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ӄެԌⴤⲺȾ

ŚᮦᦤࣖᇼՖ䗉
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ᡶᴿᮦᦤ൞Ֆ䗉䗽ぁѣൽ䟽⭞ࣖᇼᵰ࡬θ⺤ؓ䙐ؗ䬴䐥Ⲻ

ᆿޞᙝθ䱨↘ᮦᦤ൞Ֆ䗉⧥㢸㻡ᡠ㧭ᡌ㈗᭯Ⱦ

śᮦᦤ㝧ᮅ༺⨼

ሯ⎿਀⭞ᡭ䳆⿷Ⲻᮅ᝕ᆍ⇫䘑㺂㝧ᮅᬃ֒θ䙐䗽ᢶᵥᢁ⇫

䳆㰅ᡌᴵᦘީ䭤ؗᚥθԄⓆཪ䲃ք䳆⿷⋺䵨伄䲟Ⱦ

Ŝᵹ䲆᧝࡬

ะӄ⭞ᡭ䀈㢨䇴ᇐᐤᔸौⲺᮦᦤ䇵䰤ᵹ䲆θᇔ⧦㓼㋈ᓜᵹ

䲆㇗⨼θ⺤ؓᮦᦤӻ൞ᦾᵹ㤹പ޻㻡ਾ⌋ֵ⭞Ⱦ

ŝ䳆⿷ਾ㿺㇗⨼

ћṲ䚫ᗠ䳆⿷ؓᣚ⌋㿺㾷≸θੇ ⭞ᡭ␻Ღ䈪᱄ᮦᦤ᭬䳼ф

ֵ⭞ⴤⲺȾ

Şᰛᘍᇗ䇗䘳䑠

ᇂ᮪䇦ᖋ㌱㔕ީ䭤ᬃ֒ᰛᘍθ᭥ᤷሯᮦᦤ䇵䰤Ƚ᭯ؤㅿ㺂Ѱ 䘑

㺂ޞ⍷ぁ䘳ⓥфᇗ䇗᷆࠼θѰᆿޞӁԬഔⓥᨆדבᦤ

��� ᆜҖ㿺ࡈĂĂᲰ㜳ᨆ䟈

ᶺᔰᲰ㜳ौȽѠᙝौⲺѱࣞᨆ䟈ᵃࣗ㌱㔕θ␧ᓜ᮪ਾ㘷ᒪӰ Ⲻ

䈴ぁ⍱ࣞᆿᧈȽڛᓭؓڛ䇗ࡈ਀ᰛᑮӁࣗ㇗⨼䴶≸θ࡟⭞㌱ 㔕

⎾ᚥࣕ㜳θѱࣞ᧞䘷㋴߼Ƚ⑟俞Ⲻᨆ䟈ؗᚥθᑤࣟ㘷ᒪᆜ઎᤿ ᰬ

䘑㺂ڛᓭ㇗⨼Ƚᴿᓅᆿᧈᰛᑮ⭕⍱Ⱦ

δ�εѠᙝौᨆ䟈Աࣗ

ᩣᔰᲰ㜳ᆜҖ䇗ࡈ⭕ᡆᕋᬄθᆜ઎䗉ުޛ䏙⡧ླȽڛᓭ⣬

ᘷȽᆜҖⴤḽㅿѠӰؗᚥ੄θ㌱㔕㜳ཕ㔉ਾ㘷ᒪᆜ઎ⲺᆜҖҖ
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ᜥȽླڅθ⭕ᡆѠᙝौъ〇ᆜਾ⨼ⲺᆜҖᨆ䟈ԱࣗȾׁྸθሯӄ ௒

⅘൞␻ᲞᆜҖⲺ㘷ᒪӰθ䇴㖤൞ᰟр � ⛯ਇ䘷ᨆ䟈χሯӄⴤ ḽ

ᱥᆜҖ䈣䀶Ⲻᆜ઎θᨆ䟈޻ᇯם䠃ӄ䈃≽䇦ᗼȽਙ䈣㓹ҖㅿȾ ᆜ

Җ䇗ࡈᓊޭ༽ਥ䈹᮪ᙝθᆜ઎൞ᢝ㺂䗽ぁѣྸ᷒䙽ࡦ䓡։у 䘸

ㅿ⢯⇀᛻߫θਥԛᢁࣞ䈹᮪䇗ࡈθ㌱㔕㜳ཕṯᦤ䈹᮪੄Ⲻؗ ᚥ

䠃᯦Վौ੄㔣ⲺᆜҖᆿᧈθ⺤ؓᆜҖ䇗ࡈⲺ⚫⍱ᙝૂᇔ⭞ᙝȾ

δ�ε⎾ᚥ㌱㔕

ᔰ㄁㌱㔕䞃㖤Ⲻᨆ䟈㿺ࡏθऻᤢ⭞ᡭȽᨆ䟈㊱ශȽ䀜ਇᶗԬȽ 䀜

ਇᰬ䰪Ƚᨆ䟈޻ᇯ⁗ᶵㅿȾ൞⧦ᴿᒩਦѠӰѣᗹ޻θᶺᔰ儎᭾Ƚ ਥ䶖

Ⲻ⎾ᚥ㌱㔕θᨆב㔕жޛਙθ䳼ѣኋ⽰ᡶᴿ㊱ශⲺ⎾ᚥθऻ ᤢᨆ䟈Ƚ

䙐⸛Ƚ㌱㔕⎾ᚥㅿȾ᭥ᤷḽ䇦ᐨ䈱�ᵠ䈱Ƚ᢯䠅ᬃ֒Ƚ 䲚⎾ᚥȾࡖ

᭥ᤷ᤿㊱ශȽ⣬ᘷȽᰬ䰪ㅿ࠼㊱㆑䘿ḛⵁȾ⛯࠱ᆜҖ ᨆ䟈⎾ᚥਥ

⴪᧛䐩䖢ީࡦ㚊ⲺᆜҖ䈴ぁㅿ޻ᇯ享䶘Ⱦ

δ�ε㌱㔕ⴇ᧝фᰛᘍ

ћṲ䚫ᆾѠӰؗᚥؓᣚ⌋㿺θሯ㘷ᒪӰⲺڛᓭȽᰛぁㅿᮅ᝕ ؗ

ᚥ䘑㺂ࣖᇼᆎ۞ૂՖ䗉θ᱄⺤ᮦᦤֵ⭞ᵹ䲆Ⱦᨆב␻ᲦⲺ䳆 ⿷

᭵ㆌ䈪᱄Ⱦᔰ㄁㌱㔕䘆㺂ⴇ᧝ᵰ࡬θ䇦ᖋᨆ䟈ਇ䘷Ƚ᧛᭬Ƚਃ 侾

ㅿᰛᘍθؓ䳒ᵃࣗどᇐਥ䶖θ׵ӄ䰤从䘳ⓥȾ

��� 䍺Ⓠ᧞㦆ĂĂᲰ㜳ᩒ㍘

Ჰ㜳ᩒ㍘⁗ඍᨆב儎᭾Ƚ߼⺤Ⲻᩒ㍘ࣕ㜳Ⱦᇔᰬ᧞㦆⴮ީ䈴 ぁ

ૂ䍺Ⓠθᒬᨆבཐ㔪ᓜ㆑䘿ࣕ㜳θᑤࣟᘡ䙕ᢴࡦᡶ䴶޻ᇯȾ䇦 ᖋ

ᩒ㍘়ਨθᯯ׵ᘡ䙕䇵䰤䗽ᖶᩒ㍘㔉᷒Ⱦ
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δ�ε㚊㖇ᩒ㍘

Ჰ㜳ᩒ㍘⁗ඍᢟኋ㚊㖇ᩒ㍘ࣕ㜳θᶺᔰć㚊㖇ᩒ㍘Ĉࣕ㜳

䙱䗇Ⱦ⭞ᡭ䘑㺂ᩒ㍘ᬃ֒ᰬθуӻ㜳Ỷ㍘ᒩਦ޻䜞䍺Ⓠθ䘎ਥ䙐 䗽

㚊㖇ᩒ㍘㧭਌ӈ㚊㖇р⴮ީᆜҖ䍺ᯏθᤉᇳᩒ㍘㤹പθᨆב ᴪ

Ѧሂޞ䶘Ⲻᩒ㍘㔉᷒θ┗䏩⭞ᡭཐṭौᩒ㍘䴶≸Ⱦ

d䀙᷆ᩒ㍘ީ䭤䈃

䘆⭞㠠❬䈣䀶༺⨼δ1/3εᢶᵥ䀙᷆⭞ᡭᩒ㍘ީ䭤䈃θ㔉ਾ 䈣

ѿૂ᷆࠼⸛䇼ഴ䉧θ㋴߼ᇐփӈ㚊㖇рⲺ⴮ީᆜҖ䍺ᯏθؓ 䳒

Ҽሯ⭞ᡭᩒ㍘ᝅഴⲺ߼⺤⨼䀙Ⱦ

śᩣᔰᩒ㍘ᕋᬄ㍘ᕋ㌱㔕

ᩣᔰᩒ㍘ᕋᬄ㍘ᕋ㌱㔕θሼᣉ਌ࡦⲺ㖇享޻ᇯ䘑㺂࠼㊱Ƚ㍘ ᕋθ

ᔰ㄁儎᭾Ⲻوᧈ㍘ᕋ㔉ᶺθ⺤ؓᘡ䙕ଃᓊ⭞ᡭᩒ㍘䈭≸θᇔ ⧦Ҽ

ᘡ䙕Ỷ㍘ⲺⴤⲺȾ

Ŝᩒ㍘㔉᷒␧ᓜ㷃ਾфՎौ

䇴䇗㷃ਾ㇍⌋θሼᒩਦ޻䜞䍺Ⓠᩒ㍘㔉᷒ф㚊㖇ᩒ㍘㔉᷒

䘑㺂᮪ਾȾ᤿➝⴮ީᙝȽᵹ့ᙝȽᰬ᭾ᙝㅿഖ㍖ሯ㔉᷒䘑㺂ᧈᓅθ Վ

ȽR߼ᴪ㋴ࡦኋ⽰儎䍞䠅ⲺᆜҖ䍺ᯏθ䇟⭞ᡭᗍݾ ᓅⲺᩒ㍘ 㔉

᷒θᨆॽḛᢴ᭾⦽Ⱦሯӄ䠃གྷ޻ᇯ䘑㺂ৱ䠃༺⨼θ䚵ߍރ֏ؗ ᚥ

ᒨᢦ⭞ᡭθࠅቇҼ⭞ᡭ㆑䘿ؗᚥⲺᰬ䰪ᡆᵢθֵ ᩒ㍘㔉᷒ᴪ ࣖ

␻Ღ⴪㿸θᑤࣟ⭞ᡭᘡ䙕ᇐփࡦㅜਾ㠠䓡䴶≸ⲺᆜҖ䍺ᯏȾ

ŝ⮂䶘໔ࣖć㚊㖇ᩒ㍘Ĉࣕ㜳

൞ᩒ㍘⮂䶘᯦໔ć㚊㖇ᩒ㍘Ĉᔶީ᤿䫤θ⭞ᡭਥ㠠ѱ䘿᤟
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ӻᩒ㍘ᒩਦ޻䜞䍺Ⓠᡌᔶ੥㚊㖇ᩒ㍘ȾՎौᩒ㍘㔉᷒ኋ⽰享䶘θ

॰࠼ᱴ⽰ᒩਦ޻䍺Ⓠૂӈ㚊㖇䍺Ⓠθ䟽⭞уੂⲺṭᕅૂḽ䇼䘑

㺂॰࠼Ⱦ㠠ѱ䘿᤟ᔶީ䎁Ҿ⭞ᡭᴪཐ᧝࡬ᵹθ┗䏩уੂ൰Ქс Ⲻ

ᩒ㍘䴶≸Ⱦֵ ⭞ᡭ㜳ཕᴪ儎᭾൦㧭਌ࡦㅜਾ㠠䓡䴶≸ⲺᆜҖ 䍺

ⓆθՎौᩒ㍘։僂Ⱦ

δ�εཐ䖤ᩒ㍘

ะӄ㠠❬䈣䀶༺⨼δ1/3εૂ ሯ䈓㇗⨼ᢶᵥθʌ ᔰཐ䖤Ӛӈ ᕅ

ᩒ㍘։㌱Ⱦ

Ś䈣ѿ䀙᷆䇼ࡡ

⭞ᡭ俌⅗䗉ޛḛ䈘੄θ㌱㔕㠠ࣞ䀙᷆䈣ѿθ䇼ީࡡ䭤ؗᚥθ㤛

ḛ䈘ᝅഴ⁗㌀ᡌᆎ൞↝ѿθԛᕋሲᙝᨆ䰤ᖘᕅф⭞ᡭ䘑㺂ཐ

䖤Ӛӈθ䙆↛᱄⺤䴶≸Ⱦ

śࣞᘷ䈹᮪ᩒ㍘ㆌ⮛

㌱㔕䇦ᖋӚӈޞ䗽ぁθ㔉ਾ⭞ᡭഔㆊࣞᘷ䈹᮪ᩒ㍘ㆌ⮛θ㋴ ߼

९䞃ㅜਾ⭞ᡭ䴶≸ⲺᆜҖ䍺Ⓠθ䚵ރഖؗᚥуޞሲ㠪ᩒ㍘㔉

ᙝф᭾⦽Ⱦ⺤߼人ᵕθᨆॽᩒ㍘Ⲻ⿱څ᷒

Ŝ⮂䶘໔ࣖć䘳䰤Ĉࣕ㜳

ሯ⭞ᡭⲺḛ䈘޻ᇯ䘑㺂ཐ䖤ᩒ㍘θਥሯ৕ᩒ㍘䘑㺂㺛ݻᨆ

䰤θ໔ࣖć䘳䰤Ĉࣕ㜳䙱䗇θ⭞ᡭ䘑㺂䘳䰤੄θਥѰ⭞ᡭ㔝㔣⭕ ᡆ

Ჰ㜳ᩒ㍘㔉᷒Ⱦ

δ�ε䇺ԭ੄䠃᯦⭕ᡆ

Ś⭞ᡭ䇺ԭᩒ㍘㔉᷒

൞⭞ᡭֵ⭞ᒩਦ㧭਌ᆜҖ䍺Ⓠᡌᵃࣗ੄θ䇴㖤䇺ԭਃ侾ޛ
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ਙθ啉ࣧ⭞ᡭሯᩒ㍘㔉᷒Ƚ᧞㦆޻ᇯᡌᵃࣗ䍞䠅䘑㺂䇺࠼ф⮏

䀶Ⱦ

ś㌱㔕᭬䳼䇺ԭᒬՎौᩒ㍘㔉᷒

㌱㔕᭬䳼䇺ԭᮦᦤθ䙐䗽᛻᝕ૂ᷆࠼䈣ѿ⨼䀙ᢶᵥ䀙᷆⭞

ᡭਃ侾θ㤛⭞ᡭሯ㔉᷒у┗ᝅθḽ⌞ѰćᖻՎौĈ ⣬ᘷȾ㔉ਾ ⭞

ᡭ䇺ԭф়ਨ㺂Ѱᮦᦤθ䠃᯦䈹⭞Ჰ㜳㇍⌋θሯᩒ㍘㔉᷒ᡌ ᧞

㦆޻ᇯ䘑㺂Վौ⭕ᡆȾ

Ŝ⮂䶘໔ࣖć䇺ԭᬃ֒Ĉ⁗ඍ

໔ࣖ䇺ԭᬃ֒⁗ඍθ䇴㖤ླ䇺Ƚᐤ䇺Ƚ䠃᯦䇺ԭㅿࣕ㜳θਥ ሯ

ᵃࣗ㔉᷒䘑㺂䇺ԭȽ䠃᯦⭕ᡆȾ

δ�ε㺛ޞ䗉ޛ

ŚᲰ㜳㚊ᜩ㺛ޞ

᭥ᤷ㠠❬䈣䀶ᩒ㍘фᲰ㜳㚊ᜩ㺛ޞθᨆॽᩒ㍘׵᦭ᙝȾ䟽⭞ 㠠

❬䈣䀶༺⨼δ1/3εᢶᵥθ൞ᩒ㍘⁗ඍѣ䳼ᡆݾ䘑Ⲻ㠠❬䈣䀶 ⨼

䀙⁗ශθֵ ⭞ᡭ㜳ཕֵ⭞ᰛᑮਙ䈣ौⲺ㺞䗴䘑㺂䍺Ⓠḛ䈘ȾᲰ

㜳㚊ᜩф㠠ࣞ㺛ޞθᖉ⭞ᡭ䗉ޛ䜞ީ࠼䭤䈃ᰬθ㌱㔕䙐䗽࠼ ᷆

়ਨᮦᦤȽ✣䰞䈴ぁḽㆴૂ⭞ᡭ㺂Ѱ䏁ࣵθᇔᰬ᧞㦆⴮ީᩒ ㍘

䈃ૂ▒൞ⲺᆜҖᯯੇȾ

śᲰ㜳㓖䭏ࣕ㜳

൞⭞ᡭ䗉ޛ䗽ぁѣࣖߏᤲޛỶḛф䈣ѿ㓖䭏㜳࣑θ䘑ж↛

ᨆॽᩒ㍘߼⺤ᙝȾ

δ�εՎौ䍺Ⓠᧈᓅᵹ䠃

᤿⴮ީᙝȽᵹ့ᙝȽᰬ᭾ᙝㅿ㔪ᓜ㔲ਾᧈᓅθՎݾኋ⽰儎䍞
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䠅䍺ⓆȾཐ㔪ᓜᧈᓅㆌ⮛φྸ ะӄ⴮ީᙝθ䈴ぁḽㆴ९䞃ᓜθ䈴 ぁ

䇺࠼θᇂ䈴⦽ㅿ᤽ḽθҕਥԛะӄ੃ṗ੃ᐾθ䇚䇷䍺Ⓠθ䈴ぁ р

㓵ᰬ䰪θ䈴ぁ✣ᓜㅿᶛ᭯਎ኋ⽰亰ᓅȾ

��� 䖻ᆜㆊ⯇ĂĂ$, 㿼仇ሲ㡠

$, 㿼仇ሲ㡠ᰞ൞ᢉ䙖䶘ੇ㘷ᒪ㗚։Ⲻㆶঋ᱉⭞Ƚ޻ᇯ␻Ღ

Ⲻ㿼仇ᆜҖࣟᢁȾ䘆⭞ӰᐛᲰ㜳ᢶᵥθሯ㿼仇޻ᇯ䘑㺂䈣ѿ࠼

᷆θ㠠ࣞ䇼ީࡡ䭤޻ᇯ㢸⛯θᒬᦤ↚࠰࠼ࡈ㔉ᶺ␻ᲦȽ䙱䗇࠼᱄ Ⲻ

ㄖ㢸։㌱Ⱦ㌱㔕ᨆב⴪㿸Ⲻ³ⴤᖋ´ᕅሲ㡠ᶗ֒ѰṮᗹӚӈ⮂

䶘θᱴ㪍Վौ޻ᇯỶ㍘фᇐփࣕ㜳Ⱦ䈛䇴䇗㠪࣑ӄㆶौᬃ֒⍷

ぁȽ䲃քᆜҖ䰞‑θֵ 㘷ᒪ⭞ᡭ㜳ཕ׵᦭൦䐩䖢㠩ⴤḽ⇫㩳Ƚᘡ 䙕

ḛᢴ䠃⛯ؗᚥȽ䖱ᶴ䘑㺂޻ᇯഔ亴Ⱦ

δ�ε䈹⭞Ჰ㜳ะᓝะ⹶㜳࣑

,$⭞࡟ ะᓝ⁗ශ᷆࠼㿼仇Ⲻ㿼㿿޻ᇯȽ䈣丩δ$65 䖢ᖋᮽ

ᵢεૂ 丩仇⢯ᖷθ㠠ࣞ䇼ࡡ㿼仇޻ᇯⲺ䙱䗇㔉ᶺθྸ ᕋ䀶Ƚㄖ㢸 ࡈ

ȽṾׁ╊⽰Ƚ㔉䇰ㅿީ䭤㢸⛯Ⱦ࠼ ะӄ㔉ᶺ䇼ࡡ㔉᷒θ㠠ࣞ ൞

㿼仇ᰬ䰪䖪рᢉрީ䭤ḽ䇦⛯θᖘᡆਥӚӈⲺሲ㡠㍘ᕋδྸ ㄖ

㢸ḽ从Ƚѱ从ḽㆴεȾ

δ�ε㿼仇޻ᇯᲰ㜳ᙱ㔉

ṯᦤуੂ䴶≸⭕ᡆуੂ㋈ᓜⲺ᪎㾷φሯ᮪Ѡ㿼仇ⲺṮᗹ㿸

⛯Ƚѱ㾷޻ᇯૂ㔉䇰䘑㺂儎ᓜࠓ㓹ⲺᾸ䘦θ⭕ᡆޞቶ᪎㾷χሯ 䇼

Ⲻ∅Ѡѱ㾷ㄖ㢸ᡌީ䭤⡽⇫⭕ᡆᴪ䈜㓼Ⲻ⇫㩳ᕅᙱ㔉θ࠰ࡡ

Ᾰᤢ䈛䜞࠼ⲺṮᗹؗᚥθ⭕ᡆㄖ㢸�⡽⇫᪎㾷Ⱦ䳼ᡆ⁗ශ䇺զф
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ਃ侾ᵰ࡬θᤷ㔣Վौ᪎㾷⭕ᡆⲺ䍞䠅Ⱦ

δ�εӚӈᕅ⸛䇼⛯䶘ᶵ

ሯᨆ਌Ⲻ⸛䇼⛯䘑㺂␻⍍Ƚৱ䠃ૂ䙱䗇ᖈ㊱θᖘᡆ㔉ᶺौⲺ ⸛

䇼ᶗⴤȾ൞㿼仇᫣᭴⮂䶘᯷ᨆࣞבᘷᴪ᯦Ⲻ⸛䇼⛯䶘 δƫྸ ם

䗯ṅȽ⎤ࣞネਙεȾ䶘ᶵѣ␻Ღ࠰ࡍ⸛䇼⛯ᶗⴤȾᇔ⧦⸛䇼⛯ ф㿼

仇ᰬ䰪⛯Ⲻਂੇީ㚊φ⛯࠱⸛䇼⛯㠠ࣞ䐩䖢ࡦ㿼仇ѣ䈛⸛ 䇼
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