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Introduction. In most sports, the increase of athletic performance is largely due to the improvement of
sport and technical skill [3, 10].

At present this process is closely related to the development and implementation of more effective and
efficient models of sports technique into the training process [7, 8]. A method of modelling is widely applied
in sports practice for solving this problem.

There are many definitions of the term «modelling» in scientific literature. In its broadest sense, the
modelling can be defined as a study of the objects of cognition, which involves the construction and study of
models of rea objects, processes or phenomena in order to obtain an explanation for these phenomena, as
well as to predict the phenomena of interest to the researcher. Currently, alot of data on the development of
models of sports technique is accumulated. However, the question of systematization and generalization of
the main trends and approaches of modelling techniques of motor actions, and finding the most popular
among them is still attracting the interest of scientists.

The aim of the study was to present the main directions and approaches of modelling of sports
technique based on the literature data.

Methods of investigation: To address this goal, we used the method of analysis and generalization of
data of specialized scientific and methodological literature and experience of best practice.

Results of investigation and discussion. The data of specialized scientific and methodological
literature suggests that at present there is no single classification of modelling approaches. As noted by some
experts[1, 2, 6] classification can be carried out by using the characteristics of the models, the nature of the
simulated objects, and the application areas of modelling.

For example, the author [6] notes that the simulation may have a mental or material nature, and
therefore encourages al kinds of modelling in sport-educational practices to be divided into three main
groups: mental ideal-theoreticd modelling, material realistic and practical modelling, and aggregation
modelling. At the same time, each group consists of appropriate methods of modelling. These methods
include: visual modelling (mental images, hypothesis); symbolic modelling (block diagrams, flowcharts,
graphs and graphic plans, schedules, biocharts, etc.); mathematical modelling (perform the function of
forecasting and calculating the likely parameters of exercises with new properties); prototype modelling (to
test hypotheses or theoretical positions); physical modelling (reflection of physical similarity of processes);
analogue digital (mixed-mode) modelling (based on the isomorphism of mathematical equations); simulation
(the creation of asimulation model in the form of a computer program); computer modelling.

It should be noted a so that the most frequently used in practice is modelling of motor actions technique
based on a comparative biomechanical anaysis of sport movements in athletes of different skills, which
involves the use of so-called discriminative features, i.e. those which change regularly with increasing
sportsmanship and differ in athletes of different skills[3].

Regardless of the modelling method, the process must be constructed according to the criteria of
similarity. It should aso be guided by a particular dgorithm of modelling. R. Ballreich, W. Baumann, 1996 [1]
recommends to divide the modelling process into three main steps: formulation of the problem, development
of the model, its evaluation and simulation. In addition, the author notes that for modelling it is necessary to
define the concept and form of the model.

However, as shown by the literature data, scientists in the process of their own experimental work use
by themselves and recommend to others to use a particular way of modelling, considering it the most
effective. Examples of successful use of certain modelling methods are presented below.

For example, in gymnastics when performing a variety of jump elements athlete is subjected to heavy
loads that largely responsible for the premature wearing out of interarticular cartilages, one function of which
is to reduce the impact. In this regard, the definition of internal loadings in athlete motor system arising at the
time of landing, according to K. Gruber, H. Ruder, J. Denoth, K. Schneider, 1998 [4], is one of the important
tasks of biomechanica studies. The solution to this problem the authors see in the possibilities of computer
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simulation. Their believe that the accuracy of calculations depends on the correctness of construction of the
model which represents the athlete’ s body.

To determine the internal forces acting on the athlete's body at the time of landing, and for the
calculation of the model, the authors used a special kind of direct dynamics. This kind of anaysis involves
the development and introduction of a system of mathematical equations to determine the torques in the
joints and the support reaction. The accuracy of the information obtained were determined by comparing and
multiple «adjustment» of simulated motion to observed execution of motor actions (Fig. 1).

Fig. 1. Comparison of the model with the real performance of motor actions by gymnast [4]

According to Khaled M. Zahran, 2003 [5] the use of computer simulation in the practice of athletic
training of weightliftersis one of the most promising ways to increase and improve sports equipment. The
author notes that the technique of each specific competitive exerciseisindividud. It is largely determined by
the body size and several anthropometric data of athlete, which means that such important biomechanical
characterigtics of gports technique as the trgjectory of the athlete's centre of mass and the bar in the sagittal
plane will aso be unique. Therefore, the solution of this issue carried out by means of obtaining quantitative
indices of competitive exercise performance using optical and optoelectronic registration systems, followed
by the computer simulation (Fig. 2).
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Fig. 2. Biomechanical model of the «weightlifter-barbell system» [5]

The authors [9] believed that one of the best ways to describe the technique of motor actions of athlete
as an autonomous system is their presentation in the form of a system of differentia equations. On the
example of gymnastic exercise (back giant) by using the method of optimal control of dynamic systems,
namely the method of local variations, the authors presented the most effective technique of the exercise
under study.

In the study of race walking technique [3] it was found that the locomotor act may be carried out by the
method of repulsion and attraction/repulsion from the support. Justifying an experimental model of race
walking technique by the method of attraction/repulsion, the author notes its advantages over other known
methods. In particular, there is no braking phase in the motion of the body center of mass in the horizontal
component of support reaction when walking by the method of attraction/repulsion (Fig. 3).
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Fig. 3. Vector plot of resultant support reaction when walking by the method
of repulsion (A) and attraction/repulsion (B) [ 3]

Conclusions. Most researchers have no doubt on the need for modeling of sports technique, in
particular technique of physical exercises, in sports training. Modelling method is widely used in sports
practice that allows to expand understanding of the phenomenon under study, as well as make adjustments
and changes in educational -training process.

Currently, a number of authors proposed various classifications of modelling methods of sports
technique. Although there is no unified classification, expert opinion has no contradictions on the subject,
but only complement each other.

The literature data revealed that across a variety of different methods of sports technique modelling,
some of the most recent and most popular methods are simulation and computer modelling. Their use make
it possible to carry out comparative biomechanical analysis with subsequent development of average group,
qualification, and individual models of sports technique.
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Annotations

Improvement of sports and technical skill is connected with development and introduction in educational and
training process of the most rational samples of sports technique. Dug out there is a question of ordering and
generalization of the main directions and approaches of technique modeling. A research objectiveis to present the main
directions and approaches of sports technique modeling on the basis of special literature data. It is established that
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now there is no uniform classification of modeling types. Ways of modeling it is necessary to carry to the most
widespread are evident, symbolical, mathematical, natural, physical, analog-digital, imitating, computer.
Key words: modelling, motor action, technique.

HO0pii Jlumeunenko. CyuacHi nioxo0u 00 M00en108aHHA HIEXHIKU PYX08UX Oill Y CnOpmi 6ULIUX 00CAZHEHD.
Yoockonanenusi cnopmusrno-mexuiunoi maticmepHocmi nog' a3ane 3 po3pooOKoI0 Ui YNpoB8AONCEHHAM V HABUANbHO-Mpe-
HY8AbHULL NpOYec HAUOLIbUL PAYIOHANbHUX 3PA3KIE CNOPMUGHOI meXHIKU. Biopumum 3aiuuaemscsa numanHs cucme-
Mamuzayii ma y3a2anibHenHs OCHOGHUX HANPAMIG | nioxo0ie modeniosants mexmiku. Mema 0ocnioxcenHs — Ha niocmaei
Oanux cheyianbHoi nimepamypu Npeocmasumu OCHO8HI HANPAMU mMda NIOXOOU MOOeN08AHHA CNOPMUBHOI MEXHIKU.
Yemanosneno, wo cboeooui ne icnye eounoi knacugixayii eudie mooenosants. [Jo HauOiibw nowupenux cnocoois
MOOen08ants Ci0 8i0HeCmu HAOUHE, CUMBOAIUHE, MameMamuyne, Hamyphe, Qisuune, anaroco-yugpose, inimayiine,
Komn' tomepHe.

Knrouosi cnosa: modeniosanns, pyxoea 0is, mexHiKa.

TOpuii JTlumeunenxo. Cospemennvle n00X00bl MOOCIUPOBAHUL_MEXHUKU_08U2AMEIbLHLIX OeliCIEUIL 8 Chopme
gvicuiux_oocmudcenuii. Cogepuiencmaosanie CROPMUBHO-MEXHUUECKO20 MACMEPCMEa C853aH0 ¢ pa3padbomkou u
6HeOpeHUeM 8 YUeOHO-MPEeHUPOBOUHbIL NPOYecc Hauboee payuoHaIbHbIX 00pa3yo8 cnopmugHol mexuuxu. Ompolmvim
ocmaémes Onpoc cucmemamuzayuu U 0000UeHUs OCHOBHBIX HANPAGIEHUL U NOOX0008 MOOEIUPOSAHUs MEXHUKU.
L]env uccnedosanus — Ha OCHOBAHUU OAHHBIX CNEYUATLHOU AUMEPANYPbI NPEOCNABUMb OCHOBHbLE HANPABIEeHUS U NOO-
X00bl MOOEUPOBAHUSL CNOPMUBHOL MEXHUKU. YCMAHO08IeH0, Ymo 8 HACMOosWee pemMsl He Cyuecmayem eOUHol Kiaccu-
Gurayuu udos modenuposanus. K naubonee pacnpocmpanénnvim cnocobam mooeruposanus ciedyem OmHeCcmu Ha-
2NI0HOe, CUMBONIUYECKOe, MAMeMaAmu4ecKoe, HamypHoe, huzuyeckoe, aHaioeo-yupposoe, UMUMayUoOHHoe , KOMNbIOMeEPHOe.

Knroueesvie cnosa:. mooenuposanue, 0gueamenvivle 0elUcmaust, mexHuxda.
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