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Introduction. The implementation of the new table by the FIG has resulted in some necessary adaptations
to vaulting and our approach to training of vaulting technique. Nowadays the technology of biomechanica
analysis with motion capture is one of the most perspective methods of methods of the registration of skilled
athlete’ s motor actions. Despite the fact that improving of the vaulting technique of skilled gymnasts is one
of the actual problems in the sport training, this problem has not been studied completely from the aspect of
biomechanical analysis. Significant changes in the vaulting apparatus influenced onto the biomechanical
structure of gymnast’s technique [2, 4]. The aim of the research was to determine the biomechanical
characterigtics of technique for skilled female gymnasts performing vault group «Tsukahara» on «new table».
This research was carried out according to the «Consolidated Plan research in the field of physical education
and sport for 2011-2015» of the Ukrainian Ministry on Family, Youth and Sports Affairs in theme:
2,16 «lmprovement of technical and tactical training of skilled athletes with the use of modern technologies
for measuring, analyzing and simulation of movements».

Methodology. We used the technology of biomechanical anaysis of human movement with video
recording. The positions of the gymnast’s body in movement were recorded by a digital video camera at a
speed of 25 frames per second in sagittal plane. 14-segment, branched kinematical circuit was used as a
model of the human support-motion apparatus. We calculated the coordinates of gymnast’s basic joints
(20 points were selected). Then we obtained kinematic and dynamic biomechanical characteristics by
«BioVideo» software (developed by the kinesiology department). 20 highly skilled female gymnasts (age
13-15 years) — members of Ukraine' s National Team — have been participated in the experiment.

Results. The vault was separated into six phases: running approach, board contact, first flight, hand contact,
second flight, touch-down. We calcul ated the horizontal, vertical and resulting linear velocities of the centre of
mass and joint rotation centre of the gymnast's body; angular movement and angular velocities of
bi osegments; potential, kinetic and total energy of separate biosegments and the whole body; work output at
take-off; capacity of taking-off.

Firgt of all, hand contact by apparatus is one of the mgjor factors in vaulting biomechanica structure [1, 5].
One of the investigation purpose was to study the features of hand contact phase in vaults under the changed
apparatus design: from old horse to new table. From the biomechanical point of view, the hand contact phase
in avault can be carried out by hands faster, and the changed surface of an apparatus will raise capacity of a
push hands, flight height and distance of second flight phase. Time of hand contact phase isthe following: in
«Tsukahara» tucked — 0,38 s compared to 0,22 s, «Tsukahara» stretched — 0,38 s compared to 0.20 s, round-
off, flic-flac on — 0,35 s compared to 0,20 s, round-off, flic-flac on-tucked salto backward off — 0,24 s
compared to 0,18 s, round-off, flic-flac on-stretched salto backward off — 0,26 s compared to 0,16 s.

We have developed the training program for skilled female gymnasts which was based on the results of
biomechanical analysis in order to improve their «Tsukahara» vault performance. This program consists of
seven complexes with special physical exercises which were aimed to the improving the biomechanical
characterigtics of gymnast’s motor actions technique in each vault phase. The effectiveness of the developed
program was tested by a pedagogical experiment.

20 qualified female gymnasts — the members of Ukraine's National Team — were divided by random
selection into two groups of 10 gymnasts both in control and experimenta group. Gymnasts in both groups
had no satistically significant differences by biomechanical characteristics of vault technique at the
beginning of the pedagogical experiment. Pedagogical experiment was carried out during 12 months at the
training to main startings in the Ukrainian and World Championships. Gymnasts in both groups trained on a
single plan per 3 hours twice a day, six days a week. Gymnasts performed vaults for 45 minutes as in the
experimental and the control group during each training session. The only difference between the groups was
that the control group trained under the traditional program and the experimental group trained by our
program [3].

The effectiveness of our training program in the improving of «Tsukahara» vault performance for skilled
female gymnasts was confirmed as a result of the experiment (Table 1). Thus, gymnasts of the experimental
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group increased on average A score from 4,08 + 0,10 to 4,26 + 0,15, p < 0,05; B score from 8,55 £ 0,15 to
8,93 £ 0,18, p < 0,05; gymnasts of the control group also increased A score from 4,08 + 0.10 to 4,12 + 0,10,
p > 0.05, B score from 8,51 + 0.15t0 8,63 £ 0,23, p > 0,05.

Table 1

Kinematic characteristics of «Tsukahara» vault performed on «new table» by skilled female gymnasts
of control (n = 10) and experimental (n = 10) groups as aresult of pedagogical experiment

Control group

Experimental group

Phase Characteristic Difference
X S X S
| |approach phase velocity, m-s™ 6,34 0,609 7,60 0,626 p<0,05
Il |hurdle-step phase time, s 0,284 0,018 0,270 0,014 p>0,05
time, s 0,112 0,010 0,094 0,019 p <0,05
\velocity at take-off the
Il jon-board phase board, ms* 5,52 0,408 6,28 0,393 p<0,05
knee joint, degrees 156,50 5,701 167,40 8,771 p<0,05
hip joint, degrees 156,80 5,391 164,20 5,029 p <0,05
IV |pre-flight phase time, s 0,204 0,008 0,184 0,018 p<0,05
time, s 0,236 0,023 0,210 0,025 p <0,05
V  lon-table phase veloaty attake ot thetable 458 | 0305 | 498 | 0413 | p<005
shoulder joint, degrees 150,70 6,977 160,50 7,075 p <0,05
time, s 0,816 0,018 0,840 0,019 p <0,05
post-flight phase height off the table, m 1,38 0,136 1,77 0,137 p < 0,05
horizontal distance, m 2,59 0,093 2,74 0,076 p<0,05
on-piked salto Lo
Vi backward off hip joint, degrees 71,6 25 65,50 1,291 p <0,05
on-stretched salto 150.0
backward with 1/1 hip joint, degrees - - (n= ,l) - -
turn (360) off
Vault total time, s 1,652 0,034 1,598 0,053 p<0,05

gymnasts was confirmed by pedagogical experiment.

Conclusions. The increase in available surface area on the new table over the old horse has improved
performance of the vaults by highly skilled female-gymnasts.
The leading elements of the «Tsukahara» vault motor structure of qualified female gymnasts on «new
table» are the biomechanical characterigtics of post-flight phase: the time in air, height off the table and
distance from the table, which was confirmed by correlation analysis.
The effectiveness of developed program to improve the «Tsukahara» vault technique for skilled female

The prospects of our research include the modelling of skilled female gymnast’s individual technique in
«Tsukahara» vaullt.
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Annotations

As a result of the analytical problem study it was revealed that due to the significant structural changes of sports
equipment for the vault, the transition from the «horse» to «vaulting table», the biomechanical structure of vault
technique has been changed. We devel oped the special programsto improve sports technique for skilled female gymnasts
in vault «Tsukahara» with a «vaulting table» which have been based on the biomechanical characteristics of their motor
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actions technique. Each of the special programs consist of seven complexes for 5 exercises (a total of 35 exercises). One
separate complex solves the problem in achieving the biomechanical parameters on which sport performance depends
directly. The efficiency of author’s special programs was confirmed through direct comparison of the pedagogical
experiment.

Key words: technique of motor actions, skilled female gymnasts, «Tsukaharax» vault, «vaulting table».

Ipuna Xuenvnuuvka, Ceimnana Kpynensn. biomexaniuna cmpykmypa mexHiku_Keanighikoganux 2ZiMHACHOK 8
onopnux cmpubkax muny <Ilykaxapa». Y pesynomami ananimuyno2o 8ueueHHs npodiemu 6Us6LeHO, Wo y 36 A3KY 3
iCMOMHUMU KOHCIPYKMUBHUMU 3MIHAMU CHOPMUBHO20 CHAPAOA 05l ONOPHUX CMPUOKi6, nepexodom 6i0 cHapsada
KKIHb» 00 CHapA0a «CmMpuOKOSUll cMin» 3MIHUAACA OIOMeXaHIuHa cmpyKmypa mexniku onoproeo cmpudxa. Cnupa-
HOUUCH HA pe3yTbmamu OIOMeXaHiYHO20 aHANI3Y KIHeMAMUuyYHOI CmMpYKmypu pyxoeux Oill 2iMHACMOK, ynepuie 0OTpyH-
MOBAHO Ui pO3POONIEHO CHEYianbHi NPOSPamu 600CKOHANEHHS CHOPMUGHOI MEeXHIKU ONOpHUX cmpubkie muny <Llyka-
xapa» 0ns xeanigikoganux eimuacmox. Kooicha 3i cneyianvHux npozpam cKiaoaemucs i3 cemu KOMNIeKCie no n'samo
cneyianvrux gisuunux enpag (ycbozco 35 6npag), y KOJCHOMY i3 SKUX PO36' A3VI0MbCsl 3A80AHHS HA OOCSAZHEHHSI MUX
OIOMEXAHIUHUX NOKA3HUKIG, 810 AKUX O€3N0CepeOHbo 3anedcums cnopmueruil pesyromam. Egexmugnicms po3pobnenux
cheyianoHux npozpam niomeepodiceHa 3a 00NOMO2010 NPAMO20 NOPIGHANLHO20 Nedazo2iuHozo excnepumenmy. Pesyno-
mamu 00CHiONHCeHb YNPOBAON’CEHI 8 NPAKMUKY Ni020MO6KU HAYIOHANbHOI 30ipHOI KoMmaHnOu Ykpainu 3i cnopmuseHol
CIMHACMUKU.

Knrouosi cnosa: mexuixa pyxosux Oiil, K8anighiko8aHi cIMHACMKU, ONOPHULL cmpubok muny «Llykaxapa», «<cmpub-
KOBULU CMIin».

Hpuna Xmenvnuykan, Ceemnana Kpynensa. buomexanuueckana cmpykmypa mexuHuku Keaau@uuuposannvlx
2UMHACHIOK 8 OnopHbiX npbiyckax muna «Ilykaxapa». B pesyremame aunanumuyeckozo usyuyeHus npoodiemvl
VCMAHOBIEHO, YMO 8 CE53U C CYUeCMBEHHbIMU KOHCMPYKMUBHBIMU USMEHEHUAMU CHOPIMUBHO20 CHAPSAOA OJil ONOPHBIX
NPBIAHCKOB, NEPeX000M OM CHAPAOA «KOHBL» K CHAPAOY <NPLINHCKOBBIL CINOI» USMEHULACh OUOMEXAHUYeCKas CIMpYKmypa
MeXHUKU ONOPHO20 NpbldicKd. buomexanuueckuli 6U0eOKOMNbIOMEPHDII AHAU3 NO360IUT 8bIAGUNb 0CODEHHOCMU KUHe-
MAmuyeckou CMpyKmypbl mexHuKu 08UeamenbHblX 0eticmeull KearupuyuposanHuvlx 2UMHACMOK 8 ONOPHBIX NPBIHCKAX
muna «L{ykaxapa» Ha cHapsaoe «npuiockoswvitl cmon». OCHOBbIBASACH HA Pe3yIbmamax OUOMEXAHUYECK020 AHATU3A KU-
HeMamuueckou CmpyKmypbl 08USAMENbHBIX 0eUCMEUll SUMHACIOK, 000CHO8ANbL U pA3pAbOmMAanbl Cneyudibibvle npo-
2PAMMbL COBEPUICHCNBOBANUS CHOPMUBHOU MEXHUKU ONOPHBIX NPLIdHCKo8 muna <Llykaxapa» 0ns Keanuguyupo8aHuvlx
eumnacmok. Kascoas uz cneyuanvuvix npoepamm cocmoum u3 cemu KOMNIEKCO8 NO NAMb CHeYUANbHbIX QuU3U4ecKux
ynpaoicnenuti (6ce2o 35 ynpasicHenutl), 8 KANCOOM U3 KOMOPHIX PEULAIOMCSL 304U HA OOCMUICEHUe mex OUOMEeXaHU-
YecKux noxasamenei, om KOMOPbIX HENOCPeOCMBEHHO 3a8UCUM CROPMUGHbLU pe3yivmam. Dpdexmusrnocms paszpa-
OOMAHHBIX CNEYUATIbHBIX NPOSPAMM NOOMEEPICOCHA NOCPEOCMBOM NPIMO20 CPAGHUMENbHO20 Ne0d202UuiecKo2o dKCne-
pumeHma.

Knroueevle cnoea. mexuuxa 08ueamenbHuix Oelicmeuil, KEATUQUYUPOBAHHbIE SUMHACTKU, ONOPHbIU HPBIHCOK
muna <Llyxaxapa», <npuioicKosbvlii Cmou».
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