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et al., 2010; Sloniger et al., 1997; Spencer and Gastin, 2001; Spencer et al., 2006; Withers et al., 

1993; Withers et al., 1991)   
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2. 2.  (SR ) 

SR VO2

PLT 90 % (90 % LT )  100 % (100 % LT ) 3
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30 32 strokes/min 7  90 % 100 % LT

 (Freely chosen stroke rate: FS) 

FS FS 2 strokes/min 

6

4 HR  (  + 10 beats/min ) 
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Bonferroni 5 % 

 

C.  

A. IAA 

LT 90 % 100 % 162.2 ± 24.3 180.2 ± 27.0 Watt 

FS 20.6 ± 1.7 21.6 ± 1.3 strokes/min 1 

IAA  IAA

  

 

B. VO2  

2 VO2

VO2 VO2

 (Economical stroke rate: ES) ES

VO2 90 % LT

100 % LT ES 20.4 ± 0.8, 24.2 ± 3.9 23.7 ± 2.4 strokes/min 

  
 
 
 
 
 
 

  

 
 

 

C. IAA VO2
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D. 

IAA VO2

IAA VO2 IAA VO2

 (28.4 ± 4.6 ml/count) 90 % 100 % LT  ( 19.5 ± 6.4  18.5 ± 

3.6 ml/count) 90 % 100 % LT

  

1. VO2  

VO2 VO2

 (Coast and Welch, 1985; Foss and Hallen, 2004; Seabury et al., 1977) 
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 (  et al., 2014) Hofmijster et al. (2009)  ( ) 
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 (Bouten et al., 1994; Eston et al., 1998; Iwashita et al., 2003; Nichols et al., 1999) Bouten et al. 
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(1994) IAA VO2

 (r = 0.82) IAA VO2

IAA
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3. IAA VO2  
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IV. 

 

A. 

( , 2010) 

 (Oxygen demand: OD) 

 

OD

 ( ) 
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B. 
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2. 2.  (SR ) 
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IAAtotal VO2 SR
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OD ΔVO2/ΔPO VO2 PO

PO1st  VO2_1st 1

VO2  

 

4. 2. IAA OD  

IAA IAA OD  (ODIAA) 

VO2 VO2 (VO2rest) VO2 (VO2 spent for exercise: V

O2EX) VO2EX VO2 (VO2 spent for external work: VO2ext) 

VO2 (VO2 spent for internal work: VO2int)  ( - 2)  
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C. 

1. IAA 

3 P2000  (A) IAA (B) 

 (  3 (A) , 1 4 22.6 ± 1.6, 22.7 ± 1.6, 23.0 ± 1.9 23.5 ± 1.9 

strokes/min) SR 2

 ( 2 4 24.0 ± 1.8 25.5 ± 1.8 26.8 ± 1.7 strokes/min)  

P2000  (34.8 ± 3.2 strokes/min) 

 (r = 1.00) r  0.99

1.00  

IAA

 (  3 (B), 1 4 38.4 ± 2.8 39.4 ± 3.0 40.9 ± 3.7

42.3 ± 3.6 count/min) SR IAA 1

 (38.4 ± 3.2 count/min) 2  (

41.9 ± 3.4 45.3 ± 3.4 48.2 ± 4.1 count/min) P2000 IAA (66.3 ± 9.3 count/min) 

 (r = 1.00) 

r  0.94 1.00  

VO2

 (r = 0.96 1.00) SR VO2

 (r = 0.96 1.00) SR ΔVO2 / ΔPO (

)  12.1 ± 1.5 13.8 ± 1.8 ml/min/watt

 (p < 0.05)  

  3.  (A) IAA (B) 
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2. OD 

SR VO2 SR24 SR28

VO2 VO2

IAA VO2 r 0.89 1.00

 (ΔVO2/ΔIAA) 18.7 ± 13.6 ml/count 

VO2 VO2rest+int

VO2 (VO2ext) r

0.87 1.00 VO2ext 10.81 

± 2.50 ml/min/watt  

 4 SR IAA  ( OD ODSR

ODIAA) ODSR ODIAA 7.0 ± 0.8  7.0 ± 0.7 lO2Eq ODSR (6.6 ± 

0.8 lO2Eq)  (p < 0.05) ODSR ODIAA

 5 ODSR ODIAA Y = X 

ODSR ODIAA  (ICC (1, 1) = 0.93, p < 0.05) 

ODSR ODIAA

-0.03 ± 0.41 lO2Eq OD

 (  5 , r = -0.12, p = 0.76)  

  

 

 

 

 

 

 . ODSR ODIAA Y = X 

 

 . 

SR IAA

OD ODSR ODIAA

 (p < 0.05)  
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D. 

1. SR  (ODSR) 

SR 2 IAA

SR 2

SR

VO2  (ΔVO2 / ΔPO) 

VO2  ( )  ( ) 

ΔVO2 / ΔPO  

IAA

P2000 IAA

SR IAA

P2000 SR

P2000

SR ODSR P2000

ODSR OD  

2. IAA  (ODIAA) 

SR

SR OD

P2000

2000 m 

 . 

ODSR ODIAA ODSR

ODIAA 7.0  0.8 lO2Eq

ODSR ODIAA 0.03 

 0.41 lO2Eq
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 (Steinacker, 1993) SR

IAA

OD  (IAA )  

 (Minetti, 2011; Winter, 1990) 

 (Hansen et 

al., 2004) 

IAA VO2 (VO2int)  ( , 2014) 

IAA VO2

IAA VO2int

SR VO2  ( ) VO2 (VO2ext) 

 (IAA = 0 count/min, VO2 = VO2rest) 

VO2int VO2rest+int

ODIAA OD ODSR  (ICC (1, 1) = 0.93, p < 0.05) 
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