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äX−KX ≥ 0
−KX ö
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u(z) =
∑

|J|=p,|K|=q

uJK(z) dzJ ∧ dzK

J = (j1, . . . , jp)K = (k1, . . . , kq)

dzJ = dzj1 ∧ . . . ∧ dzjp , dzK = dzk1 ∧ . . . ∧ dzkq .

T (z) = ipq
∑

|J|=p,|K|=q

TJK(z) dzJ ∧ dzK

T
∑
λjλkTJK(λJ) ∈ CNTKJ = T JKT = T

TJKTJJ
TdT = 0

pA =
∑
cjAj [A] =

∑
cj [Aj ]

〈[Aj ], u〉 =

∫
Aj

u|Aj

(n− p, n− p)uX

ϕ⇔
( ∂2ϕ

∂zj∂zk

)
≥ 0

T = i∂∂ϕ(1, 1)

ä

ä(1, 1)

ω(z) = i
∑

1≤j,k≤n

ωjk(z)dzj ∧ dzkdω = 0.

X äääω[ä]
X ⊂ PNC ä

ωFS =
i

2π
log(|z0|2 + |z1|2 + . . .+ |zN |2).
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Hq(X,F)
F
Hq(X,R)R = Z, Q, R, C, . . .
=
ΩpX = O(ΛpT ∗X) = pX

αdkC 7−→ {α} ∈ Hk(X,C)

α∂(p, q)F 7−→ {α} ∈ Hp,q(X,F )

H0,q(X,F ) ' Hq(X,O(F )),

Hp,q(X,F ) ' Hq(X,ΩpX ⊗O(F ))

Hp,q
BC(X,C) := {(p, q)− u∂u = ∂u = 0}/

{(p, q)− u = ∂∂v}

Hp,q
A (X,C) := {(p, q)− u∂∂u = 0}/

{(p, q)− u = ∂v + ∂w}

Hp,q
BC(X,C)×Hn−p,n−q

A (X,C)→ C, (α, β) 7→
∫
X

α ∧ β

Hp,q
BC(X,C)→ Hp,q(X,C)→ Hp,q

A (C,C).

X ä

(X,ω)ä

Hk(X,C) =
⊕
p+q=k

Hp,q(X,C).

Hp,q(X,C)(p, q)αω∆ωα = 0

X
(p, p) = Hp,p(X,C) ∩H2p(X,Q)
pQ

4X(2, 2)FXc2(F) = 0

Xn

XPNC ()
X(L, h)iΘL,h > 0
ξ ∈ Lx ' C‖ξ‖2h = |ξ|2e−ϕ(x)

iΘL,h = i∂∂ϕ = −i∂∂ log h,

c1(L) =
{ i

2π
ΘL,h

}
.

X äω{ω} ∈ H2(X,Z)
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äK ⊂ H1,1(X,R){ω}ä

E ⊂ H1,1(X,R){T}(1, 1)
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K ⊂ E
KE
XP 2E ' P 1{α}

∫
E
α = E2 = −1{α} /∈ K{α} = {[E]} ∈ E
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H1,1(X,R)

XKEH2(X,Z)

NS(X):=H1,1(X,R) ∩
(
H2(X,Z)/{torsion}

)
,

NSR(X):=NS(X)⊗Z R,
KNS :=K ∩NSR(X),

ENS :=E ∩NSR(X).
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H1,1(X,R)

X
KNS()A(AH0(X,O(A))X)
KNSDLDD · C ≥ 0C
ENSD =

∑
cjDjcj ∈ R+

E◦NSDh0(X,O(kD)) ≥ c kdimXk
L2∂

KNS
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NSR(X)

X ääT (1, 1)TT ≥ δωωδ � 1

α ∈ E◦ ⇔ α = {T}T = ä

E◦(1, 1)

äT
T = limTm

Tm ∈ α = {T}
∃µm : X̃m → X

µ?mTm = [Em] + βm,

EmQX̃m
1
mZβmäX̃m

T = i∂∂ϕϕXϕmϕ

ϕm(z) =
1

2m
log
∑
`

|g`,m(z)|2

(g`,m)

H(Ω,mϕ) =
{
f ∈ O(Ω) ;

∫
Ω

|f |2e−2mϕdV < +∞
}
.

L2ϕm ≥ ϕ− C/mϕ = limm→+∞ ϕm
(g`,m)I(mT ) = I(mϕ)µm : X̃m → X

µ?mI(mT ) = O(−mEm).

QEmX̃mTm = i∂∂ϕmβm = µ∗mTm − [Em]βm = i∂∂ψm

ψm =
1

2m
log
∑
`

|g`,m ◦ µm/h|2X̃m

hO(−mEm)βmX̃mβmä
α = c1(L)L|mL|m� 1Q

µ?mL ∼ Em +Dm, Em, Dm.

|mL|Em +DmLä
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NSR(X̃m)

α̃

[Em]
βm

α̃ = µ?mα = [Em] + βm

CǎX äX̃(äX̃)äT
µ : X̃ → Xω̃äX̃T = µ?ω̃äX

T äX̃ = X̃mω̃ = βmm
X äX̃

C
C

äǎX ä

P =
{
α ∈ H1,1(X,R) ;

∫
Y

αp > 0, ∀Y ⊂ X, dimY = p
}
.

äK
P

XK = P
è
KP
X = X = Cn/Λ

XX

P = {α ∈ H1,1(X,R) ;
∫
X
αn > 0

}
H1,1(X,R)PCndet(α) > 0

K > 0
è
α ∈ K

∫
X
αn > 0

ωä{α+ εω}ä∀ε > 0

è
(α+ εω + i∂∂ϕε)

n = fε

fε > 0 ∫
X

fε = (α+ εω)nHn,n(X,R).

äαε = α+ εω + i∂∂ϕε
fεεUεY ⊂ X
codimY = p

(α+ εω + i∂∂ϕε)
p → Θ

Θ(p, p)Θ ≥ δ[Y ]δ > 0

X̃ = X ×X, Ỹ = ⊂ X̃, α̃ = pr∗1 α+ pr∗2 α.

α̃X̃
∫
X̃

(α̃)2n > 0{α̃}näΘΘ ≥ δ[Ỹ ]δ > 0
T := (pr1)∗(Θ ∧ pr∗2 ω)

αδωT äǎX ä
{α} ∈ K

∫
X
αn > 0

{α}äT{α} ∈ E◦

E K α

α

∫
X

αn = 0

∫
X

αn > 0

KPKPKPK ∩ P ⊂ K{α} ∈ K ∩ P{α}
∫
X
αn > 0{α}äT∫

Y
αp > 0Y Y {α}|Y äY

{α}ä{α} ∈ K
X ä

{α} ∈ H1,1(X,R)ä⇔ ∃ωä

∫
Y

αk ∧ ωp−k > 0

Y ⊂ Xk = 1, 2, . . . , p = dimY

(1− t)α+ tωt ∈ [0, 1]

X ä

{α} ∈ H1,1(X,R)(α ∈ K)⇔ ∀ωä

∫
Y

α ∧ ωp−1 ≥ 0

Y ⊂ Xk = 1, 2, . . . , p = dimY

KHn−1,n−1(X,R)[Y ] ∧ ωp−1 ∈ Hn−1,n−1(X,R)
ä
ǎπ : X → SäSS′ =

⋃
SνSνSäKt ⊂ H1,1(Xt, C)Xt = π−1(t)∇1,1S r S′(1, 1)∇1,1∇

∇ = (∇ )
2,0 ∗ 0 ∗ ∇1,1 ∗ 0 ∗ ∇0,2

H2 = H2,0 ⊕H1,1 ⊕H0,2

Hn−1,n−1(X)X ä
(n− 1, n− 1)
N =

{
{T} ∈ Hn−1,n−1(X,R) ; T ≥ 0

}
.

NS = N ∩NSn−1,n−1
R (X),=

{
{C} ∈ Hn−1,n−1(X,R) ; C

}
.

µ : X̃ → X
MNS =

{
{C} ∈ Hn−1,n−1(X,R) ; [C] = µ?(H1 · · ·Hn−1)

}
Hj = X̃

µ : X̃ → X
M =

{
{T} ∈ Hn−1,n−1(X,R) ;T = µ?(ω̃1 ∧ . . . ∧ ω̃n−1)

}
ω̃j = äX̃
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NSR(X)

MNS

M

N
NNS

NSn−1
R (X)

H1,1(X,R)←→Hn−1,n−1(X,R)

(α(p,q), β(n−p,n−q)) 7−→
∫
X

α ∧ β.
ǎX äKN

(KNSNNS)
XENSMNS
X äEM()α ∈ E◦

V ol(α) = sup
T∈α

∫
X̃

βn > 0

äT ∈ αµ?T = [E] + βµ : X̃ → X
α ∈ KV ol(α) = αn =

∫
X
αn

Lµ∗m(mL) = [Em] + [Dm]
(Em = Dm = )

V ol(c1(L)) = lim
m→+∞

n!

mn
h0(X,mL) = lim

m→+∞
Dn
m.

Φ|mL| : X > PnC

LXε > 0µ : Xε → Xµ∗(L) = E + βEQβQ
V ol(L)− ε ≤ V ol(β) ≤ V ol(L).X ä

Hk,k
≥0 (X) =

{
{T} ∈ Hk,k(X,R) ; T ≥ 0

}
.∀k = 1, 2, . . . , n∃

E × · · · × E → Hk,k
≥0 (X), (α1, . . . , αk) 7→ 〈α1 · α2 · · ·αk−1 · αk〉

V ol(α) = 〈αn〉α
1

〈α1 · · · (α′j + α′′j ) · · ·αk〉 ≥ 〈α1 · · ·α′j · · ·αk〉+ 〈α1 · · ·α′′j · · ·αk〉.

αj ∈ K
k = 1

α = {N(α)}+ 〈α〉
N(α)αα 7→ N(α)
〈α〉2

αjαj ∈ E◦(n− k, n− k)semi-positiveuX äTj ∈ αjµm : X̃m → X
µ?mTj = [Ej,m] + βj,m.

〈α1 · α2 · · ·αk〉 = lim ↑
m→+∞

{(µm)?(β1,m ∧ β2,m ∧ . . . ∧ βk,m)}

α ∈ H1,1(X,R)ν(α)
ν(α) = −∞α
ν(α) = max{p ∈ N ; 〈αp〉 6= 0} ∈ {0, 1, . . . , n}
α

äX
κ(X) = ν(c1(KX)).

ν(c1(KX)) = −∞, 0, n−∞n
−KX

äX−KXXα = {T} ∈ E◦NS äT

µ?mTm = [Em] + [Dm]

(Dn−1
m · Em)2 ≤ 20 (Cω)n

(
V ol(α)−Dn

m

)
ω = c1(H)äC ≥ 0±αCω(Cω ± α )

α · 〈αn−1〉 − 〈αn〉 = 0
µ∗mTm = Em +Dm

µ∗mTm

Dm

Em

ENSMNS
ǎXαENS()MNS
ENS =M∨NS

ENS ⊂ (MNS)∨.

α ∈ ∂ENSENSN ∨NS

(∗) α · Γ ≥ εω · Γ

Γ〈αn〉 = V ol(α) = 0

E
ENS

M∨

(MNS)∨

NSR(X) ⊂ H1,1(X,R)

MNS

α− εω

α
α+ δω

ω

Γ

Nn−1
NS (X)

{α+ δω}(∗)Γ = 〈αn−1〉
Ct ' P 1

C
XKXKX ∈ ENS
KX /∈ ENSCtKX · Ct < 0ΓtKX · Γt < 0X
Xn

X
∀F ⊂ O(ΛpT ∗X)p ≥ 1F
∀F ⊂ O((T ∗X)⊗p)p ≥ 1F
()AXCA > 0

AlertH0(X, (T ∗X)⊗m ⊗A⊗k) = 0∀m, k ∈ N∗m ≥ CAk

⇒TXT ∗X < 0⇒⇒
⇒
π : X → Y x ∼ yxy
Y
Y ⇒ KY π

∗KY ↪→ ΩpXp = dimY p = 0X
thäXKX

KX = ΛnT ∗X , deg(KX) = 2g − 2
ä−KX ≥ 0−KX

−KX ≥ 0⇔ ∃ωä(ω) ≥ 0
−KX ⇔ ∀ε > 0,∃ωε = ω + i∂∂ϕε(ωε) ≥ −εωε

T = Cq/Λ

Sä
∃σ ∈ H0(S,Ω2

S)π1(S) = 1

Y π1(Y ) = 1KYH
0(Y,ΩkY = 0)0 < k < dimY

Z
−KZ ≥ 0

T ×
∏
Sj ×

∏
Yk ×

∏
Z`

X = S[n]nX = A[n+1]/A
n+ 2Pn+1

Xc1(X) = 0X̃

X̃ ' T ×
∏
Sj ×

∏
Yk

TSjYk
−KX ≥ 0
XP 2{pi}C ⊂ P 2µ : X → P 2ĈC

KX = µ∗KP 2 ⊗O(
∑
Ei)⇒ −KX = µ∗OP 2(3)⊗O(−

∑
Ei),

−KX = µ∗OP 2(C)⊗O(−
∑
Ei) = OX(Ĉ).

−KX · Γ = Ĉ · Γ ≥ 0Γ 6= Ĉ,

−KX · Ĉ = (−KX)2 = (Ĉ)2 = C2 − 9 = 0⇒ Alert−KX

G := (−KX)|Ĉ ' OP 2|C(3)⊗OC(−
∑
pi) ∈ Pic0(C)

−KXC
∞c1(G)

ä−KX ≥ 0

öä−KX
−KX ≥ 0X ä−KX ≥ 0

∃
X̃ = X ' Cq ×

∏
Yj ×

∏
Sk ×

∏
Z`

Yj = (SU(nj))Sk = (Sp(n′k/2))Z` = −KZ`
≥ 0(U(n′′` ))

éX̂ → Xα : X̂ → Alb(X̂)()
∏
Yj ×

∏
Sk ×

∏
Z`

π1(X̂) ' Z2qΓΓ
(E, h)X∇hγ : [0, 1]→ Xp, q ∈ Xτp,q : Ep → Eqv(0) 7→ v(1)∇h

dt (dvdt ) = 0

transportparallel − transport
Hol(E, h)pHol

◦(E, h)pE → XSO(Ep)τp,pp

pHol◦(E, h)pU(Ep)
E = TX
(X,h)H = Hol◦(TX , h)pTX,p = S1 ⊕ . . .⊕ SkX̃

X̃ = X1 × . . .×Xk

XjSj ⊂ TXj ,p

h̃h1 ⊕ . . .⊕ hk
Hol(M, g)M
(E, h)→ XrXC

ΘE,h ∧ ωn−1

(n−1)! = B ωn

n! , B ∈ Herm(E,E), B ≥ 0X.

H(E, h)
L ⊂ O((E∗)⊗m)L(E∗)⊗m∇(E, h) ;HL
HH = U(r)L ⊂ O((E∗)⊗m)m ≥ 1
L ⊂ O((E∗)⊗m) ≤ 0ΘL ≥ 0
L ⊂ O((E∗)⊗m)fL

ψ =
|f |2h∗m
|f |2L,hL

.

hL = e−ϕ

∆ωψ ≥ |f |2h∗meϕ(∆ωϕ+mλ1) + |∇1,0
h f + f∂ϕ|2ω,h∗meϕ

λ1(z) ≥ 0B = TrωΘE,hz ∈ X
ω∂∂ω = 0 ∫

X

∆ωψ ω
n =

∫
X

i∂∂ψ ∧ ωn−1 = 0.

∇1,0
h f + f∂ϕ
−KX ≥ 0
(X, g)X̃

X̃ = Rq × Z
Z

XZ
−KX ≥ 0(X,ω)ä−KX ≥ 0X̃ X̃ ' Cq ×

∏
Yj ×

∏
Sk ×

∏
Z`

Hol◦(Yj) = SU(nj))Hol
◦(Sk) = Sp(n′k/2))Z`Hol

◦(Z`) = U(n′′` )⇒ Z`X ä
αX : X → Alb(X) := Cq/Λ

z 7→ αX(z) =
(∫ z

z0

uj

)
1≤j≤q

Λ ⊂ Cq,

(u1, . . . , uq)H
0(X,Ω1

X)X−KXαX
păX ä−KXαXäX äE → X

E äω

µω(S) = ωS :=

∫
X
c1(S) ∧ ωn−1

S
≥ 0

E → S → 0.
Eωω,E

0 = E0 ⊂ E1 ⊂ . . . ⊂ Es = E
EEi+1/EiωE/Eiω.

µω(Ei/Ei−1) ≥ νω(Ei+1/Ei)
i

(X,ω)äEX.Eω
µω(Ei+1/Ei) ≥ 0

−KXX ä−KXTXωäω
∀ε > 0∃ä(ωε) ≥ −ε ωε
X äT⊗mX ωäωm.SkTX

∧p
TXω

(X,ω)ä−KX

η ∈ H0(X, (Ω1
X)⊗m ⊗ L)

LX
η0 < 0

0 = E0 ⊂ E1 ⊂ . . . ⊂ Es = T⊗mX
ωEi+1/Eiµω(Ei+1/Ei) ≥ 0iEi+1/Ei ⊗ LpäX−KXT

∗X
X äαX : X → Alb(X)⇒ αXAlb(X)
dαX(du1, . . . , duq)(u1, . . . , uq)1q = dimH0(X,Ω1

X)

⇒(du1, . . . , duq) = q
XαX : X → Y = Alb(X)U ⊂ Y α−1

X (U)U × FFαX−KF

AXE = (αX)∗AE = (αX)∗(mKX/Y + L)L = A−mKX/Y = A−mKX ădetE
E′ = E ⊗ (detE)−1/rr = (E)A� 0E
−KXπ1(X) = 0
öX−KXπ1(X) = 0X = W × ZKW ∼ 0Z
öX−KXXαX

∏
Sj ×

∏
Yk ×

∏
Z`SjYkZ`±ε

TX < 0
äXXX ′π1(X ′) = 0KX′ = EE0H0(X ′,ΩpX′) = 00 < p < dimX
äX = X2päXX ′π1(X ′) = 0σ ∈ H0(X ′,Ω2

X′)E = (σp)0KX′ = E
XX äX → Y KY
> 0TX

ä
KX = E −D

DE0
−KX

Thank you for your attention!


