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ARBBLrOBEE-_EAKHONT

Pk W NE &
i Ay

$ 0. Xt 3RTEHBEGHPEM P’ o 4 RBwDH ¢ EE
(50Bhs, BARTHERSE L2t ETT0C e AR) ¥ T3,
Xo BB MEANL Eho—KPEL L 7. Ro BB E % 2 3,

BIRR. EAM4RBDEI=BERT I An, Dn BERE =0T
N o HRLIEERT,

FEIRoB) TH 3
An BB EITS>UWITIE NoawmKBER 9,
Dn B HE S lzow2it moRKMAx IT 753,

SWENEMT 3 I, §1cIapABRE K38 o P2 1= 13
Brtz., Z2L7T82,83 vt L 1k, §4 b MK
T w35,
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SO OBTREES T, WA A cWBREL & t KAFE L
(7o MBERYErL W, AEHo 4 KERSBRA LR
BHEBLTIWLSZLREES> T An(izgn=19) B BRE 0 B R
Y30 ERTHEROBEVI RS 2 TBERTHTE, 701E
Dy (1£2n218) BELEA 1>\t Ao fERy, 2hLol
FrLrt o 4RB @O moduli ERSl o BRFIRS 0 BIBNE £ 3E
I MEY 3 Thr B 0B ERYO@mA I
L3MEBPROEET R W)

KT3I ®20 T2 N A< EQY Nkdin iz
52 lattice 9323 &, Kulikov, Todorov % 1= % > T ZEBHT 1
t K3thmo FEAE|4o0 28T E AW 3 E 9T B4, FF
B OES LB A TW0IRUD 4ARXF @D E 4K FK |
BN L RE, FRENOEZI oS A% FEIoT
ARERET 3N E 3 & Bbn s,

Ta
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$1. X e ER4RwB LT 3, X" X & minimal resolution
& =dim H(X,0g) LH< £RoZ ka7 nd (cf
Umezu[57).

AL, OHDXIEBLEBE-EEL2LETVWS X K3 Wil,
MXFIBE=FETHWERLAEL>ES X MA D I~
LA TE B 18,

FHR2. (HoBAs, X LohB=— AN BHEE 0 EA
KRR o WTHNThH S,

@ {T) . 4FE;20HBb, X cn#BRA4RIH/E 0 Cone
h3. =3, '

b {2}« 3 B & mnimally elliptic ; 2o B4, ¢=0.

© 7y + 28R BRE)=2; ¢=1,

@ {2.Q) %= 2& & smple ellptic ; §=1.

© (2] @ 2 ER., mnimally elliptic ; & =0,

X £z A (EE1ED0) BRBREABRLELT S L Xo
Picard ¥ () 1% m+1 KETHZ, X o relatively minimal
model € X v L, X, X o caronical divisor £ 2zt K,
Ked 3%, ’%ﬂ~-'mﬁm'mliﬂlﬁii)ﬂ@z T% L, HRALEH

2
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W7 @B X=X - PX)=2.

b) 2 EBE: minmally elliptic singularity o % (Laufer[1]) K
) K*=-3,5>2 F(X)=FX) +R-R>=13.

© oA Yaul61,[7]1 &) K24, §>7 PiX)=2,K=0
£ P =2-K* = 6.

dotge ek Kz~ .. f(X)=<6.

©ombs: K'z-2 .. AX)=12.

FE X K3 s P(X) £20 THE 05, #5 K
tEREIRENWT ¥ =K 3,

R AR @ T, Aq 2, Dip USRS Lo €0 HE L3

Dis WEFRE 4 2+ 0l BRLTEV, |

Erifak e £), XK3tBDL TN, Az To #
I fho A8, K =T0(1) £33k,

H=4
5 A oo component [ EXLT H.[ =o0,

X EtowiRCmARS FWNITIOT H.C 7O,

BsIX| =9, 1T EHKRT W3 morphism Dy 13 birational
MKELT WA, BREXEHETFT KIBDXEo nertible
cheaf ¢ v BIRR MDA 2 5 2 Lduk, K3 #D & — AR
( f Sawt-Donat [4]1) £y B (X)=X 1z ExR4RIBD T
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S (A X0 BFERESLTA. L > THER X K3I®HB &
20 o divisovs o BIERI=HEETHEHITTEH S,

§$92. K3 wi@Eo degree 4o invertible sheaves.

Xt K3#m, Xt XEo inlertbl shaf T H*=4 73,
Bz X7 pseudo-ample (e, #4FE 0 effective divisorD 1= 331 T
Do) LIRET 3.

$ER1. BslK(%xP LF3& (K= |3E+T|, ExFF 8%
MR M dFBRBEMR , EN=1 2, MNp K| o
fixed part T33.

2. Bs|H|=Pr T 3 EXn NTHANKIET T3

(i) @y 132 birational morphism " image ¥ P>1H o FE B4R
Wi, MAAE-EE (MNEETR .

W Bz 17 geneval 1213 2117, image 1& P? Mok BE
k@ (2P xP) IR1x FEBEERBEE Lo cone <,

3

Bl 48R |,2 ¥ £, Saint-Donat[4] % B3 .

2

?_\:‘\-\‘
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GER3. Dy ov birational morphisim T Ta W& FL D X £ o

invertible sheaf s.t. £3=0, £.*=2.

B =) Bslil*@ o5 L= (Q(2E), Eix #ZA1 0B Y.
rEmxEn, B2 a0 Bs= 1, E & Tp(X) o gererdl
frfibve (B =P« oeF) F=1k general Tx 5% (B,
w one ax¥F) o proper transformation k (T L= () (E)
CRTIFE U,

&) B & birational £ L, N> £5=0, L. ¥=2 =3 invertible
sheaf L tvBHE L= T 3. Riemam-Roch o0 EE L) [L[2
h 3 Lo component ¥ L T genus o1 Xt oy HIFR C i3
BT A, I 3K pseudo-ample L K, C £ 2, 1>

T 3(C) 17 PP Mo degree = 2 o AR xTa3 /05 BIE i

ey ) FTHETH 2.

§3. Nikulino 3FE 5.
o8 X Nikulhin 131 & ) L2 =L BITEPYZ 2| AL T

RA 3,

1. S lattice ¥ &, vrank AFRE o free Z -module T

c
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roh-degenerate integral symmetvic bilineay form (, ):S xS
— 7 st BZITE=to0oLund, AT seS =gl T (s,3)
€27Z n&3F, S & even lattice ¥1'5. {eil 2 S o basis & C
E L ¥ S o discriminant £ diserS = det (e, e)i=p 1 &
£73. disorS=t1 o Sz unimodular T'H3 v,
lattices o Bl B R E4F 1% @ 1= & > T semi-group E Tz 3. %N
T QuiZ) xZ <.

2°. A % finite abelian group £33. Fi% b A x A— By
13, symmetric bilinear o ¢ F, A Lo finite symmetric
bilinear form x 13, Fik 3 A— Yy x ko it X
E=d ¥ 3 finte quadratic form k5., |

N g(ma) = n*%(a) Ffor YmeZ, VaeA,

2) ¢la+a)—%(a) — ¢(a) 2bla, &) (mod 2Z)
for Ya,weA. =L b1x 53 fnite symmetric bilinear
form ( T b & % o bilinear form ¥ 9%30) .

I

finite symmetnc bilinear forms ( vesp. Finite quadvatic
forms) o BREAK = 1KBKRI=OELRT W, semi-group
OHEEL T, THE LII(Z) (vesp.qulZ)) ¥ EhT L,
hi(Z) = @ bil(Z)P , aqu(Z) =@ qu(Z)F

p. prime P: prime
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r SBAT N L. B L bi(Z)y (vesp. qulZlp) &, finite
abelian p—@mupst,"i%?dﬂé Finite symmetvic bilinear
fovms (vé§p. finite quadratic forms ) o Bl B ¥R &1F 0 129
semi-goup B %. b e bil(Z) , 2€ qul(Z) o p-Fo ¢ bp,
9 ¢E< b=®b , §=0%.
¥y <l S % Jattice e L, S = HomZ(S,Z), Af%
v 33 ¢ Az EL |Al = ldiser S| o abelian group <
h3., Ax Ak 9L L T S o discriminant-bilinear form
by € bil(Z), Asx adaB e LT S o dischiminant - quadratic
form §s € qu(Z) EROBEIEZRT 3 (EEL G512 S ov
even eI B ERT 3).
bs (5,%) = (s,t) (mod Z) ST e As
G (3) = (s,s) (wmod 2Z)
=L s,t €S* 158 §,F offRkR, Hila (, ) 1% So
(LHDES*:=BRRRIWELEETDTH 3,
BR L AN i
Bs,® bg, = DPg s, , %, %5, = Pses,
. PEEXHLTI. 1°0 lattice a EF)=d0wT Z Et PE
PR T, ¢ HINZITL L), p-adic lattice ¥ Zo BB
B 12T cemi-qrowp Qu(Zp) EHRT W32, T QR EQ,

T
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Finite abelian group & Finite abelian p-qroup T FIHNZ
7, bil(Zy), qu(Zy) etc. ¢ 2°c [E#I= E&K 33,

)

AFRR 1. (D bil(Z), = bil(Zp) , qu(Z)p = qu(Zp) .
(XF. 2oB® =g )Rmint B -3 3.)
(NS & lattice (over Z) & F3&
(bslp = bswz, , bs =P beyz, .
Fiz S % even lattice £ 53 & |

(iS)P = 3‘SXZP 5 35‘ ZC—P 3SYZ,) .

4% PE RT3,
Ko "(p%) © matrix (OPk) = &3 3 p-adic latice
kzo, 0e Z)={Zpo Tz 245 ]
U%2k) © matnx (Sk 2;) T EF3 2-adic lattice, ko
VP (2% . matrix (g:' 2QE+‘> T E¥3 2-adic lattice, k0.
B ¥, KM (pk), UP2k), VP(2%) o discriminant-bilinear
forms  (vesp. discriminant- quadvatic forms) & 2 41 341
b(op)(l?") L U (2k) ) @2k ( vesp. 2_§(P)(Pk)/u_'(_2)(2h) ,

v @0k ) B £

AHER 2. EFToE b 2 Qu(Zyp), bil(Zp), qu(Zp)

8
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o free generators THz. =L O 1z med (ZP"‘)Z <l

¥y %

& finite group A =FTL, L(A) T Ao gemrerators o
BNERETEDHT,

ARR 3. A%P X finite quadratic form &p € qu (Zp) 0%
57N P-goup £33, T3, pP=2 N> G o
G (2) E BRI 1= > ( forsome 8 € Z,*) B AER W
T, rank L(Ag,) o p-adic Tattice T Zo discriminant -
quadratic form - ?z,) v Bl 1=1x3 €tnp BB £ PR\
gE->BIRETF 3,

EH o p-adic lattice % K(g) £ &<,

5. lattices o embedc!{ng Sy S %, S’/S v Froe Z —

module HEF primtive ¥ Wi,

@L S ¥ sighatuwe (tw, t), discrimipant —quadvatic
form % o even lattice vU, Ag=5) = DAy, 3:@2}0
LPH<, o F Snib signatuwe (L, L) o B3

q
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unimoduldy even lattice /\'O) primitive embedding nBHEF B

o VET HFEET, RoO4FRMNATHETIZIETHS,
) Lepy— Lo =0 (mod &),
M 2w —%tw 20, Lo-te@ 20, Lar+lo — tw—*e 7 L(As)
W) YOO A} = disor K(2)  (mod (Z%))

for VP : odd prime s.t. Ler+Ley—kuy- Aoy = /Q(Ag,,).
(V) 1Agl = £ diser K(9%,) (mod (Z,*)3)

i A+ Lo —Aay —ty = A(Agy) 1> Bt 252 ® % .

EE. m,m eZy , p:prime £F3L,

Proddaex  m=n (md(Z*)?) & m=p*n, n=pv (& 6
EN, WV eZY¥) L3 L=pH+p> U= VW (MOdP'Zp)
for some W, |gw = p—1I ,

b=2axx, Mm=+h (mod(ZH)E m=p*ut, m=ply (F

MasME) L Ted x=0 4> U=V (mod §7,).

B, S=ZL®Aa, L, =4, L-EoL 6dU r3
2. EEL A, Es UAXZNZ W A, Ey B E2E £ 0 minmal
resolutions o X R 475U R b ((f é) I=F> 27 TF3 lattice Tk
3. L1z signatuve (3,19) & PE—o unimodular even lattice

THZ, Sl k= primitive 2% BHIAHTZ V., EHE

|0
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S o canonical Tz basis £, e, -, €a ¥ Y, L% eX

) elgl‘. E
Z» dual basis € S* ¥ T 3 &,

Ags=57§ = <0\>><<b>

Erl, a=4* :'zf (mod S)
b=e e, :~2—'(Iqe,+l?ez+w+e,o,) (mod S )
b () =2, %s(b)=—=2 (md 22Z)

%, orda)=4, ord(b)=20 =N b

, BB FMI) E
FAVITE W, ¥ 13w

(Bs), = 2%y @ 2%03
yizA o T

discr K((),) = diser (KP@ K P 29) = 24,

=% | Agl = 4x20%H£2% (md (Z77?) B b V) 11 FRI.

60 Tattices o enbesding S5’ = Ve ov finte £7%
F, S7¥S o overlattice ¥ v 5

HARXEGEZ b Tattices S, L 2>0W T, 6T LE primitive

RO ¥IEARE ML EDD A,
L2\ U embedding S <L, neBRTHIE, S o owrlattice S n\
Bl T Sl b pomitive £Ta>Tvw5, N I=
Tattice S 525N T F
Kb HEERT.

T\ embedding S s L 0B

even

Z 0 even overlattices & &7T
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, even , ,
St So | aa)/\oveﬂattuce vl Hesr =24k x¥ih<& free

Z -modules & Injections S <5 S s 8% e SF F ) finite
4¥oups o injechons Hsg/ = S/S < S/}S < Ag = S%‘ 15
Lz, S/ even TmH 22 £V ZS]HSIZO) FI=
S"% = He/ = {xeAs|hx.9) =0 for VyeHs |,
H;’/HS, ) B = BSIHG L £ Tao T 0B

I

As’

j. As o H . Subgroup T ?»ng =0 T2 3 ¢t 0% As

7 ISOtYOpYy Subgroup ¢ PFH

R4 F 03T S > Hg 12 S o even overlattices &

As o isotropy subgroups felo bijection & 52 3.

Bl St 5o B o evenlattice €L, 0 even overlattices
ERTRHES, ToaskZEHu 3L m neZ, p<ms3
O=hn =19 |=2FLT,

P (ma +nb) =0 & —Z—?_—L-— ’2;"1 € 97

& om 1 (L) e sz

& (mom) = (0,0) 21212 (2,)0)
iz H=<2a+10b)y n Ag gpE—0a BIF T T3 (\ isotyopy

subgroup TH 3. Fo T T3 S o owrlattice * ST 3

(2
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y, S'#S o ME— o BEAT T W\ even overlattice 75 3.

WF, S/t L= primitive 1= embed T B T & X IR d,

a, b € AS % AS/H = K173 Images £ a b Z‘&?; e,
Ag =SAr =My = (T+55> x <A+15B> x < 45>

Hs 1"s 1s
Z/2;2 2/2'2 Z/B‘Z

Bs), = 2% @ 2,72

signatuye of S/ = signatwe of S = (1. 14)
L1230 T, B°oFFF "), Primitive embedding S” < L 0
BED S,

§4, AXWaEro AauWBESSBA

§2,308% £ BMAG(5oIZims A L\ T, ER4RATT
AnBBEEE tt>tonBER T3 T YEZEBT S, K3 HE
HEEAEEKI: > 0 TR RE N EBTNE o T 2 T TIREE
L<iiatanm, [21 % BBXA Y L THETTH<.

. S=ZL®An, WD) =4, L=Eze8EseoodU r&
<Y, §€30fBITsTE LT &5k owrlattice S-S’ &
primitive embedding S« L v BR T3, XTF. = & embadding
TETE 9%,
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2. L tLoxeH]

() ={twl e P(LOC)| wwi=0, W ®) yo, (w, =0}
LH<E, Bl oL Tw] v wesip{welae]| w s)=o
for Vs ¢ S} rfrztotn R d 3.

EEBA. signatuve (L) = (3, (a), signature(S)= (1.19) Th%
h S¢a CLoobasisx, X, ki (x,x)=1, A=
(i=1,2), (X xX2)=0 &Tx3 AL MB. TT TR

W= +VT%2 £ FHIT W IrHHIEEHE Lo,

3. o &3 T2 lwl k¥ I> &3, K3 8o EHEAG %o A1
TR, X K3#@m, ¥ H(xZ) <> L attices £ LT o
FR T 5> T, marked K388 (X, ¥) o EHR [ Wiy, y)]
v LWl IR B I3tanBAT 2. wESe k), PicX) o
TR L, o, dig 2B R LT

() =2,

$(c@), -, $ (@) pe Ala (€S <L) canonical basis
y1x3, @z K15 pseudo-ample « LTEW, EHE, X £odF
R A HALI X 28580 BB 9 HAX,Z) S HAX. Z) v
FRLT 9(a) = 3(c3)), 213 53 X Lo psendo-ample
invertible sheaf ¥ 13 ([21), 212 Pe(X) o AR E513
g, @)=L, ¢ wEiBEr EHIZ

14



VIZE> T, B, 2L .., L & HLX <, 2iq 1= BFHRILNI,

4° &4 13 birational morphism .

ZEFR. §3 o ETE AL S'=S t Z (24% =L (1961 18} +-+E),
THE SToT kT (t,t)=0, (£,4)=2 £33 ARBEL
AR A O NS i = PelX) < H(XZ) 1% primitve T A\
£ S 0 ewon owerlattice T L. I= primitive |- embed T 3 € & XS
NHTNG Y (Fcx) =S, 88 Re(X)a T £ 20 L*=0, LK
=2 ¢TR3t XX BRLTZ We £ >7T €2, HpRR3 £, Bpe

(X birational morphism & 3,

o1gVielq =o\WT, X Eodivisor D O (D) =&
¥ T332 E5 3 &, DioftRo componeit [ 1% ARHHE ATE
o A H.MN=o tx1=7.

B D=-2 =5 Riemam-Rodh oo EFFF) D 70 ERIA
-Di 70, % K.De=0 #\> H: pseudo-ample = 3. F»
7 H.IN'=0, T Hofi@e@?‘ﬁﬁli§§¥') M <0 e =P,

I 14
6. A= SwpP) v K< & A=§A¢/ Ar =P 2 2Ro

ontguration >0 N o %
A Nk M

{5
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FEBH, . A=0 FY A contractible TH3. Ki=EC B3
T =7 W T D o connected TTr v e q 3 <, Di=Du+tDiz
Dij*0 (J=1,2), Du.Di- =0 &5 BET 3 pv

-2 = D* =D +Dis, Diy*:even - negative (§=),2)
YTi> 2T FE. £ 7 ZDI& comected T°53, F = D=1
(i=t, -, %) 0L A BE conected TH 3,

A o Components o EKFT I3 Pic(X) o submodule o rank =19

LEb T3y, o LA B)1ET L,

WE &) B <cPIFR4RHBDT AR A P

corttract Iut , T & Amﬁ‘t‘ tF—-Ir%."é\ H3,

§5, 4B BroDaBBERoIERA, DpWEFRELOIHGTE
SEBH o ABRBR L IR A 3

£33, S=ZL®Dh, (LD =4 £3<x §3 DT A=K
5> 7R T L Hvibhm D,

NSt 5 L Ao primitive embedding 1% 3% (72 1,

NS » BAATTZ W\ even overlattice 1xoFE—>, 3% S/ 33,

) S5 L Aoy primitive embedding v 73 % 3.
FT=BARM9TIETE 1= F),
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V) Sa T s T (5,8)=0, (s,£)=2 ¥HU3ton BT 3,
X & K3 7', embedding S CPelX) B LT 10) =K
peudo-ample £ F3L, D~k Fie()=S" &TMEY) L
cPe(X) st L3=0, L.H=2 L1x1) §2a4FR3 &) Sy 12 birgtional
morphism TR TE WL (Fx E(X)1x B3 Moy 2 2% & cone TH3.) X
- FFAA X @E L= DB 55 E S35 L T5v,

Hie S=ZL®Dis, A lj=4 L H<E, §30 FME L)
primitive embedding S <y NBRET S = Lovbhmn S, I W%
BE\TEZ 4%,

3 HWoziw] T

Vtel, =3 LT (t,w)=0¢&> teS
YERtoBRTZ L ER ., EME, St={tel|(t,s)
=0 for s €S} & ¥, S*QQ o orthogonal basis X1, Xz, X;
(1,0) 0, (X2,%) ¥0, (X3,X3) <0 LR3ESIcER, 2ok,

dE >/ TIEEE L (7 w= [l yay,

+%3 tRTIT WRIEZFHELTT,

2 Lwl (= A d3 marked K3IWHEE (X, 4) ¥T 3 &,
(WIne)F 15 $(Pic(X) =S ¥T3. £-7T L I=
pseudo-ample invertible sheat X v e 33 ED1= LT EHIT
1T, 34 ¢ R A%z LT BN n ERA4REEH ¢ De BYFE EE LI 20 bz,

17
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$  FHdyiz

Kih 1% Aa.Du, Dip l=> W T D HIAEW, AIE=3 Eo
BB I T RITACT A>T ToBEREE>
IHAXBONARETI NS X FIT I3, LA TOLR
BEM OBOLMI AR IIXATIIERIFTTFT VTV,

2ELH

[11 H.Lauter , Onminimally elliptic singularities , Amer. J. Math.
49 (1917) , [257-1295.

[2] ZB%E%  K3dm o AR 4 PR cKahler 14, AU HAE AT 5 1Y
W0 R a4 ‘a‘aﬁnqsw, 10§ ~129.

[31 V.V. Nikulin , Integral symmetvic bilinear forms and some of
their applications, Math. USSR Izv. K- (1980), 103~167.

(4] B. Saint-Donat, Prgective models of K-3 surfaces, Amer, J.
Math. 96 (1974),602~634.

151 Y.Umezu, On normal projective surfaces with trivial dualizing
sheat, to appear in Tokyo J. Math.

(61 Stephen S-T. Yau, Gorenstein singularities with geometric genus
equal to two, Amer. T. Math. 101 (19719, §13~854.,

(7] , On maximally elliptic singularities , Trans.

Amer. Math. Soc. 257 (19%0), 269-~329.

RS



