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͋Β·͠ ෳ਺ͷϚΠΫϩϑΥϯΞϨΠΛ༻͍Δ͜ͱͰ 1 ͭͷΞϨΠΛ༻͍ͨͱ͖ΑΓ΋Իݯ෼཭ͷਫ਼౓্͕͢޲Δ
͜ͱ͕ใ͞ࠂΕ͍ͯΔɽຊڀݚͰ͸ɼզʑ͕ͦͷΑ͏ͳํ๏ͷҰͭͱͯ͠ઌʹఏҊͨ͠ɼ2 ͭͷٿঢ়ϚΠΫϩϑΥϯ
ΞϨΠΛ 1 ͭͷγεςϜͱΈͳͯ͠ऩԻ͢ΔԻݯ෼཭ख๏ͷੑೳධՁΛͨͬߦɽ࣮ݧ͸ϚΠΫϩϑΥϯͷߍਖ਼ͱԻݯ
෼཭ੑೳͷධՁͷॱʹͨͬߦɽ·ͣߍਖ਼༻εϐʔΧ͔Βൃͨ͠ TSP ৴߸ʹΑΔϚΠΫϩϑΥϯग़ྗ͔ΒɼϚΠΫϩ

ϑΥϯ͝ͱͷߍਖ਼ϑΟϧλΛ࡞੒ͨ͠ɽͦͷޙɼ໨తԻݯͱ 2 ͭͷ๦֐ԻݯΛ༻͍ɼ໨తԻݯͱ 2 ͭͷΞϨΠͱͷ֯
౓ΛมԽͤͯ͞ɼ֤Ի͔ݯΒന৭ࡶԻΛग़ྗͨ͠ͱ͖ͷԻݯ෼཭ੑೳͷଌఆɼൺֱΛͨͬߦɽͦͷ݁Ռɼ60◦ ͷͱ͖

ʹɼ30◦ ͱൺ΂ͯྑ޷ͳԻݯ෼཭Λ͜͏ߦͱ͕Ͱ͖ͨɽ

Ωʔϫʔυ ෼཭ɼϏʔϜϑΥʔϛϯάɼΞϨΠΦϒΞϨΠζݯঢ়ϚΠΫϩϑΥϯΞϨΠɼԻٿ
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Abstract Recent studies in sound source separation using multiple microphones show that an array-of-arrays
recording system can outperform individual arrays. The present study considers a previously proposed algorithm,
in which multiple arrays are treated as a unified system. The technique is evaluated with a system comprising
two spherical microphone arrays. Microphones calibration is attained through inverse filters derived from actual
recordings. A sound source separation experiment shows performance is highest when the arrays lie at a separation
of 60◦ as seen from the target sound source.
Key words spherical microphone arrayɼspherical acousticsɼsound source separationɼbeamformingɼdistributed
arrays
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1. ͸ ͡ Ί ʹ

զʑͷ਎ͷճΓʹ͸༷ʑͳԻ͕͍ࠞͯ͠ࡏΔɽͦΕΒͷԻʹ

͸ձ࿩΍ָۂͷΑ͏ʹզʑ͕ඞཁͱ͢ΔԻ͚ͩͰ͸ͳ͘ɼෆཁ

ͳԻ΋ؚ·Ε͍ͯΔɽͦͷͨΊಛఆͷ૬ख͕࿩͍ͯ͠Δ಺༰ͷ

ΈΛฉ͖औΓ͍ͨɼۂͷதͰಛఆͷָثͷԻͷΈΛநग़͍ͨ͠

ͱ͍͏Α͏ͳঢ়گ͸͠͹͠͹๚ΕΔɽϚΠΫϩϑΥϯΞϨΠ͸ɼ

ಛఆͷҐஔͰൃੜͨ͠ԻͷΈΛڧௐ͠ɼͦΕҎ֎ͷԻΛऑΊΔ

ॲཧΛॊೈʹ͜͏ߦͱ͕Ͱ͖Δ͜ͱ͔Βɼ͜ͷ՝୊ͷରॲʹ༗

ޮͰ͋Δɽ

ϚΠΫϩϑΥϯΞϨΠͷϚΠΫϩϑΥϯ഑ஔ͸ɼ໨త΍ઃஔ

ΞϨΠͳͲܕԠͯ͡ɼ௚ઢঢ়ΞϨΠɼฏ໘ΞϨΠɼแғʹڥ؀

༷ʑͰ͋Δ [1, 2]ɽۭؒԻڹ৘ใͷऔಘ΍ղੳʹ͸ɼϚΠΫϩ

ϑΥϯΛ߶ٿͷද໘ʹ഑ஔͨ͠ٿঢ়ϚΠΫϩϑΥϯΞϨΠ͕Α

͘༻͍ΒΕΔ [3]ɽͦͷཧ༝ͱͯ͠͸ɼٿͷܗͷରশੑ͔ΒΞ

ϨΠपΓͰ͜ىΔԻࢄڹཚΛٿ໘ௐ࿨ղੳ౳Λ༻͍ͯղੳతʹ

දͤΔ͜ͱ [4]ɼ͕ٿਓؒͷ಄ͷܗʹ͍ۙ͜ͱ͔ΒԻࢄڹཚͷ

େہతಛੑ͕ྨ͍ͯ͠ࣅΔ͜ͱ [3–5] ͳͲ͕͛ڍΒΕΔ [6]ɽ͜
ΕΒͷಛੑΛੜ͔ͨ͠ܗͰɼϞʔμϧϏʔϜϑΥʔϛϯάͱݺ

͹ΕΔٿঢ়ϚΠΫϩϑΥϯΞϨΠΛ༻͍ͨԻݯ෼཭ٕज़͕։ൃ

͞Ε͍ͯΔ [7]ɽ͜ͷٕज़Λ༻͍Δ͜ͱͰɼͲͷํ޲ʹ΋ۉҰ

ͳϏʔϜΛ͚ͯ޲ͷԻݯ෼཭͕ՄೳͱͳΔɽ

͔͠͠ɼٿঢ়ΞϨΠΛ 1 ͚ͭͩͷΈΛ༻͍ͨ৔߹ɼඞཁͱ͢
ΔԻʢ໨తԻʣͱෆཁͳԻʢ๦֐Իʣ͕ΞϨΠ͔ΒΈ͍ͯͣΕ

΋ಉ͡ํ޲ͷ৔߹ʹԻݯ෼཭ੑೳ͕΄ͱΜͲظ଴Ͱ͖ͳ͍ͱ͍

͏໰୊఺Λ๊͍͑ͯΔɽ͜ͷΑ͏ͳ৔߹ʹ΋ྑ޷ͳԻݯ෼཭ੑ

ೳΛ࣮͢ݱΔͨΊɼஶऀΒͷڀݚάϧʔϓͰ͸ɼෳ਺ͷϚΠΫ

ϩϑΥϯΞϨΠΛҰͭͷγεςϜͱݟͳ͢ɼΞϨΠΦϒΞϨΠ

ζٕज़Λ༻͍Δ͜ͱΛఏҊ͍ͯ͠Δ [8]ɽ͜ͷఏҊͰ͸ɼํ޲

Ͱ͸ͳ͘ྖҬ͝ͱʹྑ޷ͳԻݯ෼཭ੑೳΛಘΔ৴߸ॲཧ๏Λࣔ

͍ͯ͠Δɽ

ຊڀݚͰ͸ɼ্هͷఏҊʹ͍ͭͯɼ2 ͭͷٿঢ়ϚΠΫϩϑΥ
ϯΞϨΠΛ༻͍࣮ͯࡍʹ࿥Իͨ͠৴߸ʹର͠ɼ֤ΞϨΠͱ໨త

Իݯͱͷ֯౓ΛมԽͤ͞ͳ͕ΒఏҊ๏ʹΑΔԻݯ෼཭ΛࢼΈ

ͨɽຊจͰ͸ɼ࣮ݧͰಘΒΕͨԻݯ෼཭ੑೳʹ͍ͭͯɼػࢉܭ

γϛϡϨʔγϣϯʹΑΔཧ࿦஋ͱͷൺֱ΋ؚΊͯใ͢ࠂΔɽ

2. ෼཭ݯঢ়ϚΠΫϩϑΥϯΞϨΠΛ༻͍ͨԻٿ
ख๏

2. 1 ঢ়ϚΠΫϩϑΥϯΞϨΠٿ

ٿঢ়ϚΠΫϩϑΥϯΞϨΠͱ͸ɼෳ਺ͷϚΠΫϩϑΥϯΛٿ

ମͷද໘ʹنଇతʹ഑ஔͯ͠ߏ੒͞ΕΔऩԻγεςϜͰ͋Δɽ

Λ༻͍Δ͜ͱͰϚΠΫϩϑΥϯΞϨΠΛ༰қʹϞσϧܥඪ࠲ۃ

Խ͢Δ͜ͱ͕Ͱ͖Δɽ࠲ۃඪܥΛਤ 1 ʹࣔ͢ɽϚΠΫϩϑΥϯ
ΞϨΠͷத৺Λݪ఺ʹͨ͑ߟ৔߹ɼํҐ֯ θ ͱ֯ڼ φ ʹΑΓݪ

఺͔Βͷํ޲Λܾఆ͢Δ͜ͱ͕Ͱ͖ɼ͞Βʹ r ΛܾΊΔ͜ͱͰ
ۭؒҐஔΛಛఆ͢Δ͜ͱ͕Ͱ͖Δɽ

ଌ͞Ε؍ͱԾఆͨ͠ΞϨΠද໘ͷϚΠΫϩϑΥϯʹΑΓٿ߶

Δ఺ԻݯͷԻѹ͸ҎԼͷࣜʹΑΓ༩͑ΒΕΔɽ

pmic (k, r⃗src) = psrc (k)
∞∑

n=0

(2n + 1) hn (k, rsrc)
h′

n (krmic)

Pn

(
r⃗mic · r⃗src

|r⃗mic| |r⃗src|

) (1)

ࣜ (1) ʹ͓͍ͯɼpmic ͸ΞϨΠද໘ͷ r⃗mic ʹઃఆ͞ΕͨϚΠΫ

ϩϑΥϯʹΑͬͯ؍ଌ͞ΕΔԻѹͰ͋Γɼpsrc ͸ r⃗src ʹ഑ஔ͞

Εͨ఺ԻݯͷԻݯҐஔʹ͓͚ΔԻѹͰ͋Δɽk ͸೾਺Λද͠ɼ

hn ͱ Pn ͸ͦΕͧΕ࣍਺ n ͷٿϋϯέϧؔ਺ͱϧδϟϯυϧ

ؔ਺Ͱද͞ΕΔɽ

2. 2 ΞϨΠΦϒΞϨΠζٕज़Λ༻͍ͨԻݯ෼཭ख๏ [8]
ϚΠΫϩϑΥϯΞϨΠΛ 1 ๏ͱํͨͬ࢖͚ͩͭ 2 ํͨͬ࢖ͭ

๏Λਤ 2 Ͱൺֱ͢Δɽ2 ͭͷΞϨΠΛ༻͍Δ͜ͱʹΑΔར఺͸
ยํͷΞϨΠ͕ɼ΋͏ҰํͷΞϨΠ͕෼཭Ͱ͖ͳ͍๦֐ԻΛऔ

Γআ͘͜ͱ͕Ͱ͖Δͱ͍͏఺ʹ͋Δɽ͜ͷ͜ͱʹΑΓԻݯ෼཭

ͷਫ਼౓͸্͠޲ɼਖ਼֬ʹඞཁͱ͢ΔԻΛऔΓग़͢͜ͱ͕Ͱ͖Δɽ

ࣜ (1) Λ֤ϚΠΫϩϑΥϯΞϨΠʹద༻ͯ͠ԻݯͷԻѹΛಘ
Δ͜ͱʹͳΔ͕ɼ͜͜Ͱ஫ҙ͠ͳ͚Ε͹͍͚ͳ͍ͷ͸ɼΞϨΠ

Λෳ਺༻͍ΔͨΊΞϨΠͷҐஔ΋ྀ͠ߟͳ͍ͱ͍͚ͳ͍ͱ͍͏

఺Ͱ͋ΔɽΞϨΠͷҐஔΛྀ͢ߟΔͱ఻ୡؔ਺͸ҎԼͷࣜͰॻ

͖ද͢͜ͱ͕Ͱ͖Δɽ

Harray
mic (r⃗src, k) =

∞∑

n=0

(2n + 1) hn [k |r⃗src − r⃗array|]
h′

n (kRarray)

Pn

(
(r⃗mic − r⃗array) · (r⃗src − r⃗array)
|r⃗mic − r⃗array| |r⃗src − r⃗array|

) (2)

ਤ 1 ΞϨΠͷத৺Λݪ఺ͱͨ͠࠲ۃඪܥ

ਤ 2 1 ΞϨΠʹΑΔϏʔϜϑΥʔϛϯάͱΞϨΠΦϒΞϨΠζٕज़ʹ
ΑΔϏʔϜϑΥʔϛϯά
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r⃗array ͸ΞϨΠͷҐஔΛ͠ࢦɼRarray ͸ΞϨΠͷ൒ܘΛද͢ɽ
r⃗src ͱ r⃗mic ͸ݩͷఆٛͷ··Ͱ͋Δɽࣜ (2) Λ༻͍Δ͜ͱͰඞ
ཁͱ͢ΔԻݯͷԻѹ͸࣍ࣜͰද͞ΕΔɽ

ptarget (k) =
[

W (r⃗1) W (r⃗2) · · · W (r⃗a)
]

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

H1
1 (r⃗1, k) H1

1 (r⃗2, k) · · · H1
1 (r⃗a, k)

H1
2 (r⃗1, k) H1

2 (r⃗2, k) · · · H1
2 (r⃗a, k)

...
...

. . .
...

H1
b (r⃗1, k) H1

b (r⃗2, k) · · · H1
2 (r⃗a, k)

H2
1 (r⃗1, k) H2

1 (r⃗2, k) · · · H2
1 (r⃗a, k)

H2
2 (r⃗1, k) H2

2 (r⃗2, k) · · · H2
2 (r⃗a, k)

...
...

. . .
...

HN
b (r⃗1, k) HN

b (r⃗2, k) · · · HN
b (r⃗a, k)

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

+

⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

p1
1 (k)

p1
2 (k)

...
p1

b (k)
p2

1 (k)
p2

2 (k)
...

pN
b (k)

⎤

⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

(3)

ࣜ (3) ͸ N ͷΞϨΠʹͦΕͧΕݸ b ͷϚΠΫϩϑΥϯΛऔݸ

Γ෇͚ͨ৔߹Ͱ͑ߟΒΕ͍ͯΔɽΞϨΠ i ͷ j ൪ͷϚΠΫϩ

ϑΥϯͷ৴߸͸ pi
j(k) ͷΑ͏ʹද͞ΕΔɽ఻ୡؔ਺ͱ࿥Ի৴߸

ͷੵʹ૭ؔ਺ W Λ͔͚ΔɽW ͸ɼλʔήοτ৴߸ΛҐஔΛத

৺ͱ্ۭͯؒ͠ʹ͕޿ΓΛ࣋ͭؔ਺Ͱ͋Γɼநग़͢΂͖৴߸ͷ

ൣғΛنఆ͢Δ΋ͷͰ͋Δɻ๦֐Ի͕ີू͍ͯ͠ΔΑ͏ͳڥ؀

Ͱ͸ɼٸफ़ͳ૭ؔ਺Λઃఆ͢Δ͜ͱͰɼ๦֐ԻΛؚ·ͣʹλʔ

ήοτ৴߸Λநग़͢Δ͜ͱ͕ՄೳͱͳΔɽ

3. ධ Ձ ࣮ ݧ

3. 1 ߸૷ஔɾ৴ݧ࣮

Իݯ෼཭࣮ݧʹ͸൒ܘ 8.5 cmɼ64 ߶ͷϚΠΫϩϑΥϯ͕ݸ
ଇతʹઃஔ͞Εͨنʹද໘্ٿ 2 ͭͷٿঢ়ϚΠΫϩϑΥϯΞϨ
ΠΛ࢖༻ͨ͠ɽΞϨΠͷࣸਅΛਤ 3 Ͱࣔ͢ɽԻݯ෼཭ੑೳධՁ
ԻࡶԻͱ΋ɼന৭֐Ͱ͸λʔήοτͱͳΔ໨తԻɼ๦ݧ࣮ (Ի
ѹϨϕϧɿ70 dB) Λ࢖༻ͨ͠ɽ·ͨɼ໨తԻΛൃੜ͢ΔͨΊ

ʹ 1 ୆ɼ๦֐ԻΛൃੜ͢ΔͨΊʹ 2 ୆ɼܭ 3 ୆ͷϥ΢υεϐʔ
ΧΛ༻͍ͨɻલऀ͸ɼTSP ৴߸ [9] ͱϗϫΠτϊΠζ͕ग़ྗ͞
Εɼ͔ऀޙΒ͸ϗϫΠτϊΠζ͕ग़ྗ͞Εͨɽ

ਤ 3 2 ͭͷ 64 νϟωϧٿঢ়ϚΠΫϩϑΥϯΞϨΠ

ਤ 4 ࣮ ݧ ؀ ڥ

3. 2 ࣮ ݧ ؀ ڥ

ΘΕɼਤߦͰࣨڹ͸ແݧ࣮ 4 ͷڥ؀ͰධՁͨ͠ɽࠓճͷ࣮ݧ
Ͱ͸ͲͪΒ΋໨తԻ༻εϐʔΧɼ๦֐Ի༻εϐʔΧɼϚΠΫϩ

ϑΥϯΞϨΠ͸͢΂ͯಉ͡͞ߴʹઃఆͨ͠ɽ͕ͨͬͯ͜͠ΕΒ

ͷ૬ରҐஔ͸ 2 Ͱද͢͜ͱ͕Ͱ͖Δɽڥ؀ݩ࣍
3. 3 γεςϜߍਖ਼

ɻ·ͣɼͨͬߦਖ਼ΛߍγεςϜશମͷݧઌཱͬͯɼ࣮ʹݧ࣮

ঢ়ϚΠΫϩϑΥϯΞϨΠ͔Βٿਖ਼༻ϥ΢υεϐʔΧΛߍ 1 m ઌ

ʹஔ͖ɼαϯϓϦϯάप೾਺ 48 kHzɼԻѹϨϕϧ 70 dBɼ512
ϙΠϯτͷ TSP ৴߸Λ 1000 ճఏࣔͯ͠ಉظՃࢉΛͨͬߦɽಘ
ΒΕͨ৴߸ʹରͯ͠ɼٯ TSP ৴߸ΛͨͨΈࠐΉ͜ͱͰɼ֤Ϛ

ਤ 5 ϚΠΫϩϑΥϯͰऩ࿥ΠϯύϧεԠ౴

ਤ 6 ਖ਼ϑΟϧλͷΠϯύϧεԠ౴ߍ
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ਤ 7 ܗͷ࣌ؒ೾ޙ༺ਖ਼ϑΟϧλదߍ

ਤ 8 ΞϨΠͱϥ΢υεϐʔΧͷ഑ஔҐஔ

ΠΫϩϑΥϯͷΠϯύϧεԠ౴ΛٻΊͨɽ

͜ͷΠϯύϧεԠ౴Λɼ߶্ٿͷ֘౰͢Δ఺ʹ͓͚ΔΠϯύ

ϧεԠ౴ʹߍਖ਼͢Δඞཁ͕͋Δ͕ɼࢉग़͞ΕͨΠϯύϧεԠ

౴ʹ͸ɼϥ΢υεϐʔΧͷप೾਺ಛੑؚ͕·Ε͍ͯΔɽͦ͜

Ͱɼٿঢ়ϚΠΫϩϑΥϯΞϨΠͷத৺ʹߍਖ਼༻ϚΠΫϩϑΥϯ

ʢBruel & Kjaer Type 4165ʣΛஔ͍ͯϥ΢υεϐʔΧ͔Βͷग़
ྗΛ࿥Ի͠ɼ࠷খೋ৐๏ʹΑΓϥ΢υεϐʔΧͷಛੑͷٯϑΟ

ϧλΛࢉग़ͨ͠ɽ࣍ʹɼࢉग़͞ΕͨٯϑΟϧλΛٿঢ়ϚΠΫϩ

ϑΥϯΞϨΠͰऩ࿥͞Εͨ৴߸ʹద༻ͨ͠ɽͦͷ্Ͱɼ120ʙ
15000 Hz ͷଳҬʹ͓͍ͯ߶্ٿͷ֘౰͢Δ఺ʹ͓͚ΔΠϯύ

ϧεԠ౴ͱͳΔΑ͏ʹɼ࠷খೋ৐๏Λ༻͍ͯٯϑΟϧλΛઃܭ

ͨ͠ɻߍਖ਼༻ϥ΢υεϐʔΧ͔Β 1 m ઌͷҐஔʹઃஔ͞ΕͨϚ

ΠΫϩϑΥϯͰऩ࿥͞ΕͨΠϯύϧεԠ౴Λਤ 5ɼ࠷ऴతʹઃ
ϑΟϧλͷΠϯύϧεԠ౴ΛਤٯΕͨ͞ܭ 6 ʹɼϚΠΫϩϑΥ
ϯͰऩ࿥͞Εͨ৴߸ʹࢉग़͞ΕͨٯϑΟϧλΛద༻ͨ࣌ؒ͠೾

Λਤܗ 7 ʹࣔ͢ɻ
3. 4 Իݯ෼཭ੑೳධՁ

Իݯ෼཭ੑೳΛධՁ͢Δ࣮ݧ͸ϥ΢υεϐʔΧͱϚΠΫϩ

ϑΥϯΞϨΠΛઃஔ࣮ͯ͠ݧΛͨͬߦɽϥ΢υεϐʔΧͱΞϨ

ΠͷҐஔ͸ਤ 8 ͷΑ͏ʹઃఆͨ͠ɽ໨తԻ͔ݯΒ֤ΞϨΠ·Ͱ
ͷڑ཭Λ dɼ໨తԻ͔ݯΒ๦֐Իݯ·Ͱͷڑ཭͸ d/2ɼ֤ΞϨ
Πͱ໨తԻݯͱͷ֯ڱ͸ α ͱͨ͠ɽࠓճͷ࣮ݧͰ͸ d=2 m ͱ

ઃఆ͠ɼЋ=30◦ɼ60◦ ʹมԽͤͨ͞ɽ

໨తԻݯͷΈɼ2 ͭͷ๦֐ԻݯͷΈɼ͓Αͼɼ͢΂ͯͷԻݯ

͔Βന৭ࡶԻΛग़ྗͰଌఆΛ͍ߦɼͦΕͧΕͷ৔߹ͰԻݯ෼཭

ੑೳΛධՁͨ͠ɽൣғ͸ 2×2 m ͱ͠ɼάϦουͷαΠζ͸ 10
cm ͱ͠ɼ2 ͭͷΞϨΠͷத৺ҐஔΛݪ఺ͱͯ͠࠲ඪΛઃఆ͠

ͨɻͦͷ্ͰɼάϦουͷத৺Ґஔ͕ʢ0, 1.75ʣͱͳΔΑ͏ʹ
άϦουͷҐஔΛ߹Θͤͨɻ͕ͨͬͯ͠ɼα ͕ 60◦ ͷ࣌ʹ͸ɼ

໨తԻ͸ʢ0, 1.73ʣɼ๦֐Ի͸ʢʶ 0.5, 0.87ʣʹҐஔ͠ɼ30circ

ͷ࣌͸ɼ໨తԻ͸ʢ0, 1.9ʣɼ๦֐Ի͸ʢʶ 0.27, 0.95ʣʹҐஔ
͢Δ͜ͱʹͳΔɽ֤ΞϨΠͰલड़ͷΑ͏ͳ࠲ඪΛઃఆͨ͠͏͑

Ͱɼ໨తԻ͔ݯΒ์ࣹ͞ΕΔԻͷΤωϧΪʔ෼෍ΛٻΊͨɽ֤

఺ͷΤωϧΪʔ E ͸࣍ͷࣜͰද͞ΕΔɽ

E = H+P (4)

H ͸఻ୡؔ਺ɼP ͸࿥Ի৴߸ͷԻѹΛද͢ɽ͜ͷΤωϧΪʔʹ

Tukey ϑΟϧλΛ͔͚ͨɽTukey ϑΟϧλΛ͔͚ͨΤωϧΪʔ
͸࣍ࣜͰද͞ΕΔɽ

Efilter = WE (5)

W ͸૭ؔ਺Λ͍ͯ͠ࢦΔɽ

3. 5 ݁Ռٴͼ࡯ߟ

·ͣɼ໨తԻݯͷΈ͔Βന৭ࡶԻΛఏࣔͨ࣌͠ʹ͍ͭͯઆ໌

͢Δɽਤ 9 ͸֤ΞϨΠͱ໨తԻݯͱͷ֯౓͕ 60◦ ͷͱ͖ɼਤ 10
͸֤ΞϨΠͱ໨తԻݯͱͷ֯౓͕ 30◦ ͷͱ͖ͷ Tukey ϑΟϧ

λΛ͔͚ͨԻѹ෼෍Ͱ͋ΔɽԻѹ෼෍ਤΛൺֱ͢ΔͱɼΞϨΠ

ؒͷ֯౓͕ 60◦ ͷ࣌ͷํ͕ɼ30◦ ͷ࣌ʹൺ΂ɼ໨తԻͷҐஔʹ

͓͚ΔΤωϧΪʔ͕͘ߴͳ͍ͬͯΔΑ͏ʹͯݟऔΕΔɽ

࣍ʹɼ2 ͭͷ๦֐ԻݯͷΈ͔Βന৭ࡶԻΛఏࣔͨ࣌͠ʹ͍ͭ
ͯઆ໌͢Δɽਤ 11 ͸֤ΞϨΠͱ໨తԻݯͱͷ֯౓͕ 60◦ ͷͱ

͖ɼਤ 12͸֤ΞϨΠͱ໨తԻݯͱͷ֯౓͕ 30◦ ͷͱ͖ͷTukey
ϑΟϧλΛ͔͚ͨԻѹ෼෍Ͱ͋Δɽ๦֐Իؒݯͷڑ཭͸ 30◦ ͷ

ͱ͖͸ 60◦ ͷͱ͖ΑΓ୹͍͕ɼԻѹ෼෍ਤΛͯݟΈΔͱ๦֐Ի

ͰͷԻѹͷԼ͕Γํ͸ؒݯ 60◦ ͷͱ͖ΑΓ 30◦ ͷͱ͖ͷํ͕ٸ

Ͱ͋Δ͜ͱ͕෼͔Δɽ

Ҏ্ͷ݁Ռ͔ΒɼΞϨΠִ͕ؒ 60◦ ͷํ͕ɼ໨తԻͷΤωϧ

Ϊʔ͕ݦஶʹ؍ଌ͞ΕɼͦͷҰํɼ๦֐ԻͷΤωϧΪʔ͸ 30◦

ͷ࣌ͷํ͕ݦஶʹݟΒΕ͍ͯΔ͜ͱ͔ΒɼԻݯ෼཭ੑೳ͸ΞϨ

Πؒͷ֯౓͕ 60◦ ͷ࣌ͷํ͕͍͜ߴͱ͕૝ఆ͞ΕΔɽ

ਤ 9 ໨తԻݯͷԻѹ෼෍ (60◦)
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ਤ 10 ໨తԻݯͷԻѹ෼෍ (30◦)

ਤ 11 ๦֐ԻݯͷԻѹ෼෍ (60◦)

ਤ 12 ๦֐ԻݯͷԻѹ෼෍ (30◦)

4. · ͱ Ί

ຊใࠂͰ͸ɼ֤ΞϨΠͱ໨ඪԻݯͷ֯ڱΛมԽͤͨ͞ͱ͖ͷ

Իݯ෼཭ੑೳͷଌఆɼൺֱΛͨͬߦɽ͕֯ڱ 30◦ ͱ 60◦ ͷ৔߹

ͷԻѹ෼෍Λൺֱͯ͠Έͨͱ͜Ζɼ໨తԻͷΤωϧΪʔ͸ 60◦

ͷํ͕ɼ๦֐ԻͷΤωϧΪʔ͸ 30◦ ͷํ͕ݦஶͰ͋Δ͜ͱ͕؍

ଌ͞ΕͨͨΊɼ60◦ ͷํ͕ 30◦ ΑΓ΋Իݯ෼཭ੑೳ͕͍ߴͱ૝

ఆ͞ΕΔɽ

͸ɼϑΟϧλͱͳΔ૭ؔ਺ΛมԽͤͨ͞৔߹΍ΞϨΠ্ޙࠓ

ͷϚΠΫϩϑΥϯͷ਺Λ૿΍ͨ͠৔߹ͷԻݯ෼཭ੑೳධՁΛ

༧ఆͰ͋Δɽ͍ͯͬ͘ߦ

ɹ

ँࣙ ຊڀݚͷҰ෦͸ɼจ෦Պֶলڀݚඅج൫ڀݚ
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