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ԋ༰ߨ

1 શମͷ֓ཁ
ෳૉଟ༷ମͷྨɾۃখϞσϧཧ (MMP)

2 ༰հڀݚ
ϕΫτϧଋ TX ͷۂ͕ 0Ҏ্ͷෳૉଟ༷ମͷྨ

ಛҟྔܭͷҰൠԽ
༿ߏͷҰൠԽ
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ͷ֓ཁڀݚ

,ԿͰزͷઐෳૉࢲ ಛʹ (ෳૉ)ଟ༷ମΛ͍ͯ͠ڀݚ·͢.

ఆٛ

ɹɹ (ෳૉ)ଟ༷ମ = CPN ͷෳૉ෦ଟ༷ମ

ఆཧ (Chow 49)

͋Δಉ࣍ଟ߲ࣜ F1(t0, . . . , tN ), . . . , Fl(t0, . . . , tN )͕͋ͬͯ, 
ଟ༷ମ࣍ͷΑ͏ʹ͔͚Δ.

{(x0, . . . , xN ) ∈ CPN |F1(x0, . . . , xN ) = · · · = Fl(x0, . . . , xN ) = 0}

(ྫ). X = {(x0, . . . , x3) ∈ CP3 |x20 + x21 + x22 + x23 = 0}
.Ͱ͖Δ͕ڀݚΒ͔ͷํͭࡾ

زԿֶ ()

ෳૉزԿֶɾඍزԿֶ (Կز)

ଟมෳૉղੳ (ղੳ)
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શମͷେ͖ͳ

େ͖ͳ

ଟ༷ମΛྨͤΑ.

ෳૉ .߹ͷݩ࣍1 (1880-1910)
݀ͷͰྨ͕Ͱ͖Δ.

ෳૉ .߹ͷݩ࣍2 (1960)
EnriquesɾখฏʹΑΓྨ͞Εͨ.

ෳૉ .߹ͷݩ࣍3 (1970-90)
ଟ͘ͷֶऀʹΑΓྨख๏ཱ͕֬͞Εͨ.
(খϞσϧϓϩάϥϜۃ)
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ͷ߹ͷྨݩ࣍̍
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局所的
には . . . . . .

. . . .、

昭 から誘導 4 の Eudid計量が 単位円板 のNine計量
される計量 誘導される譚 から 誘導される 計量
伝bini -Study metrid (妁妼) ( D →昕 )



·ͱΊ

ෳૉ ଟ༷ମݩ࣍1

ਖ਼ͷϦονۂΛͨͬ࣋ଟ༷ମ

0ͷϦονۂΛͨͬ࣋ଟ༷ମ

ෛͷϦονۂΛͨͬ࣋ଟ༷ମ

ʹྨͰ͖Δ.
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Fun。 Calabi.hu 一般型



খϞσϧϓϩάϥϜۃ (MMP)

ఆཧ

ҎԼͷଟ༷ମXݩ࣍3 ʹ͍ͭͯ, ͋Δଟ༷ମ Y ͱ͋Δ
༗ཧࣸ૾ (”΄΅ಉ૾ࣸܕ”)

X !!" Y

͕͋ͬͯ Y ࣍ͷ 3ͭͰߏ͞ΕΔ.

ਖ਼ͷϦονۂΛͨͬ࣋ଟ༷ମ (Fanoଟ༷ମ )

0ͷϦονۂΛͨͬ࣋ଟ༷ମ (Calabi-Yauଟ༷ମ )

ෛͷϦονۂΛͨͬ࣋ଟ༷ମ (Ұൠܕଟ༷ମ )

,߹ͷݩ࣍2 Y ӈͷΑ͏ʹྨͰ͖Δ.
(Enriques-Kodaira classification.)
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༧

?Ͱ͖Δ͔ߏҎ্ͷଟ༷ମ͜ͷΑ͏ʹྨɾݩ࣍4

ৄ͍͜͠ͱΛΓ͍ͨਓ...

Fields Medal - Caucher Birkar - ICM2018
https://www.youtube.com/watch?v=KPTEkNZ4XCk

Fields Medal Lecture: Classification of algebraic varieties -
Caucher Birkar - ICM2018
https://www.youtube.com/watch?v=dvp17QM69Ug
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͍ͯͭʹ༰ڀݚͷࢲ

༰ڀݚ

దͳҙຯͰ 0Ҏ্ͷۂΛͭ࣋ଟ༷ମ͕

Ϧονۂਖ਼ͷଟ༷ମͱ

Ϧονۂ 0ͷଟ༷ମ

ʹղ͞ΕΔ͜ͱΛௐΔ.

.Ҏ্ͷଟ༷ମͷྨʹͭͳ͕Δݩ࣍4

ಛ

ϕΫτϧଋ TX ͷۂ͕ 0Ҏ্ͷ߹Λѻ͏.

ಛҟྔܭͷख๏Λ༻͍Δ.

Ҫխਸؠ ਖ਼ଇϕΫτϧଋ͕ਖ਼ੑΛͭ࣋ෳૉଟ༷ମͷڀݚ



ಛҟྔܭͱ

ಛҟྔܭ = ݶۃͷྔܭΒ͔ͳ

ଟมෳૉղੳͷଟॏྼௐ͔ؔΒདྷ͍ͯΔྔܭ.

regularityͷམͪͨྔܭͰ+∞ʹͳΔ෦Λڐ༰͢Δྔܭ.

ఆཧ (Demailly 93, I.21)

ઢଋɾϕΫτϧଋʹ͓͍ͯ, ଟ༷ମͷྨ (MMP)Ͱ༻͍Β
ΕΔతͳਖ਼ੑ͕, ಛҟྔܭΛ༻͍ͯهड़Ͱ͖Δ.
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ઌڀݚߦ

ఆཧ

1. [Mori 79, Siu-Yau 80.] (Frankel༧, Hartshorne༧)
TX ͷۂ͕ਖ਼ͳΒ, X  CPnͰ͋Δ.

2. [Mok 88, Demailly-Peternell-Schneider 94.] TX ͷۂ͕ 0Ҏ
্ͳΒ, X Լͷೋͭʹղ͞ΕΔ.

Fanoଟ༷ମ. (Ϧονۂ͕ਖ਼)
τʔϥε. (Ϧονۂ͕ 0)

TX ͷۂ͕ਖ਼ !!

ಛҟྔܭͷҰൠԽ
""

TX ͷۂ͕ 0Ҏ্

ಛҟྔܭͷҰൠԽ
""

TX ͷಛҟۂ͕ਖ਼ !! TX ͷಛҟۂ͕ 0Ҏ্

จ [I.21][HIIM 21]Ͱ TX ͷಛҟۂ͕
ਖ਼ɾ0Ҏ্ͷ߹ͷߏ͕͔ͬͨ.
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ಘΒΕͨ݁Ռ 1 -ಛҟྔܭͷҰൠԽ-

ఆཧ

1. [Fulger-Murayama 21, I.21.]
TX ͷಛҟۂ͕ਖ਼ͳΒ, X  CPnͰ͋Δ.

2. [Hosono-I.-Matsumura 21.]
TX ͷಛҟۂ͕ 0Ҏ্ͳΒ, X Լͷೋͭʹղ͞ΕΔ.

༗ཧ࿈݁ଟ༷ମ. (Ϧονۂ͕ਖ਼ͷؒ)
τʔϥε. (Ϧονۂ͕ 0)

[Mori 79, Siu-Yau 80]
TX ͷۂ͕ਖ਼
⇒ X ∼= CPn

##

ಛҟྔܭͷҰൠԽ
$$

[Mok88, DPS94]
TX ͷۂ͕ 0Ҏ্

⇒ Fanoଟ༷ମ+τʔϥε

ಛҟྔܭͷҰൠԽ
$$

[FM21, I.21]
TX ͷಛҟۂ͕ਖ਼

⇒ X ∼= CPn

##
[HIM 21]

TX ͷಛҟۂ͕ 0Ҏ্
⇒ ༗ཧ࿈݁ଟ༷ମ+τʔϥε
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ଟ༷ମʹର͢Δྨݩ࣍2

ఆཧ (HIM 21.)

X Λ ݩ࣍2 .ଟ༷ମͱ͢Δ(খۃ)
TX ͷಛҟۂ͕ 0Ҏ্ͳΒ, X ҎԼͷ͍ͣΕ͔Ͱ͋Δ.

1 (༗ݶඃ෴Λআ͍ͯ)2ݩ࣍τʔϥε.

2 CP1্ͷ CP1ଋ.

3 τʔϥε্ͷݩ࣍1 CP1ଋ.

4 CP2.

X ,খͰͳ͍߹ۃ͕ ͋ΔఔྨͰ͖͍ͯΔ.
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ಘΒΕͨ݁Ռ 2 -༿ߏͷҰൠԽ-

ϕΫτϧଋ TX ͷ (ಛҟ)ۂ͕ 0Ҏ্ͷ߹΄΅͔ͬͨ.



TX ͷ෦ଋ F ʹ͍ͭͯ, F ͷ (ಛҟ)ۂ͕ 0Ҏ্ͷ߹,
X ͷߏͲ͏ͳΔͩΖ͏͔?

͜ͷ PeternellʹΑΔ͔Βདྷ͍ͯΔ.

F = TX ͷ߹ઌڀݚߦɾલ͔ڀݚΒΘ͔͍ͬͯΔ.
ˠ্ͷ͜ΕΒڀݚͷ͋ΔछͷҰൠԽ.

จ [I.21]Ͱ F ͕༿ߏΛͭ࣋߹ͷߏ͕͔ͬͨ.
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ఆཧ (I.21)

F ⊂ TX Λ෦ଋͱ͠, ༿ߏΛͭͱ͢Δ.

1 F ,͕ਖ਼ͳΒۂ͕ X  CPnͰ͋Δ.
2 F ͕ۂ͕ 0Ҏ্ͳΒ, X Լͷೋͭʹղ͞ΕΔ.

Fanoଟ༷ମ. (Ϧονۂ͕ਖ਼)
ฏୱ༿ G Λͭଟ༷ମ Y (τʔϥεͷ༿൛)

3 F ͕ಛҟۂ͕ਖ਼ͳΒ, X Լͷೋͭʹղ͞ΕΔ.
CPn

ฏୱ༿ G Λͭଟ༷ମ Y

4 F ͕ಛҟۂ͕ 0Ҏ্ͳΒ, X Լͷೋͭʹղ͞ΕΔ.
༗ཧ࿈݁ଟ༷ମ. (Ϧονۂ͕ਖ਼ͷؒ)
ฏୱ༿ G Λͭଟ༷ମ Y

[I.21] [Mori 79]ͳͲͷઌڀݚߦɾલڀݚͷҰൠԽͱͳ͍ͬͯΔ.
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[Mori 79, Siu-Yau 80]
TX ͷۂ͕ਖ਼
⇒ X ∼= CPn

##

ಛҟྔܭͷҰൠԽ
$$

[Mok88, DPS94]
TX ͷۂ͕ 0Ҏ্

⇒ Fanoଟ༷ମ+τʔϥε

ಛҟྔܭͷҰൠԽ
$$

[FM21, I.21]
TX ͷಛҟۂ͕ਖ਼

⇒ X ∼= CPn

##
[HIM 21]

TX ͷಛҟۂ͕ 0Ҏ্
⇒ ༗ཧ࿈݁ଟ༷ମ+τʔϥε

[I.21]
F ⊂ TX ͷۂ͕ਖ਼

⇒ X ∼= CPn

##

ಛҟྔܭͷҰൠԽ
$$

[I.21]
F ⊂ TX ͷۂ͕ 0Ҏ্

⇒ Fanoଟ༷ମ+ฏୱ༿Λͭଟ༷ମ

ಛҟྔܭͷҰൠԽ
$$

[I.21]
F ⊂ TX ͷಛҟۂ͕ਖ਼

CPn+ฏୱ༿Λͭଟ༷ମ

##
[I.21]

F ⊂ TX ͷಛҟۂ͕ 0Ҏ্
⇒ ༗ཧ࿈݁ଟ༷ମ+ฏୱ༿Λͭଟ༷ମ

Ҫխਸؠ ਖ਼ଇϕΫτϧଋ͕ਖ਼ੑΛͭ࣋ෳૉଟ༷ମͷڀݚ

の



ଟ༷ମʹର͢Δྨݩ࣍2

ఆཧ (Touzet 08 + HIM 21 + I.21)

X Λ ݩ࣍2 ,ଟ༷ମͱ͠(খۃ) F ⊂ TX Λ෦ଋͱ͢Δ.
F ͷಛҟۂ͕ 0Ҏ্ͳΒ, ҎԼͷ͍ͣΕ͔Ͱ͋Δ.

1 rankF = 1͔ͭ c1(F) $= 0 έʔε
ଟ༷ମ্ͷݩ࣍1 CP1 ଋ.

2 rankF = 1͔ͭ c1(F) = 0 έʔε
τʔϥε্ͷݩ࣍1 CP1 ଋ.
(༗ݶඃ෴Λআ͍ͯ)2ݩ࣍τʔϥε.
(༗ݶඃ෴Λআ͍ͯ)1ݩ࣍τʔϥεͱछ 2Ҏ্ͷ ݩ࣍1
ଟ༷ମͷੵ.

3 F = TX έʔε
(༗ݶඃ෴Λআ͍ͯ)2ݩ࣍τʔϥε.
CP1 ্ͷ CP1 ଋ.
τʔϥε্ͷݩ࣍1 CP1 ଋ.
CP2.
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·ͱΊɾۙ࠷ͷ

͜ͷزԿֶɾෳૉزԿֶ (ඍزԿ)ɾଟมෳૉղੳ
ͷෳ߹Ͱ, ৭ʑͳͷਓ͕ࢀઓ͍ͯ͠·͢.

ͷۙ࠷
1 ଟ༷ମX ʹಛҟ (KLTಛҟ)͕͋Δ߹.

•KLTଟ༷ମͷ Beauville-Bogomolovղ (Druel19, Höring-Peternell 19,
Greb-Guenancia-Kebekus 19).
• KLTଟ༷ମ্ͷ Nonabelian Hodge Correspondence
(Greb-Kebekus-Peternell-Taji 19, 20).
• detTX ͕ 0Ҏ্ͷۂΛͭ࣋ KLTଟ༷ମͷߏఆཧ
(Matsumura-Wang 21).

2 ଟ༷ମX ͱҼࢠDͷ (X,D)ʹ͍ͭͯͷڀݚ.
• (X,D)͔Β༠ಋ͞ΕΔ orbifoldߏͷڀݚ (Campana 04, 11, 16).

• KLT weak Fano (X,D)ͷ smooth locusͷ orbifoldجຊ܈ π1(Xreg, D)

ͷ༗ੑݶ (Braun 21) .
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