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Photograph 4-1 VTR images for the race analysis.
(upper: instant of the start; lower: the passing through the 400m mark)
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Table 1-1 The Japanese Olympic athletes in athletics from 2000 to 2012.

2000 2004 2008 2012 Total
Sydney Athens Beijing London
Sprints 9 10 8 9 36
Middle-Distances 0 0 0 1 1
Long-Distances, Marathon 5 5 6 4 20
Hurdles 4 4 3 3 14
Men Race Walks 4 2 3 6 15
Jumps 5 3 2 1 11
Throws 1 2 2 3 8
Combined Events 0 0 0 1 1
Subtotal 28 26 24 28 106
Sprints 0 0 5 5 10
Middle-Distances 0 1 0 0 1
Long-Distances, Marathon 9 6 8 6 29
Hurdles 1 0 0 2 3
Women Race Walks 0 1 2 3 6
Jumps 2 2 1 1 6
Throws 0 2 0 1 3
Combined Events 0 1 0 0 1
Subtotal 12 13 16 18 59
ToTal 40 39 40 46 165
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~60m fHE TR KRIZEL, TOH%T 4= ¥ I TENTED 5 X9 B (b2 — e b

(FAIYL 5, 1994 ; #8/, 2001 ; #aF 5, 2010 ; Graubner and Nixdorf, 2011). =L T, Z DOk %

— 5 100m ETIE L —A2EEIEFEm, KEEAY— N, BERER &0 Rz

EBZ O, RERKEOERWIETIZENMEREHAE S KFEEAE— FRRREN L0, EAE—RD

BODNESNZ LR ERH LML o T E (BIIIL S, 1994 ; FA)2, 2001 ; #4825, 2010). Abbas and

Laursen (2008) 1%, T = 7, @ivk, A— bgit, A% —, A—FNRF—, HEEFHERE

DRk & 73t il HLEIRHIZB1T 5 = AR IZHOWTHRIE L TS, £2°T, 30 LN E WD

NV EBRF I OBEFAE B IRV TS, IR T 4 —~ RO TR E S BT 512

W, AKX — MEIZEIIITNER L TF D% A B — R U — 238 L TV < All-Out B o ~— R il 4y



Figure A: Momentary velocity vs location for Usain Bott in the men's 100m final at the 2009 IAAF Worid Champi-
onships in Athietics

Figure B: Momentary velocity vs location for Tyson Gay in the men's 100m final at the 2009 IAAF World Cham-
b s in A )

Figure C: Momentary velocity vs location for Asafa Powell in the men's 100m final at the 2009 IAAF World
Championships in Athletics

Figure 2-1  Typical changein the running speed during 100m race (Graubner and Nixdorf, 2011).
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3 L TN D ERRTND.

400m EBICBIFAEAE— RIL, K227 L7EX91T, —%IZ 50~100m KRENZBW TR S A L

— RICELEZE, 74 =22 Tl 5 X 5 7% T~o58 ) &/ % — L 7:% (Ferro et

al., 2001 ; Hanon and Gajer, 2009 ; £fH & #2H, 2010 ; Graubner and Nixdorf, 2011 ; (L7t %, 2013).

ZLT, EOKEORWVEFIZE L —APRICBWTREREAY - AR LTNDH 2 &0 (11

JLh, 2013), AT v TENPRKENWI L2 EBRBLnE-> TS (Hanon and Gajer, 2009 ; £FH &

#M, 2010). Abbas and Laursen (2008) 2k % &, EEIERIA 90 #0255 2 43 Do 5 i FEEESE

R B ICBWTIE, EAREORE L7588 13 Positive Pacing” (FAEIZHW TR E A B — Foo)

U—%REL, 74 =yl TR L T K B —2fd oD 2 L) #8H LTV AR

WZH D EnD, PEREERERE H 23V Tt Positive Pacing’ 23 L TV 2 Ll TUW 5. 400m ED

EBRFENIL T F Tl 60 RN CTh 5720, FaliiZp~— AR5y & LTI All-Out’2)> & Positive Pacing’

DOIITHY T2 LEZALND. ZO &5, EIEHEEICIWNTIE, —inEFET Tl IRV FLH

KEDRFOT —Z LCHIZERER N D, FAREEITIS T D b— AR F — o DRSO & DRIRZ: &

BAGNZENTWD.

EFEICBOTIE, HRBFEST U7 KEBITBWT—ERFED L— A2 — 5T b

NTE~ (RS, 1994 ; 2H &, 1997 ; Enomoto et al., 2008 ; #845, 2010). [X]2-31%, 32D

JeATHFZE (FMJ2 5, 1994 ; Enomoto et al., 2008 ; #EAK 5, 2010) ([ZBWTHoMr Sn- Kk — =&

BT D MFEDOEAE— RO EZRLIEBDTHS. EAEY— N, L—AFE»L P TIT

L— R Ko TEER b E R L, A MDA —RT v A3l L TALND. ZhuE, Kbk

TR & 138720, IR NEAE— R THENMTRDNLTIZDITEA Y — FOBHHENRK
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Figure 2-2  Typical changein the running speed during 400m race (Ferro et al., 2001).
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Figure 2-3 The change in the running speed during the distance events.

(A) Men’s 5000m Final in the 3 IAAF World Championships in Athletics (Matsuo et al., 1994)

(B) Men’s 10000m Final in the 3" IAAF World Championships in Athletics (Matsuo et al., 1994)
(C) Men’s 5000m Final in the 11" IAAF World Championships in Athletics (Enomoto et al., 2010)
(D) Men’s 10000m Final in the 11" IAAF World Championships in Athletics (Enomoto et al., 2008)
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&<, FEHRFHPRWNEOIZL— AR —UPRERME AR T Z AR L TWD. 2D X ) 2k

A b ORIEHEEIZIVNT, Tuckeretal. (2006) 735 5000m F5 & UF 10000m D HEA GG L— A 12

BIFHR—=AFFITOWTHHE L TWA. [X2-4 1%, Tuckeretal. (2006) OHIZEIZI51T 5, 800m &,

1~ A /i, 5000m £E3S KT 10000m EDHFGEG L — R ITHIT HEA L — FOELEZRLIZHOT

& 2. 5000m AEFS L TN10000m EE G, L—RFRTIZOTNITENS OO, R E TCIIE—E

DEAE— RPHERFSN, A M IKMIZBWTRESHERL W I EEZALNICLTWD. FHid

5 (2005) 1 TE RGP ORI E L O A At T — % 243 L, 5000m £V TR

FKHE12 BN 17T 5B DB & T 337 4 D B Ol m itk i O — ZELFZ OV TSI L T 5.

ZOFER, TEOKUED BV ETIIRA D 1km BRI ELS, TOFFIEES —T L X—ATL—

AZaMEDHTT A D Ikm TRES A= RT v 745 L—ANNZ = aR L, —J7rcikiEDRL E

FIIEAID 1km DFARNE LS, L—AHFIRICB W TEAE— KRB LTW=Z E 22BN L

TW5. %72, Abbasand Laursen (2008) (&, iEBEIRFRAS 2 0Ll EOFEH IZBW T X Widéka 52

729121 Even Pacing’ 23 L TV D LR TS, 2D X HIZ, L—AREX —UNEERMEEZRT R

BREEEICIWT Y, —TRRTFO L —ANRE — L ORI T T2, ifke L—2AZ—2 L ORHR

DHLNZENTND.

PEEEEEIC IV TIE, HARNERFECT U7 RS, BARTFHE, 2EEEREREIZRBNTL—2X

IRE =AM T TE- MRS, 1994 ; W5, 1994 ; B S, 1997 ; PI%F 5, 2010). X

S5IE, S (1994) OEFIRFZEIZIT B 800m L —AFDEAE— ROB(LERLELDTHB.

BWElT 5L, ATEL—ABETERTFOIIOSDENRKEL, B THEBEDOAHAAZ— N H T «

=¥ 2 Do THiET 5 3% — 2 &RL, CTIZTUFRIO N E — %R, D TlXL—RALK
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Figure 2-4 Average running speed at each interval during world-record performances

in 800m, 1-mile, 5000m, and 10000m races. (Tucker et al., 2009).
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Figure 2-5 The change in the running speed during 800m races (Sugita et al., 1994).

(A) Men’ 800m Final in the 3™ IAAF World Championships in Athletics

(B) Men’s 800m Final in the 77" Japan Track and Field National Championships
(C) Men’s 800m Final in 1994 All Japan High School Athletic M eet

(D) Men’s 800m Final in the 78" Japan Track and Field National Championships

16



2B L TREIELDNTWE, ZR6DHH 5, 800m ETIXL — AL o TRF—U 3 5 2

R, FALL—2ADOPTHRFIZL > TN = PRRES BRDGENRHD T LHDHD, 800m &

HREIHEE SRR, L—ARY—UMERENEZTRT 2R L TND. 2L L —ARK —

CINERRME AR 800m EIZEBNT D, —IRERFAMRITREKIEL L— AR F — & DEIRA R

ST, AL (2005) 1%, L RO RRFOL—ANF =2 ik L, HA—fisk

FDOUL—=ANZ = OFJEICOWTHF LTS, ZOREE, AT & AR —fEFOEX

' — RO, 0~120m X[ & 500~600m XREIZHW TR X <, 700~800m XKIZHB W TR b /NE

MoleZ LR EZMBLNIL TS, Thbid, MO TEVIKEIZBIT Hiike L—ANF— L

OEFBREHONNILIZHDOTHY, BICHARO—ERTICE > TUIFARRHRATHDL EVz D, L

ML, ZTNHOMENFEKEDOE LR DBRFICHLY TUIELINE I DI ARHTHS. Tucker et al.

(2006) (%, 800m AT HiEEDHFFLERDN— By A L T\ 5D. £ 2T, 800m & Tl

LEBDT v 7 XA LOHFH 2 JHH LD E W Positive Pacing’ ThH-7=Z EZHLMNIZL TS (K

2-4). L2 L, ZHUT800m ZEPELL LD 2 SIZST TRENCERINEZLOTHY, X 2-5

DL ISR ERT 800m ED L —ARY — L OEHEE B ST 5120, L VSO 5

VENH D, F£72, 800m EL[E UHFHEHER Th D 1~ A LEICBVTIE, 5000m 2> 10000m £

EIRRRIC L —AHRIZ I T 5 —EEA B — FOMFFORIRICBIT D ARBALND Z &b (X

2-4), HrHE 800m L 1 v ANEEEEIZL—ANRE —L DRHEMMN R > TWAD I ERb)D

(Tucker etal., 2006 ; Noakesetal., 2009). ZiLHDZ L2, 800m ED L — A/ RH — o DFFHIZ

DOWTHLMNIT 7201201, MO ERMB & RRIZTEHKUED /2 2T 2RI ek E L —R

NE =2 EOBRICOVWTIRET T 2 MENH D EF A BN, TORRIIT L —ARPEERF-ORED
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IRGNTIZT T, K FEMNCOT T 2 BERH D125 5.

212 L—A Y = DET AL LOSERYICEE§ D F5E

HIHEALE O N — FVEIZRBW T, b—ANRNZ = ORI &> TH LD & 225 7o — A2 R

RLEERE DR E L LIC LT, L—ANRNE = DFT IR R BTV S,

100m AEIZBWT, LS (1994) 1355 3 M e EHtHaR THE RS B KRS OB 7 100m &I H

G LIDEFOL—ANSZ = 20T L, ZOEAE— ROLENY = EAT v TRELVAT v

THEE DT E — 2 %, BN FIVEN 3 DO E — AR L, &8 F — 1 OB % S5

LTS, 61T, BXMF A bE L— AR E DEREIFRL, BFXMOVEHRT v FREHR

& DEFFEIFADND, BRI T 2HXKMD 2 A L, AT v FREIOCAT v 7HELZHEE L

TWo., £LT, IRBICTEY Fb—= 7 TORKNZREFEREZ RSG5 2 LN TE 5 LR

T35,

FHH110m ~— FVEIZBIT D EAE— NI, K2-6 [ITRLZE DT, —MKIZH 3/ — FLnbE

4 N— RNV (B3 A X —rVL) TREEAE—RIZELEE, FEIN—FAnHE 10—

VOB (BIA L Z— L) £THWEL, 10— RKAnE 7 4= a2DBTHUMERT S X

BB — 272D (BT, 1991a; B K, 1993 ; £RM 5, 1994 ; %2115, 2010). ~— R

TIE, =T X > THRABITED b fe— RV EZBA 2R 6ED L W) FEAREZFIAL, Bl

BCIIN— RV T OEMBEDZ A L (ZyFHTZA L) BEHIISATWD. BT (1993) 13,

110m /~— RLED L — A5 12 R 6 16 BB E TOEFI24 DS v F X T o Z A Kkt

L, X v TFHTUHALEL—RGkE OEREIFENS, TET A v T XX A LOHEE S
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—— 4—-16.0~16.7 {

Figure 2-6  Typical changein the running speed during men’s 110m hurdles (Miyashita, 1991).
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B TCNWDE, ZOFTNH v F X T2 ALL, BFEOHMOE, L —ADEHF L —=F

LT ABICIEH STV 5. 400m v— RALEICBIT A EAE— R, K2-7 IR L= 51T,

U L= RADDE 2 = FAOR TREEA E— FISELE, 7 4 =y 2 lZhid Tl

W2 ko RBip )z —re70n (BT, 1991b ; ZRM S, 1994 ; &R 6, 2005 ; &R E 5, 2010).

Z LT, R8O XWVEFIISEDR DL, b—AFRTHRIEA Y —REZHE 2/ — FVInBE 8N

— FAVETOL—=APEICBNTTE HETHD SERUWASZ = TESTNL Z LR ENRH LA

Lo TWA,. ARE (2006) 1X, %8/ N— R TOED JFEHEUEIT 400m /N— KLED L— AR

S—r DR Z AT, TA R= AR, TN =T, [ =T =28 D3 HOD

IR — AT LTINS, EBIT, FNENDONRY— 12OV, BIERGEZERTAT-ODOHE

ERDETNE v TF X T 24 LEFEB LTS, Eiz, HHR— 400m /~— FVIERTFNR, Fi/s

L— A RY — BB T DIRRICEB W T, BT AEIEA LA L HE SN TCWND (FBRE & g,

2008) .

DX, VL—ARNRE— DETFMEIZE ST, L—RAF— R KET A FTO B EEOR

FOHM 2T T 27O DEMEMEEGL Z LN TE, L L— RO ML —= 7HEEERT

DEROEEE LTOIERBAIREL 2D 2 Linh, BUGIC & - THERICH IR M2 124t 45

TEWTED. e, LAY = OFERIZE ST, Znb0mERERE, BFRORMEICS

CTVINT A Z ENTIREL 70 5. L= - T, 800m 2B WT H kK EDR L HBRFED L —Z

INE =L, fiEkE L= ANS = LORREHLNIT D Z ENTEIE, JVitikae

TIEODET I L — AN — L DETRRY, L—ANNY — L O E T8 2N TXBLEZL

ns.

20



100 —

4 el G47s (n=12)
95 onue G48s (n=17)
“ —&— G49s (n=9)
IC) 9.0 T
K
E J
2
8 85 7
[
> -
{ =t
©
D
= g0
75
7.0 T T T T T =3 T T T T —
S-HI  H1-2 H-3  H3-4 H4-5  H5-6 H6-7  H7-8  H8-9  HO-10  HIO-F

Section between hurdle to hurdle

Figure 2-7  Typical changs in the running speed during 400m hurdles (Morioka et al., 2005).
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2.2 FEEMEICEET 531 4 A B =7 ZHRSE

221 L—ARTOEEICET B A AR T =7 AR5

IHNET, EREEECRWTIE, b= APOEIEICET DHER IR ICE <AThbh T %,

Bl 21 100m EZBWNTIE, A — Nam (D, 1994 ; AiED, 1997 ; &iIE 5, 2010) <Ok

EAE— RNEm (5T 5, 1986 ; JHEs, 1994 ; 1&£)116, 1997 ; ks, 1998 ; fmH &, 2010 ; &

M5, 2011) ZH OIS EBEOIZERN T Rbh TS, F7-, 100m ElFEERE 1 Ao —iC

DIITHRETLOT, BRIV —AZHILLH NI b, ERICK > TAY — RIeIE

A (GRS, 1997a; 545 5, 2000 ; /MK 5, 2009 ; M85 & AifH, 2013), fkmdEA B — KEm (Vardaxis

and Hoshizaki, 1989), WoH/@m (FH8FS, 1991 ; Af 5, 1997 ; gD, 2008) DEMEIZ OV TH

P L7AFZESe, 100m (A% L-8EOZ LIZ B4 28158 (R o, 1997 ; PIH 5, 2003) 72 &

BT TS, LT, 2NHOHMAEZ Y LAY v MERES M E~OFRENE| & H X (f]

1L, 2001), A A AN =0 AT —=FZERN LI EBEOUE SR L TnD (TG, 2003).

REFHEEICIW T, EEMEED & 5 ICHICK & B E 2 BT 57217 T, b—RA2KIZ

Dl o TENENRINHERF T2 2 L L HEETHD. HA (2004a) 13 OFSICH-SX, 5000m 2

FaRRIT, REEFREZEG L ENEMRFT 270N OVWT, FRx~T7T 4 7 ABLUF

RT AT A, TF VT 7 ABEPLRERICRF L TWA. 2 LT, BRI 53

HERIN R, (AR, 1999 ; #5K, 2008) CEMRHEEEMEDOFML OB (A, 2006a) 2 LNEZ2D,

BE OfREC L —= 0 T A~ORBRNELN TS (A, 2006b) .

800m E TR UNTIE, FERREE SR IEHEE IS~ TEIMEIZ BT 207803 D 720, L— Ao EH)

TRICBE3 258 TIE, P4 (1997) 23, AN 800m j&F- 34 44 & R —ifiiE T+ 1 4 Dt 35 4 350m
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HimFs 08 550m MR D EEMEZ AT L, £ DOZEBIZ OV THRE L T D. ZOREE,  550m Him
T TEAE— ROZBLIZERR T EA EDBFIZBWTAT v THENE R L, (Kep)di &
TREBENH RO TE X9l o7oZ EEHILMIZL TS, Fo, EAEY— KRR LEHE
I EBEE ORIEIID U 1830 —BREEN R 20, EAE— R LTe B X2 ORGEEL 72572
EIRARTND. Zoft, FHIEFIEE LT, #ER—3i5% 1 800m j#F 2 4 > 550m F5 L O 750m His (P
B 55, 2010), HF—ifitz - 800m & T 1 4 D 740m HisS (Skof and Stuhec, 2004), 7 VT —iiit 1
800m E&F 2 447> 350m His (B & H, 1997), HA AT 800m T 2 4 1 170m I3 & U 570m H
A (EARS, 2002), HAREK - 800m #F 2 4 ¢ 350m 45 L O 550m Hiqi (FH%F 5, 2006) D&
EEORHICOWTIRF L2 b D ERH 5. 2ok 912, 800m ED EEEICE HHFZEITD 720
T30 TR, BRI Ko THOWTRSR & T 2R FORLEKECHR, SATHUEAN R 7R 5 72 OIT H
WEEL <, WIARIZRAR LOMEDILTWR. L7e 5T, BB E 2R o 7 RF Y, 800m E/37 +
=Y VA L TED LD REREFF OO AP TH D, 800m L— 2 DOEEEDFHEILIE &
NEHLNZENTWRNENZDTEA .

ZOM, FERANIC 800m EATTRDYE, EEMEZ AT LIKIED (1988) DHFZERHSH. KD
1T, HPEEEEE A HR L5 B RE 11 41T 800m A AT/, HPRIEERE (350m His) Bk
O'T A b A8— B (750m i) OEEEZ L, PREERIIE 7 A S A= FREIZBT 5
EIEOREIZ OV TR L TS, ZORER, T A A= MEZBWTEAE— R L
FHIIAT v THENERKL, EAE— KRB LB I AT » 7HENRD L2 E 2L L
Tn5. Fiz, 7ARAS— MRZBOTERE— RBK LB IR B RO TEI< ko1

L, ERAE— FBRED LIEETERHEORT TH< L IE LIz LB <TWaD. L,
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ZOREED X S e R— B TR NN OW TR ENTWWRY. Bl L7 X 91T 800m &

XL —ANRE = INEEETH DT, EEEIL—ANY = OBEEZITHeE2 b5, Lz

W5 T, 800m EBEIZ OV TRETT BBRICIX, L—ARF—>, ThbbERAE— FOZl & B

ST TR 2BERDHHIEAS .

100m ZEDOEBNWEICEIT B 5/ TIZe 2855 &, L— R — 2 ORZEIZ L - T 100m E DLk

BEIRTL L L BICL—ADRENERE SN, 7 L TEOREICE U CEMEDOHIZEN TR b

TWAHZ ERDMNS., LEN-T, #ETb=L 91, HONE 2o EBEOH RN, 100m

EREOPTLE ITAEMT BN, EDXIREKRE LSO DRMHEL > TS (KF-, 2009).

FELERHEEE D IATHIIE & 800m EDFATHIIE & DR E 721E T, 800m A& TiE L—A/IZ — L OFFH#EA

BN EZ R TWRNWESE, L—RADO—ER0OEIEIZ DUV CTH RIS LAV T72 i T

HTHD., LiEBoTC, FTEROL—ART— O EA LN LI=DBIZ, EFEDREIC

OWTHEHIZRFT L TV RERH L B2 bND. T, L—AROEEHT CIIFET O Hif

R ZFHTE 222D, BRI ISV TR E R M SRS R 7 o 7 ZADRHEIZ OV T

DMNITERN. LEN-T, ZhBIiZonTiE, EBRIICHRETL THLMNITANENDS.

222 JRIT DR LD ETEOEIZEE T DS

BEFEE O L — AL LEICBW IR DNEL, TORBIC > CEIEL L LTH. £ LT, &

FIEZDIITITHT D KL O IZAE— RN T —DHERFIZE D T 5.

hAS (1988) 1%, 800m EZ R L35+ KF/4E 34T 800m EL1T72bH, 150m Himds K

O 780m RO EEWERS L OWEX ZFHHIL, EAE— N OERIZOWTHRE LTS, €D
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fA, EAE—=FOBDITH L TAT vy THEL Y X7 v TROTGPRDRIIRE LS, AT v TR

DWW ITIZEFERE ORI L D b D Th o7 2 &, Bt o[BI R BEER 0 Ji #h £ B 38 L,

KERORTHF~D% E (B EF) 23 L2 & EE2HLNI LTS, E£To, EAE— Ko

- T, kBRI J O, BEERE vy, R oRU— (EERED L &R T

L. HEMIZOWTIE, EAE— FOBDICE b ) BERBTIA LR Te LRRTWN S,

Hayes and Caplan (2012) (355 Zc P IFBER T 181 4 O L — A OBz D)7 & SRR DUV Tl

FELTWD., ZTORER, BF800m&ETE (714) TiL, 50%0DETFIHIEEEM, 35%DET/H]

SEEREEH, 15% D IBFERFFEMAIT R > T2 &, ZEBFMIL L — 2 BR8N TR L2

EEHBLNITL TV D.

800m I 1T DI DA X B EFBED AL OV TG LT-AF%E1E, Ll Eo X o ik 7

WS, LA % — U AVE[EL L 7= Positive Pacing’ & 72 % 400m B2V TS, < OWFERE 1772

DTV 5 (Bates and Osternig, 1977 ; Mero et al., 1988 ; Chapman, 1982 ; Sprague and Mann, 1983 ;

HE S, 1997b ; J2E%5, 2003 : Hobaraetal., 2010).

X R~T 4 7 ABLEN 51, Bates and Osternig (1977), Chapman (1982) 3 X OVt S (1997b)

DMFEF LT\ 5. Bates and Osternig (1977) 1%, Zc7/EFEHERT 12 4 0 4x400m V L —(Z351F 5 169m

Hi1S 36 KO 370m HUS DEEELZ AT LTS, ZOREER, 370m MR TIEAT v 7RAA EICHD

L, AT v THEIED bR WASSTRHARR 2SR U OESCRHIR 2N 8 L TV e 2 L 2 6

IZLCW 5. Chapman (1982) 1%, Z1JEiERESRT 5 412 326RAVIC 400m £ % 3 [FIfT7ei>H, 100m

His L 380m S OFEEMEE LB L TN 5. ZOREER, 380m IS TIIAT v 7R X OAT v 7 4H

EPAEICEAD L, SFRHIRMAARBICHR L TW eI EZHLNILTWDS. i, FESRIR
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X 54 441280 THERALTW- 2R TWA. FHES (1997b) 13, # 12 BIAET o7 ke

T+ 400m B HEHF 8 436 K UVE K74 5 4 D 400m L— A OFEBEWELZ ST L, L— AR L

HBAOEEEZ L L TUWNA, TS IE, 150m #1538 X OV350m #S Th - 7-. FOFEE, 350m

HSIZBWT, EHE, AT v 7EBIXOAT v 7THENGEIZED L, EFEOWDRLE AT v

T ROWAHRE OMICHERMBEABRN A LN Z L2 NI LTS, £z, (RERETEA B

B LTz b, EEMREROFTF~DB & FIFMENEEICHD LT\ 2 &, ZEHERIES

A E L DRRIEDHR L TN Z LR EOREDN B LT Lk~ T o, LnL, BHICZE-
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Camera positions and marks for the race analysis.
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Photograph 4-1 VTR images for the race analysis.
(upper: instant of the start; lower: the passing through the 400m mark)
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Figure 4-2  Camera positions and videotaped areas

for the motion analysis during the 800m race.
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Table 4-1

Characteristics of the subjects (n=6).

Mean

S.D. Max. Min.
Age (years) 24.5 3.7 30 21
Height (m) 1.77 0.06 1.83 1.68
Weight (kg) 64.2 6.34 74.0 58.0
Personal best record (minzsec.) 1:48.73 1.27 1:50.71 1:47.02
Seasonal best record (min:sec.) 1:49.15 1.02 1:50.51 1:47.64
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_— e —— = S ——

Photograph 4-2 A scene of the experimental trial.
(upper: a pacemaker and a subjectduring the 600m run;

lower: measurement of the ground reaction force)
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of 600mrun

START

of 600m run

videotaped area m videgtaped area

/

/ 2
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camera

on the top of the building

| I -

Figure 4-3  The experimental set-up for the 600m and non-fatigued 80m running.
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L AL A

Points : FC MS TO FT CFC CMS CTO FS FC

o

Phases : | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 |

Figure 4-4  Definition of the points and phases for the one running cycle.
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-~

Figure 4-5  The definition of segment and joint angles.
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BLOEF: (HAF2), $RELRSy OCFFIRTE: (VAFL) B X U¥¥: (VAF2) O Z2RH L.

FRIELR N DWW TSR BRI ) b B L7z (VARW) . FE72, Ko & SCRRIRT 3 L UM%

FICRBWTEN TN T2 Z L2 X0, KRR OSSR (HID) BXOH%Y: (HI2), #h

HERAS OFEWIRTE (VID) BLOY: (VI2) oWEEREH L. SERSICOW TS

DOHFELHEHE L7z (VIW).
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Ground reaction force
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Figure 4-6  The definition of peak ground reaction forces.
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LRI, WERIEN, MXBEENO Mo BEMT S0, B, THE, KER, AREEik e EL, &

HZHOVWTH (6) BEO (7) (R L@ iz T,
JF, +JF, + mg = ma (6)
ITy +JT, +ry<JIF, +r, xJF, =1 -« @

ZIT, M FEOHEE, alEmaieolng# e, JIF | O R 5 B, IR,
(ZER S DN AER T 5B ) (RICHOWTIRMER ), | XIS OEET—A > b, a i35y
OFIELE, IT | (TS ER T HB86 by s, T 13y Omhiml (32 Bt hr s (e
(ZOWTIEZR L), 1, iRy OFLLD B I % CORRREE, 1 1355y O H G4 b £ TOR#E (2
ZOWTIRDELNBENTLET) ZRLTH5.

IhbEE, THh, KBOIEICHS Z&icky, L8, KB, KB s 2R L
7o, 72k, MEBIOERENE, Eillilk XOEENA LD LI EOERE TR o7,

4-7 IR OB MV O —Z EDEREZ R LI O ThH S, KB W TIE (EBY)
TEIRTEOME Y —2 M2 (PTH), BEEICSWTIE (hE) R fomEe—2 fry

(PTK), RBENIZSWTIE (FB) FITHOEKE Y —2 brvs (PTA) 2Zhfhnbe—2 i

LTCER L.

® PEFI Ly NT—
JERAER, RBEE, MXBIMIOBIE vy L REFIAMEORKIZ LY, B ML ST —Z2 Lz (K
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Hip jointtorque
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Knee joint torgue
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/\ + Plantar flexion
0 - Dorsi flexion
Time

Figure 4-7  The definition of peak joint torque for the support leg.



JTP, =JT,; - w;, (8)
2, JTP B by U —, o ZBIEMAEE, J B2 R LD,
4-8 1%, FHOBHE hv 7 RU—DE = EDOERE R LI D TH D, KBEHEIC OV T
T (BB IEIRTPEOIEDO B —2 3T — (PPH), BB (1B 2OV TR IR EoAO e
— 2730 — (PPK1) BIOKHHFMOTEDOE—27 U — (PPK2), B (TE) (oW Tidk
FHIRPEOAOE—27 U — (PPAL) B RUSHFHIREOIEDOE— 7 /XU — (PPA2) ZZiLENE

— 7L LTER L.

@ B FetE
E RS 5 R, B, RESOER L OCADEE MLy Ry —E2FNFNEST D 2

Lizky, HEFGOERSLOADHFITERELZREE L U9, 10).

PW, = tf(JTPj+ Mt

1

NW, = T(JTP; kbt o

t1

22T, PW [ZEEQFRE, NW Zao i, JTPT 1 ZIEORE vy R0 —,

JTP  IZA DK My o U —, tLIREOHER S, 12 13/ 0/~ TRESZ R L TN D.
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Hip joint torgue power
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Figure 4-8  The definition of peak joint torque power for the support leg.
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5. 800m EIZEITD L —ANRE — 2 DRFHE

51 HH

ZHETOD 800m ED L—ARZ — I HHEE, MFURFHESLT T R, HARFHE,

REERRIR ED L —RAZRBRIAT RO TEZ (IRED, 1994 ; ZH6, 1994 ; A2 5, 1997 ;

FHET &5, 2010). FOFEE, 800m ETIEL—RITL > TZ —URBRRAZ L2, FLL—ADH

THERFIZL o TF =0 NRELERDIGENDHY, L—ANZ =V NERMERT 2 ERHL

MERo>TWS, AL (2005) 13, AL HAO—FHBRFED L —A R — L, HA—R

BEDOL—ANZ = ORI ONTRET LTS, TORER, A —iEF L BARARRFOE

A — FDZEE, 0~120m [Xf# & 500~600m XFHIZIHBWTRE NS Z EREZH LML TN D.

ZBlE, WO TEVVKEBIZEBIT H5tek e L—ANRZ = L OBMREH LN LI DO TH Y, Fr

WCHARD—JRBRFEICE s TTUIHRMATHALEWVWE S, LnL, ZILHOHRNRL A IieRKUE

DFEFITHY TUIE L0 EIDIIAHATH Y, 800m EDFLERE L— A/ — 1 & OFRIZ OV T

FTHETEN TR, LTEEDR - T, SREKED R AIRF AR E L—RARE— 2D

BURICOWTHRFT 20 ERH L L B2 bND. £z, FEAEE BNLS, 1994) on— R (B

T, 1993 ; A&, 2006 ; AT & LI, 2008) BV TITRDILTND L— AKX —2 DET LR

FAUKIZ LY, L—2AF—ZET S FTO BEEOBRFEOHMEHEAATREE 720, BRI R

L—= U THEDBRICHENLD T LD, 800m E LBV TH L—ANRT =0 OFT MR %

17725 2 E TAMBIMARERNAGOND LEZDND.

AWFFED BRI, FeloKHED R 551 800m HEFD L —AFDEAE—F, A7 v 7REIW
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ATy THEEOENE ST L, FORBSEALNITAHZ LIk, L —2 2 — LD

FRIZOWTH LML, L—ARZ—2 OFF LB LR LE21T/0 > 2 L ThAB.
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52 J5ik

T S K OB I 4 5 T

521 s

IINIRIRENL, T — ZWE LT/ o T2 =B 5 B+ 800m L — R |ZRBWTC, L—AFEn 1

45 53F 99 LUFC, v o H O EtEkITHT T DR N 9.0 WLl L THATBEFEHAL L LIZ. 2D b,

HORE Ltk LR FIL 24 ThoTe, RE5-LIIMITIR & LIiitia LAREREZ R LIZb D

Tho. ok, XHORITHARRE LSEEGERMYEEROFEHE L THTRDAIZLDOTHS.

RLARKERNZ LU 24T 9 72D, 14346 75 00 225 143 477599 £ THD 944 (G1), 147 48 ¥ 00 />

51454999 FTD 154 (G2), 14350F 002514351899 £TH 164 (G3), 14352 %

0072°5 14y53F 99 S TD 144 (G4) D ARETATT-. 728, DI LTIL, BEOFEEL

T, DOBERNICFICL—RZ2ESTBRENRIAELRWE S ICEE LZ. # 52 T85O L — Rtk

EVEB L OBRERETRLIELDOTH .

522 #ataLEt

HEHHOAEEREICIE, —oilE oo (ANOVA) ZH\, Scheffe 1512 X 0 ZEL#EA

1Tolc. Fi, V—REEALY—REKEA LOROET Y COMEGKZEH L. Wit

EKUET 5%LL T & L=,
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Table 5-1  The competitions videotaped.
Competition Date Stadium N of subjects
1994 Asian Track and Field Championships 1994.10.12 Hiroshima 4
78th Japan Track and Field National Championships 1994.6.12 National 3
1996 TOTO International Super Track and Field Meet 1996.9.16 National 3
2002 Middle Distance Challenge #3 2002.6.23 Odawara 2
2003 Middle Distance Challenge acom 800m 2002.10.5 Kenshi-Dai 2
87th Japan Track and Field National Championships 2003.6.8 Yokohama 5
2003 Middle Distance Challenge #3 2003.6.22 Kenshi-Dai 2
88th Japan Track and Field National Championships 2004.6.6 Fuse 1
73rd Japan Inter Collegiate Track and Field Championships 2004.7.4 National 1
89th Japan Track and Field National Championships 2005.6.3 National 2
2005 Japan Grand Prix Series #1 Hyogo Reray Carnival 2005.4.24 Kobe 1
58th Japan Interscholastic Athletic Meet 2005.8.5 Chiba 2
2006 Japan Grand Prix Series #1 Hyogo Relay Carnival 2006.4.23 Kobe 2
85th Kanto Inter Collegiate Track and Field Championships 2006.5.20-21 Yokohama 5
75th Japan Inter Collegiate Track and Field Championships 2006.6.10-11 Yokohama 3
90th Japan Track and Field National Championships 2006.7.2 Kobe 1
22nd Japan Junior Track and Field National Championships 2006.7.8 Hamayama 9
59th Japan Interscholastic Athletic Meet 2006.8.4-5 Osaka 2
19th The Six Colleges Track and Field Meet 2006.9.30 Komazawa 4
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Table 5-2  Characteristics of the runners’ groups.

Group Gl G2 G3 G4
N of subjects 9 15 16 14
Race time 1:47.00 + 0.40 1:49.15 + 0.60 151.15 + 0.67 152.74 £ 0.40
Mean + SD

60



53 ik

531 &EAE—F

X 5-1 1%, FHOEXKMOEALY — ROE{LEEETRLIZbDTH S, 2RI, 0~120m

X R ChHmE L T 120~200m XMW THRRIZEL, 200~400m (23U T L, 500~700m T

DANTHER B 2 WITHERF L, 7 A b 100m THERF B 2V T3 DM 2~ L7z,

#5301, FXMOEAL— RIZBIA2HMOFEZLZFLO-LOTHD. FROFEZT 120

~600m (2N TE L BT,

52 1%, L—RPEHEALY— RELAXBOEA L — REOMBUEREE R LE-bLOTHS. WL

DOIFNZIFETORBIZBW A EZIEOMBEN i, FRBHREIE 200~600m (2B TR K & 7>

277,

532 AT v, AT v THE

53 1%, FHOZFXMOAT v 7R (EB) BLORT v 7HE (TB) OB ZRLIEbO

Thd. A7 v 7L, 120~200m KB TR LD, ZOH% T 4= v ¥ 2|\ Zh T Tl A Hm

o Liz. AT v 7R, 0~120m XKD RKE <, F0D% 400m Tl L, =—/vF CTilly

I oEmE R L.

#£541%, FXEOARAT v TRIZBTHAHEOAELZEZE OO THD. HMOAEZIT Gl

—G4 [HIZ 200~500m (2B W TH BN (p<0.05). AT v ZHEE CIXETORM, XKEIZBWTH

BEXALNINS T,

M 5-41%, L—RAPEGEAE—FEHRKHDOAT v 7R (EB) BLORT v 7HE (FE) &
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Running speed (m/s)

8.0

7.8

7.6
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7.0
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R 88 Q

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

Section

Figure 5-1  Change in the running speed in the 800m race.
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Table 5-3

Group differences in the running speed at each phase.

0~120m 120~200m 200~300m 300~400m 400~500m 500~600m 600~700m 700~800m
G1-G2 1>2
G1-G3 1>3 1>3
Gl-G4 1>4 4 4 4 1>4
G2-G3 2>3 2>3 2>3
G2-G4 2>4 4 4 4 2>4
G3-G4 3>4

= p<0.001 =p<0.01 = p<0.05 =ns
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Figure 5-2 Correlation coefficients of average running speed in the 800m race to running speed

at each section.
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Changes in the step length (upper) and the step frequency (lower) in the 800m race.
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Table 5-4

Group differences in the step length at each phase.

0~120m

120~200m

200~300m

300~400m

400~500m

500~600m

600~700m

700~800m

Gl1-G2

G1-G3

Gl1-G4

G2-G3

G2-G4

G3-G4

-

= p<0.001

=p<0.01
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Correlation coefficient
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Figure 54 Correlation coefficients of average running speed in the 800m race

to the step length (upper) and step frequency (lower) at each section.
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OEREE R LD THD. L—RAFEEAY— N XT v 7K L OMIZiE 120~600m £ TO

BXRNZBWTHRBERIEOMBENA LN, AT v 7HE & ORIZIZETOXBIZE WA E 2 FHR

ISR oTe.

55 1%, BHOKXMOHRLAT v 7RO ZRLIZEDTH L. 120~200m X[ ThK

LY, ZO®%T 4=y alTHT TS S M AR LT,

7 55 1%, FXMOHFELAT v 7 RICBITO2HEOFEEEZE LD HLOTHD. FROAR

1T G1—G2 I 600~700m (23U T b7z (p<0.05).

533 fExbEAE—FK

X 56 1%, FHEOKXMOMREA L — ROE{LERLIZLDOTHD. SERMIZIE, 120~200m

THAE72D, 200~400m (ZFV VT L, 400~800m Tl 100%% Tl 2 i THER L Cu .

# 56 1%, HXHEOMAMEA L — NICBIDHROAEELELOLLDOTHD. HHOAEE

1% G2—G4 [HIZ D 200~300m XFIZIBWTAHBITDY (p<0.05), LHLLSNDXNZIBWTITAH

IR o T,

57 1%, L—REHEAE— FEEREA Y — FEOMBREEZ R LIZbDTH D, W#H DM

(Z1% 200~300m XFHIZEBWTOAA R /R EOFEN A B (=0.307, p<0.05).
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Step length / height
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0-120m 120-200m 200-300m 300-400m 400-500m 500-600m 600-700m 700-800m
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Figure 5-5  Change in the step length / height in the 800m race.
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Table 5-5  Group differences in the relative step length/ height at each phase.

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

G1-G2 1<2

Gl1-G3

Gl-G4

G2-G3

G2-G4

G3-G4

= === 9] 9 [ ]

=p<0.001 =p<0.01 =p<0.05 =ns
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Relative running speed (%)
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Figure 5-6  Change in the relative running speed in the 800m race.
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Table 5-6

Group differences in the relative running speed at each phase.

0~120m

120~200m

200~300m

300~400m

400~500m

500~600m

600~700m

700~800m

Gl-G2

G1-G3

Gl-G4

G2-G3

G2-G4

G3-G4

_

= p<0.001

=p<0.01
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= p<0.05
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Correlation coefficient
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<00 B p<001 p<005 | ns.

Figure 5-7

Correlation coefficients of average running speed in the 800m race

to relative running speed at each section.
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5.4 B
541 EAE—FR, 2T v FEBIBAT v FHEND T L— A2 — 2 DR

7B A B — R, 120~200m XRIZ 3R TheRICiE L7205, 200~400m (2334 N Tl L, 500~700m
THTNTH KD 5 WITHEFT 5 b OD, %40 400m 2BV TREIIHERT 5 L 9 2 b 3%
—r&m Ll (K51, ZOZEnn, BEENH KD DWEZNSEWiiEkE~—2 LTz L—
ATIE, AH— h~200m THIEE L7-1% 400m £ Tl L7z EA B — R%, £ 400m [ZBWTTE
LHIRVMERFT D L O e F = TholoZ e bnd. £, EAVY— RCBITAHEOAEZAEIT
120~600m (2B TE L A bIL (K 5-3), L —RAPHEA L — FEFXMOEA L — R L OFHER
Fix L —AHE (200~600m) IZBNWTKE o7z (¥5-2). ZbOZ L, 800m &z T L
— AP LB DIEE, L—RABEOPTHRIZL—APRIZBIT 2 EAE— RBRENI L&
RLTWA. F72, AN 100m (BT HEAL— R L—2REEAE— R & OMBIREIE2T
DOREOFTHREH/NED-722 L6 (1=0.384, p<0.01), T A b A/3— b L5thkE OEMRITTIN &
Wz 5b.

EEIE, HIEAE— FIZBWTHHROREED B RDBHER AT v TRRAT v THEN
FAEL, ZAUTRR L7 EE CIIERR 7 4 — A CHRE LR E T —ET 2 2 LMo T D
(Hogberg, 1952 ; Cavanagh and Williams, 1982 ; 1&47 & i F, 1985 ; Kanekoetal., 1987). AWt
DEIITEFNH IEmH D WVIFTZ STV E~—7 LT L—ZIZBW T, AT v 7REX
T TRENEREIZ T R L SILTWZAREERE N E B DD, AT v TREAT v TR
EOBEMET 5L (K53), A7 v 7 RiE [~0F8, A7 v 7HEE U5 &%

— TR LTz, BAREIC AR D &, IO 120m TIEAT v 7RIVNEWNR AT v THEN R b K
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<, #< 120~200m K TIXEICT v THENRKE LB LTAT v 7ENRRERY, FKEk A

E— RIGELTWE., 20O &5, 800m ETITAZ — h D 200m ECEIEEmE & LTIRZ S

ZENTE, ZOREICEBWTL, £TAT7 v FHEZHERSE TR L7, EXE— FOMX

LB RO TAT v T RAWKNSERD DlmEA E— NICEET 5 &0 ) Fia Y. EAE—

Ri1Z 120~200m X[ T A B — RIZEE L7724 400m (22 Tl L, Z OREICBWTAT »

TE, A7y HE L BICHET A AR L. LYo T, 200~400m BT A EAE— RO

BT, 2Ty 7EBIOAT v THEORBICLI A LD TH o7, £ 400m TIIEST D8

RELRY, BRILUITLHL0ITESTEY, TORNKE L TERE— FRMESD 2\ FHE

FansmmThsd (K51). ATy 7T RIZT7 4=y 22T TR L, A7 v 7HEEIXEHE

HiEMER LT (K5-3). ZNETEL DIATHIEIZBNT, TR MANS— MNIBIFDHAT v 7HH

R OBEFEMEN TR INTEY, AFEICBWTHREREO Z EXRENTEN IRES, 1994 ; &

Mo, 1994 ; 26, 1997 ; AL, 2005), A7 v 7REOWAITZ A K~ 100m 7215 T72 < 400m LA

BEMDIAE > T2 Z D, AT v BT T A b 100m 7217 T < 20 400m (280 Tl &

HHI e, EAC—FORDEMALTOICHETHL LEAOND. HEOAERL, AT v

7R TIE G1—G4 [#IZ 200~600m @D L — AHHRIZ BN TA B AL (p<0.05), AT » 7 HE TIIETO

B, KEICBWTH LR -7 (K E4). L—AREREFRBOAT v TREBIOAT v 7H

B L ORI, AT v E T, 120~600m £ TO L —AHEIZB W THERIEDOHEEN A5

A1 (120~500m : p<0.01, 500~600m : p<0.05), A7 v FHEEE CITA B RHABIIA L8 -T2 (K

54). TNHDIEMND, BHEKEOEWVEFIZIERIZL—AFRICBWTRKERAT v I REaH

FLTE-TEBY, L—AHBIIBITHEAEY— FOEIL, AT vy 7HRETIIR AT v TEDZE
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IR BEENRRENEEZ LD, FEADL (2005) 1%, B+ 800m D—fRFDEAL— NIZAT

YTBELY AT v TR EOHBENBEWEBRRTEY, AFFEICBWTHRED Z & AVRE 7.

542 L—2ANZ—2OFEF b L UOERYL

FLEKIEDZITEA Y — ROETHDH. L, EAE—ROK/NIDOAHL BT, 800m &5 HhHEfE
DHFTEAE = REZWVNCELSE D00 ) X—=R{ G /X7 o —~ o AT S RITTEHER
HBWRO—DTH 5. T, X—ARSHIDOWTRATT 2 72O KOst EA E— RERT L,
ZOIA R B LT R, Zb 2 — 3R TORHCB W CIEFICEML LT\ (K 5-6). %77,
BEMOAEZEIE G2—G4 BT 200~300m XHIZHBWTORABIL (£ 56), L—AFEEEAL—R
LA X OFREEA B — K & OFHEIfREIE 200~300m XEIZBWTOHRFE TH -7 (¥ 5-7),
ZOMAETORMPB LOXFIZB W TIA LR o7, TIHDZ E0h, AR TG E L
ROERKYE (147 46 B2 00 205 147 5370 99) ICRWTIE, H O/ H D WIELIUTITW W iidkE ~—7
L7z L— AT, MR H D &= A IEREK I )b L PIRERI L Tho 7o & VR 5.
IO EEBEZDE, R TONG L LI FOMMSEA Y — &K@ T 52 LI
EoT, 800m EITBIT VL —ANF = HE T LN TEHLERAOND. £ 5T 1THHLS
EAE— FOH L ERERAEY, 58130 E = 2R LEEbDTHD. L0 M

1) A& — hChHME L T 120~200m K CTHRAEA B — R (CEH A E— ROK) 105%FH2%) (22 L
2) 200~400m THERL/NTHIH L,

3) %D 400m TILL—ADYEEEA Y — R DTN TS EAE— R (K 98.6%) % 2K

\CHERF T 5.
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Table 5-7 Means and standard deviations of the relative running speed at each section

as an averaged race pattern of the 800m race.

section relative running speed

0~120m 103.37£2.48%
120~200m 104.99 £3.34 %
200~300m 100.34 + 2.62 %
300~400m 98.48+1.94%
400~500m 98.48£2.11%
500~600m 99.53 £ 2.04 %
600~700m 98.75+2.43 %
700~800m 97.45+3.58 %

Mean + SD
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Relative running speed (%)

110
—e@— Averaged running speed
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105
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Figure 5-8  Change in averaged relative running speed at each section during the 800m race.
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EWVWIHIHLDOTHHT-.

Fiz, STV T =X IHRFNE s b 2 WIEEUCEWGik A ~— 2 Lic L —ADT —
X T DT80, F& 5T OMxHEA E— ROYHE LOHERZE WS 2 L2k v, 800m &l
T HRGR A ER T 2 72D D_R—ZAFS O (LT, FFAL—2ARF—) ZEHT 52 LR
TELHEBE2RLND. UL, BT, FLUREKETH> TH L— AHED DB K E 72
EAE— R TEZNDWS [FREM | DL —2 8% — L 25 LT 5RF0, WICHRELIZ TH
HATHEAE— FE LEITD [BA) OL—2 2= 2 BB ETHRFR L, e Rt fioT
BEPMEET D, LIERoT, TOXI a2k a b OBRFED L — AT —U %, 1 DDE
T TEO L ZEITERAR D L B2 bND. Tbb, BRICL S TUXET ADREA LR
WHIBEMERS T D720, LD LTRARDOND. £ZT, LTOFEICEY, FHL—AR
F—r TR, TR, TR o 3504 A FITRUL L.

1) KM EAE— REFB L —R T — (£ 57) EOEEFEHL, TOEETHL—AR
B DERERAETHRTZ LY Z2aT 25T 5.

2) EANDOEXED Z A a7 %FE L, WITRGHT5E O DY) L O ERAEZ R T 5.
Z DEGHTHRIGE OO E AL T 2.

3) TR RE A DRI 400m O Z A a7 O ERM L (WiZ 2a7), #irEzZ 2Aa7 )i
R R A A 2 DR F 4 AR, SR + FEREZAUNORFL [HhRaL, FEfE—
MR 2 BT e R &5,

4) Z A TEAGIHTRRE O E A B — FOEE) I LU EREE T H T 5.

# 5-8 135 A THIOMRAEA B — RNk LORRHERZE, X 5-9 13T Th T DR b/ F — &R
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Table 5-8 Means and standard deviations of the relative running speed in each section
for the positive (POS), medium (MED) and negative (NEG) race patterns..

section POS MED NEG

0~120m 10434 £1.92 % 102.68 + 3.38 % 102.06 + 1.96 %
120~200m 105.83 + 2.97 % 104.89 + 3.71 % 103.48 £ 3.41 %
200~300m 101.71 £ 2.30 % 100.34 + 2.02 % 97.80 £ 1.47 %
300~400m 99.39+1.17 % 98.47 +2.46 % 96.81 + 1.63 %
400~500m 99.12 £ 2.02 % 97.29 £ 1.75% 98.16 + 2.17 %
500~600m 98.94 +1.75% 98.75+1.91 % 101.20 + 1.74 %
600~700m 97.44 £1.59 % 99.65 + 2.28 % 100.53 + 2.51 %
700~800m 95.07 £ 2.76 % 99.39 +1.89 % 100.46 + 2.69 %
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Relative running speed (%)

Figure 5-9
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medium (MED, solid line) and negative (NEG, dotted line) race patterns.
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Table 6-1  Target competitions and the number of subjects.

Competition Date Stadium N of subjects
Niigata Big Athletic Festa 2010.10.11 Niigata 4
95th Japan Track & Field National Championships 2011.6.12 Kumagaya 1
10th Kawasaki Track & Field Festival 2011.10.29 Todoroki 2
96th Japan Track & Field National Championships 2012.6.10 Nagai 1
97th Japan Track & Field National Championships 2013.6.9 Chofu 1

87



Table 6-2  Characteristics and performance of 800m for subjects (n=9).

Mean S.D. Max. Min.
Age (years) 24.1 25 29 21
Height (m) 1.76 0.03 1.80 1.72
Weight (kg) 62.7 2.7 66.0 59.0
Race record (min:sec.) 1:47.92 1.03 1:49.13 1:46.18
Personal best record  (minsec.) 1:47.78 0.99 1:48.84 1:46.16
Achievemant rate (%) 99.9 1.0 102.1 98.5

88
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631 L —ANNE—
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FNENRNDOL—2%ED, L —ZEHKIT POS 73 14y 48 7 59 (R 400m % A A : 52 F5 05 ; $4

400m ¥ A 2 : 56 ¥ 54), NEG 28147 48 0 34 (Fii*f 400m % A A : 53 Fb 72 ; #%°F- 400m & A A :

54 %) 62) T - 7=. POS OF%TEA B — FiE, 0~200m [IZBWTCHPRERM L — 22— L) K& <,

700~800m XFEHZ W T/NE Do 72y, ZOMO XK TIERTPER L —2A 32— LIZIER U Th o 72,

NEG OFE%IEA E'— RiE, 300~400m XENZBNWTHER L — 237 — L) REN-7223, F0D

MOXETIIBIERI L — 27— LIRIER L THh o 7=,

6.32 EHE, AT vTE, A7 v 7HH

6-3 1%, EMEOITIC Lo TRONTEAMAICEIT DERE, A7 v 7R, 27 v 7HEB IO

TR ER 2 P L IFERATR LD TH S, EFEE, 350m His (p<0.01), 550m HixL
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Table 6-3

Mean elapsed time, running speed and relative running speed for all subjects

and relative running speed for the averaged race pattern from study-1.

Mark
120m 200m 300m 400m 500m 600m 700m 800m
. 15.20 2542 38.84 5267 1:06.34 1:19.98 1:33.71 1:47.92
Elapsed time (ms.ns)
(0.28) (0.50) (0.68) (0.59) (0.68) (0.82) (1.07) (1.03)
Section
0-120m  120-200m  200-300m  300-400m  400-500m  500-600m  600-700m  700-800m
Running speed s) 7.90 7.84 745 7.23 731 7.34 7.29 7.05
(0.15) (0.19) (0.15) (0.06) (0.10) (0.18) (0.21) (0.28)
Relative running speed 0 106.50 105.70 100.55 97.53 98.67 98.97 98.31 95.04
(1.89) (2.59) (1.49) (1.38) (0.87) (2.16) (2.06) (3.65)
Relative running speed
103.37 104.99 100.34 98.48 98.48 99.53 98.75 97.45
foraveraged race pattern (%)
study-L (2.48) (3.34) (2.62) (1.94) (2.11) (2.04) (2.43) (3.58)

Nunrerals in parentheses are standard deviations.
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Figure 6-2  Changes in relative running speed for the typical subjects of the positive (POS, upper)

and negative (NEG, lower) race pattern and the averaged positive and negative race pattern.
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Figure 6-4  Running velocity, step length and step time at each mark in the 800m race
for subjects POS (A) and NEG (H).

95



TERN T A i Ze A O BREERS L OWER o FeERIE, POS 13 550m His Tk < JE LT 750m His

THUHIAL, NEGIZIFF—EIMENTHA LTV -.

6.3.3 HEELOFR~YT 4T R

* 64 1%, HHAICBT DHRELOBIIETHFR~T 4 7 AHPNT A — 2 2 V) L FYER

ETORLELOTH S, BLO FBEIZOWTIE, HL X, 550m #5238 350m s L Al h&E<

(p<0.01), 750m HhsS7S 150m M35 KO 350m M L 0 A B/ E o7 (p<0.05). H4 1%, 350m

Hi1AR, 550m HiLgds & ON 750m Hig s 150m M K W AT RIS/ NS o 7 (p<0.05). LD _EFITHOWN

TiE, H210Z, 350m Himds o 750m HsiZ 2 Tl L7y, BREARZE i ~7=. H3 1%, 550m

Higi3 150m Hiss L0 AR/ S o7z (p<0.05). BEHIIEFS K ORI Z 351 2 F IR L O AKCTEE

FEIZ, 350m Hiss, 550m Hi13s LU 750m Hi A% 150m HiS L 0 A EIT/ N E <, SREDEEE L 550m Hi
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6-5 1%, POS B L ONNEG OXEHHIDIEH 2R Licb D ThD. POS DEE ST HIDOET DI
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(IFI DR F: & b L — A% BBV THER L, $RET MO 3SR % BV THERF S
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Table 6-4  Parameters related to motion for the center of gravity at each mark in the 800m race.
Mark
Variables Difference
150m 350m 550m 750m
i (cm) 2.54 2.70 2.31 2.30 150m,350m>750m
(0.42) (0.28) (0.32) (0.33) 350m>>550m
487 487 4.77 4.61
H2
(cm) (0.40) (0.50) (0.70) (0.88)
2.31 2.09 1.69 2.00
H3 150m>550
(cm) (0.52) (0.60) (0.38) (0.68) m=o90m
4.99 443 4.33 421
H4 150m>350m,550m, 750
(cm) (0.51) (0.47) (0.32) (0.50) m=290m,50m, f55m
Holizontal velocity of CG (mis) 7.70 7.20 7.27 7.20 150m>>350m
at the foot contact (0.31) (0.17) (0.27) (0.23) 150m>550m,750m
Vertical velocity of CG (mis) -0.80 -0.77 -0.73 -0.73 150m>>550m
at the foot contact (0.05) (0.07) (0.04) (0.09) 150m>750m
' 5.92 6.07 5.71 5.77
Landing angle de:
ingang (ceg) (053) (0.44) (0.36) (0.76)
Holizontal velocity of CG 7.71 7.32 7.34 7.29
/ 150m>350m,550m, 750
at the takeoff (mfs) (0.34) (0.07) (0.31) (0.25) m>350m,550m, £50m
Vertical velocity of CG (mis) 0.73 0.70 0.64 0.66 150m>>550m
at the takeoff (0.06) (0.10) (0.05) (0.08) 150m>750m
5.45 5.45 5.01 5.18
Takeoff angl d
akeott angle (ceg) (052) (0.72) (0.44) (0.67)
-0.39 -0.31 -0.36 -0.36
DEC /
(mfs) (0.13) (0.09) (0.12) (0.12)
0.34 0.43 0.41 0.45
ACC /
(mfs) (0.20) (0.13) (0.06) (0.10)
-5.09 -4.96 -5.42 5.71
1st half N/k
stha (N/kg) (3.32) (1.78) (2.04) .7
Horizontal average force
3.42 465 4.38 4.69
2nd half N/k
nana (N/kg) (2.23) (1.45) (1.14) 1.27)
25.30 23.60 24.16 23.71
1st half N/k
stha (N/kg) (1.31) (1.55) (1.33) (1.76)
Vertical average force 2nd half (N/kg) (11?'4177) (1:'3745) (117'5445) (117"7819) 150m>550m,750m
21.57 20.66 20.08 20.11
whol N/k 150m>>550m, 750
ofe  (Nkg (1.10) (1.75) (0.89) (1.29) m=>o50m, f50m

Numerals in parentheses are standard deviations.

> indicate significant difference between marks. (> p<0.05, >> p<0.01, >>>p<0.001)
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WA A LE 257 131 £ 17, 400m HitR O & A L1% 51 7 6142 £ 03 C, TORXIE L7l &

A L DZEIT 200m HiRIZIBW T 0.8+ 1.0, 400m HRIZHWT 13217 B TH Y, FEEEDi@iE ~

A DDFFHMEINTHE D -T2, M 7-1 1%, BERE O L O HERE O 600m EFOEAE— FD

bR LIZbDTHD. EAE—RIE, AT 50~100m XEIZBW TR KIZ , Tk

T 4 =y 2 I T o AR Lz, 7210, £ OB LU 2 4 ogdE (D,

F) OFEAE— FOEEZRLIZbDOTHD. #lE D TiE, BRFCBNTRE <o L7t

TG, WeBRE F Cid 600m £ % U CEEE 2 #R L Q=g cH 5.

732 EWE, AT vTE, A7 v 7HRH

X 7-3 1%, 600m DL, NF EB X O Max ECRBITHERE, A7 v 7K, A7 v 7B

L OO ER 2 P LFREFRETR LD TH S, 2B, Max EIFZEL L TURLEZ. EH

FEIL 150m HsS S 550m MR 2> Tl L, 550m HissAY 150m Mg L W A BT/ NE o Tz

(p<0.01). Z DR, A7 v 7K, ZEHAIREE, F5 ZOV2e HIREEEDS [FRR i L, 550m #1553 150m

S EWEBEINEroTe (AT v 7R, p<0.01 ; HZeiiE8E, p<0.05 ; SCEFAREEE, p<0.05). *

7=, 550m HimS D AT v 7Rk L ONRAEHIERHED AT TIZZR W NF E L W /NS Te. STRpREE

Wk Bz W FERE OO b2 4 [RIREICHR L, 550m HIAS NF L D BE TIIR VIV N E o T,

T v TR L OSERREER 23 150m Hi s B 550m HiEALZ AT Tl L, 550m His A 150m Hik

131



Running speed (m/s)

= Average

Individuals

0- 50- 100- 150- 200- 250- 300- 350- 400- 450- 500- 550-
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Section

Figure 7-1  Change in running speed in the 600m run.
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Change in relative running speed for average of all subjects, subject D and F in the 600m run.
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Figure 7-3  Means and standard deviations of running velocity, step length and step time

Running velocity
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LV HFERIZEN->T (p<0.01) . HrZEHARER & FARICHE L7223, 2O /S -7, F7z, 550m

HiS ORI IA B TIEZAR WA NF 28 & 0 B o 7o STRFIRFREN e~ 2 22 IR o0 LeR1 3,

150m Hi g7 B 550m HFIZ 2T THHR L, A& TIZZRVS 550m HR 723 NFE X D /hS o7z,

7-4 1%, WERE D BIOYF @ 600m EDEME, NF EB IO Max BB BEEE, 2T v

TR, AT v 7B L O OWREFZ LR LIZLOTHD. WAL, ERE D TIE 150m Hisg

BN TKRE K ZDH% 550m # SIS T CRE < Lz, 48R3 F i3 150m~350m (235 T

BrE D L0/ha<, 350m HUSLARRITHERF S LTz, A7 v 7 RIE, #R#E D Tld 150m i

BOWTKELZOBRREBED L, #RE F CED KVED/NED o7z, AT v 7HHIE, #%

# D Ci 150m #Hi S IZ BN THE L F DB KX SHIR L, #8825 F CTl3 150m Hismi2> 5 350m Hi sz

FTCHER L, 550m HuSICHNT TR DA 2R Lz, 2e#ArRE, #5RE D Cid 150m Hisic

BT EFRICEXITHY (LK 1.00), g5 F Tid 250m M8 LIRS A M &2 7~ L

77, HERIRRRL, WA D TUL 550m HEIZ BT 0157 s SR <, TZEHARER & o thERI% 0.91

EINEPoT.

733 HEELOFR~YT 47 R

#7-11%, 600m EDOEHIL, NFEB LU Max EICBIT A2 HEELOEEICEHTA2FR~T 47

AT A — 5 Ze B EIFHERZE TR L2 b DT 5. 550m HilZds1) 2 Hatiigdo L OVEfEHR: o> &y

IR ELD/KEE DS 150m #is & 0 A EIZ/NE < (p<0.001), H1 (p<0.05), H2 (p<0.05), H4 (p<0.05),

PEHIAE (p<0.01) 3 X OVEEMIA EE Y 150m HiS L 0 AEIC K& v 72, 550m #2125 H3, #2

IR FS L OBEHNIE OO By IR B DR EREE S NF 2 L W BRI/ NS o7 (p<0.05).
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Figure 7-4  Running velocity, step length and step time for subjects D (A) and F (H).
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Table 7-1  Parameters related to motion for the center of gravity.

Mark
Variables Difference
150m 250m 350m 450m 550m Non-Fatigued Max
HL (em) (3:2.:) (5123) (5:53) (éig) (éég) (3:(35;) (ééé) 150m<550m
H2 (em) (g%) (gjgg) (Zji;) (ngi) (ggg) (gjié) (g;é) 150m<550m
H3 (em) (323) (3:22) (313) (;:gg) (;::(la) (éj;f» (g:gg) 550m<NF
H4 (em) <§I§3) (3:32) <3ﬁ23) (gﬁgi) (‘1‘:;3) (g:éé) (g:gi) 150m<550m
Hm;?tr:ealf::tloccolzai: o (iﬁzg) (g;g) (gjg) (g:ig) (gﬁ%) (gﬁig) (gjg) 150m>>>550m
Vea: Itc :(Ie \flsftczl:toyn?:c?(; (mis) (: t?saz) ((;) gsz) (f? 579) ((? 0761) ((? 579) (3075) (505:) 550m>NF
Lancing angle @0 o esm 0 s 0o Oy oay  Msomesssom
Honzz:‘fr:: f;icegfm oy (g:g) (g:gé) (;:ig) (g:i;‘) (S:E) (212) (g:jg) 150m>>>550m
Vem;a Ixr\ml: Itoaclj?(l)fuff e (mis) (8:23) (832) (gjgi) (gjg;) (gjgg) (gjg:) (gjgg) 550m<NF
Takeoff angle (9 (2:23) (3:25) (Zéé) (Z:ZZ) (g;;) (g;) (g:éi) 150m<550m
DEC (mrs) (gjﬁ) (gjgg) (gjgg) (gjgg) (gjii) (gjig) (gjii)
Acc (mis) (giig) (gigg) (gié) (gig) (8:33) (g:i;) (gjg)

Numerals in parentheses are standard deviations.

> indicate significant difference between 150m and 550m mark, 550m mark and Non-Fatigued. (> p<0.05, >> p<0.01, >>> p<0.001)
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734 FBEBIOTHEOFR~T 47 A

7-5 1%, 600m EDA A, NF £ L Max ECHB1T 5 1 ¥ 7 L ONFERA L, [X7-6 13,

1 YA 7 NOFRERICBIT 2 REEAE (BB, THAE (FE), BMAKL (FTB) 2V LUE

BRATRLELDTHD. RpfAEICEBREIIA DN o T KERMAEED, B (TO)

(ZFUNT 550m HigAY NF E L D AEICADENRKE < (p<0.05), KERZ XV %71 Tz,

Fiz, MBI (CTO) BE O T+ T —RKRAD ¢ U7 THE (FS) 12350 T 150m His 5 550m

HST o Tl A 2R L, KEROFT EFTF~DF|& EFANEL o TWno72dy, 74 U—

RAD 4 o 7 HTEE (FS) 123 T 550m Hifi2s NF & X 0 AEICKE < (p<0.05), NF EH~TK

BESRT BT~ A3 Tz, FERA I, BiEHIEE (TO) (p<0.01), 7 4 17— A L—#& THF (FT) (p<0.05)

BILOWEEERFF (CFC) (p<0.05) 233\ T 550m M7y 150m HiS & 0 AEICADEINNE L,

HiEHIRE D T RRORIEH-CHEHITE O THRO EH~DWE Y ER 0 VNS 7o TW e, Fie, 74U —

KA ¢ 2 7 # T I (FS) 12380 T 550m Hii s 150m #iS3s L OYNF & & v A&/ & < (p<0.05),

THREDOBIHF~OIRY B LA/ NS Zpo TNz, JRAENE, Bl (FC) 123V T 550m Hisi2s 150m

HESBIONFELVERIT/NES L (p<0.05), ZFEHAFE (MS) (230 T 500m Hi25 NF LY

HREINED -T2 (p<0.05).

7-7 1%, 600m EDOLME, NFEB LU Max EIZBIT 5, 1A 7L oL Rz s K (k

B), THE (hBD), & (TE) OWVHMEEZ PHE I OEERATORLIELOTH S, KERMAIH

%, Jam 1 (FC-MS) (p<0.05), J@if 2 (MS-TO) (p<0.01), Jaji 7 (CTO-FS) (p<0.05) B L

JAiE 8 (FS-FC) (p<0.05) 233V T 550m M7’ 150m HiS & 0 AEICADEIV NS L, KEBORTS

MO IT~DAY 4 ZHERED L=, Jai 3 (TO-FT) 12354 T 550m Him A IEDEA 7R L7=D
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Figure 7-5  Averaged torso angle in one running cycle in the 600m run,

non-fatigued and maximal running.

139



1U3A8 yaea Je (1amol) ajbue 100} pue (sppiw) yueys ‘(1addn) ybiyl 40 SUOIIRIABP pIePUR]S PUR SURSIA

‘Buluuns ewixew pue panBije)-uou ‘und WQQ9 8y Ul 8j9Ad Buiuuni suo ui

9-/ 2inbi4

XeN AN 0SS 0S¥ 0SE OS2 05T XeN AN 0SS 0S¥ 0SE 052 05T XeNdN 0SS 0Sv 0SE 0SC 0T XON AN 0SS 0S¥ 0SE OS2 05T XN N 0SS 0SY 0SE 052 05T XeNdN 0SS 0Sv 0E 0S¢ 0T XeNdN 0S5 0Sv OSE 0S¢ 0T XeNIN 0SS 0SP OSE 0SZ 05T
ovl- ovT- ov- ovT- ort- ovt- ovT-
oet- [4nd oct- m 0zt~ oct- 0zt~ 0zt~
001- oot- m mlm\mlm/m 00T~ $ E 001- oot 001 001-
08- 08- m 08~ 08- ° ot o be 08- 08- 08-
00- 00- 09- 09- . 00 09 09-
ov- ov- or- ov- ov- ov- ov-
0z- 0z 0c- 0c- 0z- L] e I 0z-
0 r ] -9 & 0 0 0 0 0 0
m L3 W 500>d 500>d
"2 0 [ 2 0 [ —_— @ — sed
o or ov or or ov [ I o4l —
e, e% o g g ® 09 ) 09 09 09 09 b ) L o )
08 08 08 08 08 08 08
XeN N 0SS 0SY 0SE 052 0ST XeNdN 0SS 0SY 0SE 052 0T XN AN 0SS 0¥ 0SE 0SZ 0T XeNdN 0SS 0Sv 0E 0SC 0T XeNdN 0SS 0Sv 0E 0S¢ 0T XeNdN 0SS 0Sv OSE 0SC 0T XeN 4N 0S5 0S¥ 0SE 052 05T XeNdN 0SS 0SY 0SE 0SC 0T
051 051- 051 051~ 051~ 0sT- 051
by petdd (e gettd
001 001 001 001 o0t oot~ [
T ee P S
500>d
| I |
500>d
50054 05- $ 05- 05- 05- g 05- *q oo el s 05-
{ —
500>d 100>d e @ g o 90
[ —
0 0 0 0 0 0 0 LI I S = = =
LY Ol‘l.ll/.
05 05 05 05 05 05 05
XeNIN 08 0SY 0SE 0S¢ 0T XeNIN 03 08 0SE 0SC 0ST XeNAN 0S5 05 0SE 06 0ST XeNdN 0S50S 0SE 0SZ 0ST XeNdN 0S50S 0SE 052 0ST XeN 3N 0SS 0S¥ 0SE 0SC 0ST XeN N 0SS 0¥ 0SE 0GZ 05T XN AN 08 05 0SE 0SZ 0ST
09- 09- 09- 09- 09- 09- 09-
ov- 1 o 1 or- 1 o ov- ov- ov-
¢ ] I\W\M\m e 9 g o 39
0c- ] oe- ] o ] o 0z- I 0z- 0c-
m m . w M s00>d
0 0 0 ¢ 0 0 0 0
o e & o83
(4 4 0z @ m W/W\MIM/m (4 40 0z 0z (4
e € o5 oe3d
LI S 1o 1o 1o ov ov ov
®, .
S00>d 09 . han PR W IS ) 1w 09 09 09
] ] 8 8 8 8 ]

y

0sT-

00T-

(Bap) ajbue Joo4

(Bap)ajbue yueys

(Bap) ajbue ybryL

140



(1amoy) Auoojan Jsjbue 100y pue (sjppiw)yueys ‘(1addn) ybiyl pabelane Jo SUOITRIASP PIRPUR]S pUR SUBSIA

‘Buruuns Jewixew pue panbilej-uou ‘unt wQE9 8yl Ul 31942 Buruuni auo ulaseyd yoes 1e

XONIN 0S50Sy 0SE 052 0ST XeNIN 0S50Sy 0SE 052 0ST XeNIN 0S50SV 0SE 052 0ST
0021- 0021
008- 008- 1
oop- 00v- 1
e e3%5°
0 0
00v 0ov 100>d 1
L e ] 1
008 ® 008 & g
o0zt o0zt i WIM/W/WIW
0091 009T
XeNdIN 0S50Sy 0SE 0SZ 0ST XeNdIN 0S50Sy 0SE 0SZ 0ST XBNdIN 0S5 0Sv 0SE 0SZ 0ST
006~ 006-
100>d 009- 009-
—
LR S o
0 0
00e 500>d 00g
| — | 1000>d
1
009 (] WIDIMlem 009
006 ¢ 006 ¢ w/t/MJm/w
00zt 00zt L]
XeN3N 0SS 0SY 0SE 0S¢ 0ST XeN3N 0S50Sy 0SE 0S¢ 0ST XONdIN 0S5 0Sv0SE 052 0T
ooz- ooz~
s00>d 005~ 005
[ ] | s00>d
———
m\m/m\w\n o0g- 00g-
[} Py
oot- L 00T-
0ot 00t 005
d 1
00~ 00e 00e :
. - g
00z 00z
006 006

00T~

00T

00g

005

00L

006

XeA 3N

0SS 0S¥ 0S€ 0S¢ 0ST

0021~

XN IN

085 0S¥ 0SE 052 0ST

008

007~

e sanl

mm

Ty

S
100>d

oor

008

ooct

009T

XeWN 3N

095 0S¥ 0SE 0S¢ 0ST

XBN AN

085 0S¥ 0S€ 0S¢ 0ST

P

mm

ey

| |
100>d

00e

009

006

002t

XeW 4N

095 0S¥ 05€ 052 0ST

XeW IN

0SS 0SY 0G€ 0SC 0ST

0ot-

100>d

00T

005

00L

500>d

006

0021~

0oy

008

oozt

006

009~

00€-

0o

009

006

oozt

002

005~

00€-

00T~

00T

/-1 @inbi4

XeNdN 0S5 0SY 0SE 0SZ 0ST XeNdN 0SS 0SY 0SE 052 0ST XeNdN 0S50S 0SE 052 0ST
0021~ 002t~
w 4 - L] i - 100>d
U\M\UIM\' o L4 .lmlw\w\m 8 |
e 007 L1l
4 oov- 1 oov-
L—  1000>d —— S0 ¢ . .\WIW\UIO
Too-d 1000>d
0 0
4 oor 4 oor
- 008 - o008
- oozt - ooet
009T 009T
XeWN AN 055 0S¥ 0S¢ 052 0ST XeN AN 055 0S¥ 0S€ 0S¢ 0ST XeN AN 055 0S¥ 0S€ 0S¢ 0ST
006~ 006~
e 100>d L]
. —ed ] oo . v\o\Tw\m
e * D\OIQ\WIM o0 [
T00>d ] 100°0>d
d
o o 500>
00e 00e
009 009
006 006
oozt ooct
XeNdIN 0S5 0SY 0SE 052 05T XeNAN 0SS 0SY 0SE 0SZ 0ST XeNdN 0S5 0Sv 0SE 052 0ST
00L- 00L-
L}
005- é w\m\b:n\m 005- L]
00g- 00¢- L] e ¢
100>d 1
0ot- 00T- 50'0>d
fe goeia
00T 00T
S
500>d 00€g 0oe
005 005
00L 00L
006 006

00e

009

006

oozt

004

005

00~

0ot~

[

00

005

ooz

006

(g68p) Anoojen ssjbue yueys (s/Bap) Auoojan sajbue 1004

(s/63p) Auoojan sajbue ybiyL

141



(2% LT 150m s A AOEZ R L, B OKERORTT~D U /3 ) —Blsa3 R E > Tz, &

72, i 8 (FS-FC) 123U T 550m A3 NF & & W AZICADENA K& < (p<0.05), #EMIZmIT

T2 KEROIED A LB 2o T, FHRMAEREL, A 1 (FC-MS) 5 FiE 3 (TO-FT) BX&

OVETE 8 (FS-FC) {28V T 550m M2y 150m HuS L 0 AEICADEN/NE L, BiE 5 (CFS-CMS)

225 R 7 (CTO-FS) 1B W CHEIL/NE L (Fifi 5, p<0.0l; S 6, p<0.001 ; f@ifi 7, p<0.05),

1A 70 aE LT IAERENBD LW, £/, AE 1 (FC-MS) 123 T 550m #5725 NF

ELVARBICADEN/NE < (p<0.05), SCRHPRTH:-O FRROFIMHIEE /N & < 7o Tz, R s

I, JRm 1 (FC-MS) (p<0.01) #BEVYFHE 2 (MS-TO) (p<0.05) 235\ T 550m Hit 8745 150m Hh

BEVFREICADE/NEL, £72FHE 2 (MS-TO) (280> T 550m #1455 NF & L D HEIZADHEN

/&L (p<0.001), SCEFHAOD S ORMEHEEE 2B LTz,

B 7-8 1%, #RFE D I L UVF 0 600m EDFHE, NFER LU Max EIZBT 5, 1HA 7104

JOEIZRIT A REE (BB, T (T OFHARELZRLEZLOTHD. KEAHEEE, 150m

s 5 550m HSUZ AT C, #5RE D TldRim 1 (FC-MS), &2 (MS-TO), J&jm 8 (FS-FC)

IZBWTKELSBA L, #BRE F CiE D X 0 EIT/NSWHER: LU=,

7.35 HuE S

7-9 1%, 600m & 150m 35 L OV 550m #Hish & NF £ LU Max 23817 2 #hfi 5 D KR4,

7-10 (ZENERIIC P D H 2 T LIERERE TR LIC OO TH D, AKFRG T, SRHHIRTH

WZBIT28 1 v—2 (HPFL), %2 ©°—2 (HPF2), ¥4 (HAFL) 73, 550m HiS72% 150m S -

DA BEICADEI NS o 72 (p<0.05) . ZFEH% BT 55 3 B —72 (HPF3) 5 L OV 77 (HAF2)
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Figure 7-9  Horizontal component of peak ground reaction force (upper),

average force (middle) and impulse (lower).
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Figure 7-10 Vertical component of peak ground reaction force (upper),

average force (middle) and impulse (lower).
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23, 550m HiEAS 150m His L 0 AR/ N E o2 (p<0.01). F7o, XEHRTECBITAH 2 B—2

(HPF2) 73, 550m HiiAd NF &LV HEICADEIV/ NS o7 (p<0.05). FRELAKY TiE, KR

BT BIT A 0188 (VI2) (p<0.05) 36 KOOSRz T 2 08 (VIW)  (p<0.01) 23, 550m Hf

SN 150m MR K 0 AEICKRE <, IFEHIRRICER T 5 ) (VAFW) 23, 550m Mg/ 150m Hh

REVABEINE D7 (p<0.05). F7z, I RICEIT 58— (VPF2) 3 L OSHHIE T

B DT (VAR2) 73, 550m HiS72s NF & X W HEI/INES o7 (p<0.05).

7-11 1%, #ERE D B L OVF 0 600m &= 0> 150m 8 L TU550m His & NF 28 L O Max B2 BT

LM ) DSy, B 7-12 1 3ERER BT 2THA 2R LI b D TH S, KPS T, #dik

#HD TIETR_RTOE—27{E (HPF1, HPF2, HPF3) B L ONEH T (HAFL, HAF2) 7% 150m His5h»

5 550m ML HNT TR L, #%BRE F CIrIHAgHERr STz, $hER b, #dRE D Ti

TRTOE—Z7E (VPFL, VPF2) BXUOVEHT) (VAFL, VAF2, VAFW) 7 150m #1075 550m

RS2 TR L, R F CITEispOfER: S vz,

736 THOXHT 147 A

7-13 1%, 600m DL, NF ER L O Max EZBIT 5, 1 VA 7O FmEICE T 5

DL v7 (BB BIOW hvr U — (FE), K 7-14 13, BBFOV bvs (LB

BLOYWE L7 T — (TE), 7-15 1%, R s vy (BB BIUONES kLo Ry

— (TB) ¥ B IOEERETRLELDTHD. M 7-161F, SFFHOKEE Y —2 Mok

FOV—7 by XU — K717 1, ZEHOBREE Y —2 MBI —2 ML T —,

7-18 1%, FHHO Rt —2 MBI —2 ML T — 5B L OMEERZAZ TR LD
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Figure 7-11 Horizontal component of peak ground reaction force (upper),

average force (middle) and impulse (lower) for subjects D and F.
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Figure 7-12 Vertical component of peak ground reaction force (upper),

average force (middle) and impulse (lower) for subjects D and F.
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Figure 7-16 Peak hip joint torque (upper) and torque power (lower) of the support leg

at each mark in the 600m run, non-fatigued and maximal running.
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Figure 7-17 Peak knee joint torque (upper) and torque power (lower) of the support leg

at each mark in the 600m run, non-fatigued and maximal running.
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Figure 7-18  Peak ankle joint torque (upper) and torque power (lower) of the support leg

at each mark in the 600m run, non-fatigued and maximal running.
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DTHD. M7 OFFFE, IKBEfR & ORBEEITEN M, A2Ei, I ENEE, A

HiEAFRT. X7-191%, 600m EDFHME, NFEB IR Max EZB T 5, 1V 71O FiEcEs

AR OTEMASE (BB BIUEMLE (T, 7-20 1%, MRS (BB BIOE

g (FB), X 7-21 13, REFOIEMLF (EEF) BIORMEE (TR 214k LOEMERE

TRLIZLDTHS. 7ok, 250m HixL, 350m Himds KO 450m Him i 1 (FC-MS) F L UYR

2 (MS-TO) OF —HZ 2O\ T, MK ZFHI L TR =dIicBH TE oz,

RREAEG Y hv 21T (2 7-13 LEY), R 3 (TO-FT) BLWHETE 4 (FT-CFC) 2B\ TJgHh hu

778, JRm 6 (CMS-CTO) 7255 8 (FS-FC) (23Tl hL2 A3 150m #5775 550m HisS iz

PN TTHRT DA 27 L, 402 550m Hisiz)s 150m i K 0 A B/ NS 2o 72 (R 3, p<0.01;

J&iE 4, p<0.01 ; JHifi 6, p<0.01 ; JFiE 7, p<0.05; JFifi 8, p<0.05). Fi=, LD hALIE, &

i 3 (TO-FT), JwiE 4 (FT-CFC), Jam 7 (CTO-FS) L UVJmME 8 (FS-FC) T35V T 550m #1573

NF £ X v k&<, R 3 (TO-FT) ok A 27 I3 BEEN BN (p<0.05). [xBIET

)R oU—i% (X 7-13 TBY), JRim 4 (FT-CFC), Jmi 7 (CTO-FS) L WWeik 8 (FS-FC) 2

BWTIEDO/ANT =2, J&m 6 (CMS-CTO) 28\ THED/IT —7A% 160m HimAH 6 550m Hi iz 2T

THIR DM 2R L, £ 550m Hi2s 150m #5 & 0 AEI/hN & 27 (Fif 4, p<0.001 ;

J&iEi 7, p<0.05 ; JAifi 6, p<0.05; JFifi 8, p<0.05). 7=, JHiEi 7 (CTO-FS) LUV 8 (FS-FC)

ZRITAHIED/ AT —L, 550m HSHA NF £XL VW K&, JFE 8 (FS-FC) ICRBWTHEERALN

7= (p<0.05) . J&ii 3 (TO-FT) {235 T 550m Hi&78 150m ik ko 0 AT IED ST — K& oz,

THEHOKEES v —2 hvs (PTH) BXOE—27 ML 30— (PPH) 13 550m #1575 150m Hi 5

X V/hEL, PTHIZEBEZENA LN (p<0.05). PPH % 550m #5823 NF £ L W AEICKE -7z
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(p<0.01) (X 7-16). WXEAMOIEALEL (X 7-19 1B, /&4 (FT-CFC), & 7 (CTO-FS) Bk

YR 8 (FS-FC) 1233V TIEALEEAY 150m Higi)» & 550m HuAIZ /2 Tl o mz =L, £

72 550m HiL S 150m His L 0 A3/ & Ao 72 (R 4, p<0.001; i 7, p<0.05; J&ifi 8, p<0.05) .

7z, JAE 7 (CTO-FS) BLUJRME 8 (FS-FC) Z361F HIEFE, 550m HimiAs NF &L KE )

ST, JFiE 2 (MS-TO) 28V T 550m #1575 150m #if & 0 A=/ S -7 (p<0.05). [XEIES

DEMAFIIIFEEZEIIA LN -T2 (X 7-19 TEY).

BRI b2 (X 7-14 BB, A4 (FT-CFC) B X OYa®E 5 (CFC-CMS) (2R W Cmith

My 23, JRE 7 (CTO-FS) L WA 8 (FS-FC) (Zd8W\ Tt RL2 75 150m Higi)» & 550m Hi

JTNT TR A B AR L, FA0E 550m HiS08 150m HiS L W BEI/INE o= (R 4,

p<0.001 ; /&7 5, p<0.01 ; /&7 7, p<0.0l ; /Hfi 8, p<0.01). 7=, A 3 (TO-FT) (2351 T 550m

LAY NF L DR L7 DAEICKE o7z (p<0.05). RBIETEE b v 7 U —1% (X 7-14 F

%), Jaf 4 (FT-CFC) X Wmi 7 (CTO-FS) 2RV THAD/NT —73 150m Him 7~ 5 550m HisliZ

N TR DA R L, Z42 40 550m HisiAs 150m #His8 &k 0 A RIS/ E o7z (p<0.01). J&

ifil 8 (FS-FC) IZH\W T, NF EDFAIED /ST — %71k L, 550m His & ORICAEZEN 2 S 7= (p<0.01) .

JAmE 1 (FC-MS) 1238V T, 550m His2s 150m i L D A DT —RNEEI/NE o7 (p<0.01).

TEMOBREEir—2 vy (PTK) BXOE—2 brr 30U — (PPK1, PPK2) 1%, 4T 550m Hi

JDN 150m MU L ONNF £EL /NS, PPKLICEEZERA LN (K 7-17) (150m, p<0.001 ; NF

A, p<0.01). BERIEIOIELEIT (X 7-20), Jaim 7 (CTO-FS) (Z35V T 550m My 150m #if5 & v

HEI/NE < (p<0.05), JiE 8 (FS-FC) 1233\ T 550m HiL 48 NF 42 L 0 A 512/ & 720 72 (p<0.05) .

AHEE, R4 (FT-CFC) B XYM 7 (CTO-FS) 23U T 150m HitS7> 6 550m Hi A2 2MT T
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BT M %77 L, JRiE 4 1280 T 550m Higias 150m HuS L 0 FEI/ NS o7 (p<0.01). 7
Hil (FC-MS) T3V T 550m M7 150m Mt & 0 A I/ Eh-7 (p<0.01).

BRI SV 7 I BT SN 72s (K 7-14 BB, RO B e —2 b v (PTA)

1% 550m Higi % 150m Hiaidks L OVNF &L 0 /h& <, 150m His & OIICHEZES A B2 (p<0.05)

(X 7-18). P b7 80— (K 7-15 TB) BLOESE (X721 EBY) 13&EiA 2 (MS-TO) (2
FUNT 550m MRS NFEL W AEI/h S <, SRR 2B e —27 M7 sU— (PPA2) (X
7-18) % 550m MY NF & L W HEI/NE o7z (p<0.05). Jifi 3 (TO-FT) » 5 /mifi 8 (FS-FC)
IZBT BT My, S V7 8T — 8 L ONEADH SR TNES o 7z,

7-22 1%, #RFE D BLOF @ 600m EOFAMHT, NFEL IO Max E12B1T 5, 117100
FRECEBT DR O by s (RB) BROYES MLy 80— (TE), X 7-23 1%, R
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Figure 7-24  Averaged ankle joint torque (upper) and torque power (lower) at phase 1and 2 in onerunning cycle

for subjects D and F in the 600m run, non-fatigued and maximal running.
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Figure 7-27 Ankle joint positive work (upper) and negative work (lower) at phaseland 2 in onerunning cycle

for subjects D and F in the 600m run, non-fatigued and maximal running.

166



WeRE F Tl D LV EIT/ NS WOHEEF L T, IRBEIEI O B E3E (4 7-25 ), 150m Hisns 6

550m Mz hNT C, #%ERE D TIL/BmE 4 (FT-CFC), &M 7 (CTO-FS), J&iE 8 (FS-FC) 1B\ T

Wb L, #EREF Tl D XIS WASHEE L T2, AEET (X 7-25 TEY), 150m HiS0 6

550m HiSIZ AT T, #ERE D Tl3JRH 3 (TO-FT) IZBWTHE L, #8RE F Tl D X0l

UWNDMERF L Tz,

WEBAEIEE) by 21T (K 7-23 EEY), 150m Hismhso 550m Hislood <, #BrR#E D CI3RmE 7

(CTO-FS) B X UVam 8 (FS-FC) 2B W Tmdh b2 N L, #8R&E F Tl D X 0 EiZ/ &

DSHEER LTz, BEBEER ) h L7 8T — (X 7-23 TBY) BIOEME (4726 TE) 1%, 150m

Hp 2 5 550m His IS/ T C, #iERE D Tlid/Hm 4 (FT-CFC) B X UV5ME 7 (CTO-FS) (28T

L, #ERE F CIE D LV EIT/ NS ODHERF L T .

SERAEEY vz ix (4 7-24 BB, 150m H#is0>5 550m HEIZ AT T, #EERE D CIERIE 2

(MS-TO) (2T ~/b 7 2380 L, iR FERE L Cuvie, RBIEES Fvr "0 — (1 7-24

TE) BIOEMZE (K 7-27 EB) 1%, 150m M5 550m MGz T, #dRE D ClrdJam 2

(MS-TO) 2B\ T L, #iBRE F CI3MeRF L T .

167



74 EE

600m EF DEA " — FiF, 50~100m KRB W THRKRICELFHE 7 £ = v 3 o 2T T

DM AR L (X 7-1). 200m HiSds U 400m HS @i & A AE, TORELTLZ A LKLV H#

NS TZD, T4 = T2l TEAE— BRI LTV TR oL —ARRY—0 %

HETLZENTE. LEN-ST, 600mEDEK LTI TN ELTEY, KFEOOITTERES

B HTLITKY, WHOEEI LD EMEOEIUZONWTHLMNITHZENTEHEEALN

5.

741 JRITOFBIZ L B EBEOELL

150m #1575 550m HS DO IZIE, JES OREIT TR EREORE LRI SBERL TS

EEZOLNDT=8, 150m His & 550m Hi S O ES 1 TR OB L A B (b EH LT 5 2

EMMTER, 22T, ZZTIE550m s & NF EOEEIEE OB ST .

FEERE O E B> T, AT v 7R, ZRHE IOV IRERES A B2 L7203, 550m it

ZRT D KRR INF E L IFIER U TH Y, R INF E L D /NS hoTe. 20 Z i

SKFFI J OV 2 IREE O IS 7200 T GEREEE R LTV 528, T2 HEREE O 12

WHDEEPRESENTND Z LR LTS, AT v TR LOSRHIR R I A RIS R L

7275, 550m HuEIZ T B ERRIE NF £ L ZIER L Tho7-. IFZEiis o KiTbhb 7,

550m HiSIZEHB W T NF L V-T2, 2O 2%, TEER I L OVZe SR i o B I 5577

JTREEREGREL TV, WZEHIRERIIE T ORBIC L > T LAREMT 5 Z L 2R LT

W5, FETm, SRR A e O FREE RS KON oD 1T 550m HiLS Iz AN TR L, 550m Hi

168



RUZRBWCZE NIRRT RN 1.02 £ 0.08, IREEEE=RA30.98 +£0.08 & 720, W H > NF & (FREfELR

1.09 +0.10, B : 1.08+0.09) LD /NEo=Z G, JEH7IT K 0 RNk L CH%IC

KE R OEEER L OB 2 BE TE R o T2 b nd. LT, EHTHICoN

TINHOHR 1.00, 72205 SR & 22 o s JOWFR A RIFREE (ST < Ay, 1.00

F/hEL T EEZ NS, F£77, 550m HUEIZEIT A OFRELD FH (H3) <

HEIR D B (R EL DN EDREE DY NF E L W A RIS, SRR 31T 2 Mt SO $RiE Ry D &

—7 (VPF2) o ERIL LB T DEERD DY) (VAF2) & NF EX DV ABEITNE -T2 Z &

G, PET ORI KV [F USR] T b I o6 L TR RN 2 EH SR Z L3 T2

D, ZHOAEHT T DR OEES KO OB OB T L B DD,

POETIZHIKIHER T 24N CTh 28, 2258, Him 109 5, HitE)) L 7a% b oi3Hhim

RATHD. Fiz, Hif & EENICH 2R T2 H RN TH 5. £2T, IFMICER

T5HE, KER, FERHSIORMAEEE, Rl (FC-MS) BXOWam 2 (MS-TO) & &2 &M D

MNZE B 7o TEEIZEA L3, 550m #uSIizBiF 2 5m 1 (FC-MS) D RERAIREE L NF £ XLV

BADOMEPAZETIIRVWAREL, —FHF /a1l (FC-MS) O FERAEER L OYamH 2 (MS-TO) D&

AEETADENAETI NS hole, TOZ L, KR, Thitds X OV AEEIINE S & ERE D

BN L VDT DD, JEH DR K> TERHARTHO RBRAHE (3T L AR L, —J7 TR

AEO FRRAEE RS KOS EORAREIZ S HITHD T2 L 2R LTS, 2R Tk

el

whoy D ERL, F 4T (45.2) OEEITFEN (7) TREND LIS, KO OAENT5E—

A2 MFRPHLEEED Y OFFHC &L o TS BEE by s &, BIENSER T 2 B o

KA EDF—A L P2 R LAEDEEESBELEDYDET—A L Mo Lo TARREND. ZOM%R

169



LI, FRGERSELEDY OF—A 2 b EESOAEE & ORMRIZOW TG L7-. X 7-28 13,

550m Hi1ds KON NF GEDOSFHIICIS 1T 2 KR, TR-BSLOROMEE (), FMoELEDY D

F—AL bk (F) BIOENLDOES () 2L b0ThD. vk, F—2 I3 EER %2 100%

ELTHIRRAL L, 1% Lz, =AY MIEZRM, AZAMEE L7z, 550m Him o KR

L, PEHEE (0%) ICBWTREIZ NFEX WV ADAKE L, EITHBIgIHRE L7 ORI

BRAZICE > THELU ZKREBOFMEE— A > ML 0~40%IZB VT NF ELV/NEDoT-. 2oz b

(3, PO L - THIRT D & B X IV SRR O RBRA L L, 2R B AR 3R

ENoTZENEBLTNWDEZ EERLTWA, IHIZ, A 0~40%23617 2 KEEDRIEET — £

v ORI EITERE b vy OB LTRY, AR 1 (FC-MS) ITBIT 5 vy (K

7-14) BIOE—7 b7 (K 7-17) DAETIERWED LT =2 &b, [REIEHREBREN

PR LTz EEZHND. 550m MmO TRRAHEIL, B (0%) (ZBWTREIZ NF 2LV A

DED/NE Do T2, BB O X E 0~20% IS B L ORBENIC L 25— v Mok -

TTFRROFHEE— A > R KE o723, 20%LARRIE SR O JGE /71237 » TIFE S 5 BB i

R L7 38 JORBIFIEE L7 128> THRIEE—A > MUV ED L. 202 i3, IO

B L > T % &5 2 DI SRR PR L, BRI BRI AIEE D N E Do T 2

EDREL TR, SERICIIRBE MR M2 56 LOVRBEFIEE ~L 712 X - TRRICEREE—

AU RINEL DT80, SRS TRROFMEAEE 2 RS SHARSEL I LIFRNETH L LaRl

TW5. 550m #S 0 B AMEE L, ZHEH 40~80%ICB W TC NF EL VW AOMEIN/NEL, 2T

Fr] 30~70%I2351F 2 RORHHE— A > F DRI MPEL T, BRORMHE— A > M2

JEJE hL o B LTERY, 550m MSORBEEEKEY—27 Fry (PTA) I3EE TIERWIS NF &

170



20104 Juto[ apjue ayy AqIuswon
Juawow juiof apjuy

449 3y AqusWon

92104 Julof aawy ayr Aqjuswoly
Juswow juiof aauy
2040 jutof apjue ayy Aq juswon

Juswow uiof apjuy

20.04 U0 diy ayy Agiuswopy
Juswouw ol diH
92104 utof 88wy aup AqIuswoN

Juawow julof aauyy

(%) w1 pazijewloN

‘aseyd poddns ay1 Buunp (Jamoj) 1004 pue (3ppiw)ueys ‘(1addn) ybiyr 1e (1ybu) 1uswow Jo

(%) awi1 pazijew.IoN

00T 08 09 OF Oc¢ 0 00T 08 09 O O0¢ 0
9
plemiod - plemliod -
1 - ]
4 Nl 4
.l|I|.|.|.|.|.|.|.TL\ 0 g II|.|I|.|.|.|T|I e
N ’ \ ’ 4
N P N .
~o - s 1°¢ N -“_ - ’ 1
pleavjoeg + . plemyjoeg +
00T 08 09 OF O¢ 0 00T 08 09 O O0¢ 0
plemliod - o plemliod -
- ]
7N N
’ ! \
\ 4
N
e v 0 n
/
\ z
emvjoeg +
14
00T 08 09 oOF O¢ 0 00T 08 09 O O0¢C 0
o
paemiod - pJemiod -
4 Vl 4
z

preavjorg +

preavjoeg +

dN woss

Juawiow ay] Jo Ssjusuodwo)

(Bx/wN) uswow ueys (B>/wN) Juswow 1004

(Bx1/wuN) wawow ybry 1

(%) 8wl pazijewloN
00T 08 09 OF 0C O

200
paBMIOS -
4 T00-
A Sd o
{1 100
AN
woss —  premvoeg +
200
00T 08 09 Or 0C O
TO-
pIemIOS -
\
\
\ S0°0-
N 0
1 S00
AN
WOGG —  pIeAdoRg +
T0
00T 08 09 Or 0C O
20
paeMIOS -
\I/. T0-
—+—+—— 0
{17T0
J { 20
piemvoeg +
€0

ENEE ]

sjusuodwod pue (J81uad) juswow juelnsal ‘(yay) AuoojaA Jajbueuawbas Jo sulaled pabelany

(B3/wN) uswow 1004

(Bx/wN) swow yueys

(6x1/wN) Wwawow ybry 1

82-, ainbi4

(%) swiy pazijew.oN
00T 08 09 Oy 0CZ O

0001~
\ 1{ oo0s-
{ 009-
1{ oor-
A 002-
4N
wosg —
00T 08 09 O 0Z O
008-
4N
wosg —
{ 009-
1 oov-
1{ ooz-
1 1 1 1 1 1 1 1 1 O
00T 08 09 Or 0z O
009-
1 oov-
/
00z-
4N
wosg —

AI100[aA Jo[DUB JUAWDaS

(s/Bap) "opA Jajbue 1004

(s/Bap) "ojan sa1bue YueyS

(s/Bap) "opA Jsjbue ybiy |

171



L /NEhot (K7-18). £7-, /HH 2 (MS-TO) (Z81) 5 BT b o 80— (X 7-15),

v —27 hL7 3T — (PPA2) (IX] 7-18), [EDfEH (X 7-21) 7% 150m Hisi L W RIS o7,

SERFFIEIE MV 1A I LA E— A MIPIT 2 L9 IZREINCWizZ &an (X 7-28),

s ) & BB 2T 1 7 2 & DEURIZHOWTFEL < ATV X 7-29 1%, 550m Hi1mds LU NF

R 2 MIER DAY, EMy () & RBIRAEE &R v s EoRR (F) 28R

HTLIORLELDTHD. 22T, BRE ABIOB L, 550m Hisg & NF & CEINES T

HBIp -T2, BEOXMNENLITE W, #iRE C, D, E @ 550m HiS 2k 2 MEs i,

IEHPROMERSOE—2 (T ABLT L) BLOXFREOKEEOE—27 (Ke

BEOW) BNFELY/IEL, BEHEREE—2 P27 NFELD/NEDo72. 20955, 600m

BB 2 ERE DR D S KE o ToRE D Ti, Humik i JOVEBEEE ~ v 2 ol

Wik bREMmoTe. —J, EREORD RS /NS o TogRE F T, Humibd ks JOVEBIHE

& RV T BHEE ST, E 77, 550m HUSIZ BT A R AEE— NV BURD ST T R D L

FRZHIE S IERE Ry D B — 7 I (T AT L NA) 2B SFRIIE O ARy D B — 7 1 (X e

BLOW) ITTTNFELY SANCAIE L TWA Z ERNbns. 372130, MBI %5

ML NS BB A LI, ZHUZRBEEEREGIEIEGT L TSI EERLTVDHEER

bID. LIehii-TC, RBIEEMEAREORITIC LY R ML 2858 U, i ) 2589

DL EBITROFMEE—A S MO L, RAFEENRD LIZEEZDNLD.

742 JEIRIBICI W TERE Z2HER 9 2 72 O O Hl

550m Hi1RUZ ST D HEHIRE (FC) DARBRMAMEIINF LY K&, FRAFEEIINE o> T

172



‘aseyd poddns g Bulnp 8210} uoioeal punoib [eluozuoy Mead syl 4O JULISUI BY) SBTRIIPUI S3JIID 3]
‘aseyd poddns- piw Buuinp 82104 uonoeal punolb [ealuaA Mead ayl Jo JurISUI 3Y) Sa1LdIpUI Sa|BueL] Ay L

*108lgns yoea oy aseyd uoddns Buunp (1ybu) anbior pue Auoojan julol spjue usamiaq sdiysuolrejal ayl pue (Ya]) $82104 UOIIORAI PUNOID 62-, 2inbi4
(s/Bap) "ojan Ja|buy (s/Bap) ‘ojan Jajbuy (s)awin (s) swn .
000'T 009 00z 002~ 009 000'T 009 00Z 00Z- 009 9T'0 2T0 800 ©00 000 9T0 2T0 800 ¥00 000
. . — 0 . . . 0 P — 0z 0z-
INO S [FIUOZLOH IN® 249 [eIuoziioH
\ WOSSD IO [IUOZUOH = = = o1- WOSS® SO [EIUOZUOH - = — 1 o
+ T E 1 Sen
— 0 — st o
<] / g - |_0|_
+ z . z 2 =1
[ 0T 0T o
@ @D
¢ 4 g £ 0z 1% Z
El
& 0g v \[{ e ©
1 ¥ + 14
daN 4N
3N Y9 [eOIaA {1 ot {1 o
woss — woss — WOSSD U [EOINOA — Eo“_mmm o o, —
- S - 5 - 05 05
4'qns 3qns 4°qns 34qns
000'T 009 002 00Z- 009 000'T 009 00z 002 009 9T'0 2T0 800 +00 000 9T0 2T0 800 YO0 000
0 . . . 0 FYEEEYE— 0z 0z-
N 4N® 449 [eIuozLoH
WOSS® SO [eIU0ZUOH - = = 4 o1 WOSSD O [BIUOZUOH - — — : 1 or1-
T + T =T L=
S " gt o 0 — o
7
1 = N & d
¢ ¢ g 1 ot oot 3
Zz ~ 1 oz 1o Z
T € T+ € 3 4 =
& 7] og 1o €
-+ V \nla\ V ~
o s 3N YO [eOIBA 1 ov 1 oy
woss — woss — WOSS® 4O [N —— Eouﬁ,m umm “M"uw» —
5 S 05 05
aans o'gns aaqans o4ans
000'T 009 00z 00Z- 009 000'T 009 00z 00Z- 009 9T0 2ZT'0 800 %00 000 9T0 ZT0 800 Y00 000
7 j .A 0 ’ ) j 0 AN® 49 [eIu0ZLIOH 0z o0
\ WOSS® <MD [RIUOZUOH * ~ = | or Eou_m_mm umw _M“NMHNH . 1 o
N
+ T 4 T P 4 \ \\,
o . =3 0 0 T
3 ~. - 7 S
1 z + z 2 ® I3
s { o1 or g
Zz Z
{ oz 0z £
: : W //'\I\. m
& { oe {1 oe
1 v T 14
diN 4N
— J— 3N YO [eOIBA 1 ov o 1 of
woss uoss WOSS® 4O [RIIMOA —— EoMM@ MMM “MWHW__N» —_
- S - S 0S 0S
ga4qns v'ans a4qns vans

9nbJ1olpue AJ100[aA J3|buUe JUlol 3 p{Ue Uaamla( sdlysuolle|ay S23.10J Uoljdeal punoi

173



122 EMD, THUTITEEMAT, b BIREIE BT DOE S R L TWH EHEXLND.

TH U= FRAY 4 7R TEE (FS) ([ZHBWT, KRERDSHT LS~ < E23> TRIRDETT~OR Y H

Lavha<72y (X7-6), 8 (FS-FC) (2361 HHHICHAIT T KRIRDIRY FA LABELS 720, £

7 TFRROEY BEUNEL ooTWe (M7-7). 2oL x, J{iE7 (CTO-FS) LW 8 (FS-FC)

TR D IRBAEIEA R S L7 B X O b vy NT— (K 7-13), 1EfEE (B 7-19) 28 NFELDY

REL, INbIZE > THELS LRSI RIBE /I M THERESIRY FATEMENRAEL, SbITHE

HiEE L OSER IR O RERAEE O KICE N s tEZ 2 bNn5. 72, FiE 7 (CTO-FS) 128

AR E R B L 2 I BN R o T2y, AD R T — (K 7-14) BLOBEEENE

EBTIERWANFELY KELS (K7-20), 20608 FEOFTH~OIED H L OMENCEN -7 &

ABND. TNOOMIENL, 56 HDO L —ARFOEEEOREEFLIL T, 2%V, [FHEH

AT TERBESENT L OBk Lz, 72, RIERAZZRR SENTERITE, FIERORGE

ZHDHTIRED G, B2 L& LI RO POV KR 2 F R CIRY TATEME~ L A1k

L ({77, ZHICEV 74U —FRT 1 78T (FS) 7 DI AT T TERFAHEE O

WAL, HEHRER K OSCRHRT- O FRRAEE DD IR T2 L BEZ BV,

550m il ds 1S D EHEMIOB) & 13, BRI BT DEMIC A 72O BB & ~DZ L7

T, EEMETREOE) X IC B2 NI ST, 550m HiSIZ I8N T, BEHIIERZ RERIZ NF &2 L Y

BTN T BB 72 > Ty (X 7-6), Jaifi 3 (TO-FT) 372k LRSS D% REE 4 mih kv

7R IO b7 T —=RNFEL D RE < (X7-13), HEEOKRIROFIG~D Y 13U —Bihk

PWRESTHEZ (K7-7). ZOBIAL, %6 HD L—ARFOEEEORE &L L T,

IS OEAEMEEDZ L &, 550m HRIZ I DIFZEHIRFR]AS NF 2L 0 Rh-72 2 &, SRl

174



(xS DMz O B L O OB+ 5 2 L 2 bbby TEA L L, HHEMIKEE Z f.0

E LT ERIC T - OR R VE X &, BRI WY A I 2 7 TR ~SI T E XL, SRR

R 2T 0 Z L ICBR 2 EEABND. £ LT, L—R LTI, FHCSFN R RIS E I ffe

¥ L OVRBEE R ARREDNE 5712 &L 0 Bt v 7 36 KOMIE SO 238 L CAT » TR 5 2

EaBNEZD &, IXBIEER - RGBT — 2R S TRIERZFZRCENL, AT v 7

AR 0 Z LIC k> TEREZHERTT 2 LW O HIRP IR TH L L BEZX NS, 2D LI,

BEERLE 6 FIIBWNT, L—AB R AT v THEOWHENAONDL Z LD HRBEND.

EZ AN, 600m FREDOEERENKE L, BRI RE R L-83E D T, FiE 8 (FS-FC)

BT D KRR (X 7-8 LBy, BB MR hvy (K722 EB) BEIO L7 XU — (¥

7-22 TEY), MBI A (X 7-25 FEY) 23, 600m EFFPETIIRE o208, B Tidkx <

LTV, S 612, JFiE 3 (TO-FT) (231) DI B i vz (X 7-22 1BY), R 4 (FT-CFC)

(20T DB b vy 8T — (4 7-22 TB) B X ORBHEIOELAF (X 7-25 L) b REROMH

Mzss L7z, £z, 150m HumiZdsiT 2 22 Bkl e & OSCREIRRNI, PRI 22 iR o 5

NEL, ZOh#IL1.08+0.10 THLHN (X 7-3), #H5RE D OMZEMARRIIE <, ZRARERIC %

TAHHRY 1.00 E/NEL, AT v FRERREN -T2 (M 7-4). b0 L i, #BR#E D T, 600m

AT I TRBIRT 2 ol & L7 BHEII OS2 RO B & 12 K- TRFZEIRF S K ONA T T 24

e S, REREEEZLIIEL T2, W2 O &R EIHE R BEET O B 729 55 2 42 U S 4,

600m EL BN T IN DL EZMERFCERI QoI LEZRLTWND EZEZBND. —J, 600m &

AR LT H ) e B A AR L TN F ClE, 600m ZERTEO EIREIIHERFE D LV /)

o T3, 350m HUS AR AR EE A AR L TR Y, 2o & ZiER I K 27 » TR A L

175



TWz (X 7-4). 517, EEMORERAEREE (X 7-8 L), IRBIGIEH by (X 7-22 EE)

BROM I RT— (K722 FE), {13 (M 7-25 LB 1%, 600m ERFHECILpERE D & v fEA

INEPOTER, BFEETEORE SPHEBRHERF SN TEY, ZoZ EhmEiis L A7 v 7

R O LOVEREOMERFICERR T2 B2 bD. LIed-> T, TR W TERE %

MEFF S D 72000203, [FHEIIRBAMID RV 7 36 KOND — &R L, 22N L OVA T » 7R

RSB EDNNETH DD, HHE D DL 3 I L —RAFRREICB W T AT v S 2k L

WED &, KRS 5720 Tl < BHEMIBIET b R E < L, L—RRHITB W THEIER

DFBNVE) X K> THFEHIRRB LORAT v VI Z B S ED 2 N TERLIRDDT, F—

N = 2 Z 7R ER— A OFE L HETH S 5.

176



75 HEH

AHFZEOBEL, AFZeo AR,  600m EFICIs i 5 EEER X OMImKR &2 EH L, EwE

IV R O EBWED L L OYET D72 IRRETOEENE (NF &) L Olka1T25 2 212kb,

W57 DR & D EBEOZALZ A T L, HIPREBIZIS W TERE ZHERF 5 72D O Bl 2 B

LMCTHIETHhHoTe. ZORE, LFDOZLAWLNE ST,

(1) IEH OB X D EIEDZEAL

550m Hix Tl NF BT T,

O Wz Ok JORREZNEAD U, KRR DI DR/ S 7o 72 (89 1.00).

@ WO KRELO_ER-CHEIEF O SR BRI E <, KRR RICR T D

TR IERIELRL Y D B — 2 RFF R AT I 1T D ERIER Y DI N A BN S o T

@ HEHRE~ SRR Z WD CRBRAIEEE SR L, — 05 C FRRAIHEE DD LTz,

@ SCRIMOREBIREI R by 23D U CSCREIRTE O RBRATHE — A > b2 L, 2 BRI

IV 7 3R U C it O 36 KOV RIEE — A > R s L7z,

ko Z Lipn, SR BRI I & OB AL OB 712 &0 BIET b2 36 L UM

R DA U, Bl O SR EL OERIELREE AN 472 2 &1 &0 iFZE o it L UM 239

THIEDBHLNERoTZ.

(2) HRIFIRREIZ I T ZAERT 2 72 D ORI B L T

550m Hi Tl NF TR T,

177



O FEEMIEPECBEWT, Bz oRBEEE by BI O MY XU —BKE L, KERORTT~
DY TN —FhEIA R E o7

@ EEHEB BT, KEEAFT EF~E L ER > TRRROFG~OERY LV NEL< 72,
HUZ AT 72 KEROIRE Y T A L3 e o TFEROIE Y R UAEL 2o Te, £z, BkBIEH
JB Vs, Mo 8T —3 JONEALE, BB b L7 AU —B LORMEHERRE 2o T,
LLED Z Lnh, JEIPIRIEBIZIVTIE, SCRAEE BRI A Fo S OVRBI SR B A RE D 97 12 &

Y Wit ) AN % 7= o0, IR IR B il - (R RED U — 2R S TIHE R R # L,

ATy TR Z R 2 Z LI Ko TERHEAHERTT 5 LW O HIFR IR THL L EZ b5,

Fo, EHIREICEBWTZOX S REEMOFRVEIX 2 A[FEIC T 5720121, b—XRHEZEBN

TAT v FIHBEICES R DN E ), XR—ARpEHHET 5 LV EETHL L EALND.

178



8. 800MENTF—~ LA EDTEDD L —= I B X Na—F T~

KRETIL, BEENOETEIIBWTELNZHREZ S L1, 800m E/NT —< AH LD

DL —ZANRNEZ = LEEREICETS FL—= 0 VB X Na—F o S~ 285 2 2 A L4

5.

81 L —ANRZ—IET 52

811 JLWESRAEHTT-DDL—A K — L DEHEIZHONWT

5 EIIBWT, K EEORRDET 800m BFEDOL—ATDOEAL—R, AT v TERBID

2T THEE DB Z ST L, 800m D L— A K — L ORI L OGN L— 2N — & D

RSN E ol EAEY— RIL, EHEIZIE 120~200m XEICBW TR RICELZOH 400m

F T L, 20 400m (ZBW CTRIRMICHERF T 5 XL ) e B (b ¥ —r %R Lz (K5-1). $£77,

L2 PEEA Y — R EFXROEA B — & OB L — A (200~600m) (23R TK

&< (M52, LWtz 72olliTL—APRIZBIT HEA L — ROMRINEZETH L Z &2

RSNz, S HIT, FHXEAE— RN RI"—RE0E, FUKEIZ DL TIER L TH

STZ b (X5-6), FRBOMEA L — REFHET 52 LI2XD, 800m ECKITHEHL—

ARE— X LT (3% 57, M 58). L7=-T, LZWilgkZH37-oI12i%, EHRIziX

58 DL IR VL—ANRNS = TEDIZEDIRMTHL EEZDBND.

179



812 L —ANRK— DUWFEIZHONT

FELETIHE, 800mEDL—ANRK — %, [EPER) TS R o 3 S8Rk L (3

58, [X|5-9). 2N HDETF /L, L—ANRE— ZfEST DL ETOHE[ESS L — R Z il 5 7=

DHEMEEE LTHERTES B2 605,

ZZT, B 800miETFY ZXRICH 5 HICBWCEE I LIZET L EZ A, L—ARZ =D

Pl AT, ETOWEIC L D B A LOERERATZ. £ 8-11F, ET Y O 2005 )5 2009

FEITNTTDB0M ED T — A RA Rk A R L7 b D TH D, EF Y T LT, 2007 47> 5 2009

FZONTTO 3R], BTN —ARK—2 (58, X5-9) ZHWTHEX A L1546 F0 &£

BT ATDDEFT N L —ARE—FEHL, L—RBICEBEO L — XL EF S, L—

ARG = DEERDOBR ATV, dEERAA T

X 8-1 1%, BFY @ 2006 H0>5 2009 FEITNT THOL—ANRF— L OEBELEZ R LI-LOTHS.

EBuE, 2006 4 (147 48 7 42) X Tr2007 4F (147 47 B 16) DL—ANF =L AR LIZH DT

b5, WTNOL—AY, L—AFROEAE— FRRELS, PBT-ERESUETL, #BTH

CERT DL 97 UFR] oF—Thot=. BEY I, 2007 E05 14 46 7 0 2 A6

ICREL, ET N —ANZ = 2GR LT b — A2 — U OYGEIZIRY (A6 72

X 8-1 T EE, HIE: Rk (147467 0) £ 58 BL UK 59 D IR I8 TR HEDE

T L— AR —2 0 2007 4F (143 477 16) BXLUY2008 4 (147487 20) DL —ANRZ— %

RLTEbDOTHD. B, ETNVOXA TOERFUCHONWTE, OF 5 ZICBWTORt%Re Lz

G46-47 OiEFIE, £F TRPER 72> THER) 2o Sh, M) 131 AbWwWiipole 2 &,

OBEFY OFTNETOREMTH -7~ TUFH | L—2 3% —> T (K81 LB, L—R3hkL D

180



Table 8-1 Seasonal bestrecord of subject Y.

Year Age Seasonal best record
2005 17 1:49.81
2006 18 1:48.42
2007 19 1:47.16
2008 20 1:47.35
2009 21 1:46.16
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Table 8-2

Target time and elapsed time for the type of the model race patterns.

Type Target time 120m 200m 300m 400m 500m 60m 700m 800m
1:46.00 15.24 25.25 38.28 51.61 1:04.98 1:18.37 1:31.97 1:46.00

1:47.00 15.38 25.49 38.64 52.10 1:05.59 1:19.11 1:32.84 1:47.00

1:48.00 15.53 25.73 39.00 52.59 1:06.21 1:19.85 1:33.71 1:48.00

1:49.00 15.67 25.97 39.37 53.07 1:06.82 1:20.59 1:34.57 1:49.00

Positive 1:50.00 15.81 26.21 39.73 53.56 1:07.43 1:21.33 1:35.44 1:50.00
1:51.00 15.96 26.45 40.09 54.05 1:08.05 1:22.07 1:36.31 1:51.00

1:52.00 16.10 26.68 40.45 54.53 1:08.66 1:22.81 1:37.18 1:52.00

1:53.00 16.24 26.92 40.81 55.02 1:09.27 1:23.55 1:38.04 1:53.00

1:54.00 16.39 27.16 41.17 55.51 1:09.89 1:24.29 1:38.91 1:54.00

1:46.00 15.49 25.59 38.80 52.25 1:05.87 1:19.29 1:32.59 1:46.00

1:47.00 15.63 25.83 39.16 52.74 1:06.49 1:20.04 1:33.46 1:47.00

1:48.00 15.78 26.07 39.53 53.24 1:07.11 1:20.78 1:34.33 1:48.00

1:49.00 15.92 26.32 39.89 53.73 1:07.74 1:21.53 1:35.21 1:49.00

Medium 1:50.00 16.07 26.56 40.26 54.22 1:08.36 1:22.28 1:36.08 1:50.00
1:51.00 16.22 26.80 40.63 54.72 1:08.98 1:23.03 1:36.95 1:51.00

1:52.00 16.36 27.04 40.99 55.21 1:09.60 1:23.78 1:37.83 1:52.00

1:53.00 16.51 27.28 41.36 55.70 1:10.22 1:24.52 1:38.70 1:53.00

1:54.00 16.65 27.52 41.72 56.20 1:10.84 1:25.27 1:39.57 1:54.00

1:46.00 15.58 25.82 39.37 53.06 1:06.56 1:19.65 1:32.83 1:46.00

1:47.00 15.73 26.07 39.74 53.56 1:07.18 1:20.40 1:33.70 1:47.00

1:48.00 15.87 26.31 40.11 54.06 1:07.81 1:21.15 1:34.58 1:48.00

1:49.00 16.02 26.55 40.48 54.56 1:08.44 1:21.90 1:35.46 1:49.00

Negative 1:50.00 16.17 26.80 40.86 55.06 1:09.07 1:22.65 1:36.33 1:50.00
1:51.00 16.31 27.04 41.23 55.56 1:09.70 1:23.41 1:37.21 1:51.00

1:52.00 16.46 27.28 41.60 56.06 1:10.32 1:24.16 1:38.08 1:52.00

1:53.00 16.61 27.53 41.97 56.56 1:10.95 1:24.91 1:38.96 1:53.00

1:54.00 16.75 271.77 42.34 57.06 1:11.58 1:25.66 1:39.83 1:54.00
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L= hAT ) v bEOEFRE, AT v 7ERBIORT v 7HEEL, 5O (1997) (2 2o\ Tk
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M EOEEFW-. mED (1997) OERE (16 4) @ 400m EDEE LRI 48 87+1 1 16
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Table 8-3 Comparison of running velocity, step length and step frequency

between maximum sprint, race running and experimental running

in the study of Fukushima et al. (1997) and the present study.

Fukushima et al. (1997)

max sprint first half of 400m ratio to max sprint
Running velocity (m/s) 9.76 £ 0.36 8.39+0.20 86.0%
Step length (m) 2.23+0.07 2.25+0.08 100.9%
Step frequency  (steps/s) 4.38+0.11 3.73+0.13 85.2%
Present study (800m)
max sprint in the study-3 150m mark of 800m in the study-2 ratio to max sprint
Running velocity (m/s) 9.40 = 0.39 7.66 + 0.32 81.5%
Step length (m) 217 =011 2.21+0.08 101.8%
Step frequency  (steps/s) 434 = 0.34 3.46 £ 0.09 79.7%
Present study (600m)
max sprint in the study-3 150m mark of 600m in the study-3 ratio to max sprint
Running velocity (m/s) 9.40 £ 0.39 8.35+0.42 88.8%
Step length (m) 217+0.11 2.19+0.19 100.9%
Step frequency  (steps/s) 4.34+£0.34 3.82+0.21 88.0%
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