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to test experimentally the level of aerobic activity on the overall endurance of students in groups of table tennis.
The first-year students (n = 106; n = 53 - control group, n = 53 experimental group) took part in the experiment. It
was used Cooper’s test. It was used a fractal analysis for analyzing the results.
The results point to disadvantages in the students’ physical education program. The program is offered for special
sports training (table tennis – 75%) and aerobic classes (cross training and elements of basic aerobics – 25%). It is
shown the method of forecasting. The use of the methodology allowed significantly improve the prediction accuracy
and stability of the forecast. This reduces the effect of the duration of the retrospective period on the parameters
of the forecast model.
the program of physical education for students with sports orientation (sectional classes, table tennis) is grounded.
The program includes aerobic classes (cross training and basic aerobics).
aerobic exercise, general endurance, table tennis, the Hurst method, fractal analysis.

Introduction1
The problem of improving the process of physical
education of students for many years is the subject of
attention of specialists [1-3]. An analysis of literary
sources shows that the level of physical training, mental
and moral strength of the majority of students remains
rather low [4, 5]. This indicates a deterioration in the
physical, mental and moral development of the younger
generation [6, 7], progress in motor activity deficit [810]. Such indicators lead to a deterioration in the health
of students.
All these require finding new ways to improve the
physical, mental and moral condition of student youth [11,
12]. According to the results of studies [13, 14], students
assessed the importance of development of physical
qualities as follows:
1) endurance - 41,8%, 2) strength - 14,9%, 3) agility
- 13,7%, 4) flexibility - 12,2%, 5) coordination - 9,8%, 6)
speed - 7,6%.
And their own level of physical fitness was estimated
as follows:
1) strength - 22,3%, 2) coordination - 19,5%, 3) speed
- 16,1%, 4) flexibility - 15,3%, 5) agility - 14,9%, 6)
endurance - 11,9%.
The above facts indicate that students understand
the important effect of endurance and its significance in
solving the set tasks of preparation [15]. They also realize
that this physical quality in most of them is the worst [14].
Questions for improving the physical training of students
have recently been considered in research works of a large
number of researchers [16, 17]. Grinko V.M. studied the

effect of aerobic exercise on students’ health [18]. Izaak
S.I. monitored the physical activity of students [19].
Other studies point to the need: to take into account the
individual characteristics of students [20, 21]; formation
of an active life position of students [22]; prediction of
student success [23, 24]; introduction of objective criteria
for assessing the physical development of students [25,
26]; special control during endurance training [27-29].
There is a large number of works where physical
qualities and various types of endurance are studied [30,
31]. The authors consider the effect of cross training
and elements of basic aerobics on endurance [7, 13, 18].
These approaches have significantly improved overall
endurance. The basis of the proposed program is to
determine the state of overall endurance on the basis of the
Cooper test. However, one can argue about the possibility
of endurance development in other areas. An example is
a fractal analysis by the Hurst algorithm [32]. In the work
of Anis A.A. et al [33] it was investigated the value of the
adjusted scale of the Hurst index, which characterizes the
fractal time series for the range of independent normal
matches of these series. In the work of Clegg R.G. [34]
provides practical guidance on measuring the Hurst
parameter for time series of different lengths. The use
of fractal analysis of time series in the economy was
investigated in other papers [11, 12]. The authors gave
a fractal view of the financial turbulence of time series.
In work of Dubnic’kij V.Iu. [3] it was investigated
the methods of forecasting time series, which represent
the value of securities, taking into account the fractal
dimensionality of a number of observations. In such
approaches, the results of the run can be represented as
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time series. For fractal analysis of such time series, it is
proposed to use the Hurst algorithm [35, 36]. So, in work
of Grinko V.M. et al [13] it was proposed algorithm for
fractal analysis of short time series for analysis of the
average number of errors in playing table tennis. In other
works [11, 34] the application of chaos theory to fractal
analysis of long time series in the economy is investigated.
In other studies, the fractal analysis revealed the
following:
− This demonstrates the importance of consideration
of gait variability when using treadmills for
research or clinical purposes. Treadmill training
may induce invariant gait patterns, posing difficulty
in translating locomotor skills gained on a treadmill
to overground walking conditions [37];
− Interventions that aim to improve gait function
in patients with neurological disorders should
consider the heterogeneous relationship between
gait variability and neurological conditions [38];
− These analysis techniques have provided new
insights into how systems (1) maintain pattern
stability, (2) transition into new states, and (3)
are governed by short-and long-term (fractal)
correlational processes at different spatio-temporal
scales [39].
Despite the large number of studies, the issue of
forecasting the time series of physical education, taking
into account their fractal properties, is not well understood.
Therefore, this question remains controversial and
requires further research.
The purpose of the research: experimentally determine
the effect on the general endurance of aerobic exercises
(cross training and basic aerobics) in sports-oriented
groups (sectional exercises) playing table tennis. Also,
justify the need to include these classes in the curriculum
of physical education.
Materials and methods.
Participants. The experiment was attended by 106
first-year students (n = 53 - control group and n = 53 experimental group). We received informed consent from
all the participants to participate in this experiment.
Organization of research. At the first stage, a
confirmatory experiment was conducted. The purpose
is to establish the identity of control and experimental
groups. Determine the initial level of development of
the experiment participants. As a result, there was no
significant difference between them.
At the second stage implementation of the aerobic
training program in table tennis has been carried out. The
purpose of this approach is to identify an increase in the
level of general and special endurance. The experiment
was conducted during the school year from October 2015
to June 2016.
Students of the control group were engaged in the
program of a higher educational institution for groups
with sports orientation (sectional classes) table tennis.
The program consists of the following distribution
of educational material: theoretical training, general24

physical and special-physical training, technical training,
calibration and control standards, competitions. Classes
were held four hours a week during academic year [40].
Students of the experimental group were engaged in
the program that was developed for increasing the level
of general and special endurance. Our approach combines
a program for special sports training (table tennis - 75%)
and aerobic classes (cross training and elements of basic
aerobics - 25%) [40]. Until the middle of December,
students every fourth lesson engaged in cross-training in
the fresh air. Then they went to the hall, where within the
experiment they continued to engage in basic aerobics
(every fourth lesson). At the end of March, students went
to fresh air, where they continued to engage in cross
training (every fourth lesson).
At the third stage a repeated comparative experiment
was conducted. The purpose of the experiment is to check
the degree of aerobic activity on the physical condition
of the students. In both groups, control measures were
carried out at the level of general endurance. The Cooper
test was used [35]. To analyze the results of running on the
Cooper test, it is proposed to use fractal analysis. Fractality
means self-similarity: on a different scale, the time series
maintains its structure. A system of calculations was used
which focused on the definition of special endurance of
students [13]. To analyze the Cooper test it was used data
from the control and experimental groups (Table 1, 2).
Table 1. Results of the Cooper test for the control group
Serial number of
the Cooper test
1
2
3
4
5
6
7

Number of meters passing by
students (Y1)
109,870
109,910
109,915
109,925
109.950
109,980
110,005

Table 2. Results of the Cooper test for the experimental
group
Serial number of
the Cooper test
1
2
3
4
5
6
7

Number of meters passing by
students (Y2)
109,610
109,790
110,015
110,300
110,55
111,95
111,20

According to the algorithm of finding the Hurst
index and the data of the table 1 let’s calculate the Hurst
parameters. This allows you to determine the time series
and establish its persistence or anti-persistence [32].
This makes it relatively simple and reliable to choose
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the method of forecasting the further development of the
investigated process.
Based on the obtained data we build dependence (Fig.
1) to determine the Hurst indicator of the control group.
The abscissa (X) axis shows the period (n) on
a logarithmic scale. The ordinate (Y) shows the
corresponding R/S average value on a logarithmic scale.
By the relation (Fig. 1) we find the equation of linear
regression in the logarithmic form:

Equation of linear regression in a logarithmic form for
an experimental group:
Ln(R/S) = 0,3907* Ln(n) + 0,09.
The linear gradient tangent is the Hurst index
(H=0,3907). Thus, the time series for the experimental
group (Table 2) is also an anti-fast clock. Therefore, it is
possible to use the same methods of forecasting as for the
time series of the control group (Table 1).
Next, we check the result for statistical significance
[36]. We use a system of calculations on the example of
determining the special endurance [13].
It is established that the time series (Table 1, 2) are
antipersistent. This allows them to compare and identify
the effects of training methods on the results of overall
endurance. The results of the comparison of time series
are shown in Fig. 3.
As can be seen from the Fig. 3 methods of increasing
overall endurance begin to influence the results after the
second test. To estimate the results of the running of the
experimental group relative to the control, we use the
known relation [42]:

Ln(R/S) = 0.3696 * Ln(n) + 0,088.
The linear gradient tangent is the Hurst index
(H=0,3696). Thus (Table 1), the Hurst index lies within
the limits 0 ≤ H <0,5. This kind of data is often referred to
as “return to the average” [41]. This, in turn, indicates that
appropriate prediction methods can be used to construct
the theoretical equation [13].
We make similar calculations for data in table 2.
We construct a dependence (Fig. 2) to determine the
Hurst index of the experimental group.
The abscissa (X) axis shows the period (n) on
a logarithmic scale. The ordinate (Y) shows the
corresponding R/S average value on a logarithmic scale.

Fig. 1. The dependence (Ln(R/S) from Ln(n) (natural logarithm of the average value of R/S on the natural log of the
length of the adjacent period n) of the Cooper test of the control group.

Fig. 2. The dependence of Ln(R/S) from Ln(n) (the natural logarithm of the mean value of R/S from the natural logarithm
of the length of the adjacent period n) of the Cooper test of the experimental group.
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e = [(Y2 – Y1)/Y2]/100, (1)
where n – is number of the Cooper test, Y2 – is the
results of experimental group, Y1 – is the results of
control group, e – is the deviation of the results of the
experimental group from the control group in %.
The results of quantitative comparison of the time data
of the control and experimental group are summarized in
Table. 3.
Statistical analysis: In the study was used a fractal
analysis (the Hurst algorithm). For the processing of
experimental data it was proposed R/S method. It is made
the forecasting of the results for the future to determine the
effect of aerobic classes on the level of overall endurance.
Results
Let’s compare control group data at the beginning and
at the end of the experiment.
As can be seen, the result of the control group at the
end of the experiment improved by 0,135 m. This suggests
that the overall endurance of the control group remained
almost unchanged.
Next, compare the experimental group data at the
beginning and at the end of the experiment.

As can be seen, the result of the experimental group
at the end of the experiment improved by 2,01 m. This
indicates a significant improvement in the results of
overall endurance.
Next, it is made forecasting results for the future. We
use the method of exponential smoothing [15, 36]. To
calculate this method we use the formula:
Ut+1 = a × yt + (1 – a) × Ut, (2)
where t is the period preceding the forecast; t
+ 1 - forecast period; Ut + 1 is a predicted value; α is
the smoothing parameter; Ut is the actual value of the
investigated indicator for the period preceding the
forecast; Ut is the exponential weighted average for the
period preceding the forecast.
When forecasting with the exponential smoothing
method, you must choose the smoothing parameter α
and the initial value Ut. When choosing the smoothing
parameter α for small numeric rows, all past observations
(or almost all) must be taken into account. To do this we
use the formula [43]:
a = 2/(n + 1), (3)

Fig. 3. Comparison of data of control (Y1) and experimental (Y2) groups, K – number of meters passing by students of
the control and experimental groups, N – number of the Cooper test
Table 3. Comparison of time series Y1 and Y2
Serial
number of
the Cooper
test
1
2
3
4
5
6
7

Number of meters passing by
students of control group in 12
minutes (Y1)

Number of meters passing by
students of experimental group in
12 minutes(Y2)

109,87
109,91
109,915
109,925
109,95
109,98
110,005

109,61
109,79
110,015
110,3
110,655
111,095
111,62
26

Deviation of data Y2
from Y1 , %
e=100 (Y2-Y1)/Y2
-0,237
-0,109
0,091
0,340
0,637
1,004
1,447
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Fig. 4. Comparison of the control group data at the beginning and at the end of the experiment, K – number of meters
passing by the control group students in 12 minutes (Y1), N – number of the Cooper test.

Fig. 5. Comparison of the data of the experimental group at the beginning and at the end of the experiment, K – is the
number of meters passing by the students of the experimental group in 12 minutes (Y2), N – number of the Cooper
test.
Discussion.
A comparison of our data with the results of other
studies [3, 15] suggests higher rates of overall endurance
of students in our study. The authors of works [1, 4] are
limited only by the influence of aerobic exercises on
general health. Barchukova G.V. et al. [40] use aerobic
exercise only at the beginning of the exercise and, finally,
during general physical training. The obtained results are
supplemented by scientific data on aerobic occupations
and their impact on general endurance [10, 13, 18].
In the study, we used a fractal analysis. One of the
advantages of the calculation method is that fractal
analysis allows us to identify stochastic (random) time
series [33, 34]. In such time series there is no long-term
statistical dependence. Stochastic time series can not be
predicted by known methods of extrapolation. Its main
advantages are the simplicity of the calculation procedure
and the ability to record the “weights” of the source
information. Using the system of “scales” information
can significantly improve the prediction accuracy and
stability of the forecast. This reduces the effect of the
duration of the retrospective period on the parameters of

where n is the number of observations included in the
smoothing interval.
The initial value Ut can be calculated as the average
of all observations (or as the initial first value). For the
first method (as the average value of all observations), the
initial value Ut = 109,936 (for data Y1). For data Y2the
initial value Ut = 110,440. For the other method, Ut =
109,87 (for data Y1). For data Y2, the value Ut = 109.61.
Average relative error is calculated according to the
formula:

1 n Y1 – U t +1
ε = ·∑
·100
(4)
n i =1
Y1
We obtain: e = 0,031% for the first calculation method;
0,04% for the second calculation method. This is much
less than 10%, so the forecast accuracy is high.
For the experimental group, similar calculations were
made and the average relative error was determined: ε =
0,52% for the first calculation method; ε = 0,54% for the
second calculation method. This is much less than 10%,
so the forecast accuracy is high.
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the forecast model. This approach is consistent with the
results of another study [44]. The authors propose the use
of physiological indicators to predict tennis performance.
Other research on the problems of training athletes
also uses forecasting techniques [45-47]. Due to this
approach, the authors managed to optimize the physical
load on the students and reduce the duration of training.
Tests for individual groups of students were classified
according to similar approaches [48]. The authors
emphasize the combination of methods of forecasting and
pedagogical control of motor readiness of students. Our
study also shows the ability to predict student outcomes
in table tennis lessons. The only difference is the use of
different forecasting methods.
Our results suggest a higher effectiveness of the
methodological approach to developing a program for
students with athletic groups. Such a program combines
the usual means of developing physical qualities with an
emphasis on special endurance. We have grounded the
program of physical education for students of groups with
a sports orientation (sectional classes, table tennis). The

program includes aerobic classes (cross training and basic
aerobics).
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