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Abstract

The relevance of the researclAt the current stage of sports science developm#rd most promising direction
for increasing sport results is that focuses onnttaimum usage of the qualitative training procelsaracteristics ,
reserves search of athletes’ technical skill improent , methods and means of technical trainiraximmal realization
of individual congenital and acquired inclinatiook athletes.Statement of the ProblenThe highest quality in the
tmotor actions technique improvement is achietedugh the usage of biomechanical analysis wtichased on the
studying of biomechanical structures using moadectrooptical systems of registration and gsialof movements
with the subsequent development of model indicafthe Purpose and Methods of Researdrhe aim of this work is
to analyze the peculiarities of the biomechanitaicsure of the javelin throwing technique by elithletes. Research
methods : analysis of scientific and methodicaréiture, video, biomechanical analysis and metlodasathematical
statistics.Results and Key Conclusion3.he analysis of the javelin throwing techniquehafhly qualified athletes is
carried out. In the experiment four javelineergipgrated — masters of sport of the internationass. With the help of
video shooting and biomechanical analysis quaiwgatharacteristics of the biomechanical structfr¢he throwing
javelins technique of highly qualified athletes afgtained. The indexes that influence the javdighf range in the
phases of the previous run, final run and finalréfire studied. The temporal, spatial and spatiaporal characteristics of the
technique of motor activity is analyzed. The ob¢dindata is planned to be used for constructing faodke the
biomechanical structure of the javelin throwingheicue. The indicators of the biomechanical stectf the javelin
throwing technique discovered by highly qualifiethlates can be used as sample models for athldtéswer
qualification. Prospects for further research &ee dtudy of the biomechanical structure of the maeint of qualified
athletes and the discriminatory features revealdtie technique of athletes of different qualifioas, with the aim of
further improving the javelin throwing techniquetbé qualified athletes.
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Ousekcanap KaimameBcbknii. Oco6amBocri 0ioMexaHiYHOI CTPYKTYpH TeXHIKH MeTaHHSl CIIHCY
BHCOKOKBATi()iKOBAHMMHU CHOPTCMEeHAMHU. AKmyansnicms memu O0ocaiodycennsn. Ha cydacHOMy eTari po3BUTKY
CHOPTHBHOI HayKH, HAWIEPCIIEKTUBHILIMM HANpsIMOM MiJABHIIECHHS CIOPTUBHOIO PE3yJbTaTy € TOH, IO OpiEHTYE Ha
MaKCUMaJIbHe BUKOPHUCTAHHS SIKICHHX XapaKTEPHCTUK TPEHYBAIBHOTO IPOLECY, HOLIYK PE3epBIB yAOCKOHAJIEHHS TEXHIYHOT
MaWCTEPHOCTI CHOPTCMEHIB, METOJIB 1 3ac00iB TEXHIYHOI IMATOTOBKHM, MaKCHUMAaJbHOI peaii3amii iHIUBiIyabHUX
BpPO/DKEHUX Ta HAOyTHX 3aAaTKiB atneTiB. I[locmanoexka npooaemu. HaliBumia sSKicTh Mia 9ac YAOCKOHAJICHHS TEXHIKH
PYXOBHX [l JOCATAEThCS 32 PAXyHOK BHUKOPUCTAHHS OIOMEXaHIYHOTO aHajli3y, B OCHOBY SIKOTO TIOKJIQJICHO JOCTIPKSHHS
OioMexaHIYHO1 CTPYKTYPH 3a JOMOMOTOI0 3aCTOCYBaHHS CyYaCHHX OINTHKO-CJIEKTPOHHHUX CHCTEM PEECTpallil i aHaTi3y
PYXIiB i3 TIOIATBIIOK PO3POOKOI0 MOJIENILHUX TIOKa3HUKIB. Mema ii Memoou 0ocniocennsn. Mera poOOTH — NMpoaHATI3yBaTH
ocoOnmBOCTI OloMeXaHIYHOI CTPYKTYpH TEXHIKM METaHHS CIMCa CHOPTCMEHaMM BHCOKOi KBauidikauii. Meroan
JIOCHIJKCHb — aHaJi3 HayKOBO-METOAMYHOI JIITEPAaTypH, Billco3iioMKa, OiOMEXaHIYHUI aHANi3, METOJU MaTeMaTHYHOI
cratuctuku. Pezynomamu ma kuouoei eucrnoeku. IIpoBeieHO aHai3 TEXHIKM METaHHS CITMCA BHUCOKOKBai(hiKOBAHUMHU
cnoprcMeHaMu. B excrniepumenTi Opany y4acTb YOTHPH METAJILHHMKU CIIMCA — MAWCTPH CHOPTY MIKHAPOAHOTO KIacy.
3a JI0NOMOror0 BifICO3HOMKHM 1 0iOMEXaHIYHOTO aHali3y OTPUMaHO KUIBKICHI XapaKTepUCTHKHM OiOMEXaHIYHOI CTpyKTypu
TEXHIKA METAaHHS CITHMCa BHCOKOKBaJi()ikOBaHUMHU CIIOPTCMEHAMH. J[OCHIKEHO TMOKa3HUKH, SKi HalO1IBIIO Mipoio
BILUTMBAIOTh Ha JANBHICTH IMOJIBOTY chrca y ¢azax MOMEpPeaHbOTO Po30iry, 3aBepmiaibHOTO po30iry Ta (iHambHOTO
3ycuiuts. [IpoaHanizoBaHO 4acoBi, MPOCTOPOBI ¥ MPOCTOPOBO-YACOBI XapaKTEPUCTHKHU TEXHIKM pyXOBUX Aiid. OTpuMani
JIaHl TUIAHY€ETHCS BUKOPUCTATH JJIs TTOOYAOBH MoJiesieid 0ioMeXaHiqHOi CTPYKTYpH TEXHIKM METaHHS cruca. Bussieni
HaMU [TOKa3HUKHU 010MEXaHIUHOI CTPYKTYPH TEXHIKH METAaHHS CITMCa BUCOKOKBAJII()IKOBAHMMH CIIOPTCMEHAMHU MOXYTh
OyTH BUKOPHUCTaHI, SIK 3pa3Kd — MOJICMI U1 CHOPTCMEHIB HIDk4ol KBamigikaryi. [IepCrieKTHBM MOAANBIIOTO MOCIIKEHHS
BOayaeMo y BUBUYEHI OIOMEXaHIYHOI CTPYKTYPH TEXHIKM KBAT()IKOBAHMX CIIOPTCMEHIB Ta BHSBIICHH] IMCKPUMIHATUBHUX O3HAK Y
TEXHilll CHOPTCMEHIB pi3HOI KBamiikallii 3 METOI0 TOJAIBIIONO BIOCKOHAJICHHS TEXHIKM METAHHs CIHCA KBaJI(hiKOBaHMMHU
CHOPTCMEHaMH.

KaiouoBsi ciioBa: MeTaHHs criuca, TeXHiKa, BACOKOKBaIi(pikoBaHi CIIOPTCMEHH, OioMeXaHIYHa CTPYKTYypa.
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Anexcanap KiammameBckmii. OcoO0eHHOCTH OHMOMEXaHHMYECKOH CTPYKTYPbl TeXHHKH METAHUSA KOIbS
BbICOKOKBAJIM(PUUHMPOBAHHBIMHU CIIOPTCMEHAMU. AKMYanbHOCMb membl ucciedoeanus. Ha coBpeMEHHOM dTare
Pa3BUTHSA CIIOPTHUBHON HAyKH IEPCIIEKTUBHBIM HAIIPABICHUEM ITOBBIIICHUS CIOPTHBHOTO PE3YIIbTaTa SIBIACTCS TO, YTO
OpUEHTHPYET Ha MAaKCHMaJbHOE HCIIOJNB30BAaHME KAaYEeCTBCHHBIX XapaKTEPUCTHK TPEHHUPOBOYHOTO MpoOIecca, MOUCK
PE3epBOB COBEPIICHCTBOBAHMS TEXHIMYECKOTO MAacTEPCTBA CIIOPTCMEHOB, METOJOB U CPEICTB TEXHIYECKOW ITOJTOTOBKH,
MaKCHMAaJIbHON peanu3aliy HHINBHIYaTbHBIX BPOXKICHHBIX W TNPHOOPETCHHBIX 3aHaTKOB atietoB. Ilocmanoexa
npoonempl. Bpicoyaillliee KauecTBO IPU COBEPIICHCTBOBAHUM TEXHUKHU JBUIaTEJIbHBIX JCHCTBUI NOCTUrAETCS 34 CUET
HCTIOJIB30BaHUs OMOMEXaHIMYECKOTO aHAIN3a, B OCHOBE KOTOPOTO JIEKHT HCCIIEJOBaHNE OMOMEXaHUIECKON CTPYKTYPHI
MIOCPEJCTBOM HCIOJIb30BAaHUSI COBPEMEHHBIX OINTHUKO-3JIEKTPOHHBIX CHUCTEM PErucTpalud M aHaiu3a ABUXKEHHUU C
MoCIenyoeH pa3paboTkol MOIENBHBIX Tokasarenei. Ilens u memoowt uccnedosanus. llens paboThl — IPOAHATN3UPOBATH
OCOOCHHOCTH OHMOMEXaHHYCCKOW CTPYKTYPBl TCXHHUKUM METAHUS KOIbSI CIIOPTCMCHAMHU BBICOKOW KBAJIM(UKAIUH.
MeToabl UCCIEIOBAHUN — aHANU3 HAYYHO-METOJIUYECKOH JIUTEpaTypbl, BUACOCHEMKA, OMOMEXaHWYCCKHI aHAJU3,
METOJbl MaTEeMaTHYECKON CTaTHCTUKU. Pe3yJbTaTbl M KiIK04YeBble BbBIBOABI. [IpoBeneH aHANM3 TEXHUKH METAHHS
KOIIbsSI BBICOKOKBATU(DUIIMPOBAHHBIME CIIOPTCMEHAMH. B SKCIIEpUMEHTE y4aCTBOBAIM YCTHIPE METATENs KOIbsS — Macrepa
CIIOpPTa MEXIYHapoaHOTO Kiacca. IIpu momonmw BHICOCHEMKH W OMOMEXaHMYECKOTO aHAI3a MOMYYeHBI KOJIMYECTBEHHBIE
XapaKTePUCTUKH OMOMEXaHMYECKOH CTPYKTYPHl TEXHWKHA METAaHHS KOS BBHICOKOKBAJIM(HIMPOBAHHBIMH CIIOPTCMEHAMH.
HccrnenoBanpl moKa3aTend, KOTOpble B HAaWOOJNBIIEH CTENEHH BIMSIOT Ha JaJbHOCTH IOJieTa Kombsi B (aszax
MIpeaBapUTENFHOTO pa3dera, 3aKIIOYUTEIBHOTO pazdera m (uHanmpHOrO ycwims. lIpoaHanm3upoBaHBI BpEMEHHEIE,
MIPOCTPAHCTBEHHBIC U MMPOCTPAHCTBEHHO-BPEMEHHBIC XapaKTEPUCTUKN TEXHUKH JBUTATENBHBIX NeicTBHi. [lomydeHHbIe
JTAHHBIC IUTAHUPYETCS WCIIONB30BATh I TTOCTPOCHMS Mopenel OMOMEXaHWYeCKOH CTPYKTYPBl TEXHHKH METAHWS KOIIbS.
OOHapyKCHHBIC HAMH TOKA3aTed OMOMEXAHMYECKON CTPYKTYphl TEXHUKH METAHUS KOIbS BBICOKOKBAM(DHUIIMPOBAHHBIMU
CIIOPTCMEHAMH MOTYT OBITh HCIIOJIB30BaHBI KaK 00pas3ibl — MOJCIH Ui CIIOPTCMCHOB HH3KOW KBaJIM(UKAIUH.
[epcrieKTHBBI NANBHEHINIEIO KCCIICOBAHUS 3aKIIOYAIOTCS B HM3YYCHHH OHMOMEXaHUYECKOW CTPYKTYPBI TEXHUKH
KBaJTU(UIMPOBAHHBIX CIOPTCMCHOB U BBISBJICHUU TUCKPUMUHATHBHBIX TIPU3HAKOB B TEXHUKE CIIOPTCMCHOB Pa3IMYHON
KBaJTU(UKAIMY C TICIBIO TATBHEHIIIETO COBEPIICHCTBOBAHKS TEXHUKH METAHHUS KOIbs KBATM(DHIIMPOBAHHBIMHU CIIOPTCMECHAMEL.

KiroueBble c10Ba: METaHHE KOIbs, TCXHUKA, BRICOKOKBATH()HITPOBAHHBIC CIOPTCMEHBI, OMOMEXaHHUYECKAs CTPYKTYpa.

Introduction. At the current stage of sports science developmba most promising direction for
increasing sport results is that focuses on tharmem usage of the qualitative training process attaristics,
reserves search of athletes’ technical skill imprent, methods and means of technical trainingjmed
realization of individual congenital and acquiredlinations of athletes [5]. In the javelin throgjrone of
the ways to increase athletic performance is iwipgihe javelin thrower' s motor action. The highdl of
proficiency ofrational motor actions allows to shetable and high results for the whole seasonusetatly
one of the main problems in preparation of javaliowing athletes is — improving of motor actions
technique [1].

The Analysis of Researchedviany authors considered that the highest qualitiienrmotor actionstechnique
improvement [2; 5], is achieved through the usdd®omechanical analysis which is based on thesiiyation of
biomechanical structuresusing modern and electicadtystems of registration and analysis of movamse
with the subsequent model parameters developméniNpivadays , most published works are devoted to
the studying of the javelin throwing technique aadalyzing the world's leading athletes techniddainly
they are focused on individual characteristicshefexercise, but in most cases all major chaiatits of
the technique are not analyzed [3; 6].

The aim of this work is to analyze the peculiarities of the biomechanétructure of javelin throwing
technique of elite athletes.

Material and methods of research- analysis of scientific and methodical literatwieleo, biomechanical
analysis and methods of mathematical statistiostder to identify benchmarks of javelin throwirgteology 20
attempts of 4 Wrldmasters of sportsvere analyzed . All the attempts performed byed#d in trainings
were filmed, butonly 5 attempts of each athletdlie best results have been selected.

The Results of the Study. Discussioff.he range of the projectile is the main aim thfleots the sport
results . That's why the terms of the spear ran@ee tbeen analyzed at first. The results of theietud
attempts in the javelin throwing showed 73,8 peBn2,4 m in average, maximum of 76,8 m, and the
minimum 72,4 m. Having analyzed the results ofrafts, we concluded that the experimental group is
homogeneous according to the rate range of thessplea low value of the coefficient of variatiorn=38,2 %) and
close to each other on the average, mode and medismproved (x=73,8, Mo=73,4; Me=73,6). According
to the data we came to the cnonclusion that thécatats of the biomechanicalstructure of javelin
throwingtechnigue can be analyzed by the indicat@verage values.

We have analyzed the preliminary part of the rugrdpproach by javelin thrower. The research shows
that dynamics and the maximum value of accelerabibthe projectile and body of the thrower in the
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previous part of the running approach depends sphysical training and the development of swidle/gr
gualities mainly compearing with the technique obwvements. Therefore, we analyzed only the
integralcharacteristics of the preliminary parttioé running approach: length of running approaicheaf
running approach, amount of steps, the averagengrstride length, the speed of the overallcentdyoaly
weight of the athlete at the end of the runningraagh.

Biomechanical parameters of the technique in pieliny running approach of elite javelinthrowers are
presented in the table 1.

Table 1

Biomechanical Parameters of the Kinematic Structurelechnique Inthe Preliminary Part
of a Running Approachshowed by Elite Javelin Throwe(n = 20)

Measured Parameter X S
Length of the running approadai, 16,28 0,84
Time of running approacis, 2,32 0,19
Number of steps 13,2 0,97
Average running stride lengtm 1,26 0,12
Speed CCM of the athlete's body at the end ofuhaing approachmes 7,98 0,66

The main criterion for the preliminary running apach is speed CCM of the athlete's body at the end
of the run. Speed at the end of the preliminarynmm approach reaches 7,98a19sS=0,66 m-sl.. The
acceleration is achieved mainly due to the incregpsi running pace and not via increasing the kewdthe
steps.It is proved by the characteristics of therage length of the running stride during the prelary
running approach,which is 1,26 m while the standfdation is 0,12 m. So the length ofthe stepansost
the same

Indicators of the spatiotemporal structure of @inejin throwing technique of elite athletes in piase
of the final part of the running approach are pmé=e:in the table 2.

Table 2
Spatio-Temporal Indicators of Elite Javelin Throwers in the Final Part
of the Running Approach (n= 20)
Measured Parameter
The Name of the Phase CCM CCM Speed, CCM
Movement, m.st Accelergtlon,
m m-s
The reference phase X 0,12 8,08 2,5
The first springing S 0,01 0,77 0,16
stride Phase of flight X 1,76 8,22 0,90
S 0,15 0,72 0,06
The reference phase X 0,14 8,52 1,25
The second S 0,02 0,66 0,11
springing stride Phase of flight X 1,48 8,66 0,75
S 0,14 0,82 0,03
The reference phase X 0,12 8,78 1,05
The third springing S 0,01 0,71 0,05
stride Phase of flight X 1,89 8,82 0,66
S 0,17 0,77 0,06
The reference phase X 0,18 8,94 0,78
The fourth springing S 0,02 0,66 0,02
stride Phase of flight X 1,41 8,96 0,50
S 0,14 0,55 0,05

In the final part of the running approach, all ates performed four springing strides. In this ghas
ofthe movement we have analyzed the indicatorshef gpatiotemporal technique ofjavelin throwing
structure: displacement of velocity and acceleratibCCG(common center of gravity) of the athlebsgy.

We should pay specialattention at the spatial @ngporal characteristics of the movement CCG of
skilled javelin thrower. Moving CCG athlete's bodgcurs in the support phase and the phase of .flight
the support phase CCG moved to 0,12-0,18 m, aachmase of flight to 1,41-1,89 metres. Howevethe
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support phase the athlete has a greater speedthaasin the the phases of flight. The reason esréxt:
athlete applies propulsive force to the supporéfenence phase. Speed CCG of highly skilled javelin
throwers body in the phase of the final part ofri@ning approach isincreasing, and acceleratipos#ive,
which indicates efficient performance of motor ans.

The indicators of the main parameters of the javtbliowing by elite throwers are presented in afodet 3.

Table 3
Main Parameters of the Javelin Throwing by Elite Throwers (n = 20)
Measured Parameter X S
The range of a spean 73,8 2,4
The path length of the final acceleration of a sp@a 1,88 0,12
Launching speed of a spearss-1 27,6 1,21
CCM speed of a sportsman’s body at the momentusiclhing,m-s" 10,24 0,97
The angle of the torso is vertical at the momenaohching, © 35 2,9
The angle of the spear launching, ° 36 2,9
The height of the flight of the spear, m 2,04 31,2

As thefinal effort is the culminationof javelin twingtechniques, it requires the most detailedysigd
We have studied the indicators which influencelerange of a spear.

The rate of launching of the elite spear throwsrg4,6 mes—1, the path length of the final accatana
of a projectile of 1,88 m, the more the value @sih indicators, the better sports result. Speed 6fQGe
athlete's body at the moment of launching madeQp4lmes—1, whereas at the end of the final pha#eeo
running approach this indicatorwas of 8,96 mes-iusl we observe the increase in the CCM during the
entire throwing, which is an indicator of propeessise.

We have identified the parameters of the biomedahstructure of the javelin

throwing technique of elite athletes which can Iseduias sample models for the athletes of lower
gualification.

Conclusions and Prospects for Further ResearchThe high level of technical and possessional skil
of a rational javelin throwing technique has a ifitant impact on athletic performance throwersorBéchanical
structure of the javelinthrowing technique of elithletes was identified and analyzed by using teaip
spatial and spatio-temporal-related characteristicenotor actions. We haveidentified the indicatois
biomechanical structureof the javelin throwingtegme by elite athletes which can be used as sample
models for the athletes of lowerqualification.

Further researches are based on the studying obitmechanical structure of the skilled athletes
technique and identifying discriminating signs Ine tathletes with different skills, for improvingtlaet of
throwing spears by skilled athletes.
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