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Abstracts

The purpose is to develop the evaluation scales for the technique of the right straight blow from the left
guard based on the analysis of the kinematic structure of the movements of high qualified athletes special-
1zing in the hand-to-hand combat.

Methods. Theoretical — to determine the relevance of the problem of forming the technique of motor
actions in the hand-to-hand bought; empirical: pedagogical observation as a method of empirical level of
research — for familiarization with the process of organizing training sessions; registration of the kinematic
characteristics of the technique of the right-hand straight blow from the left 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. Results. We used the
following algorithm to evaluate the kinematic structure of basic impact motions techniques in hand-to-
hand combat. First, we chose a biomechanical indicator that can be used as a criterion for performance
of the impact motion. As in has been known from the scientific and methodical literature, impact force is
used as a criterion for the effectiveness of impact actions in most cases. However, our research did not use
dynamometric devices that can register impact force. Therefore, we used the maximum velocity of the
impact biolink as a criterion for impact effectiveness, which, according to literature sources, has a close
correlation with impact force. Secondly, with the help of correlation analysis, informative parameters of the
impact motions technique were identified. The strongest correlations between the efficiency criterion and
various kinematic characteristics of impact motions were identified. Thirdly, the scales for evaluating the
kinematic structure of the technique of basic impact motions were developed on the basis of the identified
informative parameters. Since the evaluation scales were based on the indicator of the action performance
by high qualified athletes, we chose a regression scale. Based on the above algorithm, we have developed
scales for evaluating the basic technique of motor actions of athletes, specializing in hand-to-hand combat.

Conclusions. Evaluation scales are developed on the basis of the identified informative parameters of
the kinematic structure of the technique of the blow and quantitative indicators of these parameters, based
on the analysis of the technique of high qualified athletes specializing in hand-to-hand combat.

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

Meta — po3poOUTH OITIHOYHI MIKAJIX TEXHIKH MPABOTO MPSMOTO yIapy 3 JIBOCTOPOHHBOI CTIHKK HA
OCHOBI aHaJ3y KIHEMaTUYHOI CTPYKTYpH PyXiB BUCOKOKBAJI(PIKOBAaHUX CIIOPTCMEHIB, SIK1 CIIEI1aI13yI0Th-
sl y pyKomamrHomy 00ro.

Mertoau. TeopeTnuni: /IS BUSHAYEHHS aKTYaIbHOCTI IIPoOIeMH (OPMYBaHHS TEXHIKH PYXOBHX Mii
y pYKOMaIrHoMy OOI0; eMIipUYHi: TefaroriyHe CIOCTEPEKEHHs SK METOJ eMITIPUYHOTO PiBHS TOCIHI-
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JDKEHB — JUTI 03HAHOMIICHHS 13 TIPOIIECOM OpTraHi3allii HaB4albHO-TPEHYBAIBHUX 3aHATH; PEECTpallis KiHe-
MATHYHAX XaPaKTEePHCTUK TEXHIKM OOKOBOTO yapy MpaBoro PYKOKO 3 PPOHTAIBHOI CTIMKH BijbyBamacs 3a
JIONOMOTOF0 MapKEPHOI CHCTeMH peecTpauii Ta anamsy pyxis Qualisis, 1o 103BoIHIO 3adiKcyBaTH JaHi
B TpuMipHOMY TipocTopi. Yacrora 3itomku ctanoBmwia 100 kaapis 3a cexynay. [loxuOka mix yac Bu3Ha-
YEHHs IPOCTOPOBHX MOKA3HMUKIB CTaHOBMIIA | MiTIMETp Ha 1 METp KyOi4HOTO IPOCTOPY, MOXMOKA 33 4aco-
BUMH MOKa3HHKaMu cranosmia 0,01 cexyHw, mo 3abe3nedye BUCOKY TOYHICTh PEECTpALii KIHEMaTHYHKX
XapaKTEePUCTHK PYXOBUX Jiil criopreMeHiB. Meroau Maremarnyoi crarucruku. Hamu Gyno 3apeectpo-
BAHO TCXHIKY BUKOHAHHs JIOCIIJPKYBaHOI pyxoBoi Aii y 12 cnoprcMenis Bucokoi kBanigikauii. Pesy.s-
TaTi. Hamu [t OLIHKY KIHGMATHYHOI CTPYKTYpH TEXHIKH 0a30BHX YIApHHX Aiil y pyKomaiHoMmy 60ro
OyI10 BUKOPHCTAHO Takuii anroput™. ITo-mepiue, Mu BUOpaii GioMeXaHIYHHI TOKA3HUK, SKH MOXKe OyTH
BHKOPHCTAHO 5K KPUTEPIil e)eKTUBHOCTI BUKOHAHHS y[apHOT Aii. B HayKoBO-MeTONMUHIiT TiTepaTypl K
KpUTEpiil eeKTHBHOCTI YJapHUX JIiif 31e0UIBIIOr0 BHKOPHCTOBYIOTH CHITy yAapy. [IpoTe B Hammx gocui-
JUKCHHSIX HE BUKOPHCTOBYBATHCS TMHAMOMETPHYHI MPUCTPOI, IO MOXYTh 3apCECTPYBATH CHILY yAapy.
Tomy Hamu siK KpUTEPIil ePEKTHBHOCTI yapHOI Aii 6YII0 BUKOPHCTAaHO MaKCHMaJIbHy MIBUJIKICTD yIapHOT
GloNaHKH, 1110 33 JaHUMHU JITEPAaTyPHUX JDKEPEI Ma€ IIUIbHIH B3a€MO3B 30K 13 cuioro ynapy. Ilo-npyre,
33 JIONOMOTO0 KOPEJISLIHHOIO aHalisy Oyino BHSIBJICHO iH(pOpMATHBHI MAPAMETPU TEXHIKU YIAPHUX [IiH.
By1o BUABIEHO HANIIIBHINI KOPENSIINAHI B32€MO3B’ A3KH MiXK KPUTEPiEM €(DEKTUBHOCTI Ta PI3HUMHU KiHe-
MaTHYHUMH XapaKTCPUCTHKAMHU yiapHuX Aii. [Io-Tpere, Ha OCHOBI BUABICHUX IH(OPMAaTHBHHX apa-
METpiB PO3POOICHO IKAIM OLIHKH KIHEMATHYHOI CTPYKTYPH TCXHIKH 0a30BHX yIapHHX Aiil. OCKUIbKH
IIKAJIW OIHKK Oa3yBaucs Ha MOKa3HUKaX BUKOHAHHS MPUIOMIB CIOPTCMEHAMHU BHCOKOI KBaiikarrii,
TO HaMu Oyno BHOpaHO perpeciiiHy mkany. Ha 0oCHOBI BUILIEBUKIIAJEHOTO alTOPUTMY HAMHU PO3POOIEHO
WIKAJIA OLIIHKK 0a30BOi TEXHIKH PYXOBHX JIIf CIIOPTCMEHIB, AKi CIEMIANi3YIOThCs B PYKONAIIHOMY 00¥O.

BucnoBku. OuiHOYHI mKanu 1o0y10BaHi Ha OCHOBI BUABICHUX 1HHOPMATUBHUX [APAMETPIB KiHEMa-
THYHOI CTPYKTYPH TEXHIKH ylapy Ta KUIbKICHUX TOKa3HHUKIB X IapaMETPiB, HA OCHOBI aHAJII3Y TEXHIKH
CHIOPTCMEHIB BHCOKOI KBai(IKALIL, SKi CHIeLiai3yi0ThCs Y PYKOIALIHOMY 60Fo.

Knwouosi cnosa: e1uHob0opersa, pykonaiusuii 6iid, CIopTHBHA MiArOTOBKA, MOPIBHSIIHUI aHAIIi3, TeX-
HiKa, KIHEMAaTHYHA CTPYKTYPa, OIIHOYHI IITKAJIH, BI/ICOKOKBaJ'Il(blKOBaHl CIIOPTCMEHH.

Introduction. The process of long-term  guideline for less qualified athletes [13]. Direct

sports training in any sports requires the solution
of many tasks [2; 8]. One of which is effective
technical preparedness of athletes, what includes
training, mistakes correction and adjustment, as
well as constant improvement of the technique of
motor actions. At each stage of long-term training,
both general and specific tasks of improving the
technical skills of athletes are being solved [1; 3].

Technical training has its own features in
the hand-to-hand combat [4; 12; 14]. Important
indicators are the variability of the technique and
the low tactical informativeness of the technique
for opponents. Also, the athlete has to master the
technique of many motor actions performing.
However, the basic elements of motor technique
are being performed at all stages of long-term
training. Therefore, at each stage, it is necessary
to have a “reference” sample of the basic action of
the whole technique [5]. The “reference” sample
of motor action is the most effective method of
performing it, the effectiveness of which has been
proven and scientifically substantiated [15; 16].
One of the most widespread ways to eliminate
such samples is to study the motor actions
of high qualified athletes, which is used as a

equalization of indicators technique actions
among athletes of different qualifications is not
correct, as there is a different level of evolution
of motor quality and other components of sports
mastery. Therefore, it is necessary to look at the
demonstrations of the technique of motor actions
of high qualified athletes as the primary data for
modeling the technique [14].

The purpose is to develop the evaluation
scales for the technique of the right straight blow
from the left guard based on the analysis of the
kinematic structure of the movements of high
qualified athletes specializing in the 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
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analysis of actions kinematic structure were used
in the research. Registration of the kinematic
characteristics 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
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 motor
actions of athletes. Study organization. Twelve
high qualified athletes specializing in hand-
to-hand combat performed straight right- and
left-hand blows from the left-side 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 (?) 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 distribution. Therefore,
the following statistical characteristics were
determined: the average (x) standard deviation
(S). Correlation analysis was used to determine
informative parameters of the kinematic structure
of sportsmen’s movement actions. The first stage
of the correlation analysis was the construction
of correlation fields to determine the form of
the correlation. Since all constructed correlation
fields indicated that the correlation is linear, we
used Pearson’s pairwise correlation coefficient to
determine the closeness of correlations (r) [7].
Statistical reliability of P = 95% was assumed
(probability of error 5%, i.e. significance level p =
0.05). However, only indicators with levels of the
correlation p =0.01 or higher, were included in the
evaluation scales when determining the informative
parameters of the kinematic structure of the technique.
Statistical processing of the research results
was carried out using the Statistica 21 software.
Research results. The indicator of the
kinematic structure of the technique of a right-
hand straight blow from the left guard by highly
qualified athletes was determined, namely:
characteristics of the time and phase-rhythmic
structure of motor actions, indicators of angular
displacements and amplitude of movements in
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the joints, indicators of linear displacements
of various biolinks of the athletes’ body, and
velocity indicators of motor actions of athletes,
both the average velocity indicators in different
phases of movement, and the velocity dynamics
of individual biolinks of the athletes’ body.

The following algorithm was used to evaluate
the kinematic structure of the technique of basic
impact actions in hand-to-hand combat and to
construct evaluation scales.

First, we chose a biomechanical indicator that
can be used as a criterion for impact performance.
In the scientific and methodical literature, impact
force is used as a criterion for the effectiveness
of striking actions in most cases. However, our
research did not use dynamometric devices that
can register impact force. Therefore, we used
the maximum velocity of the impact biolink
as a criterion for impact effectiveness, which,
according to literature sources, has a close
correlation with impact force.

Secondly with the help of correlation
analysis, informative parameters of the impact
motions technique were identified. The strongest
correlations between the efficiency criterion
and various kinematic characteristics of impact
motions were identified.

Thirdly, the scales for evaluating the
kinematic structure of the technique of basic
impact motions were developed on the basis of
the identified informative parameters. Since the
evaluation scales were based on the indicator of
the action performance by high qualified athletes,
we chose a regression scale.

Based on the above algorithm, we have
developed scales for evaluating the basic
technique of motor actions of athletes,
specializing in hand-to-hand combat.

We identified the correlation relationships
between 198 indicators of the kinematic structure
and the criterion of informativeness by the maximum
velocity of the impact biolink (right wrist joint) in
order to determine the informative parameters of
the kinematic structure of the technique of a right-
hand blow from the left guard. Table 1 presents
those parameters that have a statistically significant
correlation with the informativeness criterion at the
p<0.001 and p<0.01 significance levels.

On the basis of the informative parameters of
the kinematic structure of the technique of the
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right-hand straight blow from the left guard, a
regressive evaluating scale was constructed,
which included the following indicators: the
maximum velocity of the right wrist joint
(criterion of impact efficiency) and the average
velocity of the right shoulder joint during the
impact movement phase, the average velocity of
the right hip joint during the impact movement
phase, the duration of the impact movement
phase, the amplitude of movement in the right

knee joint during the impact movement phase,
the displacement of the right wrist joint during
the impact movement phase, the angle in the right
knee joint at the end of the impact movement
phase, the average velocity of the right ankle
joint during the impact movement phase, the
duration of the impact preparation phase.

The scale for evaluating the indicators of the
kinematic structure of a right-hand blow from
the left guard is presented in the Table 2.

Table 1

The Value of the Correlation Coefficients between the Maximum Velocity of the Right Wrist
Joint and Indicators of the Kinematic Structure of the Right-Hand Straight Blow
from the Left Guard (n=12)

The Value Significance
Ne The Indicator of the Correlation gt
. Level
Coefficient
1 |The average velocity of the right shoulder joint during the impact 0.97 p<0.001
movement phase
2 | The average velocity of the right hip joint during the impact 0.91 p<0.001
movement phase
3 | The duration of the impact movement phase 0.89 p<0.001
4 | The amplitude of movement in the right knee joint during the impact 0.87 p<0.01
movement phase
5 | The displacement of the right wrist joint during the impact 0.85 p<0.01
movement phase
6 | The angle in the right knee joint at the end of the impact movement 0.84 p<0.01
phase
7 | The average velocity of the right ankle joint during the impact 0.82 p<0.01
movement phase
8 | The duration of the impact preparation phase 0.79 p<0.01
Table 2
The Scale for Evaluating the Indicators of The Kinematic Structure
of the Right-hand Blow from the Left Guard
Ne The Indicator _ _ _
High Medium Satisfactory
1 | The maximum velocity of the right wrist joint, m-s’ 9.36-8.47 8.47-7.58 7.58-6.69
2 The average velocity of the rl_%ht shoulder joint during the 262-233 233204 2 04-1.75
impact movement phase, m-s
3 | The average velocity gf the right hip joint during the impact 121-1.06 1.06-091 0.91-0.76
movement phase, m's
4 | The duration of the impact movement phase, s 0.17-0.19 0.19-0.21 0.21-0.23
5 The amplitude of moveme;nt in the right knee joint during the 216-196 19.6-17.6 17.6-15.6
impact movement phase,
6 | The displacement of the right wrist joint during the impact 0.78-0.72 0.72-0.66 0.66-0.60
movement phase, m
7 | The angle in the rlgght knee joint at the end of the impact 158.1-138.2 1389118 3 118.3-98 4
movement phase,
8 The average velocity of the I‘l_%ht ankle joint during the 0.52-0.46 0.46-040 0.40-0.34
impact movement phase, m's
9 |The duration of the impact preparation phase, s 0.13-0.145 0.145-0.16 0.16-0.175
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The presented scales for evaluating the
kinematic characteristics of the technique of the
right-hand straight blow from the left guard can
be used to optimize and improve the efficiency of
the technical training of skilled and low-skilled
athletes specializing in hand-to-hand combat.

Discussion. During the study of the scientific
literature, it was found that the formation of the
technique of motor actions is an integral and
important component of the system of sports
training, since the possession of the correct
technique is one of the decisive factors in the
realization of the motor potential of an athlete
[5; 11].

In order to form the basic technique of hand-
to-hand combat at various stages of learning the
motor actions and their further improvement, it
is necessary to fulfill a number of requirements:
first, to determine the criteria for the effectiveness
of motor actions; secondly, to have a scientific
and methodical justification of the correctness
of the athlete’s technique of performing the
movement actions being studied. To fulfill these
requirements, it is necessary to have a reference
model of the technique of such motor actions
[2; 3]. One of the most widespread methods of
obtaining a reference sample of the technique of
motor actions in any sport is the biomechanical
analysis of the technique of performing motor
actions by highly qualified athletes and further
statistical processing of the obtained quantitative
biomechanical characteristics. In general, the
obtained results complement the data of the
special literature on issues of athlete movement
management [8; 10].

In order to develop a reference sample of
the equipment, it is desirable to use the most
accurate methods of recording the motor actions
of athletes and to apply adequate methods of
mathematical and statistical processing of the
received data.

Conclusions. Scales for evaluating the
Kinematic structure of the technique of a right-
hand straight blow from a left guard in hand-to-
hand combat of highly qualified athletes have
been developed. Evaluating scales are built on
the basis of the identified informative parameters
of the kinematic structure of the blow technique
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and quantitative indicators of these parameters,
based on the analysis of the technique of highly
qualified athletes specializing in hand-to-hand
combat.

The evaluating scale of an action is regressive
and has three evaluation levels: “high”,
“medium”, and “satisfactory”, each of which has
its own evaluation interval, and can be used to
improve and correct the technique of low-skilled
athletes.
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