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Abstract

Introduction.The current stage of development of the smart city concept requires the
development of effective digitalization techniques for accounting processes. To optimize
the management of economic institutions and the smart city as a whole, multidimensional
accounting information is required, generated by the Internet of Things (loT) technology in
combination with information about the territorial presence of residents. Zoning of the urban
space forms an additional information resource for accounting and management purposes,
which determines the importance and demand for scientific and applied developments in
this area.

The aim of the article is to improve of the accounting in a smart city in the conditions
of the combined use of Internet of Things technology (loT) and geographic information
systems (GIS) in various sectors of the economy.

Methods. Carrying out scientific research to achieve its goal involves the use of a
systematic methodological approach in combination with innovative, functional methods
and methodological tools of generalization, bibliographic, and comparative analysis.

Results. The feasibility of the combined use of the Internet of Things (loT) technology
and geographic information systems (GIS) in accounting in the conditions of a smart city
has been substantiated. The methodology for processing accounting information using loT
and GIS technology has been improved in the economic sectors of the smart city, such as
passenger transportation in terms of accounting for the expenses and revenues of carriers
based on data on the number and duration of trips; parking - accounting for the expenses
and revenues of parking operators depending on the number and duration of vehicle
parking; fuel and energy sector and housing and communal services - accounting for the
consumption of energy resources using automated meters in consumers and providers of
municipal services; ecology and urban planning - calculation and accounting of rental rates
of municipal property and local business taxation based on data on the ecological and
urban attractiveness of the location; healthcare - accounting for the expenses and revenues
of healthcare facilities taking into account the quantitative and time parameters of medical
services to residents; other areas and administrative services - accounting taking into
account the number of people who received the services, and so on. Common accounting
dominants for different economic sectors in a smart city have been identified: automation,
two-dimensional calculation units, spatial connectivity, analytical capability, integration,
object-based identification, completeness of accounting, reduced periodicity, and so on.
Adherence to these accounting dominants ensures transparency, reliability, completeness,
timeliness, and fairness in processing accounting information for management purposes
in a smart city.
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Prospects. The methodology of using accounting information provided by IoT and GIS
technologies for digitizing the management of smart city functioning is the subject of further
scientific research.

Keywords: accounting, smart city, transport, communal services, administrative
services, Internet of Things technology, geographic information systems.

Formulas: 0, fig.: 2, tabl.: 3, bibl.: 12.

JEL Classification: M40, M41, D24.

Introduction. The latest evolutionary stage in the development of social formations is
the emergence of a smart city. A smart city is a unique integrator of physical, human, and
information systems around a common goal of optimizing the livelihoods of residents in
different-sized territorial and community associations. The smart city creates a universal
information environment that combines the city administration, municipal services,
educational and healthcare institutions, and other private and communal institutions in
the comprehensive servicing of the residents. The informational foundation of the smart
city is a branched network of Internet of Things (loT) devices combined through Internet
communication into a single system. loT technology ensures the collection of diverse data
accumulated in a single database for further optimization of smart city management.

Using the smart city database, a feedback system is provided, through which residents
can influence decision-making processes regarding the administration of socio-economic
processes. Based on data from loT devices, it is possible to take into account the behavioral
characteristics of different groups of residents in the smart city, which affects the quality of
municipal services. By studying the needs of residents, it is possible to quickly transform and
adapt the smart city to new challenges facing municipal authorities. Managers at different
levels of management receive an invaluable information resource for responding quickly
to changes in the functioning of the smart city as a single economic system. However, the
development of advanced methodologies for using large amounts of data provided by loT
technology is necessary for the most effective management of territorial and community
associations, which determines the relevance of the research topic.

Analysis of research and publications. The development of information and
communication technologies, among which loT occupies a priority position, has led to
the transition of modern large cities to smart city management principles. It is noteworthy
that the most progressive in the formation of smart cities are the world centers of ICT
implementation in various fields of financial and economic activity. In particular, a study
conducted by the International Institute for Management Development on the global
ranking of cities in terms of the successful implementation of smart city principles has made
it possible to form a ranking table (Table 1).

Table 1
Leading smart cities in the global ranking
Smart City . Smart City Structure | Technology | Smart City
Rank 2021 City Rating 2021 2021 2021 Rank 2020 | °hange
1 Singapore AAA AAA AAA 1 -
2 Zurich AA AAA A 3 I
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continuation of table 1

3 Oslo AA AAA A 5 i +2

4 Taipei City A A A 8 1 +4

5 Lausanne A AAA A NEW -

6 Helsinki A AA A 2 l -4

7 Copenhagen A AA A 6 ! -1

8 Geneva A AA A 7 l -1

9 Auckland A A A 4 l -5
10 Bilbao BBB A BBB 24 T +14

Evaluation scale: A - excellent, B - good, C - satisfactory. The more letters — the higher
the grade.

Source: formed on the basis of [1].

Significant progress in the development of infrastructure and technologies, which are key
elements in the formation of smart cities, has been achieved by the countries of Northern
Europe and Asia. Eastern European cities lag far behind in the global ranking of smart
city development: Warsaw (75th place), Prague (78th place), Krakow (80th place), Kyiv
(82nd place) [1]. The emphasis on infrastructure transformations and the implementation
of information and communication technologies in the formation of smart cities is based on
global correspondence. In a survey of residents on the ranking of smart city development,
priority areas for infrastructure and technological development were identified (Fig. 1).

% of respondents who chose the Priority Area

corruption NN 11,8
social mobility NN 16,5
security NN 20,7
citizen engagement NN 21,1
basic amenities IEEEEEENEGGG—_— 218
recycling NN 23,1
school education GGG 24,3
public transport IS 24,5
green spaces NN 24,5
air pollution IEEEEN—— 25,7
road congestion NN 27,9
health services NN 34,8
unemployment I 46,5
fulfilling employment I 49,2
affordable housing I 74,3

0 10 20 30 40 50 60 70 80

Fig. 1. Priority directions for the development of smart cities
(% of globally surveyed respondents).
Source: formed based on [2].

Among the respondents, the most important global directions for the development of a
smart city are ensuring comfortable living, employment, public transportation, healthcare,
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ecology, and education [2]. However, economic development and effective management
of financial and economic processes in smart cities are not of great interest to residents of
large cities. Despite the importance of effective management of the economic development
of smart cities, insufficient attention is paid to this issue in scientific research.

In the scientific space, there are isolated studies on the role of accounting in managing
enterprises in a smart city. In particular, Alsaid Loai, Mutiganda Jean identified the
informational, innovative, managerial, and, for the first time, government and political
relationship between accounting and smart cities [3]. Karatzimas Sotirios points out the
priority of acquiring accounting education for the staff of all economic entities (especially
state-owned ones) in order to effectively interpret socio-economic processes that take
place in the functioning of smart cities [4].

Alsaid Loai justified the importance of multi-level management accounting in optimal
resource planning for enterprises in the context of a sustainable relationship with other
subjects of the smart city. Management accounting is positioned by the author as the
information basis of any smart city, which is presented in the author’s interpretation as
the “city of accounting” [5]. The smart city is informationally saturated by the network of
intelligent sensors on the principles of IoT, which, as explained by Li Xiaoguang, form
arrays of data not only for management accounting but also for financial accounting in
order to inform external stakeholders [6]. Francesca Loia and Gennaro Maione complement
the research, which, in addition to the economic effects of the formation of smart cities,
identifies the need for socially oriented accounting to inform the public about the social
aspects of enterprise functioning [7].

Zadorozhny Z.-M. and Korniat |. position the modern smart city as a complex of
infrastructure and transportation developments designed to optimize the living and mobility
of residents, which is the task of automated accounting and management of economic
institutions [8]. The scientific work additionally defines areas and sectors of economic
activity with the possibility of automating the processing of accounting information, which
can be information components of smart city management. In addition, Song Junkang and
Liang Ji have developed a model for forming regional associations of smart cities, which
include accounting-information systems for innovative agricultural enterprises [9]. Unlike
classical areas of economic activity for smart cities that undergo digital transformations,
agriculture, which makes the most complete use of the functional capabilities of lIoT and
GIS technology, is essential in the development of territorial-community associations [10].
However, the joint application of 10T and GIS creates conditions for the comprehensive
digitization of accounting not only in the agricultural sector but also in other areas of
economic activity in smart cities, which provides a basis for forming the goal and hypothesis
of the article.

The purpose of the article is to improve of the accounting in a smart city in the conditions
of the combined use of Internet of Things technology (loT) and geographic information
systems (GIS) in various sectors of the economy.

The hypothesis of the scientific research is the positioning of accounting as the
information foundation for managing economic processes in the smart city, which requires
data collection and processing using a combination of loT and geographic information
systems.
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Results. The active implementation of GIS introduces a territorial-geographic component
into the analytics of accounting in the context of its digitization. Based on the use of
electronic cartographic services, it is possible to divide the city’s territory into separate
elements (zones) for the purposes of optimizing accounting and management in the
smart city. Zoning the urban space promotes variability and reliability of accounting. Each
separated territorial-spatial element can be characterized by unique properties that need to
be taken into account in organizing and improving the methodology of accounting. Variables
can include geographic, legal, economic, social, human, resource, and military-political
conditions of entrepreneurial activity [11]. Adapting accounting to the variable conditions
of urban space classification ensures the completeness and reliability of accounting
information. A universal information scheme for data collection and processing using loT
and geographic information systems for accounting purposes is shown in Figure 2.

Environmental

.

P8 conditions Territorial and @

- .
I O-I-—4 spatial
Location of identification
residents

-

Remote collection )

and processing of
accounting
information )

COST ACCOUNTING: Database
- material expenses;

- salary and social. activities;
- depreciation;

- utilities;

- operational and other costs

|

Detailed
calculation units

!
INCOME ACCOUNTING:

- realization of material values; Smart city
- provision of services; management
- execution of works

The information
environment of
the smart city

-

Digitization of
accounting

Autonomous
management

( . . R N\
Social orientation
of accounting

Integration of

financial and

management
accounting

Fig. 2. Universal information scheme for accounting in a smart city with complex use of
loT and GIS.
Source: developed by the authors.

Collection and primary processing of accounting data in a smart city are carried out
using the Internet of Things (loT) technology. Technological sensors connected to the
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Internet are placed in functional zones, public spaces, or utility rooms within the city or
public organizations. The spatial placement of 0T devices is conveniently carried out with
reference to the electronic maps of the smart city. Each loT sensor additionally informs
about the location and time of accounting data collection. As a result, a combination of
geographic information systems for electronic mapping of urban space and data collection
and processing technology using IoT is formed. This functional cooperation forms a
significant detailed information resource for digital accounting and management purposes

in various areas of smart city economic activity (Table 2).

Table 2

Areas of complex use of loT and GIS technologies in a smart city
for accounting purposes

Area of economic

Accounting objects in Smart

Impact on organization and accounting

activity City methodology
Cost of passenger Based on identification of passenger
transportation, revenues location and movement within urban
Passenger ) . .
1. . of carriers, revenue from space, automation allows for accounting
transportation

providing transportation
services

of revenues and expenses of passenger
carriers.

Expenses and revenues of

By determining the number of vehicles and
parking time in different zones of urban

and communal

2. |Parking of vehicles [parking operators for providing .
. : . space, expenses and revenues of parking
vehicle parking services
operators can be reflected.
Fuel and energy Costs and revenues from |Automated fuel and energy resource meters
3 sector and housing| providing services for the provide complete, accurate, and timely

supply of electricity, water,

accounting and control for consumers and

services

services natural gas, etc. providers of communal services.
Variation in the cost of rental of municipal
4 Ecology and Rental of municipal space and| space and the size of business taxation
' urbanism taxation of businesses depending on location and the influence of
ecological and urban factors.
Automation of accounting for expenses
Expenses and revenues of ; e
e . and revenues based on identification of
5. Healthcare medical institutions providing . . )
. . population requests using an electronic
services to the population .
patient record.
Other sectors and Efficiency results of municipal Accounting for activity depending on the
6. administrative y P location of institutions and the number of

institutions

users of municipal services, etc.

Source: developed by the authors.

The combined use of GIS and loT contributes to the optimization of accounting and

management of transportation flows in a smart city. The functioning of passenger transport
in a smart city is aimed at minimizing the time and costs involved in the spatial movement of
residents [12]. loT technology is used to identify passengers in places of their stay, such as
public stops, various types of transport, waiting or rest halls of transport infrastructure, and
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so on. Information about the number of passengers, time spent, and routes travelled is used
for autonomous management of transportation flows in a smart city. However, this data is
also a valuable information resource for digitizing accounting and managing the activities
of passenger carriers. Transport companies are also interested in the data provided by loT
and GIS technologies for optimizing their financial and economic activity at the micro level.

In particular, depending on the number of passengers transported or the duration of the
travel, it is advisable to calculate the cost of transportation services provided, taking into
account a smart city zoning. Transport costs and revenues of carriers may vary depending
on the route in the transportation network. The routes that connect densely populated
residential areas of the city, industrial or commercial establishments, city centre or historical
landmarks, are usually more profitable. The popularity of transport routes involves the use
of a larger number of vehicles with a significant number of seats. This leads not only to an
increase in expenses for the depreciation of transport, fuel and energy resources but also to
an increase in expenses for labour compensation, social insurance, and other operational
measures.

Transporting each passenger increases the carrier’'s costs. However, the distance
travelled by each passenger using public transportis also necessary for calculating the cost of
transportation services. Organizing short transport routes that connect several public stops
requires minimal transportation costs, while it works differently with long distance routes
between different residential areas or city zones. Accordingly, the “passenger-kilometer”
can be used as a calculation unit in accounting for the cost of passenger transportation
services. A two-component metric takes into account the number of residents transported
in the smart city, information about which is provided by loT technology, and the spatial
distance travelled by each passenger, according to the GIS system. All costs related to
the transport operation (fuel and energy resources, depreciation, and driver salaries) and
servicing residents (cabin maintenance, passenger insurance, conductor and inspector
salaries) should be calculated based on the number of passenger kilometers of passenger
carriers.

Based on the identification of facts of passenger boarding (alighting) from public
transport in the smart city’s route network, the cost of transporting one person can be
automatically calculated. Taking into account the required level of profitability after providing
transportation services, each passenger can be informed about the variable cost of moving
within the smart city. In the case of electronic ticketing systems, the cost of transportation
services can be automatically debited from the passenger’s account with corresponding
reflection of revenues and cash receipts in accounting.

It works differently with electronic travel documents with a predetermined number of
trips regardless of the zoning of transport routes. The revenue from the sale of electronic
tickets is fixed and reflected in the future income. Writing off future period income in current
financial results can occur after the passenger’s trip or at the end of the reporting period.
At the same time, the costs of providing transportation are reflected in the cost of services
provided by carriers in proportion to the number of passenger-kilometers within the service
package according to the terms of the travel document.

A similar methodology of digitizing accounting in the transport sector can be applied to
calculate the costs and revenues of parking operators in municipal areas. Zoning of urban
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space affects the cost of parking vehicles. In the central zones of territorial public entities,
the payment for rental parking spaces is relatively high. However, in geographically remote
areas of the city, the cost of parking may be lower. In the conditions of a smart city, it is
possible to identify the spatial location of cars based on a complex combination of loT and
GIS technology capabilities. In this case, it is appropriate to automatically calculate the cost
of parking for each vehicle depending on the parking locations during the day.

Depending on the location of parking zones in urban areas, smart city operators’
expenses may vary. Variable operating costs for parking operators include the cost of
renting private or public space; taxes and fees to the city budget for providing municipal
services; servicing, cleaning, or security services; electric vehicle charging capabilities;
additional passenger amenities; payment for the work of inspectors, cashiers, municipal
police; the use of evacuation tools, etc.

It is advisable to use a universal metric to fully account for the expenses of parking
operators - the “car-hour” of parking. Operating with a two-dimensional calculation unit
makes it possible to calculate the time that vehicles spend in parking lots in accounting.
Taking into account the number of car-hours of parking zone operation, it is possible to
establish a correspondence between the operating costs of operators on the one hand,
and revenues from providing parking services that take into account the duration of vehicle
parking on the other.

Based on the cost of “car-hour” of servicing transportation for each parking space, the
final cost of parking services can be automatically determined. The final cost of services
for each driver during the reporting period depends on the zoning of the transportation
in parking spaces with different costs, including free parking. The final cost of parking
services is either communicated or automatically collected from the owner of the vehicle.
The revenue from the sale of monthly parking subscriptions in urban zones is the income of
future periods for parking operators. Accumulated future period revenues are proportionally
written off together with the occurrence of operating expenses for the operation and
maintenance of smart city parking zones.

One of the important cost items in the cost of services in the transport sector is fuel and
energy resources and municipal services. Active development of electric transport and the
transition of production to “green energy” leads to the significant increase of electricity bills.
To ensure effective accounting and control of expenses for municipal services in smart
cities, it is advisable to use automated metering devices that operate on the principles of
loT technology. However, the location of automated meters for municipal services such
as electricity, water, natural gas, etc., is also important for accounting and management
purposes. Therefore, the combination of functional capabilities of geographic information
systems and loT technology is important in smart cities. The use of GIS provides the smart
city management system with information both about the territorial location of automated
metering devices and but accounting of the internal spatial use of energy resources.

In addition to information about energy consumption, each automatic metering device
reports on the location of any business entity and the entire smart city on an electronic
map. In urban areas, automated meters can be integrated into municipal infrastructure
objects, such as street lighting elements, electronic terminals, public information monitors,
road control systems, and so on, making it practical to equip them with individual energy
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meters. Metering devices can automatically collect data on consumed services for any
period and quickly transmit it for further accounting procedures. It is advisable to assign a
personalized (individual number) for each metering device to account for the occurrence
and settlement of debts for utilities.

When the functioning of infrastructure objects with built-in metering devices is part of the
main activity of municipal institutions, energy consumption costs become production ones.
It is the cost of the period of the business entity that owns the infrastructure equipment.
The location of the business institution or its equipment in the smart city space is also vital.
More advantageous spatial-territorial placement of economic institutions or their equipment
can increase the cost per unit of energy consumed. That is, the cost of utilities may differ
in certain areas of the smart city. It is necessary to consider that infrastructure equipment
can be mobile and change location during the reporting period. The mobility of such objects
requires determining their precise location based on data from geographic information
systems to change the pricing of electricity, water, and natural gas consumption in different
urban areas.

The cost of a unit of energy resources used may also vary depending on the time of
day, season, consumption volume, etc. In the operation of automated energy resource
meters, it is advisable to provide for the possibility of quick adaptation to tariffs changes.
Therefore, energy consumption meters should be refined basing on the location of the
consumer of communal services. In other words, automated meters can adapt the cost
calculation algorithm for communal services for the reporting period based on variable
factors. The consumer and the provider of communal services must transmit information
on consumption volume and its cost simultaneously for further accounting of energy
resources. If such information is the basis for operational revenue accounting for business
entities providing relevant services, then for energy resource consumers, it is operational
costs of various kinds.

Depending on the functional purpose of the premises with an installed automated meter
is, it is advisable to separate accounts for the consumed energy resources. The cost of
consumed energy resources should correlate with the structure of general production,
administrative, sales, or other operational costs for each day or work shift. Impossible
identification of the functional purpose of premises, territories, shared areas, etc. means
that the bills for received communal services should be clustered and transferred to various
expense accounts at the end of the reporting period. General production costs in terms
of services should be automatically distributed proportionally to the amount of products
manufactured, which ensures the determination of the full cost of finished products.

However, energy consumption as part of production costs is possible if production
equipment with automated energy meters. Robotic equipment is capable of calculating the
costs of utilities for the production of each unit of product, providing the basis for organizing
identified cost accounting. In other words, using loT technology in conjunction with GIS
helps to calculate the share of electricity, water, natural gas, and other utilities in the cost of
finished products, semi-finished products, In addition to the economic and ecological use of
natural resources and electricity, the residents of the smart city are interested in protecting
the environment. The information environment of the smart city integrates a branching
loT sensor network that parameterizes the conditions of the environment regarding the
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urban space. In the smart city, it is possible to identify the popularity of the urban objects
among residents, the level of environmental pollution, the level of road congestion, access
to municipal services, and so on. The parameters of the urban space determine its priority
for physical and legal persons in terms of economic or residential location. Thus, certain
spatial and territorial zones of the smart city are better for living or locating businesses.
The municipality can impose different fees for renting municipal premises or land plots.
Similarly, local taxes can be higher for objects in better spatial and territorial locations

Quick adaptation of the rental fees and taxation scheme to changes in data from the
relevant loT sensors, combined with GIS is advisable. When determining the current
conditions of the urban environment, rental rates and local taxes can be reviewed periodically
(once a month, quarter, or year). Based on established indicators, it is recommended to
automatically generate records regarding the occurrence of arrears of individuals and legal
entities to the local budget. In the future, payment of arrears is expected, and delay leads
to automatic accrual of penalty sanctions and fines.

The association of household services and administrative services provided with
the place of residence requires an even redistribution of resources in the smart city to
ensure an edequate service. For comfortable living in the smart city, the territorial
distribution of residents among service institutions matters. In particular, public health
care is an institutional sphere, which, in conditions of using an electronic patient record,
creates positive prerequisites for optimizing the accounting of medical services. Medical
management can use data for medical services, the number of visitors to health care
facilities, and information about their territorial distribution in the smart city.

Quantitative accounting is carried out when creating an electronic request for medical
services and the patient’s arrival at a healthcare institution. Based on data on the number
of serviced individuals, it is expedient to automatically calculate additional salaries for
medical personnel, write off medical drugs according to electronic prescriptions, depreciate
equipment, and reflect the proportion of consumed communal services in accounting. As a
result, after confirming the receipt of medical services at a specific healthcare facility, it is
appropriate to automatically display its operating expenses and revenues. Revenues may
include the income from patients for medical services or fundings allocated by local or state
budgets.

However, it is advisable to use the calculation unit for more accurate consideration
of all healthcare facilities’ expenses end the activation of telemedicine in smart cities -
“‘man-hour” (“man-day”) of providing medical services. Abandoning outdated measures
such as “bed-places,” “person-places,” etc., is justified in conditions of transitioning to
remote provision of medical services through electronic communications means, which
effectively function in smart cities. In addition, taking into account the time parameters in
medical services ensures a fair and accurate determination of operating expenses, which
complicates machinations in the sphere of medical pricing. It also makes it impossible to
use budget funds for unintended purposes, which were allocated to healthcare facilities
to maintain one “bed-place.” Patients’ and the budget’s funds are redistributed between
healthcare facilities only according to the number of patients and the volume of medical
services. Medical institutions offering better medical services at an optimal cost become
more profitable. As a result, reliable pricing in medical services ensures the optimization of
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healthcare facilities’ financial results and the population’s medical protection level in smart
cities by forming transparent competition.

Other types of services provided to the residents of the smart city can be based on
similar principles of transparency, reliability, completeness, timeliness, and fairness in
accounting for expenses and revenues. It is advisable to form the dominant aspects of
accounting in the conditions of a smart city summarizing the features of the combined use
of data from loT and GIS technologies for accounting purposes (Table 3).

Table 3
Dominants of accounting in a smart city
Ne Characteristic Dominant features of accounting in a smart city.
feature
1 Automnation Accounting procedures for collecting primary datg and their initial processing
can be performed automatically.
. . Cost accounting and cost calculation in smart city enterprises take into
Two-dimensional . e o . .
2. ) . account various quantitative and qualitative processes in operational
calculation unit o .
activities simultaneously.
3 Spatial The accounting data obtained have semantic links to the territorial-spatial
’ correlation locations of their acquisition or processing in the smart city.
Accounting data have a significant level of analytics that makes it possible
4. Analyticity to characterize financial and economic events in the smart city from various
angles.
All information services are integrated into a single information environment
5. Integrability of the smart city, and the information from which is used for accounting
purposes.
Item-level Each unit of manufactured products or each provision of services can be
identification identified for separate object-oriented cost accounting.
7 Completeness of| All expenses must be identified for full inclusion in the cost of production
' inclusion (services) in management accounting and management of the smart city.
8 Reduced Data collection and accounting indicators formation can be performed within
' frequency a significantly shorter period of time (minute, hour, day).

Source: developed by the authors.

Through the functional capabilities of IoT for identifying the number of residents
receiving administrative services, and geographic information systems for identifying their
spatial location, Smart City creates an information environment for effective autonomous
management of economic processes. Therefore, the methodology of using accounting
information from loT technology and GIS for digitizing the management of Smart City’s
functioning is the subject of further scientific research.

Conclusions. The latest stage in the evolution of social formations is the emergence of
a smart city. A smart city creates a unique information environment that combines physical,
human, and information resources to optimize the lives of its residents. The technological
and informational component of a smart city is the Internet of Things (loT) technology,
which provides a network of connected sensors to the internet. IoT devices parameterize
the movements of smart city residents and the conditions of their living spaces. The most
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effective way to manage a smart city is through the combined use of loT technology and
geographic information systems (GIS) for urban planning.

Information on territorial zoning and the movement of residents can be effectively
used for accounting purposes. Promising directions for the combined use of loT and
GIS technology in the context of identifying objects in urban spaces include: passenger
transportation (accounting for transport costs and revenues based on data on the number
and duration of trips); parking (accounting for parking costs and revenues depending on the
number and duration of parked vehicles); fuel and energy sector and utilities (accounting
for energy consumption using automated meters for consumers and providers of municipal
services); ecology and urban planning (calculating and accounting for rates of municipal
property rental and local business taxation based on data on the ecological and urban
attractiveness of locations); healthcare (accounting for healthcare costs and revenues
for healthcare institutions based on quantitative and time-based parameters of medical
services for residents); and other spheres and administrative services (accounting for the
number of people receiving services, etc.).

Based on the generalization of information processing methods from loT and GIS
technology, common features that form the dominant characteristics of accounting in
smart cities can be identified. Specifically, automation, two-dimensional calculation units,
spatial correlation, analytics, integration characterize accounting in smart cities, object
identification, comprehensive consideration of factors, reduced periodicity, and more.
Adhering to these dominant accounting features in smart cities ensures transparency,
reliability, completeness, timeliness, and fairness in processing accounting information.
However, the methodology of using quality accounting information from loT and GIS
technology for digitizing smart city management requires further scientific research.
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OBJIK Y CMAPTMICTI 3 KOMBIHOBAHUM BUKOPUCTAHHSAM TEXHONOTTi
IHTEPHET PEYEN TA TEOIH®OPMALIMHUX CUCTEM

AHOomauis

Bcmyn. Cy4acHul eman po3gumky cMapmmicm nompebye po3pobku diegux Memoduk
Oidxumanizauji obnikosux npouyecie. [ns onmumizauii ynpaeniHHsa 2ocrnodapcbKumu
iHCmumyuismu ma cmMapmmicmoM 3a2asioM HeobxiOHa pi3HOCMOPOHHS 0briikoea
iHbopmauis, sika eeHepyembcs mexHosozieto IHmepHem Peuel (loT), y rnoedHaHHI 3
sidomocmsamuU PO  mepumopianibHo-pocmopose nepebysaHHs1 xumerig. 30HYy8aHHS
micbko20 rnpocmopy opmye dodamkosull iHgpopmauilHul pecypc 0Onsa uinel o6riky
ma yrpaerniHHs, WO eu3Hayae eaxrueicmb ma 3ampebysaHicmb HayKOo80-rpuKnadHUX
pPO3p0bOK y Uil chepi.

Mema cmammi nonsieac 8 yOOCKOHarneHHi OOfiKy y cmapmmicmi 8 ymosax
KOMbIiHOBaHO20 BUKOPUCMaHHSI mexHosoeii IHmepHemy pedyeli ma 2eoiHhopMauitiHUX
cucmem y pi3HUX 2arly3sX eKOHOMIKU.

Memoodu. BukoHaHHs1 Hayko8020 0oclioxeHHs Oris peanidaujii ioeo memu nepedbadyae
BUKOPUCMAaHHSI CcUCMeMHO20 MemoduyHo20 idOXo0y y noedHaHHI 3 I[HHOo8auUilIHUM,
QyHKUioHanbHUM mMemodaMu ma MemoOUYHUM HCMPpyMeHmapiem y3a2arbHEeHHs,
6ibniozpaghiyHo20 i KOMIapamueHo20 aHarisy.

Pesynbmamu. O6rpyHmoeaHo douinbHicmb KOMBIHO8aHO20 3aCmoCy8aHHS MexHosoeil
IHmepHem peueli (loT) ma eeoiHgpopmauitiHux cucmem (GIS) y 6yxeanmepcbkomy
06riky 8 ymogax cmapmmicma. YOoCKoHaneHo memoduky o6pobku obrikogoi iHgbopmay,i
3 eukopucmaHHsaM mexHonoeii 1oT ma GIS y eany3sx eKoHOMIKU cMapmmicma:
racaxupcbKux rnepeee3eHHsix y 4JacmuHi obrniky eumpam i 00x00i8 Mepesi3HuUKie Ha
OCHO8I OaHuUX MpPOo KinbKicmb i mpueasicmb roi300K; napKysaHHi mpaHcriopmy — obsliKy
sumpam i 0oxo0ie napkysasibHUX Orfepamopig 3asexHo 8i0 Kiflbkocmi i mpusanocmi
napKyeaHHs mpaHcriopmHux 3acobie; nanueo-eHepaemudyHoMmy cekmopi ma XKKI™ — obniky
CIOXUBaHHS €Hepaopecypcie 3 B8UKOPUCMAHHSAM asmomMamu308aHuUX JliHuIbHUKI8 Y
crioxueadie i Hadasadie KOMyHaslbHUX 0cye; ekonoaii U ypbaHicmuui — po3paxyHKy ma
0briky cmagok opeHOU KOMYHallbHOI 8r1acHOCMi ma Micyeeo20o orodamkyeaHHsi bisHecy
Ha OCHOoB8i OaHUX Mpo eKosio2iyHy U ypbaHicmuyHy npusabnugicmb Micysi po3mauly8aHHs;

ISSN 2786-4537 (print). BicHuk ekoHomiku Ne 2, 2023 p. 55
ISSN 2786-4545 (online). Herald of Economics Ne 2, 2023



V. Muravskyi, O. Kundeus, A. Hrytsyshyn, R. Lutsiv
Accounting in a smart city with the combined use of the Internet of Things ...

0XOpOHi 300po8’si — 0briky eumpam | doxodie 3aknadie 0XOPOHU 300P08’sT 3 ypaxyeaHHs
KiIbKiICHO-4acosux rnapamempie MeOu4yHO20 06CIiTy208y8aHHS Xumerig, iHWUX cgepax
ma admiHicmpamueHux focriyeax — obriKy 3 ypaxyeaHHSIM KirbKkocmi 0Cib, sikuM HadaHi
rnocryau, mowo. BuokpemneHo crinbHi 0118 pidHUX earny3el eKOHOMIKU OoMiHaHmu o6niKy
8 cMapmmicmi: asmomMamuyHicmpb, 0B08UMIPHI KanbKynauitHi oduHulyi, npocmoposa
rnoe’sa3aHicmb, aHaslimu4yHicmb, [HmMezapoeaHicmb, Moob’ekmHa ideHmugbikosaHicmep,
rnosHoma epaxyeaHHsl, 3MeHueHa rnepioduyHicmb mowo. [ompumaHHS HasedeHUX
OomiHaHm 06Ky 3abe3anedyye rpo3opicmb, OOCMOBIPHICMb, MOBHOMY, OfepamugHiCMb
ma cnpaeednueicmb 8 orpauteaHHi 0b6sikoeol iHbopmauii Onsa uinel ynpaesniHHA Yy
cMapmmicmi.

lMepcnekmusu. Memoduka eukopucmaHHs 0bnikogoi iHghopmauii, HadaHoI
mexHonoziamu 10T ma GIS, 0na OJdidxumanisauii ynpaeniHHsa yHKUIOHY8aHHSIM
cmapmmicma € npedMemomM HacmyrHUX HayKosux MoulyKie.

Knroyoei cnoea: 00615k, cMapmmicmo, mpaHCcropm, KOMyHarsbHIi Mocryeu,
admiHicmpamueHi ocriyeu, mexHosnoeisi IHmepHem peyel, 2eoiHghopmay,itiHi cucmemu.
®opmynu: 0, puc.: 2, Tabn.: 3, 6i6n.: 12.
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