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Ѱޛ䍥ᖱސⲺॷޡཝૂॷޡኀпѣȽѣȽӊѣȽޣѣޞ
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ṗȽ⤢ᆜ䲘ε൞ṗщ〇⭕Ƚᵢ〇⭕ૂ⺋༡⹊ガ⭕Ƚঐ༡⹊ガ⭕
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ӂȽ⍱ࣞ↛僚�
δжε㓺㓽ਇࣞ䱬⇫δ����ᒪ �P ��ᰛࢃε�
�	儎ṗᡆ৸䎑অ䈹ቅ㓺θӄ����ᒪ �P ��ᰛࢃሼᵢṗ
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ਇࣞθ〥ᶷ㓺㓽֒⭩ᣛȾ�
δӂεṗ㓝ㄔ䎑ૂ㓺㓽⭩ᣛ䱬⇫δ����ᒪ �P ��ᰛ
�P с
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䘑㺂䇺ᇗθᒬՎ⭩ᣛ৸ࣖⴷ㓝ㄔ䎑χ�
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P ε�
�	�ᴾࡓθᡆ䇺ᇗညՐᒬ㓺ᡆ֒䍺Ṳ䇺࡚ညՐθሯ
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ㄔ䎑㔉ᶕθሯ㧭ྌ֒ؓ⮏жѠᴾⲺ䍞⯇ᣋ䇿ᵕθ⽴

ՐⴇȾ᭬ࡦᣋ䇿θѱࣔঋփᴿީ䜞䰞ሼ䘑㺂䈹ḛθ㔅䈹ḛ⺤

䇚֒䍺Ṳуㅜ㘻θሼ⎾֒ᡶ㧭ྌࣧθ䠃᯦䇗㇍֒㘻ᡶ൞ᆜ

ṗഘ։ᙱ࠼⅗χᐨ㧭Վ⿶㓺㓽ྌⲺᆜṗθ⎾䈛ṗᡶ㧭ⲺՎ

⿶㓺㓽ྌθᒬ㿼߫䘳ガ֒֒㘻ૂᡶ൞ᆜṗީ䍙ԱȾ�
пȽྌࣧࣔ⌋�
δжε֒ྌࣧ�
䇺ᇗညՐሯ৸䎑֒䘑㺂ࡓ䇺θ䇺࠰���ᐜⲺ৸䎑֒

പ֒ѣⲺޛ࠰പ㧭ྌ֒θ䇺ޛ ���㧭ᗍпㅿྌθެ֏ ��
䘑ޛ㓾ᇗߩ䎑Ⱦ൞㓾ᇗߩ䎑ѣ䇺࠰⢯ㅿྌȽжㅿྌȽӂㅿྌȽп

ㅿྌȾ৸䎑Ⲻ㠠❬〇ᆜ㊱ᆜᵥ䇰ᮽȽନᆜ⽴Ր〇ᆜ㊱⽴Ր䈹ḛᣛ

ૂᆜᵥ䇰ᮽȽ〇ᢶਇ᱄֒п㊱֒䇴⢯ㅿྌȽжㅿྌȽӂ

ㅿྌȽпㅿྌȾㅿ⅗ྌࡡ࠼㓜খ㊱ޛപ֒ᙱᮦⲺ �αȽ�
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δӂεഘ։ྌࣧ�
ㄔ䎑ԛᆜṗѰঋփ䇗㇍৸䎑ᗍ࠼θഘ։ᙱ࠼⅗ᧈࡍθ

փ⅗ޢᐹȾㅿ⅗ྌ亯䇗ᯯ࠼⌋ྸсφ⢯ㅿྌ֒∅Ԭ䇗࠼���θ

жㅿྌ֒∅Ԭ䇗࠼��θӂㅿྌ֒∅Ԭ䇗࠼��θпㅿྌ֒

∅Ԭ䇗࠼��θрᣛ㠩ㄔ䎑㓺ညՐռᵠ䙐䗽ࡓ䇺Ⲻ֒∅Ԭ䇗��
ㅢжⲺ儎ṗ�᥇ᡎᶥ�θ࠼߫θᦾҾഘ։ᙱ࠼Ⱦṯᦤᆜṗᗍ࠼
ੂᰬᦾҾ㤛ᒨ儎ṗ�Վ㜒ᶥ�Ⱦྸ䙽ᙱ࠼ੂθࡏԛ㧭⢯ㅿྌ֒

ⲺԬᮦߩᇐੂж⅗Ⲻᧈᓅθԛ↚㊱᧞㠩пㅿྌȾ�
Ƚ㓺㓽ᵰᶺ�
δжεᵢኀㄔ䎑⍱ࣞ⭧ഘⴷညȽⴷ〇অȽⴷᮏ㛨Ƚⴷᆜ㚊

ާੂѱࣔθѣߒѐཝᆜᢵࣔȾ�
δӂεi ኀ⍱ࣞ⭧ѱᢵࣔঋփ㓺ᡆཝ䎑㓺ညՐθ䍕䍙ㄔ䎑⍱

ࣞⲺ㓺㓽অ䈹ᐛ֒θ䍕䍙ሯ֒䘑㺂䍺ṲᇗḛȽ༺⨼䍞⯇ᣋ䇿Ⱦ

㓺ညՐࣔޢᇚ䇴൞ѣߒѐཝᆜഘညθ䍕䍙ㄔ䎑ᰛᑮ㓺㓽ᐛ֒Ⱦ

㚊㌱Ӱφ丟Օθࡎпᇓχ㚊㌱⭫䈓φ���
��������χ⭫ᆆؗφ

�������������	���χ䛤㕌φ������Ⱦ�
δпε䇴䇺ᇗညՐθ䍕䍙䇺ᇗᐛ֒Ⱦ䇺ᇗညՐ⭧ީ

щѐޭᴿ儎㓝㚂〦Ⲻщᇬ㓺ᡆȾ�
ӊȽީ㾷≸�
δжεޞڛᵰᶺθࣖᕰ亼ሲȾ�᥇ᡎᶥ�ㄔ䎑ᱥѰ䘸ᓊޞ䶘᧞

䘑㍖䍞ᮏ㛨ૂौᮏ㛨᭯䶟㾷≸㙂ᔶኋⲺж亯䠃㾷⍱ࣞθҕᱥᨆ
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ॽཝᆜ⭕㔲ਾ㍖䍞Ⲻ䠃㾷䖳։θ൦Ƚ儎ṗ㾷儎ᓜ䠃㿼θሼެ

Ѱ䠃⛯ᐛ֒ᣉ㍝ᣉᇔᣉླȾ儎ṗ㾷㓺ᡆ⭧ᵢṗѱ㇗亼ሲ⢫ࡍ

ཪθഘညȽᮏࣗȽ〇⹊ㅿ䜞䰞ૂᆜ⭕ՐȽ⹊ガ⭕Րㅿᆜ⭕㓺㓽ާ

ੂ৸ࣖⲺ㓺㓽অ䈹ᵰᶺθླڐㄔ䎑㓺㓽Ⲻީᐛ֒Ⱦ�
δӂεޛਇࣞθ㋴ᗹ㓺㓽Ⱦ൦Ƚ儎ṗ㾷シ࠰ㄔ䎑Ⲻᆜ

ᵥᙝૂᲤ䚃ᙝθ⢯ࡡᱥṗ㓝ㄔ䎑䱬⇫θ㾷䙐䗽䘆⭞։ᢁ⇫Ƚ䇴

щ䰞ᵰᶺㅿᯯᕅθਇᐹㄔ䎑⎾ᚥθᆜ⭕䈘θ䘑㺂ᒵ⌑ࣞ

θֵ ᴪཐⲺᆜ⭕৸фࡦㄔ䎑ѣᶛȾ㾷ඐߩᶒ㔓ԛᆜṗ〇⹊亯ⴤ

ᆜ⭕֒Ⲻ⧦䊗θྸݻ߈ ᴿਇ⧦ሼћ㚹༺⨼Ⱦ㾷ඐᤷ䘿ᤊфฯޱ

ᒬ䠃Ⲻࡏθሯӄᵠ䘑ޛ㓾ᇗߩ䎑Ⲻ֒㾷䘑㺂⹊ガᙓ䐥ૂ⹊ガ

ᯯ⌋Ⲻሲθᑤࣟ৸䎑ᆜ⭕ᨆ儎〇⹊㜳࣑ȾR ᶗԬⲺ儎ṗਥሯ䠃

⛯亯ⴤ൞㔅䍯ૂሲ࣑䠅р㔏Ҿ᭥ᤷȾ�
δпεඐᤷᇍᰞθᇂᵰȾ൦Ƚ儎ṗ㾷ඐᤷ㛨Ӱᇍᰞθ

ᣀӰᢃฯ֒ޱѰ�᥇ᡎᶥ�ㄔ䎑Ⲻ俌㾷ⴤḽθуᯣᇂ᯦ࡑӰᢃฯ

χ儎ṗഘည㾷ᔰኔⲺщ䰞㓺ශӰᢃ◶ࣧᵰ᯦ࡑᕅૂ⁗ޱ

㓽ᡌ⽴ഘθ䍕䍙ᆜ⭕〇ᢶ⍱ࣞⲺ㓺㓽ᐛ֒θᇐ䮵ᵕ㿺ࡈθؓ䇷

⍱ࣞⲺ㔅ᑮᙝᔶኋȾR ᶗԬⲺ൦॰ૂ儎ṗਥ䇴ᆜ⭕ᆜᵥ〇ᢶ⍱

ࣞะ䠇θᇐᆜ⭕৸фᆜᵥ〇ᢶ⍱ࣞྌࣧࣔ⌋θᴪླ൦ᤷȽ◶

ࣧᆜ⭕৸ф䈴ཌᆜᵥ〇ᢶ⍱ࣞχ䇴ሲᮏᐾӰᢃᓉθሼሲᮏ

ᐾⲺᐛ֒䇗ޛᮏᆜᐛ֒䠅χቓ䈋ᔰ৸䎑֒䖢ौᵃࣗᵰθҿ

ᵢ൦㊱〇ᢶണ॰Ƚᐛѐണ॰Ƚ儎᯦ᢶᵥണ॰ㅿ᭥ᤷθѰ৸䎑

ૂ㧭ྌ亯ⴤⲺ䖢ौᨆבᵃࣗθ᧞ࣞᆜ⭕〇ᢶᡆ᷒фᐸ൰Ƚ䍺ᵢㅿ

ᯯ䶘ᇔ⧦ᴪࣖ㍝ᇼȽᴿ᭾Ⲻ㔉ਾȾ�
δεࣖᕰᇙՖθᢟཝᖧଃȾ൦Ƚ儎ṗ㾷〥ᶷঅ䈹㊱
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㾷⌞䠃ླڐㄔ䎑ⲺࢃᵕᇙՖᐛ֒θѰㄔ䎑㓺㓽ਇࣞૂᴿᓅᔶኋᢉ

ླะȾ㾷ᒵ⌑ᇙՖㄔ䎑ѣ⏂⧦ⲺޮශӁ䘯ૂޮශӰ⢟θᕋሲૂ

◶ࣧᴪཐ儎ṗᆜ⭕〥ᶷᣋ䓡ᆜᵥ〇ᢶ᯦ࡑᇔ䐫Ⱦ�
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䱺Ԭφ�	⒌्ⴷㅢॷжኀ�᥇ᡎᶥ�ཝᆜ⭕䈴ཌᆜᵥ�
〇ᢶ֒ㄔ䎑ᴿީ߫䈪᱄�

�	⒌्ⴷㅢॷжኀ�᥇ᡎᶥ�ཝᆜ⭕䈴ཌᆜᵥ�
〇ᢶ֒ㄔ䎑৸䎑֒ᢵ䈰Ҝ�

�	⒌्ⴷㅢॷжኀ�᥇ᡎᶥ�ཝᆜ⭕䈴ཌᆜᵥ�
〇ᢶ֒ㄔ䎑ନᆜ⽴Ր〇ᆜ㊱৸䎑֒�
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��⭩ᣛ৸䎑Ⲻ֒࠼Ѱ㠠❬〇ᆜ㊱ᆜᵥ䇰ᮽȽନᆜ⽴Ր〇ᆜ

㊱⽴Ր䈹ḛᣛૂᆜᵥ䇰ᮽȽ〇ᢶਇ᱄֒п㊱Ⱦ㠠❬〇ᆜ㊱ᆜ

ᵥ䇰ᮽ֒㘻ӻ䲆ᵢȽщ〇ᆜ⭕Ⱦନᆜ⽴Ր〇ᆜ㊱⽴Ր䈹ḛᣛૂ

ᆜᵥ䇰ᮽ䲆ᇐ൞ନᆜȽ㔅⎄Ƚ⽴ՐȽ⌋ᗁȽᮏ㛨Ƚ㇗⨼�Ѡᆜ〇

ڐ᭵䜞䰞ȽԷӁѐঋփᡶސχନᆜ⽴Ր〇ᆜ㊱৸䎑֒ѣθѰ

Ⲻ㊱ਇኋ㿺ࡈȽᐛ֒ᯯṾૂ䈘ᣛθᐨ㻡䟽⭞㘻Ӝਥ⭩ᣛ৸

䎑θੂ ᰬ䱺рԬ䟽⭞ঋփ䇷᱄ⲺགྷদԬૂ䢪ᇐᶆᯏㅿχନᆜ

⽴Ր〇ᆜ㊱৸䎑֒θ䇰ᮽ㊱∅ㇽ൞ ����ᆍԛθ䈹ḛᣛ㊱

∅ㇽ൞ �����ᆍԛȾ〇ᢶਇ᱄࠼㊱֒Ѱ $Ƚ%њ㊱φ$㊱

〇ᢶ䠅䖹儎Ƚ֒ᣋޛ䖹ཝⲺ֒χ%㊱֒ᣋޛ䖹ቇθъ

ሯ⭕ӝᢶᵥᡌ⽴Ր⭕⍱ᑜᶛⲺቅਇ᱄Ƚቅ֒ㅿȾ৸䎑ᆜ⭕

亱൞֒⭩ᣛҜሷ䶘ᓊ֒㊱ࡡѣࡈćĸĈȾ�

��⭩ᣛ৸䎑Ⲻ֒ਥ࠼ѰѠӰ֒ૂ䳼։֒Ⱦ⭩ᣛѠӰ֒

Ⲻθ⭩ᣛ㘻ᗻ亱ᢵ⭩ᣛ֒ ���ԛрⲺ⹊ガᐛ֒θ֒䢪ᇐ

䇷ҜȽщ䇷Ҝਇ㺞Ⲻᴿީ֒рⲺ㖨ൽᓊѰㅢж֒㘻θਾ

֒㘻ᗻ亱ᱥᆜ⭕ъуᗍ䎻䗽�Ӱχࠗ ֒㘻䎻䗽 �ӰⲺ亯ⴤᡌ֒㘻

у䎻䗽�Ӱθռᰖ⌋॰࠼ㅢж֒㘻Ⲻ亯ⴤθൽ亱⭩ᣛ䳼։֒Ⱦ

䳼։֒Ⲻ֒㘻ᗻ亱ൽѰᆜ⭕Ⱦࠗ ᴿਾ֒㘻ⲺѠӰ֒ᡌ䳼։֒
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θൽᆜ়ᴶ儎Ⲻ֒㘻࠼ࡈ㠩ᵢщ〇⭕Ƚ⺋༡⹊ガ⭕ᡌঐ༡⹊

ガ⭕㊱䘑㺂䇺ᇗȾ�

��⭩ᣛ৸䎑Ⲻ֒ᗻ亱ᱥ䐓ㄔ䎑⭩ᣛᰛࢃњᒪᇂᡆⲺᆜ

⭕䈴ཌᆜᵥ〇ᢶᡌ⽴Րᇔ䐫⍱ࣞᡆ᷒Ⱦ∋ѐ䇴䇗ૂ䈴ぁ䇴䇗δ䇰
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