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࿦จ৹ࠪͷ݁Ռͷཁࢫ

ਃ੥ऀɿಙ૿ ৴޹
ओ࿦จ୊໨ɿOperator splitting for dispersion-generalized Benjamin-Ono equations

ඍ෼ํఔࣜͷۙࣅղΛ਺஋͢ࢉܭΔख๏ͷͻͱͭͱͯ͠ɼsplitting method ͱΑ͹
ΕΔํ๏࿦͕஌ΒΕ͍ͯΔɽ͜Ε͸ɼൃؒ࣌ల͢Δภඍ෼ํఔࣜͷॳظ஋໰୊ʹ͓͍
ͯɼͦͷओཁ෦ͷΈͷํఔࣜͱͦͷଞͷ෦෼ͷΈͷํఔࣜʹʮsplitʯ͠ɼͦΕͧΕΛ
খؒ࣌෼ׂ͝ͱʹަൃؒ࣌ʹޓలͤ͞Δ͜ͱʹΑΓۙࣅղΛߏ੒͢Δํ๏Ͱ͋Γɼ࣌
ؒ෼ׂͷεέʔϧʹରͯ͠ Մೳͳ͕ࣅͷۙ࣍1 Godunov ʹͱɼΑΓਫ਼ີࣅۙ Ͱ࣍2
ͷ͕ۙࣅՄೳͳ Strang ͳͲ͕Α͘༻͍ΒΕ͍ͯΔɽࣅۙ
Ұํɼ༷ʑͳਫ໘೾ͷํఔࣜΛ୅දྫͱ͢Δ෼ํܕࢄఔࣜʹର͢Δඇઢܗॳظ஋໰

୊ʹؔ͢Δڀݚ͸ɼ͍ͭ͘΋ͷ৽͍͠ख๏ͷ։ൃͱͱ΋ʹ͜ͷ 30೥ͷؒʹඈ༂తͳ
ਐలΛͱ͓͛ͯΓɼͦΕΒͷख๏͕ద༻͞ΕΔํఔࣜͷൣғΛͭͭ͛޿ਫ਼ྗతͳڀݚ
͕ੈքతʹߦΘΕ͍ͯΔɽKdV ํఔࣜ΍ Benjamin-Ono ํఔࣜͳͲ͸ɼ͜ͷΑ͏ͳ
ղੳ͕༗ޮʹಇ͘యྫܕͰ͋Δɽಛʹॳظ஋ͷۭؒͱͯ͠ Sobolev ۭؒ Hs ΛऔΔ
ͱ͖ʹɼͰ͖Δ͚ͩখ͍͞ਖ਼ଇੑͷࢦ਺ s ʹؔͯͦ͠ͷద੾ੑʢ͢ͳΘͪղͷଘࡏɾ
Ұҙੑɾॳظ஋΁ͷ࿈ଓґଘੑʣΛಋ͘໰୊ʹ͓͍ͯɼ1993 ೥ʹ Bourgain ͕։ൃ͠
ͨ Fourier ϊϧϜ๏Λ༻͍ͯΞϓϩʔνͨ͜͠ͱΛ୺ॹͱͯ͠ɼ͜ͷݶ੍ s ʹର͢Δ
੍໿͕༷ʑͳঢ়گʹ͓͍ͯେ෯ʹվྑ͞ΕΔ͜ͱͱͳͬͨɽ
Ҏ্ͷܦҢΛ౿·͑ΔͳΒ͹ɼ෼ํܕࢄఔࣜʹର͢ΔۙࣅղΛ਺஋͢ࢉܭΔࡍʹ͓

͍ͯɼॳظ஋ͷۭؒ Hs ͱͯ͠খ͍͞ s Λͱͬͨ৔߹Ͱ͋ͬͯ΋ɼલड़ͷ splitting
method ʹΑΓۙࣅղ͕਺஋͞ࢉܭΕΔ͜ͱΛ਺ֶతʹਖ਼౰ԽͰ͖Δ͔ͱ͍͏໰୊
ҙࣝ͸ࣗવͰ͋Δɽ࣮ࡍɼ͜ΕΛ KdV ํఔࣜʹରͯ͠ࢼΈͨڀݚͱͯ͠ɼHolden-
Karlsen-Risebro-Tao (2011)ͷ݁Ռ͕஌ΒΕ͍ͯΔ͕ɼ͜ΕʹΑΕ͹ɼs͕ 5Ҏ্ͷح
਺ͷ৔߹ʹ͸ Godunov ɼ17͕ࣅۙ Ҏ্ͷح਺ͷ৔߹ʹ͸ Strang ࣅۙ ͕ਖ਼౰Խ͞Ε
Δɽ·ͨɼBenjamin-Onoํఔࣜʹؔ͢Δ݁Ռͱͯ͠͸ɼDutta-holden-Koley-Risebro
(2015) ʹΑΓɼs ͕ 5/2 ͷ৔߹ʹ Godunov ɼ9/2͕ࣅۙ ͷ৔߹ʹ Strang ਖ਼͕ࣅۙ
౰Խ͞Ε͍ͯΔɽ

ಙ૿޹৴ࢯͷֶҐ࿦จ͸͜ͷΑ͏ͳঢ়گΛഎܠͱͨ͠΋ͷͰ͋Γɼओͳ੒Ռ͸ҎԼ
ͷ௨ΓͰ͋Δɿ

(1) KdV ํఔࣜʹରͯ͠ s ͕ 9/2 ΑΓେ͖͍࣮਺ͷ৔߹ʹ Godunov Λɼࣅۙ
21/2 ΑΓେ͖͍࣮਺ͷ৔߹ʹ͸ Strang ࣅۙ ΛͦΕͧΕਖ਼౰Խͨ͠ɽ͜Ε͸ɼ
Holden-Karlsen-Risebro-Tao ͷ݁Ռʹ͓͍ͯ s ਺Ͱ͋Δͱ͍͏੍໿Λऔح͕
Γআ͖ɼ͞Βʹ͸ඇ੔਺ͷ৔߹΋ڐ༰ͨ͠ͷΈͳΒͣɼΑΓখ͍͞ s ʹର͠
ͯ·Ͱ݁ՌΛ֦ுͨ͜͠ͱʹ૬౰͢Δɽ

(2) KdV ํఔࣜɼʢҰൠԽʣBenjamin-Ono ํఔࣜɼWhitham ํఔࣜͳͲͷ෼ࢄ
Ͱ͸ͳ͍ܕࢄఔࣜɼ͞Βʹ͸෼ํܕ Burgers ํఔࣜ ͳͲΛ΋ಛघͳ৔߹ͱ͠
ؚͯΉҰൠతͳํఔࣜʹରͯ͠͠࡯ߟɼ(1) Λͻͱͭͷ۩ମྫͱ͢Δ౷Ұతͳ  
݁ՌΛ༩͑ͨɽ͜Ε͸ɼDutta-holden-Koley-Risebroͷ݁ՌΛҰൠతͳཱ৔͔
Βଊ͑௚ͨ͜͠ͱʹ૬౰͢Δɽ

Ҏ্ͷ੒Ռʹ͓͍ͯͦͷݤͱͳͬͨٞ࿦͸ɼओͨΔ࿦๏Ͱ͋ΔΤωϧΪʔධՁʹ͓
͍ͯɼKato-Ponce ΑΓɼૉ๿ͳ෦෼ੵ෼ͷํ๏Λճආ͠ʹࣄධՁΛಋ͘ࢠ׵ͷަܕ
ͨ఺ʹ͋ΔɽKato-Ponce ͷަࢠ׵ධՁ͸΋ͱ΋ͱ͸ Euler ํఔࣜɼNavier-Stokes ํ
ఔࣜͳͲͷඇઢܗධՁͷͨΊʹ͍ͩ͞ݟΕͨ΋ͷͰ͋Δ͕ɼ͜ͷΑ͏ͳ৽͍͠Ԡ༻๏
Λ͍ͨͩ͠ݟ఺΋ͻͱͭͷҙٛਂ͍ݙߩͰ͋Ζ͏ɽ

͜ͷΑ͏ʹɼಙ૿޹৴ࢯͷڀݚ੒Ռ͸ઌڀݚߦʹ͓͚Δ݁ՌΛվྑɾҰൠԽͯ͠ภ
ඍ෼ํఔࣜ࿦ͷ਺஋ղੳతͳଆ໘ʹ͓͚Δ৽͍͠஌ݟΛ༩͓͑ͯΓɼֶҐ࿦จͱͯ͠
े෼ͳ಺༰Λͭ࣋΋ͷͰ͋ΔͱೝΊΒΕΔɽ·ͨɼ৹ࠪҕһձ͸ 2018೥ 2݄ 23೔ʹ
ެ։ʹΑΔֶҐ৹ࠪηϛφʔΛ͕ͨͬߦɼͦͷ৔ʹ͓͍ͯਃ੥ऀ͸ͦΕͧΕͷ໰୊ͷ
എܠ΍ҙٛ΍ূ໌ͷجຊతͳΞΠσΞʹ͍ͭͯͷ໌շͳઆ໌Λߦͳ͍ɼ͞Βʹ͸࣭ٙ
ʹରͯ͠΋త֬ʹԠ౴͢ΔͳͲɼ͜ͷ෼໺ʹ͓͚Δਃ੥ऀͷे෼ͳֶ͕ࣝ֬ೝ͞Εͨɽ

Ҏ্ʹΑΓɼຊֶҐ৹ࠪҕһձ͸ɼਃ੥ऀʹ͸ത࢜ʢ਺ཧֶʣͷֶҐ͕त༩͞ΕΔ
Δ΋ͷͱ൑அ͢Δɽ͕͋֨ࢿ
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݁ՌΛ༩͑ͨɽ͜Ε͸ɼDutta-holden-Koley-Risebroͷ݁ՌΛҰൠతͳཱ৔͔
Βଊ͑௚ͨ͜͠ͱʹ૬౰͢Δɽ

Ҏ্ͷ੒Ռʹ͓͍ͯͦͷݤͱͳͬͨٞ࿦͸ɼओͨΔ࿦๏Ͱ͋ΔΤωϧΪʔධՁʹ͓
͍ͯɼKato-Ponce ΑΓɼૉ๿ͳ෦෼ੵ෼ͷํ๏Λճආ͠ʹࣄධՁΛಋ͘ࢠ׵ͷަܕ
ͨ఺ʹ͋ΔɽKato-Ponce ͷަࢠ׵ධՁ͸΋ͱ΋ͱ͸ Euler ํఔࣜɼNavier-Stokes ํ
ఔࣜͳͲͷඇઢܗධՁͷͨΊʹ͍ͩ͞ݟΕͨ΋ͷͰ͋Δ͕ɼ͜ͷΑ͏ͳ৽͍͠Ԡ༻๏
Λ͍ͨͩ͠ݟ఺΋ͻͱͭͷҙٛਂ͍ݙߩͰ͋Ζ͏ɽ

͜ͷΑ͏ʹɼಙ૿޹৴ࢯͷڀݚ੒Ռ͸ઌڀݚߦʹ͓͚Δ݁ՌΛվྑɾҰൠԽͯ͠ภ
ඍ෼ํఔࣜ࿦ͷ਺஋ղੳతͳଆ໘ʹ͓͚Δ৽͍͠஌ݟΛ༩͓͑ͯΓɼֶҐ࿦จͱͯ͠
े෼ͳ಺༰Λͭ࣋΋ͷͰ͋ΔͱೝΊΒΕΔɽ·ͨɼ৹ࠪҕһձ͸ 2018೥ 2݄ 23೔ʹ
ެ։ʹΑΔֶҐ৹ࠪηϛφʔΛ͕ͨͬߦɼͦͷ৔ʹ͓͍ͯਃ੥ऀ͸ͦΕͧΕͷ໰୊ͷ
എܠ΍ҙٛ΍ূ໌ͷجຊతͳΞΠσΞʹ͍ͭͯͷ໌շͳઆ໌Λߦͳ͍ɼ͞Βʹ͸࣭ٙ
ʹରͯ͠΋త֬ʹԠ౴͢ΔͳͲɼ͜ͷ෼໺ʹ͓͚Δਃ੥ऀͷे෼ͳֶ͕ࣝ֬ೝ͞Εͨɽ

Ҏ্ʹΑΓɼຊֶҐ৹ࠪҕһձ͸ɼਃ੥ऀʹ͸ത࢜ʢ਺ཧֶʣͷֶҐ͕त༩͞ΕΔ
Δ΋ͷͱ൑அ͢Δɽ͕͋֨ࢿ
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