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λϯύΫ࣭͕ෳࡶͳఱવߏ଄΁ંΓͨ·ΕΔߏػ͸ੜ෺෺ཧֶʹ͓͚Δ௕೥ͷಾͰ͋Δ. ͦͷཧ

ղͷݤ͸ંΓͨͨΈͷΤωϧΪʔ஍ܗʹ͋Δ. ͦͷͨΊ, λϯύΫ࣭ͷߏ଄৘ใ͔ΒΤωϧΪʔ

஍ܗΛ͢ݱ࠶Δ͜ͱ͸ॏཁͳ՝୊Ͱ͋Δ. ͔͠͠ͳ͕Β, ΤωϧΪʔ஍ܗΛ͜Ε·Ͱʹ஝ੵ͞Ε

ͨλϯύΫ࣭ߏ଄͔Β͢ڀݚΔख๏͸े෼ʹચ࿅͞Ε͍ͯͳ͍. զʑ͸ંΓͨͨΈͷΤωϧΪʔ

஍ܗͷ஌ݟΛಘΔख๏ͱͯ͠, ΤωϧΪʔঢ়ଶωοτϫʔΫ্ͷ֬཰ྲྀΛੵݟ΋ΔϞϯςΧϧϩ

γϛϡϨʔγϣϯΛར༻ͨ͠ख๏Λ։ൃͨ͠. ͦͯ͠, ͜ͷख๏ΛΤωϧΪʔ஍͕ܗϑΝωϧܕ

ʹͳΔͱ૝ఆ͞ΕΔλϯύΫ࣭ʹԠ༻͠ંΓͨͨΈͷϑΝωϧ஍ܗʹ༝དྷ͢Δ֬཰ྲྀωοτϫʔ

ΫΛ؍ଌͨ͠.
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Abstract

The mechanism of the protein folding into the complex native structure has been a major

mystery in biophysics for a long time. The key to understanding the mechanism is in the

folding energy landscape on the protein structure space. Thus the reconstruction of the energy

landscape from structure informations of protein is one of important issues. However, the

method for investigating the energy landscape from the accumulated protein structure data so

far is not sufficiently sophisticated. We develop a method using a Monte Carlo simulation to

estimate probability flows on energy state networks from protein structures in order to gain

insight into their folding energy landscapes. We apply it to a protein for which the folding

funnel is expected and observe a probability flow network reflecting the folding funnel.

1 ͸͡Ίʹ
λϯύΫ࣭ͷߏ଄͸ͦͷੜ෺ֶతػೳΛܾΊΔ [1].

ͦͷͨΊλϯύΫ࣭ͷఱવߏ଄΁ͷҰҙߏ଄ܗ੒,͢

ͳΘͪંΓͨͨΈ,͸ੜ෺෺ཧֶʹ͓͚Δॏཁͳڀݚ

ςʔϚͰ͋Δ. ੒͸ܗ଄ߏ 80೥୅͔Β 90೥୅ʹ͔

͚ͯএ͑ΒΕͨGoͷ੔߹ੑݪཧ [2]΍ Bryngelson-

Wolynesͷۃ߹ڝখԽݪཧ [3] ʹΑΓେ࿮ͷཧղ͕

ͳ͞Εͨ. ͜ΕΒͷݪཧ͸λϯύΫ࣭ͷ૬࡞ޓ༻ͷ
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ਤ 1: (a) ંΓͨͨΈͷϑΝωϧ஍ܗ. (b) Τωϧ
Ϊʔঢ়ଶͱͦͷؒͷ֬཰ྲྀ. ϊʔυ͸ΤωϧΪʔ
ঢ়ଶΛද͠৭͕ೱ͍΄ͲΤωϧΪʔ͸௿͍. ֤ϊʔ
υͷΤωϧΪʔࠩ͸ۉ౳Ͱ͋ΔͱԾఆ͍ͯ͠Δ. ໼
ҹ͸ΤωϧΪʔঢ়ଶؒͷ֬཰ͷྲྀΕ.

੔߹ੑ, ΋͘͠͸ڝ߹ͷͳ͕͞λϯύΫ࣭ંΓͨͨ

ΈͷݪҼͰ͋Δ͜ͱΛओு͢Δ. ͦͯͦ͠ͷ݁Ռͱ

͸ਤܗ଄্ۭؒͷΤωϧΪʔ஍ߏͯ͠ 1(a)ʹ͋ΔΑ

͏ͳϑΝωϧ (࿙ే) ঢ়ͷߏ଄Λܗ੒͢Δͱ͞ΕΔ

[4]. ϑΝωϧߏ଄ͷఈ͸λϯύΫ࣭ͷఱવߏ଄ʹର

Ԡ͓ͯ͠Γ, ϑΝωϧͷܗঢ়͕ͦͷఱવߏ଄΁ͷλ

ϯύΫ࣭ͷંΓͨͨΈΛ༠ಋ͢ΔͷͰ͋Δ.

͜ͷԾઆ͸ࡏݱ΋ͬͱ΋ड͚ೖΕΒΕ͍ͯΔ΋ͷ

Ͱ͋Δ͕, ͦͷਖ਼͠͞Λ֬ೝͨ͠ͱ͍͏ڀݚ͸΄ͱ

ΜͲͳ͍. ͋ͬͨͱͯ͠΋֨ࢠλϯύΫͰંΓͨͨ

ΊΔ഑ྻͰͦͷΤωϧΪʔܗঢ়Λ؍ଌͨ͠ͱ͍͏ओ

ு͸͋Δ΋ͷͷ, ϑΝωϧܗঢ়͕؍ଌ͞ΕΔͷ͕ఱ

વߏ଄ͷपΓͷઁಈྖҬͷΈ͚ͩͰ͋ͬͨ [4]. ·ͨ

ΘΕ͍ͯΔ΋ߦ͕ࢉܭ͍ͨ༺ಈྗֶ๏Λࢠ͸෼ۙ࠷

ͷͷ,ϑΝωϧܗঢ়͕࠷ॳ͔ΒԾఆ͞Εͦͷύϥϝʔ

λΛϑΟοςΟϯάͨ͠ͷΈͰϑΝωϧͷଘࡏͷূ

ͱ͸ͳ͍ͬͯͳ͍ [5]. ಛʹλϯύΫ࣭ͷ؍ଌσʔλ

ʹΑΓ஝ੵ͞Εͨߏ଄σʔλΛੜ͔ͨ͠ڀݚ͸ͳ͘,

؆୯ʹଟ͘ͷߏ଄ʹؔͯ͠ΤωϧΪʔ஍ܗܗঢ়ͷಛ

௃Λநग़͢Δख๏։ൃ͸ϑΝωϧ஍ܗԾઆͷ֬ೝͷ

ͨΊͷॏཁ՝୊Ͱ͋Δ.

ຊڀݚͰ͸ϑΝωϧ஍֬ܗೝͷͨΊͷख๏։ൃͷ

ୈҰาͱͯ͠, ϑΝωϧ஍ܗΛ࣋ͭͱ૝ఆ͞ΕΔλ

ϯύΫ࣭ͷΤωϧΪʔঢ়ଶ͕࡞ΔωοτϫʔΫ্Ͱ

ͷ֬཰ྲྀΛௐ΂Δ. ΋͠ΤωϧΪʔ஍͕ܗϑΝωϧ

తͰ͋ΔͳΒ͹, ͦͷΤωϧΪʔঢ়ଶωοτϫʔΫ

্ͷ֬཰ྲྀ͸ਤ 1(b)ͷΑ͏ʹϑΝωϧͷಋ͘௨Γʹ

ྲྀΕΔͰ͋Ζ͏. ΤωϧΪʔঢ়ଶͰ͸ΤωϧΪʔߴ

஍ܗͷ͕͖܏ͳͩΒ͔Ͱ͋Δ. ͦͷͨΊ, ΤωϧΪʔ

଄ߏʹঢ়ଶ͔Β͸গ͠ΤωϧΪʔͷ௿͍ঢ়ଶ͍ߴ͕

ͷଘ֬ࡏ཰ͷྲྀΕ͕͖ىΔͱ༧૝͞ΕΔ. Ұํ, Τ

ωϧΪʔͷ௿͍ঢ়ଶͰ͸͍ڧΤωϧΪʔ஍ܗͷޯ഑

Λ൓ө͠, ΑΓ௿͍ঢ়ଶ΁ͷྲྀΕ͕͖ىΔͰ͋Ζ͏.

͜ͷΑ͏ͳ֬཰ྲྀ͸ΤωϧΪʔঢ়ଶ্ۭؒͷϚϧί

ϑաఔͰද͞ݱΕΔ. զʑ͸ͦͷϚϧίϑաఔΛλ

ϯύΫ࣭ߏ଄σʔλΛجʹͨ͠໛্ܕͷϞϯςΧϧ

ϩγϛϡϨʔγϣϯ͔Βߏ੒͢Δ. ͦͷ݁Ռզʑ͸

ϑΝωϧ஍ܗ༝དྷͷ֬཰ྲྀͷ੒͢ωοτϫʔΫߏ଄

ΛಘΔ͜ͱ͕Ͱ͖ͨ.

2 ໛ܕͱख๏
λϯύΫ࣭͸Ξϛϊ͕ࢎҰ࣍ݩతʹͳΒΜ͔ͩ࠯

Β੒͍ͬͯΔ. λϯύΫ࣭ͷߏ଄ܗ੒ͷաఔ͸ఱવ

ྀ͢ߟͷؒͷ݁߹ͷΈΛج࢒ࢎ଄ʹ͓͚ΔΞϛϊߏ

Δ͚ͩͰཧղ͞ΕΔ͜ͱ͕ݧܦతʹ஌ΒΕ͍ͯΔ [2].

ͦͷΑ͏ͳఱવߏ଄Λجʹͨ͠λϯύΫ࣭໛ܕͷҰ

ͭʹWako-Saitô-Muñoz-Eaton໛ܕ [6, 7, 8, 9] ͕

͋Δ. ͜ͷ໛ܕ͸Ξϛϊج࢒ࢎ಺ͷ཭ࢄతͳཱମ֯

ࣗ༝౓Λεϐϯࣗ༝౓ mi Ͱද͢. ͜͜Ͱ i͸αΠ

τͷ൪߸Ͱ͋Γmi͸ 0͔ 1ΛͱΔ. mi = 1͸ఱવ

,଄ʹ͓͚Δཱମ֯ঢ়ଶΛද͠ߏ mi = 0͸ͦͷଞͷ

ঢ়ଶΛͱ͍ͬͯΔ͜ͱΛද͢.

ఱવߏ଄ʹ͓͚ΔΞϛϊج࢒ࢎϖΞؒͷू߹ 〈i, j〉
ʹରͯ͠, ࣍ͷΑ͏ʹ Hamiltonian͕ఆٛ͞ΕΔ.

H(mi) = −ε
∑

〈i,j〉

j∏

k=i

mk. (1)

Ұํඇఱવߏ଄ͷू߹ͷΤϯτϩϐʔΛද͢ݱΔͨ

Ί࣍ͷΤϯτϩϐʔ߲Λಋೖ͢Δ,

S({mi}) =
∑

i

(1−mi). (2)

ͦͯ͠ঢ়ଶ {mi} ʹର͢Δฏߧ෼෍͸ P ({mi}) $
exp[−βH({mi}) + S({mi})] Ͱ༩͑ΒΕΔ.

ͯ͞, ຊڀݚͰ͸͜ͷ໛ܕʹର͢Δ֬཰ྲྀΛܭ

.Δ͢ࢉ ΤωϧΪʔঢ়ଶؒͷ֬཰ྲྀΛ༩͑ΔͨΊ

ʹ͸ඍࢹతμΠφϛΫεΛ༩͑Δඞཁ͕͋Δ. ฏ

෼෍ߧ P ({mi}) Λ༩͑ΔࣗવͳμΠφϛΫεͷ
Ұͭ͸ Glauber(೤ཋ) μΠφϛΫεͰ͋Δ. ͜ͷ

μΠφϛΫεͰ͸ඍࢹతભҠ֬཰ΛભҠݩͷঢ়ଶ

{mi}ͱભҠઌͷঢ়ଶ {m′
i} ͔ΒW ({m′

i}|{mi}) =
P ({m′

i})/(P ({mi})+P ({m′
i}))ͱ༩͑, ભҠઌ͸ϥ

ϯμϜʹαΠτ iΛબ୒͠, mi ΛϑϦοϓͤͯ͞ੜ

੒͞Εͨঢ়ଶͱ͢Δ.

͜ͷGlauberμΠφϛΫε͸ඍࢹతͳμΠφϛΫ

εͰ͋Γ,զʑ͕͢ࢉܭΔΤωϧΪʔঢ়ଶؒͷ֬཰ྲྀ

Λ༩͑ΔͨΊʹ͸ඍࢹతঢ়ଶۭؒΛࢹڊతͳΤωϧ
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Ϊʔঢ়ଶۭؒʹૄࢹԽ͠ͳ͚Ε͹ͳΒͳ͍. ͦͷࡍ

ॏཁʹͳΔͷ͸ભҠݩͷࢹڊతঢ়ଶ (E,S)͔ΒભҠ

ઌͷঢ়ଶ (E′, S)΁ͷભҠܦ࿏ͷີ౓ ρ(E′, S′|E,S)

Ͱ͋Δ. ͜͜Ͱ Eͱ S͸ࣜ (1)ͱ (2) Ͱ༩͑ΒΕΔ

ΤωϧΪʔͱΤϯτϩϐʔͰ͋Δ. ͜ͷີ౓͕Θ͔

Ε͹, తͳભҠ֬཰͸ࢹڊ

W (E′|E) =
∑

S,S′

ρ(E′, S′|E, S)W (E′, S′|E, S) (3)

ͷܗʹ༩͑Δ͜ͱ͕Ͱ͖Δ. ͜͜ͰW (E′, S′|E,S)

͸ઌʹड़΂ͨGlauberμΠφϛΫεͷඍࢹతભҠ֬

཰Ͱ͋Δ.

ρ(E′, S′|E, S)͸ઌʹࣔͨ͠ GlauberμΠφϛΫ

εͷ͏ͪ, miΛϑϦοϓͤ͞ΔαΠτΛϥϯμϜʹ

બͿ෦෼Ͱܾ·ΔྔͰ͋Δ. ैͬͯϥϯμϜαϯϓ

ϦϯάͷϞϯςΧϧϩγϛϡϨʔγϣϯͰભҠͷώ

ετάϥϜ h(E′, S′|E, S)Λ࡞Γ,ͦΕΛભҠݩͷঢ়

ଶ (E, S)Λݻఆͯ֨͠نԽ͢Δ͜ͱͰρ(E′, S′|E,S)

ΛಘΔ͜ͱ͕Ͱ͖Δ. ຊڀݚͰ͸ϚϧνΧϊχΧϧ

αϯϓϦϯάΛ༻͍ͯ͜ΕΛ࣮ࢹڊ͠ߦతભҠ֬཰

W (E′|E)ΛಘΔ [10]. ͜ͷભҠ֬཰͕͍ͨ͠ࢉܭΤ

ωϧΪʔঢ়ଶؒͷ֬཰ྲྀΛ༩͑Δ.

ੜΈग़͢Τω͕ܗ੒ͷΤωϧΪʔ஍ܗ଄ߏճ͸ࠓ

ϧΪʔ؇࿨աఔͷ֬཰ྲྀΛัΒ͑Δ. ͦͷͨΊʹ,

͢΂ͯͷࢹڊతঢ়ଶ E ʹରͯ͠, ͦΕͧΕॳظ෼෍

PE(E′)=δE,E′ Λఆٛ͠, ͦΕΒͷ෼෍͢΂ͯͷू߹

͔Βͷ؇࿨Λ͑ߟΔ. ͜ͷ֬཰ྲྀ͸֤ΤωϧΪʔঢ়

ଶ͔ΒͷΤωϧΪʔ஍ܗ༝དྷͷΤωϧΪʔ؇࿨ͷ༷

.଴Ͱ͖ΔظΛඳ͖ग़ͯ͘͠ΕΔͱࢠ ͞ࡶճ͸ෳࠓ

Λආ͚ΔͨΊॳظ෼෍ͷू߹͔Βͷ 1εϐϯϑϦο

ϓͰͷΤωϧΪʔ؇࿨ʹର͢Δ֬཰ྲྀΛ͢ࢉܭΔ.

3 ݁Ռ
͜͜·Ͱઆ໌ͨ͠ख๏ΛΑ͘ϕϯνϚʔΫͱͯ͠

ΕΔਤ͞ࢉܭ଄͕ߏ 2(a)ͷΞϧϒϛϯ݁߹ GAϞ

δϡʔϧʹద༻͠,λϯύΫ࣭ંΓͨͨΈͷϑΝωϧ

஍ܗΛ൓өͨ֬͠཰ྲྀ͕ಘΒΕΔ͔Λ͔֬ΊΔ. ఱ

વߏ଄͸ͭࡾͷϔϦοΫεόϯυϧ͔ΒͳΔ. ঢ়ݱ

ͷͱ͜Ζଞʹ҆ఆͳߏ଄͸஌ΒΕ͍ͯͳ͍ͨΊ͜ͷ

.Δྀ͢ߟͷΈΛ༺࡞ޓ଄Λ҆ఆԽ͢Δ૬ߏ ճ͸ࠓ

͜ͷߏ଄Ͱͷ݁ؒج࢒߹Λج࢒಺ͷ Cα ཭ڑؒࢠݪ

͕ 6.5ÅҎԼͷ৔߹ʹ੒ཱ͍ͯ͠ΔͱΈͳ͠, WSME

໛ܕΛߏ੒ͨ͠. ͦͷ݁ՌಘΒΕͨW (E′|E)Λݩ

ʹਤ 2(b)ʹΤωϧΪʔঢ়ଶؒͷ֬཰ྲྀΛද͢ωοτ

ϫʔΫΛࣔͨ͠. ͜͜ͰԹ౓͸ੜཧԹ౓ʹ͓͚Δఱ
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ਤ 2: (a) Ξϧϒϛϯ݁߹GAϞδϡʔϧͷఱવߏ
଄ (PDB:1prb). (b) Ξϧϒϛϯ݁߹GAϞδϡʔ
ϧͷఱવߏ଄ΛݩʹಘͨΤωϧΪʔঢ়ଶؒͷ֬཰
ྲྀ. ϊʔυ͸ΤωϧΪʔঢ়ଶΛද͠৭͕ೱ͍΄Ͳ
ΤωϧΪʔ E ͕௿͘, ਺ࣈ͸ E/εΛද͢. ໼ҹ͸
ΤωϧΪʔঢ়ଶؒͷ֬཰ͷྲྀΕͰ͋Γ, ৭͕ೱ͍΄
Ͳ֬཰ྲྀ͕େ͖͍. қ͞ͷͨΊભҠ֬཰͕খ͞ݟ
͍Τοδ͸ද͍ࣔͯ͠ͳ͍ (ຊจࢀর). ϊʔυͷ
ۭؒ഑ஔʹ͸ҙຯ͸ແ͍͕ΤοδͰ͕ܨΕΔϊʔ
υ͸ۙ͘ʹҐஔ͢Δ.

વߏ଄ͱมੑঢ়ଶͷ૒҆ఆঢ়ଶΛݱ࠶Ͱ͖ΔંΓͨ

ͨΈԹ౓ Tf = 0.64ε ʹઃఆͨ͠.

֤ϊʔυ͸ΤωϧΪʔঢ়ଶΛද͠, ৭ͷೱ͕͞Τ

ωϧΪʔͷ௿͞ʹରԠ͍ͯ͠Δ. ϊʔυ্ʹ༩͑Β

Εͨ਺஋͸ E/ε Ͱ͋Δ. ΤωϧΪʔঢ়ଶͷؒͷ໼

ҹ͸W (E′|E)͔ΒࣗݾϧʔϓΛআ͍ͯ֨ن࠶Խ͠

ͨભҠ֬཰Λ΋ͱʹભҠ֬཰͕͚ߴΕ͹ೱ͍໼ҹ,

ભҠ֬཰͕௿͚Ε͹ബ͍໼ҹͰભҠΛදͨ͠. ໼ҹ

ͷ਺͕ଟ͘ͳΓωοτϫʔΫߏ଄ͷຊ࣭ΛಘΔͨΊ

20%/1stepҎ্ͷ֨ن࠶Խͨ͠ભҠ֬཰Λ࣋ͭ৔߹

ͷΈΛਤʹ͸ࣔͯ͋͠Δ. ϧʔϓ͸ಉ͡Τωϧݾࣗ

Ϊʔঢ়ଶ΁ͷભҠ͔΋͘͠͸ભҠͦͷ΋ͷ͕͓͖ͳ

͔ͬͨ֬཰Ͱ͋Δ. ͜ͷࣗݾϧʔϓʹؔͯ͠͸ଞͷભ

Ҡͱ͸ҧ͍, ͦͷ··W (E|E)ͷ஋Λݩʹ໼ҹͷ৭

ΛܾΊ͍ͯΔ. ͜ͷ৔߹΋ೱ͍΄ͲࣗݾભҠ֬཰͕

,͘ߴ 20%/1stepҎ্ͷ৔߹ͷΈ໼ҹΛॻ͍͍ͯΔ.

ਤ 1(b)ͱྑ͍ͯ͘ࣅΔΤωϧΪʔঢ়ଶ͔Β͙͢Լ
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ͷΤωϧΪʔঢ়ଶ΁ͷભҠ͕ߴΤωϧΪʔঢ়ଶͰݟ

ΒΕΔ. ·ͨ, ௿ΤωϧΪʔঢ়ଶʹͳΔͱΑΓେ͖

ͳΤωϧΪʔݮগʹରԠ͢Δ໼ҹ͕؍ଌ͞ΕΔ. Ξ

ϧϒϛϯ݁߹ GAϞδϡʔϧͷ৔߹, λϯύΫ࣭ͷ

ΤωϧΪʔ͸ఱવߏ଄ͱ૬͕ؔ͘ڧ, ΤωϧΪʔ͸

ͦͷ··ఱવߏ଄ͷடংม਺ͱΈͳ͢͜ͱ͕Ͱ͖Δ.

ैͬͯ, ͜͜Ͱड़΂ͨωοτϫʔΫߏ଄ͷಛ௃͕ਤ

1(a)ʹݟΒΕΔΑ͏ʹϑΝωϧ஍ߏ͕ܗ଄͕ఱવߏ

଄ʹۙͮ͘΄ͲΤωϧΪʔมԽ͕ٸʹͳ͍ͬͯΔ͜

ͱΛ൓ө͍ͯ͠Δͱ͑ߟΒΕΔ.

4 ݁ͼ
ຊڀݚͰ͸λϯύΫ࣭ͷΤωϧΪʔ஍ܗͷ৘ใΛ

ಘΔͨΊʹΤωϧΪʔঢ়ଶͷ੒͢ωοτϫʔΫ্Ͱ

ͷ֬཰ྲྀΛٻΊΔख๏ΛߟҊͨ͠. ͦͯ͠, ͦΕΛΞ

ϧϒϛϯ݁߹ GAϞδϡʔϧʹద༻ͯ͠, ϑΝࡍ࣮

ωϧ஍ܗʹ༝དྷ͢ΔΤωϧΪʔঢ়ଶؒͷ֬཰ྲྀωο

τϫʔΫͷৼΔ෣͍Λ֬ೝͨ͠. ͜ͷख๏ʹΑΔܭ

ࢉܭ໛نಈྗֶγϛϡϨʔγϣϯʹΑΔେࢠ͸෼ࢉ

ΑΓ௿ίετʹ࣮ߦͰ͖, ,ޙࠓ λϯύΫ࣭ߏ଄σʔ

λϕʔε͔ΒͷΤωϧΪʔ஍ߏ࠶ܗ੒ʹΑΔϑΝω

ϧԾઆূݕͷ༗ޮͳखஈΛ༩͑Δͱظ଴͞ΕΔ.

·ͩ͜ͷख๏͸։ൃ͞Εͨ͹͔ΓͰޙࠓͷ՝୊͸

.Δ͍ͯ͠ੵࢁ ·ͣ, ͜ͷख๏Λ༻͍ͨΑΓఆྔతͳ

ղੳख๏ཱ͕֬Ͱ͖͍ͯͳ͍. ΤωϧΪʔ஍ܗͷੑ

࣭Λ͞Βʹਂ͘஌ΔͨΊͷ෺ཧྔ, ΋͘͠͸ਤ 2(b)

ʹࣔ͞ΕͨωοτϫʔΫߏ଄ͷಛ௃ྔΛ͚ͭݟΔ͜

ͱ͕ޙࠓͷ՝୊ͱͯ͠͞࢒Ε͍ͯΔ. ͞Βʹ, ϑΝω

ϧ஍ܗʹͳΒͳ͍ͱ༧ଌ͞ΕΔ “૬࡞ޓ༻ͷڝ߹ʹ

༝དྷ͢ΔߴΤωϧΪʔߏ଄”Λྀ͠ߟͳ͚Ε͹ͳΒ

ͳ͍৔߹ [11, 12, 13]΍λϯύΫ࣭ؒͷ݁߹ͷΤω

ϧΪʔ஍ܗʹ΋Ԡ༻͠ [14], ඇࣗ໌ͳΤωϧΪʔ஍

ͷ৘ใΛಘΔͨΊͷख๏ͱͯ͠ͷ͜ͷํ๏ͷ༗ޮܗ

ੑΛ֬ೝ͢Δඞཁ΋͋ΔͩΖ͏.
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