
PROCEEDING
BOOK 2





ʇ





f ′ f







܋
ਸ਼





ரࣽᅇᐌ�
꾗싘떇됓









f ′ f



ரࣽᅇᐌ�
꾗싘떇됓

ʆ ʇ







ரࣽᅇᐌ�
꾗싘떇됓





ਸ਼܋

2 3 5







�¼Î¼ÂÇÁÇÁÁÍºţ¸



√
−1

w = ez z w



ÊÈÇÍ»ÇºšÂÇÀÇÅ





∈

Ă

þ



Ă

Ă



Ă



Ă



th

th

th

nd

rd

th

th

th



rd

th

th

st

th

th

Ă

− × − = +



Ă

Ă

Ă

Ă









ᗭࢹ

∗∗

∗

∗∗

�ᗭࢹ

ҍㄐ㇇㺃� ⾆Ჵ�

⢏ਸᯩ

㫻

ҍㄐ㇇㺃ࢹᗭ⌘



㺃�

Ⅽᇊഋᓛޘᴨ�

ᵾ␣付�



A(X,h)

X h
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ABC AC BD AC

AD2+BD2 = AC ·AD
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ꢷ쏓떀 꼋꾗

꾬끣ꁿ싘髏 꺛騼ꁿ싘髏

꾗싘덏꺛 싗鸗듗 꼋꾗ꀓ 驻 딏鮯 딏끟 돷덏 닼꾗 饿뜿뜿 닉ꀓ 꾗ꗛ 딏鮯뎿 ꁣ꛷ 꼋꾗ꗛꀓ 쇛
쎃ꆗ뜿닉ꀓꅄꜼ꺰듃馕ꀓꁣ� 꾗싘덏꺛 ꩳꁣ뷯딏덯꾗ꀓ꼋꾗ꗛꬃ싳ꆗꉮ듳� ̪ꢷ쏓떀꼋꾗̫ ꗛꢷ
쏓 ꬃ꺜싗騋 ꆛꁣꟳ 魷 ꢷ쏓듗 떔먳꺰듃 ꠄꙋ싗騋 ꉛꕫ鸻 꾗 딇듃 騂듳ꁣ� 魷ꕫ鸗 ꢷ쏓듗 꺰騨김
ꢷ쏓딏덯꾗먗ꕻ꼋꾗ꗛꬃ싳싗ꀓ騂뒿꿼뜿닉ꁣ�魷ꖆꁣ驟饿ꀤ싛騂뒿닃ꁇꁣ�돛鹏싗ꟳꢷ쏓떀
꼋꾗ꉣ뒿 덬긫떀 긫김떀뒻ꗛ ̪김ꁿ떀 ꅄꜼ꺰̫ 듃 饿뜿鮯 ꋋꢷ듳ꁣ� ꩷驟덏꺛ꀓ 듋댐ꗟ듃 쇛김싗ꀓ
뎿깣ꞷꁇ뜗驻덯驿ꆛ긻딫ꗟ듃쇛김싗ꀓ 魷ꜫ驟뎣쌈ꗟ듃鸗븿鸳ꀓ ꢷ쏓떀꼋꾗ꗛ馃뙻싛ꁣ�
魷ꜫ驟 듳ꉣ듃뼴싳 먛馃驻 뜿뜿ꉰ듃싳ꠄ싛ꁣ� 쀸씇 ꦰꇏꁿ馃듃뚐끫뒻ꗛ깣ꞷꁇ뜗덏굋ꜫ
馕ꀓ 긻딫ꗟ듳 듋댐뎣쌈ꗟ驻 뀴싨싗덫 싛髬ꢷ쏓듗 둏ꛗ 쎔꺰싗덿ꁣꀓ 됯끣싗듗 뙻딤덏 魻駯싗덫

ꓻꀓ ꢷ쏓떀 꼋꾗ꉣ 饿됳ꃯ 싛髬ꢷ쏓덏ꀓ 듳ꓻꀓ 꾗덏 ꩳꁣ 뷯 띇떀 饿뚐믗饿 끣쎃ꆗ덇듋듃
ꩳ듳ꖣ驟싛ꁣ�

ꉣ댳饿ꀓꝏ

ꢷ쏓덏꺛꾗싘듳릧뜿싗ꀓꯃ뚐뒿듻ꦗ떀뒻ꗛ驻꼋셈饿ꆗ댳돓ꁣ� 듳ꕫ싛 땿셈饿ꀓ꾗싘듳ꓻꀓ싘ꢷ듗
쀸꺰덏ꅃ 鮯듷싗뜿ꝋ ꩳꁣ 魻둏떀뒻ꗛꀓ ꢷ쏓뎿 꾗싘驻듗 驿驃덏 ꁿ싛 듳싳 ꋋꢷ듷 騂뒻ꗛ ꩳ듷ꁣ�
쀸씇ꅘ댐ꢷ쏓덏꺛꾗싘뒿꺛댐驻ꯃ髏싗덫김ꁿ떀뒻ꗛꃓ뒃묔ꆗ댳딇ꁣ驟ꀏ鱳뜿ꀓꃯ�듳ꀓ뒟뷳ꜫꉛ듗
둏ꗟ 듳꺛댐ꢷ쏓덏鷻멣ꃗ뎀쌤驻ꯃ髏싛騯驻ꋋꢷ듳ꓻ驟덫騧띃ꁣ� 둏ꗟ 뒿 꺰騼ꁣ듋뒻ꗛꝍ듳
묛馃ꆗ덇驟싘ꢷ듗떃쎔뒻ꗛ듷끜ꆗ덇뒻꾗싘듗뎀덬듃麗댳꺛꺛댐ꢷ쏓꺷됳싗鸗듗묔뒻ꗛ꺛셈饿
ꆗ驟딇ꀓꃯꦗ싳�ꅘ댐ꢷ쏓덏꺛꾗싘뒿ꝣ됯끣됨떀듷꠨떀뒻ꗛ빏髫ꆗ덇驟ꢷ쏓떃ꦗ덏댳ꌣ뷯뜿ꦯꖤ듃
쌈긫싛騂驻ꀓ駯ꜫ饿ꞿ덇ꁣ驟ꩻ꾗딇ꁣ�魷ꕫ鸗ꅘ댐ꢷ쏓뙻듗鯉騋긳섳ꩳꟳꅘ댐ꢷ쏓髫꺰싗ꀓ
뚐됓싛됓꼋ꉣ뒿꾗ꗛ쇛김ꆗ댳딇덇驟듳ꖆ騋쇛김ꆛ꾗ꀓ숌싛ꢷ쏓떀듗ꥷꁳ뜿싗덫긫ꔋꉣ듗듗끜
쎸뒿ꢳ듗끜듃김ꁸ씇뜿ꦯ싛騂뒻ꗛꩳ듷ꁣ�
꾗싘덏꺛꼋꾗ꀓ 驻딏鮯딏끟돷덏닼꾗饿뜿뜿닉ꀓ꾗ꗛ떔듗ꆛꁣ�ꊯꓻ꺛싗鸗듗꼋꾗ꀓ딏鮯뎿

ꁣ꛷꼋꾗ꗛꀓ쇛쎃ꆗ뜿닉ꀓꅄꜼ꺰듃饿뜿驟딇驟�ꠧꉟ딏덯꾗ꉣ뒿꼋꾗ꉣꗛꬃ싳ꆗ댳쇛쎃饿ꀤ싗ꁣꀓ
騂뒿딗닋ꖣ띃긫끣듳ꁣ� 뜈 ꩳꁣ뷯ꠧꉟ딏덯꾗ꀓ꼋꾗듗驰뒻ꗛ쏗둏ꆟ꾗딇ꁣ� 骳ꃷ듳돃떃꺰떔
ꜫ뜜ꠄ싗ꀓꃯ덏ꅃ듳ꕫ싛꺰띇듃쏛됨싗ꀓꃯ� 꼋꾗듗뚐됓꺰뒿딏덯꾗싛饿뜿ꦨ끜뒻ꗛ ̪꼋듷꾗
ꬃ싳̫싛ꁣꀓꃯ덏딇ꁣ� 꼋꾗饿꺛ꗛꅄꜼ꺰듃饿뜿驟딏덯꾗쇛쎃싗ꀓ騂驻馘듳� ꢷ쏓ꬃ꺜싗ꀓꃯ
딇댳꺛ꅃ ̪ꢷ쏓떀꼋꾗̫ꗛꢷ쏓 ̪꼋듷꾗ꬃ싳̫싗덫뭧鮈싗騋ꆛꁣꟳ魷ꢷ쏓듗떔먳꺰뒿ꠄꙋ싗騋ꉛ
ꕫ鸗騋ꆟ騂듳ꁣ�魷ꢷ쏓髫꺰싗ꀓ됓꼋ꉣ뒿ꝇ믗꼋꾗뎿馘뒿덬싟듃싗騋ꆟ騂듳驟듳髫꺰됓꼋ꉣ듗
騯싨뒻ꗛ 魷 ꢷ쏓ꀓ 쇛쎃ꆗ驟 듳싳ꆟ 騂듳ꁣ� 魷ꕫ鸗 듳ꕫ싛 끛ꅃꀓ 꾗싘덏꺛먗ꕻ 魷ꖆ騋 ꁧ꾛싗뜿 ꀓ



닉듃騂듳ꁣ�돛鹏싗ꟳꢷ쏓꓿덬ꅘ떀듳驟덬긫떀Ꝥꓼ듃饿뜿驟딇뒻�ꢷ쏓덏꺛긫됨ꆗꀓ끛둏떀馛黏
딏먳饿닟ꝣ싗驟ꠧ쎷싟꾗딇鮯ꋋꢷ듳ꁣ�ꊯꓻ꺛ꢷ쏓ꬃ꺜싗ꀓꃯ긫됨ꆗꀓ馛黏듳鸗髫꺰됓꼋饿김쎷
ꅄꜼ떀듷騂듷饿덏ꁿ싛ꢷ떛饿떛鮯饿딇듃꾗딇ꁣ�ꢷ쏓髫꺰싗ꀓ됓꼋듗馛黏떀ꅄꜼ꺰듳꾗싘먗ꕻ
ꩳ딤ꆟ꾗ꀓ덅뜿ꝋ덬긫떀긫김떀Ꝥꓼ덏ꊯꓻꅄꜼ꺰듃饿띃騂뒻ꗛ馃뙻싟꾗딇ꀓ鮷듳떃썿덅ꀓ騂뒿
닃ꁇꁣ� ꎏ싛ꢷ쏓饿饿띃덬ꅘ꺰뒻ꗛ듷싳ꢷ쏓ꬃ꺜싗ꀓ ̪ꢷ쏓떀꼋듷꾗ꬃ싳̫ꀓ꾗싘驻馘듳ꦗꉛ끛
싛饿뜿ꦨ끜뒻ꗛꆗ댳닻싛ꁣ驟驟띐싟싃됓饿덅ꁣ�
꾗싘덏꺛뎿ꀓ ꁫꜫ ꢷ쏓 ꬃ꺜덏꺛ꀓ 떀댳ꅃ ꇏ 饿뜿 ꟳ덏꺛 댳ꖣ됿듃 饿띃ꁣ驟 덫騧띃ꁣ� 뜈 ꢷ쏓

ꬃ꺜듗髫꺰됓꼋ꉣ馃덏馛黏듗ꅄꜼ꺰듳돃떃씇쏔ꩳꆗ鮯饿꿼뜿닉驟� 馛黏떀ꅄꜼ꺰듃쏔ꩳ싛ꁣ驟싟
뜿ꓻꅃ魷ꢷ쏓馛黏떀ꅄꜼ꺰듃饿띃髫꺰됓꼋ꉣꗛꬃ싳싗ꀓ騂듗뒟듻꺰듳ꩳ딤ꆗ鮯ꀓ댳ꖴꁣ�듳ꕫ싛
싛驃덏ꅃ髫싗驟ꢷ쏓꼋듷꾗ꬃ싳싗ꀓ끛ꅃ饿ꢳ듗ꥷ싗뜿ꀓ닉ꁣ驟꩷ꁣ� 돛鹏싗ꟳ떀뒿됓꼋ꉣ듃
饿뜿驟ꝍ뒿ꢷ쏓떀김쏨듃꺣ꠄ싟꾗딇驟듳뼴싳ꬃ꺜싗驟딏싗ꀓꢷ쏓덏ꁿ싗덫댳ꀏ떔ꅃ듗떔ꜫꆛ
魷ꜻ듃魷ꖣꩻ꾗딇鮯ꋋꢷ듳ꁣ� ꢷ쏓떀꼋꾗ꀓ꾗싘떀꼋꾗뎿ꀓꁫꜫꁣ꛷ꎏ싗鸗듗꺰띇듃馕ꀓꁣ� 魷
騂뒿ꢷ쏓ꬃ꺜싗ꀓ騂듳띇떀듷셈饿ꓻꀓ뮠ꟳ덏꺛ꁸ덯싗鮯ꅃ싛騂듳뜿ꝋ� ꢷ쏓떀꼋꾗饿ꢷ쏓鬋덏
ꊯꓻ 띇떀 饿뚐믗 뜿ꁋꁣꀓ 騂듳ꁣ� 뜈 ꢷ쏓떀 꼋꾗ꉣ뒿 꾗싘떀 꼋꾗먗ꕻ ꅘꉰ싛 딏騨듃 饿뜿ꀓ 騂듳
닃ꁇꓻꯃꗜ馘뒿ꢷ쏓떀髫꺰됓꼋뜿ꁋꁣ싟뜿ꓻꅃꢷ쏓鬋듳ꁣ꛳ꟳ띇떀듷饿뚐믗饿ꁫꓻ띇꾗딇驟
댳ꌣꢷ쏓떀꼋꾗饿ꁣ꛷騂ꩳꁣꃓ뚐끛ꆟ꾗딇ꁣꀓ騂듳ꁣ� 듳꾗싘떀뒻ꗛ쇛쎃싛ꁣꟳ쀸떔꼋꾗듗
뜿꾗饿뷯騂뒻ꗛ깜馀싟꾗딇듃騂듳ꁣ�
꾗싘덏꺛 饿딤 딐뒿 꼋꾗ꀓ 듳 魷 ꁣ듋뒿 듳驟� ꀓ 꺷 ꨇ띷 꼋꾗듳ꁣ� 魷ꕯꃯ 듳 꺷 꼋꾗ꉣ뒿

ꢷ쏓떀뒻ꗛꅃ뚐됓싛듗ꥷ饿띃ꁣ� ꀓ듋댐ꗟ듃� 뒿깣ꞷꁇ뜗驻덯驿ꆛ긻딫ꗟ듃魷ꜫ驟 ꀓ뎣쌈ꗟ
듃馀馀쇛김싛ꁣ� ꩷驟덏꺛ꀓ듳ꉣ꺷꾗饿꾗싘덏꺛꼋꾗듷騂먗ꕻꢷ쏓떀뒻ꗛꅃ꺛ꗛ쏗둏ꆟ꾗덅ꀓ
댳ꀏ떔ꅃ驟뒟싛ꅄꜼ꺰듃饿뜿驟딇驟ꊯꓻ꺛ꁣ꛷덫ꕫꢷ쏓쎃김ꉣ듃싳ꠄ싳뙿ꁣ驟뙻딤싛ꁣ�魷ꕫ싛
떏덏꺛  ̪ꢷ쏓떀꼋꾗̫ ̦ꓻ驟ꠄꠄ싗驟�쀸씇싛髬ꢷ쏓ꀓ듳ꢷ쏓떀꼋꾗ꉣ뚐 듗띇떀饿뚐믗饿
鼑뒿뜈댐떀뒻ꗛ쇛쎃싗ꟳ 듗뜿꾗饿뷫ꁣꀓ騂듃ꩳ듳ꖣ驟싛ꁣ� 듳 魿뒿됯끣싗듗땿꺛خ떃뼴ꢷ쏓듗
髫꺰둏ꜫد덏꺛뙻딤싛싛髬듷듗 ̮ꢷ쏓髫꺰둏ꜫ̯덏꺛뷫騋ꅃ됿듃ꦚ닗뒻� 魷듗뙻딤덏ꁿ싛꾗싘떀
듳싳ꓻ싳ꅃ驻댷듳닃ꁇꁣ�

ꢷ쏓떀꼋꾗

떃꾟싛ꦓ뎿馘듳 뎿 驻 ꀓ듋댐ꗟ驻깣ꞷꁇ뜗驻덯驿ꆛ긻딫ꗟ� 뎣쌈ꗟ듃馀馀饿ꜫ븧ꁣ� 듳꺷꾗饿
쇛김싗驟딇ꀓꦓ饿뎣ꔪꅘ닇驟ꁿꅘ댐ꢷ쏓뜿ꦯ쌇ꁣ驟싳ꅃ뚐驻댷듳닃ꁇꁣ�
듋댐ꗟ덏꺛 듗 꼋꾗먳驃ꀓ 릷驻 駯띒� 댳ꇟ驻 ꦜ듋� 鸭驻 ꦣ� 鸧딏뎿 덫딏 ꉰ 뎣띀 ꇏ 饿뜿듗 鮯꩷

떀듷 黻ꜫ떀 饿믗 ꝋ덏 鮯몇싗ꟳ꺛� 魷ꉣ듗 김띔떀 鮯ꀤ덏 ꊯꓻ꺛 뜿꼌떀뒻ꗛ 싗鸗듗 돃싛 뗯싨덏
꺛 떃馛ꆗ驟 됨싳ꆛꁣ� 듋댐듗 듳饿 먳驃 먗듋뒻ꗛ ꦛ騫싛 ꩴ쓫늧ꀓ 듋 驻 댐̨ 듳 ꇏ 饿뜿 쐧ꝋ뒻ꗛ

ꓻꀓ삓骗림뗯싗덿ꁣ� 魻ꁿ듗 ꓻ듳슃ꁇ뮟ꀓꩴ쓫늧듳김띔ꉣ듗꾗싘떀듗ꥷ
뫛몇ꗛ닋驟딇덇ꃗ듷ꢻꗛ셈饿싗덿ꁣ� ꓻ듳슃ꁇ뮟ꀓ돛삓骗ꗛ꺛됯뙻髫꺰싗덿ꀓ뜿덏ꁿ싗덫꺛ꀓ�
닃ꝇꅃ 끟듳 꺷驃 듻 ꝋ덏 림뗯싗덿ꉮ듳� ꩴ쓫늧ꅃ 魷ꕫ싛 驃쐌듗 ꯃ듃 馃삋쌇鮯 ꋋꢷ덏 삓骗
驟닇싗덿듃 騂듳ꓻꀓ 딫ꥷ딇ꀓ 묓뮠듃 싗덿ꁣ� 삓骗듗 뙻鮯ꀓ 듳ꓻꀓ 꾗덳듗 띇꺛饿
ꦗꩴꆗꤿꗛ 깜鮳 꾗ꜫ먳驃듳ꁣ� 삓骗饿 듳ꕫ싛 꾛쏗驻떔뒻ꗛ 깜鮳 騂뒿 슻븿驟ꓻ뀣듗 뎤븿ꮋ 듋듳 ꅃ�
ꖇ� ꥷ� 삋� 꼓� ꓻ� 끛� ꅃ덏꺛 꾛쏗싗ꤿꗛ 깜鮯ꀓ 騂驻 馘뒿 듗ꥷ듳ꁣ� ꩴ쓫늧듗 뚐먨ꆛ 삓骗ꗛ 骗듗
닋驟ꜫ뜗듳ꅃ묛ꆗꀓ騂뒿딏ꠄ싛듳믗덿ꁣ�



섛븿驣 쌈꺣

긻딫ꗟ듳꓿驟ꁿꅘ닃끛닃긫쐋덏싛ꦗꅃꗛ듳ꅘ싛ꥻ뗰띐ꁧ듳깣ꞷꁇ뜗驻ꃓ댳쎔꺰ꆛ긵驻뙼듋
驻꺷驃� 魷ꜫ驟싗ꀗ驻ꋄ驻긫ꔋ긫듳ꝣ馛싗ꀓ됯뙻듗鬀魸떀끣딫 덏ꁿ싛듋듗
쎔끜듳ꁣ� 驟ꁿ꾗ꖴ긫쐋ꀓ둏끛긫쐋ꗛ긵驻뙼듋긫듳듗쎃깜덏ꁿ싛髫ꬃ듗ꦨ닇뒻ꗛ긻딫� 驦 싗ꀗ驻
ꋄ驻 긫ꔋ듗 꺷 둏꼋饿 싃됓싗덿ꁣ� 쎃깜덏꺛 긻둏꼋 긫듳듗 ꅄꜼ떀 騼驃ꀓ ꢳꁸ덏 듗싗덫 뚐딫ꆗꀓꃯ�
ꢳꁸ뒿쎃깜驻뎀驃ꁿ쏓ꗛ딆ꀓ뚐딫딏듳ꁣ�뜈ꢳꁸ뒿긳뒿딏뎿뙼뒿딏긫듳쏓싳끛븣ꀓ듳닻鮯
듳鷋댳鸳ꀓ뚐딫딏덬싟듃싛ꁣ� 뼟뻋ꥷ뜗驻깣ꞷꁇ뜗뒿ꁿꬃ냧뜿뜿닉뒿髫꾟驻ꯃ떃듗떃뀸쎔끜뒻
ꗛ ꩳ뗳ꆗ댳 믳ꦛꓻ 뙻듗鸗 끟ꯃ싘떀 꺰騨듃 ꓟ驟 딇鮯 ꋋꢷ덏 ꢷ썋싘떀 떐魻덏ꀓ 싛驃饿 딇ꁣ� 魷ꕫ鸗
ꥻ꼌싘떀ꢷ쏓듷ꛗ싘떀驿떏덏꺛ꩳꟳ긻딫ꗟ뒿됯뙻덏ꁿ싗덫싗ꀗ驻ꋄ驻긫ꔋ듳ꓻꀓ긻饿黻ꜫꗛ떐魻
싗驟딇ꁣ�긻딫ꗟ듳ꁣ둏떀꾗ꜫ黻ꜫ듗饿믗덏鮯몇싛ꁣ驟ꩳꀓ듳뒟ꀓꦓꗛꢳꁸ덬싟덏꺛ꩻ꾗딇ꉮ듳
쎃깜驻뎀驃긫듳듗쏓싳ꗛ꺛듳닻鮯듳鷋댳鸳鮯ꋋꢷ듳ꁣ� 긻딫긫김듳驟ꁿꢷꠄ긫쐋덏꺛뀸ꜫ싟꾗
딇덇ꃗ됓듷뒿쎃깜덏꺛듗듳ꕫ싛뎀떀꺷驃듗띇꺛섷딄싗ꤿꗛ긵듗鮌떔떀饿믗ꃓ싟꾗딇덇ꁣꀓ
떏듻騂듳ꁣ� 슃ꗛ듳쀷듗끫ꜫ싘듳듷馃듗끫뮴끫ꜫ髫뗯삋썣믗驟뒴듳듷馃듗띐ꁧꢳ듗끜듗뗳딫
馀끛벯ꉮ듳긻딫긫김덬끛뎣ꔛꅘ댐긫뒟듗떃뼴덏꺛딏끟듗ꅄꜼ떀듷뗳Ꜽ鮯ꦗ듃饿뜿ꀓ騂뒿딏덯
뀣ꕫ됳듻뒿닃ꁏ騂듳ꁣ�
뎣쌈ꗟ뒿 둏 닇덏꺛 ꅘ꺛鸧 뚐님듳ꓻꀓ ꁣ꺮 ꦨ쌤뒻ꗛ ꦯ덳ꆟ 꾗 딇댳꺛 驴馃듗끜듃 딗 ꦗ뎀싗驟

딇ꁣ�뎣쌈듳꓿됯뙻쇛김싗ꀓ鮇�꾗�꠨�쏓�뼟ꓻꀓꁣ꺮饿뜿鮯꩷둏꼋듗띇ꙋ떀쎔驻떔듃鸗븿鸳驟�
鮇꺰� 꾗꺰� ꠨꺰� 쏓꺰魷ꜫ驟뼟꺰듳ꓻꀓ먛먳쎃김듃驴馃떀뒻ꗛ쇛김싗驟딇ꁣ�뎣쌈뒿馀馀魷ꦯ덳驻
ꦨ쌤덏딇ꀓ김쎷딐됨덏ꊯꓻ됯ꜫ饿섛븿驣듃쎔꺰싗ꀓ꺟ꬃ듃ꦓ빔뒻ꗛꩳ닗듃ꋋ� 깜꺰鮯ꀤ驻삋骳鮯
ꀤ듃馕ꀓꁣ� 듳ꥷ딗닋ꖣ띃ꦓ덏ꊯ꛳ꟳ� 꺛댐驻싘ꢷ쏓덏꺛ꀓ떃뼴떀듷슃뼧ꖇꝇ듳뎣뀣먛ꅘ꺣듳볓섗
꛳ꁇ뵟뀣�馇ꜳꖇ듳�뱿슋ꕫ�鿳뺳덏듗싗덫馀쌈꺰ꉣ�뜈ꌟꅋ듳ꩃꉣ듗됳쌈鬣ꅃ듗뒃김싘떀뒃믗ꦯ덳듃
빛댐 뚐끫덏꺛 떔쏔싗騋 驃긯싗ꤿꗛ 빛댐 뚐끫먳驃ꗛ 쎔 ꆛ뜿ꀓ 닼 黃듳 맃  ꆛꁣ� 듳덏 ꦗ싗덫
뎣쌈먳驃ꀓ듷馃驿驃�駳馔�駳묔� ꢷ쏓ꊓ딏듷�듋닄�댷댳� 떔믗� ꯃ뜇ꁇ뀣�ꉰꁣ댐싛뎀덬덏꺛듻댳鸗ꀓ
驿驃쇿듳싛ꁣ�魷ꉣ듗黻ꜫ떀饿믗ꀓꩴ꾗듳驟�ꁣ꛳驟�ꁣ둏떀듳댳꺛�魷ꉣ뎣쌈듗쎔듳김싘떀뼟ꁿꀓ
깜꺰싗ꀓ김쎷딐됨듃댺듃ꋋ� 뗯쏓ꗛ됳뼴듻덏鼒듷ꁣ�
듋댐ꗟ� 긻딫ꗟ� 뎣쌈ꗟ듃馀馀쇛김싗ꀓ 뎿 驻 饿ꢷ쏓떀꼋꾗饿ꆗꖣꟳ듋댐ꗟ驻긻딫ꗟ魷ꜫ驟

뎣쌈ꗟ긫듳덏꺛ꗛ쏗둏ꆗ駯鸗쐋鬿ꆟ꾗덅ꀓ댳ꌣꅄꜼ떀듷됓꼋饿딇댳닻싛ꁣ� ꢻꗟ듳ꋋꅄꜼ꺰뒿
꾗싘먗ꕻ 魷ꖆ騋 덃騨싛 騂뒿 닃ꁏ뜿ꓻꅃ 댳ꀏ 떔ꅃ ꅄꜼ떀듷 꺷驃驿떀 Ꝥꓼ듃 饿뜿驟 딇댳닻 싛ꁣꀓ
騂듃듗ꥷ싛ꁣ� 김쎷 ꅄꜼ떀듳ꓻꀓ騂듃ꩳ듳鮯뒃싳ꠧꉟ騼됯ꁣ駿뼟싳닻싗鸗驿끫듗ꁿ김듳ꆗꀓ
騼됯ꝋ듃駿뼟싗鮯ꗛ싛ꁣ�
됯꺟긻딫ꗟ驻뎣쌈ꗟ듳饿딤딐뒿꾗ꗛ쇛김ꆗꀓ듋댐ꗟ덏ꗛ쏗둏듳饿ꀤ싛騂듳닃ꁋ뜿긳섳ꩳ딏�

魷ꕫ鸗듳ꕫ싛끛ꅃꀓ긻딫ꗟ듗먛� 뜿� 듷뚐덏꺛댐덏싳ꁸ싗ꀓ먛驻듋덏싳ꁸ싗ꀓ뜿떛돷싗驟댐驻



듋댳ꊓ덏ꅃ鬿꼌ꆗ뜿닉ꀓ듷듳鸧騋ꆧ뒻ꗛ냧긻딫ꗟ듃듋댐ꗟ뒻ꗛ돃떃싗騋쏗둏끛븫꾗ꀓ덅ꁣ�ꝇ릫
饿뜿ꗛ뎣쌈ꗟꅃ댐驻듋뒻ꗛ魟ꉰ싗騋ꬃ싳싗ꟳ싗鸗뜈뼟饿鸧騋ꆛꁣ� 魷ꕯꃯ뎣쌈ꗟ듳 뎿 뜈듋댐
ꗟ驻긻딫ꗟ뒻ꗛꬃ싳ꆛꁣꀓ騫싳ꀓꢷ쏓떀꼋꾗듗ꅄꜼ꺰듃뙻딤싗ꀓ딄딤덏ꁿ싛김ꁸ싛뒃쎐듳ꆛꁣ�
뎣쌈ꗟ듃듋댐ꗟ驻긻딫ꗟ뒻ꗛꬃ싟싟꾗딇ꁣꀓ뙻딤듃꾗싘떀뒻ꗛꝏ싗ꟳ ҉ 듷ꃯ듳ꋋ ꁿ끟҉
麢뒿騂뒿뎣쌈듳듋驻댐덏ꁧ꾛씇긻딫듷먛� 뜿� 듷듃 ꃓ싛騯驻饿닃ꁋ댳ꌣ쀸ꩃ싛덯긯듳ꓻꀓ꒺듳
ꁣ� 뜈 듳덯긯덏꺛ꀓ꠨� 쏓� 뼟� 鮇� 꾗듗 뎣쌈뚐댐덏꠨驻쏓� 듋덏鮇驻꾗馀馀ꦯꁸ싗驟뎣쌈듗
뙻딫딏鸳뜿둏ꜫꗛ꺛뼟긻딫ꗟ듗듷덏싳ꁸ싗ꀓ騂뒻ꗛ馃뙻싧뒻ꗛ냧뎣쌈듃듋댐驻긻딫ꗛꬃ싟싟
꾗딇ꁣ驟싗ꀓ騂듳ꁣ� 魷ꕫ鸗듳ꀓ뎣쌈ꗟ덏ꁿ싛슻김떀驿릯듳ꓻ驟싟꾗딇ꁣ� ꯃꗜ뎣쌈ꗟ덏듋댐ꗟ
驻긻딫ꗟ듳뀴싨ꆗ댳딇ꁣꀓ騂듃듷싗뜿ꀓ싛ꁣ싳ꅃ뎣쌈ꗟ덏ꀓ듋댐ꗟ驻긻딫ꗟ뒻ꗛ싳ꠄ싟꾗
덅ꀓ ̪뎣쌈김깜듗둏ꜫ̫뎿 ̪뎣쌈김魸듗둏ꜫ̫饿딇鮯ꋋꢷ듳ꁣ� ꎏ싛 덏꺛묛ꦛ싗덫 ꗛ
ꬃ쏓싗ꀓ 꾗먳驃듗듋댐ꗟ驻ꀓꁫꜫ긻딫ꗟ뒿 덏꺛묛ꦛ싗덫 ꗛꬃ쏓ꆗꀓ驻떔덏꺛 
駳麇ꑯꀓ 꾗먳驃饿뜿驟딇ꁣ� 싛섷뎣쌈ꗟ덏꺛ꀓ뙻ꗛ 꾗듗驿驃꺰듃饿뜿驟긻ꓻꝋ김듃싳ꠄ싗ꖣ
싛ꁣ� 듳ꕯ떏덏꺛ꢷ쏓떀꾗ꗛ꺛 ꀓ댳ꀏ싗鸗饿ꁣ꛷騂뒻ꗛ돃떃씇쏗둏ꆗ駯鸗ꇗ듳싨싗덫ꁣ꛷
騂듃 꺣ꠄ싗ꀓ 騂듳 댳ꖣ됳 꺛ꗛ ꅄꜼ떀듷 꺰騨듃 饿뜿驟 딇ꁣ驟 ꩻ 꾗 딇ꁣ� ꊯꓻ꺛  ̪ꢷ쏓떀
꼋꾗̫ꓻ驟꛳ꀓ騂뒿떔ꁸ꺰듃饿띃ꁣ�
魷ꕫꟳ듳ꉣ듃ꢷ쏓떀꼋꾗ꗛ싳ꠄ싟꾗딇ꀓ騂뒿ꢳ덆듷饿"됯꺟꿼騋깜馀싟꾗딇ꀓ騂뒿 먛馃驻
뜿뜿뎿馘듳뙻ꗛ꾗뎿驿ꖧ싛騂듳ꁣ� 먛馃뒿鮯둏떃 黃騼김끛ꁿ듗 듻듃듻뙻듻ꁧ뒃ꗛ鼒ꃗ

驟ꁿ뚐髬듗鮯꾗먳驃덏꺛뒟ꔗ싗덿ꁣ�김끛ꁿ덏ꀓ 듻 㧿 듃뙻鮯ꗛ 馛듗빛댐듳鸗븿鸛ꁣ驟덇驟�
먛馃뒿馀馀듗鸟덏쓫깜뒻ꗛꦚ믛뙼뒿딏듗ꠄ믬뒻ꗛ꺛馐�듃� ꩐� 떔� ꢳ� 鮯� 騼� 끟� 딃� 驃ꓻꀓꠄ믬뒿
끟떃덏깇騧띃쏨떛ꉣ듗듳꜃덏꺛ꊯ뎧騂뒻ꗛ묓떔ꆗ驟딇ꁣ� 먛馃뒿꠨꺰骗ꅃ驿뮠싗ꤿꗛ쎔꺰ꆛ
뜿뜿 먳驃뎿 騯싨ꆗ댳꺛 긫됨ꆛꁣ� 뜿뜿ꀓ ꠨꺰듗 黃듗 骗ꅃ ꠧ긫싗ꀓ 鮯꾟ꗛ꺛 떔쏔싗騋ꀓ
黃덏싳ꁸꆗꀓꠄ믬뒻ꗛ꺛딏�묔�듷�ꢗ�띃�긫�뎣�ꥷ�끟�뒟�꾟�싳馕ꀓꁣ�꠨꺰뙻鮯듗 黃뒿

듻黃 ꁫ� ꅘꢻ�ꦨ쌤�驃떇�ꁫ� 끛ꬃ싟싗ꀓ듗ꥷ馕ꀓꁣ�魷ꔗ꺛싛ꦗꅃ덏ꅃ뎣ꔛ먛ꢷ驿뮠듗
떃뼴듳딇댳돓뒻�驟ꁿꅘ닃끛닃듗먛ꢷ먳驃ꗛ꺛 뜿뜿먳驃꾗됨싗덫鸳ꖣ뎣驟딇ꁣ�ꁫꖤ뒿驟ꁿ
ꅘ닃끛닃꺷驃덏싗ꀗ驻ꋄ듗김쎷딐됨덏驿싛ꢷ떛듗쇛쎃듳ꁣ�덫鮯덏ꀓ뚐髬ꁫꖤ듳鸗싛髬ꁫꖤꅃꠧꇏ
ꅘ듻싛 뜿뜿먳驃덏꼌싗驟딇ꁣ� 馃뜿ꀓ馐딏덏꺛묛ꦛ싗덫驃싳덏꺛鷜鸛ꁣ� 듳ꕫ싛ꦨ끜덏꺛 뎿
듃騯싨싗덫馕ꀓ 馐딏饿깜騧鸛ꁣ�

馃뜿먳驃

馐� 듃꩐� 떔� ꢳ� 鮯� 騼� 끟 딃� 驃ꗛ듳ꙧ댳띃 먛馃뒿뎣쌈驻듋댐뒻ꗛꬃ싳싟꾗딇ꁣ� 뜈뎣쌈듗



驿떏덏꺛 ꩳꟳ 馐驻 듃뒿 ꠨덏� ꩐驻 떔뒿 쏓덏� ꢳ뎿 鮯ꀓ 뼟덏� 騼驻 끟뒿 鮇덏� 딃驻 驃ꀓ 꾗덏 馀馀
싳ꁸ싗驟� 뎣쌈듗됓꼋덏싳ꁸ싗ꀓ馀낌뚐닝덏騂듃댐뒻ꗛꈣ덏騂듃듋뒻ꗛ馃뙻싧뒻ꗛ냧 먛馃뒿
싳ꠄꆛꁣ� 뜿뜿듗騼됯덏ꅃ꠨덏듷驻ꢗ�쏓덏뎣뎿긫鮇덏끟驻뒟꾗덏딏뎿싳馀馀ꦯꁸ싗驟
馀낌듗떃딏댐뒻ꗛ쑃딏듋뒻ꗛ싗ꆗ뼟덏ꀓ묔驻띃듃댐뒻ꗛꥷ뎿꾟듃듋뒻ꗛ馃뙻싧뒻ꗛ냧싳
ꠄꆛꁣ驟꩷ꁣ�듋댐ꗟ뒿뎣쌈ꗟ驻騯싨ꆗ댳듋댐뎣쌈ꗟ뒻ꗛꦛ떃싗덿ꀓꃯ깣ꞷꁇ뜗驻驿ꖧꆛ긻딫ꗟ뒿
듋댐뎣쌈ꗟ驻ꁫꜫ김ꁿ떀뒻ꗛꅄ딏떀쌈빛ꩳ듷ꁣ� 듳덏ꀓ긫김떀듷됓꼋굏닃ꁇꓻ뜿떔싘떀뮠ꟳꅃ
딐됨싛騂뒻ꗛꩳ듷ꁣ�

싛髬ꢷ쏓듗ꢷ쏓떀꼋꾗

싛髬ꢷ쏓뎿덬긫떃뼴뒿뎣ꔪꅘ닇ꅘ닃끛닃ꢷꠄ긫쐋뜿빰싳뎧 驻 듗꼋꾗먳驃驴뒟싗驟딇ꁣ�듳
ꠧꉟ꼋꾗먳驃饿驟ꁿꅘ닃끛닃ꢷꠄ꺷驃쎔꺰싛꾗싘떀뼟ꁿ饿ꆟ뜿ꓻꅃ�싛髬ꢷ쏓듗둏쎔떀듷꼋꾗먳
驃ꀓ쀸씇 듃뚐끫뒻ꗛ싛髬듷듗驟뒟싛끫꺰덏굋ꜫꦔ썿ꦛ떃ꆗ댳돓ꁣ� 꾗뚐끫꾗ꜫ긫김뒿싛ꦗꅃ듗
ꦰꇏꁿ馃듗ꅘ렼듃뚐끫뒻ꗛ떃ꔗꆗ덇驟� 듋댐뎣쌈뒻ꗛꁿ쇛ꆗꀓ 뎿 꾗ꜫ먳驃ꀓꦰꇏꁿ馃꺛렼뒻ꗛ
ꉣ댳뎿� 덬긫띃쌈驻 ꃓ댳 꾗 뚐끫듗 뎿 듗 뀴싨뒻ꗛ 돃騯ꆛ 둏쎔꾗ꜫ긫김듃 쎔꺰싗騋 ꆗ덇ꁣ�
ꀓ 뎿 ꃓ댳 듷馃ꝋ긫뎿 딏덯쎃김듗 꺟썗떀 髫뗯 꺣ꠄ싗ꀓꃯ 싃됓싛 떔쎔쏓ꆛ 긫뒟삧뺳덏 떀싨싛
꾗ꜫ먳驃듷ꦗꟳ덏 뒿뚐님닃끛닃끛ꨟꜫ닃덏꺛ꦛ둏싗덫싛ꦗꅃ덏꺛끫뮴떀뒻ꗛꦛ떃ꆛ깣ꞷꁇ뜗덏꺛
鸳ꖣ뎣ꀓ꾗ꜫ먳驃듳ꁣ� 듗꼋꾗먳驃ꀓ꾗ꖴ驻뒟꠨깜쏛덏꺛쎔꺰ꆗ댳뎧ꢷ쏓덏魻駯ꇏ驟딇ꁣꟳ�
뎿 듗꼋꾗먳驃ꀓ鼌騼ꢷ쏓덏떀싨싗騋꾗됨ꆗ댳돓ꁣ� 魷ꜫ驟 듗꼋꾗먳驃ꀓ꺛ꗛ饿ꈣ꺝듳뜿ꅃ
닉驟릨똄ꆗ뜿ꅃ닉ꀓꅄꜼ꺰듃馕ꀓꁣ�꾗ꖴꢷ쏓덏꺛 듃ꦓ빔뒻ꗛ싗ꀓ싛髬ꢷ쏓듗둏쎔떀꼋꾗먳驃ꀓ
뎿 덏듗싗덫쎔꺰ꆛ鼌騼ꢷ쏓뀴싨싗덫ꦛ떃싗ꤿꗛꅘ닃끛닃ꢷꠄ꺷驃듗魻둏떀듷饿믗쎔꺰덏鮯
덫싗덿ꁣ�
꼋꾗먳驃듗 뎿 ꀓ馀馀듋댐ꗟ驻뎣쌈ꗟ뒻ꗛꁿ쇛ꆗꀓ떏듃딗닋ꖣ띃긫끣듳鸗� 싛髬ꢷ쏓뎿싛髬

듷듗 끫꺰덏 딏ꜫ 딠뒿 둏쎔떀듷 꾗듗 쎔듳김싘떀 쇛김驻 꺷驃驿듗 黻ꜫ떀 싧묔뒿 ꢳ덆듷饿" 뎿 듗
꼋꾗먳驃ꀓ驟ꁿꅘ닃끛닃꺷驃듗魻둏떀듷黻ꜫ쎔듳김싘떀髫꺰듗긯ꢻ듳ꁣ� 듳ꉣ먳驃ꀓ驟ꉰꢷꠄ듗
驻떔덏꺛듷馃뗳딫뎿됯뙻듗鬀魸떀끣딫삋닄싗ꀓꃯ김쎷뗯떇듳ꆗ덇ꃗ馛黏떀ꅃ髫덿ꁣ� 듋댐ꗟ듳
뎣띀魷ꉣ듗김띔떀饿믗듋 驻댐̨ꝋ듃듷떔싗덿듋덏ꦗ싗덫뎣쌈ꗟ뒿댳ꌣꁣ꛷둏딏떀뗳딫驟떔끛
벯ꃗ騂듳닃ꁇꓻ딏덯듗ꩳ섷떀驻떔�듷馃驿驃�딫긯�駳馔�鮷쓈쏓ꩴꉰ듃鮯꾟싗ꀓ꾗ꁧ듳덇ꁣ�魷ꕫ鸗
싛髬깣ꞷꁇ뜗덏꺛굋ꜫꦔ驟싛髬듷듗끫꺰덏딏ꜫ딠驟먛�뜿� 듷듃ꁿ쇛싗ꀓ긻딫긫김듗 꾗먳驃ꀓ
긵驻뙼듋듗騼驃덏꺛 饿뜿됯뙻떀김띔饿믗끣쎃싛ꁣ� 깣ꝋ� 뜈� ꢳꁸ뒿듳깜듗긵듃땿뀸듗뙼듋듃
덯騯싗ꀓ뚐딫딏ꗛ꺛긵ꅃ뙼듋ꅃ麗鸗ꉛꀓ騼驃듷듳ꁣ� 꾗ꖴ驻뒟꠨덏듗싛긵듗ꦨ끜덏뎣ꔪꅘ닇鸧닃
딇ꀓ뼟뻋ꥷ뜗듳鸗떔ꖸ뙻듗떀듷긫驟ꦨ끜듳듳ꕫ싛깣ꞷꁇ뜗덏鸳ꖣ돓鮯ꋋꢷ덏�싛髬듷듗끫꺰덏꺛ꅃ
긵驻뙼듋듗덃騨싛髫ꬃ듃듷떔싗뜿닉ꀓ뗯쏓ꗛ됳뼴듻떀꺷驃驿듳싛ꦗꅃ듗긯驻ꦓꁣ뎿ꋄ듃뚐끫뒻ꗛ
鸧닃딇ꁣ�ꠧꉟ듻깜듻ꁿ듗긵듗驃鮯덏뙼듋듃駷驟딇뜿ꝋ듳騼驃꿼騋麗댳꺛깇ꗛ됳깜ꠄ듗ꅃ닼듃
끛ꅃ싗ꀓ듳ꕫ싛꾗ꖴ驻꠨묔덏듗싛뒟꠨ꥻ듗꺷驃驿뒿 꾗꼋꾗먳驃ꗛ딗쇛쎃ꆗ驟딇ꁣ� 魷ꕫ鸗 꾗
꼋꾗먳驃ꀓ鮷듳� 鼑듳� 麒듳덏꺛먗듋驻뚐馃驻ꝇ뜿Ꝉ� 뒃뎿 뚐馃驻닃ꔗ� 뷫驟 딐驟饿鯜驟ꞿ驟뗯
뒧싗ꀓꁣ둏떀饿믗듷떔싗ꤿꗛ� 뎣쌈驻떔듗騼驃쏔떔싗驟� 듋댐ꗟ듗닼떏듃뚐먨떀뒻ꗛꩳ馔싛ꁣ�
듋댐듗떃먳듗 骗ꀓ삓骗듗뚐먨뒻ꗛ髫꺰ꆗꀓꃯ�덫鮯덏ꅃ 꾗먳驃饿鮯덫싗驟딇ꁣ�삓骗듗馀骗ꀓ
듋 驻댐̨馀쐧饿김�뚐� 싗덏뗯싨듳ꆗ댳 2 2 2 = 8듃쎔꺰싛ꁣ� 꾗먳驃듗김�뚐� 싗ꀓ馀馀먛�뜿�
듷듳ꓻꀓ긻딫긫김듃쇛쎃싗덿驟� 삓骗듗똄쐠듗뗯싨뒿 8 8 = 64骗ꝋꉣ댳鹇ꁣ�



ꢷ쏓떀꼋꾗 듗쇛쎃쎔끜

싛髬떃뼴 꺜鮯ꢷ쏓덏꺛 듳ꕫ싛 긻딫긫김뒿 騯떔떀듳ꓻ 싟 꾗 딇뒻� 駳묔� 떃ꖿ듗끜� 깈김� 驟ꬃ댐끜�
ꢳꃣ댐끜� ꢷ댐� 꺣쏓� ꉰ ꁣ댐싛ꢷ쏓ꊓ딏듷덏꺛쇛묛ꆗ댳딇ꁣ� ꢷ딏饿먗듋뺯驟떔꺰덏騯ꆛ騂듳
ꓻꟳ� ꅋ덏 쇛묛듳 ꆗ댳딇ꀓ 김띔 댷댳덏ꀓ ꆗꢻ듃 꾗 덅ꀓ 驻駯듗 쓓떀덏꺛 쎃딫덏 듳꛳鮯鯋뜿 魷ꉣ듗
떃삋듗 띇ꙋ꺰듗 ꁳ뜿듗 馔ꅃ ꩳ뜜싗ꀓ 싛� 싛ꦗꅃ듗 떃덬덏ꀓ 듳ꕫ싛 ꢷꢻ듗 쇛쎃쎔끜듃 ꩳ덫뙿ꁣ�
驟ꖣ驟ꬃ덏ꀓ뙻ꗛ긻뗰뎣饿ꢷ쏓떀꼋꾗 듗쇛쎃쎔끜듃馕驟딇뒻� 뗯꺟듗떃쎔떀듷돔끣듗림긳ꢷ
덏ꀓ 긻 빛魸ꢷ댐뒻ꗛ 쇛쎃ꆗ댳 딇ꁣ� ꁿ싛ꥻ髬 髬ꩳ 쎷듷 꾬ꖿꢷ 쎃삏끜듗 꺛鯋ꔗ뎿 鮯ꇤ ꢷ덏ꅃ 긻
빛魸ꢷ댐듃驿릯싟꾗딇ꁣ�
듻덯듗خ긻髬뒟긫∜⬞撍⊞دꀓ싛ꦗꅃ덏꺛듗髬饿뎿ꥻ뗰듗鮯둏덏ꁿ싛꺣쏓떃싗驟딇ꀓꃯ덫鮯

덏ꀓꢷ쏓떀꼋꾗듗 듳듷김떀뒻ꗛ馀듷ꆗ댳쇛쎃ꆗ댳딇ꁣ� 驯驻쎷ꔐ듳빛댐듃꾬ꦯ듗ꁿ김뒻ꗛ긻ꀓ
빛댐꾬ꦯ뎿뼟뻋ꥷ뜗뒿뚐髬ꅘ뜿덬驻魸ꅘꕫ끛닃뜿덬덏긯셫ꆗ댳딇ꀓ듋먳驃듳ꁣخ�긻髬뒟긫د덏
ꊯ꛳ꟳ� 鮯둏떃 黃덏뚐髬ꅘ렼됓ꖸ뜿ꦨ驻싛ꦗꅃ덏꺛驟뗯꺟듃駳Ꜽ싛떃꺣떀듷싛髬ꥻ뗰듗림
끛딏ꀓꁧ髯돔駿듳ꁣ�ꁧ髯돔駿덏驿싛꺣쏓ꀓ驟ꖣخ긻髬뒟긫د듳돷덏ꅃ듳뀸쒳듗خ떛돔됳鮯㈰䞞氎儓د/
뚐髬 뒃꾗 潢㥉 듗خ뒃꺛潢㬋د덏 馀馀 떃싳띃ꁣ� ꁧ髯듗 뗯김뒿 먛꼏 ⴼ⽾ 뒻ꗛ 魷듗 싟닃ꨃ뜿 쏗듷
㱦⫳ 뒿김떛 ∝㈰ 듳ꁣ�쏗듷듗닃ꉣ쏗둄 㱦櫗 뒿긯驻驃驠듳딇ꀓꋄ덏꺛긳驟끵댳싗덫꺛�닃ꉣ듗
ꝇ듋듃듼뒿닃ꨃ뜿ꀓ숌긫 治㈾ 됯긫 櫻㈾ 됳긫 欅㈾ 駯ꀏꜫꀓ ꢳꜫꊷꖣ꺛빛ꦰ긯덏ꩳ
鸳댳끟끛 䵱㈕ 덳댳ꨔ驻떛ꅃ떔ꯃ싗驟鮯꾟�듗꾟� 鼌ꨔ� ꒷띇驻믧꾟듃饿꛳믗騋싗덿ꁣ�덫鮯꺛
쎷ꔐ듳뎿驯듳듷馃듳ꆗ騋싳ꁫꓻ驟쏗둄덏騋鮯ꅃ싗딏� 쏗둄듳魷ꉣ덏騋뇤驻ꝇꀗ듃뙻驟 듻ꅘ닇
쌆ꯚ듃ꩳ뜿ꝏ驟듳騂ꝋꞸ뒻ꓻ驟싗덿ꃓꁇ�쎷ꔐ듳ꀓ 듻쑃덏셫鮯싗驟ꅘ髳듃ꌟ鸫驟�驯뒿鸧닗ꃓꁇ
덫딏ꗛ싗덿ꁣ�덫鮯꺛둄麿 䖝ⶆ ꀓꦔꁫ鸗ꢳ驀듗끟ꁧ꾗 䵱㺓㹌 덏꺛닃듳馕騋싳ꁫꓻ驟鮯ꅃ싗
덿ꀓꃯ쏗둄듳둄麿닃鸳ꗛ긻닃꺛ꁧ髯듃鸲닃ꉛꊓ댳돔뒃덏뎣꛷ꁧ髯뒿빛ꦰ긯듗닃긫ꁫ덏ꅃ듌뜿
떔싗덫驟뗯꺟듃駳髬싗덿ꁣꀓ듳닻鮯듳ꁣ� 듳ꕫ싛꺣쏓떃싛듻덯뒿ꁸ끛둏鸗ꓻ듗꾗ꅃ덏ꉣ댳뎧꺰
슃꓿끛뀣볓꾗ꅃ긫ꉣ듗鮯ꅄ髏긫김덏뎀쌤듃ꦚ닃꺛� ꁧ髯듃먗麿듗꠷덏꺛빃깜싗騋싗驟� ꁧ髯끟쏓덏
ꉛꕫ鸗ꀓ끟떀듷 꾗듗듗ꥷ饿긻뒃듻먳뎿듗덯驿덏꺛鸗뎧騂듳ꓻꀓ뙻딤ꅃ딇ꁣ�듳끟쏓ꀓ驟ꁿ싛髬듷
뒿싗ꀗ꺷驃ꦔ릧驟뜿김듗꺷驃ꗛ鸳ꖣ뎿꺛긵듃魷ꖣ鸳驟딇ꁣꀓ떏덏꺛긵驻뙼듋듳ꓻꀓ듳ꬃꨔ떀
髫뗯뜿댐싗驟싗ꀗ驻ꋄ긫듳ꝣ馛싗ꀓ쎃끣꺷驃魷ꖣ鸷ꁣꀓ떏덏꺛긻딫긫김듃ꦗ뎀싛ꁣ�
싛髬빛鬋ꅃ덏꺛ꅃ됳ꅘ듃꾗쌈싗ꀓ뙻딫딏饿ꁧ髯쎔� 삓骗덏ꊯ꛷숇꺷魷ꖣ鸻꾗딇騋ꝋꉣ댳떷

딇ꁣ� 됳ꅘ꾗쌈듗 먗듋驻 ꝇ뜿Ꝉ 긫듳듗 驻떔뒿 빛魸듗 듋댐 ꅘ떔驻 馔뒟 ꦗ뎀싛ꁣ� 됳ꅘ꾗쌈듗 묛ꦛ
떏驻ꅃ릨떏덏듳꛳鮯鯋뜿뚐끫덏꺛긫ꦨ듃쌤싛ꅘ딐듃긫ꔋ듗뙻Ꞹ驻ꁣꜫ뎿ꦛ꺷饿뜿긫됨싛ꁣꀓ
떏덏꺛 듳 덬끛 듃 뚐됓끛 덫鮳ꁣ� ꁿ싛ꥻ髬 髬鮯듗 빛魸ꊓ딏듷뒿 쓯 ꦓ빔덏 駿뒿깈듗 駳驣驻 馏ꜫ饿
ꝝꩳ驟 딇驟 ꇤ魻 둏덏 뒃ꗛꀓ 댐듗 鮯됳듃 鸗븿鸳ꀓ 떀듳 딇驟� 닃ꔗ덏ꀓ 듋듗 鮯됳듃 숇ꀓ 먬듳 딇ꁣ�
빛魸鮯ꊓ딏듷덏꺛깈鯓뒿쏌� 먬� 쓐듳ꁣ� 駳뒿싗ꀗ� ꪃ� ꅘ듃뜿믬싗� 驣뒿ꋄ� 덫꜃� 꺛듳� 馏뒿ꁫ�
騧됷� 듃뜿믬싗驟� ꜫꀓ싳� 饿듃� 鸧듃뜿믬싛ꁣ� 뎣쌈ꦨ뒃ꀓ꠨ ꅘ� 먬 쏓 鸧� 떀 뼟 뚐님� 쏨 鮇
꺛� ꦰ 꾗 � 쓐 듳� 듷먳듗 ꯃ딤 咰嗲 끫딤 ㏖嗲 뒃딤 哖嗲 삧딤 셏嗲 魷ꜫ驟 끟딤 啡嗲 듃
ꁳ驟딇ꁣ� 긻딫긫김듳듋댐뎣쌈ꗟ듃饿딤싘ꢷ떀뒻ꗛ뀴싨싛騯끣뒿싛魿림떛덏딗ꉛꕫ鸗딇ꁣ� 싛魿
덏ꀓ 긻딫둏ꜫ饿 싗ꀗ ݼ ꋄ 魷ꜫ驟ݾ 긫ꔋ ꓻꀓ 쎷ꗛ 鸗븿鸛ꁣ� 꾗 饿됳ꃯ 띜꾗 댐꺰ꠧ듋驻
듷� 듗� 뎇� 뜿� 끟듗 뎣김듗싗ꀗ� 쎿꾗 듋꺰ꠧ듋驻馃� 끫� ꯃ� 셏� 끟듗 뎣딤듃馕묗ꋄ덏ꦯ싨끛븣ꟳ�
긫ꔋ듷ݾꝋ듳딏ꜫ ⍠ 뎿꾗 㦋 饿덅듳 ̮ꢳ魸듗릷驻듳뎣듗떔鮯饿ꢗ싗騋덈벛̯몇뚐꺰듗ꦛ쎃듃髫쎃
싛ꁣ�



ꢷ쏓떀꼋꾗 듗ꁣ饿黻ꜫ

듋댐ꗟ듃닃ꜫ뀣뼟뻓ꖇ뀣듳饿둏ꜫ덏김듐싗ꀓ黻ꜫ髫뗯馕ꀓꁣ驟馃뙻싗ꟳ�긻딫ꗟ뒿ꁣ믗黻ꜫ싘듗
싛 ꛗ덏꺛 삋닄ꆟ 꾗 딇ꁣ� 듋댐ꗟ듳 듋驻 댐듳ꓻꀓ 쎔듳김싘떀 鮯꩷饿믗 꺣떔싛ꁣꀓ 떏덏꺛 듳饿
黻ꜫ듗릷驻駯띒듳ꓻꀓ黻ꜫ떀饿믗꺣떔驻ꀓ馘뒿ꦨ쌤뒻ꗛ馃ꁣ�닃ꜫ뀣뼟뻓ꖇ뀣덏듗싗덫림끛ꆛ듳饿
黻ꜫ싘뒿 꺛댐黻ꜫ싘듗 싴끫떀 饿믗ꗛ꺛 꺛댐ꢷꠄ듗 魻꩷떀 뼟ꁿꗛ꺛 꺷鮯 몇덏 듳꛳鮯鯋뜿 쓓ꉣꜻ
듳덅듳ꦛ떃싳돓ꁣ� 魷ꕫꃗ뚐 릧꺷驃ꁿ떃듃騼驻싗ꟳ꺛셳꓿ꉛ덏꺛鸗믗ꅄ듻髯듗ꦓ꛳깣ꦓ믧驴듃
닝ꇏ驟긻딏ꦯ먘듗둏믘닝덏꺛ꀓꁣ믗黻ꜫ싘떀꺟빜덏띀ꟳ싗ꤿꗛꁣ믗黻ꜫ싘듳빛ꅘ싗덿ꁣ� 黃
듳김듃뜿ꦯ싛듳饿黻ꜫꅃꁣ믗黻ꜫ싘듗됓髫닝덏싛駷듋ꯃ벛鸗馃騂듳ꓻꟳ� ꅘ닃끛닃ꢷꠄ鬋덏꺛ꀓ
듋댐ꗟ듳 긻끟긫김듃 꾗됨싗ꀏ鹏 ꝇꀏ鹏듗 鮯ꗛ덏꺛� 덬뒻ꗛ 긻끟긫김듳 듋댐ꗟ듃 뀴싨싗ꀏ鹏듗 ꢷ떛
닝덏꼏꿫됳黻ꜫ떛驴싛ꁣ�뎣ꔛꅘ닃끛닃떃뼴뒿댐딏꩐쌈뼴싨뒻ꗛ띃쌈ꆗ덇듋듃ꩳ덫뙿ꁣ�싛ꦗꅃ듗
騼됯ꀓ ꦰꇏꁿ馃 ꅘ렼뒻ꗛ 긻끟긫김듳 떃ꔗꆗ덇驟� 꺛렼뒻ꗛꀓ 듋댐긫김듳 뒟쌈싗덿뜿ꝋ� 긻끟긫김驻
듋댐뎣쌈듗騯싨뒿딏덯뀣ꕼ騋싛髬떃뼴ꢷ쏓듗ꢷ쏓뒴싨듗둏쎔떀됓꼋ꗛ딏ꜫ딠닗ꀓꃯ� 꺛댐듗듳饿
黻ꜫ싘덏띀ꟳ싛ꁣ믗黻ꜫ싘듗빃깜ꦯ騼덏ꎏꁣ꛷싳騯듗떃쎔듃ꩳ덫뙿ꁣ�
ꅘ닃끛닃듗듳饿둏ꜫꀓ닃뙻騫驟싗騋듋댐듗꾛쏗듗둏ꜫꢷ쏓떀ꢷꝤ덏꺛떀됨싗ꤿꗛ긵驻뙼듋

魷ꜫ驟 됯뙻덏 ꁿ싛 쏓 꺣ꠄ싗덿ꁣ� 먟싘떀 듳ꗟ뒻ꗛ꺛듗 듳饿 둏ꜫꀓ 끣떛ꗛ 똄髏� ꢷ쏓� 驻싘듗
뎀덬덏꺛 鸗븿鸗ꀓꁣ댐싛쎃김ꉣ듃듳둏ꗟ떀꺷驃驿뒻ꗛ쏗둏끛븣ꤿꗛ� 鸗뎿 麇� 뙻댳뎿 ꁿ김� 떔끟驻
ꢻ띇� 긵驻 뙼듋 ꉰ듗 騼驃 ꬃꠄ싗騋 ꦛ떃끛븫 꾗 딇덇ꁣ� 魷 떏덏꺛 듋댐듗 듳饿 둏ꜫꀓ 딏덯� 듗싘�
駳묔� 듋닄� ꢷ쏓� 떔믗� 騼떛� ꉰ ꁣꦨꟳ덏 떀됨ꆗ덇뒻 뎣ꀗ鸟 ꊓ뜿뺷ꢷꠄ듗 듳띃ꨔ듗 둏쎔떀 굋ꜫ
듳ꙫꁣ驟셈饿ꆗ鮯ꅃ싛ꁣ�
듳饿 둏ꜫ듗쎔듳김싘떀ꦯ騼뒿ꢳ魸뒻ꗛ駯뀫ꕫ뎫ꓻ馃ꁣ�䔴㶈䤲㬜㶈/ 㬜㶈㩂ⴽ㶈/ ⴽ㶈䤲╼┓/

➐檃檐= ╼┓䤲⫮恴/ ➐ 〤檃/ ⴽ檃/ 〤檐/ ⴽ檐1 ⫮恴䌧╾❹/ ╾╾▀❔⫮❹듳ꁣ� 뙻덬 骗듗뼟ꁿ饿
ꆗꀓ삓骗림닇싛ꩴ쓫늧ꀓ됯뙻듗魻꩷떀끣딫김띔싗ꀓ⊑ ╟ 櫵 欚 ㈐ ⭡ 嚁 ⭷듗삓骗덏檃䙎뎿
檐䙎ꓻꀓ듳饿둏ꜫ긻뚐뙻낒닃꺛ꁧ骗�鸳뜿꼋꺰骗ꓻꀓꠄ믬듃馕ꀓ김띔먳驃림뗯싗덿ꁣ�삓骗듗
김띔먳驃ꀓ 덏싳ꁸꆗ듳덏김듐싗ꀓ딏덯쎃김뒿ⴼ/ 䎷/ 䑾/ 權/ 治/ 䁇/ や/ ⭃듳ꁣ�
삓骗㮄듳櫵/ 嶒饿⭡/ ❪듳⊑/ ✪듳⭷듳驟� 魷 돷덏鸗ꞷ뜿ꀓ馀馀 ꅃꦨ뒃뒟뜿싗ꅃꗜꦨ쌤덏
ꊯꓻꦯ덳싟꾗딇ꁣ�듳ꕫ싛ꩴ쓫늧듗삓骗듻뱫댳꺟먛ꅃ 듳ꓻ驟싛ꁣ�쑖鸟뙻ꢷ돔뒿
긫ꢻ듗 딏덯떀 띇꺛덏 ꊯ꛷ ꩴ쓫늧듗 꺟먛 ꅃ덏 듷馃듗 끫꺰듃 ꦗ뎀싛㮄듳欚/ 嶒饿╟/ ❪듳櫵/ ✪듳
⭡듷ꦨ뒃馕ꀓ쑃먛ꅃ 딐꺰싗덿ꁣ� ꩴ쓫늧덏꺛ꀓ둏뚐끫덏꺛먛듃饿딤鲬ꁿ鮯덏
鼒驟 ꦗ끛驃 ꦨ쌤뒻ꗛ ꅃ ꦨ뒃 뒟뜿싗ꟳ꺛 ꅋ닃饿ꟳ 긫ꦨ듳 鸗뎧ꁣ� 魷ꕫ鸗 ꢷ돔듗 쑃먛 ꅃ덏꺛ꀓ
듳ꕫ싛돃싛둏뚐끫듗ꁿ믬驿驃ꀓꢳ麇뜿驟ꁿ끟덃騨싛ꝇꦨ띃듗긫ꦨ듳ꉰ딤싛ꁣ�
ꢳ魸덏꺛듳饿黻ꜫ뼟ꁿꗛ 骗饿쎔꺰ꆗ덇듋덏ꅃ髫싗驟덫鮯덏ꀓ듋댐듳돷덏싗ꀗ驻긫ꔋ驻

ꋄ덏싳ꁸꆗꀓ긻끟듃鮯꩷뒻ꗛ삓骗饿鸗돓ꁣ� 돛듋댐듃긻뚐뙻ꗛ낒닃삓骗鸲닗驟 23 ꎏ삓骗뚐
먨싗덫 82 뒠끬긫骗ꝋꉣ덇ꀓ뜿ꀓ�ꝇ믗끬먛馃驻끬듳뜿馃듳싨싗덫뒠끬馐딏饿깜騧鸛듳뒟덏ꁿ싛
ꢻ듋驻 Ꝥꓼ듃 馘듳 싛ꁣ� 듳ꕫ싛 띇ꢷ뒿 ꅘ닃끛닃듗 驟ꁿꢷꠄ듗 둏쎔 꺷驃김 髫꺰덏꺛� 싛ꦗꅃ덏꺛듗
긻끟긫김듳듋댐뎣쌈긫김듃뀴싨싗ꀓꢷꠄ驻떔驻ꅃꅘ듻싛Ꝥꓼ덏꺛꺷둋띃ꁣ�
뎣쌈뒿 듗싘� 듋닄� 떏꺰꾟� 髯긫떃ꖤ ꉰ덏 긫됨ꆗ덇ꃗ 긫ꢻ듗 ̪됳ꅘ̫ / ̪騼驻̫ / ̪ꁧ驃̫ / ̪둏꼋̫ ꉰ

듗 듗ꥷ 뜿ꁇꀓ 馛黏뒻ꗛ 馀馀 鮇� 꾗� ꠨� 쏓� 뼟ꓻꀓ 꾛쏗떀 김띔먳驃 馕ꀓꁣ� 뎣쌈뒿 듻똄듗 김
쎷驿驃 뼴싗덫 띃쌈ꆗꀓ 긫듳뷳ꗛ 싗鸗ꀓ 김깜뙻鮯뎿 ꁣ꛷ 싗鸗ꀓ 삋骳뙻鮯 馕ꀓꁣ� 김깜뙻鮯ꀓ
鮇Ͱ꾗Ͱ꠨Ͱ쏓Ͱ뼟� 삋骳뙻鮯ꀓ 鮇!꠨!뼟!꾗!쏓듳ꁣ� 쐋鸧딏 䈁❪⽣ ꀓ 뎣쌈덏 ꦨ쌤듃 뙻덇ꀓ



ꃯ� 魷ꦨ쌤뒿鮇 꺛 꾗  ꠨ ꅘ 쏓 鸧 뼟 뚐님 듳驟� 깈鯓뒿鮇 ꦰ 꾗 쓐 ꠨ 먬 쏓 떀 뼟 쏨
듳ꁣ�뎣쌈뒿삓骗듗ꦨ뒃ꗛ鸗븿鸻꾗딇뒻�뎣쌈듗ꦨ뒃ꀓ깈듗ꦯ믗ꗛ떔ꅇꆟ꾗딇뒻�魷騂뒿싛髬
떃뼴ꢷ쏓듗둏ꛗꗛ긻빛魸긫김뒻ꗛ딏ꜫ딠騋ꆛ騂뒻ꗛꩳ듷ꁣ�

鸗饿ꀓꝏ

듋댐ꗟ뒿떃뼴떀ꅘ댐驻싘듗뼟ꁿꗛ꺛뙻덬듗꾗ꜫ듳ꗟ驻騯싨싗ꤿꗛ싛髬듗ꢷ쏓떀떃뼴듗둏쎔쎔꺰덏
뷫騋鮯덫싗덿ꁣ�뎣쌈됯뙻ꗟ뒿 꺷鮯떃쑃ꗛ꺛댐듗볓섗꛳ꁇ뵟뀣듳ꔗ듗빛댐뚐끫꺷驃驿덏鮯몇싛
뱿슋ꕫ쌈꺰ꠧꃷ듗됯뙻ꗟ덏騼땀떀뒻ꗛꁿ믗ꆗꁣ饿鮈騨싗騋뽳뗯싗덫뜿鮇뒿ꢷ쏓김띔떀둏쎔뒻ꗛꝋ
鸧驟 딇ꁣ� 뎣쌈듳ꗟ듗 馔떏뒿 깈驻 ꦨ쌤덏 ꁿ싛 빀둓싛 쎛닇듃 떛끛싗ꀓ 먛ꢷ먳驃 ꦗ뎀싧驻 ꅘ끛덏
떃뼴ꅘ댐듗싘먳驃듗싳ꠄ덏뷫騋鮯덫싛ꁣꀓ떏듳ꁣ�
싛ꦗꅃ듗긻딫ꗟ뒿떃뼴떀듷뚐髬듗듋댐뎣쌈긫김듃뀴싨싗ꟳ꺛ꁣ믗黻ꜫ싘떀鮯몇뒃덏꺛ꁣ둏떀듷

뗯쏓ꗛ됳꺷驃驿쎔꺰덏鮯덫싗덿ꁣ� 듋댐긫김듳 꼋꾗ꗛ싗ꀓ듳饿둏ꜫ뗯싨ꨔ덏듗싛뼟ꁿ덏꺛
骗돃꺰싗덿ꁣꟳ�뎣쌈긫김뒿떃뼴떀듷먛ꢷ싘떀驿뮠먳驃듷먛馃驻뜿馃듗뗯싨덏듗싛 馐딏ꨔ驻

騯싨싗덫ꢷꠄ듗쓤Ꝝ꺰꽟뎿꺷김ꝋ긫듗鮷쓈쏓ꩴ덏ꁿ싛떏骗떏뜿싗ꀓ덬싟듃싗덿ꁣ� 덏 ꁿ싛먟
싘떀듗ꥷꀓ黷딏듗خꅃꃔ騼د 딤덏꺛摦䤲∓∓䤲⊟⊟䤲∜堿䤲䙼堿䙼悳檃吟㛄檐䂩䀶⋸䙅⢟듳ꓻꀓ
ꢷ髫덏꺛ꩳꉮꝋꢻ듗쏓 ✩ 쌤싛됯뙻떔쎔듗둏쎔떀삧뺳뒻ꗛ긫됨ꆗ驟딇ꁣ� 긻딫ꗟ뒿듋댐뎣쌈듃
ꩳꁣꁣ둏떀듳ꟳ꺛뗯쏓ꗛ됳긫김쎔꺰듗뚐끫덬싟듃馏ꁸ싗덿ꁣ� ꁿ싛ꥻ髬듗ꢷ쏓둏쎔떀꼋꾗먳驃ꀓ
ꗛ듳ꙧ댳떷딇뜿ꝋ쀸씇 덏꺛魷ꅄ쀸꺰듃ꩳ듳� 덏 듗싗덫 듋댐뎣쌈듳ꩳꁣꃓ돃싛쎔빛ꗛ

ꦛ떃싟꾗딇덇ꁣ�
魻ꁿ驻싘ꢷꠄ뒿닃ꜫ뀣뼟뻓ꖇ뀣듗듳饿黻ꜫ꾗됨싗덫뎀뒠� 떔끟驻 ꢻ띇� 뙼듋驻 긵듗 듳ꬃꨔꝋ

듷떔싗驟뙼듋듃닃鸳ꤿꗛ�鮯驃ꗟ떀ꢻ띇ꢷꠄ듃髫묔싗덿ꁣ�듋댐ꗟ뒿듋댐릧꺛ꅃ 檃檐 㼴㊢⬩ 덏꺛
ꩻ꾗딇ꉮ듳듳띃긫뒟덏듗싛꺷驃ꝋꢻ듗쏓꿼騋꺣ꠄ싗ꀓ닃ꜫ뀣뼟뻓ꖇ뀣듳饿둏ꜫ덏싨ꆟ꾗
딇덇ꁣ�긻딫ꗟ듗ꁣ둏떀黻ꜫ髫뗯ꀓ驟떃黻ꜫꊚ驟ꢻ띇떀됯뙻덏ꁿ싛ꁣ둏떀黻ꜫ떀饿믗듗떐魻뒻ꗛ
깇ꗛ됳ꢷꠄ쎔꺰듗饿ꀤ꺰듃馛띃싟꾗딇ꁣꀓ떏덏꺛뚐됓싛듗ꥷ뜿ꁋꁣ�

뎿 驻 饿ꢷ쏓떀꼋꾗ꓻ驟싳꺛꺛ꗛ돃떃ꅄꜼ떀듳駯鸗ꠧꉟꢷ쏓쎃김듃꺣ꠄ싟꾗딇ꁣ驟뙻딤
싗ꀓ騂뒿닃ꁇꁣ�ꢷ쏓떀꼋꾗ꉣ馃듗ꅄꜼ꺰뒿덬긫떀긫김떀Ꝥꓼ덏꺛 ̪김ꁿ떀ꅄꜼ꺰̫듃뜿ꁇ魷ꔗ
ꅃ듗ꥷ딇騋ꢷ쏓싳ꠄ싛ꁣ� 꾗싘덏꺛饿딤鮯꩷떀듳驟뎣ꔛ덬긫饿뜿驟딇ꀓ꼋꾗덏ꁿ싛덯髫饿
닃띀ꅃ띃쌈뚐듷騂먗ꕻ ̪ꢷ쏓떀꼋꾗̫쏛됨싛ꢷ쏓덏ꁿ싛ꬃ꺜ꅃ뜿꼌ꆟ꾗딇듃騂듳ꁣ�

̮ ̯/ ̮ ̯/ ̮ ̯/ ̮ ̯/ ̮ ̯/ ̮ ̯/
̮ ̯



됯끣싗خ�떃뼴ꢷ쏓듗髫꺰둏ꜫد/꼋鸗ꢳ�

듳鮯ꅘخ�뙻덬馔꺣د/꺰魟驿ꁿ싘髏묛삏�

듻덯 鮿둏뚐덬 �ꥻ듋긫/د긻髬뒟긫خ

쑃둧듳쏌 듳뒿ꥷ덬 �ꓻ듳뎧뀣/د돻꼏덏ꀓꠄ김ꗜ뎣꛷꼏덏ꀓꅃꃔ騼듃ꉣ댳ꓻخ
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Ā ā 13× 20 αX
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αXP
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þ ÿ�

52× 365

13× 20

(18 × 20) + 5
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αX α

X

s(αX) = [s1(α), s2(X)]

þ ÿ þ ÿ

βY

tzolkinxha ab = 94900 þ ÿ� ʇ

ÿ



βY β (0, 19) Y

ʇ ÿ�

s (βY ) = [s3(β), Y ] Y != Uayeb β < 19

s (19Y ) = [s3(19), s4(Y )] = [0, s4(Y )] Y != Uayeb β = 19

s (βUayeb) = [s3(β), Uayeb] β < 4

s (4Uayeb) = [s3(4), s4(Uayeb)] = 0Pop

tzolkin × ha′ab

tzolkin × ha′ab (αX,βY )

P P th αXP

α XP

X

13× 4 = 52

s(αXP ) = s(α)s(XP ) = [(α + 1),

(X + 5)] P = 0
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∑
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αXβY ÿ βY Āβ → Yā
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(αX,αXP ) tonalpohualli× xiuhpohualli

F1 F2 F3 βY

tzolkin × ha ab αX αXP Ā

ā αX

αXP

βY

ʇ
n−1

n

Ā ā

αXP

Ā ā

β

n



ÿ

ÿ

(αX,αXP )

(αX,βY ) (αX,αXP )

Ā ā



ʇ

ʇ
Y

βY

ʇ
Y

β

β

αX

α

αiXj i j 1 20 13 α

20 X 20

β

Y

αiXj

ʇ

βY

ʇ

Y

20/0 ÿ ÿ 19
ʇ

y



(αX,αXP )

ʇ

βY

ÿ

Ā ā�

ʇ

Ā ā�

Ā

ā�

ÿ

Ā ÿā�

ʇ

αXP XP

(αX, [β]Y )
x β = C

P0 P1 P2 P3 P4

(αX,βY )
β tzolkin × ha ab
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A B C D

{A,B} {A,C}

{A,B} {C,D}

D E F E

R

f F (a, b) R∗ × R

g(M) = af(M) + b F

f1 f2 F (a, b) R∗×R

f2(M) = af1(M) + b

F D M E
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a b c

d

a2 + b2 = c2 a + b = c +D D

〈c+ b〉(b) = p α0〈ab〉+ α1〈ca〉+ α2〈cb〉+ α3〈a2〉+ α4〈b2〉+ α5〈c2〉 = q

α0 α1 α2 α3 α4 α5 p q 〈a〉
r = ab

a+b+c r = 〈a〉(b) = 〈b〉(a) = 〈ab〉
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a b c

2

2 a2 b2 c2

b2

a3



b2

b14 a15
c4 a11 b11 a15 a14 c10 c2 c1 c6 b14 a10 c15 c14 c6 c8

c14 c15
b2

a15 b14
c5 b10 a10 b14 b15 c11 c13 c1 c9 a15 b11 c14 c15 c9 c7

c15 c14

〈c+ b〉(b) = p = b2 p b2

α0〈ab〉+ α1〈ca〉+ α2〈cb〉+ α3〈a2〉+ α4〈b2〉+ α5〈c2〉 = q

α0 α1 α2 α3 α4 α5 p = (b2) q



! 〈b2〉 = p2−r2

2p

〈c+ b〉(b) = p 〈cb〉 = p− 〈b2〉
〈cb〉2 = (p− 〈b2〉)2
〈c2〉〈b2〉 = (〈a2〉+ 〈b2〉)〈b2〉
= p2 − 2p〈b2〉+ 〈b2〉2
⇒ 〈a2〉〈b2〉 = r2 = p2 − 2p〈b2〉
⇒ 〈b2〉 = p2−r2

2p !

" 〈cb〉 = p2+r2

2p

〈c+ b〉(b) = p
〈cb〉 = p− 〈b2〉

!

〈cb〉 = p− p2−r2

2p

⇒ 〈cb〉 = p2+r2

2p

# 〈a2〉 = 2pr2

p2−r2

〈a2〉〈b2〉 = r2

〈a2〉 = r2/〈b2〉
!

〈a2〉 = 2pr2

p2−r2

$ 〈ca〉 = p2+r2

p2−r2 r
〈ca〉 = 〈ab〉〈cb〉/〈b2〉 = r〈cb〉/〈b2〉

" !

〈ca〉 = p2+r2

p2−r2 r

% 〈c2〉 = (p2+r2)2

2p(p2−r2)

〈c2〉 = 〈a2〉+ 〈b2〉
# !

〈c2〉 = (p2+r2)2

2p(p2−r2)

" $ # ! %

b2 c4
〈c+ b〉(b) = p = b2
〈2b〉(c) = q = c4

D b2 c4
: c4 − b2 = b15

√
2(c4 − b2) · 2b2 = D

〈cb〉 = q/2 " q
2 = p2+r2

2p r2 = pq − p2

r2 = b2c4 (b2)2
√

2(c4 − b2) · 2b2



b2 a11
〈c+ b〉(b) = p = b2
〈c− b+ a〉(a) = q

x = D 2b2 − x = 2b10 a11(2b2 − x) = D2

x2 = D2 x2 = a11(2b2 − x) −x2 − a11x+ 2a11b2 = 0

〈c− b+

a〉(a) = q 〈ca〉 − r + 〈a2〉 = q
p2+r2

p2−r2 r − r + 2pr2

p2−r2 = q

2r2 + qr − qp = 0

p = b2 q = a11 2r2 + a11r − a11b2 = 0 −x2 − a11x+

2a11b2 = 0

b2 b11
〈c+ b〉(b) = p = b2
〈c− b+ a〉(a) = q = b11

x = r
b11 − x = b15
b2(b11 − x) = r2 x2 = r2 −x2 − b2x+ b2 · b11 = 0

〈c− b+ a〉(b) = q 〈cb〉 − 〈b2〉+ r = q
p2+r2

2p − p2−r2

2p + r = q

r2 + pr − pq = 0 p = b2 q = b11

r2 + b2.r − b2b11 = 0

a3

〈c+ a〉(a) = p

α0〈ab〉 + α1〈ca〉 + α2〈cb〉 + α3〈a2〉 + α4〈b2〉 + α5〈c2〉 = q α0 α1 α2 α3 α4 α5 p q



〈a2〉 = 2pr2

p2−r2 〈a2〉 = p2−r2

2p

〈cb〉 = p2+r2

2p 〈cb〉 = p2+r2

p2−r2 r

〈b2〉 = p2−r2

2p 〈b2〉 = 2pr2

p2−r2

〈ca〉 = p2+r2

p2−r2 r 〈ca〉 = p2+r2

2p

〈c2〉 = (p2+r2)2

2p(p2−r2) 〈c2〉 = (p2+r2)2

2p(p2−r2)

b1

a1

〈c+ b+ a〉(a) = p

α0〈ab〉 + α1〈ca〉 + α2〈cb〉 + α3〈a2〉 + α4〈b2〉 + α5〈c2〉 = q α0 α1 α2 α3 α4 α5 p q

〈c+ b+ a〉(a) = p

α0〈ab〉 + α1〈ca〉 + α2〈cb〉 + α3〈a2〉 + α4〈b2〉 + α5〈c2〉 = q α0 α1 α2 α3 α4 α5 p q

〈a2〉 = 2r2(p−r)
p(p−2r) 〈a2〉 = p(p−2r)

2(p−r)

〈cb〉 = p2−2pr+2r2

2(p−r) 〈cb〉 = p2−2rp+2r2

p(p−2r) r

〈b2〉 = p(p−2r)
2(p−r) 〈b2〉 = 2r2(p−r)

p(p−2r)

〈ca〉 = p2−2rp+2r2

p(p−2r) r 〈ca〉 = p2−2rp+2r2

2(p−r)

〈c2〉 = 4r4−8pr3+8p2r2−4p3r+p4

2p(p−r)(p−2r) 〈c2〉 = 4r4−8pr3+8p2r2−4p3r+p4

2p(p−r)(p−2r)



b1

〈c+ b+ a〉(b) = p
〈cb〉 = p− 〈ab〉 − 〈b2〉 = p− r − 〈b2〉

〈b2〉 = p(p−2r)
2(p−r)

〈cb〉2 = (p− r − 〈b2〉)2
⇒ 〈c2〉〈b2〉 = (〈a2〉+ 〈b2〉)〈b2〉 = (p− r)2−2(p− r)〈b2〉+
〈b2〉2
⇒ 〈a2〉〈b2〉 = r2 = (p− r)2 − 2(p− r)〈b2〉
⇒ 〈b2〉 = (p−r)2−r2

2(p−r) = p(p−2r)
2(p−r)

〈c+ b+ a〉(b) = p 〈cb〉 = (p− r)− 〈b2〉
〈cb〉 = p2−2pr+2r2

2(p−r)
〈cb〉 = (p− r)− p(p−2r)

2(p−r)

⇒ 〈cb〉 = p2−2pr+2r2

2(p−r)

〈a2〉 = 2r2(p−r)
p(p−2r)

∵ 〈a2〉〈b2〉 = r2

〈a2〉 = r2/〈b2〉

〈a2〉 = 2r2(p−r)
p(p−2r)

〈ca〉 = 〈ab〉〈cb〉/〈b2〉 = r〈cb〉/〈a2〉

〈ca〉 = p2−2rp+2r2

p(p−2r) r
〈ca〉 = p2−2rp+2r2

p(p−2r) r

〈c2〉 = 4r4−8pr3+8p2r2−4p3r+p4

2p(p−r)(p−2r)

〈c2〉 = 〈a2〉+ 〈b2〉

〈c2〉 = 4r4−8pr3+8p2r2−4p3r+p4

2p(p−r)(p−2r)

= (p2−2rp+2r2)2

2p(p−r)(p−2r)

A B C D 〈ab〉 = r

〈c+ b+ a〉(a) = p = a1
〈c− b〉(a) = q = a15

〈ca〉− r = qˈ p2−2pr+2r2

2(p−r) −
r = qˈ −4r2 + (4p− 2q)r + 2pq − p2 = 0
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⭘ᮠᆖਢǄ˄ ྲമ ˅

ㅜ ≤ᒣ˄অа㔃ᶴቲ⅑˅̟ ᮉᐸᐢާ༷ቁ䟿ᮠᆖਢ⸕䇶 മѝ⭘㲊㓯㺘⽪ ˈն䇔Ѫᮠᆖਢоᮠᆖ

ᮉᆖᰐޣˈ൘ᮉᆖѝн֯⭘ᮠᆖਢǄྲമˈᮉᐸ㲭ሩᮠᆖਢᴹᡰҶ䀓ˈնӽᱟُࣙᮠᆖ⸕䇶䙫䗁ޣ㌫

˄䘋ᆖ⭏Ⲵᮠᆖ䇔⸕ˈн䀖৺ᮠᆖਢ㤳⮤ǄᮠᆖਢሩҾᮠᆖᮉᆖᶕ䈤ˈӽᱟĀཙཆѻ⢙āǄ׳ ྲമ ˅

ㅜ ≤ᒣ˄ཊ⛩㔃ᶴቲ⅑˅̟ ᮉᐸᐢާ༷ተ䜘Ⲵᮠᆖਢ⸕䇶Ǆሩᮠᆖਢ൘ᮉᆖѝ⭘Ⲵ䇔䇶䘈∄

䖳㛔⍵ˈӵڌ⮉Ҿᨀ儈ᆖ⭏ⲴᆖҐޤ䏓Ⲵվቲ⅑к˄മѝ⭘㲊㓯㺘⽪Ǆ൘ḀӋㄐ㢲ᮉᆖᰦڦቄ䘀⭘ᮠ

ᆖਢˈަᯩ⌅ᡆᱟⴤ᧕ᨀਢᯉ᮷ᵜˈᡆᱟ䇢ᮠᆖਢ᭵һǃᮠᆖਢᣕㅹˈᮠᆖ䙫䗁оᮠᆖਢᯉᵚ

㜭ᴹᵪᮤਸˈᮠᆖਢⲴ䇢ᦸоᮠᆖ⸕䇶Ⲵᮉᆖਟ䉃⌮࠶᰾Ǆ⭡Ҿн㜭䖳ྭൠє㘵ެ亮ˈ㓿ᑨᱟ亮↔

ཡᖬǄ˄ ྲമ ˅

ㅜ ≤ᒣ˄ޣ㚄㔃ᶴቲ⅑˅̟ ᮉᐸᤕᴹተ䜘Ⲵᮠᆖਢ⸕䇶ˈሩᮉᆖѝᮠᆖਢⲴ⭘ᐢᴹ䖳␡䇔
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ᮉᐸᗵ享㔏ㆩެ亮ˈᴹਟ㜭ᇎ⧠ᮠᆖਢ㍐ޫⲴᮤփᨀॷǄഐ↔ˈᮉᐸᒣᰦ㾱ཊ䈫аӋ৽᱐ᮠᆖਢԧ

٬ǃӻ㓽ᮠᆖਢ⸕䇶ⲴҖ㉽ǃᵏ࠺ˈ㓿ᑨ⍿㿸ᮠᆖਢ㖁ㄉˈ〟ᶱ৲࣐ᴹޣⲴᣕՊǃ䇘䇪Պˈ߉ᆖҐ

ᗳᗇǄ਼ᰦˈ൘䇮䇑ᮉᆖᯩṸᰦˈᰒ㘳㲁ᮠᆖ⸕䇶䙫䗁ǃᆖ⭏䇔⸕≤ᒣˈ৸㾱ḕ䰵ޣᮠᆖਢᯉˈ᥆
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Ȅ� а≇Ȁ࣐⌅ȍǽ䙢ȓǿǙǼᮠȃ࠶䀓ȧᢡǛ� ᮠǝȠǠȞࠪⲪǬǻ� ᮠണȗᢡǙ� ᮠȃ࠶䀓ȍǽ䙢

ȕ�ǨȃɁɐόɲόȄ�ㅜаᵏഭᇊᮉ、ᴨǼȄ㾻ȞȡǿǙ⨮䊑Ǽ�ǙȤțȠ㐁㺘㍉ᮉ、ᴨȀǟǙǻ�Ȅǭ



Ȗǻ㾻ȞȡȠһᇏǼǗȠ�ǲǨǼȄ�ᮠണȄ�ǲȃ䝽ࡇǼȄᮠȧǽȞǝǪǰȝǛǽȄǬǻǙǿǙ�ᮠȄǗ

ǤȓǼȗᮠǝȠሮ䊑ǼǗȠ� ǬǴǡǸǻ� ɡόɌㅹȃ ǿ噘ȃ䝽ࡇȀȝǸǻ� ᮠȧ䂽䆈ǪǰȠǨǽȧⴞ

⁉ȀȄǬǻǙǿǙ� ǬǴǡǸǻ� ᰕᵜȀǟǙǻȸɳόɡѫ㗙Ȅ᧑⭘ǪȡǴǡ� ⴤ㿣ѫ㗙ǲȃȗȃȄᇏ䐥

ǪȡǴһᇏȧ⻪䂽ǪȡǻǙǿǙ�

аᯩ� ȷɓɳɲɻȸȃᮠǝѫ㗙Ȅ� ᮠണȧぽᾥⲴȀ䂽ȖȠǽǙǛણǼȄⴤ㿣ѫ㗙ǼǗȠ� ㇇㺃ᮉᦸ

ȃⴞⲴȄ�ᗃᶕȃ㾿ࡷ䀸㇇ѫ㗙�ᖒᔿⲴ␈⊠ѫ㗙�ǲǬǻһ⢙䀸㇇ѫ㗙ȧᣈ㺧ǬǴ・ǼǗȠ�ᮉᶀȃ䚨

ᣎǽ䝽ࡇȄ� 䀸㇇ȃ⟏䚄ȧѫⴞⲴǽǮȠᢰ㺃䀸㇇ȀǟǙǻȄ㍄㊻❑ȃᮠȧਆȟᢡǛ� ᇏ⭘䀸㇇ȀǟǙ

ǻȄ�ᇏ⭘ⲴǿᇩȧᴹǮȠ乼ȧᢡǙ�ॱ࠶ǿ⭏⍫ȃⓆۉȧоǝȠࣙǦǽǿǸǻǙȠ�ȓǴ�、ᆖⲴǿ

䀸㇇ȀǟǙǻȄ� ਟ㜭ǿ䲀ȟހㄕȀཊᯩ䶒Ⲵǿ㠸ણȧᤱǴǰǿǦȡȅǿȞǿǙǽǬ� ȏɁɇɵɋɉȃഋ

�ȀሮǬǻ࠶丶䙢ѫ㗙șȸɳόɡѫ㗙ȃཊᯩⲴࠖࡷ 㠚❦ࡠ⛩→ڌ䚄ȓǼаࡷȧঈսǽǬǻǙȠ� ᮉᦸᯩ

⌅Ȅ� 㾿ࡷ䀸㇇ѫ㗙ȃ⌘ᯩޕ⌅� ɢɁɇɵɋɉȃⴤ㿣Ⲵᯩׯȃᮠണȃሾޕșɠɳɘɳɐȃ ⇥䲾Ȁሮᣇ

Ǭǻ ⇥䲾䃜ȧ᧑⭘ǬǻǙȠ�

ᮠᾲᘥȀሮǮȠᗳ⨶ᆖⲴ㘳ሏ

ᮠǽȄօǠȀ䯒ǮȠᗃᶕǠȞȃ㾻䀓ȧԕлȃ Ȁ࠶于ǮȠ�ǋᮠȄ⢙ȃཆȀ・Ƕ� ⢙ȧ䎵䎺ǮȠȗȃǼ

ǗȠ�ᮠȄ�н⭏н⓵н༹ǿȗȃǼǗȟ�⢙ȃṩݳǼǗȠ�ǌǋᮠȄ�㢢ᖒǿǾǽ਼ǭ⢙ȃᙗȃаǹǼǗ

Ƞ�ǹȓȟ�ᮠȄ⨮ᇏȀᆈ൘ǮȠǡ�ǲȡ㠚䓛⤜・Ǭǻᆈ൘ǮȠȗȃǼȄǿǙ�ȕǬȢ�⢙ȀԈ⵰ǮȠᙗ

䌚ǼǗȠ�ǌǋᮠȄ�⤜・Ȁᆈ൘ǮȠȗȃǼȄǿǤ�ȓǴǃԆȀԈ⵰ǮȠᙗ䌚ǼȗǿǙ�ȕǬȢ�Ӫǡ⢙ȧ

⸕㿊Ǭ�䃜ᗇǮȠᖒᔿȀ䙾ǣǿǙ�ǬǴǡǸǻ�㍄ѫ㿣ⲴǿȗȃǼǗȟ�Ǩȃѫ㿣ⲴᖒᔿȀᖃǮȠᇏ൘

ǮȠ⢙Ȅ�ཆ⭼ȀǗȠǨǽȄǿǙ�ǌǋᮠȄ⢙ǽ਼аǼǗȟ�⢙ȃཊǪǼǗȠǌ�

Ǩȃ࠶于Ȁᗃǝȅ� ȷɵɕɋȳόș㰔⋒࡙ௌཚ䛾ȃ㘳ǝᯩȄ� ㅜ ⮚ⴞȀᖃǮȠǡ� ȷɓɳɲɻȸ

ȃ㘳ǝᯩȄㅜ ⮚ⴞǽㅜ ⮚ⴞȧ㶽ਸǪǰǴᇒ㿣ⲴᾲᘥǽǬǻ㺘⨮ǪȡȠ�ёᾲᘥȄࡕǆȀᆈ൘Ǭǝǿ

ǙǨǽȧ� ⨮ᇏᙗȀȝȟё㘵ǡ㎀ਸǪȡȠǨǽǼ䁬᰾Ǭ� ᮠᾲᘥȃᗳ⨶ᆖⲴ㘳ሏȧ࣐ǝǻǙȠ� ᮠᾲᘥ

ȃⲪ⭏�ᡀ・ȀȄ� ቁǿǤǽȗ ǹȃ㋮⾎⍫अǡᗵ㾱ǼǗȠǽǬǻǙȠ� ȄǭȖȀ� ᇒ㿣ᾲᘥǽǬǻȃ

ᮠȄ�ǋᝏ㿊ǟȝȈ⸕㿊ȃ㼷ਸȝȟ�ǙȤȅᣭǢ䴒ǬᣌǢࠪǮ�ǌǽǙǸǴ࠶䀓ǡǾǛǬǻȗᗵ㾱ȀǿȠ�

аᯩ� 䯒ײᾲᘥǽǬǻȃᮠȄ�ǋ㏿ᤜǬ㎀ਸǮȠ㋮⾎⍫अǌǼǗȠ㎀ਸǡᗵ㾱ȀǿȠ� ǲǬǻ� Ǩȃ ǹ

ȃ㋮⾎⍫अȀȝǸǻ�ᮠᾲᘥȄᖒᡀǪȡȠǽ㎀䄆ǺǦǻǙȠ�

ǨȃȝǛȀǬǻ� ᮠᾲᘥȧᇊ㗙࠶�于ǬǴ� ᗃᶕȃ࠶于Ȅ� ާփᮠǽᣭ䊑ᮠȃҼ䙊ȟȃ㾻ᯩȀǿǸǻ

Ǚǻ�⮠ǿȠᮠȃぞ于ȧ⽪ǮȗȃǼȄǿǙ�ȓǴ�ᇊᮠǽнᇊᮠǽǙǛ࠶于Ȅ�ᮠǲȡ㠚䓛ǡᇊȓǸǻǙ

ȠǨǽǠȞ�Ǩȃ࠶于Ȅ↓ǬǤǿǤ�ᇊᮠǬǠᆈ൘ǬǿǙǽǮȠ�Ǩȃ ǿ㘳ǝᯩǠȞ�ᇊᮠȄ�ѫᮠǽ

ᮠȄǋ丶ᒿᮠǌ࢟�于ǪȡȠ�ѫᮠȄ�ǋ㠚❦ঈսȃᮠǌǋᇊঈսȃᮠǌǋᮠᆖ�ଢᆖкȃᮠǌȀ࠶ᮠȀ࢟

ǋ䄆⨶Ⲵ䴁ཊȧ⽪Ǯᮠǌǋ䙻㇇ᮠǌȀ࠶于ǪȡȠ�ǨȃȝǛȀǬǻ�ȷɓɳɲɻȸǡ⨮ᇏȃ䟿ȧ䂽ȖǻǙȠ

ǨǽȄ᰾ȞǠǼǗȟ�ᮠǽ䟿ȃ䯒ײȧཙлȟⲴȀ䚙⭘ǬǴ㰔⋒࡙ௌཚ䛾ȃᮠǝѫ㗙ǽȄ⮠ǿǸǻǙȠ�

ᮠᾲᘥȧ⭏ᡀǮȠΏᡀ㾱㍐

ӺᓖȄ�ᮠᾲᘥǡǾȃ ȀǬǻᗇȞȡȠǠǡ䟽㾱ǿ䃢乼ǽǿȠ�ǲǨǼ�ȷɓɳɲɻȸȄ�ᮠᾲᘥȧ⦢ᗇ

ǮȠǴȖȀ�ǋᮠⴤ㿣ǌǋᮠ㿣ᘥǌǋᮠǝᯩǌǋᮠ㌫㎡ǌǋ䀸㇇ǌȧᗵ㾱ǽǬǴ�ȓǯ�ᮠⴤ㿣Ȅ�ɢɁɇɵɋ

ǡ䘠ȎȠⴤ㿣ǽ਼аȃᾲᘥǼⴤ㿣ȧ䂽ȖǻǙȠ� ǬǠǬ� ⴤ㿣ѫ㗙Ǽ࡙⭘ǪȡȠᮠണȧ� 䟿ǽᮠȃѝ䯃

Ȁս㖞ǺǦ� ⴤ㿣ȧ᭟ᨤǮȠǴȖȃⴞⲴǼ࡙⭘ǮȠ� ᮠ㿣ᘥȄ� 㠚❦Ⲵᮠ㿣ᘥǽӪ⛪Ⲵᮠ㿣ᘥǽȀ࠶于

Ǫȡࡽ�㘵Ȅ�ঈȀᝏ㿊Ⲵǿ⸕㿊ǠȞⴤ㿣ǠȞ⭏ǭǴᾲᘥǼ�㿣ᘥȀǟǙǻȗ↓⻪Ȁᙍ㘳Ǭ�䁈៦ǮȠǨ

ǽȄǼǢǿǙǽǬ�㺘䶒Ⲵǿ㿣ᘥǵǦǼȄ⒰䏣ǼǢǯ�ǲǨȀ㇇㺃ᮉᦸȃ䴓ǬǪȧᤷ᪈ǮȠ�ᖼ㘵Ȅ�ᮠ

ǝȠǨǽȧส⼾ǽǬǻ⭏ǭǴȗȃǼ� 㠚❦ᮠ㿣ᘥǽȄᵜ䌚ⲴȀ⮠ǿȟ� ᇊⲴǼǗǸǴᮠണȧぽᾥⲴȀ

䂽ȖȠ�



ǹǣȀ�ᮠȧⲪ㾻ǮȠ丶ǽǬǻȃᮠǝᯩȄ�ԕлȃ ⇥䲾ȧ㍼ǻⲪ䚄ǬǴǽѫᕥǮȠ�ȓǯȄ�ⴞ

ȀȝȠᮠǝᯩǽǬǻȄ�ɟɱȬȰɳȃǋހㄕȃᗳǌȃѝȀǗȠᇏ偃ȧ㍩ӻǬǻǙȠ� ↣ ɾᴸȃሿހǡ

�ȃȹόȺɳȧǋаɌ�аɌػ аɌ� аɌ� аɌ� ɪόɌ� ɪόɌ�ɪόɌ�ɪόɌǌǽ䀰ǙǿǡȞаǹ

аǹіȎǴȗȃǼǗȟ�⢙փȀǹǙǻ⢙փȀȝǸǻ㹼ǛअǢǼǗȠ�ǬǠǬ�ǨȡǼȄнॱ࠶ǿǴȖȀ�

⅑ȃ⇥䲾ǼǗȠᤷȀȝȠᮠǝᯩǡࠪ⨮ǮȠ�ⴞȀȝȠᮠǝᯩȄ� ԕкȃᮠȄн᰾ⷝǼǗȟ� ǿ

ǾȧȄǸǢȟǽ䆈ࡕǮȠǴȖȀ�ёȃᤷȀаሮаሮᘌǪǰȠǴȖȃṩᤐǽǬǻ�ᮠ䂎ȃ䃎ⓀȧǗǧȠ�

ӺᓖȄ� 䀰㩹ȀȝȠᮠǝᯩǼǗȠǡ� ǨȡȄ� ᤷǼᮠǝǻǙǴȗȃȀᗃǮȠ䯒ײǼǙǴȗȃǡѫᖩȀ

ǿǸǴȗȃǼǗȠǽǮȠ�ȓǴ�ᮠǝȠǵǦǼȄᮠᾲᘥȄᗇȞȡǿǙǴȖȀ�ॱ䙢Ⲵᮠǡᗵ㾱ǽǿȠ�ᮠ

㌫㎡ȄᤷȀȝǸǻᮠǝȠǨǽǠȞⲪ䚄ǬǻǢǴǡ� ᮠ㌫㎡Ȅ� བྷǢǿᮠȧ⻪ᇏǠǹ⸝ᱲ䯃Ȁ㇇ᇊਟ㜭ǿ

ȗȃǼǗȠ� ᮠ㌫㎡Ȅ� ᮠᾲᘥȧࢥ䙐ǮȠᯩ⌅ǼǗȠǽǽȗȀ� ǮȎǻȃॱ䙢ᮠȧॱػȃȪɱɛȪᮠᆇ

Ǽ㺘⨮ǼǢȠᮠȃࡽȧȠᯩ⌅ǼȗǗȠ�

㰔⋒࡙ௌཚ䛾ȃᮠǝѫ㗙Ȅ� 䀸㇇Ȅ� ᮠ㌫ࡇкȃǼǗȟ� 䟽ȃ㘳ǝᯩǡਜ਼ȓȡǻǙȠ� �㘵Ȅࡽ

ᮠ㌫㎡ȧ❑㿆Ǭ�ᖼ㘵Ȅ�ᇏ䳋ȀਸȤǰǻаǠȞᮠǝȖǻǙȠǽǬǻᢩࡔǬǻǙȠ�ԕкȃ Ȁ�ᮠᾲ

ᘥȄ� ᮠⴤ㐊� ᮠ㿣ᘥ� ᮠǝᯩ� ᮠ㌫㎡৺Ȉ䀸㇇ȀȝǸǻ⦢ᗇǪȡȠǽ䘠ȎǻǙȠ� ǬǠǬ� ᮠⴤ㐊ǽᮠ

ǝᯩ�ᮠ㿣ᘥǽ䀸㇇ȃ䯒ײȃǙǯȡȧǽǸǻȗн᰾ⷝǼǗȠ�

ᮠǝѫ㗙Ȅ� ᱲ䯃㌫ࡇȧ� ⴤ㿣ѫ㗙Ȅ� オ䯃ȧ㛼ᲟȀǬǻǙȠ� ᮉᶀᮉާǽǬǻȃᮠㇴഢȀǹǙǻȄ�

㇇㺃ᮉᦸޘ㡜ȀȤǴǸǻ� ᴹࣩǿᗳ⨶ᆖⲴ⌅ࡷȀȝǸǻᇊȖǿǦȡȅǿȞǿǙǽǬǻǙȠ� ֻǝȅ� 

ǼᮠǝȠਸȀȄ� ̚ ёǼᮠǝȠਸȀȄ� ǡ㠚❦ǼᮠǝǴǽǢȃ䲀⭼ǼǗȠ�ǮǿȤǶ� ǽ

สᮠȃ㼷ਸȀȝȟᗇȞȡȠȗȃǡ� ǠȞ ǼǗȠ�ॱսǼᮠǝǻ�ॱȃॱؽȃ ȓǼ�ⲮսǼᮠǝ

ǻ ȓǼ�ॳսǼᮠǝǻ ˙ ȓǼȄ�ᇊȖȠǨǽȄਟ㜭ǼǗȠ�ȓǴ� ̚ ȓǼ

ȃᮠㇴഢȀǟǦȠᮠǟȝȈ䀸㇇䙻㇇ȧⴤ㿣ǪǰȠǴȖȀ䀸㇇ⴔȧ⭘ǙǻǙȠ�

㎀ተ�ȷɓɳɲɻȸȃᮠǝѫ㗙Ȅ�㰔⋒࡙ௌཚ䛾ȃᮠǝѫ㗙ǽȄ⮠ǿȠ�ǬǠǬ�ᮠണȃ䲀⭼ȧᤷ᪈Ǭ

ǿǡȞȗˈᮠᾲᘥȀሮǮȠ㾻䀓ǡᇏ䳋ȃᮉᦸǽȗᗵǯǬȗа㠤ǬǿǙǴȖȀᵚᆼᡀȃȗȃǼǗȠ�ǂ

ᰕᵜȀǟǦȠㅜаᵏഭᇊᮉ、ᴨǽᮠǝѫ㗙

ㅜаᵏഭᇊᮉ、ᴨȄ� 㰔⋒࡙ௌཚ䛾ȃᖡ丯ǡᕧǤǗȞȤȡǻ� ⨶ᘥ� ᯩ⌅� �ᇩȧᤷੁǬǴǽ䀰ȤȡȠ

ǬǠǬ� ǲȃᇩȄ� �ㄕȃᗳ⨶ᆖⲴǿ㘳ሏȗਜ਼ȓȡǻǙȠǴȖހ 㰔⋒࡙ௌཚ䛾ȃੁǡǮȎǻǼȄǿ

Ǚ�ᮠㇴഢȃ४࠶Ȁ䯒ǬǻȄ�ȷɓɳɲɻȸȃᮠǝѫ㗙ȀլǻǙȠ�Ǵǵ� ㇇㺃ᴨǽȄࡕȀ�ᇏ䳋ȃᮉᦸ

Ȅ� �ǆȃᮉᑛȀԫǰȞȡǻǙȠǴȖȀػ ᇏ䳋Ȁ� ᆖṑ⨮ǼǾȃȝǛǿണȧਜ਼ȨǼǙǴȃǠȧࡔᯝ

ǮȠȃȄ䴓ǬǙ� ᦸᾝȀǟǙǻȄ� ᤷሾᴨȃ䁈䘠䙊ȟȀ� ȓǯᮠ䂎ȧୡǝ� ǲȃᖼ� ᮠǝȠǨǽȀȝǸ

ǻ� 䳶ਸȃབྷǢǪȧᮠǽǬǻǝǪǰȠȝǛȀᤷሾǬ� Ǩȡǡᮠǝѫ㗙ȃ⢩ᗤǽǪȡǻǙȠ� ᮠǝᯩȃ

丶ᒿȄ� ާփǠȞᣭ䊑ȍȃ⍱ȡǼȄǗȠǡ� ֯Ǜᇏ⢙ȃ丶ᒿȗᣭ䊑ȍ⍱ȡȠჂփǽǿǸǻǙȠ� ǲȃǴ

ȖȀ� 㰔⋒࡙ௌཚ䛾ȃᯩׯǽȄ䚅ǸǻǙǻᇏ⢙࡙⭘ǼǗȠ� ǲȃણȀǟǙǻȄ� ᰕᵜȃㅜаᵏഭᇊᮉ

、ᴨȄ࣐�⌅ǼȄᮉǝȠǨǽȧสᵜǽǬǴǡ�⌅ȀǟǙǻȄ࣐�⌅ȃ䘶㇇ǽǬǻȃս㖞ԈǦǠȞ�ᮠǝ

лǡȟǵǦȀȝǸǻǙǴ࠶ǦǼȄǿǙ�

ᮠǝѫ㗙ȃިරⲴǿᤷሾ⌅Ȅ� ր㰔↖Ȁᮓ㾻ǪȡȠ� ୡǝȠǨǽǠȞȓȟ� ᮠǝȠǨǽȀ〫Ǹǻ㹼

Ǥ�ሮ䊑Ȅ� ȄǭȖȄ❑ᮠǼᮠȧୡǝȠǡ�șǡǻǋػǌǋᵜǌǋ३ǌǋӪǌǿǾȃᮠȧԈǦǴᮠǝᯩ

ǽȍǽ〫Ǹǻ㹼Ǥ�ǨǨǼ�ᮠണȄ֯ȤȡǿǙǡ�ᮠǝȠሮ䊑Ȁ噘șƽȧ֯⭘ǬǻǙȠ�ǬǠǬ�ǲȡȀ

䀖ȡǻǙȠȃȄ�ᆹ㰔ሯ䛾ȃȔǼǗȠ�ᰕᵜȀǟǦȠㅜаᵏഭᇊᮉ、ᴨȀǟǙǻȄ�ǋ ǌȗǋ ǌȗ

਼ǭ⌅ǼᢡǸǻǟȟˈⴤ㿣ѫ㗙ǡޕȠ։ൠȄǿǙ�ᮠǝѫ㗙Ȅ�ᮠȃ㌫ࡇȧ࡙⭘ǬǴ࣐㇇ǼǗȟ�ᴰ

㍲ⲴȀȄ�ୡǝȠᮠ䂎ǡ�ᮠȃབྷǢǪȧ㺘⨮ǮȠǨǽȀ⢩ᗤȧȗǹǽᤷ᪈ǪȡǻǙȠ�



ȓǽȖ
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b

m
= b

a

m

a

m

b

m
a1, a2, . . . , an d l

ai
d
(1 ≤ i ≤ n) ci(1 ≤ i ≤ n)

l = aici(1 ≤ i ≤ n)

䄽㽶ⴢ/ ΖB ≰∓櫙/

≰仳侪屦/

㧌䥃 Q

⋝㬜
Q

㍈∫㌍侪冦/



㵝挰 功⟷㡫ⵚ侪䃨/
m n

a, b ab = mn

≫橷搭徝侪〉/

쏌떔싗�䄽㽶ⴢ/ ΖB
髫듻띐�≰∓櫙/

≀⋍
偟⾋⟩㙠 㬖⳾/ ㎱≰⣔

带〡/ 㽶≰⣔ 㥡㞛/ ㎱▀⣔

⟸咴⊥櫄榓
榞㧌⠗屦榓

㵝挰侪䃨
㭄∩⒤ 侪⾋⥦墬/ ⾜㽵

獞 庆㨡侪䃨/ 丞ⴺ⍠ 侪䃨冄⾪/
騼꺟띔�㖉⦗㏈/ ΖB

ꢴ긫띐긯ꨔ�狫㐰櫙侪䃨/ ⴼ
╖屦 榞㧌䃨

䥃䥰㿧汱≫橷㞊䃨/
櫯朗

⊧氆
❔⊟㎞ ⍨⬞㰄

㲘䢇㘣/ Ζ

鬿먛릧ꬃꢷ�惇惷㈁
☙榓

a1, a2, . . . , an d

l
ai
d
(1 ≤ i ≤ n) ci(1 ≤ i ≤ n)

l = aici(1 ≤ i ≤ n)

⋝㬜䥅≬⊟⋍⠟憊丞 ⟽⊤䥅㧸屟╾❔⊧旟 ≬㧸屟▀❔⊧旟
⥢䥅≬㙓屟⠗㊑㧸 ⋸屟旟摼作



佧㬃 䥅∓❔∜㧸 屟∓❖∓䪑⊧旟/ ≬∓❔∖㧸 屟∓❖∓䪑⊧旟
䃨㬃 厁䥅㧸屟╾❔⊧旟 ≬㧸屟▀❔⊧旟 儗≞㎪⊧䙅䃨
⟹☪╾❔⊧旟⋸䃨⊧橷≞ ㎪❔∖㧸㽷≬≞㧸≲
⟛☪▀❔⊧旟⋸䃨⊧橷≞ ㎪❔∜㧸㽷䥅≞㧸≲
≖☪⠗㧸⋸▉㧸屟≫≞ ⠗㎪▉旟㦋∓❖∓䪑⊧旟 ⠛⥢
∓䃨 厁䥅㧸屟╾❔⊧旟 ≬㧸屟▀❔⊧旟 ≫≞㎪⊧❖⊧䪑⊟❔⊧旟䙅⿹
⟹䥅≬㧸屟儗≞㎪⊧䙅䃨 橷≞⊹㎪⠗▉屟∓❖∓䪑⊧旟

旟
85

5
= 17

65

5
= 13

85×13 = 65×17 = 1105
85× 65

5
= 1105 5× 1105 = 85× 65

dl = ab

d l a, b

䥅≬∬∜⋍屟㽸∠作 䥅㧸屟⫮❔⊧旟 ≬㧸屟⫮❔旟 ∬㧸屟∜❔⊧旟
⥢㊑㧸 ⋸㙓屟旟䬋作
佧㬃 䥅⊧❔▀㧸 屟⊟❖⊧䪑⊟❔旟 ≬▀❔∜㧸 屟⊟❖⊧䪑⊟❔旟
∬∖❔⊟㧸 屟⊟❖⊧䪑⊟❔旟
䃨㬃☪∜⋍㧸屟㦋⊥䬋儗≞㎪⊧ ⋸橷⫮❔⊧旟㎪≰䙅䥅☙㿠
⋸橷⫮❔旟㎪╾䙅≬☙㿠 ⋸橷∜❔⊧旟㎪∖䙅∬☙㿠
≖☪㧏ㇹ屟 ⟛☪⠗⋍㧸屟㧏⠆屟 ⋸ㇹ屟⊥≫⠆屟∜⍠ ⠗㎪⊟❖⊧䪑⊟❔旟 㽷䬋作≞㦋 ⠗⋸㧸屟
橷≞㎪⠗㧸

쎷뀸�⊥≫
45× 8× 7 = 40 × 9 × 7 = 35 × 9× 8 = 2520

⋝㬜㽅惊䙮涿湑湵 吟▉䙮櫎┌❔╾╼ 涿櫎┌❔⊟╼ 湑櫎┌≰╼
湵櫎┌▀╼ ⥢⫮嚅㊑櫎≞┌摼作



佧㬃䙮⊟涿∜湑⫮湵▀⠗┌䪙∜❔▀╼
䃨㬃⠗☪⫮嚅┌⊥䬋儗≞㎪∜䙅䃨⋸橷⠗┌㎪䙮▀涿⫮湑∜湵⊟
≖☪㧏ㇹ屟 ⟛☪⠗┌㧏⠆屟 ⋸ㇹ屟⊥≫⠆屟⫮⍠
⠗㎪⫮䪑∜❔⊟╼䙅⿹⠗⋸▉┌橷≞㎪䙮⊟❔⫮涿∜❔▀
湑⫮❔╾湵∖❔⊟㽷⊹作㦋
⟛⫮⍠⊥䬋儗≞̦∠唐儗吘厁≞ ㎪❔⊟≖䙅䃨
⋸橷䙮⊟❔⫮㎪䙮⊟ ⋸橷涿∜❔▀㎪涿∜⋸橷湑⫮❔╾㎪湑⫮
⋸橷湵∖❔⊟㎪湵▀
⋸橷⫮䪑∜❔⊟╼㎪⫮嚅作┌∜❔▀╼⠛⥢

⊥≫ 18 × (4 × 3 × 2) =

12× (6×3×2) = 9× (6×4×2) = 6× (6×4×3) = 432

4×3×2 6×3×2

6×4×2 6×4×3

36 = 18×2 = 12×3 = 9×4 = 6×6

85× 13 = 65× 17 = 1105

45× 56 = 40× 63 = 35× 72 = 2520

18 × 2 = 12 × 3 = 9 × 4 = 6 × 6 = 36

⊥≫

쏌떔싗 a1, a2, . . . , an d, l

a1
d
,
a2
d

. . .
an
d

c1, c2, . . . , cn l = aici(1 ≤ i ≤ n)

N # N x # y x

y x | y (N,#)

a, b ∈ N d l



a ∧ b a ∨ b (N,#)

l a1, a2, . . . , an ci(1 ≤
i ≤ n) l = aici(1 ≤ i ≤ n) p c1, c2, . . . , cn

xi ∈ N ci = pxi(1 ≤ i ≤ n)
l

p
= aixi(1 ≤ i ≤ n)

l

p
a1, a2, . . . , an p = 1 c1, c2, . . . , cn

c1, c2, . . . , cn l = aici(1 ≤ i ≤ n)

m a1, a2, . . . , an

p1, p2, . . . , pn m = aipi(1 ≤ i ≤ n) l a1, a2, . . . , an

q l = mq aici = aipiq ci = piq(1 ≤ i ≤ n) q

c1, c2, . . . , cn q = 1 l = m

a1, a2, . . . , an

◴⎞
惛㗅

ⲱ≫榞㧌䃨
䁋㸕ⴺ▋/ ⡆㥿

≰仳侪䃨㿧汱ⴺ╻/
a(x + b)n a, b

(x − 1)n n = 12

⚜䫝

a, b ab = dl d, l

a, b

l = a
b

d
= b

a

d

a

d

b

d

㖉⦗㏈/ 狫㐰櫙侪䃨 毦⬞䷤⾋㚓屦⠅惚㦬ⴺ儎/ 㦋⾋击 ➊∓/ 湽䁲☍䙛䵑/



䄽㽶ⴢ/ ≰∓櫙 毦⬞䷤⾋㚓屦⠅惚㦬ⴺ儎/ 㦋⾋击 ➊⊟/ 湽䁲☍䙛䵑/

≀⬞䷤⾋㚓屦▋偠搭㍬/ 㦋⾋➊/ ╻⊧➊/ 䃆❪㥡哅☍䙛䵑/

≀⬞㾊⋶侪⾋櫙㘣 ∝/ ≀/ ∞/ や㮄⋍䀤☍䙛䵑/

∩儓 㬰濁듗
⟸咴屦 싛髬꾗싘긫싘쐋뜿

䄽㽶ⴢ듗 㦋廩
싛髬꾗싘긫싘쐋뜿

⚜䫝驻䄽㽶
ⴢ듗榞㧌屦 싛髬꾗싘긫싘쐋뜿

㬰濁
侪⾋吘 䄽㽶ⴢ듗儎彯 싛髬꾗싘긫싘쐋뜿



∗∗

∗

∗∗

†

䥃䥰㿧汱≫橷㞊䃨 㵝挰侪䃨

徃⟷㱌䊣
ⲱ≫榞㧌䃨

(y + α)n

侪⾋⥦墬 䄽㽶ⴢ
≰∓櫙

⚜䫝 㵝挰
庆巶≰仳侪䃨 㵝挰侪䃨

䥃䥰㿧汱≫橷㞊䃨 䁋㸕ⴺ▋ 侪⾋⥦墬
ⲱ≫榞㧌䃨 䄽㽶ⴢ ≰∓櫙

≰仳侪屦
≰仳侪屦䃻 䆊ㄉ侪

冦 䞞⽰搭

凰⟷侪冦
凰⟷侪冦元嚋 ㍈㥹⋔

ⴼ╖屦
⫮╖屦

䈿⬦䆊柴/ 䫝⟷䌧㿈/
㭡◉/ 㦋㬋≰仳/ ䷹≰氉/



庆巶≰仳侪䃨/ 㵝挰侪䃨/
㵝挰 侪⾋⥦墬/ ⫮╖䞜桤/

㭄∩⒤

庆㨡侪䃨/ ⾜㽵獞
旤ⷞ㝂/

侪⾋➲㬿/
㭇剫/ 䄽㽶ⴢ/

≰∓櫙

惛㗅
旞枩榞㧌䃨

䁋㸕ⴺ▋ 摱≫榞㧌
䃨

㽶悳榞∜≫㧌⬩
䌧㿈

徃⟷㱌䊣

≀や⚜╛䤲㊢引 侪≞屦╸♚弋榓☍♚䬇䥃 徃⟷㱌䊣㥘仞䌧㿈䪑⥢
壞㽅䌧侪≞䙚㿈≲ 䯸䙚㿈♚唐仁㱌䊣 㧶䯸㱌䊣⋸㧏㏖䔴㗱㨺䯶
⋝ⷤ㡫㦋⥢庆幎⬩仳 ⋸㨡㎟⾋▉洫嗽⠂ ㌨吟⍋≞帋汱吟榊 ∠㎘䫴屦≲

㥘仞䌧㿈䪑⥢

(y + α)n



毦⬞䷤⾋㚓屦⠅惚㦬ⴺ儎
≀⬞䷤⾋㚓屦▋偠搭㍬

≀⬞㾊⋶侪⾋櫙㘣

☰⥙
㼴⥙

p(x) = anxn + an−1xn−1 + · · · + a1x+ a0 = 0

α y = x− α x = y + α

an(y + α)n + an−1(y + α)n−1 + · · ·+ a1(y + α) + a0 = 0

y

旞枩䃨
y = x− α

p(x) = bn(x− α)n + bn−1(x− α)n−1 + · · ·+ b1(x− α) + b0

=
{
bn(x− α)n−1 + · · ·+ b1

}
(x− α) + b0

=
[{

bn(x− α)n−2 + · · ·+ b2
}
(x− α) + b1

]
(x− α) + b0.

p(x) (x−α)

b0 (x − α) b1

b0, . . . , bn y

bny
n + bn−1y

n−1 + · · ·+ b1y + b0 = 0.

ⲱ≫榞㧌䃨

(y + α)n

xn

x (x− α)



α y

α

y

α2 αy

αy y2

α y

xαx yx

α y

α

y

α2

αy

x2 = A

A

α (y+α)2 = A

y2 + 2αy = A− α2 y

x

(y + α) (y + α)x = yx + αx

(y+α)

(y + α)

yx+ (y + α)α = yx+ αy + α2

(y + α)y + αy + α2 = (y2 + αy) + αy + α2.

α

α α2

α

α

2α

x2 = A

x2 −A = 0 ⿹ A A− α2

x3 = A

(y+α)3 y3+3αy2+3α2y = A−α3

x y+α

x3 = (y + α)x2 = yx2 + αx2 = yx2 + α(y + α)x

= yx2 + αyx+ α2x = yx2 + αyx+ α2(y + α)

= yx2 + αyx+ α2y + α3.



y(y + α)x+ αy(y + α) + α2y + α3

= y2x+ αyx+ αy2 + α2y + α2y + α3

= y2x+ αy(y + α) + αy2 + αy2 + α2y + α2y + α3

= y2(y + α) + 2αy2 + 3α2y + α3

y3+3αy2+3α2y+α3

A − α3

䬇䥃习╾䪑▀❔⫮㽸⟽⊤槝∠⟝榊∓❔⊟㽸⥢槝㊑㽸佧㬃⊟❔⫮㽸
屦㬃厁习䙅⿹⋸∠⟝㽸䙅㎱㧌榞㊆㧌橷≞

x 864

12 24

x2 + 12x = 864

榞㧌㉉㎱㿈㦋坜⬩䅎䃨庆挜≰仳〤㋶



榞㧌☪⍠⬩ ㎱㧌 = 12

= 20

20 㧌䃨
202 + 12 × 20

= 224

40

4

44 (44× 4)+ 12× 4 = 224

24

䫝习榞㧌屦

䈮㎱榞㧌屦

䬇䥃习╾䪑▀❔⫮㽸⟽⊤槝〤榊∓❔⊟㽸⥢榊㊑㽸佧㬃∜❔▀㽸
䫝习榞㧌 屦㬃厁习䙅⿹⋸∠⟝㽸䙅悳檘榞㊆㧌橷≞㎪榊

x2 − 12x = 864

悳檘 悳㎱㧌

坜㬃厁习╾䪑▀❔⫮㧏伿⊟兹厁㈁❔⊟㽸㧏伿⫮兹䙅悳㎱
厁悳檘∓侪㧏伿⊧兹㧏伿∓兹∝⥙厁榊∜❔㽸
⋸≫悳檘㧏伿∜兹厁㧌䃨∜❔⋸∝⥙∜❔≫悳㎱❔⊟䈎习∜䪑▀❔
➎橷习≰䪑洫习∜䪑⊟❔⫮㽸⊟⫳㧌䃨▄▀❔㥌⠠
㋜䃨∓搓悳㎱∓搓悳檘⊟搓⟛㧏⿹∝⥙厁榊▀㽸
⋸≫悳檘∓厁▀㧏㋜㼴⠠檘⋸∝⥙▀⢐悳㎱
䈎习∖❔⊟▄习∜䪑≰❔▀⋸㋜檘≞㦋⢐∝⥙橷⿹习䫴㎪∜❔▀㽸⠛⥢

檘

302+(−12)×30 864

864− (302− 12× 30) = (864+12× 30)− 900 360 䈎习
∜䪑▀❔ 324− (66× 6− 12× 6) =

(324 + 72)− 396

䫝习榞㧌屦
12 × 30 302 + (−12) × 30

−x2 + 60x = 864

䫝习屦
864− (60× 20− 202) = (864 + 202)− 60× 12 −202 䫝习



坜㬃⎰⊧兹惚㼴㈖厁⥙习㧌䃨悳㎱檘侪厁习䙅⿹㧏⿹∝⥙厁榊∜❔
⋸≫檘侪厁∜❔㧏⿹㦋≞∞⠠㬃㧌䃨⋸悳㎱❔⊟䈮∜❔洫∓❔╾
⢐∝⥙橷⿹⊧䪑⫮❔洫习∜䪑⊟❔⫮㎼⋸∝⥙∜❔≫檘㎪∜❔
␕╸㧌䃨▄⫮❔╾搓⍠㋜▉檘侪■搓⟛㧏⿹∝⥙榊▀㽸
⋸≫檘侪㎪▀␕╸㋜䃨▄⊧❔⫮⢐∝⥙▀㽸橷⿹䫴㎪榊∜❔▀㽸⠛⥢

302−12×30 = (30−12)×30 [{(30−
12) + 30}+ 6]× 6 䫝
檘屦

㋜ 搓⍠㋜▉檘侪■搓

泯习
泯习屦 −5x2 + 228x = 2592

檘

p(y + α) = A

馛ꦨ髫ꖳ뒧딐ꨔ꩷둏ꅃ�榞㧌䁕㋜䞚⍯䃨㬿䊣⬩
髫뀸ꦨ�



(x − y)n

馛ꦨ髫ꖳ뒧떔뜿ꅃ�榞㧌䁕㋜䞚㽶悳≞⬩

Ⓔ 馛
ꦨ馀꾟ꢷ�榞㧌⠗屦榓

xn−A = 0

髫먘싳뒿ꢷ�
㿿櫎巶櫄榓 馛ꦨ끜�榞㧌㌢

⋸泯䃨㊆㧌榞≞

髫驟쎷뒿ꢷ�⟸咴⊥櫄
榓

0.5625x2 − 18x − 81 = 0 36

30 ㎱㧌摅∓⍠檘䃨摅⊟⍠
㎱㧌∓搓 檘䃨⊟搓

䫝习䃨
−81+ (−33.75) = −114.75

ꨇ馏�泯䈮 114.75 ⋠䙅⿹

0.36x2−18x+81 = 0

泯习䃨 81 + (−114) = −63

∜≫㧌榞≞ 泯䃨榞≞
Ⓔ

n n 5

xn−A = 0

α αn A

馐똄�䥅㎱ 듃똄�≬㎱

驟ꨔ�⟷䃨

䫝习屦㬃厁习㧏伿⊟ぷ䙅⿹厁㈁㧏伿⫮ぷ䙅㎱㧌厁∓㧏伿⊧ぷ䙅摚䃨
⋸㊆㧌䫝习䃨榞≞㎪榊⎰⬩㈖侪 깜ꔴ ㎱㧌摅∓⍠摚䃨摅⊟⍠
厁∝⥙∜❔㧏伿∓ぷ⋸檘䃨∓嘚∝⥙∜❔䬋⢏㎪∜❔≖╸㧏伿∜ぷ



⠠㬃㧌䃨⟛⋸㎱㧌❔⊟嘚∝⥙∜❔䬋⢏㎪∜䪑▀❔≖⚳╸㧏⿹习㽷䫝习䃨
▄㎪∓❖⊟䪑⊟❔⫮き♚⋸㧌䃨∜❔嘚∝⥙∜❔䬋⢏㎪≰䪑
⋸䈮㧏㙓㎪䫝习≰䪑洫习∜䪑⊟❔⫮⟛㧌䃨␠≞㎪▀❔
≖㧌䃨∓搓㎱㧌⊹∓搓摚⊟搓㼴⥙▀㽸㧏∝⥙∜❔≞㼴
⋸檘䃨∓嘚㼴⥙▀㽸䬋⢏㎪▀⚳╸㧏伿∜ぷ㧌䃨▄㎪▀❔▀
⟛⋸㎱㧌❔⊟嘚㼴⥙▀㽸䬋⢏㎪∖❔⊟⚳╸㧏㙓㎪洫习∜䪑⊟❔⫮
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864 = 0

−x2 + 60x = 864
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㵝挰듗儠氆 憊⎞
∗∗ ∗∗∗

∗
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㊅㥂
屦㦋

檃檐
⊧氆 ❔⊟㎞ 儠

䥅 儠氆 䂛㛿/ ⴵ䊽
余廚/ 㵝挰 功
⟷㡫ⵚ侪䃨/

儠氆 䂛
㛿 ⴵ䊽余廚/ 㵝挰 功⟷㡫ⵚ侪
䃨/

㊅㥂 ⥙ 㿊
ⴼ

㊅ ⭃㥂 䥅/ ≬/ ∬/
∔/ 㘝/ ㈄/ ㊭/ 掮/ ⳿/ 䪋/

⽣/ ∤/ / ➂/ 揃/ ㈆/ ❛/ 㬽/
䥆/ 敜/ 㘟/ ⊸/

H E

{1, 2, . . . , 10} {1, 2, . . . , 12}

{(m,n) ∈ {1, 2, . . . , 10}× {1, 2, . . . , 12} | m ≡ n 2}



䥅⽣ ≬∤
䪋⊸ ̵ ̵

S {1, 2, 3, . . . , 58, 59, 60}

屦㦋 㾅㼴
㬛㌍ 㧸揃 㩕 㨦冦

儠䥅

⊧
氆 ⿁ ⥙ 工 ㏈ 叐 ❔
⊟㎞ ▀㎞ ▀⡕

狖栫 ⴺ倚 ⷤ䄪 奷惦 ⵊ♚ 䔴〗
ⴺ⡕ ⵑ栫 ⌅⡕ 㮪栫 ❪⡕ 㗜

栫

檃檐

⊧屟
㬻 䑾 ⬲ 旤 䁇

≀
ⵁ/ 㮄/ 嶒/ ❪/ ✪

䀶

⿁ ⥙ 工 ㏈ 叐
▀㎞ 狖栫 ⴺ

倚 ⷤ䄪 奷惦 ⵊ♚ 䔴〗
▀⡕ ⴺ⡕ ⵑ栫

⌅⡕ 㮪栫 ❪⡕ 㗜栫

N P

N × P S

儠氆
䂛㛿/ ⴵ䊽余廚/

E P

{1, 2, . . . , 11, 12} E

P {1, 2, . . . , 11, 12} "→
"→ "→ ̵ "→ "→

N N × P S

ㇹ㧞 ⹉ⷎ 檧╾䤲⽣



䥅⽣/ ≬∤ ∬/ ∔➂ 㘝揃/ ㈄㈆ ㊭❛/ 掮㬽 ⳿䥆/ 䪋敜
⥙ ㏈ 工 ⿁ ⥙

䥅㘟/ ≬⊸ ∬⽣/ ∔∤ 㘝/ ㈄➂ ㊭揃/ 掮㈆ ⳿❛/ 䪋㬽
㏈ 叐 ⿁ ⥙ 工

䥅䥆/ ≬敜 ∬㘟/ ∔⊸ 㘝⽣/ ㈄∤ ㊭/ 掮➂ ⳿揃/ 䪋㈆
叐 ⿁ ㏈ 工 叐

䥅❛/ ≬㬽 ∬䥆/ ∔敜 㘝㘟/ ㈄⊸ ㊭⽣/ 掮∤ ⳿/ 䪋➂
⥙ ㏈ 工 ⿁ ⥙

䥅揃/ ≬㈆ ∬❛/ ∔㬽 㘝䥆/ ㈄敜 ㊭㘟/ 掮⊸ ⳿⽣/ 䪋∤
㏈ 叐 ⿁ ⥙ 工

䥅/ ≬➂ ∬揃/ ∔㈆ 㘝❛/ ㈄㬽 ㊭䥆/ 掮敜 ⳿㘟/ 䪋⊸
叐 ⿁ ㏈ 工 叐

摔䥅∜╖

䥅⽣ ≬∤
!→ !→ ⳿䥆/ 䪋敜/

㊭揃/ 掮㈆/ !→
㘝⽣/ ㈄∤/ !→

䥅❛/
f : S → N f

Z a, b,m ∈ Z
a b m m a − b a ≡ b m

Z
Z/[m] q : Z → Z/[m]

Z/[60]
S E

P Z/[12] N

Z/[5]
g : {1, 2, . . . , 59, 60} → Z/[12] q : Z → Z/[12]

h = f & g : {1, 2, . . . , 59, 60} → N × P h(n) = (f(n), g(n)) n ∈
{1, 2, . . . , 59, 60} f h



㵝挰
功⟷㡫ⵚ侪䃨/

儠氆 憊⎞
⾞/ ╖/

㭡◉/ ䷹≰氉/ 㭄
∩⒤ 庆巶≰仳侪䃨/ 㵝
挰侪䃨/ ≫橷搭徝侪〉/

䥃䥰㿧汱≫橷㞊䃨/ 功⟷㡫ⵚ
侪䃨/

Ζ

䃆⬩ 䄮㬋

擈櫠/ 㭄䗌/

⚜䙺/

n 4 ≤ n ≤ 10

䄽㽶ⴢ/ ≰
∓櫙/

H Z/[10] E Z/[12]
[n] n n Z/[10] = {1, 2, . . . , 9, 10} Z/[12] =

{1, 2, . . . , 11, 12} 5, 8

5 + 8 = 3 H 5 + 8 = 1 E S

{(m,n) | 1 ≤ m ≤ 10, 1 ≤ n ≤ 12,m ≡ n 2}
H × E = Z/[10]× Z/[12]

c : {1, 2, . . . , 10} → {9, 8, 7, 6, 5}

c(1) = c(6) = 9, c(2) = c(7) = 8, c(3) = c(8) = 7,

c(4) = c(9) = 6, c(5) = c(10) = 5.

c

m ≡ n 5 c(n) = c(m)



c(n) + n ≡ 0 5

c(n+ 8)− c(n) ≡ −3 ≡ 2 5

c c(n) ≡ −n 5

c(n+ 8)− c(n) ≡ c(n+ 3)− c(n) ≡ −n− 3− (−n) ≡ −3 5.

e : {1, 2, . . . , 12} → {9, 8, 7, 6, 5, 4}

e(1) = e(7) = 9, e(2) = e(8) = 8, e(3) = e(9) = 7,

e(4) = e(10) = 6, e(5) = e(11) = 5, e(6) = e(12) = 4.

e

m ≡ n 6 e(n) = e(m)

e(n) + n ≡ 10 ≡ 4 ≡ −2 6

e(n+ 8)− e(n) ≡ −2 ≡ 4 6

e e(n) ≡ −n+ 4 6

e(n+ 8)− e(n) ≡ e(n+ 2)− e(n) ≡ −n− 2 + 4− (−n+ 4) ≡ −2 6.



c

e

c, e

䥅⽣ c e

c(n) : 9, 6, 8; 5, 7, 9; 6, 8, 5; 7, 9, 6; 8, 5, 7.

e(n) : 9, 7, 5; 9, 7, 5; 9, 7, 5; 9, 7, 5; 9, 7, 5.

≬∤ c, e

c(n) : 8, 5, 7; 9, 6, 8; 5, 7, 9; 6, 8, 5; 7, 9, 6.

e(n) : 8, 6, 4; 8, 6, 4; 8, 6, 4; 8, 6, 4; 8, 6, 4.

((1, 1)) ((1, 7))

c

1 ≡ 7 6 (1) (7)

e e

c, e

S Z/[5]

c e

e

−2 ≡ 4 6

c e

c, e

c, e

檧╾䤲⽣
摔䥅∜╖ c(m) + e(n) (m,n)



c(m)+ e(n) (m,n)

{(c(m) + e(n)) + (c(m + 1) + e(n + 1))}
(m,n) (m+ 1, n+ 1)

䥅
❛

(m,n)

S

(m+ 1, n+ 1)

(c(m) + e(n)) + (c(m+ 1) + e(n+ 1)).

s : S → N ⿁/ ⥙/
工/ ㏈/ 叐/ (m,n) (m + 1, n + 1)

y = s " g : S → N × P g

g(m,n) = y

y 氆
t : {1, 2, 3, 4, 5} → {1, 2, 3, 4, 5}

t(1) = 2, t(2) = 5, t(3) = 3, t(4) = 4, t(5) = 1.

t

旤㬻嗽㬜咅 䤻㬻∜旤⫮㬿㦋 䁇摚⬲吟㬜咅 䑾摚䁇吟㬜咅
⬲摚䑾䕙♚㬜咅 㥘䑾䤻䁇㦋∓ 䁇䤻⬲㦋⊧ ⬲䤻䑾㦋⊟

t {1, 2, 3, 4, 5}
f : S → N t ◦ s :

S → N h

t



t t(1) = 1 t(2) = 5 t(3) = 4 t(4) = 2

t(5) = 3
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P (N, k, p) =
N !

k! · (N − k)!
· pk · qN−k

N

P (mN,mN/2,
1

2
) ≈ 1√

m
P (N,N/2,

1

2
)

N

R(N, a) =
P (N,N/2 + a · 1

2 ·
√
N, 12)

P (N,N/2, 12)
a · 1

2
·
√
N

a N

N N

a · 1
2 ·

√
N N

P (N, k, p) k N p
q = 1− p p = q = 1/2

p = q = 1/2 N

N 50 160000



d

R1(N, d, p) = P (N,Np+d,p)
P (N,Np,p) d

P (N,Np+ d, p) = R1(N, d, p) ·P (N,Np, p)

R1(N, d, p)

N

R1(N, d, p)

R1(N, d, p)

N

Np
P (N,Np+d, p)

R1(N, d, p) P (N,Np, p)



R1(2m, d) = P (2m,m+d,1/2)
P (2m,m,1/2)

R1(2m, d) = m!·m!
(m+d)!·(m−d)!

R1(2m, d) = m·(m−1)···(m−(d−1))
(m+1)·(m+2)···(m+d)

R1(2m, d) = 1·(1−1/m)···(1−(d−m))/m
(1+1/m)·(1+2/m)···(1+d/m)

2m d 2m

R1(2m, d)

R1(2m, d)

R1(2m, d)

R1(2m, d) 2m

Rc1(2m, d)
(1− (d/2)/m)d−1

(1 + (d/2)/m)d−1 · (1 + d/m)

Rc2(2m, d)
(1− (d− 1)/2/m)d

(1 + (d+ 1)/2/m)d

Rb1(2m, d)
(m− (d− 1)/2)d

(m+ (d+ 1)/2)d

Ra1(2m, d)
(m/2 + 1/2)2m

(m/2 + (d+ 1)/2)m+d · (m/2− (d− 1)/2)m−d
.

Rc1(2m, d) Rc2(2m, d) Rb1(2m, d) R1(2m, d)

Ra1(2m, d) R1(2m, d)

R1(2m, d)

R1(2m, d) ≈ (m)2m

(m+ d− 1)m+d−1/2 · (m− d+ 1)m−d+1/2 · (m+ d)/m

2m m d m
R1(2m, d, 1/2) R1(2m, d)

m (m − 1) (m + 1) (m + 2) (1 − 1/m) (1 + 1/m) (1 + 2/m)
d ≥ 2

d 0 1 2
d



R1(2m, d)

P (N,Np, p)

P (N,Np− d, p)
=

(Nq + d)(Nq + d− 1) · · · (Nq + 1)

(Np− d+ 1)(Np− d+ 2) · · ·Np
· p

d

qd

d Np Nq fi = Nq+d+1−i
Np−d+i 1 ≤

i ≤ d i ∈ N

d Np Nq

( (Nq+d)(Nq+1)
(Np−d+1)Np · p2

q2 )
d/2

R1(2m, d)

R1(2m, d)

R1(2m, d)

R1(2m, d)

Rc2(2m, d)

R1(2m, d)

R1(2m, d) = (1−(d−1)/m)···(1(d−i)/m)···1
(1+1/m)···(1+i/m)···(1+d/m) Fi =

1/R1(2m, d)

e−d2/m

Np Nq

e−d2/(2Npq) d O(
√
N) N → ∞

R1(2m, d)

R1(2m, d)



1−(d−i)/m
1+i/m i = 1, 2, . . . , d R1(2m, d) Fi = m−d+i

m+i = 1 − d
m+i

d i mFi

i Fi Fi

Fi+1 −Fi Fd −F1 Fi+1 −Fi =
d

(m+i)·(m+i+1)

Fd − F1 = d·(d−1)
(m+1)·(m+d)

Fi Fi d

m

d

d = a ·
√

m/2 m Fi

R1(2m, d) d

R1(2m, d) Fi

Rc2(2m, d) Rc3(2m, d) Rb1(2m, d)

Fi

Fi R1(2m, d)

F d
1 F d

d

R1(2m, d) Fi

R1(2m, d) 2m d

Fi F d
1 F d

d

R1(2m, d) F d
i i

Fi

F d
i i

R1(2m, d) 2m F d
1 F d

d

2m

Fi

R1(2m, d)

Fi R1(2m, d)

R1(2m, d) = (1−(d−1)/m)···(1−(d−i)/m)·1
(1+1/m)···(1+i/m)···(1+d/m)

lden,i =
1+(i+1)/m

1+i/m = m+(i+1=)
m+i

d m Fi+1 − Fi ≈ d/m2 Fd − F1 ≈ d · (d− 1)/m2

2m = 10000 d = 100 R1(2m, d) = 0, 135344 . . . F d
1 = 0, 132673 . . . F d

d =
0, 138032 . . . Rc2(2m, d) = 0, 13535332 . . . Rc1 = 0, 13535306 . . . F d

1 F d
d

R1(2m, d) 2m

d = a ·
p

m/2 a Rer =

(apr. − exact)/exact
p

1/(2m) F d
1 F d

d

1/(2m) Rc2(2m, d) Rc3(2m, d) 2m = 100 d = 10 R1(2m, d) = 0, 136247 . . .
F d
1 = 0, 112755 . . . F d

d = 0, 161505 . . . Rc2(2m, d) = 0, 137146 . . . Rc1(2m, d) = 0, 136920 . . .
F d
1 F d

d R1(2m, d)



lden,i1 +
1

m+i

d i m

lden,i 1 lden,i i

lden,i lden,i+1− lden,i
lden,d−1 − lden,1 lden,i+1 − lden,i = − 1

(m+i+1)·(m+i) lden,d−1 − lden,1 =

− d−2
(m+d−1)·(m+1)

lden,i i lden,i
d m

lF,i = Fi+1

Fi
=

1−(d−i−1)/m
1+(i+1)/m · 1+i/m

1−(d−i)/m = 1 + d
(m+i−d)(m+i+1)

Fi

Fi

lF,i

lden,i lnum,i i

Fi

1 Fi

Fi

d a1, · · · , ad
a1 · ad = a2 · ad−1 = ai · ad−i+1 i ∈ N 1 ≤ i ≤ [d/2] d

ai · ad−i+1 = a2(d+1)/2

Fi R1(2m, d)

2m d 2m Fi · Fd−i+1

d R1(2m, d)

Fi d R1(2m, d) = (F1 ·
Fd) · · · (Fi · Fd−i+1) · · · (Fd/2 · Fd/2+1) d d > 1 R1(2m, d) = (F1 · Fd) · · · (Fi ·
Fd−i+1) · · · (F(d−1)/2 · F(d+3)/2) · F(d+1)/2

d Fi ·Fd−i+1

F 2
(d+1)/2 F d

(d+1)/2 R1(2m, d)

F d
(d+1)/2 Rc2(2m, d) Rb1(2m, d)

R1(2m, d)

d F(d+1)/2 R1(2m, d) Fd/2

Fd/2+1 Fd/2 Fd/2+1 d 2m

Fd/2 · Fd/2+1 ≈ F 2
(d+1)/2 Rc2(2m, d) Rb1(2m, d) R1(2m, d)

d

Fi · Fd−i+1

Fi · Fd−i+1

d m lden,i+1 − lden,i ≈ −1/m2 lden,d−1 − lden,1 ≈
−(d− 2)/m2

lnum,i R1(2m, d)
m d m lF,i+1− lF,i ≈ −2d/m3 lF,d−1− lF,1 ≈

−2d · (d− 2)/m3 lden,i lnum,i



Fi · Fd−i+1 = 1−(d−i)/m
1+i/m · 1−(i−1)/m

1+(d−i+1)/m

Fi · Fd−i+1 = 1 − d·(2m+1)
(m+(d+1)/2)2−((d+1)/2−i)2

i (d + 1)/2 Fi · Fd−i+1

i Fi · Fd−i+1 < F 2
(d+1)/2 i < (d+ 1)/2

d ≥ 2 R1(2m, d) < F d
(d+1)/2 = Rc2(2m, d) = Rb1(2m, d)

Fi · Fd−i+1

Fi · Fd−i+1 d ≥ 2 (F1 ·
Fd)d/2 ≤ R1(2m, d)

Fi · Fd−i+1 i

Di+1,i = Fi+1·Fd−i−Fi·Fd−i+1 D(d+1)/2,1 = F 2
(d+1)/2−F1·Fd

2m d 2m Di+1,i
4d(d/2−i)

m3 D(d+1)/2,1
d·(d−1)2

2·m3

d 2m Di+1,i D(d+1)/2,1

Fi ·Fd−i+1 Fi ·Fd−i+1 R1(2m, d)

d = a ·
√

m/2 m

(F1 ·Fd)d/2 Rc2(2m, d) R1(2m, d)

F d
(d+1)/2 = Rc2(2m, d)

(F1 ·Fd)d/2 Rc5(2m, d) m d = a·
√

m/2

n → +∞ (1 + 1
n)

n = e

xn xn → +∞ (1 + 1
xn

xn) = e xn → +∞
(1 + c

xn
)xn = ec (1 + c+b/xn

xn
)xn = ec

d = a·
√

m/2 Rc2(2m, d) (1−a
√

m/2−1
2m )a

√
m/2 =

((1− a/4−(1/4)/
√

m/2√
m/2

)
√

m/2)a m → +∞ ( (1− a/4−(1/4)/
√

m/2√
m/2

)
√

m/2)a

xm =
√

m/2

e−a2/4 Rc2(2m, d) ea
2/4

Rc2(2m, d) e−a2/2

Rc5(2m, d) e−a2/2

Rc2(2m, d) Rc5(2m, d) ε

N0 ε N > N0

R1(2m, d)
p = q = 1/2 1/R1(N, d, p)

Di+1,i D(d+1)/2,1 Fi+1−Fi Fd−F1

Fi d m Fi ·Fd−i+1

(Fi · Fd−i+1)
d/2 F d

(d+1)/2 = Rc2(2m, d) R1(2m, d)

F d
1 F d

d

d = a ·
p

m/2 d
Rc3(2m, d) Rc5(2m, d)

d

Rc5(2m, d) = ( 1−(d−1)/m
1+1/m · 1

1+d/m )d/2



Rc2(2m, d) Rc5(2m, d) e−a2/2 ε N

N0 d = a ·
√

m/2 R1(2m, d) Rc2(2m, d) Rc5(2m, d)

ε e−a2/2 N R1(2m, d) e−a2/2

d = a ·
√

m/2 R1(2m, d)

e−d2/m

m → +∞

d = a ·
√

m/2 d =

[a ·
√
m/2] R1(2m, d)

m → +∞ R1(2m, [a ·
√

m/2])

e−a2/2

d d = c d = a ·
√

m/2

R1(2m, d) d d = a · 2m
R1(2m, d)

m → +∞ d = c R1(2m, d)

1 m d

P (2m,m, 1/2) P (2m,m+ d, 1/2)

m → +∞ d = a · 2m
R1(2m, d) 0 e−d2/m = 0

R1(2m, d)/e−d2/m m → +∞
d = a ·2m 0

1

R1(N, d)

R1(N, d)

d N

R1(N, d) d Fi

Fi

1



R1(N, d)

R1(N, d) R1(N, d)

R1(N, d)

R1(N, d) N → +∞ d O(
√
N)

R1(N, d)

R1(N, d)

R1(N, d)

π

2m P (2m,m, 1/2)
√
2m

P (2m,m,
1

2
) =

1 · 3 · 5 · · · (2m− 1)

2 · 4 · 6 · · · 2m
P 2(2m,m,

1

2
) =

1 · 32 · 52 · · · (2m− 1)2

22 · 42 · · · (2m)2
1

2
· 32

2 · 4 ·
52

4 · 6 ·
62

6 · 8 · · · (2m− 1)2

(2m− 2) · (2m)
·

1

2m

Bm = (2m) · P 2(2m,m,
1

2
) =

1

2
· 32

2 · 4 · 52

4 · 6 · 62

6 · 8 · · · (2m− 1)2

(2m− 2) · (2m)
Bm+1

Bm
= (2m+1)2

(2m)·(2m+2) > 1 Bm m

Bm = 1·3
22 ·

3·5
42 ·

5·7
62 · · · (2m−3)·(2m−1)

(2m−2)2 · (2m−1)
(2m)

1 Bm < 1 Bm



m → +∞ C m → +∞
√
Bm =

√
2m · P (2m,m, 1/2) =

√
C

m
√
2m ·P (2m,m, 1/2)

√
C

m P (2m,m, 1/2)√
2m √

C

Em = 2m
2m−1Bm m → +∞ Bm

Em > C > Bm

√
(2m)2

2m−1 · P (2m,m, 1/2) >
√
C >

√
2m · P (2m,m, 1/2)

√
C 0, 7978

1/Em π/2
√
C =

√
2/π π

∑
P (2m,m+d, 1/2) d ∈ N 0 ≤ d ≤ b·

√
m/2 = D

∑
P (2m,m, 1/2) · R1(2m, d) = P (2m,m, 1/2) ·

∑
R1(2m, d)

P
R1(2m,d)P
e−d2/m

1 m → +∞
P

e−d2/m
R D
0 e−x2/mdx

1 m → +∞
P

R1(2m,d)R D
0 e−x2/mdx

1 m → +∞

P (2m,m,1/2)
P

R1(2m,d)

P (2m,m,1/2)
R D
0 e−x2/mdx

P (2m,m,1/2)
P

R1(2m,d)
2√

2π·2m

R D
0 e−x2/mdx

1 m
∑

P (2m,m+d, 1/2)

2√
2π·2m

∫ D
0 e−x2/mdx

p &= 1/2 Np

Np

R1(N, d, p)

R1(2m, d, 1/2)



R1(2m, d, 1/2)

P (N,Np, p)

P (2m,m, 1/2)

N
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ꉣ댳饿ꀓꝏ
뗯꺟끛ꁿ긯싘꺛ꨇ덬딐덄듳꩷騨떀뒻ꗛ끛딐ꆗ鮯떃됯ꜫ덏騋饿딤ꝍ듳닋ꖣ띃긯싘꺛ꀓꁣ댐싛쎔빛듗
ꝇꦨ띃듳끣ꖣ딇ꀓ뫛꺜떔 ㄧ朾猡 듗خ髫꾗ꔴد듳ꁣ�닃ꝇꅃ듳ꀓꁣ꛷긯싘꺛듗땿딏ꉣ驻ꁫꜫ뫛꺜떔듗
鼑뒿 긫쐋떀 끟ꬃ驻 듻꩷덏꺛ꅃخ髫꾗ꔴد덏 ꁿ싛 덯髫饿 듳ꚃ뗋ꁣꀓ 딄꼋ꢷ덏 鮯듷싟 騂듳ꁣ 鮿됨髬�
鮿됨됳�
뗯꺟끛ꁿ긯싘꺛ꨇ덬딐덄듳댳ꀏ떔ꅃ띃먘ꆛ듳쑃ꁣ꛷긯싘꺛뎿خ髫꾗ꔴد듗鸳됨듃김꺷씇긳섳ꩳ

ꟳ�魷ꠄ꺰ꝋ뷻뗯꺟끛ꁿ긯싘꺛뚐꾗싘떀닃듳ꊓ댳饿ꑯ댳鸛땿딐덏싳ꁸꆗ뜿ꀓ닉ꀓꁣꀓ騂듃쏔듷싟
꾗딇ꁣ�끣떛ꗛ긯싘ꨇ덬딐덄듳떃듗ꠄ꺰듳驻ꁿ셈饿덿ꁣꀓ黻뜿듗魿듃쏔듷싟꾗딇ꁣ 딤쎛둏�
쏌꺰긫� 쏌뎀쓫�
긫끣�끛똄듻驿덬싘듗驿떏덏꺛긯싘듃떔ꜫ싗驟خ髫딤긯꾟د듃딫띃꾟싗驟딇ꀓخ髫꾗ꔴد듃ꁧ꾛씇

긯싘꺛ꗛꝋꦚ닃ꉣ덫셈饿싛ꁣꟳ뎧떃싛ꠧ뀴듃ꩳ鮯씗ꉣ騂듳ꁣخ�髫꾗ꔴد뒿덬싘딏듗딄딤덏꺛ꩳꟳ
ꅄ쀸싛덬싘꺛ꗛ� 꾗싘딏듗딄딤덏꺛ꩳꟳخ髫딤긯꾟د듗쀸듳싛뙻꺜꺛ꗛ듼씏꾗딇듃騂듳ꁣ� ꇏ 딄딤
뚐댳ꀏ싛렼ꝋ듃뭧싛ꁣꀓ騂뒿ꦗ렼띛ꜫخ髫꾗ꔴد듃ꁿꟳ싗驟딇ꀓ쎔김듳ꓻ싟꾗딇듃騂듳ꁣ� 騯髬
꾗싘딏뎿덬싘딏듗髏ꛗ饿駯듗덅ꀓ쎃덯髫숌뼟덏꺛뫛꺜떔듗خ髫꾗ꔴد뒿딏끟듗딏ꜫ떛ꁿꗛ딠뜿
싗驟뒟싗驟딇ꁣ驟ꩻ꾗딇ꁣ�
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ꗟ듳ꤿꗛ 긯ꨔ 侪䃨 덬끛 듳 듳믗 ꨖ댳鸗뜿 닉ꀓꁣꀓ 騂듳 뫛꺜떔듗 鮯꩷ 깜馀듳ꁣ� 듳騂뒿 긯ꨔ듃
싗鸗듗꾟 屦 ꗛ싳꺜싗뜿닉驟魷騂ꉣ듳딐ꅘ싗ꀓ둏ꜫ듗鮯꩷먟싘듃떛驴싗ꖣꀓ騂듳뫛꺜떔듗깇ꗛ됳
鮯쐌듳ꓻ싟꾗딇ꁣ� 듳ꕫ싛驿떏뒿麒뒿듗ꥷ듗꾗싘먟싘듃떛驴싗ꖣꀓ끛ꅃꗛ싳꺜싟꾗딇듃騂듳ꁣ

뫛꺜떔듗긵
듗د髫꾗ꔴخ 땿딏 뫛꺜떔 듗 ꩷驿뒿 떃뙻� 몇ꠄ뒿 꺜ꝋ 朾堿 딏ꀓ 덫끛 䁰㩕 ·덫쏓 䁰⢟
쎷ꀓ뗳뎿 ⽫亼 ·ꠄ驠 㨡恊 끛쎷ꀓꢷ떔 㦚悱 듳ꁣ�싟닃ꨃ뜿ꀓ뎀듗떔ꠄ鮷 焇⠜ 듳닃ꨃ뜿ꀓ싛꺰
똋뒣쑃ꕈ듳驟� 닃됯꺜심 朾㑥 驻싧鱗쑃김 ㎟〬 덏騋딄댐ꆗ덇ꁣ� ꎏ싛� 뫛꺜떔뒿鸧髫ꝋ ❪≰堿 驻
ꦔ꺷맃 㭇∩旚 듗ꢷ듷듳ꁣ 듳騼髫�
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삋띀ꆗ덇ꁣ� 魷ꈣ듳뗯릷삏� 싛꺰삏뒣� 듳뗯삏꺛뜿鸳驟� 黃됯듗떔듳ꆗ댳돔꺷딏맄ꪈ듃뒃싳
뙻먬긫ꗛ먬鸗ꓻ덏ꁣ麿돓ꁣ� 黃 똋듗떔덏뎫ꓻꁿ떛싘듃騷싗ꟳ꺛خ髬뗯ꩳ馏د듗꼌섷듃섷릫싗驟

듃د덫뜿뀸ꔋخ 뜜ꩳ싗ꅃꗜ 쌇ꁣ� 黃 뎀듗떔듳 ꆗ덇뒻鸗� 돔꺷딏듗 ꩳ쎷 뒃싳 딤쓫ꯇ듗 먗쎔덏 ꦗ
ꁿ싗ꁣ饿띃먛덏먗 ⋫婨 饿ꆗ덇ꁣ� 듳ꉫ싳쇿ꖣ鸗삏뚐묓긫駯멏ꁣ끛뎀듗떔듳ꆗ덇뒻� 듳쑃
黷ꗟ驻꼋ꗟ듗騨ꖫ싛ꁸ땀꼌덏꺛꼋ꗟ듃듳鷋ꠧꇏ덫ꃞ릧ꖿ뎀듗떔듃뜿鹇ꁣ�
뫛꺜떔뒿 뗯 뫛ꠄ鮷듗 싘ꢷ듃 驃뀸싗驟 듻릌듳 딤뒟 ㍈净 듗خ驃驠ꝋ싃د덏 딏魸ꦚ닃 돔꾗듷 䞞

⾛⋔ 듗خ떃뀴ꗜد덏驿끫듃饿뜿騋ꆗꟳ꺛댐ꠄ싘듃驴쌇ꁣ� 魷ꀓ 뗯饿댐ꠄ싘딏饿닃ꁇꓻ驟덬꺣
싗ꟳ꺛ꅃ 돔꾗듷듃 댐ꠄ딏 檐㨡⽣ ꗛ ꛳ꀓ ꉰ 騈뒻ꗛꀓ 뙻딏싘듃 묓똄싗ꟳ꺛ꅃ 꼌뒻ꗛꀓ 댐ꠄ싘듃
鮌떔싗ꀓ싘ꢷ빛ꅃ뜿ꁇ驟딇덇ꁣ� ꊯꓻ꺛魷ꀓ듳끛鮯黷ꗟ듗騼띀ꆛ싘ꢷ숌뼟덏꺛ꨖ댳鸗뙻쓫듗
꺣덏髫닟ꦚ뜿닉ꀓ딏뒟ꗛ됳긫驟떃馛끛븫꾗딇덇ꁣ� 듻릌듳 魷饿릫띐싛خ뎇鮯뒟섷دꅃ魷鸳됨덏
딇댳꺛떔뙻 丞㭄 饿떔싛騂驻ꁣ꛷떏듳ꝍ닃黷ꗟ듗駯꺻驴騨듃ꦚ닗ꁣ� 黃 쏌ꢷ驿덏꺛듳맄듃
馃쌈싗鮯ꗛ 쌇뒻鸗 뀸뜿 듳驿ꠄ 㭡巓⢐ 꺰魟驿 뒟깜 듳꩐떔 㭡䷜猡 ꉰ뒻ꗛ뺯 뙻딏 ꦯꦗ쌇ꁣꀓ
ꯃ鸛듃ꦚ닃騯髬삏꩷듳꼋馀ꆗ덇ꁣ� ꢷ딤驻魿늧덏ꑯ댳鸫뒻� 듋됳싘덏ꅃ떔뼴싗덫خ騼꺷떔됳ꅃ꺣د
ꉰ듃릫띐쌇ꁣ� 땿꺛ꗛخꠄ驠띐د 鬋듳딇뒻� 섷꺛ꗛꀓخ똋늧띐꺟خ/د됳쐋떃됓خ/د떃ꗜ뼴驟دꉰ듳딇
ꁣ� 꾘똄ꢗ떔덏ꦯ쌤ꆗ덇뒻� 띃먛뜿긯꺛둏덏떛쌤ꆗ덇ꁣ�

듗髫꺰驻鸳됨د髫꾗ꔴخ
뒿د髫꾗ꔴخ 駳驻 驣� ꇏ 鬋뒻ꗛ 鸗鿗댳 딇驟 駳驻 驣뒿 馀馀 馐驻 듃� ꩐驻 떔� ꠧꇏ 麣 섷뒻ꗛ 듳ꙧ댳떷
딇ꁣ�꩷섷듷馐�듃�꩐듗鸳됨뒿 꾗둏 㦋䊣 꾗ꠄ 㦋⠠ 꾗뒃 㦋⍠ 꾗김 㦋恴 꾗鮯 㦋⩻ 꾗ꨔ
㦋䃨 뒻ꗛ髫꺰ꆗ댳딇驟� ꗜ듷떔듗鸳됨뒿 ꢷ긯 㦚侀 뙻긯 䟳侀 뙻긯 偟侀 싗ꓼ꾗 䃆䄮
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馐섷듳끛딐ꆗ鮯떃덏꠨릧덏싳ꁸꆗꀓ ꠨ꗜ 驻鮳 듷됨꺛떀 듳鸗뎣ꀓꃯ� ꁿꬃ듗뗯꺟긯싘꺛뎿

ꁫꜫꁣ댐싛릷驟ꢷ썋듃 듷됨꺛떀 덏ꠧ닃鼒驟딇ꁣ� 듷됨꺛떀 덏ꀓ긫꺛긻騼듃ꯃꗮ싳خ뙻ꖿخ/د뎇鮯د
ꉰ듃셫싧싗ꀓ騼꺛 冦㬋 鬋خ�딤딏خ/د꾛딏خخ/د꼏딏دꉰ듃셫싧싗ꀓ떛딏 弋⽣ 鬋خ�긫鮯خ/د싛꺛د/



ꉰ떛긫د꠨馔خ 弋⠅ 鬋خ�꼋딏떃꺛خ/د뙻딏ꁿ떃خ/د덬싘驃دꉰ듃셫싧싗ꀓ떛띐 弋櫙 鬋خ�髫딤긯
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긯ꨔخ1دꢴ긫띐دꉰ긯꺛ꗛ듳ꙧ댳띃떛꺛 弋㬋 鬋�몜 鬋듳셫싧ꆗ댳딇ꁣ�긯꺛ꀓ둏鸗ꓻ� 꼠鸗ꓻ�
ꠄ鸗ꓻꉰ듗驼꾗騼� 뙻꺷駷� 떔ꁿ뒃� 댐쒗듗땿꺛굏ꝋ닃ꁇꓻ꺛댐꾗싘듗鸳됨듃ꨇ덬싛خ먛싘몇싧د驻

듃댷鮈싗驟딇ꁣدꢴ긫띐خ듳셫싧ꆗ댳딇驟�뗯꺟긯싘꺛ꗛꀓ뒟듻싗騋騼꺟띔듗د뙻긯خ 뫛꺜떔�

馐섷
뒿د髫꾗ꔴخ 맄 떃ꦗ덏 ꁿ싛 ꩃꅃ듗 꺛ꢷ뒿 덅뜿ꝋ� 뚐됓싛 딤덏 띦뒿 꺛ꢷ듃 ꃦ듳ꀓ 쎔끜듳ꁣ� 떃먳
떀뒻ꗛ 긳섳ꩳꟳ 馐듗 꾗ꠄ 꾗뒃 꾗김 꾗鮯 뎿 꾗ꨔ 듗 닝ꞷꜫ饿 끣띇떀듷 떃먳 꺛ꢷ듃 ꁿ끟싗驟
딇ꁣ驟 ꩻ 꾗 딇ꁣ� 듳 맄듗 먪 ꁿ꠨듷 꾗둏 뒿 꾗듗 魻둏덏 ꁿ싳 꺣ꠄ싗驟 딇ꀓꃯ� 꾗듗 ꦛ깜뒿 ꅃ 摦
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덏꺛 ꁣꙧꀓ 鸳됨듃 뫛꺜떔ꝋ듗 驿떏뒻ꗛ 꺣ꠄ싗驟 딇ꁣ� ꊯꓻ꺛خ髫꾗ꔴد듗 싴끫 鸳됨뒿 듃驻 ꩐섷덏
싳ꁸꆗꀓ 뼴ꗟ긫김 듳ꓻ驟ꩻ꾗딇ꁣ�
뼴ꗟ긫ꨔ 덏꺛ꀓ 饿뜿ꨔ믘�쎃딫듗긫믘덯긯덏싳ꁸꆗꀓ饿 ⚳ 馏 㔲 뀸 ≫ 떛 橷 꺣ꠄ싗驟

딇ꁣ�饿ꨔ ⚳䃨 뒿먧饿ꆗ댳딏ꓻ鸗ꀓ꺰띇듳딇ꁣꀓ뮠ꟳ덏꺛댐 檐 덏ꁿ듐끛븣驟�馏ꨔ 䈮䃨 뒿ꃛ댳
꺛뚃댳ꉛꀓ꺰騨듳ꓻꀓ떏덏꺛듋 檃 덏ꁿ듐끛븣驟딇ꁣ�ꎏ싛듳ꇏꨔ믘듗쏗둏驿驃�뜈덬덯긯듳ꓻꀓ
뮠ꟳ듃馔뗯싗驟딇ꁣ�ꝇ릫饿뜿ꗛ뀸ꨔ ≫䃨 뒿깇ꗛ됳꾗鸲ꀓꁣꀓ뮠ꟳ덏꺛댐�떛ꨔ 橷䃨 뒿닼 儗
싳꺛鸗龇ꁣꀓ뮠ꟳ덏꺛듋덏ꁿ듐끛븧ꁣ듋듳ꇏꨔ믘듗쏗둏驿驃꺣ꠄ싛ꁣ� 듳 饿뜿ꨔ믘듳긯꾟듗
鬋덫 㼝嘚 뜈끛딐 듳驟쎔ꨓ ⮞俗/ꠧꨓ 듳ꆧ듃馔뗯싗ꈣ듳댳듳 饿뜿ꨔ믘듗髫髫딏꺷씇鮯꾟
싛ꁣ�魷ꜫ驟ꈶꬃ덏 髫髫ꅃ긫 ≰≰⬩⫮ 뎿 髫髫싨꾗髫騯 ≰≰⠛㦋⟶帶 듃끢驟딇ꁣ� 髫髫ꅃ긫
덏꺛驰껇髫髫덏ꁿ싛 饿뜿魷ꜻ듃떛끛싗驟딇ꀓꃯ� 饿뜿ꀓ싛ꢷ뒻ꗛ맃둋띃ꅃ쇛듳驟鸗ꞷ뜿ꀓ긯ꁿ
쎔빛듗魷ꜻ뒻ꗛ맃둋띃ꅃ쇛듳ꁣ� 쀸씇 긯ꁿ 魷ꜻ뚐髫髫ꠧ꾗김ꅃꀓ맃둏떔듗 ꨓ꾗ꦨꅃ 듷됨싗驟
딇ꁣ�듳 饿뜿魷ꜻ뒿騯髬驰껇髫髫꾗 㦋 뎿김 恴 뒻ꗛ쎔김쏓싛騂뒻ꗛꩻ꾗딇ꁣ� 髫髫싨꾗髫騯
뒿뜿鮇듗驰껇髫髫ꁧ덏싳ꁸꆗꀓꃯ� ꁧ뺯끛딐ꆗꀓ騂듳뜿鮇驻ꁣ꛷떏듳ꁣ�ꝧꝇ뜿Ꝉ덏饿馏뀸떛�
뜈긫믘덯긯ꠧꇏ덏듴꾘싳뜿鮯뒃싳꺛ꀓ驰껇髫髫饿饿딤뚐됓싗ꁣ驟ꃦ듳驟딇ꁣ�



뼴ꗟ삓ꨔ 덏꺛ꀓ뀸ꨔ驻떛ꨔ듃 饿뜿ꗛꬃꛗ싳꺛긯ꁿ껇듃鮯꩷둏ꜫꗛ꺣ꠄ싗驟딇ꁣ�떔꾗 㽶㦋
뎿꾗 徝㦋 ꗛ鸗龟떔꾗덏 饿뜿� 꾗덏 饿뜿 ꨔ믘듃ꁿ듐끛븧ꁣ� 덫鮯꺛 떔꾗뎿 꾗ꀓخ髫꾗ꔴد
덏꺛딏뙻鸗뎣ꀓꨓ뙻듷ꃯ� 듳騂뒿خ뙻덬د덏꺛끛몇떏듃믟ꋋ骗곐ꀓ驻떔듃ꯋꖣ뎧騂뒻ꗛꩳ듷ꁣ�
骗곐驟鸗꺛싗뜿닉ꀓ쐧 䙎 饿딇驟싗ꀓ쐧驻딇ꀓꃯ�싗ꀓ쐧쐧 徝䙎 ꓻ꛷ꁣ�듳騂驻
뒟긫싗騋싗뜿닉ꀓꨔ믘듃떔꾗�鮯꩷ꨔ믘덏꺛쎔ꆗꀓꨔ믘듃꾗ꓻꠄꠄ싛騂뒻ꗛꩳ듷ꁣ�끣떛ꗛ
듋댐떔꾗듳ꨔ 鮯꩷떀듷 뀸ꨔ 댐 듷 ꩳ뀸ꨔ 㽸≫䃨 驻 鮯꩷떀듷 떛ꨔ 듋 듷 김떛 ⥙橷  뜿믬싛ꁣ�
듋댐꾗뒠ꨔ 덏꺛 뀸ꨔ덏ꀓ 듷ꨔ ⫳䃨 饿ꨔ ⚳䃨 뀸ꨔ ≫䃨 떛ꨔ덏ꀓ 鬿ꨔ 㾋䃨 馏ꨔ 䈮䃨
떛ꨔ 橷䃨 듳싳ꁸꆛꁣ� 딏꺷싛ꬃꛗꀓ 쇛 驻馘ꁣ�

쇛 삓ꨔ듗ꬃꛗ

됯ꜫ饿ꩳ鮯덏ꀓꅘ듻싛驰껇驻鸗龖껇듃髲듳ꬃꛗ싗ꀓ騂듳ꁣ꼋댴뜿뀣ꕫ둋ꩳ듻꾗딇뜿ꝋ� 듳ꕯ
ꬃꛗꀓ騼꺟띔듗خꢴ긫띐긯ꨔد듃ꯃꗮ싳ꁣ꛷긯싘꺛덏꺛ꅃ鸗븿鸛ꁣ 騼꺟띔� 쏨뒣꺜� 덫鮯
꺛됯ꜫ饿뙻꠨싳닻ꆟ騂뒿ꬃꛗꆛꨔ믘ꉣ듳꾗싘떀뒻ꗛ댳ꌣ릧듳떏듃馕ꀏ鹏饿닃ꁇꓻ 饿뜿ꗛꬃꛗꆛ
ꦨ끜듳ꁣ� 뫛꺜떔듳 饿뜿ꨔ믘듃 駳驻驣듳덫꺮딏끜듃駯ꀏꜫꀓ騂驻馘ꁣ ⶕ⊑⭷≞冄▀⽣ 뫛꺜
떔� ꓻ驟쇛쎃싛騂뒿듳騂듃삓骗뎿ꁿ듐끛븣ꖣꀓ듗ꅃ鸗븿鸷騂뒻ꗛꩻ꾗딇ꁣ� 饿뜿ꗛ
ꬃꛗ싳 鸗饿ꀓ ꨔ믘듃 ꢷ돔삓骗꾛꺛뜿ꅃ 쇛 뎿 ꯃ髏싳ꩳꟳ 뗿 ꃓ ꬃꠄ싳띃ꁣ 뙻쓫� 떔꾗듗
ꩳ뀸ꨔ驻김떛ꨔ듳馀馀駳骗뎿驣骗덏싳ꁸꆗ驟꾗듗듷ꨔ�饿ꨔ�뀸ꨔ듳馃骗�馏骗�띃骗덏싳ꁸꆗ驟�
꾗듗鬿ꨔ� 馏ꨔ� 떛ꨔ뒿빛骗� ꜫ骗� 꼏骗덏싳ꁸꆛꁣ 뫛꺜떔�

쇛 ꢷ돔삓骗꾛꺛뜿ꅃ㦚䞞╾❹氙㊢≞⬩

뀸떛둏ꛗ 덏꺛ꀓꃦ껇驻驰껇듗驿驃�갃껇驻鸗龖껇듗驿驃덏ꁿ싳꺣ꠄ싗驟딇ꁣ�鮯꩷떀뒻ꗛ驰껇



뒿龃饿덏꺛ꯃꗮꆗꀓ騂듳驟鸗龖껇뒿龃馏덏꺛끛딐ꆛꁣ驟ꩳ驟딇ꁣ�듳ꕫ싛驿驃듗둏ꜫ 꼏듴髫騯
㠠䫝⟶帶 髫듻髫騯 䁕∓⟶帶 낌듻髫騯 櫬∓⟶帶 듃뼴싳ꁣ끛꺣ꠄ싗驟딇ꁣ� 馐섷듗ꝇ뜿Ꝉ듷
뜿ꬃ닼ꨔ 뒿 ꬃ꾗 驃긯덏 ꁿ싳 ꁣꙧ驟 딇ꁣ� ꬃ꾗 驃긯듗 뒟쎔듃 ꠄꬃ ⢐☙ 닼ꬃ 儗☙ 驻ꬃ 廅☙
싨ꬃ ⠛☙ 꺜ꬃ 䰆☙ 뼴ꬃ 搭☙ 馏ꬃ 䈮☙ 뀸ꬃ ≫☙ 떛ꬃ 橷☙ ꉰ 饿뜿ꗛ鸗龟꺣ꠄ싛ꁣ듋
ꁣ끛 饿뜿뎇ꢷ듃떛끛싛ꁣ� ꝇ뜿Ꝉ덏خ먛싘몇싧د듗 ꢷ떛떛끛싗덫닝듗ꬃ꾗驃긯ꨔ듃쏛됨싗騋
싛ꁣ�

듃섷驻꩐섷
뫛꺜떔뒿 뼴ꗟ긫김 덏꺛꾗ꨔ 㦋䃨 덏ꁿ싛딏끟듗긫김ꗟ듃꩷騨떀뒻ꗛ떃馛싗驟딇ꁣ�닝덏꺛饿ꨔ驻
뀸ꨔ뒿댐덏�馏ꨔ驻떛ꨔ뒿듋덏ꁿ듐끛벯ꀓꃯ�뼴ꗟ긫김덏꺛ꀓ댐듗 ╼┓ 덏꺛긫김 ⫮恴 뒻ꗛ鸗닃饿
饿馏뀸떛馀馀빛댐� 빛듋� 꼋댐� 꼋듋뒻ꗛ꺷ꬃ쏓끛벛ꁿ듐끛븧ꁣ� 뫛꺜떔뒿꺷김듗ꠧꉟ듳믗饿긫김
덏꺛 ꨖ댳鸟 꾗 덅뒻ꤿꗛ 꾗듗 듳믗 덬끛 긫김ꗟ덏 똄꼌ꆛꁣ驟 뙻딤싗� 듳 ꦓ빔뒻ꗛخ髫딤긯꾟د듗
ꠧꉟꨔ믘듃꺣ꠄ싗驟딏싛ꁣ� 뼴ꗟ긫김듗꺛ꢷ뒿ꁣ듋驻馘ꁣ�

덏꺛ꝏ싗鮷긫ꢻ듳깜鮳쑃덏김듳딇驟�김듳쑃덏ꝋꢻ듳ꨇ꺰싗驟�ꝋꢻ듳ꨇ꺰싛듳쑃덏꾗饿د떃خ
딇ꁣ� 꾗ꀓ 덏꺛魻둏싗ꀓꃯ� 듳 빛魸듳ꆛꁣ� 듳  鸲뒻ꁇ댐듗驟� 饿  鸲뒻ꁇ긫김듳ꁣ�
몜骃싳꺛 ꝏ싗ꟳ 饿馏뀸떛ꀓ 긯ꨔ듗 긫김듳驟� 鸗龃댳꺛 ꝏ싗ꟳ 긫김뒿 馀馀 긫꾗 馕묗 騂듳ꁣ�
댐듗댐뒿빛댐듳ꆗ驟�듋듗듋뒿빛듋듳ꆗ驟�듋듗댐뒿꼋댐듳ꆗ驟�댐듗듋뒿꼋듋듳ꆛꁣ�빛댐뒿
듻듳驟 빛듋뒿 둓듳驟 꼋댐뒿 꺰듳꼋듋뒿끟듳ꁣ� 싗ꀗ驻 ꋄ 긫듳덏 뎣띀 긫김ꝋ듳 딇듃 ꊯ꜃듳
ꁣ� 꾗듗듳믗饿ꯃꗜ뜿魸씇끫뎣싗ꁣ싟뜿ꓻꅃ댳릋듳騂덏꺛ꨖ댳鸗騟ꀓ饿" 듳떛긫김덏깇ꗛ됳
꒺듃ꦜ썿꺛خ髫딤긯꾟د듗ꠧꉟꨔ믘ꉣ듃쇿驟딏싗ꁇ�ꩳꀓ긫ꔋ뒿깇ꗛ됳꺣듃ꝋꉟꁣ驟ꝏ싗ꟳ꺛
쎿ꁿ싗뜿ꝏꓻ� 뫛꺜떔�

뫛꺜떔뒿 뼴ꗟ긫김 듃긫김떔꾗 ⫮恴㽶㦋 뎿긫김꾗 ⫮恴徝㦋 ꗛ鸗龇ꁣ듋�긫김떔꾗ꁣ끛떔
㽶 驻 徝 뒻ꗛ鸗龟떔덏ꀓ龃饿�龃馏�김뀸�김떛�덏ꀓ몜뀸�몜떛�뙿뀸�뙿떛ꗛꬃꛗ싛ꁣ�덫鮯꺛
듃섷듳鷜鸛ꁣ�꩐섷뒻ꗛ麗댳饿긫김꾗긫김떔꾗뎿ꝇ릫饿뜿ꗛ떔驻뒻ꗛ鸗龟떔덏ꀓꦨ뀸�ꦨ떛�
뙿뀸� 뙿떛� 덏ꀓ먳뀸� 먳떛� 髏뀸� 髏떛ꗛꬃꛗ싛ꁣ� 듳ꖆ騋ꬃꛗ싛ꨔ믘뚐龃饿뎿龃馏듃떛돷싛
饿뜿ꨔ믘뒻ꗛخ髫딤긯꾟د덏鸗뎣ꀓ髫딤듗鸳됨듃馀馀꺣ꠄ싗驟딇ꁣ�
ꦨ떔髫騯 뒿듋꾗뎿댐꾗饿꺝듷 ꦨ떔 㧌丞 딤驻驿ꖧꆛꢷ떛덏꺛쎷먗ꜫ싗ꀓꦨꨔ듃꼋馛싗

ꀓ髫騯듳ꁣ�魷ꜫ驟뫛꺜떔뒿ꦨ떔뒿뎀뒠 䫛㬥/뎀뗰 듳싛騂듳ꓻ듳ꇏ饿뜿驿驃덏ꁿ싳꺣ꠄ듃
ꃦ듷ꁣ� 魷ꈣ 髫딤ꠄ듗 ꀓخ髫딤긯꾟د듗髫딤馀馀듳꜃듗꒺듃ꦜ씇驟딇ꁣ�
ꝇ뜿Ꝉ뒻ꗛ 뼴ꗟ긫김 덏꺛딏끟듳떃馛싳뎧鸳됨듃뼟ꁿꗛ 髫딤ꬃꦯ긫김 덏꺛髫딤듃긫김덏ꁿ듐

끛븣驟 ꁣ끛 긫김떛ꨔꬃꦯ髫딤 덏꺛 긫김듗 饿뜿 ꨔ믘듃 髫딤덏 ꁿ듐끛븧ꁣ� 髫먳떀듷 ꁿ듐 鸳됨뒿
쇛 驻 쇛 뎿馘ꁣ 뫛꺜떔�
뼴ꗟ긫김 덏꺛딏끟듗黻뜿떔ꜫ싛ꁣ듋�뫛꺜떔뒿 驟鮇긯싘 덏꺛덬ꁿ긯싘딏떔ꜫ싛鸳됨뒻ꗛ

꩐섷듃 鷜鸳驟 딇ꁣ� 뎇꾗饿 긯 侀 驻 꾗 㦋  ꝋꉟ 騂덏꺛뺯 끛딐싳꺛 뙻驴듳 髫딤듃 ꝋꉣ댳 뒠뎇
▀姰 ꗛꝋꥻ듃髏쏓끛븣驟�驴딏ꀓ뎇덏ꀤ싗驟驴딏듗떛딏 듷뒿뒠뎇덏ꀤ뼴싗ꁣ驟鮯꾟싛ꁣ�ꎏ싛�
싛� ꁸ� 꼠� ꠄ� 먬듗뒟ꠄ싛뒟싘딏뎿긯싘딏� 꺟髏긫鯋뜿뎇ꉣ驟딇ꁣ� 됯ꜫ鸗ꓻ긯싘딏ꀓ뫛믗둏뺯
鸧쎷� 쏨쓫� 듳쏨� 듳듳� 鮿끛띃� ꦔ뒧� 騼꺟띔ꉰ듃駯ꗟ싗驟딇ꁣ�



쇛 髫딤ꬃꦯ긫김 ≰仳☙敠⫮恴

쇛 긫김떛ꨔꬃꦯ髫딤 ⫮恴弋䃨☙敠≰仳

떔섷
떔섷뒿ꗜ덏싳ꁸꆗ驟 ꢷ긯 뙻긯 䟳侀 뙻긯 偟侀 싗ꓼ꾗 ꉰ麣ꬃ뒻ꗛ髫꺰ꆗ댳딇ꁣ� ꢷ
긯 뒿긫믘덯긯듃셫뜿鮇 曽⭃朹 뒻ꗛ꺣ꠄ싛ꁣ듋� ꢷ싃髫騯 㦚侀⟶帶 듃ꃦ듷ꁣ�ꝇ뜿Ꝉ뒻ꗛ믷듃
ꝋꉣ댳饿긫믘덯긯듃싗ꀓꦨꨔ덏ꁿ싳떃먳떀듷꺣ꠄ듃싛ꁣ듋�듳ꠧ댐깇뎿긫馀쎔魷ꜻ덏꺛덯긯듃
싳鸗饿ꀓꦨ쌤듳 뙻덬 듗꠆꠆骗듗쎔빛뎿뒟긫싛떏듃ꉣ댳듳ꇏ饿뜿饿馘뒿ꛗꓻ驟꺣ꠄ싛ꁣ�ꎏ싛
뫛꺜떔뒿 떔ꁿ뒃 丞ⴺ⎰ 듗خ긯ꨔ뼴똄د뒿 뚐됓싛 맄듳뜿ꝋ 뀸ꨔꝋ 꺣ꠄ싗驟 딇댳 듳騂듳 魻끫뀣ꕫ둋
댐驻듋듗띜듃ꝝ묓鮯뒃싳딏끟듳떛ꨔ듃먧饿싗驟�듳ꇏ饿뜿ꨔ믘듗둏ꛗꩳ덫뙻鮯뒃싳饿ꨔ驻馏ꨔ
듃ꉛꕫ鸷ꁣ驟ꃦ듳驟딇ꁣ 뫛꺜떔� 듳騂뒿쏨뒣꺜 狖哷朾 듳خ긯싘딄ꢷد덏꺛خ긯ꨔ뼴똄د듃
듷됨싗驰껇ꝋ꺣ꠄ싗驟딇ꀓ騂驻ꀓꁣ꛳ꁣ 쏨뒣꺜� 듳ꕫ싛릧듳ꀓ꾗싘떀騫싳ꩳꁣꀓ긯ꨔ듃
듋댐驻긫김듗쀿덏麢댳꺣ꠄ싗ꖣꀓ뫛꺜떔듗ꅄ쀸싛끛馀덏鮯듷싛ꁣ驟ꩻ꾗딇ꁣ�
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ꀓ듳뜿떏듳뫛꺜떔뒻ꗛ싗덫鮇خ髫꾗ꔴد듃鮯쐌싗騋ꆛꦯ騼뒻ꗛ묓떔싳ꩻ꾗딇듃騂듳ꁣ� 魷ꖆ뜿ꝋ
뫛꺜떔듳خ髫꾗ꔴد듃 땿꾟싛 띃떔싛 듗ꅃ덏 魻떐싳饿鮯 뒃싳꺛ꀓ 뗿 ꃓ 뷯 쀿덏꺛 ꩷騨떀듷 덯髫ꉣ듳
싃됓싗ꁣ�



騼꺟띔� ꢴ긫띐긯ꨔ먛� 뒟듷뎀� 썇ꥻ 덬 꺛됷� 髏됯긫�

驟뜿ꝇ뀣됓끛� 긫ꁿ듗끛ꁿ� 끟쎃꺰 덬 꺛됷� ꅘ닃끛닃�

鮿됨髬� 鮿됨됳� 싛髬꾗싘긫� 꺛됷� 긳ꜻ�

ꙋꠄ묗� 馔싘뒃� 댐뒃쏌� 뙻덬먟싘긫� 끫騼쎷 덬 꺛됷� 뎇ꢷ꺛둏�

듳騼髫� 꺷鮯뗯꺟뜿끜듷뜿ꅃ� 꺛됷� 쇷꛷덬긫�

딃꩐싘� 㨦⾋驻䃆⬩䄮㬋/꺛됷� 싛髬싘꾟떔ꩳ 뙻

꼋뎸� 쏨魸騼꺷꺛� 黷뎀魟 덬 꺛됷� ꁿ둏묛삏�

딤쎛둏� 긯싘꺛ꗛꩳꀓ뗯꺟꾗싘� 꺛됷� 騼ꢷ긫�

뙻ꦰ驣� 뙻덬긯맄� 鮿싘鬋 덬 꺛됷� 뎇ꢷ꺛둏��

뙻쓫� 뙻딏떃듗김� 꺰ꦰ쐧 덬 꺛됷� 떃뼴ꢷ쏓덯髫쐋

뙻쓫� 덬싘驃� 鮿띃魻 덬 꺛됷� 먬驃�

뫛꺜떔� 髫꾗ꔴ駳� 떔싳鸧� 썇ꥻ 덬 꺛됷� 髏됯긫�

뫛꺜떔� 髫꾗ꔴ驣� 떔싳鸧� 썇ꥻ 덬 꺛됷� 髏됯긫�

쏨뒣꺜� 긯싘딄ꢷ� 馔끟둏� 딤쎛둏 덬 髏됯긫�

쏌꺰긫� 㬰濁 侪⾋듗Ⱉ⮯屦/싛髬꾗싘긫싘쐋뜿

쏌뎀쓫� 㬰濁 侪⾋驻㦋䠙僑娝/싛髬꾗싘긫싘쐋뜿

쏌뎀쓫� 㬰濁 侪⾋驻㦋䠙僑娝/싛髬꾗싘긫싘쐋뜿





ᵜはȄ� 儈ㅹᆖṑᮠᆖ、ȃᮉᶀǽǬǻȃਟ㜭ᙗȧὌ䀾ǮȠǴȖȀ�ǋ䄆ǌȃㅜ Ⓠȃ䁬ޜ

᰾ȃ䃔ȟȃ↤ਢȧ㘳ሏǬǴ� ǲȃ㎀᷌� 䁬᰾Ȅ䯃䚅ǙǼȄǗȠǡ� ᮠཊǤȃ⸕ᚥȧ㎎Ǹǻᡖ

ǬǻǢǴ䁬᰾ȃᮠǆȀȄ� 䯃䚅ǙǵȞǦǵǸǴǽ䂅בǮȠǨǽǵǦǼȄȓǪȡǿǙᮉ㛢Ⲵב

ٔǡवǪȡǻǙȠǽ㘳ǝȠ�

ȄǭȖȀ

ᵜはȀǟǙǻȄ� 儈ㅹᆖṑᮠᆖ、ȃᮉᶀ䮻ⲪȧⴞⲴȀ�ǋ䄆ǌȃㅜ Ⓠȃ䁬᰾ȃ䂖Ȕȃ↤ਢȀޜ

䯒ǮȠ㘳ሏȧ㹼Ǜ� ǲȗǲȗ�ǋ䄆ǌȃ䆠䄆ǲȃȗȃȄᾥȖǻ᰾⻪ǼǗȠǡ� ㅜ ⓆȀ䯒Ǭǻޜ

ǵǦȄ�Ԇȃ ǹȃޜⓆǽ∄䔳Ǭǻȗ᰾ȞǠȀ㼷䴁ǮǣȠ�䄆ǌȃࠪ⡸ԕᶕ�ᇏȀཊǤȃᮠᆖ㘵

ǡǲȃ䁬᰾ȧ䂖ȔǻǢǴ�ާփⲴȀȄ�ㅜ ⓆǠȞㅜޜ ᨀǽǬǻ�ㅜࡽⓆȧޜ Ⓠȧ䁬᰾Ǭȝޜ

ǛǽǙǛ䂖ȔǼǗȠ�ǋ䄆ǌȃㅜ ᐫȃ⌘䟸ȧᴨǙǴɟɵȷɴɁȄ� ɟɐɴɦȬȲɁȃ䂖Ȕȧว

ㅶǬǴᖼǼ�㠚࠶㠚䓛ȃ䁬᰾ȧ䁈䔹ǬǻǙȠ�

ƶаᯩǼ� Ȅ� ǾǨȓǼǙǸǻȗӔȤȞǿǙȗȃȧᒣ㹼ǽ䘠ȎǻǙȠ� Ȫ

ɱɛȪȀǟǙǻ� ǿǱ�ǋ䄆ǌȀㅜ Ⓠǡᗵ㾱ǼǗǸǴȃǠǽǙǛ乼ǽ਼ᱲȀ�ǋ䄆ǌㅜޜ

�ǡȪɱɛȪȃᮠᆖ㘵ȀᕅǢ㏉ǡȡǴ࣋Ⓠȧ䁬᰾ǬȝǛǽǮȠࣚޜ ǲȃѝȃ䁬᰾ȃа䜘Ȅ� ɰό

ɵɋəȀ䕨ޕǪȡǴ�ɰόɵɋəȀǟǙǻȗ�ᮠᆖȃ䙢ኅȀǽȗǿǙཊǤȃᮠᆖ㘵ȀȝǸǻ�ǲȃ

ᡖǡǿǪȡǴȃǼǗȠ�ǲȃѝȀǟǙǻȄ� ˄ ̣ ˅ǽ

˄ ̣ ˅ȀȝȠ⹄ウȄ䶎ᑨȀᴹǼǗȟ� ǨȃᡖǠȞ� șǡǻޜⓆǡᡀ・ǬǿǙ

ǽǮȠ䶎ɮόȷɲɋɑᒮօȃ䃅⭏Ȁ㠣ȠȃǼǗȠ�

ƶǨȃ ǿǋ䄆ǌㅜ Ⓠȃ䁬᰾ȃ↤ਢⲴ༹䚧ȃѝǼ�儈ㅹᆖṑᮠᆖ、ȃᮉᶀ䮻ⲪȧǮȠǨǽޜ

ȧウᾥȃⴞⲴȀ�ǲȃȄǭȖǽǬǻ�ǗȓȟȀȗᴹǿɮόȷɲɋɑȃǋ䄆ǌȃㅜ Ⓠȃ䁬᰾ޜ

ȀǹǙǻ� ǲȃ↤ਢⲴ༹䚧Ȁ❖⛩ȧǗǻ� ǲȃ⢩ᗤȀǹǙǻ↤ਢ㍼㐟ȧᮠᆖᮉ㛢Ȁ⭏ǠǮᯩੁᙗ

șާփֻȧ⽪ǮǨǽǡⴞⲴǼǗȠ�



ǗȠ䁬᰾

ㅜ �Ⓠȧ䁬᰾ǮȠǴȖȀǗȠભ乼ǠȞȖȠǨǽǽǬǴȗȃǡǗȠȃǼޜ ǲȃભ乼ǠȞ㘳ሏǮ

Ƞ�

ભ乼ǂǂǂǗȠⴤ㐊ǡᒣ㹼ǿҼⴤ㐊ȃаᯩੁȀӔȤȡȅԆᯩȀȗӔȤȠ�

䁬᰾

ॺⴤ㐊BF ǽFGȄ⛩ ǠȞᕅǠȡǴॺⴤ㐊ǵǠȞ�ё㘵ȃ䐍䴒ȄǙǤȞǼȗབྷǢǤǿȠ�Ǯǿ

ȤǶ�⛩P ǡॺⴤ㐊FBкȧ⛩BᯩੁȀअǤᱲ�⛩ ǽॺⴤ㐊 ǽȃ䐍䴒 ⛩P ǠȞॺⴤ㐊 Ȁ

ǟȢǬǴ㐊ȃ䮧Ǫ Ȅ⛩ ǡ⛩ ǠȞ䚐ǫǠȠȀǹȡǻǙǤȞǼȗབྷǢǤǿȠ�ǬǴǡǸǻ�Ǘ

Ƞᱲ⛩Ǽᒣ㹼㐊ȃ䐍䴒ȧ䎵ǝǻǬȓǛ�ǨȡȄ� FGǽCDǡӔȤȠǨǽȧણǮȠ�

ᇏȄ�Ǩȃ䁬᰾ȀȄ ǹȃ乼⛩ǡǗȠ�ȓǯ�ᴰࡍȃ乼⛩Ȅ�ǋ⛩P ǡॺⴤ㐊FB кȧ⛩B ȃ

ᯩੁȀअǤᱲ�⛩P ǽॺⴤ㐊FGǽȃ䐍䴒 ⛩P ǠȞॺⴤ㐊 ȀǟȢǬǴ㐊ȃ䮧Ǫ Ȅ�⛩P ǡ

⛩F ǠȞ䚐ǫǠȠȀǹȡǻǙǤȞǼȗབྷǢǤǿȠ�ǌǽǙǛ⛩ǼǗȠ� ⛩P ǠȞॺⴤ㐊FGȀǟȢ

ǬǴ㐊ȃ䮧Ǫǡ� བྷǬǻ㹼ǤǨǽȄ⻪ǠǼǗȠǡ� ǲȡǡ❑䲀བྷȀⲪᮓǮȠǨǽȄ㠚᰾ǼȄ

ǿǤ�䁬᰾ǡᗵ㾱ǼǗȠ�ǪȞȀȗǛаǹȃ乼⛩Ȅ�ǋᒣ㹼㐊ȃ䯃ȃ䐍䴒ǡаᇊǼǗȠ�ǌǽǮȠ

ǡ�ǨǨǼ䁬᰾ǬǿǦȡȅǿȞǿǙભ乼ǼǗȠㅜ Ⓠȧ࡙⭘Ǭǻ䁬᰾ǬǻǙȠ⛩ǼǗȠ�ǙȤțޜ

ȠɐόɐɵɀόǼǗȠ⛩ȀǗȠ�ᖃ❦�ᒣ㹼㐊ȃᇊ㗙ȀȄ�Ҽⴤ㐊ȃ䐍䴒ǡаᇊǼǗȠǨǽȄਜ਼ȓ

ȡǻǙǿǙ�䐍䴒ǡаᇊǼǗȠǨǽȧ䁬᰾ǮȠǴȖȀȄ�ǾǛǬǻȗㅜ �Ⓠǡᗵ㾱ǽǿȠޜ

ണ Ġ ȃᱲ�ⴤ㐊 ǡⴤ㐊 ǽӔȤȡȅⴤ㐊 ǽӔȤȠ�

Ǵǵ�аᯩǼ�ǨȃɟɵȷɴɁȃભ乼ǡ䁬᰾ǪȡǴਸ�ㅜ Ⓠȧ䁬᰾ǮȠǨǽȄᾥȖǻ㉑ঈޜ

ǽǿȠ�ǲǨǼ�ԕлȀǲȃ䁬᰾ȧǮȠ�

䁬᰾ǂ

∠BEF + ∠DFE < 2RǽԞᇊǮȠ� ⛩E ȧ䙊ȟ� ∠HFE + ∠DFF = 2Rǡᡀȟ・ǹ ȀE ȧ䙊

Ƞⴤ㐊 ȧᕅǤǽ� KH ‖ CD ǽǿȠ� ⴤ㐊AB Ȅ� KH ǽӔȤȠȃǼKH Ȁᒣ㹼ǿⴤ㐊CD ǽ

ȗӔȤȠǨǽǡɟɵȷɴɁȃભ乼ȧ࡙⭘Ǯȡȅᇩ᱃Ȁ䁬᰾ਟ㜭ǼǗȠ�

ǂǂǂǂ

ɳɀɫɻɑɳȀȝȠ䁬᰾ȃ↤ਢⲴ༹䚧

ᵜㄐȀǟǙǻȄ� ц㌰ࡍ九ȀǟǦȠɱȸɱɻɀȯȀȝȠㅜ Ⓠȃ䁬᰾ޜ



ȀǹǙǻ㘳ሏǬǻȔȠ� ̚ Ȅ� ᒮօᆖȃᮉ、ᴨ

ᒮօᆖ䄆 ȧ ᒤȀࠪ⡸Ǭ� ⡸ȧ䟽Ȃǻ ⡸Ȅ� ᒤȀࠪ⡸ǪȡǴ� ɳɀɫɻ

ɑɳȃᮉ、ᴨȄ�ɝɱɻɁȃᒮօᆖȃᮉ、ᴨȃ⁉ⓆǽǿǸǴ�ǨȃɳɀɫɻɑɳȃᵜȄ�ȴɵȪǡ

䃝ȨǼབྷǢǿᖡ丯ȧਇǦǴǨǽǼ⸕ȞȡǻǙȠ�ȓǴ�ɳɀɫɻɑɳȃᮉ、ᴨȄ�ȪɩɲȳǼȗ㘫

䁣Ǫȡǻ�ᒮօᆖȃᮉ、ᴨǽǬǻࠪ⡸ǪȡǻǙȠ�ᰕᵜȀǟǙǻȗ�᰾⋫ᵏȃࡍᵏȀᒮօᆖȃᮉ、

ᴨǽǬǻ֯⭘ǪȡǴ�ɳɀɫɻɑɳȃǨȃᵜȄ�ᵜᖃȀȝǤ༢ȡǴ ǼǗȠ�ɳɀɫɻɑɳȃǨȃ

ᒮօᆖȃᮉ、ᴨȄ�⡸ȀǟǙǻㅜ Ⓠȃ䁬᰾ȧⲪ㺘ǬǻǙȠ�ǬǠǬ�Ǩȃᵜǡ䶎ᑨȀ༢ȡǴޜ

ȀȗǠǠȤȞǯ� 㠚Ȟȃ䁬᰾ȃ䃔ȟȀ≇ԈǙǻȄ� ⅑ȃ⡸ǼᯠǬǙ䁬᰾ȀᡖǮȠǽǙǛǨǽȧ

㒠ȟ䘄ǬǴ�ǨȡȄօȧણǮȠǠǽ䀰ǝȅ�ᰒȀ�ȴȮɁǡ䶎ɮόȷɲɋɑᒮօȃਟ㜭ᙗȀ≇Ԉ

ǙǻǙǴᱲȀ�ɳɀɫɻɑɳ㠚䓛Ȅ�ȓǵȓǵ�䁬᰾ȀᡖǬǻǙǴǨǽȀǿȠ�ɳɀɫɻɑɳȄ�

ᒤȀᴰᖼȃ ⡸ǡࠪ⡸ǪȡȠȓǼ� 㠚䓛ȃ䁬᰾ȧⲪ㺘ǬǻǙȠ� ԕлȀ� Ȁ᧢䔹ǪȡǴǲȃ

䁬᰾ȃȃаǹȀǹǙǻ㘳ሏǮȠ�ȓǴ�ㅜ 䀂ȃ઼ȄҼⴤ䀂ǼǗⓆȧԞᇊǮȡȅ�й䀂ᖒȃޜ

ȠǨǽǡ䁬᰾ਟ㜭ǼǗȠ�ɳɀɫɻɑɳȄ�Ǩȃ䘶ǡᡀȟ・ǹǨǽ�䀰ǙǠǝȠǽй䀂ᖒȃ䀂ȃ

઼ǡҼⴤ䀂ǼǗȠǨǽǽㅜ ⓆǽȄ਼ٔǼǗȠǨǽǠȞǲȃ䁬᰾ȧɁɇόɐǮȠ�ǂǂǂޜ

ɳɀɫɻɑɳȀȝȠ䁬᰾

ભ乼ǮȎǻȃй䀂ᖒȃ䀂ȃ઼ǡ ⴤ䀂ǼǗȡȅ�ㅜ �Ⓠǡᡀȟ・ǹޜ

䁬᰾∠BEF +∠DFE < 2RǽԞᇊǮȠ�л䁈ȃ Ȁ�⛩F ǠȞ� ∠BEF = ∠EFG = 2Rǡᡀȟ・

ǹ Ȁⴤ㐊FGȧȇǤ�ǪȞȀ� F ǠȞAB кȃԫȃ⛩ ȍ㐊࠶ȧᕅǤ�

ണ

⅑Ȁ�ⴤ㐊ABкȀMN = FM ǽǿȠ Ȁ⛩M ȧ䚨ȋ�ǲǛǮȠǽ�й䀂ᖒFEM ȄҼㅹ䗪й䀂

ᖒǽǿȟ�ǲȃᓅ䀂∠MFN = ∠MNF Ȅ� ∠FMEȃ1/2ǼǗȠ� ∠MFN = (1/2)∠FME · · · ∗ ǨǨ
Ǽ�й䀂ᖒȃ䀂ȃ઼Ȅ ⴤ䀂ǼǗȠǨǽȧ࡙⭘ǬǴ�ǮǿȤǶ�∠MFN+∠MNF+∠EMN = 2R

ǼǗǸǴȃǼ�

∠MFG = ∠EFG−∠EFM = ∠EFG−(2R−∠FEM−∠FME) = (2R−∠FEM)−(2R−∠FEM−
∠FME) = ∠FMEǽǿȠ�ǬǴǡǸǻ�ˆȝȟ�∠NFG = ∠EFG−∠MFN = ∠FME−∠MFN =

(1/2)∠FME = (1/2)∠MFGǽǿȠ� ⅑Ȁⴤ㐊AB кȀ⛩P ȧFN = NP ǡᡀȟ・ǹ ȀǽȠǽ�

кȃ䆠䄆ǽ਼ ȀǬǻ� ∠PEG = (1/2)∠NFG = ∠(1/4)∠MFGȧᗇȠǨǽǡǼǢȠ� ԕл� Ǩȃ

ǩ䆠䄆ȀȝǸǻAB кȃ⛩R ȧ∠RFG < ∠DFG ǼǗȠȝǛȀ䚨ȋǨǽǡਟ㜭ǼǗȠ� ǲǛǮȠ



ǽ�ॺⴤ㐊FDȄй䀂ᖒFERȃ䜘ȧ䙊ȠǨǽȀǿȟ�ǬǴǡǸǻ�й䀂ᖒȃ䗪EF ǽӔȤȠǨǽ

ȀǿȠ�ȝǸǻ�ⴤ㐊FDȄ� AB ǽӔȤȠ�

ԕкȃǨǽǠȞ�ㅜ 䀂ȃ઼ǡⓆȧ䁬᰾ǮȠǴȖȀȄ�й䀂ᖒȃޜ ⴤ䀂ǼǗȠǨǽȧ䁬᰾Ǯ

ȡȅ㢟ǙһȀǿȠ� ǲǨǼ� ɳɀɫɻɑɳȄ� �ǯݸ ȄǭȖȀ� ⅑ȃભ乼ȧ䁬᰾ǮȠǨǽȀǬǴȃ

ǼǗȠ�

ભ乼ǂǮȎǻȃй䀂ᖒȃ䀂ȃ઼Ȅ ⴤ䀂ԕлǼǗȠ�

䁬᰾ǂȓǯȄǭȖȀ�й䀂ᖒȃ䀂ȃ઼Ȅ ⴤ䀂ȝȟȗⵏȀབྷǢǙǽԞᇊǮ

Ƞ�䗪AC ȧᔦ䮧Ǭǻй䀂ᖒCDEȧй䀂ᖒABC≡й䀂ᖒCDEǽǿȠ ȀണǮȠ�ԕл�Ǩȃ

 ǿᾝȧ എ㒠ȟ䘄Ǭǻ�ണ ȃ Ȁ�й䀂ᖒABC ǽਸ਼ǿй䀂ᖒȧണǮȠ�

ണ

ǹȓȟ�й䀂ᖒABC≡й䀂ᖒCDE≡й䀂ᖒEFG ≡ · · · ≡й䀂ᖒNOP ǪȞȀ�⛩B ǽ⛩Dȧ㐊

�Ǽ㎀Ȉ࠶ ਼ ȀǬǻ⛩D ǽ⛩F ⛩F ǽ⛩H ǽ⅑ǆȀ㐊࠶Ǽ㎀ȋ� BD · · ·MO Ȅᣈȡ㐊ǽǿȟ�

аⴤ㐊ȀǗȠǽȄ䲀ȞǿǙ�

й䀂ᖒABC≡й䀂ᖒCDE ȝȟ�∠BAC = ∠DCE ǼǗȟ� ACE Ȅ�㐊࠶ǼǗȠȃǼ

2R = ∠BCA + ∠BCD + ∠DCE = ∠BCA + ∠BCD + ∠BAC ǡᡀȟ・ǹ� аᯩ� Ԟᇊȝȟ�

2R < ∠BCA + ∠ABC + ∠BAC ǡᡀȟ・ǹ� кȃㅹᔿȧ∄䔳Ǭǻ� ∠ABC > ∠BCD ǡᡀȟ・

ǹǨǽǡ⨶䀓ǼǢȠ� ǲǛǮȠǽ� й䀂ᖒABC ǽй䀂ᖒDCB ȀǟǙǻ�AB = DC BC = CB

∠ABC > ∠DCBǡᡀȟ・ǹȃǼ�ɮόȷɲɋɑȃǋ䄆ǌȃㅜ ᐫȃભ乼 ȝȟ�བྷǢǙ䀂Ȁሮ

ᘌǮȠ䗪ȃᯩǡབྷǢǙ�

ǮǿȤǶ�AC > BDǽǿȠǨǽǡ⨶䀓ǪȡȠ�ǲǨǼ�AC−BD = δ > 0ǽǟǤǽ�AP = nAC

ᣈȡ㐊BD · · ·MOȃ䮧ǪȄ� (n−1)BDǽǿȠ�⛩Aǽ⛩P ȧ㎀ȋᣈȡ㐊ABD · · ·MOP ȃ䮧ǪȄ�

AB + (n− 1)BD +OP = AB + (n− 1)BD +BC

=AB +BC −BD + nBD = AB +BC −BD + nAC − nδ

=AP + (AB +BC −BD − nδ)

ǽᴨǤǨǽǡǼǢȠ�ǲǨǼ� nȧॱ࠶བྷǢǤǽȟ�

AB + BC − BD − nδ < 0 ǽǿȠ ȀǮȠǽ� ⛩A ǽ⛩P ȧ㎀ȋᣈȡ㐊ABD · · ·MOP ȃ䮧

ǪAP + (AB +BC −BD − nδ)Ȅ㐊࠶AP ȃ䮧Ǫȝȟ⸝ǙǨǽȀǿȠ� ⛩䯃ȧ㎀ȋᣈȡ㐊Ǽᴰ⸝

ȃȗȃȄ�ǲȃ ⛩䯃ȧ㎀ȋ㐊࠶ǼǗȠȃǼ⸋ǼǗȠ�Ǩȃ⸋Ȅ�й䀂ᖒABC ȃ䀂ȃ઼ǡ



ണ

ⴤ䀂ȝȟⵏȀབྷǢǙǽԞᇊǬǴǨǽȀȝȟ⭏ǭǴȗȃǼǗȠ� ǬǴǡǸǻ� й䀂ᖒȃ䀂ȃ઼Ȅ�

ⴤ䀂ԕлǼǿǦȡȅǿȞǿǙǨǽȀǿȠǡ䁬᰾ǪȡǴ�

ᴰᖼȀ� ɳɀɫɻɑɳȄԕлȃભ乼ȧ䁬᰾ǬȝǛǽǮȠǡ� 䁬᰾Ȁ䯃䚅ǙǡǗȠ� ԕл� ɳɀɫ

ɻɑɳȃǬǴ䁬᰾ȧ⽪Ǯ�

ભ乼ǂǮȎǻȃй䀂ᖒȃ䀂ȃ઼Ȅ� ⴤ䀂ǼǗȠ�

䁬᰾ǂй䀂ᖒABC ȃ䀂ȃ઼Ȅ ⴤ䀂ȝȟⵏȀሿǪǙǽԞᇊǬ� й䀂ᖒABC ȃ䀂ȃ઼=

2R − δ δ > 0 ǽᴨǤ� й䀂ᖒABC ȃ䗪BC ȧޡᴹǬǻ� A ǽ৽ሮڤȀй䀂ᖒDBC ȧй䀂

ᖒDBC≡ й䀂ᖒABC ǼǗȠȝǛȀǽȠ� ണ ȃ Ȁ� ⛩ ȧ䙊Ƞⴤ㐊ȧᕅǢ� AB ȃᔦ䮧ǽE

AC ȃᔦ䮧ǽF ǼӔȤȠǽǮȠ� Ǩȃᱲ� ണ ȀǟǦȠ ǹȃሿǪǿй䀂ᖒDBE й䀂ᖒABC й

䀂ᖒBCD৺Ȉй䀂ᖒCDF ȃ䀂ȃ઼ȧޘǻ࣐ǝȠ� ABE ACF ৺ȈEDF ǡⴤ㐊ǼǗȠǨǽȧ

࡙⭘ǮȠǽ� ∠BAC +∠ABC +∠BCA+∠BCD+∠CBD+∠CDB +∠DCF +∠CFD+∠FDC +

∠BDE +∠DBE +∠BED = ∠BAC +∠CFD+∠DEB + (∠BCA+∠BCD+∠DCF ) + (∠ABC +

∠CBD + ∠DBE) + (∠FDC + ∠CDB + ∠BDE) = ∠BAC + ∠CFD + ∠DEB + 6R

ǽǿȠ�

аᯩǼ�й䀂ᖒȃ䀂ȃ઼Ȅ ⴤ䀂ԕлǿȃǼ�й䀂ᖒABC≡й䀂ᖒDCBȃ䀂ȃ઼Ȅ2R−δ

ǼǗǸǴȃǼ� ∠BAC + ∠CFD + ∠DEB + ∠6R ≤ 2(2R − δ) + 2× 2Rǡᡀȟ・ǹ�ԕкȃǨǽǠ

Ȟ� ∠BAC + ∠CFD + ∠DEB ≤ 2R− 2δ

ǽǿȠǨǽǡ⨶䀓ǼǢȠ� ǨȡȄ� й䀂ᖒAEF ȃ䀂ȃ઼ȀԆǿȞǿǙ� ǮǿȤǶ� й䀂

ᖒAEF ȃ䀂ȃ઼Ȅ2R − 2δ ǼǗȠ� ǪȞȀ� й䀂ᖒAEF ȀሮǬǻ� кǽ਼ ȀǮȠǽ䀂ȃ઼

ǡ� 2R− 4δȃй䀂ᖒǡᗇȞȡȠ�ǬǴǡǸǻ� nഎ਼ ȀǮȠǽ�䀂ȃ઼ǡ2R− 2nδȃй䀂ᖒǡ

ᗇȞȡȠ�ǬǠǬ� δ > 0ǼǗȠȃǼ� nȧॱ࠶བྷǢǤǽȠǽ� 2R− 2nδ < 0ǽǮȠǨǽǡਟ㜭ǼǗ

Ƞ� ǽǨȢǡ� й䀂ᖒȃ䀂ȃ઼ǿȃǼ� ǲȃٔȄ↓ǼǿǦȡȅǿȞǿǙȃǼ� ⸋ǼǗȠ� Ǩȡ

Ȅ� ǲȗǲȗ� й䀂ᖒȃABC ȃ䀂ȃ઼ǡ ⴤ䀂ȝȟⵏȀሿǪǙǽԞᇊǬǴǨǽȀȝǸǻ⭏ǭǴ

ȗȃǼǗȠ�ǬǴǡǸǻޘ�ǻȃй䀂ᖒȃ䀂ȃ઼Ȅ ⴤ䀂ǼǗȠ�

ԕкǼ䁬᰾㍲ȤȟǽǬǻǙȠǡ�ᇏȄ䁬᰾ȀǿǸǻǙǿǙǨǽȄ᰾ȞǠǼǗȠ�ণǶ�⛩Dȧ䙊

Ƞⴤ㐊ǡAB AC ȃᔦ䮧ǬǴ ᵜȃॺⴤ㐊ǽӔȤȠǨǽǡ㠚᰾ǼȄǿǙǨǽȄ᰾ȞǠǼǗȠ� Ǩ

ǨȀ�⊪ᇊⲴǿǨȃ䁬᰾ȃ䃔ȟǡǗȠȃǼǗȠ�



ᰕᵜȀǟǦȠᆖ㘂ᤷሾ㾱么ȃᮠᆖⲴ⍫अǽȃ䯒ײᙗ

ᰕᵜȃᆖ㘂ᤷሾ㾱么ȀǟǙǻ�ᮠᆖⲴ⍫अǡǲȃⴞ⦹ȃаǹȀǿǸǻǙȠ�ǲǨǼȄ�ɁəȬɱɳ

Ȁᦸᾝኅ䮻ǡ⽪ǪȡǻǙȠǡ�ണᖒ么ฏȀǹǙǻ㘳ሏǮȠᱲ�ᕼ≨᰼ਹ∿ȃᤷ᪈ǮȠᒮօȃ ⇥䲾

ǡᴹࣩǠȗǬȡǿǙ� ᒮօȃ ⇥䲾ǽȄ� ⅑ȃ ǿȗȃǼǗȠ� ķⴤ㿣Ⲵ⇥䲾· · · ሿᆖṑᮉ㛢ȃ⇥
䲾�ĸተᡰⲴ⇥䲾 ɇόɴɁȃ⇥䲾 · · · ѝᆖṑᮉ㛢ȃ⇥䲾�Ĺփ㌫Ⲵ䄆䁬ȃ⇥䲾 ɮόȷɲɋɑȃ⇥

䲾 · · · 儈ㅹᆖṑᮉ㛢ȃ⇥䲾� ĺޜ⨶Ⲵ⇥䲾 ɚɳɡɳɐȃ⇥䲾 · · · བྷᆖᮉ㛢ȃ⇥䲾� ᵜはǼ⽪ǬǴ
ɮόȷɲɋɑȃǋ䄆ǌȄ�ᕼ≨᰼ਹ∿ȃᤷ᪈ǮȠȓǪȀ儈ㅹᆖṑᮉ㛢ȃ⇥䲾ȀㅖਸǮȠ�Ĺȃ儈

ㅹᆖṑǼȃփ偃ǡ㍼偃Ȁ༹ᇩǮȠǨǽȀȝǸǻ� ĺȃབྷᆖ⇥䲾Ǽȃޜ⨶Ⲵ⇥䲾ȀǿǸǻ㹼ǤȃǼ

ǗȠ�ǲȃણȀǟǙǻȗ�ᵜはǼ䘠ȎǴɮόȷɲɋɑȃǋ䄆ǌȃㅜ Ⓠȃ䁬᰾ȃ↤ਢȄ�儈ޜ

ㅹᆖṑȀǟǦȠаǹȃᴹࣩǿᮉᶀȀǿȟᗇȠǽ㘳ǝȠ�

ȓǽȖ

ᵜはȀǟǙǻȄ� ㅜ �Ⓠȃ䁬᰾ȃ䃔ȟȃ↤ਢȧ㾻ǻǢǴǡޜ ᇏȄ㎀᷌ⲴȀ䁬᰾Ȅ䯃䚅ǙǼȄǗ

Ƞǡ� ᮠཊǤȃ⸕ᚥȧ㎎ǸǻᡖǬǻǢǴ䁬᰾ȃᮠǆȄ� ㎀᷌ⲴȀ䯃䚅ǙǵȞǦǵǸǴǽ䂅בǮ

ȠǨǽǵǦǼȄȓǪȡǿǙᮉ㛢ⲴٔבǡवǪȡǻǙȠ� ᮉ㛢ⲴȀ㾻Ǵᱲ� ǲȃ䁬᰾ȃ㘳ǝᯩ

ǲȃȗȃȄ䶎ᑨȀ㠸ણ␡ǙȗȃǡǗȟ� 儈ṑȃᮠᆖᮉ㛢Ȁᘌ⭘ਟ㜭ǼǗȢǛǽᙍȤȡȠ� ǲȃ䯃

䚅ǸǴ䁬᰾ǲȃȗȃȃѝȀᾥȖǻ㠸ણ␡ǙһᷴǡཊᮠǗȠǨǽȀǨǲ儈ṑᮉȄ⌘ⴞǮȎǢǼǗ

Ƞ�儈ṑ⭏Ȁɮόȷɲɋɑᒮօȧᆖ㘂ǪǰȠǽǙǛǨǽǼȄȗǶȢȨǿǙ�ǬǠǬ�ᮠᆖȃᆖ㘂Ȁ

ǟǙǻȄ� ৣᇶǿ䁬᰾ȄᾥȖǻ䟽㾱ǼǗȠ� Ǵǵ� ਼ᱲȀⴤ㿣ȗབྷ࠷ǼǗȠ� Ǩȃё㘵ȃǠȞȔǼ

㘳ǝȠǨǽǡᮉ㛢ⲴȀȄ䟽㾱ǼǗȠǽᙍȤȡȠ�ԆȀȄ�ɝȫɋȿɫόㅹȧ࡙⭘Ǭǻ�ᰕᵜȃᆖ㘂

ᤷሾ㾱么ȃⴞ⦹ȃаǹǼǗȠᮠᆖⲴ⍫अȀਆȟޕȡȠǨǽȗॱ࠶ਟ㜭ǼǗȠǽᙍȤȡȠ� Ӻᖼȃ

儈ṑ⨮Ǽȃᇏ䐥ȀᵏᖵǬǴǙ�
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n × n

n S T n× n

(s, t) s S t T

S T

S = {A,B,C, . . .} T = {α,β, γ, . . .}
n



n ≡ 2( 4)

n ≥ 10

n ≥ 3 n = 6

x(i− 1) + j





20













102 103 104 105Ă

104 104 108 1012 1016Ă 104 108

1016 1032Ă

13

m2 (m + n)2

1 + 3 + 6 + . . .+ n(n+ 1)/2 = n(n+ 1)(n+ 2)/6



1 + 4 + 9 + 16 + 25 + . . . 1 + 5 + 14 + 30 + 55 + 91 + . . .



뗯꺟긯싘딏듳김쎀 㭡〬䘓 듗驃ꩳ

㭡〬䘓/ ≀⋍
㟙㧸吖/

㱌㧌墬䁕/ 侪屦侴嶞/
吏侪/ 㙉㬌 巓

恴䫶

㖉⦗㏈/ 䄽㽶ⴢ/

㭡〬䘓 㖉⦗㏈ 䄽㽶ⴢ
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㭡㎀吔 䄽㬜䊣
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㭡㏳∓
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㖉⦗㏈ 㭡〬䘓
㖉⦗㏈ 独㐰櫙㥶䃨
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櫯䷤㶯䬁/
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㦋⾋俓嶔/꾗싘떇됓

㦋⾋俓嶔
̫

닇똄쏓덏ꁿ싗덫
싛ꝏ髬싘딏듳닟髬驃됳ꅘ饿듷닇똄쏓 ⾜枑⢟/ ꀓ묨먬鸧ꅃꁸ띃 ⤣䄸 묛끟뒻ꗛ 黃 驟똄
믗ꕫ띃뗯꺟듗ꝇ뜿Ꝉ驻駯끛썗듷끜黃끛덏 ꉰ뒻ꗛ띃긫饿ꆗ덇ꁣ� 듳댳꺛ꢷ驻떃끛 㿒幹 ꩐驻 ∬䷤

덏ꅄꜼ됳ꅘ饿듳딏싛髬魻ꁿ꾗싘髏뒠듗닃ꨃ뜿ꗛ셈饿ꆗꀓ듳김꺣 㭡䬋❻/ 驻싧鱗鮈떛싗덫�鬀
鸳鸬驿 ⿁╺㊯擱⾫ ꨔ꺛驿 䃨擻㬋⾫ 쏌ꢷ驿끛ꅄ ㌫㦚活⎠従 ꉰ듃駯멏똄 숇饿꺟ꁿ ⨜⦗ⴺⴾ
덬딃쌇ꁣ� 닇똄쏓ꀓ 黃떃뼴꾗싘맄 꾗싘떇됓 㦋⾋俓嶔 땿꾟싗덿ꁣ�

꾗싘떇됓 빏髫
ꁿꝋ꾗싘긫싘딏䄽堿䤲뒿 黃덏뉯덫띃 꾗싘떇됓 먗듋ꦛ騫싗驟�魷饿믗덏ꁿ싗덫뙻꠨싛ꁣ驟뜿떀
싗덿ꁣ 䄽堿䤲/ ꩷둏驟덏꺛ꀓ닇똄쏓饿 黃땿꾟싛 꾗싘떇됓 덏ꁿ싗덫뫛몇ꗛ魷鸳됨듃ꬃ꺜
싛ꁣ� 髫싛ꝏ닇똄쏓饿 꾗싘떇됓 땿꾟싛긫끣듳魷ꁣꙫꝍ뒿魿덏꺛떃썿댷鮈ꆗ뜿닉뒿騂뒿쀸듳싛
듻듳ꁣ�닇똄쏓듗 꾗싘떇됓 ꀓ떃먳꺷鬋 ➊≞∓/ ⊟/ ∜ 뒻ꗛꆗ댳딇뒻馀馀먛 ⴼ 뜿 ⭃ 듷 ⋍ 뒻ꗛ
쇛끛싗덿ꁣ�
꺛ꢷ덏ꊯ꛳ꟳ�ꠄ 㨡 ꁿ꾬떔 ㄚ䶡 黃馃 덏빛꺛 䄃嶒 듷鸗닃驠 厘櫘恊/
듳뙻긯긫꺟ꨔ 偟侀㦯凭䃨 듃ꝋꉣ驟쑃덏ꝣꢷ떔 㲘㦚猡/ 듳뙻긯듃꾗띀뒻ꗛ驟멏꺛魷

띐ꗜ 捂朗 싛 騂듃 ꃓ 맃둟ꀓꃯ ꝣ됯 딏꺷싗덫 긫ꔋꉣ듳 듳騂듃 뫛驟ꗛ 긻닗뒻 듳 맄듳 鮯ꗜ싛 ꦓꀓ ꢷ긯
㦚侀 셫뜿鮇 曽⭃朹 긫긯 㦯侀 듳ꓻꀓ덫ꕫ듳꜃뒻ꗛꜫ鮯ꅃ쌇ꁣ�魷ꕫ鸗몇싘딏ꉣ듳ꦯ됯鮯덏댳ꖣ둋



꺛닇똄쏓饿뗰싛ꬃ듃맃둋땿꾟싗덿듋듃ꦜ씇驟딇ꁣ� 魷ꕫ鸗닇똄쏓ꀓ鸗닃驠듗뙻긯긫꺟ꨔ驻ꢷ긯듗
긫꺟ꨔ듃髫ꩃ싗뜿 싗驟 딇ꀓ 騂뒻ꗛ 삏ꁧꆛꁣ� 魷 듳뒟ꀓ 鸗닃驠듳 댷鮈싛 뙻긯뒿꩷ꔗ 듻똄듗驃긯鮯ꗛ
魷鮯삏뒿긫꺟뒻ꗛꆗ댳딇驟쑃덏ꝣꢷ떔듳듳ꁣ끛꾗띀뒻ꗛꝋꉣ댳긫됨쌇ꃗꦗꟳ� ꢷ긯뒿긫끣싃긯ꨔ
듳鮯ꋋꢷ듳ꁣ� ꢷ긯뒿 듳ꥷ뎣騼 ⡆㥿/닼 꺷鮯騼 듗 髫딤긯ꨔꯃꛗꁿ떃 ≰仳侪䃨㿧汱ⴺ╻ 덏
긫긯 侪 듳ꓻꀓ듳꜃뒻ꗛꉣ댳딇ꁣ 㭡╏ 㭯䰆䕉/ 꾗싘떇됓 듗뼴ꗟ덏鸗뎣ꀓ꺛ꠄ듐 ㎣⢐嗍/

뒿鸗닃驠듗뙻긯ꨔ驻ꢷ긯듃떛ꁿꗛ髫ꩃ싗驟딇ꀓꃯ닇똄쏓ꀓ꺛ꠄ듐듗驟긫끟꺛 㥊⊞㧃㬋
鬋듃딗듷됨싛騂뒻ꗛ묓떔ꆛꁣ ꦔ鬋꾗�
ꁣ듋뒻ꗛ꠨ꗜ듃ꩳꟳ싗ꅃ 䃆⬩ 鸘꺛 䄮㬋 뎿ꅃꕈ쎔 ㊹既屴 魷ꜫ驟饿馏뀸떛쑃덏ꦨ떃 㧌䥃 꼌셫

傲㈖ 꽟ꬃ 岃☙ 꼋骐 〤㋶ 김驴 ⥙⚲ 魟꾗 ⭚捋 뎀鿴 䫛㬥 ꦨ떔 㧌丞 髫驟 ⟸咴 듗꾛꺛ꗛ섷꺰듳
ꆗ댳딇댳듳맄듳뙻ꗛ 髫딤긯꾟 ≰仳侪屦 듗鸳됨듃ꁣꙧ驟딇듋듃닋꾗딇ꁣ�魷ꦕ덏 鬋덏꺛ꀓ릧魻ꦨ
㱌㧌 먳ꛗ 滧汱 鸛떛 櫶江 떛饿꺣 弋⿉庽 ꅃꁣꙧ驟딇듋듃닋꾗딇ꁣ�
듳맄덏꺛땿딏ꀓ꩷ꢷ김ꁧ덏딐뒿魿늧ꗛ꩷ꢷ덏꺛댷鮈싛馛黏덏ꁿ싗덫ꩳ묨꺣ꠄ듃뙻驟딇뒻� 쀸씇

뀸ꨔ ≫䃨/驰껇 뚐髬떃뼴꾗싘덏꺛셫뜿鮇 曽⭃朹 듳ꓻ驟꛷싃긯ꨔ듃긫됨싗덿ꁣ�싛髬꾗싘긫싘딏ꉣ듳
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≖帓㈁吘뚖⚳≞뚥帓⢟吘뚖䈮≞뚥帓习吘뚖榞橷≞뚥帓⥙吘뚖⫳≪≞آ⠗㎼⊡▉㧺≲آ囸⥢⢟吘뚖⚳≞뚥⥢㈁吘뚖䈮≞뚥
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ꁿ싳 黻싗덿ꁣ� 긯싘驃듗 꺛ꢷ듗 듻 듷됨싗驟 뗯꺟덏꺛 긯꺛 髫싗ꀓ 듻듳 ꝣ됯 댳ꖣ둟듋듃 ꩻ
꾗딇ꁣ� 꺷똄 ꁿ덏ꀓ긯싘듳댳ꀏ떔ꅃꦛ떃듳딇덇듋듃딗鸗븿鸳댳뙻驟딇ꁣ� 꺷뗯饿꾗싘듃닃뙻딗
듳싳싗驟딇듋ꅃꩻ꾗딇ꁣ�

֍ႅ�

㇇ᆨஃ㫉�

ц⾆�



ⳅ㏽⏪ ᳑ ㉡ ㌉῝⠕㖅㙊꺷뗯ꁿ덏뎿꺛긯싘듳뽳ꩳ싗덫騧됯驃긯ꨔ驻떛驰魻ꝋ髫싟뚃
닋닃꺛덯Ꜽ 릧ꦨ떔끜 ᯩ〻↓䋐 驻ꦨ떔끜듗髫꺰驻馛ꦨꨔ 䮻ᯩ䟻䧆 듃떛ꁿꗛ듳싳싗驟딇듋듃
ꩳ덫뙻驟 딇ꁣ� 꾗싘 끣ꖤ듃 鼑듳鮯뒃싳꺛 맃릌띇 싗驟 딇듋듃 닋 꾗 딇ꁣ� ↓䋐饿 ↓뒻ꗛ 딗 쇛鮯
ꆗ댳딇ꁣ�

֍ႅ�

䮻ᯩ⌅

뫛꺜떔 듗髫꾗ꔴ 馐듃꩐떔麣섷뒻ꗛ듳ꙧ댳뗋ꀓꃯ� 馐뒿饿馏뀸떛� 듃뒿듐됨� ꩐뒿馛
ꦨ�딄ꦨ�ꦨ떔�떔뒿긯ꨔꦎꝇꦨ띃듗덯髫듗鸳됨뒻ꗛ髫꺰ꆗ덇ꁣ� 덏ꉣ댳딇ꀓ 릧ꝇꦨ띃뒻ꗛ뫛꺜떔듳
ꅄ림떀뒻ꗛꝋꉣ덇ꁣ� 鸗ꞷ뜿ꝇꦨ띃뒿ꠧꇏ댐쒗긯ꨔ덏꺛듷됨쌇듋듃ꩻ꾗딇ꁣ�

ҍᮨ⮕

ҍᮨ䲠െ



뫛꺜떔듗髫髫ꠧ꾗鬀댐ꅃ = 듳ꁣ� 꺛댐덏꺛ꀓ 듗
ꦨ띃뒻ꗛ딗닋ꖣ떷딇ꁣ�됯ꜫ鸗ꓻ饿닝꺟騂듷ꃯ뎣씇ꖣ돷髬덏꺛뫛꺜떔듗싘ꢷ떀덄떀듃ꞻ땿듷떔싗덿
ꁣ� ꀓ 꺷鮯듗饿딤뒃ꁿ싛꾗싘딏ꗛ 듗馛黏듃ꅃ딄싗덿ꁣ�

ፄ䥛唾�

ҍҍ⇽ᮨ䆺ᇞ䲭െ

뗯빛髫 듗긯싘꺛 뙻꺛驿騫 꼌듗鸳됨듳ꁣ�긻馀쎔듗꺷듃뙻驟꾗꺟듗鮷듳髫싗ꀓ
ꨔ덏ꁿ싛뜜ꠄ듷ꃯ뚐됓싛긫끣뒿뗯꺟긯꺛덏ꉣ댳딇ꀓ뫛몇듗뜜ꠄ듳ꓻꀓ떏듳ꁣ� 꾗꺟듗鮷듳髫싗
ꀓꃯ뎇馀� ꇓ馀긻馀쎔뒻ꗛ鸗龃댳꺛뜜ꠄ싗덿ꁣ�

䏉⌠㘹� ㉼ᴨ

㇑㾻�

ᵍ凞



긯싘딏쏌떔싗 듗髫듻띐 듗鸳됨듳ꁣ�饿썋 꺷鮯 듗긻馀쎔�듻ꠄ
뒻ꗛ닋ꖣ떷딇ꁣ� 驻ꝇ믗뎣ꔗ떃뺯髏ꛗ싗驟딇덇ꁣꀓ릨馀듃ꕫ듻뒻븧ꁣ�

ҍа䳶 䋸

២

쏌떔싗듗髫듻띐덏鸗뎧鸳됨듳ꁣ� 쎃딫驟ꉰ싘髏꾗싘덏꺛뚐됓싗騋ꦯ됯ꀓꬃ듳ꁣ� (x− 1)n 듗
심驃꾗쇛쎃싗驟딇듋듃ꩻ꾗딇ꁣ�

(x− 1)n



쏌떔싗듗髫듻띐덏끣ꜯꦰ딏ꅃ듳ꁣ�댐쒗듗딗ꆛ 릧ꝇꦨ띃듃떔ꁿ뒃�뫛꺜떔뒿딏鮯듗땿꺛덏
魷ꁿꗛ듷됨싗덿ꀓꃯ쏌떔싗ꀓ딗ꆛ 릧ꝇꦨ띃듃驟멣ꁣ� 긯싘듗ꁿ饿ꉣ듗驃긯듃ꦓꗛ딠닃꾗싘듗
떔쏔꺰듃ꩳ덫뙻驟딇ꀓꃯ쏌떔싗듗꾗싘딏ꁣ됳� 뎣ꛗꦓꗛ딠ꀓ씗驻떔띀꺰魷ꜫ驟믗싧듃덾ꩻ꾗
딇ꁣ�

Ⲯᆀെ ҍ

а䳶 ὺ䕍㇇⌅�

〻བྷս� ፄ䥛

唾�

쏌떔싗饿먛둏꾟듃듳됨싗덫ꦨ떔끜듃髫꺰싛騂뒻ꗛ뚐髬긯싘꺛듷긯싘驃덏ꉣ댳딇뜿닉뒿됯ꜫ
긯싘듗ꅄ림떀듷쎔빛듗ꢷ떛ꗛ듗ꥷ饿딇ꁣ�

ཙݳ㺃



쏌떔싗듗 髫듻띐듗 鸳됨뒻ꗛ 떃쎔떀듷 ꦨ떔끜 듳ꗟ듷 뜜뀸馛ꦨꨔ듃 ꩳ듳驟 딇ꁣ� 뒃듗 먛둏꾟驻
ꦨ떔끜듗쇿듳ꨔ뒻ꗛꉛꊓ댳쏌떔싗ꀓꦨ떔끜ꗟ듃돃꺰싗덿ꁣ�

҈䮻ᯩ⌅ ҍа䳶

ཙݳ㺃

쏌떔싗듗髫듻띐덏딇ꀓ 릧ꦨ떔끜듗먛둏꾟쇛끛듳ꁣ� 긯ꁿ듗 뗯쎔떀듷닃꜃ꁣ됿듳ꅊꩳ듷ꁣ�
쑋ꛬ싛 ꊓ딏듷떀듷 됓꼋饿 딗 ꉛꕫ鸗 딇댳꺛 쎃ꁿ듗 덫ꕫ 떛숇듗 ꢳꀫꗛ 쏛됨싳ꅃ 릷 똊騟ꁣꀓ 깜馀듳
ꉟꁣ� ꩴ딠싛騂듳닃꜃ꁴꁣꀓ덬꺣듳ꢗ싗騋ꉣ댳ꝝꀓꁣ�

ཙݳ㺃



뙻싘삓꺷ꩳ ꓻꀓ긯싘딏띐닇饿驃ꅃ덏딇ꀓ쏌떔싗듗뗰ꩳ듳ꁣ� ꠄꢷ긯싘딏띐닇 鸧댐쏌늧 듗
饿驃딗ꩳ덫뙻驟딇ꁣ�긯싘딏띐닇饿驃ꅃꀓ듳돷덏ꅃ 뙻싘딄騨닇 뙻싘꺟깜닇 驻馘뒿똄ꛗ듗맄덏
떃싳띃ꁣ�

㉼ᆨ ц䆌ޛ

㉼ᆨޕṬṸ ㉼ᆨݸ

⭏Ṹ ਆ



ꁳ썋쏌ꁿ됨 듗꾗싘맄 뙻싳꾗됨 듗꺛ꢷ듷ꃯ꾗싘듗끣됨꺰듃馔뗯싗驟딇ꁣ� ꨇ덬뒿
ꁣ듋驻馘ꁣ�

㉼䀓䴰⭘

驴딏饿듻릌듳 뒃ꜫ 驠끜듗림驟驿딤싗ꀓ뀫 ꓻꀓ뀫듃싛떀듳딇ꁣ� 듻ꠄ 쐋驃 ꝏ싗ꀓ
騂듷ꃯ� 쐋驃 ꓻꀓ 騂듳 꾗싘듃 ꨃꜫ驟 댳릋 꺣ꠄ싟 꾗 딇騟ꀓ饿" 덬긫饿ꉣ듳 ꝏ싗鮷 驴딏듗 떛딏ꉣ듳
띐ꁿ꺰싗덫꠷꼋뒠뎇덏ꀤ뼴쌇ꁣ驟魷騂듃믬싛ꁣ�驟듷ꉣ듳끣됨덏씗냻ꁣꀓ꒺驻馘뒿馛黏듻騂듳ꁣ�

ᆄᆀ� ငਿ



긯ꨔ뒿 髫딤긯꾟 덏 鮯몇싗ꀓꃯ� ꁿꁿꗛ 鸳ꖣ뎣ꀓ ꦨꨔ ꎏ싛 덫ꕫ 饿뜿饿 딇ꁣ� 魷騂ꉣ뒿 딏꺷싛
騂ꅃ 딇驟 馃ꔴ싛 騂ꅃ 딇驟� ꉣ룈鸟룈싗덫 싛騯馘뜿 닉ꁣ� 쇿댳鼒뒿 騂듃 ꩳꟳ ꁿ馛 쀸듳싛 ꬃ듳鸗
꾧騧띃 ꦨꨔ듃 립ꀓ 騂듳 駯듗 꾧ꦓ鲬띇驻 饿鯜ꁣ� 닃ꝇꅃ 魷 듳뒟ꀓ 땿딏ꉣ듳 덫쓤듳鸗 뒟쓫 끜뒻ꗛ
꼋듻駯ꜫ 긻닃 驃뼴 덅듳 꾗싘듃 ꁿ쌇ꃗ 빛ꅃ덏 鮯듷싗뜿 닉鸗 깜馀싛ꁣ� 鸗ꀓ 뜿鮇듗 끣떔덏 ꝝ騋 끣
됨떀뒻ꗛ꾗싘듃ꁣꙫ鸳됨듃립닃꺛鸗듗꒺덏싨ꆛ騂듃멏싛鬋듗맄뒻ꗛ鴷ꩳ닗ꁣ� 댷떛ꉟ뜿
됨ꕈ驻 鮷듳듗 ꯃ뒧� 김쏨덏 ꝝꀓ 끣됨꺰듃 쏛됨싗덫 쐋驃 먗ꜫ싟 꾗 딇騋 싗덿ꁣ� ꎏ 듳 ꨔ듃 듴씇ꀓ
딏ꀓꝇ듋듃饿ꓻ니썿鯉듳깜馀싗ꟳ� 뗰씇꩷꺰듃鮯꾗딇驟� 鯉듳빏髫싗驟鯉듳립뒻ꟳ뗰씇뜿쎛덏
ꅃ됿듳ꆟ꾗딇ꁣ� 듳驴듳댳릋똊뒿닄鮯댺驟똊뒿맄듃댺ꀓ騂驻ꢳ덆듳ꁣ꛳騟ꀓ饿"

ҍㄐ㇇㺃

싗ꀗ뒿ꝋꢻ듗쏓饿딇댳듋댐듗듳믗덏ꨖ댳鸗뜿닉驟�뙻덬뒿ꝋꢻ듗쏓饿딇댳馔싗驟ꉛꕫ됳
騂덏 ꨖ댳鸗뜿 닉驟� 꾗싘뒿 ꝋꢻ덏 딇댳 뀸떛덏 ꨖ댳鸗뜿 닉ꀓꁣ� 듋댐듳 ꦓ꛷ 딏ꜫ덏 꺛ꟳ 댳뜿ꕼ뜿
닉驟� 馔싗驟 ꉛꕫ됿듳 띇꺛덏 ꝝ騋 딗 髏릧싗ꟳ 꺰딤驻 뗯쏓 듳ꙫꁣ� ꦓ꛷ 딏ꜫꀓ 싗ꀗ듗 ꨔꅃ饿
ꆗ驟�髏릧싗덫뉯듳ꟳ뙻덬덏꺛ꨔꅃ饿ꆗꁇ댳릋꾗싘덏딇댳꺛뀸떛듗鮯꾟듳닃ꁇ騟ꀓ饿"ꝋ닼듳ꕫ싛
黻ꜫꦓ빔뒻ꗛ듳黻ꜫ麒씇驟딗섻믗댳딐뒿ꅃꜫꩳ驟뷯ꨔ듃鯧ꁪꀓ騂뒿�듳맄듃듼ꀓ긫ꔋ듗
꠪듻騂듳ꁣ�



ꁳ썋쏌ꁿ됨 듗꾗싘맄 뙻싳꾗됨 덏꺛ꩳ듳ꀓ쀸꾗馀듗 r x馑 r = 100, 000듷騼됯
듳ꁣ� 듳ꗛ냧 꺛댐꾗싘듷긻馀싧꾗쇛 뚐髬뒻ꗛ뺯댺댳꺛긫됨싗덿듋듃ꩻ꾗딇ꁣ� 뜈� 꺛댐꾗싘듗
꩷騨떀듷뒟딄듳끛딐ꆗ덇ꁣꀓ긫끣듃닋꾗딇ꁣ�

㉼䀓䴰⭘

뗯꺟떛듻듗먛딫꾗싘딏듳김쎀 듗긯싘꺛듷긯꾟驿騫 덏ꉣ댳딇ꀓꢷ떛ꗛ둏덏
鸳떐싗驟돷떐싗ꀓ덫ꕫ떔ꁣ馀쎔ꢷ떛ꉣ듳ꁣ�쎃딫ꆗ긳ꖣ꺛驟ꉰ싘髏髏驻꺛듗ꢷ떛ꗛ쏛됨싳ꅃ꼏깈듳
덅듃떔ꅃꗛꑯ댳鸗ꁣ� ꬒ뒻ꗛ댳ꌣꅃ髫饿뜿驟둏驻ꁣ馀쎔듃魷ꖷꀓ뜿鬀鮇싗ꁣ�

㇇㺃㇑㾻�



듳김쎀듗듴긯 덏딇ꀓ鸳됨듳ꁣ�뽳븿꾟 뒟싛鮈꾗ꗟ 덏ꁿ싛덬긫뎿ꅘ鮯덏꺛땿딏饿댺댳鸷
뚐됓싛덄떀뚐듗싗鸗듷鮯꩷먟싘듃鸗븿鸷ꬃ듳ꁣ�꺷驃댳ꀏ驲덏ꅃ덅ꀓ魷듗ꅄ림떀듷닃듳ꊓ댳饿
ꅊꩳ듷ꁣ� 닃ꝇꅃ 馘뒿 쎷뎿 쎃ꁿ 꾗싘듗 덫ꕫ 鮈꾗 듳 ꬃ듳 닋驟 딇덇ꁣꟳ 꺷驃덏꺛 饿딤 ꑯ댳鸛
鮈꾗듳ꗟ듗똄騯딏饿ꆗ뜿닉닗듃鯋"

㘬㇇� ↓

䋐䄆 ึ䃚

ึ䃚



鸧꩐鮷듳듳김쎀듗먛ꢷ싘덏驿싛땿꺛 魛듻驟 덏냧뙿믛싃꺛ꢷ듳ꁣ�ꁸꁿ듗떔뀸듷
鸧꩐鮷듳 뚐듷 긯싘딏 듳김쎀덏騋 냧뙿 꺛ꢷ듷ꃯ 믛髫ꓻ驟 듻뱫뒿 騂뒻ꗛ ꩳ닃 싘ꢷ떀듷 髏ꛗ뎿 싧鱗
驃鮈떀듷 驿黏듃 몇둓싛 꾗싘듗 꺷驃 덾ꩻ 꾗 딇ꁣ� 魷ꜫ驟 駯ꜫ鸋 덅ꀓ 싃먳듗 ꟊꅃ ꀏ鸃 꾗 딇댳꺛�
꩐숌뒻ꗛ뒃듗鸳됨듃ꝋꉣ驟ꩳꁇ饿딤ꟊ띃ꬃ듳ꓻ驟ꝍ뒿ꬃꉣ듳뜏駯둋싗덿ꁣ�

ই⿹ਹ�

᧶ᰕ㘳� ᵍ凞 ⨝ޙ

禮曹







꺷鮯ꝏ싛髬듗魻ꁿ꾗싘뒿듻꩷驻뚐髬듃뼴싳꺛ꝋꅃ딄ꆗ덇ꁣ驟듻떛덏듗싗덫꼋馛ꆗ댳� 魷
騂듳 떔꺣ꗛ덫騧뗋뒻鸗긫끣뒿됯ꜫ듗딏뙻떀듷黷ꖤꅃ싧鱗딇댳돓ꁣ� 꺷鮯 싛髬꾗싘듗ꅃ닼듃
뒃싗덫魻ꁿ꾗싘ꅃ딄驻ꦛ떃驻떔덏ꁿ싛떔쏔싛듳싳ꀓ덬긫ꦓ꛳騋ꩳ驟ꥷꔗ뙿ꯃ싗ꀓꃯ싃꾗
떀듳ꁣ�
뗯꺟듗驻싘뒿꾗싘驻먛ꢷ싘듳뚐끫듳덇뒻�馛쏓鮯덏ꅃ馐뎣騼딤듃떃쑃싗덫 黃뺯꾗싘

맄뒿鴷뙿씇꼋馛ꆗ덇ꁣ� 魷ꕫ鸗 黃덏꺛 黃긫듳듗싛髬꾗싘덏ꁿ싛덯髫ꀓ魷馃쏨ꢳ뜿덿
ꁣ� 뚐됓싛騂뒿馛쏓鮯驻싘맄뒿 黃듳떃듗긫ꙋꀓ駯듗뗳딫싗뜿닉뜿ꝋ� 馛쏓鮯魻ꁿ꾗싘맄뒿
쎃딫ꦛ髳싛㭡䬋❻듗 㦋䠙 싘饿鮈씇ꦛ馃싛 倴㨦⫮♚⥢江櫙 揤㨦侪屦㬋
싘듗듗ꗛ듳김꺣듳섷릫싛 侪屦㧃㬋 ꉰ魻ꁿ驻싘ꩳꁣ꾗싘듗꼋馛饿쑧늫ꞻ땿듳ꃓ
뚐됓싗驟 덯髫饿 싃됓싛 묓饿 긫ꙋꉣ듳 Ꝝꓻꆗ댳 딇ꁣ� 땿딏饿 쎃딫鯋뜿 삋닄싛 싛髬 魻ꁿ꾗싘맄뒿
듳ꥷ닼 똄듳麗ꀓꁣ�ꊯꓻ꺛꩷덯髫띃듳묓饿ꦛ髳싛馛쏓鮯뗯꺟듷ꉣ듳뉳 㦋䠙 㦋䠙⾋櫯废
셫싧싛 덫黃떃뺯듗꾗싘긫ꙋꉣ듃떃끛싗덫떛驴싗ꀓ騂뒿됯ꜫ덏騋깇ꗛ됳끛닻馕騋싳
뚃騂듳ꁣ� ꊯꓻ꺛꩷떃끛덏꺛ꀓ땿딏饿魷馃ꦛ髳싛 黃덏꺛 黃긫듳듗싛髬魻ꁿ꾗싘맄듃
꼋馛싛ꁣ�듳鸳됨뒿꺷驃덏떃썿닋ꖣ떷딇뜿닉닃꺛꺷驃꾗싘딏ꉣꅃꝍ뒿驿끫듃ꩳ듳ꀓꬃ닻듳ꤿꗛ
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ਚਟ㜭ሶᮉ、Җ઼ᮉᆖ৲㘳ҖѝⲴᇩᒢᐤᐤൠՐ䙂㔉ᆖ⭏˗ྲ᷌Ԇ˄ྩ˅Ҷ䀓ᗇ∄䖳ཊˈࡉਟ

ԕᯱᖱঊᕅǃ⭏ࣘᴹ䏓ǃᇼᴹਁൠ䘋㹼ᮉᆖǄ

㿲ᘥ

ᮉᐸⲴ㿲ᘥՊᖡ૽ᮉᐸⲴᮉᆖˈоᮠᆖਢᴹޣⲴ㿲ᘥՊᖡ૽ᮉᐸᮠᆖਢⲴᮉᆖǄ

俆ݸᱟᮉᐸሩᮠᆖਢ䟽㾱ᙗ઼ᗵ㾱ᙗⲴ䇔䇶Ǆྲ᷌ᮉᐸ䇔䇶ࡠ䘉а⛩ˈ䛓ѸԆ˄ྩ˅൘ᮉᆖѝቡ

Պ䶎ᑨ䟽㿶ᮠᆖਢᇩˈ൘䈮ࡽՊ䶎ᑨ䇔ⵏൠ߶༷ޣ㍐ᶀˈ൘ᮉᆖѝՊ㣡䍩аᇊⲴᰦ䰤൘к䶒Ǆ

৽ˈྲ᷌⋑ᴹ䇔䇶ࡠ䘉а⛩ˈ㓥֯ᮉ、Җѝᴹᮠᆖਢᇩˈᮉᐸ൘ᮉᆖѝҏՊ␑ॆ༴⨶ˈ⭊㠣ᘭ⮕Ǆ

䛓Ѹᮉ、ҖѝⲴᮠᆖਢᇩӵӵᡀҶ᩶䇮ˈ㘼⋑㜭䎧ࡠᓄᴹⲴ⭘Ǆ

൘ᇎ䱵ᮉᆖѝˈᡁԜਁ⧠ᮉᐸᴹа㿲ᘥˈণĀ䟽㇇䖫ਢāǄሩҾᮉ、ҖѝѪֻ仈ǃҐ仈ࠪ⧠Ⲵ

ਢᯉˈᮉᐸӵӵᱟᢺᆳѪањᮠᆖ䰞仈ǄᮉᐸⲴԫ࣑ᱟ઼ᆖ⭏а䎧ˈᡆ㘵䇙ᆖ⭏㠚ᐡˈ䀓ߣ䘉њᮠ

ᆖ䰞仈Ǆᮉᐸ䟽㿶䘉њ䰞仈ᱟӰѸˈᆳⲴ䀓⌅ᱟӰѸ˗㘼ሩҾᆳⲴশਢˈᆳⲴ㛼Ჟˈᆳ൘ᮠᆖਢѝⲴ

ൠսǃѹㅹ䜭ᱟнޣᗳⲴǄ䘉ṧˈᮠᆖਢ൘ᮠᆖᮉᆖѝⲴൠս઼⭘㻛བྷབྷ䱽վҶǄ

ᖃ❦ˈ䲔৫⸕䇶઼༷ۘ㿲ᘥ䘉єњѫ㾱ഐ㍐ཆˈᮉᐸ㠚䓛Ⲵ㍐䍘ǃᮉᆖสᵜ࣏ǃᮉ、ҖⲴ㕆߉䍘

䟿ㅹҏՊᖡ૽ᮉᐸᮠᆖਢⲴᮉᆖǄ৽䗷ᶕˈޣ⌘ᮉᐸⲴᮉᆖˈ൘ᮉ、Җ㕆߉ᰦޣ⌘䘉Ӌഐ㍐ˈਟԕ׳

䘋ᮉ、ҖⲴ㕆߉Ǆ

˄Ҽ˅ᖡ૽ᆖ⭏ᮠᆖਢᆖҐⲴഐ㍐

ᮠᆖਢࠪ⧠൘ᮠᆖᮉ、ҖѝˈަⴞⲴᱟѪҶ׳䘋ᆖ⭏ⲴᆖҐǄ൘⧠ᇎѝˈ㘳䈅Ⲵሬੁ⭘ǃᇩⲴ

⧠ᖒᔿǃᮉᐸⲴ䇢䀓ᯩᔿㅹഐ㍐Պᖡ૽ᮠᆖਢሩᆖ⭏ᆖҐⲴ׳䘋⭘Ǆ൘ᮉ、Җ㕆߉ᰦ㘳㲁ࡠ䘉Ӌഐ

㍐ˈҏᴹࣙҾᮉ、Җ㕆ᗇᴤྭǄ



⎉⊏ᐸ㤳བྷᆖᮉᐸᮉ㛢ᆖ䲒�⎉⊏䠁ॾ

ቡᵜ᮷ѫ仈㘼䀰ˈᮉ、ҖѝˈᮠᆖਢᇩⲴ⧠ᯩᔿᱟᴹ੨ᕅ࣋ˈՊᖡ૽ᆖ⭏ⲴᆖҐǄ᮷ᆇⲴ

ਉ䘠ǃᨂമⲴᆹᧂǃ⍫ࣘⲴ䇮䇑ǃ䰞仈Ⲵ䇮㖞ˈ䘉Ӌ䜭䴰㾱䟽㘳㲁઼㋮ᗳᆹᧂǄྲ᷌ᢺа⇥Ⲵ

ਔ᮷᮷⥞ⴤ᧕⧠㔉ᆖ⭏ˈᆖ⭏ቡՊᝏࡠ⊹䰧ǃѿણǃᷟ⠕ˈቡՊ䘌ᆳǄնᱟ⭘⍵ᱮ᱃៲Ⲵ⧠ԓ᮷

㺘⽪ࠪᶕˈ䘲ᖃൠ䝽кᨂമˈᆖ⭏ቡՊ∄䖳ᇩ᱃᧕ਇǄྲ᷌ᆹᧂᴹ䏓ણᒦᴹаᇊᡈᙗⲴ䰞仈ˈ䇮

䇑ᡀᮠᆖ⍫ࣘˈ䘉ṧቡ䇙ᮠᆖਢӢ䘁ᆖ⭏Ǆ

йǃᮉ、Җ㕆߉⨶ᘥ˖ᮠᆖਢ㶽ޕᮠᆖ䈮〻

ᮠᆖਢྲօ㶽ޕᮠᆖ䈮〻˛ሩ䘉а⨶ᘥⲴާփ䱀䘠 ᡁ̍ԜӾĀᇊսüü᥆ᧈüü䖜ॆüü⧠ā䘉

ഋᯩ䶒⵰˖俆ݸ⺞・ԧ٬ˈ䲿ਾṩᦞԧ٬䘹ᤙᇩˈѻਾሶ䘉Ӌᇩ䖜ॆᖒᘱ⧠൘ᮠᆖ䈮〻ѝǄ

˄а˅ᮠᆖਢⲴṨᗳᮉ㛢ԧ٬ᱟษޫࡋᯠ

ᮠᆖਢਟԕѪᆖ⭏ⲴᮠᆖᆖҐᨀᴹ࣋Ⲵ᭟ᤱ઼᭟᫁Ǆᮠᆖ䈮〻ѝཊӻ㓽аӋᮠᆖӗ⭏઼ਁኅⲴ᭵

һˈᮠᆖᇦⲴ⭏ᒣǃᡀ઼᷌䍑⥞ˈ䜭ᴹࣙҾᆖ⭏ᝏਇᮠᆖˈᝏਇᮠᆖ᮷ॆǄᮠᆖᇦᱟྲօਁ⧠䰞仈ǃ

ਁ᰾ᯩ⌅ǃࡋ䙐ᙍᜣᒦ䀓ߣ䰞仈ⲴˈԆԜⲴᮠᆖᙍᜣᯩ⌅ᱟྲօ᧘ࣘᮠᆖⲴਁኅⲴˈሩҾ䘉Ӌ䰞仈Ⲵ

ᙍ㘳઼䀓ߣᴹࣙҾ࣐␡ᆖ⭏ሩᮠᆖⲴ䇔䇶઼⨶䀓Ǆ൘⺞・ᮠᆖਢⲴṨᗳᮉ㛢ԧ٬Ѫษޫᆖ⭏Ⲵࡋᯠ㋮

˛ਟԕ䈤ˈᮠᆖਢᴤཊⲴᱟᮠᆖᙍ࣋䙐㜭ࡋ઼⾎ᯠ㋮ࡋѻਾˈᡁԜ৸ྲօᶕษޫ䘉࣋䙐㜭ࡋ઼⾎

ᜣᯩ⌅ਢˈ䛓Ѹˈੁᆖ⭏ӻ㓽ᮠᆖਢᓄԕӻ㓽শਢкⲴᮠᆖᙍᜣᯩ⌅Ѫ䟽⛩Ǆһᇎк Ā̍н㇑ԆԜӾ

һӰѸъ࣑ᐕˈୟᴹ␡␡ൠ䬝Ҿ㝁䱵ⲴᮠᆖⲴ㋮⾎ǃᮠᆖⲴᙍ㔤ᯩ⌅ǃ⹄ウᯩ⌅ǃ᧘⨶ᯩ⌅ԕ৺

⵰⛩ˈত䲿ᰦ䲿ൠਁ⭏⭘ˈᒦ֯ԆԜ㓸⭏ਇ⳺ǄĂĂ䘉ṧⲴᮉ㛢ˈᱟᴰྭⲴᮉ㛢Ǆā 䛓Ѹˈ

൘䇮䇑䈮〻઼㕆߉ᮉ、Җᰦ˄ቔަᱟ൘儈ѝ䱦⇥˅̍ ᓄ䟽㿶䘹ਆ䛓ӋᴹࣙҾਁኅᆖ⭏ᮠᆖᙍ㔤઼ษޫ

╄ᇩᓄवਜ਼ѠᇼⲴᮠᆖᙍᜣᯩ⌅Ǆ䇙ᆖ⭏㠚❦㘼❦ൠ䟽╄˄䘉䟽Ⲵᮠᆖਢᯉˈ㘼䘉ṧⲴ࣋ᯠ㜭ࡋ

ᒦ䶎ᆼޘ䚥➗ਔӪⲴڊ⌅˅ਔӪሩḀа䰞仈Ⲵਁ⧠ǃ᧒㍒઼䀓ߣ䗷〻ᒦփ傼ަѝ㮤⏥Ⲵᙍᜣᯩ⌅ࡉᴹ

ࣙҾᇎ⧠ᡁԜⲴⴞḷǄ䙊䗷ᝏਇᙍᜣᯩ⌅઼䀓ߣ䰞仈ᶕษޫᆖ⭏Ⲵࡋᯠ䇶઼ࡋ䙐㜭࣋ˈ֯ԆԜਟԕ

ᴤྭൠᆖྭᮠᆖǃ⭘ྭᮠᆖǃਁኅᮠᆖǄ

˄Ҽ˅ᮠᆖਢⲴ䟽⛩ᇩᱟᮠᆖᙍᜣᯩ⌅

ᮠᆖਢਟԕѪᆖ⭏ⲴᮠᆖᆖҐᨀᴹ࣋Ⲵ᭟ᤱ઼᭟᫁Ǆᮠᆖ䈮〻ѝཊӻ㓽аӋᮠᆖӗ⭏઼ਁኅⲴ᭵

һˈᮠᆖᇦⲴ⭏ᒣǃᡀ઼᷌䍑⥞ˈ䜭ᴹࣙҾᆖ⭏ᝏਇᮠᆖˈᝏਇᮠᆖ᮷ॆǄᮠᆖᇦᱟྲօਁ⧠䰞仈ǃ

ਁ᰾ᯩ⌅ǃࡋ䙐ᙍᜣᒦ䀓ߣ䰞仈ⲴˈԆԜⲴᮠᆖᙍᜣᯩ⌅ᱟྲօ᧘ࣘᮠᆖⲴਁኅⲴˈሩҾ䘉Ӌ䰞仈Ⲵ

ᙍ㘳઼䀓ߣᴹࣙҾ࣐␡ᆖ⭏ሩᮠᆖⲴ䇔䇶઼⨶䀓Ǆ

൘⺞・ᮠᆖਢⲴṨᗳᮉ㛢ԧ٬Ѫษޫᆖ⭏Ⲵࡋᯠ㋮⾎઼ࡋ䙐㜭࣋ѻਾˈᡁԜ৸ྲօᶕษޫ䘉ࡋ

ᯠ㋮⾎઼ࡋ䙐㜭࣋˛ਟԕ䈤ˈᮠᆖਢᴤཊⲴᱟᮠᆖᙍᜣᯩ⌅ਢˈ䛓Ѹˈੁᆖ⭏ӻ㓽ᮠᆖਢᓄԕӻ㓽

শਢкⲴᮠᆖᙍᜣᯩ⌅Ѫ䟽⛩Ǆһᇎк Ā̍н㇑ԆԜӾһӰѸъ࣑ᐕˈୟᴹ␡␡ൠ䬝Ҿ㝁䱵Ⲵᮠ

ᆖⲴ㋮⾎ǃᮠᆖⲴᙍ㔤ᯩ⌅ǃ⹄ウᯩ⌅ǃ᧘⨶ᯩ⌅ԕ৺⵰⛩ˈত䲿ᰦ䲿ൠਁ⭏⭘ˈᒦ֯ԆԜ㓸⭏

ਇ⳺ǄĂĂ䘉ṧⲴᮉ㛢ˈᱟᴰྭⲴᮉ㛢Ǆā 䛓Ѹˈ൘䇮䇑䈮〻઼㕆߉ᮉ、Җᰦ˄ቔަᱟ൘儈ѝ䱦

⇥˅̍ ᓄ䟽㿶䘹ਆ䛓ӋᴹࣙҾਁኅᆖ⭏ᮠᆖᙍ㔤઼ษޫࡋᯠ㜭࣋Ⲵᮠᆖਢᯉˈ㘼䘉ṧⲴᇩᓄवਜ਼Ѡ

ᇼⲴᮠᆖᙍᜣᯩ⌅Ǆ䇙ᆖ⭏㠚❦㘼❦ൠ䟽╄˄䘉䟽╄ᒦ䶎ᆼޘ䚥➗ਔӪⲴڊ⌅˅ਔӪሩḀа䰞仈Ⲵ

ਁ⧠ǃ᧒㍒઼䀓ߣ䗷〻ᒦփ傼ަѝ㮤⏥Ⲵᙍᜣᯩ⌅ࡉᴹࣙҾᇎ⧠ᡁԜⲴⴞḷǄ䙊䗷ᝏਇᙍᜣᯩ⌅઼䀓

ԆԜਟԕᴤྭൠᆖྭᮠᆖǃ⭘ྭᮠᆖǃਁኅᮠᆖǄ֯ˈ࣋䙐㜭ࡋᯠ䇶઼ࡋ䰞仈ᶕษޫᆖ⭏Ⲵߣ



สҾĀᮠᆖਢ㶽ޕᮠᆖ䈮〻āⲴᮉ、Җ㕆߉

˄й˅ᮠᆖⲴਢᆖᖒᘱ䖜ॆѪᮉ㛢ᖒᘱ

ᆻѳᒶᮉᦸ൘俆ቺޘഭᮠᆖਢоᮠᆖᮉ㛢བྷՊкڊབྷՊᣕᰦᨀࠪањ㿲⛩ Ā̟ᮠᆖⲴਢᆖᖒᘱ䖜ॆ

Ѫᮉ㛢ᖒᘱāǄ ᮠᆖਢާᴹѠᇼⲴᮉ㛢ԧ٬ˈ⭡↔ҏߣᇊᆳ䲔Ҷ㠚䓛Ⲵਢᆖᖒᘱཆˈ䘈ᴹᓄ⭘Ҿᮠ

ᆖᮉ㛢Ⲵᮉ㛢ᖒᘱǄ

һᇎкˈ൘ᮠᆖਢѝˈᮠᆖᾲᘥⲴᖒᡀǃᮠᆖᙍᜣⲴᶕশǃᮠᆖᯩ⌅Ⲵᓄ⭘ǃᮠᆖᇊ⨶Ⲵᇑ㖾

⏥ǃᮠᆖᇦⲴᙍ㔤ᯩ⌅઼、ᆖоӪ᮷㋮⾎ǃᮠᆖⲴଢᆖสǃᮠᆖਁኅⲴ⽮Պ㛼Ჟㅹ䜭ᱟᶱᇼԧ٬Ⲵ

㍐ᶀˈሩҾᆖ⭏ޘ䶒␡ൠ䇔䇶ᮠᆖ৺ᮠᆖⲴਁኅ䶎ᑨ䟽㾱ˈҏᴤᇼᴹᮉ㛢ѹǄᮠᆖᮉ㛢ᓄਁ࠶ݵ

ᧈᮠᆖਢⲴᮉ㛢࣏㜭ˈᴹ᭸ൠਁᥕᮠᆖਢⲴᮉ㛢ԧ٬ˈ䴰㾱ᢺᮠᆖਢⲴਢᆖᖒᘱ䖜ॆѪᮉ㛢ᖒᘱˈݵ

ᥕᮠᆖਁኅ䗷〻ѝӪ㊫ᙍ㔤Ⲵᵜ䍘ᙗǃᙍᜣᙗǃ䘎㔝ᙗ઼ᆼᮤᙗԕ৺ᮠᆖᡰ㮤⏥Ⲵ⨶ᙗ㋮⾎ሩᆖਁ࠶

⭏ᆖҐᮠᆖⲴਁѹ઼ᝏਜ⭘Ǆ

ᮠᆖ䈮〻ѝᕅޕᮠᆖਢˈ㔍䶎ㆰঅⲴჱ᧕ǃ઼〫ࠁἽˈ㘼䴰㾱ሩަ䘋㹼␡ޕൠ᥆ᧈǃ᭩䙐ǃᨀ

⛬઼ॷॾǄᮠᆖਢѪᮠᆖᙍᜣⲴਁኅਢˈ㮤⏥ҶѠᇼⲴᙍᜣᯩ⌅ǄᴹӋᙍᜣᯩ⌅൘ᖃӺᐢ㓿⊹ᇲˈ

ᴹӋ❦⍫䏳൘ᮠᆖ઼、ᆖ亶ฏǄн㇑ᱟ⊹ᇲⲴ䘈ᱟ❦⍫䏳Ⲵˈሩᆖ⭏Ⲵᙍ㔤䜭ާᴹаᇊⲴਁ

ѹǄн䗷ˈѪࣘᘱ╄ॆⲴশਢࠍ㚊ᡀ䶉ᘱⲴᮠᆇǃޜᔿ઼᮷ᆇѻਾˈ൘Ḁ〻ᓖкত᧙ⴆҶ␡ቲ⅑

Ⲵˈ਼ᰦ৸ᱟѪᮠᆖṨᗳ䜘࠶Ⲵᙍᜣᯩ⌅ǄᡰԕˈᡁԜ䶒ሩⲴᱟѪᆖᵟᖒᘱⲴᮠᆖਢǄྲօᢺᆖ

ᵟᖒᘱⲴᮠᆖਢᯉ䖜ॆѪᮉ㛢ᖒᘱⲴᮉᆖᶀᯉˈ䴰㾱ᡁԜሩਔԓᮠᆖⲴᾲᘥǃ⨶ǃᙍᜣǃᯩ⌅ࠪڊ

䇔ⵏⲴᙍ㘳઼ợ⨶ˈ䘋㹼࣐ᐕ઼ࡋ䙐ˈ␡ޕ᥆ᧈᶀᯉ㛼ਾ䳀ਜ਼Ⲵԧ٬ˈ֯ѻ䘲ਸᖃӺᆖ⭏Ⲵ䇔䇶≤ᒣǃ

ᗳ⨶⢩ᖱԕ৺ѝሿᆖᮠᆖ䈮าⲴ⢩⛩ˈᒦ᧒㍒ྲօኅ⧠൘ާփⲴ䈮〻ǃᮉ、Җˈԕ㠣ᮉᆖѝǄ

˄ഋ˅ᮠᆖਢ൘ᮠᆖ䈮〻ѝⲴ⧠ᯩᔿ

ᮠᆖ䈮〻ѝⲴᮠᆖਢਟԕԕᮠᆖ䈮ᵜǃᮠᆖ䈫ᵜǃ䘹؞䈮〻઼у仈⹄ウㅹᖒᔿ⧠Ǆ

ᮠᆖ䈮ᵜǄᮠᆖ䈮ᵜਟԕᢺ᭵һǃশਢ仈Ѫ䰞仈ᛵຳˈ∄ྲђ⮚മⲴᒤ喴䰞仈ᕅࠪаݳа⅑

ᯩ〻˗ҏਟԕㆰঅӻ㓽ᮠᆖᇦⲴһ䘩ᶕ啃࣡ᆖ⭏✝⡡ᮠᆖǃऔཻᆖҐǃ㤖䫫⹄ˈֻྲ䱯ส㊣ᗧ

൘↫⾎䱽Ѥѻᰦӽ䞹ᗳҾᮠᆖ⹄ウǄ㘼фˈᡁԜᴤᓄ⌘䟽ሶᮠᆖਢᯉ˄ቔަᱟᮠᆖⲴᙍᜣᯩ⌅˅

ᴹᵪൠ⑇䘿㶽ਸࡠ䈮ᵜѝǄ∄ྲˈ൘Āㅹ∄ᮠޜ઼≳ࡇᔿā䘉а㢲ѝˈ䲔Ҷ䈮ᵜѝⲴĀ䭉ս⎸

⌅āѻཆˈн࿘ӻ㓽ǉᵜǊㅜҍধѝ㔉ࠪⲴᯩ⌅ˈӾᇊѹࠪਁ䘋㹼᧘ሬǄ

ᮠᆖ䈫ᵜǄᮠᆖ䈮ᵜᓄᖃփ⧠ᮠᆖⲴ⢩㢢ˈㆰ⌱㘼᰾⺞ˈਚ䴰㔉ࠪ䰞仈ǃᯩ⌅઼㔃䇪ˈᒦ䝽ԕа

ᇊⲴ㓳ҐǄ㠣Ҿ䘉Ӌ䰞仈ᱟྲօᨀࠪⲴˈ䘉Ӌᯩ⌅ᱟྲօᜣࡠⲴˈᴹ⋑ᴹަԆⲴᯩ⌅ˈ䘉Ӌ䰞仈

Ⲵশਢ㛼ᲟྲօˈᆳԜⲴᶕⓀԕ৺ަਾⲴਁኅ৸ᱟྲօˈњᮠᆖ࠶᭟ǃᮠᆖᇩѻ䰤Ⲵ㚄㌫ྲ

օˈᮠᆖоަԆᆖ、ѻ䰤Ⲵ㚄㌫৸ྲօˈㅹㅹˈ䘉Ӌᇩн࿘䈖㓶ൠޕ߉ᮠᆖ䈫ᵜˈ䇙ᴹޤ䏓Ⲵ

ᆖ⭏䈮ཆ৫䰵䈫Ǆ

䘹؞䈮〻Ǆǉ儈ѝ䈮ḷǊᐢሶĀᮠᆖਢ䘹䇢āѪ䘹؞䈮〻Ⲵању仈Ǆ䘹؞䈮〻ਟԕᢺ㌫㔏ᆖҐ

઼у仈䇢ᓗ㔃ਸ䎧ᶕǄ㌫㔏ᆖҐᤷ࡙⭘ᮉ、Җ˄䘹؞˅ᴹ䇑ࡂǃᴹᶑ⨶ൠӻ㓽ᮠᆖਢ˗у仈䇢ᓗ

Ⲵ㿶仁Ǆޣᱟᤷнᇊᵏൠ䚰䈧аӋᮉᐸǃуᇦᔰ䇮䇢ᓗˈᡆ㘵㓴㓷ᆖ⭏㿲ⴻоᮠᆖਢᴹࡉ

у仈⹄ウǄѝሿᆖᮠᆖ䈮〻ᓄᖃ㔉ᆖ⭏⮉ࠪаᇊⲴᙍ㘳オ䰤Ǆᮠᆖ䈮〻нӵӵᱟӻ㓽ᮠᆖⲴਁኅˈ

㘼ф䘈ᓄࡋ䙐ᵪՊ䇙ᆖ⭏䟽╄䘉䗷〻Ǆ∄ྲˈ൘Ā↓ഋἡਠփ〟ޜᔿā䘉а㢲ѝˈ㔉ࠪаᇊⲴ

㛼Ჟ઼ᗵ㾱Ⲵᨀ⽪ѻਾˈ⮉ࠪオⲭˈ䇙ᆖ⭏䟽╄ਔෳ৺Ӫǃਔᐤ∄ՖӪԕ৺ѝഭਔӪሩ䘉аޜᔿ

Ⲵ᧘ሬ䗷〻Ǆ ↔ཆˈ䘈ਟԕ䙊䗷Āᡀ᷌㔬䘠ā઼Ā䰞仈ᤃኅāᶕ䘋㹼у仈⹄ウǄ∄ྲˈ൘Āम

㛑ᇊ⨶āѝˈ䇙ᆖ⭏䙊䗷䙄ᖴḕ䰵䍴ᯉˈሩн਼ᰦᵏн਼ൠ४Ⲵ䇱᰾ᯩ⌅䘋㹼㔬䘠ˈᒦփ傼

䘉Ӌᯩ⌅Ⲵᐗ࿉઼Ո㖾ˈ਼ᰦሩᆳԜ䘋㹼∄䖳ǃ᷀࠶Ǆ൘⹄ウĀ↓ཊ䶒փ઼ཊ䶒փ⅗ޜᔿāѻ
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മ ৼ⨳

ਾˈн࿘ᨀ䰞˖↓ཊ䶒փਚᴹ њˈ䛓Ѹ㊫լ䏣⨳ⲴĀॺ↓ཊ䶒փā ৸ᴹཊቁњˈ㜭ᢺᆳ

Ԝ᧿䘠˄䇑㇇˅ࠪᶕੇ˛䘉ቡᤃኅҶ䰞仈ǄᡁԜ䇔Ѫ Ā̍у仈⹄ウü䰞仈ᤃኅā䘉аᖒᔿᴰ㜭ษ

ޫᆖ⭏Ⲵࡋᯠ䇶઼ࡋ䙐㜭࣋Ǆ䘉䟼Ⲵ䰞仈ਟԕᱟ䈮〻䇮䇑㘵ᡆ㘵ᮉᐸ㔉ࠪⲴˈҏਟԕᱟᆖ⭏㠚

ᐡᨀࠪⲴǄ

ഋǃสҾĀᮠᆖਢ㶽ޕᮠᆖ䈮〻āⲴᮉ、Җ㕆߉ㆆ⮕

ṩᦞк䘠⨶ᘥˈᡁԜᨀࠪԕлสҾĀᮠᆖਢ㶽ޕᮠᆖ䈮〻āⲴᮉ、Җ㕆߉ㆆ⮕ǄᡁԜᨀࠪ䘉Ӌㆆ⮕Ⲵ

ⴤ᧕ⴞⲴᱟᨀ儈ᮉ、ҖⲴ㕆߉䍘䟿ˈᴰ㓸ⴞⲴ䘈ᱟѪҶ׳䘋ᮉᐸⲴᮉ઼ᆖ⭏ⲴᆖǄ

˄а˅ࡽᨀ˖ਢᆖᖒᘱ䖜ॆѪᮉ㛢ᖒᘱ

ᢺᮠᆖਢ⭡ਢᆖᖒᘱ䖜ॆѪᮉ㛢ᖒᘱˈ䇙ᆖ⭏Ӣ䘁઼ௌ⅒Ǆ䘉ᱟࡽᨀˈ਼ᰦҏᱟޣ䭞Ⲵа↕Ǆᮉ、Җ

н㜭ᢺⲴᮠᆖਢᯉⴤ᧕ᶕˈ᭮㖞ަѝǄ㾱䇙ᆖ⭏Ӣ䘁ǃ᧕ਇ઼ௌ⅒ˈᗵ享᭩ਈަᷟ⠕ѿણǃᲖ

⏙䳮៲Ⲵ䶒䊼ˈԕᆖ⭏ௌ䰫Ҁ㿱઼᱃Ҿ⨶䀓Ⲵᖒᔿ⧠ࠪᶕǄ䘉ṧᴹࣙҾਁᥕࠪᮠᆖਢᓄᴹⲴԧ

٬઼⭘ˈаᯩ䶒ᴹࣙҾᮉᐸⲴ֯⭘ˈਖаᯩ䶒ҏᴹࣙҾᆖ⭏ᨀ儈ᆖҐޤ䏓ǃ䘋ޕশਢц⭼ˈӾ㘼ᴤ

ྭൠ⨶䀓ᮠᆖਢǃ⨶䀓ᮠᆖǄ

ֻྲˈ൘Āശ䭕ᴢ㓯ā䘉аঅݳˈᮉ、ҖՊӻ㓽ശ䭕ᴢ㓯Ⲵㆰঅশਢˈ∄ྲẵ䎛㧛ᯟѪ䀓ؽߣ

・ᯩփ䰞仈㘼ਁ⧠ശ䭕ᴢ㓯ˈ䱯⌒㖇ቬᯟ൘ࡽӪᐕⲴสкࡋ・Ҷᖃᆼ㖾Ⲵശ䭕ᴢ㓯⨶䇪ˈԆ

Ⲵǉശ䭕ᴢ㓯䇪Ǌቡᱟ䘉ᯩ䶒Ⲵ㌫㔏ᙫ㔃ˈㅹㅹǄ䲔Ҷ䘉ӋˈҏՊӻ㓽 Ⲵᐕ઼

ৼ⨳Ǆྲമ ᡰ⽪ˈ⭘ањᒣ䶒৫ᡚശ䭕ˈ䘉њᒣ䶒оശ䭕ⲴӔ㓯ᱟањὝശǄ൘ശ䭕ڊ

བྷሿєњ⨳࡛࠶оശ䭕઼ᡚ䶒࠷ˈ࠷Ҿ⛩ ˈ ˈ൘ᡚਓᴢ㓯кԫਆа⛩ ˈ䗷⛩ ശ䭕Ⲵ⇽㓯ˈ

⛩о࠷оєњ⨳࡛࠶ ˈ Ǆ⭡⨳઼ശⲴࠐօᙗ䍘ˈਟԕ⸕䚃 Ǆ㘼фˈᡚ䶒о

єњ⨳Ⲵ࠷⛩ᚠᱟὝശⲴєњ❖⛩Ǆ

ሩ䘉а㍐ᶀˈަᇎᴹᖸཊᐕ㾱ڊǄ俆ݸˈਟԕ⭘ശḡփਆԓശ䭕ˈ❦ਟԕᗇࡠањὝശˈ

ᴹ❦ ˈն䰞仈ᐢ㓿ㆰঅॆҶǄ˄ ൘⹄ウৼ⨳䰞仈ѻࡽˈਟԕݸ⹄ウঅ⨳䰞仈Ǆ˅ ᢺㆰ

অⲴശḡփ䟼Ⲵ ৼ⨳䰞仈⹄ウ䘿ਾᶕ⹄ウശ䭕䟼Ⲵ ৼ⨳䰞仈ˈ䘉ቡѪᆖ⭏Ⲵᆖ

ҐڊҶ䬪ෛǄަ⅑ˈྲօੁᆖ⭏䈤᰾ ǃ ቡᱟὝശⲴ❖⛩ˈᒦфѪӰѸ㻛〠Ѫ❖⛩ˈҏ䴰㾱ڊ䘋а

↕Ⲵợ⨶Ǆ⅑ˈᮉ、ҖѪӰѸሶḷ㌫Ⲵ⛩䘹൘ὝശⲴѝᗳˈὝശⲴḷ߶ᯩ〻о䱯⌒㖇ቬᯟⲴᯩ

〻ѻ䰤ᴹӰѸ㚄㌫ˈ䜭䴰㾱ڊаӋᙍ㘳઼࣐ᐕǄ



สҾĀᮠᆖਢ㶽ޕᮠᆖ䈮〻āⲴᮉ、Җ㕆߉

മ 䮯ᯩփᡯ䰤മ

䛓ѸˈሶᮠᆖਢⲴਢᆖᖒᘱ䖜ॆѪᮉ㛢ᖒᘱˈՊнՊഐ↔␑ॆᮠᆖਢ˛ᡆ㘵ˈՊнՊഐѪᕪ䈳ᮠ

ᆖણˈ㘼֯ᮉ㛢ᖒᘱ⧠н䏣˛ަᇎ䘉Ӌ䰞仈Ⲵᵜ䍘⎹৺ᮠᆖᮉ㛢Ⲵสᵜ⸋ǄĀᮠᆖᯩ䶒āоĀᮉ

㛢ᯩ䶒āⲴሩ・㔏аһᇎкᶴᡀҶᮠᆖᮉ㛢Ⲵสᵜ⸋Ǆࡽ㘵ᱟᤷᮠᆖᮉ㛢ᓄᖃ↓⺞ൠփ⧠ᮠᆖⲴᵜ

䍘ˈਾ㘵ࡉᱟᤷᮠᆖᮉ㛢ᓄᖃ࠶ݵփ⧠ᮉ㛢Ⲵ⽮Պⴞḷᒦㅖਸᮉ㛢Ⲵ㿴ᖻǄ㜭༴⨶ྭ䘉а⸋˄ᡆ

㘵䈤ˈᩎྭ䘉єњᯩ䶒Ⲵ൷㺑ਆᗇᒣ㺑˅ҏ↓ᱟᩎྭᮠᆖᮉ㛢Ⲵޣ䭞ᡰ൘Ǆ ᮠᆖᮉ㛢ާᴹа㡜ᮉ

㛢䗷〻Ⲵᙗ䍘ˈ৸ާᴹ㠚䓛⢩↺䗷〻Ⲵᙗ䍘ˈ䛓Ѹᮠᆖᮉᆖ䰞仈Ⲵ⹄ウቡᗇԕ⋯⵰ĀᮉоᆖሩᓄⲴ

⨶ā઼ĀᮉоᮠᆖሩᓄⲴ⨶āৼ䟽䖘䚃䘋㹼Ǆ 䘉єᶑ⨶Ⲵᶴᔪҏᱟㅖਸк䘠ᮠᆖᮉ㛢Ⲵสᵜ

⸋Ǆ䛓Ѹˈᮠᆖਢ㶽ޕᮠᆖ䈮〻ˈҏᓄ䈕൘ਢᆖᖒᘱ˄ᮠᆖᯩ䶒˅઼ᮉ㛢ᖒᘱ˄ᮉ㛢ᯩ䶒˅ਆᗇ䘲

ᖃⲴᒣ㺑Ǆ

˄Ҽ˅䟽⛩˖ޣ⌘ᮠᆖᙍᜣᯩ⌅

ᮉ、ҖѝᓄᴹаᇊⲴᮠᆖਢᇩ˗ᮠᆖਢᓄ䈕ԕਸ䘲Ⲵᯩᔿ䘲䟿ൠ⧠൘ᮉ、ҖѝǄᮉ、ҖѝⲴᮠᆖ

ਢᇩˈᓄᯩׯᮉᐸ൘ᮉᆖѝ֯⭘ˈᯩׯᆖ⭏ⴤ᧕᧕䀖ǄሩҾާփᇩⲴ䘹ᤙˈ൘ሿᆖ䱦⇥ˈਟԕ䙊

䗷⭏ࣘᴹ䏓Ⲵ᭵һˈ㔊ѭཊᖙⲴᨂമᶕ⧠ˈѫ㾱ᱟѪҶ੨ᕅᆖ⭏Ⲵ⌘࣋ˈ◰ਁԆԜᆖҐᮠᆖⲴޤ

䏓ˈᝏਇᮠᆖ᮷ॆǄն䲿⵰ᒤ㓗Ⲵᨀ儈ˈമ⡷ᓄ䈕䙀⑀߿ቁˈ㘼᮷ᆇ䙀⑀࣐ǄቔަᱟࡠҶ儈ѝ䱦⇥ˈ

ᡁԜᓄᢺⴞݹ㚊❖Ҿ䇙ᆖ⭏Ā䘋ޕāᮠᆖਢˈਔѪӺ⭘ǃ᧘䱸ࠪᯠ˗᮷ᆇᴤ㾱ޣ⌘⎹৺ᮠᆖᵜ䍘Ⲵ

ᇩˈޣ⌘ᮠᆖⲴᙍᜣᯩ⌅ˈ㘼нӵӵᱟཆ൘Ⲵ᭵һ઼ཷ䰫䏓һǄഐѪᆖҐᮠᆖਢˈнӵӵᱟ⸕䚃ǃҶ

䀓аӋਢᇎˈᴤཊⲴᱟᝏਇᮠᆖᙍᜣᯩ⌅Ǆᡰԕˈᮉ、Җѝᓄ䈕⧠䖳ཊⲴᱮᙗᮠᆖਢᯉˈն਼ᰦҏ

䇮㖞аᇊⲴ䳀ᙗᇩǄสҾĀᮠᆖਢ㶽ޕᮠᆖ䈮〻āⲴᮉ、Җ䟽⛩ᱟޣ⌘ᮠᆖᮠᆖᙍᜣˈާփڊ⌅ᱟ

ሶᮠᆖਢᱮᙗ઼䳀ᙗᇩ㔃ਸˈቔަ⌘䟽䙊䗷䳀ᙗⲴᮠᆖਢᇩ䇙ᆖ⭏ᝏਇᮠᆖᙍᜣᯩ⌅Ǆ൘н⸕

н㿹ѝˈ䟽╄ਔӪሩḀа䰞仈Ⲵ䀓ߣ䗷〻ˈᝏਇԆԜⲴ䀓仈ᯩ⌅ˈቍ䈅⭘ԆԜⲴᯩ⌅৫䀓ߣӺཙ⻠ࡠ

Ⲵᮠᆖ䰞仈ˈ⭡ԆԜⲴ䰞仈ࠪਁᨀࠪа㌫ࡇᯠⲴ䰞仈Ǆ䘉ṧᴹࣙҾᨀ儈ᆖ⭏Ⲵᮠᆖ㍐ޫˈ䘋а↕ษޫ

ᆖ⭏Ⲵࡋᯠ䇶઼ࡋ䙐㜭࣋Ǆ䘉ᰒᱟ䟽⛩ˈ਼ᰦҏᱟ⇥Ǆ

ֻྲˈᡁԜ൘ᡁഭ྇ࠐ⧠㹼ࡍѝǉᮠᆖǊᮉ、Җǉम㛑ᇊ⨶Ǌঅݳѝਟԕⴻࡠ㊫լĀᐢ⸕ശḡⲴ

ᓅ䶒ॺᖴѪ ˈ儈Ѫ ˈ㲲㲱Ӿ ⛩⡜ࡠ ⛩Ⲵᴰ⸝䐟〻ᱟཊቁ˄㋮⺞ࡠ ˅˄ മ⮕˅̨ā䘉

ṧⲴ䰞仈Ǆ൘↔仈ѻਾˈн࿘ᆹᧂԕла䚃শਢ仈ˈѪ䘋а↕Ⲵᤃኅ Ā̟ྲമ ˈ൘ањ䮯ǃᇭǃ

儈࡛࠶Ѫ ǃ ǃ 㤡ቪⲴ䮯ᯩփᡯ䰤䟼ˈаਚ㵈㴋൘а䶒້Ⲵѝ䰤ཙ㣡ᶯ 㤡ቪⲴ ༴ˈ㣽㵷ࡉ

൘ሩ䶒້Ⲵѝ䰤ൠ䶒 㤡ቪⲴ ༴ˈ㣽㵷ᱟྲ↔ൠᇣᙅˈԕ㠣Ҿᰐ⌅ࣘᕩǄ䈅䰞ˈ㵈㴋ѪҶտ㣽

㵷䴰㾱⡜㹼Ⲵᴰ⸝䐍ᱟཊቁ˛˄ ᨀ⽪˖ᆳቁҾ 㤡ቪ ā˅䘉аĀ㵈㴋о㣽㵷ā䰞仈ᴰᰙࠪ⧠൘

ᒤⲴ㤡ഭᣕ㓨кˈᆳᱟᶌⲫቬᴰᴹⲴ䉌仈ѻаǄᶌⲫቬᱟ ц㓚㤡ഭ㪇Ⲵ䉌仈ࡋ㘵ˈԆࡋ

Ⲵ䘉а䰞仈ሩޘц⭼䳮仈⡡ྭ㘵Ⲵᡈˈ䮯䗮ഋ࠶ѻйњц㓚Ǆ

䘉а䰞仈ⴻլㆰঅˈն㾱↓⺞ൠ䀓ߣᆳҏᒦ䶎᱃һǄ䀓ߣ䘉а䰞仈Ⲵสᵜᐕާᱟम㛑ᇊ⨶ˈ਼ᰦˈ

ᆳ䘈䴰㾱⭘ࡠԕлᮠᆖᙍᜣᯩ⌅üü䖜ॆᙍᜣ˖ᢺ・փമᖒ䖜ॆѪᒣ䶒മᖒ˗ਈᦒᙍᜣ˖↓ᯩᖒⲴ

䖜ਈᦒ˗࠶㊫䇘䇪ᙍᜣ˖࠶йᛵ࡛࠶ߥ≲ࠪ㵈㴋Ⲵ⡜㹼䐍Ǆ䘉ањĀ㵈㴋䰞仈ā̍ 䰞仈ᵜ䓛ݵ

┑䏓ણᙗˈ㘼ф൘䀓ߣᆳⲴᰦى䴰㾱䖜ॆ઼࠶㊫䇘䇪ˈሩ׳䘋ᆖ⭏ᙍ㔤Ⲵ⚥⍫ᙗ઼ѕ䉘ᙗᴹаᇊⲴ
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⭘Ǆᙫᗇᶕ䈤ˈ䘉ᱟа䚃䶎ᑨн䭉Ⲵ䰞仈ˈ䙊䗷ݵ┑䏓ણⲴ㺘䶒ਟԕⴤ䗮ᮠᆖⲴᵜ䍘ˈ㘼фਟԕ׳䘋

ᆖ⭏Āᮠᆖൠᙍ㔤āǄ

˄й˅ケ⛩˖⧠ཊݳ᮷ॆᮠᆖᇩ

⧠ཊݳ᮷ॆᮠᆖᇩˈ䇙ᆖ⭏ሺ䟽ǃ࠶ӛǃ⅓䍿઼⨶䀓н਼᮷ॆ㛼ᲟлⲴᮠᆖᡀ᷌Ǆ䘉ᱟĀᮠᆖਢ

㶽ޕᮠᆖ䈮〻ā઼Āᮠᆖਢ㶽ޕᮉ、ҖāⲴケ⛩Ǆ

ᮠᆖ䙊䗷ᮠᆖᮉ㛢ᗇԕՐ઼ਁኅˈᡰԕᮠᆖᮉ㛢ᗵ享㖞䓛ҾӪ㊫᮷ॆˈቔަᱟᮠᆖ᮷ॆѻѝǄ

൘ཊݳ᮷ॆⲴ㿶䟾ѝˈѪ䇔䇶ᮠᆖᮉ㛢Ⲵ䗷৫ǃ䶒ሩᮠᆖᮉ㛢Ⲵ⧠൘ǃኅᵋᮠᆖᮉ㛢ⲴᵚᶕˈӾн਼

᮷ॆ㛼Ჟ␡ޕ᧒ウн਼ᮠᆖᮉ㛢փ㌫Ⲵ⢩⛩о㿴ᖻˈ䘉ᰒᱟӪ㊫䇔䇶Ⲵᗵ❦ˈ৸ᱟӪ㊫ਁኅⲴ䴰㾱˗

ᰒ㾱փ⧠н਼᮷ॆⲴ⢩㢢ᐞᔲˈ৸ᖒᡀн਼᮷ॆӔ㶽ⲴสǄ
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ѝާᴹᰐェⲴᙍᜣᯩ⌅ˊնሩᰐェⲴ䇔䇶䘈ࠪҾᝏᙗⲴ䱦⇥ˈҏн㜭४࠶ᰐェˈн⸕䚃ᘾṧᙍ㘳

ᰐェⲴ䰞仈ˊሩᰐェⲴ⨶䀓༴Ҿ䙊ᑨᡰ䈤ⲴĀ▌ᰐェāⲴ⣦ᘱˊᖃᆖҐҶᗞ〟࠶ਾˈާᴹҶᶱ䲀Ⲵᙍ

ᜣˈਟԕ൘аᇊ〻ᓖк४࠶ᰐェབྷоᰐェሿˈᆖҐҶ䳶ਸ⨶䇪ˈሩᰐェⲴ䇔䇶䘋а↕࣐␡ˈ䇔䇶ࡠᰐ

ェⲴн਼ቲ⅑ᙗˈ㘼ԕ㠚❦ᮠѪԓ㺘ⲴᰐェᱟĀᴰሿāⲴᰐェˈᰐェᱟањਁኅⲴ䗷〻ˈާᴹн਼Ⲵ

ቲ⅑ˈਟԕĀᰐェāⲴਁኅˈ䘉ṧቡ൘ᴤ儈Ⲵቲ⅑кᢺᨑҶᰐェˈᖒᡀҶާᴹĀᇎᰐェā㿲Ⲵᙍᜣ⢩

⛩ˊ

˄ ˅ᮠᆖ㜭࣋Ⲵቲ⅑ᙗ

ᮠᆖ㜭࣋ѫ㾱ᱟᣭ䊑ᙍ㔤㜭࣋ǃ䙫䗁ᙍ㔤㜭࣋ǃ䀓ߣ䰞仈Ⲵ㜭࣋ㅹˊᣭ䊑ᙍ㔤㜭࣋ѫ㾱փ⧠൘ሩ䰞仈

Ⲵᣭ䊑ॆкˊሿᆖ䱦⇥ਟԕӾᮠᣭ䊑ѪᮠᆇǃਟԕӾ䖖䖞ǃ㤩᷌ㅹᣭ䊑ࠪശǃ⛩ㅹˈӾ唁ᶯǃṼᆀ

ᣭ䊑ࠪ⸙ᖒㅹˈҏቡᱟᖒᡀҶа㡜Ⲵᣭ䊑ᙍ㔤ˊࡠҶѝᆖቡਟԕӾᮠᆇᣭ䊑Ѫа㡜Ⲵㅖਧ઼ᆇ⇽ǃӾ



ശǃ⛩ǃ㓯ㅹᣭ䊑ࠪཊ䗩ᖒǃശᖒㅹˈҏቡᱟᖒᡀҶ、ᆖⲴᣭ䊑⢩⛩ˊࡠҶ儈ѝቡਟԕሶаӋ䰞仈䖜

ॆѪᆼޘн㘳㲁Āᇎ䱵āⲴ╄㇇઼᧘⨶Ҷˈᢺᨑһ⢙Ⲵᵜ䍘ˈᢺ㑱ᵲ䰞仈ㆰঅॆǃᶑ⨶ॆˈ㜭ཏᲠ

ൠ㺘䗮ˈ㜭ཏ৫ᦹާփⲴᇩˈ࡙⭘ᾲᘥǃമᖒǃㅖਧǃޣ㌫㺘䘠һ⢙ˊ㜭䙊䗷ٷ䇮઼᧘⨶ᔪ・⌅ࡉǃ

⁑ᔿᡆ㘵⁑රˈᒦ㜭ཏ൘а㡜ѹк䀓䟺ާփһ⢙ˊ

䙫䗁ᙍ㔤㜭࣋ˈн਼Ⲵ䱦⇥ާᴹн਼Ⲵ⣦ᘱˈ൘ሿᆖ䱦⇥ˈਟ㜭ᱟާᴹᴹᶑ⨶Ⲵ䈤䈍ˈѪањ⧠

䊑ᨀ䈤⨶ˊࡠҶѝᆖቡ㾱䘋㹼аӋ䇱᰾ҶˈࡠҶ儈ѝ䇱᰾Ⲵ䰞仈䎺ᶕ䎺༽ᵲˈ䴰㾱Ӿа䜘ⴻࡠ㤕ᒢ

↕Ⲵਁኅˊ

䀓ߣ䰞仈Ⲵ㜭࣋ ൘̍ሿᆖ䱦⇥ਟ㜭ᱟሶаӋ䰞仈䖜ॆѪㆰঅⲴᮠᆖ⁑රˈྲ ǃ҈⌅ㅹ⌅࣐ ࡍҶࡠ̍

ѝਟ㜭ቡ㾱䖜ॆѪ䖳Ѫ༽ᵲⲴᮠᆖ⁑රˈ儈ѝᡰ䴰㾱Ⲵ⁑රቡᴤ༽ᵲˊާᴹҶ䖜ॆᙍᜣਾˈቡਟԕሶ

䰞仈ᮠᆖॆˈ᧕лᶕቡᱟ䘀⭘ᮠᆖ䀓ߣ䰞仈ҶǄн਼Ⲵቲ⅑ᡰ㜭䀓ߣⲴ䰞仈Ⲵ༽ᵲ〻ᓖҏቡнаṧˊ

ᇎ䱵кˈ⸕䇶ࡠᙍᜣࡠ㜭࣋ᵜ䓛ቡᱟᮠᆖॆⲴн਼ቲ⅑ˈ൘䘉њቲ⅑Ⲵᴰส䜘࠶ᱟᮠᆖⲴ⸕

䇶ቲ⅑ˈᡰԕˈᔰҶᮠᆖ⸕䇶ቡн㜭ᮠᆖॆҶˈնྲ᷌⸕䇶н㓿⭡ᙍᜣਁኅѪ㜭࣋ˈҏቡ൘ᖸབྷ〻

ᓖкཡ৫Ҷ⸕䇶Ⲵ⭘Ҷˊ

ˊ儈ᐸᮠᆖᮉ㛢ѝ㾱ޣ⌘ᮠᆖॆ

ᨀ儈ᮉᆖ≤ᒣˈޣ䭞ᱟᨀ儈ᮉᐸⲴ≤ᒣˊ䘉нᱟаਕオ䈍ˈ䴰㾱ᇎᇎൠᐕ ˊ儈ᐸᱟᮠᆖᮉ

ᐸⲴ᩷㈞ˈޣ⌘ᮠᆖॆ㾱Ӿ儈ᐸⲴᮠᆖᮉ㛢ޕˊ

˄ ˅ӾᮠᆖॆⲴ䀂ᓖᔰኅᮉᆖ

儈ᐸᮠᆖᮉᆖᓄ࠶ݵ᥆ᧈᮠᆖ⸕䇶ᇩѝᡰव⏥Ⲵᮠᆖᙍᜣ઼ᯩ⌅ˈव⏥ⲴᮠᆖਁኅਢˈӾᮠᆖਁኅ

㛼Ჟᨀ⛬ᮠᆖᇩⲴ⢩⛩ˈ֯儈ᐸᆖ⭏ᆼᮤൠᦼᨑᮠᆖˊ

⧠ԓᮠᆖᮉ㛢Ⲵ・փॆⴞḷˈᶱ䴰㾱ᮉᐸⲴᮉᆖሩᆖ⭏ӗ⭏᧒ራ、ᆖⵏ⨶Ⲵᝏਜ࣋ˈ➿䲦㢟ྭ૱

䍘Ⲵᝏॆ࣋ˈ䇔һ⢙ᵜ䍘Ⲵ⍎ሏ࣋ˈ⽪ᮠᆖ⨶䇪Ⲵク䘿࣋ˈ◰ਁᆖҐޤ䏓Ⲵㆆࣘ࣋ ˊ㘼㾱ᇎ

⧠䘉аⴞḷˈ䴰㾱儈ᐸᮠᆖᮉ㛢փ⧠Āᮠᆖॆā́

ྲ儈ᐸⲴᮠᆖ㌫Ⲵส䈮〻ǉᮠᆖ᷀࠶ǊӾ⸕䇶Ⲵ䀂ᓖᶕ䈤ˈवᤜ࠭ᮠ⹄ウǃሬᮠ઼ᗞ࠶ǃ〟࠶ǃ

ᇎᮠᙗ䍘ǃ㓗ᮠ⨶䇪ㅹᇩˈᱟ儈ᐸᆖ⭏儈ѝ䱦⇥࠭ᮠ⹄ウⲴ㔗㔝ˈ৸ᱟ䘋а↕ᆖҐᮠᆖⲴสˈ൘

ᮤњᮠᆖᆖҐ৺ᵚᶕⲴᮠᆖᮉ㛢ѝާᴹᶱަ䟽㾱Ⲵൠսˊ

ᮠᆖ᷀࠶৸ᱟа䟽㾱Ⲵᙍᜣᯩ⌅ˈަṨᗳᱟᶱ䲀ᙍᜣˈᶱ䲀ᙍᜣᱟ䀓ߣᰐェ䰞仈Ⲵ䟽㾱Ⲵᙍᜣ

઼ᯩ⌅ˈᴹҶᶱ䲀ⲴᙍᜣˈӪԜ൘䀓ߣᰐェ䰞仈ᰦާׯᴹҶаสᵜⲴᯩ⌅ˊ

ᮠᆖ᷀࠶䘈ᱟӪ㊫ᮠᆖਢкᴰ䖹❼Ⲵᡀቡˈᮠᆖ᷀࠶Ⲵสᵜᇩᱟᗞ〟࠶ˈᗞ〟࠶Ⲵสᱟਈ䟿ˈ

㘼ሶਈ䟿ᕅ䘋ᮠᆖᱟ ц㓚ᮠᆖᴰ䟽བྷⲴᙍᜣਈ䶙ˈ䘉аਈ䶙ᑖᶕҶᮤњᮠᆖⲴਈ䶙ˊ

ᗞ〟࠶Ⲵ⨶䇪สᱟᗞ〟࠶สᵜᇊ⨶ˈ䘉аᇊ⨶⽪Ҷᗞ࠶〟઼࠶ѻ䰤Ⲵ൘㚄㌫ˈਚᴹ䘉аޣ

㌫Ⲵਁ⧠ˈ䈤᰾Ҷᗞ〟࠶Ⲵ䈎⭏ˊഐ㘼൘ӻ㓽ᗞ〟࠶สᵜᇊ⨶Ⲵᮉᆖᰦˈ㔃ਸᗞ〟࠶Ⲵӗ⭏䗷〻Ⲵ

ӻ㓽ˈᆖ⭏᭦㧧Ⲵቡнਚᱟањᇊ⨶Ҷˊഐ㘼儈ᐸǉᮠᆖ᷀࠶Ǌ䈮〻Ⲵᮉᆖˈнӵ㾱ޣ⌘ᆖ⭏㜭䀓ߣ

〟࠶ᡆᗞ࠶ㅹ䰞仈ˈҏ㾱ޣ⌘ަѝⲴᮠᆖᙍᜣⲴ⢩⛩઼ᮠᆖ⸕䇶㛼Ჟਾ䶒Ⲵᮠᆖਁኅশ〻ˈਚᴹ

䘉ṧˈᆖ⭏㜭൘ᦼᨑสᵜ⸕䇶Ⲵ਼ᰦˈ⨶䀓ᮠᆖⲴԧ٬઼ᙍᜣⲴ⢩⛩ˈਇࡠᮠᆖ㖾Ⲵ➿䲦ˈᆼழሩ

ᮠᆖⲴ䇔䇶઼⨶䀓ˊ

˄ ˅ᕪॆሩѝሿᆖⲴᕅ亶⭘

Խ呯⟉ᮉᦸᤷࠪĀᮠᆖᇦᓄ䈕㠤࣋Ҿᐸ䍴ษ䇝ˈնྲ㾱ᴹ᭦㧧ˈᗇ䴰㾱ሩѝሿᆖᮠᆖ৸␡࠷Ⲵ䇔䇶 ā́

儈ᐸⲴᮠᆖᮉᐸᓄ䈕ሩѝሿᆖᮠᆖ⟏ᚹˈѝሿᆖᮠᆖާᴹĀᮠᆖॆāⲴ⨶ᘥˈնᦞㅄ㘵ሩ䜘࠶儈

ṑᮠᆖᮉᐸⲴޣ䈳ḕ Ⲵᮉᐸ⋑ᴹੜ䗷Āᮠᆖॆā䘉а䇽ˈ䘉н㜭н䇙Ӫᝏࡠ䰞仈ѕ䟽ˊ



儈ᐸᮠᆖ㾱ᕅ亶สᮉ㛢Ⲵᮠᆖˈޣ䭞ᱟ㾱㜭ཏㄉ൘儈ㅹᮠᆖ䘉а㿲⛩л㓿ᑨሩสᮠᆖ䘋㹼৽

ᙍˈ⽪ࡍㅹᮠᆖѝаӋ䟽㾱䰞仈Ⲵᵜ䍘ˊྲѝᆖањ䟽㾱Ⲵᾲᘥ࠭ᮠˈ࠭ᮠᱟ⹄ウਈ䟿Ⲵޣ㌫Ⲵᮠ

ᆖ⁑රˈᮠᆖ⹄ウਈ䟿ᱟ ц㓚ᔰⲴˈᚙṬᯟ൘ǉ৽ᶌ᷇䇪Ǌѝ䈤䚃 Ā̟ࡍㅹᮠᆖˈণᑨᮠⲴᮠᆖˈ

ᱟ൘ᖒᔿ䙫䗁Ⲵ㤳ത⍫ࣘⲴˈ㠣ቁᙫⲴ䈤ᶕᱟ䘉ṧˈ㘼ਈᮠⲴᮠᆖüüަѝᴰ䟽㾱Ⲵ䜘࠶ᱟᗞ〟

⭘üüᵜ䍘кнཆᱟ䗙䇱⌅൘ᮠᆖᯩ䶒Ⲵ䘀࠶ ā́

˄ ˅Ӿ᮷ॆⲴ㿶䀂᷀࠶ᮠᆖᮉ㛢

᮷ॆᱟᮠᆖⲴᴰᵜ䍘Ⲵ⢩ᖱˊӾ᮷ॆⲴ䀂ᓖᶕ⨶䀓ᮠᆖᮉ㛢ˈᱟሩᖡ૽ᮠᆖਁኅⲴഐ㍐䘋㹼࠶

᷀ǃሩᮠᆖ⸕䇶ѝ㮤ਜ਼Ⲵᮠᆖᙍᜣ䘋㹼᥆ᧈǃሩᮠᆖᯩ⌅㔉Ҹޣ⌘ǃሩᮠᆖоᇎ䱵Ⲵޣ㌫ৈˈഐ㘼

Ӿ᮷ॆⲴ㿶䀂ᶕ᷀࠶ᮠᆖˈሩᡁԜᆼᮤⲴ⨶䀓ᮠᆖᮉ㛢Ⲵᵜ䍘ǃⴞⲴǃᇩǃᯩ⌅ㅹ䜭ާᴹ䟽㾱Ⲵ

ѹˊ

Ӿ᮷ॆⲴ㿶䀂⨶䀓ᮠᆖˈਟԕӾᮠᆖⲴ⸕䇶ǃ㔃ᶴǃਁኅ㛼Ჟǃᡰ⎹৺ⲴᮠᆖᇦⲴ⭏ᒣ઼њᙗǃ

ᙍᜣ⢩⛩ǃᯩ⌅⢩⛩ǃሩӪⲴњᙗ૱䍘Ⲵᖡ૽ㅹཊњᯩ䶒ᶕ⨶䀓ᮠᆖˊ䘉ṧⴻࡠⲴᮠᆖቡᱟ・փⲴˈ

ҏቡᱟ൘ᮠᆖᮉ㛢䗷〻ѝቡ㜭ሩӪⲴњᯩ䶒䘋㹼ᖡ૽ˊ

ᕐዡᒤˈᯩݻ・ˊѝഭ᮷ॆᾲ䇪Ǐ ǐ́ ेӜᐸ㤳བྷᆖࠪ⡸⽮ˈ ˊ

ᕐᾊᔧˊᮠᆖ᮷ॆǏ ǐ́ 儈ㅹᮉ㛢ࠪ⡸⽮ˈ ˊ

ᕐഭḻˈᮠᆖᙍᜣоᮠᆖᮉ㛢Ǐ ǐ̍ ेӜᮉ㛢ᆖ䲒ᆖᣕˈ ˄ ˅̟ ˊ

ᕐ㦓ˊѝཆᮠᆖᇦሩษޫᆖ⭏ᮠᆖᆖҐ㜭࣋Ⲵ⹄ウᾲ䘠Ǐ ǐ́ ѝሿᆖᮉᶀᮉᆖˈ ˄ ˅̟ ˅́

ਢᆱѝˊ╛䈸ᮠᆖⲴสᵜᙍᜣǏ ǐ́ ཙ⍕˖ᮠᆖᮉ㛢ᆖᣕˈ ˄ ˅̟ ˊ

哴⌠ᆹˈޣҾᮠᆖ᮷ॆⲴ㤕ᒢ䟽㾱ޣ⹄ウ亶ฏǏ ǐ̍ ᮠᆖᮉ㛢ᆖᣕˈ ˊ ˄ ˅̟ ˊ

䱸⟉ӱㅹˊࡍѝ⭏ᮠᆖᆖҐᛵᝏⲴ䈳ḕ⹄ウǏ ǐ̍ ཙ⍕˖ᮠᆖᮉ㛢ᆖᣕˊ ˄ ˅̟ ˊ

ᶘᆀˊ᮷⨶Ӕ㶽ˈᢃ䙐Āᮠᆖ᮷ॆā⢩㢢䈮〻Ǐ ǐ́ ᮠᆖᮉ㛢ᆖᣕˈ ˄ ˅̟ ˊ

ᵾ䫱ᆹㅹˊ儈ѝ䀓᷀ࠐօᮉᆖㆆ⮕üüᮠᆖਢⲴ㿶䀂ˊᮠᆖᮉ㛢ᆖᣕˈ ˊ ˄ ˅̟ ˊ

ᕐ㤡՟ˊڵᆉüüѝഭ⧠ԓᮠᆖᮉ㛢Ⲵݸ傡ˊᮠᆖ䙊ᣕˈ ˄ ˅̟ ˊ

哴ᆹᡀˊ䈸ᮠᆖᮉᐸⲴĀࡋ◰ᛵāоĀࡋࣘߢā̍ ेӜ˖ᮠᆖ䙊ᣕˈ ˄ ˅ ˊ

Խ呯⟉ˊањᮠᆖᇦ൘ᮠᆖᮉ㛢⭼Ⲵ㓿傼ˊᮠᆖ䙊ᣕˈ ˄ ˅̟ ˊ

ᕐᾊᔧˊᮠᆖ᮷ॆˊ儈ㅹᮉ㛢ࠪ⡸⽮ˈ ˈㅜ 亥ˊ
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