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໰̍ɽHopf෼ذ

࣍ͷඍ෼ํఔࣜ͑ߟ͍ͯͭʹܥΔɽ

dx

dt
= ax− ωy − (x2 + y2)x

dy

dt
= ωx+ ay − (x2 + y2)y

͜͜Ͱɼx(t), y(t), t͸ม਺ɼa,ω͸ఆ਺Ͱ͋Δɽ(x, y) = (0, 0)Λӈลʹ୅ೖ͢Δͱ ẋ = 0, ẏ = 0ͱͳΔ

͜ͱ͔Βɺ(x, y) = (0, 0)͕ฏߧղͰ͋Δ͜ͱ͕Θ͔ΔɽҰํɼaͷ஋ʹΑͬͯ͸ɼx = r0 cos θ(t), y =

r0 sin θ(t)Ͱ༩͑ΒΕΔपظղΛ࣋ͭɽͭ·Γɼ͋Δ aͷ஋ʹ͓͍ͯHopf෼ذΛ͢͜ىɽपظղΛ࣋

ͭͨΊͷ aͷ৚݅ͱɼఆ਺ r0,ม਺ θ(t)ΛٻΊΑɽ΋͠ՄೳͰ͋Ε͹ɼฏߧղͱपظղͷ҆ఆੑΛٞ

࿦ͤΑʢώϯτɿr(t) =
√
x2 + y2ͷ͕ͨ͠͏ඍ෼ํఔࣜΛಋग़͠ɼͦͷฏߧղͷ҆ఆੑΛ͑ߟΔʣɽ

໰̎ɽΧΦε

Circle mapͱݺ͹ΕΔ࣍ͷ઴Խࣜʹ͍ͭͯ͑ߟΔɽ

xn+1 = xn + b− a sin 2πxn (19)

͜ͷํఔࣜ͸ɼaͱ bͷ஋ʹΑͬͯ͸ɼ(i)ฏߧղ΍ (ii)पظղʹऩଋͨ͠Γɼ(iii)ෆنଇͳ࣌ྻܥʢΧ

Φεʣ͕ੜΈग़͞ΕΔɽ͜ͷ͜ͱΛํఔࣜΛ਺஋తʹղ͘͜ͱʹΑ͔ͬͯ֬ΊΑɽ(i),(ii),(iii)ΛੜΈ

ग़͢ a, bͷ஋ͱɼͦͷ࣌ͷ࣌ྻܥΛग़ྗ͢Δ͜ͱɽb͸ Δͷ͢༺࢖ఆͯ͠΋ྑ͍ɽΤΫηϧΛݻʹ0

͕؆୯ͩͱ͕͏ࢥɼͲͷΑ͏ͳϓϩάϥϛϯάޠݴɾඳըιϑτΛ༻͍ͯ΋Α͍ɽΤΫηϧͰ logistic

map(xn+1 = axn(1− xn))ͷ࣌ྻܥΛੜ੒͢Δαϯϓϧγʔτ͕ҎԼʹ͋ΔͷͰɼߟࢀʹͯ͠Α͍ɿ

http://www.hk.k.u-tokyo.ac.jp/DL/logistic.xlsx
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