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¢ļŘĕ*pmřŁņŨ Running EconomyŚĲľƕƙƆƙŷƌŰƛƒū�ŨĶ
Ķ

�­Ķ8oĶ ķÔ¯RYĶ.Os�ĂÌĸĶ

Ĝ�Ķ�TĶ ķÔ¯RYĶ.O$�ĂÌĸĶ

¬;ĶĄ�Ķ ķÔ¯RYĶ.O$�ĂÌĸĶ

ĴgĶ ĶuĶ Ķ ķÔ¯RYĶ.O$�ĂÌĸĶ

Ķ

÷Ø 
Ķ �ÈÎŚÅÄśÑ�ƗƎƖŚĲľğčīƕƙƅƛū_Ćř¢ļŘĕ*pmřŁņŨƕƙƆƙŷůŸƈƑ

ƛŚ�ũŏƕƙƆƙŷƌŰƛƒū üŊŨŇŖūÅÄŖŉŏ. õıèśÀXRY¾ğčīƕƙƅƛ14 = 
(19.8 ± 1.0 yr, 172.1 ± 5.5 cm, 58.1 ± 4.1 kg) ŕ, 5000 mŚźƛŽƙ�Ĳýĝś 15’16”7 ± 13”8ŕĽ
őŏ. :ĉđmřŁņŨ¾¼Ä�£ū²ZŊŨƃƗƁƄƑƖĉóƂżƃŖĉó�ŚƉŮűƓŲƆŶżÄ�£
ū²ZŊŨÇĉĎĉóƂżƃū 2 ēĢ�!ř[�ŉŏ. ƕƙƆƙŷůŸƈƑƛśęÚ�3ěř'ŀŔA?
��©Łťŝò�	ę¶mūçzŉŏƕƙƆƙŷŸżƃŖŉŔÕ"ňũŏ. 	ęw�¡Ĥ�Śß�łŦ
13.8Łťŝ 15.0 km hǵ1/ƹƞD�Ǘă�ĵǟ�Dƺ�-�ùõ, 16.2�=2 17.4 km hǵ1/ƹƞ

D�Ǘă�ĵǟ�ùõ, "�) 18.6�=2 19.8 km hǵ1D�Ǘă�ĵǟ�Dƺ�@ùõ+�$. ō
Śß�, ŊşŔŚĕ*pmř ĐŊŨƕƙƆƙŷůŸƈƑƛŚ�ũŏƕƙƆƙŷƌŰƛƒŖŉŔ, 1. ĕÐĦ
.ƻǞž�=?Ƒë�)�@�+, 2. ĕÐ�/ƎǞž/ĩÚ�ìƤǈõ�Ú���+, 3. ĕÐ�/
ƎǞž¡ØǁƤǈõ/ð�è���+�Ʈ:>A$. �A>/qv_vPeIxk.­�)�Ǘă
�ĵǟ�Dƺ�-�ùõ*0, 1. ĕÐ�/ƎǞžĩÚØǁƤǈõ�è���+, 2. ĕÐĦ/ƻǞž
Ø¹Ƥǈõ�è���+�qv_vPHQajx/Ǵ�qv^x/řĀ*,'$. �Ǘă�ĵǟ�
ùõ/ƹƞ*0, 1. ǦÐĦ/ƻǞž/ôë�è���+, 2. ĕÐ�/ƻǞžƤõ/×±�è���
+�řĀ+�)Ʈ:>A$. �Ǘă�ĵǟ�Dƺ�@ùõ*0, 1. ǦÐĦ/ƻǞž/ôë�è��
�+, 2. ĕÐ�/ƻǞžƤõ/×±�è���+, 3. ĕÐĦ.ƎǞž�¡ģ/ƤǈõDĪ�)�@
�+, 4. ĕÐ�/ƻǞž¡Ø¹Ƥǈõ/ð�è���+�řĀ+�)Ʈ:>A$. yġ, ƕǞž/
M`iZFOTďĹ+qv_vPQT\+/ǝ.0Ǟǉ�Ʈ:>A-�'$. ŷċth±/Ǵ�q
v^xÃÖDŁǃ�$+�, ƕǞž=?;ƎǞž<ƻǞž/M`iZFOT�ǘơ*,?, 8$ƹ
ǈõ/ÕÚ.��, ƻǞž/ǘơă�ÕÚ�@½ƒă�ůÉ�A$. 
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ĻĺĶãûĶ

Ķ ğčīĉƊƌŰƛƐƙżřŖőŔĹĶ �RęÚ�3ěĶ (V
ƚ

O2max)ĹĶ 	ęw
ąĤ�Ķ (Lactate 
Threshold: LT)Ķ ŁťŝĉŚÞ°w (Running Economy: RE)Ķ Ś3ŒŚ¾¼YÄ�£Śë&ŃĚ÷ŕ
Ľŧ (Midgley et al. 2007)ĹĶ ŖŧŪņREśĹĶÑ�ƗƎƖŚĲľƕƙƅƛřťőŔĚ÷Ř�£ŕĽŨŖňũ
ŔľŨĶ ķDaniels and Daniels 1992ĸĺĶREś¢ļŘ÷EřťőŔ«ZŊŨŃĹĶ ƕƙƅƛřŁņŨ��iŚ
50 %��śƉŮűƓŲƆŶżÄ÷EřťŨţŚŕĽŨŖňũŔľŨ (Williams and Cavanagh 1987)ĺĶ t
őŔĹĶ ĉƊƌŰƛƐƙżū>�ňŌŨĞŖŘŨŚśĹĶ ƉŮűƓŲƆŶżÄ÷Eū>�ňŌŨŇŖŕĽŨŖçŀ

ŦũŨĺĶ ŇũŠŕřĹ RE ŖƉŮűƓŲƆŶżÄ÷EŚģ�ūă�ŉŏÈÎŃQŅK@ňũŔľŨŃĹĶĲpm
ĉó�Śģ�ūK@ŉŏÈÎŚQŅśĹĶREūþ�ŌŋřĹĶĉƊƌŰƛƐƙżŃ�ũŏƕƙƅƛŚƉŮűƓ
ŲƆŶżÄ÷EūJ´řŉŔľŨţŚŃQľĺĶ ōŚŏŢŇũŦŚÈÎřŁľŔK@ňũŏƕƙƆƙŷƌŰƛ

ƒŃĹĶ[ĩř�ũŏ RE ū�őŔľŨŚłśÁCŃ¦ŨĺĶ Ķ
Ķ RE ś�îřĹĶ LT ūċŀŘľpmřŁņŨĉó�ŚęÚ�3ě (Oxygen Uptake:V

ƚ

O2) řťőŔþ
�ňũŨĺĶ Ňũś LT pmūċŀŨŖĉó�ŚůƇƖŵƛ
ąř·ęÚw
ąŚ%;ŃNRŉ, þ�Ń
öĪŖŘŨŏŢŕĽŨ. ŉłŉ, ŇũŠŕ LT ūċŀŨpmřŁņŨ RE ūþ�ŉŏQŅŚÈÎŕś, V

ƚ

O2

ŚšłŦŚþ�ŕĽőŏ. ōŚŏŢ�ęÚwůƇƖŵƛ
ąŚšŚþ�ŕĽŨŇŚ�®ŕś RE ū[ĩ
ťŧţĖRþ�ŉŔľŏ6ëwŃĽőŏ. |ļś RE Śþ�ŖŉŔĹĶV

ƚ

O2ř'ŀŔůƇƖŵƛJĈŁťŝ

·ęÚwůƇƖŵƛ
ąŖŉŔò�	ęŚñÍěūþ�ŊŨŇŖŕĹĶ ťŧUqř LT ūċŀŏ RE ūþ�
ŕńŨŖ�āūÐŔĹĶōŚUqwūK@ŉŏ (Tanji et al. 2014). ŇŚ�®ū¿ľŨŇŖřťőŔĹĶLTūċ
ŀŨpmřŁľŔţ RE ŖƉŮűƓŲƆŶżÄ÷EŚģ�ūþ�ŕńŨŇŖŃ6ëřŘŨŖçŀŦũŨĺĶ Ķ
Ķ ƉŮűƓŲƆŶżÄ÷EŚ�£śĹĶRńŅŴƇƐƂŭŶżŖŴƇƂŭŶżř#ņŦũŨĺĶ $èśƋƁƀŤżƃ

ƕŮƄĹĶģÖùmŤģÖùđmŖľőŏď�Ś*ńŤōŚP+ūZě+ŉŏţŚŕĽŨĺĶsèśHĭ2&

ŤģÖƃƖŶŖľőŏĹĶ*ńŃŗŚťĿŘ&řťőŔnńĊŇňũŔľŨŚłūÊŊţŚŕĽŨĺĶ�a»Lř

ŁľŔś0�ÄřƌŭƛƄƉƁŶŃ6ëŕĽŨƕƙƆƙŷƌŰƛƒūÉÐŊŨŇŖŃv÷ŕĽŨĺĶ ŉłŉŇŚ

��£ś]�řģĒŊŨŏŢĹĶ��£ū¿ľŔ üŊŨŇŖŕĹĶ ťŧåÛř RE Ś�ũŏƕƙƆƙŷƌŰ
ƛƒū�ŦłřŊŨŇŖŃŕńŨŖçŀŦũŨĺĶ Ķ

Ķ ƕƙƆƙŷśHĭřČŃ�HŉŔľŨŹƏƛƃdĭŖ�HŉŔľŘľÏ�dĭř#ņŦũŨĺĶ $èśď

�ū�ŀŨŏŢřRńŘ&ūÃ�ŉŔľŨŇŖŤ, HĭłŦīHŊŨĩřRńŘ�Ĕ&ūÃ�ŊŨŏŢ, 
REřĬkřrĮū�ŀŨdĭŕĽŨŖňũŔľŨ (Heise et al. 2011, Kram 2000). ŹƏƛƃdĭřŁ
ņŨÞ°ÄŘƕƙƆƙŷƌŰƛƒū�ŦłřŊŨŇŖś RE ū>�ňŌŨŇŖř�)ŕĽŨŖçŀŦũŨ. Ķ
Ķ ��ŚŇŖłŦ�ÈÎśĹ Ñ�ƗƎƖŚĲľğčīƕƙƅƛū_Ćř LT ūċŀŘľpmłŦ LT ūċ
ŀŨ¢ļŘpmřŁņŨĉó�Ś RE ŖƕƙƆƙŷƌŰƛƒŚģ�ū�ŦłřŉĹĶōũŎũŚpmřŁņ
ŨĹĶŹƏƛƃdĭŕŚÞ°ÄŘƕƙƆƙŷƌŰƛƒū üŊŨŇŖūÅÄŖŉŏĺĶ Ķ
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�ĺĶ �®Ķ

1ĺĶ õıèĶ
Ķ �ÈÎŚõıèśĹĶRYĦ�Ñ�Ęř}eŊŨğčīĉū`ĠŖŊŨ 14 =ŕĽőŏĺĶ lĵĹĶ ďğĹĶ
�ĚĹĶ�ìé¹Łťŝ 5000 mŚźƛŽƙ�ĲýĝśōũŎũ 19.8 ± 1.0 yr, 172.1 ± 5.5 cm, 58.1 ± 
4.1 kg, 7.9 ± 2.1 %Łťŝ 15’16”7 ± 31”8ŕĽőŏĺĶ[ıř�ÐőŔõıèřś�ÈÎŚÅÄƚ/ħw
ŘŗŚā�Ń5İŁťŝÙĭřŁľŔóŪũĹĶ <y�ŞŚæ=řťőŔ[ıŞŚ1'Ś<yŃÉĀň

ũŏĺĶ ŘŁĹĶ �ÈÎśĹĶ Ô¯RY�Ģâ;ËYÈÎË�ê×ÈÎ�¼WB�řŁľŔ�Āū4ņŏĶ

(� 26Ɯ65)ĺĶ
Ķ

2ĺĶ [ı~įĶ
Ķ �ÈÎśĹĶ ƕƙƆƙŷřŁņŨ¾¼YÄŘ�£ū²ZŊŨƃƗƁƄƑƖĉóƂżƃŖƉŮűƓŲƆŶżÄŘ

�£ū²ZŊŨÇĉĎĉóƂżƃŚ 2Œř#ņŔ[�ŉŏĺĶ ŘŁōũŎũŚƂżƃś 2ēĢ�!ř[�ŉ
ŏĺĶ Ķ

Ķ

(1)Ķ ƃƗƁƄƑƖĉóƂżƃĶ
Ķ ½M��ūà�ŊŨŏŢř 22Ɯ25 �řă�ňũŏ[ı\!ŚƃƗƁƄƑƖ (ORKƜ7000, RÒƖƛƃ
h¡ĹĶf~)Ķ �řŁľŔ[�ŉĹĶ ƃƗƁƄƑƖŚ��ś 1 %ŖŉŏĺĶ[ı�ś-#Ř�ªūóŘľĹĶkř�
ĳŘÏªŃ�ŏũŨťĿřŉŏĺĶ²Zś 15�łŦ 19�ŚĢřóŘőŏĺĶ
Ķ õıèśĢ¤ÄµNćðĉóŖĒáÄµNćðĉóūÝš;ŪŌŏQ§ĨµNćðĉóū[�ŉŏ 
(G 1). $èś 1 żƂƛŻ 3#ĢŚĉóū 2#ĢŚ�xū�š, 5 Šŏś 6 żƂƛŻĉóňŌŏ. Ó 1 ż
ƂƛŻś 12.6Šŏś 13.8 km hƜ1Ŗŉ, żƂƛŻ¨řđmū 1.2 km hƜ1µNňŌŏ. żƂƛŻŚÜ
ś, 
1) �øÄĕ*pm (Rate of Perceived Exertion: RPE) Ń 17��, 2) A?��© (Respiratory 
Exchange Ratio: RER) Ń 1.05��Šŏś 3) ò�	ę¶m (bLa) Ń 4.00 mmol LƜ1ŚĿŐ, ľŋũ
ł 2Œū³ŏŉŏŖńŖŉŏ.  
Ķ ĒáÄµNćðĉóś, Ģ¤ÄµNćðĉóŃÜ
ŉŏ 5#sřġVňũŏ. 1#¨ř 0.6 km hƜ1

đmūµNňŌ, ��Ś��ŚĿŐ 2ŒŃqŔśŠőŏŖńĉóūÜ
ŉŏ. 1) V
ƚ

O2ŃƍƕƃƛřėŉŔľ

Ũ, 2) u�� (Heart Rate: HR) Ń 220ƜlĵřėŉŔľŨ, 3) RERŃ 1.15��řėŉŏ. ġVĉđ
mś, õıèŃ 5#ÌmŕÂ(F{řėŊŨťĿř, ¸äŉŏ²ZèŖ;yŚţŖ«Zňũŏ.  
 

 
Ï 1. ÙľǢŒÕƵƚƹƞ/ĶŢÏ 
 
 
Ķ í*Aªųż#�D (AE310ƜSůŬƘƔƆſƛ, Ƒƅƃ,ËY, Rĥ) řťŨ breath by breath®ř
Jœľŏ£´ú�® (EXPƔƛƄ) ūš�), V

ƚ

O2, �Ǘ±ŔƁē¤Ǚ (Carbon Dioxide Excretion: 
V
ƚ

CO2), ėŃǙ (Pulmonary Ventilation: VE) �=2 RERD 15Ų�+.Ŏâ�$. Ŏâ¨.ıĽ
LT (ÚŃŨú: O2 21.00 %, CO2 0.03 %, N2 Balance�=2ÇŃŨú: O2 15.00% , CO2 5.00 %, N2 
Balance) .=@MnrftxSpvDƞ-'$. ­�), ŊǙıĽË (ACA105, 2L) Dš�)ė
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ŃǙ/MnrftxSpvDƞ-'$. bLa/¥Į.0Ɲ��Ǘœõ¥ĮË (1500 SPORT lactate 
analyzer, YSI, Yellow Springs, OH) Dš�$. bLa0Ǎ°¨, ǝĺŤŒÕƵƚƹƞ�/"A#A
/ƹǈõDƹƞƃ��$ŧü, ǉƇŤƵƚǍ°ƃ�ŧü, 3¥ü�=25¥ü.��)ď��>ÿǙ
/ƝŌDĔ»�, ¥ĮDƞ-'$. HR0HRm_Wx (S610i, Polar Electro Japan, ĭ�) .='
)ƩǛ�, Ǎ°ƃ�ŧü0 RPEDƠǲƍ�>Êƪ�$.  
 
(2) ÇĉĎĉóƂżƃ 
� ãǲä¡.��)50 m/ƹƽD\tY]j±ƹƞZT\.��)ƹƞ�$ƹǈõ*ƹƞ�!$. 
Ơǲƍ0Ƭċ�.yâ/ƹǈõ.��)ƹƞ�@=..ďů�A$. 5 m/ǝǣ*Ɗ�A$�ǧŽ 
(Timing Systems, Brower, Draper, UT) Dš�)´ƖŤ-ƹǈõ/ŭƮ�ƞ-CA, ƹǈõ�� 
3 %/ſÎ, ¿ƻ*� A�/eIxTgtx\Dŭã.ƾ:)�@, �(ƖŘ-qv_vPeI
xk*,'$ƬċDĉ¬Ƭċ+�$. "/Ǥ.�à÷zĻ�°�ƥĮSTZk (250 Hz, VICON 
MX+, VICON Motion Systems, Oxford) Dš�), 12¾/ƸØƉKlq.=')ƹ°�DŎâ�
$ (Ï 2). Ơǲƍ.0ǀ�Ŏâŕ 47ŕ.ƸØƉ¹çixKxDƶ�� (Ï 3), zĻ�öĹ[xWD
ºǥ�$. ǩļöĹƀ0, ƹƽǊƞġÄ.ŧƞ�@ġÄD X ǂ, ƹƞǊƞġÄD Y ǂ, ǚŧ{Ä�
D Zǂ+�@¿ĊöĹƀ+âƋ�$. þ>A$öĹ[xW0Wells and Winter (1980) /ġŇDš
�), ¥Įŕŀ.ĩǒǓĠÆňĝDņâ�, Butterworth digital filter .=@óő±Dƞ-'$ 
(2.5ǵ25 Hz). Ðǫ¹«DŎâ�@$:. 2 į/eIxTgqY\eIxk (9281A, 9287B, 
Kistler, Winterthur) Dš�, RvgrvPÆňĝD 1000 Hz+�)Ŏâ�$. -�, 50 N�|/
«0ǡØ�A$. �5)/Ơǲƍ0Á�/ƻ/RGU.Â'$ Ǉ/SoxU (WAVE SPACER 
AR3, Mizuno, ÚǠ) Dî�)ƬċDƞ-'$.  
 

 
Ï 2. ãǲ/VY\EYgÏ 
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Ï 3. ǀ�ixKx47ŕ/�Ɗ 
 
 
3. ż¤ǮŦ�=2ż¤ġŇ 
(1) Running Cost 
\tY]j±ZT\/Áƹǈõ/ĩƃ 1¥ǝ/V

ƚ

O2, V
ƚ

CO2, RER�=2 bLaDż¤�, �ADÒ
. Running Economy/ƫ�ďĹ*,@ Running Cost (RC: kcal kgǵ1 kmǵ1) Dż¤�$. H`±
NxŹ�0, RER� 0.82/+� 20.202 kJ O2Lǵ1+�, RER��0.01×±�$+�H`±NxŹ
�D�50 J O2Lǵ1×±�!$. �A.=')ż¤�A$H`±NxŹ�+V

ƚ

O2 (mL kgǵ1 minǵ1) 
+D��Â!, "/ü 1 km,$?/QT\.×Ĩ�, ĪǗƁăH`±Nx�Ʋ (kcal kgǵ1 kmǵ1) 
Dż¤�$. 8$ŖǗƁăH`±Nx�Ʋ (kcal kgǵ1 kmǵ1) DáǩĦ/ bLa �>/ƛŵǙD 1 
mMú$? 60 J kgǵ1/H`±Nx (Kyröläinen et al. 2001) *ż¤�, Ǎ°Ħǝ (min) *ǡ�, 
"/ü 1 kmƹƞú$?/QT\+�)ż¤�$. $%�Ǎ°ü/ bLa� 2.00 mmol Lǵ1īŏ/Ô

Â, ŖǗƁăH`±Nx�Ʋ0-�;/+�$. ý') RC 0, ĪǗƁăH`±Nx�Ʋ+ŖǗƁ
ăH`±Nx�Ʋ/È.=')ż¤�A$.  
 
(2) V

w

O2max�=2 LT 
� V

w

O2max 0, ĒáÄµNćðĉóřŁņŨV
w

O2 Ś�ţĲľ 1 #ĢŚ�ū�¿ŉŏ. Šŏ, V
w

O2max 
Ń"»ŊŨ�ţbňľĉđmū vV

w

O2max ŖŉŔÕ"ŉŏ. LTś, ĉđmŖ bLaŚß�łŦ, 	ę#�
žƌƃ (LactateƜE ver.2.0) ū¿ľŔÕ"ŉŏ (Newell et al. 2006).  
 
(3) T\qG]ǜ, dYX�=2ĕÐĦǝ 
� ¿ƻ�eIxTgqY\eIxk.ĕÐ�)�>ïƻ�ĕÐ�@8*/ǀ�ǘā/ų°ƼǦ.

=')T\qG]ǜ (SL: m) Dż¤�$. ¿ƻ/ĕÐ�>ïƻ/ĕÐ8*/Ħǝ/ǆĝ.=')
dYX (SF: Hz) Dż¤�$. ĕÐĦǝ (CT: sec) 0Ðǫ¹«� 50 NDƺ�$Ħǝ.=')ż¤
�A$.  
 
(4) ǞžƤõ�=2ǞžƤǈõ 
� óő±�A$öĹ[xW�>, ǀ�D 15 /©�VPlv\.m[±±�$. "�)ǀ�ÁǕ�
/ 3Ļ�öĹƀ�>ų°öĹƀDâƋ�$.  
ïƎǞž�ā�>¿ƎǞž�ā4Ä�.hO\±D xpelǂ, {üƓĳǳ/�ŕ�>{¨Ɠĳǳ/

�ŕ.Ä�.hO\±D spelǂ+�, xpelǂ+ spelǂ/Øŵ.=') zpelǂD, zpelǂ+ xpelǂ/Øŵ

.=') ypelǂDâƋ�, �ADǳťöĹƀ+�$.  
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¿ƕǞž�ā�>¿ƎǞž�ā4Ä�.hO\±D shFEǂ, xpelǂD xhFEǂ+�, xhFEǂ+ shFE

ǂ/Øŵ.=') yhFEǂD, xhFEǂ+ yhFEǂ/Øŵ.=') zhFEǂDâƋ�, �ADƎǞžëħ�
ìöĹƀ+�$.  

yhFEǂD yhAAǂ, ¿ƕǞž�ā�>¿ƎǞž�ā4Ä�.hO\±D zhAAǂ+�, yhAAǂ+ zhAA

ǂ/Øŵ.=') zhAAǂ+âƋ�, �ADƎǞž¡ØǁöĹƀ+�$.  
zhAAǂD zIERǂ, ¿ƕǞž¡Ǳ�>¿ƕǞžØǱ4Ä�.hO\±D sIERǂ+�, zIERǂ+ sIER

ǂ/Øŵ.=') yIERǂD, yIERǂ+ zIERǂ/Øŵ.=') xIERǂDâƋ�, �ADƎǞž¡Øģ
öĹƀ+�$.  
¿ƻǞž�ā�>¿ƕǞž�ā4+Ä�.hO\±D skFEǂ, ¿ƕǞž¡Ǳ�>¿ƕǞžØǱ4

Ä�.hO\±D xkFEǂ+�, skFEǂ+ xkFEǂ/Øŵ�> ykFEǂD, xkFEǂ+ ykFEǂ/Øŵ�> zkFE

ǂDâƋ�, �ADƕǞžëħ�ìöĹƀ+�$.  
ykFEǂD ykVVǂ, ¿ƻǞž�ā�>¿ƕǞž�ā4+Ä�.hO\±D zkVVǂ+�, ykVVǂ+

zkVVǂ/Øŵ�> xkVVǂDâƋ�, �ADƕǞž¡Ø¹öĹƀ+�$.  
zkVV ǂD zkIER ǂ, ¿ƻǞž¡Ǳ�>¿ƻǞžØǱ4Ä�.hO\±D skIER ǂ+�, zkIER ǂ+

skIERǂ/Øŵ�> ykIERǂD, ykIERǂ+ zkIERǂ/Øŵ�> xkIERǂDâƋ�, �ADƕǞž¡Øģö
Ĺƀ+�$.  
¿ĿďŞèďŞ/�ŕ�>¿ƿ4+Ä�.hO\±D saPDFǂ, xkIERǂD xaPDFǂ+�, saPDFǂ+

xaPDFǂ/Øŵ�> yaPDFǂD, xaPDFǂ+ yaPDFǂ/Øŵ�> zaPDFǂDâƋ�, �ADƻǞžôëƑ
ëöĹƀ+�$.  

yaPDFǂD yaINEVǂ, ¿ĿďŞèďŞ/�ŕ�>¿ƿ4+Ä�.hO\±D zaINEVǂ+�, yaINEV

ǂ+ zaINEVǂ/Øŵ�> xaINEVǂDâƋ�, �ADƻǞž¡Ø¹öĹƀ+�$.  
zaINEVǂD zaIERǂ, ¿ĿďŞ�>¿èďŞ4+Ä�.hO\±D saIERǂ, zaIERǂ+ saIERǂ/Ø

ŵ�> yaIERǂD, yaIERǂ+ zaIERǂ/Øŵ�> xaIERǂDâƋ�, �ADƻǞž¡ØģöĹƀ+�$. 
ƎǞžëħ�ìƤ (FEH) 0 ypelǂ+ yhFEǂ/Ƥõð, ƎǞž¡ØǁƤ (AAH) 0 zhFEǂ+ zhAA

ǂ/Ƥõð, ƎǞž¡ØģƤ (IERH) 0 xhAAǂ+ xhIERǂ/Ƥõð+�)ż¤�$. ƕǞžëħ�
ìƤ (FEK)0 yhIERǂ+ ykFEǂ/Ƥõð, ƕǞž¡ØģƤ (IERK) 0 xkVVǂ+ xkIERǂ/Ƥõð+�

)ż¤�$. ƻǞžôƑëƤ (PDFA) 0 ykIERǂ+ yaPDFǂ/Ƥõð, ƻǞž¡Ø¹Ƥ (INEVA) 0
zaPDFǂ+ zaINEVǂ/Ƥõð+�)ż¤�$.  
ŸÀ/ĽƵ0ƎǞž*�ì, Øǁ�=2ØģDĽ, ëħ, ¡ǁ�=2¡ģDƵ, ƕǞž*�ì�

=2ØģDĽ, ëħ�=2¡ģDƵ, ƻǞž*ôë�=2Ø¹DĽ, Ƒë�=2¡¹DƵ+�$. 
ż¤�A$[xW0, ¿ƻ�ĕÐ�ǦÐ�@8*/ĦǝD 100 %+�)ƣĲ±�A$.  
�{.=')þ>A$ÁǞžƤõ.��) , ĕÐĦ/ǞžƤõ  (OnJA), ǦÐĦ/ǞžƤõ 

(OffJA), ĕÐ�/ĩ;Ú��ǞžƤõ (MaxJA), ĕÐ�/ĩ;è��ǞžƤõ (MinJA) �=2ĕ
Ð�/ǞžƤõ/ MaxJA+ MinJA/ð (DifJA) / 5(/ďĹDż¤�, RC+/Ǟ�Dĥ>�.�
$. 
� þ>A$"A#A/ǞžƤõDĦǝÿ¥�@�+*, ǞžƤǈõDż¤�$. ż¤�A$ÁǞž
Ƥǈõ.��);Ãĸ., ĕÐĦ/ǞžƤǈõ (OnJAV), ǦÐĦ/ǞžƤǈõ (OffJAV), ĕÐ�/
ĩ;Ú��ǞžƤǈõ (MaxJAV), ĕÐ�/ĩ;è��ǞžƤǈõ (MinJAV) �=2ĕÐ�/Ǟž
Ƥǈõ/MaxJAV+MinJAV/ð (DifJAV) 5(/ďĹDż¤�, RC+/Ǟ�Dĥ>�.�$.  
 
(5) Ðǫ¹« 
� þ>A$ X, Y, Z ǂ ("A#A�ġ, ńó, ǚŧġÄ) /Ðǫ¹«0Ơǲƍ/�ǘ.=')ǡ�, 
Ã��¿ƻ�ĕÐ�ǦÐ�@8*/ĦǝD 100 %+�)ƣĲ±�A$. Xǂ0, ǊƞġÄ.æ�)
¿Ċ��Ľ, Y ǂ0ǊƞġÄ�Ľ+�$. X ǂ/Ðǫ¹«.��)0, ĩÚ� (MaxGRF), ĩè� 
(MinGRF), MaxGRF+ MinGRF/ð (DifGRF) �=2¹«/Ɔæ�/ƈÈ (SumGRF) / 4 (/ďĹD
ż¤�$. Yǂ/Ðǫ¹«.��)0, MaxGRF, MinGRF, DifGRF, SumGRF.­�)ftxMêǫ/¹

«/ƈÈ (Sum1GRF) �=2ĖǊêǫ/¹«/ƈÈ (Sum2GRF) / 6(/ďĹDż¤�$. Zǂ/Ð
ǫ¹«.��)0, MaxGRF�=2 SumGRF/ 2(/ďĹDż¤�$. "A#A/ďĹ+ RC/Ǟ�
Dĥ>�.�$.  
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4. ƅƧ£ş 
� ĝ�0�5)óÑ��ĹŐ�ð*ů�$. �5)/ƅƧ£ş.0 SPSS Statistic 22 (IBM Ű, 
Chicago, IL) D�š�$. Ơǲƍ¡/ďĹ/×±/Ĵâ.0y�ǖƊ/¥Ĝ¥ĮDƞ-�, �¯İ
�ĪĄ*,@+Ʈ:>A$+�, Bonferroni /�ǰ²ǝ/ưĞDš�$. 2 ×Ǚǝ/Ǟ�.0
Pearson/ŵŜŨǞ�ĝDš�)¥Į�$. RC/Ưĥ×ĝDĴƨ�@$:., �5)/bGJlK
_OTŤďĹDýí×ĝ.���TZYguGUŇ.=@ǘÌñ¥ĮDƞ-'$. �/+� F��
0.05 �|/+�ďĹ0č��A, 0.10 �{/+�ǡ¶�A$. 8$, Ðǫ¹«/ďĹDǡ�Áùõ
.��) Ǉ�)RC+/Ǟǉ�Ʈ:>A$bGJlK_OTŤďĹDù§č��@ǘÌñ¥Į;
ƞ-'$. ƅƧŤĪĄńŐ0 P < 0.05+�, P 
 0.10D�Ä8$0Ǟǉ�,@+�$. 
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�. Ƅİ 
1. ŠşàŤďĹ 
� \tY]j±ƹƞZT\.��@Ƅİ, V

w

O2max, vV
w

O2max �=2 LT 0"A#A 70.6 � 5.1 
mL kgǵ1 kmǵ1, 20.0 � 0.7 km hǵ1�=2 17.1 � 0.9 km hǵ1*,'$. ý'), ãǤ.ƹƞ�$
13.8�=2 15.0 km hǵ1� LTDƺ�-�ùõ, 16.2�=2 17.4 km hǵ1� LT�ǅ/ùõ"�)
18.6�=2 19.8 km hǵ1� LTDƺ�@ùõ*,'$.  
� Áƹǈõ.��@ RC0, 13.8, 15.0, 16.2, 17.4, 18.6�=2 19.8 km hǵ1*"A#A 1.01 � 
0.06, 1.03 � 0.05, 1.05 � 0.05, 1.07 � 0.06, 1.11 � 0.05�=2 1.14 � 0.05 kcal kgǵ1 kmǵ

1*,'$ (Ï 4). ƹǈõ/ÕÚ.�� RC/ÕÚ�Ʈ:>A, 13.8+ 15.0 km hǵ1�=2 18.6+
19.8 km hǵ1Dǡ��5)/ǝ.ĪĄð�Ʈ:>A$. $%�, 19.8 km hǵ1/Ƭċ/9 11�/ǋ
ƞ*,'$. 
 

 
Ï 4. Áƹǈõ.��@ Running Cost 
 
 
2. bGJlK_OTŤďĹ 
(1) ÒŮcqlxW 
ÇĉĎĉóƂżƃřŁņŨ:ÿ�Ś SL, SFŁťŝ CTūô 1řÊŉŏ. ĉđmŚNRř�ľ SLŁť

ŝ SFśNRŉ,Ķ CTś±cŉŏ.  
 
Ɵ 1. ÁƬċ.��@T\qG]ǜ, dYX�=2ĕÐĦǝ 

 
 
 
(2) ǞžƤõ 
� Ï 5. 13.8, 16.2�=2 19.8 km hǵ1.��@ĕÐ�/ÁǞžƤõ/×±Dů�$. FEH, FEK, 
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PDFA�=2 INEVA0ƹǈõ�ÕÚ�$+�, ĕÐ<ǦÐĦ/Ƥõ.C �-ǐ��Ʈ:>A@;
//, ĕÐ�DǇ�)/Ƥõ×±.0Ú�-ǐ��Ʈ:>A-�'$. yġ, AAH 0ĩÚØǁƤõ

�=2ĩÚ¡ǁƤõ�ÕÚ�, IERH0ĩÚØģƤõ�¤ŝ�@Ħǝ�Ĥ�-?, IERK0×±�Ú

��ţ-@�+�ĥ>�+-'$.  
 

 
Ï 5. ĕÐ�/ÁǞžƤõ/×± 
 
 
(3) ǞžƤǈõ 
Ï 6. 13.8, 16.2�=2 19.8 km hǵ1.��@ĕÐ�/ÁǞžƤǈõ/×±Dů�$. �5)/

ǮŦ.��), ƹǈõ/ÕÚ.��ĩÚƤǈõ�=2ĩèƤǈõ/ÕÚ�Ʈ:>A, ĕÐ�/Ƥǈ
õ/×±�Ú��-@�+�Ʈ:>A$. ř. AAH, PDFA�=2 INEVA0Ú�-Ƥǈõ/×±�

,'$. IERK0 19.8 km hǵ1/+��/ǈõ+Ú��ţ-@×±�Ʈ:>A$. FEH, AAH, IERH�

=2 FEK0ĩÚƤǈõ.¦Ǐ�@Ħǝ�ǌ�-'$.  
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Ï 6. ĕÐ�/ÁǞžƤǈõ/×± 
 
 
(4) Ðǫ¹« 
� Ï 7. 13.8, 16.2�=2 19.8 km hǵ1.��@Ðǫ¹«Dů�$. "A#A/ġÄ.æ�@Ðǫ
¹«0, ƹǈõ/ÕÚ.��ÕÚ�$. ƹǈõ�ÕÚ�);, ftxMêǫ+­ǈêǫ/Ħǝ/ª
Â.×±0Ʈ:>A-�'$ (Ï 7. �Ü). 
 

 
Ï 7. �ġ, ¨ü, ǚŧġÄ/Ðǫ¹« 
 
 
3. Running Cost+bGJlK_OTŤďĹ/Ǟ� 
(1) ǞžƤõ 
� RC+ÁǞžƤõ+/ǝ.Ǟǉ�Ʈ:>A$ďĹ�=2"/ŨǞ�ĝDƟ 2.ů�$. FEH, IERH

�=2 IERK/ďĹ+ RC +/ǝ.0�5)/Ǎ°ùõ.��)Ǟǉ�Ʈ:>A-�'$. AAH0

LT Dƺ�-�ùõ.��) MaxJA+ RC +/ǝ.Ľ/Ǟǉ�Ʈ:>A, FEK0 LT ùõ.��)
OffJA�=2MaxJA+ RC+/ǝ.Ľ/Ǟǉ�Ʈ:>A, LTDƺ�@ùõ.��)MinJA+ RC+
/ǝ.ĪĄ-Ľ/ŨǞǞ��Ʈ:>A$.  PDFA0 LT Dƺ�-�ùõ.��) OnJA, LT �ǅ�
=2 LTDƺ�@ùõ.��)OnJA, OffJA, MaxJA�=2DifJA.RC+/ĪĄ-Ľ/ŨǞǞ�8$
0Ľ/Ǟǉ�Ʈ:>A$. INEVA/ďĹ0, LTDƺ�@ùõ.��)DifJAV+/ǝ.ĪĄ-Ľ/Ũ
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ǞǞ��Ʈ:>A$�, LTDƺ�-�ùõ�=2 LTùõ.��)0 RC+Ǟǉ�@ďĹ0Ʈ:>
A-�'$.  
 
Ɵ 2. Running Cost+ÁǞžƤõďĹ+/ǝ/ŨǞ�ĝ 

 
 
 
(2) ǞžƤǈõ 
� RC+ÁǞžƤǈõ+/ǝ.Ǟǉ�Ʈ:>A$ďĹ�=2"/ŨǞ�ĝDƟ 3.ů�$. FEH0, 
�5)/ùõ.��) RC + DifJAV+/ǝ.Ƶ/Ǟǉ�Ʈ:>A, MaxJAV8$0MinJAV+/ǝ.

ĪĄ-ŨǞǞ�8$0Ǟǉ�Ʈ:>A$. AAH0RC+/ǝ. 15.0 km hǵ1.��)MaxJAV�=2

DifJAV+ĪĄ-Ľ/ŨǞǞ��Ʈ:>A, 17.4 km hǵ1.��)MaxJAV�=2 DifJAV+ĪĄ-Ľ/

ŨǞǞ�, MinJAV+Ƶ/Ǟǉ�Ʈ:>A$. 8$ LT Dƺ�@ùõ.��) DifJAV+/ǝ.Ľ/Ǟ

ǉ�Ʈ:>A$. IERH0 RC+/ǝ. 15.0 km hǵ1.��)MaxJAV+ĪĄ-Ľ/ŨǞǞ��Ʈ:

>A, 16.2 km hǵ1.��)MaxJAV+Ľ/Ǟǉ�=2DifJAV+Ľ/ŨǞǞ��Ʈ:>A$. LTDƺ
�@ùõ.��) OnJAV, MaxJAV�=2 DifJAV+Ľ/ŨǞǞ�8$0Ǟǉ�Ʈ:>A$.  

FEK0 13.8 km hǵ1.��)MaxJAV+ RC+/ǝ.Ľ/Ǟǉ�Ʈ:>A$�, "/�/ƹǈõ
.��)0 RC +/Ǟǉ�,@ďĹ0Ʈ:>A-�'$. IERK0 15.0 km hǵ1.��) OnJAV+

RC +/ǝ.Ƶ/Ǟǉ�Ʈ:>A$�, "/�/ƹǈõ.��)0 RC +/Ǟǉ�,@ďĹ0Ʈ:
>A-�'$.  

PDFA0 RC+/ǝ. 13.8 km hǵ1.��)MinJAV+ĪĄ-Ƶ/ŨǞǞ��Ʈ:>A, DifJAV+

ĪĄ-Ľ/ŨǞǞ��Ʈ:>A$. 8$ 15.0 km hǵ1.��) OnJAV+Ƶ/Ǟǉ�Ʈ:>A, 17.4 
km hǵ1.��) MinJAV+Ƶ/Ǟǉ�=2 DifJAV+Ľ/Ǟǉ�Ʈ:>A, 18.6 km hǵ1.��)

OnJAV+Ƶ/Ǟǉ, MaxJAV�=2 DifJAV+Ľ/Ǟǉ�Ʈ:>A$. INEVA0 LTDƺ�-�ùõ.
��) RC+ OnJAV, OffJAV, MaxJAV, DifJAV+/ǝ.ĪĄ-Ľ/ŨǞǞ�8$0Ľ/Ǟǉ�Ʈ:>

A, MinJAV+/ǝ.Ƶ/Ǟǉ�Ʈ:>A$. 8$ LTDƺ�@ùõ.��)MinJAV+ĪĄ-ŨǞǞ

� (18.6 km hǵ1*0Ƶ, 19.8 km hǵ1*0Ľ) �=2MaxJAV+ DifJAV+Ľ/Ǟǉ�Ʈ:>A$y

ġ, LTùõ.��)Ǟǉ/,@ďĹ0Ʈ:>A-�'$.  
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Ɵ 3. Running Cost+ǞžƤǈõďĹ+/ǝ/ŨǞ�ĝ 

 
 
 
(3) Ðǫ¹« 
� RC+ÁÐǫ¹«+/ǝ.Ǟǉ�Ʈ:>A$ďĹ�=2"/ŨǞ�ĝDƟ4.ů�$. Xǂ/ďĹ
0, LTDƺ�-�ùõ�=2 LT�ǅ/ùõ.��) Sum+ RC/ǝ.ĪĄ-Ľ/ŨǞǞ��Ʈ
:>A$�, ƹǈõ�ÕÚ�@+"/Ǟ�0ŋÝ�$. Yǂ/ďĹ0, 15.0 km hǵ1Dǡ��5)/

ƹǈõ.��) Sum + RC+/ǝ.ĪĄ-Ľ/ŨǞǞ�8$0Ǟǉ�Ʈ:>A$. Zǂ/ďĹ0, 
13.8�=2 18.6 km hǵ1.��) Sum+ RC+/ǝ.Ǟǉ�Ʈ:>A$�, "/�/ƹǈõ.�
�)0Ǟǉ�Ʈ:>A-�'$.  
 
Ɵ 4. Running Cost+Ðǫ¹«ďĹ/ǝ/ŨǞ�ĝ 
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(4) bGJlK_OTŤďĹ.=@ RC/Ưĥ�ĝ 
� Ɵ 5.Áƹǈõ.��@ RC/Ưĥ×ĝ�=2ņâ�ĝ�ů�A)�@. Ưĥ×ĝ+�A$/0
13.8 km hǵ1* Horizontal SumGRF, INEVA OFFJAV�=2 Horizontal MAXGRF, 15.0 km hǵ1*

Lateral SumGRF, 16.2 km hǵ1* PDFA DifJA�=2 IERH MaxJAV, 17.4 km hǵ1* PDFA DifJA, 18.6 
km hǵ1* PDFA OnJA, INEVA MaxJAV, IERK MaxJAV, IERK OffJAV�=2 FEK MaxJAV, 19.8 km hǵ
1* INEVA MinJAV, Horizontal SumGRF�=2Lateral SumGRF*,'$. 8$"/ņâ�ĝ0"A
#A 0.79, 0.38, 0.55, 0.47, 0.93�=2 0.87+-'$. 
­�) RC +Ǟǉ�Ʈ:>A$ǞžƤõ�=2ǞžƤǈõ/ďĹ/.&, Áùõ.��) Ǉ�

)Ʈ:>A$ďĹ.��@ RC /ņâ�ĝDŅ:$ (Ɵ 6). LT Dƺ�-�ùõ*0 AAH MaxJA, 
PDFA OnJA, FEH DifJAV�=2 INEVA OnJAVD, LTùõ*0PDFA DifJA�=2FEH MaxJAVD, "
�) LTDƺ�@ùõ*0, PDFA OnJA, PDFA OffJA, FEH DifJAV�=2 INEVA DifJAVDƯĥ×ĝ+

�$. "/Ƅİ�5)/ùõ.��) 40 %�{/Ưĥ�ĝ�Ʈ:>A, ĩ;Ǵ�ņâ�ĝ�Ʈ:
>A$/0 13.8 km hǵ1* 0.66*,'$.  
 
Ɵ 5. RC/Ưĥ×ĝ+ņâ�ĝ 

 
 
 
Ɵ 6. ǞžƤõ�=2ǞžƤǈõ/ďĹ.=@ RC/Ưĥ�ĝ 
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	. ƌå 
� ĬŬŶ0ŷċth±/Ǵ�ÚàŠǜƼǦqv^xDæƴ., LTDƺ�-�ùõ�> LTDƺ�@
ùõ/ĸ�-Ǎ°ùõ.��@ RE +bGJlK_OTŤďĹ+/Ǟ�Dĥ>�.�, "A#A/
ùõ.��@ RE/�A$qv_vPeIxkDĴƨ�@�+�ŦŤ*,'$. LTDƺ�@ RED
=?Þú.Ĵƨ�@$:.V

w

O2 .­�)H`±NxÒƷ (RER) �=2ŖǗƁăH`±Nx�Ʋ 
(bLa/ƛŵ) Dƌć�$ RE/ƫ�ġŇDš�$ (Tanji et al. 2014). 8$ĬŬŶ0, RE.Ǫò.
ûǬD~�@+ƌ�>A)�@ĕÐ�/qv_vPeIxk.ŗŕDú))Ĵƨ�$ (Heise et al. 
2011, Kram 2000).  
� �5)/Ǎ°ùõ.��) Ǉ�) RC +/Ǟǉ�Ʈ:>A$M`iZFOTďĹ0 PDFA 
OnJA, FEH DifJAV�=2 AAH DifJAV*, M`ZFOTďĹ0 Horizontal SumGRF*,'$. PDFA 
OnJA0 RC+/ĽŨǞ�Ʈ:>A, ĕÐĦ.ƻǞž�=?Ƒë�)�@qv^x0 RC��A)�
@�+�ĥ>�+-'$. yġ*ĕÐĦ/ FEH< FEK/ǞžƤõ+ RC +/Ǟǉ0Ʈ:>A-�
'$. ý')Ã�ƕǞž�=2ƎǞžƤõ.��)Ƒë�@ĕÐ, (8?��+ĕÐ (Heel foot 
strike: HFS) ��A$ RE/qv_vPeIxk*,@½ƒă�ůÉ�A$. ¼��> RE+ĕÐ
cWxv.(�)0ƳƱ�Ƈ�)�?, ĸ�-ŷċth±/qv^xDæƴ."/Ǟ��ÓÅ�A
)�@�, HFS+¨ƻǕĕÐ (Fore foot strike: FFS) /,&>/ĕÐcWxv�RE/�A$qv
_vPeIxk*,@/�yƗ�$Ƣƥ0þ>A)�-� (Anderson 1996). ŷċth±/Ǵ�
qv^xDæƴ+�$ĬŬŶ*0, �5)/ƹǈõ.��) HFS ��A)�@½ƒă�Ǵ�+�
.Ƅİ+-'$. 8$�/Ǟ��ƹǈõ/ÕÚ.��ù�-'$. yƘ.ƹǈõ/ÕÚ.�� CT
0ū�-?, ĕÐcWxv; FFS.-@�Ä�Ʈ:>A)�@� (Chapman et al. 2012), ĬŬŶ
.��);ƹǈõ/ÕÚ.�� CT 0ū�-? (Ɵ 1) 8$ PDFA OnJA�ÕÚ (=?ôë) �@�
+�ĥ>�+-'$ (Ï 5). ý'), ƹǈõ/ÕÚ.�� FFS+-@�Ä.,@�, �/+�ǎõ
.ôë�@�+� RCD=?ÕÚ�!@+ƌ�@ġ�ƙ��;�A-�. FEH DifJAV0ĕÐ�/Ǝ

ǞžĩÚ�ìƤǈõ+ĩÚëħƤǈõ (8$0ĩè�ìƤǈõ) /ð.=')Ņ:>A, RC+/Ƶ
/Ǟǉ�Ʈ:>A$. ĕÐŧü/ƎǞžƤǈõ�è��8$ĩÚ�ìƤǈõ�Ú���+� FEH 
DifJAV �Ú��-@$:.0Ăơ*,@. ĕÐŧü0Ǖ¥Ť.��ƻ�ĕÐ�)�-��+�>, 
ƎǞž/�ì�,8?Š� , �/êǫ.��@ǎõ-�ìƤǈõ0 RC D�|�!@½ƒă�,
@. yġ, ĕÐ�ť0đß/=.-°�D�@�+*ƎǞžD�1<��ì�!@�+� RC /Ä
{.ǘơ*,@+ƌ�>A@. AAH DifJAV0ĕÐ�/ƎǞžØǁƤǈõ+¡ǁƤǈõ/ð.=')

Ņ:>A, RC+/Ľ/Ǟǉ�Ʈ:>A$. (8?¡Øǁ/Ƥǈõ/×±�è��qv^x0 RC�
è���+�C�@. qv_vP0ǀ�DńóġÄ.Ǌ:@�+�Ņ:>A@$:, ǎõ-ƎǞž
¡ØǁƤǈõ0qv_vP.+')}Ăơ*,@½ƒă�ůÉ�A$. ƹǈõ�ÕÚ�@.(A)
RC +/Ǟ��é�ø�-@�+�>, �A>/ơÍ0�ùõ.��)ř. RE .ûǬD¸7�ď
Ĺ*,@+ƌ�>A@. ãǤ, LTDƺ�-�ùõ.��) AAH MaxJA � RC.Ǟǉ�@ďĹ*,
'$. Horizontal SumGRF0Ðǫ¹«/ńóĉ¥.Š�$«�š/Ɔæ�/ƈÈ.=')ż¤�A, 
RC +/Ľ/Ǟǉ�Ʈ:>A$. ý'), ftxMêǫ�=2­ǈêǫ.��)ńóġÄ/«�š
�è��qv^x0 RC �è���+�ĥ>�+-'$. ftxMêǫ.Ú�-ōǈDŠ�@+­
ǈêǫ.��)Ú�-­ǈ�Ņ:>A, ĕÐ�/ǀ�ǘā/ǈõ�Ú��×±�, RE D�|�!
@�+�ÓÅ�A)�? (Williams et al. 1987), ĬŬŶ/Ƅİ0�ADĚĎ�)�@. ­�)
Horizontal SumGRF+PDFA OnJA0ĪĄ-Ľ/ŨǞǞ��Ʈ:>A$ (13.8, 15.0, 16.2, 17.4, 18.6
�=2 19.8 km hǵ1*"A#A r = 0.64, 0.78, 0.67, 0.59, 0.60�=2 0.56). ý'), ĕÐĦ.=?
ôë�)�@qv^x0, ńóĉ¥/«�š�Ú��-?Ƅİ+�) RC ��|�@½ƒă�ůÉ
�A$.  
� LT Dƺ�-�ùõ.��) Ǉ�) RC +/Ǟǉ�Ʈ:>A$M`iZFOTďĹ0 AAH 
MaxJA�=2 INEVA OnJAV*, M`ZFOTďĹ0 Lateral SumGRF*,'$. INEVA OnJAV0ĕ

ÐĦ/Ø¹Ƥǈõ*,?, RC +/Ľ/Ǟǉ�Ʈ:>A$. ƻ/Ø��>ĕÐ�@+Ø¹/Ƥǈõ
DĎ'$ŚĆ+-@�+�>, �ùõƹƞ*0ƻ/�Ü�>ĕÐ�@�+�ǘơ*,B.. Lateral 
SumGRF0�ġġÄ4/«/�š/ƈÈ* RC +/Ľ/ŨǞǞ��Ʈ:>A$. ǀ��ï¿.đA
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@+, �/�0Ú��-? RC �ÕÚ�@. LateralGRF�Ú��-@/0ĕÐŧü*,@�+�>, 
ï¿.3A-�TkxT-ĕÐDŅ:@Ăơ�,@. LTDƺ�-�ùõ.��)RC. Ǉ�)Ǟ
ǉ�$ AAH MaxJA, PDFA OnJA, FEH DifJAV�=2 INEVA OnJAV/ 4(/M`iZFOTďĹ*/
ǘÌñ¥ĮDƞ-'$+�B, RC.æ�@ƯĥŜ0 13.8�=2 15.0 km hǵ1*"A#A 66�=2
40 %*,'$. �A0bGJlK_OTŤďĹ� RE /��ð/ 54 %ŴõDƯĥ�@+�$
Williams and Cavanagh (1987) /ÓÅ.ǅ�;/+Ʀ�@. ý'), LTDƺ�-�ùõ/ƹƞ.
��)0�A> 4(/qv_vPeIxk.ũŦ�@5�*,@+ůÉ�A@.  

LT ùõ.��) Ǉ�) RC +/Ǟǉ�Ʈ:>A$M`iZFOTďĹ0 PDFA OffJA�=2

PDFA DifJA*,?, M`ZFOTďĹ0Ʈ:>A-�'$. ǦÐĦ0 PDFA�ĩ;Ú��-@êǫ

*,?, "/+�.=?ôë�)�@6, RE 0®')�@�+�ĥ>�+-'$. ôë0|Ɣz
ǯź/ŉ°D�.�+�Ū>A)�?, �/C �-Ƥõ/ð�ź/ŉ°DÕÚ�!, RC DÕÚ
�!$½ƒă�ůÉ�A$. ĕÐ�/ PDFA/Ƥõ0×±�-�6, RE ��A)�@�+;Ãĸ
.ǦÐĦ/Ƥõ.=@;/*,@+ƌ�>A@. LT ùõ.��) RC . Ǉ�)Ǟǉ�$ PDFA 
OnJA, PDFA OffJA�=2 FEH MaxJAV/ 3(/ďĹ.=')ǘÌñ¥ĮDƞ-'$+�B, RC.æ
�@ƯĥŜ0 16.2�=2 17.4 km hǵ1*"A#A 36�=2 44 %*,'$. �A0 LTDƺ�-�
ùõ.��@ďĹ/ƯĥŜ=?;���+-'$. \tY]j±ƹƞZT\/ƄİDÒ.�/ƹǈ
õD LT ùõ+�$�, Ơǲƍ.=')Ǎ°ùõ�C �.ţ-'$�+�µÍ*,@½ƒă�,
@. 
� LTDƺ�@ùõ.��) Ǉ�)RC+/Ǟǉ�Ʈ:>A$M`iZFOTďĹ0PDFA OffJA, 
PDFA DifJA, IERH OnJAV �=2 INEVA DifJAV *,?, M`ZFOTďĹ0Ʈ:>A-�'$. 
IERH OnJAV0ĕÐĦ/ƎǞžØģƤǈõ*,?, RC+/Ľ/Ǟǉ�Ʈ:>A$. ĕÐ�=2ǦÐ
Ħ0ƎǞž/¡ØģƤǈõ0��=" 0 deg. sǵ1+-@�, �/+�¡ģ/Ƥǈõ.-')�@q
v^x0 RC ����+�Ėå�A@. ý'), ĕÐĦ.ƎǞž�¡ģ/ƤǈõDĪ�)�@�+
��A$ RE/qv_vPeIxk*,@½ƒă�ůÉ�A$. INEVA DifJAV0ĕÐ�/ĩÚØ¹

Ƥǈõ+ĩÚ¡¹Ƥǈõ/ð.=')Ņ:>A, RC+/Ľ/ŨǞǞ��Ʈ:>A$. LTDƺ�$
ùõ/ƹƞ*0+?C�ĕÐŧü/Ø¹Ƥǈõ�Ú��-@�Ä�,@ (Ï 6). �/Ƥǈõ/ÕÚ
DČ§*�@=.-ĕÐDā��@Ăơ�,@. LTDƺ�@ùõ.��)RC. Ǉ�)Ǟǉ�$
PDFA OnJA, PDFA OffJA, FEH DifJAV�=2 INEVA DifJAV/ 4(/ďĹ.=')ǘÌñ¥ĮDƞ-
'$+�B, RC.æ�@ƯĥŜ0 18.6�=2 19.8 km hǵ1*"A#A 57�=2 40 %*,'$. Ǎ
°ùõ�Ú��-@.��, ǅ�Ǖ/M`iZFOT=?;Ǒ�Ǖ/M`iZFOT�ǘơ*,@
½ƒă�ƌ�>A@.  
� �{/=.. LT Dƺ�-�ùõ+ LT Dƺ�@ùõ.��)0 RE /�A$qv_vPeIx
k�é�ţ-'$. ř. LT Dƺ�@ùõ.��)0=?ƻǞž/M`iZFOT�ǘơ*,@�
+�ĥ>�.-'$. yġ*, ƕǞž.Ǟ�@ďĹ0�5)/Ǎ°ùõ.��) RC +/Ǟǉ�ø
��+�ĥ>�.-'$. �A0ĬŬŶ�ŷċth±/Ǵ�qv^xDæƴ+�$�+�µÍ+�
)Đ�>A@. ƕǞž/M`iZFOTďĹ+ RE /Ǟ�.(�)/ÓÅ0tOrHxSpvqv
^x (Williams and Cavanagh 1987) Dæƴ+�)�@;/0,@�, Hrx\qv^xDæƴ
+�$;/0Ƣ>A-�. ŷċth±�Ǵ�qv^x/ÔÂ, ��ǝ/ RE /ð0ƎǞž<ƻǞž
/M`iZFOTďĹ�ǘơ*,@+ƌ�>A@. 8$, ĬŬŶ*0M`ZFOTďĹ+�)Ðǫ
¹«DŎâ�$�, �>.ƭƂ.Ĵƨ�@$:.0|Əźǧŉ°Dƫ��@�+�Ņ:>A@ 
(Saunders et al. 2004).  
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. ęơ 
� ĬŬŶ0ŷċth±/Ǵ�ÚàŠǜƼǦqv^xDæƴ+�, ĸ�-Ǎ°ùõ.��@qv_v
PHQajx/�A$qv_vPeIxkDĥ>�.�@$:.ãĢ�A$. þ>A$ƄİD8+
:@+�|/Ǉ?+-'$.  
 
Ǎ°ùõ.ǞC> RE��A$qv^x/qv_vPeIxk/ Ǉŕ 
1. ĕÐĦ.ƻǞž�=?Ƒë�)�@ 
2. ĕÐ�/ƎǞž/�ìǈõ�Ú�� 
3. ĕÐ�.ƎǞžD¡Øǁ�!-� 
 
LTDƺ�-�ùõ.��@ RE��A$qv^x/qv_vPeIxk 
1. ĕÐ�/ƎǞžĩÚØǁƤǈõ�è�� 
2. ƻ/�ÜǕ*ĕÐ�@ 
 
LT�ǅ/ùõ.��@ RE��A$qv^x/qv_vPeIxk 
1. ǦÐĦ.ǎõ-ƻǞžôëD�-� 
2. ĕÐ�/ƻǞžôëƑëƤõD×±�!-� 
 
LTDƺ�@ùõ.��@ RE��A$qv^x/qv_vPeIxk 
1. ǦÐĦ.ǎõ-ƻǞžôëD�-� 
2. ĕÐ�/ƻǞžôëƑëƤõD×±�!-� 
3. ĕÐĦ.ƎǞž�¡ģ/ƤǈõDĪ�)�@ 
4. ĕÐ�.ƻǞžD¡Ø¹�!-� 
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