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A1 

A2 

ATP (Adenosine triphosphate) 

AOD (Accumulated oxygen deficit) 

 

FS (Freely choosen stroke rate) 

HR (Heart rate) 

IAAx, IAAy, IAAz 

(Integrals of value of accelerometer output on x, y or z axis) 

IAAtotal 
(Total integrals of value of accelerometer output) 

LT (Lactate threshold) 

MAOD (Maximal accumulated oxygen deficit) 
 

OD (Oxygen demand) 

ODext (Oxygen demand for external work) 

ODint (Oxygen demand for internal work) 

PLT (Power output at LT) 

P2000 (Power output at 2000 m test) 

QLaA (Quantity of lactate accumulated) 

QLaA at [La]b peak 
 

QLaR 

 

V
N

O2 (Oxygen uptake) 

V
N

O2 EX (Oxygen uptake spent for EXERCISE) 

V
N

O2 ext (Oxygen uptake spent for external work) 

: þTVĜÔ��w®D2I��
�VĜ»n¯o�µ� 

: þTVĜÔ��w®D2I��
�VĜĦz¯o�µ� 

: !27,M 3HMĜ 

: Ĝïgį 

  ĘwT�ÖĜï¬$6I(OcóĞ�´È 

: ĀĬù�ě²��-3KO)JO3 

: ©³¼ 

:�Ĕ (x, y, z) �Ñ����ē_vĖ��ëoh 
 

: IAAx, IAAy��� IAAz��ăhĮõëoh 
  

: VĜ¬\ċĥh 

: Á�Ĝïg 
  (ÖĜï¬$6I(Ocóûu�´È) 

: ĜïĩāĞ 

: �á[X��
�ĜïĩāĞ 

: lá[X��
�ĜïĩāĞ 

: LTÀ�ß¹9LO 

: 2000 m 1-3À���ß¹9LO 

: õVĜýëĞ (mmol) 

: ÁĭþTVĜÔ��rę��ÀÕ�_lVĜýëĞ  
  (mmol) 

: ĘwðWã¥��ÁĭþTVĜÔ��rę
��� 

  �_l��Ħz���VĜĞ (mmol) 

: Ĝïº|Ğ 

: Ęw������
�Ĝïº|Ğ 

: �á[X��
�Ĝïº|Ğ 



V
N

O2 int (Oxygen uptake spent for internal work) 

V
N

O2 rest (Oxygen uptake at resting state) 

V
N

O2max (Maximal oxygen uptake) 

 

V
N

O2peak (Peak value of oxygen uptake) 

 

VTLS (Volume of total lactate distribution space) 
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[La]b 

[La]b pre 

[La]b (0) 

[La]b peak 

�V
į

O2/�IAAtotal 

%Anaerobic 

%V
N

O2max 

 

 

: lá[X��
�Ĝïº|Ğ 

: �ĪÀ�Ĝïº|Ğ 

: Á�Ĝïº|Ğ 
  (Ó�Čü1-3�Ñ����Ĝïº|Ğ�Á�h) 

: ÁĭĜïº|Ğ 
  (ĘwT�Ñ����Ĝïº|Ğ�Áĭh) 

: _l����VĜ�����ñø��ë 

: [La]b�w®D2I��
�VĜ»n¯o�À�¼  

: [La]b�w®D2I��
�VĜĦz¯o�À�¼  

: þTVĜÔ� (mmol/L) 

: ĘwĢ�ãs�þTVĜÔ� (mmol/L) 

: ĘwðWã¥�þTVĜÔ� (mmol/L) 

: ĘwðW¥�ÁĭþTVĜÔ� (mmol/L) 

: IAAtotal� V
į

O2���ãö�i	 

: ÖĜï¬\ċ�č×t� 

: Á�Ĝïº|Ğ �Ò���Ĝïº|ÌÒ 
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ɫ1ɨ ʊ� ˓ 

 

� |�lɩƨ.3 2000 m 2ɎʋZ�`�-ɑ͆Iɩ�ē�ɩƨ-�D͙��`2ƤˊǗ̪3�

B$ 5.5�7.5ç̪-�E͚��`�3̠ɼƿČ̢ (V
͚

O2) 2ǜĿ̠ɼƿČ̢ (V
͚

O2max) 2�B$ 90 % 

-ƻɠ!E&> (Pripstein et al., 1999)͙Ǟ̠ɼƗ­˥2˩ȶ2Ŀ�0ɩƨ-�E.��E͚;&͙

��`�2{�`ƢɅ1ɑɍ!E.͙`e�lɎƉ�B5��`ɿɌ1��,͙Ȳ1͔�ʳ̊

ż (Ɉƾt��) -̒ù2ˁHFE (`e�l�B5�`l`t�lť͙̓Ǫ�9�, 2006; 

Steinacker, 1993)͚�2.�͙`e�lɎƉ-3Ǟ̠ɼƗ­˥�C2Pp�V�Âʃ2þç1͔;

),�0��.@͙��`ɿɌ-3$F29:ǜĿ1̕�,�E�.�C͙`e�l�B5�

`l`t�lť̓-3͙Ǟ̠ɼƗ­˥2<0C"Ȫ̠ɼƗ­˥�C2Pp�V�Âʃ?̡ˊ-

�E͚ 

� ̒ù�2Ǟ̠ɼƗ­˥̢3͙ĞȈT`Iȟŕ!E�.1B),ɎƹɊ1ŕ̢!E�.2Ďʤ

-�D͙$2ǜĿÐ-�E V
͚

O2max 3|�lɩƨ2twQ�~�`.ƃ�̫̌!E�.2ĵě�

F,�E (Bourdin et al., 2004; Cosgrove et al., 1999; Kramer et al., 1994; Lacour et al., 2007; Pripstein et 

al., 1999; Russell et al., 1998; Secher, 1983; Secher, 1993; Steinacker, 1993; Yoshiga and Higuchi, 2003)͚

$F1Ş�,͙Ȫ̠ɼƗ­˥̢3͙ɎƹɊ1ŕ̢!E�.2�Ďʤ-�E&> (Noordhof et al., 

2013)͙Medbø et al. (1988) 2ƼĢ�&̠ɼÎ (Accumulated oxygen deficit: AOD) 1BEƻŕȏ (AOD

ȏ) 2Ⱦ�CF,�&͚AODȏ.3͙˱ǜĿ̒ù�2̠ɼ̾ˊ̢ (Oxygen demand: OD) Iƻŕ�͙

$��CŖ̶1ȟŕ�F& V
͚

O2 !0H(Ǟ̠ɼƗPp�V�Âʃ̢Iů�ƀ��.1B),Ȫ

̠ɼƗPp�V�Âʃ̢2ƱǺ-�E AODIŕ̢!Eǌȏ-�E (Medbo et al., 1988; Noordhof et 

al., 2010)͚ 

� ��M�XIŞ˧.�&Üˁɔɤ1��,?͙AODȏIȾ�, 2000 m ^����^��j`

l�2Ȫ̠ɼƗ­˥2˩ȶòē (%Anaerobic, Clark, 2016; Pripstein et al., 1999; Russel l et al., 1998) 

2˚Ä�F,�D͙�C1Ȫ̠ɼƗPp�V�Âʃʤó2ƱǺ-�EǜĿ̠ɼÎ (Maximal 

accumulated oxygen deficit: MAOD) .��M�XtwQ�~�`2̫Æ1*�,?Ƕ˖2ˁ0H
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F,�E (Clark, 2016; Pripstein et al., 1999; Russel l et al., 1998)͚���͙2000 m ^����^��

j`l2̒ùǗ̪29:ĕ� (6.7 ç̪�B5 6.8 ç̪) 2Üˁɔɤ̪1��,?͙j`l�

2 %Anaerobic13ʶŶ2ů2˞>CFE (16 % v.s. 20 %, $F%F Russell et , 1998�B5 Clark, 

20161BE)͚�C1͙��M�XtwQ�~�`.MAOD2̫Æ1*�,?͙Ǟƛ0ɏ̫̫Æ

2˞>CF&.!Eĵě (Clark, 2016; Pripstein et al., 1999) .͙̫Æ2˞>CF0�)&.!Eĵ

ě (Russell et al., 1998) 2�D͙�ʰ�&ˋˑ2ɘ�F,�0�͚���&��M�XǗ2Ȫ̠ɼ

Ɨ­˥1̫!EÜˁɔɤ2ģ͋ȩ13͙AOD ȏ1B), OD Iƻŕ!E̶1��M�X2̒ù

ȲƗ2þç1ʗƟ�F,�0��.2Ƈ̈́Iĉ:�,�EĎʤƗ2�E͚õ�,͙��M�X

twQ�~�`.Ȫ̠ɼƗPp�V�Âʃʤó2̫ÆIǶ˖�&Üˁɔɤ-3͙Ȫ̠ɼƗPp

�V�Âʃʤó2ƱǺ.�, 2000 m ^����^��j`l;&3 2ç̪2˱ǜĿj`l�2

AOD2Ⱦ�CF,�E2 (Clark, 2016; Pripstein et al., 1999; Russell et al., 1998)͙$FC1B),ɐ

2MAOD2ȟŕ�F,�E�2þç1Ƕ˖�F,�0��.?ģ͋ȩ.�,Ʋ�CFE͚ 

� ��M�X3͙r�m�IƉǌ7.ȳƀ!E�.-Ŀ�0ƻ̍óIɈȼ�#Em�Mxť̓

.͙˸¼Iñǌ7.ɠù�#Ǿ2m�Mxť̓2ȡÔIˁ0��S±��ť̓1B),Ǹơ�

F,�E͚m�Mxť̓1��,ȼ &ʳIƻ̍�#Eª 3ĽɊª .ŕʕ�F͙��M�

XP�[��e-3Ɉƾt��.�,ȟŕ�FE͚�ǌ͙�S±��ť̓1­˃�FE˸¼I

ñƉǌė7.ɠù�#Eª 3âɊª .ŕʕ�FE2 (Di Prampero et al., 1971; Fukunaga et al., 

1986; Hofmijster et al., 2009)͙��M�XP�[��e-3Ɉƾt��13Ċǖ�F"͙1ç̪�

&D2`l��WħǇ2`l��W��l.�,˗̤�FE2<-�E͚�2âɊª ̢3͙

`l��W��l2Ĺõ1¶),Ĺõ!E�. (Hofmijster et al., 2009)͙�C1˱ǜĿƃż1��

E`l��W��l3ǜĿ�ƃż2$F2 2Ì̄�1?̕!E�.�C͙˱ǜĿƃż-3P�[

��e-ȟŕ�F0�âɊª ̢?Ĺõ�,�E.ƻŝ�FE͚���͙AOD ȏ-3͙ǜĿ�

ƃż-Ȋ>&Ɉƾt��. V
͚

O2 2Ɏʋħųſ1˱ǜĿj`lǗ2Ɉƾt��IĽƵ!E�.1

B), OD2ƻŕ�FE&>͙���&`l��W��l2Ĺõ1¶�âɊª ̢2Ĺõç2õ

ĝ�F"͙OD IŖ̶BD?̓š1˚Ä�,�EĎʤƗ2�E͚$2&>͙��M�X2̒ùȲ
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ƗIʗƟ�, ODIƻŕ!E&>13͙`l��W��l2Ĺõ1BEâɊª ̢2Ĺõ2Pp

�V�­˥̢1ĉ:!Ƈ̈́IǔC�1!E..?1͙$FIˆȀ�, ODIƻŕ!EǌȏIǶ˖

!EƓˊ2�E͚ 

� ��M�XǗ2âɊª I͙ñƉǌė1˸¼̡ƒIɠù�#E“˸¼Ȕù”.ƶ�E.͙âɊª

 ̢3˸¼Ȕù̢Iȟŕ!E�.1B),ŕ̢Ɋ1˚Ä!E�.2Ďʤ-�Ē͚Ÿ͙šĲ2

õ̊żȟŕ˅ʒ (®�͙õ̊żb�\) 2̩Ɉ�F͙¼1˅ɑ!E�.1B),̒ù�2˸¼1

ȼ &õ̊ż (®�͙˸¼õ̊ż.Ʌ!) IŚǕ1ȟŕ!E�.2Ďʤ10)&͚ȁˁ�B5˯

̒ù.�)&˸¼̡ƒIɠù�#E̒ù-3͙˸¼õ̊żI 3ǾÛ-ȟŕ�͙$FC2ʅŞÐ2

1ç̪ɣçÐIē˕�&Ð-�EʉɣçÐ (Total integrals of value of accelerometer output: IAAtotal) 

1B),˸¼Ȕù̢2˚Ä�F,�& (Bouten et al., 1994; Eston et al., 1998; Iwashita et al., 2003; 

Nichols et al., 1999)͚�C1͙IAAtotal3ȁˁ�B5˯̊ż2Ĺõ1¶),ĹĿ�͙$2.�2V
͚

O2

.ƃ�Ɏʋ̫ÆIɘ!�.2ĵě�F,�E (Bouten et al., 1994; Eston et al., 1998; Iwashita et al., 

2003; Nichols et al., 1999)͚�&2),͙��M�X1��,?͙`l��W��l2<IĹõ�

#E�.1BDâɊª ̢2<IĹõ�#&̶1͙IAAtotal . V
͚

O2 2̪1Ɏʋ̫Æ2ơɧ!F4͙

IAAtotal�C��M�XǗ2âɊª 1Ş!E V
͚

O2 (V
͚

O2 spent for internal work: V
͚

O2int) 2˚Ä-�

E.ʗ�CFE͚ 

� �ǌ͙ Medbø et al. (1988) 3͙�B$ 2ç̪-ɇ÷ĪƠ1ʯEŕŴ˨ʷ2˱ǜĿ̒ù1��,

AOD 2ǜĿÐ (MAOD) 1í̕�͙�C1͙$��C̒ùǗ̪IĹõ�#,? AOD 29:�ŕ

2ÐIɘ!�.�C͙MAOD 2ȟŕ13ŕŴ˨ʷ1BE 2~4 ç̪2˱ǜĿj`lIƻŃ�,�

E͚���͙$2Ɖ2ɔɤ1B),͙NL�Y�lj`l2B�0R��KNlĲ2t��Ɉ

ƾǹſ-3͙BDɓ�Ǘ̪ (60~90ɟ̪) -MAOD1í̕!E�. (Withers et al., 1991; Withers et 

al., 1993) @͙Ǟ̠ɼƗʤó1ÚF&˄͒ʘ-3BD̒ùǗ̪2̧� (~5 ç̪) ˱ǜĿj`l-

MAOD2æȹ!E�. (Craig et al., 1995) 2ĵě�F,�E͚�FC2�.�C͙MAOD2ȟŕ

y�lZ�I̙ƫ!E̶13͙˄͒ʘ2Pp�V�Âʃɸ2¼óȲƗ@͙ş̨.!Eɩƨ2̒

ùǗ̪@{�`ƢɅIʗƟ!EƓˊ2�E�.2Ʊǀ�F,�E (Craig et al., 1995; Noordhof et al., 
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2010)͚���͙�F;-1��M�XIŞ˧.�,͙MAOD Iȟŕ!E̶2ǜ̘0y�lZ�

1*�,Ƕ˖Iˁ0)&Üˁɔɤ3˞>CF0�͚ 

� $�-ǣɔɤ2ɍɊ3͙��M�XǗ2`l��W��l2Ĺõ2 V
͚

O2�B5 IAAtotal1ĉ:

!Ƈ̈́IǔC�1�͙$2��-͙˱ǜĿj`l1��E`l��W��l2Ĺõ͙Ȳ1âɊ

ª ̢2Ĺõ2Ƈ̈́IˆȀ�, OD Iƻŕ!E AOD ȏI̩Ɉ!E�..�&͚�C1͙��M

�X1��, MAOD Iȟŕ!E̶2ǜ̘0y�lZ�1*�,?Ƕ˖Iˁ0��.1B),͙

��M�XǗ2Ȫ̠ɼƗPp�V�Âʃʤó2˚ÄǌȏIɖɧ!E�.IɍɊ.�&͚ǣɔɤ

1B),ǋ&0 AODȏIɖɧ!E�.3͙��M�X2̒ùȲƗIõĝ�,͙2000 m ^���

�^��j`l�2Ȫ̠ɼƗPp�V�ÂʃùƝ�B5 %Anaerobic͙�C1��M�XtwQ

�~�`. MAOD 2̫ÆIǶ˖!E�.IĎʤ.�͙$FC3Pp�V�Âʃɸ2¼ó�C�

�M�XtwQ�~�`2ė�IǶ˖!E��-̡ˊ0ɒˋ10E.ʗ�CFE͚
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ɫ2ɨ ǉȶɔɤ 

 

1.  |�lɩƨ (��M�X) 2ȲƗ 

1. 1. ɩƨ2ȲƗ 

� |�lɩƨ3͙1¨2 2ǣ2R��IǁE`S�ɢɍ.͙1¨2 1ǣ2R��IǁE`

M�yɢɍ1Ŀë�F͙�C1Ȣƥ2¨Ǉ1B),�C1ɽ��ç͍�FE͚;&͙

1996Ÿ2Kl��eR��vhWBD¼̡î̯20�̡̢ɻ (Open weight category) 1õ

�,͙ȢƥË¨2¼̡2Ɂō-3 72.5 kg͙Ņō-3 59 kg͙W��2ŷı¼̡2Ɂō-3

70 kg®�͙Ņō-3 57 kg®�1î̯�FE˼̢ɻ (Light weight category) 2ƸȾ�F,

�E͚�ʲɊ1ɩƨ3 2000 m 2ɎʋZ�`-ŖǍ�F͙$2.�2ƤˊǗ̪3ɢɍ͙Ɨ

ë�B5¼̡Sj[��1B),Ɇ0D͙ǜ?ƤˊǗ̪2ɓ�ɢɍ-�EɁō̡̢ɻP

Ml2�Ƀǜ͔˗̤3 5ç 18ɟ 680-�D͙ǜ?ƤˊǗ̪2̧�ɢɍ-�EŅō˼̢ɻ

^�X�`S�-3 7ç 24ɟ 460-�E (˃ 2 – 1)͚;&͙�FC 2000 m ��`2eM

�13ŀÍ@ȉȞ.�)&Ȉ˧ǧ°2Ƈ̈́!E&>͙$FC2Ƈ̈́Ḭ�,Ȣƥ2��

M�XtwQ�~�`I˚Ä!E&>1͙��M�XP�[��e2ź�Ⱦ�CF,�

E͚�F;-1ǹ
0eMy2��M�XP�[��e2̩Ɉ�F,�&2͙ȹį-3

Concept II əˇ2��M�XP�[��e2͙l��o�X@̙ƥ̙ʗ2̶1ź�Ⱦ�C

F,�E͚;&͙P�[��eIȾ�& 2000 m eM�l�MK�2�ɃĿ³?̩Õ�F

,�D͙Ɂō̡̢ɻ�B5˼̢ɻ̙ƥ2�Ƀ˗̤3͙$F%F 5ç 36ɟ 6�B5 5ç 56

ɟ 7͙Ņō̡ˊɻ�B5˼̢ɻ̙ƥ-3͙$F%F 6 ç 25 ɟ 0 �B5 6 ç 54 ɟ 7 -�

E͚ 
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�  

� ��M�Xù¾3͙x��m2ȉ�1Ý)&ȴƝ-r�m�IƉǌ7.ȳƀ!E�.

1B),Ŀ�0ƻ̍óIɈȼ�#Em�Mxť̓ (Ĭ 2 - 1, (a)�(d)) .͙x��m2ɥ�1

�EȴƝ-˸¼Iñǌ7.ɠù�#Ǿ2m�Mxť̓2ȡÔIˁ0��S±��ť̓ (Ĭ

2 - 1, (e)�(h)) 1B),Ǹơ�FE͚��`�͙Ȣƥ3��M�Xù¾I 1ç̪1�B$

34 - 42ħ2͉ż (`l��W��l) -ʑD̅�,�D (Steinacker, 1993)͙ʉ`l��WǇ

3 210 - 230ǣ1?̕!E͚�C1͙��`�2ʳ̊ż (;&3Ɉƾt��) 3�ŕ-30

˃ 2 – 1. Ķȑ ŰǼ�<2ƛŀL]Rv�ȉ/Ů¦ċăÁȭ�  

Boat type Sex Category O.L. Time Nation Race

Eight (8+) M Heavy * 5:18.680 Germany 2017 World Rowing Cup II (Poznan, POL)

M Light 5:30.240 Germany 1992 World Rowing Championships (Monreal, CAN)

F Heavy * 5:54.160 U.S.A. 2013 World Cup III (Lucerne, SUI)

Quadruple sculls (4X) M Heavy * 5:32.260 Ukraine 2014 World Rowing Championships (Amsterdam, NED)

M Light 5:42.750 Greece 2014 World Rowing Championships (Amsterdam, NED)

F Heavy * 6:06.840 Germany 2014 World Rowing Championships (Amsterdam, NED)

F Light 6:15.950 Netherlands 2014 World Rowing Championships (Amsterdam, NED)

Coxed four (4+) M Heavy 6:43.860 Roumania 1991 World Rowing Championships (Vienna, AUT)

F Light 5:58.960 Germany 1986 World Rowing Championships (Nottingham, GBR)

Coxless Four (4-) M Heavy * 5:38.000 GBR 2012 World Rowing Championships (Lucerne, SUI)

M Light 5:43.160 Denmark 2014 World Rowing Championships (Amsterdam, NED)

F Heavy * 6:14.360 New Zealand 2014 World Rowing Championships (Amsterdam, NED)

F Light 6:36.400 U.S.A. 1994 World Rowing Championships (Indianapolis, USA)

Double sculls (2X) M Heavy * 5:59.720 Croatia 2014 World Rowing Championships (Amsterdam, NED)

M Light * 6:05.360 RSA 2014 World Rowing Championships (Amsterdam, NED)

F Heavy * 6:37.310 Australia 2014 World Rowing Championships (Amsterdam, NED)

F Light * 6:47.690 Netherlands 2016 World Rowing Cup III (Poznan, POL)

Coxed pair (2+) M Heavy 6:33.260 New Zealand 2014 World Rowing Championships (Amsterdam, NED)

Coxless pair (2-) M Heavy * 6:08.500 New Zealand 2012 Olympic Games (London, GBR)

M Light 6:22.910 Switzerland 2014 World Rowing Championships (Amsterdam, NED)

F Heavy * 6:49.080 New Zealand 2017 World Rowing Cup II (Poznan, POL)

F Light 7:18.320 Australia 1997 World Rowing Championships (Aiguebelette, FRA)

Single scull (1X) M Heavy * 6:30.740 New Zealand 2017 World Rowing Cup II (Poznan, POL)

M Light 6:43.370 Italia 2014 World Rowing Championships (Amsterdam, NED)

F Heavy * 7:07.710 Bulgaria 2002 World Rowing Championships (Seville, ESP)

F Light 7:24.460 New Zealand 2015 World Rowing Cup II (Varese, ITA) 

|�l2ɢ͍ (Boat type)͙Ɨë (Sex)͙¼̡Sj[�� (Category)͙R��vhWɢɍ2ǞȪ (Olympic: 
O.L.)͙ǜ͔eM� (Time)͙Į (Nation) �B5Ŀ³ (Race) I˗˾͚ 
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�͙$F%F2ť̓1B),Ļû!E (Steinacker, 1993)͚`e�lɎƉ3Ȳ1Ŀ�0óI

Ɉƾ�͙$FI͔�`l��W��l-ʑD̅!�.1B),́ǿ�&ʳI�Ȉ1õ̊

�#E (`e�l`t�lť̓)͚�2ť̓3 10 ɟɡżʇ�͙Ɉƾt���B5`l��

W��l3ǜ?͔�Ð1̕!E ($F%F 600�700 watt�B5 36�42 strokes/min)͚$2

Ɖ3͙ȷƌ�&ʳ̊żIʈư�**͙Ɉƾt���B5`l��W��lIH"�1º

��# (`e�lť͙̓450�600 watt�B5 34�38 strokes/min)͙�2ť̓3`e�lť

̓.Ğ4FE͚`e�lť̓2ɿHE.͙Ďʤ0̯D͔�ʳ̊żIʈư!E&>1͙Ɉ

ƾt���B5`l��W��lI�C1º��#E (350�450 watt �B5 30�36 

strokes/min)͚�2ť̓3Z�`e�lť̓.Ğ4F͙��`2Ŀ̜ç (6 çj`l2Ķē͙

Ĭ 2 – 1. ��M�Xù¾2̌ʇäɐ͚ 
K�wCūƯ.ƶ9? (Mr\[, a) +ǐĥ.�Ğ öºŽ/Ň.Şǂ�" (b�<2 c) 
#/÷ŘĞCÛ×�"c{`wC��ǵ�?�+ (d) .<')ŪŧȧCǤŵ�"? (`u
GgÖȏ)�#/÷0 ŘĞ/Şǂ (e) öºŽ/Û× (f) �Ğ/Û×/Ň.ċň/lU
Tt{3+�Ǐ ?� 

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)
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�B$ 4~4.5ç) 2�2ť̓1B),ă>CF,�E͚$2Ɖ͙ [��Ɏñ-3ãżɈƾ

t���B5`l��W��lIĹõ�#E�`l`t�lť̓2æȹ!E (400�500 

watt �B5 34�38 strokes/min)͚�2B�0`e�lɎƉ1ǜ?͔�ʳ̊żIȷƌ�͙$

2Ɖ͙��`2̍ˁ..?1Ɗ
1ʳ̊żIº��#͙��`ɿɌ-ãż�ǒ�#E{

�`ƢɅ3͙Į̶�z� (Garland, 2005) �B5Įâ�z� (Ǫ�9�, 2006) -?ĕǹ1ĵ

ě�F,�E͚Ǫ�9� (2006) 3͙���&|�lɩƨȵȲ2{�`ƢɅ1*�,͙|

�lɩƨ3ƉGė�1ʳIƻ̍�#,�E&>͙ɏƥ1Üˁ�F,�;�.͙ɏƥ.2

˴̻IˍˎɊ1˞˦!E�.2-�0�0E�.1̫̌�,�EĎʤƗ2�E.ʗŝ�

,�E͚�ǌ͙Garland (2005) 3͙ɏƥ.2˴̻Ɯ.�)&ƒȺɊ0Ƈ̈́Ič�0�P�

[��eIȾ�& 2000 m ^����^��j`l1��,?͙ȉ�9/ʺ��30�?

22ĕǹ2{�`ƢɅ2˞>CF& (Ĭ 2 – 2) �.Iĵě�,�E͚ƈC3͙̒ù̩ňɎ

Ɖ1��,Ȳ1͔�ƃż-̒ùȈˁ!E{�`ƢɅ1*�,͙ˀȕ̢ (Hughson et al., 

1996)͙ƽȈ̢ (Whipp and Ward, 1990) ;&3 V
͚

O2 (Ozyener et al., 2001) IɼǑ�Ĺõ (Ɣɮ) 

�#E.�)&ȼȺőɊ0Ó̓?̫̌�,�EĎʤƗIƱǀ�,�E͚ 

the crew overestimating their ability and setting off at a pace
that was too fast for their ability, or a deliberate tactical
decision to slow down to conserve energy for further rounds
of the competition. It was impossible to distinguish which of
these two possibilities was the reason for the late slowing of
pace. In either case, the result was for the first 500 m to
appear to be extremely fast in comparison with other sectors,
and in comparison with the athletes who were not excluded.
The same observation was made by Wilberg and Pratt9 for
their losing competitors. Exclusion of races in which the
cyclist deliberately slowed toward the end of a race may have
resulted in Wilberg and Pratt9 interpreting their data
differently, and proposing a different conclusion. Their
comparison may perhaps be better expressed as a comparison
between athletes who showed evidence that they completed
the race in their shortest possible time compared with
athletes who did not show such evidence. Such a comparison
is not as valuable as the other comparisons made in the
present study.
In addition to showing no difference between winners and

losers, this study also shows no difference in pacing strategy
between men and women despite possible differences in the
physiological characteristics of these athletes that may affect
the distribution of energy expenditure during a race.
However, a difference in pacing strategy was observed

between on-water and ergometer rowing, although both
showed a fast start strategy. The first 500 m of the race was
rowed on average 5.1 seconds and 1.7 seconds faster than the
second 500 m, for on-water and ergometer rowing respec-
tively. This pattern for ergometry time trials is perhaps
surprising, as there is no tactical or psychological advantage
in setting off fast on an indoor rowing ergometer in the same
way that there is for on-water rowing. It is possible that these
athletes become accustomed to setting off fast on the water,
and this strategy transfers to ergometer time trials. However,
another possibility is that setting off fast is the physiologi-
cally optimal strategy to adopt, and this strategy is naturally
adopted by elite competitors.

Evidence from sprint running, sprint cycling, and speed
skating,5 two minute kayaking,3 1500 m speed skating,1 and
1000 m, 2000 m, and 4000 m cycling1 4 7 suggests that, for
the shortest duration races (less than 120 seconds), the best
strategy is all out at the start, with a decline in power output
(and therefore pace) towards the end of the race.3 5 As the
race gets longer (between 120 seconds and 290 seconds), the
strategy should tend to a short powerful (but submaximal)
start, followed by more even pacing.1 4 7 This transition in
profile continues so that for races of long duration, a slow
start with an increase in pace towards the end of the race—
that is, ‘‘negative splitting’’—should be adopted, as shown by
Mattern et al6 for 20 km cycling (lasting about 33 minutes).
Elite competitive 2000 m rowing races take 330–460 sec-

onds to complete. This duration falls between the two
extremes of the range of pacing strategy studies previously
published (and presented above). We observed that a fast
start was the strategy adopted by elite rowers (figs 1–3,
table 3), similar to that observed previously for races lasting
120–290 seconds.1 4 The problem with a powerful start in
longer duration time trials such as these is that the higher the
initial power output, the higher the initial metabolic
acidosis.10 This may inhibit anaerobic glycolysis and muscle
contraction, resulting in a decrease in maximal power output
late in the race and the deterioration of the ability to produce
an effective technique.1 11 12

The data presented in this paper do not fully express the
magnitude of the increased effort and increased physiological
load at the start of the race, because only times and speeds
are recorded, rather than power output—a superior index of
physiological load. The first 500 m section was the fastest
despite the inclusion of the initial acceleration from a
stationary start. It requires a much higher average power
output to complete the first 500 m in 100 seconds, for
example, than it does to complete the second 500 m in
100 seconds. However, these hypothetical data would appear
to show an even paced profile if presented as in figs 1–3.
Steinacker13 has provided data, which have been plotted in
fig 4, indicating that power outputs to accelerate the boat
from standing to race pace are as high as 700 W compared
with 350–500 W later on in the race. These additional
considerations make the adoption of a fast start strategy
even more remarkable.
These results also have a practical application, providing

guidelines for competitors to follow. For example, an athlete
may have a target of 400 seconds for a 2000 m ergometry
time trial, which is an average velocity of 5 m/s. To achieve
this, the athlete should row the first 500 m at 101.5% of the
average velocity (the average pace shown for the elite athletes
in this study; table 3)—that is, at 5.08 m/s, to complete the
first 500 m in 1 minute 38.5 seconds. Subsequent sectors
should be rowed at 99.8%, 99.0%, and 99.7% of average

106

104

100

102

98

96

Sector of race

N
or

m
al

ise
d 

m
ea

n 
ve

lo
ci

ty
 (%

)

1500–
2000 m

1000–
1500 m

0–
500 m

500–
1000 m

On-water
Ergometry

Figure 3 Race pace profiles comparing on-water (n = 948) and
ergometry (n = 170) trials. *Significant differences between the two
groups (p,0.05).

300

Distance covered (m)

W
or

k 
ra

te
 (W

)

1500 200010000 500

700

600

400

500

Figure 4 Work rate profile (rather than race velocity profile as
presented in figs 1–3) for 2000 m on-water rowing, which emphasises
the powerful first phase of the race. Data have been reconstructed from
Steinacker.13

Table 3 Average race profiles for the two modes of
rowing

Pace (%)

On-water Ergometry

0–500 m 103.3 (1.8) 101.5 (1.5)
500–1000 m 99.0 (1.2) 99.8 (0.8)
1000–1500 m 98.3 (1.2) 99.0 (1.0)
1500–2000 m 99.7 (1.9) 99.7 (1.6)

Pace is expressed as mean (SD) percentage velocity for the race as a
whole.
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Ĭ 2 – 2. ȉ� (	) �B5P�[��e (
) 1��E 2000 m j`l2{�`Ļû 
(Garland, 2003BDƪɵ)͚ʎ˻3��`�2ŷı̊ż1B), 500 m ȅ2ŷı̊żI
Ȁˌû�&ÐIɘ!͚Ĭ�2 ★ 3ǧ°̪ (ȉ�;&3P[��e) -Ǟƛ0ů2˞>C
F&�.I˃! (p < 0.05)͚ 
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1. 2. ��`�2ȼȺƔɮȲƗ 

� ��`�͙V
͚

O2 3`e�lɎƉ�CƖŭ0ĹõIɘ�͙2�5 çƉ;-1ǜ͔Ð7.í

̕�͙ǜƉ2�B$ 1 ç̪Ḭ�,9: V
͚

O2max2ȉȡ-ƻɠ!E�.2ĵě�F,�E 

(Ĭ 2 – 3, Hagerman, 2000; Pripstein et al., 1999)͚;&͙Hagerman (2000) 3͙6ç̪^���

�^��j`l2twQ�~�`2͙V
͚

O2max;&3 V
͚

O2peak.�)&ƱǺBD?͙`e�

lƉ2 1 ç̪.̒ùɿ�ñ2 1 ç̪2̰�& 4 ç̪1��Eŷı V
͚

O2.ƃ�ɏ̫̫ÆI

ɘ!�.Iĵě�͙|�l̙ƥ1Ȋ>CFEʤó.�,͙V
͚

O2peak@ V
͚

O2max2͔��.1

õ�,͙ɏŞɊ1͔�̠ɼƿČȉȡ (%V
͚

O2max) -̒ù2ʆʇ-�EȩIƲ�,�E͚ 

 

�  

 

 

 

 

 

 

 

 

 

 

� ̒ù�2Pp�V�Âʃɸ3͙ATP-PCr ɸ͙ˑɷɸ�B5̠ûɸ1ç͍�F͙̒ùƃ

ż2͔�0E9/͙ATP-PCr ɸ�B5ˑɷɸ͙!0H(Ȫ̠ɼƗ­˥2˩ȶ2͔;E�

ũ 2 – 3. y�G{PIwRp�YCș�% 6ǹ¹ (ƨę) �<2 7ǹ¹ (Ōę) /Tns
x�Tt{]V_Ư/ V

͚
O2�ǉ (Hagerman, 2000. <>ǥŬ)�ƨę/śĄ0 3ǹȑ

�ā Ōę/śĄ0 4ǹȑ�ā* V
͚

O2�45 V
͚

O2peak/ūņ*Ū� ?� 



 
 

ɫ 2ɨ� ǉȶɔɤ 
 

 10 

.2ɒCF,�E͚Ȳ1͙ˑɷɸ1BEPp�V�Âʃ2̓ɡ-3͙͓Ǳɭâ-�̠2

Ƚȼ�F͙$2Ɖ͙ˀ�7.Ǆæ�FE (van Hall et al., 2009)͚Åstrand and Rodahl (1987) 

3͙|�l̙ƥIŞ˧.�,͙��`ɿ�ɎƉ2ˀ��̠ȦżIȟŕ�&.�G͙16.6 ± 

2.4 mmol/L (12.0�17.2 mmol/L) 1̕�,�&�.Iĵě�,�E͚;&͙Hagerman et al. 

(1978) 3͙33Ė2P��l|�l̙ƥIŞ˧.�,͙6ç̪2��`^����^��j

`lI 2 ħŖǍ�#͙1 ħɍ3ǜƉ;-Ȣ�èC#&21Ş�,͙2 ħɍ3̒ù̩ň 1͙

2͙3͙4;&3 5çƉ2�"F�-j`lI�Ǌ�#͙$2.�2ˀ��̠ȦżIȟŕ�͙

$FCIȆ˽!E�.1B),��`^����^��j`l�2ˀ��̠Ȧż2ùƝ

IǶ˖�&͚$2ʂǭ͙ˀ��̠Ȧż3̒ù̩ň 2 çƉ;-1ǜ͔Ð1̕�͙$2Ɖ?

Ȇ˽Ɋ͔�Ð (16�18 mmol/L) -ƻɠ!E�.IǔC�1�,�E͚�FC2ĵě3͙�

�`�3Ǟ̠ɼƗ­˥1õ�,͙Ȫ̠ɼƗ­˥�C2Pp�V�Âʃ?͔�ȉȡ-ʈư

�F,�E�.IɘĠ�,�E͚ 

 

1. 3. |�l̙ƥ2¼óȲƗ 

� 2000 m ;&3 6 ç̪2^����^��j`l2twQ�~�`3͙V
͚

O2peak �B5

V
͚

O2max .śƹ1̫̌!E�.2ĵě�F,�D͙$FC2ƱǺ1­˃�FEǞ̠ɼƗʤ

ó3|�lɩƨ1��,ơôIɺ>E&>13Ɠ͇2ʤó-�E.�F,�E͚

Hagerman (2000) 1BE.͙ɴĮ2Ɂō�B5Ņō­˃̙ƥ2 V
͚

O2peak3̡̢͙ɻɁō�B

5Ņō1��,͙$F%F 7.0 �B5 5.5 L/min I˱�EÐ-�D͙˼̢ɻɁō�B5Ņ

ō-3͙$F%F̡̢ɻ̙ƥ�C 500�1000 mL/min ɡżº�ÐIɘ!͚;&͙w��`

2Į̶�B5Įâ�z�2̙ƥ2 V
͚

O2peak 3̡̢͙ɻɁō�B5Ņō̙ƥ1��,͙$F

%F 5.7�B5 3.8 L/min-�D͙˼̢ɻɁō�B5Ņō̙ƥ1��,͙$F%F 5.1�B

5 3.5 L/min-�)&�.2ĵě�F,�E͚|�lɩƨ1��,͙̙ƥ2V
͚

O2peak�B5

V
͚

O2max 3�ʲɊ1ʅŞÐ-˚Ä�FE (Secher, 1993)͚$F3͙��M�X2̒ùȲƗ͙

!0H(¼̡2ŽŲ1ǂ�CF&Ž¹Ŋú-t��ɈƾIʑD̅!�..̫̌�,�E
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.ʗ�CFE͚�ǌ͙ʮ˸2¼̡Iǂư�͙$FIɠù�#E˯̒ù-3͙¼̡2̡�

�.3˯2ʁțƗ (Running ecconomy) Iº��#͙$2ʂǭ͙˯twQ�~�`1Ş�,

˨2Ƈ̈́Iĉ:!͚$2&>͙��M�X.ĕǹ1ư�ɸɩƨ-�E̲�ɩƨ2�̧˴

̻˯ʘ.Ȇ˽!E.͙|�l̙ƥ3ʅŞÐ-ɘ�& V
͚

O2peak;&3 V
͚

O2max3͔�ÐI͙¼

̡&D-ɘ�&V
͚

O2peak;&3V
͚

O2max3º�ÐIɘ! (˃ 2 – 1)͚;&͙Yoshiga and Higuchi 

(2003) 3͙źɲ0˸¼�B5¼óȲƗIǞ!EɁō|�l̙ƥ 120Ė (˸̧: 1.64~1.93 m͙

¼̡: 58~95 kg͙Ÿ͖: 18~24Ȃ͙twQ�~�`eM�: 378~484ɟ: V
͚

O2peak: 3.4~5.6 L/min) 

�B5Ņō|�l̙ƥ 71Ė  (˸̧: 1.53~1.73 m͙¼̡: 43~69 kg͙Ÿ͖: 18~24Ȃ͙twQ

�~�`eM�: 437~556ɟ: V
͚

O2peak: 2.1~3.9 L/min) 1Ş�,͙2000 m ̂ ����^��j

`l�B5 V
͚

O2max2ȟŕIŖǍ�͙twQ�~�`eM�2˸̧ (r = -0.81)͙¼̡ (r = -

0.85)͙̰ʥʟ¼̡ (r = -0.91) �B5 V
͚

O2max (r = -0.90) .$F%Fƃ�ɏ̫̫ÆIɘ�&�

.͙�C1͙ĕɬ2twQ�~�`eM�IǞ!EɁƗ�B5ŅƗ˄͒ʘIȆ˽�&Ķ

ē͙˸̧�B5¼̡2ů ($F%F 10 % �B5 9 %) .Ȇ˽�,͙̰ʥʟ¼̡2ů2Ţ0

�)&�. (4 %) Iĵě�,�E͚�2�.3͙|�l̙ƥ1.),͙ʅŞÐ-ɘ�&

V
͚

O2peak;&3 V
͚

O2max2͔��.͙;&$FC.̫̌!Ḛʥʟ¼̡2ľ��.2͙͔�

twQ�~�`IɈƾ!E��-̡ˊ-�E�.IɘĠ�,�E͚ 

� V
͚

O2max 2ƒʡ�B5ƎȻʤó.�)&�ǮĨō2ƃ�Ċǖ�F&ƱǺ-�E21Ş�

,͙ɭ0/2ǢǳĨō2Ċǖ�F&Ǟ̠ɼƗʤó2ƱǺ.�,�̠Ɨ­˥̬Ð (Lactate 

threshold: LT) @ˀ��̠Ȧż2ʻɣ̩ňȩ (Onset accumulation of blood lactate: OBLA) 2�

E͚�F;-1͙LT�B5 OBLAǗ2Ɉƾt��@ V
͚

O23͙��M�XtwQ�~�`

.2̪-Ǟƛ0Ȁ2ɏ̫̫ÆIɘ!�.2ĵě�F,�E (Cosgrove et al., 1999; Bourdin et 

al., 2004; Ingham et al., 2002; Lacour et al., 2009)͚;&͙P��l|�l̙ƥ-3͙Ȫ̠ɼ

Ɨ­˥̬Ð (Anaerobic threshold: AT) 2æȹ!EɏŞƃż2͔��. (83 % V
͚

O2max) 2ĵě

�F,�E (Mickelson and Hagerman, 1982)͚���&ĵě3͙P��l|�l̙ƥ2͓Ǳ

ɭʋʈ1��,̠ûʤó1ÚFE̐ɭʋʈ (Type�ʋʈ) 2òē2͔��.  (Hagerman and  
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Staron, 1983; Mickelson and Hagerman, 1982) @͙̠ûɸIƭ��lZ�m�K2śż2͔�

�. (Hagerman and Staron, 1983) .?�ʰ!E?2-�E͚�  

� ñ̆�&B�1͙��`�2 V
͚

O2 3͙`e�lɎƉ�CƖŭ0ĹõIɘ�͙$2Ɖ3

ǜƉ2 1ç̪Ḭ�,9: V
͚

O2max¬̄-ƻɠ!E (Ĭ 2 – 3, Hagerman, 2000; Pripstein et al., 

1999)͚�2�.3͙��`�2Ŀ̜ç1��,Ǟ̠ɼƗ­˥1BEPp�V�Âʃ2͂

Ŵ1͔��z�-ʈư�FE�.IɘĠ�,�E͚�ǌ͙̒ùI̩ň�,�CǞ̠ɼƗ

­˥1BEPp�V�Âʃ2͔;E;-13Ǘ̪Ɋ0̐ž2ȼ E�.2ɒCF,�E

2 (Poole and Jones, 2012)͙`e�lť̓-3Ȳ1͔�̒ùƃż (Ɉƾt��) -̒ù2̏ˁ

�FE (Garland, 2005; Ǫ�9�, 2006)͚;&͙�`l`t�lť̓-3͙Ǟ̠ɼƗ­˥�

C2Pp�V�Âʃ29:ǜĿ (V
͚

O2max) 1̕�,�E1?̫HC"͙�C1͔�̒ùƃ

ż (Ɉƾt��) -̒ù2̏ˁ�FE (Garland, 2005; Ǫ�9�, 2006)͚���&ť̓-3͙

Ȫ̠ɼƗ­˥2˩ȶ2͔;E.ʗ�CFE͚�2�.3͙��`Ɖ2ˀ��̠Ȧż2͂

Ŵ1͔�ÐIɘ!�. (12.0�17.2 mmol/L, Åstrand and Rodahl, 1987) @͙��`�2ˀ�

�̠Ȧż2͔�Ð-ʈư�FE.��ĵě (Hagerman et al., 1978) .?�ʰ�,�E͚®

�2ȩ�C͙��`�2Pp�V�Âʃ13͙Ǟ̠ɼƗ�B5Ȫ̠ɼƗ2�­˥ɸ2$

F%F͔��z�-˩ȶ�,�E�.2ɘĠ�F��F;-1?ľ�2Üˁɔɤ1B)

,͙��`�2Ǟ̠ɼƗ�B5Ȫ̠ɼƗ­˥1BEPp�V�Âʃ̢2ŕ̢2˛<CF

,�& (Hagerman et al., 1978; Hagerman and Lee, 1971; Pripstein et al., 1999; Russell et al., 1998; 

Clark, 2016)͚���͙Ǟ̠ɼƗ­˥1BEPp�V�Âʃ̢2͙̒ù�2 V
͚

O2 Iȟŕ!

E�.1B),Ȇ˽ɊŚǕ1�*ɎƹɊ1ŕ̢!E�.2Ďʤ-�E21Ş�,͙Ȫ̠

ɼƗ­˥1BEPp�V�Âʃ̢3ɎƹɊ1ŕ̢!E�.2�Ďʤ-�E&>͙ɭȼǶ

ȏ (±MRy^�ȏ)͙̠ɼ˨Öȏ͙ˀ��̠Ȧż;&3̠ɼÎȏ0/2Ⱦ�CF,�&͚ 
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2.  Ǟ̠ɼƗ­˥.$2ŕ̢ǌȏ 

� Ǟ̠ɼƗ­˥-3͙ˀ�̻̑ʥʟ̠�B5ˑɷɸ1B),Ƚȼ�F&v�u�̠2͙

�lZ�m�Kâ2�lZ�m�K~l�hW`1ČD̃;F͙$F%FKbg� CoA

7.Ļƽ�F&Ɖ1 TCAħ˵.Ğ4FEĊƔɸ1ÝD͙WP�̠ – cis-K`Zhl̠ – M

dWP�̠ – 2-RUdX�e�̠ – `W^o� CoA – ZrW̠ – w~�̠ – ��[̠ – R

U\�̞̠ – WP�̠.Ļû!E͚���&ĊƔɸ-3̽ō2ȼơ�F͙$F2̽ō´

̕ɸ-č�ȝ�FE̓ɡ-Kkq^� 3��̠ (Adenosine tri-phosphate: ATP) 2ēơ�F

E͚�2 ATP ēơ2̓ɡ-ȼ EȉɼIč�ČEØ�1̠ɼ2Ș˫�FE&>͙�FC

�̌2­˥ɸ3Ǟ̠ɼƗ­˥.Ğ4FE͚   

� �F;-1̒ù�2Ǟ̠ɼƗ­˥1BEPp�V�Âʃ̢2ȟŕ13͙ĞȈIçǫ!

EÞ˸Ɨ2 V
͚

O2͙�B5ù́ʦ̠ɼǱů.ˀȕ̢Iȟŕ!EťƤƗ2 V
͚

O2 2Ⱦ�CF,

�& (Bangsbo et al., 1990a)͚Þ˸Ɨ2 V
͚

O2ȟŕ-3͙˄͒ʘ1~`WI˅ɑ�#E�.-͙

̒ù�2Þ˸2̠ɼȘ˫̢͙!0H(Ǟ̠ɼƗ­˥̢2˚Ä-�E�.�C (Hagerman, 

1984)͙˯̒ù@ʮ˺˹̒ùI3 >\hS�@r�m|��0/2wL��m`}�i

-?ź�Ⱦ�CF,�E (Deka et al., 2017; Zagatto et al., 2016)͚�ǌ͙ťƤƗ2 V
͚

O2ȟŕ

3͙ùʦ�B5́ʦ1Sj�j�I˘ʒ�͙$��CƌCF&ù́ʦ̠ɼǱů1ˀȕ̢

IƷ�ēH#E�.1B), V
͚

O2 Iɯæ!E͚$2&>͙ʮ˺˹P�[��e@ʪW�

�U�XPp�[��e2B�0̒ù1��,͙Ȳŕ2ɭʔ1��EǞ̠ɼƗ­˥̢I

˚Ä!E�.2Ďʤ-�E͚;&͙Þ˸Ɨ2 V
͚

O2 ȟŕ2Ķē͙̒ù1ùğ�F&ɭʔ1

��E V
͚

O21õ�,͙ĞĚƎȻɸ1̫̌�&ɭȔù1Ş!E V
͚

O22ę;F,�;��.

@͙ȟŕ�& V
͚

O2 .͓Ǳɭ-2̠ɼƿČ̢.2̪1eM��X2ȼ E.�)&ȩ1ȑ

ƛ2Ɠˊ-�E2͙��M�X2B�1Þ˸2ɭʔ2ùğ�FE̒ù1��,Ǟ̠ɼƗ

­˥̢IǶ˖!E&>13͙Þ˸Ɨ2 V
͚

O2IȾ�EƓˊ2�E͚ 
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3.  Ȫ̠ɼƗ­˥.$2ŕ̢ǌȏ 

3. 1.  ͓Ǳɭ2ċʏ.Pp�V�­˥ 

� �CAE̒ù3͓Ǳɭ2ċʏ!E�.1B),̏ˁ�F͙$2͓Ǳɭ2ǜšĂ¹-�

Eɭąʋʈ3͙�R^�wL���l�B5KWg�wL���l1B),Ǹơ�FE 

(Huxley, 1957)͚ɭċʏIÇ!ɚʁïȥIč�ČE.͙ɭšʣ¼ (Sarcoplasmic reticulum: 

SR) �CS�^�MR� (Ca2+) 2Ǆæ�F͙$F1B),KWg�wL���l.�R^

�wL���l2ʂēǸ̋ (W�`x�h_) 2ƅơ�F͙$2ʂē2�Ǐˑ̻�&2(

1ãżʂē�͙�R^�wL���l2KWg�wL���lIȳƀ (t��`l��

W) !E�.1B),ɭ̧2ɓʏ�ɭċʏ2ȼ E͚�2�̌2̓ɡ3͙W�`x�h_

\MW�.Ğ4F͙$2̓ɡ1��, ATP 2Ș˫�FE͚$2&>͙ɭċʏIʈư!E

&>13͙W�`x�h_\MW�1��E ATP̾ˊ̢IȠ&!B�1 ATPIãēơ�

ʇ�EƓˊ2�D͙͓Ǳɭ-3â̜1˪ʼ�F,�& ATP 2ìȾ1õ�,͙3 *2ʁ˵

!0H( ATP-PCr ɸ͙ˑɷɸ�B5̠ûɊ��̠û1B), ATP 2ãēơ2ˁ0HFE͚

$2�(͙ATP-PCr ɸ�B5ˑɷɸ3ŌȈɊȻĸ�-? ATP 2ãēơ2ˁ0HFE�.

�CȪ̠ɼƗ­˥͙̠ûɊ��̠û3ņȈɊȻĸ�- ATP ēơ2ˁ0HFE�.�CǞ

̠ɼƗ­˥1ç͍�FE͚ 

 

3. 2.  ATPÂʃǽǸ 

3. 2. 1.  ATP`lK 

œ́Ǘ2͓Ǳɭ13 ATP2ę;F,�D (ATP`lK)͙$2̢3͂Ŵ1ɓǗ̪2ǎŴ

Ɋ0ù¾1��E ATP̾ˊ̢IȠ&!.�F,�E͚Á�4͙Kemp et al. (2007) 3͙31P

ɗȈà͕`{Wl� (Nuclear magnetic resonance spectrophy: NMR) ȏIȾ�,͙œ́Ǘ1�

�EĿʬĦ͈ɭ2 ATPȦż2�B$ 8 mmol/L muscle cell water (mw)-�)&�.Iĵě�

,�E͚�F.͙�ƃż̒ù1��E 1 ç̪�&D2 ATP ̾ˊȸ2�B$ 24 

mmol/Lmw/min -�E�. (Cannon et al., 2014) Iʗ�¿#E.͙ATP`lK2<-$��
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&�ƃż̒ù2�B$ 20 ɟ̪ưʇ-�E�.10E͚�ǌ͙6 ɟ̪2Þó{f��X̒

ù2Ķē͙ATP ̾ˊȸ3�B$ 400 mmol/Lmw/min -�D (Gray et al., 2006; Kemp et al., 

2007)͙ATP `lK2<-3�B$ 1 ɟ��ưʇ-�0�͚���͙Ŗ̶13͙͓Ǳɭâ

2 ATP̾ˊ̢2Ĺõ1Ɣ ,͙ATP2ɼǑ�ãēơ (Âʃ) �FE&>͙͓Ǳɭâ2 ATP

Ȧż3ƘŴƗ2È&FE (Allen et al., 1997)͚ 

 

3. 2. 2.  ATP-PCrɸ 

͓Ǳɭâ2 ATP̾ˊ̢2Ĺõ1Ɣ ,͙ǜ?̊�ATPÂʃIˁ0�22W�Kg�U

n�c (Creatine kinase: CK) I˒ŋ.�& PCr 2çˑ1BE ATP ãēơ-�E (Barclay, 

2017)͚CK 2¾Ⱦ1BD PCr �CČDæ�F&��̠3͙ADP .ʂē!E�.1B),

ATP Iȼơ!E͚;&͙œ́Ǘ2͓Ǳɭ1��E PCr Ȧż (~33 mmol/Lmw) 3 ATP Ȧż 

(~8 mmol/Lmw) 2�B$ 4Ì-�D (Kemp et al., 2007)͙�F3�̆�&�ƃż̒ù (ATP

̾ˊȸ2�B$ 24 mmol/Lmw/min) -�F4�B$ 80ɟ̪͙Þó{f��X̒ù (ĕ �

400 mmol/Ldw/min) -�F4�B$ 4ɟ̪ç2 ATP̾ˊ̢1ɏƄ!E͚ATP-PCrɸ1BE

ATP 2ãēơ̓ɡ3͙ŌȈɊȻĸ��*�̠2ȽȼI¶H0�&>͂�̠ƗȪ̠ɼƗ­

˥ (Anaerobic alactic metabolism) .?Ğ4FE (di Prampero and Ferretti, 1999)͚;&͙ATP

ãēơ�13 H+2Ș˫�FE&>͙ɽʣâ2 pH (Intracellular pH: pHi) 3K�S�Ɨ7×

� (Jones et al., 2009)͚�C1͙̒ù�1 ATP-PCr1BE ATPãēơ1B),ȜŢ�& PCr

3͙̒ùɿ�Ɖ1 ATPIȘ˫� Cr�C PCrIãēơ!E�.-œ́Ǘ2 PCrȦż7.ħ

ƍ�FE͚ 

 

3. 2. 3.  ˑɷɸ 

� ˑɷɸ-3͙͓Ǳɭâ1ČD̃;F&X�Z�`@͓Ǳɭâ1ʻ�CF,�EX�Z

�Y�Iv�u�̠1çˑ!EĊƔIʁ, ATP 2Ƚȼ�FE (Thomas et al., 2012)͚v�

u�̠2�̜3͙�lZ�m�Kâ2�lZ�m�K~l�hW`1ČD̃;F,Ǟ̠
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ɼƗ­˥ɸ-ìȾ�FE͚$F®Ľ2v�u�̠3͙�̠ʩȉɼ̟ɼ  (Lactate 

dehydrogenase: LDH) I˒ŋ.�,�̠7.Ļƽ�F͙�qS�|�̠̀̇ƭ¼ 4 

(Monocarboxylate transporter 4: MTC4) 1B),ˀ�7.Ǆæ�FE (Dimmer et al., 2000; van 

Hall, 2010; van Hall et al., 2009)͚;&͙ˀ�7.Ǆæ�F&�̠3͙ƒɭ@̐ɭʋʈ1ľ

�ę;FE MCT1 1B),ČD̃;F͙LDH I˒ŋ.�,v�u�̠1Ļƽ�F&2(

1�lZ�m�K~l�hW`â1ČD̃;F,Ǟ̠ɼƗ­˥ɸ-ìȾ�FE͚ˑɷɸ

1BE ATP ãēơ3̒ùƃż2Ĺõ1¶),¤̍�͙�lZ�m�K1ČD̃;F0�

)&v�u�̠2�̠1Ļƽ�Fˀ�7.Ǆæ�FE͚$2&>͙̒ùƃż1Ş�,ˀ

��̠Ȧż3�̠Ɨ­˥ĳÐ (Lactate threshold: LT) Iĸ1Ɩŭ0�ǒIɘ!͚ 

 

3. 3.  Ȫ̠ɼƗ­˥̢2ŕ̢ǌȏ 

3. 3. 1.  ɭȼǶȏ (ɭ±MRy^�ȏ)  

� �F;-1̆8,�&B�1͙Ȫ̠ɼƗ­˥ (ATP-PCr ɸ�B5ˑɷɸ) 1B), ATP

2ãēơ�FE̓ɡ-3͙͓Ǳɭâ-­˥ȱˮ2Ĺõ;&3ȜŢ2ȼ E͚$�-ɭȼ

Ƕȏ-3͙̒ù2ñƉ-ƸČ�&͓Ǳɭ\�y�1��EȪ̠ɼƗ­˥1̫̌�&­˥

ȱˮ2ȦżIȟŕ�͙$��C�ȭ�#&ɭ\�y�;&3ȉçIęJ'ɭ\�y� 1 

kg �&D2 ATPÂʃ̢Iɯæ�,�E (mmol ATP /kg dm;&3mmol ATP/kg wm)͚Medbø 

and Tabata (1993) 3͙͓Ǳɭâ2 PCr�B5�̠Ȧż2Ļû̢�C͙30ɟ͙1ç�B5 2~3

ç-ɇ÷ĪƠ1ʯEʮ˺˹ŕŴ˨ʷ̒ù1��EȪ̠ɼƗ­˥�C2 ATP Âʃ̢2͙$

F%F 156͙224�B5 232 mmol ATP/kg wm -�)&�.Iĵě�,�E͚�ǌ-͙�̠

3͓Ǳɭâ-Ƚȼ�F&Ɖ1͙ˀ�7.Ǆæ�F«2ʀʐ1ČD̃;FE&>͙̒ùñ

Ɖ-ƸČ�&͓Ǳɭ\�y�13Ǆæ�F&�̠2ę;F,�0�͚$�-͙SwIȾ

�,ťƤ2ˀȕ̢Iî̯�͙͓Ǳɭâ1­˥ȱˮIɄ>Eǌȏ?Ⱦ�CF,�E͚Spriet 

et al. (1987) 3͙SwIȾ�,�ʝˀȕIî̯�&Ķē͙�B$ 1.7ç̪2ʭ·ŧ̒ù1�

�EȪ̠ɼƗ­˥�C2 ATPÂʃ̢2�B$ 294.5 mmol ATP/kg dm -�)&�.Iĵě
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�,�E͚�C1͙Bangsbo et al. (1990a) 3͙Sw1BEˀȕî̯1õ�,͙͓Ǳɭ�C

Ǆæ�F&�̠�B5v�u�̠2̢I˛ɯ�,õ�E�.1BD͙3ç̪2ʭ·ŧ̒ù

1��EȪ̠ɼƗ­˥1BE ATPÂʃ̢2 370 mmol ATP/kg dm -�)&�.Iĵě�,

�E͚�2B�1͙ɭȼǶȏ3͙͓Ǳɭâ2­˥ȱˮIɎƹɊ1ȟŕ-�Eġ�2ǌȏ

-3�E2͙͓Ǳɭ�Č̫­˥ȱˮ2Ǆæ�FEƇ̈́I/2B�1õĝ!E�1B)

,͙ɯæ�FE ATP Âʃ̢2Ð13ůɆ2˞>CFE͚�C1͙ɭȼǶȏ1B),ɯæ

�FEȪ̠ɼƗ­˥�C2 ATPÂʃ̢3͓Ǳɭ\�y� 1 kg �&D-˃�F,�D͙̒

ùǗ1��EȪ̠ɼƗ­˥�C2ʉ ATP Âʃ̢Iƻŕ!E&>13͙$2̒ù-ùğ�

F&͓Ǳɭ̢IȀɖ1ˋɣ?EƓˊ2�E͚�2ȩ1*�,͙Bangsbo (1998) 3͙˯̒ù

@ʮ˺˹̒ù2B�1ľ�2ɭʔ2ùğ�FE̒ù-3͙͓Ǳɭ\�y�-ƌCF&Ð

2«2ùğɭʔ2ÐIĊǖ�,�0�ĎʤƗ2�E�.@͙ùğɭ̢IȀɖ1ˋɣ?E

�.2Ī̼-�E�.IƱǀ�͙ʭ·ŧ̒ù2B�0Ȳŕ2ɭʔ2<2ùğ�FE̒ù

�k�IȾ�E�.-͙$��&ģ͋2Ƈ̈́Iǜš̯1ǿ>E�.2-�E.�,�E͚ 

 

3. 3. 2.  ̠ɼ˨Öȏ 

� ͔ƃż̒ùƉ͙V
͚

O2 3Ǘ̪2ʁ̓..?1œ́Ǘ2 V
͚

O2 ȉȡ7.ʌ@�1ȜŢ�͙$

2̪1��Eœ́Ǘ2 V
͚

O2ȉȡI˱�,Ș˫�F& V
͚

O22ʉ̢3̠ɼ˨Ö.ŕʕ�FE͚

éǟ2ɔɤ1��, Hill (1928) 3͙̒ùɿ�Ɖ2œ́Ǘ2 V
͚

O2I˱�,Ș˫�FE V
͚

O2

3̒ù�1Ƚȼ�F&�̠2̰ć1̫̌!E?2-�E.ʗ�,�&͚$2Ɖ͙Margaria 

(1933) 3͙̒ùɿ�Ɖ2 V
͚

O2 I͙ɿ�ɎƉ1<CFEƖŭ0ȜŢơç.͙$2Ɖ1<C

FEʌ@�0ȜŢơç1ç�͙$2�(ñʘ2͂�̠ƗȪ̠ɼƗ­˥ (Alactic anaerobic 

metabolism)͙!0H( PCr 2ãēơ.̫̌�&­˥̢-�E�.͙;&ƉʘI�̠ƗȪ

̠ɼƗ­˥ (Lactic anaerobic metabolism)͙!0H(X�Z�Y�2ãēơ.̫̌�&­˥

̢-�E�.IɘĠ�&͚$2&>͙$F®̮2ɔɤ-3͙̠ɼ˨Ö3̒ù�2Ȫ̠ɼ
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Ɨ­˥̢I˚Ä!EƱǺ.�,Ⱦ�CF,�E (Hagerman et al., 1978)͚ 

� ���͙$2Ɖ2ɔɤ1B),͙̠ɼ˨Ö̢3͙̒ù1B),º��& PCr 2ãēơ

@�̠IX�Z�`1Ļƽ!E&>2 V
͚

O2 ®Ľ1?͙1) �RX�u��2̠ɼ`lK2

ħƍ͙2) ¼Ȟ�ǒ͙3) SjZ���2�ǒ͙4) ̒ù1B),Ĺõ�&ƽȈ̢@ƒƮǇ0

/2Ƈ̈́Ič�E�. (Chad and Wenger, 1988; Gaesser and Brooks, 1984) 2Ʊǀ�F͙̒ù

�2Ȫ̠ɼƗ­˥̢I̓Ŀ˚Ä!E�.2ǔC�10)& (Bangsbo et al., 1990a)͚ 

 

3. 3. 3.  ˀ��̠Ȧż 

� ˑɷɸ1BE ATP ãēơ̓ɡ1��,ȼơ�FEv�u�̠3͙�̠ʩȉɼ̟ɼ 

(Lactate dehydrogenase: LDH) I˒ŋ.�,�̠7.Ļƽ�F͙$2Ɖ͙MCT4I©�,ˀ

ș�7.Ǆæ�F͙ˀ��̠ȦżI�ǒ�#E (ßȿ, 2009)͚$2&>͙�F;-1˱ǜ

Ŀ̒ùƉ2ǜ͔ˀ��̠Ȧż (Peak blood lactate concentration: Lapeak) 3͙Ȫ̠ɼƗ­˥2˩

ȶI̪ƹɊ1˚Ä!EƱǺ.�,ź�Ⱦ�CF,�& (Lacour et al., 1990; »µ9�, 1999; 

Schnabel and Kindermann, 1983; Mero, 1988; Ohkuwa et al., 1984; Paterson et al., 1986)͚��

�͙ˀ��̠Ȧż3Þ˸2�̢̠I˃!ƱǺ-30��.@͙ˀ�7.Ǆæ�F&�̠

̢.«2ʀʐ1ČD̃;F&�̢̠2±��`B),Ȍŕ!E�.�C͙$2ƱǺĂȵ

-̒ù�2ˑɷɸ1BEPp�V�Âʃ̢I˚Ä!E�.3Ī̼-�E�.?Ʊǀ�F

,�E͚ 

� Margaria et al. (1963) 3͙1) �̠3ɭâ-Ƚȼ�F&Ɖ1ˀ��B5$2«2ʀʐ7.

ɼǑ�Ưǆ!E�.͙�B5 2) ˀș�B5¨¼2ȉçȸ3$F%F 80 % �B5 60 % 1

ɏƄ!E.¯ŕ�͙̒ùƉ1ȟŕ�&ˀ��̠ȦżI¼̡�&D2�̠ʻɣ̢ (g/kg;&

3 mmol/kg) 1ƽɯ!E�.-ˑɷɸ1BEPp�V�Âʃ̢2ŕ̢I˛<&͚$2��

-͙ǹ
0̒ùǗ̪2˱ǜĿ̒ùIˁ0H#&ʂǭ͙1) 1 ç̪�&D�B5¼̡ 1 kg �

&D2Ǟ̠ɼƗPpP�V�Âʃ̢ (V
͚

O2 �Cɯæ͙cal/kg/min) 2ǜĿ1̕!E̒ùƃż
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�C͙1 ç̪�&D�B5¼̡ 1 kg �&D2�̠ʻɣ̢2Ĺõ�ň>E�.͙2) ̦̣ʘ

3̦̣͂ʘ.Ȇ˽�,�̠ʻɣ̢2Ĺõ�ň>Eƃż2͔��.͙3) ̦̣ʘ.̦̣͂ʘ

1��,̒ùƃż.�̠ʻɣ̢2̪1ɬ��×�2˞>CF&�.�C͙�̠ 1 mmol �

&D2Pp�V�Âʃ̢I 84 kJ.�&͚�2ƻŕſ3͙V
͚

O2maxƃż1��,ˀ�72�

̠ʻɣ2ȼ 0�.¯ŕ�,�E�.0/ģ͋?�E?22͙̒ùƉ2ˀ��̠Ȧż�

Cˑɷɸ1BEPp�V�Âʃ̢2ɳǕɊ1˚Ä-�E&>͙$2Ɖ?��*�2ɔɤ

1B),Ⱦ�CF,�E (Ĭ 2 – 4, de Campos Mello et al., 2009; di Prampero and Ferretti, 1999; 

Maciejewski et al., 2013)͚ 

Ĭ 2 - 4. V
͚

O2 �<2çƯǘĕǝǆ/�ǉ�=7%�ǏÒǆ+IbwN�őǭȦ/ºÞ 
(Margaria et al. (1963) <>ǥŬ)� 
� �Ī0�ǏÒǆC 1ǹ¹�%>/IbwN�őǭȦ (cal/kg•min) *Ǳ� ��<2�0Ǯ
EVv�_ 2ȍ �0EVv�_ 1ȍ.��? V

͚
O2�=Ĕł�% 1ǹ¹�%>ƛŀ 1 kg�

%>/IbwN�őǭȦ (netV
͚

O2/kg/min�<2 net calO2/kg/min) �<2 1ǹ¹�%>ƛŀ
1 kg�%>/çƯǘĕ/Ɛ�Ȧ (gL.A./kg/min) CǱ �ǮEVv�_*0 220 cal/kg/min/
Òǆ.��) V

͚
O2 �=íŻ:'%ȔĕƇŰIbwN�ÍËȦ�ċƟ.ƣ� 45ǐÒǆ.

��)çƯǘĕ/Ɛ�Ȧ�ŘŐ�Ę9?��/�+�=Margaria et al. (1963) 0 �/Òǆ
CÑ¦Ƃ+�) #@<>:Ƹ�Òǆ*0�ǏƯ/IbwN�őǭȦ�ȔĕƇŰƞį.<
')ȰB@ #@<>:ă�Òǆ*0ȌĕƇŰƞį�=/IbwN�ÍË�§Ę�@?+
�ƹ�%��=. ǮEVv�_�<2EVv�_.��) �ǏÒǆ.Ɯ ?çƯǘĕ
/Ɛ�Ȧ/ß�045�Ƭ�)�> ċƟ�Òǆ�=�ǏÒǆ.Ɯ�)IbwN�őǭȦ
��ƹ/±Ą*Ɛ� ?+�ƹ�%śĄ çƯǘĕ/Ɛ�Ȧ (gL.A.) �=ȌĕƇŰIbwN
�ÍËȦ�Ūƹ*�?�+CŔ¢�% (222 cal/gL.A.)� 
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    �ǌ͙Margaria et al. (1963) 2ǌȏ-3͙�̠3͓Ǳɭ-Ƚȼ�F&Ɖ1ɼǑ�¼â1

Ưǆ!E.¯ŕ�,�&2͙Ŗ̶13ˀ�7.Ǆæ�FE;-1eM��X2ȼ ,�

D͙õ�,ˀ��C«2ʀʐ72ČD̃<?ˁ0HFE (van Hall, 2010; van Hall et al., 

2009)͚$�-͙Freund and Gendry (1978) 3͙���&�̠2­˥ʁ˵I˷;�,�̠2

Ƚȼ̢Iƻŕ!E&>1͙̒ùƉ2ˀ��̠Ȧż2ùƝ�C�̠­˥I˚Ä!EƱǇ̫

Ǉ�k�IƼǲ�&͚�2ƱǇ̫Ǉ�k�3͙̒ùɿ� tçƉ2ˀ��̠Ȧż (La(t)) I͙

̒ùɿ�ɎƉ2ˀ��̠Ȧż (La(0))͙Ǘ̪2ʁ̓1¶),ˀ��̠ȦżI�ǒ�#E͙!

0H(͓Ǳɭ�Cˀ�7�̠ǄæI˚Ä!EƱǇ̫Ǉ (ɫ 2 ͅ) .͙Ǘ̪2ʁ̓1¶),

ˀ��̠ȦżIº��#E͙!0H(«2ʀʐ1BE�̠2ČD̃<I˚Ä!EƱǇ̫

Ǉ (ɫ 3ͅ) 1B),Ǹơ�F,�E (ſ 2 – 1)͚ 

!"	(%) = !"	(() +	*+(+ − -./+%) + *0(+ − -./0%)� (ſ 2-1) 

� �2.� La(t) 3̒ùɿ� t çƉ2ˀ��̠ȦżI˃�͙La(0) 3̒ùɿ�ɎƉ2ˀ��

̠ȦżI˃�,�E͚A1�B5 A23ƱǇ̫Ǉ2ƴŵI͙γ1�B5 γ23ǗŕǇI$F%F

˃�,�E͚$2Ɖ͙�2ƱǇ̫Ǉ�k�3͙Freund . Zouloumian 2ɔɤX��yI�

ƒ1$2ŇƄƗ2Ƕ˙�F͙1) ˀȕ2î̯�FEŊú-̒ùIˁ0H#&Ķē@͙�̠

2­˥̊żI͔>E&>1˼̒ùIˁ0H#&Ķē͙ǇȺ�k�1B),˚Ä�&�̠

2̰ć̊ż (γ2) 1$FC2Ƈ̈́2Ċǖ�FE�. (Freund and Zouloumian, 1981a)͙2) ƱǇ

̫Ǉ�k�-ƌCFEĒÆǇ (A1, A2, γ2�B5 γ1) .�̠­˥I^����^��!E 2ü

ɂ�k� (Two compartment model) Iʀ<ēH#,͙ˀ��̠Ȧż�C͓Ǳɭâ2�̠Ȧ

żIƻŕ!E�.2Ďʤ-�D͙$F.ɭȼǶȏ-ƸČ�&ɭ\�y��CŖȟ�&�

̠Ȧż2B��ʰ!E�.2ĵě�F,�E (Zouloumian and Freund, 1981a, b; Freund and 

Zouloumian, 1981b)͚2üɂ�k�.3͙�̠­˥1̫HEʀʐI͙̒ù1ùğ�F&ɭʔ 

(Volume of muscles involved in exercise: VM in L) .$F®Ľ2ʀʐ (Volume of remaining lactate 

space: VS, in L) 1ç�͙$2ē˕I�̠­˥1̫̌!Eʀʐ2ʉ̢ (Volume of total lactate 

distribution space: VTLS, in L) .�,�̠­˥I^����^��!E�k�-�D 
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(Zouloumian and Freund, 1981b)͙Ɖ̆!Eʉ�̠Ƚȼ̢2ƻŕ-?Ⱦ�CF,�E͚�C

1�ǇȺ�k�IȾ�,˚Ä�& γ1 �B5 γ2͙!0H(͓Ǳɭ�C2�̠Ǆæ̊ż�B

5ˀ��C2�̠̰ć̊ż3͙͓Ǳɭ2ȇɽˀɰǇ@$2śż.Ȁ2ɏ̫̫ÆIɘ!�

.2ĵě�F,�E (Messonnier et al., 2002)͚ɭ.ˀș2ƹȩ-�Eȇɽˀɰ2ƅȴɊ0

ȲƐ3͙ɭ�Cˀ�72�̠Ǆæ.̫̌!E.ʗ�CFE&>͙�2ʂǭ3͙γ1 @ γ2 2

�̠2Ǆæ�B5̰ć̊żI˚Ä!EƱǺ.0E Freund and Gendry (1978) 2�ƂIǂư

�,�E͚ 
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(A)�

(B)�

La t( ) = La 0( )+ A1 1− e−γ1t( )+ A2 1− e−γ2t( )

La t( ) = La 0( )+ A1 1− e−γ1t( )

La t( ) = A2 1− e−γ2t( )

� 2 – 5. ƲċƟ�Ǐ÷.��?çƯǘĕǝǆ/ǏƝ+ŭȟq^wCș�%ǲ�� 
� ŘƧ0ƲċƟ�Ǐ÷.��?çƯǘĕǝǆ/ǏƝ/ĭƒƩ (�) �<2ĭƒƩ.fF
\]F{P�"%ŭȟq^wCĭƂ*ħ�% (A)��Ƨ0ŭȟq^w/Ơ 1 Ă+Ơ 2
Ă �<2Ơ�Ă/ã¡ĥ¹.Ɯ ?ǽ�C#@$@ħ�% (B)� 
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� �C1̄Ÿ2ɔɤ-3͙ǜ͔ˀ��̠Ȧż1̕�&Ǘȩ1��,ɭâ.ˀ�2�̠Ȧ

ż29:�ʰ!E�. (Freund and Zouloumian, 1981b) �C͙�̠­˥1̫�!Eʀʐ2Ś

ɣ (Total lactate distribution space: VTLS) Iɣɯ!E�.1B),͙ǜ͔ˀ��̠Ȧż2æȹ

�&Ǘȩ1��E�̠ʻɣ̢ (Quantity of lactate accumulated at La peak: QLaA at Lapeak) 2ƻ

ŕ2˛<CF,�E (Bret et al., 2003; Maciejewski et al., 2013) ͚�C1͙ˀ��C2�̠̰

ć̊żI˃! γ2 IȾ�,͙̒ùɿ�ɎƉ�Cǜ͔ˀ��̠Ȧż1í̕!E;-2̪1̰

ć�F&�̢̠ (Quantity of lactate removed: QLaR) Iƻŕ�͙ǜ͔ˀ��̠Ȧż2æȹ�&

ǗȩǗȩ1��E QLaA at Lapeak .˳�ēH#&ÐI̒ù1B),ʻɣ�&ʉ�̢̠ 

(Quantity of lactate accumulated: QLaA) .ŕʕ�,�EÜˁɔɤ?ˋč�CFE͚���,

Ȋ>& QLaA 3͙$2ɯæ̓ɡ1��,͙˄͒ʘ2¼̡ (¼̡*0.6 = VTLS (L)͙Freund and 

Zouloumian, 1981b; Zouloumian and Freund, 1981a) @�̠2­˥ʁ˵ (A1, A2, γ2�B5 γ1) 2

ʗƟ�F,�E&>͙̒ùɿ�ɎƉ2ˀ��̠Ȧż@ǜ͔ˀ��̠ȦżBD?͙Ȫ̠ɼ

Ɨ­˥1BEPp�V�Âʃ̢I˚Ä!E��-ǞȾ0ƱǺ-�EĎʤƗ2Ʊǀ�F,

�E (Maciejewski et al., 2013)͚���͙VTLS2˄͒ʘ2¼̡2<�Cƻŕ�F,�E&>͙

¼ʀơ@̒ù0/1BEʩȉ0/2Ƈ̈́Ič�EĎʤƗ2Ʊǀ�F,�Eȩ1Ʉƛ!E

Ɠˊ2�E͚�C1͙ǇȺ�k�IìȾ�,ƻŕ�& QLaA 3͙Ȫ̠ɼƗ­˥2�(ˑɷ

ɸ1BE ATP 2ãēơ2ɡżI˚Ä!E?2-�D͙ATP-PCr 1BE ATP ãēơ2Ƈ̈́

2ę;F,�0�.��ȩ1?Ʉƛ2Ɠˊ-�E͚ 

 

3. 3. 4.  ̠ɼÎ (AOD) ȏ 

� Krogh and Lindhard (1920) 3̒ù̩ňéǟ1��, V
͚

O22Ɣɮ2̐ž!E�.1B),

ȼ E V
͚

O22�˳çI̠ɼÎ (Oxygen deficit) .ŕʕ�͙$2Ɖ͙Hermansen (1969) 3̠ɼ

Î2ǷƕIɈŧ�#͙̒ù�2Ȫ̠ɼƗ­˥̢3̒ù�2OD�CǞ̠ɼƗ­˥̢Iů�

ƀ��.1B),ŕ̢!E�.2-�E.ɾ©�&͚AOD ȏIȾ�&éǟ2ɔɤ-3͙

̒ù�2ǽǴɊøȸI 25 % .¯ŕ�͙$F1B),̒ù�2 ODIƻŕ�,�&͚$2
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Ɖ͙Medbø et al. (1988) 3͙Ë¨ȅ1ǜĿ�ƃż-Ȋ>&̒ùƃż. V
͚

O22Ɏʋħųſ1͙

˱ǜĿ̒ùǗ2̒ùƃżIĽƵ!E�.1B),̒ù�2ODIƻŕ!EǌȏIƼĢ�& 

(Ĭ 2 – 6)͚ƈC3͙�2ǌȏIȾ�,͙l�hm���-˄͒ʘȅ1˯̊ż. V
͚

O22Ɏ

ʋħųſIȊ>͙$2Ɖ͙15�300 ɟ-ɇ÷ĪƠ1ʯEˈǇ2˱ǜĿ̒ùIˁH#&.�

G͙1) AOD 2�B$ 120 ɟ-ɇ÷ĪƠ1̕!E˱ǜĿ̒ù1��, MAOD 1̕�&�

.͙2) MAOD 1í̕�&ǧ°�C̒ùƃżI��,̒ùǗ̪IĹõ�#,? AOD 3Ĺ

õ�0�)&�.͙2) º̠ɼ�B5Ŵ̠ɼIĚÝ�#,ȟŕ�& AOD1Ǟƛů2˞>C

F0�)&�.�C͙AOD ȏ1B),̒ù�2Ȫ̠ɼƗPp�V�Âʃ̢2ŕ̢-�E

�.IɘĠ�&͚ 

 

� $2Ɖ͙��*�2ɔɤ1B),AODȏ2ŇƄƗ2Ƕ˖�F,�E͚Medbø and Tabata 

(1993) 3͙͂l��o�XʘIŞ˧.�,͙ʮ˺˹̒ù1BE˱ǜĿ̒ùǗ2 AOD .͙

ũ 2 - 6. Medbø et al. (1988) .<')ƻō�@%ĕƇıȅ/©ǜũ� 
� (A) 0ċƟ�Òǆ*È9%�ǏÒǆ (ƏƓǆ) +ĕƇżĴȦ/ºÞCǱ� (B) 
0 (A) �=Ūƹ�%ƲċƟ]V_ĥ/ĕƇĹȚȦ+ĭĐ/ĕƇżĴȦCǱ  
(Medbø et al., 1988)� 
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ɭȼǶȏ1B),ŕ̢�&Ȫ̠ɼƗ­˥1BE ATPÂʃ̢ (ATPan) IȆ˽!E�.1B)

, AODȏ2ŇƄƗIǶ˙�&͚$2ʂǭ͙AOD.ATPan2̪13ƃ�Ȁ2ɏ̫̫Æ2˞

>CF&�. (r = 0.94) �C͙Medbø and Tabata (1993) 3 AODȏ2 ATPanIŕ̢!EŇƄ

0ȟŕǌȏ-�E�.IɘĠ�&͚�ǌ͙Green et al. (1996) 3͙B�l��o�X�F&

\MW�`lIŞ˧.�,͙ĕǹ1˱ǜĿ̒ùǗ2 AOD . ATPanIȆ˽�&.�G͙�

ʘ2̪13Ǟƛ0ɏ̫̫Æ2˞>CF0�)&�.Iĵě�͙AOD ȏ-3ʮ˺˹̒ùǗ

2Ȫ̠ɼƗPp�V�Âʃ̢2ŇƄ1ŕ̢-�0�ĎʤƗIƱǀ�&͚�ʘ2Ⱦ�&Ŗ

͒ǌȏ2ɏ̖ȩ.�,3͙ATPan 2ɯæ!Eſ2Ɇ0)&ȩ2Ʋ�CFE2͙�"F2ǌ

ȏ?͓Ǳɭ�C2�̠2Ǆæ̢2ʗƟ�F,�C"͙ATPan IŖ̶BD?̓š1˚Ä�,

�&ĎʤƗ2�E͚�C1͙ɭȼǶȏ1B),ʮ˺˹̒ùǗ2 ATPanI˚Ä!E�.1*

�,3͙1) ɭ\�y�IƸČ�&ɭ (ľ�3ĽÓźɭ) 2­˥ƚĵ2«2ùğɭʔ2$F

.�ʰ�,�&�2�ǔ-�Eȩ͙�C1͙2) ʮ˺˹̒ùǗ2ùğɭ̢IȀɖ1ƻŕ!

E�.2Ī̼-�Eȩ?Ʊǀ�F,�E (Noordhof et al., 2010)͚Medbø and Tabata (1993) .

Green et al. (1996) 1BEˋˑ2��ʰ1Ƈ̈́Iĉ:�& ATPan2ɯæǌȏ®Ľ2ˊĨ.�

,͙�ʘ2Ⱦ�&˱ǜĿj`l2̒ùǗ̪2Ʊǀ�F,�E͚Medbø and Tabata (1993) 3͙

~30ɟ͙1ç�B5 2-3ç̪2˱ǜĿj`lIŖǍ�͙$��CƌCF& AOD. ATPan2

ʂǭIy���&ʂǭ͙�ʘ2̪1ƃ�Ɏʋ̫Æ2˞>CF&�.Iĵě�,�E͚�

ǌ͙Green et al. (1996) 2ŖǍ�&˱ǜĿj`l2̒ùǗ̪3 2.9 ± 0.4 ç̪-�D͙Medbø 

and Tabata (1993) 2Ⱦ�&˱ǜĿj`l2ǌ2͙̒ùǗ̪2źɲī1ĉJ-�&͚$2&

>͙Bangsbo (1996) 3͙Medbø and Tabata (1993) 2ĵě�& AOD. ATPan2̫Æ1*�,͙

$F%F2̒ùǗ̪ȅ (~30ɟ͙1ç�B5 2-3ç̪) 1�ʘ2̫ÆIǶ˖!E.͙Ɠ"�

?Ȁ2ɏ̫̫Æ2æȹ�0��.IƱǀ�,�E (Ĭ 2 – 7)͚ 
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�  

� �ǌ͙Bangsbo et al. (1990a) 3͙BDȀɖ1 ATPanIŕ̢!E&>1͙Ȳŕ2ɭʔ2<

2ùğ�FEȮʨʭ·ŧ̒ù�k�IȾ�͙�C1Sw1B),�ʝˀȕ̢Iî̯!E

�.1B),͙͓Ǳɭ�Cˀ�72�̠2Ǆæ̢Iǜš̯1î̯�, AOD ȏ�B5ɭȼ

Ƕȏ1B),$F%Fƻŕ�&Ȫ̠ɼƗPp�V�Âʃ̢IȆ˽�,�E͚$2ʂǭ͙

AOD ȏ�B5ɭȼǶȏ1B),ƻŕ�&Ȫ̠ɼƗPp�V�Âʃ̢3͙$F%F9:ɬ

��ÐIɘ�&�.�C͙ƈC3Ȳŕ2ɭʔ2ùğ�FE̒ù�k�͙!0H(͙ùğ

ɭ̢2Ȁɖ1ƻŕ-�E̒ù�k�-�F4͙AOD ȏ3 ATPan Iŕ̢!EŇƄ0ȟŕǌ

ȏ-�E.ʂˤ+�&͚�FC2Ƕ˙ʂǭ3͙Ă�2ɭʔ2ùğ�FE̒ù�k� (Ȯʨ

ʭ·ŧ̒ù0/) -3͙AOD ȏ.ɭȼǶȏ-$F%F˚Ä�&Ȫ̠ɼƗPp�V�Âʃ

ũ 2 - 7. Medbø & Tabata (1993) .<')ȃą�@%Ùŵéȅ (�Ī) �<2 AODȅ (ĿĪ) .
<')ƹȦ�%ȌĕƇŰIbwN�ÍËȦ/ºÞ (Bangsbo et al. (1996) <>ǥŬ)� 
� ũƯ/hy\_/ļĄ0 ȌĕƇŰIbwN�ÍËȦ�ŏ-�Ȅ�= #@$@�Ǐĥ
¹~30 ǳ 1 ǹ�<2 2-3 ǹ¹/ƲċƟ]V_*ǒ=@%æ�Cħ�)�?�ũƯ/ĭƂ*
�6@%hy\_0 Ùŵéȅ*íŻ:'%ȌĕƇŰIbwN�ÍËȦ�45ǈ��.:
ºB=! AOD ȅ*íŻ:'%ȌĕƇŰIbwN�ÍËȦ. 2 ǣƼǆ/ĉ�ǚ9=@%ȩ
+�)Ěƾ�@)�? (Bangsbo et al., 1996)� 
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̢2B��ʰ!E2͙˯̒ù@ʮ˺˹̒ù2B�1BDľ�2ɭʔ2ùğ�FE̒ù-

3͙ɭȼǶȏ. AODȏ2̪-�ʰ�&ʂǭ2ƌCF0��.IɘĠ�,�E͚ 

� �C1͙ODIƻŕ!EɎʋħųſ2ɯæǌȏ1*�,?Ƕ˖2ˁHF,�E͚ Medbø 

et al. (1988) 3͙10 ç̪2ǜĿ�̒ùI 35-100 % 1̇O2maxƃż2ɲī-ŖǍ�͙�B$ 20

ȩ2̒ùƃż. V
͚

O2 2k�ebhlIČƌ�͙˄͒ʘȅ2ɎʋħųſI¾ơ�&͚��

�͙LT@ƽȈƗ­˥ĳÐ (Ventilatory threshold: VT) I˱�E̒ùƃż-3͙V
͚

O23̒ù̩

ňɎƉ�CƖŭ0�ǒIɘ�&Ɖ1ŕŴȴƝ13ʯC"͙$2Ɖ?ʌ@�1�ǒ�ʇ�

E (Jones et al., 2011)͚�2 V
͚

O22ʌ@�0�ǒ3ʌơç (Slow component) .Ğ4F͙̒ù

ƉĀ1��, ATP �&D2̠ɼȘ˫̢2ľ�̊ɭʋʈ2ùğȸ2Ĺõ!E�.@͙͓Ǳ

ɭâ2 pH�ǒ1¶�ʱńċʏ̫̌2øȸ2º�2ˊĨ-�E.ʗ�CF,�E͚�&2

),͙35-100 % V
͚

O2maxƃż-ǜĿ�j`lIŖǍ�&Ķē͙̒ùƃż2͔�0E9/1̇O2 

slow compenent2æȹ1B),ŕŴȴƝ2ƌCF"͙V
͚

O2�C$2̒ùƃż1Ş!E̠ɼ

̾ˊ̢2ŕ̢-�0��.2Ʊǀ�F,�E (Bangsbo, 1996)͚�C1͙Green and Dawson 

(1995) 3͙LT®�2ƃż-Ȋ>&̒ùƃż. V
͚

O22Ɏʋħųſ2×�.Ȇ˽�,͙LT®

�2ƃż-3Ɏʋħųſ2×�2š��0E�. (6-14 % 2º�) �C͙̒ùƃż. V
͚

O2

2̪13Ɏʋ̫Æ2ơɧ�0��.IɘĠ�,�E͚;&͙Medbø et al. (1988) 3͙ǜĿ

�ƃż1��EPp�V�Ș˫̢I V
͚

O2 2<�C˚Ä�,�&2͙Ŗ̶13̒ùƃż2

Ĺõ1¶),ˑɷɸ�C2 ATP Âʃ2Ĺõ!E2͙$��&Ȫ̠ɼƗ­˥2˩ȶ2ʗƟ

�F,�0�.��ȩ?Ʊǀ�F,�E (Bangsbo, 1996)͚�FC2Ʊǀ�C͙̒ùƃż

. V
͚

O2 2̪13Ćś13Ɏʋ̫Æ2ơɧ�0��.͙�C1͙ǜĿ�ƃż-�),?̒

ùƃż2͔�0E9/̒ùƃż. V
͚

O22Ɏʋħųſ�C OD 2ƻŕſIŠ��.3̘è

-30��.2ɘĠ�FE͚���͙�̆�&B�1 AOD ȏ-ƻŕ�& AOD 3͙Ȯʨ

ʭ·ŧ̒ù2B�0Ă�2ɭʔ2ùğ�FE̒ù-3ɭȼǶȏ-ŕ̢�& ATPan.ĕɬ2

ÐIɘ!�. (Bangsbo et al., 1990a)͙AODȏ®Ľ1Þ˸̒ù1��EȪ̠ɼƗ­˥̢I˚

Ä!Eƥȏ2ɖɧ�F,�0��.�C͙ȹǗȩ1��,Ȫ̠ɼƗ­˥�C2Pp�V
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�ÂʃI˚Ä!Eġ�2ǌȏ.�F,�E͚  

 

3. 4.  AODȏ2¹ʒ¬� 

� Ȳŕ2ɭʔ2ùğ�FE̒ù͙!0H(ʨ·ŧ̒ù2B�0ùğɭ̢2ŕ̢�@!�

̒ù-3͙ɭâ2­˥ȱˮ2Ļû̢�CȪ̠ɼƗ­˥̢Iŕ̢!EɭȼǶȏ. AOD ȏ3

9:�ʰ!E�.2ĵě�F,�E͚���͙BDľ�2ɭʔ2ùğ�FE̒ù͙!0

H(ʮ˺˹̒ù@˯̒ù2B�0ùğɭ̢2ŕ̢�1��̒ù2Ķē͙ɭȼǶȏ-3Þ

¼2Ȫ̠ɼƗ­˥̢IȀɖ1ŕ̢-�0�ĎʤƗ2ɘĠ�F,�E͚$2&>͙AOD ȏ

3͙̠ɼ̾ˊ̢2ƻŕǌȏ1*�,�̆�&B�0Ʊǀ?�F,�E?22͙ʮ˺˹̒

ù@˯̒ù2B�0ùğɭ̢2ŕ̢�1��̒ù1��,Ȫ̠ɼƗ­˥̢Iŕ̢!Eġ

�2ǌȏ.�F,�E͚�C1͙ɭȼǶȏ-3͙̒ùñƉ2ɭ\�y��C̒ù�2Ȫ

̠ɼƗ­˥1BEʉPp�V�Âʃ̢2ȟŕ�FE21Ş�,͙AOD ȏ-3̒ù�2̒

ùƃż�B51̇O2 ǏʇɊ1ȟŕ!E�.1B),͙̒ù�2Ȫ̠ɼƗ­˥1BEPp

�V�ÂʃIʁǗɊ1˚Ä!E�.2Ďʤ-�E͚$2&>͙�F;-1 AOD ȏ3͙˱

ǜĿ̒ù�2ȼȺƔɮ2Ƕ˖1õ�,ɩƨ`}�i͙!0H(̲�ɩƨ (Duffield et al., 

2004, 2005a, b; Sloniger et al., 1997; Spencer and Gastin, 2001)͙ʮ˺˹ɩƨ (Spencer et al., 2006; 

Withers et al., 1991; Withers et al., 1993) �B5��M�X (Pripstein et al., 1999; Russel et al., 

1998; Clark, 2016; Droghetti et al., 1991) 1��,͙Ŗ̶2��`;&3$FI^����l

�&̒ùǗ2Ȫ̠ɼƗ­˥2˩ȶòē2Ƕ˖�B5Ȫ̠ɼƗPp�V�ÂʃùƝ2Ƕ˖

1?Ⱦ�CF,�E͚ 

�  �F;-1 AODȏ3͙˯̒ù͙ʮ˺˹̒ù͙Ȓ̒ù͙S�hW�B5`U�0/ǹ


0̒ùƅƝ1��,͙̒ù�2Ȫ̠ɼƗ­˥̢2ŕ̢1Ⱦ�CF,�E͚Ȳ1͙˯̒ù

�B5ʮ˺˹̒ù-3͙Ȇ˽Ɋźɲ0̒ùǗ̪ (0.2~11.6 ç̪) 1��,$F%FȪ̠ɼƗ

­˥̢�B5Ȫ̠ɼƗ­˥2˩ȶòē2ĵě�F,�E͚$FC2Üˁɔɤ2ʂǭ�C͙

1) ĭŕ˨ʷIȾ�&Ķē͙2 çɡż-ɇ÷ĪƠ1ʯE˱ǜĿ̒ù- MAOD 1í̕!E�



 
 

ɫ 2ɨ� ǉȶɔɤ 
 

 29 

. (Medbø et al., 1988)͙2) NL�Y�lj`l2B�0R��KNlĲ2t��Ɉƾ2ˁ

0HFE̒ù-3BDɓ�Ǘ̪ (60�90 ɟ) - MAOD 1̕!E�. (Withers et al., 1993; 

Withers et al., 1991)͙�B5 3) Ȫ̠ɼƗʤó1ÚF&ʘ.Ȇ˽�,͙Ǟ̠ɼƗʤó1ÚF

&ʘ3MAOD1í̕!E;-1ˊ!EǗ̪2̧��. (70ɟ vs 300ɟ, Craig et al., 1993) 

0/2ĵě�F,�E͚�FC2�.�C͙MAOD 2ȟŕy�lZ�I̙ƫ!E̶13͙

˄͒ʘ2Pp�V�Âʃɸ2¼óȲƗ@͙ş̨.!Eɩƨ2̒ùǗ̪@{�`ƢɅIʗ

Ɵ!EƓˊ2�E�.2Ʊǀ�F,�E (Craig et al., 1995; Noordhof et al., 2010)͚ 

 

4.  AODȏIȾ�&��M�XǗ2Ȫ̠ɼƗ­˥̢2˚Ä 

4. 1.  ��M�X1��EȪ̠ɼƗ­˥2˩ȶ 

� AOD ȏIȾ�,��M�XǗ2Ȫ̠ɼƗ­˥̢2ŕ̢I˛<&Üˁɔɤ-3͙6 ç̪

;&3 2 km2^����^��j`l2Ⱦ�CF,�E͚Pripstein et al. (1999) 3͙Ņō

|�l̙ƥIŞ˧.�,͙AODȏIȾ�, 2000 m ̂ ����^��j`l�2Pp�V

�­˥IǶ˖�&ʂǭ͙Ȫ̠ɼƗ­˥2˩ȶòē2 12 % -�)&�.͙;&��`�2

AOD2͙2ç̪2˱ǜĿj`l-ȟŕ�&MAOD19:í̕!E�.IǔC�1�&͚

�C1͙Pripstein et al. (1999) 3͙j`l2ƤˊǗ̪ (7.5 min) . AOD2̪1Ǟƛ0˨2ɏ

̫̫Æ2˞>CF&�.?ĵě�,�E (r = -0.77)͚ĕǹ1͙Clark (2016) 3͙2000 m ^

����^��j`l2ƤˊǗ̪2ɓ� (6.8 min) Ɂō|�l̙ƥIŞ˧.�,͙j`l

�2Ȫ̠ɼƗ­˥2˩ȶòē2 20 % -�D͙ƤˊǗ̪. AOD 2̪1Ǟƛ0˨2ɏ̫̫

Æ2˞>CF&�.Iĵě�,�E (ρ = -0.71)͚�ǌ͙Russell et al. (1998) 3͙Ɂō_�o

K̙ƥ (j`lƤˊǗ̪2 6.7 min) IŞ˧.�,͙2000 m ^����^��j`lǗ2Ȫ

̠ɼƗ­˥2˩ȶòē2 16 % -�D͙��`�2ŷıɈƾt��. AOD 2̪13ɏ̫

̫Æ2˞>CF0�)&�.Iĵě�,�E (r = 0.10)͚�2B�1͙2000 m ^����

^��j`l�2Ȫ̠ɼƗ­˥2˩ȶȆȸ1*�,3͙̒ùǗ̪2Ȇ˽Ɋɬ��Üˁɔ
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ɤĕĺ-?͙16 % (Russell et al., 1998) �B5 20 % (Clark, 2016) .ů2˞>CFE͚�C

1͙�FC2Üˁɔɤ-3͙2 ç̪2˱ǜĿj`l@ 2000 m ^����^��j`l-

ȟŕ�& AOD2MAOD.ŕʕ�F,�E2͙$FC2j`l1��,MAOD1í̕�

,�&�Ę�1*�,3Ƕ˖�F,�0�͚  

 

4. 2.  Ȫ̠ɼƗ­˥1Ƈ̈́Iĉ:!��M�X2̒ùȲƗ  

� ��M�X2̒ùȲƗ.�,͙�1�ʝ2ɭʔ2ùğ�FE˯̒ù@ʮ˺˹̒ù.Ȇ

˽�,͙ùğ�FEɭʔ2ľ�ȩ2Ʋ�CFE͚�C1͙̒ù1ùğ�FEɭʔ2Ĺõ

!E.͙Þ˸2ˀȕ̢@ V
͚

O23Ĺõ!E2͙ťƤ-3ˀȕ̢@ V
͚

O22º�!E�.2ĵ

ě�F,�E͚!0H(͙Secher et al. (1977) 3͙\MW��X1K��W��U�XI

õ�E.͙\MW��X2<IˁH#&Ķē.Ȇ˽�,�ʝˀȕ̢2º�!E�.Iĵ

ě�,�E͚�C1͙ Volianitis et al. (2004) 3͙K��W��U�X1\MW��XIõ

�E.͙K��W��U�X2<IˁH#&Ķē.Ȇ˽�,͙�ʝ2ˀȕ̢�B5 V
͚

O2

2º��͙$2ʂǭ͙�ʝ1��EȪ̠ɼƗ­˥2˩ȶòē2͔;E�.Iĵě�,�

E͚�FC2ĵě�C͙Þ˸2ɭʔ2ùğ�FE��M�X-3͙�ʝ;&3�ʝ1�

�E V
͚

O2 2î̯�FE&>͙��o�X@\MW��X.Ȇ˽�,͙Ȫ̠ɼƗ­˥2˩

ȶòē2͔�ÐIɘ!ĎʤƗ2�E͚ 

� �C1͙̒ù�2Ȫ̠ɼƗ­˥1Ƈ̈́Iĉ:!��M�X2̒ùȲƗ.�,͙̒ù�

a� (`l��W��l) 2̐�ȩ2Ʋ�CFE͚��M�X2 1000 m ɢɍ (3~3.5 min) .

ɩƨǗ̪2̄�̲�ɩƨ 1500 m ɢɍ (3.5~ min) �B5l�hW\MW��Xɩƨ2 4000 

m ɢɍ (4~ min) IȆ˽!E.͙vhg2$F%F 35~40 strokes/min͙170~230 steps/min (Ǫ

Ť9�, 1997) �B5 130-140 revolutions/min (Craig and Norton, 2001) -�D͙��M�X-

3vhg2ʺ��º��.2H�E͚�2�.�C͙��M�X-3ɓǗ̪-ɈƾĎʤ

0ª ̢2î̯�F͙$2ʂǭ͙«2̒ù.Ȇ˽�, MAOD 1í̕!E;-1ˊ!EǗ
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̪2̧�ĎʤƗ?ʗ�CFE͚���͙�F;-1��M�XIŞ˧.�,͙ MAOD 7

2í̕Ǘ̪IǶ˖�&Üˁɔɤ3˞>CF0�͚�C1͙��M�X1Ş�, AOD ȏI

Ⱦ�E̶2ģ͋ȩ.�,͙OD Iƻŕ!E̶1͙˸¼IñƉǌė7.ɠù�#**t��

ɈƾIˁ0���M�X2̒ùȲƗ2þç1ʗƟ�F,�0�ȩ?Ʋ�CFE͚ 

 

4. 3.  ��M�X1��, AODȏIȾ�E̶2ģ͋ȩ 

� ��M�X3˸¼IñƉǌė7.ɠù�#**r�m�Iȳƀ!E�.1B),ƻ̍

óIɈȼ�#E̒ù-�D͙�2.�2r�m�Iȳƀ!Eª 3ĽɊª .ŕʕ�F͙

��M�XP�[��e-3$2Ǘ2ª ȸ2Ɉƾt��.�,ȟŕ�FE͚�ǌ͙˸

¼IñƉǌė7.ɠù�#Eª 3âɊª .ŕʕ�FE2͙��M�XP�[��e

-3 1 ç̪�&D2`l��WħǇ2`l��W��l.�,ȟŕ�FE2<-�D͙

Ɉƾt��13õĝ�F,�0�͚�C1͙Ɉƾt��.`l��W��l2̫Æ1ɑ

ɍ!E.͙ǜĿ�ƃż-3`l��W��l2Ɉƾt��1Ş�,ʌ@�1�*ɎʋɊ

1Ĺõ�,��21Ş�,͙˱ǜĿƃż-3`l��W��l2$2Ɏʋ�C̎ʩ�,

ʺ��͔�ÐIɘ!͚�2�.�C͙˱ǜĿƃż-3Ɉƾt��2<0C"͙Ɉƾt�

�.�,ȟŕ�F0�âɊª ̢?ʺ��Ĺõ�,�EĎʤƗ2�E͚���͙�F;

-��M�XIŞ˧.�, AOD ȏIȾ�&Üˁɔɤ-3͙���&`l��W��l2

ʺ��Ĺõ1BEâɊª ̢2Ĺõ2Ƈ̈́3þç1õĝ�F,�0�͚�C1͙ ��`

�2`l��W��l1ɑɍ!E.͙`e�l�B5�`l`t�lť̓1��,Ȳ1

͔�`l��W��l-̒ù2̏ˁ�F,�E�.2H�E͚�2�.�C͙��`2

Ēť̓ (`e�l`t�lť͙̓Z�`e�lť̓�B5�`l`t�lť̓) 1��E

Ȫ̠ɼƗ­˥̢Iŕ̢!E&>13͙`l��W��l2ĹȜ2Ƈ̈́Iõĝ�,ODIƻ

ŕ!EƓˊ2�E͚ 
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5. vhg2Pp�V�­˥1ĉ:!̫Æ 

��M�X2̒ùǹſ2Ƈ̈́Iõĝ�, OD Iƻŕ!E&>13͙˱ǜĿj`l1�

�E`l��W��l2ĹõçIʗƟ!EƓˊ2�E2͙�F;-1͙��M�XǗ2

`l��W��l2ɏ̖2̒ù�2Pp�V�Ș˫̢1ĉ:!Ƈ̈́IǶ˖�&ɔɤ3̯

CF,�E (Hofmijster et al., 2009)͚�ǌ͙��M�X.ĕǹ1ĜǟƗIǞ!E̒ù-�E

˯̒ù@ʮ˺˹̒ù-3͙ĕ�2˯̊ż;&3Ɉƾt��ǧ°�1��Evhg2ɏ̖

2Pp�V�Ș˫̢1ĉ:!Ƈ̈́2ɋJ1Ƕ˖�F,�E͚ 

 

5. 1. ˯̒ù1��Evhg. V
͚

O22̫Æ 

� �F;-1ĕ�2˯̊ż1��Evhg2ɏ̖2 V
͚

O2 1ĉ:!Ƈ̈́2Ƕ˖�F,�D 

(»ɪ9�, 1987; »ɪ.ȋ�, 1985)͙�E˯̊ż1Ş�,Pp�V�Ș˫̢2ǜ?º�0

EȲŕ2vhg (ʁțvhg) 2æȹ!E�.2ĵě�F,�E͚!0H(͙ʁțvhg

�CvhgIĹõ�#,?ȜŢ�#,? V
͚

O2 2Ĺõ!E�.2ĵě�F,�E͚»ɪ9

�. (1987) 3͙ʁțvhgBD?º�vhgIȾ�&Ķē2 V
͚

O22Ĺõ13͙�ʝ2ƴD

ō̒ù2Ƈ̈́Iĉ:!�.IɘĠ�,�E͚!0H(͙ǅƛ1º�vhg-˯ˁ!E&

>13͙�ʝ2ù�1îùI��EB�0ȴƝ.0D͙�F1BEPp�V�2ȗ˫2

V
͚

O2 IĹĿ�#EĎʤƗ1˓ĉ�,�E͚�ǌ͙ʁțvhgBD?͔�vhgIȾ�&

Ķē2 V
͚

O2 2Ĺõ13͙Ħʝ$2?2Iù�!ª 2Ĺõ2̫��,�E.ʗ�CFE͚

Cavagna and Kaneko (1977) 3͙˯̒ùǗ1ˁHFEª I̡ƒ2ɠù1Ş!Eª  (ĽɊ

ª ) .Ħʝ$2?2Iɠù�#Eª  (âɊª ) 1ç�͙˯̊ż.$F%F2̫ÆIǶ

˖�&͚$2ʂǭ͙vhg2Ĺõ1¶�âɊª 2Ĺõ!E�.Iĵě�,�E͚�2

�.�C͙ĕ�2˯̊żǧ°1��,vhgIĹõ�#&̶2 V
͚

O2 13͙˯̊ż1Ş!

E½ç0Ħʝ$2?22̒ù (âɊª ) 2Ĺõ1BEPp�V�Ș˫̢2Ĺõ2Ƈ̈́I

ĉ:�,�E.ʗ�CFE͚ 

� �F;-1 AOD ȏIȾ�,˯̒ùǗ2Ȫ̠ɼƗ­˥̢2ŕ̢I˛<&Üˁɔɤ-3͙
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ODIƻŕ!E̶1ǜĿ�ƃż-Ȋ>&˯̊ż.V
͚

O22Ɏʋħųſ2Ⱦ�CF,�D͙̒

ù�2âɊ�B5ĽɊª ̢1*�,3ʗƟ�F,�0�͚���͙vhg3˯̊ż1

Ş�,9:ɎʋɊ1Ĺõ!E�. (Ȱ9�, 2010) �C͙˯̊ż2Ĺõ1¶),âɊª ̢

?�ŕ2òē-Ĺõ!E&>͙ǜĿ�ƃż-Ȋ>&˯̊ż.V
͚

O22Ɏʋħųſ�COD2

ŇƄ1ƻŕ�F,�E.ʗ�CFE͚ 

  

5. 2. ʮ˺˹̒ù1��Evhg. V
͚

O22̫Æ 

� ʮ˺˹̒ù1��,?˯̒ù.ĕǹ1͙vhg2 V
͚

O2 1ĉ:!Ƈ̈́2Ƕ˖�F͙ĕ�

2Ɉƾt��ǧ°�1��,vhg2<IĻû�#E.͙V
͚

O2 2ǜ?º�ÐIɘ!Ȳŕ

2vhg (ʁțvhg) 2æȹ!E�.2ĵě�F,�E (Coast and Welch, 1985; Foss and 

Hallen, 2004; Gaesser and Brooks, 1975; Marsh and Martin, 1993; Seabury et al., 1977) ͚!0H

(͙ʁțvhg�CvhgIĹõ�#,?ȜŢ�#,? V
͚

O23ĹĿ�͙vhg. V
͚

O22

̪13 U ŎĲ2̫Æ2ơɧ!E�.2ĵě�F,�E͚�2�(͙ʁțvhgBD?v

hgIĹõ�#&̶1 V
͚

O2 IĹĿ�#EˊĨ.�,3͙{f��Xù¾$2?22ª  

(âɊª ) 2Ĺõ (Foss and Hallen, 2004, 2005) ͙ɭ2ċʏ͉ż2Ĺõ1¶�ɭšʣ¼�C

2S�^N�MR� (Ca2+) 2æ�ÝF2͉ż2Ĺõ1BE ATP Ș˫̢2Ĺõ (ǵÛ9�, 

2005)͙ɭ2â̜ƬƩ2Ĺõ (Gaesser and Brooks, 1975) 0/2Ʊǀ�F,�E͚�ǌ͙ʁț

vhgBD?vhgIȜŢ�#&̶1 V
͚

O2IĹĿ�#EˊĨ.�,3, 1 `l��W�2

Ɉƾɭó2Ĺõ1¶� Type�ʋʈ2ùğȆȸ2Ĺõ2Ʊǀ�F,�E (Ahlquist et al., 

1992)͚�&2),͙���& V
͚

O2IĹõ�#EˊĨ2Ƈ̈́2ǜš.0Evhg2ʁțv

hg.�,æȹ!E?2.ʗ�CFE͚���͙���&­˥øȸɊ0ːȩ�CȊ>&

ʁțvhg.˄Ƕʘ2ʮɀ1̙ƫ�&vhg (ʮɀvhg) 3Ɠ"�?�ʰ�0��.2

ĵě�F,�E͚Marsh and Martin (1993) 3͙200 W Ǘ2ʁțvhg3 56 rpm -�)&2

1Ş�,͙ʮɀvhg3 85 rpm -�)&�.Iĵě�,�E͚;&͙\MW�`l2̙

ƫ!Eʮɀvhg3͙ɩƨ�1ƈC2Ⱦ�Evhg-�E 90�110 rpm .̄¸�,�E.
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2ĵě?ľ� (Hagberg et al., 1981; Marsh and Martin, 1993; Patterson and Moreno, 1990) ͚�

FC1Ş�,͙Redfield and Hull (1986) 3͙ĕ�2̒ùƃżǧ°�1��E{f��XǗ

2˳̫ɱ͙ʭ̫ɱ�B5ʜ̫ɱ1¾Ⱦ!E����lIɯæ�͙Ē̫ɱ-Ɉƾ�F&�

���lIW��Wħ˺Ǉ-̰�, 1`l��WƄ&D2ÐIȊ>&.�G͙105 rpm -

ǜŢ.0E�.Iĵě�,�E͚�C1͙Bieuzen et al. (2007) 3͙1`l��W�2ɣç

ɭ̽Ĭ͗iEMG͘2ǜš.0Evhg͙!0H(ɚʁ – ɭǜ̘vhg3͙ʮɀvhg.̄

�ÐIɘ!�.Iĵě�,�E͚�FC3͙ʮɀvhg2­˥øȸ2<0C"͙1`l�

�WƄ&D2ƞƗ����l@ɭȔù̢.�)&�ʝɭʔ72˨ʷ1̫̌�,Ȍŕ�F

,�EĎʤƗIɘ!?2-�E͚ 

� ʮ˺˹̒ùIŞ˧.�,͙AOD ȏ1B),̒ù�2Ȫ̠ɼƗ­˥̢2ŕ̢I˛<&ľ

�2Üˁɔɤ-3͙ǜĿ��B5˱ǜĿƃżỈ�,�ŕ2vhg2Ⱦ�CF,�E͚

$2&>͙ʮ˺˹̒ù-3âɊª 2Ļû2?&C!Ƈ̈́Ič�"1OD2ƻŕ�F,�

E.ʗ�CFE͚  

 

5. 3. ��M�X1��E`l��W��l. V
͚

O22̫Æ 

�F;-1��M�XIŞ˧.�,͙ĕ�2Ɉƾt��ǧ°�1��E`l��W�

�l. V
͚

O22̫ÆIǶ˖�&ɔɤ3Ţ0�͚Hofmijster et al. (2009) 3͙2000 m j`l1

��EŷıɈƾt��2 70%1ɏƄ!EɈƾt�� (70%P2000) IȾ�,͙`l��W��

l2<IĻû�#&.�G (28͙34�B5 40 strokes/min)͙ `l��W��l2Ĺõ1¶

), V
͚

O2 2ĹĿ!E�.IǔC�1�&͚�C1͙ƈC3̒ù�2Ē˸¼bX��l2

Ļ¹�C˸¼IñƉǌė7.ɠù�#Eª  (âɊª ) ̢Iɯæ�&.�G͙âɊª 

̢2`l��W��l2Ĺõ1¶),ĹĿ!E�.Iɖ˞�,�E͚;&͙Di Prampero 

et al. (1971) 3͙ȉ�1��EŖ̶2��M�X1��,͙ʳ͙̊1`l��WƄ&D2Ľ

Ɋª ̢�B5`l��W��l2 3ʘ2̫ÆIȆ˽�&͚$2ʂǭ͙1`l��WƄ&

D2ª ̢3ʳ̊2Ĺõ�,?�ŕ-�)&21Ş�,͙`l��W��l3ʳ̊2Ĺ
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õ1¶),�ǒ�,�&�.�C͙��M�X-3`l��W��lIĹõ�#E�.

1B),ʳ̊IĹõ�#,�E�.IɘĠ�͙��M�X1��,͔�ʳ̊żIƌE̶

1âɊª 2Ĺõ2ȼ E�.IƱǀ�,�E͚�C1͙Fukunaga et al. (1986) 3͙��

M�XǗ2ǽǴɊøȸ͙!0H(̒ù�2Ș˫Pp�V�1Ş!EæóPp�V�2Ȇ

ȸ2͙æóPp�V�IɈƾt�� (ĽɊª ) 2<�Cɯæ!Eǌȏ (Gross efficiency) .

Ȇ˽�,͙âɊª IʗƟ�&ɯæǌȏ (Work efficiency) -º�ÐIɘ!�.�C͙��

M�X3âɊª 2Ȇ˽ɊĿ�0̒ù-�E�.IɘĠ�,�E͚�FC2�.�C͙

��M�X3âɊª 2Ȇ˽ɊĿ�0̒ù-�D͙`l��W��lIĹõ�#F4͙

âɊª 2Ĺõ!E�.1B), V
͚

O2 2ĹĿ2ȼ E.ʗ�CFE2͙ñ̆�&˯̒ù

@ʮ˺˹̒ù1Ȇ8,͙þç0Ƕ˖2ˁHF,�E.3��0�͚ 

 

6. âɊª 2˚Äǌȏ 

6. 1. ±MR�SoW`Ɋƥȏ1BE˚Ä 

̒ù�2ĽɊª 3͙˸¼2Ľ̜1Ş�,ˁHFEª -�E&>͙Ȇ˽ɊŚǕ1ȟ

ŕ!E�.2Ďʤ-�E͚�ǌ͙âɊª Iȟŕ!E&>13͙ǖÙˑǫ1B),̒ù

�2Ē˸¼bX��l1��EóőɊPp�V� (¹ʒPp�V��B5̒ùPp�V

�) Iɯæ!E±MR�SoW`Ɋƥȏ2Ⱦ�CF,�D͙$2ɯæǌȏ1B),ǹ
0

�k�2Ƽǲ�F,�E (Cavagna and Kaneko, 1977; Minetti et al., 2001; Widrick et al., 1992; 

Winter, 1979; Willems et al., 1995) ͚���͙Sjogaard et al. (2002) 3͙âɊª I˚Ä!E

&>2ǹ
0±MR�SoW`Ɋ0�k�2ʗǲ�F,�E2͙�ʰ�&ˋˑ2ƌCF

,�0��.IƱǀ�,�E͚$�-͙ƈC3âɊª I˚Ä!E&>1̒ù�1ȟŕ

�&œ́Ǘ®�2 V
͚

O2 .ǽǴɊøȸ�Cʉª ̢Ïɯ�͙$��CĽɊª Iů�ƀ

��.1B),âɊª I˚Ä!EǌȏIƼǲ�,�E͚ 

3-4% +356% = 78̇90-4 − 8̇90:-;%< ∙ 9> ∙ ?@-A%"				(ſ 2-2) 
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��- Wext�B5 Wint3$F%FĽɊª �B5âɊª ͙V
͚

O2ex3̒ùǗ2 V
͚

O2,͙

V
͚

O2rest3œ́Ǘ2 V
͚

O2͙OE3̠ɼƄ̢ (Oxygen equivalent: 20 kJ/lO2Eq) -�E͚Sjogaard 

et al. (2002) 3͙�2ȼȺőɊƱǺIȾ�&�k�1B),͙ǹ
0±MR�SoW`Ɋ

�k�2ŇƄƗI˚Ä�,�E͚�2B�1͙âɊª I˚Ä!EƱǺ2ŇƄƗ3͙ȼ

ȺőɊƱǺ (V
͚

O2) .2̫Æ�C?Ƕ˖�F,�E͚  

���͙���&±MR�SoW`ɊƥȏIȾ�E&>13͙şȾ2ǽǥ@çǫ2Ɠ

ˊ.0E�.@͙ȼȺőɊȟŕͅɍ.ēH#,ŖǍ!E.Ŗ͒ʮ¼2Ȭ̺10EĎʤƗ

?�E͚Ȳ1͙̙ƥ2¼óȟŕ.�,ŖǍ!EĶē13͙BDɳÅ0ƱǺIȾ�EƓˊ

2�E.ʗ�CFE͚Ŗ̶1͙Sjogaard et al. (2002) @Minetti et al. (2001) 3͙ʮ˺˹̒ù

1��,͙˄͒ʘ2¼̡.$2.�2vhg�CâɊª ̢Iƻŕ!E�k�IƼĢ�

,�D͙��M�X1��,?ĕǹ1BDɳÅ0˚ÄǌȏIǶ˖!EƓˊ2�E͚ 

 

6. 2. ˸¼Ȕù̢1BE˚Ä 

��M�XǗ2âɊª IñƉǌė7˸¼Iɠù�#E˸¼Ȕù.ƶ�E.͙$2.

�2âɊª ̢3˸¼Ȕù̢Iȟŕ!E�.1B),ŕ̢Ɋ1˚Ä-�EĎʤƗ2�E͚

̄Ÿ͙šĲ-˼̢2õ̊żȟŕ˅ʒ (õ̊żb�\) 2̩Ɉ�F͙̒ùǗ1˸¼-ȼ &

õ̊ż (˸¼õ̊ż) IŚǕ1ȟŕ�B5˚Ä!E�.2Ďʤ.0)&͚Bouten et al. 

(1994) 3͙˸¼̡ƒ¹ʒ¬̄1õ̊żb�\I˅ɑ�#͙̒ù�2˸¼õ̊żI 3 ǾÛ 

(Ůď͙���B5ñƉǌė) -ȟŕ�͙Ē˻-ƌCF&˸¼õ̊ż2ʅŞÐI 1ç̪-ɣ

ç!E�.-͙Ē˻1Ş!E˸¼Ȕù̢I˚Ä�,�E͚;&͙$FCIē˕�&Ð-

�EʉɣçÐ (Sum of the integrals of absolute accelerometer output: IAAtotal) 3͙Þ˸2˸¼Ȕ

ù̢2ƱǺ.�,Ⱦ�CF,�E͚ 

BCCD = ∫ |GD|
H

IJ(
KI� (ſ 2-3) 

BCCL = ∫ MGLM
H

IJ(
KI  (ſ 2-4) 
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BCCN = ∫ |GN|
H

IJ(
KI  (ſ 2-5) 

BCCIOIGP = BCCD + BCCL + BCCN  (ſ 2-6) 

� ���,Ȋ>& IAAtotal 3͙ȁˁ@˯ˁ̊ż2Ĺõ1¶),ĹĿ�͙$2.�2Pp�

V�Ș˫̢.2̪-Ȁ2ɏ̫̫ÆIɘ!�.2ǔC�.0D͙˸¼̡ƒIɠù�#E̒

ùǗ2 V
͚

O2 (Pp�V�Ș˫̢) Iƻŕ!EƱǺ.0DƌE�.2ĵě�F,�E (Bouten 

et al., 1994; Eston et al., 1998; Iwashita et al., 2003; Nichols et al., 1999)͚;&͙õ̊żb�\

IȾ�&Üˁɔɤ13͙IAAtotal1Ş!EĒ˻-ȟŕ�& IAA (IAAx͙IAAy�B5 IAAz) 2

òēIȆ˽!E�.-͙̒ù2øȸ1˓ĉ�&?2?<CFE (Eston et al., 1998; Iwashita 

et al., 2003; �Ǧ, 2007; �Ǧ9�, 2010; Ĕȿ9�, 2013)͚Eston et al. (1998) 3͙ō/?2ȁ

ˁǗ1��E IAAtotal1Ş!E��ǌė2 IAA2ơ¨2 2Ì1ĉ6�.IƱǀ�͙ō/?

2Pp�V�Ș˫̢2ľ�0EˊĨ3͙��ǌė72Pp�V�2ȗ˫1˰Ĩ!E�.

IɘĠ�&͚;&͙Iwashita et al. (2003) 3͙͔͖ʘIŞ˧.�,ɭól��o�Xy�X

��IŖǍ�&ñƉ1��EǜĿȁˁ̊ż�B5$2.�2˸¼õ̊żIȟŕ�&. $2

ʂǭ͙ǜĿȁˁ̊ż2Ĺõ�͙�C1 IAAtoatl1Ş!E��ǌė-ƌCF& IAA 2òē2

ȜŢ�,�&�.�C͙ǜĿȁˁ̊ż2�ǒ3��ǌė72Pp�V�2ȗ˫2ȜŢ�

&�..̫̌!E�.IɘĠ�,�E͚��M�X3͙ʮ˺˹̒ù.Ɇ0D 1 `l��

W�2ù¾2W��W0/1B),ˌŕ�F,�0�͚$2&>͙̒ù2ƃż@Ǘ̪1

B),͙1`l��W�2ù¾2ĻŚ!EĎʤƗ?ʗ�CFE͚$2&>͙ʮ˺˹̒ù2

B�1vhg�CâɊª I˚Ä!Eǌȏ-3͙���&ù¾2ĻŚ2˚Ä-�0�Ď

ʤƗ2�E͚$2&>͙��M�XǗ2âɊª ̢2˚Ä1 IAAtotal IȾ�E�.-͙�

��&ù¾2ĻŚ?ę>,˸¼Iɠù�#Eª  (âɊª ) I˚Ä-�EĎʤƗ2�E͚ 
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ɫ3ɨ ɔɤˢ͋ 

 

� ǉȶɔɤ�C͙��M�XǗ2Ȫ̠ɼƗ­˥1̫!Eɔɤ1*�,®�2ģ͋ȩ2ǔ

C�10)&͚ 

1) ˱ǜĿƃż-3͙Ɉƾt��1õ�,`l��W��l?ʺ��Ĺõ!E2͙

ƋǨ2 AOD ȏ-3͙$��&`l��W��l2Ĺõ2Ƈ̈́2õĝ�F,�C

" OD2̓Ţ1ˋɣ?CF,�EĎʤƗ2�E�.͚ 

2) ��M�XǗ2Ȫ̠ɼƗPp�V�ÂʃʤóI˚Ä�&Üˁɔɤ-3͙2000 m 

^����^��j`l;&3 2ç̪2˱ǜĿj`lǗ2 AOD2Ⱦ�CF,�

E2͙$FC2 MAOD Iƶ�,�E�3ǔC�1�F,�C"͙��M�X1

��EMAOD2ȟŕy�lZ�2þç1Ƕ˖�F,�0��.͚ 

3) ��`�3͙̒ùǗ̪2ʁ̓1¶),`l��W��l2Ļû!E2͙$2Ƈ

̈́Iõĝ�,��`�2Ȫ̠ɼƗPp�V�2ÂʃùƝ�B5%Anaerobic IǶ

˖�&Üˁɔɤ3˞>CF"͙�C1͙ǜ̘0ȟŕy�lZ�1B),˚Ä�

& MAOD .��M�XtwQ�~�`2̫Æ1*�,?Ƕ˖�F,�0��.͚ 

� �FC2ģ͋ȩIˑȌ!E&>13͙`l��W��l2Ĺõ1¶�âɊª ̢2Ĺ

õç?õĝ�, OD Iƻŕ!E AOD ȏIʗǲ!EƓˊ2�D͙$2̶1˸¼õ̊ż�C

˚Ä�&˸¼Ȕù̢2ƱǺ-�E IAAtotal2ǞȾ0ƱǺ.0EĎʤƗ2ʗ�CF&͚ 

� $�-͙ǣɔɤ-3͙IAAtotal IȾ�,`l��W��l2ĹõçIˆȀ�, OD Iƻ

ŕ!E AOD ȏI̩Ɉ!E�.IɍɊ.�͙�C1͙̩Ɉ�&ǋ&0 AOD ȏIȾ�,͙

1) ��M�XǗ2MAODIȟŕ!E̶2ǜ̘0y�lZ�1*�,Ƕ˖!E�.͙2) �

�`�2Ȫ̠ɼƗPp�V�ÂʃùƝ͙%Anaerobic �B5ǜ̘0y�lZ�-˚Ä�&

MAOD .��M�XtwQ�~�`2̫Æ1*�,?Ƕ˖Iˁ0)&͚®�2ɍɊI̕

ơ!E&>1͙ǣɔɤ-3®�2 5*2ɔɤˢ͋I˘ŕ�͙Ŗ͒Iˁ0)&͚  
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1. ɔɤˢ͋� 

� ɔɤˢ͋�-3͙��M�XǗ2âɊª ̢2˚ÄƱǺ.�,2 IAAtotal 2ǞȾƗ1*

�,Ƕ˖Iˁ0��.IɍɊ.�&͚ɔɤˢ͋ I – 1 -3͙ĕ�2Ɉƾt��ǧ°�1�

�,͙`l��W��l2<IĻû (Ĺõ�B5ȜŢ) �#E�.1B),âɊª ̢2

<IĻû (Ĺõ�B5ȜŢ) �#͙$F2 IAAtotal�B5 V
͚

O21ĉ:!Ƈ̈́1*�,Ƕ˖�

&͚;&͙ɔɤˢ͋ I – 2-3͙Ɇ0EɈƾt��ǧ°�1��,`l��W��l (âɊ

ª ̢) 2<IĹõ�#͙$2̶1 IAAtotal. V
͚

O22̪1ĕǹ2Ɏʋ̫Æ2ơɧ!E�Ę

�1*�,Ƕ˖Iˁ0)&͚ 

 

2. ɔɤˢ͋ II 

� ìÉ ơ II *0 ĭĐ. IAAtotalCș�% AOD ȅCþ�� #@.<')ƲċƟ�Ǐ

Ư/ OD �<2 AOD CŪƹ� #@=Cľț/ AOD ȅ.<')Ūƹ�%Ʃ+ǫ®éǍ

�%� 

 

3. ɔɤˢ͋ III 

� ɔɤˢ͋ III -3͙IAAtotalIȾ�& AODȏ1B),ƻŕ�& OD�B5 AOD2ŇƄƗ

1*�,Ƕ˖Iˁ0)&͚ɔɤˢ͋ III – 1-3͙Ȫ̠ɼƗ­˥͙Ȳ1ˑɷɸ�C2Pp�

V�Âʃ̢.̫̌!EƱǺ-�EQLaA.AOD2̫Æ�C IAAtotalIȾ�&AODȏ1B)

,ƻŕ�& AOD 2ŇƄƗ1*�,Ƕ˖Iˁ0)&͚  

� ;&͙ƋǨ2 AOD ȏ1��,͙��M�XǗ2 OD 2̓š1ˋɣ?CFEˊĨ.�,͙

˱ǜĿj`lǗ2`l��W��l2͙ǜĿ�j`lǗ2Ɉƾt��.`l��W��

l2Ɏʋ̫Æ�C̎ʩ�,ʺ��Ĺõ!Eȩ2Ʋ�CFE͚$F1Ş�,͙˯̒ù-3͙

ǜĿ��B5˱ǜĿƃżỈ�,˯̊ż2�ǒ1¶�vhg2�ŕ2òē-Ĺõ!E͚

$2&>͙˯̒ù-3͙ǜĿ�ƃż-Ȋ>&˯̊ż. V
͚

O2 2ɎʋħųſIȾ�,?͙v
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hg (âɊª ̢) 2ĹõçIõĝ�, OD 2ƻŕ�F,�E͚$�-ɔɤˢ͋ III – 2-

3͙ǜĿ��B5˱ǜĿj`lỈ�,͙Ɉƾt��.`l��W��l2̪1Ɏʋ̫

Æ2ơɧ!EB�1`l��W��lIˣǈ�&ǜĿ�j`lIŖǍ�͙$��CƌC

F&Ɉƾt��.V
͚

O22ɎʋħųſIȾ�,ODIƻŕ�͙$F. IAAtotalIȾ�& AOD

ȏ-ƻŕ�& OD.IȆ˽!E�.-͙IAAtotalIȾ�& AODȏ1B),`l��W��

l2Ĺõç2õĝ�F,�&�Ę�1*�,Ƕ˖Iˁ0)&͚ 

 

4. ɔɤˢ͋ IV 

� ɔɤˢ͋ IV -3͙��M�XǗ2 MAOD Iȟŕ!E&>2y�lZ�1*�,Ƕ˖

!E&>1͙̒ùǗ̪2Ɇ0E 4ɢ͍2˱ǜĿj`l (2 minj`l͙1 km j`l͙1.5 km 

j`l�B5 2 km j`l) IŖǍ�͙IAAtotalIȾ�& AODȏ1B), AODIŕ̢�͙

Ēj`l1��,MAOD1í̕�&˄͒ʘǇIȆ˽�&͚ 

 

5. ɔɤˢ͋ V (Ŗ˶ɔɤ) 

� ɔɤˢ͋V-3�ɔɤˢ͋ IV-ƌCF&ʂǭ2�(͙2 km j`l�2Ȫ̠ɼƗPp�

V�ÂʃùƝ͙%Anaerobic�B5MAOD.��M�XtwQ�~�`2̫Æ1*�,�

C1Ƕ˖Iˁ0)&͚  
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ɫ4ɨ ǣɔɤ-Ⱦ�&˨ʷ˅ʒ 

 

� ǣɔɤ2ɔɤˢ͋3͙�"F?|�lɩƨȾ2P�[��e (��M�XP�[��e͙

Concept�əˇ) IȾ�,Ŗ͒Iˁ0)& (Ĭ 4)͚��M�XP�[��e2r�m�3͙

gO��I©�,ɥȈƬƩIč�Eʖ2ČD¬�CF&ħ˺Ɍ1ƹʇ�F,�D͙Ȣ�

ƥ2r�m�IƉǌ7.ȳƀ!E.ħ˺Ɍ2ħ˺�͙ħ˺Ɍ2ħ˺Ǉ2Ļû̢�Cª 

̢2ɯæ�FE͚�C1͙$2ª ̢I 1 `l��W1ˊ�&Ǘ̪-̰!�.1B),

ª ȸ (Ɉƾt��) 2ɯæ�FE͚��M�XP�[��e2kL`y�M13͙1`l

��Wȅ2Ɉƾt��.`l��W��l2˃ɘ�FE͚�&2),͙̒ùǧ° (Ɉƾt

��͙`l��W��l;&3�ʘ) 2Ʊŕ�F,�EĶē13͙˄͒ʘ3kL`y�M

Iɖ˞�**$FCIˣǈ�,̒ùȈˁ�&͚;&͙ǣɔɤ-ÀȾ�&��M�XP

�[��e3͙ɥȈƬƩ1B),˨ʷIɈȼ�#,�E&>͙ȟŕñ13ħ˺Ɍ1ȕF

̃=ɥȈ2̢Iˣǈ�͙˄͒ʘȅ1ǧ°̪-ʄ��#&͚ 

  

 

 

 

 

 

ũ 4. ȈìÉ*ėș�%y�G{PIwRp�Y (Ĉ) +y�G{PIwRp�Y/
^FVhxG (�). 
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ɫ5ɨ ɔɤˢ͋�- 1 

��M�XǗ2`l��W��l2ɏ̖2 V
͚

O21ĉ:!Ƈ̈́ 

 

1. ɍ� Ɋ 

� ��M�X.ĕǹ1ĜǟƗIǞ!E̒ù-�E˯̒ù@ʮ˺˹̒ù-3͙ĕ�2˯̊

ż@Ɉƾt��ǧ°�1��,͙vhg2<IĻû�#E.͙V
͚

O2 3Ȳŕ2vhg (ʁț

vhg) 1��,ǜ?º�ÐIɘ!�.͙!0H(ʁțvhg�CvhgIĹõ�#,?

ȜŢ�#,?V
͚

O22ĹĿ!E�.2ĵě�F,�E (Coast and Welch, 1985; Foss and Hallen, 

2004; Seabury et al., 1977)͚$2�(͙vhgIĹõ�#&̶2 V
͚

O22ĹĿ3͙�ʝ$2?

2Iù�!ª  (âɊª ) 2Ĺõ͙ɭ2ċʏ̊ż2Ĺõ1¶�eMy II ʋʈ2ùğȆȸ

2Ĺõ͙ɭ2ċʏ͉ż2�ǒ1¶� ATP Ș˫̢2Ĺõ͙ɭ2â̜ƬƩ2Ĺõ0/2Ʊǀ

�F,�E͚ 

$�-ǣɔɤ-3͙��M�XǗ2`l��W��l2ɏ̖2 V
͚

O2 1ĉ:!Ƈ̈́Iǔ

C�1!E�.IɍɊ.�͙ĕ�2Ɉƾt��ǧ°�1��,`l��W��l2<I

Ĺõ;&3ȜŢ�#&̶2 V
͚

O2 IȆ˽Ƕ˖�&͚�2.�͙��M�X1��,?͙ʮ

˺˹̒ù.ĕǹ1͙V
͚

O2 3`l��W��l1Ş�, U ŎĲ2̫ÆIɘ!.��¯ˡI

ɧ,&͚�C1͙˸¼̡ƒIñƉǌė7.Ŀ��ɠù�#**t��ɈƾIˁ0���

M�X2̒ùȲƗ�C͙`l��W��l2Ĺõ1¶� V
͚

O2 3͙âɊª ̢2Ĺõ.ƃ

�̫̌!E.¯ˡɧ,͙V
͚

O2 .˸¼Ȕù̢2ƱǺ-�E IAAtotal 2̫Æ1*�,?Ƕ˖I

ˁ0)&͚ 

  

2. ǌ� ȏ 

2. 1. ˄͒ʘ 

˄͒ʘ3ɁōĿőȼ|�l̙ƥ 8Ė (˸̧͜171.1 ± 1.8 cm͙¼̡͜68.7 ± 1.9 kg͙Ÿ͖͜
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21.6 ± 1.4 Ȃ) -�)&͚˄͒ʘ13ȟŕñǎ�Cȥ��l��o�X�B5K�Z��2

ƿČI͙;&Ŗ͒Ƅǎ3SwOM�͍2ƿČI̚�EB�Ʊɘ�&͚�C1͙Ŗ̩͒ň

2 2 Ǘ̪ñ�C3͏͎Iƺ��#&͚˄͒ʘ13͙ ñ1ɔɤâŚI˜ɽ1ˡǔ�͙ɔ

ɤ2˲ǐ͙ȟŕ72Ĉõ�B5k�e2Ɉ˃1*�,2�ƧIǛ̓1,ƌ&͚  

 

2. 2. Ŗ͒�B5ȟŕâŚ 

2. 2. 1. ȣĹ˨ʷj`l 

� ;"͙˄͒ʘ1Ş�,͙Ŗ͒ǧ°.0EɈƾt��.͙$F1Ş!E`l��W��

lIȌŕ!E&>1ȣĹ˨ʷj`lIŖǍ�&͚ȣĹ˨ʷj`l3͙ǜĿ��B5ǜĿ

j`l1B),Ǹơ�F&͚ǜĿ�j`l-3͙̒ùǗ̪I 4ç̪͙²ƙǗ̪I 2ç̪.

�&͚ǜé2`j�_2Ɉƾt��3͙P�[��e1BE 2000 m eM�l�MK�Ǘ

2ŷıɈƾt�� (®� P2000.Ʌ!) 2 40 % .�͙$��C 1`j�_ȅ1 10 % P2000 "

*Ɉƾt��IȣĹ�# 5`j�_IŖǍ�& (40͙50͙60͙70�B5 80 % P2000) ͚ $2

Ɖ͙10 ç̪2²ƙIƳ<ǜĿj`lIŖǍ�&͚ǜĿj`l1��Eǜé2Ɉƾt��

3 85 % P2000.�͙1çȅ1 5 % P2000"*Ɉƾt��IȣĹ�#͙˄͒ʘ2Ʊŕ�F&Ɉ

ƾt��Iʈư-�0�0)&Ǘȩ-j`lIɿ��#&͚ 

� ̒ù�2ĞȈ3͙ʮùĞȈT`çǫ˅ʒ (PK��oe AE310-s͙�nlýɞőəˇ) 2

EXP ��mIȾ�,çǫ�͙ĞȈT`t���e (V
͚

E͙V
͚

O2�B5 V
͚

CO2) Iȟŕ�&͚

EXP ��m.3͙fX�`±hXȏIǻ�&ǌȏ.�,͙ʿɰâ1Š�&ĞȈT`2ȕ

̢.̠ɼ�B5¡̠ûȨɼȦżI 1 ɟȅ1ȟŕ�͙$FI�ŕǗ̪ (ǣɔɤ-3 15 ɟ̪

̵) -̌ʇɊ1ɣç!Eǌȏ-�E͚�2ǌȏ3͙fX�`±hXȏ1BEȟŕÐ.͔�

ɏ̫̫ÆIɘ!�.�C͙ŇƄƗ2͔�ȟŕǌȏ-�E.��E͚ƒƮǇ (heat rate: HR) 

2ȟŕ13r�l��l�oe (S610i͙Polarəˇ) IȾ�&͚ǜĿ�j`l2Ē`j�_

1��EĞȈT`t���e�B5 HR3͙Ē`j�_2̒ùɿ�ñ 1ç̪2ŷıÐIƸ

Ⱦ�&͚ǜĿj`l-3͙ũİ (2001) 2ɘ!ǜĿöó2ŗːɊƱǺIĈʗ.�&͚!0
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H(͙1) V
͚

O22y�l�2æȹ!E�.͙2) HR 2Ÿ͖�Cƻŕ (220 – Ÿ͖) �FEǜĿ

ƒƮǇ (HRmax) 19:̕�,�E�. (±10 Ʈ/ç)͙3) RER2 1.10 ®�1̕�,�E�.͙

4) ˀ��̠Ȧż2 10 mmol/l ®�1̕�,�E�.2 4ǧ°2�( 2*®�IȠ&�,�

Ěʇ�&͛ç̪2ŷıÐI V
͚

O2max.êǊ�&͚ 

� ǜĿ�j`l2²ƙǗ̪â13ƱɦBDȇɽɰIȾ�,ˀșIƸČ�͙ˀ��̠Ȧż

çǫĥ (YSI1500SPORT͙YSI əˇ) IȾ�,ˀ��̠ȦżIȟŕ�&͚�̠Ɨ­˥̬Ð 

(Lactate threshold: LT) 3͙Beaver et al. (1985) 2ǌȏIȾ�͙Blood Lactate Endurance Marker 

Software (Lactate-E, Newell et al., 2007) 1B),ɯæ�͙$2.�2Ɉƾt��I PLT.�

&͚ 

 

2. 2. 2. 80 % �B5 90 % LTj`l 

� ȣĹ˨ʷj`l1��,˄͒ʘȅ1Ȋ>& PLT2 90 % -Ɉƾt��Iĭŕ�͙`l�

�W��l2<IĻû�#͙­˥Ɣɮ�B5˸¼õ̊żI˕ȟ�͙�FI 90 % LTj`l

.�&͚90 % LTj`l-3͙Ďʤ0̯Dźɲī1ȝ),`l��W��l. V
͚

O22̫Æ

ƗIǶ˖!E&>1͙˄͒ʘ2 90 % PLT 1Ş�,ʮɀ1̙ƫ�&`l��W��l 

(Freely chosen stroke rate; FS) IĴȡ.�, 4 strokes/min"*`l��W��lIĹõ;&

3ȜŢ�# 6 ǧ°I˘ŕ�&͚0�͙FS 3ǜĿ�j`l1��EɈƾt��.`l��

W��l2̫Æ�CâƵȏ1B),Ȋ>&͚̒ù�͙˄͒ʘ13P�[��e2kL`

y�M1˃ɘ�FE 1 `l��Wȅ2Ɉƾt���B5`l��W��lIˋ02C͙

Ʊŕ�F&̒ùǧ°Iʈư!EB�Ʊɘ�&͚90 % LTj`l�2Ē`l��W��l˛

ƨ1Ş!E̒ùǗ̪3 4ç̪.�͙̒ùɿ�Ɖ3 6ç̪2²ƙIƳ< HR2þç1º��

&�.Iɖ˞�&Ɖ1Ǿ2˛ƨI̩ň�#&͚0�͙Ē`l��W��l˛ƨ3��f

�1ŖǍ�͙ȣĹ˨ʷj`l.ĕǹ2ǌȏIȾ�,ĞȈT`t���e2ȟŕIˁ0�͙

̒ùɿ�ñ2 1ç̪2ŷıÐIƸȾ�&͚ 

� Üˁɔɤ (Coast and Welch, 1985; Marsh and Martin, 1993) 1Ï�͙`l��W��l.
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V
͚

O2 2̫Æ1Ş�,¡ǾħųſIƄ,3>͙ħųſ�C V
͚

O2 2ǜ?º�ÐIɘ!.�2

`l��W��lIɯæ�&͚ 

 

2. 2. 3. IAAtotal (Total integrals of absolute accelerometer output) 

� ǣɔɤ-ÀȾ�&õ̊żb�\2Ƕæɲī3 ± 16 G (G3̡óõ̊ż) ͙ǶæƜż3 57 

mV/G -�D͙Ƕæ�&k�e3 16 bit - ADĻƽ�F͙ǣ¼1âʼ�F&^�K�w�

h^����1Èŏ�FE͚;&͙\�y��XĜȐǇ3 100 Hz 1˘ŕ�&͚ƌCF&

k�e3͙t�dn�Z�v��e7˺̇�͙ 0.3 – 25 Hz 2±�mt`wL�e��X

åȺIˁ0)&͚õ̊żb�\3͙��M�XǗ2˸¼2ɠùIBDĊǖ!EB�͙Ů

ď2ʞŬI*0�'Ɏʋ.ʧǯ2Ɏˁ!E¹ʒ1˅ɑ�&͚õ̊żb�\1B),ȟŕ

�&Ē˻2˸¼õ̊żk�e3͙$2ʅŞÐI 1ç̪-ɣç�͙$F%F IAAx͙IAAy�

B5 IAAz.�& (ſ 5-1�3) ͚  

BCCD = ∫ |GD|
H

IJ(
KI� (ſ 5-1) 

BCCL = ∫ MGLM
H

IJ(
KI  (ſ 5-2) 

BCCN = ∫ |GN|
H

IJ(
KI  (ſ 5-3) 

� �C1͙IAAx͙IAAy�B5 IAAz2ē˕ (IAAtotal) I͙̒ù�2˸¼Ȕù̢2ƱǺ.�,

Ⱦ�& (ſ 5-4)͚ 

BCCIOIGP = BCCD + BCCL + BCCN  (ſ 5-4) 

 

2. 3. ʄ˕åȺ 

� ʂǭ3!8,ŷıÐ ± ǺȡÑů1,ɘ�&͚V
͚

O2 2ǜ?º�ÐIɘ!`l��W��

lIȊ>E&>1͙`l��W��lIȵɧĻǇ͙V
͚

O2 IƋŨĻǇ.�&¡ǾħųſI

ǜšʮ�ȏ1,Ȋ>&͚ĕǹ1͙`l��W��l. IAAtotal 2̫ÆƗIǶ˖!E&>1͙
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`l��W��lIȵɧĻǇ͙IAAtotal IƋŨĻǇ.�&�Ǿ�B5¡ǾħųſIȊ>͙

$F%F2ȌŕÆǇ (R2Ð) Iɯæ�Ȇ˽Ƕ˖�&͚IAAtotal. V
͚

O22ɎʋƗ2˚Ä13͙

vKd�2ɣȸɏ̫ÆǇ (r) IȾ�&͚ȟŕͅɍ̪2ů2Ƕŕ13͙ŞƔ2�E t ǶŕI

Ⱦ�&͚ʄ˕ɊǞƛƗ3Ą̳ȸ 5 % ǡȠIĴȡ1êǊ�&͚ 

 

3. ʂ� ǭ 

3. 1. ȣĹ˨ʷj`l 

� ǜĿj`l1B),ƌCF&˄͒ʘ2 V
͚

O2max�B5 HRmax3͙$F%F 4437.6 ± 389.8 

ml/min�B5 188.1 ± 7.0 beats/min-�)&͚ǜĿ�j`l1B),ƌCF&˄͒ʘ2 LT

Ǘ2Ɉƾt�� (PLT) ͙90 % PLT�B5 80 % PLT3͙$F%F 183.2 ± 14.1͙164.9 ± 12.7�

B5 146.5 ± 11.3 watt-�)&͚80 % PLT3͙�ʲɊ1l��o�X-Ⱦ�CFEˀ��

̠Ȧż 1.00 mmol/l Ǘ2Ɉƾt��BD?Ǟƛ1º�ÐIɘ�,�& (172.2 ± 26.7 watt) ͚ 

80 % �B5 90 % PLT1Ş!Eʮɀ`l��W��l (FS) 3͙$F%F 19.1 ± 1.9 �B

5 19.9 ± 1.9� strokes/min -�D͙80 % PLT.Ȇ˽�, 90 % PLT-Ǟƛ1͔�ÐIɘ�& 

(p < 0.05) ͚ 

 

3. 2. 90 % LTj`l 

3. 2. 1. `l��W��l. V
͚

O2 

� Ĭ 5 – 11 90 % LTj`l1��E`l��W��l. V
͚

O22̫ÆI 2Ė2­˃Ɋ0˄

͒ʘ2Á-ɘ�& (˄͒ʘ C�B5 B)͚˄͒ʘ C-3͙ `l��W��l. V
͚

O22̪-

R2Ð2 1.00Iɘ!¡Ǿħųſ2ƌCF& (Ĭ 5 – 1 (A))͚�ǌ͙˄͒ʘ B1��E¡Ǿħ

ųſ2 R2Ð3 0.68-�)&(Ĭ 5-1 (B))͚¡Ǿħųſ2 R2Ð2 0.9I�ħ),�&˄͒ʘ

3͙8Ė� 5Ė-�)&͚$FC2˄͒ʘ1*�,͙¡Ǿħųſ�CȊ>&ʁț`l��

W��l.ŖȟÐ�CȊ>&ʁț`l��W��lIȆ˽�&.�G͙9:̄¸�&Ð

Iɘ�& ($F%F 21.5 ± 1.9 �B5 20.5 ± 3.7 strokes/min)͚$�-ǣɔɤ-3͙Ŗȟ2
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V
͚

O22ǜ?º�ÐIɘ�&`l��W��l (19.4 ± 1.9 strokes/min) Iʁț`l��W�

�l.�&͚ 

 

 

� Ĭ 5 – 2 1ʁț`l��W��lIĴȡ.�&͙`l��W��l2Ļû̢ (�Stroke 

rate) . V
͚

O22Ļû̢ (�V
͚

O2) 2̫ÆIÞ,2˄͒ʘ1*�,ɘ�&͚ʁț`l��W�

�lBD?`l��W��lIĹõ;&3ȜŢ�#E. V
͚

O2 2ĹĿ!E×ė2˞>CF

&͚ 

 

ũ 5 – 1. 90 % LT]V_.��?V_y�Ox�_+ V
͚

O2/ºÞ/ƞǱȩ� 
ũƯ/ȓ�0¥¿×Ƃ.<')È9% V

͚
O2 �ċŎ+-?�ƫCǱ� ǡƂ*�

6@%ğÃ0 ĭƒ/ V
͚

O2�ċŎ*�'%ğÃCħ�)�? 

2500

2750

3000

3250

10 15 20 25 30 35
2500

2750

3000

3250

10 15 20 25 30 35

Stroke rate (strokes/min)Stroke rate (strokes/min)

V
O

2
(m

l/m
in

)
�

(B)(A) y = 2.0 x2 - 73.9 x + 3353.5
(R2 = 0.91, p = 0.007)

y = 4.8 x2 - 210.9 x + 5048.0
(R2 = 0.68, p = 0.635, n.s.)
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3. 2. 2. `l��W��l. IAAtotal2̫Æ 

� Ĭ 5 – 3 3õ̊żb�\-ȟŕ�&ȼk�eIáĲÁ-ɘ�&?2-�E͚��Cõ̊

żb�\2Ůď˻ (x) ͙��˻ (y) ͙ñƉ˻ (z) �B5$FC2ʅŞÐIē˕�&Ð 

(IAAtotal) Iɘ�,�D͙ (A) 2 14 strokes/min͙(B) 2 34 strokes/min Ǘ1ƌCF&?2-�

E͚�`l��W��l.?1Ůď˻.Ȇ˽�,͙���B5ñƉ˻-Ŀ�0˸¼õ̊

ż2ȼ ,�&͚�"F2`l��W��l1��,?͙���B5ñƉ˻-ĜǟƗI

Ǟ!EȲƐɊ0õ̊żȐƅ2ƌCF&͚ 

 

 

 

 

ũ 5 – 2. 90 % LT]V_.��?V_y�Ox�_/ǽ
�Ȧ (|Stroke rate) + V

͚
O2/ǽ�Ȧ (|V

͚
O2) /ºÞ� 

0

250

500

750

1000

-8 -4 0 4 8 12 16

Subject A

Subject B

Subject C

Subject D

Subject E

Subject F

Subject G

Subject H

ΔStroke rate (strokes/min)

ΔVO2 (ml/min)�
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ũ 5 – 3. 14 strokes/min (A) �<2 34 strokes/min (B) *ǒ=@%Ŧƛ�ƓǆǠá/
ǁàȩ�ŘƧ�=�ƓǆX{S/Ĉ� (x)  Ř� (y) �<2Ƅ÷ (y) Ī*ǒ=@%
�Ɠǆ^�YCǱ ��Ƨ0 «Ī*ǒ=@%Ŧƛ�Ɠǆ^�Y/žƜƩ/Ąä 
(IAAtotal) CǱ � 
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� Ĭ 5 – 4 1 90 % LTj`l1��E`l��W��l. IAAtotal2̫ÆIɘ�&͚Þ,2

˄͒ʘ1��, IAAtotal 3͙`l��W��l2Ĺõ1¶),ĹĿ!E×ė2˞>CF&͚

Ē˄͒ʘ2`l��W��l. IAAtotal 2̫ÆƗIǶ˖�&.�G͙Þ,2˄͒ʘ1��

, R2Ð3�Ǿħųſ (0.86 � R2 � 0.99) .Ȇ˽�,͙¡Ǿħųſ (0.95 � R2 � 1.00) -͔

�ÐIɘ�&͚ 

 

 

 

 

 

 

 

 

 

 

 

 

3. 2. 3. IAAtotal. V
͚

O22̫Æ 

Ĭ 5 - 5 1 90 % LTj`l1��E͙ʁț`l��W��lBD?`l��W��lI

Ĺõ�#&̶2 IAAtotal2Ĺõ̢ (�IAAtotal) . V
͚

O22Ĺõ̢ (�V
͚

O2) 2̫ÆI˄͒ʘÞğ

2Ð-ɘ�&͚�IAAtotal.� V
͚

O22̪13͙Ǟƛ0Ȁ2ɏ̫̫Æ2˞>CF& (r = 0.67, 

p ͝0.001) ͚˃ 5 – 1 1ʁț`l��W��l®�2ǧ°1��E IAAtotal. V
͚

O22̫ÆI

˄͒ʘȅ1Ƕ˖�&ʂǭIɘ�&͚8 Ė� 7 Ė2˄͒ʘ1��,͙IAAtotal. V
͚

O22̪1

ɏ̫ÆǇ (r) 2 0.9®�2ÐIɘ!Ɏʋ̫Æ2˞>CF&͚  

 

ũ 5 – 4. 90 % LT]V_.��?V_y�O
x�_+ IAAtotal/ºÞ� 

Stroke rate (strokes/min)
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to
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l
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Subject Number of
data points r value

A 5 0.95 
B 4 0.99 
C 5 0.98 
D 4 0.80 
E 4 0.96 
F 4 0.94 
G 4 0.99 
H 4 1.00 

Ǳ 5 – 1. «ǬïĮ.��? 90 % LT]V_ĥ/ IAAtotal

+ V
͚

O2/ƍºÞŭ� 

ũ 5 – 5.  90 % LT]V_.��?|IAAtotal+|V
͚

O2

/ºÞ� 

y = 22.51 x + 0.06
r = 0.67, p < 0.001

0

100

200
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500

600

700
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)
�
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4. ʗ� ŝ 

� ǣɔɤ3͙��M�XǗ2`l��W��l2ɏ̖2 V
͚

O2 1ĉ:!Ƈ̈́IǔC�1!

E�.IɍɊ.�͙ĕ�2Ɉƾt��ǧ°� ( PLT2 90 % ) 1��,`l��W��l2

<IĻû�#&̶2 V
͚

O2 IȆ˽Ƕ˖�&͚$2ʂǭ͙V
͚

O2 2ǜ?º�ÐIɘ!`l��

W��l (ʁț`l��W��l) 2ɖ˞�F&͚!0H(͙`l��W��lIʁț`

l��W��l�CĹõ;&3ȜŢ�#E.͙�"F? V
͚

O2 2ĹĿ!E×ė2˞>CF

&͚;&͙`l��W��lIĹõ�#&̶2 V
͚

O2 2ĹĿ3͙Ȳ1âɊª ̢2Ĺõ.

ƃ�̫̌!E.ʗ�͙ʁț`l��W��lIĴȡ.�,͙`l��W��lIĹõ�

#&̶2�IAAtotal .�V
͚

O2 2̫ÆIǶ˖�&ʂǭ͙�ʘ2̪1Ǟƛ0Ȁ2ɏ̫̫Æ2˞

>CF&͚ 

 

4. 1. `l��W��l. V
͚

O22̫Æ 

ǣɔɤ1��,͙ʁț`l��W��l�C`l��W��lIĹõ�#E. V
͚

O2 2

ĹĿ!E×ė2˞>CF&͚��M�X.ĕǹ1ĜǟƗIǞ!E̒ù-�Eʮ˺˹̒ù

-?͙ĕǹ2ȹ˧2ĵě�F,�E͚!0H(͙ĕ�2Ɉƾt��ǧ°�1��,͙v

hg2<IĻû�#E.͙V
͚

O2 2ǜ?º�0EȲŕ2vhg (ʁțvhg) 2æȹ!E�

.͙!0H(ʁțvhg�CvhgIĹõ�#,?ȜŢ�#,? V
͚

O2 2ĹĿ!E�.2

ĵě�F,�E (Coast and Welch, 1985; Foss and Hallen, 2005; Gaesser and Brooks, 1975; Marsh 

and Martin, 1993; Seabury et al., 1977)͚Üˁɔɤ2ľ�3͙{f�ħ˺Ǉ. V
͚

O22̫Æ1Ş

�,¡ǾħųſIƄ,3>͙$��C V
͚

O2 2ǜ?º�ÐIɘ!vhgIȊ>,�E͚ʮ

˺˹̒ù-3͙Þ,2˄͒ʘ1��,¡Ǿħųſ2 R2 Ð2͂Ŵ1͔�ÐIɘ!2͙ǣɔ

ɤˢ͋-3¡Ǿħųſ2 R2 Ð2º�ÐIɘ!˄͒ʘ2ˋč�CF&͚�F13͙��M

�X.ʮ˺˹̒ù1��E̒ùȲƗ2ɏ̖2Ƈ̈́Iĉ:�,�&.ʗ�CFE͚��M

�X3ʮ˺˹̒ù.3Ɇ0D͙W��W1B), 1 `l��W�2ù¾2ˌŕ�F,�

0�&>͙ù¾$2?22Ļû�@!�̒ù-�E.��E͚ǣɔɤ1��,˸¼Ȕù
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̢2ƱǺ.�,Ⱦ�& IAAtotal 3͙`l��W��l2Ĺõ1Ş�,ǚʋɊ0ĹõIɘ�

& (Ĭ 5 – 4)͚�2ʂǭ3͙͔�`l��W��l-3 1 `l��WƄ&D2˸¼Ȕù̢

2ĹĿ�͙��M�Xù¾$2?22ĻŚ�,�&ĎʤƗIɘ�,�E͚`l��W�

�l13���& 1 `l��W�2ù¾2ĻŚ2Ċǖ�F0�&>͙`l��W��l

IˡǔĻǇ.�&¡Ǿħųſ2 R2 Ð2º�˄͒ʘ2ˋč�CF&ĎʤƗ2�E͚���͙

¡Ǿħųſ2 R2Ð2 0.9 ®�-�)&˄͒ʘ1*�,͙ħųſ�CȊ>&ʁț`l��

W��l.͙Ŗȟ2 V
͚

O2 �CȊ>&ʁț`l��W��lIȆ˽�&.�G͙�ʘ39

:̄¸�&ÐIɘ�& (Ĭ 5 – 1)͚�2�.�C͙ǣɔɤ-3Ŗȟ2 V
͚

O22ǜ?º�ÐI

ɘ�&`l��W��lIʁț`l��W��l.�&͚ 

 

4. 2. `l��W��l2Ĺõ1¶� V
͚

O22ĹĿ 

� ʮ˺˹̒ù1��,͙{f�ħ˺ǇIʁțħ˺ǇBD?Ĺõ�#&̶1 V
͚

O2 IĹĿ�

#EˊĨ.�,͙�ʝIħ˺�#Eª  (âɊª ) 2ĹĿ (Coast and Welch, 1985; Foss and 

Hallén., 2004; Gaesser and Brooks, 1975; Marsh and Martin, 1997; Seabury et al., 1977)͙ɭċʏ

̊ż2Ĺõ1BEeMy�ʋʈ2ùğȆȸ2Ĺõ (Sargeant, 1994; Pringle et al., 2003)͙ɭ2

ċʏ͉ż2�ǒ1¶�ɭšʣ¼�C2 Ca2+2æ�ÝF͉ż2Ĺõ1¶� ATP Ș˫̢2Ĺ

õ (ǵÛ9�, 2005)͙ɭʛ2â̜ƬƩ2Ĺõ (Gaesser and Brooks, 1975) 0/2Ʊǀ�F,

�E͚�ǌ͙��M�X3͙ʮ˺˹̒ù.Ȇ˽�,̒ù�a�2º��.@͙˸¼̡ƒ

IñƉǌė1Ŀ��ɠù�#**t��ɈƾIʑD̅!.��̒ùȲƗ�͙âɊª 2

Ȇ˽ɊĿ�0̒ù-�E�. (Fukunaga et al., 1986) IʗƟ!E.͙`l��W��lIĹ

õ�#&̶2 V
͚

O2 2ĹĿ13͙�1âɊª ̢2Ĺõ2BDƃ�̫��,�&.ʗ�C

FE͚ 

� IAAtotal 3͙ȁˁ@˯̒ù.�)&˸¼̡ƒ2ɠùI¶�̒ù1��,͙ȁˁ;&3˯

̊ż2Ĺõ1¶),ĹĿ!E�.͙�C1$2.�2Pp�V�Ș˫̢.ƃ�Ȁ2ɏ̫

̫ÆIɘ!�.2ĵě�F,�E (Bouten et al., 1994; Eston et al., 1998; Iwashita et al., 2003; 
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Nichols et al., 1999)͚�2�.�C͙IAAtotal 3͙��M�XǗ2âɊª ̢�B5 V
͚

O2int

I˚Ä!EƱǺ.0EĎʤƗ2ʗ�CF&͚ǣɔɤ1��,͙90 % LTj`l-3͙ʁț

`l��W��lBD?`l��W��lIĹõ�#&̶2�IAAtotal .�V
͚

O2 2̪1Ǟ

ƛ0Ȁ2ɏ̫̫Æ2˞>CF&͚�C1͙˄͒ʘȅ1 IAAtotal. V
͚

O22̫ÆIǶ˖�&.

�G͙ħųɎʋ2 r 3 1Ė2˄͒ʘḬ�, 0.9 ®�2ÐIɘ�&͚�2ʂǭ3͙��M

�X1��,`l��W��lIĹõ�#&̶2 V
͚

O2 2ĹĿ2âɊª ̢2Ĺõ.ƃ�

̫̌!E.�&ǣɔɤ2¯ˡIǂư!Eʂǭ-�D͙˄͒ʘȅ1˚Ä�& IAAtotal. V
͚

O2

2Ɏʋ̫Æ�C��M�XǗ2 V
͚

O2 int2ƻŕ-�EĎʤƗIɘĠ�,�E͚   

 

4. 3. `l��W��l2ȜŢ1¶� V
͚

O22ĹĿ 

� ʮ˺˹̒ù1��,͙˄͒ʘʮ˸2ʁțvhgBD?vhgIȜŢ�#&̶2 V
͚

O2 2

ĹĿ13͙1`l��WƄ&D2ɭƂó2Ĺõ1BEeMy�ʋʈ2ùğȆȸ2Ĺõ2̫

�!E.�F,�E (Ahlquist et al., 1992)͚eMy�ʋʈ3͙eMy�ʋʈ.Ȇ˽�,̠

ɼƄ̢1Ş!E ATP Ƚȼøȸ2º��. (Kushmerick et al., 1992) �C͙ǣɔɤ1��,

?͙`l��W��l2ȜŢ1B), 1 `l��WƄ&D-Ɉƾ�FEt��!0H(

ɭƂó2Ĺõ�,�&.¯ŕ!E.͙eMy�ʋʈ2ùğȆȸ2Ĺõ�͙$F1B),

V
͚

O22ĹĿ�,�&ĎʤƗ?ʗ�CFE͚  

 

4. 4. ʁț`l��W��l2ȌŕˊĨ 

ĕ�Ɉƾt��ǧ°�1��,͙`l��W��lIĹõ�B5ȜŢ�#&̶2 V
͚

O2

2ĹĿ13͙$F%FɆ0EˊĨ͙!0H(âɊª ̢2Ĺõ�B5ɭʋʈ2ùğȆȸ

2Ļû2̫��,�E.ʗ�CF&͚�2�.�C͙ʁț`l��W��l3͙$F%

F2ˊĨ2Ƈ̈́2ǜš.0Eǧ°-æȹ�,�&.ʗ�CFE͚0�͙ʮ˺˹̒ù1�

�Eʁțvhg3͙Ɉƾt��2Ĺõ1¶),ɎʋɊ1�ǒ!E�.2ĵě�F,�E 

(Coast and Welch, 1985; Foss and Hallén., 2004; Gaesser and Brooks, 1975; Marsh and Martin, 
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1997; Seabury et al., 1977)͚  

 

5. ʂ� ˤ 

� ǣɔɤ-3͙ĕ�2Ɉƾt��ǧ°�1��E`l��W��l2ɏ̖2 V
͚

O2 1ĉ:

!Ƈ̈́IǔC�1!E�.͙�B5`l��W��lIĹõ�#&̶2 V
͚

O2 2ĹĿ3â

Ɋª ̢2ĹĿ.ƃ�̫̌!E.��¯ˡ1ɧ(͙`l��W��lIĹõ�#&̶2

IAAtotal . V
͚

O2 2̫Æ1*�,Ƕ˖Iˁ0)&͚ǣɔɤ2ʂǭ�C͙ĕ�2Ɉƾt��ǧ

°1��,`l��W��l2<IĻû�#E.͙ʮ˺˹̒ù.ĕǹ1 V
͚

O2 2ǜ?º�

ÐIɘ!Ȳŕ2`l��W��l (ʁț`l��W��l) 2æȹ!E�.͙!0H(͙

ʁț`l��W��l�C`l��W��lIĹõ�#,?ȜŢ�#,? V
͚

O2 2ĹĿ!

E�.2ɖ˞�F&͚�C1͙ʁț`l��W��lIĴȡ.�&Ķē͙IAAtotal �B5

V
͚

O2 3`l��W��l2Ĺõ1¶),à1ĹĿ�͙˄͒ʘȅ1�ƱǺ2̫ÆIǶ˖�

&ʂǭ͙9.J/2˄͒ʘ1��,ƃ�Ɏʋ̫Æ2˞>CF&͚�FC2ʂǭ3͙

IAAtotalIȾ�E�.1B),��M�XǗ2 V
͚

O2 int2ƻŕ-�E�.IɘĠ�,�E͚
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ɫ6ɨ ɔɤˢ͋�- 2  

Ɉƾt��2ɏ̖2 IAAtotal. V
͚

O22̫Æ1ĉ:!Ƈ̈́ 

 

1. ɍ� Ɋ 

� ɔɤˢ͋ I – 12ʂǭ�C͙IAAtotal3��M�XǗ2 V
͚

O2 intIƻŕ!EƱǺ.0E�.

2ɘĠ�F&͚���͙$2&>13͙`l��W��lIĹõ�#&̶2 IAAtotal .

V
͚

O2 2̪2Ɏʋ̫Æ2͙Ɇ0EɈƾt��ǧ°1��,?ơɧ!E�IǔC�1!EƓ

ˊ2�E͚�C1͙ʮ˺˹̒ùIŞ˧.�&Üˁɔɤ-3͙V
͚

O2 intIȟŕ!Eǌȏ.�,

˨ʷ2��),�0�W��WIħ˺�#EȪ˨ʷ̒ù (ɥȢ�) 2Ⱦ�CF,�E͚�

2Ŗ͒ǧ°3͙˄͒ʘ2âɊª 2<Iˁ0��.�C͙`l��W��lIĹõ�#

&̶2 IAAtotal. V
͚

O22Ɏʋ̫Æ2BDW�K1ƌCFEĎʤƗ?ʗ�CFE͚ 

� $�-ǣɔɤ-3͙`l��W��l2<IĹõ�#&̶2 IAAtotal. V
͚

O22Ɏʋ̫Æ

2͙Ɉƾt��ǧ°2Ƈ̈́Ič�E�Ę�IǶ˖!E�.IɍɊ.�͙90 % PLT͙100 % 

PLT�B5Ȫ˨ʷ (ɥȢ�) 2 3ǧ°1��,`l��W��l2<IĹõ�#͙$2.�

2 IAAtotal�B5 V
͚

O21*�,Ƕ˖Iˁ0)&͚ 

 

2. ǌ� ȏ 

2. 1. ˄͒ʘ 

� ǣɔɤ2˄͒ʘ3ɁōĿőȼ|�l̙ƥ 10 Ė (˸̧: 171.8 ± 2.8 cm͙¼̡͜69.7 ± 5.1 

kg͙Ÿ͖͜21.3 ± 2.4 Ȃ) -�)&͚˄͒ʘ13ȟŕñǎ�Cȥ��l��o�X�B5K

�Z��2ƿČI͙;&Ŗ͒Ƅǎ3SwOM�͍2ƿČI̚�EB�Ʊɘ�&͚�C1͙

Ŗ̩͒ň2 2 Ǘ̪ñ�C3͏͎Iƺ��#&͚Þ,2˄͒ʘ13 ñ1ɔɤâŚI˜ɽ

1ˡǔ�͙ɔɤ2˲ǐ͙ȟŕ72Ĉõ�B5k�e2Ɉ˃1*�,2�ƧIǛ̓1,ƌ

&͚ 
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2. 2. Ŗ͒�B5ȟŕâŚ 

2. 2. 1. ǜĿ�j`l 

`l��W��lj`l (Ɖ̆) -Ⱦ�EɈƾt��ǧ°IȌŕ!E&>2ǜĿ�j`

l.ǜĿj`l1B),Ǹơ�FEȣĹ˨ʷj`lIŖǍ�&͚˄͒ʘ13 10 ç̪2N

Q���XKhyIˁH#͙$2ƉP�[��e�- 5 ç̪2Ž¹œ́IÈ&#&Ɖ͙

ǜĿ�j`lI̩ň�#&͚1`j�_2̒ùǗ̪3 4ç̪.�͙`j�_̪13 2ç̪

2²ƙǗ̪I˘�&͚ǜé2`j�_2Ɉƾt��3 P20002 40 % .�͙$��C 1`j

�_ȅ1 5 % P2000 "*Ɉƾt��IȣĹ�# 7`j�_IŖǍ�& (40, 45, 50, 55, 60, 65

�B5 70 %P2000)͚²ƙǗ̪â13ˀ��̠ȦżIȟŕ�͙Beaver et al. (1985) 2ǌȏIȾ

�͙Blood Lactate Endurance Marker Software (Lactate-E) 1B), PLTIɯæ�&͚ǜĿ�j

`lɿ�Ɖ͙10 ç̪2²ƙIƳJ'2(1ǜĿj`lIŖǍ�&͚ǜĿj`l3͙ǜé

2̒ùƃżI 70 % P2000 .�͙1ç�.1 5 % P2000"*Ɉƾt��IȣĹ�#͙˄͒ʘ2

Ʊŕ�F&Ɉƾt��2ʈư-�0�0)&Ǘȩ͙?��3˄͒ʘ2̒ù2ʆʇ2Ī̼

-�E.êǊ�&Ǘȩ-j`lIɿ��#&͚ 

 

2. 2. 2. `l��W��lj`l (SRj`l) 

SRj`l-3͙ĕ�2Ɉƾt��ǧ°1��,͙`l��W��l2<IĻû�#͙

$2.�2 V
͚

O2�B5 IAAtotalIȟŕ�&͚Ɉƾt��ǧ°3͙P�[��e1ƹʇ�F

,�0�r�m�Iư&#,��M�Xù¾ (ɥȢ�) IˁH#EȪ˨ʷǧ°͙PLT2 90 % 

(90 % LTǧ°) �B5 100 % (100 % LTǧ°) 2 3ǧ°.�,͙$F%FɆ0EŖ͒ǎ1Ŗ

Ǎ�&͚Ȫ˨ʷǧ°1��E`l��W��l3͙20͙22͙24͙26͙28͙30 �B5 32 

strokes/min 2˕ 7˛ƨ.�͙$FCI��f�1ŖǍ�&͚ 90 % �B5 100 % LTǧ°-

3͙ǜé1$F%F2Ɉƾt��1Ş�,͙˄͒ʘ2̙ƫ�&`l��W��l (FS) -

̒ùIˁ0H#&͚ʇ�,͙FS IĴȡ1 2 strokes/min "*`l��W��lIĹõ�#



 
 

ɫ 6ɨ� ɔɤˢ͋ I - 2 
 

 58 

E�.1B), 6 ˛ƨI˘ŕ�͙$FCI��f�1ŖǍ�&͚�"F2ǧ°1��,

?͙1 ˛ƨ2̒ùǗ̪3 4 ç̪.�͙²ƙǗ̪â13 HR 2þç1º��&�. (œ́Ǘ

ƒƮǇ + 10 beats/min®â) Iɖ˞�,�CǾ2˛ƨI̩ň�#& (�B$ 2�5ç̪)͚ 

 

2. 2. 3. ĞȈT`t���e�B5ˀ��̠Ȧż 

œ́Ǘ�B5̒ù�2 V
͚

E͙V
͚

O2͙V
͚

CO2�B5 RER3fX�`±hXȏ1B),ȟŕ

�&͚ĞȈȦż2çǫ13͙ʮùĞȈT`çǫ˅ʒ (PK��oe AE310-s͙�nlýɞ

ő) IȾ�͙ȟŕñ13˽ȀT` (O2Ȧż 5 %͙CO2Ȧż 15 %) 1B),U��x��^�

�IŖǍ�&͚;&͙ƽȈ̢2ȟŕ13�ſT`��e (DC Ĳ�ſj`lT`��e͙

^nT�əˇ) IȾ�&͚ 

� ˀ��̠Ȧż2ȟŕ13͙ɔɤˢ͋ I – 1 .ĕǹ1͙ˀ��̠Ȧżçǫĥ 

(YSI1500SPORT͙YSIəˇ) IȾ�͙Beaver et al. (1985) 2ǌȏ1B), PLTIɯæ�&͚  

  

 

2. 2. 4. IAAtotal 

� õ̊żb�\3͙ɔɤˢ͋� – 1.ĕǹ2˅ʒIȾ�&͚���͙ǣɔɤˢ͋3͙ɔɤ

ˢ͋� – 1.Ȇ˽�,˛ƨǇ2ľ�͙ȟŕk�e2Ś̢2Ŀ��0E�.@͙��M�X

ù¾1��E˸¼̡ƒ2ɠù̊ż3˯̒ùBD?º��.0/�C͙\�y��XĜȐ

ǇI 50 Hz 1˘ŕ�&͚Ē˻-ƌCF&˸¼õ̊żk�e3͙ɔɤˢ͋� – 1.ĕǹ1±

�mt`wL�e��XåȺ (0.3 - 25 Hz) Iˁ0)&Ɖ1͙$2ʅŞÐI 1ç̪-ɣç� 

(IAAx͙IAAy�B5 IAAz) ͙$FC2ē˕ÐI IAAtotal.�&͚ 

 

2. 3. ʄ˕åȺ 

� ʂǭ3!8,ŷıÐ ± ǺȡÑů1,ɘ�&͚IAAtotal. V
͚

O22ɎʋƗ2˚Ä13vKd

�2ɣȸɏ̫ÆǇIȾ�&͚Ēj`l̪1��Eȟŕͅɍ2ů2Ƕŕ13͙�Û̝ʒç
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ǆçǫIȾ�͙Ǟƛů2˞>CF&Ķē13 Bonferroni2 ƉǶŕIˁ0)&͚ʄ˕ɊǞ

ƛƗ3͙Ą̳ȸ 5 % ǡȠIĴȡ1êǊ�&͚ 

 

3. ʂ� ǭ 

3. 1. SRj`l1��EɈƾt��ǧ° 

� 90 % �B5 100 % LTǧ°1��EɈƾt��3͙$F%F 162.2 ± 24.3�B5 180.2 ± 

27.0 watt-�)&͚ĕǹ1͙FS3$F%F 20.6 ± 1.7�B5 21.6 ± 1.3 strokes/min-�)

&͚ 

 

3. 2. `l��W��l. IAAtotal2̫Æ 

� Ĭ 6 – 11Ȫ˨ʷǧ° (A) ͙90 % LTǧ° (B) �B5 100 % LTǧ° (C) 2Ē˛ƨ-ƌC

F& IAAx͙IAAy�B5 IAAzIɘ�&͚Þ,2ǧ°2Ē˛ƨ1��,͙IAAz (ñƉǌė) 

2ǜ?͔�ÐIɘ�͙Ǿ�- IAAy (��ǌė) ͙IAAx (Ůďǌė) 2͆1͔�ÐIɘ�&͚

�C1͙IAAx3`l��W��lIĹõ�#,?9:�ŕ2ÐIɘ�&2͙IAAy�B5

IAAz3͙`l��W��l2Ĺõ1Ş�,Ǟƛ0ĹõIɘ�&͚Ĭ 6 – 2 1Ēǧ°1��

E`l��W��l. IAAtotal 2̫ÆIɘ�&͚/2ǧ°1��,?͙`l��W��l

2Ĺõ1Ş�, IAAtotal2ĹĿ!E�.2ɖ˞�F&͚ 

 

3. 3. `l��W��l. V
͚

O22̫Æ 

Ĭ 6 – 3 1Ēǧ°1��E`l��W��l. V
͚

O22̫ÆIáĲɊ0˄͒ʘ2Á-ɘ�

&͚Ĭ�2ɕʋ-ī;F&˛ƨ3͙$F%F V
͚

O22ǜ?º�)&˛ƨIɘ�,�E͚ Ē

Ɉƾt��ǧ°1��,͙V
͚

O2 3`l��W��l2ǜ?º�˛ƨ͙?��3$2¬̄

2˛ƨ-ǜ?º�ÐIɘ�&͚ǣɔɤ-3͙ŖǍ�&˛ƨ2�( V
͚

O2 2ǜ?º�ÐIɘ

�&˛ƨIʁț`l��W��l.�,çǫIˁ0)&͚ʁț`l��W��l3͙Ȫ

˨ʷ͙90 % �B5 100 % LTǧ°1��,͙$F%F 20.4 ± 0.8, 23.1 ± 4.2 �B5 23.7 ± 2.4 
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strokes/min-�)&͚;&͙Þ,2˄͒ʘ�B5ǧ° (90 % LT͙100 % LT�B5Ȫ˨ʷ

ǧ°) 1��,͙ʁț`l��W��l�C`l��W��lIĹõ�#E.͙V
͚

O2?Ĺ

Ŀ!E�.2ɖ˞�F&͚  

 

3. 4. IAAtotal. V
͚

O22̫Æ 

� ʁț`l��W��lBD?`l��W��lIĹõ�#&̶2 IAAtotal. V
͚

O22̫Æ

IǶ˖�&.�G͙Ȫ˨ʷǧ°-3Þ˄͒ʘ1��,͙90 % �B5 100 % LTǧ°-3͙

$F%F 8Ė�B5 7Ė2˄͒ʘ- r2 0.9®�2ƃ�ɎʋƗ2˞>CF&͚ħųɎʋ2

×� (ΔV
͚

O2/ΔIAAtotal) 3͙Ȫ˨ʷǧ°1��,ǜ?͔�Ð (28.4 ± 4.6 ml/count) Iɘ�&͚

�C1͙ 90 % �B5 100 % LTǧ°1��E ΔV
͚

O2/ΔIAAtotal ($F%F 19.5 ± 6.4 �B5 

18.5 ± 3.6 ml/count) 3͙Ȫ˨ʷǧ°.Ȇ˽�,$F%FǞƛ1º�ÐIɘ�͙�*�ǧ°

2̪-Ǟƛ0ů3˞>CF0�)& (Ĭ 6 – 4) ͚ 
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ũ 6 – 1. ȌǶ�ŝè (A)  90 % LTŝè (B) 
�<2 100 % LTŝè (C) .��?«ğÃ
*ǒ=@% IAA� 

ũ 6 – 2. «Ǥ½dz�ŝè.��?V_
y�Ox�_+ IAAtotal /ºÞ��0Ȍ
Ƕ�ŝè 
0 90 % LT ŝè �0
100 % LTŝèCǱ � 
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4. ʗ� ŝ 

� ǣɔɤ-3͙Ɉƾt��2ɏ̖2`l��W��lIĹõ�#&̶2 IAAtotal. V
͚

O2͙

�B5�ʘ2̫ÆƗ1Ƈ̈́Iĉ:!�Ę�IǶ˖!E�.IɍɊ.�,͙Ɇ0E 3 *2

Ɉƾt��ǧ° (90 % LT͙100 % LT�B5Ȫ˨ʷǧ°) 1��,͙$F%F`l��W�

�l2<IĹõ�#&̶2 IAAtotal. V
͚

O22̫ÆIȆ˽Ƕ˖�&͚$2ʂǭ͙�"F2Ɉ

ƾt��ǧ°1��,?͙V
͚

O2 2ǜ?º�ÐIɘ�&˛ƨIĴȡ.�&Ķē͙$��C

`l��W��lIĹõ�#E. IAAtotal�B5 V
͚

O22à1Ĺõ!E�.͙�C1 IAAtotal

. V
͚

O22̪13ƃ�Ɏʋ̫Æ2˞>CFE�.2ǔC�10)&͚;&͙IAAtotal. V
͚

O2

2Ɏʋħųſ2×� (ΔV
͚

O2 / ΔIAAtotal) 3͙Ȫ˨ʷǧ°.Ȇ˽�,͙90 % �B5 100 % LT

ǧ°-$F%FǞƛ1º�ÐIɘ�&2͙90 % LT�B5 100 % LTǧ°̪-3Ǟƛů3

˞>CF0�)&͚ 

ũ 6 – 3. V_y�Ox�_+ VO2 /ºÞ 
(ƞǱȩ) ��0ȌǶ�ŝè 
0 90 % LT
ŝè �0 100 % LTŝèCǱ � 

ũ 6 – 4. ȌǶ�ŝè 90 % LTŝè�<2 100 % 
LTŝè.��?|V

�

O2 / |IAAtotal� 
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4. 1. `l��W��l. V
͚

O22̫Æ 

� Ȫ˨ʷǧ°-3͙9.J/2˄͒ʘ1��,͙`l��W��l2ǜ?º�˛ƨ (20 

strokes/min) - V
͚

O22ǜ?º�ÐIɘ�&͚;&͙90 % LT�B5 100 % LTǧ°-3͙ǜ

?`l��W��l2º�˛ƨ͙;&3$2¬̄2˛ƨ- V
͚

O22ǜ?º�ÐIɘ�& ($

F%F 23.1 ± 4.2 �B5 23.7 ± 2.4 strokes/min)͚!0H(͙90 % �B5 100 % LTǧ°-

3͙`l��W��l2ǜ?º�˛ƨ͙!0H(âɊª ̢2ǜ?Ţ0�)&.ʗ�C

FE˛ƨ1��,͙Ɠ"�? V
͚

O2 2ǜ?º�ÐIɘ�0�)&͚���&×ė3͙ɔɤ

ˢ͋ I – 1-3BD͌ʺ1ːŝ�F͙eMy IIʋʈ2ùğȆȸ2Ļû0/2âɊª ̢®

Ľ2ˊĨ2̫��,�EĎʤƗ2ʗ�CF&͚`l��W��lIĹõ�#E�.1B

),âɊª ̢IĹõ�#&̶2 IAAtotal. V
͚

O22̫ÆIɆ0EɈƾt��ǧ°̪-Ȇ˽

!E.��ǣɔɤ2ɍɊ�͙ǣɔɤ-3 V
͚

O2 2ǜ?º�ÐIɘ�&`l��W��lI

ʁț`l��W��l.ŕʕ�͙$��C`l��W��lIĹõ�#&̶2 IAAtotal .

V
͚

O22̫Æ1*�,Ƕ˖Iˁ0)&͚  

 

4. 2. `l��W��l. IAAtotal2̫Æ 

� õ̊żb�\1B),ȟŕ�&˸¼õ̊ż�C͙̒ù�2˸¼Ȕù̢I˚Ä!E̶1

3͙õ̊żb�\3˸¼̡ƒ¹ʒ2̄�1˅ɑ�FE (Bouten et al., 1994; Eston et al., 1998; 

Iwashita et al., 2003; Nichols et al., 1999; Ĕȿ9�, 2013)͚���͙��M�X-3Ēù¾ť

̓1B),˸¼̡ƒ¹ʒ2Ļû!E�.͙�C1Ȣ�ɿHD2ť̓-�¼IƉǌ7.Ċ

C!ȲƐɊ0ù¾Ię=�.�C͙ǣɔɤ-3Ůď2ʞŬI*0�'Ɏʋ.ʧǯ2Ɏ¥

!E¹ʒ1õ̊żb�\I˅ɑ�&͚ǣɔɤ-3͙IAAtotal 1õ�,Ē˻-ƌCF& IAA

1*�,?Ƕ˖Iˁ0)&͚˄͒ʘ2˸¼2Ůďǌė1ɏƄ!E x ˻ǌė-ƌCF&

IAAx 3͙�"F2Ɉƾt��ǧ°1��,?͙`l��W��l2Ĺõ1Ş�,9:�

ŕ2ÐIɘ�&͚�C1͙˄͒ʘ2���B5ñƉǌė1ɏƄ!E y˻�B5 z˻ǌė-
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ƌCF& IAAy�B5 IAAz3͙IAAxBD?ʺ��͔�Ð-�)&͚�2ʂǭ3͙ǣɔɤ

BD?̡ƒ¹ʒ1̄�ʫʢ̜1õ̊żb�\I˅ɑ�͙��M�XǗ2˸¼õ̊żIȟ

ŕ�&Üˁɔɤ.?�ʰ!Eʂǭ-�)& (�Ǧ, 2007; �Ǧ9�, 2010)͚ ;&͙`l��

W��l2Ĺõ1¶� IAAtotal2ĹĿ3͙Ȳ1 IAAy�B5 IAAz2ĹĿ1BE?2-�E

�.2ɖ˞�F&͚��M�XǗ2âɊª 2Ŀ̜ç2˸¼2ñƉ�B5��ǌė72

ɠù1˰Ĩ!E�.I˷;�E.͙ǣɔɤ-ƸȾ�&õ̊żb�\2˅ɑ¹ʒ-ƌCF

&˸¼õ̊żk�e3͙��M�XǗ2ù¾2ȲƐIƶ�,�&.ʗ�CFE͚ 

 

4. 3. IAAtotal. V
͚

O22̫Æ 

� �"F2Ɉƾt��ǧ°1��,?͙ʁț`l��W��l�C`l��W��lI

Ĺõ�#&̶2 IAAtotal . V
͚

O2 2̪13ƃ�Ɏʋ̫Æ2˞>CF&͚�2�.�C͙

IAAtotal3��M�XǗ2˸¼Iɠù�#Eª  (âɊª ) 1Ş!E V
͚

O2Iƻŕ!EƱǺ

.0E�.2ɖ˞�F&͚���͙IAAtotal. V
͚

O22ħųɎʋ2×� (Δ V
͚

O2 / ΔIAAtotal) 3͙

90 % LT�B5 100 % LTǧ°.Ȇ˽�,͙Ȫ˨ʷǧ°1��,Ǟƛ1͔�ÐIɘ�&͚

�2ʂǭ3͙Ȫ˨ʷǧ°-3ĕ�2˸¼Ȕù̢1Ş�,BDľ�2­˥Pp�V�2Ș

˫�F,�E�.Iɘ�,�E͚Gaesser and Brooks (1975) 3͙ʮ˺˹̒ù1��,Ɉƾ

t��. V
͚

O2 2ɎʋħųſIȊ>&.�G͙Ⱥˤ�3âɊª 2<Iˁ0H#&̶2

V
͚

O21ɏƄ!E3"2 y èȮ2͙Ŗ̶1Ȫ˨ʷ̒ùIˁH#,ȟŕ�& V
͚

O2BD?º�

Ð-�)&�.Iĵě�,�E͚Kautz and Neptune (2002) 3͙ʮ˺˹̒ùǗ2ĽɊª .

âɊª 2¢�1ȵɧ���ˊɼ-30��.IƱǀ�,�E͚!0H(͙ʮ˺˹̒ù

�2�ʝ3Ćś13õ̊.Ȝ̊IʑD̅�,�D͙Ȫ˨ʷǧ°-3$2.�2ª 2â

Ɋª .�FE͚���͙W��W1˨ʷ2��),�EĶē13͙�ʝ2?*óőɊ

Pp�V�2�̜2W��W7.ȕFE�.1B),�ʝ2Ȝ̊!E.ʗ�CFE.�

,�E͚�2�.I˷;�F4͙Ȫ˨ʷǧ°-˚Ä�&âɊª 1Ş!E V
͚

O2 3͙Ŗ̶

1˨ʷI¶)&̶2âɊª 1Ş!E V
͚

O2 I̓Ŀ1˚Ä�,�;�.ʗ�CFE͚��
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M�X2Ķē͙Ȣ�ɿHD2ť̓1��,Ȣƥ3r�m�Iȳƀ�,�E2͙ĕǗ1Ɖ

ǌ7.ɠù�,�&˸¼3Ȝ̊!E&>͙ĽɊª  (Ɉƾt��) 2�̜2˸¼1ȕF̃

<˸¼IȜ̊�#,�E.ʗ�CFE͚Ȫ˨ʷǧ°2Ķē3͙���&Pp�V�2ȕ

F2ȼ 0�&>͙˸¼IȜ̊�#E&>2ª 2Ŀ��0),�&ĎʤƗ2�D͙$

2ʂǭ͙ ΔV
͚

O2 / ΔIAAtotal2͔�ÐIɘ�&.ʗ�CFE͚�ǌ͙90 % �B5 100 % LTǧ

°1��, ΔV
͚

O2 / ΔIAAtotal 1Ǟƛ0ů3˞>CF0�)&͚�2�.�C͙ĽɊª !

0H(Ɉƾt��I¶�ǧ°-3͙Ɉƾt��2Ɇ0EĶē-�),?�̆�&Pp�

V�2ȕÝ2ĕɡż-ȼ ,�EĎʤƗ2�E͚ 

� ǣɔɤ-3͙̒ùǗ2Pp�V�­˥̢I V
͚

O2 �C˚Ä!E&>1͙Ȇ˽Ɋº�Ɉƾ

t��ǧ°I˘ŕ�&͚$2&>͙�C1͔�Ɉƾt��ǧ°-3͙r�m�Iȳƀ!

E�.1BEĽɊª 2˸¼72ȕÝ2ɡż2Ŀ��0D͙IAAtotal . V
͚

O2 2̫Æ?Ɇ0

EĎʤƗ?ʗ�CFE͚���͙��M�XǗ1�ʝ-Ɉƾ�FEt��3Þ¼2 10 % 

ɡż-�E�. (Kleshnev, 2002) @͙ȉ�-2��M�X-3r�m�Iȳƀ�ɿH)&

ɎƉ-?͙Ɖǌ7.ɠù�,�&˸¼IȜ̊�#Eù¾1BD͙ʳ2̍ˁǌė1Ş�,

Ȁ2õ̊ż2ȼ E�. (�ȿ9�, 2007) 0/�C͙Ɉƾt��2͔�ǧ°-?˸¼72

Pp�V�2ȕÝ3H"�-�EĎʤƗ?ʗ�CFE͚ǣɔɤ-ƌCF&ʂǭ3͙�2

ȩ1*�,ǔC�1!E�.3-�0�2͙Ȫ˨ʷǧ°-˚Ä�& ΔV
͚

O2 / ΔIAAtotal 3͙ 

V
͚

O2 intI̓Ŀ1˚Ä!EĎʤƗ2�E�.�C͙Ɉƾt��I¶�ǧ° (90 % LT ;&3

100 % LTǧ°) 1��,Ȋ>& ΔV
͚

O2 / ΔIAAtotalIȾ�EƓˊ2�E.ʂˤ+�E͚ 

 

5. ʂ� ˤ 

� ǣɔɤ2ʂǭ�C͙Ɉƾt��ǧ°2ɏ̖1̫HC"͙ĕ�2Ɉƾt��ǧ°�1�

�,`l��W��l2<IĹõ�#E.͙IAAtotal �B5 V
͚

O2 3.?1ĹĿ�͙�ʘ2

̪13Ɏʋ̫Æ2˞>CFE�.2ǔC�10)&͚;&͙IAAtotal . V
͚

O2 2Ɏʋħųſ

2×� (Δ V
͚

O2 / ΔIAAtotal) 3͙Ȫ˨ʷǧ°1��,͙90 % �B5 100 % LTǧ°BD?Ǟƛ
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1͔�ÐIɘ�&͚���͙90 % LTǧ°. 100 % LTǧ°2̪-3 ΔV
͚

O2 / ΔIAAtotal1Ǟ

ƛ0ů3˞>CF0�)&͚�FC2ʂǭ�C͙IAAtotal 1B),��M�XǗ2 V
͚

O2 int

Iƻŕ!E̶13͙Ɉƾt��I¶)&ǧ°1��, IAAtotal. V
͚

O22Ɏʋ̫ÆIȊ>E

Ɠˊ2�E�.2ɘĠ�F&͚ 
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ɫ7ɨ ɔɤˢ͋ II 

IAAtotal1B),`l��W��l2ĹõçIˆȀ!E AODȏ2ʗǲ 

 

1. ɍ� Ɋ 

� ɔɤˢ͋ I – 1 �B5 I – 2 -ƌCF&ʂǭ�C͙Ɉƾt��I¶)&ǧ°-Ȋ>&

IAAtotal. V
͚

O22Ɏʋ̫ÆIȾ�E�.1B),͙��M�XǗ2 V
͚

O2 int2˚Ä-�E�

.2ɘĠ�F&͚$�-͙ɔɤˢ͋�-3͙IAAtotal IȾ�,`l��W��l2Ĺõç

IˆȀ�ODIƻŕ!E AODȏIʗǲ�͙$F1B),Ŗ̶1ƻŕ�& OD�B5 AOD

I͙ƋǨ2 AODȏ-ˋɣ?)&Ð.$F%FȆ˽!E�.IɍɊ.�&͚ 

 

2. ǌ� ȏ 

2. 1. Ŗ͒k]M� 

� ȈìÉ*0 2 ǹ¹/ƲċƟ]V_Ư / OD C ľț/ AOD ȅ+ IAAtotalCș�%

AOD ȅ.<')#@$@Ūƹ�%�ľț/ AOD ȅ*0 ċƟ�]V_*È9%Ǥ½d

z�+ V
͚

O22Ɏʋħųſ1˱ǜĿj`lǗ2Ɉƾt��IĽƵ!E�.1B), OD I

ƻŕ�& (Ĭ 7 – 1)͚�ǌ͙IAAtotalIȾ�& AODȏ-3͙˱ǜĿj`l�2 IAAtotal�B

5Ɉƾt���C͙âɊª �B5ĽɊª 1Ş!EOD (Oxygen demand for internal work: 

ODint�B5 Oxygen demand for external work: ODext) I$F%FëË1ƻŕ�͙$2ē˕I

̒ù�2 OD.�& (Ĭ 7 – 1͙˜ɽ3 2. 3. 2. 1˗˾)͚ 
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2. 2. ˄͒ʘ 

� ǣɔɤ2˄͒ʘ3ɁōĿőȼ|�l̙ƥ8Ė (˸̧: 1.75 ± 0.05 m͙¼̡͜70.5 ± 10.1 kg͙

Ÿ͖͜19.8 ± 0.9 Ȃ) -�)&͚˄͒ʘ13ȟŕñǎ�Cȥ��l��o�X�B5K�Z

��2ƿČI͙;&Ŗ͒Ƅǎ3SwOM�͍2ƿČI̚�EB�Ʊɘ�&͚�C1͙Ŗ

̩͒ň2 2 Ǘ̪ñ�C3͏͎Iƺ��#&͚Þ,2˄͒ʘ13 ñ1ɔɤâŚI˜ɽ1

ˡǔ�͙ɔɤ2˲ǐ͙ȟŕ72Ĉõ�B5k�e2Ɉ˃1*�,2�ƧIǛ̓1,ƌ&͚ 

 

2. 3. ȟŕǌȏ 

2. 2. 1. ȣĹ˨ʷj`l 

� ǜĿ�ƃż1��EɈƾt��. V
͚

O2 2̫ÆIȊ>E&>1ǜĿ�j`lIŖǍ�͙

ʇ�, V
͚

O2maxIŠæ!E&>2ǜĿj`lIŖǍ�&͚˄͒ʘ3 10ç̪2NQ���X

Khy1ʇ�,͙P�[��e�- 5 ç̪2Ž¹œ́IÈ&#&Ɖ͙ȣĹ˨ʷj`lI

̩ň�#&͚1`j�_2̒ùǗ̪3 4ç̪.�͙`j�_̪13 2ç̪2²ƙǗ̪I˘

�&͚ǜé2`j�_2Ɉƾt��3͙ǜ?Ɏ̄-ƌCF& P20002 40 % .�͙$��C

%��	�


!���� &#($'

������


���	�


������


���	�



SR	�


!����

%��	�


�"������&#($'

IAAtotal �"������&#($'

���AOD�

IAAtotal� ��AOD�

ũ 7 – 1. ľț/ AODȅ (ŘƧ) �<2 IAAtotalCș�% AODȅ (�
Ƨ) .<?ĕƇĹȚȦ/ŪƹȄȅ/©ǜũ� 
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1`j�_ȅ1 5 % P2000 "*Ɉƾt��IȣĹ�# 7`j�_IŖǍ�& (40, 45, 50, 55, 

60, 65�B5 70 %P2000)͚²ƙǗ̪â13ˀ��̠ȦżIȟŕ�͙Beaver et al. (1985) 2ǌ

ȏIȾ�͙Blood Lactate Endurance Marker Software (Lactate-E) 1B), PLT Iɯæ�&͚Ē

`j�_ɿ�ñ 1ç̪2ĞȈT`t���e͙HR�B5˸¼õ̊żIɔɤˢ͋ I – 2 .ĕ

ǹ2ǌȏIȾ�,ȟŕ�&͚ 

� ǜĿ�j`lɿ�Ɖ͙10 ç̪2²ƙIƳJ'2(1ǜĿj`lIŖǍ�&͚ǜĿj`

l3͙ǜé2̒ùƃżI 70 % P2000.�͙1çȅ1 5 % P2000"*Ɉƾt��IȣĹ�#͙

˄͒ʘ2Ʊŕ�F&Ɉƾt��2ʈư-�0�0)&Ǘȩ͙?��3˄͒ʘ2̒ù2ʆ

ʇ2Ī̼-�E.êǊ�&Ǘȩ-j`lIɿ��#&͚̒ù�3ɔɤˢ͋ I – 2 .ĕǹ2

ǌȏIȾ�,͙1çȅ2ĞȈT`t���e͙HR�B5˸¼õ̊żIȟŕ�&͚ 

� ǜĿj`l-3͙ũİ (2001) 2ɘ!ǜĿöó2ŗːɊƱǺIĈʗ.�, V
͚

O2maxIȌŕ

�&͚!0H(͙1) V
͚

O22y�l�2æȹ!E�.͙2) HR 2Ÿ͖�Cƻŕ (220 – Ÿ͖) 

�FEǜĿƒƮǇ (HRmax) 19:̕�,�E�. (±10 Ʈ/ç)͙3) RER2 1.10 ®�1̕�

,�E�.͙4) ˀ ��̠Ȧż2 10 mmol/L®�1̕�,�E�.2 4ǧ°2�( 2*®�

IȠ&�,�Ěʇ�&͛ç̪2ŷıÐI V
͚

O2max.êǊ�&͚ 

 

2. 2. 2. `l��W��lj`l (SRj`l) 

� ȣĹ˨ʷj`l.Ɇ0EŖ͒ǎ1 SR j`lIŖǍ�&͚SR j`l-3͙ĕ�2Ɉƾ

t��ǧ°1��,͙`l��W��l2<IĹõ�#͙$2.�2 IAAtotal. V
͚

O22̫

ÆI˄͒ʘȅ1Ȋ>&͚Ɉƾt��ǧ°3͙ȣĹ˨ʷj`l-Ȋ>& PLT .�&͚`l�

�W��l3ǜé2`j�_I 24 strokes/min .�͙1 `j�_ȅ1 4 strokes/min "*`

l��W��l2<IȣĹ�#& (24, 28, 32�B5 36 strokes/min) ͚Ē`j�_ɿ�ñ 1

ç̪2ĞȈT`t���e͙HR �B5˸¼õ̊żIȣĹ˨ʷj`l.ĕǹ2ǌȏIȾ�

,ȟŕ�&͚ 
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2. 2. 3. ˱ǜĿj`l 

� ȣĹ˨ʷj`l�B5 SRj`l.3Ɇ0EŖ͒ǎ1˱ǜĿj`lIŖǍ�&͚˄͒ʘ

3 10 ç̪2NQ���XKhy1ʇ�,͙P�[��e�- 5 ç̪2Ž¹œ́IÈ)&

Ɖ1͙2ç̪2˱ǜĿj`lIˁ0)&͚˄͒ʘ13͙Ďʤ0̯D͔�Ɉƾt��-̒ù

Iˁ�B�1Ʊɘ�͙̒ù�3 1çȅ2ĞȈT`t���e͙HR�B5˸¼õ̊żI«

2j`l.ĕǹ2ǌȏIȾ�,ȟŕ�&͚ 

 

2. 4. OD2ƻŕǌȏ 

2. 4. 1. ƋǨ2 AODȏ1BE OD2ƻŕ 

� ƋǨ2 AODȏ-3͙ǜĿ�j`l-Ȋ>&Ɉƾt��. V
͚

O22Ɏʋħųſ1͙˱ǜĿ

j`lǗ2Ɉƾt��IĽƵ!E�.1B), OD (OD in normal method: ODN)Iƻŕ�

&͚�C1͙ODN�Cȟŕ�& V
͚

O2Iů�ƀ��.1B), AOD (AOD in normal method: 

AODN) Iɯæ�&͚ 

 

2. 4. 2. IAAǧ°1��E OD2ƻŕǌȏ 

� IAA ǧ°-3͙̒ù�1ȟŕ�& IAAtotal1B),âɊª 2ĹõçIˆȀ�, OD I

ƻŕ�& (Oxygen demand in IAA method: ODIAA)͚ǣɔɤ-3͙Winter (1979) 2ƼĢ�&â

Ɋª �B5ĽɊª 2Ƿƕ1Ï�͙1) ̒ù�2 V
͚

O23œ́Ǘ2 V
͚

O2 (V
͚

O2 rest) .̒ù$

2?21Ş!E V
͚

O2 (V
͚

O2 spent for exercise: V
͚

O2 EX) 1B),Ǹơ�F͙2) V
͚

O2 EX3ĽɊª

 1Ş!EV
͚

O2 (V
͚

O2 spent for external work: V
͚

O2 ext) �B5âɊª 1Ş!E V
͚

O2 (V
͚

O2 spent 

for internal work: V
͚

O2 int) 1B),Ǹơ�FE.¯ŕ�& (ſ 7 – 1�B5Ĭ 7 – 2)͚ 

Q̇R0 = Q̇R0STUI + Q̇R0VW 

	= Q̇R0STUI + Q̇R0XYI + Q̇R0TDI� � � � � � � � � � � � � � � � � (ſ 7 – 1) 

 



 
 

ɫ 7ɨ� ɔɤˢ͋ II 
 

 71 

 

 

 

 

 

 

 

 

 

 

�  

 

 

�  

 

 

 

 

� ˸¼IñƉǌė7.ɠù�#E̒ù2<Iˁ0)&Ķē͙œ́Ǘ (IAAtotal = 0 a.u., V
͚

O2 = 

V
͚

O2 rest) Iz�`�M�.�,͙$�1V
͚

O2 int2��#�FE.ʗ�CFE (Ĭ 7 – 2 (B))͚

`l��W��l2<IĹõ�#E.͙IAAtotal �B5 V
͚

O2 3âɊª ̢2ĹõIƶ�à

1ĹĿ�͙�ʘ2̪13Ɏʋ̫Æ2ơɧ!E�. (ɔɤˢ͋ I – 1�B5 I – 2) �C͙SRj

`l-Ȋ>& IAAtotal.V
͚

O22ħųɎʋ2×� (�V
͚

O2 / �IAAtotal) �B5V
͚

O2 restIȾ�,͙

ȟŕ�& IAAtotal�C V
͚

O2 rest�B5 V
͚

O2 int (V
͚

O2 rest+int) Iƻŕ!EſI¾ơ�& (ſ 7 – 2) ͚  

Q̇R0	STUIZXYI	(P/\XY) = ]Q̇R0 ]BCCIOIGP⁄ ∙ BCCIOIGP + Q̇R0	STUI� � � � � � (ſ 7 – 2) 

ũ 7 – 2. ǕƿĖĢ�<2¨ƿĖĢ/©ǜ.<? y�G{Pĥ/ V
͚

O2/Ƒ�Ȅ� 
y�G{PǏđC ŦƛCƄ÷Ȅú.�Ǐ�"(( c{`wCê� ?�+
.<')ŪŧȧCǤŵ�"?�Ǐ+Ƒ�?+ ƄĮ0ǕƿĖĢ ÷Į0¨ƿĖ
Ģ+ƹÄ�@?��%�') y�G{PIwRp�Y�Ř*ŦƛCƄ÷Ȅú
3�Ǐ�"?�Ǐ (ǕƿĖĢ) /7Cÿ-'%śĄ.0 ~Źĥ V

͚
O2 (A) .Ǖƿ

ĖĢȦ.Ɯ ? V
͚

O2 �Řř"�@? (B)��=. ƷŜ/y�G{P�Ǐĥ/
V
͚

O20 ~Źĥ/ V
͚

O2 (A), ǕƿĖĢ�<2¨ƿĖĢ.Ɯ ? V
͚

O2.<')üű
�@?+Ƒ�=@?� 

4
0
)
�
5

"8*�VO2
(VO2 for resting level: VO2 rest)

�
� �

(A)

4
0
)
�
5

"8*�VO2
(VO2 for resting level: VO2 rest)

�/���$��VO2
(VO2 for intenrnal work: VO2 int)

�
� �

 /���$��VO2
(VO2 for external work: VO2 ext)

�
� �

�
� �

(C)

4
0
)
�
5

"8*�VO2
(VO2 for resting level: VO2 rest)

�/���$��VO2
(VO2 for intenrnal work: VO2 int)

�
� �

�
� �

(B)
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�2.�͙Δ V
͚

O2/ΔIAAtotal3 SRj`l1��,Ȋ>& IAAtotal. V
͚

O22ħųɎʋ2×�͙

V
͚

O2 rest3œ́Ǘ2 V
͚

O2I˃!͚Ǿ�-͙ǜĿ�j`l2Ē`j�_-ȟŕ�& IAAtotal�

C͙Ē`j�_1��E V
͚

O2 rest+intIƻŕ�&͚�C1͙Ē`j�_-ȟŕ�& V
͚

O2�C

$FCIů�ƀ�͙V
͚

O2 ext Iɯæ�͙$2��-Ē`j�_2Ɉƾt��. V
͚

O2 ext 2Ɏ

ʋħųſIȊ> V
͚

O2 ext2ƻŕſ.�& (ſ 7 – 3)͚ 

Q̇R0	TDI	(_/\XY) = G ∙ `R+ a� � � � � � � � � � � � � � � � � � � (ſ 7 – 3) 

�2.�͙a�B5 b3͙$F%FɈƾt��. V
͚

O2 ext2Ɏʋħųſ2×��B5èȮI

˃�͙PO 3Ɉƾt��I˃!͚˱ǜĿj`l�2 OD Iƻŕ!E̶13͙j`l�2Ɉ

ƾt���B5 IAAtotalI͙ſ 7 – 2�B5ſ 7 – 31$F%F­Ý�͙ODint�B5 ODext

Iƻŕ�͙$2ē˕I˱ǜĿj`l�2 OD.�& (ODIAA)͚AOD3͙ƋǨ2 AODȏ.

ĕǹ1͙ƻŕ�&ODIAA�C˱ǜĿj`l�2V
͚

O2Iů�ƀ�&Ð.�& (AOD estimeted 

by IAA method: AODIAA)͚ 

 

2. 5. ʄ˕åȺ 

� ʂǭ3!8,ŷıÐ ± ǺȡÑů1,ɘ�&͚ƋǨ2 AOD ȏ�B5 IAAtotal IȾ�&

AODȏ1B),ƻŕ�& OD (ODN�B5 ODIAA) �B5 AOD (AODN�B5 AODIAA) 2

ů2Ƕŕ13͙ŞƔ2�E tǶŕIȾ�&͚ƱǺ̪2̫ÆƗ2ƃ�2Ƕŕ13͙vKd�

2ɣȸɏ̫ÆǇ (r) IȾ�&͚ʄ˕ɊǞƛƗ2êǊĴȡ3�"F? p < 0.05.�&͚ 
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3. ʂ� ǭ 

3. 1. ȣĹ˨ʷj`l�B5 SRj`l 

� V
͚

O2rest�B5 V
͚

O2max3͙$F%F 301.3 ± 45.0 mL/min �B5 4072.6 ± 465.8 mL/min-

�)&͚ǜĿ�j`l2Ē`j�_-ȟŕ�&Ɉƾt��.V
͚

O22̪13͙r2 0.96~1.00

Iɘ!ƃ�Ɏʋ̫Æ2˞>CF͙ƌCF&Ɏʋħųſ2×��B5èȮ3͙$F%F

15.4 ± 2.5 mL/min/W �B5 110.4 ± 495.9 mL/min -�)&͚ 

ũ 7 – 3. IAAtotalCș�% AODȅ.<? OD/ŪƹȄȅ� 
V_y�Ox�_ (ǕƿĖĢ) /7CƐ��"%Đ/ IAAtotal + V

͚
O2 /ºÞCÈ9?%9.

SR ]V_CĭĜ� IAAtotal+ V
͚

O2/ƵƂ¥¿ĩ/ß� (|VO2/|IAAtotal) CǬïĮ�+.
È9%�|VO2/|IAAtotal + V

͚
O2 rest Cș�) ƒƹ�% IAAtotal �= V

͚
O2 rest �<2 V

͚
O2 int 

(V
͚

O2 rest+int) CŪƹ ?ĩCđű�%�#/ĩCș�) ċƟ�]V_/«V]�U.��
? V
͚

O2 rest+intCŪƹ� #@+ĭĐ/ V
͚

O2/ĉǹC V
͚

O2 ext+ƹÄ�%�#/��* Ǥ½d
z�+ V

͚
O2 ext/ƵƂ¥¿ĩ�= V

͚
O2 ext/ŪƹĩCđű�%�OD CŪƹ ?Đ.0 V

͚
O2 

rest+int /Ūƹĩ�<2 V
͚

O2 ext/Ūƹĩ. #@$@ƲċƟ]V_Ư/ IAAtotal�<2Ǥ½dz
�C¨Ƌ� ODint�<2 ODextCŪƹ� #/ĄäC OD+�%� 

+ !̇O2rest4
0
)
�
5

�
��	��
 IAAtotal
(3�-�5)

4
0
)
�
5

VO2int

VO2ext

.(���

4
0
)
�
5

ΔVO2 / ΔIAAtotal

VO2 rest+int = ΔVO2 / ΔIAAtotal × IAAtotal + VO2rest (%7 – 2)

+!���

 /���$��40715�'#%��&

����
�
IAAtotal����
VO2 rest+int�'#

.(���

VO2rest+int

VO2ext

V
O

2e
xt

!̇O2ext =  $	× PO + &	(%7 – 3)

2+!��
 (2�6)

 /��5�$��
40715 (ODext)

VO2rest�����/�

�5�$��4071
5 (ODint)

VO2 int

VO2 ext

SR ↑
PO →

SR ↑
PO ↑

SR��

ΔVO2 / ΔIAAtotal�,#
�

�

VO2rest

�

�
�

�
�

�

�
�VO2 rest�

�

�
�

� � �
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� ˃ 7 – 1 1 SR j`l2Ē`l��W��l˛ƨ-ƌCF&Ɉƾt��͙`l��W�

�l͙IAAtotal�B5 V
͚

O2Iɘ�&͚ǜĿ�j`l1B),Ȍŕ�& PLT3͙188.5 ± 25.1 

W -�)&͚SR j`l2Ē˛ƨ̪-Ɉƾt��1Ǟƛů3˞>CF0�)&͚Ĭ 7 – 4

1`l��W��l.V
͚

O22̫ÆIáĲɊ0 2Ė2˄͒ʘ2Á-ɘ�&͚V
͚

O23 SR24˛

ƨ;&3 SR28˛ƨ1��,ǜ?º�ÐIɘ�͙$��C`l��W��lIĹõ�#E

.͙V
͚

O2?ĹĿ!E�.2˞>CF&͚IAAtotal3 SR24˛ƨ1��,ǜ?º�ÐIɘ�͙

$��C`l��W��lIĹõ�#E.͙IAAtotal?ĹĿ!E�.2ɖ˞�F&͚Ĭ 7 – 

51V
͚

O22ǜ?º�ÐIɘ�&˛ƨ (SR24;&3 SR28˛ƨ)͙�B5$��C`l��W

��lIĹõ�#&˛ƨ1��E IAAtotal. V
͚

O22̫ÆIɘ�&͚IAAtotal. V
͚

O22̪1

3͙r2 0.91�1.00 2Ɏʋ̫Æ2˞>CF͙ƌCF&Ɏʋħųſ2×� (ΔV
͚

O2 / ΔIAAtotal) 

3 20.1 ± 7.3 mL/min/a.u. -�)& (V
͚

O2 = 20.1 ± 7.3 × IAAtotal + 1789.0 ± 376.4)͚ 

 

 

 

 

 

 

Ǳ 7 – 1. SR]V_.��?Ǥ½dz� V_y�Ox�_ IAAtotal�<2 V
͚

O2� 

24 strokes/min 28 strokes/min 32 strokes/min 36 strokes/min

Power (watt) 183.6 � 25.2 183.2 � 26.2 183.7 � 25.3 184.1 � 26.9

Stroke rate (strokes/min) 23.9 � 0.3 27.7 � 0.2 32.1 � 1.1 34.8 � 1.4

IAAtotal (a.u./min) 40.1 � 2.7 46.3 � 3.7 54.7 � 3.8 60.9 � 2.6

VO2 (ml/min) 2697.9 � 357.7 2727.5 � 325.9 2856.2 � 349.9 3047.0 � 362.6

* * * *

a, b

* * * *

�

*0Ɔ)/ğÃ¹*Ȕ�ĉ�ǚ9=@%�+CǱ �a�<2 b 0 #@$@ SR24ğÃ�
<2 SR28ğÃ+/¹*#@$@Ȕ�ĉ�ǚ9=@%�+CǱ  (�!@: p < 0.05) � 
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IAAtotal (a.u./min)

V
O

2(
m

L/
m

in
)

�

2500

3000

3500

4000

20 40 60 80

Subject B:
VO2 = 26.05×IAAtotal + 1894
(r = 0.997)

�

Subject A:
VO2 = 29.25×IAAtotal + 1462.3
(r = 0.98)

�

ũ 7 – 5. SR]V_.��? IAAtotal+ V
͚

O2/ºÞ/ǁàȩ� 
SR ]V_.��) V

͚
O2 �ċ:Ƹ�ƩCħ�%ğÃ�<2#��=V

_y�Ox�_CƐ��"%ğÃ.��? IAAtotal+ V
͚

O2/ºÞ.(�
)ǁàƿ-ǬïĮ/ȩ*�%� 

ũ 7 – 4. SR]V_.��?V_y�Ox�_+ V
͚

O2/ºÞ/ǁàȩ� 
SR]V_ĥ/ V

͚
O20 SR24ğÃ (ǬïĮ B) 6%0 SR28ğÃ (ǬïĮ A) 

.��)ċ:Ƹ�ƩCħ� #��=V_y�Ox�_CƐ��"?+
V
͚

O2 :ƐƟ ?ºÞ�ǚ9=@%�ũƯ0 V
͚

O2 �ċ:Ƹ�ƩCħ�%ğ
ÃCǡƂ*�7ħ�%� 

2500

3000

3500

4000

20 24 28 32 36

Subject A
Subject B

Stroke rate (strokes/min)

V
O

2(
m

L/
m

in
)

�
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� ƌCF& V
͚

O2 rest�B5 Δ V
͚

O2 / ΔIAAtotalIȾ�, V
͚

O2 rest+int2ƻŕſ (ſ 7 – 2) I¾ơ�

&͚ſ 7 – 21ǜĿ�j`l2Ē`j�_-ȟŕ�& IAAtotalI­Ý!E�.-͙Ē`j�

_1��E V
͚

O2 rest+intIƻŕ�͙$FCIĒ`j�_-Ŗ̶1ȟŕ�F& V
͚

O2�Ců�ƀ

��.1B), V
͚

O2 extIɯæ�&͚$2��-͙Ɉƾt��. V
͚

O2 ext2̫ÆIǶ˖�&

.�G͙�ʘ2̪13 r 2 0.95~1.00 Iɘ!ƃ�Ɏʋ̫Æ2˞>CF͙ƌCF&Ɏʋħų

ſ2×��B5èȮ3͙$F%F 13.2 ± 3.1 mL/min/W�B5 717.1 ± 515.1 mL/min-�)

& (V
͚

O2rest+int = 13.2 ± 3.1 × PO + 717.1 ± 515.1, PO: Power output)͚ 

 

3. 2. ˱ǜĿj`l 

� ˱ǜĿj`lǗ2Ɉƾt��͙`l��W��l�B5 IAAtotal 3͙$F%F 405.4 ± 

38.5 W͙40.4 ± 0.9 strokes/min�B5 69.4 ± 26.5 a.u./min -�)&͚Ĭ 7 – 61ƋǨ2 AOD

ȏ�B5 IAAtotalIȾ�&AODȏ-ƻŕ�&OD ($F%FODN�B5ODIAA) �B5AOD 

($F%F AODN�B5 AODIAA) Iɘ�& ($F%FĬ 7 – 6 (A) �B5 (B))͚IAAtotalIȾ

�& AODȏ-ƻŕ�& ODIAA�B5AODIAA (13.2 ± 1.9 LO2Eq �B5 6.8 ± 1.5 LO2Eq) 3͙

ƋǨ2 AODȏ-ƻŕ�&Ð (12.4 ± 2.0 LO2Eq �B5 6.1 ± 1.5 LO2Eq) .Ȇ˽�,͙$F%

FǞƛ1͔�ÐIɘ�& (6.4 ± 3.0 % �B5 14.0 ± 7.7 %)͚;&͙ODN. ODIAA�B5

AODN. AODIAA2̪13͙$F%F͔�ɻâɏ̫ÆǇ ($F%F͙ICC (1,1) = 0.91�B5

0.85) 2˞>CF& (Ĭ 7 – 6 (C) �B5 (D))͚Ĭ 7 – 6 (E) �B5 (F) 1͙ODN. ODIAA�B

5 AODN. AODIAA2ŷıÐ.ƻŕǌȏ̪2ů2̫ÆIx��mK�l~�y�hl1B

),ɘ�&͚OD �B5 AOD 1��,͙$F%F2ƻŕÐ2Ŀ��1Ãŏ!EɸʄɊˠ

ů3˞>CF0�)&͚ 
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ũ 7 – 6. ODN+ ODIAA�<2 AODN�<2 AODIAA/ºÞŰ/éǍ 
IAAtotalCș�% AOD ȅ*Ūƹ�% OD�<2 AOD (ODIAA�<2 AODIAA) 0 
ľț/ AODȅ*Ūƹ�%Ʃ (ODCON�<2 ODCON) +ǫ®�) #@$@Ȕ�.
ă�ƩCħ�% ((A) �<2 (B))��=. ODN + ODIAA �<2 AODN �<2
AODIAA/¹.0 ÊǕƍºÞŭ (Intraclass correlation coefficient: ICC) � #@$
@ 0.91�<2 0.85�ǚ9=@% ((C) �<2 (D))�ODN+ ODIAA�<2 AODN�
<2 AODIAA /ǻØƩ+#@$@/ĉ/ºÞCgu{`Ew_m{hy\_*ħ
�% ((E) �<2 (F))�ũƯ/ĭƂ0ĉ/ǻØƩ ǡƂ0ĉ/ 2SD/Ǩ�Cħ �
OD�<2 AOD/ŪƹƩ.�ƕ ?âǊƿ-ùĉ0ǚ9=@-�'%� 

8

10

12

14

16

18

8 10 12 14 16 18
2

4

6

8

10

2 4 6 8 10

0.0

5.0

10.0

15.0
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-0.4
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0.8
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2 4 6 8 10

-0.4
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5 10 15 20
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O

D
 (L

O
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q)

O
D

 (L
O

2E
q)

OD in normal 
method (ODN)

OD in IAA 
method (ODIAA)

AOD in normal 
method (AODN)

AOD in IAA 
method (AODIAA)

A
O

D
IA

A
(L

O
2E

q)

AODN (LO2Eq)ODN (LO2Eq)

O
D

IA
A

(L
O

2E
q)

D
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D
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A
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d 
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O
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(L

O
2E

q)

D
iff
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en

ce
 b
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w

ee
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O
D

IA
A

an
d 

O
D

N
(L

O
2E

q)

(A) (B)

(C) (D)

(E) (F)

Mean of ODIAA and ODN
(LO2Eq)

Mean of AODIAA and AODN
(LO2Eq)

ICC(1,1) = 0.91 (p < 0.01) ICC(1,1) = 0.85 (p < 0.01)

*

*

r = -0.13
p = 0.75

r = -0.11
p = 0.84
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4. ʗ� ŝ 

� ǣɔɤ2ɍɊ3͙IAAtotal 1B),`l��W��l2ĹõçIˆȀ�, OD Iƻŕ!

E AODȏIƼǲ�͙$F1B),ƻŕ�&OD�B5 AODI͙ƋǨ2 AODȏ-ƻŕ�

&Ð.$F%FȆ˽!E�.-�)&͚ǣɔɤ2ʂǭ�C͙IAAtotalIȾ�& AODȏ-ˋ

ɣ?)& OD �B5 AOD 3͙ƋǨ2 AOD ȏ-ˋɣ?)&Ð.$F%F͔�ɻâɏ̫Æ

ǇIɘ!?22 ($F%F 0.91�B5 0.85)͙ƻŕÐ3$F%F 14.0 ± 7.7 % �B5 6.4 ± 

3.0 % ͔�ÐIɘ!�.2ǔC�10)&͚ 

 

4. 1. IAAtotal1BEâɊª 1Ş!E V
͚

O22˚Ä 

� ǣɔɤ-3͙��M�XǗ2 V
͚

O2 int Iˋɣ?E&>1͙ĕ�2Ɉƾt��ǧ°�-`

l��W��l2<IĹõ�#E SR j`l-ƌCF& IAAtotal. V
͚

O22Ɏʋ̫ÆIȾ�

&͚IAAtotal. V
͚

O22Ɏʋ̫ÆI˚Ä!E̶1͙ǣɔɤ-3 V
͚

O22ǜ?º�ÐIɘ�&˛

ƨIĴȡ.�,͙$��C`l��W��lIĹõ�#&̶2�ƱǺ2ÐIȾ�&͚$

2̶͙8Ė�4Ė2˄͒ʘ1��,͙ˁHF&âɊª ̢2ǜ?Ţ0�.ʗ�CFESR24

˛ƨ-30�͙SR28˛ƨ1��, V
͚

O22ǜ?º�ÐIɘ!�.2ɖ˞�F&͚�F3͙

ɔɤˢ͋ I – 1 �B5 I – 2.ĕǹ1͙SR24˛ƨ-3 SR28˛ƨ.Ȇ˽�,͙1`l��W

�&D2Ɉƾɭó2Ĺõ1¶�eMy II ʋʈ2ùğȆȸ2Ĺõ2ȼ ͙$F1B),â

Ɋª ̢2Ţ0�?22 V
͚

O2 2ĹĿ�,�&ĎʤƗ2ʗ�CFE͚���͙�FC2˄

͒ʘ1��E SR24˛ƨ. SR28˛ƨ1��EV
͚

O22ů3 41.0 (5.7�71.8) mL/min -�D͙

SR28˛ƨ-ƌCF& V
͚

O22 1.5 % (0.2�2.9 %) 1ɏƄ�,�&͚ǣɔɤ-3fX�`±h

XȏIȾ�,ĞȈT`t���eIŕ̢�&2͙Taylor et al. (1955) 3fX�`±hXȏI

Ⱦ�, V
͚

O2maxȟŕIŖǍ�&Ķē͙ȟŕÐ2 2.4 % 1ɏƄ!Eˠů2ę;FE�.Iĵ

ě�,�E͚�2�.�C͙SR24 ˛ƨ. SR28 ˛ƨ̪2 V
͚

O23͙fX�`±hXȏ2ȟ

ŕɶż.��ːȩ�Cʗ�E.͙͂Ŵ1Əš0ů-�D͙ȟŕˠů2ɲīâ-�)&Ď

ʤƗ?ʗ�CFE͚$�-͙ǣɔɤ-3˄͒ʘȅ1 V
͚

O2 2ǜ?º�ÐIɘ�&˛ƨIĴ



 
 

ɫ 7ɨ� ɔɤˢ͋ II 
 

 79 

ȡ.�,͙$��C`l��W��lIĹõ�#&̶2 IAAtotal. V
͚

O22̫Æ�C V
͚

O2 int

2ƻŕſI¾ơ�&͚ 

� ɔɤˢ͋ I – 2 1��, IAAtotal. V
͚

O22̫ÆIǶ˖�&̶13͙6�7 ˛ƨ-ƌCF&

k�e�C�ƱǺ2̫Æ1*�,Ƕ˖�͙90 % �B5 100 % LTƃż1��, 8Ė� 7Ė

2˄͒ʘ1��,ɏ̫ÆǇ2 0.9 ®�2ƃ�Ɏʋ̫Æ2ɖ˞�F&͚ǣɔɤ-3͙ɔɤˢ

͋ I – 2-Ⱦ�&`l��W��l2ɲī (22�33 strokes/min) .9:ɬ��ɲīâ1��

,͙BDŢ0�˛ƨ (3;&3 4˛ƨ) 2ʂǭIȾ�, IAAtotal. V
͚

O22̫ÆIǶ˖�&͚

���͙ Þ,2˄͒ʘ1��, IAAtotal. V
͚

O22̪13ɔɤˢ͋ I – 2.ĕɬ2ƃ�Ɏʋ

̫Æ (ɏ̫ÆǇ2 0.9®�) 2˞>CF&͚�2�.�C͙ǣɔɤ-ŖǍ�& SRj`l3͙

ɔɤˢ͋ I – 2.ĕǹ1 IAAtotal. V
͚

O22̫ÆIƶ�E�.2-�,�&.ʗ�CFE͚ 

 

4. 2. OD�B5 AOD  

� ǣɔɤ1��, IAAtotalIȾ�& AOD ȏ-ƻŕ�& ODIAA�B5 AODIAA3͙ƋǨ2

AODȏ.Ȇ˽�,͙$F%F 14.0 ± 7.7 % �B5 6.4 ± 3.0 % ͔�ÐIɘ�͙$F%Fȟ

ŕǌȏ̪-Ǟƛ0ů2˞>CF&͚���͙ǣɔɤ2ʂǭ�C͙IAAtotalIȾ�& AODȏ

1BEƻŕÐ2ŇƄƗ1*�,Ƕ˖Iˁ0��.3-�0�͚$�-͙ɔɤˢ͋ III -3͙

IAAtotalIȾ�& AODȏ1BEƻŕÐ2ȲƗIǔC�1!E�.IɍɊ.�,͙ɔɤˢ͋

III – 1-3͙Ȫ̠ɼƗ­˥͙Ȳ1ˑɷɸ1BEPp�V�Âʃ2ƱǺ.0EQLaA.AOD

2̫Æ1*�,Ƕ˖�͙ɔɤˢ͋ III – 2-3ǜĿ�j`l.˱ǜĿj`l2`l��W�

�l2�̻I0��&ǌȏ.2Ȇ˽Iˁ0)&͚
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ɫ8ɨ ɔɤˢ͋ III – 1 

IAAtotalCș�% AODȅ.<')Ūƹ�% AOD+ QLaA/ºÞ 

 

1. ɍ� Ɋ 

� ɔɤˢ͋ II 2ʂǭ�C͙IAAtotalIȾ�& AOD ȏ1B),ƻŕ�& AOD 3͙ƋǨ2

AODȏ.Ȇ˽�, 14.0 % ͔�ÐIɘ!�.2ǔC�10)&͚$�-͙ɔɤˢ͋ III – 1

-3͙$F%F2 AOD ȏ1B),ƻŕ�& AOD 1ɑɍ�͙$F.Ȫ̠ɼƗ­˥͙Ȳ1

ˑɷɸ�C2Pp�V�Âʃ1̫̌!EƱǺ-�E QLaA 2̫ÆIǶ˖!E�.1B),͙

IAAtotalIȾ�& AOD ȏ1B),ƻŕ�F& AOD 2ŇƄƗIǔC�1!E�.IɍɊ.

�&͚ 0�͙IAAtotalIȾ�& AODȏ1B),ƻŕ�F&OD-3͙˱ǜĿj`l1��

E`l��W��l2Ĺõç2ˆȀ�F,�E.ʗ�CFE�.�C͙$��Cɯæ�

& AOD (AODIAA) 3͙ƋǨ2 AODȏ1B),ƻŕ�& AOD (AODN) BD? QLaA.ƃ�

ɏ̫̫ÆIɘ!.¯ˡɧ,&͚ 

 

2. ǌ� ȏ 

� ìÉ ơ III – 1 *0 ìÉ ơ II *ǒ=@%ĭïæ�. ǐĥ.ƒƹ�%çƯǘĕǝ

ǆºȬĚǰC��)Ȯ�?��%�') Ȅȅ.(�)0ȋÁń/Ȅȅ�<2ƒƹĂȑ

.(�)/7Áń ?� 

 

2. 1. ˄͒ʘ 

� ǣɔɤ2˄͒ʘ3͙ɔɤˢ͋ II.ĕǹ-�)&͚ 
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2. 2. ȟŕǌȏ 

� ˄͒ʘ3͙$F%FɆ0EŖ͒ǎ1ȣĹ˨ʷj`l͙SR j`l�B5˱ǜĿj`lI

ŖǍ�&͚˱ǜĿj`lɿ�Ɖ3͙P�[��e�- 90 ç̪2œ́IÈ&#&͚̒ù�

3 1çȅ2ĞȈT`t���e͙HR�B5˸¼õ̊żI«2j`l.ĕǹ2ǌȏIȾ�

,ȟŕ�&͚;&͙j`l̩ňñ (blood lactate concentration at pre-exericse: [La]b pre)͙j`

lɿ�ɎƉ (blood lactate concentration at termination of the exercise: [La]b (0)) j`lɿ�Ɖ 0.5͙

1͙1.5͙2͙2.5͙3͙3.5͙4͙4.5͙5͙6͙8͙10͙12͙ 15͙20͙25͙30͙40͙50͙60͙70͙

80 �B5 90 ç1ƱÜBDˀșIƸČ�͙$F%Fˀ��̠ȦżIȟŕ�&͚Ƹˀ1̶�

,3͙ùʦˀûIÇ̍!E&>1 Htperemic cold cream (HP W���͙_�t�-�kL

hW) IƱţ1ķű!E�.-ˀȕI¤̍�#& (Krleza et al., 2015)͚̒ùɿ�Ɖ1ȟŕ�

&ˀ��̠Ȧż2�(͙ǜ?͔�ÐIǜ͔ˀ��̠Ȧż (peak blood lactate concentration: 

[La]b peak) .�&͚ 

 

2. 3. QLaA2ɯæǌȏ 

� ˱ǜĿj`lɿ�Ɖ2ˀ��̠Ȧż2ùƝ1Ş�,͙®�2ǇȺ�k�Iǜšʮ�ȏ

1B),wLhjL�X�&͚ 

[!"](%) = [!"](() +	C+(+ − T.d+I) + C0(+ − T.d0I)� � � � � � � � � � (ſ 8 – 1) 

�2.�͙[La](t) 3͙̒ùɿ� t çƉ2ˀ��̠ȦżI˃! (mmol/l)͚;&͙ď̂2ɫ 2

ͅ�B5ɫ 3 ͅ3͙$F%Fɭâ�Cˀ�72�̠Ǆæơç�B5ˀ��C2�̠̰ć

ơçI˃!ƱǇ̫Ǉ-�D͙A1�B5 A23͙$F%F2ƴŵ (mmol/l)͙γ1�B5 γ23$

F%F2ǗŕǇ (1/min) I˃!͚ 

� ˱ǜĿj`lɿ�Ɖ2ˀ��̠Ȧż2[La]b peak1í̕�&Ǘȩ1��,͙ɭâ.ˀ�2

�̠Ȧż39:�ʰ!E�. (Freund and Zouloumian, 1981b; Freund et al., 1986) �C͙®�

2ſ1B),$2Ǘȩ1��E¼â2�̠ʻɣ̢ (Quantity of lactate accumulated at [La]b peak 
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obtained: QLaA at [La]b peak) Iƻŕ�&͚ 

e_G	GI	[_G]a	fTGg = [_G]a	fTGg ∙ QH_h� � � � � � � � � � � � � � � � � (ſ 8 – 2) 

�2.�͙VTLS 3¼â1��,�̠2ę;FEʀʐ (ɭ�B5ˀș) 2Śɣ (Total lactate 

distribution space: TLS, ml) I˃�͙Üˁɔɤ1Ï�¼̡ 1kgƄ&D 600 mL.�,ɯæ�

&͚�C1͙̒ùɿ�ɎƉ�Cǜ͔ˀ��̠Ȧż1í̕!E;-2̪1¼â�C̰ć�

F&�̢̠ (Quantity of lactate removed: QLaR) I®�2ſ1B),ɯæ�& (Bret et al., 2013; 

Chatel et al., 2016; Maciejewski et al., 2013)͚ 

e_Gi = j([_G]a	fTGg − [_G]a	(())/0k ∙ d0 ∙ I[_G]a	fTGg ∙ QH_h� � �  � � � � (ſ 8 – 3) 

�2.�͙t[La]b peak 3ˀ��̠Ȧż2[La]b peak1í̕!E;-1ˊ�&Ǘ̪ (min) I˃

!͚$2��-͙®�2ſ1B),̒ùɿ�ɎƉ�C t[La]b peak;-1ùğ�F&ɭ�C

Ǆæ�F&ʉ�̢̠ (QLaA) Iɯæ�&͚ 

l!"* = e_G	GI	[_G]a	fTGg + e_Gi� � � � � � � � � � � � � � � � � � (ſ 8 – 5) 

2. 4. ʄ˕åȺ 

� ʂǭ3!8,ŷıÐ ± ǺȡÑů1,ɘ�&͚ǣɔɤ-3͙Magnitude-based-inference I

Ⱦ�,ƱǺ̪2̫ÆƗ1*�,Ƕ˖Iˁ0)&͚ƱǺ̪2̫ÆƗ3 Pearson 2ɣȸɏ̫Æ

ǇIȾ�,˚Ä�͙�ɖŖƗ� (Uncertaintly) 2˚Ä13ɏ̫ÆǇ2 90 % É͊ü̪IȾ�

&͚!0H(͙ɏ̫ÆǇ2-0.1�0.12 ü̪I Trivial͙-0.1®�2ü̪I Negative͙0.1®

�2ü̪I Positive .�͙ɏ̫ÆǇ2 90 % É͊ü̪2 Negative �B5 Positive 2�ü̪

1;&2D͙�*$F%F2òē2 5 % I˱�,�&Ķē13͙ƱǺ̪2̫ÆƗI

Unclear .êŕ�&͚$F®Ľ2Ķē3͙ɏ̫ÆǇ2Ŀ��1Ƌ),̫ÆƗ2ƃ�Iêŕ

�&͚!0H(͙ƱǺ̪2ɏ̫̫Æ2ƃ�1*�,͙ɏ̫ÆǇ2 0.1ǡȠ2Ķē3 Trivial͙

0.1®� 0.3ǡȠ2Ķē3 Small͙0.3®� 0.5ǡȠ2Ķē3 Moderate͙0.5®� 0.7ǡȠ2

Ķē3 Large͙0.7®� 0.9ǡȠ2Ķē3 Very Large͙0.9®�2Ķē3 Nearly perfect.ê
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Ǌ�& (Hopkins, 2009)͚ 

3. ʂ� ǭ 

3. 1. ˀ��̠Ȧż2ùƝ 

� Ĭ 8 - 1 1˱ǜĿj`lɿ�Ɖ2ˀ��̠Ȧż2ùƝIɘ�&͚ˀ��̠Ȧż3͙̒ù

ɿ�ɎƉ2Ð (8.29 ± 1.37 mmol/L) �CƖŭ0�ǒIɘ�͙3.1 ± 1.5 çƉ1ǜ͔ˀ��̠Ȧ

ż (9.75 ± 1.8 mmol/L) 1í̕�&͚$2Ɖ͙ˀ��̠Ȧż3ʌ@�1º��͙80çƉ (1.54 

± 0.61 mmol/L) �B5 90çƉ (1.32 ± 0.44 mmol/L) 1œ́Ǘ.9:ĕɬ2Ð (1.28 ± 0.27 

mmol/L) 1ƣ)&͚˱ǜĿj`lɿ�Ɖ2ˀ��̠Ȧż2ùƝ1Ş�,͙˄͒ʘȅ1ǇȺ

�k�IwLhjL�X�#&.�G͙ǇȺ�k�2ȌŕÆǇ (R2) 3 0.969~0.996-�)

&͚Ē˄͒ʘ2¼̡�CȊ>& VTLS3͙42.3 ± 6.1 L -�D͙[La]b peak1̕�&Ǘȩ1�

�E¼â2�̠ʻɣ̢I˃! QLa at [La]b peak 3 409.7 ± 28.0 mmol -�)&͚;&͙[La]b 

peak1í̕!E;-1̰ć�F&�̢̠I˃! QLaR 3͙28.9 ± 11.0 mmol -�)&͚QLa at 

[La]b peak. QLaR2ē˕-�E QLaA3 435.5 ± 35.4 mmol -�)&͚ 

 

 

 

 

 

 

 

 

 

 

 

 
ũ 8-1. ƲċƟ]V_÷/çƯǘĕǝǆ/Ū�� 
ũƯ/×Ƃ0«ĥǄ*ƒƹ�@%çƯǘĕǝǆ/ǻØƩ.Ɯ�)
ŭȟq^wCfF\]F{P�")È9%� 

 
FIGURE 3-Means (± standard deviation) of blood lactate 
concentration ([La]b) obtained during recovery period after 2-min 
all-out exercise. The curve described was obtained by fitting the 
equation 7. to the mean values. 
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3. 2. ȟŕͅɍ̪2̫Æ 

� Ĭ 8 - 21 AODN�B5 AODIAA.[La]b (0)͙[La]b peak�B5 QLaA2̫ÆIɘ�&͚AODN

�B5 AODIAA.[La]b (0) 2̫Æ3͙�"F? Unclear.êǊ�F& ($F%F r = 0.12, p = 

0.77, 90 % É͊ü̪: ± 0.62�B5 r = -0.03, p = 0.995, 90 % É͊ü̪: ± 0.63)͚ĕǹ1͙

AODN�B5 AODIAA.[La]b peak 2̫Æ3͙�"F? Unclear .êǊ�F& ($F%F r = 

0.13, p = 0.768, 90 % É͊ü̪: ± 0.62�B5 r = 0.10, p = 0.81, 90 % É͊ü̪: ± 0.62)͚��

�͙AODN�B5 AODIAA. QLaA 2̪13͙$F%F Moderate 1ɏƄ!E̫Æ2˞>C

F& ($F%F r = 0.65, p = 0.08, 90 % É͊ü̪: ± 0.43�B5 r = 0.59, p = 0.12, 90 % É͊

ü̪: ± 0.47)͚ 
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ũ 8-2. QLaA+ AODN�<2 AODIAA/ºÞ� 
�!@: ũƯ.ƍºÞŭ (r) p Ʃ ƍºÞŭ/şȜÚ¹ 
(Confidence limit: CL) Magnitude-based-inference .<?ºÞŰ
/¤Ĳ.(�)Áď�%� 

 
FIGURE 4-The relationships between blood lactate 
related parameters and AOD in the conventional (left) 
and new (right) estimation methods. Correlation 
coefficients, p values, confidence limits (CL), and 
interpretations according to the distribution of CL are 
described (also see method section for details).  
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r = 0.12, p = 0.77
(CL: ±0.62, unclear)

r =- 0.03, p = 0.995
(CL: ±0.63, unclear)

r = 0.13, p =0.77
(CL: ±0.62, unclear)

r = 0.10, p = 0.81
(CL: ±0.62, unclear)

Y = 14.7 X + 339.6
r = 0.65, p = 0.08
(CL: ±0.43, likely)

Y = 14.5 X + 329.3
r = 0.59, p = 0.12
(CL: ±0.47, likely)
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4. ʗ� ŝ 

� ǣɔɤ2ɍɊ3͙IAAtotalIȾ�& AODȏ1*�,͙ƻŕ�F& AOD. QLaA2̫Æ�

Cƻŕǌȏ2ŇƄƗIǔC�1!E�.-�)&͚ƋǨ2 AODȏ.Ȇ˽�,͙IAAtotalI

Ⱦ�& AODȏ1B),ƻŕ�F& AOD (AODIAA) 3 14.0 % ͔�ÐIɘ�& (ɔɤˢ͋ II)͚

�"F2ƻŕǌȏ1��,?͙AOD . [La]b (0) �B5[La]b peak2̫Æ3 Unclear .êŕ�

F&2͙AOD . QLaA2̪13�ɡż2ɏ̫̫Æ2˞>CF&͚���͙ƋǨ2 AOD ȏ

�B5 IAAtotalIȾ�&AODȏ2̪1��,͙ƻŕ�&AOD.QLaA2̫ÆƗ2ƃ�1ů

3˞>CF0�)&͚ 

 

4. 1. ˀ��̠Ȧż2̫̌ƱǺ. AOD2̫Æ  

� �F;-1͙��*�2Üˁɔɤ1B),˱ǜĿ̒ùƉ2[La]b (0) @[La]b peak3͙Ȫ̠ɼ

Ɨʤó2ƱǺ.�,Ⱦ�CF,�& (Craig et al., 1995; »µ9�, 1995; »µ9� 1998)͚»

µ9� (1999) 3͙R��KNlƉ2[La]b peak2̧͙˴̻��n�.Ȇ˽�,͙Ȫ̠ɼƗʤ

ó1ÚFE�˴̻��n�-͔�ÐIɘ!�.Iĵě�,�E͚;&͙Craig et al. (1995) 

3͙ʮ˺˹̒ù1��,˱ǜĿ̒ùƉ2[La]b peak . MAOD 2̪1Ȁ2ɏ̫̫Æ2˞>C

F&�.Iĵě�,�E͚$2�ǌ-͙ľ�2Üˁɔɤ1B), AOD 2˱ǜĿ̒ùƉ2 

[La]b (0) @ [La]b peak .Ȁ2ɏ̫̫ÆIɘ�0�)&�.2ĵě�F,�E (Bishop et al., 

2002; Gastin et al., 1995; Medbø et al., 1988; Pripstein et al., 1999; Scott et al., 1991) ͚ǣɔɤ1

��,?͙ƋǨ2 AODȏ�B5 IAAtotalIȾ�& AODȏ-ƻŕ�& AOD (AODN�B5

AODIAA) .[La]b (0) �B5[La]b peak2̫Æ3 Unclear.êŕ�F͙ƱǺ̪1Ȁ2ɏ̫̫Æ3

˞>CF0�)&͚$2ˊĨ.�,͙˱ǜĿ̒ùƉ2ˀ��̠Ȧż13͙̒ù1ùğ�

F&ɭ-Ƚȼ�F&�̢̠1õ�,͙ˀ��C̰ć�F&�̢̠2Ċǖ�F,�Eȩ2

Ʋ�CFE (van Hall et al., 2009)͚�C1͙ˀ��̠Ȧż13͙˄͒ʘ2¼̡@¼ʀơ.

�)&ƅƝɊȲƐ2Ċǖ�F0��.�C͙$FĂȵ2ƱǺ�C¼â-ˬơ�Fʻɣ�

&�̢̠Iƻŕ!E�.3Ī̼-�E.ʗ�CFE͚$�-͙ǣɔɤ-3͙˱ǜĿ̒ù
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Ɖ2ˀ��̠ùƝ1ǇȺ�k�IƄ,3>͙ùğ�F&ɭ�Cˀ�72�̠Ǆæ�B5

ˀ��C2�̠̰ćI˚Ä�͙$��CƌCF&ĒƱǺIȾ�,ɯæ�& QLaA IȪ̠ɼ

Ɨ­˥͙Ȳ1ˑɷɸ�C2Pp�V�Âʃ2ƱǺ.�,Ⱦ�&͚�2ǇȺ�k�3͙�

F;-1˯̒ù (Aguiar et al., 2015a; Aguiar et al., 2015b; Bret et al., 2003; Bret et al., 2013; 

Chatel et al., 2016)͙ʮ˺˹̒ù (Beneke et al., 2007; Beneke et al., 2010; Messonnier et al., 2001; 

Messonnier et al., 2006) 1õ�,͙��M�XIŞ˧.�&Üˁɔɤ (Maciejewski et al., 

2013; Messonnier et al., 1997) -?Ⱦ�CF,�D͙͔ƃż̒ùƉ2ˀ��̠Ȧż2ùƝ1

B�wLhl!E�.2ĵě�F,�E͚ǣɔɤ1��,?ǇȺ�k�2 R2 Ð3

0.969~0.996-�D͙Üˁɔɤ.ĕɡż-�)&͚�C1͙ǣɔɤ1��,ƋǨ2AODȏ

�B5 IAAtotalIȾ�&AODȏ-ƻŕ�&AOD.QLaA2̫ÆIǶ˖�&.�G͙$F%

F�ɡż2ɏ̫̫Æ2˞>CF͙ǌȏ̪-AOD.QLaA2̫Æ1ů3˞>CF0�)&͚

�FC2ʂǭ3͙�"F2 AOD ȏ1��,?ƻŕ�& AOD 3͙Ȫ̠ɼƗ­˥̢͙Ȳ1

ˑɷɸ1BEPp�V�Âʃ2ƱǺ.̫̌!E�.IɘĠ�,�E͚���͙

Maciejewski et al. (2013) 3͙��M�XIŞ˧.�,͙3 ç̪2˱ǜĿ̒ùIˁH#͙Ƌ

Ǩ2 AODȏ-ƻŕ�& AOD. QLaA2̪1ǣɔɤBD?ƃ�ɏ̫̫Æ2˞>CF&�.

Iĵě�,�E (r = 0.85; 90 % É͊ü̪: ± 0.22, Most likely)͚ǣɔɤ1��, AOD. QLaA

2ɏ̫ÆǇ2͙Maciejewski et al. (2013) 2ĵě.Ȇ˽�,�"F?º�Ð-�)&ˊĨ.

�,͙ǣɔɤ-Ⱦ�&˱ǜĿj`l2̒ùǗ̪�B5˄͒ʘ2ƅƝɊȲƐ2Ƈ̈́2ʗ�

CFE͚ 

� ;"͙ǣɔɤ-32ç̪2˱ǜĿj`lIƸȾ�&21Ş�,͙Maciejewski et al. (2013) 

3 3 ç̪2˱ǜĿj`lIȾ�,�&͚͔ƃż̒ù-3͙ATP-PCr ɸ�C2 ATP ãēơ

3̒ù̩ňƉ 10 ɟɡż-9.J/ˁHF0�0D͙$F®̮2Ȫ̠ɼƗ­˥3$2Ŀ̜

ç2ˑɷɸ1BEATPãēơ1Ãŏ!E�.IʗƟ!E.͙3ç̪2˱ǜĿj`l-3͙

2ç̪2˱ǜĿj`l.Ȇ˽�,͙Ȫ̠ɼƗPp�V�Âʃ̢1Ş�,ˑɷɸ2BD͔�

òē-˩ȶ�,�&ĎʤƗ2�E͚�C1͙AOD 3Ȫ̠ɼƗ­˥̢͙!0H( ATP-PCr
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ɸ�B5ˑɷɸ1BEPp�V�Âʃ̢IēH#&ƱǺ-�E21Ş�,͙QLaA 3ˑɷ

ɸ1BEPp�V�Âʃ2ƱǺ.�F,�E͚®�2ȩ�C͙ǣɔɤ-3Ȫ̠ɼȼ­˥

1ă>Eˑɷɸ1BEPp�V�Âʃ2òē2š��͙$F2AOD.QLaA2ɏ̫̫Æ1

Ƈ̈́Iĉ:�,�&ĎʤƗ2�E͚ 

� Ǿ1͙Üˁɔɤ.Ȇ˽�,͙ǣɔɤ2˄͒ʘ2¼̡13Ŀ�04C*�2˞>CF& 

!0H(͙Üˁɔɤ�B5ǣɔɤ2˄͒ʘ2¼̡3͙$F%F 72.1 ± 3.0 kg�B5 70.5 ± 

10.5 kg-�D͙�2.�2ĻùÆǇ3$F%F 4.2 % �B5 14.8 % -�)&͚�ǌ͙˄

͒ʘ2˸̧13͙¼̡2B�0Ŀ�04C*�3˞>CF0�)& (Üˁɔɤ�B5ǣɔ

ɤ1��,͙ĻùÆǇ2$F%F 1.6 % �B5 2.9 %)͚�FC2ʂǭ3͙ɎƹɊ1˄͒ʘ

2˸¼ʀơI˃!?2-30�2͙ǣɔɤ.Ȇ˽�,͙Üˁɔɤ2˄͒ʘ3˸¼ʀơ1

*�,BDɬˮ0̹ĩ-�)&ĎʤƗ2�E͚ǣɔɤ�B5Üˁɔɤ3͙�"F?�̠

­˥1̫̌�&ʀʐ2Śɣ (VTLS) I˄͒ʘ2¼̡2<�Cƻŕ�,�E͚$2&>͙ǣ

ɔɤ2B�1¼ʀơ2͂ɬˮ0ĎʤƗ2�E̹ĩ-3 VTLS 2Ȁɖ1ƻŕ�F"͙$2ʂ

ǭ͙QLaA. AOD2̪2̫Æ2Ɓ;)&ĎʤƗ?ʗ�CFE͚ 

 

4. 2. ƋǨ2 AODȏ�B5 IAAtotalIȾ�& AODȏ2̫Æ  

� ǣɔɤ-ƌCF& AOD. QLaA2̫Æ�C3͙IAAtotalIȾ�& AODȏ2ŇƄƗIɖ˞

!E�.3-�0�)&͚���͙IAAtotalIȾ�& AOD ȏ-ƻŕ�& AOD 3͙ƋǨ2

AODȏ-ƻŕ�&Ð.Ȇ˽�,͙14.0 % ͔ �ÐIɘ�͙�C1ƻŕǌȏ̪1��E AOD

2ů3͙˄͒ʘ1B),Ŀ��Ɇ0)& (4.2~26.5 %)͚�2�.3͙˄͒ʘ1B),3ƻ

ŕǌȏ̪1��E AOD 2ů2š��)&�.Iƛĝ�,�E͚ǌȏ̪1��E AOD 2

ů3ƻŕ�&OD2ů1˰Ĩ!E2͙$2ů2š��0EˊĨ.�,3͙˱ǜĿj`l.

ǜĿ�j`l1��E`l��W��l2�̻2Ţ0�)&ĎʤƗ2ʗ�CFE͚!0

H(͙ǜĿ�j`l�B5˱ǜĿj`lỈ�,͙Ɉƾt��2Ĺõ1Ş�,`l��

W��l?Ĺõ�,�&˄͒ʘ-3͙ƋǨ2 AODȏ1B),ƻŕ�& OD2͙IAAtotalI
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Ⱦ�,˱ǜĿj`l1��E`l��W��l2ĹõçIˆȀ�,ƻŕ�&ODĪ�Ð

Iɘ!ĎʤƗ2�E͚ 

 

4. 3. ǣɔɤ2̯Ƀ.ǋ&0ˢ͋ 

� ǣɔɤ-3͙Ȫ̠ɼƗ­˥͙Ȳ1ˑɷɸ�C2Pp�V�Âʃ2ƱǺ.�, QLaA IȾ

�&͚���͙ǣɔɤ-ƸȾ�&˱ǜĿj`l3͙Üˁɔɤ.Ȇ˽�,̒ùǗ̪2ɓ�

)&&>͙̒ù�2Ȫ̠ɼƗ­˥̢1ă>Eˑɷɸ�C2Pp�V�Âʃ2˩ȶòē2

º�)&ĎʤƗ@͙˄͒ʘ2¼̡24C*�2Ŀ��)&�.2 VTLS 2ƻŕÐ1Ƈ̈́I

ĉ:�,�&ĎʤƗ2ʗ�CF͙$2ʂǭ͙�"F2ƻŕǌȏ1��,? AOD.QLaA2

̫Æ2ÜˁɔɤBD?Ɓ;),�&ĎʤƗ2ʗ�CF&͚$2&>͙ǣɔɤ2ʂǭ�C͙

IAAtotalIȾ�& AODȏ2ŇƄƗIǔC�1!E�.3-�0�)&͚QLaA1B),ƻŕ

�F& AOD 2ŇƄƗIǶ˖!E&>13͙BD̒ùǗ̪2̧�˱ǜĿj`lIȾ�E�

.@͙ƅƝɊȲƗ2BDɬˮ0˄͒ʘ̹ĩIŞ˧.!EƓˊ2�E.ʗ�CFE͚ 

� �ǌ͙ƻŕǌȏ̪1��E AOD 2ů3˄͒ʘ1B),Ŀ��Ɇ0E�. (4.2~26.5 %) 

2ɖ˞�F&͚ƻŕǌȏ̪1��E AOD 2ů3 OD 2ů1˰Ĩ!E2͙$2ˊĨ.�,

˱ǜĿj`l.ǜĿ�j`l1��E`l��W��l2�̻2ɡż2̫��,�EĎ

ʤƗ2�)&͚�&2),͙ǜĿ�j`l2`l��W��lIˣǈ!E�.1B),

`l��W��l2�̻Iš��!Eǌȏ-?͙˱ǜĿj`l1��E`l��W��

l2ĹõçIõĝ�, OD2ƻŕ-�EĎʤƗ2ʗ�CF&͚ 

�  

5. ʂ� ˤ 

� ǣɔɤ2ʂǭ�C͙IAAtotalIȾ�& AOD ȏ1B),ƻŕ�& AOD 3͙QLaA.�ɡż

2ɏ̫̫ÆIɘ!�.2ǔC�10)&͚���͙ƋǨ2AODȏ1B),ƻŕ�&AOD

. QLaA2̪1?ĕɡż2ɏ̫̫Æ2˞>CF&�.�C͙ǣɔɤ2ʂǭ�C IAAtotalIȾ

�& AODȏ2ŇƄƗIǔC�1!E�.3-�0�)&͚$�-ɔɤˢ͋ III – 2-3͙
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ǜĿ�j`lǗ2`l��W��lIˣǈ!Eǌȏ1B),͙˱ǜĿj`l1��E`

l��W��l2ĹõçIˆȀ!Eǌȏ.2Ȇ˽�C͙IAAtotalIȾ�& AODȏ1B),͙

˱ǜĿj`lǗ2`l��W��l2Ĺõç2ˆȀ�F,�&�1*�,Ƕ˖!E�.

.�&͚ 
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ɫ9ɨ ɔɤˢ͋ III – 2 

`l��W��lIˣǈ�&ǜĿ�j`l1BEŇƄƗ2Ƕ˖ 

 

1.  ɍ� Ɋ 

� ��M�X.ĕǹ1ĜǟƗIǞ!E̒ù-�E˯̒ù1��,͙Cavagna and Kaneko 

(1977) 3vhg2Ĺõ1¶),Ħʝ$2?2Iɠù�#Eª  (âɊª ) 2Ĺõ!E�

.Iĵě�,�E͚�C1͙Ȱ9� (2010) 3͙˯̒ùǗ2vhg2˯̊ż1Ş�,9:

ɎʋɊ1Ĺõ!E�.Iĵě�,�E͚�FC2�.�C͙˯̒ù-3͙˯̊ż1Ş�

,âɊª ̢?�ŕ2òē-Ĺõ!E&>͙ǜĿ�ƃż-Ȋ>&˯̊ż. V
͚

O2 2Ɏʋħ

ųſ�Cƻŕ�&˱ǜĿ̒ùǗ2OD13͙vhg2Ĺõ1¶�âɊª ̢2Ĺõç2õ

ĝ�F,�E.��E͚�&2),͙��M�X1��,?͙ǜĿ�j`l1��E`

l��W��lIˣǈ�͙ǜĿ�j`l.˱ǜĿj`lỈ�,Ɉƾt��.`l��

W��l2̪1Ɏʋ̫ÆIơɧ�#E�.1B),͙ǜĿ�j`l-Ȋ>&Ɉƾt��

. V
͚

O22Ɏʋħųſ�C˱ǜĿj`lǗ2`l��W��l2ĹõçIõĝ�, OD I

ƻŕ!E�.2Ďʤ-�E͚ 

� $�-͙ǣɔɤ2ɍɊ3͙Ɉƾt��.`l��W��l2̪1Ɏʋ̫Æ2ơɧ!E

B�1`l��W��lIˣǈ�&ǜĿ�j`l (SR Ĺõǧ°) 1B),ƻŕ�& OD 

(Oxygen demand in increased stroke rate condition: ODSR) .͙ IAAtotalIȾ�& AODȏ-ƻŕ

�& OD (Oxygen demand in IAA method: ODIAA) 2̫ÆIȆ˽!E�.-͙IAAtotalIȾ�&

AOD ȏ1B),`l��W��l2ĹõçIˆȀ�, OD 2ƻŕ�F,�E�IǶ˖!

E�..�&͚ 
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2.  ǌ� ȏ 

2. 3. ˄͒ʘ 

˄͒ʘ3ɁōĿőȼ|�l̙ƥ 10Ė (˸̧: 174.7 ± 4.9 cm͙¼̡: 71.1 ± 8.9 kg, Ÿ͖: 

20.6 ± 2.8 Ȃ) -�)&͚˄͒ʘ13ȟŕñǎ�Cȥ��l��o�X�B5K�Z��2

ƿČIɛǿ�͙;&Ŗ͒Ƅǎ3SwOM�͍2ƿČI̚�EB�Ʊɘ�&͚�C1͙Ŗ

̩͒ň2 2 Ǘ̪ñ�C3͏͎Iƺ��#&͚˄͒ʘ13͙ ñ1ɔɤâŚI˜ɽ1ˡǔ

�͙ɔɤ2˲ǐ͙ȟŕ72Ĉõ�B5k�e2Ɉ˃1*�,2�ƧIǛ̓1,ƌ&͚  

 

2. 4. Ŗ͒�B5ȟŕâŚ 

� ǣɔɤ-3͙2000 m j`lǗ2Ɉƾt�� (P2000) -ŖǍ�& 90 ɟ̪2˱ǜĿj`l 

(P2000j`l) 2 ODI 3*2ǌȏ1B),ƻŕ�&͚!0H(͙P2000j`lǗ2 ODI͙

1) ̉ Ŵ2ǜĿ�j`l-Ȋ>&Ɉƾt��. V
͚

O22ɎʋħųſIȾ�Eǌȏ (̉Ŵǧ°͙

Ĭ 9 – 1  (A), Oxygen demand: OD)͙2) `l��W��lIɎʋɊ1Ĺõ�#&ǜĿ�j`

l-Ȋ>&Ɉƾt��. V
͚

O2 2ɎʋħųſIȾ�Eǌȏ (SR ˣǈǧ°͙Ĭ 9 – 1 (B)͙

Oxygen demand in stroke rate adjusted condition: ODSR)͙�B5 3) IAAtotal1B),âɊª 

2ĹõçIˆȀ!Eǌȏ (IAAǧ°͙Oxygen demand in IAA method: ODIAA) 1B),$F

%Fƻŕ�&͚ 

 

2. 2. 1. ǜĿ�j`l 

� ˄͒ʘ3͙Ŗ͒Ř1ǨŘƉ͙`l�hg�B5P�[��eIȾ�, 10 ç̪2NQ�

��XKhyIˁ0)&͚NQ���XKhyǗ2Ɉƾt��3͙ǜé2 5 ç̪3˄͒

ʘ2±ƛ.�͙ȃD2 5ç̪3ǜĿ�j`l2ɫ 1`j�_2Ɉƾt��.�&͚NQ�

�XKhyɿ�Ɖ͙15 çɡż2²ƙIƳJ'Ɖ1ǣȟŕI̩ň�&͚;"͙P�[��

e�1Ž�&ȴƝ- 5 ç̪2œ́IÈ&#͙œ́ɿ�ñ 1 ç̪1��,œ́Ǘ2 V
͚

O2I

ȟŕ�&͚ʇ�,͙̒ùǗ̪ 4ç̪2ǜĿ�̒ùI 4`j�_ŖǍ�&͚Ē`j�_2̒



 
 

ɫ 9ɨ� ɔɤˢ͋ III – 2 

 93 

ùƃż3͙ 2000 m eM�l�MK�Ǘ2Ɉƾt�� (P2000) IĴȡ.�,͙$F%F 55 % ͙

60 % ͙ 65 % �B5 70 % P2000.�&͚Ē`j�_ɿ�ñ 1ç̪2 V
͚

O2͙ƒƮǇ (Heart rate: 

HR) �B5˸¼õ̊żk�eIȟŕ�&͚`j�_̪2²ƙ�1 HRIːŝ�͙þç1ħ 

ƍ�&�. (œ́ǗƒƮǇ+10 ƮǡȠ) Iɖ˞�&Ɖ1Ǿ2`j�_I̩ň�#&͚V
͚

O2�

HR�B5˸¼õ̊ż3ɔɤˢ͋ III – 1 .ĕǹ2ǌȏIȾ�,ȟŕ�&͚ 

 

2. 2. 2. P2000j`l 

� SR j`lɿ�Ɖ 15 ç̪2²ƙIƳ< P2000j`lIŖǍ�&͚̒ùǗ̪3 90 ɟ̪.

�͙˄͒ʘ3ǜ?Ȣ�@!�`l��W��l-Ʊŕ�F&Ɉƾt�� (Ē˄͒ʘ2

P2000) Iʈư�&͚!0H(͙̒ù�2`l��W��l�B5Ɉƾt��I$F%F�

ŕ1È*B�ƱɘI�&͚̒ù�3«2j`l.ĕǹ2ǌȏ-͙V
͚

O2͙HR �B5˸¼õ

̊żk�eIȟŕ�&͚  

 

2. 2. 3. `l��W��lIɎʋɊ1Ĺõ�#&ǜĿ�j`l (SRˣǈǧ°) 

� �˗j`l.ǎIĻ�,͙SRĹõǧ°-ǜĿ�j`lIŖǍ�&͚SRĹõǧ°2̒ù

Ǘ̪�B5Ē`j�_2Ɉƾt��3̉Ŵǧ°.ĕ�.�&͚&'�͙`l��W��

l3͙ɫ 1`j�_3̉Ŵǧ°.ĕ�.�&2͙ɫ 2�4`j�_1*�,3͙ɫ 1`j

�_�C P2000 j`l;-͙`l��W��l2Ɉƾt��1Ş�,ɎʋɊ1Ĺõ!EB

�˄͒ʘȅ1ˣǈ�&͚˄͒ʘ13͙Ē`j�_1��EɈƾt���B5`l��W

��lIƱɘ�͙$FCIʈư!EB�1Ʊɘ�&͚Ē`j�_2̒ùɿ�ñ 1 ç̪-

3͙«2j`l.ĕǹ2ǌȏ- V
͚

O2͙HR �B5˸¼õ̊żk�eIȟŕ�&͚`j�_

̪-3 HR2þç1º��&�.Iɖ˞�͙$F�CǾ2`j�_I̩ň�&͚ 
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2. 2. 4. `l��W��lj`l (SRj`l) 

� ǜĿ�j`lɿ�Ɖ 15ç̪2²ƙIƳ< SRj`lIŖǍ�&͚SRj`l-3͙ĕ�

2Ɉƾt��ǧ°�1��,`l��W��l2<IĹõ�#&̶2 IAAtotal. V
͚

O22̫

ÆIǶ˖�&͚SRj`l1��EɈƾt��3 55 % P2000͙`l��W��l324͙28͙

32�B5 36 strokes/min.�͙Ē`l��W��l˛ƨ.?̒ùǗ̪3 4ç̪.�&͚Ē

˛ƨɿ�ñ 1 ç̪1��E͙V
͚

O2͙HR �B5˸¼õ̊żk�eIǜĿ�j`l.ĕǹ2

ǌȏ-ȟŕ�&͚;&͙`j�_̪-3HR2þç1ħƍ�&�.Iɖ˞�͙$F�CǾ

2`j�_I̩ň�&͚ 

��(��

�
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(A) ���AOD�

(B) ���	�
��

��)�
�����AOD�

���	�

���	�


���	�


���	�


VO2int
�

VO2ext
�

ũ 9 – 1. ȈìÉ.��)éǍ�%ĕƇĹȚȦ/ŪƹȄȅ/©ǜũ� 
�  ƷŜ/ċƟ�]V_.<')Ūƹ�@%OD0 ƲċƟ]V_.��?V_y�O
x�_/Ɛ��þȤ�@)�-�%9 ĭĐ<>:¡Ŏǲ��@)�?�ǞŰ��? 
(A, ľț/ AOD ȅ ƷŜŝè)�#�* ċƟ��<2ƲċƟ]V_CƷ�) V_
y�Ox�_�Ǥ½dz�.Ɯ�)ƵƂƿ.Ɛ� ?<�.ċƟ�]V_/V_y�
Ox�_CƱŲ @1 ƲċƟ]V_.��?V_y�Ox�_/Ɛ�ǹC�Ȋ�)
OD�Ūƹ*�?+þ�=@? (B SRƱŲŝè)� 
 



 
 

ɫ 9ɨ� ɔɤˢ͋ III – 2 

 95 

2. 5. OD2ɯæǌȏ 

2. 4. 3. ̉Ŵǧ°�B5 SRˣǈǧ°1��E OD2ƻŕǌȏ 

� SRĹõǧ°3͙̉Ŵǧ°.Ɇ0EŖ͒ǎ1ŖǍ�&͚$2&>͙SRĹõǧ°1��E

OD 2ƻŕſ3͙̉Ŵǧ°-ȟŕ�&ɫ 1`j�_2Ɉƾt���B5 V
͚

O21͙SR Ĺõ

ǧ°-Ȋ>&Ɉƾt��. V
͚

O22Ɏʋħųſ2×� (Ɉƾt��1Ş!E V
͚

O22Ĺõȸ) 

Iʀ<ēH#,¾ơ�&͚ 

Rm	(_R0Vn/\XY) = ]Q̇R0 ]`R⁄ ∙ `R+ 7Q̇R0+UI − 	]Q̇R0 ]`R⁄ ⋅ `R+UI<� (ſ 9 – 1) 

�2.�͙OD 3̠ɼ̾ˊ̢͙Δ V
͚

O2/ΔPO 3 SR Ĺõǧ°-Ȋ>&Ɉƾt��1Ş!E

V
͚

O22Ĺõȸ͙PO 3Ɉƾt��I˃!͚;&͙PO1st �B5 V
͚

O2_1st3͙$F%F̉Ŵǧ

°2ɫ 1`j�_1��EɈƾt���B5 V
͚

O2I˃!͚ 

 

2. 4. 4. IAAǧ°1��E OD2ƻŕǌȏ 

� IAA ǧ°1��E OD 2ƻŕ3͙ɔɤˢ͋ II .ĕǹ.�͙̉Ŵǧ°2ǜĿ�j`l�

B5 SRj`l-ƌCF&ʂǭ�C͙˄͒ʘȅ1 ODint�B5ODext1Ş!EƻŕſI¾ơ

�͙$FC1 P2000j`l�2 IAAtotal�B5Ɉƾt��IĽƵ!E�.1B), ODIƻ

ŕ�& (ODIAA)͚ 

 

2. 6. ʄ˕åȺ 

� ʂǭ3Þ,ŷıÐ ± ǺȡÑů1,ɘ�&͚̉Ŵ�B5 SRĹõǧ°̪1��E͙Ē`j

�_-ȟŕ�&`l��W��l͙IAAtotal͙V
͚

O2 �B5Ɉƾt��1Ş!E V
͚

O2 2Ĺõ

ȸ (Δ V
͚

O2/ΔPO) 2ů2Ƕŕ13ŞƔ2�E tǶŕIȾ�&͚;&Ăħųçǫ1B),ͅɍ

̪2ɎʋħųſIȊ>͙$2̶2ɏ̫ÆǇ (r) 1B),�ʘ2ɎʋƗIǶ˖�&͚Ēƻŕ

ǌȏ1BE̠ɼ̾ˊ̢2ů2Ƕ˖13�Û̝ʒçǆçǫIȾ�͙Ǟƛů2˞>CF&Ķ

ē13 Bonfferroni ȏ1BE ƉǶŕIˁ0)&͚�C1͙ǧ°̪1��E̠ɼ̾ˊ̢2
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�ʰż2Ƕ˖13ɻâɏ̫ÆǇ (Interclass correlation coefficient: ICC) I͙̫ÆƗ2Ƕ˖1

3x��m�K�l~�ȏIȾ�&͚0�͙Ą̳ȸ 5 % ǡȠ-ʄ˕ɊǞƛƗIêǊ�&͚ 

 

3.  ʂ� ǭ 

3. 1. Ɉƾt��1Ş!E`l��W��l�B5 IAAtotal 

� Ĭ 9 – 2 1ǜĿ�j`l�B5 P2000j`l1��EɈƾt��.`l��W��l (A) 

�B5 IAAtotal (B) 2̫ÆIɘ�&͚̉Ŵǧ°1��,͙`l��W��l3Ɉƾt��

2Ĺõ1Ş�,ʌ@�0ĹõIɘ�& (Ĭ 9 – 2 (A), ɫ 1�C 4`j�_1��,͙$F%

F 22.6 ± 1.6, 22.7 ± 1.6, 23.0 ± 1.9 �B5 23.5 ± 1.9 strokes/min)͚SRĹõǧ°2`l��W

��l3͙ɫ 2`j�_®̮-̉Ŵǧ°.Ȇ˽�,Ǟƛ1͔�ÐIɘ� (ɫ 2�C 4`j

�_1��,͙$F%F 24.0 ± 1.8͙25.5 ± 1.8�B5 26.8 ± 1.7 strokes/min)͙P2000j`l

1��E`l��W��l (34.8 ± 3.2 strokes/min) Ię>E.Ɉƾt��.2̪-͂Ŵ1

ƃ�ɎʋƗIɘ�& (r = 1.00)͚�C1͙˄͒ʘȅ1��,?ĕǹ2Ƕ˖Iˁ0)&ʂǭ͙

r 2 0.99�1.00 2ƃ�ɎʋƗ2˞>CF&͚ 

� ̉Ŵǧ°1��E IAAtotal 3͙`l��W��l.ĕǹ1Ɉƾt��2Ĺõ1Ş�,ʌ

@�0ĹõIɘ�& (Ĭ 9 – 2 (B), ɫ 1`j�_�Cɫ 4`j�_��,͙$F%F 38.4 ± 

2.8͙39.4 ± 3.0͙40.9 ± 3.7�B5 42.3 ± 3.6 count/min)͚SRĹõǧ°1��E IAAtotal3͙

ɫ 1`j�_-3̉Ŵǧ°.Ǟƛů2˞>CF0�)&2 (38.4 ± 3.2 a.u./min)͙ɫ 2`j

�_®̮-3̉Ŵǧ°BD?Ǟƛ1͔�ÐIɘ� ($F%F 41.9 ± 3.4͙45.3 ± 3.4�B5

48.2 ± 4.1 a.u./min)͙P2000j`l1��E IAAtotal (66.3 ± 9.3 a.u./min) ?ę>E.Ɉƾt��

.2̪-ƃ�ɎʋƗ2ɖ˞�F& (r = 1.00)͚�C1͙˄͒ʘȅ1��,?ĕǹ2Ƕ˖I

ˁ0)&ʂǭ͙r 2 0.94�1.00 .0Eƃ�ɎʋƗ2˞>CF&͚ 

� ̉Ŵǧ°1��EɈƾt��. V
͚

O2 2̫ÆI˄͒ʘȅ1Ƕ˖�&.�G͙�ʘ2̪1

3ƃ�Ȁ2ɏ̫̫Æ2˞>CF& (r = 0.96�1.00) ͚ĕǹ1 SRĹõǧ°1��,?͙Ɉƾ

t��. V
͚

O22̪13ƃ�Ȁ2ɏ̫̫Æ2˞>CF& (r = 0.96�1.00) ͚Ĭ 9 – 31̉Ŵ�
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B5 SR Ĺõǧ°-Ȋ>&ƻŕſ2̫ÆIɘ�&͚̉Ŵǧ°�B5 SR Ĺõǧ°1��E

Δ V
͚

O2 / ΔPO (Ɏʋħųſ2×�) 3͙ $F%F 12.1 ± 1.5 �B5 13.8 ± 1.8 ml/min/watt-�

D͙ǧ°̪-Ǟƛ0ů2˞>CF& (p < 0.05)͚ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ũ 9 – 2. Ǥ½dz�+V_y�Ox�_ (A) �<2 IAAtotal/ºÞ (B)� 
� ũƯ
0ƷŜŝè/ċƟ�]V_ �0 SR Ɛ�ŝè/ċƟ�]V_ �0 P2000

]V_/æ�CǱ�)�?�*0ƷŜŝè+ SRƐ�ŝè/¹*Ȕ�ĉ�ǚ9=@%
�+Cħ  (p < 0.05) � 
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3. 2. SRj`l 

� ˃ 9 – 1 1 SRj`l2Ē˛ƨ1��EɈƾt��͙`l��W��l͙IAAtotal�B5

V
͚

O2 Iɘ�&͚Ɉƾt��3˛ƨ̪-9:�ʰ�͙Ǟƛ0ů3˞>CF0�)&͚

IAAtotal3 SR24˛ƨ1��,ǜ?º�ÐIɘ�͙$��C`l��W��lIĹõ�#E

. IAAtotal?Ǟƛ1ĹĿ�&͚V
͚

O23 SR24;&3 SR28˛ƨ1��,ǜ?º�ÐIɘ�͙

$��C`l��W��l2Ĺõ1¶), V
͚

O2 ?ĹĿ�&͚�2.�͙V
͚

O2 2ǜ?º�

ÐIɘ�&˛ƨBD?`l��W��lIĹõ�#&̶2 IAAtotal. V
͚

O22̫ÆI˄͒ʘ

ȅ1Ƕ˖�&.�G͙�ʘ2̪13 r2 0.89�1.002ƃ�ʋƅ̫Æ2˞>CF͙Ɏʋħų

ſ2×� (Δ V
͚

O2/ΔIAAtotal) 3͙18.7 ± 13.6 ml/a.u.-�)&͚ 

� ſ 7 – 2 IȾ�,Ē`j�_-ȟŕ�& IAAtotal�C V
͚

O2rest+intIƻŕ�͙$FCIĒ`

j�_-Ŗ̶1ȟŕ�& V
͚

O2�Ců�ƀ��.1B), V
͚

O2 extIɯæ�&͚$2��-͙

Ē`j�_2Ɉƾt��.V
͚

O2 ext2̫ÆI˄͒ʘȅ1Ƕ˖�&.�G͙�ʘ2̪13 r2

0.87�1.002ƃ�ʋƅ̫Æ2˞>CF&͚�2.�2Ɉƾt��.V
͚

O2 ext2Ɏʋħųſ2

×�3͙10.81 ± 2.50 mL/min/watt -�)&͚ 

 

 

 

Power output
(watt) 182.4 ± 22.4 182.7 ± 21.7 182.5 ± 22.8 183.5 ± 20.9

Stroke ratr
 (strokes/min) 24.0 ± 0.1 27.9 ± 0.2 31.7 ± 0.4 35.7 ± 0.6

IAAtotal

(count/min) 42.3 ± 3.5 49.0 ± 4.0 55.3 ± 4.9 60.8 ± 5.0

VO2

(ml/min) 2873.2 ± 295.2 2869.4 ± 281.7 2959.4 ± 297.0 3110.9 ± 249.0

24 strokes/min 28 strokes/min 32 strokes/min 36 strokes/min

*� *� *� *�

c,d� c,d� a,b,d� a,b,c�

*� *� *� *�

Ǳ 9 – 1. SR]V_/«ğÃ.��?Ǥ½dz� V_y�Ox�_ IAAtotal�<2V
�

O2� 

 

	: Ɨ/Ɔ)/ğÃ+Ȕ�ĉ�> a: SR24ğÃ+/¹*Ȕ�ĉ�> b: SR28ğÃ+/¹*Ȕ
�ĉ�> c: SR32ğÃ+/¹*Ȕ�ĉ�> d: SR36ğÃ+/¹*Ȕ�ĉ�>Cħ ��!@
: p < 0.05. 
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3. 3. OD 

Ĭ 9 – 4 1̉Ŵ͙SRĹõ�B5 IAAǧ°1��,ƻŕ�&̠ɼ̾ˊ̢ ($F%F OD͙

ODSR�B5 ODIAA) Iɘ�&͚ODSR�B5 ODIAA3͙$F%F 7.0 ± 0.8 �B5 7.0 ± 0.7 

lO2Eq -�D͙ODSR (6.6 ± 0.8 lO2Eq) .Ȇ˽�,͙$F%FǞƛ1͔�ÐIɘ�& (p < 

0.05) ͚�C1͙ODSR. ODIAA2̪13͙Ǟƛ0ů3˞>CF0�)&͚Ĭ 9 – 5 1 ODSR

.ODIAA2̫ÆIɘ�&͚0�͙Ĭ�2ɕʋ3Y = X 2ɎʋI˃�,�E͚ODSR.ODIAA

2̪13͂Ŵ1͔�ɻâɏ̫ÆǇ (ICC (1, 1) = 0.93, p < 0.05) 2˞>CF&͚�C1͙x�

�m�K�l~�ȏIȾ�, ODSR. ODIAA2̫ÆIǶ˖�&.�G͙�ƻŕǌȏ2ů3

-0.03 ± 0.41 lO2Eq-�D͙ȟŕǌȏ2ɏ̖1BE OD2ů1͙ƻŕÐ2Ŀ��1BE�ŕ

2×ė3˞>CF0�)& (Ĭ 9 – 6 , r = -0.12, p = 0.76) ͚ 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
ũ 9 – 4. «ŝè.<')Ūƹ�% OD� 
� ƷŜŝè SR Ɛ�ŝè�<2 IAA ŝè.��) #@$
@ OD ODSR�<2 ODIAA�*0ŝè¹*Ȕ�ĉ�ǚ9=@%
�+Cħ  (p < 0.05) � 
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ũ 9 – 5. ODSR+ ODIAA/ºÞ� 
� ũƯ/ǡƂ0 Y = X /ƵƂCǱ � 

 

4.0
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12.0

4.0 6.0 8.0 10.0 12.0

ODSR (LO2Eq)

O
D

IA
A

(L
O

2E
q)

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

ũ 9 – 6. gu{`�Ew_m{hy\_.<? ODSR+ ODIAA/ºÞŰ
/éǍ� 
� «ǬïĮ.��? ODSR�<2 ODIAA/ǻØƩCƆǬïĮ*ǻØ
�%Ʃ0 7.0 ± 0.8 lO2Eq*�> ODSR+ ODIAA/ĉ/ǻØƩ0 0.03 
± 0.41 lO2Eq*�'%� 
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4.  ʗ� ŝ 

� ȈìÉ/ȑƿ0 IAAtotalCș�% AODȅ.(�) Ūƹ�@% OD.ƲċƟ]V_ĥ

/V_y�Ox�_/Ɛ�ǹ��Ȋ�@)�?�Ǫ�CéǍ ?�+*�'%��/ȑ

ƿCƣű ?%9. ľț/ AODȅ (ƷŜŝè) .��) ǜĿ�j`l1��E`l�

�W��lIˣǈ!E�.-˱ǜĿj`lǗ2`l��W��l2ĹõçIˆȀ!Eǌ

ȏ (SRĹõǧ°) �B5 IAAtotalIȾ�& AODȏ1B),͙˱ǜĿj`l�2 ODI$F

%Fƻŕ�͙$FCIȆ˽Ƕ˖�&͚$2ʂǭ͙SR Ĺõǧ°-ƻŕ�& ODSR �B5

IAAtotalIȾ�& AODȏ-ƻŕ�& ODIAA3͙ƷŜŝè.<')Ūƹ�% OD<>:#@

$@Ȕ�.ă�ƩCħ�%�6% ODSR+ ODIAA+045�Ƭ�%ƩCħ� �=.ȥ

Į/¹.0ă�ÊǕƍºÞŭ (ICC (1, 1) = 0.93, p < 0.05) �ǚ9=@%�  

 

4. 1.  SRĹõǧ°1��E OD (ODSR) 

ƷŜŝè+ǫ®�) SRƱŲŝè*0 Ơ 2V]�U�ā/V_y�Ox�_�<2

IAAtotal�Ȕ�.ă�ƩCħ�%��/�+�= SRƐ�ŝè*0Ơ 2V]�U�ā/«

V]�U.��) #@$@ƷŜŝè+ǫ®�)<>Ƙ�/ǕƿĖĢ�ÿB@)�%+

þ�=@?��=. SRƐ�ŝè.��?Ǥ½dz�+ V
͚

O2/¥¿ƵƂ/ß� (Δ V
͚

O2 / 

ΔPO) 0 ƷŜŝè+ǫ®�)Ȕ�.ă�ƩCħ�% (ũ 9 – 3)�y�G{Pĥ/ V
͚

O20 

¨ƿĖĢ ( -B&Ǥ½dz�) /7-=!ǕƿĖĢ (V_y�Ox�_) /�ÔCķ�?

�+ (Hofmijster et al., 2009)  �=. ȥŝè.��)«V]�U/¨ƿĖĢ (Ǥ½dz�) 

0ǐ�*�'%�+�= ŝè¹.��? Δ V
͚

O2 / ΔPO/ĉ0Ơ 2V]�U�ā/«V]

�U.��?ǕƿĖĢ/ĉ.<?:/*�'%+þ�=@?� 

ƷŜŝè.��?ċƟ�]V_/V_y�Ox�_�<2 IAAtotal0 Ǥ½dz�.Ɯ

�)¸;�.ƵƂƿ-Ɛ�Cħ�%� P2000 ]V_ĥ/V_y�Ox�_�<2 IAAtotal

0 #@=/ƵƂ�=�Ƥ�)ă�ƩCħ�%�#@.Ɯ�) SR Ɛ�ŝè*0 ċƟ

�]V_�<2 P2000]V_CƷ�)Ǥ½dz�+V_y�Ox�_�<2 IAAtotal/¹*
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Ò�ƵƂŰ�ǚ9=@% (ũ 9 – 2)��@=/æ��= SRƐ�ŝè*0 ċƟ�]V_

�<2 P2000 ]V_CƷ�) �ƹ/±Ą*ǕƿĖĢ:Ɛ��)�%+þ�=@?��%

�') SR Ɛ�ŝè.<')È9% OD /Ūƹĩ.0 ƲċƟ]V_.��?ǕƿĖĢ

/Ɛ���Ȋ�@)�%+þ�=@ ODSR� OD <>:Ȕ�.ă�ƩCħ�%æ�0 

�/í¤CěĤ ?:/*�?� 

 

4. 2.  IAAǧ°1��E OD (ODIAA) 

� ODIAA0 OD <>:Ȕ�.ă�ƩCħ� �( ODSR+045ǈ��ƩCħ �+�Ȏ

=�.-'%��=. ODIAA+ ODSR/¹.0ă�ÊǕƍºÞŭ (ICC (1, 1) = 0.93, p < 

0.05) �­ǚ�@%��@=/æ�0 IAAtotalCș�% AODȅ (IAAŝè) .<')Ūƹ

�@% OD .0 SR ƱŲŝè+ǐȗ. P2000]V_.��?ǕƿĖĢ/Ɛ�ǹ��Ȋ�

@)�%�+Cħć�)�?� 

� ȈìÉ/æ��= IAAtotalCș�% AODȅ*Ūƹ�% OD.0 ċƟ�]V_/V_

y�Ox�_CƱŲ ?Ȅȅ (SRƱŲŝè) .<')Ūƹ�% OD+ǐȗ. ƲċƟ]V

_.��?V_y�Ox�_/Ɛ�.<?ǕƿĖĢ/Ɛ�ǹ��Ȋ�@)�?�+�Ȏ

=�.-'%��Ȅ SR ƱŲŝè0 ƲċƟ]V_�<2#�*ǒ=@%Ǥ½dz�+

V_y�Ox�_C¼ņ+�)V_y�Ox�_CƱŲ�%ċƟ�]V_CĭĜ ?Ȅ

ȅ*�> IAAtotalCș�% AODȅ+ǫ®�) <>·ǿ.y�G{Pĥ/ OD�Ūƹ*

�?Ȅȅ*�?+:þ�=@?���� ȈìÉ*0 «ǬïĮ��ƹ/Ǥ½dz��

<2V_y�Ox�_C�Ĥ*�?ĭïŝè (P2000 ]V_) *�ǏCÿB"%� K�w

EH_áĩ/]V_/<�.�Ǐ§ĘƵ÷�=ċƟǅȧ�ȚÈ�@?�Ǐ/śĄ*0 

�Ǐĥ¹/ã¡.Ǧ')V_y�Ox�_�ư��Ƹ� ?�+�ȕƊ�@?�6% 

ĭĐ/ 2000 m x�V*0 VY�_Öȏ ƯǩÖȏ�<2uV_Vd�_Öȏ.��) 

V_y�Ox�_0ZGan\O.ǽ� ? (Steinacker, 1993)�#/%9 SR ƱŲŝè

.<') x�VƯ/«Öȏ.��?IbwN�ƞįCéǍ ?%9.0 #@$@/
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Öȏ.��?Ǥ½dz�+V_y�Ox�_CƆ)ǟ}� #@Cǎ6�)Ǥ½dz�

+V_y�Ox�_CƱŲ�%ċƟ�]V_C#@$@ĭĜ ?ǯȚ��> òĭƿ+

0��-���=. y�G{PǏđ0 Ĩǃİ�Ǐ/jZv{PǏđ+0�-> 1V

_y�O/Ǐ��Ou{O.<')Àƹ�@)�-��#/%9 V_y�Ox�_�

ǐ�*�'): ĭĐ/ǕƿĖĢȦ��-?�ǞŰ:þ�=@?��Ř/ǄCþ�ĄB

"?+ IAAtotalCș�% AOD ȅ0 K�wEH_]V_; 2000 m ]V_/<�-�Ǐ

Ư/V_y�Ox�_�<2 1 V_y�OƯ/Ǐđ�ǽ� ?�ǞŰ��?ŝè.��

) ODCŪƹ ?��*Ȕș-Ȅȅ*�?+þ�=@?� 

 

5.  ʂ� ˤ 

ȈìÉ/æ��= ċƟ�]V_ĥ/V_y�Ox�_CƱŲ ?Ȅȅ (SR Ɛ�ŝè) 

*0 ċƟ�]V_�<2 P2000]V_CƷ�)V_y�Ox�_�<2 IAAtotal�Ǥ½d

z�.Ɯ�)ƵƂƿ.Ɛ�� #/æ� Ūƹ�%ODSR0ľț/AODȅ*Ūƹ�%OD

<>:Ȕ�.ă�ƩCħ �+�Ȏ=�.-'%��=. IAA ŝè*Ūƹ�% ODIAA

0 OD <>:Ȕ�.ă�ƩCħ� �( ODSR+045�Ƭ�%��@=/æ��= 

IAAtotalCș�% AOD ȅ0 ƲċƟ�Ǐ.��?V_y�Ox�_/Ɛ�.<?ǕƿĖĢ

/Ɛ�ǹCȂų�) OD�Ūƹ*�?�+�ħć�@%� 
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ɫ10ɨ ɔɤˢ͋ IV 

��M�X1��EMAOD2ȟŕy�lZ�2Ƕ˖ 

 

1. ɍ� Ɋ 

� ��;-1ƌCF&ʂǭ�C͙IAAtotalIȾ�& AODȏ1B),͙˱ǜĿj`lǗ2`

l��W��l2ĹõçIˆȀ�, OD 2ƻŕ-�E�.2ɘ#&͚�ǌ͙MAOD I˚

Ä!E̶13͙˄͒ʘ2Pp�V�Âʃɸ2¼óȲƗ@͙ş̨.!Eɩƨ-Ⱦ�CFE

{�`ƢɅ0/IʗƟ�,ǜ̘0ȟŕy�lZ�I˘ŕ!EƓˊ2�E�.2Ʊǀ�F

,�E (Craig et al., 1995)͚ 

� $�-ǣɔɤ-3͙IAAtotalIȾ�& AODȏIȾ�,͙̒ùǗ̪2Ɇ0E˱ǜĿj`l

Ǘ2 AOD Iŕ̢�͙Ēj`l1��, MAOD 1í̕�&˄͒ʘ2Ǉ�C͙��M�X

Ǘ2MAODIȟŕ!E̶2ǜ̘0y�lZ�1*�,Ƕ˖!E�.IɍɊ.�&͚ 

 

2. ǌ� ȏ 

2. 1. ˄͒ʘ 

� ˄͒ʘ3͙ɁōĿőȼ|�l̙ƥ 14 Ė (˸̧: 1.73 ± 0.05 m͙¼̡͜69.3 ± 7.4 kg͙Ÿ

͖͜20.1 ± 1.2 Ȃ)  -�)&͚˄͒ʘ13ȟŕñǎ�Cȥ��l��o�X�B5K�Z

��2ƿČIɛǿ�͙;&Ŗ͒Ƅǎ3SwOM�͍2ƿČI̚�EB�Ʊɘ�&͚�C

1͙Ŗ̩͒ň2 2 Ǘ̪ñ�C3͏͎Iƺ��#&͚˄͒ʘ13͙ ñ1ɔɤâŚI˜ɽ

1ˡǔ�͙ɔɤ2˲ǐ͙ȟŕ72Ĉõ�B5k�e2Ɉ˃1*�,2�ƧIǛ̓1,ƌ

&͚ 
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2. 2. Ŗ͒âŚ�B5ȟŕͅɍ 

2. 2. 1. ȣĹ˨ʷj`l 

� ȣĹ˨ʷj`l3͙ǜĿ��B5ǜĿj`l1B),Ǹơ�F&͚ǜĿ�j`l-3͙

̒ùǗ̪I 4ç̪͙²ƙǗ̪I 2ç̪.�&͚ǜé2`j�_2Ɉƾt��3͙P�[�

�e-ŖǍ�&Ɏ̄2 2000 m eM�l�MK�Ǘ2ŷıɈƾt�� (P2000) 2 55 % .�͙

$��C 1`j�_ȅ1 5 % P2000 "*Ɉƾt��IȣĹ�# 6`j�_IŖǍ�& (55͙

60͙65͙70͙75�B5 80 % P2000) ͚$2Ɖ͙10ç̪2²ƙIƳJ'Ɖ1ǜĿj`lIŖ

Ǎ�&͚ǜĿj`l1��Eǜé2Ɉƾt��3 75 % P2000.�͙1çȅ1 5 % P2000"*

Ɉƾt��IȣĹ�#͙˄͒ʘ2Ʊŕ�F&Ɉƾt��Iʈư-�0�0)&Ǘȩ-j

`lIɿ��#&͚˄͒ʘ13õ̊żb�\I˅ɑ�#͙�F;-2ɔɤˢ͋.ĕǹ2

ǌȏ-̒ù�2˸¼õ̊żk�eIȟŕ�&͚ 

� ǜĿ�j`l1��EĒ`j�_ɿ�ñ2 1ç̪�B5ǜĿj`l1��E 1ç̪ȅ2

ĞȈIfX�`±hX1ƸČ�͙$F%F V
͚

E͙V
͚

O2͙V
͚

CO2�B5 RERIɔɤˢ͋ III.

ĕǹ2ǌȏIȾ�,ȟŕ�&͚ 

� ǜĿ�j`l2̩ňñ�B5`j�_̪͙�C1ǜĿj`lɿ�Ɖ 1͙3�B5 5 çƉ

13ƱÜ�CˀșIƸČ�͙ɔɤˢ͋ III .ĕǹ2ǌȏ-ˀ��̠ȦżIȟŕ�&͚;&͙

ǜĿ�j`l-ƌCF&Ɉƾt��1Ş!Eˀ��̠Ȧż2Ļû�C͙Blood Lactate 

Endurance Marker Software (Lactate-E, Newell et al., 2007) IȾ�, log-logȏ (Beaver et al., 

1985) - LTIɯæ�͙$2.�2Ɉƾt��I PLT.�&͚ 

 

2. 2. 2. SRj`l 

� ȣĹ˨ʷj`l.ǎIĻ�, SR j`lIŖǍ�&͚SR j`l-3͙ĕ�2Ɉƾt�

�ǧ°�1��,͙`l��W��l2<IĻû�#&͚˄͒ʘ3Ŗ͒Ř1ǨŘƉ͙P

�[��e�-2NQ���XKhyI̩ň�&͚NQ���XKhy3 10 ç̪.�͙

ǜé2 5 ç̪3˄͒ʘ2±ƛ.�&2͙ƉĀ2 5 ç̪3 PLT-Ȣ�B�Ʊɘ�&͚NQ�
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��XKhyƉ 15 çɡż2²ƙIƳ<͙ǣȟŕI̩ň�&͚˄͒ʘ3P�[��e�-

10ç̪2Ž¹œ́IÈ)&2(Ē˛ƨI̩ň�&͚Ē˛ƨ2Ɉƾt��3 PLT-ʄ��͙

`l��W��l3 24͙28͙32 �B5 36 strokes/min .�& (SR24 ˛ƨ͙SR28 ˛ƨ͙

SR32˛ƨ�B5 SR36˛ƨ)͚Ē˛ƨ.?̒ùǗ̪3 4ç̪.�͙ɿ�ñ 1ç̪1��E

V
͚

O2 �B5˸¼õ̊żk�eIȣĹ˨ʷj`l.ĕǹ2ǌȏ-ȟŕ�&͚;&͙˛ƨ̪

-3 HR2þç1ħƍ�&�.Iɖ˞�͙$F�CǾ2˛ƨI̩ň�&͚ 

  

2. 2. 3. twQ�~�`j`l (2 min͙1 km͙1.5 km �B5 2 km j`l) 

� ȣĹ˨ʷj`l�B5 SRj`l2ɿ��&˄͒ʘ�C͙twQ�~�`j`lbh^

��I̩ň�&͚Ēj`l (2 min͙1 km ͙1.5 km �B5 2 km j`l) 3$F%FɆ0E

Ŗ͒ǎ1ŖǍ�&͚˄͒ʘ3ɔɤŘ1ǨŘƉ͙`l�hg�B5P�[��eIȾ�&

NQ���XKhyIŖǍ�&͚NQ���XKhy2âŚ3͙Ŗ̶2��`ñ.ĕǹ

.�#͙ǣbh^��2Þ,2j`l1��,ʄ�!EB�Ʊɘ�&͚{�`̝ç1*

�,͙2 min j`l-3Ďʤ0̯D͔�Ɉƾt��-̒ùȈˁ!EB�Ʊɘ�& (R�

�KNlƅſ)͚;&͙$F®Ľ2j`l-3͙ǜ?ɓ�Ǘ̪-Ȣ�èFE.˄͒ʘ2ê

Ǌ�&{�`̝çIƸȾ!EB�Ʊɘ�&͚j`l�3P�[��e-ȟŕ�F& 1 `

l��Wȅ2Ɉƾt���B5`l��W��lIP�[��e1ƹʇ�&t�dn�

Z�v��e7ČD̃<͙2 minj`l-3 1çȅ͙1 km�B5 1.5 kmj`l3 250 m ȅ

2ŷıɈƾt���B5ŷı`l��W��lIɯæ�&͚̒ù�2ĞȈT`t���

e͙HR �B5 IAAtotal 3͙«2ɔɤˢ͋.ĕǹ2ǌȏ-ȟŕ�&͚0�͙k�e2\�

y��X̵̪3͙2 minj`l-3 1çȅ͙;& 1 km͙1.5 km�B5 2 km j`l-3 250 

mȅ.�&͚ 

 

2. 3. ɯæͅɍ 

� IAAtotalIȾ�& AODȏ1B),͙ĒtwQ�~�`j`l�2 ODIƻŕ�͙$��
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Cj`l�2 V
͚

O2 Iů�ƀ��.1B), AOD Iɯæ�&͚Ēj`l1��

E%Anaerobic3͙$F%Fƻŕ�& ODI AOD-̰!E�.1B),ɯæ�&͚Ēj`

l-ȟŕ�F& AOD2�(͙ǜ?͔�ÐI MAOD.�&͚Üˁɔɤ1B),͙AODI

ʑD̅�,ȟŕ�&Ķē͙ȟŕˠů2 95 % É͊ü̪2ȟŕÐ2 80 % � 128 % 1ɏƄ!

E�.2ĵě�F,�E (Doherty et al., 2000)͚$�-͙ǣɔɤ-3͙Ē˄͒ʘ2 MAOD

2 95 % É͊ü̪Iɯæ�͙$2ɲīIĴȡ.�, MAOD 1í̕�,�&�Ę�IêǊ

�&͚ĒtwQ�~�`j`l-ȟŕ�F& V
͚

O22ǜ͔ÐIǜ͔̠ɼƿČ̢ (V
͚

O2peak) .

�͙ȣĹ˨ʷj`l-ȟŕ�& V
͚

O2max1Ş!EòēI V
͚

O2 obtained .�,ɯæ�&͚;

&͙ĒtwQ�~�`j`l1��E 1 `l��W�2ù¾2ĻŚI˚Ä!E&>͙

IAAtotalI`l��W��l1B),̰!E�.1B),͙1`l��W�&D2˸¼Ȕù

̢ (IAAtotal / SR) Iɯæ�&͚ 

 

2. 4. ʄ˕åȺ 

� ʂǭ3Þ,ŷıÐ ± ǺȡÑů1,ɘ�&͚Ăħųçǫ1B),ͅɍ̪2ɎʋħųſI

Ȋ>͙$2̶2ɏ̫ÆǇ (r) 1B),�ʘ2ɎʋƗIǶ˖�&͚SR j`l1��E˛ƨ

̪͙ĒtwQ�~�`j`l2çǫü̪�B5ĒtwQ�~�`j`l-ƌCF&ȟŕ

ƱǺ2ů2Ƕŕ13͙$F%F͙˛ƨ͙çǫü̪�B5j`lIˊĨ.�&�Û̝ʒ2

çǆçǫIȾ�͙Ǟƛů2˞>CF&Ķē13 Bonfferroni ȏ1BE ƉǶŕIˁ0)&͚  

ȟŕͅɍ̪2̫ÆƗ2Ƕ˖13͙ĂħųçǫIȾ�͙vKd�2ɣȸɏ̫ÆǇ1B),

̫ÆƗ2ƃ�I˚Ä�&͚0�͙Ą̳ȸ 5 % ǡȠ-ʄ˕ɊǞƛƗIêǊ�&͚ 

 

3. ʂ� ǭ 

3. 1. ȣĹ˨ʷj`l�B5 SRj`l 

˃ 10 – 11ȣĹ˨ʷj`l2ʂǭIɘ�&͚V
͚

O2max�B5 HRmax3͙$F%F 3939.0 

± 539.6 ml/min �B5 192.6 ± 7.6 beats/min-�)&͚PLT͙POBLA�B5 Lamax3͙$F%F
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200.4 ± 14.2 watt͙246.2 ± 25.6 watt �B5 9.26 ± 1.76 mmol/l -�)&͚;&͙ǜĿ�j`

l-Ȋ>&Ɉƾt��. V
͚

O22̪13͙r 2 0.95�1.002Ɏʋ̫Æ2˞>CF&͚ 

˃ 10 – 2 1 SR j`l1��EĒ˛ƨ2Ɉƾt��͙`l��W��l͙IAAtotal�B

5 V
͚

O2 Iɘ�&͚Ɉƾt��13˛ƨ̪-Ǟƛ0ů3˞>CF0�)&͚IAAtotal 3͙`

l��W��l2Ĺõ1¶),Ǟƛ1Ĺõ�&͚;&͙V
͚

O23 SR24 ˛ƨ;&3 SR28 ˛

ƨ1��,ǜ?º�ÐIɘ�͙$��C`l��W��l2Ĺõ1¶),ĹĿ!E×ė

2˞>CF&͚V
͚

O2 2ǜ?º�ÐIɘ�&˛ƨIĴȡ.�,͙$��C`l��W��

lIĹõ�#&̶2 IAAtotal.V
͚

O22̫ÆIǶ˖�&ʂǭ͙�ƱǺ2̪13 r 2 0.92�1.00 

2Ɏʋ̫Æ2˞>CF͙Ɏʋħųſ2×�3 22.4 ± 9.6 ml/a.u. -�)&͚;&͙ǜĿ�j

`l2Ē`j�_-ȟŕ�& IAAtotal�Cƻŕ�& V
͚

O2rest+int.͙ĕ �Ē`j�_-ȟŕ

�& V
͚

O22ůç-�E V
͚

O2ext3͙Ɉƾt��.ƃ�Ɏʋ̫ÆIɘ�& (r 2 0.93�1.00)͚  

 

 

 

 

 

 

 

 

 

 

Ǳ 10 – 1. ƅƐǶ�]V_/æ�� 

Subject VO2max

(ml/min)
HRmax

(beats/min)
PLT

(watt)
POBLA

(watt)
[La]b max

(mmol/l)
A 4007.6 204.0 202.9 258.0 10.22
B 4461.3 191.8 210.0 281.8 6.87
C 3092.2 191.0 183.6 233.9 10.25
D 3949.6 181.0 190.0 231.6 10.09
E 4693.5 183.2 210.0 293.1 6.10
F 3566.4 206.0 174.6 209.9 9.63
G 4944.1 197.3 220.0 265.0 12.83
H 3774.3 195.3 190.0 227.6 8.87
I 3817.5 186.8 188.6 232.3 8.33
J 3140.8 186.8 213.0 212.0 9.67
K 3810.2 193.1 217.0 260.4 8.75
L 4177.9 188.0 210.0 260.1 7.89
M 3771.8 199..03 196.0 235.4 10.85

3939.0 � 539.8 192.6 � 7.6 200.4 � 14.2 246.2 � 25.6 9.26 � 1.76

�
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3. 2. twQ�~�`j`l 

� Ĭ 10 – 1 1twQ�~�`j`l2Ēü̪1��EɈƾt���B5`l��W��l

Iɘ�&͚2 minj`l2Ɉƾt��3ǜé2ü̪ (0~1ç̪) -ǜ?͔�ÐIɘ�͙$2

Ɖ2ü̪-Ǟƛ1º��&͚1 km͙1.5 kmj`l�B5 2 kmj`l2Ɉƾt��3͙ǜ

é2ü̪ (0~250 m) -ǜ?͔�ÐIɘ�&Ɖ1ʌ@�1ȣȜ�͙Ēj`l2ǜé2ü̪2

Ɉƾt��.ƉĀ2Ēü̪2Ɉƾt��.2̪13Ǟƛů2˞>CF&͚ĕǹ1`l�

�W��l?ǜé2ü̪-ǜ?͔�ÐIɘ�&2͙2 min j`l-3j`l2ñĀ.ƉĀ

-Ǟƛů3˞>CF0�)&͚1 km�B5 1.5 kmj`l2`l��W��l3͙ǜé2

ü̪.Ȇ˽�,͙$F%F�Ɍ (250~500 m�B5 500~750 mü̪) �B5ɿɌ (1250~1500 

m�B5 1500~1750 mü̪) 1��,Ǟƛ1º�ÐIɘ�&͚���͙2 kmj`l2ǜɿ

ü̪ (1750~2000 mü̪) 1��E`l��W��l3͙Ɏñ2ü̪ (1500~1750 mü̪) .

Ȇ˽�,Ǟƛ1͔�ÐIɘ�&͚ 

� ˃ 10 – 31ĒtwQ�~�`j`l-ƌCF&ĒƱǺ2ʂǭ1*�,ɘ�&͚Ɉƾt�

��B5`l��W��l3͙2 minj`l1��,ǜ?͔�͙$��C 1 km͙1.5 km�

B5 2 km j`l2͆1º��&͚IAAtotal3͙2 min j`l1��,ǜ?͔�ÐIɘ�͙

«2j`l.2̪-$F%FǞƛů2˞>CF&2͙1.5 kmj`l. 2 kmj`l2̪-

Ǳ 10 – 2. SR]V_/«ğÃ.��?Ǥ½dz� V_y�Ox�_ IAAtotal�<2V
�

O2� 

*0Ɔ)/ğÃ¹*Ȕ�ĉ�ǚ9=@%�+Cħ �a 0 SR36ğÃ+/¹* b 0 SR32ğ
Ã+/¹*Ȕ�ĉ�ǚ9=@%�+Cħ ��!@: p < 0.05� 
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3Ǟƛů2˞>CF0�)&͚1`l��W�&D2 IAAtotal (IAAtotal / SR) 3͙2 minj`

l1��,ǜ?͔�͙«2j`l.2̪-$F%FǞƛů2˞>CF&͚;&͙1 km j

`l. 1.5 km j`l2̪- IAAtotal / SR 1Ǟƛů3˞>CF0�)&2͙2 km j`l2

IAAtotal / SR 3 1.5 kmj`l.Ȇ˽�,Ǟƛ1͔�ÐIɘ�&͚2 minj`l�B5 1 km 

j`l1��E V
͚

O2 obtained 3͙BD̒ùǗ̪2̧�j`l.Ȇ˽�,͙$F%FǞƛ1

º�ÐIɘ�&͚AOD3͙2ç̪j`l.Ȇ˽�,͙1 km͙1.5 km�B5 2 kmj`l-

͔�ÐIɘ�&2͙Ǟƛů3 2 min j`l. 1 km j`l2̪-2<˞>CF

&͚%Anaerobic3͙2 minj`l1��,ǜ?͔�ÐIɘ�͙j`l2̒ùǗ̪2Ĺõ1

¶),Ǟƛ1º��&͚ 
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§

ũ 10 – 1. «dfJ�m{V]V_Ư/V_y�Ox�_ (ŘƧ) �<2Ǥ½
dz�/ (�Ƨ) ǽ�. 
ũƯ�0 2 min]V_ �0 1 km]V_ �0 1.5 km]V_ 
0 2 km
]V_CǱ �*0Ơ 1XOTt{+Ȕ�ĉ�ǚ9=@%�+C †3ɫ�b
W^��.Ǟƛů2˞>CF&�.I͙‡3ɫ 3 bW^��.ů2˞>CF
&�.I͙§3Ɏñ2bW^��.Ǟƛů2˞>CF&�.Iɘ!͚ 
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’ 

 

 

 

 

 

 

 

 

� MAOD͙!0H(Ē˄͒ʘ2 AOD2ǜ͔Ð3͙6.4 ± 2.1 LO2Eq-�)&͚2 min͙1 km͙

1.5 km�B5 2 kmj`l1��, MAOD2æȹ�&˄͒ʘ3͙$F%F 1Ė (7 %)͙3

Ė (21 %)͙4Ė (29 %) �B5 6Ė (43 %) -�)&͚MAOD1Ş!EĒj`l-ƌCF&

AOD2í̕ȸ%MAOD3͙2 minj`l1��,ǜ?º� 83.7 ± 8.7 % -�D͙1 km j`

l (91.6 ± 6.8 %) .Ȇ˽�,Ǟƛ1º�Ð-�)&2͙1 km (91.6 ± 6.8 %)͙1.5 km (91.6 ± 

n = 14 
†: Ɔ)/]V_¹*Ȕ�ĉ�> (p < 0.05) 
a: 2ǹ¹]V_ v.s. 1 km]V_ (p < 0.05) 
b: 2ǹ¹]V_ v.s. 1.5 km ]V_ (p < 0.05) 
c: 2ǹ¹]V_ v.s. 2 km ]V_ (p < 0.05) 
d: 1 km ]V_ v.s. 1.5 km ]V_ (p < 0.05) 
e: 1 km ]V_ v.s. 2 km ]V_ (p < 0.05) 
f: 1.5 km ]V_ v.s. 2 km ]V_ (p < 0.05) 

 

Ǳ 10 – 3. «dfJ�m{V]V_.��?Ǥ½dz� V_y�Ox�_ (SR) V
͚

O2 

obtained OD ƎĕƇżĴȦ (Accumulated oxygen uptake: AO) AOD %Anaerobic�<
2MAOD3/ǋƣȢ (%MAOD)� 

2 min test 1 km test 1.5 km test 2 km test

Duration (min) 2.0 3.3 ± 0.1 5.2 ± 0.2 7.1 ± 0.2

Power output (W) 401.2± 32.1 349.0± 37.4 312.2± 28.2 296.2± 23.0

SR (strokes/min) 39.4 ± 1.7 36.2 ± 1.4 34.5 ± 1.4 32.8 ± 1.1

IAAtotal (a.u./min) 77.5 ± 1.3 59.8 ± 1.1 57.7 ± 1.2 56.8 ± 1.1

IAAtotal/SR (a.u./stroke) 1.96 ± 0.13 1.64 ± 0.13 1.66 ± 0.12 1.71 ± 0.14

VO2 obtained (%) 97.8 ± 5.1 100.1 ± 5.1 102.1 ± 5.8 102.5 ± 5.8

OD (L·min-1) 11.7 ± 1.3 17.3 ± 1.8 24.5 ± 2.3 31.8 ± 2.8

AO (LO2eq) 6.5 ± 0.6 11.6 ± 0.9 18.7 ± 1.5 25.9 ± 1.7

AOD (LO2eq) 5.2 ± 1.1 5.8 ± 1.6 5.8 ± 1.8 5.9 ± 2.4

%Anaerobic (%) 44.1 ± 5.4 32.9 ± 6.1 23.4 ± 5.5 18.3 ± 6.0

%MAOD 83.7 ± 8.7 91.6 ± 6.8 91.6 ± 8.8 90.9 ± 10.3

† † † †

† † † †

a, b, c f

a, b, c d, e

† † † †

† † † †

a

† † † †

a

.

a, b, c e
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8.8 %) �B5 2 kmj`l (90.9 ± 10.3 %) 1��E%MAOD.2̪-3͙Ǟƛů2˞>C

F0�)& (˃ 10 – 3)͚ 

� MAOD2ȟŕˠůIʗƟ�,Ēj`l1��EMAOD72í̕ȸIǶ˖!E&>1͙

Ē˄͒ʘ2 MAOD 2ȟŕˠůɲīIɯŕ�͙AOD 2$2ɲī1í̕�,�&ĶēI

MAODí̕˛ƨ.êǊ�&͚$2ʂǭ͙2 min͙1 km͙1.5 km�B5 2 kmj`l1��

,MAOD1í̕�,�&.êǊ�F&˄͒ʘ3͙$F%F 10 Ė (71.4 %)͙13Ė (92.9 %)͙

12 Ė (85.7 %) �B5 11Ė (78.6 %) -�)&͚ 

� Ēj`l1��E%MAOD .Pp�V�Âʃɸ2¼ó2̫ÆIǶ˖!E&>1͙

V
͚

O2max�B5MAOD.Ēj`l1��E%MAOD2̫ÆIǶ˖�& (Ĭ 10 – 2)͚$2ʂ

ǭ͙1 kmj`l1��E%MAOD. V
͚

O2max2̪1Ǟƛ0Ȁ2ɏ̫̫Æ2˞>CF&͚�

ǌ͙%MAOD.MAOD2̪13͙2 minj`l1��,Ǟƛ0˨2ɏ̫̫Æ2͙2 kmj

`l1��,Ǟƛ0Ȁ2ɏ̫̫Æ2˞>CF&͚ 
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ũ 10 – 2. V
͚

O2max �<2 MOAD +«dfJ�m{V]V_.��
?%MAOD/ºÞ (n = 14)� 
ũƯ/ǡƂ0«ǬïĮ/ AOD /ǽ�CǱ� 
0«]V_/ǻØ
ƩCǱ � 
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VO2max (L/min)� MAOD (LO2Eq)

(r = 0.07, p = 0.81, n.s.)

y = 6.67 x + 65.36
(r = 0.53, p = 0.049)

(r = -0.02, p = 0.94, n.s.)

(r = -0.07, p = 0.82,  n.s.)

y = -3.74 x + 107.57
(r = -0.87, p < 0.01)

(r = -0.52, p = 0.06, n.s.)

(r = -0.23, p = 0.43, n.s.)

y = 3.07 x + 71.32
(r = 0.61, p = 0.02)
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4. ʗ� ŝ 

� ǣɔɤ2ɍɊ3͙IAAtotalIȾ�& AODȏIȾ�,͙̒ùǗ̪2Ɇ0E˱ǜĿj`lǗ

2 AOD Iŕ̢�͙Ēj`l1��, MAOD 1í̕�&˄͒ʘǇ�C͙��M�XǗ2

MAOD Iȟŕ!E̶2ǜ̘0y�lZ�1*�,Ƕ˖!E�.-�)&͚�2ɍɊI̕

ơ!E&>1͙ǣɔɤ-3 2 min͙1 kmj`l (̒ùǗ̪: 3.3 ± 0.1ç̪)͙1.5 kmj`l 

(̒ùǗ̪: 5.2 ± 0.2ç̪) �B5 2 kmj`l (̒ùǗ̪: 7.1 ± 0.2ç̪) 2twQ�~�`

j`lIŖǍ�͙$2.�2 AOD Iƻŕ�&͚$2ʂǭ͙2 minj`lǗ2 AOD 3͙1 

kmj`l.Ȇ˽�,Ǟƛ1º�ÐIɘ!2͙1 kmj`l͙1.5 kmj`l�B5 2 kmj

`l-3Ǟƛ0ů3˞>CF0�)&͚2 minj`l͙1 kmj`l͙1.5 kmj`l�B5

2 kmj`l1��,MAOD2æȹ�&˄͒ʘǇ3͙$F%F 1Ė (7 %)͙3Ė (21 %)͙4

Ė (29 %) �B5 6 Ė (43 %) -�)&͚ĕǹ1͙MAOD 2ˠůɲīIõĝ�&Ķē1

MAOD7í̕�,�&.êǊ�F&˄͒ʘǇ3͙$F%F 10 Ė (71 %)͙13Ė (93 %)͙12 

Ė (86 %) �B5 11Ė (77 %) -�)&͚;&͙Ēj`l1��E%MAOD. V
͚

O2max�B

5 MAOD.2̫Æ�C3͙%MAOD2Pp�V�Âʃɸ2¼ó͙!0H(Ȫ̠ɼƗʤó

1ÚF&˄͒ʘ9/̒ùǗ̪2ɓ�˱ǜĿj`l1��,͙;&Ǟ̠ɼƗʤó2ÚF&

˄͒ʘ9/̒ùǗ̪2̧�˱ǜĿj`l1��, MAOD 72í̕ȸ2͔�0E.�)&

̫ÆƗ3˞>CF0�)&͚  

 

4. 1. ̒ùǗ̪.MAOD2̫Æ  

� �F;-1͙AOD 3͙ĭŕ˨ʷIȾ�&Ķē͙�B$ 2 ç̪-ɇ÷ĪƠ1̕!E˱ǜ

Ŀ̒ù- MAOD 1í̕�͙$FBD?̒ùǗ̪IĹõ�#,? AOD 3ĹĿ�0��.

2ĵě�F,�E (Medbø et al., 1988)͚;&͙NL�Y�lj`l2B�0͙̒ùƃż2

̒ù̩ňɎƉ1ʺ��͔�͙$2Ɖ͙̒ùǗ̪2ʁ̓..?1ȣȜ�,��̒ù (R��

KNlj`l) -3͙BDɓ�Ǘ̪ (60~90 ɟ) - MAOD 1í̕!E�.2ĵě�F,�

E (Withers et al., 1991; Withers et al., 1993)͚ǣɔɤ2 2 minj`l1��EɈƾt��3͙
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Þ,2˄͒ʘ1��,̒ù̩ňɎƉ1ǜ?͔�ÐIɘ�͙$2Ɖ͙̒ùǗ̪2ʁ̓1¶

),ʌ@�1ȣȜ�,�&͚�2�.�C͙2ç̪j`l2t��Ɉƾǹſ3R��KN

lj`l1͍¸�&?2-�)&.ʗ�CFE͚���͙2 min j`l- MAOD 2æȹ

�&˄͒ʘ3 1Ė (7 %) 2<-�D͙;&͙ȟŕˠůIʗƟ�, MAOD1í̕�,�&

.êǊ�F&˄͒ʘ? 10Ė (71.4 %) -�D͙«2j`lBD?º�Ð-�)&͚Craig et 

al. (1995) 3͙Ǟ̠ɼƗʤó1ÚF&ư�ɸ\MW�`l3͙Ȫ̠ɼƗʤó1ÚF&`y

��lɸ\MW�`l.Ȇ˽�,͙ɓǗ̪R��KNlĲ2˱ǜĿj`l (70 ɟ̪) 1�

�E AOD 2º�ÐIɘ!�.IǔC�1�͙$2ˊĨ.�,͙ư�ɸ\MW�`l3͙

`y��lɸ\MW�`l.Ȇ˽�,͙1) V
͚

O2 !0H(Ǟ̠ɼƗ­˥�C2Pp�V�

Âʃ2ɼǑ�͔;E&>͙Ȫ̠ɼƗ­˥2Pp�V�Âʃ2˩ȶ2º�0E�.͙2) ˑ

ɷɸ1BE ATPȽȼ̊ż2º��.͙3) ɭâ2 pHº�1Ş!EʙƗ (Buffering capacity) 

2º��.�C͙ɓǗ̪2˱ǜĿj`l-3 MAOD IÀ�èEñ1ɭ2ċʏ̒ùIưʇ

!E�.2Ī̼0ȴƝ1̱),�&ĎʤƗ2�E�.IƱǀ�,�E͚�ǌ͙ǣɔɤ-

3͙2 minj`l1��E%MAOD3 V
͚

O2max .Ǟƛ0ɏ̫̫ÆIɘ�"͙MAOD.Ǟƛ

0˨2ɏ̫̫ÆIɘ�&͚�2ʂǭ3͙2 min j`l1��, MAOD 2æȹ�&˄͒ʘ

2Ţ0�)&�.13͙˄͒ʘ2Pp�V�Âʃɸ2¼óȲƗ®Ľ2ˊĨ2̫��,�

&�.IɘĠ�,�E͚ 

 

4. 2. ��M�X2̒ùȲƗ2Ƈ̈́ 

� ��M�X2̒ùȲƗ.�,͙˯̒ù@ʮ˺˹̒ù.Ȇ˽�,̒ù�a�2̐�ȩ2

��CFE͚!0H(͙ǣɔɤ2 1 km j`l (̒ùǗ̪2 3.3 min) 2`l��W��l2

36.2 strokes/min-�)&21Ş�,͙̒ùǗ̪2Ȇ˽Ɋ̄�̲�ɩƨ2 1500 m ɢɍ (̒ù

Ǘ̪2�B$ 3.5 min) �B5l�hW\MW��Xɩƨ2 4000 m ɢɍ (̒ùǗ̪2�B$

4.0 min) 2vhg3͙$F%F 170~230 steps/min (ǪŤ9� , 1997) �B5 130-140 

revolutions/min (Craig and Norton, 2001) -�E͚�F3͙��M�Xù¾2˸¼Iñǌė7
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.ɠù�#Ǿ2t��Ɉƾ2ȡÔIˁ0�ť̓ (�S±��ť̓) IęJ-�E&>-�

E.ʗ�CFE͚�2B�1ù¾1B),̒ù�a�2î̯�FE��M�X-3͙ɓ

Ǘ̪2̪1Ɉƾ-�Eª ̢2̯CF͙$2ʂǭ͙ 2 min - MAOD IÀ�èE�.2-

�0�)&ĎʤƗ2�E͚ǣɔɤ1��,͙2 min j`l1��E%MAOD . MAOD 2

̪1˨2ɏ̫̫Æ2˞>CF&�.͙!0H( MAOD 2͔�˄͒ʘ9/ 2 min j`l1

��E MAOD 72í̕ȸ2º�)&�.3͙�2ˋˑIǂư!Eʂǭ-�)&.ʗ�C

FE͚ 

 

4. 3. {�`ƢɅ2Ƈ̈́  

� MAOD2æȹ�&˄͒ʘǇ3͙ǜ?̒ùǗ̪2̧�)& 2 kmj`l1��,ǜ?ľ�

)& (6Ė) 2͙ȟŕˠůIʗƟ�,MAOD1í̕�,�&�Iêŕ�&Ķē͙MAOD1

í̕�,�&.êŕ�F&˄͒ʘǇ3͙1 kmj`l1��,ǜ?ľ� (13Ė͙93 %)͙$

FBD?̒ùǗ̪2̧� 1.5 km j`l�B5 2 km j`l-3Ţ0�)& ($F%F 12 

Ė͙86 % �B5 11Ė͙77 %)͚ 

� MAOD Iȟŕ!E̶13͙�ŕ2˨ʷ-ɇ÷ĪƠ;-̒ùIˁ0H#E Open-loop Ĳ

2j`ly�lZ� (Medbø et al., 1988) .͙Ȍ>CF&̒ùǗ̪;&3˴̻1í̕!E;

-̒ùIˁ0H#EClosed-loopĲ2j`ly�lZ� (Craig et al., 1995; Withers et al., 1991; 

Withers et al., 1993) 2Ⱦ�CFE͚Open-loopĲ2j`ly�lZ�-˚Ä�&twQ�~

�` (ɇ÷ĪƠ1ʯE;-2̒ùǗ̪) 3͙Closed-loop Ĳ2j`ly�lZ�-˚Ä�&

twQ�~�` (Ɉƾt��;&3í̕Ǘ̪) .Ȇ˽�,͙Ļù2Ŀ���.2ĵě�F

,�E (Currell and Jeukendrup, 2008)͚$�-͙ǣɔɤ-3͙Closed-loopĲ2j`ly�l

Z�IƸȾ�͙2 min j`l-3̒ùǗ̪Iˌŕ�͙$FBD̒ùǗ̪2̧�j`l.�

,͙Ȣ˴̻Iˌŕ�&j`l (1 km͙1.5 km�B5 2 kmj`l) IƸȾ�&͚$2ʂǭ͙

2 min j`l-3͙̒ùɎƉ2Ɉƾt��2͔�͙$2Ɖ̒ùǗ̪2ʁ̓1¶),ȣȜ!

ER��KNlĲ2t��Ɉƾ-̒ù2ˁ0HF,�E�.2ɖ˞�F͙ĕǹ2×ė2 1 
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km j`l1��,?˞>CF&͚�ǌ͙1.5 km j`l�B5 2 km j`l-3͙j`l

̩ňɎƉ2Ɉƾt��2ǜ?͔�͙$2Ɖ̒ùǗ̪2ʁ̓1¶),ȣȜ!E2͙j`l

ɿɌ1��,͙ãżɈƾt��2Ĺõ!E�.2ɖ˞�F&͚1.5 km j`l�B5 2 km

j`l-˞>CF&{�`ƢɅ3͙Ŗ̶2��`-Ⱦ�CFE{�`ƢɅ.?�ʰ�,

�& (Garland, 2003; Ǫ�9� 2006)͚���͙̒ù̩ňɎƉ2͔�t��Ɉƾ (`e�l`

t�l) Ię={�`ƢɅ3͙Ǒ�Ȅ̴�C­˥ƗK^m�^`2ȼ E�.1B),ˑ

ɷɸ�C2Pp�V�Âʃ@ɭċʏ2̭ř�FEĎʤƗ?Ʊǀ�F,�E (Fabiato and 

Fabiato, 1978; Foster et al., 1994; Medbø and Tabata, 1993; Hermansen, 1981)͚�FC2ȩIʗ

�ēH#E.͙1.5 kmj`l�B5 2 kmj`l-3͙j`lñĀ1��,̓ż1͔�ƃ

ż-̒ù2ˁHF&�.1B),͙j`lƉĀ1��,͔�ƃż-̒ùȈˁ!E�.

2-�"͙$2ʂǭ͙MAOD 1í̕!E�.2-�0�)&˄͒ʘ2ę;F,�&Ďʤ

Ɨ?ʗ�CFE͚ǣɔɤ2ʂǭ�C3͙Ē˄͒ʘ2Ⱦ�&{�`ƢɅ2ǜ̘0?2-�

)&�IǶ˖!E�.3-�0�2͙��M�X1��, 1.5 kmj`l�B5 2 kmj`

lIȾ�, MAOD I˚Ä!E.͙̒ù�2{�`ƢɅ2ȟŕʂǭ1Ƈ̈́Iĉ:!ĎʤƗ

2�E�.1Ʉƛ!EƓˊ2�E.ʗ�CFE͚ 

 

4. 4. IAAtotalIȾ�& AODȏ2ǞȾƗ 

� 1V_y�O�%>/ IAAtotal0 2 min]V_.��)ǔ.ă�ƩCħ�)�%��/

æ�0 ]V_¹.��) 1 V_y�O�%>/Ǐđ�ǯ!�:�ƹ*0-�'%�Ǟ

ŰCħć�)�?�ȈìÉ/æ��=y�G{PǏđ�,/<�.ǽȖ�)�%�Cé

Ǎ ?+0*�-�� 2 min ]V_*0ǫ®ƿƄ÷Ȅú3+Ɵ��ŦƛC�Ǐ�"((

ă�Ǥ½dz�*�Ǐ�ÿB@)�> #@�¨/]V_*0 Ŧƛ/Ƅ÷Ȅú3/�

ǏȦ�ƍƜƿ.ñŏ�)�%�ǞŰ:þ�=@?�ìÉ ơ III – 2*0 ċƟ�]V_.

��?V_y�Ox�_CƱŲ ?�+.<') ƲċƟ]V_.��?V_y�Ox

�_/Ɛ�.Ǧ�ǕƿĖĢ/Ɛ�ǹCȂų ?Ȅȅ (SRƐ�ŝè) .(�):éǍCÿ-
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'%��/Ȅȅ0 <>·ǿ.ǕƿĖĢ/Ɛ�ǹCȂų ?Ȅȅ*�?+��?���

� ȈìÉ*­ǚ�@%<�- 1 V_y�OƯ/Ǐđ/ǽȖ0 V_y�Ox�_/7

*0Ƒ�?�+�*�-�%9 IAAtotalCș�% AODȅ0 V_y�Ox�_CƱŲ 

?Ȅȅ<>:y�G{Pĥ/ ODCŪƹ ?��*Ȕș-Ȅȅ*�?+þ�=@?� 

 

4. 1. ǣɔɤ2̯Ƀ 

� ȈìÉ*0 ƨęƟ¯ŵk�_ƃĵCƜŗ+�) y�G{Pĥ/MAODCƒƹ ?Đ

/hy_Qw.(�)éǍCÿ-'%�#/æ� 2ǹ¹]V_*0 y�G{P/�Ǐ

ǔŰ  -B&�ǏvWo�ůô�@?�+.<') ƥĥ¹*Ǥ½*�?ĖĢȦ�ů

ô�@ #/æ� 2 min ]V_*0 MAOD .0ǋƣ ?�+�*�-��+�ħć�

@%�6% 1.5 km]V_�<2 2 km]V_*0 ċǀ-j�Vƀȣ*�Ǐ�ÿB@-

�'%�+.<> �Ǐĥ¹�Ƴ�.:��B=! MAOD �ǒ=@-�ǬïĮ�»6@

)�%�ǞŰ�þ�=@%���� ÎÃxiw6%0ÃŃxiw�ă� ƥĥ¹*<

>Ƙ�/ĖĢȦ�Ǥ½*�?ƃĵ; 1.5 km]V_; 2 km]V_.��)ċǀ-j�V

ƀȣCƃƢ*�?ƃĵCƜŗ+�%śĄ.0 ȈìÉ+0�-?æ��ǒ=@?�ǞŰ

��?� 

 

5. ʂ� ˤ 

� ȈìÉ/æ��= ƨęƟ¯ŵk�_ƃĵCƜŗ+�) y�G{Pĥ/MAODCƒƹ

 ?Đ.0 �Ǐĥ¹� 3.3 ǹƼǆ*�? 1 km ]V_�ǀ�)�?�+�ħć�@%�

6% #@<>:�Ǐĥ¹�ƥ� 2 ǹ¹]V_*0 ǬïĮ.K�wEH_áĩ/dz

�Ǥ½Cÿ-�<�ĚħC�): 14ȍƯ 4ȍ/ǬïĮ*MAOD�ǒ=@-��+�Ȏ

=�.-'%�6% 1 km ]V_<>:�Ǐĥ¹�Ƴ� 1.5 km ]V_�<2 2 km ]V

_*0 ǬïĮ�ĭĐ/x�V+Ȩģ�%j�VƀȣCČș�"%+�A 14 ȍƯ 2 ȍ

�<2 3ȍ/ǬïĮ*MAOD�ǒ=@-�'%�+�= AOD�j�Vƀȣ/�ÔCķ
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�?�ǞŰ�ħć�@%� 
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ɫ11ɨ ɔɤˢ͋ V (Ŗ˶ɔɤ) 

��M�XtwQ�~�`.Ȫ̠ɼƗPp�V�Âʃʤó2̫Æ  

 

1. ɍ� Ɋ 

� �F;-��M�XtwQ�~�`.Ȫ̠ɼƗPp�V�Âʃʤó2̫ÆIǶ˖�&

Üˁɔɤ3͙2ç̪j`l@ 2 kmj`lǗ2 AODI MAOD.�,Ʀ�͙$F.��M

�XtwQ�~�`2̫ÆIǶ˖�,�E (Clark, 2016; Pripstein et al., 1999; Russell et al., 

1998)͚���͙ɔɤˢ͋ IV 2ʂǭ�C͙2 ç̪j`l;&3 2 km j`l-3͙MAOD

2ƌCF0�˄͒ʘ?˞>CFE�.2ǔC�10)&͚ 

� $�-͙ǣɔɤ-3͙ɔɤˢ͋ IV 1��,Ȋ>&Ē˄͒ʘ2 MAOD IȪ̠ɼƗPp

�V�Âʃʤó2ƱǺ.�,͙$F.��M�XtwQ�~�`2̫ÆIǶ˖!E�.

IɍɊ.�&͚õ�,͙IAAtotalIȾ�& AOD ȏ.ƋǨ2 AOD ȏIȾ�,͙$F%F 2 

km j`l�2Ȫ̠ɼƗPp�V�Âʃ̢Iŕ̢�&Ķē1͙ȟŕǌȏ̪-/2ɡż2ů

2ȼ E�1*�,?Ƕ˖Iˁ0)&͚  

 

2. ǌ� ȏ 

� ǣɔɤ-3͙ɔɤˢ͋ IV -ˁ0)&Ŗ͒ʂǭ2�(͙ȣĹ˨ʷj`l-ƌCF&ȼȺ

őɊƱǺ͙MAOD �B5 2 km j`l2ʂǭIȾ�,çǫIˁ0)&͚;&͙2 km j`

l-3͙250 m ü̪ȅ2 AOD1*�, IAAtotal IȾ�& AODȏ.ƋǨ2 AODȏ2̪-

Ȇ˽Ƕ˖Iˁ0)&͚$2&>͙ǌȏ1*�,3͙ɔɤˢ͋ IV 1��,ǡ˗̆2çǫǌ

ȏ1*�,2<˗̆�&͚ 

 

2. 1.  ˄ ͒ʘ 

� ǣɔɤ2˄͒ʘ3͙ ɔɤˢ͋ IV .ĕǹ-�)&͚���͙2 km j`l�2Ȫ̠ɼƗ
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Pp�V�ÂʃùƝ2Ƕ˖3͙fX�`±hX72ƸȈ2eM��X2Ɇ0)&˄͒ʘ 1

ĖḬ�& 13Ė (˸̧: 174.0 ± 5.1 cm͙¼̡: 69.6 ± 7.6 kg͙Ÿ͖: 20.2 ± 1.1 Ȃ) IŞ˧.�

&͚ 

 

2. 2.  Ŗ͒Ƿˊ 

� ȣĹ˨ʷj`l͙SR j`l�B5ĒtwQ�~�`j`l (2 min j`l͙1 km j`

l͙1.5 kmj`l�B5 2 kmj`l) 2Ŗ͒ƥ͆3ɔɤˢ͋ IV1ɘ�&̉D-�E͚ 

 

2. 3.  ɯæͅɍ 

� IAAtotalIȾ�& AOD ȏ1B),͙ĒtwQ�~�`j`l�2 AOD Iƻŕ�͙$2

ǜĿÐI MAOD .�&͚2 km j`l1��, 250 m ü̪ȅ2 OD I͙IAAtotalIȾ�&

AODȏ�B5ƋǨ2 AODȏ1B),$F%Fƻŕ�&͚IAAtotalIȾ�&AODȏ1BE

OD2ƻŕǌȏ3͙ɔɤˢ͋ IV1ɘ�&̉D-�)&͚�ǌ͙ƋǨ2AODȏ-3͙ǜĿ

�j`l-Ȋ>&Ɉƾt��. V
͚

O2 2Ɏʋħųſ1Ēü̪2ŷıɈƾt��IĽƵ!E

�.1B), ODIƻŕ�&͚ 

 

2. 4.  ʄ˕åȺ 

� ʂǭ3Þ,ŷıÐ ± ǺȡÑů1,ɘ�&͚ͅɍ̪2̫ÆƗ2Ƕ˖13ĂħųçǫIȾ

�͙vKd�2ɣȸɏ̫Æ (r) 1B),̫Æ2ƃ�I˚Ä�&͚2 kmj`l2Ēçǫü̪

1��EȟŕƱǺ2ů2Ƕŕ13͙çǫü̪IˊĨ.�&�Û̝ʒ2çǆçǫIȾ�͙

Ǟƛů2˞>CF&Ķē13 Bonfferroniȏ1BE ƉǶŕIˁ0)&͚ƻŕǌȏ̪ (ƋǨ

2 AODȏ�B5 IAAtotalIȾ�& AODȏ)͙V
͚

O2max. 2 kmj`l2Ēȟŕü̪1��E

V
͚

O22ů2Ƕ˖13͙ŞƔ2�E tǶŕIȾ�&͚0�͙Ą̳ȸ 5 % ǡȠ-ʄ˕ɊǞƛƗ

IêǊ�&͚ 
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3. ʂ� ǭ 

2 km j`l2ƤˊǗ̪͙Ɉƾt��͙`l��W��l�B5 IAAtotal 3͙$F%F

7.0 ± 0.3 ç̪͙300.8 ± 24.7 watt͙32.9 ± 1.0 strokes/min�B5 64.1 ± 4.6 a.u./min -�)&͚

V
͚

O2peak3 4010.7 ± 369.8 ml/min -�D͙V
͚

O2max.2̪1Ǟƛ0ů3˞>CF0�)&͚2 

km j`l�1ȟŕ�F& HRpeak3 187.0 ± 8.8 beats/min-�D͙ȣĹ˨ʷj`l-ȟŕ�

F& HRmax (192.6 ± 7.6 beats/min) BD?Ǟƛ1º�ÐIɘ�&͚;&͙2 km j`l-ȟŕ

�F&[La]b peak3 10.74 ± 0.90 mmol/l -�D͙ȣĹ˨ʷj`l-ȟŕ�F&[La]b max (9.26 ± 

1.67 mmol/l) BD?Ǟƛ1͔�ÐIɘ�&͚ 

IAAtotalIȾ�&AODȏ1B),ƻŕ�& 2 kmj`l�2 AOD3͙6.2 ± 2.4 LO2Eq-

�D͙ƋǨ2 AODȏ1B),ƻŕ�&Ð (4.3 ± 1.2 LO2Eq) BD?Ǟƛ1͔�ÐIɘ�&͚

IAAtotalIȾ�& AODȏ1B),˚Ä�& 2 kmj`l�2%Anaerobic3 19.0 ± 6.0 % -

�D͙ƋǨ2 AODȏ1B),˚Ä�&Ð (12.7 ± 3.7 %) BD?Ǟƛ1͔�ÐIɘ�&͚ 

� Ĭ 11 – 11 2 kmj`l�2Ɉƾt�� . V
͚

O2max�<2MAOD (ìÉ ơ IV<> 6.4 ± 

2.1 LO2Eq) /ºÞCħ�%�y�G{PdfJ�m{V0 V
͚

O2max+Ò�ų/ƍººÞC

ħ�%� MAOD+/¹.ƍººÞ0ǚ9=@-�'%� 

 

 

�  

 

 

 

 

 

 

 
ũ 11 – 1. 2 km]V_Ư/dfJ�m{V (ǻØǤ½dz�, P2k) + V

͚
O2max (Ĉũ) �<

2MAOD  (�ũ) /ºÞ� 

250

275

300

325

350

3.0 3.5 4.0 4.5 5.0
250

275

300

325

350

0.0 5.0 10.0 15.0

P 2
k

(W
)

(r = -0.06, p = 0.832, n.s.)

VO2max (L/min)
.

MAOD (LO2Eq)

y = 43.43 x + 125.92
(r = 0.82, p < 0.01)
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� Ĭ 11 – 21 2 kmj`l�2Ɉƾt��͙`l��W��l͙IAAtotal�B5 1`l��

W�&D2 IAAtotal (IAAtotal / SR) 2ƻɠIɘ�&͚Ɉƾt��3 0�250 m ü̪-ǜ?͔�

ÐIɘ�&͚0�250 m ü̪.Ȇ˽�,͙$F®Ľ2ü̪2Ɉƾt��3�"F?Ǟƛ1

º�ÐIɘ�& (p < 0.05)͚1250�1750 m ü̪-3͙Ɉƾt��1Ǟƛ0ů3˞>CF0

�)&2͙1750�2000 m ü̪3͙$2Ɏñ2ü̪.Ȇ˽�,Ǟƛ1͔�ÐIɘ�& (p < 

0.05) ͚`l��W��l3 0�250 m ü̪1��,ǜ?͔�ÐIɘ�&2͙0�750 m 2

ɲī1��,Ēü̪-Ǟƛ0ů3˞>CF0�)&͚���͙750�1750 m ü̪3͙0�

250 mü̪.Ȇ˽�,͙`l��W��l2Ǟƛ1º�ÐIɘ�& (p < 0.05)͚1750�2000 

m ü̪1��,`l��W��l3͙Ɏñ2ü̪.Ȇ˽�,Ǟƛ-30�?22͔�Ð

Iɘ�&͚IAAtotal 3�"F2ü̪1��,?Ǟƛ0ů3˞>CF0�)&͚IAAtotal / SR

3͙0~250 m ü̪1��,ǜ?º�ÐIɘ�͙$��C̒ùǗ̪2ʁ̓..?1

1500~1750 m ü̪;-ʌ@�1Ĺõ�&͚�C1͙1750~2000 m ü̪1��E IAAtotal / SR

3͙Ɏñ2ü̪.Ȇ˽�,Ǟƛ1ȜŢ�&͚ 

�  
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ũ 11 – 2. 2 km]V_Ư/Ǥ½dz� (A) V_y�Ox�_ (B) IAAtotal (C) 
�<2 1V_y�O�%>/ IAAtotal (D) /Ū� (n = 13)�  
ũƯ/* 0 0-250 m Ú¹+ǫ®�)Ȕ�ĉ (p < 0.05) �ǚ9=@%�+Cħ� 
†0ƵƄ/Ú¹+ǫ®�)Ȕ�ĉ (p < 0.05) �ǚ9=@%�+Cħ �6%  
⟷*ħ�%Ú¹0 #@$@Ȕ�ĉ�ǚ9=@-�'%�+Cħ �	
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� Ĭ 11 – 31 2 kmj`l�2 V
͚

O22ƻɠIɘ�&͚V
͚

O23͙0~250 m ü̪1��,ǜ?

º�ÐIɘ�͙$2Ɖ͙̒ùǗ̪2ʁ̓..?1Ĺõ�͙750~1000 m ü̪®̮2ü̪-

3ȣĹ˨ʷj`l-ȟŕ�& V
͚

O2max.Ǟƛů2˞>CF0�)& (1000 m İȩ;-2Ƥ

ˊǗ̪3 3.3 ± 0.1 ç̪)͚ 

�  

 

 

 

 

 

 

 

 

  

 

 

 

 

� Ĭ 11 – 41 IAAtotalIȾ�& AODȏ�B5ƋǨ2 AODȏ-ƻŕ�& 2 kmj`l�2

AOD�B5%Anaerobic2ƻɠI$F%Fɘ�&͚Ēü̪2AOD3͙ƋǨ2AODȏ.Ȇ

˽�,͙IAAtotal IȾ�& AOD ȏ1��,$F%FǞƛ1͔�ÐIɘ�&͚;&͙AOD

2ƻɠ1ɑɍ!E.͙�ǧ°.? 0�250 m ü̪1��,ǜ?͔�ÐIɘ�͙$2Ɖ3̒

ùǗ̪2ʁ̓1¶), 1250 m İȩ;-Ǟƛ1º��&͚���͙ƋǨ2 AOD ȏ-3͙

$2Ɖ2 1250�2000 m ü̪1��,Ēü̪2 AOD 1Ǟƛů2˞>CF0�)&21Ş

�,͙IAAtotalIȾ�& AODȏ-3 1750�2000 m ü̪2 AOD2$2Ɏñ2ü̪.Ȇ˽�
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�
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(3939.0 ± 539.6mL/min)

�

*

*
*

ũ 11 – 3. 2 km]V_Ư/ V
͚

O2�ǉ (n = 13)�  
ũƯ/* 0ƅƐǶ�]V_*È9% V

͚
O2max+Ȕ�ĉ�ǚ9=@%�+Cħ �

6% ũƯ/ǡƂ0 V
͚

O2max/ǻØƩCħ �	
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,Ǟƛ1͔�ÐIɘ�& (p < 0.05) ͚ 
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ũ 11 – 4. 2 km]V_Ư/« 250 m Ú¹.��? AOD (A) �<2 %Anaerobic 
(B) /Ū� (n = 13)�  
ũƯ/�0 IAAtotalCș�% AOD ȅ.<')ǒ=@%ƩC 
0ľț/ AOD
ȅ*ǒ=@%ƩCħ �* 0 0-250 m Ú¹+ǫ®�)Ȕ�ĉ�ǚ9=@%�+
C #0ƵƄ/Ú¹+ǫ®�)Ȕ�ĉ�ǚ9=@%�+C †0ŪƹȄȅ¹*Ȕ
�ĉ�ǚ9=@%�+Cħ  (�!@: p < 0.05)�  
⟷*ħ�%Ú¹0 #@$@Ȕ�ĉ�ǚ9=@-�'%�+Cħ �	
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4. ʗ� ŝ 

� ǣɔɤ2ɍɊ3͙̒ùǗ̪2Ɇ0E˱ǜĿj`l-Ȋ>& MAOD IȪ̠ɼƗPp�V

�Âʃʤó2ƱǺ.�,͙$F. 2 km j`l1��EɈƾt��.2̫Æ�C͙��M

�XtwQ�~�`.Ȫ̠ɼƗPp�V�Âʃʤó2̫ÆIǶ˖!E�.-�)&͚�

C1͙ǣɔɤ-3͙ƋǨ2 AODȏ�B5 IAAtotalIȾ�& AODȏ1B),͙2 kmj`l

Ǘ2Ȫ̠ɼƗ­˥I˚Ä�&Ķē1͙ǌȏ̪-/2B�0ů2ȼ E�1*�,?Ƕ˖

Iˁ0)&͚ǣɔɤ2ʂǭ�C͙IAAtotalIȾ�& AOD ȏ1B),˚Ä�& 2 km j`l

�2 AOD3 6.2 ± 2.4 LO2Eq-�D͙%Anaerobic3 19.0 ± 6.0 % 1̕!E�.͙�C1͙

�FC2Ð3�"F?ƋǨ2 AODȏ-ƻŕ�&Ð (4.3 ± 1.2 LO2Eq�B5 12.7 ± 3.7 %) .

Ȇ˽�,Ǟƛ1͔�ÐIɘ!�.2ǔC�10)&͚���͙2 km j`l�2Ɉƾt�

�.MAOD (6.4 ± 2.1 LO2Eq) 2̪1Ǟƛ0ɏ̫̫Æ3˞>CF0�)&͚ 

 

4. 1. 2 kmj`l�2Ȫ̠ɼƗ­˥ 

Hagerman (2010) 3͙2000 m ��`�2ˀ��̠ùƝIǔC�1!E&>1͙6 ç̪2

^����^��ȢIP�[��e-ŖǍ�͙1͙2͙3͙4 �B5 5 çƉ1��f�1j

`lI�ǿ�#E�ǜƉ;-Ȣ�èC#͙$2.�2ˀ��̠ȦżIȟŕ�&͚$2ʂ

ǭ͙ˀ��̠Ȧż3 2çɍ;-�ǒ�ʇ� 16�18 mmol/L1̕�͙$2Ɖ?Ȇ˽Ɋ͔�Ð�   

(14�16 mmol/L) -ʈư�FE�.2ǔC�1�&͚�2�.�C͙��`�3͙`e�

lɎƉ�CȪ̠ɼƗ­˥1BEPp�V�Âʃ2ˁHFE�.͙�C1͙ˀ�7.Ǆæ

�F&�̠3̒ù�?«2ʀʐ1ČD̃;F̰ć�FE�. (van Hall et al., 2009) �C͙

��`�Ɍ®̮?Ȫ̠ɼƗ­˥�C2Pp�V�Âʃ2�ŕ2òē-ʈư�F,�E.

ʗŝ�,�E͚ǣɔɤ1��,͙IAAtotalIȾ�& AOD ȏ�B5ƋǨ2 AOD ȏ-ŕ̢�

& AOD3͙�"F?`e�lɎƉ2ü̪ (0-250 m ü̪) 1��,ǜ?͔�ÐIɘ�͙500 

m İȩ;-1Âʃ�F& AOD3͙j`lÞ¼-Âʃ�F& AOD2$F%F 53.2 % �B

5 66.4 % 1ɏƄ�&͚�C1͙$2Ɖ2Ȫ̠ɼƗ­˥1BEPp�V�ÂʃùƝ1ɑɍ
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!E.͙ƋǨ2 AODȏ-3͙1250 m İȩ;-1Âʃ�F& AOD2͙j`lÞ¼-Âʃ

�F& AOD 2 90 % ̄�1̕�͙$2Ɖ3Ȫ̠ɼƗ­˥�C2Pp�V�Âʃ29.J

/ˁHF,�0�.��ʂǭ2ƌCF&͚�ǌ͙IAAtotalIȾ�&AODȏ-3͙1250 m ;

-1Âʃ�F& AOD3͙j`lÞ¼-Âʃ�F& AOD2 80 % ɡż-�D͙$2Ɖ?Ȫ

̠ɼƗ­˥�C2Pp�V�Âʃ2ưʇɊ1ˁHF,�&͚�2�.�C͙IAAtotal IȾ

�& AOD ȏ-ƌCF&ʂǭ3͙ˀ��̠Ȧż2ùƝ�C�Ɍ®̮?Ȫ̠ɼƗ­˥2˩ȶ

2ʈư�FE�.IƱǀ�&Üˁɔɤ (Hagerman, 2010) 2ʂǭIǂư!E?2-�D͙2 

km j`l-3�Ɍ®̮1��,?Ȫ̠ɼƗ­˥�C2Pp�V�Âʃ2�ŕ2òē-ʈ

ư�FE�.IɘĠ�,�E͚�2ȩ3͙IAAtotalIȾ�& AOD ȏ1B), 2 km j`l

�2Pp�V�­˥IǶ˖!E�.1B),ǔC�1�F&ǣɔɤ2̡ˊ0ɒˋ-�E͚ 

;&͙1750�2000 m ü̪-3͙$2Ɏñ2ü̪.Ȇ˽�,͙Ɉƾt���B5`l�

�W��l2Ĺõ�,�D͙�HAE�`l`t�l2ɖ˞�F&͚��`�Ɍ®̮ 

(1000 m ®̮) ͙Ǟ̠ɼƗ­˥�C2Pp�V�Âʃ (V
͚

O2) 39:ǜĿ1̕�,�D͙ 

IAAtotalIȾ�& AOD ȏ-ŕ̢�&ǜɿü̪2 AOD 3͙$2Ɏñ2ü̪2 AOD .Ȇ˽

�,Ǟƛ1͔�ÐIɘ�&͚�2ʂǭ3͙��`ɿɌ2�`l`t�lť̓1��EȪ

̠ɼƗ­˥�C2Pp�V�Âʃ2̡ˊƗIɘĠ!E?2-�E͚ 

 

4. 2. ��M�XtwQ�~�`.Pp�V�Âʃʤó2̫Æ 

� ��M�XtwQ�~�`3͙ȣĹ˨ʷj`l-ȟŕ�& V
͚

O2max ;&3twQ�~�

`j`l�2 V
͚

O2peak.ƃ�̫̌!E�.2ĵě�F,�D (Bourdin et al., 2004; Cosgrove 

et al., 1999; Kramer et al., 1994; Lacour et al., 2007, 2009; Messonnier et al., 1997)͙Ǟ̠ɼƗP

p�V�Âʃʤó2̡ˊƗ2Ʊǀ�F,�E͚ǣɔɤ1��,?͙2 km j`lǗ2Ɉƾ

t��. V
͚

O2max2̪1͂Ŵ1ƃ�Ȁ2ɏ̫̫Æ2˞>CF&͚ �ǌ͙Ȫ̠ɼƗp�V�

Âʃʤó1*�,3͙��M�XtwQ�~�`.̫̌2˞>CF&.!Eĵě (Clark., 

2016; Pripstein et al., 1999) .͙˞>CF0�)&.!Eĵě (Russell et al., 1998) 2Țį�
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,�E2͙ǣɔɤ1��, 2 km j`lǗ2Ɉƾt��. MAOD 2̪13Ǟƛ0ɏ̫̫

Æ2˞>CF0�)&͚  

� ��M�XtwQ�~�`.Ȫ̠ɼƗPp�V�Âʃʤó2̫Æ1Ƈ̈́Iĉ:!ˊĨ

.�,3͙˄͒ʘ2Ǟ̠ɼƗPp�V�Âʃɸ2¼ó�B5$F1˰Ĩ!EtwQ�~

�`�z�2ʗ�CFE͚Üˁɔɤ (Bourdin et al., 2004; Cosgrove et al., 1999; Kramer et al., 

1994; Lacour et al., 2007, 2009; Messonnier et al., 1997) �B5ǣɔɤ2ʂǭ�C͙Ǟ̠ɼƗP

p�V�Âʃʤó2��M�XtwQ�~�`IȌŕ!Eǜ?ƃó0ȌŕĨō-�E�

.3ǔC�-�E͚$2&>͙Ǟ̠ɼƗPp�V�Âʃʤó24C*�2Ŀ��͙$F

1¶),twQ�~�`�z�24C*�?Ŀ�0̹ĩIŞ˧.�&Ķē13͙Ȫ̠ɼ

ƗPp�V�Âʃʤó2ů1B),��M�XtwQ�~�`2ů2ˡǔ-�0��.

2ʗ�CFE͚ǣɔɤ2ȣĹ˨ʷj`l-ȟŕ�& V
͚

O2max3͙ǜ?º�˄͒ʘ- 3092.2 

ml/min -�D͙ǜ?͔�˄͒ʘ-3 4944.1 ml/min -�)&͚�C1͙2 km j`l2Ƥˊ

Ǘ̪3 6.5�7.2 ç̪-�D͙˄͒ʘ2ɩƨ�z�3ǎǣ­˃2̙ʗĴȡ1í̕�,�E

�z��C�ʲɊ0Ŀőȼ|�l̙ƥ�z�;-źɲ1ĉJ-�&͚�C1͙̒ùǗ̪

2ɓ�0E9/Ȫ̠ɼƗ­˥2˩ȶòē2Ĺõ!E�. (Duffield et al., 2004, 2005a, b) I

ʗ�ēH#E.͙V
͚

O2max �B5$F1˰Ĩ!E��M�XtwQ�~�`2BD͔��

z�-ɬˮ0˄͒ʘIŞ˧.�&Ķē13͙ǣɔɤ.3Ɇ0Eʂǭ2ƌCFEĎʤƗ?

�E͚ 

 

5. ʂ� ˤ 

� ȈìÉ/æ��= IAAtotal IȾ�& AOD ȏ-˚Ä�& 2 km ]V_Ư/ AOD �<

2%Anaerobic0 #@$@ 6.2 ± 2.4 LO2Eq �B5 19.0 ± 6.0 % -�D͙ƋǨ2 AODȏ.

Ȇ˽�,$F%FǞƛ1͔�ÐIɘ!�.2ǔC�10)& (4.3 ± 1.2 LO2Eq �B5 12.7 

± 3.7 %)͚���͙��M�XtwQ�~�`.MAOD2̪13Ǟƛ0ɏ̫̫Æ3˞>C

F0�)&͚$2ˊĨ.�,͙ǣɔɤ-Ş˧.�&˄͒ʘ-3͙��M�XtwQ�~
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�`2BDƃ�ȌŕˊĨ-�E V
͚

O2max 24C*�2Ŀ��͙Ȫ̠ɼƗPp�V�Âʃʤ

ó.twQ�~�`2̫ÆƗ2˞>CF0�)&ĎʤƗ?ʗ�CF&͚���͙2 km j

`l2�Ɍ®̮3͙V
͚

O2 29: V
͚

O2max 1í̕�,�&�.͙Ȫ̠ɼƗ­˥2�ŕ2òē

-˩ȶ�ʇ�,�&�. (�B$ 10 %)͙�C1͙��`2ǜɿü̪-3$2Ɏñ2ü̪

BD?Ɉƾt��2Ǟƛ1͔�0D͙�*ǜɿü̪2 AOD 3$2Ɏñ2ü̪.Ȇ˽�,

Ǟƛ1͔�ÐIɘ�&�.0/Iʉē!E.͙Ȫ̠ɼƗ­˥�C2Pp�V�Âʃ3�

�`�Ɍ®̮1��,͔�Ɉƾt��Iʈư!E&>1̡ˊ0ˊĨ.0EĎʤƗ2ʗ�

CF&͚ 
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ɫ12ɨ ʉēʗŝ 

 

1. `l��W��l2Ĺõ2 IAAtotal�B5 V
͚

O21ĉ:!Ƈ̈́ 

� y�G{P+ǐȗ.Ļ¾ŰCȔ ?�Ǐ*�?Ĩǃİ�Ǐ*0 �ǏƯ/jZw¥ǃ

ŭ� V
͚

O2.Ç5 �Ô�ŶD.ìÉ�@)�> #@=0 V
͚

O2�ċŎ+-?ǔƹ/e\

[ (ãče\[) �łò ?�+  -B&ãče\[�=e\[CƐ��"):ñŏ�

"): V
͚

O2�ƐƟ ?�+Cȃą�)�? (Coast and Welch, 1985; Foss and Hallen, 2004; 

Gaesser and Brooks, 1975; Marsh and Martin, 1993; Seabury et al., 1977)�ìÉ ơ I – 1.��

) ǐ�/Ǥ½dz�ŝè�*V_y�Ox�_/7CƐ�6%0ñŏ�"%æ� y

�G{P.��):V_y�Ox�_+ V
͚

O2/¹.ǐȗ/ºÞ  -B& V
͚

O2�ǔƹ/

V_y�Ox�_ (ãčV_y�Ox�_) .��):ċ:Ƹ�ƩCħ� #��=V_

y�Ox�_CƐ��"):ñŏ�"): V
͚

O2 �ƐƟ ?�+�­ǚ�@%�Ĩǃİ�

ǏCƜŗ+�%ſÿìÉ*0 ãče\[<>:e\[CƐ��"%Đ. V
͚

O2 CƐƟ�

"?Ț�+�) 1) jZv{PǏđ#/:/ ( -B&ǕƿĖĢ) /Ɛ� (Foss and Hallen, 

2004, 2005) 2) Ù/ĺŁǴǆ/Ɛ�.Ǧ�ÙŎȆƛ�=/Ca2+/ł�Ǚ@/Ǵǆ�Ɛ� 

?�+.<?ATPőǭȦ/Ɛ� (šð4�, 2005) Ù/ǕǷƺû/Ɛ� (Gaesser and Brooks, 

1975) -,�Ěƾ�@)�?��Ȅ y�G{P0 ŦƛŀŠCƄ÷Ȅú3+Ɵ���Ǐ

�"((dz�Ǥ½CÜ>Ǿ +��ǔŰCȔ�)�?�+�= Ou{O.�')�

Ğ/7C¥ǃ�"?�Ǐ*�?Ĩǃİ�Ǐ+ǫ®�) ŦƛC�Ǐ�"?ĖĢȦ  -

B&ǕƿĖĢȦ�ǫ®ƿƟ�-�Ǐ*�?�+�Ěƾ�@)�? (Di Prampero et al., 1971, 

Fukunaga et al., 1986)��/�+�= y�G{P.��)ãčV_y�Ox�_<>:V

_y�Ox�_CƐ��"%Đ/ V
͚

O2 /ƐƟ0 ǔ.ǕƿĖĢȦ/ƐƟ+Ò�ºȬ ?

+þ�=@%�ìÉ ơ I – 1 .��) ãčV_y�Ox�_�łò�%ğÃC¼ņ+

�) #��=V_y�Ox�_CƐ��"%Đ/ IAAtotal+ V
͚

O2/Ɛ�Ȧ (#@$@�

IAAtotal .�V
͚

O2) /ºÞCéǍ�%+�A ȥĮ/¹.Ò�ƍººÞ�ǚ9=@%�

IAAtotal �ȁÿ�Ǐ;Ə�Ǐ/<�-ŦƛŀŠ/�ǏCǦ��ǏƯ/Ŧƛ²ǏȦ/Ěǰ+
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�)ș�=@)�?�+; #/+�/IbwN�őǭȦ+ų/ƍººÞCħ �+ 

(Bouten et al., 1994; Eston et al., 1998; Iwashita et al., 2003; Nichols et al., 1999) Cǎ6�?+ 

�IAAtotal .�V
͚

O2 2̪1Ǟƛ0Ȁ2ɏ̫̫Æ2˞>CF&�.3͙��M�XǗ2`l

��W��l2Ĺõ1¶� V
͚

O2 2ĹĿ2��M�Xù¾�2˸¼Ȕù̢͙!0H(âɊ

ª ̢2Ĺõ.ƃ�̫̌�,�E�.IɘĠ�,�E͚ 

� ɔɤˢ͋ I – 2 -3͙ɔɤˢ͋ I – 1 -Ƕ˖�&Ɉƾt��ǧ° (90 % PLT) 1õ�,͙

100 % PLT͙�C1͙Ɉƾt��!0H(ĽɊª I¶H"1âɊª  (˸¼Iɠù�#E

ª ) 2<IˁH#Eǧ°.�,͙˨ʷ2��),�0�r�m�Iư(��M�Xù¾

IʑD̅!Ȫ˨ʷǧ°1*�,?ĕǹ2Ƕ˖Iˁ0)&͚$2ʂǭ͙�"F2ǧ°1�

�,? V
͚

O22ǜ?º�ÐIɘ�&˛ƨ�C`l��W��l2Ĺõ1¶), IAAtotal�B

5 V
͚

O22ĹĿ!E�.2ɖ˞�F&͚�C1͙IAAtotal. V
͚

O22̫ÆI˄͒ʘȅ1Ƕ˖�

&ʂǭ͙�"F2ǧ°1��,?�ʘ2̪13ƃ�Ɏʋ̫Æ2˞>CFE�.2ǔC�

10)&͚Ȳ1͙âɊª 2<Iˁ0H#&Ȫ˨ʷǧ°1��, IAAtotal. V
͚

O22̪1ƃ

�Ɏʋ̫Æ2˞>CF&�.3͙IAAtotal 1B),��M�XǗ2âɊª 1Ş!E V
͚

O2

2ƻŕ-�E�.IɘĠ�,�E͚���͙Ēǧ°-ƌCF& IAAtotal. V
͚

O22Ɏʋħų

ſ2×� ( �V
͚

O 2 / �IAAtotal) IȆ˽�&.�G͙90 % �B5 100 % LTǧ°-3Ȫ˨ʷǧ

°.Ȇ˽�,Ǟƛ1͔�ÐIɘ�&͚$2ˊĨ.�,͙90 % �B5 100 % LTǧ°-3͙

Ȣ�ɿHD2ť̓1��,r�m�Iȳƀ�,t��ɈƾIˁ0��.1B),͙Ɖǌ

7.ɠù�,�&˸¼IȜ̊�#E¾Ⱦ2ȼ E21Ş�,͙Ȫ˨ʷǧ°-3$��&

¾Ⱦ2ȼ 0�)&&>͙`l��W��lIĹõ�#&̶2˸¼Ȕù̢2Ĺõ̢1Ş

!E V
͚

O 22ĹĿ2Ŀ��0),�&ĎʤƗ2ʗ�CF&͚�ǌ͙90 % LT ǧ°. 100 % 

LT ǧ°-3͙�V
͚

O 2 / �IAAtotal1Ǟƛů3˞>CF0�)&͚�FC2ʂǭ�C͙r�

m�1Ş!Et��Ɉƾ!0H(ĽɊª ̢I¶�ǧ°-�F4͙Ɉƾt��2Ɇ0E

Ķē-�),?͙`l��W��lIĹõ�#&̶2 IAAtotal. V
͚

O22̪13ĕǹ2Ɏʋ

̫Æ2æȹ!E�.2ɘĠ�F&͚$�-ǣɔɤ-3͙r�m�72t��ɈƾI¶�

ǧ° (PLT) -Ȋ>& IAAtotal.V
͚

O22Ɏʋ̫ÆIȾ�,͙`l��W��l2ĹõçIˆȀ

�,̠ɼ̾ˊ̢Iƻŕ!E AODȏ1*�,Ƕ˖Iˁ0)&͚ 
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2. IAAtotalIȾ�& AODȏ 

� ʮ˺˹̒ùIŞ˧.�&Üˁɔɤ (Cavagna and Kaneko, 1977; Minetti et al., 2001; Widrick 

et al., 1992; Winter, 1979; Willems et al., 1995) -3͙ĽɊª ̢!0H(W��W1Ş�,

Ɉƾ�F&ª ̢.͙�ʝ$2?2Iħ˺�#Eª ̢ (âɊª ̢) Ië
1ŕ̢�͙

$2ē˕I̒ù�2ʉª ̢.�,˚Ä!EƱǺ2Ⱦ�CF,�E͚$�-ǣɔɤ-3͙

`l��W��l2ĹõçIˆȀ�, OD Iƻŕ!E&>͙Ɉƾt���B5 IAAtotal�

C͙$F%FĽɊª 1Ş!E OD (ODext) �B5âɊª 1Ş!E OD (ODint) Ië
1

ƻŕ�͙$2ē˕I̒ù�2 OD.�&͚ɔɤˢ͋ II2ʂǭ�C͙IAAtotalIȾ�& AOD

ȏ-ƻŕ�& OD�B5 AOD3͙ƋǨ2 AODȏ.Ȇ˽�,͙$F%F 6.4 ± 3.0 % �B

5 14.0 	 7.7 % ͔�ÐIɘ!�.2ǔC�10)&͚�2ʂǭ3͙ƋǨ2 AODȏ-3͙

��M�XǗ2ODI̓Ţ1˚�,�EĎʤƗ2�E.��ǣɔɤ2¯ˡIǂư!E?2

-�)&͚$�-͙ɔɤˢ͋ III -3͙IAAtotalIȾ�& AOD ȏ1B),ƻŕ�& OD �

B5 AOD2ŇƄƗIǔC�1!E&>1͙�C0EǶ˖IŖǍ�&͚ɔɤˢ͋ III – 1-

3͙IAAtotalIȾ�& AOD ȏ1B),ƻŕ�& AOD .͙Ȫ̠ɼƗ­˥͙Ȳ1ˑɷɸ1B

EPp�V�Âʃ1B),ȼ E�̠2ʉʻɣ̢ (QLaA) .2̫Æ1*�,Ƕ˖Iˁ0)

&͚$2ʂǭ͙�"F2 AOD ȏ1��,?ƻŕ�& AOD 3͙QLaA2̪1�ɡż2ɏ̫

̫ÆIɘ!�.2ɖ˞�F&2͙ǌȏ̪-ɏ̫̫Æ2ƃ�1ů3˞>CF0�)&͚�

2ʂǭ3͙IAAtotalIȾ�& AOD ȏ�B5ƋǨ2 AOD ȏ1B),ƻŕ�& AOD 3͙Ȫ

̠ɼƗ­˥1BEPp�V�ÂʃIĊǖ!EƱǺ (QLaA) .$F%F̫̌!E�.IɘĠ

!Eʂǭ-3�)&?22͙ƻŕǌȏ2ŇƄƗIǶ˖!E�.3-�0�)&͚���͙

IAAtotalIȾ�& AODȏ-ƻŕ�& AOD3͙ƋǨ2 AODȏ.Ȇ˽�, 14.0 % ͔�ÐI

ɘ�͙ �C1ƻŕǌȏ̪1��EAOD2ů13˄͒ʘ̪-Ŀ�04C*�2˞>CF& 

(4.2�26.5 %)͚ƻŕǌȏ̪1��E AOD 2ů3 OD 2ů1˰Ĩ!E2͙$2ˊĨ.�,

˱ǜĿj`l.ǜĿ�j`l1��E`l��W��l2�̻2ɡż2̫��,�EĎ

ʤƗ2ʗ�CF&͚$�-͙ɔɤˢ͋ III – 2-3͙ǜĿ�j`l2`l��W��lIˣ

ǈ!E�.1B),͙˱ǜĿj`l.ǜĿ�j`l1��E`l��W��l2�̻I

š��!Eǌȏ (SRĹõǧ°) IȾ�, ODIƻŕ�͙$FȆ˽!E�.1B), IAAtotal
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IȾ�& AOD ȏ2ŇƄƗIǶ˙�&͚$2ʂǭ͙SR Ĺõǧ°-3͙ǜĿ��B5˱ǜ

Ŀj`lỈ�,͙Ɉƾt��.`l��W��l�B5 IAAtotal 2̪1ƃ�Ɏʋ̫Æ2

˞>CF&͚�C1͙ƻŕ�& ODSR3͙ƋǨ2 AOD ȏ-ƻŕ�& OD BD?Ǟƛ1͔

�ÐIɘ�&2͙IAAtotalIȾ�&AODȏ-ƻŕ�& ODIAA.39:�ʰ�&ÐIɘ�͙

�* ODIAA. ODSR2̪13ƃ�ɻâɏ̫ÆǇ (ICC (1,1) = 0.93, p < 0.05) 2˞>CF&͚

�FC2ʂǭ3͙IAAtotalIȾ�& AODȏ-3͙`l��W��l2Ĺõ1¶�âɊª 

2ĹõçIˆȀ�, OD2ŇƄ1ƻŕ�F,�&�.IɘĠ!E?2-�)&͚ 

 

3. ��M�X1��EMAOD2ȟŕǌȏ 

� ĭŕ˨ʷIȾ�&Ķē͙2 çɡż-ɇ÷ĪƠ1ʯE˱ǜĿ̒ù1��, MAOD 2ƌC

FE�.2ĵě�F,�E (Medbø et al., 1988; Karlsson and Saltin, 1970)͚�ǌ͙Whethers 

et al. (1991, 1993) 3͙ʮ˺˹̒ùIŞ˧.�,͙NL�Y�lj`l2B�0R��KN

lĲ2t��ɈƾǹſIȾ�&Ķē13͙̒ù̩ňɎƉ2̒ùƃż2͔�0E&>͙B

Dɓ�Ǘ̪ (45�60 ɟ̪) - MAOD 2ƌCFE�.Iĵě�,�E͚���͙ɔɤˢ͋

IV 2ʂǭ�C͙��M�X2Ķē͙̒ùǗ̪2 2 ç̪2˱ǜĿj`lǗ2 AOD 3͙

MAOD2 83.7 ± 8.7 % -�D͙9.J/2˄͒ʘ (14Ė� 13Ė) -MAOD2ƌCF0�

�.2ǔC�10)&͚Muniz et al. (2017) 3͙ư�ɸ\MW�`l (V
͚

O2max: 4.53 ± 0.54 

L/min) 1��,͙̒ùǗ̪2 123 ± 31 ɟ2˱ǜĿ̒ù-3MAOD1í̕�&˄͒ʘ2Þ

¼2 28 % -�D͙ĕǹ1̒ùǗ̪2 173 ± 48 ɟ2˱ǜĿ̒ù-3 48 % -�)&�.I

ĵě�,�E͚�F3͙Ǟ̠ɼƗʤó1ÚFEư�ɸ\MW�`l-3͙Ȫ̠ɼƗʤó

1ÚFE`y��lɸ\MW�`l.Ȇ˽�,͙̒ùƃż2º�R��KNl1ʯE;

-2Ǘ̪2̧�˱ǜĿj`l1��,MAOD2ƌ@!��.Iĵě�& Craig et al. (1995) 

2ɔɤʂǭ.?�ʰ�,�E͚���͙ɔɤˢ͋ IV1��,͙2 minj`lǗ2 %MAOD

3͙Ǟ̠ɼƗPp�V�Âʃʤó2ƱǺ-�E V
͚

O2max .2̪-Ǟƛ0ɏ̫̫ÆIɘ�0

�)&2͙Ȫ̠ɼƗPp�V�Âʃʤó2ƱǺ-�E MAOD .2̪-Ǟƛ0˨2ɏ̫̫

ÆIɘ�&͚�2ʂǭ3͙2 minj`l1��E%MAOD2͙˄͒ʘ2Pp�V�Âʃɸ

2¼óȲƗ®Ľ2ˊĨ2Ƈ̈́Ič�,�&�.͙�C1͙Ȫ̠ɼƗPp�V�Âʃʤó
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2͔�˄͒ʘ9/ 2 minj`l1��E%MAOD72í̕ȸ2º�)&�.IɘĠ�,�

E͚�FC2ʂǭ.͙��M�X3̒ù�a�2ʮ˺˹̒ù@˯̒ù.Ȇ˽�,ʺ��

º��.Iʗ�ēH#E.͙ 2 min j`l1��,%MAOD 2º�ÐIɘ�&�.@͙

MAOD 2ƌCF&˄͒ʘ2Ţ0�)&�.3͙̒ù�a�2î̯�FE�.1B),ɓ

Ǘ̪-ɈƾĎʤ0ǜĿª ̢2î̯�FE�.1BD MAOD IÀ�èE�.2-�0�

)&�.2Ƈ̈́Iĉ:�,�&ĎʤƗ2�)&͚ 

� MAOD13͙ȟŕ̪- 7 % ɡż2ȟŕˠů2ę;FE�.@͙ȟŕˠů2 95 % É͊ü

̪2ȟŕÐ2 80 % � 128 % 1ɏƄ!E�.2ĵě�F,�E (Doherty et al., 2000; Weber 

and Schneider, 2001)͚$�-͙Ē˄͒ʘ2MAOD2 95 % É͊ü̪IĴȡ.�,͙Ēj`

l-ƌCF& AOD 2 MAOD 1í̕�,�&�Ę�Iêŕ�&ʂǭ͙2 min͙1 km͙1.5 

km�B5 2 kmj`l1��,MAOD1í̕�,�&.êǊ�F&˄͒ʘ2òē3͙$

F%F 71.4 %͙92.9 %͙85.7 % �B5 78.6 % -�)&͚1.5 km�B5 2 kmj`l3͙Ȇ

˽Ɋ̒ùǗ̪2̧�j`l ($F%F 5.2 ± 0.2 �B5 7.1 ± 0.2 min) -�)&1?̫HC

"͙MAOD 2ƌCF0�)&˄͒ʘ2ľ�)&2͙�F13j`l�2{�`ƢɅ2Ƈ

̈́Iĉ:�,�&ĎʤƗ2ʗ�CF&͚!0H(͙1.5 km�B5 2 kmj`l-3͙`e

�lɎƉ1��,Ȳ1͔�t��Ɉƾ (`e�l`t�l) 2ˁHF͙$F1B),BD

Ǒ�Ȅ̴-­˥ƗK^m�^`2ȼ  (Fabiato and Fabiato, 1978; Foster et al., 1994; Medbø 

and Tabata, 1993; Hermansen, 1981)͙$2ʂǭ͙j`l�Ɍ®̮1��,͔�̒ùƃż2ʈ

ư-�" MAOD 2ƌCF0�)&˄͒ʘ2ę;F,�&ĎʤƗ?ʗ�CF&͚{�`Ƣ

Ʌ.̒ù�2Pp�V�­˥1*�,3͙�C0EǶ˖2Ɠˊ-3�E2͙ɔɤˢ͋ IV

-ƌCF&ʂǭ�C͙��M�XIŞ˧.�&Ķē3͙1 km j`l (̒ùǗ̪2 3.3 ± 01. 

ç̪) IȾ�E�.1B),Ȇ˽Ɋľ�2˄͒ʘ1��, MAOD 2ƌCFE�.2ɘĠ

�F&͚ 

 

4. IAAtotalIȾ�& AODȏ2ƛʕ 

� ɔɤˢ͋ III – 2 -Ⱦ�&ǜĿ�j`l2`l��W��lIˣǈ!Eǌȏ (SR Ĺõǧ

°) 3͙ǜ?ɳǕɊ1˱ǜĿj`lǗ2`l��W��l2ĹõçIˆȀ!Eǌȏ-�E
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.��E͚���͙2 km j`l�2`l��W��l3�ŕ-30�͙`e�lɎƉ2

͔�ÐIɘ�&Ɖ1̒ùǗ̪2ʁ̓1¶),ȣȜ�͙ǜɿü̪-ãż�ǒ�&͚�&2

),͙ǜĿ�j`l2`l��W��lIˣǈ!EǌȏIȾ�,`l��W��l2Ĺ

õçIˆȀ!E&>13͙2 km j`l2Ēť̓-ƌCF&Ɉƾt���B5`l��W

��lIĴȡ.�,͙$F%F`l��W��lIˣǈ�&ǜĿ�j`lIŖǍ!EƓ

ˊ2�D͙ȹŖɊ-30�͚�C1͙2 kmj`l1��E 1`l��W�&D2 IAAtotal 

(IAAtotal/SR) 1ɑɍ!E.͙j`l2ñĀ.Ȇ˽�,j`l2�Ɍ-Ǟƛ1͔�ÐIɘ!

�.2ǔC�10)&͚�2ʂǭ3͙2 km j`l�3`l��W��l1õ�,͙1 `

l��W�2˸¼Ȕù̢?Ļû�,�&�.IɘĠ�,�E͚���& 1 `l��W�

2˸¼Ȕù̢2Ļû3͙W��W0/1B),ù¾2ˌŕ�F,�0���M�X2̒

ùȲƗ1BE?2-�E.ʗ�CFE͚;&͙`l��W��l2<-3͙1`l��W

�2˸¼Ȕù̢2ĻûIƶ�E�.2-�0�&>͙2 km j`l�2Pp�V�­˥I

˚Ä!E̶13͙IAAtotalIȾ�& AODȏ2ǞȾ-�E.ʗ�CFE͚ 

 

5. l��o�XȹĶ72ɘĠ 

ɔɤˢ͋ V2ʂǭ�C͙IAAtotalIȾ�& AODȏ-˚Ä�& 2 km j`l�2Ȫ̠ɼƗ­

˥2˩ȶòē3 19. 0 %  -�D͙ƋǨ2 AODȏ-˚Ä�&Ð (12.7 %) BD?Ǟƛ1͔�

ÐIɘ!�.2ǔC�10)&͚���͙��M�XtwQ�~�`3͙V
͚

O2max .ƃ�

ɏ̫̫ÆIɘ�&2͙MAOD.3̫̌2˞>CF0�)&͚�ǌ͙Clark (2016) 3͙n^

�n��z�2ɁƗ|�l̙ƥIŞ˧.�,͙��M�XtwQ�~�` (ƤˊǗ̪) .

AOD2̪1Ǟƛ0˨2ɏ̫̫Æ2˞>CF&�.Iĵě�,�E (ρ = -0.71, p < 0.001)͚

̒ù�2%Anaerobic 3͙̒ùǗ̪2ɓ�9/͔�ÐIɘ!�.2ɒCF,�E (Gastin, 

2001; Li et al., 2015; Duffield et al., 2004, 2005a, b; Spencer eta l., 1996)͚ �C1͙Clark (2016) 

2Ş˧.�&˄͒ʘ3͙ǣɔɤ2˄͒ʘ.Ȇ˽�,͙2 km j`l1ˊ�&Ǘ̪2ɓ� (6

ç 45ɟ v.s. 7ç 00ɟ)͙�C1 V
͚

O2max 2͔�BDɬˮ-�)& (4.64 ± 0.54 L/min v.s. 4.0 ± 

0.37 L/min)͚�2�.�C͙��M�XtwQ�~�`2ȌŕˊĨ-�E V
͚

O2max 2͔�͙
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�*ɬˮ0̹ĩIŞ˧.�&Ķē13͙j`l2ƤˊǗ̪?ɓ�0D͙%Anaerobic 2͔

;E�.1B),͙��M�XtwQ�~�`. MAOD 2̪1̫̌2˞>CFEĎʤƗ

2ʗ�C�E͚���͙ɔɤˢ͋ V -ƌCF&ʂǭ͙!0H(͙2 kmj`l2�Ɍ®̮

3͙1) V
͚

O229: V
͚

O2max1í̕�,�&�.͙2) Ȫ̠ɼƗ­˥2�ŕ2òē-˩ȶ�ʇ

�,�&�. (�B$ 10 %)͙�C1͙3) ��`2ǜɿü̪-3$2Ɏñ2ü̪BD?Ɉ

ƾt��2Ǟƛ1͔�0D͙�*ǜɿü̪2 AOD 3$2Ɏñ2ü̪.Ȇ˽�,Ǟƛ1͔

�ÐIɘ�&�.0/Iʉē!E.͙Ȫ̠ɼƗ­˥�C2Pp�V�Âʃ3��`�Ɍ

®̮1��,͔�Ɉƾt��Iʈư!E&>1̡ˊ0ˊĨ.0EĎʤƗ2ʗ�CF&͚ 

 

6. ǣɔɤ2̯Ƀ  

� ȈìÉ*éŕ�% IAAtotal Cș�% AOD ȅCĭĜ ?%9.0 ĢƄ.ċƟ�]V_

�<2 SR]V_CĭĜ� ¨ƿĖĢ�<2ǕƿĖĢ.Ɯ ?ĕƇĹȚȦ/ŪƹĩCÈ9

?ǯȚ��?�ǔ. SR ]V_*0 ǐ�/Ǥ½dz�ŝè�.��)V_y�Ox�

_/7CƐ��"?ǯȚ�?��ǧƿ. k�_ƃĵ0V_y�Ox�_/Ɛ�.<'

)ƽƓǆ (Ǥ½dz�) CƐ��"?�+�= (Di Prampero et al., 1971) ÎÃãï�Ɓ� 

y�G{PǏđ.Ľǹ.µ@)�-�ǬïĮCƜŗ+�%śĄ.0 Ěħ�@%Ǥ½d

z�+V_y�Ox�_C�ƹ.Ȁ(�+�*�! IAAtotal + V
͚

O2 /¹.ƵƂŰ�ǒ=

@-��ǞŰ:þ�=@?��%�')  IAAtotal Cș�% AOD ȅCș�?Đ.0 Ǭ

ïĮ/ÃŃxiwCþȤ ?ǯȚ��?�6% ȈìÉ/ǬïĮ0 ĳ.ƆǗȈxiw

/Ɵ£3/łśĠ¬CȔ ?ƨęƟ¯ŵk�_ƃĵ*�'%��%�') <>ÎÃx

iw/ă�ǬïĮ;Ōęk�_ƃĵ.��):ǐȗ/æ��ǒ=@?�.(�)0 �

=-?éǍCÿ-�ǯȚ��?� 
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7. ʂ� ˤ  

� ȈìÉ*0 y�G{Pĥ/V_y�Ox�_�ċƟ�Òǆ*0Ǥ½dz�.Ɯ�)

¸;�.�(ƵƂƿ.Ɛ� ?/.Ɯ�) ƲċƟÒǆ*0#/ƵƂ�=�Ƥ�)ă�

ƩCħ �+.Ʈȑ�) ���%V_y�Ox�_/Ɛ�ǹCȂų�)ODCŪƹ ?

AODȅ.(�)éǍCÿ-'%��=. #/ȄȅCș�%y�G{Pĥ/MAODCƒ

ƹ ?%9/hy_Qw.(�):éǍCÿ-� ��/ƪíCǒ%� 

 

1) ǐ�/Ǥ½dz�ŝè�.��)V_y�Ox�_/7Cǽ��"?+ V
͚

O2 �ċ:

Ƹ�ƩCħ ǔƹ/V_y�Ox�_ (ãčV_y�Ox�_) �łò� #/�&ã

čV_y�Ox�_<>:V_y�Ox�_CƐ��"%Đ/ V
͚

O2/ƐƟ.0 IAAtotal 

(Ŧƛ²ǏȦ)  -B&ǕƿĖĢȦ/Ɛ��Ò�ºȬ�)�?�+�Ȏ=�.-'% (ì

É ơ I – 1�<2 I – 2)� 

 

2) V_y�Ox�_CƐ��"%Đ/ IAAtotal+V
͚

O2/ºÞCǬïĮȉ.éǍ ?+ LT

ĥ/Ǥ½dz�/ 90 % �<2 100 % *Ǥ½dz�Cõƹ�%ŝè (90 % LT �<2

100 % LTŝè) .��) #@$@Ò�ƵƂºÞ�ǒ=@ �(ƵƂ¥¿ĩ/ß� (|

V
͚

O2 / |IAAtotal) 0ǐǈ*�> V_y�Ox�_]V_CĭĜ ?Đ.0 LT ĥ/Ǥ

½dz�Cș�?�+�ƚǇ*�?�+ (ìÉ ơ I – 2)� 

 

3) IAAtotalCș�% AODȅ*Ūƹ�% AOD 0 QLaA+ƯƼǆ/ƍººÞCħ� (ìÉ 

ơ III – 1) ǐȗ. OD 0ċƟ�]V_/V_y�Ox�_CƱŲ ?Ȅȅ*Ūƹ�%

OD+45�Ƭ�%ƩCħ�%�+<> IAAtotalCș�% AODȅ.<')ƲċƟ]V

_ĥ/V_y�Ox�_/Ɛ�ǹCȂų�) OD CƚǇ.Ūƹ ?�+��Ǟ*�?

�+� 
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4) ƨęƟ¯ŵk�_ƃĵCƜŗ+�%śĄ 4+D,/ǬïĮ� 2 ǹ¹/ƲċƟ]V_

*0 MAOD.ǋƣ*�! 1 km ]V_ (�Ǐĥ¹� 3.3 ± 01. min) .��)ċ:Ƙ�/

ǬïĮ*MAOD�ǒ=@?�+ (ìÉ ơ IV)�  

 

� �Ř/Ǆ�= IAAtotalCș�% AODȅ.<') y�G{Pĥ/V_y�Ox�_/

Ɛ�.<?ǕƿĖĢȦ/Ɛ�ǹCȂų�) OD �<2 AOD CƹȦ ?�+��Ǟ*�> 

#��)ƒƹ�% 2 km ]V_Ư/ AOD�<2 %Anaerobic0ľț/ AODȅ<>:#@

$@ă�ƩCħ �+�Ȏ=�.-'%�6% y�G{P.��) MAOD Cƒƹ ?

Đ.0 �Ǐĥ¹� 3.3ǹƼǆ*�> �(ǬïĮ�ǗŜƿ.ĭĜ�)�?hy_Qw*

�? 1 km]V_�Ȕș*�?�+�Ȏ=�.-'%�  

� Ć÷0 �=. V
͚

O2max �<2dfJ�m{Vxiw/ǈĬ-ļƦCƜŗ+�) df

J�m{V+ MAOD /ºÞ.(�)éǍ ?�+.<') y�G{PdfJ�m{V

+ȌĕƇŰIbwN�ÍËǞȧ/ºÞ.(�)<>ŖĎ-ƪí�ǒ=@?+þ�=@?� 
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      ˥� ́ 

 

� ȈȮǺCđű ?.�%> ĚǑÓ³*�?ƭǠƟ¯Ũ¹ƎĄ�¯ìÉ�Óĸ/ǖƉ

îĦſŵ.0 ƔÕȮǺ�=y�G{P+��ìÉ]�m.Ĵ>ƈ8��*�ìÉƆǧ

.B%>ƘƟ-�ĚǑCġ>6�%�+CŠ<>´į�%�6 � 
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