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ABSTRACT

In modern conditions of increasing the amount of waste generated during construction, demolition, repair or reconstruction of
facilities, the problem of analysis and management of this waste is becoming increasingly relevant in solving environmental and
economic issues. This problem in Ukraine is complicated by hostilities on its territory, which resulted in a significant number of
destroyed or damaged buildings. The scientific article proposes a solution to the problem of analysis and management of construction
waste by creating intelligent information technology. The authors propose a conceptual scheme of intelligent information technology,
which will provide geospatial information about waste reception centres based on data entered by the end user about the source and
type of construction waste. The subject literature on the current state of technologies and methods for construction waste management
was analysed, on the basis of which the requirements for intelligent information technology were formed. When describing the
components of the conceptual scheme, the nature of the input and output data was analysed, and machine algorithms and technologies
that can be used to solve the intelligent task of analysing and managing construction waste were considered. As an option for solving
the problem of analysing and managing construction waste, the authors developed the intelligent information system of 4 modules,
which implemented the following subtasks: classification of waste collection centres, collection of data on the source of waste and its
types, waste classification, determination of the nearest waste collection centres and output of results in the form of an interactive map.
The server was written in the Java programming language, using the Spring Framework, as well as Spring Boot and Spring Data JPA.
PostgreSQL was chosen as the database management system. The frontend was written using Thymeleaf, as well as HTML, CSS and
JavaScript. The fourth module includes a query to OpenStreetMap Tiles to display the map on the user's web page. Further
development of the research may involve the use of artificial intelligence technologies or neural networks to analyse images of waste
generation facilities, based on which a text file with classes of construction waste can be obtained to generate suggestions to the user on
waste management.
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INTRODUCTION awareness and the lack of a comprehensive
construction waste management system. In addition,
due to the war in Ukraine, there has been a
significant increase in the number of buildings that
has been demolishing due to significant damage or
has been a subject to reconstruction, and because the
problem of balanced and reasonable construction
waste management becomes more relevant, in
particular in the context of bringing it into line with
European norms and rules. In this regard, the
development and implementation of intelligent
information technologies capable of optimizing
C&D waste management processes is an extremely
urgent and important task.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/deed.uk)

The problem of construction and demolition
(C&D) waste generation is becoming more and more
serious due to the growth of the construction
industry. Improper handling of construction waste
leads to pollution of soil, water resources and
atmospheric air, as well as to the loss of valuable
materials that can be reused or recycled. In Ukraine,
the problem is complicated by outdated disposal
technologies, insufficient level of environmental
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Such technologies can be applied in various
areas, including:

— waste management on construction sites: to
optimize the collection, sorting and transportation of
waste;

— recycling and reuse of C&D materials: to
identify opportunities for recycling and reuse of
various types of waste;

— monitoring and control of waste circulation:
to ensure transparency and tracking the movement of
waste from the place of generation to the place of
disposal or recycling;

— decision-making in the field of waste man-
agement: to provide recommendations on the selec-
tion of optimal waste management strategies based
on data analysis and modelling of various scenarios,
as well as optimal routes for their delivery to reduce
transportation costs.

The justification for the relevance of creating
the intelligent information technology (IT), which
will provide proposals for the management of
construction waste, is the need to increase the
efficiency and environmental friendliness of waste
management processes, reduce the negative impact
on the environment and promote the transition to a
circular economy. Such technology will allow
making informed decisions based on the analysis of
large amounts of data, considering the specifics of
different types of waste and regional characteristics,
and ensuring a prompt response to changes in the
environmental situation.

ANALYSIS OF LITERARY DATA

The article [1] states that construction and
demolition waste is one of the largest sources of
waste in the world. In the European Union alone, the
annual volume of construction and demolition waste
ranges from 310 to almost 700 million tons
(approximately 0.63 to 1.42 tons per capita). Despite
the availability of  established recycling
technologies, recycling rates vary significantly, from
less than 10 % to over 95 % in different regions. For
example, 89 % recycling rates have been achieved in
28 EU countries, but many countries report that most
recycled materials are used only for low-grade
applications (downcycling). Since 1966, 5,245
scientific articles have been published on
construction and demolition waste, with a sharp
increase in research activity since the 1990s. In 2022
alone, about 740 articles were published. China
leads in the number of publications (over 650
articles), followed by India (about 450 articles), and
Spain and the USA have approximately 420 articles
each [1].

The construction and operation of buildings
accounts for almost 40 % of the depletion of natural
resources and 25 % of global waste. This was noted
in the article [2], which reviewed the state of the art
in material flow analysis research in the context of
recycling and disposal of construction and
demolition waste. The construction industry
accounts for about 20% of workplace fatalities,
despite employing only 8.6% of the global
workforce. In particular, the data show that in the
demolition sector, fatalities in places such as Japan
can be six times higher than in studies from the
European Union, suggesting underreporting or
different safety practices in different regions [3].

From the life cycle analysis of C&D waste
management, it can be seen that transportation,
sorting and disposal contribute to the environmental
impact. Recycling of plastics, metals, aggregates and
wood has a positive dynamic for all assessed
categories of environmental impact, except for
global warming in the case of wood and cardboard
[4]. In the article [5], the problems of management
of construction and demolition waste due to the
generation of large amounts of waste from
destruction during military operations and terrorist
attacks were considered.

A study on the sources of waste and
recommended measures to minimize its generation,
as well as the frequency of implementation of
relevant measures on construction sites in the UAE
was reviewed [6]. The study revealed that the main
causes of material waste are lack of awareness;
excessive trimming due to poor design; and rework
and variation. The most common measures practiced
to minimize material losses are: staff training,
adequate storage and timely delivery of materials.
Waste measurement and segregation are areas that
need to be more effectively implemented to achieve
material waste minimization goals. Furthermore,
contractors’ perceptions of the benefits of
minimizing material waste showed that this waste is
primarily considered a financial problem and its
minimization is a cost-cutting activity.

The paper [7] is devoted to the study of
demolition waste management strategies in different
countries and the role of regulatory authorities in
waste management. It also studies the properties of
building demolition waste, its hazardous effects and
suggests safe methods of recycling/reuse/disposal.
Based on the study, a construction and demolition
waste management plan has been formulated. For
effective construction waste management, it is
important that local authorities make the submission
and implementation of this plan mandatory. This
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will go a long way in reducing environmental
pollution due to construction and demolition waste.
The construction industry in India generates about
10-12 million tons of waste annually. While
renewable items such as bricks, wood, metal, paper
are recycled in India, concrete and masonry waste
(more than 50% of the total waste) is not recycled.

The study [8] examines the increasing amount
of construction and demolition waste in Malaysia
and its environmental impact. Despite legislation,
construction and demolition waste has received
significantly less attention than municipal waste.
The study uses a life cycle assessment approach to
analyse the sustainability and environmental impact
of different waste management strategies, including
recycling, incineration with energy recovery, and
landfilling.  After analysing the impact of
construction and demolition waste in different
regions and the extent of research on the topic,
existing methods and models for managing
construction and demolition waste were reviewed.

Analysing the impact of construction waste on
the environment, the work [9] emphasizes the need
for their classification and unification of disposal
methods. The proposed solutions are aimed at
optimizing the processing and reuse of materials,
which will contribute to economic efficiency and
reduce environmental burden.

A significant contribution to the study of
construction waste transport logistics was made in
the article [10], where the authors proposed a model
for movement of the C&D waste. It is expected that
the implementation of this model will allow
achieving not only environmental, but also economic
advantages in the field of waste management.

In the study [11], a multi-objective optimization
algorithm was developed, with 17 decision variables
and three objectives — cost, delay and recovery
speed, to optimize the management of construction
and demolition waste.

In the work [12], two approaches to
construction waste management were considered,
and their strengths and weaknesses were analysed.
The use of a decision matrix allows assessing the
effectiveness of each method and choosing the
optimal option for specific conditions.

The study [13] proposes a strategic framework
for the effective implementation of smart
technologies in construction and demolition waste
management. This framework aims to help
professionals integrate different technologies,
conduct research throughout the life cycle, and

The results of [14] identified 20 barriers for
large waste generators and 7 for small waste
generators, with 4 common barriers for both groups.
These barriers highlight the complexity of waste
management and suggest specific policy and
strategy needs.

The paper [15] examines the relationship
between construction defects and construction and
demolition waste generation. Despite numerous
studies on both topics separately, their relationship
remains poorly understood. The study systematically
reviews 59 studies, highlighting key defects, their
causes and impact on waste generation.

An analysis of the capabilities of smart bins is
presented in [16]. The use of dynamic route
optimization algorithms can improve waste
collection logistics and ensure timely disposal.

The methods of intellectual analysis of
construction waste data remain relevant, the
foundations of which can be used to create
intelligent information technology. Thus, in [17] the
methodology of intellectual analysis of weakly
structured multidimensional data of sociological
surveys is presented. As studies of the developed
information technology for preparing sociological
survey data have shown, the most influential on the
analysis result are the procedures related to the
construction of spaces of primary and secondary
features for further clustering and classification.

The classification of construction waste as a
means of its effective reuse was considered in details
in the work [18]. The authors investigated the
technological possibilities of recycling and proposed
recommendations for the implementation of
innovative methods of utilization.

The work [19] was devoted to a case study,
through which empirical data are collected using the
ethnographic-action meta-analysis research approach
and triangulated with data from the literature,
current discussions and other sources. The
possibilities of applying Big Data in the context of
construction waste management were considered.

In the study [20], the authors developed a robot
for automated sorting of construction waste using
deep learning. 18 models were tested, which allowed
them to identify the most effective algorithms for
material recognition and classification.

The use of GIS appears promising in addressing
urban environmental issues in the articles [21-24].
The study [22] demonstrated how building
information modelling can be used to digitally
model the physical characteristics of building
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GIS, which provides tools for better spatial and
environmental analysis.

The issue of planning a municipal construction
waste management system in Brazil was considered
in [23]. The use of GIS allowed optimizing resource
allocation and waste processing logistics.

The authors of [24] developed a system that
automatically determines the location of demolition
waste and optimizes the resources that need to be
used for demolition and waste transportation. The
system consists of three modules: a GIS module, an
optimization module and a decision-making module.
The GIS module is designed to quantify the volume
of demolition waste in the study area using ArcGIS
Pro software. The optimization module determines
the near-optimal combination of resources involved
in the demolition and transportation process. These
resources include work crews, excavators, and
trucks. The module performs multi-objective
optimization using the non-dominated sorting
genetic algorithm NSGA-Il. The optimization
module considers three objectives in the demolition
and transportation processes: time, cost, and energy
consumption. Finally, a decision-making module is
developed to rank the Pareto-leading solutions.

The paper [25] examines the role of smart
technologies in construction and demolition waste
management.  While municipal solid waste
management has successfully integrated digital
technologies, construction and demolition waste
management lags behind in integration, mainly due
to industry conservatism, lack of standardization,
and insufficient data. The study systematically
reviews 75 academic and technical publications to
assess current and potential applications of smart
technologies in C&D waste management.

Thus, the analysis of the subject area allowed us
to identify the following problems:

— the history of the development of the
problem of construction and demolition waste
management;

— the state of research on the topic of
construction waste management;

— existing methods, models and techniques for
monitoring, classification, clustering, analysis and
management of construction waste and related
objects;

— information systems that can be used for
further model construction;

— existing information systems for
construction and demolition waste management.

In addition, this analysis allowed us to
formulate requirements for intelligent IT:

— definition of functional requirements (waste
monitoring,  forecasting, route  optimization,
automated reporting, etc.);

— definition of non-functional requirements
(scalability, speed, security, integration with other
systems);

— analysis of legal and environmental
regulations for construction waste management.

PURPOSE AND GOALS OF THE RESEARCH

The purpose of the article is to develop a
conceptual scheme of the intelligent IT for analysis
and management of construction waste generated
during construction / reconstruction / demolition of
objects of various natures, which will provide support
to end users regarding the most appropriate handling
of construction waste.

To achieve the goal, the following tasks should
be solved:

— analysis of data on construction waste that
require information processing and approaches to
their processing;

— development of a conceptual scheme of the
intelligent IT for analysis and management of
construction waste;

— implementation of a wversion of the
intelligent applied IT for analysis and management
of construction waste.

CONSTRUCTION WASTE DATA ANALYSIS

One of the very first stages of developing
intelligent ~ waste ~ management  information
technology is analysing the input data that the
system receives.

One type of input data is the types and volumes
of C&D waste. There are different approaches to
classification of C&D waste in the literature, some
of which discussed more in this section

As shown in the work [18], several types of
waste classification can be deduced:

1) by type of construction materials: separation
by materials, such as glass, concrete, brick, wood,
drywall, etc. These parameters will be most
convenient for users to enter, since the type of waste
can be specified based on its type most accurately
and efficiently, which will simplify further data
processing;

2) by standard: division into standard, non-
standard and non-recyclable waste. That is, types of
materials can be further divided into these groups,
which determine the main scenarios for handling the
specified materials: reuse, recycling, or landfill;

3) by safety criteria: considering the four
existing waste safety classes. Together with the
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classification by condition, it allows adding to the
result the calculation of hazardous materials that
require the care of certified experts for collection,
transportation and disposal;

4) by suitability for recycling according to
types of technologies: separation of waste by
available technologies (technology 1, technology 2,
etc.). Considering this classification will help
provide the user with more specific information on
whether a given type of waste can be recycled in a
specific recycling centre based on the availability of
the necessary technologies.

Another type of input data is data about the
construction site. Unlike waste data, which can be
generated dynamically, data about the site usually
does not change throughout the entire work. The
main type of data about the site is its spatial
coordinates. There are many options for filling in
this data, such as filling in coordinates through a
form, filling in an address, or filling in via an
interactive map. Among these methods, an
interactive map was chosen, where the user can
select the location of the site on the map by clicking.
This approach makes it possible to most
conveniently fill in the coordinates of the site with
the expectation that the user will work with a form
to fill in the data, as opposed to manually searching
for coordinates or filling in an address, which
requires additional search. In the future, the latitude
and longitude are determined from the marked
marker, which will be used in the analysis in the
future.

Additionally, other important data about the
building, which is entered by the IT user, includes
details such as the type of site, the nature of work
being carried out at the site, and other relevant
attributes. These data points can be used in further
intelligent analysis, helping to optimize waste
management processes and improve decision-
making.

The last type of input data required for waste
management is information on waste reception
centres. Unlike facility and waste data, they are
added separately and form a single database on
centres, which is then used to provide advice.

They contain the following information:

1) coordinates of the centre location (for
further processing and recommendation);

2) type of centre (waste recycling point, waste
recycling centre, landfill);

3) types of materials accepted at the centre;

4) additional information about the centres,
such as address, phone, name, etc.

DEVELOPMENT OF A CONCEPTUAL
SCHEME OF IT FOR CONSTRUCTION
WASTE ANALYSIS AND MANAGEMENT

So, can be highlighted the following tasks that
can be solved by intelligent IT for C&D waste
analysis and management:

1) preliminary classification of waste reception
centres based on the description of these centres, as
well as obtaining their geospatial data;

2) collecting input data on construction waste
sources, waste types using a web form;

3) classification of construction waste data ob-
tained from the web form according to the types of
classification in the subject literature (expert classi-
fication), or by processing waste images using a
neural network approach;

4) determination using the Chebyshev metric of
the construction waste reception centres closest to
the waste source according to the construction waste
classes obtained in the previous steps;

5) issuance of the geospatial data obtained in
the previous step on construction waste reception
centres located closest to the waste source in the
form of an interactive map.

The general conceptual scheme of intelligent IT
for analysis and management of construction waste
is shown in Fig. 1.

Thus, the question arises of collecting infor-
mation about waste for further grouping and pro-
cessing. There are several options for collecting this
data: using forms to fill in all types of waste, accord-
ing to the context of the reconstruction object itself;
or using artificial intelligence to determine the types
and volumes of waste depending on the reconstruc-
tion object, an example of which can be seen in [20].

Both approaches have advantages and
disadvantages. The advantage of a user survey form
is accuracy, but the speed of filling it out can be
quite slow. Using artificial intelligence provides a
faster data collection speed, while the accuracy of
the data depends heavily on the training of the
model, with accuracy still inferior to the form.

This work focused on the first type, where the
user enters the amount of waste using a survey in a
form, although the second type also has its ad-
vantages in the context of the problem being solved,
which is why it requires further analysis and devel-
opment.

For the analysis of construction waste generated
from construction / reconstruction / demolition sites,
it is possible to use neural networks based on data
about the facility to generate the amount of possible
waste for different waste classes.
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management
Source: compiled by the authors

However, this direction has many limitations.
First, it is necessary to specify much more criteria
for waste generation facilities, which will be quite
simple to fill in, but these criteria will have a great
contribution to predicting the amount of waste.
Second, there is a problem in the required amount of
data. A neural network requires a large amount of
data that needs to be found and processed for further
use, which requires further research. Third, the
accuracy of the output of the neural network model
is quite low, which is why the use of this method
may be insufficient to provide an accurate
recommendation. In summary, this method has a
number of disadvantages, but when working
together with the waste classification methods
described earlier, it can simplify and improve the
analysis result.

The output of the applied intelligent IT are
geospatial data about waste collection centres in the
form of an interactive map. Proposals are formed on
how to handle all classes of waste that the user
entered when filling out the web form and to which
nearest waste collection centre each class of waste
should be transported. In subsequent versions of the
IT, the issuance of proposals for transport and the

optimal route for transporting waste to waste
collection centres using GIS can be implemented.

The task of finding the optimal transportation
route is non-trivial in the framework of solving this
problem. First, the number of routes may be more
than 1 due to the large amount of waste that needs to
be transported, as well as due to the variety of waste
types that need to be transported to different waste
collection centres. Second, as mentioned, there is the
task of calculating the workload for each transport.
Other tasks can also be set, such as optimization in
the conditions that the starting point of the route is
not an object where construction / reconstruction /
demolition work is carried out, but the starting
locations of vehicles.

IMPLEMENTATION OF THE APPLIED IT
FOR CONSTRUCTION WASTE ANALYSIS
AND MANAGEMENT

An information system for analysing and
managing construction and demolition waste was
designed and developed (Fig. 2).

The information system that has 4 main
modules was developed: three modules were
developed by the authors, namely the frontend,
server and database; and the fourth module is a
query to OpenStreetMap Tiles to display the map on
the user's web page.

The server was written in the Java
programming  language, using the  Spring
Framework, as well as Spring Boot and Spring Data
JPA. PostgreSQL was chosen as the database
management system, considering the use of PostGIS
for further work. The frontend was written using
Thymeleaf, as well as HTML, CSS and JavaScript.

The server interacts with the web application
used by the user using the HTTP protocol, where
requests are processed by controllers and then by
services. The server interacts with the database using
Hibernate, a library for Java-database interaction.

The BuildingController class is responsible for

storing data about objects, as well as analysing the
received data to output a recommendation. The
CenterService class is responsible for finding all
centres that match the data specified by the user.
In this version of thr applied intelligent IT, to
support users in managing construction waste, a list
of construction waste collection centres of various
types is formed, which are located around the
facility and accept at least one of the types of waste
specified in the form by the user.

On the first page, the user finds the location of
the site where construction work is being carried out
on the map (Fig. 3).
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Fig. 2. The logic scheme of the C&D waste management information system
Source: compiled by the authors

After that, the user presses the “Next” button at

the bottom of the screen and goes to the next page.
On the second page, the user needs to fill in data
about the site where the work is being carried out.
The first question is to select the type of site where
construction work is being carried out (Fig. 4). The

second question is to select the type of work that
leads to waste generation. The selection of the site
type and the type of work are implemented in the

form of a drop-down list of alternatives for selecting
one of them.

Place a marker on the map to select the location of the building and click "Next"
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Fig. 3. The screen form for selecting a construction, reconstruction or demolition site
Source: compiled by the authors
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Fig. 4. The screen form for entering the data about the waste generation site and the data about the
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Source: compiled by the authors

Thus, among the types of construction /
reconstruction / demolition objects was offer to
choose: apartment, private house, industrial building
and infrastructure object. Among the types of work
was offered to choose: construction, demolition,
repair or “other” in case of carrying out other types
of work. Both questions are questions with one
answer from the proposed list

Next, the user needs to select the type of waste
and specify its volume in cubic meters. The type of
waste represents a single-choice selection from a
predefined list, ensuring standardization in data
entry. The volume of waste, on the other hand, is a
mandatory input field where users must manually
enter the amount of waste they intend to dispose of.
If multiple types of waste need to be recorded, the
user can click the “Add waste” button, which will
generate a new entry row. For each additional row,
the user must specify the type and volume of waste
separately, ensuring that all waste types are
documented accurately.

Among the types of waste was offered to
choose:

— concrete and masonry;

— wood;

— metal;

— drywall;

— asphalt and roofing materials;

— glass;

— plastics;

— doors, windows and plumbing;

— hazardous materials;

— others.

Once all waste data is entered, clicking the
“Next” button advances the user to the third page. It
shows a table indicating the nearest construction
waste collection centres (Figure 5). Depending on
the centre displayed and the waste specified when
filling out the form, the table displays which waste
the centre accepts by checking the appropriate cell in
the table.

To optimize waste disposal logistics, the system
calculates the maximum allowable distance for each
type of waste collection centre relative to the
construction site:

— waste collection are included if they are
within a 5 km range;

— recycling centres are included if they are
within a 10 km range;

— landfills are included if they are within a 20
km range.

The Chebyshev metric was used to calculate the
distance to speed up the calculations, and also
because the accuracy of other metrics is not required
to solve this task.

After reviewing the table, the user can click
“Show map”, after which the next page is displayed.
Once all waste data is entered, clicking the “Next”
button advances the user to the third page. This page
displays an interactive map featuring markers that
indicate different types of waste collection facilities
(Figure 6). Each marker is color-coded for clarity:

— green marker: represents the location of a
construction, reconstruction or demolition site;

— blue marker: represents a waste processing
(recycling) centre;
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Nearest centers

The following table shows which types of waste can be transported to nearby centers. Click “Show map" for searching centers on

Center name Center type

Garbage dump Landfill

Recycling point Waste collection center

MP Efes Waste recycling center

‘, Show map ‘

map

Wood Glass
v vy

v

~

Fig. 5. The screen form for a table of waste collection points closest to the waste generation site
Source: compiled by the authors

— red marker: represents a landfill where
waste can be disposed of;

— orange marker: represents a waste collection
centre.

A legend explaining the marker colours is
available at the bottom of the screen. For added
usability, when the user hovers over a waste
collection centre marker, a tooltip appears displaying
key details about the facility, which includes name
of the facility, address, contact phone number and
list of accepted waste materials. Additionally, the

system ensures that only relevant waste collection
centres appear on the map. If a centre does not
accept any of the waste types specified in the
previous step, it will be excluded from the display,
even if it is close to the construction site.

User can return to the table by clicking the
“Return to the table” button. The data about the
waste collection centres shown in Figures 5 and 6 is
demonstrative and was used for testing.

Map of location of centers

o
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Waste types: Wood, Metal, Drywall
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‘ Return to the table ‘
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Waste collection center

Fig. 6. The screen form for the geospatial data about waste collection points closest to the waste

generation site
Source: compiled by the authors
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CONCLUSIONS

As part of writing the article, to create the
conceptual scheme of the intelligent IT for
construction waste analysis and management, the
state of research in this subject area was analysed
and it was found that the problem of construction
waste management is becoming increasingly
relevant. Various works were considered that
investigated this problem from different sides, such
as waste classification, the state of waste
management in different countries, as well as what
information technologies are being researched in this
direction.

The conceptual scheme of intelligent IT for
analysis and management of construction waste was
proposed, consisting of 5 main stages. The input
data of the proposed intelligent IT were analysed,
including data on construction waste, geospatial data
on waste generation sources (reconstruction
facilities), as well as waste reception centres.

Various algorithms and technologies that can be
proposed to solve the problems of construction
waste classification, determining the nearest waste
reception centres, as well as choosing the optimal
waste delivery route were considered.

The authors implemented a version of the
intelligent information system for analysing and
managing construction waste, consisting of 4 main
modules, which solves the following subtasks:
classification of waste collection centres, collection
of data on the source of waste and its types, waste
classification, determination of the nearest waste
collection centres and output of results in the form of
an interactive map. We see further development of
research in the application of artificial intelligence
technologies or neural networks to analyse images of
waste generation sites to obtain a text file with a list
and classes of construction waste, in order to provide
proposals for waste management on its basis.
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AHOTANIA

VY cydacHHX yMOBax 30UIBILCHHS KUJIBKOCTI YTBOPEHHX BiJIXOIB MpPU OYyIiBHULTBI, 3HOCI, PEMOHTI YM PEKOHCTPYKIi 00’ €KTiB,
npobJieMa aHaji3y Ta YIpaBJliHHS LUMH BiJXOaMU CTa€ Bce OUTBII aKTYaJIbHOIO Y BUPILIEHHI €KOJOTTYHUX T4 eKOHOMIYHHX IUTaHb.
L mpobnema B YKpaiHi yCKIaAHIOEThCSI OOHOBMMH JisIMH Ha 1i TepHTOpIl, Yyepe3 siki BUHUKIA 3HAYHA KUIbKICTh 3pYHHOBAHHX YU
TMOIIKO/DKCHUX OyaiBeNnb. Y HAayKOBiH CTATTi 3alpOIIOHOBAHMI BapiaHT PO3B’s3aHHs MPOOJIEMH aHaJi3y Ta YHPaBIiHHS BiIXOAaMu
OyZiBHUIITBA 332 PAXYHOK CTBOPECHHSI IHTEJIEKTYaJIbHOI 1H(OPMALIHHOT TEXHOJIOTii. ABTOpAMH 3aIIPOIIOHOBAHO KOHIETITYAIbHY CXeMY
iHTeNIeKTyaIbHOl 1HPOPMALIIHOI TeXHOJIOrl, 110 Oy/le Ha OCHOBI BBEICHMX KIHIICBUM KOPHCTYBa4eM JaHUX MPO DKEPEIo Ta BUJ
OyZiBeIbHUX BiJXOIIB HA/JAaBaTH EOMPOCTOPOBI PO LIEHTPH MPUIOMY BiXoiB. Byro mpoaHanizoBaHo MpeAMETHY JiTepaTypy LIOA0
Cy4acCHOTrO CTaHy TEXHOJOTiH Ta METOHIB [Uisl yIpaBIiHHS Bifxomamu OymiBHHLTBA, HA OCHOBI SIKMX C()OpPMOBAHO BHUMOTHU [0
iHTeNneKTyansHol iHdopmariiiiHoi TexHosorii. [Ipu omuci cki1ag0BUX KOHLENTYaIbHOI CXeMH OyJH [pOaHali30BaHi IPUPOa BXiAHUX i
BUXIJIHUX JaHUX, a TaKOX PO3MJISIHYTI MAIIMHHI aJCOPUTMHU 1 TEXHOJOTI(, 10 MOXYyTh OYTH BHKOPHCTaHi i PO3B’s3aHHSI
IHTEeJIeKTyaIbHOT 3a/1a4i aHaJi3y Ta yIpaBiiHHs OyAiBeIbHUMU BifxonaMu. SIk BapiaHT pO3B’s3aHHs POOJIEMH aHaJi3y Ta yIpaBIiHHSI
OyZiBelbHUMH BiIXoAamMu aBTopaMu Oyia po3poOiieHa iHTenekTyanbHa iH(opMaliiiHa cuctema 3 4 MOAyIiB, B sIKid peai30BaHO
HACTYIHI mi3aaa4i: Kiacudikallisi HEHTPiB MPUIOMY BiIXO/iB, 30ip TaHHUX MO HKEPENo BiXOAIB Ta iX BUaH, Kiacudikallis BiX0iB,
BU3HAYCHHS HAMOMMKYMX [IEHTPIB MPUIOMY BiIXO/IB Ta BUIa4ya pe3y/bTaTiB Y BUIJISIIl iHTepakTHBHOI KapTH. CepBep OyIi0 HamUCaHO
Ha MOBIi mporpamyBanHs Java, BukopuctoBytoun Spring Framework, a takox Spring Boot i Spring Data JPA. B sikocti cucremu
ynpaitiHHs 06a3010 ganux Oysno oopano PostgreSQL. ®ponrens Oyno Hamicano 3a gonomororo Thymeleaf, a rakoxx HTML, CSS Ta
JavaScript. YerBeptuii Momyns Bkiouae B cebe 3amut 10 OpenStreetMap Tiles ms BigoOpakeHHsT Mamu Ha BeO-CTOpIHII
kopucryBaya. [lomanbiimii pO3BUTOK TOCIIKSHHsI MOXKe OyTH TMOB’SI3aHUI 13 3aCTOCYBAHHSM TEXHOJIOTIH MITYYHOrO iHTEIEKTY abo
HEHPOHHHUX MEPeX IUIs aHalli3y 300paXkeHb 00’ €KTiB yTBOPEHHsI BiJIXO/IiB, HA OCHOBI YOro MO)ke OyTH OTpUMaHHI TEKCTOBHUiT (ailt 3
KJIacaMu Oy/IiBeNbHHX BiIXOIiB tsl GOPMYBaHHS MPOMO3UIIH KOPUCTYBATy 3 TIOBODKEHHSI 3 BiIXOaMH.

KurouoBi ciioBa: iHTenekTyanbHa iHQopMamniiiHa TEXHONOTis;, KOHIETTyallbHa CXeMa, TMMOBOKEHHS 3 BiIXOIaMHu; OyIiBenbHi
B1JIX0O/I{; Te€OiH(OPMAITiiiHI TEXHONOT11
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