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that meet this criterion. This indicator is related to the 
overall team result and evaluates well the performance 
of national teams at the Olympic Games and other sig-
nificant judo tournaments.

L.P. Matveev linked the achievement of the best 
sports results in the season with the development and 
implementation of programs by coaches aimed at 
achieving sports form. The probability of insufficient 
effectiveness of such programs exists even now. How-
ever, it is obvious that there are other problems that 
hinder the achievement of the best sports results at 
the Olympic Games (see Table 2).

Conclusions.
1. An analysis of the characteristics of the per-

formances of the national teams that successfully 
performed in the last three Games of the Olympiad 
showed that these teams had very strong lineups: the 
winning teams in the men’s tournaments and wom-
en’s tournaments included from 2 to 6 world champi-
ons and from 6 to 7 world championship medalists or 
champions/winners of the previous Olympiad.

2. Despite the highest skill, not all athletes in the 
studied teams were able to show their best results at 
the Games of the Olympiad, which would be equal or 
superior to the results at the main tournaments: the 
Games of the Olympiad and the world championships 
in the previous cycle. In the winning teams in men’s 
tournaments, the best results were achieved by 43 
to 71% of team members. In the winning teams in 
women’s tournaments - from 29 to 57% of the team 
members. These teams peaked at the 2020 Tokyo 
Olympics. This indicates a purposeful search for prep-
aration programs for the main start of the four-year 
period.

3. The use of the number of athletes who won priz-
es at the Games of the Olympiad as a criterion for real-
izing the potential of a team is an informative indicator.

4. It is important to point out that the prize-winning 
place at the Games of the Olympiad was the first great 
success at the most important world judo tourna-

ments (world championships and the Games of the 
Olympiad) for 13% of the studied sample of both men 
and women. This indicates that not only recognized 
tatami masters have a chance for Olympic medals, but 
also athletes who do not have such a successful com-
petitive history.
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Introduction. Coordinatingly complex exercises 
on gymnastic apparatus are rarely performed at of-
ficial competitions, which makes it difficult to study 
their technique biomechanically [4-6]. Such exercis-
es, rarely demonstrated at gymnastic tournaments, 
include the studied exercises:

Exercise 1. Decline from a handstand to a hang and 
a double back somersault in a tuck above the poles 
in an emphasis on the hands (performed by Honored 
Master of Sports of Russia M. Devyatovsky).

Exercise 2. Decline from the handstand to the em-
phasis on the hands and lifting forward with a swing 
forward double somersault back in the group over the 
poles in the emphasis on the hands (performed by the 
master of sports of Russia of international class N. Ig-
natiev).

Only in a few works is an attempt made to ex-
plain the deterministic relationship between the 
trajectory of the biomechanical system in the flight 

part of these exercises and the implementation of 
the motor skill under support conditions [1, 2, 3, 
5]. The search for ways to improve the technique 
of the studied exercises requires an additional bio-
mechanical study of the kinematic structure of the 
flight and support periods, which determines the 
relevance of the study.

Objective of the study was to determine the 
structural composition of the studied gymnastic exer-
cises.

Methods and structure of the study. In the 
course of scientific work, the following were carried 
out: video recording of exercises, computational mod-
els for analyzing the movements of biomechanical 
systems, system-structural analysis of motor actions. 
The subject of the study is the technique of gymnastic 
exercises in the unsupported and in the support pe-
riods based on the materials of optical registration of 
movements.
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Abstract
Objective of the study was to determine the structural composition of the studied gymnastic exercises.
Methods and structure of the study. In the course of scientific work, the following were carried out: video recording 

of exercises, computational models for analyzing the movements of biomechanical systems, system-structural analysis of 
motor actions. The subject of the study is the technique of gymnastic exercises in the unsupported and in the support peri-
ods based on the materials of optical registration of movements.

Results and conclusions. The sequence of changes in the phase composition in the studied gymnastic exercises is 
the same, and the parameters of biomechanical characteristics in the phases of movement are different. The division (dif-
ferentiation) of the athlete's motor actions into separate components (periods, stages) is biomechanically justified by the 
motor tasks of the exercise, and its division into smaller structural parts (phases) is determined by the criterion of changing 
the unidirectional change in the angle in certain joints of the athlete. In complex gymnastic exercises, preparatory, basic and 
final actions can refer not only to the entire exercise as a whole, but also to its individual phases.
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Results of the study and their discussion. Kine-
tograms of the studied exercises (Figure 1, 2).

Exercises start from the same starting position: 
handstand (Figure 1, Figure 2; frame 0). The exer-
cise also ends with the same type of position: em-
phasis on the hands (Figure 1, frame 53; Figure 2, 
frame 55).

Exit from the reference position to the flight part of 
the exercise (the “Start” time point) is performed in 
the first exercise from the hanging position, and in the 
second exercise from the position of support on the 
hands, which causes different parameters of kinemat-
ic characteristics with the same phase composition of 
the flight part of the exercises.

Structural composition of exercises. In the 
structural composition of the exercises, periods, stag-
es of the phase are distinguished (Figure 3).

Exercise periods include the following compo-
nents: the first support period, the non-support pe-
riod, the second support period.

Stages consist of elements: accumulation, 
working (the first reference period); realizations 
(benchmark period); depreciation (second refer-
ence period).

Phases: bale - flexion in the joints, extension - 
extension in the joints (accumulation stage); throw 
- the most accelerated decrease in the angle in the 
joints, pre-start (working stage); grouping - ac-
ceptance of grouping, twist - rotation with the most 
dense grouping, extension - extension in the joints 
(implementation stage); emphasis - arrival on the 
support with the shoulders, dynamic posture - the 
standard position of the emphasis on the hands (de-
preciation stage).

The sequence of changes in the phase composi-
tion in the studied exercises is the same, the param-
eters of biomechanical characteristics in the phases 
are different.

Parameters of biomechanical characteristics 
of the flight period of exercises. The resulting linear 
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Figure 1. Exercise 1. Decline from a handstand to a hang and a forward swing double back 
somersault in a group over the poles in emphasis on the hands (M. Devyatovsky)

Figure 2. Exercise 2. Decline from a handstand to an emphasis on the hands and a swing for-
ward double back somersault in a tuck over the poles in an emphasis on the hands (N. Ignatiev)

Figure 3. Structural composition of the studied exercises: periods, stages, phases

velocity of the general center of gravity (GCG) of the 
gymnast’s body at the moment of time “Start” is 4.27 
m/s, which is 17.56% more than the same velocity in 
the second exercise (Table 1, line 14).

The main share of the speed difference falls on 
the vertical component of the resulting linear ve-
locity of the general center of gravity (GCG) of the 
gymnast’s body - 19.71% (Table 1, line 13). A sig-
nificantly smaller part of the speed difference falls 
on the horizontal component of the resulting linear 

velocity of the gymnast’s body GCG - 4.92% (Table 
1, line 12).

In the first exercise, the general center of gravity 
of the athlete moves vertically upwards by 0.86 m, in 
the second - by 0.55 m (table 1, line 9). The move-
ment of the gymnast’s GCG in the horizontal direction 
is -0.84 m and -0.78 m for the first and second exer-
cises, respectively (Table 1, line 6). Consequently, a 
characteristic feature of the flight part of the exercises 
is a significantly larger amplitude of movement of the 
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Table 1. Parameters of the biomechanical characteristics of the general center of gravity of the gymnast’s 
body in the flight part of the exercises

No. 

p/p

Biomechanical characteristics Exercise 

Options 1

Exercise 

Options 2

Absolute 

difference

Relative 

difference

1 Total flight time 0,720 (c) 0,64 (с) 0,08 (с) 11,11 %

2 Time of flight to the maximum along the axis Оу 0,419 (с) 0,336 (с) 0,083 (с) 19,81 %

3
Decline time from maximum to coming to close 

range (on poles)
0,301 (с) 0,304 (с) 0,003 1,00 %

4
The initial position of the GCG along the Ox axis at 

the moment of time «Start»
0,94 (м) -0,265 (м) No comparison

5
The final position of the GCG along the Ox axis at 

the moment of time «Finish»
0,10 (м) -1,04 (м) No comparison

6 Flight on the Ox axis -0,84 (м) -0,78 (м) -0,06 (м) 7,14 %

7
The initial position of the GCG along the Oy axis at 

the moment of time «Start»
-0,03 (м) 0,046 (м) No comparison

8
End position of the GCG along the Oy axis at the 

time «Finish»
0,38 (м) 0,17 (м) No comparison

9 Flight on the Oy axis 0,86 (м) 0,55 (м) 0,31 (м) 36,04 %

10 Maximum (max) on the Oy axis 0,83 (м) 0,60 (м) 0,23 (м) 27,71 %

11
The coordinate along the Ox axis at the moment of 

time «max» along the Oy axis
0,45 (м) -0,68 (м) No comparison

Linear speed (V) at time «Start»

12 V along the Ox axis -1,16 (м/с) -1,22 (м/с) -0,06 (м/с) 4,92 %

13 V along the Oy axis 4,11 (м/с) 3,30 (м/с) 0,81 (м/с) 19,71 %

14 V resulting 4,27 (м/с) 3,52 (м/с) 0,75 (м/с) 17,56 %

15
Departure angle GCG - «Start» (Ox axis - radius 

vector GCG)
105,77 (град) 110,24 (град) 5,53 (град) 5,23 %
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velocity of the general center of gravity (GCG) of the 
gymnast’s body at the moment of time “Start” is 4.27 
m/s, which is 17.56% more than the same velocity in 
the second exercise (Table 1, line 14).
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the vertical component of the resulting linear ve-
locity of the general center of gravity (GCG) of the 
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Abstract
Objective of the study was to identify the features of the adaptation of the sensory systems of the body of athletes 

involved in swimming with fins.
Methods and structure of the study. The indicators of three groups were compared: those who go in for finswimming 

(diver swimmers), those who go in for classical swimming, and those who go in for general physical training (GPT). The age 
of the examined is 18-23 years. The study was conducted on a day off from training using the "Simple visual-motor reaction" 
technique. To carry out the statistical method, the Mann-Whitney U test was used.

Results and conclusions. As a result of the experiment, it was revealed that in the group of swimmers-submariners, 
the reaction rate is higher, and there is also less dispersion of results compared to the group of general physical education. 
Similar results were also observed when comparing the performance of the classical swimming group and the GPT group. 
There were no significant differences in the obtained results between the sportsmen-submariners and swimmers of classical 
swimming.

Based on the results obtained, it can be concluded that under the influence of many years of training, the speed of 
sensorimotor reactions increases both in swimmers engaged in fins and in classical swimming.

Keywords: swimming with fins, classical swimming, speed of sensorimotor reactions.

Introduction. In modern elite sport, all systems 
of the athlete’s body are subjected to extremely in-
tense loads. In water sports, including swimming with 
fins, high tension is required not only from the mus-
culoskeletal and respiratory, cardiovascular systems, 
but also from the controlling and controlling neural 
mechanisms. Achieving high results in sports activities 
largely depends not only on the physical, but also on 
the psycho-physiological state of athletes [3, 4].

The problem of increasing the functionality of 
analyzer systems in sports and professional activi-
ties is quite relevant. This is primarily due to the fact 
that in sports there is a significant increase in the 
requirements for the speed of execution of motor 
acts, which occur mainly in conditions of lack of 

time against the background of increased neuro-
emotional stress [2, 5].

The effectiveness of many physical exercises de-
pends on the capabilities of sensory systems. The 
performance of sports movements is constantly regu-
lated with the help of feedbacks that constantly come 
from proprioreceptors and are corrected by the nerv-
ous system and acoustic or visual information.

The constant growth of results in swimming with 
fins, especially at sprint distances, requires the fastest 
possible response to the starting signal. The results of 
studying the adaptation of the athletes’ sensory sys-
tems will make it possible to correct the training pro-
cess in order to more effectively solve the problems 
and challenges of elite sports.

gymnast’s GCG in the first exercise than in the sec-
ond: horizontally by 7.14% (table 1, line 6) and verti-
cally by 36.04% (table 1, line 9). ).

Due to the existing difference in the vertical com-
ponent of the resulting linear speed of the athlete’s 
body GCG at the time “Start” (19.71%; Table 1, line 
13), the different time to achieve, as the maximum lift 
height of the athlete’s GCG (0.419 s - the first exer-
cise, 0.366 s - the second exercise), and the total time 
the athlete was in a non-supported state (0.72 s - the 
first exercise, 0.64 s - the second exercise). The dif-
ference in time to reach the maximum take-off height 
of the gymnast’s GCG is 0.083 s, or 19.81 % (Table 1, 
line 2).

The flight time of the body’s GCG to the maximum 
vertically is 0.419 s for the first exercise, and 0.336 s 
for the second (Table 1, line 2). The time of Gymnast’s 
body GCG decrease from the maximum take-off point 
to the point of emphasis (on the shoulder segments 
of the arms) is: for the first exercise - 0.301 s, for the 
second exercise - 0.304 s.

Сonclusions. The sequence of changes in the 
phase composition in the studied gymnastic exercis-
es is the same, and the parameters of biomechanical 
characteristics in the phases of movement are differ-
ent. The division (differentiation) of the athlete’s motor 
actions into separate components (periods, stages) 
is biomechanically justified by the motor tasks of the 
exercise, and its division into smaller structural parts 
(phases) is determined by the criterion of changing 
the unidirectional change in the angle in certain joints 
of the athlete. In complex gymnastic exercises, pre-
paratory, basic and final actions can refer not only to 
the entire exercise as a whole, but also to its individual 
phases.
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