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ABSTRACT

The Biomechanical Analysis of the

Back Attack on Men’'s Volleyball Players

Yun, Chung-Keol
Advisor : Prof. Kyung-Il. Lee, PhD
Department of Physical Education,

Graduate School, Chosun University

The purpose of this study is to do a comparative analysis of the biomechanical
differences depending on success and failure when men’s volleyball players do back
attack. To this end, five college volleyball players were selected. Six infrared cameras
and two force platforms were used to derive Kinetic variables, and time, movement of
center of gravity, velocity of center of gravity, angle, angular velocity and maximum
ground reaction force were calculated by using Kwon3D X program. Maximum EMG
activity analysis was calculated by utilizing Noraxon Myoresearch. To identify the
differences between success and failure, paired sample t-test was conducted by using
SPSS 18.0, the significant level was set to .05. The conclusion obtained through the

analysis of data is as follows:

1. Take-off phase

First, depending on the status of success on the take-off phase, there were significant
differences in the movement of center of gravity, in case of success, forward movement
appeared great.

Second, depending on the status of success on the take-off phase, there was a

_Vi_



significant difference in the movement of trunk extension angle.
Third, depending on the status of success on the take-off phase,
there were significant differences in maximum muscular activity of the right side

of erector spinae muscle, in case of success, muscular activity appeared.

2. Jumping phase

First, according to the status of success on the jumping phase, there were
significant differences in the movement of trunk extension angle, in case of success,
the movement of trunk expansion excise appeared a little.

Second, according to the status of success on the jumping phase, there were
significant differences in the perpendicular ground reaction force of the right foot, in
case of success, the perpendicular ground reaction force appeared a lot.

Third, according to the status of success on the jumping phase, there were significant
differences in the perpendicular ground reaction force of the right foot, in case of

success, the forward and back ground reaction force appeared a lot.

3. Back attack phase

First, depending on the status of success on the back attack phase, there were
significant differences in maximum muscular activity of the right deltoid, in case of
success, high muscular activity appeared.

Second, depending on the status of success on the back attack phase, there were

significant differences in kinematic variables.

4. Follow-through phase
First, according to the status of success on the follow-through phase, there were
significant differences in maximum muscular activity of the right rectus femoris, in case

of success, high muscular activity appeared.

- Vi -



Second, according to the status of success on the follow-through phase, there were

no significant differences in kinematic variables.

Looking at the results of the study, regarding the status of volleyball back attack’s
success, players should a lot of forward movement for timing adjustment on the
take-off phase and it will be effective to do greatly trunk expansion movements using
the erector spinae muscle that is the trunk expansion muscle. To minimize trunk
expansion movements and to switch horizontal force into normal force on the jumping
phase, players should use a large back ground reaction force, muscular strength of the
deltoid to play a role of the muscular strength to support the shoulder can be very
important on the back attack phase. Effective landing operations by using quadriceps
muscle of thigh when landing will be needed on the follow-through phase.

The feature of Back attack in volleyball is to be done at a fixed distance of 3m
unlike a typical attack. For this, it’s necessary to learn the operations through repetitive
practice, if the way to maximize technology improvement through practice is devised

and integrated into players, it will be a big help in performance enhancement.

Keyword : Back Attack, EMG, Kinetic
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)
!
il

eyl

N

e

el

)

Tor

A7t B A7t o] Fo

L
R

2 ATl

Fod Tt

5]

Asg A

g

g
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AT
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HH

Ho

=
o

LR R M B

A7

o]

X
X
i

oF
ofp

o

i
i)

Tor

ol

Bl
=

<N

Ho

jzel

o

T
Ho
oF
ol

Bl

d 2 2Ho] gtk of

s

52 g8

AT A

A.

—_
i)

bl g oAbt

£

S

25k A(year)

7)(cm)

a B

o

85

195

21

S1

82

186

20

S2

10

90

185

20

71

187

21

71

184

22

9.20+£0.40

187.4+3.92 79.8+7.62

20.8+£0.74

MtSD
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B. 438 =7

 ATelM Agd

2 9T =T
i =g Az 3 A
Computer Multi capture Controller LG(korea)
Camera Motion Master 200 Visol(korea)
Control object Control Point Box(1m*3mx3m) Visol(korea)
Force Plate form AMTI AMTI(USA)
A/D converter VSAD-101-USB-V2 Visol(korea)
EMG analyzer Noraxon Myoresearch Noraxon(USA)
Motion analysis

Kwon 3D XP Visol(korea)
software

Camera 2
Camera 1 .
= Camera 3

)

L=

Force flate

Q)

Camera 6

_15_
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Stk Al

Ahgs

=

=

71(AMTI ORG-6, AMTI) 21§
7] (Analog/Digital converter)

gul

afAE B o) e 7 2 (Motion Master 200)
o =& A 7F2 1/500%, 7HH el

2000 Hz=

ofd=I/HAE W2

L

2. A|dtey ZA A8 (Force platform)

1. 94&# 9 %] (Camera)

3.

of

Aol A% =]

zF

Q_14
l ARE-E A

Hel 7]

s

5t

I3

s
IF

g
= ARt

L

s

]

]:Eo

Fe)

H
gl

8l A @ AR
i

3}7] 9

5]
of oz ¢sA ol 7pA A

Joltl. A/D
A48 (EMG)

Z

i

A5l e

S

L

1

Kwon3D XP

L

p

JH)

A
o

_]

1=}
T':/}‘l

b
AALH FAe 279 AT

A

1 =
N
]
P

1=}
T':/}‘l

A

}5]—

&

= 1500 HzZ A A st}
5. 94EA 2 A5£4 Z4H](Motion analyzer)

o

i
of

i

22
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C. 4382%

)

23]

(control object)
upx] ek gl o)

E
=

(7}= 1Im, A2 3m, ¥°] 3 m9 EAH

]
“

7] 1ol A

we]

bl

A A8te] A

R
R

Arwey] AAE 2w} 2y

oj

7F2 2m, A2 5 m2l ¥o] 02 m LS AP o VEE 02m 4

s

of wgl A=

)

I~
ofp

jariy
o

el

il

AT oA AAF el A7 1dem =71 WRARWEA 187)

o B A

913

(quadriceps)
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of

™ A = (surface electrode)

5719 &

=%
o

2FHZF - (deltoid)

=

(erector spinae), %=

2™ (Cram, Kasman & Holtz, 1988), %

SATHLE 3).

N

il
hin

@
N
o)

IEDE

S

Sl Azl by 4%

s}
o}

3

Kol
=

4 7t2 1 m, AIZ 1 m)

Nfo

433 A8

ARE EFA A

A

o

|

o

|

jave)

o

N
Mo

)

=y
<

B
BR
—
o
1ﬁA_|O

X!

)A
el
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D. A5 &4

Fitt 7

9

] Kwon3D XPE Al&
[¢)

bS]

2

A
o

g4 31
91 g 2E 8

of

<Y 4>9F 2

)
Y
)

SAH 2 AA B2 FAHY HAx3e F
&

32-Y HEFH AL

A

—

)

Coa)
X
o
Br
Ho
o

BK

o
Ho
o

AEAY R BA

;oﬁ
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1. A4 2 AAEE FAHHY 83}

St
1. HgE 10. LE& 2%
2. LEZ 97 11. LE& o2&
3. LEFZ I7A 12. LE& FHEX
4, LEZ &5 13. LE& 2
5. Q8% &71g 14. 9% =t
6. 9% o}7| 15. 9% %
7. 9% FEA 16. 9% &
8. A& & 17. 9% HAEA
9. LEZ Zut 18. 9% ¥
19. Wi+&

Fd TANAME TAA 2 AAAE FAHY Hxslet 25 AAH Abdel-Aziz
Karara(1971)¢] < a8 H S (DLT : Direct Linear Transformation method)S ©]

&3 39 #AxXE AMSATE wolZ(nosie)E AASI] skl AQ T3 IH

_20_
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—~~ X —_—
@ 8 S Ty g
ﬂom W Mﬂ N H <O ﬂﬂlﬁlﬂlﬂ
DTW« <) NI woowl o ow o w "X X _
< _L% N Mo = B T = ® %9 M% °
W = (8 © o o o ,mﬂﬂﬂ,m\uw_l
- Ho T T TX X BB

om0 =5 5= = X X T e
i - o 2&A&E S T3 Ho
2o = B b ~ S @ 5 5 U
o= _ Iy o wowowlow > o) W oW T F
5 o 2 e g ®F F E B oo FF G
£ 2 E: T S 9% % % o ol S
= o ~ = — N < 10
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Event 2 Event 3
\ I | |
Phase 1 Phase 2 H Phase 3 Phase 4
T HE 22
96 Eof W MTE 71

3. 4% A9
w ATelM e A4 Qo= <ad >3 2y

61. 44 Z
6 2. A4 Z+
6 3. BAFAZ
6 4. £BHZ




APS Bate 249 2AE ARt FETHORRE EMG moduled 53 A% A9
2 MyoRearch XP ME 1.06 ZZ218& o]&3slo] A&
ZAE dolgE #5383tk Raw Data ol 2388 wo]=2 A A3y 8ol 50~250Hz
Band-passe °l&sto] ZEHI F o #®S o #@oez Ader] 9stol AF(full

wave rectification)s}Ath - Ag oAM= AFy A wE AJolE Lolr ] $s] Auk

i
r>~l
N
X
2
fo
[
2
2
lo,
K=
of
o,
(d

{0

How *P%lﬂ% #FE371H HANAAAFSMVIOEY 2o 2 - 3kel A vebd Ao
A=(N)E 48kt

5. FAEA

742 SPSS 1808 olgstel Agd Ad A Ve $ESH Wl $E%

.]
o
A wele) Bt A2 AEeAY] Aste] S t-testE WAL FAL FAFEE 05
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SEEE]

V.

o 3

=
=

olw7] $alA wlT @72

o}
=

o o] g

52

pal 7!

W37 zko]

=
T

A. 9 (phase)d| o}

BFE FAGIFH) Aol

1.

dFolegddl, AAFTA

=

Ao EWY Aol

A

F9)

ob17] 181

= o)
= =

7ol

= 0.18+0.01 =
3 Al 0.49+0.05
Heom FAACE

g Al

Al
=
9
=
=

°] 0.19+0.01 =,

k

Al

NAHp>.05).

hya
st

<
2 ehgon, B4 fo)%

€

s

o

L
s

Aoz 009 m 71 olsAY

m, A3 Al 040+£0.09 m= F& Al

Al 0.0140.02 m, A3 A

zko] 7 YERETH(p<.05),

s

9
~0.01#0.02 m& UEhon EAH &3}

o
T

A THpP>.05).

L
s
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Njo nmw o g o S
= O <t — = o] ) Sy o] o] — o= o
w2 2 &8 2 2|3 2 2 g 2 &|# 4
<7 = = = = = = = = o = = = 2
RTMo = S
o
ND —

5 = SN
= 0 0 <t To) To) S o o =) S N — o
Xm ¥ m w4 F| ¥ | e ®m F o FI|F |8
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X a o

<0 2 %)
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-
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ko]l AWol gr7hA o] 24 Wslek folE dotr ] A Ao Fol wE 9,
AFAZ ARA, FA 2% WS Aold BAAT oo g Ant <® 4>9
2
¥4 wTE wRe] 2 W Ao £ ¢ deg

B @ | A &7 2k A84 T4
of 7 &2t
sl 21.81 -55.62 67.47 -1.94
s2 54.27 -38.86 39.74 -1.75
Jep s3 32.89 -43.06 53.23 1.12
s4 22.02 -39.05 724 2.42
sb 35.64 -32.48 49.57 2.99
M+SD 33.32+11.87 -41.81+8.59  56.48+13.34 0.56+2.30
sl 18.5 -25.37 65.63 -2.02
s2 46.54 -38.14 42.68 -1.81
219§ s3 36.93 -35.96 53.55 -1.54
s4 22.38 -29.99 68.99 3.74
sb 30.35 -3.55 49.95 491
M=SD 30.94+10.07 -26.60+13.83  56.16+10.97 0.65+3.37
t 384 2.143* .013 357
*p<.05

<E 4o A 9f 2ol HE Al £3AE AWl 3332+11.87 7, ¥ Al 30.94+10.07 °
2 yehgon A4 f933E At p>.05). AT Ay Al -41.81+859 °, A
Al 266013831 * 2 UEPRon, FAACE {Fog AolE HATHp<05). A 7
A Al 5648+13.34 °, A¥) A 56.16£1097 * 2 e, SAH Foxe it 3
dq Zhe A4F A 0562230 °, Au) Al 0654337 "2 EAH FAE Ak
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ob17] a1

o)
=

=

=

7ol

@9l m/s

sha Aol

27|

@

Ho
70

L

s

3 A

Al
=

A THp>.05).

s

1.21
0.03
1.09
1.2
1.72
1.05+0.62
1.26
0.05
0.98
0.74
111
1.234

0.82+0.47
0.54£0.25 m/s,

L

s

= ¥st
LA THp>.05).

_27_

s

0.58
0.29
0.62
0.33
0.91
0.54+0.25
0.64
0.41
0.7
0.5
0.75
0.60+0.14
.691

M+SD
SD

sl
s2
s3
s4
sb5
sl
s2
s3
s4
sb5

5>l oF 2ol
0.60£0.14 m/s= Yewtow, EAH #ozt

A
3t

<

A 1052062 m/s, A3 Al 082:047 m/s2 hEbtonl, BAH §e)3

2 3



Lo} Ho we o2
HoleAA Ay A AdEAHuty 2ol g BAsgon, Avs dwslsly] A AF
o2 Yol A olo] Ui Ayt <X 6>¥ Erh
6. 22T AHuy 3o o9l 1 N(N/BW)

uE o Ao FAAANTHE(N/BW) AW AFF2 X HEHE(N/BW)

o 7 o=

s1 1564.13(1.87) -46.73(-0.05)
s2 1467.45(1.82) -130.67(-0.16)
. s3 1609.17(1.82) -156.85(-0.17)
s4 1505.53(2.16) -198.79(-0.28)
s5 1497.76(2.15) -75.12(-0.10)
M=SD 1532.80+56.95(1.96+0.17) -121+54.86(-0.15+0.08)
s1 1501.46(1.80) -39.03(-0.04)
s2 1467.31(1.82) -128.67(-0.16)
s3 1596.70(1.81) -70.85(-0.08)
2 5]
s4 1429.78(2.05) -176.70(-0.25)
s5 1310.76(1.88) -51.10(-0.07)
M=SD 1461.20+104.44(1.87+0.10) -93.27+51.83(-0.12+0.08)
t 2.041 829

< 6>oA et o] A Al eE2d HYFAAUNrE S 15328045695 N(1.96+0.17
N/BM), A9 A= 1461.20£104.44 N(1.87£0.10 N/BM)Z debton A4 Foa=
tHp>.05). ARAZTAWGHS AF A -121£5486 N(-0.15:0.08 N/BM), A A

-093.27+51.83 N(-0.12+0.08 N/BM)=Z v}E}%;

_28_
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H7E TR AWTBYE Aol

E)
ft

HE A e E o 28459 AolE dotry] fEiA 9 T4 AF
Ho| wpg BE o 2FAE 2ol s Bt oo Hid Aue <F >3 2
X 7O4TE FHe AU 2 e I

qE AT += #}= 3 = 5

s g2 | dEAE dEds HEZYHSE FHFU"S RNy

sl 61.2 142.1 35.8 98.4 75.5
s2 88.9 56.2 63.2 56.0 52.1
e s3 56.5 82.1 481 103.5 435
s4 121.4 93.2 285 77.2 69.2
s5 79.5 125.5 55.6 59.9 80.0
M+SD | 81.9+259 98.82+34.30 46.24+14.16 79.00+24.87 63.06+13.67
sl 55.1 995 15.9 45.2 76.2
s2 79.4 64.3 33.1 67.5 81.7
9 s3 91.8 76.5 25.1 70.8 59.9
s4 64.2 105.5 18.1 321 18.7
s5 93.4 79.5 39.5 473 72.7
M+SD | 76.78+16.8 85.06+17.04 26.30+9.96 52.58+14.53 28.96+21.94
t 341 862 2.569 1.762 124

<FE oA o] A Al $SUEF TS 81942590 WV, A3 Al 7678+168 NE
vebron B4 fFoats At (p>.05). HSHE AT AE Al 98.82+34.30 N, A
Al 85.06+17.04 W2 YEEo™, FAA fFofxe fdth(p>.05). $SHF7HES 4T

Al 46.24+14.16 WV, A3} Al 26.30£9.96 (V= UEIGEOW SAA SR
CHp<.05). HS5HF71HES A3 Al 79.00£24.87 4V, A3l
ozt fATHP>.05). +5 A4S A Al 63.06£13.67 W, A3

ehton, A4 fefaks fllthp>.05).

_29_

ztol &
Al 5258+1453 (N2 A4
Al 28.96+21.94 WN=E 1}

2 fo%

ey



2. =2 I (A25) Aol

B~
fo
>
w
r,
)
of)
]
R
o
o
ofl
[
do
r,
)
of)
)
oy

a AFolRo] ME =} THY
SRR

A ATt A A ZFA A A F 4]
22 8 A 7k(sec) )
o] o 2 =} ZFol 5 H 2 (m) FA ol 52 (m)
sl 0.12 0.29 030
s2 0.14 0.31 031
. 3 0.12 0.34 0.33
°o s4 0.11 0.35 0.29
s5 0.13 0.28 0.33
M=*SD 0.12+0.01 0.31+0.03 0.31+0.02
sl 0.15 0.48 033
s2 0.15 0.35 0.32
e 3 0.14 0.43 0.34
< s4 0.12 0.30 0.30
s5 0.12 0.39 0.31
M=*SD 0.13+0.02 0.39+0.06 0.32+0.01
t -1.809 -1.914 749
<E 8> A ol AFE Al AL A ZEe] 0.12+0.011 %, A3} A= 0.13+0.02 22 e
o EAH Foxe A p>.05). AAFHAFTFHYE AF A 0312003 m, A
Al 0.39+0.06 mz A A] Aoz 007 m 7 olEAYE RYoy EAA Fox= ¢l
ATHP<.05). AAFAFA)EHY = AF Al 03120.02 m, 23 A 0.3220.01 m= e

=

o, A o= AT (p>.05

_30_



b. 4Bl WE Eof THY AT WakF Aol

¥ 9 o e Z4x Wit Ao el deg
AF A7
<BA A B-73 Z; ABA F34
o] B o 4 =}
sl 8.14 -14.59 97.7 -6
s2 11.38 -37.32 95.07 -6.48
3 2 355 98.02 -1.44
AqF
s4 6.99 253 86.43 255
s5 457 -26.87 93.52 -5.69
MSD 2.56+7.69 -27.91+9.10 94.14+4.70 -4.43+2.27
sl 7.48 -55.65 91.46 -6.12
s2 13.26 -40.91 94.53 -7.06
9 3 0.25 -41.98 97.44 -3.48
4 3.1 -34.49 88.2 -3.07
s5 9.36 -57.34 94.2 -5.42
M=*SD 3.69+8.07 -46.07+9.95 93.16+5.49 -5.03+1.17
t 513 2781 211 643
*p<.05

<G OO>oM e o] A Al Edd 7 WEkES 2562769 °, A A= 3694807 T &
vebstom, SAA fFolaks it (p>.05). GAFE A 4 Al -27.9149.10 °, A3 A
-46.07£9.9%5 * 2 yEtgtow, FAH R FoF AolE HATHp<05). HAwd 74 A4
Al 94144470 °, A3 Al 93164549 "2 WERoH, $AA wolats sl FHd 4E
e Al -443+227 7, 9] Al -503+1.17 "2 dEbgoH, A4 fFoxke ol

o

_31_



=

@9l m/s

212 7ol

W)

10. =oF =

i

Ho
70

L

s

A THp>.05).

L

s

1.82
2.08
1.74
1.45
2.01+0.59
1.68
295
2.05
2.09
1.88
439

2.13+0.48
-0.56£0.20 m/s, A A

o

on, A4 At

AN

FEE W
1}
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-0.66
-0.33
-0.46
-0.51
-0.86
-0.56+0.20
-0.73
-0.42
-0.36
-0.74
-0.86
-0.62+0.21
.608

M=SD
SD

sl
s2
s3
s4
sb
sl
s2
s3
s4
sb

10>0f M o} o]

062:021 m/s= UFERton, E77
A 2012059 m/s, A5 A 2.13+048 m/s% L}E}

hya
st

<

2 3

o

RETA



d A3 g dF AUty Ho
Aol A WA EE HoAdARrE o o] S Aol YA AEolie] wE g FHu
FAAEE I} AYAF AN o] E BAsglon Ans dvtslelr] 98] AFow
o] EAEEA T ofoll digk A= <iE 11> Zrh
3E 11 ZoF 3o e F x| HRke Xjo] 9] N(N/BW)
B o Ao FAAAREN/BW) Ho) A FAHEE(N/BW)
Sk g7 S B
sl 1833.15(2.20) -591.25(-0.70)
2 1965.41(2.44) -577.31(-0.71)
A s3 2056.39(2.33) -701.74(-0.79)
s4 1899.98(2.72) -621.86(-0.89)
s5 1812.41(2.60) -554.67(-0.79)
M=SD 1913.46+99.96(2.46+0.12) -609.36+57.08(-0.78+0.07)
sl 1812.16(2.17) -521.27(-0.62)
2 1901.44(2.36) -512.61(-0.63)
a7 s3 1996.86(2.26) -622.71(-0.70)
s4 1797.91(2.58) -510.54(-0.73)
s5 1792.84(2.57) -500.69(-0.71)
M=SD 1860.24+88.17(2.39+0.18) -533.56+50.36(-0.68+0.04)
t 3.467 7.766
*p<.05, *xp<.01
<GEO11>elA e o]l AE Al 9 HOeAAWNEE 2 1913.46+99.96  N(2.46+0.12
N/BM) A3 A& 1860.24+88.17 N(2.39+0.18 N/BM)& UEton EAH o7 feld 2

o=
Al

(p<.05).

A THP<.05). HHAFA
-533.56450.36 N(-0.68+0.04 N/BM)= Uettom, FAHoz o3 Aol=

7
al

H

Fus

o 1A
g2 Ae A
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-609.36+57.08 N(-0.78+0.07 N/BM), A ¥
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e §FAR BE

=} SR JUZZAHE Fo]

Zotm g YEtds A 28R AolE dotR] fleiM F9 349
of ME s wwe SFAPLE AolE wASIT ofd g Aibs <& 12>9
F 12 Bof =y Ao 22 = el

de AT = 2= = 2= =
AF A | dEAS diEgAE AHASUIET AFIET AT
s1 286.3 127.9 169.2 34.8 250.43
s2 156.8 256.8 89.4 101.3 130.6
s3 198.7 1124 115.4 785 2234
A s4 330.6 196.7 2187 53.4 97.5
s5 1345 206.7 197.4 845 168.8
442.76 180.1 158.02 70.5 348.29
M=SD
£117.65 +53.24 +£80.85 +£23.56 £90.90
s1 198.4 104.5 97.5 76.4 196.4
s2 1232 2204 176.4 2313 87.9
s3 249.5 257.6 132.4 67.4 176.4
2 3 s4 235.4 1254 187.1 114.6 119.2
s5 1989 97.5 135.6 1754 1325
201.08 161.60 145.8 92.63 142.48
M=SD
+£43.81 £64.11 £32.43 +£56.23 +£56.23
t 1.537 1.964 971 279 1.502

R 12>o M ef o] A Al FSTiE A 44276411765 WV, A 9
2 yetster, $A4 Foxk= sl v p>.05).

Al 161.60+64.11 (N=Z UElGoH, =
Al 158.02+80.85 [V, 2 5}

_34_

Z}. HE RS AF
54 fo A STk p>06). $53
A 145843243 W VhEREEOm], B A
A 926345623 N B AH
A 34829490.90 4V, A7)

A= 201.08+43.81 @V

Al 180.1£53.24 v, 41 i

#2172}

-
s

o

O v
g2 AF

T

AHp>.05).
frolates el
Al 142.48456.23 (NZ YEFREO T,



3. ol FW(AIZW) Aol

4 AT A A A A FA
. 2= 8 A Xk (sec) ) . N .
o 5 o= %ol 5 ¥ 9 (m) T2 0] 5 H % (m)

sl 0.33 0.71 046
s2 0.30 0.63 041
oy s3 0.32 0.65 0.40
co s4 0.32 0.70 047
sb 0.31 0.74 043

M+SD 0.31+0.01 0.68+0.04 0.43+0.03
sl 0.33 0.62 0.44
s2 0.29 0.65 0.40
s3 0.31 0.68 0.39
Al s4 0.31 0.71 045
sb 0.32 0.59 043

M+SD 0.32+0.01 0.65+0.04 0.42+0.02
t 1.000 1.198 .671

C AT A= 0324001 22 UER
on, FAA Fox= A THp>.05). = AE A 068+0.04 m, A
Al 0.65+0.04 m= YEbow, FAA FoxkE JAATHP>.06). AATHFA ) ERA= A
& A 043+0.03 m, A3 A 042+£0.02 mZ EFC A= A THp>.05).
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b. 4FcIRo]l BE Hojd FHe] 4E AsF Aol

E 14, Wolg TWe] 4w WY Aol o9l deg
4F a7 R *
En BAFAL A 83
o% WA
sl 10.94 20.98 39.13 59.93
s2 99 14.02 39.54 47.79
s3 1.43 2291 34.93 50.91
3
s4 7.3 1213 42.07 54.86
sb 2.54 11.24 39.24 52.72
M+SD 6.43+4.27 16.25+5.33 38.98+2.56 53.24+4.54
sl 711 16.88 42.01 59.38
s2 8.43 2478 41.26 46.87
s3 3.36 19.75 33.06 54.25
A5
s4 5.65 19.42 40.35 54.59
sb 1.66 28.33 37.82 58.52
M=SD 5.24+2.74 21.83+4.62 38.90+3.62 54.72+4.95
t .861 1.477 .065 115

< 14>oA9f Zol AF Al £ A WSk 6434427 °, AT A& 524+274 °
Z yegten 244 F94= Athp>.05). FAFHLE A Al 16254533 °, A
Al 21.83+4.62 & YERow, FAH
3898+256 °, A9 Al 38904362 = YERG oW, FAA fFoxe gtk FHd e A4
& A 53.24+454 °, AT Al 54724495 T & BA A ot gtk
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wole] Sivlol A vehb AAFHe] S% AolE ohnr] SlalA AFelRel W A
AsHEE Aols EA ettt old dt Av= <& 15>9 2t
%15, Wold Yol &E W ol 29l m/s
ZES AT
AAZFARATEE AAFAGA & E
of 1. oA 5 T O mTT
sl 0.92 -3.03
s2 0.91 -3
s3 111 -3.17
s
s4 1.08 -2.93
sb 0.96 -2.94
M+SD 0.99+0.09 -3.03£0.09
sl 0.9 2.9
s2 0.83 -2.95
s3 0.89 -3.02
A3
s4 1.04 -2.81
sb 1.18 -3.01
M+SD 0.96+0.14 -2.94+0.08
t 359 965

<GE 15> Mg ol AE Al AATAAFolsSEE MekEFE 09940.09 m/s, A A=
0.96+0.14 m/s2 Wetstor, A Foak= flAt(p>.05). AAFTHFAoleHE=s ¥

>
Al -3.03+£0.09 m/s, A Al -2.94+0.08 m/s= YEFSOoH SAA frefate= I THp>.05).
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woje)l oA YelUE A BAE] ZHEE AolE dolr 7] fs|A Ao wE
AAFAZLEE, ARDE A4E, T4 45E Qg Aol BAdAT. oo @ A%
= <% 1653 2}
%16 Woje =o)X ztEE wshe Aol o9l deg/s
By AT N . .
AR & 7 v Ny Z 3%
s1 517.96 -395.2 567.92
2 410.82 -477.88 522.93
. s3 501.36 45117 496.27
°° s4 485.85 -390.09 666.37
s5 466.43 -488.15 602.95
M+SD 476.48+41.35 _440.49+45.75 572.28+67.12
s1 527.04 378.3 608.68
2 457.34 -492.96 46611
) s3 49537 44784 417.26
s4 491.47 -375.99 599.4
s5 528.55 -451.95 568.62
M+SD 499.95+29 41 -429.90+50.87 532.02+85.54
t 1367 323 1.012
<E 16>A 9 2ol 4T A woju Fvie] AAFAAEE WA 4764824135 /s, A
9 Al 4999542941 °/s2 UEow, EAA G gt (p>.05). A#E &5 W

g AT Al -44049+45.75 /s, AT Al -429.90£50.87 “/sE UEow EAH fo)2}
T AT p>.05). FHH A&E wste A Al 5722856712 /s, A} A 532.02+85.54
/s e em], B4 folAe f2rHp>.05).
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e. AFoIRo] WE Aojd T AYZFHE Aol

wojg FolA tehts Ad FBYES Aol dotur] AN HFIYe mE

0 28T Aol & B old v Adde <F 17> 2}
¥ 17. Wole o FHu A= o9l W
qE A = = += = =
A5 oA | dEZAE OEAE JFU"EE HFUES Rk
sl 2425 142.5 188.3 218.9 279.1
) 331.73 107.8 214.3 245.6 187.4
s$3 198.3 210.5 167.3 328.4 234.1
X s4 221.3 176.4 151.3 411.2 253.4
s5 302.4 130.8 233.4 256.4 310.4
259.24 153.6+ 190.92 291.1 252.88
M+SD
+50.10 36.05 +29.95 +69.71 +41.56
sl 285.6 123.3 231.3 201.3 219.4
) 321.4 89.6 180.8 194.5 154.5
s$3 199.7 186.5 121.3 301.3 194.5
2 3 s4 231.5 214.7 216.7 2452 210.4
s5 375.4 219.7 195.7 197.4 223.4
282.72 149.28 189.16 246.83 200.44
M+SD
+62.62 +53.45 +38.08 +80.72 +25.02
t 814 451 092 631 4532

<HE 17> 2ol AF Al $SUE L 259.24+50.10 WV, A3 A= 282.72+62.62 (N
2 Yeon, A4 s (A thp>.05). HFSHE A AT Al 153.6+36.05 @, A
Al 149.28453.45 (N= YE o™, FAA Foak= fIAth(p>.00). FSHFIIHES ¥
Al 190.92429.95 WV, A3 A 189.16+38.08 W& UEFoH, EAH e AATHp>.05).

5 A7 S e Al 2528814156 NV, A Al 200.44+25.02 (NVE UEFRES
, EAHCE o Aol & UEFEH(Pp<.05).
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b. 4FFe HE BESEZS FHY 4= WEHF Ao

At ApolE Lot 7] M Aae]F-ol w

ZEFERS 7H9 7 A
T4 APA, FHd 74w Wbty zols AT oo uig Aye <X 19>¢ 7
=3
X 19 ZESFERES T 4L WstEF Ao @9 ¢ deg

4 AT

<44 FAN 7 7; A4 FH4
o F oA
sl -18.95 4.12 -141.63 -21.00
s2 -8.34 18.31 -152.51 -15.00
e s3 1.93 10.07 -146.58 -21.66
s4 -6.82 17.6 -149.48 -13.88
s5 -4.27 11.82 -147.05 -16.13
M+SD -7.29+7.60 12.38+5.83 -147.45+4.01  -17.53+3.56
sl -8.36 22.63 -143.08 -18.38
s2 6.8 13.96 -148.86 -17.65
e s3 2.27 12.73 -145.01 -20.55
s4 -4.52 13.24 -146.24 -12.29
s5 5.9 6.93 -142.99 -27.65
M+SD -5.57+2.31 13.89+5.62 145.23+2.44  -19.30+5.56
t 574 250 1.695 474

<FE 19> A ¢F 7o
2 Yo ZA 3

-147.45+4.01 °, A ¥
3 Al -17.53+3.56 °,

A 1]
=

A e USFS -
Folat= gt (p>.05). FAS
Al 13894562 ° & UERow,
Al 145234244 ° 2 YEsten BAAY folak= gl 3 e
Al 19304556 & EAA FolxtE A

_41_

729760 °, A9 A= -557£231 °

7k e Al 12384583 °, AF



AZHNEE 98T Fol

FREERS TN Gehbe AAFAEE ol & ohur] )M Jgolre] nhe
AAFAESE Aol E A8 ofo gt A= <3 20>3 2t
20 TRLEZS FHY EHEX}o) o) m/s
:‘j: :‘;} AA AR FEE AAFAFH &=
sl 0.91 252
2 -0.85 2.44
e s3 113 2.82
s4 -0.99 -2.04
s5 11 237
M+SD -0.99+0.11 2.43+0.28
sl -0.89 245
2 0.76 222
93 s3 -0.98 275
s4 0.8 225
s5 -1.16 242
M+SD 0.91+0.15 2.41+0.21
t 756 811
<FE 20> Me ol AT Al AAFTAAFFHEEE -099£011 m/s, A A&

-0910.15 m/s= yetgtow, A4 o= ¢l
T Al -243+028 m/s, A Al -241£021 m/sE UErgen EAH Foate fdd

(p>.05).
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YHAE A BAsts £3 B 254 Wl AolE dopry] 9 EHE EEHE
B zols &8t oo gk A= <3 21>3 o] vEutith
F 21 9HE A & A S8 5 {4 S5 B =0
3o - o Z(m/s) E(m/s) EFH =0l (m)
o) A
sl 9.86 11.76 2.81
s2 9.01 11.05 2.68
N s3 8.97 10.86 2.70
s4 9.35 11.54 2.73
sb 10.01 11.91 2.59
M+SD 9.44+0.47 11.42+0.45 2.70£0.07
sl 9.76 11.45 2.79
s2 8.99 10.96 2.70
A5 s3 8.65 11.04 2.63
s4 9.23 11.63 2.71
sb 9.56 11.80 2.63
M+SD 9.23+0.44 11.17+0.34 2.69£0.06
t 698 970 482

<E 21>0lM et ol JHE AN & FAEEE AFTA 9444047 m/s, A A
9.23+044 m/sC = YERIL, A weolAs fllth dHE AHAMe] B $Y S=e
A Al 11421045 m/s, A3 Al 1117£0.34 m/so. 2 vepgom, A4 fot= it
oAM= 4 A 270007 m, A3} A 269+0.06 m= UEEEoH, FA A 79

_43_



e 4FolRo] WE BEP =29 TAY AYIZHE Fo)

Hol A UehE Ao 28R o2 Golr 7] YA Aol

229 =29 5}
e Hd ZZA T 2olE B4 ol thdk Ay <3E 22>9 2
¥ 22 ZRS =2 FHe Ay 284 E L I
AF A7 *-= = = = o=
o7 gidA | gEAE & 2 & HAF7IHE FHAF7EE A
sl 419.4 2243 205.3 221.4 79.2
s2 2454 3124 156.6 155.9 112.1
3 3215 291.7 78.7 213.4 79.8
X s4 367.4 367.2 187.5 189.3 1432
s5 297.5 178.9 132.4 132.8 175.6
330.24 274.90 151.20 182.56 117.98
M=SD
+59.45 +66.30 +44.45 +33.73 +37.28
sl 3235 199.5 176.4 347.1 1034
s2 198.7 254.0 210.7 186.0 167.5
3 335.6 271.3 142.4 2545 1432
2 3] s4 216.7 287.6 198.7 110.9 103.5
s5 197.8 163.2 216.4 187.4 139.5
254.46 240.94 188.92 184.58 113.42
M=SD
+61.79 +76.61 +27.00 +73.71 +24.78
t 2.384 782 860 564 497
<E 2>0 A9 2ol AF A $SHEAZES 3302445945 N, AT A= 254.46+61.79
NE JEyton EAFow {3 zol2 YEhWtHp<05). FHSUHZ IS AT A
274.9+66.30 (N, A3 A 2409447661 N2 UEIYOom EAZA §o932= Ath(p>.05). S
2R 2713 AF A 151244445 (N, A3 A 18892+27.00 (N= UEIOoH EAH &
gaE YA THp>.05). FE=HF7| U2 JF A 18256+33.73 iV, A3 A] 184.58+73.71 WV
2 A4 fdAs Jd(p>.05). = AT AE Al 1179843728 N, A Al
1134242478 (NZ Vel ow A2 F9at= LA tHp>.05
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