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Abstract

The purpose of the study is to investigate the biokinematic characteristics of the triple jump technique in qualified ath-
letes.

Material and methods. The technique of the final attempts of qualified triple jumpers during the 2023 World Athletics
Championships was analyzed. The following methods were used in the work: analysis and synthesis of scientific and methodologi-
cal literature, analysis of video materials, methods of mathematical statistics. The video of the final attempts was used, provided
for public use by the International Athletics Federation (World Athletics). The attempts were recorded by four video cameras
installed on the side of the treadmill at a distance of 2,5 m, the height of the video camera mounted on a tripod was 1,5 m. Two
of the four video cameras recorded video at a frequency of 25 frames per second, the other two video cameras recorded video
at a frequency of 1300 frames per second. Video analysis of the final attempts and processing of biokinematic parameters of the
technique were determined using the Dartfish and Kinovea programs. All statistical data were processed in the statistical analysis
program IBM SPSS Statistics version 28.0.1.0.

Results. The metric, time, angular, and speed characteristics of the take-off technique are determined; push-off; jump;
step; jump for highly skilled triple jumpers. Based on the analysis of the triple jump technique indicators, the optimal biokinematic
parameters of the technique that athletes need to have in order to achieve high competitive results were obtained.

Conclusions. To achieve high competitive results in the triple jump, the following technical parameters must be used. The
take-off speed should reach 10.40 m s or more, the length of the last take-off step should be 2,20-2,40 m; the pace of the last step
is 4-5 steps/s. The push-off; from the bar should last 0.100-0.133 s; the push-off; angle reaches 65-70° the speed of departure of
the general center of mass of the body is 9.60 m s** and more. The jump should last no more than 0,660 s. During the jump, the
high height of the overall center of body mass should be 1.30-1.45 m; upon landing, the speed of the general center of mass of
the body is 9,20 m s or more.

The second push-off should last 0,160-0,180 s, the push-off angle is 60-65°. The take-off speed of the general center of
body mass in a step should be 8,80 m s' or more. The optimal step duration is 0.450-0.520 s, step length is 5.20-5.50 m, the
maximum height of the overall center of body mass is 1.24-1.30 m; upon landing, the speed of the general center of mass of the
body is 8.50 m s*' or more.

The third push-off should last 130-166 s. The push-off angle is 63-70°. The take-off speed of the general center of mass
of the body in a jump is from 8 m s and more. The optimal duration of the jump is 0.750-0.780 s; maximum height of the overall
center of body mass 1,10-1,22 m; upon landing, the speed of the general center of mass of the body is 7 m s*' or more.

When taking off and landing, the angle in the supporting leg throughout all three jumps should be 163-170".

Key words: technique, biomechanical indicators, kinematic indicators, model parameters, highly qualified triple jumpers.

AHoTauin

MeTta pocnigXeHHA - Jocnigutn GioKiIHEMATWMYHI XapaKTepWUCTUKM TEXHiKM MOTpiiHOro ctpubka y kBanidikoBaHMX
CMOPTCMEHIB.

Marepian i metogmn. AHanidyBanacb TexHika giHanbHMX cnpob kBanigikoBaHMX CTPUOYHIB MOTPINHOrO CTpmbKka ynpo-
[oBx YemnioHaty cBiTy 3 nerkoi atnetukn 2023 p. Y poboTi Gynv BMKOPUCTaHI HacTynHi METOAM: aHani3 Ta y3aranbHEeHHS
HayKoBO-METOAMYHOI niTepaTypun, aHania marepianis BigeO3MOMKW, METOAM MaTeMaTW4HOI CTaTtUcTukn. BukopucToByBanoch
Bifeo diHanbHMX cnpob, HagaHe B 3aranbHe kopucTyBaHHA MixHapoaHoto denepauieto nerkoi atnetuku (World Athletics). 3a-
nuc cnpob 3AaiicHIOBaBCA YoTUpMa Bijeokamepamu, BCTaHOBMNEeHUMU 300Ky GiroBoi JOpikKM Ha BigcTaHi 2,5 M, BUCOTa MOHTY-
BaHHSA Bigeokamepu Ha TpuHory 1,5 M. [1Bi 3 YOTMPLOX Bigeokamep 34iNCHIOBanun 3anuc Bigeo 3 4acToTor 25 KaapiB B CEKYHAY,
[Bi iHWi Bigeokamepu 3airicHioBanu Bigeosanuc 3 yactototo 1300 kagpiB B cekyHay. BigeoaHanis giHanbHMXx cnpob Ta o6pobka
OiokiHeMaTMYHMX NapameTpiB TEXHIKN BU3Ha4Yanmch 3a gonomoroto nporpam Dartfish, Kinovea. Yci ctatuctnyni gani obpobniosa-
nvcsa y nporpami ctatnctuyHoro aHanidy IBM SPSS Statistics Bepcis 28.0.1.0.

Pe3ynbraTu. BrsHaueHo MeTpuyHi, 4acoBi, KyTOBI, LUBUAKICHI MOKA3HWKM TEXHIKM po3Biry; BiALLUTOBXYBaHHS; CKOKY; KPOKY;
CTpuOKy y BUCOKOKBanidikoBaHux CTpUOyHIB NOTpiiHUM. Ha nigctae aHanisy nokasHUKIB TEXHIKM MOTPIAHOIO CTpMbKa OTpMMaHo
onTuMarnbeHi GioKiHeMaTUYHI NapameTpu TEXHIKM siKi HeOOXiAHO MaTu CMOpPTCMEHaM 3 METOK [AOCArHEHHSA BUCOKUX 3MaranbHuX
pesynesrarTiB.

BucHoBkK. 3 METO AOCATHEHHSA BMCOKMX 3MaranbHUX pesynbraTiB y NOTPINHOMY CTPUMOKY MOBWHHI BUKOPMCTOBYBATUCH
HacTynHi napameTpu TexHiku. LLBnakicTb po3biry noBuHHa gocaratn 10,40-m-c™i GinbLue, JOBXMHA OCTaHHLOTO KPOKY po3biry 2,20-
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2,40 m; TeMn OCTaHHLOro KpoKy 4-5 kpok/c. BigwToBxyBaHHSA Big nnaHku noBuHHO TpmeaTy 0,100-0,133 c; KyT BiAWTOBXYBaHHA
pocsirat 65-70° WBMAKICTE BUNBbOTY 3aranbHoOro LeHTpy macy Tina 9,60 m ¢ i 6inblwe. Ckok noBuHeH Tpueatu He binbLue 0,660
C. YNpoJoBxX CKOKY HalBULL@ BMCOTa 3aranbHOro LEHTPY Macu Tina nosuHHa 6ytun 1,30-1,45 m; nig Yac npu3eMrneHHst WBUAKICTb
3aranbHoro LeHTpy macu Tina 9,20 mc’ i GinbLue.

[pyre BigwToBXYyBaHHA noBuHHO TpuBaTn 0,160-0,180 c, kyT BigwToBXYyBaHHA 60-65 . LLBMAKICTL BUMbLOTY 3aranbHOro
LieHTpY Macw Tina y kpoui nosuHHa 6ytu 8,80 m'c' i Binblwe. OnTumanbHa TpueanicTb kpoky 0,450-0,520 c, foBxuHa Kpoky 5,20-
5,50 m, HanbinbLLa BUCOTa 3aranbHOro LeHTpy macu Tina 1,24-1,30 m; nig Yyac npuseMneHHst WBWAKICTb 3aranbHOro LIEHTPY Macu

Tina 8,50 m'c' i BinbLue.

TpeTe BigWTOBXYBaHHS NOBMHHO TpuaTtu 130-166 c. KyT BigwTtoBxyBaHHa 63-70°. LLBMAKICTE BUNBLOTY 3aranbHOro LEHTPY
macw Tina y ctpubky Big 8 m'c' i 6inbwwe. OnTumaneHa TpuBanicts cTpubka 0,750-0,780 c; HanbinbLlua BUCOTa 3aranbHOro LIEHTPY
macu Tina 1,10-1,22 m; nig Yac npu3eMreHHs WBWAKICTb 3aranibHOro LeHTpy Macu Tina 7 m'c™' i GinbLue.

MMig yac BigWTOBXYBaHHS Ta NPU3EMITEHHS KyT B OMOPHIl HO3i, yTPOAOBX BCiX TPbOX CTPMOKIB, MOBMHEH CTaHOBUTU 163-

170"

KnrouoBi cnoBa: TexHika, 6iomexaHiyHi NoKasHWKK, KiHeMaTUYHI NOKa3HWKK, MOAEerNbHI NapameTpu, BUCOKoKBanidikoBaHi

CTPUOYHM NOTPINHNM.

Introduction

The triple jump is the most coordinated and technical-
ly complex event among horizontal athletics jumps, therefore
special attention is given to technical training [8, 12].

Only in the interconnected execution of a run-up, fol-
lowed by a jump, step, jump and effective landing is it possible
to achieve high results in competitive struggle [23].

Research on the technical parameters that are observed
in athletes while performing a triple jump takes a key position in
the training of athletes.

When improving the movements of a jumper, M. J. Hoff-
mann, J. Liu [13] noted the need to pay special attention to the
angular parameters of the technique, especially to the position
of the body during the run-up phase. It is the angle of inclination
of the body that is one of the most important factors influencing
the amplitude of movements of the arms and legs and, as a
result, the length and frequency of steps changes [13].

The strict regulation of competition rules does not allow
athletes to change their jump and step techniques. At the same
time, the last jump is allowed to be performed using the legs
bent, arched jump or hitch-kick method [7].

Despite the variety of techniques for performing a
jump, G. S. Waad, A. M Sarmad [24], analyzing the structure
of movements in the flight phase, recommend using the “hitch-
kick” jump method, since, unlike other methods, it allows less
loss of horizontal speed acquired during the third push-off [24 ]

One of the priority areas of research for the triple jump
technique is the study of speed parameters. Determining the
optimal takeoff speed will allow you to most effectively perform
take-off and flight along the optimal trajectory. [4, 6, 20].

Improving the training process of athletes over recent
years, in particular the development of training methods, has
contributed to an increase in their level of physical fitness,
which has entailed changes in the structure of the athletes’
movements when implementing the triple jump technique.

Considering that technique is the most important com-
ponent in achieving high competitive results, studying the kine-
matic characteristics of the movements of qualified athletes is
extremely important for the effective preparation of triple jump-
ers.

Purpose of the study: to investigate the biokinematic
characteristics of the triple jump technique in qualified athletes.

Material and research methods

The technique of 8 triple jump finalists during the 2023
World Athletics Championships was analyzed. According to
the rules and regulations of the competition, all participants

consented to the processing and further use of video materi-
als. The study complied with the requirements of the Helsinki
Declaration of Ethics. The following methods were used in the
work: analysis and synthesis of scientific and methodological
literature, analysis of video materials, methods of mathematical
statistics.

A video of the final attempts was used, provided for pub-
lic use by the International Athletics Federation (World Athlet-
ics). The recording of attempts was carried out by four video
cameras installed on the side of the treadmill at a distance of
2,5 m, the height of mounting the video camera on a tripod was
1.5 m. Two of the four video cameras recorded video with a fre-
quency of 25 frames per second, the other two video cameras
recorded video with a frequency of 1300 frames per second.
Video analysis of the final attempts and processing of biokine-
matic parameters of the technique were determined using the
Dartfish and Kinovea programs. All statistical data were pro-
cessed in the statistical analysis program IBM SPSS Statistics
version 28.0.1.0.

Results

When assessing the take-off technique, the last two
steps were analyzed, taking into account their key importance
for further push-off. The following technical parameters were
assessed: the length of the last step, the angle of placing the
foot at the take-off site, the take-off speed, the ratio of the sup-
port and flight time of the last three steps of the run-up, the
take-off speed, the angle of the torso. The specified character-
istics of the technique of the studied athletes are presented in
Table 1.

For all the studied athletes, the length of the last step
was not less than 2,25 m. The coefficient of variation V = 3,17%
indicates the homogeneity of the results among the studied
athletes and indicates the absence of significant differences
between the step length indicators.

The speed at the end of the take-off run for qualified
athletes reaches an average of 10,73 m s™'. The coefficient of
variation V = 3,90% indicates close homogeneity of the speed
indicators of the tested athletes and gives grounds to assert
that there are no significant differences in the take-off speed
among the triple jumpers under study.

The duration of the flight of the last step reached 0.180
s V = 25,5%, the push-off at the last step of the take-off run was
within 0,066 — 0,133 s. V=12,7%. The difference in the timing
parameters of the technique is primarily associated with the in-
dividual length of steps and the angle of take-off from the track
during the run-up.

For all athletes, the last step tempo did not exceed 6
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Table 1
Features of the run-up technique of qualified triple
jumpers (n=8)

among qualified triple jumpers. In general, despite the variety
of push-off times, the duration of lift-off from the bar did not
exceed 0.166 s.

steps s and was within 4-6 steps per second.

A study of the length of the penultimate step revealed
a step length of 2.50-2.53 m in four athletes. In other jumpers
studied, the penultimate step was 2,35-2,43 m. In general, the
length of the penultimate step was observed at 2,44 m V=2,9%.

The time of the flight phase in the penultimate step for
most qualified jumpers was 0.170-0.180 s (V= 7,98 %).

Inhomogeneous results were observed in the push-off
time indicator in the penultimate step V = 19,12%. The coef-
ficient of variation indicates significant differences in the results
of a given technique parameter. For the athletes under study,
take-off in the last step took 0,100-0,166 s.

The pace of the penultimate run-up step did not exceed
4,2 steps/s. The coefficient of variation for this indicator V=
12,4% indicates minor differences in the tempo of the penulti-
mate step of the run-up among qualified triple jumpers.

Significant differences were observed in the torso tilt at
the end of the take-off run V=18,5%. Some athletes have an al-
most straightened position of the torso, and a number of jump-
ers have a slight deviation of the torso back before placing their
feet on the take-off bar.

It should be noted that, despite the differences in the
results of this indicator, for all qualified athletes the angle of
inclination of the torso at the end of the run does not exceed 7°.

To evaluate the push-off technique, the following tech-
nique parameters were determined: the angle between the
thighs at the beginning of the push-off phase, the time of push-
off from the bar, the angle of placing the leg at the push-off site,
the push-off angle, the angle of the torso, the angle between
the hips during push-off.

The studied characteristics of the take-off technique of
qualified jumpers are presented in Table 2.

For all triple jumpers, regardless of the characteristics of
the run-up technique, the angle of placing the foot on the bar
did not exceed 74-V = 6,2%.

An assessment of the take-off technique showed the
individuality of the take-off duration from the bar V = 17,75%

Table 2
Indicator X o | V(%) Indicators of take-off technique of qualified triple
jumpers (n=8)
Length of the last step (m) 2,28 | 0,07 | 3,17
i Y 0,
Speed at the end of the take-off run 1073 | 042 | 3.90 Indicator X g V(%)
(ms) : : : Angle of placing the foot on the 665 | 41 | 62
Duration of flight of the last step (s) | 0,144 | 0,04 | 25,46 | |bar(®)
Duration of push-off in the last step 011 001 | 12.66 Push-off duration (s) 0,130 0,02 117,75
(s) ' ’ ’ The angle between the thighs at the
moment of placing the foot at the 34,9 9,8 27,9
Last step tempo (step/s) 4.2 0,70 | 16,88 take-off point (°)
Length of penultimate step (m) 244 | 0,07 | 2,93 Push-off angle (°) 66,2 | 4,0 6.0
Duration of flight of the penultimate Angle between the thighs at the
step (s) 0,178 | 0,01 | 7,98 moment of push-off (°) 108,31 103 | 9.5
Duratlgn of push-off in the 043 | 0,02 | 1912 Angloe at the knee joint of the swing 86,6 | 16,6 | 19,2
penultimate step (s) leg (°)
Penultimate step tempo (step/s) 33 | 04 | 124 i:gg(lg at the knee joint of the push 166,1| 66 | 4,0
Torsoo fitatthe end of e take-off 3,6 0,7 18,5 Initial take-off speed of the general
run (°) » 9,81 | 0,58 | 6,0
center of mass of the body (m s™)

At the beginning of the push-off phase, athletes exhibit
significant differences in the amount of hip extension of 20-50".
V=27.9. At the end of the push-off, more uniform values of the
angle between the hips V=9,5% were recorded. For all quali-
fied triple jumpers, before lifting the leg off the bar, the angle
between the hips was fixed within 90-120°".

In the push-off angle indicator, the coefficient of variation
was V=6.0%. The close homogeneity of push-off angle indica-
tors among athletes gives grounds to assert that qualified ath-
letes typically take-off at an angle of 65-70°.

By the end of the push-off, athletes have fairly uniform
indicators of the flexion angle in the knee joint of the pushing
leg V = 4,0%. For most athletes, at the end of the push-off
phase, the pushing leg is almost straightened at the knee joint
160-179°.

The angle in the knee joint of the fly leg at the end of
take-off among qualified jumpers reached 115°V=19,2 %.

Despite the individuality of the push-off technique, all
athletes showed no significant differences in the speed of take-
off of the general center of body mass V = 9,85%. The coef-
ficient of variation indicated a close homogeneity of results and
gave grounds to assert that, despite the individual organized
actions of athletes in the take-off process, qualified triple jump-
ers have almost the same efficiency in performing the take-off
phase.

For all athletes, regardless of the method of performing
the run-up and take-off, the take-off speed of the general center
of body mass did not exceed 10 m s™.

Biokinematic characteristics of the jump are given in
Table 3.

After the first push-off, the overall center of mass of the
body described a parabolic trajectory. The height of the overall
center of body mass reached an average of 1.40 m. The unifor-
mity of the results V = 7,55% showed that, despite the peculiari-
ties of the organization of actions in the flight phase of the first
jump, they did not have a significant impact on changes in the
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trajectory of the athletes’ overall center of body mass.

During the flight, the athletes performed a running step
in preparation for the second take-off. The greatest hip exten-
sion of all jumpers was observed in the second part of the flight
phase of the jump.

Table 3
Biokinematic characteristics of the triple jump of
qualified athletes (n=8)

Indicator X o V (%)
Angle of EIacmg the foot on the 66,0 | 4.0 6.1
support (°)
Jump length (m) 6,00 | 0,33 | 87
Jump duration (s) 0,595 | 0,037 | 6,2
Velocity of the general center of mass
of the body at the end of the jump (m | 9,60 | 0,88 | 10,2
s-1)
The highest altitude of the trajectory
of the general center of mass of the 1,40 | 0,10 7,6
body during the flight phase (m)
Largest angle between thighs during
flight (°) 106,6 | 16,7 | 15,6
Angle at the knee joint of the pushing
leg at the end of the jump (°) 1639 | 3.4 2,0
Angle at the knee joint of the swing
leg at the end of the jump (°) 11,9 27,2 | 24,3
é?gle between thighs at end of jump 527 | 187 | 355

Athletes who were more able to maintain the initial ve-
locity of the overall center of body mass had a wider hip exten-
sion of up to 122°. In others, the hip extension was smaller and
reached 100°. This discrepancy also affected the homogeneity
of the results in this indicator. The coefficient of variation was at
the level of average homogeneity V=15,6%.

Analyzing the jump technique, it was found that, regard-
less of the specifics of the run-up and take-off technique, all the
leading triple jumpers studied had fairly uniform indicators of
the length of the first jump V of 8,73%. The length of the jump
averaged 6,02 m and did not exceed 6.35 m.

The jump ended with an active raking placement of the
foot on the support at an angle of 60-70°. The coefficient of
variation V= 6,1% indicated that there were no significant differ-
ences in the technique of placing the leg on the support at the
end of the jump.

In general, no significant differences were found in the
timing of the jump V=6,24%. The first of three jumps lasted on
average 0,595+0,037 s.

At the end of the first of three jumps, the velocity of the
general center of mass of the body was in the range of 8-10.50
m s'. Minor discrepancies V = 10,2% between the speed indi-
cators of the general center of body mass are associated pri-
marily with the individuality of the run-up technique and push-
off from the bar.

The average jump length was 6,00+0,23 m.

All jumpers are characterized by an almost straightened
position of the pushing leg on the support after the first of the
jumps V = 2,0%. The angle in the knee joint of the pushing leg
varied in the range of 160-170°.

Despite the similarity in the technique of placing the leg
on the support after the first jump, quite significant differences
were observed among the athletes in the angle of flexion of the

swing leg at the beginning of the landing V = 24.3%. A number
of athletes straightened their fly leg up to 120-130° at the mo-
ment of landing, while for others the angle in the knee joint of
the fly leg did not exceed 100°.

Differences in the amount of hip extension during the
flight phase of the jump also influenced the angle between the
hips at the end of the jump V = 35,5%. Despite the average
angle of 52,7+£18,7° for individual jumpers, the angle between
the thighs reached almost 80°.

From the moment the pushing legs were placed on the
support, preparation for the step began.

Biokinematic indicators of technique during the second
take-off of qualified triple jumpers are shown in Table 4.

Indicators of uniformity of parameters of the second
push-off technique were in the range of 1,7-11,8%. The result-
ing coefficients of variation indicated that there were no signifi-
cant differences in second take-off technique between skilled
triple jumpers.

Table 4
Technique indicators of qualified triple jumpers
during the second push-off (n=8)

Indicator X o V (%)
Push-off duration (s) 0,167 0,02 1,77
Push-off angle (°) 63,6 3,6 5,6
An_gle at the knee joint of the 187 77 65
swing leg (°)
Angle at tr;e knee joint of the 165,3 2.9 18
push leg (°)
Angle between thighs (°) 84,6 6,2 7,3
Departure speed of the general
center of mass of the body (m s™) 8,90 0.88 9.80

The second push-off lasted no more than 188 s and av-
eraged 0,167 + 0,02 s.

The push-off angle, as when taking off from the bar, did
not exceed 70° on average.

At the moment the leg lifted from the support, the angle
between the hips was in the range of 78-92°.

The supporting leg of all triple jumpers was almost
straightened at the knee joint 160-170°. The swing leg was bent
at the knee joint at an angle of 110-126°.

The speed of departure of the general center of mass of
the body decreased compared to the first push-off and amount-
ed to 8,90+0,88 m-s™'.

During the step, the athlete jumps from the push leg
to the fly leg. Features of the step technique of qualified triple
jumpers are given in Table 5.

For all qualified triple jumpers, the angle of placing the
fly leg on the support at the end of the step did not exceed 70
°. Comparison of the average angular parameters of the jump
and step revealed the absence of significant differences in the
features of the technique of placing the leg on the support.

During the step, athletes experienced more significant
losses in the horizontal speed of the overall center of body
mass. At the end of the step, the speed of the general center of
body mass averaged 8,66 + 0,75 m s™.

The loss of horizontal speed also affected the decrease
in step length for all qualified jumpers and did not exceed 5,70
m, V = 4,3%.

In contrast to the jump, during the step there were sig-
nificant differences in the organization of the athletes’ actions in

26



ISSN (print) 1991-0177, ISSN (online) 1999-818X

SLOBOZHANSKYI HERALD OF SCIENCE AND SPORT

Vollum 28 No. 1, 2024

the flight phase. A number of athletes, having taken off from the
support, began to prepare for landing in a step, and the rest in
the second part of the step. The height of the overall center of
body mass for all athletes had fairly uniform indicators V = 4.5%
and averaged 1,31 + 0,06 m. The angle between the hips at the

end of the step averaged 51 + 9,3, V = 18,2%.
Table 5
Biokinematic characteristics of the step of qualified

triple jumpers (n=8)

The duration of the third push-off from the support did
not exceed 0.183 s. Among the athletes studied, an average
homogeneity of results was recorded V = 14,2%.

The push-off angular indicators for all athletes were uni-
form V=5.8% and did not exceed 70°.

At the end of the push-off, the swing leg comes off the
support almost straightened; the angle at the knee joint aver-
aged 164,2+4,2". The angle in the knee joint of the pushing leg
at this moment varied in the range of 96,4-100".

During the flight phase of the step, the angle between
the hips was quite uniform V = 7,5% in some athletes reached
127 °and on average was 114,7 + 8,7,

The duration of the step did not exceed 0,550 s.

During landing in a step, the swing leg stood on the sup-
port almost straightened at the knee joint 163.2+4.3°. The push-
ing leg was bent at the knee joint at an angle of 113,8+9,9".

The average step length was 5,30+£0,23 m.

At the moment of placing the swing leg on the support,
the athlete proceeded to perform a jump.

Biokinematic indicators of the third push-off technique of
qualified triple jumpers are given in Table 6

Table 6
Technique indicators of qualified jumpers during
the third push-off (n=8)

Indicator X o |V (%)
Push-off duration (s) 0,155 | 0,02 | 14,2
Push Angle (°) 63,5 | 3,7 | 58
Angle at the knee joint of the swing
leg at the end of the push-off (°) 164,21 4.2 2,6
Angle of the knee joint of the
pushing leg at the end of the push- | 107,0 | 10,9 | 10,2
off (°)
Angle betheen thighs at end of 953 [ 137 143
push-off (°)
Departure speed of the general
center of mass of the body (m s-1) 808 | 062 7.7

B The angle between the thighs at the end of the third
Indicator X o V(%) | push-off averaged 95,3+13,7°, V=14,3%.
- - At the end of the third repulsion, the athletes showed
ﬁ}r;g;eu of p:?colng the swing leg on 65,3 3.1 4,8 uniform speed parameters of the general center of body mass,
pport (°) V =7,7%. The speed of departure of the general center of mass
Step length (m) 5,30 0,23 43 of the body did not exceed 8,20 m-s™.
Step duration (s) 0,475 | 0,044 | 9.3 Having pushed off the support with their swing leg, the
Velocity of the general center of athletes performed the jump mainly by bending their legs.
mass of the body at the end of the | 8,66 0,75 87 Jump technique indicators are given in Table 7.
jump (m 5-1) e i e e T
The highest altitude of the Jump technique indicators of qualified triple jump-
trajectory of the general center of 131 | ooe | as ers (n=8)
mass of the body during the flight ’ ’ ’ . _ .
phase (m) Indicator X o] V (%)
Largest angle between thighs : ;
during flight () Mar | 87 | 7 ?#%ZZ? ;tzg: t(r?f)the overallcenter | 4 15 | 0,12 | 10,8
Angle at the knee joint of the swing
leg at the moment it is placed on 163,2 4.3 2,6 Jump Iength (m) 5,90 0,24 3.8
the support (°) Jump duration (s) 0,769 | 0,026 | 3,3
Angle of the knee joint of the Velocity of the general center of
pushing leg at the end of the step 113,8 9,9 8,7 mass of the body at the end of the 7,38 | 0,65 8,8
©) jump (m s™)
Angle between hips at end of
ste%(°) P 51,0 9,3 18,2 Analyzing the jump technique, minor differences were

identified in the highest height of the trajectory of the general
center of body mass V = 10.8%, which is associated with the in-
dividual style of performing the jump. Depending on the method
of jump, the height of the overall center of body mass ranged
from 1.09-1.26 m.

Regardless of the method of performing the jump, all
athletes had approximately the same jump length V=3.8%. The
jump length averaged 5.90+0.24 m.

The time parameters of the jump technique were fairly
uniform, 3.3%. The jump for all qualified jumpers lasted from
0.717 t0 0.800 s.

At the end of the jump, the speed of the general center
of body mass averaged 7.38 + 0.65 m s-1.

The triple jump was completed at the moment of landing
in the jump.

Discussion

Studying the take-off technique, Y. S. Bae, Y. J. Park [5],
L. A. Bridgett [9], M. Hubert [15] determine in detail the initial
speed and take-off angle. However, due to the need to effec-
tively transfer horizontal speed to vertical speed, performing a
powerful take-off, in the last steps of the run, jumpers begin
to place their foot when landing closer to the projection of the
general center of body mass, performing a raking foot place-
ment on the bar [11]. We analyzed in detail the features of the
technique of the last steps of the run-up and push-off in order to
optimize the run-up in the triple jump.

The results of the study showed a decrease in the length
of the last step of about 7.0%, which is 16-25 cm compared to
the penultimate step. This affected the tempo of the last step,
which increased by 27.3%.
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Of the time parameters of the run-up, the most sig-
nificant differences were observed in the duration of the flight
phase of the last step, 0.100-0.180 s, which is associated with
the athletes’ attempt to adjust the length of the last step in order
to accurately hit the bar.

A comparison of the time of take-off from the bar with the
parameters of the run-up technique showed that for jumpers
who had faster execution of the last three steps of the run-up,
the take-off duration was in the range of 0.100-0.133 s. For
jumpers who performed the second part of the run more slowly,
the take-off duration was 0,146-0,166 s.

Analyzing the angular parameters of the push-off tech-
nique, it was found that the angle between the hips at the be-
ginning of the push-off phase depends on the characteristics of
placing the pushing leg on the bar. In athletes who performed
a position of the pushing leg closer to the projection of the gen-
eral center of body mass, the angle between the hips did not
exceed 30°. In other athletes, in proportion to the increase in
the distance from the projection of the general center of body
mass to the place where the pushing leg was placed, the angle
between the hips increased.

At the end of the push-off from the bar, in athletes per-
forming a more energetic movement of the hip of the swing leg
forward, the angle in the knee joint of the swing leg was mostly
70-85". Less energetic movement of the hip of the swing leg
forward leads to an increase in the angle in the knee joint of the
swing leg to 100-115".

In the studies of Z. Mohammed [19], R. Pavlovic [21], it
is noted that the greatest efforts should be implemented when
pushing off from the bar to further maintain horizontal speed,
however, optimization of the preparation of triple jumpers made
it possible to improve the quality of landing [17], which allows
redistributing efforts in the process of all three push-off. The
study of the speed parameters of all three jumps made it pos-
sible to expand the information of S. J. Allena [2], H. Liu [18] S.
R. Shabu [22] about the dynamics of speed in the triple jump.
The study found that during a jump the initial speed of the gen-
eral center of body mass is lost on average by 2.1%, during
the second push-off the loss of speed of the general center of
body mass is 7.3%, during the step the loss of speed of the
general center of body mass reaches 2.7%. during the third
push-off 6,7%. The data obtained showed that the greatest ef-
forts should occur during the first and third push-off. Due to the
technical complexity of the jump, athletes are unable to realize
their greatest efforts in the second take-off, so the main task is
to reduce the depreciation phase during the second landing in
order to maintain the initial speed.

From the point of view of biomechanics, during the flight
phase of the jump, the athlete’s actions cannot in any way af-
fect the speed indicators of movement of the general center
of body mass [10, 16]. However, the quality of preparation for
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