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ANALYSIS OF THE TEMPORARY AND ELECTROMYOGRAPHY PARAMETERS
IN THE MOTIONS’ EVALUATION OF ARCHERS

Annotation
The article represents analysis data of the single phases’ duration during com-

petitive exercise. It was discovered that the longest phases were the hold-on phase
and ready position phase. The personal distinctive characteristics of temporary pa-
rameters of shot between the best and the worst results were discovered. Personal
analysis of the results of the patterns of total electromyography of 11 key muscles of
the average amplitude and frequency, by which can estimate the value of developing
efforts in the implementation process of the shot, was carried out.
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USE OF MODERN MOBILE HARDWARE AND SOFTWARE IN THE EVALUATION
OF TECHNICAL READINESS OF SPEED SKATERS

Annotation
The article is devoted to the research, aimed at developing a methodology for

assessing the speed skaters’ technical readiness within the performing of technical
simulation exercises. Pressure distribution data, applied by the athlete to the soles of



12

the feet’s support, and also angular responses in the hip, knee and ankle joints are
marked as key, determining the effectiveness of performing these exercises. Data
were recorded based on the computer-assisted pedobarography methods and video
capture movements. The results of the research testify to the requirement for usage of
modern diagnostic tools during comprehensive control over the level of speed skates’
technical readiness.
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BIODYNAMIC CRITERIA OF FATIGUE’S DIAGNOSTIC DURING
THE TRAINING SESSIONS OF QUALIFIED BICYCLISTS

Annotation
Goals: to investigate the structure’s peculiarities of pedaling and to create the

diagnostic models of coordination change in coordination motions of bicyclists driven
by fatigue during different orientation’s training session. Cohesive: 18 high qualifica-
tion sportsmen took part in researches. Results: Peculiarities of coordinating structure
of bicyclists’ motion were studied in the experiment, modeling training of different di-
rection. Sportsmen on a veloergometer accomplished the training session programmes,
focused on speed and power capabilities’ development and work’s endurance of an-
aerobic and aerobic character. Conclusions: In the period of the overcome fatigue dis-
appear dynamic impulses in applied force character disappear and picture of biody-
namic components become more smoothed out. Thus the relative usage of horizontals
of efforts’ components increases, while the impulse of force’s momentum of vertical ef-
forts remains without substantial changes. The variability of kinematic motions char-
acteristics increases in the period of obvious fatigue, bicyclists’ work efficiency de-
creases and the integrated electrobiological activity of the bicyclists’ investigated
muscles increases.
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EVALUATION OF THE STRENGTH ENDURANCE OF THE LEADING GROUPS
OF MUSCLE OF CANOEISTS USING ELECTROMYOGRAPHY METHOD

Annotation
The article develop the problems of the evaluation of the strength endurance of

rowers. The possibility of controlling the strength endurance of the leading muscle
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groups by the method of electromyography during special test tasks on rowing ma-
chines is shown. The application of modern mobile hardware and software for the di-
agnosis of bioelectric activity of leading muscle groups allows to objectively and accu-
rately assess the level of development of strength endurance of the rowing athletes.
As a result of the study the dynamics of the bioelectrical activity of muscles was re-
vealed during the performance of a competitive exercise in different training regimes
and at different level of fatigue.
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L RECTUS FEMORIS 6,58 11,37 11,51 5,56 7,66 8,94 3,84 4,57 6,35
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R BICEPS FEMORIS 42,74 34,54 28,41 40,28 34,09 26,50 19,96 23,37 29,61
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L BRACHIORADIALIS 45,11 41,22 39,65 50,62 41,80 45,65 54,86 55,71 67,49
R BRACHIORADIALIS 53,00 49,63 55,05 67,18 68,77 64,24 38,24 42,59 52,71
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STRUCTURE AND MAIN DIRECTIONS OF APPLICATION OF INNOVATING
PROGRAMME OF PROCLIVITY’S DEFINING AND PROSPECTIVE SPORTSMEN

IN BIATHLON’S ASSISTANCE

Annotation
The article shows the main provisions of biathlon’s competitive reserve’s prepar-

ing concept. Development and application in practice the work of science-based pro-
gramme of prospective assessment and assistance of sport reserve’s preparing is the
programme goal. In conceptual terms the innovative programme is an indissoluble uni-
ty of the necessary lay downs of the science-based approach the to the biathlon’s
competitive reserve’s preparing. In other words selection’s and prospective definition’s
programmes and assistance of picked out children’s preparing programmes. The se-
lection programme is based on scientific backgrounds of the aptitude factor identifica-
tion as a combination of the two main aspects: proclivity for specific sports and train-
ing capacity using certain sport loads. Methodology of the application of the selec-
tion’s and perspective’s definition of biathlon sportsman’s programme is a multilevel
scientific goal, which consists of three consistently solved steps. The effectiveness of
the each consistent step is inextricably bound up with the effectiveness of the previ-
ous step and in scientific terms requires usage of the battery of tests, which possess a
high informativeness and prognostic value for the successfulness in biathlon.
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ELECTROMYOGRAPHIC ASSESSMENT OF THE SPORTSMEN’S
RATIONALITY OF MOVEMENTS IN TEST TASKS WITH A COMPLEX

LOCOMOTOR STRUCTURE

nnotation
The article presents an electromyographic assessment of the athlete's complex-

coordinated movements during test tasks with different locomotor structures. The
analysis of electromyographic activity’s amplitude of leading groups of muscles was
carried out based on the obtained data. The criteria for intermuscular coordination’s
evaluation in terms of coefficients (laterality , inclusion and deactivation of the visual
analyzer  and spatial uncertainty ) have been developed. The suggested diagnostic
technique allows to assess the level of development of coherence, proportionality and
rationality of locomotor actions of athletes.

-
, 

-
, -

. 
 ( ). -



40

 [1].

. -
-

, 

 [1].

-
. 

 ( ). -

 [1].
-
-
-

. 
, -

-
 [2].

-

. -

 ( , , -
) [2].

-
, 

 (
,  « » ) [3].

-
, , 

. -

 [4].
– -

.

-
,  (  1) 

 2), :
1)  (  1 – 1);
2)  (  2 – 2);
3)  ( )

 3 – 3) (  3).



41

 1 – 

 2 – 

 3 – 

-
. 

-
, -

 ( , , -
, , 

, -
, , ,

). 
. 

, 
, , -

 « »  « » .

,  1  2, 



42

. -
 « » ( ), 

.
 ( 1) -

, , .
 ( 2) , , 

. -
-

, , -
.

 ( 3) , 
,  ( -

 50  25 ). 
,  ( ) .

 32 , 

. -
 EMGworks Analysis 

, -
 MS Excel (9  .hpf ) -

. -
2 3 1 -

,  « » 
. -

-
, -

.

 1 – 

1 R Tibialis
2 L Tibialis
3 R Rectus Femoris
4 L Rectus Femoris
5 L Gastrocnemius Lateral
6 R Gastrocnemius Lateral
7 L Gastrocnemius Medial
8 R Gastrocnemius Medial
9 L Biceps Femoris
10 R Biceps Femoris
11 L Triceps Brachii
12 R Triceps Brachii
13 R Biceps Brachii
14 L Biceps Brachii
15 R Brachiaradialis
16 L Brachiaradialis

: R  – , L  – 



43

-
 DELSYS Trigno Lab.  DELSYS Trigno -

.
-
-

:
1. -

. -
-
-

.
2.

, 
.

3.
. -

-
.

4.
, 

.
-

:
1. -

1 –  « -
».

2. -
1 – -

.
3. 1 2 – -

-
.

4. 1 3 – -
-

.
5. 

1 – -
.

-
:

1.  « » 
,
-

, .
2. -

 (  1,  3) 1 
, 

 ( = 0,51 ), 



44

(A = 0,15 ). , -
.

 – 

 (  1):

(1)

. . – -
.

, -
.

. = 0,047
. = 0,046  1,  = 0,029 (  2,9 %).

,  = 0, -
, 
.

3.
1 2 

,  2:

(2)

1 2 – 
1 2 .

1 =
0,049 2 = 0,041  2,  = 0,176 (  17,6 %).

,  = 0, , 
, 

-
.

4.  ( ) 
1 3 
, 

 3:

(3)

1 3 – -
1 3 -

.



45

1 =
0,048 3 = 0,044 ,  = 0,088 (  8,8 %).

,  = 0, , 
, -
.

5.
1 

 ( = 0,038 )  ( = 0,014 )
 ( = 0,0095

)  ( = 0,005 ) , 
.

 ( -
:  –

= 0,046 ,  – = 0,026 ) -

 – = 0,029 ,  – = 0,009
). , -

 ( -
) .

-
-

. -
-

. -
-

. -

, 
, -

, -
. 

.

1. , . 

 : .  / . ,
. ; . –

 : , 2015. – 61 .
2. , .  / . ,

. , , . . . – . : , 1994. – 368 .
3. , . -

 / . , . ,
.  // . . : . – 2011. – . 120–121.

4. , . 
 / .  // . . : . – 2008. – .

169–172.
07.04.2017



46

 796.922.093.642+796.015.6

. . , . ,
. . , . ,
. . , . . , ,

 «
», ;

. . , . ,
 « »

-

. ,
-

.

THE IMPACT OF TRAINING LOADS OF DIFFERENT ORIENTATION
ON METABOLIC ADAPTATION’S PROCESSES IN BIATHLON

Annotation
The article studies biochemical body response of high-qualified biathletesto the

training loads of different orientation during the general preparation period. Based on
the findings of research the following information was discovered: male and female
teams’ different orientation of metabolic adaptation depending on carried load was
observed.
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THE MORPHO-FUNCTIONAL STATUS’ PECULIARITIES OF BREST STATE
TECHNICAL UNIVERSITY’S STUDENTS

Annotation
The article represents modern methods of morphofunctional status’ determi-

nation, age peculiarities of morpho-functional status of Brest state technical uni-
versity’s students. The comparative analysis of average values of obtained indexes
of boys and girls of different age was carried out.
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 –  21  –  4,12 .
 1 

 20–22 .

 1 – 
 20, 21, 22 

 1 , ,
.  21  – 13,3 %, -

 –  20  – 3,7 %.
-

 20, 21, 22 : 
21 , , .

 2 
 20-22 .
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 20, 21, 22 

, . -
 21  – 6,5 %,  –  20  – 1,9 %.
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.
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.

HEMATOLOGICAL STATUS AND NONSPECIFIC AND SPECIFIC RESPONSE
OF SPORTSMEN OF CYCLIC AND ACYCLIC KIND OF SPORTS

Annotation
The article gives the results of hematological testing of cyclic and acyclic kind of

sports’ sportsmen before and after execution of basic test with incrementally increas-
ing load «to the full». There was used the method of the determination of the type of
nonspecific and specific adaptation organism’s reaction using the percentage of lym-
phocyte’ and neutrophils’ data. Obtained results can be used with the purpose of def-
inition of efficiency and correction of sportsmen’s training process’  intensity.

-
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 74 -
 ( , , , , ,

; 54 )  ( , , 
, , ; 20 ) ,  16  30

; 14  ( ), 43 – 
 ( ), 17 –  ( ).

, 
-

 « » . -
:  (WBC),  (RBC) 

 (PLT),  (NEUT), 
(LYMPH),  (MONO),  (EO),  (BAZO), -

 (RET),  (HCT)  (PCT), -
 (HGB),  (MCH),

 (MCV). 
 Sysmex XT-

2000i ( ).

 Statistica 6.0  MS Excel. 

)  ( ).
 p<0.05.

, 
-

.  1.

 1 – 
 « » 

WBC, 109 5,86±1,31 8,49±2,17 5,92±0,97 8,16±2,14
NEUT, % 54,10±8,60 49,55±8,79604 55,60±7,42 50,65±7,12
LYMPH, % 34,50±7,38 39,10±7,82 32,95±7,01 37,95±7,20
MONO, % 9,20±2,72 8,35±2,63 9,05±1,68 8,70±1,77
EO, % 2,15±1,72 1,70±1,60 1,80±1,96 1,80±1,65
BAZO, % 0,50±0,45 0,50±0,39 0,55±0,35 0,60±0,32
RET, % 0,48±0,18 0,53±0,20 0,48±0,15 0,48±0,25
RBC, 1012 5,39±0,33 5,50±0,40 5,25±0,40 5,43±0,40
HGB, 161,00±8,86 162,50±11,15 152,00±11,72 158,50±9,45
HCT, % 45,75±2,46 47,10±3,21 44,15±2,93 46,35±2,83
MCV, 85,60±3,23 85,85±3,25 84,40±3,79 85,15±3,71
MCH, 29,65±1,50 29,65±1,43 29,15±1,94 29,50±1,55
PLT, 109 218,00±40,24 244,00±65,54 229,50±45,96 255,00±53,89
PCT, % 0,21±0,04 0,25±0,06 0,22±0,04 0,26±0,05

, 
-

 (p<0,05). , 
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:
 (  30,98 %),  (  11,76

%),  (  2,00 %),  (  0,92 %), -
 (  2,87 %),  (  10,66 %),  (  16,00 %)

(p<0,05). , , 
 (  8,41 %),  (  9,24 %), -

 (  20,93 %) (p<0,05).
-

:  (  27,45 %), -
 (  13,18 %),  (  3,31 %), -

 (  4,10 %),  (  4,75 %), -
 (  0,88 %),  (  10,00 %), -

 (  15,38 %) (p<0,05). 

 (  8,90 %) (p<0,05).
-

. 
, -

. -
. -

), -
, . 

.
, 

»  68,5 %  70 %
-

 ( ), -
, -

 (  2).

 2 – 
, ( ), %

 (1- ) 24,1 13,0 25,0 0,0
 (2- ) 14,8 14,8 20,0 20,0

 (3- ) 27,8 20,4 40,0 35,0
 (4- ) 25,9 24,1 10,0 25,0

 (5- ) 7,4 27,8 5,0 20,0

 (31,5 % –
, 20 % – 

) 
 (  1  5 ).

 (2–4 ) 
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 59,3 %, 
 80 %. , -

, -
.

. -
-

. , 
 ( ) -

 5,59 %  3,50 % – -
 (  1).

 1 –  ( )
 ( ) 

-
-

 « ».  (  ±10 %) 
, -

, , 
 (p<0,05). , 

, -
.

 (PLT,
PCT),  (RBC, HGB, HCT) -

 (WBC, LYMPH), 
(NEUT, MONO, EO)  (p<0,05).

,  68 % 

, 
.

, , -
, -
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IMPACT OF LOAD ON THE BIKERS’ FUNCTIONAL STATE

Annotation
Following data can be used for the functional state’s and psychic tension’s

evaluation, the evaluation of fatigue development and adaptive processes of cardio-
vascular system and the whole body. The information of cardiovascular system’s
state of high qualified bikers during preparatory period of training process was ana-
lyzed. The signs of formed «sportive» heart, economization of central and regional he-
modynamic’  mode, distinct shift of autonomic balance to parasympathetic tone’s side
were developed.

, -
-

. 
-

. , 
-

: , 
, 

 [1]. 
. 

, . -
, , -

 [2].

 (  ( ),  ( )
 ( ) , 

),  “ ”.
-

: -
, ; –Q, ; QRS,  – , ,

; Q–T,  – -
,  P, , -

, , -
;  ( ),  [3].

: , 
– ; , . – -

; , . – ; ,  –
; ,  – ; ,

-5 – ; , 2 – -
; , . . – 

: ,  – 
 – , -

; , % – 
 – -
; , % –  [4].

, :
:  ( ),  ( ), MxdMn

). 
 –  (SI); SDNN -



66

 RR  – -
 RR .

.  RR – 
: HF – 0,15–0,40 . 

, , 
. LF – 0,04–0,15 . 

.VLF – 0,003–0,4 . -
 ( -

, -
) [5].

.  20 ,
, : , 

. 
.

  
.  P, PQ,

QRS, QT  80 % : 
P=0,09±0,02 ;  PQ=0,16±0,01 ;  QRS=0,09±0,004 ; 
QT=0,37±0,005 .  P, , 
85 % , .  ST, -

, -
, . . ,   , -

.
.  30 % -

,  60 %  – 
.  10 % -

, -
.

,  (18 %),
 (6 %).  5 %

V1>TV6.  65 % -
 PQ, QT :  PQ=0,16±0,02 ;  QT=0,39±0,02 . 

70 %  “ ” -
. , 

. , -

, 
. 

, 
. 

, -
, -

, . V1>TV6-
 [6].

. , -
, , 

,  –  50 8,8 ,
 109,3 10,08 . .  1091,8 400,5 -5. -

 111,0 35,6 ,  – 7,1 3,1  – 3,9 1,7
2 ,  – 19 2,3 . . , -
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, -
 ( -

). -
, , , . 

. 
.

  
 (188,3 21,8 . .),  (112,5 37,3 ),

 (11,5 3 ),  (6,4 1,9 2),  (20,1 2,8 . .) -
,  (42,8 16,9 . .),  (110,2 40,2 ) 

 (806,9 306 -5 ( <0,05).
, -

. , ,
. -

, , 
-

. 
 – , – -

,  [7].
. 

:  – 0,047 0,017 ,  – 0,33 0,07
%,  – 0,41 0,09 %. 

 (0,053 0,063 ).  0,32 0,13 %. 
 0,34 0,11 % .

. 

. 
-

, , SDNN, SI, LF . -
, -

,  VLF -
 [8].

, 

, -
. 

” 
-

.

1. -
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.
2. . -
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: ,

: 612:171:613.9:796.422.1]042.2

,
 400 

. . , . , ,
, 

 131  (60  71 ) 
 400  13  30 ,  III 

.  12  15 , 11
 19 , 13   16  I , 

 24  21  II-III , 
. 

, -
, 

,  61–79 ; 
 (p=0,028)  (p=0,0001).

 (38,3 %), 
 II-III ,  (57,7 %, p=0,021), (  – 10, 

– 9, I  – 12,  II-III  –10).  80  10 (16,7 %) -
, 5  5  II-III . 

. -
 (43,3 %),  II-III  I ,  (56,3 %, p=0,138). 

40 
:  –  11,  – 10, I  – 6, II-III  – 13. 

-
 (19,2 %  10 %, p=0,0003),

 (55 %  34,6 %, p=0,009)  (10 % 
3,9 %, p=0,0001) . 

:  23,7 % (6,9 %
 16,8 % ),  –  13 % (4,6 %  8,4 % 

).  PWC170 
-

. 
CLC -

, 
.

COMPARATIVE ANALYSIS OF ECG VALUES OF WOMEN
AND MEN SPECIALIZING IN 400-METRES RACE

Annotation
At the beginning of the training’s preparatory period the electrocardiography

analysis of 131 400-meters race runners (60 women and 71 men) at the age from 13
to 30 years old with qualification from the third-class to Master of Sports of Interna-
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tional Class was carried out. The data of 12 women and 15 men of Master of Sport
class and Master of Sports of International class, 11 women and 19 men of Candidate
for Master of Sport class, 13 sportswomen and 16 runners of the first class, and also
24 female runners and 21 male runners of the second-third classes, that did not have
significant differences in age, were compared. The ECG values comparison of men
and women showed absent of significant differences in correct heart rate, voltage,
number of persons with normal cardiac electrical axis, heart rate within 61-79 bpm.
Herewith women had more persons with respiratory arrhythmia (p=0,028) and re-
duced voltage (p=0,0001). Women had less cases of bradycardia (38,3%), generally
among Masters of sport and Masters of sport of International Class and sportswomen
of second-third-classes, than men (57,7%, p=0,021), (Masters of sport and Masters of
sport of International Classes – 10, Candidate for Master of sport – 9, the first-class –
12, the second-third classes – 10). 10 female runners, 5 of the first-class and 5 of the
second-third-class, had heart rate more than 80 bpm (16,7%). Male runners did not
have such heart rate at all. ECG changes were recorded with an identical frequency
both at female runners, especially the second-third and the first classes, and at male
runners (56,3%, p=0,138). 40 runners had ECG changes that extended depending on
the qualification this way: Masters of sport and Masters of sport of International Clas-
ses – 11, Candidate for Master of sport – 10, the first-class – 6, the second-third-
classes – 13. Out of a total number of ECG changes, statistically female runners had
more symptoms of cardiomyopathy due to athletic overexertion (19,2% against 10%,
p=0,0003), male runners had more symptoms of early repolarization syndrome of ven-
tricles (55% against 34,6%, p=0,009) and lower arterial rate (10% against 3,9%,
p=0,0001). The analysis of ECG changes in terms of early repolarization syndrome of
ventricles and nonpolar left anterior fascicular block of both sex sportsmen revealed
following: early repolarization syndrome of ventricles is found in 23,7% (6,9% women
and 16,8% men), nonpolar left anterior fascicular block is found in 13% (4,6% women
and  8,4% men). After physical loads in the form of submaximal test PWC170 sports-
men with lower atrial rate and ECG-symptoms of cardiomyopathy due to athletic
overexertion had normalization of ECG. Runners with CLC-syndrome and nonpolar
left anterior fascicular block due to ECG values do not have abnormal changes, and
the presence of nonpolar left anterior fascicular block and early repolarization syn-
drome of ventricles should be considered as ECG-peculiarities among this category of
sportsmen.

, 
, -

-
 [20]. , -
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, 
.

, -
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, 
.

, 
, , 

, -
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, , -
, 

[14]. 
 (21% -58%)  (45%-76%) -

 100% 
.

, -
, , 

, . , -
-

, -
-

.
-
-

. , -
,  800-1500  –

-
.  400 

, . , -
. 

,  65% , 
 25%  10% 

. 
 400 

, -
 100  200  (2-

, 4- , 6- -
). 

 400  200  (4-
)  400  800  (2- -

). -
 400 -

.
, , -

, 
, , 

, , . -
-

 [1],  100-200  400  [14],
 [8], ,  [15].

, , 
  [11]. , 

, , 
 [4],  [9] -

 [10].
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. [17] 
50-  (22  28 ),  96% -

,  ( )
–  33% ( ). . . [7],

-
. -

, -
, , , -

, .
, , -

, , -
 400 , -

 [14].
 400

, .

 131  (60  71 )  12-
 400  13  30 , 

 III 
 ( ).

 12  ( )- -
 22,75±0,53  15 , 

24,2±0,73  (p>0,05), 11  ( ),
 19,82±0,34  19 , 

20,3±0,78  (p>0,05), 13   1 ,  18,15±0,61
 16  1 ,  18,4±0,69  (p>0,05),  24

 II-III ,  15,25±0,54  21  II-III ,
 16,57±0,64  (p>0,05). ,

-
.

-
 “ +”. -

-
-

 PWC170,  
 CLC 

 ( ) –  Sim 5000 Plus
).

 Statistica 6.0 for Windows.
 ( ), 

 (m) . 
 M m,  –

, m – . 
, 

<0,05 [3]. -
 [3].
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 (  “ ”
)  83,3%  88,7% 

(p=0,715),  -  90%  95,8% (p=0,715), 
,  86,7%  100% (p=0,411), -

. 
,  16,7% 

11,3% (p=0,028) ,  10%  4,2%
(p=0,0001). ,  10%

 3,3% – .
 (60 )  23 

(38,3%),  8- , 4-  – , -
 10-  –  II-III .  41 -

 (57,7%, p=0,021),  10-  – ,
9- , 12-  10-  –  II-III -

.  61-79  27  (45%)  30-
(42,3%, p=0,732), . . -

 80 , -
,  10 (p=0,0001),  5-  5-

 II-III .
 26-  (43,3%): 4 – ,

7  15  II-III , -
.  40 

(56,3%, p=0,138),  11 , 10 – , 6 -
 13  II-III . 

 9  (34,6%) -
 ( ), 6 (23,1%) , 5 (19,2%)  CLC, 5 (19,2%) -

(3,9%) .  22 
(55%, p=0,009), 11 –  (27,5%, p=0,327), 4 – 

 (10%, p=0,0001), 2 – -
 (5%, p=0,0001)  –  (2,5%).

, 
,  9  22

. , 
. , . [5] , 

, 
. -

, , , -
, , .

[6]   .  [2] 
 8,9  9,4% .  [12, 13]

 6071  6,04% .
 367  43,1% 

 41,1%  [12]. , 
 PWC170, -

, . [19], 
.

,  6-  11 .  , 
, -

. 



74

A.Swiatowiec et al. [21],  73  (20 
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.

ADAPTIVE CHANGES OF CARDIOVASCULAR SYSTEM IN ATHLETES INVOLVED
IN POWERLIFTING

Annotation
Were conducted the studies of short-term and long-term adaptive changes in the

cardiovascular system in athletes in the process of training in powerlifting. For the
first time was studied the stages of the changes that took place depending on the
length of the sport experience and it was revealed that the increase in the functioning
of the chronotropic mechanism of the activity of the heart is preferable. For the first
time has been determined the factor structure of the physical performance of power-
lifting and have been proposed the most informative indicators for the express control
of the functional state of the organism in this sport.
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 1 –
, , 

, , 2 , ,
/ 2

,
.

,
.

1 1,7±0,1 83,2±3,1 20,3±1,5 122,4±3,0 73,4±3,0

2 1,7±0,2 83,9±2,7 20,3±1,3 124,2±2,9 74,1±2,7

3 1,6±0,3 85,2±3,0 17,8±0,9 128,5±2,7 77,2±1,2

4 1,8±0,3 91,6±2,9* 19,7±1,1 133,6±2,6*** 80,1±2,0*

5 1,8±0,3 95,0±3,0*** 18,4±2,0 135,7±3,8*** 82,8±2,0**

1,5±0,1 80,4±2,4 18,8±0,9 124,0±1,9 75,5±1,5
:  * – <0,05, ** – <0,01,

 *** – <0,001

-
, , .

,  -
. , -

,  [6]. 
, -

. , .  (1975), 
, -

.  1 , 
. 

(P<0,05),  (P<0,001). ,
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ABILITIES OF HUMAN BODY’S ELEMENTAL COMPOSITION’S MONITORING
IN SPORT MEDICINE

Annotation
The article reveals the relevance of a new approach to the sportsmen’s state of

health’s control taking into account new modern methods of determination of micro
and macroelements status’ of different body’s environment. Existing results of the ap-
proach’s applying and importance of approach implementation in already existing
programmes of different age group and types of sports sportsmen’s training  are de-
scribed.
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CRYOPRESERVATION OF STEM CELLS: PRACTICAL ASPECTS
AND ADVANTAGES

Annotation
Stem cells are established to be a material that is excellently adapted to restore

an injured organism. Immunoregulatory and regenerative properties of mesenchymal
stem cells (MSCs) make them a convenient material for use as therapeutic agents in
sports medicine. It is currently successfully possible to carry out the transplantation
into the patient's body of a biomaterial in the form of stem cells, which was stored in a
stem cell bank. Cryopreservation of autologous MSCs in a bank has such advantages
as complete safety and immediacy of obtaining a cellular product. Methods that make
it possible to effectively cryoconserve MSCs so maintaining high viability and
functional activity of cells have been developed.
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THE LONG-TERM TRAINING OF ROWERS IN THE STRUCTURE
OF THE OLYMPIC CYCLE

Annotation
The article represents the theoretical and practical aspects of the rowers’ train-

ing system of kayakers from many years of training athletes. The assessment of spe-
cific features of morphofunctional status indexes’ system organization of sportsmen-
rowers in different periods of training is given; criteria of successful and goal-directed
activities of high performance sport are shown.
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ASSESMENT OF CARDIORESPIRATORY SYSTEM AND VEGETATIVE BALANCE
OF THE ATHLETES ROWING SPECIFIED BY THE DRUG FITONOL

E. G. Kallaur,
The Ministry of sports and tourism of the Republic of Belarus

Annotation
Measurement of heart rate variability (HRV) in athletes enable to evaluate the

positive and negative adaptive response and make a prediction subsequent physical
operability. Studies conducted in the group of elite athletes-rowers in the canoe, re-
vealed a highly adaptive response to the use of the drug fitonol  with the aim of to re-
store athletes in a year cycle of preparation.

, 
, 

 ( ) -

. ,
, 

 fitonol 
.

5-minute recording kardioritmogrammy was performed for the analysis of
HRV of athletes at rest using hardware and software «Poly-Spectrum». We evaluate
the performance time analysis of HRV, variation pulsometry and spectral analysis
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according to the criteria recommended by the European Cardiology and North
American societies electrophysiological and Russian experts [1].

The basis of the content of the experimental method was the application of the
principle of hardware diagnostics HRV at rest and during exercise, and control of the
training process. According to the results of the study were identified HRV and cardi-
ac hemodynamics, significantly different from those recorded in the same period last
year preparatory ( <0,05) [2]. Comparative characteristics of HRV and cardiac hemo-
dynamics athletes-rowers used to assess the efficacy of the drug fitonol [3].

The study involved a group of 3 athletes, kayaking, members of the Republic
of Belarus national team on kayaking and canoeing , merited masters of sport ,
mean age 23 ± 3,14 years.

Status athletes studied for 1 year, from October 2014 to October 2015. The
studies were conducted in two phases, in the morning 2 hours before exercise, and
in the evening (one and a half hours after a workout). At rest, in the morning and in
the evening at the athletes studied the characteristics of heart rate and functional
state of the cardiovascular system. In the evening also studied the characteristics of
heart rate both at rest and during orthostatic test.

In the work used the traditional method of the analysis of heart rate variabil-
ity at R.M. Baevsky. The technical basis of the study served as a personal computer
IBM PC- 486. As a device to collect and input data used by the device «Poly-
Spectrum» (NeuroSoft).

According to statistics, autocorrelation and spectral analysis of R-R intervals
are automatically calculated the following indicators:

mathematical expectation (M) – the physiological interpretation of heart
rate,

standard deviation (SD),
mode amplitude (AMO) – the number of intervals of values corresponding to

the Defense Ministry and expressed as a percentage of the total number of cardio
studied series,

index of regulatory systems tension (IT),
S0-the power of slow waves of the second order.

Athletes received with the aim of to restore and maintain optimal health state
fitonol drug, which is a mixture of amino acids, vitamins, minerals, and herbal
adaptogens. The analysis took into account indicators of cardiac hemodynamics:
cardiac index (CI) as the main criterion for circulatory status, stroke index (SI),
heart rate (HR), myocardial stress index (MSI).

The analysis of HRV, were taken into account the recommendations of the
European and North American cardiac electrophysiological Societies (1996) and a
group of Russian experts (2002). We analyzed the time (R-R, MxDMn, RMSSD,
pNN50, SDNN, AMo50, SI) and spectral (TP, HF, LF, VLF, ULF) of HRV indices, as
well as basic (HR, MCV, SCV, CI, SI) cardiohemodynamics indicators.

The analysis of HRV after 1.5 hours recovery period, after the conducted
training sessions compared to before the load is measured at 6 - point scale on the
following criteria with recommendations for optimal management coach training
process athlete and his correction [1]:

6 points: Adapting to stress is adequate, «supercompensation» IT below the
original; HF was increased; LF and VLF decreased, the ratio LF/HF 0,5 or less; TP
increases, load without restrictions is recommended for this adaptation .

5 points: Adaptation adequate, IT-near to the original, HF, LF and VLF,
LF/HF and TP at the same value. Recommendations for training - without re-
strictions.



119

4 points : for HRV adequate adaptation, IT increased by not more than 50%,
LF and VLF increased by not more than 50 %, HF was reduced not more than 50%,
LF/HF is not more than 1,5; TP is reduced no more than 50%. Recommendations -
developing training, without the «stress» load.

3 points: Adaptation for HRV inadequate, IT increased by 100%, of HF re-
duced to 100%, the LF and VLF increased to 100%, LF/HF to 2,0, TP lowered to
100%. Recommendations for the training process - only supporting training.

As a result, compared the HRV of athletes in the current 2015 with the HRV
in the same period of the last preparatory phase of the training process in 2014.

Mean cardiac hemodynamics and HRV in the morning after a training day
were detected in all athletes. As signs no full recovery on morning after training
were considered indicators: BSI - Baevsky stress index characterizing the activity of
the parasympathetic division (normal 80-300); ISA - an index of sympathetic activity
that characterizes the activity of the sympathetic division (normal 30-70) [2].

Rowers at rest have a balanced version of the vegetative regulation; after load-
ing at 1 - predominance of sympathetic regulation, at 1 - the predominance of the
parasympathetic ANS regulation, which indicates the economization functions ANS,
at 1 - balanced state of HRV, which in the process of training activity reflects the
optimal adaptive processes.

It has been established that there is a specific focus of activities such as
cano ing, kayaking (women's distance 200m race and 500m), which is in the growth
of autonomous regulation of activity in the process of training. This is confirmed by
the analysis of HRV data is obtained after the training sessions, when athletes-
rowers increases the activity of autonomic regulation and increased spectral struc-
ture indicators (TP, HF, LF, VLF).

The analysis of HRV in 2014 and 2015, found that the capacity of sportsman-
ship rowers (2014 – 3-rd place at the World Cup; 2015 – 1-st place at the World Cup
in kayak-four K-4 500m) is associated with a new level of adaptation where athletic
performance is achieved at a lower voltage regulation systems. In 2015, compared to
2014 in the group of athletes-rowers saw an increase in activity of adaptation
mechanisms and the activity of parasympathetic regulation: marked by higher val-
ues of SDNN, RMSSD, pNN50, CV, TP, HF, BP and lower figures  IVB, IT, VIR.

The results of the analysis of HRV showed that significant differences between
the indices of HRV and cardiac hemodynamics in the whole group of athletes have
been observed on the following parameters: RRmax, SDNN, RMSSD, pNN50, CV, TP,
VLF, HF, BP, IVB, IT, VIR.

HR analysis, R-R interval and the level of HR testified to a normal heart
rhythm in athletes. But in 2014, athletes-rowers had a longer duration RR-
intervals, on average, by 90ms, compared to the same period of 2015, a higher heart
rate level (above 0,8) and high values of TP, HF, LF, VLF, which was indicative of a
high activity independent regulation mechanisms and large functional reserve of the
cardiovascular system. The high level of absolute power VLF and their share in TP,
according to a reflection hyperadaptive condition, characterized by stress adaptation
mechanisms.

One of the indicators characterizing the ratio of sympathetic and parasympa-
thetic influences, is the index vagosympathetic interaction LF/HF. Balanced tone of
the sympathetic and parasympathetic centers (1,5 LF/HF<2,5) was detected in 2
athletes.

One athlete has the prevalence of moderate of sympathetic influences,
demonstrating the centralization of heart rhythm management, and a higher price
of physiological adaptation to the current load. This is confirmed and the amount of
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centralization index (IC), in which athletes testified more pronounced activity of the
central contour of heart rhythm regulation in relation to the autonomous.

Thus, the results of the study imply that statistical and geometric figures and
some of the spectral characteristics (HF, HFnorm, LFnorm) HRV uniquely reflect the
ratio of autonomous and central regulatory mechanisms in athletes-rowers with dif-
ferent oriented sports specialization; in athletes of this group of cardiac adaptation
to current loads carried mainly by autonomous mechanisms in athletes, sports spe-
cialty has a short sprint (200 m) - at the expense of the central.

The main results are summarized in Table 1.

Table 1 – Average values of HRV - athletes rowing in 2014 and 2015
Index 2014 (n = 3) 2015 (n = 3)

Interim analysis
RRmin, ms 829,7 885,1 0,284
RRmax, ms 1241,7 1410,3 0,003
RRNN, ms 1046,3 1121,9 0,138
SDNN, ms 67,9 95,2 0,002
RMSSD, ms 71,3 109,6 0,001
pNN50, % 41,6 59,1 0,010
CV, % 6,5 8,5 0,015

Spectral analysis
, ms 2 4780,9 8932,3 0,003

VLF, ms 2 1645,2 2593,5 0,021
LF, ms 2 1218,4 1943,0 0,103
HF, ms 2 1917,2 4396,0 0,003
LF/HF 1,0 0,5 0,209
%VLF 35,5 34,2 0,777
%LF 24,1 19,5 0,195
%HF 40,4 46,3 0,255

Cardiointervalography by R.M. Baevsky
Heart rate, bpm 58,7 55,5 0,246

, s 1,0 1,1 0,296
, % 33,3 26,6 0,066

, s 1,0 1,1 0,135

Revealed the magnitude of the adaptive reserve indicates a high level of adap-
tive capacity for all athletes, and the values of the absolute power of VLF waves and
VLF norm - for voltage regulation mechanisms; index LF/HF and IC showed the
centralization of regulatory influences.

The magnitude of the absolute and relative power LF all athletes differed sig-
nificantly in 2014 and 2015, while the absolute power of LF significantly (3-5 times)
exceeds the standard value; the relative power of LF corresponds to them. The in-
crease in the absolute power of LF waves in 2015 is interpreted by us as a result of
maintaining hemodynamic homeostasis athletes that provides the connection of
non-specific adaptation mechanisms during treatment with the.

Conclusions:
1. The analysis of heart rate variability data athletes specializing in rowing,

pointed to a normotensive type of heart rhythm regulation and increased centraliza-
tion of control heart rhythm; in favor of which showed significantly higher, and the
voltage indicators AMo index (P <0.05) with a load (orthostatic test) in the prepara-
tory period of training, compared to the same period last year. The rest vegetative
balance shifted toward vagal influences intensified activity of an independent con-
tour of regulation, the effect of respiration on heart rhythm. Athletes with the load
and at rest have significant ECG changes were not found.
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2. thletes in terms of significant differences in heart rate compared to the
same period last year, have not been identified, however, a load at this time there
was observed economization in the vascular circulation (increase stroke volume
without increasing heart rate). In the preparatory period of the current year of prep-
aration it was observed significantly higher vagal activity.

3. Increased vagal activity at rest indicates the activation of the subcortical
centers and the prevalence cardio-center activity. Apparently, the observed changes
were due to the need to mobilize the functional reserves and related to the inclusion
in the process of adaptation of higher vegetative centers.

4. When the load in the preparatory period of the year preparing increasing
centralization management of  heart rhythm associated with increased sympathetic
regulation, which suppresses activity of an independent contour. The ratio of the
spectral characteristics, of distinct differences were found.
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Annotation
The health, tness and other advantages of youth sports participation are well

recognised. However, there are considerable challenges for all stakeholders involved
— especially youth athletes — in trying to maintain inclusive, sustainable and enjoy-
able participation and success for all levels of individual athletic achievement. In an
effort to advance a more uni ed, evidence-informed approach to youth athlete devel-
opment, the IOC critically evaluated the current state of science and practice of youth
athlete development and presented recommendations for developing healthy, resilient
and capable youth athletes, while providing opportunities for all levels of sport partic-
ipation and success. The IOC further challenges all youth and other sport governing
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