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in Russia for the second and third waves. The model has certain predictive capabilities, so the fourth wave is 
also studied.  

II. THE SPATIAL SPREAD OF THE WAVES OF THE COVID-19 PANDEMIC IN RUSSIA BASED ON THE 
KINETIC MODELS FOR A ONE- and TWO-DIMENSIONAL CASES  

This work consists of two main parts. In the first part, the previously obtained one-dimensional kinetic model 
is used to predict and clarify the nature of the spread of the waves of the pandemic over the territory of 
Russia. In the second part, the model is generalized to a more complex and realistic two-dimensional case. 

Since it is assumed that in the mentioned countries there were the main centers from where the spread of 
infection throughout the country took place, it is possible to determine the delay in the development of the 
disease in individual regions and in the country as a whole. This makes it possible to make certain 
predictions for the nature of the subsequent waves of the pandemic.  

This work is a continuation of our previous one, in which the developed model is tested for the different 
waves of the pandemic in Russia. The present paper in particular examines the development of the third 
wave in Russia. The center of the spread of infection is, as in previous cases, Moscow. This seems to 
correspond to the real picture. This wave is associated with a new strain of the virus, penetrating mainly from 
India through Moscow airports. For the third wave, a prediction was made in early July that the number of 
infections per day for Russia as a whole would decline by mid-July of this year. This forecast was confirmed. 
Based on the values of the parameters found in the study of previous waves, predictions are made about the 
rate of spread of the pandemic, as well as about the speed of the "recovery wave". An important conclusion 
is that the maximums of infection in Moscow and Russia are separated by approximately 3 weeks. 
Comparisons are made with the actual data.  

For a more detailed and accurate description of the spatial distribution of the epidemic, a problem with a two-
dimensional geometry corresponding to the maps of the countries under study, and primarily the map of 
Russia. To do this, we write down the kinetic equation in two-dimensional form and use a numerical method 
to solve it, and thus acquire the first results for this model. The beginning of the fourth wave is also 
considered.  
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I. INTRODUCTION 

The analysis of energy relations in layered dielectric systems (LDS) with losses is important for many 
applications, mainly because it enables comparison of the obtained formulas with their counterparts for 
lossless systems. 

II. RESULTS 

It turned out that for effective study of energy relations and their implications, it is necessary to refine 
significantly the conceptual and mathematical apparatus for solving the direct problem of the propagation of 
plane waves in lossy LDS. Under minimal assumptions, universal analytical expressions are derived for the 
elements of the transfer matrix T. This matrix describes all possible in such systems relations between plane 
electromagnetic fields to the left and to the right of the LDS in the form of functionals on the physical 
characteristics of the LDS and the field frequency, which allow understanding the spectral laws. A description 
of the spectral characteristics of an arbitrary LDS with losses is proposed and substantiated based on 
significantly expanded interpretation of the formulas found by P.G. Kard [1], refined in [2] and widely used for 
lossless LDS in [3] and [4]. 

This rises the theory of the direct problem to the level that provides the necessary data for the further 
development of the mathematical apparatus for the formulation and solution of optimization and inverse 
problems. 
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III. CONCLUSIONS 

Proof of the possibility of an extended interpretation of expressions derived by P.G. Kard will enable carrying 
out detailed analytical studies of the spectral properties of arbitrary LDS with losses, as well as estimation of 
their energy coefficients of reflection, transmission and losses. These are also necessary for the formulation 
and solution of problems of analysis and synthesis of dielectric filters for various purposes. 
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I. INTRODUCTION 

Speleology is the science that studies caves. Currently, with the development and reduction of the cost of 
technology, an integral component of speleology is rapidly developing - topographic survey of caves, which 
involves determining the shape and size of the cave. The data collected in caves using various instruments 
(for example: compass, eclimeter, laser rangefinders) must be processed and visualized. This requires the 
appropriate programs. One of such programs is Topo [1]. 

Topo software allows you to process, edit and visualize the topographic data of the cave. An integral part of 
the visualization of the topographic survey of the cave is the display of its volumetric model. The volumetric 
model of a cave is needed to visualize it, to document the caves and to calculate such characteristics of the 
cave as length, surface area and volume. In addition, with the help of a volumetric model, it is possible to 
outline the most promising places for further research and search for the continuation of the cave. 

The aim of this work is to construct a three-dimensional surface of a cave in conditions of sparse data within 
the Topo program. 

II. FORMULATION OF THE PROBLEM 

The sparseness of the data means that intelligent algorithms are needed to process them and build on their 
basis the surface of the cave, which fill the "void". Without the use of such algorithms, an insufficiently visual 
representation of the cave is obtained, "twists" and sharp corners appear. The algorithm in the Topo program 
has these drawbacks. The algorithm is based on stitching polygons of adjacent pickets, which are obtained 
by traversing the shot points clockwise.  

It is necessary to create and implement an algorithm for constructing a smooth three-dimensional cave 
model in conditions of sparse data. 

III. ALGORITHM FOR CONSTRUCTING A 3D CAVE MODEL WITH SPARSE DATA 

The idea of the algorithm is as follows. First, the thread of the curve of the cave is smoothed out [2,3]. Then 
the shots are projected onto the normal plane of the resulting curve. After that, a normal vector is introduced 
on a smooth curve, which allows the connection of the coordinate systems from one section to another. 
Further, the interpolation of sections between pickets is carried out [4]. By sewing adjacent sections, the 
surface of the cave is obtained. 

IV. IMPLEMENTATION OF THE ALGORITHM WITHIN THE TOPO PROGRAM 

Within the Topo program, the algorithm was implemented as a separate software module written in the C++ 
programming language. The input to the module is picket points with coordinates of shot points to 
neighboring pickets and coordinates of shots from pickets directly to the surface of the cave. The output is an 
array of polygons, which is directly used to display the cave model. 


