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Introduction

For the readers of the Annals of Mathematics and Physics 
journal, this article proposes a method for identifying 
asymmetric wavelet signals using a specifi c example of 
dynamic daily series of parameters of the Covid-19 pandemic 
in Russia. The mathematical formulation of identifi cation is 

Abstract

In applied mathematics and statistics, only linear equations are still used. The article proposes the sum of asymmetric wavelets with variable amplitudes and periods 
of oscillation. As a result, the behavior of any object or subject is given by the sum of vibrations. Using the identifi cation method based on statistical daily data on four 
indicators of the dynamics of the rate of Covid-19, quanta of the pandemic behavior in the territory of the Russian Federation from March 25 to December 31, 2020 were 
identifi ed. It is shown that the rates are infected, cured, died, and “all cases = infected + cured + died” in Russia got two superimposed bulges. Based on the computational 
capabilities of CurveExpert-1.40, 4-5 components were jointly identifi ed with an overall correlation coeffi  cient above 0.86 for infected and over 0.99 for all cases. It has 
been proven that the spread of the virus has the form of a set of fi nite-dimensional wavelets with variable amplitudes and, as a rule, with a decreasing oscillation period. 
By modeling the standard deviation by the serial numbers of the wavelets, it was proved that the parameters of the Covid-19 pandemic have fractal distributions. For the 
velocity parameter “died”, the main bulge does not reach its maximum. And the second member of the trend peaked at 164 deaths on 06/18/2020, and it will leave the 
scene from 03/23/2021. The third member of the model, aimed at countering mortality, at the beginning of the time series on 03/25/2020 received a fl uctuation period 
of 355 days. By the date of December 31, 2020, the fl uctuation period became equal to 278 days. More often with constant half-periods of 3.5 and 16.1 days, fl uctuations 
occurred. In this case, the 70th term gives a constant oscillation period, even 1.88 days. The average relative modeling error in modulus is equal for speeds: 1) died - 
2.09; all cases - 3.22; cured - 17.17 and infected 29.91%. In this case, the range of error values changes in the following intervals: 1) died from -18.93 to 11.95%; all cases 
from -31.37 to 20.20%; cured from -248.8 to 396.0%; infected from -1934.0 to 779.7%. According to the distributions of the relative error after 1%, the following rating 
was obtained: 1) the correlation coeffi  cient of 0.9807 for the speed died; 2) at 0.9768 the rate of all cases; 3) 0.8640 has been cured; 4) 0.8174 - infected. The fractality 
coeffi  cient is equal to the ratio of the standard deviations of the linear model to the last component: for infected 3572.76 / 310.97 = 11.5; cured 5.8; died 24.3 and all cases 
9.6. Further, due to the high range of relative error, the rates of cured and infected are excluded from forecasting. The forecast for the rate of deaths was carried out until 
02/14/2021. The right border at the forecast horizon was adopted due to the fact that negative values appear from 15.02.2021. For a longer time interval from 01.01.2021 
to 31.08.2021 the model allows predicting the rate of change of all cases. To reduce the relative modeling error, it is recommended to re-identify the model of the dynamics 
of the parameters died and all cases every three weeks. The identifi cation method is applicable to any statistical series, and not only to dynamic ones.

Research Article

Waves of the dynamics of 
the rate of increase in the 
parameters of Covid-19 
in Russia for 03/25/2020-
12/31/2020 and the forecast of 
all cases until 08/31/2021
Mazurkin PM*
Department of Environmental Engineering, Institute of Civil Engineering and Architecture, Volga State 
University of Technology, Republic of Mari El, Russia

Received: 28 June, 2021
Accepted: 26 July, 2021
Published: 27 July, 2021

*Corresponding authors: Mazurkin Peter Matveevich, 
Doctor of Technical Sciences, Professor, Department of 
Environmental Engineering, Institute of Civil Engineering 
and Architecture, Volga State University of Technology, 
Republic of Mari El, Russia, E-mail:  

ORCID: https://orcid.org/0000-0003-0177-5521

Keywords: Covid-19; Parameters; Dynamics in Russia; 
Speed; Wavelets; Forecasts

https://www.peertechzpublications.com

based on the concept of oscillatory adaptation of phenomena 
and processes in nature. Including in real time, there are strong 
fl uctuations between the disease of the population of Russia 
and the activity of populations of Covil-19 viruses. As a result, 
the daily publication of statistical data allowed us to outline the 
methodology for identifying asymmetric wavelets [1-3]. Study 
guides have been published for students.
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Nature’s third report on the progress of the pandemic, 
coming out at the end of the fi rst year of the pandemic, 
contains key epidemiological fi ndings, from early warning to 
tracking the effects of new variants [4].

This editorial [4] further notes that epidemiology itself is 
expanding with the involvement of researchers from other 
fi elds, such as physics, mathematics, computer science and 
network sciences, who contribute to the development of their 
ideas and knowledge. The US government announced the 
creation of the National Center for Epidemic Forecasting and 
Outbreak Analysis. We hope this will be the epidemiological 
equivalent of the Central Meteorological Offi ce, an independent 
body that provides forecasts using the most advanced 
computing power and the best available data. 

The purpose of the article is to use the example of time 
series from March 25 to December 31, 2020 to conduct a wavelet 
analysis and identify the quanta of behavior of the ergatic 
system “Covid-19 + Russian health care system” based on the 
speed dynamics of four pandemic parameters (infected, cured, 
died, cases = infected + cured + died), then the formation of a 
forecast model and verifi cation according to data from January 
1 to January 25, 2021.

Epidemiologists predicting the spread of Covid-19 must use 
climate modeling techniques to make predictions more reliable, 
say computer scientists, who have spent months auditing one 
of the most infl uential pandemic models [5]. In this article, 
we have applied the method of wavelet analysis from quantum 
meteorology [6] to identify the sum of solitary waves in the 
process of pandemic behavior.

Further David Adam notes the following [7]. Many of the 
disease models are unique to the individual academic groups 
that have developed them over the years. But the mathematical 
principles are similar. They are based on attempts to 
understand how people move between three main conditions 
and how quickly: people are either susceptible to the virus; got 
infected (I); and then either recover (R) or die. It is assumed 
that the R group is immune to the virus, so it can no longer 
transmit infection. People with natural immunity would also 
belong to this group [7].

For the fi rst three months of 2020, according to statistical 
data, a dynamic epidemiological model was proposed to 
recognize the initial stage of Covid-19 infection among 
countries in the modern world [8]. The article [9] also notes that 
the epidemiological curves show an exponential relationship of 
growth.

Such exponential models are applied not only in 
epidemiology. For example, to study the dynamics of the 
distribution of investment schemes in this population, an 
epidemiological model was created, in which the rate is 
included in the model as an exponentially distributed random 
variable that gives distribution of losses [10].

Based on the concept of vibrational adaptation in nature 
and the use of trigonometric sums [11] of the cosine, a method 
of sequential identifi cation [1] of the general formula for 

an asymmetric wavelet signal was proposed to obtain a set 
in the form of a sum of stable wave patterns from tables of 
quantitative data, especially from tables of statistical data [2] 
in time.

Then each component of the trigonometric sum is a wavelet 
signal, and each wavelet in the CurveExpert-1.40 software 
environment is constructed from the so-called Hilbert bricks 
[2]. As a result, from such general invariants in the form of 
wavelets, a polynomial algebraic equation is constructed, 
sometimes containing more than 200 wavelets. Thus, we have 
proved the possibility of forming one single algebraic equation 
according to Descartes directly without solving differential and 
integral equations.

Thus, we do not address the detailed epidemiological 
reasons for the formation of statistical time series. For wavelet 
analysis, the data is accepted as it is, that is, without any 
consideration of measurement errors. Moreover, no grouping 
of data is allowed. The quality factor of the initial data is 
checked as follows: the more wavelets the dynamic series will 
be decomposed with the minimum value of the maximum 
relative error of the residuals (the difference between the fact 
of measurements and the calculation by formulas) after the 
last fl uctuation, the higher the quality of the initial tabular 
data. With an increase in the length of the dynamic series, 
the set of wavelets also increases, but there is a possibility of 
lengthening the forecast horizon for the future.

The proposed identifi cation method made it possible, for 
example, to carry out a wavelet analysis up to the measurement 
error of the maximum temperature in Central England [12]. 
Each component of the trigonometric sum is a quantized signal 
about the behavior of the object of study, for example, in the 
article [6] in quantum meteorology about the behavior of the 
temperature of the surface air layer.

Materials and methods

Initial data

Table 1 shows a fragment of daily data from the site https:// 
стопкоронавирус.рф/information/. The origin of coordinates 
on the abscissa axis is taken for the date 03/25/2020, and for 
four time series, the end is December 31, 2020.

Table 1: Dynamics of Covid-19 rates in Russia.

The date
Time 
 , day

Parameters Covid-19

IS CuS DS CaS
25.03.2020 0 154 7 2 163
26.03.2020 1 173 9 0 182
27.03.2020 2 188 7 1 196
28.03.2020 3 224 4 0 228
29.03.2020 4 251 15 4 270

… … … … … …
27.12.2020 277 3342 24390 552 28284
28.12.2020 278 6800 20480 487 27787
29.12.2020 279 1566 24874 562 27002
30.12.2020 280 -3321 29235 599 26513
31.12.2020 281 -1768 28922 593 27747
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In table 1, the following conventions are adopted, person/
day: SI – Speed infected; Scu– Speed cured; SD – Speed died; Sca – 
The speed or pace of daily occurrences.

Identifi cation method

The process of identifying stable patterns is presented 
as a sequential process of solving the problem of statistical 
(probabilistic) modeling by asymmetric wavelet signals based 
on dynamic and other series of measurements. The problem 
of the development of methods of the calculus of variations 
(Hilbert’s 23rd problem) has not yet been solved, although 
much has been done in this direction of mathematics by Hilbert 
himself [1-3,6,12].

On many examples (more than 150,000) of statistical 
modeling, we were convinced that the solution to Hilbert’s 
23rd problem is not in mathematics or physics separately, 
but in the transition from experimental physics (measurements 
in physics, astronomy, biology and ecology, sociology and 
econometrics, engineering and technology) to new methods of 
applied mathematics.

The key to the understanding by classical mathematicians 
of the proposed methodology for identifying invariants by real 
algebraic number fi elds, as the results of multivariate physical 
measurements, is the heuristic statement: “The guiding 
principle for Hilbert was the analogy with the corresponding 
problems for algebraic functions in one variable” [1].

Identifi cation by tabular data (numeric fi eld) includes the 
following stages:

1) Heuristic identifi cation of the essence of the phenomenon 
or process under study based on the results of 
measurements and analysis of the tabular model (a 
priori information) and comprehension in the course of 
identifying a structure in a statistical one-factor pattern 
by its additive components (a posteriori information);

2) Structural identifi cation of each one-factor mathematical 
function in the general model as a sum of invariants 
from asymmetric wavelet signals;

3) Parametric identifi cation of a stable pattern, which is built 
up according to individual invariants, in the form of an 
asymmetric wavelet in the CurveExpert-1.40 software 
environment.

The criterion (quantitative measure) of the identifi cation 
process is the measurement error when compiling a numerical 
fi eld, i.e. source data tables. For example, prime numbers 
and their series do not have a measurement error: they are 
absolutely solid and reliable. Other types of data have different 
errors. Thus, mathematical number objects are the best for 
identifying invariant laws.

In second place are precision measurements in astronomy, 
physics, engineering and technology, and other fi elds of 
science and technology.

The third place is taken by biological objects, and their 

behavior has a clearly manifested oscillatory character, 
therefore, linear and linearized models are generally not 
suitable for biologists.

The highest errors have socio-economic measurements 
due to their high subjectivity of meaningful ideas about the 
behavior of natural, natural-anthropogenic and anthropogenic 
objects.

We have long abandoned approximation methods and, 
accordingly, do not use statistics programs from Excel at all. 
In identifi cation, the fi rst stage (variation of functions) is 
excluded from the theory of approximation - stable laws are 
predefi ned as invariants. From them, as from bricks, various 
mathematical constructs are created.

Thus, at the heuristic level, Hilbert’s 23rd problem has not 
yet been suffi ciently formalized by us. But it was completely 
solved at the structural and parametric levels of analysis and 
synthesis. The variation of functions is reduced to a conscious 
selection of stable laws and the construction on their basis of 
adequate stable wave patterns. In the future, it is planned to 
automate the construction of one-factor models for any tabular 
data (numerical matrices) based on multifactor measurements. 
But for this we need to create a special software environment 
according to our scripts.

Wavelet analysis and identifi cation technology

General wavelet formula: We adhere to Descartes’ concept 
of the need for direct application of the general algebraic 
equation as the fi nal mathematical solution of unknown 
integral equations. Generalizing many examples, including in 
the form of a list (space) of objects located in the same time 
section, we proposed a new class of wave functions [1].

Any time series, in particular the annual temperatures in 
Central England, is understood as a series of signals in the 
form of asymmetric bursts. Time is taken from the beginning 
of the forecast base from 1878 [12]. Then we get the positive 
direction of the abscissa axis.

In this case, each wavelet becomes a separate quantum of 
behavior, and many quanta form a kind of beam of various 
oscillations with variable amplitude and period. A set of 
wavelets forms the residuals from the actual values of the 
time series (absolute error). If it is less in comparison with 
the measurement error, then it is argued that the dynamic 
temperature series has a high quantum certainty (within the 
measurement error).

Wavelet signal, as a rule, of any nature (object of study) is 
mathematically recorded by the wave formula [1] of the form





m

i
iyy

1 , 
)/cos( 8iiii apxAy  

,

)exp( 42
31

ii a
i

a
ii xaxaA 

, 
ia

iii xaap 7
65 

,         (1) 

where y – the index (dependent factor), i– the number 
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part of the model (1), m– is the number of terms in the model 
(1), in our case equal to 64, x– is the explanatory variable 
(infl uencing factor), a1…a8– the parameters of the model that 
accepts numeric values in the course of structural-parametric 
identifi cation in the software environment CurveExpert-1.40 
(URL: http://www.curveexpert.net/), Ai – the amplitude (half) 
of wavelet (axis y), Pi – half-period fl uctuations (axis x).

Quantum of behavior as a signal

According to the formula (1) with two fundamental physical 
constants e (the number of Neper or the number of time) and π 
(the number of Archimedes or the number of space), a quantized 
wavelet signal is formed from within the studied phenomenon 
and/or process. The concept of wavelet signal allows us to 
abstract from the physical meaning of many statistical series 
of measurements and consider their additive decomposition 
into components in the form of a sum of individual wavelets.

A signal is a material carrier of information. Temperature 
appears as an energetic consequence of air currents in the sur-
face air layer. Of the many defi nitions, we understand infor-
mation as a measure of interaction between material carriers.

The signal can always be generated, but its reception by 
a person is not required. For example, the average annual 
temperature in Central England has been known since 1659, 
but until now, as a bunch of signals in the form of asymmetric 
bursts, this dynamic series for 360 years has not been 
deciphered. For the maximum temperature [3], the same 
heuristic is required.

Any physical process or part of it can be a signal. It turns 
out that the change in the set of unknown signals has long been 
known by measurement methods, for example, in the form 
of temperature series, and at many meteorological stations. 
However, there are still no statistical models of the dynamics 
of weather and climatic parameters at each meteorological 
station.

Three types of wavelets

Under 02 ia  the conditions 02 ia  and 02 ia  in 

formula (1), we obtain three types of asymmetric wavelets:

1) Finite-dimensional wavelet: at the amplitude from 
formula (1), according to the biotechnical law [4] 

2 4
1 3exp( )i ia a

i i iA a x a x  , according to the 

condition 02 ia , a wavelet is formed, which has left 

and right boundaries of the variable value interval on 
the positive abscissa axis x;

2) Infi nite-dimensional wavelet: according to 02 ia  

the condition for the amplitude from formula (1) 

)exp( 4
31

ia
iii xaaA  , we obtain an asymmetric 

wavelet that has no boundaries, and it is our modifi ed 

Mandelbrot’s law in physics under the condition 

14 ia  (Laplace’s law in mathematics, Zipf-Pearl in 

biology, Pareto in econometrics) has an infi nite semi-
axis of abscissas, starting from zero;

3) under the condition 02 ia , an abnormal asymmetric 

wavelet )exp( 42
31

ii a
i

a
ii xaxaA  

 is formed, when 

the power function 2
1

ia
i iA a x   turns into a power law 

ia
ii xaA 2
1

 that has no physical meaning, therefore, 

the identifi cation process continues further on passing 
from a fi nite-dimensional wavelet to an infi nite-
dimensional one.

Only the fi rst two types of wavelets are used in the 
identifi cation process.

Comparison of quanta of pandemic and temperature be-
havior

In this article, we confi rm the conclusion of David Adam 
that climate modeling methods should be used to predict the 
spread in time of Covid-19 [5]. However, the wavelet analysis 
of behavior invariants from quantum meteorology [6] showed 
that almost half of the components in the general model (1) 
contain infi nite-dimensional oscillations.

At the same time, all four parameters of Covid-19 in Russia 
gave the sums of trigonometric equations, all of which are 
fi nite-dimensional equations. Hence, the fi rst conclusion 
suggests itself that the dynamics of the pandemic are not 
affected by space and climatic cycles. The second fi nding is that 
the parameters of Covid-19 appear to be seasonal (monthly 
cycles).

Apparently, the infl uence of cycles with a frequency of 
several years is possible, for example, the infl uence of a two-
year cycle of plant productivity. To prove such cycles, data 
on the dynamic series of the pandemic over several years 
are needed. So far, we can only conclude that Covid-19 is a 
phenomenon accompanying the behavior of people in various 
countries.

Non-linear trend

Such a trend is formed from equation (1) when the 
oscillation period tends to infi nity, that is, under the condition 

ia5 . A special case is the condition under which the 
measurement period is many times less than the oscillation 
period of the studied process.

For the climatic factor of air temperature, due to 
the infl uence of space and climatic cycles in the general 
trigonometric formula, for example, according to the average 
annual temperature of Central England since 1659 (the 
measurement cycle is more than 360 years), 188 wavelets 
were obtained, of which a considerable part belong to infi nite-
dimensional vibrations. For such long series of dynamics, the 
main trend is Mandelbrot’s law.
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For short time series of temperature, a trend was obtained 
from two components of the form

exp( ) exp( )c e gy a bx dx fx    .                             (2) 

Here, for various natural and natural-anthropogenic 
processes, the fi rst term of the trend is the modifi ed 
Mandelbrot’s law, and the second term is the biotechnical law 
[1].

For the dynamics of the Covid-19 parameters over 282 
days, when only fi nite-dimensional wavelets are present in the 
general algebraic formula, a trend of the form was obtained

exp( ) exp( )b d f hy ax cx ex gx   
,            (3)

где ha...  – the parameters of the model (3) that accepts 
numeric values in the course of structural-parametric 
identifi cation in the software environment CurveExpert-1.40 
(URL: http://www.curveexpert.net/).

First, the fi rst term is identifi ed, showing the second 
hump of the change in the values of the Covid-19 parameters, 
while having a greater length in time compared to the fi rst 
bulge. Then the parameters of model (3) are sought for both 
convexities.

Identifi cation of the trend

To identify formulas (2) and (3), several textbooks for 
students have been published in Russian.

Identifi cation technology based on the principle from 
simple to complex, for any data pairs in the CurveExpert-1.40 
software environment is reduced to the following procedures:

1) In most cases of modeling, the process of identifying 
quanta of behavior in the form of nonlinear equations 
begins with a linear model;

2) Then sequentially complicating the linear model to 
construct a mathematical expression (2) or (3), we 
obtain the trend equation;

3) If the residuals on the trend graph clearly show the 
location of the points in the form of fl uctuations, then 
proceed to the identifi cation of the wavelet (1).

Wave equation identifi cation (1)

Students begin to master the method of identifying simple 
patterns such as Mandelbrot’s law from the second year of the 
bachelor’s degree, and some students identify the parameters 
of model (1) in the master’s degree.

To identify formula (1), we have published two teaching 
guides for students. There are only scientifi c articles on 
modeling the time series of air temperature and the content of 
pollutants, and even more so the parameters of Covid-19.

When identifying a set of wavelets in a temperature series, 
we found that the length of the data series signifi cantly affects 

the transition from the trend to the fi rst oscillation. When the 
duration of the temperature series exceeds 175 years, a complex 
relationship arises between the fi rst components of the general 
formula (1).

The technology for identifying formula (1) according to the 
principle from simple to complex includes the following basic 
procedures:

1) For an infi nite-dimensional wavelet, the simplest wave 

equation is identifi ed )/cos( bxa  , and for a fi nite-

dimensional wavelet, the identifi cation process begins 

with a simplifi ed formula 
2 exp( )cos( / )ax bx x c  

(the initial values of the model parameters before the 
fi rst step are taken by the fi tting method);

2) Then, by successive complication, the model is reduced 
to formula (1);

3) =The identifi cation of new wavelets continues in this 
way until the simulation error becomes less than the 
measurement error, or the identifi cation process stops 
earlier due to the quantum uncertainty of the behavior 
of the research object.

The identifi cation process in CurveExpert-1.40 environment 
is laborious. Therefore, according to our scenarios, we need 
to create a specialized software environment for partial 
automation of the identifi cation process. This will make it 
possible to search for wavelets with a measure of adequacy in 
terms of the correlation coeffi cient much less than 0.05.

Results of the wavelet analysis of the dyna-
mics in Russia of the parameters of Covid-19

Velocity dynamics models

After structural-parametric identifi cation of formulas (3) 
and (1), the parameters of the obtained models of the velocity 
dynamics for the four parameters of Covid-19 in the Russian 
Federation are given in Table 2.

The constant component, for example, for the infected 
speed equal to 154, shows the history of the indicator dynamics 
until March 25, 2020. As you know, in Russia, measures to 
counter the pandemic began actively from the beginning of 
March.

Before reaching the level of quantum certainty (with 
the appearance of diffi culties in identifying the model), the 
components (1) were identifi ed in the amount, pieces: Speed 
infected – 57; Speed cured – 15; Speed died – 70; Speed of all 
cases – 8.

The nature of the infl uence of time on the parameters of 
Covid-19 is determined by the sign in front of the component. 
A positive sign in front of the amplitude of the parameter 
infected shows the infl uence of time on the growth of the 
pandemic (unfavorable for humans), and a negative sign - on a 
decrease (favorable for humans). Then, from the data in Table 
2, it turns out that the components No. 2, No. 5 and No. 57 have 
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a negative character for the infected speed for people. Likewise, 
for speed has died a positive meaning for people gets a negative 
sign for members # 3, # 5 and # 70.

The opposite direction in meaning gets the speed parameter 
cured. Here, a positive sign becomes positive for humans, and 
a negative sign becomes positive for the Covid-19 pandemic. In 
this regard, the fi rst fi ve members from Table 2 are aimed at 
increasing those who have been cured, and the last component 
No. 15 shows some shortcomings of specialists due to an 
increase in the activity of the virus.

Half the amplitude )exp( 42
31

ii a
i

a
ii xaxaA   for 

fi nite-dimensional wavelets is a bio-technical law [1], which 
shows the simultaneous infl uence of two forces. The fi rst 

force changes according to a power function ia
i xaA 2
1 , 

and the second - according to our modifi ed Mandelbrot’s law 

)exp( 4
3

ia
ii xaA  .

However, for modeling a pandemic, a case arises 
when the third parameter of model (1) changes sign and 
half of the amplitude receives a formula of the form 

)exp( 42
31

ii a
i

a
ii xaxaA  , which we called the anomalous 

law of double growth. This, as a rule, is obtained due to the 
fact that the dynamic statistical series has not received the 
convexity limit and therefore both forces become laws of 
growth (the fi rst component in the form of a power function, 
and the second - in the form of an exponential growth law).

Speed infected SI

For speed infected, the fi rst three terms form a trend 
(Figure 1). The fi rst member is a permanent number of 154 
people. This value shows the prehistory of the pandemic in 
Russia before March 25, 2020. The second component shows 
the main bulge, which reached its maximum on 06/07/2020. 
The third term of the trend, due to the negative sign, displays 
the inverse bulge of the infected velocity dynamics graph. As 

Table 2: Parameters of Covid-19 velocity dynamics models.

Number

i
Asymmetric wavelet 

2 4 7
1 3 5 6 8exp( )cos( / ( ) )i i ia a a

i i i i i iy a x a x x a a x a   
Coef.
corr.

r
amplitude (half) fl uctuation half-cycle shift

1ia 2ia 3ia 4ia 5ia 6ia 7ia 8ia
Speed infected

1 154 0 0 0 0 0 0 0

0.8685
2 7.59244 2.20042 0.0056344 1.25274 0 0 0 0
3 -0.0025164 4.61546 0.054400 0.97432 0 0 0 0
4 -3.55512e-6 4.68395 0.0017904 1.46773 187.27945 -0.30725 1.07647 -1.82135
5 112.73241 0.74485 0.20124 0.28254 3.51286 -0.0001879 0.50449 3.45616
6 -2.84043e-6 6.88908 0.093997 1.07644 18.10053 0 0 -1.94441 0.3476
7 -4.69972e8 5.01929 19.75378 0.12849 1.75197 0 0 -1.43092 0.6828
… … … … … … … … … …
57 1.19763e-6 3.11102 -0.0030159 1 4.22736 -7.4595e-8 1 3.74969 0.0909

Speed cured 
1 0.00077916 3.19724 0.023744 0.56849 0 0 0 0

0.9804
2 3.84264e-5 5.37770 0.016045 1.28663 0 0 0 0
3 1.53274e-9 6.48659 0.011102 1.17610 350.15841 -0.88111 1.01545 -5.56094
4 9.93868 1.24712 0.021484 0.71886 3.51415 0 0 0.23664
5 5.78073 1.15641 0.0095643 0.94178 3.67405 0 0 -3.40227 0.2515
… … … … … … … … … …
15 -1.191e-129 88.27012 1.03858 1 1.35481 0.0045292 1 0.83963 0.21`64

Speed died 
1 8.48291e-6 3.11838 0.0047639 0.36229 0 0 0 0

0.9878
2 0.048012 2.16069 0.0023884 1.44498 0 0 0 0
3 -3.99390e-5 2.74749 09,9918517 1 177.64868 -0.10015 1.05526 -4.07240
4 0.41453 0.88036 -0.00012000 1 3.50444 0 0 0.61643
5 -1.97733e-7 5.76881 0.10941 0.94548 16.11981 0.035779 0.94767 -3.89656 0.2425
… … … … … … … … … …
70 -2.722e-10 5.41920 0.032964 1 0.93968 0 0 6.26433 0.1454

The speed or pace of daily occurrences (Speed of all cases)
1 163 0 0 0 0 0 0 0

0.9971
2 2.68066e-8 5.53264 0.00081415 1.49502 0 0 0 0
3 0.062839 3.93389 0.037772 1.14619 0 0 0 0
4 0.11472 2.41181 0.013038 0.95248 27.60754 0.31330 0.845556 1.01657
5 9.22713e-7 4.74152 0.012817 1.11394 46.39937 -0.051802 1.01073 -0.42470
6 1.92762e-5 6.29774 0.072398 1.15541 14.29309 0 0 -2.70032 0.4953
7 2.26362e-5 6.58381 0.16465 1.02951 3.86203 -0.0037022 0.98877 1.52431 0.2070
8 -3.36214 1.27640 0.032748 0.82265 27.22338 -0.024566 0.99073 0.21119 0.2956



054

https://www.peertechzpublications.com/journals/annals-of-mathematics-and-physics

Citation: Mazurkin PM (2021) Waves of the dynamics of the rate of increase in the parameters of Covid-19 in Russia for 03/25/2020-12/31/2020 and the forecast 
of all cases until 08/31/2021. Ann Math Phys 4(1): 048-065. DOI: https://dx.doi.org/10.17352/amp.000024

a result, this member shows good opposition of the Russian 
health care system to the growth of the Covid-19 pandemic.

Further, 54 more components were revealed in the form 
of solitary waves of oscillatory disturbance. At the same time, 
the fourth component received a negative sign and shows the 
counteraction of physicians with a variable oscillation period. 
On the date of 25.03.2020, the oscillation period was 187.27945 
2 375 days. This was the fi rst and very slow reaction in Russia 
to the rate of infected. Then the wave becomes more frequent 
and on 31.12.2020 the period of oscillation for the fourth 
component is reduced to 109 days with an increase in the 
oscillation frequency by 3.4 times.

The fi fth term with a positive sign indicates the quantum 

of Covid-19 behavior. On 03/25/2020, the period of fl uctuation 

in the speed of the infected was 3.51286  2   7 days. At 

the beginning of our registration of a pandemic in Russia on 
03/25/2020, the rate of spread of infected people is 375/7 = 53.6 
times higher than the oscillatory indignation of the healthcare 
system. Due to the opposition of doctors, the weekly cycle of 
virus outrage was reduced by the end of the year to a half-
period of 3.50963 days. For 282 days, the period of fl uctuation 
of the infected in this quantum of behavior decreased slightly. 
The increase in the vibration frequency was only 3.51286 / 
3.50963 = 1.00092 times. This means that the spread of the 
virus is always almost stable.

With a constant period, as, for example, in quanta of 
behavior # 6 and # 7, 28 wavelets were identifi ed, which is 100 
28/57 49.12% of their total number.

The rest of the characteristic terms from Table 2 are shown 
in Figure 2.

  

The main hump of the speed parameter is infected Three-part trend with opposition 

  

Fourth member of the model (first oscillation) Fifth term (second oscillation) 

  

General trend and two swings together The sixth component of the model (1) 

S = 2742.44125417
r = 0.61312008
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-3103.00

-9.00

3085.00

6179.00

9273.00

12367.00

S = 2780.50262512
r = 0.63985442

0.0 51.5 103.0 154.6 206.1 257.6 309.1-6990.10

-3751.90

-513.70

2724.50

5962.70

9200.90

12439.10

S = 2559.35362776
r = 0.39063312

0.0 51.5 103.0 154.6 206.1 257.6 309.1-9855.70

-6783.81

-3711.92

-640.03

2431.86

5503.74

8575.63

S = 1794.63363974
r = 0.69504757

0.0 51.5 103.0 154.6 206.1 257.6 309.1-8099.23

-5266.14

-2433.05

400.05

3233.14

6066.23

8899.32

S = 1826.95076545
r = 0.86852444

0.0 51.5 103.0 154.6 206.1 257.6 309.1-6990.10

-3751.90

-513.70

2724.50

5962.70

9200.90

12439.10

S = 1675.16128329
r = 0.34762548

0.0 51.5 103.0 154.6 206.1 257.6 309.1-7057.73

-4868.30

-2678.88

-489.45

1699.98

3889.40

6078.83

Figure 1: Graphs of speed infected in Russia (fi rst six members according to table 2).
(in the upper right corner:  S – standard deviation; r – correlation coeffi  cient).



055

https://www.peertechzpublications.com/journals/annals-of-mathematics-and-physics

Citation: Mazurkin PM (2021) Waves of the dynamics of the rate of increase in the parameters of Covid-19 in Russia for 03/25/2020-12/31/2020 and the forecast 
of all cases until 08/31/2021. Ann Math Phys 4(1): 048-065. DOI: https://dx.doi.org/10.17352/amp.000024

According to the computing capabilities of the 
CurveExpert-1.40 software environment, fi ve components 
were jointly identifi ed. Each wavelet was further revealed 
separately from the fi rst fi ve members. As can be seen from 
the graphs in Figure 1, the fi nite-dimensional fourth and fi fth 
terms affect the future, the fi fth oscillation gives a small dying 
infl uence, and the sixth component was in the past time in the 
spring of 2020. Therefore, such wavelets are not involved in 
the compilation of the predictive model.

In Figure 2, the seventh component has a length since the 
beginning of registration on March 25, 2020 and will continue 
far into the future. Similarly, a long wave is formed along the 
23rd component. Short-term wavelet # 15 started in mid-
October and will not last long, and wavelet # 24 is dangerous 
because of the future growth of the oscillation amplitude. At 

the same time, wavelet # 20 is a thing of the past. The residuals 
after the 57th component were used to calculate the modeling 
error.

Speed cured SCu

The composite trend receives the sum of two biotechnical 
laws (Table 2) according to the fi rst type of fi nite-dimensional 
wavelets with an oscillation period tending to infi nity (Figure 
3). Speed cured is a result of the behavior of the Russian 
healthcare system. It is directed against the behavior of 
Covid-19 among the population.

The fi rst component of the trend (main bulge) does not 
reach its maximum in the fi rst half of 2021. And the second term 
of the trend reached a maximum of 6356 cured on 06/08/2020, 
and he left the scene of the speed dynamics cured from about 

Seventh component 15th component 

 

20th component 23rd component 

 

24th component Remains after 57th component 

S = 1223.55951959
r = 0.68280964

0.0 51.5 103.0 154.6 206.1 257.6 309.1-5725.07

-3777.95

-1830.82

116.30

2063.42

4010.55

5957.67

S = 948.84919577
r = 0.28901311

0.0 51.5 103.0 154.6 206.1 257.6 309.1-2953.98

-1959.39

-964.79

29.80

1024.39

2018.99

3013.58

S = 838.11262520
r = 0.34802584

0.0 51.5 103.0 154.6 206.1 257.6 309.1-2766.53

-1741.17

-715.80

309.57

1334.94

2360.30

3385.67

S = 767.05784458
r = 0.34888483

0.0 51.5 103.0 154.6 206.1 257.6 309.1-2358.70

-1504.02

-649.35

205.32

1059.99

1914.66

2769.34

S = 738.53216695
r = 0.26390487

0.0 51.5 103.0 154.6 206.1 257.6 309.1-2568.51

-1616.04

-663.56

288.91

1241.38

2193.85

3146.32

0.0 51.5 103.0 154.6 206.1 257.6 309.1-1079.87

-698.89

-317.91

63.07

444.05

825.03

1206.01

Figure 2: Graphs of speed changes infected in Russia by characteristic components.
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12/28/2020. The third component as of 03/25/2020 received an 
oscillation period of 350.15841  2   700 days. This means 
that the Russian healthcare system began to be deployed only 
in March 2020. By the date of December 31, 2020, the oscillation 
period became equal to 50.03086  2   100 days.

Thus, the oscillatory adaptation of doctors in Russia to 
the treatment of the population from Covid-19 has increased 
sevenfold in 282 days. Much more often with constant half-
periods of 3.5 and 3.7 days, fl uctuations of the cured occurred 
with an almost weekly frequency.

Speed died SD

The general trigonometric equation received 70 components. 
The nature of the equations and trend graphs (Figure 4) is 
similar to the previous parameter.

As with the previous parameter, the fi rst term in the 
trend (the main bulge) does not reach its maximum quickly. 
And the second component of the trend has already reached a 
maximum of 164 deaths as of 06/18/2020, and it will disappear 
from the scene of the speed dynamics died approximately 
from 03/23/2021. The third component, aimed at countering 
mortality, as of March 25, 2020, received a fl uctuation period 
of 177.64868  2   355 days. By the date of December 31, 
2020, the fl uctuation period became equal to 139.2171  2   
278 days.

Then, the oscillatory adaptation of physicians in Russia to 
the fi ght against mortality from Covid-19 increased only 1.28 
times. More often, with constant half-periods of 3.5 and 16.1 
days, fl uctuations in the parameter pandemic died. In this 
case, the 70th term gives a constant oscillation period, even 
1.88 days.

Long-term biotechnical growth Two-member trend 

Third component (first oscillation) Fourth component (second wave) 

 

Together the four components Remains after the 15th component 

S = 3629.23952992
r = 0.92936432

0.0 51.5 103.0 154.6 206.1 257.6 309.10.20

5408.83

10817.47

16226.10
21634.73

27043.37

32452.00

S = 2851.31028518
r = 0.93361375

0.0 51.5 103.0 154.6 206.1 257.6 309.10.20

5408.83

10817.47

16226.10
21634.73

27043.37

32452.00

S = 2263.17445861
r = 0.60750101

0.0 51.5 103.0 154.6 206.1 257.6 309.1-10970.71

-7438.21

-3905.71

-373.22

3159.28

6691.78

10224.28

S = 1579.96413731
r = 0.70843266

0.0 51.5 103.0 154.6 206.1 257.6 309.1-8509.77

-5984.13

-3458.50

-932.87

1592.77

4118.40

6644.03

S = 1593.60333275
r = 0.98041797

0.0 51.5 103.0 154.6 206.1 257.6 309.10.20

5408.83

10817.47

16226.10
21634.73

27043.37

32452.00

0.0 51.5 103.0 154.6 206.1 257.6 309.1-3764.56

-2489.41

-1214.27

60.87

1336.01

2611.15

3886.29

Figure 3: Graphs of speed change cured in Russia.
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Speed of all cases SCa

Together with the permanent member, only eight 
components were received. The graphs of the components and 
the distribution of residues after the eighth component are 
shown in Figure 5.

From the residuals in Figures 4,5, it can be seen that the 
spread of values has increased since autumn 2020, that is, the 
pandemic spreads seasonally (two bulges in the location of 
points in the residuals after the eighth component in Figure 
5). As a result, the data on Covid-19 gets the character of a 
scedastic distribution, rather than a uniform one.

According to the computational capabilities of 
CurveExpert-1.40, it was found that the parameter of all cases 
receives the greatest adequacy with a correlation coeffi cient 
of 0.9971, in the second place with a correlation coeffi cient of 
0.9878 is the speed died, in the third place - the speed is cured 
and in the fourth place - the speed is infected.

Discussion of the results of identifi cation of 
wavelet signals

Quantization of behavior

In nature, there are quanta of state (structure) and quanta 
of behavior (functioning). Quantums of state are known in the 
quantum physics of elementary particles. However, structure 
quanta also exist for macro-objects, for example, quantization 
of a state occurs in crystals and rock crystalline formations. 
Therefore, quantum physics of state exists for macro-objects 
as well.

Behavioral quanta are inherent in living matter (a term 
according to V.I.Vernadsky) and functioning quanta refer to 
inert matter repeatedly processed in the Universe by living 
matter, including technical means created by living organisms, 
including humans.

Systems involving a person are called ergatic. Then the 
Covid-19 pandemic, spreading among people of all countries of 

  

Long-term biotechnical growth A trend with two components 

  

Third component (first oscillation) Fourth component (second wave) 

  

Together the four components Remains after the 70th component 

S = 54.23684509
r = 0.96064911

0.0 51.5 103.0 154.6 206.1 257.6 309.10.00
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232.83
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r = 0.51785198

0.0 51.5 103.0 154.6 206.1 257.6 309.1-179.17
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-12.50
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98.60

154.16
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r = 0.70708082

0.0 51.5 103.0 154.6 206.1 257.6 309.1-151.08
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-66.52
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60.32
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S = 26.37023841
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0.0 51.5 103.0 154.6 206.1 257.6 309.10.00
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465.67
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Figure 4: Graphs of speed change died in Russia.
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the world, has clear distributions according to the parameters 
of quanta of behavior in the form of wavelet signals. But, 
fi rst of all, due to errors in measurements (measurement is 
quantization by units of measurement), the identifi cation of 
wavelets is possible up to a certain level on the border between 
the possibility and impossibility of quantizing the behavior 
process.

Moreover, this border in this article is taken up to the level 
of the correlation coeffi cient of 0.05. If the wavelets receive 
an adequacy less than 0.05, then we stopped the process of 
identifying this wavelet. Using a special software environment 
created according to our scenarios, of course, you can 
signifi cantly lower the quantization limit. But then the number 
of terms in the general formula (1) will increase. 

As a result, we distinguish two types of quantization of the 
behavior of the system under study:

fi rstly, in dynamics, each factor is divided into a sum of 
wavelets, that is, in time, the factor is represented as a bundle 
of solitary waves (solitons) and this process is characterized as 

quantum certainty in the process of behavior (this mainly refers 
to meteorological and geomorphological parameters having a 
fairly small error in measurements);

Second, the set of residuals from the fi rst case in terms of 
the relative modeling error receives quantum uncertainty in the 
behavior of the system.

As a rule, the quantum uncertainty reaches no higher than 
the trend level, when it is impossible to identify the wave 
components, for binary relations between meteorological and 
other parameters.

Thus, any phenomenon or process can be assessed according 

to the level of adequacy of the general model (1) (there is no 

connection at the correlation coeffi cient 3.0r , weak coupling 

at 5.0...3.0r , medium coupling at 7.0...5.0r , strong 

coupling at 9.0...7.0r , strongest coupling at 0.7...0.9r  , 

superstrong coupling at 0.90...0.95r  ) decomposition of the 
functional connectivity of the system into quantum certainty 
and quantum uncertainty. In this case, quantum certainty is 

  

A trend containing a constant term Three-component trend 

  

Fourth component (first oscillation) Second hesitation 

  

Three components of a trend and two fluctuations Remains after the eighth component 
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Figure 5: Graphs of the dynamics of the speed of the parameter all cases in Russia.
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estimated by the correlation coeffi cient r , and uncertainty - by 
the difference r1 .

Modeling errors

The graphs of the relative error for all four time series 
without their truncation are shown in Figure 6. The graph of 
the relative error in infected shows the presence of sharply 
deviating points, which indicates negligence in recording some 
values of the pandemic parameter.

The other three parameters received high values of relative 
error at the beginning of the series, which indicates instability 
in the behavior of the Russian healthcare system at the 
beginning of the response to the Covid-19 pandemic.

For modeling, you need to cut off the chaotic origin for all 
four parameters. It turned out that for the Russian Federation, 
stable trends in the dynamics of Covid-19 parameters were 
observed from 04/07/2020 (Table 3).

The relative error Δ was obtained by dividing the residuals 
(absolute error ) after the last component of the model from 
Table 2 by the actual values of the Covid-19 parameters from 
Table 1 (multiplied by 100 to obtain a percentage). As a result, 
truncated time series of the speed of parameters were formed, 
including 269 days in terms of the relative error for the last 
component in the models from Table 2.

The average relative error in absolute value was calculated 
by the formula





281

13
 .               (4) 

The average relative modeling error in modulus is equal 
for the speed of the parameters: 1) died - 2.09%; all cases - 
3.22; cured - 17.17% and infected 29.91%. In this case, the 
range of error values among 269 values varies in the following 
intervals: 1) died from -18.93 to 11.95%; all cases from -31.37 to 
20.20%; cured from -248.8 to 396.0%; infected from -1934.0 
to 779.7%. In environmental studies, it is allowed to change 
the relative modeling error up to 30%. Within these limits, 
consider the law of normal distribution (Gauss’s law).

Gauss’s law in error distributions

The graphs are given in Figure 7. For infected, 31 
measurement points were excluded from the dynamic range. 
Then the statistical representativeness of the series is 100 
(269 - 31) / 269 = 88.48%. The same representativeness is 
obtained by the number of relative errors of the parameter 
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Figure 6: Graphs of the entire series of relative errors in the rate of Covid-19 parameters.

Table 3: Relative error   of models, %.

The date
Time 

i , day

Parameters Covid-19

IS CuS DS CaS
07.04.2020 13 -3.78 208.31 -18.65 20.11
08.04.2020 14 -0.14 213.83 -18.93 2.86
09.04.2020 15 -0.51 65.79 10.27 1.13
06.04.2020 16 15.72 -248.81 -6.93 -1.49

… … … … … …
27.12.2020 277 -14.52 9.78 0.38 0.30
28.12.2020 278 -0.77 0.34 0.10 -1.43
29.12.2020 279 20.69 -1.14 0.32 -4.33
30.12.2020 280 5.12 2.63 -0.02 -6.20
31.12.2020 281 -1.69 -2.02 -0.16 -1.43

The average  , %
29.91 17.17 2.09 3.22
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cured. For a number of dead and a number of all cases, all 269 
measurements are within 30%.

After identifying the Gauss law, the following equations 
were obtained:

– The distribution of the relative error is infected 
(correlation 0.8174)

))75177.0(012961.0exp(63305.111 2
%1 n    (5)

– The distribution of the number is cured at an interval of 
1% relative error (0.8640)

))50714.1(0082590.0exp(63356.91 2
%1 n   (6)

– The distribution of the number died at an interval of 1% 
relative error (0.9807)

2
1%1 53.61266exp( 0.10917( 0.0094545) )n     

 (7)

– Distribution of the number of all cases of relative error 
(0.9768)

2
1%1 30.66304exp( 0.038817( 0.25124) )n     

. (8)

According to the distributions of the relative error at 
intervals of 1% according to the graphs in Figure 7, a rating 
score was obtained: 1) the correlation coeffi cient of 0.9807 for 
the speed died; 2) at 0.9768 the rate is all cases; 3) 0.8640 has 
been cured for the speed parameter; 4) 0.8174 at the speed of 
dianmic is infected.

Fractal distribution of wavelets

The arithmetic mean for the rate of the pandemic is not 
modeled, therefore the zero rank was adopted for the linear 
model of the type y a bx   (Table 4). Further, regularities 
of the distribution of the standard deviation were revealed 
depending on the serial numbers of the components.

The indicator of the fractal distribution is the standard 
deviation value, which is shown in the upper right corner of 
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Figure 7: Graphs of the normal distribution of the relative error for 04/07/2020 - 12/31/2020.

Table 4: Fractals by standard deviation.

Number

i
Parameters Covid-19

IS CuS DS CaS
0 3572.76 4962.32 94.827 5002.48
1 2742.44 3629.24 54.237 2008.46
2 2780.56 2851.31 44.176 1434.21
3 2514.14 2263.38 37.383 724.48
4 1826.95 1593.60 26.370 651.79
5 1675.16 1511.26 25.160 553.77
6 1223.56 1499.62 19.044 543.71
7 1185.69 1480.92 18.703 519.37
8 1152.39 1040.09 18.439 -
… … … … …
15 932.47 857.34 16.487 -
16 913.77 - 15.143 -
… … … … …
56 310.97 - 6.133 -
57 - - 5.979 -
… … … … …
69 - - 3.977 -
70 - - 3.913 -
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the graphs. In this case, the constant term is not taken into 
account here, since it is not a Mandelbrot fractal. The largest 
series of 70 members was formed for the wavelet analysis of 
the velocity parameter died.

The fractality coeffi cient was adopted by Mandelbrot equal 
to 2. However, in nature, apparently, such an ideal multiplicity 
does not exist. As a rule, all relationships between the levels of 
fractals according to Table 4 are non-multiple. As can be seen 
from the data in Table 4, the linear model gives the standard 
deviation of rates, person/day: infected 3572.76; cured 4962.32; 
died 94.827 and all cases 5002.48. Then the coeffi cient of total 
fractality will be equal to the ratio of the standard deviation 
of the linear model to the standard deviation of the last 
component, that is, to the border of quantum uncertainty. 
This general coeffi cient of fractality will be equal to: for the 
parameter infected 3572.76 / 310.97 = 11.5; cured 5.8; died 24.3 
and all cases 9.6. 

After identifi cation of the modifi ed Mandelbrot’s law, the 
distribution patterns of the components by standard deviation 
were obtained (Figure 8):

– For speed infected (correlation coeffi cient 0.9818)

)34248.0exp(5469.3718 50445.0iS 
;           (9)

– For the speed of people who healed (0.9886)

)41077.0exp(2213.5037 59476.0iS 
;          (10)

– For speed died (0.9868)

0.3337995.83247exp( 0.71591 )S i 
;            (11)

– For the speed of all cases (0.9969)

)92719.0exp(2716.5006 52824.0iS 
.                    (12)

The correlation coeffi cient of the fractal distribution of 
wavelets exceeds 0.98. This fact proves that the trigonometric 
general equation (1) receives a strong fractal distribution of its 
components. All quanta of behavior in terms of the rate of daily 
growth in the number of infected, cured, dead, and all cases are 
distributed in the form of non-multiple fractals.

Forecasting Covid-19 in Russia

It is considered that an approximate forecast is possible 
for the forecast horizon equal to the forecast base. However, 
over time, already in the near future after the right border of 
the forecast base, new and even unknown wavelets appear, 
therefore the verifi cation process based on new actual data for 
the Covid-19 parameters will show a tendency of discrepancy 
between the forecast model and the actual range of values. This 
comparison allows us to establish the frequency of repeated 
identifi cations in iterations.

Due to the high magnitude of the relative error, we 
exclude the parameters of the rate cured and infected from 
the forecasting process. The range of error values among 269 
values varies in the intervals: 1) died from -18.93 to 11.95%; all 
cases from -31.37 to 20.20%.
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Figure 8: Graphs of the fractal distribution of Covid-19 velocity wavelets in Russia.
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Drawing up a forecast model

The wavelet forecasting method consists in selecting from 
the entire set of model members (1) those components that 
affect the future. Of the 70 members of the model (1), the speed 
died, 35 components affect the future, that is, 50% of their 
total number. For speed, all cases of eight terms, the second 
term of the trend has no effect on the future, so only seven 
components are taken into account in the forecast model.

Calculations of the parameters of the pandemic for the 
future

The parameters of the model with fi ve signifi cant digits given 
in Table 2 turned out to be insuffi cient in direct calculations. In 
this regard, all 11 signifi cant digits were accepted, for example, 
the sixth term of the speed died:

User-Defi ned Model: y=-a*x^b*exp(-c*x^d)*cos(pi*x/
e-f)

Coeffi cient Data:

a = 3.30280799707E-002 

b = 1.56670184720E+000

c = 1.04112544062E-002 

d = 9.42242065411E-001

e = 1.75181448512E+000 

f = 1.68365585957E+000

The calculation was performed on columns O, P, Q of the 
Excel-16 software environment, and the parameters of the 
above wavelet model are located on column P along lines 2-7. 
For the 12th line of the fi rst speed value, it died on 03/25/2020, 
the following entries were made:

A4 =-$P$2*B12^$P$3*EXP (-$P$4*B12^$P$5);

p4 =$P$6;

y6 =O12*COS (ПИ ()*B12/P12-$P$7).

Column B from line 12 contains 281 actually measured 
time values of the measurement date, and then this column 
was continued until 326  for the date 02/14/2021. With a 
further increase in time, negative values appear in the number 
of deaths.

The speed died for 07/04/2020-14/02/2021

The forecast was carried out before 02.14.2021, that is, for 
44 days from 01.01.2021, which is a share of 44/269 = 0.1636 
of the length of the forecast base, that is, the forecast horizon 
will be equal to more than one sixth of the forecast base. 
Such a right border of the forecast horizon was adopted due 
to the fact that from 15.02.2021 negative values of the velocity 
appear (and continue rhythmically after several days), which is 
physically unacceptable (those who died from Covid-19 cannot 
be resurrected).

Charts of models for four and 70th components are shown 
in Figure 9. The vertical line separates the base and the forecast 
horizon.

Initially, according to the fi rst four fl uctuations from Table 
2 (the model parameters were taken with 11 signifi cant digits) 
with a correlation coeffi cient of 0.9878 (the level of adequacy 
of “super-strong factor relationship” with a correlation 
coeffi cient of at least 0.95), a graph was plotted in the time 
interval from 07/04/2020 to 31/12/2020 for the basis of the 
forecast and from 01/01/2021 to 14/02/2021 for the forecast 
horizon. Then, in the same time interval, a graph was built for 
all 70 components of the general model (1).

Comparison of the graphs shows their high similarity, so it 
turns out that it is possible to quickly identify the number of 
deaths by only four components.

Then the speed died allows to predict only a month and a 
half.

At the same time, the daily data on deaths from Covid-19 
in Russia is very accurate: “The daily summary of the federal 
headquarters on morbidity, discharge and mortality for the 
previous day. It is used for prompt management decisions 
to assess the load on the health care system. Only promptly 
confi rmed cases with an unambiguous diagnosis of death from 
coronavirus are taken into account “(according to data from the 
Russian website https://стопкоронавирус.рф/information/).

The forecast of the speed of all cases until 08/31/2021

For a longer period from 01.01.2021 to 31.08.2021, that is, for 

 

By the first four components ( %32.6= ) 

 

70 components of the general model (1) at %09.2=  

Figure 9: Graphs of dynamics of speed died from Covid-19 for 07/04/2020-
14/02/2021.
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eight months, the rate parameter of all cases can be predicted 
(Figure 10). In this case, the trigonometric formula (1) contains 
only seven terms, which signifi cantly reduces the complexity 
of identifying asymmetric wave equations. According to Table 
3, the average relative error in absolute value is only 3.22%. All 
cases have low stochasticity in comparison with died, which 
can be explained by the different vector orientation of the 
meaningful meaning of all four parameters taken into account.

Forecasts always depend on the measures taken by 
the system of government of a particular country. It may 
turn out that a seasonal bulge could appear in the spring of 
2021. Therefore, we recommend a monthly iterative mode 
of identifi cation by statistical series died and all cases with 
additions to the actual data for the month.

Verifi cation of the parameters of the pandemic died and 
all cases

While the article was being prepared, new factual data 
appeared for 25 days of January 2021 (Table 5). This data turned 
out to be suffi cient to verify the forecasts (Figure 11).

In table 5 the following conventions and expressions are 

adopted: 
f
DS , 

f
CaS  – the actual values of the speed died and all 

cases; DS , CaS  – the speed values calculated by the models 

died and all cases;   – absolute error, person / day, and died 

for speed D
f
D SS  ;   – relative error, for example, for 

speed died f
DS/100 .

To the smallest relative error of 1.94%, the speed died 
before 15.01, the actual values   are less than the calculated 
ones, and after 01/15/2021, and on the contrary, the actual 
values  are higher than the calculated values. As a result, the 
70-component model gives an outstripping decline in the 
number of deaths: Covid-19 in Russia is strongly resisting. Due 
to the permissible interval of 30%, it is impossible to predict 
the number of deaths beyond January 25, 2021. Then the 
periodicity of iterative modeling (with a shift in the beginning 
of the series from 03/05/2020, when in Russia all the velocity 
parameters did not begin to give sharp bursts) is three weeks.

For the speed of all cases, the picture is better, since the 
actual values decrease faster than the calculated ones. To 
reduce the relative modeling error, it is also recommended to 
carry out repeated identifi cations (1) every three weeks.

For four parameters of the daily dynamics of the Covid-19 
pandemic in the Russian Federation, polynomial trigonometric 
equations were identifi ed, including from eight (for the 
parameter all cases) to 70 (for the parameter died) components. 
It has been proven that the dynamics of a pandemic can be 
decomposed into individual asymmetric wavelets, which are 
quanta of behavior.

The identifi cation method based on statistical daily data on 
four indicators of Covid-19 speed dynamics revealed quanta of 
pandemic behavior and responses from the healthcare system 
in the Russian Federation from March 25 to December 31, 2020.

The general equation (1) of an asymmetric wavelet is 
presented in the form of a solitary wave equation. It is shown 
that the speed is infected, cured, died and “all cases = infected 
+ cured + died” in Russia got two superimposed bulges. At the 
same time, the large bulge will continue until the end of August 
2021 for the parameter all cases. Based on the computational 
capabilities of the CurveExpert-1.40 software environment, a 
joint identifi cation of 4-5 components was carried out with 
a general correlation coeffi cient above 0.86 for infected and 
more than 0.99 for all cases.

It has been proven that the spread of the virus has the form 
of a set of fi nite-dimensional wavelets with variable amplitudes 
and, as a rule, with a decreasing oscillation period. This is 
how the dynamics of the pandemic differs from the behavior 
of natural and natural-anthropogenic objects, which have 
many and infi nite-dimensional wavelets with an amplitude 
in the form of Laplace’s law (in mathematics), Mandelbrot (in 
physics), Zipf-Pearl (in biology) Pareto (in econometrics).

By modeling the standard deviation by the ordinal number 
of the wavelet, it has been proved that the parameters of 
the Covid-19 pandemic also have fractal distributions. Due 
to fi nite-dimensional wavelets, the dynamics of a pandemic 
depends on the behavior of each country’s epidemiological 
system. The Russian medical system has proved to be at the 
proper height to counter the speed of the pandemic since April 
7, 2020.

According to the computational capabilities of 
CurveExpert-1.40, it was found that the parameter of all cases 
receives the greatest adequacy with a correlation coeffi cient 
of 0.9971, in the second place with a correlation coeffi cient 
of 0.9878 is the speed died, in the third place - the speed is 
cured and in the fourth place - the speed is infected. Of greatest 
interest is the speed died.

For the velocity parameter, the fi rst term of the trend 
(main bulge) has died and does not reach its maximum. And 
the second component of the trend reached a maximum of 164 
deaths on 06/18/2020, and it will disappear from the scene 
of the speed dynamics died approximately from 03/23/2021. 
The third component, aimed at countering mortality, at 
the beginning of the series on March 25, 2020, received a 
fl uctuation period of 355 days. By the date of December 31, 
2020, the fl uctuation period became equal to 278 days. Then, 
the oscillatory adaptation of physicians in Russia to the fi ght 
against mortality from Covid-19 increased only 1.28 times. 

Figure 10: Graph of the dynamics of the speed of all cases from Covid-19 for 
07/04/2020- 31/08/2021.
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Table 5: Verifi cation of COVID-19 speed models, person / day.

The date
Time 

 , day

Speed died (70 members) Speed all cases

f
DS DS  ,% f

CaS CaS  ,%
01.01.2021 282 536 599,62 -63,62 -11,87 27039 28131 -1092,2 -4,04
02.01.2021 283 447 570,12 -123,12 -27,54 26301 28121 -1819,8 -6,92
03.01.2021 284 504 488,16 15,84 3,14 24150 28112 -3961,8 -16,41
04.01.2021 285 482 447,82 34,18 7,09 23251 28104 -4852,9 -20,87
05.01.2021 286 518 589,58 -71,58 -13,82 24246 28097 -3850,5 -15,88

… … … … … … … … … …
15.01.2021 296 555 544.21 10.79 1.94 24715 27806 -3091.4 -12.51

… … … … … … … … … …
21.01.2021 302 612 504,15 107,85 17,62 21887 27086 -5198,9 -23,75
22.01.2021 303 580 496,81 83,19 14,34 21513 26913 -5399,6 -25,10
23.01.2021 304 559 429,75 129,25 23,12 20921 26726 -5805,1 -27,75
24.01.2021 305 491 375,29 115,71 23,57 21127 26528 -5400,7 -25,56
25.01.2021 306 456 317,21 138,79 30,44 19290 26319 -7029,3 -36,44
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Figure 11: Verifi cation schedules for the period 01.01.2021-25.01.2021.

More often, with constant half-periods of 3.5 and 16.1 days, 
fl uctuations of the dead occurred. In this case, the 70th term 
gives a constant oscillation period, even 1.88 days.

The average relative simulation error in modulus is equal 
for the speed of the parameters: 1) died - 2.09; all cases - 
3.22; cured - 17.17 and infected 29.91%. In this case, the range 
of error values   among 269 values   varies in the following 
intervals: 1) died from -18.93 to 11.95%; all cases from -31.37 to 
20.20%; cured from -248.8 to 396.0%; infected from -1934.0 
to 779.7%. According to the distributions of the relative error 
at intervals of 1%, the following rating was obtained: 1) the 
correlation coeffi cient of 0.9807 for the rate of the deceased; 
2) at 0.9768 for the speed of all cases; 3) 0.8640 for the cured 
speed parameter; 4) 0.8174 for the speed of the infected.

The value of the standard deviation is taken as an indicator 
of the fractal distribution of quanta of behavior. In nature, 
apparently, there is no such ideal multiplicity of 2, as in 
Mandelbrot. As a rule, all relationships between fractal levels 
are non-multiple. The linear model gives the standard deviation 
of speeds, person/day: infected 3572.76; cured 4962.32; died 
94.827 and all cases 5002.48.

Then the coeffi cient of total fractality will be equal to 
the ratio of the standard deviation of the linear model to the 
standard deviation of the last component, that is, to the border 

of quantum uncertainty. This general coeffi cient of fractality 
will be equal: for the parameter infected 3572.76 / 310.97 = 11.5; 
cured 5.8; died 24.3 and all cases 9.6.

Due to the high range of the relative error, the rates of 
cured and infected were excluded from the forecast. The range 
of error values among 269 values changes: 1) died from -18.93 
to 11.95%; all cases from -31.37 to 20.20%.

The forecast for the rate of deaths was carried out until 
02/14/2021, that is, for 44 days from 01/01/2021. The right 
border of the forecast horizon was adopted due to the fact that 
from 15.02.2021 there are negative values that are physically 
inadmissible.

Conclusion

The additive model makes it possible to predict the 
pandemic rate of all cases for a longer period from 01.01.2021 
to 31.08.2021. At the same time, the trigonometric formula 
(1) contains only seven terms, which signifi cantly reduces 
the complexity of identifi cation. The average relative error in 
absolute value is only 3.22%. The parameter of all cases has 
a low stochasticity in comparison with the number of deaths, 
which can be explained by the different vector orientation of 
the meaning of the four parameters taken into account. To 
reduce the relative modeling error for these parameters of the 
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number of deaths and in all cases, it is recommended to re-
identify the asymmetric wavelet (1) every three weeks.
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