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Abstracts

The purpose of the study is to fulfill a comparative analysis of the kinematic structure of the technique
of right- and left-hand hooks from the frontal guard of high qualified athletes specializing in hand-to-hand
combat. Material & methods. Theoretical methods are to determine the topicality of the problem of
forming the technique of motor actions in hand-to-hand combat; empirical methods: pedagogical observa-
tion as a method of empirical level of research — to familiarize the process of organizing educational and
training classes; registration of the kinematic characteristics of the technique of the right-hand hook from
the frontal guard was carried out using the marker system of registration and analysis of motions Qualysis,
which allowed to record the data in three-dimensional space. The shooting frequency was 100 frames per
second. The measurement error in determining spatial indicators was 1 millimeter per 1 meter of cubic
space, the measurement error in time indicators was 0.01 seconds, ensuring high accuracy of registration
of kinematic characteristics of athletes’ motor actions. Methods of mathematical statistics were used. The
technique of performing the studied motor action of twelve high qualified athletes was registered within the
research. Research results. It was established that the total duration of a right-hand blow is 0.13 s longer
than the duration of a left-hand blow (although the difference is not statistically significant). However, the
phase-rhythmic structure of both blows should be considered in more detail. The duration of the active
period (which consists of the phases: preparation for blow, swing, impact motion and contact) of a right-
hand blow is 0.49 s (S=0.051 s), and a left-hand blow is 0.64 s (S= 0.054 s), the difference between the
indicators of the duration of the active period is statistically significant at a value of p<0.05. At the same
time, the duration of the swing, impact motion, and contact phases of right and left hook practically do
not differ, and are 0.21 s, 0,1 s, and 0.05 s for the right hook, and 0.21 s, 0.09 s and 0.04 s for the left hook
respectively. Conclusions. It has been determined that right-hand and left-handed hooks from the front
guard are performed by right-handed athletes have significant differences of the kinematic structure of the
performing motions technique. The differences in the time structure of both hooks relate to the duration of
the phases of preparing for the blow and returning to the starting position, that is, those phases that do not
have a significant impact on the effectiveness of the execution of blows. Statistically significant differences
(p<0,01) of the indicators of the maximum speed of the impact biokinematic link were revealed.

Key words: combat, hand-to-hand combat, sport training, comparative analysis, technique, kinematic
structure, high qualified athletes.

Merta — mposecTtH HOpiBHHJ‘ILHI/II/I aHaJli3 KIHeMaTHIHOI CTPYKTYPH TEXHIKM OOKOBHX yaapiB [PaBoko Ta
JIBOKO PYKOI0 3 (PPOHTAIIBHOI CTIHKM BUCOKOKBAII()IKOBAHNX CHIOPTCMEHIB, SIKI CIICLIAlI3YIOThCS B PyKO-
nawHoMy Ooro. Meromu. Teopetnyti — [Uisi BU3HAYCHHS aKTyalbHOCTI IPOOIeMH (YOPMYBAHHS TEXHIKH
PYXOBHUX Ji{i y pyKonanHomy 0010; eMIipUYHi: elaroriuHe COCTEPEKEHHS K METO/] EMITIPUYHOTO PiBHS
JOCTIKeHb — 1Sl O3HAHOMIICHHS is IPOLIECOM OpraHizarii HaB4aJIbHO-TPEHYBAIBHUX 3aHSATh; PEECTPALLis
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KIHEMAaTHYHUX XapaKTepUCTHK TEXHIKH 0OKOBOTO yAapy TpaBoko PyKoio 3 (poHTaNIBHOI CcTiliKK BinOyBana-
Csl 3a JI0TIOMOTOK0 MapKepHm CUCTEMH pee(:Tpauu Ta aHali3y pyx1B Qualisis, 1110 103BOJIHIIO 3a(1)1KcyBaTI/I
naHi B TpuMipHOMY TipocTopi. YacTora 3itomku ctanoBuna 100 kaapis 3a cekynny. [loxubOka min yac Bu3Ha-
YeHHS MPOCTOPOBUX MMOKA3HUKIB cTaHOBMIA 1 MinimeTp Ha 1 MeTp Ky61qH0r0 poCTOpy, MOXKUOKa 32 4yaco-
BHMMH ITOKa3HHKaMH ctanoBuaa 0,01 CEKYH[IH, 10 3abesmneuye BHCOKY TOYHICTh PeeCTpaIlil KiIHEeMAaTUIHUX
XapaKTePUCTUK PyXOBHX mn CHOpTCMeHlB MCTOI[I/I MaTeMaTuyHoi ctatucTiku. Hamu Gyno 3apeectpoBa-
HO TEXHIKY BUKOHAHHS I[OCJILZ[)KYBaHOI pyxoBoi 1l y 12 copTcMeHiB BUCOKOT KBauidikailii. Pe3ynLTaTn
BcranoBneHo, 1o 3aranbHa TPUBANICTh yAapy mpaBoto pykoro Ha 0,13 ¢ Oinblna 3a TpUBANICTh yaapy
JIIBOIO pyxoto (xoqa PI3HUIIS CTATUCTUYHO HE TOCTOBIpHA). HpOTe pO3IIIsTHEMO (a30BO- -PUTMOBY CTPYKTY-
py 000X ynapiB OUIbII A€TaTbHO. TPUBANICT AKTUBHOTO NEPiOAY (SIKHiA CKIaAaeThes 3 (has: HI,Z[FOTOBKI/I 0
yziapy, 3aMaxy, yIapHOTo pyXy Ta KOHTAKTy) yaapy npasoto pykoro — 0,49 ¢ (S= 0,051 c), a n1iBoro pykoro —
0,64 ¢ (S= 0,054 c), BIIMIHHICTh MiX TIOKa3HUKAMHU TPUBAIOCTI aKTUBHOTO Hepiozly CTAaTUCTUYHO IOCTO-
BlpHa 3a 3HAYEHHS p<0 05. Pa3zom 13 Tvim TpI/IBaJ'IICTL ¢a3 3amaxy, yrapHOTO pyXy Ta KOHTAKTy PAKTHYHO
HE BIAPI3HAETHCS MMiJ Yac yAapy IpaBoro Ta JiBOO PYKOO Ta CTAHOBJISTH y IPABOMY 6oxoBomMy ymapi 0,21
¢, 0,1 ¢ ta 0,05 ¢, a B miBomy 0,21 ¢, 0,09 ¢ ta 0,04 ¢ BianosigHo. BucHoBKH. BeranosneHo, 1o 6OKOB1
yZiap¥i IIPABOKO Ta J1BOIO pyKoIo 3 q)pOHTaJ'ILHOI CTiIKM Y BUKOHAHHI CTIOPTCMEHIB npaBunB MaloTh CyTTEBI
BI,Z[MIHHOCTI KiHEMATHYHOT CTPYKTYpH TeXHIKA BUKOHAHHS pyXiB. BiIMIHHOCTI 4acoBoi CcTpyKTypH 000X
yZapiB CTOCYIOTHCSI TPUBATOCTI (a3 MiATOTOBKH 0 YAapy Ta MOBEPHEHHS Y BI/IXI,Z[HG MOJIOYKEHHS, TOOTO
THX (1)a3 1[0 He MAKTh 3HAYHOTO BIUIMBY Ha eq)eKTI/IBchTL BUKOHAHHS yJapiB. BUSBIEHO CTaTUCTUYHO
nocToBipHi BiaMiHHOCTI (p<<0,01) moka3HUKIB MaKCUMAITbHOT HIBI/I,[[KOCTI ynapHoi Oi0NaHKH.

Kniouogi cnosa: enunobopcTBa, pyKonamrHuii 6iif, CHOPTHBHA ITiATOTOBKA, MOPIBHSIIBHUIN aHAMI3, TeX-

HiKa, KIHEMaTH4YHa CTPYKTypa, BUCOKOKBATI(hiKOBaH1 CIIOPTCMEHH.

Introduction. Hand-to-hand combat is a
unique modern sport that combines sports and
applied directions. The high level of develop-
ment of hand-to-hand combat and unbridled
competition in competitive activities require spe-
cialists to constantly search for effective means
and methods of training, develop new theoretical
and practical provisions to optimize the educa-
tional and training process and build an effective
system of athletes training [9; 12; 15].

Currently, it is an indisputable fact that the
long-term process of sports training from a
beginner to the high sport mastery can be repre-
sented in the form of large stages that alternate in
sequence, including separate stages of long-term
training related to the age and qualification con-
ditions of athletes [1; 3; 6].

The system of hand-to-hand combat involves
the correct organization of the training process,
during which the motor skills of hand-to-hand
combat are formed and the necessary physical and
psychological qualities, as well as special tactical
skills are developed [7; 8]. The basic technique
of hand-to-hand combat consists of basic guards,
displacements and blows and defensive actions
with hands and feet as well [4; 5; 14]. Additional
techniques characterize the individual character-
istics of athletes and include complex techniques
that require long-term training [2; 13].

In the special scientific and methodical liter-
ature it is stated [10; 11] that the main tasks that
are solved in the process of technical training of
an athlete include: achieving high stability and
rational variability of specialized actions that are
the basis of hand-to-hand combat techniques,
sequential transition of learned technical motion
to expedient and effective competitive actions,
improving the structure of motor actions, their
dynamics and kinematics, taking into account
the special athletes conditions. The purpose of
the study was to fulfill the comparative analysis
of the kinematic structure of the technique of the
right- and left-hand hooks from the frontal guard
of high qualified athletes, specializing in hand-
to-hand combat.

Material & methods. Twelve high qualified
athletes specializing in hand-to-hand combat
took part in the study. Seven Masters of Sports
of Ukraine and five Masters of Sports of Ukraine
of International Class were among them. The
study was fulfilled in compliance with the
requirements of the World Medical Association
Declaration of Helsinki as a statement of ethical
principles for medical research involving human
subjects. Such methods of research as analysis of
methodological literature, biomechanical analy-
sis of actions kinematic structure were used in
the research. Registration of the kinematic char-
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acteristics of the technique was carried out using
the marker system of registration and analysis
of motions Qualysis, which allowed to record
the data in three-dimensional space. The shoot-
ing frequency was 100 frames per second. The
measurement error in determining spatial indica-
tors was 1 millimeter per 1 meter of cubic space,
the measurement error in time indicators was
0.01 seconds, ensuring high accuracy of regis-
tration of kinematic characteristics of athletes’
motor actions.

Study organization. Twelve high qualified
athletes specializing in hand-to-hand combat
performed right and left-hand hooks from the
frontal guard. All athletes who participated in
the research are right-handed and fight in the
left-hand guard. Statistical analysis. Since the
sample size is only 12, we used Pearson’s chi-
squared (y?) test to check of the hypothesis
that the input data obey the normal distribution
law. All indicators of the kinematic structure of
motion technique were subject to normal dis-
tribution. Therefore, the following statistical
characteristics were determined: the average (X)
standard deviation (S). The Student’s t-test was
used to determine the difference between the
kinematic characteristics of right and left hooks.
Statistical reliability of P = 95% was assumed
(probability of error 5%, i.e. significance level
p = 0.05). Some results were obtained at a higher
significance level of p = 0.01.

Statistical processing of the research results
was carried out using the Statistica 21 software.

Research results. The time characteristics of
right and left hooks from the front guard by right-
handed athletes are presented in the Table 1.

In martial arts, it is believed that the shorter
the duration of the action, the more effective its
execution. As we can see from the data presented
in Table 1, the total duration of a right-hand hook
is 0.13 s longer than the duration of a left-hand
hook (although the difference is not statistically
significant). However, the phase-rhythmic
structure of both hooks should be considered in
more detail. The duration of the active period
(which consists of the phases: preparation for
blow, swing, impact motion and contact) of a
right-hand blow is 0.49 s (S=0.051 s), and a left-
hand blow is 0.64 s (S= 0.054 s), the difference
between the indicators of the duration of the
active period is statistically significant at a value
of p<0.05. At the same time, the duration of the
swing, impact motion, and contact phases of
right and left hook practically do not differ, and
are 0.21 s, 0.1 s, and 0.05 s for the right hook,
and 0.21 s, 0.09 s and 0.04 s for the left hook
respectively. There are no statistically significant
differences between mentioned indicators. The
phases of preparing for the blow and returning
to the starting position when executing right and
left hooks from the front guard differ statistically
significantly. Thus, the phase of preparation for
a blow lasts 0,13 s, and 0,3 s, when executing
the right-hand and left-hand hook respectively,
that is, it differs by more than 2 times. Although
the athlete’s motor actions in this phase have a
rather low informativeness for the opponent (due
to inessential motions of biokinematic links of
the athlete’s body during this phase), the shorter
the duration of the phase, the more effective
is the execution of the blow. That is, precisely
because of the short duration of this phase, the

Table 1

Duration of different phases of right and left hooks from front guard (n=12)

Duration of a phase, s L.
No Name of phase l'ight hook left hook SIgnlﬁcance level
X S X S P

1 Preparation for the blow 0.13 0.021 0.3 0.029 p<0.05
2 Swing 0.21 0,.029 0.21 0.022 p>0.05
3 Impact motion 0.1 0.016 0.09 0.008 p>0.05
4 Contact 0.05 0.007 0.04 0.003 p>0.05
5 Return to the starting position 0.62 0.07 0.34 0.038 p<0.05
The total duration of the hook 1.11 0.14 0.98 0.093 p>0.05
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whole duration of the right-hand hook active
period decreases.

We will also compare the dynamics of the
velocity of impact biolinks during performing
right and left hooks from the front guard, the
data are presented at figure 1.

We can see at the Figure 1 that the maximum
values of the instantaneous velocity are observed
at the moment of the end of the impact phase
and the beginning of the contact phase during
the both right and left hooks. However, the ratio
of the maximum instantaneous velocity is 13.38
m-s™, during executing the right hook and 10,91
m-s” when executing the left hook respectively.
It should also be noted that the beginning of the
impact action occurs at the moment of time 0.36
s (the speed of the impact biolink at this moment
is 3.73 m-s') when executing the right hand
hook, and the beginning of the impact action
phase occurs at the moment of time 0.51 s (the
speed of the impact biolink is 3.46 m-s™') during
the left hand hook. That is, the velocity of the
impact biolink, registered at the end of the swing
phase during the executing right hand hook is
only 0.27 m-s™ (7.2%) higher than such indicator
during the executing left hand hook. During the
contact phase, the velocity of the impact biolink
when executing the right hand hook decreases
from 13.38 ms! to 3.91 m-s! (the difference is
9.47 m-s"), and such parameter of the right hand
hook decreases from 10.91 m's”' to 1.49 m-s’
(the difference is 9.42 m-s™') respectively. That
is, the of the amount of motion transferred to the
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body that is being hit is approximately the same
when executing the right- and left-hand hooks
from the front guard (regardless of the lower
velocity ratio of the impact biolink executing the
left hook).

At the same time, the velocity of all points of
the athlete's body also affects the effectiveness of
the blow. In particular, it is necessary to analyze
the velocities of various biolinks of the athletes’
body directly in the impact phase. Therefore, we
considered the indicators of the average velocity
of different points of the athletes' body during
the executing the right and left hooks from
the front guard. The comparative analysis data
are presented in the figure 2. As we can see at
figure 2, all indicators of average velocity are
higher when executing the right hook from the
front guard, than during executing the left hook.
It should also be noted that the velocity of such
points of the athlete's body as the ankle joint, hip
joint, and shoulder joint is higher when executing
the right hook, than the speed of similar points
on the left side of the body, what indicates a
more effective performance of the hook. Then,
the velocities of the left and right ankle, hip, and
shoulder joints practically do not differ when
executing a left hook.

The values of the angles in the joints at the
moments of the beginning of the impact motion
phase and at the end of the impact motion phase
during the executing right-hand and left-hand
hooks from the front guard were also analyzed.
The postures of the athlete at the beginning and

—velocity of the right hand wrist

--- velocity of the left hand wrist

Fig. 1. Dynamics of the velocity of the wrists of the right and left hands
when executing right hand and left-hand hooks from the front guard
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Fig. 2. Indicators of the average velocity of different points of the
athletes’ body during the impact phase during the executing right
and left hooks from the front guard

end of the impact motion phase when performing
right and left hooks from the front guard were
illustrated at figure 3.

Thus, the values of the angles in the athletes'
joints in the impact motion phase during the
executing right and left hooks from the frontal
guard are statistically significantly different.

Namely, at the moment of the start of the
impact motion phase when the executing a right-

hand hook, the angles in the right and left knee
joints were 136.5° and 126°, respectively, while
the same indicators are 147° and 136,3° for the
left-hand hook. The angle in the knee joint of the
right leg at the end of the impact motion phase
during the executing right hook was 152.3°, that
is, it increased by 15.8° per the phase.

Then, as at the same moment of time the
angle in the left leg knee joint was 144.6° and

Fig. 3. Postures of the athlete’s body at the beginning and end of the impact motion
phase during the executing right and left hooks from the front guard:

A) — the moment of the start of the impact motion during the executing the right
hook; B) — the moment of the end of the impact motion during the executing
the right hook; C) — the moment of the start of the impact motion during
the executing the left hook; D) — the moment of the end of the impact motion
during the executing the left hook
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the amplitude per phase was 8.3° during the
executing left hand hook. The difference in
amplitudes in the knee joint from the impact side
during the executing the right and left hooks was
statistically significant at p<0,05. From the given
data, it can be concluded that the athlete used
the strength of the leg muscles more effectively
during the executing the right-hand hook, than
during the executing the left-hand hook. The
position of the athlete’s body and its impact
phase are also important. At a Figure 3A, it can
be observed that the axis that passes through
the iliac crest points and the axis that passes
through the acromial points (that is, the axes that
characterize the pelvis and the shoulders and the
torso in general) at the moment of the beginning
of the impact phase of the movement had a
very small reversal in the opposite direction to
the direction of impact, and the same axes had
a significant reversal in the direction of impact
at Figure 3B. The amplitude of turning the
torso during the executing the right-hand hook
is 76,8°, which allows you to use the muscles
of the torso and use body weight to increase the
effectiveness of the blow. Then, as in Figure 3C,
we can see that the axis that passes through the
iliac crest points and the axis that passes through
the acromial points are turned in the direction
opposite to the stroke slightly more than in the
right-hand hook. But at Figure 3D the turning in
the direction of the blow is less than during the
executing the right-hand hook. The amplitude
of the torso turn during the executing the left
hand hook was 55.9°, i.e. 20.9° less than during
the executing the right hook. This indicates a
lower contribution of the strength of the torso
muscles to the execution of the blow and the
lower efficiency of using body weight in the
execution of the left hook compared to the right-
hand hook. The longer duration of the phase of
returning to the starting position (0.62 s) during
the executing the right hand hook compared to
the similar phase during the executing the left
hand hook (0.36 s) is also explained by the fact
that the position of the athletes’ torso at the end
of the impact motion phase is different during the
executing the right and left hooks (torso turn in
the direction of the kick was much wider during

the executing the right hook), the difference
of the duration of motion was 0.26 s. Also, in
the comparative analysis of the angles in the
joints, the difference between the position of the
striking hand at the moment of the beginning of
the impact motion phase during the executing
the right- and lef- hand hooks should be
considered. The angle in the right shoulder joint
at the moment of the beginning of the impact
phase during the executing the right hook was
94.5°, the athlete practically did not move his
hand back, but raised it up (Fig. 3A). The angle
in the left shoulder joint at the same moment of
time during the executing the left-hand hook was
71.8°, but the athletes moved their hand back and
lowered it to the bottom (Fig. 3C).

Discussion. Taking into account the physical
conditions for the implementation of the required
motor task, which directly affect and impose
requirements on the level of technical, physical,
and theoretical preparedness of the athlete, our
research also showed that a deep understanding
of the importance of the relationship between the
selected technical method of the executing the
sports exercise with the biomechanical parameters
of the performer’s movement as factors of the
effectiveness of the implementation of this method
of action needed for achievement of the desired
final result of the athlete’s mechanical actions
[2; 4]. This statement supplements these works
[6; 8]. Its creation as a result of psychomotor
activity of a person is based on the presence of an
athlete's mode of action, the formation of which is
inextricably related to with motor instruction [3;
9]. In general, the obtained results complement the
data of the special literature on the control of the
athlete's motions, convincingly indicating the high
degree of importance not only of the leading level
in the control of motions, but also of the so-called
background levels responsible for the control of
involuntary movements, which is evidenced by
the introduction of effective corrections in one’s
own actions of highly qualified athletes a fraction
of a second before the decisive moments of the
technical performance of one or another sports
exercise [1].

Conclusions. It was established that the
right- and left-hand hooks from the front
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guard performed by right-handed athletes have
significant differences in the kinematic structure
of the motion technique. The differences in
the time structure of both hooks relate to the
duration of the phases of preparing for the blow
and returning to the starting position, that is,
those phases that do not have a significant impact
on the effectiveness of the execution of hooks.
Statistically significant differences (p<0.01) in the
indicators of the maximum speed of the impact
biolink were revealed, namely: 13.38 m's™ during
the executing the right hook and 10,91 m-s™' during
the execution the left hook. Also, the execution the
right-hand hook from the front guard, the value
of the average velocities during the phase of the
impact motion of the impact arm of the torso and
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