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Abstract

The purpose of the research is to study the features of the kinematics structure of the
technique on throwing and catching ball by athletes engaged in rhythmic gymnastics at the
stage of preliminary basic training. Research methods include analysis and generalization of
data received from scientific and methodical literature, video shooting, biomechanical video-
computer analysis of movements, method of expert assessment, methods of mathematical
statistics. The contingent under study accounts for 20 gymnasts of the second youth category
aged 9-10. The peculiarities of the kinematics structure of motor actions of gymnasts when
performing two basic sets of ball exercises, which are learned at the stage of preliminary basic
training, were examined. Research results and their discussion. Quantitative information
was obtained about the indicators of the kinematics structure of the nodal elements for sports
technique, associated with basic set of ball exercises: from two or three steps — throwing the
ball in the "Cossack™ jump — catching into the roll on both hands and back in rhythmic steps;
and from two or three steps — throwing the ball in a jump touching in the ring — catching into
the roll on both hands and back in rhythmic steps. Based on the indicators of biomechanical
analysis of the two basic sets of ball exercises performed, the phase structure of exercises is

specified and the key elements of sports technique of throwing and catching the ball are
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studied. For a more detailed analysis in both studies, we selected three nodal elements: the
starting pose of the body (the moment of releasing the ball), the multiplication of the body
pose (body position during the jump) and the final body pose (the moment of catching the
ball). Conclusion. Objective quantitative biomechanical information about indicators of
kinematics structure of nodal elements for sport technique consisting of basic set of ball
exercises is received: from two-three steps — throwing the ball in the "Cossack" jump —
catching into the roll on both hands and back in rhythmic steps; and from two or three steps -
throwing the ball in a jump touching in the ring — catching into the roll on both hands and
back in rhythmic steps. The obtained characteristics of the kinematics structure of the nodal
elements of throwing and catching the ball during both basic exercises, can be used as model
indicators for more effective technical training of young gymnasts. Conflict of interest. The
authors state that there is no conflict of interest. The prospect of further research is
associated with development of the models of nodal elements motor structure, used as sport
technique for exercises with objects at the stage of specialized basic training.

Key words: rhythmic gymnastics; ball; preliminary basic training; technique;
kinematics structure of movements; nodal elements; starting pose; multiplication of

poses; throwing, catching.

Oc00,1MBOCTI KIHEMATHYHOI CTPYKTYPH TeXHIKH KMAKIB i JIOBJi M'si4a B Xy10:KHii

riMHacTHIIi Ha eTali MonepeaHbOI 0a30B0I MiATOTOBKH

Haraais OseriBaa AnapeeBa, Ouexkcanap Banepiiiopuu 7KupHos,

IOpiii Mukoaaiiopuu CajasiMin

HauionaibHuii yHiBepcuTeT Qi3H4HOro BUXOBaHHS i ciopry Ykpainu, Kuis, Ykpaina

AHoTAaLig

Merta pocaikenb. BuBunTH 0COOIMBOCTI KIHEMAaTHYHOT CTPYKTYPH TEXHIKH KUJKIB 1
JIOBY M'si4a CLIOPTCMEHOK, 1110 3aiMalOThCs XYA0KHBOIO MMHACTHKOIO Ha eTali MonepeIHboi
6a30B01 miAroTOBKUM. MeToau [JOCHiIKeHHsI: aHali3 1 y3arajJbHEHHS JaHUX HayKOBO-
METOJMYHOI JIiTepaTypH, Bigeo 3iMoMKa, GiOMeXaHIYHHUN BIACOKOMI'IOTEPHUN aHaJi3 pyXiB,
METOJl  €KCIIEPTHUX  OILIHOK, METOJM  MaTeMaTH4HOI CTaTUCTUKH. KOHTHMHreHT
nocmipkyBaaux — 20 rimHactok Il roHarpkoro pospsay BikoMm 9-10 pokis. Byno BuBueHO

0COOJIMBOCTI KIHEMAaTHYHOI CTPYKTYPU PYXOBHUX /il TIMHACTOK IPHU BUKOHAaHI IBOX 0a30BHUX
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3B'SI30K BIpPaB 3 M's4eM, sIKI BHBYAIOTHCA HA €Tali MONepeaHhoi 0a30BOi MiATOTOBKH.
PesyabTaTn gociaipkeHHss Ta ix odroBopenHsi. OTpuMaHO KiTbKiCHY iH(OpMAIi0 Tpo
MOKa3HUKM KIHEMAaTHYHOI CTPYKTYPH BY3JIOBUX €JIEMEHTIB CHOPTHBHOI TEXHIKH 0a30BOi
3B'SI3KM BIIPAB 3 M'TYEM: 3 IBOX-TPHOX KPOKIB — KHJIOK M's’da B CTPHOKY «KO3aK» — JIOBJIS B
nepeKart 1Mo JBOM PyKaM i COUHI Ha PUTMIYHUX KPOKaX Ta 3 IBOX-TPHOX KPOKIB — KUAOK M'sST4a
B CTPUOKY TOPKAIOYHCh B KUTbIIE — JIOBIIS B MEpEKaT IO JBOM pyKaM i CIIHHI HA PUTMIYHHX
Kpokax. Ha mincraBi moka3HUKIB 0i0MEXaHIYHOTO aHaJi3y JABOX BUKOHAHHMX 0a30BHX 3B'SI30K
BIIpaB 3 M'sueM, BUAUIEH] ()a30B1 CTPYKTYpH BIIpaB 1 BUBYEHI BY3JI0B1 €JIEMEHTH CIHOPTUBHOT
TEXHIKM KHJKIB 1 JIOBY M'sua. J{is Ouibll JeTaJbHOTO aHali3y B 000X JOCHIKYBAHHUX
BIIpaBax HaMu OyJ0 0OpaHO TPHU BY3JOBHX €JIEMEHTH: ITyCKOBA 103a TiJla (MOMEHT BUITYCKY
M’s14a), MyJIbTHUIUTIKALS 03U TUIa (TIOJIO’KEHHS TUIa MMiJ 4Yac BUKOHAHHS CTpUOKa) Ta KIHLIEBa
mo3a Tuia (MOMEHT JioBJi M’si4a). BucHoBok. OTpuMaHOo 00'€KTUBHY KUTBKICHY Ol0MEXaHIUHY
iHbOpMalLlil0 MPO MOKA3HUKH KIHEMATHYHOI CTPYKTYpU BY3JIOBUX €JIEMEHTIB CHOPTHUBHOL
TEeXHIKM 0a30BOi 3B'SI3KM BIpaB 3 M'AYEM: 3 JBOX-TPbOX KpPOKIB — KHUJOK M'sua B CTPHOKY
«KO3aK» — JIOBJISl B IIEpeKaT MO JIBOM pyKaM 1 CIIMHI Ha PUTMIYHUX KPOKaxX Ta 3 JBOX-TPHOX
KpPOKIB — KHJIOK M'si'9a B CTPUOKY TOPKAIOYHCh B KUIBIIE — JIOBJISI B TIEPEKAT MO JIBOM pyKaM 1
CIIMHI Ha PUTMIYHUX Kpokax. OTpuMaHi XapaKTePUCTUKH KIHEMAaTHYHOI CTPYKTYPH BY3JIOBUX
€JIEMEHTIB KHJIKIB 1 JIOBY M's'da B 000X 0a30BUX 3B'I3KaxX BIIPaB, MOXKYTh OyTH BUKOPHCTaHI B
SIKOCTI MOJICJIbHUX TOKA3HUKIB I OUThIl €(PEKTUBHOI TEXHIYHOI MIATOTOBKH IOHHX
riMHacToK. KoH(uaikT iHTepeciB. ABTOpH 3asBISIIOTH, IO KOHQIIKT IHTEPECIB BIACYTHIM.
IlepcnekTHBa NMOJAJBINMX HAYKOBHX JOCJTiAKeHb TIOB'A3aHa 3 PO3POOKOIO Mojesei
PYXOBO1 CTPYKTYPHU BY3JIOBHX €JIEMEHTIB CIIOPTUBHOI TEXHIKM BIPaB 3 MpeIMETaMM Ha eTalll
creriairizoBadol 0a30B0O1 MIATOTOBKH.

KurrouoBi cjioBa: Xya0kHfl TIMHACTHKA; M’A4Y; HomepeaHs 0a30Ba MirOTOBKA;
TeXHika; KIHeMaTH4YHA CTPYKTYpa PpyXiB; BY3JIOBI eJIleMEeHTH; IIyCKOBa I103a;

MYJIbTHILTIKALIA 103; KWAOK; JIOBJISL.

Introduction. Rhythmic gymnastics, like any sport, aims to achieve sports results [1,
4]. Ukrainian gymnasts have great sport achievements, however the ever-increasing sport
competition among the world leading national teams requires new ways for coaches and
athletes to improve their sport results. At the present stage of rhythmic gymnastics
development, the promising ways to improve the result in the first place are associated with

the improvement of basic technical training of athletes [1, 2].
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The stage of preliminary basic training in complex coordination sports, in general, is
focused on basic developmental classes aimed at the variability of approaches and techniques
used in the development of technical actions [6, 7]. In rhythmic gymnastics it is necessary to
expand the motor abilities of female athletes, to achieve harmonious physical development, to
instill aesthetics in gymnasts. At the same time, athletes are subject to special requirements
that reflect the specifics of rhythmic gymnastics. Even at the stage of preliminary basic
training gymnasts must have specific coordination skills that allow them to perform single
and compositional motor actions of a free nature as well as actions connected with
manipulation of sports objects [2, 5].

At the same time, basic technical training is an insufficiently solved problem in the
theory and methods of rhythmic gymnastics. It is primarily about the subject of basic training,
performing biomechanically rational throws and catching objects in the compositions of
gymnastic exercises [1, 2]. Evaluation of sport technique of throwing and catching objects, as
well as analysis of the spatial movement of gymnasts, adequate movement of the object, is
carried out in the educational process and during competitions, mainly visually. The results of
biomechanical analysis of sport techniques of throwing and catching objects, a detailed study
of the phase structure of rhythmic gymnastics exercises, consideration of the causes of
technical errors are partly presented in the scientific and methodological literature on
rhythmic gymnastics [2, 4]. The relevance of basic technical training is confirmed by theorists
and practitioners of rhythmic gymnastics.

The aim of the research is to study the features of the kinematics structure of the
technique on throwing and catching the ball of athletes engaged in rhythmic gymnastics at the
stage of preliminary basic training.

Research methods include analysis and generalization of data received from scientific
and methodical literature, video shooting, biomechanical video-computer analysis of
movements, methods of mathematical statistics.

Research results and their discussion. During the study, the kinematics structure of
motor actions of 20 gymnasts of the second youth category aged 9-10 was recorded and
analyzed. For biomechanical analysis, we chose two combinations of exercises: throwing the
ball in the "Cossack" jump — catching into the roll on both hands and back in rhythmic steps;
and throwing the ball in a jump touching in the ring — catching into the roll on both hands and
back in rhythmic steps.

Studies in sport gymnastics, athletics and other sports [3, 4] show that when athletes

perform various exercises, there are body positions that determine the kinematics and
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dynamic structure of the previous and subsequent movements, such body positions are called
nodal elements.

In our research, we studied the features of the kinematics structure of motor actions of
gymnasts when performing two basic sets of ball exercises, which are learned at the stage of
preliminary basic training. Quantitative information was obtained about the indicators of the
kinematics structure of the nodal elements for sports technique, associated with basic set of
ball exercises: from two or three steps — throwing the ball in the "Cossack" jump — catching
into the roll on both hands and back in rhythmic steps.

The kinematics characteristics of the basic set of ball exercises: from two or three
steps — throwing the ball in the jump touching in the ring — catching into the roll with both
hands and back in rhythmic steps — were also recorded.

Based on the indicators of biomechanical analysis of the two basic sets of ball
exercises performed, the phase structure of exercises is specified and the key elements of
sports technique of throwing and catching the ball are studied. For a more detailed analysis in
both studies, we selected three nodal elements: the starting pose of the body (the moment of
releasing the ball), the multiplication of the body pose (body position during the jump) and
the final body pose (the moment of catching the ball). The results of the study of the
indicators of the kinematics structure of the nodal elements for sports technique, associated
with basic set of ball exercises: from two or three steps — throwing the ball in the "Cossack™
jump — catching into the roll on both hands and back in rhythmic steps are presented in Table
1.

Analyzing the starting pose of the gymnasts' body when throwing the ball in the
"Cossack™ jump more attention should be paid to the following indicators: the angles in the
joints due to which a straight, slightly tilted forward position of the body with a completely
straight hand that releases the ball in forward-up position is created. Other important
indicators are: the angle of launching the ball, which is equal to 75.8°; (S = 4.08°) and the
speed of the wrist at the beginning of the throw, which is 4.12 m ¢ s-* (S = 0.33 m » s-1).
These indicators affect the entire subsequent flight of the equipment. In the analysis of the
multiplication of poses in the "Cossack™ jump, in addition to the body pose itself, which is
evaluated by the judges, important indicators are those that characterize the flight of the ball.
Some of them, such as the height of the ball, also affect the evaluation of the exercise.
According to our data, the height of the ball is 4.29 m (S = 0.27 m). The main task of this

phase is to maintain a given posture and create the conditions for successful catching the ball.
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The difficulty in catching the ball on both arms and back is that the athlete does not see the
equipment.
Table 1
Characteristics of the kinematics structure of the nodal elements for sports technique,
associated with basic set of ball exercises: from two or three steps — throwing the ball in the
"Cossack" jump — catching into the roll on both hands and back in rhythmic steps (n = 20)

Characteristics Value
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V% | 2,87 |9,13] 0,93 |7,97|5,38|6,24|3,58|5,70| 5,67 |3,47|14,47|1,49|1,86|4,06

The results of the study of the indicators of the kinematics structure of the nodal
elements for sports technique, associated with basic set of ball exercises: from two or three
steps - throwing the ball in a jump touching in the ring — catching into the roll on both hands
and back in rhythmic steps are presented in Table 2.

Angular indicators of the starting position of throwing the ball in the jump touching in
the ring are almost identical to the indicators when performing the throw of the ball in the
"Cossack™ jump, this is due to the fact that they influence assessment of the exercise
performance. The speed of the wrist at the beginning of the throw is 4.01 m * s-! (S=0.26 m
s-1). The height of the ball is 4.48 m (S = 0.33 m).

Indicators of the kinematics structure of movements in the process of throwing and
catching the ball, demonstrated during the performance of both basic sets of exercises, are
guidelines for young gymnasts and a basis for the coach to adjust the performance of key

elements of sports technique for these exercises.
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Table 2
Characteristics of the kinematics structure of the nodal elements for sports technique,
associated with basic set of ball exercises: from two or three steps - throwing the ball in a
jump touching in the ring — catching into the roll on both hands and back in rhythmic steps
(n=20)

Characteristics Value
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Conclusion. Objective quantitative biomechanical information about indicators of
kinematic structure of nodal elements for sport technique consisting of basic set of ball
exercises is received: from two-three steps — throwing the ball in the "Cossack™ jump —
catching into the roll on both hands and back in rhythmic steps; and from two or three steps —
throwing the ball in a jump touching in the ring — catching into the roll on both hands and
back in rhythmic steps. The obtained characteristics of the kinematic structure of the nodal
elements of throwing and catching the ball during both basic exercises, can be used as model
indicators for more effective technical training of young gymnasts.

Conflict of interest. The authors state that there is no conflict of interest.

The prospect of further research is associated with development of the models of
nodal elements motor structure, used as sport technique for exercises with objects at the stage

of specialized basic training.
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