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The aim of the article is to research the means that allow for environmental monitoring, in
particular monitoring of the environmental condition of solid waste landfills. Issues related to
the justification of the main necessary components of the geoinformation system, which will
solve a wide and diverse number of issues related to providing all the needs of a modern city,
including issues of post-war reconstruction and citizens' security, were also investigated.

To achieve this goal, the authors proposed to perform monitoring using geoinformation
technologies. Modeling of the specialized geoinformation system was performed on the
example of the Dergachyv solid waste landfill in the city of Kharkiv, Ukraine.

The authors solved the task defined in the article by proposing a model of a geo-information
system for monitoring the environmental condition of a solid household waste landfill using
artificial intelligence. An analysis of the sanitary protection zones of the Dergachiv solid
waste landfill was also performed using a vectorized map with attribute data.

The results of the research will have a great impact on the sustainable development of cities,
which is inextricably linked with ecology.

The relevance of the article lies in demonstrating the capabilities of geographic information
systems, combined with the capabilities of artificial intelligence, in ensuring safe living
conditions for citizens.
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Introduction

One of the problems of a modern city is the disposal of solid household waste. Population growth,
economic development and improved living standards lead to an increase in the volume of waste
generation in both the industrial and domestic sectors. The removal of such waste helps maintain the
sanitary condition of cities and ensure the necessary environmental conditions for living (Ministry of
Regional Development, Construction and Housing and Communal Services of Ukraine, 2025). Solid
household waste landfills (MSW) are specialized facilities designed for their disposal and
neutralization. They perform an important function in environmental protection, preventing soil and
air pollution, as well as preventing the spread of insects, pathogens and rodents. In many countries of
the world, such landfills are the main way of disposing of waste (Reddy et al., 2022). To reduce their
negative impact on the environment, it is necessary to implement environmental protection measures
and regularly monitor the level of pollution of wastewater, air and soil, as well as monitor possible
changes in the radiation background.

Each country, depending on a number of factors (level of economic and social development,
geographical conditions, etc.), chooses a waste management policy and ways to solve problems
associated with them. In the opinion of the authors, it is advisable to use geographic information
systems (GIS) in conjunction with the capabilities of database management systems (DBMS) and
artificial intelligence to assess the impact of waste disposal sites on the environment.

Method of investigation

The GIS system being developed is designed to solve two main tasks: the first is to monitor the
condition of the MSW landfill and adjacent areas; the second is to predict the impact of MSW
concentrated in the city of storage and recycling on the environment.

The analysis of the latest research shows that there are trends towards intellectualization of
monitoring systems. Thus, collecting information about the urban environment in real time is very
promising (Sliusar et al., 2021). The monitoring information system will be designed to collect, store
and process monitoring data. This system can be used in the concept of digital twin infrastructure
(Pomortseva et al., 2022).

To build a full-fledged specialized geoinformation system for monitoring, a number of technical tasks
need to be solved. The main one of them is the development of a geodatabase with the capabilities of
artificial intelligence for processing large data sets.

To create a database (DB), the following materials are required: high-resolution aerial photographs, a
topographic basis of the landfill area (the landfill itself and surrounding objects - water bodies, forests,
settlements, roads), monitoring results. The free cross-platform QuantumGIS geoinformation system
was used to combine the database and the topographic basis. The database of monitoring results of the
MSW landfill is a structure of several interconnected tables. The tables are connected to each other in
a "one-to-many" way. The information in the tables is contained in the following data types: text,
numeric and date/time. Conventionally, all tables from the DB can be divided into two groups:
reference tables and informational tables. The reference table group includes the tables: "Monitoring
object", "Monitoring points" and "Determination of maximum permissible concentrations". The data
of the reference tables form a certain basis for informational tables. Information tables contain
information about monitoring results. These tables are constantly updated as data is received
(Amirsoleymani et al., 2022). That is, the amount of information is constantly accumulating and quite
quickly turns into a very large data array — Big data.

Due to the visualization capabilities of GIS, in particular, access to the cartographic sub-base, the
developed monitoring system allows visual analysis of sampling points (Kutsenko et al., 2021). And
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this, in turn, will provide an opportunity to calculate transportation costs for monitoring. In the
application, on the basis of which it is proposed to implement GIS for monitoring, there is a
corresponding branch for this - "Network Analysis".

As an example, the territory of the Dergachyv MSW landfill in the city of Kharkiv is taken. The GIS
for monitoring the ecological state of this landfill should contain a digital map of the territory with the
designation of sanitary protection zones (Fig.1), attribute tables with the results of observations,
digital three-dimensional models of the terrain and groundwater level, mathematical models of landfill
leachate migration, geoinformation data processing tools with elements of artificial intelligence.
Attributive information can be attached to vectorized map objects and changed over time. All these
components are necessary for storing and using for the purpose of forecasting constant and variable
information.

Figure 1 Sanitary protection zones to commercial buildings and the nearest settlements on the
territory of the Dergachiv MSW land(fill.

The data of monitoring the landfill environment (measurements of leachate and groundwater status),
which can be carried out through the analysis of well indicators located at certain points, at a given
depth and distance from the MSW landfill, must be constantly updated. At the same time, irrelevant
information should not be deleted. The accumulation of data will make it possible to make predictions
with a high degree of reliability. Also, it is necessary to constantly monitor the quality of water, air
and soil.

Considerable attention should be paid to individual chemical reactions in the landfill itself, primarily
monitoring the accumulation of leachate. Not only the environmental but also the fire safety of the
facility will depend on how closely its quantity and frequency of formation are monitored, since a
high leachate concentration causes spontaneous combustion of garbage (Curi¢ et al., 2022). Such tasks
should be solved by a specialized block in the GIS system, namely, a decision-making block based on
the general performance indicators of the MSW landfill or other sources of pollution and the degree of
their impact on the environment. A GIS monitoring model was developed based on the task (Fig. 2).
Using a geodatabase will allow data management - editing and adding new records. The system
database collects monitoring data for a certain territory. There is an opportunity to add new data to the
database and update them if necessary (Pomortseva et al., 2020).

The database of the proposed monitoring GIS should contain:
* physical properties of the sources of pollution;

* maximum permissible emissions of harmful substances;

» digitized terrain maps and overlay maps;
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* data processing results using system procedures.
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Figure 2 GIS model for monitoring the environmental condition of a MSW landfill using artificial
intelligence.

Results

During the research, a GIS composition was proposed for monitoring the environmental condition of a
MSW landfill using artificial intelligence, which would be able to fully meet all the needs for the
operation of such an enterprise.
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The stages of creating a monitoring geoinformation system and its main structural elements were
determined.

Conclusions

The conducted research showed that the use of geographic information systems will allow to achieve
an effective result in servicing such a complex facility as a MSW landfill. And the use of artificial
intelligence, used to process large data sets in real time, will help to quickly make optimal decisions if
necessary.

Thus, the ways of using a geographic information system in the field of environmental monitoring
have been identified. Such a GIS will significantly improve the situation with environmental safety.
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	Figure 1 Sanitary protection zones to commercial buildings and the nearest settlements on the territory of the Dergachiv MSW landfill.
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