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ෆมྔͱ ํ͍ 1 ํ͍ 2 ·ͱΊ

֓ཁ

͋Β͢͡

• ෆมྔͷํ͑ߟ, ֶͷଟ͘ͷʹొ
͢Δ(தֶߍߴͰഎޙʹ͋ͬͨ).

• ͦͷํ͑ߟΛҙࣝ͢Δ͜ͱ, ௨͠ͷྑݟ
.Δ͕ܨʹ͞

• Ͱ͖Δ͚ͩ؆୯ͳ۩ମྫΛ༻͍ͯ, ෆมྔ
ͷํ͑ߟɾํ͍Λհ͢Δ.

࣍

• ෆมྔͱԿ͔
• ෆมྔͷํ͍ 1
• ෆมྔͷํ͍ 2



ෆมྔͱ ํ͍ 1 ํ͍ 2 ·ͱΊ

ෆมྔͱԿ͔ - (1/5)

• ෆมྔ: ಉؔʹର͠, ಉͰෆมͳྔ.

Def (ಉؔ)

ू߹ X ্ͷؔ ∼ ͕ ಉؔ :⇔
• ∀x ∈ X , x ∼ x ;
• ∀x , y ∈ X (x ∼ y), y ∼ x ;
• ∀x , y , z ∈ X (x ∼ y , y ∼ z), x ∼ z .

Note

• ू߹ X ͱಉؔ ∼ ʹରͯ͠ʮx , y ∈ X
͕ಉ͔Ͳ͏͔ͷఆʯجຊ.

Ex. 1 (ܗ֯ࡾ)

• ,ࣅͷ߹ಉ͓Αͼ૬ܗ֯ࡾ ಉؔ.

Ex. 2 (ྻߦ)

• Mn(R) := {X :࣮ n × n ,{ྻߦ
• A ∼ B

:⇔ ∃T ∈ Mn(R) (T Մٯ): B = T−1AT .
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ෆมྔͱ ํ͍ 1 ํ͍ 2 ·ͱΊ

ෆมྔͱԿ͔ - (2/5)

Ex. 3 (֤छͷಉܕ)

• ϕΫτϧۭؒͷઢܕಉܕ;
• ;ܕɾɾମͷಉ܈
• Ґ૬ۭؒͷಉ૬, ଟ༷ମͷՄඍಉܕ, ...

Ex. 4 (ઢۂ)

• c : (a, b) → R2 ฏ໘ۂઢ (ਖ਼ଇ),
• ಉܕ: ύϥϝʔλมͱճసͱฏߦҠಈͰ
ҠΔ.

Ex. 5 (݁ͼ)

• γ : S1 → R3 : ୯ࣹ࿈ଓ (݁ͼ),
• ಉܕ: ৳ͼॖΈՄͳͻͱΈͳͯ͠ಉ͡
.Ͱ͖Δܗมʹܗ

楽



ෆมྔͱ ํ͍ 1 ํ͍ 2 ·ͱΊ

ෆมྔͱԿ͔ - (3/5)

ྫ 1

• R ͱ R2 ઢܕಉܕͰͳ͍͜ͱΛࣔͤ.

ྫ 2

• R ͱ R2 ಉ૬Ͱͳ͍͜ͱΛࣔͤ.
• R ͱ S1 ಉ૬Ͱͳ͍͜ͱΛࣔͤ.

ྫ 3

• ҎԼͷ݁ͼ͕ಉܕͰͳ͍͜ͱΛࣔͤ:

Bf : IR→
1 R:l にnear :som

don がちゃう
. G

IR ≡ IR 3

⇒ (R - S 0} ≡ 1R: {p }*
も連続 連な

≡①



ෆมྔͱ ํ͍ 1 ํ͍ 2 ·ͱΊ

ෆมྔͱԿ͔ - (4/5)

Def. (ෆมྔ)

X , Y Λू߹, ∼ Λ X ্ͷಉؔͱ͢Δ.
ࣸ૾ π : X → Y ͕ X ͷ ∼ ʹؔ͢Δ ෆมྔ :⇔

• ∀x , x ′ ∈ X (x ∼ x ′), π(x) = π(x ′).

Note

• π ͕ෆมྔͱ͍͏͜ͱͱ࣍ಉ:
༠ಋࣸ૾ π : (X/ ∼) → Y ͕ well-defined.

Ex. 1

• ໘ੵ : {ܗ֯ࡾ} → R ߹ಉʹؔ͢Δෆม
ྔ, ૬ࣅʹؔ͢ΔෆมྔͰͳ͍;

• ลͷ͞ࡾ : {ܗ֯ࡾ} → R3 (Λ͍ॱʹ
ฒͨͷ) ߹ಉʹؔ͢Δෆมྔ;

• .Δෆมྔؔ͢ʹࣅลͷ͞ͷൺ૬ࡾ



ෆมྔͱ ํ͍ 1 ํ͍ 2 ·ͱΊ

ෆมྔͱԿ͔ - (5/5)

Ex. 2

• ͷྻߦ det, tr, ,༗ݻ ... ڞʹؔ͢Δෆ
มྔ;

• ྫ͑ “ୈҰྻͷ” ෆมྔͰͳ͍.

Ex. 3

• ϕΫτϧۭؒͷݩ࣍, ઢܕಉܕʹؔ͢Δ
ෆมྔ;

• ,ͷҐ܈ ୯७͔Ͳ͏͔, ... ಉܕʹؔ͢
Δෆมྔ.

Ex 4

• ͳΊΒ͔ͳฏ໘ۂઢͷۂ߹ಉʹؔ͢Δ
ෆมྔ

• c : (a, b) → R ʹରͯ͠, ۂ = det(c ′,c ′′)
|c ′|

(ײతʹ ”߹۩Γ͕ۂ“ Λද͢)

let (aIa ) = ad- be
A ～ B

:印 B = tAT
tr ( . ) = atl

3
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ෆมྔͷํ͍ 1 - (1/3)

Note

• ෆมྔΛͯͬಉ͔Ͳ͏͔ఆ͢Δ;
• ಉͰͳ͍͜ͱ (ඇଘࡏ) ͷূ໌͍͠;
• “ෆมྔ͕ҧ͏ ⇒ ಉͰͳ͍”.

Note (ͨͱ͑)

• ൜ࡑࠪͰෆมྔʹண. େࡶͳྔ
(e.g., ݂ӷܕ), ͳྔࡉৄ (e.g., ,ࢦ DNA)...

Ex. 1

• R +∼= R2 (ઢܕಉܕͰͳ͍)

Ex. 2

•
(
0 1
0 0

)
ର֯ԽͰ͖ͳ͍.

キT (脳) (8o )=π
( ab)8

aT ⇒
det

(

^s ) =ee(0 ) = 0 ⇒ a= b= 0*

er ( as ) = tr [0 ] = 0
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ෆมྔͷํ͍ 1 - (2/3)

Ex. 3

• Z2 × Z2 +∼= Z4 .(Ͱͳ͍ܕಉ܈)

Ex. 4

• R +∼= S1 (ಉ૬Ͱͳ͍);
• R +∼= R2 (ಉ૬Ͱͳ͍).

Note

• ෆมྔͱݶΒͳ͍.
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ෆมྔͷํ͍ 1 - (3/3)

Ex. 5

• ԁͱ (ԁͰͳ͍) ପԁ߹ಉͰͳ͍.

き



ෆมྔͱ ํ͍ 1 ํ͍ 2 ·ͱΊ

ෆมྔͷํ͍ 2 - (1/3)

:ͷΑ͏ͳ͜ͱ͕͋Δ࣍
• ෆมྔ͔Βੑ࣭͕͔Δ;
• ෆมྔͱผͷෆมྔ͕ؔ͢Δ.

Note (ҧ͏͚ͲͯࣅΔͷ)

• ͍...ྫ͑, ݂ӷܕ͔࠲Β, ͦͷਓͷ
ੑ͕͔֨Δ (ͱ͍͏ओு)

Ex. 1

• L : {ܗ֯ࡾ} → R3 (ลͷ͞ࡾ)
⇒ L(∆) ͔Β ∆ ͷ໘ੵ͕͔Δ (ϔϩϯͷ
ެࣜ)

Note

• A : {ܗ֯ࡾ} → R (໘ੵ)
• ্ͷྫͷ͍͑ݴ: A(∆)  L(∆) Ͱॻ͚Δ.



ෆมྔͱ ํ͍ 1 ํ͍ 2 ·ͱΊ

ෆมྔͷํ͍ 2 - (2/3)

Ex. 2

• ର: ೋํ࣍ఔࣜ ax2 + bx + c = 0;
• ෆมྔ: ผࣜ D = b2 − 4ac ;
• ੑ࣭: D ͔Β࣮ղ / ॏղͷ༗ແ͕͔Δ.

Ex. 3

• ෆมྔ: det : Mn(R) → R;
• ੑ࣭: det(T ) += 0 ⇒ T ͕Մٯ.

(det ͔Βผͷෆมྔ
Mn(R) → {Մٯ,ՄٯͰͳ͍} ͕͔Δ)

Ex. 4 (ͷҐ܈)

• ର: ༗܈ݶ;
• ෆมྔ: Ґ #G ;
• ੑ࣭: Ґ͕ૉ ⇒ ८ճ܈.



ෆมྔͱ ํ͍ 1 ํ͍ 2 ·ͱΊ

ෆมྔͷํ͍ 2 - (3/3)

Note

• ର X ͷෆมྔ π1, π2 ʹର͠, “π1(x) 
π2(x) ͔Β͔Δ” ;ͷఆཧ͕Α͋͘Δܕ

• ઌͷྫ͜ͷൣᙝʹೖΔ.
• π1 ͱ π2 ͕શવҧ͏ͱ, ඇৗʹੌ͍.

Ex. 5 (Gauss-Bonnet ͷఆཧ)

• M ดۂ໘ͷͱ͖
∫
M KdA = 2πχ(M);

• K Ψεۂ; ;Կతزลඍࠨ
• χ(M) ΦΠϥʔ; ӈลҐ૬త.



ෆมྔͱ ํ͍ 1 ํ͍ 2 ·ͱΊ

·ͱΊ (1/2)

• ෆมྔͷํ͑ߟɾํ͍Λհͨ͠.
• ͜ΕΒʮݟ௨͠ͷྑ͞ʯʹ͕ܨΔ.

ྫ (Ͳ͜ʹண͢Δ͔ରʹґଘ)

• :ઢۂ ;ۂΓ۩߹ʹணˠ͕ۂ
• Ґ૬ۭؒ: ݀ͷʹணˠجຊ܈.

ྫ (ෆมྔͷߏʹผͷෆมྔ)

• :໘ۂ ͷෆྻߦͰද͢ˠྻߦΓ۩߹Λ͕ۂ
มྔ (det = Ψεۂ, tr = ฏۂۉ)

• ଟ༷ମ: ใΛ܈Ͱද͢
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·ͱΊ (2/2)

• ,ʹ࣌ԋΛฉ͘ߨɾٛߨ ෆมྔͷ͜ͱΛҙࣝ
͢Δ͜ͱͰ, େ͕ѲͰ͖Δ͜ͱ͕͋Δ.

ྫ (ෆมྔ͕ಛผͳ߹ͷڀݚ)

• ʢ3ݩ࣍ʣϙΞϯΧϨ༧: ୯࿈݁ͳ3ݩ࣍
ดଟ༷ମ S3 ʹಉ૬

ྫ (ඇଘࡏͷূ໌)

• ର X ͱෆมྔ f : X → R ʹରͯ͠,
ʮX ্ʹ (A) ͕ଘࡏ ⇒ f (X ) = 0ʯͷͱ͖,
f (X ) += 0 ͳΒ (A) ଘ͠ࡏͳ͍.

• ྫ: ೋෆมྔ, ...

• λΠτϧʹʮෆมྔʯͱ͘ೖॻ͕͍͘
͔ͭ͋ΔͷͰ, .রΛࢀຯͷ͋Δํ͝ڵ

• Thank you.


