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Abstract

The subject of the paper is design using modelling methods of geographic information system (GIS). The authors
propose using GIS modelling as a method to solve the actual problem of designing housing estates in a big city. The purpose
of the paper is to design a model of a residential area with a complete infrastructure and all necessary elements. In the
paper, the following tasks are solved: 1) developing design of a digital geoinformation model of a projected residential area;
2) formalization of the process of designing residential areas by developing a design algorithm; 3) creation of a visual two-
dimensional model of a residential area. The method used in the paper is geoinformation modelling of real estate objects
using two-dimensional models in a geodatabase, and software implementation using the ArcMap application. As a result of
the research, the authors obtained the following results: a centric approach to planning a semi-autonomous region was chosen
as the most rational and effective for urban planning. To solve the problem, the geographic information system ArcGILS
was used, and a geodatabase was created to analyse the existing territory of the city of Kharkiv and select a construction
site. The developed geographic information system ArcGIS and the created geodatabase help in solving the issues of further
designing the location of buildings and infrastructure elements of the area. Namely, “buffer zones” were used for further
accommodation of schools, kindergartens, and shops. The use of “buffer zones” made it possible to optimally place these
establishments depending on the number of potential visitors. The authors chose blocks for the division and development
of the projected area, considering the historical aspects of the city of Kharkiv. This enabled to develop a GIS in which
each block would have its urban ecosystem. The authors have also developed an algorithm for performing design tasks of
residential areas. The algorithm can be applied when creating projects for residential areas not only in Kharkiv, but also
in other cities of Ukraine and the world. Results of the research made it possible to use the capabilities of geoinformation
systems in designing new types of residential areas with a highly developed social and transport infrastructure, harmonious
development, as well as attractive features for stakeholders and future residents. Thus, the developed GIS visualization
will enable a visual representation on the map of all spatial objects, which are necessary for analysis, and to reflect spatial
patterns of the placement of all necessary infrastructure facilities.
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Problem statement

Modern trends in urban planning are increasingly
reduced to housing construction purely as a commodity.
Traditionally, developers do not account for equipping
residential complexes in Ukrainian cities, notably
Kharkiv, with social infrastructure. Therefore, the load
on the social infrastructure of neighbouring regions is
increasing. The construction of large housing estates
without schools, kindergartens and other infrastructure
has resulted in the formation of semi-criminal areas
in many countries, where even the police do not go.
A rather big problem of modern development is the
lack of transport infrastructure, which should play an
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important role, due to modern trends to have at least
one vehicle (car) in the family, so it should be well
established within the residential area and with other
areas of the city using highways, electric transport
and bus routes. In addition to the lack of social
infrastructure, the yard of new residential complexes
is often a continuous car parks. Another main aspect
in designing residential areas is the foresight of various
social infrastructure facilities, such as shops, schools,
kindergartens, different types of playgrounds, squares,
parks, laundries, garages, and car parks. The districts
often lack green spaces. This deprives residents of
the opportunity to spend their leisure time without
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leaving the residential area, forcing them to get to
distant parks and squares or spend their leisure time
inappropriately. Furthermore, modern buildings are
chaotic. Newly constructed housing estates are not
subject to any general plan, but practice has shown
that some of the most comfortable cities to live in
were carefully designed considering all needs of the
population from scratch.

The goal of the paper is to develop a visual model
of optimal housing estate with all necessary elements
of infrastructure and transport communications by
developing an algorithm for such design involving
geographic information systems. The purpose of the
paper is to develop a digital geoinformation model
of a projected residential area using geoinformation
technology.

Analysis of recent research and publications

Modern urban planning trends suggest the creation
either of so-called satellite towns, or “sleeping” areas,
located on the outskirts of big cities [1]. Generally, such
cities are located near big ones, often a capital, at no
more than 30 kilometres. In addition, a satellite town
is usually built near industrial areas or huge factories
or enterprises (Harlow and Crowley in England,
Energodar in Ukraine). From general history of urban
planning, it is known that a city often cannot meet all
the needs of residents because there are many problems
that are not actually easy to solve even in the advanced
countries of the world. Satellite towns, as a result of
being designed from scratch, have the opportunity to
foresee various nuances that arise during living.

Satellite towns do not violate the historical part of
an old city, they have well-thought-out infrastructure,
are rich in parks, squares, and sports grounds.
Moreover, for such towns, already at the stage of
developing a master plan, it is known an approximate
number of residents and the number of schools and
kindergartens to meet all possible needs. This issue
has been studied and analysed by such researchers as
E. Ryabkova, D. Sherstneva and A. Kalabin [2—4].

Since many growing cities tend not to comply
with all sanitary and hygienic standards in addition to
increasing population and a chaotic, even spontaneous
nature of development and heavy traffic, living
conditions have significantly deteriorated. The former
enterprises located outside the city are now connected
with it. Due to the concentric growth of the urban area,
the city’s communications became heavily congested.
The construction of satellite towns to solve this issue
is expensive and impractical. Therefore, it is wiser to
create suburban (semi-autonomous) districts that will
be located no more than 10—15 kilometres from the
city centre. Such areas will reduce the load on the
central parts of the city by relocating some industrial
or other urban capacities to this area. Although it is
assumed that in semi-autonomous suburban areas,
there will be only part-time jobs available (30—50%

of locally employed people), all other people will have
the opportunity to quickly get to other parts of the
city and work there using urban transport links. This
is all possible due to closer location of such areas
to communication transport stations. To increase
the capacity of such areas, the underground line is
duplicated with the motorway lines and supplemented
with tram lines and bus routes. Another main point
is the creation of clear zoning of the territory in such
areas, which implies a more concentrated development
within the district (medium and high number of floors)
and sparse on the outskirts of the district (low-rise and
mansion type). The internal communications system
will provide a high level of communication between
the areas of the district [5, 6].

From an ecological point of view, suburban areas
look quite attractive, as they have many lands allocated
for parks, squares, and various types of playgrounds for
outdoor recreation. So, the design of residential areas
based on semi-autonomous suburban areas is the best
option for providing people with high-quality housing,
various social facilities and to reduce the chaotic
development of the central historical and cultural
parts of the city. To free the city from the influx of
a huge number of people and to reduce the load on
the urban infrastructure, ensuring high optimization
and rationalization in the city, there should not only
be housing or work places in suburban areas, but also
number of catering establishments should be transferred
to the same suburban areas.

The practice of other countries, using the examples
of such regions as Agenskalnsky pines in Riga, Troparevo
and Veshnyaki-Vladichin in Moscow, has proved that
it is the combined development that is more flexible
than others, considers many aspects and can adapt to
different conditions and meet various needs. Therefore,
when designing a residential area, it is necessary to
give preference to a combined development, due to its
versatility and the opportunity to account for different
aspects when building a residential area [7—9].

World practice shows that in the modern world it
is better to approach the solution of various problems,
and in particular the construction of residential areas,
through clear planning considering even small aspects.
Means and tools of GIS systems have great potential
for solving similar problems — problems of planning
residential areas [10—13].

The reliability and plausibility of results of
geoinformation modelling depend on the plausibility
and accuracy of the input data. Spatial data, which
can be obtained using space and/or aerial photography
and high-precision GPS observations, form the basis
of GIS information support.

Outline of the basic material

The aim of the research was to design a housing
estate based on a semi-autonomous area. At the same
time, the existing historical trends in urban planning
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were analysed. The existing pros and cons of different
design approaches were also highlighted. This type
of analysis helped to choose the best option. World
practice has shown that semi-autonomous suburban
areas are a cutting-edge achievement in rational and
efficient urban planning. Therefore, such areas should
become the base for constructing a residential area.
It is this approach that will provide the most appro-
priate layout and efficiency at the same time reducing
the load on the central parts of the city.

The Scandinavian countries share a similar cli-
matic and geographical situation with Ukraine. When
deciding on the number of floors in buildings, first,
the previous experience should be considered, which
has shown that when creating a residential area it is
rational to design eight-, nine-, ten- and eleven-floor
buildings. These houses should be in the centre of the
city or close to the main transport hubs of the area as
much as possible. Low-rise houses should be closer to
the periphery of such residential areas because it is the
centric approach to planning that is the most effective.

Another main aspect in the design of a residential
area is the design of various social infrastructure
facilities such as shops, schools, kindergartens, various
types of playgrounds, squares, parks, laundries, garages,
car parks, etc. Transport infrastructure also plays an
important role, so it must be well established within
the residential area and other areas of the city using
highways, electric transport, and buses.

To select the location of the residential area, the
existing territory of the city of Kharkiv and its outskirts
was analysed, considering the following requirements:

Relief. It should be even, without large differences
in height, so that less money was spent on levelling it.

Vicinity to major roads. This requirement assumes
that the residential area should be close enough to the
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roads for fast transport links with other parts of the
city.

Availability of park zones in the selected area.
When choosing a territory, it can be in someone
else’s possession and be built up with some types of
structures.

First, when choosing the location of a future
semi-autonomous region, it is necessary to rely on
the fact that the built-up area should be as small as
possible. Based on the analysed territory of the city
of Kharkiv, the most suitable territory for modelling
of a residential area is the northeaster part of the city
(Fig. 1) since this territory does not go beyond the
Kharkiv belt road and is close to it, which provides fast
transport links to any part of the city. In addition, this
territory is located relatively close to the “Studentska”
and “Heroiv Pratsi” underground stations, and thanks
to the trolleybus and tram service leading from the
underground people are quickly taken to any point of
the city.

Based on historical aspects and some of already
existing buildings in the city of Kharkiv, blocks of
buildings are the best choice. This type of development
is the best because each block has its own urban
ecosystem. People do not need to travel long distances
to meet their needs because in a small block, there are
already all the necessary social infrastructure facilities,
or at least in neighbouring blocks. Another advantage
is the highways that envelop the block, allowing people
to quickly get out of the residential area in just a few
minutes.

After choosing the division of the residential area,
buildings were created in the middle of each block.
The buildings themselves are placed on the principle
of centricity, that is, high buildings (eleven floors)
are closer to the main objects of transport and social
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Fig. 1. The territory selected for modelling of a residential area
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infrastructure. A little farther from the central transport
hubs and various establishments are mid-rise buildings
(five floors). Low-rise buildings are located a little
farther from eleven-floor buildings than middle-rise
ones. The last buildings located on the outskirts of the
residential area are cottages. In this case, all cottages
are one floor high.

To speed up the work on the optimal placement of
infrastructure facilities, a file geodatabase and a basic
set of classes of spatial objects were created, where, in
turn, eleven classes were located, namely residential
buildings, educational institutions, green areas, shops,
roads, car parks, underground stations, transport stops,
recreational areas, residential area and other objects.
All this became possible thanks to the use of the
ESRI ArcGIS software product, where the ArcCatalog
module was used to build the classes. To create links
and interdependencies between the classes of spatial
objects in compliance with all laws of normalization,
the MS Access database management system was used.
To convert the classes to map layers, the ArcMap
module of the selected geographic information system
was used [14, 15].

The next stage is modelling of buildings in the
chosen place against each other, where the world
practice of constructing residential areas acts as
the basis. Therefore, the placement of car parks,
playgrounds and sports grounds, parks, squares, and
green spaces in yards was considered, including all
types of transport infrastructure facilities, as well as
existing infrastructure facilities, such as underground
stations or existing roads and transport routes. In
addition, the division of the residential area into zones
for further planning should be developed. Based on
the so-called “buffer zones”, it is necessary to locate
schools, kindergartens, shops and determine their
number based on theoretical estimates of the total
number of people who can live in a residential area.
Using certain formulas and knowing the number of
residents, the theoretical number of children, who
are the starting point when choosing the number of
kindergartens and schools, can be calculated.

Article 47 of the Housing Code of Ukraine
provides a sanitary standard, which is 21 m? for one
person and an additional 10 m? of living space for
a family. The average number of people in a family
in Ukraine is 2.39 people. Based on these data and
sanitary standards, the living space that an average
family occupies can be calculated as follows:

S

family

=n*S+10, (1)

where 7 is the number of people in an average family,
n = 2.39 people;

S is the envisaged sanitary norm of the living
space per person, S = 21 m2

The number of residents per house is calculated
using the following formula:

Nﬂoor * S
N=—""—xn, (2

S famity
where N is the number of dwellers in the residential
area;

Ny 18 the number of floors in the building;
S is the area of one floor of the building;
Siumiy 18 the area designed for an average family,
Siumiy = 60.19 m?;

n is the number of people in an average family,
n = 2.39 people.

According to the statistics, children under 17 make
up 13.7% of the population of Ukraine. This indi-
cator was used to calculate the approximate number
of children per building using the formula:

N iiaren = N %Kk, 3)
where N is the number of dwellers in the residen-
tial area;

k is a coefficient that determines the proportion
of children in the entire population, k£ = 0.137.

With the help of the layer “Transport stops” of
the created geodatabase, it became possible to map
the existing trolleybus, tram, and bus stops, as well
as create new ones that would improve the existing
transport links with other areas of the city. Before
the modelling of new stops, the residential area had
about eight trolleybus and bus stops, as well as several
more tram stops within a radius of 700 m.

So, based on all the information about the location
of underground stations, a beltway, tram, bus and
trolleybus stop, it can be concluded that the designed
residential area has attractive transport links with other
districts and residential areas. Despite the fact that
the underground stations are far from this area, other
transport stops, and the beltway are close. Moreover,
new created stops are added to the existing transport
infrastructure. All this, in turn, makes it possible to
talk about a developed transport infrastructure.

The last layer created and analysed is “Car parks”.
These objects were placed considering the type of
building in the blocks. So, for example, the largest
car park will be in blocks with eleven-floor buildings,
where there are more people than in other blocks.
It should also be borne in mind that in blocks with
eleven-floor buildings, there will be underground car
parks under the buildings (S,,,,), information about
which is contained in the attribute table of feature
classes.

Formula (4) can be used to calculate the
approximate number of parking spaces in a residen-
tial area:

S +8
Np]ace — ( under above) , ( 4)
Splace
where N,,, is the number of parking spaces,;
S .z 1S the area of underground parking, S, =

=38549.44 m?;
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Fig. 2. View of the constructed buffer zones
S, 1S an open-air parking area,
= 48518.14 m?;

S, 18 the area of a standard parking space,
= 13.25 m>.

So, many visual models have been designed based
on different feature classes. Some of them were used
for further calculation of the number and location of
other objects.

The ArcMap module of the ArcGIS software
product provides a visual display that enables geo-
spatial analysis and the use of the VBA programming
language. With the help of VBA, the “Buffer Zone”
form was created, with the help of which buffer zones
around the selected objects on the map can be built.

The work of the created form can be illustrated by
the example of choosing a place for building a school.
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If the school were in one block, it would be logical
to locate it in the middle of this block, but when
choosing a place where there is more than one block,
the program coped with the task and showed the best
place to locate the school. The type of buffer zones,
which was used to determine the optimal location of
a school in the projected neighbourhoods, is shown
in Fig. 2.

In Fig. 2, the area highlighted in blue is the
area where the location of the school will be most
appropriate. All buffer zones intersect in this place,
so residents who will live in the above-mentioned
tentative neighbourhoods will be able to quickly get
to school without additional transport. This example
is only necessary for a clear demonstration that the
program can fully meet the goal of the task. In
a similar way, it is possible to build buffer zones for
other spatial objects that represent objects of social
infrastructure. And, based on different conditions and
tasks, these buffer zones can be built larger or smal-
ler, that is, they can be adjusted if necessary.

When designing different subtypes of classes
of spatial objects and layers, the average distance
between buildings with different numbers of floors
was considered on the map, for example, eleven-floor
buildings are on average 115 meters apart, five-floor
houses — 80 meters, buildings with four floors —
50—60 meters (Fig. 3).

This approach provides great variability for the
creation of other social infrastructure facilities in a
residential area. For example, it becomes possible to
place car parks, many green spaces, play and sports
grounds, shops and other facilities. Such a Ilarge
space between buildings is provided with the help
of combined development, which in its main part
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Fig. 3. Residential area model
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Fig. 4. Algorithm for designing residential areas

8

is represented by perimeter non-enclosed and high-
priority residential buildings.

Furthermore, if this approach is applied to
the placement of residential buildings, high-quality
ventilation a high level of insolation will be ensured,
which will have a beneficial effect on residents.

It is necessary to separately highlight how the
cottage development was implemented. Cottage is

a line building because it provides the best transport
links with the main transport routes.

With this approach, there are opportunities for
creating a park, so the park is in a quite advantageous
position, since it concerns almost all blocks and
neighbouring existing micro-districts that do not have
such recreation areas nearby. In addition, in the
north-east there is a public garden, which is aimed at
improving the environmental situation in the residential
area.

In the course of the work, a method for the
design of housing estates was developed, which can
be conditionally divided into certain stages (Fig. 4).
This algorithm can be applied not only to the city of
Kharkiv, but also to other cities of Ukraine and the
world.

The first stage of design includes the collection,
systematization, and analysis of information about the
place where the residential area will be designed. In
particular, this stages envisages conducting an analysis
of the city development, identification of trends as
concerns the number of floors and types of buildings,
and other building characteristics. This stage will
immediately allow setting a framework for the type of
residential area so that it harmoniously interacts with
the urban environment. Moreover, at this stage, the
analysis of the transport and communal infrastructure
of the city is carried out to determine the best option
for the location of the residential area in the future.

The second stage is the choice of the location
for the design of a residential area based on the
previous stage. At the same stage, the design area of
the residential area is determined. The third stage of
the design is to determine the structure of a residential
area and the type of development. At this stage, the
network of the main streets of the residential area is
designed and its constituent parts — blocks or micro
districts — are determined. Based on the structure of
the residential area, the type of development is chosen.

The fourth stage is to determine the need for large
green areas based on the location and structure of the
projected residential area. If there are no large parks
and squares nearby, it would be appropriate to design
significant areas of green spaces. Having own places for
leisure will allow residents not to waste time on using
transport to spend their leisure time away from home.

The fifth stage is the design of residential buildings.
This process should be based on structure, type of
development and other previously provided steps.

The sixth stage is the design of social and
transport infrastructure facilities based on previously
designed residential buildings. So, based on the data
on the designed buildings, it is possible to determine
the optimal location, size, and number of schools and
kindergartens, car parks, and other facilities.

The seventh design phase is the development of
a network of pedestrian paths and carriageways within
the courtyard. After the buildings and objects of social
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and transport infrastructure have been designed, the
main directions of movement of future residents can
be foreseen.

The eighth stage is the design of underground
utilities of a residential area.

Consequently, the design of residential areas
includes eight mandatory stages, from the analysis of
the design site to the complete design of all components
of the residential area. Compliance with these stages
and consistent implementation of the tasks of each
of them will allow designing a residential area with
a highly developed social and transport infrastructure,
harmonious development, as well as attractive for
stakeholders and future residents.

Results

1. A digital geoinformation model has been
developed for a projected residential area in the north-
eastern part of the city of Kharkiv with the introduction
of a significant amount of attributive data.

2. A method for designing residential areas has
been developed.

3. A procedure in the VBA language has been
developed, which allows building buffer zones around
the selected objects according to a given diameter. For

the ease of use, a form has been created with which
the required size of the zone can be entered and build
it around the selected object can be built around it.

4. An optimal visual model of a residential area
has been developed.

Conclusions

Having analysed the world experience in designing
satellite towns and semi-autonomous residential areas,
an approach to design new micro-districts and residential
areas was proposed. With the help of geoinformation
technologies on the selected undeveloped territory
of the city of Kharkiv, a residential micro district
was designed, including residential buildings, shops,
schools, and other social infrastructure facilities. It
is with the help of geoinformation technologies that
a schematic diagram of the design of housing estates
can be created.

In the research, a visual model of a residential
area was developed using the ArcGIS software package.
The proposed sequence of actions for the use of
geoinformation technologies for modelling of such
tasks will allow, with minimal time expenditures, to
complete the entire cycle of work on the design of
a residential area in any territory.

VYI0CKOHAJIEHHSI COLIAJIbHOI IH(PPACTPYKTYPH KMTJIOBUX

macusiB 3acooavu I'IC

K.A. MamoHog', O.€. NMNomopuesa’, C.M. Kob3aH', B.A. 3atxen?, B.FHO. KopoTkoB'

! XapkiecbKuli HayjoHanbHUll yHieepcumem micbkoeo eocriodapcmea imeHi O.M. Bekemosa, syn. Mapwana baxaHosa, 17,

61002, Xapkie, YkpaiHa
elenapomor7@gmail.com

2 Xapkiecbkull HauioHanbHUl ekoHoMiqHUll yHieepcumem imeHi C. KysHeus, np. Hayku, 9-A, 61166, Xapkie, YkpaiHa

zathey va@ukr.net

AHoTauis

Y crarTi po3misinaeTbes akTyadbHa MpoOJieMa MPOEKTYBAHHS XUTIOBUX MAacuBiB. [PaMOTHO 3ampoOeKTOBaHi XUTJIOBI

00’exTH Ta 00’€KTU iH(MPACTPYKTYPU BUPIIIMIN O He JIMIIEe TpobieMy MepeHace/eHHs, a i yci MoB’s3aHi 3 LIMM MpoOJeMHu,
30KpeMa MapKyBaHHSI OCOOMCTHMX aBTOMOOiNIB, MpalleBjallTyBaHHS MeIIKaHIiB, AOCTAaTHIO KUIBKICTb MicUb IJIs JiTeit
y LIKOMax Ta cajouykax. ToOTo Taki XXUTJIOBI MacuBU Oynu © KOMGBOPTHUMMU ISl MPOXKMBAHHS Ta Majiu O yClo HEOOXiaHY
iHpacTpyKTypy. AHaji3 CBITOBUX TEHIEHLIN MPOEKTYBAHHS IOKa3ye, IO 1Ii MPOOJIeMU BUPIIIYIOTHCS MPU MPOEKTYBAHHI
MICT-CYNYTHUKIB a00 HamiBaBTOHOMHUX TPUMICBKUX paioHiB. IlpoaHasnizoBaHO iCHYIOUi IIIOCM Ta MIiHYCU Pi3HMX
MiIXOAiB 10 MPOEKTYBaHHS. byjlo o0paHO UEHTPUYHMI MiAXil MO TJIaHYBaHHSI HaMiBaBTOHOMHOIO palOHY SIK HaMOLIbII
pallioHaNbHU Ta epeKTUBHUM y MicToOyayBaHHi. [l po3B’si3aHHS 3aBIaHHs OyJ10 BUKOPUCTAHO reoiHdopMalliiiHy cuctemy
ArcGIS ta cTBOpeHy 0a3y reomaHMX IS aHAIi3y iCHYIO4OI TepuTopii XapkoBa Ta BUOOPY MicIlsl OyIiBHUIITBA i TTOJATBIIIOTO
MPOEKTYBAHHSI MiCllb pO3TalllyBaHHs Oy/iBesib Ta eIleMEHTIB iHDpacTpyKTypu. 30Kpema, Uil MOAAIbIIOr0 PO3MIlLIEHHS HIKiJ,
NUTCAAKIB Ta MarasuHiB BUKOPUCTOBYBajucs “OydepHi 30HU”. BukopucranHsa “OydepHUX 30H” JO3BOJIMIO ONTHMAIbHO
po3TalllyBaTé L 3aKjaayd 3aJeXHO Bill KiJIbKOCTi MOTEHILIIMHUX BiABidyBauiB. 3BaxkalouM Ha iCTOPUYHiI acleKTU MicTa
XapkoBa, ISl IPOEKTOBAHOI TepPUTOPil OyJ10 0OpaHO KBapTaJbHUIA MO Ta KBapTajbHy 3a0yaoBY, y 3B’SI3KY 3 THUM, IO
KOXEH KBapTaJl MaTWMe BJIACHY MIChKy eKocucTeMy. byno po3po0ieHo aaropuTM BUKOHAHHS 3aBIaHb 3 IPOEKTYBAHHS
JKUTJIOBUX MACHBIB. 3alipONOHOBAHMI aJITOPUTM MOXHA 3aCTOCYBATU MPU CTBOPEHHI MPOEKTIB XUTJIOBUX MAaCHUBIB HE TiJIbKU
B XapKoBi, a 1 B iHIIUX MicTax YKpaiHU Ta CBiTYy. Y CTaTTi NMPOAEMOHCTPOBAHO MOXJIMBOCTI reoiH(opMalliiHUX CUCTEM
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y TIPOEKTYBaHHI HOBUX THUIIB XHUTIOBUX TEPUTOPIili 3 BUCOKOPO3BUHEHOIO COIiaThHOIO Ta TPAHCIIOPTHOIO iH(MPACTPyKTYpoIO,
rapMoOHiliHOIO 3a0y10BOI0, a TAaKOX MPUBAOJMBUMU pUCAMM IS 3alliKaBJEHMX CTOPiH Ta MaWOYyTHiX MeEIIKaHIIiB.

KirouoBi caoBa: kiacudikallis; MiCTOOYIiBHUIA aHalli3; colliaibHa iH(PpacTpyKTypa; XKUTJI0Ba 1ionia; reoiHpopMmaiiiiiHa
CUCTEMa; MICTO-CYITyTHUK;, HalliBABTOHOMHA MPUMicbKa 30HA; 30HYBaHHSI TEPUTOPII.
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