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The transition of cross bar for high jump and pole vault in Japan

Hideaki KINOSHITA

Abstract

High jump and pole vault need a bar to be crossed over. How-
ever, there was not a bar but a rope for it in the Meiji era. It was
in the year of 1911 that a cross bar was used at first for selecting
Japanese athletes for the Fifth Olympics. The section of the bar
was one inch square. It was used from 1911 to 1926. The next
shape was regular triangle of one inch edges from 1927 to 1951.
The two types bar, triangle shape and round one, existed from
1952 to 1982. Since 1983 the bar shaped round has been only
used.

Support for cross rope or bar was peg type for both high jump
and pole vault till 1927. In 1928 peg was abolished and a kind of
ledge type was adopted for the both. However in 1929 peg was
revived for pole vault only and the ledge type was limited for
high jump the same as nowadays.

F—U—F : BEBMARIRE, BLERRRR, BARRELSR
BB R Al

1. BEDIREE

EREH ORI 2@ I I N—CREIND. LA
(1974) I2&E, N—=F [=Z8WE04+) > Ey r+
PEM] WCHAE D, FRLNEO—STho7/ Ll,
IiARDO=ETEHIL, K (1936) O=5, SFEREO
1911 (B35 44) SEPIH TR ON—FEABE S FET 5.

ANy (1883) Ik, WA TIE, EEBkEE
kD1 horizontal bar or rope] Zf#iH L Tl /z.
FREEN S AT, N—iug, o—7##HLED
ThHAD.

L7ei>T, HADOYHOESBkOERIZD — 7 Tl
FoltEFZEA TR

EHn<, BBUCHBOE IO IARR, O0—71
BED, I—=IVORbL EFKRFZN=RAINT, =
OWrmE OEARIE, KIEHIOMA ZRAIZ, K HAE K
KROBHETFEHOE=MAFICEDD, HAREERS I

AEHIZIE, FEAROMICABEmMAR. =L T,
HEFHERMN S TIEH 20, EkICiZMHBEOA E72>T
BfEicE s, L, ZOHIAE, BEAEmsnTn
VAN

FIT, AT, o—IhsBEOHEON—IZE
BETOMMEER, BEY, ZOTHER OS]
MBI EEHNET 5.

O—F12o0nTIE, B BRI HED 5 OB &
EE LU~ BIAFILA (1974) A3 L7 B1i 27 (1894)
7R 10 BRA DRGER) 74 B48H 0B fEF 2T,
2 [ER ORI, O— 7% E DI T0 5,
g L TR E D720 L, (o sk & R AT U,
CANRRIEETH D T ENGIND.

SR DB R EL M OB F 35t ClE, 2 3E &
Lishoiz. UL, BEKREZAD, 2EMNSAREE
DRFHBINT Db LA OB 5 &, i
SCE D R E 13 5.

ORI, Kt (1936) 12 &AL, 85 EA Y 2 E
IRE ARy IRIVE) BIERREORD, KAA
hEHE CUF [AH)) 251911 4F 11 4 125 FES 5
TERLE [—AEBR] OEMICEELE [BHRE
HEE|I TH3 (E1BMR). 1916 EX)LY AU 2B
5 REEGIFC, KA 1913 FIZBIE L 72 [ mpe
k2] OBEBRETSH 5.

UinL, BERE BN RS O, 1917 6T [
TEAGERE © BFRREEGE] PRI [S0EBRS IR (RIEA
ERE) | 5 THD.

D%, EFEERNT, B HEHEEE] OUF (4
FD M i TEEEE U THED) AR a
NTHECES. £113, Z0FEERROTHEE A
7 it =T .

1) JtHA K Former Nihon University
T 113-0023  HETHERSCHLK A T 2-31-2



X1 BErIHBRBERAILA-EBFR

R HoE A B U Mg dE] HhRkL
1911~ 19134 K HAKREWH A [ R St L | TREAKRE =S - &) 1936 4
1912 ~ 1916 4 O
1917 ~ 1921 4 & H# Rk 58 Bk B i R | TEPERAESER] 5 H B R4k
1922 ~ 1925 4 #1 H #i4- [EE Bk st L | DETH ] B Btk

1925 4 — 4 HARRE b R 3T —

1926 4 GRS [ e b5 LA DESAEE] 1B gtk
1927 ~ 102 F R EARE LBEGES W EHEHA) Ny A
1928 ~ 1941 & & HARE FipsaE [ b3t i Al | [4 FIARE bl i =2 =

1943 4F
1944 ~ 1947 4

K HARE R LR

[P REER AT (%) )

— [EBEE] KT -

MEENFIE] 1 DRt

1948 ~ 1950 4 H ARE b i s [ AR bttt B st oSt A MEEHEIE] 1 DR
1949 4 H AR b3t Bodi [ b sseh LA [Be EiER] AARE
1951 4 - [FE SRR DIl ™ MEEHEIE] 1 FoH B
1952 4 - [IEIBERE Eset e A e /™2 DEBYEER] 810 ik
1947 ~ 1966 4 HARE RiodE [ AR b ittt B s RS AU MW bR AI™ R A ARAL
1967 ~ 1974 4 HARE kgiHodi [ F AR b il B st RS AU [ EBEEHRAN] & W Ak
1975 ~ 2012 4 HARE LgiBody [ H AR b il B s RS AL [l L3IV —IL 7 27 %2 3 il

1

ESHEE] JIHIE T, FRNAHE—THS. () W, BWERDHD, 3, EE5MNELTHS.

7E 2. 1931, 1940 4E13 AR A.
3. EFBEAOBRGAN GRS,
7E 4. 1947, 1948, 1950, 1951 fEi3 KA.

yE5. 1967, 1971, 1979, 1991, 1992, 1993, 1994, 1997 FIF AL

1, XMOMBESITE [1] TRLTREs
U, sepdeas [0 TRL, R0 RGI TR AICH—
L7z

2. O—7 [#&m] [Bki&] 7Z(7DEHAER

BENFHOREBRNT, BHEHESI O IEFICL S
IARUEE T E 2R ICEN . 2o, 1868 (B
I 4 =BEIG) EF), MR RERER DR o
ZRHROIRWVHERTHS (K1), KEEEDLDIC, O—
T OWHICED Z T L EERD 2 ROAEITID
T 7=HERIZE S BT T 5.

ZOHEL, WIBHEEICS S/, 1884 4F 12
AT MRS &, [HER ()] &@msl, [Bhow
LIZIbgsmicit =Mz HHOTITSAZ2RH D T 0D
PET, imgk Empk HEpko koL ] FiEH
L7 (M2).

2D (MR OHER, HEEOREBEHETOF LIS
P B R D B AR 35 & M & 9 D i I 7z
(2 3).

ZOBEREOBMOHETHZ20—-TOMHMEZRL K
M, 77 2 AR EBEBEEOFIER D 5B U 7= 1903 4T
MAEREED © (MK TH2 (K4, [BeiE) 13 [H
] OHLHTH D, THIIH T Im I+ LFOELZE
FT DM EE 3m50 T, ZFHOMMEIL 6m &AW, S7hE

1213 Im85 X 6cm D kR 2T 6 £F17 C, & & 80cm ~
2m50 O#IZ 10cm fHFE T 18 D FLZ2 B, B 25mm
DERIE DFEER % E T S EE 15mm £ & 15cm D J i 73
578 [#kke] (RT) #ELIAA WEarRHELEES
30cm D H L% WG I i O AT 72 EE 2em, £ & 8m D [

¥
&

T E:PFLIROEIC, MKICEY 22 E
L &R RE. &#aL.
A [BLERUORY] OBE. &#EL.
L MERO] ORE. &L,
MH AR 2R (1868) 25T



Me Ltk B128WH 15 2014

o

X 3

: FEE%%NEHEU:J M ([AIR20EE: RERZER] 1884) —XBEICHFRRTHASHY, KW (RT/EY)

ZELTO—72#75. @HOBYEIHEICENTOSNS, BEOBFETA—THKFEEZRDLREL

M7=,

[FikesmiadiRz =] EF (1887 L& : @ H ZEH)
B - EAOZHEE, BAREEVOREROO—F
ERHETNTWS. [KE] LRSS,
RRULAVWTABETHWAERESICHEBE AN
», ARAOXHEBOO—TIERDEIETH 5.

CBEUTRBEROBSE] MR (MAMRBEEME : 232 8R] 1884) —O—7 A TS,

Ml (O—7) ZE&&ICHIT, O—-7OKEEBED
HATRED ET2ETH 5. @Bk OF I,
X 60cm O [HHY] THD. Iab, ST 2 [#]
(R—=)V) &, [ELIIN] T KT 4~5m £
2m50 ~ 3m TH 5.

R sELASL T, 1879 FHEER D CHB A R R P Ik
BRI, BRI — 5 > RACKED & BB 5k
OEMARZERBIAAL KT (1987).

Rig (1958) 1T kU, Bibi& L TomBkNg, 1874
FERMEOWELER [HEER © Fs0bAZ]
MEHIT, EHENEND DIL 1883 FEITIAE D HALKF
Eiao [ER] & B »5THs. Lirl, Ih
5T U 72 HE H BT T % ikl 7z .

B A OEBA R 2 BRIITR U 2R, 1900 4E
I, BRRZPAR ST 3 [Re L3iE] p.bl, pp.73-74
DF%E BWMEDEELRBE S [R—ILa] DORERf
ST, [ OFBIHATHS. FowIKIE, >k
DFLIZ [REMLSE] (RY) 2ELRAA, ZhiuT [4#]
(m—7) z2#F 5. O—7OMWRICIZERYICES /-
DOWEEMTIEZOE [BEL] &35, LaL, [T
Al (BEpk) & [ERSSRm] GEmBR) OO
O— 713, oA THNNZ. EBRESGICET 55l
. [ (R=)V) F [BESERE— T AL OR
EMENT] L) 45cm DKE ZHRT B,

A D AR NG 2 L HIIT/HEH L 725 5,
EERIFmN oD TH A 5.



i) iE
i
. |
'F'a'”‘ |
F B’ BT
o o
el %
iol)_i C o}
O |) :
He B
AT 5
heil n e
I R 6,0 0 -nmmmmomsimomooosioosioosioions ool 5
n.m\‘ !i ." -l
(oao) J
m N7 RV T 7
S pudnyy AR TSI
LS £) SR L B
r/

R
m
................. 3,00 —ce e,
. 8 =
@
i,
. vt 005
;S5 0- ]

i
Qs

M4 [BERER] [E2%EE) (1903) KR

UL, 1903 412 S g 5 R R U 7z @k O
ME, EAMICIEEROYREETO (B Tho
7=, [HE#EE] LI /=RT1E, BR 64 (18mm),
2E5 (15cm) T, FOBEEIZ EFAEFMALE
£Z&15F 24> @6mm) QIR TH- 7z [H] (o—7)
DEFRILS54r (15mm) TH3. BWEBHOR—IIT Bk
Bl Hz (M5). b, EEno—72 R, &M
(1904) 7% [HE ] EL7=01F, O— 7o 7=m5
THA9.

FENBE A ZIRET 2 D1E, 1913 F23 &)
THA9.

CLEMNSRT, WRHOEBOHARR, AN EO
[fEm] 7o (kR b, BEIXbHo0, #
wig (RY) Z2EERZHEOFAICHEAL T, MimicisE

S
EE
%
e
¥5
Jit}

:

EMNTEHE (B—7) 2 ETHHATHo 72

&Rl M v
ATZ. WEEZE L TO—T2EREWICRDE, O—7F
ERT DEEEMEAL TO— T <<7/&>7T, %

FED 5N

o— 73 Lt

ROZELEIRD, DOEBRIES N5 TH A D.

g, O—SIZBEHZN—0

3%,

Y 21T, 19 HRLERFER 5 20 AL OIIEH O &
PR RIS, WEMEHE (0—7) & o—TzETE

(R7) DKL TH - 7.

3. MAM/N—[HAl £O0-7THE] OX

IEEA

WORFERS O S T IR L /e HAZ EEH T E 2 </25

HEzb LTI LIC



Me Ltk B128WH 15 2014

e B 8 B K Bk
——— N <
=T T f i i_ -
AT A | i
{ il ! P & .
LA i =1~ LIF Kiti :
l g ! i Y :
i v I el 44 Pl O :
TR e e R —
R P ! : moo| ) 2 -
|1 x| ! 2 s S T 5 3
#* | R £ ) R | H = % TR
— A | w| | g & AN T ] 53
l =5 s IS : T#&
T R4 B | E
A | ¥ { | i ' Y
x i A ! X 2 1
| AR IR S (S
! ] | of | : v
: - i e L] :
A I z had—pii | s
i il B8 e = = il
¥ A | g keorrg J jﬁ 5 l
il = omtt] = 4 a; |
1 i q-rh;
P & x| C[° L‘ E
eIt m = ] = hemm ] — — e — ) -
® JE
E ST S N N N + £ % 7 3 R FE R T F
WMk EHMM LA TESA NS AT RN
B5 [BkBRGTRAR] (MARBRMERGTRIR] SiGRmIE. 1903)

L, BETHMNEBRERD I LITAS. BRI
EER OB INT S TN—ZHHT 5. UL, 1Tk
LTWen—77, —RICERL DT T3z,

1. BMERICEBEOI/N— K] OLR

R (1936) 12 kAL, RIHIE, 1912 4F58 5 (A4
U>Ew D (AhyZiwRVLs) HGETZ [2EOFE
K0] BT S [—KER=] %, 19114 11 A I2PH
BN TR L /-

ZO [FHESREE ] cknid, SRk, Emdk,
SRk, EEBko 3 HH T, M 0 RARIT (R Bk
WHICFERIL)] Thork. O— Tz > TN—3 i H
INZHAITH 5.

R#F (191D &, zoMkEERO EEHHER] 10 A
BT, B4EAY Y7 ON—ILV M ERHL, [E
Bk 13T < [#] OMETH 2 &N Lz, £z, [
k]l T B R—)V) BEUBESRWEBIERLE.

ESEA Y >y ZIERD 1912 4E 6 AT, KA LR,
)RR ELR (4D > By o7 Kk s H k)
O [EHEREEHE] pa7 113, [—TADAK] 2 [H:
DRV 74T ICHE D EH 5. EEMD 1+ (3.03cm)
AOHBEEN—ICFHA LRI THS. ZD1-H1F, 1917

FELEDIL— IV MEA T, HHEICES 11 >F (2.54cm)
OHRTHSS. UK PETE L BRI L) Ik
SEAZAR T 728k (RT) I2HE 3cm DA NWEER (ON—)
EHEZOTHAS. ZOHRIT, HEOESBKD/N—
DTS AMICIE <, BIEORSIN 0TI
FTWBRY G &AM E—TH 5.

Kl (1936) 12k, 1913 (KIE2) 4, [EE
EWEROZ] 7213 T [Z Q916 FEAY > E Y Y

2, EHE) CHLTHSALD PR ES] T
BT (KA ARE GEE—mEEE k2] AR S he
TR KREBICA L) EH57 5, 1911 4 0TI HHE
2RI, MANWN—DRHUNIRE S B A 5N
5.

1917 4, 1AM [RTEAERE | BIREE] 13 (50 -
BOE © BERBLE] 2L BSOS, 1916 48 10 A
U TR L 7 AR [P HER] A FRIES &
(R AEE] WERES 280 LT, W HEBEA [
HhD AUSEy AR, w%@ﬁﬁ%%ﬁMLTW
L, BIR= T ARLOBEERT] BEROSHKE
M) %213 7= L A — w~wa@5.%@
LI TR (71— )V KD ] ThH2AS, O
FO [BKEE) 13 (Bl ORBHTH 5.



D265 [EmpkkiEmpk] OFETIX, RELE
1 >FHIicekD, HEDOMEZ 11 >FAD [HA]
ON=) &E3A2F (7.62cm) DIND [E] (RF) &
EDT.

—, EEkEEBkiIE L OIcREE A RS =
NZEEEE5E >0 FICEEH D —IA O
REHROET H O & TRAIGERICEAICZE
BERE T L EBBT 5 C L e T

1921 4%, S H [8E © Bkl SR (KRE+HE
HAWED] T&>T, ZoA >FHNlE, AR .
CM (—mp ], B> [JUCM (=8| & A— kLAl
>FHilEwR T 2RIk s Nk

11 >FADN—1F 1925 4% Thi <.

2B, 255 [k (Fr > B2 OBF¥ITE, [E
BRI R THIR O R 0 U — IR LA D5 53 DS IR
N B THAZBO S N5T] LD, 2650 [H
RITEKICEA] Lo TENL, EEBTEmBkO
KRN TWEZ &ICR5.

2. BTl Tcw=0—7 [HkiEl

P11 EDON—DOHEIL, O—TOHEKEE®RT D
DTN I~

21912 4 3 H, HIHGEST LB M OE R SR D H
LR 13 RIC K D WER & e B0 [ 5 KGEH)
2] O [ER W, o—7E2EHLE (K6).

211913 4 3 AFET [EiEMEEEP HEMER] O [k
BRGRFES —IE] 1T, TGO RS 2 FEO
[Bki] Ndhb. EHIBHATHZN, —HITWED
YTHICHALZHENAET 2 [BERE] TH-o T,

®6 A—7EAOESH (AFFERZREENSS
=BEEaL Y 3Y) — 191253 A 31 BYHE
EESFRE PRESKESR] O [EELS
FR1 GEBHER. 48, 1912) ORI BE}HXX
HOBERSPOHREZE05, HEOXECE
ASNFBRAPREIREMORELEZISND
(7 EZ8).

ZTOmEmS OEFARI MR 2B [REE]
Zilifc L CWa (K7 EZM). LaL, R3S
AR

LAk, [FERTOBRIEZ A, NIERKE T
PR R B 2Rk 2 5% ) 1 L UE, ZHE0E S 6 R (1.8m),
00— 7% #) 2308 % 72 LiAT LAY 10cm [HFE T 13 &

“%ﬁﬁ

t]

\\wﬁ
= m—— |
Bk #E (x—>  Jumping Stand. No. 1.
ARFEAHGERMN = v F MR F i Y AR, B T4 -
Foy AT - o b YT EENG = v 7 R AT v e
Vou b & AR FREA 2 GEAT 2 Hs Bobseas ) AR~
Zv=FAeR) Price. ¥ 30.00

No. 25

,‘P)E N (@59} Jumpiung Stand. No 2.
Zv WAL F B IR N Y E Y A KR e 2 AR ) = 0 IR
w0 ) ZRE7 VEAR, HE) Ay 5 @y T A- vy,
b ARG Y OFRAE ~Z =B A2 2
OFRR= ¥. 15.00
ONIR=E 2 ¥. 18.00
O+R=.» ¥. 22.00
K7 [MARsHESMe U] —=/EEIE (1913) [
HEEEERAEMER] MR
L TEkE (HE—)] 30M, IEaRAL X
EMEHHEHHOERT, PHEETLERK
B [EMEIMEMRBZRAVIS L3RR
BT ON—%45—X, EHE) ZH7]
EH B ATHITEHEILREDESHRET,
FRTDO [ETE] FAEEREDFVIEDT Y
b N—FRO=FHEHORY FIFEEE
T ke (D)) Z4F6 70—k (1.8m) 15 M,
8 74—k (24m) 18, 10 74—k (3m)
22[@031E HEEBkFERA.
HBEFTHEICTHZDIE [BWEME] OBE.
EBILHHDA.



5. 9R (27m) ~12R @6m) O [WEME] O®E
i 24r (bmm) EFEL <M. BRO— T3 REE<
8%, FOMEN, O—FIMTZAMTHASS.

O—72M< LZERAE, Kho—7TiEEnns,
WHRHEL LTI sd, o—SEBEOR DR
BEHWKREL ST, O—IDNNICLKLKBDETHA
.
BEAEIE, 1918 FkIE [RE#HE] THEMASI N
ROWIEA 1928 (BEF13) FTH BN S, HEIHHE
L COBEE, BIBLURFEMYIER E THA I NZFIC
3%,

PLENS AT, HARIZBT2N—0HHIT 1911 4 11
HAOPMEBRICB T 24 > By 7 RPN ERS
MNP TH 5. T DKL 3em A (1921 FI2 11 > FA4)
O [#i#E] ThHho/z. LnrL, N—0oHHIE, o—70
HREZERTDHD TR .

HBIED kO O — T &, BB IR ICEES N & 525
WA ENZN— &%, 1925 4E £ C, FIERIEEMZ
WLTHELEZOTHS.

4. EE=AF/N— [#EAK] OBMaT+EA

KRR ER 1S DBCKRE B R 2 AT B JER
HE 2S00, HOFEZHMTH 5.

HODORYOEE, 1918FH [FULEY ZVHED
FWE] p.338, p.361 1, [—ADKET] @ [HEA UN—)]
&, 3AMTDOEID [RE] 20T [E] &4
L7z

UL, 1922 1 [ieibe B LAl O fgai] p.4a4
TiE, K] ot Tnizn, FU > EY 7K
20k EEFHEANRESNDIEEZHM> TWEZDTHS
D.

BN, 21923 4EF] 4D A8 » 7k E#iRE] p.333
T, FIHT [HKR] O [GWEASIE=MF] T [0
EIF=1+MM ()] TH2HE, #HAZ2NTD 240
FTHICEHES ImM 5 3em TEIT [REME S| 2L
AL NMLEZE] DF, STOoESE [/ DIN G )
Th2H H4m B 4m [f2] © [#Hh] Z#EHT 2E,
[FEmgkr] & [RET) Ho [+ fkfE o]
MUBETHEEEZHN U MAT, 1924 £ [H&HT
B R EOR B O] 9 M p.42 TIE, TRIEHlES /-
EEA U > Ey 7 KREO#E] 1I2&k>T AT =M1
WEBFINELL] EN-DNE=ZAFTHLEEMEET
5.

EIBRRE LB CHAZRE T 22 HARE LY
(CAF [FEE]) PRSI N0, BFHOEBRIL—IVAE
AMEE BN 1925 FETH 5.

UL, Feddm (e BFiEnll 2 DEEFEE] 1238
FENDDIF 1927 HEM S TH S, 1926 F£D [dhiFRE
B (KIETHEE)] B¥IHFTH- T, HIHE

Me Ltk B128WH 15 2014

BiElhm [ EES R 2E] kI Nz,

TON—ITBET 5 4% [BREEMEE] 29 &5 [E&SBkIL
HEEkl 551 ERPERORRIE, BOoMro—#Ed
LT, AFO@ED &L 7.

ZOXL, BEFEORZA NEXRT O ZRFERD T fiF
ELEHDTH 5.

—, EEkEFEERKIIEL O ICEHE RSN
PAZEEE I 0 RICEREH 2 =FE=F/A
ORARZBROBT 5O & THARITERICEAIC
ZEBEE, TOmumIHEL O Il B2
Nhsd

Z D 1926 4 [SiERE FFiEHAL 1Tk > T, Wims
—i126ecm 11 >F) OEAFBON=IZRHD>T, W
73— 3cm DIFE =M DIN—DIRRDAE 5.

Fe, [ HoOBBRREEE=ZKS+ARZREET]
EHBMS, N—OEIIEFHK 4m Th-o /=.

21927 F O e d] O R i [Re iR R (EF =4
)] 13, 1926 FRAHMOMERR E —# L, X0 FEM (L
BEMAT, PHMHE [Fr st O —4E) ]
TN E N7z,

D205 [HEARIEKHAR] 1F, BRI (Ry 7))
IZDOWT [HARXIIZIHELZ2BIED 2 NN5T.
KIFERRAE— « ZAEICL THOMN OB
—DRKIZHELIYA RRA K, FH) Lot - AU E
ZHE 25283 &L 1.25ecm 131 > F, 7.5cm
331 >FTHBDNS, ERIN—IIVCHELZEZZ SN
5. AR ON=) ] offticid [RE] 29nx sz

2B, 254 [EEB] P [BRKZRE2S LD S
B2 INATF—T) ##iF5 2 & 28] 29D T
HND., {ERITENRT, NN—OHEEA 2.6cm 75 2/3 D
1.78em NEMI< 72> T, BFEIIIADLLBoknS
ThHAD.

EEINELTIL, AR ORI AIEOmHED
1/2 TH 5.

L7zm->TC, N—OEBRINERD/N—0D 1/3 IZ8E
Lz EiTis. MR N—0ELD, 7T &DOEBRIK
Pib, FEAUEBERLES TELE>ZETH .

O —E THIUL, mEIEI T 2056, M|
BEEIDlZ—EThs. LENST, ZARDOES
BHET DT,

N=—DHEEVNIBEENSIE, ZABOENIENE
L, Lal, KIE2E, RDO6<K%.

BMIE T, BHRARIIRICER 2B 2B E %
V.

ING 3EMNEWETN—OWHEIZE =M TH 5.

BB, —il3cm DIE=ZAFDO/N—1F, 15F (3.03cm)
D fkE % 30° DHEFAIC 2 MY TRMTIUITZRT 2.

1928 4F, BEEE [FEROFHBMISBHOET A
EREMUT, 1927 R [J7EkE EatsisE il AvHlE



U7z [HHEICED ] TR =EHE ke Bt Al
EREL, 1928 3 HICHITARE L T=4A%D 5 FHIT
U7z #IHMEEE R [SEEH AN 2% (1928))
BB N 9 AT THEERREE FE AL 02K

—HENSFEITT 5.

ZDEAAHAIT, T [NRBEHHE] o
559 AL B.

T D575 [BhEEA M HIAR BEKIE] 13—
3em A TH S ARE (AR ICRELZFE0M, ©
SLREOHAM 2 A2K 30cm @ [&EE OB THE
2HDEMADHETARBL] ELEE, ORIKIEICE
BRARD [BREEE A3k 2 IV A D ITRIZICE D D HE
12, W& 4cm Eé 6cm O [ LEER3] [£E8] 2 [&%
REICEMAICEIC A E GO & AKEITHUT] VTR LE
EL-E, COBMMOHRIZZ VWA, [HAROM IS
WEEELDANST] ELAZHTHEBNTHo /. 2
DZAEEN—E DR ZLZENIZ lem PA EE LD,
1953 FF D [N—DO R SFMMALLTE L, ZHEOMIZM
%O*M?t?éJﬁ%@f BIEICE 5.

DI, #4m ITET 2N — 2 2m O KT/ TR
BEOBHOEZXSZDOTHAD. T DORZIT 1982 4F
FTHi<.

[&EHOW] OBRFIIEIZTTHhoz. ZHITH
fil 2 A 7= DA, 1930 A O N—1F [ZiEzE B8P 5
"h5T] ThHha.

ESmON—0ERBEI I B THS. (K] Th
LG, BEIFIN kg THD. Lo T, #HOERIT
K lkg £ THIND. WOEBEIIK 270cm?, $kD L
HZ7.86 THh2MN5, HOEIIL 4.7mm &5 REBMN
»H5.

D, 2kg LIN®D —
1982 FEE TIN5,

@EBIZE-T, BUEOHREDON—ILDFHEAITH %
RZBBEIEEN, BHEOZHERICINE 2 B OESBD
IN— EMHR DN — [ DJRBIN B L 72D Tdh 5.

UL, #1929 FHANT, BEBkO/N—I1EZESBk
FHAERBILT, ZHENSKEICE B LK 7.5cm THE
B13cm LT [MfE] (RY) 2EESES. Lal,
ZOfEHETH DHMEE (1929) 12, EISEEHOMHIL 7D
W, T ULN—OWEE IR EHRmTE S0, %
HO 1952 FHAND [BEGITHBITHEB DL DIT] DX
ST TH 5.

Litg, EEBEON—IZFIRICE FT 5K D IO
ROBIZENN, BEHRON—IZENICLNE F LN

IZHRE SN THEICES.

Y5, ABICRDS THEA— 3cm E=AF
DN— [HEA] PWHIEL 20, 1925 4 O FE# %A E
BD 1926 £ TH > C, 1923 I S N-EBIL—)L
> =bDTH 5. ZON—OMAIE 1982 £ F The

i 3cm DIE = AT DAREL)IN—3,

<. ULHL, 1952 FENSHBEN—EDHFH &2 5,
=N — ORHRISENEFE I E B 2 RETH A D.

Z ORI THFE T R &L, D 1928 £FIT 1982 4E £ THi
SERDBEON—ZEDHE, @ 1928 FITRTIRD
N—IEDITRZTHRON—1EZ2HHALians, 2
1929 FEICHEEBKICIRE > TRZIRDON— L 2 EH S8
T, N—ikZzBEpkiIX Yy, EmmpkiIm s XU THAE
CELHTHD

5. [E=fAfz EARN—HRADEMEFH

[N—] OXFOHHIZ, BFOJE=AAY 1918 &£ [+ U
LE 7 OFEBE] THALE [HADOKS] O [HH
A ON=)] THs.

KiL, 1925 FOLM5AM [HHEOHE : T v 7,
Ta4=IVRiEl @ [)N— BEAR) | Em ARG [71
F) Rig U 2 E v 7 HEE ORI ] O [HIAR
N—)] TH.

=)V ETO [)N—] OYIHIE, 1925 4E3¢ 7 D [pe
N 1927 WD THRE U7z e B b Al (R — 4
)] 2050 K ON—)] TH5.

UL, TOBOHEAITIE [#A] Z2EEHRL T,
[IN—] OXFFRZ0N.

[IN—=]DVEAET 2D, HARDEREROEFRKOH T,
1951 4F O [E PR e = 12 H & U 7= 7R B39 — 03 ik 1% D [H
BV —)L DB S AN U T EFRHAOWIE] 23
HeEd 5.
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W % 7= FE T 5074130 3 U | (IS — ORI Z Ol
302U ] TMEN—OmIEZHEDOZTICOR 5729
30 X 150 S Y D] &H 5.

211952 FITiE, THRFI =GR EBER] 7Y, [k
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HEERFEHICET D DRER] NHied [EE
R bl M m R R AR R 218 L, REERFRO
B Bt 2MRE B AL S BITAR L U THIRE
n5.
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T ok OHEEE BT cn I8 AT mm AL
7. R E L COREZEHD-DTHD.

Z D 47 5 [BkiE A #5 (Standards) | 13, EFERREHE D
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WERNS D TR ORIZ [HDHWEEER] 2INA T
IN— DRI, W@ O —3 30mm @ [=MAFE] DI
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HICO®2729], ZOHi% 30 X 150mm O [ |

TibbB¥HEE L.
1952 EN 5 1982 FF F Thi < ZAB/N—EMHEN—0
EFROBED THS.
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otk ING R
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PAUF] & ZOfEfmoBENzn [+=] & [Z0]
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£/, BAZTHID EWOFEIL, RFIWTERLN, =A
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Sprint motion influencing on decreasing speed of sprinting in junior high school students

Ken-ichi KATO®, Ryuichiro SHIRAISHI?, Tatsuya MIMURA?

Abstract

This study was performed to obtain information decreasing
speed for junior high school students in the 100 m sprinting by
comparing the sprint performance and sprint motions on adopt-
ing sprinting at the start up to 30m and 80m. The subjects were
33 boys and 39 girls junior high school students (14 or 15 years
old). Measurements were performed for 100m sprint time,
sprint speed, step frequency, step length, sprint motion in terms
of angular kinematic.

The results obtained were as follows:

1) In both boys and girls, sprint speed and step frequency
were significantly greater than 30m to 80m from the start line,
and step length and step length/body height were significantly
greater than 30m to 80m from the start line in girls.

2) A leg swing back velocity at the foot contacts significantly
showed greater than 30m to 80m from the start line, in both
boys and girls. And a maximal extension velocity of the knee
joint significantly showed smaller, a maximal extension velocity
of the hip joint significantly showed greater than 30m to 80m
from the start line in boys. On the other hand, the maximal ex-
tension velocity of the knee and the ankle joint significantly
showed smaller than 30m to 80m from the start line in girls

3) A maximal leg swing velocity was significantly greater than
30m to 80m from the start line for boys and girls.

4) The relationship between sprint speed and a maximal leg
swing velocity shows significantly positive correlation, both 30m
and 80m from start line for boys and girls.

These results suggest that while the decrease 30m to 80m
from start line in sprint speed resulted, therefore, from the de-
crease in step frequency, in both boys and girls, and decrease
step length, in girls. Furthermore, a maximal leg swing velocity
decrease in both boys and girls.
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A, 2008). LovL, —eHsEAlE, HEICEER
EFDORL—Z 2T ZiToTWRERNWI END, 100m £
FTIERE L OEEHEF LD S I SITREHET
LI ENBLIEND. FDRD, —RPFEEICRTS
100m EZ ¥ OB EBFEORIT, BHEEE I3RS
EHEZOND. BT TIE, —RPFEEORAHE
SR BT 2 HEAEBE QR OINEEIE A, 1985 ; Katoh
etal., 1997, 1999) [ZIBHSMNITINTWSAS, JE & m
EHRELEZHDIFEFEAEASTRWN. LENST,
— AT BT B R rEREE R O PEEIME O R A I
SMITT B LR, KREOFENEERGT 2720ICE
EhbdEENZS.

AR DOEHINE, —PEEESSREL T, 100m %
A OERREE R & JEE R ORI BV SR ERE
NBELOFEIEEF T 7 ZADBEMS LTS
LI THERKTORKICET2HAE2ESZET
Holz.

I MRAE

1. #ERE

BeBRE S, EARRAN O FE3EAES T334, LT 39
ORI 24 ThHo . BROHGEEHREED I E
CHEHER AT, N F 41 1.68 £ 0.06 m,56.8 + 6.8 kg, 1.57
+0.06 m,50.2 + 7.8 kg THo /= . Iad, FBiL, w2
DB H DIRERE ORFICEEI N, ZORENRIC
DWW TIFFERNTREA BT BB X OEEDRIE 215 7.

2. RBBELUTFT—s0E

BB T IUF L TAI—MNIEDB A —
N AN S 100m D2 N EEERTTDYE, KITifgicd &
DNWTRY =T 2inS i NHEM S (8 - Nk
2006) % 30m, A NEEZE OB ML CaHiEn,
1997) 2 80m & L7z =L C, 30m i & 80m a2 #
A B B EEEZZNTNHERHE O A M5 30m H
N5 2H50OETA AT (SONY # 4 HDR-FX1000)
ERWT, B/ 60 71 —)L K, #HFRH 1/1,000 £ T/¥
ST U, R, 30m HiA & 80 m HiA
EHRONCENENRIE35m THo = I, T-ILD
HElZ 106m Himiic@E &, A/ 100m Faf TAE—R
MEELRNWEDIT L.

R SNZETAEGZEZICE 12— OBEEICA—
IN—A iR —X X, 30m & 80m Dl £ BV B IR
FEELIY A 27)L2 137 T &I 23 D2 b7 oD JRE
#/)N—YF)V I E 1—4% (DELL INSPIRON-710 m)
WWHDAATE. DA T —4 % E T T EEMNT%E
(K24t DKH 4% ; Frame-DIAS IV) W T 2 k7t
FEREZR M Uz, 7ah, BOERECHELUEREZ
EELT, HWHEOR %10 A Z2MA - ETAH
BICBELIAATER T =V —27 &5 LT 5O JIE %52
FBICHBAELEE, TPV T 1) F =L 6Hz T

12

w7,

3. 9#IER

1 EREN

D22 —FICTHDAAEEGZES E1Z, 30m Hixs
E8mMEDEEREE, EvF, AhTIAR, A bT
1 ROBEIERDZ. AT RIZ1EHEFOLEDH L
WBEDFEROKEEMEL, EvFIRETAEBENS 1
BITE L R 2 kD, TOWE Lz HEEEIZA
oA REEYFORELE. BB, ANTAIR, Ev
FOEIIWTNDHLEL2HDOFEEE L.

2) BEME

B 1IZ, Sefrmrge (R IE A, 1998 5 Mk \E A
2001) 1TAEHLL T 30m M3 &L U8 80m M IT B W T oy
W UZREMEERNZRLE. AT 1 271, OFED
SlEDUAE 0K : B oOBRAEOR/IME @K
51 & DV AEE (0 K-swg) - 7 B O f K i it A 3 2,
GRELTFAE 0T : RETEECHET S KEE & KR
DT HR/NARE, OQRKEETAEE (0T @ KEHE
ERROBTAEORKAEE, ORKIRDREL AHEE
(w L-swb) : #ZHiE g7 Ol (KT & Rl afs A 7280
BRI AT 1 27T HRRNAREEZTNETNIHTL
7. ZFRHNG, BEHIRF O ©EIET (0 H-on), DREREET O
K-on), ®EREH (0A-on) DOFBEEHMAE, #Hihidhd®©
JEBEET (0 K-min) B X LRI (0 A-min) DK
oA B, EEHIG O @BEREET (0 Hooff), @IEBIET (0
K-off), @R (0 A-off) DREAFIMALE, b o®
PEBEET (0 H), OB (0 K-sup), @B (0 A)
OEAMHEAEES X VOO EERORK AT 1 > 7 HE
(wl) Z2ZFNENDH ULz AT 2 THPOZREHO
BOEBEICBE T 2EBEIXGMOMEZ =,

4. FRETLE

B ZNZ3 30m H P L 80m Hi ic BT B EE
eI B X OB EED S HIEIEE Ol % ik d 5 72

AT 47

D oK
@ oK-swg

® oL-swb

S

2 OK-off

@ 0K-on

@ 0A-min

1 3mih=mEB LU 8m = ICH T HEEER



DICHIEDD D tREZEITOZ. SHICHLITEITI0
3 KON 80m H ST BT B EEE & S EMEE KR

DERIZDOWTENZE NI Z kD /2. 7adB, #Gt
WETE, AEMEOHERMEEZS%XE LK. EL, A

EEMOHHEHDIT10% E LT~

m # R

1. &EBED

100m EDZ 1 LTHBIUT 2 FEHEE & FEERZIIB 7T
14.84 + 0.65s, T C17.81 &+ 1.47s THo 7=

F 112, B2 30m Hi 53 KT 80m HisSIZ B B %
EEE, EvF, AIA RBIXUZX NI ROFE
ZRU., BEEREEE Y FIE, BsHI230m #His
(7.55 = 0.36m/s, 4.29 + 0.32Hz ; 6.31 & 0.54m/s, 4.00
+ 0.30Hz) @577 80m Hhi £ (7.01 £ 0.38m/s, 4.00 + 0.28Hz
;5.72 £ 0.58m/s, 3.71 = 0.33Hz) KO HHHITKEWN
BERLE AT REFOHERIE, BFTIE30
m# A (1.77 £ 0.12m, 1.05 & 0.07) & 80m Mg (1.76
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£1 30mihEd 80 mithEDERERE, EvF, Xk
SARBLVRNSA ROEERLE
30m 80 m

skok

7.55+0.36 7.01+0.38
6.31+0.54 5.72+0.58

4.29+0.32 4.00+0.28
4.00+0.30 3.71+0.33

1.77+0.12 1.76+0.11
1.58+0.10 1.54+0.10

1.0540.07 1.05+0.06
1.01£0.05 0.9840.06
**:p<0.01

i e e B
A (m/s) e

BT
L
BT
L
BT
s

kok

kok

v F (Hz)

ok

A KRZA F(m)

kok

ANTA ROHEK
SEAME + R YR

ko

+0.11m, 1.05 =+ 0.06) D THERETEDSNT,
7 Tl3 30m 1 p5 (1.58 £ 0.10m, 1.01 % 0.05) D JF
7780 m ML (1.54 £ 0.10m, 0.98 &+ 0.06) XD HH X
ICREWEERL .

X212, BLzd 30m Higid 80 m HifIZ B 2 ER
EEEYF, ANTA RBLXUANTIA ROFGEILED

5.5 55
[+
[+]
345t o u‘,"’%o/"’% T4s T
~ .’ o ~
s oe 0 "
oot
v 35 ° o v 35
®  030m 0427 (p<0.05) . 030 m r=0.739 (p<0.001)
55 @80 m r=0.587 (p<0.001) 55 | ©80mr=0.767 (p=0.001)
5.0 6.0 7.0 8.0 9.0 4.0 5.0 6.0 7.0 8.0
AR (m/s) AR (m/s)
22
030 mr=0.191 (n.s) 20
*50m=0.152 (n.s) ©
2201 oe 218 ¢
- -. °l.°° ° P
X 1.8 PY <% © L
N ARA ° © X 16
000 N
= e® %%°®o - o
X 16 . O X 14 b7 o
N ® 7030 m—=0.495 (p<0.01)
4 ) L ° ) - . ®80mr=0492 (p<0.01)
50 60 70 80 90 40 50 60 70 80
PR (m/s) YA (m/s)
1.30 1.20
N 030 m r=0.190 (n.s) e
= 80 m 1=0.059 (1. =
120 | . m: ®-9 1 1.10
g ° Q.08 o g
“ 110 f ‘:}é' °o & 1,00
N ° Y
IN ) °“g§&o¢° ° N
-~ 100 | oL ® - 0.90
X 8 © X 030 m r=0.517 (p<0.001
° o - p<0.001)
090 o0 0.50 . ®80m =0.492 (p=0.01)
5.0 6.0 7.0 8.0 9.0 4.0 5.0 6.0 7.0 8.0

BAHE (ms)
2 30mih= & 80m b ICH T BERERE,

PRAEEE (m/s)

EvF, A5 RBELVR NS4 ROFREEDORBRF

(&2 :B5¥F A :&F)

BEARIT 80m S D EREREENENTRY.
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Bfr &R L 7=

o)

HF Tl 30m A & 80m ML B N T

BITHERE & E Y F ORICHERIEDAHBERE 2338
S5N7. LT T 30m HiR & 8m M RIiTHBNTED

CERERELEYF, ARIAR, BRUAII1 RO

HRIEOMICENZTNAHBIZEDHBEME G

wmoHin

7.

312, FHIH]

REBNME
17 30m b5 & 80m Hit S D E &

BEIEDTMAE 0K BRURETAE OT) 0

RERLZ.

BT T, MR & bEEREIIRIIED

A S K UBE LT A ORICE B/sHEBIB R A 5N

14

Bholz. T, 30m M OREEEL, KEIE
DI AEOM TADOHEMM (p<0.1), 80m i DE
AEHEL, BElIEDUAELAERAD, RETAEE
BERIED, HEAMRNZENTNED 5N/,

412, B RN 30m Hik & 80m Hi s D L HE &
BAESIZE DT MAEE (0 K-swg), AL AEE
(T BRUBRKEDRELARE (wL-swh) DOBRRZE
RUTZ. BF Tl 8om H S0 EREL, ARSI
DU A E ORI CH B IEOMBIBERIFED sz, &
F I OBEEE L, ARSI EDOTAEE, K
KR ETFARED I TREKRIRD R LAEREDOMICENE

0.0
030 m r=-0.278 (p<0.1)
030 m r=0.018 (n.s) 70.0 |80 mr=-0.368 (p<0.05) o
60.0 ©80 m r=-0.005 (ns) © ° . . °
60.0 ®o
5500 °s ° 3 ° A
s . '.' ° o 2500 | Tmeeel. o ¢ '$ 000
Z 400 . & < . ';‘:B;c 0o
g 40.0 T R
o ° o0 87T T
30.0 30.0 o, o
20.0 . 20.0 * * *
5.0 6.0 7.0 8.0 9.0 4.0 5.0 6.0 7.0 8.0
60.0 55.0
030 m r=0.206 (n.s) ° o
50.0 380 m r=0.230 (n.s) o 45.0 .. o e )
° 3 ° e L, ° P
= 40.0 .' ooo = °® 0 P o_
5] o o o 3 ® e g o°
2 Kopp & o < 350 B D P
£ 300 AL IAL -3 4 e e ....?..9 OQ’ °
R A . %o oo
® o 25.0 °
20.0 . o o 030 m =0.114 (n.s) o ©
@380 m r=0.332 (p<0.05)
10.0 15.0 : .
5.0 6.0 7.0 8.0 9.0 4.0 5.0 6.0 7.0 8.0

HAERE (m/s)

PRI (m/s)

3 30mithemd SOmMEICH T RREREEL OK BLUOT LDBE%R (8 : BF, AW : &F)
X IR 30m thea, BEER(E 80m MR DEIRERENENERT.
20.0 220
> 175 ° o z
§ : oo B g 18.0
5150 A-—"f‘:. °-° °° el oK-swe
gz 125 N o ’ % 40T e o °
. F © 030mr=0018(ms) | || & | _.-=7 30 m r=( 6 (p<
50 m 0400 (0.5 *e 30 m 0705 G<0.000)
10.0 10.0 . . .
5.0 6.0 7.0 8.0 9.0 40 5.0 6.0 7.0 8.0
15.0 14.0
030 m=0476 (p<0.01) o
2130 | 500083 (v -: G0, e 2 120 0s0m 0470 p00) 4% P °
E . 0' 01 o, E o
= . o = ° o
2 11.0 ® 2100 | --=77 . %3 °
. o. 0 o *Ce, °
9.0 : : 8.0
5.0 6.0 7.0 8.0 9.0 40 5.0 6.0 70 8.0
10.0 10.0
030m 10156 (1) 030 m r=0.666 (p<0.001)
g so | .80mr0301(ns) 3 g 80 | ®80mr0546 =000 o?f’
g 6°°° ° £
5 60 . . e ™ 2 6.0 .
7 -' 0‘0 K 22
2 40 | 2 4.0 ‘_-—- LR
20 : : " 2.0 u
5.0 6.0 7.0 8.0 9.0 40 5.0 6.0 7.0 8.0 oL-swb
BEHE (m/s) BB (m/s)
M4 30mithes & 8Om S (CHITREREREE wK-swg, wT LU wl-sub DEFE (KM : BF, AR : &F)
¥ RERIL 30m i, BEARIL 80m A DEIBERE TNTNRT.



FUIE D AHBERE £ A%
B 512, Bl

RO BN~
17 30m b5 & 80m Hit L D E &

PRy O I BAE A L (0 H-on) 35 K OV RE O Ji5 B i £

% (O H-offf & DBfRZRL .

¥ T3 30m H = D

PAER NS, MRy 0D Ji BE 6 41 D[R] C A R Te B D FH B

B AEED 5N Tz,

22Tl 80 m MR D IR AE R 2 1

B D B BT /4 E O TR DOEM (p<0.1) MNASN

7.
612, Hihlc

R O BRI A (0 K-on),

it/ (6 K-min),

30m Hit 55 & 80m Hh A D R A T &
b D g B A B KR
BL OB O REIF A (0 K-off)

Me Esifip st B12E8E15 2014
DOBfRERLEZ. BT, WMls & bREREL, #

R D IRBEET AR, Bettrh OREBIRT R A B AR B LT
At 3t IRy 0D Js B 611 A4 152 D TRV A R TR AHBE B R A A 5 17
Mo Tz, LTI 80m MR D ERELL, By DR
B4 ORI TR OAEMA (p<0.1) 2B 517,

B 712, BB 30m iR & 80m iR DB EHE &
PR OO R BRE A B (0 A-on),  HzHiH o J2 B8 i i K
A (0 A-min) 3 K OVEEMRE O EBI T (6 A-off)
DEfRZERL 2. BT T, MR & OREEREL, #
il o B A, Heirh o R BEIR A B AR BRI
At IRy O L BE 811 A D T A B TR AHBE B fR AN A 5 7

160.0 160.0
° o © . 030 m r=-0.090 (n.s)
° o ®80mr=-0.154 (ns)
1500 F 630 mr=0.066 (ms) ® °° 1500 o o P ®
® @580 m r=0.029 (n.s) ° 2 ®e o & & o
oo = o
F1400 -5 30 00 o o 8 o ° ek °
@ o o ° = ° .? oe °
= ‘ % $.° ° = o o o
| ° ° o o °, .
130.0 LI, e 130.0 o ®g
00
120.0 120.0
5.0 6.0 7.0 8.0 9.0 4.0 5.0 6.0 7.0 8.0
205.0 210.0
..
.
1950 200.0 °
@ B | el 'o. . o° °
: Ry
E1850 | £ 1900 | o ‘?m;}: o
T = ° o S5 e% R
z = e ®o o
175.0 180.0 ° ° ° o
030 m r=-0.402 (p<0.05) o o % ®
©80 m r=-0.167 (n.s) ° 030 mr=-0.140 (n.s) ©
@80 m r=-0.272 (p<0.1)
165.0 170.0 . ; .
5.0 6.0 7.0 8.0 9.0 4.0 5.0 6.0 7.0 8.0
PR (m/s) PEEE (m/s)
K5 30mithesd 80m thE(CH T BEHRERE L OH-on B LV 6H-off LDREEFR (£l : BF, Al : &F)

X ORIF(F 30m HheR, BEER(E 80m AN EIRERE TN ENRT.
1600 160.0
030 m r=-0.132 (n.s) .
1500 | ° .; ° ° 80 mr009ms)
PRt ® 0
z 9; 0° _§150.0 . .:o‘o'. o °
F 1400 ° ..;‘.: Ve  o° g .'Q% <o
: . : °
¢ odd o 2
1300 ° S 1400 MY A4 o&o°’ o
030 m r=0.236 (n.s) e o
©80m r=0.174 (n.s) . ® 0K-on
120.0 - . 130.0 L n
5.0 6.0 7.0 8.0 9.0 4.0 5.0 6.0 7.0 8.0
160.0 160.0
030 m r=0.143 (n.s) 030 m r=0.183 (n.s)
| @80 mr=0284 (ns) ° @80 m r=0.206 (n. s)
o 1500 °g o 150.0
) . . a;,D’.,o 3 . 8
~ ) ~ L]
£ 1400 .f o £ 140.0 f
0 00
5 ®e Py g Q oo 5 . ’ ‘- £Q °%
= 1300 | 8 0% £ 1300 -q, %
. ] °
L]
120.0 . - 2 120.0
5.0 6.0 7.0 8.0 9.0 4.0 5.0 6.0 7.0 8.0
170.0 180.0
030 m r=-0.130 (n.5)
= 160.0 . ® 40 © 2 170.0 . ©80 m =-0.301 (p<0.1)
5 ° b5y
= 0 3% 0® = [} ]
= ° - ° °
= 1500 - . PR I PP N
” o® O 00 o O
= & ° 3 Py <% ooy
140.0 | 030m=-0246 (n.s) ® o o 1500 o, &2 og& °
@80 m r=-0.087 (n.s) 4 o8 K
130.0 140.0
5.0 6.0 7.0 8.0 9.0 4.0 5.0 6.0 7.0 8.0

6 30mithsm & 80m Hhs L.Zb()‘%’)ﬁiEiEFFé: 6K-on,

PRAHE (m/s)

OK-min & LU 6K-off & DEAZR (Al :

BAEHE (ms)

BF Af:&%¥F)

BEHRIT 80m D D EIREREENENTY.
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140.0 140.0
030mr=0.185 (n.s) ® o °
o 1300 ¢ @80 m 1=0.257 (n.5) o .‘Q o 5 1300 °.o o .
E: . 3 . ° o
E L) (J °° E o
Z 1200 LI A 3’008 £ 1200 ® 2 %% o
= o )
< ° BQon @ < ° LR 3 e °
< L L L) o
1100 ee, 0 1100 * o % Somronns
©80 m r=0.118 (n.s)
100.0 : : - 100.0
5.0 6.0 7.0 8.0 9.0 4.0 5.0 6.0 7.0 8.0
140.0 145.0
©30 m r=0.188 (n.s) 030 m r=0.412 (p<0.01)
5 1300 e80mr0237 (19 8% o, ° 51350 T e50me0313 ooty °
2 o )
< 1200 2o ° 2 1250
£ . 'oﬂgo 0® £ . ° o s
£ 1100 I Yid Z 1150 ©60 % ol 2S00
S ede ° < e® o
100.0 f e 105.0 o S RFy ©
° o O
90.0 L L - 95.0 - ° .
5.0 6.0 7.0 8.0 9.0 4.0 5.0 6.0 7.0 8.0
160.0 030 m r=-0.051 (n.s) 160.0 030 m r=0.208 (n.s)
L4 ° @80 m r=0.083 (n.s) ®80 m r=0.076 (n.s)
~ 1500 . S ~ 1500 | . o © °
éﬁ ® ?..OOQ ) éﬂ ®e% o % °
- o =2 0
£ 1400 ° '°.°°°o £ 1400 -';.4.' o o&}
$1300 | o o8 %0 ooo ?F; . o 50930%"0
- ° o ,ﬁoo ° 1300 ". & 0800 0
o
120.0 - : . 120.0 o
5.0 6.0 7.0 8.0 9.0 40 5.0 6.0 7.0 8.0

PAEHE (m/s)

7 30mith= & 80m = S H (T D EREREE & 6A-on,

HAEEE (m/s)

6A-min XU 6A-off LDBFR (&R : BF, A8 : &¥F)

X RER(T 30m b, BEER(E 80m ML DEIFEREZTNENRT.
14.0 14.0
030 m r=0.501 (p<0.01)
©80 m r=0.394 (p<0.05)
12.0 °°0 12.0
.o"o o% o ° o o
z . .ﬂoo'omo ° B ..o s a.-°o°
£ 100 Y ° £ 100 o 3 0% oo
=4 = o
© ° ...:o ° ° CE e e ° ©%
. =" 0: T o
80 . 030 m r=-0.072 (n.s) 8.0 ° e ° °
€80 m =020 (n.s) °
6.0 - 6.0
5.0 6.0 7.0 8.0 9.0 4.0 5.0 6.0 7.0 8.0
8.0 8.0
030 m r=-0.466 (p<0.01) .
. @50 m 1=-0.379 (p<0.05) ° ° o
60t ° 60 F IR
2 =z | e =2 ® £eo
E ~ ?, ° ° sto ] 8 °
Z40 f g40 | 0 S8R 0 000
M’? ¥ hd o. @ °° e
E ° o °f o
20 20 t > o
030 m r=-0.432 (p=0.01)
. €80 m r=-0.427 (p<0.01) R o
0.0 . . . 0.0 . .
5.0 6.0 7.0 8.0 9.0 4.0 5.0 6.0 7.0 8.0

PAEME (m/s)

HAEEE (m/s)

8 30mithm& 80m MR ICH T HEREREE & wH BL P wK-sup LDEFR (@ : BF, A : &F)
X RARIT 30m A, BRI 80m HADERERE TN ENTRY.

Mol WHTHBWTHRAERED, HiihoeBfiRk
JeE 7 2 O [ C, 30m Mb ST B 7R E O FH BE B 4%,
80m i i TIXIE DA BMEMAH SN,

B4 812, HLHNT 30m R & 80m HRIT BT B Rk
W & RBEE (0 H) BROKEE (0 K-sup) D&
FICBT 2 RAMEAEE L DOEREZRLEZ. BT TR
it R DA RS, R BRI A O R KA R £ R B D)
B OMBABRMEED 5Nz, 7Tl 30m R D
PRA R LV, JRBE A O e KA R A DRI A TR IE D,
80m Ml i D ¥ 7E 1 13 Jk B 1T D B K A R A TR OD [T
ARBAO, HERERNGEED 5N,

16

91z, BZHIZ 30m #igi & 80m Hi s IZ BT D HAE
W &SRR (wA) DERANMEMEEDS I CHEED
BRKAT 1 2 TEE (0L) EOBEBERLEZ Bigk
B O AEREL, MRERORKA Y 1 > T HED
MICHERIEOHBMERENRD 5N £ FTIE
30m M DB E S, S B O f K R A 3 O T
THERADOHBEBRERNRD 5Nz,

2212, 30m M & 80m MK D AEEE D & BN IZ
DWTRLE. AT 27T, BroBEslED0A
1, 30m M (39.3 + 7.9deg) DA 80m ML (37.0
+4.9deg) XDBAFICKETWEZE, L TORETAE



Me Ltk B128WH 15 2014

wA(rad/s)

15.0

13.0

11.0

9.0

7.0

o

% ® o

f‘ o o
a8,
L]

B o
° 3’ °e oo

" 9%
030 mr=0.030 (n.s) o
®80mr=0.118(ns) @

5.0

6.0 7.0 8.0

wA(rad/s)

14.0

11.0

8.0

5.0

030 m r=-0.363 (p<0.05)
©580 m =0.035 (n.5)

5.0 6.0

wL(rad/s)

11.0

100 |

9.0

8.0

7.0

6.0

. 030 m r=0.432 (p<0.05)
©80 m r=0.548 (p<0.01)

5.0

6.0 7.0 8.0

9.0

wL(rad/s)

10.0

9.0

030 m 1=0.797 (p<0.001)
o @50 m r=0.852 (p<0.001)

7.0 8.0

HAEHE (mls)

9 30mibmE BOMMSICHITHRERE L wA BLUwlL EORFR (B : BF, A : &F)
BRI 80m R DEIRFEREENENTRT.

xR2 0 mithm& 80 mithRICHIFTEHMEER

30 m 80 m
27 4 T
weew 00T e
S S
oK-swg(rad/s) ii }géiiz 112?:(; *T*
oTrdy T ok o
oL-swb(rad/s) ii 2‘7;}8 5523(1) :
X
OHONGEE) L 303ien 1400k63
OH-off(deg) iﬁ 1ss 192ty
N Y lirgeas 13sesd
oemintdeg) 5 TR a0
oier) % 1Sy Issasss -
oaonden) T TR (lo0mer
onminded) 5 LT aosisy
AU 4L ihis 1aress o
oHwdy o GG Sen
®K-sup(rad/s) ii ;;i? iijj ***
oAmI) L SN e
oL G 4107 same e
T f : p<0.1, *:p<0.05, **:p<0.01

13, 30m Hh g% (33.5 + 6.3deg) @ Ji 7% 80m Hhi AT (34.9
+ 5.5deg) £ U B/ WHE (FEMER) 2FNEIURL7.

BlrLd, AL E DT AHE, RAE LT AHEE
BERUORKIEOREL AEEIL 30m i (162 + 1.3
rad/s, 12.1 £ 0.9rad/s, 6.7 = 1.0rad/s ; 15.8 * 1.6rad/s,
11.3 + 1.1rad/s, 6.4 = 1.0rad/s) @ J57% 80m #his% (15.9
=+ 1.0rad/s, 11.8 =+ 0.8 rad/s, 5.8 = 1.0rad/s;15.1 &= 1.7rad/
s, 10.8 &+ 0.8rad/s, 5.3 £ 1.lrad/s) XV HHKIT KX
WiEZR LUz (72720 BFERRELIE DT AEEITAR
fEraD) .

XRHAITCIS, Ry o B B A R, BRI O g BE £ A
B, BEHRROIRBIETM RS, BEHIR O ERAET AT, B
DOIEBIER AR AEE L, Bl 3om s (BT
185.6 + 6.2deg, 139.7 + 4.7deg, 148.2 + 5.8deg, 135.3
+ 6.9deg, 3.1 + 1.2rad/s, %7 :187.1 £ 5.9deg, 141.6
+ 4.2deg, 151.4 * 4.2deg, 134.3 + 6.6deg, 3.7 + 1.1rad/
s) DA 7% 80m Hh 5 (5 1-:188.4 + 5.8deg, 141.1 + 4.3deg,
150.6 * 5.4deg, 138.7 + 8.0deg, 3.5 & 1.2rad/s, & T :
192.2 + 6.8deg, 143.9 + 5.2deg, 155.2 + 5.5deg, 137.4
+ 6.9deg, 4.4 * ldrad/s,) XV HFHIT/NI WNHEZR
U7z, BT3B 5 JE B Bk i Hh A4 35 K Ol 24k
DIRRKAT 1 > 7 HEL, Bl s 3omiisg (BF:
115.5 + 7.1deg, 9.0 + 0.5rad/s, 2.7 :111.8 + 6.7deg, 8.1
+ 0.7rad/s) DA 80m i (B5F:113.5 + 8.6deg, 8.4
+ 0.6rad/s, ¥ :109.5 = 5.7deg, 7.4 £ 0.9rad/s) &L
DHERICKEVETH -2, iz, BFORBEGORK
KRR AT, 30m His (10.8 = 1.0rad/s) D FFA% 80
m i (10.0 £ 1.0rad/s) KD BAFICARSWVWEZ, K
T O 2 BE 1 D f KA A B 1L, 30m Hi gL (9.1 = 1.7
rad/s) DAY 80m M (9.4 £ 1drad/s) KD H/PhI W
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il (AEME) 2R 7

v Z =

AR TIIAY =T 205 30m & 80m Dl 5L
BT 2 EERNBIOEEMEEZNEORNRE L.
PEEEEE, Bz E  30m AT LT 80m M Tl
BEWKTLE ZOXD B O5EERE DK FER
IZDOWT, BFTIREYFOKT, XLFTIREYFEX
FIA ROWMEBFBORFARE I NG, £/, 30m & 80
ORI BIT 2 HEERE EBLOE vy FBIUVLTOD
A NT4 REZOHEILOBICIZZFNFNH /AR
BNEDHENTZ. U EDoZEzd &z, AEERMmE
P R I DA ENME & i T 5 2 &Ik o THREEED
KFLAEFERIZDOWTERETTD 5.

1. EEBE

HERIZ (1991)) 1F, BFEIEEGEFENRELT,
TR B XTIk U TRl B X I B 5 IR O R L
HEOETHARENHDIFE, EvFORFNREL A
D, ZOMEAZERTHDIFEREHREDERTMNAENT
& R RN R U CEE G X I B 2 AR
PRAE & KRIBAEENAEREICK N LZZ E2@®EL TN
5. IN60Z &, AWMICATY > N L =227
2L TWBEHERETICBWTH 100m EDEEDKEE
FIEIL, REICRN ENS <RI EZ2REL TS,
BRI (1991) DEANBRAESRKBRAEEL, Kix
T LB RZRSR ERETAS P UMERERT
AEELTVWDD, KFFKORR LT MAECRAR LT
AEEORMET, KNOBK®KEZRFDZ &S, A
ZETIE, 30mMS k0B 80m M SD AN, B bH
KR VAR S KX ERAIRD R U AEE A I
Lic. ZNE DAY 1 > TMIOAREIEA L e Z &1
EvyFNEFLAEEREDSEZSNS. £z, LTI
30m i & D B 80m Hi S DRE T M ESAZITE AL
2. TOZEERETOEINMELS o EEEWRL
THD, hEIEN (1991) OHE &R U<, 80m A
TREN ENRS BB EEZA SN

RN B 2 B O B REET A VL, 40T 80m
HEDOHNImME LD BERICKRENWETH S /2.
IO EE, FHEFEICBW TEEHIB O v 7 I HE
LTHBD, BHICHENZIRETH o EHERIND. £
D, Fv Ukt BzEaiLICEEET2 BBz E
F5) ZEMENSEEICRDEEZEALNS.

100m ED/NT —< > AR HEELDIIKRKRFEE
HETHDZENRINTWS (YLIFED, 1994).
RN (1998) 1B AEME & ETE & OBIfR 2L,
FEME A2 S STRFHARG 1T B W TR B 1 o0 1o Ji ek 5 2
BHETIMBERDAY ¢ D TEENEHNZ ENEET
HBHIEEEML TS,

30m & 80m DM AITHBNWT, WAERE EHERIE

18

DHBIBIRN B > 7= KM OBMEERNY, B s b4
ROJKRAD 1+ 2 TEETHoZ. ZTLT, BLEBIC
I ERDBRRK AT + > 73 EIX, 30m His DA 80m
HMAXDBHFREICKEVEEZRL, —BPZEEITBNT
BPEERE % @D D TSRO RR AT « > THEMN
HETHD I EDRBINZ. FREEN (1998) 13, H
DRV RLUEEL, F<EMRmOMO 2w 1 > 7 HE
ETOEOTRDHDTHD EMEL TS, £k, K
PIHT TR I N5 HEHE & 2 L— XTI RD X 1
U REIIR A B T OIIIRE R & R BAFT O R ih - R
IEEZ/NS LK THIENEETHDEHRELTND. &
512, 100m ERLOWE, FHAH ORI F—1CH
FEYDILFEENICLDZED RN THDEEZ LIS,
Thabb, EMFNERNREILBERERD, 202
L& THEEHRDO N OFERLIMEDFHENEH L <725
ZENHERIZI NS,

30m "5 80m M A ITHBWNWT, WEFHEEMNMEFLER
M, BFTIE30mHHEL D H 80m S DORKAIED R
U A S R B D B R R AEE DA RITET L, B
BHiOmRAMBEAEENAEZRICHEMNLEZZETH .
—F, FTIE30m M I DD 80m M A DERAIED R
LAEENEEITIK R U2 &0 2B & RBEIEI D HR
HWEMAERENAFZICHENLZZETHo . FLT, 2
DEDBFBLITHA SN FEBIEDERNIH RO RK
AT T DR FICRESHELZEEZLND.

DrlozEms, —P2ECBVTHENZATY
> —&EFUL, 100m EDOEYTIE, HIRAOEHITE-
TIEBET R E O MR ML 7 OFEINE <720, ilj
BE O - HEBEN K E < Bo Z ENHERINS.
ZFORER, KRB TRIEIND K E I MEHRE 22k
DAY 4 VT HREIRAD I EMTERLIBOZEER
5.

Fiz, WFTE3mMEE0H 0m MDA ~TA1
RMNEZITNS Lo/ ZOHMHEIZ, 80mHiHSDh
21 30m Him K D B L BEE OO B EEN K E <
Bokl itk T, iz 2Ty 7V TERL KD
HbDEEZEZLND.

2. SEOPEREEBHEDRENDIEH

HER R R EE ML R R R (2008) 12K 5 &,
b L OEIHEEE - U L —OHEEIC [ AE— RN
FELLPELBZNWED, hBDRNWI XIH)IVBREET
EDZE] MEEENTWD, KEFFETIE, —MkhAI
BWTHHEE EFRBRICREERE T, RAEERHEIC
PN, EENKEWHEL, BTFTREYFN, LFT
FEYFEXNTA FOMENEREIIEALEZ. 205
DT EMS, HEEEEGE -V L —OIETIE, Tl e
ICHEETLZZENRDENS. —DIF, 100m Z2ED =
LHZEMTEDLDIC, 2NTHEETZHEENEZID
ANDZETHD. BPEPOEERKTNEEETHE, 5



W&V, HEEHBZESLEZD, BORITEKEZL<T
LT EMEZSNDD, TNET TR FEEHFITHLT
A ZHAREIC U O EE T Y 252 BT 5 2
ENMETHAD. FIZIE, A —HTBEWVICHER
HOREFEEZHEELED ZENEBALNDS. £, U
L —THETH LI GEFHOEZEHDD I EHHE
HTHAD.

WL DD RITIIFE GEIIZ, 1991 5 FFEF T D,
1997 5 /NFRIZ Ay, 1987 5 JEIE AN, 2000) ICkIUIEN
P A D IR BE R il DS R M B K 132 DN T o+ —<
DA EBERBEGRND D EOH NI L TNALR
NU 2T ORRERITEAE E 2 IREDNN T +—<X A ED
MICHZ MR D D ZENMEINTVWS. I
S50 En s KA OMESCEREEORMICEH LR b
L=V OEEEMERINTNS, UEDOZ E2E
EIiL, RERETHZEEOREZBLT 5201,
N=RN x> TONT T 120, FREYES TS
ORRER 2 FEANRICINA S ZEnBEZ 615, L)
L, 295U /-wissEsL, #EEHT CironsdbozE0
FEEMETHDOTIHRL, EE-A—ADENIELE
HEECE R 2 B E T DRENRH S D. FDEDIT
1%, 2O UEB T A 2 A & EEEICEE RGN
ZEEH DU RNSEET LI ENEEND.

51T, 10m EXBILEEHEZEHDD N —=
> ELT, BERIEN (1988) 13, AFvET ML —
ST OEMERERELTEBD, PL—Z 2 T ORRE
BAEBEDX O EN2EE] [Fy 7 HKBEOF G~
DIRODHLDIRO R UEEDERNER] ~EINZE
LTWw%, #LTC, hrL—Z2712&0 100m £ XHET
Ey FOBEMMAA SN, K2 100m O &% O 20m X[
OFEEREOHEMMEE THoLELTND, 2D E
N5, 100m EIZBIT HHEX T E2HWA B 72DITIEAF
EXT R —Z b HFHANTH D EEZLNS.
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The speed curve in sprint running by upper-grade elementary school children

Mika FUJIMURA?, Yasuo SHINOHARA®, Masato MAEDA?

Abstract

This study investigates the characteristics of the speed curve
in sprint running by upper-grade elementary school children.
Twenty-four 5th and 6th grade children sprinted for 50 m in a
straight line, during which time their running speed was mea-
sured continuously with a laser velocimeter. From the obtained
running speed curves, the maximum running speed and the dis-
tance and time required to arrive at the maximum running speed
were calculated. The acceleration phase before reaching the
maximum running speed showed various speed change patterns,
but acceleration was generally completed soon after the start.
Furthermore, the ratio of acceleration time to the entire running
period was short, meaning that the children ran at maximum or
submaximal speed over most of the running period. This sug-
gests that the main factor in running time was the maintenance
of running speed, rather than the acceleration pattern prior to
reaching the maximum running speed.

F-U—F: BERE RARERE, M\F4E

1. ¥&

JERRREEES, DR, A EE R B K O R
I THR SN, Y1 LEMICRDEEEZGADHE
L, BAEEHRETHZ (FHLS, 1994). 2070,
FEZWRE L MRRBENEEREIIONTOBHD
ML, INETIBFFMICEF SN TE 2., Z3uT
AT, IEFETEIMER/AICBT 2HEEIT DN THIFEN
HEATHED, —fRITHIER I OBHEERN OUE I RESY
A LDFEREITDIRIND EEZEZS5NTNS. /MRS (2009)
W, IR NS BV B B E O BN EAY 100m D 5
A LEMO—RTHDELT, XTU 2 hEBT M
W OB AERESLF FT 1 7 ADZE/NY — 21D
THE L7z BHES (2001 0t - Fig (20100 13,
R EREIC BT HHEE, ZORIEMR THh 2 INER
HCORENFEERFTTEER, MEREO L —=

SO HFEIZODWTHRE Lz, 20 OgE T, Il
I CREBRNEDKER S %155 T &niERsA & ik
T2 ZEMNTDBDOEEEE OISR ESY A LIEHEIC
HlT2ERTHDZE2HENILTHBD, £hEE
R DR B E R COREMEEZLET D &
1%, BHEEPRAEEREEZED D (FEY A LEEE
T2) FOOEERBETHHIEEREL TS,
REMOFESDEEREICBNTD, BHAS (1991)
NS (2000) 13, AEREICBVWTAY— Y v o,
FIROE N ORE 2175 2 EVRERNTSGED S
WIRIEEY 1 LNEMICHIRNTH o 22 E2HEL T
5. UL, 5 OMFIIEIEREE DREDHE LR
ZHHSMICLZHDTHD, WEOHIEFHICHT S5
EHEHERS DR, £ ORITHE < 5T D IREE IR E DHE
BIZDWTHEINRET L 2098 R 7= 5 7an. fREH
DR ORI RIS HiEEE LTS ETH, R
EBDEFORMZILRET S ZLFEETHD, WE2E
MRELTAY— IS IEL, RABEEEEDRESE
T, BEREOHRCE S £ TOREEE OHR &3
HCRANT 20 END 5.

fth g, SEHEEEGEICB W THRET OXRE OHENK 2
HET 2D HEELT, —EXKHEI & ORI 5 X H
ZEDOERERE ERD D i, HDHNE, NS
DOEREE Y T AH O EGIC Z 0 EESHT 21T W BR
BHLOBEIHE S LU TREEREZRD S HEND S, i
FIWHBEEA Ny T x v FRflAHDLETHWS
FiE G, 1992) 1 EBOETH N AT %2 RN THER
FBENZ DT BELAKBICE L2220 E T4
MR D <N 5RO 2 H1E (FRES, 2005) 536 273,
WTNDHED 10m TE5m ZEDBFRTORIET

1) #ERFERFR AN EREZUI7EE  Graduate School of Human Development and Environment, Kobe University

T 657-8501 A TTEEX S 3-11
2) #F K%  Kobe University
T 657-8501 I i M K s P 3-11

21



HY, BAEF OEEHRS Z MM R KRN TRT 2 &1F
TERW, FBER, BEXENEL JLHEICRS
D AmERH D EL RO W FRENEMICR L7720
2, BEEREOHBENITET S I ENHNTHLHEAIC
WE5E L 72 BiE ST E AW, EEEE OB EEE AR
DWTHHNCHRET 21213, B DG 72 IRF R R b
THREREZNET2HENHD, BEENRELT,
P A TR EE D HERS % Sl 7 R R R B O L 729813 5
Nz, KK T, NEREEFEDTEE W RIT, B
AEZEFBLTHSIMEL, RREERZICHEERT,
HEHERFIC R 2 £ TOBERE OHER 2 5MIcmEd 2
ZEEHMET S,

2. i &

(1) #ERE

WAL, RIIRAEITZREO I W 7 /NER 5 48
BLOGELEDHTINE 244 (FEH 106 = 0.6 5%, &
£ 143.3 = 7.8cm, {AHE 34.8 + 6.6kg) THho7z. 7B,
AREBRONEL, P REMEARANEEERZER
DERDD &, FaTITHY B S K OHERE 1T 2@
L TR &S5 A THEMMEL 7.

(2) EEREE
FERAHIL, 5S0m DN EEE1ARE L. HIEE
BOMRER 1R, #EICIE, A5 — MLEIIT
% REO [HE] OB TER2ICHILEL THA
IH, ZY—FEME A —, = -AR—VH)
WWEDHEFEOEGR GOEBLUVOTH %) L&bitzsy
ST A TR — I SEEERIBI SR £, bR
FITE, AY— MIEM 5K 60m B 7z i sITEE L
FHEMETEDLDITHRL, 51T 55m HiATHR
FENT—INFT—T 25 TIEDTEITEKD, 50m HiL

DId=)NTFA > ETHBRENRTTTHEETHEDICT
K-BEELE BPSOMmFHSIALELT, XFY—F
DEMMNS T—)V T4 il E CORRZ, 1405
Bt 1/100 B E TEHEIFTRER A by T+ w F 2 HNT
FHEIL 7. 728, A7 — ARG ORI EA Ny T3y
FOFHERMAORLNIF L CEHZ 17> 72, HIERR
BEOT oY RIZTITY, KRERETHEALTWSRE
A 2 —REFHI B,

AH =N TA >N EH 16m % H I L — — 25
E#s (LDM301S, JENOPTIK #) Z&iE L, #iED
HHEICL —Y— 2L, TOHYEE 2kHz TZAE
T2 LI, FEER O E TOMREEZNE L.
BB, ORISR T TOMEEEAEI LIRS 7210
{7 7% Om Him & L7z

REBOMTEIEA D729, 50mEKOLEMLICTE T
FHAS (60fps) ZHREL, A¥—FDERZEDHE
Bl 2R NIURTEDL LD N = TiRE L.

3) PAE

L —H—UHERERIC L DS s N ED Ok
T—%13, &m (1999) OHiEEBEIC, Ny T—ZM
O—NZATIZIN T 1% % HNWT1L0Hz THEEL
72, LB OEET — 5 ZIFHIMS T2 2 &ITX DR
EHEE 2 KD, WERE Z EITRERE R 2 ER L 72
sB, FREHEEHERIT, RGOS S HEERE O 2 DO
RNSZTNS ORMERTTT 272017, fizRfas L
FHDEEMELEDOD 2 FBEEERLEZICHN
7z.

T, ARy Ty FTTFEHEEILZY 1L (LI,
50m FE Y A L) DIENT, L —F—LHEEHIE I
K DMEHE T 2RI, BHEMNLEMELZEED
50m Hii A i T2 0 o 72 IR (BABE, 50m EE S

VRN
. ETHHAS
(60fps)
I—)LF—F(55m)
15m 50m
BEa—y
il g E (#560m)
L—H—=t
EEATS RHA—h WERE T—FA
(50m)
'Fx?—’;— HEEE

1. BEREROHEA

22



ML) ZRHELEZ 351, MEhS 25— MNEXOR
R LB U ORI (i H BB LIED DK &R
A —FERNSEHEH L ETICELZREE (DA, )
ZH L ETOR) Z2HEHLZ.

SHHTEE & U T, OFRKEERE, @AY — MiE»
SRAEEREICEET S ETOEM LR, RREE
HEERERE), @R — MR S B K5 1 R E
T 5 E TOREM (DA, fmeRpeddERERRE), BX
L EE D i KIEEHE D 95% ICEET 5 X THO@
FEEES 5 NCOIFMZRD 2. 7sB, ZhsO~BDIH
HIZDWTIE, 288E O SR 2, BXUR
KfE, FMEZEFEHL7Z.

@B XLUVGIZELTIE, S (2002) AS/NEEZT
Y =N RIZUTZHMEICBNWT, 2 ERKME R
kr% HED BB LA ETHEREL TVWBREELTWVS

. WHEN R NEEROEEREMNFIFREL T
mé%ﬁ%i EF T, mAREERED 98% D ER
FEIZEE U =R R 2 IR S 2 EERTAOY D
BEDLORETHhHD EINTWVS, ZHUTKH LT, AL
DB FZEERED N L — 2> V%R T T —
BEVETHD, TOTOEUTEO/RICIBNTHRAE
EHED 98% LA ETHEL TWAHIREEGFEHIZ Do
7. TS5 EEEBELT, AU TIIIERTMN S
ENEERDEANOYOFDL O HEET 2 H 2 RAREE
HEED B5BITREL -

F7z, 2kHz TIEIN SR EOREEEE T —4
% 200Hz \IZHE L, HEEEL({LE FHE n+1F
HomEEED%) 2HEL T, KEEELLREOHB
% IR B K NHEEERGE & L TR 7=,

S5, BAEEHRED IBBICHET S E TORRM
% 95% max BFERFR, 50m EESY T LD S AR ER
BEDISBICEFET A2 ETORMEZRL-E T/hbb
21 E R LA DR 2 e R & L T2
THEH L=

2B, AL TII/NEERBEICBIT 2 EEZRBL T
MOIRRNFEEREREEZ R T, HEZHETLETORE
EHEEHBRICIONWTHRFTLZ2HOTHL I ENS, £
50m @5 B #EBRE BN IEEEEKTL, hD, &
EHEFFREICEREL TWD EEZSNDHKMEELT, X
H— M5 40mHiEETOXM, HHWIE, ZX¥—h
NS 7TRORRET 2 ETORMZENRIZHNTL 7=,

(4) #rEtng
BRKNBAEEE & 50m BEES 1 L, BN ERES|E
RIS J0 VR K5 A 1o B2 IRE ] o0 A B PRI O AH BE B £ D
ﬁ*ﬁ 21, Pearson ORI GRIEEZHVWTHREZITS
. BEEEACEO B MRS K OERFZIE O 7 DR
;i, KD &b % — Tl iE 7 B T 2170, ZETR
BMEICER 7 00— fhEZHWTHREZ T /2.

Me Ltk B128WH 15 2014

HEAKEIVWTNS 5% AKiitE L7z,

3. # R

(1) 50mEEST A L, 50mFENZ A L, BEHLE
TOBE, RARERE, RAKREREIEERHSLV
RAR ERE EERSHE

FHEEEH ON-EE SRR, RKRE D K OE/ME
=R 1ITRT.

AT HT B 50m ALY 1 L1 8.15 £ 0.52 B TH
0, SERE 22 4 O RIEEIZ BT S 50m £ O 2 E il
TdHh 28821 CUEH¥A, 2012) &ik#d % & 0.67
BHENERTH o 2. —H, 50m TEH Y 1 L1 8.61 + 0.42
BThO, AZOHBREL, 2EFEHEEEI D HO0M
Moz, RIFFED 50m EES 1 L DML, L —H—#
EHESREANTEHIL AT o EHLZETH
D, A—FDOERNSEEH LICES £ TORH %7
LWl E/2 D13 T THD. AT —hEHNLHEH
L X TIZELZME1Z 0.44 + 0.09 BT, 50m EES

LV, 50m FEY 1 LS ORI 22 LW E &

FIFHL T\ e, £ mABEEEEIT 6.99 £ 0.35m/s,
%k%%@gﬂEE%M%si4mL%kﬁiﬁﬁﬂ
FERFRIN 4.68 = 0.68 B TH - 7=

(2) BIERE DKRERE MR

AR OWE S N T R E OHER & RifilféE & U
TH2aBELUK2b Iz, HEHEFEBEL TH3a BELUK

WZENZTIRT. 2a BELUX 3a TIRHIE TN
P HE DR 2B & LT, X 2b BX UM 3b Tl
HITE S N7 T DR & S 5rE O i KR EHE T
M HMHREICHEL ORUE. 51T, BEERENR
KIFEEHEED B5%BICEETDETORAY — MIENS
DHEHEB K OZA Y — MM S ORFRICDOWT, il &
R, RANEB I OR/MEZER 2 1TRT

Mokt s U CREREOHBE A S (K 2aBLUK
3a) &, SHRMIERIThZ > TREEREOHERIZIES
DNTWe., —7, BERE IR & i KR EH B T

®1. BAEHEEOFHELFEERE

SR+ AR
50m JEE S A I (s) 8.15 + 0.52
50m FHE) & A A (s) 8.61 + 0.42
B L ETORR  (s) 0.44 + 0.09
BRPRAHE (m/s) 6.99 + 0.35
IR AR EBIERER (s) 4.68 + 0.68
KRB EB R (m) 26.3 = 4.3

23



24

7
6
@ 5
E
L]
o)
#
gﬁ 3
2
1
0 1 1 1 1
0 1 2 3 4 5 6 7
AA—+DEOERE (s)
2a. RY— MEMDS OB EREREDHE
100 —
95 mo T T T T T T T e — —
@ 80
1)
=
N3 g0
b /
=
I
Lj 40 -
#
#
;é 20
0 1 1 1 1
0 1 2 3 4 5 6 7
RA—FP SO (s)
2b. A& — NEEDDS DR & BAKRERE ICX T ZEMREDHES
£2. EREFRENBRAEERED 5%(CEETSETOERS LU
WE AR R 2= mANME f/ME
A K — NREDN B DR (s) 2.76 + 0.32 3.58 2.11
AH— "MIEND OFFEE (m) 13.3 £ 2.0 16.7 9.7




Me Ltk B128WH 15 2014

A\

HIEREE (m/s)
w
¥
\

20 30 40

AB—FMoDFERE (m)

3a. R&— MMIED S DIEREEREREDHTR

100
95

80

60

%3 & E X EE (%)

—

i
=

40

AFER

20

=
Hz

20 30 40

AB—FM oD EERE (m)

3b. A& — MMIEN S DIERE & RAKREREICH T SHIREDHS

LHMEELTHS (M2b BLUTK3D) &, FhEhn
OEEFEEZIRIT, 25— S 5K 4.3 B ORI
#)25m O AT TIEIF 100 % IR L Tz Z &8
bind. Eiz, BEERENIMMEOKDD ETIH%
PLEDBEEZMERL Tz, £2E2 X0, mARER
FEDIS%ICEET ZDIE, AF¥—bhSHEEICL T
13.3 + 2.0m DM, FFIZ L T 2.76 + 0.32 B D K5
ThHV, mObEHFELZHEHEAIIAY — N5 9.7m

DOHEB L2111 ORES, REEBEBEL Z95kE
ZAY —FN516.7m ORI E B I U358 DORFETh >
7z,

(3) RAREKRERE LEHTIEE & DHBEZ

RNBEEEE E 50m BEESY 1 LDOREKREM 4 1TRT.
ANBEERE & 50m EESY 1 LOMITIE, BERED
TEWVWAEOHBEREE = — 0968, p<0.01) 2ED 5

25



Nrz. BRRFEERECHEHL X TORHE & OB Z X
S51TRY. RASERECEESH L X TORM & ORI
WA B HBEBRITED s o7z = — 0.199).
B R AE R & f R A R 2 B 2 IR ] D BE £% 22 [ 6a
W2, BRORIRAE TR & R AE i B B i D B £ 2 (X
6b ICZENTINRT. R ERE & ARG # 2
IR & CERAFEEE RE R & OMICIE, wWind

BAELSMHBEBEREIED N>/ = —0215B&
Ur =0.047).

(4) REREZELE
PEREALEDOHERIZDONT, X¥— eSOk
MEL T 7T, KXY —MIENS DHEEE LT
hiZENTNRY. FERELLRIIEDHETHN

9.0
0

85
C)
4
& 80 |
# _
B y =-1.027 x + 15.360
= r=-0.968
B 75

7.0 . ' '

6.0 6.5 7.0 7.5 8.0
RANEERE (m/s)
K4 BRAXERERELSOMEKEESY A LADEER
8.0
O

75 O O
@ O
i;( o 86@ O
] 70 OO 8
14 O
% O

i O
ﬂll% 6.5 % O O
n.s. (r=-0.199)
6.0 ' ' '
0.0 0.2 04 0.6 0.8 1.0
FEHLETORR(S)

5. EIEH U ETORE & RAKREREDREF

26



Me Ltk B128WH 15 2014

8.0
O
75 | Op
G < o
> © o5 O
i
@ 70 d?c) O 5
oS ©C o o
K
K I O
g 6.5 O O o O
60 1 1 1
3.0 4.0 5.0 6.0 7.0
BANEEREZEFZTORRM (s)
R6a BAKERENERME L BAREREDBE
8.0
O
75 | D
) O
= O
L o0& °
B0 ¢ Q;B o
1 oXe)
1K
| O
6.0 : :
10.0 20.0 30.0 40.0

BRAKREREZETTOHER (M)
B 6b. MABREREEEIER & BAKEREDBF

WEBREATIE L, B OME T HIUTHERE S EE L o
SERELTWDHZEEZRTARETH . Ta BXL UK
DX, FAEEELMERIIXY — NS BEZ 3
BHOKER, BLXUAY— MIEMNS5BLZ 15m Ol
MR Y ORLZAEDEICESTRD, IBITINGD
RE Ol AU AT DA VTV B K 98 2B T S B R 0 e R R
EHERGEREBEOM E OMICERRENRD 5172 <

o TWE. LERST, 205 OKAS L O A Thn
HAFIFKR T L TWEZ &b,

(5) 95% max EERE & X R EREHFFRRE &
50m RES 1 A EDRBBKR

959 max FIJERFH] 35 & O o FEAEFFRF AT & 50m =

ETA LEDBERZE, M 8a BRUK 8 ITENZIURT.

27



REEEZE(LE (m/s)

EEZEZE(LE (i)

-0.01

0.05

0.04

0.03 f

0.02

0 1 2 3 4 5 6 7
2R—FEEN SO R (s)

Ta. A& —FEMNSORESRERELLE
* :p<0.05, * % : p<0.01 (RAKREREEERZDELFEENRD SNIGZEDHRET)

0.05

0.04 |

0.03

0.02

0 T T I L e :u - e

-0.01
0 5 10 15 20 25 30 35 40

2= @S0 ek (m)

Tb. R&— MMIENS DIERE & REXRELELE
* : p<0.05, * % : p<0.01 (RAKREREEZEROELERENRO5NILBEDHKRAT)



Me Ltk B128WH 15 2014

9.0
O

85 r O
G ©o O
<
N O
& 80 @) O 8
M CD
#K
£ o5
75 L O

n.s. (r =-0.197)
70 1 1 1 1
1.5 20 25 3.0 3.5 40
95%maxZ!| 12 B5fE (s)
& 8a. 95%max EZEERE & 50mKESF A A EDER

9.0

85
©
\1
*
»n 80
#2
#K
£
3

75

y = 0.569x + 5.1011
r =0.815 (p<0.01)
70 1 1 1 1 1
40 45 50 55 6.0 6.5 7.0
R R FE A R (s)

4 8b. FRERBIHEFFRE & 50m KRES 1 A LEDBERF

X 8a £V, 95% max BERH & 50m HEAES 1 L&D
I3 S MBEERARD S s = — 0.197).
fth g, YRR & 50m EAESY 1 A EDRITIX
B IEOHBEBG (¢ =0.815p<0.01) 7057 (K
8b), MEHZEHK T L TH S EAEHE Z MR 2 RN E
WEIFESOMEEY 1 LAIHEL, EEFHEZMEFTD
REIDEWHIZ E 50m EESY 1 LTENZ &5,

UinL, #BrEZEITEBICAS &, AT, HERHE
MEFFRFIDRT A8 P CRIBBE CTH DI85, HAES 1 L
1312 D E LIRS TWB T — AP B B MR R R
R LIBOEND > TH, EES M LELTIFKLO
BTREEIC/SS TWATr—AnH D, #HEEeAROM
MOHFIZEMICEHETERNE LR S TWAEANRS
nre.

29



4. B =

B 2a BELUOK 3a lZR_mENTZEDIT, BHFFEICBITS
Wl DBERING, A& > TRz> Tz, —7,
FAEREEERAEEEEOHMREELTAHS (K2bH
KU 3 & AY—FEBENSRAEERETH D
100%ICBET 2 4.3 BRFRAHE (B2b) £T, BXY
25m M AT (1 3b) F TR IE S DN T
NW5HDOD, 100%iEBEICEE L TURIZIES DE AN
< 100% LA FT 9% FHEE TOHPHNTHRS L T
o ¥ER20ED1T, BEERENRNEEERED
BXIZEET HDIE, AF¥—FN5 2.76 £ 032 FED
s, BXRU133 +2.0m OHIATH O, BEERELL
2 (M7aRXUKE ™ MFEFEYOICED 3BEBOEES
fHEB LN 15m i E —F L Tz DF0D, &K
I DBBRFNL, RRNBEERED B5%ICHE LT
DC, WOPLNRO R/ EHKT L TWeEZEZIALN5.
X561, M 7aBLUVH b IZBTBEEEEELLEDOE
RN, AY — FERICIZEFELIREVHOD, F0D
BICAERIENNES < BoTWE=ZEHHbEsE, K
R DR T, EARBEERERE E Tk~ IR
WERES 2R T, A5 — MEOHENER (X — N
WS 2 EAME, A5 — MMLEMN S 10m Hig i) T
IR R 2 VTR T T R B T AR I 7.
T, AR OWBRE DRI L EO ML —Z 2T
o TWRNROEETH>NETHAD EER
5N%. MEES (20000 1%, 2 @EMOKEREICBITS
IEEEE O TIREOBER NN LT 5 I & ERIE
LTHBD, ZTNSDIFEICE ST, AY T4 2 TAY—
NDEBRBOSES, A — NMEOREZE ORI E,
A — NS IE RN 0V COEMES =D RAERE S O
Al B DR EMELTWS, Byl —=27
o TWRW—ROIEETIE, EHEEGEICEALTZD
KO AE — b S IR R NT COEMEREZK D
ZENRBTE, IET 2720 05EEMENTERN
BEHEZNOTIEHBRWNEBZLNS. INEDI ENY
BERD, APRIIBVTHE OWBREN, AF¥—k
BHRWEETIMEMNE TLTLE> TW/=DTIE/RWnn
EEZBNS.

F7z, BKREEEEE 50m EES A L ORI
D TEW (r= — 0.965, p<0.01) FEEAIRSINE (X
4). ZTHUTIE 50m DEEEX I 5D 2 i s O H &
MWNE L, 1ZEAEDHBRFN IR X DK% &
KRIEERED 5% L EORHETHERAEZRITTND I &
2, M7aBLUR T THLNDLDIT, EEHELL
B O EEE U COABRIIE OB IFIF RN Z &V
HELTEALND. DFED, AUIZFEOHREIL, &K
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Effectual takeoff movement for high-speed horizontal jump performed
by single leg using Rebound Long Jump Test

Nobuaki FUJIBAYASHI”, Yasushi KARIYAMA?, Yoshinori KINOMURA®, Koji ZUSHI®

Abstract

The purpose of this study is to examine effectual takeoff
movement to respond to an increase in touchdown velocity in a
high-speed horizontal jump performed by a single leg (SHJ]) us-
ing the Rebound Long Jump Test (RL] test). This test evaluates
the ability to perform the ballistic stretch-shortening cycle
movement in SHJ by using the RL] index (RL]J-index (m/s) =
Jumping distance (JD(m)) / Contact time (CT(s)). The test is
composed of two uninterrupted jumps, the falling jump and the
propulsive jump, and the touchdown velocity of the propulsive
jump is able to modulate by changing the distance of the falling
jump (DFJ). Eleven male college track-and-field athletes per-
formed the RL] test, and the DF] was set at 1, 2, or 3 m (DF]J1m,
FJ2m, DF]J3m, respectively). In consequence, it was clarified
that the subjects had difficulty adjusting to the touchdown veloc-
ity in DFJ3m. On the basis of this result, all athletes were as-
signed to an increase group (IG: RL]J index = DFJ2m < DF]J3m)
or a decrease group (DG: RL]J index = DFJ2m > DFJ3m), and
compared the characteristics of takeoff movement and joint ki-
netics between the two groups. The takeoff motion was mod-
eled as a line that consisted of the ground point of the foot with a
center of mass that would rotate forward with shortening or ex-
tension (MODEL). The results are summarized as follows. 1)
Shortened CT and accrual of propulsion of CT was important to
respond to an increase in touchdown velocity. 2) A longer JD by
the IG was generated by faster vertical velocity at the same re-
duction of horizontal velocity than DG, and CT was shortened by
the reduction of the proportion of the latter phase. 3) A shorten-
ing extension movement of MODEL was shorter and slower, and
it was made possible by an increase in knee-joint work during
the former phase. In addition, the joint work gets a helping hand
rotation moment of MODEL, and transforms the reduction of
horizontal velocity to vertical velocity. 4) The accrual of propul-
sion during the former phase was important because the influ-
ence of movement of the model during the latter phase was mi-
nor. These results suggest that effectual takeoff movement to
respond to an increase in touchdown velocity was not a “genera-
tion” of velocity by movement of the lower limb, but a “transfor-
mation” of touchdown velocity during the former phase.

F-U— R REREE, BRTBE MR-EEYM
IVEE), SHELORES, BEFEE

1. ¥ B

Me ik o ElEBk = BBk OB UIEN L, MWD THERE
TN X7 1w 7T T S N5 M5R — R 27 )L
) (Ballistic Stretch-Shortening Cycle movement ; L T,
BSSCi#®) IT&> TEITIN TN 5. BSSC#HEN D
TR B =175 A Rih, B NRes &, N
T A= AT T SRR ER O HE R H B
M, HAWARERTIIRRLFEEE2ET S GEKIED,
2013). 2O Z&iF, EEBES=EBHICE W TENN
T A= AZERET D020, FHEEEREICEEL
7= BSSC B OZFITHE N @WK LD 2 &N
MEARNREBDETVRZ DI ENTED. [ELFE
DEMES = Bepk/s & ORUIEIEIR, mREEZEH W
BiED%I, FEY) 2 W TR N TTEE/R R 0 32 < Bk
WIHILEHMNELEEHESFAS. INHOHEED
HPPEICACRE U 7= BSSC i#E & DX ITRE IR 9 2 HIE R
fiEE LT, UNT > RO TP+ > 75 A b (Rebound
Long Jump Test ; LUK, RL] test; Fig. 1) MELEINT
W5a. (EMIZR, 2013) 2OFA N, 0.lm OH EZE

Approach Falling Jump Propulsive Jump

High speed
video camera

Takeoff line Force plat form

Falling Jump Distance
1m,2m,3m

Fig. 1 The trial method of Rebound Long Jump.
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BhE L7 BICH Tl D) - THEOUR 0 % Falling jump &,
ZTOMHTEML, TE2ETERRICHT L S ITH
Yo THIAEZR IR D 3% < & THE.X Propulsive jump O i
U7z 2 Bk CHEpk S NS, 2L T, TAMDOEEFH &
% Propulsive jump @ BkFEFEEE & B2 6 &1L T
HHLUAZUNT > RO TP+ > 78 (Rebound Long
Jump index ; EA'R, RL]J index) % f&E& U CRlliz2Hi &
fr5. F7z, RLJ test Tl Falling jump @ Fi#E (LA,
FJHESE) ZiHEid 52 & T, SHEEZTEIIHhD—
FIWHREIT 2 2 Ennle L2 (EHIZD, 2013). FJ
HEEE Sm DA RIS E L7z, BERGETBIhbND
RLJ index & [ b3tk D pkEERE H D RAR R & W B iR
MMESINTND Z ENS, RL] test BT 2 B Y EIE
1, EEROBKEBEOFEFIME AR L2 S ML L2
HETHDHEFEASH. LL, BIfEE TIT RL] index @
BEOIEERLEWNT =X > A2 EET D720 DERIC
oI RRRE e VAN A A RYAN AN

R iR D EIERkS =B kie & o EE LM Cirbin s
BEICBNTEWN T =< A2 EET 5 -0ICEHE
BRERD1DELT, @WIERELREST S I L%
IF541% (Hay and Miler, 1985 ; 5% « FBR%, 2002 ; Lisa
and Nichoras, 2006 ; AXHIE7, 2010 ; #a3:, 1973). L
U AR, SEBIRGRIAEN L C, BRI SR 2Z00 1k
O HBEH LRI F—DEINT 22 &ns, BYHPEIED
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M5, EWEEHEE IS U T Y E 2 %173 568
7%, B =Bk OB EIC B W TEER R &7
L5ZENEZLND. PLEDZ &% RL] test ITIESHLZ
5 &, FlipgtZ#E i % &, Propulsive jump @ 4]
PEHE AR U C, K& 78 RL] index DA HBEIC
25, LnL, H2REHEICBWTEIEE O K E RL
index DELENFID EDLRBREZENTFHIETNS.

T I T, AWFETIIBEHIEE A RL] index DJERS % [
TS F] HEER G2 MCT B EEBIT, ML
IZHBWNTHEWRL] index 2 EAEHK TWEFEZN
DS OEFICE ST 27072 T UT, 2 BB OBYIE
EB XTI DN TR 2 ik 5 2 & T, El g
TITHON 2K D 72D 1A & 72 2 BTEIEIZ DN
THSMIT R ZE2HME LUz BUEETIE, B
H2ME R hE2 kD2 EEBITHSHET SIER
R, WRAHB LW DR FIEHIC K > THESE ) 2857
5T LT, BRELERIANEBHISES. £, L
BELUFEIZIZ3 DO B LI A > NBEEL,
FNENPHBEAIIER TS EITE > TRER 25
/L TWA. I5Iz, UM, IRAM, Bl R 2 m
LCHfEL TWB I EnS, KEMIIMHEICEEE 52
TV ZERHERINS. LL, HEEER5E, 2
TOBEIFERELOEHNLENIND. ZOHKE
DOXEFZEMAET)INELTETHEELT, HRD
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TROEEETIVHAHVSNTWS (LUK, EFI)).
(Jacobs and Schenau, 1992 ; KEFAf T2, 20125 =3 -
¥, 2006 ; Zushi et al., 2003 ; Fig. 2). Z®OETIVIZ
B OREEL & i T % 18459 B e B I i A G A 72 (AR
DR TRERR SN TH D, BEUIBHEZ R & R
T EHRWENSHETANEEET SEELEALRT. B
Bz22&, BUEBEEZETIVELT DI ET, SRS
OEED B I EHE T 2 E M EE IS 2 A T I UEE
&, BTIVHVEME MR 2XEE, RiHNEFEEET S
ZEO 2 ERICHMLL TIET 2 2 &N TE S, it
FKTIXET I OETZBYEIES L THRY, SEEFIT
BT RL] index #5572 D g EHI H W 7z,

2. i &
2.1, ¥RE

K HFIIREORE FFETICHEL TH0, BEEREE
EHWETHRFEBT 1L ATHo . WHEEDOFEHIT
21.0 + 1.4 %, HEI31.77 + 0.39m, /A3 69.66 + 3.53kg
Tholz. MNEZFI R EHHEMEHDORRZ 5 FLL
FAHLTHY, 1HEEIC 12HFBEEOEM ML —=
SO EITO TV MEEDDE 1 HITEAARFHET
OEBREBREZELTBD, 12320 ARETHEAYE, 1
B3 HAZARFHEAE, 4A3E2HERZERTHED
LAV, 4 AHIB RS L NV OREE R L TN
7z, WFEOFEIERFIIE, NV > FESEMESFL, FHil
IZEBR O BRI, Bkt E O E 0 T o 7.
Frz, FEANOEETHILSHENRETHS I &, i
MEEE DEEHICIIMLOIEEEL D 2 &, RIBEREDRER
ENBE I NG IZMEICHT I E2EAL L
T, EMICXDAZEET.

2.2. RERE
T A MREEIE 0.lm DE I DOEZE AW/ RL] test &
U7z (Fig. 1. oL Th 2l EZRET 572

T .‘ Point on the ground

Shortening
range

Extension
range

Inverted-pendulum
angle

Fig. 2 The definition of Inverted-pendulum model.
CG ; Center of gravity
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s, WoE, il Uz, B SBhEDES) )
ZALDESDEZER/NNRICT 272012, & EToOBER
BB X OB EBEE Lz B0 IR (EEHKIED,
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[5] H @ Falling jump 3 & U 2 [6] H @ Propulsive jump O &
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Ge&UC, BREENEEE BEHOERR, My, ESUIENEZ
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FT—T AT v —ZHWTFHIIL 7.

12 i RF R o0 B E 121, Opto Jump System (Microgate
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HIE U7~ BB IEEE (Jumping Distance) EESUIIC L S
PG (Contact Time) ZHWT, BAIFORICE>T
RL] index Z & H L 7=.

RLJ index (m/s) = Jumping Distance (m) / Contact Time (s)
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T AW E /)N~ F ) a2 1—%— (DELL #- &,
DM061) IZHLD AR, ETFFEEMNT S AT L (T«
71 A F « #L#! Frame-DIAS T for windows ver.3) %
AWT, mf LK R 23 8 (EAOFE Fi,
N, JEiE, DS, RHEER H, SR BEEEE KT
Hekas, UHE Mg b)) BI4SoBEY—7 %,
BRI 150 7L —LTTIF A XA L7z o, Buizh
10 i 5 EYEEE 10 a<ib/z> Tito /2. &
SN H R RO RO, BIEY—7%2H &I
EEWMBELZDE, EidE R &% % Wells and Winter
(1980) D HEICH EDWTHRE L, Butterworth Low-
Pass Digital Filter % fl\ 2T 3.0 — 10.5Hz D #ipH TF#b
L7

TIOFART—FEHEIZLT, FL (1996) @ HA
AT AV — b DEAREHEMEREE AW THERELE R
U7z, BRE.L DA 2 ZEAIREH TR 2 & T+
DIKF725 DERTE H A D SR E.LHEEERE T U, £z,
RHEER SR, MR EPEBEE TN ENR A TR 2 B
REES, SAEREMEEIE BB KEFEZNENREAR
fror 2 JRBAEN, BEBEHE KinTF, KiEFLEEEZNE
NHEATR R BT EER L. 2L T, 2#hehe
NOAEEMNEZEETSEEHIT, BEiAEOENEZLE
FIRFMICRRd 2 & T, MFAREERENILL. 251,
N & B, BEEETB X O REBEET THEIL 7z 2 Koty
OB T A RNETIVEHEL, Free Body Diagram 2
DO ERTALOERHITIER T 5 ML Y 288 T
kD, TNEEES ML ELE BEE NV, HED
L<B3EEZE, HHHLEIEEZAEL TEADE
Hazfr- 7z, BT~V Y & BT E O NTE % B L
INNT—=EL, BNV N —2RRESTH5ZET
Bt EERD . &b, BNV BIUHEK IO
T—ZIIMREYS =0 OFIRHEE U THEBL 7.

BUIEIEY, B RZE B RED &R IR O 2 Sk
SMERRDOFITE > THER S NDHIRD F&E L TETIV
{t. L 7= (Jacobs and Schenau, 1992 ; =3 - K71, 2006,
Zushi et al,, 2003, Fig. 2). & {fHi 1 B UM 0 7 T-ER
EFNORBOBIOEIZETIE L) &EFELE
FLT, BN SETIVENREDMEEIR L R % B
YR, TR EII U DT 2 £ TEEY)
BEREE L TRED T ETok. £k, ETIVEKF
MO AEZ, ETYihme 0 e U TRERIDIZE
HL, EFIVAE (0) Lk LT, FEHlRsCEEh
K DETIVAE D0 2 Y ME, YR Rmics T
S MEA N TR A, YR RTICBT S AEAA
ERLAEELTHEHRLE ETIVEBICETIINAE
W, ZAREETRRT 2 & TETIL O EME — MmiEEE (L)
BRUOMEEE () ELUTEHLRE b, Ein—iH
REE IR R, [HiE BT Mz R, S mE
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BELE ZOEFILEHOVWESS, KEHHB Ycg)
o TE AR Xeg) DOHEELEEZ, LTFOR
&> TFEEINS (Jacobs and Schenau, 1992; =J- X+,
2006, Zushi et al., 2003)

Xcg (m/s) = -Leos § + L fsin 0 + Xfoot
Yeg (m/s) Lsin & + L Ocos 6 + Yfoot

728, Xfoot 3 X U Yoot 3 A& Bl 12 1 s D %R L
THY, HZENSEHRIC XK 2 EEL(L, Eii—1HE
Ik DHEEL(L, S OEERIT L > THRE
NTND. RIFFETIE, AKES U <IISHE S OHELE
B, R OEEZRWE, TV O — 5k
IC&BHD OKEHM : Leos 0, $HIEJIA : Lsin 0)
LEFERICE D HD OKFESIA L fsin 0, SHE S
L fcos 0) WTHMEL THIL .

2.4. fREHOEE

BHEERFIC X 22 EMET 572912, —JThE S
Wi ZEfTo/. TOME, FENEETHZ EBDS
N/ZHEBIZDWTIE, Bonferroni @ 5% AW TEELL
AT £ BHEOEERETLEDICHRDR
WT-test 2 17 o 7z 72 B, # 34 B 1 1% SPSS
Statistics ver.17.0 (SPSS ##) Zffif L, A E/KLEEIL 5%
K& Uz,

3. B =R

Table 1 ITI3fEEE, Hl, EEESAFICBIT 5 RL] index
DA ERLZ. BREITBUT D PJ R D /K
BIOSHERE GhEE FEE) 13, KE PE &
DIEIZHE RTINS S EmNE0 5z, BEUEE o
TR T I A 1T U CR RIS L 7228, B59)
BEMLIE D PR EE B I A BEDRD 5 Nsh- Tz

Fig. 3 IZI3E£TOZ&INHE OKHE, W, SmHESfFicH
7% RLJ index D2t 2R U7z, RSN S Ralige
TR TOSMED RL] index Z NS &72703, EHESE
1275 % & RL] index 23T 22 MENHEIL 2 (4
#). —H TCIERL] index 2 3 SIS 25 ME (7

%) BFIEL, mEEE EHEE O K & RL] index
DGR BDBRLBERIIDOEFNTH D T ENHS
MIZIzo 7. T T, PEGEISBESFBEITBNT
RLJ index Z IS ¥ /=203 2 H0#E, RLJ index A%
DUBMBEEEPHE L THELE.

Fig. 41213, #IN#E S DB O, i, Sl g:
2BV HBREEEERED L <13 02 b E /R Uz, 8
HEECIEHE O BINT & B2V, PREEIEEED & Oy
M ISR S i 2 R0 sz, —
A, AR CIIBkREERE KD S PRI T AR
IZHEINS 2%, Hdh S mEAIENERERTHDOD
MAHAEBEZISGED SNT, HHIFRIZE TOLRMICS
WTHEENED sNRN-o 7.

Table 2 IZIXBAINEE & /D BED B IRERE &, B4
T® RL] test ICBI9 % RL] index, BkEEFEEE HEMRRR,
BEHIRG 7 S CNCEEHIRE D /KB K OShE R, i — i
IR DK DIGER 2R U 7z, BINRE S A RO B E,
RE, BEHEEICIZAEREIIRD NN £z,
HINEEY, WX D B EREICKER RL index BELU
BRIEIEEE 2R Uz, 3517, BEHEFO/KEEE L 5 T
TR DPEBRITIIA B D s N> 72, B
HRE D S TE RS VXIS IS D #E L D DA EITE W A
MR BNz,

Fig. 5 \IZ BN S D TE DB YR DK, ik, &
HWEFETOETIVERZR LU HINEE SR,
EHSAIC B 2 7)) O — HRIE A BT 5 K
WCDOBRFEENRD SN, BETIVETIE, BUREO
40 — 60 % FF HICH EZANRD 51, IO & O3
PHIODBETIDEWVIRETHER TS L BT, Eil
PN S WEEDGFED 67z, £z, o — Rk e
TiE, BSUIRERIO 10 — 20% B LN 65 — 80 % I HITH
BENED SN, PO TIEEBYPIC2MRTTIL0E
i SARERVE U T ey, BRIy o e 5ILE
REFERMNTH D Z ENHS NI 77,

Table 3 (ZIIGINHE &I BED EE SR BT S BT
WD ML [ DAKSE S5 Ta178 5 TN SR iE B DKl 0K
SEATNIAEORKME) &, BUIERES L <3%LREo
SRR L. 2 TOHEBIZBWT, Bt &b

Table 1 The comparison of touchdown or takeoff velocity about horizontal
or vertical direction of Rebound Long Jump test by the three speed

conditions.
Speed condition Low speed Middle speed High speed Difference
Touchdown velocity
Horizontal direction (m/s) 3.96 £ 0.24 5.69 £0.38 659041 Im<2m<3m
Vertical direction (m/s) -0.95 £0.32 -1.58 £0.56 -230£035 1m<2m<3m
Takeoff velocity
Horizontal direction (m/s) 4.18£0.24 5.11+0.38 583+0.41 1m<2m<3m
Vertical direction (m/s ) 2.93 £0.37 3.20 £ 0.50 2.86 £ 0.46 n.s.

Differences show results of ANOVA.
<,>;p<0.05,=;p =0.05
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RLJ index ( m/s )

Fig. 3
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Decrease group (n=4)

Low speed

Touch down velocity

Middle speed  High speed

The change of Rebound Long Jump index

by low, middle and high speed condition.
Upper figure show all subjects. Mid figure
show only Increase group that Rebound
Long Jump index by high speed condition
increased than Rebound Long Jumpindex by
middle speed condition. Lower figure shows
only decrease group that opposite group of

increase group.
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Dec. : Low < Mid = High
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[\

e
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T

T Inc. : Low > Mid > High
Dec. : Low = Mid = High

Low speed Middle speed High speed
Touch down velocity

—; Increase group (Inc.)
=== Decrease group (Dec.)

+; Result of ANOVA among low, middle and

high speed. <,>;p<0.05,=;p =0.05

Fig. 4 The comparison of change of jumping

distance and contact time of Rebound Long
Jump test set at three conditions between
increase group and decrease group.

Table 2 The comparison of physical characteristic and measured value of

Rebound Long Jump test of high speed condition between increase
group and decrease group.

Increase group Decrease group Difference
Body height (m ) 175.14 * 5.63 177.98 £ 10.39 n.s
. Body Weight (kg) . 6739 £ 584 67.82 £6.50 ... NS
RLJ index (m/s) 25.84 £ 4.11 23.28 * 3.04 Increase > Decrease
Jumping distance (m) 4.39 £ 0.35 4.06 £ 0.15 Increase > Decrease
. Contacttime (s) 0172 £ 0018 0.176 £ 0.021  Increase < Decrease
Touchdown velocity ( m/s )
Horizontal direction 6.62 £ 0.43 6.56 £ 0.43 n.s
Vertical direction 2.28 £ 0.30 -2.34 £ 0.47 n.s
Takeoff velocity (m/s )
Horizontal direction 5.96 £ 0.50 5.61 £ 0.49 n.s
Vertical direction 3.05 £ 0.26 2.54 £ 0.59 Increase > Decrease
Horizontal deceleration ( % ) 90.26 + 11.75 86.03 £ 12.01 n.s

Differences show results of T-test.

<,>;p<0.05,=;p =0.05, ns ; no signification
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Fig. 5

Model length

Model angle

Joint angular velocity Shortening-Extension

The comparison of length, angle, shortening-extension velocity and angular velocity of inverted-
pendulum modelduring takeoff phase of Rebound Long Jump test with the use of high speed condition.
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; statistically-significant difference between Increase group and Decrease group.

Table 3 The comparison of ground reaction force during takeoff phase
ofRebound Long Jump test of high speed condition between increase
group and decrease group.

Increase group Decrease group Difference

Horizntal direction ( N/kg )

Peak value -28.62+ 3.42 -25.80+ 8.73 n.s

Impulse of former phase .12+ 0.17 1.19+ 0.15 n.s

Impulse of latter phase 023+ 0.07 0.19+ 0.03 n.s
Vertical direction ( N/kg ) n.s

Peak value 107.08 £ 20.83 113.15£ 18.09 n.s

Impulse of former phase 287+ 0.75 2.84% 0.64 n.s

Impulse of latter phase 277+ 0.36 333+ 0.16 n.s

Differences show results of T-test.

<,>;p<0.05,=;p =0.05,ns; no signification

FICI3AEENED SN o T2,

Fig. 6 \Z /3 HINEE &3l O = S T OB U D)k
Belfr, FRBEAET, eBIEIAEEUIATY B U <IRRERHICHE
WL 7z, BAEN ML Y BRUBEE MV XD —OFEEE
i U7zd027R U, B AT, ¥R

2B 2 REAET OB L 7 12D BEBENRED 51,
BEINEEL 0 HPORENKE R MLy R T Tz,

Fig. 7 123X InaE &P RED S T OB U O 1%
REET, WRBEME, KBS LZEBL AL EZ
Lm0z RUE AOLETIEEBEMBISIBEEIIC
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5 Latter phase

N W

;Jﬁmﬂ
i I

Hip Knee Ankle

B ; Increase group
O ; Decrease group

1 0 1 1
Hip Knee Ankle

% ; statistically-significant difference between increase group and decrease group

Fig. 6 Joint torque of hip, knee or ankle joints about former or letter phase during takeoff phase of Rebound

Long Jump test of high speed condition.
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% ; statistically-significant difference between increase group and decrease group

Fig. 7 Joint work about Negative or Positive component of hip, knee or ankle joints during takeoff phase of

Rebound Long Jump test of high speed condition.

KBEFENRBRENT EITHL, BT TSI
KDLHFEN DR EWEHANEED 5N/ IEOLETII,
Th3 BEiE TITB W TR EREZRL, KE
Hih K OIRBI T TR A BN 5Nz,

Fig. 8 I[ZI3IE T LD O mEEHETORYIPITE
BRI 5 NIRE AR OEERLE, TT IV OMHIE
—HEMTERICE 25D EEHRERICE 2 HDITHEEL T
mUJz BN A ORI, EESERICXK280E
B QAR OB 5 50 % A% DI RUTH BED
RO 5N, WIEEAEEREMRICEK > TRELBHEREZ
BRL TWeZ ENH SN .

Fig. 9 IZIZHMBE WA B O S ER M TOET IV DH2
MR/ & VB TIVAEIZITDNT, BuhiEd L <1
BHREN D LEGER LIz DERUZ. Bl

M, EFI)IVAEE ST, BEINEHIREDRE & i U CThi
FENEDDEENERICRKRENI ENHS NS
7.

4. 2 B

RO BINL, S#EETO RL test IZHBWNTHEW
RLJ index 23 2BHRIZCOVWTHSMIZTEZET
Hole. mNEHGEE KRR E T 0 TE WY
T4+ =R AEEETHEDICANRBERERD
(Hay and Miler, 1985 ; 5% - FB#%, 2002;Lisa and Nichoras,
2006 ; KHIEA, 2010 ; ¥, 1973). L 2 UIEIKRIZ,
FEEIRFRNIEME U C, B B ER22 1L 28 T
FINF—=DHINT 2 &S, BUEHEOEMIELEHS)
ENEINT 5 (B 1983). RL] test Tld, FJHE#EEZ
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Fig. 8 Change of velocity of center of mass by model shortening-extension and rotationduring takeoff phase

Decrease Increase

group

Decrease Increase
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of Rebound Long Jump test of high speed condition.
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M ; former phase of takeoff phase
; latter phase of takeoff phase.
% ; statistically-significant difference between
increase group and decrease group.
< ; correlation between increase group and decrease
group about ratio of former or latter phase

The ratio of former or latter phase to take-
takeoff phase about model angle or contact
time of Rebound Long Jump test of high
speed condition.

TS L THMEES ~EICHEITELDZENS
(EEFRIZ 2y, 2013), FJ FHEEZ WA IS 72 R
index Z Ll 5 2 & T, BEHGEE IR U 7~ BkEREIE
DMEIT S NN ENOFEMA e &L/ b. 2T, i
A E  (F] BEAE 1m S00) b (F) BEEE 2m So4F) -
EE (F] BEEE 3m &) @ 3 &I E L7z RL] test %
T, fEANZ & @ RL] index DZLIZHEH L 7=
BT BT D P 2 HES 0D /K S B2 3 &k OV 1 T
GhE% FHEE) 13, K, #E SEONECHEICHE
s 2 EmNED 5Nz (Table ). TNHD T &I,
FJ BE D BEAHITIIKEEE QBN &, 2SR R 0 &5
WCES>THIR L TV Z &R L TN D, BB
DRI HE IR U CHREICEmM L 7205, B
DB DN EHE III A B ENRD S NBho Tz, &
MEBE T, BhAE L O BN By O /K S 1T s
B 220, HEEEICREREEEZEZRNT EHRE
IN T3 (Lisa and Nicholas, 2006). ZH15D Z &1,
RLJ test IZHB1T 2 B U)HF Ol AKX ERBRDO B O
EHLPLTWEZEERLTWVS., 5 ORI
RL]J test Z f W= SE1TIFE GRAKIZ D, 2013) O#FiF & ®
L —HTHBHDTH> = 35:HITHT 5 RL] index
DELICERT 5 &, KHEED S HEHSGETIIZTO
K GE D RL] index ZHINI /72235, HHGMEN S @l
4 TI3 RL] index /> S B 5 EENHH L. 2
DT ENS, FEEGMORENEEE IS T 2 2 &
MEEEE /22 Z ENHS N> (Fig.3). —h, &
AT BNTHEWEEE IR L T, gk
D HEW RL] index 2R TELMEHESHFLELE. &



WA D &, @EEMITHIE L T RL] index & &2 Z
EIHRI R FT, EESE T O RL] index HESEET)
WENTHO, SESMITHWTRL] index 23 H 54
KO BHETFLARSREDT, SN TO RL index 45
RENICE D ZENEETES. 22T, 3&H0FTH
S E T O RL] index 235k ® &0 o 7o M R E % EINEE,
RS T O RLJ index 23HIESG ML O B L7zt 5
FEREOREUTHE LR, b, BANE & RO
i3, BE, RE, BEE A EEISGRED SN o
ZENS, BERBEESCHEOEFEE —-TH -2
(Table 1). 7z, BMFHIWDHID BHEICKERB
BB &, AEICEVWEHEMZRLZZEMS R
index I3AFICHE <, MBS TOD RL] test DFEITRES
IEN TN

KIZ, HEIEES X A BRI B B RL] index % # ik
T Bk EE S X OB O LICE B L7z (Fig. 4).
HEANEECIIEE OB & B 7V, BREEIREE D K OB
RT3 A I 7s S NTIEME 9 2 A8 0 57z,
—J, WARETIE, BREEREREIRED S hEII T Tl
BREICHEMT 20, Pl S EENIEMERZRT
DDA ZZIRD 6 NT, HHERIT 2 ToRME
WBWTHEBEENRD 6NN 2. Ak, HEEED
BRIIHOTOEELZ BN G 572912, BRI
MU THERIERI NS EEAS5N5. LML, W
DECERD SN HANI R H D TH o =, ARy
EHGME TOREBIE Th 2 LR T, BEHEE oM
RITxH s U C e 8] O S 2R 7% 530 T s 0V RIS
BB 2 S TE D 2 EWEIN TS (RN IZ
M, 2012). NSO EEEERTDE, WABETIIKR
SEHHEESCZTNICE DR KEEH TR F—IC
R TERLABD, RENZRETONFENKEIC
BOTWEZ ENHERTES.

Z T, BEINRENVERE RS NREETREE LT
WEBRIZDWT, BYIEIER L O BRI D 1R
PICEH Lgat2fro 72, BYEEL, BHRELER
B S MEAR DR TREIZN TV D E A2, Wik D
FRIDFEER)E T )VIZE Z 2 7= (Jacobs and Schenau,
1992 ; KEFAHIE A, 2012 =H: XK1, 2006 ; Zushi et al.,
2003, Fig. 2). BUIB{EEET) &L TIRADZ&ET,
BAR B EROL D EIED B 1 i 2 M A B S 2 A
TEUIEIEZR, ETIVOVERM L 72D BIC5R T 2 %8) (£
W —HmREERCE2B0) &, EikiEsz
YRELUTHIANEEERT 5288 (FIT ML OSHHER
EHIEIK N LD HD) O 2 BRICHAEL TIEET 5
ZEMTED. ZOMRBE, SHEHIIBWTOHA, #in
BECPHABOETIVEHICHEENRD 5N/ (Fig. 5).
DT LI, BEIREAEESAFIT B O T W R I
SHET B D ITHUBEICE (b EZELC I TWEZ &%
RBLTWD, /DR E el U728t o &7 )L %813,

Me Ltk B128WH 15 2014

M- MRS ENICE T A ERICE B ERD 5N, T
N EREWIREEICHERFL TRUIDNZREITINS L EBIT, €
TV DREEB X HIENFECNICTAEL D 2 ENH S NI
72o 7= (Fig. 5). HEMGHE OBIINZ, M KD 2
FIEDSEH TR F 2RI ENS, BT
EEMISEDIRERNNMDS (Tabb, FEAEH
IEHHND). HEINE SRR OKER S TICEE A
OHEIRK IO — 7B X ONHEITEREENED 5N
9 (Table 2), HEHIRFICIZFIFEE OMEE T X)L F— %%
kD Tz,

ZOEIBRBICHND ST, EINHEOETIVOHE
IR HEID NS WHEICE EF> TWAEERELT, F
JE D S FEHE DK E S AR ETR > TW 2 I REENE A
5N5. BYIREERTICB W CTHMEE 2 2T 1D 57~
DIZFRIE I NZBAH MV 7 BIOEEHI MV 27 N7 —D K
TN, PR3 BESiETITR W TEINEE SRR DM
BRENMRD NN - (Fig. 6). —J, BEEIEEIC
EHT 3 &, AOBGHTLEICBW TN
HREMRMEZEZRLZZ EITHUT, WA TIIEREIN
BbRKEREERLE Fig. 7). ZOZ &, HEmkEs
OB BT B ETINEHOEND, HREEOREET
372<, REHOEMEICKIZHETHH I E2RE
LT\, JEBIEIT T OESIZEESOPRICiIET 5
ZEMS, ETFINVEICKEShEEE52 5. -, MFE
THHOBPHBORNETIEZEET DL, BHEALDD
REIRNFEEEN T REIHERER), TR ZAE L TS
(FTEh, 1998). T7abb, HENNRE Tl M B i 2 A5
BEORKEIIERAD, ETIIDOEMEZ /NS WMEICED TN
Rl EMHERIN. —F, BU%ERE T ORME ML
7, BEi MV NT —, B oEORESiITEEE, T
IEEIETICBWTHEHADIIREL, AR
RAET ORI M)V SRS, BT O I DRI EIT
FDE5N- (Fig. 7). TS OMEMD, A REDHEER
ENENHLDDABCEWVEEZRLEERTH S &%
Zbnd (Fig.5).

Dbz &Ez2EETDE, BHMEIISARDET— R
ThEZ e/ NRICHI Z 7= B U EN(E, I D R SR D JE Bl —
HREEZ K& <FIA L BUEE 2 gl gt TR\ T
W Z ENgm D, ISHTE BkEE 2 F W /2 BSSC #EJ O
BIEFMGHEE L TESHWSNTWE YN > RE
Ow 2% 27T, BUITOMEIfAEDRNDDIZY
N2 REL EABDIZ T L AROBEEE L ThlEIh
TWwa (@iE,, 1989, K+, 2005). x7z, ENEE
PRk OBUIENMEIL, EX N RBkED L <IFA1 >
TRNZEIN TN S, §iEd P O K SRRz
EBHRW, BEYIRI R E K EEHE DR &K & AR
ERMTONDEE, IS T IR D JEHh — R 2/
LT, /NS TREEEMNHRFSND Z & TK
ERERIEENES I NDEEE OBRENTE D FA,
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1982 ; AR, 1996). 7sd, FEERIS L <IE@EWEHET
DOEFRITNRD 5015 XD REMEITH L TIE, U
>REL (1w, 1996) HLLIEAT D78 (RHK,
1996) DOBKENAZNTH 2 ZENHEINTNS. Ih
SOMEEEET D&, EMFEOBKRIZU NT 2R - X
A THOBETH D, WMAOBHOBEIITL X - EX B
CRIOBEE PR o TR, EESM T ORI KIS
nRET Y A T OBYEER N T W= Z ENRB I Nz,

RL] index Z#& R T 2 K D 1 DT d % Bk HEE,
TN I ) e B D 7K S T B NI B 1L O A R 1
Ko THRESIND. WINEEE WD REOBEHIREIZ B 57K
SEEHEIZITA B ENED 5T, Y DK E O
WRLEETH o= (Table 1. /KETHE ORHRITEEY)
HICRE R E AN E LW XN S (Bosco es al., 1986 ; Hay
at al., 1986 ; Kho and Hay., 1990). &3tz o> $h g 7 & % Lt
95 &, BN RE D b EEICEWEZ R L.
Il b, BB RE & [FIFLEE O K EEE O T,
BWREEEZES L TWz —F, BOEETILE
EVEE TRKERHEHEEZHESEZICHED ST, KE
IR D BEHRE IS INAE S FERTHD D, SHE A A DB
HEFAEBEICEWEICEE /2. Z02END, EES
BV TIIR LRI TOMRIER DY, BNy o
BT L CTHADHENNIWARESE N H D, T 2T,
B OREZL(E T T OMIE—EIc L5 B0 EE
HRICKD2HDITHHEL Tk a7 -7z (Fig. 8). =Dk
B, OB SRR OEEEASEITIE, mEICX D860
HEEOBEICEBEENRD 6N, Tiabb, Nk
TIIEEYIRTE RN B W CHEREE 2 5D 2 B EfE 2
IO TWEZENRHEHLMNTIE o 2. KEHENOBE Z
EBROEETIE, BYIRER IS W TR
WZEIET 5 2 &C, SO BICHERI N TV S Bk
METHR SN EANEREET XD ICHEET D [IEZ
LlElgs] 24U %, @l Trbi 2 ERPk O B Y E)
ETIE, ACEEE OREISE 2 LRERIC K > THRE S
NEEWIN, TOMEITIEED 60 — 66%I12#ET D (]
{LIFA, 1989 Bosco et al., 1976 ; Lees et al., 1993 ; 754 +
BE% 2004). MNATC, &I URENEDOEMRIL BYEk
R CORMEEMENZED D ZLICLoTHhEINS
EDMEMBRINTWS (Muraki et al., 2006 ; H& - B
%, 2004). B TIIREE O & ORI ENE R
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Three-dimensional kinematic study on hurdling motion in World and Japanese sprint hurdlers

Kazuhito SHIBAYAMAP, Norihisa F U]IIZ), Hirosuke KADONOY and Michiyoshi AE?

Abstract

This study aimed to investigate kinematic characteristics dur-
ing the World and Japanese 110 m hurdlers. Hurdling motion
was investigated with respect to running velocity. Twenty-nine
World and Japanese elite 110 m hurdlers (height: 1.84 = 0.05 m,
weight: 74.6 = 6.9 kg, analyzed time in race: 13.77 = 0.45 s)
participated in this study. Hurdling motions at the 7th hurdle
during the official competitions were videotaped by two high-
speed VTR cameras. The positions of 25 body landmarks and
calibration marks in the projected images were digitized, and
then the three-dimensional coordinates were calculated by the
DLT method. Kinematic parameters such as hurdling distance,
durations of support and airborne phases, CG heights, and angles
and angular velocities of hip, knee and ankle joints were calcu-
lated. Correlation coefficients between running velocity and ki-
nematic parameters were calculated using Pearson’s Product
Moment (r). The results were summarized as follows: (1) Faster
hurdlers achieved a shorter duration during the 2nd airborne
phase. (2) Faster hurdlers delayed the timing of the takeoff leg
motion. Consequently, considering the level of the hurdlers ana-
lyzed in this study, it is understood that they should know the
importance of training on the ability of acceleration in the inter-
val motion and decrease in deceleration during the take-off
phase.

F—U—F : IRTEED, KERE, BFOEF

1. ¥&

110m N— R)VE (BLUF 110mH & & £id) 13, HN—
ROV OEYNC BV Bi0E & )\— RV DA > & —)N)LE
WBIDIMEZREORLAENS, T4y aNE@En
SEHTHD (P - FE, 1997). s OFHEE
M5, BEUEIEICEET 298 GREED, 1994 5 B -
INKEE, 1995), o > & —/)N)LEEMEICE T 2058 (%
E, 2002 5 BRINED, 2002), Th6Z2EDE 181
ZIVEIEICEE T % 155 (McDonald, 2002 5 £1111F 7,
2011 frboNnTHY, RIREITHBIT S 2 RIcH R BIE

OREERHLNERS> TS, X2, HANERTFOHE:
I EAORBEED ZEEZHMEL, A -HETE
HANETICBT 2EED 2T 2 H RSN
% (GREHNFED, 1994 5 Ki&IFH, 2006).

N— RIVEIZBT 2 b REIREIEL N—FILOD
BN S EMETON=RY 2 TEHETHAD. N—R
U TEHEIZBNT, U—REZFEE L TRIRmAICBT
SEEZRIT> TS, BYIHITIIAA~NOI]RD LITH)
EMAHBSND. N—RU > TEEICBT DU, R
JRBEE O 3 KT EIEL, AT > hEREDMOE
EEEEBICIEASNBWREHMTH D, N—RILEDN
T+ =X ACRKERFEEGZATND LHERINS.
L2L, N—RUTEHEIZDNT 3R 2
TFoREIRIEEIT DL, BHREN (1997) 1%, N—
RU > TEEFR O R 3 RIcHIBIET ~ L 7 B KX OBEET -
WO NRT—EEHRL, BUMOMA~NDIRD LITEED
FABFIZDOWTHA L TS, McDonald and Dapena
(1991) 1%, N—RYU > ITHOHEKRL O AEHEE 3
RICMICHEM L, MEBEATID S FR&H 0 O E
ERIZDWTHE L TWS. TS OENS, ko
IO BEMETHDN—RU > 7IZBWT, 3K
TCR7E FREEME 21T D 7= DI B+ 3T 1 7 ARVER
FHSNZE> TS, LML, TNH6OREELTE
U, {F8HE CTROEZNBTREBERVEDIFEIT 1
7 A% 3R ERN SBEFE L ZHRIIITONTE S
T, BN T =< A EOBEBREDIHS NS T
B, N—RUTEHEICRBITS PO 3 XRTLFRT
T 7 ARV &R E OBIRIEIC DO W THRRNT 5 2
L& -, 110mH EICBT 2 HANETOHHE M
EANDRBEEED I ENMTEDEAD.
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2.1 SMKRE
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EL—ZBMUEBFEF29 4200 RFTEL,
R1ICEORMEZER U, SdfgEicid, R
FEot Y DBy Z7EBEREOMR—ET, HAE
FHERREBHEREOHA-REFEZATHD, ¥ —
AR NREERITHT 2 YRGB I BT D REEk DERL
BNRBULLLDObDESIHRE L. £z, it
R — AT BIT 2 RKHEE X O EE TS 504
KHEOEEEEOEES (RER) ICBELT, L —Xidk
EoBFERMBEBRIZRDNRBNh 22 ENS =
0.115), AW DFERICHITXKEING A 2 BIZ D780
EEZBNS.

2.2 VTR 188

110mH £ L — 2B 3 7EH5HN— RILOBGIH O
BHWMNSN—RY > 7%OY — RO ETZ 25850
EhEEE VIR 1 A5 (HSV-500C%, NAC #:8, Hf# A ¥ —

V4.3, Nobby Tech %8, #i A E— R 200 O <,
% i Fr B 1/600 #2 ~ 1/5000 # % 7= 13 Exilim EX-F1,
CASIO 8, g A E— RER 300 O, #&HKH
/1000 ) #HWTHFE L. BB, KK THNWE
VTR Ei O —F1E, WEEAN HARE LR R %
BRIZE->THEINEZHDTHS.

23 F—HuE

B U7z VIR B0 5, BFOHEKSITA 25 & (&
A O = FIeHEiRaH, FRIEIHL, MEIEIH.L, TEIE,
DEJe, HEER, g, SR, BRI,
BB, B Fomd K OEETE, Al EER S O R,
Mg bk &, EALmE XA 5.0m, #EfT LM (Y
i) 8.0m, #RE G (Z M) 2.5m DHEiIFHIZEE L
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0, DKH#E) #HW\WT2aAxI&iCTYyy 1 AL
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D 2R JC B FE /5, DLT % (Abdel-Aziz and Karara,
1971) ZHWTHEKDHT RO 3 RoTEEEEF L 7=
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IZPE U7z (5-15Hz). Bk % 15 8 D BRI/ S HEpk,
R1 WREORHME INBZMAEY >V ETFIVEREL, FEL (1996) O E1k
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72BN — BV OEYIM O (T-on) 225 7THH/N—
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e RILOU — R OB (L-of) £TEMTIKME LT,
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A Study of the elementary school endurance running that made learning contents
of the physical education clear

Toyokazu IMAZEKI®, Tomoko OGIWARA®, Kazuhiro AOKI?, Yoshimi MATSUHASHI®,
Hiromu SAKOU® and Toshiharu NATSUME?®

Abstract

The purpose of this study, change and problem of the endur-
ance running, 2 are examination of the endurance running class
of the elementary school physical education.

1) Because the purpose study 1 competed for being to exam-
ine the change and problem, and the learning of the endurance
running stretching out a thing, distance to compete for time
study 1 how the endurance running class in the elementary
school had been taken up, what endurance running learning
changed was shown in running at a constant pace at one’s pace.

2) Study 2 is to examine the learnability of the purpose pro-
tecting a constant pace, and running. It was confirmed that it was
difficult for that it was a boy of one group that the measurement
of ,Physical Work Capacity:PWC150 was carried out for 96 ele-
mentary school children, and the class was planned by a re-
searcher and a teacher and was performed a class of the physical
education eight times, and whole body stamina improved by a
class, and the whole body stamina improved it only by a class. It
maintained whole body stamina to teach the endurance running
that took up an extreme pace to run to be able to run easily, and
the learnability of running at the pace that was correct to oneself
was suggested.

3) A problem is to widen the number of people and a school
year, and to examine the development of the exercise program.
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1967) W5, FEEEED SIRMEN DI Z T 22513,
FBEITBWTHED BT EBICIIE T DON Mo 2.

BEDUR D 1977 FEITI3, FRAGEDY [Re @B 7o (1K
| MEBUCREMT SN ZITEo T, [BrE 2
I 2R EmD 272D DER| O—DITFAEIIE
e TETWS, INFEEZFRITLUZFETIE, 18
EIRICE T 2H5DELT, SEAITR—R =2 E#H
ELREHORUEAEEZEAL, HEINZXR—ZDIK
BRRAEDEBEAL L TCOMREZAHLEZDD (EA
1971), R—ZAFSHIZDWT 100m % 30 B R— A THED
TEERBELTCR—AKEZONOLZEE2HHLEZDD
(B, 197D H 5. ZotE, HEEAMYE RAME
BIE) O SEBREICHAZ Y T ETAE—



R (o 5) CEFEBIUE (mlkg 7)) & OBREHRN S E
TAE—RE®EIZL, LED% VO2max IZH YT 2
B OBENREE 2D (AR, 1974) EWD5BHON
IRENTZ. TS DRI, X— A DEELERRE D
HENSTH DM, NEODDNAX—=ZATHD, DN
FNGEORD FIF D EEEo 7.

ZOXD7ah, EEEMPWRARES > TaKEZE
TR 6 R 18 BERI O R R H M 47> TH [VO2max
WEEBERN EZRDBZENTERM>TZ] BAS,
1978) EWIDFERIZDWT, HASIE, [2HEHEALTD
Ml EZENWELEREOH D HIZ 1 DOMEEREEL T
W] (HARS, 1979 SHERLE. UL KED¥
FHICBWTEEHEA OB EZ2FE-ICHIET 2 &0
a2 L TH0, HED, NRDDNAR=Z, DN
FAEDRD BT HITIno TWBEIRD S OHAAER
SN ZOEIL, KEOFEICBWTRD LT
BNEOLEMEZRUZRFSESD ZENTES.

ZFD%, [HLIZMND KDL WEAGEISRET
SHENEW] L, [FHAWNEBIEEOFEHMNZFEDO
WHED RO D" & DrDyE - EEcbIEN %z
BRI WRTOIKRITDO D &, “BRicmn-> TAE,
FEARES 2 BB T H2DD0HEFE 7 ICTEIRETH
5| (BiiE, 1987) XNz, FNTHRB, FAED
EB AR, [H—TRHUBEE2FEREMICSDERLTEE
U, WRIRAEERHERE & DR EICB W T2 gHA 2R LS
BEZ2HD] (K, 1996) DEFEFo7-. Zoftich,
WAL, [FHAhE&ED S HEEE] & I8N REER
EEHIAMTS] ZEEREL, [2TOENWOMT [£F
NE] ODHIEDRELINER] THDHEBRRTNWS, Z0D
WAS [FHAHTEBRIFVRITHSD] (LA, 1988)
EESL ATV, R=ZADEEDOFEENEZSND KD
RS> TH, HAEREDN, HLAZFOEZZHD
ETBELATHO, KNAIEDZDDY A LS
WO EREMENHEIC /2> TR, FENRITHMEICRS
BWEEEo .

R—ZAEEDOFEEL T, HEHKRD 1989 £ E 11D 20
AL DRBICH D S FEHICIOEEN 2D ONH D, =
NI FERITBNT, [10 7HET, BKEHEISHE 2
EOIEAD | E LU T8RO ILEHIC X > Tirbi
7z, BHEEZ AT 2D D R—ZADEE DR O HATZD,
I TCTO [HHaOERE] 13 [HEFEICEDN] ZilEZ 5iE
FFINRINT NS (FIFEN, 1984). SHEZEKRICH
WTH, MAhZERLESESZEVDIBENSFHAEICE
(O ZEDPL TWEERIEDR V] (X
2004) N7,

INFRLDELD LA TIZ, [HE D 70 ~ 80% DFF AT,
5MORAEZEZMHEL TITD> 2 & Ziiigic, &
DFETIERSHSDOR—=ZAMFN, L, R—2%
REHECTELRHAEDHE] 2BIEL T HEkzEMA

Me Ltk B128WH 15 2014

WT EBIRE IR 2 70% 1238 E L TR A :E
NH5b. I TR, BAEICHT2EHHEOMKE, [T
|0, WERD23% NS RFERITIE55.8% a7k
EEINTNS (G, 1988). JEA - HAS DI
L7=2G A oR EEHNWE LEREDOD D HFITHT
SHEEE, X—ZADESEWD HRIZEN S 7=, FE
REERIEZ 710% & T 572 E, EDVWEFORD BT
FTOEELETHOFREEIRL Tz,

R=ANHFEEDHDZHWZHINBErIIND LI
2% D%, HELERD 2008 FEDOEIZIR> TINETH .
ZZIET, £5%< [N TELZFE] © [ED0
R=Z] MEDOFEHINHENDLDITRD, [/INEKT
BEC MEL7ZAE—RZ2EDIF5]] (s, 20100 Z
Ex, R TIE NEYRR— AR 28] ONL,
2010) TESEEDOH D HANRIND K DT> 72,
NI A LD 65:70:75% DFEREND HDEo /-,

TlE, I 2ENEEDD CRR#E, 2008) ]
REMED & 2B 2K F DEE TITOITIEEDKSIT L
S5KNDTHAIM. FHAEDR—ZADHREIIH > T
1%, MERED < D OzD OEETRE 2006 (BA57 @)%
2006) & U T, feRBEFEBEED 50% 58 O #E) O
H7=0 OEFRFFENEB T ERE S L ORINLEZ ENS
EIZ2 5. L, 20%80 5 60 % £ TEXMRIT,
RS LT, AEEERTHOENHSNTH 55K
KEE® &IZ, AT [EBHTI5 0] BEOHEEDE
a4 mLLE 4 XAy - B/ ) 75 2 & HESE
INTW5D (BAE3@E, 2006). £z, HAsE, [
SpE (50% VO2max) OB % LEMEB®RE 13 &
2% NTZiITZR—2A] UNEFFFE - HF, 1976) &L T
IO L, [FEBLESOFAEMRWERS T2DITIE,
9, EBREDN 5 Z ORMEE RETHEND D | R,
2010) &EIRRTWS. FAGEIL, HLLS, D50WHDT
137N EOEH DB B A RN IREINZDOTH
%.

INGDIENS, NEREBERHIBIT 2 FAEDE
B3, (YA Lz55]), [HEzdIdE&zHS], £
72, BHERWR—=ZZHIZDIT2] o250 TIiERWN
EWAB7EAD. FIAEEZELVWHD, BAE-TES
HDENSEHDELTZITIEDTNWARYD, EEERE
METEDEINIBR > TLENNBIIRS. LA, O
ELEHELLIBWR—ATESLZE, HHOR—Z%D
N EDEEDBNERDOTHY, [EDTETERTE
TRVEEE | OEBIC KD FHOBEMEEZRL THWHEWN
A&D.

Ptz e h 2 50 B 2D, Kol 2 &%
LT EEE—DHEETLZOTIIRL, HENREE %
mOBHZEEHELDDD, KNEEDDLHEO—DD
HE S U C, FRAERRE 13 251222 R—2Z
RO BT, GEbEL, R—Z2EHFE->TEDL LD
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BETHIER, TEBEBO/AEICHT HHEI,
HDEDOREEHEZETDOTRHRNES S M.

24 F L0

ZRICBUI D EREBEOTETHED LTS5 TWBRAE
IZDOWT, TOEBELHEIIT, ROZENHSNELS
7=,

INEREBRNCB T 2FAEDEE L, [¥1 LEF
S, [HEEEMHIT 2 EEHD ] LhozbD TS,
DELEELLBMNWR—ATHEDLZ &, HIDR—Z %
ONDZEDEENBETHD, EDTETERTE 2N
SRS DJEFN T X 2 FH OMHEMEIURE N,

FENEREOETENRFICH > TIE, [EDTE
TERTERVIRE | OEENC L 5%E 2 EMT, B
KA R—RAT, —EDOR—ATEDLIEEZREAT
BREFEEZNEL, TNICHEDRAEOKEND B.

FD ZIZTIE FERLEEHOWGTR 2, hip (f
97, 1999, pp.4-8), B LV AR (KK, 2004, pp.40-
43) DRy EBEIC, WEBEAIN (1947 4~ 1956 F)
O [REREERLEE G2 ] KU [GAD) SGEThi]
R, 1958 HE& UK, 1968 F & =K, 1977 4
ZEBIUR, 1989 &K, 1998 4E &SR, 2010 4F
EHEEREBRLTVWS, 7B, 1947 FED [T
U] 13, AERMBEODDOTH D), FEIFETH
GR%) O—EELTHD B Tna.

3. BAR®@ : NERTOEAEREDKR
BTHMRDOBEN

ZITIE, [FEQD : FAEREOAE CHE] TH
BNl LB E A, INERICBI D REAERE
ERIICHGET 52 & & LT

Z T, FEHNAZYMIC U /NERIRER O S
RAEREORFICHZD, [EDTETERT IR
] OMBNCKLFET, [HAIKES>RX—=XTES
IZ1E, —EDR—=Z%5F5 2 &) OFHEAREMEICDNT
Mz TsZE2ANET .

32HARDAE

(1) HRMRZOEME

THEE SH/NERIZBWT, #RIFEELLTOYTY
CREBIMTT, RN EZED 50 OEEE L
T, REBRETHAERZERT 2FRDIE, KERE
DHEITEIE AN DI A EFHR - FEMIE I LIRS D
T=HIWEIZDNWTIHH O/ N 3IKRERNREL .
IR, 2012410 A~ 12 Aicfro 7z RS EL
TR A 96 44T, SR 8 I[HTE T Tz
REREDOHICEADON ALY, REITBT2%EEHN
KEZTDREMZ —EDOKEHEDEZDIT, BIREDREMN
COWTHRFEERIIR UIRES LIk L S E L
7z, TP, BRICBW CERAE CTHARZIES)
TN, EFRORD AT
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3RS, T#EE LT [FRAGEDOREMRIK 7RI
E 6oME) 2B27%5 6£304)] O, TE
EUT HAEDRESEMRE G oME) ZREkE
fTCRIRBS GHFE1TH, 6184 D, MEEL
T [FEAE DR EEMETE (FEREE 1500m) % [F IR
EITTHBIRDS GE3LA)] bl SHOME
IR (FAGERE S EMBEEZED) BT EBD T
5.

(2) HMRICDWT

I (6F4:304), TOIBERGEANTONVNTIL,
6EERT 144, LF104, G224 520 REL
SERL24E10H 15 H~12 H 7 H

P28 [E 4 M, ZTORICEMKET (6 0HE) 22 [H
5 1l ]

- I# GFEA 174, 6F4184), 205G
ATNZDONWTIE, MOBEDFHEERF—ICT L2, 6
FEERT 104, KT 44, FtUubENRELE.
ERk 2411 H2H~12 A6 H

%2 8 0] 3R, [ UHIRNCEBAET 6 2E) 12
EREE]S]

I GHEAESLA) O BEEFEANTIIONTIE,
B 114, L7744 EH18AERMGLELE.

SERL 25410 H29 H~12 H 18 H

A M 4R, [ URMICEMEAET (BEEE
1500m) 22 [6] 4 JE[H

(3) REROFHmE
PFEEREICHIZ0, AFKOEN - BFEKLOTE -
FRMREEICDWT, YETATREREERE, #HE
RO¥HRE, RERZBLTIHEICHUTHMALEZ. @&
IV T B O TITWY, FEZE2. £/7, EHRE
AT R CITH SR &7 WEDOREL I ERICTHRAZ
fTOFEZER. WEICE, BEEZEYTLIHENSO
BN OEMIC THAZITY, FEEEZ.

PEZIT 72BN, HERNROT T2 REOEEN
ELT.

@) T—7DRE

LE2FFANICDONT
EEFEANZ, SHE DI AERERICORARTE
7 BICHERE L)L I A —4 — (COMBIWELLNESS #I:
T 70N 27 75XL ) TOMAA 150 ITEL 2 & &
D FKEBE (Physical Work Capacity:PWC150, LA F,
[PWC150) &9 %.) OHIEZEIT- = L HE 150 ks
OATWIL, 308 3 BB IC AT A KT i A Rk
12X B AN - DN E O —KENFHD 5k 7z, HIER,
B TFRAERZERT (pre) ), [FRAERER (med) ],
[FFNERE+EM (ost) | D3MEE[MLAZ. THEBXL
OILEE, [FFAGE + EBIAERT (pre) |, [FEAE+ 3
MEEE (post) | @ 2 [\IZEEL 7=



2. 2B ANDORRICDNT

B2 THEE + EE%ER % TR L /=, SPSS Statics
verl8.0 ZHWT, BEICBVWTHMZERKELZ—T
FLED BT 21T/ 0 7. TD%, SEZEMLENBIUE
BNV, RFR SR OE E ER & Uz ool & 5
WA &1l o72. ERREZEIKEMERAIGRD SNz
HDIZDWTIE, Bonferroni i£12 X % % 5 Lk & 2 &
ML 7z, Fat#FAa Bk, p<0.05 & L7z

L IREDEMEICDINT
BEOEMITY -> T, ERIETEAEREETTo 7=,
IMOFAEREONFIZENECRNE D, FHifcH
JUHRERTE & B EDIRE LA ER L, A SR
FRHNG, BMEIIDODWTI &R 2T 7~

4 $FFEEHZRICDONT

WREITIE, HooHT & BrRICHRESE EHRAE (EF
D) Zfiofz. HEORSE, BRICEE - R (EF2)
ZHW, IR0IRD ZIEH I8, KIFE T3 E L0
MEEERE DR THICOWVWTI A hEIRL .
FERUERIT, BRSBTSk mREE T A
HASICTH/RE L. BMORSIZICLI—F—%2H
WTREE L7z, ETAH AT O|EIL, AWFTHELED
WETNMDNLBE RV, FIRERICRES LIRVIKRD 217
W, RIFD SRR L IR SHED 2.

(5) REDHHICDONT

1. RAE

EHBEANTBNWT, FBRENALNZ I BB TIC
DNWTC, R—AEWMBRZEREDORT LR, BT I
WZDOWTITo7z. E£2, 2FANTIRIERERENAS
NNk bDD, ZOBTEZLTNS I FEITDNT,
N— R R DR 2 B RNIT 5 7z

ME Eibeit 128 1E 2014
2. HEET AL ER
ABETEHESNEZT —F OB, SPSS

Statistics 19.0 Z HHW T 217> /2. EHEEOME,

BT LEbDIZDNWTHILDBRWtREETT> 2. £

77, R=RAEMRIIOWTIE, x EHREZTo-. #

FHE A KN, p<0.05 & L7z,

(6) EITEtEDERK

1 EENEE S BITEEICD VT

AFFHEDIZDNTIE, HHFEOOKRFICE > THLS M E
RO AR EZ CHIGHHmE 2t L, FAERE
DEBRETTS 2.

BAEONEIL, [EHORWEI TS ~645BRED
BAEZETBHZE] BPIRINTVD CLEF#A,
2008) OATHD. TI T, £, FHiNT/NEREGH &
RERBEFRED 2TV, NEFFS 2S5 UNF
F, 1976) TR 1D LEBOERREREIMERL, FED
FEA—RIHEALEZ 2UTC EERERZHVWTIC
TIIR—Z GEFRE [13)] © [5x5 ELW] &
CHT [GEbE<ESL] &, 2BICHETENT
[6 &l &2 EICK0IAAR, HICFHHZE 2 O
EPBOVEMRL .

ZOHILENEE, Hoohir C~4REHHE) T, [
TIZZIR—Z GEBFRE M3 2o0h¥EH 270
BT G~ 7THMR) I DEIHREIZHCER] &
L [DLED0n] #HEICHMDMADHSLSITL, HAIZ
BolEDHFTR=A&FoTELIEHELE 5T,
B OFEHNEICOWTRA L, BREERLE. 2
NZE - T, IR o ¥ NEE D ST AERE
ICRDHOH DI DI

2.F2EBARNBICDONT

HREMOBEE FEEHNS) 13, ROEBOHELZ.

xR1 EHEER
EFERE | OO BR R—2 % U WX iNoI: S
20 210 BEIZEDN 2NE MO TVWBENENRFENTEAN
19 200 . JEHITEDN 2J)E
N —
18 190 | AP AT e son o<
17 180 M EDN | ETHHELSED | FOHELZEFENLHITEN > TN
16 170 =D W ED
15 160 BIED R o ZHEDN JE‘<7:E%)
14 150 PSLEDN DL ES
13 140 5O ELN | GHEBbL<ED sttt %
12 130 o 7 i e Z LS W< DED
11 120 T Fo 29 Wo< DES
10 110 % HE<H#HL
9 100 YAORS DU A< RINEN L 725> T
8 90 ETHE #<
7 80 5<H5<N=2 FI S Do < DL
6 70 (%’Tgﬁ“% FE>TVD
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x2 HBEIEXR

B Lo 5 b XD
R 1 2 | 3 ] a4 5 | e [ 7 8
.| BN E B D % ROUEEDAT _ .
AR 2z R—AZ&HDTF LS NR=RAZESF>TESD AT = A ONERTS
FUL> HE<LOMED (5= Uik - 52— J Lo h)
10 | T—¥3a~ HE L A L
e ; F—LZA L
” EALGREVTEEAD) | (5 ompicis Ui 812 2) F— LAt
AL 59751 L s
6 73 SV I 5
o | PN eviy | eame R BEE) TR
(200m 400m 600m)
40 BT - 2D D

BIK:FUIT— 3>

cHBOHSONEAD, BHIKEDER—ATELLD
DIHEE DT LI EMNTES.

FAEDOED HITIZ, [ITZIC 2 R—Z GEBREE13)) |
LIF TIZZIRZR=A] EWT) BHDHZEEE-2
DEZHLEZDTES.

LD 6 pRETHSNES RS T v T A Ly
5, BTG IR—A%2R T2 EMTES.
FE2: HRICE 2 EEVAPOR—RERDIFTHD
CKWERBE, BMEMET, SBRERTH I 5
“ﬁ%é’t%%otDE%MLEDT%é

BRI E 2 ER—=RAERDIT 5729 NzZizcz_R—
,N;ﬁéi@ﬁfﬁof#ﬁ%@ﬁ%#b@ﬁ;uﬁ
JeR—ZAEH/WDITFHZENTES.

FEIF: HRICEDEEVAPR—RERDITS@
C —EDR—ATEDIZE, OUZEEICHT 2, w2
AIRRICIRD 72 EDRIR D MR L CTnas ZEE2F 5720
EXHLAEDTES.

[ITZIZZR=Z| ZONDDIT,
ED200m DTy TYALESEIT
ZENTES.
%4ﬁ'ﬁﬁtéotiUﬁ%&—zEﬁoué®
C—EDR—ZATHEDITE, 2EHNT2EES,
%mfzE%DE&@H&@ﬁ&#%éLt%aotD
EXHLAEDTES.
c[I2ZITZR=2] 2O 7=DIT, #E L7z 200m O
&4 LT 600m ZzE-> /=GR ZE S &IHBEE 2 EIE
LT EMTES.

600m ZE-> 7z &
EHREZRET D

ESHF: RDIFAEEYATR—REFO>TEDD

R AWBELIRRNWEEIL, Ty TIALETH+—1A
R L CGERRE [13) 2> TEDIIENTES.
cF—LANTBEWCIRAE Ty THAMLETH— A
FzvIEITDIENTES.

EO~TH: RDIFEEYATR—REFO>TEDQ
~®
cHICESTER—ATHEDZDIT,
5T EMTES.
EDR—AESFO CED NE T BEDD, WEH >
TWaHE0HADU LOME GEERE) T HEDZ
EMMTES.

E8H : HODHEF—ATHT

- SEETREE ORE 2B FTORRA R A CRET S Z
EMTES.

(1 HEREER

1. PWC150 [CDW\T

HERHE T)L T A—% —I2& > THIE L 7=z PWC150 O
fEIE, WTNOBIZBWTS [FIAERER (pre) ], [£5
INER¥ER (med) |, [EMEER (post) |, [FFAE+
EMARFR (pre)), [FEAERE+EMAER (post) |
ORNIZEED AN B INHDD, —thlED
AT 72E A, ARERBERASNRN> (R3I).
ZDZ &R, SEMRELL TR, D#, NMHOKER
KB D EAGE & EMOER % 3EM S 5D
FHEZ & T, PWCI50 AMEHEIZIEM EL7sWZ & 2R
LTHY, INEETH>TH, mREZFRITU M
A S, 1978, HARS 1979) ZHEMF HFER Lo 7.

—FEDR— A ESF

x3 18- I3 - W& PWC150 LE&
PWC150 (watt)
k
BE (m #h&E (kg PRE MED POST
I8 (n=24) 150 = 6.2 40.3 = 7.1 73.9 = 16.2 773 = 17.8 85.7 + 18.6
I# (n=18) 145.3 = 8.5 371 + 7.6 79.2 = 18.7 82.0 = 19.2
MH (n=29) 140.8 = 7.7 34.9 + 6.4 76.3 = 19.0 82.1 = 16.4
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T, I O#E IHOoThENOHEREZ B
WHEANMCMELZS v MV O RKERBD [EWT ) —
7 (high)] & [MEWZI)L—7F (ow) ] IHhbH, It
BlED BT 2T /225, THOAT (high) (7 A)
IZBWT, [FEAERZE+EMETR (re)] & [FA
ER¥E+XMARER (med)] TREEHNEE LS
7 (MDD, ZoZ&id, I#HBTFITHESNLIY ML
I URBREO [EWTIL—7] i2E> T, AT
BWTHEBLEZETOLDIZ, [ITZITZX—Z] DOE
FEE T, [ 6 2E] OFEEEITS 2 &% (KW )L —
T LT, BB -EOHREDZSTARENENDH D
ZEERBLTND.

£/, FUIEOHT (Jow) (7 AN) Tid, [HAE
B¥EH (med) ] & [HMEER (post)] THEICH L
L7z (M2). MEWZI)IL—T] ic&oTlE, BAERE
BT LTS OXEBERE (6 470E) 2 4[H, Ff 22
|5 EICHZ> TERBLZZ EMNEFRL TVWDE &N

1 3 65 B Fpre-med

100- *
Il high
. T low
g 80 T
2 60
(=]
0
o 40+
B
20+
0= T T
PRE MED
einteractionP<0.01
**vs PRE
1 IBEF -pre & med
I 364 5 Fmed-post
150m
Il high
= i low
g 100+ T
o T
3
[3)
50+
z
0= T T
MED POST
time P<0.001

K2 I8EF- BREEXMER

Me Ltk B128WH 15 2014

HRINDH, DN T EHERMDNETH
5.
2. EOIEEEE EEHMMEEEE

PWC150 OfEDs, BEIC Ko THERERZASNRMND
= (3 ZEnS, LIFE Bro—#H (4 TIE
HE2HLOOHEBERENHSN T# (304) ZH.DIC
ML T 2 & ET D AUIZEICBITS [HAICHES
FER=AZEHRDTB] ZED¥EEHRRT ST, 1
HO4AREMENS 7TEERBICNTTO [NX—2ERE]
Z [#Bh—R] ORBOBREIINS, PREBLV
Ao E{T>/EZA (K51, K52, %61, B
T EABET7T % (P=38D, BT Fu#E74% (’=5.06)
ELT EABES A (P=752) ITBWT, EREHNEN
1 (f:0<0) &R U7z F72, LT FAIEES 4 (x 2
=12.54,%%%: 0 <0.001) TPV THZIC LA LR B
6-2). [IZZIWZIR=Z] 20O &P [HHITES
FR—=2EFoTCEDZE] OFFIIEERLZZ &
OHCHMMZL TW=EEZ 5N 5.

IHIC. AFFBENS TRMBIZDWT, I &I
A E FABRC DWW T L& 25, BFo LR
1%, FAEEEIENT 4R H & 6 R B IGERE DA &
oz (K3, £7-1, £7-2). PWCI50 IZH W T
BALEmZE R U2 TS0 AT, L0 D
R—ZAFERBOBNEE &85 7.

£ FEA—RO [R=2757] (BR2) 12&0,
[HAORDZR—ATENZ] FEkEHATHDE (K
5, R—=ZEREBROEN 7= I BB TFITONT, 4 KH
Hhno 7B T RERETENRL-Z] & N1
BEGEN Mo =] BNE0, [ TOFETENEZ] »
iz 7R ICE 2 T\,

INGDIENS, 2HFANOREWETFRED LN
BWBATFREXOSHEE LAEZR—ZAZERL TS E
EZO6N5S. FHAEDEREIIBWT, [ICZIZZR—Z]
THEDZER [HRICESER—AZSFH>THED T &)
13, INEREFEDREIZE S THFETRETH D N
HoMhETz-o -

3. MF&E] MO 12DV T

£ 8ITIT, I HLEROFHINEREMBO [GE] [
OEAERLT. [BEONR] &#H5 &, [HioH] 12
W TFE] & TETHHFE] 25DETIH (30.0%)
THoOHDOMN, [BIrE] 121320 4 69.3%) L7/5o7=
2HRELT, [HW] 225 [ETHIFE] OFMICBIT

x4 1RBFDPWCI50 LEER

PWC150 (watt)

gk (em)  HE (e FRAERZE M FRAGERRE + 20 KRR ER

K% (pre) hEH% (med) (post)
IEEOBT (high) (n=7) 1499 £7.2 391 +59 75.6 + 13.8 86.3 + 17.5% 82.1 + 16.4
IHOBT (ow) (0=7) 1495+63 421+97 78.3 + 23.6 74.9 + 23.6 82.0 + 19.2%*
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xR51 IHBFLABOR—RERE
18- BF LM (=7
4R H 5 RFfH 6 IRFfA H 7 KFf E x —3REE
N— X FERRR 86.8% 94.7% 94.6% 97.4% 3.81
=20 33 36 35 37
N—A X 5 2 2 1
T p<0.1
4 RFH 5 RFf H 6 IRFf H 7 FFf H
R—=20 -19 ¥ 0.4 0.3 1.1
R—Z X 19 T -0.4 -0.3 -1.1
T :p<0.1
x£52 [HBFTMEOR—RERE
I# - B =7
4R H 5 IREf H 6 K¢ H 7 K H x 3l
N— A FERLHR 62.2% 78.4% 68.6% 83.3% 5.06 T
X—20 23 29 24 30
N—A X 14 8 11 6
T p<0.1
4 K¢ H 5 I¢fTH 6 IR¢f H 7 Ref H
=20 1.7 F 0.8 -0.7 1.6
N—A X 1.7 T -0.8 0.7 -1.6
T p<0.1
£6-1 [BLFLMABEOR—RERE
1R - L7 BB (n=5)
4 WFRIH 5 e H 6 ¢ H 7 FEf H x il
NR— ZFERRR 80.8% 84.6% 100.0% 96.2% 7.52 1
R—=20 21 22 26 25
N—A X 5 4 0 1
T pp<0.1
4 FefE H 5 IKEfE H 6 IKFf H 7 K H
R—=20 19 F -1.2 19 ¥ 1.2
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ATP-PC R EHBERN /-5 T3V F—HEGIERIC /R 5.
K43 313, 1-6 53 OESy (800m #E, 1500m &) TH D,
HBREABERD LD TR F—HHBRICRS. IF
FBEOABOBREIIEL <, EHRNIZT > R—2 20K
BITRD K413, &RK30FAT#EFRT 2ED)
(3000mSC, 5000m £, 10000m &) TH D, HEFER
NS DI F—MEMENIC/ S, K5 513, EEIR
KW ERFMMkGE T 2#EST (v 5 >, 20km i,

Me Ltk B128WH 15 2014

50km #i2k) TH B0, TXRINF—OHEHEEIIKEL
5.

FHIZ, i b L —= 2 Z 12BN THIER R - fke
REMOGH EREDEBRENSIZAZ I EIZEETH
%, F213, REEREZFZOVDREDEGERLEZDD
THhd (HH 1999). REMEE (ERICIDREST
{%) BEZDZEICE> THHRIZIERL ST 2. BE
BECNEEEN1I~4ETHDE, EHICHET SED)
HAZ2HoU720, TOMNE ENDZEESTHREDOH
REONENETEL. PEETL~150FEDIRT &,
HIEKZEECI®EDLZETHNT v TE2EL. BNER
TH¥EZ£<T5E A5~60[E), WA OLEN
METEs. INEEMIIIENHS. K213, %L
THEBEENERRERZTTY —L =)V EEEL 2R
DINBEDENERL TS (Schmidthleiher and Buehrle,
1983). MAX V3 AR 11D 90% LI b o> & fif C i 18 [H1 5k
M3 ML R, NT =3 EKAI D 45% DE AT 8 [ %
£ TKRE, MRIZRAH IO 70% T 12 MO KHE & W
IEMETH o BAHHITBITDRRICKET NS
OO, OB END (FihFEEOESE) TIE, MR
BFEEAEDNENLL, Max TREREENR S N=.
LR Tl MR 28K EBRN R &2/, Max &/XT —
137 DENFREORRETH > 7.

®R1 EPORE - FHEMHEEIRINF—MHIEEORE

Ro> PR BRI KYE TRV F— iR TRIVF A (%)
e Sk ES R
1~15%  HmKESM ATP-PC % 100 ~ 95 0~5
15 ~ 60 ST ATP-PC % L HLE: % 90 ~ 80 X 10 ~ 20

AR AR RN

70 ~ (40 ~ 30) 30 ~ (60 ~ 70)

6 ~ 30 77 Gl

AR

(40 ~ 30) ~ 10 (60 ~70) ~90

1
2
3 1~6% NI
4
5

30 LAk {is

L&

5 95

(AR > 7%, 2006)

PRRIE T IR 2 238 T) DF) 65%, 60 B T 57 R DK 50% 73R St T 1)L F— GRS

TRIEL T D E S % (Medbo and Thata, 1993) & & 5.

R2 BAML—ZVJICBIT5EE - RERHKEHR

1IRM 129 % 3

HiE T ¥ 7
HE (%) Ak WM cE s ELE
100 1| B GER)
90 3~4 |
80 8§~10 | A - 1577
70 12 ~ 15 N
o] A
o0 15~20 (BRBEECTFZE NI — kL —22 )
50 20 ~ 30
1/3 50 ~ 60

RM : repetition maximum

(74 ,1999)
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=R AN
20 ]
10 | -
0 Max AWES
40 — HDiIH EHAY 7]
¥ 30 |- —
hn
E 90| —
%
~ 10 | —
ol lwex| lso-| puEE
20 |- T EmiE N
10 | -
0 Max INT—
Max :90%Max T3EILIAD RE
N — :45%Max C8EZ L ETRE
MR :70%Max T12E R 18

(Schmidtbleiher and Buehrle, 1983)
2 BANL—ZYIDEE - REEKENROBEEF

ML —Z 2 VRE LSRR EOBRT, B — DBk
WIFED® 5. UL, HEAOZ T~y TZX T >4 —
D 1EM DI, K, BEEBHLEZFERTHS G
HiF,, 2004). ZOWFFETIE, HBEVWZE— RO
FEDIABIMENETFIIKRIBEHORENRLSNT, BN
E—RDOF > NE0EESMIZERL TS &N
SFERMNGEEN (M3, 2L, BWAE—RDT
SZUUTIR, Fy THMOBANSHIHNOEEDY D
RLUT, REHOERIZODEBNEKEBRIFEZ N Y
TIRHINININBINSETHB.

37
(cm?)

) A\
B 33 // \\x

) / —A— NLRRYUH R
& 31 —EB— g e
& -
B--._ e
29 =gy
27

AEH

3 Po—ZUIJICHILFRTY V9 —DFHHEDOHR
(2>, 2004)
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INGOH|ENS FL—Z 2 OHIITRC T,
E kR (RAERIED ZRIREICRRE S 2 2 & OHEME
BB TDHENTE 5.

3) No—z=iBE

ZZETRETE N —Z 2 7O, FiR
T RER L EEOREGRTHLEEDETICRS. X
413, Kreamer et al. (1990) WFZED—ETHh 2. ZHF,
KDL PAY AR L —Z22712BWT, 10RM T
KEZ 1 ELEEEE3IHELEEATOMHYE DR
B EWHERT ZHRERIVE S OB DE N2 LR
FELEHDTHS. vy M 15T, 37ITHKRT S
ERIVE VW ENHBFIIE W ENFR ELTHE SN
T2, FUHES, FUERTS, tv MEOKRERH
ICE > THRDOEIREL, ML= TRHBOHREIC
3 S ARk 5ND T ENBEFETE 5.

2. == T75 DERK
(1) ERLTZEBREER

Eflicbiza 75 > #EkL, Thicih>ThL—=
DU ERRBL TN ZIEDBNL—Z 2 T RZ2ED S B
TRYTHZ. 5B LT, BwdO<EFCrL—=
U ERTDENENRO TLEY, TOMRE, WOX
THEMNRTNETRRTERN 720, FKo72AKho
FEEPL ZEITRS.
No—=Z2 75 o ORBITRLZDMN, NL—=2T
CEBEOBBRTHD, TITEHEELRTNIRSRND
NBEEHRHTH S, F—/N—O— ROEENL, EEA
DARLVRIZIRD, ANVAEZTDHERAFTAT R
M—FFNZ RN, ZDRICHIRITIIBENICREAS D &9
HEERENESNS. TLT, BORALTAY S X%
WMORT &, Dai&FUREE - mEDOX ML XTI, &
AF AL AMAAND Z &<, KDRWEEIZ KL
ZIICMA D ZEMTEDLDITIRS.

INMPL =2 IR0 ENGEEN TS AR
ZXLTHBH, Yakovlev (1975) 1%, Zh % EREIE
(super-compensation) DFFELTHL —Z2 7Tk

25
B A
ﬁélS / \
7'ElO \
o \‘ﬁ
~ $-dF -t

THII TE# 155% 6051 9049 12090#
T:hL—=%

K4 FFAhLL—=2JICHI1F5 2y FEDOKRERR & MF
BRERIVE DN HEDREZR (Kreameret al., 1990)

1 MK R
- 35KE




ALEDTHD. INaBEARITRLEDN, M5 TH
5 (AARKREmS, 1997). L —= T E VWS AL
2 (Bf) WNEZ6NDE, BIRIIIEFIREICHRD, —
BAICZ OBEIMIK 9%, 2%, (KRB (E1E) Z2H
&, HOHRFMICEL ZRATE L TWz#RED b
L—Z RO LNV EBADREIZZ LENS. Zh
EEEEHREIEATNYS, HEEORET, ROEY)
BANLVAERD NL—Z 2T 2fTA0E, B BHiE
BMZDZENTELDTHAD. TDOEIIT, A&l
HESERKELZ N —Z 2 VRtEZEERTL, &
ROEEEL, aDXDITHE LD IckEI N TN,
HL, BENARTRRGEICE, bOLSIC L —2>
TRIOKMEIZZELURWEE, ROZXA ML AEZTLHT &
225 DT, BEREIIATE R0 ERLTCLED.

ZOBHBOFREN, YTz —T 7D KL —= 7
ST EEROHEMBDOI S 2 AE> TS, RV (2006),
R—T 1 >&d— (2001), KA (1994), Reaburn and
Jenkins (1996) &, FL—Z=VZEREEHL T
W< 72Dz, BEEOHIHNEE THD I EEHERHL
Tn3,

Z® 55 800m, 1000m, 1500m, < -1 )LD 4 flH TR
RLEREEH LA ENATF v - O—DI—F TH>7R
HOE—%— - d— (2001) 1%, L —XAiOHEHE T
3, BEERRICED L —ZANOEHENES T &b
NTWwbd., 7AU—HMIZE, #BEREOT—/N) > Fi
K0, 3DDKENSHZSLEINDENDIDTHD. a)
REBEFZEREOHEM, HANOIEKR, ZTRILF—BOHEK

fo—=2%

OUNNNNNNNY

K| &%
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EDEBFENEISNELC D &, b) HRERNBIEEL T
FRRHED B BAMEINT 5 2 &, o) INT +—X 2 ANDHK
ROFHIANOHBREFNINLDEED, RWREHR
RRICRDZIETHD. Zhenlentd, BRERE
MR L —Z 2 VRESPHERTON T+ =Y A2 X
HEEZEZDHIHAT, MO TEEREERZED I L1358
IRMMIENZ ETH 5.

LIIES>BOO, WYICKREEZHET S I LI
ZETIARW, RERSEEOFKME, FL—Z22T0
FREECTRE, S EOL NIV ERHLEIC L > TR S
METHD. I TDOHIZEHTTHIZN.

K613, ~L—=7 ORI > TlaliER N R
5Z&E%ZRLTWS, Brownetal (1999 1%, T+t
CRUPARCEKBHIA=EA NI T AITED
iy A—TTlE, FEICET ZREITRE < H b LiF
L TWa, 75713, HEEHIHEEEEICLS 50
B OB EERSZO Y LY F > - FF—F 0L %
RLUTWD., HOBEGOIRELRDZ LT F o FF—F
12, T2t b7 ZAOHE, BHIZE, ZEEHRTO
KIEIZEIIE ST 578, TFt>2 )T A TIEITOKEET
DEEIZIE, IHBDEL TWE Z N5, Thb
B0 NI — L —Z 27T, TNTNOMEETH
WHNZHIGERE S B L TEERRM 2 %0E LT n
Ea5R0WDTH 5.

K713, 28%0EEBES > F—030km &1 LNTA
TIVEWIERED ML —Z 2 72T ZEE EZT Dl
BRI B I 2Bk ERKE LDH) &7Vy 32>

a #EYIKREESEHE

A

r'

v

K5 BEERKROHNE (BXGEEHS, 1997 ZkiF)
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Creatin Kinase
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(Brown et al., 1999 DF—% %45 74t)
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Lactate Dehydrogenase
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L ; R ¥ 3.

700 . --m--GOT TH o
600 1110 §
500 F ]
400} 1% ¢
300} 470 3
200+ “m 2
100 m== 1% 2
[

O 1 Il 1 1 30 %

Eal  EBEE 1B#& 2B#% 3H#%

7 30km EED LDH & GOT D EIEBRZDEH
(Fix - B%R, REREH)

B —FFHOfE T > A7 37— (GOT) 0LH =
ARLTWD (TE - B, RFEX). 30kmEEWSAE
CABMLAZNTZHEITBNTD, MIERREGEEN S
APl CE B EEREICIE, REBENELCTND. AR
FIL, fAi7e & OMMRIAE L5 OfEFE £ 72 % LDH, L
= i V2 2 < A U GE BRI IR MBS ST L 79
HLEEZAENTVS GOT DM &S, BEFITHKL
T, EHEOLANEFTHO, LHABEVEEZRL
T, I, EEOERICIIEAENE SN, [#@iC
WL BMEDH B I LRl TWD.

Q) b=z 75 DEREE
N —Z 2T 5 T3 RN & o TEEERH

7, T ORFEIE 2K 8 1TRT (BRI, 2013).

Otviay BEROTLZYHA XEKENSRD 1H
ODhL—Z>r70Z & BELY T aEiT30 5L,
FOREKRENAZ LR Oy a > L5,

QR == FFA 1EMSEEOL v > 3 > THRL
ENDH1HDOZETHS.

@Ir7aYa 7))L @EIEMTH 5. 1EMIS2
7avA )&,

@A 7)) GEHSA 7)) - 7081 7 )0 h%
ONEFE--H0. WEIE, 4HEE»S 8 HKZ—D

:I— ayA7in <7947

F

:I—X‘j*f‘f7lbn —

- ~70aY%17)n

B8 bhlL—=rJOrREEE (E&), 2013)



DATHAZINET S,

@z oY 7))V (YA 7)0) 1 ATHA 7 IV

OhEFo T aOYA 7V s,

BIZIE, YTV DL —AD7=HI, 43 BT,
MM (SBBUN), 6 (M), MM GLEHD
DAVHA ZIVERET HE, FEROT 7 OYA 7))
I/ 5.

3) EUFSLE—ay

— RN, Pl —Z TR O A I ERD,
ANVYA Z), 7O A ZIVEIEICRD THWL, Z
NEUAYAtE—ar S5 &R EUASY
A= a > O/FEDODERIIONVT, EA (2013) 13,
IFD 3 HEHITFTND.

a) 7077 AOEFICENEMAS Z EICK 0 HiTs
R EMA, #ESEGIEMTIENTE S,

b WEMEEICOZOMAS EA—N—FL —
SO RMBERENE LD DT, FMAIC AR Z2E<
THEHERT, A—N—krL—22 %<

) ~EIZEDERITHT LN —Z 2V aHEET 5
K0, AVHAL I LN TOROBERITHEZLL DA
NWIZFED DR D HAMEERET 2 Z &N TE, KDK
ERNLV—Z VIR E/DIENTES.

#3113, FEEHEHICBIYIEUAYI Y- a3 DE
HHITH D, 1 FEFPO 7O A 7 IVIZBITF2ENE
NDOATYA 7)) OFEEBERINIH T TS, AU,
M —Z 2 THo%fEE HESTL2EHESORNRE
fiaDERICEDRKESEDL>TLBHDT, TNTHK
HoOIEUFTA = a2 E2BZEZ TN ZEIRDS
n5.

3. PL—=2JDFE|
FREICRET 5201213, ML —Z 2V OFRANCED

ME Eibeit 128 1E 2014
E, BN T &G - 7L TIEL BB
BB, RN (2006) 1F, FL—ZFDRAIEL T,
TOHITTHBY, TOMBIIEZDORMEIMATZHD
&L NIRRT
(1) EHMH - "EEOFEA

a) NL—Z2J7OBEKEARM, b) EFEOENMEA
& o EWHERERICBI2ETFOEE ZHEML
B sz, a—F3, B0 —F—T v e
HMARRIC KX D ETFOEN EEMSEEN D Z Lk
DN GEFIL, BMLWRL—Z T o &
MTEDHEDIC, I—FOFEZET/ITHELRTFIUT
VANSYANRY

d—F1F, BFITEL > GERMRETEY) R BEE T
5Z&ET, N—Z 2 FIANT COMREMBH R REE 2R T
£OIKT B I5FBH2&iIckD, BEFONL—Z=2F
12X T B BRSO, FHRICBIT 2N ORRE R
T, BELWNL—Z 2V aRRT27200EENDE
it 125t 35 2 EMTES.
(2) £EMHEDEA

N—Z 2 T OHIM OB T, EBEESZDICE
BN BETH L. HNEFOREIFIHREL W
HONHO, A—FiL, I ERBHIKEDZDICHEMICH
PN L —= 2 7 2H0 ANED &9 5. SEFEOHH
NERIKEEZZEA, T2T, I—FNZOHESUTEH
BHOZEEIRYBRIETHD. BIRKOEHWRIERED
KDELTHBLZEZED, BRITHNDENWEMHL X
LD EARBHFE D EAT IS & o TR RG22 D
Thb. KT, EWMIINC2HMREEDZOHD ML —
SO EHEMAB N - T OEEEZRLTVS (R
>IN, 2006)

Nagrni (1978) 13, [HYVHEHIZBT 2 5HE B RO ERE
EHREL TS, ZOMEL, 2 HYEDZ D
FHER, ENEmNERERICDOTTNWS. b £

xR3 EUXSTAE- 3> D : BELHK

S 7 i 341 Btz BT
122 A 3H 4-10 A 11 1
ObLEwOHEZED OELHEEZHRAICHES

AAHAE— RREATI & &

LTh&E, ZAE—RzZR®

OX w7 AITHEWRAE —
R

£ bR TN

O hEZKELT

T+ —ALZERHEETD

Oz mMIcim Ol OBERNTEWETOR ORERBREDRRED OEFA 7 ETHINO
Fiffy g%@EMKﬁ%ﬁ<D gy BB T ERT F v T

%

OfA KL —=7 0% O BHUBRNENSEM  OFRNOKTZEHEMRY OFRNHFFOZDIZ, K
whak 524< LT BRAEWIZ BNBRARICBTTS KO WCEEMITR b BIREEELD

KhzEED5 L—=T%f75

O i e K Ot D Ot D
%4 O6~15H< 5D Ol~s5m<s50nDKRE Ol~5FE<5WVWDKRIE

K#E3~51%y NE2~
3 [H

3~5tw M 2~4[A

2~3ty hE1~2IH
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%
14
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<>
40
60

[ =rmnr—=vs [ | 2E0GIL—=25

K9 F#WMICKHCEEMRMNL —Z v ELEMMN —ZY
JDEIE (R/N, 2013)

< DFFEEMN -8 IR THELZRD TN D, R OEEFERH
3, v h—, JOAAN M )—=ZAF—, AF—1h, K
7k, BHERER EREL REHRICSMT 5. 10-13 K TF—
LAAR—Y RS, R— N, BRSNS ICHEA %
WHTHMLAED . o HML7 07 L3 15-17 %
THED. NAMNT 3= > RAFHEMMENHBEE- T
5-8 SECHERIND, ENWDHTETHS.

(3) EMMHEDRA!

B R L —Z 2713, FOBRICHE LR IREN, 4
ML E2AE S8R ENTES. AF), %],
AE— RNERINDHiH (BIZAITEREF ) 2B T
3, L WER TE W 7 + — < ATEEL TV 5.
—7, MRERGRCHEANNERINSFE (T2

S, OAN Y N —=AF—, F—K, AE—=RZAF7—
N2 &) TiE, BFORMEREZ TIT2 XD iR
HMON=2>7 T R ERIERILEKRTH 5.
SEFETIT, F413, B LHE, RESRE, KikOF:
Hepath, B, NANT =< AFFEOEMTH S
(R 2%, 2006)

4) ERIMEDERE

d—F1F, L T LHHEHF DML, RBEREE/RE
EEELT, BRCEHILENL—Z2TTIT2EZTD
FEHVWDLENWS IO RMES T Tu—F 2352 &
N 5.

ZZTIENMEEBIED RERERNTH S, 1) HE
FZEICKDMEAE, 2) BAE 200 ET5.

1) RERZICLDMAZE

X105, EDERNE ORI E £ 20 % BfEd
5 (EF, 1980). WREIKE, BAZNRHZDT, FE
MBS (PHV 4t : peak height velocity) %
HUEICL T, ENETNDOESTERDTEEDRM 2 iR
HEXW, ROBBEWRHNCHEINFEEL, FANZ
PHV 4E#n D 1-2 4FR, /113 PHV i D 1-2 FHIF
EOE—IEBWAD I EITR5.

ZOFEEMBN S, INER, e, SO -
L—Z2 7 Db EEEZ5ELTOEBICKRS.
ORI

MR RDRENEE 22D, IEOEFITE > T4
DO B THRHMLZEEIC/RS. 2 ORFENTERE « 72l
VRAR—VEBEL T, HRROBEGNIRENY XL,
NG VA, FAIT, AR= TR EDHRES) 2w
HEZEEERMEET D, INoEH0TH &, [
EE I EMAICED HD X DI o IR OB
NI, Xz, SHRERBICE 0N, M
TEERER ICHEE R E 52, HIToRA T & Bl < &
WD ETDRND.

R4 BIRRICEIT DS - BRMERS - NANT 3+ —< > XEEFH

%53 555 B B AT e B (L B RA AR INAINT F— X > ARIEAE
R b ipikk SRR 10 ~ 12 14 ~ 16 22 ~ 26
r R A 13~ 14 16 ~ 17 22 ~ 26
Lt 14~ 16 17 ~ 20 25~ 28
BB 12 ~ 14 16 ~ 18 22 ~ 25
=Bk 12 ~ 14 17 ~ 19 23 ~ 26
ANk 12 ~ 14 17 ~ 19 23 ~ 26
HCEfA 14~15 17 ~19 23 ~ 27
= 3185 7 BT 8~9 14~15 22 ~ 25
‘e 6~8 9~10 14~ 18
Bk BT 7~38 13~15 20 ~ 24
'S 7~9 11~ 13 18 ~ 22
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& # (F)

10 RE - FEOHME (BT, 1980)

@R

ZDEMETIE, HFMEEHANOMRZLED, B EFREO
HANBREEZ EHICEEG I 2 ENEZLHETDH
5. AWMRROFEENASNZEHTHH D, FHED
INT VAR XALIMNEL BB ENHBM, FDLI7E
RRCIZHERE DO D E2BRVIRTIOICT 5.

ZDRHNTIE, MIRFERER DSR2 12 b L —Z > 7l
A9 BIRBEIC/2 B DT, PHVEMODLUEHLO NS b
L—Z WA T 5. 72720, WERDERED ML —
Z2TEITODTIRRLS, BORENSRAZITED DX
2129 %, b —Z T &L ZERIIOIIZIET—
QUIINT A= ANEE D720, @BERN —Z2F
EITWNBITRZD, TNNAR—YEEDN—2T
NMZDY % Z & &5 < 385 LR 1Ud7e 570,
=753 ]

ZOEMEETIE, BEOHMUNIEEZHDMNEL, HIR
W3R DEN N —Z 2 T AMICH A S NSRBI
5. ZOEMNSEHEMICHEMNAR N L —Z 2 T EEAL
T, ZoKRHS, H<EXTEHA - &HNNZEIE
EEETHIEMEERETHD, HiIeNT—RED
wHom kg, KoEERENEHICDTS EToLRE
ThdEEZD. HihTeNT—DAHZEEDDZEITELD
T, NI H—RAEEHDDENIEZZIFFORNE TR
V.

ERHB I ER Y, AR VRENEEL ST
WODT, [[FA—5A0IC EssE DM Z 5 A T7Rn], [k
L—Z 2 VRO 2 DN 2], [EHicikER %2

WETD] RETKHETLZHNEND S.

2) BLE

B, BICEEMNCBOWTEHEEARERTHD, B
RERY, MR D W TR RELE SN E 725, fl
ZIEWH R L — 2 ZIiBnTiE, LR BEROBIRS
RKEIDFETH D720, BT MO ZEY)IC
LT HLENDH L. FFAMERN L —Z 2 7I2B 0TI,
itz 5 BEICHZEIH DM, FL—=2 7REICELT
131F & A EZEDTRN.

A2 T 2RIVE NS > ZITHEE
DLECT, ZHNAVERM, DEMICHEEE RIFT. &
VIR TR EENNEET, FlAE, EWisESLEN
A TCIdR<, HERWRE, AMOIY YY1 Xh5hh
WENETHD. £z, ARBICNL—Z 2 RN E
EHEbHMHEIN TN 5.

HPERD N L —Z > 713, ARHEREATIE I HERE U A
DFERICHRTRETHD, BESINEZNL—Z22FT
HIIHIER 4 7 H, BERZNOEOO L —Z227
THhIUIHFER 10 » HUBEEEbN TV,

(5) ZHEMEDRA

W L)L O3 ITIFAERT 1000-1200 FFfE 288 2 %
No—Z T ENEREINS. HAE, EERfFT TR
J 7 & —TIZAERT 1200-1600 FFRE, ERSHAER SR 2T
TIEDR<EH—H4-6FFHDO RN L —Z 2 T 27> TN
5E0S. ML —Z T TRMESHRLCIEEZXKET S
FOHFIRODT L, ZHIHRNNEEZDRNS > =
CURETREETH .
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TITOA—TRZLOARMER>T, NUIL—2a3>
PLN—=N)—2HEOL, N—Z 2T E2ARENN D
T2 b DICT2HENH S, HlzE, EEBkOETT
HIUL, BUEEOHE DI, lcDU A ML —
IR T I X EAETALDICT S,
Sk N L —Z 270, BT OREMNREEZRD, L —
Z2TTICOETERGIRHDIZT 5.

6 EFYIDRE

ML —Z 27BN, AR, SRR, OERRYEIE
MO ZTOFEORMEEZEMLZ0ETIVET S LIdE
BETH5D ETFUTEE, BRI aIL—arTd
5ZETHD, a—FRETY DTICEDERNL—Z
TEBERITEDIT TN DTH 5.

AR I L —MTBEAICRYR L
1Z, FML—Z T OBCHELVWSZEELR/NT A—
H—WEZBEEDIL, KOHRNETYHT1 X%
AnsZ&Thb.

(1) HEarEEDRA

ML= 2 TAERIE, HLENS ERFEICED £ TH
ANDERE, DEEAFEIEC THRLITHEML T,
ZOFEANE, S r7adasunsFU > Ey IHA )L
QM) ETORTOYA VIV EETET %5 A TOHE
WEins.

B ZEET 2 HEEL T T 452 51T 5.

1) EEEATE

EMZBLTCHUCLD AN E#]ET 2 HIETHD
(B 1) GR>7%, 2006). ¥, HESWTRICL S
BRIVYHYA ZRRCAND ML —Z T 2750, U
fEfh e FiESch I TAmERZIIK T8 5. £
AR OREIL, PIHNCIIREZEZ S S TN, B
RS TNT =< > ADERZFIER T

2) BEARIL

N —Z 2 VARG B TV SEETH
%5 (F12) (RN, 2006). 2, EHETHUT
MABDZEMTEDLTHADMN, EichbEdE, F—
N—=R L —=Z2TN=277 N8 fERENH 5.

INTH—TI VR
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REWHEER D > 22 T T A N ThHERNEERET >
Z> %757 Z K (MART : Maximal Anaerobic Running Test)
PREOEWHEEE L GEHSN, ZHUTHELCEZT X
I (Vuorimaa et al. 1996) 72 ENFEfEINTNWS (K 7).
UL22L, MARTIZ b Ly B2 )&, BIERFICHEEZ
HEWANEDD LIF2EHOEENBETHD, RoNnik
RETLMIENTERNEWVWDIREAND D, 20D
N—Z D TBBICBWTIE, HEBERYY > JiEd %
A W 7z Wingate test (Dotan and Bar-Or, 1983) IZ X > T
HIE N5 R BN T2\ T — 72 i FEEEEE /) & L C
BHAT2ZENZLN (X)), 72P, Wingate test &13,
HIRHENRSY Y > V&S Z H0, REM7=0 0.075kp D&
MZERAWTIOMHENTERTZ2HDTHD, ZTOE
DEARNT =R FZVEENRE ) & SN 5.
(3) EANRIGE

M= 2T X2 H~OEERRIF, FLLTLY
AT AN =22 TI2L2bDE, AHFZRFFAT N
L= &5 bDITRIEND. ZDRNMTHLY
A AN L= TIC X AR KRS KNS fm
I EERPE I TN RBD 55720, d>T 123
ZOUDIREELTHWSENS Z ENLWN. BRI
BITA MM =22 TICBNWTEAIND XS 0fEH
TEMEOHENBHE TH D, TOEMITEME L CTHEKEK
BIORINZDZENS, A>T 1> aZ T OEEEL
THOFNRTNENS RN D 5.
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By —22300ET525TO 1y 717 MR
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300-f--------- A
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7 Maximal Anaerobic Running Test (MART) @ 'O k /L3
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8 Power Max Z#|H L 7= Wingate test

OREHE, BANT—NEHI N ERECkEEEE IS
WT, ZTOFHNT =< A LEDZODIEHEIC
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K1 BRABELEEOHE

FrITpmLr- 9%RM HESHSHIRM
B (reps) —#LEEx ko)
1 100 1.00
2 95 1.05
3 93 1.08
4 90 1.1
5 817 1.15
6 85 1.18
1 83 1.20
8 80 1.25
9 11 1.30
10 15 1.33
12 67 1.49
15 65 1.54

RM:Repetition Maximal
Baechle and Earle (2000) ZJTIZ{ER
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DOHDODOHEEEIZMA, FEFICEERONEEHETH 5.
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Al b7 S NCEEN T+ —< > XM EEHE L TERH
SINZLHBEDEFLET 5.
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BEDOT Y T5 A1 LEGHIT 2 RIERES > F—
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HTHHEDITKWNY R, #HILDTWRSY RS E
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[BE_L 3%+ Round-up]

by T7RU—bEO-FDEEDHD
“JAv Y -EUFFAE-a3 " DETINTSY

Hil Wik HEAZTFREREZAR—Y N —22 Tt )

USR-S i (ARLFRERS)

1. (FLU®IC

BHAR—YOI—F 7 AU —MNIEoTRDEE
BEEO—DELTHhITFoNDZ&F, [HEETLH
BRI BI 2RGSO T +—< > A DHE]| TH 5.
UM o CZOEEZZERI B S-01213, EELHH
RIMETTEDE D BRIEFEITI DN END T EMNIEH
WEBERRA > Nekb, bbb, SiEaicmi)z%
i AT LM, BHINT 4 —< > ACHEHENRERE
o9 LIS IO, SR RS X T A
OHAEZEHS TNDAR—Y N —Z T DEYFF A
T—2a HEmIIDWT, BIEETRBLHMINT
ZHDIF, HYEHOY NI 214 T 7ICX5EHNBE
VATA Y= 3> Ths rD (RET1L7, 1985 ;
MNA, 1994). UL, EBEMREEAR—YDEFL W
FRERICHEL, HROFEAR—Y 2RO EBRIIKE
<AL, 1960 FEARICHEN. SN/ b L —= 2
TOEVAYT A Y= 3 ERICHL, SERSftpng
C2EL21>TER (FAfF 2001 ; Verchoshanskij,
1999). ZOfER, HROFHAR—Y OIURICHIL 7=,
Ky T7 AV —=hDEDODORL—Z2FDOEY F 44
YT — a OBREMTbONDE IO TERE (FAK,
1994). Z DI T, EEFHZITHRREINAEY TP I —
Ve A4 AU > (ssurin, V) I2&kB“7Ovr - EUSS
1¥—rarrid, FL—Z2FAMOEFELWEKREE
BOML—ZFV7HEORKEI> ho—)LEWnWDd, Gk
WBEY A S A —2 a D ICNET HREZTRT 2 &
L&, HELTO2HEBOFHERICEREGDE S0
BH 7 & 177 (Issurin, 2008a, 2008b, 2010). DX D “ T v
7 -EBEUFITA Y= ar"d, TAU—-NOEEET
DEREOEFEDDD ML —Z 2 FEHE %, K DR
MERDHDIZTHIERXLHTFLET R LEEZLNTWVS
(Miiller + Schrader, 2013). 2002 %121 A1 > (Issurin,
V) ko T*7ovy s - BUFF A Y- a0
BB LU XX FER SN TLE (Issurin, 2010),
ZOHERIZZ < DEFEICK - THER SN, IREEHTwK
K2 ELHHICHZ DI AR —VIZBNTE L DR
Z I T % (Issurin, 20083, 2010). 2O X D2« T 0w
7 EBEUFTA Y- arid, BROBEHEAR—VICZ
BUF5 Ky 772 — N OBHEEITET G X T A
ELUTIERICRERTREEZMDO TS ENWA LS. L
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MUBRERZ &IT, BELFEICBIT 22 0RBEIIIEE
RN &, S5 IOERICET 2 AARETORH
RMFZEAERBRINTNVEBNWEERENS, BNEIZH
FJAREEREFEFERATO Tay - UM E—Tar”
ORBHMEIFML N (Fil, 2012). L7z2i>T, HEKCE
5FT, “JOvy - EUFFIE—-Tar itBITD
HESIZHMRTE/ELTH, ERTZEDEDI BT
ERDBDMEDEERBGEAA—T DT EITHL WK
Thotz. ZOXI7IRMDH, [Leichtathletiktraining]
DEHDOE (Miller and Schrader, 2013) IZBWT,
e BB DR R ICBIT 5, 2014 FEDO S — X
VoXEFKRaEFEFTO“Jayy - EUFY A E—2 3
DU ERWERNL—Z Y TOETIINT T OnEEIN
2. ZZTCARETIE, “TJay - EUFYLE—2 a3
WCOWTDOEMRNIBZA A=V EH5 25T ENMHEE T
549, 6, EEEEOMEZDEBIZBTH =R
M=z ZfEeLc“Tyny s - EULXY A —
Tar” ERNT AR ERD I EEFN, ZOETIL
TR L TNERZN,

2. “7Ovy-EUFFAE— 327 &I
A4 AU > (ssurin, V) I2&kd“7ovw s - EUFSY
A= ar” oFHIE, UTICHhiFs4DDHRA > b
WWEHEINS., —DHIK, M—ZVEHEONEICH
WT [FEEICEPLEMLINZ L —Z 2 TaRZE
WCRL—Z2 727D PSS 7L (AT A 7
W] Thz“Tayr "k HRAHNETDZE
DHIZ, BERIEEL< DML - I L, FEIC
WHhT2ZERXERAND 2720, 1 D070y T (X
AU BT DY =7y b ET DR ERZ K
INRIZEEDBENDZETHSD. L T=DHIL, £
< DENBERZHEGICEESTEDLEND T ETH
5. Tiabb, 2L ORNNBRERZRKFICEEIES
FFODREG N L —Z 27125 “BHRNBE Y 5 A
Y—ral?&@EW“JOy s -BUFSYIE—2a”
kB ML —Z22 70, AHEMICERINEZY—T Y b
LR DRI BN 2R S X o T, HEENICm
IR BZENEHNERD. BIEIZ, BMICXDZY AT
ZDHEEMZRD RWe, EfbIhz7oy s (A
JHA 7)) 1B B MR E TS (Issurin, 2008a, 2008,



2010) EWH T ETHh .

“Jnwy - EUFYAIE—Tar” oMER EE
2> >IN Th%. ZLUIORLELDIT, HEABA LR
5“7y ”icid, [ (Accumulation) 70w 7],
M8 (Transmutation) 70w 7], [Bi5{t (Realization)
Ty 703 DOENFEEL, TNTHNOMKEEZH->
TWa. 12070y s (A5 27)) OHEE, &
JE DY DFERE LD TEEN - FIRICEE L 0WE
{LaEplER T EMNRER 2 ~ 4 HF TR I N 5.
FLTRL—Z 27 OREHRZGEMICHAL 2
5, H—p7novy s (AJYA 7)) ZHEESE1IDD
M= T ATV L, &£ —Z22 T 27—
POE®KIZ, G GAMRAELED) MRDKDICH
BET5 (KD. 120~ —Z22 7257 —OHBIER
2MAERZN, EBEIZIZINSDOT Oy I DHEISD5E
TR <, RN B L OB A IE R i 2 < O
BEZNEETE L =AU ICBIE L -2 T
T I3 HAEE<SLDN, BELENL DA
CEE SN, EROFEINT +—< > XD E— 7 ERD
ROENDHL =X OBEITRNWTIIEL, 25 HHE
EeLlrs, 2LC 7084 7)ICBFAS N —2
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TAT—Y OB, B, SAR—VORH, #&h
L& —, BELRHAAGOEEREIIK>T, 420567
DETELIZED (ssurin, 20083, 2010) T £1T755.
ZDORL—Z 2T 2T =0 EER TS 2 EITkD Y
7Oy ZI)VHRERR SN % (Issurin, 2008a, 2008b, 2010)
EWnIHHEEICE> T 5.

R 1’3{0)7:_6'00) “JAOvy-EUFS
A1E=2ay"OETFINVIS Y
AETHNTD“TOoyr - EUFYALE—2 a2
DETNTT R, P—AVENOEERERTHS
F—ZA MU T D Gotzis IZHBWT, 201445 H 31 H, 6
A1 HITON SRR ETO N —2 >
775 OBTH . FLL b, BAEORE L >4 —
IZHWTHFEH IR O HAZEFHENTTONS 2
W, ZOEERNBENFZIEFITHKEND D L85 TH
A5, filklLiz“70vr - EUFSY I E—a>r"d
JFHEBRIOWEEREAZDAT, ZOETINVTIT I
DNWTHNTAH I EELN
IRERFY, H—fEH OR&LEEF D & OB T
B, EB - BROSEHICES TOV—ILIZL > TED

x1 "70OvyrDiEsE

(| LS
BT Ov o HBEWIR I ER (FBRFEERATICH N E) tHiz%ET s 7oy o
(Accumulation) L ENZ <, MEMNMENW N L —Z > T Ak EHWS
7oy 7 LRETOy 7128 WTHEL 72— TEN 2 S I st o Hef (R 20k
(Transmutation) FEA T EMBRHERA 2 E) T2 70y o

BELTOy o

(Realization)

RiE DN

KEOIA>T 1 araEsEHT (E—F270) zoo7yavy
LA, RKAE— ROEEEE DA,

BHHOHMW i ENEEND

o k

7% (Accumulation) 7 0%

B5H (Transmutation) 7 w4

IRE1E (Realization) 7 Ow%
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(Issurin, 2008ak Y %)
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SNFEH & EF T > THWa W, #4 0fEH O R
REEREI N, TORERICE S THON S FEE
FiD (BAR, 1982). Zo@ificid, & - k- I XT
OEAWFEENE N2, KB XU OMiE T
BERINDERIINKRTHSD. Z0LDIT, BAFEEE
FO#ML XL, ozl —Z 2 JHMICBREE SN
DRI EREWIZIBRTNERBERBNWIETH D
W, HIEHO Y AV =D NL—Z22 T TS5 0%2ZF0D
FEHMATAH I LIXTER W (Miller and Schrader,
2013). 7HEH® 2 WX 10 FH O &2 FRKHC SR S &
L2 EEATHETH D70, BRFFEOY AU — M3
CHEELREHICHL TR —2 2 T 28Eh L TTo 0
EHNHD (aT'Y AF—, 1982). L7=MN->T, &
REH D DDA AV > (ssurin, V) I2L2 “ 70w 7.
EUAFA =232 " DTS5 2RitT 28, #0ic
EZRLSTERSBNWI &, BERERICKEEINS
LRI N L =2 TEFOR NS Y =7y hET DR
EOMGEIRTHZETHD. T/hbE, M—=
TEFOEENEMZRET 5 L TH5S (Miiller and
Schrader, 2013). =L ChL—Z > Z5tHEIE, FL—
SO OREHEESHANCRIALAENS, cTOy 7
PEAEL N —Z ATV ORKEK TN L —2 >
THRNPEDEEDIDICHREL TS ZEERS
(Issurin, 2010).

4. BEMBNL—ZV R T—C O8RS
21z, 20134510 A 1 AN5, 2014455 H 31 H, 6
H1H® Gotzis TIrhHN b, > —X DR OEES
HAETCOEMERNENL —Z 0 VAT =YDl Z2RL
7. TLTK3ITE, KM2E2H&icLT, M—=F
AT—=TZED{TOy 7 OltH & BRI A% ERL
7.

21T R UL DT, Gotzis THON D HY) D FE
KEEFTo®REHMZ, ZOETFINTS>TIE4DOD b
V= AT =PI Tn5. EXBIEZTN
T DDRER N —Z 0 T AT —Y (EfE-ini-
HEETOY 7)) DEEEINTND I ENGN5S.
BILIL—Z2 25—, 20134E10H1 S
11H24 HETDOL5 HE &> THO, midlLz1D
DL =22 T 27— 0K 2 A &0 S AR
BRI —&HLTWS., ZORL—Z T AT—2ICH
A& 70y 7 ORME, EEITOy 7020 HE (K
3R, T oy 21 A GER), L THRE
OHEATOY ZH14H QHERM) &> Tnwa, Z
DR —Z T AT =% ETDRICEETREZ &
13, 11 HORPIOHEEL T O Y ZIZDWTTHD. Z
O70y 7 OHMIE, SWEEEZEHL, 7AMBXT
T A MRA CTRIEBEREERT DL, RoTITHN
DI A ZR/NBICIA DI ETH D0, KOEMN
M CRL —Z 2 75y o TO—BELTITD 2 &AW

20134F10A8 20134118 201348128 2014%E1 8 2014428 2014437 201445547 20144F5R 20144F6

1 EEA) 1 1 1 1 FMYER |1 1 1 1 Gétzis
2 2 2 2 2 FMYZER |2 2 2 2
3 3 3 3 3 3 3 3 3
4 4 4 4 4 4 4 4 4
5 5 5 5 5 5 5 5 HEE@ |5
6 6 6 6 6 6 6 6 6
7 7 7 7 7 7 7 7 7
8 8 8 8 8 8 8 8 8
9 9 9 9 9 9 9 9 9
10 10 10 10 10 10 10 10 10
1 11 J‘/EEG) (11 11 1 1 1" 1 1"
12 12 12 12 B=EE(©2) |12 12 12 12 12
13 13 13 13 13 13 13 13 13
14 14 14 14 14 14 14 @) |14 14
15 15 15 15 15 15 15 15 15
16 16 16 Exi(2) |16 16 16 16 16 16
17 17 17 17 17 17 HEEE) |17 17 17
18 18 18 18 HisRFHE |18 18 18 18 18
19 19 19 19 HIEFE |19 19 19 19 19
20 20 20 20 20 20 20 20 20
21 ER#@0) |21 21 21 21 21 21 21 21
22 22 22 22 22 22 22 22 22
23 23 23 23 23 23 23 23 23
24 24 24 B/&E 24 24 ERi(3) |24 24 24 24
25 25 EH(2) |25 25 25 25 25 25 25
26 26 26 26 26 26 26 26 26
27 27 27 27 27 27 27 27 27
28 28 28 28 28 28 28 28 28
29 29 29 29 29 29 29 29
30 30 30 30 30 30 30 30
31 31 31 31 EW®@ 31 Gétzis

2 RO —=>70v 008D 4G M-V FRTF—D)
(Muller and Schrader, 2013 &V 24%5)
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e

| BELTO9Y I

—=U T RF—CDEAR | EH®IJovy | EfRIJOvY
BINL—=U T RTF—S | 208 (433:8) | 218 (3:8) | w‘_“iﬂffgﬁ
Ft558 (#98:8)
ES
oL —Z T RF—T | 218 (358) | 278 (#9438) | 228 (#93:8)
1708 (10:8)
FEINL—=V I RTF—D | 218 (3:8) | 218 (3:8) |ruﬁigEL7
1568 (8:8)
FEBH R (Gotzis)
FANL—ZVTRTF— | 148 (2;8) | 218 (3:8) | 28H (4:8)

§t63H (9:8)

K3 4D2DFV—ZVFRF=2DTOY IDESD
(Miller and Schrader, 2013 & U {#EK)

ETdh5 (Miller and Schrader, 2013).
FT2hL—Z T ZX57—13, 20134511 H 25 A
520142 H2HD 70 HEITH D, B1 ~L—=2 7
27—V &0 15 H (W2HEE) Ew. £70v 7 0Ok
ML, EETOv 21 H GHERED, w7 oy rn
27 H (R4, HEMEToyra22 H (K3 EM)
ERBHSOTWS, 2 bL—Z T 25— ORI, H
FETOw 70D, RAVENEFHEEEEL T
WHZETHD. Lo T, HETOy 7 ORiICE
BEINDEEET Oy 7 T, SETICNET 2SR O
EREZHERL THB 2 &k 5N 5 (Miiller and
Schrader, 2013).
FEIDKNL—Z 2T 27—, 201442 A3 A»
53H30HETODS HfEmoTWa, LT, &7
0w 7 OldHE, EET70y 7 KOEHRTOy e s
221 H @iEM), RBOBEEZETOy 7214 H 2
) &-oTHD, ZHNEELIRNL—Z2 T 27— &
FIEREO 7Oy VRS THD. ZDORL—Z22 TR
FT=YOBRFE L TOY VI, RIE0ELIRNL—Z2 TR
FT=YEMAENL S T F vy T TRTIRETH
0, BETOy 7 ORFZIITIINT+—< AT AN
EERET27-DICRERFELBRZZEEZANET S
(Miiller and Schrader, 2013).
FBADONL—Z 2T A=D1, 201443 A 31 H»
56 H1HDY— X RAIDEESFA2FTD63 HIE (9
AR o Twsd, ZORL—Z2FTAF—YOHK
13, >—XORADOFEE RS (ZZTIE, Gotzis T
DNDRMEFHD TERE) TBNWT, &EmOHH/N
T =AM TEL LD TR - 2EL 2D
WEBEINDZHDOTHS. LEN->T, £70v 7 DR

RO N == T AT =Y 3B RD, EETOY
7314 A QEK) EEL, KMICHELETDO Y 78
28H M) EHoEBRNVIENRHBTHS. &
B AEA O, 2028 A&V HL, B
BUF S — 3 BN T B EHS OEA
12, ZNETICEEZ S TR A DB EITHAAEN D,
[AERT AV Y1 7V S FIEFEEEO S TH 0 HEEER
BEMNS BT B EEZ5ND (FI,2012). FLT,
FOBICHAEI—X O, FL—=2 70y
JW3EMLUEETEIRIN TV Z & L5 (Miiller
and Schrader, 2013).

5. 70y 0 1 BEADETINVS >
AR L&, BEREAOZDO “Toy 7 - B
FIAX =2 ar" DT ERMNT I, HIDIIEZ
B TIERSRNWZ &1, BARERICHEEIND LEE
BNV THEZEOHRNS, =Ty NEeTEHHEEE
EHINGERTZZE, bbb, hL—Z 2 JHEHED
BENEM ZRET S Z & TH S (Miiller and Schrader,
2013). TLTC, HEAT—YOREIC, AlEERR O En
L —Z 2 TR ZEZ L TWD 2 EMEFERRAT >
&73% (Issurin, 2008a, 2008b, 2010) .

xz2mo 4Ty, H£70y 70 LEMONL—Z22 T
DETFIVT T >ERLUE. ZOT T BT S HELIEN
13, Bk, ATV RRAE—=KREZXTY 2 RINT—,
MAEZTLTESEKTHD &L TWD (Miiller and
Schrader, 2013). ZNHD KL —Z > FHEEOEIE
MZBEATZD 2T, EETO w7 TIEEANAE K
B KR O ORR, EEBHWIC L —Z 27 2&T
LT, 7oy 7 Cld, 4 OEiiflE ofm
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X2 "ERH M —=2sT70vo0BBTS Y
H K 7K A & + H
N — «60min T )L T |+ FOKASY |+60min =)L T |- /87— s 7Y — +30min FFAE
c FRA T > b A—5—/ >k A—H—/ c AT KA - fREEE
R FTD) F—L/FN| Elidm T=L/FAN| E—F ATl
hrL—=>| /100m £7) HhLb—=] WX 25 A=
7 c ATYUNR| T KK F72 L) AR/ NN
- flinRE SN E—ROz00 | - HFEE
- PRFEE AN pa) (100m £ T)
(100m % T) NL—Z2F |- AF43 2
AT T RNl
RNy% PARY/A SN
PAEE/A FN
- E bk - FEE PR - E bk
(B A B 38) - IREE (FeAfr g B 3R)
- KBk - Kk
(fiY45C) (Foik)
(Miiller and Schrader, 2013 & U tgZs)
X3 "R M-S T7OvVvIDBRTS Y
H X 7K A & + H
- EEk RN RAT 2| - EREB - fidtL - EE bk 7= 7Y —
- IREE T R—=)b +60min T )L I | - (A8
A B/ N A—5—/
fi st N
+60min T )l 3 T URE
A—=5—/ (800m/1500m)
EINVESY/ )| - PR AE
cNo—=7 (100m £7T)
- Bk S
- PRAEE
(100m £ 7)
<N — cHMY YT - B « ZE— KA
- BT > b (30m) AT R
s ATY KA - TOdGE E—RD7HD
E— ROz 0 LA IEb)pi)
LAY W) cL—=2
cNo—z=27
(Miiller and Schrader, 2013 & D t&Z5)
K4 "HRI -2 T70vo0BRBTS >
H K 7K A & + H
- T X Mk & CATY T —n () |- T — - T A A c ATY B + 30min FFAE
GEE k) 2N G=19) TAN: - fiTRIEE S
30m 7 77U F 30m 2”7 IUF |+ ARLYFT
TR — K ST AY— kK (F4)
m Z & > 30m fn
T4 TR
5 —hk
T A MRS - T A kB - T A ik T AR - B
(FaALd%) 0 (faHL#%) (5 BxBk)
- T HLIR DTS c IR OFTS |- T A
ke dnl BT (30m Fl>
+ 30min FAE . 3(%;nin %)0\% > )
DI
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FEHIL, MERZBIENICENEIE N —2 2 T 2T
5. ZTLULTHELTOw 7T, HERICET TOHEM
F) 72 %0 217> T < (Miiller - Schrader, 2013).

6. BHUYIC

“Jowr - BUFFAE - 3> OMoOEEER
BT 52 < DEBREIBIORIIFINASNSH, TR
Bns, kEEHEkicBy2« 7oy - EUAY A —
Ta s ORBENIIEFICDRN. FEMICIZERIN
DIKIIER, HEHL ¥ —, BERERREICRER
WLENASND 720, MEEFEEICR TS 7oy - ¥
VAFA Y= a2 ODREBIZOWT, BRI A A—
CEESZDZENHLUVIRRN DD, AFRITHNTH
MLEETIVT T 203, kEEEsficBT28HRO Ny 7
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[Coaching : A sprint technique)

Hiroshi Sawamura (Nihon University)

1. Component Stages of a 100m Race (Fig 1)

This Figure shows that reaction time accounts for 1% of the
entire race, and even the block clearance is 5%. It can be said
that the most important aspects of a 100m sprint are

acceleration and maintenance of top speed.

100%
RT = Reaction Time

BC = Block Clearance

AC = Acceleration
64%

MT = Maintain
50%

DE = Deceleration

18%
12%
1% 5% |

RT BC AC MT DE

Fig 1. Component Stages of a 100m Race

2. Arm Swinging (Fig 2)

Before practicing arm swinging, athletes do two or three
relaxed runs of 50 or 60 meters at about 50% of their full
effort. Doing so helps condition the body and lays the
foundation so that correct movements can be practiced
without difficulty.

There are two ways of practicing arm swinging.

First is the stationary method in which the runner

performs the exercise sitting on a bench or standing still.

A8 A

Fig 2. Arm Swinging
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The second method sees the athlete check his arm
swinging technique during a relaxed run.

Start by swinging your arms with the palms open. Some
athletes like to clench their fists lightly; that is also
acceptable but be sure not to make a tight fist.

Starting with your right arm swung back, bring the arm
forward until your palm is in the position shown in the
number 1. When doing so, make sure your elbow is bent to
an angle slightly tighter than 90° .

Next, swing your right arm backwards again. When doing
so, your arm will extent naturally, so be sure your elbow
opens to the angle indicated in number 2. In practice, the
fingers of your right hand should brush against the hem of
your running shorts.

Once your arm is swung fully back, bending the elbow
slightly as shown in number 3 will cause the arm to recoil
naturally and begin a forward swing again. When swinging
the arm forward, the position of the palm is radically
different from that during the backswing. Although not
indicated in the any Figure 2, remember that the elbow
should be closed to around 90° and the arm swung forward,
at which time the palm should be positioned to brush the
waistband of your running shorts and swing upwards to face
height.

3. Spacing (Fig 3)

Begin by approaching the start line and assuming the “on

your marks” position by placing your hands, front foot and

9 0°C

Fig 3. Spacing



back foot as indicated in the Figure 3. When viewed from
the side, your arms should be perpendicular to the ground.

When viewed from the front, your hands should be placed
on the line slightly further apart than shoulder width.

4. The “Set” Position (Fig 4)

To assume the “set” position, raise your hips. Repeat this
movement (i.e., move between the “on your mark” and “set”
positions) a few times, keeping your arms straight.
Repeating the movement allows you to fine-tune the
position of your hands, front foot and back foot as required.
When assuming the “set” position, it is vital that your front
leg is bent to 90° and your rear leg to 135° as shown in the
Figure 4. Check that your hands and feet are not spaced too
close or far apart.

Use tape to mark the position of your front and back feet,
then place the starting blocks so that they match the taped
position.

up

I

Raise and lower your
hips a few times.

!

down

/\

Fig 4. The “Set” Position

5. The “On Your Mark” Position (Fig 5)

Position the starting blocks to match the front and rear
foot positions you marked out using tape. Assume the “on
your mark” as shown in the Figure 5 and wait for the call to

“

set”.

Fig 5. The “On Your Mark” Position
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You should be looking straight down at this time.

6. The “Set” Position (Fig 6)

Raise your hips slowly to the “set” position as shown in
the Figure 6. Stop with your front leg bent to 90° and your
back leg to 135° and wait for the starter’s gun.

When in the “set” position, your arms should be
perpendicular to the ground when viewed from the side.

Be careful to ensure your shoulders are not pointing too
far downward in front of you, as this will increase the
burden on them when you start running and prevent you

from making a smooth start.

Fig 6. The “Set” Position

7. Block Clearance (Fig 7)

When the starter’s gun is fired, start running as shown in
the Figure 7. Remember to maintain your body at 45 ° to
the ground when your front foot leaves the blocks and keep
your line of sight at 90° to the angle of your upper body.

Do not look up at too sharp an angle, look straight ahead
or look too far down, as this will cause the shoulders to
tense and will prevent effective swinging of the arms. It is

important, therefore, for the athlete to maintain the right

Fig 7. Block Clearance
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angle of sight as indicated in the Figure in order to ensure
natural, uncramped arm technique.
Swing the arms fully back and front as shown in the

Figure.

8. Acceleration <initial> (Fig 8)

Start running when the starter’s gun is fired as shown in
number 1. Remember to swing your arms fully back and
forth, but take care not to completely straighten your arm
on the backward stroke.

Your upper body should be at 45° at the start, and you
should gradually come upright over the first 20 or 30
meters as shown in number 1 through 4.

Take care not to pop your head or body up suddenly.

AT

Fig 8. Acceleration <initial>

9. Acceleration <secondary> (Fig 9)

It is said that speed is determined by stride and pitch;
this theory holds that the larger the stride and faster the
pitch, the greater the speed. This is, however, all talk and
not actually possible.

Therefore, two-dimensional theories like stride method
and pitch method will not be discussed here.

Y

Fig 9. Acceleration <secondary>

Upper Body
Your upper body should be angled slightly forward as

shown in number 1 through 4. Swing your arms fully
forward and back. Starting with your right arm swung back,

bring the arm forward making sure your elbow is bent to
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90° or a slightly tighter angle as shown in number 2. On the
backward stroke, the elbow will naturally start to open
when your fingers reach the closest point to the ground as
shown in number 3.

Remember, though, that the elbow should not be
completely straightened; try to keep some slack.

Lower Body

When your foot touches the ground, your lower leg
should be perpendicular to the ground as shown in number
1. At this time, your upper body should be on the front foot.
Your right heel will at this moment come into contact with
the ground and create a rebound force away from the
ground. This rebound action is the source of propulsive
energy.

The other leg is now on the return stroke. Make a
conscious effort not to thrust the thigh upwards and the
lower leg forward. The important thing is to push quickly
against the ground directly below you when you get the

aforementioned rebound as shown in number 1 and 3.

10. Correct Ground Contact According to
Speed (Fig 10)

When jogging, the first contact is made with the whole
sole of the foot as shown in number 3.

When running at between 50 and 60 percent effort, there
is less contact than when jogging as shown in number 2.

This trend continues when the effort rate is increased to
between 70 and 100 percent, and the area of the foot
touching the ground in the initial decelerating contact is
even smaller as shown in number 1. Most athletes do not
realize it, but the heel also comes into contact with the

ground, albeit for a fleeting moment.

L

2

_

Fig 10. Correct Ground Contact According to Speed



11. Up-Down Motion (Fig 11)

Whether jogging or in an all-out sprint, watch the runner’s
head and you will see that his head is moving up and down.
number 1 and 3 show how the body floats higher off the
ground after kicking against it with the feet, while number
2 shows the lower trajectory when the feet make contact.

The important thing is not to kick backwards when your
foot comes in contract with the ground, but to push against
the ground directly beneath your body as shown in number
2. It is as if you are springing your body directly upwards
for a split second.

1 2 3

Fig 11. Correct Ground Contact According to Speed

12. Maintenance of Maximum Speed and
Deceleration

It is said that national-class and world-class athletes
achieve maximum speed at around the 65 meter mark. This
phase is called acceleration.

It is also said that athletes can maintain their maximum
speed for around 20 meters, and this maintenance of speed
is the second most important component of sprint racing
after acceleration.

Even world-class athletes like Carl Lewis, Leroy Burrell
and Floyd Heard show some drop-off in speed; the key to
sprint technique is how to minimize deceleration, which is
thought to occur over the course of a dozen meters or so.

The maintenance of maximum speed and minimization of

deceleration can be thought of as a single technique. Some
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speak of changing gears in the second half or switching to
the pitch technique just before the finishing tape, but these
techniques do not apply to sprints.

Running technique at this stage of the race is basically
the same as the acceleration stage. In the US, coaches will
urge their runners to “stay” “hold” “keep going” “stroke”
and “push” in the second half of a race. Let’s take a closer
look at what those words actually refer to. “Hold,” for
instance, means coming upright with the upper body
relaxed, looking straight ahead, relaxing the jaw, swinging
the arms fully back and forth, not raising the thighs so far
that they become parallel to the ground, and using the legs
to give a robust push off the ground directly under the body.

The second half of the acceleration stage can be summed

up in five actions:

1. Bring the body upright.

2. Feel should make contact with the ground directly under
the body and push up rather than kick back.

3. Swing the arms.

4. Let the legs make the return stroke naturally.

5. Relax, especially the jaw and shoulders.

The best way to learn sprint is how to sprint.
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