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Purpose: to conduct a comprehensive study of the functional state of female athlete’s specializing in rowing, for the subsequent determination of the prospects in this sport.
Material & Methods: girls of various age groups and sports qualifications were examined. The functional state of the athletes was studied according to the developed methodology for measuring the effect of the training action, and the sensorimotor reactions to sound and light stimuli, the power of forced inspiration and expiration, the level of muscular-articular sensitivity
and coordination of movements were determined. The testing process simulated typical conditions of training and competitive
activity.
Results: on the basis of comprehensive studies, it is shown that the most important methodological condition for the formation of a rational technique is the interconnection and interdependence of the structure of movements and the development
of physical qualities. Correspondence of an athlete’s physical preparedness to the level of possession of sports equipment,
structure and the degree of perfection of its characteristics determines the technical preparedness in sports. The proposed
research methodology and comparative analysis of average values, as well as relative deviations of the functional state indicators of the examined athletes, may indicate the level of sports preparedness of the rowers.
Conclusions: the use of the proposed methodology will maximize focus on the individual characteristics and abilities of each
particular athlete when choosing a sports specialization, developing a system of multi-year training, determining the rational
structure of training and competitive activity.
Keywords: pace and accuracy of movements, time of sensorimotor reactions to sound and light stimuli, inspiratory and expiratory flow rates, level of coordination of movements.

Introduction
Patterns of adaptation of the human body to physical activity is
the basis for the rational use of physical exercises for training,
aimed at the formation, preservation, strengthening of qualities such as strength, speed, agility, endurance and flexibility,
as well as improving the performance of athletes [1; 2].
Under the influence of physical loads at the cellular and tissue
levels, there is a restructuring of various organs and systems
of the human body, which is based on general biological processes, and their understanding is a prerequisite for the correct assessment of the level of preparedness [3; 4].
The vital activity of any organism determines the reflex principle of its response to stimuli. This occurs with simple and
complex reflex acts that form the athlete’s movements. The
reaction of an organism is defined as a complex cyclic process in which various structural components participate.
During the athlete performs any motor actions, various body
systems work: nervous, muscle, respiratory, cardiovascular,
excretory, endocrine, metabolism changes. So, each movement of an athlete is the result of combining a large number of
different morphological elements (bones, joint-ligamentous
apparatus, muscles), organs and systems of the body, aimed
at achieving the necessary motor effect [5; 6].
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Adaptation of the central regulatory system is implemented in
the automation of movements, that is, in the performance of
well-fixed motor actions without conscious control from the
nerve centers, is a manifestation of profitability. During training, a pool of conditioned reflexes is constantly accumulating and there is an increase in the capabilities of the central
nervous system to instantly create algorithms of motor acts
necessary for the effective solution of unexpected motor
tasks [7].
Training physical activity, its intensity and volume reflect a
quantitative measure of the impact on athletes in the process
of training. With the proper use of certain physical exercises,
it is necessary to take into account adaptations to them and
the effect on the human body. In this regard, it is important
to study the physiological basis for the adaptation of the athlete’s body to physical activity. The severity of changes in
body functions in this case depends, first of all, on the individual characteristics of a person and the level of his fitness.
The studied functional indicators of the body of athletes can
be correctly analyzed and comprehensively evaluated only in
relation to the adaptation process [8].
Physiological reactions can be adapted to certain environmental conditions (physical activity) that have passed the adaptation process, or deadaptation, which are in the process of
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adaptation. Therefore, individual adaptation of a person in dynamics is defined as the previous process, in which the main
is the appearance of new adaptive reactions based on information about changes in the external environment and the
further state, already with the presence of adaptive changes
made, stored for a long time, and mechanisms of their active
search, on the basis of which reactions organisms appear in
response, with the help of regulatory systems are brought to
optimal [9; 10].
With an increase in the level of motor preparedness, adaptive reactions become more and more specific, which must
be taken into account when choosing means and methods
of developing motor abilities. To maintain the achieved level
of long-term adaptation, it is necessary to systematically use
supporting physical activities. The cessation and a significant
decrease in training effects causes the opposite process adaptation – deadaptation, which applies to all aspects of the
training of students, including physical [11].
To achieve high sports results, much attention is paid to improving the technical training of athletes, is the most effective means of performing sports exercises in order to achieve
the best result. In the process of training, the technical level
changes from the elementary technique of a beginner to the
perfect technique of a qualified athlete [12].
Purpose of the study: to conduct a comprehensive study
of the functional state of female athlete’s specializing in rowing, for the subsequent determination of the prospects in this
sport.

Material and Methods of the research

visnik" 2019, No. 3(71), pp. 10-17 [13].
The determination of latent periods of visual-motor and auditory-motor reactions was carried out using an electromyoreflexometer (EMR) according to a standard method. These
reactions are an indicator of complex psychophysiological
processes that reflect the characteristics of receptor perception, nervous and muscular systems, characterizing the mobility of nervous processes, that is, one of the most important
indicators of higher nervous activity.
The level of muscular-articular sensitivity and coordination of
movements, as well as the diagnostic capabilities of the principle of repeated reproduction of a given load, were studied
by the method of reverse dynamometry (DMrev), which was
modified and adapted for the purposes of our study. The ability to develop a skill to reproduce a given load without visual
correction of each of ten attempts was determined.
The power of forced inspiration and expiration was measured
using a pneumotachometer (PT). The air velocity in l·s–1 was
estimated at the maximum fixed inhalation and exhalation. 10
attempts were used with an interval of at least 20 s. Determining the maximum air flow during inhalation and exhalation
allows you to indirectly evaluate the ability of the respiratory
muscles to work intensively. With regular sporting activities,
the power of forced inspiration and expiration can significantly
increase.
The observation results were processed by methods of variation statistics.

Results of the research

Pupils of sports schools of Mykolaiv and the Higher School of
Physical Culture, girls specializing in kayaking were examined.
Individual indicators were determined in different age groups:
11–12 years old – 25 people, 13–14 years old – 28 people,
15–16 years old – 23 people, total – 76 athletes.
The study of the functional state included a test for measuring the effect of the training action (META), created on the
basis of the tapping test, which allows you to determine the
complex of kinematic characteristics of movements in an autonomous mode. This technique allows you to study the pace
of movements and their accuracy by the sum of the points
scored, as well as the accuracy of one movement. The study
of movements performed with maximum speed and accuracy
was considered in various conditions, sequentially in three
time periods: for 15 s, 60 s and 15 s. Such a statement of the
problem provided an objective assessment of the pace and
accuracy of movements in various conditions: with an optimal
functional state in the first period of time, during prolonged
work in the second and after a long and maximum pace of
work in the third period.
A change in the number of movements in the first period of
time indicates a high mobility of nervous processes, the second – about balance, the third – about strength and in total –
about the state of the nervous system as a whole. This physiological justification allows the trainer to objectively evaluate
the processes occurring in the body, and to purposefully conduct management of training and competitive activities. The
methodology for studying the effect of the training effect is
published in detail in the "Slobozans`kij naukovo-sportivnij

In different age groups, tempo indicators were determined by
the number of strokes, the total points scored for all movements, the accuracy of one movement. The results of the
study of the functional state of girls aged 11–12 are presented
in Table 1. In the first period of the test, measuring the effect
of the training action determines the starting speed, we observed: the average rate of movement was 25,7±1,65 beats,
the maximum figure was 26 beats, the minimum – 21 beats;
the average amount is 202±3,06 points, the maximum is 207
points, the minimum is 170 points; accuracy – 7,86±0,44
points; at the maximum pace and total points – 7,96 points,
with minimum values – 8,09 points.
In the second period of the test, it reflects speed at a distance, on average, the pace was 26±1,36 beats, the sum was
211±8,25 points, accuracy was 8,12±0,20 points; at the maximum pace – 27,5 beats, the sum was determined – 221,3
points and accuracy – 8,04 points; the minimum pace was
23,5 strokes, the total was 197 points and the accuracy was
8,38 points.
In the third period of the test, it indicates speed endurance,
average values were observed: pace – 27,3±1,36 beats, total – 215±13,96 points, accuracy – 7,88±0,14 points, maximum and minimum indicators, respectively, pace – 29 strokes
and 25 strokes, the sum – 235 points and 194 points, accuracy – 8,10 points and 7,76 points.
According to the total result of three periods of the test, characterizing speed abilities as a whole, the average was noted:
pace – 26,33±1,417 beats, total – 210,3±3,411 points, ac-
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Table 1
Survey results (rowing, girls 11–12 years old)

Test

Second
period
Third
period
Total

Effect of the training action

First
period

Indicators

ЕМR
(с)
PТ
(l·s–1)

M±m

M

max

M

min

σ

C

Pace (number of beats)
total points
Accuracy (points)

25,7±1,65
202±3,06
7,86±0,44

26
207
7,96

21
170
8,09

2,87
5,33
0,77

12,12
2,64
8,81

Pace (number of beats)

104±5,44
(26±1,36)

110
(27,5)

94
(23,5)

9,47

9,10

total points

845±33
(211±8,25)

885
(221,3)

788
(197)

57,4

6,79

Accuracy (points)
Pace (number of beats)
total points
Accuracy (points)

8,12±0,20
27,3±1,36
215±13,96
7,88±0,14

8,04
29
235
8,10

8,38
25
194
7,76

0,36
2,37
24,3
0,24

4,38
8,67
11,28
3

Pace (number of beats)

158±8,5
(26,33±1,417)

165
(27,5)

140
(23,33)

14,79

9,54

total points

1262±20,47
(210,3±3,411)

1327
(221,2)

1152
(192)

356,2

24,98

7,99±0,14
0,228±0,026
0,265±0,026
4,33±0,85
3,9±0,51
2,2±0,48

8,04
0,272
0,291
5,5
4,5
3,0

8,22
0,195
0,214
3,0
3,0
1,6

0,24
0,046
0,046
1,48
0,89
0,83

2,92
19,98
17,21
34,16
22,75
37,65

Accuracy (points)
sound
light
inhale
exhale
DM rev. (kg)

Remark. In parentheses are the data reduced to a single temporary indicator of 15 s.
curacy – 7,99±0,14 points; by maximum values: pace – 27,5
beats, amount – 221,2 points, accuracy – 8,04 points; according to the minimum indicators: tempo – 23,33 hits, total –
192 points, accuracy – 8,22 points.
In the second period, compared with the first, average indicators increased: pace – by 0,3 beats (1,17%), amount – by 9
points (4,46%) and accuracy – by 0,26 points (3,31%); according to the maximum indicators, there was observed: an
increase in pace by 1,5 hits (5,77%), amounts by 14,3 points
(6,91%), accuracy by 0,08 points (1,01%); the minimum indicators also recorded an increase: pace – by 2,5 beats
(11,91%), amounts – by 27 points (15.88%), accuracy – by
0,29 points (3,58%).
In the third period, compared with the first and second, the
average indicators increased, respectively, in terms of movement pace by 1,6 beats (6,23%) and 1,3 beats (5,00%), in
total – by 13 points ( 6,44%) and 4 points (1,91%), but the
accuracy remained virtually the same – an increase of 0,02
points (0,25%) and a decrease of 0,24 points (3,05% over the
second period)) according to the maximum indicators: an increase in pace by 3 beats (11,54%) and 1,5 beats (5,45%),
amounts by 28 points (13,53%) and 13,7 points (6,19%) accuracy – by 0,14 points (1,76%) and 0,06 points (0,75%); according to the minimum indicators: an increase in pace by 4
hits (19,05%) and 1,5 beats (6,38%), amounts by 24 points
(14,12%) and a decrease by 3 points (1,55%), however, accuracy is low in the third period and less than in the first – by 0,33
points (4,25%) and in the second – by 0,62 points (7,99%).
In the sum of three periods, the average pace is greater than
in the first and second periods, by 0,63 beats (2,45%) and
0,33 beats (1,27%), less than in the third, by 0,97 beats
(3,68%); the amount is higher than in the first period by 8,3
points (4,11%), less than in the second and third, by 0,7 points
(0,33%) and 4,7 points (2,23%), the accuracy is greater than
in the first and third periods, by 0,13 points (1,65%) and by
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0,11 points (1,39%), less than in the second, by 0,13 points
(1,63%).
Deviations from the average values of the maximum and minimum indicators in the first period amounted, respectively, in
terms of pace of movement – 0,3 beats (1,17%) and 4,7 beats
(22,38%), total – 5 points (2,48% ) and 32 points (18,82%); in
the second period: in terms of pace – 1,5 beats (5,77%) and
2 beats (10,64%), total – 10,3 points (4,88%) and 14 points
(7,11%); in the third period: in terms of pace – 1,7 beats
(6,23%) and 2,3 beats (9,20%), total – 20 points (9,30%) and
21 points (10,82%); in total: by pace – 1,17 beats (4,45%) and
3 beats (12,86%), total – 10,9 points (5,18%) and 18,3 points
(9,53%). The result of the accuracy of one movement by the
maximum indicator in the first period of the test was higher
than the average by 0,1 points (1,27%) and the minimum –
also higher than the average by 0,23 points (2,93%); in the
second period, at the maximum pace and total points – accuracy is less than average by 0,08 points (0,99%), the minimum pace and total points – accuracy is higher than average
by 0,26 points (3,20%); in the third period, the accuracy of
the maximum value is higher than the average by 0,22 points
(2,79%) and the minimum is less than the average by 0,12
points (1,55%); the total maximum and minimum indicators
are more than average, respectively, by 0,05 points (0,63%)
and 0,23 points (2,88%).
In the test for determining sensorimotor reactions in girls
11–12 years old, specializing in rowing, the average response
time to a sound stimulus is 0,228±0,026 s, the best indicator
is 0,195 s, the average response time is 0,033 s (16,92%), and
the worst is 0,272 s, s more than average on 0,044 (19,29%);
per light signal: average indicator – 0,265±0,026 s, better –
0,214 s, less than average by 0,051 s, worst – 0,291 s, more
than average by 0,26 s (9,81%).
The average rate of air flow on inspiration is 4,33±0,85 l·s–1,
the maximum is 5,5 l·s–1, 1,17 l·s–1 (27,02%) more than the
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average minimal – 3,0 l·s–1, less than average by 1,33 l·s–1
(44,33%); on exhalation: on average – 3,9±0,51 l·s–1, maximum – 4,5 l·s–1, more than average by 0,6 l·s–1 (15.38%), minimum – 3,0 l·s–1, less than average 1,9 l·s–1 (30,00%).
When determining the accuracy of reproduction of a given
muscle effort, the average error was 2,2±0,48 kg (14,67%), the
maximum – 3 kg (20,00%), the minimum – 1,6 kg (10,67%).
The results of testing the functional state of athletes 13–14
years old are presented in table 2. In the first period of the
test, measuring the effect of the training impact, the average
indicators were as follows: pace – 28±1,24 beats, maximum
32 strokes, minimum 23 beats; amount – 227±1,47 points,
maximum – 248 points, minimum – 179 points; accuracy –
8,11 points, with a maximum pace and total points – accuracy
of 7,75 points, minimum – 7,78 points, an increase in pace by
5 beats (21,74%) and 1,8 beats (5,66%), respectively , the
amount – by 30 points (16,76%) and 25,5 points (13,89%),
accuracy decreased by 0,32 points (4,29%) and increased by
0,54 points (7,81%).
In terms of the sum of three periods and average indicators,
the pace was more than in the first period, by 2,37 beats
(8,46%), less than in the second and third, by 0,13 beats
(0,43%) and 1,83 beats (6,03%); the amount is more than in
the first period by 8,8 points (3,88%), less than in the second
and third, by 1 point (0,42%) and 5,2 points (2,21%), accuracy is less than in the first – by 0,34 points (4,38%), more
than in the second and third periods, by 0,01 points (0,13%)
and by 0,29 points (3,88%).
In terms of maximum values, the pace and the sum of points
is greater than in the first period by 3,33 beats (10,41%) and
22 points (8,87%), the pace is practically the same with the
second period and the amount is 5,8 points less 2,15%), the
pace is reduced in relation to the third period by 2,67 beats
(7,56%), the total score is the same, the accuracy is less than

in the first and second by 0.11 points (1,44%) and 0,13 points
(1,71%) more than in the third, 0,56 points (7,91%).
In terms of minimum indicators, the pace and the total score
is greater than in the first period, by 3,17 beats (13,78%) and
by 8 points (4,47%), with the second period they are practically the same, less than in the third, the pace – 1,83 beats
(6,99%) and the amount – 22 points (11,76%), accuracy is
less than in the first and third periods, by 0,63 points (8,81%)
and by 0,31 point (4,34%), more than the second, by 0,23
points (3,23%).
In the second period of the test, the average values were noted at the level: pace – 30,5±1,73 beats, the sum – 236,8±9,43
points, accuracy – 7,76±0,96 points; maximum: pace – 35,5
beats, total – 275,8 points, accuracy – 7,77 points; minimum:
pace – 26,5 beats, total – 183,5 points, accuracy – 6,92
points.
In the third period, average indicators: pace – 32,2±1,92
beats, total – 241±11,5 points, accuracy – 7,48±0,33 points;
at the maximum pace – 38 beats, the sum – 269 points, accuracy – 7,08 points; minimum pace – 28 beats; total – 209
points; accuracy – 7,46 points.
According to the sum of three periods, the average values are:
tempo – 30,37±1,69 beats, total – 235,8±1,77 points, accuracy – 7,77±0,211 points; at the maximum pace – 35,33 beats,
the total – 270 points, accuracy – 7,64 points; at a minimum
pace – 26,17 beats, the sum is 187 points, accuracy – 7,15
points.
When comparing the results of the study of the second period
with the first in terms of average indicators, it was determined
that the pace was higher by 2,5 beats (8,93%), the amount
was higher by 9,8 points, the accuracy was lower by 0,35
points (4,51%); at maximum – the rate increased by 3,5 beats
(10,94%), the amount – by 27,8 points (11,21%), accuracy –
Table 2
Survey results (rowing, girls 13–14 years old)

Test

Second
period
Third
period
Total

Effect of the training action

First
period

Indicators

M±m

M

max

M

min

σ

C

Pace (number of beats)
total points
Accuracy (points)

28±1,24
227±1,47
8,11±0,34

32
248
7,75

23
179
7,78

3,86
21,2
0,77

2,78
3,15
9,42

Pace (number of beats)

122±6,92
(30,5±1,73)

142
(35,5)

106
(26,5)

15,4

13,9

total points

947±37,72
(236,8±9,43)

1103
(275,8)

734
(183,5)

158,4

16,7

Accuracy (points)
Pace (number of beats)
total points
Accuracy (points)

7,76±0,96
32,2±1,92
241±11,5
7,48±0,33

7,77
38
269
7,08

6,92
28
209
7,46

0,215
4,29
25,8
0,73

2,75
13,3
10,7
9,73

Pace (number of beats)

182,2±10,14
(30,37±1,69)

212
(35,33)

157
(26,17)

31,4

21,27

total points

1415±10,62
(235,8±1,77)

1620
(270)

1122
(187)

237,8

16,85

7,77±0,211
0,227±0,022
0,270±0,016
4,1±0,326
4,6±0,249

7,64
0,286
0,312
4,7
5,3
3,3

7,15
0,170
0,231
3,0
4,0
1,6

0,472
0,049
0,035
0,73
0,56
0,73

6,05
21,93
12,87
17,8
12,13
32,57

Accuracy (points)
sound
ЕМR (с)
light
inhale
PТ (l·s–1)
exhale
DM rev. (kg)

Remark. In parentheses are the data reduced to a single temporary indicator of 15 s.
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by 0,02 points (0,26%).
In the third period, compared with the first and second, on
average, the pace increased by 4,2 beats (15,00%) and 1,7
beats (5,57%), the amount increased by 14 points (6,17% )
and 4,2 points (1,77%), accuracy decreased by 0,63 points
(8,42%) and 0,28 points (3,74%); maximum rates increased
by 6 beats (18,75%) and 2,5 beats (7,04%), the amount –
by 21 points (8,47%) and decreased by 6,8 points (2,53%),
accuracy decreased by 0,67 points (9,46%) and 0,69 points
(9,75%); the minimum tempo increased by 5 beats (21,74%)
and 1,8 beats (5,66%), the amount – by 30 points (16,76%)
and 25,5 points (13,89%), the accuracy decreased by 0,32
points (4,29%) and increased by 0,54 points (7,81%).
In terms of the sum of three periods and average indicators,
the pace was more than in the first period, by 2,37 beats
(8,46%), less than in the second and third, by 0,13 beats
(0,43%) and 1,83 beats (6,03%); the amount is more than in
the first period by 8,8 points (3.88%), less than in the second
and third, by 1 point (0,42%) and 5,2 points (2,21%), accuracy is less than in the first one by 0,34 points (4,38%), more
than in the second and third periods, by 0,01 points (0,13%)
and 0,29 points (3,88%).
Regarding the maximum values – the pace and the total score
is 3,33 more beats (10,41%) and 22 points (8,87%) more than
in the first period, almost the same pace and a lower amount
by 5,8 compared to the second period point (2,15%), in relation to the third period – the pace is 2,67 times less (7,56%),
the sum of points is the same, the accuracy is less than in
the first and second, by 0,11 points (1,44%) and 0,13 points
(1,71%) more than in the third, by 0,56 points (7,91%).
According to the minimum indicators – the pace and the total
score is greater than in the first period, by 3,17 beats (13,78%)
and by 8 points (4,47%), with the second period they are
practically the same, less than in the third, the pace – by 1,83
beats (6,99%) and the amount – by 22 points (11,76%), accuracy is less than in the first and third periods by 0,63 points
(8,81%) and by 0,31 points (4,34%), 0,23 points more than in
the second (3,32%).
Deviations from the average indicators of the maximum and
minimum values, respectively, were more or less: in the first
period – by the rate of 4 beats (14,29%) and 5 beats (21,74%),
the total – 21 points (9,25% ) and 48 points (26,82%); in the
second period – at the pace of 5 beats (16,39%) and 4 beats
(15,09%), the total – 39 points (16,47%) and 53,3 points
(29,05%); in the third period – at a rate of 5,8 beats (18,01%)
and 4,2 beats (15,00%), the total – 28 points (11,62%) and
32 points (15,31%); in total over three periods – the rate of
4,96 beats (16,33%) and 4,2 beats (16,05%), the total – 34,2
points (14,51%) and 48,8 points (26,09%).
The accuracy of one movement at the maximum and minimum rates of pace and the amount of points scored in the first
period was less than the average by 0,36 points (4,65%) and
0,33 points (4,24%), respectively; in the second period – in
fact, it is more by 0,01 points (0,13%) and less by 0,84 points
(12,14%); in the third period – less by 0,4 points (5,65%) and
0,02 points (0,27%); for three periods – less by 0,13 points
(1,70%) and 0,62 points (8,67%).
The difference between the average values in the sum of the
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maximum and minimum indicators for the pace was observed
in the first period – 36,03%, in the second – 31,48%, in the
third – 33,01%, in total – 32,38%; the total score is identical –
36,07%; 45,52%; 26,43; 40,60%, accuracy of one movement,
respectively – 8,89%; 12,27%; 5,92%; 10.39%. At high pace
and total points, the accuracy of one movement is less than
average results, but not significantly, with minimal indicators –
the accuracy of movements was determined practically at the
level, as well as at high pace and total points.
The response rate of athletes 13–14 years old, specializing
in rowing, to a sound stimulus was determined on average
as 0,227±0,022 s, the best result was 0,170 s, the average
speed was 0,057 s (33,53%) and the worst 0,286 s, more than
average – by 0,059 s (25,99%); for a light stimulus, the average indicator is 0,270±0,016 s, better – 0,231 s, less than
average – by 0,039 s (16.88%), worse – 0,312 s, more than
average – by 0,042 s (15,56%). The deviation from the average value was 59.52% for the sound signal and 32,44% for
the light signal; by the difference between the maximum and
minimum indicators for sound – 7,54%, for light – 1,32%.
The inspiratory air flow rate is on average 4,1±0,326 l·s-1, maximum – 4,7 l·s-1 more than the average by 0,6 l·s-1 (14,63%),
minimum – 3,0 l·s-1, less than average – 1,1 l·s-1 (36,67%);
on exhalation, on average – 4,6±0,249 l·s-1, maximum – 5,3
l·s-1, more than average 0,7 l·s-1 (15,22%), minimum – 4,0 l·s-1,
less than the average by 0,6 l·s-1 (15,00%), deviations from
the average: on inspiration – 51,30% and expiration – 30,22%
and the difference on inspiration – 22,04% and expiration –
0,22%.
An error in the accuracy of reproducing a given muscle effort was observed on average 2,24±0,33 kg (14,93%), the
minimum – 1,6 kg, the average – 0,64 kg (10,67%), the maximum – 3,3 kg 1,06 kg more than average (22,00%); the deviation from the average was 32,67%, the difference between
the maximum and minimum errors in the reverse dynamometry test was 11,33%.
The indicators of the test measuring the effect of the training
action in girls 15–16 years old, specializing in kayaking, are
presented in Table 3.
In the first period of the test, it determines the starting speed,
the average values were at the level: pace of movements –
30±0,89 beats, total – 234±8,32 points, accuracy – 7,87±0,22
points; maximum indicators: pace – 36 beats, total – 290
points, accuracy – 8,06 points, more than average, respectively, by 6 beats (20,00%), 56 points (23,93%), 0,19 points
(2,41%); minimum indicators: pace – 24 beats, total – 196
points, less than average – by 6 beats (25,00%), 38 points
(19,39%), but accuracy – 8,16 points, which is 0,29 more than
average point (3,68%).
In the second period of the test, it shows the ability to maintain speed at a distance, the average indicators were: pace –
31,25±0,89 beats, total – 235,75±8,78 points, accuracy –
7,57±0,24 points; maximum indicators: pace – 36,25 beats,
total – 280,5 points, accuracy – 7,74 points, which is 5 points
(16,00%) more than average, respectively, 44,75 points
(18,98%), 0,17 points (2,25%); minimum indicators: pace –
24,25 beats, total – 187,25 points, less than average by 7 hits
(28,87%), but accuracy – 7,72 points – more than average by
0,15 points (1,98%).
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Table 3
Survey results (rowing, girls 15–16 years old)

Test

Second
period
Third
period
Total

Effect of the training action

First
period

Indicators

ЕМR
(с)
PТ
(l·s–1)

M±m

M

max

M

min

σ

C

Pace (number of beats)
total points
Accuracy (points)

30±0,892
234±8,32
7,87±0,22

36
290
8,06

24
196
8,16

3,46
32,28
0,865

11,53
13,79
10,99

Pace (number of beats)

125±3,56
(31,25±0,89)

145
(36,25)

97
(24,25)

13,83

11,07

943±35,13
(235,75±8,783)

1122
(280,5)

749
(187,25)

136,3

14,46

Accuracy (points)
Pace (number of beats)
total points
Accuracy (points)

7,57±0,238
31±0,966
230±8,245
6,68±0,245

7,74
37
291
7,86

7,72
24
182
7,58

0,922
3,75
31,99
0,951

12,16
12,09
13,91
14,24

Pace (number of beats)

186±2,80
(31±0,467)

218
(36,33)

145
(24,17)

19,88

10,63

1407±45,67
(234,5±7,612)

1703
(283,33)

1127
(187,83)

177,2

12,62

7,56±0,201
0,178±0,039
0,216±0,072
4,6±0,089
4,4±0,156
1,16±0,24

7,79
0,205
0,279
5,2
5,4
2,67

7,77
0,152
0,181
4,0
3,3
0,23

0,778
0,015
1,028
0,346
0,603
0,76

10,37
8,43
13,08
7,5
13,75
65,49

total points

total points
Accuracy (points)
sound
light
inhale
exhale
DM rev. (kg)

Remark. In parentheses are the data reduced to a single temporary indicator of 15 s.
In the third period of the test, it indicates speed endurance, on
average: pace – 31±0,96 beats, total – 230±8,25 points, accuracy – 6,68 points; maximum: pace – 37 beats, total – 291
points, accuracy – 7,86 points, which is 6 points (19,35%)
more than average, respectively 61 points (26,52%), 1,18
points ( 17,66%); minimum: pace – 24 beats, total – 182
points, which is 7 points less than average (29,17%), 48 points
(26,37%), but accuracy – 7,58 points – 0,9% more than average point (13,47%).
According to the total indicator of the test of measuring the effect of the training action, it reflects speed abilities in general,
average results: pace – 31±0,46 beats, total – 234,5±7,61
points, accuracy – 7,56±0,20 points, maximum indicators:
pace – 36,33 beats, total – 283,33 points, accuracy – 7,79
points, which is more than average, respectively, by 5,33 beats
(17,19%), 48,73 points (20,82% ), 0,23 points (3,04%); minimum indicators: pace – 24,17 beats, total – 187,83 points,
which is less than the average by 6,83 beats (28,26%), 46,67
points (24,85%), accuracy – 7,77 points, which is 0,21 points
more than average (2,78%).
When comparing the indicators in the second period with the
first, the average pace and the total score increased slightly –
by 1,25 beats (4,17%) and 1.75 points (0,75%), but the accuracy of one movement decreased by 0,3 points (3,96%);
at maximum – the pace actually remained at the same level,
an increase of 0,25 beats (0,69%), the total score decreased
by 9,5 points (3.39%) and accuracy decreased by 0,32 points
(4,13%); at the minimum – the pace has not actually changed,
an increase of 0,25 beats (1,04%), the amount decreased
by 8,75 points (4,67%), accuracy decreased by 0,44 points
(5,69%).
In the third period, compared with the first and second, the
changes were insignificant in average values – the rate increased by 1 beats (3,33%) and decreased by 0,25 beats

(0,81%), the amount decreased by 4 points (1,74 %) and
5,75 points (2,50%), accuracy decreased by 1,19 points
(7,81%) and 0,89 points (13,32%); on the maximum – the
rate increased by 1 beats (2,78%) and 0,75 beats (2,07%),
the amount did not change compared to the first period and
was less by 10.5 points in the second (3,74%), accuracy decreased by 0,2 points (2,54%) and increased by the second
period by 0,12 points (1,55%); at the minimum – the rate is the
same in all periods, the amount is less by 14 points (7,69%)
and 5,25 points (2,88%), accuracy decreased by 0,58 points
(7,65%) and by 0,14 points (1,85%).
The total result showed that on average the pace did not actually change, the sum with the first and second periods is the
same, the difference with the third is 4,5 points (1,96%), the
accuracy is 0,31 points less than in the first (4,10%), the same
as the second, more than the third, by 0,88 points (13,17%);
by maximum indicators – the rate is the same in all periods of
the test, the amount is more than 2,83 points (1,01%) than in
the second period and 6,67 points (2,35%) less than in the
first and third periods and by 7,67 points (2,71%), accuracy is
greater than in the second, by 0,05 points (0,65%), less than
in the first and third periods, by 0,27 points (3,47%) and 0,07
points (0,89%); at the minimum – the rate is the same in all
periods of the test, the amount is less than the first by 8,17
points (4,63%), the same as the second, more than the third
by 5,83 points (3,20%), accuracy is greater than in the second and third periods by 0,05 points (0,65%) and 0,19 points
(2,51%), less than in the first, by 0,39 points (5,02%).
The difference between the average indicators in the sum of
the maximum and minimum values was: in the first period in
terms of rate – 45,00%, total points – 43,32%, accuracy –
6,09%; in the second: by rate – 44,87%, total points – 47,85%,
accuracy – 4,23%; in the third period: by pace – 48,52%,
total points – 52,89%, accuracy – 31,13%, total behind the
pace – 45,45%, total points – 45,67%, accuracy – 5,82% .
At the maximum pace and total points, the accuracy of the
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movements was greater than the average in all periods of the
test, while the minimum rates and the sum of the points, the
accuracy of the movements was also greater than the average
results.
The speed of sensorimotor reactions in athletes aged 15–16
to a sound stimulus was determined by the values: average –
0,178±0,039 s, better – 0,152 s, which is less than average
by 0,026 s (17,11%), worse – 0,205 s, more than average
by 0,027 s (15,17%); for light stimulus: average indicator –
0,216±0,072 s, better – 0,181 s, which is less than average by
0,035 s (19,34%), worst – 0,279 s, which is higher than average by 0,063 s (29,17%); the deviation from the average value
amounted to a total of 32,28% for the sound signal, 48,51%
for the light signal, the difference between the maximum and
minimum indicators for sound – 1,94%, for light – 9,83%.
When conducting pneumotachometry, the average air flow
rate was observed on inspiration 4,6±0,089 l·s-1, maximum 5,2
l s-1, more than the average value by 0,6 l·s-1 (13,04%) , minimum – 4,0 l·s-1, less than the average by 0,6 l·s-1 (15,00%);
on exhalation – 4,4±0,156 l·s-1, maximum – 5,4 l s-1, more
than average by 1 l·s-1 (22,73%), minimum – 3,3 l·s-1, 1,1 l·s-1
(33.33%) less than the average, deviations from the average
on inspiration – 28,04%, expiration – 56,06% and the difference on inspiration – 1,96% and expiration – 10,60%.
The average error in reproducing a given muscular effort in the
reverse dynamometry test was determined to be 1,16±0,24
kg (7,73%), the minimum – 0,23 kg (1,53%), 0,93 kg less
than the average (1,53%), the maximum – 2,67 kg, 1,51 kg
(10,07%) more than the average, deviations from the average
value were 11,60%, the difference between the maximum and
minimum errors was 8,54%.
When comparing the results of the survey, according to our
methodology for measuring the effect of a training action,
electromyoreflexometry, pneumotachometry, and reverse
dynamometry of the functional state of girls of different ages
from 11 to 16 years old, specializing in kayaking, the following
data were obtained, reflecting the psychophysiological age
characteristics, which are determined skill level of the examined athletes.
In the first period of the test, which determines the possibility of a quick start to work, the average indicators – the pace
of movement for girls 11–12 years old (first group), was 2,3
times less than 13–14-year-olds (second group) (8,95%) and
in 15–16-year-olds (third group) by 4,3 beats (16.73%); the
amount of points scored for all movements also increased
by 25 points (12,38%) and 32 points (15,84%); the accuracy of movements in the first and third groups was almost the
same, the difference was 0,01 points (0,13%) and in the first –
less than in the second, by 0,25 points (3,18%). In terms of
maximum values, the rate increased from the first group to
the second by 6 beats (23,08%) and the third – by 10 beats
(38,46%), the amount changed similarly – increased by 41
points (19,81%) and by 83 points (40,09%), the accuracy of
movements in the first group was higher than in the second,
by 0,21 points (2,71%) and less than in the third, by 0,1 points
(1,26%); at the minimum – the rate increased identically by 2
beats (9,52%) and 3 beats (14,29%), the amount – by 9 points
(5,29%) and 26 points (15,29%), the accuracy decreased
from the first group to the second by 0,31 points (3,98%) and
increased to three by 0,07 points (0,87%).
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Thus, with increasing age, the average rate and amount of
points increase, but the accuracy of movements in 13–14
years is higher than in other age periods; relative to the maximum and minimum indicators, the pace and amount also
increase, but the accuracy of movements in 13–14 years is
less.
In the second period of the test, it determines the ability to
maintain speed at a distance, the average values – the pace
in the first group was 4,5 beats (17,31%) less than in the
second and 5,25 beats in the third (20,19 %); the amount increased similarly by 25,8 points (12,23%) and by 24,75 points
(11,73%), the difference between the second and third groups
is insignificant – 1,05 points (0,45%); accuracy of movements also decreased by 0,36 points (4,64%) and 0,55 points
(7,27%). In terms of maximum values, the rate increased from
the first group to the second by 8 beats (29,09%) and the
third by 8,75 beats (31,82%), the amount increased similarly
by 54,5 points (24,63%) and 59,2 points (26,75%), accuracy
decreased by 0,27 points (3,47%) and 0,3 points (3,88%);
at the minimum – the rate increased to the second group by
3 beats (12,77%) and the third by 0,75 beats (3,19%), the
amount decreased similarly – 13,5 points (7,36%) and 9,75
points (5,21%), accuracy decreased by 1,46 points (21,09%)
and by 0,66 points (8,55%).
With increasing age, the average rate of movements and the
sum of points increase, and the accuracy of one movement
decreases, the maximum and minimum indicators change
identically. At 13–14 years, the minimum pace is greater than
at an older age, but the total score and accuracy is less.
In the third period of the test, it determines speed endurance,
on average, athletes in the first group had a slower pace of
movement than in the second, by 4,9 beats (17,95%) and
in the third – by 3,7 beats (13,55%), the amount of points
changed similarly – by 26 points (12,09%) and 15 points
(6,98%), the accuracy of movements, on the contrary, decreased in the first group – in the second group by 0,4 points
(5,35%) and in the third – by 1,2 points (17,96%).
The maximum rate of movement compared with the first
group – in the second it was 9 more hits (31,03%) and in the
third by 8 beats (27,59%), the amount increased identically by
34 points (14,47%) and 56 points (23,83%), but the accuracy
decreased by 1,02 points (14,41%) and 0,24 points (3,05%).
Relative to the minimum indicator – in relation to the first
group, the second pace was 3 more beats (12,00%), the
sum – 15 points (7,73%); and at the third pace, it is less by 1
beats (4,17%), and the amount is 12 points (6,59%), the accuracy of movements decreased by 0,3 points (4,02%) and
by 0,18 points (2,37%).
In the group of 13–14-year-old athletes, an average high
pace and the amount of points scored for a given time were
observed with high accuracy of movements; at the highest
rates of pace and total points, low accuracy was noted; at the
minimum – the athletes of this group determined a high pace,
the sum of points and the accuracy of movements in comparison with rowers of other groups.
According to the total result of the test of measuring the effect
of the training effect, which characterizes speed abilities as
a whole, in the group of 11–12-year-old athletes, the aver-
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age values were low pace of movement and the sum of points
and the highest accuracy of one motor action, in girls 13–14
years old, rowing on kayaks, the pace increased by 4,04 beats
(15,34%) and the amount by 25,5 points (12,13%), and accuracy decreased by 0,22 points (2,83%); in 15–16 years,
the pace also increased – by 4,67 beats (17,74%) and the
amount – by 24,2 points (11,51%), and the accuracy was still
reduced by 0,43 points (5,69%).
The indicators between the second and third groups are practically the same – the pace is higher in the third – by 0,63 beats
(2,07%), the amount and accuracy is lower in the third – by
1,30 points (0,55%) and 0,21 points (2,78%).
According to the maximum values in the second and third
groups, the pace increased compared to the first – by 7,83
beats (28,47%) and by 8,83 beats (32,11%), the sum – by
48,8 points (22,06%) and by 62,13 points (28,09%), accuracy decreased by 0,4 points (5,24%) and 0,25 points (3,21%);
when comparing the third group of the second, the difference
was minimal, the pace increased by 1 beats (2,83%), the
amount by 13,33 points (4,94%), the accuracy by 0,15 points
(1,96%).
According to the minimum indicators – the pace in the younger group was lower than that of the older ones – by 2,84 beats
(12,17%) and 0,84 beats (3,61%), respectively, the sum was
5 points more (2,67%) and 4,17 points (2,22%), accuracy –
higher by 1,07 points (14,97%) and 0,45 points (5,79%); when
comparing the second group with the third one, they noted
that the pace is more by 2 beats (8,27%), the total score is
actually the same, less by 0,83 points (0,44%), the accuracy
is less by 0,62 points (8,67%).
The average rate and pace in 13–14-year-old athletes is practically the same with 15–16-year-olds and more than in 11–
12-year-olds, however, the accuracy of movements is higher
in the younger group, identical results were observed for the
maximum and minimum values.
The study of sensorimotor reactions showed that the average
response time to the stimulus in the first and second groups
was practically the same for a sound signal, but slightly better in the second – by 0,001 s (0,44%), in the third group the
reaction time decreased by 0,05 s (28,09%); according to the
best indicator, the reaction time from the younger group to
the senior decreased, respectively, by 0,025 s (14,71%) and
by 0,043 s (28,29%), in the third it was less than in the second – by 0,018 s (11,84 %); worst-case scenario, the worst
response time in 13–14-year-old athletes and more than in
11–12-year-olds, by 0,014 s (5,15%) and in 15–16-year-olds
by 0,081 s (39,51%).
The average response time to a light signal in the first group is
better than in the second, by 0,005 s (1,89%) and worse than
in the third, by 0,049 s (22,69%); according to the best indicator, the minimum time in the third group is less than that of the
athletes of the first group by 0,033 s (18,23%) and the second
group – by 0,05 s (27,62%); at worst, identical results were
observed, the response time in 15–16-year-old athletes was
less than in 11–12-year-olds by 0,012 s (4,31%) and 13–14year-olds by 0,033 s (11,83%).
A study of sensorimotor reactions to sound and light stimuli
by average, maximum and minimum values found that low

and unstable indicators in athletes 13–14 years old, better in
15–16 year old rowers.
The average airflow rate on inspiration in the first group is 0,23
l·s–1 (5,61%) more than in the second group and 0,27 l·s–1 less
than in the third (6,24%), and in the third more than in the second, by 0,5 l·s–1 (12,19%); by the maximum – in 11–12 year
olds more than in 13–14 year olds, by 0,8 l·s–1 (17,02%) and
15–16-year-olds by 0,3 l·s–1 (5,77%), and in the latter more
than in 13–14-year-olds by 0,5 l·s–1 (10,64%); minimal – the
results in the first and second groups are the same and less
than in the third on 1,0 l·s–1 (33,33%).
The values of pneumotachometry on expiration are on average
less in the first group than in the second, by 0,7 l·s–1 (17,95%)
and in the third – by 0,5 l·s–1 (12,82%); for the maximum result – in the first group less than 0,8 l·s–1 (17,78%) in the second group and 0,9 l·s–1 (20,00%) in the third; the minimum – in
the first group less than in the second by 1,0 l·s–1 (33,33%)
and in the third by 0,3 l·s–1 (10,00%).
The average air velocity on inspiration and at the maximum
indices is the lowest among 13–14 year old athletes and the
highest among 15–16 year olds, while exhaling 13–14 year
old rowers showed the best results.
Indicators of reverse dynamometry determined that the average error in performing muscle effort in the first and second
groups was almost the same, but slightly higher in 13–14year-old athletes than in 11–12-year-olds by 0,04 kg (0,26%).
A minor error in 15–16 year olds is less than in the first group
by 1,04 kg (6,94%) and in the second by 1,08 kg (7,20%);
the maximum error in all groups was almost the same – from
2,67 kg to 3,3 kg, but in 13–14-year-olds it was more than 0,3
kg (2%) in 11–12-year-olds and in 15–16 year olds per 0,63
kg (4,20%); the minimum error ranged from 0,23 kg (1,53%)
in the third group to 1,6 kg (10,6%) in the first and second
groups.
The results of the study of the accuracy of muscle effort
showed that athletes of 13–14 years of age performed the test
with the largest error on average, maximum and minimum indices than athletes of 11–12 years old and 15–16 years old.

Conclusions / Discussion
The most important methodological condition for the formation of a rational technique is the interconnection and interdependence of the structure of movements and the development
of physical qualities. Correspondence of an athlete’s physical
preparedness to the level of possession of sports equipment,
the structure and degree of perfection of its characteristics
determines the technical preparedness in sports.
When adapting to excessive physical loads for a given organism, a general biological pattern is realized: all adaptive reactions of an organism to unusual environmental factors have
only relative expediency, that is, even persistence, long-term
adaptation to physical loads has its own functional or structural price, which is a possible, but not necessary condition. The
most rational way to prevent adaptation disorders is to use a
properly built regime of training, rest and nutrition, hardening,
increasing resistance to stress and harmonious physical and
mental development of an athlete’s personality [1; 12].
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For the regulation of most human movements, the simplest
reflex arc is not enough. The various motor structures of the
central nervous system should constantly receive information
from the corresponding receptors about the position, speed,
acceleration of movement of individual parts of the motor
system. All this provides the formation of feedback, which
significantly increases the accuracy of movements. In addition, purposeful, conscious movements are performed, the
commands for which arise in the cerebral cortex. To meet its
needs in a constantly changing environment, the body needs
to set certain tasks and achieve the intended result in its behavioral activities. For this, a group of nerve centers is formed
in the central nervous system, which is a functional system [6;
8].
With intense physical exertion and systematic exercise, the
functional state of the nervous system and neuromuscular
system improves. This allows athletes to master complex motor skills, develop speed, ensure coordination of movements,
coordination of the muscles (synergists, agonists and antagonists), dynamic stabilization of movements, which are manifested by precise motor acts, timely execution of movements
with maximum saving of time and effort.
The physiological reactions of the formation of a specific
functional system are the main components of the adaptation
process, and the general biological pattern of such adaptive
changes applies to any human activity. In achieving sustainable and perfect adaptation, the restructuring of regulatory
adaptive mechanisms and the mobilization of physiological reserves, as well as the sequence of their appearance at
different functional levels, are of great importance. At first,
normal physiological reactions arise, and only then, stress
reactions of adaptation mechanisms require significant energy costs using the reserve capabilities of the body, which
ultimately leads to the formation of a special functional adaptation system that provides specific human activity.
Such a functional system in athletes represents a newly formed
relationship of nerve centers, hormonal, autonomic, and executive organs, which is necessary to solve the problems of
adapting the body to physical activity. The morpho-functional
basis of such a system is the formation of systemic structural
changes in the body in response to muscle work, manifested
in the creation of new intercentral relationships, increased activity of respiratory enzymes, hypertrophy of the heart muscle

and skeletal muscles, an increase in the number of mitochondria, enhanced hormonal and autonomic systems.
Thus, the formation of a functional adaptive system with the
involvement of various morphological and functional structures of the body forms the fundamental basis for long-term
adaptation to physical activity and is realized by increasing the
efficiency of various organs and systems and the body as a
whole.
Frequent use of loads associated with the violation of the optimal balance between needs and their satisfaction, as a result
of the development of fatigue, can have a negative impact on
the formation of long-term adaptation, is directly dependent
on the preferred orientation of the applied training load and,
consequently, the development of motor abilities.
The study of the functional state is an integral part of the features of preparing athletes for competitive activity, more fully
mobilizing the body’s reserves and optimizing adaptation processes.
Excessive increase in the amount of training work can lead to
overstrain of functional systems, injuries, shortening the time
of performance at a high sports level through great physical
and mental stress, and reducing the adaptive capabilities of
the body.
Large amounts of physical activity in childhood and adolescence, especially those that do not correspond to future specialization, can affect the achievement of high sports results.
Using the proposed methodology will maximize focus on the
individual characteristics and abilities of each particular athlete when choosing a sports specialization, developing a system of multi-year training, determining the rational structure
of training and competitive activity.
Prospects for further research. The total capacity of functional systems characterizing the amount of human health determines its viability and performance, and for athletes it also
determines professional viability and the ability to achieve high
sports results, which will allow us to study the increasing value
of body reserves when environmental conditions change, in
extreme and extreme situations life, especially with intense
sports activities.
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