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Abstract
Purpose:
Material:
Results:

to identify the patterns of individual dynamics of competitive performance in track and field sprint.
The study involved a highly qualified athlete (running for short distances, long jumps).
In the sinusoidal functions of the competitive performance of the athlete, the period of oscillation was 32 to

48 days. It is shown that the period of the sinusoidal function of the dynamics of competitive performance
(about 30-40 days) coincides with the period of the ovarian cycle of the athlete. A reliable relationship
between the 400 m run time and intuitive biorhythm values was established (the oscillation period is 38 days
(r=-0.58, p <0.05)). The data obtained coincided with the period of fluctuations in the sports form. Training
programs are built on the patterns of ups and downs of the functional state.

Conclusions:

Regularities of the individual dynamics of the sports form make it possible to provide the necessary

correspondence between the state of the organism and the dynamics of the loads.

Keywords: sprint, athletics, models, biorhythm.

Introduction

At present, the urgency of the problem of the athlete’s
withdrawal to the peak of the sports form to the main
competitions is rising. Lombardo M. et al. [1] note that
this problem is based on the difficulties of accurately
determining the moment of maximum supercompensation.
The moment of supercompensation is most favorable to the
manifestation of the maximum capabilities of the athlete.
Marks T. [2], Mujika I. [3, 4] indicate that the complexity
of determining supercompensation is associated with
the heterochrony of the restorative processes of various
body systems. The complexity of determining the
moment of supercompensation is related to the individual
characteristics of each athlete. Research by Schumacher
Y.O. [5], Pyne D.B. et al. [6] showed that the process of
changing the functionality and performance of an athlete
is wavy in nature. It is on this regularity that the principle
of wave-like dynamics of loads in the training process is
based. In the work of Beashel P. et al. [7] it is shown that
this principle is the basis for the structural periodization
of the training process.

Platonov V.N. [8] presents the theoretical basis for
the periodization of the training process. In the structural
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elements of the training process distinguish: small waves
(up to 24 hours, from 1 to 7 days); average waves (lasting
about a month or several months); long waves (lasting
about a year or several years). Based on this, structural
elements of sports training are built: microcycles,
mesocycles, macrocycles.

This structure of the training process underlies its
periodization. Kozina Z. et al. [9] showed that the issue
of specifying the volume, intensity and nature of the
loads remains relevant. At present, specific selection of
loads is carried out intuitively by the trainer. In the same
way, the dynamics of loads of different directions during
microcycles, mesocycles and macrocycles is constructed.
There are general recommendations for alternating loads
of different directions in the structural elements of the
training process. However, individual selection of the
direction and magnitude of the load is a difficult task.
Such selection depends on the wave-like change in the
athlete’s functional state. To solve this problem, it is
expedient to use mathematical models for changing the
athlete’s functional state. This will accurately determine
the periods of ups and downs of the functional state. This
will also give an opportunity to individually adjust the
training process [10, 11].

In the literature, there are data on the existence of
certain regularities of a wave-like change in the functional
state of each athlete. The athlete’s functional state is
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reflected in competitive performance. In some works [10,
11] it was revealed that the dynamics of individual gaming
performance in basketball is described by sinusoidal
functions (period 28-32 days). It was shown that the
process of changing the competitive performance is
expedient to consider from the point of view of oscillatory
processes [11]. To describe this pattern, a sinusoidal
function is used. These regularities are described by
sinusoidal, cubic or quadratic functions [12].

The application of the regression model is effective
in practical work. This model allows to predict the time
of increase and decrease of individual performance and
functional status of athletes. This helps to adjust the
training programs and determine some of the individual
characteristics of the athletes.

Wavy character of the dynamics of the athlete’s
functional state has a diverse nature. It is due to external
and internal causes [8]. Internal causes include: the nature
of the loads; individual features of the recovery processes.
External factors include chronobiological factors. It can
be concluded that the internal and external factors of the
undulation of the functional state determine the individual
dynamics of the ups and downs of the sports form. In such
cases it is recommended to use the theory of biorhythms
[1, 14, 15]. It should be noted that the main structural
elements of the periodization of the training process
correspond to natural biorhythmic fluctuations.

The study describes the characteristics of the main
biorhythms [16, 17]. Rhythms are classified according to
the length of the period. The most studied are circadian
rhythms (a period of about 24 hours). The results of
the study of circadian rhythms are presented in various
studies [18-21]. There are also biorhythms with periods:
7-14 days; 21-43 days; about a year; about a few years
[16, 17].

In the preparation of athletes, the structural elements
of periodization correspond to the given classification
of biorhythms. Biorhythms with a period of 7+3 days
correspond to microcycles in the training process.
Biorhythms with a period of 2143 and 30+5 days
correspond to mesocycles or their elements. Annual
rhythms correspond to the annual cycles of training
athletes.

There is also a theory of three biorhythms that begin
to act at the time of human birth [22, 23]. According to
various studies [22, 24, 25] this theory is unproven. Other
data [23, 26] indicate that there are interrelationships of
competitive performance with the values of the three
biorhythms.

At present, the hypothesis of the existence of three
congenital biorhythms is controversial [27]. Individual
patterns of the functional state and dynamics of the
competitive performance of athletes allow you to
determine the nature, volume and intensity of physical
exertion. This allows you to adjust the training process,
which takes the athlete to the peak of the functional state
to the main competitions.

This provision is relevant for representatives of all
sports. This provision has special relevance for sports
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with the maximum manifestation of physical and mental
capabilities. These sports include track and field sprint.

It has been established [1, 7, 8] that track and field
sprint makes high demands on the development of
speed and speed-strength capabilities of athletes. At
competitions from a sprinter, the maximum manifestation
of these qualities is required. These qualities have
undulating dynamics of development. Therefore, to
correct the training process sprinters need to select the
load by nature, volume and intensity. This choice takes
into account the patterns of individual dynamics of the
functional state of athletes.

The purpose of the work is to reveal the patterns of
individual dynamics of competitive performance in track
and field sprint.

Material and methods.

Participants. In the study participated a high-level
athlete. She specializes in running short distances and
long jumps. Athlete is the European Athletics Champion
2010, a World Paralympic and Paralympic Games
Champion among the athletes with visual impairments
(T12 category) in 2016.

Organization of the study. Individual features of the
functional state of the athlete were analyzed within 24
hours. The subjective feelings of the athlete were recorded
regarding the desire to exercise.

Models of competitive performance in a one-year
training cycle from 2015 to 2017 (sinusoidal regression)
are compiled.

The dynamics of the athlete’s competitive performance
at the international competitions from 1997 to 2015 was
analyzed (running at 400 m, 200 m, 100 m and 60 m.)
Models of nonlinear regression were made. Nonlinear
regression lines allowed to forecast the results until 2017.
The real results of 2016 were compared with the forecast.
The values of various biorhythms were determined (23
days - physical biorhythm, 28 days - emotional biorhythm,
32 days - intellectual biorhythm, 38 days - intellectual
biorhythm, 43 days - intuitive biorhythm. familiarize
program «Biorhythm expert» (http://www.tucows.com/
preview/332490/Biorhythm-Expert). It was conducted
correlation analysis of competitive performance with the
biorhythm value.

Statistical analysis. Based on the results in the
run, sinusoidal regression models of the dynamics of
individual competitive performance were compiled. The
Mathcad program was used. Dynamics of competitive
performance was described by polynomial functions.
The program SPSS and EXCEL was used. A correlation
analysis of competitive performance indicators was also
conducted.

Results.

It was revealed that the peak of a functional state of
the athlete is observed in the evening hours after 18-00.
Competitive results in the evening also turned out to
be somewhat higher. The obtained results confirm the
studies of other authors on the existence of individual
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characteristics of circadian rhythms [28-30]. We adjusted
the training process with the transfer of the main loads for
evening workouts. The time of evening training was also
shifted to later hours from 19-00 to 20-30.

At the next stage, it was analyzed perimonth
fluctuations in competitive performance. For this,
regression models of performance dynamics on shorter
segments were analyzed. These segments included a one-
year preparation cycle or several mesocycles. To do this,
sinusoidal performance models were built. This allowed
us to determine the individual periods of ups and downs.
An example of such a model is shown in Figure 1. The
performance of an athlete at a distance of 200 m in years
2015-2017 is described by a sinusoidal function:

y(x)=3,4sin(1.2x)+27, (1)

where: x = 10 days,

y — running time of distance 200 m.

The period of fluctuations in competitive performance
is 38 days (Figure 1).

At longer time intervals, the athlete’s competitive
performance in the 200m run was described by the
equation of the sinusoidal function:

y (x) =- 3.4sin (0.2x) +27, (2)
where x = 10 days,

y — running time of distance 200 m.

Similarly, sinusoidal models of competitive
performance of athlete in running at 60 m, 80 m, 100 m,
120 m, 150 m were constructed.

In the sinusoidal functions of the competitive
performance of the athlete, the period of oscillation
was 32 to 48 days. The results obtained mean that the
maximum level of the functional state of the athlete

and the manifestation of maximum possibilities appears
with a periodicity of 32 to 48 days. In the same way, the
maximum decline in functionality is also changing. When
comparing the revealed regularity of the dynamics of the
functional state of the athlete with her ovulatory cycle,
it was found that the duration of the ovulatory cycle of
the athlete also ranges from 32 to 48 days. The peak of
effectiveness falls on the second phase of the ovulatory
cycle. Thus, the period of the sinusoidal function of the
dynamics of competitive performance coincided with
the period of the ovarian cycle of the athlete. Accounting
for these regularities allows you to adjust the training
process. It is based on individual ups and downs of the
athletic form. Recommendations were given to correct the
training process.

The dynamics of the competitive performance of the
athlete at international competitions from 1997 to 2015
(running at 400 m, 200 m, 100 m and 60 m) was also
analyzed.

Correlation coefficients between the competitive
performance from 1997to 2015 and the values of individual
biorhythms were calculated. A reliable relationship was
found only between the time of running a distance of 400
m and the values of the intuitive biorhythm. The period of
oscillation of this biorhythm is 38 days (r=-0.58, p <0.05).
These data coincided in the features of the dynamics of
the competitive performance of the athlete. However, for
shorter distances, no relationships were found.

Next, nonlinear regression models were compiled
describing the dynamics of the athlete’s competitive
performance in the multi-year period. The decision of
models allowed to make the forecast of results for years

Fig. 1. Individual competitive performance of an athlete at a distance of 200 m; the period of oscillations covers

several microcycles is 38 days:

@ --@®—@ -results in international competitions;

- a graph of the sinusoidal function describing the dynamics of the athlete’s competitive performance

from 2015 to 2017.
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2016-2017. Training programs were adjusted for the
revealed patterns of ups and downs of the functional state.

Competitive performance of the athlete (from 1997
to 2016) and the forecast until 2017 is described by the
equation of polynomial regression (Fig. 2 — distance
400 m); R?=0.93. This indicates a high accuracy of
approximation.

Similarly, polynomial regression curves (the period
from 1997 to 2015) were analyzed at distances of 200
m, 100 m, 60 m. The regression lines were extended
until 2017. This allowed us to compare the competitive
performance of 2016 with the forecasted result on the
regression lines.

The training programs were adjusted according to
the patterns of the individual dynamics of competitive
performance for the athlete’s exit to the peak of the sports
form for the Paralympic 2016.

The data obtained confirm other studies [11, 12].
These studies have shown that in qualified athletes
competitive performance is subject to periods of 23 to 50
days. Periods of more than 30 days correspond to changes
in the mental and intuitive sphere. Correction of training
programs was built according to this feature of the athlete.
For the athlete, first need to understand the meaning
of the proposed exercises: to reproduce in the mind
various actions; independent installations for activating
regenerative processes, staying in the nature zone are very
effective; as a means of recovery suits calm music, such
as “Relax” or “Trance” with video accompaniment.

In the training process of the athlete these
recommendations were taken into account. As a result, at
the Paralympic Games in 2016 the athlete showed results,
slightly higher than the forecast. She became the World
Champion and the silver medalist of the Paralympic
Games of 2016.

Discussion.
The results obtained by us agree with other studies

[12]. The authors established the existence of a periodicity
of fluctuations in the competitive performance of qualified
athletes. It was revealed that the dynamics of individual
gaming performance is described by sinusoidal functions
with periods of 28-32 days. The data obtained can be
useful for predicting: the individual gaming performance
of athletes; determining the individual characteristics of
players; adjusting training programs.

Other data [9, 10] were confirmed that the process
of changing the competitive performance is expedient to
consider from the point of view of oscillatory processes.
The most acceptable function for describing this pattern is
the sinusoidal function.

It is shown that for high-skill sprinters [12],
the regression model of the individual dynamics of
the effectiveness of competitive activity is subject to
sinusoidal dependence. It is described by the regression
equation

y=a+bsin((2n/t)(T-c)),

where y — the result, T — time interval (day from the
first contest being analyzed), a — the average value of the
athlete’s performance, b — the amplitude of the athlete’s
performance, t — the period of oscillations of the athlete’s
gaming performance, ¢ — the period value at the time of
the first contest being analyzed.

Other data [9] have been confirmed that the application
of the regression sinusoidal model is effective in practical
work. The model allows to predict the time of increase
and decrease of individual effectiveness. This helps to
adjust the training programs and determine some of the
individual characteristics of the athletes. However, for
representatives of athletics sprint athletes with visual
impairments, these patterns were revealed for the first
time.

In our other studies, it has also been shown [12] that
skilled basketball players have individual dynamics of the
effectiveness of game actions. It is described by sinusoidal
functions. This pattern is periodic ups and downs, repeated

Date: day, month, year

A O
SR
NN

d & O & O N Vv v QN
P LSS S S

NN @O bp\@ bp\'% bs\'” @0 @0 Q\q/ bp\'} @O'

t,s Q Q Q Q Q Q Q Q Q Q Q

52 ......

54 ST

58 I - s

60 ¢ .

64 i y=-4E-10x* + 5E-05x? -2,0214x + 26217 .

66 R?=09284".

68

Fig. 2. Individual competitive performance of the athlete at a distance of 400 m:

@—@ - rcsults ininternational competitions;

2016.

152

- a graph of polynomial regression, describing the dynamics of competitive performance from 1997 to



in a certain sequence. These regularities are also described
by cubic or quadratic regression equations.

In another study [12], it was found that the relationship
between the effectiveness of gaming activities with the
level of physical, emotional and intellectual biorhythms
is individual for each player. The correlation coefficient
ranges from 0.61 (p <0.05) to a complete absence or even
a negative relationship. This can be explained by the
different magnetosensitivity of the players or the different
levels of their athletic preparedness.

However, at present, the hypothesis of the existence
of three congenital biorhythms causes disagreement [22,
24]. It should be noted that our studies show the presence
of regularities in the dynamics of the competitive
performance of athletes of high qualification. These
patterns can be used in practical work. In this case, there
can be observed and not observed the relationship of
effectiveness with the values of the three biorhythms.

In our study, a correlation was found between the
values of the intuitive biorhythm of the athlete and
the performance at a distance of 400 m. The period of
oscillation of this biorhythm is 38 days.

This value coincided with the data on the oscillation
period of the sinusoidal function (running time at 60 m,
80 m, 100 m, 120 m, 150 m, 200 m and 400 m). The
period of fluctuations in effectiveness also coincided with
the values of the period of the ovarian cycle of the athlete.
The obtained data testify to the presence of regularities of
ups and downs of the functional state. This must be taken
into account when planning training loads in the structural
elements of the training process.

The existence of an interrelation between the values
of congenital biorhythms was revealed only for a distance
of 400 m for a biorhythm with a period of 38 days. This
corresponds to data indicating the effect of biorhythms on
human performance [23, 26]. However, the obtained data
also testify to the relativity of this hypothesis [22, 24]. For
other distances, no reliable relationship was found.

The data obtained by us refine the results of the
regression analysis of the dynamics of competitive
performance [12]. In addition, the results of studies on
the coincidence of these patterns in women have been
confirmed [12]. We can assume the summation of internal
and external parameters of influence on competitive
performance.

The results obtained by us are of great importance
in practical work. This allows you to adjust the training
process in accordance with the individual ups and downs
of the sports form.

The obtained results confirm the necessity of observing
the principle of undulation of training loads [8, 31, 32].
This allows you to more accurately determine the periods
of increases and decreases in training loads. These periods
correspond to changes in the functional state of athletes.
As a result, it became possible accurately to determine
the periods of increase and decrease in training loads.
These periods are consistent with the natural increase and
decrease in the functional state. In this case, the proposed
models make it possible to calculate “waves” of different

2018
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values [8]:

- small, characterizing the dynamics of loads in
microcycles. They cover a few days;

- medium, expressing the general tendency of loads
of several small “waves” within the mesocycles (medium
cycles) of training;

- large, characterizing the general trend of the average
“waves” in the period of large training cycles.

Adequate construction of sports training is to properly
measure the fluctuations in the loads of different directions
and magnitudes with the dynamics of the athlete’s
functional state. Identifying and taking into account the
regularities of the individual dynamics of the sports form
allows to ensure the necessary correspondence between
the state of the organism and the dynamics of the loads.

Conclusions.

1. Individual characteristics of the functional state
of the athlete were analyzed within 24 hours. The
results confirm the data on the existence of individual
characteristics of circadian rhythms.

2. It is shown that in the sinusoidal functions of the
competitive performance of the athlete, the period of
oscillation was 32 to 48 days. A reliable relationship
between the 400 m run time and intuitive biorhythm
values was established (the oscillation period is 38
days (r=-0.58, p<0.05)). The data obtained coincided
with the period of fluctuations in the sports form.

3. Our approaches allowed the athlete to win the World
Championship and the silver medal of the Paralympic
Games in 2016. The carried out researches can serve
as an algorithm for determining the regularities of
the individual dynamics of the condition of athletes.
This allows you to adjust the training process in
preparation for the main competitions.
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