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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.

Introduction is associated with methodology and the use of math-

ematical statistics (Myers, Lee, & Kostelis, 2018).

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
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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 —
Ist senior category. Young gymnasts participating in
the experiment received athletic titles from the 1st cat-
egory to master of sports (Ist 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
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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;

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

Indicators of young gymnasts’ functional
fitness.

2 To determine young gymnasts model Pedagogical  testing,  reflexometry, Indicators of young gymnasts motor
characteristics polydynamometry, correlation fitness.

rhythmography and variational Indicators of young gymnasts’ functional
pulsometry. Methods of mathematical fitness
analysis: logistic function

3 To determine models of loads of Mathematical methods of planning Level of proficiency in exercises.
immediate training effect (ITE) and multifactorial experiments Grade for performing the exercise.
delayed training effect (DTE) Indicators of the functional state of

neuromuscular  and  cardiovascular
systems

4 To determine the effects of different Pedagogical  testing,  reflexometry, Indicators of the functional state of
training modes on a change in the polydynamometry, correlation neuromuscular and  cardiovascular
functional state of young gymnasts rhythmography and variational systems
bodies pulsometry. Methods of mathematical

analysis; analysis of variance.

5 To determine srtength loads models of Polydynamometry, 2k factorial design Absolute strength.
ITE and DTE Speed strength

6 To determine the duration of using high Methods of mathematical analysis: Indicators of the functional state of
loads logistic function young gymnasts neuromuscular and

cardiovascular systems.

7 To determine the duration of using Methods of mathematical analysis: Strength of different muscle groups.
strength loads of varying amount and logistic and asymptotic functions Speed strength
focus

8 To determine models of teaching motor Methods of mathematical analysis: Level of proficiency.
actions and movement control. logistic and asymptotic functions Minimum increase in the movement

amplitude.
Grade for performing the exercise.

9 To determine the regularities of Methods of mathematical analysis: Indicators of the functional state of
allocating the means of primary focus logistic and asymptotic functions. neuromuscular and cardiovascular
when teaching movements and training Factorial design systems.
young gymnasts Level of proficiency in exercises.

Grade for performing the exercise.
Strength of different muscle groups.
Speed strength

10 To determine the regularities of Methods of mathematical analysis: Grade for performing combinations.
allocating the means of primary focus logistic function Strength of different muscle groups.
during preliminary competitive training Speed strength.
of young gymnasts Indicators of orthostatic test

11 To determine models of preliminary Methods of mathematical analysis: Grade for performing combinations.

competitive training of young gymnasts

logistic function. Factorial design

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, 2* multifactorial designs.
The result of tasks 3, 5, 9, 11 is the following models:

Y=b+bx +bx +bxx, (1)
where Y is the effectiveness of the young gymnasts’
training process, x, is the amount in elements, x, is the

rest interval, x; is the total time of apparatus activity
(30 min). Based on the enumeration of x, and x, 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:
=[A/1+10Em+9] + C (2)

where Y is the effectiveness of teaching motor actions,
X is the number of training sessions held since the be-
ginning of teaching the motor action, A is the distance
between the upper (A-C) and lower (C) asymptotes,
C is the lower asymptote, the point where the training
begins; a, 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:

Y =Y +0632(A+C-Y) (3)
iy = 0-117(A+C-Y)) (4)
o= Yo +0.632Z (5)
where Y - top optlmum Z — zone of top op-
timum, Sf; function’s value in the point of bending
(am/b),
Y ,=Y +0.368 (Y -C) (6)
aptdogs =0.117(Y, - C) (7)
=Y, +0.368Z (8)
whereY opt2 ~ LOP optlmum Z zone of top optimum,

Y - functlons value in the pg)Puit of bending (am/b)

_={lglA/(Y, -C)-1]-am}/b  (9)
={lglA/(Y_, -C)-1] —am}/b  (10)
where X and X . 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
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of training; element V - training plans and programs;
element VI - training conditions; element VII - ex-
ercise method; element VIII - training loads; element
IX - academic staft.

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-Rinterval 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-
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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 2* 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
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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
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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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MPOrPAMA AOCNIAXKEHHA: MOAEJIIOBAHHA
MPOLECY MIATOTOBKU IOHUX TIMHACTIB

Xymomiit O.M.

XapkiBcpKMil HallioHaIbHMIT efaroriyHmii yHisepcuret imMeHi I.C. CkoBoponu

Pedepar. Crarrs: 10 c., 1 Tabm1., 71 mxepero.

Mera pocmifKeHHA — OOIPYHTYBaTH
TEOPETUKO-METOLMNYHI 3acaiyl, KOHLEIILII0 IIporpamu
TOCTiIPKEHHA HaBYa/IbHO-TPEHYBA/IBHOTO IIPOLIECY Ha
OCHOBIi MOJIENIIOBAHHSA OKPEMUX KOMIIOHEHTIB CHCTEMU
HiITOTOBKM IOHUX I'iMHACTiB.

Marepianu i MeTopu. Y JDOCTipKeHHI PUITHSIN
y4dactb: 30 rimHacTiB - III 1.p., 30 rimuacTis - II #.p., 26
riMHacTiB - I #.p. IOHi rimHacTy, AKi npuiiManu y4acTb
B €KCIIEPMMEHTI, BUKOHA/IM CIIOPTUBHI po3pAmu Bif 1
mo Maiictpa cropty (1 p. — 18 4o, kmc — 15 4om.; Mc
- 12), craBanmu nepeMoK1AMI 3MaraHb Pi3HOTO PaHTY.

IIns oOIpyHTYBaHHS HpOTpaMU ROCTifKeHH:A
BUKOPUCTAHO TaKi MeTOAU: MOJENIOBAHHA, CUCTEM-
HMI MifXiJ, MeTOAM TEOPETUYHOIO aHaJli3y Ta ys3a-
rajJlbHEHHA [I/1d BUABJIIEHHA CYTHOCTi, IPOBiJHUX
TEHJEHLil pO3BUTKY CUCTEMM IiJiTOTOBKM HOHUX
riMHacCTiB Ta BU3HAUYeHHA TEOPETUYHMX IePefyMoB i
METOJO/IOTiYHMX MiAXOMAIB II MOAANbIIOTO YOCKOHA-
JIeHHA; IIeflaroriyie TeCTyBaHHHA, METOIM peECTpa-
il CEHCOMOTOPHUX peaKLill, METOAM peecTpanii
CTaHY CEpLEBO-CYIMHHOI CUCTEMM, CIIOCTEPEKEHH

TM®B, 2019, Tom 19, Ne 4

i memaroriyHmMii eKCIepuMEHT A1 BU3HAYEHHS MO-
TeIbHUX XapaKTePUCTUK IOHUX TiMHACTiB, peXXUMiB
TpeHyBa/JIbHUX HaBaHTa)KeHb; METOAM MaTeMaTU4-
HOTO aHasi3y (JorictmyHa i acuMnToTN4Ha QyHKIIiI)
I/14 BU3HAY€HHA 3aKOHOMIpPHOCTEN pO3MIillleHHA 3a-
co6iB mepeBa)KHOI CIIPSAMOBAHOCTI Y Iepiof po3BU-
TKY PYXOBUX 3Ji06HOCTell, HABYaHHS TiMHACTUYHUX
BIIPAB 1 NifTOTOBKM [0 3MaraHb; MaTeMaTU4YHi METO-
IV TUIaHYBaHHA 6aratoakTOPHUX eKCIepPUMEHTIB
IJI BUBYEHHS 3aKOHOMIPHOCTEN PO3BUTKY PYXOBMX
3/i6HOCTeIl, MpolleCy HaBYaHHSA i MiATOTOBKM MO
3maraHb. OTpuMaHMIl eKCIepUMMeHTaNIbHUII MaTepi-
a7 migAraB CTaTUCTUYHIN 06poOIi 3 BUKOPUCTAH-
HAM MaKeTiB MPUKIafHUX IpPOrpaM CTAaTUCTUYHOI
06po6ku manux (SPSS 20).

Pesynpratu. Po3po6eHi KOHLleNTya/IbHi MigX0au
[0 BU3HAYEHHA HOPMATMBHMX XapaKTEPUCTUK TPEHY-
Ba/JIbHUX HAaBaHTa)X€Hb B IpoLleci MiITOTOBKY IOHUX
riMHaCTiB BK/IIOYAIOTh: aHAJIi3 BIUIMBY Pi3HUX peXXNMiB
po60Ty Ha 3MiHY QYHKIIIOHA/IbHOTO CTaHY; BY3HAYeH-
HS OIITUMAJIbHOTO KPOKY IIPUPOCTY NMOKA3HUKIB PyHK-
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I1iOHa/IBHOTO CTaHYy, PO3PAaXyHOK peXumy poboru,
AKUI 3abe3Iedye ONTYMATIbHUI NIPUPICT ITOKa3HUKIB
(bYHKIIIOHAIbHOTO CTaHY IOHMX FiMHACTIB.

BucuoBku. Po3pob6nena mporpama JOCTiIKeHHS
J03BOJIA€ BU3HAYUTY 3aKOHOMIPHOCTI IIpoLecy pos-
BUTKY PYXOBMX 3[i0HOCTel, HABYAaHHs TiMHACTUYHMX
BIIPaB i MiJTOTOBKU 10 3MaraHb; OTPUMATU MOJeEi
IpoLeCy IMiJrOTOBKYM IOHUX TiMHACTiB. Y pesynbraTi

peaisauii mporpamu JOC/IiKeHHA 00T PyHTOBaH] I1a-
HY (PaKTOPHUX eKCIePVMEHTIB /Il BUBUYCHHS BIUINBY
peXuMiB YepryBaHHS BIIPaB i BiIOYNMHKY Ha edek-
TUBHICTb PO3BUTKY PYXOBUX 3Ai0HOCTeI, GOpMyBaH-
Hs1 PyXOBUX HaBUYOK Y IOHMX FiMHACTiB i epeKTUBHICTD
IiATOTOBKY JIO 3MaraHb.

Kiro4oBi cnoBa: mporpama oCIiKeHHs, MOfie-
JIIOBAaHHSA, NIPOLIeC MiITOTOBKY, FOHI IiMHACTH.

NMPOrPAMMA UCCNIEAOBAHUA: MOAENTNPOBAHUE
MPOLECCA NOATrOTOBKU IOHbIX TMMHACTOB

Xypomneit O.H.

XapbKOBCKIII HAallMOHA/IbHbIN Neflarorndecknii yausepcuteT umenn I.C. CkoBopozbl

Pegepar. Cratbst: 10 c., 1 Tabm1., 71 MCTOYHUK.

ITens nccepoBanmsA — 060CHOBATDH TEO-
PEeTUKO-METOAMYECKIE OCHOBDI, KOHLIEIILINIO IIPOTPaM-
MBI MICCTIeIOBaHMA Y4eOHO-TPEHNPOBOYHOTO ITPOIiecca
Ha OCHOBE MOJIeIMPOBaHMA OTHEIbHbIX KOMIIOHEHTOB
CHUICTEMBI TOATOTOBKY IOHBIX ITIMHACTOB.

Matepuanpl M METOABI. B rccenoBaHuy NpUHAIN
ydactue 30 rumHacrtos — III g.p., 30 rumnacToB — II
I.p., 26 ruMHacTOB — I 1.p. IOHBIEe TMMHACTBI, IPUHN-
MaBIIMX YYaCTHe B 9KCIIEPUMEHTE, BBIIIOTHNU/IN CIIOP-
TUBHBIE pa3psnsl oT 1 1o macrepa cnopra (1 p. — 18
yeil., KMC - 15 4en.; Mc — 12), cTaHOBUINCH TOOeuTe-
JIAMU COPEBHOBAHMII PA3IMYHOTO PaHra.

ns o6ocHOBaHUA HpOrpaMMBbl MCCIELOBAHUA
MCIIONIb30BaHbI C/IeyIOlINe METOAbL: MOENINpOBaHue,
CUCTEMHBIV TOAXOf, METOAbI TEOPETUIECKOTO aHATIN-
3a 1 00001eHNs /IS BBLIB/IEHMS CYLIHOCTY, BETYIINX
TEHJEHII pa3sBUTHA CYCTEMBI TOATOTOBKY IOHBIX I'VIM-
HAacCTOB ¥ OIpeJeNeHNs TEOPETUIECKNX MPENIOCHIIOK
Y METOJOJIOTMYECKMX TTOJXONOB Ja/lbHENIIErO yCOBEp-
IIEHCTBOBAHNs; TIElarOTMYECKOe TeCTUPOBaHNe, METO-
OBl PErMCTpaly CEHCOMOTOPHBIX peaKIil, METOMbI
perucTpauym COCTOSHUA CEPHEeYHO-COCYSUCTON CUCTe-
MBI; HaOJIIOfIeHNe 1 TIeiarOrM4ecKmil 9KCIIePUMEHT IS
oIIpefieNieH sl MOZIe/IbHBIX XapaKTepUCTUK IOHBIX TMIMHA-
CTOB, PEXVMMOB TPEHMPOBOYHbBIX HaTPY30K; METOZbI Ma-
TEMATIIeCKOTo aHa/mm3a (JIOTUCTIYecKas ¥ aCUMIITOTH-
4ecKas QpyHKUUM) I ONpee/leHNs] 3aKOHOMEPHOCTel
pasMelleHnsA CPEACTB MIPENMYIIECTBEHHO HallpaBJIeH-
HOCTU B IIEPMOJ, PasBUTHUA [BUTATENIbHBIX CIIOCOOHO-
cTeit, 06y4eHNsI TUMHACTUYECKUX YIPOKHEHNUIT Y TOJ-
TOTOBKM K COPEBHOBAHMAM; MaTeMaTUYECKIE METOMbI

IUIAHMPOBAHVsI MHOTO(MAKTOPHBIX 9KCIIEPUMMEHTOB /IS
M3Y4YEHNA 3aKOHOMEPHOCTEN PasBUTUA JBUTATEIbHBIX
CIIOCOOHOCTEI, Tpoliecca 00yYeHUs U MOATOTOBKM K
copeBHOBaHMAM. Ilo/yd4eHHDbINI 9KCIIEpUMEHTAIbHBIN
Marepuas MOMIeKan CTaTUCTUYeCKO 00paboTKe ¢ mc-
MO/Ib30BaHIEM ITAKeTOB IIPUKIATHBIX IPOrPaMM CTaTU-
CTHYeCKoit 06paboTku maHHbIxX (SPSS 20).

PesynbpraThbl. PaspaboTaHHBIe KOHIIENITyaIbHbIE
MOAXOAbl K ONpefe/eHNI0 HOPMAaTUBHBIX XapaKTe-
PUCTUK TPEHMPOBOYHBIX HAarPy30K B IIpouecce Moj-
TOTOBKM IOHBIX TMMHACTOB BK/IIOYAIOT: aHA/N3 BIIN-
SHUSL Pa3INYHBIX PEXUMOB pabOThl Ha M3MEHEHMe
(YHKIIVIOHAIBHOTO COCTOSIHUSA; OIpefie/ieHNe OITH-
MaJIbHOTO IlIara IPYpPOCTa oKa3arenell QyHKIMOHAIb-
HOTO COCTOSIHMSI, pacueT peXXuMa paboThl, KOTOPHI
obecneurBaeT ONTUMAIbHBI MIPUPOCT MOKa3aTenei
(YHKIMOHA/IBHOTO COCTOSTHIS I0HBIX TMMHACTOB.

BoiBogsl. Paspaborana mporpaMma MCCIeOBaHNMA
MO3BOJIAIET OIPEENNTh 3aKOHOMEPHOCTY IIPOLecca pas-
BUTWS JBUTATe/IbHBIX CHOCOOHOCTEl, 00yYeHNs TMMHa-
CTUYECKVUX YIPAKHEHMI! U IOATOTOBKU K COPEBHOBA-
HIAM; TIOYYUTh MOJE/N IIPOLEcca IOATOTOBKY OHBIX
TMMHAcTOB. B pe3ynbraTe peammusanyy IporpaMMbl Jc-
ClieloBaHUsI 000CHOBAHBI TTAHBI PAKTOPHBIX IKCIIEPH-
MEHTOB [I/Is1 U3Y4eHN BIVAHNA PEXVMOB YepelOBaHNA
YIIpaXHEHWIT ¥ OTABIXA Ha 3((eKTUBHOCTb PasBUTHUA
IBUTATENbHBIX CIIOCOOHOCTEN, GOPMUPOBAHIE [BUTra-
TE/IbHBIX HAaBBIKOB y IOHBIX TMMHACTOB U 9 deKTus-
HOCTb ITOATOTOBKY K COPEBHOBAHMAM.

KnroueBble crroBa: IporpaMma 1ccIefloBaHUs, MO-
TenMpoBaHNe, IIPOLeCC IOATOTOBKY, IOHbIE TMMHACTBHL.
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