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ABSTRACT

The purpose of this study was to provide high school male shot putters training methods of gliding and delivery motion through
comparative analysis of kinematic characteristics. To accomplish this purpose, three dimensional motion analysis was performed
for the subjects(PKC, KKH, YDL) who participated in high school male shot putter competition on 92nd (2011), 93rd (2013)
National Sports Festival. The subjects were filmed by four Sony HXR-MC2000 video cameras with 60 fields/s. The three-dimen-
sional kinematic data of the glide, conversion and delivery phase were obtained by Kwon3d 3.1 version. The data of the shoulder
rotational angles and projection angles were calculated with Matlab R2009a. The following conclusions had been made. With the
analysis of the gliding and stance length ratio, the gliding length was shorter at the TG than the SG with short-long technique but
the gliding and stance length ratio was 46.8:53.2% respectively. The deviation of the shots trajectory from APSS(Athlete-plus-
shot-system) revealed that the PKC showed similar to “n-a-b-c-I” of skilled S-shape type, KKH and YDL showed “n-a-d-f-1"” of
unskilled type. Furthermore, they showed smaller radial distance from the central axis of the APSS and the shots were away from
the linear trajectory. From this characteristics, The PKC who performed more TG than SG had shorter glide with S-shape of
APSS(skilled type) showed the better record than others with technical skill. But KKH and YDL had bigger glide ratio with “n-
a-d-f-I" of unskilled type and improved their records with technical factor. The projection factor had an effect on the record
directly. Because PKC maintained more lower glide and transition posture with momentum transfer through COG’s rapid hor-
izontal velocity respectively the subject possessed the characteristics of high horizontal and vertical velocity with large turning

radius from shot putter to APSS.
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3 A==, AAA /4ol oJsha sk s HF
371 Qs AlFol FAKF sta, Al Adste] A
A3t stAge] o)zt A o HE|ZE(release) =017 3
7ksted 71Zel fElgh Ao B lvk(Alexander,
Lindner & Whalen, 1996; Hay, 1993; Pyka & Otrando,
1991).
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dleH|= 2~E(Daivd Storl, Germany)S 21733} Ao 7t
7} 1.99 me} 111 kg, 2231 m2 29]91 #o]= 2 (Jacko
Gill, Newzealand)}> 1.90 me} 107 kgl 2, =] A=<l
171 %Park Ki Chang, 1.83 m, 90 kg), %7 ¥ (Kim
Kyoung Hyun, 1.79m, 93kg), & & (Yoon Dae Lim,
1.84m, 98kg) ArE2 A AFHe 2 A4S Hol
3L uTh 2eiy 2007 A HIAIS AN S S5k
#]2 Z3KReese Hoffa, USA, A1 1.80m, A=
141 kg)e} 2ve obg dl=(Adam Nelson, A7 1.83 m,
AF: 120 kgr AselA zpolE Holal UA|RE 217
Me Sl AFEF AR 54 Boli drh

Qx)7] 714S dukzlo g 9 Hato|dll(O'Brien) B &
2lo]|=(Glide) 71&3 ©|(Turn) 7]&o] AMEEZ Jedl,
A%zt #Es] Byun, Fujii, Murakami, Endo, Takesako,
Gomi ¢} Tauchi (2008)2] Aol &JshH Algo] -2 A
I ° 7Ee] Adata, Aol 71 AFEe FEol=
71&0] frEldk 20R Asion, Aol 71 EnpA] mf
o] B A (Tomasz Majewskiye SEl0|E 7]&S ARG HE
Hol| Ago] zke 2] S 3K(Reese Hoffa)e} ofg dl
(Adam Nelsony> ® 71&S AREslaL ot Al7go] tha
2 U A AEEe] |dA]7] Z1sed doixe A4
I A 20E EskaA igle] 540 g e
ARgEE Zlo] ofet B ZEbeolE e AREERL 9l
om, AAZA 500 doXE © 7] A slew
YERAAIRE, | 7]zl gk AEA] Aol gk ofsf
o= <l FEtol= 7]go] ARREHIA e HECER
Aztd ok

Zatsiorsky (2000)°] ¢]shH E3HAX] 7| tfdst Q2lo)
ARG, 29, oy, §94, 283 9A7] eFel
Holsl= AlAEde] §-8(coordination) F2to] 2317
z2-gstet], EASAQ 42 slge] §EE o83 Al
Alo] slgom x2hs WolliA] Rslal Fo|u of7f9
3ol fJEdte ZAoR HAEI Qth(Hay, 1993; Young
& Li, 2005; Lee, 2007; Ryu et al, 2011; Kim &
Ryu, 2012). o] A7ollA ARRELL Qe STel= 7]%]
E48 AvEY 7E 53 wE FEel= = (glide
phase)?} E2]=2E 93 22| = (delivery phase)> =
TE= =0 (Lee, 2002; Kim, 2003, Young & Li, 2005;
Byun et al., 2008), 2efo|= FHME AlA¢] $FHS
a7 she FHORA FH| oM FES FEHOR
AAXNA AAFTAY FHEEE SR TREA AL
stal, Ao dAHAdol FaF FZo|tk(Susanka &
Stepanek, 1988; Luhtanen, Blomquist & Vanttinen, 1997;
Zatsiorsky, 2000; Linthorne, 2001). @@® g+ H3$
(transition)?} 2] Z(release) &2FO 2 o]FoiF] HFHOZ
Zejol=oln Qe AAle] eERE F el W A

ofsl FAE W TS ASATIEA, &8 SE E
Ao oJ8) AUAE AEAA 23S Do GA|= 40
CHLindsay, 1994; Tsirakos, Barlett, & Kollias, 1995;
Luthanen, 1998; Young & Li, 2005; Lee, 2007, Ryu
et al.,, 2011; Kim et al., 2012).

ojxld FEtol= 7eE AAH AHE| oAl 9
) F 7K §Eo® FEEEU|(Turk, 1997; Bartonietz
& Borgstom, 1995; Bartonietz & Felder, 1993), “short-
long technique™s L EHRFTD)e] AlE 2H21(1.05m) A
o FAskE &S Felol= Aol 71 2|l faoln,
“long-short technique™= 22| AlE] 2}R1(1.05 m)yS '@
ojx HAeh= 71 Fefol= Zol} &S ARlAg RSt
R, Hay(1993)2} Alexander 5(1996)° 2labd Za}o]
o} 2N ZJolo] HlE oA Ale] A, =3 1)
5 7K U= AFEAE “short-long technique™”t
fFelskal, Aol &, Aol vk ofst &L “long-
short technique”7} F2I3t Ao 2 HIFT AT 72
273 B4 sk HA9 7les Fe Zlo] Tasit &
= JtHDunn, 1989; Bartonietz & Felder, 1993; Bartonietz
& Borgstom, 1995; Alexander et al.,, 1996; Turk, 1997).

o]9} &3l Bartonietz (1994)0] o|3hd ZElo]=9} A
& SO 225 m o)) AFEE Fefelms} el
Zolo] Hgo] 44:56%= Fetol=rh @A vyt 71
“short-long technique”S XA, =] B3 19190 314
AE B3 Ryu 5 (20110 9Jaha 3= 7128 Al
gt &A= 38.6%%F 61.4%= “short-long technique”
£ HAANL AAARIE AFERY Sgtols Hlgo] #
Il ZElA Hgo] 71 545 BRlrh W ofugt Lanka
(2000)°ll ©]3FH “long-short technique™= Z~8lZ~ Zo|7}
7] witol DEj= oA sRIEFY g A 1]
& 5 AL AA Y] #@ 3 QYA o] HojR|= whHO
cex el 79 2L o]§3E “short-long
technique’= Z®lZ Zol7p o] H= FHodx 23
o]FH Aol Hlojgd we} FF Ho|7t zokx] dej=
ko] FARSETE Zobd = Q7] wiel] ARAle] Bl 7]
=S = Zlo] F83% AR Hiskal gt

58] AEAQ] W Ads) gel= SN 553 o
<59 okslz Qg #rE 5F IS 23| olF
A& SAZ(Athlete-plus-shot-system, [APSS])olA] Hlo]
WA ate] HF o] BAF 270E A Kl ZeE B
(Young, 2009; Zatsiorsky, 2000; Lanka, 2000; Bartonietz &
Borgstom, 1995; Maltseva, 1990; Knudson, 1989) 3t $)
ok olx§ ZEtol=g dEj ] ddse Hel=
7re] FARge], FAL, 280l AR JFE F=
23k g9lo7 we MPAF([Ryu et al, 2011; Kim
Ryu, 2012; Ariel et al, 2004; Hubbard, de Mestre,

= i)

& o ol ) x
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Scott, 2001; Luthanen, 1998; Alexander et al.,1996;
Maheras, 1995; Tsirakos et al, 1995; Hay, 1993;
McCoy, Koprowski & Orgen, 1989)°l14 AAStaL UTh.
R ofyg} Lee (2007)7F AAgH £3HAR] 7] 7]e5 2
st AU AA(posture)2F &= (velocity), &
(thythm)=} Efe]™ (timing)e™, 7P &8¢0 S2k& <18l
A B3 tigt 28] 27lo] FFH ook she FoR
HshaA, sy MrsS 98] 95k d8s 28A1%
EolA] 9] 7|& FHEZEINS Bl AFES] 7
718 ol 71eska Sl
ao = Betal 20109 o] F5elA] dnk A
THA] AR oAzbe] 71Fe] vhe EAS HoFAL 3l
tl, o] S5 elA YRR 245 FzlFog v
T2 AL 7] wiEel oz A5E 7He
Aol P39 ddolgt & ok 53] ATH ATE
< Y E AFE dIE i S Kl
2 Ae] aFEe T Bk o} ArEe]
2 HAS 53 AFEdA 2o B Fuws Ay 4
q_
2~

rr
2
)
o,
N
Y 2
nHd
°

e

Aofol st} ey IR AFES tge @
(Kim & Ryu, 2012)7F P& F82 lo], AT E A
2 SA7Ied 2ast 7] A A5E ATsA
K3kl QiTh

oo} e, o] A= 20113923 A=FAA, A7 ¥
Al, &= 15.59m; A7 1623 m; 27173 1568 m
20123(933] A=A, o3, 9 16.81 m; 1733
1 17.03 m; 2715 1802 m)ell 5% 28hdz) 3shdoe g
71t AFES tdo g shde) e 254 jols B4
slom, olF T3l AP E HAF=E wa, S49A7)7] Sle
71e4 a]ldl gk W3k Al stazzt sieich

1L o7 2y
1. 947 CHX}
2011 d(28Pd: second grade, [SG])3 20123 (381 third

grade, [TG]) A=Al 2d A& ket @t 3165 3 1
o] Mo thet EX= 7122 <Table 1> 7t}

2 ME B
Qo] AR AFUISE 24 U] <Tuble 259
7o) B9 e} GAEA AU AT,
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Table 1. Characteristics of subjects with grade classification

Height Body Career Record Dif
mass

m ey o™ M
SG 1.83 90 15.68

PKC 8 2.34
TG 1.83 90 18.02

SG 1.79 93 16.23
KKH 6 0.80

Grade

TG 1.79 93 17.03
SG 1.84 98 15.59
YDL 7 1.22
TG 1.84 98 16.81
SG: second grade, TG: third grade
Table 2. Experimental equipments
Equipment Product Manufacturer
Photograph Sony HXR-MC2000 Sony
instrument Control Object(1x2%2 m) Visol
Analysis Kwon3D Version 3.1 Visol
instrument Matlab R2009a Matworks

() A=A JAS Sony HXR-MC2000 U9 7HA2}
4N E olg3le] HFsISIT) Gl Had ¥ Hus
A7) 98 <Figure 1> o] ¥o] 2m, Zo] 2m, &
1me] FA E5 AXEIA, 72t 9732 60 fieldss=
FgEom, MEAT=E 250 Hosz A4

4. EX2| L Y ol

o] AFrollA AREE 32k FZ7HESE ALK DLT
(Abdel-Aziz., & Kararah, 1971)& ©l&3l9om, A=
2019 AT el 7P AR (ESHeRE F 23719
HE- 1470e] E-o] 2" A T Z(linked rigid
body system)Z ]I, 7F A ALle] AATHES
TF3t7] fgk AAZEA T (body segment parameter)T
Plagenhoef, Evans ¢} Abdelnour (1983)2] A5E ©]&3}
Ak A Q1S FEfoluet i SR F8 &F
4 al¥ xsko] AA AHE APSS(athletic-plus-
shot system)®] 545 £A131T).

5 24 3H

B Ao 4 FHRyu et al, 2011, Kim &
Ryu, 2012)& FEo|= Alzollr dE|=z7X 2 sl
™, <Figure 2>} 73o] 57119] Event?} 47119] PhaseZ A
Aot B3I FERlE SH-E EloA] E37kA|olH,
deulg] FHe E30M EVAE, A3 A (E3-E4)
de]= SH(E4-E5)0 2 Zh7h HEsto] 483l
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E2: take-off

El: initation
RFTD: Rear foot touchdown, FFTD: Front foot touchdown
Glide phase (E1-E3) - P1: E1-E 2(pre-flight), P2: E2-E3 (flight), Delivery phase (E3-E5) - P3: E3-E4 (transition phase), P4: E4-ES (release phase)

E3: RFID

<

E4: FFID

ES: release

Figure 2. Definition of event

mz =
1. 220|E 20o| FQ 255X EM

<Table 3> Fglol= =W (glide phase)ollA] @A ¥
T8 254 a9l Uist Had A} el 2ols: v
el Zlojrh. @ 8% ofA(take-off, E2)oll4 2| (E3)71A]
P2l tist STo|= AQAZHS BH, SGolAME Het
0.14+£0.01%5 HA3L, TG = B+t 0.15+0.002% =2
o|= AlZke] Tha Aozl EAS Hlow, YDLY ¥
PKCS} KKHO] Z$-E 0.13Z%(SGPIA 0.152(TG)= &
gol= AlZke] SV 54E Bt 229 o)X (take-
offielA] @B 2A] =IHRFTDY/HA| Fetel= Zolé} H]
E(%)S AR SGE Hd 0.98+0.06 m (49.6+4.72%)
S B, TG JoiME= Ha 0.95+£0.07m (46.8+
1.62%)= SGHT} thh Fefol= o7} Folxl 548 B
A€, PKCY 4% 1.03m (SG 55.1%)¢F 0.88m (TG
45.4%)= FEtol= o7t Folxl 548 R AR, KKH
¢} YDL SGET TGolA 0.96 m(46.6%)2t 1.02m
(48.6%)% 0.04m (0.10%)2F 0.04m (0.05%) Z=7td &
23S 1t

Zgo|= HHox o2 ZX] F=IHRFTDY/A] 3k
2 W32 BH,) SGETF TGZ) AWz oz who zix 9]
FHol= F2S Blon, PKC FAHL7E 0.13 m %
ozl ZHIE B3l A @], KKHS| 79 SGET TGel

A1 2318 0.17 m =k ARAleA] AA| 5= EAS B
o AAFAHY] Ho FHEEEE HWH, SGVF Hd
2.73£0.18 m/s2 EQAR, TGAIME Hit 2.62+0.03 m/s
2 o Fold EAS BJE, PKCE SGETF TGolA
260 m/sZ 0.02 m/s w2 £EE BA T KKHeH
YDLS TGS FHEE7F SGRUE 28 &0 7145
EA4S By
Fefol= AHoA FEIEIe] A7]9) AT e
71871 AHAE AR, FE271¢] 79 El2 SG7F TGE
o} A AAE AR HE 120.2+6.75°S ARG E2
o} E3¢ YoM = TG7F thd AldE ZAeA] o]X]
(160.3+6.84°)9} 241 (104.5+2.81°)7} o] FoiA]= EAS B
2tk PKCS KKHE SGETF TGolAE 111.7°%F 96.0°
2 9o AAE BRI, YDLS SG7} 127.1°, TGolA
143.7°2 FA] A" A olA F2o] FEE 54
HAth oXE=7HE2) Joid KKHE TGollA o
HARERTE FA AE A (167.8°014 oA == 54
< HATE ZA|(RFID, E3) w7kl oxe BE A}
E9] Fgo| 239 AHE BAAT, PKCS YDLO 7
- SGHU} TGollAM tha AdE zpAjoA RS BT,
= SGHET} TGOIA 6.1° F3E Aol 2A|sh=
EA4L By
AT 7] 7187] WskE BH, fh2 A7 <o
2 A, 02 TR, S FEAAE o]k,
Eldl] lojME SG7F TGET} tha AHA|17F AR 2AE

tlo |r
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Table 3. Kinematic characteristics at the glide phase
PKC KKH YDL 3G TG
SG TG Dif SG TG Dif SG TG Dif M#D  M=SD

Executive time at P1 (sec) 028 032 004 037 035 -0.02 050 048 -0.02 0.38+0.11 0.38+0.09
Executive time at P2 (sec) 0.13 0.15 002 013 0.15 0.02 0.15 0.5 0.00 0.14+0.01 0.15+0.00
Glide length from E1 to E3 (m) 1.03 088 -0.15 092 096 0.04 098 1.02 0.04 0.98+0.06 0.95+0.07
Glide length (%) 55.1 454 -9.72 46.7 46.6 -0.10 47.1 48.6 146 49.6+4.72 46.8+1.62

Vertical displacement of ball at glide (m) 046 033 -0.13 0.18 035 0.17 020 0.15 -0.05 0.28+0.16 0.28+0.11
Vertical position of ball (m) El 072 073 001 084 071 -0.13 092 099 0.07 0.83+0.10 0.81+0.16
E2 107 094 -0.13 097 1.00 0.03 1.01 1.01 0.00 1.02+0.05 0.98+0.04

E3 1.18 1.06 -0.12 1.02 1.06 0.04 1.12 1.14 0.02 1.11+0.08 1.09+0.05

Maximum Vy; of COG (m/s) 258 260 0.02 293 265 -028 2.67 261 -0.06 2.73+0.18 2.62+0.03
Knee angle of RL (°) El 1199 111.7 -82 113.6 96.0 -17.6 127.1 143.7 16.6 120.2£6.75 117.1+24.31
E2 150.6 1544 3.8 159.0 167.8 88 158.7 158.7 0.0 156.1+4.77 160.3+6.84

E3 102.6 1074 4.8 1104 1043 -6.1 94.6 101.8 7.2 102.5£7.90 104.5+£2.81

Trunk lean angle (°) El -76.6 -769 -03 -519 -759 -24.0 -724 -669 5.5 -67.0+13.22 -73.245.51
E2 -509 -539 -30 -54.0 -51.6 24 -542 -50.5 3.7 -53.0£1.85 -52.0+1.73

E3 -432 -452 -2.0 -487 -465 22 -38.1 -343 3.8 -43.3£530 -42.0+6.70

RL Knee maximum /s at P1 279.5 3454 659 4456 519.1 73.5 522.7 383.3-139.4415.9£124.3 415.9+91.3
RL Knee minimum %s at P2 -514.3 -5149 -0.6 -568.7 -706.8 -138.1 -613.1-552.0 61.1 -565.4+49.5 -591.2+101.8

RL: rear leg (right leg); SG: Second grade, TG: Third grade, Vy;: horizontal velocity

HAA G E29F B39 ojA= SGEF TG7F thar At
A A o] R 9} 2] F2S HAARE, M2 9] 7]87]
7F XA R MA= 54 Btk KKHe 739 A
AR ] 7187178 718 A 4% AAE Bl v
A1 YDL2 E2¢} E3the H@AEHT} JA7E A9 =}
AlollA] 2R = EA4S 1S

= F=o] Hof| Al (extension, P1)7} =3 (flexion,
P2) Z}& % (angular velocity)®] Z715 HW, FH| ZA| o
A Q29 o2 7K ] PlolME= SGEF TG 7Hll fAFSH
AHEEE Ho|HA PKCS KKHE] 739 Hul Axd&=
7} SGET} TGO 65.9%s9F 73.5% S71He 545 2
Z27 @] YDLE SGHTF TGolA 139.4°%s 22 &0
A AAE EAS BYTE Q29 olxol| HX|7A|9] P2
AME SGRT TG7} i ZIFE&ET7F WE PG
591.2+101.8°s9] =5 HEH, PKC= SGF TGollA
OF 514°%%% FANSE Z2AEEE BT, KKHE SGETH
TGolA 138.1%s2] ZF3&57F 2 706.8%=, YDLS| 7
2= SGHTF TGOA 139.4%%] ZFFEL7) 22 552.0
oA A H = EHS BAh

2. "ale2[e] Mt =H

<Table 4>= EZ|HZ](delivery)®] #%+ =} (transition

phase)oll g T8 25384 Qa<le] Ht}t HA} Fhe] =
ol& UERd Aoltt. dEjHg] F1kelA HEE = (P3)9]
Fo 5% EAS Aund, As FHe] QA7
AolA SGE H 0.10+0.04%2 HAN, TGE Ht
0.09+0.04%= SGHT} ThA wE 522 RS=d|, PKC
o] A% SGF TG E5F 0.05%2] &S AI7RE 8ol Az
2] KKH9} YDLO 7% SG= 0.12% 5 R, TG
AE 0.12%2F 0.10%% PKCHT} tha 71 s A7+
L=Rs L=

gk =] 2Ei2x Zoloh vl S AFEYA, SGe 3
7 1.00£0.14 m (50.4+4.72%)S B Y3, TGl JoiME
it 1.08+0.02 m (53.2+1.62%)= SGHT} el Zo]7}
Z7td 5L EAEd, PKCE SGOlA 084 m
(44.9%)5 HIAT TGOIA= 1.06 m (54.6%)2 SGHTE
0.22m (9.72%) 4ozl E4L8 HE3, KKHE SGHT}
0.05m (0.10%) 7! 1.10m (53.4%)2] 28§l ZolZ ®’
o] whHol YDLS TG7F 0.02m (1.46%) &oF 1.08 m
(51.4%)s Ho). A% ZX|(FFTD, E4) Al 23ke] 43
0|5 HH B39} fARSE ZolE B, SGSF TGO 2
ANE ARG EoldlA] 2A|E= 548 HUh PKCY
745 B3Rt E47} tha Eolxl ZMAE BUAIT, SGETH
TG 2% 2o} Ak 2|4 0.12 me} 0.11m %
o7l AME B, KKHe YDLE 223 X1} ¢
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Table 4. Kinematic characteristics at the transition phase of the delivery

PKC

KKH

SG TG
SG TG Dif SG TG Dif SG TG Dif  MESD M=SD

Executive time at P3 (sec) 005 005 000 012 012 000 012 010 -0.02 0.10£0.04 0.09+0.04
Stance length fromE3to  E4m) 0.84 106 022 105 110 005 110 108 -0.02 1.00£0.14 1.08+0.02
Stance length (%) 449 546 972 533 534 0.0 529 514 -146 504472 532+1.62
Vertical position of ball (m) E3 118 106 -0.12 102 106 004 112 114 002 1.11£0.08 1.09+0.05
E4 119 108 -0.I11 103 110 007 114 119 005 1.12+0.08 1.12+0.06

Maximum Vy; of COG (m/s) 237 223 -0.14 232 233 001 229 256 027 233004 237+0.17
Knee angle of RL (°) E3 102.6 1074 48 1104 1043 -61 946 1018 72  102.5£7.90 104.5+2.81
E4 1022 1073 51 1125 1177 52 920 100.1 81 102.2+10.25 108.4+8.85

Trunk lean angle (°) E3 432 452 20 487 465 22 381 343 38 433530 -42.0+6.70
E4 385 363 22 471 420 5.1 377 240 137 -41.1+521 -34.149.20

Shoulder line rotation (°)  E3 164 58 -106 233 199 34 25 112 137 124+1336 12.3+7.11
E4 266 172 94 436 325 -11.1 344 360 1.6  349+851 28.6+10.00

RL: rear leg (right leg); SG: Second grade, TG: Third grade, Vy;: horizontal velocity

W ZRof| A tha Fopxl 5438 HIAIRE, SGET TGO
Al o] T =2 AAE BATH

AR FA] HA) FHEEES BHH, SGE Hit 233+
0.04 m/sE B3, TG += SGET} 0.04 m/s W2 H
237+0.17 m/sE B, ole FEfols wHe] Hd &
=(SG: 2.73+0.18 m/s, TG: 2.62+0.03 m/s)c} 7H&5H 2
5 Bt 984 ¥ A4S ¥y PKCE SGEY TG
oA 0.14m/s 7HEE 223 m/sd] £5E B, YDLS
SG2] 229 m/sEt} 0.27 m/s S7HE 2.56 m/sE HATH

7= Q19 HEste] 02% FEZHRL)S] 49 A #
Z(E4M SGOllAE Ha 102.2+10.25°S B3, TGoA
£ SGHUF thi A1HE Ht 108.448.85%04 A==
7202 Yehted, PKCE 229 2|9} ut x4
AR 2 ZHS BAA T, SGHUF TGOl tha 2149
AAOA 2R E s EAS B PKCSF KKHSF 2]
YDLS E3HT} E49] AAMztEt) 03] Z3% AAE
B, SGHT TGOl 7.2° (E3)¢} 8.1° (E4) 214"
AAOA A B 548 Btk AAHSA 7] 71871
A E BE, 029 X (E3)Rct 9k R (B4l A
A7) 71&717F thae MAl= ZARAE BRAAL, E40llA
£ SG (41152198t TG (-34.1£9.2001 4 A4 7}
AN AAE BT 53] KKH7F E30lA 718 &
48.7° (SG)} 46.5° (TGYE KA, EdollA= 47.1° (SG)
9} 42.0° (TG)E E39 & WH3slE Holx| %= PKCS
YDL Et} A7F 71 2ZAeA] edto] ZA| == E4
< BTh

oAMsIAZte] 715 B, A AX|(EdpelMe o2
FA|(E3)ET HPAE BT US3)de] g2 Yol A v
b=, B30l JoiME SGeF TG7F 4K AHIE B

ARk, E40l Qi E SG (34.9+8.519H. T} TG (28.6+
10.00°7F tha &3] 9] $29o] 22 54ES B
tl, PKCE= KKH®} YDL Hrt} y&3)do] 22 329
HolmA SGHT} TGolA E37F 10.6° E47} 9.4° 3A0]
22 548 Bt

3. ga2li2lel Ea|= =M

<Table 5> Y#]= W(release phase)el] thdl F2
5 Q%o tist Fa WA} 3ol ZpolE vERE A
oJt}.

Fo ANE 2R AH (P4 AQAHS AT HT,
SG= it 027+0.00%5 HA, TGAM= SGHTF Tha
A2 Wt 0.26+0.03%2] A7HS Hl=d], PKCS YDL

SG (0.27%)°F TG (0.28%)A FAFSE A7 HRl
Holl KKHE 0.27Z(SGIIA 024%(TGE dE|= A
7ro] Fobxl 54L& HuTh

E3ke] 3 9X9F HLE Auud, SGoF TG A

% o

B, KKHE SGETF 0.15m 2H
HAE Btk Z3he] 2 X9 HeE Ay, g

= F7HES)S] FAREe leir] PKCE SGEEF TGOlA
0.06m 2 2.02mE HIATH, KKHS YDL2 SGHTh
TGOlA 0.03 mét 0.07m =0 2.13 mé}F 223 mel|A] &
=27} o]FojR = EAS HATh 3] 427 Hed 2l
oA SGZF Hat 0.99+0.09 mE EL, TGIE 1.00+
0.06 mZ T F7H 54L& H=d, PKC= SGHUTE
TGolA 71 0.94me} 1.04me] ©l5 WS HQ wbdo
KKHE SGET} TGollA 0.04m Zold 1.03 mE ®HYoh.
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Table 5. Kinematic characteristics at the release phase of the delivery
PKC KKH YDL SG TG
SG TG Dif SG TG Dif SG TG Dif  M#SD MSD
Executive time at P4 (sec) 027 028 001 027 023 -0.04 027 028 0.01 027+0.00  0.26+0.03
Horizontal position of ball (m) E4 095 095 000 115 1.15 0.00 1.18 128 0.10 1.09+0.13 1.13+0.17
E5 211 217 006 237 222 -0.15 228 249 021 225+0.13  2.29+0.17
Horizontal displacement of ball (m) .16 122 006 122 1.07 -015 110 121 0.11 1.16+0.06 1.17+0.08
Vertical position of ball (m) E4 119 1.08 -0.11 1.03 1.10 007 1.14 1.19 0.05 1.12+0.08 1.12+0.06
E5 208 202 -006 210 213 003 216 223 0.07 2.11£0.04  2.1340.11
Vertical displacement of ball (m) 0.839 094 005 1.07 1.03 -0.04 1.02 1.04 0.02 0.99+0.09  1.00+0.06
Delivery length(m) 146 154 008 162 149 -014 150 1.60 0.10 1.53+0.08 1.54+0.06
Maximum Vi of COG (m/s) 226 253 027 256 220 -036 226 263 037 236+0.17  2.45+0.23
Vy of ball (m/s) at ES 855 956 1.01 875 8.18 -057 7.73 853 0.80 8.34+0.54 8.76+0.72
Vy of ball (m/s) at E5 6.82 736 054 693 7.8 025 697 7.6 0.19 691+0.08  7.23+0.11
Vy of ball (m/s) at E5 10.94 12.08 1.14 11.24 11.17 -0.07 1041 11.17 0.76  10.9+0.42 11.5+0.53
Trunk lean (°) E4 -385 -363 22 -471 -420 5.1 -37.7 -240 137 -41.14521 -34.1%9.20
E5S 22 65 87 04 31 -35 24 -68 -44 -14+1.56 -1.1+6.86
Shoulder line rotation (°) E4 266 172 -94 436 325 -11.1 344 360 1.6  349+851 28.6t10.00
E5 2163 2095 -6.8 2183 2093 -9.0 2247 2225 -22 219.844.39 213.8+7.56
Maximum °/s of elbow (°/s) 1108.8 1304.0 195.2 1229.0 1425.0 196 1288.9 1343.7 54.8 1208.9+91.72 1357.6+61.68

1544.1 1469.0
38.6 37.6

Maximum °/s of shoulder rotation (°/s)

Projection angle of release (°) -1.0

-75.1 1264.8 1445.7

38.4

180.9
29

1344.3 1483.3
42.0 40.0

139.0 1384.4+143.90 1466.0+18.98

413 2.0 39.7£2.02 39.6+1.88

SG: Second grade, TG: Third grade, Vy: horizontal velocity, Vi: horizontal velocity,

T 77 wfe] 49l deivele] Zolg Adur
H . SG(1.53£0.08 m)2t TG(1.54+0.06 m)el AoIA] FrAL
5t 545 HIARE, PKCS YDLS SGETF TGZ}F tha
71 1.54me} 1.60 mE Tthh 71 dEjujg] Zolox ez
70| o]FolXE EAS BT Y= FHoA AlA|
Ao Ao 73 B, A%k H(SG: 2.3340.04 ms,
TG: 237+0.17 m/s)ell Hlall & z}o]S Ho|A] Ak,
SGE= Hat 236+£0.17 m/s=, TGAME Hat 2454023 m/s
£ H3=tl, PKCS YDLO| 739 TGelA Hgh 4HHET}
e £E2 Bl Ay g KKHE SGETF TGolM A
3 ARG e £ S5 B

= 7 23] S5 AR 548 Aund,
&0 7 SGEU TG7F W 8.76+0.72 m/s9] 55
B3, PKC} YDLS SGHUF TGZF 242+ 1.01 m/s<f
0.80 m/s S7Fe 9.56 m/s9} 8.53m/sE H<Sl wWhH KKH
£ SGET} TGOIA 0.57 m/s 759 8.18 m/se] E=ollA
=7t o] R0z EAS BALE & oM
Autzog RE SG(6.91£0.08 m/s) K. T}

S @A S ol
TG(7.23+0.11 m/sPlA Z7HEl EAS HYEd), PKCE
7t

AR
=
[¢)
x3

o
kel

A< =
SEE

.
3

0.54 m/s, KKHE 025 m/s, 28132 YDL-& 0.19 m/s
¥ 736mss, 7.18mss, AL 716 m/se] EEOA
ol del= He o= YEp

Vy: vertical velocity, Vg: resultant velocity

AT 598 BHl, 92 JAX|(FFID, E4)9] A
AR del= SZHESPN oM el 77k A

= Ho|HA SG (-1.4£1.56°2 TG (-1.1£6.86°)7} -FrAFSH
A2 BQARE, PKCE 220 AZAAXS Bl SGE
t} TGolA 6.5°=2] TR ez AHE WAL,
KKHS YDL2 SGRE TG A= o1zl Al
oA =7t o]FoiX e EAS BT oSzt
B ek ZX|(FFTD, E4)Rth 27 WS3]do] & AA|
= HIEH, SGE Hit 219.8+439°S HJAR TGE
Bt 213.847.56°2 BE 3&FR7F SGETF TGAA tha
WE3He F39do] 2 2HE B

2] W ozt gk Ff 25 E B, 2
w2 IEL SG (12089£91.72°6)2 0} TG (1357.6+61.68%%)
oA & AHEEE WY, KKHE 1445.7%6%2 THE 3
=R

A& F 548 Bk AAs|de &z Q)
o] PKCE SGET} TGOl 75.1% A2 1469.0°%2 H
ol A3 2] KKHSH YDLE TGOIlA 27 180.9°%%
139.0%s 2 1445.7%/s3 1483.3%s0llA H@]=7} o] FoA]
E4E Bk 7150 AR 93-S = FARRS
FARE] 548 HH Gk TG7T frAlRE FARES B
A ek, PKC9 YDLES SGETF 717t 1.0°9F 2.0° 2

o)

L
-
=
3
[e;

A
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37.6°9F 40.0°2 B, = SGHT} TG7} 2.9° &
41.3%14 2|z He 545 Btk

Iv. = 9

2011 923] A=Al IAF a2 Z3AA]7](6.0 ke)
AgolA 38hd AP Y LHK AFE 1699 me] 71=0
2 B3 199 A3HE BIARE 25H 28Rd KKHe}
PKC, Z8]2 YDLS ZHZb 1623 m, 15.68 m, 15.59 m
71245 Bk 23y 20129 A=A A 243 AFE
o] 7128 AA| @2 29(PKC, 18.02 m)ll HFEE 7]
207 771go] IA g A= Bk 1Y o)E
AeEe] 7718 ol AAQH, AYA, 2L 7sE S
Aol oJgh ZR1A] Al 257} fle A o, A
FES 9% AHH ARE viEgo R uule AFse
o] ojgdg-o] Utk o] AelA= 2011K(928] )34 2012
(933]) A=A 23] A& SHIYE AFES o=
715 ol W Ve FHe] 584 5A4E BAe
o AP E HAFE U, ST g 71 S Al
Alslk=d] At

A} AAH SHe Ao o) o]Foix= Fefe]
E 71Ee] 7 7 S A EH, “short-long technique”

who] AlE] 24¢1(1.05 m) Aol FA|sl= e Fetol=
71 2=e2-o] {3, “long-short technique™= o] AlE]

oo

21(1.05 myg dojx] FAeh= 71 Fefol=9f w2 2wl
22 FE(Turk, 1997; Alexander et al., 1996; Bartonietz
& Borgstom, 1995; Hay, 1993; Bartonietz & Felder, 1993)
Hed, Aol Ft MEEof gojrA= “long-short
technique™”} fF2]8taL, <83} & 7H|AL = AFE
oAIE “short-long technique””’} 213k 7]1&= AA5IaL
A THDunn, 1989; Alexander et al, 1996). 53| Hay
(1993)°l] 25 “short-long technique™= A17g0] 71 A4
EolAl frElakAeh, Aol 22 M4FELS “long-short
technique™”} 2|3k A0® Wikl Qlrt.

o] Aol YERd Aol ek, 20119 (SGelM = H
& 0.98+0.06 m (49.6+4.72%)5 HI L, 20123(TG)oNA
Hit 0.95+0.07 m (46.8£1.62%)% Fetol= Aoz} th
Zpolzl EAL BN, el Zolo] glojA= SG7F
A4 1.00£0.14 m (50.4+4.72%), TGE Ha 1.08£0.02 m
(53.2£1.62%)= 2Bl Zol7} Aozl {3 BTt ¥
2 ¥ EAS BY PKCS ZEo|= Zol7F 1.03m
(SG, 55.1%)°014 0.88m (TG 45.4%)% 0.15m (9.72%)
oA oL, 2~elA Zol= 0.84 m (44.9%)°14 1.06 m
(54.6%)% 2oz F38S Ho|HA Fgol=Hr} ZElA
Zol7F 71 “short-long technique”S YEFY Y, KKHE
SGHT} TGOlA Z2Fo]=(0.04 m, 0.10%)e} 22 Zo)

B orr

=l

(0.05m, 0.10%)7F Zojx 096 m (46.6%)< 1.10m
(534%)Z, YDLE Zgte|= o7} SGETF TG7F 0.04m
(1.46%) 71 1.02 m (48.6%)°l, =€l Zol& SGHTh
0.02m (1.46%) &o}zl 1.08m (514%) Ho|wA e
Felol=9l 71 2kl (short-long technique) 732 AT

=7HHE G0 Aol 2ol FIRyu et al,
20118 A, S HU|1ES s F2olA 28
o]=7} 0.75m, 2§02 Zol7} 1.19m= o= Ao|7}t
oa Fe §3S XYL, Bartonietz (1994)0] 23HH
225m o]} 715& Hole Al dBE HAFEL
44:56%= Hole A Hlwd o, 55 AFES TGHE
o =Etel= vES Al olal, Zei H[ES A dof
she Zlo® YElsit

Sefo|=et sk el AFEAH Wl YojA EE
&, 283 tiE 2o Asle wF 3 Al 23] o)F
AH ol F45 <Figure 3>14 Hlojub= 573 (Young,
2009, Zatsiorsky, 2000; Lanka, 2000; Bartonietz &
Borgstom, 1995y YeRHZ e, AFo] =& 944
TE9 A5 “nab-cI"? o FHHOE S-RU(S-Shape)
o2 ¥FO] E(neck) A Fitol| fxste] APSSe| 43
SHF FAA UA 7] wiitel] DEjHE] Z7]0 o7l
7} Bl wEt Ao =RE glojua, gz FHi
Hole FAAol Z4shs S-2Ye] AFFeS Yehdo)
ol9} @] “n-a-d-fI7E HSFATEY] ol HAZRE X3
o] 527 Hlojue F30l, S A7l v =
HAFER dEie] HH & A4 o]F o= ozt
Zo 2 AURA 71&o3] AAeA s T u
Ehs 5402 AAslaL ).

o] Ao Yehd aFH MFEe] EX4<Figure 4>
Hr, KKHeF YDLO] 7% SGHEt} TGolA Eghe] #14
| $59ge 2 IA Hojd P2 AFHQ vg-A

o] FEY n-a-b-c-I'9] o] FAH R, THFOENY
Zlo] 4

o

i

e

oA fr8E Hola YA, PKCS] AS- SG

Figure 3. Shot trajectories type in X-Y plane (Young, 2009)



The Analysis of Kinematic Difference in Glide and Delivery Phase for the High School Male Shot Putter’s Records classified by Year 303

e ——Tu

T
T b e e
=
. oA
: .

e Asra|mi Bewm

Figure 4. Shot trajectories of subjects in X-Y plane

o} TG7} ¥l -FAFE Hthe th FAFES] F30
77t FEE Ho|al Slo] tha Ag 2 #Heje] A
He HoJFy gtk £3] PKCE SGOIA 15.68 me] 7]
£S5 HAARE TGO dore 7150] AA e A4
(18.02 mE Hdoll wje} 7Fek 283} gEo] 71&4 82l
o o3l 7150 AA FdE A2 Bz

FEPl= 7l gt 7|3 5AS AFR, FEo)
ToflMe Fa wE 2R R AAFAY] S Ut
ESAA AlAQ] FHFS TA sllof star, Mg oA
= AASA S AES HASATHA, 5o FdE Al
A FAlol 3] vlEEe] ¥dS olgst] dAE AW
o2 oA g e ALz Fow JquUAE
HAgd 4 lojof 3t(Lee, 2002; Schmolinsky, 2000;
Lanka, 2000; Tsirakos et al., 1995; Lindsay, 1994; Ste-
panek, 1990).

o] Ao Yehd Zglol= o] F8 $ETH EX
o] AjolE AwEH Hubxow Fejo|= Zo|r} Folx
EA4 G| =Ehel= Albe] SGelAE He 0.14+£0.01%
=2 HYAR, TGAME Het 0.15£0.00%2 23] A7
o] F7IEWA AAFAHY FHEE7F SG= HA
2.73+0.18 m/s, TGE Ht 2.62+0.03 m/s® SGHET} Thx
AéE A3 B ol 95 FEZ(rear leg, [RL])°
A B 5 9l%ol, F=H] AAA PKCE TGolM 111.7°2
Hol A3 g KKHE 96.0°2 239 AAS H,
YDL2 143.7°9] =3t AldE ApMola] F8]E2to] o]
A= EAS Bt o F& X 7SRl SlojA
PKCe9} KKHe] 7% FHul AH&w7F SGHEEE TGOA]
65.9%¢} 73.5% S7FE §4E HSl ¥ 9] YDL
SGETF TGAIA 139.4% 2R &xolx F-Eo] AldE=

EAS 7] w&o] A4S FHEET W Ao
2 UERRAL, 23] Aol oA E PKCe FH] A}
ANE @24 ZA71x] SGETF TGe| ¥3He] Hol7) v
2 AHE FAE whHe] KKHS} YDLS ¥3ke] o|7}
ARH oz Fold AAR ) AAFTH wWE 7S
Agllshes 54 B

A%k SR = AAFTA e ES HAasA 771 S8l
udto] FHuhst w2 2|7} o]Fo]Aok sh=d]|(Lanka,
2000; Tsirakos et al, 1995; Lindsay, 1994; Stepanek,
1990), el Zo](SG: 1.00£0.14 m, TG: 1.08+0.02 m)
= TG7F Zoi7 ¥ A8 A7k SGeF TG FAFAY
(PKC, KKH) ZoF2(YDL) A17ZHSG: 0.10£0.04%, TG:
0.09£0.04%)°.2 SG} TGZ} 2+2f ++ 2.33+0.04 m/s<}
23740.17 m/s2 FEPo|= HYEE Bl SG= 040 m/s,
TG= 025 m/sE 7&ate] 2R]52o] o] foR = E4&
B} 23] A Eold JojM = PKCH KKHE SG
Bt} TGOl 2% ZX|(E3)ETt 9 ZR|(E4)elH o
< AAE Blol wt GEjwE] AlE AA she Ao
2 e, DEie] 1elA ople] &S A7)
3 o7 E Aol JoIM = PKC KKHE SG (34.9+
8.519H T TG (28.6+10.00°7} W3- 2] &2 ¢Jo] #e
ZJefell A ko] A H = 54E BT

dalujg] #7k) o] Foix= dalug|e] dolE Aur
H, SG2F TGOl A FAFeE 544 BHSARE, PKCS
YDLS SGET}F TGolM 0.08 met 0.10m 7! 1.54 me}t
1.60 me] Zol& Kol 230 3y a} FAEEE T
& & e 54 2o 23y del= o7k 23] F
AREolE A HET, PKCE 71 ¥ 4dolg Hel 33
] FEARsol7} SGETF TGAA 0.06 m %S 2.02 mE
BN, e do)7t 7 21 YDL SGETH TGelA]
0.07m =kl 223 mollA 2|27} o] R = 58S B
AT Alexander 5 (1996), Hay (1993), Pyka®} Ortando
(19910l 98, FAR=ol= A} AR Aozt 7]
2o FA 7]ojsl=tl, Byun 5 (2008)2] AolME 7]
Fo] 21.0m o]l AF=9] AF 230m oo =0l
Al dE|z7) o] FoA = AR YERHAL, At 20110+
SATANS] e ke AeES e 2.10m, L
oL F IR TS A4S Ryu T (2011)9] A7)
A Wt 224me =& SOl HE]=T) o]Fo] A
H|w3] KKHe} YDL3} €8] PKCEl 715 4 $laiA
= FARE A fREloF she o E UERsTh

Z3e] FAKEEE HYH, FASEE 47|gdd 7P &
Q3 Q9I(Ariel et al, 2004; Hubbard et al, 2001; Lu-
thanen, 1998; Maheras, 1995; Tsirakos et al, 1995; Hay,
1993)0. 24, 21 m¢] 71214 E 13.5m/s ©14, 19m 7]
52 13m/s o] FAKSEZE Hash 10" Hsigly,
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International Association of Athletics Federations (IAAF,
2009)°14 B3 20098 SAA| A SATNE] B4 Azt 9
SPH 21m o2 14m/s, 20m ©)72 13.5m/s ©]/32]
FAEE B, o] Aol vehd F3&xe] ¢
SGH.T}F TG7} WE 8.76+£0.72m/s2] £ES Ho|HA
PKC® YDLE SGHT} TG7F 27t 1.01 m/s¢F 0.80 m/s
Z7F 9.56 m/se} 8.53 m/se] s KA, FE G|
AAME SG (6.91+0.08 m/s)ETF TG (7.23£0.11 m/s)°ll
A E71E BAS HAANE PKCE 0.54m/s, KKHE
0.25 m/s, 2332 YDLZ 0.19m/s 719 736 ms, 7.18 mvs,
716 /s8] HEE Ho] AALYE AFERY W2 &5
oA He]z7} o]FR = ZoR UEylth &, A% 5
Hollx o] whE 27| F2} i A4 24458 F
Aslstar, dElHE] 202 AR E HdDA|AHCL sA|T
APSS o UEhd v $pA5Ee] 8-S 2ol wet
st 283 e o] ek AlFA ol tigk F
848 B3 o

SR ok FARZe] A71E HH, AALRE A
FEO EAS HH, 1923 me] 7|E& Hd 37°% BHA
3 (Ariel et al., 2004; Tsirakos et al., 1995; Bartonietz
& Felder, 1993), IAAF (2009)°14 313+ 20094 S A|
AlS7dN3] A A osha Hek 36.9° A 20110 =
AA S FA5ANS] dso et Arse] A Bt
34.6°, 123l R AFE B4 Ryu & (20119
FolA 32.7°2 Hel A vwE uf, SGolAE Ht
39.742.02°, TGAIA = Hit 39.6+1.88°F A3 FAZS:
HAAT, PKCE TGolA 37.6°% ¥<l A3 &2 KKH
9} YDL2 4139} 40.0°2 JUHo2 FiEETHT) 77
S27F ZA JepbiA FApze] & 548 Bt

FAEES A ] YsiAE APSS #33 vl
=5 I o] 2HdHoe] FasHAl 2-&-(Zatsiorsky,
2000; Young, 2009; Bartonietz & Felder, 1993)3l=Hl, ©|
AtoA opfE G Ee} BEA HAEEE A% 2
I} ZEX|e] AL Aoz »nE HFAE0] SG (1208.9+
91.72°)8T} TG7} B 1357.6+61.68% & AAEEES
Btk Ryu 5 (2011)¢F Kim 3 Ryu (2012)2] ¢
oJslH, 7]18o] £&5E FwA9] AdEET A Y
S, o] A E Ak 43S B

53] 7150] 55 oS Z&ert diHes
zZte ARE BHYe=d, PKCE SGET TG7h #He
1469.0%%Z H3., KKHS YDLS TGollA SGHTE &
1445.7°/s7 1483.3°s9] 3| HAEEE HolWA] Ryu &
(2011)3} Kim 5 (2012)2] A9} FAE A7 B

olde] 8-S s 2H, 7150 IA e PKCY
Fefol =9} 2El A ]88 454:54.6%% A2 “short-
long technique”Z WERSEA|TE, SEo|= Lol #A shd

A 71 Z2)2E §of she AoE YRt APSSHE
UM = SGEF TG B HI¢FAFERT A5
7P7he- S-E%¥(S-Shape)e &2 7t AHLS 7IA = A
o2 YA, s §38S B A 2E SG
o 7]=0] 15.68 me] Ax3 EAS HATE ol LT
B1ERd w2010 913] HAFAH)e] 712 14.77 mET}
T e Adake ey, 38hd wje] TGollME 34
3] gE 18.02 mE EYo wEl AFHAH AR 9
7] 714 (technique)®lsl] 715o] 34 A2 & F UTh
A ANBIA Rl 283 S 7L e sl
Al F2]3F “short-long techniquelk® W FAKEE ]2
FAFZYo] 37.6°8 HSAL, EEl2 FHolA oS =
Hop A oR x| HozEEr 2 SRS B
Aol wet o2 A\AE BlE ek 28 99E vt
A Yok & ek 28y g (726 kg)= A &4
(2013 59)8k A423] FESFATE disle] 7158 4
HEH 1530 mZ 7]50] tha @& AFE Heledl, &
A Aol 20029 ZFH 19.90m (Skg)el 71,
2003 theH(7.26kg) A EH9] 16.69m 7152 H|aL
g o, 7|5o] 2 AHE B A JFsHEdt ofzt £
Sk FAll tigh MZ-e 71e4 Heke] Faido] Vel
KKHe| Y& W 7|5 Fo|& HH, 201008 15.78 m,
20119 1623 m, 283l 201292 17.03 mE Ho|HA]
PKCAHE 77|=go] A e Anch JxHo=2 P
H A3s Bied, FERlE rleRde] Sl &~
B2 HIE-S B 46.6:53.4%= “short-long technique”=
YERGAI T, Zte|=rt Aar, 2evt e 548 1Y
th 53] APSSHE JoM = H-FAFES] FFoE
YERR= n-a-b-cI' 2 SGHT} TGoM= o] $=1d]
o2 A Hlojve 548 1o wet 7&H] HEt
AHAQ Ho| Tha ofgt Aol gt Aoz & 4= 9l
YDLY] EAS Aurm dx ¥ 7124 glojA 2010
He 1506m, 201192 15.59m, 2232 201292 1681 m
2 KKHe} 7o) 7718o] §43] g Axpan Hz4
o2 FIE EAS R, Sl 2us vgs
HHA TGOIA 48.6:51.4%= “short-long technique”= U}
ERIAINE did o s Feto|=rt Ao, e dort F
& EAS B wal, PKCHY FElol= Zdols &A
slal 2El2E A ok Ee Ao UERTE APSS-
ol oAM= KKHeF R R v 955 f32
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