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Abstract
The study purpose was to substantiate theoretical and methodological grounds and the concept of a 
research program of the training process based on modeling of individual components of the young 
gymnasts’ training system. 
Materials and methods. The study involved: 30 gymnasts – 3rd senior category, 30 gymnasts – 2nd senior 
category, 26 gymnasts – 1st senior category. Young gymnasts participating in the experiment received 
athletic titles from the 1st category to master of sports (1st c. – 18 persons, CMS – 15 persons, MS – 12), 
won competitions of different levels.
To substantiate the research program, the study used the following methods: modeling, systems approach, 
methods of theoretical analysis and generalization to reveal the essence, leading development trends of the 
young gymnasts’ training system and to define theoretical prerequisites and methodological approaches 
to its further improvement; pedagogical testing, methods of recording sensorimotor reactions, methods 
of recording the cardiovascular system state, observation and pedagogical experiment to determine young 
gymnasts’ model characteristics, modes of training loads; methods of mathematical analysis (logistic and 
asymptotic functions) to determine the regularities of allocating the means of primary focus during motor 
abilities development, teaching gymnastic exercises and training for competitions; mathematical methods 
of planning multifactorial experiments to study the regularities of motor abilities development, teaching 
process and training for competitions. The obtained experimental material was processed using statistical 
analysis software (SPSS 20).
Results. The developed conceptual approaches to determining the normative characteristics of training 
loads in the process of young gymnasts’ training include: analysis of the effects of different modes of 
training on a change in the functional state; determination of the optimal increase in the functional state 
indicators; calculation of a mode of training that can ensure the optimal increase in the indicators of young 
gymnasts’ functional state.
Conclusions. The developed research program makes it possible to define the regularities of motor abilities 
development, teaching gymnastic exercises and training for competitions; to obtain the models of young 
gymnasts’ training process. As a result of implementing the research program, the study substantiated 
factorial designs for studying the influence of modes of alternation of exercises and rest on the effectiveness 
of motor abilities development, motor skills formation, and the effectiveness of training young gymnasts 
for competitions. 
Keywords: research program, modeling, training process, young gymnasts.
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Introduction

In scientific publications, the develop-
ment of research methodology is regarded as an ed-
ucational process important for the development of 
physical education and sports (Garcia, Meneguci, Lara 
da Silveira Zaghi, Damiao, & Rovigati Simoes, 2016; 
Koekoelk, Knoppers, & Stegeman, 2009; Myers, Lee, & 
Kostelis, 2018). The improvement of research quality 

is associated with methodology and the use of math-
ematical statistics (Myers, Lee, & Kostelis, 2018).

The development of methodological approaches to 
creating applied programs in physical education and 
sport (Hongliang, 2013), software development to opti-
mize the lesson planning process (Wu, 2013), modeling 
in biomechanics (Merala, Piziali, 1996; Kirk, 1999), as-
sessment of students’ functional state (Wright, 1999; 
Rink, 2007) are aimed at improving the quality of sci-
entific research.
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Artistic gymnastics studies biomechanical fea-
tures of performing exercises (Heinen, 2011; Rymal, 
& Ste-Marie, 2017), the peculiarities of young athletes’ 
functional state dynamics (Sawicki, Dornowski, Gr-
zywacz, & Kaczor, 2018; Purenovic-Ivanovic, Popo-
vic, & Moskovljevic, 2017). Particular attention is paid 
to studying athletes’ anxiety and self-esteem (Milas-
hechkina, Gernet, Timofeeva, Buchnev, Pogorelova, & 
Milashechkin, 2019). However, the issue of comprehen-
sive study of young athletes’ training process remains 
under-explored. 

The study purpose was to substantiate theoretical 
and methodological grounds and the concept of a re-
search program of the training process based on mod-
eling of individual components of young gymnasts’ 
training system. 

Materials and methods

Study participants

The study involved: 30 gymnasts – 3rd senior cate-
gory, 30 gymnasts – 2nd senior category, 26 gymnasts – 
1st senior category. Young gymnasts participating in 
the experiment received athletic titles from the 1st cat-
egory to master of sports (1st c. – 18 persons, CMS – 15 
persons, MS – 12), won competitions of different levels.

Study organization

The study used both philosophical and general sci-
entific methods of research. 

The study took into consideration:
•• synergistic approach that allowed to view the 

young gymnasts’ training system as having its 
own logic of self-organization because of its 
multidimensional manifestations;

•• systems approach that allowed to examine the 
interaction between the training system ele-
ments;

•• modeling that provided new knowledge about 
the study object and its practical implementa-
tion.

This methodological approach develops a system 
of knowledge about the regularities of long-term gym-
nasts’ training. It gives grounds for improving the sys-
tem of training young gymnasts based on modeling of 
the training process components. 

Based on the systems approach and modeling, the 
study developed the concept of a research program of 
the training process of young gymnasts aged 7–13. The 
concept was that to optimize the training process it is 
necessary to study: models of age-related changes in the 
functional state of neuromuscular and cardiovascular 
systems, gymnasts’ sports mastery; models of training 
loads; training process models in order to obtain new 

information on the dynamics of motor and functional 
fitness, the duration of using training loads of vary-
ing focus and their distribution in the young gymnasts’ 
training process, allocation of time for technical, physi-
cal, special motor, functional training in the annual 
training cycle.

To substantiate the research program, the study used 
the following methods: modeling, systems approach, 
methods of theoretical analysis and generalization to 
reveal the essence, leading development trends of the 
young gymnasts’ training system and to define theoreti-
cal prerequisites and methodological approaches for its 
further improvement; pedagogical testing, methods of 
recording sensorimotor reactions, methods of record-
ing the cardiovascular system state, observation and 
pedagogical experiment to determine young gymnasts’ 
model characteristics, modes of training loads; meth-
ods of mathematical analysis (logistic and asymptotic 
functions) to determine the regularities of allocating 
the means of primary focus during motor abilities de-
velopment, teaching gymnastic exercises and training 
for competitions; mathematical methods of planning 
multifactorial experiments to study the regularities 
of motor abilities development, teaching process and 
training for competitions. The obtained experimental 
material was processed using statistical analysis soft-
ware (SPSS 20).

Results

The study assumed that this research program 
would allow to obtain:

•• information on the regularities of interaction 
between different training exercises in training 
programs;

•• information on the peculiarities of the fatigue 
process and maintenance of a high perfor-
mance level that underlie the development of 
training models; 

•• models of individual training exercises and 
their sets.

Before planning the experiment, the study’s task 
is to obtain results that can expand understanding of 
the comprehensiveness of the young gymnasts’ training 
process. The end result is to obtain a model that takes 
into account the sum of the system parts and their in-
teractions. Such a model makes it possible to determine 
what the element serves for within the whole.

The priority of studying the methodology of mod-
eling the training process of gymnasts aged 7–13 is to 
summarize the results of previous research in gymnas-
tics. An essential issue in the model development is 
to determine the informative value of features selected 
for assessing technical, physical, special motor, func-
tional fitness of young gymnasts. The obtained material 
is used to model a young gymnasts’ training process.
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Table 1. Research program in modeling young gymnasts’ training process 

No Research Task Research Method Indicators to record 

1 To determine informative indicators of 
young gymnasts’ fitness.

Pedagogical testing, factor analysis. Indicators of young gymnasts’ motor 
fitness 
Indicators of young gymnasts’ functional 
fitness.

2 To determine young gymnasts’ model 
characteristics

Pedagogical testing, reflexometry, 
polydynamometry, correlation 
rhythmography and variational 
pulsometry. Methods of mathematical 
analysis: logistic function 

Indicators of young gymnasts’ motor 
fitness.
Indicators of young gymnasts’ functional 
fitness 

3 To determine models of loads of 
immediate training effect (ITE) and 
delayed training effect (DTE)

Mathematical methods of planning 
multifactorial experiments 

Level of proficiency in exercises. 
Grade for performing the exercise. 
Indicators of the functional state of 
neuromuscular and cardiovascular 
systems 

4 To determine the effects of different 
training modes on a change in the 
functional state of young gymnasts’ 
bodies 

Pedagogical testing, reflexometry, 
polydynamometry, correlation 
rhythmography and variational 
pulsometry. Methods of mathematical 
analysis; analysis of variance.

Indicators of the functional state of 
neuromuscular and cardiovascular 
systems 

5 To determine srtength loads models of 
ITE and DTE

Polydynamometry, 2k factorial design Absolute strength.
Speed strength

6 To determine the duration of using high 
loads 

Methods of mathematical analysis: 
logistic function 

Indicators of the functional state of 
young gymnasts’ neuromuscular and 
cardiovascular systems.

7 To determine the duration of using 
strength loads of varying amount and 
focus

Methods of mathematical analysis: 
logistic and asymptotic functions 

Strength of different muscle groups. 
Speed strength 

8 To determine models of teaching motor 
actions and movement control.

Methods of mathematical analysis: 
logistic and asymptotic functions 

Level of proficiency. 
Minimum increase in the movement 
amplitude. 
Grade for performing the exercise.

9 To determine the regularities of 
allocating the means of primary focus 
when teaching movements and training 
young gymnasts 

Methods of mathematical analysis: 
logistic and asymptotic functions. 
Factorial design

Indicators of the functional state of 
neuromuscular and cardiovascular 
systems. 
Level of proficiency in exercises. 
Grade for performing the exercise. 
Strength of different muscle groups. 
Speed strength 

10 To determine the regularities of 
allocating the means of primary focus 
during preliminary competitive training 
of young gymnasts 

Methods of mathematical analysis: 
logistic function 

Grade for performing combinations. 
Strength of different muscle groups. 
Speed strength. 
Indicators of orthostatic test 

11 To determine models of preliminary 
competitive training of young gymnasts 

Methods of mathematical analysis: 
logistic function. Factorial design

Grade for performing combinations. 
Performance analysis of competitive 
activity 

Table 1 presents the research program in modeling 
the process of young gymnasts’ training. To solve tasks 
3, 5, 9, 11, the study used 22, 23 multifactorial designs. 
The result of tasks 3, 5, 9, 11 is the following models:

	 Y = b0 + b1x1 + b2x2 + b3x1x2,	 (1)
where Y is the effectiveness of the young gymnasts’ 
training process, x1 is the amount in elements, x2 is the 

rest interval, x3 is the total time of apparatus activity 
(30 min). Based on the enumeration of x1 and x2 values, 
the optimal variants of primary focus training loads are 
determined.

The models of teaching motor actions and move-
ment control (task 8) are developed on the basis of 
mathematical analysis methods of logistic and asymp-
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totic functions. The process of teaching movements is 
carried out using optimal loads. The study result is the 
following model:

	 Y = [A/1+10(am+bx)] + C 	 (2)
where Y is the effectiveness of teaching motor actions, 
Х is the number of training sessions held since the be-
ginning of teaching the motor action, А is the distance 
between the upper (A–C) and lower (C) asymptotes, 
C is the lower asymptote, the point where the training 
begins; а, b are the parameters that determine the slope, 
bending, and inflection point of the logistic regression 
line. The upper asymptote is analyzed to determine 
the optimal periods of training. The method of finding 
the optimum is described by Bochkov, Bohomolova, 
Zhdanova.

For calculation of MINMAX characteristics of lo-
gistic functions formulas 3–10 are used:

	 Yopt.1 = Yo + 0.632 (A + C – Yo)	 (3)
	 Zopt.up = 0.117(A + C – Yo)	 (4)
	 Ymax = Yopt.1 + 0.632Zopt.up 	 (5)

where Yopt.1 – top optimum, Zopt.up – zone of top op-
timum, Yo – function’s value in the point of bending 
(am/b), 

	 Yopt.2 = Yo + 0.368 (Yo – С)	 (6)
	 Zopt.down = 0.117(Yo – С)	 (7)
	 Ymin = Yopt.2 + 0.368Zopt.down	 (8)

where Yopt.2 – top optimum, Zopt.d – zone of top optimum, 
Yo – function’s value in the point of bending (am/b)
	 Xmax = {lg[A/(Ymax – C) – 1] – am}/b 	 (9)
	 Xmin = {lg[A/(Ymin – C) – 1] – am}/b	 (10)
where Xmax and Xmin are the values of argument in points, 
where the function takes MINMAX values.

To solve tasks 6, 7 with the help of the logistic func-
tion, the study analyzes the change in the strength of 
different muscle groups, the results of motor tests, and 
orthostatic test index. The lower asymptote is analyzed 
to determine the optimal duration of using high loads. 
The optimum is determined by formulas (6–8). 

The final stage of the study is to develop a program 
of young gymnasts’ training process for a month and 
for the period of preliminary competitive training. The 
basis of programming is the models of various compo-
nents of the training process. The analysis of the models 
makes it possible to determine the organization of per-
forming training tasks, the optimal time of using the 
means of primary focus, and target indicators of control 
of the training process effectiveness.

The results of the research program implementation 
are the following:

1. Based on the analysis of scientific and meth-
odological literature, the study found that the system 
of young gymnasts’ training includes the following 
elements, the combination of which constitutes the 
method of their training: element I – pedagogical and 
coaching staff; element II – students; element III – edu-
cational organizations; element IV – purpose and tasks 

of training; element V – training plans and programs; 
element VI – training conditions; element VII – ex-
ercise method; element VIII – training loads; element 
IХ – academic staff. 

The types of relations between these elements are 
the following: 1) structural; 2) functioning; 3) develop-
ment; 4) control.

Qualitative changes in the development of youth 
gymnastics result from: the availability of theoretical 
developments in the technique of performing gymnas-
tic exercises;

the increased amount of training work; change in 
technology of teaching gymnastic exercises; change in 
ideas about the possibilities of motor abilities develop-
ment; improved mechanisms of control over the pro-
cess of young gymnasts’ training at all stages; improved 
mechanisms of control over the process of highly-
skilled athletes’ training.

The system of young gymnasts’ training is a com-
ponent of long-term training of athletes and is aimed 
at creating optimal conditions to achieve maximum re-
sults at the stage of higher achievements.

Excessive workload in youth gymnastics creates a 
deadlock situation, the way out of which requires find-
ing the optimal ratio of time for improving sports mas-
tery, the implementation of social programs and leisure 
of children and adolescents.

2. The improvement of the young gymnasts’ train-
ing system requires a comprehensive study on: the state 
of different sides of young gymnasts’ fitness, depending 
on age and period of training; the ratio of time for dif-
ferent types of training in the monthly cycle of train-
ing of gymnasts aged 7–13 in the period of teaching 
movements, motor abilities development and training 
for competitions; organization of training loads during 
classes and a mesocycle at the initial and basic stages 
of young gymnasts’ training; the training process effec-
tiveness, strength, endurance development in different 
modes of training; the possibilities of dividing the target 
training task into separate tasks and allocating them in 
time; a reliable, informative system of control over solv-
ing training tasks and regulation of the training process.

3. The analysis of models of age-related changes in 
the functional state of neuromuscular and cardiovas-
cular systems, sports mastery of gymnasts aged 7–13 
allowed to determine that the athlete model is described 
by a set of parameters that are related to one another 
and characterize the state of long-term period of the 
body’s adaptation to physical activity, which determines 
the effectiveness of training and achievement of compe-
tition readiness.

4. The results that are 0.5S or more higher than the 
average can be taken as model characteristics of young 
gymnasts. The logistic equation describes age-related 
changes in the latent time of motor response, the error 
in differentiating the temporal characteristics of move-
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ment, the absolute strength of the forearm extensors, the 
R-R interval duration, the number of exercises of varying 
complexity learned by gymnasts aged 7–13. A standard 
scale is used to construct possible gradations of assess-
ment and norms of young gymnasts’ functional and mo-
tor fitness. To assess age-related changes in the functional 
and motor fitness indicators growth models are used.

5. The process of training young gymnasts is de-
scribed by a set of models, including: 1) models of age-
related changes in the functional state of neuromuscular 
and cardiovascular systems, sports mastery of gymnasts 
aged 7–13; 2) models of training loads in apparatus ex-
ercises, classes and microcycles of the young gymnasts’ 
training process; 3) models of the process of teaching 
and training young gymnasts.

6. Models of training loads in apparatus exercises, 
classes and microcycles of the young gymnasts’ train-
ing process are divided into: 1) models of change in the 
indicators of young gymnasts’ fitness after the effect of 
exercises (ITE); 2) models of change in the indicators 
of fitness after the effect of exercises in 24 hours (TTE); 
3) models of change in the indicators of fitness under 
the influence of training tasks over a long time period 
(CTE). The 2k full factorial designs are used to obtain 
the models of immediate and delayed training effects. 
To obtain the models of cumulative training effect lo-
gistic and asymptotic functions are used.

7. Training loads can be estimated by amount (for 
immediate training effect) as follows: decreased indica-
tors – high load, unchanged – average load, improved 
indicators – low load. The models of ITE loads make it 
possible to choose, out of multiple variants, the optimal 
one to achieve the planned effectiveness. It is possible to 
use the planned effectiveness loads based on the regulari-
ties of adaptive reactions. The regression equations that 
determine the DTE characterize a change in indicators af-
ter the first training. The dynamics of change in different 
indicators in the microcycle under the influence of high 
loads is described by a logistic function. On the basis of 
logistic equations, it is possible to select control points to 
achieve the planned effectiveness, as well as to determine 
the optimal  number of training sessions to achieve the 
purpose of training. The optimal number of training ses-
sions that consistently use high loads is 2, 3 at the stage 
of initial training; 3, 4 – at the stage of basic training. An 
increased index estimate of the orthostatic test indicates 
the need to proceed to the next type of loads by 30–35%.

8. The correlation between the means of physical 
and technical training and their combination in the 
monthly mesocycle training depends on the processes 
of immediate and long-term stages of young gymnasts’ 
adaptation to physical activity. The ratio of time for 
physical and technical training is determined for each 
monthly mesocycle training session. The duration of 
using the means in the mesocycle is determined based 
on the graphs of a logistic function; in a training ses-

sion – based on the analysis of immediate training ef-
fect of loads of varying focus. The sequence of using 
the means of primary focus is determined based on the 
positive interaction between the delayed, cumulative 
training effect of loads of varying focus.

9. The models of the process of teaching and training 
young gymnasts are divided into: a) models of change 
in training effectiveness depending on young gymnasts’ 
strength, special motor and functional fitness; b) mod-
els of change in training effectiveness depending on 
the number of training sessions with the use of optimal 
loads that provide favorable conditions for mastering 
the movement; c) models of change in the effectiveness 
of competitive activity depending on young gymnasts’ 
competitive loads. To obtain models a) and b), a logistic 
function is used; for models c), the regression equations 
obtained from the analysis of 2k FFD are used.

10. On the basis of models describing the effects of 
primary focus loads on the dynamics of motor and func-
tional fitness indicators, the study determined the period 
for strength development, increase in performance, teach-
ing movement control, teaching gymnastic exercises; it 
was found that the unit of planning the training process 
of young gymnasts is a monthly mesocycle. The most 
important feature of the monthly mesocycle is the com-
pletion of training tasks related to strength development, 
special performance, training and competition readiness.

11. The means of physical training in the monthly 
cycle are divided into units. The mesocycle has two units 
of training loads aimed at the development and imple-
mentation of the cumulative training effect. The first 
unit of loads is aimed at the development and imple-
mentation of adaptive reactions of the neuromuscular 
system (training sessions 1–12). The result of the first 
unit is an increase in strength of corresponding muscle 
groups and special performance. The second unit of 
loads is aimed at the development and implementa-
tion of adaptive reactions of the cardiovascular system 
(training sessions 17–24). The result of the second unit 
is an increase in special performance and the creation of 
preconditions for effective interaction with the effects 
of the first unit of the subsequent mesocycle.

12. The process of young gymnasts’ strength train-
ing can be divided into two closely connected stages. 
The first stage is the formation of an immediate stage of 
adapting the neuromuscular system to strength loads. 
For this, strength loads are used with a recovery period 
of more than 24 hours in 2–3 (gymnasts aged 7–9), 
3–4 (gymnasts aged 12–13) training sessions consecu-
tively. The second stage is the formation of a long-term 
stage of adapting the neuromuscular system to strength 
loads. For this, strength loads are used with a recovery 
period of 24 hours in 3–4 training sessions consecu-
tively. The duration of using strength loads of varying 
focus is determined based on the the analysis of logistic 
and asymptotic functions.
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13. The effectiveness of teaching motor actions is deter-
mined by the decomposition of training tasks on the basis 
of objective adaptive reactions of young gymnasts’ bodies. 
The tasks of motor abilities development, an increase in 
the level of young gymnasts’ special motor and functional 
fitness for mastering gymnastic exercises are solved within 
the framework of training. The procedure for solving the 
tasks and selection of training tasks is as follows: 1) motor 
abilities development, increasing the level of young gym-
nasts’ functional fitness; 2) teaching starting and ending 
positions; 3) teaching actions without which it is impossi-
ble to perform an exercise being studied; 4) teaching move-
ment control and preliminary exercises; 5) teaching the 
whole exercises; 6) increasing the level of young gymnasts’ 
functional fitness; 7) teaching exercises in combination.

14. The effectiveness of young gymnasts’ competi-
tive activity is determined by the decomposition of pre-
competitive training tasks. The procedure for solving 
the tasks, selection and distribution of training tasks is 
as follows: 1) increasing the level of the functional state 
of young gymnasts’ cardiovascular and neuromuscular 
systems; improving the quality of performing combi-
nations; 2) teaching a competitive exercise, improving 
young gymnasts’ technical mastery; 3) increasing the 
level of young gymnasts’ functional fitness.

15. The analysis of the models of young gymnasts’ 
training process at the initial and basic stages of train-
ing allowed to formulate a number of fundamental 
guidelines containing general grounds for allocating 
the means of primary focus in the period of training 
and teaching movements. The fundamental guidelines 
are the basis for programming the training process of 
young gymnasts. The use of programs allows to move 
the indicators characterizing the state of the neuro-
muscular and cardiovascular systems, young gymnasts’ 
technical fitness to the zone of above average estimates, 
while reducing the time of training sessions at the stages 
of initial and basic training by 20% and 40%, respective-
ly. The construction of teaching and training based on 
information models can intensify the training process, 
increase the effectiveness of control over the process of 
teaching and training young gymnasts aged 7–13.

16. The developed conceptual approaches to deter-
mining the normative characteristics of training loads in 
the process of young gymnasts’ training include: analysis 
of the effects of different modes of training on a change 
in the functional state; determination of the optimal in-
crease in the functional state indicators, calculation of a 
mode of training that can ensure the optimal increase in 
the indicators of young gymnasts’ functional state.

Discussion

In the course of the research program implemen-
tation, the study confirmed that training loads can be 
estimated by amount (for immediate training effect) as 

follows: decreased indicators – high load, unchanged – 
average load, improved indicators – low load: (Shlemin, 
1968; Zemskov, 1969; Niyazbekov, 1974; Treshcheva, 
1981; Smolevskiy, & Gaverdovskiy, 1999).

The study’s findings supplement those of Zatsior-
skiy (1969), Petrovskiy (1973, 1976, 1978), Verkho-
shanckiy (1972), Platonov (1980, 1984, 1997, 2004) 
who found that the objects of modeling in the training 
process are the functional state, the level of motor fit-
ness of young gymnasts, and the effects of individual 
exercises, lessons, training cycles. The theory of youth 
sports (Sakhnovskiy, 1997; Nikitushkin, 2005, 2010; 
Serhiienko, 2009) pays more attention to developing 
the athlete model and less attention to the impact mod-
el. The research program tends to consider the athlete 
models and impact models as a whole, impact models 
are central in obtaining information on the develop-
ment of young gymnasts’ training process. 

The development of model characteristics of young 
gymnasts draws on theoretical conclusions formulated 
by Nabatnikova (1982), Fomin, and  Filin (1986). In 
scientific and methodological literature, there is no 
consensus on the definition of sports mastery compo-
nents. Nabatnikova (1982) outlines three models of a 
young athlete: a model of potential sports opportunities 
(sports experience, physical development, functional 
fitness), a model of mastery (general and special physi-
cal fitness, technical, tactical, mental fitness), a com-
petitive model (main indicators of competitive activity 
depending on age characteristics). Mahlo (1986) points 
out that sports mastery is a field of sports activity, the 
components of which are exercise, training, competi-
tion. Schnabel (1986) singles out competitive and train-
ing mastery. Zinner (1987) notes that in sports mastery 
a significant role is played by athletic performance.

In contrast to the above, the study considered the 
following as the models of young gymnasts’ potential 
athletic possibilities: latent time of motor response, 
indicators of movement control, maximum strength 
of the forearm extensors. Such different opinions are 
based on the fact that moving indicators to the zone 
of above average estimates promotes mastering the ele-
ments of increased complexity. That is, they point to 
the potential possibilities for improving sports mastery, 
the readiness to learn complex movements. The model 
of sports mastery is the number of increased complex-
ity groups according to the years of study. The studies 
by Shlemin (1968), Shlemin, and Petrov (1977), Rozin 
(1979) indicate the importance of determining the num-
ber of available movements. However, Shlemin (1968), 
Shlemin, and Petrov (1977) note the age-related changes 
in the possibility of teaching motor actions, and Rozin 
(1979) indicates the approximate number of elements 
for promising gymnasts to master. In contrast to the data 
presented in scientific and methodological literature, the 
study obtained models of increased number of mastered 
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exercises of groups A, B, C depending on young gym-
nasts’ age. They can be used as nomograms to determine 
the level of sports mastery of young gymnasts aged 7–13.

The above indicators characterize the development 
of motor function of young gymnasts aged 7–13. These 
data extend those of Shlemin (1968) about the develop-
ment of motor function in children and adolescents 
under the influence of gymnastics and are the basis for 
gradual control over the development of motor func-
tion in gymnasts aged 7–13, supplement the findings 
of Godik (1980, 1982), Zaporozhanov, and Zatsiorskiy 
(1968), Lebedev (1981), Platonov (1997, 2004) about 
pedagogical control in sports, and that the key point 
of pedagogical control is to assess the state of motor 
function as a leading factor that ensures the growth of 
athletes’ sports and technical mastery.

The novelty is fundamental guidelines on program-
ming the training process, based on the analysis of the 
models of young gymnasts’ training process at the ini-
tial and basic stages of training, which contain general 
grounds for allocating the means of primary focus in 
the period of teaching and training young gymnasts. 

As a result of analyzing the training models, the 
study obtained new information on the ratio of time for 
different types of training during the monthly cycle of 
teaching gymnasts aged 7–10, 11–13 years. The study 
found that the correlation of means of varying focus 
and their combination in the training session are de-
termined through the objective processes of immediate 
and long-term stages of the body’s adaptation. Similar 
data were obtained for the stage of preliminary com-
petitive training of young gymnasts.

The novelty of these findings is the following:
1) In contrast to the data of Shlemin (1968), 

Shlemin, and Petrov (1977), Rozin (1979), Son (1976), 
Kirillov (1983), the ratio of time for different types of 
training in every training session of the monthly cycle 
was determined;

2) In contrast to Son (1976), Shlemin, and  Petrov 
(1977), Kirillov (1983), the means of varying focus are 
used in a concentrated way.

The novelty is the information on the optimal or-
ganization of training loads in training sessions and 
mesocycles at the initial and basic stages of young gym-
nasts’ training, which differ from others in the num-
ber of training sessions with high loads and their con-
centrated distribution. The application of variability of 
training loads in the mesocycle and individual training 
sessions helps to move the indicators characterizing the 
state of young gymnasts’ neuromuscular and cardiovas-
cular systems to the zone of above average estimates. 
The above data differ from those of Niyazbekov (1974) 
both in the number of training sessions with high loads 
and their concentrated distribution.

The novelty in the method of strength develop-
ment in young gymnasts is the concentrated use of 

strength loads with different recovery periods in the 
optimal time interval. There are two approaches in the 
theory of strength development: 1) in the process of 
strength development, every repetitive strength load 
must be performed in the super-compensation phase 
(Matveev, 1999; Platonov, 1997, 2004); 2) in the pro-
cess of strength development during a long stage (2–2.5 
months), strength loads are used in the under-compen-
sation phase (Verkhoshanskiy, 1988, 1985; Goncharova,  
Balashova, & Korzhenevskiy, 1985; Levchenko, 1984). 
As a result of implementing the research program, the 
study substantiated the possibility of combining the two 
approaches to develop a strategy of strength develop-
ment in young gymnasts. The prerequisite for combin-
ing the two approaches in strength development are 
the works by Korobkov (1980), Meerson (1978, 1981), 
Platonov (2004), Romanenko (2005) about the develop-
ment of adaptation reactions. Thus, the development of 
adaptation reactions begins with dyscrasia, imbalance 
between function and structure. One way to achieve 
these changes is to use repetitive loads in the under-com-
pensation phase. In contrast to Verkhoshanskiy (1988), 
strength loads in the under-compensation phase are ap-
plied over a short time interval (2–4 training sessions). 
It was found that a combined method using the means 
appropriate for the mode of motor apparatus training 
in the conditions of young gymnasts’ sports activity is 
effective for the development of maximum strength. 
This broadens the idea of the possibility to develop 
maximum strength in young gymnasts. This approach 
differs from the data of Hauptmanna, Harre (1983) ac-
cording to which the basic condition for the develop-
ment of maximum strength is dynamic strength train-
ing with a weight of 80–100% of maximum effort. An 
important issue in strength training is the development 
of speed strength in young gymnasts. Thus, for speed 
strength development Menkhin (1996) suggests one of 
the variants of three sets of push-ups with a weight of 
50–75% of maximum strength of extensors, with maxi-
mum speed until fatigue occurs. Unlike the proposed 
method, speed strength developed after increasing 
maximum strength, the number of sets and repetitions 
per set was limited, as well as the number of consecutive 
training sessions for speed strength development. Such 
a structure of speed strength training is conditioned by 
the dependence between maximum and speed strength, 
and also by the dependences of: 1) change in the time 
of performing a single movement on the number of 
repetitions per set; 2) reduction of time of perform-
ing push-ups on the number of sets; 3) reduction of 
time of performing push-ups on the number of training 
sessions. It was found that the use of strength loads of 
varying amount and focus during 10–12 training ses-
sions allows to increase the strength of a muscle group 
by 30–60%, to increase speed strength by 20–35%, to 
reduce by half the training time for strength develop-
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ment. This supplements the findings of Volkov (1970) 
about the duration of strength development period in 
gymnasts; findings of Rozin (1970), Shlemin (1973), 
Menkhin (1996, 1997) about strength development in 
gymnasts; Menkhin (1989) about speed strength devel-
opment, as well as the findings of Platonov, and Bula-
tova (1995), Verkhoshanskiy (1988), Zatsiorskiy (1969, 
1970), Kazaryan (1975), Filin (1974), Harre, Haupt-
manna (1983), Mahlo (1986), Harre, Leopolda (1986), 
Paerisch (1961) about strength development in athletes.

The novelty is the substantiation of factorial designs 
to study the influence of modes of alternation of exer-
cises and rest on the effectiveness of motor abilities and 
motor skills development in young gymnasts.

The effectiveness of the proposed research pro-
gram was confirmed by the positive results published 
in papers by Khudolii, and Iermakov (2011), Khudolii 
(2012), Khudolii, Ivashchenko, Iermakov, and Rumba 
(2016).

Thus, this research program in the field of modeling 
the process of young gymnasts’ training creates condi-
tions for finding new resources to improve the effective-
ness of young gymnasts’ training, to obtain information 
for the development of expert systems.

Conclusions

The developed research program makes it possible 
to define the regularities of the process of motor abilities 
development, teaching gymnastic exercises, and train-
ing for competitions; to obtain models of the young 
gymnasts’ training process. As a result of implementing 
the research program, the study substantiated factorial 
designs for studying the influence of modes of alterna-
tion of exercises and rest on the effectiveness of motor 
abilities and motor skills development, and the effec-
tiveness of training young gymnasts for competitions.
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Мета дослідження – обґрунтувати 
теоретико-методичні засади, концепцію програми 
дослідження навчально-тренувального процесу на 
основі моделювання окремих компонентів системи 
підготовки юних гімнастів.

Матеріали і методи. У дослідженні прийняли 
участь: 30 гімнастів – III д.р., 30 гімнастів – II д.р., 26 
гімнастів – I д.р.  Юні гімнасти, які приймали участь 
в експерименті, виконали спортивні розряди від 1 
до майстра спорту (1 р. – 18 чол., кмс – 15 чол.; мс 
– 12), ставали переможцями змагань різного рангу. 

Для обґрунтування програми дослідження 
використано такі методи: моделювання, систем-
ний підхід, методи теоретичного аналізу та уза-
гальнення для виявлення сутності, провідних 
тенденцій розвитку системи підготовки юних 
гімнастів та визначення теоретичних передумов і 
методологічних підходів її подальшого удоскона-
лення; педагогічне тестування, методи реєстра-
ції сенсомоторних реакцій, методи реєстрації 
стану серцево-судинної системи, спостереження 

і педагогічний експеримент для визначення мо-
дельних характеристик юних гімнастів, режимів 
тренувальних навантажень; методи математич-
ного аналізу (логістична і асимптотична функції) 
для визначення закономірностей розміщення за-
собів переважної спрямованості у період розви-
тку рухових здібностей, навчання гімнастичних 
вправ і підготовки до змагань; математичні мето-
ди планування багатофакторних експериментів 
для вивчення закономірностей розвитку рухових 
здібностей, процесу навчання і підготовки до 
змагань. Отриманий експериментальний матері-
ал підлягав статистичній обробці з використан-
ням пакетів прикладних програм статистичної 
обробки даних (SPSS 20).

Результати. Розроблені концептуальні підходи 
до визначення нормативних характеристик трену-
вальних навантажень в процесі підготовки юних 
гімнастів включають: аналіз впливу різних режимів 
роботи на зміну функціонального стану; визначен-
ня оптимального кроку приросту показників функ-
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Цель исследования – обосновать тео-
ретико-методические основы, концепцию програм-
мы исследования учебно-тренировочного процесса 
на основе моделирования отдельных компонентов 
системы подготовки юных гимнастов.

Материалы и методы. В исследовании приняли 
участие 30 гимнастов – III д.р., 30 гимнастов – II 
д.р., 26 гимнастов – I д.р. Юные гимнасты, прини-
мавших участие в эксперименте, выполнили спор-
тивные разряды от 1 до мастера спорта (1 р.  – 18 
чел., КМС – 15 чел.; мс – 12), становились победите-
лями соревнований различного ранга.

Для обоснования программы исследования 
использованы следующие методы: моделирование, 
системный подход, методы теоретического анали-
за и обобщения для выявления сущности, ведущих 
тенденций развития системы подготовки юных гим-
настов и определения теоретических предпосылок 
и методологических подходов дальнейшего усовер-
шенствования; педагогическое тестирование, мето-
ды регистрации сенсомоторных реакций, методы 
регистрации состояния сердечно-сосудистой систе-
мы; наблюдение и педагогический эксперимент для 
определения модельных характеристик юных гимна-
стов, режимов тренировочных нагрузок; методы ма-
тематического анализа (логистическая и асимптоти-
ческая функции) для определения закономерностей 
размещения средств преимущественной направлен-
ности в период развития двигательных способно-
стей, обучения гимнастических упражнений и под
готовки к соревнованиям; математические методы 
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планирования многофакторных экспериментов для 
изучения закономерностей развития двигательных 
способностей, процесса обучения и подготовки к 
соревнованиям. Полученный экспериментальный 
материал подлежал статистической обработке с ис-
пользованием пакетов прикладных программ стати-
стической обработки данных (SPSS 20).

Результаты. Разработанные концептуальные 
подходы к определению нормативных характе-
ристик тренировочных нагрузок в процессе под-
готовки юных гимнастов включают: анализ вли-
яния различных режимов работы на изменение 
функционального состояния; определение опти-
мального шага прироста показателей функциональ-
ного состояния, расчет режима работы, который 
обеспечивает оптимальный прирост показателей 
функционального состояния юных гимнастов.

Выводы. Разработана программа исследования 
позволяет определить закономерности процесса раз-
вития двигательных способностей, обучения гимна-
стических упражнений и подготовки к соревнова-
ниям; получить модели процесса подготовки юных 
гимнастов. В результате реализации программы ис-
следования обоснованы планы факторных экспери-
ментов для изучения влияния режимов чередования 
упражнений и отдыха на эффективность развития 
двигательных способностей, формирование двига-
тельных навыков у юных гимнастов и эффектив-
ность подготовки к соревнованиям.

Ключевые слова: программа исследования, мо-
делирование, процесс подготовки, юные гимнасты.
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ціонального стану, розрахунок режиму роботи, 
який забезпечує оптимальний приріст показників 
функціонального стану юних гімнастів.

Висновки. Розроблена програма дослідження 
дозволяє визначити закономірності процесу роз-
витку рухових здібностей, навчання гімнастичних 
вправ і підготовки до змагань; отримати моделі 
процесу підготовки юних гімнастів. У результаті 

реалізації програми дослідження обґрунтовані пла-
ни факторних експериментів для вивчення впливу 
режимів чергування вправ і відпочинку на ефек-
тивність розвитку рухових здібностей, формуван-
ня рухових навичок у юних гімнастів і ефективність 
підготовки до змагань.

Ключові слова: програма дослідження, моде-
лювання, процес підготовки, юні гімнасти.


