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Movements in Baseball Swing Associated with 
Precision of Ball-Bat Contact Location 

A Study on Tee Batting in Collegiate Baseball Hitters 

6232150017-5� Jun Misaki 

Abstract 

Keywords: Kinematic variables㸪Multiple regression analysis㸪Multi-joint movement 

Background & Objective: 

Hitting a baseball is described as one of the most difficult tasks in any sports. For 

successful hitting, baseball hitters should accelerate the bat head within short 

duration, and lead the bat toward the appropriate location at the right timing. The 

previous study showed that variability of ball-bat contact location is associated with 

kinetic energy of batted ball. Although the biomechanical research focused on bat 

velocity and timing correction in baseball swing, the knowledge about kinematic 

factors associate with the precision of ball-bat contact location is still limited. This 

study aims to identify the kinematic characteristics that are associated with precision 

of ball-bat contact location in baseball hitters. 

Methods: 

Twenty-four collegiate baseball players participated in this study. The participants 

were instructed to hit a ball on the baseball tee toward the target board. After 

sufficient warm-up and practice hitting, they completed 20 swings. Movements of the 

bat and ball were recorded using two high-speed video cameras. Three-dimensional 

coordinates of the markers that attached to 39 body landmarks were tracked by motion 

capture system. For each participant, standard deviations (SDs) on short and long axes 

of the bat coordinate system were calculated as the indices of precision of ball-bat 

contact location. SDs of pelvis segment angles, trunk, and upper extremities angles 

were computed as parameters of movement variability of baseball swing. Multiple 



 

regression analyses were conducted at the point of swing starting (SS), beginning of 

mid swing (MID), beginning of late swing (LATE), and impact (IMP). 

Results: 

SDs in pelvic anterior/posterior angle at MID, LATE, IMP and SD in lead wrist 

radial/ulnar deviation at IMP were identified as the significant predictors of the 

precision of ball-bat contact location on the long axis of the bat. It was also confirmed 

that SD in trunk joint lateral flexion angle at SS, SDs of pelvis lateral tilt angle and 

trail shoulder horizontal abduction/adduction angle at MID, and SD of lead shoulder 

elevation angle at IMP were selected as the significant predictors of the precision of 

ball-bat contact location on the short axis of the bat. 

Discussion: 

The results indicate that variability in pelvis, trunk, and shoulder joint angles is 

associated with the precision of ball-bat contact location. Kinematic data retrieved 

from this study and the previous research demonstrated that those angles do not have 

large range of motion during swing. Therefore, hitters with highly precise ball-bat 

contact location might have the movement strategy that stabilizes pelvis posture as 

well as trunk and shoulder angles during swing. 

Conclusion: 

It was concluded that collegiate baseball hitters with highly precise bat control 

ability have the movement strategy that stabilizes pelvis posture, trunk and shoulder 

angle during swing. 
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�� ◊✲⫼ᬒ 

㔝⌫ᡴᧁࡣ㸪ࡿࡅ࠾࡟ࢶ࣮࣏ࢫ㐠ືㄢ㢟ࡢ୰࡛㸪㐙⾜ࡀᴟ࡚ࡵᅔ㞴࡞ㄢ㢟ࢀࡽ▱࡚ࡋ࡜

㸪1ࡶ࡚࠸࠾࡟㔝⌫㑅ᡭࣟࣉ࠸㧗ࡢ‽㸪ᢏ⾡Ỉ࡟㸦Mihoces㸪2003㸧㸬ᐇ㝿ࡿ࠸࡚ ࣥࢬ࣮ࢩ

ࡀ⋠ᡴᧁᡂຌࡢ 3 ๭⛬ᗘ࡛ඃ⚽࡜ホ౯ࡿ࠶࡛࡝࡯ࡿࢀࡉ㸬࡟࠺ࡼࡢࡇ㔝⌫ᡴᧁࡀᅔ㞴࡛࠶

ࡢ㸪ୗグࡣ࡚ࡋ࡜⏤⌮࡞୺ࡿ 3 Ⅼࡀᣲࡿࢀࡽࡆ㸬 

1)�  ⣙ 150 ms ⣙ࢆඛ➃㒊ࡢࢺࢵࣂ㸪࡟㛫ࡢ 30 m/s  ࡜ࡇࡿ࠶ࡀᚲせࡿࡏࡉ㏿ຍ࡛ࡲ

 

2)� ࡶ࡚ࡗ࠶࡛࠿ࡎࢃࡀࢢ࣑ࣥ࢖ࢱࡢ㸧㇟⌧ࡿࡍ✺⾪ࡀࢺࢵࣂ࡜࣮ࣝ࣎㸦ࢺࢡࣃࣥ࢖ 

 ࡜ࡇࡿࢃኚࡃࡁ኱ࡀᡴ⌫㏿ᗘࡸ㸪ᡴ⌫᪉ྥ࡛࡜ࡇࡿࢀࡎ

 

3)� 㸪࡛࡜ࡇࡿࢀࡎࡶ࡚ࡗ࠶࡛࠿ࡎࢃࡀ⨨఩ࡢࢺࢵࣂࡿࡍᑐ࡟࣮ࣝ࣎ࡢ᫬Ⅼࢺࢡࣃࣥ࢖ 

ᡴ⌫᪉ྥࡸᡴ⌫㏿ᗘࡀ኱ࡃࡁኚ࡜ࡇࡿࢃ 

ࢆ㏿⌫ 40 m/s ࢺ࣮ࣞࣉ࣒࣮࡚࣍ࢀࡉࢫ࣮ࣜࣜࡀ࣮ࣝ࣎ࡽ࠿ᡭࡢሙྜ㸪ᢞᡭࡓࡋ௬ᐃ࡜

ࡣ᫬㛫ࡢ࡛ࡲࡿࡍ㐩฿࡟ 425 ms ࠿どぬ᝟ሗࡢ➼㌶㐨࣭ᅇ㌿࣮ࣝ࣎ࡢᚋࢫ㸬࣮ࣜࣜࡿ࠶࡛

᫬㛫㸦⣙ࡿࡍ ணࢆ⨨㐩᫬㛫࣭఩฿ࡢ࣮ࣝ࣎ࡽ 275 ms㸧ࢆ⪃៖࡜ࡿࡍ㸪࠸⏝࡟ࢢࣥ࢖ࢫ

⣙ࡣ᫬㛫࡞⬟ྍࡀ࡜ࡇࡿ 150 ms 㸦Tresilian㸪2004; ᅗࡿ࡞࡜ 1㸧㸬 
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Ī 1� 40 m/s8ƩȳNƢƾ'K̟8���ë́ǘ̔ 

�H;eS�^ǘ̺̔Tresilian̼2004NĈʓ7ÁĪ̻ 

 

H/2̼̍ȳƢʔ9̼"8M(�6ǘ̔à3vlp~lqNö˸$)̼S�w]pN˳

�K"476K̾A,̼xlpƓ8ƢȳNǃ0"4N²Ő'K4̼S�w]p8iS��

^7� KˇŕˑŪ9̼ɻ 10 ms3�K̺Tresilian 2̼004̻̾ 40 m/s3Ʃ&IL,���

N�����7'KĹĕ79̼S�w]p8iS��^7� KˇŕˑŪ9 2.5 ms46

K̺Tresilian̼2004̻̾  

$I7̼̍ȳĹ7��2xlpƓ8ƢȳNƢ0"4N²Ő'K4̼S�w]p½ʎ7�

 Kvlpɕˮ̺ �� ǌ̻ę=8ˇŕˑŪ9 8̼.0 mm3�K4$LK̺ Bahill & Baldwin̼

2008; Ī 2̻̾ A,̼S�w]p½ʎ8vlp̑ˮǌę8ˇŕˑŪ9̼100.0 mm3�K

̺Higuchi et al.̼2013̻̾  

40 m/s�

17 m�

275 ms�150 ms�

�	���� ��	���� ��
��
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ᅗ 2�  チᐜㄗᕪࡢ఩⨨㸦▷㍈᪉ྥ㸧ࢺࢡࣃࣥ࢖ࡢୖࢺࢵࣂ

㸦Bahill & Baldwin㸪2008  సᅗ㸧࡟⪄ཧࢆ

 

࣑ࣥ࢖ࢱ (ቑ኱㸪2ࡢᗘ㏿ࢢࣥ࢖ࢫ (㸪1ࡣ࡟ࡵࡓࡍṧࢆ⦼㸪㔝⌫ᡴᧁ࡛ዲᡂ࡟࠺ࡼࡢࡇ

㔝⌫ᡴᧁࡢ㸬ᚑ᮶ࡿ࠶ᚲ㡲࡛ࡀపῶࡢㄗᕪࡢ⨨఩ࢺࢡࣃࣥ࢖ࡢୖࢺࢵࣂ (పῶ㸪3ࡢㄗᕪࢢ

࡚ࢀࡉ࡞ࡀウ᳨ࡿࡍ㛵࡟సせᅉືࡿࡍ㛵㐃࡟ࡽࢀࡇ㸪ࡣ࡛✲◊ࢫࢡࢽ࣓࢝࢜࢖ࣂࡿࡍ㛵࡟

 㸬ࡓࡁ

ḟ 1-2 ⠇࡛ࡣ㸪㔝⌫ᡴᧁࡿࡅ࠾࡟ ఩ࡢࢺࢵࣂ (ไᚚ㸪3ࢢ࣑ࣥ࢖ࢱ (ᗘ㸪2㏿ࢢࣥ࢖ࢫ (1

⨨ไᚚ࡟㛵࠸⾜ࢆ࣮ࣗࣅࣞࡢ⫣ᩥࡿࡍ㸪ᚑ᮶ࡢ㔝⌫ᡴᧁ◊✲ࡿࡅ࠾࡟ㄢ㢟ࢆ᫂ࡿࡍ࡟࠿ࡽ㸬 

 ࢺࢵࣂ

▷㍈᪉ྥࡢ 
チᐜㄗᕪ 

㸦8.0 mm㸧 

 ࡢࢺࢵࣂ

⛣ື᪉ྥ 

ᚋ᪉ࡢ࡬ 
 ࣝ࢘࢓ࣇ

ෆ㔝ࡢ࡬ 
㧗࢖ࣛࣇ࠸ 

እ㔝ࡢ࡬ 
㧗࢖ࣛࣇ࠸ 

ෆ㔝ࣟࢦ 
㸦ࢺ࢘࢔㸧 

ప࣮ࢼ࢖ࣛ࠸ 

 ࣮ࢼ࢖ࣛ

 ࢖ࣛࣇ

እ㔝࢖ࣛࣇ 
㸦ࢺ࢘࢔㸧 

58
.2

5
R  -22.72 R 

9.25R 

48
.7

7
R  

39.3
1
R  

31.39
R  

15.20R
 23.04

R 

8.37R 

10.04R 

ෆ㔝1.38 ࣟࢦR 
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��  ࣮ࣗࣅࣞ⫣ᩥ

ᮏ⠇࡛ࡣ㸪ᚑ᮶ࡢ㔝⌫ᡴᧁ◊✲ࡿࡅ࠾࡟ㄢ㢟ࢆ᫂ࡵࡓࡿࡍ࡟࠿ࡽ㸪1) ࢢࣥ࢖ࢫ㏿ᗘ㸪2) 

ࣗࣅ㸪ࣞ࠾࡞㸬࠺⾜ࢆ࣮ࣗࣅࣞࡢ✲◊⾜ඛࡿࡍ㛵࡟఩⨨ไᚚࡢࢺࢵࣂ (ไᚚ㸪3ࢢ࣑ࣥ࢖ࢱ

➼㸪Ꮫ఍ᢒ㘓࣭Ꮫ఩ㄽᩥࡋ࡜ཎⴭㄽᩥࡢⱥᩥࡧࡼ࠾࿴ᩥࡓࢀࡉᥖ㍕࡟㸪Ꮫ⾡ㄅࡣ㇟ᑐࡢ࣮

 㸬ࡓࡋ㝖እࡽ࠿㇟ᑐࡣ

1-2-1� 㔝⌫ᡴᧁࢢࣥ࢖ࢫࡿࡅ࠾࡟㏿ᗘ࡟㛵ࡿࡍ◊✲ 

㔝⌫ᡴᧁࢢࣥ࢖ࢫࡿࡅ࠾࡟㏿ᗘࡣ࡚࠸ࡘ࡟㸪୺࣮࢕ࢸ࡟ᡴᧁࡸヨྜ᫬ࡢᡴᧁືసࢆᑐ㇟

㸪኱Ꮫ㔝⌫㑅ᡭ࣭♫఍ே㔝⌫㑅ᡭࡣ㸦2008㸧ࡽ㸬ᕝᮧࡿ࠸࡚ࢀࢃ⾜ࡀウ᳨ࡓࡋ࡜ 16 ࢆྡ

ᑐ㇟࣮࢕ࢸ࡟ᡴᧁࡏࢃ⾜ࢆ㸪ࡢࡑ㝿ࡢᡴᧁືసࢆ㐠ືᏛⓗ࡟ศᯒࡓࡋ㸬ࡢࡑ⤖ᯝ㸪㸦ࢺࢵࣂ

㸪1) つ᱁࡚ࡋ࡜ᚩ≉ࡢ⩌⪅ᡴ࠸㧗ࡀᗘ㏿ࢻࢵ࣊ࢺࢵࣂ㸧ࡓ࡭ẚ࡜⩌⪅ᡴ࠸పࡀᗘ㏿ࢻࢵ࣊

໬᫬㛫 0㸫10 %᫬ 5࣭0㸫70 %᫬࡚࠸࠾࡟ᢲᡭഃ⫪㛵⠇ࡢෆ㌿࣭Ỉᖹෆ㌿ゅᗘࡀ᭷ព࡟኱ࡁ

㸪40㸫70 %᫬ࡃ 9࣭0㸫100 %᫬࡚࠸࠾࡟ᢲᡭഃ⫝㛵⠇ࢆ᭷ព࡟ᒅ᭤࡜ࡇࡿ࠸࡚ࡏࡉ㸪2) ࢖

ᅇࡢ⭎ᘬᡭ๓࡚࠸࠾࡟㸪50㸫70 %᫬ࡃࡉᑠ࡟᭷ពࡀᅇእࡢ⭎ᢲᡭ๓࡚࠸࠾࡟᫬Ⅼࢺࢡࣃࣥ

ෆࡀ᭷ព࡟኱ࡃࡁ㸪20㸫30 %᫬࡚࠸࠾࡟ᡭ㛵⠇ࡢ⫼ᒅࡀ᭷ព࡟኱ࡀ࡜ࡇ࠸ࡁ᫂ࡗ࡞࡟࠿ࡽ

㸪つ᱁໬᫬㛫ࡾ࠾࡚ࡋ࡜ゎᯒ༊㛫ࢆᒁ㠃ࢢࣥ࢖ࢫࡣሗ࿌ࡢࡇ㸪࠾࡞㸬ࡓ 㛤ࢢࣥ࢖ࢫࡀ% 0

ጞ᫬Ⅼ㸪つ᱁໬᫬㛫  㸬ࡿ࠸࡚ࡋ♧ࢆ᫬Ⅼࢺࢡࣃࣥ࢖ࡀ% 100

ࡓࡋฟሙ࡟㸪ୡ⏺኱Ꮫ㔝⌫㑅ᡭᶒ኱఍ࡣ㸦2012㸧ࡽ㸪Ⲩᮌࡓࡲ 15 㸪࡟㇟ᑐࢆ⪅ᡴࡢྡ

ヨྜ᫬࡟እゅ⌫ࢆᡴᧁࡓࡋ㝿ືࡢసࢆ㐠ືᏛⓗ࡟ศᯒࡋ㸪ࢻࢵ࣊ࢺࢵࣂ㏿ᗘࢆ㧗ࡵࡓࡿࡵ

㸪1) ㋃࡚ࡋ࡜ᚩ≉ࡢ⪅ᡴࡓࡗ࠿㧗ࡀᗘ㏿ࢻࢵ࣊ᯝ㸪⤖ࡢࡑ㸬ࡓࡋウ᳨࡚࠸ࡘ࡟సせᅉືࡢ

ฟ㊊㸦ྑᡴ⪅ࡢᕥ㊊㸧᥋ᆅ᫬ࡢ㌟య㔜ᚰ఩⨨ࡀᕥྑ㊊ࡢ୰ᚰ௜㏆࡟఩⨨࡜ࡇࡿ࠸࡚ࡋ㸪2) ᘬ

ᡭ㸦ྑᡴ⪅ࡢᕥᡭ㸧ࡢᒅ᭤ゅᗘึࢢࣥ࢖ࢫࡀᮇ࡟ᑠ࡜ࡇ࠸ࡉ㸪3) ࢢࣥ࢖ࢫᚋᮇࢢ࡚࠸࠾࡟

ྑࡢ⪅㍈㊊㸦ྑᡴ࡚࠸࠾࡟ᚋᮇࢢࣥ࢖ࢫ (㸪4࡜ࡇ࠸ࡁ኱ࡀᗘ㏿ࡢ࡬ᢞᡭ᪉ྥࡢᗘ㏿ࣉࢵࣜ

㊊㸧ࡢᗏᒅゅᗘ࣭ୖ⬗ࡢᅇ᪕ゅᗘኚ఩ࡀ኱ࡀ࡜ࡇ࠸ࡁ᫂ࡓࡗ࡞࡟࠿ࡽ㸬 

ᐃ㔞໬ࢆ⫣㐠ືᏛⓗ㈉ࡢ⊫యᖿ࣭ୖࡿࡍᑐ࡟ᗘ㏿ࢢࣥ࢖ࢫ㸪ࡣ㸦2013㸧ࡽ㸪᳃ୗ࡟ࡽࡉ

⪅㸪኱Ꮫ㔝⌫ᡴࡃ࡭ࡿࡍ 17 ๓┤ࢺࢡࣃࣥ࢖ᯝ㸪⤖ࡢࡑ㸬ࡓࡋศᯒࢆᡴᧁືస࣮࢕ࢸࡢྡ

ࡶ᭱ࡀ⫣㈉ࡢᗘ㏿ࡓࡋฟࡳ⏕࡚ࡗࡼ࡟ᅇ㌿㐠ືࡢ㸪ᡭ㛵⠇ࡣ࡚ࡋᑐ࡟ᗘ㏿ࢻࢵ࣊ࢺࢵࣂࡢ
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኱ࡃࡁ㸪⥆࡚࠸ୗ⬗㛵⠇࡜㦵┙ࡢᅇ㌿㐠ື㸪ୖ⬗㛵⠇㸪㦵┙ࡢ୪㐍㐠ືࡢ㡰࡟኱࡜ࡇ࠸ࡁ

 㸬ࡓࢀࡉ♧ࡀ

ୖグ 3 㸪኱Ꮫ㔝ࡣ㸦2015㸧ࡽ㸬୍᪉㸪᳃ୗࡿ࠶ウ᳨࡛࡞㐠ືᏛⓗࡶࢀࡎ࠸㸪ࡣሗ࿌ࡢ௳

⌫ᡴ⪅ 17 ࡀᡂศྛࡢຊ⣔ࡓ࠼ຍ࡟ࢺࢵࣂࡀ୧ᡭࡢ⪅㸪ᡴࡏࢃ⾜ࢆᡴᧁ࣮࢕ࢸ࡟㇟ᑐࢆྡ

ᗘ㏿ࢻࢵ࣊ࡢ᫬ࢺࢡࣃࣥ࢖ᯝ㸪⤖ࡢࡑ㸬ࡓࡋฟ⟭ࢆ㈉⊩ᗘࡿࡍᑐ࡟ᗘ㏿ࢢࣥ࢖ࢫࡍࡽࡓࡶ

࡚ࡗࡼ࡟୧ᡭྜຊࡓ࠼ຍ࡟᪉ྥࢻ࢚ࣥࣉࢵࣜࢢ࡚ࡋᑐ࡟㛗㍈ࢺࢵࣂࡀ୧ᡭ㒊ࡢ⪅㸪ᡴࡣ

70 %㸪୧ᡭ࡚ࡗࡼ࡟ࢡࣝࢺ 㸪㏆ᖺ࡟ࡽࡉ㸬ࡓࡗ࡞࡜࠿ࡽ᫂ࡀ࡜ࡇࡿ࠸࡚ࢀࡉᡂ⏕ࡀ% 25

ࢆࢺࢵࣂࡓࡋෆⶶࢆࢧࣥࢭ㸪ᅽຊ࡚࠸ࡘ࡟ຊᏛⓗせᅉືࡿࢃ㛵࡟ᗘ⏕ᡂ㏿ࢢࣥ࢖ࢫ㸪ࡣ࡛

ሗࡢ㸦2015㸧ࡽ㸦Koike et al.㸪2016a㸪2016b㸧㸬᳃ୗࡿ࠸࡚ࢀࢃ⾜ࡀウ᳨࡞ヲ⣽ࡓ࠸⏝

࿌ࡴྵࢆᚑ᮶ࡣ࡛✲◊ࡢ㸪࡜ࢺࢵࣂ୧ୖ⫥ࡀ㐃⤖࡛࡜ࡇࡿࡍᙧᡂࡿࢀࡉ㛢࣮ࣝࣉၥ㢟ࡢᙳ

㡪ࡾࡼ࡟㸪ᕥྑୖࡢ⫥࡛Ⓨ᥹ࡢࢡࣝࢺࡿࢀࡉ⟬ฟࡀ୙ྍ⬟࡛ࡓࡗ࠶㸬ࡽࡀ࡞ࡋ࠿ࡋ㸪ୖ㏙

㸪࡜ᵓ⠏ࣝࢹࣔࢡ๛యࣜࣥࡢ㸪඲㌟ࡾࡼ࡟࡜ࡇࡓࢀࡉ㛤Ⓨࡀࢺࢵࣂࡓࡋෆⶶࢆࢧࣥࢭᅽຊࡢ

 㸦Koike et al.㸪2016a㸪2016b㸧㸬ࡓࡗ࡞࡜⬟ྍࡀຊᏛⓗゎᯒືࡓࡵྵࢆ⊫ୖ

㸪㐠ືᏛ࣭ືຊᏛⓗࡣ࡚࠸ࡘ࡟㔝⌫ᡴᧁືసࡍฟࡳ⏕ࢆᗘ㏿ࢢࣥ࢖ࢫ࠸㸪㧗࡟࠺ࡼࡢࡇ

ࢫ࣐࣮࢛ࣥࣇࣃ࡜ᐃ ࡢᗘ㏿ࢢࣥ࢖ࢫ㸪ࡣ࡚ࡋ࡜⏤⌮ࡢࡇ㸬ࡿ࠸࡚ࢀࡉ࡞ࡃከᩘࡀウ᳨࡞

ᣦᶆࡢ࡚ࡋ࡜ゎ㔘ࡀᐜ࡛᫆࡜ࡇࡿ࠶㸪㌟యࡢ㐠ືᏛ࣭ືຊᏛⓗኚᩘࢢࣥ࢖ࢫ࡜㏿ᗘࡢ㛵ಀ

ᛶࢆ⪃ᐹࡿࢀࡽ࠼⪄ࡀ࡜ࡇ࠸ࡍࡸࡋ㸬 

1-2-2� 㔝⌫ᡴᧁࢢ࣑ࣥ࢖ࢱࡿࡅ࠾࡟ไᚚ࡟㛵ࡿࡍ◊✲ 

㔝⌫ᡴᧁࢢ࣑ࣥ࢖ࢱࡢไᚚ࡟㛵ࡣ࡚ࡋ࡜✲◊ࡿࡍ㸪LED ࡿࡏࡉⅬⅉ࡟ࠎ㡰࡭୪࡟ิ୍ࢆ

ᢞ⌫ࡓ࠸⏝ࢆࢱ࣮࣑ࣞࣗࢩศᯒࡀ୺ࡓࡁ࡚ࢀࢃ⾜࡟㸬Matsuo et al.㸦1993㸧ࡣ㸪ࡢࡇᢞ⌫

࡚࠸⏝ࢆࢱ࣮࣑ࣞࣗࢩ 28 m/s㸦ప㏿᮲௳㸧ࡧࡼ࠾ 36 m/s㸦㧗㏿᮲௳㸧ࡢ㏿ᗘࡢᢞ⌫ࢆ␲

ఝⓗ࡟෌⌧ࡋ㸪↓సⅭ࡟࿊♧ࡿࢀࡉప㏿࣭㧗㏿ࡢどᶆࡿࡏࢃ⾜ࢆࢢࣥ࢖ࢫ࡚ࡏࢃྜ࡟ㄢ㢟

⪅ᡴࢆ 10 ࡚ࡋᑐ࡟ྡ 1 ࡟㸪௓ධᚋ࡚࠸࠾࡟⪅ᡴࡢ඲࡚ࡰ࡯ᯝ㸪⤖ࡢࡑ㸬ࡓࡏࢃ⾜᭶㛫࠿

どᶆ฿㐩ࡢ࡛ࡲࢺࢡࣃࣥ࢖ࡽ࠿᫬㛫ࡢῶᑡ㸦ࢢ࣑ࣥ࢖ࢱㄗᕪࡢῶᑡ㸧ࡀ☜ㄆࡓࢀࡉ㸬ࡓࡲ㸪

ప㏿᮲௳࡟ẚ࡭㸪㧗㏿᮲௳࡟ᑐࡿࡍ㐺ᛂࡀ᪩ᮇ࡟ぢࡽ࠿࡜ࡇࡓࢀࡽ㸪᪩ᮇࢆࢢࣥ࢖ࢫ࡟㛤

ጞࡏࡉ㸪ࡢࡑᚋ࡟ᢞ⌫㏿ᗘࢆࢢࣥ࢖ࢫ࡚ࡏࢃྜ࡟ㄪᩚࡿࡍ᪉␎ࢢ࣑ࣥ࢖ࢱࡀㄗᕪࡢపῶ࡟

㐺ࡀ࡜ࡇࡿ࠸࡚ࡋ♧၀ࡓࢀࡉ㸬ࡓࡲ㸪Matsuo & Kasai㸦1994㸧ࡣ㸪ྠᵝࡢᢞ⌫࣑ࣞࣗࢩ
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࡚࠸⏝ࢆࢱ࣮ 5 ᪉ࡿࢃ㛵࡟ไᚚࢢ࣑ࣥ࢖ࢱ㸪࠸⾜ࢆᐃ ࡢ༢ᅇ࡚ࡋᑐ࡟⪅኱Ꮫ㔝⌫ᡴࡢྡ

ᐃ୍ࡣ᫬้ࡢ㛤ጞࢢࣥ࢖ࢫ㸪ࡶሙྜ࡛ࡿ࡞␗ࡀ௳ᯝ㸪㏿ᗘ᮲⤖ࡢࡑ㸬ࡓࡋウ᳨࡚࠸ࡘ࡟␎

࡜ࡇࡿࡍヨᢏ㛫࡛ኚືࡣ᫬㛫ࡿ࠿࠿࡟ࢢࣥ࢖ࢫ㸪ࡶሙྜ࡛ࡢ୍ྠࡀ௳㸪㏿ᗘ᮲࡜ࡇࡿ࠶࡛

 㸬ࡓࡗ࡞࡟࠿ࡽ᫂ࡀ

㏆ᖺ࡛ࡣ㸪Ohta et al.㸦2015㸧ྠࡀᵝࡢᢞ⌫ࢢ࣑ࣥ࢖ࢱ࡚࠸⏝ࢆࢱ࣮࣑ࣞࣗࢩไᚚ࡟㛵

ᗘኚ໬࣭↓ኚ㏿ࡢ㸪どᶆࡣ㸬Ohta et al.㸦2015㸧ࡿ࠸࡚ࡋウ᳨࡚࠸ࡘ࡟㔝⌫ᡴᧁືసࡿࢃ

໬᮲௳ࡀ↓సⅭ࡟࿊♧ࡿࢀࡉタᐃ࡚࠸࠾࡟㸪኱Ꮫ㔝⌫ᡴ⪅ 11 㟁➽ࡢ➽㋃ฟ⬮እഃᗈࡢྡ

ᅗࢆ ᐃࡓࡋ㸬ࡢࡑ⤖ᯝ㸪㏿ᗘ↓ኚ໬᮲௳ࡿࡅ࠾࡟➽㟁ᅗἼᙧࡀ༢┦ᛶ㸦➽㟁ᅗἼᙧ࠾࡟

ᗘ㸧୍࡛ࡀࢡ࣮ࣆࡢ᣺ᖜࡿࡅ ➽༢┦ᛶ࣭஧┦ᛶ㸦ࡣ࡚࠸࠾࡟௳㸪㏿ᗘኚ໬᮲ࡋᑐ࡟ࡢࡓࡗ࠶

㟁ᅗἼᙧࡿࡅ࠾࡟᣺ᖜࡀࢡ࣮ࣆࡢ஧ᗘ㸧ࡢ 2 ✀㢮ࡢἼᙧࡀほᐹࡓࢀࡉ㸬ࡓࡲ㸪஧┦ᛶࡢἼ

ᙧࡀぢࡓࢀࡽヨ⾜ࡣ࡚࠸࠾࡟㸪ࢺࢡࣃࣥ࢖᫬㛫࡜➽㟁ᅗ᣺ᖜ᭱ࡀ኱್࡟㐩ࡢ࡛ࡲࡿࡍ᫬㛫

᭷ࡀ᫬㛫ㄗᕪࡢࢺࢡࣃࣥ࢖㸪࡭ẚ࡟⾜ヨࡓࢀࡽぢࡀἼᙧࡢ㸪༢┦ᛶࡾ࠾࡚ࡋᘏ㛗࡟᭷ពࡀ

ព࡟ῶᑡࡀ࡜ࡇࡿ࠸࡚ࡋ᫂ࡓࡗ࡞࡟࠿ࡽ㸬 

୍᪉࡛㸪ᢞ⌫ࡎࡽ࡞ࡳࡢࢱ࣮࣑ࣞࣗࢩ㸪ࡿࡼ࡟ࣥࢩ࣐ࢢࣥࢳࢵࣆᢞ⌫᳨ࡓ࠸⏝ࢆウ࡞ࡶ

㸪6ࡣ㸬Katsumata㸦2007㸧ࡿ࠸࡚ࢀࡉ ࣎ࡢᢞ⌫㏿ᗘࡿ࡞␗㸪࡟㇟ᑐࢆ⪅኱Ꮫ㔝⌫ᡴࡢྡ

࣮ࣝ㸦ప㏿࣭㧗㏿᮲௳㸧ࢆᡴᧁࡓࡋ㝿ࡢᗋ཯ຊࢆ ᐃࡋ㸪᮲௳㛫࡛ࡢẚ㍑ࡓࡗ⾜ࢆ㸬ࡢࡑ

⤖ᯝ㸪㋃ฟ㊊ࡢ᥋ᆅࡧࡼ࠾๓᪉ࡢ࡬㊊ᅽ୰ᚰ⛣ືࡣࢢ࣑ࣥ࢖ࢱࡢ㸪ᢞ⌫㏿ᗘ࡟ᛂ࡚ࡌኚ໬

 㸦21 m/s࣭28 m/s࣭35࣮ࣝ࣎ࡿ࡞␗ࡢ㏿⌫㸪ࡣ㸦2008㸧ࡽ㸬㧗ᮌࡓࢀࡉ♧ࡀ࡜ࡇࡿ࠸࡚ࡋ

m/s㸧ࢆ኱Ꮫ㔝⌫ᡴ⪅ 29 ᯝ㸪⤖ࡢࡑ㸬ࡓࡋウ᳨࡟㐠ືᏛⓗࢆసືࡢ㝿ࡢࡑ,ࡏࡉᡴᧁ࡟ྡ

࠾㸪ୖ⬗㒊࡟ࡶ࡜࡜ࡿࡍࡃࡉᑠࢆ୪㐍⛣ື㊥㞳ࡢ㌟య㔜ᚰ ,ࡣ࡚࠸࠾࡟௳᮲࠸ࡁ኱ࡀ㏿⌫

 㸬ࡓࡗ࡞࡟࠿ࡽ᫂ࡀ࡜ࡇࡿ࠸࡚ࡗ࡜ࢆ␎స᪉ືࡿࡍࡃࡉᑠࢆᅇ㌿ືస⠊ᅖࡢࢺࢵࣂࡧࡼ

ࢃ⾜ࢆண࿌࡜㸧ࡾ࠶♧᮲௳㸦⌫㏿ᥦࡓࡋண࿌ࢆ㏿⌫࡟⪅㸪ᡴࡣ㸦2010a㸧ࡽ㸪㧗ᮌࡓࡲ

⪅኱Ꮫ㔝⌫ᡴࢆ࣮ࣝ࣎ࡿ࡞␗ࡢ㏿⌫㸪ࡋタᐃࢆ㸧ࡋ࡞♧᮲௳㸦⌫㏿ᥦ࠸࡞ 19 ࡉᡴᧁ࡟ྡ

࣮ࣝ࣎㸪ࡎࡽࢃ㛵࡟↓᭷ࡢ♧ᯝ㸪⌫㏿ᥦ⤖ࡢࡑ㸬ࡓࡋウ᳨ࢆᚩ≉ࡢᡴᧁືసࡢ㝿ࡢࡑ㸪ࡏ

㏿ᗘࡀ኱࠸ࡁሙྜ㸪ᡴ⪅ࡣ㌟య㔜ᚰࡢ⛣ື㊥㞳ࡋ⦰▷ࢆ㸪యᖿࡢ᤬᭱ࡀࡾ኱ࡿ࡞࡜᫬Ⅼ࠿

㸬୍᪉㸪ࡓࡗ࡞࡟࠿ࡽ᫂ࡀ࡜ࡇࡿ࠸࡚ࡋࡃࡉᑠࢆᅇ㌿ືస⠊ᅖࡢ⬗ୖࡢ࡛ࡲࢺࢡࣃࣥ࢖ࡽ

⌫㏿ᥦ♧ࡣ࡛ࡋ࡞㸪㋃ฟ㊊᥋ᆅࡽ࠿ୗ⬗㒊ࡢゅ㏿ᗘ᭱ࡀ኱್ࡍ♧ࢆ᫬Ⅼࡢ࡛ࡲ᫬㛫ࢆㄪᩚ

ࡉ♧ࡀ࡜ࡇࡿ࠸࡚ࡗᅗࢆㄪ⠇ࢢ࣑ࣥ࢖ࢱࡿࡍᑐ࡟࣮ࣝ࣎ࡢ㏿⌫ࡿ࡞␗㸪࡚ࡗࡼ࡟࡜ࡇࡿࡍ
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 㸬ࡓࢀ

ຊᏛⓗせࡿࡅ࠾࡟ᡴᧁືసࡿࡍᑐ࡟࣮ࣝ࣎ࡿ࡞␗ࡢ㏿⌫㸪ࡣ㸦2010b㸧ࡽ㸪㧗ᮌ࡟ࡽࡉ

ᅉ᳨ࡶ࡚࠸ࡘ࡟ウࡿ࠸࡚ࡋ㸬ࡢࡇሗ࿌࡛ࡣ㸪኱Ꮫ㔝⌫ᡴ⪅ 29 ࢆ࣮ࣝ࣎ࡢᗘ㏿ࡿ࡞␗ࡀྡ

ᡴᧁࡓࡋ㝿ືࡢసࡀศᯒࡾ࠾࡚ࢀࡉ㸪ୗ⫥࣭యᖿ㒊࡟స⏝ࡿࡍ㛵⠇ຊࡧࡼ࠾㛵⠇ࡀࢡࣝࢺ

⟬ฟࡓࢀࡉ㸬ࡢࡑ⤖ᯝ㸪࣮ࣝ࣎㏿ᗘࡢ኱࠸ࡁ᮲௳࡛ࡣ㸪ᢞᡭ᪉ྥࡢ࡬㌟య࡟ື⛣ࡢ㛵୚ࡍ

ࡲ᫬Ⅼࡿࡍ㐩฿࡟኱್᭱ࡀ㌟య㔜ᚰ㏿ᗘࡽ࠿㋃ฟ㊊᥋ᆅ࡚ࡋ࡜せᅉࡢࡇ㸪ࡃࡉᑠࡀ✚ຊࡿ

᮲࠸ࡁ኱ࡢᗘ㏿࣮ࣝ࣎㸪ࡓࡲ㸬ࡓࡗ࡞࡟࠿ࡽ᫂ࡀ࡜ࡇࡿ࠸࡚ࡋᙳ㡪ࡃࡁ኱ࡀస᫬㛫ືࡢ࡛

࡟ୗ⬗ᅇ㌿ᡂศࡀࢡࣝࢺ㛵⠇ᒅ᭤⊨ࡢ㸪㋃ฟ㊊ഃࢡࣝࢺ㛵⠇እ㌿⊨ࡢ㸪㍈㊊ࡣ࡚࠸࠾࡟௳

኱ࡃࡁస⏝ࡓࢀࡉ♧ࡶ࡜ࡇࡿ࠸࡚ࡋ㸬 

࠿㸪㐠ືᏛ࣭ືຊᏛⓗほⅬࡣ✲◊ࡢ㔝⌫ᡴᧁືసࡿࡍ㛵࡟ไᚚࢢ࣑ࣥ࢖ࢱ㸪࡟࠺ࡼࡢࡇ

 㸬ࡿ࠶࡛࠿ࡽ᫂ࡀ࡜ࡇࡿ࠶ᐩ࡛㇏࡟ᵝྠ࡜✲◊ࡿࡍ㛵࡟ᗘ㏿ࢢࣥ࢖ࢫ㸪ࡾ࠾࡚ࢀࢃ⾜ࡽ

1-2-3� 㔝⌫ᡴᧁࡢࢺࢵࣂࡿࡅ࠾࡟఩⨨ไᚚ࡟㛵ࡿࡍ◊✲ 

㔝⌫ᡴᧁࡢࢺࢵࣂࡿࡅ࠾࡟఩⨨ไᚚ᳨࡚࠸ࡘ࡟ウࡓࡋሗ࿌ࡣ㸪୺࡟ 3 ศ㢮࡟ᐇ㦂⣔ࡢࡘ

㸬1ࡿࢀࡉ ࢵࣂࡢ㝿ࡓ࠼ኚࢆ௳㸪᮲ࡋస᧯ࢆどぬ≧ែࡢ⪅ᡴࡧࡼ࠾㸪ᢞ⌫㣕⩧㌶㐨ࡣ┠ࡘ

㸬2ࡿ࠶࡛ࡢࡶࡓࡋウ᳨ࢆ఩⨨㛵ಀࡢ࣮࣭ࣝ࣎ࢺ ࢆ࣮ࣝ࣎ࡓࡋ⨨タ࡟⨨఩ࡿ࡞␗㸪ࡣ┠ࡘ

ᡴᧁࡓࡋ㝿ࡢᡴᧁືసࢆศᯒࡿ࠶࡛ࡢࡶࡓࡋ㸬3 ᩘ「ࢆ࣮ࣝ࣎ࡓࡋ⨨タ࡟⨨㸪ྠ఩ࡣ┠ࡘ

ᅇᡴᧁࡏࡉ㸪ࢺࢵࣂ఩⨨ࡸᡴᧁືసࡢ෌⌧ᛶ᳨ࢆウࡿ࠶࡛ࡢࡶࡓࡋ㸬 

1 ࡟ࡧࡽ࡞㸪Higuchi et al.㸦2013㸧ࡣ࡚ࡋ࡜✲◊ࡿࡍヱᙜ࡟┠ࡘ Higuchi et al.㸦2016㸧

ࢀࡎ࠸㸦⌫㏿ࡿ࡞␗ࡀᅇ㌿㏿ᗘࡢ࣮ࣝ࣎㸪ࡣ㸬Higuchi et al.㸦2013㸧ࡿࢀࡽࡆᣲࡀሗ࿌ࡢ

⣙ࡣ㏿⌫ࡶ࡚࠸࠾࡟௳᮲ࡢ 37.5 m/s㸧ࢆᡴᧁࡏࡉ㸪ᢞ⌫ࡢ฿㐩఩⨨ண ࡿ࡞␗࡜ᢞ⌫㣕⩧

㌶㐨ࡢ࡬ᑐᛂ᳨࡚࠸ࡘ࡟ウࡓࡋ㸬⌫㏿࡟ᛂ୍ࡓࡌ⯡ⓗ࡞ᅇ㌿㏿ᗘ㸦⣙ 30 s-1㸧௜㏆࠸࠾࡟

࡯ࡿࡍ⬺㐓ࡽ࠿⠊ᅖ࡞ⓗ⯡୍ࡀᅇ㌿㏿ᗘࡢ࣮ࣝ࣎㸪ࡃ㧗ࡀṇ☜ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖ࡶ࡚᭱

㸪ࡣ㸪Higuchi et al.㸦2016㸧ࡓࡲ㸬ࡓᚓࢆᯝ⤖࠺࠸࡜ࡿࡍపୗࡀṇ☜ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖࡝

ᢞ⌫ᐇᡴ᫬ࡢどぬ᝟ሗࡀᡴᧁࡢṇ☜࡟ࡉཬࡍࡰᙳ㡪ࢆ᫂ࡃ࡭ࡿࡍ࡟࠿ࡽ㸪ࢫ࣮࣮ࣜࣜࣝ࣎

ᚋ 150 ms ௨㝆ࡢど⏺ࢆ㐽ⶸࡿࡍ᮲௳㸦R+150㸧㸪ࢺࢡࣃࣥ࢖๓ 150 ms ௨㝆ࡢど⏺ࢆ㐽ⶸ

ࡢ᮲௳㸦NO㸧࠸࡞ࢃకࢆ᮲௳㸦I-150㸧㸪ど⏺㐽ⶸࡿࡍ 3 ᮲௳ࢆ↓సⅭ࡟࿊♧ࡓࡋ㝿࢖ࡢ

఩ࢺࢡࣃࣥ࢖ࡢ㍈᪉ྥ▷ࡢࢺࢵࣂ㸪࡚ࡋ࡜㸬⤖ᯝࡓࡋウ᳨࡚࠸ࡘ࡟ṇ☜ᛶࡢ⨨఩ࢺࢡࣃࣥ
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㸪R+150ࡣṇ☜ᛶࡢ⨨ ᮲௳࡟ẚ࡭ I-150 ᮲௳ࡧࡼ࠾ NO ᮲௳࡛ࡣ᭷ព࡟㧗ࡀࡓࡗ࠿㸪I-150

᮲௳࡜ NO ᮲௳㛫࡛ࡣ᭷ព࡞ᕪࡀぢࡓࡗ࠿࡞ࢀࡽ㸬Higuchi et al.㸦2016㸧ࡣ㸪ࡢࡇ⤖ᯝ

 㸬ࡿ࠸࡚ࡋᐹ⪄࡜࠸࡞ࡽࡀ࡞ࡘ࡟ୖྥࡢᡴᧁṇ☜ᛶࡣどぬ᝟ሗࡢ๓┤ࢺࢡࣃࣥ࢖㸪ࡋᑐ࡟

2 ࡆᣲࡀሗ࿌ࡓࡋẚ㍑ࢆᡴᧁືసࡿࡍᑐ࡟ᡴⅬ㧗ࡿ࡞␗㸪ࡣ࡚ࡋ࡜✲◊ࡿࡍヱᙜ࡟┠ࡘ

㸦2006a㸧ࡽ㸪⏣Ꮚࡀࡢࡓࡗ⾜ࢆウ᳨࡟ึ࡚᭱࠸ࡘ࡟ᑐᛂືసࡢ࡬ᡴⅬ㧗ࡿ࡞␗㸬ࡿࢀࡽ

⪅㸪኱Ꮫ㔝⌫ᡴࡣ㸦2006a㸧ࡽ㸬⏣Ꮚࡿ࠶࡛ 10 ࡵపࠕࡢୖྎ࣮࢕ࢸ㸪࡟㇟ᑐࢆྡ ࢇ┿ࠕࠖ

୰ ࡵ㧗ࠕࠖ ࡋᡴⅬ㧗㛫࡛ẚ㍑ࢆᡴᧁືసࡢ㝿ࡢࡑ㸪ࡏࡉᡴᧁࢀࡒࢀࡑࢆ࣮ࣝ࣎ࡓࡋ⨨タࠖ࡟

㸪ୖࡣ࡟㝿ࡿࡍᡴᧁ࡚ࡋᑐ࡟ᡴⅬ㧗ࡿ࡞␗㸪࡚ࡋ࡜㸬⤖ᯝࡓ ⬗࣭㦵┙㒊ࡢᅇ㌿ୖࡶࡾࡼ⫥࣭

ୗ⫥ࡢ㛵⠇ゅᗘࡢㄪᩚࡀඃඛࡓࡋ♧ࢆ࡜ࡇࡿ࠸࡚ࢀࡉ㸬ࡓࡲ㸪ᡴⅬ㧗ࡢ࡬ᑐᛂືస࠸ࡘ࡟

ࡿࡍ㛵࡟⊫㸪ᕥྑୖࡾ࠾࡚ࢀࡉ࡞ࡶウ᳨࡞ຊᏛⓗືࡓ࠸⏝ࢆࢺࢵࣂෆⶶࢧࣥࢭ㸪ᅽຊࡣ࡚

ศᯒ㸦㜿Ụࡽ㸪2013; 㜿Ụࡽ㸪2014㸧㸪యᖿ㒊࡟㛵ࡿࡍศᯒ㸦㜿Ụࡽ㸪2015㸧ࡢ⤖ᯝࡀሗ

࿌ࡿ࠸࡚ࢀࡉ㸬୍ ᪉㸪␗࡟ࢫ࣮ࢥࡿ࡞ᑐࡿࡍᡴᧁືసࡢศᯒࡿ࠸࡚ࢀࢃ⾜ࡶ㸬⏣Ꮚࡽ㸦2006b㸧

⪅㸪኱Ꮫ㔝⌫ᡴࡣ 10 ᡴᧁືࡿࡍᑐ࡟ࢫ࣮ࢥࡿ࡞␗㸪ࡋศᯒࢆᡴᧁືస࣮࢕ࢸࡿࡅ࠾࡟ྡ

సࡢᕪ␗᳨࡚࠸ࡘ࡟ウࡓࡋ㸬ࡢࡑ⤖ᯝ㸪ෆእゅࢆ࣮ࣝ࣎ࡢᡴᧁࡿࡍ㝿ࡣ࡟㸪㋃ฟ㊊ࢆ᥋ᆅ

ࡇࡿࢀࢃ⾜ࡀ㐠ືࡢ⊫㸪ୖ⫥࣭ୗ࡛ୖࡓࡋㄪᩚࢆᅇ㌿ࡢ㦵┙㒊ࡧࡼ࠾⬗ୖ࡟࡛ࡲ᫬Ⅼࡿࡍ

 㸬ࡓࡗ࡞࡟࠿ࡽ᫂ࡀ࡜

3 㸪ࡣ㸬๓⏣㸦2001㸧ࡿࢀࡽࡆᣲࡀሗ࿌ࡢ㸪๓⏣㸦2001㸧ࡣ࡚ࡋ࡜✲◊ࡿࡍヱᙜ࡟┠ࡘ

኱Ꮫ㔝⌫ᡴ⪅ 5 ྡ࣭ᮍ⇍⦎⪅ 5 ࢆᡴᧁ࣮࢕ࢸ࡟㇟ᑐࢆྡ 10 ࣭⨨఩ࢺࢵࣂ㸪ࡏࢃ⾜ࡘࡎ⌫

ゅᗘ➼ࡢ෌⌧ᛶ᳨࡚࠸ࡘ࡟ウࢆຍࡓ࠼㸬ࡢࡑ⤖ᯝ㸪1) ᡴᧁ᫬ࣜࢢ࣭ࢻࢵ࣊ࢺࢵࣂࡿࡅ࠾࡟

ࢡࣃࣥ࢖ (㸪2࡜ࡇ࠸ࡉᑠࡀ᪉ࡢ⪅⦏⇍ࡣᶆ‽೫ᕪࡢゅᗘࢺࢵࣂࡧ఩⨨ᗙᶆཬࡢࢻ࢚ࣥࣉࢵ

ࡣ࡚࠸࠾࡟⪅⦏⇍㸪3) ᮍ࡜ࡇ࠸ࡉᑠ࡚࠸࠾࡟⪅⦏⇍ࡀ㊥㞳ࡢ㛫ࢺࢵࣂ࡜୰ᚰ࣮ࣝ࣎ࡢ᫬ࢺ

ࡀ࡜ࡇ࠸పࡀ෌⌧ᛶࡢ㌶㐨ࢺࢵࣂ㸪ࢀࡽࡵㄆࡀࡁࡘࡽࡤ࡟⨨఩ࢺࢵࣂࡽ࠿๓༙ࡢࢢࣥ࢖ࢫ

᫂ࡓࡗ࡞࡟࠿ࡽ㸬ࡓࡲ㸪㔝⌫ᡴᧁືసࡿࡅ࠾࡟ኚືᛶࡣ࡚ࡋ࡜✲◊ࡓࡗᢅࢆ㸪Nakata et al.

㸦2014㸧ࡢሗ࿌ࡀᣲࡿࢀࡽࡆ㸬Nakata et al.㸦2014㸧ࡣ㸪8 ࡜⪅㔝⌫⤒㦂ࡢྡ 9 ⇍ᮍࡢྡ

ᯝ㸪⤖ࡢࡑ㸬ࡓࡗ⾜ࢆศᯒ࡚ࡋ┠╔࡟㐠ືࡢ㸪యᖿ㒊ࡋᐃ ࢆᡴᧁືసࢫࢺࡿࡅ࠾࡟⪅⦏

㔝⌫⤒㦂⪅ࢢࣥ࢖ࢫࡢ୰ࡿࡅ࠾࡟㦵┙ࡢᅇ᪕ゅᗘኚ఩ࢺࢡࣃࣥ࢖ࡧࡼ࠾᫬ࡢ㦵┙ᅇ᪕ゅᗘ

 㸬ࡿ࠸࡚ࡋሗ࿌ࢆ࡜ࡇࡓࡋ♧ࢆప್࡟᭷ព࡚࡭ẚ࡟⪅⦏⇍㸪ᮍࡀᶆ‽೫ᕪࡢ

㌟ࡢ୰ࢢࣥ࢖ࢫࡣ࠸ࡿ࠶෌⌧ᛶ㸪ࡢ఩⨨࣭ゅᗘࢺࢵࣂ㸪ࡣሗ࿌࡛ࡢ㸪ୖグࡽࡀ࡞ࡋ࠿ࡋ
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యࡿࡅ࠾࡟㐠ືᏛⓗኚᩘࡢ෌⌧ᛶࡀಶ᳨ู࡟ウࡾ࠾࡚ࢀࡉ㸪୧⪅ࡢ㛵ಀᛶࡣ᫂࠸࡞࡛࠿ࡽ㸬

ࡣሗ࿌ࡓࡋウ᳨ࢆ㛵ಀࡢ㐠ືᏛⓗኚᩘ࡜෌⌧ᛶࡢ㐠ືࢺࢵࣂ㸪ࡣ࡛ࡾ㝈ࡿ▱ࡢ⪅➹㸪ࡓࡲ

ぢᙜ࠸࡞ࡽࡓ㸬ࡣ࡚ࡋ࡜⏤⌮ࡢࡇ㸪1) ෌⌧ᛶࡢᐃ㔞ศᯒࡀᐜ࡛᫆࡜ࡇ࠸࡞㸪2) ከ㛵⠇㐠

ࡀ࡜ࡇࡿࡍせࢆィゎᯒ⤫ࡢ㸪ከኚ㔞ࡵࡓ࠺ᢅࡾྲྀࢆಶேෆኚືࡢ㐠ືᏛⓗኚᩘࡿࡅ࠾࡟ື

ᣲࡿࢀࡽࡆ㸬௨ୖࡢၥ㢟ࢆゎỴࡋ㸪෌⌧ᛶࡢ㧗࠸㔝⌫ᡴᧁࢆ㐙⾜ࡢࡵࡓࡿࡍ㐠ືᏛⓗせⅬ

Ꮫⓗ⛉ࢆⅬ║╔ࡢᣦᑟୖࡢࡵࡓࡿࡍୖྥࢆᡴᧁ⬟ຊࡀ⪅㸪㔝⌫ᡴ࡚ࡗࡼ࡟࡜ࡇࡿࡍゎ᫂ࢆ

 㸬ࡿࢀࡽ࠼⪄࡜ࡿࡁ၀࡛♧࡟

㸬ḟࡓࡋ࡜࡜ࡇࡿࡍ┠╔࡟෌⌧ᛶࡢ㸪㔝⌫ᡴᧁࡣ࡛✲◊㸪ᮏ࡚ࡗࡀࡓࡋ 1-3 ⠇࡛ࡣ㸪㔝

⌫ᡴᧁࡿࡅ࠾࡟෌⌧ᛶࡍ♧ࢆᣦᶆ࡚࠸ࡘ࡟㏙ࡿࡍ࡜࡜ࡇࡿ࡭㸬 

�� 㔝⌫ᡴᧁ࣮ࣝࣟࢺࣥࢥࢺࢵࣂࡿࡅ࠾࡟⬟ຊࡢᣦᶆ 

๓⠇ࡢෆᐜࡽ࠿㸪㔝⌫ᡴᧁ࡟㛵ࡣ࡚࠸࠾࡟✲◊ࡿࡍ㸪ࡢࢢࣥ࢖ࢫ෌⌧ᛶ࡟㛵㐃ືࡿࡍస

せᅉࡢ≉ᐃࡀㄢ㢟࡛ࡀ࡜ࡇࡿ࠶᫂ࡓࡗ࡞࡟࠿ࡽ㸬㔝⌫ᡴᧁࡿࡅ࠾࡟෌⌧ᛶࡿࡍ┠╔࡟ព⩏

ᡴ࠸ࡋࡲ㸬ᮃࡿࢀࡽࡆᣲࡀᚓ⋓ࡢぢ▱ࡢࡵࡓࡿᚓ࡚ࡋᏳᐃࢆᡴ⌫⤖ᯝ࠸ࡋࡲ㸪ᮃࡣ࡚ࡋ࡜

⌫⤖ᯝࢆᡴ⌫ࡢ㐠ື࡜࣮ࢠࣝࢿ࢚ᐃ⩏ࡋ㸪࡟ࢀࡑ㛵㐃ࡿࡍせᅉ᳨ࢆウࡣ࡚ࡋ࡜✲◊ࡓࡋ㸪

ᇛᡤࡽ㸦2012㸧ࡢሗ࿌ࡿ࠶ࡀ㸬ᇛᡤࡽ㸦2012㸧ࡣ㸪10 ࣮ࣜࣇ࡚ࡋᑐ࡟⪅኱Ꮫ㔝⌫ᡴࡢྡ

ᡴᧁࢆ 50 ヨᢏࡏࢃ⾜ࡘࡎ㸪ᡴ⌫ࡢ㐠ື࡟࣮ࢠࣝࢿ࢚ᙳ㡪ࢆཬࣃࣥ࢖ࡧࡼ࠾ࢢࣥ࢖ࢫࡍࡰ

ᯝ㸪ྛ⤖ࡢࡑ㸬ࡓࡋウ᳨ࢆᛶ≉ࡢࢺࢡ ᡴ⪅ࡿࡅ࠾࡟ᡴ⌫ࡢ㐠ືࡢ࣮ࢠࣝࢿ࢚ኚື48ࡢѸ76 %

ࡿࢃ㛵࡟ࢺࢡࣃࣥ࢖࡟ࡶ࡜ᧁ⥺ゅᗘ㸦⾪࡜⨨఩ࢺࢡࣃࣥ࢖㸪ࡣᅉᏊ࡞㔜せࡶ᭱ࡿࡍㄝ᫂ࢆ

ࢵࣂ࡟⨨఩ࢺࢡࣃࣥ࢖ࡓࡋ㸪ពᅗࡣᯝ⤖ࡢࡇ㸬ࡓࡗ࡞࡟࠿ࡽ᫂ࡀ࡜ࡇࡿ࠶㸧࡛ࢱ࣮࣓ࣛࣃ

♧ࢆ࡜ࡇࡿࡍᕥྑࡃࡁ኱ࢆ㸪ᡴ⌫⤖ᯝࡀຊ⬟࣮ࣝࣟࢺࣥࢥࢺࢵࣂࡕࢃ࡞ࡍຊ㸪⬟ࡪ㐠ࢆࢺ

 㸬ࡿ࠸࡚ࡋ

㟼Ṇ⌫ᡴࡿࡼ࡟ᡴᧁ࣮࢕ࢸ㸪ࡣ࡚ࡋ࡜ᡭẁࡿࡍホ౯࡟ᐃ㔞ⓗࢆຊ⬟࣮ࣝࣟࢺࣥࢥࢺࢵࣂ

ᧁࡀᣲࡿࢀࡽࡆ㸦Higuchi et al.㸪2015㸧㸬ࡣࢀࡇ㸪㟼Ṇ⌫ᡴᧁࡀ᫬㛫ⓗ࡞ᣊ᮰ࢆకࡎࢃ㸪

ㄆ▱ุ࣭᩿ࡢᙳ㡪ࢆ㝖እࡿ࠶࡛ࡵࡓ࡞⬟ྍࡀ࡜ࡇࡿࡍ㸬ࡽ࠿࡜ࡇࡢࡽࢀࡇ㸪ࢺࣥࢥࢺࢵࣂ

࣮ࣟࣝ⬟ຊࡍ♧ࢆᣦᶆࡣ࡚ࡋ࡜㸪ࢺࢡࣃࣥ࢖఩⨨ࡢ෌⌧ᛶࡀ㐺ษ࡛ࡿࢀࡽ࠼⪄࡜ࡿ࠶㸬ࡋ

෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖㸪࡚ࡋ࡜ᣦᶆࡢຊ⬟࣮ࣝࣟࢺࣥࢥࢺࢵࣂ㸪ࡣ࡛✲◊㸪ᮏ࡚ࡗࡀࡓ

㸬ḟࡓࡋ࡜࡜ࡇࡿ࠸⏝ࢆ 1-4 ⠇࡛ࡣ㸪ࢺࢡࣃࣥ࢖఩⨨ࡢ෌⌧ᛶ࡟ᙳ㡪ࢆཬࢀࡽ࠼⪄࡜ࡍࡰ
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 㸬ࡿࡍ࡜࡜ࡇࡿ࡭㏙࡚࠸ࡘ࡟ぢ▱ࡓࢀࡉ♧ࡽ࠿✲◊⾜㸪ඛ࡚࠸ࡘ࡟ኚືᛶࡢ㌟యືసࡿ

�� ㌟యືసࠕࡿࡅ࠾࡟ኚືᛶࠖ 

ྠ୍ಶேࡢ㌟యືసࢆ」ᩘᅇ ᐃࡓࡋ㝿ࡣ࡟㸪㐠ືᏛⓗኚᩘ࣭ືຊᏛⓗኚᩘࡢࢀࡎ࠸ࡢ

 ᐃ㡯┠ࡶ࡚࠸࠾࡟㸪ヨᢏ㛫ࠕࡢኚືᛶࠖࡀほᐹࡿࢀࡉ㸦Preatoni et al.㸪2013㸧㸬ࡼࡢࡇ

ไ࡞㸪㝶ពⓗࡽ࠿࡜ࡇࡿ࠶ᚩ࡛≉ࡢ᮶⏕ࡿࡅ࠾࡟⣔⤒⚄ࡢࢺࣄ㸪ࡣኚືᛶࡢ㌟యືస࡞࠺

ᚚ࡛ࡣ᏶඲࡟ᢚไ࡛ࡿ࠸࡚ࢀࡽ࠼⪄࡜࠸࡞ࡁ㸦Newell & Corcos㸪1993㸧㸬 

㌟యືసࡢኚືᛶࡣ㸪Ṍ⾜➼ࡢ᪥ᖖືస㸦Hausdorff et al.㸪1995; Masani et al.㸪2002㸧

㸦Preatoni et al.㸪2013㸧㸬ࡿ࠸࡚ࢀࡉㄆ☜ࡶ࡚࠸࠾࡟సືࢶ࣮࣏ࢫࡿࡺࡽ࠶㸪ࡎࡽ࡞ࡳࡢ

ࡧࡼ࠾㸪ᡴලࡣ࡚࠸࠾࡟ࢢࣥ࢖ࢫࣇࣝࢦࡿࡍᢕᣢࢆ୧ୖ⫥࡛ᡴලࡃࡌྠ࡜⌫㸪㔝ࡅࢃࡾ࡜

㌟యືసࡢኚືᛶࡓࡗᢅࢆሗ࿌ࡀ」ᩘぢࡿࢀࡽ㸬Horan et al.㸦2011㸧ࡣ㸪38 ࢳ࣐࢔ࡢྡ

┙㦵࣭⬗ୖࡧࡼ࠾ᡴලࡢ୰ࢢࣥ࢖ࢫࣥ࢘ࢲ㸪࠸⾜ࢆసศᯒື࡚ࡋ࡜㇟ᑐࢆ㑅ᡭࣇࣝࢦ࢔ࣗ

㒊ࡿࡅ࠾࡟㐠ືᏛⓗኚᩘࡢኚືᛶ᳨࡚࠸ࡘ࡟ウࡓࡋ㸬ࡢࡑ⤖ᯝ㸪ᡭ㒊ࢻࢵ࣊ࣈࣛࢡࡧࡼ࠾

㌶㐨ࡢኚືᛶ࡟ࢺࢡࣃࣥ࢖ࡀ㏆࡙࡚ࢀࡘ࡟ࡃῶᑡ୍ࡿࡍ᪉࡛㸪ୖ⬗࣭㦵┙㒊ࡢኚືᛶࡣᚲ

㸪Uncontrolled Manifoldࡣ㸪Morrison et al.㸦2014㸧ࡓࡲ㸬ࡓࡋ♧ࢆ࡜ࡇ࠸࡞ࡋῶᑡࡶࡋࡎ

ࡓࡋ⦏⇍㸪࡚ࡋ࡜㸬⤖ᯝࡓࡗ⾜࡚ࡋᑐ࡟ࢢࣥ࢖ࢫࣇࣝࢦ㸪ࢆศᯒࡓ࠸⏝ࢆㄽ⌮ࡿࢀࡤ࿧࡜

ࣈࣛࢡࡢ᫬ࢺࢡࣃࣥ࢖㸪࡛࡜ࡇࡿ࡜ࢆ␎స᪉ືࡓࡋ⏝άࢆኚືᛶࡢ㛵⠇ゅᗘࡣ㑅ᡭࣇࣝࢦ

㸪⏕᮶ࡣᯝ⤖ࡢࡽࢀࡇ㸬ࡓࢀࡉ၀♧ࡀ࡜ࡇࡿ࠸࡚ࡋపῶࢆㄗᕪࡢ᪉఩ࡧࡼ࠾⨨఩ࡢࢻࢵ࣊

࠺࠸࡜ࡿࡍῶᑡࡀኚືᛶࡢ㐠ື⤖ᯝ࡛࡜ࡇࡿࡍไᚚࢆኚືᛶࡿࡍ௜㝶࡟㌟యືసࡢࢺࣄ

Latash et al.㸦2002㸧ࡢ⌮ㄽࡀ㸪㧗㏿ᗘ࡛㐙⾜ࡿࢀࡉከ㛵⠇㐠ືࢆ࡜ࡇࡿࡌ⏕ࡶ࡚࠸࠾࡟

♧၀ࡓࡗ࠶࡛ࡢࡶࡿࡍ㸬ࡢࡽࢀࡇ◊✲ᡂᯝࢆ㋃࡜ࡿ࠼ࡲ㸪୧ᡭ࡛ᡴලࢆᢕᣢࡿࡍ㧗㏿ᗘࡢ

ࡢࢫ࣐࣮࢛ࣥࣇࣃ㐠ືࡶࡋࡎ㸪ᚲࡣኚືᛶࡢ㐠ືᏛⓗኚᩘࡿࢀࡽぢ࡚࠸࠾࡟సືࢢࣥ࢖ࢫ

෌⌧ᛶࢆ㜼ᐖࡿࢀࡽ࠼⪄࡜࠸࡞ࡋ㸬 

୍᪉㸪㔝⌫ᡴᧁࢆᑐ㇟࡚ࡋ࡜㌟యືసࡢኚືᛶࡣ࡛✲◊ࡓࡗᢅࢆ㸪㔝⌫⤒㦂⪅ࣥ࢖ࢫࡢ

⇍㸪ᮍࡀᶆ‽೫ᕪࡢ㦵┙ᅇ᪕ゅᗘࡢ᫬ࢺࢡࣃࣥ࢖ࡧࡼ࠾ᅇ᪕ゅᗘኚ఩ࡢ┙㦵ࡿࡅ࠾࡟୰ࢢ

ሗࡢࡇ㸦Nakata et al.㸪2014㸧㸬ࡿ࠸࡚ࢀࡉሗ࿌ࡀ࡜ࡇࡓࡋ♧ࢆప್࡟᭷ព࡚࡭ẚ࡟⪅⦏

࿌࡛ࡣ㸪యᖿ㒊௨እࡢࢺ࣓ࣥࢢࢭࡢ㐠ືࡢࡢࡶ࠸࡞࠸࡚ࡗᢅࢆ㸪ᢏ⾡Ỉ‽ࡀ㧗࡝࡯⪅࠸㸪

యᖿ㒊ࡿࡅ࠾࡟㐠ືࡢ෌⌧ᛶࡀ㧗ࡀ࡜ࡇ࠸♧၀ࡿ࠸࡚ࢀࡉ㸬  
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࠸ࡘ࡟㐠ືᏛⓗせᅉࡿࢃ㛵࡟෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖ࡿࡅ࠾࡟㸪㔝⌫ᡴᧁࡽࡀ࡞ࡋ࠿ࡋ

᳨࡚ウࡓࡋሗ࿌ࡣぢ࠸࡞ࢀࡽ㸬ࡣ࡚ࡋ࡜⏤⌮ࡢࡇ㸪1) ෌⌧ᛶࡢᐃ㔞ศᯒࡀᐜ࡛᫆࡜ࡇ࠸࡞㸪

2) ከ㛵⠇㐠ືࡢಶேෆ࡛ࡢኚືᛶࡵࡓ࠺ᢅࡾྲྀࢆከኚ㔞ࡢ⤫ィゎᯒࢆせࡀ࡜ࡇࡿࡍᣲࡆ

ゎࢆ㐠ືᏛⓗせⅬࡢࡵࡓࡿࡍ⾜㐙ࢆ㔝⌫ᡴᧁ࠸㧗ࡢ㸪෌⌧ᛶࡋゎỴࢆၥ㢟ࡢ㸬௨ୖࡿࢀࡽ

࡚᫂ࡗࡼ࡟࡜ࡇࡿࡍ㸪㔝⌫ᡴ⪅࣮ࣝࣟࢺࣥࢥࢺࢵࣂࡀ⬟ຊࡢࡵࡓࡿࡍୖྥࢆᣦᑟୖࡢ╔║

Ⅼࢆ⛉Ꮫⓗ࡟♧၀࡛ࡿࢀࡽ࠼⪄࡜ࡿࡁ㸬 

�� ◊✲┠ⓗ 

ᮏ◊✲ࡢ┠ⓗࡣ㸪ࢺࢡࣃࣥ࢖఩⨨ࡢ෌⌧ᛶࢆつᐃࡿࡍ㔝⌫ᡴᧁືసࡢ㐠ືᏛⓗ≉ᚩࢆ᫂

 㸬ࡿ࠶࡛࡜ࡇࡿࡍ࡟࠿ࡽ
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➨2❶� ᪉ἲ 

�� ᑐ㇟⪅ 

ᑐ㇟⪅ࡣ㸪◳ᘧ㔝⌫㒊࡟ᡤᒓࡿࡍ⏨Ꮚ኱Ꮫ⏕ 24 ྡ㸦ᖺ㱋: 18.9 s 0.4 ṓ㸪㌟㛗: 176.0 

s 4.7 cm㸪㌟య㉁㔞: 74.0 s 5.7 kg, 㔝⌫➇ᢏᖺᩘ: 11.0 s 2.0 ᖺ㸧ࡓࡋ࡜㸬ᑐ㇟⪅࡟

✲◊㸪ᮏ࠾࡞㸬ࡓᚓࢆពྠࡢ㸪 ᐃཧຍ࠸⾜ࢆㄝ᫂ࡿࡍ㛵࡟ᐃ ࡚࡟᭩㠃ࡧࡼ࠾㸪ཱྀ㢌ࡣ

 :ྕ␒㸦ᢎㄆࡓࢀࢃ⾜࡛ୖࡓᚓࢆᢎㄆࡢ་Ꮫ⣔◊✲೔⌮ᑂᰝጤဨ఍ࠖࡿࡍ࡜㇟ᑐࢆேࠕ㸪ࡣ

BKC-ே་-2015-018㸧㸬 

��  ᐃ⎔ቃ 

ᮏ◊✲ࡿࡅ࠾࡟ ᐃࡣ㸪࢔ࢥࣥࣙࢩ࣮ࣞࢢࢸࣥ࢖ෆࡢᐊෆ ᐃ᪋タ㸦࣮࢛ࣇࣃࢶ࣮࣏ࢫ

㸬ࡓࡗ⾜࡛ୖࢺ࣮ࣞࣉࢫ࣮࢛ࣇࡢ㸪ᖖタࡣᐃヨᢏ ࡢ㸬඲࡚ࡓࡋᐇ᪋࡚࡟ᐃᐊ㸧 ࢫ࣐ࣥ

ᑐ㇟⪅ࡢ㋃ฟ㊊ࡀ஌ࡢࢺ࣮ࣞࣉࢫ࣮࢛ࣇࡿ࠸࡚ࡗ๓➃ࡽ࠿ 4.5 m ๓᪉࣭ᆅୖࡽ࠿ 1.3 m ࡢ

఩⨨࡟㸪ᶆⓗࢆタ⨨ࡓࡋ㸬ࡢ➼࣓ࣛ࢝ᶵᮦ㓄⨨ࡣ㸪ᅗ 3  㸬ࡿ࠶࡛ࡾ㏻ࡍ♧࡟

 

ᅗ 3�  ᐃ⎔ቃ 

㧗㏿ᗘ࢜ࢹࣅ 
 ձ࣓ࣛ࢝

㧗㏿ᗘ࢜ࢹࣅ 
 ղ࣓ࣛ࢝

㜵⌫ࢺࢵࢿ 

㧗఩ 

Y 

X 

୕ḟඖືసゎᯒ 
 ᗙᶆ⣔ ࣒ࢸࢫࢩ

4.5 m 
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��  ᐃࣝࢥࢺࣟࣉ 

ᮏ ᐃ࡟ඛ❧ࡕ㸪ᑐ㇟⪅ࡣ࡟༑ศ࣭ࣉࢵ࢔࣒࣮࢛࢘࡞⦎⩦ヨᢏࡓࡏࢃ⾜ࢆ㸬ࡢࡑᚋ㸪ࢸ

ࢆ〇㸧♫ࣀࢬ࣑ ;㸦Official Victory Baseball࣮ࣝ࣎⌫ᘧ㔝◳ࡓࡋ⨨タ࡟ୖྎ࣮࢕ 20 ⌫ᡴ

ᧁࡓࡏࡉ㸦ᅗ 4㸧㸬 

 

ᅗ 4� ᐇ㦂㢼ᬒ㸦ᑐ㇟⪅࡟チྍࢆᚓ࡚᧜ᙳ࣭ᥖ㍕㸧 

ᑐ㇟⪅ࡣ࡟㸪ࡿࡁ࡛ࠕ㝈࠸㏿ࡾᡴ⌫࡛㸪ᶆⓗࡢ୰ᚰࢆᡴࡕᢤ࡟࠺ࡼࡃ 㸬ࡓ࠼୚ࢆ♧ᩍࡢࠖ࡜

㸬ࡓ࠼㢌࡛ఏཱྀࡀ⪅᳨ࡿࡍᢸᙜࢆ⨨タ࣮ࣝ࣎ࡢ࡬ୖྎ࣮࢕ࢸ㸪࡟࡜ࡈヨᢏࡣ♧ᩍࡢࡇ㸪࠾࡞

ྛヨᢏ㛫ࡢ᫬㛫ࡣ 30 s ⛬ᗘ࡛ࡾ࠶㸪඲ヨᢏ༙ࡢศࡿࡓ࠶࡟ 10 ヨᢏࡀ⤊஢ࡓࡋ᫬Ⅼ࡛ 2 ศ

⛬ᗘࡢఇᜥ᫬㛫ࢆタࡓࡅ㸬 

ࡲ㸬ࡓࡏࢃྜ࡟⨨఩ࡢ๓⭠㦵Ჲୖࡢ㝿ࡓࡗ࡜ࢆᡴᧁጼໃࡀ⪅㇟㸪ྛᑐࡣࡉ㧗ࡢྎ࣮࢕ࢸ

ࡅྥ࡟୰ᚰࡢ㸪ᶆⓗ࡟㝿ࡓࡏࢃ⾜ࢆ㸪⦎⩦ヨᢏࡣ࡚࠸ࡘ࡟⨨๓ᚋ࣭ᕥྑ఩ࡢྎ࣮࢕ࢸ㸪ࡓ

఩࣭ࡉ㧗ࡢྎ࣮࢕ࢸ㸬ࡓࡋỴᐃ࡛࡜ࡇࡿࡏࡉ㑅ᢥࢆ⨨タ⨨఩࣮ࣝ࣎࠸ࡍࡸࡋ㏉ࡕᡴࡶ࡚᭱

ᶆⓗ 

 ྎ࣮࢕ࢸ
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ᡴᧁ‽ഛጼໃࡀ⪅㇟㸪ᑐࡓࡲ㸬ࡓࡋタᐃ࡟୍ྠ࡚࠸࠾࡟඲ヨᢏࡿࡅ࠾࡟⪅㇟㸪ྠ୍ᑐࡣ⨨

ᡤᐃࡀ⨨㊊㒊఩࡟㸪ヨᢏ๓ࡋࢢ࣮࣐࡚ࣥ࢟࡟ࣉ࣮ࢸ⏕㸪㣴ࡣ⨨㊊㒊఩ࡢ㍈㊊ࡢ㝿ࡓࡗ࡜ࢆ

⟠ᡤࡀ⪅᳨ࢆ࠿ࡿ࠶࡟☜ㄆࡓࡋ㸬 

 ᐃ࡚࠸࠾࡟ᑐ㇟⪅ࡀ౑⏝ࡣࢺࢵࣂࡓࡋ㸪◳ᘧ㔝⌫⏝ᮌ〇ࢺࢵࣂ㸦Global Elite; ࣀࢬ࣑

♫〇㸧࡛ࡓࡗ࠶㸬ࡣࢺࢵࣂࡢࡇ㸪኱Ꮫ㔝⌫ᡴ⪅ࡧࡼ࠾⩦⦏ࡀබᘧᡓࡿ࠸⏝࡚࡟ᶆ‽ⓗ࡞✀

㢮ࡾ࠶࡛ࡢࡶࡢ㸪౑⏝࡟㝿࡚ࡋ㐪࿴ឤࢆッࡿ࠼ᑐ㇟⪅ࡣぢࡓࡗ࠿࡞ࢀࡽ㸬ࡢࢺࢵࣂ඲㛗ࡣ

830 mm㸪㔜㔞ࡣ 900 g㸪ࢻࢵ࣊ࢺࢵࣂ㒊ศࡢ┤ᚄࡣ 60 mm 㸦ᅗࡓࡗ࠶࡛ 5㸧㸬ᚋ㏙ࡿࡍ㧗

㏿ᗘࡢ࣓ࣛ࢝࢜ࢹࣅゎᯒࡵࡓࡿ࠸⏝࡟㸪ࢻࢵ࣊ࢺࢵࣂ㒊ศࡣ࡟཯ᑕࢆ࣮࣮࣐࢝㈞௜ࡓࡋ㸬

ࡽ࠿࣮࣮࣐࢝཯ᑕࡓࡋ௜㈞࡟ࢻࢵ࣊ࢺࢵࣂ㸪ࡓࡲ 500 mm ࡓࡋື⛣࡟᪉ྥࢻ࢚ࣥࣉࢵࣜࢢ

㒊఩࡟ⓑⰍࢆࣉ࣮ࢸࡢᕳࡓ࠸㸬 

 

ᅗ 5�  ᐃࢺࢵࣂࡓ࠸⏝࡟ 

㸦㧗㏿ᗘࡢ࣓ࣛ࢝࢜ࢹࣅゎᯒࡢୖࢺࢵࣂࡓ࠸⏝࡟≉ᚩⅬࡣ㸪⥳Ⰽࡢ୸ࡓࡋ♧࡚࡟㸧 

��  ᚓྲྀࢱ࣮ࢹ

ࢢࣥࣜࣉࣥࢧ㸦࣓ࣛ࢝࢜ࢹࣅ㸪㧗㏿ᗘࡵࡓࡿࡍᐃ≉ࢆ⨨఩ࢺࢡࣃࣥ࢖ࡢ࣮ࣝ࣎࡜ࢺࢵࣂ

࿘Ἴᩘ: 1000 Hz㸪⏬⣲ᩘ: 1280 � 960 pixel; ࣮ࢪࣟࣀࢡࢸࢪ࣮࣓࢖ࢡࢵࢼ♫〇㸧࠸⏝ࢆ

㸪୕ࡓࡲ㸬ࡓࡋ᧜ᙳࢆᫎീࡢࢺࢵࣂ࡜࣮ࣝ࣎ࡢ௜㏆ࢺࢡࣃࣥ࢖࡚ ḟඖືసゎᯒ࣒ࢸࢫࢩ㸦ࢧ

࿘Ἴᩘ: 500 Hz; Motion Analysisࢢࣥࣜࣉࣥ ♫〇㸧࡚࠸⏝ࢆィ 39 ⟠ᡤࡢゎ๗ᏛⓗᶆㄆⅬ

㸦ᅗ 6㸧࡟㈞௜ࡓࡋ┤ᚄ 14.0 mm 㸦Pearl Marker; B & L Engineering࣮࣮࣐࢝཯ᑕࡢ ♫

〇㸧ࡢ఩⨨ᗙᶆࢆグ㘓ࡓࡋ㸬 

 ࡽ࠿࣮࣮࣐࢝཯ᑕࡓࡋ௜㈞࡟ࢻࢵ࣊ࢺࢵࣂ
ⓑⰍࡢ࡛ࡲࣉ࣮ࢸ㛗ࡉ� 500 mm 

඲㛗� 830 mm 
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ᅗ 6�  ᐃࢺࢵࢭ࣮࣮࣐࢝ࡓ࠸⏝࡟ 

཯ᑕࡢ࣮࣮࣐࢝㈞௜ࡣ㸪඲ᑐ㇟⪅ࢆ㏻ࡓࡗ⾜ࡀ⪅᳨ࡢ୍ྠ࡚ࡌ㸬཯ᑕࡢ࣮࣮࣐࢝᣺ືࡀ

ᠱᛕࡿࢀࡉ㈞௜⟠ᡤࡣ࡚࠸ࡘ࡟㸪࡚࡟ࣉ࣮ࢸࣝ࢝ࢪ࣮ࢧ⿵ᙉࡓࡗ⾜ࢆ㸬ࡓࡲ㸪ࣞࣈࣜࣕ࢟

ㄗᕪࡢḟඖᗙᶆ್㛫୕ࡓࢀࡉฟ⟭࡜ᐇ ୕ḟඖᗙᶆ್ࡢ㍑ṇⅬࡢ࣓ࣛ࢝඲ࡿࡼ࡟ࣥࣙࢩ࣮

㸪0.73 s 0.24 mmࡣᖹᆒ್ࡢ  㸬ࡓࡗ࠶࡛

๓㏙ࡢ㧗㏿ᗘ୕࡜࣓ࣛ࢝࢜ࢹࣅḟඖືసゎᯒྠࢆࢱ࣮ࢹࡢ࣒ࢸࢫࢩᮇฎ⌮ࢺ ,ࡵࡓࡿࡍ

᫬ࢺࢡࣃࣥ࢖㸬ࡓ࠸⏝ࢆ〇㸧♫ࢢࣥࢪ࣮࣓࢖ࢡࢵࢸࢫ࢓ࣇ ;㸦ATRG-100ࢺࢵࢽ࣮ࣘ࢞ࣜ

㸪BNCࢀࡉฟຊࡀಙྕࢢࣟࢼ࢔ࡽ࠿ࢺࢵࢽ࣮ࣘ࢞ࣜࢺ㸪ࡾࡼ࡟ᡴ⌫㡢ࡿࡍ⏕Ⓨ࡟ ࣈ࣮ࢣ

࢖㸪ࡵࡓࡿ࠶ࡀࢀ᫬㛫㐜ࡢᐃ୍ࡣ࡟ฟຊࡢಙྕࢢࣟࢼ࢔㸬ࡓࢀࡉᮇྠࡣ⨨୧⿦࡚ࡋ௓ࢆࣝ

ồࢆᕪࡢ᫬Ⅼࡓࢀࡉฟຊࡀಙྕࢢࣟࢼ࢔࡜ᩘ࣒࣮ࣞࣇࡢ࣓ࣛ࢝࢜ࢹࣅ㧗㏿ᗘࡢ᫬ࢺࢡࣃࣥ

 㸬ࡓࡋᐃྠࢆ᫬Ⅼࡢࢺࢡࣃࣥ࢖㸪ࡾࡼ࡟࡜ࡇࡿࡵ

๓㠃 ᚋ㠃 
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��  ゎᯒࢱ࣮ࢹ

㸪ࡋᑐ࡟⨨఩ࡢࣉ࣮ࢸⓑⰍࡧࡼ࠾࣮࣮࣐࢝཯ᑕࡓࡋ௜㈞࡟ࢻࢵ࣊ࢺࢵࣂ୰ᚰⅬ㸪ࡢ࣮ࣝ࣎

ື⏬ゎᯒࢺࣇࢯ㸦Frame DIAS V; DKH ♫〇㸧࡚࠸⏝ࢆᡭືࡓࡗ⾜ࢆࢬ࢖ࢱࢪࢹ㸦ᅗ 7㸧㸬

㸪୕ḟඖࡣ఩⨨ᗙᶆࡢᚩⅬ≉ྛࡓࡋࢬ࢖ࢱࢪࢹ DLT ἲ୕࡚࠸⏝ࢆḟඖᗙᶆࡢ࡬ኚ᥮ࢆ⾜

 㸬ࡓࡗ⾜ࡀ⪅᳨ࡢ୍ྠ࡚ࡌ㏻ࢆ඲ヨᢏࡢ⪅㇟㸪඲ᑐࡣࢬ࢖ࢱࢪࢹ㸪ᡭື࠾࡞㸬ࡓࡗ

 

ᅗ 7�  ౛㸧ࡢ⪅㇟㸦୍ᑐࢬ࢖ࢱࢪࢹࡢᚩⅬ≉ࡿࡅ࠾࡟᫬Ⅼࢺࢡࣃࣥ࢖

ྲྀᚓ୕ࡓࡋḟඖᗙᶆ್ࡽ࠿㸪࡟ࢻ࢚ࣥࣉࢵࣜࢢ࣭ࢻࢵ࣊ࢺࢵࣂ㈞௜ࡓࡋィ 2 Ⅼࡢ཯ᑕ࣐

࡟᪉ྥࢻ࢚ࣥࣉࢵࣜࢢࡽ࠿ࢻࢵ࣊ࢺࢵࣂ㸪࡚࠸⏝ࢆᗙᶆ್ࡢ࣮࣮࢝ 150 mm ཎⅬࢆ⨨఩ࡢ

ࣂ࣮ࣟࢢ㸪࡟㸬ḟࡓࡋ⩏ᐃࢆ㛗㍈ࢺࢵࣂ࠺࠿ྥ࡬ࢻࢵ࣊ࢺࢵࣂࡽ࠿ࢻ࢚ࣥࣉࢵࣜࢢ㸪ࡋ࡜

ࣝᗙᶆ⣔ࡢ X ㍈࡜ Z ㍈࡚ࡗࡼ࡟ᙧᡂࡿࢀࡉ XZ ᖹ㠃ୖ࡛㸪ࢺࢵࣂ㛗㍈ࢺࢵࣂࡿࡍ⾜┤࡟▷

㍈ࢆᐃ⩏ࡓࡋ㸬࡟ࡽࡉ㸪ࢺࢵࣂ㛗㍈࡜▷㍈࡛ᵓᡂࡿࢀࡉᖹ㠃ୖ࡟ᢞᙳ࣮ࣝ࣎ࡓࡋ୰ᚰ఩⨨

 㸦Higuchi et al.㸪2013; Higuchiࡓࡵồ࡚ࡋ࡜⨨఩ࢺࢡࣃࣥ࢖ࡿࡅ࠾࡟ୖࢺࢵࣂ㸪ࢆᗙᶆࡢ

et al.㸪2016; ᅗ 8㸧㸬 

 ࡢࢻࢵ࣊ࢺࢵࣂ
཯ᑕ࣮࣮࣐࢝ 

 ࡢ࣮ࣝ࣎
୰ᚰⅬ 

 ࡓ࠸ᕳ࡟ࢺࢵࣂ
ⓑⰍࣉ࣮ࢸ 
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ᅗ 8�  ᵓ⠏ࡢᗙᶆ⣔ࢺࢵࣂ

㍈▷ࡧࡼ࠾㛗㍈ࢺࢵࣂࡢ⨨఩ࢺࢡࣃࣥ࢖㸪ࡣᣦᶆࡍ♧ࢆ෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖㸪ࡓࡲ

᪉ྥࡢᶆ‽೫ᕪࡓࡋ࡜㸦ᅗ 9㸧㸬࠾࡞㸪ࢺࢡࣃࣥ࢖఩⨨ࡢኚືᛶࢆどぬⓗ࡟⌮ゎࡼ࠸ࡍࡸࡋ

ࡢ⨨఩ࢺࢡࣃࣥ࢖ࡢ㛗㍈࣭▷㍈᪉ྥࢺࢵࣂ㸪࠺ 2 ᶆ‽೫ᕪࡍ࡞ࡀ㛗᪉ᙧࢆᅗ୰ࡓࡋ♧࡟㸬

࡟ࡵࡓࡿࡍᐃ≉ࢆ⪅㇟ᑐ࡞㸪඾ᆺⓗࡋฟ⟭࡚࠸ࡘ࡟⪅㇟඲ᑐࢆ✚㠃ࡢ㛗᪉ᙧࡢ㸪ୖグࡓࡲ

 㸬ࡓ࠸⏝

Ⅼࡓ࠸⏝࡟ࢬ࢖ࢱࢪࢹ

�ཎⅬࡢᗙᶆ⣔ࢺࢵࣂ

X ㍈�

Z ㍈

Y ㍈

㛗㍈�

▷㍈�



 �
�

 

Ī 9� S�w]p½ʎ8áȲƓưǼ̺�ř˜ʔ8Ä̻ 

�ȁ×ùÁˁǭcen�72Čƈ%,o�i9̼Śȸ8h{pTUQ�̺Cortex 

Version2.1; Motion Analysisɞʷ̻3Ĕ��Y�Ę8Őʐ4ʶ̔ÁǷNʯ/,̾A,̼ʉ

̡%,o�i9̼C3D{PS�4%2ãô%̼ùÁˁǭȸh{pTUQ̺Visual 3D 

Version5; C-Motionɞʷ̻Nȸ�2äǭNʯ/,̾�ȁ×ùÁˁǭcen�72Čƈ%,

Ċś��Y�8o�i9̼Û2 1000 Hz7Ql}b�}��^%,̾ 

̕ɵˀŹ8ɴã7Øɪ.̼ʜ̈�̷ɋ�đ�ʠ�đïʠ�đơ̇�ũ�ʠ�ũïʠ�ũ

ơ̇8 808g^��p7HJǹƞ$LKñÀ��]�o�NÁƞ%,̾̕ɵźǼɹ̺Ī

10̻6I;7źǼɹ8Ħ˭̬Ŷ9̼ī̟vSX�Ys]eō·̺ISB̻8ƸŅ'Kǌȓ7

ķ1�2ˆŐ%,̺Wu et al.̼2002; Wu et al.̼2005̻̾ *8Ɔ̼Ĕř˜ʔ7� K̷ɋ

g^��p8^��v�źǼɹ7ř'KˀŹ̼Àų²Ƙ̕ɵˀŹ̷̺ɋg^��p7ř'

Kʜ̈g^��p8ˀŹ̻̼ ʘ̕ɵˀŹ̼ʕ̕ɵˀŹ̼ơ̕ɵˀŹNɴã%,̾6�̼ǧɖ

ɧ8ř˜ʔ9̼đƢ.�ũƢ.8Ƣʔ�ȚĮ%2�,,D̼ˁǭ39Û28ˀŹo�iN

đƢʔ8Ĺĕ7ľƼ%,�3âȴNʯ/,̾A,̼�ʗ̕ɵˀŹ9�(LEũđ�Ò8Í

Nɴã%,̾�(L8g^��p�̕ɵ70�2E̼3ʢȺŹNǠ'K�o�NˆŐ%,

,D̼ǧɖɧ7� KñÀ��]�o�8ʢȺŹ8ĕ˃9 24ʢȺŹ3�/,̾Ĕř˜ʔ

8ˀŹNɴã%,Ɔ̼Yu et al.̺1999̻8ơȓNȸ�2Ǟ̃̄ǋĝȔǆ̺28 Hz̻NȏŐ

%̼Ĕˊƥ8ˀŹȔƁ7ř%½Ɏ˽L86� 4ȁ8vi��e{R�iNȸ�2űȡüN

ʯ/,̾*8Ɔ̼ĔˀŹ7� Kˊƥ̔8ǼȟÏŪ̺SD̻N̼ř˜ʔ#47ɴã%,̾ 

��	�������
�
�

���

���
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ᅗ 10� 㛵⠇ᗙᶆ⣔ࡢタᐃ 

ゎᯒືࡓ࠸⏝࡟స᫬Ⅼࡣ㸪ࡢࢢࣥ࢖ࢫ㛤ጞ᫬Ⅼ㸦SS ᫬Ⅼ㸧࣭ࢢࣥ࢖ࢫ୰ᮇ㛤ጞ᫬Ⅼ㸦MID

᫬Ⅼ㸧࣭ ᚋᮇ㛤ጞ᫬Ⅼ㸦LATEࢢࣥ࢖ࢫ ᫬Ⅼ㸧࣭ ᫬Ⅼ㸦IMPࢺࢡࣃࣥ࢖ ᫬Ⅼ㸧ࡢ 4 ᫬Ⅼࡋ࡜

㸦Shaffer et al.㸪1993; ᅗࡓ 11㸧㸬SS ᫬Ⅼࡣ㸪࡟ࢻ࢚ࣥࣉࢵࣜࢢ㈞௜ࡓࡋ཯ᑕࡢ࣮࣮࣐࢝

ᢞᡭ᪉ྥࡢ࡬⛣ື㏿ᗘࡀ 1 m/s 㸪MIDࡓࡲ㸬ࡓࡋ⩏ᐃ࡜᫬Ⅼࡓ࠼㉸ࢆ ᫬Ⅼࡀࢺࢵࣂࡣᆅ㠃

᫬Ⅼ㸪LATEࡓࡗ࡞࡜┤ᆶ࡚ࡋᑐ࡟ ᫬Ⅼࡀࢺࢵࣂࡣᆅ㠃࡜ᖹ⾜ࡓࡗ࡞࡟᫬Ⅼ࡜ᐃ⩏ࡓࡋ

㸦Shaffer et al.㸪1993㸧㸬IMP ᫬Ⅼࡣ㸪㧗㏿ᗘ࡛࣓ࣛ࢝࢜ࢹࣅ᧜ᙳࡓࡋᫎീ࡚࠸࠾࡟㸪ࢸ

 㸬ࡓࡋ࡜᫬Ⅼࡢ๓┤ࡍฟࡁືࡀ࣮ࣝ࣎ࡢୖྎ࣮࢕

 

ᅗ 11� ゎᯒືࡓ࠸⏝࡟స᫬Ⅼ 

 ᗙᶆ⣔ࣝࣂ࣮ࣟࢢ

Z ㍈ 

X ㍈ 

Y ㍈ 
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ᢲᡭࠕࢆᡭྑࡢ⪅㸪ྑᡴࡣ࡛✲◊ᮏ ,࠾࡞ 㸪ࠖᕥᡭࠕࢆᘬᡭࠖ࡜⾲グࡓࡋ㸦ᅗ 12㸧㸬ᕥᡴ

ᢲᡭࠕࡀ㸪ᕥᡭࡣሙྜ࡛ࡢ⪅ 㸪ࠖྑᡭࠕࡀᘬᡭࠖࡿ࡞࡜㸬 

 

ᅗ 12�  ሙྜ㸧ࡢ⪅ᐃ⩏㸦ྑᡴࡢᘬᡭࠖࠕࡧࡼ࠾ᢲᡭࠖࠕ

�� ⤫ィฎ⌮ 

ᮏ◊✲࡛ࡣ㸪ࢺࢡࣃࣥ࢖఩⨨ࡢ෌⌧ᛶ࡟㛵ࡿࢃ㔝⌫ᡴᧁືసࡢ㐠ືᏛⓗせᅉࢆ≉ᐃࡿࡍ

ᚑᒓኚᩘ㸪ࢆኚᩘࢫ࣐࣮࢛ࣥࣇࣃ㸪ࡿ࠸࡚ࢀࡽ࠸⏝࡛✲◊ࢫࢡࢽ࣓࢝࢜࢖ࣂࡢ㸪㏆ᖺࡵࡓ

㐠ືᏛⓗኚᩘࢆ⊂❧ኚᩘࡿࡍ࡜㔜ᅇᖐศᯒࡓ࠸⏝ࢆ㸦Bradshaw et al.㸪2009; Chu et al.㸪

2010; Michaud-Paquette et al.㸪2011㸧㸬 

ゅᗘ࣭యᖿ௬᝿㛵ࢺ࣓ࣥࢢࢭ┙㦵ࡿࡅ࠾࡟స᫬Ⅼືྛ࡜෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖㸪ࡎࡲ

⠇ゅᗘ࣭ୖ⫥㛵⠇ゅᗘࡢᶆ‽೫ᕪࡢ㛵ಀ࡚࠸ࡘ࡟㸪ࡢࣥࢯ࢔ࣆ✚⋡┦㛵ಀᩘࢆ⟬ฟࡓࡋ㸬

ḟ࡟㸪┦㛵ಀᩘࡀ᭷ព࡛ࡓࡗ࠶ኚᩘ࡚࠸⏝ࢆ㔜ᅇᖐศᯒ㸦ࢬ࢖࣡ࣉࢵࢸࢫἲ㸧࠸⾜ࢆ㸪4

㸪඲࡚ࡣ‽᭷ពỈࡿࡅ࠾࡟✲◊㸪ᮏ࠾࡞㸬ࡓࡋฟ⟭ࢆᅇᖐᘧ࡚࠸ࡘ࡟ࢀࡒࢀࡑ᫬Ⅼࡢࡘ 5 %

ᮍ‶ࡓࡋ࡜㸬⤫ィฎ⌮ࡣ࡟㸪⤫ィゎᯒࢺࣇࢯ㸦SPSS Statistics Version 23; IBM ♫〇㸧ࢆ

 㸬ࡓ࠸⏝

ᘬᡭ ᢲᡭ 
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➨3❶� ⤖ᯝ 

��  ෌⌧ᛶࡧࡼ࠾ศᕸࡢ⨨఩ࢺࢡࣃࣥ࢖

ᅗ 13 ᅗࡧࡼ࠾ 14 㸬ࡓࡋ♧ࢆศᕸࡢ⨨఩ࢺࢡࣃࣥ࢖ࡢୖࢺࢵࣂࡿࡅ࠾࡟⪅㇟㸪ྛᑐࡣ࡟

ᅗ୰ࡢ㉥୸ࡣ㸪ྛヨᢏࢺࢡࣃࣥ࢖ࡿࡅ࠾࡟఩⨨ࡍ♧ࢆ㸬࠾࡞㸪ࢺࢡࣃࣥ࢖఩⨨ࡢ෌⌧ᛶࢆ

ࡢ㛗㍈࣭▷㍈᪉ྥࢺࢵࣂࡍ♧ 2 ᶆ‽೫ᕪࡍ࡞ࡀ㠃✚ࢆ㸪ỈⰍࡢ㛗᪉ᙧࡓࡋ♧࡚࡟㸬 

 

ᅗ 13� ᑐ㇟⪅ A㸫L  ศᕸࡢ⨨఩ࢺࢡࣃࣥ࢖ࡿࡅ࠾࡟



 ��

 

ᅗ 14� ᑐ㇟⪅ M㸫X  ศᕸࡢ⨨఩ࢺࢡࣃࣥ࢖ࡿࡅ࠾࡟

ᅗ 13 ᅗࡧࡼ࠾ 14 ⪅㇟ᡴ⪅㸦౛: ᑐࡿ࠸࡚ࡋ཰᮰ࡀ⨨఩ࢺࢡࣃࣥ࢖࡟㸪ᖹᆒ್࿘㎶ࡽ࠿

V㸧㸪ࢺࢵࣂ㛗㍈᪉ྥࢺࢡࣃࣥ࢖࡟఩⨨ࡢ኱ࡀࡁࡘࡽࡤ࡞ࡁぢࡿࢀࡽᡴ⪅㸦౛: ᑐ㇟⪅ I㸧㸪

㇟ᡴ⪅㸦౛: ᑐࡿࢀࡽぢࡀࡁࡘࡽࡤ࡞ࡁ኱ࡢ⨨఩ࢺࢡࣃࣥ࢖࡟㛗㍈᪉ྥࡧࡼ࠾㍈▷ࢺࢵࣂ

⪅ J㸧ࡀほᐹࡓࢀࡉ㸬 



 ��

⾲㸪ࡓࡲ 1 ᶆࡧࡼ࠾ᖹᆒ್ࡢ㊥㞳ࡢ࡛ࡲ⨨఩ࢺࢡࣃࣥ࢖ࡽ࠿ཎⅬࡢᗙᶆ⣔ࢺࢵࣂ㸪ࡣ࡟

‽೫ᕪࢆ㸪ᑐ㇟⪅ࡓࡋ♧࡟࡜ࡈ㸬ࢺࢡࣃࣥ࢖఩⨨ࡢ෌⌧ᛶࢆ㛗㍈࣭▷㍈᪉ྥࡢ㊥㞳ࡢ 2 ᶆ

‽೫ᕪࡍ࡞ࡀ㠃✚࡚ࡋ࡜ホ౯ࡓࡋ㝿㸪ᑐ㇟⪅ J ⪅㇟㸪ᑐࡋ♧ࢆ෌⌧ᛶ࠸పࡶ᭱ࡀ V ࡶ᭱ࡀ

㧗࠸෌⌧ᛶࡓࡋ♧ࢆ㸬 

 

⾲ 1� ྛᑐ㇟⪅ࢺࢵࣂࡿࡅ࠾࡟ᗙᶆ⣔ࡢཎⅬࢺࢡࣃࣥ࢖ࡽ࠿఩⨨ࡢ࡛ࡲ㊥㞳ࡢ 

ᖹᆒ್ࡧࡼ࠾ᶆ‽೫ᕪ㸦ᑐ㇟⪅ J ⪅㇟ᑐࡧࡼ࠾ V  㸧ࡓࡋ♧㸪㟷Ⰽ࡛ࡣ

 

ᖹᆒ್ ± ᶆ‽೫ᕪ ᖹᆒ್ ± ᶆ‽೫ᕪ

A -16.9 ± 13.1 3.8 ± 13.0 678.5

B 19.5 ± 10.0 -0.8 ± 8.0 320.9

C 65.2 ± 11.5 -0.3 ± 8.8 405.6

D -19.9 ± 12.2 11.5 ± 8.8 430.9

E 2.6 ± 8.5 -2.6 ± 9.8 331.6

F 32.4 ± 11.1 4.2 ± 9.4 419.0

G 0.6 ± 12.6 10.3 ± 10.6 534.1

H 7.8 ± 12.7 8.6 ± 7.6 383.8

I 10.4 ± 20.0 5.5 ± 7.8 620.2

J 12.4 ± 16.0 9.2 ± 13.0 836.1

K 18.4 ± 14.4 1.6 ± 8.2 471.3

L -31.6 ± 11.6 2.9 ± 6.4 298.7

M 15.6 ± 9.2 -3.2 ± 10.3 380.2

N -5.5 ± 12.2 8.8 ± 11.2 546.4

O 19.7 ± 11.5 8.3 ± 7.6 350.1

P -15.9 ± 16.2 8.1 ± 8.8 568.5

Q -2.8 ± 13.3 9.6 ± 9.9 525.7

R 37.2 ± 9.5 2.5 ± 8.3 316.9

S 5.2 ± 11.7 4.8 ± 6.5 304.8

T -5.2 ± 10.5 13.7 ± 9.3 391.2

U -5.5 ± 17.8 18.0 ± 9.1 645.2

V 29.1 ± 11.1 1.7 ± 6.4 283.9

W 20.5 ± 11.2 9.5 ± 8.4 376.1

X 1.1 ± 14.9 4.3 ± 9.8 582.6

ᖹᆒ್ 8.1 12.6 5.8 9.0 458.4

ᶆ‽೫ᕪ 21.0 2.8 5.2 1.8 143.3

ᑐ㇟⪅
㛗㍈᪉ྥ䛾㊥㞳㻌(mm) ▷㍈᪉ྥ䛾㊥㞳㻌(mm) 㛗㍈࣭▷㍈᪉ྥࡢ

㊥㞳2ࡢᶆ‽೫ᕪࡀ

�mm2� 㠃✚ࡍ࡞



 ��

�� 㦵┙ゅᗘ࡟ࡧࡽ࡞యᖿ࣭ୖ⫥㛵⠇ゅᗘ 

3-2-1� 㦵┙ゅᗘ࡟ࡧࡽ࡞యᖿ࣭ୖ⫥㛵⠇ゅᗘἼᙧࡢ඾ᆺ౛ 

㦵┙ゅᗘ࡟ࡧࡽ࡞యᖿ࣭ ୖ⫥㛵⠇ゅᗘἼᙧࡢ඾ᆺ౛ࢆ㸪ᅗ 15㸫ᅗ 19 㸪ࡣ࡟㸬ᅗ୰ࡍ♧࡟

ᑐ㇟⪅ࡓࡗ⾜ࡀ඲ヨᢏศࡢゅᗘἼᙧࢆ㔜␚ࢆࣇࣛࢢࡓࡋグ㍕ࡓࡋ㸬ᅗ୰ᕥิࡢᑐ㇟⪅ J ࡣ

⪅㇟ᑐࡢᡴ⪅㸪ᅗ୰ྑิ࠸పࡀ෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖ࡶ᭱ V ࢆ⪅ᡴ࠸㧗ࡀ෌⌧ᛶࡶ᭱ࡣ

ᣦࡍ㸦ࢺࢡࣃࣥ࢖఩⨨ࡢ෌⌧ᛶࢆ㛗㍈࣭▷㍈᪉ྥࡢ㊥㞳ࡢ 2 ᶆ‽೫ᕪࡍ࡞ࡀ㠃✚࡚ࡋ࡜ホ

౯ࡓࡋሙྜ㸧㸬㦵┙ゅᗘ࡟ࡧࡽ࡞యᖿ࣭ୖ⫥㛵⠇ゅᗘἼᙧࡿࡅ࠾࡟ヨᢏ㛫ࡢኚືᖜࡣ㸪ᑐ㇟

⪅ V ⪅㇟㸪ᑐ࡭ẚ࡟ J  㸬ࡓࢀࡽぢࡀഴྥ࠸ࡁ኱ࡀ࠺࡯ࡢ

 

ᅗ 15� 㦵┙ゅᗘἼᙧࡢ඾ᆺ౛ 



 ��

 

ᅗ 16� యᖿ௬᝿㛵⠇ゅᗘἼᙧࡢ඾ᆺ౛ 



 ��

 

 

ᅗ 17� ᘬᡭ࣭ᢲᡭ⫪㛵⠇ゅᗘἼᙧࡢ඾ᆺ౛ 



 ��

 

 

ᅗ 18� ᘬᡭ࣭ᢲᡭ⫝㛵⠇ゅᗘἼᙧࡢ඾ᆺ౛ 



 ��

 

 

ᅗ 19� ᘬᡭ࣭ᢲᡭᡭ㛵⠇ゅᗘἼᙧࡢ඾ᆺ౛ 



 ��

3-2-2� ྛືస᫬Ⅼࡿࡅ࠾࡟㦵┙ゅᗘ࡟ࡧࡽ࡞యᖿ࣭ୖ⫥㛵⠇ゅᗘࡢᖹᆒ್ 

⾲ 2㸫⾲ 4 ⪅㇟඲ᑐࡢయᖿ࣭ୖ⫥㛵⠇ゅᗘ࡟ࡧࡽ࡞㦵┙ゅᗘࡿࡅ࠾࡟㸪ྛືస᫬Ⅼࡣ࡟

 㸬ࡓࡋ♧ࢆᖹᆒ್㸦s ᶆ‽೫ᕪ㸧ࡿࡅ࠾࡟

 

⾲ 2� SS࣭MID ᫬Ⅼࡿࡅ࠾࡟㦵┙ゅᗘ࡟ࡧࡽ࡞యᖿ࣭⫪㛵⠇ゅᗘࡢᖹᆒ್ 

 

ᖹᆒ್ ± ᶆ‽೫ᕪ ᖹᆒ್ ± ᶆ‽೫ᕪ

-3.0 ± 5.2 0.1 ± 2.6

( -11.5 - 6.3 ) ( -4.7 - 4.8 )

6.1 ± 5.5 5.2 ± 5.1

( -4.2 - 17.3 ) ( -3.0 - 16.7 )

-115.5 ± 8.7 -72.8 ± 11.9

( -130.8 - -98.7 ) ( -99.3 - -48.7 )

3.1 ± 11.1 2.8 ± 9.6

( -16.2 - 20.6 ) ( -14.6 - 15.8 )

-4.8 ± 5.3 8.3 ± 3.6

( -15.7 - 5.0 ) ( -0.1 - 13.9 )

-18.0 ± 4.9 -19.6 ± 5.9

( -27.7 - -10.6 ) ( -34.7 - -9.3 )

Ỉᖹ 116.9 ± 6.7 111.8 ± 8.0

ఙᒎ࣭ᒅ᭤ ( 107.4 - 130.4 ) ( 95.3 - 125.8 )

-72.5 ± 5.5 -59.2 ± 6.4

( -83.5 - -62.1 ) ( -73.7 - -46.0 )

-42.7 ± 10.8 -33.9 ± 10.6

( -60.9 - -19.7 ) ( -49.8 - -4.7 )

Ỉᖹ -44.1 ± 11.6 -61.3 ± 10.0

ఙᒎ࣭ᒅ᭤ ( -66.6 - -16.4 ) ( -77.4 - -43.7 )

-60.2 ± 9.4 -35.7 ± 8.2

( -85.6 - -44.0 ) ( -48.8 - -16.4 )

-53.4 ± 12.3 -67.5 ± 14.6

( -81.4 - -35.8 ) ( -101.1 - -44.2 )

㐠ື᪉ྥ

ゅᗘ (deg)

㦵┙

๓ᚋഴᩳ

ᕥྑഴᩳ

� ᭱ᑠ್ � ᭱኱್ � � ᭱ᑠ್ � ᭱኱್ �

SS MID
㛵⠇

ᅇ᪕

యᖿ

௬᝿㛵⠇

๓ᚋᒅ

ഃᒅ

ᅇ᪕

ᢲᡭ

⫪㛵⠇
ᣲୖ

ෆእ᪕

ᘬᡭ

⫪㛵⠇
ᣲୖ

ෆእ᪕



 ��

⾲ 3�  LATE࣭IMP ᫬Ⅼࡿࡅ࠾࡟㦵┙ゅᗘ࡟ࡧࡽ࡞యᖿ࣭⫪㛵⠇ゅᗘࡢᖹᆒ್ 

 

ᖹᆒ್ ± ᶆ‽೫ᕪ ᖹᆒ್ ± ᶆ‽೫ᕪ

-2.3 ± 3.7 -1.1 ± 6.7

( -8.7 - 3.8 ) ( -10.9 - 11.2 )

3.4 ± 4.0 3.9 ± 3.5

( -5.0 - 10.4 ) ( -5.2 - 10.0 )

-33.8 ± 10.3 -15.9 ± 9.8

( -58.0 - -13.5 ) ( -38.3 - 10.0 )

4.6 ± 5.0 -0.5 ± 4.8

( -5.8 - 14.9 ) ( -9.6 - 11.0 )

13.1 ± 3.1 13.9 ± 3.1

( 6.9 - 17.9 ) ( 7.5 - 19.3 )

-7.7 ± 5.4 2.0 ± 5.1

( -19.0 - 0.7 ) ( -7.0 - 13.9 )

Ỉᖹ 86.6 ± 8.7 77.4 ± 8.5

ఙᒎ࣭ᒅ᭤ ( 72.5 - 101.8 ) ( 60.4 - 90.7 )

-54.7 ± 4.8 -53.0 ± 5.6

( -63.6 - -44.3 ) ( -63.1 - -40.9 )

-14.9 ± 11.1 0.6 ± 12.2

( -40.2 - 11.6 ) ( -38.0 - 23.8 )

Ỉᖹ -90.8 ± 11.5 -93.3 ± 11.2

ఙᒎ࣭ᒅ᭤ ( -109.2 - -65.5 ) ( -116.5 - -69.6 )

-24.2 ± 4.9 -24.9 ± 5.4

( -37.9 - -16.4 ) ( -41.2 - -14.9 )

-74.5 ± 18.0 -72.3 ± 17.8

( -107.7 - -37.9 ) ( -105.1 - -37.4 )

IMP
㛵⠇ 㐠ື᪉ྥ

ᢲᡭ

⫪㛵⠇
ᣲୖ

ෆእ᪕

㦵┙

๓ᚋഴᩳ

ᕥྑഴᩳ

ᅇ᪕

యᖿ

௬᝿㛵⠇

๓ᚋᒅ

ഃᒅ

ᅇ᪕

ゅᗘ  (deg)

ᘬᡭ

⫪㛵⠇
ᣲୖ

ෆእ᪕

� ᭱ᑠ್ � ᭱኱್ � � ᭱ᑠ್ � ᭱኱್ �

LATE



 ��

⾲ 4� SS࣭MID ᫬Ⅼୖࡿࡅ࠾࡟⫥㛵⠇ゅᗘࡢᖹᆒ್㸦⫝㛵⠇࣭ᡭ㛵⠇㸧 

 

ᖹᆒ್ ± ᶆ‽೫ᕪ ᖹᆒ್ ± ᶆ‽೫ᕪ

75.0 ± 11.8 77.6 ± 11.8

( 47.8 - 93.9 ) ( 53.6 - 97.2 )

-5.8 ± 5.6 -5.1 ± 5.4

( -17.4 - 5.5 ) ( -15.8 - 7.7 )

68.7 ± 6.2 72.8 ± 5.5

( 53.1 - 79.5 ) ( 60.1 - 80.9 )

119.8 ± 10.1 119.4 ± 9.2

( 98.5 - 135.0 ) ( 95.2 - 130.3 )

-6.6 ± 5.1 -6.8 ± 4.4

( -14.2 - 6.4 ) ( -17.3 - 2.5 )

52.0 ± 7.3 53.6 ± 8.2

( 34.6 - 63.6 ) ( 34.0 - 64.8 )

-20.6 ± 10.6 -11.3 ± 10.3

( -41.4 - -0.2 ) ( -36.6 - 8.9 )

-31.7 ± 11.9 -26.6 ± 11.6

( -68.9 - -13.3 ) ( -61.9 - -8.4 )

48.9 ± 11.0 57.9 ± 11.4

( 30.6 - 70.6 ) ( 37.6 - 77.5 )

-36.9 ± 10.6 -47.6 ± 12.5

( -51.2 - -13.9 ) ( -71.8 - -21.6 )

-25.3 ± 8.7 -39.1 ± 9.6

( -43.9 - -12.4 ) ( -58.0 - -14.7 )

28.3 ± 8.6 19.6 ± 8.9

( 15.2 - 49.9 ) ( 1.1 - 40.0 )

ᘬᡭ

⫝㛵⠇

ᒅ᭤ఙᒎ

ෆእ཯

SS

� ᭱ᑠ್ � ᭱኱್ �

㛵⠇ 㐠ື᪉ྥ

ෆእ᪕

ᢲᡭ

⫝㛵⠇

ᒅ᭤ఙᒎ

ෆእ཯

ෆእ᪕

ᢲᡭ

ᡭ㛵⠇

ᤸ⫼ᒅ

ᶨᑻᒅ

ෆእ᪕

ᘬᡭ

ᡭ㛵⠇

ᤸ⫼ᒅ

ᶨᑻᒅ

ෆእ᪕

ゅᗘ  (deg)

MID

� ᭱ᑠ್ � ᭱኱್ �



 ��

⾲ 5�  LATE࣭IMP ᫬Ⅼୖࡿࡅ࠾࡟⫥㛵⠇ゅᗘࡢᖹᆒ್㸦⫝㛵⠇࣭ᡭ㛵⠇㸧 

 

ᖹᆒ್ ± ᶆ‽೫ᕪ ᖹᆒ್ ± ᶆ‽೫ᕪ

75.7 ± 10.4 68.3 ± 9.4

( 47.8 - 92.8 ) ( 41.2 - 83.6 )

-5.9 ± 5.2 -8.7 ± 4.8

( -17.6 - 5.7 ) ( -18.2 - 0.1 )

71.5 ± 7.0 63.9 ± 8.9

( 56.2 - 81.4 ) ( 43.9 - 79.4 )

100.9 ± 8.2 78.3 ± 9.1

( 82.7 - 113.4 ) ( 59.9 - 98.6 )

-9.9 ± 4.8 -13.6 ± 5.3

( -17.4 - -0.7 ) ( -22.6 - -2.2 )

44.8 ± 7.9 20.5 ± 5.8

( 33.4 - 59.2 ) ( 6.2 - 30.5 )

-7.9 ± 8.6 -18.6 ± 4.2

( -27.8 - 6.4 ) ( -25.6 - -10.7 )

-10.1 ± 9.9 16.5 ± 6.2

( -36.1 - 10.3 ) ( -0.8 - 27.6 )

62.2 ± 9.7 57.4 ± 8.5

( 47.4 - 80.6 ) ( 42.1 - 74.4 )

-66.8 ± 10.1 -48.9 ± 11.4

( -83.7 - -44.5 ) ( -73.5 - -31.8 )

-31.7 ± 6.1 -2.0 ± 6.0

( -41.3 - -16.6 ) ( -11.5 - 16.1 )

-6.2 ± 6.6 0.6 ± 7.5

( -17.5 - 4.6 ) ( -12.6 - 18.3 )

㛵⠇ 㐠ື᪉ྥ

ᘬᡭ

⫝㛵⠇

ᒅ᭤ఙᒎ

ෆእ཯

ෆእ᪕

ᢲᡭ

ᡭ㛵⠇

ᤸ⫼ᒅ

ᶨᑻᒅ

ෆእ᪕

ゅᗘ  (deg)

ᢲᡭ

⫝㛵⠇

ᒅ᭤ఙᒎ

ෆእ཯

ෆእ᪕

ᘬᡭ

ᡭ㛵⠇

ᤸ⫼ᒅ

ᶨᑻᒅ

ෆእ᪕

� ᭱ᑠ್ � ᭱኱್ � � ᭱ᑠ್ � ᭱኱್ �

LATE IMP
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3-2-3� ྛືస᫬Ⅼࡿࡅ࠾࡟㦵┙ゅᗘ࡟ࡧࡽ࡞యᖿ࣭ୖ⫥㛵⠇ゅᗘࡢᶆ‽೫ᕪ 

⾲ 6 㸪ྛࡣ࡟ ᑐ㇟⪅ࡢ㦵┙ゅᗘ࡟ࡧࡽ࡞యᖿ࣭ ୖ⫥㛵⠇ゅᗘ࡟ᑐ࡚ࡋồࡓࡵᶆ‽೫ᕪࢆ㸪

඲ᑐ㇟⪅࡛ᖹᆒ್ࡓࡋ㸦s ᶆ‽೫ᕪ㸧ࡓࡋ♧ࢆ㸬࠾࡞㸪ྛ್ࡣ 4 ♧࡟࡜ࡈస᫬Ⅼືࡢࡘ

  㸬ࡓࡋ

⾲ 6� ྛືస᫬Ⅼࡿࡅ࠾࡟㦵┙ゅᗘ࡟ࡧࡽ࡞యᖿ࣭ୖ⫥㛵⠇ゅᗘࡢᶆ‽೫ᕪ 

 

ᖹᆒ್ ± ᶆ‽೫ᕪ ᖹᆒ್ ± ᶆ‽೫ᕪ ᖹᆒ್ ± ᶆ‽೫ᕪ ᖹᆒ್ ± ᶆ‽೫ᕪ

๓ᚋഴᩳ 1.00 ± 0.40 0.95 ± 0.36 0.93 ± 0.45 1.05 ± 0.45

ᕥྑഴᩳ 1.12 ± 0.49 1.02 ± 0.42 0.92 ± 0.27 0.88 ± 0.24

ᅇ᪕ 2.80 ± 1.05 2.76 ± 0.79 2.29 ± 0.63 2.28 ± 0.56

๓ᚋᒅ 1.35 ± 0.55 1.12 ± 0.47 1.15 ± 0.34 1.23 ± 0.39

ഃᒅ 1.14 ± 0.53 0.93 ± 0.31 0.78 ± 0.30 0.80 ± 0.31

ᅇ᪕ 1.48 ± 0.67 1.16 ± 0.44 1.06 ± 0.35 1.06 ± 0.35

ᘬᡭ Ỉᖹ

⫪㛵⠇ ఙᒎ࣭ᒅ᭤

ᣲୖ 1.65 ± 0.65 1.23 ± 0.39 1.33 ± 0.41 1.51 ± 0.57

ෆእ᪕ 1.79 ± 0.88 2.10 ± 0.92 2.07 ± 1.11 2.17 ± 1.27

ᢲᡭ Ỉᖹ

⫪㛵⠇ ఙᒎ࣭ᒅ᭤

ᣲୖ 2.08 ± 1.01 1.65 ± 0.59 1.41 ± 0.45 1.45 ± 0.42

ෆእ᪕ 2.24 ± 0.92 2.85 ± 1.15 3.81 ± 1.35 4.26 ± 1.52

ᘬᡭ ᒅ᭤ఙᒎ 1.54 ± 0.55 1.60 ± 0.56 2.03 ± 0.53 2.71 ± 0.89

⫝㛵⠇ ෆእ཯ 0.44 ± 0.28 0.82 ± 0.47 0.48 ± 0.17 0.63 ± 0.18

ෆእ᪕ 1.02 ± 0.37 1.11 ± 0.40 0.88 ± 0.28 1.69 ± 0.76

ᢲᡭ ᒅ᭤ఙᒎ 1.29 ± 0.69 1.31 ± 0.43 1.61 ± 0.41 2.35 ± 0.47

⫝㛵⠇ ෆእ཯ 0.44 ± 0.20 0.53 ± 0.31 1.56 ± 1.41 1.25 ± 1.39

ෆእ᪕ 0.92 ± 0.37 1.02 ± 0.42 1.72 ± 0.95 1.64 ± 0.70

ᘬᡭ ᤸ⫼ᒅ 1.85 ± 1.00 2.11 ± 1.19 1.28 ± 0.43 1.36 ± 0.40

ᡭ㛵⠇ ᶨᑻᒅ 1.84 ± 0.79 1.94 ± 0.59 2.28 ± 0.57 1.60 ± 0.53

ෆእ᪕ 2.02 ± 1.13 1.84 ± 1.01 1.27 ± 0.47 1.71 ± 0.62

ᢲᡭ ᤸ⫼ᒅ 2.00 ± 0.96 2.56 ± 0.92 1.94 ± 0.68 2.96 ± 0.74

ᡭ㛵⠇ ᶨᑻᒅ 1.82 ± 0.70 1.68 ± 0.56 1.86 ± 0.85 1.92 ± 0.57

ෆእ᪕ 1.83 ± 0.81 2.17 ± 0.75 1.48 ± 0.53 1.77 ± 0.46

ゅᗘࡢᶆ‽೫ᕪ (deg)

㛵⠇ 㐠ື᪉ྥ IMP

㦵┙

యᖿ

௬᝿㛵⠇

1.39 ± 0.34 1.40 ± 0.37 1.86 ± 0.52 2.50

SS MID LATE

± 0.85

± 0.84

2.00 ± 0.96 2.75 ± 0.99 2.59 ± 0.72 2.63
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㸪ᅗࡓࡲ 20㸫ᅗ 27 ᶆࡓࡵồ࡚ࡋᑐ࡟㦵┙ゅᗘ㸪యᖿ࣭ୖ⫥㛵⠇ゅᗘࡢ⪅㇟㸪ྛᑐࡣ࡟

‽೫ᕪࢆ㸪඲ᑐ㇟⪅࡛ᖹᆒ್ࡓࡋ㸦s ᶆ‽೫ᕪ㸧ࢆᲬࡓࡋ♧࡚ࡋ࡜ࣇࣛࢢ㸬ྛ್ࡣ㸪4 ࡘ

᫬⣔ิࡧࡼ࠾್ࡿ࡞␗࡛࡜ࡈ㸪㐠ື᪉ྥࡶ࡚࠸࠾࡟㛵⠇ࡢ㸬ྠ୍ࡓࡋ♧࡛࡜ࡈస᫬Ⅼືࡢ

᥎⛣ࡢഴྥࡍ♧ࢆ㒊఩ࡀぢࡓࢀࡽ㸬ࡓࡲ㸪IMP ᫬Ⅼࡿࡅ࠾࡟ᢲᡭ⫪㛵⠇ෆእ᪕ゅᗘࡢᶆ‽

೫ᕪࡣ㸪඲ኚᩘࡢ୰࡛᭱ࡶ㧗್ࡀࡓࡋ♧ࢆ㸪6 deg 㸦ᅗࡓ࠸࡚ࡗࡲ཰ࡣ࡟⠊ᅖࡢ 23㸧㸬 

 

 

ᅗ 20� ྛືస᫬Ⅼࡿࡅ࠾࡟㦵┙ゅᗘࡢᶆ‽೫ᕪ 

0

1

2

3

4

5

6

SS MID LATE IMP

ゅ
ᗘ

ࡢ
ᶆ
‽
೫
ᕪ

[d
eg

]

๓ᚋഴᩳ

ᕥྑഴᩳ

ᅇ᪕



 ��

 

ᅗ 21� ྛືస᫬Ⅼࡿࡅ࠾࡟యᖿ௬᝿㛵⠇ゅᗘࡢᶆ‽೫ᕪ 

 

ᅗ 22� ྛືస᫬Ⅼࡿࡅ࠾࡟ᘬᡭ⫪㛵⠇ゅᗘࡢᶆ‽೫ᕪ 
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ᅗ 23� ྛືస᫬Ⅼࡿࡅ࠾࡟ᢲᡭ⫪㛵⠇ゅᗘࡢᶆ‽೫ᕪ 

 

ᅗ 24� ྛືస᫬Ⅼࡿࡅ࠾࡟ᘬᡭ⫝㛵⠇ゅᗘࡢᶆ‽೫ᕪ 
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ᅗ 25� ྛືస᫬Ⅼࡿࡅ࠾࡟ᢲᡭ⫝㛵⠇ゅᗘࡢᶆ‽೫ᕪ 

 

ᅗ 26� ྛືస᫬Ⅼࡿࡅ࠾࡟ᘬᡭᡭ㛵⠇ゅᗘࡢᶆ‽೫ᕪ 
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ᅗ 27� ྛືస᫬Ⅼࡿࡅ࠾࡟ᢲᡭᡭ㛵⠇ゅᗘࡢᶆ‽೫ᕪ 
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�� ኚືࡢయᖿ࣭ୖ⫥㛵⠇ゅᗘ࡟ࡧࡽ࡞㦵┙ゅᗘ࡜෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖

ᛶࡢ㛵ಀ 

3-3-1� ┦ࡢᶆ‽೫ᕪࡢయᖿ࣭ୖ⫥㛵⠇ゅᗘ࡟ࡧࡽ࡞㦵┙ゅᗘ࡜෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖

㛵㛵ಀ 

ᅗ 28㸫ᅗ 35 㛗㍈᪉ྥࢺࢵࣂ࡜ᶆ‽೫ᕪࡢయᖿ࣭ୖ⫥㛵⠇ゅᗘ࡟ࡧࡽ࡞㸪㦵┙ゅᗘࡣ࡟

ࡋ♧࡚ࡋ࡜ࣇࣛࢢࢆ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖ࡿࡅ࠾࡟

㸪pࡣ࡟㸪ᅗ୰࠾࡞㸬ࡓ ࡀ್ 0.05 ௨ୖࡿ࡞࡜┦㛵ಀᩘࡢ⠊ᅖ㸦|r| < 0.406㸧ࢆ㸪⅊Ⰽ࡟

࡜࡜᫬㛫⤒㐣ࡣ್ࡢ㸪┦㛵ಀᩘ࡚࠸࠾࡟ᗘ⏤⮬ྛࡢయᖿ㛵⠇࣭⊫ୖࡧࡼ࠾┙㸬㦵ࡓࡋ♧࡚

㸬୍᪉㸪ࡓࢀࡽぢࡀᗘ⏤⮬ࡍ♧ࢆ㛵㛵ಀ┦ࡢṇ࡞᭷ពࡣ࡚ࡗࡼ࡟㸪ᒁ㠃ࡾ࠾࡚ࡋቑῶ࡟ࡶ

┦ࡢ࡜෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖ࡿࡅ࠾࡟㛗㍈᪉ྥࢺࢵࣂ㸪࡚ࡌ㏻ࢆ඲ᒁ㠃ࡢࢢࣥ࢖ࢫ

㛵ಀᩘࡀ㈇್ࡍ♧ࢆ⮬⏤ᗘࡣぢࡓࡗ࠿࡞ࢀࡽ㸬 

 

 

ᅗ 28� 㦵┙ゅᗘࡢᶆ‽೫ᕪࢺࢵࣂ࡜㛗㍈᪉ྥࡿࡅ࠾࡟ 

 ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖



 ��

 

ᅗ 29� యᖿ௬᝿㛵⠇ゅᗘࡢᶆ‽೫ᕪࢺࢵࣂ࡜㛗㍈᪉ྥࡿࡅ࠾࡟ 

 ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖

 

ᅗ 30� ᘬᡭ⫪㛵⠇ゅᗘࡢᶆ‽೫ᕪࢺࢵࣂ࡜㛗㍈᪉ྥࡿࡅ࠾࡟ 

 ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖



 ��

 

ᅗ 31� ᢲᡭ⫪㛵⠇ゅᗘࡢᶆ‽೫ᕪࢺࢵࣂ࡜㛗㍈᪉ྥࡿࡅ࠾࡟ 

 ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖

 

ᅗ 32� ᘬᡭ⫝㛵⠇ゅᗘࡢᶆ‽೫ᕪࢺࢵࣂ࡜㛗㍈᪉ྥࡿࡅ࠾࡟ 

 ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖



 ��

 

ᅗ 33� ᢲᡭ⫝㛵⠇ゅᗘࡢᶆ‽೫ᕪࢺࢵࣂ࡜㛗㍈᪉ྥࡿࡅ࠾࡟ 

 ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖

 

ᅗ 34� ᘬᡭᡭ㛵⠇ゅᗘࡢᶆ‽೫ᕪࢺࢵࣂ࡜㛗㍈᪉ྥࡿࡅ࠾࡟ 

 ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖



 ��

 

ᅗ 35� ᢲᡭᡭ㛵⠇ゅᗘࡢᶆ‽೫ᕪࢺࢵࣂ࡜㛗㍈᪉ྥࡿࡅ࠾࡟ 

 ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖



 ��

㸪ᅗࡓࡲ 36㸫ᅗ 43 ࢡࣃࣥ࢖࡜ᶆ‽೫ᕪࡢయᖿ࣭ୖ⫥㛵⠇ゅᗘ࡟ࡧࡽ࡞㸪㦵┙ゅᗘࡣ࡟

㸪࠾࡞㸬ࡓࡋ♧࡚ࡋ࡜ࣇࣛࢢࢆ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶࡢ㍈᪉ྥ▷ࡢ⨨఩ࢺ

ᅗ୰ࡣ࡟㸪p ࡀ್ 0.05 ௨ୖࡿ࡞࡜┦㛵ಀᩘࡢ⠊ᅖ㸦|r| < 0.406㸧ࢆ㸪⅊Ⰽࡓࡋ♧࡚࡟㸬

㦵┙ୖࡧࡼ࠾⫥࣭యᖿ㛵⠇ྛࡢ⮬⏤ᗘ࡚࠸࠾࡟㸪┦㛵ಀᩘࡣ್ࡢ᫬㛫⤒㐣࡟ࡶ࡜࡜ቑῶࡋ

ࡢࢢࣥ࢖ࢫ㸬୍᪉㸪ࡓࢀࡽぢࡀᗘ⏤⮬ࡍ♧ࢆ㛵㛵ಀ┦ࡢṇ࡞᭷ពࡣ࡚ࡗࡼ࡟㸪ᒁ㠃ࡾ࠾࡚

඲ᒁ㠃ࢆ㏻࡚ࡌ㸪ࢺࢵࣂ㛗㍈᪉ྥࢺࢡࣃࣥ࢖ࡿࡅ࠾࡟఩⨨ࡢ෌⌧ᛶᣦᶆࡢ࡜┦㛵ಀᩘࡀ㈇

 㸬ࡓࡗ࠿࡞ࢀࡽぢࡣᗘ⏤⮬ࡍ♧ࢆ್

 

 

ᅗ 36� 㦵┙ゅᗘࡢᶆ‽೫ᕪࢺࢵࣂ࡜▷㍈᪉ྥࡿࡅ࠾࡟ 

 ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖



 ��

 

ᅗ 37� యᖿ௬᝿㛵⠇ゅᗘࡢᶆ‽೫ᕪࢺࢵࣂ࡜▷㍈᪉ྥࡿࡅ࠾࡟ 

 ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖

 

ᅗ 38� ᘬᡭ⫪㛵⠇ゅᗘࡢᶆ‽೫ᕪࢺࢵࣂ࡜▷㍈᪉ྥࡿࡅ࠾࡟ 

 ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖



 ��

 

ᅗ 39� ᢲᡭ⫪㛵⠇ゅᗘࡢᶆ‽೫ᕪࢺࢵࣂ࡜▷㍈᪉ྥࡿࡅ࠾࡟ 

 ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖

 

ᅗ 40� ᘬᡭ⫝㛵⠇ゅᗘࡢᶆ‽೫ᕪࢺࢵࣂ࡜▷㍈᪉ྥࡿࡅ࠾࡟ 

 ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖
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ᅗ 41� ᢲᡭ⫝㛵⠇ゅᗘࡢᶆ‽೫ᕪࢺࢵࣂ࡜▷㍈᪉ྥࡿࡅ࠾࡟ 

 ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖

 

ᅗ 42� ᘬᡭᡭ㛵⠇ゅᗘࡢᶆ‽೫ᕪࢺࢵࣂ࡜▷㍈᪉ྥࡿࡅ࠾࡟ 

 ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖
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ᅗ 43� ᢲᡭᡭ㛵⠇ゅᗘࡢᶆ‽೫ᕪࢺࢵࣂ࡜▷㍈᪉ྥࡿࡅ࠾࡟ 

 ⛣᫬⣔ิ᥎ࡢ㛵ಀᩘ┦ࡿࡍ㛵࡟෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖
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⾲ 7 ࢵࣂ࡜ᶆ‽೫ᕪࡢయᖿ࣭ୖ⫥㛵⠇ゅᗘ࡟ࡧࡽ࡞㦵┙ゅᗘࡿࡅ࠾࡟㸪ྛືస᫬Ⅼࡣ࡟

㸬SSࡓࡋ♧ࢆ㛵ಀᩘ┦ࡢ෌⌧ᛶᣦᶆࡢ㛗㍈᪉ྥࢺ ᫬Ⅼࡣ࡚࠸࠾࡟㸪ࢺࢵࣂ㛗㍈᪉ྥࡢ෌

⌧ᛶᣦᶆ࡜᭷ព࡞㛵ಀࢆᣢࡘኚᩘࡣぢࡓࡗ࠿࡞ࢀࡽ㸬MID ᫬Ⅼࡣ࡚࠸࠾࡟㸪㦵┙ࡢ๓ᚋഴ

ᩳゅᗘ㸪ᢲᡭ⫪㛵⠇ࡢᣲୖゅᗘ㸪ᘬᡭ⫝㛵⠇ࡢෆእ཯࡟ࡧࡽ࡞ෆእ᪕ゅᗘ㸪ᢲᡭ⫝㛵⠇ࡢ

ෆእ཯ゅᗘࡢᶆ‽೫ᕪ࡜㸪ࢺࢵࣂ㛗㍈᪉ྥࡢ෌⌧ᛶᣦᶆࡢ㛫࡟᭷ព࡞┦㛵㛵ಀࡀㄆࢀࡽࡵ

㸬LATEࡓ ᫬Ⅼࡣ࡚࠸࠾࡟㸪㦵┙ࡢ๓ᚋഴᩳゅᗘ㸪యᖿ௬᝿㛵⠇ࡢ๓ᚋᒅゅᗘ㸪ᘬᡭ⫝㛵

⠇ࡢෆእ᪕ゅᗘࡢᶆ‽೫ᕪ࡜㸪ࢺࢵࣂ㛗㍈᪉ྥࡢ෌⌧ᛶᣦᶆࡢ㛫࡟᭷ព࡞┦㛵㛵ಀࡀㄆࡵ

㸬IMPࡓࢀࡽ ᫬Ⅼࡣ࡚࠸࠾࡟㸪㦵┙ࡢ๓ᚋഴᩳゅᗘ㸪ᘬᡭ⫪㛵⠇ࡢᣲୖゅᗘ㸪ᢲᡭ⫪㛵⠇

ᶆ‽೫ࡢᶨᑻᒅゅᗘࡢᶨᑻᒅゅᗘ㸪ᢲᡭᡭ㛵⠇࡟ࡧࡽ࡞ᤸ⫼ᒅࡢᣲୖゅᗘ㸪ᘬᡭᡭ㛵⠇ࡢ

ᕪ࡜㸪ࢺࢵࣂ㛗㍈᪉ྥࡢ෌⌧ᛶᣦᶆࡢ㛫࡟᭷ព࡞┦㛵㛵ಀࡀㄆࡓࢀࡽࡵ㸬 

⾲㸪ࡓࡲ 8 ᶆ‽೫ᕪࡢయᖿ࣭ୖ⫥㛵⠇ゅᗘ࡟ࡧࡽ࡞㦵┙ゅᗘࡿࡅ࠾࡟㸪ྛືస᫬Ⅼࡣ࡟

㸬SSࡓࡋ♧ࢆ㛵ಀᩘ┦ࡢ෌⌧ᛶᣦᶆࡢ㍈᪉ྥ▷ࢺࢵࣂ࡜ ᫬Ⅼࡣ࡚࠸࠾࡟㸪యᖿ௬᝿㛵⠇

▷ࢺࢵࣂ㸪࡜ᶆ‽೫ᕪࡢᤸ⫼ᒅゅᗘࡢෆእ᪕ゅᗘ㸪ᘬᡭᡭ㛵⠇ࡢഃᒅゅᗘ㸪ᘬᡭ⫪㛵⠇ࡢ

㍈᪉ྥࡢ෌⌧ᛶᣦᶆࡢ㛫࡟᭷ព࡞┦㛵㛵ಀࡀㄆࡓࢀࡽࡵ㸬MID ᫬Ⅼࡣ࡚࠸࠾࡟㸪㦵┙ࡢᕥ

ྑഴᩳ࡟ࡧࡽ࡞ᅇ᪕ゅᗘ㸪ᢲᡭ⫪㛵⠇ࡢỈᖹఙᒎ࣭ᒅ᭤ゅᗘ㸪ᢲᡭ⫝㛵⠇ࡢෆእ཯ゅᗘ㸪

ᘬᡭᡭ㛵⠇ࡢᶨᑻᒅゅᗘࡢᶆ‽೫ᕪ࡜㸪ࢺࢵࣂ▷㍈᪉ྥࡢ෌⌧ᛶᣦᶆࡢ㛫࡟᭷ព࡞┦㛵㛵

ಀࡀㄆࡓࢀࡽࡵ㸬LATE ᫬Ⅼࡣ࡚࠸࠾࡟㸪ᘬᡭ⫪㛵⠇ࡢᣲୖゅᗘࡢᶆ‽೫ᕪ࡜㸪ࢺࢵࣂ▷

㍈᪉ྥࡢ෌⌧ᛶᣦᶆࡢ㛫࡟᭷ព࡞┦㛵㛵ಀࡀㄆࡓࢀࡽࡵ㸬IMP ᫬Ⅼࡣ࡚࠸࠾࡟㸪ᘬᡭ⫪㛵

⠇ࡢᣲୖゅᗘ࡟ࡧࡽ࡞ෆእ᪕ゅᗘࡢᶆ‽೫ᕪ࡜㸪ࢺࢵࣂ▷㍈᪉ྥࡢ෌⌧ᛶᣦᶆࡢ㛫࡟᭷ព

 㸬ࡓࢀࡽࡵㄆࡀ㛵㛵ಀ┦࡞



 ��

⾲ 7� ྛືస᫬Ⅼࡿࡅ࠾࡟㦵┙ゅᗘ࡟ࡧࡽ࡞యᖿ࣭ୖ⫥㛵⠇ゅᗘࡢᶆ‽೫ᕪ࡜ 

 㛵ಀᩘ㸦*: p<0.05㸧┦ࡢ෌⌧ᛶᣦᶆࡢ㛗㍈᪉ྥࢺࢵࣂ

 

r p r p r p r p

๓ᚋഴᩳ 0.331 0.115 0.555 * 0.005 0.535 * 0.007 0.527 * 0.008

ᕥྑഴᩳ 0.331 0.115 0.388 0.061 0.043 0.842 -0.076 0.725

ᅇ᪕ 0.300 0.154 0.138 0.520 0.058 0.788 0.104 0.630

๓ᚋᒅ 0.279 0.187 0.353 0.090 0.527 * 0.008 0.388 0.061

ഃᒅ 0.374 0.072 0.290 0.169 0.145 0.500 0.166 0.438

ᅇ᪕ 0.306 0.146 -0.118 0.582 0.111 0.605 -0.007 0.973

ᘬᡭ Ỉᖹ

⫪㛵⠇ ఙᒎ࣭ᒅ᭤

ᣲୖ 0.098 0.649 0.273 0.196 0.038 0.862 0.490 * 0.015

ෆእ᪕ -0.024 0.912 0.043 0.841 0.068 0.752 0.015 0.944

ᢲᡭ Ỉᖹ

⫪㛵⠇ ఙᒎ࣭ᒅ᭤

ᣲୖ 0.045 0.834 0.451 * 0.027 0.301 0.152 0.522 * 0.009

ෆእ᪕ 0.103 0.633 0.215 0.312 0.042 0.844 0.060 0.781

ᘬᡭ ᒅ᭤ఙᒎ -0.107 0.619 0.131 0.542 0.219 0.303 0.224 0.294

⫝㛵⠇ ෆእ཯ 0.174 0.416 0.492 * 0.015 0.174 0.416 0.315 0.133

ෆእ᪕ 0.158 0.461 0.429 * 0.036 0.452 * 0.026 0.366 0.078

ᢲᡭ ᒅ᭤ఙᒎ 0.308 0.143 0.352 0.091 0.049 0.820 0.306 0.145

⫝㛵⠇ ෆእ཯ 0.156 0.467 0.552 * 0.005 0.222 0.297 0.170 0.426

ෆእ᪕ 0.197 0.357 0.368 0.077 0.087 0.687 0.399 0.053

ᘬᡭ ᤸ⫼ᒅ 0.153 0.475 0.188 0.380 0.241 0.256 0.438 * 0.032

ᡭ㛵⠇ ᶨᑻᒅ 0.182 0.395 0.344 0.100 0.305 0.147 0.463 * 0.023

ෆእ᪕ 0.057 0.791 0.023 0.916 -0.069 0.750 0.182 0.394

ᢲᡭ ᤸ⫼ᒅ 0.139 0.516 -0.068 0.753 -0.321 0.126 0.403 0.051

ᡭ㛵⠇ ᶨᑻᒅ -0.133 0.536 -0.083 0.699 0.053 0.806 0.430 * 0.036

ෆእ᪕ 0.222 0.296 0.179 0.402 0.014 0.949 0.395 0.056

IMP

㦵┙

యᖿ

௬᝿㛵⠇

㛵⠇ 㐠ື᪉ྥ
SS MID LATE

0.2110.265 0.2870.606-0.111 0.5920.1150.173

0.2180.2610.909-0.025 0.8870.0310.831-0.046



 ��

⾲ 8� ྛືస᫬Ⅼࡿࡅ࠾࡟㦵┙ゅᗘ࡟ࡧࡽ࡞యᖿ࣭ୖ⫥㛵⠇ゅᗘࡢᶆ‽೫ᕪ࡜ 

 㛵ಀᩘ㸦*: p<0.05㸧┦ࡢ෌⌧ᛶᣦᶆࡢ㍈᪉ྥ▷ࢺࢵࣂ

 

r p r p r p r p

๓ᚋഴᩳ 0.275 0.194 0.082 0.705 0.190 0.374 0.220 0.301

ᕥྑഴᩳ 0.367 0.078 0.525 * 0.008 0.391 0.059 0.199 0.351

ᅇ᪕ 0.306 0.146 0.420 * 0.041 0.239 0.260 0.102 0.635

๓ᚋᒅ 0.328 0.118 0.295 0.162 0.333 0.112 0.304 0.148

ഃᒅ 0.458 * 0.024 0.325 0.122 0.335 0.109 0.296 0.160

ᅇ᪕ 0.099 0.647 0.116 0.591 0.155 0.470 0.026 0.905

ᘬᡭ Ỉᖹ

⫪㛵⠇ ఙᒎ࣭ᒅ᭤

ᣲୖ 0.319 0.128 0.270 0.202 0.442 * 0.030 0.581 * 0.003

ෆእ᪕ 0.420 * 0.041 0.266 0.209 0.251 0.237 0.469 * 0.021

ᢲᡭ Ỉᖹ

⫪㛵⠇ ఙᒎ࣭ᒅ᭤

ᣲୖ 0.265 0.210 0.216 0.311 0.227 0.287 0.260 0.220

ෆእ᪕ 0.336 0.108 0.371 0.074 -0.028 0.897 -0.059 0.784

ᘬᡭ ᒅ᭤ఙᒎ -0.034 0.874 0.027 0.902 0.295 0.162 0.186 0.383

⫝㛵⠇ ෆእ཯ 0.290 0.169 0.095 0.660 -0.135 0.531 -0.100 0.643

ෆእ᪕ 0.283 0.181 0.262 0.216 -0.196 0.359 -0.104 0.630

ᢲᡭ ᒅ᭤ఙᒎ 0.210 0.325 0.306 0.145 0.169 0.429 0.120 0.576

⫝㛵⠇ ෆእ཯ 0.157 0.464 0.418 * 0.042 0.099 0.645 -0.127 0.553

ෆእ᪕ 0.262 0.217 0.150 0.483 0.088 0.682 0.074 0.731

ᘬᡭ ᤸ⫼ᒅ 0.441 * 0.031 0.376 0.070 0.102 0.636 -0.045 0.835

ᡭ㛵⠇ ᶨᑻᒅ 0.140 0.515 0.438 * 0.032 0.062 0.775 0.176 0.410

ෆእ᪕ 0.321 0.126 0.277 0.190 0.040 0.853 -0.050 0.816

ᢲᡭ ᤸ⫼ᒅ -0.061 0.778 -0.041 0.847 -0.040 0.854 0.361 0.083

ᡭ㛵⠇ ᶨᑻᒅ -0.188 0.378 0.090 0.675 0.139 0.516 0.205 0.337

ෆእ᪕ -0.041 0.848 0.123 0.566 0.109 0.611 0.154 0.473

㦵┙

యᖿ

௬᝿㛵⠇

㐠ື᪉ྥ㛵⠇
SS MID LATE IMP

0.267

0.248

-0.0740.7830.059

0.791-0.0570.4530.1610.0360.4300.242

0.2060.1460.3060.732

*



 ��

3-3-2� 㔜ᅇᖐศᯒࡢ⤖ᯝ 

⾲ 9 ♧ࢆᯝ⤖ࡢ㔜ᅇᖐศᯒࡢሙྜࡓࡋ࡜ᚑᒓኚᩘࢆ෌⌧ᛶᣦᶆࡢ㛗㍈᪉ྥࢺࢵࣂ㸪ࡣ࡟

㸪ᅗࡓࡲ㸬ࡓࡋ 44 ࡋ♧ᅗࢆ㒊఩ࡿࡅ࠾࡟స᫬Ⅼືྛࡓࢀࡉ㑅ᢥࡾࡼ࡟㸪㔜ᅇᖐศᯒࡣ࡟

㸪MID࣭LATE࣭IMP࡚ࡋ࡜ኚᩘ࡞᭷ពࡿࡍㄝ᫂ࢆ෌⌧ᛶᣦᶆࡢ㛗㍈᪉ྥࢺࢵࣂ㸬ࡓ ᫬Ⅼ

ᶆ‽೫ᕪ㸪IMPࡢ๓ᚋഴゅᗘࡢ┙㦵ࡿࡅ࠾࡟ ᫬Ⅼࡿࡅ࠾࡟ᘬᡭᡭ㛵⠇ᶨᑻᒅゅᗘࡢᶆ‽೫

ᕪࡀ㑅ᢥࡓࢀࡉ㸬SS ᫬Ⅼࡣ࡚࠸ࡘ࡟㸪᭷ព࡞ኚᩘࡣ㑅ᢥࡓࡗ࠿࡞ࢀࡉ㸬 

 

⾲ 9�  ᯝ⤖ࡢ㔜ᅇᖐศᯒࡢሙྜࡓࡋ࡜ᚑᒓኚᩘࢆ෌⌧ᛶᣦᶆࡢ㛗㍈᪉ྥࢺࢵࣂ

㸦*: p<0.05㸪ኴᏐືྛࡣస᫬Ⅼࡿࡅ࠾࡟ᶆ‽໬ಀᩘș᭱ࡀ኱ࡢኚᩘࡍ♧ࢆ㸧 

ゅᗘࡢᶆ‽೫ᕪ [deg]�
SS MID LATE IMP 

ᶆ‽໬ಀᩘș�

ᘬᡭ�ᡭ㛵⠇ᶨᑻᒅ� 0.410 * 

㦵┙�๓ᚋഴᩳ� 0.555 * 0.535 * 0.483 * 

R2 㻙㻌 0.276 0.254 0.392 

 

ᅗ 44�  㒊఩ࡓࢀࡽぢࡀ㛵㐃࡜෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖

㸦ࢺࢵࣂ㛗㍈᪉ྥࡢ෌⌧ᛶᣦᶆࢆᚑᒓኚᩘࡓࡋ࡜ሙྜ㸧 



 ��

⾲ 10 ࢆᯝ⤖ࡢ㔜ᅇᖐศᯒࡢሙྜࡓࡋ࡜ᚑᒓኚᩘࢆ෌⌧ᛶᣦᶆࡢ㍈᪉ྥ▷ࢺࢵࣂ㸪ࡣ࡟

㸪ᅗࡓࡲ㸬ࡓࡋ♧ 45 ♧ᅗࢆ㒊఩ࡿࡅ࠾࡟స᫬Ⅼືྛࡓࢀࡉ㑅ᢥࡾࡼ࡟㸪㔜ᅇᖐศᯒࡣ࡟

㸪SS࡚ࡋ࡜ኚᩘ࡞᭷ពࡿࡍㄝ᫂ࢆ෌⌧ᛶᣦᶆࡢ㍈᪉ྥ▷ࢺࢵࣂ㸬ࡓࡋ ᫬Ⅼࡿࡅ࠾࡟యᖿ

௬᝿㛵⠇ࡢഃᒅゅᗘࡢᶆ‽೫ᕪ㸪MID ᫬Ⅼࡿࡅ࠾࡟㦵┙ࡢᕥྑഴᩳゅᗘࡧࡼ࠾ᢲᡭ⫪㛵⠇

ᶆ‽೫ᕪ㸪IMPࡢỈᖹఙᒎ࣭ᒅ᭤ゅᗘࡢ ᫬Ⅼࡿࡅ࠾࡟ᘬᡭ⫪㛵⠇ᣲୖゅᗘࡢᶆ‽೫ᕪࡀ㑅

ᢥࡓࢀࡉ㸬LATE ᫬Ⅼࡣ࡚࠸ࡘ࡟㸪᭷ព࡞ኚᩘࡣ㑅ᢥࡓࡗ࠿࡞ࢀࡉ㸬 

 

⾲ 10�  ᯝ⤖ࡢ㔜ᅇᖐศᯒࡢሙྜࡓࡋ࡜ᚑᒓኚᩘࢆ෌⌧ᛶᣦᶆࡢ㍈᪉ྥ▷ࢺࢵࣂ

㸦*: p<0.05㸪ኴᏐືྛࡣస᫬Ⅼࡿࡅ࠾࡟ᶆ‽໬ಀᩘș᭱ࡀ኱ࡢኚᩘࡍ♧ࢆ㸧 

ゅᗘࡢᶆ‽೫ᕪ [deg]�
SS MID LATE IMP 

ᶆ‽໬ಀᩘș�

ᘬᡭ�⫪㛵⠇ᣲୖ� 0.581 * 

ᢲᡭ�⫪㛵⠇Ỉᖹఙᒎ࣭ᒅ᭤� 0.466 * 

యᖿ௬᝿㛵⠇�ഃᒅ� 0.458 * 

㦵┙�ᕥྑഴᩳ� 0.555 * 

R2 0.174 0.444 㻙 0.308 

 

ᅗ 45�  㒊఩ࡓࢀࡽぢࡀ㛵㐃࡜෌⌧ᛶᣦᶆࡢ⨨఩ࢺࢡࣃࣥ࢖

㸦ࢺࢵࣂ▷㍈᪉ྥࡢ෌⌧ᛶᣦᶆࢆᚑᒓኚᩘࡓࡋ࡜ሙྜ㸧 



 ��

➨4❶� ⪃ᐹ 

��  㐠ືᏛⓗ≉ᚩࡢ㔝⌫ᡴᧁືసࡿࢃ㛵࡟෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖

ᮏ◊✲ࡢ┠ⓗࡣ㸪ࢺࢡࣃࣥ࢖఩⨨ࡢ෌⌧ᛶࢆつᐃࡿࡍ㔝⌫ᡴᧁືసࡢ㐠ືᏛⓗ≉ᚩࢆ᫂

㸬24ࡓࡗ࠶࡛࡜ࡇࡿࡍ࡟࠿ࡽ ࣮ࣝ࣎ࡢୖྎ࣮࢕ࢸ㸪ࡋᑐ࡟⪅኱Ꮫ㔝⌫ᡴࡢྡ 20 ᡴᧁࢆ⌫

ࢺࢡࣃࣥ࢖࡜ᶆ‽೫ᕪࡢ㛵⠇ゅᗘࡿࡅ࠾࡟⊫యᖿ࣭ୖ࡟ࡧࡽ࡞ᶆ‽೫ᕪࡢ㸪㦵┙ゅᗘࡏࡉ

఩⨨ࡢ෌⌧ᛶᣦᶆࡢ㛵ಀࢆ㔜ᅇᖐศᯒ᳨ࡾࡼ࡟ウࡓࡋ㸬ࡢࡑ⤖ᯝ㸪SS㸪MID㸪LATE㸪IMP

ࢆ෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖ࡢ㛗㍈࣭▷㍈᪉ྥࢺࢵࣂ㸪࡚࠸ࡘ࡟ࢀࡒࢀࡑస᫬Ⅼືࡢ 17.4㸫

44.4 %ㄝ᫂ࡀࣝࢹࣔࡿࡍᵓ⠏ࡓࢀࡉ㸦⾲ 9࣭⾲ 10㸧㸬ࢺࢵࣂ㛗㍈᪉ྥࡢ෌⌧ᛶᣦᶆࢆᚑᒓ

ኚᩘࡓࡋ࡜ሙྜࡢ SS ᫬Ⅼ㸪ࢺࢵࣂࡧࡼ࠾▷㍈᪉ྥࡢ෌⌧ᛶᣦᶆࢆᚑᒓኚᩘࡓࡋ࡜ሙྜࡢ

LATE ᫬Ⅼࡣ࡚࠸ࡘ࡟㸪㔜ᅇᖐࣔࡣࣝࢹᵓ⠏ࡓࡗ࠿࡞ࢀࡉ㸦⾲ 9࣭⾲ 10㸧㸬 

㸪MID࡚ࡋ࡜ᅉᏊࡿࢃ㛵࡟෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖ࡿࡅ࠾࡟㛗㍈᪉ྥࢺࢵࣂ ᫬Ⅼ࣭

LATE ᫬Ⅼࡣ࡚࠸࠾࡟㦵┙ࡢ๓ᚋഴᩳゅᗘ㸪IMP ᫬Ⅼࡣ࡚࠸࠾࡟㦵┙ࡢ๓ᚋഴᩳゅᗘࡼ࠾

⾲㸦ࡓࢀࡉ㑅ᢥࡀᶆ‽೫ᕪࡢᶨᑻᒅゅᗘࡢᘬᡭᡭ㛵⠇ࡧ 9㸧㸬ࡢࡽࢀࡇ⤖ᯝࡽ࠿㸪MID ᫬

Ⅼࡽ࠿ IMP ᫬Ⅼࡢ࡚ࡅ࠿࡟㦵┙ࡢ๓ᚋഴᩳゅᗘ㸪ࡧࡼ࠾ IMP ᫬Ⅼࡢᘬᡭᡭ㛵⠇ࡢᶨᑻᒅ

ゅᗘࡢኚືࡀ㸪ࢺࢵࣂ㛗㍈᪉ྥࢺࢡࣃࣥ࢖ࡿࡅ࠾࡟఩⨨ࡢ෌⌧ᛶ࡟㛵㐃ࡿࡍᅉᏊ࡛ࡇࡿ࠶

㸪IMP࠾࡞㸬ࡓࢀࡉ၀♧ࡀ࡜ ᫬Ⅼࡣ࡚࠸࠾࡟ 2 ᶨࡢ㸪ᘬᡭᡭ㛵⠇ࡀࡓࢀࡉ㑅ᢥࡀኚᩘࡢࡘ

ᑻᒅゅᗘࡢᶆ‽໬ಀ 㸦ᩘș = 0.410㸧࡟ẚ࡭㸪㦵┙๓ᚋഴᩳゅᗘࡢᶆ‽໬ಀ 㸦ᩘș = 0.483㸧

⾲㸦ࡓࡋ♧ࢆ㧗್ࡀ 9㸧㸬࡚ࡗࡼ㸪ࡽࢀࡇ 2 ኚᩘࢺࢡࣃࣥ࢖ࡢ఩⨨ࡢ෌⌧ᛶ࡟ᑐࡿࡍ㔜せᗘ

 㸬ࡿ࠶࡛࠿ࡽ᫂ࡀ࡜ࡇ࠸㧗ࡀ࠺࡯ࡢ㸪㦵┙๓ᚋഴᩳゅᗘࡣ

㸪SS࡚ࡋ࡜ᅉᏊࡿࢃ㛵࡟෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖ࡿࡅ࠾࡟㸪▷㍈᪉ྥࡓࡲ ᫬Ⅼ࠸࠾࡟

ഃᒅゅᗘ㸪MIDࡢయᖿ௬᝿㛵⠇ࡣ࡚ ᫬Ⅼࡣ࡚࠸࠾࡟㦵┙ࡢᕥྑഴᩳゅᗘࡧࡼ࠾ᢲᡭ⫪㛵⠇

Ỉᖹఙᒎ࣭ᒅ᭤ゅᗘ㸪 IMPࡢ ᫬Ⅼࡣ࡚࠸࠾࡟ᘬᡭ⫪㛵⠇ࡢᣲୖゅᗘࡢᶆ‽೫ᕪࡀ㑅ᢥࡉ

⾲㸦ࡓࢀ 10㸧㸬ࡽ࠿࡜ࡇࡢࡇ㸪SS ᫬Ⅼࡢయᖿ௬᝿㛵⠇ࡢഃᒅゅᗘ㸪MID ᫬Ⅼࡢ㦵┙ࡢᕥ

ྑഴᩳゅᗘࡧࡼ࠾ᢲᡭ⫪㛵⠇Ỉᖹఙᒎ࣭ᒅ᭤ゅᗘ㸪 IMP ᫬Ⅼࡿࡅ࠾࡟ᘬᡭ⫪㛵⠇ࡢᣲୖ

ゅᗘࡢኚືࡀ㸪ࢺࢵࣂ㛗㍈᪉ྥࢺࢡࣃࣥ࢖ࡿࡅ࠾࡟఩⨨ࡢ෌⌧ᛶ࡟㛵㐃ࡿࡍᅉᏊ࡛ࡇࡿ࠶

㸪MID࠾࡞㸬ࡓࢀࡉ♧ࡀ࡜ ᫬Ⅼࡣ࡚࠸࠾࡟ 2 ࡅ࠾࡟㸪ᢲᡭ⫪㛵⠇ࡀࡓࢀࡉ㑅ᢥࡀኚᩘࡢࡘ

ᶆ‽໬ಀࡢỈᖹఙᒎ࣭ᒅ᭤ࡿ 㸦ᩘș = 0.466㸧࡟ẚ࡭㸪㦵┙ᕥྑഴᩳゅᗘࡢᶆ‽໬ಀ 㸦ᩘș 
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= 0.555㸧ࡀ㧗್ࡓࡋ♧ࢆ㸦⾲ 10㸧㸬࡚ࡗࡀࡓࡋ㸪ࡽࢀࡇ 2 ኚᩘࢺࢡࣃࣥ࢖ࡢ఩⨨ࡢ෌⌧ᛶ

 㸬ࡿ࠿ศࡀ࡜ࡇ࠸㧗ࡀ࠺࡯ࡢ㸪㦵┙ᕥྑഴᩳゅᗘࡣ㔜せᗘࡿࡍᑐ࡟

௨ୖࡽ࠿࡜ࡇࡢ㸪㛗ᮇࡢ➇ᢏ⤒㦂ࢆ᭷ࡿࡍ኱Ꮫ㔝⌫㑅ᡭ࡚࠸࠾࡟㸪ࣥࢥࢺࢵࣂࡅࢃࡾ࡜

ኚືࡢ㛵⠇⫪ࡿ࠶㛵⠇࡛⊫ୖࡢ㏆఩࡟ࡧࡽ࡞ጼໃ㸪యᖿࡢ┙㸪㦵ࡣ⪅ᡴࡓࢀඃ࡟࣮ࣝࣟࢺ

ᛶࢆᢚไࡿࡍ᪉␎࡛࡜ࡇࡿ࡜ࢆ㸪ࢺࢡࣃࣥ࢖఩⨨ࡢ෌⌧ᛶࢆ㧗ࡀ࡜ࡇࡿ࠸࡚ࡵ♧၀ࡓࢀࡉ㸬

ୗグ࡛ࡣ㸪ᮏ◊✲࡛ᚓୖࡓࢀࡽグࡢ⤖ᯝ࡟㛵࡚ࡋ㸪ඛ⾜◊✲ࡿࡼ࡟▱ぢ࡜ᑐᛂࡓࡏࡉ⪃ᐹ

 㸬ࡿࡍ࡜࡜ࡇࡿ࡭㏙ࢆ

๓㏙ࡢ㏻ࡾ㸪ࢺࢵࣂ㛗㍈᪉ྥࢺࢡࣃࣥ࢖ࡿࡅ࠾࡟఩⨨ࡢ෌⌧ᛶࢆㄝ᫂ࡿࡍ᭷ព࡞ኚᩘ࡜

㸪MID࡚ࡋ ᫬Ⅼࡽ࠿ IMP ᫬Ⅼࡢ࡚ࡅ࠿࡟㦵┙ࡢ๓ᚋഴᩳゅᗘࡀ㑅ᢥࡓࢀࡉ㸦⾲ 9㸧㸬࢖࢔

ࡓࡋウ᳨ࢆ㐠ືᏛⓗኚᩘࡿࢃ㛵࡟ṇ☜ᛶࡢࢺࢵࣙࢩࢺࢫࣜࡿࡅ࠾࡟㑅ᡭ࣮ࢣࢵ࣍ࢫ

Michaud-Paquette et al.㸦2011㸧ࡣ㸪యᖿࡢഃᒅゅᗘࡧࡼ࠾㦵┙ࡢ๓ഴゅᗘࡢࢺࢵࣙࢩࡀ

ṇ☜ᛶ࡟㛵ಀࢆ࡜ࡇࡿࡍሗ࿌ࡿ࠸࡚ࡋ㸬ࡓࡲ㸪≉ᚩⓗ࡞ 2 ࢆᐃᛶⓗほᐹࡿࡍᑐ࡟㑅ᡭࡢྡ

㏻࡚ࡌ㸪ࡢࢺࢵࣙࢩṇ☜ᛶࡀ㧗࠸㑅ᡭࡣ࡚࠸࠾࡟㸪యᖿࡿࡅ࠾࡟ࢺ࣓ࣥࢢࢭጼໃࢆᏳᐃ໬

㸪୧ୖࡃࡌྠ࡜ࢺࢵࣙࢩࢺࢫࣜࡢ࣮ࢣࢵ࣍ࢫ࢖࢔㸬ࡿ࠸࡚࡭㏙࡜ࡿ࠸࡚ࡗ࡜ࢆ␎᪉ࡿࡏࡉ

⫥࡛ᡴලࢆᢕᣢࡿࡍᡴᧁືస࡛ࡿ࠶㔝⌫ᡴᧁࡶ࡚࠸࠾࡟㸪ࢢࣥ࢖ࢫ᫬ࢠࣝࢿ࢚ࡢ࡬⊫ୖ࡟

࣮ఏ㐩ࢆᢸ࠺యᖿ㒊ࡢጼໃࢆᏳᐃ໬ࡣ࡜ࡇࡿࡍ㔜せ࡛ࡿࢀࡽ࠼⪄࡜ࡿ࠶㸬ࡅࢃࡾ࡜㸪㦵┙

๓ᚋഴᩳゅᗘࡢᖹᆒ್ࡀ㸪SS᫬Ⅼ࡛ -3.0 deg㸪MID᫬Ⅼ࡛ 0.1 deg㸪LATE᫬Ⅼ࡛ -2.3 deg㸪

IMP ᫬Ⅼ࡛ -1.1 deg ࡽ࠿࡜ࡇࡓࡗ࠿࡞ࡉ♧ࢆゅᗘኚ໬࡞ࡁ኱࡚ࡌ㏻ࢆᒁ㠃ࢢࣥ࢖ࢫ㸪࡜

⾲㸦ࡶ 2࣭ ⾲ 3㸧㸪SS ᫬Ⅼ࡛ -115.5 deg㸪MID ᫬Ⅼ࡛ -72.8 deg㸪LATE ᫬Ⅼ࡛ -33.8 deg㸪

IMP᫬Ⅼ࡛ -15.9 degࢢࣥ࢖ࢫ࡜ᒁ㠃ࢆ㏻࡚ࡌ⣙ 100 degࡢ኱࡞ࡁゅᗘኚ໬ࡍ♧ࢆᅇ᪕᪉

⾲㸦࡭ẚ࡟ᗘ⏤⮬ࡢྥ 2࣭⾲ 3㸧㸪㦵┙ࡢ๓ᚋഴᩳࢢࣥ࢖ࢫࡣ᫬ࡢయᖿ㒊ࡢᏳᐃ໬ࢆᢸ࡚ࡗ

┙㸪㦵ࡣ࡚࠸࠾࡟✲◊ࢫࢡࢽ࣓࢝࢜࢖ࣂࡿࡍ㛵࡟㔝⌫ᡴᧁࡢ㸬ᚑ᮶ࡿࢀࡉ᥎ᐹࡀ࡜ࡇࡿ࠸

ᕥྑഴᩳࡧࡼ࠾๓ᚋഴࡢ┙㸪㦵ࡢࡢࡶࡿ࠸࡚ࢀࡉ࡞ࡃከᩘࡀウ᳨ࡓࢀࡉ┠╔࡟ᅇ᪕ゅᗘࡢ

ゅᗘ࡚࠸ࡘ࡟ゝཬࡓࡋሗ࿌ࡣぢ࠸࡞ࢀࡽ㸬ᮏ◊✲࡚࠸࠾࡟㸪ࢺࢵࣂ㛗㍈᪉ྥࣥ࢖ࡿࡅ࠾࡟

ࡢ㸪ᅇ᪕ゅᗘࡽ࠿࡜ࡇࡓࢀࡉ㑅ᢥࡀ㦵┙๓ഴゅᗘ࡚ࡋ࡜ኚᩘࡿࢃ㛵࡟෌⌧ᛶࡢ⨨఩ࢺࢡࣃ

 㸬ࡿࢀࡽ࠼⪄࡜ࡿ࠶ࡀᚲせᛶ࠺⾜ࢆศᯒ࡚ࡋ║╔ࡶ࡟๓ഴゅᗘࡎࡽ࡞ࡳ
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㸪SS࡚ࡋ࡜ኚᩘ࡞᭷ពࡿࡍㄝ᫂ࢆ෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖ࡿࡅ࠾࡟㍈᪉ྥ▷ࢺࢵࣂ ᫬

Ⅼࡣ࡚࠸࠾࡟యᖿ௬᝿㛵⠇ࡢഃᒅゅᗘ㸪MID ᫬Ⅼࡣ࡚࠸࠾࡟㦵┙ࡢᕥྑഴᩳゅᗘࡧࡼ࠾ᢲ

ᡭ⫪㛵⠇ࡢỈᖹఙᒎ࣭ᒅ᭤ゅᗘࡢᶆ‽೫ᕪࡀ㑅ᢥࡓࢀࡉ㸦⾲ 10㸧㸬㜿Ụࡽ㸦2015㸧ࡣ㸪ᡴ

Ⅼ㧗࣮࢕ࢸࡿ࡞␗ࡢᡴᧁືసືࢆຊᏛⓗ᳨࡟ウࡓࡋሗ࿌࡚࠸࠾࡟㸪ࢢࣥ࢖ࢫ୰ࡢయᖿ௬᝿

㛵⠇ࡿࡅ࠾࡟ゅᗘኚ఩ࡶ࡚࠸ࡘ࡟グ㏙ࡿ࠸࡚ࡋ㸬ྠ◊✲࡛ࡣ㸪ࢢࣥ࢖ࢫ㛤ጞࡽ࠿つ᱁໬᫬

㛫ࡢ 15 %᫬Ⅼ࡚ࡅ࠿࡟㸪ᡴⅬ㧗㛫࡛యᖿ௬᝿㛵⠇ࡢഃᒅゅᗘࡀ᭷ព࡜ࡓࡋ♧ࢆ್ࡿ࡞␗࡟

ሗ࿌ࡿ࠸࡚ࢀࡉ㸬ࡢࡇሗ࿌⤖ᯝࢆ㋃࡜ࡿ࠼ࡲ㸪SS ᫬Ⅼࡿࡅ࠾࡟యᖿ௬᝿㛵⠇ࡢഃᒅゅᗘ

ኚࡀጼໃࡢయᖿ㒊ࡿ࠶࡛ࢺ࣓ࣥࢢࢭࡿ࠸࡚ࡋ⤖㐃࡜⊫㸪ୖࡾࡼ࡟࡜ࡇࡿࡍヨᢏ㛫࡛ኚືࡀ

㸪㔝ࡓࡲ㸬ࡿࢀࡽ࠼⪄࡜ࡿࡍపୗࡀ෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖ࡢ㍈᪉ྥ▷࡚ࡋ࡜㸪⤖ᯝࡋື

⌫ᡴᧁࡿࡅ࠾࡟㦵┙ࡢഃᒅゅᗘ᳨ࢆウࡓࡋሗ࿌ࡀぢࡵࡓࡓࡗ࠿࡞ࢀࡽ᥎ ࡢᇦࢆฟࡀ࠸࡞㸪

యᖿ㒊࡜㐃⤖ࡿ࠶࡛ࢺ࣓ࣥࢢࢭࡓࡋ㦵┙ࡢኚືᛶࢢࣥ࢖ࢫࡀ୰࡛࡜ࡇࡿࡌ⏕࡟㸪యᖿ㒊ࡢ

ጼໃࡢኚືࡌ⏕ࡀ㸪▷㍈᪉ྥࢺࢡࣃࣥ࢖ࡢ఩⨨ࡢ෌⌧ᛶ࡟పୗࡿࢀࡽ࠼⪄࡜ࡍࡽࡓࡶࢆ㸬 

ࡿࢃ㛵࡟෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖ࡿࡅ࠾࡟㍈᪉ྥ▷ࢺࢵࣂ㸪ࡓࡲ IMP ᫬Ⅼࡢኚᩘࡋ࡜

⾲㸦ࡓࢀࡉ㑅ᢥࡀᶆ‽೫ᕪࡢ㸪ᘬᡭ⫪㛵⠇ᣲୖゅᗘࡣ࡚ 10㸧㸬ᕝᮧࡽ㸦2008㸧ࡣ㸪኱Ꮫ㔝

⌫ᡴ⪅୍ྠࡀ఩⨨࡟タ⨨࡟࣮ࣝ࣎ࡓࢀࡉᑐ࣮࢕ࢸࡿࡍᡴᧁࡓࡗ⾜ࢆ㝿㸪ࢢࣥ࢖ࢫᒁ㠃࠾࡟

ప࡟㢧ⴭ࡚ࡋẚ㍑࡜ኚ໬⠊ᅖࡢゅᗘࡿࡅ࠾࡟㸪యᖿ㒊ࡀ⠊ᅖࡢゅᗘኚ໬ࡢᕥྑ⫪㛵⠇ࡿࡅ

ศᯒࢆᡴᧁ࣮࢕ࢸࡿ࡞␗ࡢᡴⅬ㧗ࡀ㸦2006a㸧ࡽ㸪⏣Ꮚࡓࡲ㸬ࡿ࠸࡚ࡋሗ࿌࡜ࡓࡋ♧ࢆ್

㸪IMPࡣሗ࿌࡛ࡓࡋ ᫬Ⅼࡿࡅ࠾࡟⫪㛵⠇ࡢゅᗘࡀᡴⅬ㧗㛫࡛᭷ពࡉ࡜ࡓࡋ♧ࢆ್ࡿ࡞␗࡟

㸪SSࡣᖹᆒ್ࡢ㛵⠇ᣲୖゅᗘ⫪ࡿࡅ࠾࡟㸪ྛືస᫬Ⅼ࡚࠸࠾࡟✲◊㸬ᮏࡿ࠸࡚ࢀ ᫬Ⅼ࡛ 

-72.5 deg㸪MID ᫬Ⅼ࡛ -59.2 deg㸪LATE ᫬Ⅼ࡛ -54.7 deg㸪IMP ᫬Ⅼ࡛ -53.0 deg ࠶࡛

࡚ࡌ㏻ࢆᒁ㠃ࢢࣥ࢖ࢫ㸪ࡾ 20 deg ⛬ᗘࡢゅᗘኚ໬ࡓ࠸࡚ࡗࡲ࡝࡜࡟㸦⾲ 2࣭⾲ 3㸧㸬ᮏ◊

✲࡛ᚓࡓࢀࡽ ᐃ್ୖ࡜㏙ࡢඛ⾜◊✲ࢆ㋃࡜ࡿ࠼ࡲ㸪ྠ୍ࡢᡴⅬ㧗࡟タ⨨ࢆ࣮ࣝ࣎ࡓࢀࡉ

ᡴᧁࡿࡍ㝿࡟㸪⫪㛵⠇ࡿࡅ࠾࡟ゅᗘࡢኚືᛶࡿࡌ⏕ࡀᡴ⪅࡛ࡣ㸪⫪㛵⠇ゅᗘࡢኚື࡟క࠺

࡜ࡓࡋపୗࡀ෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖ࡢ㍈᪉ྥ▷࡚ࡋ࡜㸪⤖ᯝࡌ⏕ࡀኚືࡢ㌶㐨ࢢࣥ࢖ࢫ

᥎ᐹࡿࢀࡉ㸬 

Horan et al.㸦2011㸧ࡣ㸪ࣇࣝࢦ㑅ᡭࢆᑐ㇟ࡓࡋ࡜㐠ືᏛⓗศᯒ࡚࠸࠾࡟㸪⇍⦎ࢦࡓࡋ

⬟ྍࡿ࠸࡚ࡗ⾜࡟୰ࢢࣥ࢖ࢫࣥ࢘ࢲࢆㄪᩚࡢ㌶㐨ࢻࢵ࣊ࣈࣛࢡࡿࡼ࡟㛵⠇⊫ୖࡀ㑅ᡭࣇࣝ

ᛶࡓࡋ♧ࢆ㸬࡞࠺ࡼࡢࡇ㸪ࢢࣥ࢖ࢫ୰ືࡢసㄪᩚࡣ࡚࠸ࡘ࡟㸪Uncontrolled Manifold ゎ

ᯒࢆࢢࣥ࢖ࢫࣇࣝࢦ࡚࠸⏝ࢆศᯒࡓࡋ Morrison et al.㸦2016㸧ࡶሗ࿌ࡿ࠸࡚ࡋ㸬ࡗࡀࡓࡋ
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࡚㸪୧ᡭ࡛ᡴලࢆᢕᣢࡿࡍ㧗㏿ᗘࡢ㐠ື࠺࠸࡜Ⅼ࡛࡜ࢢࣥ࢖ࢫࣇࣝࢦඹ㏻ࡿࡍ㔝⌫ᡴᧁື

సࡶ࡚࠸࠾࡟㸪ࡢࢺࢵࣂࡓࡅྥ࡟ࢺࢡࣃࣥ࢖㌶㐨ㄪᩚୖࢆ⫥㛵⠇ࡀᢸ࡜ࡿ࠸࡚ࡗண᝿ࢀࡉ

♧ࢆ㛵㛵ಀ┦ࡢ㈇࡞᭷ព࡜෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖ᯝ㸪⤖ࡢ㸪┦㛵ศᯒࡽࡀ࡞ࡋ࠿ࡋ㸬ࡓ

㸦ᅗࡓࡗ࠿࡞ࢀࡽぢ࡚࠸࠾࡟ゅᗘࡢ඲࡚ࡴྵࢆ㸪ୖ⫥㛵⠇ࡣኚᩘࡍ 28㸫ᅗ 43㸧㸬࡜ࡇࡢࡇ

㌶㐨ㄪᩚࡢࢺࢵࣂࡿࡍᑐ࡟⨨఩ࢺࢡࣃࣥ࢖㸪ࡣ࡚࠸࠾࡟ᡴᧁ࣮࢕ࢸࡿࡼ࡟⪅㸪㔝⌫ᡴࡽ࠿

ࢫ㸪ࡣ࡚ࡋ࡜⏤⌮ࡓࢀࡽᚓࡀᯝ⤖ࡿ࡞␗࡜✲◊⾜㸬ඛࡓࢀࡉ၀♧ࡀ࡜ࡇ࠸࡞࠸࡚ࢀࢃ⾜ࡣ

ࡋ♧ࡀ㸬Horan et al.㸦2010㸧ࡿࢀࡽ࠼⪄ࡀ࡜ࡇࡿ࡞␗୧➇ᢏ㛫࡛ࡀ᫬㛫ࡿ࠿࠿࡟ࢢࣥ࢖

ࡣᖹᆒ್ࡢ᫬㛫ࢢࣥ࢖ࢫࣥ࢘ࢲࡿࡅ࠾࡟㑅ᡭࣇࣝࢦ㸪⏨ᛶࡤࢀࡼ࡟ࢱ࣮ࢹᐃ ࡓ 310 ms

᫬㛫㸦⣙ࢢࣥ࢖ࢫࡿࡅ࠾࡟㸪㔝⌫ᡴᧁࡾ࠶࡛ 150 ms㸧ࡢ 2 ಸ㏆ࡿ࠸࡚ࡋ♧ࢆ್࠸㸬Tresilian

㸦2004㸧ࡣ㸪㔝⌫ᡴᧁࢢࣥ࢖ࢫࡢ᫬㛫ෆ࡛ࡣどぬ᝟ሗ࡟ᇶ࡙ືࡓ࠸సㄪ⠇ࡣ࡜ࡇ࠺⾜ࢆᅔ

㞴࡛ࡾ࠾࡚ࡋ࡜ࡿ࠶㸪ࢢࣥ࢖ࢫ㛤ጞ௨㝆ࡣ᪤࣒ࣛࢢࣟࣉ࡟໬ືࡓࢀࡉసࢆ⾲ฟ࡜ࡿ࠸࡚ࡋ

㏙ࡿ࠸࡚࡭㸬࡚ࡗࡀࡓࡋ㸪ඛ⾜◊✲࡛ࣇࣝࢦ㑅ᡭ࡟ぢࢢࣥ࢖ࢫࡓࢀࡽ୰ືࡢసㄪᩚࡣ㸪㔝

⌫ᡴᧁࡿࢀࡽ࠼⪄࡜ࡓࡗ࠿࡞ࢀࡉ࡞࡚࠸࠾࡟㸬 

��  ኚືᛶࡢゅᗘࡿࡅ࠾࡟㌟యྛ㒊ࡧࡼ࠾෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖

ᮏ◊✲࡚࠸࠾࡟㸪඲ᑐ㇟⪅ࢺࢵࣂࡿࡅ࠾࡟㛗㍈᪉ྥࢺࢡࣃࣥ࢖ࡢ఩⨨ࡢᶆ‽೫ᕪࢆᖹᆒ

㸪12.6 mmࡣ್ࡓࡋ ⾲㸦ࡓࡗ࠶࡛ 1㸧㸬ࡓࡲ㸪඲ᑐ㇟⪅᭱ࡕ࠺ࡢ኱ࡓࡋ♧ࢆ್ࡢᑐ㇟⪅ࡢ

㸪20.0 mmࡣ್ྠ ⾲㸦ࡓࡗ࠶࡛ 1㸧㸬ඛ⾜◊✲ࡽ࠿㸪ࢺࢵࣂ㛗㍈᪉ྥࡢチᐜㄗᕪࡀ⣙ 100.0 

mm 㸪ࡣ⪅ᡴࡢࣝ࣋ࣞ⌫㸦Higuchi et al.㸪2013㸧㸪኱Ꮫ㔝࡜ࡿ࠼ࡲ㋃ࢆ࡜ࡇࡿ࠸࡚ࢀࡉ࡜

ᴟ࡚ࡵㄗᕪࡢᑡࢺࢵࣂ࠸࡞㛗㍈ୖࡢ⠊ᅖ࡛㟼Ṇ⌫ࢆᡴᧁࡓࢀࡉ♧ࡀ࡜ࡇࡿ࠸࡚ࡋ㸬 

඲ᑐ㇟⪅ࢺࢵࣂࡿࡅ࠾࡟▷㍈᪉ྥࢺࢡࣃࣥ࢖ࡢ఩⨨ࡢᶆ‽೫ᕪࢆᖹᆒࡣ್ࡓࡋ㸪9.0 mm

⾲㸦ࡓࡗ࠶࡛ 1㸧㸬ࡓࡲ㸪඲ᑐ㇟⪅᭱ࡕ࠺ࡢ኱ࡓࡋ♧ࢆ್ࡢᑐ㇟⪅ࡣ್ྠࡢ 13.0 mm㸪᭱

ᑠࡓࡋ♧ࢆ್ࡢᑐ㇟⪅ࡣ್ࡢ 6.4 mm ⾲㸦ࡓࡗ࠶࡛ 1㸧㸬ୖ㏙ࡢᖹᆒ್ࡣ࡚࠸ࡘ࡟㸪Bahill 

& Baldwin㸦2008㸧ࢺࢵࣂࡓࡋ♧ࡢ▷㍈ୖࡢチᐜㄗᕪ㸦8.0 mm㸧ୖ࡟࠿ࡎࢃࢆᅇࡿ⤖ᯝ

ࡀᶆ‽೫ᕪࡢ⨨఩ࢺࢡࣃࣥ࢖ࡢ㸪▷㍈᪉ྥࡽࡀ࡞ࡋ࠿ࡋ㸬ࡓࡗ࡞࡜ 8.0 mm ᮍ‶ࢆ್ࡢ♧

ィࡣ⪅㇟ᑐࡓࡋ 6 ྡ☜ㄆࡓࢀࡉ㸦⾲ 1㸧㸬ࡽ࠿࡜ࡇࡢࡇ㸪኱Ꮫ㔝⌫࡚ࣞ࠸࠾࡟ࣝ࣋㸪≉࡟ඃ

ࡾ⧞ࢆ⌫⠊ᅖෆ࡛㟼Ṇࡢ㸪チᐜㄗᕪࡣ࡚࠸࠾࡟⪅ᡴࡿࡍ᭷ࢆຊ⬟࣮ࣝࣟࢺࣥࢥࢺࢵࣂࡓࢀ

㏉ࡋᡴᧁࡓࢀࡉ♧ࡀ࡜ࡇࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡍ㸬 
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ྛືస᫬Ⅼࡿࡅ࠾࡟㦵┙ゅᗘࡧࡼ࠾యᖿ࣭ୖ⫥㛵⠇ゅᗘࡢᶆ‽೫ᕪࡣ್ࡢ㸪᭱ࡶ኱࠸ࡁ

ሙྜ࡛ࡶ 6 deg ⾲㸦ࡓ࠸࡚ࡗࡲ⣡࡟⠊ᅖࡢ 6㸧㸬࡚ࡗࡀࡓࡋ㸪㛗ᮇࡢ➇ᢏ⤒㦂ࢆ᭷ࡿࡍ኱Ꮫ

㔝⌫ᡴ⪅ࡣ࡚࠸࠾࡟㸪㦵┙ゅᗘࡧࡼ࠾యᖿ࣭ୖ⫥㛵⠇ゅᗘࡿࡅ࠾࡟ゅᗘࡣ㢧ⴭ࡟ኚື࡞ࡋ

㸪ࡣ࡚ࡋ㛵࡟ᶆ‽೫ᕪࡢ㦵┙ᅇ᪕ゅᗘࡿࡅ࠾࡟᫬ࢺࢡࣃࣥ࢖㸪ࡓࡲ㸬ࡓࢀࡉ♧ࡀ࡜ࡇ࠸

Nakata et al.㸦2014㸧ࡀሗ࿌ࡓࡋ㔝⌫⤒㦂⪅ࡿࡅ࠾࡟ 㸦್4.90 s 1.80 deg㸧࡟ẚ࡭㸪2.80 

s 1.05 deg ⾲㸦ࡓࡋ♧ࢆప್࡜ 6㸧㸬ᮏ◊✲࡜ Nakata et al.㸦2014㸧࡛ࡣゅᗘ⟬ฟࡢ᪉ἲ

࡜⏤⌮ࡓࢀࡽぢࡀ␗ᕪ࡞࠺ࡼࡢࡇ࡟್ᩘࡓࢀࡉ㸪 ᐃࡢࡢࡶ࠸࡞ࡁ࡛ࡣᐃ᩿ࡵࡓࡿ࡞␗ࡀ

ᐃㄢ㢟 ࡧࡼ࠾ᑐ㇟⪅㸦኱Ꮫ㔝⌫ᡴ⪅࣭㔝⌫⤒㦂⪅㸧ࡿࡅ࠾࡟✲◊⾜ඛ࡜✲◊㸪ᮏࡣ࡚ࡋ

㸦࣮࢕ࢸᡴᧁ࣭ࢫࢺᡴᧁ㸧ࡿࢀࡽ࠼⪄ࡀ࡜ࡇࡓ࠸࡚ࡗ࡞␗ࡀ㸬 

�� ᐇ㊶ࡢ࡬♧၀ 

ᮏ⠇࡛ࡣ㸪ᮏ◊✲ࡢ⤖ᯝࢆᐇ㊶࡬ά⏝ࡿࡍ㝿ࡢ㸪㐺⏝⠊ᅖࡧࡼ࠾ලయⓗ᪉ἲ࡚࠸ࡘ࡟㏙

 㸬ࡿ࡭

㔝⌫ᡴᧁࡣ㸪እ㒊⎔ቃ่⃭ࡢࡽ࠿㸦࣮ࣝ࣎㸧࡟ᛂື࡚ࡌసࢆㄪ⠇ࣝ࢟ࢫࣥࣉ࣮࢜ࠕࡿࡍ

ᆺࠖࡢ㐠ື࡟ศ㢮ࡿࢀࡉ㸦Schmidt㸪1994㸧㸬ࡽࡀ࡞ࡋ࠿ࡋ㸪㔝⌫ᡴᧁࡢ㐙⾜᫬㛫ࡣᴟࡵ

⣙ࡿࡁ࡛ࡢ࡜ࡇࡿ࠸⏝࡟ࢢࣥ࢖ࢫ࡟≉㸪ࡃ▷࡚ 150 ms సㄪືࡓ࠸ᇶ࡙࡟㛫࡛どぬ᝟ሗࡢ

⠇ࡣ࡜ࡇ࠺⾜ࢆᴟ࡚ࡵᅔ㞴࡛ࡿ࠸࡚ࢀࡉ࡜ࡿ࠶㸦Tresilian㸪2004㸧㸬ࡵࡓࡢࡑ㸪ືస㐙⾜

࡟᪤ࡣ᫬Ⅼ௨㝆ࡢ㸪≉ᐃࡃ࡞ࡣ࡛ࡢ࠺⾜ࢆసㄪ⠇ືࡢ཯ᑕᛶࡓࡏࢃྜ࡟≀㇟඲⠊ᅖ࡛ᑐࡢ

㸪ࡣ࡛✲◊㸦Tresilian㸪2004㸧㸬ᮏࡿࢀࡽ࠼⪄࡜ࡿ࠸࡚ࡋฟ⾲ࢆసືࡓࢀࡉ໬࣒ࣛࢢࣟࣉ

ᢞ⌫ࡢෆᐜ࡟ᛂື࡚ࡌసࡢኚ᭦ࡀồࡿࢀࡽࡵᡴᧁ‽ഛᒁ㠃࡛ࡃ࡞ࡣ㸪ࢢࣥ࢖ࢫᒁ㠃ࢆゎᯒ

ᑐ㇟ࡿ࠸࡚ࡋ࡜㸬ࡵࡓࡢࡑ㸪ᮏ◊✲ࡽ࠿ᚓࡓࢀࡽ▱ぢࡣ㸪࣮࢕ࢸᡴᧁࡎࡽ࡞ࡳࡢ㸪ᐇᡴ࡟

 㸬ࡿࢀࡽ࠼⪄࡜ࡿࡁ࡛⏝άࡶ࡟ᒁ㠃ࢢࣥ࢖ࢫࡿࡅ࠾

࢖ࢫࡿࡅ࠾࡟ᡴᧁ࣮࢕ࢸࡢ㸪」ᩘヨᢏࡣ࡚ࡋ࡜᪉ἲ⩦⦏ࡓࡋ⏝άࢆぢ▱ࡢ✲◊㸪ᮏࡓࡲ

㸬ࡿࢀࡽࡆᣲࡀࢡࢵࣂࢻ࣮࢕ࣇ࠺⾜࡚࠸⏝ࢆᫎീࡢࡑ㸪ࡋ᧜ᙳ࡚࡟࣓ࣛ࢝࢜ࢹࣅࢆసືࢢࣥ

㏆ᖺ࡛ࡣ㸪㧗ᛶ⬟ࡸ࣓ࣛ࢝࢜ࢹࣅ࡞㸪」ᩘᅇ⾜ືࡓࡗసࡢᫎീࡢ㔜␚࣭㛵⠇ゅᗘࡢ⟬ฟࢆ

ᐜ᫆࡟ࡅྥ⯡୍ࡀ࢔࢙࢘ࢺࣇࢯࡿ࠼⾜࡟㈍኎ࡿ࠸࡚ࢀࡉ㸬ࡵࡓࡢࡑ㸪ゅᗘࡢࡑࡸኚືᛶࡢ

ࡉ㑅ᢥࡾࡼ࡟㸬ᮏ◊✲࡛㔜ᅇᖐศᯒࡿࡁ࡛ࡀ࡜ࡇ࠺⾜࡟どぬⓗࡘ࠿ᐜ᫆ࢆࢡࢵࣂࢻ࣮࢕ࣇ

ഃᒅࡢ๓ᚋ࣭ᕥྑഴᩳゅᗘ㸪యᖿ௬᝿㛵⠇ࡢ┙㦵ࡓࡗ࠿㧗ࡀ㔜せᗘ࡟≉㸪ࡕ࠺ࡢኚᩘࡓࢀ
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ゅᗘ㸪ࡧࡼ࠾ᘬᡭ⫪㛵⠇ࡢᣲୖゅᗘࡿࡅ࠾࡟ኚືࢆᢚ࠺ࡼࡿ࠼ព㆑ࡋ㸪ࢆࢢࣥ࢖ࢫ⮬ື໬

ࡿࡏࡉୖྥࢆ෌⌧ᛶࡢ⨨఩ࢺࢡࣃࣥ࢖㸪࡛࡜ࡇ࠺⾜ࡋ㏉ࡾ⧞ࢆ⩦⦏ᡴᧁ࣮࢕ࢸ࡛ࡲࡿࡁ࡛

 㸬ࡿࢀࡽ࠼⪄࡜ࡿࡁ࡛ࡀ࡜ࡇ

�� ᮏ◊✲ࡢ㝈⏺࡜௒ᚋࡢᒎᮃ 

ᮏ◊✲࡛ࡣ㸪ࢺࢡࣃࣥ࢖఩⨨ࡢ෌⌧ᛶ࡟㛵㐃ࡿࡍ㐠ືᏛⓗせᅉ࡚ࡋ┠╔࡟ศᯒࡓࡗ⾜ࢆ㸬

㸪ྠࡵࡓࡢࡑ ୍఩⨨࡟タ⨨ࡓࡋ㟼Ṇ⌫ࢆᡴᧁ࣮࢕ࢸࡿࡏࡉᡴᧁࢆ ᐃㄢ㢟࡚ࡋ࡜᥇⏝ࡓࡋ㸬

୍᪉㸪ᐇ㝿ࡢヨྜ࡚࠸࠾࡟㸪ᡴ⪅ࡣᢞᡭ࡚ࡗࡼ࡟↓సⅭ࡟ᢞࡓࢀࡽࡌከᵝ࡞㌶㐨࣮ࣝ࣎ࡢ

㸬ࡿ࠶ࡀᛶ⬟ྍࡿࢀࡲྵࡃከࡀせᅉ࡞ㄆ▱ุ࣭᩿ⓗ࡚ࡋẚ࡟ᡴᧁ࣮࢕ࢸ㸪ࡵࡓࡿࡍᡴᧁࢆ

㌶㐨࡞㸪ከᵝ࡜ኚືᛶࡢᡴᧁືసࡿࡍᑐ࡟⌫㟼Ṇࡓࡗ࡞࡟࠿ࡽ㸪ᮏ◊✲࡛᫂ࡣ௒ᚋ࡚ࡗࡼ

 㸬ࡿࢀࡽ࠼⪄࡜ࡿ࠶ࡀᚲせࡿࡍウ᳨ࢆᛶྜᩚࡢ࡜ᡴᧁືసࡿࡍᑐ࡟⌫㣕᮶ࡃᥥࢆ

㣕᮶⌫ᡴᧁ᫬ືࡢసࢆ ᐃࡢ࡛ୖࡿࡍᢏ⾡ୖࡢㄢ㢟ࡣ࡚ࡋ࡜㸪ࡢ࣮ࣝ࣎฿㐩఩⨨ࡧࡼ࠾

฿㐩᫬㛫ࡢไᚚࡢᅔ㞴ᛶࡀᣲࡿࢀࡽࡆ㸬せᅉࢆ⤫ไࡀ࡜ࡇࡿࡍồࡿࢀࡽࡵ⛉Ꮫᐇ㦂ࡢᛶ㉁

ୖ㸪࣮ࣝ࣎฿㐩఩⨨ࡧࡼ࠾฿㐩᫬㛫ࡣ㸪ྠࡌ᮲௳ෆ࡛ࡀ࡜ࡇࡿ࠶୍࡛ྠࡣ๓ᥦࡿ࡞࡜㸬ࡍ

ࡍ㛵࡟ไᚚࢢ࣑ࣥ࢖ࢱ㸬ࡿ࠶ࡀᚲせࡿ࠸࡚ࢀࡉᢸಖࡀ෌⌧ᛶࡢࡢࡶࡢࡑ㸪どぬ่⃭ࡕࢃ࡞

㸪LEDࡣ࡛✲◊ࡿ ࡿࡍ㛵࡟෌⌧ᛶࡢ㸪どぬ่⃭࡛࡜ࡇࡿ࠸⏝ࢆࢱ࣮࣑ࣞࣗࢩ⌫ᢞࡓ࡭୪ࢆ

ၥ㢟ࡢඞ᭹ࡓ࠸࡚ࡋ࡜⬟ྍࢆ㸦Matsuo et al.㸪1993; Matsuo & Kasai㸪1994; Ohta et al.㸪

2015㸧㸬୍᪉㸪ࡿ࠸⏝ࢆࣥࢩ࣐ࢢࣥࢳࢵࣆሙྜ㸪ࡢ࣮ࣝ࣎฿㐩఩⨨ࡧࡼ࠾᫬㛫ࡣ࡟㸪ᚤᑠ

෌⌧ᛶࡢ㸪どぬ่⃭ࡣᐃ࡛ ࡓ࠸⏝ࢆ⌫㸪㣕᮶࡚ࡗࡼ㸬ࡿࢀࡲྵࡀㄗᕪࡢᐃ୍ࡀࡿ࠶ࡣ࡛

 㸬ࡿࢀࡉᠱᛕࡀၥ㢟ࡢ

㸬㏆ᖺࡿ࠶ࡀᛶ⬟ྍࡿ࡞࡜⟇ゎỴࡢㄢ㢟ࡢࡇ㸪ࡣ⾡㸦VR㸧ᢏ࣮࢕ࢸࣜ࢔࣭ࣜࣝࣕࢳ࣮ࣂ

㸪VRࡣ࡛ ᢏ⾡ືࡢࢶ࣮࣏ࢫࢆసศᯒ࡬ᛂ⏝ࡿࡍヨࡿ࠸࡚ࢀࡉ࡞ࡀࡳ㸦Bideau et al.㸪2010; 

Miles et al.㸪2012㸧㸬VR ᢏ⾡ࡓ࠸⏝ࢆᐇ㦂⣔ࡢ฼Ⅼࡣ࡚ࡋ࡜㸪ྠ୍ࡢどぬ่⃭ࢆ⢭ᗘࡼ

㸪VRࡣ㸬௒ᚋࡿࢀࡽࡆᣲࡀ࡜ࡇࡿࡁ࡛⌧෌ࡃ ᢏ⾡࡚࠸⏝ࢆከᵝ࡞ᢞ⌫㌶㐨ࢆ෌⌧ࡋ㸪ࡑ

 㸬ࡿࢀࡉᮇᚅࡀ࡜ࡇࡿࡍウ᳨ࢆኚືᛶࡢ㐠ືᏛⓗኚᩘࡿࡅ࠾࡟ᡴᧁືసࡢ㝿ࡢ
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➨5❶� ⤖ㄽ 

ᮏ◊✲࡛ࡣ㸪ࢺࢡࣃࣥ࢖ࡢୖࢺࢵࣂ఩⨨ࡢ෌⌧ᛶࢆつᐃࡿࡍ㐠ືᏛⓗせᅉࢆ≉ᐃࡇࡿࡍ

⪅㸬኱Ꮫ㔝⌫ᡴࡓࡋ࡜ⓗ┠ࢆ࡜ 24 ෌ࡢ⨨఩ࢺࢡࣃࣥ࢖㸪ࡏࢃ⾜ࢆᡴᧁ࣮࢕ࢸ࡚ࡋᑐ࡟ྡ
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◊✲ሗ࿌୍ぴ 

x� ி㒔⁠㈡య⫱Ꮫ఍ ➨ 144 ఍኱఍� ཱྀ㢌Ⓨ⾲� ⱝᡭ◊✲ዡບ㈹ ཷ㈹ 

࣭ࣝࣕࢳ࣮ࣂࠕ ࣭࣮࢕ࢸࣜ࢔ࣜ ゎᯒࡢ೵Ṇືసࢢࣥ࢖ࢫࡢ⪅㔝⌫ᡴࡓ࠸⏝ࢆ࣒ࢸࢫࢩ  ࠖ

 

x� ➨ 70 ᅇ ᪥ᮏయຊ་Ꮫ఍኱఍� ཱྀ㢌Ⓨ⾲ 

 㛵ಀࠖࡢཌ➽࡜೵Ṇ⬟ຊࢢࣥ࢖ࢫࢺࢵࣂࡿࡅ࠾࡟኱Ꮫ㔝⌫㑅ᡭࠕ

 

x� ➨ 24 ᅇ ᪥ᮏࢫࢡࢽ࣓࢝࢜࢖ࣂᏛ఍኱఍� ཱྀ㢌Ⓨ⾲ 

 ウ᳨ࠖࡢ㔝⌫ᡴᧁືసࡍฟࡳ⏕ࢆࢺࢡࣃࣥ࢖࠸㧗ࡢ㛫ⓗ෌⌧ᛶ✵ࠕ

 

x� The 4th International Congress on Sport Sciences Research and Technology 

Support� ཱྀ㢌Ⓨ⾲㸦ⱥㄒ㸧 

Hitting Kinematics for Precise Ball-Bat Contact in Collegiate Baseball Hittersࠕ  ࠖ

 

x� ᪥ᮏ㔝⌫⛉Ꮫ◊✲఍ ➨ 4 ᅇ኱఍� ཱྀ㢌࣭࣮ࢱࢫ࣏Ⓨ⾲� ⱝᡭ◊✲ዡບ㈹ ཷ㈹ 

 㛵ಀ㸸ࡢኚືࡢ㛵⠇ゅᗘ࡜㛫ⓗ෌⌧ᛶ✵ࡢ⨨఩ࢺࢡࣃࣥ࢖ࡿࡅ࠾࡟㔝⌫ᡴᧁࠕ

኱Ꮫ㔝⌫㑅ᡭ࣮࢕ࢸࡿࡼ࡟ᡴᧁࢆᑐ㇟᳨ࡓࡋ࡜ウࠖ 
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ㅰ㎡ 

ᮏ◊✲ࡢ❧᱌࣭ 㐙⾜࡟ࡧࡽ࡞ಟኈㄽᩥࡢᇳ➹ࡾࡓ࠶࡟㸪᪥㡭ࡽ࠿⇕ᚰࡈ࡟ᣦᑟࡁࡔࡓ࠸㸪

᫬࡟ཝ࠾࠸ࡋゝⴥ࡛⃭ບࡓࡋࡲࡁࡔࡓ࠸࡚ࡋ㸪ᣦᑟᩍဨఀࡢᆏᛅኵᩍᤵ࡟ᚰࡾࡼឤㅰ⏦ࡋ

 㸬ࡍࡲࡆୖ

㸪㛗㔝᫂⣖ᩍࡓࡋࡲࡾࡉࡔࡃࢆពぢࡈ࡞㈗㔜ࡢࠎ㸪ᩘࡁࡔࡓ࠸ࡅཷࡁᘬ࠾ࢆ㸪๪ᰝࡓࡲ

ᤵ࣭ᑠἑ㐨⣖෸ᩍᤵ࡟㸪ཌࡃᚚ♩⏦ࡍࡲࡆୖࡋ㸬 

㸬㔝ࡓࡋࡲࡁࡔࡓ࠸ࢆຓゝࡈ༠ຊ࣭ࡈࡽ࠿ࠎ᪉ࡢࡃ㸪ከࡣ࡚ࡋ㝿࡟ᚓ࣭ゎᯒྲྀࡢࢱ࣮ࢹ

⌫ᡴᧁ◊✲ࡢ ᐃ᪉ἲ࡟㛵ࡈ࡚ࡋᣦᑟࡓࡋࡲࡁࡔࡓ࠸ᵽཱྀ㈗ಇຓᩍ㸦⌧ ⚟ᒸᕤᴗ኱Ꮫ㸧㸪

Matlab ᮏᇛ㇏அຓᩍ㸦⌧ 㜵⾨኱Ꮫࡓࡋࡲࡁࡔࡓ࠸♧ᩍࡈ࡚ࡋ㛵࡟ࢢ࣑ࣥࣛࢢࣟࣉࡿࡼ࡟

ᰯ㸧㸪ᮏ◊✲ࡿࡅ࠾࡟ㄽ⌮ᒎ㛤࡚࠸ࡘ࡟᭷┈ࡈ࡞ពぢࡓࡋࡲࡁࡔࡓ࠸ࢆ⸨ᮏ㞞኱ຓᩍ㸪 ᐃ

ࢱ࣮ࢹబ⸨㝯ᙪ≉௵ຓᩍ㸪ከኚ㔞ゎᯒ࣭ࡓࡋࡲࡁࡔࡓ࠸ᣦᑟࡈ࡚࠸ࡘ࡟ゎᯒ᪉ἲࡢࢱ࣮ࢹ

㈗㔜ࡢከᩘ࡚࠸ࡘ࡟ṇ⏣ᝆ◊✲ဨ㸪㐠ືไᚚ⌮ㄽࡓࡋࡲࡁࡔࡓ࠸ᩍᤵࡈ࡚࠸ࡘ࡟ど໬ྍࡢ

㑣㡲኱Ẏ◊✲ဨ㸦⌧ NTTࡓࡋࡲࡁࡔࡓ࠸ࢆពぢࡈ࡞ ᇶ♏⛉Ꮫ◊✲ᡤ㸧㸪ഛရㄪ㐩➼ࡢ஦ົ

ฎ⌮࠾࡚࠸࠾࡟ୡヰࡓࡋࡲࡾ࡞࡟ዟᮧᝋᏊẶ࡟㸪ཌࡃᚚ♩⏦ࡍࡲࡆୖࡋ㸬ࡓࡲ㸪඲࡚ࡢ 

ᐃ࡟㝿ࡋ㸪᳨⪅ࡈ࡚ࡋ࡜༠ຊࢶ࣮࣏ࢫࡓࡋࡲࡁࡔࡓ࠸೺ᗣ⛉Ꮫ◊✲⛉༤ኈㄢ⛬๓ᮇㄢ⛬ 1

ᅇ⏕ࡢᅵ㔠ㄹࢇࡃ㸪ࢶ࣮࣏ࢫ೺ᗣ⛉Ꮫ㒊 4 ᅇ⏕ࡢబ఑⣫㐨࡟ࢇࡃ㸪῝ࡃឤㅰ⮴ࡍࡲࡋ㸬 

ⓙᵝ㸪 ᐃ༠ࡢ࿨㤋኱Ꮫ◳ᘧ㔝⌫㒊ဨ❧ࡓࡋࡲࡁࡔࡓ࠸༠ຊࡈ࡟ᐃ ࡢ✲◊㸪ᮏ࡟ࡽࡉ

ຊࡈࢆᛌㅙࡓࡋࡲࡁࡔࡓ࠸ᚋ⸨᪼┘╩࡟㸪ᚰࡾࡼᚚ♩⏦ࡍࡲࡆୖࡋ㸬 

᭱ᚋ࡟㸪஫࡟࠸ษ☩⌶☻࠸ྜࡋ㸪◊✲࡟㛵ࡿࡍከࡢࡃ᫬㛫ࢆඹ᭷ࢶ࣮࣏ࢫࡓࡋ೺ᗣ⛉Ꮫ

ࡢឤㅰ࡟ᐙ᪘ࡓࢀࡃ࡚࠼ᨭ࡟㸪⤒῭ⓗ࣭⢭⚄ⓗ࠼ฟ㏄ࡃ࠿ᬮࢆ⪅➹ࡶࡘ࠸ⓙᵝ㸪ࡢ⛉✲◊

ពࡋ⾲ࢆ㸪ᮏㄽᩥࡍࡲࡋ⮴࡜ࡾࡃࡃࡵ⥾ࡢ㸬 


