreTUYHOI HE3aJIEKHOCTI B LLJIOMY,
Ta JieJjajli MEHIIIE OTPUMYBATH 30UTKH BiJl EHEPTETUYHOTO TEPOPY.

[Ipobnema miABHILEHHS €HEProe(eKTUBHOCTI HE TIABKM HE BTpPaTWIa CBOEL
aKTyaJIbHOCT1 CBhOTOJICHHS aje W Halyna 1me OUIBIIIOro MOMHWTY Ta HaBITh HEOOX1THOTO
XapakTepy y NPOTUCTOSHHI YKpaiHH O OBHOT €HEProHEe3aJIeKHOCTI.

[lepepaxoBytoun Bce BHIIE IMepelideHe Tema poOOTH  SIK  MiJBULICHHS
€HeproepeKTUBHOCTI JKUTIOBOI Oy/iBIIi 32 PaxXyHOK BJIAIITYBaHHS COHSYHOI €JIEKTPOCTAHIII] €
Ta OyJie aKTyaJIbHOIO.

Mema pobomu monsrac B Ppo3poOIl BCIX MOXJIMBUX BapiaHTIB I 3MEHIICHHS
E€HEProBUTpPAT IIJISXOM BJIAIITYBaHHS COHSYHOI EHEPreTHYHOI CTaHMLii ISl >KUTJIOBOTO
OyIWHKY Ha IiJICTaBl JaHUX EHEPTOBUTPAT OY/IIBJII Ta MOKA3HUKIB eHeproeeKkTUBHOCTI [2].

Ocnoéna yacmuna. OCHOBHUM JDKEPEJIOM €Heprii, sike J03BOJISIE COHSYHUM MaHENIM
TeHEepPYBaTH EJIEKTPUYHY EHEprilo, € COHIe. TexXHOJNOris, IO BUKOPHCTOBYETHCS IIPH
MEPETBOPEHHI COHSYHOTO CBIT/Ia B €ICKTPUYHY €HEPTit0, HE BUILISE BYIJICKUCIIMMA a3 Ta 1HIII
IIKiIJIMB] PEYOBHHU Y TIOBITPS, TOMY BHPOOJICHHSI COHSYHOI €HEprii € eKOJIOTIYHO YUCTOI0
MPaKTUKOI0. BiaMmoBigHO, BUKOPUCTAHHS COHSYHOI €HEprii Ta CTBOPEHHS 1i €JIEMEHTIB HE
3aBJa€ MIKOIH JTOBKIJLITIO.

Consiuna enektpuuna cranmis (CEC) — me cumcrema, skxa isg  BHPOOHHIITBA
€JIEKTPOEHEPrii OTPUMYE Yy SKOCTI OCHOBHOTO PECypCy — COHsSIUHY eHepriro. /Io OCHOBHHX
enemeHnTiB KoHCTPYKIii CEC BXOmsaTh:

1 — consuHiI MaHeni, TOJIOBHUN KOMIIOHEHT (POTOETIEKTPUIHOI CHCTEMH SIKa CKJIAJA€ThCS
3 0araTbOX COHSYHHUX €JIEMEHTIB 3’ €JHAaHUX Pa30oM B €IMHE IIi1I€;

2 — 1HBEpTOp, MPHUCTPIH KU TEPETBOPIOE MOCTIMHUN CTPyM Ha 3MIHHUHA. 3MIHHHUN
CTPYM MOTPiOEH JIsi BUKOPUCTAHHS OLTBIITOCTI €ICKTPUYHUX TTPHIIAJIIB OyIHHKY;

3 — akymynsTop coHstuHOi eHeprii. COHsIYHA TTAaHeNh BUPOOIIsiE€ eEKTPOCHEPTII0 BICHD,
Ta HE MOXe il HaKOMWYyBaTU JUIsi BUKOPHCTAHHSA €JEKTpOeHeprii BHOYl. 3aCTOCYBaHHS
AKyMYJIATOpPHUX OaTapei il COHSIYHUX MaHeIel JO3BOJIsie 30epiraTi Ha/UTUIIKU eJIEKTPHIHOT
eHeprii, Mo BHUPOOISIOTHCS (OTOCNEKTPUYHOI0 YCTAHOBKOIO B JIGHHUW 4Yac, J103BOJISIOYU
BUKOPHCTOBYBATH il B BeWipHiil Ta/ab0 HIYHUII Yac;

4 — KOHTponep 3apsay, MPUCTPIA SIKUH KOHTPOJIIOE BUXINHY MOTYXKHICTh COHSYHOL
MaHewi, SKOK 3apsKaloThes akymyasTopu. lLle BigOyBaeThCsl HUIIXOM KepyBaHHSIM
HaMpyToI0, 110 MOJAETHCSI MACHBOM COHSYHHX MaHeNel Ha OaTapero;
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S — eNeKTPO3axXUCHI IPUIIaIH;

6 — 3a3eMIIEHHS;

7 — cucteMa MOHITOPUHTY.

VYei 1 KOMIIOHEHTH (POTOENEKTPUYHOT CHUCTEMH MOXYTh MPAIIOBaTH OKpeMo abo
00’eIHyBaTHCS 3 1HIIMMH KOMIIOHEHTAaMH JUJII CTBOPEHHS ITOBHOI COHSYHOI €JICKTPHYHOL
CUCTEMH.

JuinponeTpoBchbka 007aCTh Ma€ JOCHUTh BEJIMKUN PIBEHb 1HCOJSAIIT MPOTATOM
nepeBakHOi OumbmIOCTi poky. CepeaHbOpiYHA CyMa I1HCONALII B I[bOMY PETiIOHI CKIIagae
3 360 Br-ron/m% Y JiTKy 11i AaHHI 3HAYHO OiNbIi, 3 YEPBHS IO JIUIEHb, i MAIOTh 3arajbHy
cymy 5 700 Br-ron/mM2, 110 CBiUUTH PO IyKe CIPHATINBI YMOBH I CTBOPEHHS COHAYHUX
CJIEKTPUYHHUX CTAaHLINA. B3UMKy 1i OKa3HUKH JIENIO Tiplli Ha MalOTh MAaKCUMaJbHHUN PiBEHb
1210 Br-rom/m?.

[TapameTpu siKi iCTOTHO BITMBAIOTh HAa TE€HEPALIiI0 €IEKTPUYHOI eHeprii:

— IHTEHCHBHICTb COHSYHOI paialtii;

— KyT HaXWJIy COHSYHUX MaHENeH;

— Opi€eHTAIlisl COHTYHUX MACHBIB;

— TEeMIIepaTypa MOBEPXHI COHSIYHUX MaHeNeH;

— 3a0pyIHEHHS TOBEPXOHb COHSYHUX MMaHEeNel;

— TiHI.

BcraHoBieHHs Ta MPOEKTYBaHHSI COHSAYHUX MaHeled B YKpaiHl peryatoeThbCcsl YNHHUM
3aKOHOJIABCTBOM Ta 3aKPIIUIIOETHCS HOPMATUBHUMU JOKYMEHTaMH. /[0 OCHOBHUX BUMOT SIKi
BPaxXOBYIOThCS MPU MIPOEKTYBAHHSI Ta BCTAHOBIIEHHI COHSYHUX MaHeeH BIIHOCATE:

— COHSYHI TMaHeNl TOBHMHHI BIAMOBIZAaTH BCIM MDKHApOIHUM  CTaHAapTam
BCTAaHOBJICHUMU 3aKOHO/IaBCTBOM YKpaiHU;

— BCTAQHOBJICHHS COHSYHHMX TIaHENIeH TOBWHHO BIMOyBaTHCS Ha KOHCTPYKIISX, SIKi
3a0e3mevarp iM IMOBHY CTIHKICTh Ta HAAIHHICTH MiJ] 9ac Pi3HUX MOTOHUX YMOB;

— COHSYHI TaHell MOXYyTb OyTH MIAKIIOUEHUMH [0 eNeKTPUYHOI Mepexi 3
JOTPUMAHHSIM BUMOT €HEProOe3neKu;

— BCTaHOBJICHHSI COHSIYHUX IIaHEJeH BiOyBa€ThCS 3 JOTPUMAHHSM EKOJOTIYHHX Ta
CaHITapHUX HOPM, 3 YpaxyBaHHSM MOXJIMBOTO BIUTMBY Ha MPUPOJIHE CEPETOBUILE;

— 3a00pOHEHO BCTAHOBIIIOBATH COHSYHI TMaHeni Ha OyIiBIAX, SKi MalOTh HECTIHKY
KOHCTPYKIIIIO Ta He MAIOTh MIEBHOTO KIIaCy eHeproepeKTUBHOCTI;

— Tmepel BCTAHOBJICHHSIM COHSYHUX TIaHENEH 3a3/alieriib IMPOPAXOBYEThCS iX
HOMIHAJIbHA TOTYKHICTh, HEOOX1THA KIJTBKICTh, THI 1HBEPTOpa Ta KUIBKICTh aKyMYJISATHBHUX
Oarapei 3riIHO TPOEKTHOTO PillIeHHS;

— BpaxOBYETbCsSI MUTaHHS 30epiraHHs COHSYHHMX MaHeNled Ta iX oOCIIyroByBaHHS Ta
npo(ilaKTUKa 3 PEMOHTOM Yy pa3i HeO0OXiTHOCTI.

3rimHo miei iHdopmariii, Mu 6adyuMoO, IO caM IPOIEC PO3PAXYHKY, MPOEKTyBaHHS,
MOHTXY COHSYHUX TAHENeH € HENmpOCTUM, ajie € JIOCUTh TapHOI IEePCIEKTUBHOIO
1HBECTHUIIIEI0, TOMY BapTO MPOPAXOBYBATH BCi (PAKTOPH PU3UKY MPU BIAIITYBAHHS COHSYHUX
naHeJel Ta BCiX MPOIECiB M0 3 HUMHU OB’ sI3aHi.

B po6orti po3risganack OymaiBias KUTIOBOTO OyIWHKY, SIKa 3HAXOMUThCS B M JIHITIpO.
ByniBns, siBisie coboro 2-TIOBEpXOBUHM JKUTIOBHU OyanHOK Tumy «TayHxayc» 3 Terimm
nigBajgoM. OCHOBHI 00’ €MHO-TIJIaHYBaIbHI TTOKA3HUKH:
3aranpHa mIoma Gysismi — 463,7235 m?;
3aranbHUM 00'eM Oymimi — 2 789,7 Me;
omasoBana miomia — 1 003,5 M2;
omnaroBanmii 00'em — 2 268,96 m>;
3arajbHa IIIOIIA 30BHILIHIX OrOpPOKYBaTBHUX KOHCTPYKIiil — Az = 676,9 M2,

arONOE
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3a pe3ynbraramMu po3paxyHKiB OymiBis Mae kiac EneproedexruBHocTi B, 110 € 10cuTh
HEMOTaHUMU TOKa3HUKaMH, TOMY JOaTKOBUX DillleHb HI0A0 PEKOHCTPYKLIi abo MoaepHizalii
OymiBIIi I7IS1 TiIBUIIEHHS KJIaCy €HeproeeKTHBHOCTI HE TOTPEOYETHCS.

3rifHO  pe3ynbTaTiB  CHEProCHOXKHBAHHS Ta 3a  pe3yJbTaTaMH  PO3PaXyHKIB
eHeproe()eKTUBHOCTI MaKCHMaJIbHE 3HAUCHHs €HepProcrnoxuBaHHs fopiBHIoe: 136 KBT/100y
y 3UMOBHH TepioJl poKy, e OymayTh 3HAUHI €HEProCIOXXUBAaHHS NpH omayieHHi. Lli 3HaueHHs
bakTHYHO € ocepeHIM Bij 11101000BOT0 crioxkuBaHHs enekTpoeneprii B 163 KBt1/100y ta
eHeproButrpar Ha Bumnanok «brekayry» y 105 KBt/mo0y, ToMy TOUHI pO3paxyHKH
EHEPrOCIIOKUBAHHS € JIOCTOBIPHUMH Ta CIIBMAJAI0Th 3 €HEPronoTpedamMu MOBCIKICHHOTO
€JIEKTPOCIIOKUBAHHS Ta nepiony «biekayTyy.

3rifHO pe3ynbTariB OOYMCIICHHS KUTBKOCTI COHSYHUX MaHENeH MU IOBHICTIO Ja€MO
BHCHOBOK II[0 CaMe BJIAIITYBaHHS /5 IMaHeled HOMiHaIbHOIW MOTyXHicTh B 600 BT koxHa,
3aJJ0OBOJIBHJIAITH BCi MOTpeOHr KOM(OPTHOTO MPOXKUBAHHS Y OyIHUHKY.

[Tpu mOpiBHSHHI COHSIUHUX MaHENeH 3 IHITUMU JHKEpeIaMu OTPUMAaHHSI eJIEKTPOCHEPT i,
TO Ta MEPIIUM Ui TOPIBHSHHS MOXKHA B3ATH T€HEPATOp, MPALIOIYNA Ha JW3ETBHOMY a0o0
OCH3MHOBOMY MaJibHI. BpaxoByruW MOXIJIMBICTH JOBIOTPHBAIMX BIJIKIIOYECHb CBITIA Ha
nepion «bnekayTty», TO came reHeparopd NOdYajad HaOyBaTH BEIUKOTO MOMUTY SK JUIs
KOMEPIIIITHOrO BUKOPUCTAHHSI, TaK 1 ISl )KUTJIOBOTO.

Po3rnsiHemMo BapiaHT BCTaHOBIICHHS JU3EJIBHUX T€HEPATOPiB, HEOOXiTHE HABAaHTAKCHHS
Ha Bumnanok «bnekayty» s Oyauaky Oyme csratu 105 KBt1/moOy. s mporo obupaerbes
HaOMKEHUH 13 3allpONOHOBAHMX HA PHUHKY IHU3EIBHUX TE€HEpaTropiB € reHeparop ¢Gipmu
AyPower AYR125 na 100 KBT HOMiHa/IBHOT TTOTYKHOCTI.

Bapricte Takoro reneparopa craHoButh 645 000 TpH, Takox IS HOro €PeKTUBHOL
poboTu mMOTpiOEH 1HIIMI pecypc, Le NU3eNbHE MalibHEe, SIKE 3 KOKHUM Pa3oM JIOPOKYAE.
Burpara nanbpHOTO IS TAKOTO T€HEpaTopa Ha BCIO MOTY)XHICTh CTAHOBUTH 24 11/Ton1. Ha 700y,
e 576 n. OTxe, 11le BKpail HEBUTIIHE PIIICHHS, B TOMY YHCJ TaKUW pecypc K IHU3EITbHE
naJbHE MOXKE CKIHUMTHCS OCOONMBO B YMOBax BiifHM, a JUIS COHAYHHX TaHENEU pecypc y
BUIVIS/II COHSYHUX MPOMEHIB € HEBUYEPIIaHUM.

Bucnoeox. Otxe, Ha TiACTaBl BCIX MPUWHATHX pIlIEHb Ta TOPIBHSAHBb 3 1HIIUMHU
JOCTYIHUMH allbTEPHATUBHUMHU JDKEepeJaMH BUPOOJIEHHS eJIeKTpOoeHeprii, TiHmmm a0
BUCHOBKY W10 JUIsI MiJABHIICHHS eHeproedekTuBHOCTI OyniBiai Ta HAWOMMKYMHA  IUISIX
3MEHILIEHHS EHEProBUTPAaT € caMe BIIAIITYBaHHA COHSYHMX maHened. Lle mae 3mory,
HacaMIiepe]], 3SHU3UTH €HEPTOBUTPATH Ta 3pO3YyMITH, 110 HABITh MPU €KCTPEHUX CUTYAIisX, K
noBHEe a00 YaCTKOBE BIAKIIOYEHHS €JIEKTPOEHEprii, COHAYHI MaHell € HalONTUMAaJIbHIIIUM
PITIICHHSIM TSI OTPUMAHHS €JIEKTPOSHEprii.

CoHsUHI €JeKTPOCTAHINI € €KOJIOT1YHO YUCTHM Ta JOBMOCTPOKOBUM DIIIEHHSM MJis
3a0e3neueHHs €HEPTi€r0 KUTIOBUX Oy /1iBEb.
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