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SEMI-EMPIRICL THEORY OF TURBULENT TRANSPORT IN THE ATMOSPHERE
V.Y. Grishaev
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Since the problem of air pollution appeared in many industrial areas of the countries, many scientists are working
on the study of the movement of emissions in the atmosphere. Recently, as the development of technology and technology
has become a real large-scale field experiments with registration of the whole complex of parameters, such as: impurity
concentration, meteorological parameters these projects can provide more accurate information on the migration of
impurities. Into the present time becomes possible the so-called numerical simulation of impurities with the necessary
accuracy on computers. The validity of such models is possible by adjusting the parameters during the comparison results of
calculation with the final results of the experiments.

Diffusion is one of the most important factors determining the behavior of heavy gas emissions in atmospheres. It
was noted that migration processes are mainly turbulent in nature and the coefficients transportations are caused by the
turbulent motion of the masses. Here will be described the simplest models of movement impurities in the atmosphere that
take into account diffusion, and provides analytical solutions that carry qualitative character [2].

Suppose that the specific content of the impurity — s(x,y,z,t), moving together with the air flow in the atmosphere.
We define the solution of the problem with the surface S in the cylindrical region G, which consists of the lower base

Z (at z = 0), the lateral surface of the cylinder Z and the upper base Z (atz=H).
0 0

- — - -
If p =0, i.H)y j+u, k (where 7, j, k are unit vectors in the direction of x,y,z axes, respectively) — vector the

velocities of the air particles as a function of x,y,z,¢ then , hence, the transport of the substance along the particle trajectory
air with preservation of its contents will be presented in the form of the following equation

os .2
—+div(vs) =0, ey
ot
To equation (1) we add the initial data
§=S, att =0, )
And conditions on the boundary S of the region G
S=S ons, (3)

where Syand S, are given function.

Equation (1) can be generalized. If, in the process of distribution, the proportion of the substance reacts with the
process is interpreted as the absorption of the substance by the external environment or disintegrates. That equation (1) goes
to the following:
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§+div(;s)+as _0, )

where o >0 - is the value inversely proportional to time.
If the sources of the investigated contaminating substance s, are in the area of determination of the solution,
described by the function f (x,y,z,t), then equation (4) takes the form

os .o
E+dlv(us)+o-s: f, (5)
In this case, in accordance with our models, the unsteady problem of substance transfer will be presented in
0s
—+os=f
ot
S=S,att=0, (6)

If f does not depend on t, the solution of the problem will be

s=s,.e "+ f(l-e ") /o, (7
and at T —> 00 goes to the solution of the corresponding stationary problem s = f, thatis S= f /o

Of course, such a simple model cannot describe the main features of substance transfer from the source. In fact, we
know that the impurity in the atmosphere so to speak blurs, creating a complex distribution in the vast vicinity of the release.
And this is predictable, because even in weather without wind, the atmosphere is turbulent, where small-scale fluctuations
(usually the vortices), dislipidaemia and to create conditions for neoplasms [3].

In order to take into account the effect of turbulence on the transfer of substance in the atmosphere, we use the
results semiempirical theory and derive the diffusion approximation of equation (5) distribution of substances in the
atmosphere [4]:

%+div(;s)+o-s = Ds, (®)

S S S
Ds=(3 p,[ &+ |p [ +[QJDZ o ©)
OX OX oy oy oz oz
In the equation, the values v and s are already averaged over time. To equation (8) we need to add the ratio of the
continuity [1]

where

div(v) =0, (10)
and initial data
S=5,att=0, (11)

The process of diffusion and transport of the substance is best considered to begin with on simple one-dimensional
task. Therefore, first we consider an exclusively diffusion formulation of this problem

o’s .
os=D, Pl +Qo(X—X,), (12)
in an infinite medium —oo < X < 0o, where Q — the power of the source that emits impurities into the environment.

As boundary conditions in the case it is necessary to use the assumption of the inferiority of decisions about the
whole scope. Note that in equation (12) the function f concrete and presented in a form acceptable for the task of this type.
Solutions of problems (fig. 1) in the right and part of the axis coordinates are

exp{—/o /D, (X—X%,)}
exp{—,/a/ D, (X, —x)}

(13)

s(x) =
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Fig. Graph of analytical solution of (13) diffusion equation [1]
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In today's world the machine learning methods are used in different life spheres. With the increased amount of
information, a single person becomes unable to process and analyze the entire array of data. However, ignoring some parts of
data or simply not noticing signs may leads to wrong conclusions. That is why researchers and specialists need to use
methods of data analysis such as machine learning.

From finding other planets and stars to customer’s food behavior determination, in all of these theme machine
learning is used to.

Petroleum industry does not fall behind. There are a lot of scientific researches that are used machine learning and
especially neural networks as a part of it. There are many aspects where artificial neural networks (ANNSs) are used, so
formation classification problem is one of them.

Czech specialists: Malvic, T., Velic, J., Horvath, J., and Cvetkovic, M. analyzed the data from three fields located
on the territory of the Czech Republic [1]. One of the tasks in that work is the prediction of sand-marl facies by the data of
Okaoli field. For this purpose, researchers use a backpropagation ANNS.

The work of Y.Zee Ma is interesting in case of classification process and methods, which were used in the research
project [2]. For the lithofacies clustering author used artificial neural networks and principal component analysis (PCA) as
data preprocessing method. Y.Zee Ma used such well log data as: GR, self-potential log (SP), density log and acoustic log for
clustering process. One of the most interesting aspects is the use of cascades of ANNs. The author mentions that cascaded
ANNSs shows the better result than a single benchmark ANN. This statement is quite interesting and is analyzed for the
purpose of current publication.

The analyzed data set contain well log data from three fields: B, C and D, which are located in Tomsk region (the
Russian Federation) (Fig.1). All of the fields are structurally situated in Nurolskaya megadepression.

Fig. 1 Relative location of investigated fields
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