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AHoTamiji:

The relevance of research related to
search for the optimality of motion
technology in various phases of javelin
throwing. The questions of
biomechanical parameters of javelin
throwing are considered at different
stages of sports actions in the article.
The aim of the work was determination
of the rational structure of motor actions
in various phases of javelin-throwing.
The research was carried out on the basis
of an analysis of 764 training and
competitive attempts of javelin throwers.
The videograms were analyzed using the
software «KinoVea». Along with the
phase structure of the javelin throwing,
the main positions are highlighted,
including initial, final and a number of
intermediate provisions. To assess the
movement, a number of animation
positions are highlighted in the main
elements of the movement. As the
studied parameters were defined time
parameters, angular speeds of movement
of body parts, moments of inertia and
radius of the moment of inertia motion,
angular positions in the joints and
trajectories of changes in the center of
mass of links relative to the general
center of mass. The research revealed
kinematic and dynamic parameters of the
phase structure of javelin throwing. The
ranges of angular positions of the body
links are revealed in various phases of
throwing action. The parameters of the
moment and radius of inertia positions of
the body links are determined, relative to
the common center of mass in different
phases of motion, that allows you to
predict deviations from the rational
trajectory of technology and prevent the
possibility of injury. The sequence of
movements of the body's links is studied,
taking into account the influence of
kinematic and dynamic parameters of
movement. The findings of research
contribute to the selection of the most
rational summing training exercises. In
addition, it will help reduce the load on
the joint and ligamentous apparatus of
the thrower.
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AKTyalnbpHICTh JOCHIKEHHS IOB's13aHa
3 MOLIYKOM ONTHMAJIBHOCTI TEXHIKU PyXy
B pi3HHX (pazax MeTaHHs chmca. Y CTaTTi
pPO3MISIHYTI  MHUTaHHS — OlOMeXaHIYHHX
napaMeTpiB MeTaHHs CIHca B PIi3HHX
CTaJisIX CHOPTHBHOTrO Aii. MeToio poGoTH
HOCITYXKMJIA BU3HAUCHHS paLliOHAIBHOI
CTPYKTYpH PYXOBHX Iil B pi3HHX (azax
MeTaHHs cruca. J{oClikeHHsS BUKOHYBa-
JOCh Ha IMiACTaBi aHamizy 764 TpeHy-
BaJbHUX 1 3MarajbHMX CIpPOO MeTalb-
HUKIB crnmca. Bineorpamu anamizyBanucs
3a JJOIIOMOrOI0 IIPOrpaMHOro 3abesre-
yeHns «KinoVea». Ilopsz 3 ¢asosoi
CTPYKTYPOIO METaHHs CIHCa, BHALICHI
OCHOBHI II03HI IIOJIOXKEHHS, L0 BKIIO-
YalOTh [OYAaTKOBI, KIHIEBI Ta psfg
MNPOMDKHHX TOJIOKEHb. [lisl OLiHKU pyXy
BHIIJICHO Psii MYJbTHILTIKAI[IIHAX MOJO-
KEHb B OCHOBHHMX €JIEMEHTaxX pyxy. Sk
JOCITI/KYBaHHX ITapaMeTpiB BU3HAYAIHCS
YacoBi MapaMeTpH, KyTOBi IIBHIKOCTI
pyXy YacTHH Tila, MOMEHTIB iHepmii i
panmiyca MOMEHTY iHepmil pyxy, KyTOBi
MOJIOKEeHHsT B cyrjiobax 1 TpaekTopii
3MIHM ~LEHTPY Mac JIAaHOK IIOZO0
3araJIbHOr0 ILIeHTpy Mac. IIpoBeneHe
IOCHIDKEHHST BHSABHIIO KIHEMaTH4HI 1
JUHAMIiYHI mapametpu (a3oBoi CTpPyK-
TYpd  METaHHS  crnuca.  BUSBICHO
[lana3oHy KyTOBHX MOJI0)KEHb JIAHOK Tijla
B pi3HMX (¢a3ax MeTampHOI il
BusHaueHo mapamMeTpu  MOMEHTY i
paniycy iHepuii MOJOXEHb JIAHOK TiNa
BIIHOCHO 3arajJbHOTO LEHTPY Mac B
pisHEX (a3ax pyxy, L0 HO3BOJISIE
CIPOTHO3YBATH BIAXWIICHHS TEXHIKH BiJ
paLioHaJbHUX TPAEKTOPiil 1 3amodirTu
MOXJIUBOCTI OTpPHUMaHHS TpaBMH. Bus-
YEHO MOCIIJOBHICTh MEPEMIIIEHb JaHOK
Tila 3 ypaxyBaHHSIM BIUIMBY KiHeMa-
TUYHHX 1 AMHAMIYHHMX MapameTpiB pyxy.
OtpuMaHi JaHi JOCITIDKEHHS CIPHSIOTH
migbopy HalOLIBII pallioHaTbHUX ITiBiI-
HMX TpeHyBaJIbHHX BIpaB. KpiM Toro, 1e
Oyle CIpUATH 3HIKCHHIO HABaHTAKCHHS
Ha Cyri060B0-3B'sI3KOBHUI amapar
MeTaJbHHKA.

Gasu pyxy, xinemamuuni i OuHamMiuHi
Xapaxmepucmuku, — 0ianazon  Kymogux
nepemiujeHv

AKTyalbHOCTh ~ MCCIIE[IOBAHMSI CBsI3aHAa C
TIONCKOM ONITUMAIBHOCTH TEXHHWKH JIBIDKCHUS B
pasmuuHbIX (pasax MeTaHust Kombs. B craree
pPacCMOTPEHBl  BOIPOCHI  OMOMEXaHWYECKHX
TapaMeTpoB METaHWs KONbSI B Pa3iIMYHBIX
CTaJWsIX CIOPTUBHOTO neiicTBus. Llenpto paboTsl
TIOCITY>KHJIa OIIpeJieNieHAe PpanoHATEHOI
CTPYKTYpbl ~ JIBUraTelbHBIX  JACHCTBUH B
pasnmuUHBIX (pa3ax MeTaHus Kombsl. MccienoBanue
BBIIOJIHSUIOCH HAa OCHOBaHWM aHaimm3a /64
TPEHHPOBOYHBIX U COPEBHOBATENBHBIX IOMBITOK
Merareniel  Kombs. BuzjeorpamMmbl - aHanmM3u-
poBAWICH  C  TOMOIIBIO  IPOrPaMMHOTO
obecrieuennst «KinoVea». Hapsagy ¢ ¢asosoit
CTPYKTypOH  METaHHsI  KONbS,  BBIIENCHBI
OCHOBHBIE TIO3HBIE TIOJOXKEHHUS, BKIIOYAIOIINE
HaualbHbIE, KOHEUHbIE M DS NPOMEKYTOUHBIX
TIOJIOXKEHUIL. J{IsT OLeHKY IBYDKEHYIS BBIIEIEH Pt
MyJbTHILIMKALIOHHBIX TIOJIOXEHHH B OCHOBHBIX
JNIeMEHTaxX JBIDKEHHS. B KauecTBe HCCleTyeMbIX
TIapaMeTpoB  ONPENCIBUINCh BPEMEHHBIE Iapa-
METpBI, YIJIOBBIE CKOPOCTH IBIDKEHHSI YacTel
Tena, MOMEHTOB MHEPIMM W paafyca MOMEHTa
WHEpIMH JIBIDKCHVS, YITIOBBIE IIONOKEHUS B
CycCTaBaX M TPACKTOPHU M3MEHEHMsI IIEHTpa Macc
3BEHBEEB OTHOCHTEIFHO OOIIEro IIeHTpa Macc.
IIpoBenéHHOE MCCNENOBaHUE BBIABWIO KHHE-
MaTH4eCKUe W JUHAMUYECKHE  MapaMeTpbl
(ha3oBOIt CTPYKTYpbI METaHMsI KOIbs. BBIIBICHBI
JIMATa30Hbl YTJIOBBIX MOJOXKEHNH 3BEHBEB TENA B
pa3mmuHBIX  (basax MeTareNbHOro  JEHCTBUSL.
OrnperneneHbl TapaMeTpbl MOMEHTa M pajiyca
MHEPIINH TIOJIOKEHNH 3BEHBEB T€JIa OTHOCUTEIBHO
o0liero IeHTpa Macc B pa3IMYHBIX (ha3ax
JBIDKCHHS, YTO TO3BOJSIET CIIPOTHO3MPOBAThH
OTKJIOHEHWsI ~ TEXHMKA  OT  PalHOHATBHBIX
TPAaeKTOpHT M  NPEJOTBPATUTh BO3MOXKHOCTD
MoMydeHust  TpaBMbL — M3ywena  mocrmeno-
BATE/BHOCT IIEPEMEIICHHI 3BEHHEB Tema C
y4€ToM BIHMSHHS KHHEMaTHYecKNX W JWHa-
MUYECKHX TapameTpoB JinkeHmst. [lomydennsie
JIAHHBIC WICCNICJIOBAHUS CIIOCOOCTBYIOT MOIOOPY
HanOosiee PAIMOHATBHBIX MOIBOMIINX TPEHH-
POBOYHBIX ympaxkHeHni. Kpome Toro, 3to Oyzmer
CIIOCOOCTBOBAaTh ~ CHIDKCHHMIO  HAarpy3kd Ha
CyCTaBHO-CBSI309HBII1 amapaT MeTaTelnsL.

OackeTOOoJIbHAs KOMaH/1a, Crien(pHICCKIe
KO3 (DHIMEHTBI, TEXHUKO-TAKTUYECKHE ICHCTBHS,
MOJIETIEHBIE TIOKA3aTElIH, HTPOBEIE aMILTya

Problem statement. Biomechanical evaluation of sports exercises is designed to identify the
main qualitative and quantitative parameters of not only the entire action, but also its individual
parts. Earlier attempts were made to determine kinematic and dynamic parameters, movement
parameters in the javelin throwing, however, they considered mainly the nature of the interaction
«spear-thrower's hand». As part of the state research program «Convergence-2020», we have
attempted to identify biomechanics of all elements of the thrower movement, their relationship and

impact on the final result.
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Analysis of recent research and publications. The construction of a rational movement
requires knowledge of the relationship of the body's links and the ability to transmit an impulse
quickly from one part of the body to another [2]. This relationship is provided by model motion
parameters [1, 12]. The authors show in various researches, how optimal trajectories are provided
based on the determination of kinematic parameters of motion, and as a result, achieving the best
results in a competitive exercise [6, 8, 10, 15, 18, 19]. The rationality of the trajectory, in many
cases, depends on the functional state of the skeletal muscles, which ensure not only the creation
of the necessary effort, but also effectiveness of multiple execution of motor actions [5, 6, 16]. It
should be noted that the ability of the skeletal muscle to maintain its functionality depends on the
volume and intensity of the work performed, and depends on the speed of recovery processes and
the associated accumulation of trace fatigue [7, 9, 10, 13]. Choosing the most optimal modes of
training loads contributes to the correct selection of training tools and methods of mastering and
improving the structural elements of movement [3, 14]. Lack of necessary biomechanical control
of movement, or ignorance of biomechanical nuances of motor action, increases the risk of
excessive tension of skeletal muscles and joint-ligamentous apparatus and can lead to injury [4, 11,
17].

The purpose of the research was rationalization of the structure of motor actions in various
phases of javelin throwing.

Research materials and methods. Analysis of biomechanical parameters of javelin throwing
in various phases of movement was performed in the research laboratory of physical culture and
sports of the Francisk Skorina Gomel State University. The biomechanical analysis was based on
videos of 764 training and competitive attempts of Belarusian javelin throwers. The videograms
were analyzed using software «KinoVea». As the studied parameters were determined time
parameters of movement, angular velocities of movement of body parts, moments of inertia and
radius of the moment of inertia movement, angular positions in joints and trajectories of changes
in the center of mass of links relative to the General center of mass.

The results of the research and their discussion. Javelin throwing can be divided into the
run-up phase, cross steps, final effort, and deceleration. Each phase is characterized by a sequence
of structural elements of movement and a range of joint positions. Along with the phase structure
of javelin throwing, we have identified their main postures, including initial, final and a number of
animated positions.

The run up phase is characterized by a gradual set of movement speed over five running steps.
A feature of the phase is its tempo-rhythmic structure with a sequential increase in the step length
(table 1).

Table 1
Range of running steps in the run-up phase of the javelin throw

Initial position

Animated
position 1

Animated
position 2

Animated
position 3

Final position

109,1-132,2 cm

129,6-164,2 cm

170,8-193,6 cm

186,7-198,0 cm

195,3-215,8 cm

The speed of the athlete depends on the length of the steps, as well as on the anthropometric
data of the athlete.

The transition to crossing steps is characterized by a change in the position of the body in space,
different from the position in the run-up. This position is characterized by turning the body in the
direction of throwing.

The character of movement is determined by the range of angular positions between the links of
the body in the phase of the final effort. It's noteworthy, the character of changes in motor actions
aimed at the effectiveness of projectile release. In particular, at the beginning of the phase, the
range of angular positions between the hip and the lower leg is within 115 — 119 degrees, between

B
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the shoulder and the forearm — 142-147 degrees, and the shoulder and the trunk 84-88 degrees.
When performing the movement, the moment of inertia of the shoulder relative to the total center
of mass of the body (GCMB) composes 0,036 + 0,007 kg*m?, forearms — 0,015 + 0,006 kg*m?,
thighs — 0,2175 + 0,0004 kg*m?.

When placing the foot on the support in the ankle and knee joints, there is a tension. The value
of the reference reactions related to the possibility of injury to the cruciate ligament of the knee
joint and Achilles tendon. When the threshold force tendon is equal to 500 N in the Achilles, that
is sufficient to ensure the performance of the ankle joint, the trace processes of fatigue, or
insufficient recovery, it can lead to injury to the tendon and at lower stress parameters.

When placing the left foot on the support, the movement is performed from the heel, in a top-
down direction to increase the stiffness in the skeletal muscle when it is stretched. The momentum
of movement in the direction of the supporting leg is transmitted through the bent right hip with a
forward movement relative to the axis of the trunk with a turn of the pelvis inward. Reverse loop-
like movement of the left hand, with pulling it up to the body determines the nature of the throw,
to exclude the possibility of interaction «athlete-projectile».

When moving the left leg to the support, the angular position between the hip and the lower leg
of the right leg was in the range of 107-111 degrees, in the knee joint — 177,5-179 degrees,
between the shoulder and the forearm of the throwing hand — 143 — 146 degrees, between the trunk
and the shoulder 84,5-88,5 degrees. The moment of inertia relative to the GCMB for the shoulder
in our study was 0,031 + 0,006, the forearm — 0,016 £ 0,006, the hip — 0,223 + 0,001 kg*m?. The
step length in this phase position was 181,41 + 2,69 cm. The center distance between the knee
joints was in the range of 68 — 71 cm.

Twisting the body at the moment of turning the right hip in the direction of the throw creates
tension in the hip joint, increasing the risk of injury when overtaking links. The tension of the
throwing arm muscles is provided in the subsequent action is provided by an active turn-and-
extension movement of the right side of the trunk from the foot to the shoulder girdle muscles. The
study revealed the ranges of angular positions between the hip and lower leg, which were 118,5-
121 degrees, the shoulder and forearm of the throwing hand — 136-139 degrees, the shoulder and
trunk — 86-89 degrees. The moment of inertia of the shoulder relative to the GCMB is
0,031 £ 0,008, the forearm is 0,017 + 0,005, and the hip is 0,161 £ 0,001 kg*m?. Under the
influence of inertia of movement on the support, the step length increased to 219,4 + 2,99 cm.

The lashing motion of the throwing arm with the release of the projectile is performed by
sequential braking from the proximal to distal links of the arm. In this position, the ratio of the
body links to the projection of the support is important. The projection of the torso beyond the
acceptable range of deviation can lead to injury in the joints. The revealed ranges of angular
positions between the hip and the lower leg of the right leg were 122,5-127 degrees, left — 154-
156,5 degrees, between the shoulder and the forearm of the throwing hand — 131,5-136 degrees,
the shoulder and the trunk — 92-95 degrees. When turning the shoulder, the moment of inertia was
0,028 + 0,004, the forearm — 0,013 + 0,005, the hip — 0,167 = 0,001 kg*m?. The next rotation
inward in the shoulder joint with a horizontal orientation involves the elbow joint in the motor
chain and, due to the subsequent flexion in the wrist joint, provides the release of the projectile. In
this case, just before the release of the projectile, there is a sharp turning of the trunk to the left,
with a valgus movement in the knee joint when turning the hip. The transfer of the General center
of mass to the left leg does not make it possible to perform the locking movement in full, so that
the knee joint does not unbend and is in the range of 160-164 degrees. The angular range of
position between the shoulder and forearm of the throwing arm was 125,5-128 degrees, and
between the shoulder and torso — 93-99 degrees.

The moment of inertia of the shoulder relative to the GCMB is within 0.024 + 0.007, the
forearm — 0,013 £ 0,004 and the hip — 0,134 = 0,001 kg*m?. The end of the final effort phase is
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characterized by the release of a projectile over the shoulder of the throwing hand. The moment of
movement is determined by creating maximum tension in the joints of various parts of the body. In
particular, a deviation from the optimal trajectory of movement in the shoulder joint creates a great
strain on the articular ligamentous apparatus and can lead to injury to the articular bag of the
shoulder joint. Stopping movement of the leg with the straightening of the knee joint can lead to
injury if the interaction is incorrect under the influence of the force of inertia of the hip joint and
the supporting position of the foot. The joint tension in the shoulder and elbow joints increases
when a twisting moment occurs in the shoulder and elbow joints. As a result of this strain the
elbow collateral ligament and rotator cuff of the shoulder joint may be injured.

The ranges of angular positions at the time of projectile release in our study were: between the
hip and the Shin — 103-107 degrees, between the shoulder and the forearm — 132-135 degrees,
between the shoulder and the trunk — 107-110 degrees.

The moment of inertia of the shoulder relative to the GCMB was 0,025 + 0,004 kg*m?, the
forearm — 0,014 £ 0,007 kg*m?, the hip — 0,283 + 0,001 kg*m?.

The final movement in the javelin throw is the deceleration phase, aimed at «extinguishingy the
inertia of movement and decelerating the links of the body. Options for how to perform the action
in this phase differ, as a result, the range of angular movements increases significantly. In our
study, it was: between the shoulder and the forearm — 129-147 degrees, between the shoulder and
the trunk — 80-103 degrees, between the hip and the Shin — 100-140 degrees.

The trajectories of movement of the body's links relative to the GCMB contribute to the
development of maximum forces and accelerations in the end links. It is done with a significant
strain on the skeletal muscles that provides movement.

Depending on the nature of the movement of the body's links relative to the General center of
mass, the radius of inertia also changes. The efficiency of movement as a result of the inertial
resistance of the body's links in the final effort phase is shown by the example of changes in their
inertia radii (Fig. 1)
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Fig. 1. The change in the radius of inertia of the links of the body in the phase of the final effort
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Discussion. The determination of biomechanical characteristics allows you to structure
movements and form the most rational movement technique in the phase composition of javelin
throwing. Definition of moment of inertia radius of positions of the body allows to predict
deviations from rational technology trajectories and to prevent the possibility of injury, relative to
a common center of mass in different phases of movement. The rationality of movement of body
parts contributes not only to improving athletic performance, but also to increasing athletic
longevity, taking into account the influence of kinematic and dynamic movement parameters on
their structure, [4, 6, 7].

The obtained research data will allow you to choose the most rational summing up training
exercises [3, 13, 14, 19]. In addition, it will help to reduce the load on the joint and ligamentous
apparatus of the thrower and prevent injuries to athletes. The latest is also due to the fact that
coaches often spend little time in training to strengthen the shoulder muscles, as well as the elbow
ligaments [10, 13]. In addition to speed and strength training of javelin throwers, you also need to
develop mobility and elasticity of the muscles and ligaments through various exercises.

Conclusions and prospects for further research. The study allowed us to determine the main
kinematic and dynamic parameters of movement in javelin throwing in various phases. The
sequence of movements of the body's links is studied, taking into account the influence of
kinematic and dynamic parameters of movement. These data can contribute not only to the
quantitative reduction of injuries, but also to the selection of training tools for the purpose of

injury prevention.

In the future, it is proposed to compare the biomechanical parameters of movement elements
with the nature of probable injuries of the muscles and joint-ligamentous apparatus.
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