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[Objective] 
The objective this study was to investigate 1) the effects of different kick start 

positions on swimming start performance, 2) the effects of different leg extension 

timings during the kick-start on swimming start performance using computational 

simulation. 

[Methods] 
Study 1: The whole body was modeled as linked eight rigid-body segments to 

simulate a kick start performance. A simulation of the kick-start was performed with 

12 kick-start positions, with center of mass (COM) positioned at the Front, Normal 

and Rear levels, and 4 height levels for each 3 positions. 

Study 2: Based on the empirically obtained whole-body kinematic data during 

kick-start, the whole body was modeled as linked nine rigid-body segments to 

simulate the kick-start performance for five swimmers. Front leg extension timings 

were adjusted by shifting the time-series data of the front foot segment, front ankle 

and front knee angles were shifted 0.01 to 0.04s earlier from the original data. The 

kick-start motion was calculated using forward and inverse kinematics under the 

some simplifying assumptions with geometric constraints. 

 

 



[Result and Discussion] 
Study 1: The horizontal take-off velocity was greater for Front, Normal and Rear 

position in order. The height of COM would affect the horizontal take-off velocity on 

each 3 positions. In addition, the angular impulse and impulse were the greater for 

the greater horizontal take-off velocity for the start position. Therefore, swimmers 

need to perform the kick-start from initial position so that swimmers can generate 

the greater angular impulse and impulse on lower leg for the greater horizontal 

take-off velocity. 

Study 2: The horizontal take-off velocity increased for 3 swimmers, whereas it 

decreased for the 2 swimmers as the front leg extension timing became earlier. The 

vertical take-off velocity increased as the front leg extension timing became earlier 

for all swimmers. Therefore, the front leg extension timings either positively or 

negatively affected horizontal take-off velocity, depending on the vertical take-off 

velocity. 

[Conclusion] 
The present study has shown the 2 conclusions:  

1: Swimmers need to perform the kick-start from initial position so that they can 

generate the greater angular impulse and impulse on lower leg for the greater 

horizontal take-off velocity. 

2: The Front leg extension timings either positively or negatively affected horizontal 

take-off velocity, depending on the vertical take-off velocity. 
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ɬ 1 ɩ� ʁʼ 
 

1-1� ɫȖɫƠ/5 

� ɫȖɫƠ5ͅ°du�PͅʖȖ�ͅŬȖ�ͅʜɀž�D8Â�}l��4 5ɤɋ�#H

�.ͅ�ŉ4ˤ̨KȖ�˻�Kɫ�ɫƠ.�G͆ɫƠˤ̨5ͅ°du�PͅʖȖ�ͅŬȖ

�5 5ͅ0m 1ͅ00m 2ͅ00m Âͅ�}l��5 200m 4ͅ00m ʜͅɀž5 5ͅ0m 1ͅ00m 2ͅ00mͅ

400mͅ800mͅ1500m .�Fͅɒˤ̨ɤɋ�E̕ˤ̨ɤɋ>.�G͆�4ɫȖɫƠ4�

�`5`d�kś̭ͅ`k��Wś̭ͅd��ś̭�D8uOng^�ś̭4 4ś̭�E

ǵƛ�H-�F(Ĺ̐<�, 1998; ǆǟȊȖ˼Ɋʃ, 2014)ͅɫƠçĎ�4'A2%H&H4

ś̭2ȪȩKŽ-'ɔɦ2ı�ʧJH-�G͆ 

 

1-2� `d�kś̭4̏ʲƑ 

� ��` 4 ś̭4�.B`d�kś̭5ͅ`d�k^Xm��E 15m >.4ˤ̨/ŉʋ

�H-�G(ǆǟȊȖ˼Ɋʃͅ2014)͆`d�kś̭5��`Ï´2œ -ͅ50mɫƠ.5

26.1%ͅ100m ɫƠ.5 15%/ͅɒˤ̨ɤɋ.5Ĳ31æĉKøA-�F(Cossor and 

Mason, 2001)̀ͅ d�kś̭4̏ʲƑ2+�-ɔɦ2ı�ʧJH-�G Ĺ͆̐<� (1998)

5ͅ`d�kś̭˺́Ǐ4Ȗ˻Ŵ2́�/ͅ100m ʜɀž4ɫƠˀ̔2́��/KĩĐ 

-�FͅArellano et al. (1994)5 50m�D8 100mʜɀž4ɫƠˀ̔5ͅ10m4˺́d

P|/ǙƓ1Ȃ4ɍ̙̙¼2ˈAEH'�/KĩĐ -�G͆ '2*-ͅɫȖɒˤ̨ɤ

ɋ2��-`d�kś̭4dP|Ď�5ͅɫƠˀ̔Ď�2̬Ū2̏ʲ.�G�/2ʍ�E

HG͆ 

 

1-3� ɫȖɫƠ.Ⱦ�EHG`d�k 

� `d�kś̭5ͅ`d�kĄ�.îµKʧ�v�gWǜͅˢ2`d�kĄK̨ġ 'ƃ

ƝÌ2ÎȊ"G>.4u�PkǜͅƝÌ2ÎȊ -�EňÏ2ÎȊ"G>.KR�k��

ǜͅ`k��W̗ľ>.4X�Plǜ4 4 +4ś̭�Eǵƛ�H-�G(ǆǟȊȖ˼Ɋʃ, 

1996)͆`d�kś̭2��Gv�gWǜ.ʧJHG`d�k5ͅ�ˢK`d�kĄÌɪ

2̌ʉ"Gŀð�Eʧ�X�v`d�k(Figure1-1A)ͅȰǄ4ˢ5`d�kĄ4ÌɪͅB

�ȰǄ4ˢK`d�kĄƃǄ2̌ʉ"Gŀð�Eʧ�k�gW`d�k2Ⱦ�EH-�G

(Figure1-1B) �͆E2 2ͅ010ŭ�EĠ̤ȊȖ˼Ɋ(Federation International De Natation: 
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FINA)2ƫȾ�H'ͅ°gWw��k¤34`d�kĄ�(Figure1-2).ʧ�k�gW`d

�k4�/KͅVgW`d�k/Ē8(Figure1-1C)ͅĠ̤Ĳ¬ͅĠÓ4ÏĠĲ¬2-¶Ⱦ

�H-�G͆��.ͅ`d�ksuS�z�`K˄º"GƦǷ/ -ͅÌ˸ 'v�gW

ǜ�D8u�Pkǜ.5ͅv�gWdP|ͅ˦8× ʺŴͅÎȊʺŴ̹ͅˤ̨ͅ˦8× 

˻ŴCè˻Ŵ ġ̭ͅýç çͅɥ102Ⱦ�EH-�G(Tor et al., 2015; García-Ramos et al., 

2015)͆�4�.Bͅ˦8× ȊŬ˻Ŵͅ˦8× ȊŬè˻Ŵ�D8ġ̭ýç4ȊŬƛØ

5 5mͅ10m �D8 15m 4˺́dP|/ǙƓ1˗4ɍ̙̙¼2ˈAEH-�F

(García-Ramos et al., 2015)ͅ`igw�PaȒKȾ�'̏ěũØǥ4ɼǦͅ15mdP|

ȏŉ25˦8× ȊŬ˻Ŵ2 81%˘ȶ -�G/ĩĐ�H-�G(Tor et al., 2015)͆è�

-ͅɫȖ4`d�k5ͅɫȖ��`4�.Ę�̡��Eʧ�îµ.�Fͅ��`�ǗB́

�˻ŴKȽƛ"G�/2.3G�/2ʼJH-�G(Vantorre et al., 2014)͆ '2*-ͅ

`d�kś̭4dP|ɒʅ25ͅ`d�kǏ4́�˦8× ȊŬ˻ŴKȷƆ"G�/2ͅ

̏ʲ.�G/ʍ�EHG͆ 

 

 

Figure1-1͇ɫȖɫƠ.Ⱦ�EHG`d�k 

(A�D8 B5ȃȿ<� (2007a)Kûʍ2µğ) 

A: �
	�����

B: �
�	�����

C: ��	�����
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Figure1-2͇SEIKO STARTING BLOCK 

(bP[�dP|^`i|ǫŷ¬ɜɜʯ) 

 

1-4� `d�kś̭4dP|ɒʅ2̅ '`d�kǄȒ 

� ˶ŭͅX�v`d�kͅk�gW`d�k�D8VgW`d�k4suS�z�`Kȉ

˯ 'ɔɦ�Eͅ`d�kś̭4dP|ɒʅ2íǦɉ1`d�kǄȒ2ǋE�2�H-�

G͆ȃȿ<� (2007a)5ͅk�gW`d�k4Ǆ2X�v`d�kDFBv�gWdP|

2ǙƓ2ɒ�ͅ�H5`d�k^Xm��ĘĄ>.4îµǏ̘2ͅk�gW`d�k4

Ǆ2ɒ��/2è� ȊͅŬǄĎ4ġ̭ýç4ɨ)�2F2˻�'A.�G/ĩĐ -�G͆

Fischer and Kibele (2016)5ͅk�gW`d�k4Ǆ2X�v`d�kDFBͅv�gW

ǜ2��G˪´4˞̑�Ɗ(Center of Mass: COM)4ȊŬǄĎ4Ŭģ˻Ŵ2́��/Kĩ

Đ -�FͅWelcher et al. (2008)5ͅk�gW`d�k2��Gƃʘʢ̏ŀð4Ǆ2X

�v`d�kDFBͅ˦ 8× ȊŬ˻Ŵ2ǙƓ2́��/KĩĐ -�G N͆omura et al. 

(2010)5ͅVgW`d�k4Ǆ2k�gW`d�kDFBͅãƃʘ4ʛ̙ɰŜǔʺŴ2Ǚ

Ɠ2ŗ��ͅ˦ 8× ʺŴ5ǙƓ2ȊŬ2˶�1G�/KĩĐ -�G Ś̙͆<� (2014)

5VgW`d�k4Ǆ2k�gW`d�kDFB`d�kÜǜŀðǏ2��G COM4°

ʉ2ãǄ2�F˦8× ȊŬ˻Ŵ2ǙƓ2˻� 1ͅ5m4˺́dP|BǙƓ2ɒ��/Kĩ

Đ -�FͅHonda et al. (2010)5VgW`d�k4Ǆ2k�gW`d�kDFB˦8×

 ȊŬ˻Ŵ�D8ȊŬǄĎ4ġ̭ýç2ǙƓ2Ĳ3��/KĩĐ -�G͆ '2*-ͅ

VgW`d�k5ͅX�v`d�k�D8k�gW`d�kDFB́�`d�kś̭4s

uS�z�`KƆG�/2.3G/ʍ�EHG͆ 
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1-5� ɫȖ`d�k2��G˦8× ȊŬ˻Ŵ2Ɓ̮"GʲĜ 

� ɫȖ`d�k4˦8× ȊŬ˻Ŵ5ͅVoziOW`ɉʲĜ�D8VoiOW`ɉʲĜ

2D*-ͅƁ̮Kā�G�/2ĩĐ�H-�G͆ 

 

1-5-1� ɫȖ`d�k4VoziOW` 

� ɫȖ`d�k2��G˦8× ȊŬ˻Ŵ5ͅ˦8× ʺŴ2Ɓ̮Kā�G�/2ͅı�

4ɔɦ2D*-ǋE�2�H-�G͆X�v`d�k2��-ͅ˦8× ʺŴ4ĭè2D

*-˦8× ̓Ɍ˻Ŵ2�Ď32ĭè ͅ˦8× ȊŬ˻Ŵ5ȠŘ"G�/ͅ˦8× ʺ

Ŵ4ȠŘ2D*-˦8× ̓Ɍ˻Ŵ2�Ď32ĭè ͅ˦8× ȊŬ˻Ŵ5ĭè"G�/

2ǋE�2�H-�G(ȃȿ<�, 2006; ȃȿ<�, 2007b)͆�H5ͅ˦8× ʺŴ2ŗ�

�1G/ͅCOM /`d�kĄÌɪKɼ9ʂØ/ȊṶ̆21"ʺ.�G˪´ʺŴ2ŗ��

1Fͅ�4ʂØ2ȊŬ2˶,��/.`d�kĄ�E˪´2È�ġ̭ýç�D8çɥ4Ȋ

ŬƛØ4æĉ2ĭè"G'A.�G/ʍ�EH-�G(ȃȿ<�, 2006) ¦͆�4�/KʍƗ

"G/ͅ˦8× ʺŴ5 0°¤˶2ǚ> �/ĩĐ�H-�G(ȃȿ<�, 2006)͆ 

� è�-ͅɫȖ4`d�k5 COM/`d�kĄÌɪKɼ9ʂØ.ǵƛ�H'˹ƨFŁ~

j�KȾ�'VoziOW`ʻǥ2ʧJH-�G(şù�ɧ, 2004)͆�4~j�.5ͅ`d

�kîµKƨFŁ4ě˭ʲɷ/®ŝʲɷ�Eǵƛ�HG̀î/ -~j�ñ�H-�Fͅ

˦8× Ǐ4ě˭ʲɷ�D8®ŝʲɷ2Ĳ3�/˦8× ˻Ŵ2́�1G�/2ĩĐ�H

-�G(ȃȿ<�, 2006) �͆E2 Ȏͅȿ<� (2015a)5VgW`d�k2��-Ɲ̨HǏ4

COM 4ȊŬ˻Ŵ/ě˭ʲɷ25ǙƓ1Ȃ4ɍ̙̙¼2ˈAEH'�/KĩĐ ͅȎȿ<

� (2015b)5 COM4ȊŬ˻Ŵ/ƃʘ4ʒ̙ɰ�D8ʛ̙ɰ4®ŝį°25ǙƓ1Ȃ4ɍ

̙̙¼2ˈAEH'�/KĩĐ -�G͆ 

 

1-5-2� ɫȖ`d�k4VoiOW` 

� ɫȖ`d�k2��GçńɉǱʿBı�ʧ1JH-�G͆Vantorre et al. (2010)5ͅX

�v`d�k�4ȊŬǄĎ4çɥ5ͅȮʄʎ4Ǆ2ǞȮʄʎDFBǙƓ2Ĳ3��/Kĩ

Đ -�G͆Takeda et al. (2017)5VgW`d�k�2��Gƃˢͅãˢ�D8Ɲ̊2È

�ġ̭ýçK˄º ͅȊŬǄĎ4çɥ5ƃʘ4Ǆ2ãʘDFBĲ3�̓ͅɌǄĎ4çɥ5

ãʘ4Ǆ2ƃʘDFBĲ3��/�Eͅƃʘ5 COMKè˻"GƂæKǦ' ͅãʘ5ƃ

ʘ̨ġƃ2ͅ˪´KƷ�Gˮˢ4Ƃæ2�G/ĩĐ -�G͆Slawson et al. (2013)�D
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8Ȏȿ<� (2015a)5́ͅ�˦8× ȊŬ˻ŴKȽƛ"G25ͅƃʘ.Ĳ31ġ̭ýçK

Ƚƛ"GƋʲ2�F́ͅ�̹ˤ̨KȷƆ"G25ͅãʘ.Ĳ31ġ̭ýçKȽƛ"GƋʲ

2�G/ǋE�2 '͆>'ͅBenjanuvatra et al. (2004)5ͅk�gW`d�k�4ġ̭

ýçK˄º -�Fͅ˦8× ȊŬ˻ŴȽƛ25ͅƃʘ(�.51�ãʘ2��-BȊŬ

ǄĎ4çɥKȽƛ"G�/2Ƌʲ.�G/ĩĐ -�G͆ 

 

1-5-3� �ʓɮç/ɫȖ`d�ksuS�z�`4̙¼ 

� ɫȖ`d�k2��Ǵ�`d�ksuS�z�`ȷƆ25ͅ�ʓ4ɮç2̏ʲ.�G

�/2ĩĐ�H-�G͆Beretić et al. (2013)5ͅʘ®ŝɮç/ 10m4dP|25ǙƓ1

˗4ɍ̙̙¼2ˈAEH-�G�/KĩĐ -�F Ȋͅʦ<� (2015)5 VͅgW`d�k

2��-ͅãʘ4ʛɭřƑɮç/ 10m 4dP|25ͅǙƓ1˗4ɍ̙̙¼2�G/ĩĐ

 -�G͆�E2ͅBreed and Young (2003)5ͅ9˽̘4�ʓɮçk��n�Xƃ2ͅk

�gW`d�k2��G˦8× ȊŬ˻Ŵͅçɥ4ȊŬƛØ2Ď� '�/KĩĐ -�

FͅBishop et al. (2009)5 8˽̘4w�P}k�W`k��n�Xƃ2ͅk�gW`d�

k2��G˦8× ȊŬ˻Ŵ2Ď� '�/KĩĐ -�G >͆' Rͅebutini et al. (2016)

5 9ͅ˽̘4 w�P}k�W`k��n�Xƃ2ͅʒ̙ɰ�D8ʛ®ŝɮç4ĭèͅȊŬ

ǄĎ4ġ̭ýç�D8çɥ2Ď� '�/.ͅ˦8× ȊŬ˻Ŵ2Ď� '�/KĩĐ 

-�G͆ 

 

� ¦�4�/�EͅɫȖ`d�k2��-́�˦8× ȊŬ˻ŴKȷƆ"G'A25ͅ1)

̅Ù1˦8× ʺŴ.˦8×"ͅ2)�ʓ.Ĳ31çKɈƲ ͅĲ31ȊŬǄĎ4ġ̭ýç

�D8çɥKȽƛ"G�/2Ƌʲ.�G�/2ɚė�HG͆ 

 

1-6� ɫȖ`d�k2��GÜǜŀð�D8˨F× 4dP{�X 

� VgW`d�k2��-́ͅ�ȊŬǄĎ4ġ̭ýçKȽƛ ́ͅ�˦8× ȊŬ˻ŴK

ȷƆ"G'A2Ƌʲ1ʲĜKͅ`d�k4Üǜŀð�D8˨F× 4dP{�X�EǱʿ

�H-�G͆·�6ͅVgW`d�k2��GÜǜŀðǏ4 COM4ȊŬǄĎ4°ʉ2˦

8× ȊŬ˻Ŵ:��GƁ̮KǱʿ 'ɔɦ2ĩĐ�H-�G(Honda et al., 2012; 

Welcher et al., 2008; Barlow et al., 2014)͆>'ͅk�gW`d�k2��Gƃʘ4˨F

× 4dP{�X2ͅ`d�ksuS�z�`2��GƁ̮2+�-ǋE�2�H-�G
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(ȃȿ<�, 2007a)͆¦�4D�2ͅVgW`d�k2��GÜǜŀð2��- COM4Ȋ

ŬǄĎ4°ʉ2ͅ`d�ksuS�z�`:��GƁ̮2Ǳʿ�H-�G2ͅCOM 4̓

ɌǄĎ4°ʉ2ͅ`d�ksuS�z�`:��GƁ̮5ǋE�2�H-�1�͆>'ͅ

VgW`d�k2��G˨F× 4dP{�X2`d�ksuS�z�`2Ɓ̮"G�/

2ɚė�H-�G2B̙JE#ͅȃȿ<� (2007a)¦İ4ɔɦ2ʳŽ'E1�͆ '2*

-ͅǟɔɦ.5́�˦8× ȊŬ˻ŴKȷƆ"G'A2íǦɉ1ǄȒKͅ`d�k4Üǜ

ŀð�D8˨F× 4dP{�X4 2ȩ�EǋE�2"G�// '͆��.ǟɔɦKʧ

�̤25ͅʫ̿ʎ2ŀðC˨F× 4dP{�XKͅȂɖ2į�G�/2ĝ̩.�G/ʍ

�EHG͆>'̕ͅŭ4k��n�X2DGƖH4Ɓ̮Cͅȣŉœ˖îµ2œ"GƆƓ�

ƆƓͅŊ̿�4ʄʌ4íǦ10ͅƪ̠"G�/2.31�ˋŦ2ͅȽ!G�/2ʍ�EH

G͆ '2*-ͅǟɔɦ.5�ˀ4ŀðC˨F× 4dP{�XKͅŇǌ2�+úŎ2[

�k���"G�/2.3ͅ�ˀ2ɚ 'ˋŦKƪ̠"G�/2.3G�/�EͅƽÃ^

{���^��KȾ�'ɔɦKʧ��// '͆ 
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1-7� ^{���^��ɔɦ 

1-7-1� ƽÃ^{���^��/5 

� ^{���^��/5 
ͅ^`i|2 ȏͅAEH'~j�2ƅ� �ͅ+4ȴƕ�EÝ4ȴ

ƕ:îɉ2įñ"G�/Kˀ˸"G�/�/ŉʋ�H-�G(Prisker, 1979)͆ȳ2ͅ˪´

̀îK̀îǄɣŷ/�*'ƽń~j�KȾ�-ʧ�^{���^��4�/KƽÃ^{�

��^��/Ē9(̜ȍ�ʦ�, 2008)͆��.ͅ`y�h2��G˪´̀î4ƽÃ^{��

�^��5ͅ˪´̀î204D�1çńɉùâ2D*-ɈȽ"G�KǋE�2"G̤Cͅ

ɫƠƛʆKĎ��$G'A2Ǘ̅1îµKǋE�2"G̤2Ⱦ�EHG (̜ȍ�ʦ�, 

2008)͆ƽÃ^{���^��4Þȩ5ͅıǶ1Ǣ¨.^{���^��Kʧ��/2.

3G�/CͅǗ̅1îµͅǗ̅1çɈƲ10KƮŉ"G�/2.3G�/2Ƨ�EH-�

G(̜ȍ�ʦ�, 2008) >͆' ƽͅÃ^{���^��.5�Kœ˖/ 'Ŋ̿4̤2Ƚ!Gͅ

ʫ̿ʎ4ȣŉ˅Ơ�îµ4�ƖHCɇìͅȣŉîµ4ÔȺƑ2DGɼǦ:4Ɓ̮Kƪ̠"

G�/2.3GƝȒ.�G͆ 

 

1-7-2� ƽÃ^{���^��ɔɦ4�· 

� Ŋ̤ͅƽÃ^{���^��KȾ�'ɔɦ2ı�ʧJH-�G͆ɮ̀Ǭ^{���^�

�KȾ�'ɔɦ.5 NͅQ`k��tiW`�NuM��^`4��^�(A.L. 288-1)4Ȅ

ʧîµ2+�-ʻǥKʧ*'ɔɦ(Nagano et al., 2005)ͅ�ʓ4ɮç4ťĆŦ2ĤɌ˦8

4˦˩́ͅ�D8îµ2��GƁ̮Kˏ;'ɔɦ(Yoshioka et al., 2011)ͅǰŁ4ɨ)�2

F2Ǘ±̞Ƌʲ1 �ͅʓ�̙ɰ4ɈƲ~�}�kKˏ;'ɔɦ(Yoshioka et al., 2007)2ĩ

Đ�H-�G͆è�-ͅ�ʓ4ɮç2Ď�"G�/.˦˩́2Ď� (Nagano and 

Gerritsen, 2001)ͅ˦˩́Ď�25ͅʛ̙ɰ�D8ˢ̙ɰ.ɈƲ"G~�}�kKĎ��

$G�/2íǦɉ.�G/ĩĐ 'ɔɦ2�G(Cheng, 2008a)͆�˸4ɔɦ4D�2ͅ�

Kœ˖/"Gɔɦ/ -ʧ�ĪĉÂ�4žƕ�D8ǽʗɉȳƑ2Ɓ̮"GͅB �5Ŋ̿

�ăʗ.�GɔɦKʧ�̤2ͅƽÃ^{���^��2ʧ1JH-�G͆ 

 

1-7-3� ƽÃ^{���^��KȾ�'ȊȖ4ɔɦ 

� �˸2è�ͅȊȖ�4ȖîµKœ˖/ -ƽÃ^{���^��KȾ�'ɔɦ2ʧJH

-�G͆·�6̬ͅŉŪȚ´çKʍƗ '^{���^��~j�”SWUM”(Nakashima 

et al., 2007)KȾ�-ͅs ̙ɰ4̙ɰăîħ2Ď�"G/ Ȋͅ�l�uO�VgW�4Ȗ˻
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Ŵ2Ď�"G�/KǋE�2 'ɔɦ(Ǡǟ<�, 2008) Ȋͅ�l�uO�VgW2��Ǵ

�Ȗ˻ŴȷƆͅ�D8́�Ʈ˾íȸȷƆ2%H&HǗ̅1ȖîµKˏ;'ɔɦ

(Nakashima, 2009)ͅW���Ȗ2��Ǵ�Ȗ˻ŴȷƆͅ�D8́�Ʈ˾íȸȷƆ2%

H&HǗ̅1`k��WîµKˏ;'ɔɦ(Nakashima and Ono, 2014)2ʧ1JH-�G͆

¦�4D�2 ɫͅȖɫƠKœ˖/ 'ɔɦ2��-B �ͅKœ˖/ 'Ŋ̿4̤2Ƚ!Gͅ

ʫ̿ʎ4ȣŉ˅Ơ�îµ4�ƖHCɇìͅȣŉîµ4ÔȺƑͅÂ�4žƕȳƑ2DGɼǦ

:4Ɓ̮Kƪ̠"G'A2ͅƽÃ^{���^��2ʧ1JH-�G͆ '2*-ͅȊȖ

Kœ˖/ 'ɔɦ.5ͅƽÃ^{���^��5�ʞɉ2ʧ1JH-�GƝȒ.�Fͅǟ

ɔɦ2��GɫȖ`d�k2��-BͅƽÃ^{���^��KȾ�'ɔɦKʧ��/5

ĽŽ.�G/ʍ�EHG͆ 

 

1-7-4� ƽÃ^{���^��2��Gˎ̶ȩ 

� �˸4D�2ƽÃ^{���^��5ͅŊ̿2ĝ̩.�Gɔɦ2��-̴ʇ2Ⱦ�EH

-�G�/�EÞ»Ƒ2́�/ʍ�EHG2ͅˎ ̶ȩB�G ƽ͆Ã^{���^��.5ͅ

µƛ '^{���^��~j�4ĽŽƑ˄ºKʧ�Ƌʲ2�Fͅ�4ĽŽƑ˄º2ĝ̩

.�G�/2ͅǾȩ/ -Ƨ�EH-�G(̜ȍ�ʦ�, 2008)͆¦�4�/�Eͅǟɔɦ2

��-BͅƽÃ^{���^��Kʧ�'Aͅµƛ"G^{���^��~j�4ĽŽƑ

4Ǳ˃Kʧ�Ƌʲ2�G/ʍ�EHG͆ 
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1-8� ǟɔɦ4ɋɉ 

� Ì˸ '˺FͅɫȖVgW`d�k2��GÜǜŀð5ͅ`d�ksuS�z�`2Ɓ

̮"G�/2ĩĐ�H-�G(Honda et al., 2012; Welcher et al., 2008; Barlow et al., 

2014)͆ � 12EͅVgW`d�k2��GÜǜŀðͅȳ2 COM 4̓ɌǄĎ4°ʉ

2ͅ`d�ksuS�z�`2��GƁ̮2+�-5ǋE�/�H-�1�͆>'ͅɫȖ

`d�k2��G˨F× 4dP{�X5ͅ`d�ksuS�z�`2Ɓ̮K��G�/

2ɚė�H-�G2B̙JE#ͅȃȿ<� (2007a)¦İ4ɔɦ5ʳŽ'E1�͆VgW`

d�k2��GÜǜŀðC˨F× 4dP{�X2ͅ`d�ksuS�z�`:��GƁ

̮2+�-ǋE�2"G�/.ͅVgW`d�k4suS�z�`Ď�2+12Gͅǃ'

1ɑʳKƆG�2.3 ɫͅȖɫƠ2��GɫƠçĎ�2˘ȶ"G�2.3G/ʍ�EHG  ͆

�  '2*-ǟɔɦ5ͅ 1) ɫȖVgW`d�k2��GÜǜŀðͅ 2) ɫȖVgW`d

�k2��G˨F× 4dP{�X2`d�ksuS�z�`:��GƁ̮KͅƽÃ^{

���^��KȾ�-ǋE�2"G�/Kɋɉ/ '͆  

 

1-9� ǟːƿ4ǵƛ 

� ɬ 1ɩ.5ͅɫȖɫƠ2��G`d�kś̭4̏ʲƑ�D8ɫȖ`d�k4̏ʲƑKˀ

˰ '͆>'ͅɫȖ`d�ksuS�z�`2Ɓ̮"GʲĜ2+�-ǋE�2�H-�G

�/ͅǋE�/�H-�1��/Kǋɖ2 ͅǟɔɦ4ɋɉKˀ˰ '͆ɬ 2ɩ.5ǟɔ

ɦ4ɋɉK̂ƛ"G'A2µƛ 'ͅVgW`d�k4^{���^��~j�4ˆɹ�

D8ĽŽƑ4Ǳ˃ɼǦ2+�-ˀ˰ '͆ɬ 3ɩ.5ͅɬ 2ɩ.µƛ 'VgW`d�k

4^{���^��~j�KȾ�-ͅVgW`d�k4Üǜŀð2��G COM4ȊŬǄ

Ď�D8̓ɌǄĎ4°ʉ2`d�ksuS�z�`:��GƁ̮2+�-ǋE�2 '͆

ɬ 4ɩ.5ãʘ2Ȕɋ ͅ˨F× 4dP{�X2ǈ�1G�/.`d�ksuS�z�

`2��GƁ̮2+�-ǋE�2 '͆ɬ 5ɩ.5́�`d�ksuS�z�`KȷƆ"

G'A2Ƌʲ1ʲĜKͅVgW`d�k2��GÜǜŀð�D8˨F× 4dP{�X�

Eˀ˰ '͆>'ͅVgW`d�k2��GÜǜŀð/˨F× 4dP{�X4̙¼2+

�-ˀ˰ '͆Ǘƃ2ɬ 6ɩ.5ɼːKˀ˰ '͆ 
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ɬ 2 ɩ� ^{���^��~j�4µƛ�D8ĽŽƑ4Ǳ˃�
 

2-1� ǟɩ4ɋɉ 

� ɬ 2ɩ4ɔɦ.5ͅǟɔɦ.¶Ⱦ"GVgW`d�k4^{���^��~j�4µƛ

Kʧ*'͆ɬ 1ɩ.Ì˸ '˺FͅƽÃ^{���^��Kʧ�̤25ͅµƛ '^{�

��^��~j�4ĽŽƑ4Ǳ˃Kʧ�Ƌʲ2�G͆ '2*-ͅǟɩ.5ͅǟɔɦ.¶

Ⱦ"GVgW`d�k4^{���^��~j�4ˆɹ�D8ĽŽƑ2+�-ˀ˰ '͆ 

� 1�ͅǟɔɦ.Ⱦ�G^{���^��~j�4ĽŽƑ5ͅµƛ '~j�4̀îǄɣ

ŷ2Ȃɖ2µƛ�H'B4.�G�Ǳ˃Kʧ*'ƃͅVgW`d�k4^{���^��

~j�4ĽŽƑ4Ǳ˃Kʧ*'͆Anderson and Pandy (1999)5µƛ 'ĤɌ˦84^{

���^��~j�KȾ�-ͅȄʧîµ4ƽÃ^{���^��Kʧ*-�G(Anderson 

and Pandy, 2001)͆�4�/�ÈîǄɣŷ2Ȃɖ2µƛ�H'Īĉͅċ!^{���^

��~j�KȾ�-Ɇ1GîµKœ˖/ 'ƽÃ^{���^��Kʧ��/2.3G/

ʍ�EHG͆��.ͅǟɔɦ.Ⱦ�G~j�5ͅCheng et al. (2008b)2µƛ 'ýî�F

ĤɌ˦84^{���^��~j�Kûʍ2µƛ 'B4.�G'AͅĤɌ˦84ƽÃ^

{���^��Kʧ�̀îǄɣŷ2Ȃɖ2µƛ�H'B4.�G�Ǳ˃Kʧ*'͆>'ͅ

VgW`d�k4^{���^��~j�4ĽŽƑ5ͅ�Kœ˖/ 'VgW`d�kî

µ4ŊȣÃ/^{���^��ɼǦKȉ˯"G�/.Ǳ˃ '͆ 
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2-2� VgW`d�k4^{���^��~j�4µƛ 

2-2-1� ^{���^��~j�4Ǵʲ 

� ǟɔɦ.Ⱦ�G^{���^��~j�5ͅ�4˪´K 10 ʜɀŴ4ä´��WbX}

�k~j�(Figure2-1).ʪȺ ͅɴ4n��k�TP��̀îǄɣŷ(ŷ 1)K��ZWg

dȒ2DFƽÃɥØK"G�/.ɫȖVgW`d�k4̀îKȌAGB4/ '͆ 

 

 
Figure2-1͇VgW`d�k4^{���^��~j� 

 

!  =  !(!)!!(!(!, !) + !(!) + ! + !) .................................. 1 

 

��. ťͅ˴ q5�ʞñŵǷxWk� Ćͅ˴M5ƖƑʧÛ Cͅ5[�T��D8̄Ɗçx

Wk�ͅG5̏çxWk�ͅF5İçxWk�ͅT5̙ɰ~�}�kxWk�Kʪ -�

G͆  

 

`d�kĄ4~j�5  ͅ SEIKO STARTING BLOCK (bP[�dP|^`i|ǫŷ¬ɜ

ɜʯ)/ (Figure1-2)ͅɾœŵǷɴ�Eʳ-}P�w��k4ʺŴ2 10°ͅ°gWw��k

4ʺŴ5 40°ͅ°gWw��k4°ʉ5`d�kĄÌɪ�E 0.55m°ʉ2ˁŉ '͆~j

�4˾ʧǄĎ.�GȊŬǄĎK xˮ̓ͅɌǄĎK zˮ/ ͅ`d�kĄ4ÌɪKùȩ/"

G̫ȁŵǷɴKˁŉ '(Figure2-4)͆ 
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� bX}�k5̳ͅ/´ůK´ůbX}�kͅ��ʓK�ʓbX}�kͅãƃĲʚKĲʚ

bX}�kͅãƃ�ʚK�ʚbX}�kͅãƃˢ̊KˢbX}�k/ŉʋ '͆>'ͅʺ

Ŵ4ŉʋ5 Figure2-22ɚ '͆1�ͅǟɔɦ4~j�.5ͅ´ůbX}�k/ȊṶ̆2

1"ʺK´ůbX}�kʺŴͅ´ůbX}�k/�ʓbX}�kʺŴ21"ʺKʔ̙ɰʺ

Ŵͅ´ůbX}�k/ãƃĲʚbX}�k21"ʺKʒ̙ɰʺŴͅãƃĲʚbX}�k/

ãƃ�ʚbX}�k21"ʺKʛ̙ɰʺŴͅãƃ�ʚbX}�k/ãƃˢbX}�k21

"ʺKˢ̙ɰʺŴ/ŉʋ '͆ 

 

 

Figure2-2͇^{���^��~j�4ʺŴ4ŉʋ 
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2-2-2� İç4ˁŉ 

� ǟɔɦ.ˁŉ 'İç5ͅ`d�kĄ�E˪´2È�ġ̭ýç/ ͅ�ˢbX}�k4

+>Ìͅ��/�D8�ˢˣɰ̙ɰ°ʉͅ�ʓbX}�k4Ìɪ2`d�kĄ2ƭġ '

Īĉ2È�/ '(Figure2-4)͆̓ɌǄĎ4ġ̭ýç5Nagano et al. (2005)4ǄȒKȾ�

-ͅ`d�kĄKɳżƑ4�GȲ˞/§ŉ ͅŷ 2�Eɯ× '͆>'ͅȊŬǄĎ4ġ̭

ýç5�ˢbX}�k/`d�kĄ4̘.È�ƴƶç/ ͅŷ 2�EȌA'̓ɌǄĎ4ġ

̭ýç/ƴƶ¼ƽ4ɥ/ '(ŷ 3)͆ 

 

!"#$ =  !!!(!!!(!!!!)) − !!!
!!!!!(!!(!!!!))

 .................................. 2 

!"#$ =  !"#$% !
!  .................................................................. 3 

'( � !!  =  1.039   !! =  491.804   !! =  963.321   !! =  44.715   !! =  706.924  

!!  =  0.857 × 10!!   !!  =  −2.325 × 10!! 

 

��.ͅx5ȊŬǄĎ4°ʉͅz5̓ɌǄĎ4°ʉͅu5ƴƶ¼ƽ.�Fͅǟɔɦ.5 0.5

2ˁŉ '͆ǟɔɦ.Ⱦ�G̓ɌǄĎ4ġ̭ýç4~j�5ͅƭġȩ4̓ɌǄĎ4°ʉ2

ġ̭DF±�1*'Īĉ2(ƭġȩ4̓Ɍ°ʉ<0)ͅƦƽ̙ƽɉ2È�D�2ˁŉ�H-�

G(Figure2-3)͆ 

 

 
Figure2-3͇ġ̭ýç4Ǹŷğ 
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�  � 12EͅɫȖɫƠ.Ⱦ�EHG`d�kĄ5ÇǁʺŴ2�Gǁ̭.�G'Aͅŷ

2ͅ3Kŷ 4ͅ5�D8ŷ 62įư ͅ`d�kĄ.È�ġ̭ýçKɯ× '͆1�ͅɫƠ

ʴâ2��-ͅ`d�kǏͅ`d�kĄãǄ2Ř1�/B�Ǆ4ˢ4ƦK��G�//ŉ

AEH-�F(SW4.1*)ͅƝ5`d�kĄKƱ*-�G'Aͅãˢ4+>Ìͅ�D8Ɲ2È

�ġ̭ýç5ͅȊŬǄĎKŷ 2̓ͅɌǄĎKŷ 3�Eɯ× '͆ 

*︎: FINAʴâ2��GǢ̱ 

 

 

Figure2-4͇ġ̭ýç4~j� 

 

!"#$ =  !!!(!!!((!!!"!!)!!!)) − !! ! ! !
!!!!!(!!(!!!"!!!!!)

 ............... 4 

!"#$ =  (!"#$% !
! )! ........................................................... 5 

!"# =  !"#$ +  !"#$ ......................................................... 6 

'( ͅ 

}P�w��k4Īĉ͇! =  !!"#(!!)!"#(!!)
   ! =  0   ! =  !"#(!!)!"#(!!)    ! =  −!"#(!!)!"#(!!)  

°gWw��k4Īĉ͇! =  !!"#(!!)!"#(!!)
   ! =  −0.857   ! =  !"#(!!)!"#(!!)    ! =  −!"#(!!)!"#(!!)  

!!  =  0.1745 (!"#)   !!  =  0.6981 (!"#) 

θm�θb�
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��.ͅŷ 3�EͅȊŬǄĎ4ġ̭ýç5`d�kĄ/4ƭġȩ4˻Ŵ2DFç4ǄĎ2

ȏŉ"G %͆4Īĉ Fͅigure2-5A2ɚ 'D�2ƽńɉ2�˼ɿ/1G �͆4Ě̶KʻȞ

"G'Aͅƭġȩ4˻Ŵ2-1/1000(m/s)�E 1/1000(m/s)4ɱĞ.�GǏͅÇ3 10004�

ǿɌʂ�EȊŬǄĎ4ġ̭ýçKɯ× '(Figure2-5B)͆ 

    

Figure2-5͇ǟɔɦ2��-ͅʾɯ2¶Ⱦ 'ġ̭ýç4ȊŬƛØ4Ǹŷğ 
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2-2-3� ̙ɰ~�}�k4ˁŉ 

� ǟɔɦ.Ⱦ�G^{���^��~j�2��-̙ͅɰ~�}�k5ʔ̙ɰͅãʘ�D

8ƃʘ4ʒ̙ɰͅʛ̙ɰ�D8ˢ̙ɰ.ɈƲ�HG/§ŉ Cͅheng et al. (2008b)4ǄȒ

KȾ�-ɯ× '(ŷ 7)͆ 

 

! =  !!"#(!)ℎ(!)!(!) + !!"##$%&(!) .................................... 7 

 

��. Tͅmax(θ)5ǗĲɭřƑ®ŝ~�}�k hͅ(ω)5ʺ˻Ŵ¹ł̱ Aͅ(t)5șƑñ�x�ͅ

Tpassive(θ)5āî®ź~�}�kKʪ -�G͆ 

�  

� ǗĲɭřƑ®ŝ~�}�k(Tmax(θ))5̙ͅɰʺŴ4̙ƽ/ ͅɮ̀Ǭ^{���^��

cuk.�G OpenSim(National Center for Simulation in Rehabilitation Research ɜ

ʯ)KȾ�-ɯ× '(Figure2-6ͅŷ 8)͆  

 

!!"#  =  !!!  +  !!! +  !!! +  !!! +  !" +  ! ...................... 8 

 

Table2-1͇ŷ 82��GĈ¼ƽÃ 

 

 

��.ͅθ5ʔ̙ɰͅʒ̙ɰͅʛ̙ɰ�D8ˢ̙ɰ4ʺŴ(Deg)ͅaͅbͅcͅdͅe fͅ5¼ƽ

Kʪ -�G(Table2-1)͆VgW`d�k�2ɈƲ�HG̙ɰ~�}�k5ŗȎ<� 

(2015)�D8 Sakai et al. (2016)Kûʍ2ͅʔ̙ɰ5Ŝǔ4?ͅ�ʘʒ̙ɰ5®ŝ4?ͅ

�ʘˢ̙ɰ5ŲŜ4?ͅƃʘʛ̙ɰ5®ŝ4?ͅãʘʛ̙ɰ5Ŝǔ~�}�kɈƲƃ®ŝ

~�}�kKɈƲ"GD�2ˁŉ '͆>'ͅOpenSim.ɯ× '̙ɰʺŴ�~�}�k

ǔʂ2ĉJ$G'A̙ͅɰ~�}�k4ʾɯǏ4?^{���^��~j�4ʺŴŉʋ4

įǕKʧ*'(Figure2-7)͆ 

 

a b c d e f 
���� 0.00 0.00 0.00 0.00 0.78 57.20 
���� 2.82×10-9 -3.26×10-6 1.23×10-3 -0.16 3.69 40.52 
	�����
� 2.10×10-8 -1.29×10-5 -2.75×10-3 -0.25 11.62 -106.81 
	���	�
� -5.48×10-10 1.32×10-6 -4.16×10-4 0.05 -5.38 183.09 

��� -9.16×10-9 -3.10×10-8 7.64×10-4 -0.07 -3.02 34.95 
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Figure2-6͇̙ɰʺŴ-~�}�kǔʂ 
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Figure2-7͇̙ɰ~�}�kʾɯǏ4̙ɰʺŴŉʋ 

 

ʺ˻Ŵ¹ł̱(h(ω))5ʺ˻Ŵ4̙ƽ/ ͅŷ 9�D8 10KȾ�-ɯ× '͆ 

 

ℎ ! =  !!!!
!! ! !.!!    !

!!
< 1 .................................................. 9 

ℎ(!)  =  0   !
!!
≥ 1 ............................................................ 10 

'( ͅ0 ≤ ℎ(!) ≤ 1.5  

 

��.ͅω 5̙ɰ4ʺ˻Ŵͅω05ǗĲ̙ɰʺ˻Ŵ(±20rad)Kʪ -�G͆ǟɔɦ.¶Ⱦ"

G~j�.5ͅʔ̙ɰ�ʒ̙ɰ�ʛ̙ɰ5 ω>0 2®ŝͅʛ̙ɰ5 ω>0 2Ŝǔ.�G͆ʺ

˻Ŵ¹ł̱5ͅɮ4˻Ŵ-ç̙¼(Lieber, 1992)K~j�ñ 'B4.�FͅFigure2-8 D

Fͅω>02®ŝ4Īĉͅω>04/3ɒʅƑɮþʅKʧ�'Aͅʺ˻Ŵ2ǗĲʺ˻Ŵ2̂"

G/ h(ω)=0 ŷͅ 7DF T=021G �͆Ǆ ῳ<04/3̄ƊƑɮþʅKʧ�'A hͅ(ω)=1.5

/1FͅT4Ã2Ĳ3�1GD�2~j�ñ '͆ 

 
Figure2-8͇ʺ˻Ŵ¹ł̱4Ǹŷğ 
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șƑñ�x�(A(t))5Ǐ̘4̙ƽ/ ͅŷ 11-13KȾ�-ɯ× '͆ 

 

! =  !!     ! ≤ !! ................................................................ 11 

! =  !!!(
!(!!!!)
!.! )  !!  <  ! ≤  !!  +  !! .................................. 12 

! =  1 − !(
(!!!!!!!)

!.!" ) +  !!!(
!(!!!!)
!.! )   ! >  !! +  !! ................ 13 

'(  0 ≤ ! ≤ 1   !!, !! >  0  

 

t 5ƽÃ^{���^��4ɻ́Ǐ̘ͅt05ÜǜàȨÎçͅt15 2 ěɋ4àȨÎçͅAi5

ÜǜșƑñ�x�Kʪ -�G͆��.ͅt0ƃ5șƑñ�x�4Ã2ŗ��1G�/.ͅ

̙ɰ~�}�k4ɈƲ2ŗ��1Fͅt1ƃ5șƑñ�x�4Ã2Ĳ3�1G�/.̙ͅɰ

~�}�k4ɈƲ2Ĳ3�1GD�2ˁŉ '(Figure2-9) 1͆� ãͅʘʛ̙ɰ2��-5ͅ

t1>.5Ŝǔ~�}�kKɈƲͅt1ƃ5®ŝ~�}�kKɈƲ"G�// '͆ 

 

 
Figure2-9͇șƑñ~j�4Ǹŷğ 

t0: ÜǜàȨÎç 

t1: 2ěɋ4àȨÎç 
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� āî®ź~�}�k(Tpassive(θ))5̙ɰʺŴ4̙ƽ/ ͅAshby and Delp (2006)�D8

Yamaguchi (2001)4ǄȒKûʍ2ɯ× '(ŷ 14ͅFigure2-10)͆āî®ź~�}�k5ͅ

bX}�k4̙ɰ2̙ɰăîħ2˶�/È�D�2~j�ñ�H-�G'AͅbX}�k

4̙ɰăîħKȏŉ"G'A2ʍƗ�H-�G͆ 

 

!!"##$%&(!)  =  !!(!(!!!!!"#!!))  +  !!(!(!!!!!"#!!)) ............. 14 

 

Table2-2͇ŷ 142��GĈ¼ƽÃ 

 

 

��.ͅq1�D8 q25̙ɰʺŴͅqmax�D8 qmin5̙ɰăîħKʪ ͅAͅBͅiͅjͅkͅ

l5¼ƽKʪ -�G͆ 

q1 q2 qmax qmin A B i j k l 
�	�� θsholder(deg) θsholder(deg) 180(deg) 0(deg) -100 100 0.2 0.05 -0.2 0.05 
��	�� θRhip(deg) θRhip(rad) 180(deg) -1.9199 (rad) -100 9 0.2 0.05 9 0 
��	�� θRknee(deg) θRknee(deg) 180(deg) 40 (deg) -100 100 0.2 0.05 -0.2 0.05 
��	�� θRankle(deg) θRankle(rad) 180(deg) -1.5708 (rad) -100 5 0.2 0.05 -4 0 
	�	�� θLhip(deg) θLhip(deg) 180(deg) 60(deg) -100 100 0.2 0.05 -0.2 0.05 
	�	�� θLknee(deg) θLknee(deg) 180(deg) 40(deg) -100 100 0.2 0.05 -0.2 0.05 
	�	�� θLankle(deg) θLankle(rad) 180(deg) -1.5708(rad) -100 5 0.2 0.05 -4 0 
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Figure2-10͇āî®ź~�}�k 
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2-3� ĤɌ˦84ƽÃ^{���^��KȾ�'̀îǄɣŷ4ɖˈ 

2-3-1� ǄȒ 

� ̀îǄɣŷ2Ȃɖ2µƛ�H'�Ǳ˃"G'Aͅ2-2 ̱2ˀ 'VgW`d�k4^{

���^��~j�KȾ�-ĤɌ˦84ƽÃ^{���^��ʧ*'(Figure2-11)͆~j

�4žƕȳƑ5ͅÅŪɂƑ 1 ČKœ˖/ (Table2-3)ͅĈbX}�k4ƖƑ¼ƽ5̜ͅȍ

<� (1992)4˪´̊ØƖƑ¼ƽKȾ�-ɯ× '͆1�ͅȊŬǄĎK xˮ̓ͅɌǄĎK z

ˮ/ ͅ+>Ì°ʉKùȩ/"G̫ȁŵǷɴKˁŉ '(Figure2-11)͆ 

 

Figure2-11͇ĤɌ˦84^{���^��~j� 

 

Table2-3͇ʫ̿ʎ4žƕȳƑ 

 

��(m) 1.69 
��
�(kg) 68.0 
��(
) 24 
���	�����(m) 0.78 
��������(m) 0.81 
���������(m) 0.41 
���������(m) 0.44 
��������(m) 0.25 
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İç4ˁŉ 

� ĤɌ˦84^{���^��~j�2��-ˁŉ 'İç5ͅġ̭(̓Ɍ°ʉ=0)�E˪

´2È�ġ̭ýç/ '͆VgW`d�k4^{���^��~j�ċǶͅ�ˢbX}�

k4+>Ìͅ��/�D8�ˢˣɰ̙ɰ°ʉ2ġ̭2ƭġ 'Īĉ2È�/ ̓ͅɌǄĎ

4ġ̭ýç5ŷ 2ͅȊŬǄĎ4ġ̭ýç5ŷ 3�Eɯ× '͆ 

 

̙ɰ~�}�k4ˁŉ 

� ̙ɰ~�}�k4ˁŉ5ͅVgW`d�k4^{���^��~j�ċǶͅŷ 7�Eɯ

× '͆1�ͅŷ 8.ˁŉ"GǗĲɭřƑ®ŝ~�}�k5ͅCheng et al. (2008b)Kûʍ

2ͅʔ̙ɰ5Ŝǔ4?ͅ��ʓ�̙ɰ5®ŝ4?"GD�2ˁŉ '͆ 

 

Ǘ̅ñʾɯ 

� ˦˩́2ǗB́�1Gŷ 11-13 2��G t0�D8 t1KƬɸ"G'A2ͅCheng et al. 

(2008b)4ǄȒ�Eɋɉ̙ƽK˦˩́/ (ŷ 15)ͅȫ31> Ȓ(Press et al., 1997)2DF

Ǘ̅ñʾɯKʧ*'͆ 

 

!"#$ℎ!(!)  =  !!"#  +  !!"#!!  ................................................... 15 

 

��.ͅZcom5ˢ2̨ġ 'Ǐ4˪´4˞̑�Ɗ(Center of Mass: COM)4̓Ɍ°ʉͅg

5̏çè˻Ŵ(= 9.81)Kɚ -�G͆ 

 

ʻǥ̱ɋ 

� ʻǥ̱ɋ5ͅĤɌ˦8�4 COM 4̓Ɍ°ʉͅŵǷj�dK�ĶƈØ"G�/. COM

˻Ŵ4˻ŴKɯ× '͆Ćʘ2��G�ʓ�̙ɰ4ʺ˻Ŵ̙ͅɰ~�}�k�D8̓ɌǄ

Ď4ġ̭ýçKɯ× '͆>'ͅ^{���^��̗ľK 0%ͅˢ2̨ġ 'ǏK 100%/

 ͅǏ̘4ʴǬñKʧ*'͆ 

 

� 1� ƽͅÃ^{���^��Kď@Ï-4ʾɯ25 MͅATLAB2007b(MathWorksɜʯ)

2DGʜµw�X�|KȾ�'͆ 
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2-3-2� ɼǦ 

� ĤɌ˦84^{���^��ɼǦ5 Figure2-122ɚ '͆COM4̓Ɍ°ʉ5 0%�E

55%ġȩ2��-ȠŘ ͅ56%¦̝.ĭè ' (Figure2-13)͆>'ͅCOM 4̓ɌǄĎ4

˻Ŵ5ͅ0�E 44%ġȩ2��-ȠŘ ͅ45%¦̝ĭè '(Figure2-14)͆ 

 

 
Figure2-12͇ĤɌ˦84^{���^��ɼǦ 

0%� 25%� 75%� 100%�50%�
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Figure2-13͇ĤɌ˦8�4 COM4̓Ɍ°ʉ 

 

 

Figure2-14͇ĤɌ˦8�4 COM4̓ɌǄĎ4˻Ŵ 
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Ćʘ�ʓ�̙ɰ2��Gʺ˻Ŵ�D8̙ɰ~�}�k 

� �ʓ�̙ɰ4ʺ˻Ŵ2��-ͅʒ̙ɰ�D8ʛ̙ɰ5 0�E 42%.ȠŘ 4ͅ3%¦̝.

ĭè '(Figure2-15)͆>'ͅˢ̙ɰ5ͅ0 �E 44%.ȠŘ ͅ45%¦̝.ĭè '

(Figure2-15)͆�ʓ�̙ɰ4̙ɰ~�}�k2��-ͅʒ̙ɰ5 46%ͅʛ̙ɰ5 43%ͅˢ

̙ɰ5 54%¦̝.ɈƲ�H'(Figure2-16)͆ 

 
Figure2-15͇ĤɌ˦8�4ʺ˻Ŵ(Ȃ͇®ŝͅ˗͇Ŝǔ) 

 
Figure2-16͇ĤɌ˦8�4�ʓ�̙ɰ4̙ɰ~�}�k(Ȃ͇®ŝͅ˗͇Ŝǔ) 
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ĤɌ˦8�4ġ̭ýç 

� ĤɌ˦8�4̓ɌǄĎ4ġ̭ýç5ͅ43%>.ȠŘͅ44%¦̝.ĭè ͅ%4ƃ 100%

21G2+HȠŘ '(Figure2-17)͆ 

 

 

Figure2-17͇ĤɌ˦8�4ġ̭ýç 
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2-3-3� ʍŐ 

� ǟɩ.5ͅµƛ 'VgW`d�k4^{���^��~j�4̀îǄɣŷ2Ȃɖ2µ

ƛ�H'B4.�G�Ǳ˃Kʧ�'A2ͅĤɌ˦84^{���^��Kʧ*'͆%4ɼ

Ǧͅ�ʓ�̙ɰ2®ŝ~�}�kKɈƲ ̓ͅɌ�Ď34ġ̭ýç2˪´2È��/.ͅ

COM2�Ď32ĭè"G�/2ˈAEH'͆ 

 

� COM 4̓Ɍ°ʉ�D8˻Ŵ5^{���^��̗ľ�EȠŘ %4ƃĭè '

(Figure2-13)͆ ě¶Ⱦ 'șƑñ�x�(ŷ 11-13)5ͅt0ƃșƑñ�x�2ȠŘ ͅt1ƃ

șƑñ�x�2ĭè"G'A(Figure2-9)ͅýîîµK~j�ñ -�G͆>'ͅǟɔɦ.

µƛ '^{���^��~j�5 Cheng et al. (2008b)2µƛ 'ýî�FĤɌ˦84

^{���^��Kûʍ2 -�G͆ '2*-ͅǟɔɦ2��GĤɌ˦84^{���

^��5ͅCheng et al. (2008b)/ċǶ2ýî�F4ĤɌ˦8KÔȺ -�G�//1G͆

��. Cͅheng et al. (2008b)4^{���^��ɼǦ.5  ͅ COM4̓Ɍ°ʉ�D8COM

4̓Ɍ˻Ŵ5^{���^��̗ľ�EȠŘ %4ƃĭè '(Figure2-18A) �͆E2 �ͅ

Kœ˖/ 'ýî�F4ĤɌ˦8îµKǱʿ 'ɔɦ2��-B ȟͅ¥ (1992)4ɼǦ.5ͅ

COM 4̓Ɍ˻Ŵ5îµ̗ľ�EȠŘ %4ƃĭè ' (Figure2-18B)͆ '2*-ͅ 

ěʧ*'ĤɌ˦84ƽÃ^{���^��2��G COM4̓Ɍ°ʉ�D8˻Ŵ5ÔȺ�

H'/ʍ�EHG͆ 
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Figure2-18͇ĤɌ˦8�4 COM4°ʉ�D8˻Ŵ4įñ 

A͇ƽÃ^{���^��2��GɼǦ(Cheng et al. (2008b)KƸį) 

B͇ŊȣÃ2��GɼǦ(ȟ¥ (1992)KƸį) 
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� �ʓ�̙ɰ2��Gʺ˻Ŵ5ͅ^{���^��̗ľ�EȠŘ %4ƃĭè '

(Figure2-15)͆Cheng et al. (2008b)4^{���^��ɼǦ.5ͅ�ʓ�̙ɰ4ʺ˻Ŵ5

�ŴȠŘ ͅ%4ƃĭè '(Figure2-19)͆�E2ͅ�Kœ˖/ 'ýî�F4ĤɌ˦8

îµKǱʿ 'ɔɦ2��-B ²ͅţ<� (1989)4ɼǦ.5 �ͅʓ�̙ɰ4ʺ˻Ŵ5�Ŵ

ȠŘ %4ƃĭè '(Figure2-20)͆ '2*-ͅ ěʧ*'ĤɌ˦84ƽÃ^{���

^��2��G̙ɰ4̀î5ÔȺ�H'/ʍ�EHG͆ 

 

 
Figure2-19͇ĤɌ˦8�4�ʓ�̙ɰʺ˻Ŵ(Cheng et al. (2008b)KƸį) 
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Figure2-20͇ĤɌ˦8�4�ʓ�̙ɰʺ˻Ŵ(²ţ<� (1989)KƸį) 
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� �ʓ�̙ɰ2��G̙ɰ~�}�k5ͅʒ̙ɰ5 46%ͅʛ̙ɰ5 43%ͅˢ̙ɰ5 54%

¦̝.ɈƲ�H'(Figure2-16) C͆heng et al. (2008b)4^{���^��ɼǦ2��-Bͅ

șƑñ�x�2 t1ƃ2̙ɰ~�}�kKɈƲ -�' (Figure2-21) �͆E2 �ͅKœ˖/

 'ýî�F4ĤɌ˦8�4̙ɰ~�}�kKǱʿ 'ɔɦ2��-B ²ͅţ<� (1989)

5ͅýî�F4ĤɌ˦82��-˦8× 2Ď�*-�ʓ�̙ɰ~�}�k2ɈƲ�HG

�/KǋE�2 -�G(Figure2-22)͆ '2*-ͅǟɔɦ4~j�.̙ɰ~�}�k4

ɈƲ5ÔȺ.3'/ʍ�EHG͆ 

 

 
Figure2-21͇ĤɌ˦8�4�ʓ�̙ɰ4̙ɰ~�}�k(Cheng et al. (2008b)KƸį) 
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Figure2-22͇ĤɌ˦8�2��G�ʓ�̙ɰ~�}�k(²ţ<� (1989)KƸį) 
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� ġ̭ýç5 4ͅ4%¦̝.ĭè %4ƃ 100%21G2+HȠŘ '(Figure2-17) C͆heng 

et al. (2008b)CNagano and Gerritsen (2001)4^{���^��ɼǦ2��Gġ̭ýç

5^{���^��̗ľ�Eĭè ͅ%4ƃȠŘ '(Figure2-23AͅB)͆>'ͅ�Kœ˖

/"GĤɌ˦8�4ġ̭ýçKǱʿ 'ɔɦ2��-B ȟͅ¥ (1992)4ɼǦ.5 Ȑͅ?˵

?2DGƣ̏2ˡ3ͅ%4ƃ˪´2Ĳ31ġ̭ýç2È��/KǋE�2 -�G

(Figure2-23C)͆ȟ¥ (1992)4ɼǦ4D�2̷ʥ.51�B44ͅ ěʧ*'ƽÃ^{�

��^��.4ġ̭ýç2��-B 44%>.ͅȐ?˵?2DGƣ̏2ˈAEH'

(Figure2-17)͆ '2*-ͅǟ^{���^��~j�.4ġ̭ýç5ÔȺ.3'/ʍ�

EHG͆ 

 

 

Figure2-23͇ĤɌ˦82��Gġ̭ýç 

A: ƽÃ^{���^��2��GɼǦ(Cheng et al. (2008b)KƸį) 

B: ƽÃ^{���^��2��GɼǦ(Nagano and Gerritsen (2001)KƸį) 

C: ŊȣÃ2��GɼǦ(ȟ¥ (1992)KƸį) 
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2-3-4� ɼː 

� ǟɔɦ.µƛ 'ͅVgW`d�k4^{���^��~j�2��Gɴ4n��k�

TP��̀îǄɣŷ2ͅȂɖ2µƛ�H'�0��Kýî�FĤɌ˦84ƽÃ^{���

^��Kʧ*-Ǳ˃ '͆%4ɼǦͅCOM 4̓Ɍ°ʉ4į°�D8˻Ŵͅ�ʓ�̙ɰ4

ʺ˻Ŵ�D8̙ɰ~�}�k̓ͅɌǄĎ4ġ̭ýç5ͅÌʧɔɦ.ʧJH'^{���^

��ɼǦ�D8ŊȣÃj�d/˶¯ '͆ '2*-ͅǟɔɦ.µƛ 'VgW`d�k

4^{���^��~j�4̀îǄɣŷ5ͅȂɖ2µƛ�H'/ʍ�EHG͆ 

�  
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2-4� ŊȣÃKȾ�'ĽŽƑ4Ǳ˃ 

2-4-1� ǄȒ 

ʫ̿ʎ 

� ʫ̿ʎ5ɂŁĲńȽɫȖ̇Ɲ 2ČKœ˖/ ' 1͆� žͅƕȳƑ5 Table2-42ʪ '͆

ʫ̿ʎ25ͅŊ̿ÓōKˌǋ Ŋ̿ûè4ċƓKƆ'͆1�ͅǟɔɦ5Ĳ̚´ʕĲńɔɦ

ÄȻőǨĿĖ¬4ƟˑKƆ'͆ 

 

ȣŉw�k[� 

� 25mw��(ŋȢ͇30ŴͅȊȢ͇28ŴͅȊȟ͇1.35�2mͅ10���)2-ͅȣŉKʧ*

'͆ʫ̿ʎ25ͅVgW`d�k˅Ơȣŉ4ã2ͅĈʜôØ1QS�{�XNgwKʧJ

$'ƃͅǗĲêç.4VgW`d�k˅ƠKʧ*'͆1�ͅVgW`d�kƃ5 25m 4

ǗĲêçȖKʧ*'͆1�ͅǋE�1ķƻ˅Ơ.�*'ĪĉͅôØ1«ƙK/*'ƃ2Ô

ŴȣŉKʧ*'͆ 

 

j�dĀƆ 

� VgW`d�k�4ŵǷj�dKĀƆ"G'Aͅ`d�kĄÆǄ2ˁʉ 'qP`t�

lU}�(TS3 100-L FASTEC IMAGING ɜʯ)KȾ�-ͅƵƁ`t�lKȈɡ 100[z

.ƵƁ ͅɃʺ5`d�k^Xm��EÎȊ>.4îµ2ƵƁ.3GD�2ˁŉ '͆1

�ͅz�U�5̳̯ͅĆʏȹȩͅĆʔŠͅĆʑ̙ɰͅĆƝ̻ͅĆĲ˭ŁͅťĆ4ʛ̙ɰͅ

ˢ̙ɰͅ+>Ì�D8��/4ʾ 14 ȩ/ '͆VgW`d�k�2ʘ̊.È�ġ̭ýç

j�d5ͅ`d�kĄ2}P�w��k̛ȊŗĥuS�`w��k(TF-2050-WͅigW

Ơ˙ɜʯ)KÇǁ 10Ŵ�D8 40ŴKˁʉ ͅ]�w��Xđȓƽ 500Hz.ĀƆ '͆>

' Ɲ̊ͅ.È�ġ̭ýç5̀ͅ d�kĄã̭4ťĆ2̛Ȋ 3ˮçʶb�]�(TLB05-500Nͅ

igWƠ˙ɜʯ)Kˁʉ ͅ]�w��Xđȓƽ 500Hz.ĀƆ '͆ 

 

j�dÖȻ 

� qP`t�lU}�.ƵƁ 'ǎÉ�E ɃͅÉʻǥcuk(Frame-Dias Ver V DͅKHɜ

ʯ)KȾ�-Ɲîj_dPaKʧ� ʫ̿ͅʎ2˛¤ 'z�U�4ŊŵǷKɯ× ' ʫ͆̿

ʎ4˾ʧǄĎ.�GȊŬǄĎK x ˮ̓ͅɌǄĎK z ˮ/"G̫ȁŵǷɴKˁŉ '

(Figure2-24)͆ƆEH' 2 ǿÊŵǷj�d5ͅ4 ǿ4°d���`ĥ��s`uO�d�
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KȾ�- Ìͅʧɔɦ(Welcher et al., 2008; Ś̙<�, 2014)Kûʍ2̆ͅ ǂđȓƽ 4.0-5.5Hz

.j�d4ŬȦñKʧ*'͆ġ̭ýçj�d5ͅÌʧɔɦ(Tor et al., 2015)Kûʍ2̆ͅ

ǂđȓƽ 10Hz.ŬȦñ '͆>'ͅÇǁʺ 10Ŵ�D8 40Ŵ2ˁʉ�H'uS�`w�

�k�EƆEH'j�dKͅ�ʺ̙ƽKȾ�-ɾœŵǷɴ2��Gġ̭ýç2įư '͆ 

 

 
Figure2-24͇ŵǷɴ4ˁŉ 

 

j�dʻǥ 

� ƆEH' 2ǿÊŵǷj�d�E ǟͅɔɦ.¶Ⱦ"G^{���^��~j�ċǶ4̳ͅ �

´ůͅ�ʓͅťĆĲʚ̊ͅťĆ�ʚ̊ͅťĆˢ̊4 8bX}�k�E1Gä´��WbX

}�k~j�Kµƛ ' Ĉ͆bX}�k4ƖƑ¼ƽK̜ȍ<� (1992)4˪´̊ØƖƑ¼ƽ

KȾ�-ɯ× ͅCOMKɯ× '͆ 

 

ʻǥ̱ɋ 

COM4˻Ŵ 

� j�dʻǥ.ƆEH' COM4ŵǷj�dK�ĶƈØ"G�/.ȌA'͆>'ͅ˦8×

 Ǐ4 COM4˻Ŵ2��GȊŬƛØK˦8× ȊŬ˻Ŵ̓ͅɌƛØK˦8× ̓Ɍ˻Ŵ

/ '͆ 

̙ɰʺŴ 

� ^{���^��~j�2��GʺŴŉʋ2ĉJ$(Figure2-7)ͅ´ůbX}�kʺŴͅ

ʔ̙ɰʺŴͅťĆʒ̙ɰʺŴͅťĆʛ̙ɰʺŴ�D8ťĆˢ̙ɰʺŴKɯ× '͆ 
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˦8× ʺŴ 

� Ìʧɔɦ(ȃȿ<�, 2006; ȃȿ<�, 2007b; şù�ɧ, 2004)Kûʍ2ɬ 1ɩ.ˀ '˹

ƨFŁ~j��E˦8× ʺŴKɯ× '(Figure2-25)͆`d�kĄÌɪ/ COM 4°ʉ

Kɼ9ʂØ(LCOM)Kµƛ ͅ%4ʂØ/ȊṶ̆21"ʺŴK˪´ʺŴ(Bang)/ '͆>'ͅ

�4 LCOMK�ĶƈØ"G�/.ͅ®ŝʲɷ(Vex)Kɯ× '(ŷ 16)͆˪´ʺŴK�ĶƈØ

"G�/.˪´ʺ˻ŴKɯ× LͅCOMKȾ�-ě˭ʲɷ(Vro)Kɯ× '(ŷ 17) >͆' ɯͅ

× '®ŝʲɷ�D8ě˭ʲɷKȾ�-˦8× ʺŴKɯ× '(ŷ 18)͆ 

 

!!"  =  !!"# ....................................................................... 16 

!!"  =  −!!"#  ∙  !!"# ......................................................... 17 

!"#$%&&!"#  =  !!"# −  !"#!!(!!"!!"
) ................................... 18 

 

 

Fiugre2-25͇VgW`d�k2��G˹ƨFŁ~j� 

Vex�

Vro�

Lcom�

Bang�
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ŊȣÃKĨ2 'ƽÃ^{���^�� 

� � Ì˸4ȣŉ�EƆEH' 2ǿÊŵǷj�dKȾ�-ͅʫ̿ʎ 2Č4bX}�k̕Kȣ

ŉ ͅ~j�4žƕȳƑKȏŉ '(Table2-4)͆1�ͅĈbX}�k4ƖƑ¼ƽ5̜ͅȍ

<� (1992)4˪´̊ØƖƑ¼ƽKȾ�-ɯ× '͆ 

 

Table2-4͇ʫ̿ʎ 2Č4žƕȳƑ 

 

 

� 2-2 ̱.ˀ 'VgW`d�k4^{���^��~j�KȾ�-ͅʫ̿ʎ 2 ČØ4V

gW`d�kîµKȌA'͆^{���^��5¦�4Ɲ̲.ʧ*'͆ 

1. ŊȣÃ�EƆEH'ÜǜŀðK��G͆ 

2. ʫ̿ʎ A�D8 B4°gWw��k°ʉKˁŉ"G͆ 

3. ̀îǄɣŷK��ZWgdȒ2DGƽÃɥØKʧ��/. VͅgW`d�kîµKȌA

G͆ 

 

Ǘ̅ñʾɯ 

� COM 4˦8× Ǐ4ȊŬ˻Ŵ2ǗĲ21G t0�D8 t1KƬɸ"G'AͅCOM 4˦8

× ȊŬ˻ŴKɋɉ̙ƽ/ Ȧ̝ͅ^�w�gW`Ȓ(Nelder and Mead, 1965)2DF Ǘͅ

̅ñʾɯKʧ*'͆ 

 

 


�
A 
�
B 
��(m) 1.64 1.84 
����(kg) 63.0 78.7 
��(	) 20 21 
���������(m) 0.64 0.66 
�������(m) 0.46 0.48 
��������(m) 0.32 0.34 
��������(m) 0.34 0.40 
�������(m) 0.15 0.16 
��������(m) 0.34 0.36 
��������(m) 0.33 0.36 
�������(m) 0.17 0.20 



40 

ʻǥ̱ɋ 

� ʻǥ̱ɋ5ͅÌ˸ 'VgW`d�k�4ŊȣÃ/ċǶ2ͅCOM 4˻Ŵͅ˦8× ʺ

Ŵ�D8̙ɰʺŴ/ '͆ 

 

̸¯Ƒ4Ǳ˃ 

� VgW`d�k4ŊȣÃ/ƽÃ^{���^��.ȌA'̀î4�ʝŴ4ƦǷ/ -ͅ

COM4°ʉ�D8˻ŴͅĈ̙ɰʺŴ4ǏɴÛj�d�Eɍ�ɍ̙¼ƽKɯ× '͆ 

  

� 1� ƽͅÃ^{���^��Kď@Ï-4ʾɯ25 MͅATLAB2007b(MathWorksɜʯ)

2DGʜµw�X�|KȾ�'͆ 
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2-4-2� ɼǦ 

� �ʫ̿ʎ/Bͅîµ̗ľ�E 0.5 ɡ¦̝2ŊȣÃ/ƽÃ^{���^��4̘.îµ2

Ɇ1GɼǦ/1*'(Figure2-26)͆ 

 

 

Figure2-26͇VgW`d�k2��GŊȣÃ�D8^{���^��îµ4ȉ˯ 

(̪ɕʂ͇ŊȣÃj�d� ˟Ŋʂ͇^{���^��j�d) 

 

� VgW`d�k�4 COM4ȊŬǄĎ�D8̓ɌǄĎ4°ʉ5ͅŊȣÃ/ƽÃ^{��

�^��4ȓž2˶¯ -�G2ˈAEH'(Figure2-27 2ͅ-28) >͆' ɍͅ�ɍ̙¼ƽ5ͅ

�ʫ̿ʎ/B̬Ū2́�Ã2ˈAEH'(Table2-5) 

 

Table2-5͇ʫ̿ʎ A�D8 B2��GŊȣÃ/^{���^��̘4ɍ�ɍ̙¼ƽ 

 

 

A: ���A�

B: ���B�

0� 0.4� 0.5�0.2� 0.3�0.1� 0.6�
���		�

��
A ��
B 
COM	���� 0.99 0.96 
COM�
��� 0.95 0.98 
COM	���� 0.91 0.84 
COM�
��� 0.80 0.90 
	��������� -0.81 0.72 
������ -0.93 -0.75 
������ 0.87 0.96 
������ 0.75 0.84 
������ 0.68 0.93 
������ 0.98 0.97 
������ 0.82 0.76 
������ 0.97 0.95 
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Figure2-27͇COM4ȊŬǄĎ4°ʉ 

(A: ʫ̿ʎ A� B͇ʫ̿ʎ B) 

 

 
Figure2-28͇COM4̓ɌǄĎ4°ʉ 

(A: ʫ̿ʎ A� B͇ʫ̿ʎ B) 
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� ˦8× ȊŬ˻Ŵ5ͅʫ̿ʎ A 2��-5ƽÃ^{���^��4Ǆ2ŊȣÃDFB

5.2%́�ͅʫ̿ʎ B 2��-5ƽÃ^{���^��4Ǆ2 1.1%́�ɼǦ/1*'

(Table2-6)͆˦8× ̓Ɍ˻Ŵ5ͅʫ̿ʎ A2��-5ƽÃ^{���^��4Ǆ2Ŋȣ

ÃDFB 156.2%�Ď32́�ͅʫ̿ʎ B2��-5ƽÃ^{���^��4Ǆ2 56.4%

�Ď32́�ɼǦ/1*'(Table2-6)͆>'ͅ˦8× ʺŴ5ͅʫ̿ʎ A2��-5ƽÃ

^{���^��4Ǆ2ŊȣÃDFB 127.8%�Ď32Ĳ3�ͅʫ̿ʎ B 2��-5ƽÃ

^{���^��4Ǆ2ŊȣÃDFB 100.6%�Ď32Ĳ3�Ã2ˈAEH'(Table2-6)  ͆

 

Table2-6͇ŊȣÃ�D8ƽÃ^{���^��2��G 

˦8× ȊŬ�̓Ɍ˻Ŵͅ˦8× ʺŴ4ɼǦ 

 
 

� VgW`d�k�4 COM4ȊŬǄĎ4˻Ŵ4įñ5ͅ�ʫ̿ʎ/B˻Ŵ4ɨ)�2F

2��-ŊȣÃ4Ǆ2ƽÃ^{���^��DFB˻��/2ˈAEH'(Figure2-29)͆

�Ǆ̓ͅɌ˻Ŵ4įñ5�ʫ̿ʎ/BŊȣÃ5VgW`d�k�ͅ�Ď34˻Ŵ4?Ƚƛ

 -�G2ͅƽÃ^{���^��.5�Ŵ�Ď34˻Ŵ2Ƚƛ�Hͅ%4ƃ�Ď34˻

Ŵ2Ƚƛ�HG�/2ˈAEH'(Figure2-29ͅ2-30)͆>'ͅɍ�ɍ̙¼ƽ5�ʫ̿ʎ/

B́ͅ�Ã2ˈAEH'(Table2-5)͆ 

 

��
A ��
B 
�� ���� ����������� ���� ���������

�	������m/s�� 3.43 3.61 3.62 3.66 

�	��	���m/s�� -0.64 -1.64 -1.08 -1.69 

�	����Deg�� -10.73 -24.45 �� -12.4 -24.88 
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Figure2-29͇COM4ȊŬ˻Ŵ 

(A: ʫ̿ʎ A� B͇ʫ̿ʎ B) 

 

 
Figure2-30͇COM4̓Ɍ˻Ŵ 

(A: ʫ̿ʎ A� B͇ʫ̿ʎ B) 
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� VgW`d�k�4´ůbX}�k4ʺŴ5̨ͅĄǏ2�ʫ̿ʎ/BŊȣÃ5Ŝǔ°/

1*'2ͅƽÃ^{���^��.5ͅ®ŝ°/1G�/2ˈAEH'(Figure2-31)͆>

' ɍͅ�ɍ̙¼ƽ2��-ʫ̿ʎ A5˗4ɍ̙¼ƽ2ˈAEH ʫ̿ͅʎ B5Ȃ4ɍ̙¼ƽ

2ˈAEH'(Table2-5)͆ 

 

 
Figure2-31͇´ůbX}�kʺŴ 

(A: ʫ̿ʎ A� B͇ʫ̿ʎ B) 

 

� VgW`d�k�4ʔ̙ɰʺŴ5ͅ�ʫ̿ʎ/BŊȣÃ5ʔ̙ɰ®ŝ̀îKʧ��/2

ˈAEH'2ͅƽÃ^{���^��.5ͅʔ̙ɰŜǔ̀îKʧ��/2ˈAEH'

(Figure2-32) >͆' ɍͅ�ɍ̙¼ƽ5�ʫ̿ʎ/B̠ͅ 4ɍ̙¼ƽ2ˈAEH'(Table2-5)͆ 

 

 
Figure2-32͇ʔ̙ɰʺŴ 

(A: ʫ̿ʎ A� B͇ʫ̿ʎ B) 
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� VgW`d�k�4ãʘ�̙ɰ4ʺŴ2��-ͅ�ʫ̿ʎ/Bͅʒ̙ɰ5®ŝͅʛ̙ɰ

5Ŝǔƃ®ŝͅˢ̙ɰ5ʖŜƃŲŜ"Gȓž2ˈAEH'(Figure2-33)͆>'ͅɍ�ɍ̙

¼ƽ5ͅ�ʫ̿ʎ/Bʒ̙ɰ�D8ʛ̙ɰ5́�ɍ̙¼ƽ2ˈAEH'2ͅʫ̿ʎ A4ˢ

̙ɰ5 0.7¦�/1*'(Table2-5)͆ 

 

 
Figure2-33͇ãʘ�̙ɰ4ʺŴ 

(A: ʫ̿ʎ A� B͇ʫ̿ʎ B) 
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� VgW`d�k�4ƃʘ�̙ɰʺŴ2��- �ͅʫ̿ʎ/Bʒ̙ɰ�D8ʛ̙ɰ5®ŝͅ

ˢ̙ɰ5ŲŜ"Gȓž2ˈAEH'(Figure2-34)͆ʛ̙ɰ2��-5ͅ�ʫ̿ʎ/Bͅƽ

Ã^{���^��4Ǆ2ŊȣÃDFBňÏ®ŝ"G>.4Ǐ̘2ɒ�*'͆>'ͅɍ�

ɍ̙¼ƽ5ʒ̙ɰͅʛ̙ɰ�D8ˢ̙ɰÏ-4̙ɰ.́�Ã2ˈAEH'(Table2-5)͆ 

 

 
Figure2-34͇ƃʘ�̙ɰ 

(A: ʫ̿ʎ A� B͇ʫ̿ʎ B) 
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� VgW`d�k�2Ɲ̊.È�'ġ̭ýç2��-ͅ�ʫ̿ʎ/BŊȣÃ.5ȊŬƛØ

5Ȃ̓ͅɌƛØ5˗4ǄĎ2È�-�'2ͅƽÃ^{���^��.5Ɲ̊2ġ̭ýç5

È�1�*'(Figure2-35)͆ 

 

 

Figure2-35͇Ɲ̊2��Gġ̭ýç 

(A: ʫ̿ʎ A� B͇ʫ̿ʎ B) 
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� VgW`d�k�4ãʘ.È�'ġ̭ýç2��-ͅ�ʫ̿ʎ2��GŊȣÃ�D8ƽ

Ã^{���^��.5ȊŬǄĎ̓ͅɌǄĎ/B2Ȃ4Ã2ˈAEH̨ͅĄã.ġ̭ýç

2Ĳ3�È�-�G�/2ˈAEH'͆�ʫ̿ʎ/BͅƽÃ^{���^��.ɯ× '

̓ɌƛØ4ġ̭ýç5ͅ^{���^��̗ľ�E 0.4 ɡ>.5ͅŊȣÃDFBŗ��Ã

2ˈAEH'(Figure2-36)͆>'ͅƽÃ^{���^��.ɯ× 'ȊŬ�D8̓ɌǄĎ

4ġ̭ýç5ͅpPa2ď>H'D�1ȓž2ˈAEH'(Figure2-35)͆ 

 

 

Figure2-36͇ãʘ2��Gġ̭ýç 

(A: ʫ̿ʎ A� B͇ʫ̿ʎ B) 
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� VgW`d�k�4ƃʘ.È�'ġ̭ýç2��-ͅ�ʫ̿ʎ2��GŊȣÃ�D8ƽ

Ã^{���^��Ã.5ƃʘ̨Ą>.ȊŬǄĎ̓ͅɌǄĎ/B2Ȃ4Ã2ˈAEH'

(Figure2-37)͆�ʫ̿ʎ/BƽÃ^{���^��.ɯ× 'ġ̭ýç5ͅpPa2ď>

H'D�1ȓž2ˈAEH'(Figure2-37)͆ 

 

 

Figure2-37͇ƃʘ2��Gġ̭ýç 

(A: ʫ̿ʎ A� B͇ʫ̿ʎ B) 
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2-4-3� ʍŐ 

� ǟɩ.5ͅVgW`d�k4^{���^��~j�4ĽŽƑKŊȣÃj�d/4ȉ˯

�EǱ˃ '͆%4ɼǦͅ`d�kĄ̨ĄǏ4´ůbX}�kʺŴ�D8ʔ̙ɰʺŴ5Ŋ

ȣÃ/ƽÃ^{���^��4̘.Ɇ1GɼǦ/1*'͆�ʘ�̙ɰʺŴ2��-5ͅŊ

ȣÃ/ƽÃ^{���^��4̘.́�ɍ�ɍ̙¼ƽ2ˈAEH'͆ '2*-ͅǟɔɦ

.µƛ 'VgW`d�k4^{���^��~j�5ŊȣÃKÔȺ"G�/2.3'/

ʍ�EHG͆ 

 

˦8× ˻Ŵ�D8ʺŴ2��GŊȣÃ/ƽÃ^{���^��4ȉ˯ 

� ˦8× ȊŬ˻Ŵ5ͅ�ʫ̿ʎ/BƽÃ^{���^��4Ǆ2ŊȣÃDFB́�ͅ˦

8× ̓Ɍ˻Ŵ5ŊȣÃDFB�Ď32́�1GɼǦ/1*'(Table2-6)͆>'ͅ˦8×

 ʺŴ5ŊȣÃDFBƽÃ^{���^��4Ǆ2�Ď32Ĳ3�Ã2ˈAEH'

(Table2-6) ȃ͆ȿ<� (2006)5˦8× ʺŴ2ŗ��/ͅ˦ 8× ȊŬ˻Ŵ5Ĳ3�1Fͅ

̓Ɍ˻Ŵ5�Ď32Ĳ3�1G�/KĩĐ -�G͆��.ͅǟɔɦ2��GƽÃ^{�

��^��.5ɋɉ̙ƽK˦8× ȊŬ˻Ŵ/ ͅǗ̅ñʾɯKʧ*'͆ '2*-ͅǗ

̅ñʾɯ2D*-˦8× ʺŴKŗ�� ˦8× ȊŬ˻ŴK˻�"GD�2 t0�D8 t1

2Ƭɸ�H'/ƮŐ�HG͆ � 12EͅCOM 4°ʉ�D8˻Ŵ4ɍ�ɍ̙¼ƽ5ͅ

̬Ū2́�Ã2ˈAEH'(Table2-5)͆ '2*-ͅǟɔɦ4^{���^��~j�.

5ͅ˦8× ʺŴ�D8̓Ɍ˻Ŵ5ŊȣÃDFB�Ď32Ĳ3�1G2ͅŊȣÃ4j�d

KÔȺ"G�/2.3'/ʍ�EHG͆ 

 

ʔ̙ɰ2��GŊȣÃ/ƽÃ^{���^��4ȉ˯ 

� ʔ̙ɰʺŴ4į°2��-ͅŊȣÃ.5ʔ̙ɰ®ŝ̀îKʧ�2ͅƽÃ^{���^�

�.5ʔ̙ɰŜǔ̀îKʧ*-�'(Figure2-32)͆ŊȣÃ�EˈAEH'`d�k�4ʔ

̙ɰ®ŝ̀î5 °ͅgW`P�Xîµ/Ē6H(̒ǝ<�, 2016; Seifert et al., 2010)̀ͅ d

�k�2`d�kĄÌɪKƤ"�/. COMKãǄ2è˻"G�/2.3G�/2ĩĐ�

H-�G(Breed and McElroy, 2000) ǟ͆ɔɦ2��G^{���^��~j�.5 ʔ̙ͅ

ɰŜǔ̀î4?.�*''A�4°gW`P�X21�VgW`d�kîµ.�G�/2

ʍ�EHG͆ 
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´ůbX}�k2��GŊȣÃ/ƽÃ^{���^��4ȉ˯ 

� ´ůbX}�kʺŴ2��-ͅ`d�kĄ̨ġǏ4´ůbX}�kʺŴ2ŊȣÃ.5Ŝ

ǔ°ͅƽÃ^{���^��.5®ŝ°/Ɇ1GɼǦ/1*'(Figure2-31)͆�H5ͅǟ

ɔɦ.µƛ '^{���^��~j�.5ͅ´ůbX}�k5®ŝîµ4?Kʧ�~j

�/1*''AͅŊȣÃ/Ɇ1GɼǦ/1*'�/2ƮŐ�HG͆��.ͅɫȖ`d�k

.5ͅ�ȩÎȊKʧ�'A2ͅÎȊǏ2�ʓ/´ů21"ʺKŗ��"G(Ŝǔ�$G)�

/2Ƌʲ.�G�/2ĩĐ�H-�G(Seifert et al., 2010)͆�4�/�EͅVgW`d�

k.5ͅÎȊǏ2�ȩÎȊKʧ�'Aͅ´ůbX}�kKŜǔ�$GD�2îµKʧ��

/2Ƌʲ.�G�/2ƮŐ�HG͆Ŋ̤ͅŊȣÃ2��G´ůbX}�kʺŴ4į°Kɖ

ˈ"G/ͅ�ʫ̿ʎ/B´ůbX}�k5�Ŵ®ŝ ͅ%4ƃŜǔ"Gȓž2ˈAEH'

(Figure2-31)͆¦�4�/�EͅŊȣÃ/^{���^��ɼǦ4̘.ͅɆ1GɼǦ/1

*'/ƮŐ�HG͆ 

� è�-ͅŊȣÃ�D8^{���^��ɼǦ2��G´ůbX}�kʺŴ4į°4̃�

5ͅVgW`d�k�2��G�ʓ4Ƃæ�EBˌǋ"G�/2.3G͆ŊȣÃ�D8ƽ

Ã^{���^��2��GƝ̊2È�ġ̭ýçKɖˈ"G/ͅ�ʫ̿ʎ/BŊȣÃ.5

ġ̭ýç5Ƚƛ�H-�'2ͅƽÃ^{���^��.5Ƚƛ�H1�*'͆>'ͅŉƑ

ɉ.5�G2ͅVgW`d�kîµKɖˈ"G/ͅŊȣÃ4Ǆ2ƽÃ^{���^��D

FBƝ̊2`d�kĄKƱ*-�G�/2DG̖��w2žƛ�H-�GǏ̘2̕�

(Figure2-26)̖ͅ ��w2žƛ�H-�G̘.5́ͅ ůbX}�k5®ŝ"G�/21�ͅ

´ůŜǔ°K¾ƥ '>>ͅ˪´2ãǄ2ɢî ̨Ą"GD�2˪´2î��/2ɖˈ.

3G(Figure2-26, 2-31)͆ '2*-ͅƝ̊2`d�kĄKƱ*-�G�/2DG̖��w

žƛ5ͅ´ůbX}�kʺŴ4į°�D8VgW`d�kîµ2Ɓ̮"G�/2ƮŐ�H

G͆>'ͅŊȣÃ2��-ʘ̊.È�ġ̭ýç5̓Ɍ�Ď3.�G2œ ͅƝ̊.5̓Ɍ

�Ď32È�-�G�/�E(Figure2-35, 2-36, 2-37)ͅ�ʓ5VgW`d�k�2˪´4

̓Ɍ�ǄĎ:4ɢîKƢß -�G�/2ƮŐ�HG͆Ŋ̤ͅŊȣÃ.5 COM4̓ɌǄ

Ď4°ʉ2�Ď32ɢî"G�/51�̓ͅɌ˻Ŵ2��-BVgW`d�k�5Ū2�

Ď34ÃK/G�Ǆ.ͅƽÃ^{���^��.5 COM2�Ď32ɢî ͅ%4ƃ�Ď

32ɢî"G�/2ˈAEH'(Figure2-28, 2-30)͆¦�4�/�Eͅǟɔɦ.µƛ '^

{���^��~j�.5ͅƝ̊.ġ̭ýç2È�1�*'�/�Eͅ˦8× Ǐ2��

G´ůbX}�k4ʺŴ2Ɓ̮Kā�'ăʗƑ2ƮŐ�HG͆ 
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´ůbX}�k�D8ʔ̙ɰ2VgW`d�kîµ�D8suS�z�`2��GƁ̮ 

� Ì˸4D�2ͅ´ůX}�kʺŴ4į°�D8ʔ̙ɰʺŴ4į°5ŊȣÃ/ƽÃ^{�

��^��4̘.Ɇ1GɼǦ/1*'͆ '2*-ͅǟɔɦ4^{���^��~j�.

5ͅ˪´Kä´��WbX}�k~j�.ʪȺ�H-�G'AͅƽÃ^{���^��K

Ⱦ�-ȌA'VgW`d�k2��G�ʓ�̙ɰʺŴ4į°C COM4˫˥ͅ�D8˦8

× ȊŬ˻Ŵ2Ɓ̮ -�G�/2ƮŐ�HG͆ � 12Eͅ�ʫ̿ʎ/Bͅ�ʘ�̙

ɰ4ʺŴ2��-ŊȣÃ/^{���^��4̘.ɍ�ɍ̙¼ƽ5́�Ã2ˈAEH-�

F(Table2-5) CͅOM4ȊŬ�D8̓ɌǄĎ4°ʉ4į°2��-B́�ɍ�ɍ̙¼ƽ2ˈ

AEH-�G(Table2-5)͆>'ͅVgW`d�k�4ŊȣÃ.ˈAEH'°gW`P�X

îµ2D*-ͅ`d�k�2`d�kĄÌɪKƤ"�/. COMKãǄ2è˻"G�/2

.3G�/(Breed and McElroy, 2000)ͅƝ̊.ġ̭ýç2È3˦8× ȊŬ˻ŴȽƛ2

6.8%˘ȶ -�G�/2ǋE�/�H-�G(Ś̙<�, 2016)͆ � 12Eͅãʘ�D

8ƃʘ.È�ġ̭ýç5˦8× ȊŬ˻ŴȽƛ2ͅ%H&H 34.6%�D8 58.6%˘ȶ -

�G�/2ǋE�/�H-�G�/�E(Ś̙<�, 2016) Ɲ̊ͅ5�ʓ2ȉ;-˦8× Ȋ

Ŭ˻Ŵ:4˘ȶ2ŗ���/2ʍ�EHG͆¦�4�/�Eͅǟɔɦ.µƛ�H'^{�

��^��~j�2��-ͅ´ůbX}�kCʔ̙ɰ4ʺŴį°2ŊȣÃ/Ɇ1G2ͅ^

{���^��ɼǦ:4Ɓ̮5ŗ��/ʍ�EHG͆ 

 

ãʘ�̙ɰ2��GŊȣÃ/ƽÃ^{���^��4ȉ˯ 

� ãʘ�̙ɰ2��-ͅ�ʫ̿ʎŊȣÃ�D8^{���^��̘.4ɍ�ɍ̙¼ƽ5́

�Ã/1*'(Table2-5)͆>'ͅʒ̙ɰ5®ŝͅˢ̙ɰ5�ŴʖŜ�H%4ƃŲŜͅʛ̙

ɰ5�ŴŜǔ -�E®ŝ"G�/2ˈAEH'(Figure2-33)͆ǟɔɦ4^{���^�

�~j�2��-B ãͅʘ�ʓ�̙ɰ4̙ɰ~�}�k5ŗȎ<� (2015)�D8 Sakai et 

al. (2016)4ɔɦKûʍ2ʾɯKʧ*' ŗ͆Ȏ<� (2015)�D8 Sakai et al. (2016)5Vg

W`d�k�4�ʓ�̙ɰ~�}�k2+�-ˏǨ -�Fͅʒ̙ɰ5`d�k�®ŝͅ

ˢ̙ɰ5ŲŜ~�}�kKɈƲ ͅʛ̙ɰ5Ŝǔ~�}�kKɈƲ 'ƃͅ®ŝ~�}�

kKɈƲ"G�/KǋE�2 -�G͆ '2*-ͅ^{���^��~j�2��-ͅ

ŊȣÃ2˶¯ 'ãʘ�̙ɰ4̀îKÔȺ"G�/2.3'/ʍ�EHG͆ 
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ƃʘ�̙ɰ2��GŊȣÃ/ƽÃ^{���^��4ȉ˯ 

� ƃʘ�̙ɰ2��-ͅŊȣÃ�D8ƽÃ^{���^��̘.4ɍ�ɍ̙¼ƽ5́�Ã

/1*'(Table2-5)͆>'ͅŊȣÃ�D8^{���^��ɼǦ2��Gʒ̙ɰ�D8ʛ

̙ɰ5®ŝͅˢ̙ɰ5ŲŜ"G�/2ˈAEH'(Figure2-34)͆ãʘ�̙ɰċǶͅǟɔɦ

4^{���^��~j�5ͅŗȎ<� (2015)�D8 Sakai et al. (2016)4ɔɦKûʍ2

ʾɯKʧ*'2ͅʛ̙ɰ2��-5ͅ�ʫ̿ʎ/BƽÃ^{���^��4Ǆ2ŊȣÃD

FBͅňÏ®ŝ"G>.2��GǏ̘2ɒ�*'͆�H5ͅǗ̅ñʾɯ2D*-ʛ̙ɰ5

^{���^��̗ľƃ"�2®ŝK̗ľ"GD�2 ŷͅ 11-132��G t0�D8 t12Ƭ

ɸ�H'ɼǦ.�G/ƮŐ�HG͆¦�4�/�Eͅǟɔɦ4^{���^��~j�2

��-ͅƃʘʛ̙ɰ5ŊȣÃDFBňÏ®ŝ"GǏ̘2ɒ�2ͅŊȣÃ2˶¯ '̙ɰ4

̀î2ÔȺ"G�/2.3'/ʍ�EHG͆ 

 

Ɲ̊.È�ġ̭ýç 

� Ɲ̊2��Gġ̭ýç2��- �ͅʫ̿ʎ/BŊȣÃ.5ġ̭ýç5Ƚƛ�H-�'2ͅ

ƽÃ^{���^��.5Ƚƛ�H1�*'͆Ì˸4˺FͅŊȣÃ.5ʔ̙ɰ®ŝ̀îK

ʧ*-�'2ͅƽÃ^{���^��.5ʔ̙ɰŜǔ̀îKʧ*-�'͆ŊȣÃ.5ͅ�

4ʔ̙ɰ®ŝ̀î2DFͅ`d�kĄÌɪKƤ"îµ2ʧJHͅƝ̊.ġ̭ýç2È�'

2ͅ^{���^��~j�.5ͅ`d�kĄKƤ"îµ2ʧJH#ͅġ̭ýç5È�1

�*'/ƮŐ�HG͆ '2*-ͅǟɔɦ4^{���^��~j�.5ͅƝ̊.È�ġ

̭ýç5ÔȺ�H1�*'/ʍ�EHG͆ 

 

ʘ̊.È�ġ̭ýç 

� ãʘ2��Gġ̭ýç2��-ͅ�ʫ̿ʎ/BͅƽÃ^{���^��.ɯ× 'ãʘ

4̓ɌƛØ4ġ̭ýç5ͅŊȣÃDFBŗ��Ã/1Gò̘2ˈAEH'(Figure2-36)͆

ǟɔɦ.Ⱦ�'ġ̭ýç4~j�5ͅˢbX}�k2��G+>Ìͅ�ˢˣɰ̙ɰ°ʉ�

D8��/°ʉ2`d�kĄ2ƭġ"G/ͅƦƽ̙ƽɉ2È�D�ˁŉ�H-�G(ŷ 2ͅ

Figure2-3)͆+>Fͅƭġȩ4̓ɌǄĎ4°ʉ2ͅ`d�kĄ4̓ɌǄĎ4°ʉDFBŗ

��1G2+Hͅġ̭ýç2Ĳ3�1G~j�/1*-�G͆ '2*-ͅƽÃ^{��

�^��.ɯ× 'ãʘ2��Gġ̭ýç5ͅãˢ2��Gƭġȩ4̓Ɍ°ʉ/`d�k

Ą4̓Ɍ°ʉ4Ŧ2ŗ��*''AͅŊȣÃDFBŗ��Ã2ɯ×�H'/ƮŐ�HG͆ 
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� >'ͅǟɔɦ.ɯ× 'ġ̭ýç5ͅŊȣÃ�D8ƽÃ^{���^��/B2ͅƃʘ

̨Ą�D8ãʘ̨Ą>.ͅġ̭ýç2È�ȓž2ˈAEH'2ͅƽÃ^{���^��.

ɯ× 'ġ̭ýç5pPa2ď>H'D�1ȓž2ˈAEH'͆ǁ̭2��Gġ̭ýç4

ʾɯ.5ͅǁ̭2œ -̓Ɍ�D8ȊŬ2È�ġ̭ýçKͅ�ʺ̙ƽKȾ�-Øʻ ͅĉ

ƛ"G�/.ͅɾœŵǷɴ(Global Coordinate System: GCS).4ġ̭ýçKɯ×"G(ŷ

4-6ͅFigure2-38)͆��.ͅǟɔɦ4~j�.5ȊŬǄĎ4ġ̭ýçKƴƶç/ŉʋ ͅ

ŷ 5�EʾɯKʧ*' ƴ͆ƶç4ʾɯ.5 ƭͅġȩ4˻Ŵ2-1/1000(m/s)�E 1/1000(m/s)

4̘.įî"GĪĉͅFigure2-5 �EƽÃ2Ĳ3�įî"G�/2ƮŐ�HG͆ '2*

-ͅƽÃ^{���^��.5ƭġȩ4˻Ŵ2̬Ū2ŗ��Ã.įî '�/.ͅƴƶç

4ƽÃ2įî 'ɼǦͅʘ.È�'ġ̭ýç4ƽÃ2Ĳ3�įî '�/2ƮŐ�HG͆

 '2*-ͅǟɔɦ.µƛ '^{���^��~j�2��Gġ̭ýç5ͅŊȣÃ/¯

'ȓžKƆG�/2.3G2ͅƽÃ5Ĳ3�įî"G~j�.�G�/2ɚė�HG͆ 

 

 

Figure2-38͇ǁ̭2��Gġ̭ýçʾɯ4Ǹŷğ 

(GRFGCSx�D8 GRFGCSz5ɾœŵǷɴ�E?'̓Ɍ�D8ȊŬǄĎ4ġ̭ýç) 

θ�

GRFz�

GRFx�

−GRFxcos(θ)�

GRFxsin(θ)�

GRFzsin(θ)�

GRFzcos(θ)�

GRFGCSx = −GRFxcos(θ) + GRFzsin(θ)�
GRFGCSz = GRFxsin(θ) + GRFzcos(θ)�
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ǟ^{���^��~j�4 Limitation 

� ǟɔɦ.µƛ '^{���^��~j�4 Limitation5�+�G �͆+ɋ5 Ìͅ˸ 

'D�2ͅVgW`d�k�4ʔ̙ɰʺŴ4į°5ÔȺ�H1�*'�/.�G͆%4'

AͅƽÃ^{���^��2��GVgW`d�kîµ2Ɓ̮ -�G�/2ƮŐ�H'

2ͅ^{���^��ɼǦ:4Ɓ̮5ŗ��/ʍ�EH'͆ � 12Eͅ ƃʔ̙ɰʺ

Ŵ4į°KʍƗ2ÎH'~j�Kµƛ"G�/.ͅDFĽŽƑ4́�VgW`d�k4^

{���^��~j�Kµƛ"G�/2.3G/ʍ�EHG͆ 

� �+ɋ2ͅÌ˸ '´ůbX}�kʺŴ4į°5 ě4^{���^��~j�.5Ô

Ⱥ�H1�*'�.�G͆ʔ̙ɰċǶͅ´ůbX}�kʺŴ4į°5ƽÃ^{���^�

�2��GVgW`d�kîµ2Ɓ̮ -�G/ƮŐ�HG2ͅ^{���^��ɼǦ:

4Ɓ̮5Ř1��/2ʍ�EH'͆ � 12Eͅ ƃ´ůbX}�k4ŀðCʺŴ4į

°BʍƗ '~j�Kµƛ"G�/.ͅDFĽŽƑ4́�VgW`d�k4^{���^

��~j�Kµƛ"G�/2.3G�/ͅè�-`d�kĄ̨ġƃ�EÎȊ>.4u�P

kǜ2��GɔɦBʧ��/2.3GD�21G/ʍ�EHG͆ 

� �+ɋ2ͅÌ˸ 'ġ̭ýç5ͅƽÃ2Ĳ3�įî"G~j�.�*'�.�G͆ġ̭

ýç/�*'İç5ͅ�4˪´îµ2Ĳ3�Ɓ̮"G'Aͅǟɔɦ4^{���^��~

j�2��Gġ̭ýç4įî5ͅ^{���^��ɼǦ2Ɓ̮K��-�G�/2ƮŐ�

HG͆�4įî5ͅȊŬǄĎ4ġ̭ýç4Ʈŉ2Ĳ3�Ɓ̮ -�G'Aͅ ƃȊŬǄĎ

4ġ̭ýç4~j�KįǕ ͅġ̭ýç2��GƽÃ4įî21�~j�Kµƛ"G�/

.ͅDFȂɖ1^{���^��~j�Kµƛ"G�/2.3G/ʍ�EHG͆ 
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2-5� ǟɩ4ɼː 

� ǟɩ.5ͅǟɔɦ.¶Ⱦ"G^{���^��~j�4ĽŽƑKͅĤɌ˦84^{��

�^���D8ŊȣÃj�dKȾ�-Ǳ˃Kʧ*'͆%4ɼǦͅ 

 

1͆VgW`d�k4^{���^��~j�KȾ�-ͅĤɌ˦84^{���^��K

ʧ��/2.3''Aͅǟɔɦ.4̀îǄɣŷ5Ȃɖ2µƛ�H'�/2ɚė�H'͆ 

2͆VgW`d�k�2��G�ʓ�̙ɰ2��-5ŊȣÃ/˶¯ '̀îKƆG�/2

.3'͆�Ǆ.ͅ´ůbX}�k�D8ʔ̙ɰ2��-5ͅŊȣÃ/Ɇ1G̀î2ƆEH

'2ͅ^{���^��ɼǦ:4Ɓ̮5ŗ���/2ɚė�H'͆ 

3.� COM 4°ʉͅ˻Ŵ�D8�ʘ�̙ɰ2��-ͅŊȣÃ/ƽÃ^{���^��4̘

.4ɍ�ɍ̙¼ƽ5́�Ã2ˈAEH'͆ 

4͆ġ̭ýç2��-ƽÃ^{���^��.5Ɲ̊.5È�#ͅʘ.È�ġ̭ýç4Ǐ

ɴÛįñ5ŊȣÃ/˶¯ '2ͅƮŉÃ5Ĳ3�įî"G�/2ˈAEH'͆ 

 

¦�4�/�Eͅǟɔɦ.µƛ '^{���^��~j�5´ůbX}�k�D8ʔ̙

ɰ4î3ͅġ̭ýç4ˋŦ5Ř1�E#ď>HG2ͅĽŽ1^{���^��~j�.�

G�/2ɚė�H'͆ 
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ɬ 3 ɩ� VgW`d�k2��GÜǜŀð2 

`d�ksuS�z�`:��GƁ̮ 

 

3-1� ǟɩ4ɋɉ 

� VgW`d�k2��GÜǜŀð2`d�ksuS�z�`:��GƁ̮2+�-ɔɦ

2ı�ʧJH-�G͆Honda et al. (2012)�D8Welcher et al. (2008)5k�gW`d�

k2��-ͅ˪´4˞̑�Ɗ(Center of Mass: COM)KƃʘÆ2°ʉ�$Gƃʘʢ̏ŀð

�D8ãʘÆ2°ʉ�$Gãʘʢ̏ŀð4 2ɤ̸4Üǜŀð�Eʧ�`d�k4suS�

z�`K˄º -�Fͅ˦8× ȊŬ˻Ŵ5ƃʘʢ̏ŀð4Ǆ2́�ͅv�gWdP|5

ãʘʢ̏ŀð4Ǆ2ɒ��/KĩĐ -�G͆�E2ͅBarlow et al. (2014)5VgW`d

�k2��Gƃʘʢ̏ŀð5ãʘʢ̏ŀðDFB 5ͅm�D8 15m4˺́dP|2ɒ��

/KĩĐ -�G͆�H5ͅƃʘʢ̏ŀð5 COM4°ʉ2`d�kĄÌɪ�EƃǄ2°

ʉ -�Fͅv�gWdP|2̕�1G�/.ͅDFĲ31ȊŬǄĎ4çɥKȷƆ"G�

/2.3G�/ͅè�-˦8× ȊŬ˻ŴȽƛ2˘ȶ"Gƃʘ(Slawson et al., 2013)Kí

Ǧɉ2¶��/2.3G�E.�G/ʍ�EH-�G(Barlow et al., 2014) %͆HE4ɔɦ

¦İ2B Sͅlawson et al. (2012)5 VͅgW`d�k2��-ƃʘʛ̙ɰ2 80-90�4ŀð

.5̓ͅɌǄĎ4ġ̭ýç2Ĳ3�1F 100-110�4ŀð.5ȊŬǄĎ4ġ̭ýç2Ĳ3

�1G�/KĩĐ -�G͆Slawson et al. (2011)5ͅVgW`d�k2��-ˢ4ū2

Ű�°ʉDFBͅȵ�°ʉ4Ǆ2˦8× ȊŬ˻Ŵͅ°gWw��k.È�̓Ɍ�D8Ȋ

ŬǄĎ4ġ̭ýç4t�WÃ2ǙƓ2Ĳ3��/KĩĐ -�G͆>'ͅTakeda et al. 

(2012)5VgW`d�k2��-ͅ°gWw��k4°ʉ2`d�ksuS�z�`:�

�GƁ̮2+�-ˏ;ͅ0.44m°ʉ4Ǆ2 0.29m°ʉDFBͅ˦8× ȊŬ˻Ŵ2́�ͅ

v�gWdP|5ɒ��/KǋE�2 '͆Takeda et al. (2012)4ɔɦ5ͅ°gWw��

k4°ʉKį�G�/.`d�kǏ4Üǜŀð2įJF`d�ksuS�z�`2Ɓ̮ 

'�/2ƮŐ�HG͆¦�4D�2ı�4ɔɦ2D*-ͅVgW`d�k4Üǜŀð2s

uS�z�`2��GƁ̮2+�-ǋE�2�H-�G͆ 
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� �˸ '˺FͅVgW`d�k2��-`d�kǏ4Üǜŀð5`d�ksuS�z�

`2Ɓ̮K��G�/2ı�4ɔɦ2ǋE�2 -�G͆��.ͅŀð2įJG/̙ɰʺ

Ŵ2įJF̙ͅɰʺŴ2įJG�/.ɮ4̕�-ç̙¼(Lieber, 1992)�EͅçɈƲ4Ĳ3

�2įJG'A`d�ksuS�z�`2Ɓ̮"G�/2ƮŐ�HG͆¦�4ɔɦ5ͅ

COM 4ȊŬǄĎ4°ʉKǱʿ 'B42ı�2̓ͅɌǄĎ4°ʉ4̃�BċǶ2̙ɰʺ

Ŵ2įJFͅç4ɈƲç2įJG�/�E˦8× ȊŬ˻Ŵ/�*'`d�ksuS�z

�`2Ɓ̮"G�/2ƮŐ�HG͆%�.ͅǟɩ.5ͅɬ 2ɩ.µƛ '^{���^�

�~j�KȾ�-ͅVgW`d�k2��G˪´4˞̑�Ɗ4°ʉ2`d�ksuS�z

�`2��GƁ̮2+�-ǋE�2"G�/Kɋɉ/ '͆ 
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3-2� ǄȒ 

3-2-1� ^{���^��~j�4Ǵʲ 

� ɬ 2ɩ2-ͅVgW`d�kîµKȌAG'A2µƛ '^{���^��~j�KȾ

�'͆~j�4žƕȳƑ5ͅɫȖɫƠɻ̿4�GÅŪɂƑ 1Č/ ͅĈbX}�k4ƖƑ

¼ƽ5̜ͅȍ<� (1992)4˪´̊ØƖƑ¼ƽKȾ�-ɯ× '(Table2-3)͆ 

 

3-2-2� ^{���^��Ǣ¨ 

� COM4Üǜ°ʉ5ͅCOM4ȊŬǄĎ4°ʉK Barlow et al. (2014)Kûʍ2ͅƃʘʢ

̏ŀð(¦� Rearŀð) �̘ͅʢ̏ŀð(¦�Normalŀð)�D8ãʘʢ̏ŀð(¦� Front

ŀð)4 3ŀðˁŉ '͆>'ͅ�4 3ŀð2��- COM4̓ɌǄĎ4°ʉK%H&H 4

ɤ̸4°ʉKˁŉ ͅʾ 12Ǣ¨ˁŉ '(Table3-1ͅFigure3-1)͆ 

 

Table3-1͇ǟɔɦ.ˁŉ ' COM4Üǜ°ʉ 

 

��		�m�� 
�		�m�� ����

Front 

-0.15 0.62 F0.62 

-0.15 0.61 F0.61 

-0.16 0.60 F0.60 

-0.15 0.59 F0.59 

Normal 

-0.21 0.63 N0.63 

-0.21 0.62 N0.62 

-0.21 0.60 N0.60 

-0.21 0.58 N0.58 

Rear 

-0.28 0.63 R0.63 

-0.28 0.61 R0.61 

-0.28 0.60 R0.60 

-0.27 0.59 R0.59 
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Figure3-1͇ǟɔɦ.ˁŉ 'VgW`d�k2��GÜǜŀð 

���	
���

	
�
�
	


�
�
�

-0.15�-0.28�

0.63�

0.58�

�COM�
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3-2-3� Ǘ̅ñʾɯ 

� ˦8× ȊŬ˻Ŵ2ǗB́�1Gͅ t0�D8 t1KƬɸ"G'A2(ŷ 11-13)ͅ˦8× 

ȊŬ˻ŴKɋɉ̙ƽ/ Ȧ̝ͅ^�w�gW`Ȓ(Nelder and Mead, 1965)2DFǗ̅ñʾ

ɯKʧ*'͆ 

 

3-2-4� ʻǥ̱ɋ 

� ʻǥò̘5ͅ^{���^��̗ľ�Eãʘ̨ġ>./ '͆ 

 

�COM4˻Ŵ 

� ƽÃ^{���^��.ƆEH'bX}�k4ŵǷj�d�E COM Kɯ× ͅCOM

4ŵǷj�dK�ĶƈØ"G�/.ȌA'͆>'ͅãʘ̨ġǏ4 COM4˻Ŵ2��GȊ

ŬƛØK˦8× ȊŬ˻Ŵ̓ͅɌƛØK˦8× ̓Ɍ˻Ŵ/ '͆ 

�v�gWdP| 

� ^{���^��̗ľ�Eãʘ̨ġ>.4Ǐ̘/ '͆ 

�ƃʘ̨ġǏ̘ 

� ^{���^��̗ľ�Eƃʘ2̨ġ"G>.4Ǐ̘/ '͆ 

�ãʘƷƥǏ̘ 

� ƃʘ2̨ġ -�Eãʘ2̨ġ"G>.4Ǐ̘/ '͆ 

�çɥ 

� VgW`d�k�2˪´2È�'ġ̭ýçKǏ̘ɥØ"G�/.ȌA'͆ 

�ʺçɥ 

� VgW`d�k�2ɈƲ�H'̙ɰ~�}�kKǏ̘ɥØ"G�/.ȌA'͆1�ͅƃ

ʘ�̙ɰ5^{���^��̗ľ�Eƃʘ̨ġB �5ňÏ®ŝ"G>.4̙ɰ~�}�

kͅãʘʒ̙ɰ�D8ˢ̙ɰ5^{���^��̗ľ�Eãʘ̨ġB �5ňÏ®ŝ"G

>.4̙ɰ~�}�kKǏ̘ɥØ '͆>'ͅãʘʛ̙ɰ5ͅŜǔ~�}�kɈƲƃ®ŝ

~�}�kKɈƲ"G'A(ŗȎ<�, 2015; Sakai et al., 2016)ͅ®ŝ~�}�k4?KǏ

̘ɥØKʧ*'͆ 

 

� 1� ƽͅÃ^{���^��Kď@Ï-4ʾɯ25 MͅATLAB2007b(MathWorksɜʯ)

2DGʜµw�X�|KȾ�'͆ 
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3-3� ɼǦ 

� FrontͅNormal�D8 Rear4 3ŀð2��GÜǜŀðǏ4VoziOW`ƦǷ̙ͅɰ

ʺŴͅçɥ�D8ʺçɥ4ɼǦͅ3 ŀð%H&H2��G COM 4̓ɌǄĎ4°ʉ.4V

oziOW`ƦǷ̙ͅɰʺŴͅçɥ�D8ʺçɥ4ɼǦ2+�-ˀ '͆ 

 

3-3-1� COM4ȊŬǄĎ4°ʉ/`d�ksuS�z�` 

� ˦8× ȊŬ˻Ŵ5ͅFrontͅNormal�D8 Rearŀð4̲.́�ͅ˦8× ̓Ɍ˻Ŵ

5 Frontŀð2ǗB�Ď32́�ɼǦ/1*'(Table3-2 Fͅigure3-2) v͆�gWdP|5ͅ

FrontͅNormal�D8 Rearŀð4̲.ɒ�ɼǦ/1*'(Table3-2ͅFigure3-2)͆>'ͅ

ƃʘƷƥǏ̘5 RearͅNormal �D8 Front ŀð4̲.̕�ͅãʘƷƥǏ̘5 Frontͅ

Normal�D8 Rearŀð4̲.̕�ɼǦ/1*'(Table3-2ͅFigure3-2)͆ 

Table3-2͇FrontͅNormal�D8 Rearŀð2��GVoziOW`ƦǷ4ɼǦ 

 

 

Figure3-2͇FrontͅNormal�D8 Rearŀð4VoziOW`ƦǷ2��GɼǦ4Ŧ(%) 

Front Normal Rear 

COM����
 (m) -0.16 -0.21 -0.28 

COM����
 (m) 0.60 0.60 0.60 

�������� (m/s) 3.91 3.88 3.81 

�������� (m/s) -1.84 -1.56 -1.63 

������ (m/s) 4.36 4.14 4.14 

������ Deg! -25.37 -21.86 -23.28 

������� (sec) 0.62 0.68 0.7 

����
�� sec! 0.36 0.44 0.48 

��	�
�  sec! 0.26 0.23 0.22 

-30 

-15 

0 

15 

30 Front vs Normal 
Front vs Rear 
Normal vs Rear 
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� ãʘ�̙ɰ2��Gʒ̙ɰ4ʺŴ5ͅ3 ŀð̘.Ĳ31̃�5ˈAEH1�*'2ͅʛ

̙ɰ5Normalŀð2ǗBŜǔ -�Fͅs ̙ɰ5 Rear Nͅormal�D8 Frontŀð4̲

.ʖŜ -�'(Table3-3ͅFigure3-3)͆>'ͅƃʘ�̙ɰ2��-ʒ̙ɰ�D8ʛ̙ɰʺ

Ŵ5ͅRearͅNormal�D8 Frontŀð4̲.Ŝǔ -�'2ͅˢ̙ɰ4ʺŴ5 3ŀð̘

.Ĳ31̃�5ˈAEH1�*'(Table3-3ͅFigure3-3)͆ 

 

Table3-3͇FrontͅNormal�D8 Rearŀð4ÜǜŀðǏ4̙ɰʺŴ 

(ʒ̙ɰ: Ȃ5®ŝͅ˗5Ŝǔͅʛ̙ɰ: Ȃ5Ŝǔͅ˗5®ŝͅ 

ˢ̙ɰ͇Ȃ5ŲŜͅ˗5ʖŜ) 

 
 

 

Figure3-3͇RearͅNormal�D8 Frontŀð4ÜǜŀðǏ4̙ɰʺŴ4Ŧ(%) 

�  

 

Front Normal Rear 

���
����Deg�� 25.71 16.36 12.41 

����Deg�� -107.49 -102.07 -103.39 

		����Deg�� -147.37 -148.56 -147.43 

		
���Deg�� 36.84 44.05 37.90 

		����Deg�� -85.18 -81.85 -72.88 

�	����Deg�� -122.14 -126.41 -134.16 

�	
���Deg�� 72.13 88.77 97.74 

�	����Deg�� -115.7 -118.73 -115.98 

-50 

-10 

30 

70 

110 Front vs Normal 
Front vs Rear 
Normal vs Rear 

��	
�
����
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� ãʘ.Ƚƛ�H'ȊŬǄĎ4çɥ5ͅFrontͅNormal�D8 Rearŀð4̲.Ĳ3�Ã

2ˈAEH'�Ǆ.ͅƃʘ.Ƚƛ�H'ȊŬ�D8̓ɌǄĎ4çɥ5ͅRearͅNormal�

D8 Frontŀð4̲.Ĳ3�Ã2ˈAEH'(Table3-4 Fͅigure3-4)͆>'ͅãʘ�D8ƃ

ʘ.Ƚƛ�H'ȊŬǄĎ4çɥ4ĉʾ5ͅFrontͅNormal�D8 Rearŀð4̲.Ĳ3�

Ã2ˈAEH'�Ǆ.̓ͅɌǄĎ4çɥ4ĉʾ5ͅRearͅNormal�D8 Frontŀð4̲

.Ĳ3�Ã2ˈAEH'(Table3-4ͅFigure3-4)͆ 

 

Table3-4͇FrontͅNormal�D8 Rear.4çɥ4ɼǦ 

 

 

 

Figure3-4͇FrontͅNormal�D8 Rear4çɥ4Ŧ(%) 

 

Front Normal Rear 

	����	���Ns�� ��� 177.86 163.45 139.07 

��� 82.48 93.17 112.18 

�
� 260.34 256.62 251.25 

�
���	���Ns�� ��� 165.30 176.12 157.85 

��� 131.69 178.67 208.51 

�
� 296.99 354.79 366.36 
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25 

50 Front vs Normal 
Front vs Rear 
Normal vs Rear 
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����

	����	��

��� �
����

�
���	��

%�



66 

� ãʘ4ʒ̙ɰ�D8ˢ̙ɰ4ʺçɥ5 Front Nͅormal�D8 Rearŀð4̲.Ĳ3�Ã

2ˈAEH'�Ǆ. ƃͅʘ�̙ɰ4ʺçɥ5 Rear Nͅormal�D8 Frontŀð4̲.Ĳ3

�Ã2ˈAEH'(Table3-5ͅFigure3-5)͆ãʘ�̙ɰ2��Gʺçɥ4ĉʾ5ͅFrontͅ

Normal�D8 Rear4̲.Ĳ3�Ã2ˈAEH'�Ǆ.ͅƃʘ.5 RearͅNormal�D

8 Frontŀð4̲.Ĳ3�Ã2ˈAEH'(Table3-5 Fͅigure3-5)͆>'ͅ�ʘ�̙ɰ4ʺ

çɥ4ĉʾ5NormalͅRear�D8 Frontŀð4̲.Ĳ3�Ã2ˈAEH'(Table3-5ͅ

Figure3-5)͆ 

 

Table3-5͇FrontͅNormal�D8 Rearŀð.4ʺçɥ4ɼǦ 

 

 
Figure3-5͇FrontͅNormal�D8 Rearŀð.4ʺçɥ4Ŧ(%) 

Front Normal Rear 

��(Nms) ���� 90.02 85.58 72.15 

���� 13.67 15.69 16.38 


��� 35.33 33.74 27.29 

		� 139.04 135.02 115.83 

��(Nms)� ���� 17.29 20.77 29.29 

���� 21.63 32.32 36.72 


��� 15.21 22.32 27.03 

		� 54.14 75.42 93.05 

��+��� 193.19 210.44 208.88 
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0 

25 

50 Front vs Normal 
Front vs Rear 
Normal vs Rear 
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3-3-2� Frontŀð2��G COM4̓ɌǄĎ4°ʉ/`d�ksuS�z�` 

� ˦8× ȊŬ˻Ŵ5ͅF0.60ŀð2ǗB́�ͅF0.62ŀð2ǗB±�1GɼǦ/1*'͆ƃ

ʘ̨ġǏ̘5ͅF0.622ǗBɒ�ͅF0.61ͅF0.60�D8 F0.59ŀð5ċɭ.�FͅãʘƷƥǏ

̘5ͅF0.62 ŀð2ǗB̕�ͅF0.61ͅF0.60 �D8 F0.59 ŀð5ċɭ.�GɼǦ/1*'

(Table3-6ͅFigure3-6)͆>'ͅv�gWdP|5ͅF0.62 ŀð2ǗB̕�ɼǦ/1*'

(Table3-6ͅFigure3-6)͆ 

 

Table3-6͇Frontŀð2��GVoziOW`ƦǷ4ɼǦ 

 

 
Figure3-6͇Frontŀð2��GɼǦ4Ŧ(%) 

F0.62 F0.61 F0.60 F0.59 

COM����
 (m) -0.15 -0.15 -0.16 -0.15 

COM����
 (m) 0.62 0.61 0.60 0.59 

�������� (m/s) 3.77 3.90 3.91 3.90 

�������� (m/s) -1.99 -1.81 -1.84 -1.94 

������ (m/s) 4.30 4.32 4.36 4.3 

�������Deg  -27.75 -24.67 -25.37 -26.44 

������� (sec) 0.64 0.62 0.62 0.62 

����
� �sec  0.31 0.35 0.36 0.36 

��	�
� �sec  0.33 0.26 0.26 0.26 
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30 
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� ÜǜŀðǏ4̙ɰʺŴ2��-ͅãƃʘʒ̙ɰ�D8ʛ̙ɰ5ͅCOM4̓Ɍ°ʉ2±

�1G<0Ŝǔ ͅˢ̙ɰ5ʖŜ"GɼǦ/1*'(Table3-7ͅFigure3-7)͆ 

 

Table3-7͇Frontŀð2��GÜǜŀð.4̙ɰʺŴ 

(ʒ̙ɰ: Ȃ5®ŝͅ˗5Ŝǔͅʛ̙ɰ: Ȃ5Ŝǔͅ˗5®ŝͅ 

ˢ̙ɰ͇Ȃ5ŲŜͅ˗5ʖŜ) 

 

 

 
Figure3-7͇Frontŀð2��GÜǜŀð.4̙ɰʺŴ4Ŧ(%) 

F0.62 F0.61 F0.60 F0.59 

���
����Deg�� 28.12 26.86 25.71 25.71 
����Deg�� -109.55 -108.48 -107.49 -107.49 
		����Deg�� -141.46 -144.9 -147.37 -150.63 
		
���Deg�� 23.58 31.18 36.84 42.65 
		����Deg�� -80.23 -83.14 -85.18 -87.73 
�	����Deg�� -120.6 -121.47 -122.14 -123.00 
�	
���Deg�� 64.25 68.47 72.13 75.02 
�	����Deg�� -111.77 -113.86 -115.7 -117.73 
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� ãʘ.Ƚƛ�H'ȊŬ�D8̓ɌǄĎ4çɥ5ͅCOM 4°ʉ2́�1Gŀð<0Ĳ3

�1G�Ǆ.ͅƃʘ.Ƚƛ�H'̓ɌǄĎ4çɥ5ͅCOM 4°ʉ2±�1G<0Ĳ3�

1GɼǦ/1*'(Table3-8ͅFigure3-8)͆>'ͅãʘ�D8ƃʘ.Ƚƛ�H'ȊŬǄĎ4

çɥ4ĉʾ5 Fͅ0.61�D8F0.602 Fͅ0.62�D8F0.59DFBĲ3�Ã2ˈAEH'(Table3-8ͅ

Figure3-8)͆ 

 

Table3-8͇Frontŀð2��Gçɥ4ɼǦ 

 
 

 

Figure3-8͇Frontŀð2��Gçɥ4Ŧ(%) 

 

F0.62 F0.61 F0.60 F0.59 

	����	���Ns�� ��� 195.72 180.91 177.86 177.15 
��� 56.26 80.06 82.48 81.60 
�
� 251.98 260.97 260.34 258.75 

�
���	���Ns�� ��� 184.17 169.83 165.30 158.49 
��� 113.10 126.22 131.69 133.79 
�
� 297.27 296.05 296.99 292.28 
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� ãʘʒ̙ɰ�D8ˢ̙ɰ4ʺçɥ5ͅCOM4°ʉ2́�1G<0Ĳ3�1Fͅʛ̙ɰ

5 COM4°ʉ2±�1G<0Ĳ3�1GɼǦ2ˈAEH'(Table3-9ͅFigure3-9)͆ƃʘ

�̙ɰ4ʺçɥ5ͅCOM4°ʉ2±�1G<0Ĳ3�1GɼǦ2ˈAEH'͆ãʘ�̙

ɰ2��Gʺçɥ4ĉʾ5ͅCOM4°ʉ2́�1G<0Ĳ3�1GɼǦ2ˈAEH'�

Ǆ.ͅƃʘ.5 COM4°ʉ2±�1G<0Ĳ3�1GɼǦ2ˈAEH'(Table3-9ͅ

Figure3-9)͆>'ͅãʘ�D8ƃʘ.ɈƲ�H'ʺçɥ4ĉʾ5ͅF0.60ͅF0.61ͅF0.59�D

8 F0.624̲.Ĳ3�1GɼǦ/1*'(Table3-9ͅFigure3-9)͆ 

 

Table3-9͇Frontŀð2��Gʺçɥ 

 

 
Figure3-9͇Frontŀð2��Gʺçɥ4Ŧ(%) 

F0.62 F0.61 F0.60 F0.59 

��(Nms) ���� 99.97 92.17 90.02 89.2 
���� 10.65 12.27 13.67 13.79 

��� 37.32 36.22 35.33 33.96 
		� 147.95 140.67 139.04 136.96 

��(Nms)� ���� 6.55 17.23 17.29 16.05 
���� 18.61 20.27 21.63 22.08 

��� 9.09 13.87 15.21 16.19 
		� 34.26 51.38 54.14 54.32 
��+��� 182.21 192.05 193.19 191.29 
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3-3-3� Normalŀð2��G COM4̓ɌǄĎ4°ʉ/`d�ksuS�z�` 

� ˦8× ȊŬ˻Ŵ5ͅN0.62�D8N0.61ŀð2ǗB́�ͅN0.592ǗB±�ɼǦ/1*'

(Table3-10, Figure3-10)͆ƃʘ̨ġǏ̘5ͅCOM4̓ɌǄĎ4°ʉ2±�1G<0̕�

1F ãͅʘƷƥǏ̘5 COM4°ʉ2́�1G<0̕�1GÇĎ2ˈAEH'(Table3-10ͅ

Figure3-10)͆ 

 

Table3-10͇Normalŀð2��GVoziOW`ƦǷ4ɼǦ 

 

 

Figure3-10͇Normalŀð2��GŦ(%) 

N0.62 N0.61 N0.60 N0.59 

COM����
 (m) -0.21 -0.21 -0.21 -0.21 

COM����
 (m) 0.63 0.62 0.6 0.58 

�������� (m/s) 3.91 3.91 3.88 3.85 

�������� (m/s) -1.99 -1.77 -1.56 -1.52 

������ (m/s) 4.29 4.18 4.14 4.21 

������ �Deg  -27.03 -24.13 -21.86 -21.67 

������� (sec) 0.68 0.67 0.68 0.67 

����
� �sec  0.42 0.43 0.44 0.44 

��	�
� �sec  0.26 0.24 0.23 0.23 

N0.62 vs N0.61�

N0.62 vs N0.60�

N0.62 vs N0.59�

N0.61 vs N0.60�

N0.61 vs N0.59�

N0.60 vs N0.59�
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� ÜǜŀðǏ4̙ɰʺŴ2��-ͅÜãƃʘʒ̙ɰ�D8ʛ̙ɰ5ͅCOM4̓Ɍ°ʉ2

±�1G<0Ŝǔ ͅˢ̙ɰ5ʖŜ"GɼǦ/1*'(Table3-11ͅFigure3-11)͆ 

 

Table3-11͇Normalŀð2��GÜǜŀðǏ4̙ɰʺŴ 

(ʒ̙ɰ: Ȃ5®ŝͅ˗5Ŝǔͅʛ̙ɰ: Ȃ5Ŝǔͅ˗5®ŝͅ 

ˢ̙ɰ͇Ȃ5ŲŜͅ˗5ʖŜ) 

 

 

 

Figure3-11͇Normalŀð2��GÜǜŀðǏ4̙ɰʺŴ4Ŧ(%) 

N0.62 N0.61 N0.60 N0.59 

���
����Deg�� 16.66 16.66 16.36 16.36 
����Deg�� -102.35 -102.35 -102.07 -102.07 
		����Deg�� -139.92 -143.61 -148.56 -152.36 
		
���Deg�� 28.67 35.18 44.05 50.40 
		����Deg�� -75.41 -78.24 -81.85 -84.40 
�	����Deg�� -124.43 -125.26 -126.41 -127.36 
�	
���Deg�� 81.85 84.43 88.77 92.17 
�	����Deg�� -114.08 -115.83 -118.73 -121.16 
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� ãʘ.Ƚƛ�H'ȊŬǄĎ4çɥ5ͅCOM 4°ʉ2́�1G<0Ĳ3�1Fͅƃʘ.

Ƚƛ�H'̓ɌǄĎ4çɥ5 COM 4°ʉ2±�1G<0Ĳ3�1GÃ2ˈAEH'

(Table3-12ͅFigure3-12)͆>'ͅãʘ�D8ƃʘ.Ƚƛ�H'ȊŬǄĎ4çɥ4ĉʾ5ͅ

N0.61 ŀð2ǗBĲ3�̓ͅɌǄĎ4çɥ4ĉʾ5 N0.59 2ǗBĲ3�ɼǦ/1*'

(Table3-12ͅFigure3-12)͆ 

 

Table3-12͇Normalŀð2��Gçɥ4ɼǦ 

 
 

 

Figure3-12͇Normalŀð2��Gçɥ4Ŧ(%) 

 

 

N0.62 N0.61 N0.60 N0.59 

	����	���Ns�� ��� 172.22 170.01 163.45 162.23 
��� 85.27 92.43 93.17 94.47 
�
� 257.49 262.44 256.62 256.70 

�
���	���Ns�� ��� 157.41 165.48 176.12 178.49 
��� 174.01 173.74 178.67 178.39 
�
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� ãʘ4ʒ̙ɰ�D8ˢ̙ɰ2��Gʺçɥ5ͅCOM4°ʉ2́�1G<0Ĳ3�1G

2ͅʛ̙ɰ2��Gʺçɥ5 COM4°ʉ2±�1G<0Ĳ3�1GɼǦ/1*'

(Table3-13ͅFigure3-13)͆ƃʘ�̙ɰ4ʺçɥ5ͅCOM4°ʉ2±�1G<0Ĳ3�1

GɼǦ/1*'(Table3-13ͅFigure3-13)͆ãʘ�̙ɰ2��Gʺçɥ4ĉʾ5ͅCOM4

°ʉ2́�1G<0Ĳ3�1GɼǦ2ˈAEH'͆�Ǆ.ͅƃʘ.5 COM4°ʉ2±�

1G<0Ĳ3�1GɼǦ2ˈAEH'(Table3-13 Fͅigure3-13)͆>'ͅãʘ�D8ƃʘ4

ʺçɥ4ĉʾ5 COM4°ʉ2±�1G<0Ĳ3�1GɼǦ/1*'(Table3-13ͅ

Figure3-13)͆ 

Table3-13͇Normalŀð2��Gʺçɥ4ɼǦ 

 

 
Figure3-13͇Normalŀð2��Gʺçɥ4Ŧ(%) 

N0.62 N0.61 N0.60 N0.59 

��(Nms) ���� 89.30 86.87 85.58 85.05 
���� 14.19 14.73 15.69 15.55 

��� 34.43 34.00 33.74 32.60 
		� 137.93 135.61 135.02 133.21 

��(Nms)� ���� 17.49 19.39 20.77 21.00 
���� 30.74 31.51 32.32 32.20 

��� 18.19 19.75 22.32 24.18 
		� 66.43 70.67 75.42 77.39 
��+��� 204.36 206.29 210.44 210.61 
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3-3-4� Rearŀð2��G COM4̓ɌǄĎ4°ʉ/`d�ksuS�z�` 

� ˦8× ȊŬ˻Ŵ5ͅR0.63 ŀð2ǗB́�ͅR0.59 ŀð2ǗB±�ɼǦ/1*'

(Table3-14, Figure3-14)͆ƃʘ̨ġǏ̘5 COM4̓ɌǄĎ4°ʉ4́�2D*-Ĳ31

Ŧ51�*'2ͅãʘƷƥǏ̘5 COM4 R0.632ǗB̕�ͅR0.61�E R0.59>.5ċɭ4

ɼǦ2ˈAEH'(Table3-14ͅFigure3-14)͆ 

 

Table3-14͇Rearŀð2��GVoziOW`ƦǷ4ɼǦ 

 

 

Figure3-14͇Rearŀð2��GŦ(%) 

R0.63 R0.61 R0.60 R0.59 

COM����
 (m) -0.28 -0.28 -0.28 -0.27 

COM����
 (m) 0.63 0.61 0.60 0.59 

�������� (m/s) 3.85 3.84 3.81 3.76 

�������� (m/s) -1.68 -1.70 -1.63 -1.73 

������ (m/s) 4.20 4.15 4.14 4.14 

������ (Deg) -23.63 -23.98 -23.28 -24.73 

������� (sec) 0.72 0.70 0.70 0.69 

����
� �sec  0.47 0.48 0.48 0.47 

��	�
� �sec) 0.24 0.22 0.22 0.22 
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� ÜǜŀðǏ4̙ɰʺŴ2��-ͅãƃʘʒ̙ɰ�D8ʛ̙ɰ5ͅCOM4̓Ɍ°ʉ2±

�1G<0Ŝǔ ͅˢ̙ɰ5ʖŜ"GɼǦ/1*'(Table3-15ͅFigure3-15)͆ 

 

Table3-15͇Rearŀð2��GÜǜŀðǏ4̙ɰʺŴ 

(ʒ̙ɰ: Ȃ5®ŝͅ˗5Ŝǔͅʛ̙ɰ: Ȃ5Ŝǔͅ˗5®ŝͅ 

ˢ̙ɰ͇Ȃ5ŲŜͅ˗5ʖŜ) 

 

 

 

Figure3-15͇Rearŀð2��GÜǜŀðǏ4̙ɰʺŴ4Ŧ(%) 

R0.63 R0.61 R0.60 R0.59 

���
����Deg�� 15.00 12.41 12.41 12.41 
����Deg�� -105.79 -103.39 -103.39 -103.39 
		����Deg�� -137.33 -145.08 -147.43 -149.61 
		
���Deg�� 16.93 33.96 37.90 41.51 
		����Deg�� -64.59 -71.29 -72.88 -74.30 
�	����Deg�� -132.97 -133.58 -134.16 -134.73 
�	
���Deg�� 89.49 96.04 97.74 99.43 
�	����Deg�� -111.52 -114.87 -115.98 -117.10 
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� ãʘ.Ƚƛ�H'ȊŬǄĎ4çɥ5ͅCOM4°ʉ2́�1G<0Ĳ3�1GɼǦ/1

*'(Table3-16ͅFigure3-16)͆ƃʘ.Ƚƛ�H'ȊŬǄĎ4çɥ5ͅCOM4Üǜ°ʉ2

±�1G<0Ĳ3�1GɼǦ/1*'(Table3-16 Fͅigure3-16)͆>'ͅãʘ�D8ƃʘ.

Ƚƛ�H'ȊŬǄĎ4çɥ4ĉʾ5ͅCOM4Üǜ°ʉ2́�1G<0Ĳ3�1G2̓ͅ

ɌǄĎ4çɥ4ĉʾ5 R0.63 Rͅ0.60 Rͅ0.61 Rͅ0.594̲.Ĳ3�1GɼǦ/1*'(Table3-16ͅ

Figure3-16)͆ 

 

Table3-16͇Rearŀð2��Gçɥ4ɼǦ 

 
 

 

Figure3-16͇Rearŀð2��Gçɥ4Ŧ(%) 

 

 

R0.63 R0.61 R0.60 R0.59 

	����	���Ns�� ��� 160.49 141.97 139.07 134.85 
��� 98.97 109.69 112.18 114.96 
�
� 259.46 251.66 251.25 249.81 

�
���	���Ns�� ��� 175.23 153.15 157.85 152.54 
��� 196.55 208.88 208.51 204.63 
�
� 371.78 362.03 366.36 357.17 
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� ãʘ2��Gʒ̙ɰ�D8ˢ̙ɰ.ɈƲ�H'ʺçɥ5ͅCOM4Üǜ°ʉ2́�<0

Ĳ3�1Fͅʛ̙ɰ.ɈƲ�H'ʺçɥ5 R0.60ͅR0.59ͅR0.61�D8 R0.634̲.Ĳ3�ɼ

Ǧ/1*'(Table3-17ͅFigure3-17)͆ƃʘ2��Gʒ̙ɰ.ɈƲ�H'ʺçɥ5ͅR0.60ͅ

R0.61ͅR0.59�D8 R0.634̲.Ĳ3�ɼǦ/1Fͅˢ̙ɰ.4ʺçɥ5 COM4Üǜ°ʉ

2±�1G/ͅĲ3�1GɼǦ/1*'(Table3-17 Fͅigure3-17)͆ãʘ�̙ɰ2��Gʺ

çɥ4ĉʾ5ͅCOM4°ʉ2́�1G<0Ĳ3�1GɼǦ2ˈAEH'�Ǆ.ͅƃʘ.

5 R0.60ͅR0.61ͅR0.59ͅR0.634̲.Ĳ3�ɼǦ2ˈAEH'(Table3-17ͅFigure3-17)͆>

'ͅ�ʘ�̙ɰ4ʺçɥ4ĉʾ5ͅCOM4°ʉ2́�1G<0Ĳ3�1GɼǦ2ˈAE

H'(Table3-17ͅFigure3-17)͆ 

Table3-17͇Rearŀð2��Gʺçɥ4ɼǦ 

 

 

Table3-17͇Rearŀð2��Gʺçɥ4Ŧ(%) 

R0.63 R0.61 R0.60 R0.59 

��(Nms) ���� 88.76 73.86 72.15 69.46 
���� 14.39 15.93 16.38 16.19 

��� 34.06 28.17 27.29 25.22 
		� 137.21 117.97 115.83 110.89 

��(Nms)� ���� 23.41 28.32 29.29 27.26 
���� 36.06 37.18 36.72 36.16 

��� 20.73 25.81 27.03 27.80 
		� 80.21 91.32 93.05 91.23 
��+��� 217.43 209.29 208.88 202.13 
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3-4� ʍŐ 

� ǟɩ.5VgW`d�k2��G˪´4˞̑�Ɗ4°ʉ2suS�z�`2��GƁ̮

2+�-ǋE�2"G�/Kɋɉ/ '͆%4ɼǦͅ˪´4˞̑�Ɗ4ȊŬǄĎ4°ʉ2

��-ͅFrontͅNormal �D8 Rear ŀð4̲.˦8× ȊŬ˻Ŵ2́�ɼǦ/1*'͆

>'ͅFrontͅNormal�D8 Rearŀð%H&H4ŀð2��-ͅ˪´4˞̑�Ɗ4̓Ɍ

ǄĎ4°ʉ2D*-ͅ˦8× ȊŬ˻Ŵ2ǗB́�1G°ʉ2Ɇ1G�/2ˈAEH'͆

¦�4�/�EͅVgW`d�k2��G COM4°ʉ5`d�ksuS�z�`2Ɓ̮

"G�/2ɚė�H'͆ 

 

3-4-1� COM4ȊŬǄĎ4°ʉ2`d�ksuS�z�`2��GƁ̮ 

� ˦8× ȊŬ˻Ŵ5ͅFrontͅNormal�D8 Rear4̲.́�ɼǦ/1Fͅv�gWd

P|5Front Nͅormal�D8Rear4̲.ɒ�ɼǦ/1*'(Table3-2 Fͅigure3-2) B͆arlow 

et al. (2014)5ͅVgW`d�k2��-ͅCOMKƃʘ2°ʉ�$Gƃʘʢ̏ŀðͅãʘ

2°ʉ�$Gãʘʢ̏ŀðͅƃʘʢ̏ŀð/ãʘʢ̏ŀð4�̘ȩ.�G�̘ʢ̏ŀð4

3 ŀð2��Gv�gWdP|5ͅãʘʢ̏ŀðͅ�̘ʢ̏ŀð�D8ƃʘʢ̏ŀð4̲

.ǙƓ2ǈ�1G�/KǋE�2 '͆�H5ƃʘʢ̏.5 COM4°ʉ2ͅDFƃǄ2

�G�/.`d�k^Xm��ĘĄ>.4ͅCOM 4ɢîˤ̨2̕�1G�/2ʲĜ/

 -��EHG�/KĩĐ -�G(Barlow et al., 2014)͆ '2*-ͅǟɔɦ4^{��

�^��4v�gWdP|4ɼǦ5 Barlow et al. (2014)4ɼǦ/�ʝ ''A Ìͅʧɔɦ

KƷƥ"G�/2.3'/ʍ�EHG �͆Ǆ. Hͅonda et al. (2012)�D8Welcher et al. 

(2008)5k�gW`d�k2��-ͅƃʘʢ̏ŀð4Ǆ2ãʘʢ̏ŀðDFB˦8× Ȋ

Ŭ˻Ŵ2́��/KĩĐ -�G͆ǟɔɦ4ɼǦ.5ͅFrontŀð4Ǆ2 Normal�D8

Rear ŀðDFB˦8× ȊŬ˻Ŵ2́�ɼǦ/1F(Table3-3ͅFigure3-3)ͅÌʧɔɦ/

5Ɇ1GɼǦ/1*'͆��.ͅ˦8× ̓Ɍ˻Ŵ5ͅFrontŀð4Ǆ2 Normal�D8

RearŀðDFB�Ď32́�ɼǦ/1Fͅ˦ 8× ʺŴ2��-B Fͅront4Ǆ2Normal

�D8 RearŀðDFB�Ď32́�Ã2ˈAEH'(Table3-2ͅFigure3-2)͆>'ͅȽƛ

�H'çɥ4̓ɌƛØ5 RearͅNormal �D8 Front 4̲.Ĳ3�Ã2ˈAEH'

(Table3-4ͅFigure3-4)͆ȃȿ<� (2006)5ͅ˦8× ʺŴ2Ĳ3�/˦8× ȊŬ˻Ŵ

5Ĳ3�1G�/KĩĐ -�G͆ '2*-ͅçɥ4̓ɌƛØ2 Frontŀð.�Ʌ±�

*'�/�EͅFront ŀð.5�Ď34îµ2Ƣß�Hͅ˦8× ʺŴ2ŗ��1F˦8
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× ȊŬ˻Ŵ2Ĳ3�1*'4.51��/ƮŐ�HG͆ 

 

3-4-2� FrontͅNormal�D8 Rearŀð2��G%H&H4ȳƉ 

� Frontŀð2��- ãͅʘ.Ƚƛ�H'ȊŬǄĎ4çɥ5 Nͅormal�D8 RearŀðD

FBĲ3��Ǆ.ͅƃʘ.Ƚƛ�H'ȊŬ�D8̓ɌǄĎ4çɥ5 Nͅormal�D8 Rear

ŀðDFBŗ��Ã2ˈAEH'(Table3-4ͅFigure3-4)͆>'ͅãʘ4ʒ̙ɰ�D8ˢ̙

ɰ4ʺçɥ5ͅNormal �D8 Rear ŀðDFBĲ3�Ã2ˈAEHͅƃʘ�̙ɰ4ʺç

ɥ5ͅNormal �D8 Rear ŀðDFBŗ��Ã2ˈAEH'(Table3-5ͅFigure3-5)͆ç

ɥ�D8ʺçɥ5%H&Hġ̭ýç̙ͅɰ~�}�k4Ǐ̘ɥØ.�G'AͅĲ3�çɥ

�D8ʺçɥKȽƛ"G'A25çK̕�Ǐ̘ɈƲ"GƋʲ2�G͆Front ŀð2��G

ƃʘʒ̙ɰ�D8ʛ̙ɰ5 3ŀð4�.ǗB®ŝ -�F(Table3-3 Fͅigure3-3)ͅƃʘ̨

ġǏ̘5 3 ŀð4�.ǗBɒ�ͅãʘƷƥǏ̘5ǗB̕�ɼǦ/1*'(Table3-2ͅ

Figure3-2)͆¦�4�/�Eͅƃʘ2��-�ʓ.çKɈƲ"GǏ̘2ɒ�1G�/.ͅ

çɥ�D8ʺçɥ2ŗ��1Fͅãʘ2��-�ʓ.çKɈƲ"GǏ̘2̕�1G�/ͅ

.çɥ�D8ʺçɥ2Ĳ3�1*'�/2ƮŐ�HG͆Ìʧɔɦ2��-B`d�k4Ü

ǜŀðǏ4ʢ̏°ʉ2+�-ʍŐ�H-�FͅBarlow et al. (2014)5 COM2ƃǄ2�G

ƃʘʢ̏ŀð.5ƃʘ.Ĳ3�çKɈƲ"G�/2.3G/ĩĐ -�G�/�E CͅOM

2ãǄ2�G/ƃʘ.Ĳ31çKɈƲ"G�/2.31��/2ƮŐ�HG͆>'ͅÝ4

Ìʧɔɦ2��-Bͅ˦8× ȊŬ˻ŴȽƛ25ͅƃʘ(�.51�ͅãʘ.Ĳ31çɥ

KȽƛ"G�/BƋʲ.�G�/2ĩĐ�H-�G(Benjanuvatra et al., 2004)  ͆'2*

-ͅFront ŀð.5°gWw��kK˨G�/.çɥKȽƛ"G�/DFBͅ}P�w�

�kK̕�Ǐ̘˨G�/.çɥKȽƛ ͅ˦8× ȊŬ˻ŴKȽƛ"G�/2.3Gŀð

.�G�/2ƮŐ�HG͆ 

 

� Rearŀð2��-ƃʘ.Ƚƛ�H'çɥ5 ȊͅŬ�̓ ɌƛØ/B2Normal�D8Front

ŀðDFBĲ3�ͅãʘ.Ƚƛ�H'ȊŬǄĎ4çɥ5ͅNormal�D8 FrontŀðDF

Bŗ��*'(Table3-4ͅFigure3-4)͆ƃʘ�̙ɰ4ʺçɥ5ͅNormal�D8 Frontŀð

DFBĲ3�ͅãʘʒ̙ɰ�D8ˢ̙ɰ4ʺçɥ5Normal�D8 FrontŀðDFBŗ�

�ɼǦ/1*'(Table3-5ͅFigure3-5)͆Ì˸ '˺Fͅçɥ�D8ʺçɥ5%H&Hġ̭

ýç̙ͅɰ~�}�k4Ǐ̘ɥØ.�G'AͅĲ3�çɥ�D8ʺçɥKȽƛ"G'A2
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5ͅçK̕�Ǐ̘ɈƲ"GƋʲ2�G͆Barlow et al. (2014)5ͅƃʘʢ̏ŀð5ͅCOM

2ƃǄ2�G'A̕�Ǐ̘`d�kĄK˨G�/2.3Gŀð.�G�/ͅȳ2ƃʘ.̕

�Ǐ̘ °ͅgWw��kK˨G�/2.3Gŀð.�G�/KʍŐ -�G >͆' Tͅakeda 

et al. (2017)C Slawson et al. (2013)5ͅVgW`d�k�4ġ̭ýç�Eͅƃʘ5˦8×

 ȊŬ˻ŴȽƛ2˘ȶ"G�/KĩĐ -�G Ŋ̤͆ ǟͅɔɦ2��-B Rͅearŀð2�

�Gv�gWdP|�D8ƃʘ̨ġǏ̘5ͅ3 ŀð4�.ǗB̕�ɼǦ/1Fͅƃʘ.Ƚ

ƛ�H'ȊŬ�D8̓ɌǄĎ4çɥ5ͅ3 ŀð4�.Ĳ3��/2ˈAEH'�/�Eͅ

Rearŀð5°gWw��kK̕�Ǐ̘˨G�/2.3 ƃͅʘ.Ĳ31çɥKȽƛ"G�/

2.3Gŀð.�G�/2ƮŐ�HG͆�E2ͅSlawson et al. (2012)5ͅVgW`d�

k2��- ƃͅʘʛ̙ɰ2 100-110°4ŀð.5 ȊͅŬǄĎ4ġ̭ýç2Ĳ3�1G�/K

ĩĐ -�G͆ǟɔɦ4 Rear ŀð.5ͅƃʘʛ̙ɰ2 100 Ŵ2˶�ʺŴ.�*'

(Table3-2)͆ '2*- CͅOM4°ʉKƃʘÆ2ɢî"GŀðK/G�/.ͅƃʘʛ̙ɰ

ʺŴ2ͅĲ31ȊŬǄĎ4çɥ�D8ġ̭ýçKȽƛ"G'A2ͅíǦɉ1ʺŴ21Gŀ

ð.�G�/2ƮŐ�HG͆ 

 

� Normal ŀð2��-ͅƃʘ.Ƚƛ�H'ȊŬ�̓ɌƛØ4çɥ�D8ãʘ.Ƚƛ�H

'ȊŬƛØ4çɥ5ͅ Front ŀðDFBĲ3�ͅRear ŀðDFBŗ��ɼǦ2ˈAEH

'(Table3-4ͅFigure3-4)͆ãƃʘ�̙ɰ4ʺçɥ5ͅFront ŀðDFBĲ3�ͅRear ŀ

ðDFBŗ��ɼǦ2ˈAEH'͆>'ͅƃʘ̨ġǏ̘�D8ãʘƷƥǏ̘5ͅ Front

ŀðDFB̕� RͅearŀðDFBɒ�ɼǦ/1*' Ì͆ʧɔɦ2��- VͅgW`d�k

2��G�̘ʢ̏ŀð5ͅãʘ�D8ƃʘʢ̏KŬģ 'ȳƉ2�G�/2ĩĐ�H-�

G�/�EB(Barlow et al., 2014; Honda et al., 2012) Nͅormalŀð5 Front�D8 Rear

ŀð4ȳƉKŬģ 'ŀð.�G�/2ƮŐ�HG͆ 

 

3-4-3� COM4̓ɌǄĎ4°ʉ2`d�ksuS�z�`2��GƁ̮ 

� FrontͅNormal�D8 Rearŀð%H&H2��-ͅCOM4̓Ɍ°ʉ2įJG�/.

Ñ˺ 'ȳƉ2ˈAEH'͆`d�kÜǜŀðǏ4̙ɰʺŴ5ͅCOM 4°ʉ2±�1G

/ ãͅƃʘ4ʒ̙ɰ�D8ʛ̙ɰ5Ŝǔ ͅs ̙ɰ5ʖŜ"GɼǦ/1*'(Table3-7 3ͅ-11ͅ

3-15)͆VgW`d�k�2Ƚƛ�H'çɥ5ͅCOM4°ʉ2́�<0ãʘ4ȊŬǄĎ4

çɥ2Ĳ3�ͅNormal �D8 Front ŀð.5ͅCOM 4°ʉ2±�/ƃʘ.Ƚƛ�H'
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ȊŬ�D8̓ɌǄĎ4çɥ2Ĳ3�ɼǦ/1*'(Table3-8ͅ3-12ͅFigure3-8ͅ3-12)͆>

'ͅVgW`d�k�2ɈƲ�H'ʺçɥ5ͅCOM 4°ʉ2́�<0ʒ̙ɰ�D8ˢ̙

ɰ4ʺçɥ2Ĳ3�ͅNormal �D8 Front ŀð2��-ͅCOM 4°ʉ2±�<0ƃʘ

�̙ɰ4ʺçɥ5Ĳ3�ɼǦ/1*'(Table3-9ͅ3-13ͅFigure3-9ͅ3-13)͆¦�4�/�

E CͅOM4̓ɌǄĎ4°ʉ5�ʓ�̙ɰ4ʺŴ2Ɓ̮ CͅOM4̓ɌǄĎ4°ʉ2́�

/ãʘͅCOM 4°ʉ2±�/ƃʘ.Ĳ31çKɈƲ ͅ`d�kĄK˨G�/. COM

4˻ŴKè˻�$-�G�/2ƮŐ�HG͆ 

�  � 12Eͅãʘʛ̙ɰ4ʺçɥ5 COM4°ʉ2±�<0Ĳ3�1*'�/�Eͅ

ãʘʒ̙ɰ�D8ˢ̙ɰ/5̃�ɼǦ2ƆEH'͆��.ͅãʘʛ̙ɰ2��G®ŝǏ̘

5ͅCOM4°ʉ2±�<0̕�1GÇĎ2ˈAEH'�/�E(Table3-18)ͅʛ̙ɰŜǔ

ʺŴ2Ĳ3�1G�/.çK̕�Ǐ̘ɈƲ ͅʺçɥ2Ĳ3�1*'/ƮŐ�HG͆¦�

4�/�Eͅãʘʛ̙ɰ2��-5 COM4°ʉ2±�ŀð4Ǆ2çKɈƲ C"��/

2ƮŐ�HG͆ 

 

Table3-18͇ãʘʛ̙ɰ2��G®ŝǏ̘(ɡ) 

 

 

3-4-4� Frontŀð2��G COM4̓Ɍ°ʉ/`d�ksuS�z�` 

� Frontŀð2��G˦8× ȊŬ˻Ŵ5ͅF0.60ŀð2ǗB˻�ͅF0.62ŀð2ǗB±�ɼ

Ǧ/1*'(Table3-6ͅFigure3-6)͆>'ͅãʘ�D8ƃʘ.Ƚƛ�H'ȊŬǄĎ4çɥ4

ĉʾ2��-B Fͅ0.60ŀð5 Fͅ0.62ŀð�D8F0.59ŀðDFBĲ3�ɼǦ/1F(Table3-8, 

Figure3-8)ͅãʘ�D8ƃʘ.ɈƲ�H'ʺçɥ4ĉʾ5ͅF0.60ŀð2ǗBĲ3�ͅF0.62

ŀð2ǗBŗ��Ã2ˈAEH'͆Ìʧɔɦ2��-ͅ�ʓɮç2Ż�/çɥ4ȊŬǄĎ

4çɥ2Ĳ3�1FͅȊŬǄĎ4çɥ2Ĳ3�/˦8× ȊŬ˻Ŵ5˻�1G�/2ĩĐ

�H-�G(Breed and Young, 2003; Barlow et al., 2014; Takeda et al., 2017; Hunter et 

Front 0.11 0.12 0.13 0.13 

Normal 0.13 0.13 0.14 0.14 

Rear 0.13 0.16 0.16 0.17 

���	���	m
�0.63� 0.58�



83 

al., 2005)͆¦�4�/DF Fͅ0.60ŀð.5�ʓ.Ĳ31çKɈƲ ͅĲ3�ȊŬǄĎ4ç

ɥKȽƛ"G�/2.3''Áͅ�˦8× ȊŬ˻ŴKȷƆ"G�/2.3Gŀð.�

G�/2ƮŐ�HG͆ 

 

3-4-5� Normalŀð2��G COM4̓Ɍ°ʉ/`d�ksuS�z�` 

� Normal ŀð2��G˦8× ȊŬ˻Ŵ5ͅN0.62�D8 N0.61ŀð2˻�ͅN0.59ŀð2

ǗB±�ɼǦ/1*'(Table3-10 Fͅigure3-10) ã͆ʘ�D8ƃʘ.Ƚƛ�H'ȊŬǄĎ4

çɥ4ĉʾ2��-BͅN0.62�D8 N0.61ŀð4Ǆ2ͅN0.60�D8 N0.59ŀðDFBĲ3

�ɼǦ/1*'(Table3-12 Fͅigure3-12)͆ '2*-ͅ˦8× ȊŬ˻Ŵ2́�*'ŀð

.5ͅĲ31ȊŬǄĎ4çɥKȽƛ"G�/2.3''Áͅ�˦8× ȊŬ˻ŴKȷƆ

"G�/2.3'/ƮŐ�HG͆�Ǆ.ͅãʘ�D8ƃʘ.Ƚƛ�H'ʺçɥ4ĉʾ5ͅ

˦8× ȊŬ˻Ŵ2±�*' N0.60�D8 N0.59ŀð4Ǆ2ͅN0.62�D8 N0.61ŀðDFB

Ĳ3�ɼǦ/1*'(Table3-13 Fͅigure3-13)͆��.ͅãʘ�D8ƃʘ.Ƚƛ�H'̓Ɍ

ǄĎ4çɥ4ĉʾ5ͅN0.60�D8 N0.59ŀð4Ǆ2 N0.62�D8 N0.61ŀðDFBĲ3�ɼ

Ǧ/1*'(Table3-12 Fͅigure3-12)͆Ìʧɔɦ2��-ͅȊŬǄĎ4çɥ5ȊŬ˻ŴKȽ

ƛ"G�/̓ͅɌǄĎ4çɥ5˪´2�Ď32î��/KƢß"G�/2˘ȶ"G�/2

ĩĐ�H-�G(Barlow et al., 2014; Takeda et al., 2017; Hunter et al., 2005)͆ '2*

- Nͅormalŀð2��- CͅOM4°ʉ2±�/�ʓ�̙ɰ.Ĳ31çKɈƲ"G�/2

.3G2ͅȊŬǄĎ4çɥ.51�̓ɌǄĎ4çɥKȽƛ ͅ˦8× ȊŬ˻Ŵ2±�1

*'�/2ƮŐ�HG͆ 

 

3-4-6� Rearŀð2��G COM4̓Ɍ°ʉ/`d�ksuS�z�` 

� Rearŀð2��G˦8× ȊŬ˻Ŵ5ͅCOM4°ʉ2́�1G<0́ͅ�1GɼǦ/

1*'(Table3-14ͅFigure3-14)͆ãʘ�D8ƃʘ.Ƚƛ�H'ȊŬǄĎ4çɥ5ͅCOM

4°ʉ2́�1G<0Ĳ3�1GɼǦ/1F(Table3-16 Fͅigure3-16) ãͅʘ�D8ƃʘ4

ʺçɥ4ĉʾ2��-B COM 4°ʉ2́�1G<0Ĳ3�1GɼǦ/1*'(Table3-17ͅ

Figure3-17)͆Ì˸ '˺FͅÌʧɔɦ2��-ͅ�ʓɮç2Ż�/ȊŬǄĎ4çɥ2Ĳ3

�1FͅȊŬǄĎ4çɥ2Ĳ3�/˦8× ȊŬ˻Ŵ5˻�1G�/2ĩĐ�H-�G

(Breed and Young, 2003; Barlow et al., 2014; Takeda et al., 2017; Hunter et al., 2005)͆

 '2*-ͅRearŀð2��-NormalŀðċǶͅCOM4°ʉ2́�1G<0ͅ�ʓ�
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̙ɰ.Ĳ31çKɈƲ ͅĲ3�ȊŬǄĎ4çɥKȽƛ"G�/2.3G'Áͅ�˦8

× ȊŬ˻ŴKȷƆ"G�/2.3Gŀð.�G/ƮŐ�HG͆ 

 

ǟɩ2��Gɔɦ4 Limitation 

� ǟɩ2��Gɔɦ4 Limitation5�+�G �͆+ɋ5  ͅěʧ*'Ǘ̅ñʾɯ2��G

Ǘ̅ñN�\�a|5Ȧ̝^�w�gW`ȒKȾ�-�G�/.�G(Nelder and Mead, 

1965)͆�4Ȧ̝^�w�gW`Ȓ5ͅƬɸɉ.1�N�\�a|.�G�/2ɑEH-

�F(Nelder and Mead, 1965) Ǘ̅ͅñʾɯ2D*-ƆEH'ʻ2 śͅƜʻ21GăʗƑ2

�G�/ͅƆEH'ʻ2śƜʻB �5Ǘ̅ʻ�0���ǋ.�G�/2Ǿȩ/ -Ƨ�

EH-�G(Figure3-18) %͆HKʻȞ"G'A Cͅheng (2008a)5ĤɌ˦8^{���^�

�2��-Ȧ̝^�w�gW`ȒKȾ�- ŷͅ 11-132��G t0�D8 t14ÜǜÃK��

e|2įǕ ͅǗ̅ñʾɯKʈF˷"�/.ͅ�4ǾȩKʻȞ"G�/K˅?-�Fͅǟ

ɩ2��GǗ̅ñʾɯ2��-BċǶ4ǄȒKʧ*'͆>'ͅCheng (2008a)5Ȧ̝^�

w�gW`Ȓ.ȌAEH'ʻ2Ǘ̅ʻ.�G�0��ˏ;G'AͅƬɸɉǗ̅ñN�\�

a|.�G̈­ɉN�\�a|(Belegundu and Chandrupatla, 1999)KȾ�-ɖˈKʧ

*-�G �͆4ǄȒKȾ�- ǟͅɔɦ2��-B F0.604?ƬɸɉǗ̅ñN�\�a|.�

Gȫ31> Ȓ(Press et al., 1997)KȾ�'Ǘ̅ñʾɯKʧ�ͅȦ̝^�w�gW`Ȓ2

-ȌAEH'ʻ/4ȉ˯Kʧ*'͆%4ɼǦͅȦ̝^�w�gW`Ȓ�D8ȫ31> Ȓ

%H&H.ȌAEH'˦8× ȊŬ˻Ŵ5˶¯ '(Table3-19)͆%4'Aͅǟɩ4ɔɦ2

��GȦ̝^�w�gW`ȒKȾ�'Ǘ̅ñʾɯ.ȌAEH'ʻ5Ǘ̅ʻ2˶�ʻ2ȌA

EH'�/2ʍ�EHG2ͅÏ-4^{���^��Ǣ¨2%�.�G�5�ǋ.�G͆

%4'Aͅ ƃǗ̅ñʾɯKͅȫ31> ȒC̈­ɉN�\�a|/�*'Ƭɸɉ1Ǘ̅

ñN�\�a|KȾ�-ʻKɯ×"G�/.ͅ¿̵Ƒ4́�j�dKƆG�/2.3G/

ʍ�EHG͆ 
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Figure3-18: Ǘ̅ñʾɯ4Ǹŷğ 

 

Table3-19͇F0.602��GͅɆ1GǗ̅ñʾɯ.4˦8× ȊŬ˻Ŵ(m/s) 

 

 

� �+ɋ2  ͅě4^{���^��.5 °ͅgWw��k4°ʉKǗBƃǄ.�G0.55m

2ˁŉ -�'�.�G͆��.ͅ Takeda et al. (2012)5°gWw��k4°ʉ5˦8

× ȊŬ˻ŴCv�gWdP|2Ɓ̮"G�/KĩĐ -�Fͅ°gWw��k4°ʉ2

D*-VgW`d�k4ÜǜŀðBįJFͅ`d�ksuS�z�`5Ɓ̮Kā�G�/

2ʍ�EHG͆ '2*-ͅ°gWw��k4°ʉ2D*-BͅǗB`d�ksuS�z

�`2́�1GŀðBƁ̮Kā�G�/2ƮŐ�HG'Aͅ ƃ°gWw��k4°ʉB

įñ�$ƽÃ^{���^��Kʧ��/. %ͅH&H4°gWw��k4°ʉ2D*-ͅ

́�˦8× ȊŬ˻ŴKƆG�/2.3GÜǜŀðKǋE�2"G�/2.3G͆ 

� �+ɋ2ͅ ě4ƽÃ^{���^��5ʫ̿ʎ��4?4žƕȳƑKȾ�'~j�.

ʧ*'�.�G͆%4'Aͅʫ̿ʎ4bX}�k̕2D*-BŀðC~j�4ƖƑ¼ƽ1

02įJFͅ`d�ksuS�z�`2BƁ̮"G�/2ƮŐ�HG͆ '2*-ͅ~j

�4žƕȳƑKĭC ͅbX}�k̕/�*'žƕ4̃�/`d�kŀð�D8`d�k

suS�z�`:4Ɓ̮Kˏ;G�/.ͅ´Ǭ2�*'VgW`d�k4ÜǜŀðKƬɸ

"G�/2.3G͆ 

 

��
�

��
�

	
�
�
�


�
�

	��

��
�

	�����

��� ���	���
3.91 3.91 
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3-5� ǟɩ4ɼː 

� ǟɩ.5VgW`d�k2��G˪´4˞̑�Ɗ4°ʉ2`d�ksuS�z�`2�

�GƁ̮KǋE�2"G�/Kɋɉ/ '͆%4ɼǦͅ 

 

1͆COM4ȊŬǄĎ4°ʉ2��-ͅFrontŀð4Ǆ2 RearŀðDFB˦8× ȊŬ˻

Ŵ5́� Fͅrontŀð.5ãʘ Rͅearŀð.5ƃʘ4çɈƲ2Ż�1G�/2ɚė�H'  ͆

2͆COM4̓ɌǄĎ°ʉ2��-ͅCOM4°ʉ2±�1G/�ʓ�̙ɰ5Ŝǔ"G�/

2ˈAEH'͆>' CͅOM4°ʉ2́�<0ãʘ4çɈƲ2Ĳ3�1F CͅOM4°ʉ2

±�<0ƃʘ4çɈƲ2Ĳ3�1G�/2ɚė�H'͆ 

3 F͆ront Nͅormal�D8 Rearŀð%H&H2��-ͅ˦ 8× ȊŬ˻Ŵ2́�1G COM

4̓ɌǄĎ4°ʉ2Ɇ1G�/2ɚė�H'͆ 

 

� ¦�4�/�E VͅgW`d�k2��G COM4Üǜ°ʉ5`d�ksuS�z�`

2Ɓ̮K��G�/2ɚė�H'͆ 
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ɬ 4 ɩ� VgW`d�k2��G˨F× 4dP{�X2 

`d�ksuS�z�`:��GƁ̮ 

 

4-1� ǟɩ4ɋɉ 

� ɬ 1ɩ.ˀ '˹ƨFŁ~j�2��G®ŝʲɷ�D8ě˭ʲɷ4ǏɴÛįñ2+�-ͅ

ȃȿ<� (2006)5 ŉͅƑɉ.5�G2X�v`d�k2��-̀ͅ d�k^Xm��E˦

8× >.4ãö̊Ø.5ě˭ʲɷ2ĭèͅƃö̊Ø.5®ŝʲɷ2ĭè ͅě˭ʲɷ5

ȠŘ"GÇĎ2�G�/KĩĐ -�G(Figure4-1)͆�E2ͅVgW`d�k2��-ͅ

˹ƨFŁ~j�2��Gě˭ʲɷ5ƃʘ4˨F× 4D*-Ƚƛ�Hͅ®ŝʲɷ5ãʘ4

˨F× 4D*-Ƚƛ�HG�/2ĩĐ�H-�G�/�E(Ȏȿ<�, 2015a; Ȏȿ<�, 

2015b)ͅƃʘ5˹ƨFŁ~j�2��Gě˭ʲɷͅãʘ5®ŝʲɷȽƛ2˘ȶ -�G�

/2ʍ�EHG͆>'ͅ�4ě˭ʲɷ/®ŝʲɷ2Ĳ3�/ͅ˦8× ȊŬ˻Ŵ5Ĳ3�

1G�/2ǋE�/�H-�G(ȃȿ<�, 2006) �͆�. VͅgW`d�k�D8k�gW

`d�k.5ͅ`d�kĄKƃʘ.˨F× 'ƃͅãʘ.˨F×"îµ2ʧ1JH-�G

(Figure1BͅC)(ǆǟȊȖ˼Ɋʃ, 2012)͆%4'Aͅƃʘ�D8ãʘ.4˨F× îµ4d

P{�X2įñ"G/ͅ®ŝʲɷ�D8ě˭ʲɷ4ɨ)�2F2įJFͅ%4Ɓ̮.˦8

× Ǐ4ě˭ʲɷC®ŝʲɷ4Ĳ3�2įñ ͅ`d�ksuS�z�`2įJG�/2

ƮŐ�HG͆ 

 

 
Figure4-1͇X�v`d�k�4ě˭ʲɷ�D8®ŝʲɷ 

(ȃȿ<� (2006)KƸį) 

COM
���
	
	��

��	��

�
�
�
m
/s
�
�

������

COM�
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� >'ͅ˪´̀î2��GçɈƲCîµ̗ľ4dP{�X5suS�z�`2Ɓ̮"G�

2ĩĐ�H-�G͆VgW`d�kîµ/ċ!˦˩îµ.�GĤɌ˦82��-ͅɮ̀Ǭ

^{���^��2DGʻǥ2DFͅ�ʓ�̙ɰ4̀î2̙JGɮ4șî4dP{�X5

˦˩́C̓ͅɌǄĎ4ġ̭ýç2Ɓ̮"G�/(Bobbert and van Zandwijk, 1999)ͅŬȖ

�ɫƠ.ͅ`d�k/d��ƃ2ʧJHG7/�37/˨Fîµ�4l�uO�VgW4

dP{�X2Ȗ˻Ŵ2��GƁ̮2ĩĐ�H-�G(Hayashi et al., 2015)͆¦�4D�2

˪´̀î2��GçɈƲ4dP{�XCîµ̗ľ4dP{�X5suS�z�`2Ɓ̮"

G�2ƮŐ�HG͆ '2*-ͅVgW`d�k2��-BƃʘB �5ãʘ2��G˨

F× 4dP{�X2įJG�/.ͅ`d�ksuS�z�`2Ɓ̮"G�/2ƮŐ�H

G͆`d�k2��G˨F× 4dP{�X2+�-5ͅk�gW`d�k4ƃʘ2��

G˨F× 4dP{�X2`d�ksuS�z�`2��GƁ̮4?ǋE�2�H-�G͆

ȃȿ<� (2007a)5ͅk�gW`d�k2��-ƃʘ4ʘ®ŝ4dP{�X2ǈ�Īĉͅ

ġ̭ýç4ȊŬƛØ4ɨ)�2F2˻�v�gWdP|2ɒʅ�HG�/KĩĐ -�Fͅ

�4ɼǦ�Ek�gW`d�k2��G˨F× îµ4dP{�X2v�gWdP|2Ĳ

3�Ɓ̮ -�G�/2ʍ�EHG͆ � 12Eͅ˨F× 4dP{�X2suS�z

�`:��GƁ̮2+�-£2ɔɦ21�H-�1�͆ '2*-ǟɩ.5ͅVgW`d

�k2��G˨F× 4dP{�X2`d�ksuS�z�`2��GƁ̮2+�-ǋE

�2"G�/Kɋɉ/ '͆1�ͅǟɔɦ.5ãʘ2��G˨F× 4dP{�XKƞ�

�// '͆VgW`d�k2��Gãʘ5ͅě˭ʲɷKƢ�ͅ®ŝʲɷKȽƛ"GƂæ

2�G�/2ĩĐ�H-�F(Ȏȿ<�, 2015b)́ͅ�˦8× ȊŬ˻ŴKȷƆ"G25ͅ

ě˭ʲɷKƢ�˦8× ʺŴK 0°¤˶2"G�/2̏ʲ.�G�/2ʍ�EH-�G(ȃ

ȿ<�, 2006)͆>'ͅVgW`d�k�ãʘ5ƃʘ̨ġƃ2˪´KƷ�˦8× ȊŬ˻Ŵ

ȽƛK]y�k -�G�/2ǋE�2�H-�F(Takeda et al., 2017)ͅ˦ 8× ȊŬ˻

ŴKȷƆ"G25ƃʘ(�.1�ãʘ2��-BĲ31çɥKȽƛ"GƋʲ2�G�/2

ĩĐ�H-�G(Benjanuvatra et al., 2004)  ͆'2*- VͅgW`d�k2��Gãʘ5

˦8× ȊŬ˻ŴȽƛ2̏ʲ1Ƃæ2�G�/2ʍ�EHG͆ 
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4-2� ǄȒ 

4-2-1� ʫ̿ʎ 

� ɂŁĲńȽɫȖ̇Ɲ 5 ČKœ˖/ '(Table4-1)͆ʫ̿ʎ25ͅŊ̿Óō2+�-ôØ

2ˌǋ ͅŊ̿ûè4ċƓKƆ'͆1�ͅǟɔɦ5Ĳ̚´ʕĲńɔɦÄȻőǨĿĖ¬4Ɵ

ˑKƆ'͆ 

 

Table4-1͇ʫ̿ʎȳƑ 

 

 

4-2-2� VgW`d�kîµ4ȣŉ 

� VgW`d�kîµ4ȣŉ5ͅɬ 2ɩ/ċǶ4ǄȒKȾ�'͆ĀƆ�H'ŵǷj�d�

Eͅ9bX}�k~j�Kµƛ '(Figure4-2)͆>'ͅɾœŵǷɴ�E?'ȊṶ̆/ãˢ

bX}�k21"ʺ�D8ƃˢbX}�k21"ʺKɯ× '͆1�ͅǟɩ.µƛ '~

j�.5ͅãˢbX}�k/ȊṶ̆21"ʺKͅãˢbX}�kʺŴͅãʘ�ʚbX}�

kʺŴKˢ̙ɰʺŴͅãʘĲʚbX}�kʺŴKʛ̙ɰʺŴ/ŉʋ '͆ 

 

 

Figure4-2͇µƛ '��WbX}�k~j� 

	�(�)� ��(m)� ����(kg)� ��� ������
���A 20 1.64 63 200m��
 1'48''64 
���B 21 1.84 78.7 50m��
 22''86 
���C 20 1.8 83.1 100m��
 52''15 
���D 23 1.84 74 100m��
 49"8 
���E 18 1.73 67 100m��
 51"5 
��� 20.4 1.77 73.16 
�
	�� 1.62 0.08 7.37 

θ0���������������� 
θ1���	�������	�
θ2�����������	 
θ3���������	�
θ4��
������	�
θ5��
������	�
θ6�
���������	 
θ7�
�	�������	 
θ8�
�������	 
θ9�
�������������� 

θ4�

θ5�

θ3�
θ6�

θ2�

θ��

θ7�

θ8�

θ1�
θ9�
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4-2-3� ^{���^��ǄȒ 

� ǟ^{���^��.5ͅŊȣÃ�Eʾȣ '̙ɰ̀î4ǏɴÛj�dKȾ�-ʧ*'

(Figure4-3)͆��.ͅVgW`d�kîµKɖˈ"G/ͅãƃˢ4+>Ì°ʉ5̨ġ>.

įñ 1��/2ˈAEH' ¦͆�4�/�Êͅ {���^��Kʧ�̤4Ǣ¨/ -ͅ 

1͆ƃˢ4+>Ì°ʉ5ƃʘ̨ġ>.įñ 1�͆>'ͅdP{�X2įñ -BȊṶ̆

/ƃˢbX}�k21"ʺŴ4į°5ͅƃʘ̨ġ>.Êj�d(T0)/ċ!͆ 

2͆ãˢ4+>Ì°ʉ5ͅãʘ̨ġ>.įñ 1�͆ 

3͆ƃʘ̨ġƃ4ͅƃʘĲʚͅ�ʚ�D8ˢbX}�kʺŴ4į°5ͅdP{�X2įñ

 -B T0/ċ!į°/1G͆ 

4͆ãʘ2��G˨F× 4dP{�X2įñ -Bͅ�ʙ�D8ãʙbX}�kʺŴ4

̙ɰ̀î5įñ 1�͆ 

¦�4 4Ǣ¨ˁŉ ͅ^{���^��Kʧ*'͆^{���^��Ɲ̲5ͅ 

1͆ȊṶ̆/ãˢbX}�k21"ʺKãˢbX}�kʺŴͅãʘˢ̙ɰʺŴͅãʘʛ̙

ɰʺŴ�D8ãˢ4+>Ì°ʉ2��GǏɴÛj�dK -ͅ0.01�-0.04ɡ#E '(T0.01�

T0.04)(Figure4-3)͆ 

2͆˨F× 4dP{�XK#E 'j�d(T0.01�T0.04)KÊ2ͅƃʘĲʚͅ�ʚ�D8ˢ

bX}�kʺŴ4̀î�D8ͅĈbX}�k°ʉ4ŵǷKÔʾɯ '͆ʾɯǄȒ5¦�4

ǄȒ.ʧ*'͆ 

� ƃʘ̨ġ>.͇ƃʘĲʚͅ�ʚ�D8ˢbX}�kʺŴ4̀î4ʾɯ5ͅĆʒ̙ɰ°ʉ

�D8ƃˢ̙ɰ°ʉ/4°ʉ̙¼�Eɯ× '(ŷ 19�21)͆ 

 

!!  =  !"#!!(!"
!!!!!!!!!!!!!

!!!!! ) .............................................. 19 

!!  =  −!"#!!(∆!"!∆!"!"!!" ) ....................................................... 20 

!!  =  −(!"#!!(− !!"!!!"
!! ) + (!!+!!+!! + !!+!!) .............. 21 

 

'( ͅ 

∆! =  !!"# − !!"� ∆! =  !!"# − !!" 

! =  −!6!"#(!!+!!+!!) − !7!"#(!!+!!+!! + !!) 

!,! =  !6!"#(!!+!!+!!) + !7!"#(!!+!!+!! + !!) 

! =  !6!"#(!!+!!+!!) + !7!"#(!!+!!+!! + !!) 
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��. Lͅ65ƃʘĲʚbX}�k̕ Lͅ75ƃʘ�ʚbX}�k̕ Lͅ85ƃˢbX}�k

̕ͅJLa5ƃˢ̙ɰ°ʉͅJLk5ƃʘʛ̙ɰ°ʉͅJt5Ĳ˭Ł°ʉKʪ -�G͆ 

� ƃʘ̨ġƃ�ĘĄ>.͇ƃʘĲʚͅ�ʚ�D8ˢbX}�kʺŴ4̀î4ʾɯ25ͅ

T04ƃʘ̨ġƃ4ʺŴ4į°KÊ2Ʈŉ '͆ 

1�ͅÔʾɯ.5ͅ1)^{���^��̗ľ�Eƃʘ̨ġ>.ͅ2)ƃʘ̨ġ�Eãʘ̨ġ

>.4 2ě2Ø�-ʾɯKʧ*'͆ 

� �ˀ4ʾɯǄȒ.5 ÔͅʾɯK 2ě2Ø�-ʧ*-�G'A ƽͅńɉ1�˼ɿ2Ƚ!G͆

�4�˼ɿKʻȞ"G'A2ͅǃ �ƃʘbX}�kʺŴ4j�d5Ôʾɯ2��G 1)�

D8 2)4̘.`w�P�ʮňKʧ*'͆%4ƃͅãˢ4+>Ì°ʉ�D8ͅȊṶ̆/ãˢ

bX}�k41"ʺͅ�D8ǃ �bX}�kʺŴ�Eͅǃ �bX}�k4ŵǷKÔʾ

ɯ ͅCOMKÔʾɯ '͆  

 

 
Figure4-3͇ʛ̙ɰʺŴ 
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ʻǥ̱ɋ 

� ʻǥò̘5ͅ^{���^��̗ľ�Eãʘ̨ġ>./ '͆ 

 

�COM4˻Ŵ 

� Ôʾɯ�H' COM 4ŵǷj�dK�ĶƈØ"G�/.ȌA'͆>'ͅãʘ̨ġǏ4

COM4˻Ŵ2��GȊŬƛØK˦8× ȊŬ˻Ŵ̓ͅ ɌƛØK˦8× ̓Ɍ˻Ŵ/ '  ͆

�˹ƨFŁ~j�2��Gě˭ʲɷͅ®ŝʲɷͅ˪´ʺŴ�D8˦8× ʺŴ 

� ɬ 2ɩċǶͅÌʧɔɦ(ȃȿ<�, 2006; ȃȿ<�, 2007b; şù�ɧ, 2004)Kûʍ2ʧ*

'(Figure2-25)͆`d�kĄÌɪ/ COM 4°ʉKɼ9ʂØ(LCOM)Kµƛ ͅ%4ʂØ/

ȊṶ̆21"ʺŴK˪´ʺŴ(Bang)/ '͆>'ͅ�4 LCOMK�ĶƈØ"G�/.ͅ®ŝ

ʲɷ(Vex)Kɯ× '(ŷ 16)͆˪´ʺŴK�ĶƈØ"G�/.˪´ʺ˻ŴKɯ× ͅLCOM

KȾ�-ě˭ʲɷ(Vro)Kɯ× '(ŷ 17)͆>'ͅɯ× '˪´ʺŴ(Bang)ͅ®ŝʲɷ(Vex)

�D8ě˭ʲɷ(Vro)KȾ�-˦8× ʺŴKɯ× '(ŷ 18)͆ 

 

�Ʈŉġ̭ýç 

� COM 4˻Ŵ4j�dK�ĶƈØ"G�/.ͅCOM 4è˻ŴKȌA'͆%4ƃͅT0�

E T0.04 2��Gġ̭ýçKƮŉ"G'A2ͅÌʧɔɦKûʍ2(ĲĢ<�, 2012)ͅŷ 22

�D8 23 �EͅƮŉġ̭ýçKɯ× '͆>'ͅŊȣÃ2��Gġ̭ýç2��-5ͅ

ãƃʘ�D8Ɲ̊.È�'ġ̭ýçKĉʾ '͆ 

 

!"#!  =  !"#  ∙  !" ......................................................... 22 

!"#!  =  !" (!"#  +  !) ................................................. 23 

 

��.ͅBW5ʫ̿ʎ4˪´˞̑ͅg5̏çè˻Ŵ(= 9.81)Kʪ -�G͆ 

 

�ãʘʛ̙ɰ2��GŜǔ̗ľ�E®ŝ"G>.4Ǐ̘ 

� ãʘʛ̙ɰʺŴK�ĶƈØ"G�/.ʺ˻ŴKɯ× ' %͆4ƃ̋ͅ ˻Ŵ2˗4Ã(Ŝǔ)

21*'Ǐ̘KŜǔ̗ľͅȂ4Ã(®ŝ)21*'Ǐ̘K®ŝ̗ľ/ ͅ%4̘4Ǐ̘Kɯ

× '(Figure4-4)͆ 
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Figure4-4͇ãʘʛ̙ɰ2��Gʺ˻Ŵ 

ɽʾÖȻ 

� ãʘ2��G˨F× 4dP{�X/˦8× ȊŬ˻Ŵ4̙¼Kˏ;G'A2ͅtNc

�4ɍ̙¼ƽKɯ× '͆>'ͅƮŉġ̭ýç�D8ŊȣÃ2��Gġ̭ýç4̸¯ƑK

ˏ;G'AͅŊȣÃ/ T0̘.4ɍ�ɍ̙¼ƽKɯ× '͆ 

 

� 1�ͅ^{���^��Kď@Ï-4ʾɯ25ͅMATLAB2007b(MathWorks ɜʯ)2

DGʜµw�X�|KȾ�'͆ 
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4-3� ɼǦ 

˦8× ȊŬ˻Ŵ̓ͅɌ˻Ŵ�D8˦8× ʺŴ 

� ʫ̿ʎ A�D8 C2��-ãʘ2��G˨F× 4dP{�X2ǈ�1G/ͅ˦ 8× 

ȊŬ˻Ŵ2́�1Fͅ˦8× ̓Ɍ˻Ŵ5�Ď32́�1GÇĎ2ˈAEH'(Table4-2ͅ

Figure4-5 4ͅ-6) ʫ͆̿ʎ B2��- ãͅʘ2��G˨F× 4dP{�X2ǈ�1G/ͅ

T0.03 >.5˦8× ȊŬ˻Ŵ5Ď� ̓ͅɌ˻Ŵ5�Ď32́�1G2ͅT0.03 �E T0.04

5˦8× ȊŬ˻Ŵ5ȠŘ ̓ͅɌ˻Ŵ2�Ď32́�1GÇĎ2ˈAEH'(Table4-2ͅ

Figure4-5 4ͅ-6) ʫ͆̿ʎ D2��- ãͅʘ2��G˨F× 4dP{�X2ǈ�1G/ͅ

˦8× ȊŬ˻Ŵ2́�1Fͅ˦8× ̓Ɍ˻Ŵ5�Ď32́�1GɼǦ/1*'

(Table4-2ͅFigure4-5ͅ4-6)͆ʫ̿ʎ E 2��-5ͅãʘ2��G˨F× 4dP{�X

2ǈ�1G/˦8× ȊŬ˻Ŵ5±�1F̓ͅɌ˻Ŵ5�Ď32́�1GɼǦ/1*'

(Table4-2ͅFigure4-5ͅ4-6)͆ 
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Table4-2͇^{���^��2��G˦8× ȊŬ˻Ŵ�D8̓Ɍ˻Ŵ4ɼǦ 

(Vh͇˦8× ȊŬ˻ŴͅVv͇˦8× ̓Ɍ˻Ŵ) 

 
 

 
Figure4-5͇˦8× ȊŬ˻Ŵ4ɼǦ4Ŧ(%) 

 

 
Figure4-6͇˦8× ̓Ɍ˻Ŵ4ɼǦ4Ŧ(%) 

T0 T0.01 T0.02 T0.03 T0.04 

Vh(m/s) Vv(m/s) Vh(m/s) Vv(m/s) Vh(m/s) Vv(m/s) Vh(m/s) Vv(m/s) Vh(m/s) Vv(m/s) 

�	A 3.36 -0.75 3.41 -0.55 3.46 -0.41 3.49 -0.3 3.52 -0.24 

�	B 3.57 -0.89 3.66 -0.71 3.72 -0.64 3.73 -0.66 3.71 -0.73 

�	C 3.99 -0.94 4.02 -0.52 4.04 -0.27 4.04 -0.17 4.03 0.00 

�	D 3.84 -0.14 3.82 0.06 3.80 0.27 3.78 0.47 3.77 0.6 

�	E 3.87 -1.10 3.86 -1.00 3.85 -0.94 3.84 -0.90 3.82 -0.90 
���� 3.73 -0.77 3.76 -0.54 3.78 -0.39 3.77 -0.31 3.77 -0.25 
��	�� 0.22 0.33 0.2 0.35 0.18 0.4 0.17 0.47 0.16 0.54 
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ãʘ2��G˨F× 4dP{�X/˦8× ȊŬ˻Ŵ4̙¼ 

� ʫ̿ʎ A Dͅ�D8 E5ãʘ2��G˨F× 4dP{�X4įñ�D8˦8× ȊŬ

˻Ŵ4̘2ǙƓ1ɍ̙̙¼2ˈAEH'2 ʫ̿ͅʎ B�D8 C5ǙƓ1ɍ̙̙¼2ˈAE

H1�*'(Table4-3ͅFigure4-7)͆ 

 

 
Figure4-7͇˦8× ȊŬ˻Ŵ/ͅãʘ2��GŜǔ̗ľǏ̘4̙¼ 

 

Table4-3͇˦8× ȊŬ˻Ŵ/ͅãʘ2��GŜǔ̗ľǏ̘4ɍ̙¼ƽ 
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	��A 	��B 	��C 	��D 	��E 
-0.99� ︎ -0.83 -0.76 0.98� 0.98� 

*: p < 0.05�
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˦8× ʺŴ 

� ʫ̿ʎ AͅCͅE 2��-ͅãʘ4˨F× 4dP{�X2ǈ�1G<0˦8× ʺŴ

2ȊŬ2˶,�ÇĎ2ˈAEH'(Table4-4ͅFigure4-8)͆>'ͅʫ̿ʎ D 2��-5ͅ

dP{�X2ǈ�1G<0˦8× ʺŴ2�Ď321GÇĎ2ˈAEH'(Table4-4ͅ

Figure4-8)͆�Ǆ.ͅʫ̿ʎ B2��-5ͅT0.03>.˦8× ʺŴ5ȊŬ2˶�2ͅT0.04

�E T0.04>.˦8× ʺŴ5�KĎ�ÇĎ2ˈAEH'(Table4-4ͅFigure4-8)͆ 

 

Table4-4͇^{���^��2��G˦8× ʺŴ4ɼǦ(Deg) 

 
 

 
Figure4-8͇˦8× ʺŴ4Ŧ(%) 

 

 

T0 T0.01 T0.02 T0.03 T0.04 


�	A -12.64 -9.26 -6.8 -5.02 -4.02 

�	B -14.21 -11.13 -10.04 -10.2 -11.31 

�	C -13.31 -7.37 -3.95 -2.45 -0.04 

�	D -2.23 1.03 4.09 7.15 9.13 

�	E -15.97 -14.59 -13.72 -13.32 -13.35 
���� -11.67 -8.26 -6.08 -4.77 -3.92 
��	�� 4.85 5.22 6.04 7.07 8.11 
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˪´ʺŴ 

� Ï-4ʫ̿ʎ2��-ͅãʘ4˨F× 4dP{�X2ǈ�1G<0ͅ˪´ʺŴ2ŗ�

�1GÇĎ2ˈAEH'(Table4-5ͅFigure4-9)͆ 

 

Table4-5͇^{���^��2��G˪´ʺŴ4ɼǦ(Deg) 

 
 

 
Figure4-9͇˪´ʺŴ4ɼǦ4Ŧ(%) 

 

T0 T0.01 T0.02 T0.03 T0.04 


�	A -12.64 -9.26 -6.80 -5.02 -4.02 

�	B -14.21 -11.13 -10.04 -10.2 -11.31 

�	C -13.31 -7.37 -3.95 -2.45 -0.04 

�	D -2.23 1.03 4.09 7.15 9.13 

�	E -15.97 -14.59 -13.72 -13.32 -13.35 
���� -11.67 -8.26 -6.08 -4.77 -3.92 
��	�� 4.85 5.22 6.04 7.07 8.11 
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˹ƨFŁ~j�2��G®ŝʲɷ�D8ě˭ʲɷ 

� ʫ̿ʎ B¦İ4ʫ̿ʎ5ͅãʘ4˨F× 4dP{�X2ǈ�1G2+Hͅ®ŝʲɷ5

ĭè ͅě˭ʲɷ5ȠŘ"GÇĎ2ˈAEH'(Table4-6ͅFigure4-10)͆�Ǆ.ͅʫ̿ʎ

B 2��-5ͅ®ŝʲɷ5 T0.03>.5ĭè"G2ͅT0.03�E T0.04>.ȠŘ"GÇĎ2ˈ

AEͅě˭ʲɷ5 T0.03 >.ȠŘ"G2ͅT0.03 �E T0.04 .ĭè"GÇĎ2ˈAEH'

(Table4-6ͅFigure4-11)͆ 

 

Table4-6͇^{���^��2��G®ŝʲɷ�D8ě˭ʲɷ4ɼǦ 

(Vex͇®ŝʲɷͅVro͇ě˭ʲɷ) 

 
 

 

Figure4-10͇®ŝʲɷ4ɼǦ4Ŧ(%) 

 

T0 T0.01 T0.02 T0.03 T0.04 

Vex(m/s) Vro(m/s) Vex(m/s) Vro(m/s) Vex(m/s) Vro(m/s) Vex(m/s) Vro(m/s) Vex(m/s) Vro(m/s) 


�	A 2.64 2.21 2.79 2.04 2.91 1.90 3.01 1.79 3.08 1.72 


�	B 3.08 2.02 3.25 1.83 3.34 1.74 3.38 1.71 3.36 1.72 


�	C 3.35 2.37 3.54 1.97 3.66 1.73 3.71 1.59 3.78 1.41 


�	D 3.10 2.27 3.22 2.05 3.32 1.85 3.43 1.64 3.51 1.49 


�	E 3.24 2.39 3.29 2.25 3.33 2.15 3.36 2.06 3.37 2.01 

���� 3.08 2.25 3.22 2.03 3.32 1.87 3.38 1.76 3.42 1.67 

��	�� 0.23 0.13 0.24 0.13 0.23 0.15 0.22 0.16 0.22 0.21 
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Figure4-11͇ě˭ʲɷ4ɼǦ4Ŧ(%) 

 

ãʘʛ̙ɰ2��GŜǔ̗ľ�E®ŝ"G>.4Ǐ̘ 

� ʫ̿ʎ B�D8 C2��- Ŝͅǔ̗ľ�E®ŝ̗ľ>.4Ǐ̘5 ʫ̿ͅʎ A Dͅ�D8

EDFB 0.07-012ɡ̕�ɼǦ/1*'(Table4-7) >͆' ʫ̿ͅʎ A Dͅ�D8 E2��Gͅ

Ŝǔ̗ľ�E®ŝǏ̘>.4Ǐ̘5͆0.35ɡDFBɒ�ɼǦ/1*'(Table4-7)͆ 

 

Table4-7͇Ŝǔ̗ľ�E®ŝ̗ľ>.4Ǐ̘(ɡ) 
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0.29 0.42 0.42 0.35 0.33 
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ƃʘ̨ġǏ4ãʘ�ʚbX}�kʺŴ 

� ʫ̿ʎB¦İ4ʫ̿ʎ2��- ãͅʘ2��G˨F× 4dP{�X2ǈ�1G2+Hͅ

ƃʘ̨ġǏ4ãʘʛ̙ɰʺŴ4ŜǔʺŴ5Ĳ3�1GÇĎ2ˈAEH'(Table4-8ͅ

Figure4-12)͆�Ǆ.ͅʫ̿ʎ B5 T0.02>.5ŜǔʺŴ2Ĳ3�1*'2 Tͅ0.02�E T0.04

>.5ŜǔʺŴ2ŗ��1GÇĎ2ˈAEH'(Table4-8ͅFigure4-12)͆ 

 

Table4-8͇ƃʘ̨ġǏ4ãʘʛ̙ɰʺŴ4ɼǦ(Deg) 

(Ȃ͇®ŝͅ˗͇Ŝǔ) 

 
 

 

Figure4-12͇ƃʘ̨ġǏ4ãʘʛ̙ɰʺŴ4ɼǦ4Ŧ(%) 

T0 T0.01 T0.02 T0.03 T0.04 


�	A 27.25 26.91 26.35 25.68 25.22 

�	B 19.11 18.23 17.47 16.65 15.83 

�	C 21.98 21.74 21.30 20.81 20.4 

�	D 33.99 33.62 33.22 32.66 32.22 

�	E 20.47 19.78 19.06 18.24 17.48 
���� 24.56 24.06 23.48 22.81 22.23 
��	�� 5.46 5.6 5.71 5.79 5.92 
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ġ̭ýç 

� ȊŬǄĎ4ġ̭ýç2��GŊȣÃ/ T02��GƮŉÃ̘4ɍ�ɍ̙¼ƽ5 Ïͅʫ̿ʎ

.́�Ã2ˈAEH'(Table4-9)͆�Ǆ.̓ͅɌǄĎ4ɍ�ɍ̙¼ƽ5Ïʫ̿ʎ.±�Ã

2ˈAEH'(Table4-9)͆ 

 

Table4-9͇ġ̭ýç2��GŊȣÃ/ƮŉÃ.4ɍ�ɍ̙¼ƽ 

 


���� �����

��
A 0.90 0.56 
��
B 0.94 0.66 
��
C 0.92 0.54 
��
D 0.93 0.30 
��
E 0.94 0.32 
���� 0.92 0.48 
	�	�� 0.01 0.14 
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� Figure4-132ȊŬ�D8̓ɌǄĎ�Ǆ4ɍ�ɍ̙¼ƽ2 Ïͅʫ̿ʎ4�.ǗB́�*'

ʫ̿ʎ B/ͅȊŬǄĎ4ɍ�ɍ̙¼ƽ5́�*'2̓ͅɌǄĎ4ɍ�ɍ̙¼ƽ2Ïʫ̿ʎ

4�.ͅǗB±�*'ʫ̿ʎ D4ġ̭ýç4ǏɴÛj�dKɚ '͆ȊŬǄĎ4ġ̭ýç

2��-ͅ�ʫ̿ʎ/BƮŉÃ5ŊȣÃDFBŗ��Ã2ˈAEH'(Figure4-13)͆̓Ɍ

ǄĎ4ġ̭ýç2��-ͅ�ʫ̿ʎ/BŊȣÃ.5ƣ̏2ˈAEHͅƮŉÃ.5ƣ̏2ʫ

̿ʎ B5ˈAEH'2ͅʫ̿ʎ D5ˈAEH1�*'(Figure4-13)͆>'ͅġ̭ýç4ƽ

Ã2ƐȨ2įJG/�I2ɖˈ�H'(Figure4-13̈́ͅ�)͆ 

 

 
Figure4-13͇ʫ̿ʎ B�D8 D2��Gġ̭ýç4ŊȣÃ�D8ƮŉÃ 
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ãʘ4˨F× 4dP{�X/ġ̭ýç 

� Figure4-142¥ʪÃ/ - ġ̭ͅýç4ȊŬƛØ4ŊȣÃ/ƮŉÃ̘.4ɍ�ɍ̙¼ƽ

2ǗB́�*'ʫ̿ʎ C 4ȊŬǄĎ2��Gġ̭ýç4ƮŉÃKͅT0�E T0.04>.ɚ 

'͆^{���^��ɼǦ�EƮŉ ' T0�E T0.04>.4ġ̭ýç2��-ͅƮŉġ̭

ýç4Ã2ƐȨ2įJG�/2ˈAEH'(Figure4-14�4̈́ɕʂ�) >͆' Tͅ0�E T0.04

>.ͅġ̭ýç4ɨ)�2F2ǈ�1GÇĎ2ˈAEHͅÏʫ̿ʎ2��-Bċ!ÇĎ2

ɖˈ�H'(Figure4-14�4̈́Ŋʂ�)͆ 

 

 

Figure4-14͇ʫ̿ʎ C2��G^{���^��2��Gġ̭ýç4ȊŬƛØ4ɼǦ 
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4-4� ʍŐ 

� ǟɩ5ͅVgW`d�k�4ãʘ2��G˨F× 4dP{�X2suS�z�`2�

�GƁ̮KǋE�2"G�/Kɋɉ/ '͆%4ɼǦͅãʘ2��G˨F× 4dP{�

X2įJG�/.ͅ˦8× ȊŬ˻ŴC̓Ɍ˻Ŵͅ˦8× ʺŴ2ĭè�D8ȠŘ"GÇ

Ď2ˈAEH'͆>'˹ƨFŁ~j�2��G®ŝʲɷ5ĭèͅě˭ʲɷ5ȠŘ"GÇĎ

2ˈAEH'͆ '2*-ͅVgW`d�k2��Gãʘ4˨F× 4dP{�X5`d

�ksuS�z�`2Ɓ̮K��GăʗƑ2ɚė�H'͆ 

 

ġ̭ýç2��GŊȣÃ/ƮŉÃ4ȉ˯ 

� ǟɔɦ.5 ġ̭ͅýç4ƮŉKÌʧɔɦ4ǄȒ(ĲĢ<�, 2012)2Ĩ,�-ʧ*' %͆4

ɼǦͅÏʫ̿ʎ2��-ȊŬǄĎ4ġ̭ýç4ƮŉÃ/ŊȣÃ/4̘25́�ɍ�ɍ̙¼

ƽ2ˈAEH'(Table4-9)͆ � 12EͅÏʫ̿ʎ2��-̓ɌǄĎ4ġ̭ýç4Ʈŉ

Ã/ŊȣÃ/4̘4ɍ�ɍ̙¼ƽ5±�Ã2ˈAEH'(Table4-9)͆��.ͅʔŠͅʑ̙

ɰ�D8Ɲ̻4ŵǷKɖˈ"G/ͅŉƑɉ.�G2ǟɩ.ǃ �µƛ '~j�.4ŵǷ

/ŊȣÃ/4̘2ˋŦ2Ƚ!-�G�/2J�*'(Figure4-15)͆ǟɩ.ǃ �µƛ '

~j�.5ͅʔ̙ɰ°ʉ5´ůbX}�k/̨H#ͅŜǔ®ŝ4?4̀îKʧ�/§ŉ 

-�'͆ � 12EͅŊ̤4VgW`d�k�.4ʔŠ°ʉ5ͅʰ̧2ɢî -�G�

/2ŉƑɉ.�G2ɖˈ�H'(Figure2-26)͆�H5ͅʔ̙ɰ5Ŝǔ®ŝ(�.1�ͅȊ

ŬÓ˭�D8İ˭CÓİǅKʧ�ͅʜɀŴ4́�̙ɰ.�G�/2ʍ�EHG͆Ìʧɔɦ

2��-BVgW`d�k�ʔ̙ɰ.5®ŝ~�}�k(�.1�ͅÓİǅ�D8ȊŬÓ

İ˭~�}�k2ɈƲ�H-�G�/2ĩĐ�H-�G(ŗȎ<�, 2015) ¦͆�4�/�Eͅ

VgW`d�k�.5Ŝǔ®ŝ(�.1�ͅȊŬÓ˭�D8İ˭102ʧJHͅʔŠ4ŵ

Ƿ2ʰ̧2ɢî '�/2ƮŐ�HG͆ '2*-ͅǃ �µƛ '~j�.5ͅ�4ʔ

̙ɰ4ʰ̧1îµ2ʍƗ�H1�*''Aͅ°ʉͅ˻Ŵ�D8è˻Ŵ2ˋŦ2Ƚ!̓ͅɌ

ǄĎ4ġ̭ýç4ƮŉÃ2Ɓ̮K��'ăʗƑ2ʍ�EHG͆>'ͅ^{���^��ɼ

Ǧ2��G COM4è˻Ŵ�EƮŉ 'ͅȊŬǄĎ4ġ̭ýç2��-ͅÃ2ƐȨ2įJ

G�/2ˈAEH'(Figure4-14�4̈́ɕʂ�)͆�H5ͅƽńɉ�˼ɿ2Ƚ!-�G'A

.�G/ʍ�EHG͆ƽńɉ�˼ɿ2Ƚ!G/ͅ°ʉ2ƐȨ2įJG�/.ͅè˻Ŵ2�

�-BƐȨ2Ã2įJG͆%4'AͅȊŬǄĎ4ġ̭ýç2��-BͅÃ2ƐȨ2įJG

ȓž2ˈAEH'�/2ʍ�EHG͆¦�4�/�EͅȊŬǄĎ4ġ̭ýç4ƮŉÃ2�
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�-5ͅƽńɉ�˼ɿ4Ɓ̮5�G2ͅ��@3ĽŽ.�G/ʍ�EHG͆ 

 

 
Figure4-15͇ʫ̿ʎ B2��G�ʓ4̙ɰ°ʉ 
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� ʫ̿ʎ A�D8 C2��- ãͅʘ2��G˨F× 4dP{�X2ǈ�1G/ͅ˦ 8×

 ȊŬ˻Ŵ2́�1Fͅ˦8× ̓Ɍ˻Ŵ5�Ď32́�1GɼǦ/1*'(Table4-2ͅ

Figure4-5ͅ4-6)͆>'ͅ˹ƨFŁ~j�2��G®ŝʲɷ5ĭè ͅě˭ʲɷ5ȠŘ"G

ÇĎ2ˈAEH'(Table4-6ͅFigure4-10ͅ4-11)͆ȃȿ<� (2006)5ͅ˹ƨFŁ~j�2

��G®ŝʲɷ2Ĳ3�/ͅ˦8× ȊŬ˻Ŵ5Ĳ3�1G�/KĩĐ -�G͆ '2

*-ͅãʘ4®ŝ4dP{�X2ǈ�1G�/.®ŝʲɷ2Ď� ͅ˦8× ȊŬ˻Ŵ2

́�1*'�/2ʍ�EHG͆>'ͅȃȿ<� (2006)5ͅ˹ƨFŁ~j�2��Gě˭ʲ

ɷ2Ĳ3�/ͅ˦8× ȊŬ˻Ŵ5Ĳ3�1G�/KĩĐ -�G͆ � 12Eͅǟɔ

ɦ.4ɼǦ^{���^��.5ě˭ʲɷ5ȠŘ '2B��JE#ͅ˦8× ȊŬ˻Ŵ

2Ď� '͆ȃȿ<� (2006)5ͅě˭ʲɷ2ŗ��/ͅ˦8× ʺŴ5ŗ��1G�/K

ĩĐ -�G2́ͅ�˦8× ȊŬ˻ŴKȷƆ"G25ͅ˦8× ʺŴK 0°¤˶2"G�

/2ǚ> ��/KĩĐ -�G͆¦�4�/�Éͅ�˦8× ȊŬ˻ŴKȷƆ"G'

A25ͅě˭ʲɷKȠŘ�$ͅ˦8× ʺŴK 0°¤˶2˶,�GƋʲ2�G�/2ƮŐ�

HG͆ ě4^{���^��ɼǦ.4˦8× ʺŴ5ͅãʘ4®ŝ4dP{�X2ǈ�

1G/ 0°¤˶2˶,�ÇĎ2ˈAEH'(Table4-4 Fͅigure4-8)͆ '2*-ͅǟɔɦ4^

{���^��.5ͅãʘ4®ŝ4dP{�X2ǈ�1G/ě˭ʲɷ2ȠŘ ͅ˦8× 

ʺŴ2 0°¤˶2˶,�''A˦8× ȊŬ˻Ŵ2˻�1*'/ƮŐ�HG͆ 

 

� ȃȿ<� (2006)5ͅ®ŝʲɷĭè4ʲĜ2+�-ͅ˪´ʺŴ�EʍŐ -�G͆ȃȿ<

� (2006)5ͅ˪´ʺŴ2ȊŬ2˶,�/ͅġ̭ýç4ȊŬƛØ2ĭè ͅçɥ2ĭè"G

�/.ͅ®ŝʲɷ2ĭè"G�/2ʍŐ -�G͆ǟɔɦ2��-Bͅãʘ4®ŝ4dP

{�X2ǈ�1G2+Hͅ˪´ʺŴ2ȠŘ"GÇĎ2ˈAEH'(Table4-5ͅFigure4-9)͆

¦�4�/�Eͅãʘ2��G˨F× 4dP{�X2ǈ�1G�/5˪´ʺŴ4ȠŘͅ

ġ̭ýçȊŬƛØĭè2D*-ͅ®ŝʲɷ2ĭè"G�/2˘ȶ"G�/2ƮŐ�HG͆

>'ͅƃʘ̨ġǏ2��Gãʘʛ̙ɰʺŴ5ͅãʘ2��G˨F× 4dP{�X2ǈ�

1G/ŜǔʺŴ2Ĳ3�1GÇĎ2ˈAEH'͆��.ͅýî1 ĤɌ˦82��-ͅÜ

ǜŀðǏ4ʒ̙ɰͅʛ̙ɰ�D8ˢ̙ɰ4ŜǔʺŴ2Ĳ3�1G/ʘ®ŝ4Ǐ̘2̕�1

G�/.ͅçKɈƲ -�GǏ̘2̕�1Gͅ>'ġ̭ýç2È�Ǐ̘B̕�1G�/2

ĩĐ�H-�G(Domire and Challis, 2007) %͆4'A VͅgW`d�k/�*'˦˩îµ

.5ͅÜǜŀðǏ4ʘŜǔʺŴ2Ĳ3�/̕ͅ�Ǐ̘ġ̭K˨G�/2.3G'AͅĲ3



108 

1çɥKȽƛ"G�/2.3G/ʍ�EHG͆ '2*-ͅƃʘ̨ġƃ2��Gãʘ�ʚ

bX}�kʺŴ4ŜǔʺŴ2Ĳ3�1*'�/.ͅãʘ2��G®ŝǏ̘2̕�1FͅĲ

31çɥKȽƛ"G�/2.3G4.ͅ®ŝʲɷĭèC˦8× ȊŬ˻Ŵĭè2+12G

4.51��/ƮŐ�HG͆ 

� �E2ͅƮŉġ̭ýç4ȊŬƛØ5ͅãʘ4®ŝ4dP{�X2ǈ�1G2+Hͅɨ)

�2F2˻�1GÇĎ2ˈAEH'(Figure4-14̈́ͅŊʂ�)͆ȃȿ<� (2007a)5k�g

W`d�k2��-ͅȊŬǄĎ4ġ̭ýç4ɨ)�2F2˻�/˦8× ȊŬ˻Ŵ2́�

�/Kɚė -�G͆¦�4�/�Eͅãʘ4˨F× 4dP{�X2ǈ�1G�/.ͅ

ȊŬǄĎ4ġ̭ýç4ɨ)�2F2˻�1Fͅ˦8× ȊŬ˻Ŵ2́�1*'/ƮŐ�H

G͆ 

 

� ʫ̿ʎ D2��-ͅʫ̿ʎ A�D8 CċǶͅ˦8× ̓Ɍ˻Ŵ5�Ď32́�1Fͅ

®ŝʲɷ5ĭèͅě˭ʲɷ5ȠŘ"GÇĎ2ˈAEH'2B��JE#ͅ˦8× ȊŬ˻

Ŵ5ȠŘ '(Table4-2 Fͅigure4-5 4ͅ-6)͆��.ͅʫ̿ʎ D4 T02��G˦8× ʺŴ

5ȊŬ2˶� Tͅ04˦8× ʺŴ�Eͅ˨F× 4dP{�X2ǈ�1G2+H-Ƅ	2

�Ď3/1GÇĎ2ˈAEH'(Table4-4ͅFigure4-8)͆��.ͅ˦8× ʺŴ2�Ď32

Ĳ3�/ͅ˦8× ȊŬ˻Ŵ5±�1G�/2ĩĐ�H-�G(ȃȿ<�, 2006; ȃȿ<�, 

2007b)  ͆'2*- ʫ̿ͅʎ D5ãʘ4®ŝ4dP{�XKį�G�/.˦8× ʺŴ2

�Ď321Fͅ˦8× ȊŬ˻Ŵ2±�1*'/ƮŐ�HG͆ 

 

� ʫ̿ʎ E2��-ͅãʘ4®ŝ4dP{�X2ǈ�1G/ͅ˦8× Ǐ4®ŝʲɷ5ĭ

èͅě˭ʲɷ5ȠŘ"GÇĎ2ˈAEH'2ͅ˦8× ȊŬ˻Ŵ5ȠŘ ͅʫ̿ʎ A�D

8 C/5Ɇ1GɼǦ/1*'(Table4-2ͅFigure4-5ͅ4-6)͆ʫ̿ʎ E4ÜǜŀðKɖˈ"

G/ Ĳͅ˭Ł°ʉ5`d�kĄÌɪ�E-0.25m.�F ÜͅǜŀðǏ4ãʘ�D8ƃʘ2�

�Gʢ̏ȉȸ5ͅ%H&H 99.29 %�D8 13.33%.�*'͆�Ǆ.ͅʫ̿ʎ A�E D4

ãʘ�D8ƃʘ2��Gʢ̏ȉȸ5ͅ%H&H 93.25�108.30%�D8 16.71�19.08%.

�*'͆¦�4�/�Eͅʫ̿ʎ E5ƃʘ:4ʢ̏2£4ʫ̿ʎ/ȉ˯ ŗ���/2J

�*'͆>'ͅ°gWw��k4°ʉ5ʫ̿ʎ A�E D5 0.46m°ʉ.�*'2ͅʫ̿

ʎ E 4?ǗBãǄ.�G 0.37m °ʉ.�*'͆¦�4�/�EͅVgW`d�k.4Ü

ǜŀðǏ4ãʘ/ƃʘ2��Gʢ̏ȉȸ�D8°gWw��k4°ʉ2D*-́ͅ�`d



109 

�ksuS�z�`ȷƆ2Ǘ̅1ͅãʘ2��G˨F× 4dP{�X2ͅįñ"G�/

2ƮŐ�HG͆Ŋ̤ͅĤɌ˦8^{���^��2��-Üǜŀð2įJG/ͅǗ̅ñʾ

ɯ2D*-˦˩́2ǗB́�1G�ʓ�̙ɰ4̙ɰ~�}�k4ɈƲ4dP{�X2įJ

G�/2ɚė�H-�G(Selbie and Caldwell, 1996)  ͆'2*- ʫ̿ͅʎ E2��-5ͅ

Üǜŀð�D8°gWw��k4°ʉ4̃��Eͅ ěʧ*'ãʘ4®ŝ4dP{�X4

įñ2́ͅ�`d�ksuS�z�`ȷƆ2Ǘ̅1®ŝ4dP{�X�ĘH''Aͅ˦

8× ȊŬ˻Ŵ2ȠŘ '/ƮŐ�HG͆ 

 

ãʘ2��G˨F× 4dP{�X4įñ2suS�z�`:Ɓ̮K��C"�ʲĜ 

� ʫ̿ʎ A Dͅ�D8 E5ãʘ4dP{�X4įñ�D8˦8× ȊŬ˻Ŵ4̘2ǙƓ1

Ż�ɍ̙̙¼2ˈAEHͅʫ̿ʎ B �D8 C 25ǙƓ1ɍ̙̙¼5ˈAEH1�*'

(Figure4-7)͆��.ͅãʘʛ̙ɰ2��GŜǔ̗ľ�E®ŝ>.4Ǐ̘5ͅʫ̿ʎ B�D

8 C5 0.42ɡ.�Fͅʫ̿ʎ AͅD�D8 EDFB 0.07-0.12ɡ̕�ɼǦ/1*'͆�

4Ŝǔ̗ľ�E®ŝ>.4Ǐ̘.5ͅãʘʛ̙ɰ4ʺ˻Ŵ5Ŝǔ/1G�/�E

(Figure4-4)ͅýîîµK��1*-�Fͅʫ̿ʎ B �D8 C 5�4ýîîµK��1*

-�GǏ̘2̕��/2ƮŐ�HG͆¦�4�/�EͅýîîµKʧ�Ǐ̘2̕�/ͅã

ʘ4dP{�X2įJG�/.4˦8× ȊŬ˻Ŵ:4Ɓ̮2ŗ��ͅɒ�/˦8× Ȋ

Ŭ˻Ŵ:4Ɓ̮2Ż��/2ƮŐ�HG͆ 

 

ǟɔɦ2��G Limitation 

� ǟɩ.ˀ˸ 'ɔɦ25 Limitation 2�+�G͆�+ɋ2 ě5ʫ̿ʎƽ2 5 �/Ř

1�ͅɽʾʻǥKʧ*'ȉ˯Kʧ��/2.31�*'�/.�G͆>'ͅǟɔɦ.5Â

�2DFãʘ4®ŝ4dP{�XKį�'�/.suS�z�`2Ď� 'ʎͅ±� '

ʎ2�FͅÂ�Ŧ2Ĳ3�ʪHG�/2ɚė�H'͆ '2*-ͅ ƃʫ̿ʎƽKĭC"

�/.ͅɽʾʻǥKʧ*'ȉ˯�EDF¿̵"G�/2.3GɼǦKƆG�/2.3G�

/ͅè�-Â�Ŧ4ƬȌKʧ��/2.3G/ʍ�EHG͆ 

� �+ɋ5ͅʫ̿ʎ E4ɼǦ�EͅŀðC°gWw��k4°ʉ2D*-ͅǗ̅1ãʘ2

��G˨F× 4dP{�X2įJG�/2ƮŐ�H'2ͅÌʧɔɦ�D8ǟɔɦ2��

GɼǦ4?4�E4ƮŐ.�*'͆ '2*-ͅ ƃ°gWw��k4°ʉCÜǜŀðK

ʍƗ"G�/ͅãʘ4®ŝ4dP{�X4įñKĭC ͅsuS�z�`:4Ɓ̮KǱʿ
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"G�/.ͅ�GVgW`d�k4Üǜŀð.4Ǘ̅1ãʘ2��G˨F× 4dP{�

XKǋE�2"G�/2.3G/ʍ�EHG͆ 

 

4-5� ǟɩ4ɼː 

� ǟɩ.5ͅVgW`d�k�4ãʘ2��G˨F× 4dP{�X2suS�z�`2

��GƁ̮KǋE�2"G�/Kɋɉ/ '͆%4ɼǦͅ 

 

1͆ãʘ2��G˨F× 4dP{�X2įJG�/.ͅ˦8× ȊŬ˻ŴC̓Ɍ˻Ŵͅ

˦8× ʺŴ2ĭè�D8ȠŘ"GÇĎ2ˈAEH'͆>'�4˨F× 4dP{�X4

įñ2DG˻Ŵ4įñ25ͅÂ�Ŧ2�G�/2ɚė�H'͆ 

2͆ãʘ2��G˨F× 4dP{�X2ǈ�1G/ͅ˹ƨFŁ~j�2��G®ŝʲɷ

2ĭèͅě˭ʲɷ5ȠŘ"GÇĎ2ˈAEH'͆ 

3͆ãʘ4˨F× 4dP{�X2ǈ�1G/ͅȊŬǄĎ4ġ̭ýç4ɨ)�2F2˻�

1GÇĎ2ˈAEH'͆ 

 

� ¦�4�/�Eͅǟɩ.5VgW`d�k4ãʘ2��G˨F× 4dP{�X5`d

�ksuS�z�`:Ɓ̮K��G�/2ɚė�H'͆ 
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ɬ 5 ɩ� ʀĉʿː 
 

� ɬ 3ɩ�D8 4ɩ.5ͅVgW`d�k2��GÜǜŀð�D8ãʘ4˨F× 4dP

{�X/��ʹȩ�EɔɦKʧ*'͆%4ɼǦ�1)VgW`d�k2��GÜǜŀð5`

d�ksuS�z�`2Ɓ̮"Gͅ2)ãʘ2��G˨F× 4dP{�X5`d�ksu

S�z�`2Ɓ̮"G�/2ɚė�H'͆¦�4ɼǦ�Eͅɬ 5ɩ.5VgW`d�k2

��Ǵ�`d�ksuS�z�`ȷƆ2Ƌʲ1ʲĜͅ�D8`d�k4Üǜŀð/ãʘ

2��G˨F× 4dP{�X4̙¼2+�-ʍŐ"G͆ 

 

5-1� VgW`d�k2��GÜǜŀð2`d�ksuS�z�`2��GƁ̮ 

� ǟɔɦ2��-ͅɬ 3ɩ.5VgW`d�k2��GÜǜŀð2`d�ksuS�z�

`2��GƁ̮2+�-ˀ˰ '͆VgW`d�k4Üǜŀð2��- COM4°ʉKã

ʘÆ2°ʉ"Gãʘʢ̏ĥ(Front)ŀð.5ãʘͅCOM4°ʉKƃʘÆ2°ʉ"Gƃʘʢ

̏ĥ(Rear)ŀð.5ƃʘ4çɈƲ2Ż�1G�/ͅCOM 4̓ɌǄĎ4°ʉ2́�<0ã

ʘͅCOM 4°ʉ2±�<0ƃʘ4çɈƲ2Ĳ3�1G�/2ɚė�H'͆>'́ͅ�˦

8× ȊŬ˻Ŵ.�*'Üǜŀð.5ͅ�ʓ�̙ɰ.Ĳ31çKɈƲ ͅ`d�kĄ.D

FĲ31ȊŬǄĎ4çɥ2Ƚƛ�H'�/2ɚė�H'͆Ìʧɔɦ2��-Bͅ�ʓɮç

C`d�k�2��GçńɉʍŐ�Éͅ�`d�ksuS�z�`2Ƌʲ1ʲĜ2+�

-ǋE�2�H-�G͆�ʓ4®ŝɮçCãʘ4ʛɭřƑɮç5 10m 4dP|/ͅǙƓ

1˗4ɍ̙̙¼2�G�/C(Beretić et al., 2013; Ȋʦ<�, 2015)ͅ�ʓɮçĎ�Kɋɉ

/ 'k��n�X2DFͅk�gW`d�k2��G˦8× ȊŬ˻Ŵ2Ď� '�/

2ĩĐ�H-�G(Breed and Young, 2003; Bishop et al., 2009)͆>'ͅX�v`d�k

2��G˦8× ȊŬ˻Ŵ5ͅȊŬǄĎ4çɥ2Ĳ3�<0́��/C(Vantorre et al., 

2010) CͅOM4˻ŴKè˻"G25ȊŬǄĎ4ġ̭ýç�D8çɥ2̏ʲ.�G�/2ĩ

Đ�H-�G(Slawson et al., 2013; Takeda et al., 2017)͆¦�4�/�EͅVgW`d�

k2��-́�˦8× ȊŬ˻ŴȷƆ25́ͅ�ȊŬǄĎ4ġ̭ýç�D8çɥKȽƛ"

G'A �ͅʓ.Ĳ31çKɈƲ"G�/2.3GŀðK/GƋʲ2�G�/2ʍ�EHG  ͆
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5-2� VgW`d�k2��G˨F× 4dP{�X2`d�ksuS�z�`:��G

Ɓ̮ 

� ɬ 4ɩ.5ͅVgW`d�k4ãʘ2��G˨F× 4dP{�X2`d�ksuS�

z�`2��GƁ̮2+�-ˀ˰ '͆VgW`d�k2��Gãʘ4˨F× 4dP{

�X2��-ͅ˨F× 4dP{�X2ǈ�1G/̓ͅɌ˻Ŵ5�Ď32˻�1Fͅ˦8

× ȊŬ˻Ŵ5ĭèB �5ȠŘ"GÇĎ2ˈAEH'͆�H5ͅãʘ2��G˨F× 

4dP{�X2ǈ�1G�/.˹ƨFŁ~j�2��G®ŝʲɷ4ĭèͅ�D8ě˭ʲɷ

4ȠŘ2DGB4.�G�/2ɚė�H'͆Ìʧɔɦ2��-B́ͅ�˦8× ȊŬ˻Ŵ

Ƚƛ25�ě˭ʲɷKȠŘ�$˦8× ʺŴK 0°¤˶2"GƋʲ2�G�/2ĩĐ�H-

�G(ȃȿ<�, 2006)  ͆'2*- VͅgW`d�k2��Gãʘ4˨F× 4dP{�X

5ͅ˦8× ʺŴˏƾ2È��/2ɚė�HG͆>'ͅãʘ5ƃʘ̨ġƃ2˪´KƷ�ͅ

˦8× ȊŬ˻ŴȽƛK]y�k (Takeda et al., 2017)ͅ˦ 8× ȊŬ˻ŴKȷƆ"G�

/DFB̹ˤ̨KȷƆ"G�/2˘ȶ"G�/(Slawson et al., 2013)ͅƃʘ(�.51�

ãʘB˦8× ȊŬ˻ŴȽƛ2˘ȶ"G�/2ĩĐ�H-�G(Benjanuvatra et al., 

2004)͆��.ͅãʘ2��G˨F× 4dP{�X2ǈ�1G/ƃʘ̨ġǏ4ãʘ�ʚ

bX}�kʺŴ4ŜǔʺŴ2Ĳ3�1GɼǦ2ƆEH'�/�EͅǏ	á	/įñ"G̙

ɰʺŴBįJG�/.ɮ4̕�-ç̙¼(Lieber, 1992)�Eç4ɈƲç2įJF̹ͅˤ̨C

®ŝʲɷ2Ɓ̮"Gãʘ.4ġ̭ýçCçɥ(Slawson et al., 2013; Ȏȿ<�, 2015b)4Ĳ

3�2įJG�/.ͅ`d�ksuS�z�`2Ɓ̮"G�/2ƮŐ�HG͆¦�4�/

�Eͅãʘ2��G˨F× 4dP{�X5ͅ`d�ksuS�z�`2Ɓ̮"GʲĜ4

�+.�G�/2ƮŐ�HG͆ 

 

� �ˀ4D�2ͅVgW`d�k2��-́�˦8× ȊŬ˻ŴKȷƆ"G'A25ͅ¦

�4�/2ɚė�H'͆ 

1)�ʓ.Ĳ31çKɈƲ ́ͅ�ȊŬǄĎ4çɥKȽƛ"G�/2.3GÜǜŀðKµG 

2)ě˭ʲɷKƢ�-®ŝʲɷK®6"�/2.3GdP{�X.ͅãʘ4˨F× Kʧ�

Ƌʲ2�G͆ 

 '2*-ͅVgW`d�k2��-ͅÜǜŀð�D8ãʘ2��G˨F× 4dP{�

XKʍƗ -`d�kKʧ�Ƌʲ2�G�/2ɚė�H'͆ 
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5-3� VgW`d�k2��GÜǜŀð/ãʘ2��G˨F× 4dP{�X4̙¼ 

� ɬ 4 ɩ2��Gʫ̿ʎ A �E E 4Üǜŀð2ɬ 3 ɩ.µƛ 'ŀð4�.ͅ04ŀð

2Ž-5>G�Kɖˈ ͅVgW`d�k4Üǜŀð/ãʘ2��G˨F× 4dP{�

X4̙¼2+�-ʍŐ '͆ɬ 4ɩ.4ʫ̿ʎ4Üǜŀð2��G´ůbX}�kͅʔ̙

ɰʺŴͅãƃʘ�̙ɰʺŴ2ͅɬ 3ɩ.4VgW`d�kÜǜŀð2ǗB˶¯ 'ŀðK

Ž-5A'(Table5-1)͆%4ɼǦͅʫ̿ʎ A4 COM4°ʉ5ƃǄ�D8±�°ʉͅʫ̿

ʎ E 4 COM 4°ʉ5ãǄ�D8́�°ʉ/ 'ŀð2˶��/2ˈAEH'͆�Ǆ.ͅ

ʫ̿ʎ B�D.5 COM4°ʉ5�̘�D8́�°ʉ.�G�/2ˈAEH'͆��.ͅ

ʫ̿ʎA4ãʘ4®ŝ4dP{�X50.19�0.15ɡ ʫ̿ͅʎE.50.18�0.14ɡ.�Fͅ

ãʘ4®ŝ4dP{�X2ċɭ.�*'2B��JE# ʫ̿ͅʎ A5ãʘ4®ŝ4dP{

�X2ǈ�1G2+H˦8× ȊŬ˻Ŵ5ĭè '2ͅʫ̿ʎ E5ȠŘ '͆¦�4�/

�EͅVgW`d�k4Üǜ°ʉ2ͅʫ̿ʎ A4D�2ƃʘʢ̏ĥ.�GĪĉͅãʘ4d

P{�X5 0.2 ɡDFǈ�Īĉ5`d�ksuS�z�`2́�2ͅãʘʢ̏.5`d�

ksuS�z�`2±�"GăʗƑ2ƮŐ�HG͆>'ͅãʘ4®ŝ4dP{�X5ͅʫ

̿ʎ B5 0.3�0.26ɡͅʫ̿ʎ C5 0.11�0.07ɡͅʫ̿ʎ D5 0.12�0.08ɡ.�*'͆

�HE4�/�EͅVgW`d�k4ŀð2�̘ʢ̏.�GĪĉͅ0.3 ɡDF®ŝ4dP

{�X2ǈ�/suS�z�`2́�1G�/2ƮŐ�HG͆ '2*-ͅVgW`d�

k4Üǜŀð2D*-ͅãʘ2��G̅ '˨F× 4dP{�X2įJG�/2ƮŐ�

HG͆ 

 

Table5-1͇ɬ 4ɩ2��Gʫ̿ʎ4Üǜŀð 

 

����	�����	�
���%��

��
A R0.59 11.81 

��
B N0.62 9.53 

��
C N0.63 11.44 

��
D N0.62 10.08 

��
E F0.62 19.56 



114 

5-4� ȺĪ:4ƍȾ 

� ɬ 2ɩ2-µƛ '^{���^��~j�5ͅ~j�4žƕȳƑKʜɀ2į�G�/

2.3G~j�.�G'Aͅ";-4œ˖ʎ2ƍȾ"G�/2.3G~j�.�G͆ '

2*-ͅɬ 2ɩ.µƛ '^{���^��~j�KȾ�G/ͅœ˖ʎ4bX}�k̕K

ȣŉ"G(�.ͅ%4œ˖ʎ2ǗB́�`d�ksuS�z�`KƆG�/2.3Gŀð

KƬɸ"G�/2ăʗ.�G/ʍ�EHG͆>'`d�kîµ4ȣŉ�EŵǷj�dKĀ

Ɔ"GƋʲ2�G2ͅɬ 4ɩ2-µƛ '~j�KȾ�G�/.ͅœ˖ʎ2ǗB́�`d

�ksuS�z�`KƆG�/2.3Gͅãʘ4˨F× 4dP{�XKƬɸ"G�/B

ăʗ.�G͆¦�4�/�Eͅǟɔɦ.ʧ*'ƝȒKȾ�G�/.ͅœ˖ʎ2ĉ*'Vg

W`d�ksuS�z�`Ď�4'A4ǄɄCͅk��n�XÓōKµƛ"G�/2Ƃɨ

-G�/2.3G/ʍ�EHG͆ 

 

5-5�  ƃ4ŝǚ 

� ǟɩ2��-`d�k4Üǜŀð2D*-Ǘ̅1ãʘ4˨F× 4dP{�X2̃��

/2ͅ5�4ʫ̿ʎ2��G 3ɤ̸4Üǜŀð�E4ƮŐ/1*'͆ ƃͅʫ̿ʎƽKĭ

C ͅVgW`d�k2��GÜǜŀðKĭC"�/.ͅɆ1GÜǜŀð%H&H2D*

-̅ 'ãʘ2��G˨F× 4dP{�XKǋE�2"G�/2.3G/ʍ�EHG͆ 
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ɬ 6 ɩ� ɼː 
 

� ǟɔɦ.5ͅɫȖVgW`d�k2��GÜǜŀð�D8˨F× 4dP{�X2`d

�ksuS�z�`:��GƁ̮2+�-ƽÃ^{���^��KȾ�-ǋE�2"G�

/Kɋɉ/ '͆%4ɼǦͅ 

 

1. VgW`d�k2��-́�˦8× ȊŬ˻ŴȷƆ25́ͅ �ȊŬǄĎ4ġ̭ýç�D

8çɥKȽƛ"G'Aͅ�ʓ.Ĳ31çKɈƲ"G�/2.3GÜǜŀðK/GƋʲ2�

G�/2ɚė�H'͆ 

2. VgW`d�k2��-́�˦8× ȊŬ˻ŴȷƆ25ͅ˹ ƨFŁ~j�2��Gě˭

ʲɷKƢ�ͅ®ŝʲɷKĭè"G�/2.3GdP{�X.ͅãʘK˨F×"Ƌʲ2�G

�/2ɚė�H'͆ 

3. VgW`d�k4Üǜŀð2D*-́ͅ�˦8× ȊŬ˻ŴKȷƆ"G�/2.3Gͅ

̅ 'ãʘ2��G˨F× 4dP{�X5įJG�/2ƮŐ�H'͆ 

 

�  '2*-ͅVgW`d�k2��-́�˦8× ȊŬ˻ŴȷƆ4'A25ͅ�ʓ.Ĳ

31çKɈƲ"G�/2.3GÜǜŀð�Éͅ�˦8× ȊŬ˻ŴKȷƆ"G�/2.

3GdP{�X.ãʘK˨F×"Ƌʲ2�G�/2ɚė�H'͆ 
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