
䝕䜱䝆䝍䝹䜴䜵䞊䝤䜺䜲䝗䝯䝑䝅䝳䜢
⏝䛔䛯3ḟඖMRI䝕䞊䝍䛛䜙䛾
ኌ㐨᩿㠃✚㛵ᩘ䛾ᢳฟ

஭ୖ ㅬḟ (኱㜰ᕤᴗ኱㝔䞉᝟)
➉ᮏ ᾈ඾ (ATR-Promotions/ATR-CIS)
໭ᮧ 㐩ஓ (⏥༡኱)
ṇᮌ ಙኵ (ATR-Promotions)
୰ᔱ 㬨Ẏ (኱㜰ᕤᴗ኱䞉᝟)



┠ḟ

� ◊✲⫼ᬒ

� ◊✲┠ⓗ

� ᥦ᱌ᡭἲ

� ᐇ㦂

� ⤖ᯝ䛸⪃ᐹ

� ⤖ㄽ



◊✲⫼ᬒ
- Articulatory synthesis -

� 㧗ရ㉁䛺㡢ኌ䛾ྜᡂᢏ⾡䛸䛧䛶ᮇᚅ

� 䝠䝖䛾㡢ኌ⏕ᡂ㐣⛬䞉ㄪ㡢ᶵᵓ䜢䝰䝕䝹໬

� ኌ㐨ᙧ≧䜢฼⏝

� ㏆ᖺ䛾☢Ẽඹ㬆⏬ീἲ
(MRI)䛾Ⓨᒎ䛻䜘䜛⢭ᚤ䛺
䠏ḟඖኌ㐨䝰䝕䝹

ẕ㡢 /i/ 䛾3ḟඖኌ㐨ᙧ≧
[Kröger 2000]



◊✲⫼ᬒ
- ኌ㐨᩿㠃✚㛵ᩘ -

� 3ḟඖኌ㐨䝰䝕䝹ෆ䛾㡢Ἴఏ᧛䛾ᨭ㓄᪉⛬
ᘧ䠄Ἴື᪉⛬ᘧ䠅䠖ᐇ᫬㛫䛷䛿ィ⟬䛜ᅔ㞴

� 3ḟඖ ኌ㐨ᙧ≧ → 1ḟඖ ኌ㐨᩿㠃✚㛵ᩘ

ẕ㡢 /i/ 䛾ኌ㐨᩿㠃✚㛵ᩘ䠄ᕥ䠅䛸䛭䛾෇⟄㡢㡪⟶䜰䝘䝻䝆䞊䠄ྑ䠅䠈
ᕥ➃䛜ኌ㛛䠈ྑ➃䛜ཱྀ၁ [Mullen 2006]



◊✲⫼ᬒ
- ኌ㐨᩿㠃✚㛵ᩘ䛾᥎ᐃᡭἲ -

� 1ḟඖ䛾ኌ㐨᩿㠃✚㛵ᩘ
� ኌ㐨୰䜢ᖹ㠃Ἴ䛜ఏ᧛䛩䜛䛸௬ᐃ

� ኌ㛛䛛䜙ཱྀ၁䜈䛾䛭䛾ᖹ㠃Ἴ䛾㠃✚䛾ኚ໬

� ᪤Ꮡ䛾᥎ᐃᡭἲ
� 䜋䛸䜣䛹䛜ᗄఱᏛⓗ䛻ồ䜑䛶䛔䜛
䠄㡢Ἴఏ᧛䜢⪃៖䛧䛶䛔䛺䛔䠅

� 㡢Ἴఏ᧛䜢⪃៖䛧䛯᭷㝈せ⣲ἲ䠄FEM䠅䜢⏝䛔䛯᪉ἲ
[୰஭௚ 2002, Mochizuki et al. 2007]

� ࿘Ἴᩘ㡿ᇦ䛷ồ䜑䛶䛔䜛䛯䜑䜔䜔」㞧

� ṇ୰▮≧㠃䠄2ḟඖ䠅䛾䜏䜢฼⏝



◊✲┠ⓗ

� 㡢Ἴఏ᧛䜢ィ⟬䛧䠈䛭䛾ఏ᧛⤒㊰䛻ἢ䛳䛶
ኌ㐨᩿㠃✚㛵ᩘ䜢ồ䜑䜛

� ᫬㛫㡿ᇦ䛷ィ⟬

� ᪤Ꮡ䛾ᗄఱᏛⓗᡭἲ䛸䛾ẚ㍑

� 㡿ᇦ஧ศἲ [Story et al. 1996]

� 䝬䞁䝝䝑䝍䞁㊥㞳䛻䜘䜛᪉ἲ [Takemoto et al. 2006]

� 䜶䝑䝆㛫᭱▷㊥㞳Ⅼ䛻䜘䜛᪉ἲ [Referred in 

Mochizuki et al. 2007] 



ᥦ᱌ᡭἲ
- 䝕䜱䝆䝍䝹䜴䜵䞊䝤䜺䜲䝗䝯䝑䝅䝳 -

� 3ḟඖኌ㐨ᙧ≧䛻ᑐ䛧䛶䠈䝕䜱䝆䝍䝹䜴䜵䞊䝤䜺䜲
䝗䝯䝑䝅䝳䠄DWM䠅䜢⏝䛔䛶ᨭ㓄᪉⛬ᘧ䠄Ἴື᪉
⛬ᘧ䠅䜢᫬㛫㡿ᇦ䛷㞳ᩓ໬

� ቃ⏺᮲௳䠖
ኌ㐨ෆ㒊䠄✵Ẽ䠅䛸ኌ㐨ቨ䛷䛿
≉ᛶ䜲䞁䝢䞊䝎䞁䝇䛜␗䛺䜛

� ⤖ᯝ䠖

2ḟඖDWM䛻䛚䛡䜛
䝆䝱䞁䜽䝅䝵䞁J
䠄䝆䝱䞁䜽䝅䝵䞁ᩘ M=4䠅



ᥦ᱌ᡭἲ
- 䝅䝭䝳䝺䞊䝅䝵䞁᮲௳ -

� 䝟䝷䝯䞊䝍䛿ึᮇᅽຊ䛸䜲䞁䝢䞊䝎䞁䝇

� ึᮇ≧ែ䛸䛧䛶ኌ㛛඲య䛻⥲㡢ᅽ 1.0 䜢௜୚

� ྛ䝪䜽䝉䝹䠄⏬⣲䠅䛻䝆䝱䞁䜽䝅䝵䞁䜢タᐃ

� ✵Ẽ䛸ኌ㐨ቨ䛻䛿ู䚻䛾䜲䞁䝢䞊䝎䞁䝇䜢タᐃ

� ௒ᅇ䛿⡆༢䛾䛯䜑ኌ㐨ቨ䛾᣺ື䜢┬␎
� ✵Ẽ䛛䜙ኌ㐨ቨ䜈䛾ᅽຊ䛿྾཰䛥䜜䜛䠄཯ᑕ䛿Ꮡᅾ䠅䜘
䛖䛻タᐃ



ᥦ᱌ᡭἲ
- ㊥㞳䝬䝑䝥䛾⟬ฟ -

� ኌ㛛䛛䜙䛾㊥㞳䝬䝑䝥䜢⟬ฟ
䠄㠀ᐃᖖ≧ែ䛻䛚䛡䜛➼㡢ᅽ㠃䠅

� ㏻㐣䜶䝛䝹䜼䞊䛾⥲㔞䛜
㜈್ 䜢㉸䛘䛯
䝇䝔䝑䝥᫬้ t 䜢グ㘓

� 2ḟඖ䠖

� 3ḟඖ䠖
Ng䠖ኌ㛛䛾䝆䝱䞁䜽䝅䝵䞁ᩘ

ኌ㛛ୖ㒊䛜ṇ
ኌ㐨ୗ㒊䛜㈇



ᥦ᱌ᡭἲ
- ୰ᚰ⥺䛾⟬ฟ -

� ྛ䝇䝔䝑䝥㊥㞳䠄➼㊥㞳㠃䠅䛻䛚䛡䜛Ⅼ㞟ྜ䛾
㔜ᚰ䜢ィ⟬

� 䝇䝮䞊䝆䞁䜾䠖୍ᐃ㊥㞳䛤䛸䛻෌ᗘ㔜ᚰ䜢ィ⟬



ᥦ᱌ᡭἲ
- ᩿㠃✚㛵ᩘ䛾ᢳฟ -

� ୰ᚰ⥺䛻ἢ䛳䛶᩿㠃䜢ྲྀ䜛

� ᩿㠃ୖ䛾✵Ẽ㡿ᇦ䛾䝪䜽䝉䝹ᩘ䛛䜙㠃✚䜢
ồ䜑䜛



ᐇ㦂

� ᮏᥦ᱌ᡭἲ䛾᭷ຠᛶ䜢♧䛩䛯䜑䛻2䛴䛾
ᐇ㦂䜢ᐇ᪋

� ᐇ㦂1: ᭷ຠ䛺DWMἲ䛾䝟䝷䝯䞊䝍䛾ㄪᰝ

� ᐇ㦂2: ᪤Ꮡᡭἲ䛸DWMἲ䛸䛾ẚ㍑



ᐇ㦂
- ౑⏝䝕䞊䝍 -

� ౑⏝䛧䛯3ḟඖMRI䝕䞊䝍

� ᪥ᮏㄒ5ẕ㡢 /aeiou/ 
䠄ᡂே⏨ᛶ1ྡ䠅

� “ATRẕ㡢ⓎヰMRI䝕䞊䝍”
(ATR-Promotions)

� ኌ㐨ᶍᆺ䛾㡢㡪≉ᛶ䛸
ẚ㍑ྍ⬟ [໭ᮧ௚ 2007]

� ୖグMRI䝕䞊䝍䜢ᇶ䛻〇స

ẕ㡢 /a/ 䛾ኌ㐨ᶍᆺ [໭ᮧ 2007]



ᐇ㦂1
- DWMἲ䛾䝟䝷䝯䞊䝍 -

� DWMἲ䛾䝟䝷䝯䞊䝍

� 2ḟඖ䠄ṇ୰▮≧᩿㠃䠅䛚䜘䜃3ḟඖ

� ㊥㞳䝬䝑䝥䛾㜈್䠖 ᅛᐃ

� ✵Ẽ䛾䜲䞁䝢䞊䝎䞁䝇 = 1.0 䠖 ᅛᐃ

� ኌ㐨ቨ䛾䜲䞁䝢䞊䝎䞁䝇 =
1䠄྾཰䠅, 100䠄୰㛫䠅, 10000䠄ซ䛭ᐇ㝿䠅

� ➼㡢ᅽ㠃䛜⟬ฟྍ⬟䛛䛹䛖䛛



⤖ᯝ䛸⪃ᐹ

� ᐇ㦂1䠖DWMἲ䛾䝟䝷䝯䞊䝍ㄪᰝ

� ➼㡢ᅽ㠃䛾⟬ฟ



➼㡢ᅽ㠃䛾⟬ฟ
ẕ㡢 /a/ 䠄/o/, /u/䜒ྠᵝ䠅

2D 䠄ṇ୰▮≧㠃䠅 3D



➼㡢ᅽ㠃䛾⟬ฟ
ẕ㡢 /i/ 䠄/e/䜒ྠᵝ䠅

2D 䠄ṇ୰▮≧㠃䠅 3D



⤖ᯝ䛸⪃ᐹ
- ᐇ㦂1䠄➼㡢ᅽ㠃䛾⟬ฟ䠅 -

� ẕ㡢 /e/, /i/ 䛻䛚䛔䛶ኌ㐨ቨ䜲䞁䝢䞊
䝎䞁䝇䛜100, 10000䛾᫬䛻➼㡢ᅽ㠃
䛜⟬ฟ䛷䛝䛺䛔䜿䞊䝇䛜䛒䛳䛯

� ⊃✽㡿ᇦ䛿 /i/ 䛷3䝢䜽䝉䝹ᖜ䠄1.5mm䠅䠈
/e/ 䛷4䝢䜽䝉䝹ᖜ䠄2.0mm䠅

� 䝅䝭䝳䝺䞊䝅䝵䞁䛾䝯䝑䝅䝳䝃䜲䝈䛾ၥ㢟䛸
⪃䛘䜙䜜䜛䠄ᩘ್ⓗ୙Ᏻᐃ䠅

� ᐇ㦂2䛷䛿 Zwall = 1 䛾䜏䜢⏝䛔䜛



ᐇ㦂2
- ௚ᡭἲ䛸䛾ẚ㍑ -

� ୰ᚰ⥺⟬ฟ䜰䝹䝂䝸䝈䝮

� ᮏᥦ᱌ᡭἲ䠄DWM䠅

� 䝬䞁䝝䝑䝍䞁㊥㞳䠄MD䠅 [Takemoto et al. 2006]

� 㡿ᇦ஧ศἲ䠄BS䠅 [Story et al. 1996]

� 䜶䝑䝆㛫᭱▷㊥㞳䠄NE䠅 [Mochizuki et al. 2007]

� ኌ㐨ᶍᆺ䛸䛾䝣䜷䝹䝬䞁䝖࿘Ἴᩘ䛾ẚ㍑

� ➨1䡚➨4䝣䜷䝹䝬䞁䝖䠄F1-F4䠅䛾
┦ᑐ䝟䞊䝉䞁䝖ㄗᕪ䛾࿴䜢ᣦᶆ



⤖ᯝ䛸⪃ᐹ

� ᐇ㦂2䠖௚ᡭἲ䛸䛾ẚ㍑

� 䝣䜷䝹䝬䞁䝖࿘Ἴᩘ䛾ẚ㍑



ᐇ㦂2
ẕ㡢 /a/ 䛾ኌ㐨᩿㠃✚㛵ᩘ



ᐇ㦂2
ẕ㡢 /a/

DWM : 䝕䜱䝆䝍䝹䜴䜵䞊䝤䜺䜲䝗䝯䝑䝅䝳 [ᥦ᱌ᡭἲ]䠈
MD : 䝬䞁䝝䝑䝍䞁㊥㞳 [Takemoto et al.]
BS : 㡿ᇦ஧ศἲ [Story et al.]䠈
NE : 䜶䝑䝆㛫᭱▷㊥㞳Ⅼ [Mochizuki et al.]



ᐇ㦂2
ẕ㡢 /i/ 䛾ኌ㐨᩿㠃✚㛵ᩘ



ᐇ㦂2
ẕ㡢 /i/

DWM : 䝕䜱䝆䝍䝹䜴䜵䞊䝤䜺䜲䝗䝯䝑䝅䝳 [ᥦ᱌ᡭἲ]䠈
MD : 䝬䞁䝝䝑䝍䞁㊥㞳 [Takemoto et al.]
BS : 㡿ᇦ஧ศἲ [Story et al.]䠈
NE : 䜶䝑䝆㛫᭱▷㊥㞳Ⅼ [Mochizuki et al.]



ᐇ㦂2
ẕ㡢 /u/ 䛾ኌ㐨᩿㠃✚㛵ᩘ



ᐇ㦂2
ẕ㡢 /u/

DWM : 䝕䜱䝆䝍䝹䜴䜵䞊䝤䜺䜲䝗䝯䝑䝅䝳 [ᥦ᱌ᡭἲ]䠈
MD : 䝬䞁䝝䝑䝍䞁㊥㞳 [Takemoto et al.]
BS : 㡿ᇦ஧ศἲ [Story et al.]䠈
NE : 䜶䝑䝆㛫᭱▷㊥㞳Ⅼ [Mochizuki et al.]



⪃ᐹ1

� ඲య
� ኌ㐨ᶍᆺ䛾䝣䜷䝹䝬䞁䝖䛜ᐇ㡢ኌ䜘䜚ప䛔
→ኌ㐨ቨ䛜๛య䛻⏤᮶

� F1䛜㧗䛟ฟ䜛䠖᲍≧❐䛾ᙳ㡪䛛

� F2䛜㧗䛟ฟ䜛䠖ཱྀ၁㒊䛾᩿㠃✚䛾ྲྀ䜚᪉䛾ᙳ
㡪ཬ䜃᲍≧❐䛾ᙳ㡪䠄≉䛻ẕ㡢/i/䠅䛛

� 㡿ᇦ஧ศἲ(BS)
� F3䛜ప䛟ฟ䜛䠖ႃ㢌⭍ୖ㒊䛾ྲྀ䜚᪉䛾ᙳ㡪䛛
䠄ᐇ⿦䛾ၥ㢟䠅



⪃ᐹ2

� ᪤Ꮡᡭἲ䛸ẚ㍑䛧䛶䠈2D∧䠈3D∧䛸䜒䛻Ⰻ
ዲ䛺⤖ᯝ

� 䛧䛛䛧䠈䛯䛔䛧䛶ᕪ䛿䛺䛔

� 2D∧䛸3D∧䛾⤖ᯝ䛻㢧ⴭ䛺ᕪ␗䛿ぢ䜙
䜜䛺䛛䛳䛯



⤖ㄽ

� Zwall = 1 䛾᮲௳䛾᫬䠈2D∧䠈3D∧䛸䜒䛻
Ᏻᐃ䛧䛶➼㡢ᅽ㠃䛜DWM䛷ィ⟬ྍ⬟

� 㡢Ἴఏ᧛䛻ᇶ䛵䛟DWMἲ䛸ᗄఱᏛⓗ᪉ἲ
䛻ᇶ䛵䛟᪤Ꮡᡭἲ䛿ྠ⛬ᗘ䛻᭷ຠ

� ኌ㐨ᙧ≧䛾୰ᚰ⥺䛾ィ⟬䛿䠈ṇ୰▮≧᩿
㠃䛾䜏䜢⏝䛔䛶䜒඘ศ



௒ᚋ䛾ㄢ㢟

� ホ౯䝰䝕䝹䛻᲍≧❐䛺䛹䛾ศᒱ⟶䜢⤌䜏
㎸䜐

� 3D∧DWM䛻䛚䛔䛶䠈୰ᚰ⥺䜢ồ䜑䛪䛻➼
㡢ᅽ㠃䛛䜙┤᥋㠃✚䜢ồ䜑䛯ሙྜ䛾ᐇ㦂
䛸ホ౯

� 3D∧DWM䜢⏝䛔䜜䜀䠈ཱྀ၁䛛䜙䛾ᨺᑕ䝰
䝕䝹䜢ኌ㐨᩿㠃✚㛵ᩘ䛻⤌䜏㎸䜑䜛䛯䜑䠈
䛭䛾ᐇ㦂䛸ホ౯



䛤Ύ⫈䛒䜚䛜䛸䛖䛤䛦䛔䜎䛧䛯



ᐇ㦂2
ẕ㡢 /e/ 䛾ኌ㐨᩿㠃✚㛵ᩘ



ᐇ㦂2
ẕ㡢 /e/

DWM : 䝕䜱䝆䝍䝹䜴䜵䞊䝤䜺䜲䝗䝯䝑䝅䝳 [ᥦ᱌ᡭἲ]䠈
MD : 䝬䞁䝝䝑䝍䞁㊥㞳 [Takemoto et al.]
BS : 㡿ᇦ஧ศἲ [Story et al.]䠈
NE : 䜶䝑䝆㛫᭱▷㊥㞳Ⅼ [Mochizuki et al.]



ᐇ㦂2
ẕ㡢 /o/ 䛾ኌ㐨᩿㠃✚㛵ᩘ



ᐇ㦂2
ẕ㡢 /o/

DWM : 䝕䜱䝆䝍䝹䜴䜵䞊䝤䜺䜲䝗䝯䝑䝅䝳 [ᥦ᱌ᡭἲ]䠈
MD : 䝬䞁䝝䝑䝍䞁㊥㞳 [Takemoto et al.]
BS : 㡿ᇦ஧ศἲ [Story et al.]䠈
NE : 䜶䝑䝆㛫᭱▷㊥㞳Ⅼ [Mochizuki et al.]



ၥ㢟Ⅼ

� 㛢㙐䠈ศᒱ䛻ᑐᛂ䛷䛝䛺䛔



௜㘓B.1
- 䝕䜱䝆䝍䝹䜴䜵䞊䝤䜺䜲䝗䝯䝑䝅䝳 -

� 3ḟඖኌ㐨ᙧ≧䛻ᑐ䛧䛶䠈
᫬㛫㡿ᇦ䛷ᨭ㓄᪉⛬ᘧ䜢ゎ䛟䛣䛸䛷
㡢Ἴ䛾ఏ᧛⤒㊰䜢ồ䜑䜛

� 㡢ᅽ p(x, y, z) 䛻㛵䛩䜛3ḟඖ䛾Ἴື᪉⛬ᘧ

䜢䝕䜱䝆䝍䝹䜴䜵䞊䝤䜺䜲䝗䝯䝑䝅䝳䠄DWM䠅
䛷㞳ᩓ໬



௜㘓B.2
- 1ḟඖ೫ᚤศ᪉⛬ᘧ䛾ゎ -

� 1ḟඖ䛾ሙྜ䠖Ἴື᪉⛬ᘧ
䜢ᕥ᪉ྥ䛸ྑ᪉ྥ䛾ᡂศ䛻ศ๭䛧䛯
䝎䝷䞁䝧䞊䝹䛾ゎ
䜢ィ⟬䠄p䛿㡢ᅽ䠈c䛿㡢㏿䠈n䛿䝇䝔䝑䝥᫬้䠅

䠍ḟඖ䜴䜵䞊䝤䜺䜲䝗㡢㡪⟶䝰䝕䝹䛻䛚䛡䜛
㡢ᅽ䛾ᵓᡂせ⣲ [Mullen 2006]



௜㘓B.3
- ቃ⏺᮲௳䛸䜲䞁䝢䞊䝎䞁䝇 -

� ቃ⏺᮲௳䠖ኌ㐨ෆ㒊䠄✵Ẽ䠅䛸ኌ㐨ቨ䛷䛿
≉ᛶ䜲䞁䝢䞊䝎䞁䝇䛜␗䛺䜛

� DWM䝆䝱䞁䜽䝅䝵䞁J䛻䛚䛔䛶䠈㐃⥆䛾ἲ๎䜘䜚

1.

2.

3.

4.

� ፹㉁䛾䜲䞁䝢䞊䝎䞁䝇

䜲䞁䝢䞊䝎䞁䝇୙ᩚྜⅬ䛻䛚䛡䜛
ಙྕ䛾ᩓ஘ [Mullen 2006]



௜㘓B.4
- ከḟඖ䜈䛾ᣑᙇ -

� ᥋⥆䜴䜵䞊䝤䜺䜲䝗ᩘ䜢 M ಶ䠄2ḟඖ䠖M=4䠈
3ḟඖ䠖M=6䠅䛻ᣑᙇ䛧䛯ሙྜ䠈

䛜ᑟฟ䛥䜜䜛

� ึᮇ᮲௳䛸䜲䞁䝢䞊䝎䞁䝇
䛾タᐃ䛜ᚲせ 2ḟඖDWM



௜㘓C.1
- 㡿ᇦ஧ศἲ -

� ᪤Ꮡᡭἲ䠖㡿ᇦ஧ศἲ [Story 1996]

� 2Ⅼ䜢⤖䜣䛰⥺ศ䠄㉥䠅䛻ᑐ䛩䜛┤஺㠃䠄㟷䠅
䛸䛾஺ᕪ㡿ᇦ䛾୰Ⅼ䜢ྲྀ䛳䛶㡿ᇦ䜢2ศ๭



௜㘓C.2
- 㡢Ἴఏ᧛⤒㊰ -

� 㡢Ἴ䛾ఏ᧛⤒㊰䛿ᚲ䛪䛧䜒ᗄఱ
Ꮫⓗ୰ᚰ䜢㏻䜙䛺䛔 [୰஭௚
1999,2002]

� ఏ᧛⤒㊰䛻ἢ䛳䛶᩿㠃䜢⟬ฟ
� ᭷㝈せ⣲ἲ䠄FEM䠅 [୰஭௚ 2002, 

Mochizuki et al. 2007]

� ࿘Ἴᩘ㡿ᇦ䛷ィ⟬䛩䜛䛯䜑」㞧

� 䝬䞁䝝䝑䝍䞁㊥㞳䛻䜘䜛㡢Ἴఏ᧛䛾
㏆ఝ [Takemoto et al. 2006]

� ୖグ2ᡭἲ䛿ṇ୰▮≧㠃䠄2ḟඖ䠅
䛾䜏䜢฼⏝



௜㘓C.3
- ᩿㠃✚㛵ᩘ䛾᥎ᐃ -

� 3ḟඖMRI䝕䞊䝍䛛䜙䛾ኌ㐨᩿㠃✚㛵ᩘ
䛾୍⯡ⓗ䛺᥎ᐃᡭ㡰
� 1) ኌ㐨䛾୰ᚰ⥺䜢ᢳฟ䛧䠈

� 2) ୰ᚰ⥺䛻ἢ䛳䛶᩿㠃䜢ồ䜑䜛

� ᪤Ꮡ䛾୰ᚰ⥺⟬ฟᡭἲ
� Story et al. (1996)

� Kröger et al. (2000)

� Takemoto et al. (2006)

� Mochizuki et al. (2007)



௜㘓D.1
- ඲య䛾ฎ⌮ᡭ㡰 -

1. ኌ㐨㡿ᇦ䛾ᢳฟ

2. ୰ᚰ⥺䛾⟬ฟ

3. ኌ㐨᩿㠃✚㛵ᩘ䛾ィ⟬

4. ఏ㐩㛵ᩘ䛾ィ⟬



௜㘓D.2
- ఏ㐩㛵ᩘ䛾ィ⟬ -

� ఏ㐩㛵ᩘ䛾ィ⟬

� ఏ㏦⥺㊰䝰䝕䝹䜢⏝䛔࿘Ἴᩘ㡿ᇦ䛷ゎᯒ

� ኌ㐨ቨ䛿ኌ㐨ᶍᆺ䛻ྜ䜟䛫䛶๛య䛸䛧䛯
䠄඲యⓗ䛻䝣䜷䝹䝬䞁䝖࿘Ἴᩘ䛜పୗ䠅

� ⢓ᛶ䠈⇕ఏᑟ䠈ᨺᑕ䛾䜶䝛䝹䜼䞊䝻䝇


