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MATHEMATICAL AND COMPUTER MODELING OF AIR POLLUTION 

IMANBAZAR A., BELGINOVA S., KUANOVA S.,  

Turan University, Kazakhstan 

 

In the modern world, scientific and technological progress, and the intensive growth of 

industrial complexes in many cities of the world leads to numerous environmental problems that 

require thorough scientific analysis. One of the main causes of global warming is atmospheric air 

pollution, an increase in the concentration of harmful greenhouse gases. Therefore, the study of the 

spatial and temporal distribution of these gases and pollutants in the Earth's atmosphere is an 

important urgent task of environmental protection. 

Keywords: air pollution, distribution of substances, mathematical and computer modeling, 

numerical methods, physical processes 

 

In general, mathematical models of the distribution of gaseous impurities and solid particles 

in the atmosphere of settlements can be considered in four directions according to the applied 

mathematical apparatus: 

1) Models using statistical propagation models based on the Gaussian distribution function. 

These propagation models are designed for a flat bedding surface and are modified by introducing 

coefficients that take into account the possible redistribution of the concentration of substances in 

areas near various structures and buildings that are stagnant in terms of the distribution of 

substances.  

2) Models of the air mass flow based on the solution of transport-diffusion equations.  

3) Physical models of wind tunnels that use some properties and features of the air flow in 

wind tunnels These models make it possible to evaluate and reproduce, according to a sufficient set 

of criteria, the distribution of air flows along the streets at different wind directions in the similarity 

of pipes.  

4) Models based on the use of a comparative analysis of the results of natural experiments, 

the results of numerical modeling and physical modeling. Such an integrated approach makes it 

possible to simulate the distribution of impurities in street canyons depending on meteorological 

conditions, such as temperature stratification of the atmosphere, wind direction and speed, air 

humidity, etc. 

A special place in the theoretical study of large-scale movements in the atmosphere inside 

convective columns is occupied by fundamental ideas about the aerodynamics of the air 

environment.  

In many works, to quantitatively describe the dynamics of convective flows in atmospheric 

air, analytical dependencies of the theory of freely convective jets are used. Also, one-dimensional 

mathematical models implemented using numerical methods are applicable in this direction.  

There are models that are based on the Navier-Stokes equations for a compressible, viscous, 

and heat-conducting gas, which consider the influence of phase transitions and the diffusion of 
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aerosol particles, the dynamics of the rise and hang of the convective column. They are caused by 

the presence of moisture in the atmosphere.   

The Navier-Stokes method assumes a numerical solution of the turbulent diffusion 

equations.  The main advantage of the model of this class is that the turbulent diffusion equation can 

naturally describe the physical processes that occur in the atmosphere. With their help, it is possible 

to predict the spatial and temporal distribution of pollutants in the atmosphere only under normal 

weather conditions, which are not always observed in nature. This makes it impossible to consider 

the extreme effects of pollution on the urban environment.  

The basic model, which is used at a constant wind speed and assumes the absence of 

chemical transformation, is represented by the following formula: 
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where C - the concentration of the pollutant (g/m),  

 M - the emission power (g/s),  

 u - the wind speed at height H (m/s),  

       - parameters of horizontal and vertical dispersion (m).  

 y - the distance from the middle line of the plume (m),  

 z - the height above the ground (m),  

 k - the reflection coefficient (     )   
 H - the final height of the plume (m). 

This model is the most used in most countries of the world when calculating atmospheric 

pollution. The main advantages of this model are the following:  

The possibility of describing the concentration fields of pollutants using algebraic relations. 

Because of this, this model is fast-acting and large amounts of machine memory are not required for 

calculations based on the model.  

The Gaussian scattering approximation is used to determine the many factors that affect the 

concentration levels of pollutants. Meteorological conditions such as wind speed, air humidity, 

atmospheric stability, air temperature can be noted among the determined factors.  

The model considers a variety of parameters that allow you to get more accurate results. 

Here, the effects of the reflection of substances from the underlying surface are considered, as well 

as various types of temperature inversion: surface ones, which start directly from the earth's surface, 

and inversions in the free atmosphere. The process of removing impurities from the atmosphere 

through various precipitation, dry precipitation and chemical transformation is considered. This 

model makes it possible to consider the parameters of the orography of the area, over which 

impurities that pollute the atmospheric air spread.  

The calculation errors according to this model satisfy the permissible limits of the 

assessment of atmospheric pollution.     

Conclusion 

The main reasons that lead to differences in the comparison of measured and calculated 

concentrations of pollutants are the inaccuracies of the input parameters inaccuracies in determining 

the number of emissions of impurities from pollution sources and measurement errors of 

meteorological parameters. Also, errors are affected by uncertainties in choosing the category of 

atmospheric stability. 
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 This article discusses the analysis of assessing learning at universities 

 

Evaluation of learning outcomes is an essential aspect of the educational process in 

universities. It provides feedback to both students and educators, helps to identify areas for 

improvement, and serves as a measure of the quality of education provided by the institution. With 

the ever-changing educational landscape and increasing demands for quality assurance, it is 

necessary to evaluate the effectiveness of current evaluation systems used in universities. This 

article aims to explore the systems for evaluating learning outcomes in universities and assess their 

effectiveness. The article will review the literature on the history, theoretical approaches, and 

criteria for evaluation of learning outcomes..  

History of the development of evaluation systems in universities: 

Evaluation systems in universities have evolved over time. In the early days, evaluation 

systems were primarily focused on the assessment of knowledge retention. However, in recent 

years, the focus has shifted towards assessing the learning outcomes of students. The development 

of new technologies and teaching methodologies has made it easier to evaluate learning outcomes, 

and this has led to a shift towards more sophisticated evaluation systems.  

Theoretical approaches to evaluating learning outcomes:  

There are several theoretical approaches to evaluating learning outcomes. The most commonly 

used approaches are the behavioral, cognitive, and constructivist approaches. The behavioral 

approach is focused on assessing the acquisition of specific knowledge and skills. The cognitive 

approach is focused on assessing the development of critical thinking skills and problem-solving 

abilities. The constructivist approach is focused on assessing the development of a student's ability 

to construct knowledge and understand concepts in a meaningful way. Criteria for the effectiveness 

of evaluation systems:  

The effectiveness of evaluation systems can be assessed based on several criteria. The most 

important criteria are validity, reliability, and fairness. Validity refers to the extent to which an 

evaluation system measures what it is supposed to measure. Reliability refers to the consistency of 

the evaluation system. Fairness refers to the extent to which the evaluation system is unbiased and 

does not discriminate against any particular group of students. In conclusion, the evaluation of 

learning outcomes is critical in higher education. The development of evaluation systems has 

evolved over time, and there are several theoretical approaches to evaluating learning outcomes. 

The effectiveness of evaluation systems can be assessed based on several criteria, including 

validity, reliability, and fairness. These criteria are essential for ensuring that evaluation systems are 

effective in assessing the learning outcomes of students. The research methodology for an article on 

the topic "Research of systems for evaluating learning outcomes in universities" should involve 

both quantitative and qualitative research methods. Quantitative research methods will help to 

gather statistical data on the evaluation of learning outcomes in universities, such as average grades, 


