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Abstract

The Urgency of the Research Problem. The development and usage of models are connected with modelling — the
process of designing, studying and using models for determination and specification of characteristics and optimization
of the process of athletic preparation and participation in competitions. Therefore, elaboration of the technology for
modelling the motion kinematic structure within the process of skilled javelin throwers’ preparation is inactual scientific
topic requiring detailed studying and substantiating. Objective and Methods of Study. To develop the technology of
modelling the motion kinematic structure in the process of technical preparation of skilled javelin throwers. The
following methods of study were used in attaining the objective: analysis of scientific and methodical literature and
Internet information; video recording; video computer analysis; modelling; methods of mathematical statistics. Results.
Average-group models of biomechanical structure of javelin thrower motor actions, regression models of javelin
throwing techniques, prognostic model characteristics of javelin throwing techniques have been developed. And on this
basis, the technology of modelling the motion kinematic structure in the process of technical preparation of skilled
javelin throwers has been elaborated. Conclusions. The technology of modelling kinematic and dynamic motion
structure in the process of technical preparation of skilled javelin throwers has been elaborated and substantiated. It is
focused on the achievement of target sports results on the basis of the developed average-group, regression models and
prognostic model characteristics being the foundation for selecting special preparation means maximally close to the
competitive activity in form and structure, which contributes to the improvement of technical skills of athletes
specialized in javelin throwing.

Key words: average-group models, regression models, prognostic model characteristics.

Onexcangp Knimamescbknii, Onena KosaoBa. TexHoJioris Moae/l0BaHHSI KiHEMATHYHOI CTPYKTYpH pyXiB
y mnpoueci TexHiYHOI MNiAroTOBKM KBaJi(pikoBaHUX MeTANBHHUKIB cnmca. Axkmyanvnicms. Po3poOka i
BUKOPHCTaHHSA MOZEINEH OB’ A3aH1 3 MOJETIOBAaHHAM — IIPOLIECOM NOOYAO0BH, BUBYEHHS T4 BUKOPHCTAHHSA MOIENEH A
BU3HAYEHHS! i YTOYHEHHS XapaKTEPUCTUK Ta ONTHMI3allil MpOLeCcy CIOPTUBHOI MiJrOTOBKM M Yy4acTi B 3MaraHHsX.
Tomy po3poOka TexHOJNOriT MOAENIOBAHHS KIHEMAaTHUYHOI CTPYKTYPH pPYyXiB Yy TpoIeci TEeXHIYHOI MiJAroTOBKU
KBaJi()iKOBAHNX METAILHHUKIB CIIUCA € aKTyaJlbHUM HAYKOBUM HANpPSIMOM, IO MOTPeOye IETaabHOI'0 BHBYCHHS U
obrpyuTyBanHsi. Mema ma memoou docaioicenns. Po3poOUTH TEXHOIOTII0 MOJETIOBAHHS KIHEMATUYHOI CTPYKTYPH
PYXIiB Yy TIPOLIECi TEXHIYHOI MiATOTOBKU KBali(piKOBAaHUX METAIBHHUKIB criuca. J{Jisi JOCATHEHHS! METH BUKOPHUCTOBYBAIN
Taki Memoou 00cCnidiHceHHA . aHAN3 HAYKOBO-METOAWYHOI JiTepaTypu Ta iHopmamii cBiToBOi Mepexi I[HTepHerT;
Bi/I€03MOMKa; BiIEOKOMIT IOTEpHUI aHAaIi3; MOACTIOBAHHS, METOIN MAaTeMaTHYHOI CTATUCTHKU. Pe3yismamu podomu.
Po3pobieno cepeqHpOrpyIoBi Momeni 0ioMeXaHiYHOI CTPYKTYPH PYXOBHUX i METaJIbHUKIB CIHCA, PeTpeciiiHi Mozeni
TEXHIKM METaHHS CIMCa, NPOTHOCTHYHI MOZEThHI XapaKTePHCTUKM TEXHIKM METaHHSA CIHCa ¥ Ha i OCHOBI
OOIpYHTOBAaHO TEXHOJOTII0 MOJIETIOBAHHS KiHEMAaTHYHOI CTPYKTYpH PYXiB Yy IpoIeci TeXHIYHOI IMiATOTOBKH KBAJi-
(hikoBaHMX METAIBHUKIB cruca. Bucnoexku. Po3pobieHo # o0TpyHTOBaHO TEXHOJOTII0 MOJIEIIOBAHHS KIHEMAaTHIHOI Ta
JMHAMIYHOT CTPYKTYPH PYXiB Y MPOIECI TEXHIYHOI MiArOTOBKK KBaJTi(piKOBAHUX METAIBHHKIB crrca. TeXHOIOrisl Crpsi-
MOBaHa Ha JTOCSATHEHHS 3aJaHWX CIIOPTHBHHUX PE3YyNbTaTiB HA OCHOBI PO3POOJICHUX CEpPemIHBOTPYIOBUX, PErpeciitHIX
MoJieNeil 1 MPOrHOCTUYHNX MOJIETBHUX XapaKTEPUCTHK, SKi € OCHOBOK U BHOOpPY 3aCO0IB CIICIiaIbHOI ITiATOTOBKH,
MaKCUMaJbHO HaOMmKeHnX 3a (OpMOI0 il CTPYKTYpOIO O 3MaraibHOI [isUIBHOCTI, IO CHPHUSE BIOCKOHAICHHIO
TEXHIYHOI MaiCTEpPHOCTI CIIOPTCMEHIB, KOTPi CIICIiali3yFOThCSI B METaHHI CIIHCA.

Ki104o0Bi ci10Ba: cepenHBOrPYIIOBI MOJIET, perpeciiHi Moaemi, MPOrHOCTHYHI MOJENbHI XapaKTePHCTHKH.

Autekcanap Knumamesckuii, Enena Koznosa. TexHosiorusi Moae iMpoBaHus KHHEMATHYECKOl CTPYKTYPbI
JABUKCHHMII B mponecce TEXHHMYECKOW IOATOTOBKM KBAIHN(HIUPOBAHHBIX MeTaTeseil Kombi. AKmyanbHocmp
membl  uccnedosanusn. Pa3paboTka W HCHONB30BAHHE MOJAENEH CBSI3aHHBI C MOIEIHPOBAaHWEM — IIPOIECCOM
MOCTPOCHMS, U3YyYEHUS M UCIONb30BaHMS MOJENEH UL ONpENelNcHHs U YTOUYHEHHs XapaKTEPUCTUK U ONTUMHU3ALMH
Tpoliecca CIIOPTHBHON MOATOTOBKU M yJacTHs B COPEBHOBaHMAX. [103TOMy pa3paboTka TEXHOMOIHMHM MOJEIHPOBAHMS
KHHEMATHIECKON CTPYKTYPHI ABMXEHUH B TIpoIlecce TEXHMIECKOH OATOTOBKY KBATU(DHUIIMPOBAHHBIX METAaTeNeH KOIbS
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SIBIISIETCS. aKTyaJIbHBIM HayYHBIM HAaIrlpaBIEHHEM W TpeOyeT AeTajbHOro u3ydeHus u obocHoBaHws. Ilens u memoowt
uccned0oseanus — pazpadoOTaTh TEXHOJOTHIO MOJEIUPOBAHUS KHHEMAaTHYECKOW CTPYKTYpHl JIBIJKEHMH B Mpoliecce
TEXHMYECKOH MOJIrOTOBKH KBAJIU(QHUIIMPOBAHHBIX MeTaTeel Kombsl. ISl JOCTHKEHUsS 1IeH UCTIONB30BAIH CIEIYIOIIe
Memoosbl uccie)08anusn’. aHaIN3 HayYHO-METOIMYECKOH JHTepaTypsl M HMHGpOpManuu MupoBoi cetn HHTepHeT;
BH/IEOCHEMKA; BHJCOKOMITBIOTEPHBIM aHaIM3; MOIESIUPOBAHIE; METOABl MaTeMaTH4ecKOoi CTaTHCTHKU. Pezynbmamut
pabomsl. PazpaboTaHbl CpeJHErPYIIIOBBIE MOJIETH OMOMEXaHMYECKOW CTPYKTYpHI JBUTaTEIbHBIX JIEWCTBUI MeTaTenen
KOITbsI, PErPECCHOHHBIE MOJIENU TEXHWKH METaHMsS KOIbsl, IPOrHOCTHYECKNE MOJIENIbHBIE XapaKTEePUCTHKH TEXHHUKH
METaHHs KOIIbs, K Ha 3TOH OCHOBE 00OCHOBaHa TEXHOJIOTHS MOJICIIMPOBAHUS KHHEMAaTHYECKOH CTPYKTYPHI ABWKEHUH B
MpoLlecce TEXHUYECKOH IMOJrOTOBKM KBANIM(HIMPOBAHHBIX MeTaTenell Kombs. Bsieodsi. Pazpaborana m obocHOBaHa
TEXHOJIOTHSI MOJEIMPOBAHMS KUHEMATHYeCKOW M AMHAMHUYECKOH CTPYKTYpHl JBW)KEHHH B TIPOIECCE TEXHUYECKOH
TIOATOTOBKY KBATN(HUIUPOBAHHBIX MeTaTeIel Konbsl. TeXHOJIOr s HalpaBiieHa Ha JIOCTH)KEHHE 3aJ]aHHBIX CIIOPTHBHBIX
Pe3yNbTaToOB HA OCHOBE Pa3pabOTaHHBIX CPEJHETPYIIOBBIX, PErPECCHOHHBIX MOJIENICH N IPOTHOCTUUECKUX MOJIENIbHBIX
XapaKTEePUCTUK, KOTOPHIE SIBISIOTCS OCHOBaHHMEM IJisi BBIOOpAa CPENCTB CHEHWATBHOM IOIrOTOBKH, MaKCHMAaIbHO
MIPUOIMKEHHBIX TI0 ()OPME U CTPYKTYpPE K COPEBHOBATEIBHON JIESITEIbHOCTH, YTO CIIOCOOCTBYET COBEPILIEHCTBOBAHHIO
TEXHHYECKOT0 MacTepCTBa CIIOPTCMEHOB, CIEIMANTN3UPYIOIINXCS B METAaHUH KOIIbSI.

KiroudeBble ci10Ba: CpefHErpyNIoOBbIE MOJEIM, PETPECCHOHHBIE MOJENIH, IPOTHOCTHYECKUE MOJEIbHbIE
XapaKTEePUCTUKH.

Introduction. Effective management of the training process involves the usage of different models. The
model is understood as the pattern (sample, standard) in the broader sense it is any pattern (imaginary or
conditional) of a particular object, of the process or phenomenon [4]. The development and the usage of
models are related to modeling - the process of constructing, studying and using the models to determine and
specify the characteristics and to optimize the process of athletic performance and taking part in competitions
[4]. The rates of growth of sportsmanship and sport results are mainly increasing, where the search of
simulation techniques is conducted on an objective quantitative basis [6].

Javelin is a speed-force, acyclic exercise, the main purpose of which is to achieve maximum results
within established rules. Specific technical requirements that were formed in the process of scientific
research, determine performing certain motor actions in the javelin [1]. Nowadays, active work on
biomechanical analysis of the javelin technique is performed by federations of countries in association with
sports organizations [3, 7-9], but the sports experience shows that improving Ukrainian athletes’ technical
skills is based on the coach’s knowledge, vision and the athlete’s feeling about himself, which does not
always coincide and complicates the process of sports training sessions. Therefore, in order to improve their
work, the technology for modeling the kinematic structure of movements is required; it allows us to rely on
guantitative criteria in the process of technical preparation of javelin throwers and represents a system of
knowledge about methods (set and sequence of operations, their regimes), the assuring athletes’ training
session needs through the usage of the technical means. That determines the problem statement of the
research.

It is fair to assume that the improvement of qualified athletes’ technical skills can be successfully
accomplished using widely the theoretical foundations and means of biomechanical modeling of motions
taking into consideration the already developed models of different types (intergroup and regression) and
predictive model characteristics of the javelin technique which makes it possible to aim at the achievement of
the planned sports results.

The research was conducted in accordance with the Consolidated Plan for Research and Development in
the field of Physical Culture and Sports for 2016-2020 of the Ministry of Education and Science of Ukraine
on the topic "Theoretical and Methodological Basis for Increasing the Technical Skill of Qualified Athletes
in Competitive Exercises (for example, track and field athletics, winter sports and cycling); and in
accordance with the Consolidated Plan of Research in the Field of Physical Culture and Sports for 2016-
2020 of the Ministry of Education and Science of Ukraine on the theme 2.26 «Improvement of the system of
sports training and competitive action the number of skilled athletes in the modern conditions of
intensification of competitive activities».

The strategic aim of the research is to develop a technology of modeling the kinematic structure of
movements in the process of technical training session of qualified javelin throwers.

Data for study and research methods. The following methods of study were used in the obtaining of
the objective: analysis of scientific and methodical literature and Internet information; video recording; video
analysis; modelling; methods of mathematical statistics.
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Study management. At the first stage of the study, the analysis of scientific and methodological
literature, analysis and generalization of the experience of practical training in the technical training of
athletes was carried out. We studied the kinematics and dynamics criteria of the javelin technique what
influence high sport results achievement.

At the second stage, a search experiment was conducted. The kinematics (temporal, spatial and spatio-
temporal) characteristics were investigated and the dynamic characteristics of the javelin technique were
calculated to obtain complete information on the biomechanical structure of the javelin technique. During
the process of the training exercises some videos were taken, using the SONY Digital 8 video camera, which
was fixed and the optical axis of the lens remained perpendicular to the vector of the athlete's movement. It
was done in order to obtain biomechanical characteristics. All metrological requirements were taken into
consideration, that allows minimizing the systematic and chance mistakes which arise due to the specific
properties of optics. We calculated the correct scaling of the shooting area to further determination of the real
coordinates of points that are required; the correct orientation of the camera in space according to the motion
plane. The cameras were cabled at the 20m distance from the subjects. The shooting frequency was 50 shots
per second. The probability of error in the video shooting was 5%, so the level of significance is o =0.05.

60 attempts by 20 qualified athletes who are Candidate Masters of Sports title were analyzed. Each
athlete has performed 15-20 attempts, but we selected three best attempts of each. The having results of the
tests average were 64.2 m, S = 1.2 m, maximum was 66.4 m, and minimum - 59.8 m. Analyzed the results,
we can draw the conclusion that the group is indiscrete, it is evidenced by the low value of the coefficient of
variation (V = 1.8%), and close to each other average value, mod and median (X = 64,2; Mo = 64,2;
Me = 63,8).

The spear flight range was used by us as a basic and systematic indicator that organizes other elements
of javelin technology into a single system.

To reveal standard indicators of the javelin technique, we analyzed 20 attempts of 4 highly qualified
athletes who have the sports rank of the international master of sport. We recorded all the athletes' attempts
at the training sessions, but the five best attempts of each athlete were selected.

The results of javelin attempts made by athletes of high qualification averaged 73.8 m, S =24 m, a
maximum value is 76.8 m, and a minimum — 72.4 m. Having analyzed the obtained results, we can state that
the group is indiscrete, the low value of the coefficient of variation indicates this (V = 3.2%), as well as close
to one another average values of mod and median (x = 73.8; Mo = 73.4; Me = 73.6).

We have received an informed consent from all the participants to take part in the experiment.

The video-computer analysis of the biomechanical structure of motor actions was carried out using the
software "BioVideo" developed by 1.V. Khmelnitska [5] at the Department of Kinesiology of the National
University of Physical Education and Sports of Ukraine, which allows to obtain the kinematic and energy
characteristics of human motor actions using visible record. The developed technology of computer
monitoring of human motility includes the application programme packages "BioVideo". The source data for
the "BioVideo" program are files of shots of one-dimensional video-recording of human motion action in
BMP, .DIB, .WMF, .EMF, .GIF, .JPG, .JPEG formats. The Windows XP operating system allows you to
obtain these files directly from your local computer's memory device or hardware peripheral or by remote
access, using a computer network or an Internet e-mail. "BioVideo" allows to receive biomechanical
characteristics of individual biolink, and of the entire body of a person in each frame and in separate stages
of motor action. Application software (ASW) "BioVideo" includes four sections:

e construction of models of the human musculoskeletal system (MS): (a 14-segment MS model was
used, whose link coordinates according to the geometric characteristics and corresponds to the coordinates of
position in the space of human body biolinks, and the starting point - to the coordinates of the centers of the
major joints); the section allows to create the iterative models of the human MS;

e determination of the coordinates of points concerning the somatic reference system;

e computation of biomechanical characteristics of motor actions according to the coordinates of the
human MS model; the software section capabilities allow to determine the localization of the centers of mass
(CM) of biolinks and the general center of mass (GCM) of the human body;

e module of constructing of a biokinematic scheme (BKS) of a human body based on a videogram of
motor action with the specification of trajectories of the centers of joints, biolink CM and GCM of the human
body.

Statistical analysis. To study the significance of individual indicators of the javelin technique produced
by athletes of different qualifications, we conducted a correlation analysis, based on which the close
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relationship between the studied indicators was established and the most informative ones were found.
Informativeness of indicators of technical readiness was determined by means of averaging of absolute
values of coefficients of pair correlation in both groups of athletes. Seven most informative indicators of
technical readiness, which had the greatest correlation with the flight range of the spear, were determined.

These indicators were used by us to construct a statistic meangroup model of the kinematic structure of
the javelin technique. The built graphical meangroup models allow to identify the main directions of
technical training improvement, to establish optimal levels of development of its various parts, as well as the
connections and bonds between them among athletes of different qualifications.

The regression models of the javelin technique were developed, which include: dependent explanatory
variable () - spear flight distance, independent explanatory variables (xn): the speed, the length of the
distance of final speed-up of the missile, the position of the body at the time of gab, the angle of the spear
gab, the speed of the athlete’s body GCM at the time of the tailend of the final run, the speed of the GCM of
the athlete's body at the time of the previous tailend of the run, the duration of the phase reference of the first
hurl step in the tailend, the force gradient in the phase reference of the first throw step in the run’s tailend.

At the third stage of the research, the construction of the javelin modeling technology in the process of
athletes’ technical training on the basis of developed model types was developed.

Research results. As a result of the research, a javelin modeling technology was developed (Fig. 1),
which allows:

Models of the javelin technique

v
v I v

Mean group models of kinematic Regression models of the Prognostic model
and dynamic structure of motor javelin technique characteristics of the javelin
actions of spear flingers technique
! | I
The orientation to the Orientation to the Focus on quantitative
informative characteristics of the individual informative characteristics in the range of
javelin technique for groups of characteristics of the 64-80 m
athletes who are qualified by the javelin technique
CMS and the MSICU

¢ Y l

Technical training of qualified spear flingers

v

Selection of means in the process of technical training, focused on achievement of planned results

'

Sufficiency of kinematic-dynamic characteristics of the exercise

Fig. 1. Javelin modeling technology in the process of athletes’ technical training

77



Physical Education, Sports and Health Culture in Modern Society. Mo 1(41), 2018, 74-81

o to predict sport results required for success at various stages of preparation with regard to objective
criteria of javelin throwing techniques, obtained in the course of the study; to create a database of
competitive activity and special training of athletes;

e toanalyze and simulate the characteristics of the technical training of javelin masters influencing the
achievement of high sport results;

e to plan training programs based on identified patterns of rational building movements in the javelin,
aimed at the achievement of high sport results, qualifications and level of special training;

e to individualize technical training of javelin thrower.

In each of these sections work should include the control of technical preparedness of sportsmen on the
basis of the automated processing results.

Graphical mean group models of javelin throwing technique. Orientation to

them allows to determine the main directions of the improvement of technical training, to establish the
optimal levels of development of its different sides of the athletes, as well as links and correlations between
the sportsmen of different qualifications. A model of this type is shown in figure 2.

The regression models of javelin throwing technique. In the course of the study we developed regression
models of javelin, shown in table 1.

Developed regression models aimed at predicting a given flying range of the javelin and guide the coach
and athlete on individual technical training. The use of these models by coach greatly facilitates the process
of the current and operative control, and allows to assess differentially the technical preparedness of athletes
specializing in throwing javelin.

(8]

=
O

Fig. 2. A model of the most important biomechanical characteristics of the technique of javelin
throwing by athletes of different qualification

~—highly qualified athletes
——qualified athletes
1 — flying range of a javelin, m;
2 - launching speed of a javelin, mes™;
3 - the path length of the final acceleration of a javelin, m;
4 - the angle between the torso and the vertical at the launching moment, degrees;
5 - the angle of launching of a javelin, degrees;
6 - speed of general center of mass of the athlete's body at the end of the final part of the run , mes™;
7 - speed of general center of mass of the athlete's body at the time of the prior final part of the run, mes™;
8 - duration of the support phase of the first throwing step at the end of the run, s;
9 - gradient force in the support phase of the first throwing step at the end of the run Nes™;
10 - angle of stability at the moment of javelin launching, degrees.
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Table 1
Regression models of estimation of qualified javelin throwers’ technique

No . . . Coefficient of multiple Measure of

Multiple regression equation . inaccuracy

regression
of a model
Y= 1,96+1,141x1+3,172x,10,029x3+ 0,079x4+0,0028x5+
L +0,2979x5+7,23x7+0,00016Xs 0,846 1,52
2 Y=4,12+1,023x1+4,141x2+0,298x3+0,135x4 0,809 1, 07
Notes:

Y — flying range of a javelin, m;

x1 — launching speed of a javelin, mes-1;

x2 — the path length of the final acceleration of a javelin, m;

x3 —the angle between the torso and vertical at the launching moment, degrees; x4 —

the angle of launching of a javelin, degrees;

x5 — speed of general center of mass of the athlete's body at the end of the final part of the run, mes-1;

x6 — speed of general center of mass of the athlete's body at the time of the prior final part of the
run, mes-1;

X7 — duration of the reference phase of the first kekovole step at the end of the run, with—1;

X8 — duration of the support phase of the first throwing step at the end of the run, s;

1 —an expanded regression equation;

2 —regression equation for operational control

Predictive model characteristics of javelin throwing technique. To facilitate practical activities of the
trainers, evaluation tables are worked out, including a range of prognostic model characteristics of
throwing technique of the javelin to reach the given sport results in the range of 64-80 m in 10 sm.
Predictive model characteristics of the technique of javelin throwing for the achievement of given sports
results are shown in table 2, where the selected data is provided through 50 sm.

Discussion. Biomechanical researches of the javelin were mainly aimed at studying the
biomechanical characteristics of the delivery whip, including the initial speed of its departure, the
departure angle, the angle of attack and the height of the release [1; 3]. We have expanded the concept of
the technique of throwing the spear based on the identification of informative biomechanical
characteristics that affect the performance of competitive activities namely - it is defined that the flying
range of the missile depends on its flight speed, the length of the path of final acceleration; angle trunk-
vertical at the time of departure; the angle of the lance's departure, the speed of the athlete's common
center of mass at the end of the final part of the take-off; the speed of the athlete's common center of mass
at the time of the previous final part of the take-off; duration of the supporting phase of the first throw step
in the final part of the takeoff; the force gradient in the supporting phase of the first throw step in the final
part of the running approach; Angle of stability at the time of projectile launch, which determines the
dynamic equilibrium and is an important indicator for improving the technical skill of skilled javelin
throwers [2]. These characteristics formed the basis for constructing various types of models, and they
became the basis for the development of modeling technology in the process of technical training of
qualified athletes.

Conclusions and prospects for further research.

1. Regression models of javelin throwing technique are developed.

In solving the problems of theory and training procedure regression biomechanical models of motor
actions are a system-forming factor, which determines the structure and content of the process of
improving the technical skill of qualified athletes. They allow to forecast individual variants of
technology, focused on achieving the planned performance, significantly facilitate the process of carrying
out step-by-step, current and operational control, allow to differentially assess the technical preparedness
of qualified javelin throwers.
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Table 2

Prognostic models of biomechanical characteristics of throwing spear technique to achieve the given
sports results
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64 22,7 1,513 25,813 26,813 | 7,429 6,844 0,060 255129 15,631
64,5 | 2295 | 1,531 26,281 27,281 | 7,507 7,334 0,059 29063,2 16,057
65 23,2 1,550 26,750 27,750 | 7,585 7,823 0,058 32613,6 16,484
65,5 | 23,45 | 1,569 27,219 28,219 | 7,663 8,313 0,057 36163,9 16,912
66 23,7 1,588 27,688 28,688 | 7,741 8,803 0,056 39714,3 17,339
66,5 | 23,95 | 1,606 28,156 29,156 | 7,819 9,292 0,055 43264,6 17,767
67 24,2 1,625 28,625 29,625 | 7,898 9,782 0,054 46815,0 18,194
67,5 | 24,45 | 1,644 29,094 30,094 | 7,976 10,271 0,053 50365,3 18,622
68 24,7 1,663 29,563 30,563 | 8,054 10,761 0,052 53915,7 19,049
68,5 | 24,95 | 1,681 30,031 31,031 | 8,132 11,251 0,051 57466,0 19,477
69 25,2 1,700 30,500 31,500 | 8,210 11,740 0,049 61016,4 19,904
69,5 | 2545 | 1,719 30,969 31,969 | 8,288 12,230 0,048 64566,7 20,332
70 25,7 1,738 31,438 32,438 | 8,366 12,719 0,047 68117,1 20,759
70,5 | 2595 | 1,756 31,906 32,906 | 8,444 13,209 0,046 71667,4 21,187
71 26,2 1,775 32,375 33,375 | 8,523 13,699 0,045 75217,8 21,614
71,5 | 26,45 | 1,794 32,844 33,844 | 8,601 14,188 0,044 78768,1 22,042
72 26,7 1,812 33,313 34,313 | 8,679 14,678 0,043 82318,5 22,469
72,5 26,95 | 1,831 33,781 34,781 | 8,757 15,167 0,042 85868,8 22,897
73 27,2 1,850 34,250 35,250 | 8,835 15,657 0,041 89419,2 23,324

2. The prognostic model characteristics of the throwing technique of the spear were developed, orienting
the athletes' output to the level of given sports results in the range of 64-80m and determine the main vector
of the technical skills formation in the system of sports training, allow us to develop ways of practical tasks
implementation of pedagogical management of the athlete's technical characteristics, to predict the growth of
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sports results, to estimate individual achievement reserves of planned biomechanical indicators of qualified
athletes' equipment.

3. The technology of modeling the kinematic and dynamic structure of movements in the process of
technical training of qualified javelin throwers has been developed and justified. The technology is aimed at
achieving the given sports results on the basis of developed intergroup, regression models and forecasting
model characteristics, which are the basis for the selection of special training tools, as close as possible to the
form and structure to a competitive intensity exercise that stimulates the perfection of technical skill.

Prospects for further research should be linked to the development of a methodology for the use of
training aids in combination with the use of developed technology.
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