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Frobenius action on singularities and tight closure
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A OPIZE AW, TAEMOTRBRO 70X 2544 & “tight closure” DL A A
TEFIND Forational, F-regular, F-pure ZORIRINHE ORMITITE, & i), =
nod& (FE0 D) REEHARICEIT 0GRS, SHURREREI S, S R e
REOREONEOHERRENRT L ETH S,

K IZ 4 Eh oINS, 8 1 ETiL, Demazure OFEIC L Wk ahi-b B 1E
HREERDY F-regular, 3 WO{d Fopure ERBB%RMITONTRN, HEEA52 5. #2
BHTH, 2 X70D Fregular R F-pure 1R E%, LR EBMO TS5 7EHNTT
NTOER p> 0 THHT 5. FIETH, BEBROBFR AT A —F— - 4 FF D tight
closure 28089 5 72¥IC “F-injective in negative degree” DWEAEEIE L,  OPHE O
MNF BIDDEBELCNENFERER RO 2 RICOIERRBBICT UTHN, X610 2K
Jud F-rationality O¥BIZIGAT 5. B4 BHTHE, KR TH - TR [HRERSE =
F-rational | B UF [ BUNRIBIEIR S = Foregular ] 10T 3 HENEMELS52 5.

T, DS ODOESMSDEZREBNE, R EZEK p >0 OB, [ 272D1T7
Ve U, I OIGD ¢ =p*MIchTHREINGA F7NV%E IV &8, Fi, R OWN#EAF
TIIEEENTNTTOLMEE R THET. I O light closure &3, I* ;= {2 e R|3c € R°
s.b. ca? € I for ¢ = p* > 0} TEHBINE R DA FTN I O EENS, —i
ICT THBMW, I=I"&BELE IC R tightly closed THB &N, R DT XTOD
A 7T VIR tightly closed © & %, R X Fregulor TH5 LD, Fie, R OTRTORN
BRO/NG A =7 — + AT T WD tightly closed TdH 3 & X, R I F-rational TH5H LS,
—H, RO7aR=) 2ZEBINEFRFOE X, b LENRGRMMTHNIE, R 1T Fpure
ThHaLbhs.

I-rational, F-regular, F-pure 7EWHIRIL, REERMIFICBOTE HMON TN A HH
YR, STRORRNAE IS, SRR S & N ERBB LI 2 b0 2 A%
LN TETIS.

RIS, FEOHEIZDWNTHR S,

B1REIIBYABREROTNRE, #HH p > 0 ORAK b LEHEIN THEAEED
F-regularity & F-purity Th s, —RICIEBREER R 12 X = ProjR L OHIMER Cartier
K-F D 12 % Demazure ]

R=R(X,D)= H(X,Ox(nD))T"
n20
EHD. YT CRASKKROFEZLET 5:

(1) X EFEKN g1, .., 0 TERSHIEE p> 0 OHFEN PY MO LB R,
D=((a— 1)/a) V ETD IR, VX BERRf Tfﬁ%%én%ﬂmﬂﬁm:zs
X OYiThdET 3.

(1) B2 PVOFRBERE S = klzo,...,an] & T 5 EX, B oSN MEL:

EBH. roo=[pa—1)/a] EB{ &%
() R=B(X,D) % Fpure <= fi(gy-g)7- ¢ (ahr...,a%) in 5.

(i) RA%strongly F-regular <= [} (2,....2%): f (¢ 9)* = (g1, .., 1),

g=p°

. ARE (1) TESIV BRENT, 20V akE7y A F7JCS BHH m >0

WL (2, ,2n)™ 2EDEE, R

a—1 :
deg(f) < N +1-) deg(s:)

i=1

D IETH, R = R(X, D) dstrongly Feregular », 3 b7 I, p < (N —t + 1)am.

B2 BETH, 2 RTTORMBRO Fregularity & F-purity i 2IVTE DL NS,
Mcllta—grillivas W LA, F-pure £ 2 IRTCIEHUF IS, (a) HIFHEE DY ordinary 75 Bl
H RS, (b) AR THFRE, (c) FEKEE, O3 b hbhTh b, #iZ, (a) i
i3 (b) THNL Fpure THB, ULIDLIENS, FHGFREATH LI LE Fpuwe THSHI
DOD435MTEILC, () OBED F-pure FREOH D FIENE - Thic, BLEZES.
¥ 2T 2 ROHCIEESOHF GRS T, F-pure U F-regular TH5H %@fbi’)@%‘ﬁ R
OYPIHNRE DI "5 7 LB p L IC L DAL B,
A=0Oy, 288 p>0 D2 RICIEHGR K (Y,y) ORI, f: X - Y = SpecA 2%
UJIBJUJ\%J% LTS f OHINEEDONR TS T NBERT »rROBEZ b DL X, %
W UTEHAH d= (-1)'A (BEOEX, A BHOZSITFIOFTHIE) ZXftcS H,
Cﬂ"o@ﬁiﬂ‘i%{@#ﬂ (diyo.oydy) ZBET 57 DME L3 ZD&ZF

SEBE. AN Foregular ThH B IcD OB %4417, (Yy) PEAEREZ LD, HOK
DTN LD EThH B

(i) #'57 T %L

(i) TA22,)M (d>2) OBRBTZ 7T, p+#2.

(i) I 2%(2,3,3) WFE it (2,3,4) HORERSS 7T, p> 3.

(iv) T'41(2,8,5)MORRS S5 7T, p> 5.
AR (Y, y) IEHBEUER S & T 5. A DY F-pure 75 S IO DT HMNEE D 310
(1) A& F-regular.
(i) AFFHHE2E|A
(ii) T AY(3,3,3) BT (2,3,6) OEMS 5 7T, p=1 (mod 3).
(iv) T4 (2,4,4)BORMS S5 7T, p=1 (mod 4).

(v) T (2,222 BIORE Y57, p BEHRET, 01275 7O LR L OB
LDEREE D :E?Jf&ﬂ@ﬁ} i 55 & UT Do iR A% ordinary.

(vi) T %D IL(nES) T,p#2

Wz, (1), (i), (iv), (v), (vi) D&, A1 Fopure 750, (i) D4 b @B O
N T Ppure IZIBHDEL ST DG TE B,

W IETE, KEROFR/ S5 A —&— « £ F 7D tight closure R ik 5 7wiz,
ROWAE T . o

TR RAESH p > 0 OReE RSO dRTREEBRET S, RiokED V—
HE (R) ORBERHCOE B I INB 70 Ry B Fr[HE, (R)]n — [HE, (R)lpn 2t
% n <0 THFOLEE, R F-injective in negative degree THBH &N,

Z DM tight closure DFFRISHUTHEETHS: R DY F-injective in negative
degree 1L 6, TOHRNNZ A =7 — A FFIVI O tight closure |&, B ORI i3 % -

2



T It = I+EBn>nOR" (ng 13 I BEKT BHR5 A= ~ORYDF) LRINSD.
Utzhi- THIEEIL, R 250D F-injective in negative degree 9P 7205, FLTRERT.

FHL. R = kX, X (i, i) ZEH p >0 OFRME kL LEESNIC N ~ riR TG
B oS QR E L, OV AT Y A F 7N I CE[Xy,. X ) 35D k. ke €N
R UAFTN (X, XY 2 E0ET S JOE &S UARER p 2 Ty kideg Xi A
BT R 1d F-injective in negative degree.

Wi, R A p > 0 © 2 RTEOESKEBRET S, JOL& Fedder i, p>>» 0 55
i R % P-injective in negative degree TH B I &% implicit 12H T H2%, WDHET
i > 07 &0 D ODREEICIR EORKEFT SO0 OREELL. 22T RANE
D& 51 p M F-injective in negative degree &7 MM 2N T ORI Lg% R D
Demazure 5. R = R(X, D) #FH UTHE~N, 5121 R A Forational THL/DHD 7l
MigpEA H3RD B, LT R= R(X,D) 2Rtk L, Kx 2L X OFHRER-F
LB, Ei, RTOBEEAREE [ | TEL, D O 8% D' LHL<.

M, EOHEET, BF B, = —plnD)] + [pnD] OUHWBEIE (Bu)ea SHLE, b
U deg(Kx + (Bu)ea + [pnD]) < 0 7254, Hg F, WHAT &I, AER pdeg D >
deg(Kx + D) B DL TiE, R = R(X, D) i3 F-injective in negative degree.

EBL R % F-rational T %7 OAEEIRD (a), (b) HUKDIULDT &:
(a) R HEEAERY, e, X P D, H£ED n > 010 U, deg[nD) > 2.
(b) EBOERR n iU, deg((Bn)rea + [—pnD]) < 2 VD L.

# 4 B, Frational FLBR & ERIER S & DR EAFI T 5. “F-rational” & 4D #
&, FOENEM b, HUAFRE (rational singularity) loXfiEd A& HDE LT, Fedder-
WETIIC & > TR A 41, Smith b [ F-rational = FIMGRE] AU D ILDC &&RHA L.
LU S [rational = F-rational ] @AM, B p AVNE O & EITIIALD AT
ES [RENIRS | DNREEE 15 - €, —RICIERERR O F T, tight closure DRI I
i ABEELMEO—2LEL SN T &, 84 HOIFIMI, —ROBAIZ OMITHT
AHEENHMEERZS.

EERARAZ T, i3 “modulo p reduction” &4l 5 T “F-rational” &> Ll e
FESY 0 1oBLIR . RSSO O b LA MABROE &, ThiE ERT 7 1/3—"1K
S OB IR Z 8o flat family 2% X 5 &, 2O lamily OIAT 7 A N IEEE
HD. 2O family D—EOM 7 7 A /S—BD F-rational ThH S & &, R L F-rational type
ThbHEND.

SER, R AR 0 O LERA R ET B, Speck AHEMER HE b DX 5, R i
F-rational type TH 5.

Zhic LY, Forationality &GRSO MHERTT S/ —JF, YR, Rk
ORI BNT, [Foregular type 2 Q-Corenstein = SRR AL ZHEW LT
WAY, EOEBAEM T, SOINMH LD ESRENS:

SERE. R A0 O LRMARIIEBRET S, SpecR DI AR AR A 2 B D B I,
R % P-regular type Th 5.
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