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Techniques for kicking along various trajectories toward targets

in direct free kicks in soccer

Toru Konishi® and Masato Maeda?

Abstract

This study aimed to clarify techniques for kicking along various trajectories toward variously positioned targets in
direct free kicks in soccer. Four experienced soccer players (career : 12+(.8 years) belonging to a university soccer
club participated in this study. Participants were asked to kick a soccer ball to 4 targets at various combinations of
vertical and lateral positions in the goal (3.5 m left of center and 3.5 m right of center; 1.2 m from the ground and 2.2 m
from the ground) from behind a screen (height 1.8 mXwidth 2.5 m) positioned 9.15 m in front of kicking points.
Participants kicked from 3 positions located 20m from the goal (center of goal, 3.5 m left of center, 3.5 m right of center).
The behavior of the kicked ball was recorded by 4 normal-speed video cameras and analyzed using three-dimensional
direct linear transformation. Two high-speed video cameras were used to capture parameters related to ball rotation; one
was placed facing the kicker and another was placed beside the kicker to capture the moment the ball was kicked.
Results indicated that the lateral component of the Z-coordinates tended to approach the center of the goal and varied
more widely than the vertical component. Additionally, lateral kicking direction was the most important parameter to
kicking along various trajectories for all participants and combinations of target positions. The kicking direction for
greatest reduction of error appeared to differ by strategies for kicking along various trajectories. Lastly, vertical kicking
direction was an important parameter to kicking along various trajectories for some participants, but for other
participants, initial velocities as well as kicking direction were important parameters.
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Height Weight Age Career

(cm) (kg) (yrs) (yrs)
Subj.A 175 70 20 12
Subj.B 177 70 20 12
Subj.C 169 60 21 13
Subj.D 166 60 21 11

Mean 171.8 65.0 20.5 12.0

S.D. 5.1 5.8 0.6 0.8
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Order Subj.A 1st attempt

Subj.B 43rd attempt  Subj.C 45th attempt Subj.D 83rd attempt

(Left) (Center) (Right) (Right)
2nd 1.89 1.69 3.23 1.21
X-axis 3rd 1.22 0.71 1.06 0.87
4th 1.17 0.70 0.95 0.83
2nd 5.12 4.23 3.72 4.47
Y-axis 3rd 5.42 4.34 3.88 4.50
4th 5.75 4.55 3.88 4.48
2nd 0.77 0.60 0.90 0.83
Z-axis 3rd 0.77 0.61 0.88 0.69
4th 0.75 0.61 0.87 0.67
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Table 3 - HERE O BE FEAE SRR 2 D FI

(BAL - m)

Subj.A (Left)

Subj.B (Center)

Subj.C (Right) Subj.D (Right)

left right left

right left right left right

X-position -6.90+1.21 -091+1.04 -3.23+£1.16 3.18+148 -0.47%0.83 6.40+0.77 -0.10+1.12 6.79+1.01

High .
Z-position  2.84+0.83 2.21+0.81

2.35+0.90 2.48+0.72

2.611£0.61 2.31+0.64 2.29%+0.73 1.87%£0.85

X-position -6.25+0.84 0.04+1.08 -2.14+1.83 3.23+1.00 -0.45*+1.35 7.05+1.18 -0.194+0.94 6.64+=0.82

Low .
Z-position 1.794+0.76 2.0740.52

1.67£0.76 1.43£0.97

1.92£0.99 2.28+0.87 1.24£0.73 1.22£0.71
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Table 4 FROH U AL & XA ORZEDOH B RE

Left Center Right

left  right left  right left  right

SubiA high  0.96%* 0.98**  0.96** 0.91**  0.93** 0.85%**
ubj.
! low 0.85%* 0.90**  0.95%* 0.92%*  0.96** 0.83**

SubiB high  0.95** 0.99**  0.97** 0.72* 0.75%  0.79**
ubj.
! low 0.92*%* 0.96%*  0.97** 0.85** 0.53  0.83%*

Subi.C high 0.76* 0.94** 036  0.76* 0.91%* 0.96**
ubj.
! low  0.96* 0.98%*  0.92** 0.95**  0.99%* 0.98%*

high 0.96%* 0.95**  0.97** 0.95%*  0.97** (.98**

Subj.D
PIY ow  0.93% 058 0.90%F 0.87%F  0.95%F 0.97%*

#1p<0.05, **:p<0.01

y =0.493x - 4.0604

2 L
1=0.96 (p<0.01) /
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3R SN T
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Table 5 A HAIDFREN /N E TR DO U ASE oy,
(BEAT @ deg.)

Left Center Right

left  right left  right left  right

. High 81 76 83 95 82 89
Subj.A

Low 87 78 87 97 84 82

__ High 82 68 72 52 82 47
Subj.B

Low 82 71 71 63 - 59

. _High 57 65 - 99 78 9.1
Sub;.C

Low 88 91 81 9.0 89 98

s HE 1 T4 96 82 79 81

O Low 78 - 96 92 79 83
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0.93, p<0.01) FED LN,

Table 7ICH)HE R L A ¢ DRARZEIRT.
Subj.A T 12, Left/left-high & Left/right-low$ X X
Right/right-low 2 < 9 DD THE/LMBERR (r
=-0.66, p<0.056~1r =-0.92, p<0.01) MNEH SN 7.
—7J5°C, Subj.D Tl, Left/left-high (» =-0.81, p<0.01)

Table 6 AL AL ¢ & Z M DREZED MBI REL

Left Center Right

left  right left  right left  right

High 054 0.24 0.45 0.17 0.79%* 0.65

Subj.A
Low 035 029  067* 041 025 0.20

High 0.69* 0.65* 0.80%* -0.49 0.03 -0.02

Subj.B
Low 022 008 001 058 -0.65* 0.48

0.87** 0.83** 022  0.33
0.81** 0.68* 0.59  0.87**

. . High 049 0.84%*
Subj.C
Low 011 0.31

High 047  0.79**  0.93%* 0.74**  0.73** 0.92**
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-0.76%* -0.82%*
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#:5<0.05, 1 p<0.01

& Left/left-low (r = -0.78, p<0.01) B & UfRight/left-
low (r =-0.75, p<0.05) D 3 DM TH B2 BIBI 1R
MRD BNz,

Table 8 I HBRAZ DA ZZERT. ERAMICBITS
ZaHDE, Subj.AlL 4 5MHHIT, SubjB, Subj.Cix
5 &M CHRBRRENRY SNz, — 4T, Subj.DIZ
1 LM THBERENRD OGN, ARENED SN
ERHFFETEWMEBEOENZH- RO AZN, (K
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Table 8 HikHiD%E2EAZ

H29EE 15, 87~99. K 274E10 A

(BT * m.)
Left Center Right Significant difference
left right left right left right (Show only High vs Low)
3 £
High 123406 101405 082403 099+03 086402 091+05 Centerleftlow > Center/left-high™
Subj.A CentIiert{r;lgl;t—}ow > Ee?t';;arf/n}glht}—lzlgh
. eft/left-low > Left/left-high**
+ + + + + + ; ; .
Low 1.29+0.5 1.10£0.3 1.27+0.4  1.35%0.3 1.35£0.2 1.27£0.4 Left/right-low > Left/right-high*
. Left/left-low > Left/left-high**
High  0.53+0.3 0.48+0.2 0.73+0.4 0.67+0.5 1.06+0.3 0.84+0.6 Left/right-low > Left/right-high**
Subj.B Center/left-low > Center/left-high*
Low 132407 152406  127+04 141+06  133+05 153+05 Center/right-low > Center/right-high**
Right/right-low > Right/right-high**
) Left/right-low > Left/right-high*
High 1.12+04 0.39+0.2 0.65+0.2 0.35%£0.1 0.50+0.3 0.72+0.3 Center/left-low > Center/left-high**
Sub;j.C Center/right-low > Center/right-high**
Low 120407 0.82+0.4 116405 0.80+0.3 1.05+£0.4 1.05+0.3 Right/left-low > Right/left-high**
Right/right-low > Right/right-high*
R High 1.29+0.4  1.04£0.2 1.06+0.2 1.28+0.7 0.95+0.2 1.13+£0.3 . . . . .
Subj.D Right/right-low > Right/right-high*
Low 1.75+£0.7 142%05 1.16+0.5 1.51+0.4 1.17£0.3 1.45+0.4

WAL DEER) 205 72HFD A ZITH R T/NE o f2.

Fig. 912 Subj.A, Subj.D ®YZ FHIZ BT 5 HE—ILD
AL DB Z/RT. SubjAITDNT, mEmWALEZIH
S EFIIENZEIAD EEXD BN WRUOH L AE
GTHWOHIL TS Z ENbnD. ZORDYLEEI
22.5m/s, MOH UAE ¢1316.3deg. TH o /= Ln
LU, Rz - zaliidmniiEz -2 & & &
DHRIETFMNHED, T—)VEERFD Z BTSN
fEZH>ZEEXDB/NEL<TEOoTNS. ZOKD
WH 1L 18.1m/s, MUHI U A ¢1320.9deg. TH o
7z. —4T, SubjDIF@mWLEZIH S & SR WA7E
BIHDEEXDBREWVROCHLUAE S THOHL T
BO, SubjADEDITEHHF THR—)IV D ZEREN iR
5 EDBHEII R S N o e (EWiLiE & - 72
DHEET23.2m/s, RO U AE ¢ 1320.6deg., X
WATTE 2 5 o 72 IR O WE 1L 22.0m /s, RO L AR
$1317.7deg.).

#:5<0.05, 1 p<0.01

4. R—I)LDEEEE EHEME

R AR o, BROEEREIAE BITDNWT, Bk
B DMl % 241 Table 9a 3 & U Table 9b IZ/RT.
B 45 0l 4 2 @ TIE, Subj.AlZ D W T3 Center/right-
high & Center/right-low @ ] T, Subj.BiZ D W TIiZ
Left/left-low & Left/right-low @[T, Subj.C @ Center/
right-high & Right/left-high @[], 3 X U Right/left-high
& Right/left-low @ fi] C, Subj.D @ Left/right-high &
Left/right-low Df#, 3 X U Center/left-high & Center/
left-low D TENENAEEZDRD SNz (VTR
Hp<0.05). [EEEE A E B TLE, Subj.BiZ DWW T
Left/left-high & Right/right-high @ [ T (p<0.01),
Subj.CIZ DWW TIE Center/right-high & Right/left-high @
i, 3 & U'Right/right-high & Right/right-low ® [ T
(VTN Hp<0.05) TNETNHEENRD SNz [
i il A B O 1 P U3 B oK C Bl il A AYSubj.B
(-27.8~-42.3 deg.) D 14.5 deg., [HIHKHH#EE B 73 Subj.

3
£2 pemmTTTIT )
z Wall Pt ..l
& e Lo Wall .
é . . /
N ! — Aim athigher target I /' Aim at higher target

----- Aim atlower target - -—-—--Aim at lower target
o 1 1 1 1 1 1
0 5 10 15 20 0 5 10 15 20

Y-position(m)

Y-position(m)

YZSEEIZ B 280 S N7 R — )L O#EDH] (2 Subj.A, 4 : Subj.D)
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Table 9a %7k EL O IRl 4 £ o (BAIL © deg.)
Left Center Right o .
- - - Significant difference
left right left right left right
. High -25.7t£6.3 -254%+7.1 -30.8%+ 6.8 -23.0= 53 -27.4+ 7.3 -23.6%& 7.8 . . .
Subj.A Center/right-high > Center/right-low*
Low -263%35 -299+58 -30.2%+ 6.7 -30.6*= 2.8 -28.8*+ 7.2 -25.7% 4.2
. High -363+5.1 -33.0+82 -36.7+ 52 -345+£10.6 -32.9+ 7.2 -423+14.5 .
Subj.B Left/right-low > Left/left-low*
Low -41.1%£63 -27.8+7.5 -41.2+18.1 -343*= 7.1 -351+ 5.7 -38.9%£14.0
Subi.C High -20.0+6.7 -229+7.1 -226+ 6.5 -19.2+ 3.3 -31.4%+10.7 -23.2+ 3.8 Center/right-high > Right/left-high*
ubj.
! Low -20.7£5.7 -248+51 -23.7+12.1 -23.8%+ 4.2 -23.1+ 4.1 -23.3% 5.7 Right/left-low > Right/left-high*
SubiD High -29.2+83 -251+8.6 -33.6%+ 9.3 -24.6*+ 0.8 -26.6+ 3.2 -27.6*= 6.6  Left/right-low > Left/right-high*
ubj.
! Low -33.0£9.0 -33.8+9.8 -249%+ 6.4 -26.0+ 83 -252+ 7.1 -24.8%+ 2.1 Center/left-low > Center/left-high*
*1$<0.05
Table 9b  Fiddk D [RIERHHA B (AT © deg.)
Left Center Right o .
- - - Significant difference
left right left right left right
SubiA High 76.7+ 85 78.8+11.3 81.8+ 9.6 76.9+18.3 783+ 7.5 633+ 94
ubj. n.s.
! Low 825+12.6 80.7£15.0 829+ 9.6 71.6+12.2 741+20.6 69.4+17.7
. High 86.1+ 7.9 775+ 9.3 83.1+ 89 83.8* 6.9 813+ 7.7 80.1+12.8 . . . o
Subj.B Left/left-high > Right/right-high**
Low 851+ 85 703+ 82 879+ 52 823%+13.6 83.6+ 4.7 793+ 9.7
SubiC High 64.3+14.0 64.7+10.3 752+ 15 64.7* 6.6 76.0+ 8.9 68.7£14.0 Left/left-high > Center/right-high*
ubj.
! Low 63.7+125 61.7+ 6.8 76.2+19.0 64.3*= 4.9 71.6+14.9 57.3+10.8 Right/right-high > Right/right-low*
SubiD High 693+ 9.3 62.8+188 683+ 58 525+10.5 66.8+12.1 57.6+ 8.7
ubj. n.s.
! Low 71.84+155 54.7t134 775+17.7 65.0%£23.3 732+19.0 56.2+16.4

#1p<0.05, **1p<0.01

D (52.5~77.5 deg.) M 25.0 deg. TH > /=.

B[R 5 w 1T DWW A BERE D fE % Table 1017
[\ #iz B o T, Subj.BIZ D W T idLeft/left-low &
Right/right-low Df#, 3 & U Right/right-high & Right/
right-low D1 T (T H p<0.05), Subj.CIZDWNT
13 Left/left-high & Left/left-low @ [ T (p<0.01) Fi
ENEREENED SNz, #BRF N T D (Al 5 O i

Table 10  &iliL D HElfRE o

1, Subj.B (6.8rps : Right/right-low~9.3rps : Left/left-
low) D25 rpsNiHRKEN S /.

Table 1laZ[a[#iHlfAE o & Z KM OFZE & OMHBETR
%%, Table 11b iZ[alinififAE B L Z A M ORAEE DM
FAfREZ, Table 12IZ[HfRiE w & ZH M DFRE DB %
ZFNZIURT. Table 11aB3 KX U Table 11b L D, [A]
TRl A o & ZJ7 1R DFRFE & DEIT Subj. Al 4 &4,

(BT @ rps)
Left Center Right o )
- - - Significant difference
left right left right left right
Subi A High 8.4+0.9 8.2+1.1 9.1£+15 9.2+15 83%1.2 8.5*15
ubj. n.s
! Low 8.6t1.7 8.3+1.1 8.3*+1.3 9.0+1.9 8.2+1.2 8.8+1.0
SubiB High 89+1.1 7.6%0.9 7.0t1.5 8.4+14 76+1.2 8.5%2.6 Left/left-low > Right/right-low*
ubj.
! Low 9.3+1.2 7.8+1.3 8.2+2.0 7.31+0.7 8.5+1.6 6.8+0.9 Right/left-low > Right/right-low™
. High 8.6t1.2 8.5*1.2 9.2+14 9.3+1.0 8.6+0.8 8.1£1.0 X
Subj.C Left/left-low > Left/left-high**
Low 10.2%1.1 8.1+0.9 9.8+0.5 9.9+14 9.3+0.6 8.7+1.0
SubiD High 6.8+1.2 7.8+1.3 6.3+0.7 7.3+1.1 75+1.1 75+1.1
. n.s.
P Low 75418 74%11 68408  74+11 78+11  73+10 ®

#:5<0.05, 1 p<0.01
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Table 11a  [EHZEfIAE o & Z B O OFHBIIRE

Table 11b  [AI¥R#HA & 8 & Z 51 DRAZE D AHBIFREL

Left Center Right

left  right left  right left  right

Left Center Right

left  right left  right left  right

High -0.79**-0.13 -0.70* -0.69* 0.14  0.64*

Subj.A
Low -0.21  0.13 0.43 -0.05 0.34  0.05

SubiA High 034 -0.32 0.11 -0.11 0.44 -0.65*
oo Low 024 -0.20 0.23 -0.48 0.47 -0.14

High -0.60 -0.70* 0.16  0.59 -0.39 -0.53

Subj.B )
Low 0.07 -0.36 -0.08  0.06 0.48  0.66*

High 0.46  0.26 0.06 -0.16 -0.60  0.58

Subj.B
Low 025 -0.74* -0.15 0.16 0.36 -0.41

High 0.13 -0.21 0.44 -0.84** 019 0.38

Subj.C
Low 074 -020 -0.19 052 061 056

Subi.C High -0.16 -0.26 -0.73*%  0.20 0.21 -0.34
ubj.
! Low 059 -0.04 -0.48 -0.64* -0.20 -0.62

High -0.75*% 0.02 0.58  0.60 051  0.26

Subj.D .
Low 0.18 0.77** -0.15 0.19 -0.16  0.08

High 054 0.22 -0.53 -0.54 -0.34 -0.03

Subj.D
Low -053 -0.74* -0.44 -044 026 054

*1p<0.05, **:p<0.01

Table 12 [HE & w & Z 5O O ARG

Left Center Right

left  right left  right left  right

SubiA High -0.49 -0.26 0.41 -0.21 0.10  0.10
ubj.
! Low 048 -0.03 032 -0.42 -0.33 -0.33

SubiB High 0.19 -0.02 0.14 -0.12 -0.34  0.10
ubj.
! Low -0.29 -0.51 0.11 -0.48 -0.21 034

High -0.31 -0.03 0.48  0.50 -0.53 -0.82%*

Subj.C _
Low -041 -0.01  0.74* -0.06  0.18 0.34

High -0.49 -0.26 0.41 -0.21 0.10 -0.61
Low 048 -0.03 032 -0.42 -0.33  -0.04

#1p<0.05, **:p<0.01

Subj.D

Subj.B, C, DTIZ 2 &9 D, &aM105ETHERM
BANGED Nz, [HREh AR B & 2T DREAE & D
TSubj.A, Subj.B, HEISubj.DIE 14 (ZhEH
Righ/right-high, Left/right-low, 3 & U8 Left/right-low),
Subj.C Tl 2 5 (Center/left-high 35 & UX Center/right-
low) O&FHS R THBEGHBABGRNED sz
IS OFEISAHBERRNGED 5 N R HITHBRE T
Ko THE>TW/z, E/=Table 1240, [FHirEw &
ZT7 M DOFRAEDOHITIE, A E 72 AHBE B R 13 Subj.C D
Center/left-low (r =0.74, p<0.05) & Right/right-high
(r =-0.82, p<0.01) @ 2 FHZEFRNTERD SNRN>
7z

V. & %

1. BYBIhER—ILOEEME

Fig. 5a~5c DEEEE DG & 55 &, 248544
BEMGETHR=IPENLD b T—)LORNANCHEZEL
THY, HEMEST=IVOHRRFDIZIHHL TS

#1p<0.05, **:p<0.01

RPN A SN, F/=, Table 3 THLNZKDIT,
B ERE DR A BT AN AR TELA B RO K
MREVWETTH o7 KBS (2014) FY v hH—D
A ATy TFy 7 TlImEDdT—) )V RZRbE
LB OFEBR AT, W ERREEORAEZE RN
EREARBNZPTTEHLT, 205 DEICKRER
ZIENZEZHASMILTBD, AWK EIZRRS
MREREL TS, ZORTHFETIE2m X3m D
PEPHZERE L 72022 > T S TW S DR L
AWFFETIEEBO I—)L &1ZIER CHRN (2.4m X
74m) TEMEREL, EBRORESTOERT Y —
ForEREL THFRZITOETVWS. by h—0D
T—)NE EF AN AR TEAFANEND 2, A
FEDHRETIE, W IIATS DREZ A TS 217D
HEINH O, ETFAHRICED 25 2 SI3EAFRIT
O DT DL EICKEETH 72D EHRIND. EE
Ao ez it gt E L Tns 7w, Zok
IIBFEREBSTZEBEZSNDN, AL TILERE
TJ)—F v I RBEEERBASZ LERIEEL TWDE
W, AR TIEZOR-RNZETHDEERS. Lz
o T, BWEBEILEAAMOERELD H ERAMOD
EfEME 2 B LU TS 217> TWRRTREEAU R S
5.
EAFRICHE D 50 2 B0 EMEICDNT,
Majelan et al. (2011) 130> 72N ELH D ES S
WZHHHETH, Fv U OIEMIEICEERETIA SN
BTz ERRTNS, RIFRICBNWTHELDER
TIEMEMEIC R ERZTIRD SNT RO ENE SN
THD, AMEOEBRICHEMUL ZHEDOEET Y —
Fy7ITBNTH, ERMENELAAMICHERS L
&> T, EREMEICKRERENNALND Z &R0
bOEEZLND.
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2. R=ILOROCELAELAAARORY 7T O
Table 4 DFAEOHI U M FE b & X 51010 347 D AH B B
REHDE, MO LUMAE P EEAHROAEDHIT
13, HRFE4FZHDIFZEAEDREITBNWTHERIED
HHEABI RO SNz, £, T o ORI
E< (r=0.99~0.72) BNIEOHBERERICH D Z &n
5, EAHRIOIEHEITROH U AR »ITKE KiF
LTWwaEEZENS.

EAKEHTH (2012) 1, MO U A ) o 13 BRE
ICE>THERD, ZTOMIIKENE TOERHCX> T
LU= ERRTWS, Table 5D & HEBRFZFDOROH L
AEVmERDE, RFRICTBONTHREML A5
Vo (TR FIC L TR > TW £/, KK
FI—NVOELAHAONE, BROENO LT, £h
HEDIBEDHZIALSE TS0, FEMETO
HEE 2 KRES LR DREITIEB > TWRWIZTHENND
57, EROAES T —)LOALEDELIZES TR
HUAE Y DEBREN TR T DFED
O U A ) [ IE E TOHRBENREE TH >
TH, IV OESCEMAMEN LR, EAAmTE
DABEIZH BDMNTE O THEDLVED I ENHSNIC
7557z, Fig. 8 D XY Vi kDR — )L O D i 2 H
5 &, FRUABEIZEN S TR ZIT> T THHRE
TERRRDHEER N TS Z ENDM 5.

TR U A B O g DI BRE PR ESRMIT L > TR
252 EIZDONWT, Fig. TTREIND L DI, HIHEE
ETROH U A JE ) DN A B2 AHBE B R 2358 &
N7 W5 (Subj.A, Subj.BB X USubj.C) &, AARIRE
FROVGESD HNTIRH > TR (Subj.D) I/ 57z,
Subj.A, Subj.BHB XU Subj.ClE, KEAYALE D T —ILAL
EOBIIE U CHIEREZZMSE, ROH LU AE
Ve OB ETNS, DED, FERRITIELC T
HHAREELSIETWDEHDEELZEND. —H,
Subj.Did, FEEARALE THIEE IR U TR L A
Von B LS /DO TIEARL, FERMICESTH
CRICHHR AR E W TR ZT> TWiebDEEZ
5N5.

3. ETAMOBY RIFICHEBERITT/INTA-F

Table 6 DA L AJE ¢ & Z KM OREZEOF BRI %
EHDHE, ROHLUAE G LZHMOREDMICITA
BHBEEGRNIRED SN LHNH 2. LirlEN
5ORFBRIFEAZENAEL, FIAE Subl.ATIE2D
DEMETHEBSHBEBERNZED SNZDITHL,

Subj.D T 125K MHDS B DI DDEBFITB VW THE

MBI RN 57z, £7z, Table 7TOMUH L
¢ LHIHEOMHBBEREAS &, SubjATIE9D
DERMITB W THE/SHHBBIRNED 5 Nz DTkt
U, Subj.D T 3 DOLMATHERAHBERHRNED 5
nre.

BEWBREOAZDO LTI 222 A5 & Subj.A
124 S ER, Subj.B, Subj.Cld 5 4 PR CH &/
O ENFZDOIZHL, Subj.DIE 1 {E:MTHEBRZEMN
BOBHN. DFED, Subj.A, Subj.B, Subj.CiditD
HUZR—=ILO%EEZELI T TR ZT>TNDD
XL, Subj.DId 3 # DHERE TN TR IV D% £
EAAIETITHHE 2T > Tl fEME2RIB SN
5.

Z T TR RAEIE & LT, Fig9 D Subj.AP
K USubj.D @ YZ M2 BV % R —)L O FRFE5E O i
ZHEITMETT S, Subj A EERROENZEILD & &,
KEBYHEE (225m/s) E/NI BT L AE ¢
(16.3deg.) T, #ZE£Z/NI L THHZITOTVWDED
LT, FEOENZEIES &&13, EEOENZIHR
D EEFITHART/NS ¥ E (18.1m/s) & K E 78R
UHLAE ¢ (20.9deg.) THEO T Z&T, %EEZK
ELTHHRZEITO TV, FEROEMNZHESEE, %
ZERELTDHZETRIZUYTTICNHEZITAD LD
BtOH L7z setEnid 5. —J5, Subj.DIi LB DFEN)
EHS &L, TEROENZHD EETHEDREEZE
AT 27> Tz, LB DR & H S RT3 9)iHE
[ 23.2m/s, MO U AR ¢ 20.6deg. THED L T
LR L, FEOERNZI S KT LB 250 S KT
T/ S I @EE (22.0m/s) E/NIRROH L A
¢ (17.7deg) THEIOHL THO, #EHZIMH-> THEK
IZEE 0 49T F13, Subj.A & Subj.D THAE > T &%
AHN5.

AIE R DEWIZDWT, Nasu et al. (2014) 134 —
Y LA EHE BT BT O EMEN BT 25T
T, EHEORTHIEMICAO—21TO 720D KL
JU—2AT251I T %hDREHELTNEMD
KOMER A E, VU —RTH5 1 TEREL
TNESLKTEHHBD 2 DI FonicslLThWD, K
MREDOHBRF I 2T —TRICHESZ L THD, Bkl
NIVITKEBATES, WA & DT AT
ZEMTES., LENST, Yy hh—0EFE T —
FuZIZBNTHY —Y EFEBRIZ, Subj AILEEIZYS T
RN E BT DA%, Subj.DIZEEICY TAHZ &
ERNTICHRZITD IR E &> TW RN &
0, BHLZEFZNTN TR G RNER D AIheE
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MRREND.

4. R—)VOEEGHSIEHEEICKITTHE

AFFE TR =)L OEERICBEI L T, EFAMOEE
EORICEBBMBENED 5 NDEMENNL DDA S
N, TNSOFRMEHEREICL > THERD, 20
BB YNEE RO LA & B & OMHBIBE/RIZ E
Z< DEHCTRO 5ND Z Eidiaho Tz

KRS (2008) 13, 14D TOBEREFZEIREL
T LIRS ERFE O R — )V [RlRfl A B I2 DWW T, KRRk
TEEZHMAENRESSHZERD I E2HNILTSH
0, Kz, ANL—NEZXTAY—LDOMT, AW
O [EHR I £ B o 1A S 9 B [al R il 4 1% 73 90 deg. 3T <
HizoTWiZ E2MEL TV, FhEERRICDN
T, &5 2005 A TvOr RNA—TF v 7D
WT, KR¥ETF Y NI—BFEHNRELEERTEY
78ps THDZ EEWHENTLI=—F, HilrLfmiH
(2008) 1%, Y v A—FR—ILOEOHINZR—ILD
M5 EHLEEICDWT, B0 L 7ZR—)L O EEREA
IrpsFRE TH 5 E R — VWA BRI HE TREA L T
EHHELTWD, ZhEOETHZENS, BOHT
Rl D ERE AP ER R 22 S 82 2 LIk
BEEEEZELSED LD, WRHEREL T
EZons.

UL, ABZEC B W TR I D W TEH
B EbRERMENED > THHEROE(LERIFERE
ARl EEZZ (LI TWinho 7z, [FREICD
WTH, 3DDEMFBTHEENREDSNIZHDD,
&5 D i P iz K TSubj.DD25rps TH O, H— T
F v I REEHEDO Y 12— FOXD ICHEEEE RKRESE
LB THHZIT> TWBEBRETZR S NN -

[ 4 o (2B L T, TR &R (2012) 1 [EER
il 1 5 o IS BIEPERR D o A & A RS MHBABIFRICH 0,
[l e VBRI B R G A 5 T E RS MT
LTWa., 7, BiR#EAELICEL TH, HHS
(2009) 1ZBFERIC BT DA T 1 ¥ —DWIZE T, A
FRITBT BRI B VDTN T D2 LTk
D ZESREEIIRE<EL, WEEAZE b U THIEE R
b ERITTIEEREL TS, LaL, A
ZECII B AR & Rl [mliRE ORICE B
BRI 0 A SN o /2 JHAKEHETH (2012)
DHFZE CIIERRIALE 2R E O IEI — T DA TH
0, EAHBOBE D MTIEIEET DHENRNS =D
L, WHES (2009 O TIIHEE, BLUOERHNH
MN—ETHOZ ENSAIEE BRI HMERERo

EEZILNS.

L7eiioC, ARORERMETRA—IIZEAS
MR 22 LS B2 T EZRRTREZ 1 DELTVDH
BEIIASNT, FMWHOERMEICKRE<EETD
HOTIEHBEWEEZEZASND.

V. &&8

AL, Ty H—DEETY —F v 7ITBNT,
HO DAL ESLF v VR > haB{bI®d &
T, BRARO—ZITMO T 5 EHSMNTT ST
LEHMEL TITbN. AR THE S N2 FERIEL
TOED ThH5.

1) BEEEIZONWT, EDF v 7RA 2 MIBWT
BEAHMTBNT, BEERENEAAME LD
=)L OHLFDIZHHL TWDH I ENEL, |k
TAHMIZHRTCRFEEEDITS DENKEMNS
2. I=IVE EFAHMICEL, RIHICENRDS
ENSEAHFAAOI hO—)LE D ERAHO
a2 ho—)LEEHLZIREENS Z 5N 5.

2) EAHMOB O 3FITONT, #E, FvorR
12k, ASENOMBEICED ST, EfALRO
RO LU AENEER/NT A—FIZho T,
REGMTIN U TR E S A RO U A
EEEE L T b E, WHAREZSMIE TR
HIsAEEE LS EHHBME L, R AREEL
IEFTICLELAFLMOROH L AEZIZITEITL
T ZFT> TS EBRE )T 5N,
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