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(1.0) Notation,Convention, and Assumption

X ---non-singular projective variety / C
dim X =n > 0.
j:X -« PN(C) =P ---arithmetically normal embedding

(i.e. HO(P,0p(m)) — H°(X,0x(m)) surj. V m=z0 )

XExKkDEEDIPSLWVWIE . —ROBEBDAAZICHXNHEY

fy

SO NARET AL TV LA BN, ChIEE AL
K eHLTL,. BN EBECEDCORMEERL T
MHORAADBBRTEZLVWSBHT. HEOS — % &
LTheh@EhEhriersr vy FF5cLe@BEL.
RACHBM LA RHEERT OCTH B .

w € HI(X, Q'x) WA A jOFHFHT 5 Hodge-Kahler M

0x(1) = 3*0p(1) —~ BHAA | OFET 2 anploB @ &

E X Lo EBHAX2Z2 FIVE (= 0x-locally free sheaf)

L:HY(X, QPx(E))— He* 1 (X, QP*1 3 (E)) w D E D %

A @ Lefschetz t W F

ChhrbHR2DBEFEHFELLLELVWOIZ . EX2ZPFILVE Nx,p» %
THEADLLTCEDRASL | OB OMAMNLHE S AR B
Y e b B. bI3SLILLLWSE . E= N x,p(n) ELT

ES o Lefschotzff AR 2 £ 2 . ZORBLOBF 2Tl . %
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N ELSBRABLTRAZEREL TWI S EnwI LB

DT Hd. TF—H/D E konwT.BELZDOH

(1.1) Fact. (i) E

BIl

29 %

= 0y D B4 = i Lefschetz SF

(H 5 Wit Lefshetz 4 B & ¥ )

(ii)— | D

E

{

BWT#E Y1 Hernitel I B 2 &5 2

4 2 Laplace-Beltrani A% [e L th® (B Z)

Zx L. AR
i/ N
Lefschetz €
X5 % E &
Wz e HTFTR
Lefschetz SF

2 D kernel

4B E

D2WVWT # 2 3

(1.2) Theoren.

110

)

E .

k=21, L¥:H° (X,

dilllcllll(Lk)

:BFI‘ ...,FS

HLE(IFg)) |

[ O

e, L]= f:T © g ﬁlﬁ.ﬁ'T 5. -

Hermite N & % ﬁlo E x L Tt A&

5

L ¢

n 3

» b

X &

N\/

S

S

NV

LhdH . B2, Chern B H #H 2

BEBLBE—-BRILETL S

. FLTUHUTTHRS &S

I 2R ELD LK

b ikl w
2. KB

Lefschetz

K bt B&8INH S.

x ,p(m) (Y I dual o ;

NDES>S L EBBR LT 2

£(1.0) ORBABELHERED T Iz -

€-HO(P,Ix(m)),

i=1,

x,p(m)) — H¥(X, Q ¥x(NY

-,s} B Im(L¥) %%k 3% .

N D

G

D
/o'y
» %
.

£ H

o>
™

x-p(m)))
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T [FJ] € HO (X, NY x, p(m)) i X o axXFXFFEA
F]EHO(P,Ix(m))@Eﬁfffﬁi’ﬁ?o%ﬁé%ﬁ\CG’)
{Fi, - Fshld . HO(P,Ix(*)) % HO(P,0p(*))= € [Zo, - ,Zn]

DARXRAF 7V e L TREBLEEITEBAERRAD —F (20

2% LD IcE 3 5 T % "projective equation” L I ) k

Zt o T WbBZ ELRY B,

2VWTRkEDEIH>HBMabERL TH L.,

(1.3) Definition. X @ projective equation Fe HO (P,

Ix(m))iZ 2w T LY([FD#+0 T&H »TLH» L¥*1([F])

=0 OB . F %A KXKE (renetration order) I k T b

5 &t W pent(F) =k & » < .

oW arHABALT., xR HAEZxE(1.0) a)i,t*c"\ X &

projective equation TE B XE Y k LT Lo 2 &EH

v
N

T. 2RNEBTE P OBMBHIX— L% W £T 3
0:4:'9\".%"czé’xml5&~(‘—f&c:ci~?éfﬂ‘lé:&illﬂéttnﬁ')_
X 2 AH0 P OBMBHNRAX—LORBEHANELZ L HH
» B .

XZWn.C:Wn—l P

N
In

Wo

N

COBBHRAX—LOMOBFLWHEHBEIBEI LI SD S TN
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X oM EMNLHEHE:L

KBEBOT A 720V HFIE--

AARORMEDNLT HEHE
EIEHIZCHEEK DFE T B
2w & 5 BBk EW— &

BEETPHT B N

0 - In(NY y X

¢  t=dimng Im[L"®

Px(NY xoe(*))) ] .

HHEEHEEBHELTWS

T8< .o

(1.4) Example. W:= 1
d =2 3, ® 4 T di&X Ver
B gh W T degSy=myz, X:

<° = XZWnC wn—-;

Sl B —F B2 E X

>
—

T ERMICAB XL THE

LELSHER DD (e.g. X o o %
) . arithmetically normal 7 #
P HAXIE S VWS rxr Dy GHh 6T

THhBELtEbhd. 2. M

F X

THHEODVLEDELT. KDOR 2

¥ 5,

>l

0x) = NY x — NY x,u -0
Ox(-m;) & - ®O0x(-m¢)

CHO (X, NY x,p(*)) — H™(X,

R bh 2 B2 %Z200E D H 2
mn[{® 4:P "**(C ) => PN(C) =P]
onese H A . Si, - ,S: ¥ P O

=W n S;N - NS: (transversal)}

= e =Wo=W CP. (Z DB Wo,

Mo lzoWnwWT HHT B,
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(1.5) Working Problen. KoH‘wE (1.0)I28B W T

(1.5.1) % Wy PEMDPOBPL P OBZBH S HBKT D -

T . L#b Reg(ix) DX % 2 X3zt h b ?
(152) Nv X/P =Ox(‘lll1) @"'@Ox(“m,t) EBE
= 2 35S, S (P O @i @ ; degS; = my)

AW (POBHLOHH AT KIK, Reg (W) D X)

X=Sin---NS:NW (transversal)

IhsooBBENDS L REEDN (1.5.2) BEWHEN (1.5.1)D

R 2B AL BB RT3 L3BEELBEZNS DL, T .

fy

CoME(1.5.2) CHELLFHEENEL TE <.

(1.6) Remark. (7 ) LORHT E =6 oHBAEE (1.2)

Theorem (2 X Y 0.K. & % 3,
(4 ) BHAA j & arithmetically normal k& W 5 g &
%t‘.ﬁa%é@ﬂ%iﬂo)%%&t’czoA»\'CliLl"FO)tBDo
© (Faltings) n= N/2, E = ¢ = X=S5;N - NS,
(% &®& X X)
© (Griffiths,Harris,Hulek) rk(E) =1, @ hi@m S..-,
S« 1 L SiN - NS+ H smooth % 58 2 X X
=3I W (I #hm) ., X=S,Nn--NS.NW

(dimX =1 D K E &)
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(7)) rk(E)_% 2
(FREXTDHE W
SR 2 IR A <)
() F 2 NY x,p
neighborhood

obstructions,

¥ oI

3T . 2% — 4b;

%&
S
i<

Tt BN . Wa- D K
O)X%’ Wn—lo)%h

5 EWMAT L EWND

TEREDERL T OB

S 2 B OB

X EEHBFSEES L

(2.1) Main Theoren.

KR 5e % 9 % . R,q €

Q"*‘p(m) ®0X) ’2 %

WTESnpLZs#ERITZLL.
KRBT 727 NVDBEHE DT EFBRY
o T wn - )

DEHHN7 P VEERT., fo.rmal
a)fﬁiii'iﬁﬁﬁ?;ét higher
convergence, algebraizability

BWTLrL V&N LHENFNEL B .

§&

o bLDEEFEZLILE., —FofL

D

E‘&l

i cHhsd. l->~TC. —Do20T7 7

l

BRI PALROMBS L ERE TS L

¢ A ¥ 3% syzygy D % 0 5 24

S

hEFPEF LS, LT D8 2I1%FF

CE > LDTH B,

h72#ERTH B .
X, j:XoP & (1.0) M & DKRERUV
z . q=2 0 . 4 ¢ € HO° (X,

FILHEU OB ET 5.



BFTO 0o leBMT 2220585 RCHEWI .

(2.1.1) 3 v * e HO(P,

(2.1.2) 3 ™ € Inv.lim HO(P,Q 9*1p(m)

a

» NMx = ¢ .

(2.1.3) 3 9 € HO(P, Q "

rlp(m) ®0p/1x2), ¥ * |y

'p(m)), ¥

COMBILEOVWTWLDODPPH AL TBHB

[x= ¢ .

<.

(2.2) Remark. (7 ) 52 6hfoeicHl [ 2tk

LbhTdb ., 209 * robEEIZY AR

5 7% W ( 3 higher obstruction !)

(4 ) & (2.1.1)~(2.1.3) o Ff#

DL TR 3 X 51 syzyegy

FoldFH—HB HO(X,Q **'p(n)

D E R

5" KRER#ML” R (2.1.3) 2HRT

B-—MIEBEEL TED .

TN b6 R

v KR T

PR VL %

Y

&2 %

('3}

R IcH kL

®0x) W

HPLE . %

f (2.1.1)

X o P AToOEBRNMNIIXEGFOHEEEZ AT

mMTZoRoMNBAmEEIFEL TS,

(W) &# (2.1.2):(2.1.3) o RfE®EI X »H —

Hironaka-Matsumura® G-3 Theorenm |

() ¢q =0 B A& XL

o — ko> TWnwab,

AR L L&

L » T L &

wRE -

T %

51

BB

» h

@ 0p/lIx?),

N

%

v(w-

fy
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(2.3) Corollary. X, j:X=> P, m, g o> WwTi ko

T EEH (2.1)  H & DIEKE.

R =HO(X,0x(*)), S=HO(P,0p(*)) = C [Zo, ,Znl,
J+:v(ZO, '.ZN)S.
L.

Ka+ry =
Z D W
5 .

[ Kav 1 ®
HO (X, Q
HY (X, Q

v > Lgsi— La— = > Lo=S >R =0 (RO & /b X &
S-H 5 #)
[the (q+1)-th syzygy module of R over S]
Ker{LawLa-a]  (HEE L=k ¥ 3)
LITO)J:5&%%%&‘%%&0‘%%5‘1‘5’@ﬁ#1’£?
S/00] cms = , A
itlo(n) ®0x)/In[HO(P,Q 9*1p(n) ®0p/1x2)] >

q+lp(m) ® NY x,»p)

ST <m> WBEDODMBDO deg=n DL LKL TEH > ME

EFRT .

(2.4) Remark. T o (2.3)o# B R o (q+1)FE H D

syzygyMm#E o MNERRDEKXKHE n OTOBEBHEVSL & 5 ¥

gt

dimeg Im(8 Lrv) E %I B L E2RrLTWE, 2O

)
(T ) o X

l
¢

W TEFBRPVWLDODODLDH S (e.g.
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Lefschetz A %) . Lo MR oORMBE (1.5 ~o MK -
WTRBEETRHRTHY . WFh oA THEST E2L DT

w3 .

§ 3 it Wl o B ' IZ DO W T

THEER(2.1) DT XRhI2BEIOBRBEE - -

K
fy

B4 EMEBELTALICE ED B,
P =P N(C) B 2 EulersZ-2 R 5 % B Wil ¥,

N
0 - lp“" ?OOP(‘I)ea" Op“’o

(K}
[y
A

“HMEE {eala=0, N & P OFXKEE 2o,

In W BHBRIZHABIT B LDE T B, Chd q+IXRENBHEZL
& » T a gu B Eu

Josy)
(3.0.1) 0 - Q “*1p(n) » ®0p(n-q-1) - Q %p(n) — 0

oM LT ROBERFPRYLT B .

(3.1) Key Lennma.
Nti

34| :
3 r : d0p(mn-q-1) — Q 31, (n) a homomorphism of
abelian sheaves, ry - a guv= (-n)id.

(3.2) Remark. b b5 3 A . 7 i3 O0p-MBELTORBR®RAN

TWRHZWwW, chdhbs (P2 BBELEZHF) AZE » +0 =

—I10—
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(5% | |
abelian sheaf & L T ®0p(m-q-1) = Q % (n) & Q *1p(nm)
L% B . B HACOH®E =0 OBEREILEW. =0
2L BELBLOT BHBER . MIE N =a =1, ¢q=0 o
B . 7 :0peo D Ope;— Q !p® 0p(1) (P =P !'(CH))t L T P
Lo (S&BEBHMWTLEW) BB fo.fy 1HLT
r (foeo + fi1e;) = dfo® Zo+df;, ®Z; & L TCEHHBL T A
R, 7 - aeu=(-1id ELZ->TBN S LEMHBEHVL

B bhd, B hE 9 =0 HHBEWR. 3B HPEFLR

AtiyahZE B R > T WL l-jetoEFWNLZLHMWT. &A%
Opxp- MBLAT . EEHDODDPDLYICHERHTRLEDEH

M2 HTDH B *BEAREELCTERE WL,

e
(A

]
rv
A

BB dex EAVTKOIS> LBOBAM 4, %
ﬁ'%@’ét‘ihliVOP"linear i 7Zc 5
dy:1x = 0p— le—f Q1p®0x

dex (Bl W)

it » T d;:'—“(wed‘ge) - (1®d;): Q2% (n) ®Ix— Q2 %% (n) @

Q'p@0x— Q *lp(n) ® 0« (B BRoLHRALES d1 2

A

HEWMS) PEBSA . LErbd: Q%%(a) & N x,p —
Qi (n) ®0yx ¢ HALZERABQ 'p(n) @13 Q %p(n) ®

NY x,p BT B L DLDIB. i3 LED 4 z




(3

EEOP(III‘Q‘I) » b

(3.0.1)

rv
ry
~

=V DR AN

XELRAICHBAT 3

»

(%)

@ Ix(m-q-1) ZH MBI 5

T . ™

b . RD IS 2THEAKXNEEL I B,

S Ix® QI (a)— QI (a)—= QIt1|, -

Q

>
-

T

X (-m)

AN

A

=

[x® Q 9*!'(a)> D Ix(m-q-1) = Ix® Q 9(a)— 0

N Q@ gu

g

Q it (m)— D O0p(m-q-1)

qa+1 =Q<I+1P
3

DA B EE S

CBWT—-—FnEQE LD

Q‘I‘f’l'x

>
—

DA A SR I  3 ¢J7))

JE o L B (K3 CZ

(2.2)Remark ( 7

= Q1 ®0x %L ¥

K=Y 1R
IHR D

) T3 R &

higher obstruction® HEFE M Bl & & & T H & & » % b L

585 TH D)

B L T&

PREZFENLDT S LBOHPOD

£ B PSR A/ T B - A G RN
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= NY

(I

SH ( Q'p(m-q-1))

DH( Q'p|x(m-q-1))

& HO (NY

Diagram Ix. NY x/p )

f,

fs

S B en
H( Q'p»® Q% (m))

HO( Q'p®@ Q % |x(m))

£q

non-
. commu-
tative
part

>

FBN

HO(Q 9% 1e (m))
B LFr

HO ( Q“*"plx(m))

)

B— LFT

HO( Q3 'p(m) ®0p/12)

—END —

HO(NY ®@ Q% (m))

4
(N ®@Q* s (m))

Q

(m-q-1))

S~

C @ H (I(m-q-1))

B en

e

HO(I1® Q %5 (m))

a

0 EN

H((I®@ Q91 (m))



