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Abstract. This work is devoted to the development of methods for a comprehensive
assessment of the level of environmental safety in the city in the construction of industrial and
civil facilities. The main methods of complex assessment of the influence of negative factors
on the environment of cities and public health are considered. A logical-probabilistic model for
assessing the level of environmental safety of the city in the construction of industrial and civil
facilities has been developed, and it also makes it possible to make a forecast of the city's
ecological development when operating a finished facility. This will help to formulate and
calculate the effectiveness of ongoing environmental activities to reduce environmental risks.

1. Introduction

Every person wants to make his life the most comfortable and protected, but in real life the threat to
the safety and comfortable existence of a person can come from an unfavorable state of the
environment. The main threat is the health risk. At present, there is no doubt that environmental
pollution has an impact on the emergence of a number of environmentally-related diseases, and also
leads to a reduction in the average life expectancy of people exposed to environmentally unfavorable
factors [1].

The ecological situation of the environment under study directly depends on a number of factors,
including geographical location, relief features, the state of affairs in the industrial sector of the
economy, and environmental literacy and responsibility of managers and specialists of enterprises and
city institutions.

The problem of environmental protection and its restoration is becoming one of the most important
tasks of mankind, the aggravation of which is stimulated by the ever-increasing rates of industrial
development in all countries of the world. At the same time, a significant role is played by the
construction phase. Already during the construction phase, it is necessary to have an idea of the
location of the facility, its impact on the state of the environment and, subsequently, on the health of
the population when operating the construction site in normal mode, as well as in the event of
emergency conditions [2].

The methodology for making decisions relating to all types of human activity must be based on an
analysis of risks, both existing and possible. Then the security of society and the environment will be
determined by the degree of protection from the totality of all possible risks. In this case, the level of
safety for the system under investigation is determined by the ecological challenge, which consists of
the impacts of such subsystems as the soil cover, water bodies, air environment, noise pollution,
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radiation situation. Currently, only a comprehensive risk analysis is an effective way of assessing the
level of environmental safety, both individual objects and regions.

The lack of data on the extent and nature of environmental pollution in the construction and
subsequent operation of industrial facilities weakens the attention of the city administration to taking
effective measures to reduce pollution from man-made sources of environmental impact and sanitary
and hygienic measures to protect the public. Therefore, the issue of forecasting the development of
settlements during civil construction works and during the further operation of these facilities is
topical, and carrying out a comprehensive assessment of the level of environmental safety opens the
door to practical solutions to many problems in protecting the natural environment.

2. Materials and Methods

The main objective of the integrated assessment of the impact of negative factors of industrial cities on
the state of the environment is to assess the possible changes in environmental quality through the
impact of natural and anthropogenic factors associated with an increase in the number of objects under
construction.

The main methods for a comprehensive assessment of the impact of negative factors on the state of
the environment are:

e amethod for determining the Hakanson Ecological Risk Index [3];

e fuzzy stochastic approach to modeling for integrated risk assessment of groundwater pollution
[4];

e application of computational simulation models of radiation and noise propagation and
dispersion of air pollutants to create a noise map and emission concentrations [5, 6];

e application of the integrated approach with the theory of fuzzy sets and the Monte Carlo
method for modeling uncertainty in industrial safety risk assessments [7];

o application of the analytical hierarchy method for assessing the ecological quality of the
environment in Laizhou Bay [8];

e method for assessing the vulnerability of the atmospheric environment associated with human
exposure [9];

e conducting strategic environmental assessment and spatial analysis for mapping
environmental sensitivity [10];

e application of the method of fuzzy complex assessment to determine the evaluation of the
effectiveness of activities in the areas of health, safety and the environment [11];

o application of the estimation method based on the theory of catastrophes to form an
assessment of the sustainable use of water resources in cities [12];

o the operational control of the state of objects in the technosphere and the environment based
on the integration of data warehousing technologies, OLAP and expert systems [13];

o application of the Markov model, taking into account the uncertainty of the data for assessing
industrial environmental efficiency [14].

Thus, as a result of the analysis of existing methods of integrated assessment of the impact of
negative factors of developing cities on the state of the environment, a lack of methods for quantitative
safety assessment based on the concept of environmental risk has been established. And this is when
there is already a successful experience in solving such topical problems based on logical-probabilistic
modeling in risk management and efficiency of structurally complex technical, social and economic
systems [15-20]. That is why the logical-probabilistic approach is chosen as the main research method
in the work, allowing to evaluate the impact of both negative and positive factors on the environment,
and to determine the significance of each of them in order to justify rational proposals for their

parrying.

3. Results and Discussion
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To ensure a safe life, it is necessary to understand that we exist in the system "man - habitat”, where
under the habitat we mean the environment of both natural and anthropogenic origin. At the same
time, any human actions, as well as all components of the environment, are, first of all, technical
means and technologies that, in addition to positive properties and results, have the ability to carry
traumatic and harmful factors.

Thus, it is possible to recognize the inevitability of the existence of danger as a phenomenon
indicating the possibility of the impact of any adverse factors on a person. Based on this, a
comprehensive assessment of the negative impact is determined by the risk of damage to human health
or life. Damage is the result or measure of a change in an object that makes it less suitable for use for
its intended purpose. In turn, the potential danger with a specific form and way of manifestation is a
threat. An environmental challenge is a threat that requires a response to reduce risk.

The safety of society and the environment is determined by the degree of protection from the
totality of all possible risks - both existing and possible. In this case, the level of safety for the system
under investigation is determined by the ecological challenge, which consists of the impacts of such
subsystems as soil cover, natural water bodies, drinking water conditions, air environment, noise
pollution, radiation situation. The general scheme of the approach to the development of the logical-
probabilistic model is shown in Figure 1.
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Figure 1. Scheme of the approach to the development of the logical-probabilistic model.

When considering the sources of pollution of each of the subsystems, it is also necessary to take
into account the effect of the self-cleaning sources of the subsystem in question. Sources of
environmental pollution are subdivided into sources of natural and anthropogenic origin.

Natural sources include pollutants of mineral, microbiological and plant origin.
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Anthropogenic sources of pollution for each of the subsystems under consideration include
transport (automobile, river, sea, air and rail), the work of industrial enterprises (heat power, ferrous
metallurgy, chemical, oil and oil refining, pulp and paper industry, engineering, metalworking, light,
food industry, non-ferrous metallurgy), the development of agriculture (warehouses in which seeds are
treated with pesticides, aerochemical treatment of crops, cattle, livestock and poultry houses,
slaughterhouses, animal products processing (processing of hides, animal wastes, etc.), as well as
household sources of pollution (solid domestic waste landfills, industrial waste landfills, authorized
landfills, spontaneous dumps in unauthorized places, canned dumps, canned industrial landfills, other
objects, including sludge accumulators, sludge accumulators, liquid and pasty waste storage tanks and
other objects eniya waste belonging to the enterprise).

Anthropogenic sources of pollution will be considered as a set of negative impacts on the
subsystem under investigation (emissions, discharges, emergencies in the operation of technogenic
systems, etc.) and measures to prevent and reduce this negative impact (compliance with the sanitary
protection zone, facilities, improving the quality of environmental measures activities, etc.).

Developing a logical-probabilistic model for assessing the level of environmental safety in an
industrial city, it is necessary to take into account that the negative factors affecting one or another
subsystem are added to each other or subjected to a logical disjunction operation — a logical "OR",
since pollution of the subsystem can be influenced by either one from factors, and several at a time. A
similar approach is applied to the evaluation of positive factors.

In turn, the impact of negative and positive factors on the subsystem under consideration will be
multiplied or, in other words, subjected to a logical conjunction operation — logical "AND", since both
pollution and measures to prevent and reduce this negative factor occur simultaneously and, so to
speak, neutralizing each other.

Thus, a logical-probabilistic model was developed to assess the level of environmental safety of an
industrial city.

4. Conclusions

In this paper, an algorithm is presented for constructing a model for a comprehensive assessment of
the level of environmental safety in an industrial city using a logical-probabilistic approach. Such a
model includes the impact of such environments as atmospheric air, soil cover, natural water bodies
(surface and underground), sources of drinking water, noise and radiation conditions. The total number
of elements in the developed model was 1355 units. Of these, 885 elements are factors that affect the
state of the environment.

The practical implementation of such a model will allow us to assess not only the influence of
various factors when directly carrying out construction works on the state of the environment, but also
to formulate a forecast of the impact on the environment during operation of the finished object both
in normal mode and in cases of an emergency situation. This will help to formulate and calculate the
effectiveness of ongoing environmental activities to reduce environmental risks.
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