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An Evaluation of the Performance through the Comparison of Kinematic
Vaiablesfar the Official Recordsin Warld Women' s Triple Jumper

Jae-Kyun Ryu* & Geon-Tak Kim
Kyung Hee University

[Purpose] The purpose of this study was to examine the difference and consistency of kinemetic variables
for each athlete by sdecting the officid records of the world's eite femde triple jumpers to evauate the
performance level. [Methods] Three athletes who won the prizes a the World Championships Daegu 2011
Women's Triple Jump were sdected as the study subjects, and only the successful trials were used for
andysis. Pearson's correlation analysis was conducted with the kinematic variables in the hop, step, and jump
phase, respectively. Also, kinematic varidbles with detigtically significant correlations between braking time
and pushing time and related variables were described separately. The duty factor and support factor for the
hop, step, and jump of support phases were caculated. [Results] The successful trids rate were 66.7% for
Olha, 50% for Olga, and 83.3% for Caterine. In the last three dride distances of the gpproach run, Olha and
Caterine had a “medium-long-short” pattern and Olga had a “long-short-medium” pattern. There was no
difference in the duty factor value between hop and jump phases in the ‘hop-dominate’ technique type, but
there was a difference in the jump phase in the ‘baance technique type, and the duty factor value in the
step of both technique types was grester than that of hop and jump phases. As for the percentage of the
support factor, Olha and Caterine had a characteristic that the percentage of braking time in step and jump
phases was opposite. On the other hand, Olga had the same percentage for the hop and step phase, and a
smaller percentage for the jump phase. [Conclusion] To increase the accuracy of the board touch-down,
maintain a certain last stride(1SL) depending on the technique type. This consistency of the approach run
increases reduces distance loss on the take-off board and increases the successful rate of each trid. The duty
factor can judge both the performance level and the technique type of triple jump, and the support factor is a
varigble that can classify the technique types of hop, step, and jump phases. If both the relative time required
for the triple jump and the variability of the support time(braking and pushing) for each phase are congtant,
the difference in records by trid will be small.
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Table 1. Performance of the subjects

2 42 A F3F BHE AREote] -

At Fopes 7.4 H 2 A4 oF?iE}
Plagenhoef(1983)9] A=5 o]&3ltt. 52+ perform
software genlock 7]%5& ©o|-83lo] =27 47)19] A€
(3719 2EZo|B)} L53KF), 28, FZo olF =
o= HAAst9ckFig. 1).
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] ]1:1;(—];(]/\1_

Brth Persond record Season best Officid Actud Phase
Subjects ( rsj performance performance distance distance ratio
Y (m) (m) (m) (m) Q)
14.94 1513 382834
14.68 14.95 38:27:35
14.98 14.98
Olha 1983 14.65 14.87 38:28:34
14.48 14.72 38:27:35
Mean+ SD 1469+ 0.19 1492+0.17 38:28:35
14.72 15.07 35:28:36
1525 14.96 14.89 1513 36:28:36
Olga 1984
1454 14.83 37:26:37
Mean+ SD 14.72+0.18 1501+0.16 36:27:36
14.64 1491 39:27:34
14.67 14.85 38:30:33
) 14.99 1499 14.81 15.10 382834
Caterine 1984
14.84 1497 36:29:35
14.80 15.10 38:27:34
Mean+ SD 1475+ 0.09 1499+ 0.11 38:28:34
Phase Ratio = Phaseratio for actud distance
3T 3TO 2TD  2TO 1T 1TOBTD EBTO Ho Tt JTo Jum LD
® [ L __'_A_‘___,E__‘_-_H__ Step ""fh—-..
£ Takeoff height ‘..:'I
Touchdown height | |
| Takeoff Touchdown | Takeoff To uchdn\lvn TBJI(EDFT Landing
distance Flight distance | distsnce Flight  distance | distance Flight distance
distance distance distance
#step *slep 2 step 1step Hop phase distance=1 Step phase distance=2 Jump phase distance=3
== ==d T T [ ||
Phases 3 stride 2 stride 1 stride Actual distance =¥ [3=1d',[- (1=hop, Z=step, 3=jump) ‘

Fig. 1. The last three strides of the approach run, take-off and touch-own distance, landing distance, flight distance, each
phase distance, take-off and touch-down height and actua distance(Ryu & Chang, 2015)
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Support time
Duty factor =—-P2" 123
- Phaseperiod 4,4 A2y

(1="hop, 2=step, 3=jump)

EAAEE SPSS ver. 25.0(SPSS Inc., Chicago, IL,
USA) £ZEJo}S ARgslo] mE 53t vQle] Pt
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Table 2. The last three stride length for approach-run

(Unit : m)
Olha Olga Caterine
2.08 2.66 213
) 0.02) (0.10)
Stride 29 247 2.39 252
length (0.02) (0.09) (0.03)
187 247 1.88
13 o 0.11) (0.18)
Phase
ratio 38:28:35 36:27:36 38:28:34
(%)
Successtul
tridsrate 66.7 50.0 833

(%)

() = Standard deviation; 3SL = Third stride length;
291 = Second stride length; 1SL = Lagt gridelength

(Table 2)= =257 ulx|u} 4] AEglo| & #g] HWol,
=B 4 AGF A71ES AR Zolth. Al Ad=o] =HH|
£ 29 Olha® Caterine AL Z7F 38:28:35,
38:28:34% & 42F 71&S& ARESHAL 91oH Olga A5
Tro] ALY 7]&S ARSIl 0T T Caterine Al
= WHAY Ve HAcke AoE UEdth 121
A A4=9] 448 A|71€-2 Caterine, Olha, Olga A= <=2
2 747} 83.3%, 66.7%, 50.0%F LFEFTE.

5|4 o] FoF] A EFE7| upA|et A AEE}o|E
A8 Olha®} Caterine A7} HE-ZA -2 51= 1]
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o] Ueputon, Olga Ag= ZA-EA-EE 0= sh=
sjeto] Yehttt Al A 5 mpx]ak AEZO|=(1SL) A
29 Hxp7} Z42F £0.12 m, £0.11 m, £0.18 m& 7}%
A Yeptt.

Table 3. The actua phase distance for hop, step and jump

phases (Unit : m)

Olha Olga Caterine
Takeoff boad ~ -0.23 -0.29 -0.23
disanceloss  (0.03)  (006)  (0.08)
Hop 5.67 542 5.65
Actual (008 (013  (008)

phase

distance S 413 412 423
€ (0.12) 022 (018
512 547 5.10
Jump 003 (004 (013

() = Standard deviation

TEHAA 9] £ Aol &, AR, F I SO AA| A
2] MRl (Table 3)3} At} F 6¥ A7) 5 A5 88
o] F2E TEHAIA S &4 A7t 23 cmE AA YE
Sk 123 AgEo] ASsks 7le 130 T & AR
P2 Olha®} Caterine A= & =4 A 29 HALE 2
UeFgTh 124 Olga Ag= ALY 0= 3t A0
A19] = A BAPZE A YErth §9] Caterine A%
9] 7% A5lT Jmo| A I A WA 22 £0.18
m, £0.13 m& =4 Uehd A2 F 714 7| 8= =9
SfA] LErd Aol

opR|et AESo|E & AR I o|F 719 A4 £
ASA 4= HQlL (Table 4)9} 2t} =F7| npR|ar A
Eglo|t o|FA] =84+ Caterine A5719.70 m/s2
71 =%ko ™, Olga 4571 9.18 m/s2 7P A Uehyt
ot A o] A £HEEE Olha A4V &, A8, J=
oA 22y 7.92 m/s, 7.40 m/s, 6.28 m/sZE HE ATE
of vlsf Aoz 7Pt wom A7 WAL B3P A
Al Yt da/go] gojAl= Ao = eyt

F o|FA| &L 982 Olga A4V FHEE &4
0] -0.37 m/sZ 7Fg A3l om, & o|FA] FHEL &40

Table 4. Kinematic variables of CM velocity at take-off for
last stride, hop, step and jump phases

(Unit : m/s)
Olha Olga Caterine
Ls 9.25 918 9.70
(0.28) (0.09) 022)
7.92 881 8.28
Hop
0.15 0.11 0.15
Horizonta 01 o1) 01
velocit
y s 7.40 804 7.76
& (0.13) (0.08) 0.12)
6.28 6.68 6.55
ump - 921) (0.08) (0.19)
134 037 142
Hop 0.20) (0.09) (0.28)
Changein
; -051 077 -051
horizontd St
nggity € (0.05) 0.04) (0.16)
112 136 121
mp 05 0.07) (030)
2.29 221 249
Hop (0.17) (0.02) 0.17)
Veticd o 173 157 164
velocity & (0.06) (0.16) (0.14)
2,66 232 250
mp 15 (0.10) (0.09)

() = Standard deviation; LS= Lagt gtride

o952 LA T2 21 m/s2 2| YeRdt) skt
2RI IOl A & EA0] .77 m/s, -1.36 m/sE
A YepgZoll s okl A&7 A UEbA] ek
o & A, AR o|8A| A& HE AT ARET
S Aol A o|FA| G A UEREAL, Olha A=
= AIo|A $HELT}6.28 m/sZ 7P IUA| T 24
T7}F2.66 m/sE 7Fg A 455k iEo] UErith 1
11 Olga A== ZF =0l 41 9] o] FA| =24 5%712.21 m/s,
1.57 m/s, 2.32 m/s2 A A= 3 73 WA YeRdth
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2. ZHY duty factor?t support factor Table 6. Kinematic variables of related to support factor
for hop, step and jump phases (Unit : se0)

Table 5. Kinematic varidbles of relaed to duty factor for

hop, step and jump phases Olha Olga Caerine

0.04 0.03 0.03

Olha Olga Catarine Hop 0o  (0op (00
oo o 00D 00D e S0 003 (o) (00
004 003 003
Sfﬁgn Step (81(1)?) (gﬁcng) (gﬁclﬁ) P 0 (0o (oY
0.15 0.15 0.14 Hop (818% (81%) (818%
ump 001) (0.01) (0.01)
Pushing Sep 011 011 01
Hop 0.69 063 0.69 time (001 (001 (002
(0.02) (0.00) (0.01) ol o012 o
Phase 055 053 053 Amp 0o (00D (001)
Y SR e ey (00 o B 2 %
amp 086 082 082 B g 3 27 15
(0.02) (0.00) (0.04) Support wp 0 o1
oy Hop 017 017 017 o T e & BB
foctey | P 029 0.28 0.25 Rﬁ?wle g gep 69 7 85
Jump 017 0.25 0.18 Jump 73 80 79
() = Standard deviation () = Standard deviation
&, 28, A 99 duty factor?t THH 554 &, A" A1 2| XA QA(support factor)Zh T
RIS (Table 5% Zt}. Duty factors= 2+ = 53 5] 9=5FA BOlE-L (Table 6 2t} 2] 8219] H]
NA9] &8 AZHphase period)°] AL XA Al7to] & oA AEAZFS. B AE] H; LoE A x}xq 0@ Hlgo
5 A7 YEpt Olha e &3 AZAA duty  Zol=: gEle Mr,} Olha9} Olga 4l4of wlslod
factor7}0.172 = 538 A QA7 tjv] oA U5 Caterine A4=9] F-9= A} H o A 11]5/\]7 }H]&o|
o] W15 52 F3ok= A7kl tisf BUoHAl Yeb 77} 15%, 21%2 /U—H]—Q‘— HElS Hol= EXo] 9J9it}.
t}. §hH| Olga Ag= FoN49] duty factor7} 0.172 123 Olga At Bt A=A 27%2 EU3} H]Qo]
WebA, Bl 0252 F 50 204K A¥ uiehoin oINS 0% 7K A8 M8 He
AHOA HE o] U5 22 TSt AR sl 27 919] v go A AN &, AF Hm oz

Olha®} Caterine A4=Ht} 34 Yeldth Caterine A4 2Hoz H]go] ZyPl= WElS HAtk Olha%t
T &3 J=oA duty factor7t 242 0.17, 0.182 A2 Caterine A12:9] Z2AX|7HS A1 EA| 71} ZHo] AET} @ﬁ
SYsHA Ukt A5ollA= Al A4 B duty factor o A APutE]= B8-S B9t} 18] 1 Olga A B3

401 0.25 o102 A% 7l 5 20N o] ATO]  gl0] 230412k v Bo] 73U 23 HEoIAL BO%E 7H
A TS o] BTSSR sk Al HiEl 3 =AYby

A zwof wjsl =LA UreRgt.
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Table 7. Pearson’s correlation andysis between the kinematic variables of the hop phase

Vgicde 0 TO T TO Hoizomd O% Veticd St Phee Dy Braing Rshing 0 10 @ TO ase

. TO .

- ) " . . .. horizontal . K X . . lean lean trunk trunk distance
n=12 dgace digance height height veodty velocity veodty ~ time  peiod  fagtor  time time age age age age angle (hop)
™ 1
distance
TO -033 1
distance

™ 21 29 1
height

TO -126 611 811 1

height * *k

Horizontd -.131 352 .854 .637 1

velodity *k *

oege 011 -018 -589 -210 -770 1

horizontal
velocity

veticda -053 .102 .004 415 -289 662 1
velocity *

sppot 843 436 -201 110 -113 101 025 1

time *x

pee 221 -095 -651 -258 -780 937 679 220 1

period * *% *% *

Duty 749 393 120 193 255 -394 -339 860 -297 1

factor *% *%

Baking 793 -318 -533 -519 -3% -014 -278 .605 .17/ 570 1

time % *

Psing 042 852 170 586 .067 .147 291 489 128 .32 -232 1

time *% *

L -982 112 378 281 270 -001 072 -819 -294 -690 -840 .030 1
*%

lean *%* * *%
angle

TO .029 970 135 461 246 -017 -017 .468 -099 425 -232 838 074 1
*%

lean %
angle

207 350 066 .233 098 317 112 304 241 145 041 170 -140 290 1

angle

To 330 283 441 203 711 -458 -362 239 -391 407 046 -046 -221 189 574 1

trunk %
angle

TO 017 -066 -347 074 -641 836 920 .073 .858 -364 -050 .208 -059 -118 (033 -591 1
* * % *

angle *% *%

MR 116 -324 -537 -346 -616 .737 564 -054 818 -443 220 -272 -179 -361 289 -242 694 1
* *

distance % %

(hop)

* p<.05’ *k p<01
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Table 8. Pearson’s correlation anadysis between the kinematic variables of the step phase

Vagicde 0 TO T TO Hoizomd O% Veticd St Phee Dy Braing Rshing 0 10 @ TO Phese
N=12 dsance disance height  height vdlgcity h\‘/’gfg‘:;‘ vdo:jty tme  paiod factor ime e :;l‘e :S“e ;’:‘J‘; ;:;Z de d'(:zfe
™ 1
distance
TO -110 1
digance
™ -119 221 1
height
TO 015 319 872 1
height *k
Hoizontd -175 -.025 681 .709 1
velodity * *k
Chang
horizo; 4 428 -053 .5?6 485 485 1
velocity
veticd .064 131 -114 -454 -67/8 -034 1
velocity *
apot 673 601 -189 .032 -320 120 133 1
time * *
ree 232 043 -234 -489 -648 072 868 260 1
period * **
Duty 606 613 -071 244 -087 .120 -172 929 -107 1
factor * * *%
Braking .849 .034 -360 -244 -440 .131 .232 .757 .485 593 1
time ** *% *
Pshing -121 925 120 306 .031 -149 -076 568 -209 .664 -082 1
time bk *
E; -993 090 .206 .064 .274 -351 -115 -709 -289 -619 -832 .09 1
* % *% * * %
angle
I; -067 971 022 .81 -144 -174 08 669 .004 .690 .092 955 031 1
*% * * *%
angle
o -26 -062 -456 -394 -729 -676 340 -077 285 -186 -015 -044 142 027 1
age ** *
o 524 -006 585 587 361 810 -031 248 203 191 321 -146 -469 -139 -354 1
aqg|e * * *%
-147 1

TO 114 105 -325 -581 -845 -195 965 217 865 -090 .332 -065 -187 .114 .498
* %

angle * *% *%

e 085 -252 213 -137 -154 118 59 -474 629 -710 -149 -530 284 -405 192 206 487 1
*

distance
(step)

* *%

* p<.05, ** p<.01
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Table 9. Pearson’s corrdation analysis between the kinematic variables of the jump phase

Vaidde O TO 1D TO Hoizoid O vVaticd Sppot  Phee  Duy  Braking Pushi ™ T0 T TO Phase
N=12 dgance digance height  height \leodty h\?gig‘:;‘ velozI:ity tme  peiod  factor {imleng 1im|erlig :;‘e ;egfe g:‘;; ;gz angle d('ji:;e
™ 1
distance
TO -372 1
distance
™ 015 578 1
height *
TO -056 724 720 1
height *% *%
Hoizontal -451 805 .693 .658 1
velodity *k * *
Change
horizon L4 026059 264 -331 1
velocity
veticd 171 -695 -.767 -.663 -.695 -175 1
velodity * *% * *
spot 560 401 184 421 -004 319 -309 1
time
mee 451 -529 -542 -620 -761 303 597 138 1
period * ** *
Duty 387 536 .293 579 237 151 -468 933 -195 1
factor * *k
Braing 646 -.145 057 -214 -157 -359 086 422 144 3% 1
time *
Pshing -061 485 045 446 .065 .603 -301 524 100 432 -508 1
time *
Eq -972 509 213 234 606 -075 -352 -489 -550 -299 -635 098 1
a-g|e *% * *
I; -409 994 543 676 779 029 -670 363 -499 486 -170 491 538 1
* % * *% *
angle
;Enk -168 518 567 544 391 295 -587 .057 -475 105 -197 252 281 528 1
angle *
o -060 179 172 085 271 -386 -145 -201 -312 -138 029 -173 071 197 612 1
angle *
TO 283 -789 -795 -708 -856 -009 966 -219 .697 -417 .117 -241 -468 -763 -570 -212 1
a‘g|e *% *% *% *% *% * *%
?gem 025 475 467 392 280 510 -515 465 143 378 -136 545 120 464 013 -555 -466 1
(jump)

* p<.05, ** p<.01
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F =H 584 QI ATEA 2= (Table
7ol AAsHlT. "R BAR= XA AlTH=.843,
pLODIE A A, FAA] AIA 71871(=-.982,
pLONSE 4 A7 Ul o|SA| A=
OIFA] AlA] FAFA £0](=.611, p<.05), OIFA] AIA|
71€71(=.970, p<{.01)2} BA A Z Yepstct. HA4]
Al AA] BASA Eole olEAl AlA FASA ol
(=811, p{.01), $BEE(=.854, p{.01)} A A At
A, BEE HIRE(=-.589, p{.05)7 & =H P A8
AZHr=-.651, p{.05)2k= F4 AFTA 7L YeRsith 5
HErE 4T HI8(=-.770, p{ 0D} & =4 5
q 2QA7H=-780, p<01), EF ZE(=-.641,
p<.05), & A AT (=-.616, p<.05)2= BA Aot
O|FA] AHAIZE(=.711, p .01} O]FA] AlA] FASA]
£0](r=.637, p<.05)2R= A4 A7 Yeb T 4
&5 B3RS $AEL(=.662, p<.05), & ZH 3 &
8AIZH=.937, p<.01), = ZH=(=.836, p<.01), & =
A A (=737, p .01 B AJBTA 7 YErtTh

FAEEE & 2 £ 2 QA7H=.679, pl05)T &
OF ZH(7=.920, p<.0D)} A4 A7t Yebedth A|A]
A7F duty factor(7=.860, p<.01)<} A& AL, &
AA| AA 71€7] ZHe(=-.819, p<.01)h= BA Almat
A7} ettt & = 3 A QAR EOF 74 (=858,
pLODSE BA AAA 7} bt

& 21 A $uE5E Holke(=.737, p{01), & =
W 5 AQAZH=.818, p<.01), EF Z(1=.694,
<059t A AATAZE YEbTh E9F 2= o]FA]
A E(=-.591, p<.05)9F F& ATTAZF ettt
Duty factoris FAA] FHA(=.749, p<.01), AR A|
ZHr=.860, p<.01)3F & ABTA, FAA A1A| 71871
2= (r=-.690, p{.05)2h= 4 A7 Yepsith Al
BAIEE HAA] AA 7171 ZHe(r=-.840, p<.01)2}F #
A A, JAA FBAR (=793, p<.01), AA Azt
(1=.605, p{.05)3h= 4 AAHTA7E bt 242
2 0|FA] £ AZ(1=.852, p<.01), O1FA] AA F-AZA]
+=0](:=.586, p{.05), °IHAl AA 71&7] 7t (:=.838,
p{0Net BA AaA 7} bt

28 I 255k wQIEFe] AWEA Ayt

(Table 80l AAstALt. FAIA] SEAEE 7] A7
(=673, p<05), AAA AA 7187 ZE(r=-.993,
pLODSE A AAA 7} Yttt oA S A= A
A AI7H=.601, p{.05), O15A] AIA 71871 Z=(=.971,
0D B A AEA 7 et FAA] AA FASA
10| O|FA] XA FAIGA £01(:=.872, p{.01), 8%
T(=.681, p<.05), £BEE HI8(=.596, p{.05), °]
FA AALE(=.585, p{.05)2F A2 ATBA7E VER
ok O|FA] AlA EAZA EolE $EEZ(=.709,
pC01), o|BA] AAIZFE(=.587, p<.05)F BA Abat
A, =9 2t (1=-.581, p{.05)2R= F& AZTA 7T e}
Utk $EEEE $AEE(=-.678, p<.05), 28 =H 4
& AQAITH=-.648, p<.05), FAIA FAZE(r=-.729,
p<.01), Z=9F ZYe(1=-.845, p{.01)2} 52 AFLLA 7 U
Efsih EEE WSR2 FAA AAAE(=-.676,
p05)°t F-2 A, o|FA] A= (=.810, p{.01)
= A2 ATIA 7} Ve

FAEEE A" 2 9 AQA7H=.868, p{.01),
TOF 21 (=.965, p<.01), 28] = AZ(1=.596, p<.05)
oF H& ATEAZE etk AR AR ASAIRE
(1=.757, p{.01), O1FA] XA 71871 Z=(1=.669, p{.05)
oF A& A, FAA AA 717 ZE(=-.709,
pLODSRE F3 A Uelg e A% 3 9 &
AAE T9F A%(=.865, p<01), &F FH Az
(=629, p<05)9 & ATBAZE YERSTE. Duty
factor= O]5A] AA| 7127 ZH=(r=.690, p<.05), BAIA|
YA (=.606, p{05), ©IFA SHAZ(=.613,
p.05), AR AIZH=.929, p .01 HZ ATTA|, HA
A AA 7187] Z=(=-.619, p<.05)2F A8 = AT
(1=-.710, p<.01)°h= 54 AFHTA7F Uepsict.

AsAE HAA FEA (=849, p<.01), duty
factor(r=.593, p{.05)2} F& AHHA, FAA 71&7] Z+
T(r=-.882, p{.01)%h= B4 AHIAF Yetsich 32
A7FS o] 8A] £ AZ(1=.925, p{.01), O1FA] AlA] 71L&
7] Z% (=955, p<.01), duty factor(=.664, p{.05)2}
2 ATBA 7L YERT

Hqo 2y Eehy wQIEde] AREA A=
(Table 9)ol AAEIFICE. AAA] A= FA|A
71€71(r=-.972, p{.01)2} 54 AJBHA7} Yepdtt. o
A $EAGE HAA] AH EAFA £0](:=.724,

>,
i—“:
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p{.01), FHEE(=.805, p<.01), OIFA] AIA| 71€7] Z¢
T(r=.994, p<.01)et A ATTA, 2 EE(=-.695,
p<05)9 -4 AATA 7L el FAA| AA FAS
Al =ol= o|FA] AA FAISAH =01(=.720, p<.01), &
BEE(=.693, pl09) BH AHH, #4&45%
(=-.767, p{.01)<= F-4 ATAA7} UESIT) o]5A]
AA FASA =ole £BE%(=.658, p{.05), duty
factor(:=.579, p{.05), o1&A] AIA] 71€7] Zt=(r=.676,
{052 84 A, 84 %(=-.663, p<.05), FL
=0 8 2 QA 7Hi=-.620, p<.05)T= B2 AAatA|7}
UeRdth S84 £AEE(=-.695, p<.05), HZ =
A 53 2 A7H=-.761, p{ 01} B2 ATA|, A
A XA 7187] ZH(1=.606, p{.05), °18A] AlF 7187
% (1=.779, p<.01)2= A& ATTA 7 epgtt

FRAEEE HI 2H 7 29A7H=.597, p{.05)2F
R A, oAl AA 71€7] ZYe(r=-.670, p<.05),
AN AALE(r=-.587, p<.05)2} 52 ALTA7} et
ok AAA AL Z= o|FA] AADE(=.612, p<.05)
ot & AEEAE et E9F Zdrs FAEE
(1=.966, p<.01), FZ = =8 28 A7Hr=.697, p{.05)
o} B A, o1FA| BA(=-.789, p<.01), BA
Al XA FAISA #=01(=-.795, p{.01), O1FA] AA| FA
4 #0](=-.708, p{.01), +HHE(=-.856, p<.01),
o] FA] AlA 7187 ZHE(1=-.763, p{.01)= FA Al
A7 Vet

AEAITE HAA $8AZ(=.646, p .05)2F BH 4
A HAA AA| 71827] A= (=-.635, p{.05)2= F
A QA depgth SRR SEEE BT

(1=.603, pC.05)3 & JHBA7T FeP.

¢

[¢]

(Table 10>%}
2. FolMe AsARiel FAA AA 71e7] 4=
(1=-.840, p.ODS}F HAA] =BAR(1=.793, p 0D
WA BAA R 5ot UEtsith A”loA = Als
A7Eo] BAIA] =8 AZ(1=.849, p<.01)<}F FAJA] AIA| 7]
27 Z%(r=-.882, p<.01)e A AR E 19
SHAl Yttt IO = AlsAlZte] HAA HAE
(=.646, p<.05), HAA AA 71&7] Z=(=-.635,
p05)e AEEAE SARCR {5t YEHT
(Table 7, 8, 9). webA Al I HolA HAIA| =B AR 2] U
T2 Olha®} Olga A7} tha AsHA et on &
5] Olga A4~= 0.43 m, 0.42 m, 0.42 mZ 7V 47t
HelS Booh FHE YAA] AA] FASA Eol= Al A
4 2% “low-high-medium” S{g1 & Ykttt 181
HAAA] AA| 71€7] 2 T3 Olha®t Olga A7t Al =t
oA Z+zk-27°, -23°, -26°2+-23°, -22°, -23° 2 A9 4
At Bt 77 71€7] Zo] UEhgth = HE HAA] A
1= Olha®} Olga A47F =HE 2 AA 3 574 A7
T8Eo] L FHolE & glgleH, {UsHA
Caterine A15=5to] A7 AA|E ol= A2E Uit =

Table 10. Distance, height and angle variables of related to braking time for hop, step and jump phases

Touch-down Touch-down Touch-down Touch-down Teke-off

digtance height lean angle trunk angle angle

(m) (%) (deg.) (deg.) (deg)
Hop Sep Jump Hop Step Jump Hop Step Jump Hop Sep Jump Hop Sep Jump
Olha 047 041 045 g 63 60 2 -2 -6 -1 4 -4 16 13 23
(0100 (0.20) (0.06) (525) (546) (375 (166) (1.25) (4.26) (1.25) (0.64) (1.65)
ol 043 042 042 60 62 61 -23 -22 -23 0 -6 2 14 1 19
ga (0.07) (0.08) (0.06) (424) (413) (351) (235 (248) (1.78) (0.03) (1.22) (0.60)
: 043 027 043 24 15 24 3 4 6 17 12 21
Caeine  0og) (009 (005 ° 2 6l (355 (474 (320 (319 (185 (342 (129) (L13) (098)

() = Standard deviation; (+) = Forward; (-) = Backward
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Table 11. Distance, height and angle variables of related to pushing time for hop, step and jump phases

Teke-off Teke-off Teke-off Take-off
distance height lean angle trunk angle
(m) (%) (deg.) (deg.)
Hop Sep Jump Hop Sep Jump Hop Sep Jump Hop Step Jump

Olha (gﬁg) (818%) (81&21) & & & (1.239) (1%1) (1%0) (4%2) (1.1391) (6.729)
Olga (8182) (838;) (81%) 67 & 7 (1?22) (3.3237) (2?565) (4.%4) (2.1555) (5.130)
Caeine (82(% (8f6£) (8% 68 6 0 (2.258) (4.3333) (2?20) (3.557) (1.121) (5.1§8)
() = Standard deviation; (+) = Forward; (-) = Backward
Wi ToF Zhe= Olha A429] -9 H oA HAA] = 9]
A27F0.45 mE 7P AU 2o A= 2372 P =
A vebdet. ¥hae] Olga A4 HZolA A4 S8 A £ ATE AlA DB E ot AP AREC] Rl
7H0.42 mE 7VE A &, A%, AR EF AR w s digt 253t W) Aolgt AL FAlS)

2 Aol Hlsh BA et o] 3718 $EZ 3716 S 4= Ak

FAAZE B 25 oH #Rle] Ak (Table 11) oltLa] A7|Ho] Houk Aty 12T} sAAL
o Ak FoA FHAREE o]FA $8A(=.852, A HE FA71E08 QA Fob] vl =527
p<01), oA AA FASA £01(=.586, p(.05), °1%F = =3} 1=2uo|Ao] ULE Hehaal & A" Hio] &
Al XA 7187] 2= (=838, p{.01)2 BAH o= Folgt =8 Lo o2 Ag] 28 Lgo] Wigolt), & A4
SFHBATY GERHT. ARl AR OIFA 8A 2o A 2418 HAslsle] 22 7|22 A7) 98] wol
2](1=.925, p<.01), °IFAl AAl 71871 ZA&=(=.955, Z=uke JalshA| v Ao| 25},
pCODTSAR = FofRt ABBAT} e T H o] w9tk ot A AEjo|E(HUEHo|E L7 AE

A SRR SBEE H3E(=.603, p 052 TAZ
O = FOR AT Y tHTable 7, 8, 9). 2% =
HoJ A 9] o]FA] 4= A = Olha, Olga, Caterine Al A
& 5% 72474 0.67 m, 0.67 m, 0.64 mZ &, FT =K
o 47 Ueisth il oA AA FASAH =ol=
‘medium-low-high” €1 0.2 Ueltt) o|FA] A4 7]
27| A= AF0|A Al Ag= B 33° o] o' VR,
HZmoj| A= Olga A7t 26° = 7H¢ IA Yetsith 1
1 OJFA] AA A= Olha®t Olga A4=7F ARlo)A] 24zt
10°9} 15°, Caterine Al4= HIo|A 14° 2 2 A7 AA|
7 UERaL, Al Ags 25 ool miglo] Vet

8] A ur AE el = A2(1S)2] A7} A Urebdehe
AL EW| WIS BA| JeHo] ol oz &
ol%A] 43 @ A& Aol Arke AL e
o}, olo} Ao 719 g3 UhEe AN o
5 A17]9] 5] that %712 W7} 7)ol Frka & 4 9
ok 4 A71R0] £ WS 24 AT AL Ao
2 UeRton, & 69e) A7) % 4380] 50%2 Olga A
47k Ara 0 2 M 9] Aakie] WolAlrky & 4
ok

£897]9] et AEsfo|SolA $H&Es
= 74712 43} Telo] Yrks AL M
8181 Aol A, olelat SH4Er)
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(Yu & Hay, 1995, 1996; Yu, 1999; Ryu, 2005; Song &
Ryu, 2010; Liu & Yu, 2012). & dLo)lA Caterine 414>
9] A= viA 4 AEE|E 24171 9,70 m/sollA &
o|% =7toll 8.28 m/s= U OF -1.42 m/s 43131
o o] 2|3t &AE A7} oA Wt 1o - SR
t}. Olga A= T2 AEHRT rpx]dr AE o] 5(19)2]
- AL HAF 22 £0.09 m/s, £0.02 m/s2
7P AA e, FHEelA AR &4 B+ -0.29m
2 7P 4A Yepgh of2et @42 Bln A diE £
£ fAIst] oA & 58S Stk Z0E & 5 9l
O ALY 7] AMESh= Ao mER|E A AEZLO]
T BHE HaP} “IA-EA-EE 9 AEL0|E F&o] o]
F0j2]7] wfiLof| mpA|et £ HA AEZO|ES A o= 7
27| &} iRt A o] AERto|E HE ATE A 6
= A0E Qe HE A 24 FEo] Wojxtta &
4= Ut} Olga A4 vHA| AEZo|EoA 9] HEZ
T Aol 9 ZA 2-5HA] o] ol FollA B
10] -0.37 m/s2 A 02 A Y on, & o]
o] &7} 8.81 m/sE 7HY 2 A= o]o]
AtEE mebs A28 S 8 =2l
LEE A HoE Ao 24 7P SR TR
tojof sh 7 O] =4 §igHgo] Yo}
AUt wEhA] o3t Y-go] A4E2] A7)
= 254 948 & 4 Qlnt

Duty factor7t &, A8, HZLoj|lA dHsHA Uertd
7 = U 2] 9 5&o] dAsith= AolH o=
HUTE 58S AgstA sttt Aoloh wabA 371
TN 7E RS ERote B0 T & e 2ARER
2831 4= okl T Olha®) Caterine A4E B2
A4 duty factor7} 5LaHA YERGAL, B Olga
A4 Zof|A] duty factorZ} 0.17& UERGATE, H o
A 0.252 FA Yefgth A”loA= Al A 25 0.25 °]
o2 F3 A xof| vlsf| AA Yetth o]t Axt= 37}
A 71& 539 HHH] B3 w0l o WA &
F2 Olga Ay AgF HO] duty factor %Ol
0.25 o= HolH WA 7| R0l T 4= qlth. 117

-

i}

d

> P
N, e

= o
s

¢

i p

b
o

Oy 2 H
N, o

s}

o K
s e
als

1

)

*

HN

l

[

B
ol

I &3 FZo A duty factor 3] 0.179] &= & 4
29 71&S Rt st 4= 9lom, HE xRy V)

IL

=
%9 AL & A A= duty factor Zrol A9l Aol=
Ho|z] 9F& Ao = wrE

A1 A 8.A(support factor) ZF =H9] ZZ] A7 A
SAZEY 27 FH o g 2ol slo] wiRg g AREE
Qlog & 7= 71& 392l Olha, Caterine A2 H-%,
AT} Fof| A Al FAIRE HlEo] e HEE Hol=
E7o] A8l o= 9 HIS= =0l & AYE Ee H71
o 2ol Uehd @/doln] £35] Ajlo|A 9] A Aol H=
Aol JF= v|HTh & 4= k. 3HH, Olga A4+=14
HA7|E FPoE F AR BF- 5 YT HIEo] UERE
I, HEo A= o 22 &S otk 55 HmoflAf 32
Hlgo] et o] f= F2o| & Hskgo| 7P Wil A
goA £BEEEE =A AAR7] dizelH, AA7E &5
2138 W3] I o & QIsf Zobxl Zojot. of= Z> Azt
of P& £4o] 30 FAKLE A AS 5 Qe
ANE 23} Olha®t Caterine A149] FRAA|IZH A
BARE Zo] 71& 430l ulet Ajla HET el 2
IE Helo}. 83 WA Ve R F AFe =4
AIZE vlgo] 2l HImol A A Yebgth w=hA duty
factore 4719 23 71& 132 SAl0l TS 5= 9l
11, support factore 3718 $£5& o=
71& F8E ERcke 2AAR © 7k Hldog B
o] epgsittal st

HE JAA] FEAD Q] d#do] =2 Olga Ae+=
WA 71 RS ARESl] wiizol vehd Zolzta &
At &, AF, AT IHE AR Ay} 74 HE 8
Sh= B AA FAISA ] o] F TE2 X9t o] FA] 4
Ajet AA| 71&7] W AJAZ ol whetbA] §s) wiglo] 2
E|11 o]F = HYE A QAT PR H|AA Het &, AF,
A FHAA FAA| ALY ASAE BAXCE
ot AdEEATE UERETHE(=.793, p<01), &
&:(7=.849, p<.01), MZL:(r=.646, p<.05)). AAA =BA
2= AlsAITtE 0] Qs AA| FAISAS] olF oiE,
Aot o] FA| LAt AA| 7127] 9 A et 2
=50 RIS e Aol Q7] whizol F718 wE 7

=

B0 W 7|z0% B Ao| Bsic
3, 29, A2 o)A A5 L 34l0] Yoluks gL
uF

=

o] Ao FaL U= 7FO.E o] FHoA AH|9] 5

rl

el Sako] Aol Fake o
A7) e}, TP ER o] £ wielo] AnA wsie} eiEl
S50 WRISL 7712o] A G HAE Welole}
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AA iz AGEAAS 47129 L5304 WA LS 5

(BA] & A9 242 3718 +58 97eP] fste] o AA AHE oA AdH7|Ad
gt AI71E Adste] Aol 25014 HIEY Aolot WS A= Zolth. (] 20119 H7AIA
FAeEHY] AR A7 A At A 3 AR AAstled, desl Be
3 R FEAES 240 ARSI =87l 2 & &%, AT =] 2594 ¥
EEZHAE 4SO 2 FHOA 9] 2504 MASHe| Pearson’'s A4S FsHATH 11 5
I FAAZ Hisf FAAMeR Folot AAHBATE et 259 WY ofeh AAE HMUSE 5t
AASE. B3t &, 28, HIx AA] ol oigt A1A 8 (support factor)? duty factorg 4H&SATH

o} £297] npxjut 4] AEFo|E AZE Olha®t Caterine A57F ‘HE-Z2A-ZA" W&, Olga A4E 4
A-gA-EE sfdo] Uetdtt. Duty factore & 423 71& 32 §3 A=A duty factor 9] 2to|7}
gl oy WHAAYL2 HiojA] Zfol7t QL A”AE F 7|& 8 B ¥ 3 £8AZF giy] A7
A|Zto] g3t Fxof| H|sto] AA Yet. Support factor®] ¥ii-&-2 Olha®} Caterine A4=2] 79 A§}
HuojA AFAIZE v]go] AHtEE feS Bk W], Olga A4 F3 204 FUg v]&o] et
$a HooME o 22 H8-2 HAtt Olha?t Caterine A5 SAATHS Al FA 7k} Zo] ARy} 4 Loj
A A= HES Bt 8|1 Olga Ase 3 2519 A7 Hlgo] 21 FIofA] A Yepytt.
Al R A HA &7t $8AY AB/AL Olha?t Olga A7 B4 Uehgon o] & Olga A47} 7F¢
LA HelS Bk (A&) v AEZo|= AZ|(1SL)7F SR Hojokat 2ol 9] A 2] &4 Fo|il
227 HE &Y g3go] wobA AI7IE ZFEE ottt Duty factore 3718 =£3 7|1& 48
< Aol B 4= 13, support factors 3718 FES Wdshs HoEgE & A8, H29| &
T3S EFT 5 e HQlolth AldH7] 53 Skt 285 = AA Azt S HE X7 AZHAE
I F20)9] 7ol LSt A7 7129 Zfol7t & Fojtt.

F80l: AAl A& A7, A, #4, 484, 7H4, 3719
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