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KX, FIRKOEIIE 2T 2FORHRRZEMTH D, £ ORBRRERE TIThilTwn
LARKFEENT, BEAR—Y | @EFEAR—Y I T—ra RS TS, A
MTH AR =Y & L TOKRPER TIE, LOHES BITKS I EBREENTEY,
IEFIZEVKPNT =< AZET DH, ZHETIZ, KFPRT f—< 2 A ZiHl§ 24F
el LT, EEVEBPIITE X OUSA A A B =7 AR LTI T T E T,
EEAEPREAOMZEIC OV T, BN TR, BAEEZ L, 7T—2AT7 VKX RV Ty Uy
VT EOEIFG 1T A N OFEFR L 25m 5 400m FTO Y 71—/ LA SR OFERIC A E e
BABIR 8 D = & i e (RS, 1979), F7=, MELEET A N 21T - IZBEOREED
KT ARV VEEFIT, 100m DL = B B H OFeek 3 2 & 3 iliE sz (870 6, 2007)
INHDORRIT, BOFHIREWHRAN AT 2RFI, BhnEmnZ L el T
W5, —J5, BIES (2000) 1%, AKHICET DR EFICHE S DRBURE L, TEGES)
TIXEARANMT 2 Th o 72y, LBGES) CTILEMAICIEINT 238 F & mAMREC
7T MR DBENL LN EHE LT, FRICGEWRALALERE LT, Zhbo
BFEOMICIZ, BIEICEVRHDL LEZZOND, LnL, KEWERED X S Thbitizd
PEHFETIE R, TN DZ Enb, KPNRNT 3 —< 2 AT B FA T % OER)
AFRRER T Tl L IKEED X 5 2" A A =7 ANBEHRICL > THiHli s 5
VERHDEEZEZ DD,

A F AT =27 ZARHFFE L LC, Craig and Pendergast (1979) (%, (A bu—7 K (1 &
b =27 CECRERE) EE3A M —IHE ABLHTLY DR Fu—I8) ZHRRICTS
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b= BEPFET D) LTz, £l KD (2008) (X, v 2L —va s FiEE
AT, K BT o 23 7 Yk oo )@ BRI #4 2 720 2 0 S B 72 558 DUVKIRE D5y
WradT-7-, EBEFERAEEZBMSES LT, KPR T 4 0%y 7K RERDH
THREINDHEESIDEINT D Z RSN, ZOE T, A ha—7HED L D 72k
MEFEEE, A b —27 RIB X OBMEEMAED K 9 RZEMBEEEZ VT, KPART7 r—<
A% ESEDHEBHALNIINTE, KPAT 3 —v o A% m LS 57202,
e - ZZRIICEHMEZAT O 2 NUBETH L LB X BN,
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2 C, WA - EREEE AT O LEEN S DI G B B9, REEA - 22 REAGFEm 2
R ThHD, BKBRIHIZB T A2 77 4 OFBEMEICHET EE 7 4 AL I T
BRI B DRI W TR T B,
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BKIZA b — 27 121 T, AF— b, —rBIRI—L¥ v FOHHE GO
FRZH O Wi T D, A br— 7 REOWEDN _BIXEH ) & m e 2 BERUERTH D5,
AL = RZ =V HDHWNIT—NE y FIZE o TN E Y | iR %E & 723 s &
LTWD (EH B, 2002 ; #, 2005), A ¥ — M RONF — BT TR TIX, e
NDNRT =< Al 272D OEEN RSN (HED, 1997 ; Takeda, 2009 ;
BES, 2010), F— ¥ v FIZBET DA ILA DIV, BikOEEBRE ClEda—1 % »
FOEM DR BB A B, #E TORENERESAMEIC SN R) -T2,
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HE, 72— LBLOHKEDT—LE v FITHEO—HN T —/VRBEE I it X RV C
LT L, NE T TABIOERED T — L& o F L BRI DR U 5720,
FEARRNCA b —2 2T FIkEBIONZ 773N E v TFEZTIXA I TR
HELRDEEEZ2OND, FRkEDR b —Z [TBHE TR br—2 N TERNI &R
SNTWD (METENBAOKVKER B TR B S, 2010), TD7H, 1 A bu—=rH% A 7L
P CFEPETH AN L TR OBETIMET 256 TS, BRIV bBHT~RA bu—7
THIENTERY, ZHUTK LT, NE 7T A IXFHO wlBhEiFH T H 2% L CER
HORTANOEEAHEE TEREL, EARRFICA ha—2 %2475, ZDd, "ZT7 7
A TIELA M= %A 7 VP FMAEE L 0 ST IR L TR GINET 256
DhHdHEEZLNDL, bL, ZOWRETIT—AEEmMESIGE, HEN T —/VEEm 5K
bW, BHETOIT— N2 v F LR D aREMENH D, KEIX, HHTOI—L & v F
ZRET DI, A b —7 ZATOTICFMEARIT CHER LTIV Z v F 2179 K572,
A b —7 ORI EATORITIUIR O RNEHREIND, —FH, T—1F v T ORBRIZFH
TSNS L CERR L 0 bATGICAE T 256, 20X 9 RA bu—7 OFFITsLE
ELBNEBZBND, DFEY, T—NF Yy FHATORKDOIRRBOEKE, A hr—7
1o T, K EICHIZBERENFOE KT LI e ER-LRDL, ZOXIIC, "NFTT
ADT=NE Yy FEATIZA I TIZE ST, TOHENRRRD Z EREZ BN,
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NE T T AT FEHO RTEFEPH QORI AN LML ECTCERELS, T—F v FIIM
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1. SEATHFSE

NETTADA—=NE y FIZET HERIT. KIKOFEECHEMEICKL LI T
W5 Gk, 1987 ; #EAS, 1989 ; {4, 1990 ; HIH, 1993 ; &k - mifF, 1996 ; MEIEA
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A= NVE Yy FREDT, BIEO/NI TV F y FRTEROVAREMER @V EHEEE S
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X, NZTTA DRG] EOFERNY LD EBZZBND,
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fEbRPE7R EICB L CTH ot 21T - 1ot FHEIZ THIESI~ORIE 21572,

13
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10 _100m B 53.69

(2) EBRER I UOERFIE
FBRIL B50m BA4 7 —v (8 a2 —R) I T ToTe, EREBMEFIZ VA —I 77 v 7 A
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S REB DK R ERDREK PR BB

\ 4

¥ ¥

X 2-1 2 hue—2REHE I—NVE v FREDOREST

(5) HHEA

M 2-1 T/RENIZE DI, A bur—2FEHICET S 2 A be—22o0W T, FERSINE
DI ITDHE K U TR D EPEAED X BLsy DfE & F7 9 SR OVKE N H1Z B L. UK
LToBE D FEEERED X [y DIEDEN D, L A ha—7 b= ([T iElE 2 A ha—7
SIEM U7, WIS, ERBINE OFRIREDPEK LR R LR AN FOKE N OF L,
FOEK LICRER DR RIOZEDN D 1 A hr—2 Hic ) OFFER# % 2 2 hr—27 535
Lo TLT 22 =200 1 A ba—2 Hlc D ICERTZ 2 2 br—2 50 1 A
fr—2 570 OFTERHECBRT 22 LICE-T, 1 Abr—2 &z OUHEZFH L
oo ZO%, /JFONTCA M —Y JFEIZBITD2 A M —0 507 =2 &FHET 52 LI
LoT A b= REICBITSH 1A Ma—7 &I eiERE (R b = —2 &, m/stroke)
ELTHMHL, Abhe—2REICEITD LA N —7 B2 OFrER#E (X ha—2r 24
A, sfstroke) & LCTHIL, A he—2{HEICHEITDH LA Ma—2 720 OUEE (mls)
AR L, EBRBMEPTo72 6 3 ITOIH, 2 A b —7 OFHR ba—7 R Eb
EIVME & e b IRVMEDRAT A LEATTOBRAN L, 580 @ 4 30T OFE A EBRSINE 0K
FEE LTz,

=y FRECOWTIE, =/ F y FEATOFOEKMEI D T —/VBEH E TO
A4 GL (Goal Length, m) & L., ZOPrEE# % GT (Goal Time, s) & L., ZOHEE
% GV (Goal Velocity, m/s) & L CR7/=, £/, A bu—7 RBEICBIT 5 FEHA Fa—
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7 Fe\ZkI4 % GL Dffi % GLr (Goal Length ratio, %) & L., A ho—7 JBEIZBIT 5
A ba—7 XA 2T D GT Ofaz GTr (Goal Time ratio, %) & L. A ke —7 FHHIZ
BT 5 EHIKEE 65 GV DOfiia GVr (Goal Velocity ratio, %) & L TRz,

(6) #Mat0E

BA VI Ny FORTHEOEBIZIZ RV T ¢ %y ZEWER N & Uie 1 ERSEDY
Mr&afr->7=, GLr & GVr OBIfRIZ, Pearson OFEEFAB ST &2 T o7, #FHLERIC
IIHEFTY 7 N PASW Statistics18 At L. #it EOAEAKEEL 5% E Lz,

4. FEFR

(1) R bu—7FE

A br—7 RECBITLERBMEFEOA ba—I &, A n—27 % A 5B LOVKEE
D 4 FITOVH B L O RS Z K 22 1R L, BERSINE O 4 87O FHE % £
ZINEORFEE LTl 7o, EME O HAFHER AT R b v —27 K78 1.7620.18m/stroke.
A kv —27 XA L5 1.06£0.09s/stroke, PKIEE DY 1.65+0.10m/s T~ 7=,

# 22 ERBMEOR bu—7 FEIZBITAA e —7F, Ahr—27 ¥4 A, IKEED
BAER X OR/IMEZ R 4 BATO LR HERERZE

Aba—HE" AbA—=H84L" KRE"

D (m/stroke) (sec/stroke) (m/sec)
1 173 == 0.05 1.00 = 0.02 1.73 == 0.02
2 147 =£= 0.04 092 = 0.03 159 == 0.02
3 214 £ 0.04 1.21 £ 0.02 1.75 == 0.02
4 176 =*= 0.01 116 =£= 0.03 1.52 =+ 0.03
5 159 = 0.05 1.02 = 0.03 1.57 == 0.02
6 1.71 = 0.03 1.04 = 0.03 1.63 == 0.02
7 181 £ 0.10 1.03 == 0.04 1.75 == 0.04
8 186 == 0.04 1.04 = 0.03 1.76 = 0.07
9 176 = 0.09 1.17 £ 0.08 1.50 == 0.03
10 1.81 =+ 0.08 1.03 = 0.03 1.75 == 0.07

"RABEER/IMEZRZ4RTOTE

(2) F—NF o FOHE
EBRBINE D ToT-T—NE v TF a2 E v FOFEHE, FLV7400Fy ZEEB IO RV
ECTHHE LIS RAEE 23R L, 607D OB, D ARETHT2F A LT F & v
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TR 24 5T, AT ATRE T -T2/ T A N2 v F 5 36 ATA bV, ERBIMHA L, 14m,
15m 3B L O 16m @ 3FFHD A 23T o175 2 LIck» T, 2 U Lo T—L % v
FaATolc, £lo. BRSBTS HHE 23705 B, RO T —v & v F DI5ik
MHBL L7237 30 3T (15 %7) Th oz, I BT, SHEEORITO S B, FEkD I—
WV FDOFENHBL LI ERESNEFEILI L TH T,

2FITOXA VI Ny FIE, RV T7 4 0F v 7 % 2[01To73 9T (2Kickp #1T) 1% 9
RITTH Y, 3EFT - 72817 (3Kickp i1 T) 1X 153 IT TH o 70, M2 iR T 5 & | 2Kickp
RATIX T =V 2 FERTORE DI REOAEKZIZLBIHD RV 4 %y 7 2470 i
DT T AL —=TWEHZ2BIED FVT 4 %y 7 ATtk HIRMPEKT DT —
By FEATHIETDBIE SN, 3KickpAITIX, LEIHBIR2REDO RLVT 4 %y
7 BWEIT 2Kickp 7T & FERICAIT DAL TV D23, 3EIED RV 7 ¢ % 7 Bii& A5 IR
TEECTH DY B ANY —BEEZITo TV D ERFICITON TN D Z EPBIETE T,

Wiz, 36 ITDT T A4 KZ v F D55, Undulation R 71E 9 547 CTH Y. Calming #A1T
1L 27 1T TH o7, Undulation 347096, K7 40 0 F v 7% LENT- 72347 (1Kicke
A7) 1 X 3FIT. 2T 725 T (2Kicks #1T) 1 6 YT TH >7-, Calming @ 27 A4TD
5 5., 1Kicks #ATIE 23 34T, 2Kicks iATIL 4 BITTH o7, MGEHERT D L. 1Kicks
BATIZ, =2 FEAOREDERMOEKEZIZ NVT 1 oF v 7 &7 o7k, T—
IVE o FEAT IR DB ST, 2Kickg i ATIE, 1[BIE D RV 7 4 3% v 7 538 1Kickg A
ITEFRBRDZ A L 7T T, TSy FMTORDRNC 2RIED FVv7 %y 7
AT ORI BIE Sz, 1Kicks 34T Undulation 3471, 1 EIHDO RV 7 4 % 70
TR BEER & JFHAN T CE N =% B RES T L2 b B OB L OE
TR BN D EIED MR T & 72, 2Kickg 347 Undulation 381713 1Kickg 317D
Undulation 517 & RIARDEMEMTONIE, T—AZ v FZATORNC 2 [EIE D KV 7 4 >
X v 7 BT O BE S LT,
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# 2-3 ERBMEWMToloT—NEZ v FOHERER

Eiks 7 Undulation Calming
BEEE(m) 2KickD 3KickD  1KickG 2KickG 1KickG  2KickG
14 1 1

1 15 1 1

S M
14 1 1

2 15 2

. 1 1
14 1 1

3 15 1 1
16 L 2 L
14 1 1

4 15 2

B 16 1 1 L
14 1 1

5 15 2
16 2 ~
14 1 1

6 15 1 1

__ % _2 . _
14 1 1

7 15 2

-1 1 - .
14 1 1

8 15 2
16 L L 2
14 2

9 15 2

L 2
14 2

10 15 1 1
16 2
it 9 15 3 6 23 4

(3) F—NF vy FEADBIENRNNT +—< R EZ DEE

A VI FZyFIZONT, VT4 rFy VEEZZER & Uiz 1 BRI 21T -
7o (£ 2-4), TORER, GL Tl 3Kickp 17T (1.67+0.25m) 7% 2Kickp 74T (1.45+0.19m)
L CTHEICEVMEEZ /R LT (F (1,22) =4.785, p<.05), GT TlE 3Kickp 71T (1.05+
0.17s) & 2Kickp 34T (0.98+0.10s) DORENCHE R AENRD -7~ (F (1,22) =1.157,
n.s.). GV Tif 3Kickp 34T (1.59+0.07m/s) 73 2Kickp #1T (1.4720.10m/s) & ik L CTHE
WZEvMEZ R L. (F (1,22) =8.836, p<.01),

GLr Tl 3Kickp #A4T (96+14%) 7% 2Kickp kAT (82+11%) & Hl L THEICEVMETH
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7= (F (1,22) =8.836, p<.05), GTr Tl 3Kickp #&1T (100£14%) & 2Kickp :4T (94+9%)
DORNCA B RZE=ZNED Bz o7z (F (1,22) =1.535, n.s.), GVr Tl 3Kickp 71T (96+6%)
25 2Kickp 37T (88+6%) L kL THEICEWMETH »7= (F (1,22) =8.756, p<.01),

# 24 A VI N v FITBIT BHEHITOREER

levene 2Kickp (N=9) 3Kickp (N=15) F Value
GL(m) 0.211 145+ 0.19 1.67+0.25 4785 *
GT (sec) 0.165 0.98+0.10 1.05+0.17 1.157
GV(m/sec) 0.382 147+ 0.10 1.59+ 0.07 8.836 **
GLr (%) 0.305 82+11 96+14 6.109 *
GTr(%) 0.184 94+ 9 100+14 1.535
GVr (%) 0.745 88+ 6 96+ 6 8.756 **

*:p<.05**:p<.01

754 RE v FONMERE R A5 2-5 107 L=, GL TliZ 1Kickg 34T Undulation 34723
1.08+0.32m, Calming #1775 0.65+0.19m T& ¥ | 2Kickg #1T? Undulation #4713 1.18+0.21m,
Calming #1713 1.30£0.22m T& - 7=, GT TlZ, 1Kicks 74T ? Undulation 71 71% 0.71+0.13sec,
Calming 4713 0.47+0.11sec T Y | 2Kickg 747 Undulation 381 71% 0.81+0.07sec, Calming
#AAT1X 0.8740.09sec Td - 72, GV 1% 1Kickg #1T? Undulation #4713 1.50+0.21sec, Calming

!

FAATIE 1.38+0.18sec TH ¥ . 2Kickg 71T Undulation 58171% 1.44+0.17sec, Calming #4713
1.48+0.13sec T~ 7=, GLr Tl 1Kicks #4T® Undulation 7171% 60£11%, Calming iA1TI%
37+10% T Y | 2Kickg 4T Undulation #4713 7529%, Calming #1713 72+14% T - 7=,
GTr T, 1Kicke #47 ™ Undulation 3X771% 60+11%. Calming #1713 44+10%T& ¥ | 2Kickg
#4T? Undulation 31713 7529%, Calming 171X 83+12% CTdH -7z, GVr TiL, 1Kicks ik
17 Undulation #4713 100£15%, Calming A1T1% 8329% T&H Y . 2Kicks #A1T¢? Undulation
171X 8816%, Calming #1713 86£8% T~ 7=,
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# 25 754 R v FORER

1Kickg 2Kickg
Undulation (N=3) Calming (N=23) Undulation (N=6) Calming (N=4)
GL(m) 1.08+0.32 0.65+ 0.19 118+ 0.21 1.30+0.22
GT (s) 0.71+0.13 047+0.11 0.81+ 0.07 0.87+0.09
GV(m/'s) 150+ 0.21 1.38£0.18 144+ 0.17 1.48+0.13
GLr(%) 61+18 37+10 66+ 9 72+14
GTr(%) 60+11 44+10 75+ 9 83+12
GVr (%) 10015 83+ 9 88+ 6 86+ 8

(4) F—N& v FORBER X UHFHERIO GLr & GVr DB

#2-6 I T—H < FOFEEBNC GLr & GVr ORRZ R LT-, 2Kickp BAT1%. A& IE
ORISR RS Bz (=726, p<.05) 723, 3Kickp #fT CIIA B AHBIRIRAFED H AL
2otz (r=.364, ns.). 1Kickg #47? Calming i1 TI3A & /2 IEOFERRERD bl

(r=.611, p<.01),

* 26 Ha—NVZ vF D GLr & GVr OFHEREKR

J—-ByFDEE HEREK BEER

2Kickp 726 .027 %
3Kickp .364 182
1Kickg Calming 611 .002 **

*:p<.05**: p<.01

5. BE

(1) FRFRICBIT HREORZ Y

A=y FOIIE, L—=A0ICBT 27 4 =y v ami (L—AZBT 2RED
5m) DOFTERFFEIC L > TRHMiish T 72 (MEVEAN BAKIKGER, 2005), LrL. #FkS
(1996) 137 4 = ¥ =2 Rl OVKHEE DRI FE LWIGEIL, T—v ¥ v F %2 Y IZFH
TERWILEWE L, ZOWEND, 74 =y v 2 REOFTERREIZ, T—1 % v F
D HIRA RIS SR L KR DROHR LRWBEZTHEBEZ NS AT B (2000)
[ 50m HHJEL—AD Sm DR b —27 5fan b, PRI Bk LV BfRR S L—
ZHEATITHE D POREE DR MBI & 2 b v — 7 B O MEm A A ERBERICH D Z & 2
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LNZ LT, 2D, FEOL—ADT 4 = v v afEaRatd 256, KERRE &
P LT 05 LTIIRIEETH D LR SN D, o, L— RADOHEITITHE DRI B IF
B 2 PR DSKHERB KO e —7 A=V vy FICEEL 525 LEZ 2615,
Zokoiz, EBEOL—ATA—NVE v F 2 i+ 256, Z<OBERNH DD, T—
B FOEIRO %2 EHICFHECTERWAREER D L LEZ BND,

F 2T, ABFEOERREIL. BkO L — 2O TR A 50m L0 H & 5T
14m, 15mBL LM ICERE L, NF T TA DI =N F v FOGHITIA Fr— 7 R O #
EEREZ TN Z y FOHERED L I IZEL LD EEIGTRYT GVr Tiffi L7,
ZOD, FERSINENA hu—7 JiEax2) TIToRWEE, GVr il KFHi s s =
Ly EBICRHETERNWEZZOND, £ T, EBIEN D, ERBINE(ZI3HE
FER DD RE5T)TIT 9 KO ICHUR LTz, EORR, WX HMERELZ/NSLSTED
EEBEZONDN FEBEO L —ADEIREL TR R DL EEZEZOND, ZOX D BRI G,
FEEDOL—=ADIA=NZ v F ot 256 Th, ERTIT O T—NVZ v F 2+ 25
AIChH, EYRICFHET 2IZITRARH H EE 2 BN 5,

(2) RETFADT—NE v F%EIT O FHkE

NRATTADA=NZ yFNED LI IATONTIZONZE A=)V 4 v F ORI, FLv7 4
YR EERB L OO RVEMEIC Lo T LT (R23), ML 7 MEyFIIRLT 4
YRy VEWER 2 ETIX NV T 4 %y ZEWER 3T O BRFONHERR T E 7272 2 S
WCHBLTE T, 794 RZ vy FiE, SRVEMEOFEL N7 4 0%y 7 % 2007556
EBEATHHAITHHTE ., 4 FRUCHEHT 5 Z ENTE o, AFEORERN ST AZ 7
FADT=NEyFEHA VI NEYTFO2EREL T T4 RE v F O 4FR A2 G it
6 FURINBEZI, BT L LN TE, LML, AR TITOI o d— L% v F DR
T8 % ik~ % & . 1Kickg @ Undulation 381713 3 3817, 2Kickg @ Calming 381T1% 4 #47.
Undulation 51713 6 1T Th o7, ERBIMEN OO T — N2 v FOHIEZERT S
BEIHTHDLEEBEZOND D, HEHLEOMRN LRI LTz, 5%, ZhbOFEME
ERETTHZENTENL, Bl d—NZ v FOHEEFRETE LR DL LB X
Y QR

£70. ARBFZEIL 14m, 16m B LU 16m O 3FEHOMB 2B E L, =X v FOTiE%E
FRBINEICHBICRRSETEREZT oo, ZOD, KFFERSINE S HELR T —
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IWH T HAT O FIENHBL LT, 72, FUCHEHEXE CHONERI LT —NF v TF 2175 &
Ex NN, RAUEMCOLRARZ TNV v FEITo T ch o7z, 2ok
Mo, FERBINFILT—VZ v FIZmNn> TA M —27 OFffiz T\ R biEo%, 23—
VB FHEAIDEBE DL ANKALEIIG U T, T—A v FOHEEZZRLTNDZ
EMBZ LMD, Eio, EBRBINE ORI 14m, 15m B L OV 16m O EDHF#ETH - T
b, A= F y FEATOREDOETHO AKMEZHRE L, FEOT—L52 v FOkELE
fToTWEENRILWZ, TNODOERSMED L I, A—1Z v F TREEZ/NELT
HeOITiE, F—F y FEATO & OIS DO NKALEIZ L > THA =L Z v FOIENR
Biedled, 3= Z v FIZMNI ETICA b —27 2T 20EMERNH L B2 B
%,

(3) =% v FEINATONIEMED S L £ DFRMEDOKFT

D S>hVEME

Maglischo (2003) 135 Kz K PZ0REEIC L THRWE LG PMEHUT/ NS R 2 B2 LD
N, N TITADEEITINRVENELIT) LIk o T MNWAEY—F&@ETEL L
7=, F7z, Sanderset. al (1995) [T/3% 7 T A OHEKD 5 3 BVEILEEH & F A E < 2
LI Ko TEEHC RN E & | SHECEMN LT RIS A ~OEEN T 2 Z L 2R L
Too TORE KEIIFHEZE T AT ET . Fh~OHREE ) 2/ ICERSEL 2 L
T, AREFMOHEMES) 2 S TE D LHE I, SR IEIERTT~OHENE2HT 5 &
B2 BND AR CTITRITEN DI CTH > 72720 BB Z1T 5 2 E N TE R o7z,
A%, DRV INEORRMEELBREIT O HLERH D,

2) FAT 4 vFky 78R
NETFTADAIR—7 L NVT 40Xy 7 DEA I T, FEHOAKEZIZ LEIRO
RV7 4%y 72170, AR —2HIZ2EBIHO RVT7 4% 7 2T T EDNRSI
TUW% (Seifertetal., 2008), F7-, KIKOFHMAFEIZS N2 77 2@, 1EA ho—
JHIZ 2B RVT 4 0%y 752470, LEIHO KLV T 4 %y 7%, FOAKNLT U b
AA =T WREHATV, 2B HIZBOT v 7 AL —TWHIAT I, ) LRSI TS (B AIKDK
HE, 2006), ZOZ LML, FIA RZ v FD 2Kickg i ITICEIT D 2BIBEDO Ky ¢
X273, Ahr—=213To TV RNEDOD, A hr—7HIAT) V7 4%y 7DH
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AIVTERBEDHA IV T TRALT Xy I M TbRIZEBX B, DX IV
FOHRLT— N v F T 12561 IKicks 12725 LB 2 bLD, AL (2008) 1K
MRLTZ40Fy 7 D1LFy VTORELEEHZ I 2L —a UV FEICE-T, FUoE
— RIS TR L TV D Z e A WA LTc, LEDZ &b, T— & v FREORGH
BN FTDHTDITTA RE YT TRAT 4 Xy 7ICXDHHET 2012557201

VR EERE A B D ATREE DR STz,

—J. AA Vv by FIE 2107 5 B (2Kicko #4T) & 3 [E4T 2454 (3Kickp #AAT)
MBI TE T, ZTOREIMEERGT L2 2 A, GVr I 2Kickp #4T (88+6%) 7% 3Kickp #t
1T (96£6%) L LILIRL CHEIZ/NSVMETH -7, UL, MERE2fR LR, I—u
Yy FEATDFE DR OEKZIZLEIRED RVT 4 %y 7 2TV, BiDOT v 7 AA
—T7BHC2BIBD KT 4 ¥y 7 24T o7, U AU —EEZ T > TV DRI Ry
T4 Ry T EATVD, FOEBZIZT—NVE v TFEITOMERHRTE T, 2. 774
N2 v FOEE LFRERIZ, 3Kickg ATIX3EH D Fv7 1 % » 7 OB R KR L
TCERICA—NE v FZITIID, NV T 4 Xy ZJICKDHEN R+ TR RN EE X
bid, £ Z T, GLr OE% T 5 & | 2Kickp :1T (82+£11%) 13 3Kickp 74T (96+14%)
CHBLTHERIEWVETH 72, 202D, ERSMEOA hu—7 RIZk LT,
A=V By FICET DR EOBREDH D DONI LT, T—NF v F ORI EE &
T ATREMES B D L HEE SIS,

(4) T—NE v FICETLEMPRT—NEZ v FICEZDE

774 RZyFTORVEMENTONT, RAVT7 4%y 7% 1EAT %A, GLr
& GVr ICAHERIEOMBBIRA RO e (£ 2-6), ZOfERIT, ERSBINE DA hr—
JRAIIRT T F o FICES ZEREOFIG N EORER X, E ORI DMK
TT200%RT, 2F0D, ERSMEFEFOA he—r ELD & I— v FITET LA
DEL U 5128, T—Z v FRFCRET 5 AlRetE R S 4172, Troup (1990) 1
NETFGADT A —7 YA 7 BT DHEEEEICONT, U I —O%FEITHHE
L. FEBEKRLIZE, RVT7 00 F v 72Xk oTIEL, ¥ v TR TbNDENR KD
BWHETHDL Z 2R Lic, ZOZLNbTEHOEKERITIEEDHEL, 1R~ ITHHE
THRETH D EMESNT, 7 T7A4 FEyFETOBRIIL. Abe—2RIZxLT, =
=V Ey FICET LR E L R VM E D D ARET 25 RWATREED R ST,
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ALY Ny FIZBTDHA e —7 RICKT 2 T—0 2 v FIZET 5 IEREL 2Kickp
FRAT (82111%) 73 3Kickp i&4T (96+14%) & bk LT, H LA%HEICE N Z L3 Hink
72oTc, 2Kickp BATIFEHE LV b FRWA A IV T TRAT7 0 Xy 7 2 TH89 L LTH,
3Kickp AT & ol L T = — /VBEH £ TOREENE N =D, RV T 4 % v 7 BT ARD->
ToRREMERE W EHEER S D, S BT, 2Kickp AT TIE, GLr & GVr IZHE 72 IEOFHEIBE
FTRBRBO BN (£ 2-6), ZDOZENnG, 3EED RLVT 4 Xy 7 2TV, A
ha—2 BT 2 T =2y FICET 2 BB OMEHEIL,. T—AF v FROBERIZ O
HIZEBHERS N, A VT NE yTFIEA S u—7 BiTolt, a7 e~
RV AR —OEEZT> TS HETIAT) =V Z v FThHhD, ERBMEDZ +r
— 7 RICH LT, T—=F v FICET HHEHER 22 20GE. Fa s ~MiTdanc
=By FEITH L blcd, A—NF v FRECHEHET D EHEIND, ZDLX)
W, XA VI N TFEITHOEEIX, A= ERI—NF v FICET LRI LT
BLLRVBERNESIZT DI EICL T, F—Z vy FREORIEZ /N E < TE 2 ARtk
ARV W/

UEDZLinb, N"ETIADT=NZ vy FEITIBRITIE, XAV Ny TFa2i75%
BTHLTTA4 R v FEZITHOHPAETHIKETHE DA ha—7 BN EORE RO R L
RING, A—)VBEME COEMAZHEN T OMLERH DL LEZEZXOND, a—F 7 Z21T IR
JiE KEILL o TI—= N Z y FITORT WL S 7, T— ¥ v FERTORME D&KL
Erxars e — A EED N —=0 T ETOMERLL B OND,

6. ¥

KWTENINZ 7 TADIA= NG v F oL L, A=V FZ v FOFEBLIOA—LZ v

FEANAT O WHEOANEZREET D2 Z LA AR E L, TOFER, ROFDBHALNE R

27,

1. NETITADA=NZ yFOHEL A= 2 y FEMOBELSE L, €8T 52
ET NETTADA=NE y FRAATONLWEORHEZ RS 5 Z LTI,

2. N7 4 2%y ZEIWER D R BWEOFIINEITRED DI~ Teds, F—Z v FHE
AT D etk DFF R KO A KALE D & T — VEEH £ TOMREEZ 7 2 LEEN RS
7o

3. A—NH vy FTORRZRES 5 HIEIT, FA VI P2y TFRBILOT T4 FZ vy F O
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THOHEITBW TS, T—¥ v FEAOREZDIRRNDEKALE)NG T — LEE
HE CORBENRA e —27 RIZH L TN RV TEL0ZEITHZ & THD LR
STz,
AWFIEDRERIZ L > T, BEPRARE T T4 DT =N E v TFINTERDPSTGEOWRE
WRHI LN ERY | BHKDa—F 2V E~OEMRE RS Z LB TE I,
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WIE /)74 VEABORVWBIKERFIIBIT ST =T KEWEO KK

1. 5EATHIZE

RTEDH (2008) (&, HFEFHEORPENH L IFERE DO L —RZRBIT 5% v 7K L
¥y sk (1 %y 7 CHEDER 2Lz, TORR, Fv 7 BEICITABERAENE
BIRholeZ LR L, Fy 7 RIITIBELRE DT RAEICREWI E4R LT, ¥
JREFEL T 5L LT, Rejman and Ochmann (2007) 1%, ¥ =2 lb—v a3 v FEEH
Wiz HTI k0 | IRBAEI RIS K OMEBIEE dh o M AN < | 7 o RSO NEREE AR
EWGE. WEENENZ AR LT, Flo, O XD, T4 AL I TERTEY
WELERT 57201003, K0 RERHEENZEETILERDH D,

VRENE & DGR EE D BIFRIZDUN T, Nicolas (2010) (X1 3% v 7 ¥ A 7 L O EEB) & 7R
L. EFCHRy 7 32BE0 S, THIX Y 7 T2BEOAEBEVEENGHND Z L &R
L7, Rejmanand Ochman (2009) /%, ¥ =L —a U FEZHWT, FERE/ 742
O & AEE O T AE L/~ LTZ, Rejman (2013) (X7 4 v DN I 2L —a > T
DI REBA ORBRRED /N SWITE | WEERE N AR LTz, TNHD I Enb,
VKEEDITOWHIZ Lo THIKHELZEmO DL ZENTEDHLEEADND,

—75. Nicolasetal. (2007) {&., 77 =7 JKIEIZRBWT, IREOHKRIZE D | B CHEER
PN KEL 725 2 L %77 L, Nicolas and Bideau (2009) 1%, #—7 4 AIKIETH [EEED
FERDFONTZZ EZm LTz, DED, RIBZRETDHZLITL-T, ZTHEHNK
ELRVEET L ENDND, ZOZ e, HEENEFRBE LR, BHA/NEL<T
HMENDH D Z EBDND, LT AN, Gadtier et al. (2004) 1L, FL—= 7LD
RVERFT B & LT, BROIRIEA KR E <. FTROIRES/ NS WD L E2R LT,
BRI, B OHEERARS 2 NS < T2KEETo TV D EHERIN D,

ZOEDIT, EREDOUKE DR K IKSTe O DIFIETIA 0T 5720, Tl &
VKEMED BB LN SN TE T, L 2AN, 74 VAL IV T HILFE DIKE DRHE %
Bl 5N LIEFRRIZ A B, 7 4 A I U T HILEICB W TH AL E2I3E /) 7
€ > DIRNE & VKL & ORICAHBBRARD s, ZOEMMORIEICET 5 5%
TORENRDD EEZ DD, Ll MHEBRSRD bNRWEE, FEEOBESEIRM )
BN EZBZOND, KHE, FERBIOE 74 VORI, ¥y 7 HE, v 7kEDOHM
REMONIT D LT~ T £/ 7 1 VURKRRBRE O F R OIRIEICB T SR8 %
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RESHELILNRTEDHLEZEZABND,

2. BHWY

AREOHBNE, T/ 7 4 ERBED RN EBIFKR T2 RITT 4 AL 2 THHRD
TSETEEFERSE D Z LI Lo T HIREMLOIRIE & HGEE, v 7 BB LU
v 7 RARRH L, KRR - 2200/ 3T A — 2 OB R A BRGEE L T2,

3. Fik

ARIFFROBATICH =Y | FE LEFHERFOE N 2R & T R MEFEELZ B2 DK
BEB, S50, BMENET 5 EEAHOFE  KIKEBR L OBINE OR#S .
SN E T THES MM~ DRIE 2157,

(1) X%

EBREMFIZX, B 7 81 4 (HE: 170+£0.05m, {K #E: 58.1+5.6kg, Fina Point :
412.5+107.2points ) . ¢ 1~ 26 4 (& K : 1.59+0.03m, {K & : 50.0+4.9kg, Fina Point
479.9£108.5points) . &t 107 44 DF /) 7 4 U UKARARER O mRHEKIETF CTdh > 72, Fina Point
XA R H O RGOSR A FEYEIC AR A v MELTZHBIECH %, Fina Point OFH L% K
1-1 12759,

the Base Time

3
Fina Point = ( ) x 1000  (&:3-1)

the Swim Time

Z Z°C, the Base Time /%, Fina 23S G0ER & BDT= & A L& 77T, FinalZB4h, fH
Al FKEE (50m 7 —/v) b L <ITEUKEE (25m 7 —/1) B the Base Time Z 4457
% (International Swimming Federation, 2013a), the Swim Time (Xvk#& O EEEOTREE R T,
ZHICED . RETT A FHRE, FKE, BHBEREORRLEHMEA TH-ThH, it
ek A AL LIk ) L~V T2 Z & R TE S,

(2) EBRV AT A
BN D, ERMBINEBY T+ —I 7T v FE2iThRl-, F0%, KPTOE
BITRE LT, TNTHOFERSBINEICE ) 7 4 L DIEX S L RkNTIOKT 28845 5
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EERRE LTz, B3 25m T 7 =7 k& e R TRz B 7o, 1R, FRBINE DT
FNst UCTHAIG 225, KB ET A A Z(SONY, HXR-MC1, 59.94 Hz) 1 &% HW\TIT
bivlc, 7AW ATE, BERBINEOLQT G, R L ©F 40 A T Ot E
T2 E0ICEAZEEL, =IICk > TRE SN2, BEXHIZTM 225 11m O &
L7,

(3) 7F—x 8

1) 7—4HH

BT AN AT TR SN EBIE, =Y ar B a—4% (DELL #:4, Vostro460)
([ZHRY AT, © T AEEMNT S AT 2 (DKH 4£8¢, Frame DIAS-IV) M L Totrsh
oo B Lo 78 CERIOREEH, MG, Fi, Kisr, BB, SR 7 1 o deim)
BLO20EDOY 77 L A~—7 & 560 7 L — LT, BINEOHIKRENLOD peak-to-peak
1A I NVEL, 3YA T NI TTIFA X LT, AT RIS RO IRt
JERE L, 2RITEDLTEEZAWT, V7 7 Ly A~—27 &b LICEEMRE Uiz, o iEkE
WENL, 7T =TkBn 7 a =D ohn—U  TEENRRNLEBZ N2,
Butterworth Low-Pass Digital Filter Z J\ T 6Hz O THi{k L7,

2) BEgaLiEl
B ONTZH IO FERE L T DORLIMN S 3 T A 7 VL LD AXIZIT, BRI
By DREREIT — 2 % IE5EH Tl S 87z (X 3-2), EBRBINFE 107 4 O F (AT
BROE /7 4 IemD 7 58, Ft 749 OB 2 et G BRI L7ofE R, SEREi TR L
TSR OW I & & ORREBIH T 2 00 &R IRERE 2 O X615 0.93+0.07 T
bolz, ZOZ b, 77 =T KEWEDERE R DRRINT — & 2 IEEB TR

L EEZ B,

z=a;xsin(byxt+c,)+d; xt+e; (X3-2)

DI, a AR, b EMA, o BEREORA, d BEROBE, e BIEROY)
Famd, SREIORIEE 22 & Uiz, % 788 () (RSO by2n O
b LT, WIS, KIGTFOATRRS OHRIIT— 4 % — KBTI S a7 (K 3-9),

31



y:azxt+b2 (K 3-3)

ARPHE (FOREE, mfs) X, s Lz, ¥y 7&K (m) [ 30K#EEZLZ X v 7 HETHRT
HZ ko THEI L,

(4) #eFHoe
MERHLELIL, BN ENLOIRNE, VKHE, v 78, &y 7 REGRIIET Y
> ORI 21T o 72, 7pds, A EKUEL 5%Am & L7z,

4. FEFR

VREE, %y 7 HERS LOF v 7 & &R OIRIE & OMHBIFREAE R 3-1 107 Lz,
B OV REEE, MBI, A, KiisT-. BEBIET & ORI BIRIRAGED BT,
SR 7 CPESRICIIA B IEOMHBIBRITRD bl T OUGHE T, KisT- &
DORNCHFEBARIRA TR D B AR Do To Ay RUE 5, BT & ORI A DOFABIBIRARD b,
RBAE, AR, 7 0 Al & ORICIEDOMHBIBIMR D bitle,  F v /HEIR. Bkl
LICETOHERA L OMICHEBERADHBERBEEARO bz, BFoxy 7 RiE, =T
DHREAL & ORNCAE R EOMBEBEGRNRO bivic, —FH, ZFOXx v 7 RIZNEEH,
fiBIE & ORI B2 ABRBMRITRD Do 28, Bk, KisT-. BRI, AR, 7
# SR OBNZIZA B IEOFMBERRARD b, £72, B I PRITMRVIEDOA
B MBBR R D bz,

& 3-1 WEE, ¥y 78E. v 7R IUHEIMAORE L OB

BF REEE P BA & Blg KEF ekl SR 24> DSk
Velocity (m/s) -.153 -.115 .070 171 134 497 ** 409 **
Kicking Rate (Hz) -.551 ** -.660 ** -.552 k¥ -.505 ** -.572 ** -.311  ** -.367 **
Kicking Length ~ (m)  .448 ** 607  ** 687 ** 760 ** 767 ** 888  ** 862 **
xF
Velocity (m/s) -.434 ** -.415 ** .118 .245 292 ** 591 ** 594  **
Kicking Rate (Hz) -.570 ** -.660 ** -.554  ** -.565 ** -.551 ** -.242 * -.270 *
Kicking Length (m) .063 .186 624 ** J72 ** 779 ** .803 ** .856 **

*:p<.05 **: p<.01
VKB« ACEEE (mfs), v 7 HE ARHZV oA 70, H), v 7 E QWA
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7 MAZHET e IERE, m)

5. BE

VKR E & HREALOIRIE D BIFRIZ OV T, B3 REEE, MBI, B, KRisr, RE
i, IR L OKER T OIRIE & VKRE & ORICHBIRR D bR N2 LAVRE
Nico B 7 4 VKKRRBRE OUVRE Z @D 586, WE & OB 55 A 2 8%
FINCHEET D NBWEHERIN D, S 5IT, ORE & OB 5 D FALITHEZED 7
572, Rejman and Ochmann (2007) (%, “The need to intensify the angular velocity of thigh
extension and dorsal flexion of the feet, to strengthen velocity of attack of the tail and to accelerate
the attack of the distal part of the fin.” &iR~<7z, HiOHE A &8O D 72 DITIT T O/ T —03
VETHDZ enbnd, £, 32 (2003) (X% RMERBEEGME MLy | R AY —%
HEL, ZFEBFLHBRLUTURMETHD 2 & 2R L, AUIFRIZET DL+ DFEEBRSN
FlL, VHE Z S 5 T DI BERFFFEHEN AR L TV D ARMENH D EEZDND, W
B L~V OEWIZ K5 8LEA D, Geladasetal. (2004) 1%, kL —=2 7 L UL DIRWFLL
BT b L LT EROIRIENRE < FROBEIS NS W & 2R LT, A
DFERIT, Bl & bIZ TRROIRNE & VKRR & ORIZEER A LN D RT, —HLTnDH L
A%, LinL., BEOIREIZHOWT, L3 RETER X OB O HRIE & voREE & Dt
WCADOHEABRBRARD DN b DD, BFOLENREO LR TR T, AT &I
—ELiehote, T, B T4 VIRRBEBREDOH ORI THH LB DND, KT
X7 4 AL I T DB LT E 2 BN DRRBOENTZb DD, BFITITRH 5N
AREMEDS R S 4Tz, 2D K DT, HIREALOHRIE & VR EE & DBIRIZOWT, MK D
EWDRRD B, B LU L > THER D AREEIR ST,

Nicolas et al. (2007) (X#RIE & % v 7 BEDOMIZ b L — RATRFET H 2 & &R LT,
H IR ORGSR UT, v 7HEBLOF vy 7 RORRDLEZZ 6D, AWFFED
TR, E 7 4 CIRRERE 2BV T, v 7 B & SRR OIRIE & ORI RO
FERRO B, FL—= A TRHD LBWLNERoT, ZDD, KEEE D DI
DIZIRIEZ RE S LA TH, FRHI S v 7 BEOIR T 28 & P [ L L7Z2va]
REER DD, ZNHDZENG, T/ 7 4 VKKRRBREDIKEE Z @O 5256, TROER
MEEZRE <D N R ERRRY v 7HEZRmO L LIk AE =N Lb—=27
HENTIUTORENR D LEZDND,
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—J7. HIREALOIRNE & % v 7 EOBRIZOWTUTHA ShvTunzy, KT (2008)
(T FURTFAHE 50m Y — 7 ¢ AOWRBHELF L IFEHFO L — A Z L, F v 7 BEIE
WERBD LNBRNEDD, Xy 7 RIEVWRHDLZ EEZHALNC Lz, LrL, RIEIZD
WTIERF S R0 Tz, WIREZ R T 25 EE, BT 4B 2T 5 2 kot DLT & v
TR EN 5 FE (Nicolas and Bideau, 2009) 2R EIZHWHLNTWD, ZOHH, Eid
ERET DM ERFERIMND Z LT 4 VAL I VT U — A TIIAT 2 VR
oD, —H . F v RITKEELZ X 7 HECTRTHZLICEoTRIETHZ LR TE 5,
PORFE 1L HERE R = OBEEEOFR TR T A Z LiIc ko TRIBTE, S 7 HEIXY v 7 K%
FEKCHRT D & TROBND, 2FY ., kL Xy 7 BEEFIT L LA TEIE,
SRR, v 7 BERBLIOX vy 7 REZHNT 52 ENARETH D, F v 7 ELIRE
& ORICBIRMERRS bhAUE, v 7 END FROBEEHEET 5 Z E BN FREL 725,
AWFFEDORER. B & bITTROIRE & ¥ > 7 & & OMIZIROE B2 IEOFBIRIR G
b, ZOZ b, ¥y 7 EERHT LI LICL > TRIBZHEE TX D AMREMEN R S
iz, 5. v 7 BOMEND FTROMRIEZHEE TE UL, BHSICAENTE 2%y
JEEZML—=U iR LCRIATE D EEZBND,

6. £L®

REL, £ 7 4 VEKKRBRO SRR T 2RI T 4 VA IV T OT 7=

UkiEx ERSE D 2 L0k o T, FIERIMLORIE & KEE, ¥y /7 HESLOY v 7 B%

B L. WA - 2R/ ST A — X OMABMRAMGET 2 2 L2 AL LTz, ZORER,

WO 3R LN E IR oT2,

1 B3R, MBS, A, Kis7. RS, 3R ORI OIRIE & vk
P & ORUCAHBIRIR A Z DR T &b VKIREE & B R WY 5 Z &
IRENT,

2. % v 7 BELREORICA OB b, £/ 7 4 VUKKREREIZB N T
MU= RFTBRHFEET D RO E R 5T,

3. THOEIEE % v 7 BEOMICHROAE R EOHBBEGRNED b, & v 7 LR
ZHEE TE D AMREE R STz,
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BAE ®) T4 VERABORVWEEKRFRIIBITS
T4 VAL I T OEENA

1. ZefTRF%E

T4 AL I T OMILE R L LIZEE, b—7  AADO ERE L FL—=
7 oL OIROERFOEMEA g U7-#is (Gautier etal.,, 2004) OATH Y | FHEIZEHT
LML E SNLTWRY, 2D, T4 AL IV 7 OPLEREIL, FEICLER
R ECIRERE O R A v S BARIREZIREE TITbh T\ D Z L 3bh 5, fifda & 5 (2011)
(T, ERUKICEET 2 EER 2P0, KB & =4 (2005) X, ARG FEE B LZE
ERRRBJE 21TV FREHG IO B R EOE R B, R L, T A I
VR IRE R ERT D BT, 7 4 VA L TERBRA TEBRICIThbR TV B R & E
THIEILE ST, KBREDOBIMBEB N ToZEEZFEM L. S0 05K U 7o NG 2 5681,
RTOMERDH D LEZOND, BIEORHEIL. N A AT =27 A58 E21TO 2 &
R THIETRT ZENTE LN, BERZ TR A MZHOW T, ZIMEORNE %
B BERDHD EBEZ DX D, R (2010) 1%, FEREIWEREICBIT 2 FIRAOSHEE
BB ORR OIS Z EMER R BIEEIC L o> TEHE- S LI AREONE LR L,
KEDEC DL P ONCRIVUE, 7 1 VAL IV T ERBREIFOIRED R A > M7
LEEZDBND,

INBLDZ LG, T4V AL I 7O K - BRIZIE, £/ 7 4 2 AEMEDR2OEK
BFEOEEORECBER L E 12T R A FEHONCT M ER DL EEZDND, £D
R 74 VA I B ORBEERBTFOREE TRALE L, T4 VAL IV TE

BROFRENRTRELE R T4 VAL I 7 RIEBO B 72D,

2. BHHY

KREZX, B 74 CERBEOROER L FHKIEFZRMRIIT 4 A I TREEAT
W, HERE, ¥y 7 REBIOF v 7 BHEOE, BINEOKEIEDER L ZME P25
REZH NI T L2 AN E LTz,

3. Fik
AFFRDOFATIZHT= Y . NE T EHERFOE N a k5 L T AWM RS T B 0K
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REGTZ, SO, BMEDRT 2 mEFROFRE ., KRB X OB OR#EE,
ZINFE (ZEH TSN~ DRIE ZH5 7,

(1) 74V AL IV IBEOSME

T4 A IR A SR D ZAR—VRATE OKiK) OREO—EE LT
Tz, ZOBMNFIFERZE U THRIKOME 21T THEY., T/ 7 4 VERBED RN
PRI T KGR T 12 40 (5K £ 1.5920.06m, AR : 51.4+6.7kg, /KPKAE : 12.5+4.2 4F,
FINA Point : 572.6x161.7 7"/ }) Th o7z, BIHEOHH L ~VVid, #EFRKRE S

LA B =BG L~V THo T,

(2) BEONE

1) H#E e s 7 A

T AR I RE (BB¥E) 1L, 25m RKENT —L (7T 2—2X) (2T, 1 K#EOE
AE 1 B OSE TS MEER L CEMS N, ZOWEET eI AL, T4 ALY
TSR DBIE 6 4Fd KO EFREFNTEENE N B AK I AR — > #3535k DB
R TR 14 (BiBRm A 2007 47 1 AL I 7 HFURTFHE B 500, T
DT RERREE) I X o T,

£ 41 BEOKHEOERIFERIR

¥ B8 fIE
IFE /74Ol TN
BE Dk 0 5

2| ERE ETICE T
FROEBMEOXY A IV T H2E5bED

3| B 2[E B 0 H

1E B BRE EFCBNT
THECF Y 75T 5
W % 15X A2

5[l H 481 H o 1EH
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# 42 F#¥E0 1 BoOHh
1534 D1 HODOFN
1350 ~ 14:00 A HDOHNZEH
1400 ~ 1410 Up—3T TS
1410 ~ 1440 7F=7kOERLfRE
14:40 ~ 1500 25m7 =7 IKOHIE
1500 ~ 15110 NEWEDIA
1510 ~ 1520 7 — LAy T

K AL EOR ABROERIFENR 2R Lic, HLEIBIX 77 =7kiEDEN & 5
) ORNIRRE 140 XKL EIToTo, 2D%, £/ 7 4 OMHESSINE 0%
RO, B T4 DBEEHEMES (X 4-1), B LEEZES TRENT 5 51E, KFTD
FHRRT 4 VTN & P TIOKTZBET 55613, BTolm~BET5
ZEEEE L, WRIT, AX— T HERIT, DELETRELZA &7 1 3Tz, HEET)
ST HI LN TE /W, HAEBICOT TS X)Lz, F2EABIX, Bk
DT DR EEIT T2, £/ 74 VERCL ST, KOHARKEL R | KEBEIO
K TORBOIRBEN NS RD AR H D, €2 T, EHBREENT I LITL
ST, ERE FHEAEE) L TBE, BEHT 1 CORBART D Z L E2RbU, JRIHE
i ESELENTITo7z, o, EEFEERHY T, B 2HMaRI Y A I 7 TR
g S HAUT, BHFOF N 2R LT IRIESERTE BN TND, £D2D,
F¥HEZENT A IR, FHERHER LA IV TIRIBSED X5 EE L,
FIEBZ, B2EH TIT o NEDHER - BEZTo7z, B4RBIE £/ 74 DR
EAFEICHEEID ST HICF Yy 7 TEDH LT, BRZ EHICENTZ L, THETHy
JEATHZE BEITTE RN e 2 E Lz, Baeihir+Es L, T Hmicx LT
BHBIOE ) 7 0 UBBEIMEL, KOEIZRELIZT, BlTLEE52605,
FS5EIFIL4EHE TIToTABDEEZIT o7,

WIT, £4-2ITHRHED 1L RO Z R LT, |77 =T IKIEDF N & fRE] TiX, 24
[ZE—7 ¢ &AM LT 25m % 16 Bk CHliE &€/ 7« 245 M LT 25m % 8 [Al7k <l
BaiTb®le, ZbOMEMICITHoRRE 25T, IREFIZSINE 1T L CTEfEDR
HrATole, TO%, HHRKEE LD | BINHIC 255m AT (77 =T9K) &KV
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T1EAThHE T,

T4 2OEEHE

8 7201248

T/ T BEROEHZEDL LN ESODERTESHIEEASROT.
NERCERL T 1 S DIEBRIC DTS,

I2E5I3. RESFIEISST. CoTRESNESEEREETS.

Tl < EsbhodiE
Jo LEGEETITING. FEULCEEREAORRERTS.
FERERSTIIHC. EC—-I0Uy I iSEBRLEDETSBETHS.

e

VOB EEDBOED L BED EBBICIRT B,
ZixEA

T4 ML TREE 2T CANTE > TCHENA S,
EEOLSCHOHICEELN. NENZZEEADERN-ESFCC4ES.

ELVE2TLRELEED

KE¥D, #o¥3<

M EOEREETUTRSE2TOREY 204 - BRCEDET S,

X 4-1 /)74 v ORBREFLPRE S
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2) ZIEONERE L HERAE
ZIMFICEDNEHREIL, 77 =TI TRELICT =¥ A FICTESNIZ, D
REAMMZ X 4-2 \OR LTc, 2B TIMEICET 28 L -7 8, 9 £ TERI L,
A A AHICRRASEZ, WEBREFICRASNIENAE L IEMRICHEET 2720, 2R
BT, 10 R OHEHGRA 2 FhE L7z, WEBEEISRR ST 7 =7 Kk E
DEELPoTeZ l, HIESTELILIZONT, BERREENTE D L ICEMETT-
7o

o
e
=
iy

ORELAole LT LEEN,

@ FECTERLEEZBTLREEN

T, BEEYEEBVTTEW,

A

A

B 4-2 WEHRE ORERK

(3) 7—F#OBE

1) 77 =T kDt

T T =T VKOFLERIL, BN O RE N T — VB D B EEL, TN 7 — VREE I il D
FTHA My 7 U4 F (SEIKO 4, SVAS003) % MV NTEHIL 7=,

2) ®EITE

NAAE—RH AT (Casio +H8Y, EX-F1, #RHEE 30Hz, >+ » ¥ — At — K 1/2000
) ZHWT, SIMFEOEITH IS L THRITIZ S 5 KR EOIMUN IR LTz, 7 2
T34 a3 —20 Tm HE5 1Im R THRIRE TE L LI =Tl L EE L, BfE
Wil e BT A AT ONENEARZT D LD ICEKE LT,
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3) EHEFRE

ZINEONE BT 5720, 25 EIONEWMEZEL Lz, NWAREDOEST—# %
b LT, mERHAIIER S, ZORREIL, IC L= —4 (SONY 44, ICD-UX512) %
EHL TS,

(4) 7—z 08

1) ©7F0ATHORE LB

RS- E TS AL, S—YFar e a—4 (DELL 48, Vostro460) [ZHLY A
Fr. BT AEEMENT S AT 2 (DKH #1:8, Frame DIAS-IV) Z HWCilifg o> 7 48 (A1l
DOREEA, R, Kisv- BB, SR BIhREEEH, 7 4 > Dfinm) 8LV 20 80Y
Ty LAY =T % H 30 7 L— AT, BINEOHRHALD peak-to-peak & 1A 7 L
EL. 3V A MIbTeoTTVFA XLz (M 4-3), 130N TZ BRI D TS
1T, 2IRTEDLT HEEHWT, V77 LU A~ —2 % b LICERME U7, ok & i
X, ZINEOX > 7 EEDJE WD 1~2Hz F2ECTH 5 7=, Butterworth Low-Pass Digital
Filter & FV T 4Hz OFiPH Tk L7z,

42D %

X 4-3 T A X&4T - T B AL
2) F—HEH

185 NT7- HRENL D RJERE L Z DB S . 3 YA 7 VLI EOWEIE A2 41T, FEOEH
LAY DIERENT — X Z 1IERGE Tt &8 7= (K 4-1),
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z=a;xsin(b;xt+cy)+d  xt+e; (X 4-1)

ZZC, ag (HHRIE2, b R, o (XIERE OB S, d 1IZERROBIE | e (TR OY)
R &R, TDOFEMINIOWT, a. by ¢ 1EX 4-4, dy. e XX 45 (TR LTz, FHIRDIRNE
(m) %2 & L7, LY A7 MZETDRE#E LT, vy Z78E (Hz) 1Eb/2n & LT,
JUBTEICH T 2 5 KB L7 0 Oz (hifH, deg.) 1% ¢ KV E M Shiz, Rfd iz
DD el ZALUEL UmIREA L GREZ, mis) & LT d 2V, d DENIEDSRE,
VK IR 23> TEKW TN D Z L &R L, AOSGAIIKIEIZH)N > TN TND Z &
ERLTNWD, T4 XBGHSOREZ 0 & LEEROSROTES GRE, m) 257

FRE L LCe W,

A

Peak to Peak(B,)

X 4-4 z=a;xsin(b;xt+cy )+dixt+e; (K4-2) D a;. by, ¢ DFHHA
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Om

(7km)

> 1
0

4-5 z=a,xsin(byxt+cy )+d,xt+e; (F4-2) D d;, e, DFA

I, BRSO ARGy DR RINT — & 2 —IREEEM CERl s g7 (K4-2),

y=a,xt+h, (L 4-2)

VOEEE (mfs) 13, e e L7z, SHIT, EHEEZF Yy ZHETHRTLZLICEk->T 1
YA 7 VZHEDEEL LTHR v 7R (m) 25 L7, B ST 7 =7 kowdk, KV,
KL. KR, #EWE, (rAH, REZEL, WEIZSOWT, 1|E L 20H, 1EEE 3EH, 10H
HEA4mBRBIOLEEESHEOELEZFET L,

3) WA#HER LOEERE

JIEH (1967) O KIEEZBZIZ, ZNEOT 7 =7 JKEWEICKHT 28 L S 28 L7z,
ICLa—FTaELIEEFEZT XA MUL, 77 =T kEEZITOBROEL ST 5N
Kaefiti Lz, i Sh7=NEE [y 71T WA ° TEEFICET 2] F0
EOIEF =V = RTHARIZDT, TNV —TITHhH LI, 7= L LIERBEZIKAF LI
B 2NED A AT H2NENOBLRE . BIEICET 28 L SI2 o0 Tk~ 7
WD, RELICBE T 28 L SISO W TR NEN OB S THRE LT,
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(5) #EFHLE

XRYT 4 7 AT —EBNEELE LI B AT 5720, xE0 o 5 —ZR 58T
w11 o7, BRiEMEDMIE T & 22V A 1%, Greenhouse-Geisser DRREIZ & - T B FHEE % FH
L7, EZRDFRD ONT5E DL EILBHEIZIL, Scheffe DREZ AV e,

T =TIROFEEICE T D LRI 2 2 BEHND 5 HIH £ TOREE KV, KL,
KR, =g, (7FH, REZ LB IOEREO 1R 2 2B E6 5EH £ TOZRLED
BIRZ OIS T H720Ic, BT Y CORBMBEREE R L, £70, fEBR=RIE 5%R
& Lz,

4. @R

(1) R7F—< 2ADEL

TS =T KO EEERIT. 1A B (14.21+2.48s) . 2 [A] H (14.25+1.93s) 33 L O3 [ H (13.74+1.665)
T, AERETRO LN o723, 4 [WIH (1252+1.37s) X OV5 FHIH (11.83+1.425)
X 1EH, 2EH, 3MEH & LT, AREICTEEN M B L (X 4-6), vk ORSSIE,
4-7 R LTz, VEEIE, 110 H (1.85+0.24m/s), 2 [a1H (1.78+0.23m/s) B L3 [l H

(1.84£0.22m/s) DOMIZ, HERENRO Hznol=, UL, 4 [AH (1.97+0.20m/s)
T 1EE. 2EHEBLC3EH &L T ARICEN -7, S 51,5\ H (2.09£0.21m/s)
E AEBE XKD b ARICHED 0T, T =T kRO EE S KV OZELEDRERIZOWN
T ET Y OFERMBE T 21T - 7248 F. 2 [a1 A (r=-.588, p<0.05) .3 [5] H (r=-.686, p<0.05)
41818 (r=-781,p<0.01) BLO5[HIH (r=-.628, p<0.05) ThH 7=,
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TIkDOFLE (s)

T =

Velocity (m/s)

20

18 k%

* %
* %k

16

14 -

12

%k %
%k %

%k

1[e1H 2[61 B 3[E1H 4[5 B 5EH
*Fp<.01

10

4-6 BARBROT =T kD&

24

2.2

1.6
1518 251 H 3[E1H 4[E]H S[EH

*1p<.05**:p<.01

4-7 £ BROKEE
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(m)
- — —
=N =) oL
| | ]

Kicking Length
[
()

1E1H 2[E1H 3B H 4[B]F SEH

4-8 HEHEBOXF vy I/ &K

2.2 -

* %

Kicking Rate (Hz)

% %k

1= H 2[EH 3EH 4/EH 5EH
*:p<.05 **:p<.01

49 HARDOX v 7 BE

v RIIRELE L THERENRD bNRhoTe (M4-8), 77 =T UKaldkDZE
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b L KL OZLEDOBIRICONWT, 7 Y ORI 21T o 12ib K. A E A0
BfRITRD S /e o7z (21EIH @ r=-375,ns., 3[EH : r=-258,ns., 4 [BH : r=-533,ns.,5
B H :r=-492,ns.), —J7, F v 7 HEIE, 1EIH (1.57£0.25Hz) 75 2 [\ H (1.34£0.19Hz)
I THBICET Lzt eI KT 2iEfE2#8 T, 5HH (1.77£0.30Hz) (2 1[H]
HEABRERA LN -1 (K 4-9), 77 =T kitdkDZE{b&E L KR DELEDRR
[ZDWT, BT Y U OREEMBSIT 21T o 7ok R. AEZRMMBRIIRD bhkroT (2
[H :r=-061,ns,3EH : r=-042,ns,4 B H :r=-182,ns,5[EH : r=-096, n.s.),

(2) BIZ0OBEBERTNNTA—FZOELE T +—~ R L ORBHR

1) HEORIE

HIRDIRIEZ % 4-3 1T~ L7z, B3, 1 WIE (RAEEE:0.11+0.05m, JH14:0.08+0.03m)
25 2 [EH (RNFEE:0.16+0.05m, JEI4:0.10£0.03m) TR E < 72V /INE L 2R B Z#E T,
5[EH (R5FE:0.09+0.05m, JHIE:0.07+0.02m) (21X 2 [MH & HEI/INEL, L HAEFE
BRAENRO LR oTz, T CREEF, REE. AR, SBIPREE) 3R¥ELmL T

BIRBACINH DI Mo T2y, 7 4 DS 1 [EH  (0.26£0.06m) & Hfg LT, 2 [A]
H (0.33+0.04m) B XL 4 [AH (0.33£0.04m) THEIICKRE L eol, 77 =T IKitskD
A& L HIROREICE T 2B EBOBRICOWT, BT Y ORERMBEIT OfE R %2 7R~
L7 (F£34), FEHHEEFHEOEREE 7 =T vkitgk L O, 2F¥ELE LT, AER
AOMHEBREO b, —J7, REHEOIRIE L 7 7 =7 kit & ORI, ZEDHKF

(4mH, 5EH) IZHBERAOHBERERIFED bk,

& 4-3 FHEDORE

1] H 2/ H 3 H 4 H 5la] H FValue % i
g (m)  RBEAE 0.11+0.05  0.16+0.05  0.14+0.06  0.13+0.05  0.09+0.05 6.866 ** 1<2,2>5
A I 0.08+0.03  0.10+0.03  0.09+0.02  0.09+0.02  0.07+0.02 4.824 ** 1<2,2>5
KiEF 0.15+0.04  0.18+0.03  0.17+0.03  0.16+0.03  0.13+0.04 4.205 *  ns.
s B i 0.25+0.05  0.29#0.04  0.27+0.04  0.27+0.03  0.25+0.04 2.753
S PR 0.2740.06  0.32+0.04  0.32+0.04  0.31¥0.03  0.30+0.05 3.413

CrENGIYSS gL 0.28+0.07 0.34+0.05 0.33+0.05 0.34+0.04 0.32#0.05 3899 * ns.
7 4 ¥ DS 0.26+0.06 0.33+0.04 0.32+0.06 0.33+£0.04 0.30£0.04 3.015 * 1<24
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K 44 IRIBORACE L T 7= TIKEEEDOEL B DR OB HBILRE

2018 3[al B 48l B 5 B

REBE -092 -526 -615 *  -g55 *
BliE  .026 -332 -475 -522
KERF  -482 -419 -536 -647  *
FRESER  -621 *  -298 -543 -546
532 725 **  _570 -598 *  -679
ERPEEE -754 **  -647 *  -658 * -674
T4 D5 -620 *  -389 - 476 -551

*:p<.05, **:p<.01

2) LELTREBNTYAIVYT

RO Z MR T D720, REBICHT 2FE, K+, BB, SN, FHLh s
SHB X OV ¢ v DI ON AR & 3 4-5 (2R Uiz, (LFE2S 360deg DA, REEALE T hH~K
I 224 I7BELTHDLZ L E2RT, REEELELTRZEHE O, 1 B H
(391.7434.7deg) & L#E L C 4 [nlH (365.3+28.8deg) THAHNHEZI/NEL 22ntz, T
=7 ke E REBUTE T 2 H RO AAR & OBIRIZOWT, 5 [ H O KEEF DAL
(r=-772, p<.01) IZHELRAOHBEREBRIEO biie (& 3-6),

K 45 FAROREBEIHTHHER L VT 4 D FEImONME

1= H 20l H 3EH AR H 5[E1 H FValue ZwEIt#
frfA (deg) JEWE 82.9+29.8 78.8+23.9 73.6£20.1 80.0+22.0 84.0£26.2 1.267
PN 218.4+35.7  210.1+325 207.44249  207.5%259  2155+284 1714
i BE i 284.8+31.9  274.8+28.3 27444234  276.8+27.5  289.1+31.3 3.309 n.s.
S 356.5429.0  341.1+26.3  341.0+24.4 3425309  355.3+339 2.831 n.s.

HI R HE 391.7£34.7  373.6£23.1  380.6+22.1  365.3+28.8  383.8+35.3 3.487
7 4 ¥ DS 473.4449.8  478.74355  469.2+41.1  464.2+41.2  510.1+72.5 3.015

1>4

% % %

K 4-6 NHOELE L T 7" =T IKEEEDOEL B DR OB HBILRE
2[H 3mE B 4mE1 8 5@ B

BlE -195 -432 -.105 342
KERF -.138 -557 -400 L7712 **
FREEER  -.173 -485 025 -.278

52 -104 -.240 .380 074

ERPEEE -14 -.207 .285 205
T4 DFEIE 272 114 229 265
**:n< 01
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3) RERALLEITIRE

HIRDOREZACHERR T D720, £ 3-7T ITRELR L Z R Lc, REZITENFIT 0 TH
V. FERETRO LN T, LER->T, SMEFIRIIKFEICETL W2 & %
Y, Elo. T =Tk EREZIT A TO AR TREBA LR Do Tz (3R 3-8),

# 47 HFHRBROBRERL

1B H 2B H 3EAH 4B H 5@ H F Value

EEZLZIE (m/s) RBIE 0.00%0.04 0.00%0.03 0.02+0.02 0.01%0.03 000+003 1.321
Blg 0.00+0.04 0.00%+0.03 0.01+0.02 0.01+0.03 0.00+0.03 0.766

KELF 0.00%004 001+0.04 001+003 002+004 000%003 0.745

FERAE 0.00%004 0.00+0.05 0.02+0.03 0.02+005 0.00%£005 0548

5158 0.00%+005 0.00+0.06 0.01+004 001+005 001006 0218

EHPEEIE 000+005 000£006 001004 001005 0.00+0.07 0.234
42D Sl 0.00+0.06 -0.01+0.07 001+0.06 0.01+0.05 0.01+0.07 0.276

F 4-8 REEOERL T 7 =7 kGO (LB DM OB R
285 3EE  4EE  SEE

RBE -363 -.026 -.184 -.002

BlE -372 -118 -.159 -.102

K&+ -221 -177 -.058 -077
FRESET  -.123 -.169 -021 -024

SMEE -349 -.195 -273 018
ERPEEE -217 -172 -.298 .009
J4oD5ci  -.344 -.201 -.351 -.080

BTIRE OB L EZ TR T D720, £ 49 [TREOFERZ R L, B (RBEE. Hig)
OEREE 2 [ H, 3 FIE TRV, Tk CREET, BB, SMR. BhhEam) &7 g
¥ DIIRIIHBRENRD bivenof, Ziud, EREIME L. TR RO
MCd DL ARy, 4RABIOS EAE, REH, FHigE Kia7. B, MR 5
AP RBFHEBLOT 4 VOEEOREN T EANEEDLRVMHR Th o7, T, JiE
WAL SNTNWD Z E&RT, o, 77 =T KOGeE L REOBfRIZOWT, 2T
D HETHEGENA N2> 72 (£ 4-10),
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# 49 FHRBROEE

1A H 2[5 B 3fE] B 4[5] B 5[E] B FValue %t
TERE (M) R o -0.96£0.16 - 1.01+0.13 - 1.03+0.13 - 0.84+0.17 - 0.85#0.21 7.839 ** 23<45
T I -091+0.17  -0.95+0.13 - 0.95+0.13  -0.79+0.19 - 0.78+0.26 6.363 ** 23<45
Kz T -0.94+0.15 - 0098+0.14 - 0.96+0.12 -0.83+0.20 - 0.85+0.28 2871 * ns.
i BE A -1.01+0.16 - 1.01#0.17 - 1.03+0.12 -0.89+0.25 - 0.91+0.33 1.766
N -091+0.20  -0.91+021 - 0.94+0.16 - 0.80+0.28 - 0.85+0.42 0.91
WHREEEE - 090+020 - 0.91+0.25 - 0.94#0.17 -0.80£0.25 - 0.83+0.43 0.874

7 4 DSk - 0.89+0.26 - 0.88+0.26 - 0.95+0.23 - 0.78+0.27 - 0.80+0.40 1.067

K 4-10 IREDELE L 7 7 =T L&D EIL & O H DR BERE
2HE  3EE  4EE  SEA

RE&E  .097 400 -.036 -.368

BlgE 135 442 .046 -.287

KEZF  -.003 516 016 -.300
FRBEET  -.148 527 -.008 -.239

SR 219 547 291 -147
FERhhERE 102 511 .369 -.087
T4 323 439 457 029

(3) BMENRZLHHE

ZIMENTLR L= 2 HRONEREEE 4-11 18 Lis, ZONERE 2 el migdid z
1Tol2, TORRER 4101 R LT, TFA MEERTZARIL, Fv 7, Eo#Eix, K
MRS, =2y F | FAXL, 22— MIET2HEAD 6 HAICENShZ, 2D
6 HEX, TWKAXV] i TJHDAXN] OB, TEticET 28 =) 2 TEEICBET
HEEL I OBLRIC K s THRITET,
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£ 4-11 NEREOEFER

EEE (F)

HIH LW T
= U
E )T 4 DR, 5 13
F—IL DA, BIK, 4 3
IKPTEDTICBENT 52 L, 3 2
A X — LK
R BERIED Z &, 13 32
Bzt 7-%., FRJIUBBEOX v 72352 L, 6 4
KX
ops
FrEEINRNDH L, 25 14
ARV —=LTA L DEBEHERT D &, 5 10
Xz
BaRkaE<iFinz L, 17 4
FRI X952 L, 8 13
THETKYITHT L, 5 18
) T4 EIERD 2L, 3 2
X v 7 OEEEHRETT5Z &, 2 1
NF R
FodlcETe &, 24 14
B ETREEHNT XA IV ITREDEDL T L, 11 18
EAERMRICxT vy 7352 &, 11 4
Z DAt
OB CHETe = L, 7 12
1R DX v 7 THD R AT &, 3 4
MERE, Tk <2 b, 1 3
U7 v 7 ALTHKSZ &, 3
BHiz e LTk<Z &, 1
T—NE vF
T NE v TFeibdbl b, 1 2
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5 deat: I

1

JE0 A % |-

- |7k, BT S |
i Ehil
A A
BT B )
BEOREL &
X 4-10 2IMENRCZEEL I DF ¥ — b
5. B

BIEE COMERBRMN S B/ 7 4 VEMBORWBHKRTENT 7 =T Kk EIT> 1255,
NETTA4Fy 7 LHEEL T, REORENNSRD LKL D, TOERKE LT,
RERREEEFRFOE ) T4V EERTLZLICE ST, KOFANEKRL, £/ 7 14
MES TETICBE LIZKWZ EREX HILD, Gautieretal. (2004) 1%, F#EEIFPIOLE
LB LT, TROWBARENWI L AR LI, ZOZEMD, THEORFEEZRETH
VERHDHEEZEZOND, TOH, KRL—=271%, RIFZHKSEHLZLick-T
RT =~ A% m LEE5HTITo7,

(1) P—=UTICE 2 RT7+—< ADELL

1) 77 =T KO & kR

TTE=TIKIZE ) 74 EEA L THIKONRE 7T 4%y 7 2KPTITHEHTH 5,
SMEILIHENOFIKDO L —=0 T 52 {ToTNDHTeH, NEZTT74 %y 7ITENTE
D, ® T4 EEMLTT 7=TKIEOWME 217 213, ftgkom L s g, A
FEOFER, BEORPE QEIH, 3EH) OFEIL 1EH &L THERZEN R %Y
(4WIH, 5EH) ITARICHN T2, AFFEO b L —=2 7%, GEBHEICHRL DT
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32 < MEDHRNTTEN M LT 5 2 LR, £OERE LT, DEEHKEO RS
CRER A B 5 ) & TSRO R L—= 2 7RIS L D8 TR S — MREOFEE ORI,
TV A FREOEE DR DFE] O3 ONEX HND, EEEEIX, S &Ik L
TEETDZOTIEARL, RATERROBERS . TEXRRFREOBRS . THEbOBMHE] @3
DORBMEZRET, M EEFRZV K LN D FET L2 EnHEIR TS (EED,
2007), &/ 7 4 AR R WBKIRFIL, 7T =T IKEIT O 120125 < ORERNE L
TBY., BNEOT 7 =T kOESLET FRITHROBN) £213 ERNHRE OB
B CholebBEX iV, BEEZ{LE TRV ORI TV LR S5, 2 8H E LT,
AN L—= ZIEBHBIG ORI DA LN L —= 7 ETRELX T2, ML
—= VT RO EEETH 0, FMEHEEZEZA DL LICK-o T, BHENITHELE
ToltHBmAaTH ML —=U RN EONEEZXOND, 3 REE LT, T7=7T1kD
FLERIT A Z — MR KR, T F y FIRETHER SN TN D Z &6 (7115, 2013),
FNENOTLRITFIEICE B LY 52 5 LEZE2bND, £DID, UEEDR EARD bl
DA TH, A¥— MRZEEZ BN TICHEE N 2B DN WA, T— ¥ v FRHITH
HELTLEIGADRD D, AMFEOFRER, 77 =7 Ikitdk DR & vl 02 L&D
FRIZHOWT, HEOEARTHERADHBBRNRD N, ZOZLhb, 77=T
KOFLEDEAITHHEDEALIZ L D b DB RENT LRI NTZ, Sk, AF¥— MED
HWER A=V 5y FREOHE DWW TR T 2 M ERSH D, UL bins, 77
=7 OFEERI L OVKHE B B DR > T ZEOHPE 2 EIR, 3[EH) & LA
St @EA, 5EA) T, KEMEORIN RS L EX HLD, €I T, RELHI
¥ @2mEA, 3mEA) L&Y @EIA, 5EH) o0, ENENOREDFHEAELEL T

ARGS

2) I RBLUOXy 7 HEOE(L

¥V RIFREZE L THERENRBD LNRDPSTZDITH L, F v 7 BHEIZ OV T,
RED LEIF LI LT, REORPHIIME T 2505, BHFTENA LN oT, £ 7
(A VERBOROHGRTN, AR TIEMLIZS BOBREELZZITLHZLT, FY 7RO
LI bFy VHEDOEMNRKREN EOVRENT, KRIT, Ty 7 RBINF v 7 HE
ETTE2TUNRT =~ P AEDOBMRER LT DT, TS =T kiR O Z bR L ¥
v 7 REBLOF y 7 HEOZLEOBREZRE Lz, ¥y 7 RIT, ERETHERIAZLN
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hpote, RS (2008) (&, HEAURFHERPEL A (Finalist) &3 H#A (Non-Finalist)
IR L. & > 7 BEIIEZEDGRO B WA, Finalist D73 ¥ v 7 RIFEWZ 2R L
7=, RS FHE CULs A HHE3 Non-Finalist 3% v 7 RAM K SH 2 Z LIXEETH 503,
AWFIEDOZINE DOLZEIE, ¥y 7 EOWMRKID Xy VHEZHRKIELHFNRENES X
bhd, 72, KR b KL ERIERIC, BRETHEENRALONRNST2, ZOZLinb, 77
=T UKEMEICBE T 2 E 21T o 7o . KR ITZEL2B L TE(LT 223, 77 =T KO
Fk & OBRITNIWATREMEDR H D & EZ B D,

(2) BIZ0OBEBERTNNTA—FZOELE T +—~ R L ORBHR

B & OREA R, RIE, BT D FIROMAR, REZ(bB I OREICRBT S 1
HDZEE LT 7= TIKELEEOTLREICHOWT, FEEP R FEOIRNE & 7 7 =7 Ikitdk
LoD, afEFELEL T, AERAOHBBRRIED bz, REORELZRE<T5
T LR, FEEROEMEICORMM D RN H D, —H . REHEORIE L T 7 =7 kit & O
fElx, #EO%Y: @EH, 5EB) [CHERACHBIMERIED bz, iz, REHEHIC
K90 KEEF-ONARDOEA bR L T 7 =TIk OIS A B R A OB b v,
INBHOZ LD, BEAT O ACIRER AR T, BIERERAL TR LT, BifE0 N
T I ETUKGERICRE L TWe B bND, £DO—T5, WRER, RE LT =T kit
FOBBRMRRD LN 2T, ZNDHD I WD T 7 =7 UREEER DO BIHME 2 % 59 2 BiE,
HENNSOENEPFIES D 2 LD, £ T, B OREZ R~ IR, RGBT
T B HRORA, FEE, TEL AT+ —< 2 AL DBRICONTELRT S,

1) #RiE L %> 7 $HE D B%R

WRE & & > 7 BEEIE, AR 2 A2, 2O/ N L— RAT7RFEET 5 2 L 23
BN TS (Nicolas et al., 2007), ZDZ &b, WGEE R ECHEERRE ED 5720
CHRIEZ RELS T DXy ZHENMETL, ¥y 7 HEEZRRATO LIREN/NSL 2D
ZENDIND, KBEORIETIE, Fy 7HEZEARSELOTERL, B B %
PICTROIRIENRE 72D KO ITHEEZIT o7z, TORR, REOFPEILF v 7 HEN
BT L., EREORENRKRE < oolz, ZORRNL, BN FEREZ BFITHN L7
CENHRRTE, RIBL X ZHED b L— R T RARFRIZBNTHIAET 2 2 & D3k
RTE, LOLAans, REDOHFIIFELLIVT 1+ v ORIELZKE T2 X9 2f5E
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EATORPS IO DT 74 VORBARELS Ro7, ZOX I, FHEFHIIA
WENE WL T D Z LT RERKRNER Th 5, 4%, HEE1T) LT HEEL1ThR
WRHZET D) T EBETOMNENDD LEZDBND,

REORNT, EROIREN /NS <7220 | TROIRIBITHER S 172, Gautier et al. (2004)
E. ERRE IO E & B LT B ORIES NS < TROREDRE W L 2R LT,
SINE DK ENL, FATIHRO LA ORBIZE L>2b 0 IkEN EELZEEZ BN
Do DT, ®BFOF v 7 HEZHPELY SR 1 FIA L OMICHERENRS HNIR)
o, TOZ LG, BIMEITF y V BEEHER LIDREBCTREMOIRBELZ ST L
Don0, RBEXY Z7HED N — RE TR Z EXREINT, BIE L. NE®R
L LR TE-L T, B 7400 DEH, BE), k<AFL, AF—h, T—1LHF
» FIEN TR, ZO7h, FRESCT 7= T WKBERARFEETH Y . BESREE L
TWieholetE2 oD, B/ 74 VEMNBOROVHIKEREFZIFET 256, RKigL ¥
Y IBEED N L— RAZICE SO TITHRIBOW KR L X v 7 HEOM KA Bfs L THE %
THERVWEEZLND,

2) LELTREBNTYAIVYT

INET, 74 AL I T OMEZAMH TR LICHE LA LRV, KIFEORIET
E, RIEEZ RE T LHODIFELZT TR, ERETROZA I 7 2G50 51EE S
Toley B/ 745 LIEGE. KVRERNZLELT D, TRETOT =7k
EORELRBR LT, TRONZT TR, EEEz2 A I 7 <@L, 2F %
STH VI ETILENDD EEZDBND, £ T, REDHPEZ [FROBIED X A
YT ERADED ] EREETol, TORE. REHEE ELPREHEOMNAHITIRFEDRTHS
A<, BETAAMR/INE L 720 | 360deg (ZHT-SW 2 Z LAV RE N7, AAH 360deg.
X, REEB ESH~BETL L&, FRPREFHEGFE LA I TET~BHTL LD
72, BEEZRT (K 4-11), AHIC L > T, BikE FEOE)T# A I 7 2Bl TrT
TEMTET, BE2EB LW RVWEMT [FROBEOX A I T2 HbED ] 15E
X, ZMFBIZE o THLWIREThH o2 b LRy, — 0, BEOHRELT 7 =T ko
FLEk. TKHER L OF v VBHEOMRR A LN, EHIT, 77 =T Ikiiek & RE I
T2 A RONAHO IR E R LIz iR, HEORPEITA B R ADMBIBMRN A b7
P’ d B DIt L, 3 BB LAEIEBIRN A S ie otz Ziud, BREORPEIIREIEIC
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What kind of goal touch is effective in the butterfly?

Tetsuro Tanigawa”, Hiromitsu Hasegawa®, Yasushi Ikuta®, Noriyuki Kida? and Teruo Nomura®

)

Abstract

In this study, we classified the kinds of goal touch in the butterfly as body undulation and the number of dolphin
kicks. Then, we quantified the kinds of goal touch and examined the effectiveness. Participants consisted of ten male,
well-trained college swimmers who were monitored with an underwater camera. The goal touch of butterfly was
classified into six types, which were then quantified. The results indicated that at the goal touch there was no significant
difference in velocity between body undulation and the number of dolphin kicks. However, two types of goal touch had a

significant positive correlation: the percentage of stroke length for distance to the goal touch and the percentage of swim
velocity for velocity at the goal touch. On the basis of these results, we believe that for an ideal goal touch, the distance

must be adjusted on the last moments before the goal touch.

Key words: swimming, butterfly, goal touch, dolphin kick, undulation
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KEWXCENBZERLST-NI v FEiToRETE
Glide Touch & U, J—)V¥ v FERADIEREOE K
#, IBAREIFOKEICEND, ZOBEKETITK
EOd—)VEEENIZ T —)V ¥ v F %17 > /25T % Direct
Touch & LT 2 fEEEICHEEL .
2) BZarFy otk

RIVT ¢« >3y VEESEEENE#M L, RXEih
LERENORKBETHETEIHDO RN T 1 >
FUUEBELLT I-NIYyFRETRILT 1>
FvrefTokEREFHIL, TOREICK > THE
LRz BB, SROEMECL2HOEEIT RV
T4 F v IEEIRELTHTY > FLaho .
3) ShUENME

SROMERETEFHN T HICE W1, B
REABET L7t BUER S K RERANEN U LA
ZEIBEFEFRTOLLOEEEMICORDEIESH
EL7. UL, Direct TouchlIBEDIFREBD AK
%, AbO—=r%Fn, d=IFyF&E{TIETORH
CONVEERITD ZEMTERNEEZEZ NS, F
ZC, Direct Touchid 3RV ENEDHEMNSERIIL,
Glide Touch®HZ R EOMHE L. DRDEHEE
7o 723713 UndulationfgdfT & L, SR UEEZERTT
TWRWERTTZ Caming T L THEL -,

5. BHIRE

1 TRENAZLDIZ, AMOD—JFHEICBITS 2
ABRO=ZITDNWT, ERBMEOERENENKL
R D EBEAR D x pl 7 DAE & F5 R ERATE UK E M 5 1%
EU, BUBEKLUREDOEEZED xRS DEDZED
5, 1AbO—UHRDICEVERZ2 X MO—2 4
BHUZ RIZ, ERSMEOHEREAEKLRER

Ao~ BE
>

fBREMOBEK

,'L

LRIk

EREDEK

1 AbO-VRHEEI-IVY Yy FRECBEST
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EHRRINSBWKENSFEEL, BUEKLEZRAD
B OZENS, 1A MNO— B0 OFTERMZ 2 X
PO—VHEHLE ZLT 22 0= H5D1X
NO—UHEDITEDEREZ2 A MO—I 5D 1A
O—2 &0 OFEBETRTSZEICEST 12
rO—2 B0 OWREEZREH L. TO®, /o
FARO—IRBECHBTZ2A NO—I 50T -5 %
FHTBHIEIEST, AMO—VREICBITS1 X
cO—27 B DITEDER (A bO—27 &, m/stroke)
ELTEHL, AMO—VFBEICBTS1IA Ma—2
Bz 0 OFRERFE(ZX hO—2 %1 L, s/stroke) & L
TEHL, AMO—JRERBIDZ1IAMO—IHk
DOWRE (m/s) ZEH L=, EBRSMENT 2
6RITODB, 2APO—VDEHZA hO—V ENE
bEWEERDENMEDOKTE 13ITT DRALL, &
DDARITOEGEZERSIMEORERMBEE L.
=& v FREICDVWTIE, =¥y FERD
FRAREOF KM ENS T—)VEME TOREBZ GL
(Goal Length, m) & LU, ZDFFERR % GT (Goal
Time,s) &L, FOFEE% GV (Goal Velocity, m/s) &
LTk £/, A bO—7FEICBTZEEZ b
00— %27 EiZH9 5 GL D&% GLr (Goal Length ration,
%) &L, AbO—7FHEHIBITIBZEHI NO—r %
1 L5 5 GT DfE % GTr (Goal Time ration, %) &
L, AhB—7RHEIZBT S FHREEICHT 5 GV
D&% GVr (Goal Velocity ration, %) & U TR 7=,

6. Wtz
Direct Touch DFRFTRIDHEIZIE RV T 4 > F v o
BMEEZERE L EIERS BT ET >/ Glr&

O—F 2 T%ME E21EE1R, 67~76. FH254E11A

GVr DEE{RIL, Pearson DFERMESHZ AN TIT>
7=, WREHLIEIZIZKEETY 7 N PASW Statistics 18 % fiff
AL, et LoBBAEZISBEL .

m # R

1. AdO—sEF@A

A bO—7FEICBIDERSNEFEDOX FO—2
£, A0 1 LBIUKEED 4 BITOEHEB
SUERREER2IOR L. SEBRBMEO 4817
DEEEEZERSMEDORRMBE L THo7z. RERE
DEH+ERRFEIIA DO — 7 EH11.76 £ 0.18m/
stroke, A NO—2 & LiA31.06 £ 0.09s/stroke, PkiE
EN1.65+010m/s THo 7.

2. - vFOR4E

ERBMENFT TN EF v F 25 v FOMELE,
RIVT7 4 >Fy VEBIUSROEHETHEL 24
RER3IIORLE. 608725, SFIRETH O
Direct Touch 2324717, Z0#TAJEET® > /= Glide Touch
MI6FAITA LN, ERBMFRL, 14m, 15mBEY
16m @ 3 BEDOEHE 2T I DITHILITLST,
2EEU OIS v Feirolz. £k, ERBM
BENToEEHE 2 TOO B, AEOI—-IY v T
OHENHIR L 2371 3031T (15RY) ThHol
I5IC, SEEORTOO B, AEOI—-ILY v FO
HENHBE L ERSMELX 3L THo .

24777 D Direct Touchld, RV 7+« >F v 7% 2[E
o717 (BAF, [2Kickp#1T) &BET) X 9#fT
THY, 3EFT- T (BLTF, 3KickpdfT) &HB&Y ]

xR2 EBRBNMEOAPOI—VEEIBITBZANO—FVE, APO—TF1A
WEEDBRKNES L UR/MEZR W 4 RITOTE L IEHEFE

AbhO—U &Y XbO—UFAL* R
D (m/stroke) (sec/stroke) (m/sec)
1 1.73 £ 0.05 1.00 £ 0.02 1.73 £+ 0.02
2 1.47 &+ 0.04 0.92 = 0.03 1.59 + 0.02
3 2.14 £ 0.04 1.21 = 0.02 1.75 = 0.02
4 1.76 £ 0.01 1.16 = 0.03 1.52 £ 0.03
5 1.59 + 0.05 1.02 & 0.03 1.57 + 0.02
6 1.71 + 0.03 1.04 %= 0.03 1.63 = 0.02
7 1.81 = 0.10 1.03 = 0.04 1.75 = 0.04
8 1.86 = 0.04 1.04 = 0.03 1.76 = 0.07
9 1.76 £+ 0.09 1.17 £ 0.08 1.50 £ 0.03
10 1.81 = 0.08 1.03 = 0.03 1.75 £ 0.07

*BRKE S BMEZERROE 4 1T OFI(E
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R3 FEBRBNENMToIT-NE v FOLEER
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Undulation Calming
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BIATTHo . BGERET D &, 2Kicky 34T
BI-IE y FEMOREORRBOEKEZIC 1EE
DRIVT 4 2F v I 2fTW, WOT v TAA— T
2EIEBDORIVT 1 >Fy U &fTo 7288, HEREIEK
THRMICT IS v FR2ITIBRTFIERIN-
3Kickp#fTi, 1EEBXV2EEDO RN TZ 1 > Fw
27 BifEId 2Kick, BIT EFMRICITHON T 548, 3 EE
DRIVT 4 2F v IDBEMBFCETEHETH DU A
NI —BHEZT > TRARFIITONTND 2 &4
BTE-.

RIZ, 36747 D Glide Touch® 5 5, Undulation &
TR 9T TH Y, Calming BfTIZ278 T ThH o /=,

Undulationi#f7 D5 %6, K74 >Fvr % 1ETFo
@17 AT, [1Kicke#1T] &M89) 133817, 2@
o7 BT, [2Kickg R 1T) B9 36T T
» o Jz. Calming D278 fTD 5 5, 1Kickgit 171323
AT, 2KickeilfTIZ 4 RITCTH o/, BGEHRTS
&, IKickg BRI, d—IL % v FERIOEZDIELLR
DEKBRICNN T« >Fy 7 2fTo718, d—NFy
FEIIBRTFVEEINS. 2Kicks# 1TiE, 1EB®
RIVT 4 2F v 7B IKicke i ITERBEOY A 325
Tfrbh, - v FRTONBFNC2EE D KL
T4 Fy I RITOIRFVBEREINE. 1Kick 7D
Undulationi#f7id, 1EE®D RIVT 1 >F v 7 aFb



72 aA—F U T¥WA B7EELE, 67~76. FR25F11A

NEDSELEBHNTHICE W%, BECERN
BT UARNSEUERS X CERNEN LA D E1E
DFERTE /2. 2Kickg #81T @ Undulation #4713 1Kicke
AT @ Undulation 317 & R D BIHEN T N 7218,
T=NFyFEITIMI2EIBDO RN T4 >F v i %
TORTIBIRIN:.

3. A-IFYyFERIOMENNT +—<T Y RICEX
578

Direct TouchiZDWT, RNV 7« oF v 7EERE
HEUE1BRGBGTEIT 2 (F4). TOHKE,
GLT 13 3Kicky & 7 (1.67 = 0.25m) #32Kicky 3 7
145+ 0.19m) LKL THEEIXEWEEZRLE (F
(1, 22) = 4.785, p<.05). GT Tl 3Kickp R T (1.05+
0.17s) & 2Kickp a7 (0.98 +0.10s) DENCHZ/RZEN
BHENRMo T (FQ, 22) =1.157, n.s.). GVTIX
3Kickp it 17 (1.59 + 0.07m/s) #32Kickp ik 17 (1.47 =
0.10m/s) &L THEEICEWEZRLE (FQ, 22)
=8.836, p<.01).

GLr Tid 3Kicky #4717 (96 = 14%) 53 2Kicky 31T (82
+11%) EHEBEL THERICEWETH - = (F(, 22)
=8.836, p<.05). GTr T I3 3Kickp ikt 7 (100 +14 %)
&L 2KickDERTT (94 £9%) ORMICHEZERENZ DN
Bmofz (FQ, 22) = 1.535, n.s.). GVr Tl 3Kicky i

17 (96 + 6%) 3 2Kickpak1T (88 + 6%) LB L TH
BICEWMETH > 7= (F (1, 22) =8.756, p<.01).

Glide Touch D 7 EEfER 2 K5I /R L. GLTIZ
1Kickg #4T @ Undulation 5817/4% 1.08 £ 0.32m, Calming
1T40.65£0.19m TH D, 2Kicke ik 1T D Undulation
# 713 1.18 £ 0.21m, Calming 3 7 12 1.30 + 0.22m C
& o 7= GTTIL 1Kicks# 17 @ Undulation 3 7 1%
0.71 £ 0.13sec, Calming & 713047 £0.11sec TH D,
2Kickg 7 T @ Undulation & T 120.81 + 0.07sec,
Calming #4713 0.87 £ 0.09sec TdH o /=. GViZ 1Kickg
# 77 @ Undulation #4713 1.50 + 0.21sec, Calmingif7T
131.38 £ 0.18sec TdH 0, 2Kicke i T @ Undulation i,
713144 £0.17sec, Calming i 1T 131.48 +0.13sec T
® o 7. GLr Tid 1Kickg & 1T @ Undulation 5% 17 1% 60
+11%, Calming{T1337£10% Tdh 0, 2Kickei
T @ Undulation 31713 75 + 9%, Calming 71372 +
14%THo7=. GTr Ci¥, 1KickeiA{T® Undulation &,
71360 11%, CalmingifT1344+10% TdH 0,
2Kickg 31T @ Undulation #1713 75 £ 9%, Calmingist
fTId83+12% Tdh o 7z. GVrTId, 1Kickeik 1T D
Undulation & 7 13100 + 15 %, Calming#z 171383+
9% T® D, 2Kickgik T @ Undulation 3 1T 1388 +
6%, Calming#{T1386+8% TH 7=

&K 4 Direct Touch IZ BT B T D&S

levene 2Kickp, (N=9) 3Kick, (N=15) F Value
GL (m) 0.211 1.45+0.19 1.67+£0.25 4.785%
GT (sec) 0.165 0.98+0.10 1.050.17 1.157
GV (m/sec) 0.382 1.47+0.10 1.59+0.07 8.836%*
GLr (%) 0.305 8211 96+14 6.109*
GTr (%) 0.184 94+9 100414 1.535
GVr (%) 0.745 88 L6 96+6 8.756%%

#1p<05 **ip<.01

#£ 5 Glide TouchD 5 R

1Kickg 2Kickg
Undulation N=3)  Calming (N=23) Undulation (N=6)  Calming (N=4)
GL (m) 1.08+0.32 0.65+0.19 1.18+0.21 1.30£0.22
GT (s) 0.71£0.13 0.47%0.11 0.81+0.07 0.87£0.09
GV (m/s) 1.50x0.21 1.38+0.18 1.44+0.17 1.48+0.13
GLr (%) 61+18 3710 669 72+14
GTr (%) 60+11 44110 75+9 83x12
GVr (%) 10015 83+9 8816 868
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£6 HI—IN¥vFOGLr& GVr DIHEAREG

I %y FOREE FEBEHREL B
2Kickp 726 027%
3Kickp 364 182
1Kickg Calming 611 002

¥1p<.05 FFip<01

4. - yvFOBELELUVAENDGLr &EGVr
D%

K6 IZI—)V¥ v FOEEFICGLr & GVr OB%R %
RUTz. 2Kicky ifTid, BEREDHBEBEGNZED S
N7 (r=.726, p<.05) %3, 3Kickp T TIXHEZ/2H
BRERAZED SN >z (r=.364, ns.). 1Kickg
AT D Calming ATIEF B R EOMBEMEENED 5N
7= (=611, p<.01).

v Z &

1. ARRICE T HEBFEOEL M

T=)H vy FOHMIL, L—ApHICBITE 7+
ZyvPaRE (L—ZARBTBBEED5m) OFFER R
WEo TSN T & (HAKIKES, 2005, pp.173
-176). Lo L, R (1996) 17 1 = v 3 2 BE Dk
BEORENE LWEEE, d-IVy v FE2ELICH
ETERNWZELERELZ. ZOMENS, T14Zvw
Yo REORBEREE, -y v FOHRRHEEIC
KEFBENEEOHECLDFEEZZTDLEERD
N5, HEFEH» (2000) 1Z50mEHFL — XD 5mE
DA bO—=T3Hns, BRI, |mELNIVICEKRR
<, L—REFICESKREEOETEREA ho—2
BEOETERASERRBERICH 2 ZEEHSMTL
. XD, EBOL—AD T4y 1 BHEER
HISHE, AERME SR THRDEH LR
BTHDEMEIND., T, L—AOETIZESE
FNOWEREDHER, BRAKEEBLUZ ho—
g, d=NE v FIIEEELEZBEEZSNS. IO
£33, EBOL—ATCI-)I¥ v FEHMET 515
G, ZL<OERANH B0, -V v FOEKDHA
EZIESICFHECERWATREENH D EE X 5N 5.

Z I T, FROERREIL, BkOL—XOHEE
TEDEVOMMED DI SIKENL4m, 15mBEU
16miZR/EL, NFTSADT=)F v FOIHHIZA
NO—/ BEOEEZREMECT—ILEY v FOEENE
DEDRXEMLZDONZEIS TRTGVr TRl L

. ZOk%D, EREBNENZ MO—2 BEEEHT
TORVWES, GVriLBRFEINEZEERD, F
WITHETERNEEASND. £IT, EBRICHKT
B, ERBMEIIERL A OBRABATHILS I
BRLE ZORE BEXCEBREEER NS T
EHEEALNDN, EEOL—ADEFRES TR
RBEEZBND. TOLIREEND, EEOL—
ADI=E v FEHHTHHERTH, ERTTS
T— ¥y FESTHHEICS, EXICHET 3IC
HERHBEZZ N5,

2. NFZITSADT-NE vy FE#TOAHE
NETIADI=NE v FREDLSIZiTbhizD
meEd—)Vy vy FOEE RILV71 2 Fy 78EBL
PSR DEMEICK > THHE L= (%3). Direct Touch
BRIV T4 2Fy VEMER 2EEHEI RV T ¢ >Fy
JDEEZE 3EfT DR TR CE /2720 2 MR BE
T & /. Glide Touchl®, Y OBEDOHEE R)L
T42F v & 2BTOHBEE3ETOHABICHET
&, AEBICERT S ENTER. AREOREEN
SRNE T 54 DI —)V¥ v F % Direct Touch D 2 %7
Bl & Glide Touch @ 4 ¥R 2 & H 8 T 6 HAEINEIZR
N, BETHILENTEE L, AFETHD
Nied—=NE vy FORTRELET S &, 1KickG D
Undulation #1713 3 877, 2Kicke @ Calming 31713 4
#17, UndulationfffTiX 6 RITCTho/z. EBRSMEF
MINSDI—)VE v FOHEEERT HEREIHT
HELEZONDD, HELEOMRN SR L
. 5%, IhSOEMEERNTEIENTEN
W, Bl d—IVE v FOLEEERETE SR
HdEEZLND,

£/, AT 14m, 15mB XS 16m D 3 FEEOH,
BEREL, I-NF v FORE2ERBMEICEH
BRI T TERET - 2. T0LYD, KEERBNE
WKEBERRI-INEY v Feftd FESHELE. £
7z, MUEBERETHNEIRLCI-NI v F2ITI &
EZonkn, AUEBTHERZI-NVIvF %
FIozITIRERTH o2, D EMD, EBRBM
BRIV v FIMN> TR hO—7 OFFI 270
BABIEDE, -y FERMMOKEDERTOA
KEBIIEC T, J-NFyFORFEERRLTND
ZENEZOEND. Fiz, ERSBMWEORANTIZ
ldm, 15mBEIRI6mD EDEHTH->TH, d—J
&y FHEHEHOREDEREOAKMLEEFLGL, FE
DI=NE v FDHEET> TH BN 3 LNE &
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NHOERBMEOX DT, I—IVF v F THEEZ /N
I THEDITE, =T v FEFOREDIELS
DAKMBIZE > TI—NY v FORFENRRR D
®, I=NFvFIZAND ETICA hO—7 EHET
DHBENENDDEEZ LIS,

3. =y FERICTONIHEDNELEDE

DK ET

1) ShUENME

Maglischo (2003, p.165) {3 K& /KERIREIZL T
KW EBEFIZNS BB EZBLZLNDN, NFT
F1DOHERINROEEZITOI ZLICLST, EWHA
E— REZEEBTES Lk~ /=. £/, Sanders et al.
(1995) WENF 7 54 DHEED SN0 EEFEHERE
BB < 2 LIk > TEHCRENEE, HECRER
PLODRIC T ANDHEENEMT 2 EE2RLE. £
DR, WEIFHzETHRFAIET, THANOH
ENZHHICBHRIES LT, KEHROHENZ
BB TEDEERIN, DRVEETRIANDHELES
EETDHEEZOND. AMETIEHATESDET
Holzlzw, MAHMEETD LN TERM . &
%, SRUEEOEMEERNT I2HEND .

2) BIL7arFy o8E
NFTSADAMOA—=TERIT 4 2FvIDIA
U0, FEHOAKBICIEBORILV T 2Fw 2
BTV, ARO—FJFZ2EEBORLT 4 >F v i %
TS ZEMNREINTNS (Seifert et al., 2008). =
7=, KIKOEMEICS (N T75113@E, 1EA
O—ZHIZ2E BN T 4 >F v 7 EFN, 1RIEBOR
WT74F9 0, FOAKNST T AL —THEIZ
T, 2EBRBEOT v TZAA —THIZTS. ] LiE
HINTWD (HAKKER, 2006). ZDZ&hs,
Glide Touch @ 2KickgsRATICBIT B 2EB D KV 7 1
FY IR, AbA—J@fTo TWARNDHDD, A b
O—Z7HIZFTI RN T4 >F v DI 32T LR
DILIVITTRNT 4 >Fy IifTbhizeEx5
N, TOIMITX0BRLII-NF vy FEiFok
BEILIKicks IZ2 B EEZ BNS. ERIZD (2008)
WBARRIVT 4 >F 0 D 1Fy IV HORELEE %
Ralb—alFEIZELT, FUrE—MREKI
o TMELTWBZEEHRELE Doz dm
5, I=)& v FEOREEE /NS < T 57=0IGlide
Touch TRIVT 4 >F v 7 iz L pH#ERZ2+7ICES
DI EERE A Y B AR AR I Nz

—7%, Direct TouchtZ, 2 EfTSHHE (2Kicky ifT)

E3EFTI HE BKickyilfT) NEIRTE /. ZDF
hiEzEME L& 25, GVrid2Kicky sk 17 (88 &
6%) 7 3Kickp 31T (96 +£6%) &L THEI/NE
WETH- 7. LML, BREEZERLEER I
&y FEMDRBDOEREOEKEIZIIEED RV
T4 FY I EFTN, BOT v TR — TR 2 EE
DRIV >FyrEfTokE VAN -8z
o TWBEFIZRIVT 4 >F v I 2ITH, TOER
WZd—) & v FETIOPENERTERL. NI,
Glide Touch® & EF#RIZ, 3KickpyidfTld 3B D
RIVT7 1 2%y 7 ORBEEHNERERELCEEICI—
W FeiFdiDd, RNT12F v ik sHER
Mo TRRnwEEZLNS. £ZT, GLrOEZEL
95L&, 2Kicky 1T (82 £ 11%) 13 3Kicky 5T (96
+14%) EHBELUTHERICEWETH . DI L
Mo, ERBMEFEFOZ NO—JEIMNLT, dI—-)
Ty FIETHEHENEDEREDDDONTLD T,
T=)% v FOHHICEEE RIFTTRIREMENH 5 & #
Bans.

4. J=IVFyFICETHERIT-IIvTFICEX
Y7

Glide Touch TO RV EENTHONT, RV T 1>
FvrE1IEITIHEIIE, GLr&GVriZEERED
TEBIRAfRAGRD bz (R6). ZOMERIE, ERSM
HEOZNO—IERXMTBI-INE v FIRET 5 I
DEIENEOBREEL AL, COBERENMETT
L5OMERY. DX, EREMEOA O—JEX
DHI=)VF vy FIZETDEENERNTRS1Z
E, Iy FEEICHEET SRR I Nz,
Troup (1990) 13, N¥ 754D 1A O—HA 7))
BT BEEEETDONT, UANY —DOFPITHE
U, FENEKLEE BT 2FvlicdoTH
BL, vy ifThbnsBNRdbEWEETHDLZ
EERLE. 2O ENSFHOEKERITEENRE
HL, RACMESTLZ2RETH D LHEREI N
Glide Touch T2 BiCid, A hO—ZEIZHL T,
TNy FICETHEENE<ROBESLDZEHT
SHENRVEREMEAVRE N,

Direct TouchiZBF B X b—r EITHT 2 IT—-))
7y FICET D MBI 2Kickp i TT 82 £11%) 78
3Kickp 1T (96 £14%) LIEBL T, HUXEFRITE
WZENHABNERD . 2Kicky AITIRBER LD DHE
WIAITTRIVTA>FvI2TBIELLTS,
3Kickp BT & b L C O —)VEEH £ T OB S W
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B, RVT42F vy IMTARD D ZHREENE N &
HZRIN5., 35612, 2Kicky AT T, GLr & GVriz
HRREDCHBEEGRIED SN (F6). 2O &M
5 SEHEDORIVT 1 >F v EfTbRRVWES, Ak
O—JRIEMTD2I-INY v FIRETDEEDER
W Oy FROBERICDRNS Z LRI N
7z. Direct Touchld A b O —2 27> /218, FiHz2iE
THEFANRET U AN —OBEZT> TWBEH
KIT2d- Vo yFThd EBRSMEOAO—Z
RICHLT, d-NVFy FICETIHEEN TN
Ba, FREfANMUITRIICTI -y v F 2T
L& Bl), I-NF vy FRETHEHET S LHREIN
5. 2O &SI, Direct TouchZ T3 BEE, X b
O—Z&NI—IVE y FIRETHHEEIN L TEL &
DBEBNEIRTRHIEICEST, Iy FiE
DWEE /NS TE DA eI RSN,
HEDZENS, NFTSA4QOT-NT vFETS
BXIZid, Direct Touch 217 5 #5E TH Glide Touch 247
IBETHRKERIEHEDORA NO—VENEDRERD
MEELURNS, J—)VEEH £ TOEBEZHERT 5400
ENRHBHEEZOND, OI—F 27278, %k
FiZEo> T v FBfrnReTnk s, -
Y FEMOKREOEKUEZIY hO—)LIE5
L=V TETOIBREND D EEZ SN,

5. XAROFE

KFEOREELT, GVrN100% ZiBA 5B, D
EDIT-NF Yy FRICEENRA ELZRITHA SN
Tz, ZNRERICI-NS v FREIGEENHEL =D
TRAL, J-NVFyFEMDR hO—27 TOkEE
NREADL, BEOI-INF v FE2ERIfFTIT &I
Ko TAEUETEENENWEEZZ S NS, EREBINE
BEEHOSBIZI-IVY v FEAMOERBOEKE
TIIKREEZFEES Y, - FvFEERIUTI&X
578, d=NF v FEEbEI-OORAGETo&
EAoND. ZOXIBAMETOLEFIIHLT,
ArO—JFEET=NE v FREOHEEZHHL,
APO—VRETHKEEEHEELIBRNEI RS ZE
2REEITIE NI TIAOT=NI v FDINT +—
RAZEBEIVEIENTEEZEEZOND. &
%, IV v FEMOBRBOEKUFMBED TH
HTHNEND S,

V. & =

KRARRINY 754 0TV v FERIL
T=NF v FOHEBLEIT-IVEY v FERMITOE
TEORZMEERITZ ZEERHME L2, TORE,
ROZDRESNEIR DT,

1. NFT5ADIA=NE vy FOREET-INE v F

EfOEEEZNEL, EELTDHIET, NFTS
ADI=)E v FRIITONDEEOKS 2 ITET
BIEMNTEE.

2. RIv742Fy VE8ER SRV EEOEZIEIZE
DENBMN oM, I=NF v FERIOREDER
HOBKMENS TV EHWME TOERLZHALT 2
BEENREINE.

3. I—IV¥ vy FTOWEZEM TS HEL Direct
Touch B & UrGlide Touch® W TNDEFIZTBNT
B, I=)F v FEAMOREDIFRIEBOEKAED
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This study aims to evaluate the relationships between horizontal velocity, kick rate, kick length, and
the range of motion of each body part in apnea finswimming. Research was conducted on 81 male
and 26 female high-school swimmers without monofin swimming experience. Each subject swam at
their maximum performance during the test. Measurements for motion analysis were taken for the
wrists, elbows, shoulders, hips, knees, ankles and the tip of the monofin. We used the vertical
displacement of each body part over time to approximate a sine wave (z=a;*sin (b;*t+c;) +d;*t+e;).
Using these figures, we observed the following three points.

1) For male subjects, no correlations were observed between horizontal velocity and the length of
amplitudes of the wrists, elbows, shoulders, hips and knees. For females, no correlations were found
between horizontal velocity and the length of amplitudes of the shoulders and hips.2) There was a
negative correlation between kick rate and amplitudes for both males and females (Elbow r = -.660,
p<.01) 3) There was a significant positive correlation between kick length and the amplitudes of the
lower limbs. (Males: Ankle r=.888 p<.01, Females: Ankle r=.863 p<.01)

Introduction

Finswimming refers to ‘progression with monofin or with two fins either on the surface or
underwater, by means of the swimmers’ muscular force only and without use of any mechanism’,
(World Underwater Federation 2013a). Finswimming encompasses the following four disciplines.
Apnea is underwater finswimming with a large monofin resembling the tailfin of a dolphin. Immersion
swimming involves diving with an oxygen tank. Surface swimming is swimming on the surface of
water with snorkeling gear, and bifin swimming is swimming crawl style with two fins, as used for
diving (World Underwater Federation 2013b). The world record for 50-meter apnea finswimming is
13.89 seconds, which is 7.02 seconds faster than the world swimming record 20.91 seconds (World
Underwater Federation 2013c; International Swimming Federation 2013b). Finswimming enables
athletes to swim at a high speed that cannot be experienced in regular swimming, but it is not as
widespread as regular swimming. In order to promote the spread and development of finswimming, it
is necessary to research common points of failure observed in inexperienced fin swimmers, and
establish better instruction methodologies for beginners.

The research studies on finswimming (Rejman & Ochmann 2007; Rejman & Ochmann 2009; Nicolas et
al. 2010) include kinematics studies, (Nicolas et al. 2007) physiological studies, (Zamparo et al. 2006;
Boitel et al. 2010) and more. However, there are few previous studies focusing on inexperienced
monofin swimmers. The study of Gautier et al. (2004) compared swimmers with low training levels to
advanced swimmers, and found that the amplitude of the motion of the upper limbs was large, but
the motion of the lower limbs was small. It is clear that the amplitude of each body part is an
important factor in swimming speed, but despite the fins used in finswimming, the amplitude of the
fin was not mentioned. We deemed it necessary to conduct an analysis including the motion of the
fin. The previous studies showed that the relationship between amplitude and swimming speed
differs for each body part, but the fin was not discussed. If any correlation between swimming speed
and some aspect of a swimmer’s motion is found, swimmers should receive more instruction in
control of that motion. For parts of the motion that do not affect swimming speed, instruction in
controlling that movement becomes lower priority. Thus, analyzing the relationships between the
motion of each body part and swimming speed enables instructors to provide better guidance
regarding form and technique for inexperienced monofin swimmers.
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Rejman (2013) reported a correlation among propellant speed, kick rate, (number of kicks per second,
Hz) kick length, (forward distance produced by one kick, m / kick) and amplitude. It is believed that
finswimming enables swimmers to increase the amplitude of each body part. It also increases kick
length and allows a faster kick rate, which improves swimming speed. However, Nicolas et al. (2007)
stated, ‘The Strouhal number is a trade-off between amplitude and frequency that generates a
forward velocity.” This study showed that swimmers with higher kick rates and smaller amplitudes of
motion, or slower kick rates with larger amplitudes, had improved swimming speeds. Unfortunately,
the subjects were all international level swimmers, and no consideration was made of beginner
finswimming competitions. Generally, inexperienced fin swimmers are unskilled at apnea
finswimming, so they tend to have both small amplitudes and slower kick rates. In such cases, one
might observe no negative correlations between kick rate and the amplitude of each body part, and
thus not observe the ‘trade-off’, or correlation, described above. If there is no observable trade-off, it
is possible to improve both the amplitude and kick rate for beginners. On the other hand, no studies
about the relationship between amplitude and kick length had been published at the time of this
writing, and the relationship between amplitude, kick rate, and kick length has not been verified.
Clarifying these relationships would allow educators to find ways to enhance the swimming speeds of
inexperienced monofin swimmers.

In this study, we had high-school swimmers without monofin swimming experience attempt apnea
finswimming, and evaluated the relationships between the amplitude of each body part and
swimming speed, kick rate, and kick length.

Methods

This study protocol was approved by the Kyoto Institute of Technology Ethics Committee for Scientific
Research Involving Human Subjects. The subjects were 107 high-school swimmers without monofin
swimming experience, comprised of 81 males (height: 170.1 (5.5) cm, weight: 58.1 (5.6) kg, FINA
Points: 412.5 (107.2) points) and 26 females (height: 159.8(3.3) cm, weight: 50.0 (4.9) kg, FINA Points:
479.9 (108.5) points). The FINA Points system assigns points to swimming performances to allow
comparison across different events, and helps to distinguish the levels of each category (International
Swimming Federation 2013a). Prior to the experiment, all participants carried out warm-up exercises
and equipped a monofin according to our instructions. As a safety precaution, we instructed
swimmers on how to move in the water without swimming. We then had them swim 25 meters
apnea at their maximum performance during the test. Images were taken from the swimmer’s right
side using an underwater video camera (SONY, HXR-MC1, 59.94 Hz). The video camera was set on a
tripod to fix the angle of view, and recorded from between 7 and 11 meters from the right side of the
participants. After recording, the videos were transferred to PC and analyzed using motion analysis
software, (Frame DIAS-1V, DKH Co.,). The horizontal direction of the image was defined as the Y-axis
and the vertical direction was defined as the Z-axis, with the coordinate system at rest. Apnea
swimming includes none of the rolling motion of crawling, and performance was measured in a two-
dimensional motion plane. The targets of our analysis were the motions of the subjects’ wrists,
elbows, shoulders, hips, knees, and ankles, and the tip of the fin. All points were digitised manually.
The high frequency component was extracted using a Butterworth digital low pass filter with 6Hz
cutoff frequency. One cycle is defined as the period starting when each body part reached its highest
position, and ending when that body part returned to that high position. The coordinates of each
body part were calculated by actual length conversion. Using the time and the coordinates of each
body part, we approximated vertical position over time as a sine wave, to more easily calculate the
amplitude. This approximation is described here as Formula 1.

Z=al*5in (bl*t+C1) +d1*t+61 (Formula 1)

In Formula 1, a, indicates amplitude/2, b, is for frequency, ¢ is the starting point of the sine wave, 41
is the decline of the baseline, and e; indicates the offset of the baseline. The amplitude of each body
part is 2a,. Kick rate is the average value of b,/2m for each body part. The horizontal component of hip
movement over time was approximated using a linear function, as described in Formula 2 below.
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y=a,*t+b, (Formula 2)

The horizontal velocity (Ve, m/s) was set as a,. Kick length was calculated by dividing horizontal
velocity by kick rate. The data for amplitude of each body part, Ve, kick rate, and kick length were
analyzed by Pearson product-moment correlation coefficient. The significance level was set to less
than 5%.

Results

The correlation coefficients between Ve, kick rate, kick length and amplitude of each body part are
indicated in Table 1. No correlation was observed between wrists, elbows, shoulders, hips, and knees,
but a significant positive correlation was observed for ankles and fin for male subjects. For female
subjects, no correlation was observed between horizontal velocity and the movement of the
shoulders and hips, but a negative correlation was found for wrists and elbows. The positive
correlation between knees, ankles and fin was not observed. For both males and females, we
observed a significant negative correlation between kick rate and all body parts, and a significant
positive correlation between kick length and the lower limbs. In males, but not females, we observed
a significant positive correlation between kick length and all body parts. For females, no significant
correlation was found between kick length and wrists and elbows, but a significant positive
correlation was observed between kick length and shoulders, hips, knees, ankles and fin.

Table 1 Correlation between Ve, kick rate and kick length and Amplitude of Each Body Part
Amplitude
Boys Wrist Elbow Shoulder Hip Knee Ankle Fin
Ve (m/s) -.153 n.s. -.115 n.s.  .070 n.s. .171 n.s. .134 n.s. 497 ** 409 **
KR (Hz) -551 ** -660 ** -552 ** 505 ** _572 ¥k _37]1 ** -367 **

KL (m/kick) ~ .448 ** 607 ** 687 ** 760 ** 767 ** 888 ** 862 **

Girls
Ve (m/s) -.434 ** - 415 ** 118 n.s. 245 n.s. 292 ** 591 ** 504 **
KR (Hz) -570 ** -660 ** -554 ** _5g5 ** _551 ** _242 * .270 *

KL (m/kick) .063 n.s. .18 n.s. .624 ** 772 ** 779 ** 803 ** 856 **

*p<.05, **p<.01
Ve: Horizontal Velocity (m/s), kick rate: Kicking Rate (Hz), kick length: Kicking Length (m/kick). The distance moved forward by
one kicking

Discussion

With regard to the relationship between horizontal velocity and the amplitude of each body part, no
correlation between horizontal velocity and wrists and knees was observed for male subjects, and no
correlation between horizontal velocity and shoulders and hip was found for female subjects. To
improve the swimming speed of inexperienced monofin swimmers, it is expected that teachers would
prioritise training for the body parts associated with speed. Moreover, gender differences were
observed for some body parts associated with horizontal velocity. In their functional model of
monofin swimming technique, Rejman & Ochmann (2007) indicated, ‘Our results pointed out the
need to intensify the angular velocity of thigh extension and dorsal flexion of the feet, to strengthen
velocity of attack of the tail and to accelerate the attack of the distal part of the fin.” It can be seen
that the lower limbs’ muscle power is required to increase swimming speed. Furthermore, Tachi
(2003) measured isometric knee joint extension torque and leg extension power, and observed that
these values were lower in females in comparison to males. The females who participated in our
study are likely to lack the muscular development required for improvement of swimming speed.
With regard to the difference in competition level, Geladas et al. (2005) suggested that beginners
with little training show greater amplitude for the upper limbs, and a smaller amplitude for the lower
limbs, compared to advanced swimmers with more training. The results of this study show a
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connection between amplitude of the lower limbs and swimming speed, consistent with the previous
study, for both males and females. Regarding the amplitude of the upper limbs, a negative correlation
was found between horizontal velocity and amplitude of wrists and elbows for females. No such
correlation was found for males, so this finding is not consistent with the previous study. This point
can be considered a characteristic of inexperienced male monofin swimmers. Differences in
finswimming ability due to competition levels were observed in our female subjects, but may not be
observed for males. In conclusion, gender differences were observed in the relationships between
horizontal velocity and the amplitude of each body part, but these differences may be affected by
differing competition levels.

Nicolas et al. (2007) discussed the possibility of a ‘trade-off’ existing between kick rate and amplitude.
If the amplitude of each part of the body is different, kick length and kick rate can be expected to
differ as well. The results of this study indicate a negative correlation between the amplitude of each
body part and kick rate for inexperienced monofin swimmers, and confirm the existence of the ‘trade-
off’. Even when increasing the amplitude to improve swimming speed, a decrease in kick rate is likely,
but this is unlikely to improve swimming speed. As a result, in order to improve swimming speed for
inexperienced monofin swimmers, it is necessary to perform drills to increase the amplitude of the
lower limbs and speed training to improve the maximum kick rate.

On the other hand, there is no report about the relation between kick length and amplitude of each
body part. Oshita (2008) compared finalists and non-finalists of the World Championships 50-meter
surface race, and found a difference in kick length, but no difference in kick rate. Amplitude was not
discussed. Two-dimensional DLT capture with a video camera is mainly used for calculating amplitude,
(Nicolas & Bideau 2009). The disadvantage of this method is that it cannot be conducted in actual
finswimming competitions, so it requires much time and effort to set up a test site. In contrast, kick
length can be calculated by dividing horizontal velocity by kick rate. Horizontal velocity can be
calculated by dividing the distance by time, and kick rate can be calculated by dividing the number of
kicks by the swimmer’s time. Thus, if the number of kicks can be measured, it is possible to calculate
simplified velocity, kick rate and kick length. If the relationship between kick length and amplitude can
be understood, it will be possible to estimate the amplitude of the lower limbs from kick length. The
results of this study showed a significant positive correlation between kick length and the amplitude
of the lower limbs for both males and females. This shows that it is possible to estimate the amplitude
if kick length can be calculated. In the future, if the amplitude of the lower limbs can be estimated
from kick length, (which is relatively easily calculated,) amplitude can be more easily used as an
indicator for training.

Conclusions

The purpose of this study is to verify the relationship between the amplitude of body parts and
swimming speed, kick rate and kick length in apnea finswimming by high-school swimmers without
monofin swimming experience. Our results allow us to clarify the following three points. 1) Since no
correlation was observed between the swimming speed and the amplitude of wrists and knees for
males, and the amplitude of shoulders and hips for females, we can conclude that some body parts
have no relation to swimming speed. 2) A negative correlation was observed between amplitude and
kick rate, which verified the existence of a trade-off between amplitude and kick rate for
inexperienced monofin swimmers. 3) A significant positive correlation was observed between kick
length and the amplitude of the lower limbs, which indicates that it is possible to estimate the
amplitude from kick length.
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[Abstract]
In the present study, 12 female high school swimmers who had never used a mono fin
were given fin-swimming lessons aimed at clarifying changes in their swimming speed,
kick length, kick rate, and swimming motion, and also at identifying any problems.
Training was given once a week for 5 weeks, aiming to increase their swimming speed
by increasing the span of their leg swing. After that, they did apnea swimming for 25
meters at maximum effort. The participants’ apnea swimming improved significantly
from the first time (14.21+2.48 s) to the fifth time (11.83%1.42 s). The swing of the fin
edge increased from 0.26 m to 0.30 m. By mastering the leg motions, the correlation
between the participants’ apnea swimming results and their swing changed from
negative to positive. After the second training session, the correlation between their
apnea swimming speed and their kick rate was significant. Introspective reports and
interviews with the participants did not reveal any difficulty in specific motions such as
upper limb motion, underwater posture, goal touch, or other related skills. These
results suggest that coaching mono fin swimming should be provided in the following
order: (a) entering and leaving the swimming pool, moving in the water without
swimming, and related skills such as turning, (b) increasing the fin swing, and (c)

increasing the kick rate.
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FITCARME T, B/ 740 RO ER L T RKIR T ER G T A A TS
Yk | Kicking Length 33X Kicking Rate DZE b, ZNE OUKEMEDE R LS NNE DML 2 Dk E
ZHONCTAZEEZHIELT,

Tz

O. 5k
1. T4 AT REOBINE
T4 A TR AREFROAR— VG EE Ok oEo—HLLTthhi, Z0
BANEIZERZ B THIKDOME 21T > TRY, B/ 7405 FEDIR NG SR A TR T 12
4 (B E:1.59+0.06m, KE:51.4£6.7Tkg, KIKMHE:12.54.2 4, FINA Point:572.6=161.7 RA2k)
Toh o7z, FINA Point (X455 fE B o it FLFL Gk A LM IZR A MEL T2 F5 1% T&H % (Federation
International de Natation, 2013a), ZAUZEKD, NF T T4 k| kX, B HERED R
FiH CThHoTh, HRFERE LML LIIK L~V TR TH2E0NTED, BINEOFH L ~viT,
BT R RS HGL SV A Z— AL L Thote, 7k, RFROZITIZHTD, FHA
TEHE RO Next G LT DM R MELE AL B ORRERT, SHIT, ZMEDET L8 % F
DR KRR B L OB INE OIR#EE | ZINE ICEE THESIN~D R EZ&T,

2. MEDOANE
() HRETarT A
T4 AL TR (FRFE) 13, 25m IBAKENT — /L (T a—R) (2T, 1 K058 2 1 [ o4
5 fhE B L CHESN T, ZOFE Tl T NI, T4 A7 B OB 6 F (HiH ik
FH:2007T FET 4 AAITWFIRTFME B 500, o7 VT IR E) BLOREIEFIEENE AN A
AKRPAR =V R D 3 M DF G Z R o TR E 14 1Tl TThhi,

£ 1 REOKARBROERIFEHIE

=X HEFIF

1B E/Z4>0WmYELNE
BOBYA

288 EREEETICEIAT
EROHEDEAZIUTESHES

3B 2@BENES

4EB BREEFICENT
FTAHETHVIETD
BEHTFTELN

S5HE 4pEDEE
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T4 DRI

B ¥/« ‘/iﬁ
T/ T2 23 DEVAZXEDP LN EODODERTEENEEAERDT.
NELRICIRL Cj/ SDIZBRICORH B,

ZEFHR. REANDRADDN. CCTREFOHIAHZEEREET S,

TRS<EHORE
T« 2ZRBEFCTTERD. TCUCEREZACRRERT 3.
FEREZRSTLOIC. ES-ILOVyOASERAULLINETIREEHS,

TixEAH
T4 ZICHUTREZES>TSANTE>TCNHENAS.
BROLDCHDICREZVN. NENA S EEAOHEN S <72B

KEFD, F0539<

MMEDBRERTUTNSE>TSRET 2« EZRCEDET S,

1 B/740DBEFHFEWE S

FLIREOE ARO FRIBENRZ R U, 8 1 E B[ 7 7 =7 IkIEO FE 78 ) ORTcR
B 1 A ISR DBEEIIKIE (0 1) 29T o7z, £ D% B/ 74 DIRIERLBINE DL DI T /7
AV DIBESFEBETT (K 1) | B L TREBY 92 715 (10 2) , K TOEERT 10 % Triies
WZE KN TIRTZBE T 2581, BHOHM~BE T2 E L, ]
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BRIZ, DEETEEABED LT AL Do d HEE N G T DTN TERWZD | HABEZ DT THED
INTHEARULIZ (01 3), 85 2 M A 1, BROEW G OfREE T2, /7405 ICE-T, L%
JIIRLBEE7RD KT B Z UK TO R FBORIED/NSRD AR B D, £ T, ¥ HHREL
BT ZEicio T, B PN HEEIL THX, BESCT7 4 ORIEAE KT 52854000, v
Zm FESELHBTITole, o, R ERBLY Tl FEEEMaRIC2 A7 TIRESE UL,
BH O NEFMLLT L IREBPH K TELLEZALNTND, ZD7d, LEEEENTFAIL T
X, PR ARICAAI 7 TIRIBSE LI L, 5 3 BIHIX, & 2 BIH TITolc A O
B EH I To7, B AERIX, B/ 7 OIRBAEICHEIVS T HICH Y7 TELIIIC, Bt k
FCET e, FHETRIEITHIZE BadhF T ERNWI L aBE L, FalhiF 3258, 17
FINTH L TR BLONE /7 o PREIMEL, KOBHAREIZ T, HETLEEZ 2615,
%5 EIHIT 4 B H Tl NEDEE 21T o7,

WIZ, K2R ED 1 HOWNERLU, [ 77 =T IKIEOEREFRE | TIX, B2NFICE—T7 0%
FEMLT25m % 16 Bk &E /700 % 5 F LT 26m & 8 Bk R 2 1Th 7, Znboy
U+ 2 K B a3 KB IS INE I L CEED R B &2 1T o7, Z D%+ kB E LD,
SZINENZ 26m AT (77 =7 1K) Fm KBS Ik T 1 BATHOET=,

£2 BED1 HOWN

237 BED1BOREN
1350 ~ 14:00 XEONABHA
14:00 ~ 1410 9#+—325FvF
1410 ~ 1440 FT=T7hOERLET
14:40 ~ 15:00 25m7 7=FkDHE
15:00 ~ 1510 REHEDEA
1510 ~ 15:20 2—)LA 22 -$&T

(2) ZINE OWE WA LA

BINFECEDNE WL, 77 =T KK THRELICT — AP ARICCEMSh -, ZORARRKE
2 \RUTZ, ZNE TEEICRE T 8L Do 7ol b 9T, A H HICREASE 2, N
BWEBICRASNI-NE L EMICHIET D720 2B RA& T, 10 /R E Ok 22 H A % %
M L7z, WA S E ISR SNT 7 =T IKIEOBIEOEEL v o72 28 SESTEZZLEITON T, K
KRR EIZ N TEDINTE R ETT o7,
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ORLA->EZ LWNTIREN,

L\

O S TELEZLEBTLNEN

-
I QTDM, BV ERNTTEW,

2 NS OFRA AR

3. T —HDOE&G
(1) 77 =T kD it %

T =T IKOFERIT ZINE O RE BT —VEE DAL, FEA T — VEEmRNIZ AN D E TE AR
v 7' 4vF (SEIKO #E8, SVAS003) & FHVCEHIIL 7=,

(2) s I ik

INAAE =R AZ (Casio L8, EX-F1, #REHE 30Hz, vy ¥ —AL—R 1/2000 #) & H T,
BINFE OHELT I7 UK U CTHMG IZH DK P EDOIMUNDIRE LTZ, B ATIL4—AD Tm H g 5
Im HUSETHIRE TEDINC =W CHAZEEL, BIEHEEE T A IATO N R EAZTHED
IZRRE LT,

(3) Mz A
SMFEONE LT 5720, 2 5 BIONERELZEFT L, NEBREOEF T —Z2LLIC, H
BRI FE SN, TONRIL, IC La—# (SONY 18, ICD-UX512) Z{# L Tk Sz,

4. 7 —2LEE
(DETABIAZTIPLEIAG LT

RESNI-ET A WgIL, N—YFrarea—4%— (DELL 8, Vostro460) IZEVIAZ, BT A
B EfEAT S A7 4 (DKH 84, Frame DIAS-IV) ZHWCE oo 7 & CGRlo RAE 8, HIgE, Kis
I, EBIET. SN, SR B, T4 DS BEON 20 AOVT LAY —T % R 30 7L —
LT, BINE OB AREEALD peak—to—peak & 1 AV /NEL, 3 AT NWZDTeo>TT VFARXLTZ (X
3) o MO IR 5 D IR GTEAZIL, 2 IRJC DLT IEEHWTC, V7 7L A~ —0 %L EICHEE
LTz, B ai T S T NE OXxy 7BV EO R RN 172Hz FEE TH D7 |, Butterworth
Low—Pass Digital Filter Zf VT 4Hz O&iH CHigib L7,
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242D &R

3 TUAAREAT T H IREL

(2) 7 —&5HH

OIS RB AL O EEIELZ DRFRING, 3 A7V LL EDOW AR, H RO B 5 D
I R8T — 22 B Tl E w72 (N 1),

z=a, Xsin(by Xt+c) +dy xt+e (FH 1)

ZITC, ag ITHRIE /2, by IXEBEL, o IZIERIE O R, d ITFEROME, e IZEBROUIFEZRT,
ZDOFERNZOUNT, ay, by ¢ 1XX 4, dy. e, 1XX 5 IZR LT,

1 . PeaktoPeak(B,) .

-‘-

0

0
v
-~

A

v

NN~

4 z=al Xsin (b1 Xt+cl J+dl Xt+el (X 1)® al.bl,cl DOFHA

Oom

(km)

d

>t
0

5 z=al Xsin (b1 Xt+cl )+dl Xt+el (3 1) D dl, el DOFiEH
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HARORME (m) 1 2a, L LT, 1 A7 EFTDIE EL T, Kicking Rate (KR, Hz) (% b,/2 7 &L7=,
REEICRTHH B LT 4 OMFZE (LA, deg.)id e, KB SN, BHIZVD e, 2 HEHEL
UT-TRBE AL (REEZE AL, m/s) ELTC d, ZHW e, d, DEPNEDEA . k& XK E 2\ H > THEKNT
WAHZEERL, ADLGAIIKIEIZAD S THERWTWAZEZR L TND, T VXA XB I R DI
%0 ELIERF D H R ORS (FREE, m) 2R THIREL Te & MW,

WIZ, KEGAF DKLy DWERINT — 2 % — R BE AR TPl 7= (R 2),

y=a, Xt+b, (X 2)

Kicking Velocity (KV, m/s) (%, a, & L7z, 512, KV & KR TR 2L -T, 1 Aozt
TeitFf L C Kicking Length (KL, m) #& HL7-,

BHSNT 7 =73k OFEEk, KV, KL, KR, i@, (AH, SREZ M, EICOWT L EHE 2 [
HUIEIBEE3EH 1EEBEE4AEIHBIO L EHES BIHOZE LEAF L,

(3) N & B RO B A
JIFEH (1967) D KJEABZ B, BINEOT 7 =T KEHEICS T oL I 2B, ICLa—4
TEELIEE R 27X AMUL, 77 =7 KEMELITOBR DML IR T 2N A i L7z, fitishn
TeNBZ o 7 ICBTHNE 0N FEF BT ONE I EDO I =T —R TLARTE DT, 7L —
TN LT, TN —T LT N B Z VR A VIZB T 2NED AL AF VICETD2NE» OBLA
ELENMEICBE T 2EEL ST DWW TR N Te NS AU BT 2L SITHO W TR R N A OB
LT

(4) FeaH AL

FARYTAIAT —HORFEABUTEACE LB T D720 FIR DB % —HIK 5T 21T -7,
BRI MEAMROE TEZRUW GBI, Greenhouse—Geisser DIREICE>TH M EAZFREI Lz, E2RNR
DO E DL E LM E I, Scheffe DIEE Az, 77 =7 IkO7EHITHT S 1 [ I
T 2RI ANG 5 BIHETOZE EE KV, KL, KR, #RiE, {71, TREZCIBIORED 1 B H I
5 2 FIANS 5 [ HETOEEDOBREIHONCT D720, BT Y ORRMBEREEZHE L
oo ETo fERBRERIL AR & LT,

. #&3%
1. RNT7F—~< L ADEAL,

T =T kEeEkIE, 1EIH (14.21£2.48s) , 2[B1 H (14.25£1.93s) L3 [A] H (13.741.66s) T,
HERZTROON 728, 4 A1 H (12.52+1.37s) 3L 5 [ H (11.83+£1.42s) 1 1 [ H, 2 [A]
.3 BIHEHEL T, ARICEES M ELZ (X 6), KV OfERIL X 7 1ZRL72, KV i, 1 Bl
(1.85%0.24m/s) . 2 [E1 H (1.78£0.23m/s) BEL O 3 A1 H (1.840.22m/s) DI, A EREZDHOD
N7phyolz, LU, 4 BT H (1.97£0.20m/s) (X 1 B H 2 B BB X3 [\ H &L T, A REISHEHD -
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7o 512, 5 [B1H (2.0920.21m/s) 1E, 4 BB XL EEIZEN -T2, T =T kOB /L EE KV
DEALEDBURIZOWT, BTV OREEMBE T 21T o785 %, 2 81 H (r=-.588, p<.05), 3 [A1H
(r=-.686, p<.05) .4 [ A (r=—781, p<.01) BEL 5 [A H (r=-.628, p<.05) Th-o7-,

20

18 - * %k
18
=
% 14
.W.‘g
% 12 E
P\ * %
il 10 *
'R 1[E B 2[E B 36 H 45 H 5E B

**p<.01
6 K HABROTT=TikO08k
2.4
L3 3
’:.é ¥ %
B22 #
|
S 2
g — %k
b:” * %
218 o
2 =
!
1.6

1[EH 2[EH 3E B 4E B 5E B
*:p<.056 **:p<.01

7 % HFED Kicking Velocity

KLIZREZBL THEREDRBOONLRD -T2 (X8) . 77 =T Ikitdk D2 S L KL D2t &
DEARIZOWT, BT Y OO 1T o7 R, A B BRI O o7= (2 [
H :r=-.375, n.s., 3 [A1H :r=-.258, n.s., 4 [A] H :r=-.533, n.s., 5 [A H :r=-.492, n.s.), — 5, KR 1%, 1
[8] § (1.5720.25Hz) 75 2 [A] B (1.34 0. 19H2) I[Z[A CTHEIZIK FL-#% ., hx ICH KT 5l s
T, 5 B (1.7740.30H2) (213 1 [ B EABRENHRLNILRD -T2 (M 9), 77 =T ket DAk
#& KR OB L EDORBRIZOWT, BT Y OFREEM BT 21T o 7o R A B EERITRDS
o7 (2 | B :r=—.061, n.s., 3[EH :r=—.042, n.s., 4 [F H :r=—.182, n.s., 5 [@ H :r=—.096, n.s.)
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= = =
= =2} o2}
—

Kicking Length (m)
b

1E1H 2[5 B 3[81H 4[5 H 5[E] H

8 4% HFEo Kicking Length

b
o

=
e X}
*

Kicking Rate (Hz)
[y
(=]

=
-
*
*

=
o

1EH 261 H 3EH 4[E B 5EH
*1p<.05**:p<.01

9 4 HFE® Kicking Rate

2. BIEDORFMAE TR T INTA—ZDOEALE T 4 —~ AL DA%
(1) HEDiRIE

HRDOIRIEZFK 3 1R LT, ERGE, 1EE (RAFER:0.11+0.05m, JEI§:0.08+0.03m) 7°5 2 [ H
(RE#1:0.16+0.05m, J§IE:0.1040.03m) TR ELARD /NS RHEMZKER T, 5 B H (RE
97:0.09+0.05m, JHI4:0.070.02m) (21% 2 B H EAEIT/NEL 1 B H & BREDRRDHIIRN-
oo T CRERT-, EBIE . SMER ., 28 b 5 88) 13 4B L TR B RN A bR o123 7
4> D5 1 [EIH (0.2620.06m) LELEZL T, 2 [51H (0.33%0.04m) 3L 00 4 [51H (0.33%£0.04m) T
AEICKEL ol T =T IKGEEROZAL B L H RORIE BT D E L EOBRIZONWT BT Y
Y OFEEARRE I ORE R E R U2 (R 4), BLPREBEORIEL Y 7 =7 kit DM N, 2R ¥E%E
WBLT,HERADHBBRRRBOONIZ, —F . RBEHOIRELT 7" =T WKLk EDRIT. ZHED
% EA .5\ H)ICHBERAOHBBGRIRD LI,
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#* 3 FHRBROWRIE

1[EH 2mEB 3@ B 4E1R 5@H F Value ZEHE
g (m) REE 0.11+005 0.16+005 0.14+006 013+005 009+005 6866 =*x 1<2, 2>5
R 0.08+003 0.10+0.03 009+002 0.09+0.02 0.07+0.02 4824 sk 1<2, 255
KEF 0.15+004 0.18+0.03 0.17+003 0.16%+0.03 0.13%+004 4205 * ns.
EEEAE 0.25+005 0.29+0.04 0.27+0.04 0.27+0.03 0.25+0.04 2.753
g 0.27+006 0.32+004 032+004 0.31+003 030+0.05 3413
FRAPPHIE 0284007 0341005 0331005 0341004 0324005 3899 * ns
212 DE 0.26+006 0.33+0.04 0.32+0.06 0.33+0.04 0.30+0.04 3015 * 1<24

4 RIBOEACE LT 7 =7 KLk O ZAL B O R ORI R K

2EH 3| B 4B H sEE
REE -092 -526 -615 * 655 *
Big 02 -332 -475 -522
KETF  -4%2 -419 -536 647 *
BmASE -621 ¢ -298 -543 -546
ShEE =725 ¥ _570 -598 * 679 *
FEBRFE  -75 FF -e47 * -658 * -674 %
Tk 620 ¢ -389 -476 -.551

*p<.05, ¥*p<.01

(2) ER& TRz T LA

F RO ZHR T D720, RFFEHIC T 5/FE, K1, BEIE ., SR, F AP 2 FEBIY
T4 DDA E R 5 IR LT, (AR 360deg DI A, RUFEHE T H~BEI 22/ 7 R3[FT
ThoHrIeamd, RFHEEFH P REHEOAMMIL 1 [BIH (391.7+34.7deg) &I LT 4 [ H
(365.328.8deg) CHLAHNA BA/NEL IR oT, 77 =T kD iidk s G TSR T2 H RO AHED
BIERIZHOWT, 5 [\ H DO KREEFDONAAR (r=-.772, p<.0) (A ERADFHBIBIRAGED BT (3£ 6),

#£5 FHEORFHIZHTIHERBLIOT 1> DY OALAH
1EIR 2ER 3E A 4[E1H 5EH FValue ZEHE
{4 (deg) BIE 829+298 7884239 736201 80.0%£220 84.0%26.2 1267
KEEF 2184+357 210.1+325 207.4+249 207.5+259 2155+284 1714
EsRA A 2848+31.9 2748+283 2744+234 2768+275 289.1+313 3309 * ns
538 3565+29.0 341.1%263 341.0+244 3425+309 3553+339 2831 * ns
FAPEFE 39171347 373.6%23.1 38061221 365.3+£28.8 383.8%353 3487 *  1>4
J12 D kiR 47344498 47874355 469.2+41.1 464.2+41.2 510.1+£725 3015 =*
#£ 6 PO EET 7 =T KiLER DAL B O R OFE FFE BAFR 5k
2EEH 3@ B 4[@ B SE B
BE -19 -.432 -.105 -342
KEF  -.138 -.557 -400 S772 E%
BEEs 173 -.485 025 -278
5h3E -104 -.240 380 .074
ELhREEE -14 -.207 285 205
IO EkEE 272 114 229 265
#¥p<.01
(3) VRHEZE (L LU T TR EE
FARDOIRE AR T D7D, F T ITHEELLEZ R U, WEZLITENZIZE 0 THY, AE
REFRDLNR -T2, L2 T, BMMEITIFIEAKEICETL W2 bdmd, £/, 77 =7
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AR —

PRFLEk SR E AL ToO B TR MAALNRN -7 (R 8), T, IITIRE
DOfERE R U, B (OREBEE, JHE) ORI 2[5 H | 3 B H THERWA, T (K
FHEBREPRDLNR) T, 2L, |
BEDSEIEL ., TR FEERSBIICHDHZE2RT, 4 BIHIBEOS BB, ROEEHE, Filk, Kis
1 RBAE . SME, FEH REEHB LT 4 DR OIRENEEAEE DI MER ThoTz, 2
EONWTNDIEERT, Flo, T =T UROFEREIRIEDBIFRIZOWT, 2T

Tesh | 2 9 TR
BR-| RRBAET, SMER. B

g, B IRAIKIES

D HIETRBRB AL NI -T2 (3 10),

TR EEE) LT DRI

VINT A — U AMTE, 6, 113 - 133, 2014

DEALETETE TS

£ 71 K BRBROBEEEAL
1E18 2[EH 3EE 418 5@ B F Value
FEZEIE (m/s) RBE 0.00+004 000%0.03 0.02+0.02 0.01£0.03 000£0.03 1.321
A 0004004 000003 0.01+0.02 0.01+0.03 0.00+003 0.766
KézF 000+004 001+0.04 0.01+0.03 0.02+004 000+0.03 0.745
REER 000+004 000%0.05 0.02+0.03 0.02%+0.05 000£0.05 0548
MR 0.00+005 0004006 0.01+£0.04 001+0.05 001+£0.06 0218
FEHRPEHFE 000+005 000+0.06 0.01+004 001+005 0.00+007 0234
J4®%H 0004006 -001£0.07 0.01+0.06 0.01+£0.05 0.01+0.07 0276
7 8 BEEALOEALELT 7 =T PKFLEROZAL £ R OFE R 46 B R 5
2[E8 3[E B 4@ B 5E B
REIE -363 -.026 -.184 -.002
BEg -3712 -.118 -.159 -.102
KEF -221 -177 -058 -077
ERAE 123 -.169 -021 -.024
HE -349 -.195 -273 018
FERPREE -217 -172 -.298 .009
1D 34 -.201 -351 -.080
#*9 FHRBOBE
1E1E 2E B 3EE 4E E 5EE F Value ZS:rss
EE (m) REEE -096+0.16 -101%0.13 -103*0.13 -084=*0.17 -085=%0.21 7.839 *x 23<45
Bi& -091%0.17 -095%+0.13 -095%0.13 -079%0.19 -0.78=026 6363 ** 23<45
KénF -094+0.15 -098%+0.14 -096=*0.12 -083%0.20 -085%=028 2871 * ns.
ERRAET -101+0.16 -101=%0.17 -103+0.12 -089+0.25 -091+033 1.766
SE -091+0.20 -091%0.21 -094=*0.16 -080%0.28 - 0.85=0.42 0.91
EFRPEEE  -090%0.20 -091%0.25 -094=0.17 -080+0.25 -083+043 0874
JooD%E -089+0.26 -088+0.26 -095+0.23 -0.78+0.27 -080+040 1.067

K10 REDOLALBELT 7 =7 KGO E L B O R ORI AR

2EH 3B B8 4[E B sE B

REsE 097 400 -036 -.368

R 135 442 046 -.287

KEF  -003 516 016 -300
e -.148 527 -.008 -239

M 219 547 291 -147
ERPEEE 102 Sl1 369 -.087
JoMEE 323 439 457 029

3. ZINE DA DHE
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SMBE DR L2 B RERONEREEZR 1L IR, CONEHEZ CICHEREE T2, £
DOFERZ 10 IZR LTz, THRAMEINTENEIT, v 7, Bko#E KFERE I —12yF | il
AFx )b AZ—NIBT 5B O 6 HEIZENSN T, 20 6 THE X, [WkAF /L D EIDAK L ) O
A TEGBRIC B2 8EL S TEMEICBE 3 BEL S I OBLRIC L > T TE T,

® 11 WEEEOEER

EAHH D
£33 ] LV TEE

KELLS
E/TDEK, 5 13
F—ILDAK. BK, 4 3
Kb THLBFTIZBETIE, 3

AA2—FEF
B BEEBID L, 13 32
BEH--%. BRUEBOFvIETHIL, 6 4

*E

tEg

EEHFIRDHL, 25 14
AN —LSIDEBEHRBTHIL, 5 10

)
BREREHIFELIL,
FR(FvITHIL,
THETHFVITHIE,

B/ T4ENFEESL,
FUODRBEAGTH L,

M W Lo~

INSUR

FoTCILEDIE, 24 14
TEBLTEEFMATI VTN ELEDIL, 1 18
ERWRIZFuI9 5L, 1 4

Z0ith

EOEETED L, 7 1
1ED& v CECER#THIETIL, 3
TR TR E, 1

VS DAL Tk T,

HEE DAL THRSC DS,

—_ W w e N

d—NL2yF
J—ILauFEEHEDIIEL, 1 2
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REROMLE

S

* il
AFEII AF I
BEDHLE
10 B BECT- 8L SOF+— R
V. B8

BIEE CORERBRNG, B/ 740 FERBEOIRNBIKR TR T 7 =T IKET 12356 "E 754
Fo /LR T, R ESORIEA /NSRBI TS, ZOHERNEL T, KERKRRBEFFOT/ 74
CEEFERTHILIZES T, KOPLABPHE KL, /740 DNESTEFIZBEHLIKWIENE DD,
Gautier et al. (2004) |%, E#H 1ZWLE LHEL T, FTROBENRENIEEZR LI, ZOZEN5,
THEOREZ RESTOUERHHEEZEZOND, TDTD, KR —= 713, RIBLE RS EDHL
IZE o TRTp—~ A% N LS HHBTITo T,

1. N —= T2 E N\ T —~v AD AL
(1) 77" =T Uk O FLER L vk

T =T KITE ) T4 BEHLUTHBIKDNZT7T7A4% 7% /K CITHEE ChoH, AL HEH
MOBIKDI == T HAT o TWDIZD  NET7T7A4F v ZIITBNTEBY, B/ 74025 LT
=T VKIEDOMRE AT 23, Fedk o m LI SND, AWFFEORE R, ZEORTH: (2 [ H 3 BIH) D
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