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Abstracts

The aim is to analyze the kinematic structure of side kick technique by the right leg starting from the
front stance by highly qualified athletes specializing in hand-to-hand combat. Research methods. To fulfil
the set tasks, particular research methods were used, namely, analysis of scientific and methodological
literature sources and documentary materials, methods of registration and analysis of athlete movements
(“Qualisys Motion Capture”, a system of video recording and analysis of athlete’s movements and 3D
registration of human movements). The research findings were processed using the methods of mathemat-
ical statistics. We registered the technique of performing the studied motor action by 12 highly qualified
athletes. Results. The analysis of the kinematic structure of side kick technique by the right leg starting
from the front stance (like most kicks) consists of 7 phases: the phase of preparation for the kick, the phase
of encroachment, the double-support phase, the phase of the striking/kicking movement, contact phase,
the phase of returning of the kicking leg to the support, and phases of returning to fighting stance. All the
studied phases of the kick can be generally divided into two periods, i.e., the period of active actions, which
consists of the following phases: preparation for the kick, encroachment, the double-support phase, kicking
movement, contact; and the period of return to the initial position (fighting stance). The total duration of
technique performance is 1.83 s, the duration of the active period is 0.84 s, and the period of return to the
initial position is 0.99 s, respectively. Thus, the duration of the active period is 45.9% of the total duration
of technique performance, and the period of return to the original position comprises 54.1%, respectively.
That is, the duration of the period of return to the original position is almost 10% longer within the total
duration of technique performance. Sufficiently long duration of the kick execution, 1.83 s, and the return
to the initial position of 0.99 s determine the specificity of this action application during the match. The
movement indicators of the kicking biolink (the one of right tibial joint) were analyzed. It was established
that the shape of the trajectory has only a slight curvature, especially when viewed from the side, and the
shape of the trajectory when viewed from above is S-shaped, with a slight curvature. Conclusions. It was
determined that the side kick by the left leg starting from the front stance is performed by highly qualified
athletes specializing in hand-to-hand combat with high efficiency.

Key words: martial arts, hand-to-hand combat, analysis of movements performed by highly qualified
athletes, technique, kinematic structure.

Mera — aHami3 KiHEMaTHYHOI CTPYKTYpH TEXHIKH OOKOBOIO yz[apy IIpaBO0 HOI'0KO 3 (I)pOHTaJ'IB-
HOI CTIHKH BI/ICOKOKBaJII(i)lKOBaHI/IX CHOpTCMeHlB AK1 CHCHI&J’IIS}’}OTBCH Ha pYKOHaH_IHOMy 0or10.
MeTtoaun IIOCJII,ZDKEHHH I[J'I}I BHKOHAaHHSA IIOCTaBJICHHUX 3aBJaHb BI/IKOpI/ICTaHO TaKi MCTOAU ,Z[OCJ'II,I[)KGH-
Hi, SK aHai3 HayKOBO- METOJUYHOL mTepaTypH u HOKYMCHTAJIBHUX MaTeplaJ'IlB MCTOAU pe€CTpau11
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Ta aHaJli3y PyXiB CIOPTCMEHA (CHCTeMa BiICOpeecTpallii Ta aHali3y pyxis cropreMena 3D peectparii
pyxiB moauan «Qualisys Motion Capture»). Pe3ysbrary, oTpuMaHi B poreci J0CiuKeH s, Oyro 06po-
O/IEHO 3 BUKOPHCTAHHAM METOAIB MaTeMaTH4HOI cTaTHCTHKH. Hamu Oyno 3apeecTpoBaHO TEXHIKY BUKO-
HAHHSI J0CITIPKyBaHOT pyX0Boi Jii y 12 criopTcMeHiB BHCOKOT KBati(ikartii. Pesynbrary. AmHani3 KiHeMa-
THYHOT CTPYKTYPH TEXHIKH G0KOBOTO yZapy MpaBoio HOrO0 3 GPOHTANBHOT CTIKH (SIK 1 OLIBIIICTS yAapiB
HOTaMH) CKIafaeThes 3 7 pas, a came: hasu MiArOTOBKH 110 yAapy, $hasn HallaryBaHHs, IBOXOMOPHOI hasw,
dbazu YAApHOTO PyXYy, (hasu KOHTAKTY, (a3 MOBEPHEHHS YAAPHOI HOTM HA ONOPY Ta (ha3u MOBEPHEHH
B 60HOBy cTiiiky. Bei gocmimpkeni Gasu ynapy MokHa yMOBHO MOALTHTH Ha JBA MEPIOH: MEPIO aKTHB-
HUX [Ii#, IO CKIAJAEThCs 3 (ha3: MATOTOBKHU JI0 yAapy, HAIAryBaHHs, JBOXOMOPHOI (ha3u, yIapHoro PyXY;
KOHTAKTYy; Ta TIePioJl IOBEPHEHHS Y BUXI/IHE MOJIOXKEHHs (00HOBY CTIlKy). 3arajbHa TPUBaiCTh MPHHOMY
craHosuts 1,83 ¢, TpuBaiicts akrusHOro nepiony 0,84 ¢, a nepiofly MOBEPHEHHS y BHXI/IHE IOJI0XKCHHSI
0,99 ¢ BI,Z[HOBI,Z[HO Takum YUHOM, TPUBATICTH AKTUBHOTO Mepiofy cTaHOBUTH 45,9% Bij 3aranbHOl TpH-
BaJIOCTI NIPUIOMY, @ [epiOly TOBEPHEHHS Y BUXIJHE HOIOXKeHHs 54,1% Bignosinxo. Tobro TpI/IBaHICTb
Tepiofly MOBEPHEHHs y BUXIIHE CTaHOBHILE Maibke Ha 10% Ginbiua B 3aranbHiii TPUBAIIOCTI TIPHIAOMY.
JlocuTh BeNMKa TPUBATICTH CAMOTO BUKOHAHHS yaapy 1,83 ¢ Ta noBepHeHH: y BHXigHe nonoxeHHs 0,99
C 3yMOBITIOIOTB CITeIH (iKY 3aCTOCYBAHHS TaKoi Iii B moeAnHKy. IIpoananizoBaHo MOKa3HUKH PyXy yaap-
HOT OloyIaHKH (IIPaBOro rOMUIKOBOTO cyro0y). BeTaHoBneHo, o GopMa TpaekTopii Mae JuIle HE3HAYHY
KPUBH3HY, 0COOJIMBO Y BUJII 300KY, a (hopMa TPaeKTOpii y BUJII 3TOPH € S-00pa3HOI0 3HOBY Xk 3 HE3HAUHOIO
KpuBH3HOIO. BucHOBKH. BeTanoBneHo, 1o O0KoBHI yaap J1iBOKO HOTOO 3 (PPOHTANIBHOI CTIKM BHCOKOK-
BauTi(hiKOBaH1 CIOPTCMEHH, IO CTIEIiaTi3yI0ThCS Ha PYKONAITHOMY OO0, BUKOHYIOTh IOCTIDKEHY YAAPHY
TIi10 Ha JIOCUTh BUCOKOMY DPiBH1 €()eKTUBHOCTI.

Kniouogi cnosa: enunobopcTBa, pykonamHui 01if, aHali3 pyxiB BUCOKOKBaTi(piKOBAaHUX CIIOPTCMEHIB,

TEeXHiKa, KIHEeMaTU4Ha CTPYKTypa.

Introduction. The current level of sports
development requires further scientific sub-
stantiation of ways to shape the technical skills
of athletes, the search for which has recently
intensified given the observed rapid scientific
and technological progress [2; 8; 11]. The late
20th — early 21st centuries were marked by the
introduction of information technologies into
didactic biomechanics [6; 7]. Software and hard-
ware complexes that allow real-time processing
of data entering the computer became wide-
spread [5]. The use of video analysis systems in
sports makes it possible to determine the biome-
chanical indicators of sports skills of athletes of
various qualifications and automate information
collecting and processing [3; 4; 6].

Methods. Theoretical — to determine the rele-
vance of the formation of the technique of motor
actions in hand-to-hand combat; empirical: peda-
gogical observation as a method of empirical
research — to become familiar with the process of
organizing training sessions; registration of kine-
matic characteristics of the technique of a right-
side kick from the front stance was performed via
Qualisys, the marker system of registration and
analysis of movements, which assisted in recor-
ding the data in three-dimensional space. The
shooting frequency was 100 frames per second.
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The error in determining the spatial indicators
was 1 millimeter per 1 meter of cubic space, and
the error in time indicators was 0.01 seconds. The
above ensures high accuracy of recording the kin-
ematic characteristics of athletes’ motor actions.

The methods of mathematical statistics [9]:
we registered the technique of performing the
motor action under study by 12 highly qualified
athletes.

Research results. We begin the analysis of
the kinematic structure of the technique of a
right-side kick from front stance with studying
the time and phase composition of the specific
motor action. Such a kick (like most kicks) con-
sists of 7 phases, namely: the preparation phase,
encroachment, the double-support phase, the
phase of the striking/kicking movement, contact
phase, the phase of returning of the kicking leg
to the starting point, and phases of returning to
fighting stance. The data on the total duration of
a right leg kick from front stance and its individ-
ual phases are presented in Table 1.

All the studied phases of a kick can be divided
into two periods: the period of active actions,
consisting of the phases: preparation, encroach-
ment, double-support phase, kicking move-
ment, contact; and return to the starting position
(combat rack).
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Table 1
Duration of different phases of a right-side kick from front stance (n=12)
No Phase Name Phase duration, s

X S V.

1 | Preparation for a kick 0.14 0.01 7.1
2 | Encroachment 0.15 0.02 133
3 | Double-support phase 0.06 0.01 16.7
4 | Kicking movement 0.38 0.04 10.5
5 |Contact 0.11 0.01 9.1
6 | Return of the kicking leg to the support 0.72 0.09 12.5
7 | Return to battle stance 0.27 0.03 11.1
Total kick duration 1.83 0.14 7.7

The total duration of technique performance
is 1.83 s, active period is 0.84 s, and the period
of return to the initial position is 0.99 s, respec-
tively. Thus, the duration of active period is
45.9% of total technique performance, and the
period of return to the initial position is 54.1%,
respectively. It means that the duration of return
to the initial position is almost 10% longer
within the total duration of technique perfor-
mance. Sufficiently long duration of kick per-
formance —1.83 s — and the return to the initial
position — 0.99 s — determine the specifics of
resorting to such action during the match. Such
kicks are usually performed when an athlete is
confident that the opponent will not be able to
take effective action in response.

Let us consider the time characteristics of
active period’s phases (the phase of prepara-
tion for a kick, encroachment, the two-support
phase, the phase of a kicking movement, and the
phase of contact) in more detail. The pre-kick
phase lasts 0.14 s and aims to bring all biological
links of the body to the most convenient position
for delivering a kick. Since the movements and
average speeds of all the biolinks of the athlete’s
body in this phase are insignificant, the move-
ments in this phase have low information value
for the opponent. The encroachment phase lasts
0.15 s: in this part of the motor action, the athlete
takes a step to take a more advantageous posi-
tion for a kick, giving an additional acceleration
and shifting their body weight to the supporting
leg. The performance of such a movement also
regards force and the distance at which the ath-
lete can reach the opponent. The opponent can
notice such a movement when the kick is deliv-

ered from any stance, but during the match, the
performance of the action is disguised by the
athlete’s movements across the ring.

In the double-support phase, the athlete
keeps the body in equilibrium with the shift of
most weight on the supporting leg. In order not
to lose the body’s acceleration acquired during
encroachment, the two-support phase should
be as short as possible — in our case the duration
s 0.06 s.

The direct phase of a kicking movement lasts
0.38 s: such a duration is explained by the long
trajectory of a kicking biolink throughout the
phase. The contact phase (by a kicked object)
lasts 0.11 s.

We do not analyze the phases of returning the
leg to the support and bringing it to the initial
position since, in the context under study (exer-
cise of a single kick), duration will differ consid-
erably from the exercise of a kick in sparring or
at competitions.

For further analysis, we consider the athlete’s
performance of motor actions in the kicking
phase, which is the most crucial phase of the
kick. The indicators of movement of the kick-
ing biolink (right ankle joint) are analyzed. The
trajectory of the right ankle joint in the kicking
phase is shown in Figure 1.

It can be observed that the trajectory’s shape
has insignificant curvature, particularly when
viewed from the side, and it is S-shaped with
insignificant curvature when viewed from the
top. The trajectory’s length of the right ankle
joint during the kicking phase is 2.39 m, and
moving is 2.17 m. It means that the difference
between the path and moving is only 0.21 m.
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Fig. 1. The trajectory of the kicking biolink when performing a right-side
kick from front stance in the kicking phase (a — side view, b — top view)

The average speed of the right ankle joint during
the kicking phase is 5.72 m-s!.

We will also consider the characteristics of
kicking techniques, which is integral and can
be a criterion for the effectiveness of all kicking
techniques, namely the dynamics of the instan-
taneous velocity of the kicking biolink. The
dynamics of the velocity of the ankle joint is
shown in Figure 2.
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Fig. 2. Dynamics of the right ankle joint’s
velocity when exercising a right-side kick
from front stance

As we can see, in the preparation phase (this
is the period from the movement’s beginning the
time point of 0.14 s), the velocity of the studied
point scarcely changes and varies from 0.3 m-s™!
at the phase’s commencement to 0.27 m-s™! at the
time of its end, that is, the kicking biolink almost
the same. The encroachment phase lasts from a
time point of 0.14 s to a time point of 0.29 s;
only in the last 0.02 s, velocity begins increas-
ing slightly to 0.41 m-s’'. In the double-support
phase, by the time point of 0.35 s, the velocity of
the right tibial joint increases to 1.26 m-s™. In the
phase of kicking movement, which lasts from the

198

time of 0.35 s to the time of 0.73 s, there is the
greatest increase in the velocity of the kicking
biolink from 1.26 m-s™ to 10.97 m-s™!, which is
undeniable, since this phase is the kick’s main
part in which the athlete performs the key task
of the kick. Therefore, the higher the instantane-
ous velocity of the kicking biolink at the phase
end, the more effective kick is. However, it is
necessary to consider the dynamics of increasing
the velocity of the kick biolink in this phase of
movement in more detail. The increase in veloc-
ity occurs from the phase’s beginning to the first
“peak” at a time point of 0.53 s reaches a value
of 5.06 m's"! and then decreases to 5.02 m-s’!
within 0.02 s and, in the second part of the kick-
ing phase, it continuously increases until the
end of the phase. In the phase of contact with
the target, velocity decreases from 10.97 m-s™! to
5.6 m-s”', which indicates the transfer of kine-
matic kicking energy to the kicked body.

Discussion. Video analysis in sports consists
of three main stages: the organization of filming,
processing, and analysis of video materials [1; 7;
8; 12]. Video analysis is a trend in modern and
actively developing sports and one of the tools
for implementing scientific research in sports
biomechanics [2; 7; 8; 11]. The elaboration and
study of biomechanical models of motor action
techniques of athletes based on video analysis
is currently used by many specialists in sports
training [4; 5; 6]. Our research was an extension
of developments by the above authors.

Conclusions. It has been established that
highly qualified athletes specializing in hand-to-
hand combat exercise a left-side kick from front
stance with high efficiency.
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