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SUMMARY

BiliaievaV.V. Sciatific bases of assessment of harmful factors and
protection of workers on the territory of fuel and energy enterpris@ualifying
scientific work on the rights of the manuscript.

Thesis for the degree of doctor of technical sciences in specialty @b.26.
cLabour p r o tAechitecture mrel CiyillE@gineering). State Higher
EducationalEstablishment Pr ydni provska State Acad
and Architectureé of the Ministry of
2022

The dissertatin is devoted to the development of a toolkit for assessing the
level of danger in work zones on the territory of the fuel and energy complex
facilities and determining the effectiveness of reducing the level of chemical and
dust pollution of the air thrgh the use of process modeling and special
engineering solutions.

Scientific novelty of the results obtained in the dissertation:

The scientific novelty of the obtained results lies in the scientific and
practical substantiation of the assessment of thel lef danger in the working
zones on the territory of the facilities of fuel and energy complexes and the
determination of the effectiveness of the use of protective measures, taking intc
account the modeling of the processes of contamination of thengozknes and
special engineering solutions.

At the same time, the following scientific results were obtained:

First developed:

i a scientific and methodological toolkit for forecasting the formation of
harmful factors in work zones and evaluating the effeciss of the application of
protective measures based on highly effective CFD models;

i the effectiveness of the use of screens of a special shape, located near tt

coal stack, in order to reduce the level of dust pollution of the working areas at
industrid sites has been scientifically substantiated; to substantiate the parameter
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of these screens, a method of calculating the concentration of dust in working area
has been developed, which takes into account the shape of the coal stack, the she
of the sceen, and weather conditions;

i developed a comprehensive methodology for evaluating the effectiveness
of wetting the surface of the coal pile and supplying water to the dust cloud neat
the pile, which are used to create normal working conditions at inalustes;

i developed a comprehensive methodology for evaluating the effectiveness
of the use of a water curtain, which is used to ensure labor protection requirement
by shielding heat flows that occur during a fire; the methodology makes it possible
to pralict the decrease in air temperature near the source of the fire, taking intc
account the dynamics of the evaporation of water droplets, the location of the
curtain, weather conditions, and the presence of buildings near the fire;

i a method was developedathallows conducting research on determining
the effectiveness of the use of noise protection screens that are installed near tt
railway track; the method allows taking into account the complex geometric shape
of the screens, their position relative te thoise source, the topography of the
area;

I the effectiveness of the use of screens of a special form, located nea
highways in order to reduce the level of chemical pollution of work zones, has
been scientifically substantiated; to substantiate the péeesnef these screens, a
toolkit was created, which is based on the use of developed numerical models an
allows to determine the concentration of pollutants in the working zones, taking
into account the shape of the screens, the relief, the positioa efrission source,
the chemical transformation of impurities, weather conditions;

i a multifactorial numerical model was developed to assess the risk of
chemical or thermal damage to divers during repair work on damaged underwate
pipelines. The model allowgou to take into account the hydrodynamics of the
water flow, the intensity of the emission of a chemically hazardous substance fromn
the damaged underwater pipeline, the geometric shape of the underwater trenc
where the pipeline is located, and the terapge of the water nedgine damaged
underwater pipeline;

received further development:
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i an engineering method of calculating the process of "capture" of dust
particles by a drop of water, which allows taking into account the dynamics of
"attachment" of dusparticles to the drop depending on the physical parameters of
the drop, the concentration of dust particles and droplets, their movement in the ai
environment, which allows for a more correct assessment of efficiency dedusting
the air in working areas;

I methodological principles of the technology for reducing the level of dust
pollution in work zones due to the use of special boards and screens of a comple
shape on wagons transporting coal;, a method was developed for evaluating th
effectiveness of usinguch means of reducing dust removal from wagons;

I a mathematical model for forecasting the intensity of pollution in work
zones on industrial sites during inversion and calm, which makes it possible to
quickly determine the concentration of pollutants igkinto account the size of
the source of emission of harmful substances, the wind speed profile, and the
direction of the wind,;

i a mathematical model for assessing dust pollution of the air in the middle
of motor vehicles moving on the territory of the TRe model allows, unlike the
existing ones, to quickly calculate the level of dust pollution of the air taking into
account the aerodynamics of the air flow at workplaces in the car;

i a mathematical model for evaluating the efficiency of using suction
devuices (fans) to reduce the level of air pollution near highways; the model allows,
in contrast to the existing models, to quickly take into account the different
position of the suction surfaces, the influence of the car body on the aerodynamic
of the airflow and the spread ainpurities in the working zones;

‘mproved:

i a mathematical model for rapid assessment of the risk of fire in storage
due to selheating of fuel of plant origin; the model allows you to quickly
calculate the development of the thermal field in the fuel embankment, taking into
account the lgape of the embankment, the ambient temperature, and the
thermophysical properties of the fuel;

I a method of calculating thermal air pollution in working premises when
heated air flows into them and calculating the heating of building structures when
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interacting with the flow of heated air, which allows taking into account the shape
of buildings, weather conditions, the shape of the working room, thermophysical
parameters of construction materials.

The practical significance of the resultthe developed coplex of

mathematical models, methods and algorithms for their solution is the basis for
substantiating organizational and technical measures aimed at reducing thi
negative impact of harmful factors on the enterprises of the fuel and energy
complex of Ukrane in case of their occurrence during the functioning of objects or
their detection at the stage projeesearch works aimed at improving methods of
reducing negative factors on employees.

Using mathematical models and methods with softwamemented
algorithms obtained in the work, it is possible to determine the maximum
permissible values of factors related to the prevention of occupational diseases an
injuries of workers and improvement of means and methods of worker protection.

So:

- on the basis ofhie created numerical models, packages of application
programs (codes) were developed, which allow the method of computational
experiments to determine the regularities of the formation of areas of chemical,
dust and thermal pollution in the work zoneshat tacilities of the fuel and energy
complex. They do not require significant time for development, installation, and
are not expensive. For the practical use of methods of reducing the level of
chemical and dust pollution of working areas, the use ofi@peguipment is not
required;

- conducting computational experiments on the basis of created numerical
models allows reducing the role of expensive physical experiments in solving
complex applied problems related to determining the level of danger todtk he
of workers under the influence of industrial sources of chemical, dust and thermal
pollution;

- the proposed engineering method of dust control during the transportation

of coal or when storing coal in stacks allows to effectively reduce the level of
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contamination of working areas;

- the proposed engineering method of combating air pollution of work
zones near highways allows to effectively reduce the level of chemical pollution of
work zones;

- the proposed dynamic numerical model for evaluating the eféswss of
the water curtain allows in real time to determine the decrease in the intensity o
heat flows that occur in the event of a fire and can be used to organize &
scientifically based system for the protection of firefighters;

- constructed numerical edels and computer programs were implemented
in the State Emergency Situations Service of Ukraine in the Dnipropetrovsk
Region éct of implementation).

In the first section of the dissertation, an analysis of harmful factors
occurring at the facilities ahe fuel and energy complex was carried out. Further,
a critical analysis of literary sources on the problem under investigation was
performed. It was found that numerical models (CFD models) are most actively
used to assess the level of danger in workegan the countries of the European
Union and the United States, which allow obtaining more detailed information
about the distribution of danger factors, and also, what is especially important, tc
perform an analysis of the effectiveness of various toskd in production to
ensure normal working conditions. This makes it possible, already at the stage o
the sketch design of protection systems, to determine whether this system allows t
ensure normal working conditions, and if necessary, to make chantpesproject
at the initial stage in order to eliminate the identified shortcomings. This approach
ensures the most rational use of resources when creating employee protectia
systems, reducing the share of physical (expensive) experimentation, gusarantee
the effective use of the protection system and directly affects the reduction of the
project cost. At the same time, there is a shortage of such models in Ukraine, an
simplified mathematical models and engineering methods are mainly used to solve
the poblems of assessing the level of danger in work zones. Such models

practically do not allow to evaluate the effectiveness of the use of various mean:
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used to ensure normal working conditions at factories. Therefore, there is ar
important task of developingultivariate numerical models.

The second section of the dissertation presents the results of scientific
research on the creation of multifactorial numerical models, which make it possible
to carry out an operational calculation to determine the regakarinf the
distribution of hazard factors in work zones near highways (chemical pollution),
railway lines (noise pollution) and to determine the effectiveness of the use of
protective barriers of special forms used to reduce the impact of hazard factors o
the worker. This section shows that the use of protective barriers of a special forn
proposed in the thesis allows reducing the level of chemical pollution near
highways. A numerical model was built, which allows to evaluate the effectiveness
of the use bsorbent surfaces ("TX active surface") on the protective screen and on
the walls of buildings to reduce the level of chemical contamination of working
areas. An effective numerical model is proposed, which allows determining the
effectiveness of the us# noise protection screens of a complex shape near the
railway. This section presents the results of a complex of computational and
physical experiments.

The third section of the dissertation provides the results of experimental
research and a descriptiofh the constructed multifactorial numerical models for
analyzing the effectiveness of using additional sides of a special shape and speci
screens on wagons with coal, which make it possible to reduce the level of dus
pollution in the working areas netlwe transport highway.

The fourth section of the dissertation presents a multifactorial numerical
model that allows to estimate the level of chemical or dust pollution of the air in
the working zones at the industrial sites of the TPP in case of emigsiadgerse
weather conditions. Further in the section, the results of experimental studies and
description of the built multifactorial numerical models for the analysis of the
effectiveness of the use of protective screens of various shapes, whidear® u
reduce the level of dust pollution of the working areas at the sites where the coa

stacks are located, are given. The chapter presents a numerical model fc



15
estimating the level of dust pollution in the middle of motor vehicles moving on

the terribry of the TPP. In particular, a new numerical model is presented that
allows determining the effectiveness of coal stack humidification in order to reduce
dust removal from the top of the stack. Also, this section presents a develope
numerical model thatllows determining the efficiency of water supply to the dust
cloud formed near the coal stack.

The fifth section of the thesis describes the constructed multivariate
numerical models for analyzing the risk of thermal and chemical damage to divers
when waking near damaged underwater pipelines.

The sixth section provides a description of the built multifactorial numerical
models for analyzing the risk of thermal injury to workers during a fire, and
determining the effectiveness of using a water curtanedace the risk of thermal
injury to workers near the fire source.

Keywords: labaur safety, workplace, chemical contamination, dust
contamination, thermal contamination, workers thermal hitting, numerical
methods, protection of workplaces from chemical ahast contamination,

protective screens, water screen, dust suppression.
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