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Effect of Four Weeks Summer Training on
Shooting and Endurance Performance of
Biathletes

Abstract
This study was done to discuss which four weeks summer

training is best for improving shooting and endurance
performance of Biathletes. One male and one female volunteered
for this investigation. The basis of training plan was according
to summer training program, the purpose of training was to
develop Biathlon’s specific conditions. The training program
consisted 4 weeks period, six times a week. All the data was
analyzed by case study to examine the difference of basic
conditions and specific conditions. The results indicated that two
subjects have significantly increased in Aerobic and Anaerobic
threshold’s speed, but the part of heart rate performance was no
significantly effect. The performance of running speed on specific
test was improved, and the performance of heart rate was presented
the phenomenon of steady-state. There was slightly improvement
on shooting efficiency, and the evolution of shooting time has no
significantly change. It was concluded that four weeks summer
training was beneficial for Biathletes in this study on their
capacity of endurance, and was no significantly improvement on

shooting performance.

Key Words: Biathlon, Aerobic-anaerobic threshold, Endurance,

Shooting
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T O R AR R BECH - @Y PR TR
LRSI L R A N 2 I I B S R
R R LA B iy S R T B
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HirSE 8y T ;é]t@ 2050 & ) BN B E PR AR ESR
fiz (lactate steady state) > 4 JiiF pL 57 P& I 7 = Pz F &% I - -
Vi & g 9T PR PERE )0 & 1 (Neumann and Berbalk,
1) -

©

]
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A SFRBI YR

Foit (1979 -~ 1983)}%@‘ F R E Lo B SROSF S B R
RO B U G S
TV HEE By R RTS8 5 5 S 1304170 0
%%ﬁf“i’dﬁ&—wﬂﬁﬁ’M¥$ﬁﬁﬁ*ﬁ}
7 & 110-140 % 5 2 ~ & ﬁﬁﬁgﬁifﬁﬁﬁﬁ? By & v B FY 4-6
oo BEBAP SR/ ES L E PR 2.5 F kR b B B
Rl o PR R g B o B SR R R R A B
A GPEEFF SR HBHEEE > MER S R
O S B AR o A ST BRI RRL S By G TR B A R
I A

HESCE R B OO E ROh (R R LA R I
T e ap e~ SR 9P B PR S - AR Y [ B (K lusiewicz, 2000) o
PRI =67 g S BB FAH flrpy [~ 27 - Hoffman and Street (1992)?F[ al
Hi = b~ BTl o R B EE N ﬁ*H~W}HLﬁ*°
B Y 90% iy 8 ST 4 R A A S0-60 TV R 0 5T A AT AL

-

W

,yﬁg AT &S S B ;:EI@’%’*EJF&J‘H, SRR IR i
O 10-12 N o TS OSTERGE H B o L BTk 2 O S o B
F LV 85-87% 0 B [Zpv o HF kR E iﬁ*‘\zh@‘i‘ﬁ*\ Y o61-73% > [f

R RIS 2 BV 5 )M B CE ) A 20

Augustin and Moravec (2002)%?, Ly % 2 W 2pE = F E A
03B B 9B 0 B
R R N A ﬁ Ry oo B g v B dm b T (E
fi7 2 = o B A S B RS IR R A
ST p gt BRI PUFRCEE o s Y B B B
BBy YR BLRE DO R B TR S R R
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BT BT SRR LR g R E e b o
N R D Eﬁ ] e

Mahood, Kenefick, Kertzer, and Quinn (2001)]'] 13 & >~
gﬂ’f':jT 2 (ERPRE Y FRa@Rgshald 2y E

VR AN B e AT S SR AL E R

oo g R R R RO e BEAT B sy ot ) 3 R R
oo BB SR P E S ps gl R e B
A 9t (Andrzej, Zbigniew, Leszek, and Janina, 2004) » FI & i
i B TD O o N PR R AR S A T PR B R B
Br (B pY o Bl |#‘: Jﬁ[ Y 30% > (& %% FIJIE_IF[}J gj ik g_;{z]’ T40%
(Bergh, Kanstrup, and Ekblom, 1976) » L#F[J | TR M == Y
P SEEF I RE [ R AR TR A A PR R A e
o 53 TR &0 ﬁ AR T

MacDougall, Hughson, Sutton, and Moroz (1979)?35”4%’ ?ﬁ
I A LR R 1 B R
(r=0.868, p<0.001) - Rundell and Bacharach (1995)I'] §} %+ 11
TP 10 RO Y S PR PIRE G B S
CE S TR R R RN BE SRS )
B fFE'I}J(% £ 1 r=-0.88; ¢ % : r=-0.91); ¥ | ¥ = 2 7 ;)
PECE ST s R BB (r=0.75)5 B IE T e R B
F'@i"—"f%ﬁ?j [ = = @A 57 PEE N SR R AR TF‘FTJ(T 0.72 -
£=-0.80) o {0 BY S D D R R
BRS¢ Y ESE  StER ;ﬁ By Y AR

Cholewa, Gerasimuk, Szepelawy, and Zajac (2005)55 HI ')
FI035 fi B % 7 2001-2002 % % RycEfil B 2 % & JsE s
67-110 & 3 /7 b= 3 Qr#taf 3t - &% W47 U 2 f0E = o = R
o PR RS R fﬁﬁﬁgj f TE[E}%(rZOJS 0.9) &#HME] 30 & &
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= IS E 20 5 B E UK R 1.7~2.4 58 o S ER IS R A
90% o | & PN S A A= A B B 2 R Py AR YR
S B T SR SR AR L A
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b

11y

= a] Y R

LN R AR R A AR N S B
XEMCPE P R RN EE Y SR SR EE SN
B 90%  FH BRI G CH CHE R L B
PP e B AR N R TR B R RN g N IR s b S B
%%@*ﬁﬁ%%ﬂ

TR AR TN ES SR SRt VA
EF%W%E$WW [RERERCAC S N L I
froofe 0 A o AR EF B RS E BN A P W R
yﬂqw¢u§@jhﬁﬁdﬁ%ii—fﬁﬁfyﬁﬁﬁﬁﬂﬁﬁﬁj’%
VR R DAEENE G o VAL SR T
NJLwﬂﬁ’jwnmﬁ@ﬁ%wqmwﬁ,mﬁw
Al A A PN g il B R R e o TR ) g Y ok S
A F” ]y 2 ﬁ?l fi Iﬁl Ay qmﬁﬁt El’y%’.l =Y Ny ﬁ?qggi T~
fi’ﬁﬁfu\%ﬁ‘é“‘* B~ b DRSS B R T SRR AT

_
|
A

m

*’JD{E‘_{E@H[EUﬁ{,M,\}\bﬁx I%%{}{kﬁ:_&pﬂ?ﬁﬁ—k@éﬂ
T glgﬁ{ﬁpg@j/@\g%gcuj,ﬁﬂlklﬁ GESER R

5;?3: o
~ Y [Tuj--JJ ?”ﬁxﬁ?ﬁf a';r% K ilggﬂ I | uﬁi}zﬁ IR 5T PR
%%’mww%ﬁymﬁ@%%’m@w@www*ﬁ

P > SR 8 o BT PRERRE - D & -
. I&*ZEF ?zﬁﬁjfff’_f/%?ﬁi IFJY:J%TH{ ~OHROGE P S ERYE

1
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9] & ﬁ'{ (L=
SRR R R R P OPER S G R

%W"F%F gt~ APy R A AR P FL R SN U
BOR R GY AT B s H ST R Ay o ST A gD

DR gL

¢’pJIZI‘,jJ~J F]XJ Hrﬁ T‘S‘iﬁ[ H[;I/ fl

- 1 tZ’F}J:Ez,I;;:_]L% s 3 Ef, M s E
_

‘lgl\
-

R
REES B
FPE2® s % “ROYBRRHEE LS > DR
Bk S PR o E LR A AR A 341 -

-
sy
i

f‘,tt%

F3-1 2FWEE - ¥ ET R SRR
M Fa S e Ak w BT 96 &
(sex) (year) (em) (kg) FEH IR ASE WY D

(year) (km) (min) (min)
Pl 18 179 80 3 10 45 39
R 17 167 63 1 7.5 45 37
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STTOHT AR R R

R L

(< B 965 7 F 30 1R 8 F 27 1o H T (] W) -

(ZOBH B R [ﬁ‘)%”f%“ﬂ&ﬁm@'t N KN
W B E RS

:‘%ﬁﬁﬂ

(- OF [l 96 & 75 30 fI % 8] 6~ 132027 [ » H =%
(mﬁm‘w\;ﬂw

(S OB R 2 foad g B RS R R
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[lv s 2 o = 2k prk o A2
AR FEFT B F AT B R
TONSLRER W Y TR A T A
W B Y eyf > I) Microsoft Office Excel 2003 iy 5 83 = 50 >
E?eeIwaﬁ]EU«f%om@ﬁ@npﬁ[ﬁlmﬁﬁlﬁﬂﬁj I A
Ho 2 E FLIi/[[([fHﬁl3l~32)
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we P R g A

l

R R F e R - I@EELF—%}@%

l

A H(TT)
2-4mmol/l Bl #EA P - F—Tﬁ “F A 3]

l

S PR AR R A8 RGO

l

% I (T5)
2-4mmol/l Bl #EA ] - F—'ﬁ F A ]

l

S e

B 3-1 90 B 7
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T1 T2 T3 T4 T5

0730 W 0806 W 0813 IW 0820 AW 0827

| | | | |

| ! ! | |

HEAS e
;

#
BOEWE FPRE BCRRW BRI B

“Fi IEU

i 3-2 @
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STDM AT W CE EVE

- B REAE ]

ES PJE‘EW%E}W 20 BRI S 2 I S+ T L O C A TN (N
Gy IR IS R A UL 7\'#lﬁ[g”@ﬁfﬁx'ﬁﬁiﬁﬂdﬂjﬁ Yo o R
R A ]ﬁ I”Egp ) EJF’&J?‘Z A [ﬁiﬁ]}ﬁgj o FF['Y?I: TF"JI% I'l Mader
e 93 = “?EU;%@FFU(Mader Lisen, Philippi, Rost, Schuerch, and
Hollamnn, 1976) % (& » 7] 2" ] B 3748 < 28 = L #Ewf o py
B e A E S B MR SR mE 10 Tk
B R TR R W R R W e
(Polar §& > 6101) > ™ ¥ 5 53 10 5 & py ffi f{‘fp oo il A i
oo B S MO BT 2.0m/s UG % o BTG GE SY - TR

R W RS R B MR L 5 T Bt B R R T AIE S R
(Il E?J: el S BT ) o T E A s o) ?FP Foo AT PES T -
FET ) 2R Bﬁﬁ@jﬁ&v‘[ 0.5m/s > | 7 & 1#11%I5’?Fj571:'<5’j/
B A (all-out) 5L - o (U1 % 3-2)

Mawﬁﬁwgrﬁj@@§§MTﬁﬂﬁ%£Fﬁ
fro B B ECF) T R PR T Tﬂréﬁ V Laktat-Exprot ﬁf{?ﬁ‘
TR E SRR AR E R RER e )
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# 3-2 L #E(2-4mmol/1)fif 1 ] =

HRR NI
[l F[ﬁ@ 2.0m/s
LTI T 0.5m/s
&) %ﬁ?@ Eﬁ i) 5min
e TR I S

(Mader et al., 1976)

“Fi A 3R

GHEN S WA SRR NIEF S
FE S R R F YRR R o e B R
PR DR W B SO R R RES B E
SR -FEB R (P2 ¢ Skm % 2 2 3km) - ST
Foay 2 1000m Ay BROEE o B[ PRCEE SOm Py SR A ST BR (P F
S5 H 258 ;¥ F 3R H OIS ) R EH VR A 1000m
%W“%$ﬁ’ﬁ%*@~$@ﬁf’%Wgw%WEE

1000m & # oo B o = e ]~ 5 B R o F B G B O g B8R
Hids o H EJJT’EJ’&%‘JEH% 2 3-3 -

I
\Em

-
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50m

Y

HRUE

5%2%100m
Finigh / |

Y

»
. <:| Start

[ﬁ[ 3-3 TE‘Tf TEI (EILLU'H/——EHE&);&%JEH 4 b
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ST RARCIAET

ST [T B P SR S )
W%ﬂfwﬁw ’f@wwwwww FUEHr 378 20 7" A

C A E S A R PTREE D AR E L) R
/%M@%ﬁﬁﬁﬁﬁﬁﬂm% Tl SR e ol G B
mﬁwgé?ﬁﬁﬁ’55?@*«’?WHE%%?%’
oA B R B AT B R (1) “ﬁiﬁ EREIN R Ry %hiﬁ
T4~ (2) A FVLJ [z Ff BR U AR E H P AR FL =] ?H F* firf
JoBa sy S HORUARC R Y A 3-3 0 F 3.4 1L RO
TR AR R BRI PIA o R 3.5 MO E R PR
%ﬂﬁ%wMﬁo

gV
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F3-3 XHMCPRIRT HE Y
Mon Tue Wed Thu Fri Sat
FESS | FER | EEYS | EEs | EEye
10x5 3% 10x5 31 10x5 3% 10x5 3% 10x5 31
(F~27) () (FI~7) () ()
HIRE e (mw pom o
(%ﬁ%@)mp’ e e e
2x5x100m | 2x5x100m | 2x5x100m | 2x5x100m
Set {f EL: | Set {f EL: Set {f EL: | Set {f ElL:
Smin Smin Smin Smin
L e
G ) G
TR ] & 2x5x50m PR & | 2x5x50m TR ] &
i - i -
f4 5 2 GfFED e | GRED |
20min 6x200m 20min 6x200m 20min
51:2.5 m/s Bl bl
+ 2 m/s ﬁﬁ‘fﬂ 2.5-3 m/s thﬁﬁ 2.5 m/s
3 km =2 3 km 2
2-2.5 m/s 2 m/s
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% 3-4

-

Do R AR 2

=2 S L)

ugn ;RW E[ ng

7 E =

7k 2
FI (%)
Fi W B (rep)
T #1 3 (Tempo)
2 A B (set)
(F KL ] (min)

Bt
35-50%
7
T
5

= 3min

R i
(Incline press machine)
3304
(Seated row machine)

" AR (Hack Squat)

35 WEFARLEELY
' s ' s ' s ' s w5
HE R > ¥ 58 e [ S
WEGHE) PR Y B SEE 2x5x50m Imin 3min
L QRED Frm B A% 6x300m 4min —
ERBGE DR R e i I1x3km - -
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PR R W BT S IR R A

5

=5

- Diagnostic Biosen C_line f# @ 5] 2% & =™ P§ 55 F7 (&% -
 Polar(610i) = % #& ﬁjﬂ ERI
~ ﬁ,fj W EW H S (h/p/comsmos pulsar) ©

AL VIR Y T SR SRR W
*f)

*F PR f AT

e

M‘l
M

@%@Pﬂ‘ﬁhlJJFﬁ(lOﬂ )~ (9 R B o

5T g R R ARE AT

» I'J Microsoft Office Excel 2003 fif ¥ & = & §T > & 3L

@gfﬁ%ﬁm%Wj%@mMM?@§%®m°
(-SRI B TN CE SR G
H“ Rl o

_»_'l

1

C P E B PTG PR D Laktat-Exprot i fi 0 07 A7 B #E AR

WY E-E SR (2-4mmol/ )i -
W Y §1 1) SigmaPlot 8.0 i f B
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i
H

a7 FL#EfT ] # (2-4mmol/1) 5T

FLREmE PR PIE S % 2.0m/s R V5T R f@éﬁ?«b\ B S
K ["éi‘?ﬂﬂﬁ?j 15 F'EJ%_ETT o A = 2.5m/s 751’ 7k
(ENTRNTRIE A TEE PR S F R 1) (4.5m/s)Jf5> P i
5 Wl EE ¢ 10.67mmol/l ~ 10.91mm01/1 IR - B A ]
£h ¢ 192min' ~ 194min”' - My 7 B REfE (T TS) & B
£ S| I T O = I A 1 [ﬁ[ 4-1 EE‘—,}\ o

Male
12 - —O— Tl-la - 220
—e— T5-La
—A— T1-HR 200
—A _ I~
10 4 T5-HR
- 180
8 .
- - 160
S T
E - —
£ 61 - 140 £
= o
S I
- 120
4 .
- 100
2 .
- 80
o T T T T T T T 60
0 2 2.5 3 3.5 4 45
m/s

W o4-1 BLE < 2-4mmol/l HLREE P ] (T1) ~ B I (TS) & % 5 ¥
77 Pk
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bR SLRERE R (TL S TS) /N

3.5m/s o b B Il GOES TS TS [ R A [~ 5kl LR
BER) N T PR R o N R (3.5m/s) PR RS i (T 1) B
9.78mmol/l> & P (TS)H % 7.84mmol/1> By H = £ -1.94mmol/l ;
fi > A S s B SR ST S 180min! ~ 184minT o Yl B 4-2 57

<. o
Female
12 - —O— Tl-la - 200
—e— T5-la
—A— T1-HR
10 - —A— T5-HR - 180
- 160
8 -
3 -0 2
£ 6 E
et o
S - 120 T
4 -

- 100

27 - 80

o T T T T T 60

0 2 2.5 3 35
m/s
qa[l 4-2 ¥ E L 2-dmmol/l FLHEf P (T1) ~ & P (TS5) = B & »
% i
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Foo4-1 85 N S-S M (2-4mmol/ )ik ]y T Ao L E
2mmol/1 [ ffl R % ¥ TS F ZL 5T +0.8m/s » & 3 = H LA
+0.6m/se 4mmol/1 [ ffi g & #° TSP FE- §I-2 ZF = 5 | £ 3.4m/s
= 2.9m/s > *f o WA B P EY+0.8m/s s +0.5m/s » A5 2mmol/1
il o Bk > PLE EL 129min ! (TS) > ¢ 3 = [l £% 151min™'(T5) -
Ammol/l [l fill = B3k > Py~ & RN E] & BT S

1

'v +13min' o

+10min”

Foo4-1 FLREfF (T ~ i W (TSRl % = e s

2mmol/l 4mmol/l
m/s HR m/s HR
il ey s 119 2.6 149
A TS ) 129 3.4 159
Diff. +0.8 +10 +0.8 +10
T1 178 135 2.4 153
+ B 2.3 151 2.9 166
Diff. +0.6 +16 +0.5 +13
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A KR (BB R A

- R R R R

Py = Skm 57 B (1000m)3R & > FEI(T1)T - B (1x) 5
3.5m/s > 57 1000(5x)H 55 3.3m/s > FyFE g% & B -0.2m/s ¢
B M (T1)Skm T 5950 % 85 3.2240.19m/s » Skm fij ] (T1)= & ¥
(TS)= £ £ +0.38m/s> Skm & 57 B3 & & TS5 37~ F 1000m(1x)
B (4.0m/s) > &) FJES 3.0m/s % T1(4x)EHF - Y& 4-2 Ar = o

42 FIE S Skm 55 FE(1000m)8 H S T B T g v

1=
=

Test Ix 2x 3x 4x 5x M+SD

T1 3.5 S Sl 3.0 3.3 3.22+0.19
T2 3.3 3eed 3.4 3.2 3.4 3.32+0.08
T3 3.8 3.4 B3 3.1 3.5 3.48+0.29
T4 3.6 Jis) S 3.3 3.4 3.44+0.11
TS5 4.0 37 BRG 3.3 3.4 3.60+0.27
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= 3km 53 (1000m)sR % o F M (THHY - B (1x) 50
3.0m/s> 37 = B 1000m(3x)[[ 5% 2.4m/s > [y FE % % g -0.6m/s o
AW (T1)3km T #4530 % £ 2.63+0.32m/s © 3km | (T1)Z &
(T5)% Bl £3,+0.24m/s o 3km &~ 57 FEgh % ¥ T4 - T5 57—~ F
1000m(1x)&T 3 (3.1m/s) » & | [l £, 2.2m/s ¥ T4(3x)1 3 - I %
4-3 FrE.

F4-3 ¢ E = 3km o7 B (1000m) R W A IS il AR E L

Test Ix 2x 3x M+SD

T1 3.0 2.5 2.4 2.63+£0.32
T2 3.0 2.8 2.5 2.77+0.25
T3 3.0 o 2.4 2.63+0.32
T4 3.1 2.8 2.2 2.70+0.46
TS5 3.1 2.8 2.7 2.87+0.21
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Fli¥ £ 5km EIEH/—/%F&[E\%T fH o ﬁ'] ]EH(TI)EP?TL'?&E\%T M 2 & 3E[J
(TS) T {= % fo i R BG4 D = T1 28 T2 ﬁ{jﬁ 15008 T3 % T4 1
fi B 1400~1500s V[l TS [AL | 4 14005 - [if 5 3 (TS)~ i fi]
W T DT =13 9 B R D 423 S

1600

1500 ~

1400 A

5km time (sec)

1300 A

1200 , . | | |
T1 T2 T3 T4 TS5

W 4-3 BLE S Skm S REE D5 AT
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¥ 3km BOHRE R PIRLES T4 TR R 2 &
P (T5)Rr (& dY py Eﬁ fi] B3 & P o T1~ T3 = T4 /i # 1100~1150s
H o T2 = TS5 H 1 % 1050~1100s I ] - g Q%ﬁ' 4-4 Fr=a. o

1200 -~

1150 A

1100 A

1050 ~

3km time (sec)

1000 -~

950 A

900 T T T T T
T1 T2 T3 T4 ™

A 4-4 52 3km B U D 5T AT
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© O p oo BT SR

Py = Skm 53 B (1000m) T #52 B sk o i (T1) 8T - FE (1x)
£, 169min™' > 57 & 1000(5x) ) % 184min™' » RS S St
+15min~" o E I (T5)5T - B (1x)EL 166min™' » 57 = F 1000(5x)
I ES 187min™ 'y By B & B sk 2 B0 42 1min "o {] (T1)~ & ] (T5)5km
Ty B Y L 178+5.93min™' ~ 180%8.44min”! > 3 B K
+2min' o 5 km & N7 T LS TS 5T B 1000m(Sx)E
F(187min™") » & | HI 55 147min ' K T2(1x)EAF U1 % 4-4 Fr

. o

F 4.4 FLE S Skm 53 (1000m) & B s T [l S AL v

Test Ix 2x 3x 4x 5x M+SD

T1 169 176 180 182 184 178%5.93
T2 147 160 168 169 175 164£10.80
T3 162 187/ .7 17% 185 176%£8.35
T4 158 171 175 181 181 173£9.50
TS5 166 180 185 184 187 180%8.44
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b S 3km 57 B (1000m) T fSee B S o Fpl (T1) 23— B (1x)
Eh 170min™" » 37 = F 1000(3x)H &5 179min™" » g F& o B ok 2
+9min~' o E I (T5)57 - B (1x)E 167min™' » 57T = F 1000(3x) [
£ 181min~' v & 83 % B +14min' o [ (T1) ~ & [ (T5)3km
gL B S B 17524.51minT' ~ 17527.37min"t s Fy W ) 365
2R e 3km AT BT A B kR TS T2 B 1000m(3x)EH
(181min""y » & /| [ & 165min™' # T2(1x)= T4(1x)E 3 - U %
4-5 B A o

Ho4-5 L 3km ) B (1000m)-o B Sk T SR fE vE

Test Ix 2x 3x M+SD

T1 170 175 179 175£4.51
T2 165 el 179 174%£7.57
T3 169 178 177 175£4.93
T4 165 178 173 17226.56
TS5 167 178 181 175%£7.37
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plg\;ﬂ 4-5 prFH U PLE =Y Skm BV H E N T s o BT T
O AT TS 77 (180£8.44min™' ~ 3.60£0.27m/s) o Skm P& #;
Ty Bk R T2 9 0 T1 > T3~ T4 = TS & /i # 170~180min”'
DR T s AL T5(3.60+0.27m/s)> T3> T4> T2>
T1(3.22+0.19m/s) -

2007 @ HR - 4.2
—O— Speed

190 4 B - 4.0
— T T -38 &
S 180 =
E =
e L 0]
o 3.6 %
2 1701 >
s =
- 34 €
5 5
£ 160 A €
rs 32 ©

150 -+ -4 L 3.0

140 . . . . . 2.8

T1 T2 T3 T4 TS5

B 4-5  BIEE T Skm BT L BSEGg L) A
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P E T 3km P H E AT HE KRR T - T3 = TS5 B3
M TI~TS 350 Bk £ /i 48 172~175min"" VR« 3km 59 4 @ =
TR B TS @%&(2.87i0.21m/s) » T1~T4 % 4  f55 & ff fr
K 2.6~2.8m/s IV [ti] - qiaﬂ' -6 Hra o

2007 —A—HR - 3.4
—4A— Speed
- 3.2
190
= 30 g
E a0 £
£ T -28 @
e 73
e >
c =
26 E
S 170 - :
£ £
> T X
@ L 24 ©
160 - |
- 2.2
150 . : , , . ’0
T1 T2 T3 T4 5

o 4-6 ¢ B 3km ST S LB R V) 4
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N GO B R e ]

EijH:_P]EH%  PEE SR T1 - T2 T3~ T4~ TS5 &~ 97k
fl 53 il 8% 11.15mmol/l1 ~ 13.65mmol/l ~ 12.59mmol/1
14.08mmol/l ~ 12.28mmol/l ; T1 ~ T2+ T3 ~ T4 & ~ 5 [k ]'@JF",H';
SRR E A N B BT 5T S (ES) 0 TS g N 5T PR P U T E3 e U
% 4-6 Fr=a. o

B2

o 4-6 PIE S Skm f PR T 7 PR o) AT

Test R El E3 ES E7 E10 E12 E15

T1 1.5 9.62 9.68 11.15 10.89 8.78 11 7.03
T2 1.68 11.72 8.45 13.65 7.28 7.34 6.85 6.71
T3 1.42 11.75 10.73 12.59 9.98 9.27 9.07 8.14
T4 1.82 9.6 10.14 14.08 10.48 10.5 9.43 7.66
TS5 2.38 11.53 12.28 11.66 12.25 11.09 11.27 8.27
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EJ!TEJFJ‘:’}J‘]EH% P E SR TS T2~ T3~ T4~ T5 & A 57k
il 53 Il 8% 12.26mmol/l~ 7.24mmol/1~ 5.84mmol/1+ 5.88mmol/] -
8.23mmol/1; T1~ T2~ T3~ T4 = T5 & X 5[k f@ﬁﬁ“ﬁiﬁ?@;ﬁ
AN B BT - 57 S (EL) o YA 4-7 Hra o

Fo4-7 b E S 3km ff IR T PPl OT AT
Test R El E3 ES E7 EI0 El12 EIS5
Tl 2.03 12.26 12.13 7.05 8.61 5.58 4.86 7.92
T2 1.73 7.24 6.63 7.1 5.66 4.75 4.26 4.36
T3 0.93 5.84 5.14 4.15 3.6 3.04 4.02 2.87
T4 1.94 588 49 4.6 5.66 3.28 3.05 3.89
TS 2.18 8.23 6.96 6.57 5.95 5.42 5.05 4.1
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f4-7 B o A AE o o FT R PRERR NG . T1E T3
NPT PR M R ORS EES h BY 5 0T G (ES) B
(11.15mmol/1 ~ 12.59mmol/1) « T5 I & - 57 Pk i # fifi [ #° 32 @
N OE ST 3 53 48 (E3, 12.28mmol/1) o W A N (ED)E 5T 15 57 &
(B15) » §7 Pk fit ™ [ Fr o5 B4 T1 £5-26.9% > T3 = T5 I 53 [ff] &%
-30.7% > -28.3% ° T1 2 T5 % B 1.4% -

14+ @ T1
—O— T3
—A— T5

12 ~

10

La (mmol/l)

0 T T T T T T T T
R El E3 ES E7 E10 E12 E15

After exercise (min)

 4-7 gjggj‘grijmﬂﬁﬁﬁq(Tl)\ I (T3) ~ & (T5) ik
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FIIH 4-8 F A& & = 5 @Ak i o FT R PR VR - T
B TR R R S B A O ST 1 ) (BB
(12.26mmol/l1) > E3 ~ E5 I 45 57 [ & A8 57 ff &1 34T 38 a4 5 7l =
57 1 55 # (E1: 5.84mmol/l ~ 8.23mmol/1) » [ ZE 5 (E1)= 37 15
S (ELS) » § Pk N [ P03 ESAY T1 s T3 2 TS5 55 | #5-35.4% -
-50.9% ~ -50.2% c T1 = T5 % Bl 14.8% -

144 - T1
—0— T3
—A— T5
12 -
10 -
S 87
=
E
S 67
4 -
2 -
0 T T T T T T T T
R El E3 E5 E7 E10 E12 E15

After exercise (min)

f4-8 b W RA] (T [l(T3) B (T5) i



U~ B R R ST B A

PYE R  (T1) ~ B (TS) 5 B [ 5 55 B 55 35.34%
7.38sec ~ 43.38%4.06sec ; %Tgﬁﬁﬁﬂiﬁﬁﬁ?ﬂﬂtﬂ 52+36.33 % -~ 56%
35.78 % o i I (T1)HF B ~ & & B3 55 [ 53 184%9.48min™'~ 172
+7.21min" > 2 EEL-12min” > E O (TS)$F B~ B S B 5T
£, 189+£6.06min™' ~ 169£8.17min"' » 3 Bl £} -20min' > & X = B
AP BT o BT T2 E?*] HUgl(-32min ') o Y 4-8 B A o

Fo4-8 PIE T G EBOA G LW R

Test Shooting Shooting Start HR End HR Diff.

time percent (min™") (min™')

(sec) (%)

Tl 35.34£7.38 52%£36.33 18419.48 172%£7.21 -12
T2 47.65%10.04 40f14.14 176%10.93 144%£14.50 -32
T3 40.86%7.83 QS5 47 185+6.71 160+x11.59 -25
T4 25.75%1.21 40%20 180+8.51 164+%10.95 -16
TS5 43.38%4.06 56£35.78 189%£6.06 169£8.17 -20

47



bOE LT F(TL) (TS5 BB R o0 kL 27,574
5.29sec > 32.93+2.6sec 3 B iy (13 53 B £ 46.67£11.55 % ~ 60
£20 % o By S ER Gy H SRS T2 R (80%) < (T D)3 B g -
oot Bk S I EL 18048.02 minT' ~ 175%£5.86 min' v X B
-SminT' s (TS)$F @]~ e Bk 5T B 5 182424.36 min™' - 168
+9.5 min 'y 3 BE, -14min’! > B N R «Hg’iﬂj NENESIRES s 3
TS5 Eﬂj Uil (-14min ') o Y3 4-9 B H o

H4-9 b BAGE W )

Test Shooting Shooting Start HR End HR Diff.
time percent (min™") (min™")
(sec) (%)

Tl 27.57%£5.29 46.67t11.55 180%8.02 175%£5.86 -5
T2 33.96+1.66 8020 181£2.87 168%t7.48 -13
T3 23.63%£1.96 46.67t11.55 178%3.46 171£8.0 -7
T4 30.09t6.94 26.67x11.55 179+x1.73 168%*7.02 -11
TS5 32.93%£2.60 60£20 182%4.36 168%9.5 -14
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Shooting time (sec)

R RCH F o B O R R T4 B Y S
¥ 30sec T1 /i ¥ 30~40sec V[ > T2~ T3 = TS5 {|| 2L ~ %" 40sec;
R g:‘ﬁ'[‘ﬁﬁﬁgﬁﬁ il 5 T3 2 > T1 ~ T3 = T4 EHE’EEE\J]‘ FE?J’F’,?B‘?
30 Fp MRy > T2 = TS HIRL /7 #° 30~40sec 7 [ - It q%)' 4-9 Fr 4. o

60 -

50 A

40 -

30 A

20 A

10

—@— Male
—O— Female -

Tl T2 T3 T4 T5

qgﬂ[ 4-9  Bb o~ gfﬁﬁgﬂaﬁf EINAPE i
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R EBRREE P PEE SRy B SR (T S)
FoooT1> T2 T3~ T4 TS5 V48 (I3 F7 /45 40~60% 0 ]
T B R R B0%AT T2 U 0 TL -~ T3 TS 4
BB 1ok B TR 40~60% 1 [l] > 8 (I (ST 40%(T4) - I 4-10

A

—@— Male
—O— Female
100 -
80 -
<
>
S
o 60 +
S
©
3
2 40
)
20 1 4 4
0 T T T T T

T1 T2 T3 T4 TS5

B 4-10 P}~ b E T GFERR LT ST AT
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eSS O GRS IR

RN [iﬁlﬁ?‘f AR RN s VS

BI#E = pu s S M (4mmol/D)SR % % T1 85 2.6m/s » T5 [ 45
3.4m/s ° EJJ FOSkm RS B B B T1 R 3.22m/s 0 TS5 G
3.60m/s > [ H & B +0.38m/s « TS ff R EE (Skm) ~ = 5 B
(Ammol/1)V b & 15 [ &4 o T1 2 TS5 V& A 5§ ik 3 7 il =
+1.13mmol/l » | = F @5 - [ﬁl 4-11 B+ 4. o

—@— 4mmol/l speed
3.6+ —#— La-max 124 37

—A— running speed
3.4 1 F12.2 .
— r 12.0
= = |35 £
D L 118 B 5
) c @
3 (9]
& 3.0 1 £ -
= L6 £ g
£ T8 s34t
[ =1
£ 281 E
114
2.6 3.3
7 L 11.2
24 T T 11.0 - 32

fo4-11 P =R SR f@%?f?‘?ﬁﬂ%ﬁ*?@%%ﬂ/ Y &
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F"[ﬁ[ 4-12 [ A1 # E AV E SR (Ammol/1)R A K T1 5%
2.4m/s > T5 | &% 2.9m/s ° FJJ!fEI 3km P& H I 5 GHE FT T1 E
2.63m/s> TS5 £y 2.87m/s> [ ¥ # £ +0.24m/s T5 Eﬁ EHEE (3km)
OS] (Ammol/l) gl B S A o T TS VR N 5Tk I
Aififi 2% Bl -4.03mmol/l > [ N [ S -

—— 4mmol/l speed

—i— La-max

307 4 Running speed i3 290

2.9 L 12 L 2.85
28
© L 11 - 280 @
£ — £
2 - 10 §; L2755 2
3 26 & £
£ 3 £
£ ) L270 @

25 -

- -] L 265

2.3 . . 7 L 260

T1 TS

[ 4-12 S SRR CE RS T Y Ry
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EU??" TRL AP ‘JJEUELF?&’ “JE?EJHEEWFF‘JJ
SER R S R - AN E TR
o 3 I R L‘*J%Iﬂﬁﬁg‘ii T Tuilﬁﬁ'«ﬁlﬁ‘
JOEEE S TR S R A YL RER s e iy 3P S B
ﬂ?%ﬁ%ﬁﬂ%ﬁ!ﬁavwﬁf=%’ﬁﬁwnﬂﬂw%
pj;l fol [958 > o M| @rF" A 35 | py ?F'ﬁ

ARV S FREE S G ME Y PR R
A-1~ 42 PRI 0 > P s ES AR R Y o R PI(TS) D
E&WﬁIqH%M*w@ﬂ%W%%’ﬂ&ﬂ??M@BK
FIWI(TL) e Ry 00 52 = o i P R 705k > Sp R F ol
ENEN Il I I R B L AR AR U (E I A
o lF—F 1% Coyle (1984)Fr #.tli py i v " Sy I 35 1 Af1 i F‘ o
(e O =Sl R s - T | LR M B o S (SR A B ?”?W ’
WLF*FHJ@{%E{TF?F%& N e infs;JIEIEJﬁ@%%'FFF FATE
oo

&E@QWPE’kE%T%%ﬁE%@ﬁﬁﬁ’HE”
ITQEJQ‘:T‘ fNEFJJU o [N PR [ GED E g T e B R fﬁr’? =g
ﬁﬁi’ﬁdupwj"jhf TR S N Nl A e SR T i T
AT (F 4-1) o F B A s o e T e R E"’% =
“éﬁtﬁg{{}{k'ﬁ (RN B ”f“ﬁ?“ﬁfﬁi (stroke volume)tf yi > #*
AT G R S e B S R ﬁ~ TENREBS
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AT BP (- fo o

=~ GECED e [ fel
Rundell and Bacharach (1995)% Cholewa = * (2005) %} &=

??éﬁﬁF%WEféﬁm%%’%ié'E$wﬁ¥?“

AR EHTEF#J fY T‘E'F%J e "?{ﬁ%‘ﬁif‘%ﬁf SR M SR [ e iy
IR R SIS R AR HER S -l

WP B T s AR - LR S (T
3.2240.19m/s + & P (T5)4F 3.6040.27m/s 5 ¢ 3 = Fi ] (T1) 4

2.63+0.32m/s ~ & W (T5)Eh 2.87+0.21m/s > iy it 3 = 1 B # T 14
ﬁ@ﬁaﬁﬂow@wsxmm%ﬁmﬁﬁm’m\ﬁgf&%
5 B F R R PO R R R P (W < D - R
LR 2 R TR AR R B D R R
N L B H A o P A B R

WAL TR

T
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SRR GO S S Y

o B CRL R R R S AR I DR R T R e g s WRn
Egjel j;r.l_gj I’FLI*EEI Qﬁﬁ_{_jjﬁ_j]ﬂjﬁ&a_o “W“SF‘@H[’F”—
57'5?*'J?EIJ(T1)E%E£ ER SRR R S S SRR
oAl e R e I T2 AN R e pY o R Y R R 442
R s T2 B P B RS 3.2~3.4m/s V] 0 E ST axéﬁfﬁ
Lo SN T R R S R N R s B R
%%’%%ﬁ@TR’@ﬁ?T%“Wémﬁﬁﬁ’%ﬂ%i
JRE (steady-state) o T3~T5 7 4.0 B ok [ (L g 8 2 7  f4 50 4
o Ag (= iy A s T TS IS G Bk o PR Y S T
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[V 4-6 Fro o R S Skm B S50 B S AL AR
%@,gyﬁT%@ﬁmn%ThTﬁ?ﬁwﬂﬁ@W$ﬁ%
175min™' > f[I T1 = T3 fY% 4 T 350 4 JF_T £ 2.63m/s » TS5 [ kL
2.87m/s > [ P=RE S U G g S A e B p e T
S T o g pzj%gﬁ_ﬁ » Fe (8 PR B AR PO TS B O %:[ o
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T5(-28.3%)>T1(-26.9%) » H = U} 5° Pl o BER g B BE ¥ €] & R
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FUdE-Lhe Fp e D& @y H o 5 PRPRRE R R IRV B @ A A

R 4-8 T A b E S B (T f R PR
S OB BY 1T S (BB B3R B Y R PR
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@%%oww@@&’#TSﬁmﬁﬁﬁ@W o 2B A
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FOEL HRRERUNEE o I BER ) R TR
ya%pﬁm§ﬂ£¢J$nF(T5>In;-50.2%>-3549@ B e R S
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PA~ o BT TR G RO

SHI WA EBAGIET TR ¥ R BRGE R S ER
&\%%%@%@@y,jﬁ$%$%%@ * BRI Y e B

Zr e j (Augustin and Moravec, 2002) > 1' F p= e ANy RSN
?&:TEJ °

T 4-9 BT b Bl T v Jx T
[ F 2 SR d =R R S B 0T RS 21.95 5 10.33s 0 X ARy
£ SR S BRI R PO PR D AR R o e VS E B T P
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EE SR

Foft (1979 ~ 1983) 111 & fF Jf 84 [ [ & 3L 53 & 51 5f 85
4-6s > [ A PRIV R AR S 5 gL G B A R Pl
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