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ABSTRACT

For the existing action defect problem of Chinese Triple jump athletes, this
paper studies the motion parameters and technical actions of triple jump
athletes through the analysis of kinematics, combines the whole process
of triple jJump, uses the mathematical statistical methods, by comparing
Chinese dlite athleteswith foreign elite athletes, and concludesthat Chinese
athletes’ speed and take-off angle is too small, they have deficiency in the
integrity and continuity of the action. Therefore, in the future training we
should pay attention to strengthening the training of speed, increasing
the ground pedaling angle when taking off, adjusting the power ratio of
triple jump, focusing on strength training of upper body; it studies the
taking-off angle of the third jump to find the best jumping angle. Through
the study of the triple jump technique, this paper raises rationalization
proposals for the improvement of technological level, which isaiming at
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improvement thetechnological level of Chinatriplejump.
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INTRODUCTION

In 1986, thetriplejump officially emergencesas
an Olympic sport, whichisadded lateinto field events
in al Olympic projects. The development level of
China’s triple jump is rapid, Chinese player Zou
Zhenxian once jumped agood result of 17.51min
1981, which makes China’s track and field record
keep for 26 years. However, the current world record
i$18.29m jumped by Britain Edwards. The average
distance jumped by Chinese €elite athletes is only
17.50m around, and thereis still alarge gap between
theworldfirst levels. Wea so need to explore techni-

cal skillsof triplejump deeply, find amore efficient
way, and come up with better improvement sugges-
tionsfor the Chinese athletes.

Triplejump venueisconsistsof fiveparts. therun-
way, the take-off board, the take-off display board,
plasticized display boards and thelanding area. The
distance between the take-off board and the landing
areaof men’s venues is 13m, and the distance of woman
venueis11im. Inthetriplejump competition, it getsits
name because the players need to do three different
jumpsintherun-upinarow. Thefirst hopisjumpingon
onefoot, landing onthefloor with thetake-off leg; the
second jumpisstridejump, landing on thefloor witha
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swingingleg; thethirdjumpisjumpfalingintothebun-
ker with both feet. Triplejump can beroughly divided
into four stages: therun-up, jJump on onefoot, stride
jump and jump. In thetriplejump competition, rapid
run-up, fast-paced triplejump, full utilization and play
of horizontal velocity, reducing thelossof horizontal
velocity, thesearethe current maintechnica points. The
triplejump run-up, onefoot jump and stridejumpisthe
accel eration and continuity of the speed. Good or bad
of thecompl etion directly affectsthe play of thethird
jump, and thethird jump directly bearsonthefina re-
sult of thetriplejump. Thuswe study therun-up, one
foot jump and stride jump as awhole, and focus on
studying thethird jump, aswell as proposes skillsto
improvethe performance of athletesand hel psathletes
to help achieve better results. Now however most of
Chineseliteraturestudiesinthetriplejump areon run-
up, and the study on the upper and lower body move-
mentsfor theentire processand thefina jumpisrea
tively smdl. It makesreferenceliteraturefor triplejump
ahletelimited.

Inthis paper, by thekinematicsknowledge, it con-
sdersfrom the continuity of action, linkstheentireppro-
cess, by analyzing thekinematic parametersof athletes
during the entire process of thejump and comparing
withinternationa athletes, sumstheinsufficient of Chi-
neseahletesand suggests corresponding improvements,
completesthetechnol ogica improvements.

DYNAMICSAND TECHNICAL
OPTIMIZATION MODEL

Basictheory and problem analysis

Kinematic analysisof athletesinthetriplejumpis
similar to the parabolic movement. Supposein each

stage thetake-off speed of the athletesisy, , thejump-
ingangleisq , thejumping distance of each segment
iSS, byignoring air resistancethegravitational accel-
erdionisg, thenumerical component of thespeedisv,,

the horizontal componentisv, , by thekinematic equar
tionswe can obtain that:
V, =V, COoSo. D

vy =Vysina @

Vv COS20.
S= T g 3

From the above equation (3), thefaster the speed
of thegravity center of humanis, thebigger thetaking-
off angleis, thehigher thecenter of gravity is, the better
theresult of thetriplejump becomes. Toimprovethe
starting speed, it isnecessary toincrease the athletes’
approach speed, try to avoid reducing the accel eration
inthejumping process, and maintainthe upgraderate
of the speed. Approach speed determinesthe take-off
gpeed of triplejump, whichisveryimportantinthetriple
jump. Three jJumps of thetriplejump are closely re-
lated; the gppropriate proportion of triplejump canmake
theathletes’ strength and speed play better. The third
jumpsaremutudly influenced andrestrained, dsodosdy
linked. Asfor the Chinese athletes, the ability of the
thirdjumpisgenerdly low.

Resear ch on the approach speed

Approachistoincreasethe speed, the greater the
speed isthe greater the take-off speed becomes. But
the speed of Chinese athletesin the run-up phaseis
generdly firg quick back dow down. Penultimate step’s
speed decreases, resulting in reduced take-of f speed.
The speed of theworld’s top athletes in the last two
steps, elther increases, or remains. Thetake-off speed
isrelatively large, and theresultswill be better.

Below it takestheditetriplejump athletesin the
world and Chinaasthe research object, takestheki-
netic parameters of thetriple jump run-up asthedata
sourcefor analysis, the specificisasin TABLE 1 be-
low.

Thedatain TABLE 1 showsthat thevelocity of the
world’s elite athletes in the run-up phase is small, the
speed of the penultimate step decreases, and the speed
of thefinal stepincreases. The Chineseathletes’ veloc-
ity at run-up phaseisrelatively large, the speed of the
penultimate paragraphincreases, the speed of thefina
step decreases. And just it is opposite to that of the
world elite athletes. Ascan be observed by the datain
TABLE 1, the pop-distance athletesisdirectly propor-
tional to the speed of thelast step. The main problems
of Chineseathletesinthetriplejump movement arethe
low on board speed, the speed of the penultimate step
before the taking-off istoo great. The reason isthat
Chineseahleteswill adjust postureinthelast gep, which
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TABLE 1: Thekinematic par ameter swhen jumper sapproach
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The horizontal velocity
of therun-up

Horizontal velocity of the

Horizontal velocity of

Performance center of gravity (m/s) thefinal step and the
Name of Athlete phase (m/s) _
(m) - - maximum speed of the
Penultimate  Thefinal :
11-6m 6-1m penultimate step (m/s)
step step
Kasarda 17.85 10.14 10.22 10.10 10.30 1.008
Ur lupu 17.64 10.19 10.36 10.10 10.60 1.023
Pierrede 17.22 10.13 10.16 10.10 10.50 1.033
Zou Zhenxian 17.34 10.58 10.47 10.70 10.50 0.939
Zou Sixin 17.31 10.42 10.43 10.80 10.30 0.972
Chen Yanping 17.22 10.40 10.31 10.60 10.30 0.972

causesthe speed on board reduces, and thejump speed
decreases. Meanwhileit will aso resultinwasted power.

It is recommended that athletes increase the on
board speed, and focus onincreasing the absol ute ve-
locity. Intherun-up process athl etes should consider
rasethe power to the maximum, and cannot affect the
power play at the sametime.

Changesof thehorizontal speed and vertical speed
intriplejump

Resear ch on changesof horizontal velocity

Throughtheanayssof kinematicknowledge, it not
difficult to find that the action techniqueof triplejump
landing and thetake-off stage; the main observations
include horizontal speed and vertical speed, and the
change of horizontal speed isthekey point. In recent
years, onissuesof ve ocity changesat triplejump ground
landing and jumping phase, especidly onthe‘how to
reducethelossof horizontal velocity” and “improve
utilizationrateof thehorizontd ve ocity”, experts at home
and abroad have done alot of research work.

Onthebasiclaw issuein the horizontal velocity
variationduringthetriplejump, scholarsfrom different

TABLE 2: Theaverage speed when stepping and jumping
units: m/s

Thefinal step  Jump on Stride
Name ] Jump
of approach one foot jump
Bober — 8.2 7.2 7.0
Miller 10.02+0.68 9.42+0.33 8.06£0.39 6.96+0.34
Hay 10.26+0.21 9.59+0.36 8.44+0.42 6.93+0.29
Zissu 8.82 8.34 7.45 6.20

countriesa so givesthe study, asshownin TABLE 2.
Ascan beseenfromthedatain TABLE 2 the stepping
of each jump haslost acertain horizontal speed, the
reduced scope of the horizontal velocity for onefoot
hop, stridejump and jump isrespectively 5%~9%, 7%
~15% and 13%~20%.

Ascan be seen through TABLE 2, the horizontal
speed of triplejumperswill bereducedintheground
landing and buffer two stages. So we should compen-
satefor the horizontal speed by increasing thekicking
action, and try to reducethe decrease of the horizonta
speed. Themaximum horizonta velocitiesof thetested
athletesontheboard, at theend of the buffer and when
jumping are respectively 10.16m/s, 8.88m/S and
6.59M/S; Theminimum speedis7.99m/ s, 6.47m/s
and 6.25 m/s, the horizonta velocity hasvarying de-
grees of damage. Ascan be seen by the data, the hori-
zonta velocity of triplejump athletesin thegameisnot
straightly decreasing, but “ first fall-then rise-and fall, “
Of course, the overdl trend inthe horizontal velocity
doesnot increase, but decreases. Chinascholar found
that from the study (2003), theloss rate of thetriple
jump horizontal speed for World EliteMdeTriple Jump-
ers are respectively 6.57%, 10.5% and 19.45%, the
total lossrateof thetriplejumpis36.52% (TABLE 3).

In the study of the reasons for the triple jump
athlete’s horizontal velocity loss we know: “Excellent
performance of triplejump depends not only on the
absol ute speed, also depends on the effectiveness of
thegpeed utilization™; and the studies of American schol-
ars Clifford ¢ La Kaisi (2001) further proved: “the
beginner’s horizontal velocity from the one foot jump
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TABLE 3: Theaveragevalueand lossrateof thehorizontal velocity unit: m/s

Project Horizontal velocity Horizontal velocity Horizontal Lossrate of the
on board at the end of the buffer jumping velocity horizontal velocity
Elite Athlete 10.05+0.14 8.31+0.58 9.09+0.38 8.8%
Ordinary athlete 8.36+0.38 7.06+£0.35 7.00+0.77 16.1%
Novice 8.76 7.21 6.96 20.0%

to stridejump decreased by 4.9%; whilethe speed of
elite athletes often dropped as much as 13%; theloss
of horizontal speed from thestridejump to thethird
jumpleve issmilarto ahleteswithdifferent ill levels,
itisrespectively 13.6% for the beginner and 13%for
diteathletes’. It can be seen from the data in TABLE
3, noviceproceeded consciousrestraintinthefirst jump
inorder toreducethelossof physica agility.
Throughthestudy of China’s outstanding triple jump
athletes, the of, the main reasons of speed declineand
lossfrom therun-up to the take-off stageinclude: the
horizontal velocity for thefirst two steps of thetriple
jump ahlete’s centroid before jumping decreases, which
hasadirect relationship with theathletesintentional at-
tention of thejump action, resultsinlarge gap between
two-step length before thetake-off, and no doubt in-
creasesthedifficulty and accuracy of jump. Dating back
to themen’s triple jump final in 1995 World Champi-
onships, Lu Gang, Wang Zongping (2003) and others
conducted anaysison eight players of them and found:
intermsof thelossrate of horizonta velocity for each
jump and the stepping jump, Conley isminimal, that is
his merit isthe most prominent. However, compared
with Edwards, Conley’s performance at 16.69m has
been lagged far behind. Thisfully showsthat theloss
ratelevd of thehorizontd velocity isjust one anteced-
ent that determinesthefinal scoreof thetriplejump.
Thissingletechnicd parameter cannot bethe solecri-
terion to predict the performance, that is, thoughitis
very critical toraisethe horizontal speed of athletes,

but itisnot theonly way.

Study on changesof thevertical velocity intriple
jump

About thebasic law of vertical velocity intriple
jump, scholars at home and abroad believe that the
vertical velocity almost increases with the constant
proportion in the supporting stage of each jump; it
reaches the peak before jumping and then beginsto
decline. In addition, Song Yawei and Ma Jizheng
(2002) found from the study that “changes of the ver-
tical velocity inthethreejumpsaregradually increas-
ing, which isrelated to the size of impact forcewhen
landing of the second jump and thethird jump. Espe-
cially inthethird jump, although the athleteslose a
large horizontal velocity, but obtain alarger vertical
gpeed.” Typically, vertical velocity at the take-off phase
in stride jJump is smaller than that of the other two
phases, vertical velocity at the take-off phase of the
thirdjumpismaximum (TABLE 4). Itismainly dueto
thevertica generated reaction force after athletes’ one
foot jumpincreaseswith theincrease of onefoot jump
length; studieshave shown that: the generated maxi-
mum vertical forceisabout 14-22 timesof oneown
weight for maleathleteswhose onefoot jump lengthis
about 5-5.3m. Therefore, from alogical reasoning, if
thetriplejump athletes can producelarger vertical step-
ping and jumping velocity in stridejump, thenitsstride
jump distance will be more than the distance of the
onefoot jump and thethird jump. Inthe actual pro-

TABLE 4: Theaveragevertical speed when ground landing and stepping and jumping unit: m/s

Jump on one foot Stridejump Jump
Name Ground Stepping and Ground Stepping and Ground Stepping and
landing jumping landing jumping landing jumping
Bober — 2.65 — 2.06 — 257
Miller 0.31 0.20 0.19 0.27 0.27 0.30
Hay — 2.240.04 — 1.9+0.27 — 2.6+0.20
Zissu — 2.03+0.29 — 1.55+0.46 — 2.55+0.58
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cess of stridejump, athletes can not producethe de-
sred vertical speed, resultingin declineof thevertical
speed, which aso showsthedifficultiesof improving
thevertical speed of the stridejump.

M aximizing the contradi ction between the hori-
zontal speed and vertical speed to makethe problem
of “How to improve the vertical speed without affect-
ing the play of horizontal speed” receive widespread
concern. Former Soviet feat coach BANoanb (1985)
oncesuggested: “when landing the vertical velocity of
athletes’ centroid is zero or a small positive value; if it
isnot subsequently reduced, then the entirereaction
impulse of the ground increases the upward vertical
velocity, and ultimately hel psto increasethe vertical
jumping speed”. In addition, the analysis of Liu Shi-
fanand Song Ying-hua(1992) (TABLEDS5) dso proves:
“the jumping vertical speed showed asignificant
negative correlation with the downward landing verti-
cal velocity (R=-0.689; P<0.01). Thesmaller the
downward vertica velocity whenlandingis, thegreater
thevertical jumping velocity becomes. Although re-
ducing downward vertical speed will reducethever-
tica impact impulsewhen touchingthepand, but alle-
viating the burden of thetaking-off legisin favor of
therapid kicking of thetaking-off leg, and thevertica
impulsewill not decrease”. This means that athletes
should be“‘running” through the pedal at the jumping
moment instead of consciously “stamping” on the
board. The study of Lu Gang, Wang Zongping (2004)
showsthat “if the landing angle is too small, it increases
theforward speed and magnitude of the center of grav-
ity to reducetheloss of horizontal speed when tak-
ing-off. Thereforewhen thetake-off timeiscertain, it
will inevitably increasethe forward movement inthe
horizontal direction during take-off and impactsthe
movement of body centroid in thevertica direction,
and it isnegativeto get vertical speed.” The related
dataisshownin TABLEDS.

TABLE5: Theaveragevertical jumping speed units: m/s

End of the ]
On board Jumping
buffer
Elite athlete -0.672£0.497 1.739+0.321  2.937+0.398
Ordinary athlete  -0.406+0.365 1.975+0.2096 3.382+0.338
Novice -0.989 1.511 2413

BioTechnology —

The angle changes of the landing and take-off
phaseduringtriplejump process

Thestudy on thelanding angleand ground stomp-
ingangle

Theground landing angle and stomping angle can
be understood as the angl e between the connection of
hip, kneeand anklejointswith thehorizonta planewhen
the taking-off leg touch the ground and kick off the
ground, and the sizes have great impact on sportsper-
formance. Lu Gang, Wang Zongping (2004) found in
thestudy: “The smaller the landing angle is, the greater
thefront supporting resi stance becomes, thelarger the
braking action when landingis, thelarger theloss of
horizontal vel ocity becomes, and thislossisduetothe
impact of thetake-off legwith theground at thelanding
ingtant, whichwill not trandaeinto verticd velocity and
istotally lost.” Therefore, in the ideal case, the athlete
should usethesmall degreeto jump and usethewide
angleto land, but it isimpossible. Kreer and Pogov
(1986) found that the landing angle of stepping and
jumpingissubstantialy equal, especidly in singlefoot
hop and stridejump phase. Themainreasonis:. theo-
retically, kicking at thetop of the supporting pointis
most ided, without losing horizonta vel ocity, beneficia
tothegain of thevertica take-off speed. However, this
will causethe peda too lateand muscle dasticity ten-
sion decrease, whichisdifficult to play agreater kick-
ing power in avery short period of time, and thusthe
vertica velocity aso decreasestheamplification. So,
theformer Soviet training expert Cub (1991) thinks:
“Kicking from 3 ° to 8 ° of the supporting point, helps
improvethekicking strength, so that thereactionforce
can get through the body more easily.”

Another study showsthat, the step jump that hasa
rativdy smdler landing anglehasardaivey largetake-
off angle; conversely, theonewith significantly larger
landing angle hasardatively smdl takeoff angleis. Un-
der the premise of assuring strength quaity, theground
landing angleissmall, we can musclesenter thetense
shrink earlier. Therapid contraction beforethe body
weight acrossthe supporting point, can get agood take-
off effect, but alsoincrease thetake-off angle, improve
the distance from the body center to the board, and
hel pstoimprovethe performance.

The study of Li Hung Kong et al shows the two

Hn Tudian Jounual
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anglechangesof diteathletes’ triple jump, the landing
anglesarerespectively 69+ 3 °, 68 +2 ° “and 66 + 20
°, the takeoff angles are respectively 62+2°, 60+ 2 °©
and 63+ 3 °. The average landing angles of Chinese
athletesarerespectively 65.13+1.57°,64.6 +2.12 °
and 62.28 + 0.99 °, the take-off angles are respec-
tively66+1.91°,55.16+1.21°,and 58.27+1.14°.
It explainsthat Chinese athletes need to improvetheir
control ability of the landing and taking-off angle.
TABLE 6 showsthe stepping and jumping angleof dif-
ferent levelsof athletes.

Proportion problem of triplejump

Technology classification of triplejump and ratio
divison of triplejump

Thereisavariety of partitioning method onthetech-
nological typesof triplejump. Currently bothinsdeand
outside scholars use thetypes classification standard
put forward by American scholar Jamese Sea (1992),
namely: onefoot jump type—the percentage of on one
foot jumpat least is2 % greater than the percentage of
jump, jump type— the percentage of jump is at least
2% greater than the percentage of onefoot jump and
balanced type—the percentage difference of one foot
jump and jJumpislessthan thestandard of division. If
wetake 5% asthe standard, then al of them belong to
theathleteswith “balanced” technology, if we take 4%
asthe standard, then 75% of them belong to the ath-
leteswith “balanced” technology, and so on. But the

valueistoo low, which cannot distinguish thereal dif-
ference between athletes, so the standard based on 2%
isgppropriate, thiscan effectively distinguishthediffer-
ence between thedifferent technica styles. According
to thisstandard, some of theworld famoustriplejump-
ers technology has been divided in the following TABLE
7.

Sincethe1990s, the“Speed Style” with charac-
terigticsof thefast run-up speed, largemotionrange, a
short supporting time, theincreasing proportion of third
jumpisapopular new technology. Edwardsisatypica
representative of thistechnol ogy, and Chinese player
Chen Yanping also belongsto thistechnica style. In
addition, anumber of different classification methods
on the Triple Jump technique typesal so appearedin
some other domestic and overseainformation, for in-
stance, itisdividedinto “high-jump type” technology
and “flat-jump type” technology according to the dif-
ferent trgectory heightsof athlete’s centroid during the
triplejump. Depending on theahlete’s fitness and train-
ing modes, it can bedivided into “force type” technol-
ogy and “speed type” technology; in addition, accord-
ingtothedifferent technologica characteristicsof ath-
letes’ actions in the triple jump process, it can be di-
vided into “combat style” technology and “buffer type”
technologies.

Research on the relationship between the best
triplejump proportionandtriplejump perfor mance

Intriplejump, the tandardsthat canreflect thehori-

TABLE 6: Theaveragevalueof each stepping and jumping angleunits. m/s

landing angle Take-off angle Take off amplitude Maximum buffer kneeangle Jumping angle

Elite Athlete 64.28+0.49 68.5£1.02 47.04+1.12 134.25+2.69 17.98+1.69
Ordinary athlete  61.01+2.99 74.4+2 .94 44 43+2 .94 135.87+4.15 25.76+3.14
Novice 59.7 73.4 46.9 132.3 20.5
TABLE 7: Technological type statisticsof world elitemaletriplejumpers
The proportion of o
) ) Stridejump Jump ) Technology
Name jumping on i ) Achievement (m) Years Remark
proportion % proportion % type

onefoot %
Schmidt 35.2 295 35.3 17.03 1960 Balanced type Break the world record
Banks 35.2 276 37.2 17.97 1985 Jump type Break the world record
Edwards 331 285 384 18.28 1995 Jump type Break the world record
Conley 32.0 30.0 38.0 18.17 1992 Jump type Olympic champion
Saneyev 37.0 29.0 34.0 17.39 1968 Jump on one foot type Break the world record
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zontal velocity distribution of athletesand theforcede-
greeof triplejump athleteinclude the distance between
each jump. Thisfactor isalso theimportant reference
for coachesand athletesto determinetraining methods
andtechnical indicators. Thedistance of each jump has
adirect impact on theresults. Different proportions of
triplejumpwill forminto different technology typesand
characterigtics. From thedevel opment trend of current
triplejump technol ogy, to shorten thefirst jump and
increasethethird jumpisabig current trend.

Yang Cunbin (1995) fromthe Beijing Normal Uni-
versity took the 30 groups of test scores of the current
world-classplayersinthetriplejump asthebasis, used
the regression model of quadratic response surface,
studiesthere ationship between thetotal scoreof three
jump and triplejump length, and found that: the best
proportion of theonefoot jumpintriplejumpis35.14%,
that of the stridejump 1s27.55%, and that of thejump
1537.28%. Cui Yunlong collected thetriplejump pro-
portion and performanceof 18 World EliteMaletriple
jumpersfrom 1931-1981; Through statisticd anayss,
the proportion of thefirst jump hasadevel opment trend
from the high phase to thelow phase, the proportion
changeof thesecond jump and third jumpisnot signifi-
cant, thesuitable proportion of triplejump is35.93%,

TABLE 8: Thebed triplejump ratio of men’striplejump that
national scholarsbelieve

Per centage %
Author —

Jump on onefoot Stridejump  Jump
Webster 375 250 375
Oda 353 294 353
Tan 37.2 295 333
Nett 36.0~37.0 29.0~30.0 33.0~34.0
Kreer 1 Poov 37.5~38.0 29.0~295 32.5~-33.0

29.49% and 34.58%, meanwhile the best results of the
triplejump can reach 18.48m. Through years of anay-
sisand research, Professor Jin Zongjiangmade  pro-
visionson the proportion of the best triplejump: “the
proportion of best triplejumpisthetriplejump propor-
tionthat isadapt to theindividual characteristicssuch
astheathletes’ structure and motion quality, technical
styleand body shape, that can utter mostly transform
theathletes’ movement quality into athletic performance.
Thespecificdataisshownin TABLE 8.

Based ontheabove andysis, theexistenceinterva
of thetriplejump ratiofor triplejump athletevariesac-
cordingtothedifferentleves; thereforeintraining, com-
petitionsand other practice, we should determinethe
interval range of thetriple jump’s ratio based on the
level of theathletes, thereby devel op acorresponding
jumping program; Themode of singly adopting afixed
ratio for an object isnot desirable.

Calculation on the optimal jumping angle of the
thirdjump

By analysisof thevideo, thelast hop of thetriple
jump can be decomposed asin Figure 1.

Figure 1 showsthat athlete belongsto the flight
phase after jumping, only receivestheeffect of gravity

andair resstance, sincethehorizonta speedv, islarger

thedrag areaislarger, thevertical speedv, issmaler,
thedrag areaissmadler, thereforetheresistanceinthe
horizontd directionisconstant f andtheresistancein
thevertical directionisnegligible. Thedistance of ath-
letes’ third jump is crucial, how to make the distance of
thethird jump farther isanimportant meanstoimprove
theoverdl performance. Accordingto Figure 1l and ki-
nematics, thetake-off speedv of thethird jump and

Figurel: Decompostion of thejumping movements
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theangleqa isthekey factorsto affect thejump dis-
tance, thispaper findsthe best take-off angleqa, by com-
bining with the kinematic equations, and the specific
caculation stepsareasfollows. Thetake-off anglere-
ferstotheanglebetween theinstantaneous vel ocity di-
rectionwhen athletesjump and the horizonta direction,
and the equation can be obtained:
Vy

tana = W 4

Based on kinematicif you want to jump thefar-
thest, you should use up al speed potentia at theland-
ingtime, sothat the speed reaches O, theformulacan
bederived:

Vy =at, ®

a=t 6
= ©)

Wherein f istheair resstance, from (5) (6) weknow
that:
ft,

Vx = F ™
Andyzethevertical velocity v, :

Vy =gt 8
Accordingtotheandyss:

2t =t, ©)
By equation (4) (7) (8) (9) wecan know that:

am
tana= o (10

By equation (10) the best take-off angleisrelated
to athletes’ weight and air resistance, according to the
formula(10) we can cal cul ate the optimum jumping
angleisabout 25 ° ~ 30 °by combining with the char-
acteristics of Chineseathletes’ body shape.

CONCLUSIONS

Intherun-up phase, the Chineseathletes’ speed is
small. Andinthelast two steps of the run-up, the ad-
justing of the Chineseathletes’ position decreases the
take-off speed. Inthewhol e processof thetriplejump,
thespeed of the Chineseathletesissignificantly smaller.

At themoment when thethird jump lands, Chinese
players’ knee angle and the landing angle is too small,
which makesthejumping power and speed decrease.

————, FyurL PAPER

Inthetriplejump find buffer phase, compared with the
world’s elite athletes, the magnitude of Chinese ath-
letes’ knee bending angle is significantly smaller. The
reasonisthat the deformability and extending ability of
thesupportinglegsiswesk. The proportion of Chinese
jumpers’ stride jump and jump phase is larger than that
of theworld’s top athletes, reflecting the lack of Chi-
nese athletes’ quickly stretching and kicking ability.
Through theanalysisand research on the best jumping
anglefor thethird jump, for Chinese athl etesthe best
jumping angleis 25 ° ~ 30 °. In addition, the action
completion cons stency and speed of Chineseathletes
haveinsufficient, and the entirejumping processistoo
long.

Based onthe above conclusons: (1) focuson speed
training, increase the approach speed andimprovethe
speed of thefinal step; (2) increase the stomp angle
and knee angle during the jump process, improvethe
jumpingforce, thejump speed and thejump angle; (3)
focuson training theleg muscles, increasetheforce of
leg musclesinthetriplejump process; (4) adjust the
proportion of stridejump and jumpinthewhole pro-
cessof triplejump, reducethe proportion of stridejump
and jump.

Ineveryday lifeathletesneed toStrengthenthetrain-
ing of legmusclesand speed, but also need toimprove
thecontrol ability of thebody’s balance, ensure the con-
tinuity of action, reduce thetime of thewhol e process
in order to better take advantage of the speed and ob-
tain better performance.
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