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Abstract. An algorithm for predicting the intensity of sorption of gaseous materials released into 
the atmosphere as a result of an accident is proposed. The algorithm consists of three hierarchical 
levels: monitoring the parameters of gaseous material emission, predicting the consequences of 
gaseous material emission before and after sorption, and making a management decision. The first 
hierarchical level includes 4 blocks: obtaining information from the chemical reconnaissance group 
and the facility representative on the type, amount of hazardous gaseous materials, release intensity 
and scale of the accident; obtaining information from the hydrometeorological service on 
temperature, atmospheric pressure, wind direction and speed in the accident area; processing the 
information received; information on the availability of forces and means for sorption of hazardous 
gaseous materials. The second hierarchical level also includes 4 blocks: readiness of forces and 
means for sorption of hazardous gaseous materials; calculation with sorption; calculation without 
sorption; determination of the boundaries of the chemical damage zone according to the established 
criteria. At the third hierarchical level, there is 1 block: making a management decision. The 
software implementation of the proposed algorithm was carried out. The use of the developed 
algorithm and its software implementation will increase the speed and accuracy of predicting the 
consequences of the release of hazardous gaseous materials in an accident. 

1 Introduction  
Today's industry requires the use of a large number of different, including hazardous, chemicals. 
Even under conditions of normal operation of industrial enterprises, a significant amount of them is 
released into the environment, which negatively affects air, water and soil [1, 2]. Despite 
considerable efforts to comply with the rules of safe operation, emergencies occur at facilities where 
hazardous chemicals are handled [3]. 

2 Problem Formulation  
In the event of large-scale releases of hazardous chemical materials (HCM), early prediction of the 
possible consequences of chemical contamination is necessary to ensure the safe evacuation of the 
population and material assets, as well as the safety of rescuers [4, 5]. 

Various algorithms and programs [6, 7] are used to promptly predict the consequences of 
chemical pollution of the atmosphere by HCM. 

The forecasting process is particularly important in the event of an emergency involving the 
release of gaseous hazardous chemicals. To ensure sufficient accuracy in calculating the size of 
chemical pollution zones, it is necessary to take into account a significant number of factors that can 
be divided into two blocks: meteorological conditions and release parameters. Meteorological 
conditions include wind direction and speed, temperature and humidity, and atmospheric pressure. 
The release parameters include the type of chemical, its temperature, density and storage pressure, 
and release intensity. 
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Existing approaches to eliminating the consequences of emergencies characterized by the release 
of harmful and radioactive substances into the atmosphere are based on the use of liquid curtains 
with the help of ground-based rescue equipment [8, 9]. This involves the deposition of harmful and 
radioactive substances from the atmospheric air by a finely dispersed stream of water formed by 
means of emergency rescue equipment [10]. In the presence of a release zone deposition process, 
these factors are supplemented by another block, which includes the intensity of the liquid flow to 
the deposition, the deposition area, the presence of a chemical reaction of the liquid with a 
hazardous chemical, etc. All of this significantly complicates the work of environmental safety 
control services and emergency rescue units to eliminate atmospheric pollution. 

3 Analysis of Publications 
One of the methods for predicting the consequences of atmospheric pollution by HCM is to forecast 
the future situation based on the analysis of the dynamics of its development [11]. This approach 
allows taking into account all factors of possible accident development. This is achieved by 
processing an array of monitoring information using recurrent analysis [12]. However, the accuracy 
of forecasting directly depends on the size of the monitoring data base. In the event of an accident, 
it is usually impossible to collect a large amount of data with the required accuracy. 

The most common are express methods that take into account only the most important factors 
with a certain step of parameter change [13]. Such methods allow to simplify the calculation 
procedure and increase the efficiency of work, but have low forecasting accuracy. 

To ensure sufficient accuracy in calculating the size of the contamination zones with HCM, it is 
necessary to take into account a significant number of factors that can be divided into three blocks: 
meteorological conditions, emission parameters and parameters of deposition (sorption) of HCM. 
Meteorological conditions include wind direction and speed, air temperature and humidity, and 
atmospheric pressure [14]. The release parameters include the type of HCM, their temperature, 
density, storage pressure, and release intensity. When localizing the area of HCM release, another 
block is added, which includes the intensity of liquid supply for deposition (sorption), deposition 
area, ability of the supplied liquid to absorb or react chemically with HCM, etc. This complicates 
the work on predicting the extent of the damage, which can lead to delayed and erroneous 
management decisions [15]. 

Ukraine has approved a national methodology for predicting the consequences of accidents 
involving the release of Hazardous Chemicals (Order of the Ministry of Internal Affairs of Ukraine 
No. 1000 of 29.11.2019). The methodology makes it possible to simplify the calculation of the size 
of the HCM cloud spreading zone by tabulating the main indicators. However, the methodology 
does not allow you to automatically see the results of the forecast. The methodology can be used for 
long-term (operational) and emergency forecasting in case of accidents at chemically hazardous 
facilities (CHF) and transport, as well as for determining the degree of chemical hazard of CHF and 
administrative-territorial units [16]. The methodology is applicable only to HCM stored in gaseous 
or liquid form and which, at the time of release, turn into gaseous form and create a primary or 
secondary cloud of HCM, and provides for calculations for planning measures to protect the 
population only at heights up to 10 m above the ground. The results are presented in the form of 
tables, which makes it impossible to perform lengthy calculations and allows for prompt forecasting 
of the scale of pollution. On the basis of this methodology, the «DSNS GIS» software was 
developed and implemented; the interface of the results of predicting the chemical contamination 
zone with the help of this software is shown in Fig. 1. 

The Ministry of Ecology of Ukraine recommends the use of software developed on the basis of 
Gaussian mathematical models and equations of turbulent diffusion of HCM: «EOL», 
«EOL+FON», «PLENER», «EOL+», «EOL-2000[h]», «EOL (GAS)-2000[h]», and «Ecologist-
Gas». The programs are designed to calculate pollution from stationary sources of industrial 
enterprises in the surface and upper atmosphere. 

A program «Air» developed by the Institute of Mathematical Machines and Systems of the 
National Academy of Sciences of Ukraine can significantly simplify the process of predicting the 
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consequences of a hazardous substance release. The program is designed to implement one of the 
most urgent tasks of operational modelling of the consequences of a spill/release of HCM at 
stationary CWS [17]. A program «Air» generates a release forecasting log and provides the ability 
to perform both emergency modelling performed immediately after an accident and long-term 
forecasting to determine possible consequences of a HCM release. 

 

 
Fig. 1. Interface of the results of predicting the chemical damage zone of the program «DSNS GIS» 

 
Also, a number of works by domestic authors, in particular [18–28], are devoted to the 

assessment of the hazardous effects of HCM on the environment and humans. 
Paper [18] developed a method for the rapid detection of hazardous urban air pollution. Paper 

[19] analyses the correlation dimension of the state of the gas environment during early ignition of 
materials. Paper [20] proposes an improved installation for extinguishing fires with fine water. 
Paper [21] is devoted to the experimental study of fluctuations in the parameters of the gas 
environment as early signs of fire. In [22, 23], a mathematical model was built to determine the risk 
to human health of a dangerous state of urban air pollution based on the measurement of current 
concentrations of pollutants. Paper [24] is devoted to improving the environmental safety of power 
plants by streamlining the pollutant neutralization system. Paper [25] developed a method of 
frequency-time representation of changes in gaseous medium parameters during a fire. Paper [26] is 
devoted to the construction of a method for calculating a structural function in a moving window of 
a fixed size, based on measuring the vector of current concentrations of arbitrary air pollutants. 
Paper [27] uses the uncertainty function to identify hazardous states of the air pollution vector. 
Paper [28] investigates the impact of carbon monoxide on people in the event of a fire in a building. 

Well-known global implementations of HCM distribution models are the program 
«HGSYSTEM» and a number of programs by TNO (Holland), Det Norske Veritas (Norway), U.S. 
Environmental Protection Agency (EPA), NIST (National Institute of Standards and Technology), 
and DEGADIS [29]. The most common programs recommended by the EPA and used in the USA, 
Canada, and the EU are: «AERMOD», «CALPUFF», «BLR», «CALINE3», «ALOHA» [30]. 

The program «AERMOD» has four modules: AERMOD (module for mathematical modelling of 
impurity dispersion in the atmosphere); AERMET (module for determining the required 
meteorological data); AERSURFACE (for reproducing the terrain); AERMAP (software tools 
designed to link the model to three-dimensional data of local terrain and objects). The software 
contains tools that allow taking into account the peculiarities of EWM spread over roads, water 
obstacles, forests, etc. The use of program «AERMOD» involves significant costs and effort in 
preparing input data and makes sense when assessing environmental risks from industrial pollution 
sources [31]. 

The program «CALPUFF» uses a state-of-the-art, non-stationary, multi-layer, multi-functional 
model that simulates the spread of pollutants from emissions of various pollution sources under 
changing meteorological conditions, taking into account the interaction of substances with the 
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environment. The main components of the modelling system are: CALMET (diagnostic three-
dimensional meteorological model), CALPUFF (air quality dispersion model), CALPOST 
(processing package). 

The program «BLR» uses Gaussian dispersion models and can be used for cases where HCM 
enter the upper atmosphere. 

The program «CALINE3» was developed by the California Department of Transportation to 
determine the level of HCM pollution emitted by internal combustion engines. The programme is 
based on a multifaceted stationary Gaussian dispersion model of the spread of HCM downwind of 
highways and city streets in relatively simple terrain. 

The peculiarities of the considered programs are the need to use multi-core hardware due to 
complex algorithms for obtaining an analytical solution. This greatly complicates the forecasting 
process, which is a significant drawback in the context of a time limit in the process of eliminating 
accidents. 

In the USA, program «ALOHA» (Area Locations of Hazardous Atmospheres) is also used to 
help emergency responders make calculations during a HCM spill. Program «ALOHA» uses a 
graphical interface to enter data and display results. The effects of toxic HCM vapours, 
overpressure, thermal radiation or areas where flammable gases are present are presented 
graphically and in text. 

The core of the methodology of the program «ALOHA» is an air dispersion model to assess the 
inhalation risk associated with toxic chemicals in the air and the extent of the flammable cloud. This 
model is used to predict the change in concentration of a pollutant released into the atmosphere 
depending on the time and location of the release. Program «ALOHA» includes two semi-empirical 
air dispersion models: A Gaussian model (for predicting the direction of cloud propagation, which is 
lighter than air) and a Heavy Gas model (for pollutant clouds that are heavier than air) (Fig. 2). 

 

 
Fig. 2. Forecasting results using the application program «ALOHA» 

 
All the above-analysed programs and works do not take into account the possibility of deposition 

of the HCM cloud by the forces of operational and rescue units. The deposition of HCM from the 
atmosphere occurs due to sorption processes [32]. At the same time, the intensity of sorption 
depends not only on the surrounding conditions, but also on the surface properties of the liquid and 
the physical and chemical properties of HCM [33]. For example, the intensity of ammonia sorption 
by pure water is 7-8 times higher than that of chlorine under the same conditions. For the theoretical 
description of the sorption process, both continuous molecular dynamics models [34] and layer-by-
layer mass transfer models [35] are used. However, such models do not take into account the spatial 
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distribution of the gas and its dynamics under the influence of external conditions. In [36], 
assumptions were made that can be used to describe the overall process of HCM propagation in 
space during its sorption (deposition) by dispersed water jets. In [37–40], a model for predicting the 
scale of chemical damage under conditions of deposition of HCM and an algorithm for its use were 
proposed. 

4 Aim of Paper 
The above analysis of domestic and foreign algorithms and programs for predicting hazardous 
chemical materials contamination zones has shown that each of them has its advantages and 
disadvantages. It has been established that today there is no universal algorithm and program for 
predicting the consequences of accidents involving the release of hazardous chemical materials that 
would take into account all the features of the accident development. 

The aim of this work is to develop an algorithm and a program for predicting the consequences 
of accidents involving the release of hazardous chemical materials, which take into account the 
process of sorption of hazardous chemical materials from the atmosphere by dispersed streams. 

5 Materials and Methods of Research 
In this paper, we consider "light" gases, i.e. those with a density less than atmospheric air. These 
gases primarily include ammonia, methane, carbon monoxide, and others. The modelling of the 
dynamics of such gases in the air was based on Gaussian models, taking into account the 
restrictions that the release of hazardous chemical materials is a point release with a constant 
intensity. As the main component of the model that took into account deposition, the process of 
sorption of hazardous chemical materials by a fine flow was considered. The software 
implementation of the obtained theoretical results was carried out on the basis of the DELPHI 
platform with the integration of an interactive terrain map. 

6 Research Results 
In [25–28], a mathematical model for predicting the size of the release zone of gaseous hazardous 
materials under different conditions of sorption of HCM from the cloud by water was proposed.  

In the absence of HCM sorption, its concentration q1(x,y,z,t) in the air at time τ is calculated by 
the equation: 
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where x, y, z – coordinates of the Cartesian system,  
Е – the intensity of the HCM emission carried out at the point (0, 0, z0),  
D – diffusion coefficient in the horizontal and vertical directions,  
vx, vy – horizontal components of wind speed along the x and y axes, respectively, m/s,  
vz – is the vertical component of the wind speed due to the stability of the atmosphere and the 

density of HCM, m/s. 
During the sorption of HCM with water, its concentration q(x,y,z,t) in the air at time τ in the 

sorption band is calculated by the equation:  
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α – the gas adaptation coefficient on the surface of the HCM, 
C – the volume concentration of water droplets, 1/m3,  
r – the average radius of water droplets in the flow, m,  
H –  Henry's constant, mol/(Pa-m)3,  
R0 –  the universal gas constant, J/(mol·K),  
T – the temperature, K, 
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During the sorption of HCM with water, its concentration q(x,y,z,t) in the air at a time τ along the 

sorption band is calculated by the formula : 
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For the numerical solution of equations (1)-(3), we used the mathematical package MAPLE 

(Canada), version 18.  
Fig. 3.a shows the results of modelling the process of HCM (ammonia) propagation during 

deposition (sorption) by fine water jets (dependence of the concentration q of HCM in the x and y 
axes at an air velocity of 5 m/s). In the modelling, it was taken into account that the sorption of 
HCM takes place in the atmosphere by the surface of a fine water stream with a dispersion of 1 mm 
and a flow rate of 2 l/s. The sorption zone with a width of 5 m is located at a distance of 10 m from 
the HCM release. 

Fig. 3. b shows the spatial distribution of the concentration difference ∆q of HCM in the absence 
(q1) and in the presence (q) of deposition (dependence ∆q=q1-q in the x and y axes at an air velocity 
of 5 m/s). 
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Fig. 3. a. The results of modelling the process of HCM (ammonia) propagation during deposition 
(sorption) by fine water jets (dependence of HCM concentration q in the x and y axes at an air 
velocity of 5 m/s) 

 

 
Fig. 3. b. Spatial distribution of the concentration difference ∆q=q1-q of NGM (ammonia) in the 
absence and presence of deposition 

 
As can be seen from Fig. 3, the condition of continuous gas emission from a point source with a 

constant intensity is modelled. Calculations have shown that at a flow rate of more than 2 l/s and a 
gas emission rate of 0.1 kg/s, the concentration of hazardous gas practically drops to 0. 

In order to integrate the developed mathematical models of the dynamics of HCM into practical 
activities, we propose an algorithm for predicting the intensity of sorption of HCM released into the 
atmosphere as a result of an accident, based on equations (1)–(3) (Fig. 4). 

When localizing the accident, the following deposition parameters are determined: the intensity 
of the sorbent liquid supply, the dispersion of the sorbent liquid and the possible size of the 
deposition zone. At the same time, the size of the affected area is predicted in the absence and 
presence of sorption of HCM. In the absence of sorption, the prediction is made using formula (1). 

After calculating the size of the chemical contamination zone and mapping the boundaries of the 
hazardous area, the emergency response manager makes a management decision on the methods of 
emergency response and the need to evacuate people and property. 

The proposed algorithm consists of 9 parts placed on three hierarchical levels, connected by 
direct links. 

The first hierarchical level consists of 4 blocks. Firstly, information about the accident is 
obtained and systematized from the available automatic alarm systems, from the facility 
representative or from the chemical reconnaissance group. To perform a qualitative forecast of 
chemical contamination zones, it is necessary to obtain accurate information on the main 
meteorological parameters from the hydrometeorological service. Also, the emergency response 
manager should have data on the available forces and means for HCM sorption. 
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Fig. 4. Algorithm for predicting the intensity of sorption of HCM released into the atmosphere as a 
result of an accident  

 
The second step is to calculate the size of the chemical contamination zones. To do this, the 

emergency manager must determine the hazard criterion. As a hazard criterion, the maximum 
permissible concentration of HCM is usually chosen. After that, the emergency manager determines 
the possibility of sorption of the HCM cloud. 

One of the disadvantages of the proposed model is the assumption that the sorption of the HCM 
cloud occurs throughout the entire depth and height of the HCM cloud. That is, the boundary 
conditions for using the model are the technical capabilities of operational rescue units to supply 
sprayed water (sorbent). The technical capabilities of the fine spray range for carriage guns are up 
to 40 m, depending on the modification. That is, when using two carriage tubes on opposite sides of 
the HCM cloud, the depth of the sorption zone can be up to 80 m. If we consider the technical 
possibilities in terms of the height of the sorbent spray feed, then two options for feeding the jet 
should be taken into account - ground and using lifts. The ground-based method of supplying a 
sprayed sorbent jet can provide a height of up to 20 m. The use of mechanical lifts can increase the 
height of the sorbent jet supply up to 50 m. In other words, the dimensions of the chemical 
contamination zone to be able to use the proposed model to predict its size should be within the 
range of width up to 80 m and height up to 50 m, depending on the technical feasibility of sorption. 
Thus, the use of the model is advisable when sorption is carried out at the initial stage of an 
accident or near the HCM release zone. This is true since it is near the release source that 
operational and rescue units carry out work to rescue victims and localize the HCM release. 

Thus, the proposed algorithm for predicting the intensity of sorption by water jets of HCM 
released into the atmosphere as a result of an accident is based on the sequence of three parts – 
monitoring the accident area, predicting the consequences of the accident, and making a 
management decision. 

The monitoring part of the HCM release area includes collection and processing of data on 
meteorological conditions in the accident area, the nature of damage to process equipment, the type 
and amount of HCM available to all civil protection services for HCM sorption. 

The predicting part includes input of the obtained input parameters and calculation of the size of 
the chemical damage zone depending on the number and sequence of stages of HCM spreading and 
sorption. 
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The making a management decision part includes determining the hazard criterion, the 
geographical location of the affected area boundaries, and the definition of measures to eliminate 
the accident and evacuate the population. 

In order to ensure the practical use of the developed algorithm for predicting the intensity of 
sorption by water jets of HCM released into the atmosphere as a result of an accident, the software 
package «Forecast of HCM» was developed, the interface of which is shown in Fig. 5. 

 

  
Fig. 5. Interface of the software complex «Forecast of HCM» 

 
The interface of the software complex «Forecast of HCM» is divided into several workspaces. 

The largest part is occupied by an interactive map of the area integrated with the Google Maps 
service. This allows you to quickly search for the coordinates of the epicenter of an HCM release or, 
conversely, display the epicenter on the map using known coordinates. The coordinates of the 
epicenter of the HCM release are entered in a separate area in the upper right part of the interface. 

A separate part of the interface is the block «Atmosphere», which contains the most important 
meteorological parameters of the atmosphere: temperature, pressure, wind speed and direction. 
These parameters can be easily obtained from a portable weather station or from the 
Hydrometeorological Centre. 

A separate part contains the parameters of HCM emission. From the library of the most 
common HCM, the operator selects the required one and enters the intensity of its emission from 
the process apparatus. 

The last block of the interface is intended for entering the parameters of sorption of HCM, 
namely: the width of the sorption zone, the intensity and dispersion of the sorbent (water flow), the 
distance from the emission point to the beginning of the sorption zone. 

7 Conclusion 
An algorithm for predicting the intensity of sorption of HCM released into the atmosphere as a 
result of an accident is proposed. The algorithm is a sequence of three parts: monitoring the 
accident area, predicting the consequences of the accident, and making a management decision. 

The monitoring part of the HCM release area includes collection and processing of data on 
meteorological conditions in the accident area, the nature of damage to process equipment, the type 
and amount of HCM available to all civil protection services for HCM sorption. 

The predicting part includes input of the obtained input parameters and calculation of the size of 
the chemical damage zone depending on the number and sequence of stages of HCM spreading and 
sorption. 
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The making a management decision part includes determining the hazard criterion, the 
geographical location of the affected area boundaries, and the definition of measures to eliminate 
the accident and evacuate the population. 

On the basis of the proposed algorithm, a computer program «Forecast of HCM» was created, 
which allows predicting the consequences of accidents with the release of HCM in the presence and 
absence of HCM sorption. The program «Forecast of HCM» consists of parts «Atmosphere», 
«Release», «Deposition» for entering input parameters and an interactive map of the area for 
displaying the results of forecasting. 

References 
[1] O. Rybalova, S. Artemiev, M. Sarapina, B. Tsymbal, A. Bakhareva, O. Shestopalov, 

O. Filenko, Development of methods for estimating the environmental risk of degradation of 
the surface water state. Eastern-European Journal of Enterprise Technologies. 2/10(92) (2018) 
4–17. 

[2] A. Vasenko, O. Rybalova, O. Kozlovskaya, A study of significant factors affecting the quality 
of water in the Oskil River (Ukraine). Eastern-European Journal of Enterprise Technologies. 
3/10(81) (2016) 48–55. 

[3] V. Andronov, B. Pospelov, E. Rybka, Increase of accuracy of definition of temperature by 
sensors of fire alarms in real conditions of fire on objects. Eastern-European Journal of 
Enterprise Technologies. 4/5 (82) (2016) 38–44. 

[4] V. Tiutiunyk, H. Ivanets, I. Tolkunov, E. Stetsyuk, System approach for readiness assessment 
units of civil defense to actions at emergency situations. Naukovyi Visnyk Natsionalnoho 
Hirnychoho Universytetu. 1 (2018) 99–105. 

[5] K. Korytchenko, O. Sakun, D. Dubinin, Y. Khilko, E. Slepuzhnikov, A. Nikorchuk, 
I. Tsebriuk, Experimental investigation of the fire-extinguishing system with a gas-detonation 
charge for fluid acceleration. Eastern-European Journal of Enterprise Technologies. 3/5 (93) 
(2018) 47–54. 

[6] Y. Danchenko, V. Andronov, E. Barabash, T. Obigenko, E. Rybka, R. Meleshchenko, 
A. Romin, Research of the intramolecular interactions and structure in epoxyamine 
composites with dispersed oxides. Eastern-European Journal of Enterprise Technologies. 6/12 
(90) (2017) 4–12. 

[7] V. Barannik, Y. Babenko, O. Kulitsa, V. Barannik, A. Khimenko, O. Matviichuk-Yudina, 
Significant microsegment transformants encoding method to increase the availability of video 
information resource. ATIT 2020 - Proceedings: 2020 2nd IEEE International Conference on 
Advanced Trends in Information Theory. 9349256 (2020) 52-56. 

[8] M. Vasiliev, I. Movchan, O. Koval, Diminishing of ecological risk via optimization of fire-
extinguishing system projects in timber-yards. Naukovyi Visnyk Natsionalnoho Hirnychoho 
Universytetu. 5 (2001) 106–113 

[9] M. Kustov, V. Kalugin, V. Tutunik, O. Tarakhno, Physicochemical principles of the 
technology of modified pyrotechnic compositions to reduce the chemical pollution of the 
atmosphere. Voprosy Khimii i Khimicheskoi Tekhnologii. 1 (2019) 92–99.  

[10] A. Semko, M. Beskrovnaya, S. Vinogradov, I. Hritsina, N. Yagudina, The usage of high 
speed impulse liquid jets for putting out gas blowouts. Journal of Theoretical and Applied 
Mechanics (Poland). 3 (2017) 655–664.  

[11] V.V. Tatarinov, U.V. Prus, A.A. Kirsanov, Decision support software for chemical accident 
elimination management. AIP Conference Proceedings. 2195 (2019) 020076. 

110 Surfaces, Coatings and Advanced Materials



[12] M. Martínez-García, Y. Zhang, K. Suzuki, Y.D. Zhang, Deep Recurrent Entropy Adaptive 
Model for System Reliability Monitoring. IEEE Transactions on Industrial Informatics. 17(2) 
(2021) 839–848.  

[13] F. Khan, S. Rathnayaka, S. Ahmed, Methods and models in process safety and risk 
management: Past, present and future. Process Safety and Environmental Protection. 98 
(2015) 116-147.  

[14] B. Pospelov, V. Kovrehin, E. Rybka, O. Krainiukov, O. Petukhova, T. Butenko, P. Borodych, 
I. Morozov, O. Horbov, I. Hrachova, Development of a method for detecting dangerous states 
of polluted atmospheric air based on the current recurrence of the combined risk. Eastern-
European Journal of Enterprise Technologies. 5/9 (107) (2020) 49–56. 

[15] O. Rybalova, S. Artemiev, Development of a procedure for assessing the environmental risk 
of the surface water status deterioration. Eastern-European Journal of Enterprise 
Technologies. 5/10 (89) (2017) 67–76. 

[16] O.M. Pshinko, M.M. Biliaiev, O.Y. Gunko, Localization of the air pollution zone in case of 
liquidation of an accident with chemically hazardous cargo. Science and Transport Progress. 
27 (2009) 143–148. 

[17] S.Ia. Maistrenko, V.P. Bespalov, K.V. Khurtsylava, T.O. Zahreba, Prototypna versiia systemy 
«Povitria»: kerivnytstvo korystuvacha. Kyiv, 2018 [in Ukrainian]. 

[18] B. Pospelov, E. Rybka, R. Meleshchenko, P. Borodych, S. Gornostal, Development of the 
method for rapid detection of hazardous atmospheric pollution of cities with the help of 
recurrence measures. Eastern-European Journal of Enterprise Technologies. 1/10 (97) (2019) 
29–35.  

[19] B. Pospelov, V. Andronov, E. Rybka, R. Meleshchenko, S. Gornostal, Analysis of correlation 
dimensionality of the state of a gas medium at early ignition of materials. Eastern-European 
Journal of Enterprise Technologies. 5/10 (2018) 25–30.  

[20] D. Dubinin, K. Korytchenko, A. Lisnyak, I. Hrytsyna, V. Trigub, Improving the installation 
for fire extinguishing with finelydispersed water. Eastern-European Journal of Enterprise 
Technologies. 2/10 (92) (2018) 38–43.  

[21] B. Pospelov, V. Andronov, E. Rybka, V. Popov, A. Romin, Experimental study of the 
fluctuations of gas medium parameters as early signs of fire. Eastern-European Journal of 
Enterprise Technologies. 1/10 (91) (2018) 50–55.  

[22] B. Pospelov, V. Andronov, E. Rybka, O. Krainiukov, N. Maksymenko, R. Meleshchenko, 
Y. Bezuhla, I. Hrachova, R. Nesterenko, A. Shumilova, Mathematical model of determining a 
risk to the human health along with the detection of hazardous states of urban atmosphere 
pollution based on measuring the current concentrations of pollutants. Eastern-European 
Journal of Enterprise Technologies. 4/10 (2020) 37–44.  

[23] B. Pospelov, V. Kovrehin, E. Rybka, O. Krainiukov, O. Petukhova, T. Butenko, P. Borodych, 
I. Morozov, O. Horbov, I. Hrachova, Development of a method for detecting dangerous states 
of polluted atmospheric air based on the current recurrence of the combined risk. Eastern-
European Journal of Enterprise Technologies. 5/9(107) (2020) 49–56.  

[24] S. Vambol, V. Vambol, O. Kondratenko, Y. Suchikova, O. Hurenko, Assessment of 
improvement of ecological safety of power plants by arranging the system of pollutant 
neutralization. Eastern-European Journal of Enterprise Technologies. 3/10(87) (2017) 63–73.  

[25] B. Pospelov, V. Andronov, E. Rybka, V. Popov, O. Semkiv, Development of the method of 
frequencytemporal representation of fluctuations of gaseous medium parameters at fire. 
Eastern-European Journal of Enterprise Technologies. 2/10(92) (2018) 44–49.  

Solid State Phenomena Vol. 364 111



[26] V. Sadkovyi, B. Pospelov, V. Andronov, E. Rybka, O. Krainiukov, A.  Rud, K.  Karpets, 
Y. Bezuhla, Construction of a method for detecting arbitrary hazard pollutants in the 
atmospheric air based on the structural function of the current pollutant concentrations. 
Eastern-European Journal of Enterprise Technologies. 6(10) (2020) 14-22.  

[27] B. Pospelov, E. Rybka, R. Meleshchenko, O. Krainiukov, S. Harbuz, Y.  Bezuhla, 
I. Morozov, A. Kuruch, O. Saliyenko, R. Vasylchenko, Use of uncertainty function for 
identification of hazardous states of atmospheric pollution vector. Eastern-European Journal 
of Enterprise Technologies. 2/10 (2020) 6–12.  

[28] D. Dubinin, V. Avetisyan, K. Ostapov, S. Shevchenko, S. Hovalenkov, D. Beliuchenko, 
A. Maksymov, O. Cherkashyn, Investigation of the effect of carbon monoxide on people in 
case of fire in a building. Sigurnost. 62/4 (2020) 347–357.  

[29] V.S. Babkov, T.Yu. Tkachenko, Analiz matematicheskih modeley rasprostraneniya primesey 
ot tochechnyih istochnikov. Nauchnyie trudyi DonNTU. Seriya «Informatika, kibernetika i 
vyichislitelnaya tehnika». 13(185) (2011) 147–155 [in Ukrainian]. 

[30] Recommended Models // US Environmental Protection Agency, URL: http://www.epa.gov. 
[31] A.J. Cimorelli, S.G. Perry, A. Venkatram [et al.], AERMOD: A dispersion model for 

industrial sourceapplications Part I: General model formulation and boundary layer 
characterization. (accepted for publication). Journal of Applied Meteorology. 44(5) (2005) 
682–693. 

[32] T. Elperin, A. Fominykh, B. Krasovitov, A. Vikhansky, Effect of rain scavenging on 
altitudinal distribution of soluble gaseous pollutants in the atmosphere. Atmospheric 
Environment. 45(14) (2011) 2427–2433. 

[33] M. Kustov, E. Slepuzhnikov, V. Lipovoy, I. Khmyrov, D. Firdovsi, O. Buskin, Procedure for 
implementation of the method of artificial deposition of radioactive substances from the 
atmosphere. Nuclear and Radiation Safety. 3/83 (2019) 13–25.  

[34] S. Gautam, T. Liu, D. Cole, Sorption, Structure and Dynamics of CO2 and Ethane in Silicalite 
at High Pressure: A Combined Monte Carlo and Molecular Dynamics Simulation Study. 
Molecules. 24(1) (2019) 99. 

[35] A.K. Hua, P.S. Lakey, M. Shiraiwa, Multiphase Kinetic Multilayer Model Interfaces for 
Simulating Surface and Bulk Chemistry for Environmental and Atmospheric Chemistry 
Teaching. Journal of Chemical Education. 99(3) (2022) 1246–1254. 

[36] M.V. Kustov, O.Ie. Basmanov, A.S. Melnychenko, Modeliuvannia zony khimichnoho 
urazhennia v umovakh lokalizatsii nadzvychainoi sytuatsii. Problemy nadzvychainykh 
sytuatsii. 32 (2020) 142–157 [in Ukrainian]. 

[37] M.V. Kustov, O.Ie. Basmanov, O.A. Tarasenko, A.S. Melnychenko, Prohnozuvannia 
masshtabiv khimichnoho urazhennia za umov osadzhennia nebezpechnoi rechovyny. 
Problemy nadzvychainykh sytuatsii. 33 (2021) С. 72–83 [in Ukrainian]. 

[38] M. Kustov, A. Melnychenko, O. Basmanov, O. Tarasenko, Modeling of Gas Sorption Process 
by Dispersed Liquid Flow. Materials of Science Forum. 1068 (2022) 239–247. 

[39] A. Melnychenko, M. Kustov, O. Basmanov, O. Tarasenko, O. Bogatov, M. Kravtsov, 
O. Petrova, T. Pidpala, O. Karatieieva, N. Shevchuk, Devising a Procedure to Forecast the 
Level of Chemical Damage to the Atmosphereduring Active Deposition of Dangerous Gases. 
Eastern-European Journal of Enterprise Technologies. 1(10(115)) (2022) 31–40. 

[40] M. Kustov, A. Melnychenko, D. Taraduda, A. Korogodska, Research of the chlorine sorption 
processes when its deposition by water aerosol. Materials of Science Forum. 1068 (2021) 
361–373. 

112 Surfaces, Coatings and Advanced Materials


