
ᵜはȀǟǙǻȄˈ㾯⌻ᮠᆖ৺Ȉᰕᵜȃ઼㇇ȀǟǦȠ↓ӄ䀂ᖒȃ֌ണ⌅Ȁ䯒Ǭǻȃ㘳ሏǽǲȡǡ֌

ണਟ㜭ǼǗȠǨǽȀǹǙǻȃȴɵȪ⨶䄆ȀสǺǤ䁬᰾৺ȈǲȡȀสǺǤ֌ണȃȪɳȼɲɂɨȀǹǙ

ǻ䘠ȎȠˊާփⲴȀȄˈ㾯⌻ᮠᆖǽǬǻɐɴɧόȀȝȠ֌ണ⌅ˈᰕᵜȃ઼㇇ǽǬǻᒣ䟾ௌᡯˈ㰔⭠䋎

䋷৺Ȉᆹጦⴤ޶ȀȝȠ֌ണȧ⽪ǮˊǪȞȀˈ↓ӄ䀂ᖒȃ֌ണਟ㜭ᙗȃ䁬᰾ȀǹǙǻȄˈ࠶޶փȃ᡻⌅

ȀȝȠ䁬᰾ȧоǝȠˊ

ȄǭȖȀ

ᇊ㾿Ȅ㐊࠶ȧ᧿ǢǽȻɻəɁȄ޶ȧ⭫ǤǨǽȃȔȀࡦ䲀ǬǴ֌ണȄˈਔԓȶɲȿɫȀǟǙǻᰒȀ㘳ǝ

ȞǝǻǙǴǡˈǙǤǹǠȃ֌ണнਟ㜭ǿ୿乼ȀǹǙǻˈһᇏǽǬǻᇏ䳋Ȁ֌ണнਟ㜭ǼǗȠǨǽǡ࠶

ǠȞǿǠǸǴǴȖȀ䴓୿ǽǪȡǴ୿乼ǡǙǤǹǠǗȠˊǲȃѝǼᴹ਽ǿȗȃǽǬǻȄˈа㡜䀂ȃйㅹ

ઘ⦷ȃ֌ണ৺Ȉ޶ȃ֌ണǽ࠶ ȃ֌ണȃ ǹǼǗȠˊаᯩˈ֌ണਟ㜭ǿȗȃȀǹǙǻȗਔǙᱲԓǠ

Ȟ㢢ǆ⸕ȞȡǻǙǴˊֻǝȅˈ䀂ȃ ㅹ࠶㐊ȃ֌ണș㐊࠶ȃ඲ⴤ ㅹ࠶㐊ȃ֌ണ৺ȈоǝȞȡǴ䮧ᯩ

ᖒǽ਼ǭ䶒ぽȧᤱǹ↓ᯩᖒȃ֌ണǡǗǧȞȡȠˊǨȡԕཆȀȗˈ↓ӄ䀂ᖒȃ֌ണǡǗǧȞȡȠˊ䀂ȃ

ㅹ࠶㐊ǡ֌ണਟ㜭ǿǴȖȀˈ↓2n 3䀂ᖒˈ↓2n 5䀂ᖒˈ↓2n 䀂ᖒȃ֌ണȗᖃᱲǠȞ࠶ǠǸǻǙǴˊ

ᆖṑᮠᆖȀǟǙǻȗ㢢ǆǿ֌ണȃᤷሾǡǿǪȡˈǲȃѝǼȗ↓ӄ䀂ᖒȃ֌ണȄ㠸ણ␡ǙȗȃǡǗȠˊ

ᇏ䳋ȀˈᆀǾȗǴǶȃѝȀȄǮȎǻȃ↓ཊ䀂ᖒǡ֌ണਟ㜭ǿȃǼǗȢǛǠǽ㠸ણȧᤱǹᆀǾȗǴǶ

ȗǙȠˊȶɲȿɫᱲԓȀȄˈкǼ⽪ǬǴԕཆȃ↓ཊ䀂ᖒȃ֌ണȄǼǢȀǽᙍȤȡǻǙǴǽᙍȤȡȠˊ

ᇏ䳋ˈȴȮɁȄˈǲȃᱲԓȀȴɵȪ⨶䄆ȄࠪᶕǻǙǿǠǸǴǴȖȀˈ ȃ৏࿻ ҇ṩȃȔǴǮ⴨৽ᯩ

〻ᔿȃṩȃ ᆀȧ䃯Ȏǻǲȃ㎀䄆ȧᗇǻǙȠˊ⨮൘ǼȄˈȴɵȪ⨶䄆ȀสǺǙǻˈ↓ཊ䀂ᖒȃ֌ണਟ

㜭ᙗȃ䁬᰾ǡਟ㜭ǽǿǸǻǙȠˊǲǨǼˈᵜはȀǟǙǻȄˈ↓ӄ䀂ᖒȃ֌ണਟ㜭ᙗȃ䁬᰾ȧǮȠǨǽ

ǽǮȠˊ

઼㇇ȀሮǮȠ䂅ב

઼㇇ȧ⨮൘ȃᰕᵜȃᆖṑȃᮠᆖȃᦸᾝǼᢡǛǨǽȄˈ⊪Ǭǻˈнਟ㜭ǿǨǽǼȄǿǙˊǴǵˈǲȡȐ

Ǿঈ㍄Ǽ㉑ঈǿȗȃǼȗǿǙˊ઼㇇ȀǹǙǻˈаᓖǼȗᆖ㘂ǬǴᆖṑᮉ଑ǼǗȡȅˈǲȃ䟿ȃཊǪǽ

䌚ȃ儈ǪȀ傊ǤȃǡᲞ䙊ǼǗȠˊᆖṑᮠᆖȀǟǙǻȄˈሿᆖṑȃ㇇ᮠǠȞ儈ㅹᆖṑȃᮠᆖȓǼˈǾȃ

ঈݳǼǗǸǻȗ䄆⨶ⲴȀȄˈ࡙⭘ਟ㜭ǼǗȠˊᖃ❦ȃǨǽǼȄǗȠǡˈ⨮൘ȃᰕᵜȃᆖṑᮉ଑ȃཊǤ

Ȅˈ᰾⋫ᱲԓǽ䚅Ǹǻˈ↻ᘥǿǡȞ઼㇇ᇦǼȄǿǙˊǬǴǡǸǻˈ઼㇇ȃѝȃȐȨȃа䜘ȃ⸕䆈ǬǠ

⸕ȞǿǙǴȖȀˈ⨮൘ȃᆖṑᮠᆖȀ઼㇇ȧሾޕǮȠ䳋Ȁᗵ㾱ԕкȀཊǤȃ㤖ࣤȧǰǫȠȧᗇǿǙˊǲ

ȡǼȗᰕᵜȃሿᆖṑȃ㇇ᮠ、ȃǮȎǻȃᮉ、ᴨՊ⽮ȃᮉ、ᴨȀˈ઼㇇ȃ޵ᇩǡа䜘ਆȟޕȡȞȡǻǙ

Ƞˊᇏ䳋Ȁˈ઼㇇ǡ⍱㹼ǬǴ⊏ᡨᱲԓȀȄˈᮠᆖჼǙȃᆀǾȗȄᵜᖃȀቁǿǠǸǴǽ䀰ȤȡǻǙȠǨ



ǽȄ䃠Ǽȗǡ⸕ǸǻǙȠˊ⨮൘ȃᰕᵜȃᆀǾȗǴǶȃᮠᆖჼǙǽ∄䔳Ǭǻȗ઼㇇ȀȄˈൗقⲴǿ兵࣋

ȧᝏǭȠˊ઼㇇ȧ⨮൘ȃᆀǾȗǴǶȃǴȖȀˈ㐘䳶ǬⴤǬǻˈ᭩Ȗǻ⨮൘ȧ⭏ǢȠᆀǾȗǴǶȃǴȖ

ȃᵜȧǹǤȠǨǽǡǼǢȡȅˈ઼㇇Ȅ⨮൘ȃᰕᵜȃᆖṑᮠᆖȀǟǙǻȗˈᴹࣩǼǗȠǽ䂅בǮȠǨǽ

ǡਟ㜭ǼǗȠǽᙍȤȡȠˊ

㾯⌻ᮠᆖǽᰕᵜȃ઼㇇ᇦȀȝȠ↓ӄ䀂ᖒȃ֌ണ

ᵜはȀǟǙǻȄˈ↓ӄ䀂ᖒȃ֌ണᯩ⌅Ȁ䯒Ǭǻˈ㾯⌻ȃᮠᆖȀȝȠᯩ⌅ǽǬǻɐɴɧόȀȝȠ֌ണ⌅

ǽᰕᵜȃ઼㇇ᇦȀȝȠǲȃ֌ണ⌅ǽǬǻᒣ䟾ௌᡯǽ㰔⭠䋎䋷৺Ȉᆹጦⴤ޶ȀȝȠȗȃȧ㍩ӻǮȠˊȓ

Ǵˈ↓ӄ䀂ᖒǡ֌ണਟ㜭ǼǗȠǨǽȃ䁬᰾ǽǬǻˈ⨮ԓᮠᆖȀȝȠ᡻⌅ǼǗȠȴɵȪ⨶䄆ȀสǺǙǴ

䁬᰾ᯩ⌅ȧ㍩ӻǮȠˊާփⲴȀȄˈ࠶޶փȧ࡙⭘ǬǴ䁬᰾ǼǗȠˊǨȡȄˈᒮօᆖȃ୿乼ȧԓᮠᆖȃ

᡻⌅ȀȝǸǻ䁬᰾ǬǴǨǽȀǟǙǻȗ᜿ણǡǗȠˊȓǴ Ǩ̍ȃ䁬᰾ᯩ⌅ȀสǺǙǴ↓ӄ䀂ᖒȃ䁬᰾Ȅˈ

ᮠᆖǽǬǻȄ⧽ǬǤ䀸㇇ǲȃȗȃǡ㠸ણ␡Ǚǽ䀰ǛᮠᆖⲴ᜿ણȗǗȠˊǲǨǼˈ↤ਢⲴȀਔǙǡ㠸ણ

␡Ǚ㾯⌻৺Ȉᰕᵜȃ⊏ᡨᱲԓȀⲪ䚄ǬǴ઼㇇ȀȝȠ↓ӄ䀂ᖒȃ֌ണ⌅ȧ⽪ǮǽǽȗȀˈǲȃ䁬᰾ȧᒮ

օᆖȃ᡻⌅ǼȄǿǤǻԓᮠᆖǼǗȟ⨮ԓᮠᆖǼǗȠȴɵȪ⨶䄆ȧ⭘Ǚǻ䁬᰾ǬǴˊ

㾯⌻ᮠᆖȀȝȠ↓ӄ䀂ᖒȃ֌ണȃᇏ䳋

ɐɴɧόȀȝȠ↓ӄ䀂ᖒȃ֌ണ⌅

ɐɴɧόȀȝȠ֌ണ⌅Ȅ ǋ̍ȪɳɦȺɁɐǌȃѝǼǋ৏䄆ǌㅜĒċᐫભ乼 ȧᕅ⭘Ǭǻ䃜᰾ǬǻǙȠˊ

ԕлˈɐɴɧόȀȝȠ↓ӄ䀂ᖒȃ֌ണ⌅ȀǹǙǻ䘠ȎȠˊ

ണ ȃ Ȁˈ㐊࠶ ˈ㐊࠶ Ȅˈ޶ ȃⴤᖴǼǗȠˊȓǴˈ㐊࠶ ǽ㐊࠶ Ȅˈǲȃ޶ȃѝᗳ

ǼˈӂǙȀⴤ㹼ǬǻǙȠǽǮȠˊǪȞȀˈ޶ ȃॺᖴ ȃѝ⛩ȧ ǽǮȠˊ㐊࠶ ȧॺᖴǽǮ

Ƞ޶ǽ޶ ȃॺᖴ ǽȃӔ⛩ȧ ǽǮȠˊǨȃᱲˈ㐊࠶ ȄˈǨȃ޶ Ȁ޵᧕ǮȠ↓ӄ䀂ᖒȃ䗪

ȃ䮧ǪȀǿȠˊᇏ䳋ˈണ ȀǟǙǻˈѝᗳ Ǽॺᖴ ȃ޶ǡȗǽȃ޶ ǽȃӔ⛩ȧ⛩ ˈ⛩ ǽǮ

Ƞˊ⅑Ȁˈ⛩ ȧѝᗳǽǬॺᖴ ȃ޶ǡ޶ ǽ⛩ ǼӔȤȠǽǮȠˊǪȞȀˈ⛩ ȧѝᗳǽǬॺᖴ

ȃ޶ǽ޶ ǽȃӔ⛩ȧ⛩ ǽǮȠˊ ǹȃ⛩ˈ⛩ ˈ⛩ ˈ⛩ ˈ⛩ ˈ⛩ ȧണ ȃ Ȁ㎀ȋǽ

↓ӄ䀂ᖒǡᗇȞȡȠˊ



ǋ৏䄆ǌȃ↓ӄ䀂ᖒȃ֌ണ⌅

ǋ৏䄆ǌㅜČᐫભ乼 Ȅ ǋ̍оǝȞȡǴ޶Ȁ↓ӄ䀂ᖒȧ޵᧕ǪǰȠǨǽǌǽǙǛ֌ണભ乼ǼǗȠˊભ乼

Ȅ ǋ̍ᓅ䗪ȀǟǦȠ䀂ȃৼᯩǡ↻ȟȃ䀂ȃ ↓ˈǼǗȠҼㅹ䗪й䀂ᖒȧǹǤȠǨǽǌǽǿǸǻǙǻؽ

ӄ䀂ᖒȃ֌ണભ乼ȃⓆۉǽǿǸǻǙȠˊભ乼 Ȅˈભ乼 ȃ֌ണȧ㹼ǛȝǛȀǿǸǻǙǻˈ↓ӄ䀂

ᖒȃሮ䀂㐊ǽ䗪ǼǹǤȞȡȠй䀂ᖒȄˈ串䀂ǡ ȃҼㅹ䗪й䀂ᖒȀǿȠȃǼˈǨȡǽ⴨լǿй䀂ᖒ

ȧ޶Ȁ޵᧕ǮȠȝǛȀ֌ണǮȠǽǲȡȧสȀ↓ӄ䀂ᖒȧ޵᧕ǪǰȠǨǽǡਟ㜭ǼǗȠǽǙǛ޵ᇩǼǗ

Ƞˊ

↓ӄ䀂ᖒȄˈ䗪ǽሮ䀂㐊Ǽ⊪ȓȠˊǬǴǡǸǻˈ޶ǡǿǤǻȗ䗪ǽሮ䀂㐊ǡǗȡȅ֌ണਟ㜭ǼǗȠˊ

↓ӄ䀂ᖒȃ䗪aǽሮ䀂㐊bǽȃ䯃ȀȄˈb(b− a) = a2 ǽǙǛᔿǡᡀȟ・ǹȃǼˈǨȡȧbȃ ⅑ᯩ〻ᔿ

ǽǬǻ䀓Ǥǽˈ

b =
√
5
2
a+ 1

2
aǽǿȠˊ

ǬǴǡǸǻˈоǝȞȡǴ䗪aȀሮǬǻˈ ㅹ࠶ȃ㐊࠶c = 1
2
aȃ

√
࠶ȃ㐊ؽ5

√
5c =

√
5
2
aȧ֌ണǮȡȅˈ

ሮ䀂㐊
√
5 + cȃ䮧Ǫǡ≲ȖȞȡȠȃǼˈ↓ӄ䀂ᖒȃ֌ണǡਟ㜭ǽǿȠˊ

ᰕᵜȃ઼㇇ᇦȀȝȠ↓ӄ䀂ᖒȃ֌ണ⌅ȃᇏ䳋

ᵜㄐȀǟǙǻȄˈᰕᵜȃ Ӫȃ઼㇇ᇦᒣ䟾ௌᡯˈ㰔⭠䋎䋷ˈᆹጦⴤ޶ȀȝȠ↓ӄ䀂ᖒȃ֌ണ⌅ȀǹǙ

ǻ㍩ӻǮȠˊ

ᰕᵜȃ઼㇇ᇦᒣ䟾ௌᡯȀȝȠ↓ӄ䀂ᖒȃ֌ണ⌅

ᒣ䟾ௌᡯȀȝȠ↓ӄ䀂ᖒȃ֌ണ⌅Ȅˈ⅑ȃ䙊ȟǼǗȠˊ



ķ ണ ȃ Ȁˈԫ᜿ȃབྷǢǪȃ޶ȧ⭫Ǥˊ

ĸ ണ ȃ Ȁˈണ Ǽ᧿ǙǴ޶ǽਸ਼ǿȗǛ ǹ޶ȧ

⭫Ǥˊ

Ǩȃᱲˈ ǹȃਸ਼ǿ޶Ȅˈཆ᧕ǮȠ Ȁ᧿Ǥˊ

Ĺ ണ ȃ ȀˈབྷǢǿ޶ȧ⭫Ǥˊ

ǨȃᱲȀˈണ Ǽ⭫ǙǴ ǹȃཆ᧕ǮȠ޶Ȁཆ᧕Ǯ

Ƞ Ȁ᧿Ǥˊ

ĺ ണ ȃ Ȁˈ ǹȃ޶ȃⴤᖴǽǿȠ ǿ㐊࠶ȧ⭫Ǥˊ

ǪȞȀˈ ǹȃਸ਼ǿ޶ȃޡ䙊ཆ᧕㐊ȧབྷǢǙ޶ȃ

ⴤᖴǽǿȠ Ȁ㐊࠶ȧ⭫Ǥ

ǪȞȀˈਸ਼ǿ ǹȃ޶ȃаᯩȃѝᗳǽ ǹȃਸ਼

ǿ޶ȃޡ䙊ཆ᧕㐊ǽབྷǢǿ޶ǽȃӔ⛩ȧ㐊࠶Ǽ㎀ȋˊ

Ļ ണ ȃ ȀˈȗǛаǹ޶ȧ⭫Ǥˊ

Ǩȃᱲˈཆ᧕ǬǻǙȠ ǹȃਸ਼ǿ޶ȃޡ䙊ཆ᧕޶

ǽǿȠ Ȁ⭫Ǥˊ

ļ ണ ȃ Ȁˈ㐊࠶ ȧᕅǤˊ

Ǩȃᱲˈണ Ǽ⭫ǙǴ޶ǽཆ᧕ǬǻǙȠ ǹȃਸ਼

ǿ޶ȃޡ䙊ཆ᧕޶ǽȃ ǹȃӔ⛩ȧ㎀ȋ㐊࠶ȀǿǸ

ǻǙȠˊǲǬǻˈ ǹȃӔ⛩ȧ ˈ ǽǬˈ⭫ǙǴ㐊

࠶ȧ㐊࠶ ǽǮȠˊǲǛǮȠǽˈ㐊࠶ ǡ↓ӄ䀂

ᖒȃ 䗪ǽǿǸǻǙȠˊǨȃ ȀǬǻˈ↓ӄ䀂ᖒȧ

֌ണǮȠǨǽǡǼǢȠˊ

ǨǨǼˈԕлȀǨȃᒣ䟾ௌᡯȀȝȠ↓ӄ䀂ᖒȃ֌ണ⌅ǡ↓ǬǙǨǽȧ䁬᰾ǮȠˊ

䁬᰾

ണ ȀǟǦȠ∠ ǡ ǽǿȠǨǽȧ⽪ǰȅ㢟Ǚˊണ ȀǦȠᴰȗབྷǢǙ޶ȃॺᖴȧ ǽǬǻ

ȗа㡜ᙗȧཡȤǿǙˊ

ǲǛǮȠǽˈ =
√
5/2ˈ = − 1/2 = (−1 +

√
5)/2

ǂǂǂǂǂ (∠ ) = / = (−1 +
√
5)/4

ȝǸǻˈ∠ =



ᰕᵜȃ઼㇇ᇦᆹጦⴤ޶ȀȝȠ↓ӄ䀂ᖒȃ֌ണ⌅

ᆹጦⴤ޶ȀȝȠ↓ӄ䀂ᖒȃ֌ണ⌅Ȅˈ⅑ȃണ ȃ䙊ȟǼǗȠˊ

ķ ᵜȃ㐊࠶ȧǟӂǙ඲ⴤȀǿȠ Ȁ⭫ǢˈǲȃӔ⛩ȧ ǽǮȠˊ

ĸ Ӕ⛩ ȧѝᗳǽǬǻˈॺᖴǡ ǽǿȠ ǿ޶ȧ⭫ǢˈķǼ⁚ȀᕅǙǴ㐊࠶ǽȃӔ⛩ȃаᯩȧ⛩

ǽǮȠˊ

Ĺ ⛩ ȧѝᗳȀǬǻˈॺᖴ ȃ޶ȧ⭫Ǥˊ

޶ ǽ㑖ȃ㐊ǽȃӔ⛩ȧ⛩ ǽǮȠˊ

ĺ ⛩ ȧѝᗳȀǬǻˈॺᖴ ȃ޶ȧ⭫Ǥˊ

޶ ǽ㑖ȃ㐊ǽȃӔ⛩ȧ⛩ ǽǮȠˊ

Ļ ⛩ ȧѝᗳȀǬǻˈॺᖴ ȃ޶ȧ⭫Ǥˊ

ļ ޶ ǽ⁚ȃ㐊ǽȃӔ⛩ȧ⛩ ˈ⛩ ǽǮȠˊ

փȀȝȠ↓ӄ䀂ᖒȃ֌ണਟ㜭ᙗȃ䁬᰾࠶޶

ᵜㄐȀǟǙǻȄˈȴɵȪ⨶䄆ȀสǺǙǻ↓ӄ䀂ᖒȃ֌ണਟ㜭ᙗȀ䯒Ǭǻ䁬᰾ǮȠˊ

↓ӄ䀂ᖒȃ֌ണǽ޶ઘȃ ㅹ࠶ȃ୿乼Ȅ਼ٔǿȃǼˈ޶ઘȃ ㅹ࠶ǡ֌ണਟ㜭ǼǗȠǨǽȧ䁬᰾Ǯ

Ƞˊ

360 ÷ 5 = 72 ȝȟˈω = 72 + i 72 ǽǟǤˊ

ȓǴˈᤑབྷփȧ ω ǽǟǤˊ

ǨǨǼˈωȃᴰሿཊ丵ᔿȧf(x) = x5 − 1 = (x− 1)(x4 + x3 + x2 + x+ 1)ǽǿȠˊ

Ǩȃᱲˈ Ȅˈf(x)ȃᴰሿ࠶䀓փǽǿȠˊ

ǨǨǼˈ ȧ кȃɡȷɐɳオ䯃ǽǮȠǽˈ

{ω,ω2,ω3,ω4}Ȅˈɡȷɐɳオ䯃ȃสᓅǽǿȠˊ
кȃԫ᜿ȃ㾱㍐ȧbǽǮȠǽˈb = a1ζ + a2ζ2 + a3ζ3 + a4ζ4ǽǿȠˊ

ǴǵǬˈai ∈ ˊ

1ȃn҇ṩȃᙗ䌚ȝȟˈω + ω2 + ω3 + ω4 = −1ǽǿȠˊ

ᤑབྷ⅑ᮠȄˈ[ : ] = 4ǽǿȠȃǼˈȴɵȪȃսᮠȄ4ǽǿȟˈ

{ω,ω2,ω3,ω4}ȧ㖞ᨋǮȠ㾱㍐ǠȞΏᡀǪȡȠˊ
ǨǨǼˈσ(ω) = ω2ǽ㖞Ǥǽˈ

( / ) = {1,ω,ω2,ω3}ǽ㺘⨮Ǫȡᐑഎ㗔ǽǿȠˊ



( / )Ȅˈ↓㾿䜘࠶㗔{1,σ2}ȧᤱǶˈ↓㾿ⵏ䜘࠶㗔ȄˈǨȡǬǠᆈ൘ǬǿǙˊ
ǴǵǬˈ㠚᰾ǿ䜘࠶㗔Ȅ䲔Ǥˊ

ȴɵȪȃสᵜᇊ⨶ȝȟˈ ǽ Ȁѝ䯃փǡᆈ൘ǮȠˊ

ǲȡȧ ǽ㖞Ǥǽˈѝ䯃փ Ȅˈ㗔 ȃപᇊփǽǿȠˊ

ǲǨǼˈײᮠȃᶑԦȧԕлȃ䙊ȟ≲ȖȠˊ

σ2(b) = σ2(a1ω + a2ω
2 + a3ω

3 + a4ω
4)

= a1σ
2(ω) + a2σ2(ω

2) + a3σ
2(ω3) + a4σ

2(ω4)

= a1σ(ω
2) + a2σ(ω4) + a3σ(ω

6) + a4σ(ω
8)

= a1(ω
4) + a2(ω

8) + a3(ω
12) + a4(ω

16)

= a1ω
4 + a2ω

3 + a3ω
2 + a4ω

ǬǴǡǸǻˈσ(b) = bǽǿȠȃȄˈa1 = a4ȃᱲǼǗȠˊ

ȓǴˈωȃᤷᮠǡ ȝȟབྷǢǙᱲˈ 5Ǽ{1,ω,ω2,ω3,ω4}ȀȗǾȠˊ
ȝǸǻˈѝ䯃փ ȃ㾱㍐ Ȅˈa1 = a4 = b1ˈa2 = a3 = b2ǽǟǤǽˈԕлȃ䙊ȟȀᴨǦȠˊ

b = b1(ω + ω4) + b2(ω2 + ω3)ǽǟǤˊǪȞȀˈω + ω4 = αˈω2 + ω3 = β ǽǟǤǽˈ

α+ β = ω + ω2 + ω3 + ω4

= −1

αβ = (ω + ω4)(ω2 + ω3)

= ω3 + ω4 + ω + ω2

= ω + ω2 + ω3 + ω4

= −1

ǨǨǼˈ ⅑ᯩ〻ᔿȃ䀓ǽײᮠȃ䯒ײȝȟ α̍ǽβȄˈ ⅑ᯩ〻ᔿx2 + x− 1 = 0ȃ䀓ǽǿȠˊǬǴǡǸ

ǻˈ

α =
(−1 +

√
5)

2
, β =

(−1−
√
5)

2

ǽǿȠˊǴǵǬˈαǽβ ȃㅖਧȄˈлȃണ ȃ Ȁˈ{ω,ω2,ω3,ω4}ȃ䯒ײǠȞ⊪ᇊǮȠˊ
ԕкȃǨǽǠȞˈ = (5)ǽǿȠˊ

ǬǴǡǸǻˈ кȃԓᮠᯩ〻ᔿȧ㘳ǝȠǽˈω,ω4Ȅˈᯩ〻ᔿx2 − αx+ 1 = 0ȃ䀓ǽǿȟˈ

ω2,ω3Ȅˈᯩ〻ᔿx2 − βx− 1 = 0ȃ䀓ǽǿȠˊαǡ֌ണǼǢȠǽˈ޶ȃѝᗳ ǽαǽȃѝ⛩ǠȞ඲㐊

ȧᕅǤǽˈ串⛩ω,ω4ǡ≲ȖȞȡȠȃǼˈ޶ઘȧ ㅹ࠶ǮȠǨǽǡǼǢȠˊ

ȓǽȖ

ᵜはȀǟǙǻȄˈ↓ӄ䀂ᖒȃ֌ണᯩ⌅ǽ⨮ԓᮠᆖȀสǺǙǴǲȃ䁬᰾ȃਟ㜭ᙗȀǹǙǻ䘠ȎǻǢǴˊ

㾯⌻ȃᮠᆖǽǬǻȄˈɮόȷɲɋɑ৏䄆șɐɴɧόȀȝȠ↓ӄ䀂ᖒȃ֌ണᯩ⌅ȀǹǙǻ䘠ȎǻǢǴˊ

ȓǴˈᰕᵜȃ Ӫȃ઼㇇ᇦᒣ䟾ௌᡯˈ㰔⭠䋎䋷ˈᆹጦⴤ޶ȀȝȠ↓ӄ䀂ᖒȃ֌ണ⌅ȀǹǙǻ䘠ȎǻǢ

Ǵˊᰕᵜȃ઼㇇ᇦȀȝȠˈ↓ӄ䀂ᖒȃ֌ണᯩ⌅Ȅˈǲȃ↓ᖃᙗȧ䁬᰾ǮȠǽǿȠǽ㾯⌻ᮠᆖȀȄ❑Ǚ

⤜㠚ȃ᮷ॆȀȝǸǻᖒᡀǪȡǻǢǴȗȃǼǗȠǴȖȀˈ㾯⌻ᮠᆖȃ ǿ䁬᰾ȄǿǪȡǻǨǿǠǸǴˊ

ǬǠǬˈǲȃ֌ണᯩ⌅Ȅˈ⤜ࢥᙗǡǗȟ㾻һǽ䀰ǛȎǢȗȃǼǗȠǨǽǡ࠶ǠǸǴˊ

ᴰᖼȀˈ⨮ԓᮠᆖȃ᡻⌅ǽǬǻˈȴɵȪ⨶䄆ǽȟȤǦ࠶޶փȃ⨶䄆ȀสǺǙǻ↓ӄ䀂ᖒȃ֌ണਟ㜭ᙗ

ȀǹǙǻ㘳ሏǬǻǢǴˊ䙊ᑨȄˈǨȃ ǿ䀸㇇ǲȃȗȃȄˈ㠸ણȃᤱǴȡǿǙȗȃǼȄǗȠǡˈ↓ӄ

䀂ᖒȃ֌ണਟ㜭ᙗȃ䁬᰾Ȁ䲀ǸǻȄˈ䀸㇇ǲȃȗȃǡ㠸ણ␡Ǚ⧽ǬǙֻǼǗȠǨǽǡ࠶ǠǸǴ



ᆖṑᮠᆖǽǙǝǾȗˈᴰ㍲ⲴȀȄˈǾǛǬǻȗᮠᆖɟɵəόǡࣩǙǻǤȠˊǴǽǝȅˈണᖒȃሮ〠

ᙗȧᤷሾǮȠȀȄˈǾǛǬǻȗˈᤷሾ㘵ȀȄ㗔䄆ȃ㍐伺ǡᗵ㾱ǼǗȠˊȓǴˈӺഎ䁬᰾Ǽ࡙⭘ǬǴȴ

ɵȪ⨶䄆Ȅˈᯩ〻ᔿȧᤷሾǮȠᱲȀȄˈᖃ❦ᗵ㾱ǿ㍐伺ǼǗȠˊȗǶȢȨˈᆀǾȗǴǶȀǲȡȧⴤ᧕

ᤷሾǮȠǽǙǛǨǽǼȄǿǙˊ⨮ᖩȃᆖṑᮉ଑șᮉ଑ȧⴞᤷǮབྷᆖ⭏șབྷᆖ䲒⭏ȀȄˈቁǿǤǽȗǨ

ȃ ǿᮠᆖǲȃȗȃȃ㍐伺ǡᗵ㾱ǼǗȠˊ⢩Ȁˈᆖṑᮠᆖǽⴤ᧕㎀ȈǹǢǲǛǿᮉᶀȀሮᘌǬǴᮠᆖ

ɟɵəόȃ㍐伺ȧ䓛ȀԈǦȠǨǽȄᗵ㾱ǼǗȠǽᙍȤȡȠˊ䌚ȃ儈Ǚᦸᾝᇏ䐥ȧኅ䮻ǮȠǴȖȀȄˈ

ᮠᆖɟɵəόȃ㍐伺ȧ⨮ᖩȃᮉᑛȀȗᆖ⭏ȀȗǼǢȠǵǦ䓛ȀԈǦȠǨǽǡᗵ㾱ǼǗȠǽ⻪ؑǮȠˊ

ਹ⭠ݹ⭡ˈ ˈລࣛ䁈

喽䉧བྷᆖᡰ㭥ˈ 丳ˈ㇇⭘䁈

ιі઼▴ˈ ˈ৲ё䥢ˈӜ䜭བྷᆖᡰ㭥

ˈ൲䟽᱕ࡍ ഋᐫ䁈ᯩ޶ˈ

Ḥᶁⴋѻˈ ˈṬ㠤㇇ᴨ

ኡ⭠↓䟽ˈ ˈ᭩㇇䁈

⼟ᶁਹᗣˈ ˈ㇇⌅䮻⯁ᢴ

Ӻᶁ⸕୶ˈ ˈഐᑠ㇇ⅼ

Ӻᶁ⸕୶ˈ ˈีӕ䥢

〻བྷսˈ ˈ㇇⌅㎡ᇇ

൲䜘ᒳ㜆ˈ ˈ㇇⌅⛩啐ᤷই䥢

ᶁᶮ㤲␵ˈ ׾㇇ˈ

∋࡙䟽㜭ˈ ᴨ㇇ࢢˈ

ᵡцہˈ ˈ㇇ᆖஃ㫉

ᔪ䜘䌒ᕈˈ ˈ㇇ᆖஃ㫉䄪䀓བྷᡀ

㰔৏ᗣ付ˈ ˈᕈ⭘㇇⌅བྷޘ



ኡ⭠ᆹኡᆀˈ ˈ໇㼌ǂ㇇⌅ണ䀓བྷޘ

ᒣኡ䄖ˈ ˈ઼㇇ਢкȃӪǆˈᇼ༛⸝བྷࠪ⡸䜘


