3 Korean Journal of Sport Biomechanics

o BTLEI8 A, 2004 1437 33, pp. 149163
%; 2004, Vol. 14, No. 3, pp. 14163

olz e 222 2dst dejul
Fue] $FEa 24

o) G W (D2 A S )

ABSTRACT

The Kinematic Analysis of Cross Over Step and Delivery

Phase in Female Javelin Throwing Players

Lee, Young-Sun*(Korea National Sport University)

Y. S. LEE. The Kinematic Analysis of Cross Over Step and Delivery Phase in Female Javelin
Throwing Players. Korean Journal of Sport Biomechanics, Vol. 14, No. 3, pp. 149-163, 2004. This
study analyzed kinematic variables about the cross step, the delivery and the release for women's
javelin athletics recorded over 50m in the 2004 Busan International Athletics Competition. It was
used the Kwon3D Motion Analysis Package Ver. 31 Program(Kwon, 2000) for analysing the
kinematic variables about the distance, the velocity, and the angle, then we had the results as
follows;

1. In the Cross step phase, the COG velocity was low because their step length was short. To

keep the CM velocity from the approach to the last cross over step contact, the athletes
have to keep the longer step length within about 130% of the athletics’ height.
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2. In the Delivery phase, the athletics’ COG height was gradually lower, and the deceleration
of the COG was going up. As the same in the cross step, Therefore the athletes have to
increase the step length within about 100% of their height, in order to increasing the COG
velocity. And it was shown they have to make small angle of the elbow as possible from
the right foot contact to the left foot contact in order to being the big acceleration of the
upperarm at the release phase.

3. In the release phase, it was shown to being low position of the release point as the COG
was low and then the release velocity of the upperarm was low. Specially when the
shoulder lean lateral angle is big at the release phase, it was shown they have a excessive
release angle. And, when it was shown the high rotation angle of the shoulder, the
shoulder was opened forward bigger than the trunk was opened forward. So the

transmission of velocity from the proximal segments was a fast change.

KEY WORDS : BODY LEAN, TRUNK LEAN BACK, TRUNK LEAN LATERAL,
SHOULDER TILT
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FdA7le U LPYA/AMEE A FHoje 4 37 FE9 stz 29 A= Ful,
Y, Bo= FA4A A3 . g 4 FEA= g FdA7IE HFol ofd Ul dm
F2 3Bm 799 TFY7] FEE 08314, 2224me] ZHold 600ge] FAE 7HAL drhyt ¢
He] W7} e 71574700

7158 F4 37 M A3 ol A, AA7} Aok she AAFQ] B a0 wE F
3 28 $igg 83k AYHQY Wol AT 8oz FEI= Ar|oitkFET, 2001).
Rich(1984)= A Z# AFAHY 229 Ysjs B2 £ Fol7t A o7t ¥k g A
A3z AZHA ol YoM dAHel e FEued AFEY 4, AA 73 H5E9 HIE 15m o]
Ao 712 zo]E Hole A Utk E3) 2004 ofEd] FRHA BAFE ofAjold HFE H
$ Mo &e71A) £ale u$-g @8N AFEY ATAEAA 2L HAE 2712 A 19
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FAEEEE B uigAGY 3A rdste 20BN, E3r9 ARA oW 2HozxE
2 $EF WY AL FA] A Hold YRS EHHog A= Aol F& #APoG
(Maximov, 1979; A|%4, 1989). 53] Ikegami, et al(1981), Rich(1984), Mero(1994) Barlett(1995),
Whitting(1991), #7F73(1988)52 %9 HIAAE 37147171 AdiMe AN 8% 28n 44
A4 dY ALY MRS 3A §oEH, 2 A ¢ £5F HUE T &2
1 Rusy gt FAL gole AW 9¥E v AT B Hold i) AAHEH,
Hay(1978)s} Miller & Munro(1983)] <jatd, 22|z ¢ 39 wole A4l ARG 15-30cm
A ¥4 olFoAct ddn Rusided], 2 XM 44 252 FAE o Huo +£3HA
g 22 7 AHIED 9 002). FALEE 24 Bz, A4, $44 5og FRYE,
BALTES gt oE 324359 delz2z2S B (Roger et al, 199%; Anti Mero., et al, 1994;
Anti Mero,, et al, 1994; A&, 1989; 314", 2000; o]F4, 2003; §3]%, 2000; o)|&E, 2002, 4%
@ 2UH, AEF, 2002), ARNFEY A9 o 334259 274 R (Whiting, et al,
1991; Rich,, et al, 1986; Jorg & Lutz, 1998; Morriss, Bartlett & Neil, 1997), o] AFAEY FFH
e A ezt Zolg drhyg Fole sl F1 Sl

ol¢h Zol Z2A Aqld delve FH ot ez FA APAA 4L FE Aoz A
AL YA, FA 2L g3t AEsE F4L ojuld 2o Aok 53] F9)9 A% Jorg
& Lutz(1998)] oaf A A - 573 AA, 4AY - $ 71€7] AAE §44 A+ AN
B7HSl L, S AT loiMe A A - 37 AAE T A5 AHE ke 7
o2 By Uk e o BEA gln 2R AFHoz Addo] v I, 4
A FAY AA wet FA #AY FHY FFE F S Ak F, 222 9w 285 ey
g 73 a2ga e2 F2 A Jehde A4 AR 2A9E 2 wEd] RYdke AL AF
Y 73718 B4 =5S £ Aoz BUdth gy o] A7 AL oz A7) HFES
Wes Az 295 LYz 9 AN thd 25y E4E EAFoRA, A7 HFEY
B718S AN & Sl wehe 2= Yok
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o] A7 tAe 2009 99 FAZA $4AVINY ezt FUAY B AT M5 F
50m ol H+E¢ Whoz HRstel gasgon, o5 B4 <E D3 2



a7 A% A% 37) 71% A1 7%
Subject () (cm) (ke) (m) (m)
A 28 174 80 54.07 60.92
B 2 170 60 53.3 56.17
C 19 170 68 5291 5455
D 7 166 58 5111 55.38
E 20 172 74 50.74 911
M 26 1704 68.0 524 552
SD 404 297 9.27 145 40
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H Q2 Software Kwon3D 3.1 VISOL
e PentiumIV Samsung

| S A7IAR 3AZE A, FEE RS dd Zo), %ol £ =)
134mQ) BAH && 950 a2 28 2743 ez 5248 9748 IF & § Y52 94
Z



OfX HEX7| AzA AU Lajval Tole| SSHUN 24 153

3m

Cam?2

Cam3

4. Atz 2|

A= 20709 BEAF 2709 7P BEPOZ F 2709 BAA 157]9) o] dFB B

TZ(linked rigid body system)2 A eJstg 1, 2t £AF A AAFHS 73] AT AAEA
A|4+(body segment parameter)s= Plagenhoef 5(1983)9] A8 o] &3tgth 3449 AXgE 7317
3} DLT(Direct Linear Transformation)}'j(Abdel-aziz & Karara, 1971)& AME-85, 349 #FE
gl IFE o2AE A A7) 93] Butterworth®] A 9E 7 REi(low-pass filter)E Al&ate] A7 Y
(smoothing) 3} 11, olwf s} (cut-frequency)E 6.0HzE 3}t

P2 -~ 4--p3 -

Event Phase
El: A2A A gigk &% PUEI-E2: 224 AH F7t
E2 22 x| P2(E2-E3): 2altz] 72t
E3 Sejual elg kx| P3(E3-E4): ¥e|= 72t

B4 gel= w7t

0@ 2 =H 3

A Wse 29R7) A% Adxade AAM - FHZ{trunk lean back angle), A1FZ{cog
lean back angle), o]7jX4te] 3)Azhshoulder rotation angle), 4 ¢ 71&7)Ztrunk lean
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lateral angle), 5% F&Zt(knee angle), 33 T @A zHhip angle), +Z B¥ X ZHelbow angle)?} ¢
& o7} (shoulder angle)}& £33t AR FAste HEA F43 ANFAE de Y
9 Z50] olft A7, BAM - FALL FFY £3F0] o|F: AU, gAMLY AL
F379% #AF oS e WE G XF0] o]F= HulZ, AA F$ 71214 BF FA4AR Y
o] olF= dudez sy, 1w £57, o 1gn BEXGLS F EAAle)Y 4
ez 4z Joigth o] Aol B4 Fre Az 29 Iuz Lewy FW 18n ¥
gz oz dAsgon, <ag 29 go] 47)9] Events} 37§9) Phaseg o] A3tk

V. 3 4 =9

1. 32A AH 2H

<E e A% 3za &y FHoz Aza A A AAEYRE MY o2w AN
EQ7HA) $587 292 Uehd Rolth |

2824 A¥ I BE ZolE AHHA, BT 1765:4574cm= 103.6127.06%9] Zo|E RIAE
o, @2 CF 1422m@36%) 2 7H & 20§ Rl wid, 984 BY A4 dE JyAER
o 2 2569am(1511%)2 delHlE] FHe] Fol=E AOE etk o mE AHFAY &%
MY, 3 551:044m/s9} FF 533:036m/s2 UERIHA DejwE] Bx &t ok pEEE
Hed, g3 A9 B 181 O} ZE5E BYY, 9382 De 238 £%71 HF 5.65m/s9)
A B 575m/sZ 7] Z712 BAYh Jorg & Lutz(1998)e] oJ3ld, A} H459 AL a2 A
283} opx|et 2ElojAe] Zoly AR- FL F¥o] YutyoZ AMLHN Y AT Ry
Stk 3] B A%o] 178mo|w, 222 289 Zol7t Bom U W), £4TA] ST} 70m/s2
UERtT, 322 2% Zo|7t 215cmyY W], 65m/s, 200cmY w, 6.0m/s¢8] £%7} Jeh} BZg)
Zo7l A4E WME £EE Kole Ao Uehdth o] d7dAE BHE Aoy}t #FA Jeh} A
Aoz 27t AA dehde 2oz B £ 9o
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E 3 3B 24 72 2EEY 29

Subjects
m A B C D E M:SD

Cross-over stride length 1583 256.9 142.2 1614 163.5 176.5+45.74
(cm, %) 910)  (1511)  (86) (972  (9%51) (103.6+27.06)

- 1020 1009 9.2 9%.4 1023 100.2+2.43

COGH (586)  (594) G84)  (581)  (595) (58.840.62)

(cm, %) - 1012 1023 95.5 B3 1063 99.7+5.27

(382 (602 (562)  (562)  (618) (58.5:2.47)

CSG El 5.44 5.94 575 5,65 4.79 5514044

R

(m/s) E2 520 544 545 5.75 479 5.33+0.36

Trunk lean El 205 80 347 198 124 -19.1+10.17

(deg) 20) 198 186 306 290 202 2364568

Shoulder rotation El 193 209 246 162 22 2064315

(deg) E2 328 255 364 157 -388 2984937

El 241 26 281 216 270 2474279

Body lean back(deg)

20} 137 144 181 181 -138 1564228

Knee joi 1610 1522 1405 1526 1431 149.9+8.22

(deg) 20} 1613 156.2 1417 1546 1436 151.548.46

%: Body height, COGH: Center of mass, H: Height,

AAZAY Fo]E 2unn, 282 28 FA(E)JME HF 1002+243cmZ 58.8:0.62%¢4 ]/«1
A Aoz Jehga, gane FA(E)eME B 97:527cme] 585:247% 2 A2~

F2) €73 FAE 2olE RAAY, HYA o VAES HoluA HAse AL L}E}kb:}. 5
3] @A AE & }3}711 et 23 22 g3zt Cg De AAFA0] BYolAls §48 B v
o, 9@A Bt Ex AAFA0] 233 wolA= 54E Bioh

A w79 M]Z’r% AHRE g 2o AR - FAAE Y, A - g ¥4, +
2 AAAE Judls Ao, HF -185:1017S(EN)oNN B 2361568 5(E)2 F73Zo] AR
© Aos Yeted, J3A e g& #AE 291, 58 P4 €Y Ate e JPAEH
2] ATz 6= Ao EAE Y AR £ AAZ JolHEe ARL A7l
g FAEYNHE BF -24.712.7955; vebgy, geide] 4] eHE) e B 15612852
AAZe 7187171 FolRle Aoz Jegth oAt gz o HAYEE RB7] A%
A2, F95 A4S At HHY YE# o|FE 4x2 AL - ¢ 5 oA Bes
A AHow, + L Aoz A ot ElANE HF -205:333%, E29ME BT
298193722 o) FAZo] ANEA 77t H2 wAE AL etk FE4 SlojME El
9 L FA oMe FF 14998805 F Ve WHHe] E29] 2% AAdAe P 1515846
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2 AY FAIE RAE HoluA Falshs Rog vEhyith

2. alye] =

<E = dewE 39og, deiy Q89 AA(E2)8 AA L FAA(E3)d v 58y EA
< Yehd Aol
E 4 djuial 0o 2EsiM @09l
. Subjects  pent A B C D E M:1SD
Variables
- 101.2 1023 955 933 106.3 9974527
582 60.2 56.2 56.2 61.8 58524
COGH(cm, %) (58.2) (60.2) (56.2) {56.2) (61.8) ( 7)
- %0.4 829 78.1 819 %0.7 84.845.55
(52.0) (48.8) (45.9) (493) (527) (49.7+2.71)
Last stride length 135.7 151.8 150.2 154.6 150.0 1485:7.37
{cm, %) (78.0) (89.3) (88.4) (93.1) (87.2) (87.245.61)
B2 520 544 545 5.75 479 533036
COG Vg(m/s)
E3 417 436 408 457 398 4.23+0.24
Trunk lean back 2] 198 186 306 -29.0 202 2362568
(deg) E3 108 190 162 133 216 -162+4.32
Trunk lean lateral E2 1.2 -6.9 25 12 28 -0.3+4.00
(deg) E3 9.12 46 163 11.6 100 103+4.23
Shoulder rotation 2 328 255 -36.4 157 -38.8 -29.8+9.37
(deg) E3 467 361 642 59.2 617 536+11.87
Body lean back E 137 -144 -18.1 -18.1 -13.8 15.6+2.28
(deg) B3 432 405 407 404 -39.7 409+1.34
. )20} 160.8 1444 1728 151.1 167.2 159.3+11.58
Hip(deg)
E3 1425 137.6 138.2 140.3 146.9 141.143.77
) 1613 156.2 141.7 154.6 143.6 151.528.46
Knee(deg)
E3 161.4 163.8 1731 168.6 154.7 164.3£7.01
E2 85.8 3.2 113.0 126.0 103.1 104.2+15.92
Shoulder(deg)
E3 658 86.7 715 101.6 85.1 82.1+14.4
B2 157.3 159.0 164.7 162.9 166.8 1621394
Elbow(deg)
E3 128.4 139.6 108.7 1475 139.8 132.8+15.10

%: Body height, COG: Center of mass, H: Height, Vk: Resultant velocity,
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gz I oM AAFAY goHslE AR, A o] FA|(E3) e £7H] YA
+ 8484555cm2] 4971271% 2 E29] HolHt} ¢ 10% AX ¢ RolAe AoZ JelgR|q, IF
A el B& HAE 29k

AAFA Folo] w2 BHEo Zo|g AWMy, 148517.37cme] 8721561%F UENIAH, AHF
A8 ol Ets niIANZ B A Zhe) Be HAS Ho|uA AAse Aoz yeht AAFA
9 &= SlojMe 423:024m/s2 28T o 1m/s9] 757t BAs e Aoz Yehged, 93
AL Col Ate o APAEY HlE) 14m/s9) 24E5E BYd Jorg & Lutz(1998)0] ojshd, A
Aol 178cmo)x, wiAet Zojr} 177em ¥ W), £8¥7] £271 70m/s2 Yelda, 165emY o,
6.5m/s, 154cmy ®), 60m/s¢} &7} VER} BEY Aot A4F w2 £EF ¥ A viag
W, spAE BE Zojrt &AL Aoz YehduA o] w2 ARFAY &84 JoiMe e AnE
Ao 2] S SlojA Al AAZe Awud, AAA - 34249 oiHE AAL A
T BE 162643252 E2RG 47 ARAAME H3ke Ao vtk a8y 9384 A% C
12|31 DY F9e REG AZAAE ke wad H¥A} B EY A9 19059 21652 F
AAA7E B AXE E4E BA0) Jorg & Lutz(1998)] 3w, Eeilg] FAo] lojHE FF -30
2 3A IAAAE B A 2, o] A9 -162+4325 29} L Fo|E HYTh

BAY - 712717 oA, - e FASCN A7 LEZ0E 71&0lR Ao, +

< AF0E 712 HHE Yvste AR, RNE HF 03H40ER & - $ 717t
A 77HE AAE BYAY, Boly Ax 4 AR e P 1034BEE 902 A7} 71&
AAE Aoz dehyth 4AY 71¢717t 9%02 J1goHrks AL AAFHE doz 3347
= A2 WAFoRA GdA7d) Bad dejz Agle 89l0] FojuE AoE Yy Bl opy
g o7 AAe] A7 YolNE B3N B 536118752 B2HT £2 oS Fuloz 7
AN ZA Fhgo] 27 AR AARS FAFe Ao dehuA, =g 93 AR
A she ALE v 23y 9384 kg 8¢ #4E nged, 437 BY A$e 361%
Z A FAAZ e, 987 Ce 64252 T HIHAS B Z AL Byt

AAZ QoM E29] B -156:2285 01 BF 409:14EE Bo|HA AA 7]1&7)7} 2
A F7hte AL e s, F9a el YOME fAS AL HoldA ZAde Roez 1
Bttt Jorg & Lutz(1998)e AAzte] 718717} 444 7M7HE48 2 IS W 5 Ye Ao
Husded, 9HE] A2 F2)9 18z vind o, o] A7 WPAE] IA Fwor
AE 71ecle Ao dehith o A A F249 370 w2} 24E F Ed, 19dw
FEZ ojME BE28F B3dA Zbz M@ 1593+1158x9 HF 1411:377%, 183 BE
151548469 W 164317018 HolHA 1#E 22 ZZHe AL YA F279 lo)
Ae Wiz J3sE 202 Jeiddh Jorg & Lutz(1998)9] 7ol AR o] FA|(E3)she 3t
D#ALE BF 19T B A3 HEF W, o] A7 FYAS) nHHL A VWY AT



Holz AL JeHth ol AAARZL AAZN B 4+ U0, ZE HYAEY M7} &
o2 71&o R wet a@Ee] 45t ada B £+ ok

FABE FAY W] oA, oA 47 BT 10424159259 HF 821140452 o}7)
< IV AeE Yegn, 3EX 7 YJoMT BT 162113945 ¢} FF 1328+151058 B
ojiM zE A3 LEFAE SJAIE Ao Uryth ZEXzd loIA Morriss, Bartlett
& Neil(1997)9] Ao 93w, dejje] Q2% FAd QolA 7hsd & AAz2e Hog 39
o2 Hujol ] FHFL A SRS &12} T e Ao Husged, 2% A9
AL 2R £ 27 2A Jehdd, e F2) ojdd FWA|7)7}t g o] ]| Y&
of 2 Bg B & HdFA e Ao BuEAch o] AFdAE HYyz CY B9 147
oA 18722 ZH947t 24 Jehas 38 98 dAe AoZ eyt

3 gzl=

<E 5t Yz £39 £587 29¢ vepd Rol.

Subjects
m A B C D E M4SD

o 895 822 76.8 80.0 85.3 82.8+4.88

COGH(em %) (514) (48.4) (452) (48.) (49.6) (48.6+2.29)
COG Vg(m/s) 32 34 349 424 338 3.56+0.39
UE Shoulder 7.7 88 95 8.7 82 8.610.69
(m /1) Elbow 134 121 115 137 108 123+1.26
Wrist 157 16.8 147 159 148 14.6+1.93

Trunk lean backdeg) 47 04 30 66 05 02432
Trunk lean lateraldeg) 282 19.7 236 18.2 17.1 214455
Shoulder rotationdeg) 86.5 925 %.3 93.9 894 91.7£3.84
Shoulder tilt(deg) 320 354 300 110 28 26.249.69
Body lean back(deg) -146 -108 -28.1 -17.3 68 -15.5+8.07
Hip(deg) 1271 1315 1326 134.3 136.3 1324+3.46
Knee(deg) 1471 166.5 176.7 170.2 169.2 165.9+£11.18
Shoulder(deg) 119.7 1146 100.6 132.2 133.6 120.1+13.60
Elbow(deg) 1116 1246 130.7 111.2 1328 122.2+10.29
Release V(m/s) 196 209 195 18.6 16.1 19.041.81
Release Hicm, %) 169.1 164.0 1351 1462 1541 153.7413.65
(97.2) (96.5) (79.5) (83.1) (89.6) (90.2+7.21)

Release angle(deg) 404 36 417 355 33.0 37.0+3.80

%: Body height, COG: Center of mass, H: Height, Ve: Resultant velocity, UEJ: Upper extremity joint, V: Velocity,
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gz A AAFAY EolZ BY, HF 828+488cme] 486+229%F vpEhdi=d], W@z A%}
SL4%Z 71 w2 AN EH2E dAx, JPA O} 62%2 71 B AN =g
dte Aoz Yehdth o]FF(2002), £3% F(2000), Mero(1994)%59 dFoixE dedne A
A AAFAY o7t wolAtir}h dElz Al O EolAE EAL B A g o] TN
AR 28 Ao duig] S8 9w AA9 AW A7 AAFHo] Ao voiz)
T 545 23A, = 7l-°ﬂ Aol 288 AAFHe] ZelAe Aol oz} A 2
g FAREAY i Wolxe 54& vehich

ARAFTA £50 QolME B 356:039m/s2 RGed], 384 A7} 327m/s2 7+3 2 Ul
%, P2 D7} 7HE & 58 HoluA Yyz dh= AoE Ueytth

g2 Al ARABEY &£TE AEEE, o AL BWF 86:069m/s, TEAJ} HF
1234126m/s, £59] A4E BT 146:1.93m/s2 vebdtl 29 459 714 248 99 B9
&89 doiMe HFA B7} 168m/s2 74 ME £55 B9 uidd] H¥A O A Ze &%
T HSd W59 ZAB01)S dFode AAREY A¢, Ag agu £o] 44 49%m/s,
997m/s, 12| X 139m/s9] £5& e, Komi(1985)¢] &A= 8.2m/s, 109m/s, 21.8m/s,
Mero(1994) ] M= 7.5m/s, 13.6m/s, 184m/s, ©]EF(2002)7} FF9(2002)¢] A7 E 47 A
go] Zz} 6.0m/ss} 101m/s 2T 92m/s9} 16.6m/se] £5& M, o] A1 FFASe) i
AL £58 vehth 2 A3ET9 o] AFdA Jehd £50) ojM d9Rde 242 &
=7t 3A Fokeke S ¥ & Sled, 9498de 248 254 U ARERY S5 Aol o
FolA1 gl Aoz Yehgt

FAY AAZS AREY, A - FRGY Aol HTF 0264259 FARHE YA,
AP Ag Ce AAAA, H8a De 3344, 283 9384 B} Ex AY $3A4ME Hod
A dP2 dhe 222 JEgTh o] FFQ2002)d ek, 2z 3] AAANE 3L BAE F
¢ FF A it A 3o, QLEF oj7lg BEAE T ) By} BL YL el &
EE w957 A e A3AAE Fsol e Aoz Rustn Ed, o] dFdME 934
A7 4752 98 IPAERY & AHAANE Eg= s ALE Uyt

53, A # - ¢ 712713 AR A aEn oY 7)2714e duad, 3.
T 712719 SlolNE BT 214445552 A7 9202 7)1%0A AME BolHA, ¥ A%}
7P 3A 7120R A4z %FAZ 3= Zlos Yelkth oAl Fids duEd, 37
73842 YEURA +F o717} & - 933 Jad g2 Bied, 33 A7} 865k, 5
A2 O %6352 HPG2t o] WEAEY Aol& HETh 53] ojfe) sjAzte] & JHPAUSE
AAREY £x7t A Uebded, ol AAET oz} doE Uzty] fEd ARy 39
e 3A AoNA FE Roz B & ok o7A4ge 7187e YoHE HF 262:9695 S
HolHXN, Hga B} BAEZ 71 2 71L71E B3, 934 D7} 11052 743 Fe 71875
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UeEtd =, Jorg & Lutz(198)] Aol &4 718707 BT VES B, o] A7} FAMS 3
T3 detdch 28y 65mel 66me) $43 A5EU5E 712V 059 RS A Jeh
Aoz Hagged, 718717 29 ez Ayt Zolxr] gEd Fd 3¢ Aed 5 ge
W oohzt o) dejzzo] AxdA N £ o Ao vlgA It FolAA dr}. o] A7)
A veEhd 349 J1e7lE ta & dhdM Y=g dhe Ao Jehgrh

BEAZG QANE B 1222:1029%F Ro]HAM Morriss, Bartlett & Neil(1997)2] @F-ol A
HAFE 15459 B2 2olE BHUaL, 53] 7120 $58 A4-EUFE = £70d) BEAE F
g AAATE Aoz Jelgth n@dsg FE274d Yol HE 1324434659} 1659+11.18%
€ YehlidA n#de Z9E B39 ULIB77ERY 37 F2HE AL YT, TE748 B39
16437.01% 9} FA13F AAZS Bt Jorg & Lutz(1998)9] AFolME Pz A nudy 78
7t A9 B 1UEY 17155, )2 F(2002) 136859} 168758 BY=|, o] dFoA vyt
¢ HHAS0] nWAH T2 e da 23 A2 L= e Roz et

2 ugALe APHA FFE F= FY 55 HTF 190:18Im/s2 VEhted), BA59Y
AABQRO0NH ©)FF2002)] AN e 47 FF 17m/s9 156m/s9] £E8T 947 ME &%
T EYUAT, Best, et al(1993)7} Mero,, et al(1994)8] ATAME HF 21-24m/s, BH-A $(1986)9]
AFANE 17229m/s8] £E5 Helda, o] A7) HPaE0] thar de= &7t 4L A
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