5 11 Bt 5RE ERERFEAIRAS

HAZELREERINA T AN ARRINRES

ki S )

— AV IS * ot r

p—



HEFEDOHATICH - T

() HARRE Bwitias Bl
S A K

2007 4F 9 HIZE 11 EIHE A FiHoR FHERSNEFEK TWELE L, ENT
DOBEIE, 191 FFDOHFIT AR LK 16 £.50 THY | A D b v TEFED B
TR Fix, BEEBRE - 7o b T e DAXITKREREEE H X
LTDONNT =< AT SNE LT,

H AR EBiEs B Tk, 1991 S EFOT RS E IS 4 A =27 At
imEI L. T BB o) I FIREBNCEE L, Uk, B%EESTIEA
ADO My 7EEELHZMT, BENEEBESICBWWTO NS T AT =T 22X D
AT HEE L CEx E L,

BEOHHWWDHAR—YERKICBNT, AR—YOHEMITAEA AL ST
WET, FRIEEREIE, ROVBEREE CTHL EEXET, BEBREO T +—
TR TEyE - TR & TRy oFifne TREEk] Y OB ThH Z
EnD, BRT e —FRNEEL R TNET,

A, BEEXRDLREENZREINTEE L, AEREREO T TIZEL =
AITIE, ElFilzebE EBEEOBRAH 50 LILVEFRAN, a—F U 7HGO
AR ERE LTIEHL TWEELS ZE2BBVHA L EFET,

AREORFHIZ, XA A A D=7 AP LA RRENINTOET, AETH

ENTZAFIE, RNy 77 T RABFOHEIFIHTE T TiER, L—ARZ Y
INT L EBEE THAIAALTEHREN SN TWET, RENERZHEETITRL,
a—F 2 T O E MBI AT RER L PBBEERTWS EE 2 ET, &I
Eh, L Oa—FBIUBEEDO T » NARELBmAWTIE &, [HHE M E)
ICIBITEWETE T A2 L2 L TR £9,

RIBICERITICHTZY . TRV WEREAL OB, KIRKESEE TOR

OO - JEVWETLEWERFZEEOA U AN=RT VA2 v NEROS
ﬁ_gﬁ$biiiﬁo



5

6.

10.

11.

12.

13.

14.

1L AR R T E RS
AARE FEiEndE N A A =7 AHFZRHE RS
R —PE FEstiZEo/ S 7  —< v 2 & Hifli

H &
HEFOHITICHTZ- T
CAZCDIT - A A AT =7 ZHEO Ui &
................................. 1
100m O L — A 5347
................................. 5
- 100m R5E HFE 54 D PP DRPFITI T 2 L— A Z =57
................................. 18
BRIEHEEERTOA S — b2 v 2 @E
................................. 24

. 2007 S EE BB EGER THERBRRSICEB T 5 5 110m ~— FLER X+ 100m /~—

NIV AE L— R DR 53 4T

. 2007 RS R BB HORFHERIRRSICB T 5 B+ 110m /~— RLER X O+ 100m /~—

RvaE L— 2 OEMESHT
................................. 86
B2z 400m /~— R/LAEIZBIT 5tdkils KOV — ARH — 58T
................................. 96
R —m B R EE O L — 282 — 1 L EEME
................................ 105
R — e R ES O L — 22— L EEME
................................ 122
R — 2 2B 2 R —E T O EED R
................................ 135
FENEBED A R T =7 AW 50T
................................ 154



15. 2 11 [EHHESREE e mpk AL ABE OBKEREIED S A A A J1 = 205347
................................ 171
16. R —H 00 TORT = Hifr
................................ 176
17. M@ERFTOXR~T 1 7 A0
................................ 189
18. 5 11 [|HFE E KRR DE - oy ~—8 ENMABZHOSA F A B =27 AWK
................................ 201
19. B4z 20km BiHRIC BT AR A « AT - &7 NHEE
................................ 212
[EIRRBE L sidoi %84T  New Studies in Athletics ™D i i L
20. Analysis of speed patterns in 100-m sprints
................................ 218
21. Mid-phase sprinting movements of Tyson Gay and Asafa Powell in the 100—m race

22.

23.

24.

25.

26.

217.

during the 2007 IAAF World Championships in Athletics

Biomechanical analysis of the world’ s top distance runners of the 10,000 m
final in the Osaka 2007 11th IAAF World Championships in Athletics

Biomechanical analysis of the men’ s and women’ s long jump at the 11th TAAF
World Championships in Athletics, OSAKA 2007: A brief report

Run-up Velocity in the Men’ s and Women s Triple Jump at the 2007 World
Championships in Athletics

Challenge in the men’s high jump: A brief report on biomechanical analysis of
the techniques for top three men high jumpers in the IAAF World Championships in
Athletics, Osaka 2007

A biomechanical analysis of the men’s shot put finalists in the Osaka Athletics
World Championship 2007 —-An overview of finalists and comparisons of top three
putters

Biomechanical analysis of elite javelin throwing technique at the 2007 IAAF
World Championships in Athletics



25 11 [EHERRE ERSICE T 5 B AR
A F ATy =7 AFTEHED A & 5t
Japan Biomechanics Research Project in IAAF World
Championships in Athletics, Osaka 2007
HARMEEREEZERZAR FILEE

Michiyoshi Ae"
1) University of Tsukuba

1. [FL®HIC

5511 (Bl e BB EGR THERS, KK 2007 (DL
T, #5011 [mHREE ) oo 3 ARk B
WA A A =7 ARG O i1 X, B P EES
ZHULIZHTEE (2006 4F) 5 A bihE -7, 20O
£ 9 B ERIEEN LB 1 m B K D721
HRHTHD &V H HARRSRHOEE, [EFEbEEs X
OREHMBER SO T8 I RELBIT S
AU, V(BB IR T REFRER H - 7273, K
RZBT HIEEIRIEICK T T H N T
7o, biubiuix, 1991 0% 3 [afk Rk Lok
WT b [AIBROWFSEEE A AR L, 2 K7k R 2 I D
HTENTERER, FRVIRETH-T- 16 i
LT D L, N F A T =7 AFEOIFEN %
L HR, B2 IR PR EICET AT 7 s v—
OES, BEOIEENC X DM RAOEHR, = LT
B OE 2 DR TRERESEN R L.
ARE T, MFRHED HEfFCR ST HIEE) O
BEEHEMNTHZ LT 5.

2. #{#

2.1 [FEEEMEEERS L OKSHBEE S S OFF
aJ

2006 4F 5 ADOEWIFHTIEX, AL/ 3—%8 3
FIRED 744 (GF3RKREITEIANAA A I=0 A
PENEEELH A T BEOMBh & A= 72) 7> b Kig
WCHIKR L, B ZERZBE DS54 L L.
LvL, EBICITPEE 30 4, S0 R —
FEE 10 4 TiThbhiz. 2T 5PE83 D48
Whaw, MEHBEF CIIREZRFE, tnH Ly
LR H O, AT ED A5 ENTAZ
FNSEELE Y] 2EZDZ LT
ZORHRE 2L O, B EE B AR
R L, BESORB LG THERTE T & Ro 721k,
[ B 3B oD B AR 0 B2 B AR 7 & F G = & 3t
HEARH L TH D o722, ERERRE O BGREE
Tlidbhvbho7a vy MIEEIZR > T
e W TElE, GHREE (RIRKERY) &
WUTHEEZEThoT. EREEREN TR LT
E, REMHBZESLENT T, Yev=2 o

FEHUIARFEETH S, I H ARRSHZ 8 U T
FIR2 L7228 2006 4F 11 H CTHIRFII 2o 72. =
DO, FEMITEEZ 228, MhEERHY, £3IZ

[BENEAZ Y ROLEEL XL S5 OLETH-
7. LML, BR—bhE L, HARRSH CHARR
SINTVLEWVWIELELHD, W DD/L— b
Zi UC, BHRFICSCER email Z5-572. 2006
F12 HiZeh, RSMBEEESOBEEA (HAR
) 2L T, XA A A= AT ay=7 b
ICOWTIERZEN LV D Fax AEFRESE)N S
Hol-EWVNOIHBERH T,

D%, BMEAEN L CEEREEDOH Y L2
DELY L, 2007 45 5 HICidigset L dkic, [
BRieEH Y L EES s TAT 2 =7 RO
BHOAENOHEOH DL Y= DR
CaRFAL, EEREDES OREE W=V
O HLEDLEOEKIIE, KEHFERRO D
A THE, N8, ¥HE»OHE £ TOIE OITH)
FHEZ 42T 5 L 2 RS, 2D % email (2
AT U CEBREREE Y FICE Y , AR TFHECK
HLZBRIZEEITbEbEZ{To72. o &b
bid 7w Y= 7 b OFhEH EEEREE RS LUK
SHMEESNLRDLENHF A ENT-OTHD.

2.2 FEREZ N 72

6 AMDITTFEERY, AL /N—D NEIZA-
7~ (BE 1). Zo&xI12i%, Bkt 2k
A (ESEAR—Y RS2 —), EREAE (=
B\RT), BARSAE (RHBERT), FrlLd B
EERFE X —)BHLERoTR Ty b7
4 =L ROKHE, SSIZFEH Z & D NBRENT
Tz T, BIEKEERE L AR 7D,
HEENED L2, T— 252 BHT 2%
BERLZZ&, BT DTV ANDIA v I T —
ZYVY—=2ZLTUFLWEDERNH -T2 &
REIZEY, BESAOY R — N EE 2L
ZETHDL. L, AV Y= FOFETIT
10 4DV KR— MEEZBEWTHZ LIXTE 2
Moo DT, G ZRFITHEE LI SGHEFE
AREF R A& AT ] STV,



INAAANZHRTAS Y M A2IN—
(FAsR&(CIRS

FE 1

. D v
BH2 N AN RPOEESE

ZOEBET 1 SORBENEDL Eno7-. D1
OlE, REHMEE ST FRNTTE L BREV L
TV, BEE O, B Ol & RE, 7 —
HOMT DT DPEZ BNFERTE RN E WD =
LTholz. LinL, ASADOIRIE, Bk
B2 ToORmEOHBEEZEN L Cnd =X
A=Y DITHEIZLY, 100m A X — MiS% A
TAX Y RTOHRAEDYy (BH 2), EEEIC
U EEFEHALTH X0 EDOFRIRELN,
fif nipoiz. LvL, ZZIIRENE -2 72
WOTHDH. 2T, EEOBEEFN TE T,
BVWKKOEZFVYDL Z LN TE RV ERE
NRELRDENY THo - GEWIERICITEE
LW ED, B3 RIKRESTIIAY v ROE LB,
TIRATE R 8 &S o TR, BREBRE O A
THFVEHL W29 THD).

T2, 5 AZAIIRIC GERIBEML) 6]
B IIZ2SNTWESLA~ND I A v 75—
U Y —=Z2~DOFIH bR T REFETH -2
EW, T ERL, 74— KRy L
WEDEENRH 72D T, TNED LT L ADT=
OIEET IV EN D 2 ER¥bhotz. &5
2, MFKICBBEWLT, 7L RICT—X &1k
TAHENHIEHT, L ARELE—D—ICT —
BT DAR—=ZAEFRIT TCWETEITAZ &I
ST BEIINEHBAY R LW L A H—
AND X DTl oT=Z L1, bbb IEFITK
XAV FELTELT eIl £D 1

- -
) N —

DL, WHEDO B HIEHEAR—APERTE
THRET 52 TERZ L, L AN ORE
DMEH T TREAENENIZZE (EiTbh
PRUOBRESHLIIRICLHAESIN TV -
~DOTHHD, AAREREDOHRIADTRITLY
TV AR —RBETHZDBEEZBITLTH
Holz) THAD.

LT, R&o2 Hall (8 H 23 H) ([T %
WAL, ATEIZIEA A FArE 2R L, FHAHO
~— 2 &, FHO T 2 THRE L BEVWA LT
HEfSE T & 7p otz RBRFER O 5% &1L, FHERE
HERBELT, FEEITHZ > TE STV
7272 KBRERS GP, HARRTHEZ: & COILENZ
BUTIWVEGRBEI N TN &, AT ey
=7 RO DOFROERD 1 DThHhdHESEZ
5.

3. =i

K118 H2 HOW A TRENMNEZ R LIZY
DTH 5. S DITHFBRRHIED I A FLER 812D
W, EREERE O BAASE LT LA E L
TWRE L (ETKEy). 4 3 BIka T,
[ENLBEEIR DO BIE N D 22T, RGER FEIR %
L7ZL, 1émm 7 AV AT AT EZZH LN, 4
[EEA % RICERNZ L 0 (FEREDT &6
FHHAZ G LG 25208 5 V), VIR O
b E LD, ZOETOER IR
F 7=, SEIREE 0 A R R SOk 0 B B E D /AT I
WX, b R U 7 E A E
(LAVEG) Z#fEH L7=Z &, 400m 78 & DR
NI IE A= "= TR A U772 CiHr
LWZ EThot-.

WP OIEENE, W< O DORIERH - 728 D
D, v —N—fER, DATERE, F¥x V7T L—
ay (BE 3), Rk, HXy IV T7L—ray,

- >

) —

ZLCHESRCYR—-NEBICK DIV A v I T —
BHT, TV ASOERHEE L W S L—F L TlIE
TNCHEATZ LS 2 DTHAD. 7272L, LA~
DT — Z I3 LR 0, 7 — % &1
HEL7Z2Z AR 2 A2 BE VWD 2 ER%
Mo,

11mm®3miﬁﬁﬁﬁ®tww#&uﬁb—

YavEas

=



PV-LAVEG "
IDV

LI-LAVEG
B

GOLD SEAT

[or HSV

RV

20074E8 H28 B ()
¥ EEH
BF MHEE
¥ EEH
BEF 3000mSC
ZF 800m
BF 400mH
(ZF 100mH)
ZF 400mH)

] Sz F EIEEE REY

> NF400mEE RiR N
JooomEz BT400mRE 26
L
oo

el it

7 £ BEEDRSE REWAE 0 mens
EZEEYPTE & =R
HA5, EiR. LAVEGEEER B LAvEG
1. hASXOLAVEG G EDFEME (H)
T.Gay (final 9.85)
Velocity,Stride Length & Frequency Curve

\-Felcsily(mfs) . N
Stride Lengthi{m) -
Stride Frequency(1/s) =t
RawStridesLength (m) s
RawStride Frequency(1 /) | _|

LD AR O D WD OO = 0D

Velocity( m/s)=Sitride Length{ m)-Stride Frequency( 1/s)

Stride Length & Frequency Curve
T

Distance( m}

! T 1 T T ! e
+ ; 5
g 3 : )
E ¥ s ] I
= £ 5 3 g
2 i § ] @
& : - ] -3 gz
: ]| ¢
& SRR T R e e L S e s e T g
: : 2 o
i | =———Stride Length | |
i B & I i | |
a0 80 60 0 80 an 1Iﬁ
Distance (m}

M2 {onf=T—20—H (5F100mBEHEDTAEF (FA)AH) ORAE—FE#R (LAVEGIZLB) LUV

ARSA REEYFDOEL

X2 BIO3FELEZT—Z DT, X 2
BT 10mEBEOTS A RF (T AU ) OA
v'— Fih# (LAVEG 12k %) BLOARIA R
EEYTFOEITHY, M3 X7 VAR LT
T BEBEOERED A o R U®E (1Y
T)DBKER T +— L DAT 4 v I T F ¥ —Th
5. DTV ASNOT —Z T AL I ART
T, B Loz idbonk o ThD. T
— AR AT T AL, MBI TIZH D0,

N X— F—A T T, TAUH, FA V7
EMBRIWEDLERH Y, VIR O —ZFE
THWVWVOTIELWEWVWIHLELH-72 L9
Thd. £, BrEY BRKOERED F—~< A
BTEOa—FnNbhvbnoT —4% (BELOKEIE
Z 2m50 &HEE) & Rk nlBEME 2 RS LT,
A XY 2ADkE EFEEMFEIZIE 100m O ¥ A L53
ol EF— 2 b LI LM L — 22
THHENRDH 2R EDFEIMeb > TE TN 5.



Pole vaulting technique of Yelena ISINBAEVA (RUS) at the 2" attempt of 4.80
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The analysis of 100m races
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BOHAT Y X =% 100m 1E, BTk
T. Gay (USA) 73 Y4MefRGLEE (9.74 B) fRFF
FHD A.Powell (GAM) Z X 2T 9.85F (HEH
-0.5m/s) CTHERSL7=. %1 CliX Campbell (JAM)
23 2 7 Williams % [R] 2 A L7223 5 11.00 #> (JRE
-0.2m/s) THEE 2] L 72, 100m L — & Tli% MK,
BRAE— R, A — FORMEIZHIT TE XD
ZENTED. MHRRFHEKRST, I—NLFA L
DEL T EHDDOTIIR LS ENEND FE % F
FHNC L TR Z &1L, A% DATY » T
Dk b—= 2 THIK 2 RRETT D 70 O SRR B
e (LS, 1995), Zhbadd &IiZfEx D
FEEZRET A Z L0, BIEEORETHZ &N
TEXHThHA9H.

100m L—RIZBITH AL — ROHIE, 54
Mg & V5 05 (BT 4k) S L—%—J7D
FHAIERE WD HE (L—WE) ERd 5 (It
6, 2008). AKESTIEL—Y—iEIcky, 7
ENOLEBETOTRTDOL—ATAX— F»
HI—LETDALE— REoH Lz, AT,
B4 ?D100m L — A D A E— RE(LE 90 LT bt
B FNENDOT 7 R L ICEF LR %
WET 5.
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ZOMEL, ATV X —0FHIZL—FE— L4
I L, T ORBHINIF - TL % E TORRD
5 10msec I HEBEAFHAI L, FHANEREZ = E
2 — XD, BERYIT — % & L CTHRAFD A RE
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X 70m T2em AR TH Y, L—V ORI IIE
ERE TRV LEELEEINTVWDHZ T A1 THD.
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LOES 22m fTFICERE Lz, Bl biloTi
MORBETOTITOL— AT 54 %%
Gr Lz, GaRFOMHICIZ 1 RTFETIET «
V—7"17Z MIEHINTVD 2007 DA
ek NRX—=YVFNRZANESEIZLE. B,
e P, MERBR O EBTIE, ZoKRETO
FLEkIS L QBN &2 2 F 23X G D 5 4 &
L7z,

TEIOIRBETCTRTOLV—ATHE LR
2, Im ZEDT v T XA LREBTE =D,
BF-TI1L9.85 75 1046 £ TD 63 5, &+
TIX 1099 B 11.98 FETD 71 Bl TH - 7=,
FHAIC X 7eino =D, k5 & Lic TR L
Rino T GE, WP CEELIZSGS, L—RA% K
FELELGADO I )ICETMOIRIN L, FHAIRE®E
FhEIA—LETBRTERLTZHAD LY 72
HEEFERMCEN S - 12358 Th o 7. e E
AL RO FBICKE L2720, FEEARRE
TANT 4T LN HETOWEEZBIE L.
FDFDIZAZ— 5 40m I TOFHHEIS A
ET— LFFITORAIS ANE N2 LEZD
nb.

2.2 T—ROEN

L— IR K D R R-EREERI MR D, A — R
BleaRHD ELZL OEEWE A ANEENT
B, 20 A4 XV TH5TRMTOILTH
% (&, 1999). FEWRTEREEIC L > THRRAE
— FREEIND. L—PIEIC X 2 HHEERE T,
WHR 7 4N H—F T DI ETHEERGED
(Harrison et al., 2005) Z &3, I—ILHF A L
e T—)VHSIEE X A 2 LT, 10.00m ZE D
il A LEFH L (ES, 2007, 2008).
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FIZ MV —0dem & L OEMFIIT—ET
HHELTHEEHNODT—XE2HL LTIy
TERA LNERDTE.LLED K D T — AT,
Matlab (The MathWorks ) T/ mr s/ Z I 7L
7-7a s LERWE. A X — NEORSERNE,

3. BREER
3.1 d=IABA L, SvTEA4L

BRKAE— K, ZOXMH, Av— FlEEgE, 7
v TIHEA N, KEPEHAE— R, g KA E— RIZ
KT LR EE LR L —ABIOHARAN
BFEOLDOETNFNIS, F1 (), £2 (A
RKiEF) ([T LTz

R L L TARIIREINTEZLOTHD.

BF100miRp%H

PEZBNTCT = DIETE 7201, BT
X1, 2, 3, 5, 60, XTI, L, 2, 4, 5, 6
NTHoTm. BATANIZ A S TEFITERPBED

= 1. 100mREED 10m TEDRBBEA L, TVvTAAL, ERRE—F

goal

distance reaction

RANK name time(s) speed (m) ) 10m 20m 30m 40m 50m 60m 70m 80m 90m 100m
(m/s)
1 T.GAY 985 1183 65 0.143 laptime 191 294 386 473 559 644 728 813 898 985
USA splittime 191 103 092 087 086 085 084 085 085 087
averages 525 971 1082 1142 1171 1180 1184 1179 1168 1156
2 D.ATKINS 991 11.74 55 0.137 laptime 189 293 386 475 562 647 732 818 904 991
BAH splittime 189 104 093 089 087 085 085 086 086 087
averages 528 965 1070 1124 1158 1173 1172 1169 1159 1151
3  A.POWELL 996 11.79 55 0.145 laptime 189 291 384 472 557 642 729 816 904 996
JAM splittime 189 102 093 088 085 085 087 087 088 092
averages 530 972 1083 1139 1167 1177 1154 1150 11.36 1085
5 martina-05 1008 11.67 65 0.180 laptime 198 303 397 488 575 661 747 833 920 10.08
AHO splittime 198 105 094 091 087 086 086 086 087 088
averages 505 954 1060 1109 1146 1158 1163 1161 1157 11.33
6 M.DEVONISH 10.14 1148 65 0.149 laptime 196 300 395 485 573 661 748 836 923 10.14
GBR splittime 196 104 095 090 088 088 087 088 087 091
averages 511 960 1053 1110 1134 1140 1147 1139 1145 1101
ZLF100m iR B
I ™M gistance reaction
RANK name tii]o:(s) ?peed ' (m) (S) 10m  20m 30m 40m 50m 60m 70m 80m 90m 100m
m/s)
1 V.CAMPBELL 1101 10.56 55 0.167 laptime 201 3.14 415 511 607 702 797 896 997 11.01
JAM splittime 201 113 101 096 096 095 095 099 101 104
averages 497 884 996 1036 1046 1056 1045 1012 994 958
2 L.WILLAMS 11.01 1040 45 0.145 laptime 201 313 413 510 606 703 800 898 999 11.01
USA splittime 201 112 100 097 096 097 097 098 101 102
averages 497 897 995 1032 1040 1037 1035 1014 995 976
4 T.EDWARDS 1105 1045 45 0.141 laptime 200 3.12 415 512 608 704 801 900 10021105
USA splittime 200 112 103 097 096 096 097 099 102 103
averages 501 887 978 1025 1045 1042 1034 1006 984 968
5 K.GEVAERT 1105 1032 55 0.143 laptime 198 3.10 411 510 608 704 802 901 1001 11.05
BEL splittime 198 112 101 099 098 096 098 099 100 104
averages 506 892 986 1008 1030 1032 1028 1012 997 961
6 C.ARRON 11.08 1041 45 0.164 laptime 203 315 416 513 609 706 803 902 1004 11.08
FRA splittime 203 112 101 097 096 097 097 099 102 104
averages 493 895 984 1030 1041 1041 1029 1004 986 959
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FvTa4 L, REHRAE—F

RANK name tii":('s) ?Eej{? dis:f:)” r“(cst)i"” 10m 20m  30m  40m  50m  60m  70m  80m  90m  100m
R1 HEEHA +1.0 10.14 1155 55 0.143 lap time 9.19 10.14
.................................................................................. ot oo
averages11031051
QF BREA +0.8 1016 11.41 65 0.137 lap time 9.23 10.16
B e he
e 65 T84 1150 a0 128 167 1055
R1 BREX -0.1 1020 11.20 65 0.145 lap time 9.27 10.20
s e
D Y T
QF ZFHEEH -03 1031 11.15 55 0.180 lap time 9.36 10.31
B o e
e o s e Tes Tnee Toa inks
SF EREA +0.3 10.36  11.19 55 0.149 lap time 9.38 10.36
B P
averages 10.74 10.24
R1 Hi8 ®ARF -07 11.98 948 45 0.167 lap time 211 334 445 553 658 764 870 9.76 10.8511.98
JPN sittme 211 123 111 108 105 106 106 106 109 1.3
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Comparison of the race pattern from 1st round to final
about men's 100m race at 2007 IAAF World
Championship in Athletics in Osaka
RINGERERY MEE® MaZEm 15w LEER

1) HERCEEBLER 2) EN AR — VB v & — 3) NER MK A R
4) RV RERE S 5) ST

Ryotaro HIROKAWA", Akifumi MATSUO?, Toshio YANAGIYA?
Hiroyasu TSUCHIE", Masaaki SUGITA®

1) Tokai University, 2) Japan Institute of Sports Sciences, 3) Juntendo University
4) Josai University, 5) Mie University

In this study, we compared all the race patterns of velocity about five finalists of men's 100m race at 2007

TAAF World Championship in Athletics in Osaka.
The results were as follows:
1) All the race patterns had only one peak.

2) When we analyzed the data about Tyson Gay and Derrik Atkins, there were few variations in Standard
Deviation. It shows that the race patterns were invariable at all times.
3) About Asafa Powell, we recognized some variations in SD and the race patterns were variable.

1. [FL®HIC

HHFGER TFAHECA VB 770 E O R RS BRI
BIF5 100m ETIE, RFETICHEIT41L—R
\ZHG I, B ERDD. TIENOIBICEDLET,
MBS EN TRY, 2T 707V RED
KRZ2 I — KDL — AL T BT THD. IR
HH, BLUIRBE TR RO /T p— v A% FE il
THHEED, ATV NIBIT DR —= 0 TG
DO, PR ST T O TR ORI
B —RARE =2 BT HZEIREF T
HY, 2L DORBERLNDE DS,

4 PEEE £ 12895 Biomechanics BIRFZEDHIZ,
L — A DR R E ARG Z T2 b DB 5.
FLTEOH AT =T BIZFED B TWD (]
LD, 1994).
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VIR ENT 100Hz TH Y, EHBALERY 1Hz
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3. BRLER

F1IB e LEL—20OLFERT, FHlsh
TR, 7 v 72 A L, el EICd 5k
RKOEREELERLTWS., £7-M2~X 8 IT®EF
HOREHRTH L. -4 L —AITBWTITE
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RSN -RERE, SyT84ML4

W E DM EI DT, KR S 2 A ER,
N5 EEZT-. 2T, el E % 100% & LT
XM OEREELRLZ. ZnE2X 9~ 15
28T 7.

BEEREICRT HHHE

. race reaction gaol max %distance
name heat (wind) . R X 10 20 30 40 50 60 70 80 90 100
rank time time(s) speed(m/s) inspeed

Tyson Gay Final 1 0.143 9.85 11.83 2.2|elapsed time(s) 1.90 2.94 3.86 4.73 5.59 6.44 7.28 8.13 8.99 9.85
USA (-0.5) speed(m/s) 5.25 9.70 10.83 11.42 11.72 11.79 11.83 11.80 11.57 11.57
%max speed 44.4 82.0 91.5 96.5 99.1 99.7 100.0 99.7 97.8 97.8

Semi Final 1 0.170 10.00 11.73 3.3|elapsed time(s) 1.95 3.00 3.93 4.82 5.69 6.54 7.39 8.25 9.12 10.00

+0.1) speed(m/s) 5.12 9.59 10.70 11.27 11.53 11.69 11.73 11.65 11.54 11.34

%max speed 43.6 81.8 91.2 96.1 98.3 99.7 100.0 99.3 98.4 96.7

R2 1 0.203 10.06 11.68 7.4]elapsed time(s) 1.97 3.02 3.95 4.83 5.69 6.55 7.41 8.27 9.14 10.06

(-0.5) speed(m/s) 5.06 9.60 10.75 11.31 11.58 11.65 11.68 11.65 11.50 10.82

%max speed 43.3 82.2 92.0 96.8 99.1 99.7 100.0 99.7 98.5 92.6

Derrik Atkins Final 2 0.137 9.91 11.74 1.8]elapsed time(s) 1.89 2.93 3.87 4.75 5.62 6.47 7.32 8.18 9.04 9.91
BAH (-0.5) speed(m/s) 5.28 9.65 10.69 11.26 11.57 11.74 11.71 11.70 11.58 11.53
%max speed 45.0 82.2 91.1 95.9 98.6 100.0 99.7 99.7 98.6 98.2

Semi Final 1 0.166 10.04 11.71 3.8el d time(s) 1.92 2.97 3.90 4.79 5.66 6.52 7.37 8.24 9.11 10.04

(+0.3) speed(m/s) 5.21 9.54 10.67 11.27 11.47 11.67 1.7 11.59 11.43 11.27

%max speed 445 81.5 91.1 96.2 98.0 99.7 100.0 99.0 97.6 96.2

R2 2 0.150  10.02 11.66 7.6|elapsed time(s) 1.89 293 3.88 4.76 5.63 6.49 7.35 8.21 9.09  10.02

(+0.8) speed(m/s) 5.29 9.59 10.61 11.26 11.56 11.60 11.66 11.55 11.39 10.77

%max speed 45.4 82.2 91.0 96.6 99.1 99.5 100.0 99.1 97.7 92.4

R1 3 0.158 10.25 11.34 3.6|elapsed time(s) 1.92 3.00 3.96 4.88 5.77 6.65 7.54 8.43 9.33 10.25

(+1.0) speed(m/s) 5.20 9.27 10.37 10.98 11.21 11.34 11.26 11.18 11.06 10.93

%max speed 45.9 81.7 91.4 96.8 98.9 100.0 99.3 98.6 97.5 96.4

Asafa Powell Final 3 0.145 9.96 11.79 8.1|elapsed time(s) 1.88 2.91 3.83 4.71 5.57 6.42 7.29 8.16 9.04 9.96
JAM (-0.5) speed(m/s) 5.31 9.73 10.83 11.38 11.67 11.79 11.51 11.51 11.34 10.84
%max speed 45.0 82.5 91.9 96.5 99.0 100.0 97.6 97.6 96.2 91.9

Semi Final 2 0.156 10.08 11.61 8.8|elapsed time(s) 1.89 2.93 3.84 4.71 5.57 6.44 7.32 8.22 9.14 10.08

(+0.3) speed(m/s) 5.28 9.73 10.92 11.40 11.61 11.61 11.37 11.11 10.87 10.59

%max speed 45.5 83.8 94.1 98.2 100.0 100.0 97.9 95.7 93.6 91.2

R2 1 0.150 10.01 11.69 11.1]elapsed time(s) 1.85 2.88 3.80 4.67 5.53 6.39 7.24 8.13 9.05 10.01

(+0.8) speed(m/s) 5.41 9.66 10.89 11.50 11.62 11.69 11.66 11.24 10.96 10.39

%max speed 46.3 82.6 93.2 98.4 99.4 100.0 99.7 96.2 93.8 88.9

R1 2 0.165 10.34 11.08 7.9]elapsed time(s) 1.88 2.91 3.86 4.77 5.68 6.58 7.49 8.42 9.36 10.34

(+1.0) speed(m/s) 5.31 9.73 10.54 10.93 11.08 11.04 10.96 10.85 10.59 10.21

%max speed 47.9 87.8 95.1 98.6 100.0 99.6 98.9 97.9 95.6 92.1

Churandy Martina  Final 5 0.180 10.08 11.67 2.6|elapsed time(s) 1.98 3.03 3.98 4.88 5.75 6.62 7.47 8.34 9.20 10.08
AHO (-0.5) speed(m/s) 4.83 9.70 10.69 11.26 11.57 11.74 1.7 1.7 11.56 11.37
%max speed 41.1 82.6 91.1 95.9 98.6 100.0 99.7 99.7 98.5 96.8

Semi Final 3 0.182 10.15 2.9|elapsed time(s) 1.97 3.04 3.99 4.9 5.78 6.65 7.51 8.38 9.26 10.15

+0.1) speed(m/s) 5.08 9.32 10.50 11.04 11.39 11.49 11.57 11.49 11.39 11.24

‘'max speed 439  80.6 90.8 95.4 98.4 99.3  100.0 99.3 98.4 97.1

R2 1 0.141 10.1 5.3|elapsed time(s) 1.96 2.99 3.94 4.84 5.72 6.58 7.45 8.31 9.19 10.10

(-0.6) speed(m/s) 5.11 9.63 10.55 11.13 11.36 11.57 11.57 11.56 11.42 10.96

%max speed 44.2 83.2 91.2 96.2 98.2 100.0 100.0 99.9 98.7 94.7

Marlon Devonish  Final 6 0.149 10.14 11.48 3.9]elapsed time(s) 1.96 3.00 3.95 4.85 5.73 6.61 7.48 8.36 9.23 10.14
GBR (-0.5) speed(m/s) 5.05 9.91 10.46 11.22 11.27 11.42 11.48 11.37 11.42 11.03
%max speed 44.0 86.3 91.1 97.7 98.2 99.5 100.0 99.0 99.5 96.1

Semi Final 2 0.154 10.12 4.7|elapsed time(s) 1.93 2.99 3.93 4.83 5.71 6.58 7.45 8.33 9.22 10.12

+0.1) speed(m/s) 5.18 9.45 10.65 11.08 11.35 11.51 11.45 11.42 11.37 10.97

%max speed 45.0 82.1 92.5 96.3 98.6 100.0 99.5 99.2 98.8 95.3

R2 2 0.154 10.13 4.6|elapsed time(s) 1.95 2.99 3.93 4.83 5.7 6.59 7.46 8.33 9.22 10.13

(-0.5) speed(m/s) 5.13 9.63 10.63 11.10 11.34 11.43 11.47 11.42 11.33 10.94

%max speed 44.7 84.0 92.7 96.8 98.9 99.7 100.0 99.6 98.8 95.4

R1 1 0.136 10.13 5.7|elapsed time(s) 1.92 2.97 3.91 4.8 5.68 6.56 7.43 8.31 9.2 10.13

(-1.5) speed(m/s) 5.22 9.51 10.65 11.17 11.37 11.43 11.46 11.33 11.22 10.81

%max speed 45.5 83.0 92.9 97.5 99.2 99.7 100.0 98.9 97.9 94.3

HREA Semi Final 8 0.161 10.36 8.3|elapsed time(s) 1.94 2.99 3.94 4.85 5.75 6.64 7.54 8.45 9.38 10.36
BAR (+0.3) speed(m/s) 5.15 9.56 10.51 10.96 11.17 11.19 11.15 10.91 10.72 10.26
%max speed 46.0 85.4 93.9 97.9 99.8 100.0 99.6 97.5 95.8 91.7

R2 4 0.143 10.16 5.2|elapsed time(s) 1.91 2.95 3.90 4.80 5.69 6.57 7.44 8.33 9.24 10.16

(+0.8) speed(m/s) 5.22 9.65 10.55 11.06 11.33 11.37 11.41 11.24 11.07 10.82

%max speed 45.7 84.6 92.5 96.9 99.3 99.6 100.0 98.5 97.0 94.8

R1 1 0.147 10.14 9.6|elapsed time(s) 1.90 2.94 3.88 4.77 5.64 6.51 7.38 8.27 9.18 10.14

(+1.0) speed(m/s) 5.27 9.56 10.69 11.18 11.50 11.55 11.46 11.23 11.00 10.44

%max speed 45.6 82.8 92.6 96.8 99.6 100.0 99.2 97.2 95.2 90.4

BREE R2 5 0.154 10.31 5.1|elapsed time(s) 1.92 2.96 3.92 4.83 5.73 6.62 7.53 8.44 9.37 10.31
ZE:N (-0.3) speed(m/s) 5.22 9.56 10.50 10.95 11.12 11.15 11.09 10.95 10.81 10.58
%max speed 46.8 85.7 94.2 98.2 99.7 100.0 99.5 98.2 97.0 94.9

R1 2 0.132 10.20 4.1|elapsed time(s) 1.87 2.92 3.87 4.78 5.68 6.57 7.47 8.36 9.27 10.20

(-0.1) speed(m/s) 5.34 9.51 10.52 11.01 11.14 11.21 11.20 11.12 11.05 10.75

%max speed 47.6 84.8 93.8 98.2 99.4 100.0 99.9 99.2 98.6 95.9
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FEFELDVHAZ— b | HHNOEITEERE
WDEPolz. BPRFLELTRBFTCRY Yy FITE
1372<, AT A4 RIZB HRFOIF O BRERME
BRIz, oFD, BHRFLLHRTORER
EDZEE, FICANTA ROBEWIZEIDHLDOTH
HEEZD.

(0.35£0.08m), FEAEHEEOHIMZEHRVEE
WA L. Z oL, mimlo e By
VX RETORERE (B L &IE, 2006) &—
HLTEY, AZ—FTIIRERBRELDHZ &
NEETHLHENH) ZEERLTND.

42 AA »THEMEIZOWT

HY EFEMECERT L EFAEEDL D
RN, AR O & B RV RIS
MU=, £, BosI& ST EEICEBRT 55 &
O AL, FEAEREOHEIZ & b2 WA EIZH
Bl bbb RIFEEE S E ST EMEICE L T,
REILTE (1990) 13X, HREFENEE D EBED
SlE DT AT NNESL DN, 202 L3R
T D OEMEE— X R AR &8, WA
RBAIT~BEHIES (b b ETEEE2 R R AT
9) ZEICABTHADLEEwmL TS, L,
FRES (1998) 1%, FEAERFD AL v 7 HENME
IZOWT, FEEHRERFHORFIZEBOS & D
FAENRRKENZ EEREL TS, 5, &H
5 (2008) 1%, AREDT A LT VTR
FIZBWTBOB| D7 AENMOETF LY X
EMolZ LA L TWD . REFZED A X — |
oy aTHEEOTAMITS FRTEN LT
FLVBEREDNSTED, 2D OFERITHARA—%
DBEFRFIIAX— " v anbhlEEE



RE—rEyia

4y
{7
V%

TREHFVEINT, KEEORTAEERIZLY
REAEEHERY S

K16 RA—k (K) LHfMEEE () OF v HEDHEHH

TP RE B ESTAETHEELTND D
EETRTHDOTHY, /IREILT (1990) DAL
CIFRRLERTH T

43 F v 7 HEMEIZOWT
AW TIE, A X — MEOFEERE ORI &
b 7RO IR B SRR E RS EINT 5 & O R A
7o PHEES (1994) oFHED (1998) [ XEFEHL
HAEWGRFENRICFEFROHREEZ L TND. F
7=, BHES (1997) 1%, AZ— b b HREEE
T, S ORBEEME S Ly LU —D I
BB L7 XU =20 b EICEW L%
MEL TS, &5, BES (2000) X, B
%®k@%kﬁkgﬁ%®%JﬁﬁAw@@mL
JEW, AX— b bHEEEE TEHEL LW
HELTWA. 2FD, AIFEORERE 2 DH
L, A — 2 v 2 (BT D EEE O
i&%%@%%@ﬂ%%f%é EZH B
L7
%%%@@%Lfiﬁ%LF@ﬁm Do XA
WEHBICHDLTRY, AX— & v o TR
A OB & & &I REET & iR X8 2 EhfE
BB OMBEEZ M2 TWOL @E~EE
b L7, ABFZETIE, & v 7 Ho T o ES)
XU FEICRETT 27201, FEE2 KB LW
TRROGENZ T Tt &dT o 72, ZOREE, ¥
RTOHEFIZHONT, ¥ 16 OFEXKITRT LD
RAR— NE o bR TR DEED
ALz, 3780bb, AX—F X v 2aTIX
PRAETEE OB & b 72\ 5 BEE o {3 A3
BEY, KEEERTH ~BlEE L7225, FHROFT R
HRIXIEE A ERDNZ -T2 DFE Y, KAFZED
FERIIAZ— Ny v a TIEPREE L B0,
TR [EE L C o REMED I 2R D% 5 A
AV THEEOHEIMIEML TWAHZ LE2RT D
DTHA.

FhfElRE

KBELTRRDBLELLLATAEELL,
IREE D mEA DL

(R E)

4. £¢9

11 SRR B THER S (2007, KBR)
® 100m |2 35 L= 5 & B RO B s e T
DAL — Ny ¥ a2 BEIZ OV TEMEFRIAFSE
BATOT-FER, ROZERHLNE R oT-.

1. T _TOEFIZAHALIEH A

1) AZ— FNEOBEHEINE & HIZANTA
RS9 5.

2) AL —FEE Y FIX2HBHT-0 £ TH
mL, Fo%iE—EDMEERT.

3) AKX — MMEOBERME & IR
b3 5.

4) AF— &y 2 T LR A
WETLIx: Y 7EETH D.

5) RSOl X O RALEAMIZ A Z —
k6 RRERAE £ TEMI LRV,

6) AX— R v 2T TREIFIFEEL
T=EE, KIBoOFiHFRERC LV BEIH %
WETLIxZ Y 7EETH D.

2. A LRI JUF AL — NEEZEND B AL

RRTOLTHET LD D EWEEERE 25

LTz,
3. B®ETE, Bosl &5 nbrnA A
T EMEEZ LTz,

BE IR

RS aEE - FOH e - (R (2000) FHEERELE O
G ENER . (KBNS, 45 1 186-200

wHER - O = - BEZFK (2008) Bk
AZFY B — @F%@@@%@ﬁﬁ%tﬁa

KREL DB -. A F AT =27 AW,
2:91-98
g &= JIBZE K (2006) AX— RA v o

E)quﬁfhﬂéji7:0)2§ﬂELL%§0)ETfK Frio AR pmic
AHLUT- pebEhisess, 2: 14



(PR « FREEA - TARKEST (1997) A% — b4
v Y2 llBIT A TKEfior—2 b b e
— 7T —, BXOFE Y — D&, K
BEEZE, 42 @ 71-83.

g B - FEEEA - )RR - ks — - ARH
R« IR E—2Z (1994) {HHER—FEAT Y &
— O HT. A AR EEHE A R LA N A
A AT =7 AWFGeHE R e R
DO, _R—AR—)L « v H o 4E T,
pp31-49.

INRBLERR © B FREEEE (1990) EDFF. K
EREEIE « .

FREEN - Ot B - )Rl - (B RS - Nk
i - IR (1997) 77 « by T ATY
YHE—DAR— N v 2 OEIEGHT. B AR
B EGE R EAER A A A B = 7 ARFTREE
M 7T ke EBEE O, AISCAER
WA, pp. 11-31.
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Characteristics of sprint running
movement of elite sprinters:

at the 11" IAAF World Championships in Athletics, Osaka

BE EaD BIE XD H#E =) OB &
Nim F—" Ktk XBY XKE E—2 WwHE ¥

HAR HHY RHA Ex) BE g
1) KIREHAZE 2) SEAFRES 3) KIREEAS

Koji Fukuda, Kota Kijimal), AKira Ito", Hisashi Hori",
Koichi Kawabata®, Aya Yamada”, Daiki Suematsu®, Shinichi Omiyaz),

Yuya Muraki", Takafumi Fuchimoto”, Satoru Tanabe”

1) Osaka University of Health and Sport sciences,
2) Graduate School, University of Tsukuba,
3) Osaka Sangyo University

1. [XLHIC AEHE L PEEEDRIREZTR A, L0 @7
5511 [a] R e R 8 T HE K 08 2007 12K —< VAEEDIEODOEREHLMNILL D &
P CRAfE S, BF 100m icBW\WTIEZ A Vv - L7-.

TAET (USA) 2, tHAFEEREE (MKF) T
bhol=7H 77 « RUT )BT (JAM) 20 #E 2. Ak
BEL, HlI_a=h - F¥ o -ULRTE (JAM) 2.1 SrSEFRB LR L — A

MBS LT-. KE®%ICERN 2 iR EsE (100m ; 5511 [\ R BipoR TR (2007, K
9.69 #0, 200m ; 1930 Fb) Z ML L7=v ¥ A 2 - M) 1Z30F 5 B2 100m 3 L O 200m (250
AL FEF (JAM) 1%, ZOKETIT 100m (21% THIE L7z, Ot Sa@FIILL T O 14 4 Th
HEE L TR 2357228 200m T2\ Th o7z, L o(F1).

AW TIZTZDOREDOE LD 100m BLO a) 100m Ox4aEF
200m O AL ANEH E AARERFIZONT, BFRBEDO XA Vv P A (B 9.85 B,
il 2 OBFOREFNEOREALED & & b, J& 200m W5 ; 19.76 B) LTV 77 - N



=1

DR REF DS AR & iR

E & g K ShEE RX M EREx L—REE 8% SHL—R B &
(m) (ke) (sec) (sec) (ARRBBEELVRESIUEN)
T. 74 USA 1.83 73.0 9.84 9.85 SRR HF100m 14, 200m 14
A /XTI JAM 1.90 88.0 9.74 9.96 RS BEF100m 3£
BHEER JPN 1.79 75.0 10.02 10.14 1RFE EF100m R
BRE& JPN 1.80 75.0 10.23 10.20 1RFE BEF100m 2KFE
V. FvoR)L JAM 1.63 61.0 10.85 10.99 HER B ZF100m 14, 200m 2{i
L. 94U T7 LR USA 1.57 57.0 10.88 11.01 RS ZF100m 2fi
BEEAT JPN 1.69 57.0 11.54 11.98 1RFE LZF100m 1RFE
U. RILk JAM 1.96 86.0 19.75 19.91 RES BEF200m 2f1
W. RE7EY USA 1.88 78.0 19.65 20.05 SRR BF200m 3fi
ES JPN 1.78 68.0 20.03 20.47 1RFE BEF200m 2RFE
BTELT JPN 1.80 60.0 20.35 20.77 2RFE BEF200m 2RFE
il JPN 1.74 61.0 20.69 20.78 1RFE BEF200m 2RFE
A TI)yYR USA 1.68 57.0 22.11 21.81 RIS F200m 14
BRIV HE JPN 1.64 55.0 23.33 23.74 1RFE LZF200m 1RFE

V(B4 9.96 ), BIO1 KR TFEROHFE
1R, BREE. L ERBEOXa=0 -y
UL (WS ; 11.01 £, 200m2 07 ; 22.34 7)) &
Isou—Y v -0 VT AR (2 fiL; 11.01
), BEO1RTEOESEHAT

b) 200m DX 4T

BAWBEOTH A2 - AL b (2 7 ; 1991
W)t LR 2T EY (37;20.05 ),
Bl ke LT 2 R TP EORMEE,
EOEE L, A, ZR o Ty v e T
=V w7 A (JER; 2181 1), BLXO1 kT
DA Vb A .

22 ETAMGOIRE R IOV

Blam FPEEICRELE 2 BONA AE—F
5 A4 # A F (Vision Research #f &l
PhantomV4.3) T 100m, 200m & %12 = —/LFHi
# 40m HuS 2 RAET OETF 2R L7 (200fps) .
F 7=, BEBRAAEIRIC, 3ROTEEA BT 5
WOy ba—LRA v b (Lb—AE IR A
WX VR DN 15 F21F 20 #US, ZRFILS »
FroES) OREbIiTo7-. R L-mgr b &
(2, FRASES 23 A E T A EESHT Y 7 - (DKH
#-84 : Frame-DIASIL) (2L VW52 % A4 XL, DLT
EIZ K- T 3 WocEMERT 217> 7= (100Hz) .
728, AAFZETIE X O IEEZE T ENCR LT
FIIE, Y oI &2 LTI, Z EihA ShiE 7
ETORILEER A ER L. 2 b — LR A
> D FETE M AR & L PR AE O SRR ZE I,
X:0.005-0.007m, Y : 0.005-0.007m, Z:0.006-0.008m
DHIFATH 7=, £, RIRE O 2 IT ¥ -

(Y-Z Vi) CTOMEFEIZERL, 4 IRONZ—T
— AT UHNT 4V H—% N, EEEE S THZ
TEmb L7,

XK, BHREE RXMEREARFTOLRT —REK

23 @S oEAE
1) BERE, AFTAFK, EvF
PAEREIIHRELOLDOKIEEHE, 2 T4 i
BEHUIE D TNSE > B IR OBEHUIEI O JTNAE F T DK
BIIEEEE L, Z=hEh 1 VA 70 Gt b 2
£) OB ZERDT-. By FITEREFHELS Ak
Z7A4 RTELTCEH L.
2) AA U THOEME (Ao
&)
O bbb ETEME (K1 94) ; SRiERr & KAk
DT IRKAE (BMom) & Z D fHED
B ARAE (oMom-max) .
@ BIEFHTEME (K1 £) ; BEEEI DK/ A
J& (OHik) & i 5 B o fie KA (oHik-max) .
@ WO HLEME (K1 %Hf) ;, RisrE<5
SLEMATR (g Tl Lv))
ERNERRO T AE DR KIE (6Das), 3
X OV B A oo fif B OE B o i K
(wDas-max) .
@ WOVELEME (1A ; Kizr-&<d5
U % i A 72500 00 12 Ml oD 1B R 0D d K A R
(oMod-max) .
3) ¥ v 7 HWOEWE (ZnE A ONEE)
® #EHRmO TREESAE (M2 &, Tk,
F) o B OBRE ORI (0He), BB
(0Kc), JEBIf1 (0Ac) DR, HEMitkix
bl L 7o R (DA% THRRIRERD &0 D)
RIS (0Km), BT (0Am), 35 LUk
Mo OB BEE (0Hr), WIS (0Kr),
SEEHET (BAr) DA EE.
® TR IO ERomEE (K 2 4,
) 5 %y 7 MO (oHe-max), M
Bl (oKc-max) D RMEEE, 8L
LB (0Ac-max) DR REEMEE (L
% MEREEE) o), BIUOHEE
(0 H/A-max) O K% T AA > 7.



El=ibibr i

“f

T LSRN

fRYHLFNF

fRUREL ENF

6Mom

M1 RATHOBEDESR

wAc-max
wH/A-max

M2 FyIHOBENER

3 XY IHIOREDEEDES

@ ThaHEiomEL LOAmEE (X 3) ; #
OB OKE (0 Te) & FHE (0Sce),
F 203, BEoOBERIOKEE (0 Tr) & FhHE
(0 Sr) MWENEME 2T AELZRD-. e
B, KR IREE T2, NI & i
L, EnFR LS R T FmAEITIC
b oGE (BREN) 27T (+), %5
Wb H%E RIMEN) Z2~AF R (=) &
LTHRb L. AL, K (o Te-max)
EThE (wScmax) DOEEHEH D F K4
JE (R TAA v TE) RO,

3. HERLER
X474, Ny, BE, FyooUL, R
VR, BROBZBRFEDORAT (v 7 VT F v —%
L7-.

3.1 A
BBRTFOOH S TORAEREIZLLF D@D
ThHotz (F2). B+ 100m TiE, 71 EFENK
b < 11.82m/s, H AR®ETF CTILs] R Fn
11.52m/s TH-72. &+ 100m TIE, Fv b
BFED 1043m/s Db E<, EEEFL 9.46m/s
Thotl-. B+ 200m TIIAETELVEEN
10.39m/s Tl bm<, HARRET TILRERTHM
9.99m/s TH-o7=. &L+ 200mTlE, 7=V 7
AIRTN 9.42m/s, [EFAERT-H 8.51m/s TH -7z,
100m DR EHE T 60m H S HETH D Z &M
O, I EEREEERETHD (FIVLS, 1994).
L7 L, 200m TlE 100m (ZH ek EE [
RAME L (EUB S, 2005), %5 7 [aHR e B

BPHERE (BEEVT) OWRBEL—RAEZFH7
Ferro & (2001) °HiLH (2002) O#EFICH D
X912, 160m O AEEE T 200m L—AD
EEERENSIEK T LIIRREBICH D, 2D LD
12, 100m & 200m DTS AN e 2 Jaif T d
D720, TNENOEMEL EE KT 5 Z &I/
BIXH D53, AWFZE CTIHEMICZNZENORTFR
OTHLEIZRB W CED L Y eV 2 LIz iill
RAEZ L ERFEARE L, 20 FTHEERE L OREGR
IZOWT Haf~7=

32 ARTIA REE YT

A NTA R EREAEHREIITAERAHBBESRN
WD BN hotz (K5 E). ZAUIXLT, ©
o FITREFRENEH VT Y, £721F 200m L
100m DOFETFDIE 5 NEVMEE T - 72 (= 0.734,
p<0.01; X5A). Tz, ZNHIZOWTIEIHE
EOHE (1995) DFEEAV, AT A4 FBXLW
By F A X HTHEREOEL E TS 7-0, A K
T4 REEBLOE vy FHEE L TORIZLY
KRd7-.

ARTA NEHE=AF T4 K- HE!
EyFHEE=E Y F - (FE g H”?

AN T A FEBITEEEE & OMICA B/ M
FARR D b otz (K6 ). vy Fig
BITFEEFENEBIEEEVEZ R L TV (=
0.887, p<0.001 ; X6 47). 1991 FFEDHEFfe B
HORTFHER R RS DOET ST 20085 T
X (FES, 1994), 100m OEF 5 & 200m |2 H
WL HAREFENLEAA R T A RBKE o
TEMELTWDED, SEORETEELE I,
A KTA4 RX100m OFERF7ZH LD 200m OEF
7= HDIE ) DK E <, By F X 100m DE
Fr-HDIFINEmh-T-. mES (2008) 1%, K
MRS ERRKEDOB T 100m EAZANEFRHE (K
AR, N K, 74, Nuxu) 2
ONWTC, FABRFLENTTRFITIANTA IR
RO NS HTRRL/NIVETH-T=Z &
MHEYE Y FEEDOEY, A ARFLNLILET
DANTA RIZTFA R TN LR TLD I
BRIRENSTZZENBARNT A RELEDOED
ThHholmENELTVA. JIHERFOT TR E
HTHolmR/L MEFIL, AT A K232.63m &
KL REDSTD, ANTA RFEE TR S & 134
DO IMETH - 7=, FIFGRTIL, 7 A BT
NRUZNVRFLERIULD AT A RTHE-T
WER, B FB IO y FRENMEN-T2720,
WERE LK o7, £2, BRETFIX, AT
A K73 2.26m TH+F 100m DT o TlE L
INEL, ANTA REEIT 125 EX58T0 )
LIRS 720, By FiX 4.96 B OK S &
VME%, F72, By FHEEL AU LEFICRS



100m 9.85 sec.

A INIIILEF 100m 9.96 sec.

V. FvoRN)LEF 100m 10.99 sec.

U.7RILMEF 200m 19.91 sec.

ERLHEEF 200m 23.74 sec.

4 T4 A RYIL, BRER V. Frosn, UKLk, fE
EYFv—

B HEEEFDRATA VY



&2 FKERE, AFSAF EVFELUVRMSA MEH, EvFEH

RERE ARZAE EvF ANSARIEH  EvFiEHR
(m/s) (m/step) (step/s)
T.54 11.82 243 4.85 1.33 2.10
A /RDI)L 11.72 2.39 4.90 1.26 2.16
HRER 11.52 242 4.76 1.35 2.03
BREE& 11.19 2.26 4.96 1.25 212
V. ¥voX)L 10.43 2.29 4.55 1.41 1.86
L 947 LR 10.37 2.09 4.96 1.33 1.98
EEEARTF 9.46 214 4.42 1.27 1.83
u. RJLk 10.25 2.63 3.90 1.34 1.74
W. REF7EY 10.39 247 4.20 1.32 1.84
REEE 9.99 2.29 4.36 1.29 1.86
aTEL 9.76 245 3.99 1.36 1.71
fLEHh 9.63 2.21 4.35 1.27 1.83
A Tz)vIR 9.42 2.36 4.00 1.40 1.66
ERDHE 8.51 2.08 4.09 1.27 1.67
@ t#AEMI00m (74, /SHIT)L) @ HFEMI00m (54, /3IT)L)
O BAEMI00m (HE, FRFR) O BAMIOm (BR, BR)
& #HEFI00m (FroRL, D)7 LR) & #HAFI00m (FroR)L, 9T LR)
<O BAFI00m (HHE) <O BAFI00m (F#8)
B #FEM200m (RILk, REFEY) B #EM200m Rk, RETEY)
O BAM200m (R, &F, #il) O BAM200m CRE &F, #l)
A #EF200m (FTUvHR) A #RF200m (FTUvHR)
A BAF200m (&) A BAF200m ({5FE)
e G s Evr 20 2RS4 ) v
1.8 r=0.887
3 . 5 ¢ O 25 F  5<0.001
o Q;IDD:’ oC® 4 é)iju‘z::/@.' 18 2.0 A}?’/OC’
1.4 * 9
1 3 r=0.734 2] 2 ;D‘:"Q oo: 1.5 an®
p<0.01 -

HREEE (m/s)

M5 RS54 FBEVEYFEREREDHERF

BRERE (m/s)

M6 RbS4FEEUVEYFEEREREDERE

L.
(deg) (deg) (deg)
Y R 50 1o 5lE T (oHiK) 50 RYHL (0Das) ——
80 | 40 | 40 f
(@] [ J
= © £ Y PR | o
70 | Om ® 30 f 0 Oo 0 A 0 @
A i?j % 0
60 ’ 20 |+ 20 |
Mloom @ #H, O BX
r=0.601 F100m & #R O BA
50 ¢ 10 <0.05 10 M200m W #R, O BA
P F200m A HR, A BX
40 0 0
8 9 10 11 12 13 8 9 10 11 12 13 8 9 10 11 12 13
7 RAVTHEOLEEF, 5IEMFTF, RYHLEBEOAE LEREREDRERG




oMom-max

wHik-max

oMod-max

{dea/s) L-
1400 — B HF (oMemmax) — —— JIFMNT (eHkmax) — —— BJEL (oDasmaxy — —— EYEL (oModmax) —
* o0 o
L O
1200 A o ® Ce © ¢ %% r=0.763
[ ]
1000 A~ m - » 4 p=0.01
D; O

BOO[ A gll [e" )
00 . L vioom @ w3, 0 B=|| L

Floom ¢ 8, & O=x <
100 M200m W R, O BF L | ]

F200m & tH, A HEF
200 :

] ] 1 1 1z 138 9 10 11 12 138 s 10 11 12 138 [ 1 1 1z 13
EERE (m/s)

B8 RAUTHIDLLEF, BIEMITF, RYHL,

£R3 RAVITHOBERE

LLEFAE BIEITAE RYHLAE
(deg) (deg) (deg)
T.74 70.40 32.94 37.15
A XTIV 70.35 38.40 34.10
HRER 717.01 28.67 35.07
BRER 78.59 30.17 37.43
V. F o)L 65.44 32.90 32.04
L 94YT LR 61.10 34.63 31.88
BEHEAT 67.84 28.88 33.45
u. ALk 68.33 34.35 32.16
W. RE7EY 66.01 33.35 34.79
RREST 69.02 26.68 35.41
BFEE 75.55 24.09 38.80
wlsn 65.66 31.94 30.97
A TTYVIR 63.52 27.11 33.60
SR HE 66.10 24.78 30.54

BVMEZRLTCWE=Z 0D, By FITKFELTE
EVTHDHESZD. L1 100m BEREE O X v
~NOVERTE, A NTA REEN 141 LxtgasT
OFTHRLE L, RONTEA 200m ERE D7 =
U w7 AT 1.40 OFEWEZ R LT,

33 AA U THOEME
O bbb EFEME

bbb EFAE M7£, £3) BLObb E
EREE (X 8 /2, F4) XL LITKERE LA
BB ARD b o7, LavL, b
b EITAEIZSWTIZE T 100m OFFERT &
BFRETFICHEFICA LN L O, BARETFOD
FOMRKREVEEFRALN. b EFEER
100m T FRERET, L0 x v~
BFELTU 4 UT ARETF, 200m ClIREET
DIE LLE R & > T2
@ BlEfHTEE

Sl EAHTAEIRERENFHm I ERZ L,
AEER T OIE 9 2 A AET LD R E
>7 (=0.601, p<0.05; X 7%, £3). £/,
FlEfhisE (8 i, #4) 1%, HEFHE
CEEABEBRIERO N7 Ok
Bix, AEETIIEEH VRSPV Z7ZAT

®YRLEBMEDRKEE &REEEDRER

R4 RAUTHOEEEE

BHEFERE BIETITERE RYHLERE RYRLEE
(deg/s) (deg/s) (deg/s) (deg/s)
T.54 811.09 1286.72 1079.47 569.58
LALES % 780.25 1159.83 1040.95 561.46
HRER 804.28 1178.32 1186.07 545.89
BREH 891.08 1264.82 1228.06 546.63
V. FvoNL 910.52 1175.37 1224.55 525.88
L I4)T7 LR 843.02 1295.78 1201.07 504.37
EEEAT 696.54 1158.89 1128.38 539.53
u. RiLk 667.49 980.34 1029.46 408.80
W. RE7EY 785.98 1051.62 1073.71 469.22
FEEE 901.53 1199.78 1225.53 482.68
BTEL 791.42 1145.67 1255.28 489.77
Lzt 804.27 1071.28 1117.39 443.67
A TxvYR 780.86 1043.82 1087.64 465.33
EEDHE 757.29 1147.73 1039.59 393.85

W2 o =Dk L, BARETFR 200m %20
TN ERE 2 Lo 2= A THIZ RS

\EATWAEHAZ L TEY, O T Thil
TW= HOEMEE— A > M 2D S8R L
S ZEFT T ~EST-DITH T AE L /NS
<F 51 UMK, 1990) EwofgE e i

BRAHLDOTHoT-.
@ WY LEME

RO LAE (X74, £3) BIOGIEY H
LE#E (X8 WA, £4) 1T& bITHEERE L
O —EDMEBII R BNz n-o 7=,

@ RV ELEME

PAEEE DN E D 100m OEFOIE D BIED R
Lm0y - 72 (=0.763, p<0.01; X 8 45,
#4).

34 v 7 HOEE

D v 7 H o TR e

IREAE 1L & DT b M S EEH £ TR I
RENMETZ T CTh o 7=, BB & 2 BEEiic >V T
FEALEOBRTREM% — R LR mEL
7.

B oW O B BAE, RIS K OVE BIS A 1T,
FHENEDBRFELIZIT -EOAEEL R LTZ



IRBIETAE (deg)

X9

220 # o 220 JEe =5 EMBSIUBMOEREORBEAELZ
200 200 Wﬁ%\&. @ﬁfigﬁ
100 100 © RREIEN A B BELH
(deg) (deg) (deg)
160 160 >
e oe T. 54 140.26 197.63 57.37
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O, BPEEBITBITLEE, ¥vF, A LT
A4 REHEELTWS., KRBT S [HIE]
L1, Zone4(115-150m) & ZoneS (150-185m) @
TEIEE L, T#¥] L1, Zonel0(325-360m)
DEEFEFLIZ. 9 EEY T OF —HIZHNT
1%, 100-150m X[ & 150-200m [X [ 0 I fiE
Z [ail] &L, 300-350m X[E] & 350-400m X
MOYHEE [%¥] & L.

Z LT, AP LEEAS~OIERTRITA (3)
XVEHLE.

KT ==100X (HFDE-ZRFDME) /FiEOE

3)

2.3 EIESHT

A &R OB EEBESY, Ny 7 A ML —k
fll, m—2A b L— MUlZNZENOBLESF EE:
W2 BTORBELIEIATTHRE LZ (R
SONY VX-2000 - 60Hz, 7% : Vision Research
#184 « PhantomV4.3 - 200Hz) . %7 A T DOfg
MG, BEOHIKRSHA 23 m% BT T ENEMRE
¥rv =7 b (DKH 8 : Frame-DIASI) 2KV
FUOHAL AL (A 60Hz, %~ 100Hz), 2 &
JUIEAR 2 45 7-%%, 3 kot DLT % (M k5, 1991)
ZRWT 3 RTERE~E LT, 3 IRTIERE
IZ Butterworth low-pass digital filter % T
W& %L 3.0~7.8Hz O Tk L=, £ L
T, % 12 BIKET V7 REOEESHTT —4
ST AT, B LN EEND, KRITR
THEDS (1997) OGHTHEB > THT—X
PR LT

. /’ 115mith &
150mith =

Zone4 e,
%

K2  400m/N\—FJLZEEL L-ABNEEXBOEE



1) AA U THNZBEIL T, ROERIZOWTES)

1E 1A 7 VOEfEE v (M3 50).

O3 =T EME ; BB O &/ M (0 Hik ; deg)
& B MR D K E (o Hik-max ; deg/s) .

@b b ETEME ; SniEM & KR 3/AEDR K
i (0Mom ; deg) EZDAEEDHKKE (0
Mom-max ; deg/s).

QIR HLENME ; KEET L D5 LEMATRE
ENERR O TAE DR A (0 Das ; deg), L
ORBAE O KRR (o Das-max ; deg/s) .

DRV R LENME ; KT < D25 LafEATE A
FEDOREHE AT O Fe KME (0 Mod-max ; deg/s) .

2) Fv BN LTI, IROTERIZHOWTERME

D1 YA 7 NVOFEENHRDTZ (K4 SH).

OB OIS (0 HI ; deg), MEBIEN (0 K1 ;
deg), JBAET (0 Al ; deg) DOASE

@ BB OB BIEN (0 H2 ; deg), WERIFT (0 K2 ;
deg), /ERIEN (0 A2 ; deg) DAE

@ DOI%XBIET (o H-max ; deg/s), MBS (o
K-max ; deg/s), BT (w A-max ; deg/s) D
RMEHEE, BLOKRIETLEI A5 LEMAL
# (wH/A-max ; deg/s) DKL TAT 47
.

3) (RERIZONWTIE, ROEBIZOWTEIED 1

T A 7 NVOFEEN RO (K3 BH).

OB O X O Kiis 1 & M5 Bk a2 i S8R
EENERDO T A (0 TAL; deg,+ : BIME « — -
i) .

QBB O R O Kiin7- & M b % it S
EEREMRD 72T A (0 TAL; deg, + : BifE » — :
%) .

O Tai
6 Hik

-

I
/

2.4 HEEHLER
FHBEHTIZIE,  Pearson DFEFAHRE 34T 2 H
7= (SPSS for windows) . A B KYE 5% & L7-.

3. BREER
3.1 400m /~— RVALE % HHEL L7= Overlay
FRIT &L D L— 2 Hrfs R

K1 LRI LRV —AEED TR
gk, HE -FKE (LAY By 7 R—LA_—
V), Wi Z A & (Passing Time), X[ # A X

V.. SFuone. SLzone, Relative- SF o,

Height Ratio SLyo,. 78 L72. 7238, K FIZoW0
TITHERPEER LR FOT — 2 R L
o B L — A LA 3 4 L PHRRTFOV,
SF, ones SLzone, Relative- SF,,,., Height Ratio SLzpe
DEACIZDOWTIE, B EE 8 4 DT —
2 W LT DA 5~X 8 ITR LTz,

(Lap time) ,

311 BrikLr—=

43 B 45 O B 2 HELETER: L 72 WARINER
BEAILD, TAUDRENAX LEME L
7= (F1) . 43% 96 T 2{7.0> MERRIT #£F %
WEEE A fracdk s, EMORTRA N EH LY~ 72
NAVLYLIR L — A ThH o T,

WEDOBEAICIER 95 &, MERRIT #F (5
L—) 7 WARINER #TF (6 L—2) DOFH
Z R85 80m Mg E TR 8.13m  (Zonel ;
S-45m) , 10.54m (Zone2; 45-80m) & =z v
— K (Zonel ; 8.05m/s—Zone2 ; 10.47m/s) &4
T ERZHEETHE L HAEDIHED T ST,

A%Kw Das—max ‘é
0 Das

wHik-max - F/(J
6 Mom
w Mod—max
W Mom—max
3. RAVIHEKRBRDAE - ARETEER
6 H1 wH=-max 6 H2
w K-max 6K
6 K1 w Das—max
6 Al « WA—-max N_ 0 A2
M4 FYIHOAE - ARETEE
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Speed [m/sec]

SF [Hz]

11
10
9
8 T ‘\‘%?‘*
7 —— {{if WARINER Jeremy 43.45 USA
—8— 2{if MERRITT LaShawn 43.96 USA
6 —{—3{i TAYLOR Angelo 44.32 USA
— REE8R FY{ELSD
5

Start— 45- 80— 115- 150- 185- 220- 255- 290- 325- 360-
45m 80m 115m 150m 185m 220m 255m 290m 325m 360m Goal

Zone
5. 07 KPR - BF 400m FTERBEL—AFDRE— KZEIL (Zone 3RTE : 400m /v— FJL)

L3 B T—4% LRk 8 L FEHELSD
SD : {Z#RE

5 4
SF
4 b
1 3
w
(I
3r 3 —8—1{i WARINER SF
N
1]
§ —B— 2/ MERRITT SF
12 — 34 TAYLOR SF
SL
2 T —8— {{i WARINER SL
—8— 2{if MERRITT SL
— 34 TAYLOR SL

45-80m 80— 115- 150- 185- 220- 255- 290- 325- 360-
115m 150m 185m 220m 255m 290m 325m 360m Goal

Zone
X 6. 07 KB - BF 400m FERBL—RAPFDOEYF (SF), RS54 F (SLZE1E

32D T—42%27T. LEAEYFOEL, TENLRAFSA4 FOZEL
®, Zonel (S-45Sm)DEYFER RS A FHHIEIToTLVRLN.

<Abbreviation>
SF:EvYF, SL:RFSA4F



Speed [m/sec]

SF [Hz]

—8— 1 OHURUOUGU Christine 49.61 GBR
—8— 2 SANDERS Nicola 49.65 GBR

=0~ 3 WILLIAMS Novlene 49.66 JAM
= RH8E F19fE+SD
—— #£3R TANNO Asami 51.81 JPN

Start—- 45- 80— 115— 150- 185- 220- 255- 290- 325- 360-
45m 80m 115m 150m 185m 220m 255m 290m 325m 360m Goal

Zone
7. 07 KPR * TF 400m ERBEL—RAPDRAE— KZLEE (Zone FBTE : 400m /\— K)L)

EGI3 BT —5 LiRBE 8 RTHELSD
SD : R#RZE

5 4
SF
4 b
13
(2]
[
3 | 3 —8— {{f OHURUOUGU SF
N
) —8— 2{3 SANDERS SF
(0]
o, =0~ 34z WILLIAMS SF
12 —— #3Rk TANNO SF
5 b —8— 1{ OHURUOUGU SL
—8— 2{if SANDERS SL
SL —0— 34 WILLIAMS SL
—— %R TANNO SL

45-80m 80-  115- 150- 185—- 220- 255- 290- 325- 360-
115m 150m 185m 220m 255m 290m 325m 360m  Goal

X 8. 07 KR - TF 400m ERBEL—XFDEYF (SF), A4 F (SL) ik

I3 ZERAFEFOT—25TT. LEAEYFOEL, TENARESA4 FOZEL
i®, Zonel (S-45m)DEYFER RS A FRHIEIToTLVARLN.

<Abbreviation>
SF:EvF, SL: A kZAF



Ny ZJARL—=F~ADEFELDEIAND
150m Hi 5 < B UVE Tk MERRIT i#F (Zone3—4
10.54m/s—10.13m/s) 7% WARINER & (Zone3—4 ;
10.28m/s—9.99m/s) L U /23 < & T < '
FRAEZ (FEI1, X5 . ZFOM MERRITT ®FiX
WARINER #F- LRI UA T4 FE (2.62m) TH
Y, MERRIT #F Iy FE2EHTEHL LT (0.07
~0. 1Hz) Av—F%& EiFTuni= (&1, K6) .
Z D% Zone5(150-185m)LARE, i & A B — KA
K F94 %7272, WARINER EF D A v — F
(9.62m/s) 7% MERRIT #&F(9.54m/s)% LAl 0 (L U
WA, WETIX Zone8 (255-290m) T 8 44D
SEBJA B — K& 0.42~0.50 (m/s) LEAID A S— 1
T, FTAOEFEZISICHIEELIT—L LT
ST WFH L H A= % (Zone9-11; 290-400m) ,
A — RIZIETFTLTWo723%, WARINER JEFI
MERRIT BFICHRTAE— FETAMZ 5T
WA, DO, WARINER EF DA T A F
(SLzgne ; 2.26—2.26—2.18m, SF,one ; 4.00—3.85
—3.63Hz) (% MERRIT #F (SLyge ; 2.32—2.34
—2.14m, SF,ne ; 3.78—3.71—3.49Hz) L 0§ 4~
8em <L, KAHIE v F % 0.14~0.22 (Hz) @< L
THE-STWV-.

3.1.2 LR — R L PHER R

AR L— A TED 0.05 RIS BT 3 403G
FNHIRETH-TZ. LLERE, FOL—XR
EBHII=F=FThbo7= (MW7) . £F 3 i
WILLIAMS #F (49 ) 66 : PB49 7 63) MNEn
v F (F 2, 8, Zone2—Zone5 ; 4.22~4.04Hz)
THIY: 185m M54 21 F 69 @ 1 iy Tl L7-. +
DI, s L7 OHURUOUGU #F(X 22 # 04 @ 3
AL, YEMER; SANDERS #FiX 22 B 42 @ 5
AR & KX BTV, 0% 185m LI
255m (Zone6—7) * T SANDERS #EFI%, R 8
DA E— R4 0.56~0.82 (m/s) & RE< |
[B] 5 BIA) 72 A — R & T 2. 185m #i T 0 f 73
%o 7= WILLIAMS &F & OZEE, 255m HiA Tix 0
47 &, 70m BT 026 DEEHEDTZ. T O
SANDERS T, £+t >yF% 011 (Hz) EJF
(Zone5—6 ; SF,oe 3.85—3.96Hz, SLzone 2.15—
2.16m) , AE— RN 0.27(m/s)iE < 72 o 72 IR DX [#]
TIEA M7 A4 F%& 6cm X L (Zone6—7; SF,one 3.96
—3.92Hz, SLyoe 2.16—22.22m) EBHICAE— K%
0.14 (m/s) HDTWol=., "—ALA ML —hEBX
O] (Zonell) T, mifkE<ENEZE -
TV 7= SANDERS i#F7% WILLIAMS (2B
X, 001 OET 2L E ol AZ— DD
BHWE Y F TU— R&2{fo TE 72 WILLIAMS # T
13550 40m XIECOPRGENB KX <, 3L o7z,
&} L 7= OHURUOUGU % T-/% Zone2 (45-80m) T
932(m/s) & 8 DI bk bEWAE — FaH
L, FOBAL—RIZL—AZRERELENG, i
X (Zonell) TIX7.19 (m/s) &, ZHE-k

B 8 409 bkt m A — RTEVHKT, 1
N2 FESF LTz,

Wz v FEED SN M ®RTO
L —2Z A4 LI51 81 ThHol-.BEE TIT,
PP —ADAE— R, By I A T4 REL
CHILTHD L, EEEENHILIT S Zone2
(45-80m) TN, 8.81 (m/s) &k 8
L ONEE (9.15m/s) LD 134 (m/s) &<,
F D% FMEN DA INT TR EE L —
EHE FEDAE— R CTL—ANEREINT
Wiz, BT, AT A Reftfr~r L g
ToHE, HEF®RTFOEy FIIHAD kv 7ET
EEENDY (K8, AMNTA ROEINH
O, Hie (Zonel—5) DA RT A K& Scm fH#
FETEY T ERICENTSEY T
S bL L. EEEL R XSS T
a—F L LT, ANTA ROMEIZER LTV
ST ENHEEL LK LS. £ LTEDOMEMA
AR FEOBRENLEEN L .

3.1.3 WARINER # T~ M.JOHNSON #FD L
— R Ll

50m XS LI LTHD 9 Y TD
T—H L TE B K9, #HEE S0m @i
A A LABLOXHEZA L, RE Y EELZ, £
3 (FB¥) &F4 (7)) lmL. 2LTC, K
9 |~ WARINER % & M.JOHNSON j&#F0D L —
A AR LTz, WO L— AN F — T
LTWeR, L—RABEBIIRO LS ThoT-.
WARINER #F(%, M.JOHNSON EF L1,
150m #i5 F CTHX M, #iE 0.18, 0.36, 0.08m
W ESTNT, FO3IBHU—KLEZ. WolE
9 M.JOHNSON JE&FI%, 150-200m [X [ LLKE,
TRTORENCHEWT WARINER EF L v #
H 0.16~0.35m #H< E- Tz, 150m Hi4 T
03 BdH-o7-E %A 200m MEL TR EL,
350m Ht 5T M.JOHNSON & F (L WARINER &
FEHOZ, BB 0/ 27 ZE2OFCa—
nERsb. b L, MENE—L—ATHo> T
- L6, BEWEREWS Y ZLET 42 BEaED
A A LBPHEZOTIH WL BB S 4
LRFFLNE S-S TL 5.

32 S—LH A b L EEE

FHES (1997) 1%, 7T REkMEL &M
PP AERFEOERE L T—L % A L EDOEGR
MB, 400m O F—/LH A LD RBUVIEFIE IR
PO N METNIZH Y, OB T2
REVEBNICH T2 EFME LTS, £ L
T, [400m EE TN K E LR HIE 37201
X, BIREZ O EHE CRRIHIE TX 5 EVERE
HEEIEMICH > T e s 20 LR
LT\, 22T, BHES (1997), 99 &
U7 (Amelia Ferro et al., 2001) D5 — & & ZAHf



3. HESmBERY A LERBRAE—

F (BF)

BRRB
Final:2007/8/31

8
350-400m
Lane Mfs EX:01 Fiok S M < ;1 ing p 300m 350m 400m
Passing Time(sec) . | 10.80 1577 | 2097 | 2627 | 31.60 | 37.24 43.45
6 I WARINER Jeremy 4345 USA M Lap time(sec) 01 479 | 49 520 | 531 | 533 [ 5.64 | 6.21
Speed(m/sec) 32 1044 | 10.08 961 | 942 | 938 [ 8.87 | 8.05
Passing Time(sec) [0.00 | 6.01 | 1076 | 1563 | 2090 | 2631 | 3172 [ 3745 [43.96
5  2F MERRITT LaShawn 4396 USA M Lap time(sec) 01 474 | 488 526 | 542 | 541 I 573 I 6.51
Speed(m/sec) 32 1054 | 1025 950 | 923 | 925 [ 8.72 [ 768
Passing Time(sec) [0.00 | 6 [ 1093 | 1578 | 2094 | 26.38 31.90 [ 3790 44.32
4 o TAYLOR Angelo 4432  USA M Lap time(sec) .06 487 | 485 516 | 543 552 I 6.01 I 6.42
Speed(m/sec) 25 1027 | 10.30 9.69 920 | 906 | 8.33 | 779
Passing Time(sec) [0.00 | 593 | 1066 | 1553 20.7 [ 26.14 31.81 [ 3788 44.45
8 4f BROWN Chris 4445  BAH M Lap time(sec) 93 474|487 521 | 539 567 I 6.07 I
Speed(m/sec) 44 1055 | 10.27 959 | 927 8.81 [ 8.24 |
Passing Time(sec) [000 | 618 ] 1096 | 1590 | 2109 | 2649 3216 [ 3817 4459
7 S DJHONE Leslie 4459 FRA M Lap time(sec) 18 478 | 494 520 | 539 5.68 [ 6.01 [ 4
Speed(m/sec) .09 1046 | 1012 962 | 927 8.81 [ 8.32 [ 7.79
Passing Time(sec) [0.00 | 6 [ 1086 | 1583 | 2105 | 26.54 3238 38.40 4471
3 6ff CHRISTOPHER  Tyler 4471 CAN M Lap time(sec) 02 484 | 497 520 | 548 | 584 I 6.02 6.31
Speed(m/sec) 30 1033 | 10.06 958 | 912 | 856 [ 8.31 [ 7.92
Passing Time(sec) [000] 613 | 1086 | 1572 | 2007 | 2636 | 3207 [ 3820 4472
9 7ME WISSMAN Johan 4472  SWE M Lap time(sec) 13 | 473 4.86 525 | 540 5.71 I 6.13 I 6.53
Speed(m/sec) 16| 1057 10.29 952 | 927 8.76 [ 8.16 | 7.66
Passing Time(sec) [000 ] 624 | 1106 | 1503 | 2110 | 2650 | 3243 [ 3861 45.40
2 8ft MONCUR Avard 45.40 BAH M Lap time(sec) 24 | 482 487 517 | 548 5.85 [ 6.17 | 6.79
Speed(m/sec) 02__| 1036 10.26 967 | 912 855 [ 8.10 [ 7.36
W99+ Y7 (Amelia Ferro et al.2001)
Passing Time(sec) 000 | 614 | 1110 | 1610 | 2 [ 2642 | 3166 [ 3718 [ 4313
JOHNSON Michael ~ 43.18  USA M Lap time(sec) | 6.14 | 496 500 | 512 | 520 | 524 I 552 I 5.95
Speed(m/sec) | 814 | 1008 | 1000 | 977 | 962 | 954 [ 9.06 [ 8.40
-
K4 HESOm BRI LERMRAE—F (XF)
BRFRBEFTEF
Final:2007/8/29 Zone | 1 [ 2 [ 3 [ 4 | 5 | 6 [ 7 [ 8 ]
Semi Final:2007/8/27 Section | _s50m [ 50-100m | 100-150m [ 150-200m [ 200-250m | 250-300m | 300-350m [ 350-400m |
Lane JRfF £ F08% [E® %] Passing position [Start | 50m [ 100m [ 150m | 200m [ 250m [ 300m |  350m T 400m|
Passing Time(sec) | 000 | 686 | 1227 | 1798 | 2385 | 2987 | 3614 | 42.72 49.61
6 72 OHURUOUGU Christine 49.61 GBR W Lap time(sec) 686 | 541 | 571 [ 587 6.02 627 | 658 | 6.89
Speed(m/sec) 729 | 924 | 876 | 852 831 797 | 760 | 7.26
Passing Time(sec) [ 683 | 1247 | 1820 | 2417 | 2996 | 3621 | 4272 | 49.65
4 2{% SANDERS Nicola 4965 GBR W Lap time(sec) 683 | 564 | 573 [ 597 5.79 625 | 651 [ 6.93
Speed(m/sec) 732 | 887 | 873 | 838 8.64 800 | 768 | 7.22
Passing Time(sec) 663 | 1207 | 1765 | 2347 | 2046 | 3577 | 4244 | 49.66
7 3fF WILLIAMS  Novlene 4966 JAM W Lap time(sec) 663 | 544 | 558 | 582 599 631 | 667 | 7.22
Speed(m/sec) 754 | 919 | 896 | 859 8.35 792 | 750 | 6.93
Passing Time(sec) 690 | 1247 | 1828 | 2431 [ 3024 | 3650 ] 4305 ] 50.16
9 4fF GUEVARA Ana 50.16 MEX W Lap time(sec) 690 | 557 | 581 603 | 593 | 626 | 655 ] 7.1
Speed(m/sec) 725 | 898 | 86l [ 829 | 843 | 799 | 763 | 7.03
Passing Time(sec) 7.00 1254 | 1828 | 2423 | 3003 | 36.27 | 4291 ] 50.47
8 S5t TROTTER DeeDee 50.17 USA W Lap time(sec) 700 | 554 [ 574 [ 595 5.80 624 [ 664 [ 7.26
Speed(m/sec) 714 | 903 | 871 [ 840 8.62 801 | 753 | 6.89
Passing Time(sec) [ 678 [ 1219 [ 1775 | 2353 | 2958 3593 | 4266 | 5033
5  6ff ANTYUKH  Natalya 5033 RUS W Lap time(sec) 678 | 541 | 556 | 578 6.05 6.35 673 | 767
Speed(m/sec) 737 | 924 | 899 | 865 8.26 787|743 | 6.52
Passing Time(sec) 690 | 1254 | 1835 | 2445 | 3062 | 3697 | 4353 | 5054
3 7fE USOVICH llona 5054 BLR W Lap time(sec) 690 | 564 | 581 610 | 617 | 635 | 656 | 7.01
Speed(m/sec) 725 | 887 | 86l 820 | 810 | 787 | 762 | 7.13
Passing Time(sec) 660 | 1220 | 1803 | 2422 | 3042 | 94 | 4369 ] 5096
2 8 WINEBERG Mary 5096 USA W Lap time(sec) 660 [ 560 [ 583 [ 619 [ 620 652 [ 675 | 7.27
Speed(m/sec) 758 | 893 | 858 | 808 | 806 767|741 [ 6.88
Passing Time(sec) 684 | 1258 | 1854 | 2476 | 3106 | 3763 | 4457 51.81
3 Bk TANNO Asami 5181 JPN W Lap time(sec) 684 | 574 | 596 [ 622 | 630 657 | 694 | 7.24
Speed(m/sec) 731 | 871 | 839 | 804 | 794 761 | 720 | 6.91

TOT—HIZIMZT, EHRELIT—NZ A LDH
% HCTHIz (K 10). AWFIET —H 1213 07 KBk
Wz, BARBEERFZESNEE L TV HEN
hy7L$®?~&%€WTwé

FS5EER6ITHT - BPEE, oF, ARTA
bk%h%@ﬁ?@%rbk X 10 ® 5B 1riiHIz
EET 5 &, 2RI — 124 2D B WETF
VF ERE O E B 2N WE IS H o 72 (=-0.89,
p<0.01). 7272L, 07 KRB LN 99 B U 7 Di#
FIERLYTDHE, B 181 H 45740 Lo
7R Ny TSV NTIREDO LD BRI A
SN oTZ(NS). LT, HRA Ny T LD
AR N RO ERE S EER L (FiPE) 1%, 18.00
+334% (11.25~22.54%, #5) ThHZ L&+
25 L, RNy LR D IZDIIE, %Y
DL T 18%ATEREICIMA ONDIRITE D
OFMT, B (150m £137) % 10.0(m/s)Hi4
TENRTIIERERNESFZD.
WolE ) Oy T LA
TO & D 7pfE TR <,

%, B
TV H A LD B EE

?ikﬁuﬁﬁ@iﬁ HEE DS & W o 72 R 7R
B> Tz (,=-0.91, p<0.01).

33 EHELEYTF - ANTAR
WEAERTLHIE YT EART A FlZon
T, L—AHOEREE & OBIRME & 2RI A
HE, ARNTA RBRRENGDIF EEEE D H
VMEIIZH - 72 (1=0.89, p<0.01). B »TF LiE
HE L OBRMEILIHLABREH D HDD (1=0.61,
p<0.01), A2 T4 RIZHARTEN 72 (K 11).
HWEK FERLE OB TE, By FEKFER
(r=0.61,p<0.01) X VW 2 kT A4 R F R
(r=0.89,p<0.01) 12 X2 EEDIZ D P REVWH
AN R STz,

34 BFEEBEIZONT

07 RERBFAZV AN 34 (LLF, 07 KK
BHTOP3 & 45%) BLOWHETE (KA R)
Lt AXIYAN 34 (LLF, 07 K&+
TOP3) DEEEBNEDO AT 4 v 7 ¥V F v —%



Speed [m/sec]

Running Velocity

11

10

/Sk\;‘i‘;\“'\_i\\a
-+ WARINER Jeremy 43.45 USA
-0~ JOHNSON Michael 43.18 USA
S-50m 50-100m 100-150m 150-200m 200-250m 250-300m 300-350m 350-400m
Zone(50m)
9. J.WARINER #ZF (07 KFR) & M.JOHNSON (99 £ E ) 7) EFDLE
(m/sec)
11
e . NS
10 X : W07 KR (B) A
- y = -0.35 x + 25.52 & 07 KR(Z) AT
Lo T r=—0.89 % 99“2tu7(%)ﬁﬁ¥
| ' A Q4T OTHIE
9 | . @ BEFEFEARIF
- - _ +:BRcT (B) Rl
[ . VTT016 %+ 1040 — BN (R B
I p<0.01
8 I
- - W 07Kk () #&F
- ¢ :07KMR(Z) & F
- *:99vE YT (B)ai
- X :99t|:i')7(ﬁ)ﬁﬁ¥
7 [ y=-017x+ 1561 A94ATITEY
i r=—0.77 - O BAFERY
i p<0.01 y=-0.13 x + 13.87 +: BEAMT(B)%E
- r=—0.83 _ — BERMT (Z)HRE
i ‘P<0.01
6 Il Il
40 45 50 55 60

Goal Time (sec)

10. I—ILEBALEL—RBIEEEZFDEREDERZ




5 BFA0mMEL—ADT—ILEAALEL—RETE, BFEDEERE, EVvF, AFSARBITIETE

B2 (150m 1 5) % (350m{Fi) ETE®
- i . EE  EvF RRSAF EE EvF ARSAF = 1
A B L (e ) ) L (m/s) (D ) i EEEVF ARSAE
WARINER Jeremy 4345 | 9.81 3.79 258 1 8.70 3.85 2.26 11.25 -145 1250
MERRITT LaShawn 4396 1 983 385 256 : 867 3.71 234 :11.87 3.63 853
TAYLOR Angelo 4432 1 10.07 3.91 257 1 819 3.59 229 1859 8.31 11.21
07K BROWN Chris 4445 | 995 431 2.31 8.13 3.95 2.06 18.26 8.46 10.69
DJHONE Leslie 4459 9.90 3.80 261 : 8.19 3.54 231 :17.20 6.72 11.23
CHRISTOPHER Tyler 4471 ' 9.81 3.95 248 ' 8.26 3.78 218 1578 437 1194
WISSMAN Johan 4472 | 9.86 410 241 | 8.04 3.87 2.08 | 18.46 562 13.60
MONCUR Avard 4540 1 10.02 3.78 265 801 3.40 2.36 1 20.08 10.01  11.18
Johnson Michel 43.18 : 10.08 — — : 8.69 — — : 13.76 —_ —_
Parrela Sanderei Claro  44.29 ! 10.20 —_ — . 8.18 —_ — 119.82 — —_
. Cardenas Atejandro 4431 1 10.02 — — 1 8.21 —_ — 118.05 —_ —
(ig-i—f,t'?T Young Jerome 44.36 E 9.98 — — E 8.09 — —_ E 18.93 —_ —_
etrr;ilazog;;o Pettigrew Antonio 4454 ' 10.18 — — ! 8.09 — — 12058 —_ —_
Richardson Mark 4465 | 10.20 — — 1 8.09 — — 1 20.67 — —
Haughton Gregory 45.07 E 10.04 — — E 7.82 — —_ E 22.08 —_ —_
Baulch Jamie 45.18 '+ 10.16 — — 787 — — 12254 e e
Ismail Ibrahim 4548 | 951 3.87 246 | 7.80 3.57 218 117.98 7.75 11.09
Ju-ll Son 4587 . 947 4.00 237 760 3.64 2.09 19.75 9.00 11.81
9477k Sakoolchan Aktawat 46.50 E 9.16 3.87 2.37 E 7.90 3.85 2.05 ! 13.76 052 13.31
= Inagaki Seiji 46.65 ' 9.10 414 220 : 7.67 3.64 211 +15.71 12.08 414
(%5,  Oomori Seiichi 4729 | 9.11 4.00 228 . 763 3.70 206 . 16.25 7.50 9.46
1997) ENAR 47.53 8.95 4.00 2.24 7.54 3.70 2.04 15.75 7.50 8.92
IJSLLY 47.70 ' 9.08 3.75 242 ' 747 3.45 217 +17.73 8.00 10.58
YR 48.09 | 8.68 4.00 217 | 8.08 3.77 214 | 6.91 5.75 1.23
TK 47.62 8.65 3.69 2.35 8.13 3.51 2.32 6.01 4.88 1.20
IH 4724 + 9.06 3.71 244 7.4 3.57 217 1458 3.69 11.31
oY 46.63 | 9.35 3.81 246 ; 8.07 3.54 228 ;13.67 6.97 7.21
K.Y 4569 . 9.56 3.95 242 | 8.23 3.70 223 11394 6.51 7.94
ERALyT M.Y 46.75 9.18 3.53 2.60 8.10 3.41 2.38 11.78 3.54 8.54
AM 46.58 ' 9.27 3.96 234 ' 823 3.86 213 1+ 11.20 2.66 8.77
UK 4729 | 9.29 4.07 228 | 7.66 3.91 196 1755 3.93 1417
sY 46.59 9.49 411 2.32 7.98 3.67 217 15.99 10.64 6.15
Y.Y 4591 ' 9.30 — — ' 807 — — +13.29 — —
™ 4761 | 8.18 3.81 215 | 7.46 3.87 193 ! 8.80 -1.57 10.22
Eipikeakes J.0 46.38 . 8.46 3.90 217 . 8.03 3.70 217 5.08 513 -0.05
(RS, KA 47.91 8.45 4.08 2.07 7.81 3.77 207 ' 157 7.60 -0.03
1997) T.C 4852 ' 8.37 3.80 220 748 3.61 207 :10.63 5.00 5.93
HK 4943 | 833 3.75 222 . 728 3.64 200 1261 293 9.96
07 KRx 44.45 9.90 3.94 2.52 8.27 3.71 2.23 16.44 571 11.36
99tEYT 4445 1 10.11 — — 1 8.13 — — 19.55 — —
Ty 947UF7KR%& 4689 : 913 395 231 : 771 367 211 1548 726  8.82
B[ 46.70 | 9.24 3.85 240 ; 8.02 3.65 220 ; 13.11 5.35 8.16
ik 4797 : 836 387 216 : 761 372 205 : 894 382 521
07 KRx 0.58 0.10 0.19 0.12 0.27 0.19 0.11 3.25 3.61 1.47
99+E7 0.61 ! 0.09 — — 1027 — — 1 278 — —
BERE 947PTKE 092 0.27 0.12 0.11 0.20 0.12 0.05 3.90 3.27 4.09
B[ 0.63 0.27 0.20 0.10 0.20 0.17 0.13 3.30 2.60 3.78
il 113 ¢+ 0.11 0.13 0.06 @ 0.30 0.10 0.09 ' 288 3.44 5.08

12 L 13 (R LTz,

341 AA THNZHOWT

AL THOMEIZET 5o EBIZEBWT
H b HIFAE (=054, p<0.01), EY HLAE
(1=0.68,p<0.01) & EHE & DORNITHEF A E 224
BIRAR N A b Tz, AIEOHEENE W E XITH b
FFAELEVHLAE L KRE L, BPoEERN
R EXTiEd b BIFAEEIRY HUAEIMERN
EWIHHIIITH -T2, SIEfHT AR (NS) LS
E L OMICIZ—EDEAITRD otz (£ 7,
X 14). AA 2 ZHEMEDO R RGEEIZHOWTIE, W
FTIHERE & —EOMBAITA SN0 -T2 (S,
4 15).

342 X v 7 HoOEE

BEHI OB OV T, B bk RaE A
XA OMHBERMG (r=-0.44, p<0.01), WM& EBIE
A L X IEOMHBIBRN A BT (B 1=0.33,
p<0.05, J& : 1=0.42,P<0.01). >F VD, ALk
REE A B 3 A7 T, 0 i B AT b i fif
ALCHEH L TN, B I TR B 23 i AL C,
AR f BE AT LB B i R CREHE L TN (3R
9, X 16).

W I F 9 BEHOBRREIIC DUV T, B
BLXOBEEMAE L ITAOMBEZE (K :
=-0.44, P<0.01, J : r=-0.56, P<0.01) 7358 5
=2, BB E ORNTITRD Hivied-o Tz,
ZAVBER R BT, IRREEI OB X 13



£6. BFM0MEL—RDIT—)LEA LEL—RFTIE, BEOERE, EvF, REFM4KEEL
WETE B
B (150m{H3f) %3 (350m{3f) R )
. ik . EE  EvF RNIAF EE EVvF AR e = s
ki @) L e ) ) L () ) m  BE EYF ARSAE
OHURUOUGU  Christine 4961 : 8.62 3.79 227 : 155 354 213 1241 6.68 6.15
SANDERS Nicola 49.65 + 8.48 3.85 220 : 7.63 3.73 204 :11005 3.00 1.27
WILLIAMS Novlene 49.66 | 8.78 410 214 ; 7.39 3.82 193 1585 6.90 9.62
o7%fg  GUEVARA Ana 50.16 : 8.41 4.01 210 : 7.55 3.75 201 11028 6.68 3.85
TROTTER DeeDee 50.17 1 8.48 3.79 224 731 3.61 203 :13.78 483 9.40
ANTYUKH Natalya 50.33 ! 8.85 3.89 228 ! 7.23 3.45 209 11829 1122 797
USOVICH llona 50.54 | 8.34 3.88 215 1 7.63 370 206 : 857 448 428
WINEBERG Mary 50.96 . 8.30 3.70 224 . 7.36 3.48 211 1130  6.02 5.60
FREEMAN Cathy 49.67 ' 8.63 — — 1 132 — — 11520 — —
RUCKER Anja 49.74 | 8.61 — — 14 — — 113.98 — —
N GRAHAM Lorraine 4992 . 8.71 — — E 7.26 — — E 16.70 — —_
OoBE)T OGUNKOYA  Faliat 5003 | 8.68  — — 712 — 11796 — —
st al. 2001) MERRY Katharine 5052 ! 8.57 — — 1 708 — 11737 — —
' NAZAROVA  Natalya 5061 | 8.48 — — 1 7131 — — 11382 — —
BREUER Grit 50.67 : 8.56 — — 1709 — — 11720 — —
KOTLYAROVA Olga 50.72 ' 8.52 — — ' 7.23 — — +15.09 — —
Tanno Asami 51.81 | 8.18 3.94 208 : 7.09 3.68 1.93 11336 6.53 7.31
AS 5363 : 7.63 3.75 204 : 7.26 3.70 1.96 : 4.86 1.16 3.74
KM 5375 ' 7.70 3.80 203 ' 7.20 3.70 1.94 ' 6.53 2.51 412
K.J 5406 ; 7.64 3.88 1.97  7.06 3.69 1.92 | 7.58 5.03 2.69
K.S 55.15 . 7.67 3.57 215 1 7.04 354 1.99 1 823 0.90 7.41
E3 [ I MK 56.11 1 7.59 3.68 206 : 6.34 357 1.77 11646 291 13.97
LY 55.71 + 7.83 3.69 212 ' 6.79 3.63 187 :1328 164 11.83
™ 55.61 | 7.93 3.69 215 | 6.60 3.32 199 :16.84 10.07 7.52
T.C 53.47 7.87 3.56 2.21 6.97 3.49 2.00 1147 207 9.59
M.S 56.67 ' 7.77 3.98 1.95 ' 599 3.61 166 '2288 924 1503
H.M 54.31 | 798 3.84 208 : 685 3.66 1.87 11408 475 9.79
07 KB 50.14 : 8.53 3.88 220 : 7.46 364 205 :1257 6.23 6.77
iy 99tENT 50.24 | 8.59 — — 7.23 — — 15.92 — —
ERkyT 5457 : 7.76 3.74 2.08 ' 6.81 3.59 1.90 1222 403 8.57
07 KR 048 : 020 0.13 0.07 : 0.15 0.13 006 : 3.26 2.43 2.18
Z#FEE  99tEU7T 044 ! 0.08 — — 1012 — — . 1.60 — —
ERryT 142 + 018 014 0.08 ' 0.39 0.12 0.10 ' 5.32 3.19 4.07
44 20
yEO1Sx 272 " W-O7KIR(B) v =041x-002
42 r ;;%%‘1 *:07KBR(Z) W 15 W07 KR (B) AT
- x ¢4 m A94TSTB)ME & 07 KIR(Z) B
~ 4 r x : Wby &BIFE(B) HiE: — A QATTT(B)EIE
I *: ER by (&) BT =10 | x: BRIy & TR BT
38| ﬁ * BRI (R BTE
2D ) w 5 [
Y oast Samoer R
9ATSTB)HE S o f
34 BNy &R &¥
ERb T (& EE)
32 =50
3 : e : : -10 : : : :
50 60 70 80 90 100 110 0 5 10 15 20 25
20
y =0.66 x — 0.51
r=0.89
= 15 [
E *,’ff 10 [
w =4
Y P 5 I
2 5
X Lot
_5 I
16 : s -10 : ‘ ‘ ‘
50 60 70 80 90 100 110 0 5 10 15 20 %
1. L—RATELBZFEDERELEYF, RS54 FOBER (EX)

BFUEREDETEREEYF, A5 FOETE (AR

ETE=100x (FT+DE—RFDE) /AFDIE
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R7. L—ABIEERFEDODRY 4 VTHOEE (BE)

B+ BT (150m{56E) %2 (350mft3m)
ar 33 EIT BIEMT IRYHBL $EEF 5IEF1TF IRUEHL
A
(deg)  (deg)  (deg) = (deg)  (deg) (deg)
WARINER Jeremy 64.16 3153 3218 = 6164 3587 2940
07K MR MERRITT LaShawn 62.96 3200 3490 5982 4012 3096
BFTop3
TAYLOR Angelo 65.86 3953 3765 | 6320 4425 3436
OHURUOUGU Christine 6464 3327 3429 = 6263 36.35 3224
07 KM .
£FTop3 SANDERS Nicola 71.21 2712 3418 | 6160 2884 2993
WILLIAMS Novlene 63.49 3510 3168 | 59.85 4089 2509
Ismail Ibrahim 71.37 39.51 38.60 = 59.31 4379  26.87
Ju-ll Son 66.26 2535 3522  61.87 26.68  32.28
Sakoolchan  Aktawat 65.17 3449 3407 6310 3201 29.68
947 VT KR Inagaki Seiji 6826 2676 3085 5942 3231  26.09
(fFigE5,
1997) Oomori Seiichi 65.03 3515 36.85 « 5672 3294 3120
ENAR 60.42 3040 3305  56.23 3220  26.51
JSLLY 70.01 25.85 36.33  61.88 2427 30.71
SRy 61.95 2662 3502 5573 24.01 31.14
E'y@ Yamaguchi Yuki 73.31 2927 3631 | 65.19 2492 3039
™ 5740 3049  30.11 = 60.62 31.81 28.39
J.O0 65.24 2521 30.40 = 66.01 26.43  30.71
F'aélﬁjji
(fRERD, KA 6060  26.19 3068 = 57.14  36.91 26.42
1997)
T.C 69.71 39.41 3885 6442 4098 3297
H.K 64.35 2737 3569 = 61.07 31.10  26.69
O7KBREFTop3 64.33 3435 3491 | 6155 4008 3157
i 07 KMBR&ZFTop3 66.45 3183 3338  61.36 3536  29.09
= 9477 66.06 3052 3500 = 59.28 31.03  29.31
ERbyT &EEFE 65.10 29.66 33.67  62.41 32.02 29.26
O7KBREFTop3 4.17 418 1.48 1.41 6.09 3.65
@5 e 07 KMBRZFTop3 417 418 1.48 1.41 6.09 3.65
= 9477 3.77 5.29 2.39 2.84 6.37 2.45
BN,y T &L 5.81 5.16 3.75 3.39 6.11 2.55




RAVT HOENEA E (deg)
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| L ]
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AA A [ ]
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20
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50
FEYHL r=0.67
p<0.01
40 [ ] A
2% At
30 | _A o’ A "
oha
20
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FERE (m/s)

14, L—RARTHFLEF DEREE

AAVTHDBL L, 5IE4HT, IRYHLAELORE R

W07 KR (BE)ATH 07 KR (B) & ¥
¢ 07 KBR(Z) gl (07 KMR(&) & ¥
A QAT TTHIFE Q4T OTRYE
@ EFEFAERF BTEFEERY
+ER TR ERAMyTHE

6 Mom

6 Das



8 L—RAIFEELEBFEDRD 4 VTHOBERE (AERE)

BII2E (150m{31) % (350m{T3E)

28T 33 L7 BIEMT RYBL RUYRL £EEF BIEfMT RYHL RYERL

(deg/#)) (deg/F)  (deg/#V) (deg/#)) (deg/#)) (deg/F)  (deg/#) (deg/#)
WARINER  Jeremy 659.11 97693 111112 35039 = 61627 88857  1059.98 330.17
%92?5%3 MERRITT LaShawn 732.02 102877 1081.93 41079 & 62349  884.99 84056 33327
TAYLOR Angelo 74598 100221 100344  456.13 | 59256  876.98 81298  396.10
OHURUOUGU Christine 706.86  1012.87 103473 43078 & 699.87  931.47 913.41 337.46
;?ﬂ& SANDERS  Nicola 739.98 107113 116491 44042 | 74773 84175 110380  380.74
WILLIAMS  Novlene 64011 91816  1031.62 349.12 = 631.14  870.35 967.71 304.71
Ismail Torahim 810.45 92848 683.54  436.02  689.27 89376  1021.18  360.12
Ju-i Son 806.72 107458 93621 33518 = 81331 107601 90126  371.56
Sakoolchan  Aktawat 70590 93902 108424 43135 | 681.68  949.86 93448  339.27
947 VT KRR Inagaki Seiji 816.46 101098 83824 34120 68383 1156.52 89267  395.34
(1?939&7?' Oomori Seiichi 800.99 109320  899.26 47326 = 69643 1019.58 91845 34292
ENAR 84182 110660 96755  379.41 = 73348 102231 91623  297.48
IJSLLY 81847 105052 99494 36841 = 73482 102817 95340  351.51
YRy 867.74  969.44 108576 44204  739.12 105883 93879  525.12
E'ﬁa Yamaguchi Yuki 70097 100343  987.30 48460 & 727.35 88943 100193 44211
™ 77199 104993 103323 42292 = 71923  989.80 109847  364.33
RS J.0 739.19 102265 107754 40754 & 70058 89368  1007.39  391.20
(S, KA 697.74 116758 104959 467.64 71006 1031.83 109248 43157
1997) TC 80605 95508 114901 48506 78876 97028 111889  396.77
HK 75343 100197 1039.96 416.03 & 67850 98876 100020  346.78
O7 KPR BFTop3 71237  1002.64 106550  405.77 | 610.77  883.52 904.51 353.18
T O77(|1ﬁ§w¥Top3 695.65 1000.72 107708  406.77 = 69291  881.19 99497 34097
47T 80857 1021.60 93622  400.86 = 72149 102563 93456 37292
ERby T &BETEFEE 74489 103344 105611 44730 | 720.75  960.63 105323  395.46
07 KPR B FTop3 46.65 25.92 55.69 53.05 16.18 5.93 135.35 37.20
P o7xr!Jizzw¥Top3 50.87 77.21 76.07 50.16 58.60 4583 98.08 38.14
957 T 46.86 70.02 132.83 51.39 4429 79.24 40.24 67.63
BNty T &BETEEE 41.79 72.68 54.13 35.73 37.36 57.20 55.58 36.98




AV THIOEEDRKEE (deg/s)
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L—RETHEEBFDEEREERA VTHID
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W07 KR (E)aI#
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A QAT TTHIFE
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x9. L—REHF ERF DX v Y HIOEMEBR & BB o TR A E

B4 (deg) % (deg)
[PEsKd] B R 33 _REIE B

2RI i ) it it i B i Bt it it i Bt
WARINER  Jeremy 14991 20066 16855 16094 11353 14948 = 14369 201.84 16308 160.02 11848  146.47
%f’g;ﬁg MERRITT  LaShawn 13722 19798  169.16 15587 129.21 14434 14683 19626 159.99 16327 12043 126.70
TAYLOR Angelo 12972 19158 15612 14595 11997 13528 ~ 137.78 20337 151.36 157.72 12208 140.85
OHURUOUGU Christine 13175 20805 14337 156.82 117.65 13043 13663 19589 14160 157.03 11077 133.05
;?;E%s SANDERS  Nicola 13220 20654 14552 16152 12225 14086 | 139.17 20404 14893 167.94 11397 14153
WILLIAMS  Novlene 14324 19855  161.09 15020 127.65 14859 | 14019 197.35 15516 16154 11547 133.79
Ismail Ibrahim 14390 18507 16341 14745 10154 106.26 | 149.63 207.18 160.23 166.67 101.36  118.30
Ju-l Son 13556 199.22 14995 15508 10056 117.67 | 13827 201.95 14053 157.85 87.38  115.80
Sakoolchan  Aktawat 14026 20428 14271 15080 8807 12428 | 147.19 21498 15198 16885 8807  130.24
94(;‘{#?;% Inagaki Seiji 13877 19873 16054 15990 10308 11232 | 15328 209.67 15847 167.34 9353 12356
1997) Oomori Seiichi 12598  199.19 14816 16392  99.08  127.52 | 14208 21269 14547 17088 9269 12059
ENAR 12399 18877 156.33 16603 9410 9692 13838 19875 14565 16275 8639 10057
ISLLY 14227 19755 15872 15459 9727 11166 15596 21047 15796 170.66 86.62  115.12
YRy 14158 19961  169.25 16819 11205 11830 = 15225 21219 16105 17395 9721 13163
EL@ Yamaguchi Yuki 12873 19378 14475 14784 10966 136.39 | 14247 20407 15524 16544 11574 142.96
™ 14787 20406 156.16 16469 8833 11065 15003 20390 16028 16540 9656  117.49
AEs s J.o 14539 20527 15549 15854 9398 11903 | 147.31 20208 15015 159.37 9719 12745
(RS, KA 14773 19662 14861 15819 8555 11336 | 153.32 21289 15159 17145 8314  120.13
1997) T.C 14624 20298 15694 16430 9396 127.77 | 15450 20023 16000 161.78 9613  123.41
HK 14433 19599 16227 15905 9135 11966 | 147.71 19407 15636 156.73 86.98  108.10

07 KRB FTop3 13895 19674 16461 15425 12090 14304 | 14277 20049 15814 160.34 12033 138.01
- O77§Wi#‘?Top3 13573 20438 14999 156.18 12252 139.96 | 13866 199.09 14856 16217 11340 136.12
9477 136.54 19655  156.13 15825  99.47  114.37 | 14713 20849 15267 167.37 91.66 11948
BNy &BETEFEE 14338 19978 15404 15877 9381  121.14 | 14922 20287 15560 16336 9596  123.26

07 KRB FTop3 10.21 4.66 7.36 7.62 7.88 7.19 459 3.75 6.08 2.79 1.80 10.18

S O77§Wi#‘?Top3 6.51 5.10 9.67 5.69 5.00 9.1 1.83 435 6.79 5.49 2.40 470
9577 7.57 6.34 8.73 7.46 6.97 9.85 6.85 5.58 7.91 5.09 553 9.80

ERbyT &ETEEE 7.30 488 6.30 6.09 8.43 9.53 4.40 6.13 4.19 5.22 11.30 11.65




Fu VRO EEE A E (deg)
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16. L—RAETH ERF DX v VMO EMERR & thEEO TRESHAE & ERZEDRFR

W07 KBk (B) 7%
@07 KBr(Z) BT
A Q4T THIE
O HFFERF
+EA~YTRIE

07K (B)#&H
O 07 KMR(&K)#%H
AQATUTIRYE
O BmFEERY
+ Bl TRE



R10. L—RETHFERFDFT v I HIORKEBRERE

Bl (deg/s) % (deg/s)

2 HI BREAEn  RRBHE  ERAE  MIS{k  ISRHEN  RRESER O ERHEN  HIS(A

WARINER  Jeremy 745.73 297.67 856.14 53907 & 62491 20271 70469  547.40

%’;ﬁf& MERRITT LaShawn 664.97 353.77 66250 60023 = 586.86 316.15  562.11 54506
TAYLOR Angelo 785.86 335.55 76560  649.30 71834  222.41 67598  559.26
OHURUOUGU Christine 418.99 377.96 62142 59669 = 507.53 396.68  680.07  461.88

;?ﬂ’; SANDERS  Nicola 956.41 450.37 593.21 631.26 | 627.92 58991 93426  432.80
WILLIAMS  Novlene 658.43 379.32 64822 69121 | 63513  468.21 863.65 44514

Ismail Iorahim 638.56 281.90 98205 56923 | 797.01 51532  931.71 48270

Ju-TI Son 102216 57439  1086.33 608.77 = 803.86 55548 98320  569.52

Sakoolchan  Aktawat 706.46 27215 100554 57353 = 86250 62372 131179 521.23
947‘77?(§ Inagaki Seiji 787.53 439.75 90642 57439 | 78524 50535 1031.61 469.83
({?9%7?’ Oomori Siichi 72250 58757 120063 68039 ~ 807.30 65432 1158.23  509.93
ENAR 788.13 34194  1056.99 59841 79287 59459 1118.88  499.62

dJSLLY 745.42 429.72 981.19  557.49  661.19 503.06 107258 45837

HSRY 807.01 285.05 84826 60476 = 87090 58327 133757 52855

E'y';l Yamaguchi Yuki 822.23 36751 85368 67588 | 557.37 439.64 120576  449.20
™ 733.87 466.58 866.02  551.34 = 72741 40322 69448  547.99

R 4 J.0 683.63 44896 90753 55587 | 558.30  334.41 82095  513.17
(D, KA 698.22  334.04 75763  561.38 | 72196 52253 74439  467.97
1997) T.C 850.53 52738 110051  609.10 = 616.21 564.07 98509  504.20
HK 659.19 28751 99375 54819 | 48088 17348 72126  489.68

07 KBRBFTop3 732.18 329.00 761.42 59620 = 643.37 24709 64759 55057

. o7jcr9itcw%Top3 677.94 40255 62095  639.72 | 590.19 48493 82599  446.61
47T 77722 40156 100843 59587 = 797.61 566.89 111820 504.97

ERbtyT &EREZEE 74128 40533 91319 58363 |« 61035 40623 86199 49537

07 KBRBFTop3 61.57 28.62 96.89 55.22 67.65 60.61 75.41 7.61

- o7jcr9itcw%Top3 269.24 4142 27.51 47.82 71.68 97.69 131.21 14.60
9577 112.98 128.13 108.81 38.80 63.81 56.77 146.28 35.74

ERtyT &EREE 78.05 90.49 119.65 50.45 9846 14064  198.35 34.87

FEX VI Z 5TV, BRSO CIRBERERR 2
BRI 2N BRI T d o 7273, 152 TITE DM AT
DT F—htipoTW= (329, [X16).

X 7 WO e KA R A L & A EE D RAFR T
I, I BEER A EE & L o BRI A OFHBRY
BRHZE BN (=037, p<0.05) .= LT, &k
el AA > THRE LR & ORRICE VT
IEDOFBAREFR N 22 B 417z (1=0.71, p<0.01) (F 10,
4 17) .

DHEDS (1994) DOIRRDEGHIC LauE, IR
DO E 2 2RO 2 A v 7HE IR KL <
HRfa C & 2o WRIRNE, % > 7 H oo [ BE i e s
NEESTZTZOELE L TWA RNy L~
DT —H Z BN LT AWFRIZEB TS, BB
FEDHT - BB LW b b 59, %o
MR 1% 5 A A v 7R T 23R8 8 B, IEBA S
A SEEDOH R ERE LEZ > TWAEET)
fal z 7=.

343 (KiroOAE

Pt & e O A A 2R 11 & X 1817w
L7z, EWE L ORI, B AiggE &
ORI IEOFBIREFR DI A H 7= (1=0.54, p<0.01) .
AR, R 2 R S SR 2 H v, %
L EEBREE ER- T BHEFTH -7z,

35 FEOH
94 7T (BHEDS, 1997), 99 U 7 (Amelia

Ferro et al., 2001) OWEIZ, AWFETH LN

FERAZINAIRGET LTRESR, IRO Z L b e 7

7.

1) Overlay = (FfH &, 2008) (2 &% 400m
— RANEZEAEL L2 — 250, 11 K
MOEEELE RTZLITR), FETFOL—
2R DFEME ST — 2 OB S 5 2
taAREELTE. LT BEyTFERXARTIA R
DAL LN <R TE 5 2 L0 b, EH D
WrEN 72 EOBG LI A D ENTEZ. 2



FUIRMDZRBRAREELERA XA EE (deg/s)
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17. L—REHF ERFDEREE XY I HORKBREEE & DER
BrUHERDERARA VT EE & DR

W07 KR (FE)AT# 07 KR (FE)#%FE
¢ 07 KM(Z) g (07 KBR(Z) &3
A Q47T THIFE Q4T UTHRYE
O P ERTE AL RY
eI PATES ERAryTHRE



& 1. L—RETH &R OHEBERE & S BRE O ASREAE

B (deg/s) %% (deg/s)

a1 b EEMh | EMh g

WARINER  Jeremy 10.29 9.47 1232 14.60

OTABR  \MERRITT  LaShawn 16.53 15.67 8.80 13.11

5B FTop3

TAYLOR Angelo 14.65 14.47 7.60 8.59

OHURUOUGU Christine 13.65 16.23 1127 16.27

;;ﬁfﬁ:; SANDERS  Nicola 14.15 13.36 1393 1534

WILLIAMS  Novlene 10.18 14.91 8.92 13.54

Ismail Ibrahim 5.42 1.43 3.40 3.05

Ju-ll Son 5.53 3.05 3.95 1.56

Sakoolchan  Aktawat 6.02 -0.59 0.38 -2.98

94T VT KR Inagaki Seiji 1343 884 442 384
(fRikD, . o

1997) Oomori Seiichi 16.81 14.86 1.09 -0.78

ENAR 15.59 12.70 3.45 1.41

d5LLY 8.60 2.03 2.07 1.79

YR 11.47 7.08 6.08 2.66

Elyl;]o Yamaguchi Yuki 17.67 16.87 9.81 11.06

™ 10.55 6.59 6.01 3.91

REFEEE A J.O 5.28 2.41 3.60 3.93

(R, K.A 12.08 7.25 4.86 0.41

1997) TC 688 327 | 318 44l

H.K 9.59 7.36 7.1 5.05

07 KRB FTop3 13.82 13.20 9.57 12.10

_” O77t|3b_lttw¥Top3 12.66 1484 1137 1505

9477 10.36 6.18 3.11 1.32

ERbyT &BETEFEE 1034 7.29 5.76 4.80

07 KMr5BFTop3 3.20 3.29 2.45 313

ERE O 00 iwm se | iss oo

ERbyT &BETEE 4.36 5.14 2.47 347




REr M (deg)
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L—RATH ERFOERE & EhBRMAER & BtBERRORTAE
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AU, Overlay L 250 HIENR, L0 £<
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2007 A e st ER FHE RIRREIZRBIT 5
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Analysis of Racing Patterns in Men’s 110m
and Women’s 100m Sprint Hurdle
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Kazuhito Shibayama", Sayuri Kawakami®” and Satoru Tanigawa®
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— KU T2 AN (=074), YEHA X —r3)0
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F B A LOREME, DFEN A U F— VR ETIR
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x 1. BFEFORESIER OHEETS
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BT 61% &R Lic. HEBECT 5 &4 5.5m ThH
H.oN—RAEEZ L DICEHLEG X LT 5%
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2, BHEOFEELID A T4 FAFIBRENZFT
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NEEJIDNE W CIEER SO EME L TE 9,
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BEI DB ENHIT 50, EEIZIE, »~— KV
VAT TA U F =T XIS BT DR
WY XL ST AT v MR, RRekE
MR DTN D EEZHILD.
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TALEE)
AREOBF 110mH SMFEF %, F 21T X
INZFOERNEIZ EALRE - POLEE - PALEED 3 7 v —
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&/ Ty &=/ 1y
Bz REEE N—FKUYY N—=FYLT AVE—NIL A8 —n)L
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#2. 110mH OEREOEHSH

EATEE | ohfiEE | TR
1295~ [13.42~ [13.72~
BH(sec) [ 775 39 13.68 13.92
FEi(sec)| 13.21 13.57 13.81
N 12 14 11

AL s PRRICB W, B 12 A X — T

T THENRE ML, 0% bEMEfkT,

B A A F =B TREEEICEL TW
7o LA H— VDR EE 100% & L 7%t
HWEEADE (F3), F4A402— LB
T EAL » FALEEE BRCEN SR 3.5%8 L T
T2, oA H— VLI, I T LT
R B, & HITHE 8 A X — LB NT
A2 =% RElo> T, BT« PALEE
WZRBWTIE, BIERMICFREROMEEZE 2R LTV
2. =77, FAECB WIS 1 A 2 —0vD
BT HPALRE & AR CH 0, AR DI FE MK
R RAY = = AR EP&E%& FEETH DN, &H
2~3 A L H— U TCGEEEINT 1%RE T
HY, BIIESA L HX—NLETETHoT.
F,BOA A=V BNTE LA 2 —N
& TFE-TEY, EAL FAEEL U H 000
SHECRIEOBENME T LW ZhbnZ b
B, BAL« PALRE L FALEE & TlX L — ZARREN
SHBRICBIT A EERINEN R 2D 2 b, 52D
BWEK THAXB AR Z ENELZETTH
HIEDDOMND.

9.4 7

9.2 1

8.8 1

Velocity (m/s)

861 w

8.4 1

8.2 1

2 13 W B B O, R AR LU0V
N—"7" (EALEE - LBE - TALER) BIOA B ZME
EIT ol REZ R LTV A,

BF 110mH O 7V — 7RIS W TEE N —
KU T HEADEFNN—RY) T H2ALICH
BEREBIIRDO LN -T2, 1% KETHEEN
B BNT-DIE, EATEEE FAERCR T D mEE
B, SEHA o H— v T /54’AT3@071 A7
FEE PAIBEIC BV T, BEdE, /A v 2 —
PNIVT B A I A /5—/\/1/7 VEA BT
HFINEE & TAEEICB W TIE, i, SEi 4 /
&‘_‘/{/I/ﬁ \/&/]) -L\ 5%7kﬁfﬁf%7j)wu
NnNi-. 2habonz L, jt/\@%bu%vwv

(12.95~13.92 ) BT, ~"— KU 7%
A DIFIEEENT2NEEZ HILD. AR
FAEREICRBATT 720121, 138 5 B 60
SR R R X NIV X2 L %<
HILLTL 2 ERENTWD L 912 ()1, 2006),
%%ﬁf@ﬁ%ﬁﬁ%ﬁ@ﬁhﬁﬁ%f&;é TALRE
DNRNEEICBITT 57-0120%, 270 » eSO
mETIEHEAALDT &, 1/ AR TOMWE D
M EETH S, ZFES (1994) 24T L2 H
SRR BB 110mH (2B CiE, BAZREE
AR B W Tl B, S A v Z— LT v
A LT, BALEEE FALERICRB W TEE AN— R
YITEA DT N%KETHREENRBD LN, AT
Uy heENDME L, N— RV T XA LDEEN
BTN TNOMEL L ORENTZ. A REDHE
BT, FERIZBOTEIIIZFHVL OO, fKE
W, /N BNV T U E A LB O A
VERE—INNTG U R A NEAH—IN)LT RS
DAHHEBIZENELTNAS.
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#=3. BF 110mH OB EOIEREE

st 2nd 3rd 4th 5th 6th Tth 8th 9th

L4ig 100.0 1022 103.1 103.5 102.9 101.9 101. 2 99.7 98.1
ohfsd  100.0  102.1 102.2 103.6 102.5 101.0 100.0 99.0 97.17 (%)
THgE  100.0  100.7 101.2 101.2 101.2 99.9 98.6 97.1 95.2

sk — #% : p<0.01
1 sk
— * :p<0.05
14.0 —=— 931 0.74 . P
139} ozl 1
138} - . 2 > o 072 | .
13.7} £ 9.1}
. )
_ z _ 070 |
21361 % g 90t @
g 135¢ 2 £ 068 |
E 134} 89T =
133} 88} 0.66 1
B2}
I 0.64 |
13af 8.7
13.0* 1 ] 1 8.6 - 1 1 ] 0.62 - ] ] ]
EATEE AR TR LA PArEE TAR EATEE PhrRE TAORE
i | | smas | [ B s—rLSUEAL
0381 038 0.74 [
037} - o
0.37 —
0.72 |
0.36 036 F
@ 03s| Bl Z 0.70
z 0.35 : 0.35 :
£ 034} Z034] £ 0.68
0.33 033
0.32 1 032 066
031t L L ! 031" ! ! ! 0.64 ! i !
LAE AL TR EACRE PACEE AR EAr#E rhirmE TACRE
BIN—FULT 8L | R N T T ey

2. BF 110mH R\ NL—THOFEERTERR

F4. BFUIOMHDE A LDHT—4

1H 2H 3H 4 5H 6H ™ 8H 9H 10H Goal

2151 2.58 3.62 4.60 5.60 6.57 1.57 8.57 9.55 10.556  11.58  12.95
39F3° 90546 WEEEA 2.62 3.68 4.70 5.73 6.73 1.71 8.83 9.90 10.98  12.08  13.54 (sec.)
HEPE  2.64 3.69 4.76 5.81 6.84 7.89 8.94 10.03  11.11 12.19  13.61

Apr. 1st 2nd 3rd 4th 5th 6th Tth 8th 9th Run-in

. ) 2,58 1.03 0.98 1.00 097 1.00 1.00 0.98  1.00  1.03 1.37
105N V3L EEEA 262 1.07 1.02 1.03 1.00  1.03 .07 1.07 1.08 1.10 1.46  (sec.)
M%ch#E 2,64 1.05 1.07 1.05 1.03 1.05 1.05 1.08 1.08  1.08 1.42

215 0.40 0.38 0.37 0.37 0.35 0.37 0.37 0.35 0.35 0.37
NS AL MEEEA  0.37 0.37 0.35 0.38 0.35 0.37 0.37 0.38 0.40 0.40 (sec.)
HErrhEE  0.40 0.37 0.38 0.38 0.37 0.37 0.37 0.38 0.38 0.37
ElE) 0. 65 0. 61 0.63 0. 62 0.63 0.63 0.63 0.65 0. 66
18-V Viv3h REEEA 0.70 0.67 0.65 0.65 0. 66 0.70 0.69 0.68 0.70 (sec.)
HEF P 0.68 0.69 0.67 0. 66 0.68 0.68 0.70 0.70 0.7
e 5.92 8.85 9.29 9.14 9.46 9.14 9.14 9.29 9.14 8.85 9.09
THEE  NEEA 5.85 8.57 8.99 8.85 9.14 8.85 8.57 8.57 8.44 8.31 8.52 (m/s)
HEhEE  5.80 8.70 8.57 8.70 8.85 8.70 8.70 8.44 8.44 8.44 8.71
215 100.0  105.0 103.3  106.8 103.3  103.3 105.0 103.3  100.0  102.7
HxHEE  NEEA 100.0 104.9 103.2 106.7 103.2  100.0  100.0 98.4 97.0 99. 4 (%)
HEF P 100.0 98.5 100.0  101.7  100.0  100.0 97.0 97.0 97.0 100. 8
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=5 EE3BODESHURIZBIFRAL—RNNE—Y

2l(ElE) FS5 AL (B82431) RAY (34L)

Heat S-F Final Heat S-F Final Heat S-F Final

Time 13.36 13.25 12.95 13.40 13.23 12.99 13.27 13.19 13.02%

Apr. 263 2.63 2.58 2.63 2.55 253 2.62 2.61 253

1st  1.05 1.02 1.03 1.03 1.03 1.02 1.07 1.05 1.03

2nd  1.03 1.02 0.98 1.07 1.02 0.98 1.02 1.02 1.02

3rd  1.03 1.00 1.00 1.02 1.02 1.00 1.00 1.00 1.02

4th  1.03 1.02 0.97 1.02 1.00 1.00 1.02 1.00 1.00

5th  1.02 1.00 1.00 1.02 1.02 1.00 1.02 1.00 1.00

6th  1.03 1.02 1.00 1.05 1.00 1.00 1.02 1.03 1.02

Tth  1.02 1.03 0.98 1.07 1.03 1.02 1.03 1.02 1.00

8th  1.05 1.03 1.00 1.05 1.05 1.03 1.03 1.03 1.03

9th  1.07 1.05 1.03 1.05 1.07 1.03 1.03 1.07 1.02

Run-in  1.40 1.43 1.37 1.40 1.44 1.38 1.42 1.37 1.35

THXES A 1.04 1.02 1.00 1.04 1.03 1.01 1.03 1.02 1.01

EHN-MIUT 4L 037 0.35 0.37 0.37 0.35 0.35 0.35 0.34 0.36

SEHLUA-NIVFU84 L 0.67 0.67 0.64 0.68 0.67 0.66 0.68 0.69 0.66
e X E A 1.02 1.00 0.97 1.02 1.00 0.98 1.00 1.00 100 (sec.)
REHEF XA 6 6 3 4 5 5 5 5 7 (X&)
*:PB

), BT T AL (1299 7)), 4 3 frix2
A4 (13.028) THD. FRTO T - YERE; -
B DFsRE D E, 3/ EHLT T RTEICE
AL, B CROLBEWR Ty —< A% L
Tu-.

AN TL —RAREZ — o 2T 5 &, B
BIOBE, FhN— RV o T H A NFHERPT—
FEm E LTSN, T3 ERBHIFE S A L Tho
7o FXVCK L TR A o X — )L Z A A
DARBEIZIENE LTz, RS (1994) 12725 -
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x6. BFEFORMEIHIER DHERITS
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7. 100mH OBEHEDEHS
Lot | ohuR | TP
1246~ |12.78~ |13.01~
#H(sec) | ") o5 12.99 13.29
F1(sec.) 12.55 12.89 13.10
A 8 12 9
£ 8. ZF 100mH DEEDMERHEE
1st 3rd 4th 5th 6th 7th 8th 9th
NXivE 3 100.0 103.6 105.2 1041 103.0 102.7 100.8 97.8
==V ivE 100.0 102.3 102.6 102.9 102.3 101.6 100.2 98.3 %)
TEHLEE 100.0 101.6 102.8 101.4 100.7 100.4 98.4 96.9
ok ok ) sk p<0.01
133 - 9.0 075 % :p<0.05
) o 0.74 [
1B2F T 1 g9 | *
il - 0.73 [
~ 13.0 Z 88 * g o
3 1297 % ; 87 | g o7y
E 33 - 2 & 007
A 2 86 | i
el 0.69
125} + 851 0.68 [
124 % 1 1 84 - 1 1 1 0.67 - 1 1 1
EATRE AR TALEE AR PACRE TACRE AR PACEE AR
| ik | | smae | [ maaus— s saL
0.33 ¢ ** 033 ok 0.75 T
1
032 | 032 1 074 [
g.z; - K 0.31 + % 073 I
_ 030 ¢ 0.30 = L
<oy + Z ! g 07 %
E o2l 2 i :g_’ 071 |
g 028 = 0.28 } E oo |
0.27 | 0.27 + :
0.26 0.26 0.69 |
0.25 | 025 ‘—**l 0.68 [
0.24 | | | 0.24 - | | 0.67 — | |
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9. 100mH D3 A LT —4
1H 2H 3H 4H 5H 6H 7H 8H 9H 10H Goal
aes MAY— 254 354 451 5.48 6.44 7.41 8.39 9.38 1036 1139 1246
WEISL Emms o7 3.74 476 5.79 6.82 7.84 8.89 9.94 11.01 1200 1329  (se¢)
Apr. Tst 2nd 3rd 4th 5th 6th 7th 8th 9th  Run-in
B MARY— 254 1.00 0.97 0.97 0.97 0.97 0.98 0.99 0.98 1.03 1.07
AB-NWMh Fmme o7 1.03 1.02 1.03 1.03 1.02 1.05 1.05 1.07 1.08 1.20 (sec.)
p MAY— 028 0.28 0.27 0.27 0.27 0.28 0.28 0.28 0.28 0.30
—h1),
NFTHMA EmEse o3 0.30 0.28 0.30 0.32 0.30 0.30 0.30 0.30 0.30 (sec.)
NP M.A— 0.72 0.70 0.70 0.70 0.68 0.70 0.70 0.70 0.73
AS5-NVIMb Fgp s 0.73 073 073 072 072 0.75 0.75 077 0.78 (sec)
&E MAY— 512 8.50 8.79 8.79 8.79 8.79 8.64 8.64 8.64 8.23 853 (o
EHEE 480 8.23 8.36 8.23 8.23 8.36 8.10 8.10 7.97 7.85 7.58
M.AL— 1000 1034 1034 1034 1034 1016 1016 1016 96.8 100.4
BNEE s 1000 1016 1000 1000  101.6 98.4 98.4 96.8 95.4 92.1 )

EWIREREZ LN LoD, N—RU T XA L
EREMT D ENRKERPETH S, PALEEE T
ARSI W TIE, EmdEN SN LIz,
/N HE =SV T B A DR ERERICEE LT
W5, Ko TR FBESBITT 2720121,
AT NRESI DM ENE —OMETHS. Ln
L, ZRH D (1994) 235387 U7z Bt SRpE 41
100mH OFBEMICBWTIE, KEEE, &/
NE AV B AV VNI 5 S E GG SV AV A
A DI 1% KETHEEDRBD L, EIEMEIC
XAV REJIOR EBRMBERR R TH S &
BEfL VD, 2 RERICBT P8 NN—FY 7
AALZEBRBTDHE, HRRKESIZBNT 12527
TEBL-Te Lo a3 033 BThY (FH
5, 1994), hoETFTH 03 BETHH1N, &
21255 T S AE L7 " )uiX 0.25
BTHY, hoiRTIL R THLEKREDHTREN
IN—=RY U TE2ALLTHY, F15FEDL~LH
Fodm TR Ny LU BIIT S &F 100mH
DN—RY U THRPEALTERELE LD
nb.

~N— R U > 7 B 35 MR FEBE A 40HE S 7
MHN—=RU T XA LBEHL L, A X =31
T XM O PEEEZ T U AKEEENE £ D &0
IHER (BT, 2006), ZEHERHHNELS LD Z
ETH—RU TN NS 72D, f 2 H—
D IBEPA—/N—R T A RITRDBIEND
N— RV MEW K F T E I < BEs &
T, "— RV THHEL /NS THRET
T2 E Vo H &% (Dapena,1991). L2 L,
NRY =L AFIFXIZIER U A= KU > 7 R
(3.17m/3.13m) T, »— FL EOfEHKRELD
m(l.1m) bR L THh o 7= (HEior Tkik). L
2o T, 13, 14 EDRETFTOYATEL, Dapena
DA —N—=ANT A RITRDEVI RERHT
IXEBAREMEIZH DD, A RTA RNRKEXWE 2
BHTH 2mAMRTHY, MWAT Y o MENE
HT25 R2BEORERTFTL, SO EyFTESTE

D, A2 — LT VKINZBWTA—/3—Z k
FTA RIZRD LW DITE 2T . Z A DA
MOEERTHINIBAR D D0, 54 KRED BT -
HALRERI D N— RV U T X A DTHEBEZENRD
LRI Z & T, mMAEMIIZAT Y MEDIE LD
Al =R TEEOEMTI 2 203 U T
HEEZLBND.

(3) EEBHE L HARRT O

# 9 IS KREEWE CTHDHRY — L HARNE
ELTHE LEABEEDOK X A LT —X
AELOLOTHD. 2, KeiEY—, A
FRED/A B — VI BIT HEELE R
L7=bDTHD. AREBIZBITDIHEOFT, 2
U —Z BACRE, GBI TALREICE LTk,

Fz9 LIOWEFEOT o —F XA LELET D
L, XY —T254 %, HEIF 271 AL — |
MOHRERZEDRDY, AT I HEHEHMNLRY —|Z
RESENTWDZENDbMND. 72, K6 b
WE DR A v B —r )BT HEELE LR F —
VNIHEBIL T D0, H{EZ D DIZENA LI
5. EEEEICE L TR, U =2 8.9/, £
PFA 8.36m/s & RE72E=NH 72, Il EHER
KNI =35 2~5 A X — 3L, B3
3.6 4 H—OVEMEEGRPE, PHERXEE
FMCHER L TWD, £, 1A Z—3L]
A 100% & LIRS, XU —[X5 9
A HE =L ETOEWKMIEEZ#ER L TV
DKL, AEHIEE S A X — )L FE T LE
BTxZenot-.

WA o B—=RVE A DT o B—I )T
HALEN—FRY T HANIXKESITLTEH
BTDe, A2 =T B A DT —N
0.68~0.73 ¥ (F¥ 0.70 B), Ziulk Lagpn
0.72~0.78 ¥ (V¥ 0.74 7)) L& MIC R E 702
NHENLTWD. ZREAS (1994) (272 BV, Z D
PUE LD A 2 — LB Oy F 2 HEH 3
%L CEHESEIRRZ2 0.12 B L RE L7235,



9.5 1

Velocity (m/s)

7.5

10 1

X 6.

®10. ER3BDESHY RIZBITAL—R N8 —Y

Apr. Ist 2nd 3rd 4th 5th  6th 7th 8th 9th Goal
BELUE—NIL

100mH 128 1+ 2R ERR R

R—(BHE) 2z 7 (E26i) I=R-OVFY (%3fi)

Heat S-F Final Heat S-F Final Heat S-F Final

Time 12.72 12.55 12.46 12.73 12.61 12.49 12.74 12.67 12.55

Apr. 257 257 2.54 2.65 2.64 2.61 2.64 2.62 255

1st 1.02 1.00 1.00 1.02 1.02 0.98 1.02 1.02 1.02

2nd  1.00 1.00 0.97 1.00 0.97 0.98 1.00 0.98 0.98

3rd 1.00 0.97 0.97 0.97 0.98 0.97 0.98 0.98 0.97

4th 098 0.98 0.97 0.97 0.95 0.95 0.98 0.98 0.95

5th  0.98 0.98 0.97 0.97 0.98 0.95 0.98 0.97 0.97

6th 1.00 0.98 0.98 1.02 0.98 0.97 1.00 0.98 0.97

7th 1.00 0.98 0.98 1.02 1.00 0.97 0.98 1.00 0.98

8th 1.00 0.98 0.98 1.00 0.98 1.00 1.02 1.00 0.98

9th 1.07 1.03 1.03 1.05 1.02 1.02 1.03 1.02 1.02

Run-in 1.10 1.07 1.07 1.08 1.08 1.10 1.10 1.12 1.12

EHXEIMA 1.01 0.99 0.98 1.00 0.99 0.98 1.00 0.99 0.98

SEHA-FYUT 4 L 0.29 0.28 0.28 0.30 0.29 0.28 0.31 0.31 0.28

EH4A-N LT84 L 072 0.71 0.70 0.70 0.70 0.70 0.69 0.69 0.70
= XEML 0.98 0.97 0.97 0.97 0.95 0.95 0.98 0.97 095 (sec)
EEHEHXEHR 7 6 7 3 2 5 6 5 4 (=455))

NU L5135, AT 48145 BTHY,
AU —I3IEFICEWE y FEES LTV D, £,
S N— R T H A BFRY =08 028 B, A
PN 030 P EHWRRELRENALND D,
ATV MM Z A=Y U TREDNICHZE
NENTNWDZ ERDND. ZbDZ Eink,
A NE BRSO RNE AT 5 LT, LRI HfE
FHENTNWD AT Y > NSO B3 BEA /]
KTHDERBHZ, ZOATY > MEAM EIZX
HAE—RIZRHETED L) e n—RY U TH
WHMETHDHEEZLND.

@) 34D —ANHE—2

101X, SRE2CBTDL L3 40RFOL
— AN =V ERLIZLOT, EHEIFAY —
(1246 B), 2400137 =V 7y (1249 ),
HANITZ=RA - v Ry (12558) THhb.

KIRTFO T - RS - IMFEORERAE 2D L, 3
BT R LICREEEEMRL, I TR D
BUWRTZ p—<2 A% LTV,

HANTL =2 NE — o 2t 5 &, BEE
N —DEE, FEN— RV T XA NE3 T
Y REBIZIER L TH DN, FHA X —N LT
VHEALTERELTWD. £ B L RIS, &
M5 (1994) (2726 - 2R EHERF X E0E, &7
72 RIZBWT 6~7 KR EFEFIZEWZ Enb,
AV —ORSEMREOERIL, A F— VT
A LOERE, T L CRE L BERERF X [H] 2 (557
Lz dlicEsabotE20N5. 277 RiIZ
BWTHE23 A Z—2UBH 8 A L H—
NETEWEREZHERLCBY, IEFEICLE L
FVELTWE. 2D 7 T s, <
R NS YIRS G AV A S VN b
270 RTRICLTH LN, Y N— R 74



A NTEREL TS EEMERXERIE T DR
WL oTENALNT. Lo TT7 2T O
SEMEOHERL, N— RV 7 X A ADOENEIC X
HH0EEZBND. MR, BBV
095 Fp& RV —X 0 ENT-REXMZ A L%
HLUTWD 0, femnd B HBL% OMERF X I3 <,
L— 2% IFEE L TWA, 3= =X - 1
VR DGE, W AN— R T E A NI TR,
HEPBILR T D A3, P CRIEIZHERM L T
B, FIUIK L CEE A v X =T 2 A B
Fig, YERBE L 0 IO KR 2B LTV D,
WEMEEF X T T v v Rzt ic o L
T\, koTxz=R -y RrOiteiiEos
K%, "—RU 72 A 208MBLDbDL,
TENORBIZBIT BT T —F XA A0 0.1
MEML-ZEIcL2b0EXLNS. T
1L 095 W EmXMZ A LANRHELTWS
2, TOMEFFXENTEL, L—ABEITB VTR
HERH LT,
DEoXSic, 3407 v R —
ARH = ATBN T, LSRR OBERITA v ¥ —
PWNIVT B BNERETHHA T EN— R
THA DNEEHET D XA TNz, £z,
B LREIZIETLELT 0 —TFNoELA
B —)VE A NFETIZ, —FEICHELY S, &1
A B =N T U H A DDEMENRENTEDY,
AB =KL 1IBBELIZELA X —r K
B2 W, i na2T5DI3EETHD
EEZOLND. SREEHEORY —IX, TV
R LIS EZER L TV P THH L — AR
B — AXIEFITHELL L TR, o 2 4 LV &
WIS DD, —EDE O 2 F O X HE
FLTW-. —EDU AATTFENSIBETE
EY, RBOEOFTTHLASOY X AERTZ
EREVENTEZLITHBRNS D EHESN
5.

XXk

Hucklekemkes,J. (1991) Model technique for the
women’ s 100-meter hurdles. Track Technique,
118 : 3759-3766.

Mcdonald, C. and J. Dapena. (1991) Linear
kinematics of the men’ s 110-m and women’ s
100-m hurdles races. Med.Sci.Sports Exerc, 24 :
1382-1389.
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B & (2006) : 100m /~— RO fL—= 7
M C, A7 U2 ML, 16 : 44-50.

AREIER] - (FRRE - JHIERHME - IR —Z - ZIF
3 (1994) : A7V > hoy— KL (110mH,

100mH) ¥ X OF % 400mH O L— R 55347, 5
3 [EIiES e BB R TR AN A A=
ARFGeE R E, R—RAR— L~ T, K
5t 66-91.

Susanka,P., et al. (1988) Time analysis of the sprint
hurdle events at the II World Championships in
Athletics. New Studies in Athletics2-3 : 51-74.

I (2006) : HF N v 7 L~L b 272 110m

N— RVEEDOBERE, A7) o MIFSE, 16 ¢
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1. FLBHIZ

J - 110mH O HEFFEEk CYIRE) TR KRS HE,
BEHORIFN GO 127 88, TITx L THAR
BT 1339 EBLZORSDERDD. AKS
TH R EOFREN 2 4 & EWVD LU TOREE

DRAETHo7=. LL, BRAETDL, #HT
34N A FEMERDGR A 2SN UG, YERPSIC 2 4
DHEHTHENI LT v 7NN TE T
W5, F£77, &F 100mH bR SR RIT
WH DD, BRI 12 BETEO NS LUL
TOR2 LANIZ 8L FE T — /L2 72 720 iA T
el 7po7o. AARNET 1 40 B REYERLGR A 22

e U CHSE LTe. BRSO 72 O O -1,

BIN—RLVEHRLICRIFB L ORI 2HD
IﬂVKiOTE%Lt xf)ybn—kwa

BWCE, A7V MEINEETHD Z LIS
BEIOREATICBWTCHHLNTHY, 722
FTHLEL OB I OEEECHER I T
BH. —HT, AZY v b= RKg/N—RK) 7
TOEPEPHZ WITINZ, A F— VLT
IR BN EE|Z>TL A, LT » T,
N— R U T HMOBGE R E T DY), A ¥
— 2 )LDONBEDIEE VW Th A EHBIEICTEHR L
TEMESHT 21T 7=, LT, FBFELHL—R
HARLIE, MR T2 2 EmbA— R U 78
WoBEBNABRKELEND EEZOBND 7 BEIC
A RE LR 2 L. £7-, BESHIX
Bl bITEBE L 2 S HIZHARNETO 3
Gl Lz (M1BLUX2).
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T blgmRaad

7IUVI/

AN

\););

- - I'n a
-

=k 4

K2 HXFIEFON—FYT

£ 1. BF 110mH D 3 ZEFDHH

& (cm) KE (kg) HORSHERG6) DML —REERG)  ERE%)
2 188 82 12.88 13.12 98.2
FAEYER-RAY 179 76 13.12 13.02 100.8
NEEE A 185 75 13.43 13.54 99.2
2. ZF 100mH D 3 ZF D

B & (cm) K& (kg) BHORSELHRG) SL—REEEG) ERE®%)
Syl RIY— 172 58 12.43 12.46 99.8
RN)LF44 -7z 163 63 12.46 12.49 99.8
AREE 169 52 13.08 13.54 96.6
2. W LU—REEHRE SEMEE 3. EESH

FLTIHERB LRI L 3O,V EBHITH
EOF RS E ik E Lz, XM (13 B
02) (X RBHSARE o L— A, NEEIZTED
L—2A (135 54) LB LR, BNIKBRK
SUBETIE 9 L—r THES TV fREfipHst T
HY, FFEOKRKTTFUVDL—2A (138 12)
ERBICT—H 2R L. EHICHERA i
BREERCRIT, BN 98.2%, A VA 100.8%, W
EAS 99.2% Td - 7-.
F2TIFE LY — 207 = =
S HICABHOE RIS ik E R LTz, R —
(128 46) L7 =V vxy (12749 1TkpL
—A, TLTAFIETEL—Z (13 54) O 7
BHON—RY I ERFI Lz EHICAED
N RREERRIL, XY —BLI T =) v
25 99.8%, fIEFAS 96.6% Td -7

[ B+ 110mH]

PEHBIRRE O By IR E Ol BE 138, A1 o, NEEOD
NEWZ G Do 7oy, PRI BRI I~ A >, 2,
MNIEDIETH 0, A VB W TH - 72 L HE
Haih5 (K3). K41k, BFoN—F) 7
TR D ERE.L O, HEU)EERE, 25 R,
PR K OEH R O SR ELO A E CLEFH O
e & FIRE LSy & RO 724 )
B L OWGALS T, B R, S AE DR e
EN—RANLDOHEEEREEZ R LI DTH
5. S OIZEEOIRER], BRI L OVN— R Y
VR AR LTz,

AN ANTHED 179cm TH Y, FEELE K
L E BF RS TE ALV BT,

7 L—X /i (FRELAE) 2SS <, IER
AR EWNZ LB N— R~ EE] 4 7



(m/s) (m/s)
9.6 38 9.6 | i
94 94 T
92 921
RS
9.0 9.0 | e~ £ 4
.......--l"
al ll \_—y
8.6 I 8.6 ’_—-WE
-
— -
84 g4 T =
g2 L ! 1 1 | | 1 | 82 k1 | | | | |
0 0.02 0.04 0.06 0.08 0.10 0.12 0 0.02 0.04 0.06 0.08 0.10
(s) (s)
K3 BUSIUEHICEIT525RELDKFERE
2l . 0.11s . 0.36s P 0.08
}461 3 — L 9:9°
. e — - —7.9°
1.2 =19 C——
1.0 = 1 0.05m - 4
(m) o8 ] \
X 2517 1, 280 25.4°
gg o 1.22m 1.41m 1.28m K \ 1.18m|
0.2 7‘ f 3.95m ] v ‘
0 2.14m 1.81m
RAS 54.2% 45.8%
< 0.11s > 033s < 0.08s
1.6 >
o~
1.4 11.0° L 9 —4.6°
1.2 [i-04 y —it— —
(m) 1.0 15/ E 0.02m \ o A
0.8 Ll 21.1° i 29.0° ‘\28.4"
0.6 [] 1.04m 1.18m 1.31m 1.20m 1.13m|
0.4 3.71m
02 ] v I
0 ’
: 2.05m 1.66m
¢ 0.12s > < 0.37s > i 0.08s ,
1.6
1.4 ___— Py
12 —21° 130" e By of —— 03" —54°
1.0 = 4 _ETM N —1 —
(m) \80,
0.8 25.2° 24.17 24.4°
gg ] 1062 1.20m 1.31m 121m 1.13m
0.3 ‘" v 3.82m v v v
2.04m 1.78m
) 53.4% 46.6%

B4 BFIEFON—FUTIZETEEEED OB

11.0 E LR HIL N— RLIZmh-TEY, 79
FELRL/NIWAETEML TV, SHICHIK
HOAEIZONWTAD &, OB X OUEHTE b
W7 L—F R b/ S < IEEE 2 b K
X<, 2B HFEST A=A N— R T Th
St EZLND. —HT, NERIIETE L OE
HZR T A IERmE /NS <, oIl E 2 mD
HZEMTERNSTZEHE SN D.

N— R U THHBECOWT RS &, BIEIRZ B
FLERIER RN 982% & B DRRERMBMNH DD
Dy, N—RU T HA LN 034 7L a2 K
ML L TR o728, ~— R U > ZiEEED 3.95m
E3BRTFOFPTIT—FBRINEDLERSTNAD.
FEDLy, A v E =N T VNS T BT
EERNLIIEFITHNE vy F TS U H =T
VHEA LEFLTHEMICEN TV D EHEES



(m/s)
9.4

74

B4

(m/s)

0.02

R1y—

0.04

0.11s

0.06 0.08

0.12
)

0.10

.

9.4

7.4

0.02 0.04

5. BYlB X UEHICE T 5 HAKEDDKTERE

0.27s 0.10s

1.4

1.2

8.8°

02°_y

W/

194

—1.3°

1.0
0.8

« 0.40m

(m)
0.6 —

0.4
0.2
0

0.95m

23.1°

/"‘\2.8'30

1.07m|

1.16m|

3.17m

1.07m|

2.10m

1.07m

P EVPED]

0.11s

66.4%

33.6%
0.10s

14

1.2
1.0

_____________________

(m) 0-8
0.6
0.4
0.2

1.05m

\4

’/v

28.8°

1.07m

1.05

0

B

1.3Im

40.6%

0.10s

1.4

1.2
—2.2°

1.0

— —

0.16m

(m) 0.8
0.6
0.4
0.2

0

0.93m

L [ 1

1.16m
3.13m

1.08m

2.08m

1.05m

66.4%

33.6%

X6 EFIZBFOD/N—KYTIZETEEFE DD

nb. Fio, ~N— KU U THRBEOEES L O
HEED LRI, MPENTNERR > TN, B
BLE55:45 Thol-. BEMIZITIHEREAST
DT F AZ—D 60:40 DR L VWO TWD (B

M5, 1994). L7=AR->T, FREORESEZ K
HMRETTFAZ—0 22em, BT —AZAN 28cm

Hon— RLVOFEITHZ T eDZx L (FRE D,
1994), RAKETIHE b N— RV E2z -8X
S5cm, A 0% 2em T, WEEIX 1lem DOREET
HX TV, b0 e, EEZK I

PIZr VT TEAHEMTHIUL, ~—FRU 7D
BEE) L B RO R ITZIE CRIE TIT AV & HE
2in5.

[ £ 100mH]

BEHBRIE O Y KRB DEEIZ Y - T =2 Y v
T AXIRIER U TH - 72208, 4 BT 2
EWELTBYEROENRH-T- = END
(5. [61x, LKFDO N N—FRY o TIZBT5
HIREL O, BEOIRERE, & REREE, SRR



K OB s 0D By R TR O JE 3 X OV A 7 A 5 e
WA, FAREORE R & N— R b O e
EZRLELOTHD. &6 THYIRRE, 5 Huid
B LOAN—FY R R LT,

N— RV 7 BT 3m13~22cm & B X0/
L, FRICEMBEEES Y —B LA BT Im 2
Il > T2, FREOREAITE HIT 1.16m
ThHhoT2tbDD, *J—iF 40cm, 7=V
M 12cm, AEFH 16cm /~N— RIVFRIOE Z AT
Mz TV, AR — 35 VEE 2 HEEFT 5 72012
ELSDBEEAG) Y, N— KL &L THhH3 I
B 2 ®ENTATCWEEEBEZBND. —,
72 v ALHEIZE WS ODZE OB
— RV RIS TET, B oA Y6 S5
R 7oTCLE-T, RDA X — L XH
O (0F> 97 225 180 00 ~ : K[l Hr 2 )
ERWTZOTIZ W RIS N—FU
JERBEZBE Ui, A HR R A A S RN D
N R TEALEELS L, A 2= LT
X[ O B2 T LACEEENEE D &0 9D #H
HL (BT, 2006), ZEHERFREINEL 8D LT
N RU S THRBEDN NS LR, A U H =30 D
3HEMA—NR—=A T A RIZRDZENH, N—
RV MR 27 TITIE IR < Bk SR & Tl
2, =RV 7B NS < FTHRE TR

WeWn o #i s &% (Mcdonald and Dapena,1991) .

UL, XY — A8 TIEIER CN— R 7R
Bt (3.17m/3.13m) T, — FL EOfkEHIRE
OE (1.16m) HIA L TH -7z, HEDEKY 13,14
WEDRTFOESL, A—"—2 NF A RIZ 5
LWV HIRIE (Medonald and Dapena,1991) 23T
IXEAFREMNITH D2, AT v MENEE
T5 12 BE0RT (XU —L 513 5% 8) 15,
FHEFIZEWE Yy TFE2ERLTEBY, /¥ —L
FUORBIZBWTA—NR—X T4 RiZ/b L

WO DIEFFE NS, B VIV ELS R DIFE,

T LABHOEES BTy FEEITEWE
TA LA — L EESTNDEEEZLND.
Tz, NV =%, EHTHH2HLOOBENC KD

EWZEEATAY , B R ELEIRIE FIF 5

Z L7 n— RIL~[A 8.8 BECRE L) - TUN =

SHICEMBES —13° LITEHEREL R L
7R HAFHE F N F R 2 HE D T, YR
X7 L—Xam (FARELAE 27.8° ) NRKEW
7o DAV IR A 2L, BREIMA A 13.7 &
ThdIEND, E T R~DOBER T DK E D
St EZzbNS. LrL, EHTIIT L —%F
AR /NS, EHEHEL /NN b —
KU > 7 THOE L= b Doz BT <
PITZTCND EHERIND. T2 — RV IEEE
T35 F 9.14m & &+ 8.50m & KERENDH DN,
A H—VIREEI SR el b Sm30~40cm Fifs
CIRFEED LRV A E- TND Z LIRS
N A HZ—=r LT = T Oy FIE, BN
5.84 H: B, NEEDS 5.38 #2 8, LU —[% 5.13
R, AT 481 BB THD. AT U b
EEHELT, By FROED 258
NWHINLTWDDIZH L, T AT Y & MEIZT
WHDIZR B EEZ LN, b, ZTIET
SONTWD L, N—FARBF L LT
FRHHNZARNTE T T < A v &2 — NV HEEEDS 5
WDOLEENRENZ ENS, LFDONRT F—~
ZNNIAT Y FERIDB L0 K& ER
THEEZLND.

4. BEYIENME

[ 110mH]

BT &b B IR R, BEHIREIZ 2T
TRORMET 2EEZ B 272> Tz (X 3).
KR ORI R L OVE RIS A I & b IS E
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B, BT DDgs, & Fidk & ORICA DB
WHNDRE, AT & OFENRA LD
FERLBELNTND. FEH (2005) O,
EWNA O EFERZOWE L — A IZFNT 50 FLEL
WOk Z ERR L7 ®FOH B A hid#k (PB),
ThbbLETEAG DA M7 p—< A (PB
R D EERCRIT 99.5% L E) Zooirkig & LT
WD DI LT, A TIIRIRE D4 H %
T (4152 BH) xR LTWb7dH, PBIC
ST BERER S, BF 98.4%, ZFH 98.0%F
FEICEE-TWD., LEN-T, T—XIZ&Eh
BNRAT ADENEL S TWAAREMERH Y, =
DRIZOWTUIFRM BN MLETH D LR
HEAS.

5.3 XS L Goek & ORIfR

7B IOK 81X, /~— FIVXHEIZE (Shi-0,
SHi-s» Shs-ss Sug.10) & aCEkE DEMRERLIZH D
VGBI?)%) %%lisHl_lo, SH1_5, SH5.8k§aﬁk @ﬁﬂz:
IEOFBED, L3 T X TORE Lk s ORIz
IEOMHBENED bN=Z E0b, Bicd i@y
BFIFEA O H— VBN D IR MEANC S D
LW D, —#%IZ, 400mHDFHRE E D D T- DI
I, TEHETDRVIBETELZENAEYTH
HEVWHITEY (BT, 1991; #&H 5, 1994),
KK E ORGSR AT RO R %2 T 5D
DTHoT2EWVWZD. LLAaRs, RNy 7
L)L DB FEFL, FHEDN 180ecmbPL Fv b
190cmbl EDERT-FE CTHIGITH =20, DX
BTN 13 HETHDHZ Lnn, RXTp—<
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—J, TLFIZHONWTIE, 5TRLUNOET (27 4)
RS T2 WTICEB VT, Sy & fiEk & OIC
FHBERIFR DGR B ivie. D/ NX A E I
R15HTHDHN, KFORREROLEER EIZE+
DFEENH D & & 2T, Z OB LR OMEIL S
FEEMEORVERTHD EEZOND. £
Sti-s & Tons, Suss & Tusg & DBRIZOWTIE, B
L& BTN D IR R KW EH AN H
DM, BT OSug ol Ltk L U L ST KFD
FEFEN 30 4 (15 HX2) TEMHLTWDLRY,

LV—ZAFEICLDHELAONDS. L EDZ LT,
HEOEIR O TSR KT T (HMkE) 23, #=F
DIRT F—< 2 A LR L — ZAD R &L -
THRRHZEHERBELTND VWD HBETH
X, A4 2=V OBEIZON T, BFREAD
AEEE, ~N— KU 7 OBSOIE, 2 Ll o
AL W o T2 FBIER &, b — R i O 57
KRB L Vo T EBIMER & 2+ IR LoD
LT AN ROEND EWVZDHTEAD.

6. BRABFOREHZBIUL—R/E—2(ZDN
T

6.1 MRBIVHEAE 10 D E#k

#3103, 2007 FEOHI L BAD 10 LRk
BIXOHARFBTFORSK THEETOPB 2Lt
WL7-HDTHAD.
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8. REIHHERLFREDE R (KF)
&3, 2007 FEDRRIRLEK
TR0 HA10#8 REES LK
F+9+SD (7)) 48.05+0.22 49.62+0.58 48.16+0.43
BF =B (7)) 4761 48.44 47.89
&=IEfE (7)) 48.26 50.21 48.66
1 +SD(F) 53.75+0.37 58.12+0.98
XF =B () 53.28 55.71 55.71
=IE(E (7)) 54.14 58.90
X RERESEHRE. BARKREF (BFE. XF1B)DRERTHADBE RS LRI

B Ao ESBME S 1987 0D
2007 FFE TOHFOMF 10 G, B 47
WEBENL BB I-3ETHBLTNDLZ N
WESNTWD (FRE, 2007). —F, BFod
A0 B, AR RSB S Au7c 1991
FEND 16 FEORICHK 0.7 EfESh, F3 B
HoT- IR 10 BEEDEDK 1.5 BETHiE-T
WA ZENEEINTWS (HFRESH, 2008). %
BS, AR, BOAWETFO PB LR 10 L %2
EESTHY, HEEFLMF 10 fLoOFekE T
0.4 FV7EITH > TV 5.

TANZONTIE, R E HARD 10 GEEEIC 4

BULDORERH Y, He—DREEFTH-TZA
RAEIETF BT 10 fLFLEE TK 1.6 B b D7D
b5,

62 HARFEFEDOL —ANRHZ =IO T
91%, BFoitsk AL 8 4 ¥ L HAEFED
WEMBA R LD Th D, JEEBRFIL, %
PR T TY — R R Nk Th b 4844 b %
~—27 LR, AL 2 E+2 07T A miaske
L7022 A NLANIZAIVT (5 4L) Rl =
ENTEIRPoTz. 14 BU0 2 (H6-7) @
oD K E W EOMEEE L2 OO, Al
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AL N2 B7EA 9.

HRIBEPIL, FFHWTH L L —RFPENLED
RN ITHE 21 B 0—-1 B TLEEL TV
H5 J@iIC 2148 B b 030> T 5. HE RO
FEFIZOWTIEMDO L — A L I ELEb S M
STEZ LML, BRI T 4 a VORERN
@z 5.

HEETIL, PB (4866 1) #~—27 L7-L—
ZLIFIEF T HS @i (21.67 #) TH o728,
S3 LI OB T8 K& <, PB LV £ 2 Bbil
W7 4=y vakinolz.

X 10 1%, ZFO8k BT 8 4 & AR A T3
FOREMBEZLBE LZbOTHD. AMEAET
1L, PB (55.71 ) : R&Yks) #~—2 Lz —
25058 06 WEWZ A LT HS ZumiEL
(24.83 7)), Ak 17 = CTAEDITT D H6-7 73 18
W72 D708, L—A2KEZ @B L THoIZED)
ERETLHI LN TERIhoT-.

KIRKREDH T 400mH 1%, F¥% - WK RS
FENICAARRT LW, AEBEORRITE -
TITHARFERICKbDTLE-7=. LML, H
ADFT 400mH 73, 4V By 7 2t FURFHE
DOPEHE 240 E U T2 BEIE 24 5 R X LUz

HDHZEIFEATHD. Fim, LFITHOWTL,
KK TIEFITIC &R TE Do AR
AETA, 2008 FO LA LRI I T YELR Pk
HZEREZL, ZO%OEKRTY 5546 o HAR
e E~v—7 350 R LAY O L7
5 54 B BLREICAY >OH L. 5H%IL, &Kk
FORMEEN LR L — AR — %
BMRTAHZLITBLAAL, R~ L—2%
A —DEIALT U NEwStE R b EE L
72 BT, FENSIRBEICE S £ TOMRIEIZ DN T
LIRARICHFTT 2 Z ENRELE R D749,

XXk
Ditroilo, M. and Marini, M. (2001) : Analysis of the
race distribution for male 400m hurdles competing
at the 2000 Sydney Olympic Games. New Study in
Athletics. 16 : 15-30
ARTORIL (2007)  KRPRHEAEE B TOEDY &
Jerticimid <. BARRTY > MR 18 [BIK
DPEREE 13
ARORBL - A+ - L HIER - IR B RZSC - BTiL
WE - /RTDE (2005) ¢ B R 400m N—
RAVECET L A FEFOL— AN —
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FHIERT - ByTa@ R (2008) fH5FE Fiiiise T4 HAfse 11 2-13
RKEIZBIT D E A 400m ~— RLENRT 35— Susanka, P., Kodejs, M. and Miskos, G. (1987) : Time
VADIEIZONWT —1991 AR KRS L analysis of the 400m hurdles. Scientific report on
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The race pattern and running motion
of the world elite male middle-distance runners

FM% N, EX BHL?, K XY
=iZ =", Eix BR=Y, /b kY

1) FERFRFPE 2) BEEERT: 3) KRR LERRY: 4) IERERFRF R

Hirosuke KADONO", Yasushi ENOMOTO?, Yuta SUZUKIY,

Hirokazu ASHIZAWAY,

Koji HOGA?,

Keiji KOYAMA?

1) Graduate School of University of Tsukuba , 2) Kyoto University of Education
3) Ibaraki Prefectural University of Health Science, 4) Graduate School of Juntendo University

1. LI

INET, HARRE LB EBERYERESITIHA
EWNOEEFESICBT A2 PIEEER B B W
T, BICHAR R TOWEE X A b, EAEL— K,
ARTA R, EvF, &I EBERED A
FRAN =T AT —=HEBNE L TEZ. Lo,
1991 D% 3 [\ S FE EFiHR T R TRS,
ZLTI1994 FDF 12 BLET T KRELE, 44
EOHRA—HRFOT—ZITIFLAEELNT

W2V, Lo T, R —3i S T EEEEE ©
L— ARG — U R0EEEICET 28 EHIA 72 <,
1% 6 DFFRIZOWTIEH E VIS TNV, AR
FaClE, &5 11 [B] TAAF R e b i b s P4 KK
KE (LLF, KBRKE) (2815 %57 800m B &
W 1500m BEEICKIT 5 R —REFED L— AR
2= BIXOEEEZSH L, ZORHEIZHOWNT
HOMNCT 222 AME L.

BEATREEN G0 T =

——

—_—
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- 105 -



FRBIER A
3 e

2 B A

\/

R BE &R A

KHRfAE
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X2 BEHAESIUVBIHENES

FS MS TO FT CFS

CMs CTO SwW FS

A4

FS: i TO: Bt ith R

MS : ZiFHA R FT: 40— JL—#& T

CFS: ¥ B ity

CTO: ¥ 2 Bt Hh B
CMS: ¥l S ¥ b SW: IAT—RRHI4V T T B

X3 HROER

2. Ak
2.1 L—AHrOT— Z U & ALEE

X 11%, 7 AT OFBENER L OBREEHIC
WTRLEBDTHDH. AZ L Rnb2EBOET
FHAZ (60Hz) #AWTL—RAZHHE L.
AL — NERA MO EIRE LIk, ®#F48
TR U-. BRI A 2 — FE R R LR
RN 1/60s, FALLAREIL 1/350~1/1000s & L
7o BRE L7= VIR W05, BFOMIER2Y 100m
EOMEZ @R LA GEE S A L) % 1/100s
BT CHELE -T2, 728, 800m EDFH] O H S
WZOWTIE, 120m sl (LA 277 42) Tt
HEL -T2 WIS, W2 A L7545 100m X[ (72
721, 800m AEDHEAMDXMIX 120m, & 2 X[H]
1% 80m) THE L7-efl] (K& A &) &R, X
REREEZ X[H 2 A LT3 Z &k v XEFEY
EAE—FK (LT, #A8—FK) 2HH L. £
72, AXBIZRWT 10 23 E L 72 R % Fe A HL
0, 1 BOVERER O A EE e v T (BT,
EyF) L L, EREOEAY— &2 v F T
TZEWLEVEHANT A RUELT, AT A )
FHEHLT.

22 BEWMESGHTOT — & I L ALE

AH U RO EBRIZHRE L. 4 BOET A
A7 (60 Hz) #fWCEFZHRKEZ LT (K 1).
I RIT Y Hi GEF OEITHIR) TmXX 5
m (ET7 v 7 OFANLES, Fi4L—rHOT

A D> T) 3.65mXZ H7m ERE W) 2.5
méL,m"—LARNL—FERYTAIL—FD
ORH 2 HiERK TV OALEICER T T

R L7 VIR H{& 05, EFHED 19 A 7 L)
B Q#4) 27 FTEEMT > AT L2 HNWTT
CHEA AL, FARGHTAR 23 RO 2 IRITIERE E 1S
72, 3 ot DLT ¥£% W T 3 IRTFERE~ & 28
#4 L, Butterworth low-pass digital filter % VT F
Wb U7 (Bl i %03 3.6~7.8 Hz). =6
W2, b Uiz 3 IROTEFE 2 Y-Z Fmic&E L,
2 RICIHERE 2 15T

FA[IT. (1996) D H AR IEMEARE A VTR K
B IO OELMIERS L OEEE— A
FEBEHLEZ. 1A 2 AFOHERELOKER
SRR A 2 AU LB (1 51 27 VBERE])
PR lickvEdEERH L. 1 A 7 LEF
MOy a AT v 7T E L, A7 > TR O
BaevryTF e L. EHEZE Yy FTRTZ LI
KOVRANTA REREEB L. BEROHTED 2 IRIT
JERE S AEB KOS AEARH L, X2
DEIITER LT, BRSO AR X OEDMLE,
BAfIR L O 0 M JE 2 BRIy 5 Z ic kv
R IO EZ R L. Ao Tt 7 £
v RERIEY v S A s MTET ML L, W)
TR FEICI VS vy B L, B vy
LREEAEEARELSZ LI LV FL s S
U—ZHH L. £, 1A 7 BN,
3DOXORFEREER L.
FRHLERT, T 7 > Rl & GRS OFtdk o
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BF 800m & & U 1500m [ZH 1+ 5T > FDERHK

B7800m
i HER I
‘ L = _ n
BGE BB BB BB
n 22 24 16 8 8
F958% + SD 1:47.85 £ 02.93 #x 1:45.85 + 00.26 1:46.91 +01.74 ** 1:44.96 + 00.25 1:47.37 £ 00.18
%SB+SD (%) 99.5 1.2 99.0 £0.7 982+15 99.5 £0.7 97.1 £0.4
sEa 1:46.24 1:45.25 1:45.31 1:44.54 1:47.09
SRR 1:56.55 1:46.34 1:51.31 1:45.23 1:47.58
B F1500m
£33 HERE
: L = _ #i
B8R BB B8R EiE
n 17 24 9 14 14
F958% + SD 3:50.97 +11.76 #k+ 3:40.78 + 00.98 3:45.50 + 06.72 3:44.40 + 09.24 3:36.05 + 01.25
%SBSD (%) 97.3+16 97.1 £1.3 96.0 +3.4 95.3 £3.8 98.8 £1.3
BEag 3:42.08 3:38.65 3:41.17 3:40.53 3:34.77
BiERS 4:19.80 3:41.96 4:02.95 4:16.23 3:38.78
MEBILTBERIICEEZHY *:p<0.05 **x:p<0.01 ***:p<0.001
B F800m B F1500m
MW PBERXEH: 4 W PBERES: 2
U sBEriEs: 7 O sBizmES: 3
32 ¢
28 27
26 26
24 D u
20
IS 17
§ 16 | 14
ok | :
9 o 9
8 1 . — -
4 4 5
4 3 = 3
1
0
o0 9o o Ju Ju 4o & o0 o o o o o
<t Tp} © N~ (o] (o] Ire) o} N~ [e)] ~ (42} [Tp] 1
T ¥ £ T ¥ % = @ @ 9 ¥ ¥ ¥ £
< < < = = < T 4+ © ® o o < ¥
m o o ¥ ¥ ¥ O
o™ ™ ™ o ™ (a2}
4 BF800mEBLV1500m BT R8O NH
S SERD FATREE TRIBEOEAE—F, A T BORERE S LT, EROBLA O A H H DR

A4 FBIOVOE Yy TFOEEZHPHLNMNITH720, X
DRVt RTEERITIR o7~ BEKUEL 5%LLTF &
L7-.

3. WRBLUEER

3.1 FeERD R

F£11%, B+ 800m B L OFH T 1500m (ZB1F
%7 vy RigimE s L OGRS O Reek, v —
R R A RERgk (BLF, SB) lCxid B iEmER (L
T, %SB), #IEB L OEIKREEHICOWTRLE
HbOTHD. T, M41x, FEBIZEBIT 5508k
DRI DONWTRLTEHEDTHD. 22 TEI

OV THRREN .

(1) %1 800m

B 800m (2T, i, HERPLE HICEE
FHLHGEFEO LY REBRICAEEN AN
(p<0.01). 7=, TiEO%SB IIAETITRND
DODOWERHE D IFHRRE <, WERPFIZ IV TIERORE
\ZEE OB EICKREDN o7 (p<0.05).
D LMD, PRIZBWTIL, WEEIIHOREIC
ERTHOFREZ WL 502 TP A4 @il L
TEY, FOFICHERBICB O T, @milEd72b
HIRPSELE L, B SO N E2+H2IC R L T
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LEZLND. PBIL AKYEGO (KEN) 28 1
Sy 4TF 09 THILZZ2Y, 1 F0itdke LTITaT
DTy ROFTEHRGELS, FLFkL D LA LR
CERULIZL—RThoT- L HEREINS.

(2) B 1500m

F+ 1500m DA & BERE O RiekE &
U%SB # 4% &, T8O FEJFE (p<0.001)
DA iR E & BORF ICA B ZEIL A LR o
7-. ¥72, SB, PBEMREHIIHDOE TS A LT
HEEEERE O CROD o, I NHD Tk
1%, B 7 1500m O FLERII 72 L iTE < 13 7e <,
FEOEITNES L EEOFTHIEF VR TD
Nz trzRrdTEEZONS. IBIE BLAGAT
(USA) 733743348 77 THIL, Z 0N RE
Rk Ch o7, Tods, MEPIKIEIE O KRk
(44516 7 23) 1THOW\WTIL, BEMOLIEITS
WL DRFHEN S T2728, Z DOFLFkI I
HIEFIER L 72> T D,

3.2 L—RARE— ORI & F DR
ZIZTE, L—REWL O0O/NXREITT,

ZOXMIZBIT D EALY— FOELEHLD
ZliZky, v—=APDEAEY— KOET b

HL— AN H — 2 B BRI L, & DR
IZOWTHRFTT 5.

(1) %1 800m

X501, B 800mBAEDKT VR, LI
B2 HEEAESR D 200m f&OMEE X A L HE&
200m X OFEEJEAE— REHEH L, TOZEL
ERLIEZLOTHD. X6i1x, R L Lz % —
VOB ONTORLESDTHS. K7 1%, /3
K — BN 7= SB, PB ERE DA IOV ToR
LoD ThD. 72k, 5D AL (@A
ON) I sNT=FNENDONRE— %KL,
X6, 7&RGELTND.

B+ 800m IZBWTIE, £ETHL—AIZBNT
0~200m X[ (LLF, S1) 225 200~400m X 4]
(LLF, S2) IZMF CTEAE— KR LT
77 (¥ 5. ZoZ &%, 800m 2BV TiX, SI
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T2 EICKVEERL, A N T A RIZEICIHELFRH 7-.

FREEEME L7z Z LI R LTz, 2oz LLEDZ EDvD, SFgrsom CIXHEER L7212 32
EMD, SFgssom®* B SFarsomlZ 02T TOZALIL, RATHICHIE T &5 REEIcEfk L TR,

TRl THALND EE 2 BND. FE ZDOZ LML OEAMEIC LD By F O
FEFHAILTON> 5 CFS £ 721X CTO2> HFS D /FHiIZ KIZORMY, EHENERKLTZEEZOLND.

YT 5 (X3).

15 [XFEZFH (TOD S CFSI L ONCTOD B (2) SF@7som & Fasom & D FLIEE

FS) IZRB T2 EEROEEES O vy, AR SF@750m & Farsom CTlE, Farsom®F7 05K & 727218
BLIORMIZART—ZONWTRLEBDTHS. ErERL, WEEL 8mish EFHEFITRKEN-T-
TOM G CFSIZEBT ARRBAfIAEEEZ 25 &, ] (£ 2). Farsom ClESFarsom T, X BT A

# & HSFarsom ClE, TOEZIZTIHITHED O R, EyFEHITHRL TNV, AT A RO
HIZBI 0 B0, CRSIZHNT TR & 7o Bl Al i % RIZFICIEL RO KIC L2 b0 TH Y,

AU ZOREICET DB v B IO B F O RIT SRR - RFE O R I £ 5 3K
IR —% BB E, YEGOIZEB W TIXTOR: ) FRIRE oI L2 b D Th o7z, 2o Z &
LBTOHEZICKE i hv 27 &L, 5, EEENKE NS TFasm TlE, L0 ENE
BORZAKOVSKIYIZEB W TiXfEghv—2 hL s FRHARERT T v 7 21770\, K& 2R e Fr A PR
DOHBNRL 2> TEY, W& & bIEOE—7 |k EEHTWZEEZLND. 3 1T E oI BEH,
L N — 3R LTV, E 72, CESEED K BB R L OVRES O AELLREERLIZH D
L, FiH L bSFamsmlC BV THAL TV Thd. KRNIV T, SRIMORRBIEI iR

(YEGO, SFgssom : -11.86deg, SFgsom : -4.50deg ; Ut i, BERaE 36 L OV BASI I & SCRefi
BORZAKOVSKIY, SFgssom : -9.69deg, SFgrsom : M2 T Tl U, BEHIZ T THET 5.

0.86deg). 20 Z &1, SFrsom CIEXEEMOKEE  Famsom 3T, BeBIEIO iR RIZSFHGRTH-
MEVRIFICH EHSNEEHTHEIL T BULTHINIL, &HCsyad LT, KA
TLEERLTWVD. filE, YEGOIZHWTmihi (A:-7.33deg),
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& 3 YEGO & BORZAKOVSKIY X #HIDAREAET, MR E SV REHAENEILLE

YEGO BORZAKOVSKIY
Semi-Final Final Semi-Final Final
@550m  @750m  @750m @550m  @750m  @750m
XEFHETFHEEE  (deg) 13.84  16.93  22.74 18.18 1152  21.46
R B8 &
XEHEFHEE  (deg) 4437 4735  34.79 29.42 4943  40.13
N [EdE (deg) 12.35  13.52 6.19 15.35 8.06 7.84
FRBIE HEE (deg) 18.42 2412  16.61 1324  19.06  18.79
T [EE= (deg) 719 1450 8.13 8.97 9.10  14.96
HEE (deg) 3447 3836 31.76 36.09 36.92  40.49
BE (4 -751deg) & bW L, WAL, A BMTA FOMRITIELEIERED

5 T

BORZAKOVSKIYIZBWT K& RE(IL R
7-. BB, YEGOIZEB W Tlmth&E (A :
-6.37deg), fHlEE (J-6.60deg) & HIZJEL LT
7278, BORZAKOVSKIYIZEBWT & bz L
Tz Ui & A +5.87deg, iR £ 1:+3.57deg) .
ZDE DT, Farsom TIFEWIFFHIRFRH (0.125)
O T, IFRHBEEE O ERE/hE < L, BB
XFHIRTRICRES MBS EL L) F v
EEFTR > TV, ZDZ &Il2ky, R&EAIE
TR A S S N TE L HEIE NS,

UboZ &b, HR—KE T 800m EFDZ
AN AN— NEMEDOFHBIZOWTE L H D L
TOX 21275, TA A= FTIT, BEHZIZ
A& FZ R AT ~5 & H U CHEZR M2 EHET
HILETEYFEED TV, £, E6ICER
FEMN R E WA, RSB ET 0 A & /) =
<L, ZFRFHRTPEICB WL TR 2 K& < g S
DL ¥y VEMEE T/ > Tz,

3.52 %4 1500m

AR D L — A5 H 5, B 1500mPD L— A X
H— O E LT, 3EBURT =y 2l
MTCTHEAE— RBRWEET 2 EHRICH D Z LA
FiFohilz, RRSTRb LWiték G o34 8
77) ZH U THER L7ZLAGAT S, HRBBICBWT
FOrHRL—ANRT— OB ETRLE (X
12). 2T, B+ 1500mrpEI2 1 DLAGATD
2 B (450m#ttai, LLF 2™, 3 & B (850mih i,
PIF 3% BEO4EE (1250mHss, LU 4™
DOFEMIEZ I L, A E— KOELITHE D BifE
DI DN TR 5.

(1) 2" 5 32T TOZEAL
# 41%, LAGATOEBHE, A NF7A4 K, By
FIZOWVWTRLELDTH 5. 205 39 2T
CEHEETEAKL (J: +0.86m/s), A T4 K
(A:4014m), v F (A:+0.20Hz) & HiZ

Rz bOTHY (J:+0.14m), B v F D
BRI XFEHREFHOEHCL2 b THo -

(A:-0.02s). £ 51%, LAGATO B {KE.LOE
IR T DX R~T 4 7 AR/NT XA —H (2O
TRLELOTHS. HLOLETENIHEX&E
(1:-099cm), A T4 RIZHT2EE (J:
-0.75%) & BT L, BEHA R S LT
(A:-068deg). ZNHDZ EnG, 2MTIE,
BRI CEAR A L 0 i~ X 5 e
X v 7 EERMT b, HRELO ETEIN /NS
<, E 0 RERIIEFHIEREA S 28 EICE L L
TWeEZLND.

FIT, XEMOBEICER TS, #£ 6 1L
oo % BEE, EREEN I X OVEBIE DA A L E %
RLTELDOTH LS. XFHICRB VT, RO
BAF TR UkelT, IRIHEI R L OVE BASH T8 D)
B CRR P RIS T Tl U, B2 2 TR
T 5. 2" 5 3 CNT T, RBIE O R RIS
ERIRT, B bicmL e (e
+2.04deg, %1 :+2.15deg). MEBIEIF L OV
O EIT E b I L (BB A:-1.95deg,
JEBARG A -1.80deg) , R EIIMBEE IV TIE
ENEEDLT (A:-0.17deg), EREFHICRBNT
B LT (A:-14.63deg). ZHHD T &N

&4 LAGATDERE, REJSA4FK, EvF

2nd 3rd 4th
EIRE (m/s) 6.54 7.42 7.53
ARSAK (m) 1.96 2.10 2.13
X EATERH (m) 0.80 0.79 0.99
BTEEERE  (m) 0.22 0.20 0.30
BB (m) 0.58 0.59 0.69
Elz=2 i (m) 1.17 1.31 1.15
EvF (Hz) 3.33 3.53 3.53
ATy TR s 0.300 0.283 0.283
X HARERS s 0.125 0.108 0.133

B FERE 0.067 0.058 0.075

(s)
(s)
B (s) 0.058 0.050 0.058
(s)
JE X FFEARFRE (s) 0.175 0.175 0.150
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K5 LAGAT DEHRELDEHCET H5FRI T4V AT A—4

2nd 3rd 4th

BELDOLTH (cm)
BDDLETE/ AMZAF
DEC (m/s)

DEC / 3B D E iDL K TR E

(%)

(%)
BithAE (deg)

8.38 7.39 7.21
4.27 3.52 3.38
0.13 0.12 0.24
2.07 1.70 3.18
6.86 6.18 5.33

#& 6 LAGAT OXFHIDRREET, BREHLSLVCEHMHAENLEILE

2nd 3rd 4th

BB THEHHFFHBES  (deg) 11.22 13.26 17.37
THEHHRFHBES  (deg) 40.13 4228  48.30

e [EHHE (deg) 6.58 4.63 10.30
R HES (deg) 20.84  20.67 18.71
. [EHHE (deg) 8.12 6.32 16.15
eI HES (deg) 48.33 3370 3564

5, LAGATIE 3" (28T, VSRR o
TR RIS 2 K& < o F R R S,
Eds X OVE BT o JE il (RO /NS 7 #E
AT\, RERIEFIWIFRE A B T\ LB %
S5, £, BIRO L—A5H 5, 1500mE
DL —AFIZBWTEWEARA Y — Ra#iFs L
TWEFIEE, LV RERANTA REMFFLT
Wiz EnRaEne (®10). 61, —RICE
BEEED 6~8m/sD&IFH (Z 7UiE 1500mEIZIIT D
AEHE DOFPHIZFY) 1B W T, EEEOHEKIC
PED AN T A ROBEIRICIX, FEZFRIRREEO B K
DRELSEHET D Z EnmbNTWDS (BT,
1992). L7=23-T, 2D X 9 ZLAGATOEIEIT,
1500mED L — A HFBIZBNVTRERARNT A
NIZEX W REREEEZHFTLENVIED FD 1
ODDETINERDVEDLEEZLND.

() 3N 5 4" TOEA

3N AMNINTF CTEREITIZEA L ED LT

(A:+40.11m/s), A+T7A4 K (A:40.03m), £
v F (A:0.00Hz) (ZHKERBE(ITH LI
S (£ 4). L, TONRERDE, Ak
T A R CILFHIERE N B & bICH R L (%
NZENA :+0.10m), FESFRARREE B LT
72 (A:-016m). —J5, YT TIEZFFHIEERH
DRI & HITHEAR L [ +0.01s, 244 :
+0.02s), FERFFHARERI WA LT (S
0.03s). ZOZ X, 4vTiE 3ME R, R b
FA4 RBLOE vy FIZRE L TH D208, ZEFFHADIR
Btk L OREMIN R <, — 7 IR O ERER X
ORI N EVEEICE L L T2 Z2 R LT
W5,

718, IR T D iR L ORI O
K, s L OVEOHSAEIC OV TRLED
DTHDH. 3905 AMNIHIT T, RO KR
B (A +4.79deg), THEMAE (:+9.92deg) 1%
IR LT, BEHEE O RBRAE (A2 -4.91deg)
BELOTRRAE (:-8.28deg) 1T/ LTz,
XFH OB AE ORI EEAR D E (K 6), K
BAEH O J B I SCRFIRT Y, 28 L (A6
Y A +4.11deg, Y- +6.02deg), MEBIEIE X
Wi EhEIT & bicsmL (BEE A -
+5.67deg, JEREHI 1 49.83deg) Tz, HEE
FRERAEINC BT (A1 -1.96deg), & BIHIIC
BWTHINL Tz (A +1.94deg). TDZ &
I, 4" TIRRBER L OVFRRAS & v #4108 L 72 858
TS 5 2 & CSCREIRTE IEEE S B K U, SR
BRI B L ORISR X < JRdh L,
S OICKBEEIN RE < HMET2EEICE(LLE
ZLERLTWAS. £ LT, ZFEH% Y CIax
i & BB R E <R L, KEkBS X OTFRR X
DRI L 72 BT 5 X 5 72 v Z BHEIC
FLTWZ EaRTEEZXLND. 2O
JOEMEIC X v, HEF O FERE & B R LT
LEZLND.

16 I XIEE IO I EAfF L OB Ei o hv 7,
L, RV NT—IZONWTRLESDTHS.
T, FEXEHNITON B CFSE 721X CTON &
FSOREICAYE L, ZoFmmizH W TIREE B
FOWBEE D MV 7, b7 RT—DE— 7 B3
CTW5. 390 4hMehiF Tor—rDkRE &
DI E I D &, TOD S CFSIZE T D [k BT
#i kv (J:-032Nm/kg) BELOIED hrz o8
U— (A:+520W/kg), BERAEiOED hr s
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T — (A:-1.48W/kg) BNENEIHERL Tz,
F 72, CTONGFSIZHIT DB oME vy
(A :+0.17Nm/kg) B L PIED L7 /X7 —
(A +1.70Wikg), BRBEAfiOAD Fv s RU—
(A:-332Wkg) HENEIHERL Tz, &
Hlz, FSEROKEGEMHE LY (4
+1.06Nm/kg) 3 K OB E i v (A
-1.86Nm/kg) HEIRL TV, 2 bz &,
4 CITBE U2 A AT ~B I & T EE L, Bl
FH~gl & HE Nl A B SN > TR D R
FEN LD IN TV L ERTEEZLD
N5, bbb, A"OIELFEHBOTIE, [

ZRIBIC TR FoAIATe L 5 72, Wb D P —
AWKV RS NTZBEEIT o TNV EB X
B, 20O Z & BIEFF O BREE & RER AN EEAE L
ERNTHD EHERIND.
ZDOEIIT, 3L ANTIREEE, A T4 R,
By FIERCTYH, BA28E2 LTz &R
otz TiE, 20X HICEER R/ > T
WZDNIZDOWTELET 5. FEEREEICB VT,
BEx oL —ANEZ—UNFEEL, L— AL
Gl e LBALT A EREICKH L TA RS A R
v F b SRR AR, LN - TC, diEgtEL
—Z2HFNZBWT, RUERETH-TH, L—A

=7 LAGAT DXZHHIDOKEE, THRELIUVEDHIBE
2nd 3rd 4th

e beulic] (deg) 19.50 21.74 26.54
Erigiulicd (deg) -29.23 -29.82 -34.73

~hE B (deg) -9.76 -7.54 2.38

it Hh B (deg) 4424  -43.06 -51.34

2 bR (deg) 67.48 65.15  62.35
Erigiulicd (deg) -7.21 225 -10.86

IECE D ECPER D EY

rILY (Nm/kg)

£53EFE (rad/s)

FIL4 87— (Wikg)

-20

+Extension +Extension
I r =a 2nd
| — 3rd
—4th
I - Flexion
- Flexion )
+Extension +Extension
| -Flexion = -Flexion
0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4 BFRE (s)
B0 16 LAGAT O EIEMIDREET & & CIREEEID MLY, BEE, MLY/D—
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WRE—=2 L —ZAOFMmIZE>T, A NI A N&
EyFNRRDZENH D, Tk CHEIEREES
EE%% BWTIE, =R LOEFREDOKT
(R, HERIEF SR L, B FRME T 5
ENHESNTVD CEHD, 1997 ; FA L [T
T, 2004). L2vL, 4MZEBWCLAGATI, XEf
HABRERITHE R L Q72 2y, FESCREIBE 2 EHE L,
FERELTE y FIIMR SN TEY  IKTIXLT
Wgw, E e, PEEBEED T A P A N— FRe L —
AfHDEREHER I y F R REED 2
&ﬂigf@ézkﬁﬁﬁéhfxb(ﬁﬁa
2008 ; AN D, 1994, 1997 ; #£H &, 1994)

BXZLAGATIE 1200mLAfE~ 4 = > =22 TT
By FREK LT, EAP—RHERKL TV
(M 12). ZOZLxEBEETHL, 4MN2BIT5
LAGAT DENMED AL, K57 DRI L 524l

EWVS XL, e LAPHEEED T A A=,

FThbbY Yy FOHKICHEE LB THD L
fRIRT D N ZETH A .

PLEDZ D, LAGATO EBED B # % %
EHBHLELUTOLYIICRD., L—2DH#E (2™
25 3 TIE, SRR o T S B
DIRMENELZ/NEL LTHx v 7 21780, KA
LRI 2 A5 L, B EA Y — RERHFEL
T2, L= (31 /b 4N T, HE
(R RAE A2 K & < P S, IR IC R
WD W — 2 EhE 2 587 L, FE SR o B
LM ZELSTHIETE Yy FE2ED, TAMA
83— M L7z 8 EE 1T 72 > Tz,

4. BBHYIC

RBRKRZNZIFT 2 P AR H 13, 800m,
wmmk%ﬁﬁm Fm <Eeholen, T A b
A8 — bR Z FIZ A S VT ALE R D 2 AN
— hDIZA I TR EOBINPIER ITRER D
DTHoTZ ENRALMNERSTZ. B1 1500m
#EE O B.LLAGAT (USA) 1%, KEDME R
HLFHEE Track & Field News (November. 2007) @
A B Ea2a—DFT,LLTOLIIZa A FLT
V% . "My coach, James Li, is a master strategist. We
worked it (strategy) up this morning in my hotel
room. So he told me, ‘Just follow. ... You know what
to do when it comes to 50m to go: Execute it, just go
all out.” ©F 0, D3 —F 23 FEEEE O ¥R
IZOWTESHEMRL TND Z &R0, IBEMT 72D
N HOHNZ, Ry L — A DHEHTICONWTEE LA
STWEZ EREPBRENTND. ZDA X
Ea—nbbnsd &I, @FRITERTL—RIZ
/T B b T A, LS 350 C
D 2 T2 OITIE, KRNI TV S 721 T
<, N—AFSROHEAN, £ L TENEATREICT D
T2 DEMIER EDBARMERICB W T LR
TWDLZERRARTHDEVR L.

BEXH

Py B (1992) [ LB o N A A =2 X,
(M) B AR Estod i b BB ieg 8ok -
FEREERGRR- (PIR) . KIEREE)E 3, pp.33-53.

PR (1996) H AR AN FERB LT A Y —
kN DB ARER B4R $L. Japanese Journal of Sports
Science 15 (3) : 155-162.

PV R, SRARSEVeRE, B TERA, B HEEE,
SEERE (1994) HR—3EA 7Y X —D 100m
L— ARG = D HT—HF & I — R Fs
52, MREDE, BTEE BE R ke B
HE OHEMN—5 3 B EFERTFHE RSN
A F AT =7 AFRIEREE— N— AR — =
TV FE D B, pp.14-28.

FEAYE L, FT@E (2004) NAF AT =7 A
NOATREEEEICB T 2SS XA A =0

AWFgE, 8 (2) : 112-119.
EAE L, MEFEN (2008) [HFRFE FpiRT
HERIRKREIZHITHDHEREBEL —AD/A A A

H= T AR & FDOIER. A F A =7 AT
78, 12 (2) : 118-124

Hanon, C. Leveque, J. M., Vivier, L., and Thomas,
C. (2007) Oxygen uptake in the 1500 meters. New
Studies in Athletics, 22 (1) : 15-22.

AR, IR, HEE = (1997) 100m &
TR DHEAEREIBOER. 5 13 [BlSA 42
= AP REmMEZES FREB DA
FATI=27 A, pp.173-177.

PHEFPESY, BLIE R, EAE -, HIEH, &
AR (2008) Feék/KUED 22 800m EH D L
— ARG — v ARFEASE, 53 (2) 1 247-263.

FHEFEES, HEAWE L (2007) FEEEEEFRER O &
EZ A, M EBE TR, 6 27-35.

MYRFZ S, K2 HIEB, FlyTi@ B, /MK IE (1994)
FRIEEEAPEICBITAAE— R, By FBLRA
EZ A4 RIZOWT. 8aARFHTE, /IMREE, FILE
B Rk EEECE OB —5 3 [\
I EE LB R TR S N A A T =7 AT
HEp s E— XR—2AR— L~ 4 AT,
pp-92-111.

/NS :ibEE%BWhjim%%EU%ﬂ
TITRBICBT HHEREHEDOAE— R, By
FEIOA NT A ROE(b. S8AF &, IMREE,
NE@E s 7 UT ke EBiE o i

B 12 ELET VT Kake B TERS AN
4ﬁxw 7 AMFGEHER S E— () B AR B
Wi, pp.83-97.

RO, BEAE 1, EHIER, REEIC, B
iR E, /MRETE (2005) B EBidL 400m ~— K
NWEILBT DB FRFOL —ANNZ—2 )
M. NAF AT =27 AWF5E, 9 (4) : 196-204.

EHIEY, REFX, BPLBE, g =, /b
MEE (1994) B+ 800m BT HAE—F -
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vTFBIOA N T A FEICBET 2 HHHF5E. B
L—=V7F%6 (2) : 119-128.

181 BF 800m DEAICH T HEEEED 0 BBEZ A LELV T4 =y a2 (LA

22 400m 51.27 51.55 52.04 51.08 52.23 51.97 51.69 0.46
800m 1:46.00 1:46.00 1:45.56 1:45.52 1:45.58 1:45.25 1:45.65 0.29
— 400m 50.33 51.57 51.42 51.11 0.68
HEREE
800m 1:44.54 1:44.92 1:45.12 1:44.86 0.29
" 400m 55.08
R

800m 1:47.09

1852 HF 1500m OEHITH (TS EEEED 400n BEBOBEBI 1 LEL VT4 =Zval AL

148 2% 3# 15 SD
400m 1:00.94 1:00.06 1:01.17 1:00.72 00.59
800m 2:02.12 2:02.44 2:04.75 2:03.10 01.44

TR
1200m 3:00.75 2:59.49 3:01.88 3:00.71 01.20
1500m 3:40.65 3:38.65 3:41.33 3:40.21 01.39
400m 1:02.94 57.95 1:00.45 03.53
R 800m 2:07.87 2:01.73 2:04.80 04.34
R 1200m 3:03.74 3:02.42 3:03.08 00.93
1500m 3:42.39 3:40.53 3:41.46 01.32
400m 58.63
s 800m 1:58.08

1200m 2:55.21
1500m 3:34.77

183 BF800mD Top BEX U Low ITHIFHBEBE A L, ERE—F, R+IA4F, EVvFD

THELVERERE
120m 200m 300m 400m 500m 600m 700m 800m

BRAL Top 1519 =+ 0.31 2519 =+ 0.56 3845 * 0.83 52.07 *= 0.81 1:0550 *+ 0.82 1:18.81 =+ 0.73 1:32.16 * 0.57 1:4550 =+ 0.37
EE
Low 1528 =+ 0.36 2536 * 046 3891 =+ 0.87 5272 * 126 1:.06.28 = 1.37 1:19.67 = 1.30 1:33.07 = 0.92 1:46.66 = 0.45

0~120m 120~200m 200~300m 300~400m 400~500m 500~600m 600~700m 700~800m

. Top 790 = 017 800 * 026 755 x 022 7.34 * 0.13 744 = 012 752 = 012 749 = 0.20 749 = 0.26
EAETHE (mls) Low 785 + 019 796 * 026 742 *+ 032 725 * 0.25 7.38 + 0.12 746 = 0.11 744 *+ 0.26 7.38 = 0.41
_ o Top 214 = 007 231 = 0.07 224 = 006 221 = 0.07 219 = 0.08 221 = 0.08 214 = 0.10 211 = 0.08
AR Low 213 £ 009 229 *+ 0.09 220 = 008 219 * 0.08 217 £ 0.08 219 = 0.07 214 = 0.06 210 = 0.08
- H2) Top 3.69 + 015 347 = 013 338 *x 013 332 * 0.09 339 + 0.12 341 = 0.11 3.50 = 0.12 355 + 0.15
Low 369 = 0.16 347 = 015 338 *= 0.14 330 = 0.13 340 = 0.11 341 = 0.11 3.49 = 0.12 3.52 = 0.17

T8 4 SBF 1500m D Top EL U Low [2H T HBBEE A L, EXRE—F, X+FM4F, EVvFD
Y E L VRERE

200m 400m 600m 800m 1000m 1200m 1400m 1500m
Top 2867 + 0.60 59.74 + 0.73 1:30.36 + 0.99 2:00.41 + 2.09 2:29.32 + 248 2:57.42 + 2.08 3:23.84 + 191 4:37.09 + 2.04
Low 2891 = 1.03 5959 + 149 1:30.96 + 091 2:02.33 + 044 2:33.27 + 0.70 3:01.82 + 1.05 3:27.97 = 0.56 4:40.92 = 0.28

BEFA L

0~200m 200~400m 400~600m 600~800m 800~1000m 1000~1200m 1200~1400m 1400~1500m

Top 698 + 0.15 6.44 = 0.06 6.53 + 0.08 6.67 + 027 6.93 = 0.11 712 £ 0.11 7.57 = 0.10 755 + 0.19

FRXE—K (m/s)
Low 6.93 + 0.25 6.52 + 0.11 6.38 + 0.13 6.38 + 0.12 6.47 + 0.21 7.01 £ 0.11 7.65 £ 0.23 7.73 = 0.27
N Top 2.04 + 0.07 2.01 % 0.07 2.02 + 0.08 2.03 + 0.09 2.09 + 0.08 210 £ 0.07 2.13 + 0.08 210 + 0.08
ZRSAE (m)
Low 202 + 0.1 201 £ 0.11 195 = 0.11 193 = 0.11 193 = 0.13 2.06 + 0.11 2.16 = 0.13 216 + 0.12
) Top 344 + 0.14 3.21 £+ 0.11 3.23 + 0.12 3.28 + 0.13 3.32 + 0.12 3.40 + 0.11 3.56 + 0.11 3.60 + 0.13
EvF (Hz)

Low 344 + 017 325 % 0.16 3.28 + 0.16 332 + 0.17 3.36 = 0.19 3.41 = 017 3.56 + 0.19 3.60 + 0.19
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T8 5 S5F800mREH-HITH LM IBFDEBY A L, ERE—F, A+I4F, EvF

120m 200m 300m 400m 500m 600m 700m 800m
1 AKYEGO (KEN) 14.88 25.76 40.44 55.24 1:19.17 1:22.47 1:34.93 1:47.09
BIBRA Ly 2 G.REED (CAN) 14.90 25.63 40.22 55.08 1:19.85 1:22.85 1:34.69 1:47.10
3 Y.BORZAKOVSKIY  (RUS) 15.65 26.06 40.69 55.52 1:19.35 1:22.57 1:35.33 1:47.39

0~120m  120~200m 200~300m 300~400m 400~500m 500~600m 600~700m 700~800m

1 AKYEGO (KEN) 8.06 7.35 6.81 6.76 7.18 7.52 8.02 8.22

ERE—F (m/s) 2 G.REED (CAN) 8.05 7.46 6.85 6.73 7.26 7.46 8.03 8.06
3 Y.BORZAKOVSKIY  (RUS) 7.67 7.68 6.83 6.74 7.23 7.57 7.84 8.29

1 AKYEGO (KEN) 213 2.16 2.06 2.05 2.10 2.18 2.16 213

ARZAE (m) 2 G.REED (CAN) 2.19 223 213 213 2.20 223 217 2.15
3 Y.BORZAKOVSKIY  (RUS) 217 2.33 2.18 2.16 222 2.21 219 217

1 AKYEGO (KEN) 3.79 3.41 3.31 3.29 3.43 3.44 3.72 3.87

EvF (Hz) 2 G.REED (CAN) 3.68 3.35 3.22 3.15 3.30 3.35 3.70 3.75
3 Y.BORZAKOVSKIY  (RUS) 3.53 3.29 3.14 3.12 3.25 3.43 3.58 3.82

18 6 BF 1500m REFICH 5 LA 3 FBFDBBL A L, ERAE—F, A+SM4F, EvF

100m 200m 300m 400m 500m 600m 700m 800m
1 B.LAGAT (USA) 13.65 28.01 43.56 58.93 1:14.04 1:29.34 1:34.62 1:58.69
BiBSA L 2 R.RAMZI (BRN) 14.08 28.50 43.91 59.31 1:14.41 1:29.62 1:34.90 1:58.82
3 S.KKKORIR (KEN) 13.55 27.86 43.36 58.74 1:13.91 1:29.21 1:34.40 1:58.52
900m 1000m 1100m 1200m 1300m 1400m 1500m
1 B.LAGAT (USA) 2:12.25 2:27.10 2:41.64 2:55.49 3:08.87 3:22.12 3:44.77
BBEA L 2 R.RAMZI (BRN) 2:12.42 2:27.21 2:41.81 2:55.58 3:08.97 3:22.05 3:35.00
S.K.KORIR (KEN) 2:12.20 2:27.13 2:41.71 2:55.46 3:08.86 3:21.49 3:35.04

0~100m 100~200m 200~300m 300~400m 400~500m 500~600m 600~700m 700~800m

1 B.LAGAT (USA) 7.33 6.96 6.43 6.51 6.62 6.54 6.54 711

EFRE—F (m/s) 2 R.RAMZI (BRN) 7.10 6.94 6.49 6.49 6.62 6.57 6.54 7.19
3 S.KKKORIR (KEN) 7.38 6.99 6.45 6.50 6.59 6.54 6.58 7.09

1 B.LAGAT (USA) 1.98 2.07 1.96 1.93 1.96 1.95 1.95 1.98

ARSAE (m) 2 R.RAMZI (BRN) 1.94 2.08 2.01 2.06 2.09 2.07 2.05 2.06
3 S.KKORIR (KEN) 1.88 2.07 1.99 1.93 1.96 1.96 1.98 2.03

1 B.LAGAT (USA) 3.70 3.37 3.28 3.37 3.37 3.35 3.35 3.59

EvF (Hz) 2 R.RAMZI (BRN) 3.65 3.33 3.22 3.15 3.17 3.17 3.19 3.49
3 S.KKKORIR (KEN) 3.92 3.38 3.24 3.37 3.37 3.33 3.33 3.48

800~900m  900~1000m 1000~1100m 1100~1200m 1200~1300m 1300~1400m 1400~1500m

1 B.LAGAT (USA) 7.37 6.73 6.87 722 7.47 7.55 7.90

FERE—F (m/s) 2 R.RAMZI (BRN) 7.35 6.76 6.85 727 7.46 7.65 7.72
3 S.KKORIR (KEN) 7.31 6.70 6.86 7.27 7.46 7.65 7.63

1 B.LAGAT (USA) 2.10 1.99 2.02 2.05 2.07 2.04 212

ARSAE (M) 2 R.RAMZI (BRN) 2.15 2.09 2.1 217 2.15 214 213
3 S.KKKORIR (KEN) 2.06 1.99 2.03 2.08 2.08 2.03 2.05

1 B.LAGAT (USA) 3.51 3.39 3.41 3.53 3.61 3.70 3.72

EvF (Hz) 2 R.RAMZI (BRN) 3.43 3.23 3.24 3.35 3.46 3.57 3.63
3 S.KKKORIR (KEN) 3.55 3.37 3.39 3.51 3.59 3.77 3.72
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The race pattern and running motion
of the world elite female middle-distance runners

FIEF N,

BR i

FL?, K XV

=2 R0, s EZ O, ML RS

1) BERFERFERE 2) mEBE KT

Hirosuke KADON Ol),
Hirokazu ASHIZAWAY,

Yasushi ENOMOTO?,
Koji HOGA?,

3) KW NLER KRS 4) ERERFE R

Yuta SUZUKI",
Keiji KOYAMA?

1) Graduate School of University of Tsukuba , 2) Kyoto University of Education
3) Ibaraki Prefectural University of Health Science, 4) Graduate School of Juntendo University

1. [ZL®HIC

INET, HARRE EFHGEEREZEERITAAR
EWNOEEGHESICBT 2 P IEEEERE 2B W
T, FICHANEFORBEY 1 L, EAL—F,
ARNTA R, EvF, EOIITEMERED NS
FAN=T AT —HENELTE. LML
1991 D% 3 Bt SifE iR AR RS,
FLTI994FEDFE 12BLET VT K&K, 4+
EoMR R EOT—X(FIEFLALEELNT
Weh, Lo ¢, R iR EE O L —
ARG — o RFEBIEICET 2 &I <, 2D
Uz oW IS v mon gy, 72, &
FEFICET DT —XL, BrickxTdhzvno
DNEURTH . AFTIE, % 11 B IAAF e
EEHRFERRRS (LLT, KIRKR) 12k
5+ 800m B L OV 1500m i 2 B 1T B R —ik
BFEDOL— AT = BIOEIEZSHTL, &
DOEIZOWTIHLNNITAZ EHHRE LT,

2. Fi&

TEZ, b= A5k KOEESHT & & IChiE
DFFHEEEER R & RROFTIEEZ W, Lz
BoT, FEZHOWTTRTEZ SRS L.

3. ®WRBIUER

3.1 FLEROD R

# 113, %2 800m 35 X OV 1500m (23851 %
7 U2 KiBiaE B L OWERE O EBReeE, v — R
VAR REREk (LLF, SB) 1T B EMRER (UL
T, %SB), mk L OEERREFEIC OV TORLZ
HLOTHD. £, K11%, EFEBIZBIT D508k
DRI DOVWTRLIEZLDTHD. 22T
bOFERZ Y LI, EEROBLE B AR B ORH%
WZDOWTHRETT 5.

F1 ZF8OMBLUI500mDS Y KIzHIT 5525

T

R

- : == Ri
8RR @i R il
n 21 24 16 8 8
FI9504R + SD 2:09.13 £10.53 *4x  2:00.41 £ 00.67 2:00.73 £02.03 ** 1:57.92 £ 01.13 1:58.17 +01.55
%SBSD (%) 987£15 99.4£0.9 99317  x  101.0%1.1 99.8 1.0
BSER 2:01.00 1:58.95 1:58.62 1:56.17 1:56.04
xIEET 8k 2:36.14 2:01.81 2:06.97 1:59.32 2:00.90
#F1500m
i R .
; = ; = RE
iR B B8R Eid
n 13 24 12 12 12
Fi9584% + SD 4:30.89 £33.38 %0k 4:10.42 +00.69 4:13.90£05.12 *  4:09.17 +05.42 4:04.50 £ 05.00
%SBSD (%) 948156 97.8 £ 1.1 97.2£2.1 97.7£24 99.5 £ 1.3
BEER 4:11.51 4:09.05 4:08.02 4:03.84 3:58.75
BRI 5:45.99 4:11.24 4:21.50 4:15.43 4:14.00

MEBILTBERICAEZHY *:p<0.05 **x:p<0.01 *kkp<0.001
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W PBERES: 17
O sezm & 13
31

N

m PBEREH: 4
[0 SBEmEH: 6

26

20

S
E)
<
8 9
7 [
4 |:| 5 — 5
1 A
[
o £ o o o o o o o 4o o o
N~ D -~ e Yol ~ 1 D N Yo} oo} ~ < i
[Te} Yol o o o o «© o) o o o ~ ~ 'e)
© o o & = © 2 © o o © o & I
v wn e @ e @ o v < e < e « ¥
-~ -~ N N N N [sp) < < < < <
1 Z&F 800m & & X 1500m [ZH [+ B ELERD AR

(1) %¥ 800m

21 800m (2T, Tk, HEDRE & b ICEE
F OB A EITEN TR Y (7 p<0.001,
HEPB 1 p<0.01), %SB b A EIZE D5 72 (p<0.05) .
IBERE S A DI D, 34NHKE ek (L
T, PB), 3 42 SB ZHERPBEITHBNTH LT
72 (%SB: 101.0F1.1%). L2>L, YERBHORSE
D%SB b 99.3E1.7% &k L TR/ <, Pz
11458 FED PB Z#H L7220 B3
BLEEFEN 24 W, £, LEONME D
(1), 14556 F~245 01 HOEN L~LT
DoAIN% <, SB, PBEA b T OHIPHIZE T
LTHY, SB, PB BBV 30 4 & BT
P 7 P EEREERRE B ot TEMIICE o T
s 1X TJEPKOSGEI (KEN) #3143 56 £ 04 @
PB B X OKSKERETH L., ZhbpnZ &
M6, 7 800m IXFLERAIIZIEF I LA & <,
BRIC R BEEHE ICB W TIE AR Z R Z ISR Y
BRIPEWRT =< AR EL TV z
X9,

(2) % 1500m

- 1500m [ZBWT, TiE, UERPELE L ICE
WE O FHRENAEICENTEY (T2
p<0.001, Y% : p<0.05), TIEIZIBWVTIL%SB
HREIZE N7 (p<0.05). RBEEHE O 12 412
EZ X7 LS 660 (4ALIEERS) FTO
BENGTENTEY, REBEOFEEGFE (4 4 04
50057 00) XL U%SB (99.5+1.3%) X4
TOT7 7y ROPTRbEN- T W7 %
> 7 2D M.Y.JAMAL (BRN) 733745 58 %75

?DSB Tl L, Z DN RKEKE ik TH o712,
INHDOZENG, L 1500m (X, TrFT
ATE TR, HERE I RIENE S IS DA,
PEXEDOENPE LB INTZL—ATHo T
Ltz k9.

32 L—RARE — 2 ORERUL L F DR

ZITIE, b—RAEWL O»O/NXEI,
FOXRMIZBT D EHEALY— FOELEHD
XY, L—RAFDOEAEY— ROET b
HL—ARE — 2 B BN EEAUL L, & ORI
WZDOWTHRFETT 5.

(1) #c¥- 800m

X2 1%, Z+800m D% T v K, FHIZEKIT
5AEEEAEH O 200m FOWEIE X A L) H4 200m
K OFEEAE— REFH L, ZOEbERL
b0 ThD. K31, B LIz AZ— D5y
FIZOWVWTRLTZBDOTHD. KM41x, NF—
WNZ A 72 SB, PB iERKA D AHIZONTRLTE S
DTHDH. BB, M2HovrRmLr (@AOA)
LS TE TN O —E2R L, K3,
4 LRIEL TN D,

#Z+ 800m (2B W\ TIE, &2 THL—RZBNT
0~200m X[ (LAF, S1) 735 200~400m X[H
(LLF, S2) 12/ CEAE— KRB LTz
(X 2). Zaux, AiFEOE T 800m & [FIERD#E F
THY, L7 800m IZBWTH, SI DEAEL—K
DRE ZThb5H9 S2 TITERA Y — RBED
LTWEZEEZRLTWAS., LER-T, &F
800m D L— A /& — L OFAURIE, S1 LIRE, &
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=3

(1] [332] [733] [3<] [335] [7a¢]
80 r
275 |
£
T 70 - h ( L . L \
Ry
i XO’O \o’/.
# 65 | F + L L + L
1 234 1234 1 234 1234 1234 123 4 1234 1234 123 4 12 34
2 ZFB800mIZHT+5% 200m REIDFHERAE—FDZEIE
5 ~ 10 — g eeeesssssess
9 r B PBERE
4 L g | O SBEmRE
7 F
o
3 F -~ 6 |
& ﬁ "
X H
' . ° ® 5 r
AY H #
2 r 2 4t .
g 5 L
1L : 2t 4
1 |
0 0
P800'1 PSOO'2 P800'3 P800'4 Pgoo 1 Ps()o -2 ngg -3 Pgoo -4
[ J A ©) A Y
L—RINE—Y L—RINEZ—>

3 KF800mIZHITHL—RNEZ—2DHH 4 ZF800mIZHITHL—RNEZ—VRIZHT=

7B 82, 400~600m X (LLF, S3) LW
600~800m [X[# (LAF, S4) OAEA e — K24l
BRDHI LWL VTR T, FOREE, LT 4
ODDINE— NI TDH I LN TE.

FT 1 2HDFZ—2 (LLF, Pg-1) 1F, S2
26 83, ZLTS3 D S4 T/ TIES 58
H—=rThd (K2H@). ZoR¥—F2 b
—AFIELTZ (X 3).

22D /NE—2 (LLTF, Pgo-2) ﬂi, S2 b

ZHNT TR L, S3 725 S4 (2T CIsaEd
HRE—=2ThHD (K2 HA). ZTHUTIZHERES
EOMOHBEZEL L, 4 OO RZ—1D ) bHigt b
2ot (X3).

320D E—2 (BAF, Pg-3) 1%, S2 15
3UTMTTHREEL, S3 225 S4 (ZhF T4
HRE—=2ThD (K2H0). 2L—AD¥H

5L —R) NZONREZ—=2THY, 4 88—
Db bENoT (K3). i, T4 40
=X ERisk (LUF, SB) %, 6 40N H Ok
EEdk (LR, PB) % Pg-3 D/NF — 2B WT
HLTEY (M4), EFEH O JEPKOSGEL & Pk

PB, SBERED N

WZBWT 143567 04 D PB B L UKE K E T
ZHLTWS.

4 DHDOIE— (LJT, Pgoo-4) 1%, S2 705
S3, TLT S3M/mb S4 IC/hiF Tl 5/ % —
YThD (M2 FA). 21/ AINZ DINHF —
Thotz (®3). £/, 24 SB %, 847 PB
Z Pgod DRNZ—IZBWVWTHLTEDY,
JEPKOSGEI & B 3 #ICB VT 1 4 56 B
17D PB#HLTW5.

IhbEFEEDDHLE, KT 800m DL —ASRHK
— LV ORBIILLF D X 912725 TH A D . Pygo3

(O) " b%<, SB £721% PB ZERLEE 10
L& Pyod EWATERGSD-oT2. BHBEED
JEPKOSGEI [FRPEIZISUNT Pygoe-3 D/ 3X — (T
BWTPBEH L7z, £77, Pyoed ITBWNTH SB
FRIIPBEREN 104 LB LT,

(2) %+ 1500m

50, %7 1500m OF T 72 R, KR
B AEAAEE D 400m fFE DR X A LD D K
400m X[ (1200~1500m X[EiZ-2>VTi% 300m)
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Vas

L

701

sfo g

55

6.0

FAE—K (m/s)

7+

N
R

5.0

12 3 4 1 2 3 4 1.2 3 4 JFEB
%478 B131200~1500ma)300mX

5 ZF1500m (BT HBEFADFHERE— FDEL

DFEJFEAE— F2HHL, €Oz LY

[P

oy
N
D
P1500 1 P1500 -2 P1500 -3
l/—Z/\’;“l—/
6 Z=F1500m(cHIFEL—R/IRE2—2D0H
DTHD. K61, BRI LI NZ— Do

DWNWTCRLEDBDTHD. K71E, XF—25IC
A7z SB, PB #{ A DHARIZ OV TR LIS DT
H5H. A 1500m (ZLLFD 3 DD/REZ—1T5)
e R N =S
1 DD —2 (LT, Pise-1) 1%, 1 JAH
(LLF, L) 226 2 AR (BT, L2) &2 T
BoE L, 3B (LLF, L3), 4/8H (LLF, L4)
EET R —Ths (W5H1@). &L—
ZAD¥H B L—A) NZDORE—Tho1= (K
6).
20@@&&—V(HT,mmmtiIJ#%
T T Uil 237 —oThbd (X 5

$A)2V—X# DIRH—2Thh-72 (X 6).
34785 SB %, 34473 PB & Pyspp-2 D/SZ— T
BWTHLTEY, 1 1500m EEE O JAMAL
TZRBEIZ BN T Prsgp-2 D/8F — L ICBWTSB
F ORI mE sk H L7z,

30D E—2 (LLTF, Pis-3) 1%, L1225
2T/ TR, L2 25 L3 i3HkRs, L3 7225 L4
N Tl 5 3% — 0 Th s, (M5 30).

FIRE 2D DINE— 2 ThoT-.

6 -

SB, PBEMEH(R)
w B

3 3
1
0
P1s500-1 P1500-2 P1500-3
A (@]

L—R/E—
7 ZF1500m [2H1F5HL—R/INEF—2RlIZHAT=
PB, SBEREDD

IhooZtrfldsdd, & 1500m O L
—ANE = DRI T O X I b THA
I. Pisg-l (@) b <, SBEBIUPB ERK
FlX Piso-2 Db EoT=. 77, &2 TDO/RHF
— AT DRI, MTEHMH@¢5 &
172K, 7 4 =y v a2l TEARA B — R
THEMICHDZ L THDH. P LEA (2007)
I, 2003 FEEFURTHENY KRS, 2004 44V >
Vw7 T T R RER L2005 FE LR FHEA~ L
VU REO V=AW EITIR, 4T 1500m
DFIRRAER R BN TIRL Y 700m (3 J& H LA
FE) 12 W TR B — RS 9~ DA 232 5 4L
TmEME LTS, KRIRREIZBWTH, 60
WG L FEOBAN A SN2 0D, 3EBLL
BB W TEAE — RAMIT 5 &) x—
Ui, KT 1500m D L— A K — 2 OB L U
ZDH1EAH. Fi2, ZIUIETEOSE T 1500m D
L— AR = LR LRI TH 5.

RERIND T EAE—F, AFT7A K, By
F OFHK

33
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(m/s) m) (H2)
78 @ Top (1:58.44+1.16,n=23) 2.2 * 4.0
O Low(2:00.62+0.47,n=23) ¥ x .

73 A JEPKOSGEI (1:56.04) 21 ¢ 3.8

sofok 2.0 36
6.8 ok % Fofok
1.9 3.4
6.3 sl i
5.8

1.7
120 200 300 400 500 600 700 800

120 200 300 400 500 600 700 800 30

120 200 300 400 500 600 700 800 (m)
Top&LowlZHEZEHY *p<0.05 **p<0.01 ***p<0.001

8 ZF800mIZHIFHEMKENELIUVRERELHFEDERAE—F, X +IMF

<o
BLUVEYFOEEL
7.0 [ @ Top (4:01.70+1.92,n=10) 2.2 36
O Low(407.86+2.100=10) 4o "
A JAMAL (3:58.75) ok - kX 34
6.5 Aok y 2.0 ok ox
ol *
3.2
6.0 1.8
3.0

5.5 1.6
200 400 600 800 1000 1200 1400 1500

2.8
200 400 600 800 1000 1200 1400 1500

200 400 600 800 1000 1200 14001500 (M)
TopéLowlZHEEHY *p<0.05 **p<0.01 ***p<0.001

9 ZF1500m [ZH T HRBKERNBE L VRERBLEHREDERE—F, X+FM4F

BXUVEYFOEIL

T, REERIC Lo T EAREE (BLF, Top)
ETALEE (BUF, Low) 20V, Ri&knb A7
AE—FK, ANTA K, €T ORIZONTHK
BB B, KekEmaEcsH LR TL N,
FDEFIZHOWT R 5.

(1) #z+ 800m

221 800m 1%, 143 56 F~59 #bH DT 23 4
% Top (14y 58 44+1 % 16), 2 % 00 Fb~04
MHEDET 234 % Low (24 00 B 620 ) 47)
EL7c. K8IE, Top (KH@), Low (MHO)
BIOKREKmReEE (1 45 56 B 04) #H L=
JEPKOSGEI (KHA) OEAE—FK, AKMT7A
K, ©vTFOEtERLELOTHD.

EAE— KO Bl oL, A2 —NTh
LT 0~120 K £ 7213 120~200m K HEIZ B
T AEAE— FITEL, 200~300m X [# TEAK
WL, Z20% Low TlE7 4 =v = £ TIZ
{EHEFF, Top TIE 500~600m X[E 2B\ ThHhd 0
ICHRT A AR LT, EAE— RIZETHOK
23T Top 2K E <, 0~200m D L — A i,
300~700m DL — AHHEIZIB W THEBEZNAD
N2, A 100m ICBWTHEZITZA LR
Mmole. ANTA ROZEbEBEl+5 &, 120~
200m X CTHRRERD, ZDH% 500m (ZHMF T
JE L, 500~600m X CHTITHEARKL, 600
~800m CHWB/V T BEMEZRL, ZiUIAE

TR HB T LRFEOERTH -T2, AT AR
IEETOXMIZIHENT Top DEFBKEL, 120~
400m, 500~600m XMIZEBWTHEZENA LI
72 (p<0.05). ¥ FOZEALAZ BT 5 &, 0~120m
X CTRKRER Y, Z D% 400m (22T T L,
D 400m IZRBWTE, BAETIERVARRL
WET AEmE R L. By FiE, 0~120m X[H
IZB T Top DAY, 200~400m 5 L T 700~
800m X IV Tl Low D7 03¢ 00T K& D
ST, ARETIALNRNoT-.
gtk a H L7= JEPKOSGEI O80T,
FT 0~120m DAZ— NMZBWTE Yy T EEHD
TRELIMELTWEETHAH. £ LT, 400m
T TRIZE S ICHEGE L, #2420 400m (280>
T, 400~500m X[ETIZA b T4 Rafid T
v FZ R S, 500~600m X TIEA RTA R
EERSHETE v T 2D S, 600~700m [X i
TIEIHUOA N7/ R2EOTEyF LS
TW5h., ZOXHZ, DT TIEH 50 100m 5
WCARTA REEYTFBR ML —RFT7F 589
WL LT, F72, EoFalik L TnA X
MICITEALY— RBEKRKL, KFIZA FT A4 RH
HERLTWL KM TIEEAE— RABD LT
2SR, Z o0 X 912, JEPKOSGEI I3,
AH— R TREIHEL, L—R2BHICBNTIX
ARNTAREE Yy TFEIGHIZT br—L LA
NHESTWEEZBND. EHIL, AMTA
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RARIEFIZRETWVR (A NT A4 FEGEE) b
JEPKOSGEI DF#H# D 1 DT A 9.

Nz thEFE LB E, &7 800m TS
LIS T EAE—R, AT A4 R, EvF
DOFFEUILL T DO X 9127256 THA 9. Top 1L A B
FA4 FRKEL, 0~200m O L —RAFHELB LN
300~700m DL —AFHRICBWWTEWEAE —
RE2SHEE - IR LTV R Ematena
L7- JEPKOSGEI I%, A X — hTE v FE2EmDT
REMEL, U—AZPEIZBWTUEIA T A K
LY FEIBRIIZay ba—)L LN LEAY
— R&HERF LTz,

F7, KB~ 7= X918, &+ 800m I SB,
PB ZE NIERIZE L, BB oL ~L
DOEWEPICES LTz (K1) . P9%F 5 (2008)
X, B 800m AEE M H C Rk dH DUV NEE IR
DR mWitsk A L7l L— 237 — 0%
AR AR IZIER L ThoTm 2 L 2 H
LML, EID LVitekE HT DD R—2R
Bl DFREAZRE L TWA. L, LFIiZon

TIHERF L TE LT, LT L —ARRZ— (2B
THHAITE I TORn. LEERnoT, Z
ZTHRE L2 KRR O %1 800m 12331F 5 Top
<2 Low, = L CJEPKOSGEI ® L — A/ % — [,
1 800m i T MEN Rk A H I 72D L — R
NE—2D 1 DDFETFILERVELLEZ LN
5.

(2) %1 1500m
- 1500m 1, FE8%8 3 43 58 #0~4 4y 03 B A
DET 10 4 % Top, 4 57 04 Fo~09 5 DET 10
%% Low & L7z, X1 91%, Top (M+'@), Low
(MFO) BrUOKREHEEmLEk (345 58 F 75)
ZMH L7 JAMAL (MHA) OFEAE—F, Xk
FAR, EvTFoEERLIEZLOTHS.
%XE—P®ﬁM%%ﬁ¢6& Top Tl A X
— R22 % 600m (2T Tl L, 600~800m [X[#]
IZBWT—ER L7214, 1400m (20> C ROV
HA L, 1400~1500m X238\ TR 3 2 fH|A &
L7z, Low T3 A Z— F)v5 800m F Tl k&
TR R, DB T 4 = ¥ 2 [T Tl
#6@@%%Lt.%xf—szm~mmm@
L — 2D KIS NT Top BARIZKE o
7=. L7L, 1400~1500m X2V TIZEE T
Low N RKE Moo=, A T A ROBLZ#T 5
L, AE— KB 600m (22T THIE L, 600~
800m XIZF VT L, Top 1 1400m (27> F
T L 7=, 1400~1500m X B2 BV T4
%)@Ffﬂ%ﬂ?bfc. Low %, 800m LAfE7 4 = v
T A2EmER~ LIz, A R T4 Rid
1mm~4ﬂMmETﬁ%h<5gt@[fﬁ 2B T Top
DHEIZ
200m F THIE L 724 400m (22 F TR L, 800
~1000m &H7-V £ TIEZLDOKE IMPMTIEHeERF &

WCREDoTe. By TFOREBT 5 L,

, Z D% Top 1% 1400m (27T THER L, 1400
~1500m [X[#{ kwfﬁwﬁéﬁm%Tbt
Low X 800m L7 4 = v o = T T4 %
@W%Tbt.t/?io~mmm ZHEUWT Low
MRE L, 0~200m KREIZBWTHEER AL
72 p<0.05). ZDOZ L&, FIROEAE—RNEA
ETEZD L, ToplZL—ADIFE A EDKIH
ICBWTEYRERAMTA FefRi+5 2L
T, MWEAE—REHEREFLTWEEZ BN,
HIEE TR BT 5 L — A RO R &
[RIER D 23 A 5 ATz
EiEaidk g H L7- JAMAL OFF#1%, Top
L Low DAEAE— FIZEBEENALILE 200~
1400m ICBIT D EAE—= RN KEWEE, By T
PDREWVWE (B TFREEE) ThA9. £72, 1400
~1500m XFIZHBWT, ARTA K, EvFLy
WD L, EAE = RBRRELSBOLTNDADL
S CcHAH. T70bb, JAMAL IZZDT A b
100m X DOBGERIS K E - 7212 b b 5 ER
Tmitdka L, BB TIf T =y =
L7z, 20O Z &L, 1 800m CHIF Tk 7= 5
FDEE kﬂ%l?ﬁ%%@ﬁ IRBWTENTR
FAEHTTZDITIETARNANN—=FLD LT LA
v—X®Fﬁ%¢ﬁ IBWTHEWEAE— %
HEFFT D ENEETH D Z L 2WD TRET
HHDTHAY. EBIT, FOLHRL—RAIIE
W, ATE TR <72 %7 1500m @ LAGAT @ X
BN T A N A= N &7 272 Th, 1
NTTA4=wvadThHI ENTE, ik BN
M AHICBNTENTC B AT N TEHA]
RMEOHDL ZEERBLTNDHENZ L.

3.4 RiEL— A DR

Z I TR A1 800m R S L ON 1500m IR D
~X%%_Ow1,@ﬁﬁ4A,%xt~h,x
Fo7 4 RBLOE y FOE SO T 5.

(1) 27 800m Pk JPs

7 F 800m R WEIXT A X — FNEEZMND
JEOKOSGEI NN L TonAg ~— 2 DJERA & 72
Y, 400m EIEAN 56 7 16 & FERITHE D> 7. 500
~600m XEIZIHNT, 2 MLIEDRT- BB
W B 7253, 700~800m [X[H] T JEOKOSGEI 2 F
U%%%L,w\%@mwn&k;@kKWm
FCERTCHERE L7-. X 10 134+ 800m HBEIC T
HIEI3BFEOEALE—R, ARNFA K, vF
DIEAIZHON TR LB D THDH. JEOKOSGEI
DOFFEIL, 0~120m K DE A B — FRIEFIZK
XNl L, BEO400m IZBWTEAE— Ry
HEFF L CUW DA THA D . JEPKOSGEI 13, T,
—ﬁﬂﬁﬁ%@£T@7?/ﬁ wfz&%b
72<%U%%&W\5V%X%ﬁfbdfwk.
JEOKOSGEI L, T2 3\ T 145 58 F 95 D SB,
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o m

7.8 22
® 1) JEPKOSGEI (KEN) 1:56.04 PB

W 2) BENHASSI (MAR) 1:56.99
A 3) MARTINEZ (ESP) 1:57.62 PB

7.3

6.8

1.9 3.4
6.3 1.8 3.2

58 120 200 300 400 500 600 700 800 7

120 200 300 400 500 600 700 800 3.0

120 200 300 400 500 600 700 800 (M)

10 ZF800mREFICHEITH LM IBFDERAE—F, A bSM4 FEEVEYFOEL

e <m>

7.0 2.2
@ 1) JAMAL (BRN)3:58.75 SB

B 2)SOBOLEVA (RUS) 3:58.99
A 3)LISHCHYNSKA (UKR) 4:00.69 SB

2.0

M .
18

(Hz) EvF
3.6

3.4

3.0

1.6
200 400 600 800 1000 1200 1400 1500

2.8
200 400 600 800 1000 1200 1400 1500

200 400 600 800 1000 1200 1400 1500 (m)

B 11 ZF 1500m REFICHFEH LM IBEFDERE—F, X +J4 FELUVEYFOELL

HERPFIZIBNT 1356 17 D PB #H L, P
WCBWTEZENE S LICEH L.

2 £ H.BENHASSI (MAR) %, 400~700m

D7FEAE— R JEPKOSGEI LD K&EWH Do,
0~120m KEIZBITF B EAE— RiZ/h& <, 700
~800m IZB N THEAL— FAKRXETLT
W5, 3{i.®> M.MARTINEZ (ESP) %, BENHASSI
LR BEZ, 400 ~ 600m D FE A B — KX
JEPKOSGEI LV K& WD dD, 0~120m X<
600~800m DA B — KiF/hE\W., L7=2i» T,
JEPKOSGEI & OFEA Y — RO#ETFIC 1/~xa>
Rl LIz W TAbLND LWV K ).
&1, JEPKOSGEI )7 A % — T 1/ 73
FFRRIC FiEMEAYR Y, BENHASSI & Ol
DF% L — AFHEIZB WO THED 72 M A2 B W)
THM L, —J7 JEPKOSGEL T EA ' — RZET
SELHZERLEVY oL ERLTNAD. L
7>, BENHASSI IZ SB, MARTINEZ /% PB (24
MBI TH T2 D, SREROBLEIN D I
D EENTRERTHY, ZiiE JEPKOSGEI 23ME
DHLIEANAAAR—2D L — B L — A
WCBWTBW EIF 72 2 &0, fF 58k E O T
LEZLND. TRHDZEND Y, L—AFE
WICBWTKEREAEY— RELH B, L—AH
BICBWTENEMEEFT 5 2 & D IFREekls o7
MBI EHRBL TS ENZ LD,

B E Cih 7= B+ 800m P DHAE 1L, Au—
f\—/’«@l/ ZEATT A N A=A L

, ILERIOIIEE < e o7z, L L, % 800m

REDOGEIL L — AFE N B NA ~_X— A D JRE]
Y, FRERIZ B IEF I LV DEWV L — AT
HoTo.

(2) Zc1- 1500m K5

24 1500m PRI, JAMAL 723 3 45 58 B 75
SB THESLZ. L— x%ﬁfﬁ X, A¥— hHEK—
FERESEAE—=RMETFT LR, 3<8F 2
7.0 Y.SOBOLEVA (RUS) 24EHHIZALE, FEA
E— FZHREETHAARX—=ZATL—2A %%I e
#E-7-. SOBOLEVA %wff‘ﬁzﬁ Z, 400m % 143
T 82 T, 800m % 2 %y 09 b 57 (400~800m @ 7
v 7T A 2L 63 7 75) T, 1000m%E 2 4y 57 #
38 TENFEE LTZ. 1000m B E7=H7-0
M5 SOBOLEVA 23k & 12— X % EIF, 1200~
1300m X [EHZHB W T JAMAL 728 28— |k L,
SOBOLEVA % 74 L CHEBAICS. > 72, 1300m LA
K% JAMAL, SOBOLEVA & &2 —ANK T L,
%@ii JAMAL 8EBEC7 4 =2 L. O

?D 1300m LARRIZR—AMEF LW =2 &b

%, SOBOLEVA 2MEST-_X—AN@E -T2 &
BNond. K 111327 1500m P21 5 BT
3IBTOEAL—FR, ANTA K, €vToEl
WCOWTRLELDTHD. JAMAL &
SOBOLEVA DFEAE— RKDOEEZHLDH L, 1200~
1300m XKENZCRBWTOIRRKRE NI ERDLND. F
72, ZOXMIZHEIT D JAMAL DA T4 Raekh
He, BETCOXMOFTRORERANIA RT
ESTED, By FH K&, — 5D SOBOLEVA
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78 r
@ Rf: 1:56.04 PB
W #RE 0 1:56.17 PB
= 73 t A F5%:1:58.95SB
2
£
o
[
u
X 6.8
#
6.3

120 200 300 400 500 600 700 800

12 JEPKOSGE! DF:2E, FERBEE K VR
BFTHERE—FOEL

% 3 JEPKOSGE! 0 X ¥R o) % BA &fi

&2 JEPKOSGEl OERXRE, R +F4 K, EvF

1stR@1som  Fa1s0m

EIRE (m/s) 6.71 7.02

ZARSAK (m) 2.07 2.11
X AR (m) 0.94 0.92
AI-EERE  (m) 0.29 0.31

®A-EH (M) 0.64 0.61

IR AR R (m) 1.13 1.19

EvF (Hz) 3.24 3.33
2TV THEHE (s) 0.308  0.300
KRR (s) 0.142  0.133
BIEERT  (s) 0.067  0.067

BEERE  (s) 0.075  0.067

e AR R (s) 0.167  0.167

, RESSLUVRHEOAELRLLE

gy TRERRE
8 SRR hES
. ReE
FRBIE BES
B E
R
P BEE

1stRg1som  F@1s0m
(deg) 2085  19.02
(deg) 3260 4575
(deg) 1447  9.10
(deg)  12.84 1824
(deg) 1826  14.35
(deg) 2851  35.19

X, ARTA K, EvF &b JAMAL T EDRAM
RIEITH BN, 2D &G, JAMAL I
1200~1300m XTIV TE ST ANN— N &1T
o TN Z EDRREER S, ZOREOED 3
WaEEHELEZEEZLNS.

3.5 EEMED R

2T, MIEOR - EFER, ZhvE Tk
LA DL —ASHOfREZRE 2, KFE IZHBT
B EFEOEIZ OV THRET 5.

(1) %z 800m

4 800m THEWs L7- JEPKOSGEI 1%, Ti&
(1:58.95, SB) , &7 (1:56.17, PB) , P (1:56.04,
PB) L SBEBIUPBEEFH LARNEL XA L&MW
E&E¥Two7z. X 12 1%, JEPKOSGEI DT,
IR LOWRBOEA Y — ROELERLTZ
HDTHDH. EAL—FOEEHLDL L, TiEn
BYEPBEIC 2T TIE LT 400~600m D E A B —
R < MEfF S A, HEDRBED HURIFIZONT TIX 0
~120m K DAERAE— KB AKL W22 &N
s, £z, o= Loz, Tuvitska
TOITITI L —AFRICRE R EA Y — R&2T
B R, L—2 B lc B W T EN AR A 2 &
NEBETHDZ EWREBINIZ. 22T, B
DL —AFFEOEY 1235 H L, JEPKOSGEI T
TR EIRBED 150m # SO EEER T 5 Z LT
£V, JEPKOSGEI 235D L — A FFEIZ 38T

ED XD BREMEEFT 72 > T EDIT DWW TR
T 5.

# 2 1%, JEPKOSGEI O T3 & P> 150m Hi
BIZBT5ERE, A T4 RELXOE yFizo
WTORLEBDTH D, 150m MO EEHE, A
FoA4 RBLOE y FIIRBOFNRKE o7z,
A NTA ROWRE D &, STEFABRBER D L
(A :-0.02m), KRHZIESRFHIBREES K LT
Wiz (] +0.07m). AT v SR OWNERE D
L, HERHIERRIOMEDNCHEA L (A 2 -0.008s),
FELFHRIIE D B 72 o7 (1 0.000s) .
INHDZEND, BRI RIS L
TIEHRAY, BEEE I K O o i 712380 THY
KLTED, ORI CX v 7 217720,
KRERIEFWIRIEA 152 & 5 2REMEICEL L
TWEEHERIEND.

F31E, TEEUBEO 150m HSISIBT D Kk
oD % BEES, RIS L VRS oM E v B4
AL DO THD. IFHIRTEICIBWT, BB
HREEIZIZEEAEEDLT (J:-1.83deg), R
ik L OVE BIHET o JE #2133 LT 7e (R
A -536deg, BHENA: -3.91deg). KRR
IZBWT, 2 ToMEOMEREITHRL TV
(% BE%I A - 13.15deg, EBIEI A : 5.41deg, R
i1 6.69deg). ZiLH DT LD, JEPKOSGEI
TR BN T, BV RERRE O ©, R
AT B T 2 B E B L OVE B o #h 2/ &
L, ZFIB IS T2 RE <R EE 5
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x4 JAWAL DERE, R+SM4F EvF

3rd 4th

TR (ms) 625  6.49
ARSAR (m) 1.93 1.89
X FFHARRE (m) 0.96 0.95

ATEEERE (M) 0.33 0.28
BAEH  (m) 0.63 0.67
FEFrHARRRE (m) 0.96 0.94

EvF (Hz) 3.24 3.43
2Ty THERE (s) 0.308 0.292
X HARR (s) 0.158 0.150
AR (s) 0.075 0.058

BERBRE (s) 0.083 0.092

JE X AR (s) 0.150 0.142

&5 JAVAL DXFEFHAICEHIT S
KBE, TRROIHAEE

3rd 4th

X1 HEthEE (deg) 36.97  30.82
B Hh B (deg) -33.65 -34.53

- 1 B (deg)  6.60 -2.78
B Hh B (deg) -51.41 -58.35

L oxy 7EMERITRoCWEEZON, 2
DT ENRERIEFFHAEBE ORI D7) -
e END.

(2) Zc1 1500m

AR _7= 1912, F 1500m D L— A XH
— ORI, 3 B BUBREGES S Z & idie ],
T A4 =Y a2\ TCEAR B — RN T 2 {5
MIZHDZ EMETFbniz. 2T, KIRKET
b Xvidsk 3 38%0 75, SB) & H L CHER
L72 JAMAL OHREICE T 5 3 8 B (850m Hi 4,
IF3Y B304 EB (1250m HiuS, LLF 4™)
DOFEMEZ L, A — KOZIZHE S BE
OEALIZONTIRFT 3.

#410%, 39 BIO 4" IcBIFHEEE, 2B
FSA R, EvFIZOoONTRLELDTHS. 3
5 4™ 2T, EEEIREAL TV (A
+0.24m/s). ZOK;, A RTA KA L (A
-0.03m), XFIZE Yy FRERL TV (A:
+0.19Hz). A h T4 FROWNRE LD L, ZEHEHEB
T ORI & BT LTz, £72, K
WZBWTIE, ArEiREE L L (A -0.05m),
BRI # -2 R LTz (A2 +0.04m) .
ATy TR OWNRE 5 &, ZE X O9EX
L HICHED LTz, & 512, BiEREm AN

CFs CTO FS

+ A A

N

Xt

- Flexion

«=x 3rd
- 4th

kLY (Nm/kg)
o

+Extension
L

\ +Extension
N
.....

[ -Flexion

+Extension

B
&
8
A
3
/: -Flexion
/.
. L

AN ONA~O®A
—T
o AN W s 0O

£B3#FE (rad/s)

o
a N =

N
o o o®o®
L—

o o
T

R L4187 — (Wikg)

g
~“
* 04 .
4 8 .
4 o
4 R
o -
o
o
o
5
o
F o
oY~
4

15 . . 5 L L
0.00 0.05 0.10 0.00 0.05 0.10 0.15

13 JAMAL DIEZHFHICH 1T S EIERID
BxREER bLY, AEE, MILT/ND—

> &

LU (A:-0.02s), EAHIHFREREIMER L TEH
D (A:+4001s), A LTA KERBEOMER ZR
Lz, ZRbHDZ EnG, 3¢ BLO 4" ([2hid
T, AT R LTy TFNRERKTHZ &
THEEENRERKLTW- &2 NS, 77, X
FENZ BV T, KRR O BB RS K OVWREREI 2
P U, SCRHZ % 0 FEBERS X ORI 23K LT
AV

#5013, IFHICRT 5O KRR, TR
LT DESAER X O EELREIZHOWVW TR
L7-bDThHDH. 4" 128\ T, HEHEO KA
JE (A:-6.15deg) BLOFIRMAE (A:-9.37deg)
DD LTV, 202 i, 39 12T 4™ T
TERBBR L OVFEES L 0 B U 7= 3 CREth L
TWEZ EaRTEEZDLN, ZOEBILY X
FRHARTEIEEE S KO3 Lz S HE S
5. Fio, BEHFEO KRIRAEIXIZEAEED LT
(A:-0.88deg), THEAE (A :-6.94deg) M3
HLTWEZ, 2D Z &1, 3¢ 1T~ T 4" T,
TR XV R L 72 BB CEEt L T e D b &
TR EEZ BN, T K IEH% R X
ORERISHE R U7z & HEI X4 5 . AR (2008) 1,
B RIEREES O R TROEh X 12OV T, #
HEBICE R AMET S 2 & &, BEHE RIS TR
ORMERFIFE D REICEB W T HRMEZIRD 5 2
CNEEREZZD LD HO LRI TN S,
F 72, BRI 5000m OFEERD 13 7B O —i
EHEND 16 53 Lh Lo E R IEREES % %5025
W &1T72 > TWABN, ZOROHR—EEE O E
HEIX 6.32+£021m/s TH Y, T JAMAL O
EEE (39 6.25m/s, 4% : 6.49m/s) ITIFIFE L
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W, LS T, JAMAL IZEWEREAZE S -
DORBEW I TRROBNE 21770 > Tz B x
LD,

X 13 1%, FELE (TO 7°5 CFS B L CTO
226 FS) 23T HRIEMORRBEE hv o, A
ERBIORM I RTU—ZONWTRLELDTH
4. TO 5 CFS O MV BB 5 L, 4% Tl TO
EHORME—27 v OHBNRL 2o T
7o, Fio, TOEZRISAEE LM E S JE i Y)
VAR, SRS 0 B o 72 B O Sl A R N K
&<, ZOREICEIT DIEEE by s U —RK
X)o7 . CTONSFS D M7 B 5L, 48 ¢
1L CTO E/OMEE—2 ML 7 KL, HE
WL Ip o TV, E72, ATl & (2
WZEID DR R, B E — 7 A SR
LTEY, FSEATOMEAEE HHIRK L T,
5T, 4N TIE I N T — IR E R
HEFFL, =27 XU =R LTz, Zhbd
ZlE, 4N TIRIEREICIR VT, B L7
EREAIT~SIEHTEES, gii~5l 2l
VT 2 B2 TSN » TRV BRTEIEN L D 3R

SN TWEZ LRI EEZLND. T2bb,

4N DIETEIIC BV TR, W E R R <
FeZiAte X 57, Wb H U — AR K GRS
NIEEEZ TR o TW=EEZ BN, ZDZ &
2K, FEFROMERE L RS ERE L, By T
DR L7 L HEZREINS.

4. BbHYIC

KRR EO L HiEEER B IcB VT, B 1
EIFXRAIZIER 12 Z < OFRFN SB X° PB % 1
LCRY, HR—JERFZHREEOEIZBNT
NRAMRT =< RAERBE LW LS. £
LT, FNEIL—AFETEHWEAY — REH
EF, EhnEd L — A BIZB W THERF T2 2 L i
FOEREINTWEZERHLNE o7 Zh
ET, BRICBWTIERERE L—ARF— D
BRI OWTHE SN TV 52 (P98 5, 2008) ,
LIS AL T2 L, KIOKRS
DINTHFERN S, LFICBNTH Kniiska T
72D L— A NE — L OEFIE, BT & FRRED <
B bl T ENTRB I, FiTE A ESD
ZEnTEELEVZLS.

BEXW
FEAGE T (2008) R MEHEES OAEHENICET 5
INA G A T =7 ARIWFSE. e i Earge, 72:2-13.
FIEFEEST, PLEE, AW L, EHIEH, &%
R (2008) FRER/KHEDE 722 800m £EH D L
— ARG — v ARBEAGE, 53 (2) 1 247-263.
FHEFPEST, FEAYE 1 (2007) TPREEEEREH O R
EZ A, M EBIE RS, 6 27-35.
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181 ZF 800m DEARICH T BHEEEED 0MBBEZ A LELUV T4 =y a4

2 400m 59.12 1:01.08 58.36 58.79 59.03 59.71 59.35 0.96
800m 2:00.11 2:01.75 2:00.00 2:00.31 1:59.95 1:568.95 2:00.18 0.90
P 400m 57.42 58.81 56.54 57.59 1.14
’ 800m 1:68.11 1:68.97 1:56.17 1:57.75 1.43
" 400m 56.16
R

800m 1:56.04

{1822 ZF 1500m DEFHIZH (T HEBEEED 400m BEDBEBE A LELIV T =Zvai4 L

148 24 34 F1 SD
400m 1:06.23 1:10.80 1:07.82 1:08.28 02.32
800m 2:13.74 2:16.19 2:16.46 2:15.46 01.50

FiE
1200m 3:20.13 3:21.69 3:22.90 3:21.57 01.39
1500m 4:09.05 4:09.57 4:10.45 4:09.69 00.71
400m 1:14.07 1:04.65 1:09.36 06.66
[P 800m 2:27.17 2:12.71 2:19.94 10.22
R —_— =
1200m 3:29.45 3:17.97 3:23.71 08.12
1500m 4:14.86 4:03.84 4:09.35 07.79
400m 1:05.82
" 800m 2:09.57
R

1200m 3:12.66
1500m 3:58.75

18 3 ZF800mD Top EX U Low [THEITHBBEZ A L, FRE—F, RA+S3M4F, EvFOEY
B UVRERE

Top 16.73 = 054 2784 + 086 4285 = 125 58.08 = 139 1:1329 =+ 138 1:2820 = 1.34 14314 = 129 15844 =+ 1.16

BBIA L
Low 17.07 = 0.37 2855 + 059 4378 = 0.80 59.30 *+ 0.88 1:14.70 = 0.90 1:30.00

I+

095 1:45.17

H+

0.86 2:00.62 =+ 0.47

120~200m 200~300m 300~400m 400~500m 500~600m 600~700m 700~800m

. Top 718 + 023 721 x= 026 6.67 *= 021 6.57 * 0.15 658 £ 0.15 6.71 x= 0.11 670 == 0.11 6.54 + 0.22
EAETE () Low 703 = 015 697 =+ 020 6.57 *= 014 645 =+ 0.13 6.50 £ 0.12 6.54 £ 0.10 659 £ 0.08 648 £ 024
o Top 193 + 0.07 208 =+ 0.08 201 =+ 009 201 = 0.09 196 =+ 0.09 199 =+ 0.08 195 =+ 0.08 193 =+ 0.09
ARAE W Low 190 =+ 0.08 202 + 0.07 195 =+ 006 195 = 0.07 193 =+ 0.07 194 =+ 0.07 192 =+ 0.06 1.89 =+ 0.09
- H2) Top 373 + 018 348 =+ 0.17 333 =+ 015 328 =+ 0.15 336 =+ 0.16 338 =+ 0.15 344 =+ 0.16 340 =+ 0.15
Low 370 = 016 346 =+ 015 337 =+ 014 331 =+ 0.12 337 = 0.1 337 * 0.12 344 = 0N 343 =+ 0417

T84 ZF 1500m D Top EL U Low [2H T HBES A L, ERE—F, XA+IM4F, EVvFOTEY

BLURERE

200m 400m 600m 800m 1000m 120m 1400m 1500m

Top 3328 + 0.71  1:06.21 + 048 1:38.08 + 0.47 2:10.81 £ 1.39 2:43.29 + 2.03 3:14.72 + 2.34 3:4555 + 218 4:01.70 + 1.92
Low 33.35 + 1.056 1:07.15 + 1.74 1:40.50 + 1.74 211433 + 143 24756 + 1.16 3:19.89 + 1.37 3:52.09 + 247 4:07.86 = 2.10

BERA L

200~400m 400~600m 600~800m 800~1000m 1200~1400m 1400~1500m
. Top 6.02 + 0.13 6.08 + 0.10 6.28 + 0.12 6.12 + 0.20 6.16 = 0.13 6.37 + 0.08 6.49 + 0.13 6.20 + 0.32
ERXE—F  (m/s)
Low 6.01 + 0.18 592 + 0.13 6.00 + 0.10 5.91 + 0.06 6.02 + 0.06 6.19 + 0.14 6.22 + 0.27 6.35 + 0.26
. Top 1.86 + 0.05 1.91 + 0.06 1.96 + 0.07 1.91 + 0.08 1.92 + 0.07 1.94 + 0.07 1.95 + 0.08 1.88 + 0.12
ARSAF (m)
Low 1.78 + 0.06 1.83 + 0.04 1.85 + 0.04 1.83 + 0.03 1.84 + 0.03 1.88 + 0.05 1.87 + 0.07 1.91 + 0.04
(H2) Top 3.25 + 0.08 3.18 + 0.11 321 +0.14 321 £ 0.15 3.21 + 0.14 3.28 + 0.14 3.33 + 0.14 3.30 + 0.11
EvF Hz
Low 3.37 + 0.07 3.24 + 0.06 3.25 + 0.04 3.23 + 0.05 3.26 + 0.05 3.29 + 0.05 3.33 + 0.06 3.33 + 0.13
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fF85 ZF800mRFICHTAH LM IBFDEBEA L, ERE—F, R34 F, EvF

120m 200m 300m 400m 500m 600m 700m 800m
1 J.JEPKOSGEI (KEN) 15.65 26.58 41.09 56.16 1:11.07 1:26.22 1:41.08 1:56.04
BBZA L 2 H.BENHASSI (MAR) 16.87 27.91 42.54 57.46 1:12.06 1:26.79 1:41.18 1:56.99
3 MMARTINEZ (ESP) 17.08 28.13 42.78 57.71 1:12.54 1:27.32 1:42.55 1:57.62

0~120m  120~200m 200~300m 300~400m 400~500m 500~600m 600~700m 700~800m

1 J.JEPKOSGEI (KEN) 7.67 7.32 6.89 6.64 6.71 6.60 6.73 6.69

ERE—F (m/s) 2 H.BENHASSI (MAR) 7.1 7.24 6.83 6.70 6.85 6.79 6.80 6.45
3 MMARTINEZ (ESP) 7.02 7.24 6.83 6.70 6.74 6.77 6.57 6.64

1 J.JEPKOSGEI (KEN) 1.94 2.15 2.10 2.09 2.07 2.08 2.04 2.04

ZARSAE () 2 H.BENHASSI (MAR) 1.79 1.93 1.90 1.88 1.86 1.87 1.82 1.78
3 MMARTINEZ (ESP) 2.02 215 2.15 213 2.15 2.10 2.03 1.97

1 J.JEPKOSGEI (KEN) 3.94 3.41 3.28 3.17 3.24 3.17 3.29 3.28

EvF (Hz) 2 H.BENHASSI (MAR) 3.97 3.75 3.60 3.57 3.68 3.63 3.75 3.63
3 MMARTINEZ (ESP) 3.48 3.37 3.17 3.14 3.14 3.22 3.23 3.37

T8 6 ZF 1500m REFICH T2 LA 3 BFDBBR A L, ERXRE—F, R+SM4F, EvF

100m 200m 300m 400m 500m 600m 700m 800m
1 M.Y.JAMAL (BRN) 15.93 33.47 50.07 1:05.98 1:21.77 1:37.63 1:53.56 2:09.68
BIBRA L 2 Y.SOBOLEVA (RUS) 15.92 33.45 49.98 1:05.82 1:21.55 1:37.41 1:53.41 2:09.57
3 ILISHCHYNSKA (UKR) 16.02 33.65 50.22 1:06.40 1:22.07 1:37.90 1:53.81 2:10.05
900m 1000m 1100m 1200m 1300m 1400m 1500m
1 MY.JAMAL (USA) 2:25.83 2:41.80 2:57.48 3:12.74 3:27.57 3:42.69 3:58.75
BIBRA L 2 Y.SOBOLEVA (BRN) 2:25.66 2:41.59 2:57.38 3:12.66 3:27.72 3:42.92 3:58.99
3 ILISHCHYNSKA (KEN) 2:26.16 2:42.23 2:58.29 3:13.89 3:29.48 3:45.16 4:00.69

0~100m 100~200m  200~300m 300~400m 400~500m 500~600m 600~700m  700~800m

1 M.Y.JAMAL (USA) 6.28 5.70 6.02 6.28 6.34 6.30 6.28 6.20

FRAE—F (m/s) 2 Y.SOBOLEVA (BRN) 6.28 5.70 6.05 6.31 6.36 6.30 6.25 6.19
3 ILISHCHYNSKA (KEN) 6.24 5.67 6.04 6.18 6.38 6.32 6.28 6.16

1 MY.JAMAL (USA) 1.83 1.79 1.84 1.87 1.89 1.88 1.90 1.87

ARSAE (m) 2 Y.SOBOLEVA (BRN) 1.94 1.88 1.95 2.00 2.00 1.99 1.99 1.96
3 ILISHCHYNSKA (KEN) 1.94 1.90 2.00 2.03 212 2.08 2.09 2.04

1 M.Y.JAMAL (USA) 3.43 3.19 3.28 3.36 3.35 3.35 3.31 3.31

EvF (Hz) 2 Y.SOBOLEVA (BRN) 3.24 3.04 3.1 3.15 3.17 3.17 3.14 3.15
3 ILISHCHYNSKA (KEN) 3.22 2.98 3.01 3.04 3.01 3.03 3.01 3.02

800~900m  900~1000m 1000~1100m 1100~1200m 1200~1300m 1300~1400m 1400~1500m

1 M.Y.JAMAL (USA) 6.19 6.26 6.38 6.55 6.74 6.62 6.23

FRXE—F (m/s) 2 Y.SOBOLEVA (BRN) 6.21 6.28 6.34 6.54 6.64 6.58 6.22
3 ILISHCHYNSKA (KEN) 6.20 6.22 6.22 6.41 6.42 6.38 6.44

1 M.Y.JAMAL (USA) 1.86 1.85 1.89 1.84 1.93 1.87 1.81

ARSAE (m) 2 Y.SOBOLEVA (BRN) 1.97 1.98 1.97 1.98 1.97 1.93 1.89
3 ILISHCHYNSKA (KEN) 2.06 2.06 2.06 2.06 2.10 2.05 2.06

1 M.Y.JAMAL (USA) 3.33 3.38 3.37 3.57 3.48 3.54 3.44

EvF (Hz) 2 Y.SOBOLEVA (BRN) 3.15 3.17 3.22 3.31 3.37 3.40 3.29
3 ILISHCHYNSKA (KEN) 3.01 3.02 3.03 3.12 3.06 3.10 3.12
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RIREE L — R 2B 5 R — & T O EBEO R

Characteristics of the running motion for the world elite
long-distance runners in the long-distance races

BAR ELXD MEH ENY EHxT RZY,
AR HAY MU HEEY FI oH

1) sEEERT

2) FMRFRFRE 3) KIRRSLERKSE

4) MERE KRR 5) KRG/ INAREE

Yasushi ENOMOTO", Hirosuke KADONO?, Koji HOGA®
Yuta SUZUKI?, Keiji KOYAMA?, Tetsu CHIBA®

1) Kyoto University of Education, 2) Graduate School of University of Tsukuba
3) Ibaraki Prefectural University of Health Science, 4) Graduate School of Juntendo University
5) Primary Teacher of Osaka Prefecture

1. [XLC®HIC
INETREBEICRTIOINNAATATI= R
FIBFIEIT A 70 <, R — IR F O EIEO R
B4 213720, 1991 FEHU TR pE RS
WCBWTHENAS F AT =7 AFRIFEALE—F
EARNTA R, EyTFORDOGHTHoT=. —7,
JEREBEE TII IR KREDNA A A T =7 A5y
Moy ZEEE LIS R~T 4 7 AWERF
WHAH LM S, BARANRFORERIFOUE
\ZHNEORIB 2R U TN D L R EREE ClrddE
FENEREEE & < A2 T2 8, TFEOME 2 DR
DRE L, Wl H 5 EHIEZH ST 5 2
CIXREECThH A EEZ NS A (Williams and
Cavanagh, 1987), —Viti&F O EEEOR A N
AF A= ANZFHIBR L, BB LTV Z &,
RRHEEDOEEBEOSGEESY 2 =7 HNTH G
TAREEFBEOET NVEHBEL T DI
MOTHA ). ARTHE, KEEERELEREDH
2z 5000m 3 LT 10000m L — A BT D EAr 3
BFEBLUOHAANEFOEIEE A A A=
7 ATFEZ RO ToORT L, HR—@FoES)
TEDORFBEH OGN T D EEHITHARNETFD
EMEOREL R T 2D THD.

2. Ak

EHL — 2 2B 5 EMELZ DT 5720
Ny JARNL—=F DAY NEERICLIEDT Y
ANVETAAAT CHEHERE L. g A — K
1% 60 fields/s, > ¥ v ¥ —AE— RIZBHL STk
D 500~1000 Tho7-. L—ZADIRHITE L H 2
— ZCPEEEDRN BN D~ — 7 R EE L% v U 7
L—a viR— L& 5 DPETICIEEIZN. T TR
L7 AT OWEMAIT A 7 AP RETED X

A Tm & L7z, F72, 200m Z & OiEE A L
B AH LI 1 BOTUVHNVET A AT
CHCERAEN 2 B0ty Lz

IINTRGE TR L — A 2B T D B 3 ®F
CHBEYL LT TPE®L—RICBIT S BAAERT
& L72.5000m TiX HANBRT2 iz dm L7
AT L — A &, il Lo T2 A L i
L— A& L. IR LI-g 23y 2 2%
¥ 7 F v L, BESHTS AT L Frame-DIAS[ | %
TN THONTRIRE OFIRISHT AR 23 s % A7 i
INHIROA EER, H D WITEREMNLROE
THEHETD | S A 7N TT VXA R
L.

FOAA RN THELNTEEL, v ) T L—
ayIRA Y ML EENT DLT NT A —4 %
FAWT 2 IRTFEREI A LTz, 2 IROTERE X 4 WK
DINH =T — AT 4 )V H % T, FERE S DK
BLOTEERKS (X FEEEEL Y BEE) ZEICRE
U 72607 8 i 45 b Lz, BT (1996) O &
a8 % F DTV 88 X OV B O B i
FEHLT.

SoONTEET -2 %4 L1, LFOHEH 2R
HLU7=.

1) ANTIARN-EvF
O AFTA R 1 VAT NTEHEELDEALT

HEEED 1,72

@ YvTF Lkl 1 BTy a~ b E
HL, Toik
@ HEREER A O RO DB E T

SIS
@ FEERRER A DR OB b E T

SR IREE]
©® TZERER L FESRRRRR 2 SRR CRR L7
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HD

2) ¥FRYT 4T A
KEEds OV R - £
KEEB L OTRROAEDEREZM 1 IR L.
FIEEITE N b 2 RUERSy LT b O T, BT
FHEIY, BUFRFEHE D 2R
©® B X ORI - Al
RBIOBHESAEOERELN 1 ITRLE.
PRI TN O 2 BEMy L2 b O T, B
e, AldEihzRT.

I B £
/)

(7K
K& B4

B1 KRE&SFIUTHREARE,
REHAEDNESR

3)) = V=TT A

@ F¥HRT—

1 A 7 VD IFRI R E F R D T
(=t Y L N [t g T 15 FS R 0N /e 4
NMiZblzo>TEHEHFHLTEEREL (Wwb ;
Pierrynowski &, 1980), a1 %A 7 /LD
FERICRBRL7=H 0.

© S v X —HRIH oA EREE (BD
HIRELO 1A 7 VO EES) = %L
XF—Z NFOEETRLEZLD (AL,
1999) .

0 NPT X—DRER
1 2~ DEKRERSY D FIFH =)L F— DK
2LV EDORIEEZEENE L& E AR
L, 1 Y4 7L TEHLELD. BRIEHE A
74 7% A (Kv)
BEHEFOSME TR E O KRELOEIH)E S

SCREIRTER ] ChR LT ) 25K, SRy
WRTEO S ARE L O TR LB O.

3. B 5000m
1) EEE, AFTA4F, BIOEyF

F L, RBL—A L3R FEB IO TEL—
AT D EARNETO 1000m = & D@ X A
LERLTEZLDTHD. BB LT T (TAY
B) DHEA L, 1345545781 LENLTH 7=
QNEDXTFal (F=T), 3fiox7Tu (&
=7) %, IH P EOEFZENEN 013, 0.90
WEENTHHT=. T4 MOREFD 1000m L 3
7701 B 01 LIEFITELS, ZTD%IX2 740 Bh
THER L, 7 b 1000m 1% 24y 22 75 99 & FEH
(Do T

B2 0%, L —A B 3 |FB LU TEL—
ANZBITHHANEFO200m T E DAL — KD
Bz R LIZbDTHD. B3 EFITAZ— b
%, A= RBRREX KT LD, 1800m 75
2600m F C—FERE A —RE&E AL TV
ZD%, A— RBMETF L, 4000m F TR (ZH
KUBRDNSHER L, 4000m LIETRESHERLT
Wiz, BAL3EFED T A B 200m TO A E— RiX
FTNEN 172, 7.57, 74lm/s &, T A k 200m T
WS DN T e, BARARTFIZTREWVWS 2 &
HLHDHN, ZEAEMRE EHIZAEY— FOERN
INE L, SR A — RTE-S TV,

#21%, B3 EBTFLAARANERTO4HEB L
12 A HOGHTXICHB T 5 EHE, A N7 A1 R,
oy F, IFRFREM], FESCRRRERE], 38 L OV Z2 ]
ERLIEZLOTHD. 74 bOEREIL 4 HH
T S5.57m/s, 12 BHT793m/s & KE< AE—FK
FHRLTWE., Zol&, AT A4 Fid1.86m
M5 2.18m, E > F i 3.00steps/s 225 3.64steps/s
L, ANTA REE Yy TFOMGNRRESEALT
W, ZOEE, FSFa xS el b A
ICR BN, —J7, 740 MO, 48
HTO175W2 5 12AHT0125 & REIET
L, FEFFHFRNE 0.158 s 0.150 P EHFE D
B LTWholz, F7onmlE, ZERMMN

x1 BFO000mREL—RIZHEITHEMIBFEIUVFEL—RIZEITHRERNEFD

BBEAALESTYTEA L

1. Lagat (USA)

2. Kipchoge (KEN)

3. Kipsiro (KEN)

H1-15. Mitsuya (JPN)

H2-15. Matsumiya (JPN)

1000m 3 :01.01 3 : 00.80 3 :01.72 2 : 4740 2 : 5112

2000m 547N 2 : 46.70 5 : 47.53 1 46.73 5 : 4833 1 46.62 5 : 3841 : 51.00 5 : 36.67 1 45.55
3000m 8 :37.22 2 : 4950 8 : 37.00 1 49.47 8 : 37.08 1 48.75 8 : 32.50 1 54.10 8 : 2297 1 46.30
4000m 11 :22.82 2 : 4560 11 : 2272 14572 11 : 2243 14535 11 : 1743 1 4493 11 : 06.67 1 43.70
5000m 13 : 45.81 2 :2299 13 : 4594 12323 13 : 46.71 12428 14 : 06.55 14911 13 : 54.83 1 4817
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8.0
7.5
e
g 70 —@—B.Lagat
9 —B—E.Kipchoge
17}
2 65 == M. Kipsiro
Eo =0 Mitsuya
S 60 :
g == Matsumiya
o
5.5
5.0 L .
Q N QL Q Q N
N N N) N 3
S N o o o

Distance (m)

B12 5BF5000mREFICHEITHLEMIBFESIUVFREICETIRARAARFOERE—FDELL
&2 BFH000mICHFEIERE. R T4 K, EvF . ZEFRHE. EXFREE S OHERHEL

Running

Step

Step

Non-—

rap Velocity | St(;’)( ) length /  frequency f.upp?r;c support th;t
(m/s) leneth(m Height (steps/s) ) time(s) rano
4 5.57 1.86 1.06 3.00 0.175 0.158 0.90
Lagat
12 7.93 2.18 1.25 3.64 0.125 0.150 1.20
5.55 1.81 1.06 3.08 0.175 0.150 0.86
Kipchoge
12 7.79 2.14 126 3.64 0.133 0.142 1.06
e 4 5.93 1.98 114 3.00 0.183 0.150 0.82
Kipsiro
2 7.83 2.22 1.28 3.53 0.158 0.125 0.79
4 5.79 1.83 112 3.16 0.167 0.150 0.90
Mitsuya
2 5.81 1.79 1.09 3.24 0.175 0.133 0.76
4 6.00 1.80 1.10 3.33 0.167 0.133 0.80
Matsumiya
12 5.68 1.75 1.07 3.24 0.175 0.133 0.76

0.183 7075 0.158 £, FESCFFRERI A 0.150 707 5
0.125 B L W MBUD LTz, & L CiZemsm
X, 4 FA3090 705 1.20 & K& <HRKLT
W=Dkt L, 7m0 0.82 765 0.79 &
LT,

—J7, AARNEFIT4HAEHTII L3 EFLE
HHEEIZ R X BT o =28, 12 AHE TIE =i

BOGERIE 2 DT NITHR, MERED LT,

gL A NI A RO & SRR O KRN
Ronl. FRICHTDHIA NI A L, EAL3
BENR2EETI2UEIZ 22 TWADIZR L,
SEAEMEIZ4EAETIL2 & 110, 12EHET
1.09 & 1.07 E/NEhotz. EHIT, THZerrE
%, AN 12J8E T120 THRbLENSTZDIC
XL, ZEAERENE, 48 ET090 & 0.80, 12
FHTEBIZ 076 L/hNEhoT2. ARNGETIT
ARTA REEYTFLEHIIEDDZENTET
W2, L— AR CEREALZ R SHERTE 2o
TEEZAH.

PUbEDZ v, 740 MmO cR&
MANTA REBEHETEXZEOT A RFAN— |
TREREFREDOHRKNERTEZLEEZON

5. Fiz, FHEEEEIZRBNT, E<ITT A R AR
— MZBITARMBRAE—RT v I A NS
A REEYTOMBFEEREIELZ ERMET
HDHIEDTREIND.

) TFVT 4T A

#31%, 4B E 2 HABICBTD B3 ®#T
EHARNETOFHT VX —FHOH M
fi¥ (BD, ¥ "U— (MP), AZERE AT 1
T3 A (Kv), NHFHT LT —DinERE (Tb)
ERLIZHLOTHD.

45 H TOELE, —HA22.60 THRbHRE S,
BN 2,04 THROL/INSho72. B3 EFTIX
12JBH TCEI D RL TWE=DIZRL, HASAGE
FiIWA LTz, 4 BB TOWEY AT — 3RS
23 147W/kg THReb RE <, 75 M3 9.6W/kg T
BH/NEhol-, 12 AHETIX 440K LTEH
D, 75 ME185Wkg &t K& <HRKL TV, 4
B BRIZET 5 Kv IZAANEAETFTT/HhEL, BHAA
BFETRKE D720, 12 FAHTITEARAREN
J> L Cnd ookt L, SAEANETIEIRE SHER
LCWi=. TbiZ4J8H ClZ M3 ®#TL HAAN
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&3 FF5000mIH D AFEMIRLT—FAOEMSER (E), FH/T7— MP)
BLUVAMBKRERT 1 73R (Kv), WZHIRIILF—DEEE (Tb)

El MP Kv Tb

rap (W/kg) (N/m) (J/ke)
4 2.41 9.6 213.6 21.3
Lagat
12 3.09 18.5 1681.2 43.4
. 4 2.31 10.3 319.7 21.3
Kipchoge
12 6.02 9.2 1468.6 478
L 4 244 10.8 285.9 24.6
Kipsiro
12 422 12.8 940.3 50.8
) 4 2.60 10.2 509.6 23.2
Mitsuya
12 1.92 14.2 4498 23.1
. 4 2.04 14.7 801.5 21.8
Matsumiya
12 1.74 15.0 551.1 20.8

Lagat

Kipchoge

Matsumiya

K3 BF5000m(cHEITHEMIEZEFEABRAZEFOI12AEABIZETS
1L ILDEHEDR T4 VI EIF¥

LEDZ b, L—REMBITB T AL 3
BFEOMITRKERETRVN, 12 FAHE Tl B3 MFIT El, MP, Kv, Tb #¥I AL TV, H
BEPRKEXLIERKLTCWENARANEFITIZE AIEFIT MP DIAMIEI R L TR o= 2 &
NEBIENemoT-. 4 A E 2 JAB L BIZE Do, FT-FOHKDENND, L — R
TrankbRKE <, 24.6lkg & 50.8]/kg T - BCTOAE— ROEKIZ, T4 MINU—L& Ky
7-. WREAT, X 7FaIXEL & KvERZ A7,
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&4 BF5000m(2HFDHTHEEUVKREOEMEF (FO) &&UREHE (T0) OAEL
XEFH (SP) LU 1HAU)L (CY0) nFHELEIL (RO

Shank Thigh
rap @FC @TOo ROMsp @FC @TOo ROMsp ~ ROMcyc
6.0 -46.5 52.5 23.8 -32.8 56.7 76.4
Lagat
12 1.1 -54.2 55.3 33.0 -37.4 70.4 99.5
24 -53.8 56.3 278 -26.6 54.4 73.0
Kipchoge
12 3.0 -53.6 56.6 323 -29.5 61.8 97.5
3.6 -50.8 54.4 3238 -28.9 61.8 82.1
Kipsiro
12 2.1 -55.2 57.3 39.8 -34.4 742 103.0
5.2 -54.8 60.1 26.3 -27.2 53.5 84.2
Mitsuya
12 6.7 -52.2 59.0 304 -29.7 60.1 90.0
0.9 -55.8 56.7 30.5 -31.9 62.4 81.2
Matsumiya
12 26 -52.6 55.3 30.6 -32.3 62.9 82.9

®5 FHF5000mIcHFHREARENRKIE (FIARV 1Y) ER/IME (BARD42YT)

BEEUVZEDH
Thigh (deg/s)
rap Min Max Max+Min
-483.7 485.3 1.6
Lagat
-661.1 657.3 -3.8
-396.1 400.2 41
Kipchoge
-610.4 660.4 50.1
4 -481.8 445.6 -36.2
Kipsiro
-663.8 602.3 -61.5
4 -390.9 508.6 117.7
Mitsuya
2 -495.9 542.2 46.4
4 -514.2 476.8 -37.4
Matsumiya
12 -499.9 545.4 454

FFURIITOERAA T THDLEEZ I, —
EFOMTHLEEREOHKICHT IR =
T4 7 AEBIGEWRH L Z LR ENT L
EZ2obhb. —JF, BRNEFIIWTNOEE D
HEVRELI L, T L—AKRBETHEAD LT
7.

3) FECENME

X 31%, Fi3&EFEAARAERTDI12AEBIC
BI5 1 YA 7 NVOEBEORT 4 v 7T F
Y HERLIZLDOTHD.

#40%, B3 BT L A NETFOREMFE X
OVEEHIE D FREF L OVKBRA &, KBk L OV
O XA OEERPH (ROMsp), KEED 1A 7
I OEMERFH (ROMcye) Z/RL7EHDTHD.

B O FRRA L, EENEDEEZTRL, T
BEARLLHIFTICIR Y HTEML T2 &b
ND. BEHEEOAEEX, T4 M2 48 B Tik-46.5
ELRbRENo720, 12 8 H TI-542 F &R
X<<FH LTV e 12 AETHEHA L
TV, ZEA EMEITICE R L Tz, X
Fr o TRROEMERPHIL, 70 & X7 n Tl
12 JAEBTREL o TR, ZHBAEREIX
DTN LTz,

KEEAEEL, A7 3 RP TR THAL,
BEHIE CIIED LTl Y, ZE o BERLPH TR

Lo TR, MEITEEL TWeno Tz,
1A 7 icET 5 RBOEWESEFIX, b7 3%
FARBAETRELHEHRLTW ZDIZRL, =
HBAEMEIID TN KL TV T=DOHRTH -
7-.

#£51%, HL3 BB FEBIOCBEARANERTD 4 JHH
BIXO1RABD 1 YA 7 WVIEIT 5 KBARE
OREKEBLOERMELEZNLOfMEZRLEZY
DTHDH. KAEITRTS, H/MEFET~DA Y
4T ERTHEDOTHD. B3 EFIT4EA &
DH 12 JHE CRREESR/IMEE BIZKRELS 8-
TV, 4 BIZHR W TRE O/ IMED ML 0% T
X0 b RED o7z EIFEEREOENKBOK
FA~DAT 4 o THRENRKE N AR LTV
HEEZOND., THMI4A4BEE RERED
(e KA & B/ IMEDFIDS /NS Do 1278, =R 1T
ZTORMPRE o7z, ZHHITEEMEICB N T
KBOBFBI ORI AT 4 > T3 ERE Z &
WAHEDITTTERENE T TIERLS, FRbHRD
DHSTWVWLIEREBETHDLZ EEZ LT
riEZLNS.

7% 6 1%, /EEIHTI K OMEBIE o i il - i A
CAEEERLIZLDOTHS. WTNOEEDL
BAEIIXR i A E LV BAELNRE N7, 12
FHIZBEW T A M2 L O R
HIAEEN 4 BB E L TS 2o TV, F
7F a IR BE TR A ESRE L, -6.3 £
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F6 55F5000mIcHI+5REHE S VREEHDOREME S EE (Flex - Ext.) AEEARE

Ankle Knee
Ang. Disp. (deg) Ang. Vel. (deg/s) Ang. Disp. (deg) Ang. Vel. (deg/s)
rap Flex Ext. Flex. Ext. Flex Ext Flex. Ext.
4 -22.4 42.6 -400.5 602.8 -20.0 24.2 -418.0 367.6
Lagat
12 -9.0 37.2 -281.1 581.7 -9.6 247 -3271 435.1
4 -156.8 39.9 -313.5 535.1 -156.7 139 -310.5 238.0
Kipchoge
2 -6.3 26.8 -167.5 4208 -16.2 21.4 -393.6 3741
4 -27.6 52.7 -488.8 721.0 -19.4 26.8 -414.5 338.5
Kipsiro
12 -9.8 425 -217.1 660.1 -14.3 31.3 -343.6 469.8
4 -26.8 426 -463.7 677.3 -19.5 129 -357.8 220.9
Mitsuya
2 -16.6 401 -278.2 579.7 -23.4 245 -398.7 368.0
4 -3.7 39.4 -114.8 563.7 -17.1 22.8 -326.4 382.5
Matsumiya
12 -16.7 51.0 —-289.2 731.9 -19.2 26.8 -3562.9 430.3

ElB/INENoTn, BT KL TV .
SRR, RYECIE 12 8 B IR B o J A
=16 FELRE <, KEAFIEMAREIX 4 B H
LR LTV, W o@EE S LRI o i i /4
B IR AEE &I LN S ot T
3 70 A VR B R A R 3 (e A R
FVbHREN-TZ. THMI 4 BB LT
12 JH H CRBEEHREAENRE S 2o TR
STEIZHEDL LT, EABEEIIRE o T
7o BEDZ LiX, —mERBEETIL L — A&
B2 EREDEKICE LR TRBEB X
ORI ORI/ NS 7o TR Y, BB O
BIT/NE L, oTIERe<L TR > T =2 L &R
Bt 550Th 5.

4) T MERFOREE AARNEFOMRHE

VHAEOMIFEE FoA4 Y Uy 7 TO 5000m 1%
SERL UV BBRAEHROL—ANELL, T A R AR
— MZE o THBIRBRT D Z N0 BB L
Z 7 MiX, 1500m Z B & F 53T T, SR
e ERBCRE TIE 1500m THER L TV 5.
FTH PETABPANR=RMZBWTAEY — K&
KITDHDZEICREIT WD EEZLN, TN L —
2D 1R2JFABIZBWTA4HHELYV A NI A NE
By F AR LTV 2 &, ElL 231 MP
FHERLTWEZZ L, Kv DRE<RL W
TEREDNAAFT A = AR E BB LT
WHEEZBND., EHIT, ZOLHIRAE—F
MERBRE OB WRFETIIL —AFHEO 2 g —2
— A THEHEZRELTLES 2N I H DN,
TH MIV—AFETIIENEFHETH ELIZdH
FO/EL L, Kv /SN ETilaER BT
HAEEERVEIMETCZ XA —DREZIZ
TW=Z ERHENI SN, EEBETIT L — AP
TITRR B L OB O E il & RN K E W
HLOD, L—AFMELKBEOE L HIZBWTH K
BEDHTFE~D AT 4 v TEMENERE I LT

W THoTmZ ER IR bnd. $hbb, 7
H MEAE— RIZhhE TR, BB L OR
BEE o i i BB E, KERORIE~D AT ¢ 7
BEEZTEH LT, TR X —DEEL2 WA E
— RFEHEFLTW=EE2DND.

— 0, BANGRETIT L — A CIEE b5 <,
EAEF LB L THRELSLEDEZATAD
v, LavL, b— AR CILERE 28 K4
HTENTERD- T, ZHUTE A RIE S B
ZLTWENE LRV, MP XKL Tz
WHBEDLLTEEENE KL TR holzZ &
WY, NAFT AT =T AT HRDE, ARTA
K, fzerffEtt, EI B L ONKy O B ERE O
BAOLBRLTWD EEZXLND. 5% L EBEEK
21ZBIT 5 5000m L — A A KRE L EEEICT A
FNANSR— N OBEEMERETEEZ LD, HRA
BPRICH L— AR OERE OB KIIHIGET D
EIEEZFICOTHZENMETHDLEEZD
N, TOLEDIZEWRHcHimE x>y 7 L, K&
RANTA RELRICHEE T 5 TRoEE
BIXOWHAOzEETHIZENREELTHITS
nko.

4, B+ 10000m

1) EEE, AFTAF, BIOEyF

# 71%, B 10000m kP L —AZE T D AL
3EFDO 1000m Z DMWY A LET T HA
AR LD THAE. L—RFADEZT vt
(= U FUT) DEMAICT -EY, B
1000m Z &% 25745 B dH 72D ODX—AT, %Y}
VIR A=A AR Y, 8000m B~V (7
=7) W= % FIFER, AN LETr L
(ZFAET) BNWHEL, 27 4 05 7 90 THE
L7z, &% D 1000m L2430 11 ThHo7z. 2
fRCIEFI L =ZFFET O v 2 27 45 09 B
03 CTAVY, %3275 1217 T3 TH-
7=. XL, YeEXxR, v UORR Mgk, *
AVEHL 26 43 17 7 53 (TSR FLEK) , 26 43 39 7 69,
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&1 ¥ 10000m ;R LA 3EFD 1000m SEDBEBIALETYTEA L

1. Bekele (ETH)

2. Sihine (ETH)

3. Mathathi (KEN)

Distance Split time Lap time Split time Lap time Split time Lap time
1000m 2 44.36 2 . 4453 2 4538
2000m 5 : 27.61 2 . 43.25 5 12179 2 . 43.26 5 2819 2 42.81
3000m 8 :13.59 2 . 45.98 8 :13.79 2 . 46.00 8 : 14.04 2 : 45.85
4000m 10 : 58.21 2 . 44.61 10 : 58.36 2 . 44.56 10 : 58.36 2 1 44.31
5000m 13 @ 43. 4 2 4520 13 : 43.62 2 . 4527 13 : 43.76 2 : 45.40
6000m 16 : 29.22 2 . 45.82 16 : 29.39 2 4577 16 : 29.52 2 : 4571
7000m 19 : 13.07 2 . 43.85 19 : 13.32 2 . 43.93 19 : 13.37 2 : 43.85
8000m 21 :55.20 2 : 4213 21 : 5542 2 14210 21 : 5553 21 42.16
9000m 24 : 35.79 2 : 40.59 24 35.96 2 : 40.54 24 35.54 2 : 40.01
10000m 27 : 05.90 2 1 30.11 27 : 09.03 2 . 33.07 27 12,17 2 : 36.63

275y 08 B 42 TH DM, AX— MEOKIE &1

HEAS 30 fE, 65% Cloot-o LAERZ DL, ™

WL DEWRER TH -T2 EF 2 L ). 2 6.5 -

413, Bf 3P L AANRE (TR, §M) T oelele
OEHE, AT K, BEOEyFOEER 2p 0] - Mathath
L7=bDThD. L3 BRER, L—AFMNL £ g5 | ~Takezawa
Btk & TEHVERE A LTV DI L, 1T 8 T Maeda
WERTHIZ 10 H ORI T TITHEEME T LT >0
72 AN T4 RiZ4BHE»S B3 #ENRKEL 22 -

THAANETN/NEL, EHICHAAETIIL—
AR NT TR A I LTV, By F i £ 20
WTIT EAE 3 BRIT L — XM F THEEF L, 24 3¢ Eifffza$§<:
FHTHET 2 k2= McBOTAE<HAL 8§ 1, C\A
TWe. FiFEIE 19 BB EThe L, 248
BT A LT -, e
AT U, BRI 1.60m & 5 EFHTRbNE )
WICHBDL TR P T IR b REL, HBH
720 THDE 119D 125 TRELTEY, /i 5 34
F2S 111 205 1.03 L2 LTV =2 L b 2
Be, ARTA REIEFICRES<HHTE»OM £ 7
BTEx Wl enibns. & 30 -

X 510%, 73 8T &L BARNERTOSCRREHE,

HESFERERT, WZe R DB L Z R L2 b D TH 2 s 1 1 0 s
5. SCFRRERNE, B 3 BRI L — A TOR Lao

HRKLEbDODOKBETCREIERLEN-T-
23, PriRERTHIFRA IR L, AilEix 24 B H
TR L7eh, MTRIEKRE<HERL, RO 24
JE B OZFFERX 0.183 B TH - 7=, FEFRFRERM
X, HF VKRBT R SRR, TR L
— AR T TR LT L R R b
%, BAL 3 EFEMICIE 2 8B Tk 1.1 mifg T
IRVD, XLk R TR TERL, vy
WA LTy, 24 B H TIEHEORREIC
STV, MRIE2EENS 1.0 ExbIKLS, £
DHRBRATHA L, 23FHTIZ073 ThoT-.
AL 3 EPE, L AR E T OB A HE
FL, ANTA REEYTOLTNREDAL
NHEOHZRTH-T=. —F, BANEFRIZA NI A
ROWMNZ LV EREAZELTLTEY, £y
FAIIRERBILIT R SN2 o 1208, KFFIRER]

K4 5BF10000mIZH+5H LA 3EFE
BAANRFOERE, A FSM RELVEYFD
Zit

DR L IR F OB ET Tz, b
X, RO TEIRERA T A FEEEL,
MOTANETHRTH2ZENTE, ZHICED
KBEECTEREZMFFL TWEEEZOND.

) =TT 4T A

X6 1%, B3 ®FEHERNERTOHFEHT R
X —FIH O MR (ED , )3T — (MP),
BREAT 4 73 A (Kv), JIFHZRLF—
DIER (Tb) 2R LZbDTHD. 7rLif2
BB EOBMATEINL177 & 146 LB/ ho
727, HEELIBETHE R L TV, e xRIE, 16
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0.20 - 4.0
3.0
0.18 - —— Bekele
° —o—Bekele — 20 | -8~ Sihine )
£ o1 -8 Sihine w -+ Mathathi
+ . 1 . -e- Takezawa
-g > —A—Mathathi 1.0 4 — Maeda
oy ~ —o-Takezawa
a 014 4 ——Maeda 0
25 4
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Non—support time
(s)
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Mean power
(W/kg)
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Lap

5 5F10000m (CHFH LA IFEFELEHAAE K6 FF10000m(2EH1+5 EMEIEFEBARAR

FOXFRMH., FXHFME L VTERMLENE FOAFMIRILF—FAOAEIMEESR (E).

i FigNT— (WP). AHWMERXT 1 TRRX (Kv),
AEHIRILF—DIEEE (Th) DEE

JEHE20FHET3.59 L3774 LicbEm< 2o T
72728, 24 FHTIIRELD LT, =
%, 2JHE T390 b mnolohd, L— AR
DT LT MR ERTHEIZ 2 B H T%
NZI 254 L 282 THHTM, TDOHHIKME
THERS LT T-.

SR RT —1X, X7 LiE2 A H T 16.9Wkg, 9
J&H T 19.7W/kg & K& o723, ZD%ITHED
LTz, e E~T NI L — RN ik
T TIRVMETHERS LT a3, 24 8 H Tik
REHERLTED, LIV RT 152Wkg
EL—ADOHFTRHRE 2o TW o, PR & Hi
HI% 11.0~15.0W/kg O THR L, K& 7%k
TR N7z,

Rl ve RO Ky 1%, 2 HHT 5296 &
669.2N/m/kg Th-o7-. £ LT, 24 JHHT7 L
DD LTV DD L — 2 %58 LTk S
VMEZHERF LT e, =3 2 A H TEEEICK
X 70fE (15529N/m/kg) A 7s L7223y, HilEcRE
<P L, 24 A H TIiX285.5N/mkg TH 7. 11
RERFTAE 2 J8 H Tl 624.9 & 700.6N/m/kg &
TFLRVERERERETRNSTED, ZDHKIL

IRVMETHER LTz, BT 24 8 B CTHOWY
KLTW=.

Tb 1%, Y bERETTF TR —AFE S P
T CTEVETHER L, 24 BHCIImA &b
L—ZAH TR b EVE (289, 28.6J/kg) Th-o
2. X U2 AL DORMEVMETH - 7203, [F
DL B2 — 2 Thol-. ViR ERTHIZ2 A
Tl 24.3 & 22.8)/kg & AR VMEZ R L7223,
ZDHITHR AT LT,

UEDZ e, XU L —AFEIT T —
DREVN BN TH D08, L— AT
THHFH TR F—OFIHEEEENI KL,
EHELZHEFL W EEZOND. ~ 0Tt
RN — S < T = koL X —FIH o
AIMEFIRE VA, K TIIRT =Rk LT
72. YERIFELI EXU—Dli TN T A LK<
BRI TW e MR ERTHIE ST — % Higpg ok &
SEEH LT Ty, 1= v ¥ —FIH O
BRI 1) = L X — DR i 75
FLRERERDT-.
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Bekele

Mathathi

Takezawa

Maeda

7 B+ 10000m [2H 1T 5 LA

1A LDEBMEDRT 4 VI EIF ¥

3) FREEENME

701X, EfT3EFO 20 HHBIOHAANE
FO V9 FEBICBTD 1 YA 7 VOEIBED AT
AUV I T TFXYERLIZHDOTHD.

8 1%, B3 E#ETFRBIVHANETOKED
R, BEHEE, BEHIBR RS L OMRD OMAEE R LT
HLOTHD. X7 L0 KRERAE TR <,
Bl R O KR A LI/ N & <, ZOEMERFIL 9
JAHT621 %, 2B T653EL L —RA%&HL
TREMDoT-. e~V RBEICEIC
BT 5 RKBOBEHEIZL — 2 2@ L TRE D
STe. =07, PRI O KEBA N/ NE <,
AT X B R O R BR A FE AR TR E L 7 <, W
&b REBRENERIAAS 50 ERifE L /NS hotz, &
SIS IR B % 0> © /s £ C O BVER P 3R
OT/HhE Moz,

5 9 13, R D e KAE & e/ IMED 2 b %
RLTEbDTH D, KERAEE O FRKAEITRTT ~
D, F/MEIXE ST ~DA T ¢ T EEZ R LT
B, _ITLORBDBIT AT ¢ 7 HEET 2 HH
TIE 545.0degls & HE D RE RT3, 20
JE H Tl 594.9deg/s & K& DoTo. N7 L O KR
D% FTAT 4 v T HEE, L—AZELTREN
EEHEREFLTEBY, 16 8 H T-579.2deg/s L ik b

KEWVEZ R LT, e ROKIBORTTE LU
FAD 4V THREL_F L EIRIERBEO RE &
EBALTH =N, IR AT 4 v T HE
XL —AFE TR E L THRLIZED L TR,
B AT 4 TR T R R & Aol 2 MERF L
TW TR ERTHIZ 2 A H TRIF A D ¢ 7
FE7S 525.8 & 576.4deg/s & HHRHIK E Do 72283,
ZTOHBAITHA L, 23, 24 FH T 463.8 &
441.3deg/s & 72> Tz, MR ERTHOE% ST A Y
A THEL L — AP TIIRE REEZ R L
23, FHELIFECRE < LTz, B 3 &ETF
DRIEDHTT AT ¢ 7R EE 1L AR E DR &
P22 R L TWDN, Bl A Y 4 V3 E L
WL b A ST RERO WAL AR L T
5. RIE, BE~DAD ¢ 7T AR D
W& & BITHED LTWhB, 23 F B ITEEE
TR R L TWEIZH D 6T, REBO% T A
74 TR LT Bz q i, B
HEEEICBWTCKIBORIT AT 4 > ZIdEEE
DI 5T L — AL TOEN & OHERFIC b BIR
THEBEREED 1 OTHHEEZON, 12K
BED% T ~D AT ¢ 2 FHEE & W 2R
WZDRP O TWNENE D NERGTTT D HENH
LHEEZLND.
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8 BF10000mIz&IT5 LA 3EFE
BANEFOKRRBOZRK, HEHEF, Bl
BEURDMOAE

10 1%, SR IS T 2 MEBEEN o i th 8 FE % R
L72bDTHD. L—AFEN S FEEITT TR
FLl e NN E SHEEFL TV DI
L, MR ERTHIZRE 22 LI AR oo Tz
23, HEEHIR Z REZHERE L T e, =i,
FAAETREDN -T2, BETIIR B/ o Tz,

Dbz i, B3 BFETIIRBORTE A~
DAY 4 TENENRKE L, o TiEe<iTb
I, TR — A E THEFF S L TWnWAD Z &R
RENTZ. L—AFMETIIRF L E L ERDTF
AT EFII S EFIC BT D IR EET O i Hh A3 /)N
SWNWZ ERRENTZ. BARNERFT L — A

Thigh angular velocity (deg/s)

800 1 Forward swing

A/‘\A\_A

==
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700 -
—o—Bekele

—&-Sihine
=A—Mathathi
—©-Takezawa
—4-Maeda
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400 A
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9 5BF10000m2&H1+2 LM 3EFE

BANZEFORBRAEREDOKE RIART 4 2Y)

ERIME (BARV12T) DEE

O RBEDOEERIPHA/ NS <, TR T ~D R
U THRENRELSFOLTEY, bALEF L
WS 5 RO R T ¢ ZEERIINEE X
£9.

R LVBEFEOEMEOH M E AARANETD
A
B L7247 LT, 5000m & 10000m O REE
BEEETHY, TTICFY By 7o R
TELEBE L TCWDIRFTHD. 5 KETII,
T AN 1 BAETIEINRY E LWDIRIIZIBVIAE
NTWEN, T A FAR— MIFEFIZ RN 1.

4)

-25 =
“ob
3 -2 |
2
() —e—Bekele
S .15
c —8—Sihine
o .
X .10 A —A—Mathathi
”G‘J =& Takezawa
g -5 ——Maeda
X
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Lap
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—144 -



FNERT IO L — A TIIRY — 3 KE
LTWbH0D El 2MEL, RIER—ATE-T
Wi B xew BT A LR LT —%
RELCW=Z ERHEEREIRD. L, 24 8
HDOZARAN—NRHEIZRD &, VR0
UM EI B LTS, BI 2L, [RIFEE
W7o T, R LEFIFEINY — 2 KX
< HAE LFET TRV, FRAMBESNE W &3
HEn, #nxglEH LoD, A NANR—=FT
ILEHIZEWAEY — RE ST K2 E
BLTWD EEZLND. X7 LOEBEIL—
ARBEETHE VBN LTELT, KREEORTG A
U4 TR E CHEREL, IEWICKRE R AN T
A REMER U CAlE 2R, KL T\l &
N oo i,

HARNERFRIL, Fr L GiaEMnoiEn, £l
ErRE<<BELP LW 2L, BFoars
g a i ENAF AN =7 AU OO ER
HLERLTWDETHA I, WTHIZLTH IR
LoUL DA B — RIZKHRTE TWRWT & 1T
HTHD. 5% bEEKRKESD 10000m L — A [T&
SR EORBRICEAD LT AN, X—=R L 72D, D
ZOHTAEY— FOE~DOFIEDRER I ND
ThA o). HANETIE, A bTA ROMZEHR]
e, Kv ROKBOB T AT 0 v 7, RiEEEE
BT D EHRE L BEEORN A, F A =T A
MIEANL—AFBENSHE Y KEL 2L, o
L — A TRELSBD LTV b 25 <
RO EMNTEDHEEEZHIZOT D Z &I
A 22— ZD 10000m L — R ZKHET 5 72 DI T
SLEZLN, BEMEICEOTS BB &2 RS
LML == PR T RLULTCEKETAHZ &N
D L.

5. Z&F 5000m

1) EHE, RFIA4F, BLOE YT

7% 8 1%, &1 5000m s L — AIZE 1T D AL 3
BELELTBIOTERL—RIIBIT2ERD
1000m ZE BT A LET T HA LERL
LD ThL. BHBLE-T 77— (ZFFET)
X, &I 1000m (X 3 32> TWi=as, LIk
4000m £ TIE3 3 1IHTEDT v 7 TR, 7 A K
1000m (%247 44 7078 &L K& < R—=ZAN ER - T

Wiz, BAL 3 BFEOBBITT A R A= KL -
TISHBUNDOETHRE>TW-. mtix, 77
7 —& 4000m F Tl 2 PUNDZEZEK-> Tz
23, T A K 1000m T 20 HLLEDZENBW. B
FUIFEL —ATH DN, FHEDOR— R TR L
— AL RERFET R D727, 7 A b 1000m 1T
B EFRRIC B 3 BERIFEN—R T ER-T
W7o Tz,

X 11 1%, FA7 3 ®EPEEAARAETO 200m =
DAY= ROEERLIEZLDTHD. B3
BFEOALE— RiL, A¥— MEZIZONE -T2
23, 3000m FE TIHIEIE 5.5m/s HT-D O—FAE
— R THER L CVv/=. 3000m #5756 A B — K&
HARK L CUNZ23, 4000m 7~ T—EA Y — K%
P LT D 4000m LR TR E <R L Tz
EAL3EFILT A R 200m DA B — RIZZENH S
Nz, &%, B3 BFLIZEREORA Y — K
DAL TIH 7273, 3000m xS 2 B — RO K
IZRORENLTTHR L TE D, 4000m LIBETIEAE
— RZHERKTE W ienoiz.

FOUX, Hr3EREHAAZETDO L, 8 (17
Hx7HEB), BEIORER (77— HAERAN
BT OONKEICBIT2ERE, AFT7A K
vy F, SRFREE & JESCRFRRR, 2SRRI L 2R
Li=bDThD., T 77—¢Fxzn /) (Fr=7)
X, 1JEHE 8JFH CIXAEFREN 5.5ms, AT
A4 R 1.75m, > FREIZL 3.steps/s ThH o
7o, T3y bEeEmREIET 77 —56 LR
HBEARNTA RPRROREL, By TFRO0RKE N
ST WZEERELY T 7y —&F a0 1.0~
13 DEPFHTH-7=DITH L, FofIy
FEEIX0.8~1.0 DHIPHTH »7-. KIFIZZI BT
v FRRE L, WEREED 0.7 ERb/hS o
e, T77—1%, 12 AEDOT A NASR—RMIE
WTERED 6.78m/s, A T4 K3 2.03m, &
FHT 131 ERESHRLTWED, HARANE
FIIWR L TR otz bbb, ARIA K
DRENWT 77 —¢F o JIIHEERE K
L, EBITEREEZ KT D & X TIXH 2R
LB R L TWED, By TFORENWF /LA 3
v N I ZEREB L NN & <, Do ZE BRI
XL — AP THAD L CW =2 2 Rnbo Tz,

&8 ZF 5000m REF LA 3EF L BARNEFD 1000m CEDBEBRBY A LETY TR L

M. Defar (ETH)

V. Cheruiyot (KEN)

P. Cherono (KEN)

K. Fukushi (JPN)

K. Sugihara (JPN)

1000m

2000m

3000m

4000m

5000m

2

: 59.40

1 04.91

1 12.07

: 13.13

: 57.91

: 05.52

: 07.15

: 01.06

1 4478

: 00.21

: 05.07

0 11.87

: 13.05

: 58.50

: 04.85

: 06.80

: 01.18

: 45.45

: 59.60

: 05.12

1 12.25

1 13.27

: 59.21

2: 59.10 3 : 0851
3 :05.52 6: 04.68 : 056.59 6 :13.21 : 04.70
3 :07.14 9: 1210 1 07.42 9 :21.31 : 08.10
3 :01.01 12: 1512 : 03.02 12 : 26.78 : 05.47
2 : 4594 15: 19.40 1 04.28 15 : 31.44 : 04.66
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7.5

—®—Defar
7.0 =8-Cheruiyot
> —5—Cherono
N
£ 65 —o-Fukushi
bt —*=Sugihara
2 6.0
g
g 55
5
i
5.0
4.5 :
N \QQQ W?Qu %QQD @Qn @Qu
Distance (m)
11 ZF5000mRFICHI+THEEIEFE

BAANEFOERE— FDOZEL

TF 2T AT A

F 10 1%, EBf73%FL AARANERTFOFEHT R
VX —FIH OANEFEE (ED , )3T — (MP),
HIEEAT 4 73 A (Kv), NFEHTZRILF—
DiGER (Tb) ZRLEZbDTHD. WL —
AZBTDH 3 ERFLELERFETIE, 1EED
ElLIZ7T 77— 282 Lixcb K&, wmtas252
EFDWRICKEN-T-. 8AH (EHix7/@8)
T, 4 BT TRERETRWVLODT 77—,
FxlAI3y N, Fxua /), BLEOIETRKE-
7=. 77 —I1X 12 A H TMP, Kv, Tb D\ T}
bk b REL RoTW=, —F, fEid Kv 73,
MEIZMP & To23 1, 8 (7) AH LH_TED
KEL 2o TV,

2)

PbDZ LD, i+ 5000m EFEOM TIET
T =T 4 7 AR R E R BT A L)
ST, 8 JHH TO El DK &)L —ZDJERL
LRICIZR->TERY, F#EICEIT S Bl B E
EATHERTH b L. E LT
77 =X 12AH CEILANOIHENKRE <KL
TBY, ZJA A= ZBW V2T 47

ARNENTZEIECTH -T2 Z L 2RI LT
LHEEZDLND.

TREENE
B 121%, FAL 3@ TFBIOCAARNETD 8 (7)
FBEIZBTA | YA 72 NVOEFIEDRAT 4 v 7
BTy R LTZLDOTHD.

F 11 1%, ThEE X OKRAEOHE I & BERED
AER I OFOEBERHEZ R LELOTHD. B
HEED TREA ST, B ELSMIEDETH Y,
MR FRRSSAE L D H0RIEY HEhvCuniz
ZEERLTWD ELRIT I EE CTIIEDHETSH
S727%, 7, REAEBTIFADOMET, L—RA%K}T
WA LT BEIE, 1EECidELE
FIER U TH 72D, KFITHRA IR L Tz,
BEHEF D FREAEIL, B EEEFIXT 77— &K
XRFBIIRD TN, For 00 KEN-T-.

BEH RS OB O KR Y, FA7 3 3R
EHRTHARNBRERSLCSLREWVHBAH - 72
T O RBEEMEEPIT EA7 3 18®TF & HARNE
FTIIRERETR Do T208, BARNERTF TR
RO ENRKE W2 BALERT X0 I LT
RRHTH KB OBEMERIFH D Z & 2R LT
WHEEBEZLND. 1 YA 7 O RIBEMESHIL,
T77—0O RBEEPRLREIL, 93 ETH-
7.

F120%, ZEMICBT 2 BBEEoEB L,
A AL, Eihls X OB EAREZ /R LIZ Y
DTHD. PEHIEFO AT BT 3 3T 150 ELL
ETHoT, BARNERTIL 150 ELLT T, &t
D7EBIF137.1 ETHhH o7, WA EE DK
PIFELED TEEDO—10. 7, BRRIIEED 12
JE B D243 ETH Y, il KO E AL
WIX BN 3 P LEHAAERTCRELREITIARD
NWighno T, e RIEHiAE S B4 3 BT
HARANZFRIZNIWEHEN RO N=92b5, B

3)

&9 TFOH000mICHITEHERE., R T4 K, EvF, ZFFHE., FXHRES S CFERREL

Running

Step

rap  Velocity Step( Ie)ngth Sten Ignﬂ:h / frequency Supp?ri): time No:—su;zp)ort Flifht
(m/s) m clg (steps/s) s tme ts raio
1 550 1.74 1.12 3.16 0.158 0.158 1.00
1 M. Defar (ETH) 8 554 1.85 1.19 3.00 0.150 0.183 1.22
12 6.78 2.03 1.31 3.33 0.133 0.167 1.25
1 568 1.66 1.07 3.43 0.150 0.142 0.94
2 V. Cheruiyot (KEN)
8 548 1.69 1.09 3.24 0.167 0.142 0.85
1 548 1.74 1.09 3.16 0.150 0.167 1.1
3 P. Cherono (KEN)
8 550 1.79 1.12 3.08 0.142 0.183 1.29
1 550 1.65 1.03 3.33 0.158 0.142 0.89
14 K. Fukushi (JPN) 7 5.11 153 0.95 3.33 0167 0.133 0.80
12 522 152 0.94 3.43 0167 0.125 0.75
1 482 1.37 0.85 3.53 0.167 0.117 0.70
9(H2) K Sugihara (JPN) 8 5.35 152 0.95 3.53 0167 0.117 0.70
12 544 1.54 0.96 3.53 0167 0.117 0.70
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#& 10 ZF5000m [2H 1+ HAFH I RILF—FIAOHEMMERER ED), FH/37— WP),
BEMRERT 4 7RR K. ELUVEEBIEDONEHIRILF—DIEEE (Th)

Subjects rap El Mean Power Kv Tb

(W/kg) (N/m/kg) (J/kg)

1 2.82 8.5 511.5 34.9
1 M. Defar (ETH) 8 2.26 10.2 4849 323
12 2.63 145 1032.0 57.4
1 1.96 141 4745 40.9

2 V. Cheruiyot (KEN)
8 2.11 115 358.7 33.9
1 2.24 10.6 331.8 36.6

3 P. Cherono (KEN)

8 2.04 11.4 540.2 34.3
1 2.52 10.0 386.5 39.0
14 K. Fukushi (JPN) 7 1.90 11.4 319.8 315
12 2.26 10.3 433.3 34.1
1 2.56 8.0 4493 249
9(H2) K. Sugihara (JPN) 8 2.37 10.7 397.8 32.7
12 2.03 129 398.1 35.3

Cheruiyot

Cherono

Fukushi

Sugihara

®12 %F5000m (&5 L3 BEEBRAAREDSEE (BLIETAE) (25145
1THLI9ILDEBEDRAT A vIEYF ¥
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= 1

ZF 5000mIZ & 1T 5 ThRE L UKRIRDEME (FC) & & UREME: (T0) DAEL

XEH SP) BEXUTT1HA7)L (CY0) DAEZEL (ROM)

Shank Thigh
Subjects rap @FC @TO ROMsp @FC @TO ROMsp ROMcyc
1 5.6 -49.0 545 30.8 -28.3 59.1 856
1 M.Defar (ETH) 8 8.6 -48.5 57.1 325 -27.9 60.5 871
12 24 -49.7 52.1 32.2 -32.3 64.5 99.3
2 V. Cheruiyot (KEN) 1 3.9 -47.9 51.8 31.1 -25.8 56.9 81.7
8 42 -47.4 51.6 348 =31.1 65.9 88.1
3 P Gherono (KEN) 1 10.2 -42.8 53.0 25.8 -28.3 54.2 894
8 41 -40.8 449 29.6 -31.9 61.5 845
1 1.8 -49.6 514 343 -24.8 59.0 789
14 K Fukushi (JPN) 7 -3.1 -48.0 449 39.9 -23.8 63.6 80.9
12 -4 -50.6 459 338 -28.3 62.0 79.7
1 1.6 -51.5 53.2 325 -21.0 53.6 67.3
9(H2) K. Sugihara (JPN) 8 35 -53.4 56.9 36.3 -25.2 61.5 76.4
12 6.2 -52.1 58.3 38.1 -25.5 63.7 850
& 12 ZF5000m (&1 OB AE, XHHORBEREHS LV
RAELILEARE
Knee Ang. Ang. Disp. (deg) Ang. Vel. (deg/s)
rap @FC Flex Ext Flex. Ext.
1 154.7 -18.3 229 -355.0 365.7
1 M. Defar (ETH) 8 156.1 -18.5 219 -328.1 337.2
12 150.2 -11.7 241 -311.6 386.4
9 V. Gheruiyot (KEN) 1 152.8 -16.6 21.7 -326.3 346.5
8 1494 -14.1 28.4 -318.0 390.8
3 P. Cherono (KEN) 1 164.3 -18.7 19.9 -333.5 3455
8 154.5 -18.0 345 -412.7 536.6
1 147.6 -13.1 20.7 -276.0 3345
14 K Fukushi (JPN) 7 1371 -10.7 295 -252.4 406.4
12 1415 -13.1 29.2 -317.4 4253
1 1491 -17.0 17.4 -460.3 2479
9(H2) K. Sugihara (JPN) 8 1473 -16.1 20.6 -423.2 331.1
12 148.1 -24.3 29.7 -495.4 4245

ANEF T EAET & TR XY JEh
L7 RBCTHM L, Z0%DOEOKR X I3
NN L ERL TS EEZBND.

Jit b A FE O A ETRE o 7 BE O —
252 4deg/s, I RIIHIED 12 & H D —495.4deg/s
Tholz. MBEAEEL, £8 TL—RAKMBITK
XL RBMEMA RSN, T 77— a th A
BIOMMREMAEE L HICRKRERBMITR LN
ol

2 131%, RIBMAHED 1 Y1 7 VO KAE (i
FAT 4> 7) Lh/IME #BHAD 7)) BX
RENLOMERLIZHDOTHD. 777 —1% 1,
8 JH H Cldlm/MEIZH E D K& RV, FeKIE
IIREL, FORMIZETH-T-. 12 BHH Tk
IMEE BRREE HIZHER L TV, & s ERIX
RARMEIIRE L 2L, F/MEE OFNTADIETH
Sl Tbb, 777 =T KME% G IENY T

2, BT~ TIERL AT 4 7 LTWBEDIC
S, BARNERFIIFIIT~D AT 4 TN
CLERLTWVWD EEZLND.

DEDZ L, 777 —I 3RS Ol X
OHREINEX S F 0 K& < AWD, KEROHK F~
DAY 4 T INKELOL, S HITHTH~D
KA T ¢ ZTEHED RRFIZHR < /T2 Tn
722 EAREN T, BANETIX TROEIEX -
AT & 22137200y, KBRS R L C X Ay
TAU 47 E3NTEY, ELITHIF~D AT 4
VUMBNZ EAURENTZEEZLND.

4) TT77—ORME BARNRTOE

F7 7 —IIHEN 1.55m LN EWVICHEDS
T, L—AFENLRERAPNT A RTho720
LTIy TFTESTBY, FEHTZVDRA T
A K, WZERRBIIRE o7 £ LT, A b
ANR—= MZBWTIHZENLNE HIZRKE <HK
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F 13 ZF 5000m (2 & I+ B KR HEE D& KAE (A
HRI420T) BEIURIME (BARI4VT) &

Z O
Thigh (deg/s)
Subjects rap Min Max Max+Min
1 -499.5 589.6 90.1
1 M. Defar (ETH) 8 -496.4 549.0 52.7
12 —620.4 649.5 29.1
1 -510.8 486.5 -24.3
2 V. Cheruiyot (KEN)
8 -551.4 560.9 9.5
1 -503.9 522.5 18.6
3 P. Cherono (KEN)
8 -630.7 503.2 -127.6
1 -468.5 493.3 248
14 K. Fukushi (JPN) 7 -542.6 484.1 -58.5
12 -550.5 456.8 -93.7
1 —-460.4 431.2 -29.1
9(H2) K. Sugihara (JPN) 8 —-584.4 482.1 -102.3
12 -604.6 536.5 -68.2

LTCU =, EL & Kv 1T L — AP 5 s E O
ART=NTERY, T A RANN—KTIE MP, Kv,
BIOTONRKELHERKL TV, KiBoAT ¢
VITEE L RKE L, ORI ASDAY 4 2 TR E
BRRLRENHSTZ, Thbb, Wb NEho
H51EY TCKRBORIBE~DAY 4 7T HH A 2
VI TR bATWEZ LA LTEY, 2D
135 F 5000m <> 10000m O /73T O & Ll T
WhHEEZED.

HARANEFRIZ, A MTA FEDLE Yy TFNRKE
<, FPRESCKBEOENMEEFH X B8 & K& %
DOIXRND, BT ~DAT 4 TS, A
T4 THRELENST. XV =T 4 7 AR
HEHRDEL—AFBE I EMRTLE RE R
21372 <, BEERD 72 R 72 EBVEDMT 2 T
7-EEzbNS. LML, A KASR—=RMIBW
TRV G K& B3 /a <, EFE AR KT
HZEMTETCWERNoT. T 77 —I1ET7 A+ 1
JE% 58.6 WTHESTEY, 4% HEBERETIE
BYRARIZT A h R — N TRk 52 &
NPEIND. ZOXH5RL—RATT 7 HRD
BEICK L TED LD 70 b — ZERAT THE O T
SOICHRHTT BN H L0, EIMEICELTE
2, LR PETH RN v 7 L—RIZBWTIZE
FIRRIC LV EWERECTEDL LN TEDHE
BELZHIZHOTF, A M AS— TR B
IR CTEDLHNRNT—%EH T L NEERHE
BTHAHD.

6. zz-F 10000m
) EHE, AFTAF, BIOEYTF

7% 14 1%, 2+ 10000m Rk L — A28 5 E
N7 3 3RF L AANEFD 1000m = & O~ A
LET T EALERLTZLDOTHD. YD
1000m 1L 34329 b L o< Y D— AT, R
@ 5000m b 16 43 30 P LB, HAANERTFHL
FHEEMICE EN TV, 7000m LU TR—2 7T
v 7L, 7000~8000m T 3 %y 06 £, 8000~9000m
TBLXF3IHQRHBOR—=RZRY, ZOENT
HARNEFRLHENPO KESENLTWEZ. T A B
1000m 1%, R L7727 4 3N (mFAET) 82
AT, 2 DT RA LA v (hra) B2
DS, 3MDOHUF— (T AVA) D25
2 ThHoT-DIzR L, X340 158, 8
X3 28, IHEIX3 D 1S ThHo7z. 7 4
XDF A B 1000m 1% 1500m O H AGLERIFE 244
HRX—ZAThHoT-.

131%, B3 &EFTEHARANETOSHTIXM
WCBIFAERE, X N T4 REXOE yTFOE(L
ZRLTEbDTHD., I3 RFOEREN L —
AHIETRELEERLTWDDICH L, AARNE
T L.

ARNTA RE, V—AFBENOT 4 SRR
K&, b—RAAETIR L, 24 B B THRK(1.77
m) CThot=. TAM L Pyt ToFr—H L
— ZHEAETHIR LTS, BARNEFEIT 20 &
HT—ERD L, 24 AH CHUHRL TV .

FANRADOE v FIE, 13 HAH TRAME (2.93
steps/s) L7201, FOHMRL TWe, 71 L
By HUFy—7TlF L—AEBLTUIIF—
FETHY, 324 & 3.33 steps/s THho72. HAA
BEOY YFIL, BT 19 HB (3.43 steps/s),
FB)IE 12 J8 B (3.43 steps/s), I M 1% 14 & B (3.64
steps/s) TlHRKEL, ZO®HMED LTz,

141%, EA7Z3&EFEHBARNEFOSHTIXHE
BT B SRR, FESCRARER F0 L OV ZE R b
DEERLIZH D THD. T 4 7330 L FFIFRE
IZ, VL—AEBLTCHEOEL Lo, H
UF v —IL— A TRE L, e LT
BY, T4 LSy 21 AETEAL, &
5 (0142 #) L72oTWnW-. HANERFEIZL—
AR TR R LTz,

LR, T4 AR ET A LAy RIT L
—ZAZBLTREL, 21 AHETELITHEXNE
(0167 %) Zor LTz, U T v — L mITH K,
Bt EHRB)INEE LT,

WZERFRILEIL, T 4 AR ET RS L7 v BT L
—AFENSREL, TS L7 vRIi%21 HE
TN (1.18) 2/RL7=. HUFv¥—IiT4)8H
Th/ME (0.54) 2R L7IZD, TOHITR % ITH
KLTEY, KHZELIE 5 BB Tl b TF &
FNLIR o T2y, FDOBITR A IZEAD LTz,

T 4 SN, 5000m EBEOT 7 7 — B L [RRIC
KERANTA REHMFFTHED ThHoTmZ b

- 149 -



F& 14 ZF 10000m iRE E4L 3 BRF LHANEFD 1000n CEDBBE A LETYTEA L

1. T. Dibaba (ETH)

2. E. Abeylegesse (TUR) 3. K. Gaucher (USA) 10. K. Fukushi (JPN) 14. M. Kinukawa (JPN) 15. A. Wakita (JPN)

1000m 3 : 2899 3 :29.63 3 :29.64 3 :29.16 3 :29.36 3 :29.31

2000m 6 : 4444 3 : 1545 6 : 4423 3 : 1460 6 : 4474 3 :15.10 6 : 43.63 3 : 1447 6 : 4499 3 : 1563 6 :45.10 3 :15.79
3000m 9 : 54.66 3 :1022 9 : 5522 3 :10.99 9 : 5583 3 :11.09 9 : 5531 3 :11.68 9 : 56.04 3 :11.04 9 : 56.02 3 :10.92
4000m 13 : 1093 3 :16.26 13 : 1135 3 :16.13 13 : 11,50 3 :15.66 13 : 1117 3 :15.86 13 : 11.84 3 : 1581 13 : 11.97 3 :15.95

5000m 16 : 31.49 3 : 2057 16 : 3028 3 : 1893 16 : 30.61 3 :19.12 16 : 26.72 3 : 1556 16 : 31.01 3 :19.17 16 : 30.77 3 : 18.80

6000m 19 : 4923 3 :17.74 19 : 4359 3 : 1331 19 : 4345 3 : 1284 19 : 39.31 3 :1259 19 : 4460 3 : 1359 19 : 4441 3 :13.64

7000m 23 : 01.61 3 :1238 22 : 5887 3 :1528 22 : 5873 3 :1528 22 : 5428 3 :14.96 22 : 5970 3 :15.10 22 : 5939 3 :1498

8000m 26 : 09.21 3 : 07.60 26 : 05.74 3 : 06.87 26 : 0644 3 : 0770 26 : 05.15 3 :10.87 26 : 14.72 3 :15.03 26 : 1414 3 : 1474

9000m 29 : 11.06 3 :0185 29 : 08.30 3 : 0256 29 : 09.88 3 :0344 29 : 18.03 3 :12.88 29 : 3311 3 :1838 29 : 3375 3 :19.62

10000m 31 : 55.41 2 : 4435 31 : 59.40 2 :51.10 32 : 0205 2 : 5217 32 : 3285 3 :14.82 32 : 45.19 3 :1208 32 : 48.68 3 :14.93

6.0 1 0.25
=) ©
8 55 - - Dibaba £ 0.20 —e-Dibaba
° o == Abeylegesse — —= Abeylegesse
> 2 130 -
o & —#-Gaucher o = Gaucher
= é 50 4 -e—Fukushi & 0.15 =©-Fukushi
g . ——Kinukawa 5 ——Kinukawa
03: —Wakita —+Wakita
45 0.10
207 0.20
1.9 g
< £
2 1.8 1 =
c i~ 0.15
[ ’é 1.7 A o
o> 30
Q 1.6 A a 010
[72] 1.5 1 |C .
1 o
1.4 2
1.3 0.05
3.7 1
> 1.20
2 . 35 o
S . 2 1.10
A g 1.00
@ .
S o 3.3 1
o 2 Q 0.90
[E=] £
o 31 F= 0.80
Q +
8 ® 0.70
@ 297 &“ 0.60
27 0.50
5 0 15 20 25 040
5 10 15 20 25
Lap

Lap
14 ZF10000m ;Rfg EAL 3 ZEF &L BARNEFD
XA, EERES L VFERELEOEL

13 ZF 10000m ;R B £61 3:BF &£ BANEFD
EEE. AFFMFBEUVEYFOELL

INDINBDI, TRA LT v B IR0 vy FHARE
W, TUF ¥ —IIEBIZA M TA Fv/hal, ©

(MP), BZSHEAT 4 73 A (Kv), JIZFH—T
FIF—DrER (Tb) OB ERLIZHDT

FIMRKEDN-T=. FEIET 43308 1.55m, 7
XA VA BN 1.59m, HTF v —78 1.70m & 5
DT =B —FERENST. ZOLIITANTA
KEEyTFoMAEHLEIL, FEXIY LERTFOH
A TMRKELIENTWD EEZLN, KT
10000m TlE EMLEFOMTH XA TN RE R
IRABRENN-Z ENboT.

2) TFTV=TA4TA
B 150%, B3 EFLEHARNEFDFEHT
FFX—FIHOF RS (B, FH U —

H5.

El Of/MEIX, HUFv—D 12 JAH T 1.59,
BRIEIZT XA LA D248 ET341 Tho
2. T4 SO ELE, 138HB T256 & —FERKE
7o TWEN, ZO%EA L, 21 JEH T 1.74,
24 HT1.69 ThHot-. #BIIEHDEL XL —
AFFRECRE NS T2, AR THAD LTz,

T 433D MP I, 138 H T 6.8 Wkg &/h&
MoT=ny, 21, 24 JHEHTI12.7, 146 Wkg & KX
<HAR LW, hoBRFTIERE BT A D
Lo T,
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40

30 ) ~8-Dibaba
~8-Abeylegesse

El

2 0 1 —A—Gaucher
—@—Fukushi
=—=Kinukawa

1.0 ]

——Wakita

20
15
o ===

1200 -
1000 -
800 -
600 -
400 -
200 H

Mean power (W/kg)

Kv (N/kg)

45 .
40 -
35
30 -
25 4
20

Segments: Tb (J/kg)

Energy transfer between

0 5 10 15 20 25

Lap
15 LR IFBFLARNEFOHEHNIRIL
F—FRAOAED MRS (El), /87— WP),
AVRERT 1 71+ Kv), AFEMHIRIILF—
DizE= (Th) MZE1t

Kvid, 74 L7 RN 12 BB TiE/hESho
7oh3, 21 JAH TRESHAAL T 1019.2 N/m/kg &
KKEAZR L. AUF¥—IiL 4 HHT 153.7
N/mkg &Rb/hE<, L—2%@ L TERWET
HeRB LT,

Tb TIE, T 4 SO AJE B ZFRLS T 4 33,
TRA Vv, HUFv—, @LEN L — A&
T THER L CW A A D, T T v —
1% 24 JEHT40.0 Jkg ERbRENSTZ. —T,
WMINT 4, 2B TRENSTZ0, ZOHED L
TEY, HHEE 21 BEHE TIEEERL TV,
24 J& H T LTz,

UbDZ &, 74 3N E L — RPN H
REIZHNT T EL, MP, Kv, Tb 72 XS TH -

7. LT, EBIZ24 HAETODT A MA/N—|
IZHBWT, EL IIET L TW=2, MP, Kv, Tb
BHRKLTEY, =F =T 4 7 AR TS
VADXWEBEERHERFF L WD L AR L
TWhEEZLND. T4 L4 vEIZEL & Ky
NREL, HUF ¥y —IIMP & To A KEL, B
DT IV =T 47 AR E Lo TN D &
WRENZEEZLND. BRANERTTIE, B
DTh N L —ARMETHEEIR L TWH 0D, §§
JICI T L — AR CIXEIR T N K& v o 7z
N, L A E CHERF TS Z e TE T,
EORTLEEBLTWEEZLND.

3)  FHEEME

X 16 1%, F{7 3 #F0 21 AHEB LA ARNE
FO20EE WX 19EEB) 285 147
NDEBMEDODAT 4 v 7 I F X ERLIZHD
Thb.

X 17 1%, EAL3®FEAARNERFORBEOR
KEF, Py, BB X O/ N O A EEZ R L
2D THD. T4 A-NRD 4 FHBIZBT D KB
BOKIRE, BEHUIE, BEHUEE, SohRRAEIXZENER
55.6, 31.2, -24.1, -30.3 F£, 24 ABIZBWTIZX
ZFNFR 57.0, 32.0, -29.5, -32.5 FTH-o7-.
KEBOBEMERFIIRKE S O —RZ@BLTK
ERBAER IR o2 Z LR EN TS L& 2
SND. TS L7 vIE L — AR Tl KR
L O/ N AENRBER L T2, o F v —id
Bl 2> O B/ N E TOMAEERALNIEF /NS D
o7, BRNGETFORKBOIMEILS FHEFIZE B
MEFLEOEFTAOLN VOO, EALEFE L
9% EtE DITBERE O A A/ SV & fR
1T R & IR DA FEZ LD R E W Z & AR
.

X 18 1%, EA7ET & HARANSRT O KRAHE
DIKME & F/MEDOZEALZ R LT DTS, i
KBTI KBEDRTT AT 4 > 7 %, B/ IMEIX % 7 A
T4 T ERLTWD, T 4 3D KREITL—
AFHETIT L KIWTRE L o720, I THEK
L, 24 JA B TiX 583.4deg/s £ THRL Tz,
—7, E/MEZ 24 B TRICKREL 2o Tn D
HLODOMOET &g LT L T RELEZ 20
S, TRA VA vy ORRMEZ 21 AHEHT
588.2deg/s EHERK LT3 24 J& B Tl L
TV & BT RKAE & /M & BT/ S VWMET
HB LW, BHEOR/NMEIX 20 BT
-569.2deg/s L B AICKEN T,

PLbEDZ Lt REEOR KRB L O/ T
B L ALROEHE LD LT ORMAENT
Wi bkEBZ N, L TIEBHIEE & F LA
ARNEFOR CEERAICIIREREZTRA OGN
Teinote. —J7, REEOHB T AT ¢ 2 7 EITH
B L0 E I XD BRI 0o 7208,
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Dibaba

Abevylegesse

Gaucher

Fukushi

Kinukawa

AEED 20 EE GELE19EE) <6

FH1HAIILDERHEDRT A v IEIF v

AT AT 4 v B BAORF TIEERE O
KELBITHWRLTWDZ ERNbho Tz, w1
FIIRBO R T ¢ o ZREDRGIOD, b— Al
T ERFLERIZEOERE CTE->TND I L

i, ARy 7EEERE L TW e B DND.

4) T ANNOEE BARNERTORE

T4 NNEFL, T A B AS— R T 5000m <°
1500m DETF & [F%E O EmWV A B — NHERFRE ) &
RUTZ. 22 TIEFEFICREVWA b T4 &S
L, EyF bRk L TWe, L— A% L T
RN K& <, BINKEfRIZNLTWT, &

DHIZTTAPNANR—=RMMIEBWT MP BLRKy
DEER LTV, KBS AIZICANT S AD ENT,
REL, DOHEWARY 4 T Tholz. Zhbd
B0, 5000m TEM L7727 7 7 — SIRIEFEBET
HoT-. L+ 10000m O FNOEFTHH U F v —
EIXFE ST B D EFEOREEZRL TS
ZEMD, FAET TIEHERMICZO X D ik
EEZ FIZOT TV D AREEDN R SN D.

— 5, AARNETIT L — R D S KA
BENOENTWZN, EEIEA N T4 RORED
E VT OEERNHE LI, B EHBEITA -
FTA ROWEREE Yy TFORDNAELNT-. Rt &
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Fukushi

60 Max

—
40 +— Foot contact
20
ROMsp
0
20 cToe—oﬁ’
40 Y ki Min
60 ., Abeylegesse Ainugawa
"o
§ 40
2
220
©
®
= 0
=
-20
-40 J
60 Gaucher _ Wakita
40
20
0
-20
-40

Lap

17 ZF10000m (&5 LA 3 EF &
BANEFORBOZK, HEMEF, B,
BFrURDOHE

FINT L — AP Gl AT & K& 722137
Mol THELIE T ;P 2T 4 7 ARKRBED
AT 4 U TICENALNT. BE L EH THARAN
RFEDONAF AT =7 AHEB I, FAORFEE K
ELERBLNIZNZ LD, RE~ATTH=
VT4 v am IR —ADEIN R Y e TR
HIZETEMIZAD Z LT HDICREETH D &
EZzb5n5. — 5 TFARNZAN— TIE 5000m
CRBRICKE A N T A R2EETHT-00%
BE, B LORT —2F (2o 720 g
RNWEEBEZLNDD, HUF ¥ —DE 277V
T RIBTF TR D EBMET 3 (il > TV D
ZEIFBARNEFIZE S TTERIZRD E L BIT,
HARNETFOREEZEN LT EBESCL—AT
TUEIRTDHIENEETHL I LERBL
TWbHEEZLND.

Thigh angular velocity (deg/s)

700 1
650 1
600 1
550 1
500 1
450 1
400 1
350 1
300

—o—Dibaba
-®—Abeylegesse
—A—Gaucher
—©—Fukushi
——Kinukawa
—+—Wakita

15 20 25

-300
-350 1
-400 1
-450 1
-500 1
-550 4
-600 1
-650 1

-700 -

18 ZF 10000m ;Rfg L 4L 3 F#F & BARNEFD

KBRAREDORKIE FIARV12T) &
R/IME (BARV12T) OEL

51 AT

BTE R (1996) HARANSNDEL LT A Y — K
DR ENEAR %L, Jpn T Sports Sci 15, 155-162.
BAR L, PEE, [EEEF, B (1999)
TR R F =R O AN D B 7o i
FEOBELI. SAFA D=7 A5 3 (1),

12-19.

Pierrynowski M R, Winter D A, Norman R W (1980)
Transfer of mechanical energy within the total body
and mechanical efficiency during treadmill walking.
Ergonomics 23 (2), 147-156.

Williams K R, Cavanagh P R (1987) Relationship
between distance mechanics, running economy, and

performance. Journal of Applied Physiology 63,
1236-1245.
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EMEBKD A T A =7 AW 50T

Biomechanical Analysis of Long Jump

INITRE v
gy —4="

D FPERAREE X —

A HH?
KB maY

2) KRB RS 3) (Bk) A—xi— X Fo 57 )

KR &Y
FT ERY

EGEER
B BXEY

4) FRFRFRE 5) FPRF

Hiroyuki Koyama ", Yuya Muraki”, Aya Yoshihara®, Ryu Nagahara?,
Kazuhito Shibayama ¥, Yuji Oshima®, Megumi Takamoto , Michiyoshi Ae

1) Physical Education Center of University of Tsukuba, 2) Osaka University of Health and Sport Sciences,
3) OLC Kitchen Techno Co., Ltd., 4) Graduate School of University of Tsukuba,
5) University of Tsukuba

1. [FL®HIC

5511 (Al SR R 8 A R D AE R Bk
OB FPRW1E 2007 428 A 30 H (KIE 29 B, B
FE 70%) I T®EZ@iE L7 12 4 Tirbi. §E
BV 5 4 2 8 8m5T DT 7V Hricdk e stsr
LERL, LLF, v (8m47) Efi, RiElf
SIRTFHEERS D7 0 U » 7 A (8m30) X 3 LT
B otz BARGIFIIBRT G U7z 23k Bk
HIZIEES 2o 72,

KBRS O Ti&EEFOEk, WP 8 AL DFLEk % Hi
HE, FNENTM99, Tm98 TH VY, 8m00 %%
ELTHEZDZENARETOANEOERMTH
Sfc. TZT, 81 [EIHERREE Fs B KRB
REFE TOTIEREEGIER, BF, 3040, 8tk
O (K1) 2R TV &, B\, 3 LA
BRSRIIRE T L DIELXNRENEOD, T
BEIET A 2, SAMAET A T 8m FIDFLEED
DRELLLEILTWRNZ ENbnd. bbb,
HRRKZNTBT 5 NE SR 8m 2% E L CHkHE
THZETHY, HRRTLHIC NE FHREZRH
PHCH R OB L~ VIHERE L TWnb Enz b
A9,

Lk (m)

1983 1987 1991 1993 1995 1997 1999 2001 2003 2005 2007 F-¥

M1 #HREEXRRICEITSBFERBOBRBR, 3 6

8B LUTEILEDOEL

Z 2T, KIRKRE O NERT OBKEEENE L %
RRT AT ANIONT L, ZiE TiThi o R
REDT —Z LB LR G, iRk
FOBKFEEIE DR E L OV Oz >V Tk
9D,

2. Ak

2.1 Tt gaE T
FIZBTAEHBRTSABLIOHARANET OF
JIBERTF) 2o oxtg s Uiz, OFrEITim >
7R (BARBRFIZOVTEITERT VU R) 2B
Wb RO BV E Lz

=1 ﬁﬁgﬁ,ﬁﬁﬁﬁB&UEWHﬁ
=3

NERL K4 [H4 el Ist 2nd 3rd 4th 5th 6th

(m) (kg)

— 830 846 x X 857
1 Y574 PAN 176 T lims 05ms  00ms  00ms -03ms  0.0mis
x 813 X 812 820 847
2 Y ITa 184 7 Llm/s  -0.lm/s  02m/s  0.7m/s  02m/s  -0.2m/s
; 830 x x 802 x 822
200,
3 7T UsA 1 % o4ms 00ms  0lms 03ms  0dms  0.0ms
o x 817 X 805 813 825
4 N =T UKR 173 o 0.0m/s  0.4m/s 0.5m/s  0.7m/s  0.4m/s 0.2m/s
. - 798 786 819 SIS 815 819
5 A=y RSA 190 ©  02ms 0dms 04ms  07ms  00ms  -0.0mis
- : 809 805 803 817 817 X
N
6 ~yr74—F JAM 18 P 03ms  06ms  06ms  0.0mis  0lms  00ms
o - 790 801 X 79 x 764
[ SEN 192 P o6ms Odmis -0lms  04ms  00ms  0.Imss
) ) x 798 770 X - X
8 wAx—r Ksa ® 0sms  00ms  03ms  0dmis 0.1mss
. 762 «x X
—
i wl PN ' » 0.8m/s  -04m/s  1Im/s

KFORED IR

22 MRk ET— 2B

BEY) 3 Axpi B EKY) E CoEEE ST 57
Wi, BEFR EEIC2 BEONA AE—FET
FH AZ (250Hz, 1/1000s) ZFRE L, EFD
HEERIORITTB IR T ORE LIz, &5
A T OB BIRT- O IRI3HT 55 23 28D 3 RTT
JEE A BT AT, 7 DOy ha—LiR
A FEROMTFEZES 3moFy ) T L—v
a VAR— LV ESHTEEN O 14 EHETICIARER &
L, BHSENCHRE L.

— 154 -



BEHAT O ET oA XL, FIRGHT A
23 D 2 RICERE & 15 7-1%, 3 kot DLT % H
WTC 3 IRTCEEAE~E B LT, 70k, 3 IRJTIERE
DOEBIZHT-0, #ITHm GhiElhm) AmE s
X $H3 AT HIMZ y i, $hiEHmA z@he L7z,

@ﬁ%?@ﬂ@ ix, RO <& Hn
71. GO A7c 3 IRITEEREIX Butterworth low-pass
&@ﬂﬂm%%w(ﬁ%%ﬁﬁ4m&#%&ﬂﬁ
DOHIPH THEIR{E LTz,

KW EE B M OBERE R 5 72 I HHBEAR
BAaRFEM L. 7ok, BRRIRREITAXGEk & By
R DK (YR O NED GBSO £ To
HEEE) ofné L.

23 WEHEH L RPEE

1B 5T 3 IRTTIERE ) B FTTE (1996) O EAER
REE D CTeE OHRELR X OLLFICR
JIHH ZRKD 7.

a. BRPREHEEO 3 HHE (K 2)
BRE L& XL OMLE

B R ER D

Y Ry 35 L OB YEf 12 ds 1 D IR oy
AERLOHEEAE (X 3)

ae o

e. WOIERIEICHIT LA MTA (I4)
f. Eé’ﬁﬂﬁﬁ*%ﬁ@%\ﬁ%ﬁ BT D H I
FOCBAHf

-—> SH
L1: EERE BB (25 CHERE + B ) L3 i g

X2 FEMREBOBMBRESR

¢
N
;&é%é
o :

LSRR
i ()
A U +)

B3 wJAUH, Eﬁﬁﬁﬁé:lﬁ)ﬁtﬂi@ﬁiﬁfﬁ;’i%

BEOB A wﬂbm A A BOUEAT BT B
e (33 s sy s [

S54SR

IBHANTAR $ 24K VHIARAR

M4 BUEBBEICEITEIRARIAF

3. HERBIUEBE
3.1 BEEEEREEZ E T D EN

2MTR LT K 90T, BRBERREE T8k R, z=
R, S HIERE ORI CIRET S, K213 E
RPN EGR T OB BT AR Z R L
T35, BREEIEEEDR 90%13 28 FIEEEMN 56, A
BAECEFPHBEN R D KRE Doz 3B L
YZ5 4 /D 7.80m ThH-oi-. fEifED 3 3E LBk
WERREEOBMR A R D &, 22 R o 2 Bk i &
ORNCAHBERMEBEBN A S (=0.968,
p<0.05). —J7, HfEHnPRREE L AR TIE D o=
D/ <, BRIRERRE & AR R BERIIA bR
72, LLEORERIL, MR Z & TH DD B Ik
DO RITRKE WZEHEREAZ ST 5 2 & RE
BCThbHEWVWZ D, 7ok, FEHhid L OBEHERRE -
FREOBRZREZ RN, EEo0EEDOMICHE
RERIIAONT, KO R E SIXZDORERO
BB L > THEL TV

R2 BAEERICET ST A—F
BRAE MR ZSREE A

A UIR
(L1+1.2+L.3) ((BY] (L2) (L3)

P75 4 8.58 0.39 7.80 0.39 -0.01
4 8.50 0.44 7.70 0.36 -0.03
T4V T A 8.31 0.44 7.61 0.26 -0.01
NAY=EF 8.26 0.36 7.47 0.43 0.00
Faxi 8.27 0.39 7.42 0.46 -0.08
N7 H—R 8.20 0.51 7.37 0.32 -0.03
Ry 8.09 0.51 7.12 0.46 -0.08
VY NAR—Y 8.04 0.50 7.13 0.41 -0.05
T-H) + SD 8.28+0.19 0.4470.06 7.45+0.25 0.390.07 -0.04+0.03
FEl 7.69 0.38 6.89 0.42 -0.07
32 )

32,1 EOHE

F 3R, B, 7T R R ERE NE
FOMY)RE OB LHEICET 7 A =4 %
R LTWD. KBRS TR 0D /K S35 JEE A3
BKHLRKENSTZDIIATD 10.87Tm/s THY, #
s LTzt 7 7 1 7 ORUIEE - AT 8 B 132 AE
FHH3FHD 10.52m/s Th o7z
INFETICWMEINT 3 KEDOHERNMD
11.0m/s %8 % 5 /KRB TR L T 2ol
HIRAKEDNNT T )LL)V A ZADHRTHY (N7
Jb, 11.00m/s, /LA A, 11.06m/s), 2 ANDHEEEN
DO TRKEMNSTZZENWDTHLENE 72Tz,
A= R B 0D Bk B B ) M R S X OVEfE b R
DELKEEE LW TEOMBERZENH 5 Z &
D2 O ORE S 4y, SO Eosrfric sy
THIEFITHRWVIEDOHBEEZEAHME STV D
(BEHRE AR B & BRI EERE, r=0.938, p<0.01 ;
B RE AT R BE & Bk PR r=0.758, p<0.05). L
L, RIS TS & BRIERREOMICH
ERBRIIA LN (EHER K H T,
r=0.574, n.s. ; BEMIFEAKCEEE, r=0.150, n.s.).
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®2 BUBEOELNEEICET /374 —2 8L TEBUIRRE
BBz T GBI A R e T G i SIS STo ) BEOIRE0  BREAE B
AT KVEEE  SRELEEE  GRELEEME AR GREDEEE  ACEMEEE O SRR BN AEWERT #EmEi AR
(m/s) (m/s) (%) (m/s) (m/s) (m/s) (deg) (s)
YIT 4 10.58 9.23 2.61 69.6 8.90 3.75 -1.68 1.14 229 0.056 0.068 0.124
~ 10.87 9.56 242 69.9 9.26 3.46 -1.61 1.04 20.5 0.064 0.068 0.132
74U TR 10.38 8.97 2.70 73.6 8.96 3.67 142 0.97 223 0.064 0.072 0.136
NAY = EF 9.97 8.87 2.29 60.6 8.27 3.78 -1.70 1.49 24.6 0.048 0.064 0.112
Fax) 10.12 8.70 231 62.3 8.33 3.71 -1.79 1.40 24.0 0.056 0.08 0.136
Ry T — R 10.63 9.49 2.01 61.8 9.05 3.25 -1.58 124 19.8 0.048 0.08 0.128
Ry 10.16 9.38 1.34 423 8.83 3.17 -1.33 1.83 19.8 0.048 0.096 0.144
IV R—0 10.22 9.16 1.84 61.1 9.03 3.01 -1.19 1.17 18.4 0.052 0.08 0.132
H5+SD 10374030 9.17+0.31  2.19+0.45 62.7+9.6 8.83:0.35  3.48+0.30 -1.54+0.21 1.29+0.28 21,5422 0.055£0.007 0.076£0.10  0.131+0.010
=1 10.08 9.34 1.67 53.9 8.98 3.10 -1.10 1.43 19.1 0.044 0.068 0.112
O SR B
/37 )L (8.95m) 11.00 9.09 3.70 -1.91 22.1 0.120
oA A (8.91m) 11.06 9.72 3.22 -1.34 183 0.120
3~8(17 (8.15£0.17m)  10.390.14 8.80£0.12  3.44+0.19 -1.59£0.10 21.4%1.5 0.11420.005
T T ARG R b
~RIY (8.42m) 10.82 8.72 3.86 2.10 239
1~ 8\ T-#) 10.64+0.17 8.81:0.21 3.36+0.24 -1.84:0.30 20.9+1.6
?g%{%giﬁg) 0.607 0.110 0.776%* 0.155 0.684* -0.636* -0.508 0.460 0.620 -0.676* -0.288
%F‘E{{ngﬁ& 0.560 0.005 0.894+* 0.124 0.755 -0.621 -0.621 0.525 0.660% -0.787%* -0.380
—J7, BkEEIREE & A EZAHBERR N R S iz ol LI R Z VDS, SREIEEI TN S VBT L

EEEI I B KR e (MKF ) ONEEEECh
v (r=0.775, p<0.05), MO ENE R & Bk
Rt ORICIZTEOREBEMHEE AR S T
(1=0.683, p<0.1). F7=, ZEh il L A5 720
RAR N 7, 5 4072 D & MKF B O SR ELHEE (1=0.894,
p<0.05) I L OBt MKy D $h B3 B (1=0.799,
p<0.05) T&H Y, AKFHE & OMITHERBIFRIE
Roniehrote., ZORBRIE, HERRKREDX I
ik 6 TR Z WK E DTNV < 8.00~
8.60m DHEIFH THEIL DR F - 7= KK & T, /K
THEOKRE X L0 B TS D8 EEE
DR E ZBNEAL (BEIEEERE) 1B L Tz Z &
%T LTWA., £/, BEWEE L~V TR
TIFIKTEHE DRBEN R E VD, FIFRE D L
w®FA ST D EHRENEE /25 2
CERLERERTHLHD. S HICEEAEZ LD
L, 3RED EMIAE®ERT 12 A0 95620 LT
DOBKEAE CANE LB T A EEEDORKE WD
A A (183° ) DOIAT, EDMDETH KK
22w (205° ), TTAXRE2MLT 4 VH
— (21.3° ) DA s 22° DL EOBkEEA
Thotz. —F, FTMABERTEZRLE 20° LU
TCBEHEEZ L CW R TIIEO 6 Ax b7z
Z OFERIL, BUEO BT II K EEEZ 40 L
T ARV BREE, SRR FE OSSR & W OBk O
EL L HIET N, MR FITEVBEEZTT O
BATORFTHDHZEERLTND.

Z LC, BSUIBERI O B DI EE 2 B KRS A
BERFE2HHETHE, 'Y 55747, 22 Ny,
37 ¢ Uy PRI, KR X OSREDEE 3 2k
XVEFE. 4L v, shEam L, AE
BED/NES O, SREDEE TR E VRT, 6"y
77— R, 1" ghw L X— 7%, K

S, AP EN R EVET LD HEREHEE N K
XVWETEN B ThoTn 2 5.

I E COBUIBIEORIZE TIX, BEUIRTY: (B
UIEEH/N 5 MKF £C) [ChEREAEHODH Z L
OEHEMENRTFHENTWDS (Lees ef al., 1993,
1994). FiR U7 X 912, MKF BRSAE I E 1L BkiE
FERP L Ovzed I - ORI E R IEOFEEIR
&3 D, MKF KRFENEHE & B R EN EH E D
HIC b AERIEOFBEREGEN Oz (1=0.790,
p<0.05). ZOFEFRIE, T E TOMEOMERE
HISTFT5H5H0THY, EK@JHIHZ@E’{ZF@E LA
R CERERE A2 LV @D 2 L3R & W EH
FETZERICHEONE L, 22 RS X OWkER R o
BRI ONAZ AL TWA. B, TALA
ERF BRSO R N R <, B o ghiEE
FE DB AN R & WA 2N 7 S 7228 (50114 =15
M & KU R EE N &, 1=0.630, p<0.1),
BB OSREEE 2 B D Z LT 0N - T
WRo T2,

322 BEEIEMEIZOWT
Isiﬂ%@%@%@%@@z%4/&8&
Ty —%, &£ 4 FEEO) RIS 2 BEUI R B i
R, KRR, B X OWEDRERA R, Bl
DB ZR LA, IR EMBAELRLIZHDT
5. Filz, RSIFFHEAMOMEBEMGZREZ R LT
LOTHD.

3.22.1 EYIH O EE
WEETIE RIS I B & = EFLISMEIRI160° @
FIFHBEMTESL (LT, 141.8° ),

D% 1T L (R ERAL, S 142° ),
Bz de T TR L CuWi-. — I, sl %
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R S RS R R APl
SN SR E R R

SIIIIANEEFERRRARAA
222222 0.:%
A ASRES 200
SRR R 29T I
SRS FF R R
IS FFFFRRR
SRS EFEERS

x4

5 ABEERFOBUBEDRTA Vv IEIFv—

BUMBREE AR, ABRAE BRIUVENGAE 5ISRLAEICHYT KR

JH OIS [FLalal oz I GRS £ Bl & 5 Ly i BlEE LM 5l& R LAMEE

. L P ) Lo ) . o (SRR (i) (Gl
BEML BEMD BhEGEDH BEMD MM BYEREDE B HEMH BHIEGEPR BEM MKF BEMD md (R R B D B MM B AER:

(deg) (deg) (deg) (deg) (deg) (deg) (deg/s)
FIF 4 ) 326 05 331 L1 -390 380 23 56 79 1602 1432 1684 170 252 373 253 626 26 50 -3643  -306.7
Y 2149 186 335 126 219 345 21 80 1001 1602 1407 1652 195 245 361 -31.0 671 47 .57 3293 -410.0
T4 v T A 2178 135 313 58 -178 236 -0 73 174 1654 1384 1598 270 214 372 283 655 13 0 4445 3622
ABv=EF 129 153 282 17 -117 134 -39 02 37 1418 1276 1598 142 322 348 241 589 33 32 4417 3610
£ax) 53071 124 12 311 323 -39 100 139 1598 1455 1712 143 257 364 219 583 94 88 2543 -297.1
Ny s 74— K -185 24 209 57 -174 231 31 18 109 1553 1390 1652 163 262 354 305 659 13 -88  -4082 -393.9
Ny 2161 89 250 114 -326 440 15 90 75 1585 1432 169.6 153 264 379 272 651 43 -40 3794 3161
< VA=Y 167 89 256 116 -151 267  -08 105 113 1548 1439 1605 109 166 351 -282 633 56 -54  -379.5 -365.7
St 2169 94 263 61 233 295 31 73 103 157.0 1402 1650 168 248 363 -27.1 633 41 -60 -3752 -351.6
SD 76 62 7.1 53 98 9.7 33 34 42 80 57 46 48 45 11 3.1 3.3 27 21 623 4l
Fell 97 111 208 78 -185 263 42 03 45 1562 1489 1694 7.3 205 341 -262 603  -40  -57 -4375 -4778
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A B c D E F G H 1 1 K L M

REEE M OHEREREK

s T u v W X Y z AA AB_ AC__ AD

T 05740150 0683 0589 0775 0460 0288 -0.448 0022 0500 0417 0415 0191 0271 -0291 0018 0306 -0011 0210 0458 0229 0255 0031 0058 0216 0009 0256 -0.650 -0.202
- V(HU‘) 0.071 0314 _-0378 0.106 -0.402 -0.010 0422 0275 -0.103 0253 -0.027 0239 0215 0484 0247 0.097 0412 -0214 0.096 0.108 -0.563 -0.500 -0.173  0.252
- -0.539 _-0.520 7(1(134 0355 -0.464 0.006 0503 _0.630 0.028 0314 0.110 0454 0280 0526 0367 -0.124 0332 -0593 0.169 -0.132 -0.572 -0.465 -0.023 0316
- 0790 [ 0.951] -0.468 0036 0110 0135 [0788] -0.190 -0237 0589 -0.602 -0015 -0.038 -0387 0.043 0400 0535 0108 0578 0517 0054 0306 0256 -0.65 -0.570
T 0523 0776] 0457 0206 -0.026 -0243 0679 -0200 -0.168 0230 -0.431 -0.165 -0.192 0268 0358 0036 0706 -0.149 0477 -0.509 0388 0.I55 0064 -0216 -0.73
0609 -0415 -0221 0139 0359 0551 0024 -0.324 -0758 -0345 0328 0227 -0221 0234 0590 0041 0043 0136 -0.146 -0.009 0092 0009 -0.721 -0432
- -0490 053 0090 -0.085[-0821] -0.142 0303 -0483 -0.623 -0.117 0230 -0433 0073 0175 0624 0.005 0092 0429 0364 0488 -0.546
- 0206 -0.043 -0258 0538 -0.383 0.678 014«) 0.568 0446 0202 -0495 0.645 -0.224 0437 0368 0218 -0.629 0311 0.629
S 0488 -0.645 0206 0359 0240 -0.073 0177 0202 0208 -0.093 0024 -0.193 0142 -0327 0252 -0.355 0353 -0056 -0.024 0203 0.136
S 0352 0460 0523 0276 -0231 -0229 0000 0161 -0.449 -0.436 0294 0070 -0.206 -0.19 0.117 -0.146 -0.490 0103 -0.599 -0.427
S 0182 0074 0025 -0.124 -0390 -0217 0082 -0294 0451 0465 0090 0171 0443 0484 0506 -0369 0.116[-0742] -0520
< 02810261 0383 0503 0100 0173 0235 0173 -0.026 -0475 0.679 -0.038 -0522 0349 0156 0339
- [C0853] -0334 0284 0038 -0.504 -0.643[-0864] 0.024 -0.071 [ 0348 0069 -0.562[0741] 0524 -0.099 -0.429
0.544 0559 0016  0.601 0.038  -0.187 0.034 0300 0545 0461 -0.716] 0.184 0616
0231 -0.615 -0252 0332 0455 -0.757] 0.046 0.015 -0.055 0058 0317 0.148 -0.282 0559 _0.530
- 0625 _0.682[ 0899] 0403 -0.067 0298 -0266 0358 0.546 0.095 [-0.805] 0.530 [0.883]
- 0462 -0.039 0554 0625 0229 -0.171 0243 0189 -0.042 0426 -0.019 0290
B 0367 0593 -0.549 [0.714] 0261 0497 0332 0161 0703 -0.097 0441
T 0638 0017 0614 0495 0045 0214 0678 0389 [-0.878] 0.448 [ 0.886]
- 0218 0216 0545 0316 -0.115[ 0750] 0.608 0565 0403 0.639
<0075 0455 -0326 0470 0315 -0224 0012 -0.669 -0.403
<0060 0381 -0390 0090 0131 0534 -0.154 -0.469
S 00590289 0151 0546 -0347 0158 0.152
- 0345 0809 0.180 0003 -0.125
T 0279 0588 0292 0058 _0.173
- 0394 [C0792] 0287 0m31]
- 0107 0473 0178
S 0179 0814

EEREEEOMICH E/2HERE (=0.84, p<0.05)
RoMEY, BAITR2VIED BNEEEZED D
oL Sbh, HARKE Tl KRR MA
DERD LN TWEN, KRS TIZZED X O 72B%
TR LN o T, ZOFREEIL, ARETIILSY
T BF O X O (T S BEO 2 K& W
DERG LT SRERE IR E VIR T (L v = BT
IIREBE M L7 RBTHEHLL TV D08, %
DO EIZ/NE D) DN THD EE X
LD, 728, BEIHOZE SR ) <O dh & B RE
EREHE L OBIMRITZ A SR o 7208, BEHIREER E
T 5 Ok, BEUIRTE TS T D SnEH
ETH Y, BEU% -OMEHE Tl LIFE
HERRTHhD.

WU DA BE 1T, 34.8° ~37.9° D
TRERFMOENNEhoTz. -, HOLOERE LD
MRS R ONRoT-. ZORERIT, BIZERELA
FEILRTOBE 2 1 7 (RO BEEE, & Bk 72 &)

-
~—

DL LT, IZER L THoTZ EERLTND.

HR RS L KIRKRE 2T 5 &, KIKOAE
BT & AR B CRERL U IBKY) TR o B R P
MREXWEAN RN, 72, 3I2HDH LD
KRR ANEERT OB UIRRNIZ R RS IC
REFTHLIREWVEANR RSN D, Z O
5, KBRS DO NERFIIISYE 2 51K X v #i
TS % 2 & CEMERE A RE L, RV
DIREf CHE A AT ) EBMEEZ LTt & B &
HiLD. BEYER Y Ol & O O BIfR
RS L BT OMOS] & R LAEENS LD
B D 5| & B L A8 J3E 2N e B I K TR B & JE R
WCHRFE RS (A AL & AKEEEE 1=0.928,
p<0.05 ; BfEHIRE A B & KR L, 1=-0.907, p<0.05)
or L. ZORRIE, B RmIzRs VTR
B0 OEIRORIHRERE K& < L, BRI 2R
DETHICH TWDIE ERE WKL E TR ©
ETW2Z L E/RL TS,

Z 2T, R & LTS T oo 3 K & < Bk
BADORKEWEax= T L, Boln b7 < BkEEA O
INE NS VA= OEKEIE & HRELOB X &

X 6 1278 U7e. BEHIREKSFEEEE 23 K & < ARV Bk
D<)V A—7 [XEEGVE R OO RIS, R 2T bR
ZHi T L S E 72N B HLOF] I ~DBE) &
KEL LTHAES Z & TREEHEZHER L, £
ax X FREEHE VEIST, DAV ORT R
R CHLZ EF~BE S EHEEEDORKE VG
WBKEEZ L CW =2 Evbmd. L EDOREEN S,
NERFTHWL OO X A FIThhi, K
FE 2 AT A XY 2 8] © O R H RS A K&
<95, mVBkEZ BIEETHA X REEZ M2 5
TENEBELESZDODTHAD.

® VILA—I

K6 EaIF), VILA—VDBYBDORAT1vIE
IFv—EEDIE (BYIEHEZ%E 1006 LT
10%&EIZRR)

3221 JFEBIOEDEL

W OET L ESUIEIA O T8 2 % 51251 W&
BCHEH L, T O%BEYITICIR Y B LS & Bl
LCWe, HERE T, B E s fA E R
KO O T8 Bl A AN I Bk A L R
REAOMBRGRNH D EHE SN TWHDN, KK
STITZED L D RBMRITR LN o T

HEE 0 [R5 1 3 5 B0 BRI 0D B 205 2o 2> (2 il 5 L2 H
TRBACREM L, B IR EOR EiF et b
V2R MR 0D R 20N IS BT MR D B A BV VB L, P
FREIZIE BB OEDS X 0 B F I Tz, BRI,
BT 5 4 I ZB R 23 TSR B MR oo
DESEIEMAI L v HETHFICH TR Y (BY) 1 2RTEE
HERE L XSGRV DO BE S R IC TN Te), BEhfg
DOIEOHIST~DFIEH L bk b REN-72. ED
A R E OB OFEIRIR 2 WD &, By
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O BT A1y 8 A3 B M RS0 B B & D RIS B 7R
ADOMEREE (r=-0.788, p<0.05) %, BfEHIFEFK
WAL & OMICIEDOF B/ (1=0.630, p<0.1)
Bk LTz, F£72, BEHERCIEOREEA E /N X0
(R EBMAl O A2 X 0 BIFIZ5 & H LTV D) 11X
&, MKF FRFOFHEEE A @y Mg m & L 547z,
DFED, IR EMP O A RIS & H LTS
1L, B OSMEHEES N KRE S, BHIC
N 7% UT- BB CRER T 213 &, K3 B DS HEFRF
SN, BWACESEE CHEf L Tzt vz b, —
77, BSOS 0O BB B H o> f BEAS T &
OBURRIHNZ &1L, UM% OBEL D b,
BB HEE O BB N EETHDL L ER LT
HEEZLBND.

2B, T2 Tl E L O RlERDOEHE R Z —
NI FE THMARFII T TE LT, A
EDF =BG DR N, 5% T — 2 B
THT 7R a2 s ST MERSHA I .

33 BhE

X 7 I ANER TR L O3 T O RY) 3 4510
OIS E CORT 4 v 7 BT F ¥ —% R L
TW5.

331 ARIAR

F 6 IXHEUI 3 BRI DI E TORA N T A FE
R LTWS, FITITIRNA MREICTMA TEOM
O OVHE BEGIRUCEA S22 H > T
RV A BRS) bRIFFCAR LT, B0 2 3 &
1 BRiE T 5 &, Xy 7 74— FLUSMNIEY)
1 BHIOA T A K% 2 HTL vE< LTz,
F72, XA FRABETHEHEE» 272Xy 7 75—

Z O OFRE TS 1 ARiA2EL LTz, 2
DOFERIT, —RENICW b B Y 2 BETTE W,
)1 SHandEn TR ) OAXA N T A REVRE
WIFNOEFLITOoCWEZ A2 RLTWA. L
ML, ARNTA ROEMEEITEFIZL > THR~A T
Hoto. EREENIEFICRENWZAT (T4 v
TR, VA=, Fll), EREEN DI A
7 (Fax), Ry T7Fx—F, NY), FOH
MIxAT (BT T 4/, ™) D3IXATHREE
NI, AT A RIEROX A T EBRED X A

KR Z#EFE, @O BRED o BMRMEIRA | o
BTEATITIRHE RN T2,

BYIFI 3D A N T4 REORFZRD &, il
SHMETIHRFREICTREIWVWEDRLNED, R
ANTA FTIHIEFEAEDET FHLMNIZA T
A4 FOREVWTILA—7 %) T3THIEE
Sl ZORRNS RS L, FIERTFIINEET
IR IETO A T A4 RRELAATL B4
AT ESZDIEAD. 2B, ADNTA NITEER
JE7 ETCEDLDIZD, B DHH L~V ORETIC
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YIF7 4/
DMV 2.14 006 235 008 207 011 656 024 121 004 134 005 1.18 006 3.73 0.14
o 8.47-0.2 2.26 2.39 - 2.23 6.88 - 1.23 - 1.30 - 1.21 3.74
N
Z DA 2.38 009 247 007 217 006 7.02 010 1.29 005 134 004 1.18 003 3.81 0.05
8.30 +0.4 2.11 - 2.41 - 1.88 6.40 - 1.17 - 1.33 - 1.04 3.54
TAVYT A
Z DA 2.43 008 267 016 203 006 7.2 019 134 004 147 009 1.12 003 393 0.1l
8.25 +0.2 2.30 2.20 2.06 6.56 - 1.31 - 1.26 - 1.18 - 3.75
AT T
F DMV 227 003 229 007 207 006 663 013 130 002 131 004 118 004 379 007
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Ny I TH—R
Z DA 2.48 008 242 006 232 005 722 017 135 004 132 003 127 003 395  0.09
8.01 +0.1 2.36 - 2.45 2.40 7.21 - 1.23 - 1.28 - 1.25 - 3.75
A
F DT 2.31 008 247 008 237 012 7.5 028 120 004 129 004 123 006 372 0.4
. 7.98 +0.0 2.79 - 2.81 - 2.43 8.03 - 1.51 - 1.53 - 1.32 4.36
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Z D 2.68  0.06 2.81 0.18 2.47  0.06 7.96  0.30 145 003 1.53 0.10 134 004 433 0.16
| 7.62 +0.8 2.21 2.37 - 1.93 6.51 - 1.24 - 1.32 - 1.08 3.64
Fe)l
Z DA 2.22 005 241 007 196 008 659 00l 124 003 135 004 1.10 004 3.68 006
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(m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s)
V774 10.67 10.75 10.65 10.58 -0.17 -0.56 0.35 -0.62 0.14 -0.80 0.13
Ny 10.82 10.99 10.89 10.87 -0.12 -0.41 0.37 -0.42 -0.04 -0.97 0.16
T4 YT R 11.06 11.01 10.94 10.38 -0.68 -0.51 0.37 031 0.06 -1.09 -0.26
NIy = EF 10.31 10.17 10.22 9.97 -0.34 -0.67 0.53 -0.47 -0.20 -0.69 -0.12
Eax) 10.44 10.39 10.44 10.12 -0.32 -0.57 0.62 -0.51 0.08 -0.97 -0.01
Ry T F— R 10.87 10.71 10.79 10.63 -0.24 -0.40 0.90 -0.36 -0.28 -1.19 0.26
vz 10.52 10.41 10.41 10.16 -0.36 -0.65 0.66 -0.34 0.14 -1.04 0.02
I R— - 10.63 10.50 10.22 -0.41 - 0.82 -0.75 0.59 -0.86 0.35
¥+ SD 10.6710.26 10.63+0.30 10.61 +0.25 10.370.30 -0.33+0.176 -0.54=0.11 0.58£0.21 -0.47%0.15 0.06+026 -0.95+0.16 0.03+0.21
sie )l 10.73 10.44 10.47 10.08 -0.65 -0.62 0.88 -0.17 0.00 -0.96 0.13
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[PRFIEER G2 HT AU 1T )
BEHORE  f TR AfE Pt fe3tiling B AR A i PR Bt fie AR i St e e
m m m m m m m m m m
VI 1.07 1.05 1.08 1.05 1.03 1.05 0.98 0.96 0.97 0.95
(60.8) (59.6) (61.4) (59.7) (58.2) (59.7) (55.7) (54.6) (55.1) (54.0)
N 1.08 1.08 1.11 1.08 1.08 1.08 1.00 0.98 1.00 0.98
(58.7) (58.7) (60.3) (58.7) (58.7) (58.7) (54.3) (53.3) (54.4) (53.3)
T4 VTR 1.06 1.05 1.08 1.07 1.06 1.07 0.98 0.94 0.94 0.93
(58.6) (58.0) (59.7) (59.1) (58.6) (59.1) (54.1) (51.9) (51.9) (51.4)
NI = BEF 1.00 0.99 1.02 1.00 0.99 0.99 0.93 0.91 0.91 0.90
(57.1) (56.6) (58.3) (57.1) (56.6) (56.6) (53.1) (52.0) (52.0) (51.4)
Tax 1.09 1.08 1.13 1.11 1.10 1.12 1.05 1.02 1.03 1.01
(57.4) (56.8) (59.5) (58.4) (57.9) (59.0) (55.3) (53.7) (54.2) (53.2)
Ry 7T H—K 1.05 1.04 1.09 1.11 1.10 1.10 0.99 0.96 0.98 0.96
(57.4) (56.8) (59.6) (60.7) (60.1) (60.1) (54.1) (52.5) (53.6) (52.5)
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¥ +SD 1.07£0.04 1.06%0.04 1.09+0.05 1.080.06 1.07 1.080.06 1.01£0.06 0.98+£0.05 0.99£0.06 0.97=+0.05
(58.4%£1.3) (57.8%=1.1) (59.7=1.4) (59.01.7) (58.3£1.8) (59.2%1.6) (54.9%+1.6) (53.5%=1.5) (54.1%=1.6) (53.1=1.3)
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i, 3ARTE el 5 &, il U C R BRAFE & BT KR&E o7z, Thbb, Bl 1 45T
FEIIRE L, R RRAEIZIZIEE e (7 4V TITEH KRB Z /T 5 ic L v g & H L, FTHRIZEE
v P AEERL), FRHEBEENIX X v Ed L Twn D FICESFAETIEY FAT LI ICHEML T
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DOIED AR X NWVEECTHH L T\ T BRI O OHE 0 H L 2SENL TV D IRTIL, X
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EHOIIICRVE LAV L, — TR % (CHERL 23 0, 1 ARET T ORGSR E 0
HEOITIZEL XHCTFREFIERER LN ErENC® D Z EBNfERM STV D, BEEDO K Z M
BTk TIThbh T2 L &L S TSR FDEM FTREOHE D L2372 <, X
TWA5. o5 & K LMD R WEREBCHEM L Tz 2
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[ KEAT) B2 flEAT) 03455 o285 O 1R
LEEMES 4BHEY SEBAHKAR SIEME |LEEME 12 S AHKMER ISHME 108HE 2L BARIER LI 4BEES SHIMES |LABGEY 15HEhEE 10BN

Y774 33.2 211 214 36.1 -16.6 185 41.8 222 243 4359 912 -4924  -198.7 4355 -260.4
Ny 244 214 215 25 -14.1 -14.5 414 257 -29.1 4897 476 -648.1 -79.4 -477.9 -337.5
T4 )T A 35.8 -27.0 -27.0 314 3.7 3.9 49.3 -18.6 -18.6 -575.3 45 -530.9 -63.6 -440.5 3.7

WA = EF 35.1 349 363 30.7 183 188 48.9 -26.0 -26.1 6066  -210.5  -5586  -1033 -515.2 -90.3
Tz 316 -28.6 -29.4 27.9 -30.2 316 45.9 25.6 289 5506 <1369 6435 1827 -408.6 -319.7
Ry T F— R 30.4 -26.0 -26.1 19.4 -20.8 212 433 325 374 5583 608 -5359 -89.7 -455.9 417
Y 34.4 -17.0 -17.1 27.7 -14.4 -14.4 36.8 27 -29.6 4701 301 5199 347 -494.5 -268.6
< NA—7 - -30.7 349 36.6 -29.6 -36.3 46.3 322 -35.6 - 2811 -4889 3936 -433.1 -332.8
Iy 32.1 258 -26.7 294 -18.5 -19.9 4.2 262 -28.7 5266 -1129 5523 -1345 4577 252.8
SD 3.9 5.8 6.7 5.7 8.7 10.2 42 4.6 6.0 62.1 90.5 62.0 1272 35.6 140.2
Fll] 34.1 249 263 23.8 -19.7 -22.7 41.8 -21.9 -26.1 4819 2098 -541.6  -238.1 -354.9 -409.0
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LR 4BEHDEY SEEMAF 11LBHBES 1S HEMIEY 10BHMAE | IEMbER 4 BHMAS SIRMHER 11LBEMNER 15 HENEE  10.BEHEF
Y774/ 1.1 609 8.5 -59.5 4.6 733 4353 7120 48601  -584.8 6624 -474.6
N 3.4 -64.8 -1 -66 0.1 -67 5126 -695.5  -555.1 6719  -510.5 -500.7
74V vTR 9 -63.3 9.4 -65.5 4.6 746 -5644  -6254  -562.7 6633  -661.3 -332.3
AHY = EF 08 667 47 -74.5 6.3 80.1  -669.8  -634.5 -5847 6198  -827.0 -456.8
Eax) 63 604 0.2 -56.9 1.7 665  -543.5 -6358 497 6103  -525.6 -446.9
Ry T F—F 6.7 -61.4 9.5 -60 13 686  -6152 7311 -550 8163  -640.3 -396.5
Ry 35 -57.4 8.9 -59.7 -0.9 60.6  -4423 5813 -489.5  -548.4 5353 -458.6
<V A— -58.9 8 -59.3 1.4 -66.2 - 4458 -582.2 3326 -642.9 -320.1
8 3.8 -61.7 438 -62.7 -0.3 -69.6  -540.4  -632.7  -5384  -6055  -625.7 4233
SD 5.9 3.1 5.7 5.7 2.6 6.1 86.0 9.7 412 36.6 103.6 66.8
7)1l 6.3 -60.0 5.2 -56.5 9.9 653 -6422  -6022  -683.7  -706.6  -659.8 -320.1
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Y774/ 12.4 68.1 42 70.5 279 59.6 -120.2 -12.8 16.3 -117.5 -44.1 11.0 -75.4 23.6 328
N 21.1 71.1 252 72.8 27.9 60.9 -124.3 -23 11.1 -111.6 -38.7 9.1 -83.8 15.8 313
T4V TR 26.6 71.5 72 65.1 50.1 51 -113.2 -3.6 183 -109.6 -38.4 17.2 -57.6 45.5 45.5
U e = 23.1 74.1 242 80.8 29.3 68.8 -125.2 -2.9 203 -119.3 -11.6 15.8 -99.9 213 255
Eax) 8.5 70.2 4.8 68.9 2.8 59.6 -127.5 -26.9 10.7 -126.4 -37.7 12.6 -122.7 6.3 29.2
Ry J T F— K 235 714 19.8 76.9 21.1 70.9 -115.4 -19.7 20.8 -116.8 -32.6 13.1 -109.2 -4.4 28.6
Ny 225 70.2 19.9 75.5 43.7 68.5 -99.2 -143 18.9 -100.9 -1.3 19.0 -74.1 26.6 38.0
VIV A—T 84.4 2.1 78.8 21.1 73.7 - -29.6 23.1 -130 -43.6 20.9 -108.2 6.8 29.4
) 19.7 72.6 134 73.7 28 64.1 -117.9 -16.6 17.4 -116.5 -31.8 14.8 -91.4 17.7 325
SD 6.6 5.0 9.7 53 14.5 7.6 9.7 10 4.5 9.3 14.3 4.1 22.1 15.3 6.4
Sl 10.7 73.5 16.8 722 23.1 63.6 -130.5  -26.1 21.1 -129.7  -39.1 24.5 -39.1 22.9 30.6
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Biomechanical Analysis of Men’s High Jump Winners
in IAAF World Championships in Athletics Osaka 2007
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SHIAY Y, SREIC I 1T 2 IEBAHEN A4 FE D22 bid/ s
Wy (F5, #H). 72, 1 BATTHER L Wk
ABDUEEEZTET L TWAZ LB ERTRX
ETHD. BEFRENRKE BUNTIEL TA-
TW5 (3, ). ZoZ &R, thoEFEL
DB BEAITPNENS DD TR Y &2l
9 (B Z UREERIC X0 $hiEsi 2 A A ) R
FhLloTnEEEZBND. BEHEFOEOE
I 1m37 LIEFITE <, T TITMDIET% Scm LA
t, Ta~=AT ETE 18cm b EEH->TWND.
EBHIT, MARELEN2mI9 THY, H3 (7 VT
FLUADHIE) DA T A ldem b D Z L E2FH
Z % &, HRFEERQmMO09) & 1k 5 rIREME X IEH 12 &
WwetEzZoHhb.

T4 ~NT T (K4, 2m03)

Y] 2 BEiCiEHRE RKESABELTHDEN
(1, 5), BEEHEENRKEWZ EHHbY (R 3),
IR ORI E ORI/ NS, VT v I R
Lica—F—EDL 577+ —LTHD. LT,
AARNZ AT CFRRZ IRV L TR RIS & Hf i)
iR LB THEL L T D (9). 1 RO 3H
i, BREfiatoORTID L REEI LT
WD (5, 1562 END 135.0 E£ T, 21
FEOE), AT 4 v 77 Fv— (9~12) "D
DD XD, BERERIZ 2> T RRAZE LR
DA R L TR CCRFRINEVY), 1 a0
DOBERE DK T/ S,

T 4 VT ) RFORE IRRHRIT, BN IZIT
ERITROR0ME L TV DAY, KE B L7-S1K
ERERPEAE—-FEFIHLTCERIEZL
TWAHZ ETHhD. TRk ED 1 HAOZEhERN
B, BRI A>TV, BEUIE, ABiT
V—RT BTN T—2HTH DM (14~18)
MOFEFICHXTR EHORABROZ A I 7
DRNZ L (14) BNEREEZDTHAD.

T ANTF ) BFEOT 3 — LR, T0bb
RERFEONEE(FEST- A — NN, a—
F—ED XD RBIE, 1 BRTTHlR KO I
2 O, K& e, SBEVIR B2 8%
HARRENAEHHISREEATHA).

32 HEELOE S L O
F2IIBRTFORT p—~ U A HET HENR
B L OB A, 2 3 1390 1 23878 X OWsL)
JREOFKRELOREZ R LTZHDOTHD.

K2 NITAF—TUAREFERS &K U B8RS

RBFE Bk | &E | 4URE | BRKELE H W2 H3 REYIRERR
(m) (kg) (m) (m) (m) (m) (m) (s)
I59F | 192 | 15.0 2.05 219 1.37 0.82 0.14 | 0.168
FFr/9 | 1.80 | 56.0 2.03 218 1.32 0.86 0.13 | 0.204
TAINF/| 169 | 58.0 2.03 2.04 1.19 0.85 -0.01 0.156
ARLHL2 178 | 51.0 2.00 2.08 1.32 0.76 -0.08 0.184
$IFx>3a 1a | 510 2.00 2.08 1.29 0.79 -0.08 | 0.160
SMF4F | 1.92 | 71.0 1.97 207 1.32 0.74 -0.10 0.156
Rl 1.82 | 62.3 2.01 211 1.30 0.80 0.09 | 0171
BERE | 009 | 84 0.03 0.06 0.06 0.05 0.05 0.019
x3 BRELEES S UHKER
= SHAE DR E(m/s) . .
aa B ok
LT ] ES %0 ®

B | B | mw | B | Em | S
IS5vvTF 7.09 7.19 | 3.98 | -0.67 | 0.29 | 4.01 | 45.2
FFr=/9 6.98 689 | 325 | 08 | 026 | 411 | 51.7
TARMF/| 1y 7.22 | 334 | -0.80 | -0.10 | 4.08 | 50.7
ALYl 44 6.26 2.94 | -0.78 | -0.08 | 3.86 | 52.8
YIFT>A| 704 | 698 | 3.47 | 0.74 | -0.04 | 3.93 | 48.6

_MT47 6.27 6.52 3.51 | -0.62 | -0.02 | 3.82 | 47.4
T H 685 6.84 342 | 074 | -043 | 397 494
RS 040 038 035 008 012 | o 28

TIVFRFELFF =) VBRFOKRKNELE
WEFEFIZRE WV, ZIUTHI BREWZ &2
2T, 2 b REWEZDTHD. IERkOEE L+
BETITH2 /NI NZ LRV, ZOiEF
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WHISNTH Y, 5% O ERBBEOTEN X 5
Wi ks EPREND. R L-L oIS, T4
< VTF ) RFORDOERIT H2 BRIV &,
H3 ICENTWHZ L THD.

AL 3TRTFO 1 AT L OB R e o H
B TS K& . B I B I 0D $1 B
79 vy FRBLIOFF =/ UEFETIIROOK
XVWRT 4w AF JIRFELUTO 4 BFIIWT
BN,

BEEEAIE, 7T vy FRERR LI, ALY
Ly @ FENRE S RE WD, ZIUEBERE O K
INEBIFIF—ET .

33 BHROMEE A KON REE M4

= 4 1T H IR K ORR O X M4 %, & 5 13HY)
LRRiRB LY REoEEgSAEEZ R~ LTZH D
THD.

x4 BUIBEHMBICET25ADIESA

REa AR EHEEE (Z 45 1 B B kD & (BD)
®Benfh A * R fh

752y F 38.4 -1.9 15.8
FFxsD 42.1 -12.6 19.8
F A TILF S 44.8 2.5 13.1
RALYLa 39.6 -13.4 6.1
YIFxa 37.6 2.2 13.5
_RATAF 37.0 -15.2 17.0
o 39.9 -1.9 14.2
wEmE 3.0 6.4 4.7

*)RIISMEETS

£S5 BU1ISHSIVBURAICE T REEHAE

B B ()

BFA 153 % b

fi 3l ARy i3l 5 K R h Ry Rk
IS5 uF 148.5 145.8 173.3 153.9 176.5
FFLI 154.1 152.3 163.6 141.8 165.5
FAINF) 156.2 135.0 160. 4 138.3 168.7
ALYLra 152.1 129.6 167.7 140.2 168.5
$IFxa 150.1 140.6 171.6 151.6 175.9
RATF47 144.9 142.7 173.0 161.0 1.1
F oy 151.0 141.0 168.3 141.8 171.0
mEEE 4.0 8.0 5.3 9.1 4.4

BIRPICHARD L, R TCIIBOI S
\CAMET DB NN, SRIOSHRtg s L
CEFHLEENMIMAL TV, L, 7Ty
F, TA~SNF /), FTFzra@FNEL,
FF= U, ALY Lra, XMT7 g TERIS
fEHA 10 FELL B2 72 58 F & ITKRBIS 7=, Frig,
T A 2T ) BRFETIIIMEN NS <, BB
WEWI AR LA, ZHTESRFENZ D
FH CHRIITARDOFRMICRD B LN,
R HOWNTIL, PIRERBEREH D L I1TE &
TR, 3R 3R L7 KU R S R D SR B T e) &
HWENRKEVET (FT7vyF, FF=/U) T
IR OB E DR E <, SpiE T I XD/ S )
STEEE RV Lrra, ¥y 7Fcraind) T
ITMEE D NSV ENWHIHARHDH LD THDH. =

D EiX, B, FFIEHmo%EERE LS
AITIIBEUNCBEONA A T A DB & 20 5 A REM:
WD EBRBETHEZZOLND.

R BE A FE 2D T, YD 1 BRET o R
BOWTHEHPRKREVET (T4~ F/, ALY
Lya, $7Fzra) LNSWVERT (TTVy
F, FF= U, LT 4 7T) ICREND. #
e BRI s, 22 3 OBEREE & 1 Ao
BREEAEEZHHOETEXD L, 1 HETOFH
CIE BN 0 K & Vs T B A E O
RRKE L, AN & VR T TR S R
OFEN 1 HETL Y b REWHEICHD LD T
5. Lo T, 1 BEIOSFRIC I Tk )
Yefif & LTSI mihz2 K& < LEGAIT,
A HEOWENKEL D 2L TH
S MENRD D . BSUREICBT 2 BT v
THOETHH 20 B TREMEIT V. L
U, e K il PRg oD JgR BE A A B2 L2 1R & 7R AHEE S A2
o, FF=/9, T4=NTF /), ALY Lra
O 3 BRI AENIEF /NS, TA VR
U s 7 2R UG RS S D I D I3 R
BN 135 JELL R/ &, 25/ &L 725
LENTWANR, ZNSDRFOR LI EEEA
FEIX 135 EORRFICIENEDEEZ2HTHA .
T2, TS OEETCIIBEREO ERIE A Sl
DOFEFLVHE/NINAR, ZOZ LT HL Z2/hEL
THRRE LD, ZNbDOZ ExBExDH L, B
U R BRI O IR B4 FE Y/ SWEEITIE, ek
IR K OBERIRF O IR B A /NS < e D
AIREPEDS BN DT, HEHIEF O IR B/ FE 1378 D X
SREWHRLEF LWEEZ BN,

4. F&OH  BRALFEFADTH

INLE TR ST T 4~ VT ) EFIIES TH DN,
2m30 #7 U7 —LTEY, HiLOBEET AL
FIRFEOETILD 1 DIIRDHEEZLND. T
b, R&72BAERE, B 1 BArncis T 5 Mk
ZAME U CE & e 3 5 B M, K& &R0
B, ZBERNZ A I TOREHOIRED IAA TR
EThsD. LoL, EEUIEEHIRE O REBEEI A B 23/
L, EOTDEERFORBRMES/ NS 720 HI
HINENENIRRBEALNTZ. ZOXH T &
N, TANLTF ) RFEOEBEXEZSEI LN,
PEHB IR RIEI A E N R & < TE D (BEYIHE %
JE L CHENCAND) BhE BN H AL FRFOHI|Z
T HRELDERBEIND. 2B, T4 ~/ILT
JIRFO 1 ARSI O KRR E < B
MoTWVEHEAR (K4 D 12), 20 & EHFEEO
BRI 2/ NS LR EB 2 5D DT, BY)
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1. [XCHIC

HESR R BB TFAERRRSICBIT 251700 &
TR, KReEREKB L72D9 A2 B ThbhT-.
PBEORE 23 1 1R Lz, EEEIE 90.33m &
BIFr-7 40070 ROV M <X 8FE, 2 ([
88.6lm = H\F7/c /LT = —>D hLF )L Rk i
F, 301 86.21m T T=T AV DT Tk
FThoT-. ZNHD B 3#EFIL, WIhvy B
C_A R 90m #H 2 TEY, KEATETO
2007 FEHR T %7 (Fegk) THIEIC 2 )7

(91.23m), 447 (89.49m), 1{Z (91.29m) & b
NEEDTNDZ LD, ARSIHIZIEFEIEY
DIERTH-oT2L V2 D.

ZIVE TR —IEE 700 BHEE O E (&
TEHAN) BT D31 A A H =7 AEFRITLLER
A% < A S TE 72 (Bestetal., 1993; #5 (L5,
1994; B A& 5, 1998; Mero et al., 1994; Morriss et
al.,1997; Morriss et al., 2001; Campos et al, 2004;
Murakami et al., 2006). Z® 95 H, FHILS (1994)
IE 1991 BT AR |, Mero et al. (1994)1% 1992

FEovrt4Y vy 7, Morriss et al. (1997)
% 1995 A =7 R U 5 |, Campos et al.
(2004)1% 1999 4F & U 7 it fitfe |, Murakami et al.
(2006)1F 2005 LE~IL o R [ &\ o 7 fit
RREOHZHHRERIZONTHEL TWD. ZiLE
TOWETIE, B L~V OHDETF L DR
R —IERFOMEORE A SN LD,
TS — S T O T & Hoffr &2 FHIRIHE T L7
DLTWD. BT, BED LS EIZRB W TIT
INTRIBE PR FThHDL LD, 71—
7 LR L TRl 2 2 & A3 Tl
NWEWIBINHDH LD EHEREIND. LavL,
B DT — X 134578 F O AT RS 2 FEHS 2
WreE o, EADOS AR (R, fi717
E) & D WIFHEAT OFFEMED R < K S 090
72T, ZOEMITET 2 A 0867 L b iz
JICHTERWAEEME G H D, 2okt LT, R
—IEFIIEN R CEHINE AL TV DN
ZE RS o T2 e LTH EE R/ OEEIC
EHOREDOIEERH DL Z ENBEZBND. L
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=1 BFOUERRBOHKR
o o 1¥%H 21% B 3% B 41% H 5¥%H 61% B % 1= 50 £
(m) (m) (m) (m) (m) (m) (m)

1 ErAHTF 81.62 89.16 83.64 87.72 X 90.33 90.33
2 MLFIILEEY 8278 88.61 X 82.8 X 87.33 88.61
3 g7 X 80.67 84.31 X 86.21 83.81 86.21
4  HFILIRFR X 85.19 X 77.42 X X 85.19
5 42/ 85.18 84.71 81.42 84.91 81.55 X 85.18
6 Txpyrivrs 84.52 79.77 X 79.18 X X 84.52
7 Y=y 79.82 X 83.38 X - X 83.38
8 FILRR 80.30 79.40 82.10 X 77.30 75.40 82.10
9 TILFRR 82.03 81.19 X - - 82.03
10  TFIEFRVY 79.8 X 81.98 - - 81.98
11 ST R X 77.22 80.01 - - 80.01
12 4ILvhS 78.01 X 76.48 - - 78.01

72T, MR R FOIEL LT 5 Z &
L, IR — i b TE 5 X 9 72 BBy 2 T & Hily
EHALDCTELAREMENRH Y, L BT
ittt 2R d 5720682 L Th
HEEZOND., Fo, HRA—ETLVN-TH
BCERBID T OoERLY, TOEL
ERTETHMOBERZH LT HZ L0, kv
BWETEHMZE,T 5 ETHERRREN
BondBExoNS.

—77, BRIZBIT DB 00 BFIE, H<nn
HHICERT AV W TR & LTHD
NT&E. 84 FOrY L ELAFY By 7T
ITE R TN 5 ALAE, 87 fFrn—< e
FHETIXEOTERTN 6 NAE LTV 5. T4
TiX, BARSETHEZ 9B (2000 4~2008 4= :
2008 4= 12 HBIFE) T, AR H Y LIk
EREREFERAAROF OV FEHEF L TND.
FO FRFOHCDANZ I 81.7Im ThH,
RICHE—HE N LULIZE TSR TV DN,
AREZTIE 77.63m (21 fi7) & OBEZ fik v 72
Motz 5, BARORLD EOBH L~V E @D
B2 I2iE, A L~V OB & OFHE R A H R
WZTDHZERRAIRTHDLEEZLND.

Z ZTCARTIE, OR—E o0 EoT
T A, KBRS bt 3 o BAL & AL
LAEWBTAZLIZLoTHLMNZIL, LY EW
BTCEHINOFMEEZRRT 5 2 &, O R —i
BFLARRETH LA LERFE L OEIFOME
MERAGHZL, BARAERFIZBIT D TCEHMFD
EEIE R T A AL Lz, 728, AT
[EIBE s O #EREEE (New Studies in Athletics) ~®
45E (Tauchi et al., in press), /NA A AT =27 A
WFFE (HN &R E, 2008) 35 I OVA FIlkE Eisis: (H
M, 2008) 1257 LIZim SCONFICH 12787 —

EZMATELDELDTHD. £z, AR TIE+
DICEBLRNTE RS 00 BRI BT
VUV —=2ANRT A =2 F5 LOEHED MR Z
A—HDOFEREZER L L TRREITR LT,

2. Ak
2.1 S3Hr kIS

AfaTix, B0 FFRBICHE LRT
2 ABLPHARERTTH 72/ EE&ET
(P& B ) Zofrxtgel L, FETFORESH
HVNETRIZB W TR D B0 OFREREEA &L
PR Ui 2otk e Uiz, £/, B0 &
TR U728 TF 12 41290 TIE, 38km
BEEND BT E TEENORE A G T 5
72012, 1finb 6 \iDE&EFT% EATRE, 700 b
12 (ffDORF% FiEe Lz, 2B, T
FITEFRTTH- 2

22 MR HIE

B0 BITFRBICB T TR ToETEHR
oz, BiEROMN G X OM% 5 OBIE i B
B L7=T VX NVET A B AT (HVR-ATL, Sony)
ZRAWT, 860 7 4 —/v R, FEHIRERH 1/1000
T Liz. 72, BhERoRR, 7771074
VEVHBG emiiEAFURE L, it 6emx<AE 4mx
S 25m OEifAEFHEL, ARF9 »ATICF v Y
Tl—varyR— (=7 0.5m) &3 TC
2. RRETIE, BECExhma yillh, yahox LT
AT Z x i, $hEHME 2z e LA FRD
B I A R AR E LT

2.3 Tk
2 BDHNATIZE - THRE SN =B % PC 12
BV A, @h{Ef@NTY 7 ~ (Frame-DIASI, 7
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K2 BTEERBIUPYDY ) —RNF A=A

=474 D) etz YY) —REE (m/s) J—RE ) —RABE ZEH Mz A
(m) 5 a5 5 & (m) (deg) (deg) (deg)
1 Erh<H 90.33 -4.5 22.8 18.8 29.9 1.99 39.9 45.6 5.7
2 hLFLEEY 8861 1.0 24.3 17.2 29.8 1.86 359 39.4 3.5
3 g7 86.21 2.4 24.0 16.6 29.3 1.71 35.6 37.1 1.5
4 HrLLIRXR  85.19 1.6 24.7 15.3 29.1 1.81 33.4 37.1 3.7
5 142/ 85.18 2.2 24.6 14.9 28.8 1.89 34.3 35.9 1.5
6 Tapozuwrn  84.52 2.2 23.5 15.9 28.5 1.91 34.6 38.2 3.6
7 Y=vy 83.38 2.6 24.4 14.8 28.7 1.87 32,5 34.2 1.7
8 IR 82.10 2.1 24.6 14.4 28.6 1.78 32.2 38.3 6.0
9 TIIFHRR 82.03 -1.3 24.3 14.9 28.5 2.03 329 37.5 4.6
10 7IERY>Y  81.98 -0.3 24.4 14.3 28.3 1.99 31.9 33.0 1.2
11 SR 80.01 1.2 22,6 16.8 28.2 1.96 38.7 40.5 1.8
12 D4IvhD 78.01 0.9 23.9 14.9 28.2 1.84 32.8 42.5 9.7
SEiE 83.96 0.8 24.0 15.7 28.8 1.89 34.6 38.3 3.7
FERE 3.48 2.0 0.7 1.4 0.6 0.10 2.6 3.5 2.5
21 #E 77.63 1.0 23.5 14.8 27.8 1.91 33.2 35.7 2.5
X YY—RFBE, RBASICAZ AL, LWIFhiXKE BIALSA-E) ADAE
4 A TAF) EANT, R0 (FY 7, ) DEDEIE TOHHE

BIXOHEESHE (23 .58) 280 60 =2~TT
CEA R LT TR A RENT RS A 3 RIT
DLT (Direct Linear Transformation) % % 0 ERE
BRL, 0 B X OF RS D 3 WITIHERE % 5K
Dz, 2 F AN OEBOFRMIX, DDV Y —
AR a~vEEEDOEDLZ L TIro - B E
M7 3 WRITIERE L 8-10Hz DNy X U —RT U X
VT 4 L0 IEE L LT,

2.4 SHTHEE
ARTIE, &7 —XE2RHET22H0, Kk
727 v AT v FhOF E#EM (R-on), £
B (L-on) YB LUV DY U —=2 (REL) @
AR NEREL, HREMND AR E T
U fm, RN Y ) —XETERFBR
L7 oM BIE, UToHEAB & L.
) VYV—RHWE VU =D T v T HE
2) VU—RE : VI —REEDT Y v 75
3) UU—XMAE  JRENIZBIT B Y U —RH
JERZ bV eyl BT
4) BB RARERNICEBT S 7 v 7L L
EREATERR Y L y Bl E 3 T
5) Mz A8 BB DB A O T A
7B, HERMICR0 OB CE A RET HE
KEp) ) —A@HE, VY —2AFBLIRY Y —
A (BB IOz AE2ET) 2R LECU Y
— ANNT A—H LIS
6) BhAEEEE . HIKELEE
7)) JEHEEE  L-on RO B A 12 %595 REL I
DB ESE DOJROH . ($ ey o s
)
8) JRmmMER] : Y R s L UM% R i O R E IR
9) AT A EEHEF NSV U —RFTD T
v 7 OB I
10) A A e BRI O A5 & Je s B Ao i BEHRE

11) B A - B AR s DA ik

12) A BE KNS BT D 2R KRG %6 A
7Ry & x & N4 (x dih &
17530 B, ZElRfERin 77 A, A\
FERL N~ A T A)

13) JEARE K FEENICBIT D EARGEELT
WMoy & x &N A (x gl & AT
230 FE, ZEREMN T T A, AlElE
NN~ A T R)

14) (AT FAR PN BT B A TR 5
LI KR D R & & A T2
eyl BT

AFETIE, EdROSHTEBICMAT Ae et al

(007D Fikw HWT, ENCEEE FALRE L O

BE Y — BRI L2, ZOHETIE, BhifER

OB 2T, BIREFAL O PEFEfE RS L O

HERBEMIBLZEREICL > THELET S Z 21

X oT, B rRFOEEL LR 2ENES LT

Y= MbT B Z ENAREE 72D, 7k, EhfERE

M OBEAIE, WM R 3 L O R i O 21 TIREH

OEEDLENRBELZE 6:4 TholzZ Linb,

YA JRy 11 2 0% — 60%, $¢JRTH % 60%—100% & L

THEIL LT,

2.5 HEHALER

ST B A EHAR R 22 TR LTz, &t
HHIZBT 2 EALHEE T E OZEDORIEICIL
KIS D 72N -HEZ T, 2B, S &ing
HEBIC6eLTOTHDZ Lo n, faE (p fiH)
5% AKMEARAEDY, 10%A %A B H Y
ELTHELE.

3. HEBIUER
3.1 SJEATARGE & DM B I T AR K DO Fii#
INFETHRA—IREBTOY Y —RANT A —X
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3 BEEE, BERE BTESKLUSIE
lIE 32 EA) BIFERE (m/s) SRR FHEEER (s) BATIE (m) S (m)
o
Ron  Lon  REL Y wpmEm BRE SHRPE BRE 4L W
1 ErATF 6.93 6.48 3.55 45.3 0.183 0.117 1.33 2.06 3.39 1.72
2 RLFILKEY 691 6.19 3.72 39.9 0.150 0.117 1.13 2.07 3.20 1.64
3 g7 6.72 6.37 3.67 423 0.167 0.117 1.26 1.98 3.24 1.88
4 YrILIRER 648 6.06 2.71 55.3 0.217 0.117 1.45 2.06 3.52 2.14
5 A2/ 6.90 6.04 3.37 44.2 0.233 0.100 1.71 1.75 3.46 2.35
6 Txpyrwzy 633 4.94 2.73 44.7 0.233 0.133 1.51 2.03 3.54 1.98
7 Y=yy 5.97 5.41 3.72 31.2 0.233 0.150 1.40 1.94 3.34 1.96
8 ALK 6.63 6.57 3.77 426 0.167 0.117 1.10 2.00 3.10 2.00
9 TILFRR 6.19 5.75 3.59 37.5 0.233 0.133 1.44 2.20 3.64 1.76
10 FILERYY 6.25 5.61 3.40 39.4 0.200 0.133 1.28 2.10 3.37 1.72
11 SO R 6.65 6.21 3.55 42.9 0.167 0.117 1.18 2.06 3.24 1.72
12 D4ILvhS 6.31 6.09 3.52 42.2 0.150 0.133 1.02 1.99 3.01 1.72
EiE 6.52 5.98 3.44 423 0.194 0.124 1.32 2.02 3.34 1.88
FERE 0.32 0.47 0.36 5.6 0.034 0.013 0.20 0.11 0.19 0.22
21 #E 6.71 5.78 3.41 41.0 0.217 0.133 1.62 1.85 3.47 1.85
£4 BEOHRRKEELUVAKRE (KPR WCh) IZHITH5E/IRTA—4
R4 HIRWCh NLEAF0G  AIFHRYWCh  EEUFWCh AL FwchHF2 KBRWCh
BEfELAE 1991 1992 1995 1999 20005 2007
n 6 11 12 7 8 12
woEmE (m) 8547 +3.96 8047 + 421 8190 %354 8646 +232 8141 + 381 8396 +348
Y—REE(ERK) (m/s) 289 +0.7 28.3 + 1.8 28.8 0.8 29.0 + 0.6 29.2 - 32.0 28.8 + 0.6
Jy—2& (m) 1.78 + 0.06 1.81  0.04 1.97 +0.13 1.98 +0.13 1.7 - 2.0 1.89 * 0.10
JYy—RFE (deg)  35.4 * 3.0 32 +3 38.0 22 335 4.1 29 - 38 346 *26
R N (deg) 22 259 . rES 34 35 : 28 53 . 60 3725
BhEIRE
R-on (m/s) 6.2 - 7.3 6.52 * 0.32
L-on (m/s) 5.6 + 1.0 5.97 #* 0.53 5.98 * 0.47
REL (m/s) 3.1 +10 3.22 £ 0.50 3.44 *0.36
RS (%) 44.64 %3 4596 + 8.03 4229 + 562
BE R
HEEBHE (s) 0.221 +0.022 0.193 # 0.036 0.191 * 0.051 0.194 * 0.034
SRE (s) 0.135 + 0.012 0.128 # 0.011 0.126 % 0.010 0.124 * 0.013
®iTiE
g HE (m) 1.32 +0.20
BEE (m) 1.80 0.1 2.02 +0.11
=51 (m) 3.07 +0.22 2.9 - 36 3.34 £0.19
Hiig (m) 173 +0.13 1.80 % 0.10 1.88 + 0.22

RTERRE, SN EHABEORETHYILTLLEREOD

EEREE—BLTLVEWNEENHS.

X2 AU XEWhDIERIE, EENHRARNOEBLTORARBLURVELETEH BT
X3 NI EOFOGHFEEL, EHDL-onBLURELEFICHE T RBIERENSEH LY.

BLOEECET DAL, FICHRREEH D0
AV ey 7B 0E b LI LTHEDL
nNC&iz. 2T SFSEATIRGE & D B )
BAREOEEEZHEONNIT L L E L. 0B,
IR KRS O oHTHE R 2 8iE L2 e Tt stz
FNLLTF DL DITHKFLT H. 1991 A HUT R e
b GEILS, 1994) XA WCh, 1992 431k
A Yy 7 (Meroetal, 1994) (I3t 1
7 0G, 1995 A =7 U - ifE E (Morriss et al.,
1997) A4 =7 7R Y WCh, 1999 £t & U 7 {5
fE L (Campos et al., 2004) (FEE U7 WCh, I
2005 Fo~ v o FHFEE B (Murakami et al.,
2006) IE~/L> > % WCh.

TR TERRERBIQRY U —RART A=K,

- -
) e —

7% 3B, R, BT X OE A
AR DORPEEHFIZDOWTIRL, £ 4 120470
bl LiziBEOMAREBE I OARKREIC
BIFDHERT A= OFEEAEER A Z R LT,
ARENTEBIT D BT EFHIL 1AL 90m 2R .,
1 ALE TR 8OM B THoT-Z &b, FEDH
RRE L L THRIBRNOCE DLV TH
Stz b (FF2, £4). 2770, 1991 K
3L WCh BABED B 700 BB\ TIE, 80m LAk
LWV ENLAULDEOBRFITHIN L TV,
FALOFLERD 90m HifE TIZIFHITH L2 > Tk
D, BEOFEHE L A~TER L TWD &0 H D)
BRTHD (HAER L, 2008).

AREZBIT DY ) —2FHE (AR 1, EHL

- 179 -



Bl oA =B

“\?“?‘?@ﬁﬁﬁﬁj
’?‘?‘???ﬁ?ﬁj

ROSTTET LSS

R-on

0 10 20 30 40

50

i/
-

L-on

60 70 80 90

FARAE B (%)
M2 @ANLHELAERE THESIUONEZRFICETLIEHRTESE2—2

£
FA
£ 31X

30 40

RES
RS
8!

R-on
0 10

-

20

‘AMNLHT-BE

ERL

{

<¥#¥¥§

50

SEER]

70

L-on

60 80 90 100

SRR LB (%)

X3

- N~ FRENHERE 299m/s 2oL, 11
NE RN THoT-F T ARFLT 4Ly T
FD3/ME 282m/s ZBor L7 (R 2). It

DONFEEIFM DO PR S L FRRE ThH -7 (£ 4).

VU —ZHEIL, VU —RARTRA—=FDHFRTHET
TR ERET AR OEELRERTHDL Z LN
Z<MEEIN TS, AKREBIZBWTHY U —2

@E(éﬁ)k&f%ﬁﬁ&@ﬁ B WIEDH
BEBESR (1=0.938, p<0.01) 2FRH LN TS (H

szm@.%:?,%ﬁﬂ%kﬁﬁ%®%%%
ﬂ%bf TR —E T 40 4 (90.82m-78.01m)

BB Y U — R & FCxitsk s OB
%%uﬂmt}: A, RV @ WIE O FE B B £R
(1=0.764, p<0.01) NFRD LI, FTZhiskz H
B E T aERAIT [y (BTEiek) =4.28x
(VU —2#E) -3937] TH-7= (K1). Z0D
R 2 W TR EEREZ HEE T 2 &, 80m Z (1T
570DV U —AMWEIL 279m/s, 85m TIE
29.1m/s, 90m TIE 302m/s L7252 &b, AR
BRIZBWTIETY U —XHE 28.0m/s” % %

‘AL LA- LM, THESLIUNLEEFICETSFEHERTEEHE NS —L

KT D ENBEEICRDbDEEZLND. ED
DY V—2RF A= %, U ) —RHEIFEHK
TEFFRICRE 0 @%&ié&wikﬂﬁ%
NTEY, KRBTV IV —25F, VIJ—2A
A Gz AbLET) OWTFILH IO R K
SOEOHPENTH 72, wﬁ%ﬂ%ﬂj:mm
U bEoBCSREET D H FiETFEXGIC
%EQUU—X%Em@ASEKﬁEo%ﬁ%
HHDDBLZE 33 ERIB THDHZ L, HxMIZ
ONWTIHEOEMITTHLIZLEREL TS, Z
o OfEE, AR EEFDAIRRKEOMEE X
—HFLTWD., LER-T, HR—FEFT
IR Z L TIEH A D D #EIE /R # IWT%D%
ary k=L LERNG, LDEWY Y —AHEE A
AL TWARZ ENIMNNZD.

ARBICB T 28EHE BulEsET), H
HEEMETIOW T MmO RARSOMEFETH
ST, FTATRE X ORI HE WCh 35 LU
NERrF OG L L CETEEE R~ L (GR4).
BATRAEIO0 2 b2 B OEEZ T T <, &R
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RS BNFA—BITEFTHEMBETHBEEDLE

INSA—H 457 (1-641) T AL (7-1241) =
X 1o AL 5% (m) 86.67 = 2.30 81.25 + 1.92 £ >F p<0.01
) —RiRE
A (m/s) 0.8 +2.7 09 +1.5
BIA (m/s) 24.0 + 0.7 24.0 +0.7
EAH (m/s) 16.5 £ 1.4 15.0 £ 0.9 £ >F p<0.10
B (m/s) 29.2 +0.6 28.4 +0.2 £ >F p<0.01
J)—R5 (m) 1.86 £ 0.10 1.91 £0.10
J)—XHE (deg) 35.6 + 2.3 335 + 26
R (deg) 38.9 + 3.5 37.7 £3.6
Wz A (deg) 33 1.6 42 +34
BhEERE
R-on (m/s) 6.7 +0.3 6.3 £0.3 £ >T p<0.05
L-on (m/s) 6.0 * 0.6 59 +04
REL (m/s) 3.3 +0.5 3.6 +£0.1
BIRE (%) 453 + 5.3 39.3 + 45 £ >F p<0.10
B mERERE
EEBE (s) 0.197 + 0.036 0.192 + 0.036
BEE (s) 0.117 £ 0.011 0.131 + 0.013 LE<T p<0.10
®AITHE
EfEBE (m) 1.40 £ 0.20 1.24 +£0.17
BBEE (m) 1.93 +0.12 2.05 + 0.09
F—%JL (m) 3.33 +0.14 3.28 +0.22
HiE
HIZ (m) 1.95 £ 0.27 1.81 £0.13

BEROBEEREICHLERL TSI EEBET
5 e, RRETIIMO KRS & il U CTHRIEREN
ST EREITREZES SEEFEREO 1 5 ThH
HIENEZBND. LML, WiXT A—H K
¥ (ERE, THEE) ORBEZ L5,
COENPRREOFETEHINORMEIEZ DN
DEDOHIBTIL TE 7200,

DEDZ Eng, KREIZBITFHV Y —RAZ
A =2 BXOEMEICEE T 2 BN T A —4
I, BB ENCHRD L IFTEITHE CTHRE SN
EOFRHNTH Y, KKE TR/ T A —X
ZRHETZLIITE o7, Bl LZL oI,
1991 4FH X WCh BARE, R DB 700 FL2ko
BER LU E L CWA D L EEETH L, K
B A RIIR YR ATHAD. — T
X, 2oL BMRO Ny TOBRTHDL NS Z
Z, BROSLY BNHFIZIESL F ¥y U ATHD
EHEDLZDTENTED., IR LUTEMER,
R L~V BET D720 D 5 HFEE O B E{E
(BEME) L L TRITOND Z L ZFE Y RE T
H5.

32 AR —ERFICBITABRTEREOESL N
B TP C & Hifff o fRE
ZZETIEH, AR TE 1 SO NV—T L
LCRMili L C& 72, HR—IEV->ThH, AK

SOEHE L 12 L0 E Tl 10m LA L7
NhsDH., ZOZEE, KARITBITH 12 40Dk
FOHRTIFETEEIFICR AL DLOBEL NELE
LTWEZ EZRIBLTWS., 22T, LTFICIE
12 £ DRFZHEETIINC 6 4T LArkE L FALRE
EITIT T, BT EH o g & 3 A 7.

X2, 32 EALREE FALREIC BT 5 @ E S
H— %, R SIZMBEICBITAE/NNT A —F &R
L7=. ZORER, & T8k CIX EALRE & TALRE
LOMIZBEZ 5m, £V U —AHEFEIC
LB LT Im/s OFFHICEBRZENRD iz
(FS5. znboZiix, M1 IRLEY U —
AR L BT X E OGRS ARSI HAR
T& LX), L, ZZTHEHEAIREFIVI—X
HWEOERSTHD. 20, BiF~DY J—2R
WX RE & BT 24.0m/s & ERRWDICE B
59, EH~DY U — AT AL
EEEZ R THAZ R L2 ETHDH. 2oz bk
ARRKEBNTBT D AR L FALEEE O T & 5odF
DEL, RVITK LT EF~EBWEHEL 2 B
T ENNCLD D ThoT-Z & HRmE LT
L. RVFBIZBL MO TEEE TIE, BTE
MO ~OFREEREZ B D Z L5, Al ~DH
BENRTHINTRBY, TOFEREIZEWIIWE Z
AThH5D. LrL, RVEBOHA—HEFTOHT
X, TEMITKR L TURIER CRT ~O®EE %2 5.
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AR Y, EGILEHT~OREE 5 2 bl B TE L8N A T, 0 Zm < &iT LT

FENLY BWVEEZIND Tz, ZofE L, #t D AHEZLEE L TR ITIE R 670
Ry T L~UUES3L DI, BT ~DO&EE TEERBTHLODEEZ NS, DT A —
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HIZONWTHTWL &, Ron BroBEEEICR
WTC R REICEEZ R LTV (& 5).
Murakami et al. (2006) 1%, T ZFl#k& R-on f
OBy AEHE & OMIZHE 72 IEOFHBIBR O
LN EERELTRBY, AfofERITZ oW
REXHEHETALOTH-7-. L2rL, 95< L-on
REIZ I3 TIR0E L, mBERIC Z2ITR8 D HIv TR
WZ L AHEETSH L, Ron BOBE®E IR T
XREICH L TCHOERM LT b E R
WEND. —7, WIREIZBIT D B)E®E O REHE
BIZBW T BB S 2 R T A B3R 5
7= (3% 5). Bartonietz (2000) (%, #JFmEIZIIT
% BhEHE OWGEIY, EEENE0 ~oZ 3L
F—mEICEBRLTWAZEAEHL TS, £
7=, A & fFEE (2003) 1% 77.22m-45.25m O B+
BT 49 L ARRIZLT, FAOETFITEBERE
23 <, L-on 7>5H REL F CTAMMIZHIE L CTu=
TEEHRELTWD. INLOMEEEETD L,
ARG SN RO R, R —FRFED
PCH BT E PN LR ~D T R F
—RIENHEMIITON TN Z L Z2RIBRT 5
boltEZOND. L, BERE 1240
BoHEFZ R LTV DA TR U WCh Dok F
EHEICLT, AREREBEOEEZ LT-EZ A,
EAREE TR E OMICABEITRD e i
ST, LR T, T LHEIEREN K E TE
BWbiFTidze <, BhE#E OftsHE-CEEMED
BLELOMELZFRFICEE LT, BiERO KX
SEFHETA2MERH DL EEZLND.
DEDZ L, KREIZET DR —iitiE T
O EATEEE FALRE TR CEHEIICERH D 2

200 T,

-400 -,

200 (L] J 1A

0 10 20 30 40 50 60 70 80 90 100
FARALERRT (%)
Mo BEBDODAESIUVAREDRRINEINZ—VICEITHEMABFETMBEDLEK

L, BRI, RV EF~DOEEE S5 2 B0,
i, BLOELENER0D ~DOZ RV F—IREIC
BT oEMcEmNH D RSN 22T
DI EEEOBEICONWTE LI E
WHHDHZ LT 5. KAITEBRFITEBIT D FEE
SR FE DEERANIEA N2 — v ZoR LTz, Y e H
Tl 40%E TIT T X TOE S EE N W E &
IFIERFLEE TH > 7275, L-on 1T Tl MEE
FEDME T LAA®, X0 R/ O3B 2SN LAk
HTWADH. Z LT, L-on & [EIRFICHEEENZIY
AT LoIZREM LT, H, M, Y, FOIE
TE—ZEERL, KR D Y U —2 %M
RHBNRE—2Fm LTz, 2O X ) s
RIFE T T THEVGEE 2SN ST < 8L
ST IEENHE S (kinetic chain) & FEIXAL (Joris et al.,
1985), Rt sy O LN D 72 OIZIEA IR 72
ECTHDLZ RO TS, AFETIE, 2
B ERAYHE DAL NE — N HOWNWT B BEE T
ALAE & DR 2 3 A TR, W VO LE E I
BOWTHELZE 60%fFT, 2F Y L-on miifZiZE
W T EEREDS TALRE & Ebile U C E il 2 o= 3 1)
NROLNZ (K 5). ¥/, BEEOAEL X
QAL A B D L, BN FALAE & b L CE
DFHEFED 60%A1121Z, J§ DA ED 40% —65%IZ,
JB DAEFED 30%—40%IC BN TCENLHEE
Rl (e6). ooz bik, EAET
TALGRF LB L CTU U — R Z L Th D R
UNRE S0 DARER 23 C & AN & 0 3 < R[]
L CWeZ e Z2RTHOTHY, ZOEMENK
SR LIS ENLEE D DTN o2 b D &35
ZoND. EHEERY - DRT 4 v I BT F
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M7 RBEOAESLIUVHAREORRIIEI/NNZ—VIZEITH ML THBEDOLER

v (X2, 3) #H5E, 0LV _EAERL 60%fF
TR ZRIF~BIEHLBD TS Z Envb
MWD, WEROE v F o 7ITBIT 5T TIE, Wb
W5 TEOITA URRNEA I 7T (BT
EHBA~FEEEET ) 2 &) 3R < 2RV ERE)
TEOB L LTSNS Z ENEL, 2D L
IRV RICBWLRETHD EEZ LD, L
L, fR—FEFO ACRFOEEL, 0N
LI, FOTA R RNE A T TH
WTWEZ ERHLMNE o7z, —fXBICIE, B
DITAVNBEBNIA I TTHRLZE, DFD
L-on BIZRERDNEEC & HFm~Elfindxzd 25 2 &
[ R QR N 0 o B D G A B = =/ T RN A =2 a
NI < b2 Lk, /iR E L CRmbEaaRE
W7V IR XVEIFMiESN, VY —RAET
ORITENEL 2D NREZLND. LTZR-
T, RS CII B RERGO XY X0 F TR
DafRZ I 2 TR FE& T ~MLE S, ZhvE
L-on & [RIRFICWV o RS D Z LI2&» T,
BAITHRZRLS T2 L2BEXLT [JERBENR
W Xy iciEERM TR WS EEZBNRS. L
D2 L7253 B, ARG (i oy T | 2 AR 4 [F1iR S Ty
THER T FERFI T~ EH I TZRnETh
X, IR & BT T & OfrE R XL ONEE OMZFE T
EREL 20, JEREEE Y OFREIE D KE <M
<HIXMEEEND Z L1272 d. idkE <5< gl
XS4, BRI 2 (R — it 1 2
V) TET, BRGNS H LN TE
BT ENMBILTUVSD (Komi and Buskirk, 1972) .
L7723 o T, KRZBIZBIT B R iR T D EAL
EFITZ OB EEE Y OO R IE — EiE A
I NVEBRIT D X D eI 21T o TV RTREME
NEZLND., ZOZLITHONWTIE, 5% &5
BET 2 0E R S 508, —REIZITE < e EhfE
ELTHBSINTWAEETCH - TH, HR—i
OHFTH XY EroEFIX, “— R I3RS
Tu—FIZ Lo CHEEREMEEZITo TV D
AREMEIEF T E A BN D.

S 51, AFE TIAR ORI E A B 3 L OVl
FEIZOWT O LIz, ZORE%E, EATREIT T

BE L LB UC, Y RSBV TRER DS K 0 41
7 (40%—60%) % /RIMHM DD Hiv, i B
FEICBWTIEAE S LIV ESAL (=90
FE) AZHTNDS, A XA T AN il A R 9
MRS Bz (K 7). AL GHE (2003) 1
T U — NEFIFEERmICBT DO FTMEA
HWENSWZ EE2RELTEY, Ao RITZ
DREEZTETILEDOTHoT-. ZOZEND
BRA: =S Ee Nl L ANGR SR N L T RVAA
IRV IR D 72N 5, BRmEIZRB W CRIMEMA
HWEZEOTWED, TR RmadsiEL
THERBEPFMEL TR Y, AEEFZITEREL
Mo T2 ERRIBEEI N, AREIZBW T,
EALEEN AR LT R A~D Y U — AR
EREL, ZOOOFRTEHMEALTWD D
CEBER L. Lo T, PO X 912k
D FE DN HE(E JRy i 2> & & Ry 2K % @ L C RS
LTWAZ EIL, RV Ic b~ EL 5 %252
EIZX L TIEARFNER T2 2 6B 26, —
5, EALEED X5 IRk &2 ESIALIR D T & T
EHFADOBHELE G 2T WEBTHoT2 B X
bb. ZORIZELT, AREDOERE THD
RO BEE, AIFOY U —RHET 12 A
11 FBH o720, EH~D) U — R fE
B ICE o T2 (3R 2). IO R o
BRI L TCHEVENLICTWVAEEZR-S T
Wiz & (|, 2008) 1, 20BN KEL4
NTNWRNWZ EERBTHHLOTHD. IHIT,
LB OSSR B W TRMEA L2 v 2 &
X, VU —RZE DL F TERERRSRIC L > THIS
~HEHTENPIRF T, L FBEEIE Y o
EZ S| XX T RN H D LB HND.
ZDOEITEZD L, BRI R EZ YT
LR O R dhaldx, e < & 5 TR o aifEE]
HRDOWEEZ TN TN D Z LT, (Kipil & &1
FLOMEBLIOCHEEONAHITNERELS L, H
BEEIJE YV O REDME —EREY A 7 V2R
Bl & T LIk o T, BRI EIEL,
Kb EEA~X O RER RV —ZREL
TWE L HEREND. &5IC, KgEsa XL v BT

—184 -



—  EfE
—#E

L-on
60 70 80

REL
90 100

FRABALBER (%)
8 LEHUBOTEHRTEFENNEI—VENLEFORTEHELEOLE

PIZREDZ LI LT, R ITk LT EF~B K
ERFEELYEZ T EEZLND.

3.3 MR IR T & AARMREN LT & OME
BZIC, Al —i®F L HARETH
ST EBRTFLOBRTEHINZ LT D Z L
XoT, BARFICB T 2 CEHIFOMEZ K
FLTHEWY. 7, VI —ARXTA=FRBIW
FNVED LN N T A —F % el U746 58, A B5g
TR —JRIRFOFEIE & thig LT, a6k, 7l
FEBIOEFOEKEY U —REE DR T I
HBIREAE R L (F 2). M EEFORTT~DY
U— AW (235m/s) A5 L, BEFLZE R
B FBRFERLLOM 80m BATIEF LY b EHE
HRTIGEDH =D, TNHOETF L LT
EHF~OFEIREEZ R L. 2o Z &%, ML
BTSRRI T & IR D 01T, R0
DAL EDRIE~DY ) —RAHWELFHDDL I &
ERIFFIZ, K EWEF~OEELESTHZ L
DLETHDL I EEREBTLHLOTHD.

oD 8T A—HIZHOWTIE, BAEEED R-on
R CIEEEZ R L7722 L-on R CIHEEZ R LT
(& 3). ZoZ &L, A EREFIIHR—RRTF
Ll U CHEf RS BT A IOED K& WD L
ERTHEOTHD. K2, 3DARAT 4 v I ETF
Y HEHDHE, A ERFEIT MRS L T R-on
FEOEENERBO LY i FIcE L TRY, 20
Z N EGE RS 1T B BhAE IR FE O JGE & K X
SLERERTHLEEZLND. £, BITRIC
DOWTIE, A RiEFEHR—R T & i LT,
Ml RmIZ BT 500 OBEEEEN R <, fid &

JHEICB WA N2 2 LR ENTZ(R2).
ZDZEIZONWTHEREIOBEL S &, HEfE )5
HICBTAEOHEEIXIFEALEEE > TN
IZH 2057, JB L Kl (M, PRI
V) OMEEN BNTRE L FRERENEEEZRLTE
v, Fi < BREICBIT 5 &AL B — 7 EITARAE
ZRLTWeE (®5). 2oz 2ix, ¥ERm
BWTREOHEENHIICEE DENS, &V K
SORENEEY, ERENFEWNY A 2 7 TR
~NEIEHENRTWEZ L ZRBRTHHDTHS.
X 8 TR LI BRmEICE T 5D BAEE & A FRTF
LDAT 4y 7B F i L THhD &, M E
BRI EArET LB LT EER RS A I
T CHIT~BIEHENTVWHIDONBETE S, &
HIZ, BEEEOMEBSIOAEEL D L, HEiE
JRECEBT DJEOMER X OAEE L BV RO
NG =TTz (B 6). TnbDZ kT,
K R F X EALHE & RIERICIE O 7 A v 03 (i
D FNH A I 7 THEEE LTV, ZDFD
T A OEERIZE 72> T EEFI T ~5 & H
SNTWeedlg, Bamicki okl Bk e
OAART N/ NS L, BATR B ELS o T\ Z
LERBTDHLEDTHD. — ), EBEITR NS
A4 2T TIREARTFREE L CTH, M EEFELY
H ERERBEHEND XA I T NEL, KR &
LR E DT BREL o TW, 2D &
IR L LG, B L7z BATEE S FACEEE ORI
HoENTFFEEBEL LTS, LERST, [ EAF
FEIZEEAER)E 0 OFFREOME — &R A 7 L&
I LT 21T o TV WD HTREMEIE, X
DR WRTEHIMCBIT 2EERKRA L M2
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HIENREZLND. 728, M ERTFORFEIC
BB E OAEEPMEAE THERE L, 60—90%[X [H]
WCBWTIZIE - EDOHETH - 7=2D1%(X6),
fRp & B & SR L CHEC E micalis L7
Tl koTC, MERERN LY KEL o TLE
STEZENERNELTEZLND.

PbEDZ Lind, hR—FRT & i) HA
FIRFORTCEHINORME L5 &, BiEl
BTN SR COROER RE WD &, D
Hefi Ry ClE R O Bfih[edz1c & b 70> T LAk
MR ~FIE SN, (K& B E OffER L,
B ONA TN D72 720, Fe < FRETOER
USRSy DM/ NE Mol Z ENHITF b
5. BATIE, &< EE o Lgn”
7L, Rl B E OMRT, Tb b EBEE
J& O OFHREDO R RE — FEAEY A 7 L E A A
ZTCBY, MERETFLZNEZEHR L &L T
bHAHH. L, HH—ET L d s &M L
BETIZ, O ITVZRWERTEHEFTH-

lo. ZZICHM LI Z L3N EEFORETHY,

TRCOBARRFICHBETIHETH D LR
72V, A, BARICBWTCIR R E B s
DONLER L OHEEDOMAHT N EZ VI L TRE
LT HIENDHITHHEZ, L r/a—X7T
L THRYVMHATONLRTNIERS RN &
EAFOBRIIRL TS EEZ NS,

4. £&6H
Ao BIIL, OHR—iKB o FoFE T

Bl &, KRBt Re E s i o BT (1-6

AL) & FAGET (7-1247) 2T Lz

STHGMNIL, I BWETEHIiFo FmbEs

R T52 L, QR —ETLEIARARETHD

M ERT & OFEOMERZHA LML, HASE

FIIBITA2ETCEEMTORELIERTHIZ L%

ThoT-.

FERFERE, T THD.
DIZHOWT, EAEET TACRE L el L C,

ROV Y —REENREL, FRZEHF~D VY
— AN E ST (E2).
RO EREENE L, HAmEIcBIT S
BB DGR RN E o 72 (£ 3).

MR O LY BNZ A S S TR AT
N Eahas U, $5 )5 BRAARRT % O B
KA OF, I, 7)) HEREN-T- (X5,
6).

e R3S L O R 2@ U RS L0 E S
PR D, BT C IR O FiJE A B3 23 & )
7= (%7).
@IZHONWT, M EEPIT AL b L T

« EBOREBALEE X R TIHIRIERER TH
ST, BRI TIEHBEEIELS, KoY U —
ZHEBIENo T2 (FF2, K5).

- BATRE N M JR i CUR R <, &R TRy Vi
maR Lz (33).

R REOIZIER CX A I 7 TRSBENPETX
AN EREEE LT =Y, K0 EWZ A S
TR BRI~ E HER T (K6, 8).
PLEOFER NG, L0 BWRCTEERO S

LT, BEEEEZESDD Z L, WiERmCB W

TR &2 ENIALIZR D 72 08 b K ifili[a]#is 2 BH 44

95 Z &, BRm IS ORTEAERE 2 D 5

TERBHITFOND. DT EIE, EKEHNLRD A~

DERNVF—RFEEZHRINT L, 0 ORI ~D

V) —2HEEIZMAT, EFHF~DV ) —RFHELE

G DO E R FARA > R ThD L

EzoND. 2L, BWEA T TOERBD

Flpalsi kg L EEE DT A/ NS L,

TEEESH I & D R o O Nk 2 LE T 5 Gk

MEaEi TS, LER-T, BAREFICBNT

TV LT & B E DT E K& <

L, JABEEIE 0 ORI — e A 7 V&%

ROICHHTEI0DNEERBETHDI EEZ

5ND.
AREOFEFIL, R R FOH O _EAL & AL,

FMR—WEAART ¥y oA EEHBLT

BY, BOTEHWOL~LOBTXHEIFICBIT 5%

FEMLEZLOTHS. LrL, ZFhickBn

TR LN HIFOZEX, 23720 OEZIZB W T

RN LV A TH Y, BERICHATE 5

HLDOThHol=. LTEN- T, ARTR LR RIX

B L UL O B WREE DR T O BTG T X

D HDOTIER L, IREPHR B L~ L O®F H

AT _sRTEHEToFMEERLTNDH EE

2D, bHAA, FEMADBEEET LTS

B2 HIcoF 4700 a2 3—EY Tl

72K, %L OFITIEENMETH D, AR L

TR, o A LTeENnDOE b

2T TH D.

Xk
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A biomechanical method to establish a standard
motion and identify critical motion by motion
variability: With examples of high jump and sprint
running. Bull. Inst. Health and Sport Sci., Univ. of
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Bl ZFOYBRRBOER
e o 1% 8 2% H 31 H 4% B 5 H 6% B ok
(m) (m) (m) (m) (m) (m) (m)
1 af4Ea/8  66.40 60.30 67.07 64.28 63.56 64.61 67.07
2 AU TIL 0 64.01 65.26 60.90 61.87 61.12 66.46 66.46
3 ED Ly >3 59.89 59.75 59.96 64.42 62.38 X 64.42
4 JLFan 60.25 61.93 63.73 62.44 X x 63.73
5 A 59.07 59.24 61.72 58.68 59.9 63.13 63.13
6 Etvk 57.77 56.38 61.74 X X 53.18 61.74
7 TINGED 61.43 59.91 X X X 60.74 61.43
8 a8—)L 60.10 58.28 58.38 61.03 x 59.75 61.03
9 XTFAFaY 58.37 58.31 57.32 - - - 58.37
10 AJrrav 57.56 56.88 57.87 - - - 57.87
11 F4L7-ELKSY 54,76 55.71 X - - - 55.71
12 B J7A43r>  53.50 X 50.04 - - - 53.50

B2 KFPYRRBICETARTEERSLIUVPYDY ) —RNRFA—4

- A A 1] BTk N —REEE (m/s) YY—RE  JU—RBE  EBA i £
(m) e . e o (m) (deg) (deg) (deg)

1 PafsaN 67.07 0.4 17.3 16.3 23.8 1.79 40.9 39.3 -1.6

2 ARLHTIL 66.46 1.8 18.9 14.4 23.8 1.68 37.2 36.9 -0.3

3 RYHR 64.42 .13 20.7 12.4 24.1 1.74 34.9 439 9.0

4  JLFan 63.73 2.5 19.1 14.6 24.2 1.83 37.3 415 4.2

5 yh 63.13 -0.2 19.6 13.5 23.8 1.73 34.6 41.4 6.8

6 Etyk 61.74 3.2 20.0 12.9 24.0 1.70 32.7 32,5 0.2

7 FINLED 61.43 1.1 18.6 14.0 23.4 1.76 37.0 453 8.3

8  Tas—IL 61.03 -1.3 19.6 13.0 235 1.72 33.6 46.4 12.8

9 IF(FaH 5837 2.5 18.5 13.6 23.1 1.88 38.4 415 3.1

10 A¥p>a7  57.87 1.6 18.7 14.4 23.6 1.69 37.6 33.9 3.7

11 F7-ELESY 5571 2.7 18.7 12.8 22.8 1.73 36.0 39.1 3.1

12 4LY7S4*%> 535 -0.2 17.6 14.2 226 1.67 40.3 414 1.1

T il 61.21 -0.6 18.9 13.8 23.6 1.74 36.7 40.3 36

EHE (R 417 1.8 0.9 1.1 0.5 0.06 2.5 4.2 4.9

BER 3 ZFOURRBICETLEERE, BEEHE, RITESIUSHIE
B4z &80 BhEREE (m/s) SRR B E RS (s) BT (m) 18 (m)
9

Ron  Lon  REL Y wmpm #BE =HRE BBE L W
1 Lafsea/y 577 4.85 2.89 40.4 0.217 0.150 1.28 1.79 3.06 1.70
2 ARLYTIIL  6.64 5.76 3.45 40.1 0.200 0.150 1.39 2.03 3.42 1.91
3 RYTIR 5.78 4.99 2.75 44.9 0.217 0.150 1.26 2.02 3.28 1.59
4 JLFan 5.20 4.45 2.44 452 0.200 0.150 1.07 1.81 2.87 1.47
5 A 5.16 4.64 237 48.8 0.167 0.133 0.87 1.64 2.52 1.42
6 Etvk 5.45 5.12 3.07 40.0 0.217 0.133 1.28 1.70 2.98 1.63
7 TFINGED 6.22 5.24 3.06 41.6 0.217 0.150 1.35 1.90 3.26 1.66
8 La8—)L 5.94 4.80 2.57 46.5 0.250 0.133 1.49 1.65 3.14 1.88
9  ITF«4FaY 582 4.39 2.64 39.7 0.250 0.150 1.41 1.81 3.21 1.81
10 A57>37  6.06 5.07 3.55 30.1 0.200 0.150 1.17 1.95 3.12 1.43
11 F4L7-ELESY 490 3.83 2.05 46.5 0.283 0.150 1.38 1.71 3.09 1.48
12 BILYrALR> 579 5.21 2.88 44.7 0.233 0.150 1.20 1.67 2.87 1.74
TiiE 5.73 4.86 2.81 424 0.221 0.146 1.26 1.81 3.07 1.64
RERE 0.49 0.50 0.44 5.0 0.030 0.008 0.17 0.14 0.24 0.17
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Kinematics of Discus-Throw
in IAAF World Championships in Athletics Osaka 2007

WA KEH VOfFERE EY OBHR BZY ML EeY
MA BX? HEg g =B #R°Y e F) Ak B&£7
D OKBKERFERER A K=Y BB AR 2) KIKEE K% 3) RARH A

4) FTRLFEB R 5 RIRFEFXKRFE 6) KWMETEHREKRST 7)) BfHKFERKRFER
Daisuke Yamamoto " , AKira Ito? s KenjiTauchi” , Masatoshi Murakami®

2) 6)

Takafumi Fuchimoto , Satoru Tanabe 5) , Toshinori Endou , Hisashi Takesako

3 , Kouki Gomi”
1) Graduate School of Osaka University of Health and Sport Sciences, 2) Osaka
University of Health and Sport Sciences, 3) Ehime Women’s College, 4) Waseda

University, 5) Osaka Sangyo University, 6) Ibaraki Prefectural University of Health

Sciences, 7) Waseda University Graduate School of Sport Sciences

1. (XC®IZ

1991 4RI H AU CHER R iR R TR 23 B
SN TUSE, HATIZI6ESY 2R LD
it F b BB HGR THER S Y 2007 A4 KPR o> HiCHA
TStz ARG R ICIE S 722 »E 29 A,
T 19 #[E28 AN R —L, BHANLSIZH
A EEiEiRTHERS (2007, KBR) CTHERE L
L ERER T L ERBEFERTNHE Lz, RI212
5 & HARD &R B L~ IR R 5 h
HH OO, 2007 FZFH - TILIMAILIET2Y 1979 47
VIR B R TR N U 72 A ARS8 D 60.22m i
KEHED 60.11mOFTE % B, ERHEFE
Tt 58.62m D H AGEERZ M L HARD &S
DOFFEL~VVIEEFVORLAZRETE TS,
Z ZC, ARBFZE LA R o SR B HGE TR
2OMBERFICEB T 25 2 BAL 8 £ DT &)
VED R A2 A A A T =27 AWBLED B 5 )
WL, MLETB L OERERT & ol & A 7
NG, B TORES N L —=0 7 ORFHEL

HHINNIEHDOTRDT — X —_X—R LB L
I RBREELZ L AEE L

2. AEAH*
2.1 HE x5

e BT EGR FAE RS (KPR, 2007) (2817
5, BT o N84 L, AARREL LT
HE U m LS s®R T & RIRMEFRTFOH 18 4
(F1-2) ofEOEE, BLOBL L3 4
E HARFRERT 24 O 84 OEEIZ DUV CHAT %
Fhi L=, MERMREFIZEELTRITTH-7=.

2.2 R IL

X 1 1%, ARFFEICBIT DIREHEE R LTINS,
B bt OB E LEICRE LT- 2B DODV A
A7 (60fps) T, FIBRFOETOETXENEL
Y= NVOMFEHRITEIVRE LZ. £/2, T
E 7 AR Amx B E 25 m O EAEZREL, H
5 U O IE S OEBEEDS 5> TV DHFx U
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& 1

TV —va HAOR— (R —MTS AT~
—7) &9y ATICEEICSL T, BEF45 o~ —
7 ERE Uiz, RBAMRICEBT 2R, BAR
2 BRI T ZE S OEHDO—R TH 5.

2.3 trdiik

B Lo S, R FORK HFLERDO R
TR O K OBk 24 S AEBEMNT S AT
2 (Frame-DIASII, DKH) % VTR 60 2~
TF VX% A4 XL, DLT ¥ (Direct Linear
Transformation method) % FH\NT 3 IR ICEFEAH %
FH Lz, 20%, BERESHEIC L > THREEH
& FIAE D i BT S 8 (5.05-7.54Hz) 23R TE L,
4 YR ® Butterworth digital filter (2 X W 7 — & D
BETS 2. Bk & B PiEIcE T 28R
O FEPNE & FHRAE & OFERRZEGIL, B TE )
%t LA TR (F R RIZER T 5 X )
2% 3-15mm, & TE M (Y @) 25 4-19mm, 7
EJ7HE (Zdh) 25 5-12mm Tho7o. ozt

DY, HBERTEELLLTO X 21237,

Thbb, Ny J AL T TREO X — Bh{ER
Ih (T-st), 45 2BfEH (R-off), 72 /2Bt (L-off),
AR (R-on), AZE#H (L-on), MO U Y
— A (Rel) OFERAEFHEL, T-st 5 R-off £ T
Z Wi S FE R (DS), R-off 226 L-off £ TA /&
WS ER R (SS1), L-off 735 R-on F T4 IEcHs
Jai (NS1), R-on 2°5 L-on ¥ T A E i
(SS2), L-on 7*% Rel £ TE2&IFH LFHE (DV)
LRI -T2 6 DD S E 5 >OREHE L
(% 2).

24 HHTEH

B MERFERICK TSR B 8 4L H
ARFEE L CTHIE LML HERT & EIRAE
BFEZEDEEH 1840 1) BT EFIK
MR, 2) OISR, 3) EMERFR 2 L.
B B34 & BARRERT 24 OF 841250
TiX, 4 MBI EKREL (ME+HEROE
FRE L) OEUR L AL, 5) RO A A T
FE, 6) (Ko flisf, 7) WiEEEATER (LI
1 LWE3) LWmEZREAR DIk M5 &
W97 DEFEEEIZHOWTHEI Lz, 2Bl A

=N=P N
FoaX B

A ¥ T L RO RERA R K OYF & o] fE
WL, Ko RihEy Z dh b T 5 EEEERIC
B D X—Y EHTRDEZ. D A A > 7EEL,
FIE LB ERESE, HE &8 = B
ERESHRE DT AL RO I-4HTE OKFENSL
B E DAL Z R T L TR 7z, £z, K
SERNEE RO AL TR E AR + & Uz, KD
A, B EBORTAELE LTRD, B EERN
EXFUL7ZREER 00k L, BEICx L CHEBEMNME )T
WZHDIREDIRY 2+ L Lz, £72, B LR
FEHPE VL, JH & BED A 28l % R Oy LTk
W, KIFEHEIY ORfEEEZ + & Lz, 7eds, K
BRIz NT, R by 7L~ OB TN S
TED XD REMEERITIRS TWDDONED T
WIZ, & R OEER ] % B & Bz 8 A E T
DO -LJENVERFR CRERE L L, PR A & B (R EO
A LD A A T, (RO iREAA T X OVE
& ED [ FEH FE 12D\ TN 2 b R
R LT-. ZNH ORI T HHITENFNRE
b3 4 ONEIE, 7L — DI IR YR S A R
LTW5. MHIGET &SRB FICONVTIE, 21
FTHRWER TR L.

. RMRLEER

3.1 B BAL 8 44 & HARTORER & KR
%

10X, BB RS To AL 8 4 &ML
EHERFOH R & RE, RERER L B O m sk
ERLTWD. BN 8 L DHE LIKEDHIT,
ZFNFEN 1.98+0.02m & 116.5+11.2kg ThH - 7=.
EEmEIZB W T, MILERFIX LA 8 A lZtb 5D &
HFRELEAEEBIMITHDL LWVR D, KARED
IRETIL, 86 FIZH A YD ] ¥ a/b FEFEN
RN L7z 74.08m DO ARSI <, R 2 (i &
72% 73.88m? H i Fi stk & Fr ORIl K S84
DT V7 FEE (004) LERINLE7D 73.38
m® H O E ik E o T VETE (06 4F)
D 2RI D A LAYLpR N A o7 FALS
& DFLEED 65.68+1.59m & W 9 JRERZ ] L 72D
1% 68.94mZFIFT - TATHo7-. HIH9—A
DEBEM Ch-T-T L7 TRFIT 40T, BT
BE iR H-8.64m &, 8 4 PR L H kT
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x1 BFABKRTELEIALMUEFOSANEREASKESLUVBCRERHE

Rank Bib Name Country BH(m) BW (kg) Ist 2nd 3rd 4th Sth 6th Result Personal

1 sp5  Cerd Kanter EST 1.96 126 64.89 6537 6894  x 6522 68.84 68.94 73.38
FILR-hTTIL

2 ¢35  RobertHarting GER 2.01 112 64.62 6559 6559  x 6668 62.00 66.68 66.93
O—~RJLk-NILTA2Y

3 gsp  RugerSmih NED 1.97 125 6432 6598 6642 65.08 X 65.69 66.42 66.60
JURH— RZX

4 gos  Viredijus Alekna LTU 2.00 130 63.68 x 6524 6486  x 6375 65.24 73.88
YALEYHR-FLEF

5 eeo  GdborMité HUN 1.99 104 6426 6282 6471 63.09  x x 64.71 66.54
AR —F—

6 495  OmarAhmed El Ghazaly EGY 1.99 120 x 6234 6458 6345 6411 63.08 64.58 66.58
FRIL-TNAR-HHY

7 7o  [FhsanHadadi IRI 1.96 98 6329 6410  x 6421 64.53 x 64.53 67.95
ITHNE T

8  sp9  Aleksander Tammert EST 1.96 117 62.16 6391 6344 6429 6279 64.33 64.33 70.82
TFLOYLTIL-Zy ALk

F) 732 CELEE JPN 1.84 106 5251 5571 5423 / / / 55.71 60.11

NBTeT L u

®2 KFABKRITLEIZEENEFORANERLASKRESLIVBCRERHE

Rank Bib Name Country BH (m) BW (kg) I1st 2nd 3rd 4th Sth 6th Result Personal
1 485 Tranka Dietzsch GER 1.83 81 66.61 6648 6392 6381 6529 x 66.61 69.51
IS5V h-T4—Fa
Darya Pishchalnikova

2 830 RUS 1.89 95 59.91 63.10 65.14 60.83 65.78 65.55 65.78 65.55

HFYN-ELFy/L=07

3 351 Yarelis Bamios CUB 1.74 76 63.90 61.75 6244  x  57.60 63.90 63.44

YLYR-NYFR

Nicoleta Grasu

4 770 ROM 1.76 88 5951 5979 63.14 6144 63.02 63.40 63.40 68.80
—aLB- ISR
Taifeng Sun

5333 CHN 1.87 90 6121 6039 6322 6157  x x 63.22 64.98
‘"mAR

6 o1  OlenaAntorova UKR 1.82 90 59.61 60.86 59.96 6241 62.17 6181 62.41 67.30

AL—4-Fb/7

7 7sg  Joanna Wisniewska POL 1.78 88 6135 5996 60.95 59.64  x  60.64 61.35 63.97
IFUTF-ERXRZITRA

Natalya Fokina-Semenova

8 915 UKR 1.78 85 61.17 60.36 60.11 59.94 X 58.37 61.17 63.11
FBYY - THEFIa/T
%) 619 E e JPN 1.70 64 50.76  51.79 52.76 / / / 52.76 58.62
LA7Y A
T-st R-off L-off
B{ARIE
B 45T
<«<————— DS > | = SS1 > | < s 4
R-on L-o
*— NSI >| < $S2 | «<— pv ——>| ?xf%ji

M2 HREHEDER
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30

MEE (n/s)

;Z G_M —— BFLfisdh
-o- KT ERSA

i; BF : r=0919, p<0.001 —— JELERE RF
5 £F : r=0.848, p<0.01 ~o- ERmE EF
0
N [TTATRE SEEE (/s) DR (ws)
25
W o ot
15
l;) BF - 1= 0,695, p<0.05 JKFEEE (m/s)
0
30 ——SATEEEE (m/s)
25
20|  ®F:r-0790,p<005
o] o-seE
5 &F:1=0.779,p<0.05
050 55 60 65 70 75

BTERIR (m)
B3 Rel FFOKTFRELRERES L UVHRE
LETERHFELDOER

FL DENE L REDoTm, F21%, KB
FHRBETO AL 8 4 EEIRHBFBRFOHE LK
#H, AR BoRkEaEsE R LTS, BAL
8 LHDOHE LIRKEDOVEIL, FEi 1.81£0.06
m& 86.6+5.9kg T o 7=, BIGEF G AMIIRTF &
RIS, EAL 8 £ITH D &R IS B U T/IMA
ThHdHEWZD. Tz, AL 8 A DFEFROER X
63.48+1.94mTH Y, KKETIX 39 DO T 7
Ve T 4 —F 2 BFEN 1 FKAIC 66.61m T,

FOFEFERFOI0ER L. 1991 Fo{FuEF
MERURRENHHIEL, 94U 7 RKEL 05
v R REITKHL 3 BIBOERZ R L
7.

3.2 IS
WTCEHEBICB T D HENOR& T —/1IE, Rel
REDE KR OBE & i 72 m S E A THY,
&ﬂ%j&f% naﬁ L‘F/&i{}—g«ég.f&)é :@W
RIS DWW T, kR A R L~ &
GUTHFZERM T, S5 i o DRK - i
R REE R T DD ELE SN
W DI ~Ta) 1T ThE % 7281 50 BIFZED 72 S 4
TETW5 (Gregor, et al., 1985 ; McCoy, et al.,
1985 ; Dapena, 1993 ;"= 78 5, 1998 ; Yu, et al., 2002 ;
KA & 55, 2005 ; Leigh and Yu, 2007 ; FHIN B,
2007 ; [HA S, 2008).

A8 A EHARRTAEMZD E, BHIZBNT
Mg DR E & 2 O IKEE Rl 5y & 0 1EL3H FE AR
VT, ETERLE S OMICENENA B /R IEDOFE
BEEESR (r=0.919, p<0.001 ; r=0.695, p<0.05 ; =0.790,
p<0.05) @b LNz (K3). £z, LFITBWY
THMBEOYIEE & Z O EFERD I, & TX
ek L oMIZENZENA K 72 E OB B R
(1=0.848, p<0.01 ; 1=0.779, p<0.05) H3iBD H 7=
(M 3). LT, kAL 8 4 DHEED X
BF8 24.11m/s T3 23.36m/s THY, 1A

50 —— &5f (deg)

—— BFL{IsA
40 . -o- RFE8E
- N £pte
Wl o N1 —— LR BT
-o- ERBEF ETF
20
30— BHEm) BEE (deg)
o
20 S® g
o 5%
&7 N
10
&F 1 r=0672,p<005 12518 (m)
0.0 |
120 — BHBHRL ) —
110 . R (%)
Se
100 a A'. ’
90 . m A
.
80 o a2
70

o
50 55 60 65 70 75

BTERLH (m)
4 BEALIEFESELUVENEOERHE
‘BT EaEHEDER

TUoBNLA - F Y oy 78BS B L AT 3
£ DNELJPHEE (B ; 24.8m/s, L+ ;25.0m/s ¢
Gregor, et al., 1985) <>fiod b v~ 7 L~ULDET-%
*fg L L7267 (McCoy, et al., 1985 ; Leigh
and Yu, 2007) EFEELL7-fE%E R Uiz, MR T
ERIRBBFOMEEIZZTNE N 21.35ms &
20.79m/s TH Y, HH AL 8 4 O HIEEE & L
RTHI 2.7m/s KD - 7=

84 EBARERFTFEMZD &, B RFIIR
AL EFEB LRSS EHITH TER
& OMICERZ2FEBERITRD b ot
(X 4). ZHEFTHE, BEEHICBWLTORE
Tk e OMICHEZRIEOMBIRER (1=0.672,
p<0.05) MR BHNT=N, FEALEFEOHEE
Pl 8¢ X Rogk & OMICH B 72 B BAFR 1XGR
Lo T- (M4). LnL, Bl bir 8 4D
BH A ONYENL, FNENB TN 34.7° L LR
3520, BHEEZTOHELROVEIX, EhTh
BT 1.89m T 95% & 22773 1.63m T 90% TH
STz, PR & [FARIC u, INGDfEIFe YL
AV Uy 7B B B BT 3 4 0
A (BF;35.6°, Z1;34.7°), BHEmEED
RO (B 1.73m, 90%, ¥ :1.48m,
84%) MDD kv T LNV DORTERIR E LT
1THF9E (Gregor, et al., 1985 ; McCoy, et al., 1985 ;
Leigh and Yu, 2007) &P L72fiZ R L7, B+
AA—ORT (UAD, 2008) OFHE & DY
Fb (1.66m, 90.7%) &M#ed 25 &, AR
T UL OZEFIL 023m, SHRESWERTH
STz, MIET EERBETFORFAIZIENEN
355°L 313°CTh 0, BEEEZOHELRIT, £
NZH 1.65m T 90% & 1.33m T 78% Th - 7-.

3.3 EhERER
X 512 B A& EAL8 4 MR T & ERBFIZE
%4 R OB ERE I A 7R L7z
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GHUTIL
RANLTAVY
RZIR
VF7LYF
GR—T—
OAFHI)
ENTF4

ABYAILE

ML R

0.0

0.5

D.ELFv/L=a7

JEZR=TIZAH

N7+ % F+23/7

FF4—Fa

Y.\AR

NTSR

HAR

0.F7vk/D

ERBF

0%

0.5

IR (5)
5 BRI 8AEIUVHILLETF EEREFOERRM

K3 BREMIBESIVHLEFEERBEFICETS5ARESHELOBHIERH

F8EEES (m) SEE DB (m)

Rank  Name DS SS1 NS SS2 DV Total DS SS1 NS SS2 DV Total
M-1 GAhrTIL 1.34 2.27 0.63 1.78 3.05 9.07 0.14 0.54 0.15 0.45 0.38 1.66
M-2 R/NLTAY 2.77 2.31 0.87 1.25 2.87 10.07 0.34 0.57 0.27 0.36 0.33 1.87
M-3 R.ARZR 2.12 2.62 0.54 1.50 2.77 9.56 0.28 0.62 0.16 0.52 0.36 1.94
F-1 FT4—F2 1.40 2.80 0.44 1.29 2.46 8.38 0.30 0.66 0.16 0.51 0.25 1.89
F2 D.EYFv)L=27 2.13 2.99 0.48 1.76 2.99 10.35 0.24 0.60 0.15 0.55 0.28 1.82
F-3 Y. \UAXR 291 2.80 0.43 0.72 2.74 9.61 0.27 0.57 0.20 0.42 0.34 1.81

Male (1.3) Fiy 2.08 2.40 0.68 1.51 2.90 9.56 0.25 0.58 0.19 0.44 0.36 1.82
ZEE£FE 072 0.19 0.17 0.27 0.14 0.50 0.10 0.04 0.07 0.08 0.03 0.15
Female (1.3) Fiy 2.15 2.86 0.45 1.26 2.73 9.45 0.27 0.61 0.17 0.50 0.29 1.84
ZE£FE 076 0.11 0.03 0.52 0.26 1.00 0.03 0.04 0.02 0.07 0.05 0.04

(F) MBIl e 1.16 2.26 0.47 1.60 2.43 7.92 0.31 0.62 0.11 0.40 0.32 1.76

(F) EK BHE 2.06 2.61 1.25 0.83 2.61 9.35 0.24 0.47 0.29 0.20 0.23 1.43
1) BTET fx & OMICHERAOMHBBRIRO b &

A7 8 44 D4 R & Total OB ERRRE & 4=
HE(FZE1T, DS :0.62+0.09s, SS1 :0.39+0.03s, NS :
0.07+0.03s, SS2 : 0.19+0.04s, DV : 0.21+0.03s,
Total : 1.4840.09s Td> - 7=. HLETOEERER
X, B84 & REENTR LN -7, [
P\ F OENERERD X, BRx 22 BiH L ~UL & RS
WEINTEHY (Gregor, et al., 1985 ; HEE D,
1994 ; =16 &, 1997 ; N, 2007 ; N &, 2007)
A7 8 4 DEMEREIITZ S D SeATAFSE & ER
Loz~ L.

L)L, TXTo R OBER R & 5T & fodk
E ORI A EZMBEBRIIERD e o T,
HW S (2007) XSGR L~ 24 L7 iR
BT @A IR, B L1 T 81T Good B &
Middle ¥ & Poor FED 3 FEIZA T, £ Rl OENME
R[] & T & Fdk & OBIfRZRFT L TV b, £ L
T, Good #f ($TEFiEk ; 53.8444.77m) (ZH\
T DV R OEERER] (0.20+£0.03s) & #TE5E

WELTWD., REFFETIE, B L 51T
ik L DV R OENMER & ORMICA B2 FHE
BARAZRO Lo 72208, BT B84 & Good
FED DV R OEMERRIZIFIER U CTh - 7=
2) LEP

Lt AL 8 AT E T D4Rl & % @ Total D
YIS ERFE & AR 213, DS : 0.51+0.11s, SSI :
0.39+0.05s, NS : 0.07+0.02s, SS2 : 0.20+0.04s,
DV : 0.17+0.02s, Total : 1.35+0.14s T -7-. =
REFIT A BN 8 4 ITH_T, NS FEnE<,
SS2 R NN Tz, EAL 8 4 DfHEIE, Gregor, et
al. (1985) OuaHrErLzr -4V vy 7Tk
AL 3 & OK I BT 5 B ERRE] & FER L
TV, L L, BFLERRICTRTORE O
M & T & E ORICITA B B BER IR
OHENEMNoT=. HN (2007) 1%, TYT EHA
BTy LD FIRFEE S RICER
[ OENMERFRIIZOWTIHHEL TWAN, ZoREE
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L-off R-on L-on

Rel

Jﬁ?\l(

¥

T-st R-off L-off R-on L-on Rel

J ?‘Q’C?

30

DS NS SS2

DV

N
%41

— HILEF
- --- Top3 (FH)
Top 3 HRERE)

[\
w (=]
T

FEEE (m/s)

= ¥‘ //l

(%1
T

DS SS1

SS2

DV
251

— EREF
--- Top 3 (FH)
Top 3 BRERE)

20 [

0.30 0.60 0.90 1.20

1.48

0.60 1.20 1.35

0.30

0 0.90

BERER (5)
6 BREMIASIVMUEFEEREFORTEHEFOMABREELL

& D EARMIIED EAL 8 4413 NS R 234 <,

SS2 Fm N EVMEAIZH - 7-.

3.4 P L B R EEL OB & EE 2L

1) MAROBEhIHEE & 21 b

Bir FAL 3 ZI2HOWTE, kIR T X 95 1IcH&
OBENEREAZFER L7 (3R3). MO Total D
FIEREL B F A 9.56+0.50m, Z 7% 9.45+1.00m
T, 1L ALENIR T, BREFLIZIER
BEOfE (935m) Tho7-23, MINEFIT 7.92m
LELLBVETH - 7-. HEBOBENIEREZ 5
TEICHRARTE LA, BrTROENSTZD
DV @i T, IRWTSSI Rl CTh-o7=. —F, &
FTIE SS1 AR b &<, IRWT DV JFifE 2 &
Mo 7-. Rel i DV R OB ENEEREE, 5772
2.90+0.14m THIET LY 047m £<, KX
2.73£0.26m CTHEKETFT LY 0.12m Eho 7z
B CHET 2 &, FRIZB &R TR L%
[ZHEARGEICRE D (=2.744, p<0.05) (2 HEE
o, KR e Total =N o M DBENE
HEICA B AR b2 7. Leigh and Yu
(2007) 1%, Br®EFLLFERFTEINRNTH—~
VAEGT DEIGNT A= =Ry =) —
N - AR TR TICB T A HII R E O —o
1T R-off TOKERD X VW K& Z2RiIE & Rel FFD L
D REREHOBRBETHY, Z OEEIZHAROEL
BEEEITDDIZHENL>TWND EHEL TS, F
7o, OB R< 352 & CTHRICHE
INZ AWML, &0 K& 2 R EHE
DABEIZR D EHELTWD. 2O bRk
Ml CHAROBENIRREZ ZN A LI > o DX
T EEEF DOIRE ORI Z IITEE D M
DOETEZRERER LTS EEZ LD, L

L, ARHFZEIZBWCTHE R &L O total D HEDRE
B EEEE & BT ERiEk L OBRITR D e o
7-.

X1 61295 4c AT 344 K OV L3R T & =TIz
BIF 2 HFECEEMEFOMBEEEL LA R L. H
BEDIEEL, BF 1L L-off £ F THELHNT N
L7-1%%, SS2 JimHic<o=0 L L-on 705
Rel (2 CRBIZHEIMT A2 b ¥ — &R L
7o JEEERFIL SS2 A TROREVMEEZ R LT
DAERBZREEN B VTR SN2 o T2, 1T
B30 B SS1 RO N HIEE R L
IE¥, BT & FIEEIC L-on fHED HABIZHMN L
2. L, BREFEINS RETIETFTLANS
%, R-off 725 Rel F THIMT 2 KB 722 25 (L Au
Mz L. AR S (2008) 1%, HHR—Fe AA
— DB PR T IET 20 4 A2 R TER
Fk & PAREHEE & ORURICOWTHFTL, T
D BVETX, Rel 7217 T2 < L-on T3 TIZH
RN LV Eho Tz LA LTV 5. ARBFSEIC
BT, R AL 3 4 D L-on O FRHE D
1T 578 8.16£1.22m/s, X178 7.38£1.67m/s TH
ST R T & FBRIEBEFD L-on O HEEE X
ZFNFHUL 8.88m/s & 10.25m/s TH Y, B =T
IR EREWVTRD LR T2, L RTC
BOWTIERRBFOTNEHVVETH - 7=,

2) FRE.LOBENEEE & A

X 712 H 4 BT84 D T-st h* 5 Rel £ THH—
TN TSR 12HZ ZE DAT v 7 B0 F
Y — &m$ﬁL®H%&3¢Eu@HM%fL
7o AT 4 v 7 BT F ¥ —IZBIT DRI,
%ﬁiﬁ#ﬁ,ﬂiﬁmEUU%%rLTma
F 72 M & FRE L OISV T, MO SERR T
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57 &7
T-st R-off L-off R-on L-on  Rel T-st R-off L-off R-on L-on Rel
! PATH X X383
DS SS1 NS SS2 | DV DS SS1 NS SS2 | DV
3t 3
@ — mLuEE — EREF 2
E -—- Top3(3F%5J) 2//\ --- TopS(EF-#J) -;s&
%( ) Top 3 IRERZE) LA ) Top 3 IRERE) l \_,_,\ \‘\
2 4 .
| %
i« :
LY
‘ ‘ ‘ ‘ 0
0 0.30 0.60 0.90 1.20 148 0 0.30 0.60 0.90 1.20 1.35
BERER (5)
8 BRLIMIZBSIVMILUEFLERBFOBRTEHEFOSIRELREEL
57 &F
T-st R-off L-off R-on L-on Rel T-st R-off L-off R-on L-on  Rel
4 Y danyd T Xy
DS SS1 NS SS2 | DV DS SS1 NS SS2 | DV
@ 1500 —— MMUEF 15000 — =prEE
& -~~- Top3 (1) -~ Top3 (FH)
= 1000} Top 3 (IFERE) 1000 Top 3 (EERE)
il
#9500 —ﬁ 500 /\’\
/\ 0 ~ SN S =g S - G N\ D L e
N 500
S
1R -1000| -1000
1500 ‘ ‘ ‘ ‘ s P
0 0.30 0.60 0.90 1.20 148 0 0.30 0.60 0.90 1.20 1.35
ENERERE (s)

9 BREMIABIVHILEFEEREFORTEHFEROBOR A VT REEL

AR OB 2, KW IR T KRB O 2 L
T3,
Bl AL 3 2128V T, FAELOBEIREE)
BHEN-SZFHEIESS] FETH Y, HV T SS2
JREAE L, BRI HEELOB
N KREVEAICH -T2 (3 3). FIEELOH
raid 13 A EDRFENE TS HRIIRL
TH (EMGH) ~—HBE)L7=%IC SS1 fHm
HAEDN D FEA~RRR Y 7218 B % T Ha~BH)
L Tz, Total DR ENFREEILE 773 1.82+0.15m,
LAY 1.84+0.04m T, HIEFITIZIER U
(1.76m) TH o728, BMREFIL 1.43m & FL
< EhoT-.
812, Bie BAL 3 4 KOV ILIERT & SERET

BT AT EEMET O S RE.LOBEEL(LE
RUT HIRELEE TS L L bIcHR CEBBO
T-st 775 L-off £ T—XUCHML, ZTDOH%E 71X
L-on £ T4 L7-% DV Rm o & £ cHnL,
Rel £ TARAMICHED Lz, LHITZNEITERY
WA T A AR L. R & BT (2005)
1%, BRE L O RKE7IE L-off £ TIZHA L
TEY, Lon £ TIZHETEHHOHIRELEE
RO TR I ENMEEEZmO D ECEER
BRDO—D2ThDHEHRELTWD. KIFIEOD T-st
225 R-on F CTOH AR LEE OHINIIRE &5
# (2005) OHEE—HE LW £z, Bkt
A7 34 @ L-on TOHKRELEE L, ThEnE
T2 1.8840.05m/s, 75 2.06+0.07m/s T - 7=
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57 T

T-st R-off L-off R-on L-on Rel T-st R-off L-off R-on L-on Rel
r AN J XY %S
120 § 120 , : > A
— T — EREF
100 MLET 100 o= Top3 (T4
--- Top3 (E) 3 P st 1=
o 80F Top 3 (B#RE) ot N Top 3 (BERE)
60 0\ 60 |
E / \ . ;-\\ N
‘é’é‘ 40 :' ‘\‘ 40 I:'I \/\ \\“
8 20 Mo\ g 20 N\ ,, \“\
% ")
€ 0 7 \ 0 A\ \
20 -20
DS SS1 NS SS2 | DV DS SS1 NS SS2 | DV
_40 Lol _40 l I
0 0.30 0.60 0.90 1.20 148 0 0.30 0.60 0.90 1.20 1.35
BB (s)

10 BEEMIBELICHURF EZREFORTEHFEIOARBROIREAELL

DKL, MILETN 1.77m/s, ERKEFTN FEFILE FEFEIC DV B OBRMEE ST
1.79m/s TH Y, & HITH &L BN 3 AT &% L-on THEHHIOAEAMEAENKE <, DV

RIEMETH > 72, R DAKFNERTT D A A 2 7R EE R L <
‘ o To, BIET LR L TRRO/h ST
3.5 WD AA v TR BEFIT, L-on M CRME 2 &0 K& < KES

faod A A ZHEX, Bk HIiZ L-on £T IRXE5ZLI2L->T DV RETHDAA 7
Odeg/s 1T CHAZ AR K L 72N HEE L, M 2 E D, R PRERO W E &2 5 LT
WE N 2IIZHINT 5 DV i Tl Rel BERTE T 722 EASRIB X, DV R o A I X
FKENERIT A D A A v 7R NI 5 24 % HEEICEVWA RSN, L L, KT ETICE
mLz (M9). J5 I ORI, MNBEEN kg &5 TRT

BFRFEIZBWNT, B3 41E L-on I TH IZHARTENWZ LRSIk > THREIC o 72
BHEI D ACES MR A FE D R R (37.8°) & 720, DV DEEZHND.

SO CAERNER ST D A A > R ENEEI L,

Rel ERTTHRK (556.8m/s) L72-7-. —J7, M 3.6 K OIRiRA

UGRFIL A7 34 &0 B NS & iE I JE B o R II = R X —DREPFLCT R L X — R
HKOESNER A FED K (47.8°) L 720, T DK 7L LTREITRL, =2 F—0i@iEs & LT
ENER T DA A v T HE D Rel Tk DEE ZFF-> T D . %< OFFEESLIHITHZIET

(574.5m/s) E7po7=. ©F VY, FHEEHOKEH X, R0 EZF0R Y B LEIEO R 72 F]
AN E 720, KERNEE RO A A 7 ) AN CEOREBHELZETH D L LT D (M,

VEBRAERESIZHH S BV RN R 5=, LaL, 1986 ; 4=, 1988 ; FfiL, 1992 ; Z&H:, 1999 ;
DV JRHEI T DRED A A > 73R E D e RAEIZ K X 72 Leigh and Yu, 2007). {73 4281 D kGO
EUVIIERD b o Tz, finAlx, Bl iz SS1 FmtE ol Lz

A RFITBNT, EAL3 AT L-off i HIE %12 SS2 Ry E T L, &kidis (B
REEI MR 2 ITAKEAME L,  L-on CT/F B DK 70.5°, %+ :61.3°) IZ3E L7-#%, L-on HiH>5 Rel
SRR E R (90.6°) L7V, FDH%AKFEN (o THD T 5 (a0 B LEE) &) R
BRITRI D AA 2 7 IREEDHENN L, Rel [ERT Tl K Lo b2 — v aoR Lz (K 10). —J5, il
(1324.8deg/s) & 7207, —J, H|RBFILNS BFELRREFOLASY =0, K34 E1F
J&3 T C 8 BAER O ACEAMR A FE BN R (37.1°) & HFE7p > T, JHILEETIX SS1 R gD
720, KN D AA 7T Rel RFIZ B HFELMITEIIN L C BN 3 4 OBF LD BV
K (615.8degls) & 72o7-7%, ZDOfEIFZENL 3 4 SO L-on i THRKERHA (52.2°) &720, £dD
LT EELIRVMETHST2. OF Y, %20 R LUBENBRA STV, BRETIT
TEFIZBWTH Y r®TFFRERC, B34 & H SS1 JajiE 2> 5 R-on U CRBIIIEML,
AT L CIIJE B OKEAMEA N e K & 72 SS2 JRIH TIXIEIE —E DIR#Lf ZHFF L 721212
LN > T2, BTl S &, & L-on {37 T Riaiis (49.9°) 720, o
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57 T

T-st R-off L-off R-on L-on Rel T-st R-off L-off R-on L-on  Rel
i POANH X4 I XY %S
DS SS1 DS SS1 NS SS2 | DV
1400 |-
— MEF — EREF
1200F --- Top3(FH) --- Top3 (Fty)
Top 3 R#ERE) Top 3 (B#ERZE)

DEFEEE (deg/s)

,
.
/
)
/
VA
i/ \
/ \
\
S
"
A\
. SR

(I
1.20 1.35
ENERERE ()
11 B3 BABLVHELLEFEEREFORTEHETOROEEREEL
BT XF
T-st R-off L-off R-on L-on Rel T-st R-off L-off R-on L-on Rel
1600 }\ $|ﬁ|- ?\ X 160(/)2 J x| ?: X S‘
DS SS1 NS SS2 | DV DS SS1 NS SS2 | DV
1400 1400
o — MLEF — EREF
50 1200 --- Top3 (:FH) 1200 --- Top3 (FH)
§ 1000 Top 3 (IR#ERE) 1000 Top 3 (1R#E(R
£
# 800 800
% 600 600
g 400 400
200 200
0F == : : :
1.48 0 0.30 0.60 0.90 1.20 1.35
B{ERERE ()

12 BREHM3BELVCALREF EEZRBEFORTEHEROEDEGRELEL

DR LEMENBIR SN, R T & 0L, BT B1-1% SS2 iy, i SS2 fRmm I B
3 410% L-on LART (SS2 BmiT4%) Mmoo EL KIS, £ OFRFENSEBIZ Rel IZ[A]1T T
BEXBIMA L TWADICK L, HADOWEFRIT B0 R LEMENRBE STz, 20 BT
L-on 520 K LEWEZ B L TV D &9 HOWEREIEE b EicT 5 L, EETEHAE
Thb. WOFEEEIZH D K 97 L-on TEMMIIC KL
% < OIFYEETI, SS2 R TLAKLHE U VE HKDZTHAICEZ I E LTV EIFE R
ROBIEIC L » TFPEE 20T ThRBROR <<, Lb il aiicsmnd 2 mm s a =
DEED L, L-on CHEEZHKLIZITHAIC LENEBIAE ORESUE, IERDFFEEDNE XLV
FRLTBLZEREETHD &EINTWD (N, LN RWEERTHD E VR D.
1973 ; &1, 1988 ; %%, 1990 ; &~ K5, 1991 ; DX D7 EAGERTF-HO®EEE, L-on RN
ZH, 1999). HHILIERT b ERGR T O R KIRin R O Rel (T[> CTHEHE AN S, fHFRE L
DEAITREERD L, BRBUDRIEEEDONH TNRT =< AEEODLBERO—D>THD L
RIZW->T-8ETH 7=, LoL, B AL 3 Ezbnb.
AR DRI O INIFIC NS [ETH Y,
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3.7 JB & B lalfEs

B BAL 3 4 OO JE OalE#RE L, NS J&
H2ND SS2 RIHAN:E TTORERTL2H0D
T EEMERIKAIC Rel EHTE THNLEET S
fEmN RS (K1), —J7, EoBREEE I
NS J& AT TR UK & 722> 712
/DL, B L-on ERHIDAMIZEIM L= (X 12).
B ORERIL, B AL 3 4 DIRGO SRR O
HEINAS, JH ORI E FE 2 | FIEHERF L7228 B[]
FEME 2 AMlcmb b 2 itk TEY &N
TWEZEARLTWS, —JF, MINEFITRs
A NHIIN U 7= e 5 O EE 288 L, B oo i
IR Z D K LN BIRIE—EDHEEHE-> T
Wiz, DFE D, MLERT b BAGRT TSRO
R TR S NCEWR R . 2RI L
T, BRBEFITL O BALET & REEWVITA
Lot Fiz, 10 R LEMEFT O DV f&m
WZBWTE EMEORIFEHE, B3 X OO A A 7
WEORRINELZHE L& 2 A, L-on TiE
B EMEDRIFEEEE AN EIF L CEm L, o [a]fEiE
FEAS L-on EAICHMAMIZEL, KT LB S L
FWCHDBEBEEENE LY, T OMKEAME T
Lbhod D &K FEWNER ST B OBED A A > 7N
KA %2 2 52 b &R Lz, MR TEEICER
DI EMEDRIEEMER L OO A A > JEifE
\EB) = R L X — OB N A b7

4. F&H

5511 [E SR RE FEiR s A R 0 B A R
JREEIZBT D EAL 8 44 & HARD M L EHESET
EERBFRT 2L, A Ny 7 L~UL i
FITBT B TEEMEEL ZRTEMEMT L 7.
T ORER, B E BN TR Tk e
DN, 2 CIIPEE L B mIcB VTR T
FLEk & ORNCAH B R IEOFBEERARD b, Z
NOEDOIWSEEIZ Ny L LOBRFEE RS &
L7 T Ll L7 fi a2 s LTz

FVEJD M BIS° Total O AR L OFRELOR
BEEEEL, BAM CTRE2EWVIIRD bR
7z

BT L ERFTIE, DV REICRBITSH
FEMEEMEICEVN R SN, KT HRTIESE HRT
\Z T L-on £ T/E B 2 K & < KPR &
W, OAA THEE L) & Tz,
KEpDIRIEA X, Bl HIZ NS /il CTHE Ol
B 2 (AT AHERF L 7228 & B oo [a] hig i % 20
WA Z LTS, SS2 BE i E Tlcia
RN RISE L, EHICE0 & LEMENBA S
Niz. ZhERLRY, HAROWZETT L-on 705
B R LEMEZBIME LTz, B BT 3 £ 0k
BIL, koS EONR L IXRL2EETH D
B,

5. BhYIC

AWFIETIE, EICFR~T 4 7 ABBLE B
By TV OPERTERTFONRT 4y —~<
ADFFUIZHOWT E & iz, R —iis T o M
WTEMEICIE, 2HETOREEONE & ITRA
HRER GO, AFEORERD, Bl Tois
WMOBRFEDKS R L—= T OMEE o
IEENTHD.

Xk

Py R (1992) B L@l DA FA D=7
B b B PR LR — JLAE PRt — . FARkE Lo
S, NERRENE, 33-53.

Dapena, J. (1993) New insights on discus throwing.
Track Technique 125: 3977-3983.

Gregor, R. J., Whiting, W. C., and McCoy, R. W.
(1985) Kinematic Analysis of Olympic Discus
Throwers. International Journal of  Sport
Biomechanics, 1:131-138.

A IRk (1988) #CEHEikam, MEHRT.
e LB R g AR, AARRE LigEod R, KME
fEENE, 187-234.

N (1986) MAEET O 7Y | #ES). AA
REFZETAALE, 16 : 96-100.

Leigh, S., and Yu, B. (2007) The associations of
selected technical parameters with discus throwing
performance : A cross-sectional stydy. Sports
Biomechanics, 6 (3) : 269-284.
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Biomechanical characteristics of each top eight athletes in
men and women hammer throw at the 11" World
Championships in Athletics OSAKA 2007.
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B 20km AR CRBITH A « AT - a X7 REE

Judgment of Loss of Contact
in Men's and Women's 20 km Race Walking Events

E BV, BEA BE?, ME ENY, K #XY

1) JOIRASZER R

Koji HOGA", Yasushi ENOMOTO?, Hirosuke KADONO?,

2) FESBERY  3) FEKFRTPE

Yuta SUZUKP®

1Ibaraki Prefectural University of Health Science, 2) Kyoto University of Education,
3) Graduate School of University of Tsukuba

1. [FL®HIC

Bie BiE O RANE, Bk 2 W g
FICHIE & BN e TR E | RN R O BERT 2>
SIEEDONMEIZRDETE 2T JITMOTVA
FHUER 5200 LTERELTWD (W
NBARRE FBEoE, 2007). ARXBIESICBT
LB OHENL, 18 2.5km L FTOEE = —2 F
(b CRLE SN2 54006 84 DA B
DHIRIC L » THEERBRADERICHEES LT
WAHNE I MEHIEL, 340 EOFH BN
DEFITIT D LHIE LT ix ks 22
EHHEHANCED BTV 5.

[EIFRpE FEiEod il T, 2002 4 X 0 BT
RCHEZAT O HEBAFENRO T v 7 2 1S
LTS UL £ TO 3 BRI T, FhEh
D Z 7 ORBROEPEHH 2 T OHIE EKIZ X
STHETHEIITR-TWAS. AV oy IR
it i T e SR LV O FE RSB S Tl
BT O L OVERBEH S (IRW]
International Race Walking Judge) D& 03HE 21T
W, UL EEREENE (ARWI : Area Race
Walking Judge) 1T KEEREFHE/R &) 7 L~L
DEESSE S ZHY L, Lyl | EEsEREE 8
IXENLAOEBEBHE S THEEITO L 91Tk
STWVW5D. &5, 2005 FEOMFIRFHE~L Y
VR REDBITBIMEETLSR O Xt Gt Has 4 it
RV OEBERESB XL ~L T L EoE
BR3EH B AVHIE 21T 9 KR E AR HE SO
KR, RT3 A i OHiff L
~E—EUEOL DRSO LI ICT A EE &
STW5A. LavL, 2005 FEOFURFHE~L
VERETIE, BLIFEH TOR 134 40 HIGH
W2kt L CEF28 4, F£72, 2007 FEOHFUETFHEKR
PR TIE D 138 4 D% LT 20 4
DREMNEELTEY, BINERKEST- S
REMERE S TR L RL RS A TY,
HBATHIR N AL E THIETHE R L » TR
EMRAZLERLTWS., 77, L-ULIID%E

OB THEZELT O B 2T FRTHE, 7 —1
KB TR EIZBoNTNWDEZ &G, D LX)
IRRBNZBWTEBEOHELZ b L CERELT
DT ENE, KRIC I B X D e HE SIS
DT T L, FHIEEOET 2 V72 T HDIT
LSO LB .

AT, 2007 FHIERFHERRKRKEDO B L
20km BARITEBWT, R — KEZ I ELA
BLIEBRFLERKERST-RFOEE O AE
1T7e\, EESBAEH B oY E e L i3 5
7O DI AHBTL Z LA B E LT,

2. A&
2.1 T—HXUUE

TSR BB T R & 20km i (5
+:2007 48 A 26 H, %1 :2007 48 H 31 H)
%, KO R ERE Bt 258 m L LTl B
FGICBET 5 RKIRMTRBEARNICHRE Sz
NEMERZEET S 18 2km OFFE = — 2T
1Tz, BELEFEENSH lkm OIS D =2 —
AW HRIEIZ 2 B D VIR B AT (F 60 7 4 —/L
F) #FBELTIREL, L—ZX&THICHE 3m,
it 4.5m, = S 2m O HTHIPH 2 72— R FIZERIT T
3 RJG DLT HED 7D Xy ) 7 L—3 3 %17
ST WEEE LTz =R ERE D e K IERR 221355 1
20km CiE X JEAE : 12.4mm, Y JEEE : 17.0mm, Z
JEAZ : 9.6mm T - 7=, L 20km Tik X JEHE
12.6mm, Y FEFE : 26.1mm, Z FEEE : 13.1lmm T&
277,
F1IHOhrxgE R UIZ. B& 20km OifE
HOANEEZED B, Kl — K& 1ELZT o
TR TENRENEN 24T 2T-2DT, V—VITH#EA
LB TFORFE L THEBRE S L. 72, B1
20km TIE 74, &+ 20km Tl 44BN h
KRG L 72 o128, 2D H BRAE & 72 D EATO Skm
Z L oEENENL A 8 NLLANTE © 7258 20km D 2
% & - 20km D 1 4 & RKEE OREFR & L TR
FL L. vk, 7o F T ARFEIIEERE
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Table 1

Men20km
Name Perez Fernandez Brugnetti
(ECU) (ESP) ATA)
Rank 1 2 DSQ
Year of birth 1974 1977 1976
Height (m) 1.74 1.73 1.75
Body mass (kg) 59 57 62
Race time 1:22°20”  1:22°40”
Personal best time 1:17°21”  1:17°22”  1:19°36”

WTEEBHE LV R — FE2Z) C— B
ooy, EFRFHBOEEIC L o TRIE N IE
& otz — Rz nol=zbo
L o7,

22 FT—HALE

1JEZ LTl Lz®FO VIR Bg» L, L
— ZFHED 4.5km D5 L— A D 18.5km 1ZH>
T COHMBTHITRIEETH » Tk H DHT 1
B A VO ERIN L, BRGFHIS 25 S0
BaToHA X LT, 2500 A 7 W{gITA Bz
W7 4 — 1 RIZX>TRHIL,DLT Ik » T
3R ITCFEIEAEIZHAH U=, 8T DA Db
WX, BEAERR Sy T & T o e JE O B A R E L
(Wells & Winter, 1980), Butterworth low-pass
digital filter ZHWNTITo 72, MW ER IS +
20km Tl X FEIZ A3 1.8-7.2Hz, Y FEAZ A 1.8-7.2Hz,
Z FEREDS 3.0-7.8Hz O#IPH T, %+ 20km TliE X
JEREDS 1.8-5.4Hz, Y JFEAEDS 1.8-5.4Hz, Z JEREN
3.6-54Hz ThH o 7-.

BR[IT (1996) D& (AR EMELRE A VTR
L7 OELOEEL S L0, HEE» 5 H
WEREDBEHTHETESTO 1 $470EL
T, 1A 7 VOO ELHE 2 AT &
L, v Fid 1 A 7 VCE LR %2 2 25 L
bODWEE Lz, AT A Rl ¥4 71
DELOKFEENZ 255 LD L L.

F 7, BEHORAICIT U — A PSS 0 i &
DOz Kb DL L THAZTERL T
D08 (MEEN BARRE EBiHEME, 2007), S
DL —ATIHFEHORIIRTITE X bNRWE
UNRE 7208 Tl ) S i & Al & O 5 FE SR R i
NRAETDHZENDD. 22T, HELFRE NP
B LUTESAITE, BRITO 1A 7Lz E b 50
DR & PRk LT D KRR O & 2
B0y LT b O % SRR, FESCRE R O RFfE & 2
HEHLTELORIELRRFRE LTHIH L. &6
(2, ZRFREIC I D EO O KR T RN %
255y Le b O % RiRRE, FESCRERmICET 5

Characteristics of the subjects

Women 20km
Tallent Platzer Feitor Saville
(AUS) (NOR)  (POR) (AUS)
DSQ 4 5 DSQ
1984 1972 1975 1974
1.78 1.76 1.60 1.64
60 57 51 53
1:31°24” 1:32°01”
1:21°25” 1:27°41” 1:27°55”

BEODOKERIB T IMENMNEZ 2 H5LizbDaIE
THPEREL U CEH L.

F72, T xS 20km BEA (EIT, 2005)
BLUOHRRFHE~L Y FRE (ETD, 2007)
DA KT a7 MHEICOVWTIRE S
TWa X5z, BHMTHoRER&TORE S ILe
AR KT a2y NEAEICEERETDHZ LD
ARFUNZIT DKWt G O IREER 3 Ko
2T — Z T OWTAT R Bl (R-off) 7> 54 e #2
# (R-on) FTOLRMBIEMORERZ 100%& L
THI L L, #BRE M Tl L7z,

2.3 HIERE R

AR OAREHE S T, BB HARIXL—AF
(BB LT o 1o, B R EOHED
R 2 I 2 DA HFLARRIZREER L, [H 4 D
BAARH B DR ARMKICTEA LB E RS, H
EDONE, HIEDORL 7 L%, bk X O
T IRICRS B DA PR ISR AT S
LTl o T\ D, BURERHISER AU, Bk
THRICHEEHRANCE S TITb A Hi#e, HIE
FERICXT 2 OERNH - 2 5H O E
B LTHWHN D (UEIEAN B ARRE i,
2007). ED7=8, BEARFEHIEF AT @
LLTLEEDDZ L BHAIK TRIZARNS
NHZENEN. TV vy s, HHREFE U
—)V N1y 770 EOEEHE S T, FHEREOK
£ & R LT B R R A ERF ST
DN A TH A= arOOboE LTHE
FENTND., KT, KEKTHICERERE
HHIHSEEZ (Race Walking Committee) X V) B
15 SNTHARFHIER R Z W CHIER R D4
a1t 72,

3. BRLER
3.1 HERERIZOWNT
<2 1%, BRI R SN HIER RO
IH, KBOWMED LD EE DL DTHD.
B 20km FEARCTUE, FEEIZS LV AETEN 0 0]
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Table 2
Men 20km

Perez  Fernandez Brugnetti
Name

(ECU)  (ESP) (ITA)
Number of cautions 0 1 3
Time of the first 67’ 20°

caution from the start

Number of red cards 0 0 3

Time of the first red

card from the start 32

Time of the third red

card from the start >3

T 2V F T ARFEN 1 EIEIEFEID R o0
DXL, TNh=x T 4BEFN3IME, XLk
EEFN 6 A&, Kk L 72 o T IBTF OIS DA
BNL ol Rl — RIZOWTIE, L AREF,
TP T ARTLE BT 1 BEILZTTW R
ST FRICHLT, ==y T 4 BFEITIL—
AFHEDA S — & 32 712 1 [BIH DRI — K%
=TT, 58 32 3 BMIHDRI — K& TR
e, ZLrv M@EFEEFIAZ— b 30 5&IC 1
BIH DR — RE5%ZIFT, 64 432 3 [aHDHRY
— REZIT TR L o T, F7-, Kk L7
ST 2EFIZFNFNL—RFED 20 4312 1 [H]
HOEEZZT T, FIE TITRIE L o Tz,

T 20km AT, Ly Yy —RFIIER
Z3MZTTWEbLDD, 7oA b—LEFT ]
Bl ZT TR o Tz, KiE L 7e oo T 1 Lk
FIXEEZR I EEZIT W B — Rz oy,
Ty —EE, TxA b= EELHIT I
Bl ZT TWRMDo 2R, 7 4 LRFT L —R
FEDAF — % 47 3 1 EEORD— a5
F721%, 49 /32 3 B H ORI — K& 1T TR
Elpotz. Fiz, 1 EHOEEZEF 20km & A
FEICL— AR D 2 H — ’E 17 SIS T
7-.

F70, BIITRLTWARWD, NEHOHES
HT 5 &, B 20km BAAO NEFE I L TT
1A HOEEIZASY — ME 1255006 67 43 ORIZ
HEh, 1RIBORT— RiX24 50056 74 53T
DORIZH ENTWD. —J7, &L 20km 54 T,
LA H OEBEIZA X — Mg 115026 34 45 DOREIC
HEi, 1EBEORI— X 23505860 ET
DOICHENTWS. 2D, NEBENIZW
NHEIE RS TR FICHTHEREB LORY
— RRRIE LR B R o RTFIHTHHO L
DHBRVWEBETHISNTWEZE W) biF Tk
Motz b,

32 BTHEE, BEvF, ARTA RIZHONT

Tallent
(AUS)

Judgment for the subjects

Women 20km
Platzer Feitor Saville
(NOR) (POR) (AUS)
3 0 3
34 17
0 0 4
47
49’

3L, KO HTRIGE DFHTHLRIZ B T 5
BATHE, vTF, ARTIA RERLEZDLODT,
1 BOWE] % SCRFIREIE] & FE SRR A1), A B
T A NIZOWTIISHFFREE, FE3RFREEIC 010 C
R~LTz.

B 20km HEATIE, KL Rofc 7 N=x v
T A RTPERRWT L — Al CHEAEMIT KR
ANETHER SN2, XU A, Tz )V F T A,
Z Ly FEFEIL— R TOONT &R0 Tz.

BATHEICOWTIE, R ART (4.34m/F),
15.61km/fE) & 7 =L o F 2AEF 43T/,
15.72km/f) KV R L Inolo X L NiF
(4.40m/FP, 15.83km/IFF) DI B EM-T20%, 7
=z T EF (4.12m/s, 14.84km/FFFD) 1T L
— AL AN — R L ol L — AR
BETOHNTE IR oT2728, fhod 3B FE LY HED
277,

EwTF, AT A RIZOWTIEERE L 25720
ST BT LI L 72 o 12 2R TF-OM T E
WA DIV o T WA HiE & BfEd D FESCRE
BEIC WL, RUARF L 7 2L T A%
FIL0.033 W THH1=D, kLo 2EFD
BTNy T A FX0033 e RE L7225
RN BRT LRI THATZDOIIXTL, # L2 b
T 0.06 BEEN-T-. £, FEEIEEEC
DNWTIE, FEFFRE A KB LT, N RA®F
(0.15m), 7 =/ F T AEFE (0.15m) &7
—x v T 4FETF (0.14m) 1 TIFEALEFLUTH-
7223, Z L2 hEFE (027Tm) ZEN-T.

- 20km HEATIE, BRB LI =AXF T &F
W2t < SRR N NERIZ 72 » T2 T2 D BTt 5
DIHDETTL—AFBETOoHTE o7, L
DL, ORISR E L2 38 F & b B DA T
Mri7-728, BITEEITI 3 BFEL RIS EARY,
Ty —EE 3.6Tm/F, 13.20km/Bf) 23
HEL, KNWT T =A b—/EFE 372/,
13.39kn/B§) T, Y7 ¢ JLIETF (3.74m/F), 13.45km/
B N bEnolz. EyF, A RTA RiZon
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Table 3

Men 20km

Perez
Name

(ECU) (ESP) (ITA)

Analysed posision 18.5km  18.5km  4.5km
Walking speed (m/sec) 4.34 4.37 4.12
Step frequency (Hz)  3.56 3.33 3.33

Support time (sec)  0.25 0.267 0.267

Flight time (sec) 0.033 0.033 0.033
Step length (m) 1.23 1.31 1.24
Support distance (m)  1.08 1.16 1.10
Flight distance (m) 0.15 0.15 0.14

TIEE 7 20km & [FERICKIK &R B e 7z 2 8
F LR L RS> TBRFEORICHMBERENIT A D
Nieimo oy, IEXFFRFFIZ OV T, Ly
7 —#&F (0017F) &7 =4 F—/EF (0.017
TR LT, R L Ao T2 T ¢ LERTT 0.033
WLkt BEIV LENST-. F
7o, FEXFERECOWTIE, B 20km & FEEIC
EXEHEMAEKM®RL T, LYy —EF

(0.06m), 7=A F—/AETF (0.06m) (ZIFL A
FRILTH-T=DIZRL, T 4 /LT (0.13m)
TR o Tz,

A THM LT- B+ 20km OEERE TIE, £
ER BN BT OIEL RIS & 72 o
FRFEOLD LY LD -T2, Knicker & Loch

(1990) 1%, AWIRIC LA R« FT e av X7k
HIEDORIL 0.04 B THD E Vo HEEITV,
F72, 7T 3 HERS A 20km BARICBIT A A XY
2 OFELEFERENL, 0.01 D 0.05 BETo
fipHCTH o7 (EIC &ML, 2006). LovL, A
TN LT RRE I NS BITIFR TREN
ToRBG LR BRI TR T L0 b I ERRER A
EVWBETLALN, £/, HUETHE~ L X
RENZBT D00 THREERERNHRE ST
W5 (JEILH, 2007). AR THHT LIZKEH T
I, B 20km (81T 5 ¥ L2 MiRTIIIEERRE
I3 0.06 BEENST-HDOD, Th=xvT 4
BPIF0.033 R L Do’ T LA
THY, £, LT 20km TEE LIZT T 1 L3
FIT 0033 HTLIO2IET (FLyYy—, 7
= F—) TV HEENPSTZHDOD, BHTHRE
LBl ol BT LR U THoTZ. TD2D,
INETOORFT e arky MEEICET S
STE LR C X 91 JEEs, 2004, 2007 ; 14
JC, 2005), EEEOB R - AT - ar Xy MNEE
X, FEXFHRORESZEEL T L0 TIERL,
TR AT earHr EmyRIRTHRB LT

Fernandez Brugnetti

Walking speed, step frequency and step length of the subjects

Women 20km

Tallent Platzer Feitor Saville
(AUS) (NOR) (POR) (AUS)
14.5km 10.5km 8.5km 12.5km
4.40 3.67 3.72 3.74
3.53 3.33 3.43 343
0.225 0.283 0.275 0.258
0.06 0.017 0.017 0.033
1.24 1.10 1.08 1.09
0.98 1.04 1.02 0.96
0.27 0.06 0.06 0.13

WHET 7 #— A L TIThn Tz B 25
nos.

3.3 [EIE A O HE 2B O & O ZEBIZ D0
T

X 11351 20km (2351 B KT R RE O 4
Bt D2 v %, AR B & 4 R B E TORE
4 100%& L CHMSL L= REEMIC SN T
"L DOThHD.

B 20km B O TR TOSHRRE TH LB
S REIER 20% £ TF (B11E) OB
Him e L7-tk, [EIEH 70-80% £ THIM L T
FEEEE CHOG (B1HE) MBS & 235 LT
W2 RGBT - RV RAEFEL T 2 L)
VT AT, AREERASERTE (B1E) I
B SN R E oI =y T &R, ¥
Ly MEFLY BN T

EIT S (2007) 1, 20054512 B & 7=k Sie
B HOEFHEA LY KD B L 20kmii A D
TR AT a7 NEATEDGHT ZARHRER T
KO BN ANEEZE TR — REZ T e 7o
F &, EVERICW 2R LM 7o T2 EFEDL
B L > TITo T 5. BF20kmTlE, AL
AR EHEERAE O @ S TRIE L 2 B2 Do
TR T LR L 7o TR TOEVHERIZN, [H
IR OB RIS Tz, LavL, K
TR L2007 KIRK S TRIE L Ip o T2 BT
IR R NG E S TRV N - R AN SR A/ el
BELY G EDo . EHEERERE TIE, EERBARE
HEOBRICEL TR A A7« a %7 Mo
DRAENGEDNDT-OEE L CERT & B
L LTHEEMEEDIEDE SICHOWTHFH L T
W5 (BN B AR EBEOERE, 2005). L7z
MNoT, MITRLEEIICT N2 T 4 EF
L Ly MERFORIE R EIE AR T
NRUABFL T2V ST ARFELID bED-o
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Figure 1

el 2O XD REFHERICBIT SRR A
KML7-bDEEZHND.

X 2 13 &+ 20km (235 1T B & oW E O
NEEDOEAE, IR DA R E TR
% 100% & L CTHIRAL L7=AG 2 EEBIZ W T
RLIZHDT, 340HEREDI L, Ly y
—EFEN 1.76m &, 7x=A b—/LETFE (1.60m),
P4 ETFE (1.64m) LD L EP-T2720, %
WhREOHE TR LIZEOE/IIZONTH KO
TEIZ R LTz,

e+ 20km AR THOMT LT2 2 4 OWEERE O 7
T B DA R FER 20% £ T ([9118)
D3 & BRI L7=%%, [BIHEH] 70% F Tk
LTS, AEEME Thdch (1) W
D& EED U CHE L TN, ek & A B 7
Mol T Ly y—RPLRELERoT-V T o
NWRTFEILET DL, T 0 VETOHETERL
ToAEV, [BIE HEEH s S RIE R 50% E TIE 7 L >
Vr—RELYHERENST. F, VoA b—
WRFLH T 4 VBFOYE TR LI-EA g
95 &, [aIE g S [BIIE ] 20% F TIXRI C <
HVDOREXITH 7208, [FIEH 20%0 5 A1
Bk ClE, YU A VRFO TN RE T2

HEIE S (2007) 18X D 2005 HEA~LY L FRE
- 20km B OHESHTTIX, Kbk & 72 B0
STZERTF LM & T o TR F OE X EE
ORI E O SIZEN, Kk & ol
FINEBEREN ST EHE LTS AR
B DRI & 72 o TR TN, BHEHIRTEES L O
TR R DM o 2B REL Y L E &N
EMNo=, e (2004) O B AENOARG
HBEIHRICBIT AR R AT a2 NHES

Height of the recovery knee during the normalized recovery phase

Brcix, EIE%EICEEEES S &<, i
BHANWCE FT2L 2@ s2 LA ICEe
AReF T ear By NOBELEEZITTNDILE
WAL TW5S, £7-, SEHETcEERZEE2 B
O FICHAHT L B X I X 47 - a ¥
7 NREORENEDND LD E LT, B
BOM T KICEE L TERTREFHE S
TWD. L, [BIE RGO RIS 2
BWESICbR AR AT a2 RRFELT
WD EWIHIENTHOILLT WV E W) MG BT
b TnWad (£, 2005). L7~ T, AT
I L= o VRTI, [BIE AT & o
5 CREIEM N E @R E -T2 & T, AT
RN T 28 N EAREHE X v |
LT oW EEZLNS.

4, F&o

A TIL, 2005 FHFRFHE~LT T RE
(B H, 2007) (25| &k, 2007 45T
MERPR KRS D B4 20km BiARIZBWT, R/ — K
EZITTIC EMABE LT EF LR Lo
FOEIE DOl AITo 2.

LY R RETIHAEITL S, 2007), B 7 20km
TIXEHE RO EE MBI &2, &7 20km
TIXEE & D REIE R 2 & @I R & 7o
TPBEFLERERDRNSOTERFOENNEN
7 KB THI LI~y R RE LY HE VD
HN-RENR~L Y o RELID L ENS 2D,
B CIEEIEM OB &I, & TlEhn b &
\EWNRENTZ. RIRKE THEEITo 7250 B
DB, ~NNYVUFRETHREEIT > TV
BlX14DHRThHhoT-Z¢MBEZXDLHE, ZDOXK
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Figure 2

Height of the recovery heel (upper ) and heel height divided

by the body height during the normalized recovery phase

INCRAEE ERIG LRSS TR TFOENH
ToEAED A~V FRE ERIRKRETRICTH
o7 Z LiX, 2 REOFAFH B O ELAEIZIT
KERBWNIRNST2EEZDIENTED.
2002 FE X V1T STV A EEEREHE BRI E I
EREBiH S THIE 21T ) BB OB E/K Y,
HELREDIZLSZ AN LEIETDHD
THOTEN, K THALNT- KO IZE R HHE
(& o THHEMEECHEEN A DT 2 LI,
BOBREHIB OB E R T2 L PIFTRL, B
RBREEOUEL TG LD EEZDZ LN
T 5.

BEXH
BT R (1996) AARNNPEL LT A —
OB ARE 7 IEMEAR %L, Japanese Journal of Sports
Sciences, 15 (3), 155-162.
{EICRE - A2 IE - il B - BTTIE@ R (2004)
WA DBIRATEIZ T D8 A AT =27 AR5y
Br -5 42 [ml4 A AR KR S+ 20km B
DY ER R -, HARFERER-Z B TR
[ gtk OEFRFFY R — MMfFJE REPORTS, 3
(1), 53-59.
HEITHET (2005) B R« AT« a7 FOHE
GIMT B AT sz, H kR Biit, 39 (6), 160-162.
EICHE, PR (2006) J)5) L % —F)
HoOEMENORTTTAY vy 7 B
20km BANCBIT DALY A K EHARANERFOL
W b BB SEACE, 2, 38-46.
IETCHE ., R NBERER, A2 HIER, FTiTiE R (2007)
SRR FiHGER T~ L o v R 42 20km it
BRI DRAR AT~ ar s MHE. AAREE
B EERE R 7, 6 (supplement), 11-16.
Knicker, A. and Loch, M. (1990) Race walking
technique and judging the final report of the
international athletic foundation research project,
New Studies in Athletics, 5 (3) , 7-9.
Wells, R. P. and Winter, D.A. (1980) Assessment of
signal and noise in the kinematics of normal,

pathological and sporting gaits, Human Locomotion I,
92-93.

WFEHYE N B AR RE EBtEOE Y (2005) B Ewid N>
K7 7 2005~2006 Fhi, &VHIRR B,
MEVEN B ARRE EiEaEE (2007) FE E@ifir—
JL T 7 2007 FERR, HUNVHAR ;- B

=217~



Analysis of speed patterns in 100-m sprints

A.Matsuo ", H. Tsuchie 2, T. Yanagiya >, R. Hirokawa ¥, M. Sugita >, M. Ae ©

1) Japan Institute of Sports Sciences, 2) Jyosai University, 3) Juntendo University,
4) Hokkaido Tokai University, 5) Mie University, 6) Tsukuba University

Abstract

The running speed of men’s and women’s 100-m sprintes, including Tyson Gay (USA), Asafa Powell (JAM) and
Veronica Campbell (JAM), at the 11th IAAF Athletic Championships in OSAKA were measued by using laser
beam apparatus (LAVEG Sport, JENOPTIK, Germany). The purpose of this brief report was to investigate
changes in running speed during the 100-m races and to provide information a sprint training.  The highest speed of
Gay (USA), who won the men’s 100-m, and Powell (JAM) was 11.83 m/s and 11.79 m/s, respectively, and the rate
of decrease in speed was 2.2% for Gay and 8.1% for Powell. However, their top speed was slower than that of Carl
Lewis at the 3rd IAAF World Championships in Tokyo (12.05m/s, 9.86s of previous WR).  In women, the highest
speed attained by Campbell (JAM) was 10.56m/s and the rate of decrease in speed was 9.6%. The correlational
coefficient between the top speed and goal time was -0.933 for men (p < 0.0001) and -0.962 for women (p < 0.0001).
The rate of decrease in speed ranging from 2% to 13% has a small effect on the goal time. However, it may influence

the ranking of the races of both the men's and women's.

1. Introduction

Tyson Gay (USA) won the 100-m world title for men in
9.85 s, followed by Derrick Atkins (BAH) who won the
second rank in 9.91s, with world record holder Asafa
Powell (JAM) attaining the third position. Powell led the
run from the start to a distance of 60 m; however, after
60~70 m, his speed decreased suddenly. Taking the
same time of 11.01 s, Veronica Campbell (JAM) defeated
the defending champion Lauryn Williams (USA).

In 100-m races, the important factors comprise the
acceleration from the start to the top speed, the top speed,
and the decrease in speed just before the goal.  Analysing
100-m races of the world championship will provide

extremely important data for planning the training strategy

inasprint. The speed analyses of 100-m races were
conducted by using video cameras or measuring
instruments with the laser beam method.  This method
could measure the running speed from start to finish with a
sampling rate of 100 Hz, although we had employed this
method for evaluating the speed of the sprinters during

100-m races.

2. Method

In this study, the apparatus using the laser beam (LAVEG
Sport, JENOPTIK, Germany) was employed for
measuring the running speed.  The error of measurement
of this device is 7 cm, and the safety of the laser beam is
categorised as class 1 by the safety standard. In this
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Figure 1. Setting the 5 lavegs in seat in stand.

study, we positioned the five apparatuses at 64~68 m
before the start line and 22~24 m above ground level
(Figure 1). 'We measured the running speeds during
sprinting for all races of men and women, from the first to
the final round.  In each race, five sprinters were selected
based on their best performance in the daily programme.
The measurement tools were positioned at the top of the

stand behind the 100-m lanes such that different noises

remained in the data, affected by the tilting movement of
the device, particularly from the start to a distance of 40 m.
These noises were removed by the spine interpolation;
other noises  were removed by the 1-Hz low pass
Butterworth digital filter. Using filtered data, the elapsed
time of 10 m from the start to the goal was calculated
using the distances-time curves data. From the elapsed
time, we calculated the running speed at each interval, the
top speed and the rate of the decrease in speed from the
top to the last speed, i.e. from 90 mto 100 m. The

official results were used in the goal and reaction times.

3. Results

The measuring objects included 75 examples from the first
to the final round; we obtained the data of 63 samples for
men, with the goal time ranging from 9.85 s to 10.46 s,
and the data of 71 samples for women, with the goal time

ranging from 10.99 sto 11.98 s.  In our opinion, the data

Tabel 1. Reaction time, Goal time, top speed, percent of decrease in speed, elapsed time, speed, %max in 100m finals of men and women.

Men 100m Final (Wind;-0.5m/s)

- %Decrease
rankname reactio  goal  fop - top in Distance(m) 10 20 30 40 50 60 70 80 90 100
ntime time speed distance speed
s s m/s m %
1 Tyson Gay 0.143 985 11.83 65 2.2 |elapsed time (s) 1.90 294 3.86 4.73 5.59 6.44 7.28 813 899 9.85
USA 5.25 9.70 1083 1142 1172 1179 1183  11.80  11.67 1157
% maxspeed 444 820 916 966 990 997  100.0 99.7 987 97.8
2 Derrick Atkins 0137 991 1174 55 1.8 |elapsedtime(s) 1.8 293 387 475 562 647 732 818 9.04 9.91
BAH _speed(m/s) 528  9.65 1069 1126 1157 1174 1171 1170 1158  11.53
% maxspeed 450 822  91.1 959 986  100.0 99.7 997 987 98.2
3 Asafa Powell 0.145 9.96 1179 55 8.1 |elapsedtme(s)  1.88 291 383 471 557 642 729 816 9.04 9.96
JAM 531 973 1083  11.38 1167 1179 1151  11.51  11.34 10.84
% max speed 45.1 82.5 91.8 96.6 99.0 100.0 97.7 97.6 962 919
5 Churandy Martina 0.180 10.08 11.67 65 2.6 [elapsedtme(s) 1.98  3.03 398 48 575 662 747 834 920  10.08
AHO 505 949 1062  11.09 1142 11.58 1167  11.60  11.56_ 11.37
% max speed 43.3 81.3 91.0 95.0 97.8 99.2 100.0 994 99.0 974
6 Marlon Devonish ~ 0.149 10.14 11.48 65 3.9 |elapsed time (s) 1.96 3.00 3.95 4.85 573 6.61 7.48 836 9.23 10.14
GBR 5.11 9.60 1052 11.09 1131 1142 1148 1137 1142 11.03
% maxspeed 446 837 917 967 986 995  100.0 99.1 995  96.1
Women 100m final (Wind;-0.2m/s), & best time(Wind;-0.1m/s)
. %Decrease
rankname reactio  goal  fop - top in | Distance (m) 10 20 30 40 50 60 70 80 90 100
ntime time speed distance gpeed
s s m's m %
1 Veronica Campbell ~ 0.167 11.01  10.56 55 9.3 |elapsed time (s) 2,01 314 415 5.11 6.07 7.02 7.97 896  9.97 11.01
JAM _speed(m/s)  4.97 8.84 9.96 1036 1046 1056 1045 1012 994 958
% max speed 47.1 83.7 94.3 98.0 99.0 1000 989 95.8 941 907
2 Lauryn Williams 0.145 1101 1040 45 6.1 |elapsed time (s) 2,01 313 413 5.10 6.06 7.03 8.00 898  9.99 11.01
USA 4.97 8.97 9.95 1032 1040 1037 1035 1014 995 976
% max  47.8 86.2 95.7 99.3 1000 99.7 995 975 957 939
4 Torr Edwards 0141 1105 1045 45 7.3 |elapsed time (s) 2.00 312 415 512 6.08 7.04 8.01 900  10.02 11.05
USA 5.01 8.87 9.78 1025 1045 1042 1034 1006 984  9.68
% max  47.9 84.9 936 98.1 1000 997 98.9 96.2 942 927
5 Kim Gevaert 0143 11.05  10.32 55 6.9 |elapsed time (s) 1.98 3.10 411 5.10 6.08 7.04 8.02 901 10.01 11.05
BEL _speed(m/s)  5.06 8.92 9.86 1008 1030 1032 1028 1012 997 961
%max __ 49.0 86.4 95.6 97.6 99.8 1000 996 98.0 9.6 931
6 Christine Arron 0164 11.08  10.41 45 79  |elapsed time (s) 2.03 3.15 416 513 6.09 7.06 8.03 902 10.04 11.08
FRA _speed(m/s)  4.93 8.95 9.84 10.30 1041 1041 1029 1004 9.86 959
% max _ 47.3 85.9 94.5 98.9 1000 1000 988 9.4 947 921
SF Veronica Campbell ~ 0.144 10.99 1046 55 95 [elapsed time () 2,00 342 412 5.10 6.07 7.02 7.98 896  9.93 10.99
JAM _speed(m/s) 4.99 8.94 9.98 10211037 1046 1039 1030 1022 947
% max  47.7 85.4 95.5 976 99.1 1000 994 98.5 o7.7 905
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Figure 2. Speed changes in top 3 sprinter at men’s 100m final

loss occurred when the runner did not begin and qualify
and when the laser light beam was unable to follow the
runners because the device was positioned high on the
stand.

Goal time, top speed, the appeared distance of the top
speed, the reaction time at the start, the elapsed time of 10
m, the speed of a 10-m interval, the rate of decrease in
speed from the top to the speed of the last interval of every
man and woman were recorded in table 1.  These data
represented the data of the 1st, 2nd, 3rd, 5th, and 6th
ranked male runners and the 1st, 2nd, 4th, 5th, and 6th
ranked female runners and the time of 10.99 s at their
semi-final. The maximum top speed attained by Gay
(USA) over a distance of 60—70 m is 11.83 m/s; he was
followed by Powell who ranked 3rd with a speed of 11.79
m/s. Lewis (USA) whose goal time was 9.86 s recorded
a top speed of 12.05 m/s in the men’s 100-m final at the
third IAAF World Championships in Tokyo in 1991.
Thus, Gay’s top speed was 0.22 m/s slower than that of
Lewis. With regard to the women's championship,

Campbell (JAM) who attained the 1st position in the final

was the fastest with a speed of 10.56 nv/s, followed by
Williams (US) who ranked 2nd with a speed of 10.45 m/s.
The changes in the speed of the top three male sprinters
have been recorded in figure 2.  From the start to a
distance of 60 m, the tendency of changes in speed in Gay
and Powell almost exhibited an identical pattern; however,
after covering a distance of 60 m, the speed of Powell
decreased suddenly. On the other hand, after this point,
Gay maintained his speed at the same level, and decreased
it slightly just before the goal. The percentage of the
decrease in speed was 2.2% in Gay and 8.1% in Powell.
Figure 3 presents the changes in the speed of the top two
female sprinters.  Taking the same time, Campbell
defeated the defending champion Williams and attained a
top speed of 10.56 nv/s in the distance from 50 m to 60 m;
however, after this point, her speed decreased. The top
speed of Williams who ranked second was lower than that
of Campbell by 10.40 m/s. However, William’s
acceleration at the start and the ability of maintaining her
speed was higher than that of Campbell.  Thus, during
the distance from 70 m to the goal, the speed of Williams
was higher than that of Campbell.
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Figure 3. Speed changes in top 3 sprinter at women’s 100m final

Figure 4 presents the relationship among the top speed, the
elapsed time of 30 m, the percentage of decrease in speed
and the goal time. M represents men, W represents
women, JPN is the data collected in Japan which includes
the data of the international events held in Japan and 07
Osaka represents the present world championship in
athletics.  Among men, the range of the goal time in 101
samples of JPN was from 9.95 s (Gatlin; USA, 2006) to
10.91 s; among women, the range of the goal time in 106
samples was from 11.05 s (Felix; USA, 2005) to 12.89 s.
The top speed and the goal time were inversely related,
and significant statistical correlations existed for any group
(M-07 Osaka=-0.933, M-JPN =-0.959, W-07 Osaka =
—0.962, W-JPN =-0.974, p<0.0001). It has been
demonstrated that in 100-m races, the higher the top speed,
the better is the performance. In any group, the elapsed
time at 30 m was also statistically related to the goal time.
The correlation coefficients were from 0.555 to 0.809,
which were lower than the relationship of the top speed

with the goal time.

The rate of decrease in speed had been distributed in the
range of 2% to 13% in all groups. When we observe the
decrease rate of the speed and goal time in each group, we
find that there was a positive relation in M-JPN and a
negative relation in W-07 Osaka with statistically
significant p < (.05, and that in the other group, they had
no relationship between them.  From these results, it was
suggested that there was a small effect of maintaining
speed to the goal on a 100-m sprint performance.  This is
the one of the factors that did not result in any relationship
between the goal time and the percentage of the decrease

in speed.

4. Conclusion

We obtained the extremely important data for 100-m
sprinting in men (63 samples) and women (71 samples) in
the 11th TAAF World Championships in Osaka.

The highest speed of Gay (USA), who won the men’s
100-m finals, was evaluated to be 11.83 m/s and the rate of
decrease in speed was evaluated to be 2.2%. In women,
the highest speed attained by Campbell (JAM) was
10.56m/s and the rate of decrease in speed was 9.6%.
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Statistically significant relationships exist between the top
speed and goal time in men (r = 0.933, p <0.0001) and
women (r = 0.962, p <0.0001).

The value of the rate of decrease in speed distributed from
2% to 13% has a small effect on the goal time; however, it
affects the ranking in each race, for example, in both the

men's and women's finals.
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Mid-phase sprinting movements of Tyson Gay and Asafa Powell in the 100-m race
during the 2007 IAAF World Championships in Athletics
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Abstract

In the present study, the running movements of Tyson Gay (9.85 seconds) and Asafa Powell (9.96 seconds)
who finished first and third, respectively, in the 2007 IAAF World Championships in Athletics were
analyzed. Their data were compared to past data (Ito et al., 1998) in order to determine the characteristics
of both sprinters. Maximal sprint running velocity was 11.85 m/s for Gay and 11.88 m/s for Powell. For
Gay and Powell, step frequency was 4.90 and 4.96 steps/s, respectively, and step length was 2.42 and 2.40
m, respectively. According to Ito et al. (1998), sprint running velocity is not related to maximum thigh
angle “high knee”, but the faster the sprint running velocity, the greater the minimum knee angle. The
maximum thigh angle for Gay and Powell was comparable at 65° and 70°, and the minimum knee angle for
Gay and Powell was 41° and 38°, respectively, and these numbers were similar to the data obtained by Ito
et al. (1998). The horizontal distance from the toe at the point of landing to the center of gravity for the two
sprinters was 0.31 m, and this number is comparable to that for sprinters who run 100 meters in 11 seconds
(Fukuda and Ito, 2004). Therefore, it is not necessarily good to land immediately underneath the center of
gravity when landing. In support leg movements, an interesting finding was seen with maximum knee
extension velocity for Gay and Powell. During landing, the knee joint of both sprinters always remained
bent, and when acceleration force was expressed during the later half of the support phase, the extension
velocity had a negative value: -50 degrees/s for Gay and -68 degrees/s for Powell.

Training guidance that attempts to increase sprint running velocity by reducing the deceleration
associated with landing must be reexamined because the landing distance for Gay and Powell is
comparable to that of sprinters who run 100 m in 11 seconds. What is important here is that Gay and Powell
continue to bend the knee of the support leg during the support phase, and training guidance that instructs

sprinters to actively extend the knee and ankle joints of the support leg must be reevaluated.

1. Introduction

While the 100-m sprint is a simple sport,
it requires athletes to compete by running at top
speed, and the winner of the 100-m sprint receives
the greatest accolades in track and field. In order to
run the 100-m sprint with good results, fast

reaction time after the start signal and acceleration

after the start are important, but the most important
element is maximum sprint running velocity.
World-class sprinters reach their maximum sprint
running velocity in about 70-80 m (Ae and Ito,
1992), and the maximum sprint running velocity of
sprinters who run 100 m in less than 10 seconds is

>11.8 m/s (Ito et al., 1998). Fast sprint running
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requires a strong body and efficient running
movements.

In the present study, the running
movements of Tyson Gay (9.85 seconds) and Asafa
Powell (9.96 seconds) who finished first and third,
respectively, in the 2007 IAAF World
Championships in Athletics were analyzed while
they were running at top speed in the final race.
Their data were compared to past data (Ito et al.,
1998) in order to determine the characteristics of

both sprinters.

2. Methods

During the final race for the men's
100-m sprint event during the 2007 IAAF World
Championships in Athletics, two high-speed video
cameras (Phantom v4, Vision Research Inc, USA)
were placed at the highest row of the spectator
stands on the start line and on the finish line in
order to capture Tyson Gay and Asafa Powell at
the 60-m mark. The two cameras were
synchronized and captured images at 100 Hz.
Using motion analysis software (DKH, Tokyo,
Japan), the two-dimensional coordinates of 24
body points were scanned at 100 fps, and the direct
linear transformation method (DLT) was used to
calculate three-dimensional coordinates where the
x-axis was the direction of sprinting, the y-axis the
vertical direction perpendicular to the ground, and
the z-axis was the horizontal line parallel to the
between calculated

starting line. The error

three-dimensional coordinates and the actual
values of the calibration points in the x, y and
z-axis directions was 0.005 m, 0.005 m and
0.005 m, respectively. The three-dimensional
coordinates were subjected to smoothing at 7 Hz

using the Butterworth method.

For comparison, data accumulated from

men's 100-m sprint events in international
competitions and official Japanese track and field
meets were used. Of our previous data, the best
sprint record was the 9.86 seconds that Carl Lewis
ran at the 1991 TAAF World Championships in

Athletics in Tokyo.

3. Results and Discussion
Step frequency and step length

Sprint running velocity was determined
based on the distance covered by the center of
gravity over two steps, and sprint running velocity
at the measurement point was 11.85 m/s for Gay
and 11.88 m/s for Powell. Figure 1 shows the
relationships among sprint running velocity, step
frequency and step length. According to past data
(Ito et al., 1998), the faster the sprint running
velocity, the greater the step frequency and the
larger the step length. For Gay and Powell, step
frequency was 4.90 and 4.96 steps/s, respectively,
and step length was 2.42 and 2.40 m, respectively,
and these numbers mostly agreed with past data.
Gay is 1.83 m tall and Powell is 1.90 m tall, and
the step length to height ratio for Gay and Powell
is 1.32 and 1.26, respectively. Hence, while Gay is
a step-length type sprinter, Powell is a
step-frequency type sprinter. When Carl Lewis set
the world record of 9.86 seconds in 1991, step
frequency was 4.67 steps/s, step length 2.53 m and

step length-to-height ratio 1.35 (Ito et al., 1994).

Recovery leg movements
Leg movements during the recovery
phase when the support leg leaves the ground and

then the leg is moved forward were analyzed in
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Figure 1. Relationships among sprint running velocity, step frequency and step

length.

terms of maximum thigh angle (maximum angle
formed by the thigh and the vertical line),
minimum knee angle, and maximum leg angle
(maximum angle formed by the vertical line and
the line connecting the hip joint and the lateral
malleolus) (Figure 2). According to Ito et al.
(1998), sprint running velocity is not related to
maximum thigh angle and maximum leg angle, but
the faster the sprint running velocity, the greater
the minimum knee angle. The maximum thigh
angle for Gay and Powell was comparable at 65°
and 70°, and these numbers were similar to the
data obtained by Ito et al. (1998). The minimum
knee angle for Gay and Powell was 41° and 38°,
respectively, and these numbers were comparable
to past data. The maximum leg angle for both
sprinters was 34°, and this number was similar to
the data obtained by Ito et al. (1998). Although the
technique of the two sprinters appeared different to

the naked eye, there were no

marked differences in the parameters

measured in the present study. In other words, both
sprinters moved their legs forward without
excessively raising the thigh, thus resulting in
relatively low knee height. The horizontal distance
from the toe at the point of landing to the center of
gravity (this relates to the maximum leg angle) for
the two sprinters was 0.31 m, and this number is
comparable to that for sprinters who run 100
meters in 11 seconds (Fukuda and Ito, 2004).
Therefore, it is not necessarily good to land
immediately underneath the center of gravity when

landing.

Support leg movements

In the present study, the driving
movements of the support leg were analyzed in
terms of the maximum extension velocity of the
hip, knee and ankle joints of the support leg during

landing (Figure 3). Ito et al. (1998)
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Figure 2 Relationships among sprint running velocity and recovery leg movements

reported that while fast sprinters exhibited fast hip
extension and slow knee extension, the maximum
ankle extension velocity did not correlate to sprint
running velocity. However, an interesting finding
was seen with maximum knee extension velocity
for Gay and Powell. During landing, the knee joint
of both sprinters always remained bent, and when
acceleration force was expressed during the later
half of the support phase, the extension velocity
had a negative value: -50 degrees/s for Gay and
-68 degrees/s for Powell. According to our
unpublished data, Maurice Greene, the previous
world record holder, exhibited the similar
movement. The knee extension velocity for Lewis
was almost zero (Ito et al., 1998), and the results of
the present study suggest that sprint running
technology has entered a new era. With regard to
knee extension velocity, if the knee joint is fixed
like Lewis, then 100% of hip extension can be

transferred to drive

the leg in the posterior direction, but if the knee
joint is bent like Gay and Powell, hip extension
velocity is added to the leg, causing the drive
velocity of the leg in the posterior direction to
exceed 100%. Furthermore, with a driving
movement where the knee joint is extended, hip
extension velocity is absorbed by knee extension
velocity, thus reducing the drive velocity of the leg
in the posterior direction.

The maximum hip extension velocity for
Gay and Powell was 774 and 693 degrees/s, and
the maximum ankle extension velocity 664 and
743 degrees/s, respectively, and these values were
mostly comparable to the data obtained by Ito et al.

(1998).

4. Guidance recommendations
The results of the present study show
that Gay and Powell are world-class sprinters with

different characteristics in terms of step
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Figure 3 Relationships among sprint running velocity and support leg movements

length and step frequency, and suggest that caution
must be exercised when strongly correcting step
frequency and length.

Past studies have shown that the
maximum ankle extension velocity is constant and
is not related to sprint running velocity, and this
suggests that so-called "snapping" movements are
due to the of the

spring-like  properties

muscle-tendon complex involving the triceps
muscle of the calf and the Achilles tendon. In other
words, athletes do not consciously extend the ankle,
and guidance should take into account this point.
Training guidance that attempts to
increase sprint running velocity by reducing the
deceleration associated with landing must be
reexamined because the landing distance for Gay
and Powell is comparable to that of sprinters who

run 100 m in 11 seconds. What is important here

is that Gay and Powell continue to bend the knee
of the support leg during the support phase, and

training guidance that instructs sprinters to actively
extend the knee and ankle joints of the support leg

must be reevaluated.
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Abstract

The purpose of this study was to reveal the biomechanical characteristics of running motion for the world’s top
distance runners in the men’s 10000 m final at Osaka World Championships in Athletics. Bekele showed
greater mean power and smaller effectiveness of mechanical energy utilization to running velocity, however
increased in effectiveness at the latter of the race. Maximum, minimum and range of the thigh and shank angle
showed the difference between the runners but did not change greatly throughout the race. Maximal thigh
angular velocity of the recovery leg increased for Bekele, which might be critical motion for distance runners.
The world’s top distance runners showed a slight change of running motion and few fatigue symptoms. Even a
distance runner must perform like a sprinter; it might be necessary to maintain high running speed during a race

and spurt at the end. This is not only to utilize mechanical energy efficiently but also to generate more

mechanical energy.

Introduction

It is an important task for success in distance
running to maintain running speed over an entire
race distance, however it was not unusual in those
races for the winner and second place to be
separated by a second. Therefore race
management became a very important factor.
The gold medalist not only maintained a high
running speed, but in the recent distance races of
the World Championships and Olympic Games the
champion used two highly effective strategies: (1)
changing running speed intentionally throughout
the race to cause rivals to waste energy; (2)
spurting sharply on the last lap like a sprinter.

From an energetic view point, both the increase

in energy generation and effective utilization of

energy to running velocity would be critical factors

to performance of  distance runners.

Physiological  studies have revealed the
relationship of the physiological factors such as
VOzmax, lactate threshold and running economy to
distance running performance. However, runners
were evaluated by VOzmax and running economy
in running on a treadmill in a laboratory.
Biomechanical study indicated the direct
relationship of running motion to the performance
in the race. Enomoto et al. (1997) suggested that

the elite distance runners showed higher
effectiveness of mechanical energy utilization to
running velocity in a running cycle.

One of the most interesting factors about
distance runners is how they sustain and manage to
Elliot

and Ackland (1981) showed a few kinematic

maintain running speed against fatigue.
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variables changing during the race as a result of
fatigue. Williams et al. (1991) suggested that
change in running motion due to fatigue is
different by individuals. However, there are few
studies about changes in running motion for the
world’s top distance runners during the race. A
study analyzing the change in running motion
during the race might give useful information
about the running techniques of the world’s top
distance runners and a new insight into training for
distance runners from biomechanical viewpoint.
The purpose of this study was to reveal the
biomechanical characteristics of running motion
for the world’s top distance runners in the men’s
10000 m final at Osaka World Championships in

Athletics.

Methods

We videotaped the runners at a fixed area on the
backstretch in the men’s 10000 m final in Osaka
World Championships in Athletics using two
digital video cameras (60 Hz) from side and front
Another video camera was

views of a runner.

videotaped following the top group from the start

to the goal to calculate the split time of each 100 m.

The first place finisher of the race was Kenenisa
Bekele (ETH) who is the world record holder of
10000 m, the second place finisher was Sileshi
Sihine (ETH), the third place finisher was Martin
Irungu Mathathi (KEN), whose height, body mass,
best time of 10,000 m were 1.60 m, 54 kg,
26:17.53 for Bekele, 1.71 m, 55 kg, 26:39.69 for
Sihine, 1.67 m, 52 kg, 27:08.42 for Mathathi,
respectively. Running speed and step frequency
were derived from the lap time of each 100 m and
average time of a cycle (two steps) in each 100 m
and step length was divided running speed by step

frequency. Running motion of the top three

runners were analyzed during a running cycle at
the 600 m (stage 1), 3800 m (stage 2), 6200 m
(stage 3), 8200 m (stage 4) and 9400 m (stage 5)
marks using the three-dimensional motion analysis
technique. After calculation of three dimensional
coordinates and smoothing the coordinate data
using digital Butterworth filter, the center of
gravity of the body, angles and angular velocities
of the segments and joints of lower limbs,
mechanical energy of whole body were calculated.
Effectiveness index of mechanical energy
utilization to running velocity was calculated by
horizontal translational mechanical energy of the
body divided by mechanical work in a cycle
(Enomoto et al., 1997), which was calculated by
sum of energy change of each segment in each

time interval (Metzler et al., 2002).

Results & Discussion

Table 1 shows the split and lap time for top three
at each 1000 m during the race. Each 1000 m lap
times from the start to 9000 m were almost same.
There was a small difference between three
runners in the last 1000 m, although no difference
was found between them until the 9000 m mark.
The goal time of the winner was the sixteenth
fastest time (his season best time at that time) in
2007 despite the high temperature and humidity
(30 degree, 65 %) in Osaka that night.

Figure 1 shows the running speed, step
frequency and step length in each 400 m for the
top three. Running speed of the top three was
almost same until last three laps, while they
suddenly sped up around 8800 m mark and
time of the final lap were 55.51 s of Bekele,
58.66 s of Sihine and 62.16 s of Mathathi.

Bekele was behind Mathathi and Sihine and
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Table 1 Split and lap time at each 1000m in the race.

1. Kenenisa Bekele (ETH)

2. Sileshi Sihine (ETH)

3. Martin Irungu Mathathi (KEN)

Distance Split time Lap time Split time Lap time Split time Lap time
1000 2 : 4436 2 : 4453 2: 4538
2000 5:27.61 2:4325 5:27.79 2:43.26 5:28.19 2: 4281
3000 8 :13.59 2:4598 8:13.79 2 : 46.00 8:14.04 2: 4585
4000 10 : 58.21 2 : 4461 10 : 58.36 2: 4456 10 : 58.36 2: 4431
5000 13 : 43.41 2:4520 13 : 43.62 2: 4527 13: 43.76 2: 4540
6000 16 : 29.22 2:4582 16 : 29.39 2: 4577 16 : 29.52 2: 4577
7000 19 : 13.07 2:4385 19 :13.32 2: 4393 19:13.37 2: 4385
8000 21 :55.20 2:4213 21 :55.42 2:4210 21 : 55.53 2: 4216
9000 24 : 35.79 2 : 40.59 24 : 35.96 2: 4054 24 : 35.54 2: 40.01
10000 27 : 05.90 2 : 30.11 27 : 09.03 2: 33.07 27 : 1217 2: 36.63
eemed to exhaust energy before the final lap,
but he sped up dramatically and left others 75
behind. There was also no change in step E 0
frequency and step length until 9000 m. Elliot g o9
and Ackland (1981) showed that the decrease in £
0:1‘ 55

running velocity caused by decrease in step length,
while Williams et al. (1991) showed the increase in
step length with fatigue eliminating an effect of
running speed. Furthermore, the data of this race
showed no significant change in the support time
(average of right and left foot) during the race. It
seems that the top three runners accomplished their
best as if they were not fatigued throughout the
race despite the hot muggy conditions.

Bekele showed small step frequency and large
step length during the race, conversely Methathi
showed large step frequency ansmall step length.
Their average step lengths to body height during
the race were 1.23, 1.13 and 1.13 for Bekele,
Sihine and Mathathi, respectively. Bekele
increased running speed by increasing in step
frequency largely at the final lap. Correlation

coefficients of running speed to step frequency and
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Figure 1 Running speed, step frequency and step length for top
three in each 400 m during the race



step length were 0.904 and 0.662 for Bekele,
0.753 and 0.492 for Sihine, and 0.377 and 0.717
for Mathathi. These results suggested that Bekele
could maintain large step length during the race
and change in running speed by change in step
frequency, especially at last spurt.

Figure 2 shows changes in the effectiveness
index of mechanical energy utilization to running
velocity (EI) and mechanical power which was
calculated to divide mechanical work by cycle time
of top three from stage 1 to 5. EI of Bekele was
smaller than the others at stage 1, then increase at
stage 3 and 5. EI of Sihine and Mathathi were
greater than Bekele at stage 1, but Sihine decreased
in EI from stage4 to 5. Mathathi maintained EI
through the race. Mean power of them doesn’t

show consistent change through the race.

Bekele’s mean power was greater than the others at

stage 1 and 2. These results suggest that running

—O—Bekele
30 1 —Sihine
—X— Mathathi

Effectiveness index
[4)]
.

Mean power (W/kg)

stages

Figure 2 Changes in effectiveness index of mechanical
energy and mean power of top three at each stage in the
race.

motion of Bekele expended more energy but he
can increased in effectiveness to maintain the
running velocity and speed up at the end of the
race. Mathathi may have good running technique
to utilize mechanical energy effectively although
he can not output more energy to speed up more at
end of the race.

Figure 3 shows the changes in the maximal and
minimum thigh and shank angles at each stage for
the top three. Thigh and shank angle was defined
as angle to the vertical (counter-clockwise is
positive).  Positive means swinging to the front of
the body and negative means backward. The
lengths of each bar indicate the range of motion of
thigh and shank. The range of shank movement
for Bekele was greater than the others, although
the range of thigh movement for Mathathi was
greater than the others from stage 1 to 5. All
three runners showed minor changes in maximal

of thigh and shank.

Maximal thigh angle and the range of movement

and minimum angles

of the thigh for Mathathi gradually increased,
while those of Bekele and Sihine didn’t change.
Maximal and minimum shank angles were
maintained for Bekele but decreased for Sihine and
Mathathi.

Figure 4 shows stick pictures of the top three
runners at 8200 m mark (stage 4) in the race.
Thin lines indicate the left side. Bekele shows
that his shank was pulled up to the thigh greatly in
early recovery phase with the consequence of the
decrease in minimum knee angle, and then swung
forward greatly before the foot strike.

Figure 5 shows changes in maximum thigh
angular velocity (MTAV) of the top three runners
at each stage in the race. At stage 1 and 2
Mathathi showed greater MTAV than the others.

Bekele showed the increase in MTAV gradually
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Figure 3 Maximum and minimum angles of the thigh and shank for the top

three runners at each stage in the race.

from stage 1 to 4. These results imply that
Bekele maintain the forward swing velocity of the
thigh as a result of the control on the shank motion,
characteristic for Bekele.
Enomoto and Ae (2005) suggested that

which might be

Kenyan runners swung the thigh forward
faster due to flexing the knee of the recovery
leg greatly. These suggested that forward
swing of thigh is an important motion for
distance runners.

In conclusion, the world’s top distance runners
show a slight change of running motion and few
fatigue symptoms. The characteristic of Bekele’s

running motion was greater shank motion, which

would need to expend more mechanical energy.

Like a sprinters, it might be necessary for
distance runners to maintain high running speed
during a race and to spurt at the end of a race to not
only utilize mechanical energy efficiently but also

to generate more mechanical energy.
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Abstract
The men’s and women’s long jumpers at the 11th IAAF World Athletic Championships in Osaka were
three-dimensionally analyzed in the preparatory, takeoff, airborne, and landing phases. The purpose of this
brief report was to investigate kinematics of the top three long jumpers in Osaka 2007. The results on the
preparatory phase indicated that the investigated jumpers increased the run-up speed until the 2" Jast stride, and
lowered their C.G. in the airborne phase of the 2" Jast stride by lengthening the airborne time.

An interesting observation was the lateral foot placement in the 2™ last stride and last stride, and an
inward-inclined takeoff leg in the takeoff phase in the frontal plane, which induced effective use of the hip

abductors of the takeoff leg to enhance the vertical velocity during the takeoff, as similar to the high jump

(Okuyama et al., 2003)..

1. Introduction

The finals of the men’s and women’s long jump at
the 11™ IAAF World Championships in Athletics
Osaka were held in 30™ August and 28" August,
respectively. The men’s winner, Irvine Saladino
(PAN) marked his personal best and new African
record of 8.57 m. In the women’s final, only
Tatyana Lebedeva (RUS) jumped over 7.0 m,
followed by Lyudmila Kolchanova (RUS) and
Tatyana Kotova (RUS). The current world record
of the men’s long jump was 8.95 m, marked by

Mike Powel (USA) at the 3™ World Championships

in Athletics Tokyo, 1991. In this game, Carl Lewis

(USA) also jumped over 8.90 m, the previous world
record by Bob Beamon. These jumps were studied
by the biomechanical research project team
organized by International Association of Athletic
Federations and Japan Association of Athletic
Federations. The report of this project provided
findings for improving the performance, for
example, the run-up speed of Powel and Lewis at
the touchdown of the takeoff was over 11.0 m/s, and
that of the other finalists was approximately 10.4
m/s; the less knee flexion of the takeoff leg was a
very important factor to gain the vertical velocity

during the takeoff (Fukashiro et al., 1994).
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At the 11™ World Athletic Championships in
Osaka, the biomechanics research project was also
organized by International Association of Athletic
Federations and Japan Association of Athletic
Federations, and videotaped the qualifications and
finals of the men’s and women’s long jump to obtain
biomechanical information of the elite athletes and
to provide coaches and athletes with findings to
improve their performance.

The purpose of this brief paper was to report
kinematics data of the top three men and women

long jumpers in Osaka, 2007.

2. Methods
2.1 Analyzed jumps

Tables 1 and 2 show the characteristics of the top
three men and women long jumpers, which were

analyzed in this report.

2.2 Data collection and reduction

The men’s and women’s long jumpers qualified
for the finals of the long jump were videotaped with
two high-speed video cameras (250 Hz) and two
digital video cameras (60 Hz) placed on the top row
of the stadium. The two high-speed video cameras
covered the 2™ last stride, last stride and takeoff, and
the normal digital video cameras videotaped the
airborne and landing motions. A calibration pole
with seven control points was set at the fourteen
locations over the videotaping area to reconstruct the
real coordinates of the jumpers’ segment endpoints.

Three-dimensional coordinates of twenty-three
segment endpoints were reconstructed by using a
three-dimensional ~direct linear transformation
(3D-DLT) method, and were smoothed with a
Butterworth low-pass digital filter at optimal cut-off

frequencies determined by residual analysis, 4.8 to

8.4 Hz.

Table 1. Characteristics of the top three jumpers in the Men's final

Rank Name Nation Height (m) Weight (kg) Personal best (m) Result Analyzed jump
1 Irving SALADINO PAN 1.76 70 8.56 6th 8.57 (+0.0) 6th 8.57 (+0.0)
2 Andrew HOWE ITA 1.84 73 8.41 6th 8.47 (-0.2) 6th 8.47 (-0.2)
3 Dwight PHILLIPS USA 1.81 81 8.6 Ist 8.30 (+0.4) 1st 8.30 (+0.4)

Table 2. Characteristics of the top three jumpers in the Women's final

Rank Name Nation Height (m) Weight (kg) Personal best (m) Result Analyzed jump
1 Tatyana LEBEDEVA RUS 1.73 63 7.33 3rd 7.03 (+0.3) 3rd 7.03 (+0.3)
2 Lyudmila KOLCHANOVA RUS - - 7.21 6th 6.92 (-0.3) 6th 6.92 (-0.3)
3 Tatyana KOTOVA RUS 1.78 57 7.42 6th 6.90 (+0.5) 6th 6.90 (+0.5)
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Figure 1. Definitions of components of jumping distance of the long jump

The official distance was divided into three lesser
distances, which were takeoff distance, flight
distance and landing distance, as shown in Figure 1.
The takeoff distance (L1) is the horizontal distance
between the front edge of the takeoff board and the
center of gravity (C.G) of the body at the instant of
the toe-off. The flight distance (L2) is the
horizontal distance that the C.G. travels while the
athlete is in the air. The landing distance (L3) is
the horizontal distance between the C.G. at the
instant the heels hit the sand and the ultimate mark
in the sand made by the jumper. Toe-to-board
distance (L4), which is the horizontal distance
between the toe of the takeoff foot and the front
edge of the board at the instance of the toe-off of the
takeoff, was calculated as an indicator of the
accuracy of the takeoff.

The C.G, joint angles of the takeoff leg, hip and
shoulder rotation angles, and trunk angle were
calculated. The leg angle between the line
connecting the hip to ankle joint of the takeoff leg

and horizontal line was calculated in the sagittal and

frontal planes.

3. Results and Discussion
3.1 Men's Final
3.1.1 Performance descriptors

Table 3 shows the competition result of the men’s
long jump. Table 4 shows components of jumping
distance of the long jump. The toe-to-board
distance of the top three jumpers were ranging from
1.0 to 3.0 cm, which indicated that the run-up
accuracy of the best jump was quite good in these
jumpers. The takeoff distance (L1) was
approximately 0.40 m and the percentage of that to
the total distance was about 5.0 %, and the
contribution of the flight distance (L2) to the official
distance was over 90 % (91.0~91.8 %). These
results were similar to the previous report of the elite
male long jumpers by Hay (1986). The flight
distance of Saladino was 7.80 m (91.0 %) and
longer than those of Howe (7.70 m) and Phillips
(7.62 m), and the landing distances of the top three
finalists were 0.39 m for Saladino, 0.36 m for Howe,
and 0.26 m for Phillips, respectively. These

distances were smaller than those of the finalist at

the World Championship in TOKYO 1991
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Table 3. Results of the final of the men's long jump

RANK NAME NAT RESULT 1Ist 2nd  3rd  4th 5th 6th
. X 8.30 8.46 X X 8.57

I Irving SALADING PAN- 857 1wss 0.5mls 0.0m/s 0.0m/s -0.3m/s  0.0m/s
X 8.13 X 812 820 847

2 Andrew HOWE ITA 8.47 LIm/s -0.1m/s 0.2m/s 0.7m/s 0.2m/s -0.2m/s
. 8.30 X X 8.02 X 8.22

3 Dwight PHILLIPS USA 830 s 0.0m/s -0dmis 0.3mls Odmis  0.0m/s
. X 8.17 X 805 813 825

4 Olexiy LUKASHEVYCH UKR 8.25 0.0m/s 0.4m/s 0.5m/s 0.7m/s 0.4m/s 0.2m/s
798 786 819 818 815  8.19

> Godfrey Khotso MOKOENA — RSA 819 1 odmss 0.7m/s  0.0mls -0.Im/s
809 803 803 817 817 X

6 James BECKFORD IAME 8T ans 0.6mis 0.6mls 0.0mss  O.Imls  0.0m/s
. 790  8.01 X 7.90 X 7.64

7 Ndiss Kaba BADJI SEN 8.01 0.6m/s O0.1m/s -0.1m/s 0.4m/s 0.0m/s 0.Im/s
. X 798  7.70 X X

8  Ahmed Faiz BINMARZOUQ  KSA 798 o 0 oms -03mis 04mis  ~ Odmb

Table 4. Distances within the long jump - Men's final

1991 Tokyo World

Parameter Saladino Howe Phillips Championship*

Official dist. (m) (L1+L2+L3) 8.57 8.47 8.30 8.15£0.17
Takeoff dist. (L1) (m) (%) 03945 04148 042(5.1) -
Flight dist. (L2) (m) (%) 7.80(91.0) 7.70 (91.0) 7.62 (91.8) -

Landing dist. (L3) (m) (%) 0394.5) 036(4.2) 0.26(3.1) 0.47+0.09
Toe-to Board dist. (L4) (m) 0.01 0.03 0.01 -
giigii‘;la(‘i‘?ﬁg) 8.69 8.48 8.52 -
Loss dist. by landing (m) 0.12 0.01 0.22 -
Actual jump dist. (L4+L5) (m) 8.70 8.51 8.53 -

(0.474£0.09 m). The shorter landing distance in this
final seems to result from their landing motion.
The data of this study indicated that the apparent
landing distance, the horizontal distance between the
C.G and the heel at the instant of heel landing in the
sand, was 0.51 m for Saladino and 0.48 m for

Phillips, and these values were similar to that of the

* Fukashiro ef al . (1994)
previous report of Tokyo. The mark of the heel of
Phillips made in the sand was 8.53 m and further
than that of Howe (8.51 m), indicating Phillips had a

large loss of the distance by poor avoiding motion

after landing.
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3.1.2 Velocity of the C.G

Table 5 shows the horizontal and vertical
velocities of the 2™ last stride, last stride and takeoff
phases and takeoff angle. The run-up speed of the
2" Jast stride was 10.65 m/s for Saladino, 10.99 m/s
for Howe, and 11.01 m/s for Phillips, and then the
speed decreased toward the takeoff. The data
indicated that although Phillips reached the largest
run-up speed at the touchdown of the 2™ last stride
in the top three, the decrease in the speed from the
2" Jast stride to the takeoff was the largest (-0.63
m/s), resulting in the smallest horizontal velocity at
the touchdown of the takeoff (Saladino, 10.52 m/s;
Howe, 10.87 m/s; Phillips, 10.38 m/s).  Contrary,

the decrease in the run-up speed for Saladino and

Howe were smaller, -0.13 m/s for Saladino and

0.12 m/s for Howe, implying that their preparation
for the takeoff were superior to Phillips’s one.

The horizontal velocity at the touchdown for the
top three was similar to the average of the reports on
World Championship in Tokyo and Athens
(Fukashiro et al., 1994; Arampatzis et al., 1999),
with exception of M. Powel (11.00 m/s) and C.
Lewis (11.06 m/s). The data represented that the
horizontal velocity at the toe-off for Saladino was
the smallest of the three, but his vertical toe-off
velocity was the largest and contributed to gain the
longest flight distance of the three. It is interesting
that although the decreases in the horizontal velocity
for Saladino and Howe were approximately same
(Saladino, -1.63 m/s; Howe, -1.61 m/s), the gained

vertical velocity was very different (Saladino, 3.75

Table 5. Horizontal and vertical velocities of the center of gravity (C.G.) of athletes and takeoff angle - Men's final

1991 TOKYO WC*

Parameter 1. SALADINO A. HOWE D. PHILLIPS 1997 Athens WC**
M. POWEL C.LEWIS Other Athletes
Official distance 8.57 8.47 8.30 8.95 8.91 8.15+0.17 8.11+0.18
Horizontal vel. (m/s)
HVipps 10.65 10.99 11.01 - - - -
HV1py, 10.53 10.89 10.94 - - - -
HVqp 10.52 10.87 10.38 11.00 11.06 10.39+0.14 10.65+0.19
HVykr 9.23 9.56 8.97 - - - -
HV1o 8.90 9.26 8.96 9.09 9.72 8.80+0.12 8.77+0.22
AHV 110 -1.63 -1.61 -1.41 -1.91 -1.34 -1.59+0.10 -1.88+0.32
Vertical vel. (m/s)
VVip -0.28 -0.46 -0.06 - - - -
VVukr 2.61 242 2.70 - - - -
VVio 3.75 3.46 3.67 3.70 3.22 3.44+0.19 3.42+0.26
VVyke/ VVio (%) 69.6 69.9 73.5 - - - -
Takeoff angle (deg)
Y-Z plane 22.9 20.5 223 22.1 18.3 21.4£1.5 21.3£1.5
X-Y plane 1.9 2.5 0.5 -1.4 33 1.6+1.4 -

* Fukashiro et al . (1994) ** Arampatzis et al . (1999)
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m/s; Howe, 3.46 m/s), indicating that the velocity
conversion technique from the horizontal to the

vertical for Saladino was superior to Howe.

3.1.3 Pathway of the C.G

Figure 2 shows pathways of the C.G. from the 2™
last stride to the takeoff for the three jumpers. The
long jumpers lower the C.G. in the final stage of the
run-up to make the body prepared to obtain the
vertical velocity during the takeoff phase (Hay,
1986). The top three jumpers gradually lowered
the C.G. from the 2™ last stride to the instant of the
takeoff foot touchdown. The largest decrease in
the C.G. height was achieved in the airborne phase
of the 2™ last stride, which were 6.3 cm for Saladino,

8.6 cm for Howe, and 9.1 cm for Phillips.

The phase time analysis indicated that the support
time of the 2™ last stride was shorter and airborne
time was longer, compared with the 3™ last stride.
These data confirmed that the top three finalists
changed the running motion and prepared for the
takeoff during the support phase of the 2™ last stride.

There were remarkable differences in the
technique of lowering the C.G. during the last stride
among the three athletes.  Phillips continued
lowering of the C.G. until the toe-off of the last stride.
However, Saladino and Howe took off, raising the
C.G. slightly during the second half of the support
phase. It should be worthy to note that although
Phillips’s large decrease in the C.G height led the

low position at the touchdown of the takeoff, his

decrease in the horizontal velocity from the 2" Jast

3 Takeoff board
Saladino Howe  mm===Phillips
TO
1.2
:E: 1.1
=
.2h
(@]
T
0.9
0.8

-6 55 -5 45 4 35 3

25 -2 -15 -1 05 0 05 1

Distance from takeoff board (m)

Figure 2. Pathway of the center of gravity of the body from the touchdown (TD) of
the 2™ last stride to the toe-off (TO) of the takeoff.
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Table 6. Joint angles of the takeoff leg, trunk angle, hip and shoulder rotation angles, and leg
angles at the touchdown (TD) and toe-off (TO) of the takeoff

1991 Tokyo World

Parameter Saladino Howe Phillips Championship*
Rotation angle (shoulder)
Kneerp, (deg) 160.2 160.2 165.4 166.7+3.5
Kneeyy (deg) 143.2 140.7 138.4 145.6+5.3
Kneerq (deg) 168.4 165.2 159.8 172.0+2.3
Flex. / Ext. (deg) -17.1/25.2 -19.4/24.5 -27.0/21.5 -21.144.3/ 26.4+4.8
Maximum Knee Flex. Vel. (deg/s)  -423.2 -452.8 -570.7
Trunk - Sagittal plane 1, (deg) 23 2.1 -10.1 -4.4+3.9
Trunk - Sagittal plane 1o (deg) 5.6 8.0 7.3 5.8+3.7
Shoulder rotation TD (deg) 32.6 14.9 17.8 20.6+5.3 Leg angle (sagittal plan
Shoulder rotation TO (deg) -0.5 -18.6 -13.5 -10.3+8.0
Hip rotation TD (deg) 1.1 -12.6 -5.8 -9.0+4.9
Hip rotation TO (deg) 39.1 21.9 17.8 17.0£10.1
Twist angle (deg) 71.2 68.0 54.9 56.91+10.6
Leg angle
Sagittal p%anegm (deg) 373 36.1 372 i
Leg angle
Sagital pglan egm (dew 253 31.0 283 -
Leg angle
Frontal pimegm (deg) 26 47 13 )
Leg angle -5.1 -5.7 -7.1 -

Frontal plane 1o (deg)

stride to the takeoff was the largest of the three
(Phillips, -0.63 m/s; Saladino, -0.13 m/s; Howe,
-0.12 m/s).

3.14 Joint and leg angles during the takeoff
phase

Table 6 shows angles of the takeoff leg joints,
trunk, hip and shoulder rotation at the touchdown
and toe-off of the takeoff phase. Figure 3 shows
the overhead views of the pathways of the C.G. from
the 2™ last stride to the takeoff and the footprint of

each support phase.

The results on the knee joint indicated that the

* Fukashiro et al . (1994)

knee flexion and the maximum knee flexion velocity
for Saladino were the smallest.  Fukashiro et al.
(1994) reported that the less knee flexion of the
takeoff leg was a crucial factor to enhance the
vertical velocity during the takeoff. The result of
this final and previous report of Tokyo confirm that
the less flexed takeoff leg helps to gain the vertical
velocity in the takeoff phase.

The hip rotation angles at the touchdown and
toe-off of the takeoff phase were 1.1° and 39.1° for
Saladino, -12.6° and 21.9° for Howe, and -5.8° and
17.8° fir Phillips.

The range of the hip rotation was

38.0° for Saladiono, 33.5° for Howe, and 23.6° for
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Figure 3. Overhead views of paths of the center of gravity of the body from the 2

nd

last stride to the takeoff and footprint of each support phase.

Phillips. These results indicated that the top three
jumper rotated the hip of the lead leg forward in the
swing of the lead leg during the takeoff, and the hip
forward rotation of Saladino was the largest of the
three. The previous report of Tokyo indicated that
the range of the twist of the hip and shoulder during
the takeoff positively correlated with the jump
distance (1=0.86), and that of Powel and Lewis was
74° and 70°, respectively. As shown in table 6, the

twist range of Saladino and Howe was 71.1° and

68.0° and similar to that of Powel and Lewis. The
results of this study and previous report indicated
that the twist of the hip and shoulder was an
important motion during the takeoff phase to obtain
the jumping distance.  The leg angle (hip-ankle)
in the frontal plane at the touchdown of the takeoff
was -2.6° for Saladino, -4.7° for Howe, and -1.3° for
Phillips, respectively., which indicated that the top
three jumpers slightly inclined the takeoff leg inward

at the touchdown of the takeoff. As shown in
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Figure 3, although the top three placed their support
foot in the lateral position at the 2™ last and last
strides, they placed their takeoff foot nearly under
the C.G in the takeoff phase. Especially Howe’s
takeoff foot was placed in much medial position to
the C.G. during the takeoff phase. These results
indicated that these jumpers placed their takeoff foot
in the medial side, which resulted in a slight inward
lean of the takeoff leg during the takeoff phase.
Okuyama et al. (2003) suggested that the use of the
hip abductors of the inward inclined takeoff leg in
the high jump was an important factor to enhance
the vertical velocity during the takeoff. The
behavior of takeoff leg of the top three jumpers with
the previous study (Okuyama et al., 2003) imply

that the elite long jumpers may have used their hip

abductors of the takeoff leg to gain the vertical

Table 7. Results of the final of the woen's long jump

velocity during the takeoff phase.

3.2 Women’s final
3.2.1 Performance descriptors

Table 7 shows the competition result of the
women’s long jump. Table 8 shows components of
jumping distance of the long jump. Lebedeva
marked the longest actual jump distance of the top
three (7.08 m). The second longest actual jump
was marked by the 3" jumper, Kotova, and her jump
was 10 cm longer than Kolchanova (Kotova, 7.05
m; Kolchanova, 6.95m). The distance results
indicated that Kolchanova’s second position may
have attributed to the accuracy of the takeoff foot
placement and landing. The landing distance of

the top three was longer than that of the men’s

finalists.

RANK NAME

NAT RESULT

Ist 2nd 3rd 4th 5th 6th

1 Tatyana LEBEDEVA RUS  7.03

6.73 7.03 7.03 X 6.98

-0.7m/s  0.7m/s 0.3m/s 0.7m/s 0.1m/s
2 Lyudmila KOLCHANOVA — RUS 6.92 —0.2Xm/s 064frjs —O.IXm/s 0.6 71111/s 16076n3/s -0.6.3112/s
3 Tatyana KOTOVA RUS 6.9 -oééii)/s 0.0);1/5 1.60';5/s 0.6 }Zq(;s 2 7);1/s 0.65.312
4 Natide GOMES POR — 6.87 0.67'27@ 0.63:r7n5/s -0.63?nl/s 0.695516@ oifns/s -oééi)/s
5 Bianca KAPPLER GER — 6.81 -0.6'7?nl/s 0.6526/s og;is -0.621:& 0. 6);1/s 1.6(5:19/s
6 Maurren Higa MAGGI BRA 680 -;Snl/s 0.67.7?;.9 0.6];3/5“ 1.62.312 0.64;512/s -0§é3n6/s
7 Keila COSTA BRA 669 0.663;9/s -fi?:/s 0.6226/s -0.65316/s 1.9):11/s 1.61}?11@
8  Brittney REESE Usa 660 o -Iﬁ;fr?/s —Oééing/s 0.7l 0.8 -0.632,,19&
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Table 8. Distances within the long jump - Women's final

Parameter Lebedeva Kolchanova Kotova
Official dist. (m) (L1+L2+L3) 7.03 6.92 6.90
Takeoff dist. (L1) (m) (%) 0.31 (4.4) 0.34 (5.0) 0.34 (5.0)
Flight dist. (L2) (m) (%) 6.20 (88.2) 6.12 (88.5) 6.07 (88.0)
Landing dist. (L3) (m) (%) 0.52 (7.4) 0.46 (6.6) 0.49 (7.1)
Toe-to Board dist. (L4) (m) 0.05 0.00 0.06
Heel displacement
@ landing (L5) (m) 7.03 6.95 6.99
Loss dist. by landing (m) 0.00 0.03 0.09
Actual jump dist. (L4+L5) (m) 7.08 6.95 7.05
3.2.2 Velocity of the C.G. the three (8.14 m/s) because of the much less

Table 9 shows the horizontal and vertical
velocities of the C.G of the 2™ last stride, last stride
and takeoff phases and takeoff angle. The run-up
speed of the 2" last stride was 9.52 m/s for
Lebedeva, 9.23 m/s for Kolchanova, and 9.12 m/s
for Kotova, and then slightly decreased until the
touchdown of the takeoff, resulting in the 9.37 m/s
for Lebedeva, 9.13 m/s for Kolchanova, and 9.08
m/s Kotova at the touchdown of the takeoff. The
horizontal velocity at the toe-off for Lebedeva and
Kolchanova was same (7.73 m/s). However, there
was significant differences in the vertical toe-off
velocity between these top two athletes (Lebedeva,
3.50 m/s; Kolchanova, 3.23m/s), indicating that
Lebedeva’s longer jump resulted from larger gain of
the vertical velocity during the takeoff. Kotova’s
jump was very different from other two. The

horizontal velocity at the toe-off was the largest of

decrease in the horizontal velocity during the takeoff

(Kotova, -0.94 m/s; Lebedeva, -1.64 m/s;
Kolchanova, -1.40 m/s), and her toe-off vertical
velocity was the smallest (3.18 m/s). Compared
with the previous World Championships of the
Tokyo and Athens (Fukashiro et al, 1994,
Arampatzis et al., 1999), the run-up speed of the top
three in Osaka was small, but there were no
differences in the official distance among these
competitions, with exception of J.J. Kersee and H.
Drechsler.  The results on the C.G velocity
indicated that the larger gain of the vertical velocity
and the high takeoff angle for Lebedeva and
Kolchanova and less decrease in the horizontal
velocity for Kotova contributed to obtain their
longer jump distance.

The gain of the wvertical velocity until the

maximum knee flexion of the takeoff leg (MKF)
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Table 9. Horizontal and vertical velocities of the center of gravity (C.G.) of athletes and takeoff angle - Women's final

1991 TOKYO WC*

Parameter Lebedeva Kolchanova Kotova 19Cgh7a$§ilZEZh¥)Zr*ld
J.JKersee H.Drechsler Other Athletes
Official distance 7.03 6.92 6.90 7.32 7.29 6.95+0.43 6.8610.12
Horizontal velocity (m/s)
HVr1pro 9.52 9.23 9.12 - - - -
HVrppi 9.63 9.11 9.39 - - - -
HVp 9.37 9.13 9.08 9.85 9.86 9.53+0.11 9.62+8.08
HVykr 7.95 8.17 8.16 - - - -
HVi1o 7.73 7.73 8.14 8.09 8.49 7.92+0.31 8.08+0.26
AHVip10 -1.64 -1.40 -0.94 -1.76 -1.37 -1.61+0.29 -1.54+0.25
Vertical Velocity (m/s)
VVip -0.38 -0.42 -0.40 - - - -
VVyikr 2.13 1.84 1.24 - - - -
VVio 3.50 3.23 3.18 3.46 2.80 3.05£0.24 3.10+0.23
VVuke/ VVio (%) 60.8 57.1 39.1 - - - -
Takeoff angle (deg)
Y-Z plane 244 22.7 21.3 23.2 18.3 21.1%£2.0 20.9+1.7
X-Y plane -0.8 -1.1 3.0 - - - -

was 60.8 % for Lebedeva, 57.1 % for Kolchanova,
and 39.1 % for Kotova, respectively. Previous
studies of Lees et al. (1993, 1994) reported that the
vertical velocity which long jumpers obtained until
the MKF was a crucial factor for successful jump
and over 64 % of the final vertical velocity for
women and about 70 % for men. These indicated
that the vertical velocity obtained until the MKF for
the top three was smaller than that of the previous
elite athletes. As mentioned above, Kotova
obtained only 40 % of the final vertical velocity until
the MKF even in the her best jump, however, she
finally obtained the vertical velocity of 3.18 m/s,
which were within the average of the elite female
These results indicated that Kotova

long jumper.

might use different technique for the velocity

* Fukashiro et al. (1994) ** Arampatzis et al. (1999)

conversion from the horizontal to the vertical during

the takeoff.

3.2.3 Pathway of the C.G:

Figure 4 shows pathway of the C.G. from the 2™
last stride to the takeoff for women’s final.  The
lowering the C.G of the women’s top three was
similar to the pattern of the men. However, the
absolute value of the decrease in the C.G. height in

the 2™ last airborne phase was smaller (Lebedeva,

5.0 cm; Kolchanova, 6.8 cm; Kotova, 3.9 cm).

3.2.4 Joint and leg angles during the takeoff
Table 10 shows angles of the takeoff leg joints,
trunk, hip and shoulder rotation at the touchdown

and toe-off of the takeoff phase. Figure 5 shows
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Figure 4. Path of the center of gravity of the body from the touchdown (TD) of the
2nd last stride to the toe-off (TO) of the takeoff

the overhead views of the paths of the C.G. from the
2" ast stride to the takeoff and the footprint of each
support phase.

The knee flexion of the takeoff leg during the
takeoff phase was 14.5° for Lebedeva, 15.4° for
Kolchanova, and 6.5° for Kotova, and the minimum
knee angle of the takeoff leg was approximately
143° to 146°. Compared with the top three men’s
jumpers, the knee flexion and maximum knee
flexional velocity of the women’s were much
smaller than those of the men’s jumpers. The
report of the Tokyo WC indicated that the knee
flexion of the takeoff leg was smaller in women’s
in the men’s jumper (Women,

jumper than

19.5+3.7°; Men, 21.1+4.3°).  The less flexion of

the takeoff leg of women may be caused by the
small muscular strength of the takeoff leg than men.
The leg angle (hip-ankle) in the frontal plane at
the touchdown of the takeoff was -6.1° for Lebedeva,
-7.7° for Kolchanova, and -4.3° for Kotova, and
those at the toe-off of the takeoff were also the
for

negative values (-8.1° for Lebedeva; -5.2°

Kolchanova; -6.2° for Kotova). These results
indicated that the top three of the women inclined
the takeoff leg inward over the takeoff phase as the
men adapted. Additionally, the inward inclination
of the takeoff leg was larger in the women than
those of the men’s jumpers. As shown in figure 5,

the women’s top three placed their takeoff foot much

medially, and these led the inward-inclined takeoff
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leg during the takeoff. These motions of the
takeoff leg imply the use of the hip abductors of the
takeoff leg for enhancing the vertical velocity in the

takeoff phase, as previously described.

4. Summary
The results on the preparatory phase indicated that
the investigated jumpers increased the run-up speed

toward the 2™ last stride, and lowered their C.G. in

the airborne phase of the 2" last stride by
lengthening the airborne time. They placed their
takeoff foot in the medial side, which resulted in a
slightly inward lean of the takeoff leg at the TD of
the takeoff, which induced effective use of the hip
abductors of the takeoff leg to enhance the vertical
velocity during the takeoff, as similar to the high

jump (Okuyama et al., 2003).

Table 10. Joint angles of the takeoff leg, trunk angle, hip and shoulder rotation angles,
and leg angles at the touchdown (TD) and toe-off (TO) of the takeoff

1991 Tokyo World

Parameter Lebedeva Kolchanova Kotova Championship*
Kneerp (deg) 159.5 159.4 152.4 163.6+£3.7
Kneeykr (deg) 145.0 143.9 145.8 144.1£2.7
Kneerg (deg) 163.9 163.5 164.5 170.4+4.1

Flex. / Ext. (deg)

-14.5/18.9 -154/19.6 -6.5/18.6 -19.5£3.7/26.3+3.3

Maximum Knee Flex. Vel. (deg/s)  -360.9 -392.4 -181.7
Trunk - Sagital plane p, (deg) 22 -3.9 4.1 24427
Trunk - Sagital plane 1 (deg) 8.3 6.2 -1.3 -0.7£2.8
Shoulder rotation TD (deg) 13.7 23.7 33.1 23.0+£3.8
Shoulder rotation TO (deg) -7.9 -7.5 0.8 -18.9£9.1
Hip rotation TD (deg) -12.9 -4.9 4.1 -5.3+4.8
Hip rotation TO (deg) 19.8 14.3 15.3 6.4+4.1
Leg angle
Sagittal plane r, (deg) 41 379 32.2 )
Leg angle
Sagittal plane 1o (deg) -26.6 252 275 )
Leg angle
Frontal plane rp, (deg) 6.1 7 43 )
L 1
°g angle 8.1 52 6.2 i

Frontal plane 1 (deg)

* Fukashiro et al . (1994)
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Run-up Velocity in the Men’s and Women’s Triple Jump
at the 2007 IAAF World Championships in Athletics in Osaka

Muraki, Y. 1), Koyama, H. ) ,Ae, M. 2 Shibayama, K.?, and Yoshihara, A?
1) Osaka University of Health and Sports Science, 2) University of Tsukuba

Abstract

The purpose of this report is to present the jumping distance and run-up velocity data from the men’s
and women’s triple jump finals at the 2007 IAAF World Championships in Athletics in Osaka.

The instantaneous run-up velocities of all attempts of all athletes were measured by a laser distance
measurement device (LAVEG by Jenoptik). The best record jumps of each athlete were included in
an analysis.

Comparing with the past World Championships, the average performance in the men’s triple jump
did not improve remarkably. In the women’s triple jump, the average jumping distance at the 2007
World Championships was greatest among the past World Championships. Therefore, the women
achieved 86.0% of the men’s jumping distances. While the women’s run-up velocities reached
89.6% of the men’s at the 2007 World Championships.

The run-up velocity was significantly related to the jumping distance in the men’s and women’s
triple jump finals at the 2007 World Championships. These relationships indicated that one of the

most important determinant of the triple jump performance would be the run-up velocity in both

men’s and women’s finals at this competitions.

Introduction

The 11™ TAAF World Championships in
Athletics 2007 was held at Osaka, Japan, from
August 26™ to September 2™, In the men’s
triple jump, Nelson Evora of Portugal broke his
own record by 23 cm and won the gold medal
with a record of 17.74 m. While Yargelis
Savigne of Cuba showed a big jump of 15.28 m
at the first attempt and captured the victory in
the women’s triple jump.

In the horizontal jumps, the run-up velocity is
successful

of major importance for a

performance. The changes in world records of
the men’s triple jump also imply the importance
of the approach speed. In 1960s, Jozef Schimidt
of Poland, who was former Olympic champion
and world record holder, was the first to break
the 17 m barrier with a jump of 17.03 m.
Schimidt’s technique involved a low and fast
hop and step in order to minimize the reduction
of run-up velocity and energy loss during the
hop and step. Moreover, Jonathan Edwards of
United Kingdom improved the world record
considerably and became world champion in

1995 with 1829 m. One of the greatest
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characteristic of Edwards’ jump was high
run-up velocity.

In this report, the purpose is to present the
jumping distance and run-up velocity data from
the men’s and women’s triple jump finals at the
2007 IAAF World Championships in Athletics

in Osaka.

Methods

Data were collected at the men’s and the
women’s triple jump finals at the 2007 IAAF
World Championships in Athletics in Osaka.
The best valid jumps from each of the twelve
finalists of the men’s and women’s
competitions were selected for further analysis.
The official distances of the selected jumps of
each athlete were shown in Table 1 for male
athletes and table 2 for female athletes.

The instantaneous run-up velocities of the

athletes were measured by a laser distance
device (LAVEG by Jenoptik), which operated
at 50 Hz and was installed before the runway at
the top of the stadium. The operator of the
LAVEG targeted the athlete’s chest and
followed during the entire approach run. The
position time history data were smoothed by
the fourth-order low-pass Butterworth digital
filter with a cut-off frequency of 0.5 Hz.
From the position time history data, the object’s
run-up velocity was calculated by the first time
derivative.
Consequently, we provided the maximum
run-up velocity and its location from the 0 m
point of the approach distance (foul line) and
the run-up velocity at 0 m point of the approach
distance of all the male and female finalists,
and the run-up velocity curves of the male and

female top three athletes for the analysis.

MAX  MAX 0Om Diff.

Rank Name Nat. Result Wind m m/s m/s m/s
1 N.Evora POR 1774 +14 425 1049 1022 -0.27
2 J. Gregorio BRA 1759 +0.3 7.02 1045 10.05 -0.40
3  W. Davis USA 1733 +1.0 325 1023 10.07 -0.16
4 O.Tosca cuB 1732 +11 364 1043 10.27 -0.16
5 A, Wilson USA 1731 +06 651 1051 10.13 -0.38
6 P.Ildowu GBR 17.09 -09 553 1026 9.92 -0.35
7 D.Giralt cuB 16.91 +0.7 428 1012 9.83 -0.30
8 A.Martinez  SUI 16.85 +1.3 6.32 1049 10.08 -0.41
9 D.Kim KOR 16.71 +11 567 994 9.70 -0.24
10 A.Petrenko RUS 16.66 +0.8 3.34 9.89 9.73 -0.15
11 M. Zhong CHN 16.66 +1.5 554 10.31 997 -0.34
12 D. Tsiamis GRE 1659 -11 4.09 9.77 9.53 -0.24
Average 17.06 495 1024 996 -0.28
+SD 0.39 1.30 0.26 022 0.09

Table 1 Jumping distance (official), run-up velocity at the maximum point and 0 m point
of the approach distance (foul line), location of the maximum run-up velocity and velocity
change from the maximum point to the 0 m point of the approach distance for the best
valid jumps from each of the twelve male finalists
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MAX  MAX Om Diff.

Rank Name Nat. Result Wind m m/s m/s m/s
1 Y. Savigne CuB 1528 +09 353 949 9.26 -0.24
2 T.Lebedeva RUS 15.07 +0.8 350 9.59 9.39 -0.20
3 H. Devetzi GRE 15.04 -02 327 9.22 9.00 -0.22
4 A. Pyatykh RUS 14.88 +0.3 264 9.10 896 -0.14
5 M. Sestak SLO 1472 +0.2 330 8.96 8.81 -0.15
6 M. Martinez ITA 1471 +1.3 419 898 8.72 -0.26
7 0O.Saladuha UKR 1460 +0.7 323 8.96 8.73 -0.23
8 L. Xie CHN 1450 +09 564 9.22 8.61 -0.60
9 K Costa BRA 1440 +11 4.08 9.55 9.20 -0.35
10 O.Bufalova RUS 1439 +0.7 359 9.03 8.84 -0.19
11 O.Rypakova KAZ 1432 +14 354 8.97 8.79 -0.18
12 D. Velddkovda SVK 14.09 -0.1 446  8.97 8.78 -0.19

Average 14.67 3.75 917 8.93 -0.24
+SD 0.35 0.77 0.24 024 012

Table 2 Jumping distance (official), run-up velocity at the maximum point and 0 m point
of the approach distance (foul line), location of the maximum run-up velocity and velocity
change from the maximum point to the 0 m point of the approach distance (foul line) for
the best valid jumps from each of the twelve female finalists

Results and Comments

Jumping distance

Table 1 and 2 presents jumping distance
(official), run-up velocity at the maximum point
and 0 m point of the approach distance (foul
line), location of the maximum run-up velocity
and velocity change from the maximum point
to the 0 m point of the approach distance for
each of the twelve male and female finalists,
respectively. Figure 1 and 2 shows changes in
ratios of the average jumping distances in the
men’s and women’s triple jump finals at all the
World Championships to those at the 1% World
Championships (100%) for the male and the 4t
World Championships (100%) for the female,

respectively.

At the World Championships 2007, six male
athletes jumped further than 17.00 m and three
female athletes broke 15.00 m. The average
jumping distance of the male changed little
throughout the past World Championships
(Figure 1). Comparing with the past World
Championships, the average jumping distance
was greatest in the women’s triple jump at the
World Championships 2007 (Figure 2). On
average, the women reached 86.0% of the
men’s jumping distances at the 11" World

Championships.
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Figure 2 Changes in ratios of the average, maximum and minimum official distances in
the women’s triple jump finals at all the World Championships to those at the 4t World
Championships (100%), in which the event was first included

Run-up velocity

The maximum run-up velocity and run-up
velocity at 0 m point of the approach distance
were 10.24+0.26 m/s and 9.96+0.22 m/s for the
male and 9.17+0.24 m/s and 8.93+0.24 m/s for
the female at the World Championships 2007
(Table 1 and 2). There were six male and four
female athletes who kept the run-up velocity
faster than 10.00 m/s for male and 9 m/s for

female, respectively, from the maximum point

to the 0 m point of the approach distance. The
correlation coefficients between the maximum
run-up velocity and the run-up velocity at 0 m
point of the approach distance were highly
significant for the men (r = 0.93, p <0.001) and
women (r = 0.87, p < 0.001). The women’s
run-up velocities at the maximum and 0 m
point of the approach distance were both

calculated to be 89.6% of the men’s.
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Figure 3 Relationships of jumping distance (official) to the run-up velocity at maximum
and 0 m point of the approach distance (foul line) for the men’s and women’s triple jump

finals

Relationships between jumping distance and
run-up velocity

Figure 3 illustrates the relationships of the
jumping distance to the run-up velocity at the
maximum and 0 m point of the approach
distance for the men’s and women’s triple jump
finals. In the men’s finalists, there were
significant relationships of the jumping
distance to the maximum run-up velocity (r =
0.72, p < 0.01) and the run-up velocity at 0 m
point of the approach distance (r = 0.78, p <
0.01). While in the

significant correlation was found only between

women’s finalists,
the jumping distance and the run-up velocity at
0 m point of the approach distance (r = 0.59, p
< 0.05). However, considering the Costa’s

jumping distance (Table 2), her run-up velocity

was extremely large in the women’s finalists.
These data of Costa indicated that she would
failure to use her energetic potential in the
triple jump. If Costa’s data was excluded, the
relationships of the jumping distance to the
maximum run-up velocity and the run-up
velocity at 0 m point of the approach distance
turned to be significant (maximum point, r =
0.74, p <0.01; 0 m point, r = 0.75, p < 0.01).

These relationships underline the great
importance of run-up speed for men not only

for women.

Characteristics of the run-up velocities of the
top three athletes
Figure 4 and 5 depicts the developments of the

run-up velocities of the top three athletes of the
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Figure 4 Development of the run-up velocity of the top three athletes of the men’s triple
jump final: N. Evora (17.74m), J. Gregorio (17.59m) and W. Davis (17.33m)
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Figure 5 Development of the run-up velocity of the top three athletes of the men’s triple
jump final: Y. Savigne (15.28m), T. Lebedeva (15.07m) and H. Devetzi (15.04m)
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en’s and women’s triple jump finals,
respectively. Evora showed large run-up
velocity almost entire points of the approach,
and the run-up velocity at the end of the
approach distance (0 m) was greatest among
the top three athletes. Although Gregorio
xceeded Evora in the run-up velocity from 15
to 5 m points before the take-off, his location
of the maximum run-up velocity was earlier
than that of Evora and the loss of the run-up
velocity became greater before the takeoff
(Table 1). While Davis used shortest approach
distance among three athletes, around 35 m
point of the approach distance. However, his
run-up velocity immediately increased and
reached its peak of 10.23 m /s at 3.25 m point
of the approach distances, which was nearest
among the three athletes.

Savigne started the approach from about 35 m
point of the approach distance. She accelerated
immediately and the maximum run-up velocity
reached the second largest among the women’s
finalists (Table 2). Lebedeva showed the
greatest run-up velocity throughout the
approach from about 40 m point of the
approach distance. Although she could produce
the greatest kinetic energy (increase run-up
velocity) before the take-off, she was unable to
improve the jumping distance within six
attempts. The maximum run-up velocity of

Devetzi was smallest among the three athletes.

Summary

Run-up velocities of the best attempts of the
twelve male and female finalists in Osaka 2007
laser distance

were measured using a

measurement device. We analyzed the
maximum run-up velocity and its location from
the 0 m point of the approach distance (foul
line) and the run-up velocity at 0 m point of the
approach distance.

The average performance in the men’s triple
jump did not improve remarkably throughout
the past World Championships. While in the
women’s triple jump, the average jumping
distance at the World Championships 2007 was
greatest among the past World Championships.
The women reached 86.0% of the men’s
jumping distances and 89.6% of the men’s
run-up  velocities at the 11" World
Championships.

The run-up velocity was significantly related to
the jumping distance in the men’s and women’s
triple jump finals at the 2007 World
Championships. These relationships indicated
that one of the most important determinant of
the triple jump performance was the run-up
velocity in both men’s and women’s finals at

this competitions.
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Abstract

This brief report described interim results of kinematic analysis of the jumping techniques for top three men high
jumpers at Osaka WC. Finalists in the men’s high jump at Osaka WC were videotaped to obtain three-dimensional
coordinates of twenty-three body landmarks in video images of the best jump for each jumper with a three-dimensional
DLT method. Thomas's run-up CG velocity was high in the last stride(7.73 mv/s) and at the takeoft foot touchdown(7.87
my/s) and his inward lean of the body, 8.2 deg was the greatest of the three jumpers. Thomas’s technique was characterized
by a strong forward lean of the trunk and deeply flexed support knee in the preparation phase, accelerative transition to the
takeoft phase, fully used takeoff knee and hip, and the large inward lean of the body.  The silver medalist, Rybakov from
Russia who also cleared 2m35 exhibited us an orthodox and beautiful high jump technique with a double arm swing from
large backward lean of the body at the takeoff foot touchdown.  Although the bronze medalist, loannou decreased his
horizontal CG velocity during the last stride, his technique was characterized by relaxed last few strides, running up

transition to the takeoff phase and the quick takeoff.

1. Introduction
The high jump, as we know it today, became popular in
the 19™ century. The high jump was adopted as an event of
the athletics of the modern Olympic Games in 1986. The
most primitive style of the high jump is a scissors style in
which a straight run-up is used.  Starting with the scissors
style, the technical evolution of the high jump has been
taken place, for instance, the western roll, the straddle and
the Fosbury-flop which is the most fashionable at present,
and the record of the high jump has been improved.
The Fosbury-flop became famous all over the world, by
Dick Fosbury’s victory in the Mexico Olympic Games in

1968, who invented a back lay-out clearance technique

from a curved run-up. Most of high jumpers use the
Fosbury-flop at present, and the current world records for
men and women were established with this style (men:
2m45, women: 2mQ9).

Although the high jump technique can be divided into
four phases: run-up, preparation, takeoff, and clearance, the
takeoff is the most important phase. Basic principles of
the takeoff are common in various styles mentioned above,
which have been formulated by the study on the takeoff
motion of the straddle style whose run-up is straight.
However, there is still less information on the takeoff
motion of the Fosbury-flop than that of the straddle style,
takeoff of the

because the Fosbury-flop is a
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three-dimensional nature and more complicated than that
of the straddle style because of its curved run-up.

The detailed three-dimensional analyses of the high
jump at the IAAF World Championships in Athletics were
conducted at the Championships held in Tokyo 1991,
Athens 1997, and Helsinki 2005.  The men’s high jump at
the 11™ TAAF World Championships in Athletics, Osaka
2007, henceforth Osaka WC, was a very high level
competition in which three jumpers cleared the height of
2m35, as shown in Table 1, the final result of this event.
In addition to the high performance, an interesting topic of
athletic fans and medias was that a less experienced young
high jumper Thomas from Bahama won this competition
with a little strange-looking style in which he ran-up and
jumped up like a running shot of basketball and dabbled his
legs before clearing the bar in the airbome phase. On the
contrary, Rybakov from Russia who also cleared 2m35
exhibited us an orthodox and beautiful high jump technique
with a double arm swing from large backward lean of the
body at the takeoff foot touchdown.

This brief report described interim results of kinematic
analysis of the jumping techniques for top three men high
jumpers at Osaka WC.

2. Methods

2.1 Subjects and data collection

Fifteen finalists in the men’s high jump at Osaka WC
videotaped with two  high-speed  video

cameras(HSV-500, NAC Co.) operating at 250 Hz for

left-footed  jumpers and two normal digital video

cameras(VX-1000 ,

right-footed jumpers. These cameras were fixed on the

WwEre

Sony) operating at 60 Hz for

top row corridor of the Nagai stadium so that they covered
the videotaping area from the 3" last stride to the bar.
These cameras were synchronized by using an event
method in which we used instants of the touchdown of the
takeoff and the last stride as synchronization events.

Two videotaping areas were set for the left-footed and
right-footed jumpers, respectively. The videotaping area
was 6 m long in the direction parallel to the bar as a x axis,
6 m long in the perpendicular direction to the bar as a y
axis, and 3 m high as a z axis. The areas were calibrated
by standing a calibration pole vertically every two meters
in each area before the start of the final.

2.2 Data reduction
Twenty-three body landmarks in video images of the

Table 1 Results of men’s high jump, Osaka 2007

Rank Name NAT [Result(m)] 2.16 2.21 2.26 2.30 2.33 2.35 2.37
1 Donald THOMAS | BAH| 2.35 xQ xQO O xxQ (@) XXX
2 | Yaroslav RYBAKOVf RUS | 2.35 @] O O O xQ XXX
3 Kyriakos IOANNOU| CYP | 2.35 @] O O xQO xQ xQO XXX
4 | Stefan HOLM SWE| 2.33 @] O O O XXX
5 | Tomas JANKU CZE| 2.30 @] O O O XXX
5 | Victor MOYA CuB| 2.30 @] O O O XXX
7 EikeONNEN GER| 2.26 O O x- XX
8 | Jaroslav BABA CZE| 2.26 (@) O xQ XXX
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best jump for each jumper were digitized from at least
five frames before the touchdown(TD) of the support foot
of the second last stride to ten frames after the toe-off of the
takeoff foot.  Three-dimensional coordinates of the
segment endpoints were reconstructed with a DLT method
from the digitized coordinates, smoothed with a
Butterworth digital filter of optimum cutoff' frequencies
(5.0 to 7.5Hz) chosen by a residual method. The mean
errors of the three-dimensional coordinates of the
calibration points were 0.01m in the x axis, 0.02m in the y
axis, and 0.01m in the z axis, respectively.

The whole body center of gravity(CG) estimated after
Ac's body segment parameters (1996) for athletes and its
derivative was calculated to obtain CG heights relating to
the performance and CG velocity during the final stage of
the run-up and the takeoff phase. Three CG heights as
performance descriptors(Hay, 1993) were as follows:

H1: the height of the jumper's CG at the instant of
takeoff

H2: the height that the jumper raises the CG during the
flight

H3: the difference between the maximum height
reached by the CG and the height of the crossbar

In this report, H2 was calculated from the vertical CG
velocity of jumpers at the instant of takeoff, and H3 was the
difference between the sum of H1 and H2 and the official
record.

Although several joint and segment angles were
calculated, only angle explained in this report was the knee
joint angle which was defined as an angle between the
thigh and shank. As
condition of the takeoff we calculated the inward and
backward lean angles of the body and the trunk lean angle.
Figure 1 showed the definition of inward lean and
backward lean angles of the body. In the X-Z' plane, the
angle between the vertical line and a line connecting CG
and the ankle joint of the takeoff leg (CG-ankle line) was
defined as an inward lean angle of the whole body. In the

parameters to evaluate the

Y'-Z' plane, the angle between the vertical line and the
CG-ankle line was obtained as a backward lean angle of
the whole body.
between the vertical line and a line connecting the midpoint
of both shoulders and the midpoint of both hips.

The trunk lean angle was the angle

Backward lean angle

Inward lean angle

£,

Figure 1 Definitions of the inward and backward lean angles

3. Results and discussion
3.1 Motions of the top three jumpers in the final phase of
the run-up and takeoff phase
Figures 2 to 4 show sequence stick pictures of the best
jump for the top three jumpers before TD of the 2™ last
stride to the instant of takeoff. The left limb and the
trunk were depicted in solid lines and the right limb
shown in broken lines. The stick pictures on the upper
row is the lateral view of a jumper, which was
transformed as if an observer was watching the jumper
from the position perpendicular to the direction of the
horizontal CG velocity of the jumper, and those on the

lower row is the backward view of the jumper.

Thomas (Bahama) in Figure 2

Being very different from two other jumpers, Ryvakov
strongly inclines his body,
especially the trunk forward in the 2™ stride, probably also
in the 3" stride, which looks like a basketball running shot
or a high jump from a short run-up used in a practice.
And the deeply flexed knee joint seen in the pictures(3,11

and loannou, Thomas

and 12) is also one of his features. Defying the guess of
the audience and media in the Nagai stadium that his
Jjumping motion was new and completely different from
other jumpers in all the phases from the beginning of
run-up to the landing, he raises his trunk and body during
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Figure 2 Sequence stick pictures of Thomas 2m35

Rybakov (RUS) 2.35m Lateral view
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Figure 3 Sequence stick pictures of Rybakov (2m35)

Ioannou (CYP)2.35m Lateral view

128

Backward view
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Figure 4 Sequence stick pictures of loannou (2m35)

the last stride to prepare for his strong takeoff. At the
instant of takeoff foot TD, his backward lean of the body
and the takeoff leg is large  although the trunk backward
lean looks a little smaller than other jumpers. His
double-arm swing, almost vertical body at the takeoff, and
highly raised thigh of the swing leg reveal his excellent
Although dabbling legs before the crossbar
clearance is his most characteristic, we all know that the
height CG is raised is determined by the takeoff motion.

techniques.

From the backward view, we can observe his large inward

lean of the leg during the 2nd and last strides(1 to 10),
which is still maintained at the takeoff foot TD(14 and
15).

Rybakov (Russia) in Figure 3
Rybakov who cleared 2m35 exhibites us an orthodox
and beautiful high jump technique with a double arm
swing from a large backward lean of the body at the
takeoff foot TD, which we can frequently see in textbooks

of athletics. From the lateral view, he inclines his body
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forward appropriately in the 2™ last stride. He raises his
trunk, lowers his CG and prepares his arms for the
double-arm swing in the 2™ and last strides although his
knee is less flexed than Thomas.  In the takeoff phase, he
inclines his takeoff leg and trunk backward and swings his
arms and swing leg in a wide range of motion.  From the
backward view, his inward lean of the body during the 2™
last stride is as large as Thomas, but he changes the
direction of his progression acutely during the support
phase(8 to 10). At the takeoff foot TD(14), his inward lean

was kept.

loannou (Cyprus) in Figure 4

loannou who also cleared 2m35 with a so-called a
semi-double arm swing demonstrates a good form similar
to Rybakov although a little larger upward movement of
his body is observed in the o stride(6 to 8). In the last
stride, he floats his body, as seen in the 2™ stride, which
may have caused a little delayed TD of the takeoff foot,
slapping the foot down to the ground. From the
backward view, his inward lean of the body in the 2™ last
stride is very large but it becomes smaller at the instant of
takeoft foot TD.

3.2 Performance descriptors and CG velocity
Table 2 shows the heights of the CG as performance

descriptors and takeoff time. Table 3 shows CG velocity
in the last stride and takeoff phases. Thomas's
performance was characterized by his prominent
H2(1.10m) but less efficient clearance height, H3(-0.14m).
Rybakov showed the highest H1 by making use of his tall
body height. The time of the takeoff phase ranged
within the normal, compared with that of the in Tokyo
WC.

Surprisingly Thomas's run-up velocity was high in the
last stride(7.73 m/s) and at the takeoff foot TD(7.87 nvs),
which was a little slower than that of the high jumpers in
Tokyo WC( 8.15+0.33 nvs and 7.52+0.25 mys, liboshi
et al, 1994) and a little faster than that of Helsinki
WC(7.780.34 m/s at the takeoff foot TD).  In addition,
it is likely that he accelerated his CG velocity in the last
stride while most of high jumpers tended to decrease the
CG velocity in the last stride to prepare for the takeoff.
The similar tendency as Thomas was observed in the case
of Rybakov whose CG velocity was also increased from
741 m/s at the last stride to 7.57 m/s at the TD.
However, Ioannou decreased his CG velocity but his CG
velocity(7.61 my/s) at the TD was still faster than the
jumpers at Tokyo WC(7.52£0.25 m/s.)

The downward vertical velocity at the TD for Thomas

and Rybakov was smaller than that of the high jumpers of

Table 2 Performance descriptors of the top three high jumpers

Name Height | Weight | Analyzed record |Max. CG height H1 H2 H3 Takeoff
(Nationality) (m) (kg) (m) (m) (m) (m) (m) time (s)
Thomas (BAH) 1.90 75 2.35 2.49 1.40 1.10 -0.14 0.180
Rybakov (RUS) | 1.98 82 2.35 2.46 1.45 1.01 -0.11 0.192
loannou (CYP) 1.93 60 2.35 2.38 1.40 0.98 -0.03 0.148
Table 3 The CG velocity and projection angle for the top three high jumpers
CG velocity (m/s)
Name Horizontal Vertical Projection
(Nationality) | Last stride Takeoff Last stride Takeoff angle (deg)
on on off on on off
Thomas (BAH) 7.73 7.87 3.82 -0.47 -0.11 4.64 50.9
Rybakov (RUS) 7.41 7.57 3.66 -1.01 -0.10 4.45 50.6
loannou (CYP) 7.75 7.61 3.80 -0.62 0.09 4.38 49.0
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Tokyo WC(- 0.12+0.53 m/s) and Helsink WC(-0.33+
0.16nmvs), and that of loannou was positive, although
some jumpers very often transitted to the takeoff with
positive vertical CG velocity.

The projection angle of the CG was similar to that of
Helsinki WC(51.1 2.3 deg) and larger than Tokyo
WC(47.8£3.5 deg).

3.3 Body lean angle and knee joint angle

Table 4 shows backward and inward leans of the body
and overall lean angle of the trunk and Table 5 indicates
knee joint angle in the Ist stride and the takeoff phase.
Figure 5 demonstrates a knee joint angle vs. CG vertical
velocity diagram for the three high jumpers during the
takeoff phase.

The backward lean of the body ranged from 40.0 deg of
loannou and 43.5 deg of Thomas which were larger than
that of Tokyo WC(37.723 4 deg), although there was no
difference in the trunk lean angle among three jumpers.
The inward lean of the body at the instant of takeoff TD
for Thomas, 8.2 deg was the largest of the three jumpers
and much larger than that of Tokyo WC(3.2%3.1 deg).
The large inward lean of the body at the instant of takeoff
TD is one of the features of Thomas.

As seen in Figures 2 to 4 and Table 3, the three high

Jumpers flexed the knee joint during the last stride although
the patterns were different. After the TD of the last stride,
Thomas and Ioannou flexed the support knee joint more
and maintained the knee flexion or less extended it toward
the toe-off, although Rybakov did not flex his support
knee so much during the support phase, adopting the
technique of inclining the support leg forward to lower the
CG However, observation of Figures 2 to 4 revealed
that they all inclined the shank forward deeply with
regardless of the degree of the knee flexion during the
support phase of the last stride. In sprint running, it is
said that the fast forward lean of the support shank in the
first half of the support phase is a critical factor to decrease
the negative braking force. The technique of inclining
the shank forward may be a reason why the three jumpers
could make the decrease in the horizontal CG velocity
smaller during the final phase of run-up.

As shown in Figure 5, Rybakov most extended his
knee and Ioannou most flexed his knee at the instant of
takeoff foot TD. Thomas flexed his knee deeply to 133
deg during takeoff phase, which was ranked as one of the
maximum knee flexion, as reported that the minimum
knee joint angle was 127.9 deg in Helsinki WC and 132.9
deg in Tokyo WC. Although the knee was flexing
during the first half of the takeoff phase, the vertical CG

Table 4 Body lean angle at the TD for the top

three high jumpers

Name Body lean at takeoff foot TD(deg)
(nationality) Backward Inward Trunk
Thomas (BAH) 43.5 8.2 13.3
Rybakov (RUS) 43.0 2.9 14.3
loannou (CYP) 40.0 3.5 13.4

Table 5 Knee joint angle in the last stride and
takeoff phase for the top three high jumpers

Knee joint angle (deg)
(na’;lisrTaTity) Last stride Takeoff
on off on Max flextion off
Thomas (BAH) 150 141 161 133 172
Rybakov (RUS) 154 151 170 139 174
loannou (CYP) 144 136 151 145 177
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Figure 5 Knee joint angle vs. vertical CG velocity diagram
for the top three high jumpers

velocity was increasing from the instant of takeoff TD.
This is often called as a high jump paradox that the
vertical CG velocity increases due to the rotation of the
body around the takeoff foot in spite that the takeoff knee
flexes. The ratio of the vertical CG velocity at the instant
of the maximum knee flexion was reported as 78.7+
6.1% in Tokyo WC, and those of the three jumpers were
77% for Thomas, 76% for Rybakov, and 75% for
Joannou, which means there was no remarkable
difference. ' The results indicated that Thomas effectively
used the rotation of the body as well as the strong knee
extension to obtain the vertical CG velocity during the
takeoft phase.

3.4 Remarks on the takeoff techniques
Thomas’s feature was the great inward lean, 8.2 deg.
Okuyama et al. (2003) suggested that the use of the hip
abductors of the inward inclined takeoff leg in the high
jump was an important factor to enhance the vertical

velocity during the takeoff. Since great ground

reaction forces, especially the vertical component tends
to adduct the takeoft hip joint, a high jumper has to resist
the adduction moment of the ground reaction forces by
exerting great hip abduction torque. On the contrary, a
strong abduction torque of the takeoff leg generated by
the hip abductors can exert great force on the ground,
which helps to raise a high jumper vertically. In other
words, the inward lean of the body in the initial stage of
the takeoff phase may have helped to develop great force
of the abductors and the ground reaction forces and
contribute to raising the body upward.

For loannou, his vertical CG velocity at the TD was
positive. During the takeoff phase, a high jumper has to
generate impulse to absorb the forward and downward
velocity of the CG and to acquire the upward CG velocity
to raise his body in the air.  The positive or small negative
vertical CG velocity at the TD implies that the impulse to
absorb downward CG velocity was not necessary or
smaller than the case of large negative vertical CG velocity.

Thomas’s technique was characterized by a strong forward
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lean of the trunk and deeply flexed support knee during the
preparation phase, accelerative transition to the takeoff
phase, fully used takeoftf knee and hip, and the large inward
lean of the body. Although loannou decreased his
horizontal CG velocity during the last stride, his technique
was characterized by the relaxed last few strides, running
up transition to the takeoff phase and the quick takeoff.
With a creative idea of athlete and coach, a new
technique often emerges froma combination of existing
techniques which excellent athletes employ in the real
world. In this context, a combination of the techniques
of Thomas and Ioannou may be a challenging trial in the
world of the high jump.
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Absuruct

The purpose of this study was to present the overview of finalists' performances and to make comparisons of the technique

of top three putters including the two rotators and a glider. Data were collected in the IAAF world championships for

athletics in Osaka 2007. One motion of best record about every top ten athletes in the Men's shot put final was analyzed.

The main findings are as follows;

While the release velocity is the main determinant of performance, some fluctuations can be related to other factors such

as angle and position of release.

There is the technical variation even within the rotational style. Hoffa utilizes both of linear and angular momentum of body

in higher extent. In contrast, Nelson seems to have emphasis especially on angular momentum. Mikhnevich of glider keeps
higher level of linear momentum of whole body from the push off of glide to just before the final thrust.

These results suggest that shot velocity alone is not enough to explain the process of acceleration. Because whole body

momentum is gained or maintained even in the concomitance of marked decrease of shot velocity during flight and transition

phase of rotation. To ensure the source of energy for delivery, acceleration of athlete-shot system is suggested to be the key

factor.

Introduction

Unlike the Fosbury flop of high jump, both style of glide
and rotation coexists as mainstreams in the shot put.
This world championship is not the exception. The
process reaching the common delivery from a totally
different preparation is the matter of great interest among
coaches and athletes.

Preceding researchers and coaches have pointed out that
the advantage of rotational shot put technique is
characterized by long path of shot acceleration (Heger,
1974; Zatsiorsky, 1990; Pyka, 1991). On the other hand,
unfavorable depression of shot velocity during flight and

transition phase has been reported frequently as a
disadvantage (Grigalka, 1985; Luthanen et al., 1997).
However, in spite of the shot deceleration, it has been
expected that putters body can move forward and it can
be favorable for delivery (Zatsiorsky, 1990; Hay, 1992).
But experimental evidence has not been presented yet
sufficiently. In terms of potential momentum within the
athlete-shot system, apparent loss of shot velocity itself
cannot necessarily be considered as a critical problem.
Actually about discus throw, Schluter and Nixdorf
(1984) reported that the amount of discus acceleration
during the transition phase, the last half of preparation, is
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negatively correlated to the discus velocity at release. In
other words, the temporary inappropriate state of the
implement is not the problem if the system is ready to
ensure the final delivery with translating the momentum
to the implement.

In this study we will focus especially on the acceleration
profile with special reference not only to the shot itself
but to the athletes body. The sequence from system
acceleration to the final acceleration of shot in the
delivery will be analyzed.

The purpose of this study was to present the overview of
finalists' performances and to make comparisons of the
technique of top three putters including the two rotators
and a glider. The technical difference not only between
rotation and glide but within rotation are discussed.

Methods

Data were collected in the IAAF world championships for
athletics in Osaka 2007. One motion of best record about
every top ten athletes in the Men's shot put final was
analyzed. All of these putters were right handed. Two
digital video cameras (HVR-A1J, SONY) were used to
record the putters’ motion at 60fps and exposure time was
set at 1/1000sec. One camera was fixed backward and the
other at the right side of the throwing circle.

The shot of all ten putters and end points of each body
segment of top three putters were manually digitized about
every frame with motion analysis system (Frame-Dias;
DKH Inc.) from video images. A 14-segment model
comprising hands, forearms, upper arms, foot, shanks,
thighs, head, and trunk was constructed. Three-dimensional
coordinates of 24 points were obtained using a Direct
Linear Transformation (DLT) technique (Abdel-Aziz and
Karara., 1971), and smoothed by a fourth- order
Butterworth low-pass digital filter cutting off at 2.4 to
7.8Hz, determined by residual analyses (Winter, 1990).
Standard errors in the constructed coordinates of the control

points were 0.006 m (x- axis), 0.004m (y-axis), and 0.007
m (z-axis).

The locations of the center of mass and the moments of
inertia for the each body segment of athletes were
estimated from the body segment inertia parameters
developed by Ae etal. (1992).

For analysis and description of data, putting motion was
divided into several phases (Figure 1). The phases of
preparation, flight, transition and delivery were assigned
with respect to the information of foot contact.

To analyze the motion, a global reference frame was set.
The Y-axis was aligned to the putting direction (pointing at
front). The Z-axis was the vertical direction (pointing at the
top), and the Y-axis was perpendicular to the Y- and Z-
axes (pointing at the right). In particular, trunk twist and tilt
angle were calculated on the local reference frame fixed on
the pelvis. These parameters indicate relative precedence of
pelvis rotation to the shoulder axis rotation about
longitudinal axis of trunk and tilting ngle of trunk within
saggial plane respectively.

Results

Among ten putters, six adopt the rotational technique and
the other four use the glide. Table.1 shows the condition of
shot at the release. Official record correlates significantly
with the velocity at release (r=0.87, p<0.01). Shot trajectory
on X-Y plane and Y-Z plane of ten putters are showed in
Figure 1. About X-Y plane four gliders show almost linear
trajectory. The shot of rotators show circle-shaped path in
the first half of turn. However "loop" portion of trajectory
during flight and transition phase is seen only in Smith.
The time courses of shot velocity of ten putters are
represented on Figure 2. Regardless of preparation style,
the most of acceleration takes place in the phase of delivery.
Before flight phase, while rotation shows two or more
peaks, glide shows single peak corresponding to the push
off of right leg and the swing of left leg. During flight and
transition phase, both of rotation and glide indicates
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Figure 1. Shot trajectory on X-Y plane (top view) and Y-Z plane (side view) of ten putters

velocity fall. The fall during the flight and transition phase
is more remarkable in rotation than glide.  Figure 3 shows
the duration of each phase from flight phase to release.
Flight phase is longer in gliders than rotators. Especially in
rotators, Bialou shows no flight phase. While transition
phase is extremely longer in rotators, delivery is longer in
gliders. The only rotator who secure the long delivery same
as gliders is Hoffa. Further analyses were conducted about

the top three putters. Hoffa of 1st and Nelson of 2nd adopt
the rotational technique. 3rd Mikhnevich uses glide
technique. Their shot velocity showed a typical time
change pattern as already described. In this study, we will
try to get insight about the cause of shot acceleration with
special references to putters' motion and momentum
generation. Fig.4a, 4b, 4c show the time course of shot
velocity, linear momentum and angular momentum about

center of mass (CM).
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Figure 2. The time courses of shot velocity of ten putters (Only the resultant velocity is shown.)

Linear Momentum of the putter

Resultant linear momentum increases gradually and peaks
at the last of preparation phase about Hoffa and
Mikhnevich. Nelson alone shows the peak during the
transition phase. After the peak, it decreases toward the
delivery (Fig.??). The peak value of resultant linear
momentum of rotational Hoffa (368.9 kg m/sec) surpassed
that of Nelson (297.5 kg m/sec) and even Mikhnevich

(346.9 kg m/sec) of glide. Nelson shows a notch-like
depression just before the L-on, corresponding to the
reverse action of upper body during transition phase. On
the other hand, Mikhnevich of glide maintains the linear
momentum throughout the preparation for the final thrust.
Hoffa showed a middle pattern of the other two putters.
Two rotator shows second peak of linear momentum

around L-on.
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Figure 3. Duration of each motion phase from flight phase to release

At the start of weight shift and acceleration of body during
preparation phase, individual difference is seen in the
contribution of each component of the linear momentum.
The two rotators can be characterized by the rightward
component during the most of preparation phase. While
Hoffa makes forward (putting direction) drive, Nelson
shows small backward component. Nelson shows a small
upper component in the start and downward in the latter
half. As for Hoffa, downward component is remarkable in
the middle of preparation phase. Mikhnevich of glide is
characterized by the starting with downward to forward
with upward component before the R-off.

Commonly about both of the rotators and the glider,
vertical component shows moderate peak just before the
flight phase and remarkable highest peak just before the
delivery.

Angular Momentum of putter
Before R-off, two rotators increase whole body angular
momentum about CM mainly by upper body. After R-off,

two rotators maintain higher level of angular momentum
throughout the motion. On the other hand, as for the
Mikhnevich of glide keeps low level of angular
momentum in contrast with the linear momentum. Only
Mikhnevich shows rapid uniform increase of angular
momentum in transition. During preparation, Hoffa keeps
the level of angular momentum of lower extremity with
balanced generation from both of right and left leg. For
contrast, while angular momentum of the right leg of
Nelson was almost same level as Hoffa, that of the left leg
is remarkably higher and the sudden increase of left leg
angular momentum is corresponding to the marked peak of
lower extremity and increase of whole body angular

momentum.

Trunk inclination and torsion angle

Fig.5 shows the forward - backward inclination within
saggital plane and the angle of torsion of the trunk. As for
Mikhnevich, both of inclination and torsion angle are
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Figure 4a. Time course of shot velocity, linear momentum and angular momentum of athlete (Hoffa)

radually increase from about 100msec before the R-off.
Then the trunk inclination changes in wide

range from horizontal to upright and reached to its peak at
just before the release. The torsion angle peaked during
flight phase.

Hoffa and Nelson started turn in more upright trunk
position. Their trunk tilt forward mostly around the flight
phase and increases to the peak just before the release.
Nelson leans more forward during preparation than Hoffa

and Mikhnevich. It is common among three putters that
trunk inclines backward before release beyond and it
rapidly reverses toward the release. The trunk torsion of
Hoffa reaches minimum before R-off. On the other hand,
Nelson reaches minimum at late in flight phase. Hoffa and
Mikhnevich's winding motion (increase of torsion)
progresses at 121.3degree/sec and 141.7degree/sec
respectively and that of Nelson increase more rapidly at

285.2degree/sec. The recoil of torsion begins at flight phase

=270 -



Nelson (21.61m)

" Shot Velocity

-1400 -1200 -1000 -800 -600 -400 -200 0 200
Time (msec)

Velocity (m/sec)

R-off L-off R-on L-on Release

- Linear Momentum ...

——Left-Right
—FPwd-Bwd ... T | o ot SRR SRR |
——Vertical (Uwd-Dwd)
— Resultant

g 8 & 8

g

2

Linear Momentum (kg * m/sec)
g

gﬁa

g

Time (msec)

o AngularMomentum_ ... /2 /N

——Right Leg

Angular Momentum (kg * m¥sec)

Time (msec)

Figure 4b. Time course of shot velocity, linear momentum and angular momentum of athlete (Nelson)

in Mikhnevich and in the first half of transition phase in Discussion

Hoffa and Nelson. The timing of increase of torsion It is reported that body height of Hoffa who won the
coincides with the It is more intensive in rotation than glide. championship is 182cm, the second Nelson and the
Especially, Nelson indicates more rapid recoil third Mikhnevich is 183cm and 20lem respectively
(221.2degree/sec) than Hoffa (190.8degree/sec) and (IAAF, 2007). Probably, Hoffa is the shortest world
Mikhnevich (140.8degree/sec). champion of men's shot put so far It is clearly

disadvantageous to be short to secure the acceleration
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Figure 4c. Time course of shot velocity, linear momentum and angular momentum of athlete (Mikhnevich)

ange of the shot. The thought that rotation is suitable
for small putters have been shown. Hoffa and Nelson
embodied it in form by winning the gold and silver. As a
matter of course, there should be the background of the
technical excellence in their success.

Official record correlates significantly with the velocity
atrelease. Some fluctuations can be related to other

factors such as angle and position of release.

Because most of shot acceleration is executed in
delivery, the precedence phases should be aimed at
ensuring the final acceleration. To satisfy this condition,
not only the preparation of body position and the state of
musculature incorporated in the final acceleration, but

also the energy storage within athlete-shot system as the
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trunk within saggital plane relative to the horizontal axis and relative precedence of hip axis rotation to the shoulder axis

rotation about longitudinal axis of trunk.

source of final acceleration must be critical. The
acceleration never occurs by shot alone. It needs the
source of energy. In the past study, the researchers'
attention has been paid mainly to the acceleration of shot
itself even about the flight and transition phase.
Luhthanen et al. (1997) pointed out the need of
achieving an increase in the speed of the shot during the
flight phase. From the viewpoint of reduction of loss of
shot velocity, Coe and Stuhec (2005) recommended
keeping flight phase shorter. But  the argument of how
to secure the energy for acceleration has been hardly
done. Although, a few researchers mentioned the
importance of the momentum of the athlete-shot system
(Zatsiorski, 1990; Hay, 1993; Bartnietz, 1994), we
cannot find the study that showed it experimentally.

In the present study, the fall of shot velocity during the
flight and transition phase is more remarkable in the
rotation than the glide. This

supports the result of the precedent reports. This
slowdown of shot velocity is corresponding to right foot
grounding. Especially in rotation, this breaking motion and
backward returning motion of the upper trunk coincides.
This seems to result in the dissipation of the shot velocity.
However, simultaneous generation of angular momentum
and preparative configuration of body segments can be
seen. Analyzing the system acceleration about top three in
detail, Mikhnevich, in the nature of glide, depends on the
linear momentum to storage energy in the whole system.
On the other hand, amongst two rotators, Hoffa shows the
same level of peak resultant linear momentum as
Mikhnevich. It is suggested that linear momentum has
great importance as well as angular momentum even in
rotational style. Both of the two rotators show higher
angular momentum than Mikhnevich.

Hoffa generates higher linear momentum from the
effective weight shift to the putting direction and push off.
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Then he skillfully suppressed the loss of the linear
momentum that he got in the preparation phase and reaches
the delivery. Two rotator shows second peak of linear
momentum around L-on. It seems to be related to the left
leg swing of transition phase. Actually, Nelson, indicating
marked second peak, is characterized by intensive wide
swing of left leg.

Also, from the time course of each component of
momentum, the higher angular momentum of rotators after
the second half of preparation phase seems to be related to
the motion of lower extremity. In particular, Nelson keeps
higher angular momentum throughout the preparation.
Nelson who shows marked dissipation of linear
momentum during transition phase adversely increases the
angular momentum. It seems to be closely related to the
intensive swing of left leg during the transition. The deepest
forward leaning angle of trunk from before R-on to
transition seems to secure the range of motion of left leg for
wide whipping motion. It is suggested that the leg
movement causes the conversion of momentum from leg
to the trunk and steep increase of angular momentum of
lower extremity and provides trunk torsion as a result.
Actually, the velocity of trunk torsion increase of Nelson is
more than two times of that of Hoffa and Mikhnevich. The
torsion can stretch the abdominal and back muscles just
before the final thrust and ensure the intensive upper trunk
rotation during the last phase of delivery. Nelson seems to
be dependent more upon trunk torsion than Hoffa and
Mikhnevich. It is speculated that Nelson most actively
utilizes the stretch-shortening cycle of trunk musculature.
The remarkable wide swing of left leg of Nelson seems to
be the source of kinetic energy of this intensive torsion.

The participation of angular momentum and sideward
acceleration, the advantage of rotational technique, can be
considered as disadvantage to coordinate the body balance.
Hoffa eliminates this kind of tradeoff with continuous
linear acceleration of CM from the back of the circle to the

release point standing comparison with glide technique
without much dissipation of angular momentum of body.
Actually, his linear momentum reach to higher level, which
exceed not only Nelson but Mikhnevich of glider.

The backward trunk inclination during the delivery is
caused by precedence of driving pelvis, but it rapidly
reverses toward the release. It is suggested that this
forward-backward rotation of trunk reinforces the final trust,
cooperating with the linear translation and the recoil of
trunk torsion.

Conclusions

The results of the present study shows:

1) While the release velocity is the main determinant of
performance, some fluctuations can be related to other
factors such as angle and position of release.

2) Appearing in system acceleration, technical variation
even within the rotational style. Hoffa utilizes both of linear
and angular momentum of body in higher extent. In
contrast, Nelson seems to have emphasis especially on
angular momentum.

3) Mikhnevich of glider keeps higher level of linear
momentum of whole body from the push off of glide to
just before the final thrust.

4) Shot velocity alone is not enough to explain the process
of acceleration. Because whole body momentum is gained
or maintained even in the concomitance of marked
decrease of shot velocity during flight and transition phase
of rotation. To ensure the source of energy for delivery,
acceleration of athlete-shot system is suggested to be the
key factor. It can be proposed that the preparation for the
delivery seems to be the process to accelerate whole body
and secure the favorable body configuration rather than to
accelerate the shot itself.
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Abstract

The purpose of this study was to investigate the biomechanical parameters that influence the javelin throwing
distance only among elite javelin throwers and to indicate the averaged motion pattern of elite javelin throwers.
The best competition throws of twelve male finalists at the 2007 IAAF World Championships in Athletics were
analyzed. The biomechanical parameters that affect throwing distance for elite javelin throwers were release
velocity, and vertical release velocity in particular, and approach run velocity at final right foot contact on the
ground. These results suggested that elite javelin throwers who began thrusting the javelin at a higher approach
run velocity and obtained some horizontal release velocity (required at least 22-23m/s) but who also obtained
higher vertical release velocity obtained better throwing distances. In addition, it was observed from averaged

motion of World championships finalists that the better javelin throwers showed more flexion at the right knee

angle, we called “knee down” motion, during final preparatory phase.

Introduction

In the past, several biomechanical studies have
analyzed the throwing movement of elite javelin
throwers in the Olympic Games (OG) or World
Championships (WCh). To the extent known, these
studies were as follows: the 1985 OG in Los
Angeles (Komi and Mero, 1985), the 1991 WCh in
Tokyo (Ueya, 1992), the 1992 OG in Barcelona
(Mero et al., 1994), the 1995 WCh in Gothenburg
(Morriss et al., 1997), the 1999 WCh in Seville
(Campos et al., 2004) and the 2005 WCh in Helsinki
(Murakami et al., 2006). Most of the studies noted
above have reported release parameters (release
velocity, release height, release angle, attitude angle,
attack angle). Although they also described the
characteristics of the throwing technique in
individual throwers, few studies elucidated the
common characteristics of the throwing techniques

among elite javelin throwers. Murakami et al. (2006)

investigated kinematic determination of javelin
throwing performance for many throwers from the
novice to elite level (included WCh finalists) by
clarifying the relationship between kinematics of the
throwing movement and the distance thrown.
However, no studies have tried to investigate
kinematic determination of javelin throwing
performance only among elite javelin throwers.

The purpose of this study was to investigate the
biomechanical parameters that influence the javelin
throwing distance only among elite javelin throwers
and to indicate the averaged motion pattern of elite

javelin throwers.

Methods

Subjects were twelve male javelin throwers who
advanced to the male javelin final at the 2007 IAAF
World Championships in Athletics in Osaka, Japan.
All subjects were right-handed throwers. The best
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throw for each subject during the competition was
analyzed.

The throwing movements were videotaped by two
video cameras from the left side and rear of the
throwing area. The camera speed was 60fps, and
shutter speed was 1000Hz. We calibrated the
photographic field of the throwing area (throwing
direction: 6m, lateral direction: 4m, vertical
direction: 2.5m) for the following three-dimensional
analysis. We recorded a pole with six landmarks set
on a runway with nine control points.

Twenty-three landmarks on each athlete’s body
and two reference landmarks on the javelin (tip and
grip) were digitized using a digitize system
(Frame-DIAST), DKH). The three-dimensional
coordinates were calculated using the direct linear
transformation (DLT) method. These
three-dimensional coordinates were smoothed with a
digital filter with cutoff frequency set at 10Hz.

In this study, analysis of the javelin
throwingmovement focused on the final preparatory
and delivery phases. The preparatory phase was
defined as the period from when the right foot lands
on the ground (R-on) to when the left foot lands on
the ground (L-on), and the delivery phase was

Pull distance

_—— - -

|
|\
Step length
R-on L-on
Preparatory phase
Figure 1

defined as the period from L-on to release of the
javelin (REL).
The calculated parameters were as follows (figure
1):
Release parameters of the javelin (release
velocity, release height, release angle,
attitude angle and attack angle)
Velocity of the body center of gravity (Vcg)
at R-on, L-on and REL
Reduction in REL—percent reduction of
Vg from L-on to REL
Duration of the preparatory and delivery
phases
Pull distance—the moving distances of the
grip during the preparatory and delivery
phases
Step length—the length between right toe at
R-on and left toe at L-on
Right and left knee joint angle
In addition, we showed the averaged motion
pattern of the javelin throwing movement for visual
feedback in order to consider good throwing
technique. The averaged motion was calculated by
normalizing the three-dimensional coordinates of the

segment endpoints by the thrower’s body height and
Release velocity

ﬁ - : Release angle
-

7\ : Attitude angle
‘ : Attack angle

Release height

REL
Delivery phase

The representation of the measurement parameters
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Table 1 Distance and release parameters of the javelin

Rank Name Distance (m) Release Velocity (m/s) Rel Rel Attitude angle Attack angle
Lateral Horizontal Vertical Resultant  height (m)  angle (deg) (deg) (deg)

1 Pitkamaki 90.33 -4.5 22.8 18.8 29.9 1.99 39.9 45.6 5.7
2  Thorkildsen 88.61 1.0 24.3 17.2 29.8 1.86 35.9 39.4 3.5
3 Greer 86.21 24 24.0 16.6 29.3 1.71 35.6 37.1 1.5
4 Vasilevskis 85.19 1.6 24.7 15.3 29.1 1.81 33.4 371 3.7
5 Ivanov 85.18 2.2 24.6 14.9 28.8 1.89 34.3 35.9 1.5
6  Oosthuizen 84.52 2.2 23.5 15.9 28.5 1.91 34.6 38.2 3.6
7 Janik 83.38 2.6 24.4 14.8 28.7 1.87 325 34.2 1.7
8 Jarvenpaa 82.10 21 24.6 14.4 28.6 1.78 32.2 38.3 6.0
9 Martinez 82.03 -1.3 24.3 14.9 28.5 2.03 329 375 4.6
10  Arvidsson 81.98 -0.3 24.4 14.3 28.3 1.99 31.9 33.0 1.2
11 Rags 80.01 1.2 22.6 16.8 28.2 1.96 38.7 40.5 1.8
12 Wirkkala 78.01 0.9 23.9 14.9 28.2 1.84 32.8 42.5 9.7
Average 83.96 0.8 24.0 15.7 28.8 1.89 34.6 38.3 3.7

SD 3.48 2.0 0.7 1.4 0.6 0.10 2.6 3.5 2.5

the time elapsed during each movement phase.
For details on calculations of averaged motion, refer
to Ae et al. (2007). In this study, the averaged motion
was compared between six high rank throwers and
six low rank throwers. But Greer (Rank 3) was
excluded from the six high rank throwers’ averaged
motion because his leg motion differed markedly
from all the other throwers. His legs motion will be
described in detail later.

The correlation coefficients (r) between throwing
distance and each measured parameter were
calculated using the method of least squares. The

significance level was set at 5% and 1%.

Results
Distance and release parameters

The distance and release parameters are presented
in Table 1. The distance was 83.96+3.48m (Range :
90.33m-78.01m). The highest horizontal release
velocity was Vasilevskis (Rank4: 24.7m/s), and the
gold medalist Pitkdmédki ranked 11th (22.8m/s).
However, Pitkdméki had the highest vertical release
velocity (18.8m/s); furthermore, he had the highest
values in both release angle and attitude angle.
Although significant positive correlations were

observed between the distance and resultant release

Table2 Correlation coefficients between
distance and release parameters of the javelin

Parameter r significance
Release velocity
Lateral -0.325 ns
Horizontal -0.057 ns
Vertical 0.672 p<0.05
Resultant 0.938 p<0.01
Release height -0.059 ns
Release angle 0.495 ns
Attitude angle 0.187 ns
Attack angle -0.247 ns

ns: not significance

velocity (r=0.938, p<0.01) and vertical release
velocity (r=0.672, p<0.05), the other release
parameters showed non-significant correlations with

the distance (Table 2).

The velocity of the body center of gravity,
duration, pull distance, and step length

The velocity of the body center of gravity (Vcg),
duration of preparatory and delivery phases, pull
distance, and step length are presented in Table 3.
Vg decreased slightly from R-on (6.52+0.33m/s) to
L-on (5.98+0.47m/s), and then the velocity rapidly
decreased to release (3.444+0.36m/s). Horizontal step

lengths for most throwers were the same as their
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Table 3 Velocity of the body center of gravity (V cg), duration, pull distance and step length.

Rank Name Vg (M/s) Reduction Duration (s) Pull distance (m) Step length (m)
R-on L-on REL in REL (%) Preparatory Delivery Preparatory Delivery Total Lateral Horizontal
1 Pitk&maki 6.93 6.48 3.55 453 0.183 0.117 1.33 2.06 3.39 -0.75 1.72
2  Thorkildsen  6.91 6.19 3.72 39.9 0.150 0.117 1.13 2.07 3.20 -0.48 1.64
3 Greer 6.72 6.37 3.67 423 0.167 0.117 1.26 1.98 3.24 -0.35 1.88
4 Vasilevskis  6.48 6.06 2.7 55.3 0.217 0.117 1.45 2.06 3.52 -0.66 2.14
5 Ivanov 6.90 6.04 3.37 442 0.233 0.100 1.71 1.75 3.46 -0.11 2.35
6  Oosthuizen  6.33 4.94 2.73 447 0.233 0.133 1.51 2.03 3.54 -0.35 1.98
7 Janik 5.97 5.41 3.72 31.2 0.233 0.150 1.40 1.94 3.34 -0.58 1.96
8 Jarvenpaa 6.63 6.57 3.77 42.6 0.167 0.117 1.10 2.00 3.10 -0.32 2.00
9 Martinez 6.19 5.75 3.59 375 0.233 0.133 1.44 2.20 3.64 -0.81 1.76
10 Arvidsson 6.25 5.61 3.40 39.4 0.200 0.133 1.28 2.10 3.37 -0.46 1.72
1 Rags 6.65 6.21 3.55 42.9 0.167 0.117 1.18 2.06 3.24 -0.16 1.72
12 Wirkkala 6.31 6.09 3.52 42.2 0.150 0.133 1.02 1.99 3.01 -0.48 1.72
Average 6.52 5.98 3.44 423 0.194 0.124 1.32 2.02 3.34 -0.46 1.88
SD 0.32 0.47 0.36 5.6 0.034 0.013 0.20 0.11 0.19 0.22 0.22

1. Reduction in REL was percent reduction of V¢ from L-on to REL

body height or less. Although a significant positive

Table 4 Correlation coefficients between the
distance and each parameter

correlation was observed between the distance and

Ve at R-on (1=0.596, p<0.05), the other parameters

showed non-significant correlations with the Parameter r significance
distance (Table 4). Vee
R-on 0.596 p<0.05

Visual feedback by averaged motion L-on 0.194 ns

. REL -0.058 ns

In backward viewing, throwers ranked 7-12
) ) Reduction in REL  0.221 ns
tended to show more rightward rotation of the trunk i
Duration

(the grip was placed further backward) during the Preparation 0.056 ns
preparatory phase, so they tended to delay the timing Delivery ) O' 385 ns
of pulling the javelin during the delivery phase Pull distance
compared to throwers ranked 1-6 (Figure 2, 3). In Preparation 0.310 ns
side viewing, throwers ranked 1-6 tended to show Delivery -0.062 ns
more flexion at the right knee angle (Figure 4, left Total 0.290 ns
upper) and bending of the trunk backward slightly Step length
during the preparatory phase compared to throwers Lateral -0.247 ns
ranked 7-12 (Figure 2). Both throwers ranked 1-6 Horizontal 0.087 ns

and throwers ranked 7—12 tended to show nearly full
extension at the left knee angle after slightly flexing
during the delivery phase (Figure 4, right bottom).
However, bronze medalist Greer showed a very
different style from the other eleven throwers; he

kept greater flexion at his right and left knee angle

ns: not significance

during the delivery phase (Figure 5). Therefore, he
was excluded from averaged motion of throwers
ranked 1-6.
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Figure 2 Averaged motion during preparatory phase in elite javelin throwers

Discussion

The release parameters presented in this study
(Table 1) were similar to those in previous studies
(Mero et al., 1994; Morriss et al., 1997 ; Campos et
al., 2004). In relationship to distance, there was a
significant positive correlation coefficient between
the distance and resultant release velocity; other
release  parameters  showed  non-significant
correlation with the distance (Table 2). These results
were supported by previous studies (Bartonietz,
2000; Murakami et al., 2006). In each component of
release velocity, there was no significant correlation
between the distance and horizontal release velocity
which was most highest mean values in three
components, but there was a significant correlation
between the distance and vertical release velocity.
This result suggested that vertical release velocity
was a determination of rank (distance) as a

prerequisite for obtaining a horizontal release

velocity of about 23-24m/s among elite javelin
throwers.

Murakami et al. (2006) has reported that there was
a significant positive correlation between the
distance and approach run velocity at R-on for a
wide range of performance levels. We also obtained
the same result (Table 3), which proved the
importance of starting to thrust the javelin at a higher
approach run velocity in elite javelin throwers.
However, the other parameters regarding approach
run velocity were not significantly correlated with
the distance. Although the reduction in REL is
considered to relate to the kinetic energy transfer
from the whole body to the javelin (Bottcher and
Kiihl, 1998; Bartonietz, 2000; Morriss et al., 2001),
the amount of reduction was not a factor that
decided the javelin throwing performance in elite
javelin throwers. It may have influenced this result

with different strategies to accelerate the javelin in
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Figure 3 Averaged motion during delivery phase in elite javelin throwers

individuals.

Furthermore, Murakami et al. (2006) have
reported that the distance and the pull distance had a
linear relationship, and the pull distance values here
(in WCh finalists) were similar, but this relationship
was not confirmed by this study. This result
suggested that pull distance was not a determinative
factor in deciding the javelin throwing performance
in elite javelin throwers. The duration and step
length also were not determinative factors for their
ranking.

This study was not able to adequately clarify the
determinative factors for ranking in elite javelin
throwers, instead indicating only basic biomechanics
parameters. Therefore, we must analyze the
kinematics and kinetics like angular velocity,
momentum, and kinetic energy at each joint and
body segment. In order to obtain some hints for

future analysis of the throwing techniques in elite

javelin throwers, we tried to visually determine
how elite javelin throwers move and indicate the
averaged motion in five high rank throwers (ranked
1-6) and six low rank throwers (ranked 7-12)
among World Championship finalists. This approach
will be able to provide highly useful information for
javelin throwers and their coaches without showing
many biomechanical parameters.

Most interesting was the angle displacement of
the both right and left knee joint. In Side viewing,
the right knee joint tended to be flexed more in
throwers ranked 1-6 than in throwers ranked 7-12
during the preparatory phase (Figure 4, left upper).
We describe this motion as ‘right knee down’ in this
study. It was conceivable that this ‘right knee down’
motion makes the pelvis rotate without bending the
trunk forward, which leads to a body position
thrusting the javelin during the former half of
delivery phase (Figure 2, 3). In contrast, an
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Figure 4 Angle displacement of the knee joint
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Figure 5 Stick pictures of the throwing motion during delivery phase in Greer (Rank 3)

incomplete ‘right knee down’ motion was observed
in throwers ranked 7—12, who tend to keep bending
the trunk forward slightly through the preparatory to
delivery phase (Figure 2, 3). We surmise that such
differences in motion are caused by more elite

throwers producing a higher vertical release velocity

for the javelin.

Many previous studies have reported the
importance of keeping extension at the left knee
joint during delivery phase (Morriss and Bartlett,
1996; Bartonietz, 2000; Murakami et al., 2006).

Most elite javelin throwers in this study also showed
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nearly full extension at the left knee angle after slight
flexion during the delivery phase. This left knee
motion was found to be an important motion
common to elite javelin throwers. However, bronze
medalist Greer showed greater flexion at his left
knee angle during the delivery phase (Figure 6). This
study was unable to clarify whether this was a
technique unique to him or whether he had practiced
correctly but failed during the competition. Further

investigation of this point is probably needed.

Conclusion

This study sought to study biomechanical
parameters that affect throwing distance for elite
javelin throwers and indicate the averaged motion
patterns of throwing motion for elite javelin
throwers.

Based on the current results, biomechanical
parameters that affect throwing distance for elite
javelin throwers are release velocity, and vertical
release velocity in particular, and approach run
velocity at R-on. This leads to the conclusion that
elite javelin throwers who began thrusting the
javelin at a higher approach run velocity and
obtained some horizontal release velocity (required
at least 22-23m/s) but who also obtained higher
vertical release velocity obtained better throwing
distances.

In addition, throwing movement may differ
among upper- and lower-level groups even among
elite javelin throwers, a fact that became apparent as
a result of visual feedback data. In the future,
standardized models will be created and amassed to
cover a wide range of javelin throwers, thus
identifying more valid findings and perspectives on

coaching.
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