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Introduction. The current stage of the develop-

ment of rhythmic gymnastics is characterized by the 

constant growth of the technical complexity of com-

petitive programs and the desire to improve the ex-

ternal aesthetic characteristics of their performance 

[1-2]. However, the high competition of female ath-

letes with a general tendency to minimize the ele-

ments of rhythmic gymnastics structural groups in 

mastering led to the problem of the uniformity of 

competitive compositions and the difficulty of dif-

ferentiating gymnasts by the level of their perform-

ing skills.

Combining various movements as a way of dem-

onstrating the motor abilities of an athlete is one of 

the ways to solve this problem in a complex coor-

dination sport, since the construction of new liga-

ments and connections from the mastered elements 

is one of the ways to demonstrate the individuality 

and skill of an athlete. However, the lack of tables of 

the technical value of elements based on an objec-

tive biomechanical assessment of the complexity of 

combination hinders this process [3-4].

Objective of the study was to specify the fac-

tors of coordination complexity of combining ele-

ments of rhythmic gymnastics structural groups, 

which contribute to the objectification of the evalua-

tion of the performance skills of athletes.

Methods and structure of the study. In the 

course of the study, the analysis of special literature 

and program documents, pedagogical observations 

(n=39), survey (n=60), method of non-contact study 

of the video series of movements (optoelectronic 
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hardware and software complex Qualisys), surface 

electromyography (16-channel electromyograph 

"MegaWin ME 6000"), stabilometry ("Stabilan-01"), 

design, pedagogical experiment, methods of math-

ematical statistics.

Results of the study and their discussion.  In 

the process of preliminary studies, it was found that 

the reduction in the number of elements in the ta-

bles of technical value of the rules of rhythmic gym-

nastics competitions in 2016 to 9 elements led to a 

reduction in the proportion of combined elements 

used. Studying the reason for such a sharp decline, 

during the survey it was found that not all elements 

are “conveniently” connected to each other, and the 

combination causes various difficulties, which, ac-

cording to the rules of the competition, are not taken 

into account when determining the technical value.

The analysis of the content of modern competi-

tive compositions of international level gymnasts for 

the presence of combined elements made it possi-

ble to establish that 75% of such elements fall on 

balance. Most often they are included in the exer-

cise with the ball (65.4%), but only 19.2% of the 

finalists performed elements with a transition to a 

more complex form. Basically, when combining ele-

ments, athletes move from a more complex form to 

simpler ones without changing the direction, plane 

and structure of the element. This confirmed the 

need for scientific substantiation and specification 

of the biomechanical factors of the complexity of 

combining elements that determine their technical 

value.

In the process of specifying the biomechanical 

factors that determine the complexity of combina-

tion, various degrees of relationship between the 

kinematic characteristics of the combined elements 

were revealed, which indicated the need to take into 

account not only the complexity of the combined 

elements, but also their structural compatibility, as 

well as the complexity of motor actions that serve 

as a transition from one element to another. It has 

been established that the quality performance of 

the attached element depends on the distances of 

movement of the gymnast's body links during the 

implementation of the transition motor program. 

The greatest indicators of the lengths of movement 

are characteristic for the points of the free links of 

the body when performing amplitude movements 

and combining elements by changing the position 

of the free leg or torso in space. The simplest com-

bination option is a combination of elements simi-

lar in shape. At the same time, a comparison of the 

acceleration indicators of the points of body links 

in isolated and combined execution of elements 

showed that in isolated elements in the final phase, 

these indicators always approached zero, and when 

combining the same elements, the acceleration in-

dicators were due to the degree of change in the at-

tached element. Based on the data of the analysis 

of the kinematic characteristics of the combined 

elements, it was concluded that the simplest is the 

combination of elements of one structural group, in 

particular, balances, and the most difficult is from 

different structural groups, namely, balance and 

jump.

Considering that, regardless of the nature and 

complexity of motor actions, the result of the per-

formance of all combined elements is the preserva-

tion of a stable position during the transition from 

one element to another, the indicators of stabilogra-

phy have become objective characteristics that al-

low differentiating the elements according to their 

degree of complexity. A comparative analysis of the 

stabilographic characteristics of the combined el-

ements with leg abduction in different directions, 

the addition of torso or head tilts showed that the 

“ellipse area” indicator has the most informative 

value, the dynamics of which indicates a change in 

the vestibular load and the complexity of combina-

tion. Based on the data obtained, all balances were 

ranked in ascending order of complexity by chang-

ing the position of the body and the direction of the 

free leg. It has been established that the most sta-

ble positions are combined vertical equilibria. Their 

complexity increases with a change in the direction 

of the leg: from a side position to a forward posi-

tion; then - translation from the forward-to-side po-

sition; back and forth; to the side-back; back-side; 

back forward. Transferring the leg from vertical to 

horizontal balance, not only with a change in body 

position, but also with a change in direction, is the 

most difficult option: from lateral balance back; and 

even more difficult - translation from lateral balance 

forward.

Further, the study of the indicators of the maxi-

mum amplitude of the turns of the electrical activ-

ity of muscles during the performance of combined 

balances made it possible to establish that the con-

nection of elements requires taking into account dif-

ferences in the localization and strength of muscle 
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activation. The greater the differences were in the 

profiles of muscle activation in the connected ele-

ments, the more difficult it was to rebuild the first 

motor program for the second one. So, when ana-

lyzing the activation of the muscles of the support-

ing leg, it was found that for most of the compared 

combined balances and turns, it is similar. This indi-

cated both the lower complexity of connecting such 

elements, and the fact that the complexity of com-

bining depends primarily on changes in the shape 

and direction of the free links of the body. In addi-

tion, when determining the complexity, it was taken 

into account that the integrated bioelectrical activ-

ity of the muscles is a kind of characteristic of the 

electrical capacity and can be taken into account 

when determining the complexity of the transition 

from element to element. Based on the data of the 

integrated bioelectrical activity of the muscles, the 

simplest methods of combination were the transfers 

of the leg with the help of the hand without changing 

the position of the body, and the most complex ones 

were the combination of balances of different forms 

by means of movements by all parts of the body in 

different planes or directions.

Thus, the main factors in the complexity of com-

bining elements are differences in the structural af-

filiation of the combined elements, in the lengths of 

the levers of the free links of the body, in the direc-

tions and speeds of movement of the links of the 

body, in the planes and amplitudes of movements 

by the links of the body, in the number of simultane-

ously combined movements and the axes of rotation 

of the body in the combined elements.

The specified objective complexity factors made 

it possible to develop algorithms for designing the 

complexity of combined elements for each of the 

9 subgroups: "balance-balance", "balance-turn", 

"balance-jump", "turn-turn", "turn-balance", "turn-

jump", "jump-jump", "jump-balance", "jump-turn". 

The algorithms determined the possible trajectories 

for constructing combined elements of varying com-

plexity and were a tool for designing a matrix of their 

technical value, involving several levels of complex-

ity according to the methods of combining elements 

of structural groups. Each subsequent level of diffi-

culty assumed an increase in the value of 0.1 points. 

On the basis of the technical value matrix, tables 

of the technical value of the combined elements of 

rhythmic gymnastics were designed. In general, 9 

complexity algorithms were developed; 9 technical 

value matrices; 9 tables of technical value, and in 

total 1737 combined elements are considered.

Evaluation of the effectiveness of the use of ta-

bles of technical value of the combined elements 

was carried out on the basis of the analysis of the 

effectiveness of the differentiation of highly quali-

fied athletes by the level of performance. Assess-

ment of the accuracy of qualimetry according to 

the current rules of the competition and using the 

developed tables of the technical value of the com-

bined elements testified that the technical value 

of the all-around competitive programs, obtained 

on the basis of the use of a scientifically based ta-

ble, changed in 100% of cases. In general, the to-

tal technical value of the combined elements in the 

all-around for each athlete changed from 0.1 points 

to 0.6 points. At the same time, the increase in the 

technical value of these combined elements of the 

finalists' competitive compositions was reliable, and 

the scores of the winners in each kind of all-around 

began to have greater differences. This indicated 

an improvement in the differentiation of athletes in 

terms of the complexity of the competitive programs 

being performed.

Conclusions. The results of the study allow us to 

state that the qualitative mastering of the technique 

of various elements of structural groups is a condi-

tion for the design of new combined forms of move-

ments and the progressive development of rhythmic 

gymnastics. The developed algorithms, matrices 

and tables of the technical value of the combined 

elements are: a tool for improving the quality of the 

expertise of performing skills; a way to encourage 

the complexity of competitive programs; a guideline 

for the logical and staged development of combined 

elements; the trajectory of achieving the maximum 

possible complexity and spectacular effect of the 

performances of gymnasts. 
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