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A study on performance achievement of student top athletes in major competitions
— Analyzing recent results of track events—

Aki Aoyama'

Abstract

This study is to examine the relationship between different arrangement

patterns of major competitions and the performance, taking student top

athletes in track events as the subjects.

The obtained results are as follow ;

1. In the Regional Intercollegiate Championship series (hereinafter called :
Regional I.C.)fixed in May, the athletes exerted high performance
levels in all the patterns.

2. There were differences among performances in the National
Intercollegiate  Championship series (hereinafter called : National L.C.)
depending on the patterns of competition arrangement.

(1) The first pattern with the long interval of 4 months between the 2

major competitions is considered to be a possible arrangement to make

two peaks (the Regional I.C. and the National I.C.)in the performance.

(2) In the second pattern where the interval was within the sport—form
—maintainable period, the National I.C.'s performance was higher than
the Regional I.C.'s. Therefore this pattern is considered to be a possible
arrangement to raise the second peak still higher.

(3) The third pattern with the short interval of 4 weeks, is considered to
be an arrangement which might possibly deteriorate the second
competition's performance.

3. The personal best record and the Season's best record occurrence ratios
didn't show any differences among the different competition
arrangements. The arrangements and the peak occurrence ratios seem to

be unrelated.
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Techniques used by Japanese elite long jumpers in preparation for takeoff

Nobuyuki Ito", Michiyohi Ae”, Hiroyuki Koyama®, Yuya Muraki”, Koji Zushi®, Akihumi Matsuo”, Mayumi Yamada®, Yuichi Hirano®

Abstract
The present study was conducted to clarify the type of motion performed

to lower the center of gravity of the long jumper during the phase of the

preparation for takeoff by comparing approach and preparation for takeoff,

and to examine the effects of the preparation for takeoff on good or bad
jump performance.The subjects were 5 Japanese elite long jumpers. They
were videotaped during the sixth-to fifth-last stride (approach) and the
second-last to last stride (preparation for takeoff) with two panning high
speed VTR cameras (200 fps).Each jumper performed a total of 3 to 6
trials. Trial jumps with the highest and lowest records were set as "top
level trial jump"(7.49%0.15 m) and "lower level trial jump"(7.1340.12
m), respectively ; a total of 10 trial jumps was analyzed. Two dimensional
coordinates of the body landmarks were obtained by digitizing VTR
images. Running velocity, stride length, stride frequency and running
kinematics were computed. The vertical velocity at takeoff into the second
-last stride was significantly smaller than that during approach (p<0.01).
The downward swinging speed of the thigh when the last-stride touched
the ground was significantly smaller than that during approach (p<0.01).
Therefore, we assumed that the center of gravity had decreased in the
flight phase during the second-last stride.It was suggested that vertical
velocity at takeoff into the second-last stride was small because the peek
vertical acceleration of the center of gravity during the support phase of
the second-last stride was significantly smaller than that during approach
(p<0.05),and a backward extension of the supporting leg  was
suppressed.The horizontal velocity of the second-last stride of top trial
jumps was higher than that of lower level trial jumps (p<<0.01).It was
suggested that the angular displacement of the knee and the mean angular
velocity of the thigh during the first half of the support phase of the
second-last stride were related to the approach speed. The mean angular
velocity of the shank of the takeoff leg during the support phase of the
last stride for the top level trial jumps was significantly higher than that
for the lower level trial jumps. This result suggests that the prompt
recovery of the takeoff leg in a forward direction after the takeoff into

the second-last stride affects the motion of the takeoff.
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B4 Bt EBEOIEROSHELBOLE

EEROBAE
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EHT O DBEENNE o7 (p<0.05).




ENEL 30 m— o ¢ 5
8 9 e FusiE
L 2 s
£ £
= i
I 20 : 20 ns
u_\l_’ 15 ejl_’ 15
% 10 g( 10
f i
E 5 E 5
o a
3& 0 ;”E 0
PEUI6ET  BAUI25ET BEUNSHET  BEUI1 SR
BB (R BE) (e

* BEOHES p<0.05—‘

5 XFHAICHTZFBHECDOREMREDE — 7 EDHE

X 61, FHEE X OB BT 2 BRELOSRE
HEZRBLZODTH L. B 6 a1 (BhE) 12~
BEL) 2 AT (RECUHERR) Ml HbIE OO S0 R 13 A 12/
&< (p<0.01), Z DEEHEIZIT L AL ETITED >
7z, BEU)UARET & YD 5 ORI O SN IE ML X, B (p
<0.01) B L UHEHEF (p<0.01) THE LA/ 5N
7z.

32 LGAE

R2IIHHB L OHEIIFIC B 5 ARMEER LD

DTH5H. BOHEMBIETO MEMEL, BEBFEICL

K2 BEMBLUBMBETOLEAEOLE

C Efsi ]

N TR g 04
o
Eg 0.3

w% REOAEZE S o,

<0.01 #
? # o I
#
() o

BUI6HRT  BN248T
(BIE) (BEYIZE{R)

BI) (R
BUISEET  gEOT AT R o
! § 0.6
§ 02 -
& il
ﬁ o ) 04
{B'Q -0.6 tﬂ 53
jal &
& " G 0.2
8 e
E £
2, L_&_g =
w1 0 | B
e ok BEUISSRT BT
(BhiE) (B B0 2 4i)

6 EHIEF R OBEHES DSAE R E O LB

EDNE K o7z (p<0.05). T HIERRHIE L T W
TR EEAREZ SN2 E2RT. B 1 ST o #E T
IEPSELRD, BIEE 2> Tz, B 6 aie 2 4
HI OB D LAEMEE, REEHAPEETHY (p<
0.01), LD 5 E4R D
FEHD)DEZ 5N B EN

B E B {E B8 ) 4E ff B 45

LR TR L TR

P56 A Y1245 51
BIEOEARE (d® 78+1.0 87+04 ns 45+1.8 3.9+1.5 ns
B LAAE  (dep) 84+£2.0 8.0+£1.0 1.5+ 1.7 1.1=+1.1

P Y155 B B e 158
RO LAAE (g 86+1.7 84+0.7 03+£23 -04+1.6
B EABE  (dew 78+12 72+12 -3.9£22 -32+07

)%;?{]ﬂi‘ " Mﬁ;ﬁﬁ;ﬂ%sﬁ& W7z,
3.3 UM OEE
¢ pg % wh 3T OFRAL K OEY
*om HiOBEICET 28 HEE D
T, ERIED L IEKHAMA
- e HOPEETH->7bDERL

725D THLH. FEOIFRE

*k
p<0.01 mean * SD DEETH-72b DT B
> 05 A fs , XFF
%3 BOMORROBEOECET 5 HHIEEOLE
BEEIRD BNET1E BB 4 i Th 4F IHRE KEHER BERM
R TR LA TREER BE BRE LB TR
<XKEFM> B L1658 B 24581
BB D TRRA E (deg) 1.8+24 1.3+£2i1 “ms 2.1+4.6 44+40 ns ns ns e ns ns
BB O RRRAE (deg) -289+1.9 =303+ 1.5 -23.8+2.0 -24.0+24 **  ns ns
HEr O RREAET A E (deg) 157.9+£53 160.0 + 3.1 149.7+3.9 1504 £3.7 ¥ ng ns
XEREORRTYAEE (deg/s) -475.7+30.1 -489.4+49.1 ns -545.1 +88.8 -480.5+ 89.0 ** ns * ¥ ns ns
XERFORET AL (deg) -13.2+3.2 -11.8+4.0 ns  -124+62 -16.8 6.2 *F* ns g E¥ ns ns
HEEOBRENE—/E (degls)  -640.0+13.7 -640.4+9.4 ns -698.3+23.9 -656.4£39.0 * ns ns * * ns
<EfEHETE> B L1645 51 B 245 81
EEHRTEDOKBERED E—S i (degs) 858.5+94.5 867.5+583 844.0+39.9 806.3+48.4 ns ns ns
BT OREERNAE (deg) 262+29 26.3+3.4 453+7.6 50.8 6.5 = ns ns
<EEHBE> FER I RE T B 1580
KEERZATAEE D KBRAE (deg) 77.0+3.3 74.9 +4.0 66.8 +3.1 65.2+4.4 * ns ns
FHIXFRO TRESARE (deg/s) 1029.9 £ 99.5 1028.3 + 100.5 1101.7+ 68.9 1007.6 +49.7 ns * ns
DEABRMABOTREE (deg) 25.2+4.0 24.6+1.3 342427 333+19 *  ns ns
** p<0.01 mean £ SD
* p<0.05
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BB S (BhE | BEYD 6 Jkmly, BEUIHESE © B
240 OKRBAE (p<0.01), EESAETHY (p<
0.01), WFN b EIHER O F AN E o7z, BEIITIE,

A B HE il o0 B B e /N A B R L (p<<0.01), RIBR IR A
FEEOKBRAEIZHAT 5 L & b2 (p<0.05), 2 F 5%
RO TRRAE KL (p<0.01).

RO TRAEIL, REERAVPFETH 72 (p<
0.01). EArE#ETIE, TRAEIZIZE A CEIFRON
o 7zht, PRI TIE, THRATEIFICIRY Sz
IREE TR L e, SERFRTE O KR AL & BB
HiAENOLEERAPEETH Y (p<0.05), ) HE fif
BT, BRI FAIRBEEAEEIRE LS (p
<0.01), BRI AZEMITNE o7z (p<0.01). J4
EOAHEEDYE — 7 EICSEELRXEERPS Y (p<
0.01), B LI Tl AL D F 25K & 220 72 (p<0.01).

TS ER (Bhie o BEYD 5 oREn, BEUDUESR ©OESUD 1ok
7)) OTFTHEYAREIRGOERIEETH) (p
<0.05), ERABE O FFEICKE o7z (p<0.05).
3.4 U—RNHOEE

F 413 — PO L O BEET OB EIZEE§ 2 FHIHE
HoLhTEHED LLEKEMEHAPTEETH 72D
ERL72b0THDH. MEMHRY (B © B 6 HETD
FEH IR 2> & W) 5 AT OFEIIEIC 21T, PEEIHEN [ i
) 2 HET O S BEY) 1 AT OB HIFEIC 2 T) T
12, KBRAEEOED Y- 7fEAVNE < (p<0.01), B
Y1 RFOBEENEEZIT) ) — FHOKRBROAREY TA L
HWESPIZ H T,

TR (Bh7E ¢ WY 5 ARa, BEEDUEME o RELD 1 AkED)
2B B O KR FE B X OV TR B (L O HE G
HFHEKRERo2Z RS (FRERp<0.01, p<0.05),
S IR VAT /1) i S AR R[] 17 e = D QLAY ANt s
T 72, BhAEICIEEEEE o KBRA E oA HEIZ NS < (p
<0.01), IEREHIfAE1Z/N & Do 72 (p<0.01). BELHEf <
DI 0 JE BT AR E O ¥ — 7 EIEBIE ISR TR

Be LBt R BTEE 1T 2009

&< (p<0.05), EJREMEDSHIZ ST/, ek
£ E OFEXHMEITEIE L D b BSER O IR E o7z
(p<0.05). BBEOERESEETH Y (p<0.01), EfE
KO T DHEROBRTT AL v S RENEP o7z,
B X OBREOTRAEMIE, ESOEHMRIAEET
(FN 2N p<0.05, p<0.05), FALFAFLDFH AT ROHY
TE#EFHDS K E o 72,

4. EE

41 BEFEELESOETOER
(1) BUEBTOEFE LD TE

Y 2 HRRT L ) 6 BT E DM CER LAV R b Nk
o e BARELEL, B 1 RO TS 5 4k
ML bEFIES 2D (M4). TR, B
FTETRTCYENEEZ Tl -7z, L7zdS>T, B 248
MO CHRELTRES TFTHRLALLEER S, BT
2 BT OEEHE DS E 1L, B e Lmob e KE
CTFEY (H6), FLALETICEPoI ERD,
INPHEMTORELFRELOTHEOENTH -7z
LEZLND.

1) — Ko RIEI# O KR A #EEO ¥ — 7 I3, 7
WOEMENFETH Y (F4), BO 1 AREBROKR
BRDIRY TA LR, PhEL ) b Bz, 2D
A, WO 1 FHOBERO Y 4 I Y T ERESE, W
PREHLZET, FERELOTRIELHERT S Z L1
DM oiceEZ NS, WEMOILKIEA T A FD
PR & B ERD D b7, —iEIRk A Ok
DIAN2ET, [E—H] OALTA Py =7 H
WHNLTW/z (Coe 1997, Panoutsakopoulos and Kollias,
2007) 2 &iE, ZORBOED TAHLEEDKTIZL S
W OB RSHAR L TV TR RnwnrEEL LN,

) 2 BT O ER R LB E (BEY) 6 Akwi) XD
b (FR1), HEMEE o KIBR A EEIE ONC BT A B b
BHEINEL ol 8ld (RB3), ZIHFHBFICBITS

x4 V- FHOBLRUREEOIEICET 2 HHEROLE

BN EEN{E AU 2E fi B 1 IHRE XEHLA BER
s TREE EfrEE ThEEK BE BRE Ef R AR
<EfEHE>
PE L1645 A L1245 81
BRI O KERAE (deg) 10.9+8.1 63+5.7 3.4+69 0.0£6.9 * * ns
HEZ N O TR T AEE (degs)  983.6+£49.8 959.1+90.9 ns 959.6+81.8 883.4=99.7 * ns ns ) ns *
EMMEEORBEREOE—V{E  (degs) -495.9 £26.6 -485.5+43.9 -372.8 £29.2 -408.5+19.6 ¥ ns ns
<ZHEH> g R0 Y115 AT
EHEBEORREAE (deg) 30.7+4.5 30.0£3.3 40.7+ 1.6 394+25 ¥ ons ns
BEEs O KERAE (deg) -31.6+25 -322+1.9 -24.0+£4.6 -23.4+3.7 #* o ns ns
EIE O TERAE (deg) 1.5+45 13£28 9.8+£2.7 9.4+22 * ons ns
EHRFEOTRAEN (deg's)  -784.1£554 749.0+38.7 -887.2+75.3 -852.9+67.6 ns * ns
XERFOTRAER (deg's)  -332.2+£68.1 -320.9+46.5 -345.8 £46.9 -329.5+33.4 ns * ns
B Bs DRI E A (deg) 160.5 4.0 162.0 4.1 145.1 6.0 144.7£52 *  fig ns
XHEEORETHARENOE—V{E (degs) 1008.7+108.1 984.1 + 114.3 948.7 + 134.4 944.3 +103.6 * ns ns
HeEOAEEOE—YE (deg/s) -668.6 £27.3 -645.1+22.8 -727.5+16.1 -693.8+17.4 * i ns
** p<0.01 mean = SD
* p<0.05
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W@%ﬁ«@@@@ﬁﬁmi%nfw CEERRET S
bDOTHAH. JIIAR - H (2003) 1%, B2 K50 A b
74F%%H%Kk§<?é:kf,%@L&ﬁ%%&
Y2 BkEEDL 2 5 72 L 5 LT A, Miladinov (2006)
b, B2 BREIONENET~NDOT Y v a@fEL, F0
7o, BWOUMOBERETO) H3) —8fE % 434
HIEEHLVERELTWAZ ERNS, B2 #kEiY
o v 7BESIIH S5 2 &1, BE) 2 JaiEE
WROBMH A FRLRIHIZ) AN =552 LI20F
G520 EEZ LN,

Koe and Hay (1990) 1%, B5U)2 #AiA 5 1 Haio0E
DT TOHEEELOFTHEOKRE S & PR & o
CHEBLHBBERTREOO N EHMEL TS, LAL,
KEtFE T, bAgkE e P oM<, TL0 TR
DRESWHEBREZEIRON o7 (Ffrski 73
+0.6cm, FAEAFE 0 7.110.8cm). 2 NiE, KEFZEOH
%% EoTIE, FRELOTHIEOKE S3kEOR
CBEAERBERIISEP oI T ETHD,
ﬂ%@ET 1, MOBERFHEBRL TV EEZ LMD,
(2) B 2 SRTBEH B OMERE RS DERICONT
BEYT) 2 A% Fi i BRE D $R LS EE S A I gAY L 7
EROERE LTIL, B2 2810 SR L OSRTE NH
JEDY — 7 MEDS, WU 6 BRTL W b EHITNEhos

& (X5 EZENE.

KEEAEEIL, BhEICHNEEITNE L (), 20 H
B 2 AT R O KR ASBY 78 12 TR 5 1S AiE L ¢
Wil ERRT., CORETHDY) — FHOABREY 5
FE GEMISZERIA) &, Bh b BSUHEf & cHEAEIRR
5Ng (B7E :711.6£42.9deg s (A zk$),719.1+
55.7deg/s (FRLEAIR), BE YU HE MK © 725.1440.5 deg/s
(ERZEEL), 713.7£49.7 deg /s (FR2EkR)), #hask
BRORTHNDY J1N) —DERENGREL % 572720 THh 5
EiFEZIZ W, 22T, %@3*%@%%%@% 4
RN HANEE ¢§#ot(-3)uk%%z

BE, KBRDPHBHFIME L TWi-nlg, ﬁ@szm%
WD A2 T3kl ) b RO TVE72OTIE

BWPEEZOND, BHOS A I 2R

fi Z2IRE I 2 AR S 5 & & D ICELO TR % ik X
LI LW ETHEEZOND., ZDZ &AL 2
AT D SCRA T O B AR L OSREINEE D ¥ — 27 D i
DEBEL TV TE AW LifEgEESNS., 22T,
b LMD L AREDOE LD FRAEMETICH > 72 & ¢
b, SEMMEEZ/NS LT D012, BEEOIEEIC
LLREEEE RELTHLLENELHIETTHL. L
ML, B2 ARETO SR O BRI 2 I d B (B
6 &R CHNEBICKE E->TBLT (£3),%
FHHOSEELCEOAELREIRL, b LAMEND
DZELEEAEAAR SN (M4) Zkd, 202 &8

C DTN BT B BEUIHENG 1) — N 23 5 5 0 S NIHEREEZ D EDNTELES S, FHET
<gEOIHI> ,' ,' ) )
P 2 1 I } I
1w s | N
=1 NI / (X H— R BIE)
\ 7 BE~OBENIE
XN Y D " \
S i i\ |
SAEMEE®D \ A1
E— 2 EpthE L B2 R0 Y 1
A AFS4 FDRES | =
FIES ’ m D PR ‘ ‘ e
A i - Al
%4 P W) : EESEE
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)R> '%; / &mgg%@ﬁ - - - YR /
: : l ¥
: NK* : \ AN
R N
Y [ \L\\
2 4 .m \§>/ -
HoiRY F5 L ; ‘ l
*ﬁ%?é{;” ‘ EEAGE | y/ Z ﬂii:uf@ I
M* By [ J
i 0 3% 4 48 BT 18 28 1
@@ﬂ&# T (HZ2H)

H7 BEOEOETOEREEYERBEEOISH
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O REES ORMREIENRE 25 2 LiE, FHEIYE
Fv rEERET LI EIZORAY (FES, 1998),
KFEEDOREE DO TERE 2D EEXLNI Ep
5, B 2 BRI O TAEEEOHEE X, HE
BLOOSEMEEZ /NS LT AH2DIC, By 13~
FRBDDENIFIBEITo TVDTIE R W) & HEE
Ehb.

X 7 13 BRSO T OBER & BB E O B
WZOWTEFEDDDTHE, IODAT 4 v 7T F ¥
—i&, EO 1T A 7 VORFEST (K2) 1R L&
HICBU B B R CREMEL L 72 b 0 & £HkERE TF
¥, B KL T & FEEEICER L7z, B 2 BET o
BHOY A IV 7R b ETEMEEEZ LR LY
RELOSENEEZIIZ B L L HI2, BHNOMHET)
2§52 T, XFBRETOGRELHD LA Z
Pz, HEHEOMEREEZNSSTLIENTEL. B
HWEFOSEREINE N LD b, fE MEZE T g E
FLOLEAREID L, TCETFRIBELZ LIk
L. MMz T, B 1 AR oBEBRONRY T A5 LEEZ#
2B ET, BRELOTHRBEASILARS N, # 1k
MCIEERELESET LZKETHERTE L. 2O,
V2R T A Z & TRRE LTA T A FATKEL
hhHEEILND.

4.2 BEUIEEGOISBE L BIE

(1) BUBMORMAANDY H/NY —EifE

M) 1 BT ORI AT (BFY) 5 ARa0) 1S
L oTwAZ bl (3R 1), BUHRICBIT S
THEOHREEEL/NSCTHILEHFGLLEERD
na.

FSEIHER I, BhiE & He TR 2 AR o [al4E
Wc, BYIMOREREETR/N DK, KEEFTIREO K
FafEE DA, Z LT F R RO ThRAE DK
BROEN (E3).2N5DZ Lid, BT o EY)
O RIEDS, BhEICHAMEIZEWwE 2A 2@ Y, i
ERCIESRELO L VI HICMNEL TV ERLT
W5 (7). 29 LEBEIREOBETIE, T0 & (X
B — NEIE) LI, BEUEIMEO D OB E/ED Off
BDO—2kBhBbI b4, BUEPRNE AT ES
THIHIC) N —ENBIET, DI IV 7%
B ENTRICGEEEZOND,

(2) B8 HEIOZHFEA

B 1 AR O KR, BIEDD DL LA
FIZRESRoTw/z (R4). 20z &id, BhEICHER
TRMAE L Do ZIRETEB L Tl L ERT D
DOTHY (7)), BY1 A OFHIREICE LR 25T TIZ
BVIREEE o TV Z L ICEMRL T b EEZbNA.
T/, TOZ L, TFREEORBROBEHFEOILK L
) 1 BRTO SRR ok (1) 2b 26 L7
LEZONS.

Be LBERCAARE BT AW 1y 2009

BB, B 1 AR O BEHLIRE D KR OEAE A 13/
KLY, BESAEDL NS o722 T (R4),%
Frie R b A L7 (3R 1), RIS o R E
FEEDOE — 7D /NS o7z (F4).F1L5 (2005)
(&, B0 SRR o T, KRdtho&Ic T
KEZEDIMESZRLTEBY, FHIIEDXEY HLE
EEBARLTWA EIRRTWE Z enn, B 1Ko
THI T, ROBRELETRO7-OI, BEEPLE
MET 2R FIMET L 2OTIE R L, KEDOAAL ¥ 7EifE
ETREZFIAICETENE (K7) IC& o THEZENIIE
DTVWbHLEEZLNS,

4.3 EEE & TFREFEDEN

(1) B&Y) 2 SETOEBENE

) 2 ST O FFRTE OB ET A AALL, TR X
Db BB B ARSI, B oLk
B, EAZEEE TIR ) 6 AvEn & D b L) 2 AR ET
DOFWHEINNS L o7z (1), B5Y) 2 a0 Bk
DTRRICIZAELKEERSR SN, TARKE T TR
PBYEICIENT L YA ICIRD 1 S N2 RE TR L T
WeZEH (FR3), FOERL BTV EZILNS.
AR BT B WO UE S R T C O HFRTE (WD 2 4
B ORI fy 3 30 OF I AR M 1%, FArEk
By b aEIEHroZhs (F3), EuiiiTil,
) 2 BEi OO REE OB MEIEL LR T 5
T, HEEM AR SEL L EDIZ, RBOBIT
DAA v TEER SRR D A A > 7 HEE | 2Rk
T5E) AN RX Y 7EMERIT) 2N TETV
EEZON, FRbDZ EN R OEHREIKE D
Sl L EEHICHRL TV EEZLND.

MR L, hMREREZ T4 IV 72 RCL
FTELRVWI L EREDOKRE S LR DH D EMEEINT
WAH (FES, 2003 ; FITLS, 1999 ; FAK S, 2004 a),
AIFZEIZ BT b BY) 2 RaToFE IO LM, -
MR DD EAROER E H ) 52 b CTniz (R2).

INSHDZ &R, FAREICH T B HY) 2 AT 0ER
BEATHRE L) BEFICREP o2 TR L, Bk
25 PEIHEM A~ O RE DB KD L D KR EWEIICH -
7228 (E1) OFLEREGZ->TWEEZLNL.
(2) BOHOBMAENDY A8 —BE

EArEREE I, BSUI o mIEEAR TSR O T
BRI fHEAS, TR LD DFBEICHro/2Z L1
(3), FRFE OB ORI ST ~D ) 713 —BED
E o7 ENMEINTZBDEEZ LI ENTEDLT
A9, EES (2002) &, BEYD 1 ARATEEHLR O B ST
L8 5 £ S S (S SRR L MRS 1), BRERRREE & (P XT
CEHICEBRLTVS EHE LT 5. BEUIEHIRE I,
ESUIM % SRR LORI T ICERT 5 2 LN ELE 25D,
BEE) 1 AR O MR IR ISV 20, B
RFERLFHICVAIN) —FT B EDRKDOLNE I LI
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%k, TREOHETAICEVWSY A I V7 THoTL S
ZliE, WIEGNEICHKUEABERTAZLICLBEVE
Br5 2, BURCEZ LEHEOEES L ) A30IFH
FTHZELILODEFICESDTIFEZZONS,

(3) BEED1 HRIIFHADENME

EREEIIT BT 5 ) — FISCHRRTE I 0520 TR A
AL, TRREFEL D BREL, HEKOHEED Y —
JIELHED o7z (F4). BYEKBRETIZY — FIOX
FIE BRI LOBRT AR o 7288 1 =51 & %2 5.
Koe and Hay (1990) I&, B0 1RAT0#EHICHIT T,
FEIRIYICH A2 H 1251 & 9 I2B A L CTHiH T A active
landing "#I 2 H N2 2 L 2L L TV 5B, KEFFETD
BEED 1 ARAT DM T B EIC N R A AT A & <
(F4), WMWY THLEEINEL 2o T/ (F4)
Z&id, BmIICHEBRAICEIKEES A SNk
RKWT2bDEEZ5NDH, 5 LB EI 7, 5
N8 1RO BT, KR DO R# % T
EDHIZTMZ B7-0121F, MR TR SN THRO)
VEHHZE RETH I ETHRERGISED B Z L 13E
MTHoT=DTIE WM EEZ LMD,
ZO—77, AL (20042) &, BEHIOBEVHHE
(&, B RAT OO TR MBNEDS N E o 7z b i LT
WBDZx L TARZE TR, ZOEE TEMRE, T
AEMICEERZEIA SN o7, 72, FIVLS (1999)
(&, HR—FEFTIZ, B 101 Ch 0 M A
RKLTWEHREL TV L3 LT, EWFZEOEE 1
AT DWEY) 2 AFTCH § 28 EE L~ EATERE:, FAz
LD IT% THoTZ enb, HAHFEDRHES
BRENTWIEFTR B2, KFFEOWBREZHED
= LNV T H o 7228, BB i LNV O S T
3% LCBIERT) 2 & THYMEMRE TOREE X
SIZHIZRE, bLCRETIETE 2RSS 2 L
HRBEENS,

5. F&H

AIFFETIE, HAR—RHHE OBIE & B % 0B /e
B 52T, BUEHBE CHRELEERT ¢
LAERZHONMIITHI 2B E L. 512, By
HEMBIEDRIE S 7+ —~ v ZADELELICED LS %
HEEGZTOIPIZDOWTHRE L7z, #OE, DT
DZEDNHL NI 57,
OFFRELEIE, B2 BRTOEERD S B 1 &0

WETOWEMTTRL, B 1 eI

e iR L 7% 2SS BAEICRBAT L T e,

@R 2 A ATEEHEE D SAE R ASBIE I AN E o 72
ZE RO 1 RRTHEHB O KRBEOIRY T A L#E%
PR B LT E > THYD 2 BT D228 T D BRE LN
DTESRENIZEEZ SN, FLT, BY2HEwm
HEHIIRE DSRTEREEAVIN & 2o 72 DI, B 2 RwT
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HIZBT 2 BERELOHEINREINEDP o722 &R
USXHH ORI ~OMEBELS I SN2 12k B
bDEEZ BN,

OBEY) 2 #THFRT - CRS ORI X 2 B E B E%
CERVWTHAERELORENEREEZ /NS TETV
DIF, B3 ARIOWER %ML S, B2 H5o
BHWOIA IV FEROD TV ERNERE 2o T
bLEZ NI,

DY) 2 BRI O LR EOBEBEH OB EIELZ 2, %
R ORBAEEZKELTH I E RO LEOR X
W) EMR B EDVEEEEZHD D LIZOLH
B EDTRIEE N,

G 2 HRTHEMZ OB EIM ORI H~DOFFR N H N1
—EEDE N T 4 — X VAR BO AT L ICEE L 5
AL BTz

e
ARF7EI, () BARE F3BnE MR R E &0 I

LTz DTH 5.

ARFZED—EBIZ, HAREEEELE 59 [MAE (2008 4F
A, BHHEHRE) IBWIRELLZLDTH L. F1-,
AWFFEDZITIZH 72 1), —EB, FRL 19 EFEH 5 PR 21 4
FE DR Fe A Bh 4 R 72 (o), S %5 19500529)
AT & 2T 72,

ik
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A longitudinal biomechanical evaluation about throwing technique of Japan national champion of men’s javelin throw.

Yukifumi Murakami”, Kenji Tauchi®,

Abstract

The purpose of the present study was to clarify the problem of throwing
motion to develop the world class performance for Japan national
champion of men's javelin throw by means of longitudinal follow—up
study. About the throwing technique of national champion,within subject
comparisons about the change during four years(from 2004 to 2007)and
the comparisons of technical difference between the national champion and
world class throwers were made. To evaluate the throwing motion,leg—
trunk—arm model which is able to elucidate the contribution of each body
segment to the velocity of javelin in time series.

Although the throwing distance of national champion were maintained
(around 79 m)for four yearshis throwing motion has changed gradually
from the relatively higher contribution of the arm swing motion in 2004
to the higher contribution of the trunk rotational(around the long axis)
motion in 2007. On the other hand,ithe world class javelin throwers
motion totally was not similar to the national champion's motion pattern
in 2007 but the motion pattern in 2004,except the high contribution of the
trunk rotation.

These results suggested that faster arm swing relative to the trunk,like in
2004,in addition to the high contribution of trunk rotation,like in 2007,is

favorable to obtain the world class performance for the national champion.
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Ruth Fuchs Petra Felke Trine Hattestad
67.22m (1974) 80.00m (1988) 67.06m (1997)
World record World record

3 ARDEMAIE L BFE D E DR (Bartonietz, 2000)

r R-on L-on REL
8 -
— HRNT8 p—
-~ 85.69x2.68m =6F NS <
TR EEF = 1
77.63m :Hf
B, Ar| — tRruTs
1 Tt R LEEF
=® ol
0 b 1 L 1 1 1 1
0 20 40 60 80 100

FURLIER (%)

4 KREREFEETOER Y T8 HLUHEEFICH T 2AREMEDT + — 4 (AR)
B LUBERE ORFRIIZE (£R) (HAS, 2009 &V EEHRE)



DLEFLWVWEEZLNS.
3. 2. #fFBE

TR, AR S ERFER-AD A L — X AT
EFEARRA 2N & L’CEXV)J: T
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All athletes and coaches consider the Olympics once
every four years to be the most prestigious stage not
only in a season but also the life,do their best, play a
game, and are aiming to achieve the personal best. Every
athlete tries to reach the top at the right moment of their
key stages, to develop a careful training scheme, and to
practice it. Various promo words such as peak or top
performance, condition, or form, and 'peaking', overflow
in the daily conversation and the mass media. These
copies also originate in the pilot study of Matveyev L.P.
(1965), and associate "training periodization" assumed to
be today's world standard model. However, an actual
game performance (output) is an extremely stochastic
phenomenon. Therefore, a remarkable difference is clear
with the content of the report with a brilliant medal
count by the mass media. In this text, an essential
meaning of the periodization theory is reconsidered from
the statistical viewpoint about the varying annual meet
performances of world's top-level athletes such as "growth

potential" and "yield rate".
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% (Karlsson and Saltin, 1970 ; Metzger and Moss, 1987 ;
Westerblad and  Allen, 1993) 7 EHSBHLE %> T, %
 DEBVEHFOBRE [BMEOES %179 & FLEE
DERES I, EENTT Y F—2 2 (BEHE) ICEL 720
W 2 E L] LRBMENDIZESL. 2O L) Rk
B ERER, (WML —=27] 2530
DEESNDL LW, RREHEZS &L, SR
NI BWT D AERDOBRFERLEERE I RIC RIS /- —
WA 2 ED D ML ==V T OEBEMEIERH I N T
&7z,

Lo L%ds, §TI80 FARFEIE, 3Bk (7
Y=Y R) =] L) KRR E KGET 5 iS50
A SIND & BT, MBS LM, FFiK, B,
Lk & Vo Zo g E AN S A, CTEAL A ATk
$5Ev) “Lactate Shuttle"® 7 L — A IR ENTW
% (Brooks, 1986). filifkifE7> & O FLEE D HLH WL Y A A
IZB85-9 5% FF » AHK—% — (MCT ; Monocarboxylate
Transporter) DFEREGD A H Z X LIZDONWTHHS
M2 ) 22H BT & (Bonen, 2001 ; Hashimoto et al.,
2005) 256, [HM=TAVF—HE] X, bIIPHS
LBV HDE R ST WA,

WHDORERICELTIZ, 7L T7F ) YEOAE & &
R VBT T/ V2 vB (ADP) OERICL D
NBAED 71V 27 AEREDLE (Dutka et al. , 2005 ;
Philp et al.,2005 ; Steele and Duke, 2003) 7% &% 2
bRTwa, MAT, mREDOIRE (7Y F—Y ) 14,
i D BV & 5w S SE T 2 HIHIT A L v, HERD
BRE LR ORE Z R TEEE O RIE ST
% (Nielsen et al.,2001 ; Pedersen et al.,2004).

F7o, RETIE, EEST + —~ v ADRKEHFEIL,
AR () AHEB)PICENE § 2 BB A FET 5 2
EZ & o THIEE L T2 B &2 9 [Central Governor Model
(CGM) | #IRIBL, KL HBANDEFT L2 L NE
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RS T X — & R R L — R (R — ) g & -
TWwWb 7 )V—7%5dH 5 (Albertus et al.,2005 ; Lambert
et al.,2005 ; St Clair Gibson and Noakes, 2004 ; Rauch
et al.,2005). &5, BAMOAT) Vb - A v 5 —
IN)V- ML= 7 (SIT) 2%, FARRED 23 & <
LT B & v o 7234 (Burgomaster et al., 2005, 2008 ;
Gibala et al.,2006) 7% EBHREAIITHONTETWVA,

COEHIZ, EHFWEEEZ LN TE D, £
IANF-HEELE L THAAS TS Z LR, SIT I
Lo TRAWBEIIPRIE L CEO LN THENMZ &% i)
Z3E, FLBAEFE LME e & X, bL—
SV TOABRRFDEZIZOVWTL—E%2 BT HDT
72 WEA 9 H,

RETIE, EELPMYDMATELF LA T Vb
HEJ) DR O BSE BB & ORELEF 24804 5 &
LI, PL—=V 7 ICHET AEROMERRO —in%
BEE L TlRRThI,

2. [MAP?LEE%Z AU A DRFE

%% 51%, Maximal Anaerobic Running Test (MART)
eHWT, EBFOABYFERIMAFLEE (BLa) BHRED
T A )28 U723 L AR R DR & A T & 72,
ZOTA ML, 20ETE 100 KREERD KL A
LA ET 2TV, REFREB L O — LT MRS
1T BLa AR & EME ORGSR (FhiE
ET B BLaiREICBITAHEE ST —F 23 EEE) &
HETHLDTHY (K1), TTICZDEEERZ LM
HFE S LT B (Maxwell et al., 1996 ; 75 134, 2003
a, 2003 b, 2006 ; Nummela et al., 1996 ; Rusko et al.,
1993). 7 A M ERFEDOFEMICOWTIE, LRI ES
BEnzzw.,

21 {E4DEFOLEBHFEOEE

4513, B4 MART F O BLa 25\ (1T L BRI (A
TN =) BFEVEVIEZ (Rusko et al.,
1993) IZED %, BLa Oifixi iz AHEICH I L7287 —
(PALa : P3mM, P5mM, P10mM 7% &) % SFflf5
ELTHWwTWwZ, LaL, EBFOHEZED L) I,
HRDOETFT NV TIEBHODO2 R WER], T4 5 PALa
2 & BRI R EE 2 FHI Db T AN L9 12k
. 22T, MED400mERETT % AT % B HEE
HEREEET, TEBEGETF, £44% GF124) O BLa
BEES X O FEIRIE IC oW T RS L7 (FREIED,



3
14+ 80
]2— ?0" /
g]O 60
[s}
£
E 8 950
. :
% 5 R0
Lt
E V10mM V60%La
g 44 30+
& V5mM il V40%La
V3mM l V20%La l
O T 6 T T T T vl 1 ]0 |v T T T Iv 1
250 275 300 325 350 375 400 425 450 250 275 300 325 350 375 400 425 450

EHE (m/min)

FERE (m/min)

KN —EWHT BHEE. HHBERBER (ml/kg/min) &3,

51

2003 a). & D 3 FERM DO ILELIZ BT, Bla BjRE 2 (3 AHHE
BHEOENLEEDHIC (H2), PALa ICAEELROLN

V3,5,10 mM(P 3,5,10 mM) 3 £ V 20, 40,60% La(P 20,40, 60 La) DEHF%

TeEWVwzBESL).

EEEEEARE ETEE 1S 2009
I HETT 5 O fi s I R FLER
(PBLa) % % (100%)
&9 BAHAT Y 7 BLa B EE
(%PBLa) HH#E 2> & ¥ 52
EN72,87 — (PRLa) &
FEREIDOERIZ OV THE
L7 (FFREIZAH, 2003 a,

2003 b). F DFERE, EHE
& PALa & ORIZA L L7
o 1A E R FHE R AR AT,
PRLa & D IZFRO H L7
(K3).2hbnz &id,
ks R R P
7 (AfT) okEr LTH
2% (Rusko et al., 1993)

% 51E, PRLaDSE W BYUDPOFEFWTH L & &KL

7z 7o, hHEBEFEGR L L2 20.0-
ZBVTY, FROREI ST ity
al , A i A< VM5 3
(#2134, 2003 b) : o] HRNBEE(=)
- i ) S 1607 a REEREREE (n=4)
FT & A 7 ClE b REE R G 5 < 5L .
BRI S, BRG (ST) 547 Cdm 3, |
bRETI 8 C FLBRFEAE L NV MW Z & gmo-
(Baldwin et al., 1972 ; Madureira et al., g . ;
1988) %, FTiMoLo25aE, w8 & °° | g
B, REME, BEERETOMRCECE® 0 S 1 |
HiZ2, 1986) % ElE X s TV B, Rk T
Lo, FEOEREDEET %8 2.0+ :{,‘. ol
FIZBVTY, B4 QLGRS e
(RBEBIERLILEVEE. $72, & I L T -
BEFOEMPYEMIC L > T, P3mM* P © S
P10mM &\ 5 72 PALa 7535 T & 22 K2 MART SO M2 ERENE
Band b (HREED, 2003 (enl/kg/min) ik min)
a, 2003 b ; Vuorimaa et al., 1996), 1057 r=0.061 1057 r=-0.180
BLa O % 208 IZ5FAIT S 5 & s 951" 3 g %™, .
EoLEbiEEATL. B p 5] e e 4 R g e & %
F 0 b DL X > TILEE o - S By e
O [HRTE EbheTy) / 48.5 49.0 49.5 50.0 50.5 51.0 48.5 49.0 495 500 505 51.0
" 5 s 1157 r=0.143 1257 r=-0.373
iz (s (Ebhes ) i ey grie] ne .
i)k), ==& oTZD ,_(E-, 95- PS PS .“ o %105 “. ® ° 4 -
(B &/ HIic &) 23217 e gsl ° d 3 951 .

. - = N 75 . . . ) 85 T T T
%k%K¢ﬂci’ Hl/l\hjbb?fﬁjj% 48.5 49.0 49.5 50.0 50.5 51.0 48.5 49.0 49.5 50.0 50.5 51.0
HL%DHSBLaB) A K % < 1301 r=-0.058 140 r=-0.652
R BETFIZOWT BLa D s < 1204 ns. & 51304 P<0.05
EDHTEHES 5 = & (I3 MEHAT EN0| o0 o g o % %”““‘4~1!1~\*§.~

. s \ 2 100 o £ 1104 ®
HhH., FITEESIL, BLa DFE s

HEEFIHE W) TOoDOERZ S
L2, wihoglinZkltz
bW BEHEFERE L LT, T A

20 T T ]
48.5 49.0 49.5 50.0 50.5 51.0
400mzERLER (sec)

T 1
48.5 49.0 49.5 50.0 50.5 51.0

400miEREE (sec)

3 400mFE/NT =7 ZXE MART (L5 (T B EERIRE E OBER
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22 FENTA—7>RXE MART HBEOZE(LICOWT

ZZT, 3FEMIThI o TEHEYIZ MART DI E %
ToleTHEHEEEF FEF) O0FAEBNTA. M4
X, FiEFD3EMICDS BLaBjREOELEZRLZD
DTHAH. F11E, FEFOD 400 m EDEK S LEE,
PBLa, BLa D#ixiEE X O PBLa |23 5 AHx il % hie
ICEH &N/ (VALa, VRLa) #7RLTW5A. &4
DT =%, FERITEEEIT o727 A MERD I B, 400
mEDEREELEHTZER LB ICRDIEVEERD
b D% 7,

FEFIL, 1—2FBII2T T400mERLHFE 0678
HHLTBD, MARTHEED /R 7 + —< A T4 A Vmax
b45m/minFHFEF->TW5D (F1). 72, BLaBjfe %
g5 &, AT 5 PBLa lZh72> TERT (BLallh
MABETIZY 7 M) LTHBY, VALa, VRLa & b |27
ELTwa, ZoZfbiz, A7V >y bra/ I —3HEE
L7222 22 17% BLa DK T (Rusko et al., 1993)
CERBILENTEBESS. —F, 2—3481E, 400
mERLFICB T 1 S EHE L, Vmax b 9.1 m/ min

x1 FEFOIFMICHT- DMARTHER LEEL
1£8 268  3%H

400m;EFEER  (sec)  50.54  49.87  48.97
PBLa (mmol/I)  17.6 16.7 18.0
Vmax (m/min)  443.2  447.7  456.8

V3mM 283.8 326.0 314.0
VALa
V5mM (n/min) 357.0 375.2 363. 1
V10mM 426.5 431.0 4271
V20%La 311.3 334.6 332.3
VRLa
V40%La (m/min) 391.7 396. 1 399.4
V60%La 430.4 431.1 432.6
18_
- £H
16 - 2%H

14| = 3%H

— -
O N
| I T

IMHFLERE (mmol/l)
I

6|

4 |

2] m—
s
—

0

mELLE, 2FEHLN D SSICERNERLSE T
5 (E1D. MARTHICE=% — L. HEWEB RE
(RPE) DAMKIIIETLTWA I L2, EfFEOR
NEGET LTS EHEEINDH, Bla MgEH L LIS
Y7 ELTWS. b LFE#EETO BLaiEEI S
72012, VALa lZ T _XTET2RL (M4 BLOEL.
ST MAER LA ICE < FFAE LELBBO B D JAA  (BRAL)
IZBI59 5 MCT 1 ®°, FT#AEICE T LILBERH I
M595MCT4DEER, N —orZmEICLsT
BRI T 5 & & 2%8H S LT 5 (Bvertsen, 2001) .
EREN =T (AEEED) X, Z0XD kY
BT B84 R@EICORBIKE L oMK %M L&
, RMRIICERP L) SRAICBIT2ETT A MR
D PBLa A EICHENT 2 EDELE LTHENS L #E
Z 5N % (Svedenha and Sjodin, 1985). FEWE, F#EFD
a—FI, 2FEEOREER T2, 3EHOY -2
BT 728 B BT, BHEREE (SLERREEERES) @
MEzHEE LBEORVEN —=V FICESE B
WTW7z, ZoZehb, 2-34FEHICA SN2 Bla fifi
MO E~NDY 7 M, ABEERISETLE0) b
L=V IR ERBEL 725D TH L LI NS, &
NS DFERIL, ERESI VAL L T < #IZHB VT, Bla
BREC PBLa I T LA TS b TlERnwT &, #1L
TBLa iRV OEFES DL NT+ =<V R
WEWEIIELZ2WI %, WO TRLIZEVWE B A
9.

3. U=V THREFBERDOEICDONT

R, #MH (12H-3H) »o#HE8 GHA—-6H
BT (22003 T, #EHER91C MART, B kBB RIEHE ( VO,
max) B & OFLERAEMEERE (LT) OMEEIT- 72+
HEREEET (SEF) OFFIZBATS. SEFIE, 800
m T 2'06"60 DN MELEkT b OFAEEFTH 5.

KT D# A L, VO.max % LT Oll5E 5D

TANTHoZEEMBELTEL. SEFI,
ZO#TrADOEIZ3EDTIRT A %24T7- T
Wa. 1 EBGERICA ST O 11 AT A, 2
O 24D 2 Apa, 2L T3 EEIIR
SAEDL—AT80m DHCKEFLZEHL T
Mo 2 A% 6 BHUTH - 72,

#2103, EFAOEMAROREH BT
EAFT)—BDO ML —= Y OERBEES X
UHIBO R Z R LD D TH D, ERFELIL,
o= ZBM%Z O AT T — (AT
=) 2T, ARlCEFOMEE (H%) % i

/ MNEFIZE S B2, —HB 7 MR B B B AT

ERE (m/min)

4 FEFOmPFEREELER
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Rest | 250 ' 275 '300 '325 ' 350 ' 375 ' 400 ' 425 ' 450

PBLa'
T HLZVOTH), £TERY L ADRMKE

A (6 AXBlEH T TOLED). $7-, H=,
S5ATITY— (RAFTY—) BIOHEFRE &



Be bgiiipaik £7HE1 S 2009

F2 EFEHIGHEHMETOIN —=UJ BHAEREESSUVEE

] # {H HaH
F—= 5B
128 18 2R 3A | k=E | 4R 58 |6ARIYE| 3k
KAFIY— AT — (") (%) (") (%)
Techniques FEHL T 6 6 8 7 21.6 4 4 4 16.4
e A8 — 4 5 5 4 4 0 1
Total 22.3 11.0
Conditioning .wﬁ’ga{]ﬁ(ﬁ 3 2 2 2 2 0 1
LT~OBLA 1 3 0 1 2 0 1
Aerobic T 16.5 9.6
(~1500mL—AR—X) 4 3 5 8 8 1 0
L—RBRE
Specific (~800mL—ANR—X) 1 2 1 2 2 5 0
SHGRIES BL—RE 0 0 0 2 | 66| 0 2 0 | 233
Anaerobic L—=x 0 0 0 0 3 5 0
Recovery
& KR&E-avTava=y 12 10 8 10 33.0 10 14 5 39.7
Conditioning

UREI D b
%.

HFTY—BOFELE -7, UTo@Eh TH
. B, TOHTIT) S, BFEEVfTo2D
DTHHZ LML T 5.

1) Techniques (A 71 ¥ b KU, L—A%& A X—

T L7zHdAk#E (100200 m), 30—50 m 4= /7E

2) Power & Total Conditioning (/) - /87 — 1 7T
AP L=, BEMET P —Fv ML —
=)

3) Aerobic (LT-OBLA : A ¥ — K7L A (50—60 /5 ®
224t &), VOmax : 345 B & X5, 200—300 mX20
—25, 400 mX4X3etc)

4) Specific Endurance (L — AGEEE 1 250 mX3X2, 400
mX5etcr, L — ATRE 1 400m ¥ A L FTAT
Jetcrrr, L—RA)

- Recovery & Conditioning (SE&fR%E, FEMAYARESL &

OFREHE)

M=V 7OREAMBET S &, EHH (1243
A) &, EEB L OEEN - REeNHELomEE B
ELM L= FORENEL, REH GA-6A
FiEFET) I3, WhwaAVY— FEATOM LEEZHE
L7zbb—ovrRari4as vy JOREIBVE
W ZENTEDLIES . FRICHEMINE, —#&ByZ% R
HEREFO ML - LT, [EEIRE - a¥
F4vazvr] OEFEL, [Aerobic] T4bbH
L—A L) bEVERE (R—R) IZLBEMN—=27T
DEEIMENEWVZ LD TIERNES ) .

X 51%, HEMHASHAMITHT TO MART #5ED
ZALERL72DDTH S, MART DERES DIRIE L 72

L=V IR T A E AR LT

5 Vmax &, ¥— X VT HEEDSEMHI TR, T
KTT2b00, NZ MEERERZICIE 11 A% L0
LiERE R L TCWA, O (PBLa, V5mM, V60%
La) b, [ZIZAMOEMERLTEY, ZNIFHEMY
MPERXAMNIPTTO L —= v FREOEAL L 12IT—
BT 5. —F, BAWRIEECIOWTE, #HEHICHk
NTHIIZ N L == 'R BENS £ 5 A
B WTYH, VOmax ® LT (2mmol/135 & UF 4 mmol
S1NEOE®RE) OnEFRO LN &M T, &\
A BT B A — FRED EHANEEIOVWHLW S [ T
L—F+ 7| BAOENLho 3T ICET S (K6).
VAR, EHIEO SIT A5, 3+ a v B 7THOBERGE,
) a—r B0, HOBLs L URERE, &
SICIZEAS 7+ —< Y ARMAEESE, PL—=v
WMREOHBIZBVWTHEAN ML —= 7 (BT) & D
ERBLN LGP R ENPHRESIN TS
(Burgomaster et al.,2005 ; Gibala et al.,2006). &5
12, REL GO L —= ZFIRM S, SIT O 2.5 B
BUCH LTET AN 105 ERECER Tl e
5, SIT D CHEIERDO LI WL —= v 7 Thb kL
VIR D &5 (Gibala et al.,2006). HHiEEED b L
—Z 7T, MR (B ARAoBEE) 12, W
RBELTEBAMMNL -V 72T ) O TH 5.
ZFOWEICIE, 2 OBIICN— 2 LR BEANRES (VO,
max R LT % &) #EDTh s, FAICAY - Ni LI
L= F a2 To T ZEDPEFTLVWEWV)IER
FHhEdbL Lr2rLEDEL, SEFOT — 5,
[Techniques] [Power & Total Conditioning| # & OFL
— AR=ZMHEDBEDSHFLO ML —Z 2 7T, FHA
W ZE2 B 5, TEMETLILPTRTHLZ L
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075118 084 2H 0846 A

5 ZEfEH—HAHIC A TO MART 52D Z1E

5| BAMRENE

62.9
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59.9
58.9

55

VOzmax(ml/kg/min)

50 T

320 2mmol/l&%®ii§f‘§_

300

280 ] ;
280

260 262

V2mM (m/min)

240

233

220 T —

074118 08427 0846 A

0 ExeMPELEERE
- 95
-
£
:“E 8.7
N
S 8 8.2
=i 1
4
3
D_ |
7
320 1 dmmol/IBF D TEEE
il
20 304
280 | |289

V4AmM (m/min)

240

220
074118 08428 0846 H

6 ZEfFH—HEAHIC L TORANEENEENEL

FRELTVDEVZB75T,
4. FL—ZVIDHOHFHECAIFT

41  [MHELER] »5 [(FEILEE] ~DA X —JExHf
[MFLEE] &\ ) SENTE TUSR, EYREICH 2
5l M-V IOEHMIZTAI EB DR
7, BERICIELY] [E20w] bL—=v 7, 4
FTLHHCBEY OREEFIEHE TS LIZES 2w,
I L DEELELN, EREDET LTV AIREER
B AHZLld, BB A KIETAZLICb A5
720, Bl (ZFN) OEEL W) B THIUIZHEDY

72

BARL—Z v Zli3wiznwl kbbb, Ko, B
BHL%L, RBFTIIv 2 ALTEYEN-EEZD
TH, ETHDOBLABENEVI ELE W, /2, %
COEFED, 8120 [av] 2EEL TS 71 —< >~
AN LT 5 BET, RAOFHEL B SRR S
niz, $74bb [H (L) CEND L) 1Tk - 72 L&
CTWaDb F/-FETHS (FZHILITH, 2005). Noakes
COTNV—=7HHERTH L)1, KL () D
HEY AT ATES Y 7T VR L CER A2 2>+
D=L TWwWbETh%5IE, ABEICIHAZ |25 [fF
VI ANEA RV EREWRT LI LI2X 5T, FHICHT



SHhOHE () %52, PL—Z Y IRhRERNT
— WV AEPE UL TREEICO L TALL RS,
W & [V EF=KEK T TENR Do 72EF]
B, NV SOKRBEEREZS LT, B
OTEELZHETHLLEVZES),
DEnzZsaEExC, [AMELINL ML, &)
ZfFN] EWVnHARA—=VT, PL—Z VT EHAILT
LT EERHERLTAI W, AT IDLECHTLERH
L, 9%4bb FTHMEEBNICHE TSI LETHY,
IVFENR—ZAD L —Z U IHNEE L, FHIT,
Whbws (LY ¥ MV 2 &EEEEE S DD, FT#
Me (F12 Typella) @ ST#iAEAL (JUH, 2009) %A42¢
I A A=V, ThbbEHZENICE 2 IXEER]
& [ER] ORI FRICET 57200 N L —=
7% TRIF] $hL0w) HaThdh b,
42 EmE (L—ZAN—2X) PL—Z2JIC& BBt
KEEH D=

Mo—=r7 '] & B (B |0oELLICHEL
BLREPEN) ZEDPLLCHEEICE S, ER, WED
NG VANBEETHLZLIIYLDHTE) FTH RV,
AARTIE [#] 22272 EDEHSINTVWLEDLED .
COERIIHHLDELT, TNITICHADAE—Y
RE o TEMIED “F L —= v 77 ORELKRE
WS, 1 SREORIER)/NT + —< Y ATBIT B AL
REE OEZEMEICEIT AR O34, 1990) DIFTE
SRRV, L2LARDS, K2R~ LH1, N
— A & BEEAMEES (Bl 21E VO.max ° LT) O |
12, Whwd [HAWMNL—=0 7] PWETH L &
I b TV,

Coyle (2005) 1%, JEIZ/R L7z SIT O &M% kT
BESCOMEFIZBNT, FONAELZIMETLEE DI,
(AR T + =< Y ADYEFE =AW L —= 7L
W) EZ L, P EEERIC B A —i R ET O/ T
FEZIF AN TR, 2825, oidTo&EHR
5 SIT KA OWLET L2 L2 M> T E 05T
HH.JEaA M LTWAE. IR, SIT DERFIED
L EDRBRICEEATH L EERTOAL LT, HE
HEEED ML —= Y 72 BET L LTl TRZNTS
L. T, H160km IC K SHEEESL [wT v ray
TAvazZryy M2V 7| BB NL—Z VT
DOEDIMBEDT, £ O T EHREEFZEHNL
P27 —=H— 7T 7—=F (1993) i, [hL—=r7
DFEBD AL IE, BHELREE, BOoPHELLI)E LT
WAHLL =A% AT — M6 T—)VET, BFHWHEEL
TVbIALEHTDICLELTHAE-FTED &
BRETDOATIFEDITAIETHE] Lib_TED,
EIIEREOERBE (LSDA L) 2L TREEN
THHIEDRBL I LS L NVESLT.

WD —HBEFEDO N L —o v A2 — 2L &

Be BB ais BTBE 15 2009

&, zoOfEEZMDY [E GEEHE) Fenlle (K
3 Bohw][RESE] EERLAZESLITLIED
L5, FO [ENE] 2%, 4O M- 2 7ICH
T5 [Hilk] 2BET 00y RSN TWEDTIE
BB DD

43 ENEPBEZEHRLEIN-—Z=T

INFTTHERTELETDO N -V FIZHbBERE
HT—ELT, BERPRELEHLLIL-—ZVTD
BEUIRTFONL, BEOERPEEERTITLS
EOBEEMIL, —HEHE L TITHLAHEEL TV EDD
LNV, bL—= 7 OEMKHICEARATZE I2A
2, FULNGEDEHEZOLYRH I ML —= v 7 ORIE
EVoZEmICBE/MEETLEY . L Lads, 8
EOEBPBELTRYWICTE ML —=rv71E, HET-
TWAEN ==V 7O THLTHICIRITETDH
D, F7F30) N—= v Zomdrbiil-t#i oo
VERRRT LI EDFNE N (£, 2004) OTH5.

WHNORLE V) HTF2E, [FEhTroEH T
B Tl TENDL (LKL A) BiICE ) TEHHh,
Thbbl —ABY0REY (REHREKT) LT,
MEEAEREOM LR, L— Ao —AfgB L
B & ORI L B EOBER TR LT 5 L\ )
WEDRH>TH I VEEE L. S ETAHUEN I A & Rt
BIICHL D #LA 72 THlE] 13, L — A8 — 24507
DF—=F%H EIZEFTVR—A%MEL, 800m ED A
y— b bt —7a—A|27% %5 120m 3R 200 m
FTCHPRL L ETAR—ATHBET 5720 0EH %
FIloFAZEEFEHME LN L -0 7 THBL. L
HL, TONL—=r7h, KERHERPAREE TRTh
WSEMZED ML == 72 0S5 L, EEEEE
M rEEBL TR, FEICEDESNTICHSD
L—AEMABTTHONLEVI) HEZEDDLIZOD X
FVIL— T2 0V ELDTH L.

T/, LRTF4arefry—=—nNbEwnoiz, b
Wa [EmE (L—AX=2Z) PL—= 7] 22V T
b, TORELHECARZ T2 EBRETHD
TiE R, BRER- AL TER o TR TRT
L, ZEEEEZHFCTE R P o0 ERVIED L9
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FEBE, R REE)RF O I LR R L1 20~30 mM IZE T

5.

2. 57y ROEEROIFIRBEIRERE
No—=V T DEE

1) EERFOIFIREIREEE

M7zt — M NORATEZIBIUR (VO.max) IZAE 1 kg
H720 - 15 H720) TI0~40mEETHY, —HA¥
SFRHLEEZONDLTT Y VEFT R EIT 0L 5
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25NTWD. Vomax i, KEQEVEIYIC LB LT
HREO/NELEWITEE %% (Lindstedt et al., 1991).
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