
 

TLMἲࡓ࠸⏝ࢆἼ㠃ྜᡂἲࡢᛂ⏝ 

᪥኱⏕⏘ᕤ(㝔)   ○ 㛵᰿ ᫭ኴ  ᪥኱⏕⏘ᕤ ᒣᓮ ᠇ 

 

 ࡟ࡵࡌࡣ .1

 ㏆ᖺ࣮ࣝࣛࣀ࢖ࣂࡸ࣒ࢸࢫࢩࢻࣥ࢘ࣛࢧࠊ

ࡋᬑཬࡀ࣒ࢸࢫࢩࡢయ㡢㡪❧ࡢ࡝࡞࣒ࢸࢫࢩ

ጞ୍ࠋࡿ࠸࡚ࡵ᪉࡛ࡢ࣒ࢸࢫࢩࡢࡽࢀࡇḞⅬ

┠࡚ࡗࡼ࡟ື⛣ࡢࡁྥࡸ⨨఩ࡢ⪅⫈ཷࡿ࠶࡛

ⓗࡢ❧య㡢㡪ࡀᚓ࠺࠸࡜࠸࡞ࢀࡽၥ㢟ࡲ࠸ࡣ

 ࠋ࠸࡞࠸࡚ࢀࡉゎỴࡔ

៖⪄ࢆື⛣ࡢࡁྥࡸ⨨఩ࡢ⪅⫈ཷࠊ࡛ࡇࡑ

ࠋࡿ࠶ࡀἼ㠃ྜᡂἲ࡚ࡋ࡜᪉ἲࡢయ㡢㡪❧ࡓࡋ

ࡁᇶ࡙࡟⌮ศᐃ✚ࣇࢵ࣍ࣄࣝ࢟ࠊࡣ᪉ἲࡢࡇ

ཎ㡢ࡢ୍ྠ࡜㡢ᅽሙࢆ෌⌧࡚ࡗࡼ࡟࡜ࡇࡿࡍ

❧య㡢㡪ࢆᐇ⌧ࠋࡿ࠶࡛࣒ࢸࢫࢩࡿࡍ⌧ᅾࠊ

෌⌧ࡢ࣮࢝ࣆࢫࡿࡍධຊ࡚ࡋ࡜ᐇ㝿࡟㘓㡢ࡋ

ࢩࡓ࠸⏝ࢆᙧᛶ⥺ࡢ㡢࡜ሙྜࡿ࠸⏝ࢆ※㡢ࡓ

ࡽ࠸⏝ࡀ※㡢ࡓࡋ ணࡿࡼ࡟ࣥࣙࢩ࣮࣑ࣞࣗ

⥺ࡢ㡢ࠊࡾ࠿࠿ࡀᡭ㛫ࡣ㘓㡢ࠊࡋ࠿ࡋࠋࡿࢀ

ᙧᛶࡣࣥࣙࢩ࣮࣑ࣞࣗࢩࡓ࠸⏝ࢆቃ⏺᮲௳ࡀ

⮬⏤✵㛫ࡢሙྜࠋࡿࢀࡽ࠸⏝ࡳࡢ࡟ 

ࡵࡓࡿࡍゎᯒࢆἼ㠃ྜᡂἲ࡟௨๓ࡣࡽ⪅➹

࡛ࡘ୍ࡢᡭἲࡿᚓࢆ㏆ఝゎࡢἼື᪉⛬ᘧࠊ࡟

࣑ࣞࣗࢩ᫬㛫㡿ᇦࡓ࠸⏝ࢆ3ḟඖTLMἲࡿ࠶

ࡓࡋసᡂࢆࣥࣙࢩ࣮  ࠋ(1

3ࠊࡣ࡛✲◊ᮏ࡛ࡇࡑ ḟඖ TLM ἲࡓ࠸⏝ࢆ

Ἴ㠃ྜᡂἲࠊ࡚࠸⏝ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩࡢ෌

ࡋ ணࡢࡑࠊࡋ ணࢆධຊࡢ࣮࢝ࣆࢫࡿࡍ⌧

ࡽ࠿ࣥࣙࢩ࣮࣑ࣞࣗࢩ࡜ᐇ㦂࡚࠸⏝ࢆ※㡢ࡓ

Ἴ㠃ྜࡀᡂࢆ࡜ࡇࡿ࠸࡚ࢀࡉ☜ㄆࠋࡿࡍ 

2. ཎ⌮ 

2.1 TLM ἲࡢཎ⌮ 2) 

 TLM ἲࠊ࣍ࡣ࡜ ࡓ࠸ᇶ࡙࡟⌮ཎࡢࢫࣥ࣊࢖

Ἴືఏᦙࢆ࣒ࢬࢽ࣓࢝ࡢ᫬✵㛫࡚࠸ࡘ࡟㞳ᩓ

໬࡛ୖࢱ࣮ࣗࣆࣥࢥࠊ࡚ࡋἼືఏᦙࢆ㏣㊧ࡍ

 ࠋࡿ࠶᪉ἲ࡛ࡢࣥࣙࢩ࣮࣑ࣞࣗࢩ᫬㛫㡿ᇦࡿ

㟁ࢆఏᦙࡢἼື࡟ࡵࡓ࠺⾜࡟ᐃ㔞ⓗࢆࢀࡇ 

Ẽᅇ㊰ࡿࡅ࠾࡟ᅇ㊰⣲Ꮚࡁ⨨࡟᥮ࠊ࠼⥺㊰ࡢ

ఏ㐩ࡿ࠼⪄ࢆᡭἲ࡛ࠋࡿ࠶Fig.1 ࡟ TLM ἲ࡟

ࡼ࡟㉳᣺ࢫࣝࣃࣥ࢖࡜㉳᣺ࢫࣝࣃࣥ࢖ࡿࡅ࠾

 ࠋࡍ♧ࢆᵝᏊࡢᩓ஘ࡿ

㡢Ἴࡿ࠸⏝࡟ሙྜࠊࡣ㡢ᅽࢆ㟁ᅽࠊ࠼⪄࡜

⢏Ꮚ㏿ᗘࢆ㟁ὶࠊ࡚ࡗࡼࠋࡿ࠼⪄࡜㟁ᅽࡋࡶ

୍ࡢࡾṧࠊࡤࢀࡲồࡀ᪉୍ࡽࡕ࡝ࡢ㟁ὶࡣࡃ

࠸࠾࡟᫬㛫ୖ୍ྠࠋࡿࡲ᫬㛫ୖ࡛ồ୍ྠࡀࡘ

࡚㡢ᅽ࡜⢏Ꮚ㏿ᗘࡀồࠊࡀ࡜ࡇ࠺࠸࡜ࡿࡲ

FDTD ἲࡢ࡜㐪ࠋࡿ࠼࠸࡜ࡿ࠶࡛ࡘ୍ࡢ࠸ 

2.2 Ἴ㠃ྜᡂἲ 3) 

 Ἴ㠃ྜᡂἲࣇࢵ࣍ࣄࣝ࢟ࡣ✚ศᐃ⌮࡟ᇶ࡙

ࣇࢵ࣍ࣄࣝ࢟ࠋࡿ࠶᪉ἲ࡛ࡿࡍไᚚࢆ㡢ሙࡁ

✚ศබᘧࡣ௨ୗࠋࡿ࠸࡚ࢀࡉ♧࡟࠺ࡼࡢ 
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㛢᭤㠃ࡢព௵ࡣP/∂n∂ࠊ࡛ࡇࡇ Sୖࡿ࠶࡟ᚤ

ᑠ㠃✚ dSࡢἲ⥺࡛࣋ࣝࢺࢡ n᪉ྥࡢ⢏Ꮚ㏿ᗘ

 ࠋࡿࡓ࠶࡟

(1)ᘧࡾࡼ௵ពࡢ㛢᭤㠃 S ᚤᑠ㠃࡜㡢ᅽࡢୖ

✚ dSࡢ n᪉ྥࡢἲ⥺࣋ࡢࣝࢺࢡ⢏Ꮚ㏿ᗘࢆไ

ᚚࠊ࡚ࡗࡼ࡟࡜ࡇࡿࡍ㛢᭤㠃ෆࡢ㡢ࢆไᚚ࡛

 ࠋࡿ࠸࡚ࡋព࿡࡜ࡇࡿࡁ

2.3 ⌧ᐇၥ㢟ࡢ࡬㐺ᛂ 3) 

 Fig.2 ᐇၥ⌧ࠋࡍ♧ࢆᴫ␎ᅗࡢἼ㠃ྜᡂἲ࡟

㢟ࠊ࡚ࡋ࡜௵ពࡢ㛢᭤㠃 S ࡁ⨨࡜࣮࢝ࣆࢫࢆ

᥮࡚ࡗࡼ࡟࡜ࡇࡿ࠼ᐇ⌧ྍ⬟࡛ࠊ࡛ࡇࡑࠋࡿ࠶

(1)ᘧ࡟ G=0 ࡾࡼ࡟࡜ࡇࡿ࠼୚ࢆ௳ቃ⏺᮲ࡢ

ᖹ㠃ࡿࡅ࠾࡟Ἴ㠃ྜᡂἲ࡚ࡋ࡜➨ 2 ࣜ࢖ࣞ✀

࣮✚ศࠋࡿ࡞࡜ 
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(3)ᘧ1ࠊࡾࡼ ࡢ㡢ࡢ௚᪉ࡽ࠿㡢ᅽࡢ㠃ࡢࡘ

㛵ಀ1ࠊࡕࢃ࡞ࡍࠋࡍ♧ࢆ ࢆ㡢ᅽࡢᖹ㠃ࡢࡘ

ไᚚ࡛ࡢࡑࠊࡤࢀࡁᚋࡢ㡢ᅽࢆไᚚ࡜ࡇࡿࡍ

ࡢ௨ୗ࡜ࡿࡍ㞳ᩓ໬ࢆᘧ(3)࡟ࡽࡉࠋࡿࡁ࡛ࡀ

 ࠋࡿ࡞࡟࠺ࡼ
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࡜x∆ࠊ࡛ࡇࡇ ∆yࢀࡒࢀࡑࡣ x᪉ྥ࡜ y᪉

 ࠋࡿ࠸࡚ࡋ♧ࢆ㛫㝸ࡢ࣮࢝ࣆࢫࡢྥ

 ࠊࡾࡼ⌮ᶆᮏ໬ᐃࡣ௳᮲ࡢ㛫㝸ࡢ࣮࢝ࣆࢫ
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Ἴࡢ※㡢ࡣ㛫㝸ࡢ࣮࢝ࣆࢫࡽ࠿ᘧ(5)ࠋࡿ࡞࡜

㛗༙ࡢศࡶࡾࡼᑠ࢔ࣜ࢖࢚ࠊࡤࢀࡅ࡞ࡋࡃࡉ

 ࠋ࠸࡞ࢀࡉࡀἼ㠃ྜᡂࡋ⏕Ⓨࡀࢢࣥࢩ

 

 

 

 

 

 

 

 

 

 

 

 ᪉ἲࡢᐇ㦂ࡧཬࣥࣙࢩ࣮࣑ࣞࣗࢩ .3

 ᐇ㦂ᡭ㡰ࡧཬࣥࣙࢩ࣮࣑ࣞࣗࢩ 3.1

Fig.3 ࢆᐇ㦂ᡭ㡰ࡧཬࣥࣙࢩ࣮࣑ࣞࣗࢩ࡟

ཎ࡟ࣥࣙࢩ࣮࣑ࣞࣗࢩࡢཎ㡢ሙࠊࡎࡲࠋࡍ♧

㡢ࢆࣥ࣍ࣟࢡ࢖࣐࡜タ⨨ࢡ࢖࣐ࢀࡒࢀࡑࠊࡋ

㡢ᅽࡽ࠿᫬㛫Ἴᙧࡢ㡢ᅽࡿࢀࡉධຊ࡟ࣥ࣍ࣟ

ẚࠊ఩┦ᕪࡢ᝟ሗࢆᚓࡢࡑࠊ࡚ࡋࡑࠋࡿ㡢ᅽ

ẚࠊ఩┦ᕪࡢ᝟ሗࢆᐇ㝿ࡢ࢖ࣞ࢔࣮࢝ࣆࢫࡢ

ධຊ࡚ࡋ࡜タᐃࠊࡋᐇ㦂ࠊࡓࡲࠋ࠺⾜ࢆᐇ㦂

ࠊࡋసᡂࢆࣥࣙࢩ࣮࣑ࣞࣗࢩࡢ௳᮲ࡢ୍ྠ࡜

 ࠋ࠺⾜ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩ

 

 

 

 

 

 

 

 

 

 ௳ᐇ㦂᮲ࡧཬࣥࣙࢩ࣮࣑ࣞࣗࢩ 3.2

 Fig.4 ᐇ㦂᮲௳(1)ࡧཬࣥࣙࢩ࣮࣑ࣞࣗࢩ࡟

㡢ᅽࠊࡋ㘓㡢ࢆཎ㡢࡟࠺ࡼࡢᅗࠋࡍ♧ࢆᅗࡢ

ẚ࡜఩┦ᕪࢆồࠊ࡚ࡋ࡜ࣥࣙࢩ࣮࣑ࣞࣗࢩࡿࡵ

ཎ㡢ሙࢆࣥࣙࢩ࣮࣑ࣞࣗࢩ㡿ᇦ 98 [cm]174ࠊ 

[cm]200ࠊ [cm]࡛సᡂࡢࡇࠋࡿࡍཎ㡢ሙ࣑ࣗࢩ

loudspeaker

listener

original sound
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Fig.2 Sound wave synthesis 
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ratio of sound pressure
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Fig.3 Procedure of simulation and experiment 

― 64 ―



 

ࢆཎ㡢࡟ࣥࣙࢩ࣮ࣞ 49 [cm]57ࠊ [cm] 100ࠊ 

[cm]࡟ࢁࡇ࡜ࡢ㓄⨨1ࠊࡋ [kHz]ࡢ㡢ࢆᨺᑕࡍ

⨨఩ࢆ㡢ࡓࡋᨺᑕࡀཎ㡢ࠋࡿ 0㹼98 [cm]ࡢ 14 

[cm] 㛫㝸117ࠊ [cm]100ࠊ [cm]ࡿ࠶࡟ィ 8 ಶࡢ

ࡋ㘓㡢ࡢࡇࠋࡿࡍ㘓㡢࡚ࡗࡼ࡟ࣥ࣍ࣟࢡ࢖࣐

 ࠋࡿࡵồࢆ఩┦ᕪ࡜㡢ᅽẚࡽ࠿ࢱ࣮ࢹࡓ

 ḟࠊ࡟ᐇ㦂᮲௳࡚ࡋ࡜㡿ᇦ 98 [cm]174ࠊ [cm]ࠊ

200 [cm]ࡢ↓㡪ᐊࠋࡿ࠸⏝ࢆ㡢※ࠊ࡚ࡋ࡜఩⨨

0㹼98 [cm]ࡢ 14 [cm] 㛫㝸20ࠊ [cm] 100ࠊ[cm]

ࢀࡒࢀࡑࠋࡿࡍ⨨㓄ࢆࢺࢵࢽ࣮ࣘࣂ࢖ࣛࢻ࡟

uni-pex)ࢺࢵࢽ࣮ࣘࣂ࢖ࣛࢻ ♫〇ࠊP-300)ࡢධ

ຊ࡛ࣥࣙࢩ࣮࣑ࣞࣗࢩ࡚ࡋ࡜ồࡓࡵ㡢ᅽẚ࡜

఩┦ᕪࡢ࡬ࢺࢵࢽ࣮ࣘࣂ࢖ࣛࢻࠋࡿ࠸⏝ࢆධ

ຊࡣ PXI-4461 (National Instruments ♫〇ࣥࢧࠊ

࿘Ἴᩘࢢࣥࣜࣉ 204.8 [kHz])࢖ࣛࢻࠋࡿ࠸⏝ࢆ

࡟๓᪉ࡽ࠿ࢺࢵࢽ࣮ࣘࣂ 10 [cm] 㞳ࡇ࡜ࡓࡋ

࡟ᶓඹ⦪ࡽ࠿ࢁ 2 [cm] ࡘࡎ᧯సࠊ࣐ࡋ ࣟࢡ࢖

࣍ࣥ(Brüel & Kjær ♫〇1/4ࠊ ࠊࣥ࣍ࣟࢡ࢖࣐

type-4135) ࡽ࠿ PXI-4461 ࡚࠸⏝ࢆ PC ධຊ࡟

IIRࠊࡋ ḟᩘࠊࢱࣝ࢕ࣇࢫࣃࢻࣥࣂ)ࢱࣝ࢕ࣇ ࠊ2

࿘Ἴᩘపᇦࣇ࢜ࢺࢵ࢝ 800 [Hz],㧗ᇦ 1300 

[Hz])ࢆ㏻࡚ࡋ㡢ᅽࡢ᫬㛫Ἴᙧࢆ ᐃࡇࠋࡿࡍ

PXI-4461ࠊ㝿ࡢ ࡣධฟຊࡿࡼ࡟ 1 [µs] ௨ୗࡢ

᫬㛫࡛ྠᮇࠊࡓࡲࠋࡿ࠸࡚ࡗ⾜ࢆᐇ㦂᮲௳࡜

ࡓࡗ⾜ࢆධຊࡢ※㡢ࠊ⨨㓄ࡢ※㡢ࠊ㡿ᇦࡌྠ

࣑ࣞࣗࢩ࡜ᐇ㦂ࠊࡋసᡂࢆࣥࣙࢩ࣮࣑ࣞࣗࢩ

 ࠋࡿᅗࢆᛶྜᩚࡢࣥࣙࢩ࣮

Fig.5 ᐇ㦂᮲௳(2)ࡧཬࣥࣙࢩ࣮࣑ࣞࣗࢩ࡟

㡿ᇦࡢࣥࣙࢩ࣮࣑ࣞࣗࢩཎ㡢ሙࠋࡍ♧ࢆᅗࡢ

ཬࡧᐇ㦂ࡢ⎔ቃࣥࣙࢩ࣮࣑ࣞࣗࢩࡣ࡚࠸ࡘ࡟

ཬࡧᐇ㦂᮲௳(1)ࠋࡿ࠶୍࡛ྠ࡜┦㐪Ⅼࠊ࡚ࡋ࡜

ཎ㡢ሙࡢࣥࣙࢩ࣮࣑ࣞࣗࢩཎ㡢࣍ࣟࢡ࢖࣐࡜

⨨఩ࡿ࠶㛫࡛ࡢࣥ 0㹼49 [cm]85ࠊ㹼89 [cm]0ࠊ

㹼200 [cm] ࡟↓཯ᑕቃ⏺᮲௳ࡢቨ㠃ࢆタ⨨

ࣥ࣍ࣟࢡ࢖࣐ࢆ㡢ࡿࢀࡉᨺᑕ࡟ࡁ࡜ࡢࡇࠊࡋ

఩┦ᕪ࡜㡢ᅽẚࡽ࠿ࢱ࣮ࢹࠊࡋ㘓㡢࡚ࡗࡼ࡟

ᮾி኱ࡣࣥࣙࢩ࣮࣑ࣞࣗࢩࠊ࠾࡞ࠋࡿࡵồࢆ

Ꮫࢱ࣮ࣗࣆࣥࢥ࣮ࣃ࣮ࢫࡢ HA8000  ࠋࡿ࠸⏝ࢆ

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. ⤖ᯝ 

 ሙྜࡢᐇ㦂᮲௳(1)ࡧཬࣥࣙࢩ࣮࣑ࣞࣗࢩ 4.1

 Fig.6 ᐇ㦂᮲௳(1)ࡧཬࣥࣙࢩ࣮࣑ࣞࣗࢩ࡟

♧ࢆ᝿≧ែ⌮ࡣ(a)ࡢᅗࠋࡍ♧ࢆᯝ⤖ࡢሙྜࡢ

࡜ᐇ㦂ࡣ(c)ࠊࡋ♧ࢆᯝ⤖ࡿࡼ࡟ᐇ㦂ࡣ(b)ࠊࡋ

ᯝ⤖ࡢࣥࣙࢩ࣮࣑ࣞࣗࢩࡿࡅ࠾࡟ቃ⎔ࡢ୍ྠ

ẚࢀࡒࢀࡑࢆ(c)ࠊ(b)࡜᝿≧ែ⌮ࡢ(a)ࠋࡍ♧ࢆ

㍑ࡸࡸࠊ࡜ࡿࡍㄗᕪࡀㄆࡀࡿࢀࡽࡵἼ㠃ࡀ㐍

ࡀἼ㠃ࡢ୍ྠࡰ࡯ࠊࢀࡉᡂྜࡀἼ㠃࡟࡜ࡈࡴ

ᥥࡀ࡜ࡇࡿ࠸࡚ࡅぢ୍࡚ྠࠊࡓࡲࠋࡿࢀ࡜⎔
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Fig.5 Condition of simulation and experiment (2) 
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Fig.4 Condition of simulation and experiment (1) 
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Fig.6 Result of simulation and experiment (wall none) 
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Fig.7 Result of simulation and experiment (wall) 
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