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runners: focused on step characteristics
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=ZDEA M—F&

3% REFEEERTICEIT S 5000m L— A DO AT v FEHE L— AL A LORBFRME
(FFFERRAE 1)

Table 3-1. Mean values of step characteristics in the 5000-m race.

FarE EHREEERTICBIT HEGEY NTU L RUY IR T p—< 2 AL 5000m L— A
HORT v 7R E OB (FFERE 2)

Table 4-1. Mean values of jump performance.

FSE REHERFENRE LIEAT v TERL Y NT 2 ROy o TREO ST & =
—F T ~OFRMEICBE S 5 FFIRIATIE (BFFERRE 3)

Table 5-1. Physical characteristics and personal best time of 5000-m race of participants.
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%3 E REEEETICET S 5000m L—RHFDRT Y TEE L — 2 24 LRGN
(WTFERRE 1)

Figure 3-1. Running speed at each lap during the 5000-m race; * P < 0.05 significantly different
from the second lap.

Figure 3-2. Step characteristics at each lap during the 5000-m race; * P < 0.05 significantly
different from the second lap.

Figure 3-3. The relationship between average step frequency and step length normalized to body
height of all laps with 5000-m race time. SF, step frequency; SL, step length; BH,
body height.

Figure 3-4. The relationships of percent changes in contact time and step length with 5000-m race

time. CT, contact time; SL, step length.

4w REHEEFICBTDER) NV FUy TR T 4 —< A L 5000m L— A
HORAT v TEHE ORIRME (BFFRE 2)

Figure 4-1. Running speed at each lap during the 5000-m race. *, P < 0.05, significantly different
from the second lap.

Figure 4-2. Step characteristics at each lap during the 5000-m race. *, P < (.05, significantly
different from the second lap.

Figure 4-3. Relationship between rebound jump index and average contact time.

Figure 4-4. Relationships between rebound jump index and average contact time relative to
running speed.

Figure 4-5. Correlation coefficients between the rebound jump index and contact time for each lap.
The upper graph shows correlation coefficients between the rebound jump index and
absolute contact time. The lower graph shows correlation coefficients between the

rebound jump index and contact time relative to running speed.

HS5E RIBEEERFELARE LIEAT v TEBE I AT U Ny U THEO T L 2 —
F o T ~OFMPECBT 2 FHIRE (WFFERRE 3)



Figure 5-1. Average values of 5000-m time, RJ index, running distance, CMJ height and subjective
fatigue feeling. RJ, rebound jump; CMJ, counter movement jump.

Figure 5-2. 5000-m time and RJ index of each runner. RJ, rebound jump; A, runner A; B, runner B;
C, runner C; D, runner D.

Figure 5-3. 5000-m time and CMJ height of each runner. CMJ, counter movement jump; A, runner
A; B, runner B; C, runner C; D, runner D.

Figure 5-4. RJ index and running distance of each runner. RJ, rebound jump; A, runner A; B,
runner B; C, runner C; D, runner D.

Figure 5-5. CMJ height and running distance of each runner. CMJ, counter movement jump; A,
runner A; B, runner B; C, runner C; D, runner D.

Figure 5-6. RJ index and subjective fatigue feeling of each runner. RJ, rebound jump; A, runner A;
B, runner B; C, runner C; D, runner D.

Figure 5-7. CMJ height and subjective fatigue feeling of each runner. CMJ, counter movement
jump; A, runner A; B, runner B; C, runner C; D, runner D.

Figure 5-8. Average step characteristics during 5000-m time trial.

Figure 5-9. 5000-m time and step frequency of each runner. A, runner A; B, runner B; C, runner C;
D, runner D.

Figure 5-10. 5000-m time and step length of each runner. A, runner A; B, runner B; C, runner C;
D, runner D.

Figure 5-11. 5000-m time and precent change in CT of each runner. CT, contact time; A, runner A;
B, runner B; C, runner C; D, runner D.

Figure 5-12. 5000-m time and precent change in SF of each runner. SF, step frequency; A, runner
A; B, runner B; C, runner C; D, runner D.

Figure 5-13. 5000-m time and precent change in SL of each runner. SL, step length; A, runner A;
B, runner B; C, runner C; D, runner D.

Figure 5-14. Running speed and step characteristics during the 5000-m race of runner A.

Figure 5-15. Running speed and step characteristics during the 5000-m race of runner B.

Figure 5-16. Running speed and step characteristics during the 5000-m race of runner C.

Figure 5-17. Running speed and step characteristics during the 5000-m race of runner D.
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Figure 5-18. RJ index and average contact time during 5000-m time trial of each runner. RJ,

rebound jump. A, runner A; B, runner B; C, runner C; D, runner D.

Figure 5-19. Average contact time and running speed at the final lap.

Figure 5-20. RJ index and running speed at the final lap of each runner. RJ, rebound jump. A,
runner A; B, runner B; C, runner C; D, runner D.

Figure 5-21. RJ index and contact time at the final lap of each runner. RJ, rebound jump. A, runner

A; B, runner B; C, runner C; D, runner D.
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B1E &S

1.1 BEER

WEA, AR—2 B0 B OO fie o O 0 WL % 5 BB A 1 TF O Fg 80 AR — NSRRI I HY
VIATr, INT =< ADA L2 LA PERLL TETWD. ZOREHE LT,
2017 4R \Z 32 S 7= F A F D Breaking2 71 ¥ = 7 M, EMOBFHABICKESE 7
N=T ORI ZHE L. o7y es T, ABSEASHTONA G AT
=7 AT DR L — A _X— Xz Tl L (Jonesetal., 2021), RFHEE®ERFD/ N7+
—v VAT RKRRIZT & TV 2 — XDOBH% (Hoogkamer etal., 2018) K% A — |,
aA— AR R EL T OB FR YR — MBS ¥, 2o7mv=s FoRER, AR
DFEFKRDOET Y TR« F7Fa F@ERFER2RFM 26 WOZ A baitik Lz, 612, 24
% 2019 4EI21T AL 7= INEOS 1:59 Challenge (28T, H-IZRFRRY R — b 285 LFE
Fr LUV LR, =D R X7F a FEFN 1 RH S 540 DX A L&KL,
NEL EWIO~Z Y 0 2RI 2l LRS-, Zo kol mns, BERFRERER T
B2 A~ORLREEY, BREEADONT +—~ AN ZEIICFHE L, Thz
RRRICH & H LTt a1T 5 Btz i a—F U ZIEREEL TE TN D, L
UG, @ERAERRS « SA A AT =7 ARG & EiT 5 7-011%, FrRl 72
OO CTHEMP LM ENLE L SN D729, Breaking 2 7’17 ¥ =7 h<° INEOS 1:59
Challenge THff S N7z FiEE KPR OIGECHIL T L =77 F 7 EDa—F
VIBSGE TR — kT2 2 L IFRETH L. Licho>T, a—F 785280,
fEGENRFEANDNRT —~v AR T v a UETHT T 2R AT 5 2 & T,
IR a—=F 2 7 BGTHRRB R OITEEZ R L T ZERROBND.

A, A~v—Rh7 407 7 IREER L —IC Lo T, SN AA A AT =0 A
HENREL o TETWD. Iz, EEMOEEE =0V v M mt P —%2
TEMTTOMEEL LOHEET — 22T 28T, V=V THORT v TEHD
MiaI R 17— 2 2 HEE L, 5EY A7 BT TE DRI DWW THE S TWD ()
5, 2017 ; Kiernan et al., 2018; Reenalda et al., 2016; Vanwanseele et al., 2020; Zrenner et al., 2018) .
Fo, WEODAT—F 74 0R°F 7 Ly MR TIE, A A — FREOIREE D R TH
D, a—F 7 OBGTHER SN TWLHIRHRE SN TS (R, 2021 ; #AK5, 2019 ;
RES, 2020). #lziE, RES (2020) TIE, @REZHRE Lo — RAVEOIEEICE

1



WC, Z 7 by MaREFMA L A= R > ZHEHE(ON— RLEROBZ B0 AT v 7 K)
AT HZET, MWRESHRMEOND WML OVWTHRE L TWD. £, iV
—OAHRHEAEY A 7 VBATRED Ol & L THW DN A BEBOSHERE Y N v Ry v
TIREDV X T RT =< AZONThH, ¥ T Ly MRS A~Y— 7+ 205D
LT, MAE—RBEAERE L, TS = a Ko THIT A Z ENARETH
52 EnHE STV D (Gallardo-Fuentes etal., 2016; Haynes etal., 2019). = @D X 5 22 0T4F
OFHUEMOFRIZLY, a—F U VB THITHTE 2HEEHNT, A7 v 7 AP
VX TR T = P ADI R BES AT ZENTEDL EHERESIND. MAT, ATy
TEERY Y TR T =~ A, T I RT < L ADEERREER DD
Thorovr=vrxa)I—IllET2EKETH L REMENRET SN TS (Barens and
Kildings, 2015a; Saunders et al., 2004). “N 5D &6, RHEEERTOT =2 7H0
AT o TEER v TR T =< VAR T =< AR T 4 g IREE E OB
PEICERT22LT, Py 7RENPL—RTRT VF—FT, K< a—F 788 CIEN
THLIENTE LB LML T D ZEICFGTLEEALND.

1.2 AFXOH W LER

AWFRIE, REBEERTFOART v TEBEROV Yy VTR T =< AL L —ANRT —~
VARV T 4 va VIREEE OBRERTT 52 LT, REMERTFOa—F L JITEL
O GIEEICET 2R A/L LA HNE Lz, 22T, ZOHMNEZFTTHICHT-
ST, B2 EIZEWTIERIFIED S B R OREIZ OV TREL, LN D 3 D OWF SRS
AREL. H 345 BIBNT, DUFOMFEREDOEEIZOWTRRT. &&IZ, 26
EIZBWT 3 DO FRREORERE b L ITRABZEZITV, 7 BICAMEORMmETL
7z

[WFFERE 1]
RIFBEASRTIZE T 5 5000m L— AT DORAT » TEKE L—RA % A LZOBRME

[ 7i e 2]
EWHHEERFICBIT2HEBG ) XU Ry IR T p—< AL 5000m L—AHFDRT
v T O EGRME



(A 73R 3]
R ERTFARNRE LTEEAT v FEBE VARV RO U THRBOST L o —F o 7~
DA AT 5 FHIRIITZE

1.3 FFEOER
AR OHFEOERL, LTOEY Tho.
- PEHUIERE] (Contact time, CT)
SEES S M B i LT D IR O RER &R T
- WZEiFf (Flight time, FT)
TR AN A AR LT A WD o R A R4
« A7 w7 (Step)
FAN D JE DR G, IROWHA O JE DFE E THIRT.
- v F (step frequency, SF)
1 RS-0 OB ERL, 1| A7 v FAZELERFROHE LTHRIENS.
« A7 v 7 (Step length, SL)
A O HEHUIRE O FE 7> B IR OFEHIFE O I & T DK FRE.
- & E  (Running speed)
By F ATy 7ROBMPOREMBINDETHY, 1 b= OETHINOBEIEREZ
eI
U RV 7 (Rebound jump index, RJ index)
YN RO % o T REOBRIE R Z R TR L7ZETH 0, MEREMEY A 7 ViZITHE
F1OFEHE % 7~$ (Markovic and Mikulic, 2010; Young, 1995; K+ 5, 1993).



%2 E UBH5E

21 FUo=VIRTF—<wrREG =T Ta) I—

FJry=rrra) I— TR R TRECTETHOMBBEIE L ERSh, EORFEEE L
T, ENETFLRNZRIAF—HETETT LI LN TELINEZFHELZHIETH D
(Barens and Kildings, 2015a; Daniels, 1985; Saunders et al., 2004). Z DO Z7 > =27 T2 /) I
—I%, 5000m %> 10000m, ~ 7 Y 72 EORMREEE L — A X A L EEWHBBIRICH D, &
WRT = VALV O RIFBEEIRTIZE W TS, [FERICHBIBIR GBS bz & s
ERTW% (Conley and Krahenbuhl, 1980; Morgan et al., 1989; Saunders et al., 2004). %7,
Jones (1998) 1%, Fy 7L VLORBHIEETFORKNBEERESLT =7 Ta ) I—
FREIMICE GEBF L2, ZO/RE, BORESEH SN, RRKBIEEREICE
BIFAe o ley, T o=/ xa ) I— 3k s fARICEEL TV Z 2 HE L TND
E 51T, Saltinetal. (1995) 1%, HIRAIICHRD TEWBERE A E L TWDH 7 =7 NRFIL,
L DI TF & b KRR R CHL RV F BB I E VTR bRV, Fr=r 7 xa
J I =RFEERICENL TN ZRE LTS, ZhbDZlEnb, Jy=vrxa)
SBRNT U RAERET HHBERERNDO LI HOTHLEEZ LTV,

LInLen s, Jr=rvrxa) I—%RETDERICOVTIIREHR RPN TEY,
Z O FIISIGICIED. T =v 7 ma ) I—DREREMO oL LT, DIfitkkE
(Barens and Kildings, 2015a; Saunders et al., 2004) <& AR (Barens and Kildings, 2015a;
Saunders et al., 2004), #53 k=2 KU 7 & (Krustrup et al., 2008), i~ 1 7 (Lundby
et al,, 2017) 72 EOERFHER O A2 67, EBE (Folland et al., 2017; Tartaruga et al.,
2012) MO AOHM (Kubo etal., 2015; Ueno etal., 2018¢c), #5 « it « & OIEAE A
% (Uenoetal.,2018a; Ueno etal., 2018b; Ueno et al., 2019; Ueno et al., 2021a; Ueno et al., 2021b)
BREDNAFT AN = ZANBRBERIZE-TH T v=rrxza /) I—PNREPESIND D
EThDH. AR, REMERFOI—F L IR DAT v TEHE D v T T ¢
—w VAODHFRMICERT D70, AT v TEREOY vy TR T AT =T
Ta)I—kELT = IR T e AL OBRMEICET D AR TS

22 AT TEREEEREMENRT7+—< R OBERKR

AT TEKET =T a ) =L OBBRIZONWT, < DTRT b —HFETH



P72 TS (Folland et al., 2017; Tartaruga et al., 2012; FHAE D, 2017). Tartaruga et al.
(2012) 1%, A7 v, E@#Y, @B, HEMNERONSA F R =7 ARRHROMEE
BTG, BWE Yy FEEWATy TENEN T =7 x2a )/ I -1l LTV
L HEB S E LT, RIS, Follandetal. (2017) 1%, 97 4 0B L BB R T 2 5151
AT v TERCER LS L T v = a ) I —OBRMEEZ R LR, Ey T
El, BRTHELEZEAT vy 7EREWZE T v =v 7 ma ) I —=PMER TV HEREE
WELTWD., 2ok ) 2BRME, F—0@ECETTIEIC, VyFalnstsk
DHAT v TREZHMSED Z &0, BEiofFELERSYE, =XV F—HERELZ®mD
IR LT 5 & HEZ2T& % (Cavanagh and Williams, 1982; Heiderscheit et al., 2011) .
ZOXEDZHFATMEORRIL, By TFim, AT vy 7RMEWVIET =T xa /3
—NENLTEY, ENWT = IRT 3 —< 0 ZAOERHICHRN 2 & 2R LTV 5.
L2rL72735, Santos-Conceroetal. (2014) X° Sterenetal. (2011) 1%, HERAImEmW/NT +—
YAV DORFREERFICEN T, EyTFRRT v IRET =T a ) I -
ORNCAHBRMABEBBEARD LN TE LT, T 4= AL-ULOEWRFED 7 L—7
WZBWTIE, ZJr=v2rxa )/ I—0EZHNT 2B RITILR 20 a7z,

BEHIFERICBI L CI, v =v 7 a3 —LoRRICOWT—E L BN E LT
VW2V, Kyrdldinen etal. (2001) <° Sterenetal. (2011), Tartarugaetal. (2012) %, B2
fix7yr=v7x2a/I—ICEG L2V EZ2HEL WD, KXHZ, Santos-Concejero et
al. (2014) X°Follandetal. (2017) (%, FWBEHIRFAEN- 7 v =7 =a /) I —ICl5
LTWLZEERELTND., LD EnD, BMIFFMOT =0 IR T p—v
SNOEBEIZONTH ERERPBLETH D .

—RHNC T =T a ) I, HMEERE LY b BEVR R NREORE TS
= THOBFREREZNET H Z & Tilli S5 (Barenes and Kilding, 2015a; FHAED,
2017). L7z o>C, B L7zAT v 7Bt T v =7 xa /) I—LORBREEZHE LT
WBIEATAIFRIE, REFBEEEL — AT OEERE LY bBEVERESRMGCORT v 7 EHE T

vrZxa ) I— L OBREERFL WD, EREOHINICHEST, EvFRAT Y
TRITHIR L, #EMEFRIXEAME TS (Brughelli et al., 2011; Nummela et al., 2007; Weyand et
al, 2000). L7=23->T, REHEEL —AR L — AP OEREIZHVEETDO T =0 7%
T, AT v TERET = TR T —~ L AL OBRME AR T OLENH D L E 2
HivD. FEFRIZ Follandetal. (2017) 1%, By FRAT v 7ENT =7 xa 7 I—ZH



H L T2y, 10000m Oigifkiidk &I FEERZRBERIEITRRD bR T 2 L 2 HmE LT
W5, EBIZ, FHAS (017) X, AT v 7EHKE T =Tz a ) I—ORMREDSER
JEIZ R o TRRDZEEZRLTEY, &0 DOIFHHR RN I EERE L v bW ER
ETOrT =7 rTa))I—LBELTWEIEERE LTS, ZREDRITHED
FERIE, AT v TERET = TN T =~ R EDBRMEEZR LN E T 272012,
B L — AICHYS T 2 EEETORAT v TEBICBWTRHNT 2 RERSH D L EX B
5.

WL ODDRATHTRIZEBNT, L—AHDAT v TEHE L —ART p—< 2L DR
FRAMEFET 4L TV 2. Paavolainen et al. (1999) 1%, 10000m L — A 1 D #HIIREH 231V E
E, EEESENHBIBER 2 HE LT\ 5. [AFEIZ Hayes and Caplan (2012) 1%, 800m <°
1500m O L —AZH W T, BEHIRERTAME T E A 2SE VBB 2 A LT b,
ZC, Hasegawaetal. (2007) (X, HE—D/\—T7~< T VU L —RZBWT, EHEFAEN
FE, NN EWFHBEBIR Z S LD, 2 b OEITHFFEORERIL, O EEiRERE] C
EATTHZEDRENRT 4=~V AOFKBICEETHDH I L 2R LTS, EHIZ, Girard
etal. (2013) 1%, 5000m DX A L KT A TMIEBNT, BWE YT L 2T v 7RO TR
BWEREIZEEL TV E2MEL TS, 202 8L, AVWEyTFLEWVWRAT v
BN = rxa ) I =I5 L TWRITHEO Y  (Folland et al., 2017; Tartaruga et
al,2012; FHED, 2017) &, KT DERERL TS, EFEIL, EyvF AT v 7ED
FEIC L > THRESN D (Brughellietal., 2011; Weyand etal., 2000). ZH 5D Z & Z2FE 2 5
&, REBEEL—ATEWEREZEGT L7202, By FRITERLS, AT v 7R
b RIRFIC =D D MEN D L FTREMEN RE SN TN D.

23 FU=UVITHDEFLENRT =V ANDEE

LV AHNE S O BEE/NRIZIHZ 5286, BV —ANRT 4 —< UV ADOREITE
BRI 2R EN RSN D, RIEFEEREE O L — A=W Tl A L 725617
W21, L— RO T — " —N— 2L, BRI SEREICE ) L— AR TO L — A
—ZDIEKTFDOV AT NHDHT20, —EDL—AX—=ZABHEDOZ ENEN L — AT p—=
VADFEICHBNT D Z & A WE LTS (Myrkos et al., 2020; Tucker et al., 2006). % 7=,
Nicoletal. (1991) 1%, ~ 7Y ¥ L —AFEICHEREORMEHIOWELZEHKL, ~7
B DERRBITEPRREFLOMURFE OFIEFIEMET LW Z L 2HmEL TS, &
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DICRIBFZEIE, ZERMEOBMEMFADOREIZBNT, 7 Y RITRIE D H R
JRFRCAMANIA A DA TEBI AN L, ERRF A LI Z L2 ®iELT0D. 2o
&, EHRBICED T =TI K o TRRE IR OMIGEEEMET 52 & L, [A

Ui 1% T 272 OIC@m W ITEBEI AL E L 72 ), =)L X —{HE & EEINT 5 rrRetEss
REINTWND, LD ENnG, L—AFRIZBIT DT OEEELRETHZ &8, L—
APRRTEH W R NVF—FHIRTOT o= T EA[EE L, BV —ANRT p—< A
DREICHFET D ENHEREIND.

5000m <° 10000m O L —AIZBWT, L—AFMICHEL, L—AKBORT v FEN
AEIVETLTW=0IZ LT, By FITHEERZITRD ol 2 LBt S
Cu % (Elliot et al., 1981; Nummela et al., 2008). Z D Z &%, [Rl—O#HETHEITT HEE
2, EoTFEHERTLIIVORT vy TREMRT L2 L3, BfioftFEE M HASE, &
WTE R X —HE L LT ENRKRTH D &ML TE S (Cavanagh and Williams,
1982; Heiderscheit et al., 2011). F£7z, EHEZIE v F LT v TROMIIL > TIRES N
D1, ZOXIRV—=ZARBIZBTHAT v T RIFILV—AXR—ZADET 25| EEZSZ
ENTREEND. EBIZ, V—RAEFBELIE—EDOX—ATDT V=V T RENL— AT
F =< ADFEICEHIRT D Z &S (Myrkos et al., 2020; Tucker et al., 2006), L — A % i
LTCEWRAT Yy TEREDZENEBNT L —RAX A AOEBICEBE TCHAH EEZILNA.
L L2 D, L=AHDAT v TEROENE L —ANT —~ 2 ZDBEHRPEIZ DN T
IE BT ST R,

ERMdZ > =7 (Rabitaetal.,2011; Rabitaetal.,2013) <CEHEHEdE 1L — 2 (Bertram et
al., 2013; Chan-Roper et al., 2012; Girard et al., 2013; Nummela et al., 2008) |23\ T, WO
R & & BICHEIFPNIER 35 2 EAME SN TVWD. ChET7 =71tk -oTAED
ToARRE RS RE DI 77 SRR T do 2 WREMED HEZE S5 . Nummela et al. (2008) 1%, 5000m
DEA LT A TIVHETZIZ 20m OFLEEREEHIE 2 5 L, SR OB L T\ 2R F1x
E TR RE ORBRELRS, SMARRE, PRURRE, KBRSEFL, MERERR) o Pre-activation AMX
TLTWSHHBEBIR A #HE LT\ 5. Pre-activation (%, HEMEAMEY A 7 MZBWTEER
e &4 > TV (Ishikawa and Komi, 2007), HEELHEY A 7 /L OBEREIK T 23 B2 HRsfH]
ERAFISEZ LT D AREEA RSN D (MEEREY A 7 VIO TOFEMIL 24 (2
BRI 5). OO D, BEHIEERN T = 7 O EHEHE O T IRE A B L
TWDATREME D HEZRR S 5.



2.4 (BEREMEYA 7 VBT L REEBEE 7 +—< R L OBR

R REHE A 7V &1L, BROBOIEIESCEBEOBEHIFHC A HiL D, MEMD FE
DY EAZIZEHMENED T3 D e < EERA TH 5 (Komi, 1984) . Z OEENERAL, #Hilh
DEHIN B FEEN A BT 5 Pre-activation 21T > 724KBET, I K Dok D J) 54 %
79524 T, HECKIBMEZ RV —DRHZ &m0 2WE 03DV, FIIREED B IHEE
DNFEEZAITO LV b X VAR TRE RN EZRETE 258 A F> (Komi, 1984; Komi,
2000). D72, HREMET A 7 )V OBITREIE, FIEREECHEER B e & OFRFFIZ K
ERNEEELMEL T LA T I v I RBEANT =~ RACHET L LA ST
"% (Dobbs etal., 2015; Kale et al., 2009; Nagahara et al., 2014) .

F MRV A 7 VX, Pre-activation Off) & (2 XV f23FEAE L 7R A8 THEM 2 B4R
52 LT, WAHESMAREREAEINL, HotEELHDSELMENHLEEZLN T
% (Ishikawa and Komi, 2007). & 5iZ, fhOFEMEN D2 <, K0 ZHREOFHIHEIZ T
(3 &, B I E S D = L X —{HEEDHIE S LD (Biewener and Roberts, 2000; Fletcher
etal.,2017; Sanoetal., 2014). L7223~ T, MEREWY A 7 id, HICL =21 —iHE
BEHET 5720, Jrv=v /o)) I—kBETLBHEEAT L5255 (Barnes
andKilding, 2015a). 26D Z &5, BRFEEHIR R LV S EARR ) RERRD b
HEIEREETYH, MEEMEY A 7 VNEERBE 24752 LRSI TN 5.

RREEME A 7 VETRAE, VX TRRy s, NULT 0 U TBER EDME
B A 7 VBB EZH WL T IA AN v P == Il o THEINDN
(Paavolainen et al., 1999; Ramirez-Campillo et al., 2014), 4O L E = —FEIZBNT, 7
FATARN) 9T ==V PRTG = IR T =< ABWET L ENH LN E R
5 TW% (Balsalobre-Fernandez et al., 2016; Barnes and Kilding, 2015b; Blagrove et al., 2018;
Ramirez-Campillo etal., 2021). f21%, Ramirez-Campilloetal. (2021) (%, 11 ADEATHFIE
DFERIZEDNWE A 2T G, Vv TEIMEEZHWETFA A RN v 7 FL—= R
REEEEDHZA DN TATNIA LEFEHETLZEEZWME LTS, ZN6DZENG
TIAA N w7 M= PR A VTR AUEL, T =0T
—v AL ESE TS AREENHERE SN D.

R A 7 VIFITRESINT, BEUIRFROEE R DO R D8k 4 2 ¥ v T EMEZ AW
TR LTV %  (Young, 1995; Young etal., 1999; [X|7-5, 1993). LU biF Fku v 7Ty
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TR NT RV AR NT, BhEE AR TR L, Yy TR E LT
R RN A 7 VIZATRE ) D3EH S 41TV % (Markovic and Mikulic, 2010; Young, 1995;
T5, 1993). ZOV Y 7HREEIE, R F-ORE TR & OBRFERY R TR HHEE T A3 K
D HNDFHERFIZE T, MOBHIRTICE L&V MEZ R LTV % (Tauchietal., 2008;
75, 1993). SHIT, VX Y THRENEWVIZERAT Y v M7 p—< R (BT, 2017;
Nagahara etal., 2014; Kale etal., 2009) CBkiE/ N7 + —~ > X (M+ 5, 2017 ; X+ 5, 2020)
PENLTOHHEBBRARD LN TS, 2oL Yy 7L, MEEHEY A 71

PATREN DFRIE L LT, BRRMARHE 7+ —~ V AOEERREERO—D>THD &
DRSINTND.

EBI, VX UTHEER T = IRT = VAT AR AR STV D
el (2006) X, BFEHBEERTICENT, UNADY RUY U FIZBIT DY v v 7K
(VAR RYX TR BEWIEE, Jr=rr7xa )/ I—PMER TV 2 HEBEREERE
WEL WD, FEi, A (2011) 1, FEEEARERS L REMAEEF BN THRD S
NHZLEWELTND. MAT, ¥ - FHE (2000) 1%, REEEEETFICBT D HEHTHY
RUNT Y RO U TRENPD VAT KU 7 E 5000m DLV —AZ A LDOR L
BUAISERICH DB EZHE LTS, 20k, Vv FREIL, BRI EIHE
NI F =V ADHIRST, TU= TNRT 4=~ ACHAET LAl RS Tn
5.

25 ATy FPEEEMREMRY A 7 VBITRES ORBER

WL OMDIATIIGENE, T T7A AN w7 Mo == TN T = THDO AT v TEK
(B RIFT 2 L 25 L CW5. Paavolainetal. (1999) 1%, 9#MDOT T A4 A hVU v
J h—=r T EETEBIER I N —=0 7R E LT Z & T, 5000m D L— A —
ATOT =2 I BN EMR L7720, By TR T v 7RI Loz &
ZE LTV 5. [AERIZ, Saundersetal. (2006) 1%, 9O I A4 A ) v hlL—=
YU, K TFHE (14,16, 18 km/h) TOZ v =2 THOE » FITHEL RITE 7205
L EREL TS, —J7, Goémez-Molinaetal. (2018) 1%, SHM DT LA A FU »
J b= T EREMLIZEZA, RKTEE (10~16 km/h) TD T = 7O
RUCEILIZ R o T2, EvFRBA L, 27y 7EMEMLEZ L2 RELTWS. £
7z, Lockieetal. (2014) ¥, ERERFICBWT6 DT IA A N v 7 FL—= T %
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FEhE L= Z A, I0mDAT Y hHORAT v 7ENEML, v I OB EERIT
BAL Lo Z 8B HEL TS, X 51T, Giovanellietal. (2017) X 12 BRI O %
FORTFGAA RN w7 FL—=U 70K o T, HKTMRE (8,10,12km/h) TDZ»=r
THOEHEFAENN L 2R E LTS, ZOLIRTIA AN v FL—=V
T DAT v TE~OEET, MEEEYA 7 VBITRANAELEZZ ENERO—DT
HDHEHETE DN, AT EMICEBN T L AR SE L TR0,

26 xR Txp—<rADarT 4y a e LTOER
TAV—btDars4vargHiiit LT, AU E—A—T R Ny T ORkERS O
RN RIS TV, Claudino et al. (2017) (X, EHRIZE TON T H—L—T A K
U R OB A THE LT USRS X A XN 2T ol 2 A, AT H— A—
T ALY TR AN 57O B OFRE 2 [ B fEEE T B D ATREME 2 A LT
L. Fl, By A—h—T A Ny TR, BRGE~— A —ChorlF s LT
FroXxF—CRIMBEBERICH L Z L bMEINTEY, HEEOHECHIEATE 50
REMEAV R EN TS (Del Coso et al., 2017). FEFEIZ, W< DO RER A B THEIZ B
T, DU H—L—T A "% TR P ERERTFOa T v a VIREE M LT
W5 EHE LTS (Aokietal., 2017; Ferioli et al., 2018; Rowell et al., 2017). —J5, <D
DO FEER 72 FIEE W2 ATIIRICB N T, Ao v Z—A—T Uy U THEE N a7
T REBE B L e WATREME 2 #ts LT3 Y (Buchheit et al., 2010; Gibson et al., 2016;
Malone etal.,2015), =—F o ZHE TO R LPEIZIB N T—H L7z RENSE LT
. T, INOOEITIHRIE, Yo =T e —, XAy hAR— AR EDTF— L
AR—=YTEEINTZHDOTHY, EEREHERFEZGSE LIEMREETR S TR,
BRI O T v =0 7% G0 IR LOMEERY A 7 ViESNT, MRS 1 7 VT
EAZKT IS Z ENHE SN TWAD (Komi, 2000; Nicol et al., 2006) . = O EHEAHE
A 7 VEATRE S DIK T 1, BEHIIE AT Pre-activation SCHEHUIE % D FFTEEINME T4 5 2 & &,
ARG BN DK T CHIEN R ) DS BIMITAR R U, B N E R T2 2 L M TH v,
RN A 7 VIR & FEE T % (Komi, 2000; Nicol et al., 2006) . SEERIZ, Avela et al.
(1999) 1%, TV UVARIZBWCTU N Y RUY U TEFELIZE A, ~T V%I
R A 7 NVETRRO NI L aWmE L TWD. £, MF - FH (2000) 13,

WL OO 5000m L— ADFNZY Ny RRa vy F Uy o 7 &FE LR, 5000m O L
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—AFALEVNT Ry T CTIRBEOR LELN BT 2HmICh 72 L&
WELTHY, VN R Ray 7Py o TR RE AL O MR AE 2 [ L C
WD AIRBMEIZOWT/RIEL TS, ZhbDZ enh, VN Ry U TaHnd 2 &
T, REEMEERFO AT 1 v a REBZFHE T E 2 FTREMED /RIS LTV 203, ST
TRROENTEY, UNT ROy v TOREMMEICONTELICHET 2MLER S D.

2.7 BEFFHTSEORRE
ZZETITR LESHRIZE N S, TRRD L D ICRIBBEERFO AT v TEEL Y v 7
T F—~ AT OO EORE R 2 L7z,
DL —RZAFDAT » FEHE L — AT p—v A & DOFMRMENR R
@QUVx v INT =~ AL ATy TEROBIRIEN R
VX VT NRT d =~V ARAT v T EROHR N REHEERT O 2 7 1 v a3 VRS

ARTH D004
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#1352 EFHEREFICBITA 5000m L—RAFORT v FEHLEL—REA
LOBERMY (FFFERRE 1)

3.1 BE®

T TR T = VADBEERREERRNO D THL T =7 ma ) I—F, A
Ty TEROREEZ T D T E BT O THE STV % (Barnes and Kilding,
2015a; Saunders et al., 2004) . W< ONDFATZEITEVE Yy F EHWAT v FRBAEN
Fr=vrxaI—ZBELTWEERELTWDER, ZALOMFHIL—AX—2 L
DHBVWHETT =2 7BV THRF SN b D THL (Folland et al., 2017;
Tartaruga et al., 2012). LU0 6, EFHEIIE v F L AT v T7ROBIZE > THRES
o7, mREBENORRMEL —ARIEFIAT vy 7RGSO DINEND H LHEREIN
L. FTLV—AHITE, Ty =r Tk o TEBINTHET ORETRT v BN
T5 2 ENRHE SN TS (Bertram et al., 2013; Chan-Roper et al., 2012; Elliot et al., 1981;
Girard et al., 2013; Nummela et al., 2008) . il 2 (X, W< 222D JEATHIZEIL 5000m <> 10000m
DL—RZEBWNWT, L—AFRICHRL L—AKBEORT v 7ENAREICIK T LTV
N, By FIFARREBLITBO N o7-Z L2 HE L Tn5 (Elliotet al., 1981;
Nummela et al., 2008). Z D Z &%, [F—OHETETTHEICE v FEHERFTH L0 b
ATy TREMFFT 220, EfioftFESERSE, SV L —HEEZLEL T
HZENRKTHD EHELZZITEZ D (Cavanagh and Williams, 1982; Heiderscheit et al., 2011).
L7725 TL—ADBPCBIT DEFIC LD AT v T REOWAIE, 5000m ¥ A AOKT
WS L TWAHREERSHD EEZLND. ZNHDZ Ea2BEEZDE, L—AFDEHR
FELEFOHBEZE L, AT v ITERET = IR T —< U 2 EOBRMEIZONT
BEtT 2 0ERH 5.

Z 2 CARBFZEIE, 5000m L—AHIZBWTAT v 7EE L—2 % A KE OGRS
FEWTEICARRT T2 Z 2 HME Lic, ZOHNEZFTTHICHTE>T, L—AZHELIHE
WE Y FLAT v TRIMAT, L—=RARPENLRFIINT TO AT v T ROBRIE
72 5000m Z A LZPHET D LA AL Tz,

32 Fik
3.2.1 #FgEXTGE
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SeATHFSE (Girard etal., 2013) OFEFICHES X, AWFRICHERR Yo T B A 2B
L7z, ZhREZ 070 (HiFf) & AW OHBfRE (Girard et al., 2013)), o-level %
0.05, B-level Z 0.2 (FRE ) 0.8) LEXELTBRIZ, AT v T EEENT 4 —~ 2 ADOFE
B2 it 2 OIS LB R R E UL 11 AU EOXMRENRLETH L Z ENFH S
7-.

2040 HAARNS T REFBEERT (Fle : 199+ 1.1 5%, HE: 171.2+52cm, {FfH :
57.3 £4.9kg) WAMIEICSM LTz, HEEIL, AEMICREMEOHEMMZR P L —=
TERATEY, EMMICHEASICHE L Q. £, SRE IO EECMR
R, FFRERROEBREZH L TR o7, BRTOMGEHEITK LT, HEHBIOHFEIC
BRFNAICBET 2882 L, AFEICSINT 5 2 &okt LTEmICFEEZGZ. ok, KU

ZeIE, AARERE R mEE A EZ B R ORRB LG LTHEM L. UKRE S : 019-
H193).

322 TF—HUUE

AWFFEIE, 5 273 B AKRERFRERE S (2019410 H 6 H) 725 0% 274 | H
AEERLRBEHHRES Q019411 A 17H) KBV TELE. ZhboBmERIT
L—ZADNEML L D BIEADOH CHBEGERLEEH T2 2 L2 AL SNEBEETH L. it
LFIL, BOBEGSRICESE L —ROMAG T2 S, 2N ENOXSE ITHIERIZ
BT 1EDRH 5000m O L—A SN LIz, 360m 725 372.5m HiSOEH ZRE T 572
DIZ, 1 BDONAAE—RKH AF (DMC-FZ300, /37 Y = 7 t#) ZFR—LA ML —
FNONRPNZEEE L. B AT IE=WE2AOWTEE L. REMECTHEMED L —RICE
WTC AT v TR it LT 9 THFSE (Hasegawa et al., 2007; Hayes and Caplan, 2012) %
ZIL, 7L —AL— N%& 120Hz IZFRE L7z, MO T A7 ML 3m OAR—L &
THH L.

323 T — AT

2EBENS BEAER (B&E) ofFENZBWT, 28 GEfo 4 4% 2 g s
L7z, 1JEABIX, MBANTORFREOERDIZL-T, 2 EAHOREZ AT 5
ZEIMTERD ST, EITRIS NGRS LTz, HEHIRE ] 72 & O ZEREIE, 1 7 L —
L% 00083 7L L, 7L —2Hh bR L. FEICHT 2 H R 3 X OV 22 o
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S EERENE, TNEN2.6£0.7%E 3.4+ 1.0%Th-olz. T b OERKIE, Rk
TRFRAT 5 1A CHEM S N2 SATAFZE DI L Y S IRVMETH - 72 (Giovanelli et al., 2017). &
v UL, BRI & ER OO E L TR L. A7y 7 RIE, 2ot 4 REEE
BRI K 5T, RYIOBEHFEO B ) SR OBEHIFF O % T O S U CRIT 21T - 7.
¥, 2WOCERMEEL, EEORELENT v 7 HEICBWUEH SN TW S 5HETH
% (Gonzalez-Frutos et al., 2019; Ozaki et al., 2019) . EANENDEIT L — 2B W, ELT
FHNZ125m &5 K518, 4 DXy V7L —ra RSV FaFRELXFY Y T L—
arEfTol. FAICBT AT v TROVEHEBHFELIT, 1.7+£04%ThHho72. &6
2, A7 v 7RIE, RIEORELZZEL T, HFRIZBWTHIIEAZTT>7 (Folland et al.,
2017; Garcia-Pinillos et al., 2020) . EHEEIL, Vv FLAT v 7EOfE LTHERHLE. %
JARID AT v ZEBIIIMAT, ®i¥ Q~7HH), ®¥ ~12/dH), &HE 2~124
H) oFSE2EH L. &&E (13EB) OAT vy 7EHIE, FAPANR—=FELT
MSE U THEGHIRITICER L7z, 2 b OMPEMEIZMZ T, AR %I TOR bR
ERH L. 2T v AT, WHERENTY 7 &~ (Frame DIAS V, DKH #H8) % v Cfg
Hriie.

3.2.4  HERHEHT
ETOWEMITFEEHERERF2EE L ORLE. b—AFOREERGEICES AT v 7%
OB E —TERBEIEOIICE > TRIE L. FBREL LT, ARIZEDRAT v 7%
BoO#EET 2—F—O HSD REE AN THRE L. 723, —tlES O OMREL L
T MEEFH L2, A7 v 7L 5000m ¥ A L& OBRIEIZE T ¥ v OFEEMBEGRK
WL > THRE L7z, FEHOABEKEIL, P<0.05 & Lz, &2 COME#NT X IBM SPSS

7 hw =7 (version 19.0 ; International Business Machines Corp) % F\ T 5EhE L 7=.

33 MR
15 5000m L— A Z A LT 1453 S2 27 8 (13 53 54 B 5 1547 49 F)) Th o7z,
&SRB D A E DAY A Figure 3-1 (kL= (F=128.394, P<0.001, and 02 = 0.587)..
ATy TEHOFEEEE Table 3-1 IZR3 L7z, S 512, KERBIORAT v 7 EHOELE
Figure 3-2 (27K L7z (BEHUFERT : F=12.170, P<0.001, 1> =0.378 ; #ZEmEf] : F=1.311,P=

0.220,12=0.062 ; £ F : F=21.685,P<0.001,12=0.520 ; A7 v 7'k : F=10.443,P <
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0.001,72=0.343). L—ALKOEHE v FRBIPEFETHELIZAT v 7KL 5000m ¥
A L EORIZA BRI D Hiv7e (Figure 3-3).

5000m L —AFPECE W T, PHE Yy FBLOHETHELZ AT v 7 E L 5000m
A LEOMICHERRMEBEEGERRD b (ZAZh r=-0.579, P=0.006 ; r=-0.488, P
=0.025). —J7, 5000m L — A% FATRBWNTCIE, ERERRR, o T, ATy TE, &
FETHMIELEAT vy 7KL 5000m % A &L ORICHERMBEBZRIEO bt (FhE
M r=0.506, P=0.019 ; r=-0.615, P=0.003 ; r=-0.553, P=0.009 ; r=-0.684, P <0.001)
BHIAICBWTIE, EyFBLOHETHIELEZAT v 7R E 5000m % A 5L OMICA
BEMBRBEARD b (EREN r=-0.541,P=0.011 ; r=-0.506, P=0.019). &5
(2, PEHIEER & 2T TR OZEER L 5000m Z A L& ORICAE AHBIBHR RS b
(Figure 3-4).

[

(\‘(‘
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Table 3-1. Mean values of step characteristics in the 5000-m race.

Mean + SD Range
Average of all laps
CT, sec 0.170 £ 0.011 0.152 -0.197
FT, scc 0.145+0.014 0.112-0.179
SF, Hz 3.16 £0.11 2.99-339
SL, m 1.79£0.06 1.69 — 1.89
SL normalized to BH 1.05+£0.04 0.96 - 1.14
Average of the first half
CT. sec 0.168 £ 0.010 0.150-0.193
FT, scc 0.145 £ 0.014 0.114 - 0.175
SK, Hz 3.19%0.11 3.04-342
SL, m 1.80+ 0.06 1.68 —1.92
SL normalized to BH 1.06 £ 0.05 0.96-1.14
Average of the second half
CT, sec 0.174 +0.012 0.154 - 0202
FT, sec 0.146 £ 0.015 0.109 - 0.183
SF, Hz 3.13+0.12 292 -336
SL, m 1.77 £0.06 1.66 — 1.86
SL normalized to BH 1.04 +£0.05 095-1.13
Final lap
CT, sec 0.158 £0.017 0.133-0.198
FT, sec 0.141£0.018 0.100 - 0.164
SF, Hz 337+0.20 3.04 -3.81
SL, m 1.90+0.10 1.69-2.11
SL normalized to BH 1.11 £0.06 097-121
Percent change
CT, % 347x3.75 —3.76 — 10.65
FT, % 036 +4.00 —748 —8.95
SE, % -1.96+ 163 —4.73-0.63
SL, % -1.70+2.13 =775 -1.58

Values are presented as Mean = SD. CT, contact time; FT, flight time; SF, step frequency; SL, step

length; BH, body height.
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Figure 3-2. Step characteristics at each lap during the 5000-m race; * P < 0.05 significantly

different from the second lap.

1"

12

13

Flight time (sec})

Step length (m)

18

0.180
0.170
0.160
0.150
0.140
0.130
0120
0.110
0.100

20

19

1.8

1.7

16

Flight time

6 7 8 9 10 11 12 13

Step length N

6 7 8 g 10 11 12 13
Lap



1000 1000

— r=-0.611 _- r=-0.575
H P=0.003 S P=0.006
8 950 @2 950

[F] 1]

E E

el -

g so0 g 900

hd hd

E E

& 850 o 850

o [=}

[=1 (=

n [Ty

800 . . . . . 800 . . . . .
290 300 310 3.20 330 340 3.50 090 095 100 105 140 115 1.20
SF {Hz) SL normalized tc BH

Figure 3-3. The relationship between average step frequency and step length normalized to body

height of all laps with 5000-m race time. SF, step frequency; SL, step length; BH, body height.
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Figure 3-4. The relationships of percent changes in contact time and step length with 5000-m race

time. CT, contact time; SL, step length.
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34 EBE

AMFIEE, REEEGERFIZBVT S5000m L—AHD AT v 78 (W yFLHE
THIELIEAT v 7 R) S L—ART 4= AL ORMRMEEZALNE LTz, By TR
Ty RO, EHELAZHINIE 2% (Brughelli et al., 2011; Weyand et al., 2000) . L 7=
Do TRMFEDOFERT, MWE YT LRAT v TRIFENT L —ANRT 4+ —<  ADERIC
AWRFBETHDL Z LRI, S HITANZER, L —ABFZBWVWTRWAT v
FAENTZ 5000m & A LR L TWe2s, b— ARSI R 2 BB IEIRE O bk
WZEEBHBME Le, AT, INSREPENLEEITNT TDO AT v T ROBACRPE
NIV —2AZ A LT EE2WLNE Lz, Led o TRIFEE, RIEBEERTFIC
BWTC, L=AZBLTEWE Yy FRORT v 7RE2FHT L2 LITMAT, b—RE%FIC
BILAT vy 7REOERTEZMAL Z ENMENTLL—ANT 3 —< V ZADERIZHGTDHZ
L.

5000m L —ADZHIZENT, mWAT v TRMAENT 5000m Z A LG LT
To. BT, VL—RARPENGRBEICNT DN R AT v TEORT b FERIC, Bzl —
AL A BTG LTV, KRB TORBEEETICEWT, I ORAEIK LT
NBREEHEOZ LT, BN L —ANRT 53—~V AORHEICB W CEHE &R Z L5
WA SN TS (Eliot and Ackland, 1981; Nummela et al., 2008) . F£7=, £ v FIZLig
LAT vy 7REMET L2813, THRBECETL2 LV mWIRENLELIND
(Hamill et al., 1995; Heiderscheit et al., 2011). & 52, Hanley etal. (2011) (% 5000m L—
AEBLT, EyTFRORT v T RITBA LT, BIfIfA OB 2 — 0 722 Sl
(T72pote 2 LaREL TV D. ZOLTHEORKRIL, EEFNRZL LY b&EHEED
FAMNE y FRORAT v 7 REMFFTHIOICEHERMEE A2 ZLE2RBLTVWD. 2
D DARWIIE L FATHIEDRE RN B, WHDREI D AT v TROBDEMAD Z &M
TEDLDREHERTD, L—ACBWTLVEWAT b=~ U A ERHETHZ LN TED
ZENREINT.

ATy TR EFERIZ, 5000m L— ADHPHEICIBVTITHE MR & L— A% 1 L & D
B FBARIRITRRD B e o 7203, 5000m L— R DTN T, BRI A
BHNMEE V=22 A ARMERLTW DA BRI RD . AT, 5000m L—
AR BT COBMBFFR OB/ NEWNEE, L—ANRT 4=~ ARENT
WOHAEERFHEBEBRAFRD DiLie. WL ONDRATHFRICI T, BEHIRER] OB T
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EREDIE T K-> THlE RSN D Z EAME SN TS (Komi, 2000; Nummela et al.,
2008). HEEMET A 7 ML 5T, BN T 23U L (Pre-activation), {1z
PR TE B Ry i 7> & FAEME TS B R A~ S0l IC O 0 B 2 5 2 & CHEMIRE R I3 EME S D

(Komi, 2000) . Nummela et al. (2008) %, 5000m & 1 & kF A 7 /LHIZ, HEHIFR O
e &R (BEREARCHMAART) @ Pre-activation DK F 2 & BSFHBIRMRICH A Z L %
WELTWD., DFV, L—ARIERESNTILITIC L - TR O Pre-activation 73K
T2 &T, BHRHPEDD ZEDPRINTND., ZRHD I &b, HEHIRFHOME
NI ERE O 7 2 I L TR Y, MR O Yr 2 2, & 0 VB HRERE 2 e
BT 22 ENENTL— AR T 3 —< U ADORMEICEERT 5 2 LRI TS,

35 ¥&®

AT, 5000m L—RIZBWT, AT v T EHE L—R X A 5O BERME B
L, BN —ANRT =< UV ADFKMEICEEGTHAT v TEREPENITHZ L&A
ME L. BOWEYTFBILOFETHIELZAT v 7 E EENTZ 5000m & 1 L& DRI
HERMBEBEZENRD LN, A2 T, L—ZDORRENLBZEIINT TAT v 7REORD
B L OB OBV N S VE L, 5000m & A AHMEIL TV 5 A B 22 FHBIBI R TR
bz, TNHORERIE, L—A2EEBRL CE v TFRAT v T REEHD LT TRL,
L—2BYICAT v TREBR T SERN I LD, BV —ANT +—<  AOFEFHIZEHER

TAHZELEREBLTND.
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T4 E REMEEFCIBIIERIANAV VRS RT3 —v R E
5000m L' —RAHBDRT v FEK L ORBRFRM (FF52iRE 2)

41 HH

R A 7 VEITRENE, RO RO T EAR (TR D TR D e < JEHED
FRAUTBNT, s A L T 52D (Komi, 1984), 4 rRAEECBKEET B
72 EDBRFEHIIRNT —~  ARENCHEGT 5 LA ST % (Dobbs et al., 2015; Kale
etal., 2009; Nagahara et al., 2014) . £7=, REHNY 1 7 V%, BETOMHETZ LT —D
FIMZmD LB E 280720, BRI L0 b EPAZR 50 R0 b 5 K iR
ETHENTMEEMREY A 7 VEITRIDVEERBE AT LI ERRBEEINTND
(Barnes and Kilding, 2015a). F£7=, W< 20D b L—= 7 AGFZE0 5, (HEREHED
A I NVEBNEHAND T TA AN w7 FL—=U TN, T2 THORAT v TEBITE
b%& KIE3 2 En#fE & TV 5 (Giovanelli et al., 2017; Gémez-Molina et al,. 2018;
Paavolain etal. 1999). LZLZ22 6, ZNHLD ML —=U 7N AICLD T =07 DA
Ty TEROEAZ—E LT RERRO N TE LT (KiwX 2.5 2H), MREMET A
JIVBATRESI DT > = THRD AT v TEBICE 2 D5 BIRIEM S L 7e o> TR,
R A 7 VEITRENE, VAR Ry T O XS REhZEAWD Yy v TEIEIC
X o TR SHNCEHE <215 (Young, 1995; Young et al., 1999; X5, 1993).

Z 2 TR, REBEEEFICBWTIANY Y RUY U RT 4 —< A L 5000m
L—AHRD AT v TESE ORI EZBEICRET A Z L2 AME L. ZORMNE X
T 5ICHT=>T, BENEY AT RV % 7T 5000m L — A OO EERIFF I 12
P59 % &A@ A& LT

42 FHik
42.1 RGeS

FATHIZE (Kale etal,, 2009) DFFRICHED &, AMFRICHLERY T AY A ZeBH L
7. WREZ 057 (VAU FYy T BHER L 100m EFDORAT v 7R & ORI
(Kale et al., 2009) ), a-level % 0.05, B-level Z 0.2 (FR7E ) 0.8) ERRELTZBRIZ, AT v
TR L RT =~ v AOHBBRERET D OB R E R 19 4 0L L0 SHE
D THDHZ ENFET ST
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24 DOHARANS T REEHERT Fli 200115, HE:171.7£57cm, K& :
57.5+4.9kg) MBAMICICSM LTz, FEEIL, HEMICREMEOHEMMZR L —=
TEFEATEY, EMICHEERSICHE L TWe., BEFOHFENR ML —=27 70
75 MIE, EMRTIA AN v FL—=r TIREER TN T2, £, x5
FVIAINE DG FE LR R, MR R DOREBEZ A L TWenolz., RTOXMEEITH LT,
AEAR L OFEICTERFIACET 2042 L, AUHEICSINT 5 Z & iox L TERICH
Bl REBAMIZEL, BARERERAIEMEFEEZBEROKB LGS L THEMLE
UKFRE S : 019-H193).

422 VX VTN T F—v A

R A 7 VTR ZFMT 272012, V¥ v T RT7 44— ADREE LTH
DB == T A N T BRIONERG ) AN Ry T A 2 BIFERm L. Vv
THEZFERT DA, WU F—b—=T A by LG NT v Yy o TIZE
NDTZDIZ T3 a8 2 Fhi L= D IR EZAT o2, WV F—b—T A PV v
TN, SACRBN G KBV ENE A Vo BEBRONE U CHEE L7z, AHIRRCIE, TE 57207
XL CET AL IICHERLE. 2EOHED I B, Ho b b m0BkEE & 2R EM
LT WY N RU Yy T, 6 REGEOEE Y N R e LTCHEE L
T W VN U KUy TR, TE S AV CR < BHET 5 X O IcfE R g
L7z, &7z, FHRFETE220MAMITL TEMT L LD IR Lz, 2 BORED
9B, bolbEWIANTY KUY U TIEHRERKMEE Lz, b, WYy THEICE
WT, R Y B EOREH ZFFAr L7z,

Py FTANML, 2rF 7 b=y b A5 A (Multi Jump Tester 2, PH-1620D, DKH
B A HWCTHER L, 2SR & BRI A G U7, BkEEEE, X (4-1) SR
L7 (Bosco etal., 1987).

1
Jump height = ggFT2 4-1)

ZIT, gXEAMEE (9.81 m/s?), FT (XL AR LT D
MAZTI NG RY¥ 72BN T, PSS A ] TRy 2L TU AN Ry
VTR AR L. 2oV R RY Y TR, MEENEY A 7 VBITRES O R
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FiEE L THEAZRBEDOT AU — MIBWTHWLILTWSD (Del Coso et al., 2014; Miura

et al., 2010; Tauchi et al., 2008; Young, 1995; Young et al., 1999) .

423 AT v TEK

ATy TEBOREE, 5000m O L— AW TEN L. MREIL, FH273 A A
KERFREHEB S (2019410 3 6 H), % 274 Bl A AKRE R AR EAH S (2019
F11A 17 B), 55282 B HAKRE RFERBEESR RS (20204 12 5 6 H) OWFnic
BT 5000m DL —RAZBI LTz, ZAENAOREEL, WIEHIZBWT 1L [EO 5000m
L—ADHDOFERICBML T\, L—RFNS, Fv=v 2 %800+ —I 007 v 7%
FHAFEM L2, 360m 225 372.5m MR DEF ZIRET 57208, 1 BONA AE— R A
7 (DMC-FZ300, /" Y =y 7#H) ZHR—LA ML —FORNMANRE L. AT
3, ZHEACTEE L., REEESLTHEEED L — 2B WT AT v TEKE 5T L
7= JeATHFSE (Hasegawa et al., 2007; Hayes and Caplan, 2012) #&M L, 7L —AL— K%
120Hz (ZF%TE Lz, Mt T A7 Fb% 3m OR—/L & FHWTHEI L7z,
2EBNS BEE (B ofBENZIBWNT, 2 E#M GElio 4 8%) & fiEirxigee L
7. 1EHE, BBANTORFERLORERVICLST, 2 EAHORMAHABRICHITT5 2
EMTERMoTZID, RHTRIG 0 HERSN Uiz, BEHIRER 72 & O ZEIERIE, 1 71— A
200083 0L L, 7L —2¥oHE M L., KEIZEBIT 2 BHIRER] 3 OV ZE R o
BIEEMREIL, TNEN2.6+£0.6%E 3.4+£09% Tholz. T b OEERENL, Rk
FR AT 7 18 C M ST SATIFZEOfE L 0 HIRVMETdH 72 (Giovanelli et al., 2017). £ v
FIx, HEHIRFE & WZERE OO E L TR L. A7 v 7RI, 2Rt 4 RERH
RIEIZ &~ T, OB OB b R OB OB E TOMEEL L TIRIT 21T o7, 72
B, 2WILEREHREIEL, EEORELE N v 7 BHICBOTEHINLTW D OIETH D
(Gonzélez-Frutos et al., 2019; Ozaki et al., 2019). ZHZNDEITL— BT, #£17H
A 125m £ B K918, 4MOF Y VT L—va v RA UV haRELYY Y 7T L—va
YEATOIZ. FEACBIT AT v TROVFEEIREIL, 1.6£05%Th o7, EHE
X, EvFERT oy TEOEE L THEBLE., SLICHBREMOEEEDENEZET S
OIT, BAT v TR EEE TR LT, EREICHT AR AT v Tk
B Lz, A7 v 7 E8E, BN Y 7 b (Frame DIAS 'V, DKH #h#) % FCHEdT
L7z,
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42.4 FEEHEMT

2 TOMEMITFHHEHERERAE L L CORLE, L—2AHORERGEICE D 2T v 78
BoEE, —TRESBEICL > TRE L. FHRBREL LT, ARIIZEORAT v
B OEET 2—F—D HSD EZ AW THE LT-. 723, —JohdiE it oz R &
LT EEZHEE L. PP R T =~ AL AT v TERE ORI YT Vv
DRI L - THE L7z, MEHA BRI, P<0.05 & L. &TORGH#T
IZIBMSPSS Y7 k7 =7 (version 19.0 ; International Business Machines Corp) % H T
Fhifi L7=.

43 R
FHJ5000m L— A A LI 145 46 FH31 80 (1357 49 B 155749 F)) ThoTz. %
JE ] & DI & Figure 4-1 (278 L7z (F=25.726, P<0.001, and n?> = 0.551).

X U TRIEORE R A Table 4-1 IZx L7z, F£72, 5000m L —AHDRT v TEEOHE
% Figure 4-2 |Z/xk L7z (BEMIFERD © F=11.500, P <0.001,n%=0.354 ; 205 : F=
2.036, P=0.026,12=0.088 ; £ F : F=24.854, P<0.001,02=0.542 ; AT v 7 : F=
8.278,P<0.001,1>=0.283). U T R¥ ¥ 7 HEELE 5000m L — A& H1 D LB HiREfH]
EORNCH B2 FBEBREO bz (Figure 4-3). —J7, WU A —Ah—T A Ty
> 7Bk S & 5000m L— AP O ATy FEHE ORICAH B ZRMBEBERITEE D biisno
7o, BEHMEFR]OMXHE & FIERIZ, U NT o KUy R L BB Tk U CHE i 2 B
B & OMICA B HBEBIR AR bz (Figure 4-4). LINLZRNRS, B H—Lh—
T AV NV TRk LB U TR A Ty A E ORI B 2R BRI fR
TR e o T,

FREENCET D, VAT RYy o 7R L SRR O M BRI % Figure 4-5 127 L
7. BHEJENZIRNT, VAT RY ¥ o 7HEH S SR o T B 38 VH B BIAR 2338
bz, B, REEDOHRZEBNT, VAT Ry L EREDORIZAE /24
FARAMR GO BTz (r=0.424, P=0.049).
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Figure 4-1. Running speed at each lap during the 5000-m race. *, P < 0.05, significantly different

from the second lap.
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Table 4-1. Mean values of jump performance.

Mean + SD Range
Rebound jump
Contact time, sec 0.167 + 0.015 0.131-0.192
Height, cm 39.20+4.70 31.86 - 49.86
Index, m/sec 2.36+£0.33 1.69 - 3.06
Counter movement jump
Height, cm 37.93+3.33 28.7-428
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Figure 4-2. Step characteristics at each lap during the 5000-m race. *, P < 0.05, significantly

different from the second lap.
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Figure 4-3. Relationship between rebound jump index and average contact time.
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Figure 4-4. Relationships between rebound jump index and average contact time relative to running

speed.
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Figure 4-5. Correlation coefficients between the rebound jump index and contact time for each lap.
The upper graph shows correlation coefficients between the rebound jump index and absolute contact
time. The lower graph shows correlation coefficients between the rebound jump index and contact

time relative to running speed.
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44 EE

AWFZEE, RIEHEEZRFICBWTENLTZ Y NY v FYY 7 E 5000m L— A D
FWEHIRF & OICAH BERMERBRRIEOOND Z L2 b e L, BNl iR FE
P A 7 IVETREINZ, WMEZ XX —OFHZRET 5 2 & TERVWRFE T XY &/ 3
fiizmae L 72 (Komi, 1984). F7z, U AU NIy 7T, MREMY A 7 VX
TREN Z XM 52 ¥ o TRIECTH D (Young, 1995; Young et al., 1999). L7=A3-> T, A
HROFERIT, BENMEEMEY A 7 VETRONB LV — AP ORI 282 2 & %
RELTWD. RIFZEE, PL—=r 7 2BAREREMAERFICRWN T, WREMY 2
VIEITRES) & RIEEREE L — AP D AT v TEH L OFRIEZ B E L72AIH TOMFFET
H5.

WL ODDOTATIIZED, MERM A 2 VBTN 2%ET DT ITA AR v 7 hL—
=V ERERTHIETT = THDORT v TERNETH 2 RELTWD
(Gémez-Molina et al., 2018; Paavolainen et al., 1999) . Paavolain etal. (1999) %, 9 H[H D
TIAA N w7 == e g lemmER I M —=0 VR ER LI LT, 5
BEDNT T 4 o TP T RT =< CARLE L L L BT, 5000m D L— R 2—
ZNEWVIRETO T =0 7R3 Mg L7 Z L 2 diE LT s, —7,
Gomez-Molina etal. (2018) 1%, 8 MO T LA A MY v 7 hL—=U T HFEfLIZEL 2
5, RRBEUTTOT =2 7P OBRBFRICEGIZ R h-To 2 E2WE LTS, L
L7235, Goémez-Molinaetal. (2018) Tix, 10 MDY N Ky 7R 5 Bl
NG T4 T T DONRT =V ABWERBO LT, LR -T,
B A 7 VBTN OLENRD LN TWRWE®), T =2 7 HOBEFRIC S 21k
BRD LN TVRWATREMERHERZ S D . I HIZ, Kaleetal (2009) 1%, HFREEETFIC
BOWTYUART Y ROy 7T —R3EWE Y, 100m & OBEHIFER] 23R\ A 5 2 FH I RY
BOROOLNIZZ EERELTND. ZRHDZ EnD, MEREMA 7 VI TREITA
HWENERD T = TR TR LEH 26T 2 e #RZ I 50, RifiE L —
ANZEBNTIE, BN RN A 7 VBATRE) DRI & A 5 2 & SR S
7z.

FEENZBIT DV AT FUy o T HaE 8 BEiRr ] & OFEREBIMR 1T, Rf&)E  (4960-
4972.5m [X[E]) (2BWT, EbmWHBREN RO blz. AT, &E&HETIE, ST
FETHMESNTVD LI, mWERE (7 A FASN—=R) 3@ S/ (de Koning et
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al., 2011; Tucker et al., 2006). L72723>TZHHDOHERIE, 5000m L —AD T A f A/S—
MZEWT, UART U Ry 7 E R OMHBIBAR SR E D Z & 2R LTV
5. BT, REEDOHIZEBNT, UYL FUY RN EWVIEE, ERENEWA
BE2RAHBEBRARD biv, EWEEHIFR Y, KV EWERELZEST 0K s S
A5 (Nummela et al., 2007; Weyand et al., 2000). Ziwp z12, U w2 RV ¥ o 7HREN
mOERIEREERTIL, 7 A A= MW CHE IR A EMET 2 2 L C, mWERES
B/ LTV D REMEDR RIR S . BT A R A= hRT 3 —v AL, REBEEL
—AZBWTEWIBN Z G T D72 OICHERERD DO THLH I ERMESNLTND
(de Koning et al., 2011; Yamanaka et al., 2019) . AFFFEOFEFRIZ, BN MEEHEY 1 7 v
BATRENI S, RIBEEEL —ADT A MANR—= N T 3= AZ2WHETDHI LR LT
W5,
YN R U THREICRI LT, Ao X —h—T A Ny 7Ok
5000m L —AHD AT v TEHICEG L CWRpole, AU A —h—T AL "oy
, BRA IR HS BV T, MR RE 2 R 2 RER R FEO—o L LTIEH S
N T % (Claudino et al., 2017; Del Coso et al., 2014; Miura 167 et al., 2010; Niespodzinski et
al., 2021; Tauchi et al., 2008) . & HIZ, AU X —A—T X by 7, FHEBEESICE
7D KEEMEA ST, TR OMEBEENY A 7 VZATRRA OIS s Tn D
(Young, 1995; Young etal., 1999). L/AL7ZR5, U ATy KUY 77 EOBkian ik
DY FIRRVMBR MY A 7 VS (BEHiFRIAS 0.25 FPLLT) ToMMEEMEY 1 7
BATREN Zd T2 — 07, B U ¥ —h—T A2 NV % T ITRB VR ER YA 7 Vi
By (BEHIRERAY 0.25 BPLL L) COMBMEREY A 7 VBATHE ) 23 Fli 32 2 LIz L T
D2 LB STV D (Markovic and Mikulic, 2010) . F£72, AR TS iz L —
AP OFEHIREREIE, 0.133 B0 6 0227 B OHPH TH - 7272, 5000m L — AP Ofili K4
fath A 7 VEB 2T 511, AV E— =T A NPy T IdE LT AR AT REE
PHERSND. LEN-T, REMERTICEWT, RHEEL—AFOAT v 7 EH%
Pl 22, AT A— =T AN T RO INT RO T EHND Db
DY) CTh D Z ENRBINT-.

45 L
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AIFFETIEL, U AT RY ¥ U 7HERE 5000m L— A D ATy TEH L OBRMEE
REBTAOICRRET L, (RRENEY A 2 VTSI D AT v T EBR~DEBEERFT 52 L %2 H
e Lz, UNRTY ROy U ZRENDEWITE, 5000m L— A H 587 R 23

EARMBBEARD SN, M T, L—RAREKEDT A A= MEIZBNTO R,
BV AT R TR L mVERE & ORICH B MBEBRRRO b, £,
7 A RASN=RMRIZBWT, UYL Ry 7R & iR ] OFRBEBEAR 23 i & 587> -
. ZNOOREREND, mVHEEMEY A 7 VTR L— A h OREHIERE A R 5
FIREME A R STz, £z, BWIRRERE A 7 VBITREINE, FRCT A R AS— MEES
\ZECE & BT T I REME D R S Tz
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ESsE REMERFEHNRLE LEAT Y IEEE IARNT Y RO Y U FHRED
St & a—F 7 ~0FREICET 32 EFOME (FFFRE 3)

51 BHY

F3ETIE, 5000m L—AHFDAT v FEHE L—AZ A LEOBRMELZBEL, &
WE Y TFBRIORT v IR L, #BHMIRR & X T v RO/ S RELERD 5000m & A AT
BT EEHLNE L. FA4ETHE, INVY Ry TG L —AFDORT >
TEEE OBREEZ BRI L, @I ST RYU Y TR L — A o BN 2 B
HFo2Z 2O E LI, £, mWIAT Y Uy 7B, V—ARKEDOT A
fANR—= MREOERE EFBEBMRICH Y, U AT ROy TR E L — AREE BT
DI & O Tl bIMWMBIBREZ R Lz, ZROLORAIE, AT v 7EESL ) Y
YRV UTRBORERMERFOMIEE S L COEMAEEZ R T DO TH LA, FEERIC
A—F U TBGICBNT, AaERE LT OTONERFTOILERDD.

Flo, AV Z—L—TAL Ny TIRINT U Ry U, a7 v a Ui
AL L CORREMEA RSN TS (Claudino et al., 2017; X7« FH, 2000). L»L72
MWDo, AV Z—h—=T A by CTBHEESICEL T, a7 0 va R E kL
TWDOP—HLTZAMAHE LN TR (KR 2.6 2). £z, Zh o OMFHIERE
BFOa—F 2 ZBGICIT 2 FEEAFEAZ V. KT - SEE - (2000) X, W< DO
5000m L —ADHHZY N7 R Ra vy 7Py 7250 LSS, 5000m DL —RA XA
LEVURG U RO TR EOWBE L L T DA H 722 & 2HE L TV 5 23,
YN RO % 7% DT FERE R0k ERIEEEE R T 205 & LR R s L
TWDHFFRIFHEFIZIROEN TN D.

Z ZCAMIEIS, RIEEEERTF 2 RITHEIIS Y ¥ TN T g —~ o A DG &
5000m L —AHDAT v TEKZHITTHI LT, a—F 7 ~OfFAMEEZ FEHITHR
ALz EEHEE LT

52 HiEE

521 WRERSRE

4 4 DB TRFERBEHERFNAFIICSIN LT, ZNENOH KRR, Table 5-1 1T
F L. WREL, KFEOME EFEEHICEWT, AFNICEREEOHMN hL—=
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Y EBATEY, EMCHERRSICHG L e, dREORERNR N —=0 07
27752, MR T IA AN vy FL—= 0 ZIEEENTW R -T2, Xt
LF1T, WEHETICENT, HREOEESCHR, MRIRROKEBZA L TWRN-o
7o, BRTORMGEIC LT, AEBIOFEICTERFIRICET 2HMHEL L, AFRICS
42 Z St UCEmICFE #1157,

70, BONTHEEREZMGEDOI—F 1 HICH LTI 4 — Ry 7 24T, a—
FOWURNEDT —ZDOHRMEIZONT e TV T E2{Tole. BT Ha—Fi, iR
e i HOR FHERSS 10000m ~D GRS H Y, fREH & L THES B ARRFRKE
BEODNEOEBEEBAL TS, b7V 5L LIEBXRI L CES a—F TR H
L, WEIZHENEONDER LT, LEPNOLNWVTABOEEZ KB L. AEE, A
AEERFHTEMHEE AT B D ORKR L L CHEM L7 GREE S : 019-H193).
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Table 5-1. Physical characteristics and personal best time of 5000-m race of participants.

Pcrsonal best

Participants Age, vear Body mass, kg Body height, cm  time of 5000-m
race, sec
A 19 52.7 167.5 916
B 20 59.3 175.6 829
C 18 352 167.0 864
D 18 55.1 168.5 861
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522 T—HXUNE

2021 44 A 21 H, 202146 A 19 H, 2021 48 A 25 H®OF 3 [8] 5000m DX A L kT
ATNEFER L. ZHLORIERMIL, a2 —FD ML —=V 73 EIZEDSE, 4 H 21
AZREEMS, 6 H19 BZREH, 8 H2S HEZHEEWI L ER L., T XTOXA A b
TAT ML, EBREROZ =22 8T v 7IZBWTER L. 5000m DX A LNTAT
JVERHTIS, V% > 7B KO EBRIE TR ORE 2 50 L7z, £7z, 5000m OF A Lk
TA T INHDAT » TEHLOFRHT % Fehti L7z

523 VX UINRNTF—v R

R A 7 VBTN ZFET 572012, Vv IR 74—~ AOHIEELE LTH
VB L=T A Ny T RBIOER) ANV Ny T RS 2BE L. Yy
THEEEMT DA, IV X —Lb—T A Ny T EEG) ATy RV v I
NDTDIT T efiE8 2 FZ i LD IR EZ T2, WY —b—T A MYy

X, SEACEBN S BN ENE A IV e RERRO S L CER Lz, AR, TE L7200
EME L CEMT LIS R L. 2EIOMED IS, bo & bE O BES 2 R RE
ELT EfY NT L FYy L, 6 EEOEE Y NT S Yy e LT L
o, WU AT RU Y U, TEDETEVEEEH TR S BEET S X O ITERE
L7c. 70, FHFFICIXITE AT HEZMIEL TET D Lo IZfir Lz, 2 BIORED
IH, bolb@EmWI N FUy U TRBAENERELE L, ok, MYy THEICE
W, R BiEOM AR L7z,

Cx T TANL, avyF T b~y F AT A (Multi Jump Tester 2, PH-1620D, DKH
M) 2 VTN L, W2ERR & S A5 Lo, BeiEE, X (5-1) 2nHE
L7 (Boscoetal., 1987).

1
Jump height = ggFT2 G-1)

ZIT, gXEAMEE (9.81 m/s?), FT (XL AR LT D

MMATY NG RV v FICBNT, BhEm 2B RH TR TUANT FUy
YTREERH L. 2oV ATy RUY T RENE, WEENY A 7 VBATRES) O G
HEE L THRABRIEROT AU — MZBWTHWSLA TS (Del Coso et al., 2014; Miura
et al., 2010; Tauchi et al., 2008; Young, 1995; Young et al., 1999) .
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524 TBIAYNE TR

TR I L, AT E SR L, 100mm OE Y 2T AT a7 27—/ (VAS)
ZHAWTCRME L7= (A5, 2021 ; Hi4 5, 2021 ; Maruyama et al., 2019) . & CTlE, £
<PEFFEDIE VRAE A Omm, &7 & A R < K U 5 REE% 100mm & EF L7,

5.2.5 EITHREE
RIBE N L T D AMEITIERE S, TN CnORIERDOH O 1 BH7=0 OFEE
ITHEBE A RRE & LT,

52,6 AT v TEK
ZADLNTATARNS, For=v TG0+ —I0 77 v 724 FEM L. 385m
25 395Sm S DO EFERE T D720, 1 BONA AE— KB AF (AX-700, Sony £l
) ZHR—LAA ML —FORNMANCERELTZ. I AT1E, =HEzHWTEE L. EHRBEE
R REEE D L — A ZBWT AT v FEE A AT LT2 5 Ti%E (Hasegawa et al., 2007,
Hayes and Caplan, 2012) #ZM L, 7L —AL— % 120Hz ICRE L. ftHoT 222
FE 3m OR—LE AW TE LTz,

1EABRD 13EE (R&EE) OFFAENCHWT, 288 Glio 443 2irads s
U7z, BEHURERE 70 & OYHZERERTIE, 1 7 L—2% 00083 0 L, 7L —28mnbHE L
7o, By FiE, B &R oMo e LTRE L. AT vy RIE, 2ko04
SMEREBRFIEICE T, RYIOBEHREO B R OBE IR O £ TO RS U CRNT 217
ol ENENDOETL—IZBWT, EfTHAIZ10.0m L2 5 X912, 4 ROF¥ T
L—2a U RAVPERBELEY ) T L—2a v 2{To7-. EFEL, EoFLrTy
EOMELTHINLE., &1, FABOAT v 728K T, gt U~78H), #%
¥ (7~12EB), 2R (1~1288) OFHELREE L. &&E (13EEB) o7
v FERIL, TAPASR—=RELTERLE., ZASOHEEMEICIAZ T, ARENSHYEIC
DT CTOELREZFE T LIz, A7 v 7EHIE, WG 7 & (Frame DIAS 'V, DKH
) A VTN L 7=,

53 KR
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53.1. 5000m % A A, V¥ T NRT <R, FRAETTR, EITHBEOHR

W OREEOHER % Figure 5-1 12% & 72, 1 H OVAEITIEEL, S8 TR
EfEZ R L, AAWCEMEEZ R L. 5000m % 1 A%, RAUEHFH CRkLERLTEY,
BT b Lo TV, U ART Y YUY 7 IREIE, 5000m & A A & [FER 728 C,
RAEERY TR bEEZRL, BIUTROREZ RLZ, AV F—L—=T XA V¥
B E L, RAEERPI TR EEZR L, A & SN CIRRRE OE AR L.
EBEE T EE, RO TR bIRMEE R L, e TR EMAE R L.
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Figure 5-1. Average values of 5000-m time, RJ index, running distance, CMJ height and subjective

fatigue feeling. RJ, rebound jump; CMJ, counter movement jump.
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532 HANZ LDV Y T RT d—~ 2 ADHERE

4RFIZBNT, UNT Y RY Y UTBENEWVIZE, 5000m # A A3ENL TV S 2L
NRHE =Rk LTV (Figure 5-2). WU A —Ah—T A "Wy o 7HEEIL, #T
C:DIZBWT, IV Z—b—T A MY CTHHEEREWVIELE, 5000m & A LAHVE
NTWDE R — 2 ZR LTz (Figure 5-3). —, T A-BIZBWTiX, hovr
B —h—T A "V T BRERE L 5000m ¥ A LD/ — ARG RER A S v 7e
W, BT E— AT A MU B E A R D EE A R L ESIIC BV T
5000m ¥ A LA0NEe I o T

4T L BT, REEMYICIE UEITIHRED &b DR WiEallicilsn e, YAy K
Ty UTHREPMEE LR L TV D EMICH o 72 (Figure 5-4). £72, BEFA - CITBW
T, S RBMITEITIRES ML TR, U AR RUy TS 3 I TR B IR
EERLTCW., —F, hIvrZ—h—T A Ny o7 BklER & EITHEEE OMICITFR:
M 7t IS BN L B v 7e o 7= (Figure 5-5). 2T, P A - CIZBWT, RAKITE
ITHEBEAS N L CO B8V, 3 TR LEMEEZ R L T oz,
BFA-B-CIZBWT, EBAPETENEmWIZEE, VAT Ry I HEREDMEL 72
LA R 57 (Figure 5-6) . 35 D IR LTI, SEHNTISWTRE < EBIAINE J7 %
PEFLTHDR, UATY R Y D HEEBIERT LTz, —F, @FEB-ClZBn
T, FERRICTEBAESRBREVIEE, HU v F—bh—T A bV % o TS NMEL 72D
AR BT, BFREACBNTCE, EBNETESEVIEEI T Y —bh—T A
b B E S E < 72 A AR S 47 (Figure 5-7). 3 F D IR LTI, #&8IIC
BOTKEL FBOETEMETFT L TWHDN, A —h—T A Mo o THHER b
KFLCWE.
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Figure 5-2. 5000-m time and RJ index of each runner. RJ, rebound jump; A, runner A; B, runner B;

C, runner C; D, runner D.
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Figure 5-3. 5000-m time and CMJ height of each runner. CMJ, counter movement jump; A, runner

A; B, runner B; C, runner C; D, runner D.
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Figure 5-4. RJ index and running distance of each runner. RJ, rebound jump; A, runner A; B, runner

B; C, runner C; D, runner D.
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Figure 5-7. CMJ height and subjective fatigue feeling of each runner. CMJ, counter movement

jump; A, runner A; B, runner B; C, runner C; D, runner D.
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533 5000m L' —AHD AT v FEHOHE

HART o O EE OHERS % Figure 5-8 (2% & 7=, HEHIFERIX, AAEBICBW TR B EW
AR Uiz, W2y, SBEMicB VW TRbRWMEEZ R L. By FBIORAT v 7R
I, SEBSUIICB W TR BIRWEE R L.

4IBFIZENT, EHHIZBWTE Yy FRETLTEY, By FRENIEE, 5000m ¥
A BPMERDEA N R Sz (Figure 5-9). £72, #FB-C-DIiX, &b E v TFREWH
EHIZBWT, 5000m & A A0 BEIL TV,

BFEA-BICBWT, IO TAT Yy 7EMETLTEY, A7 vy 7ERMEWIZ
&, 5000m ¥ A AHMEWEB AR S (Figure 5-10). #F A B ClE, &bAT v/
ENEWHEIE BIZHBWT, 5000m Z A A5 HEL TV,

BFEA-B-CIZHBWT, #HFRHOZEIEIN/NIWTE, 5000m # A LABENALTND
28 S (Figure 5-11). #BFEDIZEWTIE, & D 5000m & A LHMED - 7= 55
IZBWT, &b/ OZ bR 2R LTz,

EBFA-CIZBWT, EyFBIUOAT vy 7ROZEDBIMZ LN TNDITZE, 5000m ¥
A LBMERL TV A A RSN (Figure 5-12, 5-13). #F D TiX, REE/@EmIIELET
XD oT=DY, 5000m X A AR BENLTCWAHERICBWT, By FOB kb
Z5NTEY, 5000m %A L0 HE > TOEHIEBICBWNT, AT v 7 ROZERN
KbREDoT., BEBICBWTUEL, By TFOEIELRT v T ROECREN KT OHE
Bz L TWOIREI RN, £, 41 BFO5000m & A LT A TNVHDRAT v T
BOHRS & N Figure 5-13, 5-14, 5-15, 5-16 |27~ L 7=,
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Figure 5-8. Average step characteristics during 5000-m time trial.
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Figure 5-9. 5000-m time and step frequency of each runner. A, runner A; B, runner B; C, runner C;

D, runner D.
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Figure 5-10. 5000-m time and step length of each runner. A, runner A; B, runner B; C, runner C; D,

runner D.
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Figure 5-11. 5000-m time and precent change in CT of each runner. CT, contact time; A, runner A;

B, runner B; C, runner C; D, runner D.
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Figure 5-12. 5000-m time and precent change in SF of each runner. SF, step frequency; A, runner A;

B, runner B; C, runner C; D, runner D.
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Figure 5-13. 5000-m time and precent change in SL of each runner. SL, step length; A, runner A; B,

runner B; C, runner C; D, runner D.
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Figure 5-14. Running speed and step characteristics during the 5000-m race of runner A.
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Figure 5-15. Running speed and step characteristics during the 5000-m race of runner B.
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Figure 5-16. Running speed and step characteristics during the 5000-m race of runner C.
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Figure 5-17. Running speed and step characteristics during the 5000-m race of runner D.
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534 Vx T NRT xR AT v TEKROHR

Figure 5-18 [Z U N7 o R¥ % U 78 & R EJHEI R OB 2 £ L 7=, 4 BFIZEBW
T, UARATU ROy U TR L B OHERS |2 — B L 7B 2338 S ig s o 7z
Figure 5-19 (2 U N T o ¥ 7480 & et i 61T D et il 3 L OVERE OHER 2 £
LW, BTAB-CIZBWT, UARAT Y RYx T HHDEOIE & FofkE o A3 )3
EVMEA S L b7 (Figure 5-20). 4 BFRICBWNT, RAERBIO U Nv v RV ¥ o 7t
Ml bm <, BJEIC IS 2 BRI A i b L o 7248, TIE WITH] OO HERS | R 732 6
JERAFRIZ R B Ze o 7= (Figure 5-21).
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Figure 5-20. RJ index and running speed at the final lap of each runner. RJ, rebound jump. A, runner

A; B, runner B; C, runner C; D, runner D.
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Figure 5-21. RJ index and contact time at the final lap of each runner. RJ, rebound jump. A, runner

A; B, runner B; C, runner C; D, runner D.
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