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F—hRERIRA

RXOYERTE [14] M1 [16] FILEE, FINtE (RECETT%) RIINRE—&, TEUZ
ZHERIE.

HHTRAZ S 2P =0 “HNE. BRTRI|Zk, 2B EXSFENEESE
RE . RRIIRARTREEE LBONERNE, DIED =F0%; 0 7 HBhb 3L, Hitse
BERRCRI BN L LB SRR . AR T SIEHE T — R HEPRIE A 4.

ARBHIFFSHABIEIEATIE [14, 16]. EEAEMKE (REETTTR) B —H—87n
LR, 25 R R VA B HB o3 AR — BIAH B N Y, IXLEAR R AR IR, HABO R R
JEAE.

B TEMFEDE TERE D RAME), ERIGILEA RS LT (1-) EEIE
5. OMARNAME, EIMARNES RORETREL AL

RAEXHIZXBIAERABRIESENE, FFARHERREE R

KT I SCAFRIVFR] N, 18 T B BT T DA BERE. A AR — DT, HIEPFAn
TRIE. HAM AL 1Y STt RE LE At B PR B G b T i

Z= X,
2026 & 8 H
FERO






I B

1.1 wsemasEs

FRAESS AMAEA, AR FBATISHIAERIA IR, I IR R 9 24, 3R _ERysith
R e, BNABSRIES — S EAR. TR {0} MEFHAERE N 0. HIARFIT
£ a,b,... ERIEICN (a,b,...); BEHBAANTTERAERIEARFRCN 3 1R,

FHE, el R-REBRIARH. 5E R-REL S Y TIHEERFAS R - S, I
[14, Al 7.1.3]. & S /& R-REL, ARLERBOSRIE, 1 S 8 R Y5k, RE AR
ZORFEIZA R — S A,

AFBHIERL Fraktur FARSRER R R 40 p, q 5; BICE A p 2R
HEIH abep < acpibeyp WRIEMELDZHREE

NFEMNEE 1,7 C R, X

IJ:={ab:acl, be J} 1 R "PAERATHEEAE.
AR RS S I(JK) = (IJ)K. IRILENX 12, 13,... &, BHE I° .= R.
SIEE11 %p AFREE I A J AEEERE UWpDIJ < pDIHpDJ.

IEBR Al = Pl RZEFE ac I~p Mbe J~p, NEEBE IR
abe IJ\p. O
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T R AR I, B3R R .= R/I WHEARG W RA:
{JTcR:-#f} L {JC R M, JoT}

7. J =7 WG (1.1.1)

j:ZJ/I i J.

BEREERT © AR IR BEAh, T R RERAR (SURORTEAR) Y BACY T R R (UK
HIAR), XIS (14, @8 5.1.11 F1 5.3.4). DA RHECHERRET N AA.

[ BEBM — BRI,
[ RARKHE — R 2.
WE—BI (Ri)ier, HP T # 0, BE [[ie, B ERBESDEIZUES p; -
Ly B — R; BENRZAMME— G, 77 3RB bR E SORIB L, RATFRIR
[Tic; Ri M (Ri)ier WERL.
BR R AR —WERRAR ) 5 5 RIS, 285252 N R, 23FI5E A 0.,

TR 112 (FERKER) % ,.... [, Y RHWER HRi#j = L+1;=R N

7 A
R/ ﬁ L= H R/I;
=1 =1
r+ ﬁ I (r+1;),.
i=1
MERA UL [14, EHE 5.5.2]. O

NEFR YR TS ICE L G RO E ), AR R B AR A B )
Wik,

R 1.1.3 (FBER) 2 7 A0 po,..p, A R WEM, Kb r €2y, WRATC
UZ;1pi~ ﬁ

() %% R 44— EF R F,
(b) K p1,o. b FELRETEERR
MEE1<i<r E#ICp.

MERR SRl (a) BOZ. B R 2 F-mEZSE, mEEAA R R, BT R
MEZSETERFARZNEFZRIZ I (X —FLBIEATERIRRIN @), F1E
#5153 I C p,.



§1.1 HEENEARES 5

PARIE (b) Bz BATDA r 3BV AMRIER T R R &4 (b) W py, ... p. A7, H
I ¢ p; XA « oL, W T ¢ U, pi. FILHIIEIER r=1. & r > 2, WXHEAS ¢ A DA
o e INUjup BE T CUjZ pj, W oo € p KA @ BROL

FEERBET, & r=2 WS 21 +aoEprUps, Hay +ao eI, FJE. Hr>2,
AR py R,

w4+ [T ¢ Uws
j=2 i=1
RF & O

2K RAEHFIRL— Abel JulE R-Mod; X T Abel {EMFHIZEEEINIEAT L [16, 55—
. NT REFS ¢ M — N, FHMAEZ ker(p), B im(p) KR coker(p) HIRE
&, ENEA BT Ie e, #H—2 kel R-EMKRNER - - M —
Mt — . HIESHIHEE.
NTERES I R M, L MO RR T 67 M REM; Kili, ROT ZPL T
MAMEEAE B R T B AR R HRRAIBE AT 2 (14, §6.3).
XNF R-#E M 1N, HEIMNFEZSSE Hom(M, N) := Homg(M,N) B B R
ghie, Bk ai g Ik o hlz
(4@ = F@) 49, (@) =7 F@),
fyg € Hom(M,N), x € M, r € R.

FREA R-FHERA Hom(R, M) S M, B £ 25 £(1).

Fig 1.1.4 2 REFFAHEES, MHRZ2—1MHEK. NTHMRE R-Mod, 55—t
BB VBRI KA R —N2K, a0 [17, iS¢ B); 55 2 A (14, 16]) AUTEIFIL
HEZR, 7€ Grothendieck F=H U FF 2R RIEHENTE U-5E I [14, X 2.1.3]; =R
B EAR R RE RARAVESY, HACAIE. EREE Y SRS 2 A 3 Bk
—NETENERS (FR—) B U5 (B ).

LRETERE T, WREN G RES Ob(I) MAEEZE (B —), 3& Ob(I) /& U-/
B IREIFIEAS Y- G ), WIAR T 2/ NERE. BT O ARZUZ — /B ERE,
AW ROEIN A, E ERA R IR L SN, S R A2 UGS TREIRMA-.

ZaE/NOWE T MR o @ I — R-Mod, FTDMFIEAHRIAY lim o F lim o X lim,
S EE LA 1P X1, K ATE R T EE 8 1 1°P — R-Mod HITE. HR4E [14, §6.2],
CA YN LAl A
o T lim o, EHLEA @,con sy (i), KA aj) U @, ali) ITHE ARILE
papiA Il
Ty — a(f)(xz)a f € HOHl](i,j), T € Oé(Z)
TCRAE TR Z BN lig o, WXEA @ € Ob(1) #H BIRNFL i : a(i) —
ling o, SXEEGERHE Ly FFARHIZHEIR.
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o FT 1 B, FHEBY TTconr) A(0), ARIZIR
ﬁ(f)(xj):]:“ fEHOIn](Z,])

IR (2i)iconr AT THN lim 5, MXEA @ € Ob(1) #H AHIESER
A piUm B — B(0), XEEBTRHIHE lim FTRRITZIERT.
FikE a(i) (3K B()) BTE M;, W BRI XIEH lim, M; (30 lim, M;).
BT IR G RIINERI TR, R A G BRSO R, HFROc R AR,
YE 1.1.5 NP [ ¢ R Al R4S M, I8 IM NN ax BITCRA R T4, Hep
acllazeM. #acRTI=(a), MEIL (a)M H aM.

PR ERAR BRI 1T AL ZBAE 1.1.5 BRI N —8&8) M, Bt M/ IM RU2
RE IEBSRHIABCN R/ T8 IX2RN I 1 M/IM ENAiERFENE.
YA RFR M Ml z e M, X R

ann(z) = anng(z) := {a € R : ax = 0}, (1.1.2)

Mz =0 < ann(z) = R. XL0Mth, X M REE HAE

ann(M) = annp(M) :={a € R: aM = 0}
— ﬁ ann(x), (113)

T€EY

Hr 3 BB —NMER M 7%, NFEMAEE M =0 < ann(M) = R.
GNTE re M~ {0} BF ann(x) =0, MFR M T

EX1.1.6 (BEHE) wE R-E M R ann(M) =0, MK M 4R L RAE.

EBX11.7(BEF) HEERHBE M freR WwEFE e M {0} #F ra=0,
orh MBERT.

Rt M HZHETER U,cpr o) ann(e). WM = R, fEEIHFRHERE TR
TEX, W [14, §5.2].

1.2 NESRIENSR

AFTR I B VRS L.

BN 121 HBEH AWTE c ZHE 2 —e, W2 h A WEET WEE—$F K
e BT A #yd, WA POEET.

fiec ARBRREL (BHORET), M 1—c/’R MH e(1 —e) =0. #M 2,
WH n € Zsy MI—FITE e1,..., e, BANEEELTER:



§1.2 MBHFTIEMDMHE 7

E.1 81 e; BEMEIT: 6? = €4,
E.2 [EXM: i#j = eie; =0,
E3e+ -+e, =1
BREZEL AB M, BOEEIR [14, i 6.12.4) RGN

{BERMSRM =M & M,}

i

{e1,...,e, € Enda(M), i/E E.1—E.3};

FEREHRIIL, e; AN EIEM RIS pi: M — M; SEEFEE o M; - M 2
B M A-BRBAA RS L.

PANTEMRHZ RT3 . 15 e 3N A FHULFEEETT, W eA XN T A BUHNTERD
FIRIBEMAIR, P e WATE (TFE: eA HAFZ LI A BITFIE).

BHINEM A x Ay 5 AT (1,0) € Ay x Ay (B2 (0,1) € Ay x Ay) WNEHZ B
e1 (B ep) B A WHILFEETT, BMTHE E.1—E.3, M e1 A (B e A) B [FIZER T
Ay x {0} (BK {0} x Ap); HZIRIER Ay x --- x A, T2,

PUR 2R IAEsie.

B 1.22 RecARTORET, LU LFREXIF eAdFo (1 -e)A, WA TR
A—=eAx(1-¢e)A

a — (ea, (1 —e)a),

Ve K (1ea,0), B 1—e K (0,11-¢)a).
HWMS 2, bE—FHEREEL-E3 T OEE T er,...,en €A AR e; A
O, eir....0) B FH

A—" 5 [, eA

a —— (e1a,...,e,a).

ERR BT e 11 — e BREADTEFIT, FRBLUN REFIVAMSRIE, KA 14 B
(e,1—e) BEMMXTT, HESFIAFRZ; e 5 1 - e HIREZ IR,
Hiea=0=(1-¢e)a, Ma=ea+(1-e)a=0, WEAZHH. BE z,y e A, B
a=ecx+ (1 —e)y, M ea=ex T (1—e)a=(1--e)y, BEINH.
MNT =G, & n>2; FEIIFAEN 1 -1 =+ +e, & A NPLEE
T, MAY 2<i<n e = (ea+--+en)e; BN (ea+ - +en)A FIHIDREFIT, T
M n = 2 RUIETE . O
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WRE1.23 L A=A X XA, HEHAEFOEET e1,....en € A, WE AR

;€
{ICA:£8BBY < {(Iy,..., 1) : Vi, , C A; 254}
I (er1,...,ex)
le"'XIn ’(117--~7In)~

AR R RIS AN, SRR,
S EETHORESIT o1, e, MR B B3, ERROUENABI B X, FF
Ho, -
(EABIA, 18 A, ..., A, BASHUORIY, A U3 (SUHOCHE) Bt
p=--xpyx--, 1<i<n,

Hrpp; 2 A (R (BOREAR), ERRRHRAIE BN A;.

1.3 ke

EEIR R, 457E R-BE M F1 N, & R-#E L MBS B : M x N — L; W3R B XHE4
BICHE R-BFEIZS, WIFR B 2 R-WERMER). 21K R-WNERMEMSS B : M x N — L Fipk
88 Bil(M, N; L) A BRN RS, HMZ%EZE (B+ B')(v,y) = B(z,y)+ B'(z,y),
digRiER (rB)(v,y) =7 - B(x,y).

K EHAEICTE [14, §6.5] A 5EREUIH. BT AL B Z IR, RIARIEIAED
BN NEf.

EX-MheE1.3.1 (KEW) & M v N 4 R F#& R-H# M@N #F R & Mok
M MxN— M@N, BH (zy) » ey, ERTRRZEFRIL: X THA RAEZ L, &
1V R-# 8y A

Hom(M ® N, L) —=— Bil(M, N; L)
R

o - [(z,y) = 0(z @ y)].
XEZEY M%N #FE (r,y) w2y, HHEAE—FRH FERRAEH, Hi2
M®N::M%N, A MF N WHKER.
MR EEEME R REON) T H A H DU RTE AR 78 R:

(T‘.T,‘,y) —r(x,y), (a:,ry)—T(x,y), (S R,
(z+2"y) = (z,y) = (2y), (vy+y)—(z,y) = (z,9).
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TE X M(%N = REODN) /R R BENFIN (2,y) = 2@y = (z,y) + R &
R-DEEAEWAS M x N — M @ N.

ETHHBMZER FEEMS B M x N - L HYTHEE R-ERS
ROMXN) Lo MMM PSS A T U i WS @ A o Ry M © N — L. ItED
P SRIZE .

Wz RS TUAERTE RAE L JER R- UMM M x N — L FiiRyiulE,
Mx N — M ® N RIENR. XA E T KB, FERhEIME— AR O

B R-BE M ERREIEIS rar’ == rr'x BN (R, R)- XU, Hp r v/ € R o € M.
B, RIRZ M B RERE AR A DA ok AR — AR5, UL [14, T 6.5.10).
RE N 5K R IHRAE RN A FAIAE, 2/ DUHIZE LR MR

> EEHNR Me(NeP)S (MeN)eP, FAEH 20 (y@2) — (r@y) ® 2 HE;
> AR ROM S MEMR, [FMEH r@z— re <2z fliE;
> RMAR MoNSNoM, FAHH r0y— vy c FIE;

> RFEM (i, Mi)ON 5 @) Mi@N Tii Me(D,c; N;) = e, MON;, K
HE ARG TR JAER, FAMIBEEE (3, )0y = 3, zi0y Mo (X, y,) =
2 T®Y;

> FREFERZ H N - N - N =02 REBENESY, Il MoN - M®N —
M ® N" — 0 JF9R.

> RISl AIFRIERNG AR M o lin, N, ~ L, M o N, KRN
RS —AI) limy.

BTN, AIUAMHESHE FLmk 8 My @ - © M, & EEM n H
R-SNEMURFITZ PR T DAZI . XA [14, §6.5] X T XS — AR EISAE A bR
TEIEHIRH, el DU IR AR Bk R, $2I0E X M AR ER

M®nZ:M®"'®M, n € Z>y,
e — -
L (1.3.1)
M®° .= R.

A AR 5K AR RIA IS ES B A K 1%, P& B DAY FERE A AR R
Rk 1.3.2 % M, N, A % R, WA R #HE R
Hom(M ® N, A) —~— Hom(M, Hom(N, A))

pr——-— [z [y ey
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IEBR PSR AR 2 [14, EHE 6.6.5] FERBING N A, HERKRIEENMHE
B RIEEN - 131, EERS ¢ - Mo N — A MY THEE R-IE w5t
B:M x N — A, WMEMNEKRZE B(r,y) = ¢(z ®vy), IRMHET ELMEMEGFT Hom-15i55
MIRE X, 6 B XHYTHIEE « — [y — B(x,y)] FIEKFEZ M — Hom(N, A).
FH MG 2R
Hom(M ® N, A) < Bil(M, N; A) < Hom(M, Hom(N, A)),

5 WG — BB IRFF ISR R 4B TR, O

FKEFEF R-Mod x R-Mod — R-Mod & [F Z Him AL 1S (R-Mod, ) ik
ML R AKX RHIFTRAETERE, £ [14, #EI2 6.5.15]. @l 1.3.2 HUREREX R AN
(R-Mod, ®) 2 AW [16, B X 7.3.1), (HARALFEX—4518.

BERFR ¢ : R — S, {BIEEA S-# EryaiBRENRIF R, 61N S
HIE+

Fros: S-Mod — R-Mod.

75, S il aiRRIE rs = o(r)s N R TEXNE R M, k&

BUS @ M AR BP0 R IR

s(s@z)=ss®@x, ss5€S zeM

FHh S-H5E; A, s MR IRIERX (s, 2) — ss’ @ o AT RNt wst
By:SxM— S®M NMAZMER (BX-m@ 1.3.1) B9

H f: M, — My, & RAE[AEDS, ﬁ'l@%a’t@?ﬁﬂ@uifﬁ_@ﬁ ide f : S%) M, —
S®M27551‘5£|7u g b, MHS@MQA&';

S % (*) : R-Mod — S-Mod,
FROVIRBIEER, © AR IPERE T sk S ® (-) PREFIR B, ARBN BT R

(SOM)R(S® M) > S® (M, ® M), SRS
R 5 R R R R (1.3.2)
(51 ®21) ® (2@ x2) = 5152 @ (21 ®x2), S®T = sp(r).

RFEIFIF R-ELE SN KBNS LIRE ALPRH#E. JEENUIRE S ® () %
t [14, FEX 3.1.7) FrBRI A& F; £ (14, fii 6.6.10). ﬁtﬁbbL%eﬂ%&ﬁéé’ﬁ:

(s5m) e (s0am) = 5o (3 gm)
zl } (1.3.3)

(S%Mz) (S®M1) % (M2 ® M)
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AR 1% (16, X 7.1.14] HIRIE, S& (1) BXFRATEE Z I A F R F.
X—YNEHAL R BITAE.
KT RBEMRBILALTI AR ST [14, §6.6], HERZICIEZ AR,

ﬁ’.iEEE1-3-3 éé/%rﬁ]%& R_>Sa %’t M 7\5 R'#ﬁ; N ﬁ S'#ﬁt‘v D‘]\Uﬁ‘/‘ﬁi‘%gx%

Homg <S(§)M,N> —~— Homp (M,]:R_>5N)

U [z—¥(1® )]

[s @z — sp(z)] ¢ P,

Hh e MWseS XFH S%(-) : R-Mod —— S-Mod : Fr_,s %R AF
B
%%fm$%fmm<S§MN>W%IH%MLﬁﬂ%%%Rﬁ%EW
MEBR BRI mREY BE X, B3, HHE R-ZMER. O
M EE R AL S M — Fros(S % M) 2 r — 1@z, REAMSH
S%IRHS(N) —>N%s®y'—>sy.
Fid 1.3.4 XHMEE R M, F1 My, BT HEAHETE R-EFS
HOHIR(Ml,MQ)—)HOI’HS <S%M1,S(XR)M2> s f'—>ld®f
WER, BRARRFINGE; NG r € RF f € Homg(My, Ms), & rf EHRXFHHIE,
T s@r N serf(z) =pr)s® f(r), XIEE s®@z 7F r(id® f) Z FHE. KL

SE R-EMERY.
X RSP Hom-BEN F Al 1.3.3, MEAFEIHE S-BiFRZS

EI\/[h]w2 : S % HomR(Ml,Mg) — Homg <S(§ Ml,S(%) Mg)
s f—s(id® f).
—R&IME Ear, v, AR, ardd 5.2.3 FHRTTIX— A

®EE135 LEAFALS R SH ST, RME FrosFsor = Fror: H— 71,
Yo7 B R A
TRSQM) —=—=TeM
S R R
tR(s®r) —— t0(s) @z

te(l®z) «—tQz
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B HESNGIW FrosFsor = Fror. 2T T 2 (S 2 M)~T ® M, BERTRANE R
(R E R UE, B AT 1.3.3 HUPERESC RN DARERE, IX 2 KR & Bk 1 2 5
FERERT DAY BREX. O

Bl 1.3.6 % EAFAX R— S, dHH R4 M fn S-# N #A R-H IR

]:Rﬁs(N) %M = Fros (NQS? (S%)M))

yRzr—ye (1l x);
FHL S MT WA S-HEEM, NxALZ S-HEFAH.

IEBA AAFRT Fros ((N © S) ® M); FEACRRATRI S O (S, R)- USSR B 9K &

A, [N 2R sk BB SE S 2401 [14, fdl 6.5.12]. R ARG SAE[F
NS N 29, By Oy @ 1. NBHERIS SRS . O

HT Fros BRI E BAERIE, APREEABX /S, [ELMR T
R-BEFN S-HBEMY 22 S 77 FARIC.

PAUR R Y AR T 457, 29 1.1.5 NRF M — M/IM FEMTEES R — R/I
LI (R/T) ® ().

B 1.3.7 BUEEME [ fo R M, WA R/I-H i #36 F A
(R/I) @ M = M/IM

(r+ 1)@z re+ IM.

EBR — Py R N K B AR R R R, LR EE TR R 7. S7E
R/IA& N, Bl RARFEA M — N FREFE TM _FEJRE, BRIz RS HULEE
¥ Homp, (M /IM,N) = Homg(M, N). XK M — M/IM & Fp_,p/r B,
HANZASHZ ida v PN g« M — M /IM, JRRIRSRIZS.

AR 1.3.3 BFERECR, R HTEFRAE U @ (R/T) 2 M 5 M/IM; 7T
W o, ROEZERIERERRTH ¢ KA ¢, HNAK ¢ BREE O((r+ 1)@ z) =
(r+Dg(z) =rz+IM. O
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1.4 astsmpshs

PRI N SRR T RIS R B AMES, (14, §6.9] & X THERI (BRVFAEASH) Ry
PRI SR, [16, §2.8]) WHEA LR Abel JEME. AR SR B R4 T8
SRR

EX 1.4.1 (IRSHRMAHE) 4 5% R A X #57.

o % P % R-#. % Homp(P,-) : R-Mod — R-Mod RE=FFr A E6 7], NA P A%
Sy

o ¥ I % R-#. # Hompg(-,I): R-Mod®” — R-Mod R&FFTAEE7], MK I AR
Gty

REFFTETE AFIMET1E (16, &% 2.8.3) FRAHVESRF, FOMLEREA]
PR L AV .
SIRZ, R A RHIL KRN Homp(R, ) FFT R-Mod B1F A%
T, HER.

SI31.42 4wtk R (Mi)ier, W @ic; Mi (R [1ic; M) #4t (A H) 4 HA
YN M; F5%.

HEBA U [14, 513 6.9.5]. O
DA R RE S FIARERE S, ATUL (16, fill 2.5.3].
W 1.43 4T RH P, UTHREN:
(i) P &4,
(i) #F Homp(P, ) R

(i) ¥EANMERI M - M" =0 fuFA P — M", THTUANEXFLEFL

A & #
P

3, l
L

M M 0;

#H—F, LREHHEE
(v) im0 - M — M — P —0 HESF Haz.

AT R I, T ERR %4
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(1) I 25
(i) ®F Hompg(-,I) #4%;

(i) HENEAF 0— M — M AREE M — I, FETLHANE &L EEL
e

#—F, ERFHER
(v) Bt 0—=1—M— M"—0 HIESF Ee3.

MEBR LT [14, §6.9], IR,

(i) = (ii). ¥

(i) = (ii). @ M := kerf[]M — M"]. M M" ~ coker[M' — M| A] ¥
Homp(P, M") Z[EF coker [Homg(P, M) — Homp(P, M)], Fi5#, Hompg(P, M) —
Hompg (P, M") Aiks. BL P — M" BUERIFIGEIFTRET k.

(i) = (). WAEEESS 0 - M — M — M" — 0, NP 0 —
Homp(P, M') — Homp(P, M) — Hompg(P, M") 1E&, M (iil) ZiRHER G — B2 5T,
Kt Homp (P, ) ARIEIESS. FIVIESFIREIFMBIEIESS, P 2R

(iil) = (iv). FEREK P - M #1§ P - M — P &N idp, XRHA M — P
EHY FH0—-> M M- P— 0703

T (i) — (iv) BAEERTT BN, O
WiC1.44 & Py R-HE, N P ARAHELHR LY U RMTEN B F oy — N EA
W FER P ymb Rl TE S ARG RS R-E, NFHRE F = RS

B % P AT EANEE R F WEMI AN R EAVE RS, 57 1.4.2 3
B PR HERH R ST

WP NS R, BT S 24 P, HNH#IFEIESY] 0 - M — R®S —
P — 0. fidl 1.4.3 iR E2 R, K P AT RS MEMII. O

Wit1.45 &H REWELSF 0> M — M — M’ —0. & M F1 M" $#4 (5%
B, W M IR

IEBR T MY ORI, @ 1.4.3 (iv) A M~ M o M”. NASIE 142, O

BE146 %o RS AFFAS, M o FIHET 5 () : R-Mod — S-Mod 5k #
S A A
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SEBR BT ARECAT, B R A S, AW E e Y ER, AL A BRI
BIERIT. AL 1.4.4.
55— HABENIET @8 1.3.5: 85 5@ () & Faops : S-Mod — R-Mod 72 ¥,

i Freovs BISES, 805 @ () BEZARIGONRARIR (16, Ml 2,817, 0
SR 1.4.7 AR X = [ — Xo 5 X0y — -] 2, ¥ LEEE Y
0 XS = [ o X D Xt ] 2 BEREICERE, X = X, Al

d" =d_, HEY)H. [ d, f1 4 @EE, BELERWPA & 1 d% ik
X, B0 X* fafh.

TE Xkl 1.4.8 (24, BHBEMANMEHE) ~ & R-# M.

(i) W
=P =P = P—M—=0,

MEFENP BARFAENESINRA M By RHBH, BiLAH Po > M — 0
FH—FEREN P BAEEE WRZABEME T ne s &

(ii) H4m
0-M—=I1°=T1" 1% — ..

MHEMN T AN ENESFIFRA M BASEN, HIEAF 0> M-I 3t
T n€lso & I" =1"2 = =0, ALK GKE <n.

HERE RE M B4 8 EH, AW ARH.

ERR R R M OSA B HEE: eI E B Py EFWFES Py —» M, FEE B
P, JERTHFEIZS P, — ker[Py — M, fRIL2EHE.

£73 R M B MNSHER: B8 (14, EH 6.9.14] ATHEIRSHE 10 & [F P E A&
M < IO, [FIEERTEC N R 11 JE R R FZS coker[M — I°] — I, ARIHZEHE. O

Fid 1.4.9 BN ELL RN B P - M -0/ Qs — M — 0 R M %
SHEH, MAFAE IR 5=

P2 Pl Po M
b |
Qo M

Q2 Q1

0,

i REERTEZ RIS 5 = (81)i>0 : Po — Qo FEHAEIFIE 2 ME—HY.
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JHEH, %0 M —TI°f10— M— J* N M BNSHRN, WIEESRER
M 10 It g
H lﬁo lﬂl lﬁz
0 M Jo Jt J?

i LEEE R Z RIS 8 = (8)is0 : I* — J* KZIFEMQEME—MR. ¥ [16, EH
3.11.5].

0

1.5 sRERENERERE

B M N R-BEARTE B BERZPER, 468 M B—HITR (2:)ic; ME T
[EJ?& RO — M, E{%Hﬁ'& (Ti)iel yﬂﬁﬁﬁ*ﬂ Zie[ TiZq. ﬁ%lﬁi (fi)iel étﬁ M *HM:ZI?EE

XHEAERHIRIAS R — M, H#Z K IERK TABOTZ RN E &R R, #—15
E K M—FEAERTT, P J N TR, A IEES

R® — R¥ — M — 0.
XREEFIFRA M RS, EfR T M B4 BTT AR AEBOTZ IR AR,
EX 151 & Mk R-H#.
o BHEHENE Lsg MEAF] RE" = M — 0, W M AHEREMKERE b,
o HEHFHE m,n € Lso MIESF] RP™ — R®" — M — 0, N M ZHERBRE.

AR Rt T A BRA K. BRI FRAE Bl A R R VE 0 RE 75 15 T A5 A R A 2 7K
FE— IR, AHSRESTEME SR B 2%, IER AR X IE (A,

SII1.52 HE REMEESF 0— M — M — M" — 0.
(i) & M AWRERK, M M TR

(if) #& M’ Fo M" & 4 A RA B, W M R4

(i) & M" FRER, M A RER, W M RA RAERKH.
(iv) & M' HRAER, M ARET, W M BARETH.
(v) & M’ Fo M" B HARBETH, W M TR

FERI M, B My, My #ZH RAEK (RARET) RAZ, W My © Mo IR K. % My
Ao My 5 R M 88 RAERTE, U M+ My 4.
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HEBA DA RIRUER R E M A 1.4.3 (iil) & T RSB PER.

XNF (1), AEWFES RO — M, fl M — M" SRGHTHAS RO — M.

T (i), BUEBFRAS o : R®™ — M’ fl v : R®" — M”. HT RO" 2H%HHE,
HOMR RO 5 M — M. 4% M WA M (TR 3

B = (a,7) : R®mTM) = RO ¢ RO 5 M.

MEZ im(8) BE im(a) = M, 1 v WHLR im(8)/ M’ = M", # 3 WRHFEZS, M
M RHBRA . |

KT (i), SE5E M7 BIER RO > ROn D M 0. T ROn R, f
AIOMER M — M FIEADFRR g RS — M AR, FEIFSELER
!

REBm R@n M// 0
o
0 M’ M M 0,

2 BATIE A, BRI RO™ — RO 55 M — M" & 0, M7 LT
R h A ER

X BN S 3E [14, 65 6.8.6], AI1E coker(h) = coker(g). MR¥E (1), M A
FRAERZETR coker(g) BRRAERK, # coker(h) 7R9%; [ im(h) 2B RAERKK. XiE
IE&F

0 — im(h) — M’ — coker(h) — 0

NFH (i), AT%0 M7 B RAE K.

£ (v). BIESH RO 5 ren Dy ar 5 0 f1 RO D M S 0. ARAS

REn Ly A M R, EUROR MY AE RO PR (R, M (R BR A RN AT,
T Rev BRI RAE FIERAS j {515

RO Iy M — 0

i| J
R®™ — = R™" —— M 0
EfTIEARIER. HE (j,9) : R®Ptm) = ROP @ RO™ 5 RO INTHRMLIT (i) MFT
%, B im(j, 9) IE2 M’ fE R®™ FIJEIE. 22 E, M ZERERN.
THEE (v). HEMRT (i), RTESLZAMIE, BETIES R ER

0 R&™ R®(mtn) ___, RO
gl s [

0 M M M 0,
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Hrf o, 8,y B RIS [FEREESS
0 — ker(a) — ker(B) — ker(y) — 0.

BT (iii) AT ker(o) F1 ker(vy) B AEBRAER, AN (i) BT ker(B8) ARRAER. Xf
BIESH] 0 — ker(8) — RO 5 M — 0 M (iv), BIA] M 26 RERP, # (v)
FFIUE.

BJa—EWE 2 (1), (i) 1 (v) BN, 18 ERZER IR 2 To R . 0

WIL1.53 & M AHRET R, WA THA nelsg RHRA f: RO = M, #
% ker(f) # 2 A IR A KA.

IERR KRIESS] 0 — ker(f) — RO™ L0 0 RABIE 1.5.2 (iif). O

iFig 1.5.4 AMRARRIBEZARERE, K2R TR R P, aiill 1.4.3
(iv) RIEMTHRZS RYF — P BIHEGE RF RIEANDT, K2R A R R,

PUTREOR /NI 1 (TEID 1.1.4) BT o : 1 — R-Mod WHEMHNAY lim. [E1Z [14,
TES 2.7.6): A/ NG T AR Bl e

o MR i,j € Ob(I) f#4E k € Ob(I) FIASH i — k + 7,
o X I HHEESS f,g:1 — j f71E k€ Ob() FIZSS h:j — k 15 hf = hg,

WIFR T g3 . Fimr S (1, <) xR ATERE R a8/ N, WFR (1, <) 28w
5, M BIRSE IR 2R
RMFUER/NEWE 1, AHRLAY lim o FROVIERT ling.

Bl 1.5.5 (T R-# M # 5 R4 RETR R-# 8t lim, 77 BT BRad %
(i) M ZRRETH.

(i) M & R-Mod # oy B X% [16, B X A2.2]; %=z, HFERAE%, I #FET
a:T - R-Mod, & A4 a(i) - lima (R i € Ob(l) A HRAA

lim Homp (M, o) — Homp (M, lim a)

7 T Rt oo FAG.
IERR e —MRHY R-AR MBS — TS, BIEEH (Z,G), H

ZCM, GCker[R% — M]

DREAERER BB M WENZIER: M GRER, MENER n RERHRS £ RO - M, Hi
ker(f) 52 A RRARREY. XAMEBUE UAIAE P FR Oy BEER1.
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HEARTFE, 52, G & Z EN—FEREKEXR. BEMS ¢ - RYZ BRAK
RGBG — RGBZ7 ﬁﬁ
Mz ¢ := coker [R@G — R@Z] ,
W Mz e 2ARERN, BEBARS fz6: Mzg — M. 1EFTAIXLE (Z,G) MR
A1 EEXRFE < WT: (2,6) < (2',¢) BB Z c 72 MiESFEES RYZ — RoZ
RN G — G, NTIES My o — Mg g FHERIE:

o (I,=) BIEMMFE, XZENA (Z1,G1) = (21U Zy,G1 UGy) = (Za,Go),

o ¥ (I, =) R THEMAY/NEW;, BidA 1, N (Z,G) = Mz FHETF w: T —
R-Mod,

o FEHE [ : (J2.6)(mcrer BN limew ™ M RIS, FITR R,

BN (1) = (i) 2 [16, Bl A.2.5] AR, DATNGHE (i) = (1). AUk
B M = lima, HA 12988/ EWE, o : T — R-Mod J2E T, i a(i) XFTH i € Ob(I)
HRARER BB ICHTEFAS a(i) — M A .
FME (i) A idy KA lim Homp(M, ), BEEE IR lin K157 7E
i € Ob(I) M1 fi € Hom(M, a(i)) 17 ¢, f; = idp. TRABEM D
ai)~ M & N.

BESR N FMT o(i) BIRIEL, 518 1.5.2 (1) BIREBRAER, M5 1.5.2 (iv) itk
M ~ a(i)/N 2ERERH. O

fdl 1.5.5 St T AR REERTER IS ZIE. A RRAE S RE DLTERE G A1 X
i, Fian (16, 513 7.7.15).

#i81.5.6 EX 1.5.1, 5[ 1.5.2 fia@ 1.5.5 HIEH TR A EWAER (846
), FRER A i RIEL R
NS A BRAE R R R M B sk R AR AR,
8157 % M # N 4 R-#.
(i) & M fo N #2HRARE, W MeN FR.
(i) & M o N #HEARETH, I M N K.

IERR BRARSK ERRRERAZ, BRI RIS AT

N G), BUBFRIAS f:R®" = M fl g: R®™ - N, | foid: R®"®N - M ® N
fMid®g: R @ R®™ — RO @ N &ifi. AMKERRFHFENS Ro R ~ R 4k
R®" @ R®™ ~ RO SRREERAWMFES RO™ - M @ N.
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#F (i), BEAH RO 2 gon s ar S 0,

R o N 2% pon o N L2 e N S0
RIRIEE. TFRF| RO @ N ~ N BEIRERY, M RPP @ N ~ No? fEHPREE
HIERRA) (3158 152 (1)), SCHINIRIEL M o N BHTERN 318 152 (v). O
W2 158 % R— S ANFEA, NAIH & T S% () : R-Mod — S-Mod &+ 4 [R 4
A R
MEB % R-BE M BRAR, BUKFEZS f: RO — M, MFEZS

id®f:S@”:S(§(R@”)—>S%M

RSG5 SHE S @ M HIRAER.
KU, 1% M BRIET, BUEAS] R — RO 5 M — 0, KIRIHIAE S-KLf
&%
S@”—>S@”—>S%M—>O7

XRH S @M AR S5 O

1.6 PBaswmwex

R (T8 U MBEE 1, T LML, WE U 5 R MRIETFE. 5 R A
Tl T4 U MRILE— R RU-Y] ERRRAZS R - RU—); KW, &
(1T LRI MR .

o B, R— RU Y MU N RU > WITE.

o BEIR AN ¢: R— A o(U) C A, MIFFAERE—MFZ ¢ : RU™'] — A
(CNE i

R—Y 5 A

| A&

R[U™Y
B (14, @l 5.3.9] PV [EZE] RU-Y) BARBIGED U x R ASM%R
(U,'f") ~ (u/’rl) <~ 3“1 e (]7 u]_(u’l"l _ UIT) =0

MRS, AR RIU Y HEISENE [u,r] BIEDX L. EES| R — R[UY] RH.
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il 1.6.1 (BIFRSIUE) B R AEIR, W R~ {0} BFEMETHE, MNAFHBILIEZR R
A3 2K Frac(R), T R — Frac(R) 285, AR §2.9 #E H—HiE.

AR FE O ZIE BN et TR R EM e, BB RlU—1) BIMEMEE. EEE
Efl RIUT-HE N #REEL RS R — RIUY MU R4, T I8ICER Frorp-1)N.

EX-E1.62(IRNEEK) 2 U 4 R yRMETE M 4 R#. F#& RU -
B MU #F RERS €M - MUY, /8 THERE RU'-E N, R11F
R A

Hom gy -1j(M[U'], N) —— Homg(M, N)

oy ol.
4 A R XY

()[U~"]: R-Mod = R[U~']-Mod : F_, pvr1]

CABT (MUY, 0, HAEE—FH. R0F MUY % M 3t U8RI
SR fE U x M ERSER

(u,2) ~ (', 2") <= Jus € U, us(ua’ —u'z) = 0.
W EE ~ BENXR T [wa] W (u,2) BHHE WFARSIEZE

(w1, z1] + [u2, 2] == [urug, uozy + uixa),
% - [s,x] := [us, rz], % € R[Uﬁl]

RIESN, ff MUY BCARA [1,0] AZTTH R[U Y. BAREIE S X/ RUY) I
L?ﬁ#

EX M — MUY Nz~ [1z], W ¢ REMIE, REF R (V4 Tkik:
T-[z] =[1,rz].

Wr s RIS o — of BARRENX, HHE R*E’:I_J , AR IEE 9 WG, 1%
¢ € Hompy (MUY, N), W @([u,2]) = ¢ (£[1,2]) = ¢ ( ), BRI @ — ot
B RZHBTE ¢ € Homp(M,N), EX ¢: MUY - NN

ol 7)) = (z),

XEREXN: B (u,z) ~ (W,2"), WIFETE u; € U 15 uy(uz’ — o'z) = 0, M
wup(x') = wu'yp(x) & N AL 2R uy, u,o/ X N A ETRTL B A BHES
B Ly(a) = ().

TR B, E—FRIUE o 2 RUEFAS. U ol(z) = o([1,2]) = ¥(x), H
HUETR o — of 1. O
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TIHEERR, ek ERUEPAFFAIERT [u, 2] BN Lo = L.
E Nl 1.6.2 BIZERES M — MU &ﬁu% R-Mod — R[U~']-Mod.
FRFA f € Homp(My, My) fERT ()[UY] Z FER

f[Uil] € HomR[Ufl](Ml[Uil]a MQ[Uil])a

BT, U B 2 e My (U] Ry L)
SI31.6.3 &b & i BT R M
(i) XFi#H R-# M, H ker [M - MU '] ={z € M :FueU, ur =0}

(i) MU =0 S ERYAHA zeM $FEuecU FFur=0, Wk M ARA
A, WX FENTHFEEuweU FH uM =0;

(iif) ®F M MUY REFFA EA5;
(iv) % f: My — My 8 (F3#) BA, W U] K.

IEBR WA ETIRTS. N T (1), RIEEX £ =0 £ MU ALY BACYE FAE
uEU@?@uaj—OfM ‘:F'Wj

T (), MR £ =12 1 L e RU, Btk MUY =0 HHACE M 1EH
FHIGN 0; *E?E (1), JX%M? (ii) BB —ER MRS, & M BAERBUT 21, ..., 20,
BN 2 F1E u 515 wiw, =0, W w = uy - u, € U R uM =0, B (ii) FIEE
BR53 B L.

HF (i), BEEIMEAS M5 M S M7 AL EEUR 2 R R R, I
Bl im f[U!] C kerg[U . NIk D, & £ € ker g[U™"], 7RE] g(z) =0e M"[U1], W
FE1E uy € U #1158 g(uir) = uig(z) =0 € M”. FTRFE o € M’ 515 uix = f(2'), M
i x  wx f(a)

==Y cimflU"].

u UL uLu

NT (iv), BIEEH 0 — M,y Ry (8L My KRG VAR 0) FOA (iii) BIAT. O

SI¥1.6.4 &% M, 4 RU'\-#, M % M, # R-FH#, Il MU' 554 FHTF M
W RUY-F4# RUY-M

B HEFIRUYN - M={iz:zeM ueU}, MMl z= L2 BHMY ua’ = vz
£ M HRREAL.

ZERUEEBES M — RIUTY - M R, & N B RU-B, (] R-#E[F
&y M — NBEBMNREEN Lo Ly() BN RUEERS RUTY-M — N.O
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il 1.6.5 (HEPLEYEEN) R U AV AX RWEMTFE, UCV. 2V # RU Y
WA V, AT &, iR B 69 3R R A

RUTMV ] 5 RV
rfu T

v uv’

HfreRuelU,veV it Rkov#EV FHE.
AR H, XEBTE R M %A #ETEH RV -ER A

MUV S MV
1 /x T
v (a) ~ W
HwxeM, HEHBH.

IEBR X FERURRA, EEERR| R — RUY — RIUY VY &M V FTE T

FONANYT, FERIEEES RV AIEZER. N THER A ERBE o(V) C

A IEZS ¢ : R — A, BeH o(U) ¢ A 152IME—3 R @0 : RUY — A; HIkR, %t

FifEveV BH oo(v) = p(v) € A, T @y HE—HIZ RN ¢ - RUYV Y] — A
BRI, ¥ o Gk, A o) ERER

R
\L ®
RIUY —---- N3 A
1 1
RUMV

HISEERHS 3 22, BUBSRITRI oo (TR = A 2eHe, Wb = Aot B2 Rt
o1 SRR BRI KA, TN . S HERIBIE.

FERIAL, R A = RIV—Y) FUSGERIZS R — RV, R o) BRI, B4
AT .

ETBUORA, BT

Frorv-1 = Frogu-wv-1 = Friv-1)=rU-1[v-11F R RIU-1]
FIE -l 1.6.2 FIPERESC AR, WA N [ 7 A RE 7R B Rl SR A0 bR 1 A 9T B BT AT O
LS ER MUY FRETHRER RUY 2 M, IXSE LA NIRRT ERUER.

el 1.6.6 i&tUﬁRéﬁ%@é%% W XtBr A R M, ®41F RU -4 3 3% R A
RU @ M S MUY, 28k £ o h 22
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FeAl e, B R K ERRA L ¥ BT, AEA AR

MU © MU YS (M o MUY
R[U-Y] R

T1 _ T2 T1 @ X2
- ® - _
Uy uz Uru2

VAR R-EE RUTN- B KERMESLR, 2 ARFHE.
HEBA  bbE Al 1.3.3 5 Y-l 1.6.2 WFEREX: R[UY ® () f1 (H[U~Y &R
Fropu-y WEMRE, 8RN, o8 7Bt — R, 82 S — R RO Y A28 5t

M — MUY & 2w & MIENMA RU Y © g () Fl Frorp-1) PIFERECR, EISEIME
R R[U~ ]®M S MU NH Zeew L2 =12 5 BT, XTLHEEFHIN
S0 (1.3 2) O

PERREH, BRI RIER BRI @, , MU~ ~ (@, M) U],

WiC167 U ZRUFUTE M R RE £ M EFRAER (XARET) R,
W MUY ZAHRER (KHRET) RUHE.

IEBE @ 1.6.6 RBH R[U- ]®M MUY, =Y yand 1.5.8 RIRZH. O

Wi€168 U Z RWFEETE, (Mi}icr 2 R-E M H—kTH, WA MU't
FHE 8 a2

(i) Ziel Mi[U_l] = (Zie[ Mi) [U_l}v
(i) Nier MilUT'] = (Miey Mi) U] (R T AR).

JEBR  EAERUEAAE, ST R R R IE S YIS ERX — M ST (1), ¥ RFIE
@M — M EFREEH @, M; — S, M; — 0 BIERIBMA; XTF (i), HEEH
0 — M, N My — M — M/M, ® M /M, {EREHME. O

L R R PREE XAl 1.6.2 UERARD [14, §5.3] AYME, AT ULCA RFH T
25 HIMH R R-15E:

o ¥ R 1ENIN U fERIERME, FRRFAERIRIARGIZ] R E;
o R RN R-BEX U FEREME.

KI5 RUY Tol L.
HT R=R-1, 5% 1.6.3 (i) &K

RUT 2F < lecker[R—RU|] < 0€U. (1.6.1)

Kt RN EEER 0 ¢ U.
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1.7 Bakaossmim

PEIFILX T R BYREAL. XA RSt SRR A N SEiE e, DUR2
—ZRHALRIL.

SI31.71 R UMV HRE R WRETE, HREUTHER

o XA uelU, FEEre REH/ ureV,

o WA veV, FEreREH vrcU;
ez, WEHTEMLER. WHtFAEE—8 R-RERMY RUY S RV
B BEWFER ¢ R — A

o £ (U) c A, WMINFRAE v € V, BIEL r 15 vr € U, M o(vr) € AX 2K
o(v) € AX, B p(V) C A*.

o HHL 5 (V) c A M| p(U) C AX.

5 EAIWL R - RU-Y A R — RIV-Y) MMM E S, X4 H RACKIIE N
R[U-Y S RV, O

TN f2=0 BIsRMETF5, FAD R ERERLS TS ERIFF S

HE1.7.2 B fe R BATH RAMFTRMETE 2= MREMAFIILH R[f1) 5 R[F],
A R

PARRRT R[f Y B—LE90 0.
o QIR f =ug, HA 0> 11 uwe R, MBI 1.7.1 %[ R[f1 5 Rlg—.
o FEEAU R TH

m
U= {Huf‘ Y S Y o GZZO},
i=1

HF uy, . uy € REBTE. B = up - upy, WS 171 % RUY 5
[F1

=

o W In € Zy, f" =0 fe RNEEIL. Wt f e R IFBBTLENT U
{f":n € Zyo} BASETLHRMETE, FNT R[f 1) IEZIE.
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— )R IR AT DU R[f 1] BYJRERSRRIX. e EMTIFSE (P, <) (W
[14, X 1.2.1]) &g HAEMNTERE P (W [14, B 2.1.5]), #E

HE Hp<yp
Ob(P) = P, Ihmﬂnﬂ){& ® fipsp

@, HElEE.
BAEX R MER TS U M7
f<g <= In>1, flg" (1.7.1)

BAWIEFAR, 24 U BRIETEN, BT £ < fg > g, MR 0 RISITERE, 1t
SNEREREOZ MR S W £ < g INTRLEME—H RASEKAIZS oy ¢ RIF] — Rlg~Y).

WRE1.7.3 B U A RERETH BT ERFUF. £ lim, R[] EFEATEH R-R
By, T B AR R-REFM RUTY ~ lim R[f~); WAEIFEH FE L,
THRRERFE (U, <) dRHE% U L.

UERR EET PRSI ling MYBRAAGNE, XS = AT DUE g IE. DU TR 5 — Rz
PERRAVICIE, £ UL §1.6 FFLAY[EIET.

EER A FEEWE o(U) c A BIIAFEZS o : R — A MY TXNMRE feU f8E
— MR of (f) € A BIRFEIZS of - R — A, 18 f < g I ¢of = 9. XA RETFL
1), BIEE of WHYTHEERFR o : R[f Y — A; BETE

HE=AEH5H, T of =9 EMTAIMER M, HENT R =M.

FRIEE o HYTHRE—BEY f < g MHE p,005 = o WIRFES ¢f -
R[f~ — A. 1RiE lim Rz MR, XA Y TR E R E S limg R[f™Y] — A, EM
R~ lim B[ Y BN . 5 R — RUY MIZMER LSS, SEWEME—T R-REFIN
RlUTS ling R[f7Y. O

YA R~ N R TEAMIIRA f BOETTRY ™, B thn] DA N 2 TR
SR
R 1.7.4 % feR WAH R-REMHFEAH

RIX]/(fX —1) 5 R[f],

Tok X RS L



§1.7 REBMERIHIMER 27

IR DARXMFEA R — R[X] — R[X]/(fX — 1) WERKIE R[f ') MIZMER. B
fAE RIX]/(fX — 1) RHVEAE, B X HIRERSAH.

TR o(f) € A HBREES ¢ : R — A ENWTHERR (v,0), EF o R— A
EIFESM a € AWE o(f)a = 1; RMIEE ¢ EREE o € A FNMTRERFS
D R[X] = A, RMNRRE (¢,a) = (®|r, (X)), HIt o(fla =1 FNT &(fX) =1,
FEMT o @ RIX)/(fX —1) DR

FREA R-REMFES RIX]/(FX —1) 3 R[fY, Bl f AREEN L s X
ISR . O

BERN R R R,
8% 1.7.5 [A12F] R WFEITCIEZ R AR, X R[UY] 7RA.

o & I C R ZHM NAETFFIHE 1.6.3 (iv), I[U'] iR AN RUY WHEE H
TRFRAE

I = {— ER[U Y :2zel, ueU}

o X R B—IEMAE {1, }aca, HEIL 1.6.8 %I

— Yo lalU™ = (L) U7,
= N LU = (N 1a) (U] (B3R A AR).

o N RIMERIA I, I, BW (LL)U = LU LU
o 4 J & RUTY WEAR, MIEXNIRFEE R — RUY WRERZ R RPN
JﬁR::{reR:%GJ};
FEE R — RUY Rbm, BRI
FRIERAR J C RIUY #BREGE J = I[UY] BB, e b, Mgy

I=IU Y
{I: R WM} — {J: R[U'] (YFAHE} (1.7.2)

RNJ+J

% C MAEBURIESE, T (14, §5.3) BUHIE. £AXN TS HYEARILER, W3 pest -k
B3, SRmEAA BLR4Sie

RE1.76 LU ZRWFMTFE,0¢U.
(i) ¥F R FrAZR T A IU=RUT < INU#wo.
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(i) BAYRE 175 WAS, W (1.7.2) RElA ZHERA4
{p:REEE, pnU=0} — {q: RU] thRHH}

pr pRIU™ = p[U"]

ank Xk
T B S T C BARFH.
(i) REBA p KR pU =2, 1
RIUY ~ p[UY :{%:TER\p, ueU}.

WEBE WIS () A G 2 (14, @l 5.3.13] AN, 2T (iil), ¥E re Rl u e U,
Ky L Ay,

eplU™Y] = f eplU™!] e replU]nR—
W RUTY N plU Eﬁa;&ﬁliﬁ*FPE’Ji’% O

£ip o R BRHEAE, W R\ p BFE 0 BRMTFE. XM TERIEERMR
AR, ABEATSIATHIRTS.

X177 % ph REAR, ARETE Rp B RHNTH
Ry:=R[(R~p)~], My:=M[R~p)~],

Hep M REE R-H; X H R A ZE p L8R

SI31.78 R U A RWEMRTE, RHZEM p HR pnU =0, WA HTLEY
RIU Ny = Ry, MU Ypp-1) = My,

o M ZEE R#.

ﬁ 23

HWEBA @ Vi=R~p, MU CV. IV 1E RUY HHIEGN V. el 1.7.6 (iii) KA V
M RU N p[U') B2HZE RUY WAN¥IT. &&5FE 1.7.1 71§ RU- YV Y ~
RIU -1y, BRAGE 1.6.5 AL EERETEUER. O
EE R BRI p. @i 1.7.6 (ii) 45 ORI DU
{q: RIEIM, qgCp} — {q: R, MMM}
q aR, (1.7.3)

ﬂﬂR ' q.

2 R —E A A AR, — RN T RERIML, RER DRI, WS MBS
el
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XF (1.7.3) FEBME g cp, HT R~ q> R~ yp, 518 1.7.8 it

(Bp)gr, ~ Ray  (My)gp, =~ M. (1.7.4)
[FIEE, MPTE fe R\p &F
(BRI pipor) = Bos (MIFY) ypmn) = M, (1.7.5)

PARZEAIE 1.1.5 Fr@ X FHE IM c M.

SIE1.79 H U A RWFHETE, T 4 RWER, M A R4, W IM[U] #
MUY # ey R U MUY,

B BERERR. 5—MRREE TM RIEAEFRIERS u: I%M — M B%; [E1Z5)
R SRR LR T (Wil 1.6.6), XARFFIESS, T p[U1): I[U" e MUY —
MUY BHGED (IM)[UY), ARSI p[U—Y] /& MUY g EsRILFA. O

1.8  WFrmmks: —mwitsm

EZBI A FE BRI RN B, IEEIN R, X R-REEZ/D=MENT
PN

L WA R-BEHINIA S, HRRIER R- MR

2. AR §@85 =8 FATTAZS n: R — S B RS, R AL TTlE
S AR B R

RS Y 55988 gop  (SeS) e8P0 g6 (50 8)

\ g” / u®idl lid@u

SQS —> S~ 515
T A A DURTR A B I 2 Pl 3R

S®S

I
i;@z@ﬂz T S.
7
S®S

3. 3 S ERMFES ¢: R— S.
TEB =ML, R-ARECZIAFEZS f: 51 — So HETHEER

81%52

AN
R
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SHLAFRFEIZS f.

Lk R-REUTRIITENE N R-CAlg, B A SHIH T R-CAlg — R-Mod; AHKH]
LAICRBESHEL 1.1.4.

A MBSk B [14, §7.3]. N T R-RE S, AT Sy, sKERAYIZMEBIMPYE
R-ZNEWUS

51XSQ><51XSQ—>51®SQ

(81, 82,87, 85) + 518] @ s25
%S REFES
s @S, t (S1®82) @ (S1®S2) S ®S®5 @S2 = 51 ® Sa;
PN, S @ Sp RN RAVEL, HATTR
ls,@s, = ls, @ 1g,
N ENFZS ns,es, = s, @ ns,), MATERBAZIEZ:
(51 @ s2) - (8] ®s5) = 518] ® sash, s; €5,
BWH R-ABHIFRGE
S1 &) S1® 5 & So
S1—— 51 ®1
1® S9 < So.
LR ERRTS, K R-ERKEREF ®. EBEINAS ot R — R MWMEE RAEL
S, FIRFEAS 1 R — R ® S ¥ R R ® S Ay RAREY. XL HTEE 5 K 1Y
TERE AR 2R

R'®(-)
R-CAlg —— R’-CAlg

E‘iﬂJ{ L‘Siﬂ

R-Mod W R’'-Mod;
B S =R A H»@r = ralr) HH R @R R AMUZ R-BNFEMA, iE2
R-REGAIRIAG, X2 R SR iE A £ T AR AH ELAT R
H—2 R 2 (-) : R-CAlg — R'-CAlg RFF LA T REW K EFZE, KRz
PG AR, XL SEFEAETF T IE, A DA R/ ® (:) : R-Mod — R'-Mod J2¥# 4.}
PRFIX SRS IR, UL (1.3.3) #1 [16, fvil 7.1.15].
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H—JH, o HHIE T Frop : R'-Mod — R-Mod HIEFEIEVZEIR, X4 HTE
W5 55 bR 1A ™ R A R R 3R
R'-CAlg 752% R_CAIg

‘Eiﬂl l‘Eiﬂ

R'-Mod —— R-Mod.
FR—»R’
"l 1.81 A THFEA a:R— R, &/ 1.3.3 WLt
R % () : R-Mod <:> R'-Mod : Fror
A X
R'@(): R-CAlg 7= R-CAIg: Fro .

IERR IXUE (14, A 7.3.10] N, EEETXATE R-RE A 1 R B IERH®
i 1.3.3 BIRET

Hom ir-mod <R’ @A, B> =5 Hom g mod (A, Fros i B)

RRAIN

Hom _calg (R’ 24, B) % Homp.oag (A, From B) .
B R-AREFES v R 2 A— BRETENX, MER o — V(1 ®a) REERIERELI:

V(1 ® aras) = V(1 ®a1)(1®a)) = V(1@ a) V(1@ az), V(1@ 1) =1;
Rz2¥ RREIFAES 1 A — Fror B BRTAR, MHEA ' @ a— r'(a) REFERE:
(r1 ® a1)(ry ® az) = riry ® araz = riryY(araz) = ri(ar) - rav(az),
BRI RIE X T, FAFTARIE. O
e 1.3.5 PR

FrorFr—pr = Frsr, R'® (R/ ® (')) ~R'® ()
R R R

£ R-REBIZRFERERAL. —IRIETE, B BT S Fror .
BHERRTS R @ () : R-CAlg — R'-CAlg RIPZEREBI: BRI AR, BARRY S
BIECH RAREL, MHRLAUIAFIZS R — S 12N .
WRE1.8.2 W I 4 RWEM, N o(I) & S PARWEEL o(1)S. ¥ S/p(I)S Hit
¢ WA R/I-RE WA R/I-RE&H FH
(R/1) @S = S/e(D)S

(r+1)®smo(r)s+o(I)S,
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HH rec R seS.

IEBR K S B o N R MHZIRZYE 1.1.5 WIS SH IS = o(I)S; il 1.3.7 %
4 R-EEFRIM (R/T) ® S 5 S/p(I)S, ML S . FHUEILFEAARE:FRILERIT, 270
I ¥ O

EX-RE1.83 % U A4 RMWRWTE, N oU) £ S HRETFE. # Sle(U)7'] &
it A RUTY-R¥&K, WA RU- & RAH
RIUT @5 = S[p(U) ]
r p(r)s
u p(u)’
H¥reRueUTiseS BT RU-RET UL HIEA SU.

IERR Wi ERERIE, HER BRSNS — S[p(U) '] BIBAMRERER R

X s +—

Hom pjy-11.0ag (Slp(U) 1], T) ¢ Homp.cag (S, T) .
TR, B8 RIU--AK T, TR RU-Y — T 4 .
o W RACKINIFA £:S — T, W fo(U)) C T, BURELEIZ TR HIR A
g:S[p(U)~Y — T; X2 RU-REAZ, B

s (20) = stetun rteen =v (5) 0 (5) =0 (L), Leru

o RZWBH RURBMEAS g : SlpU)Y] - T, BIRAZS f S —
Slp(U)~1] > T WG X2 R-IREFES, JH

o= (22) =0 (£2) o (2). ren

o FETHHIRHMLANIZIERL, PAERY f - g BN
gil, S Slp(U)™ & Fropu- WEMRE, BASH S — Slp(U)1] ZEF
BERARFAN T = S[p(U) 1] Ml g = idr BI7¥), 7RRN 5 — 2.
i 1.8.1 LA, ZEERERIME—MERA RUY ® S =~ Slp(U)~Y; MR R
RIS s — 2 A R[UTY 2 (-) BIZEFERETE PSS Y, 2 WX E 2 WS HAyLs. O

Wi 1.84 & R ft Ry A3, U 4 Ry xRy hitF 4. £ U, A U # R, v 1%
(i =1,2), WA FE A
(R1 x R)[UY S Ri[UTY x Ro[US Y]

(r1,72) <r1 7‘2)
— =y — .
(U17u2) U U2
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R B (1) — (5, 2) BHIRFZS Ry x Ry — Ri[UT '] x Re[Uy '], EBLU Y
TEENAIIT, BOUES (R1 x Ro)[U™Y] — Ri[U; Y] x Ro[U; ).

T I 2, % i € {1,2} # R; I8 Ry x Ro-fREL, W] R,[U; Y] ~ RUTY
R; (B 18.3), i LRFASERGBRRANRIER RU © (B © Ry)

(RU] % Ry) @ (RIU] % Ry).

O 4=®

1.9 i SRER

e E—TRIE. AT BB S KHTER Sy, B So AREITRERITEE So
HFREZ A, HotREXT S WATHE R-REZIK

6 RABIAZS o R[Xy, ..., X, — S HETHETLR 21,..., 2, € S, NMH
o(X;) = z; ZIE; o WHE T 24, ... 2, B RAELS.

EX1.9.1 & S % R-K%.

o WRBEA n€ Ly 1 RREMHFFS o RIX1,..., X, = S, WA S A0 5ty
FEA R— S AEREM L A ERE .

o WMRAEL R —FERTHE o 17 ker(a) ZF RAERER, WK S KA
B HEA R— S ZEREBRE.

o IR SEH RERARARKM, WA S IAMEHARS R — 5 ZBRH.

#2192 ¥k HRAMNBTHWER: # S (28 REBEEIE o1, 2,0, W
X RACBETRAL o RIXy,.... Xo] = S B8 o(X,) = o, L.

HW, # S EN RAURARRTN, MIEN RARBIMA: T35 ki mon
21, o BT RAREOSEIOFTEXR, DR S 4 RIXy, ..., X, HORIREL, (LT
CAHMAREN RAHEXRZINEA n? +1 PER

n n
Tixj — E AijkTk = 0, 1g— E by = 0, aijk,bk € R.
k=1 k=1

513 1.93 #EFFA R— S F S M.

(i) # M 4 REARER WEHH S-BEFR.

(i) & R— S AR & M A S-HRARAERY, WEh R-ETR.

(i) % R— S AIRAEMK; £ M fFh R-ERHRERY, WEIEH S-BIFR.
R (). £ R ER—HEROTEA—tRE S ER—RAEROT.
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(ii). B M B—HEAERTT 21, ..., 2, M1 S VR RAEH—EERIT 1, ..., Y, W
{yiw;}i; 2EBC R M.

KF (iil) FIRTEARR BRI, AR5 S = R[Y4,...,Y,)/1, HAH T 2SI B
M 1ERH RIERVERTT o1, ..., x,, HEXRBEN

> rwkrk =0, mi€R, 1<h<p

1 p NERXAER; 852, REFES RO — M BRZHEHENITCE Y0 rer AL,
HAF1<h<piiey,..., e, X3 RO™ HUbRIESRE.
ic y =Y, +1€S. B —EcE Gk € R #1715 YiTj = Zk Qi jkTE BN, WS

SOP @ §&mn il Son B

e —————— > Tk

M 0

(en,0) ————— >4 Thkek
(0,e45) ———— yiej — Yp_y Gijer

2 S-ERHTIERH, Hr ey Ml ey MREEIREIRRITR. B BN 2, 2, M
AR S M, RS B HIR, BT IEHLR im(y) C ker(B); [FIEAE T i AA
ker(B8) C im(vy).

BE Y berg =0, H b, € S, SRAFUE SO brey € im(y). MBS, F1E
gk € RIY1,..., Y] 818 by = gi(y1, .. ,ym) MR 7(0, e55) BITTERABIER, [H)7
AE] g, € R WA k& BROZAEE. SRR T 2, 2, B R-EIEXRR, &
ZZ:l bkek ’/IZ‘%E S@p “’B%E’J{%

ik, M Z2ARER S5 O

SI3E1.9.4 $EER) % EXFAAS R—> R > R

(i) #R—>R R - R HAAREK FHARET, AR o, WHE K
R — R" 4.
(i) &# R — R" RARAR (RAR) 8, Il R — R" Jr 4.
(i) &# R— R’ RAMBETH, R— R ZAHRERMN, Il R — R" ZHRETH.
B (i), SEEERAERER. & 2,0, B RRECR, M oy, ym B

R-RECRY, WK oy, 2 BIBOER 1, ..oy BB R-REC R
HELHEARREY. FERY

R/—ﬁéﬂl
R’ R/[Xl,...,Xn]/(fl,...,fm), fiGR/[Xl,...,Xn],

Rﬁiﬁz
R R[Yla"'7yr]/(gl7"'7gs)a gjeR[YV].77YT]
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HEA f EBRIXq, ..., X, Ya, .., Y] RIRERTE fi, 8 R-REUFING
R'~R[X1,...., X0, Y1,.... Y /(f1, s fons Gy - Gs)-

Kt R RARRRERE R-REL

NFABRIER, 07U R ZERAR R, fE518 1.9.3 (ii) AN S = R #l
M = R" (¥Jy R-#%) RIA.

(ii). N THBRERER, & y1, ..., ym EN RAE R, TFEIMER y € R ERER
TEEMr R-ZHZ I, Wy HAMBERIFENN R-REZ T, 8 oy, .. ym ERR
R R ARIBHEZANEUERAL.

(iii). A R" = R[X1,..., Xo]/(f1,..., fx) T R = R[Y1,...,Y,,]/I, HH
fi,-osfr € RIXy,..., X, Wi I CR[Y,..., Y, BEEHEM ME1<i<m, g
yi =Y, +1€ R £ R" HOUGN hi + (f1,..., fr). 7 EEUE ] 1S

R'=R[X1,.... X,/ (f1,--, [r)
RY1, ...V, X1, ..., X,
(IR[X1,..., Xn]+ (f1,- s [ Y1 =Ry s Yo — h))
~ R(Xq, 0 Xnl/(frs oo frosyt — Bty ooy Y — ham),

i HIX2 R-AREWIFEA. O
DA HERRIAE S BAMRER R-AE, WEX 1.9.1 5 “HHEANTA o &

&AL

R 195 X R— S RARETH, WHHH m e Zo X RREHHFERS o :

B RUiR S = R[Xy,..., Xul/(f1,. . fo). MFE 1 <i<m¥ aY;) £
hi—F(fl,...,fk), N o 73fiEh

WE R[X1,..., Xn Vi Yl o~
- S,
(flv"’vfkvyl_hla"'vym_hm)

BBIBERRA by + (fr, .., fr) ALY,

TR RBEEPEN X1,..., X, A 1<) <n, i&# g; € RY1,...,Y,]
5 algy) = X5+ (fr,- o fo). 18 fL (B8R NAE f; (B b)) A g; AT X; BI7
Y (j=1,....n). MAEMERTLUE o FHE TS

WE R[X1,.. ., Xn Yioeo s, Yinl
(fiseo s fes Y1 —h1yoo Yo — hn)
R[X1,. ., Xn, Vi, .o, Yol
(fr,-- s Yi—he, o Y =, X1 — g1, .., Xy — gn)
R[Yi,..., Y]
(f{,...,f,é,Yl fhll,...,meh;n)’

~

R[Yi,..., Y]

RIYi,.... Y]

~
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XML Y HEESE. B ker(a) ARRARL. O
BRJERIRTT P 2 5 5k BN E S 1.9.1 BYRZIA.

HE1.96 % R R AFFA WHEHET R @ (): R-OAg > R-CAlg R#
Bk (A RET, HER) K.
o R Sy 0 S, WAKRAR (RARRT, KA BRI, W 510 S KA.

IEER SRS —Er. 1R S NARRARR R-REL EWEHRS o - R(X,, ..., X,] = S,
18 T :=ker(a), S := R’%S. BT R-REIFEA R’%R[Xl, oL X 2 R[X1,..., X,
H R-EEIESS

idR/®a

!
s’ 0 0

R &I R[Xy,... X,
R

Aol " BERAR R-REL.

W ER S BRERERN, F_ LRMER % 1 2 ERAEREM 1 R 21 £
GARERE R, 22 E & BERER R-REL

KTARERWRAERR B 1.5.8.

NFHE I, WS, F Sy BNERAR RAREL NIE—H5 (B R = S)) Zik
S, ® Sy AR S -RE, FHH5IH 1.9.4 (i) BI%ED S, 2 Sy AR RAEL. [F
HAEERERATER R-AREIIRRA. O

1.10 =

PARIE S BRI ZAR SR, 28 (14, € X 5.3.1].
EX 1.10.1 (FiESIRAIBEE) & R 43, i©

Spec(R) :={pC R: B &},
MaxSpec(R) := {m C R: L AFE & }.

HATFR Spec(R) A4 R #h %1%, # MaxSpec(R) 4 R ##H K 8%,
[A]Z&] MaxSpec(R) C Spec(R). MMM I ¢ R FMIILE f € R, FHlEX

V(I):={p € Spec(R) : p DI},
D(f) :={p € Spec(R) : f ¢ p}.

SME fi,.. o fr € RIEV (i, fu) =V ((fi,--, o), BEH (f,... o) 1R
R fi,..., fo T R APERIIEAR.

SI3 1.10.2 L L& X V() R TR ER:

(1.10.1)
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(i) V(0) = Spec(R) i V(R) =
(i) FI1CJ W VvV(I)>V(J);
(i) % (Ja)aca A —HEEMA, W VX, la) =Na Vo)
(iv) # I,J AHEE, W V() UV(J)=V(INJ)=V(I]).
7 (i) #AUK R PHEARFME A 0, % Spec(R) # ) FE X XHMEH Spec(R).

IEBR WP S (1) A (i) 28 A BT,

XF (i), BRE p D Y, lo HHMNYE Vo € A, p D I, MEEWHEY T
pen,Vla).

NF (iv), EEE [T cInJ, (i) & V(HuV(J) cvInJ) cV(IJ), F
WE V(I)UV(J) D V(IJ) BIAl. S¥xMEIERA R MBS & p ¢ V() UV (J), WITELE
acI~pMbeJ~p ZHMIENEIR abe [T~ p, 8 pg V(). O

5|13 1.10.3 Pl L& X # D(f) # R TR K

(i) D(0) = 2;

(ii) D(fg) = D(f) N D(g);

(i) % I 2 R $EH8, BETFE S &R, I Spec(R) V(1) = Upex D(f);
(iv) Spec(R) \ V(f) = D(f);

HERA WS (1) B

xﬂﬁ (i), % BB p MESGRIA fgdp HAMCH fép Hgdp

T (iil), BN TRrA ZHME p, TATE p 2 T YHACHELE f € = H15

f ¢ p.

MNT (iv), 1 (iil) A = = {f} BPA]. O

N THIRFKT Spec(R) HIFICH EFINE, A& Spec(R) B iR FHMINIEZ.
MRGIRFRIAUT.
SI31.104 X R A3, M1 £ RWEEE, WEARAZEE mDOI, %52 V)N
MaxSpec(R) # @.

B, BT =0 W LAEEFEARAEA.

HEBA  PRGRYEEARNA, UL [14, fn 5.3.6]. O
#it 1.10.5 & R #3F.

(1) %14 RWEHE N V(I)=0 < [=R.
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(i) % f € R, 1 D(f) = Spec(R) <= [ € R*.

B NF (1), B V(R) = o; k2% 1 2EME W51H 1.10.4 BHH V(1) £ 2.
X (i), 513 1.10.3 (iv) & D(f) = Spec(R) <= V(f) = @, XA (i). O

#i 1106 %% RHTE S, #4014 Usex D(f) = Spec(R) 3 BN L EH fiv..., fm €
M, € R H m€ Lo,

r1f1+"'+rmfm =1

WEBA ID 1 O ATREGEEAR. SIEE 1.10.3 (i) R Upep D(f) = Spec(R) FH T
V(I) = o, #1105 (i) RAGFEXENT I =R O

EX~F5RE 1.10.7 (Zariski #&#h) 7 %3 Spec(R) LM T — i dh sty 5T %
7 C Spec(R) AMS RS EEER T A Z = V() #—%, Wi D(f) T %%
T, BB A Spec(R) B —#L3 (EX A1),

g MaXSpeC(R) AT R & SpeC(R) Fu MaXSpeC(R) oo F A A
MR A Zariski A 3.

IERR N TSR AR E E— S, TR R RIEEA V(I BT EMERRMER
FEEA, XERS I 1.10.2 BN A,
513 1.10.3 BERATEW D(f) BIFHEX Zariski rF0HFF, FH HAGRAAFHEE. O

DA — R AN R AREE B E RS TR R Rk

513 1.10.8 X T Spec(R) HEETE S, HHBL SET V (ﬂpes p); %S =0 HH
ERBRWERA R

HWEBA % J N R PR N S c V() YHMYME peS B p D> J, ¥YH

(04 Myesp D, BV (Nyesp) REE S MM !
R 1.10.9 & p & R EFEM, N p 2 Spec(R) MHA A (EX A1.2) YEHN YV R
RAEE.

SER BIF 1108 0] p REAENT V() = (o). # p Bk MBRA V() = (o).
K2 V(p) = {p}, ABIE 1.10.4 BURATAE m > p, M m = p & p HA. -

WIS (Rabzei) FrsHIvEmEoh Ring, SZHAMEH P2 77EWE CRing. ic#ifh
ZE [ ATEIE N Top. IEALRIFEESRGICRIANTY, WD 1.1.4.

Rl 1.10.10 % o R — R AFFEA, NA R ZCH A
Spec(ip) : Spec(R') — Spec(R)
P e (),
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B Xt Zariski ¥ 3hE L, H H R
Spec(p) "M (V(I)) = V(e(I)R'), Spec(p) " (D(f)) = D(¢(f))-
F My fE Spec & A ®F CRing™ — Top.

HEBA N T UEH Spec(y) E XA E o1 (p) SEZHMARN: EHE o (y) BRE
IE?'EE\, iii] gD(lR) = 1p ¢ P/ %/@Eﬁgfﬁfg, ﬁ?ﬁ

zy € ' (p) = o(@)py) €p’ <= o(z)ep By ey’
= zeo p)Hyec ().

T R RERREAE 1,

Spec(p) T (V(I)) = {p" € Spec(R') : o~ (p) D I}
= {p" € Spec(R') : o(I) Cp'} = V(p(I)R),

HIERD Spec(p) HESE. ML I = (f) I HIZH 51 1.10.3 (iv), AI{§

Spec(p) ™ (D(f)) = Spec(R') ~ Spec() ™ (V(f))
= Spec(R') N V(p(f)) = D(p(f))-

5, B Spec(idr) = idspec(r) F1 Spec(thp) = Spec(p) Spec(y), Hrft R
R R WERIAIZS, #C Spec AT 0
KT SIS, FHIRAMPFER AR B AT UL §A 1.
#iC 11011 L ER R WHEE I IRUTE U.

(i) BRAS R— R/I %5 Hynt 4t
ir : Spec(R/I) = V(I) C Spec(R)

RINVI) Ao AN CTE V() A V), £+ J & R/I HEERE,
i J C R ARG

(i) #£EFLS R— RUY FR R
ju : Spec(R[U™]) = {p € Spec(R) : pNU = @} C Spec(R),
KWK B Spec(R) #1%F ¥

(iii) % f € R, M R — R[f~'] %5 W D(f) A& FFHN jr : Spec(R[f7Y]) —
Spec(R); ©#T % D(£) % D(g) N D(f) = D(fg).



40 F—E REIFEM

EBR AT (1), AR T C R H (1.1.1) BRFRES T < J REGEIERT i &2
T8 V(I) GRS B8 i S FerifIERF DEERR i (V () = V(J), B ir
SR A [RI R BASIE.

X (i), ai 1.7.6 (ii) RIAFORBSZESGS, BIEH Y FFmEEIR]. & &
Spec(R[U™!]) BFFF2E D(£), NTAE U B p € Spec(R), FIZE] p FEBIR p[U],
il 1.7.6 (i) 20

%ep[U‘l] = %ep[U‘l] < gep[lU ) NR=p.

Hitk D(2) BET D(9) Nim(ju), FFHEFIE.
fE (i) AIEHEHIERIFE U = f2=0 IS (iii). O
BJa b FE — W77 RS IL.

513 1.10.12 3% R K %3, W &L KB Frac(R) #4 F % X

R= ﬂ Ru.

m:Af A E A

HEBA BRHEL S CR o BIR]. & x € Frac(R) JE THTE R, 2. EX R HHE
I'={rcR:recR}. HI=RWMMN1cInfzcR & I+#R, A5 1.10.4 7]
WAFERKRIEA m O I, MM 2 € Ry AIAFFE u e I~ m, FJE. O

1.11 Bz

JE BRI AT 2 A F3 Y SRR

EX 1111 (REPIFREPIRISE) W R 7 R A& — KRR m, WA B,
MR FFEITH (R,m), R R/m Hh R FI& LS

BT 1.10.9, REFIRE XA Y T Spec(R) AME— .
EX1.11.2 (FRHEF) o RETF R UEARE MUAER, WHRZA ¥R
5 1.11.3 & THEA R, UTHRE:
(i) R &R
(i) AFAMAESL m £ R~ m= R,
(ili) RN R* & R Wy M;

(iv) XtfrH a€ R, b a€e R* & 1—ae R*.
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HWEBA (i) = (ii): B m N R WYME—ARIAR, WA R~m c R* HIUA]. % a € RN R,
M (a) # R 513 1.10.4 WRAERKIEE m’ O (a), Wi a € m’ =m.

(i) = (iii): 2.

(iii) = (iv): I m:= R~ R*. & a ¢ R* M| a € m, AAWRAEN m FBEMHM, X
XGFH1-ad¢m Mfil—ac R,

(iv) = (i): # R AHERNAREE m ' M m+m' = R, HPEFREH 1.1.2
A accREBacmiia—1ecw; AMXSEH a 11— a (BEAR]H. O

£ [14, B X 6.12.3] MR EAIALE T RIS, HiE T (iv) 192
i’ Km5ENX 1.11.1 375,

il 1.11.4 & R 3R p € Spec(R), W (1.7.3) RIARFI R, (EX 1.7.7) 2P pR,
R M — AR AR R AR JR) B IR

XREN R N EHRKFE m (EREAAR SRR, (LA B R 15
U:=R~m=R*, TEMHMAREHLAZERFRANEERS R — RUY =R, X
SRR ERFZS R — Ry AR,

PUNE BN R NERHM p (FREMRZINEER R,.

BN 1.11.5 (BIR3EEE) % R 43, p 4 R WEEE, i€ s(p) == Rp/pR,. 3 H
A R— R, BRERX R/p— s(p), 5% r(p) FET R/p 812K, A REp &
By 7] 4% £ 3.

R FHEBEAFS R — R, H (1.7.3) Hl pR, NIEBZE pRy, N R = p, HILZI
R — R, BFHIHEFEZR R/p — k(p).

HIR, ¥ k(p) KITREME £ + pR, BB, r € R u ¢ p, WEWHEFET - +pR,
BREL &+ pR,. B k(p) RITCRABREGE R/p B, XK k(p) FFT R/p
(157 . O

SR SR EA R, SRR ] B A &R

-
R, —— k(p)

)%%MJJ T)%grwc (1.11.1)

RTR/p

HEE SRR 7 € RN L + pR,,.

B (R,m) 1 (S,n) NREH. IERFES ¢: R— S & ¢ '(n) Cm, X2H
HHR o(r)en=S\S* B reRBAET RR* =m; AM—MKIMNST ¢ '(n) R
T m.

EX 1.11.6 (BEEE) & (R,m) fr (S,;n) ARHF. WEXFELS o:R— S HLE
m=o (n) (REME o(m) Cn), W ¢ ABHHES, I ¢: (Rm) = (S,n).
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THEEASZ RN, REFEASNE B2 R, KRS RE R R R S AR
— /MRS LocRing. M2, REBFAZS ¢ : (Rm) — (S,n) Vi SRIAZEER 2 KA
R/m — S/n, BEUEIREIL HM LocRing ZIEGENE Field HYRR T

TR IIREZ — BRIR RN & [ EF4E. PARBRIRHE R #1 S AEER
J9JRERER.
Rl 1.11.7 (FFBEER) % o - R — S AT AA, M H A % 28 4 Spec(p)
Spec(S) = Spec(R), Bt & 7' (a)- & p € Spec(R). ¥ R-RHFK § = S r(p) &
Spec(-) % H Bl iE

Spec (S % n(p)) 5 Spec(p)1(p) C Spec(S).

B35 S o S@n(p) SHNFL: S S - S/ o(p)S, FATRHETHE o(R ) )
BEUR I, FFMEFZSAAHEL 1.10.11, AT WEATE SR

Spec (S % H(p)) ~ { q € Spec(S)

HMHKE Spec(S) HIESFHHIN. Z U q FERFENT o1 (q) = p. O

q D ¢(p) MH
aNp(R~p) =2 |

B 1.11.8 X p:R— S AAELX. %o '(q)=p HAAHAL

Pp,q

Pp.q :RP _>Sq Tﬁ@% RP SCI

r, el T T

U o(u) R s S
©

¥,

HEHreRMueR~p, Bl o HFRKEIHGHN c() : 6(p) = £(q).

IEBR HEMH o(R~p) C S~q, R — S — Sqg FIERM R\ p KTRENANH
T, REEHTZEBUR G HTRZ @y q. N TUEH ¢, o BRIEK), & L € pR,, Hf
repiiue R~p. M o(r) € plp) Cqalf§ ppq(2) = 20 ¢ q5,. ERMZHMERE

(u)
IR, O

S 1118 HRI oy o 1 m(e0) RESSHEAHUIRANEL. 55, X (R, p) A1 (S, q) #BAE

HIERCHER (111.1). 4§ S B o BUAE RAL W S, S/q Fl s(q) AN RAL
HIR, o, op.a B o BEII R/p — S/q Tl w(y) B RBLFZA. PI# 4T

(R.p) BIZHRE (1.11.1) SR (S, q) Bk, SHN R-Mod RIS 77 icH
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B, g 1.3.3 BURERETERT, Z2 R 2 AR — A58

S@ Ry —— S @ r(p) Sp —— S @ r(p)
T T ~ T T (1.11.2)
S@R—— S@(R/p) S ——— S/pS

SV P IEAE S/pS BLRAEN R-BRYR, ] IEONER S X HAR o(p)S KR,
PEM AR 1.8.2 BUMERE. HHoRTHE RS N S E 4%

R— R/p t—10t

o S ——|—— Serp)

S — 5/pS s@u—sk(p)(w)

Sq —— | — k(q)

/ e

S —— S/q

HIZMEESRE (1.11.1), FENE (1.11.2). HAh,
o Ry = Sy — Sq AN 1.11.8 1Y ¢y 4,

o k(p) = S ® k(p) — K(q) BN k().

1.12 mEswsE

NTI R R p DA RAE M, andl 1.7.3 ¥ M, EFT liny MIf~1), He
f P R~ p T H ling 2IEEE. ATSREGAWARIEFRAE MG R,-BL (B
RSN R[f 14 (BUREL) WAL, B f e R p. XESTRFEZSM Spec(R)
(I p BEE] p IFFERIR D(f), & LA WIS, N FAEROTRIE (85 A5
A FBUA B R 1A

MBI R R TR B IR . D BUREMEERI M{f -1 ~ M,

Tl 1121 % p A RWEEE, M AN 4 RAE, Hb M AHRETH.
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(i) &% Ry-BFE @p: My = Ny, HE f € R~ pfo RfFTHERE o: M[f7] =
NIf7Y, 8/ o 7 p[f ] B R 0p.

(ii) HE pp. B E (fro1) B (fo,p2) W E, FHEge R p #F fi,folg MEH
e1l97"] = palg ™).

(il) & N ARER (RARET). & 0p AH (KFEM), WTRE LR (f,0) £F ¢
H it (R EM).

HWEBA (i), AWK M = RO/K, H K AT z1,...,2m. X €1, .60 N
RO HUbRIEEL, EAITE M, RIS o, M %;,...,yg , ,\'43 ge R~p. TRA
V(g =% WER Rlg— R o : Rlg71®" — Nlg~'. 1 z; = ¢(%) € N[g™1],
W z; 76 N, 4 0, UFELE h € R~ p 18 hzy = -+ = hz,, = 0. B f = gh, 1
YIfY s RIFTHO — N[f7Y] 38 o« M[f~Y] — N[f7Y, GETE p LW REHA
Pp-

(ii). [FIEEIZILE] £, = fo BETE. EE M BAERTT ma, ..., m,, MEH ¢, #
©o TE p AEJRIEBARTE], 771E h € R~ p 1R hpy(m;) = hea(my) HEDN 1 <i <n K
3. B g = fih = foh BIAL.

(iii). ¥ N BRRAER. #H (1) T o, KB o M — N. & ¢, i, BN BEK
JC N1, .., np, AIWAETE g € R~ p 18 gny, ..., gn,. € o(M). IXUEAA plg~1] i

B N ARER o, NEM. BT =% A% o M — N i, W5 1.5.2
HiK K = ker(p) BRAR. B K AT 21,. .., 25, WH o, BAIRAETE g€ R\ p
1S gz, = - = g, = 0; HT ker(p[g™!]) = K[g™1], IX3RHH plg~!] ¥, BCHFM. O

BB 1122 W p AF RWEEE, AR B A R-RE, £ A AFRETH.

(i) %8 Ry-REAFE @p : Ay = By, HHE f € Rxp B RfT-REFAS ¢ -
Alf~ = BIf '), 5% ¢ & plf 1] LB RFLE ¢

(ii) HE pp. BE (fr.1) P (fo,2) WL, FE ge R p FER fi.folg WMEH
e1lg7"] = palg ™).

(i) % B AMAER (RERET). & op A (REAMH), WTHE LR (f,0) R ¢
Hy i (K FIA).

JEBR  Rlamel 1.12.1 AYIERA, ZRITET 0% R-RE (BCHEAE) f9ART, JF B.A
Al 1.9.5 SRR 1.5.2 (iii). O

BE R E SO E.
B 1.12.3 % p A R HEEHA.

(i) % M AHRAER RHE. & a1,... 2, € M £ My FWBRE—IRAERT, UFHE
fERNp B a1, a0 £ M[f7'] ¥ RE—RERT.
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ﬁ:ﬂ
&

(ii) FL, B8 M B8 AREKR R-REA, 5 EREEXT oy £ & TT.

SEB X T (1), R M B WARTE i, -y, B yo 78 M, BRGS0y %
Hetayy € Ry, W f € Rp {813 fo; MPTH (i,5) WKA R IFH fy =
S0 faggry 16 M HRRSZAIA]. FEAE (ii). O

A R A BRI B o e (P [ A R X

BRE 1124 3 p A R REM, My (R Ay) AARET Ry (K Ry-R%0), N
A f e Rp MARET R/ M (R RIfT-RECA), £RCE p L8 RHL
& My (2 Ap)-

IR AT RIETY, B M, BT RO™ 25 RE™ — M, — 0. PULFRANER, 7
WA feR~plE ¢, RAED ¢ R[f %™ — R[f~1]%"; BL M = coker(yp) BIH].
[ AT AR B 1S . O

>R

1. % T AT J A3R R AR, B [+ J = R, WINFTE m,n € Zso &6 I™ + J" = R.

2. W N,..., I, ¥ RWEAE, p i R B BE p = N7, L, WTELE « #18 p = L.

3. WF NEFHH Vo F-REZE, M Vi,...,V, AV BWFZE (r € Z>). ERHE
V=Ul_, Vi, WELE 1 <i<r 8V =V XEamd 1.1.3 IEHP AR,
FEERV ~ F" BBF (n € Zx1). HEDN Vi ERNETZEE, WFE N €
Homp (V, F) \ {0} 15 V; C ker(\;). 20 F Jo55F SEARZ 2 T E SCRTBRE [T, M
AMENZ, W [14, @8 5.6.11], TV # U, Vi.
REUIEFEE— G, &V =U_, Vi, MEXNED i BFE vue VNV Blo,... o,
AR TR VRV, AV =Vnv RV, WV =U_, Vi, R V) BEREF=
I, ).

4. B R AR, B W = {I C R: IFEMRAERIEE}. IERRTE WV, C) MIRKTLNE
HAH.
EHEE. & p 2 (W, ) BIBATENT 2,y € R~ p W2 zy € p. I T :=p+ Ry
BEBIC {ai + by}, HF a, epMibi e R RIEE tepc I Nt= >, silas + biy), |

ZSibiGJ:Z{T’ERZTyEP}.

WUE J 2 p, SEERTT {c;}or; 5 p = (a1,...,an,yc1, ..., ycm), FJE.

5. 7E5I3 1.4.2 F7E —amdl 1.4.8 BUAEA b, WHAART 1.4.3 PEBRA (iv) = (1) 1 (iv)
= (i)’
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6. WBIBBIEID 1.3.4 I Sar, ar, — AR,

7. BBIERAA BRI R TR A BRAZ AR, 1 HL A BRAE BB 62 A R A 3
il B A 2 IR A A IRAE AR AT R,

8. W M RAMRAMB R, IE@ 1.5.5 BIFZS
h_r)nHomR(M, a) — HomR(M,li_n;oz)

XA/ NTERE T FET o - T — R-Mod B AR,
FEHBIEL B Homp (M, ) (REHEE/AINEM, BALSERGHEREE
7N h_n>1

9. BB R =TF[X,Y]/(X,Y)?, BIEN F-MRZAAE 1, X,Y mod (X,Y)? B (X,Y)
£ R % m 2 R WE—RIEAE I H m RERIME=N™HEST m MIEAEZ I KHitda
A 1.1.3 SRR A2

10. T R BFRMETFE U, S AR IGEIR R
() (R[X1,..., X)) [U™Y ~ RIUTY[X,..., Xa],
(i) R[U™Y @ R[UY ~R[U.
11. XT3 R RHFEMFE U, ¥ RU - M @ R — RU'| L R, 1EREHL
MUY, YA RU-BIBERING M S MU

12. A L@, X R-Mod & Tl R-Mody I R: M € Ob(R-Mody) ¥ HANEH N ue U
X M RFEEER A HINAIN 2 e M B vz € M NHR v-u e = x BIME—
TLER.

(i) W Zz := w'(ra) f M € Ob(R-Mody) &y R[U -8, i H. & S [F 44 T
MU™.

(i) ViR RS T R-Mody — R[U™']-Mod Z27EREZEN.
13. (AEMLESME) & M 8 R4, f ¢ R. ZERSH
VI VA VI

MER T Zso — R-Mod (KT Zso FRIERF), IEIHE R-Mod HEX ling M. G H R
REGER lim M ~ M1, Fxt ling M SHIRAHRL ) R[f~]-#545H.

Fi o € M 1755 n DMWERAS M — lim M ZNHBRYERT 5 e M[f1].
14. % R NIRMW f € R. BE R-BE R[] B B HEFHE

0— @R%@Ri R[f™'] =0,
n=0 n=0
HA a((rn)nz0) = (Ttn — fra—1)nz0 (FE r—1 :=0) T B((rn)n>0) = Z In.
PP 1.7 4.
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M
&

15. & p AEE, FIE F,-RE R 1 Frobenius HFEZ Frp : r — r?, BiH Spec(Frp) = idspec(r)-

16. 25BN TR ¢ : R — 5, Rk Z AT Spec(p) : Spec(S) — Spec(R) AR
REAEN KRR,

17. 2B R ER IR TR R S AR 2602 ) R IR .
18. & R NAEFIR, fn
S:={IcR: B HtReRFHT}.
(i) MR T e S MEEZTMTE (S, <) MEMATT, M BXERARTT Iy RIAE.
(i) PAEERA R RO 78 n Rl — R FAR O .

HF (i), Zorn 5IBEMBIATERAE. W p WAATEN 2,2’ € R~ p. {501 22’ € p, W]
171E a,a' € R b € p (61F az + b F1 o'a’ + 0 BIEBRT, AREREET p, 8.






e IRBIER

2.1 ==i=

ATIEEI R.
EX 211 & RBFHER I T

VI:={zr€R:3n€Zsy, a" I}

CHEVIDOI WMEMAE RBEMA: St RUWFREHABER, ZTmEHEE, &
zy €VI TERRES A n FHF 2",y €I, T

2n—1

(z+y)2n ! = Z (2"]; 1>xky2n—1—lc cl

k=0
A VO B h R BERE, FiEh
nil(R) :=vV0={R ¥ M HEET}.

EX 2.1.2 #nil(R) =0, MFHF R ABEA, x40 T RAEEEFET. i
Rieq = R/nil(R).

SI3 21.3 w2 U TR
(i) # ¢: R— S AFXER, U o (nil(S)) = /ker(p), £ Fl H o(nil(R)) C nil(S);

(i) IcJ = VIcVJ;
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(iil) VVI=VT;

(iv) 3F Ruoa REAM, HAH AL TERE: £ 5 BRAKT f:R— S ZAA, W
F R BAEHA R Rieq -

(v) VI %F nil(R/T) £HFA R— R/I 2T HE&.

MEBR (i) A0 (i) B

MF (i), M T ¢ VI 18 VI c VVI. R2® » € VVI, #IE n > 1 {5
2" € VI, TELE m > 1 {5 2™ = (@™)™ e I, i = € VI

XF (iv), JeRUEH Roeq BEL). B 7 € Rieq 2 = € R G BHH n > 1 #15
7" =0, M 2" € nil(R) = v0; M1 (iii) &1 2 € VV0 =0, ¥ z = 0.

ZRABEAIR S BIEZS f. M nil(S) =0 M1 (i) ATD £ ME—HLET Ryeq 20

NT (v), Id 2 78 R/I WG z, W 2" € I < 7" =0 NFTE n ML O

BIH 2.1.3 (iv) BIZHREE R Rea RNET, #i80 R HIBRLIL.

BE214 £ 1 RF R HER, UV = ey b BREZE V() = 2 BAZA
R.

JEBR A% T # R, BN 2. BT R R/T (AR (SRR 2 ET
RiZ (1.1.1) FISIBE 2.1.3 (v), &S R/T R R, ¥IAELE] T =0 C R HIEE.

i ox € nil(R), W 2" = 0 SBOSFIE p € Spec(R) BH 2™ € p, NI z € p, FIL
nil(R) C ﬂpGSpec(R) p.

Rz« AEREIT, MR Rz~ (AE 1.7.2) JEZH, 518 1.104 H
R Rz~ AEMME M 1.7.6 (i) wéﬁﬂlkt%f%*ﬁ;l%a%/\'ﬁ {1,z,22,...} ERZ
p € Spec(R); TRMFNT = ¢ p, T2 2 ¢ Nyespec(r) P- 0O

I 215 & 1 4 R WER, N V(I) = Spec(R) <= I Cnil(R). WS35 f e R,
D(f)=2 < &%

HMEBR  AIE R EZE. dd 2.1.4 WA nil(R) = Npespec(r) P5 RS T YAEICYRER
HFHAE p #EE 1, 78RN V(1) = Spec(R).

LA, 513 1.10.3 (iv) A D(f) = @ <= V(f) = Spec(R), Mi_E—BERPFEH
FMT f €nil(R). L)

EX 216 #HE VI=1 th3EH T 5 AIREE



§2.1 BERE 51

Wi 217 w1 43 R R, W V) =VVI). #—F, KA1H L4
{IcR:##H} <« {Z C Spec(R) : FIT4£}

I V()
npeZ P ' Z;
FU C T HLART, WA R RTH.
WEBA N T —#a, Wop e V(I), WA 2.1.4 K p O Nyopyp = VI Hilt
V(I) c V(VI). B—7J5E, I c VT &% V(1) > V().

MFHE G5, V(I) B2 Spec(R) MM T8, A MM AT . HIR, 72 ms
INEES: 4658 Z, @ 1= Nyepp B 2" € T W 2™ € p XATE p e Z O, M 2 € p,
HHIERT L T = VT,

BB TR T T2 R it

{I c R: B} —— {8 C Spec(R) : EEF%}

mpesp i S.

Sl D TN AR BT N, 0 = VI HIR, 518 1.10.8 BB C 771AME
BES AV (Nyesp) =S

BRAE P DK _E IR S 11 445 PR32 73 S BRI ZAR AR 1 FOPAI 74 Z, WA pR B
NS, RIFETUE AR O
#WiL21.8 & f,gc R U D(f)C D(g) YERLEHFEAn>1EHF g| f; EEFXE
£ (1.7.1) &y FUF.
IERR 51 1.10.3 (iv) BERA D(f) € D(g9) T V() D V(g), #EiL 2.1.7 BHAIX X &
T (f) € /(g), 781 £ € \/(g). O
WL 219 & o: R— S AFEA, T I := ker(p), M A4 im(Spec(p)) C Spec(R) %
F V).
JERA 51 1.10.8 KAH im(Spec(p)) = V(J), H

J= (1 »= ) wl(q)=<p1( N q)
(9)

pE€im(Spec(y)) q€Spec(S) q€Spec
= ¢ ' (nil(5)) (A 2.1.4)
= VI (3IH2.1.3 (i));

SR V(VIT) = V(I). L)
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#ig 2110 X R WERIETFR U BF
nil(R[U™Y)) = nil(R)[U 1]

TRAETU C: & (2)" =0, WIFETE v € U {18 vr™ = 0, kil (vr)" = " Lor” =
0, XA £ = = e nil(R)[U '] fEuHEIL, BEZUA R BURHERE RIU ) 5BELY.

2.2 BumTEg

& R WIN, T NEFEE,
EX 221 (BFEY) 2654 n> 18" =0, UK AFZTHEHE.

BN 222 (BHMEEEY) & [ 4 RWEE 25 rel $ARER hs s
I Cnil(R), WA [ hAHEERR.

il 2.2.3 FEALFZNLITNZIEIN Z[X,, Xo, .. .| LHREIA
R:=17Z[X1,X2,Xs,...] / (X1,X3,X3,...),

W (X1, X2, Xs,...) /£ R FBRREHETHE FL L, 80 X, NBREZEFZIT.
RMXFHAFRZIAE, By X!~ 1E R HHIBIES.

R REET R REE, B2 S0 3.2.6 FHHE T Noether FREZEM 1.
BH224 ¥ ICRAPDHEZER, WHEFEAZ R — R/I % 5K Spec(R/I) =

Spec(R).
R 4564E1C 1.10.11 F0 2.1.5. O

el 225 % ICRARBMEEEE, f1,for€ RFAK fe R/ HFMG, NFEE—H
R-R¥AM RIf "] ~ R, T (R/DIFY) 4RF RIS A RHETEAE I
Z W (i=1,2); % 5l H, Spec(R/I) = Spec(R) R4 4 FAE D(f) = D(f:).

B Bt c TG fo = fi—t. WERFAS ¢ : R — A 18 o(fy) AI, @
a:=o(f1) " et), Ma TE, o(fi) 'o(fa) =1 —ae€ A% W p(f2) € A FEFXIFRNE
BEN RfY AR, WRARRIRIZ LR, AP R AR, HoRWrs B . O

PAREEIBFR A TR L.
W 226 R ICRAIRFHEZEME, WHEAS R— R/I #5504
(ecR:B%ET)—b{écR/I: BET).

ERETL 6,....60 ER/IIHER i # ) = &e; =0, WEMNHE-—FFRRK
er,...,en € R HA XMER.
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IEER RAASTAMBEEITCNREIC. U e — e NG K e1,e0 € R AREIL,

i

3 3

3 2 2
(e1 —e2)” = €] — 3ejea + 3e1e; — €5 = e1 — e,

BBIFHETS (e — e2)% =1 —en WFTH k> 1 BL. % ey F ey £ R/T FPRYGARR, M
61*626[%%2?7?5, B k>0 EU%D e; —eg =0.

RV S, SEmET e NEFEG re R, FHEHYTH 2 =12 —r e [;
NTUEHERETC e € R 15 e — e, AGLA (2) X I, NIRRT T 5 HF5RH
Z1E n > 115 1" = 0.

X n BIAHCIEFER R Z e. A% n > 2. ¥EFESHHN R — R/I? — R/I,
RIGHYBES TE RS TR TR, TEEEY o NEEN (12)% =0, FHN (12" =0, E
BA L <on. WREGE—SAE] 12 = 0 BETE.

Be=r+fr)r?—r), HF fcZ[X] &, Ml e E &, H

=1t —r+ (2r =1 = 1f() = (F = )1+ = DI));

BUf=1-2X M X2— X |1+ (2X —1)f, G NE.
HIG¥ e, ... e, WEFTRMER. 4 i # j, WFSFTT eje; & e,6; = 0 HIME—EH,
HEET 0. O

Fid 2.2.7 % A B RAREL B A JERH, N TA 2 A WHEAR /£ 1 ¢ R /&S
AIRGER T, (5 TS

[ee A BB} {ec A/TA: BETT)

B E §1.2 HIZMF B M E.2 RS 61, e, HEEM A/TA 12715 A,
£ E.1 F1 E.2 haL. 4075 B EA R S

2.3  Jacobson iREFNHILE[E

il 2.1.4 KA R BIREMRERR NPT R 2. RI5R DR EIFEE X
55— MEE ERYEAR, FRON Jacobson MREE; (EIS—1RAYZ EAEIEZIIARIILIE P thi s

2.
EX 2.3.1 3f R # Jacobson IREZ X A FrA M AEE Z X, B/E
rad(R) := ﬂ m;

méEMaxSpec(R)
HRAE R AFZHHAZA R FiEA nil(R) C rad(R).
BilanE X 1.11.1 BJRERIR (R, m) BRI E rad(R) = m.
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232 T ROFHAER LR 1+T:={1+x:xel}, N:
(i) 1+rad(R) C R*;
(ii) I crad(R) Y HMN % 14+1C R*™;
(i) X¥FTH 2 € R, BT A EHE R/ FHK, %1 Crad(R) B, 7€ (R/I)* <= z€
R*.

IERR JebEE (1), W 2 € rad(R), W 1+ 2 AATREIE T R MATMIRRRHEAR, #s|3H
1.10.4 ZEIRIEEN (14 2) = R, 78R 1 + 2 € R*.

T (i), “AN47 TiAE (1) BfR. A E—7710, 1% T ¢ rad(R), NAFTERKREAE m
WEI¢m HFMI+m=R AfllzcclMyecmlFaty=1RM1-2=y¢ R,
W1+1¢ R*.

NF (i), I = BIAl. & 7 € (R/I)*, WITFTE y € R #1% 2y € 1+ I; T22 (ii)
K 2y € R*, M 2 € R, O

MNEFEEAR T c R# R M, BUFBE TM WNZT5E 1.1.5.
GI¥2.3.3 X T4 RWEHE, MK R & MALERT 1,...,2, T ¢ € Endr(M)
R (M) C IM, W% TR
f=X"+a, 1 X" '+ +a€RX], ag...,an_1 €I,
4 f(p) =0 € Endp(M).

WA B ai; € T 15 o(x:) = 227, aga; RATE 1 <i <n BOZ, FHEHRAT nxn
FERE A = (aij);;. W g 2 = g(p)(z) M BN RIX]HE, B g € RIX], M A FE
SOEYT MO o DUERERIRH 7512

(X “Loxn — A) =
Ty 0
1 f= XnJran_an*lJr' +ag € R[X] A E(J¢%?E§'Iﬁft, il ag, ..., an_1 € 1.
¥ WD A BEREREFE (X - 1ysn — A)Y € Myuxn (RIX]), IWERIEZEHM, 4

th
f T 0

f] \zn 0

MBI NE. T2 f(o) () =0 XA 1<i<nfE M PR, H 2. 2,
AR M ORIED f(p) = 0. O
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PARESIRE AR il 512

EIE 234 (FRWUIE) % M A HBAR R-#, MEM I CRHBLE IM =M, I F#E
acel FH/ (1+a)M=0; F#H—FFEKR I Crad(R), I]| M =0.

IEER 1RSI 2.3.3 HATHL ¢ = idy, MR ZTEK £ 2 f(idy) = (1+ a)ida, H
Ha=a+ Fa1 el TR flidy)=0FFH 1+ a)M =0. HH—HEKR
I C rad(R), M@ 2.3.2 (i) Z8i6 1+ o A], # M = 0. O

A AR DAL
Wi€235 %14 RWAR, [ Crad(R), 1 M 4 R-H.
(i) & NN M @F# N HREKT M=N+IN', Il M=N.

(i) &# M HRAER, f: LM ABERX, W fEROFES F: L/JIL - M/IM %
W A
(iif) & M HRAEMK, 21,..., 20 € M £ M/IM FEHEAEERT, W 21,20 7 M
W A R T
JEBR T (1), HEEEF M = M/N H N’ BBAERR, Ff M 26 RAERN; HIMNEAR
A IM = M, fRNEH 2.3.4 BIf§ M =0, 7781 M = N.
T (i), 2R M = im(f) + IM. ¥ (i) FH N (80 N') BON im(f) (B0 M),
ERE] M = im(f).
XNT (i), B 21, ..., 2, FIEEREERZE f: RO — M, N (i) 7TH f #, 78
Bl zq,... ¢, B M. O
M T ONEEEAEN, EH 2.3.4 FIHEL 2.3.5 BIRTHR AT DUBCEE, IGTE AR Rk
Rk 236 W I AT REFEEEE M H R F IM =M, Il M =0. s I 3%
AN
(i) & NM N K M@GT#H M=N+IN, I M=N.
(i) F f: LM AERX, T f FEERES f: L/JIL— M/IM %, W f 4.
(iif) & M #— R TE {Zataca E M/IM ¥ EEH £ BT, W {Ta}aca £ M 4
J&TC-
JEBR BUns> 08 1" =0. &H M =IM W M =I"M = 0. fEEA L, WS (1) —
(iii) HIRIEAIHERR 2.3.5 5. O
DUR/2ERE 2.3.4 M5 —NIA RN .

#Eie 2.3.7 (W. V. Vasconcelos) & M 4 A R4 K R4, ¢ € Endg(M) A%, N ¢
= M g FY.
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BRI X, PLg- o = g(p)(x) B M DA R[X)-#ig5H, H g € R[X). fEEH
2.3.4 A RIX] A R, FHEX I = (X), WA ¢ #FH IM = M, BFF1E h € R[X] #15
(1+ Xh)M =0, 7880 idps + oh(p) = 0. Ktk —h(p) € Endg(M) & ¢ B, O

Ba, BATN 2N RX) BB SRERN Jacobson RERIFR. XA HE
I CR,CI[X]:=1I-R[X].
FEIE 2.3.8 (E. Snapper) # R %4, M rad(R[X]) = nil(R)[X] = nil(R[X]).
B 2 rad(R[X]) D nil(R[X]) D nil(R)[X]. PARIERA nil(R)[X] D rad(R[X]).
FIE [ =500 X" € rad(R[X]). fnil 2.3.2 (i) &I 1 + Xf € RIX]*. X R
MFTEEEME p BE 1+ Xf=14+aoX +a1 X2+ 7E (R/p)[X] AL, BIR R/p

ERZ AT AR ZIE, # an € Nyespee(r P = nil(R) MFTE n > 0 BOZ, M
f € nil(R)[X]. BHFTAKIE. O

2.4 pEwmxs

ARATRHREN ] (1.1.2) 1 (1.1.3) FIFFS.
57 RBE M. NT p € Spec(R), ¥&E X 1.7.7 BJE M WREML M,. WITE 2 €
M (FZS f € Hompg(M, M")), HMHIE 2, = T € M, (B fy € Homg, (My, My)).

I 241 % M % R
I dFHATE v € M, L THREN:
(i) =z =0;
(ii) XTBrA p € Spec(R) HH x, =0;
(iii) %t fr A m € MaxSpec(R) & xn = 0.
2. DT BRI 4
(i) M =0;
(ii) B p € Spec(R) &H M, = 0;
(iii) *tfrA m € MaxSpec(R) & My, =0.
3 s F RAmAAS Mo = | L Do L e
(i) M* E4 (RAEW);
(ii) Xt P& p € Spec(R), A% M® & T (1), WEES (RALF);
(iii) Xt AT A m € MaxSpec(R), FA%] M® XtEF ()m WEES (RALF).
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4. HFHARS f: M — M, DT HRAEH
(1) fAZERX (B E, SOHH, ZhRM);
(i) Xt Fr# p € Spec(R) &F fo AERA (A E, HAMH, HAFRM);
(ili) XtFrA m € MaxSpec(R) &H fu AEFEX (48, KA, H4FH).

WEBR EFEE . B () = (i) = (ii). ANEIER (i) = () B
Hand. ¥ o # 0 M ann(z) C R, #FAE m € MaxSpec(R) 1§ ann(x) C m (53
1.10.4); TRMFIEE 1.6.3 (i) B15 = ¢ ker[M — M|, 7801 2 # 0.

XNErE » e M N RIRZSS, RIS 0.

XTHE=ER7r, REMCRRATAIESS] (513 1.6.3 (iii)), Fl#e R, B5.
(Rl 58 — BB IESICTE TR A im(f 1) IS ETEHIEY; 76 M NS TEETHE
T, HTFrA H*(M*®) := ker(f")/im(f"~1) AIRIEGHIIETE.

XNTEEESY, EEREE f =0 FMT im(f) = 0, HRFHMAES, BIARRSH
%, X TZRSHW S G858 8. £ THRWS, 7158’

0—-M—=M, M—M =0, 0—M-M =0
o7 FF 5 =303 B AN BT O
51 2.4.1 FR TR {p: M, # 0} EHEBLIRR.
EX242(3ZK) & M h R-#, £XEEHA
Supp(M) = Suppp(M) := {p € Spec(R) : M, # 0} .
fl2.4.3 HL 1IN RWEAE. ETREMLIIESYE, NG p BE
(R/I), =0 <= R,/I, =0 < [, =R, < [ ¢p;
WJa—@ R 1.7.6 (1). HIKSZW Supp(R/I) = V().
—RRIT &, BN SCERARIE V (1), AR L35,
g3 2.4.4 # pc Supp(M) T p’ D p, M p’ € Supp(M).
BRI M, # 0, WEERAIE N (1.7.4) 2630 M, 0. O

3138 2.4.5 & {14 Supp(M) C V(ann(M)). #E 5k M 24 R4 A R4, I Supp(M) =
V(ann(M)), H T i Supp(M) & Spec(R) # H T £.

MEBA 1% p € Spec(R) W/ M, # 0. fRIE5IB 1.6.3 (i), F1E » € M EENE
u€R~Np BEH ur #£0, H6FZ ann(z) C p. T2 ann(M) C p.

WTEMREE M BRRAERL. ¥ p € Spec(R) \ Supp(M), W M, =0 mi7/# 1.6.3 (ii)
Zth uwe R~ p 15 u € ann(M), # ann(M) ¢ p. TEEE. O
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246 % M — M — M 4 REHELF, N
Supp(M) C Supp(M’) U Supp(M");

BO—= M M- M -0k R-EHEESF, N
Supp(M) = Supp(M’) U Supp(M").

IR XFTH p € Spec(R), 518 1.6.3 (iii) RIAEMMHTIE FHIAEES] M) —
M, — M} MIEESH 0 — My — M, — M} — 0. AL RE: X
FEREESS N - N - N (HEEAE% 0 - N - N - N' - 0) #hf
N =0=N'"= N=0(EN =0=N" «— N =0). O

513247 % I 4 RWER, M % R4, W Suppp(M/IM) C V(I), I EEH#H®
1.10.11 & [ BE Spec(R/I) = V(I) Z T % ®T Suppg,(M/IM).
IEBA DASIEE 1.7.9 K (IM), ¢ M, FFFT IR, - M,. a8l 1.7.6 (i) W p 2 I W
IR, = R,. Ht Suppy(M/IM) C V(I).

pe V), BXNE p/I € Spec(R/I). N HRIBLAIHIR, T R-BAIER
(M/IM), =0 FNT: NG 2 € M F1E ue R p ffif§ ux € IM.

S—JiH, R/IBMER (M/IM),; = 0 EWMT: A z € M/IM F1E
e (R/I)~ (p/I) 15 uz =0. Bl u (B 7) IRFTC ue R (Hze M), XT a iy
SN u ¢ p, THFRFRTIFRIASEN T ur € IM.

EHX A p € V(1) 188 (M/IM), =0 < (M/IM),;; =0, IE5¥. O

SI3E2.4.8 & M HAMAK R-H.
(1) IR 1.11.5 $ 45, Supp(M) = {p € Spec(R) : M @ £(p) # 0}.

(if) BRAFL R — S, £& S Ms := M @S, W Supps(Ms) & Suppg(M) *f
Spec(S) — Spec(R) # JFE1%.

(iii) B % RARH S FmAMAEK S-# N, it Supp(M) 7 Spec(S) ¥ & R & 4
Supp(M)s, 3+ HA M%N H S-#, W

Suppg (M ® N) = Supp(M)s N Supp(N).

(iv) #& I A R #3248, U Suppr(M/IM) = Suppr(M)NV(I) = SUPPR/I(M/IM)~

(v) #—F% M ZARETE, WHEAE k€ Z>1 F hy,... h € REH Supp(M) =
V(hi,... hy).
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JEBR T (i), %efE (1.11.1) B R — w(p) BN R — R, — k(p). BTl 1.3.5,
1.3.7 #1 1.6.6,

M ~M®R ~ M, ~ M, /pM,.
gm(p) ® pg;n(p) pgin(p) p/PM,

Eh M BRRAR, €M 2.3.4 4K
M, #0 <= pM, # M,.

XF (i), BX q € Spec(S) NHEHB p € Spec(R), M R — S B 1.11.8 EFIHK
BN k(p) — w(q). TEBLTEE
M ula) = 0 g )= (M x(p)) @ n(0)

o, R RIINRK BRI k(p) LHEY,
Ms @ r(q) #0 <= M &~(p) #0,

NH (1) A p € Suppr(M) <= q € Suppg(Ms).

X (iii), & q € Spec(S) KHAZ p € Spec(R). REME (M @g N)q AT M
FNN R-AAE p AHR0E, BT (1.3.2) 155 M, ® Ny, BX N, JHEREASE] Ny, [F
NIE M, @ Ny =0 HHMNY M, =08 N, =0. & M, fl Ny HIEZ, WEH 2.3.4
BWHEME k(p) M1 k(q) TESKERVEIRE. ARIMFISCRT SN 2 R4

s g (39 N,) = (s @ 04) & (s e N)

Sy Ry K(p) Sy
MAEZm B ARk EHIEE, ERIEE.
XNT (iv), isBH M /IM ~ M (R/I) 0 (i) AIfS5E—DEX, HIFEES R — R/I
R (ii) AI1E5E =
T (v), BEEIESH] RO™ 5 Ron s M o5 0; RE—RMRRE m > n. ¥ f
B R ER nxm BEMRIR, BIZ I c R NEHITE n M8 A RREE. XrE
p € Spec(R), 1 R — k(p) VESKEFRUFE] x(p)-lMEZRATIESS

f®r(p)
r(p)m ———

FH AT D M ® k(p) # 0 FNMT f @ rlp) MFE < n, FMTHEBMIERER » 71751
R0 (W [17, 51¥E 4.9.13]), WENTF p O 1. B (1) BH Supp(M) = V(I). %HiE,
Iﬂ%‘%ﬁz (hl,...,hk) Z%, /E\:EPICGZZL ]

fE5IH 2.4.8 (i) FAUIARZER M f1 N BRAERK, WAE Supp(M @r N) C
Supp(M)s N Suppg(N).

k(p)P" = M @ K(p) — 0,
R
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2.5 smmETEIMEE

FER AR BICEAL b, AR §1.10 BUREE, H— DB RG AR IMEL
XL AR KB A A,
AFIH) R PFGEE HIER.

Bl 2.5.1 464D & A Spec(R) Xt Zariski 3R ME (£ X A14) TTEMAHH (X
A.L5) #y; CA — 4Ll WU TT T Mk

IERR  SETHEARISE MR, WE — T8 U 15 Spec(R) = JU, S HHEEHR T
. BTN D(f) WA FEEBE, HESMHAETUR U ={D(f): fex} H
Y 2 RMTE

G 1.10.6 BAELE fi,..., fm €S Ml vy, ry € RAEIG S0 rifi = 1, {HF
— S HIX A B R T8 5 Spec(R) = D(f1) U---U D(fn).

HR, #12 1.10.11 SHFIR D(f) ~ Spec(R[f71]), Btk {D(f)}rer B—HHEL
BB A B,

RGBT B, ZEMEITFE U M V. 71 R W& fi,..., fm M
91590 TG U =UZ, D(fi) TV =U)_, D(g;). 1B 1.10.3 (ii) ZHiK

UnV =|JD(fi)nD(g;) UD fi95)-
i

SRMER D(fig;) UK, MR FRIARHTIZIUEN.

@ 2.5.2 % o R— S HIFFAA, M Spec(p) : Spec(S) — Spec(R) ZME s 4t (&
A1),

IEBR & U 4 Spec(R) BLEIF 75, WHEFELE fi,...,f, € RE/F U = U, D(f)),
A 1.10.10 £t Spec() (1) — UL, Spee() (D(f)) = UL, D(e(f:). HEi®
1.10.11 (iii) ZAHFEIRE D(p(fi)) ~ SpecSlp(f;)~Y, Mm@ 2.5.1 FIfREERIER,
Spec(p)~H(U) L. O

SI¥E 253 WH ec R ZF% T, N Spec(R) ~ D(e) = D(1 —e). &AN1H M4
{eeR: %1} X% {U c Spec(R) : BEF X 1}

e D(e).

B e BREIL, Ide i=1—¢,Mee' =0 FH De)ND() =0, Me+e =1
FE D(e) U D(¢) = Spec(R). It Spec(R) \ D(e) = D(¢'), T D(e) BETFXIA.
B ey # ep NWRFIL. BRIUE

0# e —ey=ceiea+eh) —(e1 +€))ex = erey — €} ea.
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RN, B erely # 0. BT erehy TRTEHIT, BAEFE, BEER 2.1.5 HIRGFEER
AR p (15 e1ely ¢ p. HIBERT p € D(ey) T p ¢ D(ea) = Spec(R) \ D(eh).

g b, FRBEE RE S BE. DUNIEE .

% U C Spec(R) BEIF XA i1 V := Spec(R) ~ U, M@ 2.5.1 fFHFMEIR (513
A16) RIAU 5V BRE. N5 K

m n

U=|JD(f), V=_JD,.
i=1 j=1
TR o=UnV=U,,;D(figy) (513 1.10.3 (ii)). M D(fig;) = & ML 2.1.5 15
fig; NG (i,7) BRZ.
8 T=(fiyeeeyfn)y o= (915, 90). E—HBAEE N > 0 ##18 1)V = 0.
513 1.10.3 (iii) &t Spec(R) ~ U = V(I) #l Spec(R) \ V = V(J), i

Spec(R) =V(I)uV(J), @=V{I+J),

JGEMYS T I+ J = R. WA 2N (X, AIMAFTE 2 € IN My e IV iR 2 +y = 1.
HES vy =0. HIAE 2 BET I RS, y=1-2 2B T J WEST.

BAEH Spec(R) = D(z) U D(y), 1 U = Spec(R) \ V(I) Z&if D(z) c U, [A#H
D(y) Cc V. & EW1§ U = D(x) M1V = D(y). B RIHESIE. O

3254 @8 122 BRS¢ R AHFRERUME RS oR x (1 — o)R, Wik
B (er, (1—e)r); AN, A 1.2.3 Z RIS UERA R FURBAEAEN px (1 -e)R
80 eR x p'. 1E5IFE 253 FERH, BUHIEEZ D(e) WITR, F&EIER D(1—¢) B
TLER.

Bl 2.5.5 % R A EF, W Spec(R) #E Y HALYS R %A 04 1 DA RS T, 4
BRY RARAMTHEANEETGER.

MEBR  JZH §1.2 fI51HE 2.5.3, HFEEFIATER: NAAEREIT e € R, #iL 1.105
(ii) Z&RBH D(e) = Spec(R) FEMT e € R*, MK e(e — 1) =0, X T e=1. O

5|1¥# 256 #% p,qcSpec(R), M pCq YHMNY p & q £ E Spec(R) #H =
b, HEMHIL g & p R (B ASD).

IEBR HOEN, p 2 q ZAAEYSTUE g € {p}, M5 1.10.8 3R {p} = V(p). O
MR 2.5.7 ERATYTENE L ALL KRATH RS
Spec(R) —=— {Spec(R) & 7 4 1 F 4}
pr V(p),

T ERE R TH: pCq <= V(p) D V(g).
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JEBA FIE R AEFT. METEREAM p, LHEW V(p) = {p}, XERBRAIL M TFHE
(513 A.45 (i1). SB—7HE, & {p1} = {p2} W py F1 po B RNIEAL, 518 2.5.6 XRHA
p1 = po. L b, FRBILRHR RO SRR, DU U BA .

HEIE 2.1.7 2B Spec(R) MM TN V (1), Hrf 1 Z2ARFAE. DIRIRIES 1T = VI
JEFEAE, W V(1) IERATL). B 2,y € RN T {#15 vy € 1. FEMM (I,2) .=+ Rx
TR (1,y), BAVE 12 € (1,2)(1,y) C I, Rl \/(T,2)(1,y) = I, K

V(Lz) UV (Ly) = V(U z)(L,y) = V().

B V(I,z) C V), &N T =/T,z)> (I,z) BEH x c I, 7. FHE V(I,y) C
V(I).
&JE, RIFIERZ BRI O

#ie 2.5.8 1= JA Spec(R) A A4 mE LM £ nil(R) A RAEA.

MERR WA 2.5.7: TEEF nil(R) AEE R p #URARBAR, mARHEF &R
HARRIN B (#EI 2.1.7), V(p) = Spec(R) 4 HALY p = nil(R). O

i 259 X R BEF Y HR Y R EATH Spec(R) R 4.

IEBR XN A Ti1Al, IR AREEL), RAIAMER B @ 2.5.7 ((RA p=0). T
< J77m, BIIZE R 2EEIRENT 0 BRI, A& 2.5.8 R nil(R)
TR BEASANIZRA nil(R) = 0. O

@Rl 2.5.10 7|8 Spec(R) 2% X A.6.1 Frif A& 2 =2, HHHENRTLHH
THEAAE—Z A
JEBB 1% Z C Spec(R) NARTAA T4, fidl 2.5.7 KA Z = V(p) = {p}, HAEER
p 1 Z MEe—HE, A p 2 Z BIME—TZ
BRI Spec(R) AN, difll 2.5.7 HYRURHZN RSB A.6.2 HEHIIUR cl.
REBHIEAIRILIE S 15 — N EZRAMESE Jacobson ZE[A] (B X A.8.2), X2
§2.6 (9 E .

O tm

2.6 Jacobson FHIZIREIR

R T §A.8 HY—LdRHMIES.
X 2.6.1 (Jacobson IF) 3 R iy A LA p #ik R

p= (] m

meMaxSpec(R)
moDOp

N# R # Jacobson f.
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FEMIE BB RN A ZEME p BE rad(R/p) =0, HH rad(---) BENX 2.3.1
1 Jacobson fREE.

Z5|BH =z, RS2 Jacobson ¥, T IE Jacobson BT, AT E HE IR
(R,m), & R AEH, W rad(R) = m # 0 R R 3E Jacobson £,

TINTIRIZ Jacobson ¥, A5 HYI I & BEIX AT FLEIF.
fill 2.6.2 DARBH—DFHEAEEIN R 2 Jacobson IMNNFABELKMREHETLH Z MK
HAR (il z). Bl E R FEARR R (2) HETAERIEE, B
A B EEMORTHAR; (b) ZHAE. (Rt Jacobson MG RT (b) HIEFART. MK
B (r) 0E r € REMT | r; — 0 RIERFFERTE ETERIN » £0 4 H
X R AEARDEIT, FBlE B>, MIXWENT R HHRZ MR,

538 2.6.3 % R 4 Jacobson 3, I C R #3E4, N

Vi- ] w

m: AR
m>O/

SEBR 1 2.1.4 481 VT = ),y ;) p. Bl Jacobson HERISEA p FAFEEEHINLA

B m 222, H
Vi- ] Nm=mn

peV (1) mDp m>I
HHPTARIIE. 0
RN I =0 A[Hl R /& Jacobson ¥ZLIH nil(R) = rad(R).
Bl 2.6.4 % R 4 Jacobson #f, I % R W4, I R/I & Jacobson 3f.
JEBR  IZHE X 2.6.1 Z FHIENFRIR. O

BIIB2.6.5 ¥ R 2EF A WTH, GEac AR A= Rl (FH o A& R-RH A),
BF7E f=Y niX € RIX] & f(a)=0. % R EER p Td r, U pAC A.

IERR EIE A 1R p CRYREML
A=A ® Ry ~ A[(R~ p)~'] C Frac(A);
PAERYPREA R TE -l 1.8.3. @i o/ == a®1, W A = Ry[a], B f(a/) =0T

o € R, A = S0 Ry(al)! RABRARL Ry-HE.
BESR A AEEIR, ERE 2.3.4 TR pA’ = (pRy)A’ C A’, NI pA C A. O

SI322.6.6 & A K%, RA AWTIH, #5 ARAFRAER R-R¥%K. £ rad(R) =0
N rad(A) = 0.
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HEBA b3 A = Rla] BITEBRIAT; XY TERA R-AREIHEA
R[X]—» A, X —a.

T ERERE, W A ~ RIX], miEH 2.3.8 A rad(R[X]) = nil(R[X]) = 0; &%
Ja—BRESZ KN R ZEIE.

A PIREZSARR, WIAFETE f =50 r X' € RIX] 1§ r, 01 f(a) = 0. PATfE
FRIEL, B b € rad(A) ~ {0}. K A N Frac(4) BFIH, MUK K = Frac(R)
A Frac(A) 7. BT o 2 K ERREOUT, # b € Rla] C Kla] 7P [14, #Ei2
7.2.3). BAEAYIEL g =Y1" s X" € R[X] {15 s, # 0 T g(b) = 0; B g 15 m R
AIRE/DN, WK A J2EEERM b # 0, & so # 0.

HT rad(R) = 0, fF1E R WK m 15 sor, ¢ m. 5[H 265 (B p =m)
ZR A GERKEE my O mA; XEARN m 2 R IRAKEME HF RNmy =m, K
so ¢ ma. MM sg = —> v, s;b' € rad(A4), FJE. 0O

PARE51e2E 41 Hilbert SIREERHN—F 3B
EIE 2.6.7 % R 4 Jacobson #f, A A4 & R-R4.
(i) BBt A £ Jacobson 3.
(i) A\ R — A ¥ 5 # st 4t Spec(A) — Spec(R) [§#| % MaxSpec(A) — MaxSpec(R).

(iii) # n € MaxSpec(A) Bt E m € MaxSpec(R), MFEFA R/m — A/n 75 A/n
R A R/m A RY A

HEBA X T (1), E5EIE I = ker[R — AJ; fdll 2.6.4 HA{RFEIA R/ 1 {572 Jacobson 4.
HAYIA R/T R R, & RV A KT, HIREN A KT R q IiE rad(4/q) = 0.

R
o BT HIAHE, R/(qN R) 1152 Jacobson ¥R, KAl rad(R/(qg N R)) = 0;
o A/q BEMREK R/(qN R)-REL, HZEIR.

NG # 2.6.6 FZ1F rad(A/q) = 0.

T (i) (i), AR—YERIREE o € A 1§ A = Rla]. HBE n €
MaxSpec(A), ILHB N m € Spec(R). XAHMAFS R/m — A/n. ETF (1), X1
& Jacobson MR Z AIRIAIZS, (/5% B BN T B AE R AREL. BRI WGt — 2P Rk m Al
n #RTHM, R B A TR, MFEE o 15 A = Rla).

M o HHER R-REGHFAZS R(X] » A TRERHNY, SN R(X] ~ A, i R[X] 3F
B K =S X € RIX] 18 ¢, # 0 Tfi f(a) = 0.

K4 rad(R) = 0, E4E R WACKIEAE € 15 ¢, ¢ & 518 2.6.5 (RN p =€) IR
PACA K AR, BF e=01 R 2. BER A=R[a| 1M f(a) =0, AZ R
ABRY . 28 BIER (i) F1 (iii). O
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i 2.6.8 % R 4 Jacobson #f, f € R, | R[f~!] 4,2 Jacobson .
MEBE I2H R[fY ~ R[X]/(fX — 1) FIEH 2.6.7 (i). O
A EJGIRIT Jacobson MR, IXE 7 & §A.8 HIMES.
513 2.6.9 3f R Z Jacobson ¥ ¥ HX Y Spec(R) =& Jacobson % Jd (& X A.8.2).
UEBH & R /2 Jacobson 3. FJE Spec(R) FHTE V(I). BHAFERU MR UNV(T) #
o, BFZUE U & V() WA, 7780 R IR EEAR (A 1.10.9); AL, FRUHIE
U=D(f), HH fe RN 1.
F1E p € V(I) 18 f ¢ p. ET Jacobson MR, FAEMRKIEME m D p 15

fé¢m TRHAR meD(f)NV).
k=2 ¥ Spec(R) 7& Jacobson Z¥[H]. Xt E ZHAE p, HbREIE

p= () m
méeMaxSpec(R)
moDOp
BEXR c BR SR fe RETANX W D(f) TF V(p) RS, b
Jacobson ZE[AIYE X RIH] D(f) NV (p) = o; ¥eAlHe, p & D(f), 78R1 f € p. O

HINARAER L S H BT Jacobson MRHIRFST, BT 1.10.11 551H A8.5
FE0C, Bl anat 2.6.4 FIHEL 2.6.8 BUBIE. ANES —34, K H T §2.9.

#hRR 2.6.10 3 Jacobson 3 R fUHH WA A, N Spec(R) £ & #H I = .

HEBA  ELAIAR R IRART S 2 A . 513 2.6.9 BiHH Spec(R) 52 Jacobson Z¥[H], #AT{X
A A.8.3. O

2.7 REFESEENHE

AT EENTEH 2.6.7 T Hilbert ZARTHHILIIER. T F M n € Z>1,
BV P BICRIETE 2 = (21, 2,) BB

TEHE 2.7.1 (D. Hilbert) & F A3 Wk neZs) BHESH

F" «—— MaxSpec (F[X1,...,X5])

xr—— my = (X7 —21,..., X, —p).

FERF REM, N LRk b2 WA
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IEBR MATA z € B, FIERERS

evy, : F[X1,..., X)) > F
f|—>f(1‘1,...,$n),

M m, = ker(ev,), KM m, EMRAHAE.

Waye FP R my =my, My, —2; =ev,(X; —2) =0 A 1 <i <n kK
N2, W x =y, FORBLEN g B

PARIE FAREFRISIETE. % n 2 F[X,,. .., X,] BIARCKHEAR. £EH 2.6.7
RN A=F[Xy,...,X,) 1 R=F 0]1§ F[X1,...,X,]/n & F WERY I, K505
HFRHIHE F-REWER FIX,,..., X,/ S F.OI8 o 8 X + o XSEEAFEG, 1
Xi —x; €n, NI @ = (21, ..., 2,) TR m, Cn. BF m, K, K n=m,. O

JEEEI IR P e —2EE L.
o MIFEFEME I C F[Xy,...,X,], X F" {74

Z(I):={xeF":Vfel, f(x)=0}.

o X Fr WFTH 75 Z, EX
I(Z) = {f € F[Xy,...,Xy] : Yz € Z, f(x) =0};
B 1(Z) & FIX,,..., X, FBAE.
M, IcJ = Z(D)>Z(J)MZCcW = I(Z) D I(W).

BN 272 (REFE) o F Fr 7% 72, £6EER T H#E 2= 2(), U Z %
I =

NTF F[Xy,..., X, IHESEE 1 148 A
z€Z(I) < my DI < m, € V(I)NMaxSpec(F[X1,...,X,]). (2.7.1)

i Spec(F[X1,...,X,]) LM Zariski $HFr] ARRHIZIE 748, Fizss F» L.
H(2.7.1) 2 P FRECFRZFR T HAH Zariski 74, A6, 513 1.10.2 B
ZIZG

B

IcJ = Z({I)>Z(J),
Z(y 1) =) 2(L), (2.7.2)
Z(I) uaZ(J) = ;(I NJ)=2Z(1J).
I3 273 & 1% F[Xy,...,X,] h#8EH, U Z2(VI) = Z(I).

JEBR W VT ENX 210 W 2 € Z(1) FNTF 2 € Z(VT). B—MUE2i2H
V(I)=V (/) fl (2.7.1). O
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BIIE2.7.4 % F ARIAB, [ # F[X1,...,X,] 88, 0 1(Z(I) = V1.
EANEW, B ZCF" BRETE, U 1(Z) AREAE (X 2.1.6).

B N TF o, EEEE f € FIXy,..., X, e fN eI, Hb N > 1, W fz)V =
fN(z) =0 MFTE = Z(I) Kz, W f € 1(Z(D)).
MY c, W f1E Z(I) EMBUEENE. R 2 € Z(I) < m, D I, &FHEYT

Vee F", m; DI = fem,.

EM 2.7.1 BR F[Xq,..., X,] FIRKHEAEETEA m,, TR251H 2.6.3 S5

fe ﬂ m =T
mAR AR
m>DI
51 2.1.3 (iii) LA HERENIHEIRES . O

Bl 2.7.5 & F A RE0 8, AN 4

{ICF[Xy,..., X, : ®REH} <L (ZC P RETFE)
I Z(I)

1(2) \ Z

SEBR RHEREIAR 7, 51T 2.7.3 S Z(J) = Z(VT); T /T MR, Hohme
8t 2() Mik.

BIE 2.7.4 M BTGNS A 1(), BT, S5 b — 5 Al
Iy E U, 0

TEDIETE, ZLHARB) UTIFRRZE Fr RREFE (n € Zsy 7130 KHE
R e, B PO i REAE. GG 2.1 2T X2 - Y?2Z = 0 =4
22 [ P HURECT 2., B8 “Whitney <7, BACER HSLEER 7T I B BAREIGBA
AR EFHIE =R SRR TRE.

BT anidl 2.7.5 BN, JUAIPERT (BIAR4EEReiatt) IR mERE LR, AR R Y
JURT RIS AN SR RIR, ARMARARIEER. X — 8 5 [ REU L I e, PO
HIZRIE N R A 1F.

S RBU LIS P (F) FHE— BT RS AR R i 74, 1At P (F)
RE F EW n GEFHEZSIA] (17, X 14.4.1); MR PROHIER T IRERE, W §B.6.
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N

& 2.1. Whitney > X2 — Y27 = 0 FSZEERD

2.8 imhEmEs

TEM 2.6.7 AT Jacobson 3 R _EAVEFRARAREL A IEFA T Spec(A4) — Spec(R)
PRI MaxSpec(A) — MaxSpec(R), T §2.7 NI R T ACKBEARLE LA IR X
AT R “m7 AR SERN RS —i: R/ NEHAE BIEREE) AR ER.

B R IR, m/F5 (Spec(R), C) BIN/INTAR A R BIRRINRIEAE.

ZPIIRZ, BRI N R TCAEZ 0.

513281 % R AN, [ A RGEEH, N:
(i) Spec(R) 85T % V(I) /7 C AMNTG p, W ANTET p— V(p) —— 3 5
T V) AT 4o (FX Add);

(ii) & p' B V() EETLE, WT#t—FRE (V(I),C) BT p E£F pCp'.
Rl H, BT =0 M LERREARNREE.

IEBR DL R/I X R, MENZZIA BRG] 1 = 0. BUE R RMEAE p/. BT el 2.5.7
WIS P X, Bl

{p C R: R/NREAR, I p C ')

T

{C c Spec(R) : WAFAAMAFE, W CoOV()}.

BRI V(p') RAJ2, HEIHEE A4.5 (iid) M (iv) BERZEE ATE SRS, M BT

A FEIE A3, R IMSIEE AT FAREOE S 0OR, b F%. O
THEF N EHEERFESZ THERA.

5|IE 282 EEFFEA p:R—S.



§2.8 INERIERE 69

(i) £ p £ RBMANEEE, Hp BT Spec(p) : Spec(S) — Spec(R) &, W F#4E S
BN E B q £74F p = Spec(p)(q).

(ii) % ¢ A%, N Spec(p) WitkEaE R oy PTA RN R EA.

B (i). W p = 1(q"), HH ¢’ € Spec(S). PAIHE 2.8.1 HL S Wtl/NEIHAR ¢ 15
qaCq, WE o (q) C o (a) =p. AT p BN, B o (q) = p.

(ii). JEE ¢ B R WFE S TR, FE R FINVNEEAE p. S N R-EAERFML,
Hry S, FERTIRRERK S(R~ p)~Y; W& -l 1.8.3. 2AlHHRSHhi=3(A
A2 H 2R

R——— S  Spec(R) «—— Spec(S)

IS

Ry — S SpeiRP) — Spej;S’p).
R EE®ESH R, — S, A, WEE R, EFTIN, & S, ™A WA
Spec(S,) # @.

M (1.7.3) ATV R, 18— NEHAR pR,, 1 T 7B ERRA Spec(S,) LR
TERHWIEA p € Spec(R). I 7| FTFNEHEAE p € im(Spec(p)). O

XN F—RRIFE ¢, ROFIERNREEEE T Spec(e) BIG; TATHE AT HE
G

Rl 2.8.3 HTFHFEAAL ¢: R— S5, WTHAEN:

(i) ker(p) ZR#HMHFFEM (FX 2.2.2);

(ii) Spec(y) : Spec(S) — Spec(R) Wyt Zariski 46 TN %
(i) R WP A A NREEE BT Spec(p) # k.

W (1) < (i) &ae 215 5 2.1.9.

(iii) = (ii): A{EE p € Spec(R), PASIH 2.8.1 Bl R MIW/NEIAR p, 15
po Cp, W p € Vipo) = {po} (53 1.10.8), # p € im(Spec(p)).

(1) = (iii): 12 I :=ker(p). EREF p BWRHRFES R/T — S, M (1) #RLA R/T
R R BEAIMIE RN R R (G 2.2.4), AT/ NEEA TS, #)
AR o BEHERE. NS 2.8.2 (ii). O
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2.9 <eu3%

Bl 1.6.1 [ 7 EEIAAT I A TROHMERIEEIA R IRFMHMAIIE, FRN R
2R, DUTRE X [14, 518 5.3.11].

EX 291 (2HXWF) & R ZFFH, M R FHIAETET (U [14, §5.2]) %
RUETE, MW RHIAURA R o 20 X3H, L1F Frac(R); # M # R — Frac(R) &
BA

4 R ZEINN, FrEAFRITARRE T, N R (920 ERRTHE > s, RIHRF S
Frac(R) Tt X. &f5% R MF Frac(R) HITIA.

NTERERBEM p ¢ R, B2 (1.11.1) AIAIE R, 28, WA R, ~ Frac(R/p) I
ker[R — Ry] = p.

BIIE29.2 % R AFEHRAN, WAHLL S HALTFFL B [[y, R #E, 2
A R, WA, TE R WAERAEERLHET R HEETE.

EBR A ATERNEEEAE p, B2 (1.7.3) Hl pR, BB R, MIME—ARRHAR, SR HAR
/NEHEAE W pR, = nil(Ry). BT R, B4 (IEIC 2.1.10), Bl pR, = 0 1M R, J98E.
BT E—B, SWEHRAEAS R — 1,0 Ry BIGR N, p = nil(R) = 0; A2
Al 2.1.4 5|8 2.8.1.
WRAIBESZRFENBN, W E B R NERFEOS THERNE
BRI R r BTRAMUNEREE p, W r 7€ R, = R,/pR, THIGN 0, HAELE
u € R~ p 1% ru = 0. O

IXEEZEIR TR DN —REBRLIEN R WhE 20 2K Frac(R) HISEH.

RE293 # R AFTEAT, WARAHRS MIFFAEER pr...op, 2D
R Frac(R) #3EFEHT 12, Ry,

IR BT R WERFERE UL, e (517 292), BELSH © : Frac(R) —
[T, Rp,. W5R R BYZRBAE p AR, WISEMEST (Al 1.1.3) 2 p ¢ UL, ps =
{ZHEF}, HHA Frac(R) FEMHAERZ p1, ..., pm BRI, BAHE Frac(R) 2
MR HAE.

T 72 Spec(Frac(R)) AR, M H Frac(R) /& Jacobson ¥i. @@l 2.6.10 X K
Spec(Frac(R)) BHA.

& Spec(Frac(R)) 51E m MHFERTCRIF, 51 2.5.3 HN 4 H E 2
Frac(R) ~ [[/~, Ry, FTHIFEMIERHRFE X ©. O
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\Y
[

Wi€294 R U AKX RWFETE 04U, Il R— RU'| FRATLFS
Frac(R) — Frac(R[UY)).

F—FERKREY MERAAREMRAZTEL, WERAAKRASEFRAN
Frac(R)[U~!] ~ Frac(R[U1]).

IERR ATy, RAUEIEFRF ¢ € R £ RUY FIGTEZRRT. &E
RIUTY Hfy&EX . L =0, M 2t = 0, HUFALE v € U #15 vrt = 0 78 R KIL; X4
6 vr =0, A £ = 0.

NFE S, ¥ R WAESHRANEIEETIN py,.pm, B0 < k< m {15
piNU =@ HHMNY 1 <i<k W RU| WHR/NEFAZ p [UY,...,pp[UY, T
id 2.1.10 3RIF R[U ') BEZY.

I8 U TE Ry, G U, T EH 2.9.3 15

Frac(R)[U ™" ~ [[ Ry, (U] (IR 1.8.4),
121 .

Frac(RIU™) ~ [[ RU ;- > [[ Re. (513 1.7.8).
=1 =1

SR Ry, SEINIT ker[R — Ry,] = p;, XEIRY i > k N 0 € U;, W Ry, [U;7 '] = 0;
1<i<k W R, [U ] =R,,.

24 R 52 Noether ¥}, EFH 2.9.3 FIHEIL 2.9.4 8 b AT NEHAEERR
SR, W 3.4.6 A1 3.4.8.

O Uk

>R

1. 2{RBEZI3AHERL CRing 41l CRing, . MEFAE X 2.1.2 (9H3E R — Ryq AHESH
F CRing,.q — CRing FIZEf£Rf.

2. A2 2.2.7 FIRIE.
BEREFEIL e ¢ AJIA, HEEFATLUE A WENLH R-TFREPHE. BEXN
n > 1 FEHE E.1 M E.2 WRET e1,...,e,. BITHMIRTHRET e1,...,en 1, WIE
f=1-""e MATE 1 <i<nikhE feo =0=ef, MAHBG f e, 28 (FH
e e, FHM e := fe'f, E 1 <i<n B ee; = 0 = eje, MTTEHELEI R HHY

3. ¥ e, f € RATEIL.

(i) BAFFE v € R H#15 e = uf. UEFH e = ef.
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(i) & /(e) = /(f). WA e = f.
4. W T B RWERAERERE, I =1 EAGFEEE K ec RMEE 2 =T I = (e).
RR ) DUER 2.3.4 WBIfEAENE, DAL — RN B —
5. BHIBHFAER R KE I = 17 WHIAE 1, (15 1 TEE— NS AR

6. % f,g: M = N NERER R-EZAMNFEL. IEHE f 2R im(g) C rad(R)N, M
f+ g H2EMA.

7. ZEIN R M neZs. RIE:
(i) nil(R[X1, ..., X,]) = nil(R)[X1, ..., Xnl:
o7 P 2.3.8.
(ii) f € R[X1,...,Xn] AIEY HACY HEEIATY, HETREES;

(iii) (N. H. McCoy) & I A R[Xq,..., X, B BHEFE g € R[X4,...,X,] ~ {0} f#5
gI =0, WTELE r € R~ {0} f#i1§ r1 = 0;
Fln =1, % X, BI0H X. B g =bn X"+ + by, Ht by, # 0; BUR/D
AIRERY m. FERARIEDZ: & m > 1, WHFTE f = an X" + -+ ao € I {15 b f #0;
RIEATEUR R Z 5 #15 ga; # 0, M gf = 0 S deg(ga;) < degyg, X5 degg /N
PP .
MF n>2 WIEE, @S = R[X1,..., Xn1]. L—H%H he S~ {0} #1F hI =0.
SEN J C S HTE felcS[X,] S FRINFTEREAREA, IRIE hJ =0, B
55 a € R~ {0} f#18 aJ = 0, 4T ol = 0.

(iv) &L, UEFH f € R[Xq,..., X, BERFYEMNEEFE r e R\ {0} 8 rf =0.
8. ZHINIHAEIE R-RE R 1 R M 18 anng(M)R' € anng/ (R @r M).
9. % T FIR R WEM M2 REL EX
I'y(M):={x € M :Supp(Rz) C V(I)}.
(i) WA T(M) & M 58, mEERES M — M #RHEY Tr(M') - Tr(M).
(i) APATAEAE 1 3R
Iy(M)={zeM:VpgV(I),z,=0¢€ M}
={zeM:IC/ann(z)} =T 7(M).
BEANY T HBRARRE Ty (M) = U, {z € M : I"™ C ann(z)}; —2EXBRDALTE XL T (M).
(i) WERAXMFTERAR I, J BH [Ty (M) =Trpg(M) =T1(M)NT,(M).
(iv) WA T'(M) = M % HAYY Supp(M) C V().

(v) HEEIEAH 00— M — M — M" — 0, %8 Supp(M') c V(I) I 0 — Ty (M) —
(M) —Tr(M")—0I1EA.

10. NFHA 1,7 Cc R, WEH I ¢ J HHSCYXN A RKEAE m &6 IRy C JRn.
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M
&

11. % F 98K, UEBH F[X, ..., X,] BFTEREAE m #R6EMH n DITEAR.
Y% n > 1, I p = m0 FIX)] 2 FIX)) WEEE DUEHE 2.6.7 B
Fy = F[X1]/p B & m 7 F[Xe, ..., X,] FHGEITICIE.

12. BOREIEE 2.8.1 (ii) MIERIDISRIIE & 804,
13. & R AIEFI.
() BLATE R BORTARERIE R — RIU™'] i, E X 2.9.1 BRI Frac(R) 3
R~ RIU™" 0BRSS IR,

(i) ZHBYEFRM Frac(Frac(R)) ~ Frac(R). FEICUELAURPERT:
AAEZ A+, M r 2 R FARZE T

5= Frac(R)

r
u






Noether IFE il

3.1 wmzp

H AR T IAMIEERT Noether (88 Artin) 451 [14, & X 6.10.1].
EX 3.1.1 (Noether #l Artin F&fF) # )& R-# M. B EE FH I

MycC My C My C---

W k% i>k = M; =M, U M % Noether = M i B4 4. Wi
X R TR T
Mo D M, D MyD---

BHEEEFER >k = M; = My, W M % Artin $235 M i & 5% 4 4.
EI R A GHEH R-AEE Noether (2, Artin) #, | # R & Noether (2, Artin) 3.
f 3.1.2 THAHINZE Noether IRHISRERIF [14, 53 5.7.4]. ABRIAELZE Noether

2 Artin B9, & F 2800 R 2 ARG F-R8, NI TAERTHEE, R B2 Noether
At Artin B9, FHERIERE 3.2.4 RHRBAEIE Noether T2 FB.

KT RA M B Noether (B¢ Artin) Z5fFHH2 T3 M 27EHE R-Mod H1H Noether
(8% Artin) X%, WL [16, € X 2.4.12]. 1A A NEISRAESRSL.
o WHKRNMIESS 0 — M — M — M"” — 0, Wl M 72 Noether (B¢ Artin) 14
BAE M1 M EAR (14, 513 6.10.2].

o % R J& Noether (8¢ Artin) 35, MG MNERRAERK R-EHSZ Noether (8¢ Artin) £5
[14, ATl 6.10.3).
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o & M (B34 R) /2 Noether fY2 HAUYBRIFTA T (BCHAR) BERARL [14,
513 6.10.4].

o 1 M /& Noether (B¢ Artin) HY4 BAY M BE—F1%E S # o #AHEN TIW
7 c K (8idl/)N) Jo 14, I 6.10.5].

#hEl 3.1.3 Noether (& Artin) 3f R s{EERMTE U #5317 & Noether (5
Artin) 3£.

SEBR WA (1.7.2), %% RU-] BORRRETHEE (SRMERE) WS R HPEE% R HINRERAR
R, HLE RIU—Y) TR 0

ENX 3.1.4 (BRKER) % R-# M B2 Noether # X £ Artin #, N# M 4%
PR

EX315(BR) wE RHE M EE WMHK OF M BHET TE, NI M A 24

SI323.1.6 % REWFEMES R HHAER ——xB: MAEHL m 155 # R
R/m.

ERR R M OSREH— N TERARR, MUEEEAE TS M ~ R/I, TH I = ann(M)
T M WERSE. 7 T 2R, W R/T 2% R-EBXY HACY T 2RO

FRAB I H9IETE [14, 5178 6.10.9], A FRKERLESH TR € € Zog R—
51| 7458
M =My 22 M, = {0},

ST M, /My BZHEEL (0 < i < 0); XFFEIIFRN M HERY. AREK
JERSLEN) & B ANME —, (EA DUR SRS

FES(-FEH 3.1.7 (Jordan-Holder) % M 44K & R, R E B vh B4, &
B RF Y ET W M/ M (TEH) FRB e KA B EL X M R KR A
M # Jordan-Holder EF = BREF, ¥ e m&es JH(M), £ &M% (G
EH) R LR M OBKE, B4 (M) = (r(M).

HEBA OO [14, 5EHE 6.10.10]. tbA, X—FHLFEAEEH T —M Abel JElE, U [16, &
X -ER 2.7.4]. O

BRUM)=0 <= M =0, (M) =1 < M H.
A5 BHIEAE AR WERESS 0 - M — M — M" — 0, W M Z2HRE
JERY ALY MY A M7 FR8R, IX R E#KE E Noether BF1 Artin BN MR, 3
—&, AR KRR TN M7 RERFIE M PRIEE, AEF M & RS,
all
. JH(M) = JHM')UJH(M") (HEREGE), (3.11)
(M) = (M) + e(M"). o
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TRE3.1.8 % M AHMEKE R, m & R WM AESL, U R/m £ JH(M) i E#
%ﬂ: ng(Mm>~

HEBA  SI3E 3.1.6 BiEH JH(M) NITRBA R/w’, Hb w' 2 R FRKHA, [FH
JH(My,) BTTEHE Ru/mBRyn. M TEEHRAHEAE v/ HT m' N (R m) =0 <
m'Cm < m' =m, MHAFH 1.6.3 (i) A%

/ _ Rm/mRmv m:m/7
(B = {0, m #m'.
R R REFE 91, 45 M BIATRIIRE w 6 ML FTR T 5 0
PATIER T §8.6.

5I33.1.9 & RHE M Tk T#H (M)ier Wk #52 (I,<) RRITRTFE,
i<j = M;CM; Wil M=U;e; Mi. 8N M; HEARKEEK, WECAIHK
BA—BER L€ Lso, M M RARKEHE, WH (M) <L

B A RUETEEH M &8 FEEE No 2 - 2 Nop: REFRR, N8
0 <k <l 1FTE 21 € Np ~\ Nyy1, PABEMEB ¢ € T 818 21, € NN M, NFA k 5K
S, W NoNM; D -+ D Ny N M, 5 0(M;) < € FJE. O

32 Noether ¥#l1 Noether &

MBI IRIIAEL R 2 Noether ¥R, H EABEBAT RERAERN. X
Z BHAEEMEIE L.
il 3.2.1 # R 2 Noether #f, Il Spec R & Noether % i (% X A.3.1).

IERA  ARIEAEIL 2.1.7, A SRR RERT BT HRERAR T BE. O

#ie 3.2.2 & R 2 F Noether 3, Ml Spec(R) (WH A ML NiEEL K C1,. .., Cn,
BANC BHF EMNKREXGERI M R ~ [ R, A1 <i<mi#kER
Spec(R;) ~ C;, T B Ry %4 46 F /Loy R4 HE.

MEBR W@ A.4.10 AI1EE S X E RIMEFMITE. BRIV K5I # 2.5.3,
EiE 2.5.4 Fldnd 2.5.5. O

5|¥8 3.2.3 & R % Noether 3. Xt B R-# M, T & %W
(i) M & Noether #,

(ii) M HRET,
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(i) M A RAE &
IERR (i) = (ii): ©A Noether BRIFTA FEIEA R, Finlkh, f£7E n € Zxo
MUHRZAS £ R — M. AN RO fERAMRA B RAEHE Noether 9, #H 745
ker(f) 7RK, MITFETE m € Zso FIHFIZ g : R®™ — ker(f) — 0. HISEEESS
(il) = (iii): q:)_L
(iil) = (i): SEZ T ZATEPRYEE. 0

WHR—1 RAVEL S 1ERIRZ Noether 1Y, NIFR S 28 Noether R-IREL. PATRZ
Hilbert Z£EH [14, M 6.10.6] HIG51L.

TEIE 3.2.4 & R 4 Noether 3, S AHMMA K R-R%FK (B X 1.9.1), I S A KRR
# Noether R-t#k.

HEBR HAFEZ I RS = R[Xy, ..., X,], L S B9 Noether PEBTIEZRTSI
1 Hilbert FE .
BEFE S =R/I, Hh I 2 R AR, X S YREBEERAER R-REL BT
FAEARRIN N OERR (1.1.1), AR S M R ARAERAR Y 5155
WNTF—RHARAER R-RE S, BATE S~ R[Xy,...,X,,]/I, H I 2R
EERIN MBI ATH S /& Noether ¥R, 04, BESR T 2 Noether W R[Xy,..., X, W
@‘.‘E BERARAERK, S 2ARERE R-AEL O

PENHREBI, SRl 1 BARER B YA IRA RAREUE 2 A BRIER Noether U2

7¥38 3.2.5 Hilbert FAEMHM A NBHRENRA [14, EH 6.10.7]: # R /& Noether £,
W R[X1,..., X,] 78R, x2S 9.4.6 BVRHA.

iRl 3.2.6 % I & Noether 3 R #y m# B EEM (FX 22.2), I [ ZEEZH.

MEBA  Noether INEIAR B AR, BAFTE a1,...,ar € T 15 T = (ay,...,ar). Xf
BN1<i<EBUN; > 145 o =0, B N ++Ne = . O

3.3 Arnin FR%E

FREE T WA Noether 5, Artin S AT EREERI PR T 58, & 5CRIIZA R K E
BERE X 3.1.4.

EHE 331 FFH R Z Artin Y HRY RAEH RERARKER. W5h, Artin 3
R BA DN M

o R A¥RAWIF (RN 1.11.2),
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o Frf k (£7% rad(R)F = 0 (X 2.3.1),
o R W EEREARARA.

IERR AR A R E AR AR RE S I, BOER S — 751, JRRHE Artin 35 R 2665
HEIHERR, H HRARKE REHIA].
BICUEW R BRI, WA SRR my,my, ..., HEHEERE

m;p Ompmyg DOmymoms O - -,

XK HRGRERE, IS my - my, = my - -mpmy g, W myq Dmy - -my, MITTZEM
R RERTEE 1 <i <k 18 mp Dmy, 5 my BAFE. T2 Artin MERER
R WA N A TR,

HOUERRN THAEEBAE T C rad(R), F#1E k (1§ 18 = 0. BEMHERRE 1> 17 >
<o ATHIEAE k> 1 15 18 = IF+L 2GS 18 = 0.

AR J .= {r € R:rI* =0}; IE J = R BIA]. I&EAIR, Artin WEREHRETE
RS T EARERNT . Bl e e J N J, W J = J + Re; HF J C J
I C rad(R), #i£ 2.3.5 (i) K J + T2 C J'.

T2 J B INEEIR J = J 4 Tz, B Tz C J, 78R 1712 = 0. SR 15+ = IF
H—HSH reJ, XHE. WiE I" =0 15IE.

WAEAE R FIPTANRCREAR my,. .., m,, i}

I:=mqy---m,.

HMEZR I C rad(R), WFTE k E15F 1" = 0. LR MAERME p BEHE p O
(my---my)P; REEAPERUE— P HEIRFE 1 <i <n @5 pOm;, M p=m. ZiL,
R WA REAEAE RO HAE.

BJa, HIERAREL B A IR RE

ROmyDOmmeD---Dmy---m, =1

S>Imy D Immg D---DImy---my, =12

S>> IF=0.

B L MR R — B 7R, WIFETE 1 < i < n 15 mL = 0; XEA L M R 4kK
Artin PEBR, L 2R 22 Ei R R RS- R /my- a1 B 23 A, X M) 2 22 ) /2 A FR4E .
bR WS —BTH L #RARKE RE, 8 R /Fh R-EZARKER. O

ReAl|H, Artin 3AH 32 Noether IR
#ie 3.3.2 & (R,m) AR, U R &2 Artin FLYHNY m FRAKEGAE b F17

mF = 0.
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HEBA % (R, m) 52 Artin REFER, WIEHE 3.3.1 461 &k 18 m* = rad(R)* = 0; XA
N R W2 Noether ¥, # m HIRAEK.
R2Z¥ (R,m) Z#/E m* =0 BEEA, mH m BRERK. FE R-TH5

Rom>---omF=0.
BB m/m ! MEAERARN, 2 R/m-mE2SA. HEAZH mi/mt 2h
FREE RASE, 8 R 7R9K; EHE 3.3.1 R40K R /2 Artin 3£ O
DA ZIEHE A .
I 3.3.3 (FKBEEXR) 3 R 2 Artin 3% HAUYS TR 4% &1
(i) R & Noether 3f,
(i) R Wy REHEHEMAEA.
IEBA AU R AEFIS. BTEM 3.3.1, O AREH, URIE <24 f77m. % R
W (1) F1 (). SEARIEE, & R /EhN REDIHEARKE, NEE
S:= {8 cR:R/IIFHRKE]}
BE 0 BARZS, MM (1) S8 S X ¢ BRATT, iId p. UNIRIE p I,
ooy ep. BE x,y ¢ p, W—7FH R/(p + Re) BRAZERKER, B5—7H

I:={re€R:arecp} BI&UE p WA (KN y e ), 1 R/ MWEERKERN,; &
JEREIESS

Feld x [}
0— R/I——R/p— R/(p+ Rx) =0,

FEAPIITEE A R, AP IRR. X5 pe S FE.
WRIE_E— BRI (ii), p RACKEAE, AMXFH R/p BH R, XL pe S
FIE. &7 AR R OVERKE R, JRHIA Artin P4 O

TEFE 3.3.1 M CHYRTHE R —IE 4 H DA RE518.
HEiC 3.3.4 & R 4 Artin 3, KB 2 3.3.1 BHEMRAE LA my, ..., m,, N B
HMHEFEREE (2 R— Ra, % H TR
(- ln) : RS ] B,
=1

IEBR FATH rad(R) = N, m;, PEFREE 1.1.2 B4AH R/rad(R) = [, R/m;.
RN E R/rad(R) B—TERETT e1,. .., e, (Al 1.2.2).

FEFE 3.3.1 R R MEBAENK, # rad(R) = nil(R) M 2.2.6 A HREEIT
e, .. e, FIME—IET e1,... e, € R, (ERENINE] R ERD R

(di,...,d,): RS> H61R7 di(r) = e;r;
i=1
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BN ;R BEE. BT RIGHE n MUKIEME, HENNAR (Ml 1.2.3) S8E
A e;R BBZJEHFRIN; R AR AR KIATEN m). B2 my,...,m, WEHE, BfH
6i¢m;,ﬁlﬁi#j|ﬂ‘€j€m;.

A e; 72 e T, X i = j NWEAE R/m; FEUGZE 1, ENH 0; W& E—H4h
8, 1% m; = m).

HXEEN @ BRIRI Ry, T £, Wk TT7_, e; R KWL, XM AR
FHREBHIE 2; ¢ rad(e;R) (8 z; € (e;R)) BITEER (a;)7, MIIREY, HUR B
e;R. TRERMER

R~ Ru,

N
e R,

FIEAEE] (61, 00) : RS TT™, R, 0

3.4 wmgzms
RITFFEHNEGEH T — R R, HIEFEER 2K Noether 551F. PARH I
(1.1.2) HId 5.

EX 341 (HERIER) it p AX RWEEE M h RE. WwEFEze M
Bam(z) =p, WA p A M HWHEFEZER B M AHEEREELRNELTTH
Ass(M) = Assp(M).

ZOR p & M AAEMAEREAAMEY TERFERES f: R/p — M, KOVHEEIZK
FZ f B THEE © .= f(1+p) € M, fE1F ann(z) = p AL

1342 M R=ZTM M =Z/nZ, EH n € Z>1, W Ass(M {pZ’p%@( D | n}

fl3.4.3 & p 2 RFEIE W R/p MATEIEEIC o BIH/E ann(z) = p. FIEX
Z5th Ass(R/p) = {p}.

5|3 3.4.4 & R HEEHR.
(i) ¥ RWPHARETE U fn R-EEM B4

Assg[u- {p ]:p € Assp(M), pﬂUz@}.
(i) XFr& R-# M %4& Ass(M) C Supp(M).
(iii) %A REHIESF 0— M — M — M’ N

Ass(M") C Ass(M) C Ass(M') U Ass(M").
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(iv) #EM =M dM", I Ass(M) = Ass(M’) U Ass(M").

(v) REHFEAS ¢ R = S, 1 M & S-#%, #id ¢ Wik R-#%, M Spec(yp) :
Spec(S) — Spec(R) i# &

Spec(¢) (Assg(M)) C Assgp(M).

ERR (). REHEM p WE pnU = o BFERES R/p — M, MREFIESES
il 1.7.6 (i) 44

0# RUTY/pU™] = (R/p)U™'] = MU,

W p[U'] € Asspiy-(M[UTY).

(ii). & p € Ass(M), 1£ (i) FHL U = R~ p WU p[U~] = pR, € Assg, (M,); FF
AIHE, M, # 0, 7RED p € Supp(M).

(iil). Jek M FEFT ker[M — M"]. EB—" C B TXNA 2 € M/, £ M'
M " & ann(x) HILER.

BETFHEA C, REEEE p MIFHE N C M B N~R/p. HNNM =00
tHE N M 8 p e Ass(M"). # N0 M FIEEIC o, MEHN R R/p WATEIE
TIC y BWE ann(y) = p, BALE ann(z) = p. £FE, p € Ass(N N M') C Ass(M).

(iv). FEEE M M FETF M R, 8 (i) At Ass(M') U Ass(M"”) C
Ass(M), TESF] 0 — M' — M — M" — 0 A RAEE.

(v). % q € Assg(M), Bt 2 € M f#1F anng(z) = q, WERE anng(z) = ¢~ (q) =
Spec(¢)(a)- D

I 345 & M 4 R, % S:={ann(z) :x € M, 2 # 0}, NFE£ (S,C) WA
TLHE T Ass(M).

IEER MEF S MITRAMBREME. % p = ann(z) N (S, C) MHKAKTT, M ab € p. &
b ¢ p, WAL

br #0, abx=0, ann(bx) D ann(z)=p
R a € ann(bz) = p. KL p ZREE. O
#hE 3.4.6 & R % Noether 3, M % R-#.
(i) &N1H M =0 < Ass(M) =2.
(i) fiA peAss(M) ZHA%F M HEETE (EX1.L7).
(i) x R @A ARKETE U BF

Ass(MUT']) = {p[U "] :p € Ass(M), pNnU =2} .
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(iV) %&/ﬂ]ﬁ SUPP(M) = UpeAss(M) V(p)
(¥) % p R4 (Supp(M), C) 8BNS, 1 p € Ass(M).

(vi) BEHFES ¢ : R — S, £ S & Noether 3, Nt frA S-# M &K
Spec(y) (Assg(M)) = Assg(M).

IEBR (). TEBUE M #0 — Ass(M) # @. FESIH 3.4.5 RHHELE S, )
M # 0 A/ S =8, XH R 1Y Noether S fFRIHEAMATT p, BFIBE 3.4.5 &I
p € Ass(M).

(ii). 3 p € Ass(M) S7E, HAHMHERHENE XATH p FTREE M NERT.
Rz¥r & M BERF, Bz e M~ {0} 15 r € ann(z), N ann(z) JET E—E
A S. BT R &2 Noether 3, £ S FEEEE ann(z) BINKIT p; 513 3.4.5 2K
p € Ass(M), I r € p.

(iif). WEXFR D KEGIM 3.4.4 (). MT c, ¥ Ass(M[UY)) WTHEfadn 1.7.6
(i) FAF p[U1], HH p € Spec(R) /R pNU = o. HHE MU REAKNE, 715
zeM Ml ueU #H

p[U] = annpg(y-1) (g) = anngy-1j (%) .

BT p=RnpUY], LXEK o € p BHANEETE v € U #15 waz = 0. X
A4 R & Noether ¥, # p ABRAL, MIMFTE t € U #15 p C anng(tz). PAR
IE p D annp(tx). WA #H a € R R atz = 0, W ¢ € anngpy-11(%) = p[U1], &
a€ RNplUY =p.

Zi L, p = annp(tz) € Assg(M).

(iv). MATH q € Spec(R), B

g€ Supp(M) EL M, £0 <L Assp, (M) # 2
8 55 € Spec(R), p € Assg(M) H pn (R~ q) = o

BRGNS T p € Assp(M) H g€ V(p).

(v) 7 (iv) NEEEL.

W5 (vi) W Cc S EREZTIIH 3.44 (v). XTF D, % p = anng(z) € Assg(M).
i I = anng(x). XN ¢ BEIRMNEFEE ¢: R/p — S/I MHTIH 2.8.2 A]1§ (V(I), Q)
IAR/NTE g O RZE S /T BIR/ INRBEAR), {15 Spec(y)(q) = p (N MEIFEIR R/p INE
AR, M V(I) = Supp(S/I) (] 2.4.3) Fl (v) 3% q € Asss(S/I) C Assg(M). HAFT
AKIE. O
g 3.4.7 WHE p € Ass(M) T p I (Ass(M), ) BIAR/NTT, WIFR p 79 M IERANER
AR XAPERBAENTFZ M BSEAETE, e 3.4.6 (v) BICRAAL; S8R UL
§3.5.
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@Rl 3.4.8 & R % Noether 3f, M % # A K R-#, WEATHEA 0= M C
CMn:Mﬁ%ﬁr’

(i) P& 1<i<n #FFHE p; € Supp(M) #EH M;/M;—1 ~ R/p;;
(i) Ass(M) C {pr,e. . pal.
1A, Ass(M) BHRE.

IEBR EREF M B2 Noether # (51FH 3.2.3). R M D My := 0. il 3.4.6
(i) & py € Ass(M) R My ¢ M 18 My/My = My ~ R/p;. BEAM Ass(My) =
Ass(R/p1) = {p1} (] 3.4.3), Ft51HE 3.4.4 (iii) Z5H Ass(M) C {p1} U Ass(M/My).

£ My = M WNEUESER, BN M /My 2 AMARIE, PIASREAR py,ps, ... PAK
FHREARE 0= My C My € -+, 1§ Ass(M;/M;_1) = {p;}. Noether F5HFZ iR 5E40
IEFHA M, = M, \ifithF

ASS(M) C {pl} UASS(M/Ml) C {pl,pQ} UASS(M/MQ) c---C {pl,. . ,pn}

LA, RERE A IE S PEZETR p; € Supp(M) NFTE @ iRAL. O
#iC 3.4.9 & R % Noether 31, | Ass(R) AR, 71 R W /NZ2A (I §2.8) MN&EIF
H .

HEBA  fEf 3.4.8 KA M = R AJUL Ass(R) AFR. il 3.4.6 (v) it/ N34
BB T Ass(R), WHEHNEAR. O

E3.410 3% R % Nocther 5, M % R-if, Wi B LFA M — M, %%
M = Tlpenssn M REFA.

IEBR 1% 2 € M~ {0}. BT R J& Noether ¥, 5|H 3.4.5 FIIRFE (S, ) K
JC p € Ass(M) 15 p D ann(x), # = £ M, THIGAEE. O

VERNARTTEICH)— WM, FATRZIE Noether I8 AR A,
L 3.4.11 3% R 4 Noether 3F, M A # [RA &K R-#. DT FRA %
(i) M 2ARKEA;
(i) Ass(M) # TR #HEWAEA;
(iii) Supp(M) ¥ T % £ R R AEA.
S B — SRR, FATH Supp(M) = Ass(M) Fr

(r(M) = > lr,(My).
meAss(M)
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IEBA (1) = (ii). # p € Ass(M) MIEHRA R/p — M, H R/p 2B RKER; &
M, R/p 2 Artin 38 (HE 3.3.1). ZRMIER 3.3.1 JEWRA Artin A RIARERZ K
K, Kt p 65 R BIRARIRAE.

(i) = (iil) 2 3.4.6 (iv) R EELGIL; X gk &M N Supp(M) =
Ass(M).

(iii) = (i). B M WERIT 21,...,2,, W M &2 Roy @ -+ © R, BRI, M
Supp(Rz;) C Supp(M), [MEZINLAE M = R/T WIEE, H 1 C R 2. BER
Supp(R/I) = V(ann(R/I)) = V(I) (513 2.4.5), A2 T Spec(R/I) HITTEHE
WK, MOEHE 3.3.3 2006 R/I 52 Artin 35, T R/T R HEMRKE R

G A EAT — & BT, RN (r(M) AR, RGBIR M # 0. BT
Supp(M) = V(ann(M)) KT ER EW A, EH 3.3.3 &K R := R/ann(M) /& Artin
IR, R 3.3.4 B4 R ~ [, Rm, HH m #&/f7 Supp(M) = Ass(M), i M {EH R-#5
WAHRH TN 1, Muw; TR R (R (M) = ((M) BIA]. O

AN EREHEE N 2.9.1 2738 Frac(R).

#hEl 3.4.12 % R 4 Noether 3f. # o € Frac(R), Il a € R ¥ AR Y FHra %
EF teRFpeAssp(R/(t), TF a XFH#FEFEA Frac(R) — Frac(R,) (b 2.9.4)
WRET Ry

IEBA EA <X BOTIARIR]. R o RN L, Hi z e R ¢t € R AFZR . R
o ¢ B o 76 R)(1) IGAEE. HIEAEL 3.4.10, 1718 p € Assp(R/(1)) $13 o fE
(R/(1)p ~ Rp/(t) PHIGAEE; BEA ¢ £ R, FIVBRAEFR 7, XEHAI T o £
Frac(R,) HHIBETIET R,. O

3.5 w=om
HEE e TREU UL T B En] DIERIZIREIA.
EXN 351 (RERIEMERE) L s REM fn RWEHEHE p.
o R Ass(M) = {p}, M M # p-RUEEE, REHRREZE;

o MR N &EMMATHE M/N Z p-RBERE WK N A M 8 p-ERXTE, &
HRERAR.

5|8 3.5.2 & R % Noether 3. ¥ T F R-# M, DL TR %W,
(i) M ZEgEHE,

(ii) #reREMMKERTF, e M, WEEn>1EHF r"z=0.
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MRk (i) # X T r §&HOHA r £ M LERWRIRFELME
EBR (1) = (ii). B Ass(M) = {p} T x € M ~{0}. 53 3.4.4 (iii) A 3.4.6 (i)
5 o # Ass(Rx) C Ass(M), Rtk Ass(Rx) = {p}. fvdl 3.4.6 (iv) FRFEH

V(ann(z)) = Supp(Rz) = V(p).
R 2.1.7 18 p = Jann(2); KA p 182 M R TFE, Wandl 3.4.6 (i), XX4A
! (H()i%) = (i). FBEX

p={reR:VzeM, In>1, vz =0}.

EF-WMAXBHASUW p 2 R WHE. WA q € Ass(M), B z € M {15
q = ann(z); B r € p T ERFEVEE g B, 8 r e q, HIA p Cq. 5—77MH, g
HITRER M FERT, # p BE XA (i) F3 q C p.

ik, q=1p. BER qc Ass(M) # o BIEEM, W Ass(M) = {p}. O

ReER FRERE XN T M = R, @S EIERMERBS. T2 ERHEENE
B, R REARE A2,

EX-F5RH 3.5.3 % I Z Noether 3f R WA, N I Z R W EZFHU AR EL R
Va,be R, (abeI)A(agI) = be VI,
Wbt A Ass(R/I) = {VI}. % EREWNE MR E, Ak 1 4 R #ERER

IEBR JCE be R 2 R/I WMERNFHHMNEFE ae RN T {#1F abe 1. 5/H 3.5.2
KA R/I BREREY BACYXN T8 b e R, A EXRTERFRISEMRGL, WA
A x € R/I HFAE n > 1 813 bz = 0; RMRSGHISRMANTR = =1+ I 1%, KM
FNMTHRIE n > 1 15 o e 1. XEL NS T R TR TS
T2 R MMERTE, Ass(R/I) = {p}. 513 3.5.2 FIEHLES
p={reR:VzxeR/I, In>1, r"z =0}
={reR:In>1,rmel}=VI,

BONERBENEZM In> 1, rre =0 NFEXN ¢ =1+ 1 K85, O
] 1 XA 2 v R AR R3]
5|32 3.5.4 & R # Noether 3, Ny, No & M #y p- % T4, 1| Ny NNy TF4R.

IERR XTEAMZS M/(NiNNy) < M /Ny @M /Ny N5 3.4.4 (iii) AJ18 Ass(M /NN
Ny) € {p}. XH Ni,N, C M A[f3 Ny NNy C M, B 3.4.6 (i) 44 Ass(M /Ny N
Na) = {p}. O
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BN 355 IO & M 4 RAL FH N CM skEaREE T
N=MnN---NM,, n€EZ>

BRAR, LPEN M &2 M WERTE, HRHIT Ass(M/M;) = {p:}; THK n
Ky Moo B KL

o BELMF TG AN —T M, WM T
o & N BRAEKEFHKANT n hERSHE, WAL B
W INEER I3 R TT .
8 3.5.6 & R % Noether 3f, 7 F# N C M HHEHM N =M N---NM,.
(i) &AVE Ass(M/N) C {p1,....pn}, D EH I F 5 &L

(i) HE2BRA, MAFEAN p € Ass(M/N) BHFEE—8 1 <i<n /7 p=p; 55
M, |Ass(M/N)| %F N AR HEHKE.

(i) T RATUETEU, FR—RETRE 0<m<n f##F
piNU=92 < i<m
MHA1<i<n &, W NUCMUT] SEREY m>1, i
NU Y =M[U NN M,[U]

RERDM & N =M N---NM, BENERDHEL m > 1, W ERERSH

JEER (i), EMNBAREFES M/N — @, M/M; Fi51# 3.4.4 (iii), (iv) #H3

Ass(M/N) C | Ass(M/M;) = {p1,....pn}.
i=1

AWERRICEE, WIARERNG M,y T,

04 Ma0 My Man0 M,
N C Min(Man---N M,)
MMM
M,y

HILHE Ass(M/N) D Ass((Man---NM,)/N) = {p1}. FHATHNFE i §F
p; € Ass(M/N).
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(ii). & N = N7, M; B/h, FmEE, W (1) B Ass(M/N) = {p1,...,ppn}. &
IE i # j #1F p, = p;, 518 3.5.4 S M, N M; 2 M FNERFE, N N 15
IR EHEMAERIR, T)E.

(iil). MG 4, BEMLEAM S 3.4.6 (i) %M

Asspy—1) (MUTY/M[UY) = {{pi[U_ll}, i<m

J, T>m;
MEEL A 3.4.6 (i) PTULY @ > m B MUY = M;[UY]. 2R R R AR
ARRRZ, #IH N = N, M; BURHREENE N[U—Y = mz MUY R MUY

ETFHRYE B m > 1, KNGS N[U-Y RS
WAER N = N[, M; /N m > 1, 8 (1) #1 (i) EEHH Assgr(M/N) = {p1,...,pn}
T6H n NILER. i 3.4.6 (iii) 1 E—EAYIN IR #RAA

Asspy-1)(M[UT]/NUTY) = Asspy-—1) (M/N)[UH])
= {7, pmlUT}

MEEESEE m DR, BT (1), N[UY = "L, MUY Z2IRNERSE. O
i 3.5.7 & R A% Noether 31, | Ass(R) thh TEWBZ R W NEHHA.

MEBE A% R AEE. RIE@E 2.1.4 FI51HE 2.8.1, FrEHNEEAEZ 22 nil(R) = 0;
R AN Z AN AR (it 349) XG0 c RINERERSMR. B A
Pis-. ., pn SRS N R N2 pe = 0, MIFAE 1 < i < n {615 p, D pi, FJE. 1
Afml 3.5.6 (i) A Ass(R) = {M/NEHAEY. O

#iL 3.5.8 it ¥ Noether 38 R ft R M. ¥ H N C M M/ NEZ L N =
Myn--NM,. #1<i<nilp ZEFE (Ass(M/N),C) #HAT, N M; & T
Ny, 7 M — M, Z THR&, #rzh N # p-ERKS.

B AR —MMERIE i =1, 1d p = py. TEMA 3.5.6 (iii) FARA U = R~ p, MHT
p=p1,p2,-..,pp R p MR/, EIZESEH m =1, HA Ny = My, C M,.

PUNICIE My, £ M — M, Z FHRBET My S0, M /My — (M /M), ~
My /My, RS WER, 2 € M/ My #M0 0 4 BACHFEE ue RN p #fF uz =0, 0
fiidl 3.4.6 (i) FAH M /M, IERFEZ p, AH 7 =0.

THTER: HACRERSR (14, 513 6.7.6] AT EFAEEIN FAYBE R
SB[,

e 3.5.8 REIM/INER 73 iR EIME—PECOMTEIE 3.4.7 FRIBAYHR AR EAR TS i)
. BAERARIS R D AR R

FEIE 3.5.9 (E. Lasker, E. Noether) % R 4 Noether 3¢, M 4 &[R4 K R-#, N C M
AT, WEAERDMBN=MN---NM,.

O
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IEER DA M/N R M, BERAELAE N AZFENIEY. 2265

Q(p) /2 p-MER T,
Ass(Q(p)) = Ass(M) ~ {p}.

FEIA (3.5.1), B L = ) cpusgary Q0), MEN Ass(M) BB (@8 3.4.8) i Ass(L) C
Mocass(m) ASS(Q(P)) =g, XEALE L =0 FEE 0 #.
HTHINE (3.5.1), BRESRKR c AHNRFE

Vp € Ass(M), 3Q(p) C M {#15 { (3.5.1)

{FHQC M:p¢Ass(Q)};

BHEE Q=08 XZMH M # Noether 5, AIFIRTEAIATT Q(p), It
A Q(p) # M. MAEESHIGE]

Ass(Q(p)) C Ass(M) C Ass(M/Q(p)) U Ass(Q(p));

B p ¢ Ass(Q(p)), WRETHAA Ass(M/Q(p)) C {p} BIF (3.5.1).

B oq e Ass(M/Q(p)), WIELE M D Q' D Q(p) H15 Q'/Q(p) ~ R/q. MKITHY
SRMEZETR p € Ass(Q'); JRTT Ass(Q') € Ass(Q(p)) U Ass(R/q) = Ass(Q(p)) U {q}, &
q = p. AAFTAKIE. 0O

ERRUESORBIF Y. 5 R BRHEFHE BRI IRATTZ TN, EXE R
(LNCRES

3.6 aEsmmEF

Jes R T i SR B A — AR fa] B

5|3 3.6.1 % m >4 Noether 3f R WA AZEA, MBHA I CR Z mEZHAY H Y
BFAEn>1#FHEm"CICm

JEBA W m" c T cm U VT=m F& Supp(R/I)=V(I)=V(m)={m}, Zkiii \ iy
A 3.4.6 (iv) #E1F Ass(R/I) = {m}.

R2ZB¥E Ass(R/I) = {m}. fmdl 3.4.6 (iv) ZLiK Supp(R/I) = V(m), BL&HEIR 2.1.7
5 Supp(R/I) =V (I) 7f% VI=m. BT m BRAER, FEn> 1 m" C L. O

il 3.6.2 HY F NI, EJE R:= F[X,Y] RHHEME T = (X2, XY). BEENA n > 2
KE

I=(X)N(X% XY, Y") = (X)N(X2Y).
TEF (X) 2RMEME mMAS B 3.6.1 AT (X2, XY, Y") # (X2,Y) #=2 (X,Y)-#
B HISE 1 FNAHER R, 5 el T8
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RN 3.5.6 (1) M (i), H—B1FF] Ass(R/T) = {(X),(X,Y)}, HFfhHEZE
BN, XRS5 3.5.8 A, NN (X,Y) D (X) RIA (X,Y) 2 Ass(R/I) HY
HRAZREEAR, W00 b A N Y T SR PR AR R0 M —

AU, 5 T AR T8 Z2(1) c F?2 (BX 2.7.2), W EIRWERE 5@
(2.7.2) 254

Z(I)=Z(X)UZ(X?, XY, Y") = Z(X)U Z(X?Y);

MFTAEAR J, MR FIX, Y]/ SR T 2WREBHERE TR 2(7) ERIRF, =
e RIEEA LTI, & F AREA. 32 Taylor RITAAYE%R, Al DURZAH:

HRAH g Z(J) | BREE (1R&FIT) PR BRI
(X) Y -4l 1L,Y, Y2, . .. £(0,Y)

X FlA <1 HFss/IN

Y FlA < n IEFN

(X2, XY, Y") | A ,X,Y,...,yn!

(X2)Y) JE 1,X X A <1 Mg/
f(0,Y)
I= (X2 XY) | Y-Hh 1L,X,Y,Y2 . ..

JE I X T518 < 1 BEgsh

Hwp fe FIX,Y]. 8T, AU 1 #R8LAXRERD Y-#t RS X 77
IR “—[Iegs/IMINE”, TESR 2 ARAT BTN 3.1 s,

K 3.1, ERDRE

EX 363 (FSH) WLp AF RERER. XA s€lsy, EXp W s RKESEH
p() i=ker[R — Ry /p°Ry].
HE X 3.6.3 3L
pM —p p&) 5ps, plt) ¢ p),

M R 2 Noether JFH, 7 BREGIERMMREAME. M Supp(R/p*) = V(p*) =
Vi(p) BITL p 52 (Ass(R/p%), C) BIRRANE: S THRIE 3.5.8, 16 p* HUMEZSM RSP pif
LY, PIER plo).
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# m 52 Noether & R FACKEAR s > 1, MI5[HE 3.6.1 3R m® 2 m-MESH,
WL m(®) = ms (H—&miF pl®) D ps. AREE AT

O. Zariski UK HMFEESR TAXTRHERWANEE: & F AREUAE, p 2
R:=F[Xy,...,X,) FZRBEEM s € Z>q,, W

=

meMaxSpec(R)
mDOp

UERAIE ML [3, Theorem 3.14]. AL Hilbert ZARER 2.6.7 X R —MERR
fifAs.

3.7 Fm: Krull T

AT AEIE Krall 238 B HAEIR, ARSI RYIERA L T R 0 il WIS 1E
§4.7 RRHES —IELT Artin-Rees 5/FRATIGIE.

EIE 3.7.1 (W. Krull) % I % Noether 3 R W1, M HH B4 KR RHE; & N =
Mpso "M, Ml N=1IN, Hf# ac I % (1+a)N =0.
W R H, & T Crad(R), I N =0.

B RHEAETIUE N = IN: AINBEMER, WEHE 234 SRR a € T AKX
Icrad(R) = N =0.

WiHA N c IN BIR]. DAERE 3.5.9 B IN £ M FREZRSR IN = QN ---NQy,
HerQ, & MW p-ERTBL DINEE 1 <i <k

WAFETE reI~p;, M rN CIN C Q;; 77 Ass(M/Q;) = {p;} FIRTZRHT
AR 3.4.6 (ii) 248 N 1£ M/Q; THIBNEEL, TR N C Q..

BT Copg, W Ass(M/Q;) = {p;} %Ik p; WITEMR M/Q; MERTF, fi5|H
3.5.2 (i) RIAMNFIA 2 € M BH n >0 = pla C Q;; XIKA M GRRAR,
n>0 = prM C Q;. Tr2ILE

N=(I"Mc ()p'McCQ

n>0 n>0
gk, N c N, Qi = IN. BFTAKIE. O
PUREECFR N Krull 28 E HL.
#EIL 3.7.2 (W. Krull) % R % Noether #3f, [ 4 R WyEEME, M| N,50 1" =0.

WEBA fEEH 371 I M = R, WRF N o= (50" FfE ac [ 5 1+ac
ann(N). HT I # R, %6 1+ a # 0, BEERETZER N = 0. O



92 $=ZF Noether IFEH

3.8 Chevalley AT#3iE1E EIE

ATTRN R IG AT RS FREARBRIARSZ FIIB; KT IS 7RIS,
EWEX A71. RIES I A7.2, ATHIE TRIVEIREE, AIRIFFRIANE]YZ TS 725

PANACEEARI RGN, 2 IBRIIRFNERIA N Zariski b, SERMNA R Y AT HE
T

5|13 3.81 & R 43, U % Spec(R) 8y F4%. UTHRZEH:

(i) U C Spec(R) ZE%FF% (B X AL7);

(i) U #ME;
(i) HH&E n€Zso F f1,..., fn € RER U=U", D(fi);
(iv) ##& R hE WA RIESR T £/8 U = Spec(R) ~ V().

B (i) = (ii): EA1 Spec(R) X, HEIRETEIIE XH U — Spec(R) 2E X
A14 PTBIURIE XS U IR,

(i) = (iii): XEFEAEL D(f) TR Spec(R) [—4HE.
> (iv): M 1.10.3 (iii).

(i) = (i) T 9I# A19, IEJEW D(f) BIFFFHE MK AT, {55
5 D(f) — Spec(R) &X R — R[f~!] UK F Spec(-) /=¥, i 2.5.2 1AH
D(f) < Spec(R) JHIEMLET. O

AIEHICTEAE —# L W TR £ X > Y Rl X E—ETFE (X,
A £ X0) = U, F(X0).

SIEE3.8.2 % R A%, Ml Spec(R) # 7T H# T HBEH A D) N Vgr,- - gm) BT
%%ﬁl@x%a /E\tqj mGZZO ﬁfaglv"‘,gmeR-

SEBR HeE S, AT TEEIBAT A N (Spec(R) ~ B) T2 G, Hit A F1 B
HURIESTT T4, LI 3.8.1 % A (8 B) SR UL, D(f) (3 UL, D(gy)), FRKEX
T A MR, MR RTREEE. 0

AT Noether R, PAREBURAIHE .
ol 3.8.3 % R 4 Noether 2, :

(ii

NN

(i) Spec(R) Wyt T B ZRHMATE (R AL3) BARHE,
(ii) EMTHET % E C Spec(R) ¥@&E WL E v —MIEF T4



§3.8  Chevalley AJ#& M EIE 93

MERR  dmd 3.2.1 #PH Spec(R) /& Noether ZS[A]. WiE (i) BEAZ MM 3.8.2 #:F, th
FIDUATHE 2 A.7.3. WiE (i) 2HEe A.7.6 FIRH. O

fl3.84 BEEH F FRNZHXAE R = FIX,Y]. BRKEE m = (X,Y)

M E := D(X)U {m}, W E /& Spec(R) WAIMHIEF&E. HERZRIBHAFE: B

ME=UnZ EPUF ZWH MmeU;, B fecRMHEHme D) cU, W

D(f)NE=D(f)NZ & D(f) NHATE; Har# 1.10.10 ¥ D(f)NnE C D(f) FFET
D (%) utmlr ) ¢ Spee FIX VI

EAEERMA (X)), AT D () #E, BUXRZ Spec FIX, Y][f~1] MM T4,

HE385 % EAFE o1 R— S Ffa kit skf Spec(yp) : Spec(S) — Spec(R). % E
# Spec(R) # T H#13 F 4, M Spec() ' (E) £ Spec(S) B 7THy%F 4.

B ST 53 A74, UiBH F BSR4 Spec(p)~L(E) [EIZRIAT; KIES1H 3.8.1, 1X
XIAZEN Spec(o) "1 (D(f)) = D(¢(f)) (fif 1.10.10). O

R 2R T AIE 54T Spec(p) HIR. SeiCHl LA

513 3.8.6 & TUTHEKXRA ¢: R— S, B4t Spec(p) : Spec(S) — Spec(R) & Bt
M F & A THETE:

(i) S=R/IT ¢ ZHREA, £ I ZHRAERERE;
(i) S=R[f '] T ¢ ZHFLFAHBERAS, £F fe R
EREWAEILT Spec(yp) #ZEAT.

MEBE (i) 513 3.8.2 &K V(I) BrIME T8, & A F1 B N Spec(R/I) MBI EFHF T
#1951 3.8.1 5IEERRIT

XA f; (8 g7) BB R FRIEG f (8 g;), a7 A=, D(f;) (B B := U, D(g)));
PHEELE Spec(R) MIEIETFF4.

50 A (80 B) X Spec(R/I) — Spec(R) HIf&E& ANV (I) (8L BNV (I)). HkA]
L AN (Spec(R/I) ~ B) M2 (AN (Spec(R) ~ B)) NV (I), MR NAIIE FHEZ L
AT AIE.

(ii). & A’ f1 B’ 7 Spec(R[f~1]) WIEIEF T, %58 3.8.1 Al RIFEARIT
U; D(f}) 1 U, D(g}); ARG f] = L T g = %, 2 fi,9; € R, WL 1.10.11
(iii) BiBH A" M1 B’ £E Spec(R) FHGIAIE A=, D(ff;) 1 B=U, D(fg;)- N,
A’ N (Spec(R[f~Y]) ~ B') 7E Spec(R) HHIEE AN (Spec(R) \ B), X7 Spec(R) FJAJ
ST, O
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BI33.8.7 % /=3 ,a:X' € R[X]~ {0}, Il D(f) % Spec R[X] — Spec R # {42
D(ao) J---u D(ad).

HEBA & p € Spec(R), 10 f 1 w(p)[X] HEVGEY £, MdnE 1.11.7 &k p BT
——1

D(f) ~ Spec R[X|[f~!] B4 BAY RIX][f % k(p) ~ w(p)[X][f ] AEZE, HHAX
4 FARE, HHMNEFE 0 <i <d 15 a; ¢ p. O
SI33.8.8 & R 43T f.ge RIX], B g#0 WEBAFRKTHE. Wit D(f)nNV(g)
%t Spec R[X] — Spec R Mg £ T F 4.
BRI d = degg > 1, BMEEILTFN. R g H aXd + R, HF a € R*.
S:= R[X]/(g9) TEN RFEZLL 1, X, ..., X1 PG RA B B, RN f AT
RAZ A FZ
m: S8 =S, m(h+(g9)) = fh+(9),

IWHRHEZ AN Char,,, = X4+ cq 1 X4+ + ¢ € RIX]. ARIERH D(f)nV(yg)
1£ SpeC(R) %2 D(Co) U---u D(Cd_l).
Char,, ) € £(p)[X] /& Char,, N R[X] — s(p)[X] B, T

peV(co,...,ca-1) <= Chary,p = X? < m(p) BRFLEEFS. (38.1)

iI]fTES g f. XN F qe D(f)NV(g) (MMEIqe D(f)), fip:=qNR=

qN R, MABEKA k(p) — r(q) 1 R-ERIZE S — k(q) (Al 1.11.8), N 115 F|
Kk(p)-ERIEMLET © : S %) k(p) — k(q). BERMEFR

S @ r(p) —— r(a)

R
miw)| fw 7

S & k(p) —5 w(a).

BN f ¢ q 40N BB LA % (3.81) i p ¢ Vico,... ca ), TREN p €
D(co) U+ U D(cg_1).

5 —75TH, ¥ p € Spec(R), BAFTE 0 < i < d f#ifF p € D(c;), W (3.8.1) ZLiK m(p)
BT, 52 T o L) ¢ il (s 0 ,.;<p>>, HUFTE G € D(F @ L) (I8 2.1.5). #
JEamE 1.11.7 BX Spec(S) HA R E] q, BI7TE q, W § € D(f); AL Spec R[X] HXS M
2l qge D(f)NV(g).

B n(p) 2 S @ nlp) BIFHE, BE G, 0 (p) = 0, T

qﬂR:aﬂR:{tERt@lﬁ(p)eaom’%(p)}
=ker [R — &(p)] = p.



§3.8  Chevalley AJ#& M EIE 95

£ b, D(f)NV(g) 1E Spec(R) FHURIERZ D(co) U--- U D(cq—1). BARTARIE. O

7EIE 3.8.9 (C.Chevalley) # 3 FA ¢ : R — S S RAHWET R-R%, N
Spec(ip) : Spec(S) — Spec(R) Bt Spec(S) By T #1& F &£ # Spec(R) o F #i& F£.

IEBR X S 1ER R-AREEI B INERTT ML n BITIRIE. & =0, WIAZEH S 3.8.6
(1) gk, AR n>1, 0 R — SN R— R[X;]— R[X1,...,X,] — S. 51 1.94
(i) 228 R[X1] = R[X1,...,X,] —» S WEBGRARBERN, &/ MRT M < n—1.
TRABLE S = R[X] HIRHA.

BT 51 3.8.2 MRS F&X A RIFRE AL, X Spec RIX] HEW C =
D(f)NV(g,...,gm) BITFRIEETLE Spec(R) HHIE C° AIHFIERNAT.

Ym=0MKANHFIH 387 PARE m>1, HEWIEK 0<degg < --- < deg gm.
250 S0 deg g +m BIFIRIE. I8 g1 AREIRIAREN o € R\ {0}, IS S

Spec(R[X]) = Spec(R[X]/(a)) U Spec(R[a™"][X])

! | l

Spec(R) = Spec(R/(a)) U Spec(R[a1])
AL ¢ FET IR FERZ I
o C'NSpec((R/(a))[X]) 1E Spec(R/(a)) HHIE, 78BN C° N Spec(R/(a));
o C'NSpec(Rla~"][X]) fE Spec(R[a~"]) HI%, 7R C” N Spec(R[a]).

ET 51 3.8.6, UEBA DA EMRIAZ 5537552 Spec(R/(a)) F1 Spec(R[a~1]) HIRHIE T
LRI,

R FRIK deg gr 8L g1 M 0, TESR degg; F1 m K, IBITAMRR; 5 _Fhz2
KRB E o AIEERER. X ac R Tiom > 1B, @1 ¢, € R[X] IH g1 bR g0 BIR
=,

(91,92, -+, 9m) = (92,91, - gm), deggy < deggi,

U AEIAfERR. 25k, AP o € R T m = 1 BIRFEIRNAT, {RASIEE 3.8.8. O

|, Spec(R) BB AT IE FERACRESZI N FEAS Spec(S) — Spec(R) HIBREE,
Hr S ZAERER R-AEL 407 BEARR S .
#EiL 3.8.10 & R £ Noether 3, ¢ : R — S £ S W4 A R4 & R-REL, M Spec(p) :
Spec(S) — Spec(R) Bt Spec(S) # 53 T % A4 Spec(R) #) I #1E F&£.

UEBA  [E1Z3] S W2 Noether ¥R, 1 2 HFRER RAKEL; Noether S5 H{R Spec(S)
ORI R A1 155 B AT AR, ORI RONE R 3.8.9. O
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Fid 3.8.11 YT R & Jacobson ¥f, 1M S 2HRER R-REIER, MEH 3.8.9 A
#15 MaxSpec(S) — MaxSpec(R) (EH 2.6.7) LA AiE FE A S F8, IX &
il A.8.8 BRI

4 F 2REUAEM R M S #ORARER F-RBN, 2R §2.7 1977 K
MaxSpec(R) 1 MaxSpec(S) 128 /7 5 22 [ i AR B F &, N MaxSpec(S) —
MaxSpec(R) fRF A A4 E M IX — 55 50 ] DAMEARLIE B A M WL, S5 S ARSI IR E) 2
EIEZE, UL 13, §7.1].

>

1. % S J2 Noether R-R¥, R’ 2HEMRAER R-RE. BiH S =R % S 7 Noether ¥A.
ViR S" BARAR S-REL, FRNEH 3.2.4.

2. 1% f J9 Noether 38 R IEFIZS. WEBH £ i, W' E 3R, % f Ak, A
ker(f) G ker(f%) G-+

3. W F O Il R:=F+ X - FIX,Y] & F[X,Y] lWFRE, MH R & Noether If.
£ R = F[X, XY, XY?, .. | B EMRE K5
(XY) C (XY, XY?) C (XY, XY*, XY* ...

4. B p NEE, n € Z>o. WA Z[X] N (p, X)" FEED n+ 1 MERUT.
fm e (5, X), B m /mm (B ZIX)/mof RS RO,
5. E a€eZ = f(a) € Z W fe QX] MNEMEZIN TRUENX 4.3.2), ENMK Q[X]
BIFIR Q[ Xiny; FEF h € Z>y B I REK ()}f) € Q[Xint N Z[X].
(i) MITERE p E X Q[X]ine HIBHAH
my, = {f € Q[X]ins : p [ £(0)},
Wi BHIX 2R AR,
(ii) &L, FBE f € my, MITETE k(f) € Zsy 5 k> k(f) = p| F("). %
JER =L Higez[X],d> 1 Tiptu
pi-luy
(iii) UERA m, IFEBRAERL, FIt Q[X )i E Noether IR
6. Z*H R 9F Noether ¥ Spec(R) /2 Noether Z3[AIFfF-.
7. & K|F sk, IEH K 9K J& Noether 33 HAY K|F 2HRAEBIRY 5% [14, & X
8.1.2].
Hig “Y” J7im. FBERERS p - K(?K — K, % I = ker(p) BEMK
Tt Z;nzilaij ® by, W i = 1,...,m. i Ko|F NE aiy,by; EREFY K LIk
KgKeK}@?Kﬂ%ﬁyo, ﬁiﬁ%fiﬁﬁuo:KgK%K%lﬁlm. HIEH#ES K = Ko.
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[

8. & F N, RN F-RE M H [k(m) : F] X R B MEKEE m BHR. W R 2 Artin
WY HAY R 2HMRYE P,
R Y7 Fii, SFHERE 3.3.1 MER RS — B AEAR G PRI 5E, HA A TR 2
HERYE - =S,
9. IR R =ZFHE M = (Z/22)DZ. BiiE Ass(M), FHA T My, Mo (518 Mi+Me = M
M Ass(Mi) U Ass(Mz) C Ass(M).
10. % Noether 38 R FIGMRAER R M WHl 7, EHRGEAEZREM p C q C ¢ WE
p,v € Ass(M), T q ¢ Ass(M).
11. & R ¥R, IERHANER R, WATEZMAE p #U2 R, M Ass(R) WITTRABEN/NEHAH.
¥ p =ann(z) € Ass(R), W £ € R, 6=, MEPTE a € p 7£ R, THGEFL, &
12, BUEMK F, i [ = (XY, Y?) C F[X,Y]. 743lAz My id X MY 7 R:= F[X,Y]/I
4.
(i) WA R ZLA (z,y) FRAKBERBRIEEIA, MH (z,y) = ann(y) € Ass(R).
(ii) B ann(z) = (y), MIMTEIA (z,y) € Ass(R) ZHA R

13. & I 4 Noether & R () p-HEZFRAR IEBATEAE s > 1 815 1 O p® (B X 3.6.3).
LB I, B R, B9 pR,-EEFAE. 515 3.6.1 A s > 1 #1158 I, D p°R,, UE XA
FIOME R HFINEBRED p© | ARG TZ

{a€eR:Jue R\p, ua €l}.

I X il 3.5.3 3R] /1 = p #ES BB 1.

14. & F WK, n>1. B R = F[X,Y, Z]/(XY — Z"). 22%IPA 2,y, 2 RFE XY, Z £ R
% @p:=(r,2) CR WUy ¢p M zyep”, AHIES e p™ FHWH = ¢ p.

15. W% E /& Spec(R) A& 75, WEEARETR B S 1§ E 2 Spec(S) —
Spec(R) 5%,
TR 9 E R, FEFE E = D)0 Vign...,gn) K. WS =
(R/(g1,- - gm))[f Y. WATRE—NFEL: FRERGE R-ABIAERER (BUETR)
MR, XA JE R A 5.7.3 (i) S






b QY I RE T

4.1 srFs5HxE

AR i B[] (B 5 o ORI S; BE Al AT UL (14, §7.4] B [16, §7.1].

TEAE 4.1.6 ZHfl, A% ERIR feanillEi?ﬁe. N T EIRIR, BT RN
FeRs, AR BRY N ROL AR, 2 J5 RN S R TSI B TE.

DURE S S AEBERIRTE, EUL §B.1; N T2 8%, BELAEH Z0 HZ 1Y
FeHI AR L.

EX 411 ik 2 F# T g D-0RF, 24— A (ERBEHFERR), BE
EARBHN ARG A=D,er 4y, HRTEHL

Ay - Ay CAyyy, 14 € Ag;

B Ao 2 ABTH. R ae Ay, WA a HTFRTT, HE o #0 B E XERH
# dega = 1.

o & AF B A T-HRF, TR ¢: A= BXHyel BHLE o(A)) C By,
R @ K2 KFZ (8 B 2.

o EX T-2WH A HRREBRA AdHR [ =D INA,) lyRAEA I 4
BHE A/T =@ cp Ay/(INA,) TIRAKRF. X TAERIAEEA LM

o K H, T LE L A HRRFIF.
EX 412 BE T-0%K3 Ak,
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(i) & M A AB, FARBHBRELTNDM M =@, o My, HE
A'y : Mn C M'y+na v,neT,

WA M H T-5R A-RE, Hikak A wF o e M, Wik ¢ 4FFRTT, 34
T A0 B EREY dega = 7.
o WR M A M B T-4% A, T ABFA ¢ M - M 3Fi4 7 €T #
R oo(My) C M, WAR ¢ K T-4 Kk A-ERFA.
o ¥ N &M ATH, HE

N=N, N,:=NnM,
yel’

WA N K M #53R A-FE; et M/N 42 T-4k A
(ii) % R ZXHE T-2R3F, T A & -2 R, AREEA R-REMEH, K7 A
£ A R-EZ D-2 %, Mk A 4 T-9R R, ok R-R%& — s
K7, ZHENTHEZ T-2URFFAL R— A
o WR A BETD-2K R-RE (BHFELH), T RFREFAS ¢: A—> B R
B2 T2 WA, WAR ¢ & T-2R% R-REFA.
o R I & AWARER, W A/ &aAHEH T-2K R-RE.
AR A #a] AN D-3 0038, TTiRR B2 TEM M ~ = 0 BT AHMHE,
B AR M WREZMHFE T AN T-70IR AR X RESAFR T NG RS,
= D30 A AGWE -0 (B) AR, Hopodke (aids) BAETEARZ 2
R A-FHRL T4, W T A RHERNXEE 1, 5 WA

{JC AU, J oI}« [T A/ 5rREE)

J J/T
HIF % i J.

SIEA41.3 % J A T-2%F A WER (RAEM, AEH), U J ZH9KM S ERY
CREFRTER. B M A D-2R AE, WFHE N Z2RE LB E M ETRT
N

MERR L (14, 513 7.4.2). O

M98 4.1.3 SZ0F T F1 J /2 -0 008 A B 048, W 1T 7R84

ICHTH D-73 008 (RZEHR) FTRTEREA Ringp; SHRERTE H A AL i Y 42 - TE I
2y CRingp. 3 I-730 0K A ME5E, &K D-730 IR A-BAEN T 70 RIS [R) 2S4S iR TE
A—MOdF.
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& D U0K R 28#t, MIAK T-50% R-AREHIRTERE R-Algy, 32#t R-REAEHE
FIR 2 FIEEIC N R-CAIgL.

— I T-53 R AR (M) e (BIZESR T 72 </ &) WIEID 1.1.4) f£ A-Modr HHE
I (JREIRTR), FRTE ABMERN @, Mi FIRFHIR (D,c; Mi)y = Bicr M-
BEAR, — I IR PRI ST 2 53R,

Rl 4.1.4 /5540 b, A-Modr 2 Abel 68, & H 4k 24 % W B S H ® T A-Modr —
A-Mod R4 lim Ao R Lim; 4F A, S8 8T R EA 6.
B—F W, A-Modr E& AR, ieA ] WEAR A, Mk EZxtprg vyel B

(ot =T
B, A-Modr 45 B4 i /b lim.
HEBR AT A-Modr RIS ¢ : M — M', B
o £ A-Mod HEUH ker(y), im(p) Fl coker(p) = M’/ im(p) H#B2 T-5MKRIN;
o ker(p) B coker(y) 76 A-Modr F{Is%3 I ELAT BT AT AR HIZ M R
o TN M/ ker(e) =5 im(ip) S5 ARG,

AN 16, X 2.1.1] UL A-Modr 72 Abel 70lE, HIEHIEE TR ker K coker.
577 H, SHEFEARRNEM. BT M ker, coker FI/NEHIE AGIERTA /)N
limy FIERR lim, Wi 58— 1FIE.
KT RE B2 B T M RIE. O
AR L _EHR, SR T BRI TS A
#i84.1.5 WERHL (16, X 1.5.2] FIAME, ATRAYE A-Modr — A-Mod A=FiH /) lig
MIPARR Lim, JX5@ KA M2 R, DL [16, X 1.5.4 FITEID 1.5.5].
HE 4.1.6 J5E8F BN UIRBIAZ .

KT R IR EZ BRI & B Ak, A1 2% §§B.3-B.4; HAIW RN AI =%
§B.5.
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4.2 sy

ARH RN A RNERAH, fEAERHIETE, A-BN XA, A REAENE
EABERAZ 5. —0 §4.1, BATH FEAVRERIN D Ac A8, BRARERIA 9 D04 AR,

HEE BRI RTITE A ERE (0, <) (EX B.1.3); R TFEMAIIRKIERZ%
[14, §1.2].

EX 4.2.1 (BIFRELRIR) prig T-ERIF, 2 — 430 A £/ Fa% {FY A} er,
Vi

o (BMMF) v<n = FYADF"A,

o XHiH v,y el B4 FIA-FYAcCFr A
o 1y € FOA.

a i D-JRHE IR A, BriE T-i83 A8 2— A A-# M ERETFEK (FM}er, %
/%

o (BMR)y<n = F'M D>F"M,
o XHH v,y €T ¥H FIA-FYM c Fr' M.

FA=U,er FTA (R M =U,op FTM), MAR A (3 M) # T-jR3d 254 4 5508 4
N, FTA= {04} (B N, F'M ={0}), WAk A (3 M) th T-iEd &4 B

DA_EMEAE T S ROV BEIEE. FEERIZYE 4.2.10 KNTHIER.

EX 4.2.2 (BBEMZEINRSHFEBREZ) % Af A T-RAF, T eo: A A
A A

o & p(F7A) CFYA" BRI, MR ¢ 4 T-IR I 6 8y B A

o F#—FER p(F7A) =im(p) NFYA" KL, MK @ AFHERL.
KMH, a8 T-HRAEH A, % M o M T-jnt A# T ¢ M — M o AR A:

o & Y(FYM) C FYM' {8 ar, AR ¢ 4 T-iRat A-# 18 8 7 A

o FH#—FER P(FTM) =im(yp) NFYM' B, MAK o A AR A

RKARBONE X 4.22 WRFES (BUYERE), @152 -8 4 5 7E v
FRingr. (8¢ FRingy.), 1M T-3&d 38 A ERYRETRERTERS A-FModr (8 A-FMody).

IR B, D-983d 2 # IR 1E FRingn (80 FRingh) FA R & FERE 55 12 N
FCRing. (8¢ FCRingy.).
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R FRing}. (8] A-FMod}) HJ2 FRingy (8( A-FModr) B 1-7ilE, {HFEAMIHES
MFE: o: A— A (B¢ M — M) BRI B BRI (8 A-R) @, mEN T
Ay HEBERTASTA (FPMSFPM).

Bl 4.2.3 (FRIEID) & (T, <) WEFIMEXFRE, MHEMIR A #4 LN T-38
PUELY A
A dd ¥<0
{OA}v v >0.

TR A DLEAL T-38E. NATE A M, B0 M B T8 Y T % A-T#
{FIM} op, MR v <n = F'M D F'M.
RERIHL, RHATE A-BL M OEEREIR T AL T-IEid

M, A<
pia = =0
{0}, v>o0.

AR PLBEI 73 A28 HipR T Ring — FRing}. #1 A-Mod — A-FMod;..
X 4.2.4 (FFED) & M K TR AH, N AR A-TH.
o EX FIN:=NNF'M, £ N gk T-8T A-#, A THE N EHF SR
o X FY(M/N):=im[FYM — M/N], KA H# M/N k% %k,
DU G518 [ ™ 48 [R1 A A 7S

BB 425 % M - M T-Ed ABRA, 2 MRT R M/ ker(y) fo 7 #
im(y) KRB M Ao M HERRD, Wiy FRl AERAS ) M/ker(y) — im(y)
£ T A-BRER; ERAMYERY ¢ BFHRAA.

W XMER v € T Ml 2 € FY(M/ ker(v)), fF1E » NARFKIT 7 € FIM, i ¢(z) =
Y(%) € FYM'. Ftk ¢ /2 T-iEid AR

B Y B ABER. B - AR Y ALY o (FY(M/ ker(y)))
FY (im(y)) TERAZ; ARAE S S U8 B E S, X T8 SR &4 (FYM)
im(¢y) NFTM’.

Ol

fa.2.6 2k D08 ABE (Mi)icr, BAMNMEN AEINENM M = @, M; T
A T8 FIM = @, F'M; (B v eT). MNTH i € I, BE XA WHEE RS

5l 4.2.7 CRESREGHMBIRIBLEN) 5 A D208, X

F'A =P A,

nzy
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M| A ER FeA BN D-38 IR, MFRrE T-70R A8 M, ZRCUBE X

F'M = P M,,

nzvy
WM ER FeM N T-381d AL AR D-0AEZS ¢+ A — A7 (B T-701R A-H
R ¢ M — M) #2 DI (8 T8 A8 ™8 EAS. HIHE SR T
Ring; — FRing}: (8¢ A-Modr — A-FMod},).
NSRS —TT AR

EX 428 # AN D3RI, M Ak Tt A, & X T-2K 3 grA =@, g7 A Ao
-2k gr A-# gt M = @ gt M T

gr’ A= F”A/ > FA,

n>vy

gr? M = FVM/ > FM.

n>7
Mot 1 2 T
gr : FRingr — Ring, gr: A-FModr — (gr A)-Modr.

TELRRBEEMK A, Wit grp A=gr A fo grp M = gr M.

AR v e T XN EMICRE EARTAE §4.1 B FARICEE, HONFIFERIE Y _EAR
FFEREF—EL

BRI, AT EN gr A WSRIE, WATE v € gi” A fl y € gr" A (LIEHEARE T
TeF'ARM §eF1A, RaENX

xy = &y 1E gr’ ™" A .

1EE X B.1.3 BUEA B 8T vy BENXPAN gr A BN T-7-RA S IE4l 8 FI1T A5,
BRzain. R, @ o € gt A fl o € gr" M FRFRIT a fl 2 SRE X ax € gr7 " M
7 az WG, ATEGUE gr M BRSCRCH T-731R gr A-F5.

WER A ZHe, W gr A BARMAZH, # or BRAIDIER T FCRingr. — CRingr..

WS Ty IR A KRB 4.2.7 FIHE, WINETE v BE

gﬂAz@An/@An:Aw

nzy n>y

MM gr A IE2 A ERFEAR D-73REEH. TXRH:
E

o BERF Ringr — FRingp = Ringp [A#T id;
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o [ 47 Ring, MR A, &E T A-Modr — A-FModr — A-Mody [AI#4F
id.

%6 4.2.6 H U A-FModr & MNMETERE, AT EE T A2 Abel 7ol %5 —77MH,
il 4.1.4 FRBH (gr A)-Modr J2 Abel YW, [KTiA IES 5 FIHEE.

ia@429 WA TR 3 A #F DR A% M, M, M". %% A-#WEIE 65

0— M H M5 M= 0, F#HEX f fn g #H Z A-FModr #4545, £ F°M’ Fn
FeM" & F*M W5k (2 X 4.2.4), N

0 g M =Ly ge M % o M7 S0

% (grA)-Modr 8 E471.

IEBR  IESTETE (gr A)-Modr HRIBETKE, [MIBUALE A FTE v € T fal
0—g" M — gi" M — gr” M” — 0

ENMERESY]. BT gr” MBESFIRILAIE X, — VML bRk i [FI#L E . O

£97E 4.2.10 (FH8T) 1ERAE X, HAT MR F <P U <, [FEIR IR 454
FITRARIEN F A (B F M), Kt v e D ARET I ATRYEEIE, ME— 22 54E T M msiek
NFHER

y<n = F,ACF,A (HF,MCF,M).

TR, gr A M1 gr MBI LI A MRS

gr, A= F,YA/ > FyA,

n<y

ng_FM/ZFM

n<y
TERAIX B &, BAT PRI S5 A FR Dy T8I
WWHIZE TN Zso, Z<o BL Z BIIGIE. HNIR A (8L AL M) _ERIREIEERE
- DFPADFPTIAD ... (B - DFPMOFPT'M D),
[[0BAR3 V(3

- CFpACF,iAc-- (B - CF,MCF, MC---).

DA 5 IEREDEIE, RV P PRI & A A R A THRRCA.
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il 4.2.11 TEFIR A Bl 4.2.3 BFEMN Z-381d (8K Zso-I8id). 2 WAE—1 AR M BN
79t (B Zso-98id) A THE 51 A-FH5

A WAHWE FOA = AW 238 (30 Zoo-383E), T M 2 Z-38id (50 Z>o-8
) A-BE W& FPM A M R, IXZRN FOA - FPM C FPM; [AFE, &
FrA &2 A WEAE. DUR 2 — 2R E 9.

Bl 4.2.12 (1-3#383) & A NI, T 9 A EEME. AR p € Zso:
o AX FPA = IP BN Zso-TEIE N,
o WFAER ABE M, BN FPM = IPM N Zso-TEd A-F5.
IR R AL TR FBRRY, IXAMIEE S -, FEAT A ZHETE.
TG ABIRIZS o« M — M’ #52 TR ABIRY RIS, [RIER T-3EIRIE 4t eR

F AMod — A-FMody,_,. HEREIHFAFTIZERAIER (1P M) = im(y) N IPM' 3
Y o R p RIS

4.3 zmtEH
A NEE §4.4 BFERE. B2 —WIEEARFES: IR E— n RETAXBEE
n+ 1 MER R ENBEZ2WME (n > 0).

EXA431 W TEHH:Z - CH wels, f HRHESEN mod w F 4%
E#kETEANEZRR B (L), WAk H A0\ o 4 8 # i ESTE; e 2 X
deg H A3 HANRAK K EX R 2 RARABEMAME. WRATEMRKE, R K2
RRABHET CHENFF K, Wik H ZHE K £

JEARDEBOFEME—, LLanAT A o MR o, (HARNER 1B R BT IR E
A JE BRI E. JETEA 1 B2 I TE A2 2 Wi 2

EX 432 wmRERR [ e QIX] EPAEBEBUE S N &4, WAk f HBESHN.
5132 4.3.3 & fcQ[X]. VTFHREH:

() f =T asoba(XTY), ¥ by € Z, ELHARTAFE
(i) f R %MEEHX;
(i) f(k) XTI AW EH b 22K
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B (1) = (ii). #M 0f .= f(X) — f(X — 1) X 6 € Endg(Q[X]). ZIXFREK
FAIPEBTZRIR Y d > 1 I
s(X Ay _ (X+d-1
) -Cat)

T2 (Y1) fE 0 MBUED 1, WifE d = 0 BH2EE 1, i B3R (X 19) 2%
[EEATE:W

(i) = (iii) *FHL.

(i) = (i). HETREWIE, ITE f € QX] MRERFFIEMRM 3400 ba(*FY),
Hif by e Q B f#0. TREE £,6f,0°f,... PRGN IEBZIRE baeg 7, M H
IX 2 2 TN 7870 KAV B BUE, # baeg 1 € Z.

1= f = baca s (Fqi?), W deg f1 < deg f, MH k>0 — fi(k) € Z. B

A5 bg € Z NFE d A2, BERD (i). O

4.4 Hibert-Samuel EREMZ I
A RAERINE LR T, HFE D-0K3F R.

513441 T AHEE (X BLL), T M A T-4K R#. & xeM ZFKRT,
W (1.1.2) & X B ann(z) & R B4 K FEE; s (1.1.3) & XH ann(M) 2 R 4
KHER.

ERR % ooe M GFR WIH T FRHEEEAM o € RHE ax = 0 HHMCEED
FRHEIT ay EWE aye = 0, # ann(z) B0 XA A M HFFRITAER, #
ann(M) = (.55 ann(z) R RFAE. O

Ht R/ann(M) 2 T-50 KK, i M J& T-73R R/ann(M )-4.

X442 F M A T-2K R-#. T nel, ®X M) AUT D2k R-#: €ff
A RARE M A%, 2 REMN =

M)y = Myiy, v€eT.

S M (m +n2) = M(m)(n2). RN M = R, B85 T-53% R4 R(n).
MEZ T B 22 0 LR RE RIS H B 1B PR B RO e CEBERR T — T, il
78D =7 = 7#P; PEVL §B.1. BRI I B R (EX B.L1), W T ERMH AR
. Tee (513 B.1.2), M R (BUEM T-70R RAE M) 2 rerspkiy. & M A
[P 43R R, |
ann(M(n)) = ann(M).

R M BN REARA K, WAEBGTRER a1 M BHAERZDFFRIT 1, un
A, Ay € Ms,, 6; € TP, FRE XM — 5T IRA ST S THEE TeP-73HR R
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T R AS
P r(-6:) » M
i=1 (4.4.1)
( 707 1R707")}_>y17
Ll
i frE

XK 1 € Ry = R(—0;)s,.

AT 41 B ar:

o Ro/ann(M) N Ry 2 Artin 3f;
o R ZAMRA K Ro-RE
o M RARAK RH.
WM, T FrA v e I8P HEARKE Ro-H.

MEBE DA R/ann(M) X R, JREMFEARZEEM, [AEURLAE] ann(M) = 0 IER. &
T (4.4.0), MBS M = R(—n) BB (n € TeP); SERE TR, Al —5 K @i 5]
M = R W15,

Y& R ER Ro-REWHFFIRIC o1, ..., 2 BB, HH 2 € Ry, T 6; # 0. XA
Ay e, fEN Ry-BH R, HFTA “sAIjiX”

m
a Am J—
S(}ll T, QG € ZZO’ E aiéi =7
=1

ARk WEEXE (ar,...,a0,) TEAER. WA, R B.2.2 ATIEI A LREAES
AT = Zso, G ANY) =0 <= v=0; 8 Yivy aidy =~ W YT aid(d;) = A(v), T
MN0i) €Zs1 FBO<SY " a; < A7), B (a1, ..., an) FIEFEHRR.

&I, BT Ry 2 Artin 31, BEWRARKE R (EH 3.3.1), AN Ro-f=
DNAREKE. O

XNTARKE Ro-18, GAHMATKERE (g, W2 T8 3.1.7.

EX 4.4.4 (Hilbert-Samuel %) % T, R #1 M #% 2 5| 3 4.4.3 844, HEH
Hilbert-Samuel & % F X4

X(M,-) : I8P = Zso,  x(M,v) :=lr,(M,).
W] (M (n),v) = x(M,n + ). ¥A TeP-5R R-EIIEE]

05 My 5 My 0, (142)
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ME RERSAD M; #ET1EE 4.4.3 B, WE
k

S (~1)ix(Mi,) =0,

=1
XREANE v € I'eP fA Ry-RIESH] 0 — My, — - — My, — 0, TiKE
BREL (R, TEIEASE .
f4.45 BT = Z>o FIHFAMEDN RGN R = M = k[X1,...,X,], HF k 25,
2 BT A S5 R B BT a7 B & 22 IR 2R

. +n-—1
X(M77) = dlmkk[le“'aXn]deg:'y = (ly n—1 )

XN v € Zso AL, HRERXRT v B n — 1 SEEZ T,
T DA A BRI ESCR AR Hilbert—Samuel BRIEL, ML TRERAE X B.2.3.

AEX 4.4.6 (Poincaré R¥X) % I s, A £, BAE. %7 I-4W%3F R F1 8P4
K R-AE M, & VNT F 4 pt oL

o Ro/ann(M)N Ry & Artin 3f;

o R ZARA B Ro-RE;

o M RA WA KR R-H.
Al B2 #y Poincaré R & & X A ¥ A An

Pyi= Y x(M,y)X" € Z(T)).

~eTerp
XT Z(T), % W E X B.2.3.

TEN 4.4.6 BEHM): & M GFRAEZERIT v1,. .., yn, & deg(yi) = deg(yi)+ —
deg(y;)— (FHH deg(y;)+ € T), MY v e D=3 deg(y;)— C TP INTTRER M., # 0.
Ak, & A EZSH

X"Prr(ny = Pumr- (4.4.3)

HERiXT T RS N TRER k, 513 B.2.7 &K 1 — X0 MFE v e T~ {0} #F
52 k[T MIRI¥SE, i3 B.2.6 fifR k[eP] c k(T)). FELARGIEHE k = Z.

TEIE 4.4.7 (D. Hilbert, J.-P. Serre) % I', R o M 3 & & X 4.4.6 B 41F. B n € Zso
FEFIRTC 215,00 € RN Ry 1% R= Rolzy1,...,2,]. i€ m:i=degx; € T, N HFAEE
—H Q € Z[I#P] 0

= G X

7 Z(D) ¥R
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IERR ME—MERAAR. BEBFEEME, X o BEIHISIEN R, B, R/ann(M) X R, R
% Ry /& Artin ¥R, T/ R /& Noether 8. # n =0 M R = Ry, M M NERERKS
HEBELNEERZD v W M, # 0, I Py = Q € Z[Te™).

AR n>1. EE1<i<n. @

Z = ker {M N M(m)] ., Y := coker [M(m) RN M} :
BN AERRAER DeP-73R RAE, BHA IeP-730 R RAEHIESS]
0= Z— M~ M) — Y(n;) — 0. (4.4.4)
BT (M, ) AESFIRTIME,
Pty — Pt = Py(yy) — Pz € Z((T)).
PIAFEISE LA X, WIFRAE (4.4.3) AI{F
(1—X") Py = Py — X" Py.

35 ERFARTI [],,(1 - Xv). 0F o B Y W 2, LR/ (z) 1 R IR
STEIEAT A R ] ZTeP] (705, EIFTR O, 0

PAREHT T = Zso MG, A Do = 7 X FTE Sk k #E
k[[] =k[X], K[[]=Kk[X], kI®P]=k[X, X7, Kk(T)=k(X),
He x R&FZTL.
EIEA4.48 % R A Zoo-4 k3, M % Z-4Kk R-#, Ex:
o Ro/ann(M) N Ry & Artin 3f;
o R=Ro[z1,...,xn), £ @1,..., 2, € R~ Ro HFKT;
o M KA AR R-H.

% e:=lem(degmy,. .., degz,,). I FAE—WAL e HE TR Hy (HABMALE
X 4.3.1), 4%
7> 0 = x(M,y) = Hy(7)-

WA, Hy $hZ2 %4 Q L1 degHy <n—1. #% Hyy A M # Hilbert—Samuel #%
m=.
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MERR ME—MERAR. XN TR, EfaE M 447 BGIEM R, X o 3#BIH. EHRD

R/ann(M) X R, RN Ry 2 Artin 35, T2 R /& Noether 35, % n =0 R = Ry,

MARERZEFFEH v >0 = M, =0, NI Hy AFZTAK, deg Hyy = —oc.
AR n > 1. XA 1 <i<n @i n =degx;. M (4.4.4) 155

XM,y +m) — x(M,v) = x(Y,y +m:) — x(Z,7), ~ €L

HT 2z Y M Z, BA R/(z;) 18 R IFNAHBEIABRIER G XAE v > 0 N2
BN lem(. .., 75, ...) (FFS T REREMIZIN), & < n—2 NEZ TS, REUHE Q L.
WA 1 <i <n FHELREX HNWZES TETIELGCRH: 24 v > 0 BRHITE
= mod e FIRFEHE, v = x(M,v) B—MRE < n -1 NZIXEE, REFIE Q
E. O

WiC4.49 AEH 448 g FEY, #—FE R degry =1 HFH 1 <i<n fkr; #
T, KNER R HAREAN 1 RFRITTLE K.

(i) B A — 1 d € Tog 7 Qo € ZIX, X1 (578 Qo(1) £0 T Py = —20

1-x)d

(ii) E3 4.4.8 F# Hy REESZRR (X 4.3.2).
(ili) ¥ d=0H8 Hy=0; 4 d>18H& e(M):=Qo(l), Nl e(M) € Z>1 T

e(M)Xd4-1

e

+ R .
IEBR (i), B 447 REMGH Q = (1 - X)"Py € Z[X, X 1) BREREIME—/
0<d<nfll Qe ZIX, X 8 Qu1) #0 Tl Par = 7%

(ii). THE 4.4.8 &K Hy 220K BT k> 0B Hy (k) = x(M, k) € Z, 513
4.3.3 2418 H), =REZ TR

(iil). WA d=0, W Py € Z[X, X S8 k> 0 N Hy (k) = x(M, k) =0, i
Hy = 0.

BEK 4> 1. BERHEYHN M) 8 M, b p e z, 83 (4.4.3) ATHALR
Qo € Z[X]; XK d 1 Qo(1), RN Hy RE—NFRE, REMHRERI BEE
d > 1 BT N Qo MNAIRFT Y2, 50 an(1— X)", N

Qo al

- X ([T x)i

Py = 4.

TELUNIFES: MNTA b € Zs, BERARHREHEFK

1 jX)h =2 (k Zf[ 1>Xk;

k>0

XA 5 DB R S IR B 0% I HIUE R,
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G b, XEAERRBII Py 5 2 PIORBAR T k 192 TRE L, T
PR & (R BT, §i— S TREEEIR & > (M, £), JF— TR
HOU R

eoa(M 0T - (“;’“ 5+ T O
MM a0 = Qo(1) € Z ~ {0}. KA x(M, k) 1BIER, # e(M) := ao > 1. BHFRARILE. O

EX 4.410 #5449 ¢hF &, Hy 4 M # Hilbert—Samuel ZINT.

45 Rees I

A2 §4.2 TRITAUIRITEEH. ATT RIS BOANREIRIE, AEBATER A VF N AR S HR,
H b RIBERA N ZE AL
EX 4.5.1 (Rees FHUR) & (I, <) Al Fhnik 2 £, A 4 T-RIAF; REFAH
Wt A {FYA}yer. MR B Rees 3¢ Ryp(A) & XA T8 D-2-K 3 1E 4 fm ik 24,

A) = PFA4,

yel

Hfemz Bl kR e A B

AxA — A
U U
FYAXF1A — F7t1A,

HRE M E Rr(A), T 2 TR 1a € FOA
T C-jgat A M, 405 LR 2 X T-20% Re(A)-1£

M) :=FM,

el

#7% Re(A) WAEREFE Ax M- M BHA RS FAX FIM - FIHM. 4
W A £,

FIRKGYER A 1 M BREER T LRSS R A
EN-TFE4.5.2 st by A fo M, 2 X

Ry (A) =P (Z F"A) C Rr(A),

yET \n>v

RE (M) == P (ZF”M) C Rp(M),

yel' \n>vy
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M R (A) £ R (A) B2k RAER, R (M) £ Rp(M) B2k T8, EA1H R
Ri (A) - Re(M) C RE (M),

BA2 KT 8 R FM
Rie(A)/Ri (A) = gre(A),

DA B AR BE By 29 3% AE TR] A
Rp(M) /R (M) = gre(M).
RN EEEER T HERH T = Z, WP ARIE 4514
R Z-JEIEIN A, —MOTERILAZSIAZIT X M T = X1, {ES5[H

Re(A) = PE" X" = PE"A)T"

neZ nez (451)
CAX, XY =AT, T,

He) c BB R PN S, BRI, 2200 FPA-TRENESE. TR
AR M, 6 M[X, X1 = A[X, XY ® M, WA

Re(M) =P X" @ (F"M)=PT " (F"M)
nez nez
CMX, X' =M[T, T,

BEXRMZIRN. FEEE Re(A) (B Rp(M)) X T £ AT, T4 (8K M[T,T7Y))
RROSRIESEIA, AN T F1 Ryp(A) BISRIER R, It (T) := TRr(A) 2 Re(A) FIEEAE.
#hRE 4.5.3 (Rees MEIENME) % A 4 Z-E3F, M Akt A4

(i) TF T:= X' X Re(A) & Re(M) HREERLHLERA.

(ii) A 2K 3By 35 Rl A

Rr(A)/(T) ~ grp(A)
DA AR I8 B B 40 9K A TR A
Re(M)/TRr(M) ~ gre(M).
(il) # & Re(A) B4 Z[T)-REHBHHAY, BH Re(A)[T1]; £ A oyt 598, U

H BT R A
Re(A)T™1 5 AT, T71.

AR Hs, B M OB R % 3B, N AL A A R A

Re(M)[T™] ~ M[T, T™1].
VIR Z[T, T #£ Z2[T] EMsRER; % FOA B3R, WA (FOA) % Z 787], FREMEE.
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SEBR DURRHE Re(A) BT ¥ M IBIETES.
(i). T W9THEAEFTE AR L S FPA s Tr1 A, Ho p e 2.
(i), B E— BRI 223 AR SR

(1) = PF+'A=Rz(4);

nez

TE N A 4.5.2 REGH A IRREIIER Re(A)/(T) = grp(A).
(iii). 312 1.6.4 KB Rp(A)[T1] BAE AT, T HHRE) U, Re(A)T7; BT
Unwo F"A = A, P¥YIIER A[T, T~ O

KAl 4.5.3 B9 UATIRRE, ATTEID 4.6.6.

4.6 niFF
BAME §4.5 J5 IR T Z-UEIIRET Rees M1E. A5 B HIA I A 8 H ULAY
Z>o-T8id.

8 4.6.1 H L BN, ANEIE T = Zso BHRIREIEE, S008I FRERIA
IR,

EX 4.6.2 (HFAWF) & R AEAIF. EE X451 FRNT =Zso % Zso-4-K 3

Blp(R) := (PF"R,

n>0
A R a R IT I, & R H R A

BIZ (R) :== @ F"'R.

n>0

Y FOR = R, 7REDUEEF5 B, R R AN Blp(R) FIZIRHE 5, $AT DAA BRHIFR
Blp(R) N R WIHFF (8¢ Rees) AL

REX 4.6.3 (FIFFHR) & R ARt s, M kst . 7R £ 0 ik 2 Xk Ble(R)-#

Blp(M) := EB F" M,
n>0

FoA M aa It #, & H R TFH

Bl (M) := @ F" ' M.
n>0
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(R Sl 4.5.2 45 H 7RI 3R AR Y [RIA

Blp(R)/Blg (R) = grp(R),
Bl (M)/BI (M) 5 gre(M).

—40 (4.5.1), AR DU RIS | NZETE X, @ M[X] .= M 2 R[X| PAMEEE[H]

(4.6.1)

o

Blp(R) = PHF"R)X" C R[X],
n=0

Blp(M) = é(F”M) ® X" C M[X],
n=0

HW c @R RERNES. £ FOR = R %4, Blp(R) 2 R[X] 53R R-T
REL

g 4.6.4 FEN R RHMA [ FOR (8L FeM) 26l 4.2.12 09 -8, Fepili
F'R = R Tfi FOM = M, W{E_ERiEH S0

Bl;(R) := Blp(R) (8 Bl;(M) := Blp(M)).
fEBIASTT X, 181k Bl (R) = R[IX] AT EAEF]; t4h
Bl7 (R) =1 -Bl;(R), BI7(M)=1I-Bl;(M).

£ [-HEIERE RTETE, RO AEEIAE S5 RBU LM Rt BIER UK, X
p 04 e il N2 S

il 4.6.5 DA RIUER AN —REBEF T FELWIH k L1 » T2 T RE
R:=Kk[T,....,T,; X 1 <m <nfl RIEET .= (T,...,Tn) EX R-REFEZ

w: R[X1,...,X;] = Bl (R EBF
r>0

18 w(X;) B T; £ Bly(R), = I FHIB (1 <i <m). B v i, BIESFHIR RAR
RN
u: R[Xq,...,Xm]/ker(u) = Bl;(R).

fiv J APTA T,X; — T; X, 2B (1 <i<j<m). ARUERA ker(u) = J, IX¥H
Bl;(R) Rt EARHIA.
BERIETIE ker(u) C J. B—PRLAK[T i1, ..., Tn] Kk, BLE] m =n FEE.
BEEIE R[X,,..., X, PFHIWITFITE:
P=T0 T XU LXK )< k<K,

R K (4.6.2)
al,..,ax €ZLx1, 1<01 <o < Sigyr <0 < <y
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BIE K =00 P=1. 85 i,... fl ay,... 7500 i il a. WS (i,a) H u(P)
ME—HAE.

WA, R w(P) =[5, T 3 iy = i BPREEATE § I, AN SRS
a P ay, apyr BN ap + apyr, FEFREE]  F0 &', W) w(P) E—HIE (i,a'). T
W—HHE kM ap, NTIFAE (1,a), L w(P) 7£ Bl (R) HHTERI 2 RETA] (R
ar > 1).

&N A (4.6.2) FITLEAERDN kT8, E—HRH oy HAG. FHREVIH
R[X1,...,X,] C N+ J, BEZHMHR ker(u) C J. ¥ R[X,,..., X, FHAILAZE
FERRAFE0an T2 XP, Hr a Al b B2 KE n (AEREEF. DLURURATEERAN (4.6.2)
1) P {#1§ T°X> = P mod J.

CEE r WEE] d REIIX (SRR HIEAESTTMEDR i(d) (3K j(d); B2
N0 MMMEZMEN 400 (B —c0). WA (u,v) 1 7°X> = T"XY mod J. #H
ji=ju) <i(v)=:4, W TXV B2 (4.6.2) WE. & j >, WAMK T, X, - T;X; € J
VER E B, PG EPRENE § — i BF/NRAITR; f2 Itk /R AT,

TR UM RO A (WL §2.7), 1261 4.6.5 FEEBAEEIK k, WX Bl (R) AR
MYFLERIE T, X; WAARIZEE K x k™ HEARA T,X; = T;X; SR T
£ (1 <i<j<m); REJUAF, HIEZN Bt BJUTNRZRT Xi,..., X, B
FRARH T, X; = T, X; 78 k™ x Pm—L(k) FEHFE, Ed pr-i(k) K& k EH
m — 1 S ESIA] [17, & X 14.4.1]; XML EHY THEFFIREE Proj(Blr(R)), W
TE X B.6.2.

T EMHIER, Bk =R Ml n = m = 2, WNIRITHERTE (t1,to, (21 : 22))
MRS UATAT &R, Hor

(tl,tg) € R2, ((El : £CQ) € ]P)l(R), t1xo = toxq,

| M|
FRRARR
PY(R) 3 RU {00}, (21:a2) s 2.
T

RIS (t1,t2) # (0,0) B (21 @ @o) BIBUEME—, SR LA to/t; HRRIEL, MY
(t1,t2) = (0,0) B} (21 : 20) € PL(R) EE. XEZERHHMUAEGWE 4.1, HAf
BRI B E LR TETE S N EE (RMAER) FH L, A AR N - T Y
JE S “hi P REHREESZ PY(R), 1Ml Proj(Bl;(R)) — Spec(R) (W (B.6.2)) X M %5
(t1,t2, (21 : 22)) = (t1,t2).
JEiC 4.6.6 (RESECE) AR IR R AR R M, RWE IR B 5508, 7RR)
FOR =R i FOM = M. ¥lE p < 0 If FPR = R ifi FPM = M, ¥§WHEVER Z-181d1;
i, AT REIXLE Z- RIS S5FI Rees M3E.

FERIRY) Z-53IREER gr(R) F gr(M) FIMENIRA Z grp(R) 1 grp (M) FEHIREL
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@—0-0—0—0-0—0—0-0—0—0-0.

4.1. Ml 4.6.5 FIEWE G

HE, RIS, BUZa8 1.3.7, AJFIaA 4.5.3 (ii) BFEFIAEY T U

RIT] RIy
Rr(R) R%@T] o = grp(R), Rp(M) R(%T] T " grp(M).
H—J5H, TR v e R, BT FHRY
R[T)/(T —u) —~— R «—~— R[T, T~ /(T — u)

T'——u

uj:l Til,

il 1.3.5 ERIE 4.5.3 (iii) AIFERIZRIA

R[T] 1 R[T, T
R G ) =P G M s, )
-1
~R[T, T ® RILT ]:R;

rirr-1 (T —u)

FEL Re(M) © ST~ 0 BB UARIARIER, Rees IMSIINEIE R (5] M) H

g (T—w
—IEEAR, DA T A2 IWAENR T 7 R* FHERNZFERIY R (80 M), TENR T 5
0r W2 grp R (8 grp M). X ISHIBEHIER, R/I-RE gr; R TEJUA I EXNT T C R
(8% V(I) C Spec(R)) W “IEHE".
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4.7 Artin-Rees 2SRRI

BBE 4.6.1 KT Zso-FEIEISHIRG]. PANIR R 93K, I 5 R RERAE. WK R DA
Bl 4.2.12 1Y T-HEIEI, B X 4.2.8 ZBHHENT Zso- IR gr; (R).
ARYTHEICTE T = R IFERL, W% T C R.

EX 471 (FER) W R DL I-#yER. ERE R M HE:
o FOM = M, 7581 M gt %7 38,
o N FPM # A KA K R-H#,

o T po € Lxo 117

p>py = I-FPM =FPTiN,

WA M -tk A I-9F08, = 6 i okt

TE A E X 4.2.1 2K T - FPM C FrHiM SRS, Rtk 1P M ¢ FPM fEREST.
TR M OEERRARE, 6] 4.2.12 By I-#EEd BRI
SIS AT DA B R AR (8 S 4.6.3) SRZIH.

513 4.7.2 BF R YL I-#EI. & M Ak R-E, B FOM = M, U AT Bk 44
(i) &4 FPM % 4 H R A& R-#, T H Ble(M) 24 R4 K Bli(R)-#;
(i) M #Rt R -4 8.

% Ph A — F PRI, grp (M) A IRA K gr (R)-HE.

IEBR (i) = (ii): fik §4.6 186, #1 Bl;(R) A R[X] FITIF, M Blg(M) 28 M[X]
R-TH. B Blp(M) MAETFFIRERIT x4, ..., 20, HREDHNEHN dy,. .., d,. BT
Blp(M) 270X Bl (R)-#, HonRERIERN Y0 tix;, HPEAD ¢, € Bl (R) BEFFIR.
PR IR E S UL

p > po:=max{dy,...,d,} = (FFH'M)e XP" = (I® X)- (FPM @ XP),

HRWAHE T M hFER PPV =1-FPM.
Nl e, (4.6.1) RBHMM grp(M) 74 gr (R)-BEHFFRIC 1, ..., z,, FHFER.
(i) = (1) BERFEEN 4.7.1 1 po, M53R Bl (R)-# Blp(M) HIXE < po
R AEBR. SR FPM 7N R = Bl (R)o BRI ERAERN 0<p<p)). O

1E R 7 Noether 35 M AIRAEKFEHE T, HAFHEXN R M R grp (M),
HrpFeM 2 M B S, siE=/0 2 IR, T i 4.2.9 PRECET
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grp(M) BEIEGH, KT M BHEEFE M FIEE M7 FSEd (EX 4.24). %
FeM & I-# (B¢ 1-4F) p&id, W M EEES U8 7RR; [N M7 WIRS IS 7%,
TS MEM 4.7.4, XFF Artin-Rees 5. EHit LR TIE.

513 4.7.3 # R £ Noether ¥, ll Bl;(R) 7 gr;(R) 4%l & Blr(R)o = R fn gr}(R) =

R/T L84 A MARE, 48R B ARG E THOY 1 R5FR TG b Bl (R) #1 gr(R) &
& Noether f.

IERR BORAR T MVERUT ay, .. an. SINETT X, MIATPESER]
BII(R) = R[alX, ey anX] - R[X],

it a1 X,...,a, X XM 1 IXRFRITTAER R-AKEL Bl (R), Hilbert B 3.2.4 25K
Bl;(R) /& Noether #A.
R Bl7 (R) BIRE, M (4.6.1) BISTF gr,(R) FIWIE. O

EIE 4.7.4 (Artin—Rees 5I38) & R 4 Noether 35, ## I-# kL. & M HHBA R
RH, N K M WT4, W M & I-4FRIAE N EFS [FEE (Z X 4.24).

B DMEERFS F bRid M N BRI, 1B SIS ME g FPN = NNFPM, iX
TR IEIEE, HEN FPN N ERAER RAE. HRA Bl (R)-#E Bl (N) /& Blp(M)
FR) 15

BT FeM 2 I-4F08Id, 513 4.7.2 4R Blp(M) B HRAER Bl (R)-#. 53
4.7.3 W Bl (R) /2 Noether ¥, # Blp(M) BT Blp(N) HARA K. RN
FH 4.7.2 M FON 2 I-4708. O

Artin-Rees 5|HEAYEE—NIN 28 Krull Z3E M 3.7.1 2405 1IER.

AR (EIE3.7.1 BiE) He 7 Ff0 M @ 3710 W M DL I, v N =
Mpso IPM. B N = NN IPM XATA p > 0 RO EH 474 Fifd N ES
IR I, 52 p> 0

N=NnI""'"M = I(NNnI?M) = IN.

HAEWsS e+ e 2.3.4. O
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48 TEid44 Ay Hilbert-Samuel IR0

P54 £, Artin-Rees 5 BEAYEE B H 26 §4.4 M43 Hilbert-Samuel BR%L
IESUEW
BN~ 4.8.1 % R A # I-3yEt iy Noether 3f, M Z# [-4f &t FOM 84 R
ARk R-HE (BRI FOM = M), T B M/IM 2ARKE R/I-#, N5 % 443 (B
[ =Zs0) foifih 4.4.9 F o £ HER T 2K grp(R)-# grp(M); MM &N M/FPM #
A BRKE R-#E. B DL E X
> Hilbert-Samuel B8  xp(M,) : Z — Z>o, B p A ((grh M);

> Poincaré k& Pr o = 3, x(grp(M),p)X? € Z[X];

> Hilbert-Samuel ZME  Hy s := Hy, () € Q[X], % Hpn # 0 B KA

(M)Xd 1

Hy v =

L FM E FHERN, § ERFEFHTRF wth 1.

IERR FBIUOGA S = gr;(R) MR SHE N := grp(M); 5id S := S/ann(N). &
Wi So = Sp/ann(N) N Sy & Artin 3. WEE

ann(N)N Sy D (ann(M) +1)/1,

HOE R/(ann(M) + I) 4 Artin 3REVAL; EH 3.3.3 (LI NVIE V(ann(M) + 1) =
Supp(M) N V(I) C MaxSpec(R). AMi5[H 2.4.8 (iv) & H Supp(M) N V({I) =
Supp(M /IM), WiXT M /IM HIZAFIHER 3.4.11 438 Supp(M /IM) C MaxSpec(R).
i b, Sy /& Artin R,

SIFE 4.7.3 &K So-FREL S HAERZA 1 IGFUOTERK. BT FeM 2iE, 51
o472 &K N BERARR S g7 b, 518 4.4.3 FIHEIR 4.4.9 RIS 7R S-15
N BO7; BiE AR FPM /Frri M ERR A IR E R, SR rl WS M /FPM
TRER. O

& LR s, W1 8E At Ke v € QX 15
Kp v (X +1) — Kp m(X) = Hp, m(X),

b*ﬂiﬁﬁﬂ BEWE—N. H— ﬁ@ ESp] p>0 iN) XF(M p) HF,M(p)a XFnc Z>q
FIBREL L(n) := £(M/F"M) = 335 xe(M, p) /2

n>0 = Ln+1)— Kpnu(n+1)=Ln) — K pu(n)
— L(n) — Kp p(n) B¥E{H c e Q.
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M Kp o+ c (A% Kv,u, AT R
n>0 = Kpp(n)=4(M/F"M);

A Koy MBI,
M B THEEE RO K . D FEB S TRIUES —oo.

iRl 4.8.2 7w N -m Al A8.1 W EF, He v f Hyv AAR KRS, 1 H
deg (HF,M — HI,M) < degHF,M —1.

BEW He oy BRERFALCKET M L IR FM. #4050 Kpy F0 K R
% Hpa %0 Hro, 0875 F.
B A\ H, % Hpa #0 B (4.8.1) B8 e(M) TRHTF FOM.

IR FAE m > 0 1S
F"M > I"M > I"F™M = F"t™M
XA n > 0 Koz, &EESST HFRd &Rt T2
O(MJF"M) < 6(M/I"M) < ¢(M/F™" M),
FLAFHEINE X, F71E no € Zso, 15 n > ng B
Kv p(n) < Krv(n) < Kp(n+m).

WIEB LB IR Ke v Ky AMERIRIREBR & SRR BZEAIA He p F
Hy v TRA. O

HEIL 4.8.3 i R 47 I-# )L #) Noether 35, M 4 A R4 K R-H#. 4 & EAF]
0—-M —-M—M'—0,

W M/IM ZHEBRKEEY BRY M /IM Fo M"/IM" &R, H i

deg (Hr v + Hip o — Hrop) < deg Hyp ap — 1,
deg Hy py = max {deg Hy pyr,deg Hy pror }

B EEE MR MY EERRAER. 513 2.4.8 (iv) 4t Supp(M /IM) = Supp(M)N
V(I), BA M"F1 M" AR M TRR. @il 2.4.6 FAit

Supp(M) = Supp(M’) U Supp(M"),
PRIBFT V(I BUR, 6

Supp(M /IM) = Supp(M'/IM") U Supp(M" /TM").
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LTI 3411 NERKERNZIE, M/IM 2HERKERNY XY M/ /1M M
M"/IM" B&9K.

PAREE M/IM GRREE. W M DA -, e M7 DUE S8 FeM, 7FR
EZEIREE M7 _ERE SRR 3R, @ 4.2.9 A1 Hilbert-Samuel 2 W1 E
NG

Hyp a4 Hyogn = Hyog (4.8.2

1 M/ IM' BIRKSE, famd 4.8.2 A He v 1 Hy o BAHEFIRREH

RARE, At

~

(4.8.2)

deg(H],M/ +H]$M// —H[’M) deg(HLM/ - HF,M’) < degHI’M/ — 1.

# Hrap =0, WIFRE Hpap = 0, IEE (4.8.2) BIZIZAH
deg Hy = max{deg H; pr/,deg Hy ar }-

FHE, Hy e = 0 WA EIRERX. DINIR He e 1 Hy e BAEE, WIHRSTRE
B IE, Ml 4.8.2 Fl (4.8.2) 4

deg Hy pr = max{deg Hy ry,deg Hy prr}
— max{degHLM/’ degHLM//}.

HHFTARIIE. O

>

1. M2 Z[T) PA Z-53R, 15 deg T = —1. UAATEESIE Z-J8idIR (A, F*A) (HLARRE
Feugid) M2 THeE 2K Z[T)-REC A, (515 T 4 A (WER T KL HTEEE S R iR
B, RERIRFIERA S BRI A-BRIRRCAR.

B A N Rees 38 Ri(A), W (4.5.1); FEBRFRLL T HED A, WA An_1, TITEMHR
AT A=U, An.

2. VHAATER 4.2.7 BIMEH, R T WEEARFEEAE TR, WA 2550, R
ARELE T FEER, NXMIES R0, WY T £ {0} 2T, DLERUEEGE
BN,

TR T # {0}, BI0iE 0 REERINAIT, BN n>0 = 2n=n+n>1n S
I TRATT.

3. BEREER (U, f), HF U CRZ 0 MR, f: U — R BNXERE X A FHIXLERE

R LR

(U f) ~ (V,g) < 3IW :01E UNV FIFFBER, (15 flw = glw
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\Y
[

IS, DIRE R s B TG, BEEM m = {[U,f] € A: f(0) =0} = (), HF
xz € A RBELARRE; FE BN Hadamard 513, HAH (A4, m) 2R EBERT

nm";éo, m~ﬂm":mm".

n>0 n>0 n>0
4. & B8 gr, (A) ~ RIX] 28R, 2R A FFIEREIR.
5. MPARH Zso-7HXIR R, ¥ E Poincaré 4% Pr € Z( X)) RAEHES .
(i) R=F[X1,...,Xa],
(i) R = F[X1, X2]/(X1X2),
(iii) R = F[X1, X2]/(X3 + X3).
AL F 2R, R HAIREREE.

= 1 1+X  1+X+x2
b7 %%ﬁ%”% a=-x)m 1-_'—7)(, %






5.1 =m#HEw

BRAES A, AERTCEE B NIRRT, RECMRCE, HUAE 1.4.7.

8E 5.1.1 ETH R SRR E XM 1.3.1 BBRE|, EARBURERE R-FEAKE
H % f@ich ®.

ZA BT AR RS [14, L 6.9.4].

EX51.2(FBH) & M 4 R#. EFZFF M®(-): R-Mod — R-Mod R#ZFFr A &
g, WA M FFiBE.

R M FEWENHA RENEHE MON=0 < N=0, Uk M %EBE
1B 4.

TRRALE SR .
SRR, M ® (1) SREFITAIESFIMEY TR TE R-BEA R ETE
N.: |‘_>Nni>Nn—1_>‘| ,

idy ®dy,

@M@ N, = [-~-—>M®Nn—'>M®Nn_1%-~-],

BB N, I8 = M®N, [E&.
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X 5.1.3 (FBRE) % 5 4 R-R%, # S A REZFIHEE (RAELFER), N
RS AFHE (HEEFHE) R-RE, IR HHAASKFT K R~ S FiE, &K S
R EFH.

BB, Y |n| > 1 I Z/nZ FEAETHE Z-R80 n BRS Z - 7 B0, SR
7/nZ AFBRYRE] Z/nZ > Z/nZ.
514 T R M, UTFHAREMN:
(i) M 3,
i) #0>N > NN FE&,M0->MIN - MN - MN' b, #%
Z M () &%;
(i) M@ (-) 4&# R-Mod = ¢ i 4% lim.

B () = (ii): ‘FAL.
(i) = (ii): AR lim ELMRSGHIRENRIZE, SKERDZREN, M M ()

RAMR lim.
(i) = (i): BEIKERERE, B i) AW M o () REFEEERY]. X
TFIEBFNN—MARIE [14, md 6.8.9] VXA M () BRATEIESH. O

el 5.1.5 T R M, WTHREY:
(i) M FHETH M®(-): R-Mod — R-Mod £ £ 5 & F [14, & X 2.2.3];
(i) M B3,

(iii) W RERAI N - N >N CEAYHENY MRON' — MRN — M®N"

Ef.
MEBR STl 5.1.4, IXAAMNE [16, Al 2.8.9] KT ESLIES R F I —BER. O
i 5.1.5 (iil) X T—MAIREIZSH Ng = [+ = N; = N;ioy — -] M1 M @ N, %

SRIRAL, RIONIE S MERER B 52

f15.1.6 & U A~ R FEETE, U RUY BFH RAAREL — UM N HTER
RU Y@M~ MU (a5l 1.6.6) 5REMLHESYE (513 1.6.3 (iii)) FIRH.

IR R — MR S AR RSP I HBE T 15 InU £ o, W R/I#0 T
RU™Y @ (R/I)~ (R/D)[U] =0.

PARA S TP IR — 222D P

> B 8’ (Mi)ier W18 R W @, M; FIHE BACEEA M; B FHE X
WET [14, 518 6.9.5), AR ENHKERREMRZLITES: —iE RAEE
EREFIES Y Y HPEMNE R IES, W (14, 513 6.8.3].
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TSy F Sy B RAVEL, W RAREL Sy x Sp IHY HAVY S F1 Sy B4R, it
HRMN R-BICIEREM.

> SKEFR & My F M, N (BUESEEE) R, W M, @ My TR, IXE% Tk
BRHNEELHR My @ (Ma® (1) ~ (M @ M) ® (-).

> BT % M ONEH (BULSEFHE) AR T R N RAREL, W R ®M M®R’

B (BURSPIHE) R IXRGTEM R N BTN R- 1‘% GEIA iﬂzﬁﬁ
AL
(MR)® N ~M®N'.
R R’ R

> EEE & R OV (BUESEE) RAREL T M Oy (BUESEEHE) RS,
WM A RS ZTAE (UL TE) . XRGTAMER RE N BAE
A
M @N~M @ (R @N).
R R’ R

TENRBI, SERES R — R — R, R 2P (BUESHFHE) R-AREL, 1 R
B (BUESFE) R, W R R (BUESFE) RAAREL

) 5.1.7 FGELSSEEEN. ik, MEE] R ARG Y RIEH ) BOCT BEMIMER—7
THI 2600 H T R-BE P 4H, 59— 75 TH X4 B AR A BRI 3H. 2010 B AR B
AR R B [14, A/ 6.9.8).

X RESCTE RAARL, B IR 0 e

BRE 5.1.8 W RO BIFHE R-RE, M oy R N M RFHE (RELFE) RAEY
BRY R oM &ZFHE (REELFHE) R

SERE AR <004 Fi. KT <X BT, 1 MY = R @ M P, T N,
2 RBIRIRAS. M (1.3.2) il

R’@(M@N.):M’g(R’@N.)

AHI#E N, IEGN R @ (M ® N,) IES, 46 M @ N, [E4. Fit M 3.
W M ESEH R BRI M o N, IEEN] M’ ® (R'® N,) IEF,

i R’ @ N, IEE, N, IEA. Fitt MBS, O
250 R 5 — M| ST A R A B 5L
B8 5.1.9 — ik FIH R ER lim {75 72 32 Y.

ERE L (14, @ 6.9.7], FEA SRR SKERR lig (BT PERETE) DU ling
EAH. O



128 ERE PO

#18 5.1.10 “FHEMEH J-P. Serre HEGIA. EEFHRES ¢ : R - S BSH
Spec(p) : Spec(S) — Spec(R) BHAMERAIE L) LA & H WA B I&IE
BE&, SM Grothendieck & X FHT-IHIAFS. HURZ #, FIHMAFIAECHEIC R T 244K
JUZER % TR,

5.2 #pem

PENEEIN R FHIEFHZIE 5.1.1. BATERAEXY 1.7.7 FIFTS.
Rl 5.21 T R-# M, T HREN:
(1) M ZF3E (K LLFHE) R-HE;
(i) M, Xt R Er A 2 A p 2T (RALETFHE) Ry-1#;
(iif) Mw Xt R BT ARAESE m HEFHE (FELTFH) Re-H.
R (1) = (i) I R — R, MEASHRETI (SR I0FE) PR,
(i) = (iii): PN
(i) = (i): A& REMFESY N,, 513 2.4.1 R M @ N, IEGH BAY
<Mm ® (N.)m>
AT E KA m BIES; AL (N, RN FESFIZRTH B ER . R M, X
A m B5SE3E M| A7 SE3E.
AE’ My NATE m BESOEHE, 3 R N e MoN =0, N Mmga N =0,
T Now = 0 S m oz, fNBIHE 241 18 N — 0, % M ES0pE. 0
AN R EEME.
Rk 5.22 WTHFEX ¢: R— R, WTHAEMN:
(i) R' ZF3#H R-R#;
(i) @ R @A &3 A o, MR MEEME p:=o (), WAL 1.11.8 4 1 & 3
‘7%& ‘Pp,p’ : Rp — R;J/ ﬁ R;a’ ﬂi?@slziﬁ! RP'T'E%U
(iii) AL, ERFEE o BRRAZEKEL.

R (1) = (ii): WU :=R~pTM U =R ~p, T oU) cU". ¥ ¢, 1HE

1.3.2
( o~ ) (M ® Ne¢)m

Ry =RIU™'] = R'p(U)™"] = R[(U)] = Ry.
~R'QR,
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FBBRERT o X R — R, BFEZH, M _BE R p(U)!] REML. P& &7
H, HARIRA.

(i) = (iii): “FML.

(iii) = (i): X R-EMEFN S 2.4.1, ATHA TUERR R SF3H, X R IIFTE
BRHAR p’ WA T Ry, @ () IEERIA]. DNk, K R — Ry, 514 R — R, BALN Ry,
FHEIZE R — R, FHRTAT.

TR —gER, [E22% T R-AREL S Fl R-FE My, My, THIC 1.3.4 7B X T #7E
S-HEEIZS

O

Eny M, 0 S @ Homp(My, My) — Homg (S ® M1, S @ My)
s® fsid® f).

IAE SR 2 N RIM T — N FE 3 508, B BRI E X 1.5.1.

8523 % S AFHE RRE My AHRETFR R4, XX THAH R-AE My, ER
S-BER A ZEnry v, A2 B

HEBA  DARFF Homp fIC2N Hom. WEEE| =5, 0y, T8 My = R BRI, X AEH
F—&H R-AREL S, R EFR

ZR, My

s®@f € S®Hom(R,Ms) — Homg (S®R,S® M) > s(id® f)

lz
2 Homg (5,5 ® M>)
lz

s@f(l) € SeMy —————— S M > s® f(1),

HIUEAME. HTArAWE BRI M, WEREM, HIEHER Sgen y, NTH
n € Zso ENFA.

B My BEBRER RO™ — RO — My — 0, MZHL S @ () 1§31 S © M; HARR
JoR. BIEATIEG S ER

0—— S ® HOHI(Ml,MQ) —_— S® HOHI(R@n,MQ) — S® HOH’I(R@m7M2)

EMy ,le J/:’R@",JMZ J/:R@Wl,J\lz

0 — Homg(S ® M7,S ® M) — Homg(S%", S ® M) — Homg(S®™, S ® Ms)

o H—ATEN M, WAERETREE Hom(., M) (FAF] Hom M FAIES, W [14, iy
& 6.9.1] B¢ [16, fad 2.8.11)), FHEL S ® (-) W=, S FHAREIES:

o BATEXN S @ My BFARERI Homg(-, S @ M) HIFY), BEZIES;



130 ERE PO

o EER E, . BEARTEMZSHE.

MRAERT—27, EZRA AR M0 S B SN RN, BUZRE— S S, o, FISE
SEF. O

WiL524 U 4 RWRMTHE. Wk M RERET R, WXTFHAE RAE M,,
A RUHEFA
Homp (M, M2)[U™'] = Hompy-1) (M [U™], Ma[U 1)
Lo Loy,
o f € Homp(My, M) T ueU.

EBR XFTE M, Dlanil 1.6.6 A RUY o M f1 MUY, BER S = RUTY
I RARE, a il 5.2.3 AIBE N H; AR IR AR R Zay, 0, ERWTS Y
L v O

513525 % 1,.... [, AF R#ER, M 4 F3E R, U N, (LM) = (N, L) M;
Sty E 1.1.5.

B EEEAH 0 (VL — R— @, R/L. 5 M {FRRER R

0— (ﬁ[i) ®M&MﬂéM/1iM,

i=1 i=1

a(t@a) =tz, Blz) = (z+ LML,
SRIM im(a) = (Mizy i) M 1 ker(8) = iz, (IiM). O

BR5.26 % S 4 FH RRHK M % R#, WHHFAE « € M B4 anng(x)S =
anng(lg @ x); & M AR A K, N annp(M)S = anng(S ® M); £ 54n (1.1.2) fn
(1.1.3).

fEAMEHl, £ U & RMFBTE, M ZHERER R, WA anng(M)[U™!] =
annR[Ufl] (M[Ufl])

B A e M, BEAT 0 o amp(e) - R -5 M 5 5 FikRBAEE

—#87. H M BERIT v1,...,2,, I8 I; := anng(z;), N anng(M) = Ny I; T

anng(S® M) = (., anng(ls @ z;) = (i, I;S; fAAT [ 5.2.5 1558 —&k7.
RGN T R — RUY EH. O
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5.3 1o @FEM

FrEnaET, BT REEERICA.
EX 5.3.1 (FERRHE) T R-# M, Hiw
o= P =P = Py— M =0,

MEEN P By FHEHEHESFIRA M 8- FEMBH, Hieh Po— M — 0.
ST n€lso, & Poyr=Poyo=--=0, URBBHHKE <n.

TSR (1] 5.1.7), & S-andll 1.4.8 BYHLSHRTH B a2 FHEEH; Kl
Hh, AFAT R M OHA FHEARTH.
AEGEN B ERIEE N FJEE I Tor-E ¥

Torf(-,) : R-Mod x R-Mod — R-Mod, i € Z>q
BEEARN TR, FHINAAIL 16, §3.14]. AR AR EHE:
o Torf(M,N)= M ® N;
o HHEFIM Torl (M, N) ~ Tor®(N, M), W [16, a3l 3.14.9];
o M4 RAE M IEE, BT
Tor?(M,-) : R-Mod — R-Mod, i=0,1,2,...
BHIEART M (-) : R-Mod — R-Mod /&S HIEK T
o Y M FHE, MATE i >0 A Tor®(M,.) = 0;
o X M BCFHRE Py — M — 0 45t
Tor (M, N) ~ H;(P, @ N),
XN BOFHEE Qo — N — 0 Mg
Tor]'(M,N) ~ H;(M ® Q.),
TEUL [16, 8-l 3.14.7) Z RIS,

o QB Py — M — 0 (8 Qs — N — 0) NIHHEMN, WP LA H Torf(M,-) (5]
Torf(-, N)) HISLERNAR, X BE T HAHRHR R ME—ME (i 1.4.9);
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o X N (5 M) TEfEEIHE Torf (M, N), SLWAEA] r € R X R Tor? (M N) 1
FIEERERET » X M (5 N) Eﬁa’t@/ﬁﬁ Tor(M,N) EFESFHHEFZ

o BFIEATIES Tor-RFIKIESS:
-+ — Torf’ | (M",N) RN Tor(M',N) — Tor(M,N) — Tor®(M" ,N) = --- ,
-+ — Torf | (M,N") 2y Torf(M,N') — Tor® (M, N) — Tor®(M,N") = --- ,

H—‘:PO—>M’—>M—>M”—>O5FDO—>N’—>N—>N”—>O%|§% A R IE
B, ERRL 6 BRZHTER, FFE i < 0 IHLE Torl = 0; W [16, & XMl
3.14.7) Z TR IL.

it 3 IR B2 S HVEREIE S, W Torf (M, N) LIRS HKER M % N i
54 NEIA, TEUL (16, §4.12).

8 5.3.2 % R % Noether 3%, M 1 N 4 H R4 & R, N4 Tork (M, N) # 2
AR AR R

MERR BT i 1.4.8 XSRS HIEGER Noether SNPER, PTEREIH 5 g 1
P, — M — 0 i385 P, EERAER, W P o N BRAEMR. BEA Torl (M, N) 2
P, ® N WFHE, B2 ARRAER. O

PUNMERUZ [16, SE=% > 24] FNE, TEHARAEUER.
513533 xpiH R4 M A i >0, ®F Tor](M,) it/ lim.
JEBR  DLFHEN P, — M — 0 8 Tor®(M, ), 1§

ot (1) <1 @1_@) o (i)

h_I)nHZ (P ® Nj) :gTor (M, N;);
j

HAE— MG T HRBEROV ling, BAFEAGTIE i REFEESS]. O
513534 % S 4 FHE R-RE, NAPTA @ >0 #A S-HEHHTEY
Tor? (S ® M,S ® N) ~ S ® Tor?(M, N).

UFER  HY R-AEAHEHIREE Po - M — 0. AN S fF R B P, BLEGE 1.4.6 41
SQ@ P, = S®M — 0 RSN, Fit

Torf (S ® M,S @ N) ~ -((S@P.)@(S@N)):Hi(S®P.®N).

THEMATRBE A TR S @ Hi (P @ N), 7881 S @ Tor (M, N). B RIMG &S, O



§5.4 FHEMHE 133

WL 535 LU 4 RMRMETE, WAHA i >0 A RU |- 5 F 4
TorfV™ ) (M[UY), N[UY)) ~ Torf (M, N)[UY].

JEBR 550 5.1.6 Fldnid 5.3.4. O

PARIESRA 1.3.6 F—FfSHRA, BH2 Tor WFi%FY] (16, # 5.6.7) B—
JUESTIR

MRl 5.3.6 LEHFAAS RS B MA RE N K SH MESHA >0 5F
Tor[ (S, M) =0, W& R-# ) — ik [Fl#

Tor (N, M) = Tory (N,S @ M), i€ Zso,

Ho AR N R Tor) () #d R— S A R XEFM S N BA
i

IR BURGHEN Po — M, WM j >0 = Torf(S,M) = 0 Fld# 1.4.6 H1F
S@P, » S®M%BH Se M SR HiX, &l 1.3.6 4H R-BHRIEEE
Z [ EHS

N®P.1>N<}§(S®P.),

X N BEE T BOH, HERGH Torl (N, M), HERLH Tor? (N, S @ M),
GEEE R — S A R O

EX 5.3.7 (FIBHER) T R-H M, = X FELEH (A Tor-4#0) A
fl.dim(M) = fl.dimp(M) == inf {i € Z>o : Vj > i, Tor}(M,-) =0},

WA ME info = +oo, HMXZ ZsoU {+oo0} HITE.

5.4 FiEgng

TFS0naG. MR R BT EFAE T/ R-A M, Bt toa N te FIRFES IoM — M,
Hig2 M.

SI¥5.41 3% T 2, M 2 R-#, A #ERM Tork (M, R/I) ~ ker[I@ M — M].

IEBR EIEAH 0 -1 — R— R/I — 015ES Tork (M, ) WKESS, Hi—BZ
Tor®(M,R) — Tor®(M,R/I) - M & I — M;

SR Torf (M, R) = 0, IE5E. O



134 EHE A%

EIE 5.4.2 (FIBIERY Tor BUB) x i R M, DT HREHN:
(i) M F38;

(i) B i >0 B4 Tor(M,-) = 0;

(i) Torf'(M,-) = 0;

(iv) # R BB A4 R A REA [ #4 Tor®(M,R/I) = 0.

JEBR T M EHENT Mo () BIEAR T, SHR TR (14, #iE 3.12.7]
T (1) = (i) < (i), M (i) = (@Gv) AFEA

PARBERH (iv) = (iil). HARMBIE Torf(M, N) = 0 XFTE R-#E N oz, & N
FAHARAE KRR I, W5IBE 5.3.3 KAEALE N N BRAERIER. AT
N W/ NATREAE BTN n 38T TE.

W N =Rx)+--+ Rx,, it N':=Y._ Rzx;, WEEIESZ

i<n
0—+N - N—=N'=0,
Hrp N" H 2, FBAERR. FAKIESYIHH
Torf(M, N') — Torf(M, N) — Torf(M, N")

&, RS R n = 1 WER, Fknli N = R/I, Hd 1 & R EME 5[H
5.4.1 K@t — LRI NIETRERS T @ M — M N5 IRFEZESN p.
BE y € ker(p), W ty,... ity € T Ml 21,z € MR y = >0 4 ® .
Ittty ERAIERAEDN I C 1, Wy KRBT Iy ® M NEDNITTE y. FIERS
po : o @ M — M @I p 73, 8 (iv) B yo € ker(pg) =0, Mifi y =0. O

Wit 543 #H REHELF 0> M — M — M" —0.
(i) & M Fo M" % F3, N M JFR.
(ii) # M Fa M" ¥, N M’ JF5%.

JEBR  FEKIEAFIN Tork (M7, N) — Torf(M’, N) — Tor{'(M, N) — Tor{'(M", N)
. O

#iL 5.4.4 (FIBERVIRRRANE) & M 4 R U M FHEENT IOM — M XA
BT RE WENTEHRAERER T S,

ERR 45851 5.4.1 SEM 5.4.2 (iii), (iv). O

#Wie545 £ rc R {0} FEHTF, WEFEEMTE R-E M HEHTF (£ X
1.1.7).
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MEER BOHAR [ .= Rr, IFBRFRHER IFBET R G M ~T0 M — M B 2
7\] re. ]

HiC5.4.6 LEF R WA IRA RER S A EHE (Fln EEBERX), N RE M T
Y EALS M A 0 A ER T

MEBR RO M # 0. TEHEE 5.4.4 FRRUIE IV T = () AOEAR, RIS 1 # 0 B
BRI et WHTRIEFAA To M — M SRAF M 225 M, ArSnT ¢
1 M ERT. O

EIE 5.4.7 (FIBERMERXIME) & M h R, I M FHEY AN YA r € Zsy o
/%/i Zl'ﬂ:laixi =0 }é/‘] A1,..., 0y GR ’% Tlyeeey T €M> /TL%_E SGZZM "/]\ R J:%
rx s 4 B=(bij)i<i<r I/ y1,...,ys € M, 7%

1<j<s
T U
=B| ]|, (m ar) B = 01xs.
Ly Ys

EBE X “f04” AL 1% M P, EEEAS] 0 - ker(f) — RO 5 R, Hef
f<t17 .. 7t’r‘) = ZZ a’iti- Hﬂlﬂ:?%%”mé}ﬁu

0 — ker(f)® M MOT M
R

(1, @) — >, 4y

WA (21,...,2,) = 0, BRERIEN 30 (bij, .., brj) @y € ker(f) %M 1&g, &5
RUE B = (bij)i; oy, .., ys RIS,

T <X Byr7m, BRI 544, IE T M — M NETEHEE 1 HERia].
BH ar,...,a, € I M ay,...,2, € M 15 Y a;,@x; € I @M N 0, 7RE]
S i =0, MATHWTEHE B M yi,...,ys € M, XIS T o M FHER

Zai Ry = Zzaibij Ry = Z <Zaibij> ®y;,
i—1

i=1 j=1 Jj=1 \i=1

PIERERIRHGAS 4R 0. 8 S 4 ® 2, = 0. 0

#iL 548 & M A FHE R AAARBEH REF, A F - M FHR
HRTH K Cker(§), B& s€Zs>) fAA B: F— R®, 1% K Cker(8) MATH
2 e

F—2 _, ges

& A
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B TR F = RO, Hip r € Zoy. ¥ RO LR ANITHE, W ¢ @it
E(tr, . ootr) =S tiwg NRE] (24,...,2,) € MO, BB NBUETE M KFAI&.

BRI K AN ITER (a,...,a,) ERIEE. K Y gz = 0 RAEH
5.4.7, 158 R EMY r x s 6K B F1 (y1,...,ys) € M®5.

o X n: R¥ — M A n(u, ... us) = 3wy, KRE] (1, ...,ys) € MO BLH
RGBT E.
o X B: RO — R N rx s FEME B XTIRMEAGTE.
TER 5.4.7 RIFREEIEA 0B = ¢ M (ar,...,a,) € ker(B).
NF—8H K, e HEBIT by, ..o ke, Xt BIHHIRUE. 4 ¢ > 1 BFEER

R
B, pos

\l/

EMBEHGERIET ¢ 7 K = Y70 Rk 0979, HOUEHET o 71 RE/(ky) 19774,
W G = 3" FERFIHRN 6 Rl n. o

5.5 mxEimmeytmitE

BAHE §5.1 5 X7 EIFHEBFE S FEAEG Prandl 5.1.8 4b, AR IR
K272 BICPHHBRIEHBSCE Ry, ATTRE— PRSP, IR e T A R —
L JoOMT )

FFEANHET; R, @ AR R-ARRVEKER, R ZEEHIIA.

@Bl 5.5.1 % R A3, W R-AE M RESLFHEEY BN Y: M FH, At R # A
WAEE m FH M/mM #0.

B BT X 5.1.2. % M OESSEHE WX ERAKEE m BE M/mM ~
M ® (R/m) # 0.

2B M EHTHE M/mM # 0. SEIEFE N, 77 R FWEHAE [ FIfoRHAE
m D I, ffRHIESY

0—R/I—- N, R/I— R/m—0.
FIA &5

0-M®([R/I)—>MaN, M®([R/I)— M®e(R/m)—0
#0

A M @ N £ 0. O
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Wie552 % o R— R ARFFAZEHRHIRES (EX 1.11.6), T M ZH RAEK
R-ME, M #0; 3% M A4 RAZZFHEE, W E42ELFHE RA.

JEBA 2300 R Al R MIARARFRAE N m Al w'. BT o(m) € m’ = rad(R'), BiEkRH
fmel 5.5.1 MERE 2.3.4 (IRA R BYBRAR T = p(m)R/). O

FiREICEHT R=R 8 M = R RIEH].
B 553 % o:R— S ARLFHEITRAZL, NI S 4 R-REK.

(i) P R M, 56 REFRAS M — S@M A%, 54, BLM =R & ¢ X
3=

(i) x R &P AER I, A ¢ He)S) =1.
(iii) @ ¢ % F# B4 Spec(p) : Spec(S) — Spec(R) A .

IEBR A F (1), @7 N = ker [M — S @ M|. RIEFHEME N — M FEF S-BHFEE
S®N — SeM; FERHIE 1s 0 N FRAE, #EAE, IEELTHEERES N = 0.
XN (i), A M := R/T MH (i) Alf8 R/I — S® (R/I) ~ S/p(I1)S J98., [Hith
e p(I)S) =1
T (i), 8E R BIZRBEAR p, M FUERHIRRS

§0p5Rp*>S®Rp:Sp
S, AL S, ARFRIR S X (R~ p) BIRFME, #h S-ARE. B

_ (i)
SDp_l(SD(p)SP) = ®p 1(90p(pRp)Sp) == pR,,

1 o(p)Sy 2 S, MEIA. B8 o(p)S, MEMKEAE n BIHE ¢, ' (n) = pRy. B
m € Spec(S) X ME| n € Spec(S,). MAHLEFR

S — 5, Spec(S) «—— Spec(Sy)
| e W s [specten
R —— R, Spec(R) «—— Spec(Ry,)
1S m 7E Spec(R) HHIGE p. O

FH I AT DA S B S RAARERA DA R %I .
EE 554 #THEALS : R— S, UTHRAEN:
(i) ¢ HEFH;

(ii) o F3H, I H Spec(y) : Spec(S) — Spec(R) A i 4
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(i) ¢ FH, TESEFARAEE m C R HAFARAEE nC S R/ ¢ (n) =m.

IERR (1) = (ii): EET& 5.5.3.

(ii) = (iii): fEHX q € Spec(S) 2 Spec(p) BN m € Spec(R), MELE q Y

FATHRARFEAE n C S WA m.

(i) = (i): X R WFTAERAKRIAE m, 1A S FIBRRHAE n 2 o' (n) = m,

H 0 o p(m)S, B o(m)S £ 5. RS 5.5.1 EHIMEE] S RESOTHH RAL

5.6

O

FI8FRE

TR AR U AR R EEAR TR, R (16, §7.9] AR HNE. DUNEE

KBEFP A S A SR, EEiE 2Tk ERAH

YR 5.6.1 HEINFALS R — S, WA n € Zs, X SO = S®--®8, W ER

S BN i DAEMERIERZ
=18 = 8% 1<i<n
XNT n=3 B, ARIE 1<i+#j<3EX
10 5% — 93
NS (i, 5) DIKEREIRA, BT 0 = @ G =03
BER M ONER S W T SO2RREZS

a:5% @ M—S% @ M,
S,t1 S,t2

AIE S S8 RIS

aji =8 ® a:5% @ M—S% & M,

S®2,ij S8 S,L?
52, BRTE i,j ZIMISKEREX a #h Lk idg B
#185.6.2 4 S M M RAE, MG SR BLTE R #

SOM SS9 @ M, terz—t1l®z,
R S,

(5.6.1)

(5.6.2)

AR S-BEEHIRE 1 2 S — S92 gl 1.3.3 BFEREYERT, A SR ITER

Homg (M,S@M) ~ Homge: [ S®? @ M,S%%* @ M
R S,Ll S,Lz

HitfeE (5.6.1) B9 a Y THEE SRS a: M — S ® M.
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WBHEEM=2S ® N, Hif N 2 R-EEEIEE. K256 SO2 R SO
BHETEN SR A
59? @ M~S8%2@N, S @ M~S% gN.
Syt R S8 R

i oa FZILBCN S®2 @ N _EEVESE, W a; (08 S93 o N _ERESE, 1M o f£N
R J R
S%N$S®2%N, SQYsR1QY.

ENX5.6.3 (THZER) 4 <FA R— S, & Descros 4 T 8.
> MR Fof (M), A MR ST a: S © M5 ST @ MR STHH
H, FE (5.6.2) & X Hy F A 24 B A&
azy = a32021-
> SE N (M,a) Bl (M) AR S-HERA [ M- M, ZXHELZNTER

(idse: @y, f)a = a'(idse: ®,, f).

6% Descpog WX & XA R — S o T HHH
B BHE T Descros - S-Mod. B, 4 & SeRI IR LBET S @ () :
R-Mod — Descgrs, IR N (5% N, id), WAE g N — N K ids @5 g.

EIE5.6.4 (FIETHE[16, EME7.96]) #FFA R — S BELFH, I S ® ()
R-Mod — Descr,s %4, © il —PM#EHEF D : Descgs — R-Mod 7 DL
B4 R-Mod # iy &1k F

0 —— D(M,a) — M ——= S® M,
R

r—>1Qx
Hta B#EIL 562 X E a By S-HEFEA.

Hitt, f67E R-BE N MY THEE S8 M JER a 45 HE RRESTRL ~FHE T RERTIER
WSS, ERMRRIEAUER), IAEEATERFIE Y Beck B 7-EE H.

H—, 8E R A (B A1) S THEE S5-I B (80 B-#E) MR 5 3RI%L,
MR RT RREDTRE, it B BN S @ 4; FEUL (16, TEID 7.9.7].

KA, FATEFROBES M M (8L B) Bt N (B8R A) BIMERT; 518 M (8UREL B)
A BB REARS I, AR PR R R REXEAT P IH RRERIMERTE 22, DUN 2RI
RIS A BRAE A PR IR PR, 20 DL E S 1.5.1 FIE X 1.9.1.

B 5.6.5 DT R— S 2# e ELFHEHRA
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o % N A R-4%, M=SgN HAARH) S, THMR P 2t S M g BHIX
L P xt RN o (i) 3, (i) ARAEMK, (i) A RER.

o W AN B-R#, B=5QA RN SR FAER P At S-Rk# B g Y
BARY PR RRH A R () AR R, () A RET.

IEER  SEAbERERIETE. (1) A RERGE 5.1.8. (i) AT (i) A “27 F7 Ak E
1.5.8; BUTX (i) #0 (iii) WEBHE M #E N AY {047 J71A).

NF (i), BT [16, 518 7.7.15] KB ML, AU N A RAERSEN T DA W
A N ABEFNR (N)ier 815 X, N = N, WEERRTFE I, C I 15
Dier, Ni=N.

B M BRAER. 12 M; = S&N;, WA 32, Ny = im[@, Ny — N] Al Y- o, M; =
im[@, M; — M] = M. BRN M ARAENK, FEERFE I, c I 15 Zlel M; =
M, TR0 @,y My — M . BSDPHEAFRSIH ), Vi — N . WSS

T (i), ¥ M BRER, W (i) R N BRAR; B R-ERREIE S

0—+K—R¥ -5 N0, a€Zso,

ME S-ERFEIES] 0 — S®K — 5% — M — 0. AM5[# 1.5.2 (i) 21K S®K

AR S5, B (ii) %‘QEH K BIRERK. 45k, N 26RER R
THERIHEEEE. (1) 1 G) B <47 FrsekE@ 1.9.6. ARG <24
Jiml.
T (i>’, & B 1EhN S-REE A4 R T Ylye -y Yn- PSS Yi JEFFRX Zj Sij & a4y,
HAr 5,5 € ST a;; € Ay FIIXEE 1@ a;; BUR y; FFHENIHER n, (XA T
By = 1@, T2 S-REFEZS

B:S[Xla"'vXn]*)Ba Xl*_>yz

X R-AREIFZS
a:R[Xy,...,. X, = A, X
HY S% (-) B9, BESR B i, B FEIEVERZETR o 7R, B 21, ... 2, BB RARER A

T (i), & B 2ARER S8 BIE (1), RARE A BERIT 21,2, 1
yi = 1@x; HFE X, — v (H X, — z;) GHE SAEGHFLS 5 : S[Xy,..., X, = B
(3 R-REUKFES o R[Xy,..., X, — A). @l 1.9.5 Ui ker(8) 2H BRA AHHAH.
SESEIRMYEBUR ker(B) SE[F T S % ker(a).

SRMAZHR (1) BVIRLUE, FHEAH ker(B) BIAERTTR] DABRAN b; = 1 ® a;, HH a; € ker(a)
Mii=1,...,m. ENREN BAEFES B — ker(B) RZ2NH ay,...,a, FEH
A-BRFZS A®™ — ker(a) BL S % (-) BP9, RiE RIS & . 28 Lk, ker(a) 2HFR
ARG B A BARETR RAEL O
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it 566 & R— S AELFHEFELS. £ S & Noether 2, Il R JF4K.

IEBA  IAHY Noether SRAFEM TR EHBEAIRAK. & I ¢ R 2HE (JRRIFH),
s @1 S TR R 5.6.5 (ii) ALRE. O

B.7 B zariski FEZMTFIE

AT EE §5.6, R RRER —REZRHE. 15 R WK, U 2 Spec(R) A Zariski
WM —EFE S, PRI FEFA (1.10.1) XM D(f). ZELIE (M 2.5.1),
WEAEERTERE D(f1),...,D(f.) €U.

SIE 5710 xF LA%M, & S=[[_, RIS, FREFARHULRS R~ R[]
FRWHFS R— S, W S ZELFHE R-RE

IEBR B R[fY) B, SCTTL, R MR BTRSOEEME, EH 5.5.4 KA
1E Spec(S) — Spec(R) BRI SR E RS Spec(R[f; ') — Spec(S) A M2
Spec(R[f;']) — Spec(R), BA D(fi) J1&. E
W5 HE 5.7.1 FHE RIS RAREL S = [T, RIf; ] BHRRE RRETTRL
o MATE meZs1 BH
s#m~ P R fi)

1§i11~~7im,§n

15 o, 0 S — S®™ K S RREMIE R[f;) WA B i) = 0 SHES, 77
FERBURFBLEZS RIf7 — RI(fi, - i)"Y

o B0 erevren € S HEMSRAHNRES T, 158 S M MY TiEE
My...., My, ¥rf M, & RIS BATE M = @, M, Il M, = e;M,
UL (14, BIFE 6.2.5]; (T SO HURER, B ERBEEAUNA.

o FTICATFEM, MATE S M EH VIR S©2-RFR

S o M~ @ MY, S e M~ @ MY

S,t1 S,i2
R (Y ARTE A (VYARTE

1BE (5.6.1) 19 a HYTFHRAE 1< p,q < n H6E @gp 0 Mp[fy 1] — Mylf, "], i
f8E (5.6.2) BV a;; S TRNATAE 1 <p,q,r <n B

Caplfy ') My [(fofr) '] = My [(fofr) ']
WAL p, q,r 7RISR E] 593 2, M BRSS9 § DLARRERAT R,
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o TFIE 5.6.2 W S-IE[EIGIZ AR

S® EBM 5 EB (ti)iz1 ® (Ti)ieq (tp 1

1<p,q<n

ALK S-REFIZS o M

n T
®M - 1<§q9<nM (@) (qup <Tp)>1ép,qin.
//TJ: [lidi}) Descr_s FIXNZEE YT (M ( ) iélﬁl*b’% R[(fpfq)il]‘*%ﬁm Pq,p *
My[f'] = Mylf, '], ZRMFAE 1 <p,q,r <n (ﬁ/@ﬁ%%ﬁﬁ

Orp = PrgPqp : Mp [(qur)il] = M, [(fpfq)il] .

HIARASSN 25 HR AR FELS.
X —Y)5 U R A RS & S, BB 5.6.4 BYST-HH TR R A AE R AT
IR, BT Descrs BIXR ((Mi)i, (0p,q)p,q) FIXRIET RAR N, BACHIFA T EIR
B AR
(Ti)iey — (‘Pq,p(if))lgp,qgn

m m

0 —— N — @M — @ M,[f (5.7.1)
1<p,g<n
w w

(‘ri)?ZI —_ (qu)lgp,qfn
YERNH, @il 5.6.5 A DA FRRA.

Bl 5.7.2 Z R R AT (R %) MR P, B F A E & Spec(R) = Uy, D(f:)
A (KRB HEMRETE £ BRI H R P, WA P Zariski-5 34K 3.

o % N K R-AZ, THE®RMR Pt N Zariski- & #H kL 4 BAX Y P xF N jar:
(i) 38, (i) A RE K, (i) FRET.

o AKX RRE, THREER P X A Zariski- 3 H sk st 4 HRX S P 3t A
AL (1) AR R, (i) A RER.
IEBA W A Ty, BLR-BE N BIPEBUNGI, SERTATL, B P X N Zariski-/R)
HMLARSZ, WIAFTE f1, ..., fn € R 15 Spec(R) = U}, D(f;) M8 M, .= N[f;'] &
BYER P. BWAHCHEFRERETEM: G R[4 M, = N[f '] BEMER P,
WS =TI, RIf] BRI M = D], M; TR
gi b, BN BEIRE S8 M AYER P, W R-BE N 7RR. ST 518 5.7.1, XA
2 5.6.5 BN
KT RARE A WG, IRIETS. O
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NT R-RE A KIEE, PAERFEE Spec(R) &R, X T Spec(A) K ERS
QUNHHRIES I, (BT SHETEVEEE.

BRE5.7.3 &S AH RAR%K UTHHAM g HK S WTE, M nels.

) ®IHSHER EEEFAE V(D) C UL Dig), BAEN Ilg'] 4
Slor '] BB A R IBAE, U T RA A RIER.

(i) #% &I EE Spec(S) = Uiz, D(9), EHEEAN Sl ] B AFRAER (A RE
T, BOFHE) R-RE&, N S BARAE R (A RET, 2FH) R-RE&
R (). XATE 1 <i<n, &R 1o B Slg ] B—RTTR {g:;}72, £ AT

%4
/

9ij
9ij = PRER 9 €1, eij € Lxo.
[

BEFMENT Spec(S/T) = Ui, D(gi + 1), BAFIE t € T Ml hy,... by, € S (1T

Spec(S) = D(g1) U---U D(gn) U D(2).

FTRATHE & PN RIIRE, TERIE {g] 5}, U {t) AL T MRHEIML; X4
R 1.
(il). FebFRERRA KRG, WMATE 1 < <n, B S[g; '] 1EN R-REBIAERTT

xX; 1 xX;
=, l;n , xij; €85, my, fi € Lxo.
gz g’L

SE v € S, WEAETD Slg ] THUREN hi(gi win, .- im,) /9, B by & R b
) m; + 1 T2 N, > 0; &SR N, ATHAfR

ngvi = hi(gi,xi,l, e ,in,mi) T:E S ':szl\z
ﬁ%%%{izﬁz@f{# tl, .. t € S {éfg Z:L 1 giti =1. ?IEI%E N > 0 Hrj‘@ﬂ:ﬁjm
Zgzz QJER 1791>$1J|1<Z<n1<]<m2]'

ETHWRRY, B OANERAEREE 5 5 RIX....., X,)/1 B g, &
R[Xy,..., Xn] BHEE g, W V(1) c U, D(g;) T
Sl = RIX1,. o, X, YI/I L= IRIX, . X Y]+ (32Y — 1),
AL T, TR AR, 96T 1[5 2 RIXy,... Xoul (5] ROV BT, # (i)
B 1 AR,
RS DAHER 5.4.4 (SRS BEIINY. 12 T R OGBS %5 o = Y, 1; 0, €
TS WA, e, = s, M o 46 19 STg] ~ (z 0 s) (g7 EOERFIA 1< i <n

B 0, BCATER n; 53 gfa = 0. B ay,...an € S 18 S aigh = 1, HIVAI
x = lgz = 0. BAFTAKIE. O
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5.8 mimmmiasEnEy

BRI R (B 1.11.1) ERVERASCFEER, M THRAHERERIERY, 4
TEARIE T — AR AP HAR.

BIIE581 & R A RMH, HAMAKELE m BE. HFE RE M B — KX
{Zataca & R/m-AE M/mM $ @A —HE, U {vataca 0 & M W—24E 57
M, WHERFE R-E M T EH.

EREMEA R, m 2@ET rad(R) WEE, M 28 RERFE RHE, T
A IR, U IR 2 9 0 oL

HEBA Al 2.3.6 (iil) ViRA {24 }aca R M, HEHA EAF]

0= K =R 5 M0,

M R/m® () TEsKERIFN A Torl(R/m, M) =0 AJfF K/mK = 0, ki H&E 2.3.6
" K=0.

FREABON m C rad(R), B M 2ERERTHERE, MEE A AR, W] e
2.3.4 FIFEL 2.3.5 BURAE 2.3.6, FREEIEN K 2B R4 M. O

BRE 5.8.2 ¥ R AR, M A RAER RAE, WL Bk 4
(i) M g
(i) M #4545
(iii) M FE.
M AEE R, BER R @GRAEL m BE, EREN &L

MEBE E RS, BEATEIRSEIE (] 5.1.7). FHEIE (i) = (i). & R FIME—%
REAEH m.
T m BENEE, (i) = (1) 25/ 5.8.1 AR, DUREN M BRRAERT

B R/m-[MIBZ0H M/mM W z,,... %, 8N 1 < i < n & z; WR
% x; € M. L 235 HIE xp,... 2, K M. (NFHEBEEMNLETLR, JRE0
S =0 YHMY a; = =a, =0.

DURIEVAHAN A r > 1 RUEE M RE—FITCE 21, ..., 2, 1E R/m-[AI& %A
M /mM FRGEMETCE, MIEAE RASE M P& W az + -+ apz, =0, H
HFEA a1,...,a, € R EH 547 AWy, ... ys € M F R R 7 x s FEFE (byy), 8
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i

Z1 U1

Ty Ys

HT 2, ¢ mM, F1E 1 < j < s {15 b,; ¢ m, KT (a1 -+ a,) B = 0155 FIEE 5
HIHES

iaibij =0, a,= —b;jl T_Zlaibij.
i=1 i=1
EXEMAE r =1 NN a; =0, 78 r > 2 NEERREME R R XK TR
Sai (xl = b;jlbijxr) = 0.
i=1
BEW z; — b by, I M/mM FRBEEETLR ((=1,...,r = 1), B a = -~

ar—1 =0, H—H/BE a, = 0. BIFTAKILE.

7¥i8 5.8.3 L. Kaplansky [7] UEF T R #RER L USSR B 1, R BORARRAK; 1t
SHCHIE M TARSHIR, AR A (14, € X 6.12.3] Y77 € ANB AR LR HRER.

Hie 5.8.4 & R A, M AHRAMK R-H, WL TFERAEEH:
(i) M “F3H;
(i) My, xf R oy frA R 28 p MEH B Ryp-H;
(iii) Mw % R B TR R AL m #EH B Ru-#.
JEBR  g&andl 5.2.1 Fl1 5.8.2. O
DA B, (B 1521 FR AL AR SR an T %1 H.
R 5.85 T RH M, T Hk% M
(1) M 2 WA AT
(i) M =A RERFHEE;

(i) M RARERE, MEXHAREL p BHFAE fe R p £/ M ZEH
R[f~1]-#;

(iv) M ZARERE, Bhf

oo

p— dim,{(p) M ® K(p)
#%E T Spec(R) E#y Zariski 32 B3 EEMA, BEN M, &8 &,
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WA 1 (i) <= (i) < (i) <= (iv) WAIRIE.
(i) = (ii). R, mARARRNELZAREREN (Fid 1.5.4).
(i) = (i). #EIR 5.8.4 &K My, NITERKHEE m B2 Ry, il 5.2.3
MR T R-Mod — Ry-Mod 2 [A] (1 RIS

Ry, ® HOHlR(M7 ) = HOmRm (Mm’ ()m)

Al ARYE R EMAIE S S 5B 2.4.1 RTIESMEREETY, AT My XA m 52
8 M 5.

(i) = (iii). ERHEM p, #EIL 5.8.4 S5t n € Zso MFEM ¢, : RY™ 5 M,. X
Aamd 1.12.1 (iii) AJ18 f € R~ p MIEM ¢« R[f7H®" 5 M[f1], 18 (¢5)p = @p-

(iil) = (ii). X FrH ZHHE p BRI f € R~ p, MMM D(f) 4
Spec(R) W&, MAM 5.7.2 X5 M WARERMER. FEEFEHIR 5.8.4 1
.

(iii) = (iv). ZMFFRA Spec(R) 7] A —IEAN D(f) WIF R E =, #15
Mf~1 AEABREAD fAREH R XT p e D(f), 7EREMEHM (1.11.1)
e

dimn(p) M® H(p) = dimﬁ(p) Mp }({8 H(p)
p

=dim,p M[f7'] ® k(p);

(ERIGEAE M[f~Y] HIRK, BCIRENAE D(f) FovHEE.

(iv) = (iii). %%E p, W 21,...,2, € M, fEEENHHN k(p)-A & =2 H
M @ k(p) RIS, HEIE 2.3.5 (i) ]I o1, ..., ap B My, WROHFEZ RPY — My, 1R
i 1.12.1 (iil) A1 f € R~ p FHFEZS o RIF1®F — M[fY], 15 (¢1)p = @p-
EYVEEE f, AR p' — dimy ) M @ k(p') 1E D(f) EEUEAE k. RIEAEENIE of
paa ik o

STHIEE 2,41, MFTH p' € D(f) UE o NFEMETAT. RWHES o FFT RS
(I B RIS, RIS 2.3.7 ATAD o, S2IFIR. BHATARIE. O

Al 5.8.5 (iil) MY AR RERAE R B BRI UES R, GRS
T2 M T 2 475 SRR Spec(R) _ERIAIEM. X FriBMEHEM R <SEHE TR 4%
W, U §5.6.

Wit 586 ® R— S AXLFHEEFARA, M A R, W M 24 RAEKZS R-H
4 HAR Y S@M A R RS S-H.

B 4548 5.6.5 5 5.8.5. O

PR 5.8.5 HIFAPES FHZSIAK.
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PRE5.8.7 W R ZBYIN, NARER RAE M REAE Y ELAUY w4t
p = dimy ) M @ r(p)

Xt T Spec(R) b8y Zariski 37 312 B 35 8 1 B 4t

B {0 FIE S Tl 5.8.5, FRERLAEMA. AT <4 B75m, PURER
fndl 5.8.5 (iv) = (iii) FYIRIE, EAHER M, NArE p BHEH.

FIOZALICIERL [ € R~ p FHMEZS ¢f : R[f71%F — M[f7Y. HWRZIUEHRA ¢
HIFEE. 25 RAEERAR &G —EL.

XNFFAE p € D(f), BFEE op) : k(p)OF = M @ s(p’) & w(p’)-LIERST, L
RYEBCIECN AR, BIEERE] D(f) ~ Spec R[f 1], T R BELIZIR R[f~!] BEZ); #5
p’ AR EA NREAR, W] k(p’) = Ry, LN @ = (p') H.

£ (t1, ... ty) € ker (o[f71]), WG t; TR Ry UG EDy 0, Hrb p/[f~1] J
i R[f~Y BN EIRAR; 51 292 BF t; = 0. &L, o[f ] BHEFAZ, Rz
4. BARTAKIE. O

Bl 5.8.8 & R A REII, M A RA RS R-HE, TH Mo WRRFEE, L m
W R WAL, N M EHRKEH R-E.

SERR 90 R BRI AR my, ., myp. PRI 11,2 F1 x(m,) ~ R/m; 2!

k
H R/m;) ®

M /rad(R)M ~ (R/rad(R

\ 2

k
~ 1;[1 r(my) R%i My, .
BESRBN My, [FIFK, 188 r € Zso, LRGN M /rad(R)M 28k r B R/rad(R)-15
HAGIB 5.8.1 BB ml W M 2% r Bl R O

5.9 FiEgmEme

@ 5.2.1 RN TP A R R LRI, (HEVEX R R IR
], §5.4 FIHDERARE S, WA RN R WATEHRERMEE I Kk
Tor® (M, R/I) = 0 8% T © M — M, A/ MH— R FHIMEHS T DABOH.

EORVETRES: ¥ 1 ONFR R ERAR, My REL TR R A M DA I3 (61
4.2.12), NHAE Zso- 7038 gr;(R) FI53HR gr (R)-18 gr (M). HRIBE X, gr; (M) H
gr¥(M) = M/IM R #6052, FIELHIIIHR gr, (R)-FEFZS

Vi,m :grr(R) (??R) gry (M) — gr (M) (5.9.1)
gry
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TR, IXZEN (5.9.1) B n IRERIFRAE

A s (/I @ (M/IM) — I"M/I" M.
’ R/I

513 5.91 Xt R WEE [ An R-E M, £ & DT FR:
(i) g ne€Zs &H Torf (R/I", M) = 0;
(ii) XAH n €Ly, REFF ["QM 5 I"M;
(iil) 4B R #Y (5.9.1) ZRA.
BEwxZ (1) == (i) = (i) &EKL, T I FEH (1)—(i) AFH0

EBR (1) < (ii): MAGIHE 5.4.1.
(i) = (iii): HBERATIESRIER

"teM —— I"oM —— (I"/I"") @M —— 0

l | |

0 —— "M "M "M/ M —— 0,

HrhgEEE SR BRE, BN, 206 LAFRT (/1) R@?I (M/IM), Tif
AEREFCKERT A7 . (1) BOZUHEAIERS ST SON R, BERAIIE— 14
(iii).

1 FE, ATl m > 0 {5 1™ =0. 4 (iii) BROLI, X _EERT S [ BRI
BI"QM —I"M X n=m-—1,...,0 &R IEE. O

EX 592 xtTHEE A R M, 4T REFHAER T EH N,z ["(JOM) =0,
WA M %t T A ZEEELH .

EE 593 xf R WEM [ fo R M, &R THR
(i) M ZFHE R-#;
(i) M/IM Z¥3 R/I-#, H Torl(R/I,M) = 0;
(i) M/IM ZF3E R/I-#, H (5.9.1) Z FH;
(iv) M/I™M %FiH m e Zs, &2 FI R/IM-4.

HEHEBRKRFZ (1) = (1) = (i) = (iv).
EH—FER T FEZE, KEK R % Noether L H M xt I ZEAELHH, N (1) —
(iv) 8 Z &)
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B () = (ii): A PEBA R BN E B 5.4.2.
(i) = (iil): £F518# 5.9.1, U Torf(R/I", M) = 0 MFTE n > 1 RZEIR]. HY

O=I["/I"C---CI/I"CR/I",
R Tor-BR FHIKIESE, [RIBULLT N PARITS:
VY R/I-FE N, Torf(N,M)=0. (5.9.2)
AR, #1E R/T-BFIE S
0-K—-F—-N-=0, F: HH,
BT Tor-B T 5ERZHE, Torl(F, M) = 0, # Torf(-, M) FWKIESHIE S
0 — Torf(N,M) - K@M — F @ M;

REFERT K @? M/IM — F @/) M/IM, R M/IM SR (5.9.2) 1F1E.
R/I R/I

(i) = (iv): WA E n > 0, @ R, := R/ F1 M, = M/I"P'M. Xt
k=1,...,n, 515558 5.9.1 IEBAFRLIITIE SRR E R

(Ik+1/ln+1)®M N (Ik/In+1)®M N (Ik/Ik+1)®M - 50

| | |

0 —— *M) —— sy [FM,, ————— [FM/T*H M ——— 0.

RABEETSLEZRW, M (5 /1Y @ M — IFHUM, £ k= n BELHZ R, B
HIEHE (1% /1) @ M 5 18 M, TEEGZ. Fealt, 1] 1, .= 1/ WA

I, ® M, ~(I/T"""Y o M = IM,,
Rn

MXTCARRFIEXN R, M, BEFHIES. RIEFIH 5.4.1, X4aH
Torf (R, /I, M,) = 0. (5.9.3)

HTHE (iv), HATE k=0,...,n fl Re-#E N BHA Torl™(N, M,,) = 0, FRNH
k = n RHEIRIA]T,

Hk>0M IN ¥ N/IN #2 R,_-#, EEFIRREHEITAAE] k= 0 BITE
. 83| Ry = R/I = R,/I,. FIRICUER (5.9.2) 2L, FF (5.9.3) f1 M/IM 1EH
Ro-F) .

M TRER, Bn> 0 #8 R, =R M, =M, iU (iv) = (i).

PARTE R N Noether 38 H M A 1 BHAR EHIFTHE FIERA (iv) = (1). & T
IR 5.4.4, MM R FFTEEAR J IEARIEAESN Jo M — M NEFES. ST
XM AR, WM 0 BE ker[J @ M — M| C I"(J @ M) BiA].



150 EHE A%

XA IR R R MHF R g WAER 4.7.4, /JE] k> n 1§ IFnJ C
ImJ. %8 H R R

JOM — (J/(IFNJ) @M — (J/I"J)@ M —— (JQM)/I"(J @ M)

| !

M ——— M/I*M
MRUERA (iil) = (iv) BIRFE, J/(IFNJ) 2 Ry, FVEAER 8 (iv) FIHEIL 5.4.4 251K

(J/I*nJ) @M~ (J/(IFn.J)) o2 My = My,

XSEEE _ANEEFEKNR, W ker[J @ M — M) C I"(J @ M). BAFTEKILE. O

SIE 594 % I HF R WEE, S AL IS Crad(S) W R-R%E, MH S # 2
Noether 3f. # L A RAE K R-H, M ZHRAE K S-#, NIEH R Lo M # R
Nyso I"(L® M) =0.

ERR FEF Le M AHZE RB EEAERE M 1 S-EEH. NG n>0 BF
I"(L® M) C rad(S)"(L @ M).

EBIRERER S-B L= S L, WA S-HNEERE Lo M~ L %M, i L oM &)

FRAERK (dil 1.5.7 (i)). 7 3.7.1 FRZEM rad(S)(L @ M) ZRXNE. O

EIE5.95 % 1 A3F R WEHE, S KR IS Crad(S) iy R-R¥%, TH R fn S # 2
Noether 3f. % R A MRA K S-# M, T BRRF M

(i) M EFH R-#;
(i) M/IM ZF3 R/I-#, B Tor{'(R/I,M) = 0;
(i) M/IM ZF3H R/I-#, H (5.9.1) 2 F4;
(iv) M/I™M %FiH m e Zs, &2 FH R/IM-4.
IERA 5IE 5.9.4 R M 1E R-EN 1 2R &Y, TR 5.9.3. O
PAF2E R 5.9.5 1EJRHE i —FifE .

IR 5.9.6 (FIEMRBIHME) & (R,m) — (S,n) % Noether 3 2 [8] # B # 7 &
(FX 111.6), M KA RA K S-#, W M &ZF3H R % BN Y Torf'(R/m, M) = 0.

JEBR KA R/m B, M/mM B2FIH R/m-f RNEH 595 (BT = m) Bl
K. O

REEM 5.9.5 f1 5.9.6 NIRRT E L, HERFHIE R=5 58t M = S BIRH.
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51 O Govorov-Lazard FIf
RATEHITHY Govorov—Lazard 7€ B EJE FHAER B BRI R R, B KLU RHIE.
LIS R IR RFE M, @ XFEME F = Fa WK,

o BERINREE—FIITE x = (v1,...,2,) € M", HH n € Zxq AIZE; XN ZH1E DL
z1,...,x, NEREE R, 10K Fy = @), Ry, HMHAM 2; 9 2, FIFEZS
alx): Fx = M.

o WHR x Bl y FIZSSE XN R-Mod HHIZHRIEIFR

F4>F

N L

N o, 1% H B 208 GRS IS K.

TR FRAESONERE. EXET P F — R-Mod MR MERRRE x o F, &
SRR E . 52 lig F 4 lim . A9 (a(x))seonir) S R-BIRIZS

a:li_n>1Fx—>M.

SIE5.10.1 B RH M PR F ik, M a:lim Fr— M ZFRH.
IR HARENATE R N AR
Homg(M,N) 5 lim Hompg(Fy, N)
x€Ob(F)

{ (6:)x €[] Homp(Fy, N)

MRS RS o(x) + Fe — M Rk lig BB BAETTEZLE 0 € Homp(M, N)
BEE (Ga(x))x, XBARBIGERZ. RIS NE: 35 0 Bl o, MARA x = (z) AT
0(z) =0 NFTE x € M B3I

PURNBERHIHME. 28EAMITR (0x)x, EXMES 0 : M — N WT: XNA z e M K
Flo) X Rz, 6 0(z) := 0, (). BIE t € R, NHRER

st-x ¢4— s tx
m m
Rtx

Rz
SN v i)
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WAF t0(z) = 02 (z) = () (tz) = O (ta) (tz) = O(tx). BEEE v,y e M. NHEFR

T +y) —> Rx@Ry<— Rx B¢ Ry

(@)
w:$\\ i//gj%y»

4

PJRES

=9 ()+9 )(y) = 0(x) +0(y).

ik, 0 BERA. BB 6a(x) = 6, NATE x L, HIERNTE x =
(@1, ., xn) Mz =" ajz; € Fx FEX Flu) = R — Fy M F HENIASS (2) — x
TPEISIE. O

%1% 5.10.2 (V. E. Govorov, D. Lazard) % M 4 R-#, | M F3E Y AN Y ¥ 2 —ik

E@Rﬁ%ﬁﬁug%ﬁ%ﬁ5wl*%fzﬁ NG, TR A lim T B
Z AL W hmX F..

JEBE  EERBLAEIE, B Y 75 AR E AR 5.1.9. DURAREE {47 F51).

WM . BT5 5.10.1 BYEA lim Fy~ M, FIRTSBICUE F . X9
AN AT (14, X 2.7.6).

BEy =y MY = Weun), Bz = (Y1, oy 01y, BB F
IS y — 2 « ¥, HBIERZS F, —» F, « F, BAFENESERIES. X2
UEIL VMR IS — 2514

jjT?ﬁlE"”“J”'Jf?ffF” EIEFHPHENy « x -y, BRERIEEAS F
F, AN Fyr. 2 x = (21,....,2,), REHEIT—BNFSEF y, y KMENEH 2
HE R i

F,=F, & F,

HEAFRRS ¢ = ale) : F, —» M, BEAR y; (88 y)) A M HE g (3K y)).

REEHIRE x Doy o 2 Fll x Ty — 2 (GRS, 5T RPOXMAE, B ker()
F e R B A

DHSA R y =y’ BIAT, (HIX R 2 RS 2.
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AR 5.4.8 AIFFACHEIR

F, — s Ros

i

15 K C ker(B). 12 R®® HUBRIEERAS n BIBN wy, ... w,, EMNGH F BINR w. B
W& WA F s s R

FEIIRUEE F 98I AR i A, O

5.11  ms# Picard &

MNTFIEERIA R, AT EABURA RS ® falld N ®.

ENX 5.11.1 (AIEHR) & R A3, M 4 RHE. wEHEA REN PUREAH MON ~R,
T Bk M Ky 7T A

ZHHZ, R ARG @uif. 75 M Al WE Y 5.11.1 iy N e, 35 My f
Moy Efi%, Il My ® My JRA]IE.

SIE511.2 # M T#YHENYZT M@ (-): R-Mod — R-Mod 2 & 8 & 4/}

SERR 3% M ORI, BN BE M o N ~ R, WEKREIRILE L%, KA AR
R Mo ()l N () ERVHRET. R Mo () EEEEn, WEE N
R~M®N. O

HF FRTERESN, N 5.11.1 R N KSR E M E—E.

£ I, R-Mod HfTE AR FIFI 2 0 © MRS HEE, R E , LR
IR ]9 47T
EN 5.11.3 (Picard B) xI T3 R, it R-Mod ® pr A T e A £t © Mkt %
## A Pic(R), 4 R # Picard .

DA E CRIEEI0IE F T AT AR L1, RIS 2 (R-Mod, ) AR, 2B
THRATHNGEER, FE— S IEICIRRE, Rl A1/ BREARIAE X 5.11.1
H N.

DR 1.1.4 FRIXHSUEES, AT LUAGI 5.11.5 S
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S| 511.4 AMHFEAL R — S ¥iF S HEA Pic(R) — Pic(S), 7T R-#E M #
Rt K4 w3 S-S @ M #yFH %K.

IERR 1 (1.3.2) AIAIMA T S @ (1) MRATE RBAN AT S, I HAREF Picard BEHY
gh8y. O

I 5.11.5 5T R-# M, YT FHRR £
(i) M ZHWARFLEE, TTH M, ~ R, PrAZEHA p &L
(i) M ¥,

LN B — R, X MY = Homp(M,R), WA HEFEFH eva : M ®
M SR,

HEBA (i) = (ii). A8 N := Homg(M, R), HZEHIEFEZ
evy: M@N = R, z® ¢ ¢(x).

XA R p, @ 5.2.3 A N, ~ Homp, (M, Ry), i (evar), MRS [F T
evy,. B My ~ Ry G evyy, SZRIKE, I evy, ZRA (1B 2.4.1).

(i) = (i). W5 M 2ERAERESHE. —MERRTES (i) &k M N
TENRFR AW (R-Mod, ®) HINRENAHE, # [16, A 9.2.2) WBARH 2 AR
ARSI, DU R LS — R EHEIRIE.

BN PAKER o M@N S RAEc: Mo M S M@ M NZMAHR, ZE

idy ®@e ! c®idn idp ®e

M-—M®R— MOIMIN — MIMIN — MR ——"— M,
BRI, CHARN 0. BT, B Y 0y = o (1n) e Mo N, Ml o
& [F T & RS

z(p(2®yi))i REn (ai)i=>>2; aim;

itk M FIMT RO BIEMIIN, WS 15IE.
BT RFRME, N WA RRA L. M ATE R p, il 5.8.2 BiH M, 1 N,
BENEREHEE, M ® N ~ R 40K rk(M,) = rk(N,) = 1. TFEE. O

XA M, SJERKERAE X (1.3.1)

Xn
MO = (M®(_1)> . nEZL>.
FHEN G a,b € Z 15RIBE R
MO o N®T @ MO0 (MET)EE ~ poeb, (5.11.1)

PAUREEIBR T §11.3.
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\Y
[

BIER5.11.6 % M 47 RA%. £ tc REFET, NRFEABHEALS M S M H%.
EBR WIEAH 0 > RS R — R/(t) — 0 B EAY

Tor®(R/(t), M) — M — M.

3P 5.11.5 &0 M PIH, # Tor®(R/(t), M) = 0. O
)

L& T OIS R NERAR, UERAAE R/T 2FH RBL W T = 1.

. FBAEIRRES ¢ : R — S EH, miH r dE R FET, W o(r) 4E S HERT

BUES RN HEIR 5.4.5 HUIFBI.

. & R AEIR, K = Frac(R). UFH K 2V4H R, 1M K 2455 RS EAY R =K.
K EHNEERAS f: K - RER ¢ € K #13 a .= f(z) # 0. WBIF
bf(x/(ab)) =1 XFE b€ R~ {0} AL,

. MPTE k, B
() k[X,Y]/(XY — X) £ k[X] EIE¥3H,
(i) k[t]Y,Z]/(YZ —t) 1 k[t] LF3H.
- B M OZESEE R T M ORTE N 1.1.6 PTIERY S

BT ()@ M BEEET, FIW ¢ € R WE M 5 M IS R ~ Endg(R) —
Endr(M) J9H.

. WSFHBE TR EARRIEIEAE X 5.3.7 I EHAERGH 2
fl.dim(M) <n <= Torf1(M,)=0
= M ERE <n WEHEHE.

PAFHHARIHIE Tor BT, 2% [16, @l 4.9.6] IUILIE.
. WP ORI
(i) i R = F[X]x) ONZREIEME (X) BRHEL). UEH

RA% M 3 <« Torf(R/(X), M) =0.
(ii) f R=F[X,Y)xy) M M = F(X) BH RBEN, 15 v 1&ZFEH. IER M 47

H, {H Torf(R/(X,Y), M) = 0.

. BOA RN C(R), KB FAHE; HrPAE 0 BUEDBIRENT RIS AR 1, 1E 0 4t
N0 HIRE AL AR R TEAR m. UER] R-BEEIIAIM Re ~ R/I, DA R/T RARAERCEE
R-1, SRR .
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9. 2fIWiFHTETE Noether ¥ R FIAMRAEN R M, 15 p — dim, ) M @ k(p) &2 Spec(R)
ERREHE AR, H M AERSHE.

10. 1% S MBS RAAE, ME S Z/EER, IEH R 2 REE.
R P EFE 5.5.4.

11. % (R,m) — (S,n) 4 Noether R Z RIMFEEFEL, 2 € m IF R WFRF. EHE M
TAERAER -1, « 3 M WERT, MH M/zM ZF3H R/ ()-8, W M ZFIH R
RF ) EHR R-BEHHEEHRN Pe — M — 0, 530 (R/(2)) @ P, B Mz M BIREN,
B> 0 I Torf(R/m, M) ~ Tor ™) (R/m, M /zM) = 0, BRNEH 5.9.6.

12. (Amitsur BT¥) ARSI LS. AERTIN R LRRE S fl R-BE N, XFr
n>0EX X" =8%"D o N, kBFREINBRER L. MiIE0<i<n+1EX

vt X o X TR RLn @Y= R, QL ® L ®y
— 1 —
J<i oy g =1 #5y

PR om = S (=)™ s Xt - XL B X = N, LT y) = 1oy EX
§':N—->S®N.

(@) BiE A% = [0— x 125 x0 % x1 2 | 2 RASEIY, #N Amitsur SIY.
(i) & R — R BWHE, S =R ® ST N =R ®N, Rif R-EMNEFR R @ A% F
T AN
(ifl) REEHRRS A : S —» RHEZH R — S W/, UL A% FE.
R ) WE AT 4o e, H pm s X X R

h’(z0 ® y) = Awo)y,
A" (20 ® - @znQy) =A20)21 Q- Qzn®y (n>1).

(iv) UERHF S RS RAAEL, W AN IES. EH 5.6.4 FIFLFEIR (LM =S N)
A2 E &SIk
s—>s®1

) MR- SH] S () BEHELS S —— S® S, BAKY.

Y A% AT AHRATAIE [16, f1] 8.7.2) Ri&RE, BRE M 1.3.3 HAYHERR 45 ) 1.

3. (FIE2 W) & M NAERERFHE R, MH p — kg, (M,) 1£ Spec(R) LEUHE
n. WX ¢ € Endgp(M) &XFHELTA Char, € R[X], fHEER n RE—ZWK, #HE
Cayley—Hamilton EH¥ Char,(p) = OEnd g (M), HMESTHEMAIARS R - R BET#
it

B fi,..., fm € RAEE U™, D(f:) = Spec(R), ifiH. M[f;Y] ~ R[f; 18" XEA i
SEN M1 WRHiEZ I (RTOL (17, §5.12), RERE.
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6.1 ey

DURSE [14, X 7.2.1) TEA MR 2 FIOEIR.
EX 6.1.1 (BFT) BUE R-AHK S % aeS £HEN>1 5 ag,...,a,1 € REHE
"+ ap_12" "+ a9 =0
WAz & R-RES PHET, ff v £ R LREH.

BIUfE R-REFISZ PR =EETT.
PANESSRA [14, B 7.2.2, #i8 7.2.3], HUEBKEH T Cayley Hamilton &3,
THEE.

EE6.12 WE R St A xes, UTHAEN:
(i) = 2 R by #m;
(i) Rlz] 2HK R-KH (£ X 1.9.1);
(iii) « BT S Wy—ANESE Rla-FH# M (RX 1.1.6), £ M B4 RAEARAE K.
W—, S PHHTAETH K~ R-FRE
HTEEE S PEME » AR R-FREEWEER 6.1.2 (iii) AYZK.
EX 6.1.3 4% R-K¥k S.
o M S W AETHBENTREAN R £ S FHBA|, Tk S
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o WE S WA TR SR, I SEt =G Fk S & R WK
o WE RS HE, TH SR &£F R g, MK R % S = AL
W S B8 R — R TR R, WIEH 6.1.2 21K S /& R MR 5k,

614 %4 RRE S, CRAR R-REYER Y CHE R HEY K, Bt# 2
R A & R-REL

SR 12 S R RAREL RAEE 6.1.2 RSN, SRS S B M = S
RIS Rla)-THL
RV S 2 R R, BAEN RASEERTE o1, ... 0, 5B KA/E

S = R[x1,...,25] = Rlx1,..., Tpn1][Tn]
= ... = Rla1][xs] -+ - [wn]-

ARG 1.9.4 (1), MIBACLRNIUE Rlzy]- - [viqa] WATHE 0 < i < n WRER
Rlaq] - - [a,]-REL

BT 20 £ Rl [z] = Rlzy,...,z;] EHEEER, RIBL NN — KD 5K
R — S HRYEETT 2 € S WM R[z] BAR R, XIEZEH 6.1.2 A, O

Wit 6.1.5 %x R-RR% S, N SEN 2 S gyt AR R-F R 5K gL 5.
B #H x e S BT S WENAIR R-FAREL MMER 6.1.2 FRIA (iii) AI UL » 2%
T RZF v € STE R L& N 2z BT S AR R-FRE Rlx). FHEHAEZ S W
FrERR R-THREIF.

L S DN AIR R-FRE S, #1 Sy, EEAERTTRZ T

SliR[Il,...,IEm], SQZR[yl,...,yn],

MIERRAERR R-REL S" .= Rlx1, ..., T;m, Y1, ..., yn] BITCEIESEEEN, R 6.1.4 24
S ZHR R-REL O

ARSI TE R St .
#i£ 6.1.6 & R 4 Noether 3f, S AHRAE R R-RH¥, WH S Z2H R-FRHE So #h
B K, U So #2H RAER R-RE

JERR 18 S W oz, ..z, B, BA 2 BWMEE — 2R TR () = 0, H
fi € So[X]; BB fi WAKUER R-FHRE S, C Sy, EF 3.2.4 iR S, & Noether
. T 6.1.4 R S = Si[r, ... x,] BAR S-REL TS BEFAEL, b
Noether B FRIAHIRA L (W §3.1) 5 S, LEAMR SR8 L bW 5, BH
BRAEE R-AREL (BI98 1.9.4 (i) O

5132 6.1.7 (B HKEVIEER) £ & A AFA RS- T.
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() R R-T % WS—-T% WMEAS T RHMRT R— S T
(i) W S—>T R R—S B I R—T JFi.

WEER (). BRAR-TREWRS - T H—HH, &S >TH IdrcSETH
G y, Wy TR v +an1y™ P+ +ao =0 (EH ag,...,a,_1 € R), HIt
WS 2" +ap_12" P+ +ag=01E S FEAL, K = f£ R B NEE

(). 2z e THWHENE 2" +ap_12" P+ +ap =0, EH ag,...,a,1 € 5.
HHNREAE S 9 R-FREX Rlao, ..., an_1] LEIGE, M 2 2 Rlag,...,an_1] LR
Tt TRA—FIREE

R — Rlag,...,an—1] = Rlag,...,an—1][x];
TR A R BCEY K, fad 6.1.4 WIHEEREAR. RASIH 1.94 (i) A
Rlao, ..an1,7] AW A, M 2 76 R _ENE. 0

Bl 6.1.8 % R-RAL S, M| ST A S 2 AR R A AR R AT

R B ox e SAE SE EONEE W o BT S MU SR RE A MDY
Shint fF R EOVEE, TR 6.1.7 (ii) R A 2 S BV R-7UL %k o e SO

T R BN U, (08 -l 1.8.3 RKERERE R-VELS IWREML S[UY.
DA W A Jo A 5 R A R S 4

el 6.1.9 %% R-R¥ S A RWRUTE U, RNA
SR_int[U_l} _ S[U—l]R[U’l]—int;

WHEHNA S[U] WFH. H54, £ S - RWEY K W SU & RU #%
K.
SRR 4% S[UY] MTERGR =, Bl e ST ue U,

MNFEEERR c, %E ap,...,an-1 € RTEF 2" +ap_12" 4+ +ao =0, NFE
SUY) HIrE )

T\"  Qp_q [T\"™ ag
)+ () wem=o

W2 FE RUY EOVEE
T 0, 154 % E R[U_l] J:j‘i’%%, UUJT?TE UGy -, Up—1 €U il ag,...,an-1 € R {ﬁ

T\ Qp_1 [\ L ag
G+ (@) =0
18 S[U-Y] T, FILELE v e U {18
n—1

(vug « - Up—12)" + Z A1 (uww) Tl H ué-“ (vug - Up )T =0
=0 j#n—1—i

Kl
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£ S AL, Wy :=vug - up—1x £ R EONEE T £ = TS T—. O
B Sa R oK R AU BE MR 2.
Wk 6.1.10 % R — R HAFEA, WA & T R @ (-) : R-CAlg — R'-CAlg {%+¢

i
wWFE S Fn S #AE R HEY K, W S, %5’2 TR

IERR AT, W S @ R MY 9k, WEE| R 2 SERN R-REBETE 108
R BB x e S, AN y— 1oy B R-EIFES S—>R’<§>S, 1wz R L
NE N R EoA%E. 25 AR R 2 S J& R BRIk,

KT8 ZE5 5, IS RUERE, SUEW NIRIE: HE 89 (R = S;) AlAl
Sy ® Sy 7& Sy RS 5K, FH S 6.1.7 (i) BIAI Sy ® Sy & R Y K. O

6.2 EmEsF

RYHERIN R, AN Frac(R) FIE.
ENX 6.2.1 (IEMBEIF) % %3 R # Frac(R) = # %1 (& X 6.1.3), W R # E#
I
WRE 6.2.2 "B AL EA. JEA R, E L IEAL

MEBR & R NME—EESA T o € Frac(R) 2 2" +ap_12" '+ +ao =0 H
EE, B ao, ... a0 € R, W—RINARIE [14, andl 5.7.10] 4iif = = 2, Hp

p,q € R BEM p|ag, q| 1. XEBH 2 € R. O
WRE6.2.3 ¥ R AEMEN U 4 REFRMETE, 04U, Nl RUY {72 EHER.

IEBR &4 0 ¢ U HfR R[UTY] BRIK. i K = Frac(R) = Frac(R[U™!]). fidl 6.1.9
£ K M TS

¢ Bint [U—l] _ KR[U’I]—int;
R IERL, FEI05F RUY, ¥ R[U™Y] 1IERL O

513 6.24 % I A#E%, {Riticr AENMNE K W—KTH. EHN R AZENE
ﬂ:v m\lj niel RZ /7\]:%
MEBA @ R = (e, R, W K D Frac(R;) D Frac(R) MPTH i € I 3. RA

x € Frac(R) Ml ag,...,an_1 € R#1F 2" +ap,_12" ' 4+ -+ +ap = 0, W R; IERNZEK
N icl Az € R, WxecR. O
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@Rl 6.2.5 X T #7F R, DT RB £

(i) R & IEAMER,

(ii) Ry, Xt AT A ZIEMA p 2 EMEIR,
(iii) R % PTH W A m #0 2 E A EIT.

IEBR @l 6.2.3 A (1) = (i), M (i) = (i) *FAL. 2F (i) = (1), MA5I
B 1.10.12 8HE R = N, R PAKGIHE 6.2.4. O

PATTREAE B DA NS SRUE BT IE A A 1Y 2 T RBURIR IERL.

EN 6.2.6 (FREEIT) T %3 R fn 2 € Frac(R), #HAE rc R~ {0} & ra" € R
AR n>0 Rar, WAk x % %% .

B R BITCR ENIREETT.

BII6.2.7 X THH R, i AETHMK K ==Frac(R) T3 #oecK £ R LA
oM oz RFET; mEER R 2 Noether 3F, M & 75 4.

R i’ 2,y € K M a,b € R~ {0} XA n > 0 &i#/E az™ € R Ml by € R, N
(ab)(zy)™ € R FI (ab)(x + y)™ € R X n > 0 AL, HOREETTHIR TR

¥ oe KTE R R NIEM 6.1.2 WA Rlz) 2 AR R-AE BEEABTTH D
B A[ WA r € R~ {0} 15 rR[z] C R, XK = Ha%&.

JRZ¥ R 79 Noether 3, x € K Ja%&. %& XFH r € R~ {0} f&fF R[z] C 1R,
XK Rlz) B ARRAER R KAER 6.1.2 %l 2 £ R FoVEE

O
S5l 6.2.8 % R %3, K :=Frac(R). #EZHRX f=a, X"+ ---+ap € K[X], &
¥ a, #0.

(i) # f & K(X)=Frac(R[X]) ¥ #RET, NEN, a; M2 K FHFET.
(ii) # f & R[X] EAE, NEAN o BE R LAE

IEBR (). f#1E g = b X* +--- + by € R[X]~ {0}, HHF b, £ 0, i gf" € R[X] WFTE
n >0 0L X beal € R, Ft o, BFEIT. BT K(X) FRRETHIR, S
RX], 8 f — a,. X7 {5565, MK HE.

(il). B "+ cnaf" N4 a0 = 0, B o € RIX). KA a0 #IFRESR &,
B Ry N R WHIFTE i, v; AR ¢; FIRBERIIFIR, 18 Ko = Frac(Ry) C K.
BEl f e Ko[X] 78 Ro[X] W% #RIE (1) PIHIEAN o #2 Ko IsRETT. TERE
Ro 72 Noether #FR, #0531 6.2.7 2 o, 1£ Ry ENEE, HTME R EVE. O

I 6.29 # R ZEMEIN, I RIX] 4.
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HEBA i K = Frac(R), W Frac(R[X]) = K(X). (IR f € K(X) 7 R[X] L% N
BAE K[X] EA%E B KX BME—2 SR f e K[X]. 513 6.2.8 (ii) 1 R BYIERM
FME—FHW f € RX]. O

ARE SRR IERL Noether #8348 B/ n ST N RPEEIMLZ ERIESIA.

6.3 —mEMIF

A 6.2.5 Jak, TATRIERUESE 2 — AR EA L.

EX 6.3.1 (EMUF) & R A3 WR R, XPTA KRR p HZEMER, N R AE
AL

I 6.2.5, FIRSZAHFRFEXN R FIARKBHACRAS K.
Rl 6.3.2 # R ZEHIT, N R ZHE4 3.

IEBR 2 € RBWE, WEA R, XA REMH p BARIE, o 81 R, THGEN
T, W e =0 (51# 2.4.1). =

@ 6.3.3 & R ZEMN, N R AMEERMETE U om0 2 EAF.

HEBR K RUY MEBBSE pU] 2T, Hdp & R WEEE pnU = 2, 78R
R~ p DU, RGN HREMCAMEEE (A8 1.6.5). O

Wl 6.3.4 # R RIEMIF, n € Lo, N R[Xy,...,X,] 152 EAMR.

R A no= 1. ¥ q N RIX] R, p .= qn R, W R[X], & R,[X] HRHL
b, M5 1EE 6.2.9 WiH R,[X] R IEMEEIS. M 6.2.3 B RX], 2FEHER. O

513 6.3.5 # Ry 1 Ry £IEHIK, M Ry x Ry 15 2 I 3T

B @ 1.2.3 2 FHITHER Ry x Ry, MUEFAEIEA py x Ry 8L Ry x po, H
p; 1R R; MR, 5 WM AR BIE Ry, Al Royp,. O

W 6.3.6 WIFEHF R ARAHARE MUNERIEWE LT, I AT Bk %
(i) R ZIEHZ,

(i) R ¥ 44 R Frac(R) (X 2.9.1) s},

(i) FAEEMER Ry,..., Ry 5% R~ [[2, Ri.

HFT—HKWA R, HREXZ (i) = (1) = (ii).
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B WM R, HINER (i) = (1) KRESIHE 6.3.5. FHEHHHA (1) = (ii).

EE reFrac(R) M RINEM I :={r e R:rx € R}. Wz 1 R L% B
IUE I = R X R BIFTERIEME p, BEMAKIESTESFE R, — Frac(R) @ Ry, e
R L= rel BELMANERR R, MENASZNFREFERZ R, WXE
Frac(R) % R, — Frac(R,).

MES 201 £ Ry, LKARE, LIRMAHEMRFE rc RMuwe R p #5
t@l=r@i T& (uz-—r)®l=0, FMHMYFE ve R\ p 5 v(uz —r) =0, &
vu € 1.

G I¢p HFp IR, I=R TR xR

B R B, BAUE HIRS M HUNEIAE ., ERRRIE () —
(i), EFE 2.0.3 Z4H Frac(R) S [[™, Rp,, B4 Ry, B2 R T IEEMR, 65
HEIT e1,. .., em.

BESR R 1E Frac(R) ¥, EREE 61, ... em. FIX m NREFETTAINE i 15
2 Ry, BIFIR Ry, {1 NESSR:

Frac(R) —— [[i~, Ry,

| £

R —=— [, Ri.
AZHWIEFN R, #ES R, M, KMRIE R, ZEMEEIN. IEE. O
2% Noether A NRIHAE M EAARR, W anil 3.4.6 F1 3.4.8.

6.4 mEFNRAG

FeR PRSI E X, 40 [14, 2 X 10.6.2].

EX 6.4.1 (BEIF) & R 4 %37, 4 K =Frac(R). #HEE2c KX ¥ H v € R
= € R, WH R AWM.

SIHE 6.4.2 R {E 3 20 4 o B T

WEBE W [14, %€ X 10.6.2] Z FIYITIE, BOMTRER R BRERIUE R~ R* NEME—RK
AR, O

I mp AERHIA R AIME—PRHEAE, It R = mp U RX.
Apih 6.4.3 it & 7 44 A IE AL IE.
HEBA & R AMRMEIS, K := Frac(R). % » € K /2

2"+ ez 40 =0, nE€Zs, co,...,Cn-1 € R
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URWH z e R W o e K\mg, M y:=27! € R K ERTREPNLFERL 2, 155
L4 y(en1+- 4y ) =0;

SRTIX B y € R*, 78RN « € R*. O

w644 HEE K.

(i) # RZ K WTH, MERRRMA, WFERMER S C K #£# K = Frac(5),
SORTW mgp=RNmg.

(i) F LW R ERMMER, WH K =Frac(R), Il (i) #4 S R#E R A 5.

HEBR WS (1) 2 [14, &M 10.6.3) BIRHHI. XN T (i), WAWESRHZ S, WXT A
fAseSCK, #s¢ RMWFERZTZ r € mp 1§ s = L, Kihil s € 5> 1
loremg; X5 S=mgUS* ¥E. &, S=R. O

MR K A RFFIR S 1208
R=<S <= RcSHmzp=RnNmg (6.4.1)
VERUmF5, NI 6.4.4 BERAHEA LA K A0 NSIREIME 2T < BT,
Rl 6.4.5 LEF RALTH K. & Vp:={BEFV:RCV C K =Frac(V)}.
(i) & R & K W, N:
(@) R=yey, Vs
(b) % R 4 R#FA R= ﬂvaRV sALAF 54 (6.4.1).
(i) FF—MEW, RE K PHEACET Nyey, V
HEBA X T (ia), WEBH x € K\ R SIR{ETE V € Vg 15 2 ¢ V HIR]. FE K NF

I S:=Rz7' DR MEH z ¢ 5: BREAR W a=cpu "+ +cz ! +co, HF
n € Zxo M ¢; € R, 41 2™+ — cpz™ — -+ — ¢, = 0, Fl R BYBEPHZEMFE.

it 2—1 ¢ >, ATE S HIZRBEE q #1F x*l cq. PAME 6.4.4 (i) BLV € Vg ff
BSy V. HaetegCmy Al z ¢ V.

T (1b), HWREIE 2 € K N R &IRFEV e Vp i 2 ¢ VT R V. ZZWE
£ (i.a) FIBIERRAE 271S + mpS # S. WA AR, MG

e+ e )+ (™ -+ dizT 4 dg) = 1,
n,m € Zsg, ¢ €R, d;j €emp.

ANFATEE m = n, MIAFIFELL 27+ 193]

(1 —dp)z" " — (co+dy)a™ —---— ¢, =0,
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HEWARBET R*. X5 R B 2 € K~ R FE. WiSHIE.

FRAE (ia) FICIEFHATEE] g > 2715 + mpS. M Sy <V AJf8 mg C my, T
mp D RNmy B, B R<V.

AT (i), iId R 1E K HEEHAER S. aidl 6.4.3 41K Vi = Vs. BEIR S B, FR
KERMH (ia). O

6.5 =muywmiEF
ERURERREIN (B X 6.4.1) BRI, HAEMEICH I —BoE I [14, X
10.6.2], f&i BBl Eian .

EX 651 (BEMENF) B K L BHREZEHRS v: KX > Z, ERXAFAH
T,y € K* %A

o v(zy) =v(z) +o(y), #FZ v ZHFEX;
o v(z +y) = min{v(z), v(y)}, LARE v(0) = co.
T EHA R, & K :=TFrac(R) A& HRE v 5
R = v7([0, 00)),
AR R A &R, MR v(w) =1 WTE @€ R A BHBEIN R o1 —HMAT.
£ [14, §10.6] #, PALM R ¢ K #8d8 K° C K.

f16.5.2 XTRE p, BIE p-#HEUK Q) = Frac(Z,) LK p-HIRME v, : QF — Z, XfE
p-HEEEROR 7, OB RURMERR, M p RE -8t KO0, FE k ERTERER
BUAREL k[ X] 2 BEURIEI: Frac(k[X]) = k(X)) (JEX Laurent ZEACE) LAHMN
AITRME v B> @, X™ 8 min{n € Z: a,, # 0}, BELL X H—BULIT.
PAEREBFrh, EEURERERZ (o)-HE7E&, B o BEE -t
fEJUngsrh, ZIEERE EEEAEGER) LA (BAEH) METER—4EFiRE
(B R IE S NIRRT F78) _EROTHTZE T, ARORREAS 2 B8 mOR AN AH B Y 2 O E R,

REEN 6.5.1 WAAHBNER v« KX — 7, PR WEERIA o (1B HE—.

5|3 6.5.3 & R AE#HBMI, K = Frac(R), T v: KX — Z %R E X 6.5.1 ¥ 41,
I

(i) R* =v"(0);

(i) R —BMTHRE R 2 —8, MY —FKUT o £&, fiF v e KX i
WE— 5 Bk,

xr=w'u, neZ uecR”
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(iif) R =X HEIRN, HANH

Zso U {oo} = {R #3848}

n +— v~ ([n, o0));

(iv) R 2R, N m:=v 1([1,00]) AWMKEE, m th4& K THE=ZE R HHEZE 3L
TG;

(V) R TR A FRBHEE—HRME m”, o neZso
% R BHIREI R, T X 6.5.1 HHy v i R "E—H .

HWEBA X T (1), v(z) = 0 K v(z~!) =0, W 27 €e R 2z € RX. RZH
z,z7t € R, WM 0 =v(1) =v(z) +v(zt) AITF v(z) = 0.

T (i), A —BHIC @, B 2 € KX i n = o), W v(z/o™) =0 F (i) i
ui=z/w" € R M v =w"u. RZH v =o"u, £ e R, WHE n=ov(x). %L
AU o AME—3RIE o = wmu. XMW B — SRSl R ME—.

T (iil), ZERiIT IR HIANER o,y € KX, %6 y € Rr (4 v(z) < v(y))
r € Ry (34 v(z) > o(y)). Ktk R ATEIFZFHAE T B I = (¢), Hi ¢ 2k
v(t) = min{o(z) : @ € I} KERICE, MEXNE ¢ &F

(t) = v~ (In,00]), n = ().
HEE EFY ¢ =0 WAL, T n = co. X HIFTRAG.
R, m = v~ 1([1,00]) 72 R HIME—HRHAE, ERIERTTIR R IERE —BLIT .

ifi v~ ([n, 00]) = (w") = m™. HIAFE] (iv) F (v).
B8 B TIe, RTINS e RN {0} BF

1 — w(x) =n;

rem”\m"
KA K = Frac(R) 1M v: K* — Z 2REZR, EXM R RREEAME—HIHE . O
@RE 6.5.4 X T #7F R, DT &4
(i) R & & #Us 8 3F;
(ii) R 2 Noether AP (& X 6.4.1), H R 3.

B PARIYE K = Frac(R).

(i) = (i) 51H 6.5.3 (iii)—(v) FMH R BEHEMEIAMH R 8L, Bk R 2
Noether ¥, H15[3 6.5.3 (i) FIME—RENNTHE s e K* BF v e R 271 € R,
W R JEMEIA.
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(i) = (1). 51 6.4.2 VA R 2RHEEIR, ICHARAHAES m. FORERAE
TR ERERRR, T m ARAER, W m SHFEDN o e R {0} £K. BEFRE
B K*/R* % 2R K yR* <= 27y € RIKTRF <, %S AREEG

Z -5 KX /R, nes w"RX

HA5 WX AR, XTFaM: % o"R* = R*, Il " € R* #t n =0. A NIRIE
Witk BERE o, AR—BMEE 2 e RN{0}. Had¢ RX M2 em=(m), &
(z) € (z/w), MY z/w ¢ R* BWEAREIEAR, 15 2B R 8 FH5%, ©OTE A RPN
1k T ZAFE n > 0 {15 /o™ € R*. HIEIFIE.

BB EEAS v KX - KX /R* ~ Z, B EEX 6.5.1 FTERIER, Fi5
& v 1([0,00]) = R. HTIHE BEECL (14, il 10.6.1] WERA. HIEAT R 2B EUK
{EFA. O

6.6 =mywmmie
KT EERITEY 3k R —» S A RIEEZESIME. FEAESNE R - S NE
ISR, R RYESR R N S BIFIR.
I3 6.6.1 L R ALK SHWFIH. £ S A REEYK W R AXYENY S A3
JERR & S NI, x e RIAEE, M 21 € S iHE

xin+an—1x7(n71)+"'+a0 :O, ag, - .- ,0n-1 GRv neZZl;

FiamEsEbL a2 B 2 = —ap 1 — - —apz™ ' € R.
Rz RN, y e S EE, NIF

Y+ an 1y" P 4+a9=0, ag,...,an_1 € R, n € Zx>y

BURATRE/NG n, TR S 528555 T ag £ 0. FHILARS] (s + -+ a1) = —ao €
R*, KimfR8 y=! = —agl(y”_l—l—-n—i—al). ]

51 6.6.2 % R 4 %KX, K :=TFrac(R), T LIK ZEHKRHEY K. L RAEL Py
W&A S, N L=TFrac(S); FXLL, fEMre L BFEte RN {0} fEfFtz e S.

WBH W2 e L. BN LK 2REY K FIEn > 1M c,...,cn1 € K 17
"+ g™ g = 0. KEAD o KRR, H K> &L o /AR
co,...,cn,leR,lftHﬂLxGS. |

WCEREY % LK MWERMEEN Aut(L|K), I/ Galois ¥ ik IEHIEZ N
Gal(L|K).
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EIE 6.6.3 (Krull-Cohen-Seidenberg) & R # 3 S By F3, /8 S £ R &Y %.
e B DA TP R

(i) B g—>anNR % HEBE Spec(S) — Spec(R) A i, B & B 4.
(ii) B4 Spec(S) — Spec(R) MEN T T i ZREE LT G4

(iii) *TBrA# 2 p Cp' 8 p,p’ € Spec(R), WA A # B qN R =p B q € Spec(S), F &
q’ € Spec(S) o' DgE ¢ NR=yp"

(iv) Ep=qnNR, N qHALANY p HA.

(v) % S AEIF, WH R EM (FX 62.1). stFrAHHZ p Cp 8 pp € Spec(R),
WE#HZE ¢ NR=yp B q € Spec(S), ¥ HF# q € Spec(S) 1% q D qihH
qgNR=p.

(vi) AL, #—F#% S 2 RE—NEMHEI K L D K :=Frac(R) FHEHa, N
Aut(L|K) # Spec(S) — Spec(R) #4/M4F 4 b 3% HAE A .

JEBR  JEIE (iv). % q € Spec(S), MIEEIR S/q BHFIN R/qn R BIEEY 5K, #51H
6.6.1 ZiK q C S WAHEHANY qn R C R K.

FEICUE (1) MR HT (Gi). %E5E p € Spec(R), IR HA4HH ¢ A
R RNp. BERFRES R, — Sy, ~ S 2 Ry (FEFEX - 1.8.3), XY 3k (dd
6.1.10). [MIFRLLAE] R NRERIA, HARCKEAR D p B, B (iv) & p B4R
MaxSpec(S). IXERABH (1) BE#HER (Fh S & R &AEE) 1 (i) (FARKHR
HAREE).

ZFF (i) WA, 24 S WEEE J 4%, R/(JNR) — S/J T2k, B
UERTPE R vV (J) BISE V(I N R).

AR Ab B (i) BIEWISHH p Cc p M g X R/p — S/q A (i), 155
q’ € Spec(S/q) 15 ¢’ N (R/p) = p'/p; FHIH q' € Spec(S) HMiHE ¢ D q F
gNR=yp.

MNT (vi), I8 T == Aut(L|K). HFAHERED o e T HIES S 1 R-REWAE
FAS. ZBEPEIR K = L', Galois Bt [14, EH 9.2.8] R L|K’ /& Galois ¥k,
K'|K #ifn]5y. & R = (K"t 0| Frac(R') = K’ (5|2 6.6.2). 5eWI5F

Spec(R') — Spec(R), p'—p=p'NR

B, AR, AN p = char(K) > 0 NAAIRER K’ # K; FT AR, N
Bl p = {te R :t*" ep, m> 0} @i FILPIFARYIE LIK 9 Galois 7K.

FeAbBE L2 K] < oo MBI, & p MLFYERIIICE q,9 € Spec(S). EHRIET,
B g A& ¢, W (i) 26 q' ¢ o(q) XTH o e T A2 BT T AR, REER (dr
A 1.1.3) BIFTE 2 € ' N\ U,ero(q). BETE y:=Nyk(z) e K, BT LIK 2
Galois #79K, y = [[,cro(x) € S. TEEZ
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oy TE R EREE R EMSH ye R;
o NG cel BH xdo (), ¥y p
o AMB zeqg MycqgdNR=p, ¥

THEBE [L: K] 55, M q,q' BT p L4 fFERFEZE T LY Krall 056 X
LIK B NER Galois 795k F|K, € X&EE

T(E):={ceTl:0(qnNE)=q NE};
£ B, A1 B BREY TR PRt 2. WERRY SKIGTERN T(E) # o. #—2H,
o T(E) £ T Hifl, XB%TER Gal(E|K) NENTFEIREE,

o By CE = T(E) D T(E), X2%T o€ T(E) = o(qn Ef™) C
q N EFmH (i) %S0T

o FFE T(E) 27c1kas, KRS T T 1yZHR -5,

WoeNT(E) % o(q) =1

RJGIE (v). fi Lo := Frac(S) fl K := Frac(R), W Lo|K 2REP 5K, HTH Lo
£ K EMIEMAE L. £ T .= L, ZERmiEFpcy Mg, HE ¢ NR=yp".
A (i) BX ¢ € Spec(T) fEZME p. X R— T MH (iii), 52 v; € Spec(T) 15 v, M
Fp/ v D HIR A (1) B vy € Spec(T) HiZME ¢'; B (vi) HIFETE 0 € Aut(L|K)
1S o(t1) =to. ZU q:=o(v) NS BIATRZEHEAH.

KT (v) WIRIEREWE 6.1, BERIeNE v, P (i) W& Bz o, REHED
o >k 4R Eg, DME v BE g WFFEPEMEEZ o, 615 o) NS AR
T ERFAE. O

=

K 6.1. EH 6.6.3 (v) FIIRIERE
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6.7 LrHMTFEERE
HFJLABEL, BAFEN B ENIRFAS R — S WRIESBLES Spec(S) —
Spec(R) HI%, LML PR R, XL A BT 200 DA RIMEHEE.
EX 6.71 (EITHTT) 4L ExXFEAA ¢: R—S.

> 1T W R AL p Cp # op,p € Spec(R) Fni B o (q) = p B q €
Spec(S), % #F 7 q' € Spec(S) #4& ¢' DqTH o 1(q') =9, WA ¢ H ELATHR.

> 1T WwEXFAHE p Cp B pp € Spec(R) Fiik 2 o M) =p g €
Spec(S), ¥ % q € Spec(S) % o' D q T ¢\ (a) = p, W ¢ H TR,

g T

iy T F £
dq’ q
C C
q l = w * € Spec(S S
I Spec go)l TW
c g w C Pl o) € Spec(R) R
P p

¥ 6.7.2 FET5IH 2.5.6 Mawdl 2.5.7 M RIS HA SR ANHEIMNERE, o (9 11T
T AR RH L 52N Spec(p) RITETHER, WESL A5.4.

5136.73 %R SH:S—T AL (HTAT) B, M vp: R— T 4.
JERR WIEE W, sFENGE A5.5. O

51I6.7.4 FFA ¢: R— S WTAARRENTUTHR: SHAHL o(p)S#S #
p € Spec(R), UK V(p(p)S) #HEMAf/F C HRAT a0, BF ¢ '(q) = p.

HEER % o B MR BUEW S T p Al q, W
p? =0 Hq) D¢ He®)S) Dp.

TFHEREAH o C q 18 o (") =p. M qDq” D e®)S 5 q MHVMESE q = ¢,
X o BURIGMER pt = p.
Rz, ZETATHRPIER p c p/ M1 g, ALH

e(p)S Ce®)Scq S
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51 2.8.1 (i) B V(o(p)S) A C BIB/NIT q, 1S q C q'. &R ARBE o 1(q) = p,
R AT HEBUKAL. O
513675 % I 4 R WEM, WRH R — R/I A LAER; & feR MAHL
R— R[f™' A TATHR.

IERR & TR 1.10.11, Ri%E RAGBLSHAE A IE 7200 5 R T ] V(I) —
Spec(R) FIFFHRA D(f) < Spec(R), T EHFFF5 72 5N AR LA Tz A6 B 1]
(fil A.5.2). O

BRENH LT TR EZESEA]. EH552 Krull-Cohen—Seidenberg & H
6.6.3 HI—NHAEL.

I 6.7.6 (B KAV LEITIER) & R - S Ay %K, WEH ETER

IERR —RRAVEYTSK O RO RO RN, P R, 51 6.7.5 R A _EATIER, T
AR EATYERCAINEE P 6.6.3 (iii). MRS I 6.7.3, GRUSTA LATIER. O

QY SR MEAN E SR AR A, MR RATHER.

T 6.7.7 % S A%, HTH R EFEHER, WH R — S ZHMEY K, Mk
R— S HT/THR.

B EHE 6.6.3 (v) HIBOR. O
EIE 6.7.8 (B KO TFITHR) % R— S AW FHEY %, WEATTER

JEBR  EER NTHRARAEN p Cp’ Mg @l 5.2.2 BHA S, 2 R, -REL
N Ry — Sy R (B 1.11.6), #iL 5.5.2 #H—SRIATLIFH, EH 554
(ii) JZZEIR Spec(Sy) — Spec(Ry) .

{EH Sy MIEIAEMEZ LS pR, € Spec(Ry), ILHAE Spec(S) HIIEN q, itk
qCq. BTFRHER

S —— Sy Spec(S) «—— Spec(Sq)
‘PT Tﬂﬂp/,q/ Spec(go)J{ J{Spc Pp’,q’)
R —— Ry Spec(R) «—— Spec(Ry/)
AIAT g 2 MTHERUAT SR AV REAE. O

B JE BRI RS B s A MR R, X ETEIE 6.7.2, REEZS
HNES.

B 6.79 FEIFFELSR—S.
(i) it Spec(S) 7 Spec(R) H#i4 4 E. & E s, W E AW T 4.
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(ii) A& R— S A EAHRY EHNY Spec(S) — Spec(R) & [t 4.

EBA (1). BA R/ker[R — S] fX R, Wi R — S . 58 2.8.2 (i) R E €& R
IRTAERINERIEAE. K2y E NRHMEE ], BiE 513 2.8.1 (i) 151E.

(ii). “4” M7 ABIFEAIRINAS I A5.6. DARCE “{U%” FAl. % Spec(S)
HIHFE V(J), BT S — S/J B LATHR, EFES R — S/J IR, 8L S/J RS
Al WLIERA Spec(S) M4 E C Spec(R) NHIBEIA]. BT _EATHEFRENR E XRLEF, 1K
A (i) 15IE. O

SI¥ 6.7.10 & R 43, E 4 Spec(R) W& F& (X AT.1). # E X8t (&
BA) HEA, W E AR (FF).

HEBR  RHEEFARNEE 2 6.7.9 (i). PACEG, SIS AR, Wasl A.5.2
53 A.7.2. -

B 6.7.11 i R — S AHRETHEL, BATATHR, M Spec(S) — Spec(R) #
T4t
AR, & R— S HARETRFEILFEZL, U Spec(S) — Spec(R) 4 IF B4t

IEBR N TEE—#k5r, MR g € S UE D(g) 78 Spec(R) HHUGNFFRIA]. 518 6.7.5
WtR S — Slg~' A MTIERL, B S[g~1] 1K S, MBLLINIE Spec(S) HIE E NITF. &E
B 3.8.9 Wil E RAHIE TS, T MTHEREN B M ZE A, 512 6.7.10 ik E
IF.

R —ior 5B 6.7.8 Mg, BSE &R, O

6.8 wEEAanERE

REJ U EHR— D BRREEH EEIR R {E K := Frac(R) B3 L %L
B, FEE YR A E R T2 E R RAEL XK RIERY M. AT EH R
ELREHIIEIE.

BHHEmIZ R A8 L WHRVEIAE S Z2IERER (Al 6.1.8), T HAE LI K 2Ed 5K
I 2 Frac(S) = L (513 6.6.2).

T 6.8.1 i R 4 Noether EHEHR, K =Frac(R), il L & K HARTAT K, I
R#E L wiy#Ma L™ AR R-RE

IERA AERWrE XY 9K LK BRAZ, WIXHEM AR K| K JRR. RIEERGE R A ()5 A
@ik LIK /& Galois #79K. 12 R 1£ L ARG S, IEE L 1Fh KA 822 A5
T1,y ey, A K ARG AN 21,2, € S. B—H, |Gal(L|K)| = [L : K] = n,
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BT Gal(L|K) BI7EEIIN o1, 00 EX

01(1‘1) Jl(xn)
A= )
on(x1) -0 op(zn)
d := det A.

R4 [14, 518 95.5)  d e L*. %Mis5H L FINESXA

d’S C ) Ra.
i=1
FHIASL, W S cd? Y7 Re; iR S WRARER R, MIMFERIER.
N, BIEMEE Gal(L|K) FITERREE S, Ml d e S. 8% = € 5, fFME—/Y K-£&
‘[T@ﬂ: r = Z?:l CiTg, JH\IJ}‘A Z;—lzl cjai(mj) = O'Z(SU) ﬂ?ﬂE‘ L J:H/‘J%E|3$%ft

C1 al(x)

Cn on(x)

KWL AT DAE HLAERERERE AV, IF HIEEER] AV NIEFETMED o) () #BET S, f#
3% de; € S MR 1 < i <n WAL

FAh, Gal(L|K) MEREHE A 11T, FE @2 = (det A)? /& Gal(L|K)-FZEH, #i
d?> € K. T/ d*c; € KNS. A1 R IEM4R KNS = R, & EAl1§ d®x =Y, d?ciw; €
>, Ra;. WEEE. O

ARSI HIUERAYS f2 §8.1 SM48HY Noether IERIE.

TEIL 6.8.2 (E. Noether) % k 4, R 4 H WA & k- K%, t 2 %K. & K = Frac(R),
WH LR KWARYT K, IER AL FHEREAH S =L N S BHK R-KRE.

JEBR fRE Noether [EM AL EEMHEIL 8.14, FE R MR R 15 R ~
k[X1,...,X,], T R R AR EHEMMEY T R 2ER R°-RE (Ml 6.1.4), 5
HHh K 2 K° := Frac(R") IIARY K.

R LR = [R-int 2 BAIR RRE MARMEAR R-AE, HRGIL R
R R, k% R = Kk[X4,...,X,] K.

HT R /& Noether 31, # L'|L 2ARY 3K, MK R M L'|K &Sz, WX R A
L|K 7RA7. RIBEATEY LK BIIERLAEL, fEAASCE R BUETE MEAE] LK Z2IERY
KATEIE.

it K/ = LAWK AR4E Galois PG [14, EHHE 9.2.8] AJA] LI K’ & Galois #5K,
K'|K gifn] 7y, DUReAbHE L = K7 (%I
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A% L # K, SUEN R = k[X,,..., X, E2EM, FESENL S p =
char(k) 22, MAIETE ¢ € p?> 15 L7 c K; W [14, @Y EH 8.7.3]. 1A k & L
IANERRZNILERN ¢ R, AISARAAAI 399K K |k 515

Lcl =¥ (Xll/q, . ,X}/q) L L) < .
RIEEAUE K[ X, ..., X, 76 L' FRRECAR S A RRME. &1

8 oW [X{/, L xy],

MAREREP L' B NIEEEMESIR (fll 6.2.2), AL 7 = [ xVa . xMa) ix
BRBAR K[X1,..., X, -5

REHRE—%P L> K' > K. EA R fE K’ WhREMIE 5 26R R-1E, e
Frac(S") = K'. HIE S' £ L TR Z AR S-REEIR]. BEAR S fE N AR 2
IEARRY, BRRMEZ IR T2 Noether 35, M H LK’ 71453, FEH 6.8.1 BIR]ZERIERH. O

>

1. & R ¥ Noether IEMMFEIRN, n € Zso. WEBH R[Xq,. .., X, ] 2 IEAEEIR.
% n=1. f K = Frac(R) &% Frac(R[[X]]) C K((X), o idEZ
RN f=aX"+ar 0 X 4. HbreZifiaeK, Ha #0. 51 6.2.8 Y
UETE, (HSH f BARRRE a,, TRFEEAE] Ro.

2. & R MBI, ILEAEDRIE K = Frac(R) FHVEAEN R &3 L O K MAREY 5. IE
Hﬂ y€LTE R FNELAMYEE K ENE—H/N2TUET R'[X).
ity ME— 2N m e K[X]. % me R'[X] Wy £ R b3 #fE R L3
Hy T‘ R % 1E5r 388 m BIRTE R LB% 8 m NRFEET R

3. & F NRHIE # 2 W, f € F[Xy,..., X, ~ F EFEHRETF. IEHR

F[X1,...,Xn,Y]/(Y? = f)

zE'EIE%}LWfT
SR Y2 — f RAZ). @ LK FXy,..., X0, Y]/(Y?2 = f) DR, @y N
YTL':F'E/”% M L=K[y & K:=FXi,...,.X,) WXk a=u+tvyeLTE

FIX1,. o X, Y]/ (Y2 — f) % Bt w0 e K. I o % KT o f % (PRSI SefER
SE4). % 0 WEEIAALMES: o € F[X1, ., X0,

4. EEI F M F-REFES
FIX,Y]/(Y? - X?) - F[T)]
f+ = X% e f(T2,T°),

UEPA:
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\Y
[

(i) « BATAR, B4 HIRRTEY oK,
(ii) ¢ BEFH I HFE;
(iti) F[T) @« BN FIX, Y]/ (Y? - X3) fEH USRI AL
5. ¥ S R-REL, B G LA R-REUNWARMIERT S, T G-l st +RE 5S¢, & S
A G-PUEE AR, MFRLERRBAR. UNIBIA G ’IERREER.
(i) MEWT S 2 59 MYk,
(i) & S BEREN R-REL, IERA:
(a) S ZHMR SCAREL

(b) H—HER R JZ Noether 3F, M| SC BHMRAER R-IVEL
BR) &6 (i) 5k 6.1.6.

(iil) HEXN G-IEAEMANRETE U Cc S, 18 UY .= UNn SC. I G WRHERM7ERH
F S[U™1), HLEHBE R-RERIM SC(UC)1 S (SU)C.
(iv) & S NEEIR, L := Frac(S). W LY = Frac(S9).
6. % R NWRIEIR, S N K := Frac(R) T, H SO R.
(1) #&E HE S HZMRETR.
(ii) UERH R BRI p (15 S = R,.
FEEF S BRI, W HRKHAES R 2N p. 1B (6.4.1) 1L S5 UERA
Ry XS, X R @E 6.4.4 (ii).
7. ¥ (R, m) AR EEEIR.
(i) WERAE m BAEZFEAE, N, m" =0, W R ZEHRER.
(i) @EER F #1153 F[X] Cc RC F[X] Ml m = (X). IEH R BEHURER.
8. W R — S NIHIEEY K. 1ERA:
(i) % € RE S HEYGA | » A,
(i) rad(R) = rad(S) N R;

(ili) % q € Spec(S) 15 p := qN R & R WH/NEFE T q 2 S Wl NERE. (1T
FER 6.6.3 (ii).

9. % R — S AIAHIEEY 3K, p € Spec(R). ¥ Spec(S) £ p FMLFHERE—NITE q. BE S
1R R-ARBUNRERL S,, TEHA:

(i) qS, 2 S, MIME—IRKEA, |15 ) By okE LITHR.
(i) Sq = Sp.
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7.1  smmeEx
AT R ARTRIEEIAHRIN. DAY ZE AR BEER BRI ™A 12848 1.
EX 711 (HBMNEE) T R PR poC - Cpm, im AMbEHKE.
o #F RAFE, ®X R K Krull %4

dim R :=sup{m € Z>o : FHEKE m By ZHE L4}
€ Z>o U {oo};

#E R AZHH FHIME dim R = —oco. FERFEMH, ¥ dim R A R 4%
o FpRERHGEEM EXHTEN
ht(p) :=sup{m € Zxo : FEKE m ¥ REME, KFAA p}
€ ZZO (] {OO}
o Xt RWHEEEEM I, EX

ht(I) = p1g§_ht(p).

Gl 2.5.7 B R WEBARRIGTNE R Spec(R) IR AL T8 p — V(p)
R, T B R RPERGR. FBE X AL9.1, SEUA

o dim R BIZ3[A] Spec(R) HY Krull 4E%%,
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o W p N R BIEEAE W ht(p) B V(p) BIRLEEL codim (V (p), Spec(R)).

o MTFEBEHME I, T pO I «— V(p) c V), E—%ZiK ht(]) =
codim(V'(I), Spec(R)).

o MMz, NMTHEREAAE 1 MR p' C 1, Z25HMIL 1.10.11 (i) 7T

ht(1/p") = codim (V(I/p"), Spec(R/p’))

= codim (V (1), V(p")). (7.1.1)

Y R AR, X 7.1.1 (3 §A.9 B — L) BIZIZ5H dim R = sup, ht(p), HH
p M R AEIAR; AR KIRAR KA.

B7.1.2 BI4EECE 0.

Bl 7.1.3 # R ZFHEEIAMAL, N dim R = 1, XZ2FEVHN R (AFFREEE
o

SIEE71.4 W ELRAU TR

(i) FEF RHFRE dmR=0 4 HRLPrg B RS A; £ R # Noether Iy
%, ZHENT R & Artin 3.

(i) xprA HEME p &4 ht(p) = dim Ry,

(if) % FFH LA T %4 dim R > dim(R/T) + ht(I), % 5 dim R > dim(R/I).
(iv) 4P A RMTE U #4 dimR > dim R[U—].

(v) HHARETE U FER pNU =0 HREH p #F ht(p) = ht(p[U']).

IEBA XF (i), A dim R = 0 F TR ERK; Noether FAYE K B & B
3.3.3.
RZH (1.7.3) BILRF AR BIAR (ii).
T (i), # dim(R/I) = co MBAMA dim R = co. AR m = dim(R/I) €
Z>o, MIFETE R/T WIRBEAETE
Po & G Pm,

Horfp; X pi € V(I). K po S -+ S prm T A po WARIEER S, 6
dim R > m + ht(po),

MAR Y > dim(R/T) + ht(I).
Wis (iv) A (v) ZHEE 1.7.6 (ii). O
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EX 7.1.5 (REVHER) & M 4 R % M EEa, 2 CHEEHA
dim M := dim R/ann(M);
A EEEX dim{0} = —oo. ABEFH R {4, LZ A dimp M.
FHE M = R, WEFE X 7.1.1.
8 7.1.6 Y4 M BIRAME, B Supp(M) = V(ann(M)) (53 2.4.5) AT
dim M = dim Supp(M);
—LESHR R E BRAE R M EEAERL, FIAN 2, Chapitre VIIL, §1.4], i _EiRSEFK
ATAN dim M E X
SIBE 717 B ESAD TR
() ZEHEELF 0 M — M — M" -0, 1
max{dim M’, dim M"} < dim M;
FEER M fo M B A RA K, W55 &L
(i) % M HRAE K, WFrA p € Supp(M) #HAE
dimp, M, = codim(V (p), Supp(M)),

[z

dimg M = sup dimpg, M,
p€ESupp(M)
= sup dimp,, Mpy.

meSupp(M)
N MaxSpec(R)

(iii) # R % Noether 3§, M # R4 & HAF, N AT BRk 40

(a) dim M =0,

(b) R/ann(M) % Artin 3f,

(c) M RARKE R-#.
JEBA X (4), 1 ann(M) C ann(M’) Nann(M”) RIS 885, & M 1 M EER
A%, W Supp(M) = Supp(M’) U Supp(M”) (fidl 2.4.6) FIAEL A.9.3 HIREE —#057.

XN (i), BFEH V(p) C Supp(M). @ R = R/anng(M), id p A p TEHAFHIA.
i anng(M), = anng, (M,) (@ 5.2.6) K

codim (V (p), V(anngM)) JHE L0 codim (V (p), Spec(R))

_ BTG ] ]
= ht(p) === dim Ry = dim R, /anng (M), = dim M,.
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AR (A9.1), B sup,, B2 dim Supp(M) = dim M. X[HEN Supp(M) [ _L AT
p C p’ Ziif ht(p) < ht(p’), It sup WA PAEAE Supp(M) N MaxSpec(R) .

K (i), 51 7.1.4 26 (a) < (b). BIEX (a) KL, M = Rxy + --- + R,
Heb gy, ..., 2, € M~ {0}, M (i) BEEH dim Rx; = 0; 9 TUERH (c), MG i ik Rx; N
ﬁﬁﬁﬁfhﬁﬁﬂﬂ‘f.

FRANE M = R/I, 9 T B2 dim(R/1) = 0 WEIE. AW (a) < (b)
R R/T N Artin 38, BOIARRKE R-BL

NHEUERA (¢) = (a). BX Supp(M) = V(ann(M)) MNEEZRRZIRNIT p (53
2.8.1), BET Ass(M) (fiill 3.4.6 (v)), BHFTE RARMERFEZS R/p — M. 1T M K
EER, R/p /& Artin 38, B 3.3.1 &K p 2K, HIEZE dim M = 0. O

DA AR LNFILEROHSC RIS, EMTRRRERIF N ME S .

EX 7.1.8 (FHIF) R R Gram ZEH p HAME Y dimR/p, HEA R,
N R 4.

A NE B ] Spec(R) HIRATZI493 (Ml 2.8.1), ks SRS FER
Spec(R) 2 X A.9.8 FREAISAEAIA. MT R0 R, @80 A.0.7 (SREHIIE) £t

dimR= sup dimR/p. (7.1.2)
pAf/NRERAR

7.2 swyun
EHZENA A RRZ DR FEARRTIAR Y E R EREA (€ X 1.11.2), T rad(R) AR
R HJ Jacobson % (7B 2.3.1).

EX 7.2.1 (BEIBAB) & R # Noether B IR, % M AHRAR R, nEHA
I % ICrad(R), MH M/IM AARKERE, WK T K M #H—NSHEH.

—LE IR S BRI O E AR

513 7.2.2 % R % Noether ¥ F# . xtTHEM I Crad(R) g R4 R R-HE M, DL
TR EF M

(i) I &M H55EE;

(i) R:= R/(I +ann(M)) £ Artin 3f;
(iii) & k € Z>o #4 rad(R)* C I + ann(M).

R Al M, rad(R) &2 M W5HCEA.
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IEBR IR M OARE, SRR LY.
BESEWE V(ann(M/IM)) = Supp(M /IM) T V(I +ann(M)): WK, RELHT
IEATME, 2,34 5[ 2.4.8 (iv) 4H

@ # Supp(M /IM) = Supp(M)NV(I) = V(I +ann(M)).

XM /IM NS 7.1.7 (iii), EH 3.3.3 F_EARWS, A%

" R
% 2 i — 7 in ¥
I 2 M WA — ann(M/IM)E Artin 3f
< V(ann(M/IM)) C MaxSpec(R)
<= V(I +ann(M)) C MaxSpec(R)

<= R /& Artin 5.

et (i) < (ii). FIE (ii) = (iii). BN rad(R) £ R HIEEET rad(R),
£i R 72 Artin 380 k> 0 = rad(R)* = 0 (€ 3.3.1), # rad(R)* C I + ann(M).
B (i) = (ii). RIETE k> 0 15 rad(R)* C I + ann(M). HT rad(R)
HE R AR # p e V(I +ann(M)), M p HHE R BIFE MR,
AT p € MaxSpec(R). I R Z Artin 5. O

247 Noether £HE A R EAVERRAENME M NMHSEHME 1. R M LK
I-3EgEd () 4.2.12), 1S2IEM A RS S

m "M
gr;(R) =P T &tr(M) = o, T

n>0 n>0

T M/IM RAERKE R/, KE -l 4.8.1 NHT M KH I-53#8,
A

o Hilbert Samuel B s (M) : Z — Zo, EW p € Zoo 79 (e} M) (AL £()
(RFBIUOKIE), e R BB,

o Hilbert-Samuel 213X H; \y € Q[X], X2FEZ W, HAIHE )y

p>0 = x1(M,p) = Hr m(p);

& *HEZE,‘J K],M S Q[X], (ﬁﬁ:‘ K[’]V[(X'F 1) — K]’M(X) = H[’M(X) ﬂ]

q—
¢>0 = Kjalq) =(M/IM) = Z

EX 723 3t T Noether  F#3F R LW AMERE M, hEHHER T RN
KLM' ‘LE, d(M) = degKLM.
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HREE Hyar # 0 B d(M) = deg Hy o + 1, T Hypp = 0 B d(M) =0 3 —c0
PIRHATRE.

Rl 7.24 #ELERFEY, F or,(R) FH a9(R) = R/T EMAaR KRB TE n MNF%k
TCAE K, M d(M) < n.

MERR EPH 4.4.8 TiBH deg Hy o < — 1. WISR Hy o # 0 MIXEHESE d(M) < n, T
Hrar =0 B d(M) = 0 5% —oo #HEATRAETT O

513 7.25 % R % Noether F# I, M AHRAEK R-#, DL I A5 HIEH.

(1) FX 7.2.3 Wiy d(M) TARS T BB

(i) &AM1F d(M) = —00 B HNY M =0.

(i) A= ARAER REHEESLI 0> M — M — M — 0, R11F

d(M) = max {d(M"),d(M")},
deg (K — Krovr — Krowr) < d(M') — 1.

HEBR AT (i), MASIHE 722 R AFRSHEEBAHN T RNR: GE I, B
J =rad(R), WEE m > 1 156

J™ +ann(M) C I +ann(M) C J + ann(M).

G (M /T M) < (M /IPM) < (M) J™ M) XA n > 0 BRA7, iR
TR E I KRR RS (1), I EX S 4.8.2 (i) RIERZER.

XTF (i), EXRA d(M) = —co HHAME M = (5 [9M, Krull ZEH 3.7.1 &
B4 M = 0.

SF (i), M M, M, M BAEER, WS (i) SR B 4.8.3, M R EEIIE A
G, O

G513 7.2.6 & R 4 Noether ¥ 53, M AH B4R R4, T t € R.
() ZEKRTU t BHBFAZ M5 M K%, 0 dM/tM) < d(M) —
(i) ZEK ¢t € rad(R), N

d(M) > d(M/tM) > d(M) —

#—F TR MM HE, 0 dM/tM) = d(M) -1,

IERR (). NBIESS 0 - M — M — M/tM — 0, #5[3 7.2.5 (i) 2B 31N
d(M/tM) < d(M) —
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(ii). FI1BE 7.2.5 (iil) BE—XEWK d(M) > d(M /tM). (FRSEEE 1 > t. XA

n>0BEH
oM (MY (MM
tM+InM ) M M '
HEER y -ty 1BS

M W M ~ tM tM + I"M
e ~
Im—1M {xeM: txecI*M} tM N I"M M

At no>> 0 B

Krarjene(n) > Kppr(n) — Krar(n —1);
HFZ2UREBFIE KIER KR, BE dM/tM) > d(M) — 1. BiE () S8R E—

g O
EX 7.2.7 3T Noether 3 F#F R E#IFTARARM M, & X s(M) € Lo H M
W PR S BCR R RN BB A R TG T M =0 iR ANLE s(M) = —cc.
T 7.2.8 T Noether #E# 3 R EWARERE M, 11H

s(M) = dim M = d(M).
Bl H, Y M #0 B dim M € Zx.

JEBR ST XA 7.2.5 (i), Wi M EE.

FeXt d(M) JBVAHIRIUE dim M < d(M). 3EE M SEEE 1. % d(M) =0, 1Y
n>OBR "M =1""M=-... EH 371 &R n>0N I"M =0, 8t M = M/I"M
KEGR; 513 7.1.7 (i) 2% dim M = 0.

PARI& d(M) > 1. 1E Supp(M) = V(ann(M)) HEH/NIT p 15 dim(R/p) =
dim M, W& 3.4.6 (v) R p € Ass(M); M\ R/p — M Hl d(R/p) < d(M), t A
AR M = R/p. & R [NEBERE

pP=po< < hPm

ZWE m < d(R/p). BIRATBE m > 1. fEIE t € py ~ po, WIHAEE R/(Rt +p) HE
FRAHRE

P1 C...C Pm )
Rt+p~ = Rt+p

B dim(R/(Rt +p)) > m — 1. B ¢ (BGEATE] R/p — R/p 8, 519 7.2.6 (i) 4
d(R/(Rt+p)) < d(R/p). BIEAFN dim(R/(Rt +p)) < d(R/p) — 1, L m < d(R/p).

BERIE s(M) < dimM. @ r = dim M. ZWSEFE t1,...,t,. € rad(R) #1§
M/ M KEAR, HEAE (t,. .., t) & M SEEA, 5 s(M) <.
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2o =00, XRESIHE 7.1.7. & r > 0, WX Supp(M) HETEHRE dimR/p =
HI/NIE p (B JERTICUE) B A rad(R) ¢ p, WA R ZFREA, p H2EE R
IFEDRRHEAR, MIET &, XA I r =0, FJE.

FE ERESRIEBA p BHET Ass(M), BNECEIR. X I = rad(R) KIXLEE
FEAR p B SRR (A 1.1.3), AIEEY ¢ € rad(R) 2 ANE TAEM LdZ p. M
ann(M /t; M) D Rty +ann(M) 1 ¢, BEGE, AU dim M /t; M < dim M. X JBJAED
ATREEEE Lo, ... t, ANTTIERHNTS .

N T SERIERE, URIBIE d(M) < s(M). & M/>_ M KERR. HE
M, M/t,M,M/(t:M +t,M),.... 518 7.2.6 (ii) HIKEGE—F d(---) 2L 1, AR
L= M/ t;M e d(L) = 0, X2RN L KERRSBLL/IML) < (L) M
B n>0 Kz, M M #0286 L #0 (B 2.3.4). 452 d(M) < s(M). O

#i87.29 fEEH 728 MRA, 8 M #£00M d = dim M. BERAEHA] s(M) = d
d(M), BUty, ..., tq 15 (t,. .., tq) 2 M BISEFEE WREARERD 4(-- ) B—F8
bR 1, I AT 0 <i <d B&F

JEpS

o dim(M/(tr,... . t;)M) = d —1,
O (tiJrl,...,td) /L\.IEI:_‘ M/(tl,,tl)M E,‘Jgjikfﬁfg

#iC 7.2.10 T Noether ¥ F# 3 R F WA RA KE M, 4 I =rad(R). # gr;(R)
TEH DR R/I-REF 1 n NFRITCAE K, N dim M < n. F5|H, dim M < co.

MEBR S5 AdEl 7.2.4, T 7.2.8 F51FH 4.7.3. O

7.3 Kkrun TEEEE

AN EH 7.2.8 #TF UM EZELSE, IEH T Noether ¥1.

I 7.3.1 (W.Krull) #% R % Noether 3¢, I = (t1,...,t,) 4 R W EEHE, N xHEF
& (V(I),C) FEFARANTE p #4 ht(p) < s, 455 ht(I) < s.

JEBR WEE| IR, C pR, = rad(R,). AR dim R, /IR, = 0: T @il 1.7.6, &
B p’ C p #1F p'R, D IR, WL R FFIZAI1F p’ D I, M p’ = p.

ST o 7.7 (i) M5IEE 7.2.2, E—BIHEA IR, 2 R, NZEFE. AT IR,
B th,...,ts BGARL, HOEH 7.2.8 80K ht(p) = dim R, = s(R,) < s. IFEE. O

ER s = 1 RFRYEEB, 75 T 2 Noether JREYTHAR, WXt V(1) HHIIFFE NN T
p #8E ht(p) < 1; FEE, —RIEEATUM s = 1 BERHES. BECEHE 7.3.1 XN
Krull FIEEFIE.
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#iL 7.3.2 % R 4 Noether 35, H# M [ % 2 ht(]) =n € Z>o, WHFE x1,..., 0, €T
R 2 FBF V(@1 2i0),C) WEFMBAT (1 <i<n, %i=18HAE
(3517. . .,xi_l) = 0), ﬁﬁﬂ— ht((l'l,' . ?xl)) =1 'lﬁ)ﬁij

MERR AT o> 1, AIEGEE L. JBIFER. B 1 <i <n MCH z1,...,2-1, I
V=V((x1,...,71)), B SFE z; € [ HZAET (V, Q) MR &ER
R, ISR (A 1.1.3) At (V, <) BIRRVINIT p 15 T C p, RTERE 7.3.1 2K
i—1>ht(p) >ht(I) = n, FJE.

T2 ht((z1,...,25)) > ht((z1,...,2-1)), M0 ht((z1,...,2;) > 0. BECEH
7.3.1 A ht((x1,...,2;)) = 4. UEEE. O

VEDIRI REF, R T UE B M — 53 B PR B — IR ). O T I — 73 R PR X LAt R T
ATUAL [14, §5.7) 8% [17, §§6.2—6.3].

@R 7.3.3 & R 4 Nocther #3f, Il R B — 2@ EF L HR Y R & fr A i 2
ht(p) =1 8 R EH p Hoh T,

MEBE AT XY 7, R p 2 ht(p) = 1. BB p PIEEIT, ERERENR
MLIETF p € p. B R R —SMEESER, p REETT, 52 (p) I, K hi(p) = 1
4l p = (p).

XF 7 BT, AR (14, dd 5.7.2) FRENDMER: FTE # R WA R
B E 1k, A2t B ZEIT. 95— ril Noether MR M1, & ¢
N R ERAILITE, (EBR (V((q)), C) BN p, 550 7.3.1 200 hi(p) — 1, BT
p € RIER p=(p). M (¢) C (p) <= p|g¢ M q FAILFE (p) = (q), B q WL
T, IEEE. O

TENANFE, ZEVEAHARZ A A2 sl ERAR L B O 1.

SI¥ 734 % R 44 ZF Noether 31, x € R~ R*, Il ht((z)) =0 & & v 2 R E
A F.

SEBR 12 p 9 R B9, U Li(p) = 0 S0 T p B R HORUNERAR, B he((2) = 0
SENTF o BETEMUNEEE, ERNEREYHOST R OBE THE o
3.4.6. 0
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7.4 =%

X T Noether FRHEFIN R, AIRAEMR R-IE M LKHSEFM [, TAME §7.2 5
T2 Hy p H1 Ky, WEBAT d(M) = deg Ky v T dim M. 5—751H, K7
RERABWEAEERNUMENY, 8 M BER; ©—RAdi 1 . SR FE
RTREJ U B B,

EX 7.4.1 (BB) xt T Noether £ F#H3 R EWARAEKE M, FEBESHEE I
Y M AEE, ¥ Kyu 51E

(M)Xd(J\I)
d(M)!

rer(M) h M THES T M=08EH, AEELH ef(M)=0.
T RHAF (R,m), HIE en(M) K e(M), A M HEEK.

H Hr =0, W Ky BIET Zso WEBEZIN, & Hyv £ 0, W M REEE
52 (4.8.1) TP e(M). TERAEMFMEIL, 196 o) (M) € Zoo, T HLBIFE 725 (ii) £

il 7.4.2 % T Noether  F#HIF R LWARAERE M 40 RESHEE I, RN1A
M) = e, (M

HE¥ mik)y V(I)NSupp(M) Fi & dim My, =dimM B T%.

Krym= + KK,

MEBA @ S := V(1) N Supp(M). it 3.4.11 LK

M/[n Z gR m/Ir?qu)'
mesS
Y n — 4oo, (VAR dim My = dim M B m BRT Kra(n) BET $ZIHTLHHE
K v WIREIREREL O
@Rl 7.4.3 X T Noether ¥ B #3F R F#HRAERAE M £0 RESKER I, &A1A

er(M) = Z LR, (My)er(R/p),

p
Ho p @} Supp(M) #i# B dim R/p = dim M R/ TG

HEBR B M BFRELLA T ASEEEE, mHEEES < d .= dim M; 513 7.2.5 BiH
TR < d NERAR R N, 2 K; vy B d IREBEIEAFIEA M. B
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i 3.4.8 FHYIEE 0= Mo C -+ € M, = M, R ARTEN Krarym, , 1 d

BHZE] M;/M;_1 ~ R/p;, EH p; € Supp(M), BAFTHE dim R/p; = dim M 1
T, &Rt er (M) BIBIBRZ ef(R/p;). 5—77H, /& dim R/p = dim M Y p € Supp(M)
W2 Supp(M) BIR/NTHIET Ass(M), idnd 3.4.8 (i) RIAFETE i 515 p = p,.

[ B LA X Supp(M) HATET#E dim R/p = dim M BIH/INIT p B7E {i:p =
pi} FITCRNEL, IXMGE (g, (My): JREMLIES, TR 0 C My, C -+ C My, = M,
o, TR (R/pi)p FEFH BAY p = p,, BRI R AR 2 AL O

744 % (Rm) — (S,n) % Noether & # ¥ 2 i F 3 F &, N A A R4 &
S-H, fEh RETHE, TTH N/mN Z2ARKE S-H. £ M 20 I A5 KEHENHR
4 RFE RAR N SHEMON WIS A5HER, Tl

ers <M(§N) :ES(N/mN)eI(M).

JEBA  SEfEIRUIEE. MATEERKE R L, HT 8 RAEEFRMET R/m, FIHEME
R S5 L QN HEE (r(L) WIEE, HREFREIFELT N/mN; R, L QN
HCEN €5(N/mN)eR(L).

WILHF L =M/ M, W L%N ~ (M%N)/(IS)"(M%N). FEF 1S C rad(9),
RIGIRNEE ST R O
#iL 7.4.5 % (R,m) — (S,n) % Noether & #3525t B FEFA. % mS=n, 1
SHHIL T ASEERBARAREE REEE s (M 98) = es(O),

JEBR fEfA 7.4.4 PEHL N = S. O

1.5 g

EATREGS o« R — S #BESFIESMS Spec(p) : Spec(S) — Spec(R), % qh
“(q). NT R HIEBEE p, FERE k(p) := Rp/pRy FMT Frac(R/p) (& Xt

1.11.5). #ni 1.11.7 A Spec (S% m(p)) FET p 1E Spec(p) Z NHILF4E, BIEE
Xf S ® r(p) MUZRFAE O BUHAE S FHJRE.

BT R~ p 1E s(p) FHIEAT, 7ﬁRp(}@/{() (p). & p = Spec(p)(q), M »
SRERFAZS pp,q 1 Ry — Sq, Wandl 1.11.8. Xj‘? S & r(p ) FEEREM Q,, fELF4Ed
X HITEER g0 W2 g0 C q HHEAEE Qon (S~ q) 1) =2, FHME Q, kB S
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LGRSkt

(7.5.1)

FBoANFEEETGE 1.11.8 B HEE.
SIE 751 &£ LRGEF,

dim S ® #(p) = ht (454/¢(p)Sq) = bt (a/¢(p)S)

ERR 3R S, A qS, AME—IRCREAE, BEE pR, BUE o(p)S,, XS —MEKX. 5
TAEAKRBE A 1.7.6 (ii) IR, PAS FHEBETRIIPL RS & qo Cq 2 S 1Y
FIAE N o(p)Sy C q0Sq M HAXE »(p) C 0. O

BERIZE X 6.7.1 5| AR _EATFI TR,
Rk 7.5.2 WIHFEA ¢: R— S HTATHA.
(i) # q € Spec(S) T p := Spec(p)(q) € Spec(R), N

dim Sy > dim Ry, + dim Sq ® k(p).

(i) #t—FER Spec(p) i, WA
dim S > dim R + inf {dim S/¢(m)S : m € MaxSpec(R)},
BRI H, dimS > dimR, T EX R P HEER T §F
e(I)S # 5, ht(I) < ht(p(I)S).
JERA ﬁ?()ﬁﬁ%ﬁmezmﬂﬁﬁmm5® k(p) > m, M dim Sy > dim(R,) +
m; IRIET I 7.5.1, FKHAHL TV S GEE m Eﬁ%fi*ﬁ%
e(p)SCqo S S am =20

B p C o (q0) € o (q) AT ¢~ (qo) = p. BIER dim R, > n, TFEIEEKE n K
FEHETE po C - Cpn=p. M qo 1 p EH, REMA MMTHERAE S FREERE

BAENERIER g, € C gy WA dm S, > n+m
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PANEEK Spec(y) T, PARLHE (ii). # m € MaxSpec(R) U V(p(m)S) E=S, FHH
ET m 4. NHLEFRFTE q, 856 (1) 553 7.5.1 A[f§

dim § > dim Sy > dim Ry, + ht(q/p(m)S).
ICARAE AR inf 9 4. 01T q FIIEDT V(p(m)S), B
dim S > dim Ry, + dim S/p(m)S > dim Ry, + i = ht(m) 4 4.
ik m ¥ MaxSpec(R), B dim S > dim R 4 4. IXZ5H (i) AiEE.
X (i) BIEEES, MR o1 (q) D T q D o(I)S, Fik o(I)S # S. AIEL

V(o(1)S) BN q 6753 ht(q) = ht(o(1)S). @ p = o~ '(q) > 1, M q BNaTAl
dim S, 1(? k(p) = ht(q/e(p)S) = 0. NH (i) BF

ht(p(I)S) = ht(q) = dim S,
> dim R, = ht(p) > ht(]),

BH PR ARILE. O

FAERD Noether MBI, UEBAH I ASEORARI e/ M BOT M EUHIR4EEY, 15
W5 7.2.2 FIEH 7.2.8.
@Bl 7.5.3 % ¢ : R — S % Noether 3f 2 [i] #j [ &, q € Spec(S) T p := Spec(p)(q) €
Spec(R).

(i) #&A1A dim Sy < dim Ry + dim S, 1(? K(p).

(ii) % o ATATHRE, WA (1) F%F kL.
(iii) #& ¢ A FTATH &, T H Spec(p) : Spec(S) — Spec(R) # i#4t, M R 8y A &
R T A ht(I) = ht(e(1)S).

EBR WS () PURET @pq 1 Ry — Sq, BCRWIE (R, p) F1 (S, q) BRTEBIR, ¢ B
WEA. @ d:=dimR, W R GU J = (t,...,ty) WSEEM, #15 pF cJcp Xt
B kO I o(p)S = /e(J)S, Mifi

dim S % k(p) = dim S/p(p)S = dim S/p(J)S;

R ERZEN e. B s1,..., 8. € q HHIE S/p(J)S HBAER—NSEEE, R
Jam K = (p(t1),...,0(tq),s1,...,8¢) Cq. U S/K 2 Artin 35, K K 2 S =
A, RS dim S < d + e, VR (i),

RSB b (i) 2@ 7.5.2 (1) MM A, £T (i), s 7.5.2 (i) S HA
o(I)S # S FIht(I) < ht(p(1)S). N TUERH >, B p D I 815 ht(p) = ht(I). H Spec(yp)
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AR TERIELE V(o(p)S) BIBR/INTT q 15 p = o 1(q). XK q D o(p)S D
q He/MUZETR ht(q/@(p)S) = 0. BT (1) M5IH 7.5.1, IX'FH ht(I) = ht(p)
ht(p(I)S). BHFTAKIE.

A 7.5.3 4 Spec(Sy) — Spec(Ry) 7S 1] 1 4= 5 ¥02 [RIF £F 4E 1 BSR4 .
HTRE1ER, TE—NE Spec(p) AU “RA” I, IXBZR N TIER AT ER.

Wit 754 L EFHELS p:R—S.

e(1)S,
> ht(q

)

D|v§{

(i) #% R #1 S % % Noether 3, WX T q € Spec(S) #1 p:= ¢ '(q) ¥H

dim Sy = dim Ry, + dim Sq ® k(p).

p
(ii) & ¢ &L FH, N Spec(p) #TM dim S > dim R.

B B 6.7.8 R o B TR, AWM 7.5.3 (i) A (i).
2 o RSCEHN v 5.5.3 BEH Spec(y) T, WAL 7.5.2 (ii) Z2iK dim S > dim R,
BERA (ii). O

el 7.5.3 (i) AT DAF R A BRA B4R, DAR O R R E R IE
HiL 7.5.5 % o: (R,p) — (S,q) % Noether F#FRZ 6 R FA. & M A A RA
& R-B, N KA AR S-#, N
dimg <M % N> < dimp M + dimg(N/p(p)N).
IEBE P EPRMRYERL (FEIC 7.1.6). @ I = anng(M). HTXTE R/I-H L BH
L&N = LR@?I N/o(I)N (6 1.3.6 FURHN), S5 HILA R/I, S/e(1)S 1 N /o(I)N

BR, S F1 N, \NTIATELR Supp(M) = Spec(R). — LA S/anng(N) 1K S, A&
Supp(N) = Spec(S).

RSB 2.4.8 (iil) A1 (iv) AI15 Suppg(M ®@g N) = Spec(S) 1 Supp(N /¢ (p)N) =
V(p(p)S) = Supp(S/e(p)S). ArRAERM @ 7.5.3 (i). O

ARTHIHE TEEILRAE §8.8 1521401k
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7.6 36 SHRIFHAATEBIF

H §7.5 HITTE.
513 7.61 4 X 43 R EHEZHARAHKXAFRHHN LT, WA dim R[X] > dimR+1
#o dim R[X] > dim R + 1.

IEBR R ARMHMEHE po C - C p, ME q; o= p[X] NREEET p, 2
AT (0 < i < m), B e = qm + XR[X], 58] RX] FEE +1 19
MR FEAERRBURA: q, WIERNBOIRBLE T p, NENRFRE,
Am+1 = qm + XR[X]. O

513762 4EFEFXZEMEL ¢: R— S M nels.

() BXFTA p € Spec(R) B A dim S @ r(p) <n, I dimS+1 < (dim R+1)(n+1);

(ii) % R ## S % % Noether ¥f, T Bt fr A %k @ MaxSpec(S) # p € Spec(R) % &
dimS% k(p) <n, N dim S < dim R + n.

EBR (). B qo C - S qm NS BIERBEMEEE & p; o= o N(q), HIUSEEE R IR

=

B k+ 1 R k< dim R. RTINS p;, HEF4E Spec(p)~(p:) BEFEFRT
Spec (S ® n(pi)) HWEEERREZNE n+ 10 ZZE, m+1<(k+1)(n+1).
(ii). XFFE q € MaxSpec(S) IEFH dim Sy < dim R +n BIA[. i p = ¢~ 1(q), M
dim R, < dim R; % —77H, (7.5.1) & S, ® k(p) & S-1R¥K S% k(p) TE q LB R
b, BRI AR < n. FOIXLETRMRA AR 7.5.3 (1) B (ii). O
Rl 7.6.3 % R A FEEN, NA:
(i) dmR+1<dimR[X] <2dimR+1 ] dim R+ 1 < dim R[XT];
(i) # R #& Noether ¥, ] dim R[X] = dim R + 1 = dim R[X].
B %X dim R+ 1 < dim R[X] fl dim R + 1 < dim R[X] Wi&E5I# 7.6.1. 7£ (i)
HIETE, ET 513 7.6.2 (i), BXFTA p € Spec(R) IE dim R[X] ® k(p) = 1 BIAT. 2RT
R[X] ® Kk(p) ~ k(p)[X] B EHN—Te 2 WA, ATRAB 7.1.3.
£ (i) MIIE, R[X] /2 Noether ¥F, HUATERFH S 7.6.2 (ii) 152 dim R[X] <
dim R + 1, M55 R

BEFZIE S = R[X], X/ Noether ¥ (7Eid 3.2.5). FEMNFHEIUEH dimS <
dim R + 1. HE S MK q, WS p = qn R 2 R FRCKEAE. i, W]
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Xecq WEAR FHEacqMbe ST 1 =a+bX, BEFEHIH a cqn S*, F
J&. MEFE R/p — S/q ik, HMZIAFN. WrS1HIE.

T2 S% k(p) ~ S/pS. B S/pS ~ (R/p)[X] (513 B.2.5) 2B (X) MRKH
R R R FAREEIR (L [14, @ X EH 10.3.1 (iv)] SREIE), K2 1 4609 (] 7.1.3).
MG 7.6.2 (i) BPET dim S < dim R + 1. O

Wi 7.6.4 %k A3, neZq, N
dimk[X1,. .., Xo] = n = dimk[X, ..., Xu];
#Fk-RE R T n NMLEAEMK, N dimR < n.

IEBR 45ahl 7.2 Fian 7.6.3 (i) AIASEE—05r, AASIEE 7.1.4 (i) AIS5E =
#93. O

Wi 765 L kfnele HTHAL<i<n ERKAA KX, X, (FF
RERHOF K[X,..., Xo]) FHEA (X1, X,) R Lt((X,.... X)) =i

IEBR FIE k[X,..., X, (IR
0 - (Xl) g— (XlﬂXz) G g— (Xla"'aXn)v

IEBESRPA ht((Xy,...,X;)) Bl ¢ TPFI8E. 5 —J7H, n = dimk[X,,..., X,] (&
7.6.4), 8 ht((X1,...,X;)) =i XA i KL
R A N RREOR k[X, ..., X,.] KB, O

1.7 s

BERITEY K (B X 6.1.3) 2 RI4EEER.
WER7.71 LHEAe:R—>SHES KA R BEY K.
(i) &A1& dim S < dim R; # Spec(e) : Spec(S) — Spec(R) i, M % A L.

(i) % M HHBRAER R-#, i S-# S &M % Mg, M dimg Mg < dimg M; #
Spec(ip) : Spec(S) — Spec(R) i, W = & r.

(i) % J 4 S WEEA, N ht(J) < ht(p~(J)) T dimS/J = dim R/p~1(J).
(iv) % I & R WA, % Spec(p) i, M o(I)S # S T ht(e(I)S) < ht(I).
(v) # N & S-#, Il dimg N = dimg N.

% T Spec(p) i H 4 @ BB H 3K
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HEBA  E4E, B 6.6.3 (1) BiRA ¢ BN Spec(yp) .

HX, K o 5 R — R/ker(p) Ml ¢ : R/ker(p) — S; F—EBRIFEFH KA
V (ker(p)) < Spec(R), T p 1i2%EH.

(i). &M 6.6.3 (ii) 1HH Spec( ) NN ERNTTREE NS, # Spec(p) TR
WA S NEBAERE q0 C - C qm, @ pi i= ¢ 1(q:), METNAMEREAE R IR
po C -+ C P A dim S < dim R.

% Spec(p) i, 457E R BRI po € -+ C pom, FIFEE q0 15 07 1(q0) = po,
RGN ¢ B EATHER (EH 6.7.6) 58] S RUEHARGE

G0 Cam, ¢ Hq)=p; (0<i<m),

#F dim S > dim R. %2, dim S = dim R.
(ii). MEMRER R M 12 T .= ann(M). HT Supp(Ms) /& Supp(M) *f
Spec(p) BB (51EE 2.4.8 (ii)), 7RRN V((1)S) (fd 1.10.10), #

dim M =dim R/I, dim Mg = dimS/¢(I)S.

WES R/I — S/o(I)S 2%y 5K, i B Spec(yp) 25k H R V(p(1)S) =
Spec(p) YV (I)) — V(I) i, MEHEIER R/I — S/p(I)S BIRIME. —PIksy
F (i).

(iil). SEHEBE o BSFM R/ (J) — S/J BEHB (1) 20K

dim R/~ (J) = dim S/J.

T RERIAE S, EARER R FTE RIS p € V(o~'(J)) i ht(J) < hi(p). EN
R () = /7 BB, THHE q € V() 1% o7 (@) = p. BN Sy 2 S R, HIRHS

&, i R, — S @ Ry B (A 6.1.10), BELE (1) 1551

(iv). & p e V({I), 715 S WRHAE q 15 o
WIFH o(I1)S # 5. X g MA (iii) AI1S ht(p(1)S)
hi(p(1)S) < hi(1).

(v). A[E N # 0. B J := anng(N), W ¢=1(J) = anng(N); fOA (iii) WE5E. O

BB 7.7.2 % S A KR, HAFIH R EM (FX 6.21), T S & R &Y %
o Xt R T AEEE [ %A ht(I) =ht(19).
o Xt S WA AEER J %A ht(JNR) = ht(J).

BeAt ht 25 B E R o S SLH.

ht(J) < ht(q) = dim S, < dim (S ® Rp> < dim R, = ht(p).
R
(g
<

p, BRI g € V(o(1)S), i
) < ht(p). A p B inf RIS

) =
ht(q
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HEBA B0 Spec(S) — Spec(R) #, HO R FWEEM 1 H 1S C S. ¥ qe V(IS),
il p:=qNR DI, REHE R R

Po G S pm =p.
R 6.7.7 R R — S B MR, MBS S (R R
S Cdn=0 ¢GNR=p; (0<i<m).

R ht(I) < ht(p) < ht(q). X q B inf BIf§ ht(I) < ht(1S), MRAAREREHE T
Al 7.7.1 (iv).

E SWEI J, & 1:= JNR WA IS C J, 856 E—BOEE ht(I) = ht(IS) <
ht(J), MRAEAEXCEE T 7.7.1 (iii). O

B N _EIREE TR 5T BN TR 5K AR AR

@l 7.7.3 % R % Nocther ¥ FG# 3, S # AR R-R¥, N AHREREE S
s S & Noether 2 & # 3, ¥ £ o i & dimg, Ny = dimg N #y L A n XA

g BN AN REFSHER L EN; == Ny, FHIE 0 B R FHREBA
my, T ko= R/my, W N 14 S-#EAGL5HKEL IS, W

k

eIS 5 €ISy,

i=1

k
Zdlm,.i S/n; -ers, (N),
=1

72 R BB A SR R 5 6.

HMEBR ETEH 6.6.3 (iv) Al UL q € Spec(S) AR Y HACY EE R HRIEBIR
R, FECEARMER S /& Noether ~ERHEIA. HILZ U 1S & N 1EH SIS HHAR.
MErA 1 <i <k BH m; € MaxSpec(R), M m; D rad(R) D I, #l n; €
V(IS)NSupp(N). iz, F—1EFATCARm- 7.4.2 BN,
HR, & L 2ARKE S8 U L WZ2ARKE RE; T8 S5 2 S/n, &
M n € MaxSpec(S), MHAREMCRIIESE (% dd 7.4.3 ) RIS

L)= Zdim,.C S/n-Ls, (Ln),

HF ko= R/m, WAL m & n (RGN L = N/I"N, MHEBEBGE GHC K
7.7.1 (v) HifR dimr N = dimg N BIf55E = PE. O

>R
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\Y
[

. 1ERA dim Ry x Ry = max{dim R;,dim R.} MFTER Ry, Re BRI

. BERFEEERE X 7.4.1 H,

() & M XERARKE R, M e (M) = £(M);

(ii) epn (M) = kY™ Me (M), FitERE M #0;

(iti) & I CI' Crad(R), W ey (M) < er(M), MHY M EM -2 -0 (B X
4.7.1) WS AL

. & R N Noether ¥, IEFH Laurent ZI0X3A RX, X '] FAEHZ dim R + 1.

N T B HAER > dim R+ 1, £33 7.6.1 ROIERIRIE%E g, MOEGE, IFARHAR

& X.

. 1% R N Noether ¥f. UEHH:

(1) & p BIWE ht(p) > 2 MERME WEE—BEREE {pics #15 p = U, p:, H
ht(p;) = 1 fHMKAZ, B T AATHEBCHAFRE.

(i) ¥ dim R > 1 i, DAREM:
(a) RAVEHRZAFEHAA,
(b) RAEBRZAEE 1 FRAME,
(¢) R EBHE dim R = 1 FERERFR.

. ¥ R IR, AFFEA © € R~ {0} (NEESTHREZ MK, M H Ra MM m

#B42 Noether ¥F. iEFH R & Noether #F.

—FT RS R 0 AL C [ C -+, W x € [ ~ {0}, IE& o MIFTARRHE
A my,. .o me. M k>0 (Ien/I)e, =0 ATE i =1,...,n B WIHNTFARE
FEER AR m V8 (Tot1/Ie)m = 0.
. CKHTERE) BER k LRLFTLZTAR P = k[X1, Xo,...]. GEELT) 0=m1 <
me < oo, WA @ > 18X P HEEE p o= (Xt X)) BOIRME T8
U = ﬂi21(P N pz) =P\ UiZl Pi.
(i) WERRFE P ROEEAR T BET U2, pe, WIFETE @ (15 T C ps.
KRG T £0. WFE fel, @ S(f) ={i:fept#2 4 f+£0K 2§
AR JEE feI~{0}. HTH gel BWE Z(f)NE(g) # 9, W I CUcxs i
AR EE R (@ 1.1.3). [RUNTATE g € T 18 S(F) N 2(g) = @, BU k> 0 AR
S(f+¢") =02, FE.
(i) BT FRgEe, 3 PU~] FRAIABIARATE p(U ).
(iii) WERA P[U'] /& Noether FIR.
2 BT SR, [ AIE (a) FTA Py, ¥4 Noether ¥, (b) BN IEEIT
L e PU™" NEETHERMEAREE. WF (a), R Py, H Ki[Xoit1, .-y Xmyyy) A
— MR IR, b K BHTEETCE k RS HNEHEEER. M (b), B2
# 3(f) AR
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(iV) 1% Mit1 — My > My — Mi—1 XATE ¢ > 1 Bz, UERH dimP[U_l] = o0.
FEAERIHER, FEE ht(p;).
7. R R NESHURIEIR, K := Frac(R) i « 9 R MRIRZIR. ZEHPAMFRRAS o R— S =
K x k, UEBH ¢ B, Spec(y) i, S @I ¢ BAARANK R-AREL, M dim(R) > dim S. #itt
@l 7.5.2 (i) MR IELLEL.
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8.1  Noether EfifLER

ARFIREE k. fERIBFIUEIH Noether 1IEFMLE G, FE LS TIE.
I 811 & teck[Xy,.. . Xk HF&

t1,.0 - te—1 Gk[Xl,...,Xe]

{ifr% k[Xlw . 'aXe] %;ﬁp§\ S = k[tlv' .. 7te—17t]_/fjt%k'
Yk AFH, BEHTTETR =X —aXe, HF e ek 1 <i<e.

EBR FATF R X, — XF [ ¢, B b BFEDKAVEEEL 1 < i <e. QK ¢
AT DAME—HIERAE 1, ... te 1, X, BB IR, 26075 F k< VA% ¢ 5, nIEE & 615 ¢ 1
MKt ..., te—1][Xe] FITTRZE Y, ICHREDY 6. AN AL, N
t=X04+ Y (KT t,... te NBWRX) X/
0<j<6
YiRH X, 7 S BB UK k[Xy, ..., X ] 1B S-BEH 1, X, ..., X2~ FTAERK.
TR k, TEVHIEREIF R

Qe—1

X X“e—(t X’“l)al (t X’“e_1> X
M X0 = (t + X2 o (teq + X2 X

1 . e—1 3 PN
— Xge+a1k +-Fac_1k + /E'b/m\m,

H X, ERATHHRREM. & k> max{ar,...,a.}, W X, FIEEHRIZ
e, 1, ..y Qo1 NENECTFH) -ERIRIT. B ¢ RAFADGL X7 - X0 BIEMEH
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A, el ty, . e, X JBIF. ARIBSCATIER, X4 k> 0 B, REM (aq,...,a0) X
X, TIBARRIRYEEE. FH k* A% ¢, (R FIATRIER.

Mk EHFN, Bt = ha+ -+ ho, HHF by € K[ Xq,..., X] 2 i IRFFIRA,
hg#0. Ht¢ kM d>1 BT kLS, BEHETETEE a,...,0.1 € k ffifd
ha(ar,...,ae_1,1) # 0. NN 1 <i<efit; = X; — a; X, W ¢ yA]ME—FRME
tye s tem1, X B2 HYIHIT,

d
t=> hi(ti+a1Xe, ... te1 + ae_1Xe, Xo).
i=0
WMEE] X FEABIIREUR halar, ... ae_1,1) # 0, H'E hy NGTEREMRIXIA. KA
kX VAL ¢ FIEE RN Ky, . . ., te_1][X.] BIE —TC. HARIGIUERIR. O

SIEE8.1.2 & I 4 %3 R WAEEHE, NI dim(R/I)+1 <dimR.

JEBE  1E R WP, (EEWE p, O I, KEHN n RIEBAEE po O - D p, WREEK K
n+ 1 R IR pug = {0} O

JREENE ) RO IRBANREOTC R, FHRNERISH (14, §8.8].

T2 8.1.3 (E. Noether, XKHME) & S HEEAMAER kR, WL C - C In
KOS WEERE, EF omeZs WHFAELLTRERCS UK -REHFEHY
R~Kk[Xy,...,X;] (B ne Z>y), 45

o S AR R-R&, FAlH S & R oy &Y 5K;

o FEFGELKI di > - > dp, EREARAMIHTA 1 < < m RHA
Iij':(de+1,...,Xn).

JEBR RK—MEE, S = kY, ..., Y]/, FFEIL I 1 kYa,. .., Y] REEGS 1.
F—LHRAAF T =0 ¥ I, =0 FA S WEMEEE Wik I, = J. R
R CKk[Yy,...,Y,] #18 R~Kk[Xy,..., X;], 7 EXFEAERE I, e Ar et o B, 77
FEn#8 hNR~ (Xpp1,...,X5). i R=R/(RnJ), M S BHR R-REL, i

1

LN(R+J) > (GNR)+J I NR
LNR= = ~
J J JNR

_IjﬂR_ I]‘ﬂR 0<j<m,

N meR N (Xn-i-lv"')XfL)’

M R SR R AIMNREIIETT X1, ..., X5, REI5ERL R m+ 1 R m.
FEHWR, SR S = k([Vi,. .., Y] RAUER z,,..., 2z, € S {5

o S BAMR R :=k[z,...,2,]-RE,
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o ME j BH I;NRD (Ta,11,- .., %), A dj :=dim S/I; < n.

WA, B — K2R Frac(S) /& Frac(R) FIERY 5K, METE k LA HEFEBIRE n, #
z1,...,x, £k ERETER. F—77H, B 7.7.1 4k d; = dim(R/(I; N R));
B LiNR 2D (xa41,---»%a), W R/(I; N R) K2 K[y, ..., zq,] WNIFTHIMR, 51
B 8.1.2 ZEIRHAERL < d;, FJE.

SRBEVAAE 1, ... 2, WEE 2, ..., 20 M zeyq, ...z, H15:

Ae) S BEMR S :=Kk[2),..., 20, 2er1,. .., 2,]-RE
B(e) Hd; <elf ;NS D (wey1,...,xn);
Cle) Hd;>el I;NSe D (xg;41,.- -, 2n).

At 0<e<nTijBO&E1,...,m; X d>n ME (zay1,...,7n) =0.
XNTHIETEN e = n, B 2} :=Y; BIA]. BAR2iiE e = 0. DURAEEEM e > 1 F|
e— 1 HRRIANER. FT Ale) MIEBIRENIICIERA

2 al ey, mn TE k EAREOTCIR,

R S, HRTEHAMRE. e < d; MHE 1< j < m Bz, MRRERIZRHHE
Ale—1)C(e—1). BN j:= min{j’ : e > d; }, LS

INk[zy,...,zl] #0.

BHEANR, A Ble) PHEMHER [N S = (weq1,..., 7)), BEAE Ale) FH e =
dim(S./(I; N S.)) = dim S/I; = d;, FJE. WisTHiE.
MAEE 2. € I Nk[2y, ..., 2] ~ {0}, TEREF] [; £ S iR z. ¢ k. PASIFE 8.1.1 BX

" " / /
], .., xe_q €klxy, ..., 2]

(18 K[t ] R K2 AR (B BRI E RS

" "
N TS PN

WE Ale—1)—C(e—1). 1 Se_q :=k[2/,... 2]
T Al — 1), Hebgis 5, AT S, -8 8 S IR (1B 1.9.4 (i),
HRE1<k<m #dy>e—1, FIREFREM x4, 11,...,2,, RENET
ItNSeq. Fidpy <e—1, M j:=min{j’ :e>dy} <k

I;NSec1 DI;NSe1 D (Teq1,-o oy tn) + (Te) -
e — | | M-
" B(e) - HiE

£ EATHI B(e — 1) A1 C(e — 1) BRAZ. O



200 BIN\E HEIECT

>

EM 813 Y dy > - > dy, BME—RY: @R 7.7.1 (ii) &K dim S/L; =
dim R/(I; N R) = d;.

WiL8.1.4 ¥ S AETHMAR K-RH, WHEE n € Zoo 1 REHAAX ¢ :
K[X1,...,X,] > S #® o 8,1 S & k[X1,...,X,] LA
SEMEE FARMFH nfr o, ¥F dim S = n.

WEBH W T —#57, @ n = dim S. %8 Noether IEFILEIE 8.1.3 (KA m = 0) B
TRECR C S. BRAS K[X1,...,X,] ~ R S BIFRZ .

MNTE Iy, & n RS o BEWSHHIMER, #Ei6 7.6.4 Fad 7.7.1 (1) 263K
n =dimk[X;,...,X,] = dim S. O

Wi 8.1.5 % K|k AHY K, S AHRAER k-RE, S A A RAERK K-R &, WA

=}

dim S ® S’ =dim S + dim 5.
K
BB M, dim S = dim S ® k'
k

M mli% S f1 S dEE. MR F| S% S B K-AREL EHER 8.14 Y o -
K[X1,..., X, = SHl ¢ :K[Yq,...,Y,] = &, N

ap@g@’:k’[X17...,Xn,Y1,...7Yn/]—>S<§>S’

& K-REPEE, B EHER, Nimafe. #ie 8.1.4 5 2% dim S ® S —
dim S + dim §’. B S’ =k BIG dim S = dim S % ' O

WL 8.1.6 Wk A, S AHMRAR k-RE. # S BEFR, WA q € Spec(S) BH
dim(S/q) + ht(q) = dim S.

HEBA 4% M8 Noether IEMMLER 8.1.3 (Bl m = 1 #1 I} = q) L S WTFRE R, &
JG@ p:=qNR XN R SH R/p — S/qg MAMHA 7.7.1 8% dim R = dim S
dim R/p = dim S/q. 55—, HT S ZFINM R EM, @l 7.7.2 227K ht(p) = ht(q).

g b, ARERERE] S = k[X1, ..., Xo] M1 q = (Xag1,..., Xn) FOREGL AN
7.6.4 F1 7.6.5 DASERLIERA. O

TEINSRMFAEIEIL 8.1.6 FHARAI/D, AEE SRR (L S A1)

SIEE8.1.7 ¥ k A, S BAMAK k-R%k. WO HE S WEEE ¢ Cq, MFFAHH
R4
I=qC - Cdn=40

WRKEA LR, MAYERK (FHEEFEHR) BA m=dimS/q —dimS/q.
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IERR RE NS 8.1.6 155

dim S/q" = dim S/qo = dim S/q1 + ht(q1/q0) =

m—1
dim S/qa + ht(q2/q1) + ht(q1/q0) = -+ = dim S/q + > _ ht(qi11/a:);
=0
R, S5 K m < dim S/q' — dim S/q. & HEETCIEFRED W ht(q,0/q) = 1 AFTE
0 <i<m oL, REHREKEESHE m = dim S/q’ — dim S/qg. O

8.2 wmmmERy

TCAERIRY 3K K[k HOE@BIRECH tr. deg (K'[k). PARE Noether 1EMILH—NIE
ENH.

821 %k AH, S RARAKET k-R&, N

dimS = sup tr.deg(x(p)k).
pANEEA

FH#—FEKX S REFX, N
dim S = tr. deg (Frac(S)[k),

MH dimS & S WAARKRBERELANKE, FAH, I S F4 (RX 7.1.8).

IERR SR S OWECER. BUEIR 8.1.4 $RMEEAVEEY K k(Xy, ..., X,] — S, T/& Frac(S)
B k(Xy,...,X,) NERY K,

tr. deg (Frac(9)|k) = tr.deg (k(X1,..., X,)|k) = n = dim S;

ET M S, MH (7.1.2) AT dim S = sup,, tr. deg (r(p)[k).
5 S BEEIAIN, B q S BINCRPAR, £fE5 (3 8.1.7 FFE ¢’ = 0 A M ht(q) = dim S,
Rt S FIRKRHEAEAKE SN dim S. O

Wie822 % v:R— S AHMAK REZFEWEL, R BERW S kA R-HEL
#. it K :=Frac(R), Il dim S = dimR—l—dimS%K.

JEBR JeibEE S WESIRMIE. LR o M WA R4 R K-ARE S 2 K 2 PA
L = Frac(S) N AUBAVEIR. @RISR [14, @il 8.8.9] £ tr.deg Lk =
tr.deg L|K + tr. deg K |k, EFE 8.2.1 RIHIRIFTRKE .

TR, ATk S 6% % q 2 S BIHRNEEAR, T g RCERIE S INE
K+ (frf 3.4.6), 8 o~ '(q) = 0, M@ 1.7.6 (i) 24K q— q@ K Gt S 1 S @ K
PO/ IN S BAEL 2 [ 9 —— X . /
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TR b0 dim S/q — dim R+ dim <s o K/qe K> . FAAT q B sup
BRI K. o
WIL823 % o: RS AARAR kREZFHEFA, U dims > dim R,

MERR AT R AEE. & p N R BIMRVNEBEAE, W o BIRERSIEE 2.8.2 (i) MACRFE
£ S WEBEME q 1§ o 1(q) = p. N o BEFW R/p — S/q MM 8.2.2 A[1F
dim S > dim S/q > dim R/p. X p B sup A dim S > dim R. O

Fid 8.2.4 X TR k, TrAE §2.7 WENIHB RAERK k-1REFI—LE L%
REERR. BAEHIUL S = k[Xy,..., X,,]/ 0 X NEHEAR 1 F k» Pkl RETr
8 Z(1). 4 1 2EHE JRED S BEIRNE, XM TUAINRIRN k B AT 294755 K
BO%, ENTIE RS FRRIRA S REUE. TUTE k = C MBS &M@ LaESR
te. W X NE n gHEEEERY, H LAWK BRI SIR .7 (X). C. L. Siegel IERA
T tr.deg (A (X)|C) < n. W tr.deg (4 (X)|C) = dime X WIEBEEE R X HHAR
N Moishezon ifiz.

X 2 C EMARRTZASHEAREGE, W X & Moishezon HitH, 1 HILE AT X B9FT
BRAEA I TF7% Spec(S) BH 4 (X) = Frac(S); Fenlh, U L 4EEEER T
P Krull 4E5L.

H—7 M, FEFFIERETERN Moishezon A, MM B. G. Moishezon AX AUERA T —
I Moishezon FIEESTFAEH Y BACY B2 Kahler il REGEEMIEOIR . X
T M. Artin 1 D. Knutson HTAE, AJLAKE C _ERIMEZIEREY K8 C _ERE=SiElE
W, AHRHA AT ILER T X — X, AR ARECS BN E T L. M. Artin UERH T /%
Wik S C _EREHEA R RY BE =S B 2] Moishezon MIEIVENEEN. BT I,
ARG RMGMAREARE R BN TEHRLE C-HIEAFE RSN KR AVR.

8.3 B
TN A9.5 MMEESLFNEE X MRS 2 EX TRE Krull 46380 dim, X, AR
ZE X ERHRIENBE.

EX 8.3.1 (FFHIBAB Krull £88]) &% S 4 3%, g € Spec(S), B X S 7 q A8 FH Krull
# %% dimg S 4 dimg Spec(S).

YF Zariski HHFNHIFERIITR, BITEH

dimg S = inf dimS[g~!].
img 5= Inf dim l97"]

RN ESHRMIEER k, £ S NARAER k-RERIIERE— PR EE Krall 48
HHIPE.
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R 8.3.2 W S A IRAEMK k-R#, q € Spec(S). LS HAET q HRANFKEEN
C|17-~'7C|57 m\ﬂ;ﬁ—
dimg S = sup dimS/q;
1<i<s

= dim S/q + dim S;.

IEBR ZZDA §A.4 AT §A9 IUFRIME S EE — 1 %S, H X = Spec(S) HAHZ)
B (MEAERR) 12 cl,...,cr, RS BN C =V(g), HP1<i<s T
B U =X ~\Upy-,Ci & q BB XU BHES q WFFEV, @8 A49
i‘éEHETTé’J“EZI BNV, Hif 1 <i<s %0V ERIRV = D(f),
i C; NV =~ Spec ((S/a:)[f;']), HH fi == f+a; # 0g/q,. EH 8.2.1 KA
dim C; NV = dim C;. £% EA[1§ infy 5, dimV = Sup; <<, dim C;, ZEAHN dim, S.
MNTHEANES EFD S/q PEIESEAS dim Sy = sup; <, ht(q/q;). N
M1 <i<s, IR 81.6 AH dimS/q+ ht(q/q;) = dim S/q;. A 7 BARKEPATERK
JIEFA. O

#i£ 833 £ S ZAMAEK k- ¥k, FudZEF, WA q € Spec(S) ¥ H
dimgq S = dim S.

IR R 8.3.2, IEH 0 & S BYME—AR/ N HHAE. O
Wit 8.3.4 4 S HHWARKREK I HSHWER S =S/ ITTiqeV); % q:=q/l.
it

dimg S — dimag = dim S; — dim ?a.
WEBR Xt qc S A g c S Al A 8.3.2, HITES S/q~ S/q BIA]. O

B 8.3.5 % S HHMAR R, Kk AHT K FRARAER K-RE 5 =
Kk’ (% S DS, #% q € Spec(S), fr q:=q NS € Spec(S), M dimg S = dimg 5.

B £ S N K[Xy,..., X,/ W S FRTF KXy, X/, b 2K %I z
%. 3518 q F o' 76 k[X1, ..., X, MK/ (X, ..., X, PO MR Q 1 9,
W Q' Nk[Xy,...,X,] =Q, MEARHRER

K[X1,..., Xaar — S

I I

K[X1,..., XnJa — Sq,

H B akE 2 R AL, mH S B8 SLEOR B FERE SR L, S5-FHE F
Q> 1 518
k/[Xl, ey Xn]Q//Qk/[Xl, . ,th]/ ~ Sé//qSé/
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EAREEHEIR 7.5.4 (i) 4 ht(Q) — ht(Q) = ht(q’) — ht(q), ki HELR 8.3.4 15

dimg k[X1, ..., X,] — dimg S = ht(Q) — ht(q)
=ht(Q") — ht(q') = dimg kK'[ X1, ..., X,,] — dimg S’

AR 8.3.3 #iE 2 BN RIHR Krull 4EE, BT AT 52k O

8.4 Em: suhmTHE

MTRIR R FRIREL S M1 S M, 2 EHEPEFRIEAEAD £ e R {0} (R
L2 g, AT M BN E G kLTS, BURERAAE S TR M Spec(R) BRAIZ]
AEZTFTHE D(f). KBUIEFR A S UARA, WE X B.8.1.

X841 % R AN, hEAFAAR— SH S M. HF%E feR~{0} 4
M{f~"] R f e R[f~)-#, MARE & drt FUR L

T2 B ME R — LG BRIV S RAACR. DU SEIERA — DN RO A8 HIRRAR

S5I384.2 L RAFLEN, REMHAHMET0=My C--- C My =M 45 M;/M;_,
MR O0<i<k¥H@ W MAH.

IERR (LE k=2 BEIE, AR 1.4.5. O

5|32 8.4.3 & R 7 Noecther 23, HEA R— S £ S RAFWAEK R-R¥#, T M
R MR S-HE. i X 8.4.1 iz B P TR L.
HEBA @7 K := Frac(R). PATRA d1m5’® K #BFIE. g d1mS® K = —c0, 78
Bl S @K NEIRNEIE: INEFEE f e R ~ {0} 1T f FfL 1, K f HWEL M 1
M[f~' = 0. HK7ZH BB

T S® K EE. e2ARAEN K-R%, HIEMAEH 8.1.3 Al Bk A
K[X,..., n] — S®K 2B AER K[X1,..., X, )-RE, mHEEENET X,
iﬁ%’l{ﬂﬂﬁﬁf_l&ﬁ{% v BT S &y, um NS BN R-REMAEK L. 8D
y; BRI E RBUE K[X1,..., X, FE =275, B0 G RE &R KE T
R[X1,...,X,], MIEWRE ¢; € R~ {0} WA E, 15 y; KA 0.

i c:=[[;¢; € R~ {0}. HILA] S[c™!] & S := Rle7][Xy, ..., X,] BIEEY K,
R A R (nnmﬁ i 6.1.4), M M° := M[c™'] BERERK S*-# BE lJ S J& Noether 2
B @ 3.4.8 AR 0= MY C oo C M2 = M EF MY /M| ~ S /q; XFTE
0<i<kBoL, HAq &S E’J%fﬁ*ﬁ\.

#i i # 0 W dim ((Sb/qi) ® K) <dimS @ K, (BB f; € R~ {0} f3
c| fi Wi (S°/q)[f71] € Rl '[f71) = RIfT'] EAH. % q; =0, MEN 8 ZHME
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R[4, HEIER f; = c WAL,
i f =11 fi- &b, MY BN Rif-U-EAEAARIED, 58 —RTFHEA
HH, 517 8.4.2 IX&IK M[f~'] BHH R[f1]-#. O

%P 8.4.4 (A. Grothendieck) % R 4 %%, KXEA R—-S# S RAFRET R
B, M RARETR S-H. e X 84.1 Wi B b kL.

HEBR  (Fi% S BIAEBERTT 21, ..., 20, B S = RIX1, ..., X0)/ (91, - -+ 9m), SRIGER
M HNERER

¢
S84 — SO — M — 0.

Mo NS BN pxq B B (i,))-FEMTTIEE RIX,,. .., X,] PIEE g;, Aa
1 R AT gi; M g FIREBAE R PARRIFI. €Y R-REL

ﬁ;:E[Xl,...,Xn]/(917~-~agm)>

SEBq — SEBP — M — 0, ? = (gij Eg{%)l,] .
WnifEs
¢ R J& Noether 23R, S EHRAEK R-VE, M BHERAERK S-H;

o FIXEERGEL Re (), FEE2IEER R, S 1 M.

Xt M NG 8.4.3, AIfF f e R~ {0} 1§ M[f~'] BREMH R[f'-H ETE
SRHT S B 3

HY R% (-) BRFD M[f~1) R EHH R[f -4 O

STURARTZ B ES A WE M B84 XTiZHHEMMEZIRA, Al [12,
Tag 051Q).
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8.5 Em: TENSMFHE
AT ETEDL §5.9 F1 §8.4 W T EES ARV EH 8.5.2.
SIE85.1 % R A, S K RR¥. & S-H M EHh RETH.
(i) & M' 238 S-#, n M§>M’ £ 4 R-#-F38.
(i) #U & S HRETE, I MU'] fF4 R-EFH.
EBR AT (1), MR R N BA LR

N% (M@M’) o~ <N%M> %M’.
2z W M 2 M’ AEH REFHE. AN M’ = S[UY) BMF (ii). O
T 8.52 % R 4 Noether 3, S KA R4 K R-R¥, M A RAEK S-H#, N &4
U = {q € Spec(S) : Mq ZFH R}
#AXE T Zariski #54h 2 Spec(S) B F &, B A X,
ERR BT 5 A5, HFEUA u BRI
o qeUT q Cq, W ¢ el
o FHged, Mu BE V(g N—PMEEIFFE.

E—MIMEFAEAE R 3 o' C q, MIER My 2 M, FEEME, ARG 8.5.1 (ii)
RiA].

DARZEE MR Wqedd,Idp N qTE RPHERE, X Ry := R/p. &
v € V(q), It pS, C rad(S,). RAEH 5.9.5 (B I = p) St

M, B3 R — M, /pM, Z¥3H Ro-BLH Torl (M., Ry) = 0;

TERRH, v = g WRAR. EES =W M /pM, ~ (M/pM),, H—TTHED
Tor?(M., Ro) (8 Tor®(M, Ry)) #BM M, (88 M) 3% S (5 S-#5) 540, (15

TorlR(Mt, Ry) ~ TorlR(M, Ry)v,

BCRRAAIRES R Ry BOFHIRI o — Ry — 0 ABIEFIAM Torl,

Jit— 4, Nocther RIS P, AAEBONHIRAER RAL T M 2 HRAER
S8, # TorP(M, Ry) WRARVER S

5 b, WHSFRIGIEZSTE T REIE D(g), AT 5 BUREBAAIS I 8.5.1, Fidi
(LR A FIERAY g € 5 g
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o (M/pM)[g~"] 2 FIH Ro-H5,
o Torf{(M, Ro)[g~'] = 0.

T S/pS BEBRAER Ro-fREL, T M /pM 2HERAER S/pS-H, I 8.4.4 45,
fo € Ro ~ {0} 15 (M /pM) [fy '] BH, EFH. £ fo KRG f € R~ p, Bid
fs € S~q f W, BELE (M/pM)[fs'] FH.

% —77H, B8 Torf (M, Ry)q ~ Torf(My, Ry) = 0. BT Torf(M, Ry) 2HKR
AR S-HE, HREM (513 2.4.5), BAFIE h € S~ q {18 Torf(M, Ro)[h~!] = 0. B
g := fsh, 5TBRFBLATIL g G R 2K, UEEE. O

FEM 8.5.2 A]DAHETFIHE Noether 1 R, {BAUA FRA BRSOV AR R, TEW
[5, Théoréme (11.3.1)] 8¢ [12, Tag 00RC]; A& A LA Noether 1B L.

8.6 Krull-# B &I

AN 1 4 Nocther BFR(EARIRIOH Y IO 0. RAEEHIRKRE R
N HKER ((N).
I 8.6.1 & R 4 1 %4 Noether %3, K := Frac(R), T1 M ## & r = dimg K %
M € Z>o %t R-#. & v € R\ {0}, I R/(x) RAMKE R-#, i H

UM /M) < rU(R/(z)).

EBR iR X, BEEAET Ass(R/(z), FILHEILS 3.411 2 R/ (z) KEER. H
WA M IR, WK @ M = Ko SEAEET REL My < M (61

My ~ R®" i M := M /M, Bt EEFoT; FHENET Ass(M), i M KEAR.
MNEE n>1, N
ker [M /z"M — M /2" M| = (Mo + 2" M) /2" M ~ My/(z" M N M) « Mo/z" Mo
CILES
(M Jx™ M) < 6(Mgy/x" Mg) + £(M /x" M) < £(Mo/x™ M) + £(M).
BT M EH, TLA o HHEMN M/cM 5 oM/o*M, EREH ((M/2"M) =
nb(M [aM); R (Mo /z" M) — né(Mo /2 My). FENJERIRSRE
(M [z M) < (Mo /wMo) + ((RT),

M —75H £(Moy/xMo) = ré(R/(z)). ik n — +o0o BIFTK.
NT =K M, RZNERERTE M c M IEEIF, W M/aMm H21E
(M’ + xM)/zM ~ M'/(zM N M) B3I BT M /zM’ — M /(M 0 M) i
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K& M — K @M (RN R — K ¥H), L= (M’ +xM)/zM) < rl(R/(z)).
S8 3.1.9 RHH M /oM KEFRE (M /2M) < rl(R/(z)). O

I 8.6.2 (W. Krull, kBREX) % R 4 1 % Noether #3f, 3 L £ K := Frac(R) #
HRT &K, S &£ LHFIH, WHRCS, N:

(i) S HFRH, #F £ 1 4 Noether #3F;
(i) #p 2 RWEEM, N S FHE RNq=p HFEE q MARK;
(i) WEFAEEER JCS EH RNJ A0, TTH S/J RAMKE R4

HEBA JEIE (iii). EHL 2 € J ~ {0}, WIFETE ao,...,an € R 115 aga, # 0 M apz™ +
codag=0. HIH ap € RNJ N {0}. 513 8.6.1 &K R/aoR KEAR. 55— /7,
K% S~K-ScL (518 1.64), W5/ 861 (KN M =S) i S/apS fEN RAEK
JEAERR, NMHEREE S/J T J/agS TRR. B J/agS KEAR#E SR J 2FH
FRA A,

(i). HI (iii) AJ%] S /& Noether ¥&. ¥ S JEd, 1£ (iii) HEX J NIEZEEME, N
S/J BB AR R/(RNJ)-MEZE, AT 6.6.1 %1 S/J @I, 8 J
K. i b, S BERE, 8052 1 4 Noether Z£IE.

(ii). M p=0HW, (i) R RNq=0 = q=0, EATE p £ 0. H (iii) H
S/pS BHMRYE R/p-mIEZRE], K2 Artin 35, HEHAENMCER (EHF 3.3.1), Kt
q FIEETAEIR. O

TEEH 8.6.2 MSEFRN HH, S fEFEE R BBy 5K, LS 6.6.1 2216 S JEI,
S AN 1 4E Noether 2535,

8.7 amir
TEAREU URIPERI R R, SEPRACERIIAG H R AT TSI B EEIR, B2 22 BRE.
EX 8.7.1 (BHEF) % R A3 wE dimR<oo, AN FHAZEM p Cp BA:
o ht(p/p’) < oo (A B EERXI R/p T H),
o FIARK (FHLHEBEHIN) W REMLE

!

A FEKE m.
MFR R A &5
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T Bt (p/p') = codim(V(p), V() W (7.1.1), RIS SRS THR Spec(R) 2
TESA9.9 FTIEREEEA3 .

SIE 8.7.2 &% 3 o 7 3 A0 R B0 AL AR AL AT

MERA EIeHT R MIRERMNE RS, HA DA ER o f p e A EERARREAT AT DA
El R E&. O

Wl 8.7.3 L E XTI R Wy T Fk:
(i) R ZEEF,
(i) AEMEEEL p" Cp' Cp BH
(a) ht(p/p’) < oo (R X p"),
(b) ht(p/p") =ht(p/p’) +ht(p’/p");
(iil) M EMREE p' Cp BFH
ht(p) = ht(p/p’) + ht(p’).
—fxmE (i) < (ii); ¥ R 4 Noether ¥ H} (iii) = (ii), 1Y% R  Noether %I}
B (iii) < (ii).

JEBA BRIR (1) A (i) FOSEM SR E T REE 2SR AE A.9.11.

PANIZ R 2 Noether 35, W R RHBHHI A REEEEARR, 8 (ia) SAK
N2 A5 (i) BOZ, WX ht(p) = ht(p/p’) + ht(p’) PIAEIK ht(p”) AITR (iib). & R &
BINH. (ii.b) BRAZ, FEHEAEL p” = 0 2 (iii). O

REX 8.7.4 (iZBHEF) % R 4 Noether 3. R fr# A A MR- B Z &4, N
PR Az & EE

BTG 8.7.2, 8 R BEZEMN Y HAY R 2 Noether ¥4, MiH R[X:,..., X,]
ﬁﬁﬁﬁ n e ZZO %?ﬂ%ﬁi{‘ﬂ:

S|3E 8.7.5 & R Az &I, N:
() R #3000 238 BT
(i) A RA R R B2 E &4 5.

IERR XEREN RU[X1,..., Xa] = R[Xy,..., X, |[UY, it S BERAER RR
BOUl S[Xy,..., X, TR O

il 8.7.6 & Ry, WATHMAELE m AL, | R Z AT
# R # Noether F, Tl B R St ATA R AE L m # 22 &8, | R 22 &4 37F.
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SEBD T E, LA o C p, BUROKEAR m o p, WM o/ 5 p MU= EARGE
WET Ry %8, B R REGEE,

FFE A5, AR R S RIELREAR o, iDTHE R FIIEEN p,
m o p RHAEE. WZH] R, 165 Ry IR ESLRIZ BRERR, MOATRAER R, 5,
SLRBEIR: S, 1EN S, MR ML R BRERR, FEAH —ARAH S REHER. 0

fl 8.7.7 EEH k HAZRMEN. X2FEINTIEARAR k-5 S, 518 8.1.7 &
B S e B E X 8.7.1 MEAF.

S —75 M, ZJGIIH 12.5.4 ¥ Z iz BB

RE B W Noether FRERRIZ BHEIR, 7k H A EH BRI E T —4
Noether JEHFEIR, TRRBEATMARZ BN, HA T LY EIREL, WL [12, 02JE].
I 8.7.8 (KHME) & S %I R 4 H Noether T3, #75 S HHRA R R
¥. 30 L ="Frac(S), K =Frac(R). Zq £ S MEE T p:=qnR, N

ht(q) < ht(p) + tr. deg(L|K) — tr. deg(x(q)|x(p)), (8.7.1)

TEY R A A3 (8.7.1) H& 54 ar.
B ¥ S 5 Rlxy,...,v,), HF 2, € S, MXIE R C Rz € --- C S B
1k, 7 Hiz F BB s iR, AERE] n = 1 78R S = Rlz] BB, X3
PEF5H R~ p ERFL, WANE—SER (Rp) HEHEIK. PARIE £ = s(p), i
I={f€R[X]: f(z) =0}, ¥ S FEFT R[X]/I.

i I =0. A tr.deg(L|K) = 1, 7£ S/pS = x[X] HHEEREST
(1,0), 4R q2pS
(0,1), 4R q=pS;
K ht(q/pS) = 1 — tr.deg(r(q)|x). HEAN R — S P, #HEIR 7.5.4 (i) VA ht(q) =
ht(p) + ht(q/pS). LLEF (8.7.1) FEEE KL

BEE T #0. N tr.deg(L|K) = 0. 12 q* N q 7€ R[X] TR, W x(q) =
w(q*). A R — S A¥GH TN R =0, E K[X] $EEREAF

ht(7) = ht(! - K[X]) < dim K[X] = 1;
XA T #0, U ht() =1. & EH
ht(q) < ht(g") —ht(Z) =ht(q") — 1,

HW < kB®EEEN, T HAE R HIZRBEAN NES.

AN, B — DB AR ht(q*) = ht(p) + 1 — tr.deg(k(q*)|x) = ht(p) + 1 —
tr.deg(k(q)|x). £ LRI (8.7.1), HFESTE R NiZ2REIRN L. O

KT R N Noether IR, i S = R[X1,...,X,] BRI, EIRIGIERA (8.7.1)
iSRS VAV

(ht(a/ps), tr. deg(x(q) ) = {
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8.8 summmm bty
HLEINELS ¢ 0 R — S, B Spec(p) : Spec(S) — Spec(R) M A4S A G EE
Y TLARTRE S, AT HIAE SREE IR S 2 A& T LA, F4ERIRSIR R IIE §7.5 S —F.

@Al 8.8.1 % R J Noether #3f, 3t S @& R 4 HFIF, #% A A R A& R-RE
BFEFERN{0}, /Y RPHFAHE f¢p HRBER p, FES WREH q £ F
qNR=p, T HxXALH q &2

dim Sq = dim R, + dim S, 1(%8) K(p). (8.8.1)
P

JEBR DUERE 8.4.4 HX f € R~ {0} {15 S[f~'] 2B R[f B T2 R[f '] —
S[fY RS, B f ¢ p, MHNHEA R[FY) RRBMA p. AL 754 HIFELE
q € Spec(S[f~1]) 15 g R[f~1] = p, M HIXAZH q D2

dimS[f_l]i

dim R[f—l}E + dim S[f—l]ﬂ R[f@l] K(p).

FFAEME—RY q € Spec(S) 15 f ¢ q 1M q[f '] = q. W g R =p, HAJE[RF
S[f'a=5q RIf 'y =Ry, #(p)=r(p),

HIHARE (8.8.1). 0

882 Wk AM, RC S HAMAEMR k-R# S ZEKF. 8 K = Frac(R),

L =Frac(S). ## fe R~ {0} RN R ¥HAHLE [¢m BERAEL m BFH
mS £ S, WH (V(mS),C) & MUNTT q Hif & dim S/q = tr. deg(L|K).

WEBE  feMan i 8.8.1 BTk £, AT R HATEARE f HIRKIHAE m 153
mS #£ S. I8 (V(mS), C) BIAHERNTTHN q,q1, ..., qn. RATE 1 <i<n B f; € qi\q.
FTHEM 2.6.7 41K q 2 (V(q), C) FIRKITTZ AL, MAFTERLE q (BAE [, fi (B
FERN 1) B o, BRWE nn R =m. [A2F] S (80 R) MFTERKEEN
EHE dim S (B dim R), &8 8.2.1, amdl 8.8.1 FIEEBIRE AU

dim S,/mS, =dim S, ® k(m) =dim S, — dim Ry,
R
= tr. deg(L|k) — tr. deg(K k) = tr.deg(L|K).

B—7H, n FEE q, HFi=1,...,n, ® dim S,/mS, = dim S,,/qS,; MHiEH
8.2.1 F S/q %1 dim S, /qS, = dim S/q. UEEE. O

UM TE SR, ail 8.8.2 FIBTE Spec(R) UM AEZIFF4 L, HIA S

T Spec(S) — Spec(R) MILT4E AR HAFE, HAER S T 9K L) K RUBEIEL
JEEREEIETS N §8.3 THLIEHYRIHE Krull ZE8L. Jes| A—NIRFS.
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9% 8.8.3 HJE REL S Ml g € Spec(S). 12 q 7£ Spec(R) HIGA p, F¥4 S%/@(p)
XA q FUBERARICCR §. fkibE X

dimg(S|R) := dimg S %) K(p).

SII28.84 & S HEK, LTI R AR BMA (X 8.74), H S HARER R
o E gk SWRER, N

dimg(S|R) > dim S @ Frac(R),
R

THEEH LY ARY (88.1) K.

UEBH  fif K = Frac(R), L = Frac(S). KA R ZiZ25ERM S ARARL,

dimg($10) = dim 5y ) + dim ((5/0) @ n(p)) (A 832

7.5.3 (i)

&

Zm@—m@+&mOW®$ﬁ@)(ﬁ%

= ht(q) — ht(p) + tr.deg(x(q)|s(p)) (EH 8.2.1)
= tr.deg(L|K) = dim S ® K (s 8.7.8);

BEAERCRR, A WS BOLEN T (8.8.1) AL O
7EIE 8.8.5 (C. Chevalley) & [F4A ¢o: R — S S KAHRAEK R-RE. dFrA

n€Zso, B8
F.(S|R) := {q € Spec(S) : dimq(S|R) > n}

7 Spec(S) #HT%.
#% 2, #1380 = Spec(y) : Spec(S) — Spec(R), M q — dimq 07" (8(q)) X T
Spec(S) # Zariski 1 3h2 E ¥ 4 H

IEEA DANURTT R Wiz 2RERAIE T, HISUEE BN E MW, B thaE i T 0 ;s
¥ (BH B.8.5). —MIBEFATUEARI UL [5, Lemma (13.1.1), Théoréme (13.1.3)] 8¢ §C.4;
A& RIS R LE] R NTZBHENAIIE Y, R 2N 2 B e 1 — P IR, Te#H
MFET Zariski FEHE C.2.1, R M58,

JR FIARESRRE AFEANE S 2], AT S BEZY. IERHEES 2 ATIERY Noether 1814, 12
R Spec(S) BIATRITL [ o> V(1) 55 S HIRER [ (B 2.1.6) ——KH. B4 n,
TE S

S, { V(I) C Spec(S)

IC S : R
F,(S/I|R) 7E Spec(S/I) ~ V(I) ki [
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\Y
[

L S, Wy <, 52 V() = V(J) < I>J. HEIE S, = 2.

FEEEF Spec(S) 72 Noether Z3[A]. AR RIER, & S, 625, W (S, <) AN
JC V(I), W §A.3; NEFFSIE, RNUiLA S/T K S, & T =0. ZZWi S i S 2oNFEIR,
BEEAIR, WS IR/ NEIAR g0 B AEZ, M Spec(S) BIARNRIZ153 32 fndl A.9.6 44
W Fo(SIR) = Ugyupin Fn(S/a0| R), IZARNHTERZH (FEIX < RN ER),
FIE. WrS1SIE.

HIR, AEAT q 7E Spec(R) HHVEERLE ker(p), LA R/ ker(p) fR R, AIIXE R 2 S
HIFIR. @it K = Frac(R), W5 8.8.4 X H q A

dimg(S|R) > dimS ® K =: e. (8.8.2)
R

B n>e BN n <e LR F,(S|R) = Spec(S) HIF, FJE.

Heanil 8.8.1 Y f € R~ {0}, WIHE f ¢ p GENT f ¢ q) BIRTER T, 9/H 8.8.4
iR (8.8.2) MRy > EMREES. HIEE] F,(S|R) C V(f) € Spec(S). MEZ
fep FFT feaq) B (S/(f) @ K(p) = SQ k(p), MITT F(S|R) = Fu(S/(f) | R) =
F.(S//(f) | R). #RIEXS < BIR/INRAE, Fu(S//(F)| R) /& V(V/(f)) BIIT5, i
F,(S|R) /& Spec(S) BT, F)E.

Zr LRI S, = o, BARRARIE. O

>

1. BEE Kk FIEE T .= (XZ,Y2Z) CKIX,Y,Z], 2 X,Y,Z #£ S := k[X,Y, Z]/T &R
x,y,z. AT S EHEME q = (z,y,2 — 1), ¥ ht(q) + dim S/q < dim S.
JLf L, S #iR =4z | XY-FEM Z-f2 9, g ANMEIHE A (0,0,1), 20E 8.1.
HEEF S EE4E. AFH0 ht(q) BIZRAIIREEL, dim S/q BIZAAGI4ELL, PR
PAE S[z71] Hit&.

8.1. XM k[X,Y, Z]/(XZ,Y Z) BT ER
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2. Wk N, S WAEMRARIEE k-8 IEH dim S = 0 M HAEE S 1N k-lAEZREZAR
YR,

3. & k Ak, S NERAER k-1REL. IERH q € Spec(S) ABIRHEE Krull 4E5iH 2

dimg S = inf dim Si,.
meMaxSpec(S)
m>DOq

FI S R NRIRAE g1, ..., qn. NATERKERE m WA S. WA NEEEGZ
{qiSm :m D q;}. MEH 8.2.1 EFIM 8.3.2 #HFY m D g I

dim S = sup dimS/q; > sup dim S/q; = dimg S.

mDq; :qDq;

AR m D q 18 m D> g = q D qs MA@« Bz, KT NIETFE V(g) ~
Uiiqzq; V(9:) %X MaxSpec(S); MAGIHE A.8.4.

4. Bk A, S A So NERRAER k-RE, FINHZERIR. & q 8 S 2 So IR/ INETEAE.
(i) PA Noether IEMULEEEY 3K R, C S, HH i =1,2. IEF q 7€ Ry % Ry YHRGRES
FHAH.
A1 Ry, Ra, S1, S2 WARIBN K1, Ko, L1, Lo, WAERHERR

Kl%KzﬁLl(%Lz

I I

Rl%Rz %51%52

HEATEHLEIN RS, EEE] g WTRLNZFRTF; RIE L, @ Lo TN Ry %RQ—@%
TFHT, Ml q FREAZE.

(i) UEHH dim (Sl ® 52/q) = dim S1 + dim Ss.
L@ 7.7.1 (i)
5. & R MK, S 9 RAEL BB pz@y) = zy XK RAEIRZS p: S®S S JEPA:
(1) W S1EN R-AREh T8 A B, WERAE ker(p) HIFTA 1@a—a®1 AWK, H a € A;
(i) WL AL 2A S R N u(h @S+ S® L) =1+ I
(iii) A&k, i T = (S/I) 2 (S/I), WA BB R

(§/1) @ (S/I2) =T s%s s,

MK ERUEXS 1 B,
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\Y
[

6. B S = k[X1,...,X,], HF k B n € Zo1. B q M g2 N S WEHEME &
T=(S/am) ® (S/q2) HBERRAS

T«—> So5 %5
k

(@Z+aq)® Yy +a2) «—— 2@y — zy.
@ J = ker(u). BAFIZ q 2 (V(q1 + a2), C) BIRNTE; BEBIHE, FRATERIA 1 + g2 # S.
(i) BIW ker(9) = q1 ® S + S @ qa, HKTTUER:
o p I @) B (VI + 1 @5+ S ®q2),C) BN
o v:=¢(u (1) 2 (V(6(J)), C) MHINIE;
o T/t~ S/q.
(i) A T HAEEET v FEREHE v, A

dim(T /vo) — dim(7T'/t) = ht(r/v0) < n.

SR EFIBE 8.1.7; M (1), L& SIEXT J AR RIER 7.3.1 #EF ht(x) < n.

(iii) UE ht(q) < ht(q1) + ht(g2).
LT 8.1.6, IF n+ dim S/q > dim S/q1 + dim S/qo BIA], EAMEHN%ET
dim T /vo, Hf vo /2 T FEEST « MEENNEHE.

HERENZ, (iil) MY TR X = Spec(S) MATERRILAITE B Ml By 4
codim(E; N E2, X) < codim(E1, X) + codim(E3, X);

BLERE (iif) BIUEBA S FA% By 0 Ba BRIR V(ker(s)) 1 V(J) (MM <R £k 15

Spec (S @ S IR, IXFEIGRR Y W ), 48 E—IE ST A TR, A% (i) 1&

AT —8BIENR S (B 12.5.1), HUEBARI UL [11, Chapter V, §B.6, Theorem 3].

7. %k N, S = k[X,Y,Z,W]|/(XW —YZ); 292 X,Y,Z,W 1 S FIHEN =y, z,w.
IERH S /2 3 4k Noether IR q1 := (y,w) Ml q2 := (x,2) B2 HZME SEEHN 1, W
G+ a2 = (2,9, 2,w) BEEN 3 FFKEA. Rt E—/ (i) FARSERRER TR,






eEl

9.1 igiiges

AFTFAE— DR T ZHRER IR SE 8k, BN 2/ DR BT T
MRS AR,

87 9.1.1 ATHEAIMAZRAH, H ERBERI O AR, RE LN —VIRIAEE 4
RRATRRAR.

FTEHRINE, BIE— DI A SRERINS RIS, (EEPARINE, BUAFISEIRR G &
ESE; Rialtth, A XANTERCN RN, BIRINA A BRI M AR SRS, (15
M WIERCRFNEE, 1 HITE A x M — M JESE, WFR M e A-#&.

RIAFNIN A (BIRFH AR M) 7E 0 20 —dHATEARIEED 35 A (80 M) TR
Cauchy F B WSK, MIFRZ NFe&H; SE&IERIRIBIGS K A (80 M) BIITERE K HAR
i, AHRNERTIL [14, & X 4.10.9).

FTA RN IR R LR (SR R ASH TE RS TopRing; 28 HidhER A, i Hh$h A5
IR E SR A BTENG A-TopMod.

M—RRHRFNEA A (BUhih AR M) %, RESTEHIAIESE & Hausdorff MR
A (3k5E%% Hausdorff #ifh AL M), FRWHFEEEY, BOLBIIRFE AL (14, §10.1).
X EEE A T A A TN PR U SRS AT B U SB, EARER AR, BN
BIMEH, IMIERIRINEE R B T §4.2 MANIEE, MisEs b G & T IR E Y
8. sl i, A R 28, BeR HAEOTHRE X.

DENIR RN E Cauchy EFTARE Cauchy 5.
DFEREHAIILER Hausdorff S52451L, [14] B EAIRINETEE Hausdorff fY, AZEM T E HIRA.
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M 9.1.2 DUFAIR A (3% A M) BEMISSHIE 28T, DUEARIZA FoA (5
FoM); LB SR (E X 4.2.1).

FBIEIEL IS A, XA n, N\ FPA C Fr 1A [FEINERHNWHRS A/FrA —
AJFr LA ARILTETERE Ab FHEURER

A= @A/F”A = {(an)nez € H A/F"A|Vn, an — an_l} ,

neZ

HANTE BTN, BT A RESEHANT. 45E @ = (a:); M b= (b));, HiET558,
ATHRE] ko € Zeo 15 ao (B bo) BIET FroA BIRFETT. BIIY k>0 N, ap (38 by)
HAET FroA MREIC, ILZ2H ay (5 by). MEE n € Z, I

Z>]€ZZO7 7’+k02na ]+k02n7

W a;b; £ AJ/FmA FEHEBETC XA RTTHOER, BTEX (4, 5) FIEH, B2 (ab),,
B R (@), — (@b),_1; HT 4,7 ATERSEEK, BHIEX k KR FKITE X
b := ((@b)p)nez € A.

AT AT A MBLEER, BA (1 + FA),en HATE; BRI EH, %S0
FREBILE] A BROTG. IAh, A SR A TR

A, H RIS A M, FFENZEE LEK FPA - FIM C FPHIM XNTE p,q K
N2, AR Ab HREUARER

M= mM/F”M = {($n)nez € H M/F"M

n

Vn, x, +— xnl} ;
nez

U FURNIMARE, SEALIAETE L /7 B A S RARBI A x M — M, MK
A,
EX 9.1.3 (RISTFHURMTEE) 1L T #9882 83008 5 98 4.

o % A AWHIF, HIF A:=lim A/FA K AR FoA 8 EEAL.

o KM, % Ak, T M Akt A-B, Fr A M:=lim M/F"M % M 3}
i FM w4

TNHHRTERS A= Af M — M, 258 a Fo x H (a+FrA), f (z+F"M),.

BEIRITIR A (S A8 M) 0k, B EHAHEAINR (it A1) g,
15 (F"A)pez (B (F"M),ez) S 0 20— 4H TS T8 BOR AT R R 8RS 3k
b, BURE R n BIW]. RE5IHL, A /& Hausdorff 28R4 HAY HyEid 4 8. I
R, EX 9.1.3 Fidadb AR e E —E =, BEREZ L Cauchy FIHIE AR
2. fE A B ERKE R, EEEIIRETTHE (ar)kso EFHE T Cauchy FIRIFA M 4
i> >0, NI a; —a; € FTA BIET 0; UL [14, §4.10] AIfETL.
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BRSNS, A (38 M) EAMR S ZEHNR (Shh A, i B e 1% A
RIEEM. SEE MR DML EINAR 2 E R UE, 40755 WiE (14, EH 4.10.101%). BA%K
WL, A (8 M) BOHREMBROKR B g . B

Fmg::{a:(an)negzngm — anzO}

:{a:(an)neA:am:()}, m € Z.

S0 FmA c FrLA, BT RIS IV BN IR, 18 FeA BADE, BHES
B, RIREATE G e A, B ko € Zeo 15 ag BREITC ap € FRoA, M G FRo A,
FEEF AN A — A MEGIEZ FrA.
FTF FeA WE AR T “REEHIER Cauchy F7 X —HEE. R, M 9K
E AR 7T S BRI Fe M, i B M s e A
XTI A — A (5K M — M) 155
1] 9.1.4 b b3 R BUME R #Y R I Fr 0 O (X 4.2.8), A 3 #y 20 R R A
gr A S gr A fo ok EFEA gr M S gr M.
A S WBTERAS A » A WE m REHN FrA - FrA, OS2 R
ABogrAd — grA BT, % (an)n — amer FE L FMHLA R0 L RER]
BFmA - FPA/FMHIA = g A, BIESHREES g™ A — gm A Rl ot™ A —
gr™ A< gr™ A KA EARELE, # g™ A — g™ AL gr’™ A gr™ A Hi
XT or M S gr M HGIBIER AL m
BERIW &AM ESYE, XE2W K (16, §3.13] IAZ, Fl/E Mittag-Leffler
&M 16, E X 3.13.11).

WRE 915 4x ABRAA M — M — M, FEFERBEA KL, FRASTESN n
HRE A FPM — F"M — FrM" | A
0— M /F"M" — M/F"M — M" /F"M" — 0
g n B2 Ab HEHEAF]. W 0— M - M— M —0 E4.
WERR ROy MYJFP MY — MY JER MY AN o BRI, BOR (MY /FPMY),, L P PLAhI

JE Mittag-Leffler 5fF. T2 [16, Al 3.13.13] FHH

0 — lim M'/F" M’ — lim M /F" M — lim M" /F"M" — 0

IES. O

DPHERT Hausdorff YR, s0E BERIEID R0 B, HE &R HIER A X —HIL.
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W8 9.1.6 % it AME M RATH M, BT M kg FM thif St FM' =
M'NFM, M~ M %%, 3FE% M %RT M=1lim M/F"M T4

lim M’/ (M’ A F"M) = lim(M' + F"M) /F" M;
n n

XML F im[M — M) B H A

SRR B MY = MM, IR ESUE FOM” = im[F*M — M"), W M’ — M — M"
WA 9.1.5 IRTHE, Wi AEMEESS 0= M — M — M" — 0. #EX,

M

%

n

lim M'/(M' A F"M) ~ lim(M’ + F"M)/F"M C M.
n

FH 7 = (2,)n € M BT M B4 HALY 2, € (M’ + FrM)/FrM WFFH n KL,
YHMNY 7€ M’ 1+ FM WA n 807 R FOM A 0 AbRIFFARIEEL, IXIF 2
SNESE O

ARIE I B] RELE HAHEFR TS, IX 511 PA RS,
EX 9.1.7 GEIBIFEM) 43F A # 4T F°A fr G*A.

(i) BXAFENpEZ MBELEqEZ FHFFPADGIA NBNMreZL HGEHE seZ #15
GrADFSA, N FA #n G*A FHH £

(i) EHHE p,q € Lo
F'""?PACG'ACF" 1A, ncZ
W F*A fn G*A LB %N

e R A, d AR M W ET AR T D K7 ik R XA E M
F-

5 WA RSN G IR NS

B 9.1.8 A LW WA R A AR BRI Y B ARG w1 KL,
A-# M EEEA RS HARE R AR S B RN F 0

JEBR EIERS, SRR H 0 AR RIIEELIE — A E, RN RIS S T 0
AERTAH AR IBEEA R E. O

SR 9.1.9 N A LEIENMELL A E AL A K, A M EHAS
ML e HAR R B M.

HEBR  H TSR AR Al 9.1.8 3715, O



§9.2 MIPAEENTERL 221

TELRR#rER, & 9.1.7 AL EN O H UL, HER S RE. HIATE o
9.1.9 s, & FCA M G A CMRBEN, /e FrPA C G"A C Fr 14, N AT B
SENE]

lim A/F"A — Jim A/G" A

o HEIEARMITTR (an)n, D ap EBREIC @ € A, B by N anyy 7
A/GA Y. FTLARIAE (a5)n — (bn), BHIFAFEIZS.

o RIAFA lim A/GrA — lim A/F" A ZIROFR7TRE S, AT ARUECATEI, #
L B TEEL.

HAMFERIE A B SHHERD BSN0, A A%, BIHETLS.

FEALRIRTESS H DA T PR A5 18, PR h LR, AT th—AFEn] DAL,
B 9.1.10 % A fr B KR, ¢ : A - B AREAA WMHEFEEp e Z #7457
Q(F"A) CF™PB st neZ g, W o %4, #AFESHEA §: A— B.

WM N KR A, ¢ M — N AHEFA, ﬁﬁﬂﬁf peEZFER YE"M) C
Fr PN A ne Z R, W ¢ %4, FAFRERA ¢: M- N.

ERFEZS ¢ F o B Y p=0 N, KNS T o (K o) ZIBLHK (8058
AR Z BINFEIZS, WX 4.2.2.

0.2 mmummsk

AT RIS HRIME R 5.

HTE 9.2.1 SEHEIENINE NI, HIC5H N, A ERIRS ERINA Zs -8
I, SREUEIRIS I EARIEEE. XN FIR R (8 R4S M) ERUIE, BATEESR FOR = R
(B FOM = M).

XTI R4 M, &4F (FPR)(FIM) C FPHaM I FOR = R NMZEIRE N Fr M
#E M 1 R-FH.

T8 §9.1 BB EEEIA R (80 R M) B Zoo-183d FPR (8L F* M)
A% n <0 = F'"R:=R (®n<0 = F'M := M) HfENFBHN Z-3Ed. 1
FLE 3N R gr R (B gr M) N CAUE Zso BIFRT ATREARS.

NI R (8 RAE M), REFZIOOHZIAE [ #En) I-EEE (B 4.2.12):

F'R:=1I" (R F"M =I"M).

ENX 9.2.2 IFHIRRY I-#RE/W) L3 R RAHE I, B R L -9y,
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(i) 3 R & I-#t g 5L A

13 n
R:= L%nR/I
= ¢ (rn)n>o0 € H R/I"|\Vn>1, rp—=1p_1 p,
n>0

A AMA L, R/I™ 8 F 3.
(i) & R M By 2 &R XA

M :=lim M /F"M

n>0

= {(xn)n>o e H M/FnM

Vn > 1, xw—)xnl},

TR E R KA R

(iii) *tF (i), LR FE M g 50# 38T F°M = "M HEW, kit M =
lim M/I"M FH M # I3 24 .

f19.2.3 DATRSEEMATH MRESLSI, A5 St &8 2 HE] 1
o NTHRE p, 35 Z NEIE pZ H7EGEN p LR Z,,.

o NTFAEEIR Ry, BERZIAMNE R = Ro[X1,..., X, KHFEET .= (X1,..., X,),
MR SE A BT L Ro-FREL R = Ro[X1,..., X.].

SERHA ERIIFAA R — R, NS R — R HEMMERFS M — M, &

FRME RAEFRA
Re M — M.
R

5 —RIGERSK AMEA IR p, : R — R/I™ (B p, : M — M/I"M),
Hiftn € Zoo. BT lim FEAD R/ — R/I™ (B M /I M — M /1" M) B, &
RIFE BRI p, T

THERN &R SER R WEAA 1R R EE I, ERES
p:R— RO o(I) C I', MEESR 3: R— R, 2 3((r)n) = (9(ra))n; 0L,
Fiop s M — MRS REFEZ, MEES & M — M, 2 (1)) = ((@n))n-
XA IE A 4

R-—5 R M- M
l l l l (9.2.1)
R— R M — I
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MFTE 1,42 € Homp(M, N), BIL (1 + )" = 1 + 12 € Homz(M, N), A
FEMA IR T R-Mod — R-Mod. I SHIERM (W [16, X 1.3.3) 2 F
1ie)

(My ® Ma)N 5 M, & M,
(@nsYn))n = ((@n)ns (Yn)n)s
EHAET (9.2.1); 1€ L EER TR 2T .

TES9.2.2 F1 §9.1 THEM &S, FI HAHINER. XERNAE R (3
M), BB HESE n<0 = F'R:=R (B n<0 = F'M := M) thEN%E
796, SRG R EETEE X 9.1.3 2 ERIRES, ko ATECH 0, TRZERL R (R M) 78
AL SRS OB TR ok, BAESET & Ml o MHEHE Tt §9.1 HIRIA.

— IS, R - TR EATMEGIES, EEE LR ER.

SII29.24 %3 R WHEHE I UTHTEMYN -HTEN.

(i) % RAERA ¢o: M — N #FS#4s M/IM — N/IN, W $: M — N #.

(9.2.2)

(i) & ¢: M= N % REHHRAS, N ¢: M- N #.
(iii) % 0— M — M — M" =0 % REHEEAT], T M FiE, 10— M —
M — M =0 F4.
(iv) XPAA IR A K RAE M, RIEFIA R M — M 4.
EBR (i), MATAE n K@ 2.3.6 (i) T R/IM-BEIEZS M/I"M — N/I"N f1 R/I"
M FZIAE 1/1™, A]H] M /I"M — N/I"N 3. [REEES5
0—= @ *I"N)/I"M — M/I"M — N/I"N — 0.

WIS o L(IMTIN)/IMTIM — o7 H(IMN) /1M TS, AR, RE « € o ' (I"N),
R o(x) RN Y, tays, Hb ¢ € I T y; € N; BREEAD 4 BN

yi = o(@:) + Y _tiyij, ti; €1, mi €M, y;€eN.
J

T oz — 3, tizy) = > titijyig € I"HIN, Xga o + 1M IR RIZ.
BT LIAW S, fal 9.1.5 MFEAVICIE (H Mittag-Leffler 551F) & tHMIES

— limp~ (I"N)/I"M — M 5 N =0,

n

o

(ii). WUERE o hZEIK M /IM — N/IN i, fRN (1) BiA].
(iit). XFTE n HEIESYIF R/1 fEsk &R, AIFIEAS

Tor®(R/I", M") = M'/T" M’ — M/I"M — M"/I"M" — 0,
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i EH S H TorF(R/IM, M) = 0, W, §5.3. NFAEE 9.1.5 %15 0 — M’ — M —
M" =0 E4.

(iv). EE M BERIT x4, ..., o FIENHERES ¢ : RO — M, W (9.2.2) #
(i) ZHI 0 : R®% — M . {0 ¢ XXM F R4 M BW—FERTT 71, ..., 50 BT
(9.2.1) BIL 2, IER o; 78 M PRI, IEEE. O

BIGHRITTIRIE SN, & R fYEEAE T f0 J W2 DA &M
dp,q€Z>y, IPCJ, JICI.

IEINRY -3 TR RN 238 2 I RN (X 9.1.7), iamd 9.1.9 &
BTG RS R, X TERE RE M, BT HAERK M.
ETENX 9.1.7 AT, WA LN,

B 9.25 % R M #AE X AT B -t FOM, #AK% I kb R AR
K Z-jRat, Mes M B I-3 R &% &0
TEA W, EM RIS E N TEMHERT - 2 EN.

IPM C FPM = IP~P0 . FPO M C [P~PO M,

Y p < po I [maxtr—ro Oy = M EREINADEERRMAGL. Ktk FeM #1348
pORLEZ Zi1g O

9.3 Emtes:

& R FAR T A1 R M. #TCHINRH, AV R M M HIRE st
BT §9.1 WIS, M BB TR (17 M),, T M SRR, FR MR I3
b, M M, F AT DR T WA S B B R R AR,

o i R — R M M J9 R85, W M WA 1-338d (1nM), FAERIN 1-3HA.
o A2 §9.1 IS, Feffe M A IEIET FoM, BT M I, f#15:

— (F" M), 4AH 0 RERI—ZHFFATIEE,

— M X HIFNE A,

— FM B HTERZE M — M1 M FESEEN 1R

XTHE §9.2 IR I IS BRI pn : M — M/IMM, SEW ker(p,) = F*M A
ﬁ n e Z21 Jﬁﬁ
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BIES| 1" M C ker(p,), FIt -85 FoM B, EARNKIRER: M #1358
I FeM NS 15 1 BRRAERIEY, AW RESEEENER.
BN I R st h R Ese .
X 9.3.1 (5e&tE) #3F RWHA [, % R~ R ZRAM, Uik R A [-#EEH.
KM, T R M, % M — M ZFM, Wk M 4 -85 44,
XTHR §9.1 FFSKITIBMsE& I, FAs i & ARS8 M Y FRH “Hausdorff 5267 41
F1REEHMA N R FATE R M R 5.
RS RRE N, "M =0, Bt N, I"M =0 B M Ny [-3#52% RBHINE
&AF. AR I e s 5 BRIk R R.
513932 % R 4 I-# %43, R4 M # R (N, "M =0, N DA T Rk &4
(1) M A RA &;
(i) M/IM A RAERK, TH M & I-# %%,
ERR (1) = (ii). DAL M/IM B4R, #id R KRR ©. 33 9.2.4
(iv) FRTERA Ro M — M N, Bt M ~Ro M 3 Re M — M 8Nk,
R E SIERITERZ M — M, Bl N, "M = 0, BIA M 5 M.
(i) = (). W z1,...,2p € M EEFENHE M/IM FRIBAER M/IM; IZ M’
WENTE M AR FEL ¥ M 5 M B E R

M —— M
w] ]
M —— M.
SIBE 9.2.4 (i) ZHWE M’ — M A, W% —7 N, "M’ c (), "M = 0. ¥ M’}
FEIER (1) = (i) ATA M 5 M. BERA M — M i SR ker[M — M) =
N, "M =0, 8t M 5 M, NI RIEERIE M = M. Fpl, M 2AH B4R
R O
NEWISE R 1 Jacobson % rad(R) (X 2.3.1).
BIIR9.3.3 £EF R [-# 541 R
(i) #7eR & R/T # g T, 0 7 9.
(i) #&114 IR C ker[R — R/I) C rad(R); %5 4, 1+ IR Tk %
EBR KT (), ¥ 7 RA (rp)n. WTE n € Zsy, TEEE 1/I" 2 R/I" (NEFHAE
Wy s 7y € (R/I)™ ZEI vy, I3, W 2.3.2 (ifi). T2 7! = (r;1), € R.
T (i), B IR C ker[R — R/I). # 7 € ker[R — R/I], W 1 +7 7E R/I H'iY
G 1, #% (1) BB 1+ 7 AT @ 2.3.2 (i) BEAH ker[R — R/I) C rad(R). O
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B934 %I A RMWAHRARER, M A R, MKHH nE Ly
() M fk% RHER -5 4, THEE I"M)" RER%ERT Mt R-TH#,
=
I"M = ker[p, : M — M/I"M] = (I"M)",
M/I"M ~ M/I"M;

(i) REH RAER - & ty, T H

(i) g4 (1) REHERT R wEH, F45

(I =1", I"M = I"M;

(iv) T C rad(R).

iIEEH (1) izﬂ_ﬁ_i n, IJ_\HJ Im ﬁi}ﬁﬁ: tl,...,tk, *Hmﬂﬂﬁ (p(ﬂl‘l, .o ,l‘k) = Zle tiﬂl‘i g/ﬁ\
HE RABSHRA o - MOF 5 "M, FRA (9.2.2) FIBIHE 9.2.4 (if) 135 R-HRZ
P M®F 5 (I"M)" = lim I"M /T M
m>n

= ker[M — M /I"M] C M.

BT, B G (Z1,...,5) N SF 67, Bim(@) = M. B p, : M —
M /1" M ¥5'SFBE [
M/I"M = M/I™M.
POLH lim | 185 (M) 5 M, TERARE M - ()" K.
(ii). BURHE M = R RN (i) BT,
(ifl). H1 (i) &0 (/") = I"R = (IR)" = I" W} I"M = I"RM = I"M.
(iv). 352 T = IR M5B 9.3.3 MEEE. O

Wit 935 1 £ RWARAKER, M % R, W A% FLE KL FP M =
ker(pn) E& M #y I-3 k.

R XA n e Zsq, @ 9.3.4 BB ker(p,) = I"M = I"M. O

Gz, i 1 ARVERIN, M LR 1B, PO A TS = A1,
FE45H Hensel 519 [14, FHE 10.8.4] I9—FHAE(A.

EIL93.6 H RAI-H#HTEHK, fERX| T zo€RHER fzo) €1 F f'(x0) € R,
WHEEE—H v €xo+ 1 FH f(z)=0.
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IEBR SBVAMNFTE n € Zso B Xz, 17 f(x,) € I, f/(@n) € R* M @y —ap €
["HUERRGZ. REH o, NE t e R BF

f(@ +1t) = f(zn) +tf () + t°a, a€R,
fl(zn+1) = f'(zn) +tb, bER.

BTF5I# 933 (i) MERX, t € T &K f(x, +1t) € R*. RGN Newton &I, B
ti=—f'(z,) " f(xn) € "M AL 2y o= vy, + ¢ TR ER. T R B I-E5E81E,
(Tn)nso BRIR 2 € xo + I, R f(z) = 0. TEEMERIE.

By BWEZER W y—xecl HEE ce REHR 0= f(y) — f(z) =
(y—a)f'(@)+ @y —z)?c. Mzexg+IH f(z)e R*, HHEE y—z €N, I"=0.
MHE—PEASIE. O

i¥ig 9.3.7 (RiiR&tE) & 1°X R, I MIATILHY R-BHRIR, W I#E&— KA R
GFEIPERT BIANEARRZA IE & B, HOE AN RIE TR, N 7552 —2 DU R
HISH7E& M. %I R-Mod (UL SFHITENEY D(R-Mod), TEUL [16, E X 4.4.6], A
AIER T f € R #1 D(R-Mod) FIXER X, XE®

xExdxd o anEyEm

@uai%4mamﬁ@@gEﬁTujy%ﬁ%ﬁfe[%ﬁﬂxﬁzqw%
X 7y I FHTEER; XBE) X TV D) sy (R-Mod). X4 T ARRA R, £
BT Dyses (R-Mod) — D(R-Mod) HAFERE, Frzfy -3 S H e LR F

HT R-Mod #k A}y D(R-Mod) Hy4FJtls, I MEERIMER R M 1Y 13
SsEgtE. Y 1 GRAERE, FE M 2 RSN TREEER N, "M =0 B M
& SRR, SHESMTTZAT p-#t Ui, IR HRAHN 20, 8=
B [12, Tag 091N].

9.4 Noether FHYSEEK

Xt Noether Ph_EHERARME, SE&MLARHI REFAIMER. #HIC5 SN0, A5
Wses et -kt

Pl 9.4.1 % R % Noether 2, I A HIEA, N

(i) %’%"f’t M — ]/\4\ é{g\uw_,}j\ R.l\/k)dfg E[J E-MOdfg é@ﬁé\@%,
(i) XFHAIRAR R M, 2GR A ﬁ%M — M AR

(iii) #HEHFFEAS R~ R ZFHH.
DIRIHE oo-EWERTA, FIIE lim £ HATHBIFIORIA.
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WEBA (i), 513 9.2.4 (iv) HIRESAHET R-Mody, — R-Mody,, Ti (9.2.2) 2k
AT IERIAE MR F. %8 R-Modg, HIVEIESS] 0 - M/ — M — M — 0, U
MATH n € Zso #ERIERS

0— M /M NI"M)— M/I"M — M"/1"M" — 0.

55l n, M M ERSEEE Fr M = M NIt M R M, M B - EGE L, RN
i 9.1.5 ZHI
0— M — M— M" —0.

IEAE. R FeM BSE M R IR, $UEP 4.7.4 BiBH FeM 2 4783, 4kim
i 9.2.5 R M EN M/ B ISRl

(ii). BURR RP® — R — M — 0, HH a,b € Z>o. FT (i) 1 (9.2.2) 15EATIE
BRREER

R®(R®) — R® (R®) —— RoM 0
R R R
ﬁ@b ﬁ@a ]/\Z 0
Hrl 5 L # 2 R, E ﬁ% R®* ~ R®* KMEFRASZERTES (« € {a,b}),

Fe il
RN A N R % M 5 M.
(iii). FF (@) ™ (i), R @ () : R-Mody, — R-Mod;, IEZ. SRR SR FIH M FEAR
W (IS 5.4.4), TEARRAERUETERE A E ST R BT R — R T4H. O

RYEH9HEL 9.5.2 KA HE R — R HSTEIHIG— TR 51k,
#i2 9.4.2 i R % Noether 3, I K HIH, M KA RA K R-HE.

() AHEAFHENC M, AHAAN > M # N ERT Mo F#, MAHRE
BRIty M/N = (M/N)".

(i) HEMFHE M, Mo C M B4

M, + M, = (M;y + Mx)", M, N M = (M N My)";

(i) HEMEL JCR, BEFRAS T > R¥ JERAT R i, FRERFAY
R/J ~ (R, Ti B J:fz
(iv) annR(M)/\:annﬁ(M\).

IERR (i), MAARAR R-EESESTE.
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(ii). B My n M, FERFT M — M/M, ® M/M, W%, ¥ M, + M, FFT
My & My — M BIE; XF My f1 M, WEMHRSES. #ERA (9.2.2) MEELNIE
xR

(ifi). BN J — R M RBEFEN R/J ~ (R/)" &2 (1) ¥ M = J 8986, i BJ5
—[FIM%HE R — R/J B R — (R/J)", HMRHFEH. ET J = RJ, LHEFRZ
J = RN B EL M ER

J =

=)
®

id®e

— >
W5 )

=)
3R
=
|

LM & RIS EE RT = J.
(iv). @ 5.2.6 (B S = R) A R - annp(M) = annﬁ(]\//f); gEE (i) H7EKR
TERA. O

#i89.4.3 TEEIL 042 (i) BIEMH, &K N WERT N MiESIEE (v n
I"M), Z5e8At; fRNHEL 9.1.6 AT N IE2 im[N — M] 78 M Hiifa, hesmE T
TR lm (N +1"M)/1"M. BRI M = R rIRIFAESSIRIER T R (AR,

Bl 9.4.4 % 1 ZF R WARAERER, M & R4 BR §4.7 825 8 X0 KH

gt (R) = @ I"/1", gry(R) = @1/1H,

n>0 n>0

M XA ey (R)-H o, (M) FRK grp(R)-H axp(A). -
W R A AN R/I-R St # A erp(B) S gy (R) B 5 2 35 8 rp(M) 5
gry(M).

WA @ 9.3.4 B I = "R, R/T ~ R/1 WK
I =11 1" ~ 1T - T =TT,

HIA3E] gro(R) ~ gr,(R), 76 0 (RWULHN R/T ~ R/T; 5 W5,
FETHE M BB T2 2R, RAREET @ 9.3.4. 0
DARISIEFEHGHNR R ARSI 55 95K

BRE9.45 % I 3 R WAWAREN, T R/I % Noether 3, Il R £ I-# % 4%

Noether If.
JEBR @ 9.3.4 YiBA R 2 LESE&EM, I" = "R W R/I"R ~ R/I", WA
R5lim R/T% 852 RO 5.
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BT BIAERRTT 51, ..., 5n, HIESEIDR R/T-AEETIRR S

(R/T)[Xy, ..., Xn] > gr;(R) = P 1" /1"
n>0

X; — §; = Si+127

T2 gr;(R) 52 Noether 3.
NT B R 2 Noether 31, BURIE R WFTAFAE J BHERAR. &amE 944
F1_E—EERTA]

P n1 /(T c PI/TH = gro(R) ~ g1, (R)
B BOHARZFIRAERIT 1, ..., b, A 018 d; = degt;, FE E; HIJEE
t; € Jﬁfdi. AU t1,...,tk AR J.
XNFFE n € Zso M ye JNIn, JJBE aq,. .., a §15
~ k ~
a; € Imax{O,n—dj}7 Yy — Zajtj e JnIt,
j=1

SEE ¢ e J, K ERRIERBIE] a;; € Tox(0idi} Hef i > 00 1<) <k, {f

£

N

o =T,
k
Tig1 = xi—ZaijtjEJﬂIiH, 1> 0.
Jj=1

IS 0.3.5 2 FIOTHERI R (MRS TR, TR o = Y%, (11 — a1), M5
SHERIR S0, ay MFE 1< j < k 16 R sPIKEL, 1

~

i 9.4.6 & R £ Noether 3, [ & R th#E4. | R & I-# 2% Noether .
JERR  EH T HBRAERK, BRI 9.4.5. O
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9.5 =msummEcEm

R % [E Noether 38 R FIHMRAER R M 1 I#E&E K. B4EHICW
dimp M B¢ dimp ]/\4\7 DASE VAP AR €.
DUT R THEIR 9.4.2 (iil).

B 9.5.1 % R 4 Noether ¥, I 4 R ty3EA, N I-3 % %104 2 4
(ias 1 wmey o (T s Then)
JHi

7
(i) # R — R BURM& % i 8 By — N 3 B 4t
() % J J B o
R/J~R/J (HFEH),
ME JREEE (RRAEL) Y ARG J Ak,
(iil) & PR A W4t
MaxSpec(R) NV (I) — MaxSpec(R).
B SRR J o1, BT 1-(R/J) =0, #EL 9.4.2 (iil) 4 HIAFER
R/J ~(R/J)" = R/J.

T2 J 2 R WEME (SRR Y BAY J 7R, HIRIEIE 9.4.3 ¥ T HRFT
R =1lim R/I" WEEAR lim J/I" HENZ0L 2 T 1E R FPIEMG. it T — T 2
B,

@ 9.3.4 (iv) ZIRFTE n € MaxSpec(R) BHE T, M n 2 B X T3HHEHMOTT
FHE (L 9.3.5). XEHN R 2 I-#H58% Noether 3F (H1£ 9.4.6), n HFRAERL, #5178
9.3.2 BB n J& TR S22 (I Cauchy FI7E n FEMRIR), M n 7€ R
.

Cn7E RPIEGSN m, BET V(). B @ 2 im[m — R] AR (EIC 9.4.3),
B n A0 n D m.

W—77H, R — R WGHE, i n FF, SEA y € n BEEFFARER (FTHREAEST
n) #AERE m IR, HILHES y e m. 285 n=m, MBIV REA m 2R
A8, BARRARIIE. O

#i€9.5.2 % R % Noether 3, £ I &4 F rad(R). & R #§ - # %44 R,
M R E&ELFHE RRH
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JERR @R 9.4.1 (iii) EUPA R 2 PHH R-REL X R MIFTE R AHAE m, @i 9.5.1
1 I C rad(R) W m JET Spec(R) — Spec(R) M, HUEH 5.5.4 KRR (1) <
(iii) Z5HY S PIEME, O

#3€9.5.3 & I % Noether 3 R yEE M, i R & [-# 5 & LA R
o # V(I) N MaxSpec(R) £ % —th % m, 1| (R, ) £ Noether f#;
o # V(I) N MaxSpec(R) 2H K%, Nl R 24 BHIF (&L 1.11.2).
B A, % R ZBHI (FFRIIF), W R FHK.
EBA  HEIE 9.4.6 BiHH R 2 Noether ¥R B7FI@E 9.5.1 FROETFHAHRAR AU .

M 9.5.4 i R % Nocther A3 (S BHH), M AHEAK R4 #
WAEBER (R X 721), U F# AL R £ Noether B33 (&:F 5 %),
WA R, T A

O
I &2 M
T2 M

(i) M=0 < M =0;
(i) dimp M = dimg M;
(iii) 7 (M) = ez(M).

JEBE  ESEHAE 9.3.4 (iv) A1 T C rad(R), ML 9.5.3 A1 R & Noether JR#8FR (824
JRERER). R 9.4.4 A gr; (R) ~ grp(R) M gr (M) ~ grp(M), MILAES M/ M ~
M/I"M N n > 1 KoL BeRl, B R/T ~ R/I-BERENG M/IM ~ M/IM, Fiisk
FEEHIR, T 2 M NSEE.

(). % M =0, W ERWIESR M =, ["M; EBH [ BESEM, I C rad(R),
EM 371 B/ M =0.

(ii), (ili). FIRWICEIR 0r(M/I"M) = £5(M/T"M) K. 4 M # 0 (JRED
M £ 0) B, SRS Ky = K; 57 57k, B 7.2.3 19 d(M) F1 d(M) FH5, X 7.4.1
(K] er (M) 1 (M) HZ. BENZE] d(M) = dimp M 1 d(M) = dimz M BIA] (EH
7.2.8). O

#iC 9.5.5 & R % Noether £ F# 3, I A #% E rad(R)* c I C rad(R) # # &
(k € Z>1), W I-# % &4 R # 2 dim R = dim R.

MERR TR 9.5.4 (i) FRA M = R, IR ERNEM rad(R)* C I C rad(R) Fh T 1
& R MSHHEM (518 7.2.2). O
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9.6 =mgRZF

B e &R RS E S

EX 9.6.1 (RERBF) & (Rom) HAHF. # RE mit bl (#HF2 RS
lin R/m", WX 93.1), M2 A 5% 4 F #7%.

§19.6.2 HU AR R UER. ST 2, Artin 5B PRE T2 & R HEER, X R R X
Artin JREBFR (R, m) 264 k 53 mb — 0 (I8 3.3.2), i (R, m) 524

B19.6.3 1 (A, my) S5 RHRER, KIFTA d € Zoo i UBRRABLEL ALY, ., Xa]
[ FEAR
m:= { Z caX?: ¢,...,0) € mA} =my + (X1,...,X4q),
Hohoxe o X0 X0 WREERE (ALY, .. Xa)m) SRR Y A &
Noether P, Al 7.6.3 (ii) ZEiK
dim A[Xq,..., X4 = dimA + d.

i 9.6.4 1% (R,m) Jy Noether 52&Jm#IA, I N R REHME, W R/I B7E&RER,
XARFEHEL 9.4.2 (i) A m-HFREMAHIGERMY (R/1)" ~ R/T = R/RI = R/I.
8 9.6.5 &I (R,m) & Noether 314 A\ Y m ZH R A KHEH.
JERR 0247 FTIARE L. WA 9.4.5 RN T = m AJ1G “X47 {75, O

TIRFEETCRA TR 2.2.6 FIFRFMRA, tIEH THIERER 2 &I,
8 9.6.6 % R % I-# %% Noether 3f, £f I C R Z#E M. # A ZHM R-R#,
W AR ITA-#TE&K, WRA A— A/TA #5304

(ecA: BER) 5 (ec AJIA: R%TT).

ERETLCL...en KR IFA] = & =0, WENHE—FEFFRK er,...,en 0H
JERR AR 9.4.1 (ii) ZHIM A 1N R-BI HE52LRE R ®A=RQA=A4, it A
B TA-HSEERIR.

BEILLEZIASE f = X2 - X R FEF f =2X 1. Hiec AJIA &
WEIT, M (2e—1)2=4e® —4e+1= 125K f'(e) € (A/TA)*, TG 9.3.3 (i) ZEiK e

HUEATER eo BETHIE f/(e0) € AX. RNEFE 9.3.6 EIS AT M.
B —aB e IES il 2.2.6 LR O
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—El 2.2.7, BRI AR R-AEABA TSR, IRIETE R
PARZamd 9.6.6 HI—NISL LS.

i 9.6.7 % (R,m) % Noether & m# 3, S A AW R-R %, W S 24 FHF, It
E— S = Hl‘léMaxSpec(S) Sﬂa ;EJ\:CF/]\ Sn %ﬁ%%ﬁ]%ﬂ:

B ARRPEZN S/mS /& Artin 35, DAHEIR 3.3.4 ¥ S/mS 73 ENRE Artin IAY
B S x - x Sy il 9.6.6 KEHX N FIRSFEICHE (A 1.2.2) ME—HUERFHE] S, M
NG IR S = 51 x - x S,,. BN S; BRI R-RE

Z57E 1 <i <n, fEB n; € MaxSpec(S;), MEH 6.6.3 (iv) BHR n; B m; Kyl
H, n; D mS,. R S;/mS; ~ S; BRERI, BOXAY n,; ME—, T (S, n;) ZRIEFA. Z%
AR MaxSpec(S) R T {n;}ry, K S; FFT Sn,.

JRER Artin 38 S; BUMCKERAR A D E AR (IR 3.3.2), [ k> 0 B nk c mS,.
fimel 9.6.6 KA S; B mS-HFEEH, FMZE n-H5eer. BHATARIE. O

9.7 cohen &igEENTR

ATTHY Cohen 455 € R BT 5E & R BR AU ZE 4. HOEPAFREEIR T A, MAF
§77 AbHE.

513971 % R Ax&R#MA, AR AERZEZEM, N R HH 2 Artin F# 3, K
# & & R E T

B B @ € R 15§ R WK m FT (w), Z2HEZ IS,
ERRAEE n € Z>1 15 o™ = 0. HINHES 3.3.2 ik R 2 Artin FIEA,
HIRENE n BF o # 0. BRREIE R N, (o) = 0; 47 2 # 0
HBAREM oo ToF5 BERR, AT « = w'u, HH r € Zso M u e R\ (w) = R*. H
S0 R BEIR. @y K = Frac(R), & XMLt

v:K*—=Z, v(wu)=r (reZ, ueR™),

7 v(0) = oo TIE K. HITHRIERI v 2 K FREBRE, m R
v 1([0, +o00]) B AYEHIRMEDR, DL o NH—FALIT.

X 9.7.2 (R¥IF) & (Rm) ATHRIIH, A A R BT H. YT &R, F
A R o1 2 HOT:

CR.1 (A, ANm) £ %% 5T,
CR.2 ¥ EAA A — R FSH 4 £ = 66 A,

CR.3 # p = char(R/m), Il ANm=pA.

O



§9.7 Cohen ZAFEIRRITRIA 235

MERESN 9.7.2 HE R BEFEMNE, MEF Q C R, I p =0, X8# F, C R.
FRIEA% CR.3 #H Anm =0, \ifi A B3R, MiH A — R — R/m &RV,
HEY R SRS (SEOHITE, 24 A 2B, AR A 9 R REUR.

—METE T, 518 90.7.1 RIAREOIR A E 2 Artin BEIF, SERLLp- 14 #0
N—BUL TR R ERR, Hrd p BRANRE. DU E B E.

X 9.7.3 (Cohen¥F) # A 254 BHMMEN, MEFALH pEF p-1a 2 A HY
— 7T, WA A 4 Cohen 3f.

Cohen IRESHRIZRE p B A ME—TE, © 5 TRIERZEBHIFRHIE.

f19.7.4 iERE p FIRHIE p B £, HFER £ BEEBE: 2 = k. FEHEIFEN, R
R ~ K B Cohen IMEZ [14, §10.9] /TERY Witt [MIEIF W(k). X2 [14, EH
10.9.11 + fmdi 10.9.12] HIRLF.

IR 9.7.5 (I. Cohen) % (R,m) % %4 B # 3.
(i) #7# R # 7 BOF.
(ii) # R # Noether 3f, | 77 7 3 & 14
R~ A[Xy,...,X,]/I,

Ha A 2B Cohen 3, n € Zso, T I & A[Xy,..., X, ] WEHEH.

ERE 9.7.5 FUEBADLIE §77, HoRAH—NINAH. SEMEEX 11.1.3: & (R,m) &
JRFERER, T m BEH d := dim R DITRAER, NFR R NIENRERIF.

#iL9.7.6 # A 2 Cohen 3F, M| A[Xy,..., X ] &N %% F# ;{47 Nocther %
SBHTAEERENEN 248 HI .

WEBA X T8 — 8B4, W A BRI RRBEIEN p B Cohen . fil 9.6.3 15 HA
A[X1, .., Xa] BRA (p, X1,..., Xa) WK SR, HE0E 4+ 1, HI
(CE UL

TR A BEN, A[Xy,. .., Xq] FFEZENZEEREIR. BLE Cohen S5H7E
B 9.7.5 (i) AI{SEE 47 O
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9.8 Beauville-Laszlo F&: 1E5

AR S/EIEY] Beauville-Laszlo NREEH (EF 9.9.4 FIHER 9.9.9). HIA
B2 (1], PATIERE [12] RIBERS, TERA—MRE RIRRAR. AR5 RIBAESCHI B ARELE.

FRIAFAS o R— S f e R M S H RAEL, MENHRFRIL S[f~1) AISEHE
F Slp(f)); SREHERERER .

MNFER RAE N, ;L Ng := N 5 At SR N SENPE R[f B W Ns B
HARM R[f~1)-FRE5H.

EX 9.8.1 (Beauville-Laszlo FBEZEH) %47 R— S f wk, & X Descros s H
T e

> RB R M= (M, M2, 0), ¥ M & SH, M & R[4 T o MF] S
(M°)s & S|/~ R4 s F-H A Beanville Lasdo T B4, % BT
M.

> S KM B My WAHRE SERAS ©: My — My F2 R[fTU-HEX ¢° -
M? — Mg, 45T AR #%:

My S )

all l‘”

(M?)s —=— (M3)s.
¥°)s

1B % TTAn A 4t oy B R X E B

é/lfl\ﬁ R'ﬁ N, ﬂw\ﬁ?ﬁﬂﬁmﬁﬂé DeSCR*)S’f B"JXﬂ‘% (NS,N[f_l],OéN), /E\:E{J an :
Ns[f~'] = N[f~']s 2B AR,

EX982 % R SAn famk, BX—HET
B : R-Mod = Descp_s,f : L.
FExE R B R
o B(N) = (Ns, N[f~'],an) 47 L;
o L(M) =ker [M & M° — M[f']], WA B R-EFA

MM — M[f7Y, (z,y)— % —aly®1).

AERHER, CAT B B .
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NTIEX 9.8.2 BT SEITEREEAT, SURFIZ] R-Mod HIEIE TUE. i,
THBE ML R-ERFE:

o M\ RE SaR[f] BANARLE S a— (cp(a), %)
o M S @RI F S| HRAS AR p, SRRERBL S - S[F MUK
elf ' RIf 7 = S[F.
EX 9.8.3 (MEMMAHIR) L% (RS, f), EXEAA S \p . #

0—— R —25 SeR[f 2% S[f'] — 0 (9.8.1)

RIEAF, WA (R— S, f) AMiaxt. 7 R-E N fn (98.1) FRERS 8

1d®s idy ®(A—p) 98.2)
0 — N —— (Ng® N[f!]) — Ng[f™}] — 0 -©-

REAF, WH N A3 (RS, f) 4642

i¥i0 9.8.4 & (R — S, f) NKAEX. Tor MTHIKIEAFIRIAF Torl(N,S[f']) =
0, M N X (R — S, f) @Ak X N BU#EFERIHE Tor, il AT BWEN T
Torf (N, S)[f~1] = 0; FeAlHL, HAEEX (R — S, f) I S 2 FH RABE, fr
R AR

EX -k 9.8.5 F5wk, FiRa kA A R-Mod W4 i By 2 F 8% % R-Mod'.
(i) £ X 9.8.2 i (B,L) ZHEHM, BRHAL n:id— LB kY (9.82) 4 id®s.
(i) #HF ERAM BL ~ id, 71 H L # 3t R-Mod 44, | B R4 4 A R-Mod %

Descro,s,r MEH%M B, ©L L AW &F, WENF R id S LB FH
Hn R
B (i). A7 N A M, EAZSS B(N) — M ) o fl oo 250 N — Ng #
N — N[f~'] HAENE RAEFRZ (u,v): N - M o M° BiE. K2, M (u,v) : N =
M ® M° Al SBIRZS ¢ : Ng — M Ml R[f RS ¢° : N1 = M°; BEER

N
Nslf 1] = NIf s N
w[f’lll l(w%s M Me®
MIFY) —s (M%) | |
M[fY] —Z— (M°)s,
B (1, 0°) SAHIAH B(N) — M ST AR, TS0 TA 2, (55X
T (u,v) A L(M) B R-HR[FIZ.
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BN (,9°) = idpny, W (u,v) : N — (Ns, N[f~1]) TAF id @ 0.

(ii). & B £ R-Mod’ EWIFRHIN B’. H B'L = BL ~ id &l B’ 2AJG#E 1, LA
NEE ARs B B R-Mod' = Descp,s s : L 2 FERERT, MiAl KB R AR
IEAH (9.8.2) RAALLAERES AN id — LB’ (FREN n HIBRHE) ZFEA. FRIERTTE
WHOIRUEIR A B’ 285k, UL [14, 55 ZF S/ 8] MHIER. O

N TASEFEREEN, L0 R — S F f HEIERIRE A

97F 9.8.6 X R NN, f e R AEINAS ¢: R— S i S BN R-AEL, FHHIK o X
Fif n e Zs BRI R/f"R = S/fS.

N RN Fln € Zsy, BUN, = {z € N: fra =0}, HEX N BT
Noo i= Uys1 N (GEHEIF). Fehlith, ;U N = R BV Roo = U5y Ry, MHFAZS R — S
BRHIN Roo — Soo-

SI329.8.7 Z4 T 98.6 G EW, 4% R N, X Noo, Roo F1 S W1 E.

(i) £ (981) #, A —p B RS, MZAE R (K SOR[f]) REALARY
Reo = Sec A8 (HH).

(i) 7 (9.8.2) %, idy @ (A —p) B2

MRS, A E N (R Nsd N[f1)) LEAY
EAXY Noo = (Ns)oo K # ().

|

(ili) & (R— S, f) k&, U (9.82) &# Ns® N[f | L EETEA.

WERR (). MATH a = £ € S[f7'], ¥ b BN p(c) + frd, HF ce R d € S, N
A= p)(d, —c/f") = a. WIEIFIE.

XKF 6 By, ERE] ker[R — R[f']] = Roo BIA].

¥ (9.8.1) £ S @ R[f~'] &IEA, WA (a,0) FIILE (a € So) RERA 4(b), M
b € Roo, BUILI Ry — So i

RZW Rog = Soc Wi B (a,8) € ker(A = p), W f"a = p(b) € Sac, HAFIE
¢ € Roo 18 fma— () = p(c). @b =b+c, W o) = fra c S &K b € R,
B = fry. WERE

b b v o) (V)

o a
o1 oo

% o(b") —a € S N o(d), b d € Ro, £ EATR (a, %) — 51" — d).

(ii). AHFEEZ A —p BU N 2 (-) BRI idy @ (A — p) T, BIEHPAYERICUERT (1)
M, BE% R/f"R= S/f"S 4K N/f"N = Ng/f"Ng BIA].

Y (R — S, f) BAEEXE, MIES%] (9.8.1) ;LN ® () FEN H sk EFRA IE ST

A SR E — B0 O
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il 9.8.8 (SEEILEUIBAL) — P CHELBIEIW S N R %R/ R Me: R— R
HNBTEFRIZS.

o WA 9.3.4 (i) RN T = (f) ATHIZIE 9.8.6 Y R/f"R =5 R/ f"R BRAL, 5|
H9.8.7 (i) B (R — R, f) BREEX Y ALY Roo — Roo JINUT:;

o ¥ fIE R MERT, WEHTE R = lim R/f"R WFREF, BUEN R =0=
Reo, i (R — R, f) AN $BEC51BE 9.8.7 (ii) A (iii) A N Xt (R — R, f)
FEARE Y HAY Now — N ® R .

M fOHE&IE N - N @it N 5 N ® R R, FERISSILETRY (a) £ IE R (9
BHTF, MH (b) N N, fEN =0 I, N Xt (R — R, f) BATKEL FEEFIRME (b)

WAL T f AR N, AN BIEE T
IR 9.9.9 ReIE— BRI L.

99 Beauville-Laszlo Fi%: £FIE

FRER §9.8 BUTHE. Joic SR fa s EA FIRIPE .
BI329.91 % RAEEH L % S R-RE, MAKFAS R— SHHA n € Zx
BF SR R/I" — S/IMS. & R4 N WENMTEHE T L NMFREN, WHTE
A& N — NgS§ R

HEBR WNPATE n>1 EX N, :={z € N :ann(z) D 1"}, N

N,~N, @ (R/I")3 N, ® (S/I"S)~N,®S.
R/I" R/I" R

BT N ST U, Vo, THKEBIR lim 2246, WS 15HIE. O

112992 ¥ R 43, f € R ZHXFEA R~ SHSFEMH R/fR S S/fS, N
Spec(S) U Spec(R[f~']) — Spec(R) # i 4t.

MEBE 518 1.10.3 (i) FIHEIR 1.10.11 Z5H
Spec(R/fR) U Spec (R[f']) = Spec(R),

EHRFES R - R/fR M R — R[f ' 5T HFESE R - R/fR> S/fSET
R — S — S/fS W&, FilA Spec(R/fR) TE Spec(R) B EE T Spec(S) 1E
Spec(R) HHI&. O

BIIE9.9.3 AF it (R— S, f). hHE 9.8.6 thiEd:
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(i) Tor{'(R/Reo, S) =0,
(ii) X PrH R-# M, i C = coker[M — M[f~']], I Torf(C,S) = 0.

WEBR (i), W Tor BIFMIEI lim 32#t (513 5.3.3), i R/Re = lim R/R, ~
lim _ f"R, F@ERRFAE n > 1 W Torf(f"R,S) = 0. £E 0~ R, - R —
"R — 0 X Torf(-, S) WKIESF, B HIE R, ® S — S R 51# 991 %4
R, > R, ® S, MRS E X IEAFG I3 9.8.7 (i) 28I p|g, : Ry — S N

(ii). ZePA M /Mo AR M, 295 f 3 M FR TN M — M) NIEE; #5
Z, M 2 R/R-15. HWINEZHER

M id M id M id

| [

M im #M ...
H flz f"’lz
M M

M f f !

R RIPATZ IR RSN lim Z8H M — M[f71], 80C = M[f~]/M =~ lim o M/f"M,
S M/ M S MY ML BT i FRE N
Torf{(M/f"M,S) = 0.

FEERH M = R/R.. WHISIHE 091 FIKE MR R = S. (517
9.8.7 (i) S8 M ® S ~ S/im[Ry ® S — 8]~ 8/Ss. MIEGH 0 — M EARG YN
M/f"M — 0 BEFESF

Torf'(M, S) — Torf'(M/f"M,S) — S/Se AR 5/S.

T F R, B R/ Rl F R F - M, (EIEAS]
0—-K—=F/f"F—M/f"M — 0;
X8 TFAGIEE 9.9.1, ARSI () 0 S 5IEr, Al Tor B 710K IE 491 el
Tor{!(F/f"F. ) = Tor (M/ "M, S) i, {HERI Tor (F/f"F.S) = 0. WiFfHiE. O
EIL0.94 % (R— S, f) ARt EHE 986 #3Ed, LEX 082 $HET B

LT % R-Mod L [R% 4 B, Il B’ : R-Mod" — Descp_ys s £ W L Al
BT EsEN, MEN T EMY id S LB TEh (9.8.2) HH id®6.
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B SAEFEER M, @ N =LM). $TEX-a# 985 IE N X (R — S, f) N
APKGER, T HA BLYE[RAY M ~ B(N) BIA].

IS 9.8.2 FIHIFEZS M @ M° — M[f~1] 8 d, Wl N = ker(d). SERIE d . X
jfzeM[f* L, Ralz) WY, yi®s, HF y, € M° T s; € S. ¥ oy ©1) F
Ji% }’n,,\':F'ylEMﬂﬁn R R s R b — p(a;), HH a; € R b; € S. B
=Y by,e M M y=>,ay € M°, }”U%de(ﬂc y=%2-aly®l) =2z

FRAGEAY 05 N > Mo M° > M[f~1] = 0. PARIEBHSE —BRESHH AN
SESAESEE Ng S M N[ S Mo, AINX S, FHAIR (9.8.2), #rl UL N
SEAPRERETTT M ~ B(N), MiZERERA.

MEEE N =ker(d) Fl M@0~ M 2N {z e M: % =0} =M. KN fAE M°
B MY ZERT, LR ESTINERES N & Mo, X M BESEESS

KHa !
0 —— N/]VOO M®° C 0, (9_9.1)

C := coker [M — M[f_l]] .

RMAIEGET ()[f 1] BA N[f1] = M°.
518 9.9.3 (i) #— ﬁ%@ﬁ (9.9.1) Bt ()% SABIESR, # a: M[f~1 5 (M°)s
518 9.9.1 FAE

REN—M 51
0 —— (N/Ny)s —— M[f7Y] —— C —— 0. (9.9.2)

S%E R N — M B SNFEARRER

(Noo)S — Ng —— (N/Noo)s — 0

| ! |

0 Moo M M/Msy — 0.

FHRIZE R (0.9.2) TINFM; £BKDIFE 0.0.1 MIEAR No 5 M iR,
B R TS B (16, il 2.3.4) HIREIRHEN. BIFFAKE. 0

38 9.9.5 (FIBIERS) =t —PZR R - S FH MW 6: R — S x R[f'] JFFHE, F
SEIEIE 9.8.4 WiHH R-Mod' = R-Mod. #t—, EH 5.5.4 M58 9.9.2 2k 6 LI
. HEEER 9.9.4 FIVEREEAT AT DL RN SEIH RS — Rk, U §5.6.

REILRE T B FTRFIE TRISHER. P2 EHARE, AIRAER, THEATE R
A AR .

il 9.9.6 HE4T 986 i EY, HE RE N, N:
(i) & N#0, I N% (S x R[f1]) # 05
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(i) R-# N ARAERYHRY S x R[f']-# N @ (S xR[f ') AR A

WEBA (i). &E N#O0M N % R[f~1 =0, W N ENTEAE f EDNFREL,
53 9.9.1 I N % S~ N JEZE.
(ii). WEBH <X B AEIR]. ATEL S x R[f B N ® (S x R[f~Y]) W4T

T ® (ylazl),' oy T &® (ynazn) E:y Tlyeeey Iy XTF‘E/J R- EH?« REBH — N; ;H\:ﬂiv%
(S x R[f~1)) BysK&EAN 0, # (1) ERRZN 0, TR0 24, ..., 2, 22K N, O

511997 % (R~ S,f) A#bx. AT 986 7 Ed, dTHE R-# N, &
N :=LB(N), M ftpaxt th 840 ny : N — N S FEM Ns = Ns fo N[f~1] 5 N[f1],
TE nn Hik.

JEBA  EHE 9.9.4 RAF N ZADRGEL FEAHTEHEEM B . R-Mod” — Descr_s s, PA B
WA PERE L /EA 0. (2 L sk, Juls i (W [14, %S 8] RHEIDR) #
PREEBEXT IR AL € : BL = B'L — id 2. T2 epw) : B(V) = BLB(N) = B(N);
FEREXT =A% (14, 518E 2.6.4] 2R ep(n) o Byy = id, # Byy ZF NI, HEETE
#i‘ilz

é?%lf% 9.8.7 (iii) A1 N AJKE, M ny : N — N BEHTES KR

N —— Ng@® N[f~ '] —— Ns[f7}] —— 0

| l l

0 —— N —— Ng@ N[f '] — Ng[f~ ] — 0.
MRIBSERTI IS, HREAIAG BE 9 [FIAL, ST 5 | BREEIR 2 B i, TEH 58 8857 O

@Rl 9.9.8 & (R— S, f) AMAX. E4E 986 W&+, £ N ZEE R#, I N
AP (A RERES) R-ELER S Ns Fo N[ 25 2 FH (FA RAEKEA)
S-#iA R[f -

IEEA ACPE <47 75 AIBIA]. g TEEE’JHJJ’(ZIK HSEIESIE 9.9.7 R N — N
2 K HWE AR N R, W Torf (N, ) = 0, #UEEAF

0>K—>N-—=N-=0

M5 9.9.7 S8 K ® (S@ R[f7]) =0, @ 9.9.6 (i) HIR K =0. HILHAI N~ N
SEIH.

PLRARYG % N wks. S FHATE R N/, 26075 f 1£ Tor®(Ns, N') LIIFRIEAE
i=1MNNRERFG, £ i > 2 NyERRE. WEE N = R. KA R R[] B,
FHIEAH] (9.8.1) X Tor?(.,N') K IEESISE

Torf (S, N') < Torf(S[f~',N), Vi>2, Torl(S,N') 5 Tor(S[f~1], N').
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XN BEEHEE AT TorF(S[f 1], N') ~ Torl (S, N')[f ] XFTE i AL, FEHIFFE.
T —RER, Ny BT S-BSFE Torl (Ng, N') ~ Ng ® Tor}'(S,N'), HIHH
KL E—B RV S Ng A FRER A HRAIE lim (B 5.10.2), AT DLIEIRITS
kDAY
EHER B ¥ (9.8.2) AMER R N’ Bk &, #id N[f~1) & F3H BB, Al
HHK S5 S

Tor} (Ns, N') — Tory (Ns[f ], N') —
Tor{ (N, N’) — Tor{ (Ng,N') — Tory’ (Ns[f '], N') .

BT Torf(Ng[f~1],N') ~ Torl (Ng, N')[f 1], M LA L & RMEFRIZIFR T RASE
MRERE, KT f FRIEVEF TS 40M e Bl AR B A, 28 E, Torf (N, N) = 0. X1t
Bl N #g2 FiH R

XA R4 RIS IR, $E0 &4 No M1 N[f~1] BIRER, M 9.9.6
(ii) ZHi% N BRAERK. B n € Zso AIEERY 0 - K - R®" - N — 0. AL
—HWfR N FHE, 1KF1E S f R[] BKERIBAES, BEHHEIS 1.5.3 51 K
K[f~' N ERAR. itk 9.9.6 (i) 2 K ARRAER, 4k N GRER. 1R
il 5.8.5 ATET N A FRAE A% S A5, O

WIS fe RAM BB N AHEARAS N L N, WHBFR N g f-IeHe. Ben] 3
& Beauville-Laszlo NREEHAE [1] FHHYEHIE .

¢ 9.9.9 (A. Beauville, Y. Laszlo) #% f A3 R W EETF, L R & f-HZEMA
R, W:

(i) (R— R, f) REAX, EF TRl RN %A TR, fEX 982 & T
B: R-Mod’ — Descp, 5 , £\ L 4913 & F 8y & 5% 44
(i) # N AERE R NN ZFE (o RERFA) BRI ARG Ny Ao N[f]
AR R (BOF RAEREST) R4 RIf -4
(111) X?]-;j: DeSCR_>§7f é@ﬁg{ M = (M7Mo7a)a % M 7% f‘%%é‘]v )ﬂ\lj L(M) ﬁ%

R (). RTREEN 5 ATRAEEER >R B 6 9.8.8, MIZBIIHEAZE 9.8.6 HIZEIFRK
S HARREER 9.9.4.

(ii). Eikant 9.9.8 BIA].

(iil). #%E X L(M) /2 M @ M° B R-F#, i M° Ny f-Iohs.

O

Beauville-Laszlo REERIRFELETAIFAE Noether 1. # R 2N Noether ¥4, M| didl
9.4.1 (iii) i R — R “PHH. HIEID 9.8.4 P R-Mod' = R-Mod, MiEId 9.9.5 ¥4
IR 9.9.9 1R T-HH RREARFHI.
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>

—

 AFIR T € {Z>0,Z}. HIE D-IEEIRAS ¢ A — A’ IEH:
() WIETIR A DB HFE. & gr(e) 8, W o &,
(i) IR A e BB, A’ 7B H55 . # gr(p) 2R, W o 2.
X D-iE AR, RIRIFUERHAE R EE1L. AL (16, A 5.1.4].
2. & F MR char(F) # 2 L, R = F[X,Y]/(Y? - X® - X?). i m N X, Y £ R HH%
A BRUAR R A,
(i) UEBH R ¥R, H m-H5esik R AR fESEREH IR Y2 — X° — X2
(i) K dimgm/m?.
3. 1% RO, my, . WRISHRORERAS, My RBL G2 M B me-RESERE L M. ER M
B N, me- 2R T T, M.
4. WF Noether }5 R JHIRAE 1, TERA DL RERIRZE A
(i) I Crad(R);
(i) FrEEBRAER R M 2 IS BN, 52 N, "M = 0;
(iif) X TAAERRER R M, B 7 N #2 M 8 -8 T5%;
(iv) FrEHAEERE R 19 IR T4,
(v) FrAERCKHEAEEE R B I-BEH 5,
(vi) MFTEARRAERESITE R M, H 5% M ¥NESOEE R4
(vii) [-#5efft R ZESOEH RAK.
YDA EE—FRIRRZIN, B8 R N T I-HEEI 2 Zariski IF.
(i) = (iii): MA M/N 0 5B v) = (): & R B‘J*&kﬂiﬁﬁ‘ m UE
LW m+I" =R ME n>0 /7. (vi) = (1) & R IRKEAE m 2 R MK HEAR
n (E&, DLSIBR 9.3.3 (i) IEIE IR C n.

5. ¥ I )y Noether ¥ R HYBAE. Xt TARRARL RAE M AUEERAE 7 WA (JM)" = JM i
M/JM ~ (M/JM)", AL ()" Y948 -5 & L.

6. X Noether 38 R MIATEHA K, HHIL K& E TN MM, % IL,LJ N RE

B, WERABLTE R RVTH ~ (ROD)Y T2, WA RAR R M EH
MATH ~ (MA I)/\J_
'E) WMT (Zs0) BRF. BIE lim  R/(I° + Jb), BF b5 D B IR 44
(RMON L XA {(n,n) - n > 0} BWMFHE (Z0)* WHETH, LEWBROET
Wm R/(I"+J"); BT (I+J)* CI"+J" C (I+J)", @l 9.1.9 J%M&KE%I_J? RMIH,
AT R 2.
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\Y
[

7. AERAE T ORER R MEAE N R[X,, ..., X,] WM T+ (X1,..., X,) W5E& LI mEm
F R[X1,..., X.], 2P R RE R 10 1-it5esik,
24 R A Noether AR _E—@, {(HILAA] DLEEOIE, FFRE Noether fRI%.

8. % m NFF R HUMATEAR, 30 R (9 mattse& bl R WF BB M, it M (5 M) B9 m-it
(B mRw-E) 5280 M (5 M), BRI —IESEE M S M, (HEEE

M —— Mqy

L

— —

M —=— My

1E£ R-Mod ARz #i.
Me—PE% T M fE M hRGRE%S. FEEALENEEEERS M/m"M —
My /m" My, MFE n > 1 EARM, IEFE re R~ m £ M/m"M LR3I ANETR].

9. VB F—ARIOFR R MHEIE p, BAMERAR Ry — R, FIANZEELIBIER p fl
pR, BUT, i p := im[p — R] (B 9.1.6); BAFSZBIBIY p IEH AR ERLZR
1. BUERE p, BIE R = Z,[X] MHZEHE p = (X). Kt E—8rp T AORBEAR R 551
KEDE.

10. ¥ R 4 Noether 3, B I = (a1, ..., an) RN R, R HITERN
R~R[X1,...,Xu]/(X1 —a1,..., Xpn — an).

B X — a; B R-REFAZ RIXy,. .., Xa] — R NARAR RIX,,. .., X,
R IESS
0—(X1—a,...,Xn —an) > R[X1,...,Xn] = R—0
B (X1, ..., Xo)-HESEEHL.
11. R 9.9.5 FU4RTS.
12. XTI R f e R NTE n € Zs1 X Ry :={r € R: f*r =0}, JHIC R 1Y (f)-i#
&N R, W R — R P, MEESFEN R, — R,
ZIEEAH 0 - Ry — R R FERAM 9.3.4 (i) A1 9.9.1.
13. FER F EABIEH 2N LT ZTARE FIT, X1, Xo, ... BX

R=F[T,X1,Xa,...]/(TX1, T X2, T X3,...);

0T (8% X,) 78 RGN ¢ (B i), FEIE R (¢)- 52851 R W oy Htao+t225+- - €
R ¥t Bk, BAET R Mg, BBl R — R JFA.






Koszul

10.1 sspmxen

ATIEEIN R, [BZL)E 1.4.7 XEEETEA FEEEEHIICEE, DUCERIFTI#75 2X.
YE 10.1.1 SENESEM SRR R-EAR. k& ® ek . 10k
SN Ch(R), Id HEEEIETURE N C(R).

HH [16, f 3.6.1] &1 Ch(R) (88 C(R)) /& Abel JillE, HAE—FIFRIASIES Y HAX
YERTMHIES. (EM REE A DUAMEEFES RIS (8 E5EE#), R-Mod
iR AR Ch(R) (8¢ C(R)) BT Abel 7T,

ZE VA R-EH K BERISEAE R RIS . DA RANEIES WiE (16, §3.5],
{HI AT EH A S RO,

EX 10.1.2 (SESHHKER) & X, 1 Y, ABER. & XENELH

X.®Y, ::X.%Y.:(Xp@)Yq)

P,qEL’
HAHRAA X, 0, - X, 10V, F1 X, 0Y, - X, @Y,_1 24 £ & ®@id fr id@dy .
DL EL A BUAR L oy £ 2 B

(X ®Y)e 1= totg(Xe ®Ys),

(X®Y), = 6}) Xp @Yy,
ptg=n

;’\:KF dn : (X & Y)n — (X ® Y)’n,—l %EXZEE

do(z@y) =df (z)@y+ (-1)Pz®d} (y), p+qg=n, z€X, yecY,
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Rl h Xo Y, KER. FZORAN, Z2FFw T, $RBREPEE X, Y,
XY,

IR SR (16, 7 -l 3.5.10) XMW F @ BN .

Tk BREIREAH T Ch(R) x Ch(R) — Ch(R). ¥ X 1Y #2E TZRIIN
RGN, _BiRE A R K&

BEREEIY X, Y 1 Z, A DL R HTE R

> ESHNE XeY)eZ~Xo (Y ®2),
> AYNER RIX~X~XQR,
> MUK XY 2YX, Moy N (-)Myez, HP 2z e X, Miye Y,

—BRITEETERIE X [16, E X 3.5.4], #$iﬂ§ﬁ%$ﬂﬁ%§%ﬂ, MXLEAINE R-E5K
BRI ELR, ALHMZHRLAHK. BN Ch(R) X @ BOVNIRAAEN, BA R
RLIFG; VENL [16, §7.2], {HIZAL X —R) LEEE IR

LG Ch(R) ERIAREL [16, B X 7.1.1] XFEHN R RIS 3R dg-1X
#, 0 (16, B 7.2.1); ENIREER (A, pn), H A BHEEF, p: AoA— AW
n:R— A#BRELZ R, ZRE FHIERZ R

RoOATY A0Ad% AoR (ARA)RA "3 AR (A® A)

\ ﬁ“ / u®idl lid@u

ARA —> A — A A
W ERA MR

ARA —F—— ARA

R

Eﬂ@%ﬁ;&%mﬁéﬁ’ﬁ TR (A, p,m) B3I IR REEE R dg-REL, W [16, &
N 7.5 EEE p (Bon) B A ERNZITIEE Ax A — A (B A RTTE 14 = (1)),
mmﬁﬁm R- 1;% D, An BT RAEL (RAZHR). MR, dg-REL A BIZSH RS
MTFIR A RNFIEN D RZIRED, £H

reAy, yedy = xy=(-1)"yz. (10.1.1)

B, WA dg-RE A BURIAZE HRE (10.1.1) BI7HRAREL D, Ha(A), T
[16, fnel 7.2.2].

DFTRAZEH de-REHE TASHIRMe IR .
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TEIXEEEA b, IEREHE— PRI R dg-RE A LIRS 90k I8 dg-18, W (16,
ENX 7.1.2]; ENE 'L%H (M, pnr), B M Z2¥EEIEM pa : Ao M — M 25 TE
BRI

n®id

RoM — A M (AA) M ————— AR (A® M)

\ lﬂM H®idi J/id®#1\/1
M

A®M*>M<—A®M

123

Fﬁﬁﬁ’d}lﬁﬁ BIRTE SOR SRR AERR, [RIBE AT SO BRIV, B T30t dg-XEk A &~
XA,
FE R Hom BIEHIBER MR,

EX 10.1.3 (Hom $EEW) & X, fn Yo AHAW, ol HiEH X f V. #H [16,
Bl 3.5.12] Hy4E A W MAR, & X4 WA Homeo(X,Y) £75

Hom, (X,Y) = Homg (X_,,Y;), p,q€Z,
He
o [ Homyq(X,Y) — Hom,_1,4(X,Y) E XA [ d)f,
o A& Homyo(X,Y) = Hom,, 1(X,Y) £ Xk frs (~1)7 1 fdX .
A AR B B By 4 & T
Hom, (X,Y) := toty] Home o(X,Y).
AT R # b4 & T4 Hom®(X,Y).

51T Ch(R)°P x Ch(R) — Ch(R). #¥ X Y Yes| LR, ©WE
TR an 2 v, WE X 10.1.3 /€29 [16, il 3.5.12) BIMIE, %A EUERH Hom, (X,Y)
ML TM X 2l Y 19 Hom B [16, i 3.2.10].
SBEREEIE X, Y 1 Z, A DL R HTEFE:

> XA Hom,(X ®Y,Z) ~ Hom, (X, Hom,(Y, %)),
> AR Home(R,Z) ~ Z.

KRR Hom EIHIFERESCR UK (16, Ml 4.12.6 Ff] 4.12.14]; W5 2, BEEED
i _R#AEN R 5K B AR Hom RIFEREXR. 55 —J7TH, Hom M AL HZEF
JLI).

TEFPERE SR RN IA R B R TE ker(do), B RS LTE R

HomCh(R) (X ®RY, Z) ~ HOHlCh(R) (X, HOIH.(}/, Z)) . (1012)

£ §10.3 KT Z AR
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5131014 £ E#EW X, Y, Z, % X A%, W AW RHERASK
Op.qr : Homp(X_,,Y,) ® Z, — Homgp(X_,,Y, ® Z.), p,q,r € Z
4k Ch(R) oy 898 A &5
0 : Hom,(X,Y) ® Z — Hom,(X,Y ® Z);
FH—FEREN X HEARKEE R-E, I © ZFAH.

TEBA B (O, 4.0 )p.qr HAH=EE (16, i 3.5.7) ZRIMFEIL; X =HEE MLk
ZEE TR (p,q) B (p,r) XFRITTREL tote, A EEFHITEHEY. BT X G5,
¥ tote X (p,q) EEANEA T Hom, (X, ---), HILAIE Ch(R) HHIFZES O.
W—LSEREGN X_, WERAERKEHE BB NI 0,,, HHFEMY, K e H
A4, O

10.2 s

PELEEIN R FEALAE 10.1.1. N TER R L, HIMUEAIXFRALER [14, &
X 7.6.1] 7rH1EH

A=A L

n>0

Sym L := @ Sym" L,
n>0
W BRIz IE (W (14, a5 7.6.5]), BRI L BB TE SMREC A L (SO FR
8 Sym L) MAKHIEZKENRE D, . Lo HATEFTIRIT

e RrRr®---, xT€EL
(H - @Eey-yRr)® -, z,y€L)

AR R BRAR 2 B RS A\°L = R =Sym® L. it AL (8( Sym L) [IFRIEIZE N
A (3 ). MIXEFRIE A™ L (R Sym™ L) BITEEERIG 21 A~ Ay (R 21 20) 10
FEEY RAMASE, HF o),z e L.

TENER, Sym L SUBACHLN, T A L 8f/D22H; B A L /2 (10.1.1) B RESHL R
N xAe=0, HH 2 e L.

AR EE I RIMREL, (AR B GRS RO AR

g 10.2.1 % L AEME R B L I—4HE, W A™ L MFrE m fZ2BEH R
B/, (14, #E 7.6.9) RAE BAE 2T <, WATAHHR b1 < - < by B b1 A+ Aby,
IR \™ L —2H3E, TXLETTRZ BN A FIEADIZLRIR. Y4 n = |B| BIRE, DA
PRI AT L EFLEMNE 0<m <n, MH A"L~R.
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EX10.2.2 %% R#% L A u e Homg(L, R), 40 5 8 %5 9 ] A&
t(u) : /\n+1 L— /\n L, neZs
TRANMR e iz M B LA

n
v(w)(zo A -+ ANxp) = Z(—l)iu(mi) CLo N NTG A A Ty
=0

BATRIERIELEH o(u) 0 o(u) = 0, IXfE A\ L BCNE.
EX10.2.3 %% R-# L A uc Homp(L, R), 4 Ji # Koszul £ % X # &

t(u) n+1 t(u) n u(u) u(u)
K(u):=|---— /\ L N L R|,

HPE RET O0RM, ABHERFEEREK <0 WL
FEEF] Ho(K(u)) = coker(u).
el 10.2.4 (AfEAX) %% uwecHomg(L,R), % zc LT we AL, W&
vu)(x Aw) + 2 A (Llu)(w)) = u(z)w.

MEBH BT WAt w B8 R-ZIER, AR w =2 A Az, HF 2, € L. 18 20 := 2.
ERE—IEFET

i=0
58 I
Z( D cu(z)zg A ATEA -
i=1
HA 55 7 ARG, MNE ¢ > 0 IHEKE, MTFEIT u(z)zr A Az, =
u(z)w. ]

#iC 10.25 %% uec Homg(L,R), Ene N"Lfiwe A" L,
vw)(n Aw) =u(u)(n) Aw+ (=1)"n A (u)(w).

B8 K(u) 258 de-f3, B RS AL % 4 7.
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ERR M om =0 WATREXFEN. Hm > 1, A g=aAn, HF 2z e L
no € A" L, W@ 10.2.4 FEEVILAH

L(u)(nAw)=b(U)(xA(nko)) u(@)no Aw — A u(u)(no Aw)
u(@)no Aw —a Ae(u)(no) Aw = (=1)" "z Ang Av(u)(w)
:(U(I)no*xm( )(1m0)) Aw + (=1)"n A e(u)(w)
=1 A\

= t(w)(n) Aw+ (=1)"n A v(u)(w).
[l 2 TEHIE S, AT _E R MRERI 3R

Ku) @K(u) - Ku), n@w—nAw

LT IR, 7500 K(u) BPA R -5 \°L WATE de-f. e, O
BEHE R L' fl v € Homg(L', R), HNHH uo v € Homg(L o L, R) 5%

g K(uoau).

Wi 1026 74 de- KRB ETERAM Ku) @ K(w) 3 Kuou'), BAEKRHA 1t

AR LOL WES R, 38 bk —# .

UEBE ARAE [14, IR 7.6.8]) AIHR R-AEIYERINE o : ALOAL S A\N(La L), B
TERECN 1 W72 Lo L WTESE BRI, BT RAEFIAEN R-AEEH 1 ROt
HOXRE o ME—. KSRt Hne A"Lc AN (Le L) Mwe N"L' c N"(Lae L)),
R 1 RIATH o(n@w) =nAwe N (L e L).

FIE ¢ BEBEZERFESEE. #FER2EHE S, XHEYS TR EZ 5 M w
UERA

vw)(m) Aw+ (=) A(u)(w) = ludu)(nAw).

A w(w) B () IME (u @ o) FIBRH, Bk ST 0 10.2.5. O

RJE L NERFE B @ n=1k(L) € Zso, BEEF Ku) MWRERIEZTE
n XI A" L, T72F Ch(R) HHIBLEFIZS

K(w) » (A" L) =],

ARRER A" L BT o I, HRNF; FSE o RIVEESE, HRAFFRES. Kt
5 dg-RE K(u) BIBRIEGRL, 195

K(u) ® K(u) — (/\" L) =
FRAE (10.1.2), DAL 2 [F 7
K(u) — Hom, (K(u), (/\” L) [—n]>. (10.2.1)
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513 10.2.7 7Z bE#®REHEF, (10.2.1) £ Ch(R) H # F 4.

iEBA  EIEE Ch(R) FFINAIA, IFEBRTME RALFMEIA. EF Hom EIHE X
AT 0 < m < n IWETRI m RIUE Homp (/\"—m L, \" L), HEmehE. HF
0<m<n, FZE (10.21) B pe A" LA [w—nAw]; #FEE 10.2.1 AZER AL B
B AT PUXFS R . 0

10.3  Koszul S

WEEEIN R FFIRHZIE 10.1.1.
EX 10.3.1 (Koszul ) %= R-# L f1 v € Homg(L, R), # 2 X 10.2.3 1384 &
W K(u). XT#HER M, &
Ko(u; M) :=K(u) @ M,
KHom (y; M) := Hom, (K (u), M);

H A4 F 4 E X 10.1.2, 10.1.3. F38
K* (u; M) = K™ (u; M) Byt BBy £ 4 2.
IR K (u; M) FERLFHEE Ko™ (u; M) BB, H—SEE FUE SN G B R RIR.
o HEETY Ko (u; M) BAMEA K(u) bR dg- 15K (I §10.1).

o Koszul ETEHIMIEN M BARER T EX (Lu) WAERTHE: SE R
L', [ o € Homg(L',R) ERFS f: L - L' #15 o f =u, W f S
K(u) — K(u'), RMi%ESF Ke(u; M) — Ko(u'; M) F1 K®(u'; M) — K®(u; M).

o HENRFES R— R, ML =R L :=idp ® u € Homp (L', R'), MH
Ch(R) HHI[FI
Ke(u; R @ M) > R @ Kq(u; M). (10.3.1)

o W M M M' NEEEIE. HRARJCATSKERN Hom BIERIIIE, SEIHTERY

~

Ke(u; M) @ M = Ko (u; M @ M),

! Homy/, . ~ . ! (1032)
Hom, (M K, (u,M)) — Hom, (Ko (u; M'), M) .

o HEL RAE L' Fl o/ € Hompg(L', R), A (10.3.2) KA M’ = K(u') FH N FH#iL
10.2.6 FIsk BERILE S LR, E15
Ke(u @ u's M) = Ko (u; Ko (u'; M)),

; (10.3.3)
Kljom (u'; K?O”‘(u; M)) — Kljom(u ®u'; M).
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o 18 I:=u(L), X2 R MHAE. NT R M, 2 LEFHE R GG R

Ho Ko (u; M) ~ M/IM,

. (10.3.4)
HK®*(u; M) ~{x € M : I C ann(x)}.

R 10.3.2 % F u € Homg(L, R), WA T := uw(L) E4 Ko(u; M) ( K®(u; M))
W pT A R (K EFF) R

MEBR 87 t € I, il 10.2.4 20K K(u) FEFS w — tw 208 (U [16, £ X 3.2.6]),
HAE Ko(u; M) F1 K*(u; M) EBESHERZSIRR, FiM w — tw ERESCEFEER
BEISEFRE (W (16, i 3.6.6]). 5 WIIESFERIER ¢ MREVEE EEABERFE. O

Rl 10.3.3 & L Atk n Bl R (n € Zxo), WA Ch(R) F oy 38
Ko (u; M) 5 KHom (u; (/\n L) [—n] ® M) .

IERA HHTEIC 10.2.1 F K(u) A5, HHEBUEZERKEH R-BL X518 10.2.7 Y
[FFRIAFEER (1) @ M, 153

K(u) ® M 5 Hom, (K(u), (/\" L> [—n]) ® M
™ Homa (K(u), ( A L) [—n] ® M) ,
Hrps —BRFEZS [ 10.1.4 FFHY ©. O
1034 # 0> M - M— M"—0 & Ch(R) #HETEAF.
(i) & L A%4 R-#, N L REEAF|FFEEST

0— K*(u; M") — K*(u; M) — K*(u; M) — 0;

(i) % L AF3E R-#, N LA EE65]% 2 HEE65

0 — Ke(u; M') — Ko(u; M) — Ko (u; M) — 0.

HAREMHEHLT 0> M — M — M" — 0 2415 L F#EAFEREGKESZ.

IEER XNT (i), SEURHEAD A" L B2 XZ2EY L A TENEHE F 1
BRI, S51E F ~ Lo L'; 48 14, #2768 A N F=@,, ., \"Lo A\ L', Ti
A" F 2B HEE (FEL 10.2.1), HIEATW A" L 2 B HERERIT, SO

MNEA (p,q) € Z x Zso, HILIZIL

0 — Homp (Kq(u), MZ/)) — Homp (Kq(u), M) — Homp (K, (u), MZ')’) -0

EE. MTHEZ n, X EAXBER [] JEfiRIEEH.

p—q=n
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KT (i), ZUUUAICUERE IR L5 IE A\ L F3H. B8 5.10.2 RIA L FHENGT
CRETRAD ling, £, M o &0 — MR, e F; b2 Bl B AL I
TAER A L ~ lim, A F3, Mm&EN™ A\ F, #5072 B B BRNMAHER 5.10.2 BIFT A L
S, O

THEET L AEHEBENER. & L =R Hb A BES; @ (ca)aca N

L WIbRIER:. $87€ v € Hompg(L,R) MY THE R F—FEILE x = (2a)aca, 15
ZTo = uleq).
EX 10.3.5 (F—FE7TRM Koszul FIAFMIERAE) £ R W — % T % x = (Za)aca,
EE X 1031 FH L == R®A fuly x # & 2 u € Homp(L,R), Fi{## £ 2%
K(x) :=K(u); Xt E% A% M, 45 # Koszul 4% & HAfn L4 4 B4 51384 Ke(x; M)
F1 K*(x; M).

o M Hi(x; M) :=H; Ke(x; M) A M 3t x #% i X Koszul [F#.
o H (x; M) :=H'K*(x; M) 4 M % x % i k Koszul .

I 1036 #~L#®EEF, X0—->M - M- M’"—0 & Ch(R) vehEEAF, N
7 A8 B H 48 IE A3

0 — Ko(x; M) = Ko(x; M) = Ko(x; M) — 0,

0—K*(x; M) = K*(x; M) - K*(x; M") — 0.

B [Kh L .= R®A HH, XJEmd 10.3.4 BRI O
BI310.3.7 2 I H {wa}aca AR AIEE, WXt x 8 BT A Koszul kR (K ) #
I EMN.

MEBH WA @ 10.3.2. 0

f110.3.8 ic 140k, WY M Oy R, (10.3.4) 4tH
Ho(x; M) ~ M/IM, H°(x;M)~{zc M :IC ann(z)}.

N7 E AR T Koszul RIVAM LRI, % M N RAE. XPTE h e Zso BITE
S, Ay

Ku(x M) = \" (B @ M,
K"(x; M) = Hompg (/\h(R®A)7M) .

M FREE G, 1IEID 10.2.1 B77ENFTE b > 0 BU A" (R®A) M, (]
R Ko (x; M).
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T EEEEERER, R M o R-BL BT 10.2.1, 4 h > 1 BHEE
RIS f: /\h(R@A) — M MHEFTHE (a1,...,a1) € A" #8E m(ay,...,an) € M,
82 6 e AR M

o ZHt o; Ml oy (H 1 <i# j <h) FBm(a,...,a) € M EE,
o HIETE i # j H1% i = oy, M m(aq, ..., an) =0;

HELE mag,...,an) = feay N Aea,). FTAMERIE, b = 2 BIFEFIULIE 17, &
i 15.6.13].

X h € Zs1, ¥ K'(x; M) iR ERA) m(oa, ..., an) € M RIK, Hrfr
ar,. .. 0 € A BINERE KO (x; M) = M, W EREL TR FAS (E

o Kh(x; M) — K"l (x; M)

1)kt — )
m— |(ag,...,an) E acaj- (..,05,...)];

75 (—1)"! KE Hom BIEMIE X 10.1.3, 50 L 7.
f10.3.9 & M N REE 10 {z, : a € A} EREIER I, FFHIBE n = |A] € Zso,
A L #6342
H"(x; M) ~ M/IM.
% EE E}MX B (X; M) — anl(X; M) ﬂ)l_ll_,
H,(x;M) ~{x € M :ICann(x)}.
FERFILAEHIZETH] 10.3.8 KIGFZ Ho(x; M) FHO (x; M). XHAEMBER, W e ks
AR 10.4.6 HIRFBIL
SIETFERD A={1,...,n} WIEE, IHIIATLES.

H7E 10.3.10 EEIR R —HIITE 21,...,2,, HHPH n € Zso FONRFINKE; id
XRHIFIN x = [21,. .., @), PAKBITHASRBEE (21,...,2,). H [ ZHTHIEE,
M z; BET I, WKk x & T 1

FIB10.3.11 4% © € R, BB A WIS x = [2] BHE, A K(x) E
0 I 1 IRINAES TE
K(z) = [R Rt R} :

HIREBE A={1,...,n} T x = [z1,...,2,] BRH] 455 E—IHERIHELR 10.2.6 BIE
HLYEFF

~K(z1)® - @ K(zp),
K.(x;M): Kz)® - @ K(z,) @ M,
~ Hom® (K(z1) ® - - - @ K(zp,), M) .
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104 #mum

MF Ch(R) FMEEFAAE f: X - Y, BN HENEEEF Cone(f) =
, FEX UL 16, FEIC 3.3.13].

f
Cone | X — Y

SII1041 % zc R EREEHN M ZHFU 2 AHBFEESN me : M — M, 1|
K(z) ® M % T ¥4t 4 Cone(my).

IEBR MATE noe z, HE X 10.1.2 FiEd 10.3.11 AT (K(z) ®@ M), = M,_1 & M,,
M EE T (1,0 — 1) #1(0,n) RIA, T

dX@EM N My, — Mo @ M,y
(v,9) = (=dyl1 (), 31 (y') + y) -
XFEt Cone(m,) BITE S, SEASHTS. O
PAERNE X 10.3.5 B 5.
Rl 1042 & R L f1 u € Homg(L,R). 3 € R & X
L'=R®L, v =x®ucHomg(L,R),
Hd¥ o ERTHEKERAS R— R WRFra%EN M $GRTERY

Ko (u/; M) ~ Cone {K,(u; M) 5 Ky (us M )} :

H A m, 15| 10.4.1.
JEEA XU DA ERIM A & K
Ko(u'; M) = K(u') @ M ~K(z) @ (K(u) @ M) = K(z) ® Ko (u; M)
~ Cone [K.(u; M) =5 Ko (u; M)} ,
HAWES BERE Y, F— N EEETHR 10.2.6 FIsKERNSELH, BN FEEE
TS 10.4.1. O
PURRHZ)E 10.3.10.

it 1043 #n>1. ZERW—FATEy=[r0...,71). BY = [Tn_1,...,71],
WA R-EHKIESSF

o HKa(y's M) —5 Hy Ko (y's M) — H Ko (y; M) — Hy_y Ka(y'; M) — - -

HieZ HA¥ v, FRTRU z, B8y REFA.
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ERR MR (16, (3.7.1)] BUBEETUIRA, Ko (v M) — Ko (y'; M) — Cone(m,, ) B3t
HFE SRR KIESS], M 10.4.2 K Ko (y; M) FETEHE Cone(m,, ). O

5131044 %2 RUWWATE x = [11,...,2,) Wy = [y1,...,yn), WF R L# n
BfTHE, R PAERL# nxn MHERE, 7 xP =y, Il P XA M ESRAY

Ko(x; M) = Ko(y; M), K*(x; M) = K*(y; M).
TEH B, Xt x R EEEHRS B R Ko(x; M) 1 K (x; M).

HEBA XN T #8057, ¥ RO WTEME R LW n gEF5IME, BHLERELRE P &
FF RO WEFES, ¥ x Ml y FRTHESE RO — R. BF xP =y, Koszul EFATH
T (W& 10.3.1 2 Fiie) SR E.

H P Oy EHFERE RIS 58 —H87. O

I 1045 A ZEZH RWTLEA x=[21,...,0, FFH R-E M. £1<m<ni
yi=[1,..,Tm] HE i>0 = H;(y;R)=0. it x; & R:= R/yR ¥ W& A4 %;, it
Mi=ReM, W %:=[Tmi1,...,7n] # 7 R-HEFH

H,(x; M) ~ Hy,(x; M), peLZ.

iIEEH ia 7 = [«rm—i-h cee ,.Z’n]7 I}_\”J K.(X; M) = K(y) ® K'(Z; M) (EF&ie 1026)7 iZz%XX
S X = (K(y); © K;(z: M), ;0 MEEI. 8 R HHEHEBRRMEE Y, W24
RTEFZS € : K(y) — R ZEIFEH, M K;(z; M) B FHE, Kt

e®id: X - R® Ke(z; M)

EE2EENERESEIFEM, W (16, EH 3.6.10]. A0 (10.3.1) RH R K, (z; M) ~
Ko(%; M). O

ARG Koszul [RIVAF EFEZ RIFER.
B 1046 H R Ry —FI L E x, REKEH n. XFAHET M B H AR
H,(x; M) S H P(x; M), peZ
IR 1R p € Z. fEE 10.3.3 WRMGPIHEEE H,, I & EEEERATFRE [—n)], 15
Hy(x; M) = Hy Ko (x; M) 5 Hy_p, Ko™ (x; M).

TS RS LRV, BIE B P K* (x; M) = H 7 (x; M). 0
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10.5 sy

SR R M Fl e R, DA M 5 M RRFEFDL » BH0 REARS. LN RA
ZI5E 10.3.10 X TFIRHTTERY] x BIdiE.

EX 10.5.1 (EMFUFISEEMFY) x T R-# M, K& n 3] x Hik R

(i) XA 1<i<n, A& M/($1,~~,£Ui71)Mﬁ>M/(ffh'u,xifl)M R
(i) M 4 xM, 3
xM = (zl,...,xn)M:ZziM,
i—1

MR x A M-IEW 55 #4008 & (1), MAR x A M-FIER 5.
& x 2 R-EN (R R-FIEN) By, AR x HIEN | (KFHENF).

TESNCFE M-IEWBNFE ... 2, DRMR; 225 (n = 0) %€ X2 M-591E1
1, 7€ M # 0 g M-1ERE.

XU DA S #5 [21, ..., @) B M-1ERF] (SKEGIEMF)), T [2ni1,-- - T
B M/(x1,. .., x,) M-IENF] (BRFFIENF), W (21, ..., 20 0m] & M-IENIF] (SRESEN
).

f110.5.2 47E n € Zso, BIE n TLEIRIN Ry = Z[T1, ..., T,), 2 WHEAEZ
T:=[T,...,T,]

BN, E A R BEARN I, B Z @IS f -1 = f(0,...,0) TERR Ro-#5, NIH
Ro-1&[FH Ry /Iy = Z.
FHIGHICUERIE K. Ry-F AR E &5

0 =I5 /Iy*1 =5 Ro/ I+ 5 R/ I — 0. (10.5.1)

Hrf r € Zso. 9IANRTRITAK Z EHfghridik
T =TTy, a=(ay,...,a,) €15, |a|:= Zai,
i=1

MRS Ro-BEFAG 15/ I+ ~ @, ., Z, BTG a 1 Z (WA Ro-#) X RE] 72
PRI 50 A AR 2.

FE -G, WA n e Zsy M x = [21,...,2,], X R[Xy,..., X,] K957
AR

J = (IIJZ'XJ‘ — J,‘in) (10.5.2)

1<i<j<n*®
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BEN RWHM T = (z1,...,2,). XIE R M, #FC 4.6.4 EX

Bl (M) :=@@I'M, g (M):=EIM/I™M,
r>0 r>0

WA MR R-ERIZS

&, R[X1,...,Xa] @M — Bl (M),
d’]\‘/[(Xi@)m):ximeBl[(M)l, 1< <n.

% (10.5.2) AIUWL &%, fEHN
o (R[X1, ..., X,)/J) © M — Blp(M); (10.5.3)
X EAXMWILE R/T @ (), BEI7MR R/ ISR
B (R/D)[X1, ..., Xn] @ M — gr,(M). (10.5.4)
VRS o, B Y, B,
5131053 # LRy E P, & By, ARM, HHE 1<j<n
() FA M/I"M —5 M/I™V'M A € Zog % 4 2.
(i) % me M, M z;m =0 Zi&E m € (51" M.

R B UWEPA X; 2 (R/D[Xy,..., X, @ M R BERZS, 8 z; (AR RE
1) 2 gr, (M) WS ERZ, JRED SM /I M —5 [s9IM /1420 i, &
MJITM 5 MM, BAE r =0 BB T r > 1, BEFEAMER

0 —— I"™*M/I"M —— M/I"M —— M/I""'M — 0

0 —— I'M/I""'M —— M/I""'M —— M/I"M —— 0
ATEBUTHERS M /I M — M/ MR, B (), T (i) SR e . 0

1054 L EHX RE—FTE x=[11,...,2,]. EXT:= (x1,...,2,) T J 4
(105.2). %F R-HE M, % EULT K it

(ii) x & M-5IEN 31,
(iii) Hi(x; M) =0 54 i >0 oL,
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(iv) Hi(x; M) =0,

(v) oy« (R[Xy, ..., Xp]/J) @ M — Bl (M) 2R,

(vi) 8%+ (R/D)[X1,..., X @M — gr; (M) Z[EH,

nEA (1) = (1) = (i) = (iv) = (v) = (vi).
EXAL<i<nZXM/(v1,...,00)M 3 - E &, MH M #0, I

(i) — (vi) MEEN

A () = (i) BEA.
(i) = (iii). Wy = [zn,...,z1]. LT 5 10.4.4, UE (ii) 2K H,;(y; M) =0 X

Fr 0 < i <n BAZEIA]. DURXS n 88U HIIRIE.

Yon =0 NILEEE Min=1KME 1039 FXH H ([z1); M) ~{m e M : zym =
0}=0. AR n>2 12y = [zn_1,...,71]. H#iL 10.4.3 WKIEGFIZEIR

H(y; M) — Hi(y; M) — H,_1(y's M) —= Hi_1 (y'; M)

METE i IES. %> 1K B ERIZZENR H(y; M) =0. 4 =1 K, B &6 10.3.8 W
5
0 — Hy(y; M) — M/y' M~ M/y' M

EA. BT x 2 M-591EN3, SARASNE, Fit Hy(y; M) = 0.

(i) = (iv) A

(iv) = (v). Bl 10.5.2 # Ry = Z[T,..., T, RHEE 1, = (Ty,...,T,).
Ly\ T — x; i%%ﬁ?& Ry — R, N\ﬁﬁ’{%’ M {’FBZ Ro-ﬁ- i}( Jo C RQ[X1, Ce 7Xn] ﬂg
FiE T, X, — T; X, ERAVEAR (1 <i<j <n), WBRE RAEHIFEY

R](? (Ro[Xl,,Xn]/Jo) ~ R[Xh,Xn]/J

WLESE T [ 2t

u®id s
(RolX1,. ., Xal /o) © M —> @515 © M
0 0

| |®.

(R[X1,...,Xn]/J) QM ——— D,z "M
Hrr o 26 4.6.5 WYER, AMIE-REB @ 1.3.6, G0 m, : 1] ® M — I"M H3RE
.

AHREEED m, ENFEN, EH (v).
M §10.3 W—FITERHEN Koszul ETEHRAHR, F Ch(Z) HFIG

175

Ke(x; M) = Ko(T; M), T:=7tRH [T1,...,T,)]
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B T 2 Ry FRIENZ, SMMNERM (1) = (iii) 5H Ko(T; Ro) ZAHH Ro-15
Ro/lo ~ 7 W EHMH. %L, (iv) MY FUE Torf*(z, M) = 0. DALNER, 45E
(10.5.1) MIEIESFIR 15 /17 ~ @D, _, Z 33 Tor{™ (Ro/I5, M) = 0 MFTH r € Zxo
BRAZ (r = 0 TEEFIL).

FZF 5B 5.4.1 FN3RTELE H A BE RS 1) M = ItM NEN, HRET I"M,
# m, WA, )

(v) = (vi) & T 5, = idg/; ® oy

FrRGEACUEZ H, EREANEE r € Zso, X (10.5.1) B (+) ® M,

o ker(pr X idM) %ﬁ:"{: ]6M/I(7)"+1M _ ITM/IT+1M;

o By W r WEAFAERT @, (X* @ M) » I'M/T"'M, §— X* @ M
YER R/ IASHSEIR T M /1M

o BT Ro-WFNE I5/15" = @y, -, 2 (B1105.2), H1 iy @ idys VEF

(1515 M- I"M/T" M
0

EFT p5, B e KERSD
X (10.5.1) M Torfo (-, M) FIKIESH, BH (vi) FNT

Tor?0 (pr,idar)

Torf™ (R /I, M) Torf (R /15, M) Mifh, r€Zso.  (10.5.5)

PAREE M #£0, MG 1<i<nBRM/(x1,...,2,_1)M 2 -2 BN, RIEH
M (vi) = (i). EEERS SR M £ 0 iR M # (v1,...,2,)M NTE
0<j<n KL

AR n > 1. @ M = M /o M # 0, W (1) SMFBE M — M R, fiH n>1
N x' = [22,...,7,] & M-1ENF.

16 (vi) BURTR R, 818 10.5.3 (i) B0 1A BEMHRIE M =5 M R, X T
M AT X BIZAERTT o VAR, RiTHRSE M OXF </ A2 (10.5.5). 0 T HISLILATE,
il

EO = Ro/(Tl), TO = IO/(Tl)'

FEREE (10.5.5) £ r = 0 ’EL. X r € Zs FERITIEARHEFR

0 —— Ro/I} o, Ro/I;TH —— FO/TSH — 0

| n =

0 —— Ro/Ij™" —— Ro/If —— Ro/Ty —— 0,
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Hr 5, SRHE (10.5.1) I Ry AivAS. B Torlo (-, M) {HATIES K 3R

TorFo(Ro /I, M) — TorFo(Re/Ty M) — M/I"M 5 M/I™1M

Torfo (pr,idp )l J{Torfo (P,.,idnm) J{ l

Tor{™ (Ro /I, M) — Tor{®(Ro/To, M) —> M/I""*M —— M/I"M.
SR (vi) FI51EE 10.5.3 (i) RIABIFARA =) KCEFTLER B B Tor 2 RIIZK i3k
B FBECSME (10.5.5) BIfF Torf(p,,idyy) .
B M 5 MR Ro-BIETE AT 0 — Ry — Ro — Ry — 0, 5]
j >0 = Torf®(Ry, M) =0.
KN 5.3.6, B A3 He i #%

—r+1

Tor{%0 (Ro/I, e

M) —~ TorF (R /Ty, M)
Tor?0 (P, idnms )l J{Tor?o (P,idnr)

Tor’ (Ry /Ty, M) —— Torf(Ry /Ty, M).
HIHEA] Tor™ (p,.,idyy) 16, 7800 B 4 x W2 (10.5.5). BARTARIE. O
WL 1055 %3 R WA I ThEANHL Hi(xR) =0 B TEF| x = [21,..., 7]
AR AR T Fn I/1? % R R/I-#, BUA X FRARE (I §10.2 %), W4 54 &

— R

Sym(I)
Sym(I/I?)

= Bli(R) (4% R-R#%),
= gr(R) (4K R/I-R %),
ERCIERE 1 MM RES; WA, I/ R o+ 12, mp + 12 R
R/I-#£.
IR 7EEE 10.5.4 B RTEC M = R. Phey,. .., e, 33 RO™ [FRHERE, | K, (x; R)
) < 2 IRERTE 1

@1§i<j§n Re; Nej —— @, Re; —— R

e; N\ €;j e — Tie; — Tje;

e — Xy.

it Hy (x; R) = 0 Z5iA x BEIHES RO™ — I B 2iej —xje, £ (1 <i<j <
n). &M Sym(R") M R[X1,..., Xy, 15 e; MM X;, RFIE J ARE ,X; —2;X;
A2 R 53 BRAR ) R RIS 0 IR R-ARER RIS

R[X1,...,X,]/J = Sym(I), X;+J+— z;;
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S (14, #E8 7.6.7. RAEH 1054 (iv) = (v) (B0 M = R) B8 Sym(I) &
Bl;(R).

EM 1054 (vi) (B M = R) W3R R/I-REUAIN g% @ X, — 2 + I
& (R/D[X1, ..., X, B9 1 WFREBHERT 1/12 T2 (R/I)[le"‘v Xn] FFT
Sym(I/1%), [FI¥g g% A Sym(1/1?) 5 gr (R).

H TR ARAE T gL 1 BB E R, IR FEIR B —, Jook x HYIEHER. O

i€ 1056 % R # Noether 3, M A AR A KEE RH. #E R 8~ 1%
x = [01,... 2], EREN 2 HETF rad(R), WEE 1054 FHER () — (vi) 7 x
2.

MEBA Krull 22 3.7.1 BIEHAE R4 RAEESR rad(R)-HE7 B O

Feall, 7 (R, m) & Noether J&HIR, z1,...,2, € m M M 2EREKIEE R,
MIEH 10.5.4 W (1) — (vi) HEZE.

10.6 Ext B F B

RE G BN E R BE N FTEEIL Y Ext-K
Ext%(-,-) : R-Mod®® x R-Mod — R-Mod, i€ Zs>
BIRFEARR TR, HRNARTI (16, §3.14]. FraRkR 64
o Ext% (M, N) = Homg(M, N);
o M RBE M T, BFTH
Ext%(M,-) : R-Mod — R-Mod, i=0,1,2,...
SEIEGRT Homp(M,-) : R-Mod — R-Mod 1945 S5t K+
o M RBL N IEE, K5
Ext% (-, N) : R-Mod®® — R-Mod, i=0,1,2,...
EAIESE T Hompg(-, N) : R-Mod®® — R-Mod 4 S HiK 1
o M M 4T (BN W) BXFTE i > 0 B8 Extiy(M, ) = 0 (8] Exth (-, N) = 0);
o X M BULSHEHE Po — M — 0 45

Ext% (M, N) ~ H" (Homg(P,, N)),
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XN BUNSHEN 0 — N — I° MIZAH
Ext’ (M, N) ~ H" (Homg (M, I*)),
TEUL [16, %€ XAl 3.14.4) KAERITE,

o PAEEAH Exty(M,-) Fl Exty (-, N) BYBTERIR, X2 5T 15T AR IH R P 5 e
FamEIFERRIME—E (I 1.4.9);

o X N (5 M) 1EfHHE Extly (M, N), SLWAE] r € R X R-# Ext’ (M N) 1
FIEEREET r X M (8 N) FFRIETE Extly (M, N) FFESNERS

o XA i B IEE
[[ Exti(Ma, N) ~ Ext, (EB Ma,N>
[ Ext(M, Np) ~ Exti (M,HN3> ,

B B

WEER AN N F M {EfRH, 2RJG12H Hom PR RYAH N AN BRI IE &
T

o MAEIESSES Ext-BFFHIKIESS:

-5 Extis (M, N) 2— Extiy(M", N) — Ext’y(M, N) — Extiy(M’, N) —

) i—1 . . .
o Bxtis UM, N") 2 Exty, (M, N') — Extiy(M, N) — Extiy(M, N”) —
EEPO—>M’—>M—>M”—>09FDO—>N’—>N—>N”—>0%B%éﬁ%ﬁﬁﬂm

B, ERERAS 6F BB RMTERY, FEIE @ < 0 IBLE Exthy = 0; WL [16, & -
3.14.4] Z TR L.

W1 B2 S HTGREIIE S, W Extl (M, N) B2 H RHompg(M, N), N
16, §4.9].

R 10.6.1 & R % Noether 38, M #1 N k4 R4 & R-4%, N4 Extl (M, N) #
A R A R

MERR BT il 1.4.8 XS R IEAYEGEM Noether INAYMET, ATHEIHR G g 1H
Py — M — 0 #1581 P, ENERMKE B&E, Kt Homg(P;, N) ARAEMR. BEA
Ext% (M, N) /& Homg(P;, N) FI77, BHIEERAE M. O

ZLICSRMINIZE T Ext BEFHYSL{E RIS

)
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5132 10.6.2 % S 4 F¥ R-R#, M A R N 4 S-#, WA i #A RHH
H3E R A
Ext (S @ M, N) ~ Extl (M, N).

UEBR B M WIREHEN P, — M — 0, “FHHMEF 6 1.4.6 3R0H S%P. - S%M =0
=S ® M VBN S-BEFES R, il 1.3.3 (B S Froo) HAHEE RAEFIN

Homg <S @ P, N> = Hompg(P,, N),
PIAFIE i R BRI Extl (S @ M, N) = Extih (M, N). O
513 10.6.3 % R # Noether 3, S % F3 R-R#, M #1 N 4 R-#%, T H M 2HR
AR, WU PT A @ #R S-HE ey s 3E R A
S @ Ext's(M, N) = Extly <S QM,5® N) .
R R R
JEBA U M RSRSEE Pe — M — 0, ] S @ Py —S&M =0 RN EH. WS
BRI EREE TR Z AR FZS
S ® Homp(P,, N) — Homg <S® P,,S® N>
R R R
£ H' WERIES, M S FHER H' () 5 S () 3c#t. KT R M R&ARHR

B P, — M — 0 fifSHEAEN P EARAER, FittU2ARRE, il 5.2.3 &
8 LR RS2 A O

PURHESRZ §12.1 EA. LE info = +o0.

EX 10.6.4 (RGHERMIGIE) T R N, 2 XA A S LB
inj.dim(N) = inj.dimp(N) = inf {i € Zz0 : ¥j > i, Bxt}y(,N) =0}.
T R-#E M, & XHEGAERA
proj.dim(M) = proj.dim (M) = inf{i € T 1V > i, BExth(M, ) = 0} .

CATH R Zo U {+o0} B TE.

AP S B AR (FEVL 16, Al 4.9.6]), 7T DUERH

inj.dim(N) < n <= Ext}"(,N) =0
— N BKE <n HNSHEH,

proj.dim(M) < n <= Ext% ™ (M,-) =0
— MAKE <n BB,
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& 5.3.7 R FHAEROS L, SRR 1S
fl.dim(M) < proj.dim(M). (10.6.1)
EN-H5RE 10.6.5 (BB % <3 R, 1% % info = +oo, N H

sup inj.dim(N) = inf{n € Z>o ‘ Ext}%"+1(~, )= O} = sup proj.dim(M)

N:R-# H M:R-1£
{ n e ZZO
sup

M, N : R-#
Exts(M,N) #0
B2 A gldim(R) € Zxo U {+oo}, #A R oy EARER, SRR E A 4E 5.
MEBE IXJE [16, XM 4.9.7) XERE R-Mod FURHA, 72 S H R TIEEAERIE. O

10.7 Ext HFMMEWT)

IEER R.

EX10.7.1 (FR) & M AHRAR R X R AER L X 1 # M EH#
ERH
J1(M) == inf{i € Z>o : Extiy(R/I,M) # 0} ;

WA E inf @ = +o0.

DA iz A E A e g5 = NIFTRIHES (G X 10.5.1) RIFRARRAER R-B M HI5%
K. WHAE 10.3.10, ¥ R FTRINEHN x = (21, ..., 2, HFITER.

BREZE M-IENFIR (M) RFR. MEEHE 2 € RIE M WEREF, i N 2
(EEW « B R MEESH 0 M > M — M/zM — 0 MTE n e Z ES
E&F

Ext (N, M) — Ext% (N, M/xM) — Ext}t(N, M) — 0, (10.7.1)
LI RFESET o F Exth (N, M).
Rk 10.7.2 %% R WA I A RA R R M.
(i) Fx=lry,...,o,) AEETHEE T WK M-FEWNZ|, WA

Jr(M) =r+j(M/xM).

(i) #& R % Noether 3, Nxf R W T ARET R U BH

Jr(M) < jru-1(M[U)).
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(iii) # R & Nocther & #3F, B EMAEE A m, 1| m-# % &4 o RHE M %

K Ja(M) = jum(M).
(iv) #& M' H28 RAEK RAZ, W jr (M & M') = min{jr (M), jr (M)}
JEBA (). ACPEREHE r =1 BB B Exth YR/, M/z M) =0, W¥ N = R/I f
=2, IRANIESH (10.7.1) AI1§ Ext%(R/I, M) = 0, At (M) > ji(M )z M) + 1;
5% Exth(R/I, M /2 M) # 0, WTE (10.7.1) FBA n+ 1 X n, ATUL

0 — Exth(R/I, M)z, M) — Ext; " (R/I, M) — 0

ER. %k jr(M) = jr(M /2 M) + 1.

(it). Z5E jr(M), jro-(MUY]) M52 SRS 10.6.3.

(iii). L 9.5.3 IR (R, m) 7522 Noether IR, M R/M ~ R/m ~ (R/m)" (i
8 9.3.4), FZ& R — R PN (8 9.4.1), @75 10.6.1 FI517E 10.6.3, MATA ¢ 5

Extly(R/m, M)" =~ Exth(R/f, M).

LA 9.5.4 AT Exth(R/f, M) = 0 4 HAXY Extl(R/m, M) = 0.

iv). IXREN Exty(R/I,-) (REFEBRER. O
SI310.73 ¥ M ft N 4 R44, x = [z1,...,2,) 4 M-BENZF, L&A z; ¥BT

ann(N), M A&
Exthy (N, M) ~ {OH %an
ompg(N,M/xM), #*i=n.
EBR @ J = (w1,...,2,). A n BIFIRIE. WERE] 0 = 0 BRI, R J = 0.
IR n > 1, BUX = [21,. .., 20 1), ENEIEAEIE N 0/ BT M/JM % M/J'M
B oz, XE N, 2 Homg(N,M/J'M) = 0. HIBHBRZES i <n— 1K
Ext(N, M) =0
Extly ' (N, M) ~ Homg(N, M /J' M) = 0.
RANERBFENIESS (10.7.1) H BExt® (N, M/z,M) = Ext}(N, M), %t
M 2y M-33EWH 2o, ..., N FIBIAMRIEE, 1
Ext, (N, M /x, M) ~ Homg(N, M /JM).
HEEE. O
WRE107.4 & M 4 R#, x=[21,...,0.) H RH—FITE, I:= (x1,...,2,). BF
Hi(x;M)=0, i€Z,i>n—m-+1,
Hy—m(x; M) ~ Hompg(R/I, M /yM)
~ Ext} (R/I,M).
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JEBR  [F# Homp(R/I, M /yM) ~ Ext(R/I, M) RE5H 10.7.3 BN . LAY m
IR TERAH R,
¥ m =0. il 10.3.9 4H H,(x; M) ~ Homg(R/I, M).

Wm>1. @ M:=M/yyM, Wy 89 M-551ER1ER S AHIETESS] 0 = M —
M — M — 0, fRASIH# 10.3.6 XA i € Z FRKIEES

H;(x; M) RAN H;(x; M) — H;(x; M) — H;_1(x; M) 2 H;_1(x; M).

F1P10.3.7 K y1 TAATHE He(x; M), T —T5H M X x Ky = [y2,. .., ym] T5ik
JRWT S REEAE, IS RIREIE S5

0— Hi(X; M) — HZ(X,M) — Hi_l(X; M) — 0.

ET m—10EE, 4i>n—m+2 NWEESFITINE, 8 H(x; M) = 0, i
BAE i =n—m+2 NS Hymer (xs M) = 0. 3 i =n—m+ 1 NEESYIZRK

HOI’IIR<R/I, M/(y% ce aym)M) = anm+1<x§ M) = Hyy i (x5 M>7
M ZE3 [RIAE T Homp (R/1, M [y M), BAFFARIE. O

W IM #£ M B, FE&10.7.4 HRE m < n, FOIIEE Ho(x; M) = M/IM # 0.
BESIENZF x, UREICE B TAEIE Y &M N ILEIA R M1 R/xR LR Ext B+,
{BHICTEA X A%,

# 10.7.5(D. Rees) % M % R-#, T x = [z1,...,2,] & R-FEN 5|, 12
M-FEMF. & = (x1,...,2,), WXPTH R/I-E N &5

Extif (N, M) ~ Exty, (N, M/IM), i€ Zxo.
JEBR ABMAENREE] n = 1; A1 x = [2]. PAFREGHMFEIE TE, 205 E 151
Extif (-, M) : (R/zR)-Mod®® — (R/xR)-Mod, i€ Zsg

R Ext$, KIESFIRENERZFRSLSH [16, X 3.12.12] A8z LR 5-5F 1, i
HAE i = 0 M4 Homp (-, M/zM). TEHER |, A SHEFHOZIE (16, it
3.12.15] LA TR IAIH.

SIS i =0 B, WIEAS 0 > M > M — M/aM — 0 BFEAS

Homp (N, M) — Homp(N, M /zM) — Exth(N, M) — Exth (N, M);
ZAFZIE Homp(N, M) = 0, i = 4L Exth(N, M), #6 MU

Homp,,z(N, M /xM) = Homp(N, M /xM) = ExtR(N, M).
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6] 55 L[5 3 6-B8 T X [16, X 3.12.5]: FisRIERFESMKIESSIRE
Ext} (-, M); HREE [16, fidl 3.12.14), BUENFTE N #1 i > 0 #F7E R/x R-AEAIHKIFZS
F — N f#if§ Ext''(F, M) =0 BIA[. Mk, BREEN A5 F = (R/a2R)®A — N, N

0— R®A S RPA 5 F 0

N F KR 1 BB, i > 0 B Exti ! (F, M) = 0. O

10.8 wrEWZ

P4k §10.7, AT REET Noether FRIHIE.

EX 10.8.1 (RIKIEMFY) % I 43 R H3EE, M 4 R, x=[r1,...,2,] HEAET
IT# M-ENF|. EFREHE tnpr €1 FE [21,...,2np1] H M-EWF], WK x H4a4
T IRk M-ENF; 4 M=RB, G§HFA0ET I §RKENZ.

#ig 10.8.2 = LR R M R /2 Noether 35, MFEARSE (21) C (w1,20) C --- B
FREA, MURNE X 10.5.1 AT WAEAR] M-1ENFA AT IES R — MR M-1ERIF).

5132 10.8.3 % R % Noether 3. 4B I Fuf R4 K R4 M, T Bk 440
(i) M#A0 BEAFEKEFZEMOET I ¥ M-ENF;

(i) A o el BRAA M= M 34

(iii) Ass(M)NV(I) # @.

EBA (1) < (ii). XZHIEUFIEX.

(i) = (iii). SRAFGE 3.4.6 BAMA p € Ass(M) ZIFHE I, BRI
(el 1.1.3) ZIRFFTE p € Ass(M) 1§ p O 1.

(iii) = (ii). LR M #0. BUp € Ass(M) NV (1), WFFEIRA R/p — M, X5
Bl M-S MAExelcp NARARERMARZ. O

72 10.8.4 (D. Rees) % R % Noether 3, I % R W5, T M 44 R4 R R-H.
(i) # IM =M, 1 j; (M) = +oo.

(ii) & IM # M, M jr(M) € Z>o, MECHTHALET I tiK M-EN 7| 8 3%
EEN: &

JEBR (i), EH 2.3.4 WAHIERS T+ann(M) = R, RIZ S 1 BALATH Extl (R/1, M).
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(ii). AEEET 1 RE M-EMNF] x, IEHKER n. MHAHE 0 <i <n, @
M; == M/(x1,...,z;)M. 5/ 10.7.3 2K

Ext%(R/I, M) ~ Homp(R/I, M;).

Wi <o B BT M, —— M R, R3O 0. BEET i = n. B IM £ M A
x HIRRASRAATRD M, # 0, T HAFERKERFMES T 1 19 M,-1EUZ, T253
10.8.3 44t p € Ass(M,,)NV(I). BL R/I — R/p — M,, &K, 35| Homg(R/I, M,,)
AEZTT.

gk, n=j(M). O

#i2 10.8.5 % R 4 Noether 37, I C I' 4 R W3 %, W1 M A HRE K RHE, N
Jr(M) < jp(M).

B W HER 10.84 HEFERE| IM =M = I'M = M. O
#3€ 10.8.6 % R % Noether 31, I & R tWEEME, M K HRA K R-H, N

Jr(M) = pei%/lfl)ijp (My).

EBR & p € V(I). IR 10.8.5 G (M) < jo(M). XFfH i € Zso, RS
t Exty (Ry/pRy, My) ~ Extip(R/p, M)y, £8 LRI 51 (M) < jur, (My). BESN, #
IM = M W pM, = M, I j; (M) = 400 = jyg, (M,).

PAR IM # M, BEET I B K M-1IENF x; 518 10.8.3 ZHIKFLE p
Ass(M/xM) NV (I). LEW pR, € Ass(M,/x,M,), H9H x, & x X R — R, M.
513 10.8.3 K x, 2HEET pR, WK M,-IENF. W& E—BEF j (M) =
infyev (1) Jpr, (Mp). O
EIL 10.8.7 % R 4 Noether 3, M #HRA K R-HE. ¥ R TES x = [r1,...,2,]
A REERRRA T, U:

(i) IM =M Y% ERXSHH i € Zso B Hi(x; M) =0 F1 H (x; M) = 0;
(i) & IM # M
Jr(M) =n —sup{i : H;(x; M) # 0}
= inf {7 : H'(x; M) # 0}.

IEER (). “E” BTTIAST Ho(x; M) = M/IM, W (10.3.4). PURACLEE “{4” F7A).
Wp My R ERBE, WRERA RS (10.3.1) %t R,-BIH

Hi(x; M), = (H; K.(X;M))p ~ H; (R @ Ke(x; M) =~ H; Ko (xp; M) = H;(xp; My),

Hrhx, 2 x X R— R, . [\IZE] T F Ko (x; M) RIFTATRE.
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o #i I ¢ p, W x, ERATEAEZE RS, I H; (x5 M) = 0.
o £ I Cp, W IM = M FEH 2.3.4 28K M, =0, 7H H;(xp; M,) = 0.

gk, Hi(x; M) = 0. 5578 10.4.6 AT UL H™*(x; M) = 0.
(ii). WEET I WK M-IEWF y (BF=), 1] y IEKERN m, E8# 10.8.4 (i)
BiBH m = jr(M); IRt Exty(R/I, M) # 0. 5—75TH, @il 10.7.4 A3
0, H
Hi(x; M) = {Ext;g(R/I, M) #
8 ERH sup{i : Hy(x; M) #0} =n—m =n — j;(M). XHEHE-1NEFKX FIANE
A2 10.4.6 SE - NEANLES. O

FEME info = +o0, M jr (M) =inf{i : H (x; M) # 0} £ IM = M BHRIRALIL.
el 2 R 9 Noether RFIAIIIEIE. HUEE X, M M-IENS] x #EE
T R HIME—HKHAE m.

L 10.8.8 % (R,m) % Noether B# 3, M HH RAE K R-H#, M #0. 4% R # 7T
/‘:gf‘:ﬁj X = [Zla“wxn]; _& I = (.Tl,...,l'n) Cm7 WJW\_F%%%%

(i) jr(M) = n;

(ii) Hi(x; M) =0 & fr& i > 1 o,
(if) Hy(x; M) = 0;
(iv) x & M-EN 3.

R (1) < (ii): ERF IM # M, FX2EM 10.8.7 (i) L.
(i) = (iii): “FML.
(iil) = (iv): EE&TH#IL 10.5.6.
) =

(iv (i): BRI IM 4 M, BCGER 10.8.4 (i) KB j, (M) > n, TE 10.8.7
(i) XZEi (M) < n. HILEER (). O

>R

1. % R RAEFIR, S = R[X4,...,X,). IEHH
X1®1-1®X1, ..., X, ®1-1® X,]

4L s 2 S-1ENF1).
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\Y
[

2. W x=[z1,...,2,] W R W7CEH. WH RANERIESS

fit1 fi .
-+ > Niy1r——> Ny —> Ni_1— -+ (i €2)
iMH x XA i € Z #Z2 N-595ENF, UEH N, ® R/xR 2 IESFI.

3. M R L MEXNFR RS Sym(L), FFFE Sym(L)-# Sym(L) (% L. HHES] Sym(L)-
PR 7
u: Sym(L) % L — Sym(L), u(s®z)= sz.

FHAESGER M Sym (L)-REURH (I [14, 517 7.6.4]):
AV (Sym(L) ® L) ~sym(L) @ \ L,

FEMIRT RARABVATEIR Sym(L) EERIMREL, PRI IREFICR B AMREGT 7.
(i) % ERERRE X 10.2.3 B9 K(u) ZFRTF Sym(L )®/\L IERH BN S A H

O (1 mp) @ (Y1 A+ AYg))

q
:Z(—l)”lyimr--xp@(yl/\-”/\z?i/\”-/\yq)

G (p>0,¢>1), Kl aj,y € LT g REBEMIZIL R, o, RFN
Sym? (L) (%) /\q L — Sym?*'(L) % /\q_1 L
(ii) ¥ Sym(L) ® AL ER (0q)q>1 TN RERHERTY, WHEMEN— KR TP

O%/\nLe--‘%Sym”(L)%/\nipLa«~%Sym”(L)ﬁ0

—_
0 RIA
MEM (HRREE), L2 &, HF n € Zso. EBEI S MNE—W R ETF 0

I,

(iii) JERA# L = Ly @ Lo, MA R-EFESHNHTERME k& @ IE X §10.1):
(Sym ® /\ L1) ® (Sym(Lz) % /\Lz) = Sym(L) % /\L.

4. R B, % L Z2ARBKESH R-BL A &, £ n > 0 NIES.
2 TUE R Sym(L) ®/\L — & AN, Y L = R NEREITE. —RIHE LA
VA Kiinneth EH [16, EH 3. 14 12] 3B (%@ ARG, JRA: BRI L; 10
HEEIE AR, FUEEH, [[EH).

5. A& L BHE— SRR L E, W) &, £ n > 0 IWIER.
BER 5.10.2.
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6. 1% G B, MR k ERIATAEARYE G- Abel JulE, HARE k LiKRERAITRA
5k (AT —ARFRREIREHM L [16, F X 6.1.1]), IEHE Grothendieck Bf [16, & X 2.9.8]
N R; KEBUE R BONARRIR. IEPAE L 2 k _EWERYE G- NIXE n >0 BE R

G ) |
S [Symi(L)] : [/\"*’ L] = 0.

=

AL Sym® FT A" R GEURIREIERE, [] AR R HHIE. W5 R BT TR

TEAR L .
s=3" [Sym"(L)] T, A=Y [/\ L} T

i>0 i>0

TIRKERT S N T s(-T)NT) = 1.
R ZH—RYISE (B R = k), HIEERFHAPR RSN R G-HERZ.

7. Wx=[21,...,2] B R-IENF, I := (21,...,2.), WAHEERER R M HE IM # M,
W jr (M) <.
Koszul #E A R/T BIEHHEE, LZES Exth(R/I, M) ~ H' (x; M).

8. MR R MUTEEH x = [0, ..., 2] W R M, EX M := M/(z1,...,x)M K M —— M
BRIFEE Mo — My, EH v HP 1 <i<n), AEE 21 : M - M = M,. %
x & M-591EMFN S BAE

T1 T2 xr3 Tn ]
0O—-M-—My— M) —--—> Mp_1—> M, =0

ZIEAS.



b IEMITERREE

11.1 Eupzsw

B SHEEARRE X 7.2.1. X T Noether JHHFIA (R, m), 51H 7.2.2 YA R 1=
AR ZWE mb c T cm WA I, H k€ Zoy KT 1. @1 d := dim R, &
7.2.8 WA d € Zso, MELFTE 21,. .., 24 € m HZER R —DSEFA.

EX 11.1.1 (B¥R) % (R,m) % d % Noether FHI}. & x1,...,09€m AR R ¥
SZHBE, WHRENHN R —REHAR.

I 11.1.2 & (R,m) % d % Noether B3, M z1,...,74 & R WEKZ. XF
0<i<d%F dm(R/(x1,...,2;)) =d—i, WH Tiy1,...,2q HERE R/(21,...,25)
e

JHEBR  {FEiC 7.2.9 IR FH. O
—NEARWEEE: MINBEFRE SR v, .. cq 15 m = (z1,...,24)?

EX 11.1.3 (ENESBIFMENEHR) % (R, m) % Noether FH3HF, d:=dimR. #
BT w1, xq EF M= (21,...,2q), WA (R,m) A ENBEIHFX, HERK 21,...,24
AENZH A,

Al 11.6.2 (1) FBHEIENZEEAENS] (€ X 10.5.1) RIEBLER.

T 11.1.4 & (R,m) % Noether F# I, r d:=dimR, 12 R RIR LA r. KA
A d < dim,m/m?*, F5RTYBRY RZENFHRF. K 21,20 cm ZENS
BA LB GCAIAE m/m? o AR w1 B 5 (5] 8 26




276 F+—F ENMEMRE

WEBR XMTE s € Zso, IR 2.3.5 (iil) HIK c-FIEZHE m/m? REH—HTE {7:}5,
A BAGY R m BB — TR {5, ARG WT Y7 J51A, ATEL o R @ (9
R, T8 7.2.8 BEH s > d, MBS s = d 2 HALY R EN; 1N m/m? £
HIC T4, ..., Ty TCAER B, O

F#ig 11.1.5 N TIENFEEA (R, m), & R B, W m? # m, BFE » € mm?; K o 1
m/m? HGY o —HE, B R PIRETT, EEENSER 2 = 21,...,24 € m.
TR 11.1.2 iR R/(x) &P 29, ..., 24 FBENENSERE d — 1 4EIENEHEA.
IXFRELTSH T8 eTE.

EM 11.1.4 #8717 DA FREE RN
EX 11.1.6 (0. Zariski) % R 4 Noether 3, m 4 HEMH A M. E X R £ m A& #H
Zariski Y1 % 8] A A R% R/m-11& %8 m/m?, & X R % m &8 Zariski ¥ % 5] %
bR 2 8] Bl xR = ]

FEZ R AE m M Zariski RYIZHE (BP)250) fl Ry, F mRy, SRAEHE. T
Zariski RYIZS BRI ERNEER, (T2 02 EHH#ES 27
#iC 11.1.7 5t Noether B # 3 (R, m) B m-3 F &1 R, (ﬁ, m) & Noether &
A, WA REMNSERY R EN.

EBA  HEIE 9.4.6 BB R 4 Noether ¥, vl 9.5.1 (iii) BiBA (R, @) 6, ML 9.5.5
BB dim R = dim R. RSN 9.4.4 4 H3EA IR

R/m S R/m, m/m> > @/m2,
HOEFE 11.1.4 208 R 1 R BUENNEESE. O
il 11.1.8 & k JyIs, M RFRE k-RE K[ Xy, ..., X,] BRIEMFEIER. HAR, B2

Phm = (Xy,..., Xq) IKHEAIER Noether RN (513 B.2.7), ML 7.6.4 Z5HAY
dimk[Xy,..., Xg] =d WA X1,..., X, BHIEUSKR.

f11.1.9 2 dim R = 0 FIENEHEIA (R, m) &F m = 0. HILAI L 0 ZEEN &
7 /e |3

EEE 11.1.10 F ) 536 30 0 A B3,

MEBE XIEREERIR (R, m) I8 & = R/m, X d := dim R IB)THILUE. 75 d =0 R &
. LR d > 0. B4 R WH/NEANCERR, M dim, m/m2 > 1. % 7 :=m P&
m? F R WA INEIRAR N F 2T (A 1.1.3), AI1S t € m 15 ¢ BEAJE T m?
WA JE TR NEEAE. & R .= R/(t); HIEIL 11.1.5 A WL R 2 IENFERIR, DA
w’ = m/(t) AWKEAR, W H dim R = d — 1, B3 R 2R, 1 (1) BEHEMA.
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PASIFE 2.8.1 (HIEWE p C (t) BININEBEAR p, $4491% ¢ & p. VEEH p = 0 BIA]. K
R,p ICEBREE R s =ta, P aec R Hit¢p B acyp. TRpCtpcmp, K
p=mp. TH 234 &K p =0, IEE. O

BRHE 1 HEENRER, XK §6.5 FIH SRR

il 11.1.11 % (R, m) 24 Noether /HFEEIR, 5 m BIEZFFHAE W R 2 1 4EENF
HRIA. XEBENZ I dim R =1, i m = (z) N 2 S5t R IENSEER.

JeIEiAE BA g5 e
111112 F R 2 1 £ENFHA, U R 2 HURER.

MEBR  EHEE 11.1.10 Wi R /& Noether #8348, i K := Frac(R), ZWiS R ZWR{ER.
W RIENBHAR o A 2 =L e KX, Hf r,s € R\ {0}. £ r,s € (w) WA
HZ o Krull ZZEHEHEIR 3.7.2 (BT = () RIH o FNATEETCTFRERR » 5L s, FIT AR
KR EE w tr B w § s BPRGE. BT R = R\ (w), B—MEESH 2+ =2 e R,
Mmes —MEESFH » € R

WEXT R /2 Noether J{{E, M H R B, ANl 6.5.4 Al R Z2EHIRENR. O

AV 11.1.14 B c#tE] 11.1.11 FI5 3 11.1.12.

513 11.1.13 3% R % Noether 3, Il R R EMEA L HN L TF A t € R~ {0}
Fop € Assp(R/(1)), 3f Ry, HHRE pR, #Z A,

HERA X T < BT, @ 3.4.12 7E Frac(R) M R = N, Ry, Hi p @5
Assp(R/(t)) WITCE, ¢ B R~ {0}. N TIXLE p, il 11.1.11 iR R, 2 1ENRHEER,
(R 2 B BOREIR (5138 11.1.12), HiE FEARIN (513 6.5.3), KLt/ EMEEIR
(fmdl 6.2.2). IS WENZE R HIEM.

M ALY J7IE, & t € R~ {0} fl p € Assg(R/(t)), BFWRZIE pR, 2 R, Y
TR, ST AR TR RIMEIR (A 3.4.6 (iii)), FHERA R, 1 R, K]
AR (R, p) 2JRERINT p £ 0 KB,

¥ p € Assp(R/(t)) RN ann(z), o 7 € R/(t) 2HD 2 € R 1%, Kt
pz C (t). BX Frac(R) 1 R-F1¥&

p~!:={y € Frac(R) : yp C R}.

WS plp =R,

W ptOR W pp~t Dp, MIZEX pp~t B R I R-FH, JRRIEAR S f
pp~t € {R,p}. RU0 pp—"' = p, MIFEEPE 6.1.2 (iii) FHE M = p AJHIEN y e p~ ! #B
2 R ERRTT, IEMMERENR p ' c R XHprc () M Lep ' CR ET=0T0
p=R, T



278 F+—F ENMEMRE

Zilb, pp~t =R TREFE ycp ! 15 yp £ p, H p KAI1E yp = R, KTI1FE]
p=(y ) B 0

@l 11.1.14 3% R % Noether B #F, U ML T &4
(i) R Z 1 % EMEF,

(i) R B3, HRAERREETEHEN,

(iii) R & 1 4 IE W & 33T,

(iv) R £ % #URE 3.

B (1) = (ii). & R MIMCKRIRAEN m. (EH t € m ~ {0}, WI[AH dim R = 1 i 0
SRR, Assp(R/(t) FITTERAEZE m £ 0, 57 11.1.13 ZRHH m 2,

(i) = (iil) KEHI 11.1.11.

(i) = (iv) KEFIF 11.1.12.

(iv) = (i). EXEBUREINE 1 4EFHARIR (515 6.5.3), W51 11.1.13 &
M R 2 1 4EIEAEEIR. O

i 11.1.15 & R % Noether F# %3, N4 Frac(R) # M %=,
R= () R,
p:ht(p)=1

IR WEXAR c B W o A, @il 3.4.12 ¥ R EFTHAE R, 2%, HHE
Kp e Assgp(R/(t)) Tt € R~ {0}, UEBHIXSEEFAE B2 he(p) = 1 BIA]. HoE p £ 0,
B ht(p) > 1. Hk, 51 11.1.13 FIEFAREE 7.3.1 2006 ht(p) = ht(pR,) < 1. O

L 11.1.16 % (R, m) % Noether B#3F, it R #H m-# =&, Il R 2% HURME

A% ERY R IFH

JEBR  #EC 9.5.3 BfR R & Noether RFRER. BETa 11.1.14, FEWSEHN T R 2 1

ETEN R ERIRY HAY R 7RR. 458418 9.5.5 5 11.1.7 BIA]. 0
&GN §9.7 BUSE SRR IE N 5228 R ERIA.

Wit 11.1.17 % (Rwm) AENZEFHHIH, # k=R/m i d=dmR. # R 445,

M R~ k[X1,...,X4].

IERR ARYEE N 9.7.3 Z ERIISFIER 9.7.5 (i), FERBIR A C RHE R - « 5
S AS g RN, UTER A 5 k. BN R Z2ENRE, AT z,... 25 € m fi
FENTE m/m? FBRSE T c-FRZEEE, N m = (21,...,24). BETERE
r-PRECZ AR SEIRIZS

(I):/Q[[Xl,...,Xdﬂ%R, @(Xi):xi;
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SeAHEII © B SLELWI. BUITATE a € ker(®) ~ {0}, M3 IHE 7.2.6 (if) Z1H
dim R < dim,%[[Xl,...,Xdﬂ/(a) =d—1,

FE. gL, & 2. O

11.2  EWEH Poincaré Bk

AT ING, R REERIITG Zso-70R. & k NI, S N w-AREL, (5S4
S, ENERYE -mEZSHE, mHE S B S, £/, So = «. WHAE X Poincaré E Pg
(/€ 4.4.6) 1 Hilbert-Samuel 2 Hg (L 4.4.9 (i), ZITHILHN X.

WMz, MERERAER Z-7k S M EAESL Py 1 Hyy, JFENZIEZ
p>0 = dim, M, = Hy(p).

degHS.

IEBR  EBUEEFTOUC f € 1. i e == deg(f), BIE Z- IR SR IEES

O—>S(—e)i>S—>S/fS—>O.

BT Hg—e) M Hg W mRTiAHFE], Hilbert—Samuel 2 ITAYZ| 5 H deg Hg/y <
deg Hg/ps < deg Hg. O

X F Noether RIFIA (R, m), K R DA m-#HIEEFFE & = R/m, W5IR w-REK
gy (R) = @, 5o m"/m" T WRICHIFM, IR Po g M Hyp (318 4.8.1).
FATEHIE IR k- REUFTS

B : Sym(m/m?) — gr.(R), (11.2.1)

HZIEZ §1 = idm/me. HT gro(R) H 1 REDAER, 8 EI2HS.
S Xl 4.8.1 ZJEHTTE X K g, HEEE R #0 &I Knr #0.

8 11.2.2 T Noether B # 3 (R,m) 1 x := R/m, FEXHK w-REK S =
Sym(m/m?), | DA T £ 4

(i) R = IEN &3
(i) F (11.2.1) EX WA B: S — gr,(R) £ FAM;
(ili) & 7€ Zso fF Par=01-X)"";

(iv) Pop=(1—-X)"dmE
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IR (1) = (i). @ d = dim,m/m?> FERPREHEE T = ker(p), M S ~
KIX1,..., Xal. B T#0, M d> 0518 11.2.1 KB deg Hg;r < deg Hg =d — 1 (Hl
4.4.5), {8 S/I ~gr. (R) S8 Hg/; = Hu g, M deg Hy g = deg Kin g —1 =dimR—1,
XN ZEMR dim R < d, SIENMEFIEH 11.1.4 FE.

(i) = (iii). Hi Py g = Ps RAE

> dim, Sym"(m/m?) - X" =
n>0
(iii) = (iv). BEE dim R = 0. I R 2 Artin KR, BIETE n 18 m™ =0
(12 3.3.2); T Por = (1-X)" BHANZIEC, E—AJRER r = 0. HXI& dim R >
1, BN 723 Z TFHNIRSEH 7.2.8 R dim R = deg K, p = deg Hy g + 1 > 1, i
IR 4.4.9 (iii) 22K r = deg K r-
(iv) = (). EX dim, m/m? FTF X £ Pur= (1 - X)" 97 BIFAHHR
0, 7RRN dim R, AANEHE 11.1.4 SERGIERA. O

L 11.2.3 % (R,m) fr (R',m') % Noether F# %, R £ &, R EN, N F#HFEL
0:R— R ARAMYENY ¢ HEZ R/m — R'/m’ 1 m/m? — m'/(m')? 3 4 W 4.
UEBE ARPR Y47 BT mIBIR]. A 11.2.2 SHER 87 : Sym(m//(m')?) S e (R,
R A 2R

=X r = dim, m/m?.

Sym(m/m?) —— Sym(m’/(m")?)

(11~2~1)L3 glz

grn(R) W g (R).

T2 B BRI, dEif gr(p) R, Fritz m- (30 m/-i#F) 3 S 25508 BB, i
A1 o 2, FEW (16, fidll 5.1.4 (ii)]. O
#EIL 11.2.4 % (R,m) HEN B, WHEH (B X 7.4.1) HE e(R) = 1.

MEBA A dim R =0 W] 11.1.9 A R B, m =0 M Kunr = 1, SEBE XS
e(R)=1. AR¥E d:=dimR > 1. i@l 11.2.2 A Pop = (1 — X)~4 BT 4.4.9
(iil) (HEF gr, (R)) FIEX 7.4.1 Z REE, KA e(R) = 1. O

Wi/ e(R) =1 B Noether RIFRARIEN], AT >R 45 H R A5,
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11.3 menstes

AT B §5.11, N §11.4 7ERIEA.
HE 11.3.1 DIFEIR R IFE, BHEHIRAT X 2.9.1 2575338 K := Frac(R).

EM 1132 (A¥SNIBM) » T R KW RFHE WMAK-IT=K, WK % K #hi
BT EH—FERT RN 5111 Frig ey s, Mz A R 380X,

[EHZE A] SRR A BRAE B S .

Fig11.3.3 5 1 2 K WAERMK R, MHBEDAIHFE 2 € T R L e K 15
Lox=1, 0 2=u W INRE RKEFRHTF.

N K BTE R-THR TR J, X

1J = {ZxkykEK:kaI, ykGJ};
k
TR g AEBM, W 17 788K, 188 (1,J0) — IJ BRWG RS S Ml AR
NATCHIZ R 22 RE, AT DH AR AT T,

SIIB1134 F I fJ A4 KW RFHE IJ=R N IF JEZERNE, LEFR
A KA ST R-HE.

A BARK I=K=K-J Waz,...,0, e I My, ...y, € JHEF Y 2y = 1.
RIS

T (TYi)s (zi)im>; iz
— > R ——
ERCATEE, Kt T BA RIS R NFRIERE J 7R, 0O

BB 1135 & K i R-F# T #FX R4 I :={zec K:xI CR}.
(i) ®IRAKHRTHE NIZTHESREEYHNY [T =R
(i) & I AWML RER, J A4 K & R-TH, A

I''J={zeK:al CJ},
I7'J 5 Hompg(I,J), tw [z tz];

FH—FEK T FHE, WA

I®JSI1], Ry xy.
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(i) % I A T#HRBEE, U I71 5 Homp(I,R) = 1Y W 2wt 4 REH, 17 H
(IH)=t=1.

(iv) MFETHA R A0 J, BRI

{te k¥ 11y =tR} =5 {RERAM ¢ 157}

t— [ tz].

HERA (i), ATF «X7 75, 51 11.3.4 iR T N ERRARIRGHE. $T518 5.11.5,
PN A REEAE p BiPH 1, 2FE 1 BEPAT. 12K R BARERFEMA R, FAEZH T
£ (L 2.9.4), IdEEN U, SAERRSHAHRER

R, —— RP[U’I]
I 1 BUTZ

R— K

SR I WREME K -1 = K C2f 1 Bl K-8, i) 1, a2k 1 /1.

X AN Trra, B0 1 R ARRAE ISR, KI5 B 11.3.4 AYIETELS H— 5
fi € Homg(I,R) fl a; € I f15 Y0 | fi(y)z; =y W y € I oL BT 1 IRRM,
fi RHJEEML K = K - T — K WIIRA, 87 L ¢, € I 15 fi(y) = tiy. RN R (U
ZHF yeINR (FEL 11.3.3), /I Y0ty = 1. KA 1711 = R.

(ii). FeabSEN, W AR (J:0). BRI Jc(J: )M I(J:1)CJ, &

(J:1) i I'1(J:1crtJg

T AT, SefFie 11.3.3 By € INR#15 y I RIFRT. W te 1,
Fity=00t=0, K I7'J — Hompg(I,J) H¥H. ZFHME, 47E ¢ € Homg(1,J),
By b, @yt =y to(y), AR p(z) =tz NEA = € T Bz, A 2 € Ry
BRBAL, BF MW 2, IR y € KX, % R WEZRT v #1F ur € Ry, &
up(x) = p(ux) = ute, WIEAITHEZER v. AR te (J:1)=1"1J.

NFHEARN, BT 1 ARAER, \TRAEER T ¢ € R 15 tI c R HER

R
I —— 1J

- I

(th®J — tIJ,

KTt BRI Ak BN RN, BRI c R WIETE, WK J SFHER
IT®J S 1J (e 5.4.4).

(ii). A (i) RN J = R fI5[# 5.11.5 AW, I=' 5 Hompg(I, R) = I®Y Zr]#%
BLOH GO)AENITTT=RBW I K=K, 1! 2o BE d1'7=R
PAFESELA (1-1)~L Mg 1= (1)~ L.
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(iv). X2 (i) BIBHTESIL, AERR K FREISRIR RO RIS HI & K. O
SIIE11.36 #7# REM HE KeoM~K (A4 K-#), Il M A#T R B EAN
[ R

&K ZFXREH, WERMR A THE RE M &L, Wik K oy Eq 7
R-YHA R #0 XER.

B SAEME KoM ~ K WA R M, 513 5.11.6 20K R-EIFEES M - KoM
R AEREE M oc K B R M 2 K R-F&E Ko M %I[H
T K- M (513 1.64). #1 KR ¢ : K 5 K- M, G%ET Ke(1); 2R
ann(p(1)) = ann(1) = 0 ZHiK o(1) B2 FHIEFR T, B Ke(1) = K; 28 b, M ZA]
5y AR,

i K 2 PJRERER, M 5.8.8 46 K © M ~ K MrE A% R M Kz, b
—BRIICUERAN K BEMATYE R8s 2 nl b 7 xCHAR. O

T 11.3.7 4 EH R, it K := Frac(R). ¥ R Ak o REHAE T (I,J) —
IJ ek ¥t 3,8 T 0 T8 {tR:te K™} A4 €

() EFHHRER T E CHiEny [, N CHTERTRME ] 2H, P ICR
(il) ®AVERBAHEAT]
1= R* - K* - 35 Pic(R) LR Pic(K),
Hpa Bt T AHFEME, B EEN R— K F5|# 5114 %%, XK B W,
(iii) # K ZFR#H}H, N LR 2 o F R FAH ¢S Pic(R).

IEBR Al 11.3.5 3REA I BOUZSHLRE, T (i) Y o 2 RE XAREFZS.

(1). NErE R IRAE 1, 71E t € K> {15 ¢1 C R, T [tI] = [tR][I].

(ii). f£f K>* IES: Bte KX MtR=R, MW te R*. fEJIES: B J €T
WE R~ J, Xamdl 11.3.5 (iv) fRN I = R AJFIETE t € K* #{% J = tR. £ Pic(R)
MRS ZIERY RARE M, & M ZrlH A, N K @ M FRT K-M =K (51
H 1.6.4), L 3 — Pic(R) — Pic(K) KGN, RZEE KRN K @ M ~ K,
513 11.3.6 251K M MFRMEZERE 7.

(iil). %F Frac(K) = K, IS 3 11.3.6 4K Pic(K) “FFL, MO\ ¢ BYE AT (i)

VI o BF €S Pic(R). -
XTF K BB SLMETE R N Noether 38 (LB Ass(R) BFR) 88838 (L)

DAY

Rl 11.3.8 & R 2*— 42 %37, | Pic(R) F /L.
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JEER R 11.3.7 KA@ML LIOVIER] R (URTA R XBAE 1 C R 900 FHIAE.
TEEF I #0. BB f € I~ {0} I BAFRAI 2150 fi#

f=upl ---pir, n€lso, e €L,

Hrtu e R* i pry...,pn € R ZAFNENMNRET. LFAYE n > 1.

MT I 2AERA R, G 5.8.5 (i) MG 1 <i<n Al a € R 15
a; ¢ (pi) i Ifa;'] REHME Ra; "1, RIE (9:), HF g, € Rla; ). FEF Rla; '] 1
TEME— /7 fREEIR (e 7.3.3 ESFEERRIE), M p, EHPGIRZEIT. Wike
VEST iR

9i=pl'gl, fi€Zso, g ¢ pi);

E e, > fi IFIGHE I = (p; pg;n).

il 5.8.5 (iii) WA Spec(R) AIHUN D(a) WIT THE %, H o € R f#i1
Ila™Y] BN Rla™1] RFEHME;, FL b WERZD D(a) BIRTEE Spec(R) (7
2.5.1). BT §5.7 HIER, MG MIXAI o W Tla—!] = (pfl ...pg;n) iy

B I[a™!] = (g), @8

& am

J={1<j<n:pj¢Rla"}.

FE# j e g FMT p; £ Rla™!) FHEIT. FNTE Rla™!] H g BER £, 8 g FINE
— RN RAWREI {p; 1 j € T}, Wil p; 7 g FRIRIR d; WE d; <e;. XATHE
j € J, NEN R[(aa;)~ Y] FEEUTFERX

(95) = I(aa;) ™" = (9);

PR p; £ Rl(aa;) "] HRRIT, ERBESB 4 = f;. W j¢ T W p; £ Rla™']
AL, SR L AIAS I[a™Y] = (Hjeypfj) - (pfl -~-p£")- 0

11.4  Dedekind &5F
WF5% Dedekind BEIAHFNHIK B REE 0L, BREEEAZRIKE e rE—7
fRMERR. Dedekind EEIREAZHRIRICH) RMEZE A H#L 1T 4 RHEA.
ENX 11.4.1 (Dedekind EIF) #; 1 4 Noether IF #l %3 % Dedekind % 3f.

Dedekind BIRIELAHI T R MR 2. ATRIGHIM 11.4.10 K BN T8
MAERRY 3K LIQ (B REEOR), 2 76 L RN (B L MRECEEER) d2
Dedekind #£¥R.

5|8 11.4.2 Dedekind I 74 0 WM T E W B L HFZH, 5 & Dedekind
378
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HERA  JRIEREAREF Noether FIIEMIME (MR 6.3.3), 4EEC Y, BAERIALIERE. O
FRAEE 11.1.14, JFEF Dedekind FEEATCIETR B BURIEER.

SI3 11.4.3 # p Z Dedekind %3f R Wy FELH M, I| R, THHWMEIF, T p 22

X 11.3.2 Brif oy o o R .

SEBR 1 p 0 AT p Bk, # R, IR Dedekind %R, [T 2 B B,

TERAAER IR IERLE. BT b T AE S MR m (SRR AL,
p KRBT Ry (SUEFT Frac(R)); LS p 710, HE0A 5.8.7 FiI3[FE
5.11.5. O

TRy AR 7, Aldganl 11.3.5 A RENX 171, Bifid 1711 = R.
EIE 11.4.4 % R % Dedekind %3, [ ZH gy T E A4, N

(i) FENELZs) MEZZEE p1,....p FHEL=p1-pp, Un=0HARHNT
H R, WA nFp,. e (FEBRHF) B 1 vE—H T

(ii) I &7 AEH.
IEBR  (i). A I = R 8¢ 1 ZRMENMWS A, SUIFEEREME p O 1,
J={z€eR:zpCli}DI

R p A (513 11.4.3), am@ 11.3.5 (1) 1 (il) BEE—EB 208 J =p~ 11 1 Jp =1,
itk J # R WAMAE J 2 I, &N 1 = pI, NI 1, = 0, kMR HETRFE 1 = 0,
TIE.

i J AR MRERIRESH J = Ty, IR, B F 1CcJc g ¢ K
DBEHAS T 2R NFERIE I, 8 T =

BT EHp =1 Q. EREEIn=0 <= m=0 FHn>1 MK
P1 O a1 Qo AU py = 1. BEZR py AN KEFIAFETEDA p ! Bpo- - pp = q2 - Qo
SR A H LB

(ii). BESR T i hmlisi oy sNBRAR 2 FY Al 11.3.5 (i) PR T Homlis. O

WL 11.4.5 % R % Dedekind %3, M| Frac(R) # @4 RAERFRMATHE T H7T
#, W ERHE EH AR

I=ptepim eq,...,em € Z~\ {0},
HA meZso W pry-- pm = RHFEEZZELE U m=0HARMEH R.

MEBA BYX t € R~ {0} {15 ¢t c R. BAEZHAR (t) F1 ¢1 @8 11.4.4 (i) 70fR, I
RIS T W R, WE—PERRER] RS IAL R, O
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E211.4.6 T LROME, ROTE 1, = po Ry,: —UHERREIHTS, X SATE] T K
AR T AT, [FIRE, %5 p BT 1 195, W I, = R,.

#€ 11.4.7 Xt T Dedekind %3 R fn e # 5 XA [, R FREM p £ 11.45
WP B EEA (1) €Z. W 1D J Y HEMNY vy(I) <wvp(J) XEA p AL

JEBR R I, = pr DR, MM 1D J MEACY I, > J, MATE p HROL. O
e 11.4.8 3% R % Dedekind %3F.

(i) HEAEE IO T A0 #MEE € REH/ =7+ (2).

(i) HEMEE T fx e IN{0} MFEA yel 1= (2,9)

SERR T (), fEDR T = pS - -per ML J = pltooopfe ) Hid g, p,, BHRIER
S f; > e > 0; WHER 11.4.7. XFTE « B a; € p& < po ™t LA ERI R E
1.1.2 B = € R {#15

r=x; (modpl), 1<i<m,

W EEESNMERREE LR E W T =T + (2).
(ii) 52 (i) X I > (x) BIRH. O

%€ X 5.11.3 B Dedekind #3R R (1) Picard #f Pic(R). fR4EEH 11.3.7 flE
11.4.4 (i), EFET AN ¢ HoR2EFHEE T R Y

I~ — dte FI‘&C(R)X, I =tl,
AR, iz foRk B EAEAETE, DIIFZ AR IS N AT
i€ 11.4.9 % R % Dedekind %35, M| R 2o — B3 Y HA Y v 2 £ K.

IERR  HAME— 3% Dedekind %838 R BUEMAEZEAR 1 0 FFAERTAT. 1 1 2
Al oy AR IR A 11.3.8 2206 Pic(R) “EIL, JERiX Pic(R) ~ ¢ HIHIRZR 1
DAY ESLiY O

B 11.4.10 % R % Dedekind #3f, K := Frac(R) W3 L & K ARy %. L R
‘L FaEman S, N

(i) S # Dedekind #3f;
(i) % LIK THH R REMKEHARA KKK, S ZHR R-REK:

(iii) Spec(S) — Spec(R) % i, LA A EAR, WHY LIK EAK Aut(L|K) ZE&A4
Sk bR IR



§11.5 FE 287

EBR A (i), 513 6.6.1 BEAA S AE, i Krull BKH EH 8.6.2 (i) 4K S /& 1 4
Noether 3R i S {E RSB ERLY.

(i) 2 EH 6.8.1 f1 6.8.2 LA,

(iii) R EEHE 6.6.3 FIEH 8.6.2 (ii). O

AREE SR — AR Dedekind BEFR 176 FRAE RO

11.59 ==
AT §10.7 BB, RIFERHALE 10.3.10 N SRAERIIHRICES. E55%
HLHIRER—E N, REIRTT Noether #F0 Noether EEBERI4HA.

EX 11.5.1 (FE) % RAF, I AHEE, M A R-HE. EX M # I-FF depth; (M) €
Z>o U {+oo} W1 T:

o & IM = M, | depth;(M) := +o0;

o #& IM # M, | depth; (M) :=sup{&4&F I #§ M-IEN 5| 65K E}.
Rl 11.5.2 # F#®RFGE S, FER R 4 Noether 311 M A R4 MK, 1
depth;(M) = j; (M) (& X 10.7.1);

Eit—FERKIM # M, N depth; (M) € Z>o, T T ARK M-EN 3| (£ X 10.8.1)
WK A .

MEER W HEM 10.8.4. O
#iL 11.5.3 % & Noether 3f R #y# 8 [ fn g R4 R R-H M.
(i) #x=[z1,...,0,] AEETEET h M-BIENZ, NH

depth; (M) = r + depth (M /xM).

(i) ¥ ROFIARBTEU EF

depth/ (M) < depthy;-1) (M[UY)).

(ili) % I AFEEH,
depth; (M) = pelgfl) depthyp (Mp).

(iv) & R 2RI, THMAERES m, Il m-#tm &ML EH R M %L

—

depthg (M) = depth,, (M).



288 F+—F ENMEMRE

(v) & M' W RARAE KR R, T
depth; (M & M') = min{depth,; (M), depth;(M’)}.

MEBR STl 11.5.2, IXAIMEmE 10.7.2 AR 10.8.6 BIZEE R, O

il 11.5.4 GREAZHIER) 517 10.8.3 HIHY R 2N Noether IR M NE R4 K
R-HIN,

depth;(M) =0 < Ass(M)NV(I) # @.
7% 11.5.5 (BEIFLEREICE) N THENRIIA (R, m) f1 R M, EARIREE
I, BATHRF depth,, M F&IEJ9 depth M.

5|13 11.5.6 & (R,m) % Noether F# ¥, p C m K4 ZHEHE, MEHEZHEH
HEFHEE NTHARER B-E M fn € Zso, & Exty (k(p), M) # 0, 1
Ext’s™ (k(m), M) # 0.

MEBA 513 10.6.3 i Ry @Ext(R/p, M) ~ Exty, (k(p), My) # 0, 8 Extz(R/p, M) #
0. Bz € m~ p. HWIEAF

0= R/p—>R/p—R/(p+(z) =0
BFIEAS
Ext}(R/p, M) =+ Exty(R/p, M) — Ext};" (R/(p + (x)), M).
AL Ext-E R ERRAER R (AT 10.6.1), BUEH 2.3.4 (AN T = (2)) &I o
I FEZASAE, T2 Exty™ (R/(p + (z)), M) #0.
HTES p+ (z) WEHEBERA m, T8 3.3.3 W R/(p + (z)) & Artin X, [Hfi

RARKE R (T 3.3.1); HEMEFEFRET c(m). R Ext (k(m), M) =0,
T A RFI R I Extys™ (R/(p + (2)), M) = 0, FJE. O

8 11.5.7 % R % Noether 31, M 4K RA & R-#. % p € Supp(M), T & 3 4%
p=po&--Cpr=q

T AR TR w4, W
depth(M,) < depth(M,) +r
< depth(M,) + dim Ry /pR,.
IERR BRI AEFERXEIA]. BT BRI (1.7.4), RIEEASRE] » = 1. T8
F| g € Supp(M) T n := depth(M,) € Z>o. fmdl 11.5.2 BiFH Exty (k(p), My) # 0, K
AGIE 11.5.6 Al
Bt (5(a), My) # 0,

M depth(My) < n+ 1. UEEE. O
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Y p CqéEH p e Supp(M), BT dim R,y € Zso (EH 7.2.8), Ml 11.5.7 Y
ESthplisyrezi

i€ 11.5.8 A4 11.5.7 thig & ¥,
dim My — depth(My) > dim M, — depth(M,,).

IERA B q € Supp(M), Wi R BECZEE. FR M, M (M), HE
BE| ann(M,) = ann(Mq) R, (fidl 5.2.6), W5 [F 7.1.4 (iii) 249K
dim M, + dim Rq/pRq = ht (pRq/ann(M)) + dim Ry /pR,
< dim Ry /ann(My) = dim M,.

GEAME 11.5.7 PASERIERH. O
#EIL 11.5.9 % (R,m) % Noether B#3, M H# REKET R-H, N

depth(M) < inf dimR/p < dim M.
epth(M) < _inf  dim R/p < dim

WEBE WS — AR AL [BIZE] Ass(M) # @. % p € Ass(M) W pR, €
Ass(M,) (513 3.4.4 (1)), 85l 11.5.4 BEH depth(M,) = 0. A 11.5.7 (B q = m)
Bf§ depth(M) < dim R/p. O

Fealll, 7 Noether J&HIA (R, m) ERVARAERSE M #H/E dim M = 0, W HBHE
depth(M) = 0.

513 11.5.10 % (R, m) % Noether B # 3. 4 WA &% R-# M 3 & depth(M) =
dim M, %t A1 & p € Supp(M) ¥4 depth(M,) = dim M,.

JEBR ¥ 11.5.8 F1 11.5.9 IXF4
dim M — depth(M) > dim M, — depth(2},) > 0.
BHFTAKILE. L)

11.6 Cohen—Macaulay 4B
Xf T Noether RIHEEIA (R, m) FIBFRAER RAL M, #1& 11.5.9 BWHH M #£ 0 i
depth(M) < dim M. A5 HI2GEET 5 2 RO,

EX 11.6.1 (Cohen-Macaulay #£H1¥F) & R 4 Noether 3¢, M 4 H R A ik R-#. %
Xt BT p € Supp(M) BH

depth(M,) = dim M,,

M# M # Cohen—Macaulay 4.
# R % R-# & Cohen-Macaulay #, | fk R # Cohen-Macaulay .



290 F+—F ENMEMRE

o X 11.6.1 WFKMAERTFERX Supp(M) N MaxSpec(R) HIITE KL, X 25
11.5.10 FYRZH.

o % U & R WIEMETHE, M 2 Cohen-Macaulay R, ] M[U~!] & Cohen—
Macaulay R[U~'-#, X 24T R E L& (51271 1.7.8).

o K, Cohen-Macaulay MR HIREEREASZ Cohen—Macaulay 4.

55N Noether JR3B¥A LY CohenMacaulay N4 T 0125 R,
8 11.6.2 & (R, m) % Noether & # 3, d := dim R.

(i) & R ZEMNFHF (X 11.1.3), Wl R & Cohen-Macaulay 3, F%X L R ¥t

Rz, & m AHEN RREMNF x = [z1,...,2] £, W d=eT R EZN
T1,...,mq KM SER B IE N R #F L

(i) % M AHRAE®R R-#, Il M & Cohen-Macaulay R-# % HAX 4 H m-3 T &
M & Cohen—Macaulay ﬁ—?}ﬁ

(iii) #& ¢ : R — S % Noether F# A MK FRA, 1 N AHRAER S-#, I N &
Cohen—Macaulay S-# Y4 H1X % ¥ & Cohen—Macaulay R-#£.

IEBR (i), ATFHE—E, B d = dim R. $ TS 11.5.9 FARZER, WHIENSER
Ty, xg BN R-IEMBIEIRT, FEEE 2 # 0 W R BN (TH 11.1.10). ¥ d>1
B, FEIE 11.1.5 28 R/ (x1) LA 20, . .., zq FHENIENISERPIENRERER. 3BT
M ozq,...,zq & R-1ENA

EBTHE S, AT x, HIL 1159 A e < d, MEM 11.14 AH d <
dim,(my m/m? < e. £3Z d = e T x ZIENSEER.

(ii). EMZF] (R, @) {}2 Noether HEFHR, M =0 <« M =0, MiH dimM =
dim M (v 9.5.4). S5&MM 11.5.3 (iv) MASERIER.
(iif). EREE o BEY 1116 FHENRHAL. HBRNFEAN R/anmg(N)
S/anng(N) AIUL dimgr N = dimg N. 55—75H, H N-IENFIFE XU N X S fl R
HITRFERE . O

TEER: BN RIS AR BRAR Y (E B AR A REAEFH N IE NI S8R,
FEIE 11.6.3 & (R, m) % Noether F# 3, M # 0 4 Cohen-Macaulay R-#£.

(i) *PrA p € Ass(M) B4 dim R/p = dim(M); 45514, Ass(M) W TR Z A B4,
BRA.

(if) % BT EEA [ %A dim M /IM + depth, (M) = dim M.
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(i) & FE&ETF m TR x = [z1,..., 2], WTFHEM

(a) x & M-TEN 3,
(b) dim M /xM +r = dim M,
(¢) dim M /xM +r < dim M.

(IV) -& X = [xl,...,l'r] ZEE M'Emljﬂ; m\lj Xﬁ%%ﬂﬁ% (xlv"';xr) 7:% M é/‘]%‘\(%&ii
£ (R T2.0).

R (i), B Supp(M) = Uycaseany V (P) & dim R/p < dim Supp(M) = dim M, Ti#
1 11.5.9 £ depth M < dim R/p.

(ii). Xf depth, (M) JBIH. # depth, (M) = 0 NIFH| 11.5.4 5 p € Ass(M) {#H1F
ICp. MG 248 (iv) 4t

Supp(M /IM) = V(I) N Supp(M) D V(p),

HEERIG RN R-EARFN 2 B Krall 4E807] W,
dim M > dim M /IM = dim Supp(M /IM) > dim V(p)

i)
=dim R/p i dim M.

# depth; (M) > 0, Bl 2 € I C m 18 M = M A, IWI M/zM + 0. 558
5| 7.2.6 (ii) AL 11.5.3 (1) ATH] M/xM /& Cohen-Macaulay R-1&, [A]@U% (b5
M /zM BYIER.

(iit). BT = (21,...,2,). H j7(M) = depth,; (M) I (i) AI%D (b) Z0TF (M) =
r, W IR 10.8.8 F1 (a) #1 (b) . HT 51 7.2.6 (ii) 3K dim M /xM +r >
dim M 27, # (b) FNT (o).

(iv). EEE x €& T m. H5I1HE 7.1.7 (i) ASEEENE XA (21,...,2,) 2
M WISEFEY HAY dim M /xM = 0; B8 (iii), XXHY T r = dim M, HYS T
x . O

##i8 11.6.4 (1R KX Cohen-Macaulay &) & (R, m) ¥ Noether R, £ A R4 K
R M /& depth M = dim R, WFRZ A K Cohen-Macaulay . — /%5 &
H depthM < dimM = dim R/ann(M) < dim R, #M% K Cohen-Macaulay FAHY
TIREWRKERER R REFA R /& Cohen-Macaulay ¥4 HAVY R 2K
Cohen-Macaulay 5.

FEEHEE— I Noether ¥R
S|13 11.6.5 & R  Noether 3f, M 4 A R4 & R-#, x K M-EN 3.

(i) # M & Cohen-Macaulay R-#, N M /xM 75 4X.
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(i) & R A FE IR, M M/xM & Cohen-Macaulay R-# (Z4)#iit: R/xR-#, W&
A 11.6.2 (iil)) 4 B S M TF 4.

MR (). A x BET R PSR, S48 11.5.3 (1) 5&H 11.6.3 (iii), Al
M J& Cohen-Macaulay #2 HAY M /xM 7RA.

(). BEMERE p € Supp(M /xM) = Supp(M) NV (xR), M| M, /& Cohen—Macaulay
LT x BG x, 72 M- IERFI AR (ii) A1 (M /xM), /& Cohen-Macaulay R,-1. O

EHE 11.6.6 % R % Noether 3f, n € Zso T M % Cohen-Macaulay R-#, N
R[Xi,...,X,] ® M #£& Cohen-Macaulay R[X7,..., X,|-#.
R

IERR AbBE n =1 HIBRZR. @ M([X] := R[X] ® M, %7€ R[X) BRI m 15
M[X]m #0, @ p:=mnNR, W M[X]y ~ R[X]n ® M, # M, # 0.
B My EWI x = [0, .., ] 1678 d = dim M. 52 R[X |-

Q = M (Xl /xM[X]w = R[X]w © My /xMj.

FEH xBET pcm i Q#0. XIKN R, — R,[X] M Ry[X] - R[X] &M,
W R, — R[X]m Vi Z5 E, x 2 M[X]nW-ENF.

RAES 13 11.6.5 (ii), UEBH Q /& Cohen—Macaulay #&EIR]5HH M[X], 2 Cohen—
Macaulay 5. 12 s := k(p), LTS

Supp(Q) = {q € Spec R[X]: qN R=p, g C m}
— Spec(k[X]).

AR, x BRI M,-1EMIF, % depth(M,/xM,) = 0 1l pR, € Assg, (M,/xM,) (I
11.5.4), MER 11.6.3 (i) M—P 4 Assg, (M, /xM,) = {pR,}. ¥ Supp(M,/xM,) =
(pRy}. BN Ry — RIX)m THL SR 5.2.6 HA S EIEIT 255 B FHAK
B 1.11.7.

ERWE S depth(Q) < dimQ < 1. # dimQ = 0 U Q HE1ZE Cohen-
Macaulay . PATRE dimQ = 1, M@ NIEREE Q NAEFER T f € m. HH m 7E
<[ X] HO R REARA AR R (ERUEERIARE T, HIRHERG f e m 15 f IR
¥ ¢ p. HULATUW £ 1E

Ry[X] %’ (M, /xMy) = @ (X* ® (My/xM,))
r k>0

TR R RS, 5 Q s Q FREL EEE. 0
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11.7  serre FExpigse

AR R IR LI,

EX 170 WFHEXTH R A RAE M RS % k€ Zso.

> Ry AFARE h(p) <k 8RR p, 5F R, WAL A

> Su(M) WEAHFER p e Supp(M) A depth(My) > min {k, dim M,}.

F M = R 4, 2 Su(R) # S, E4NT R WA EER p B
depth(R,) > min {k, ht(p)} .

BRGNS Noether PR H ERIABRA SR E E. B2 ht(p) FFT
V(p) TEFRFNZEE Spec(R) HHIRAERL, W §7.1; &M Ry AT RAEE < k IWHUIE
WP, ZPF Sp (M) WIBHARNAT M H Serre Z51F.

o NG k, BARE
Riri = Ri, Spi(M) = Sip(M),
MY k>dimR N Ry, <= Ry H Spi (M) <= Si(M).

o HIR, T REBILrfEEat: (518 1.7.8), AMEAERM: T8 U # 0 MR ARRE
£ Ry, A1 Sp,(M).

Rl 11.7.2 % R % Noether 3£, M 4 H A & R-#, N Sp(M) XA k K th 7
E L& MR M % Cohen-Macaulay .

JEBR & p € Supp(M). BT dim M, > depth(M,) (#i& 11.5.9), 24 k > dim M, K
Sik(M) FMT depth(M,) = dim M,. O

PARIRTE—LE | BU/NIBTE.
@8 11.7.3 % R % Noether 3, Il R R Y AN Y R, 3 R T HBANZELE p
R
HEBA R ABI 11.1.9. O

@8 11.7.4 % R % Noether 3, M 44 R4 & R-#, W So(M) %2 @KL, T S1(M)
L H A Y Assp(M) 8 TTE &= (Supp(M), C) #RANTG; #5 2, Si(M) 0T
Assp(M) 1 &N FEA (8 3.4.7).
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MEBR FEIE p € Supp(M). BESR depth(M,) > 0 1HKAZ, So(M) TRR. HiR, S1(M) H
YT EKR dim M, > 1 B depth(M,) # 0, MBI 11.5.4 5 WIXZEH T4 p 7£ Supp(M)
FPAERVIN pR, ¢ Assg, (M,); ST 3.4.6 (iii), & FNT p ¢ Assp(M). O

THZEZ Noether FRHI—NIZIHE, HIGUEP M §3.5 FRINHIHEZR .
#l 11.7.5 & R % Noether 3f, I| R B4 % HAY Y v 5% 2 Ry #2 S;.

JEER  FEET RIS, Ro F1 Sy MMM T 2R R, X R BIFTEN/NREAE p #2
B, PAK Assg(R) BI7TERRRE R BINR/NREEAE.

“ANYY FrTapEs [ 2.9.2 FIHER 3.5.7 MIEEE. DARANIE <47 {751

DU 3.5.9 BUB/NER R 0 = N2, L, o L, 1, 2 R WHEAE #E5
Assgp(R/I;) = {p;} RMHFMALE, H Assg(R) = {p1,...,Pm}

FIRPEFA p; BRI R, B 1L 3.5.8 R I; =ker [R — Ry, |, XEH
BT p; FRMAR, # 1 = p;. LA 0 = N1, py, AT nil(R) = 0. O

THUERARE B 11.7.7 $FRA Serre FUIERIEEAME. BATFZE—NIMER: & R A
Noether ¥4l t € R~ R* JEE R T, W ht((t)) = 1, FEULEM 7.3.1 158 7.3.4.

S|IE 11.7.6 Noether 3f R #% & Sy % H/Y %:
o B p € Assg(R) ¥ £ ht(p) =
o HteREFZHTF, WHAH p € Assr(R/(t)) #7#% 2 ht(p) =

WEBE B S, AAZ. EIN S, ASZ, andll 11.7.4 BEARRE p € Assp(R) BEifi 2
ht(p) = 0. HXRFEIEZRFF ¢ F1 R MR p € Assp(R/(1)). VEE R, 4 Ry 11
NEL T pRy € Assg, (Rp/(t). 513 10.8.3 i depth(R,/(t)) = 0, #Ei& 11.5.3 (i) ¥
M#EiH depth(R,) = 1. 5&MF Sy BRFEC ht(p) < 1, A ¢ € p FZ AT [BIFRAY M 57 2 11
ht(p) > 1

2 WS RSN, DA SRR A SRR p R0 i € {1,2} A

ht(p) > i = depth(R,) > i

MERE i = 1 FIYEB KR RINE Sq, il 11.7.4 (B M = R) BiAAH AR AT
PAREE i = 2 16, % ht(p) > 2. {RUI depth(R,) < 1, ML 11.5.3 (iii) ZLiK
depth,(R) <1, DRFEZIE.

o #i depth, (R) = 0 WIFAE p’ O p 15 p’ € Assp(R) (H 11.5.4), {HITEPEISFMT
ZE08 ht(p) < ht(p’) =0, FJE.

o % depth,(R) = 1 WFTE R BIAEER T t € p 1 depth, (R/(t)) = 0 (it
11.5.3 (). JCRTHNIRUELS Y p' D p 15 p’ € Assgp(R/(t)), [HWT S HIISAFETR
ht(p) < ht(p’) = 1, FJ.
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ZiEZ N RIHE Ss. O
EI 11.7.7 (J.-P. Serre) % R * Noether 3, | DL T %4
(i) R ZEMAIF (EX 6.3.1);
(i) R RAMRENEMEF (FX 6.2.1) oy EMH;
(iii) R #% & Ry #o So.

HWEBA (i) = (ii). [ERIZEREESY (Al 6.3.2), #ail 6.3.6 & R WAIRZ PNIEMEE
B
(ii) = (iii). ® R = Ry x - x R,,, HHF G R, HRIEMBEIR, FEE R,
B3I/ Noether ¥A. [E{Z §1.2 §5EHINE: Spec(R) = |\, Spec(R;), TE R HAT I
p; € Spec(R;) HIZRHALZ
p=R1><~-->< P; X...an’

—
R

ifi ht(p) = ht(p;). FHRHI,

Assp(R/(t)) = | | Assg, (Ri/(t:)), t=(t1,....tn) € R.
i=1

ST 11.7.6, XK S, MURIECARNFD R, b, MHFIEE 11.1.13 KB

SB—75H, R R ERME (@ 6.2.3), MA@l 11.1.14 &% R, XD R; B
Sz, TN R BEAE.

(iii) = (). & RIHZE Ry A Sy, MIEHIHE Ro F1 Sy, Mami 11.7.5 Wi R BE
2] RNATEIEZR T t € R Ml p € Assg(R/(t)), M\ So 5518 11.7.6 &1 ht(p) = 1, FHM
R, BlAAE 11.1.14 H R, ZIEMEIR.

¥ R IRAHE 2R Frac(R). 225 R 1E Frac(R) H#M4]. # o € Frac(R) 1E
R EETT, M TG IEERET t € R PAK p € Assg(R/(t)), BAE Frac(R,) HHIE
ap £ Ry, FREST; O R, BIEMEEIR, # o) € Ry, A 3.4.12 Hl o € R. W
S1FUE. MA@ 6.3.6 BNE R 1IERL. O

11.8 Cohen—Macaulay IFpy4ERIRie

AR §11.6, REARIT Cohen—Macaulay IREAERYLEEER.

EIE 11.8.1 % R % Noether B33, T M 4% & Supp(M) = Spec(R) # Cohen—
Macaulay R-#, N|:
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(i) e R AWK (FERETEER) WEERE poC - Cp HAMEHKE
n = dim R;

(i) R ZF4H (£ X 7.1.8);

(ili) XA E#EE p A dim R = dim R, + dim R/p;

(iv) R Z&#F (X 8.7.1);

(v) XA EEME I %A depth; (M) =ht(]).
MERR (i) 0 (i) 2 (1) BIRIERLSE . DURAY dim R BYAUERH (). % dimR = 0 ¥
AL B dim R > 0, WIEN R JmEF, 6 n > 0. H Supp(M) = Spec(R) F
Ass(M) B1E& R WA/ DNEEAR, KAl po € Ass(M), ke 11.6.3 (i) HfR
p1 ¢ Ass(M). N FHZERMER (8 1.1.3) 71§ 2 € p; 1§ 2 NET Assg(M) FIEM
TCER, FiAlll, © ¢ po. WIS FTHE k > 1 {15 p1 € Assp(M /2" M).

BT po € Assp(M), ATIFHE N ¢ M 15 N ~ R/po. EM 4.74 B k € Z>4
18 Nna*M c aN. i N c M/z"M 2~ N %, WA #HRZS

N = N/(NNa*M) - N/aN = R/(po + () - R/p1.

R py € Supp(N). H po + (zF) € ann(N) Fl 2 ¢ po B p1 & Supp(N) =
V(ann(N)) X < BIBRZINIE, # py € Assp(N) C Ass(M /x*M). WS 1RIE.

7B LIRS B K, FERA o8 X 2, FEE RS Spec(R/(z)) 5 V() C Spec(R),
W Assg(M /zM) = Assg () (M /zM) (GF8 3.4.6 (vi)). FEE = ¢ R*, T BI%H4E
r NET Assp(M) 23, HAE M WER T, 5[H 7.2.6 (i) BSHE dimM/z2M =
dimM —1=dimR —1. 513 11.6.5 (i) & M/2M 2 Cohen-Macaulay R/(x)-1,
I

Supp(M /xM) = Supp(M) NV (x) = Spec(R/(z));
BRI dim R/ (z) = dim R — 1. EH 11.6.3 (i) BB p1/(2) € Asspy () (M/zM)
2 R/(z) BIBRINEEAE M
p1/(@) S S pa/(2)
& R/ (z) WK SEHARGE. BIEESE n— 1 =dim R/(z) = dim R — 1.

(iv). @l 8.7.3 RIAXFTA ZMA p C q UE ht(q) = ht(p) + ht(q/p) BIF]. &
AL ORFF R T M SR, ORI R 2L g AR R ERER, AL 9 LE
dim R = ht(p) + dim R/p, LLED (iii).

(v). [EMZE) ht(I) := inf,~; ht(p), ML 11.5.3 (iii) KA

depth; (M) = pHleI depth(M,).

B M, 2i# 2 Supp(M,) = Spec(R,) HJ Cohen-Macaulay R,-#5, K It ht(p) =
dim R, = dim M, = depth(M,). O
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EH 11.8.1 WRTIEFE R 2 CohenMacaulay I8 M = R I AT

HEiC 11.8.2 % Noether B #3f R 4 Cohen-Macaulay 3, U3 fr &g LI T #AH

ht(I) + dim(R/I) = dim R.

IMEBE EH 11.6.3 (ii) 41 dim R/T + depth;(R) = dim R, fRAEH 11.8.1 (v). O
XfF Noether ¥1 R FIEEE I, # Assp(R/I) RITTERERZ (V(I), C) KR/IJT, T

Fr 1 AR SERY.

I 11.8.3 Noether 3f R £ Cohen-Macaulay 3% HX 4t T EHEME [ C R, #

I Wi ht(I) MoRAEM, W T ZEFREH.

W NTF Y A, & T = (21, .., 2), HH o= ht(1). 1840 Assg(R/I) FETT
2 po C p1, WIRTERGEEAE p > py O I; B I, € Ry, MimBERE SCERTR ht(1,) > 7.
e 11.8.2 B dim R, /I, + ht(I,) = dim Ry, ¥ dim R, /I, + r < dim Ry, {RAEH
11.6.3 (iii) Al x = [z1,...,2.] N R — R, BBZIENF. 518 11.6.5 (1) EHA R, /1,
7 Cohen-Macaulay R,-#&. SR p; R, € Assg, (Rp/1y), HHi=0,1 (f1/8 3.4.6 (iii)),
X5EM 11.6.3 (i) FJE.

T 4 A, BE R R p, @7 r = ht(p). &L 7.3.2 B9 E
x1,..., 2, € p S

o MFTE 1<i<r &H ht((xy,...,7)) =i, Falh (xq,..., ;) FHEA;

o Hi<r N o NET V((21,...,2;)) BHEARNT, AR S HEBEZER 240

HTZR TR AR (M8 3.4.6 (i), 5 x = [z1,...,2.] BEST r K
R-1ENNF, T

7 < depth,(R) < depth(R,) < dim Ry, = ht(p) = 1.
it R, /& Cohen-Macaulay ¥£. O
TEH 11.8.1 (iv) RERE—5E1L.
58 11.8.4 & Noether 3¢ R %# Cohen Macaulay 3, | R £ &4 3 (£ X 8.7.4).

HEBA XA n € Zso, B 11.6.6 BiHH R[X1,. .., X,] i72 Cohen-Macaulay ¥F,
eI (A 8.7.6 + EH 11.8.1 (iv)). O

HEIE 11.8.5 Nocther 7% & & # 5 i 2 &4 3F.
1) — Sk IR A BRI S, SR Assp(R/T) ILHA MR EE.
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UEBH #E12 9.7.6 TiEH Noether 7285 R R 2 IEMJ=HRAAAIRS, midndl 11.6.2 (i) BiAA
ENJREAZ Cohen-Macaulay &, A 11.8.4 FFRAH T 8.7.5 (ii). O

E S 7.4.1 FINRIEEAAREF AZIE Cohen-Macaulay JRIFBIA.
EIH 11.8.6 x T Noether F#H (R, m), it d := dim R, M| P\ T Bk &4
(i) R £ Cohen Macaulay 3F;
(i) & R & pras 8088 I, £ 1t d NTRER, W LR/T) = er(R);
(i) #%& RWSEEM I, 5 1t d MTEAMR, TH ((R/T) = er(R).

B (1) = (). AESFEB T = (v1,...,24), WEH 11.6.3 (iii) EF 2
R E XHE (21,...,24) 2 R PHENMZF. EH 1054 KA gr,(R)
(R/I)[ X4, ..., X4 @%E’Jfﬁ/‘iﬁmﬂﬁf"t{j Hip = (R/D(XFY, I Kpr
(KB EIRITUE ((R/1)X4/d!, TREN ¢(R/I) = e;(R).

(i) = (iii). ST &M 7.2.8, HETA.

(iii) = (i). & d = 0 Wl R 52 Cohen-Macaulay 3, A& d > 1. &
S T = (x1,...,24) R LR/I) = er(R), EX S = (R/I)[X1,...,Xq], WH
(10.5.4) B UAGRIZS 8% : (R/D)[Xy, ..., Xa] — gry(R). 1 J = ker(8%), MM #E
Hilbert-Samuel BREL x (S, ) fl x(J,-) (EX 4.4.4). TRNE n>0 &H

1R \\ﬁ

n+d-—1

(s = o/ ("

) = xS = )
= > 0B (101 F X (S, n) #2RT n MBI, BEKIAFD ((R/1)- - 1),
—J7 T, SRR T R E R 4.4.8 BIRTHE, SEEE X 4.3.1 ﬁﬁ%ﬁ’]/ﬁ%ﬁ
R Hy #18 n> 08 x(J,n) = Hy(n), H degH; < d—1. %Wi5 J =0 XHK
WEE: BIFEp >0 Ff feJ,~ {0} Bk >1{HEFmd clcm (51 7.2.2) IHE
Y m:=m/I C Sy, MTE S H (m)* =0; HE f T m PIEYITER, RPiHE—5%
mf =0. IFHEX 4.4.2 IFE, T’ f BESFOURFEE p: S/mS — (£9)(p). WiE
p B AR, MIFLE g € S fififF g #0, gf =0 1 g WEMREIIAET m, HUX
LEREANNY: B8 f R g T 24, BT (B B.14) RS IRE, HEMNEZ
B Oy, FIE. 5L

J D[S ¢ (S/mS)(—p) = (R/m)[ X1, ..., Xal(—p) (FHRBIFEM).

FRn> 00 Hyn) > ("T97177), X5 deg Hy < d — 1 FJ&, WIS HIE.
gie FIRWIS FIHEL 10.5.6 FIA] [z, ..., z4) /2 R FFEYENIF, i R /& Cohen—
Macaulay ¥/, BHFTAILE. O
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11.9 FiEpmEEnxE

FERARDT PAEVERIIE B SR,

BB 11.9.1 3% (R,m) — (S,n) % Noether /& #30 2 [t) B#[F 4, M 4T R4,
N ABRAR SH. # RERAE f:N—MFRERA fi : N/mN — M/mM, 1l
fRERA, TH M/im(f) £F4 RA.

IEBA T M P WATE n > 1 BETTIEGSHRER

m"/m" @ N —— N/m""'N — N/m"N — 0

R
1d®fl J{fﬂ«#l J/fn

0 — m"/m""t oM — M/m" "M —— M/m"M —— 0;
R

FEEE m?/mnt! ® M ~ m"/mnt! <§/§> M/mM, PA N X M 7RI, 7200 % 5 & SR
R/m

HERIT id ® fi, B8R, HI@ I M5 FIERED £, BRNH. T ker(f) C
N, m"N c ), n"N =0 (EH 3.7.1).

T B M/ im(f) P, MHGEEAE [ C REE O - N 5 M
M/im(f) — 0 FESFHESY]

Torf'(R/I, M) — Tor®(R/I,M/im(f)) — N/IN i M/IM, f=f modlI,

HicuinZ, REASENIE f 8. MR R/I — S/1S 2Rz [ &R,
M /IM {55238 R/I-RR, T f) SFFRT fr, D4 f 5. O

WE11.92 % (R,m) > (S,n) # Noether ¥ 3 = [ # B3 EA, N 4K BA R
S, TH A REFE. £ S WREA x =[o,...,5,] £ N/mN-ENF], W%
£ N-ENF, T N/xN fe4 RAEFHE.

MWEBE  AEBNZIERE] r = 1 T x = [2] BYTETE. 1E513E 11.9.1 RN M = N, ¥
f:N = NBOY f(y) = zy BIAL.

O

el 11.9.3 #% (R,m) — (S,n) % Noether B3I A8y F#HFL, M 1 N 252
R-EAn S-H, $HAREREEE, HFER N fFh REFHE. i M@N #0 T

depth,, (M ® N> = depth,, (M) + depth, (N/mN).
R
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JEBR  ECUAH SR M aN AEE: B S/n BSKERFE T M /mM R@/@ N/uN, {8
M/mM F1 N/aN BIEE.

X n = depth,, (M) + depth, (N/mN) BEVFIRIUE. % n = 0, WH 11.5.4 2K 1E
£ 2 € M f#18 anng(z) = m, HfZ7E ¥ € N/mN ffi{§ anng(y) = n. £ 5 FRFEIT
yeN. Mz XN R/m— M Fl N HEEEHEERIAFRZS N/mN — M 2N, B

YN 2Ry, 8 anng(z @ y) = n, M 11.5.4 45tH depthn(M% N)=0.

BB min{n, depth,(N/mN)} > 1. HINFELE 2 € n #Z29F N/mN HFHEF,
I 11.5.3 (1) &K

depth, (N/(mN + zN)) = depth, (N/mN) — 1.

71, X RS N S N S 11.9.2 ATHE R, TiH N/aN 52 R4,
W RIS EIESS

depth,, (M %) (N/a:N)) = depth,, (M) + depth,(N/(mN + zN)).
FEEARS

Torf*(M,N/zN) — M%Nﬂ M@N M (N/zN) — 0.
=0

RHER 11.5.3 (i), HEAIZEH depth, (M 2 N) = depth, (M 2 (N/zN)) + 1. & ST
HJG® n > 1 1 depth,(N/mN) = 0. Il depth, (M) > 0, #fZTE € m ffiz
Ik M NEEF, XH N FHH 2 F M aN R T #EE 11.5.3 (1) ZiK

depth,, (M /xM) = depth,, (M) — 1,
depth,, ((M/xM) %) N) = depth,, (M %) N> —1.
FASERT—AE MBI IS TR FE K O

38 11.9.4 % (R,m) — (S,n) % Nocther 533 ¢ F AR A, M A% HA
A R, M@ S, T A

(i) dimsM%S = dimRM—l—dimsM% (S/mS),

(ii) depth, (M % S> = depth,, (M) + depth,, (M %) (S/mS));

(iii) M ® S #& Cohen-Macaulay S-# % HX Y4 M & Cohen-Macaulay R-# H M ®
R R
(S/mS) & Cohen-Macaulay S/mS-#£.
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R (). EER R (B S) A ann(M) C m (B ann(M % S) = Sann(M) C n, Waw#
5.2.6) YR, “FHEAKRIH, PAMEE] ann(M) = 0 H ann(M ® S) =0 B, ArskE945
M 7.5.4 () EEMN

dim S = dim R + dim S /mS.

(ii). 7 m = dimp/u M /mM. HEIL 11.5.3 (v) 2K M% (S/mS) ~ (M /mM) RQ?m
(S/mS) ~ (S/mS)®™ FI S/msS FIRE, HFTRIREER MM AGH 1193 N =29
ARG Z e R OR M 25 #0.

(iil). HTFREAEIE AL L 11.5.9), IX& (i) F (i) NEE. O

B4 &R, M Cohen-Macaulay £ B AT DU HEIRFIZSHISFESE M, 400640,

EIE 1195 % (R,m) — (S,n) 4 Noether B¥F = E M mHMEALS. & R ZENFH
3, N 3% Cohen-Macaulay S-#, 7 H

dimg N = dim R + dimg/mg N /mN,

W N ZFiH RAZ.

JEBR X d = dim R #JTIRUE. & d =0 W R 28, —VIEML. PARi&d > 1. B
rem~m? {Fid 11.15 #fR R == R/(x) /& d — 1 ZIENFEBIA. & N = N/aN,
S =5/xS. #ie 7.5.5 Gt

EF5IH 7.2.6 (i) #S
dimg N < dimg N + 1 < dim R + dimg .5 N/mN + 1

HEGWmHESE, Fit (11.9.1) %5857, H dimg N = dimg N — 1; #24 Cohen-
Macaulay ZAFIE 11.6.3 (iii), /F—%A XHK N > N #.

F251# 11.6.5 (ii) 4L N /& Cohen-Macaulay S-f&, 1M (11.9.1) F5 Az, i#EIH
BRI N 24 R [Z8] N -5 N MEIR Tor®(R,N) = 0 (317 5.4.1), &
TSR R BRI (ERE 5.9.3) R N R TH R 0

UEZCHMAT N = S BE, N ATHE RI4E80 S5 M 24 T2 11.9.4 (1)
£ M = R IHYRH.

>R
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1. BERHRPA AR ERERE R
(i) CIX,Y]/(Y* - X?);
(i) C[X,Y]/(Y? - X3 — X?);
) CIX,Y,Z]/(Z> + X* + Y™, Hit n € Zxq;
(iv) C[X,Y,Z]/(Z* + X® +YP).
2. W R N Dedekind IR, XATA TR p, WAL 11.4.7 Al 5 2R ARE L
op (1) T & DA NI

vp(IJ) = vp(I) +vp(J), vp(I™") = —vp(I),
op(I -+ ) = minfop (1), vy ()}, wp(1 1) = mas{oy (), vy ()}

(i

JEBHFRER Dedekind ZXIAE - FHAHIEIR,
IEEZEHM p BT, i R WEFEHBEN p = p1,...,pn, B
x1 € p1 \pi, BUHEFRREMK « ¢ R {15

w

T =1 (modpf), =1 (modp;), j=2,...,n.

ZERIERIRIE (2) = p1.
4. ¥ I J N Dedekind %38 R WAEZTHAM. 5 1 f1 J WER TR L 11.4.5) 8T
AR WFREEE.
(i) IEFHFEIESEE P, (#15 1P 2FHM, HA P 5 J HE.
FIE 1 = p AREBWHEEAIA. APERREHIEYE t € R 5 P .=tp!
TR EK.
(ii) UERRFEAE = € Frac(R)* 15 o« A1 J N EZEFRAE.
IZH (1) AT TP = (b), Bl PQ = (o) 13 Q 5 J HE; i z = 2.
5. & R Dedekind B35, %5 M 2 R, WA t € R~ {0} &4 M WERTF, N M
Tobs.
(1) UERHARRATCHR R BB
TR p, M\ R, 2FHAEIRUH M, HH.
(ii) & I #1 J AAETEAE, UERATEE RBFM [ @ J ~ Re 1.
HIRT—E I (i), AUI% 1A J B W T+ J =R InJ=1J.
(iil) fETERAERTCH: R M B THRZ IR EA.
WM #0, M () WIHFEEEERS M — R, B4% 1, ZAEFFE; (i) #ft L
TSRS, 80 M ORI g 1 M, I
(iv) HRWEDEM ~ P2 LN ~@T_, J;, MM~ N LEEm=nifil--In
M Jy .- J, £ Pic(R) FREGAHE.

6. ¥ U N Dedekind %358 R BT, IERAEEMAZS Pic(R) — Pic(R[U™Y]) i
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7. FEH 3.6.2 A FIX,Y]/(X?, XY), Hft P2 G EME Ass(FIX,Y]/(X? XY)).
(i) B F[X,Y]/(X? XY) 4E Cohen-Macaulay ¥ FEjllHh, ©AEMHRAKHEE ()2)2(;2,) Ak
IR (R, m) IF Cohen-Macaulay 5.
RR) Siamd 11.7.2 fl 11.7.4.
(i) BERH n > 2 I m™ B Y™ BUGAERK, MW r(R/m™) =n + 1.
(ili) B e(R) = 1, B R AFIENEHERFS; SHEHER 11.2.4.
8. HBHZE4E Noether & Cohen—Macaulay #F.
9. 1iPH 1 4kt Noether P& Cohen-Macaulay 5.
DAGIEH 2.9.2 AbFEAR N R BARAR YRR, N TR 1 RUREAE p, % BTN p
& R BAEERT.
10. HFHERZMEE < 2 B9 Noether IEMIEIAEFZ Cohen-Macaulay 5.
11, 250 BA R R R A v L & T A R AR B TR U B AR RE AE 4R 9 (E N S 808, AT 5 BA it
11.6.2 (i) H— B AEFHA AL
12. AT Noether 3 R RHEIEFHTF ¢, IEFA RAE R/(t) IR AZREE (Fid 3.4.7) 6
Assgp(R/(t)) Hi#/E ht(p) > 1 HITTER p. PALBOR Serre 26 So 40F: R F1 R/(¢) (HAk
t € R FZAT) B AFEIEA.
DAGIHE 7.3.4 AR R/(¢) MR/ NEFAETE R HINEEE N 1, AELA5IHE 11.7.6 X
R S.

13. % R /2 Noether 3. IEBH% R[X] 52 Cohen-Macaulay ¥, Il R 7R3%.

X R HRBEAE p, EH RX] RZREAE q 15 g R = p, RETEHEIR 11.94 (i)
EE Ry, —» R[X]q 1 M = R,.
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12.1 mEimenmits

BAE §10.6 DARIVE TESIN T IR N GTAERL, BESTHERCRIRE R AL, IX LepE 208
FAERZ IR, THETH NSRS R E Abel JulE. SRMA T L5 1M JE 22 #e 2R
WA,

PARIEEIR R.

SIE 1211 4% R N. % n € Zso, N inj.dim(N) <n Y B Y Exty™ (R/I,N) =
O Xt prA#EM I k.

JERR AL 4 BTTERNA]. CRHERBNMEE 0 - N — J* 125 n TUET, 155
EEH

0>N—=J"—=...5J" ' 5 K0,

Hf K =im[J"t -5 J?), ¥ n=0NME K = N. Iif K 2RHHEAA. KRE
N A R 4R TS (16, fvdl 3.12.9), AIAATE B 1 183 Exth(R/LK) ~
ExtP (R/I,N) =0. HE 0— I — R— R/I — 0 X Ext RTFHESFIKIESS, vl
HEMAELS T — K #EEIERN R — K; XN K W, W [14, @ 6.9.10). O

FIREEISH Y T E X inj.dim(N) N, £ Ext BFRISE—NETTE BV R/I
AIRE 2.

I 121.2 ¥ R~ S AFXFEAX, M 4 R-H#, N % S-H#.

(i) & R — S F3#, | proj.dimg (S% M) < proj.dimp (M).
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(i) & S fEH R-## 5, W proj.dimp(N) < proj.dimg (V).

WEBR (i), & M BKE <n BYRSHENE Po — M — 0, 1 S%M BEKE <n EE
ﬁ#(ﬁS@P —>S®M—>O

(u) BN ﬁﬁf” < n HIHRGHENE Qo — N — 0, MED Q; HiZBEH S-HIE
o, HimtoE Bl R-EREMI, 85H R ERE < n FIRGHERHE. O

@ 12.1.3 DTk R 4 4 % Noether 31, M A # R4 K R-#, N A& R
(i) #U A RWRETE, N
inj.dim g1y (N[U™Y]) < inj.dimg(N),

proj.dimR[Ufl](M[U_l]) < proj.dimp (M),
gl.dim(R[U ™) < gl.dim(R).

(i) i m & R B AEA, 1
inj.dimp(N) = supinj.dimp_(Nm),
m
proj.dimp (M) = sup proj.dimp (M),
m

gl.dim(R) = sup gl.dim(Ry,).
m

(iii) M Spec(R) | Zso L {+oo} ByBE 4 p — proj.dim(M,) = EFHEL4H, s
{p : proj.dim(My,) < m} XEH m € Z>oU {+o0} BF

IEBR (i), A TFE—NRZERX, DS 12.1.1 ZIE inj.dim, 3B RI{Z2] RU-) FEEAE
W 1[U—t), Heb 12 R ERAR (1.7.2), M H 518 10.6.3 XFTE i AH
Extpy—y (RUT/I[UY], N[U™) ~ Exty (R/I,N) [U™1].
T TAARE, TR 10.6.2 AHI
Extp-1y (MU', L) ~ ExtR(M, L),

Hrh L 2R RUY M, AN R

=N AFEANILE sup (EZH=1FEFEX H—MITIEZMNAGIH 12.1.2 (i).

SF5IH 2.4.1, [FEANE (ii).

(iii). B p WEIHA, n = proj.dim(M,). FATFK p 1€ Spec(R) HIFFERIR V
1% q € V 2% proj.dim(My) < n. BIRATE n # +oo. B M HHLNEE P — M — 0,
51 P, AR ABRA RIS 1258 n DUEBMIRIESY)

0—-Q—P,1—-—P—>M-=0,
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Ht Q =im[P, = P,_1], fE n =0 NHE Q = M; FEZ Q 2AMRER REL JFEh
TEORFE BRI E &5, F4ELs

Extp (Qp,-) ~ Extggl(Mp, ) =0,

W Q, BAERA RIS R4, MUFIE k € Zso KFEM Q, = RY* (Ml 5.8.2). BEAR
Q 1 R®*F ZHRE/REL fF4E f € R~ p (HRFEMELN Q[f ] ~ R[f |9k, Windl
1.12.1 (iii). F2FTISHLLE p B V .= D(f) LBUE < n.

PO R ELAIR 22 T IR I RE (R AERY, HACUEAE X 2.
513 12.1.4 & R %3, M # R[X]-#, :

O @&

(i) proj.dimg(M) < proj.dimpyj(M) < proj.dimp(M) + 1;
(i) # X 4 M §EEF, W proj.dimp(M/XM) < proj.dim gy (M);
(iii) # X € annpgx](M), M proj.dimpx(M) = proj.dimg(M) + 1.

IERR (). B -DAERCRASIH 12.1.2 (i), B oM A%ERRkE RIX]-HEEEY

O%R[X]%MgR[X]%MﬁM%O,
P(fom)=Xfom—-foXm, o(f®@m)=fm.

X Extyiy (-, Q) BRIKIESS (Q BEE RIX]-#) PAKTHE 10.6.2.
(il). A& M #0 H d:= proj.dim gy (M) < +o0, XN ZBIFICUE. % d =0 N
M (B M/XM) 2159 RIX)-# (80 R4%). AR d > 1. FEIREIESY] 0 — M/ —
L—M—0, HF L 2EME RIX]-H. M X HHIAIN AR, MY HEEE
RIEFIESS
0—>M/XM — L/XL— M/XM — 0.
EEE M IEE, X 3E M ER T, M proj.dimp v (M') < d; 38 U3 B 14 15 BH
proj.dimp(M'/XM') < d, AN L/XL BH. £ LSS proj.dimgz(M/XM) < d.
(iif). F3AI¥ M # 0 T d := proj.dimpx(M) < +o0; Bt d > 0. M F E—HH
GIESY, teEs At REIESS
0—->M—M/XM — L/XL— M —0.

B PAE EIERS 0 - N — L/XL — M — 0; T L/XL HH, Exty HKIESS]
ZLIK proj.dimp(N) < d. NEIEBHI 0 — M — M'/XM' — N — 0 A[HIY k > d 1fi
Q BERE RN

Exth (M'/XM',Q) — Exth (M, Q) — Exti (N, Q)
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IEE, BAuAE; Fh X 4E M FEF, (i) &8 proj.dimy(M'/XM') < d, F3X
£5 LIS proj.dimg(M) < d, 2 (1) XZ&H proj.dimg(M) > d — 1. O

T 12.1.5 @ AHR R A n € Zso BA gldim(R[Xy,...,X,]) = n + gldim(R).

MERR AEFE no= 1 BIAL. 513 12.1.4 (1) 4R gldim(R[X]) < gldim(R) + 1. %
—Ji T, %€ RBL M, PA f-m = f(0)m TERK RIX]-#E, WISIEE 12.1.4 (i) 2K
proj.dim g (M) = proj.dimg (M) + 1, X4t gl.dim(R[X]) > gl.dim(R) + 1. O

i¥i8 12.1.6 B. L. Osofsky [9] MEFAT UM AERIFIEER: BATETCSF 2 M ER,
T HEARAERL = & + 1 2 HOCSEEEER 2% = R, L (k € Zso); Finlith, HEE{R4E
B =2 FMTIESGHRE 2% = Ny

12.2 wrasEs

AT AEE §12.1, HRGICRKHT §12.3.
B R 9 Noether . BEGRAEM RAE M, JoRIEFANMA 4 E & — Wiy A RR
FREE HfE Fo — M — 0.

1B M BERTE 21, . HINHIA Fy = REM FIRA Fy — M, Bk
RIS e A9 i 1 Mo = ker(do), XU EARRAR R

2. B My WAERRTT o), ... o), 195] F = R®" — My SMERNK di : F1 — Fy
M = ker(dy).

3. RIS, 155
d;
ﬁl:':l Fz‘ %EEE R—ﬁ, kz = I‘kR(Fi) S ZZQ, ﬁ'ﬁﬂ. Ml = ker(dl) C Fi %ﬁ)ﬁ/‘?\‘

d;
Fiyo —= Fiy — M; — 0; (12.2.1)

E M_y = M, W BTG « > —1 BT,

ZUSTIRFR M; 9 M OISR i+ 1 DEMRY | ([ ERIE T RREE, BRAEXN B Hif#
THIZRR.

DAFRET (R, m) /2 Noether RFESHHIIEIE, fif k = R/m. BAIFKF, - M =0
EHG - PERRATTHRE &I 8. B—PH 21, B M HHEHBZ

DG R E R
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T1, ... T BB M/mM $EIE 2.3.5 (iii)), HERMBGERZIL ky = dim, M /mM i
T, .. T sE K-MAIRZSE M /mM HJH.
JGEUE B AAIRIL: BATER Fiyy — M, FEBL (1) @K IEpAIGiLAR
TREFNMPIE—HLEW F, =0, WEEH Fhpq, Fogo, ... BAF.

EX-T5RE 12.2.1 (DB HEAZHE) T Noether B33 (R,m) fnf R4 K R-AE M,
R RERAENBERA M RN EEY, CNEAUNTHE—H: 220 NE
HAEH Fo > M — 071 Go = M — 0, FEHEHE% Ch(R) o FH Fo~G., £
ZHE T M A RA.

HEBA  SCTIE—E, JeRFBREMBENE —F. FEE| Fy = R =Gy B Gy —» M I
WiEkE M/mM 8E g, ... 7, KHAERITT 1,0, € M, MADKED 2, RN
>, aijyj. £ M/mM HEE AW a;; MEEE @; € R/m BHE— MH ko x ko A
B (@;;)s; PIIE. ATHIEICIRE R R ERVRERE A = (ai;); 2 det A € R~m = RX,
WA T % gole;) = 250, aije; X R®Fo [IEFEI oo, 4 AT HLE £

Jj=1
R®ko
eir—>x;
apUJ} \ M.
R@ko € Y4

WA R B My = ker[REFo — M| HUILZER. XMIGEEG—5 MR ERIE, 4
1,0, .., EEFTRF. O

5132 12.2.2 %€ Noether F# 3 (R,m) Fo A [RAE K R-H Mty B bl Fo — M —
0, EfFEA F #EARKE B & r=R/m. UWTHREN:

(i) Fo— M — 0 2B 8 i H;

(i) #&H F, @K FH RSN E;
(iit) rkp(F;) = dim, Torl(M,s) X FiH i > 0 K Ir;
(iv) rkp(F;) = dim, Exth (M, k) ik i >0 & L.

WEBA () < (ii). A TFrE i > -1, X (12.2.1) Hy(-)%mﬁiumé}ﬁu

di42®id,;
Fi+2®lﬁl—>Fi+1®l€—>Mi®li—>0.
R R R

HHMBE F, - M — 0 /NS HANY Fyy ® K = M, ® K TH R SZ, 24 HAXY
Fi+2%I€—)Fi+1 %I{ ’Iﬁﬂﬂi
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(i) <= (iii). EE rkg(F;) = dim, Fi%m. IZH k-T2 R FEAM Torl (M, k) ~
H;(F, ® K) FFEERHERY.

(i) <= (iv). [, HKH c-RZRES Exth(M, ) ~ H Homg(F., x) fl
Hompg(F,, k) ~ Homy (F, % Ky K). O
il 12.2.3 % % Noether F# 3 (R, m) fug R4 K R-# M, & x = R/m.

(i) XA neZsy BA

proj.dim(M) <n <= Torl,(k, M) = 0.

(i) Bl Fe = M — 0 % M @R/ANE EEH, AE info = +oo, M

proj.dim(M) = inf{n € Z>o : F41 = 0}.

PR (). T = 77, % (10.6.1) AT M Alfg Torf, (s, M) = 0.

NTF — A, BANE B Fo — M — 0. 51F 1222 %A F,., =0, T2
M BKE <n B EHRHE.

(ii). & Fni1 = 0, MIZATASIEL H proj.dim(M) < n, K proj.dim(M) < inf{n :
Foiq = 0}, RUIT“ S AERX AL, WAFLE n #15 proj.dim(M) = n M F,y # 0; A&
W@ (i) 2206 Tor,  (k, M) = 0, (IX 5513 12.2.2 BIBRIR (iii) F/E. O

#i 12.2.4 % (R,m) # Noether B3, % x = R/m, NI gl.dim(R) = proj.dim(x).

MEBA  1iPH gl.dim(R) < proj.dim(x) BEIR]. @ n = proj.dim(k), R n # +oo. Al
12.2.3 (i) A1 (10.6.1) BiAH M HRAERN proj.dim(M) < n. XS Exty™ (R/I,N) =
0 MATERAR [ f1 R N Oz, BG5S 12.1.1 81 inj.dim(N) < n. B supy &

gl.dim(R) < n. O

#iC 12.2.5 % R 4 Noether F#3, M AHRAEKEE RHE. £ x = [r1,...,2,]
& M-ENZ, N
r + proj.dimp (M) = proj.dim (M /xM).

JEBE BHE r = 1 T x = [2] WEEEIAL. I8 R MAKEAEN m, 7 H& £ = R/m.
JEERERAE A B ST R 2 € m. SIEAS 0 - M — M — M/zM — 0 BFEK
EAF

Tor(k, M) > Tor?(k, M) — Tor%(k, M JzM) — Torl_| (k, M) = Tor®_, (x, M),
Hptn e Z; N € m, I8 o MRISENZE, EIEES
0 — Torf(k, M) — Torf(k, M /M) — Tor® | (k, M) — 0.

HARANEE 12.2.3 FIN . 0
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1 23 Auslander—-Buchsbaum &3

X F Noether JRIEFIA LA BRA: A, Auslander-Buchsbaum 73U H IR EHI
P AERL, IX BRI T TAE S HERE I BN . FHSGIRIEM K. Koszul B IR
1 §12.2 THERIR)S B HFEE.
FEIE 12.3.1 (M. Auslander, D. Buchsbaum) 3% (R,m) 4 Noether &3, M 2%
JE proj.dim(M) < +oo ByH R4 K IEE R, N

proj.dim(M) + depth(M) = depth(R).

HEBA X proj.dim(M) IFIRUE. 2 proj.dim(M) = 0 B M ZHEREIEE B H#H,
It depth(M) = depth(R).

AR proj.dim(M) > 1. B M WIH/NBEHBEE Fo — M — 0 (8 XA
12.2.1). fin My = ker[Fp — M|, W Fy #1 My &HE=, BREIESY

0— My — Fy — M — 0, (12.3.1)

MmAe -+ - F1 — My — 0 & My /DB HEH TEad 12.2.3 (i) &K
proj.dim(My) = proj.dim(M) — 1. #i d := depth(My); IR proj.dim(Mo) +
d = depth(R), [AIBALEHIUE depth(M) = d — 1.
B R WY x = [21,..., 2, (EZEK m. LR 11.5.2 %[F depth 5 ji,
FHIZIREE 10.8.7 (ii) (B I = m) PA Koszul LR BRIRIEZIRECKZIE depth.
HFEIESS (12.3.1), 513 10.3.6 X Koszul 58 LA HHN IEIESS, Kt
F Koszul FFRIANKIESY

oo = Hi(x; My) — HY (x; Fy) — Hi (x; M) — H" (x; My) — H T (3 Fy) — - - -

H depth(Fy) = depth(R) > d = depth(My) %17 < d — 1 B H'(x; M) = 0. [FIR{LZL)H
IE HY N (x; M) #0.
BT HY (x; M) # 0, HEKIERS (i = d—1) AIANE HY (x; Mo) — He(x; Fy) NEH
ASEIA]. B 5Ei% proj.dim(My) > 0, A d < depth(R) = depth(Fy) i H(x; Fy) = 0.
B proj.dim(My) = 0. I Mo 1 Fy, Fy BRARRREE B & 7 = HY(x; R),
ES)
H (x; My) = M, 2 T, HY(x;F)=F 2 T (i=0,1),

i He(x; F1) — HYx; My) — He(x; Fy) & Fy — My — Fy fil idp FISK R, R

NN \ N d N
#, HY(x; Fy) — HY(x; M) Joih. RS — %0 NIE F, — F) S0 H(x; F) —
HY(x; Fy) AEFE.
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¥ HY(x; F)) — HY(x; Fy) K Endg(T) L ko x ky 5EFE; 518 12.2.2 BIFRIR
(ii) RIFLKEMFCERT m-idy. ZAM5 I 10.3.7 BHH m X x BATE Koszul E[FE
. &b Hi(x; Fy) — He(x; Fy) BohZE. BARTARIE. O

BB IR IE N S SRR S .
EI12.3.2 % R HENFHHF, N gldim(R) = dim R.

HEBR fEHEIE 12.25 FEUM = R, r = dim R 1M z1,...,2, N R BIENSEGR, N
proj.dim(R) = 0 i R/xR = k. PAFEIL 12.2.4 3K proj.dim(x). O

Wi€123.3 # R ZEEN R, WEMHRAR REHRA G o AH G KES

< dimR.
IEBE DA 12.2.3 (ii) FIEBE 12.3.2 $2HIA%/N B E AR IR . O

N T B AEEORIENIMERI &R, =R PO S (B,

51321234 & (Rom) #BHHF, ¢ M - N AZHRAER R-EZHHFRA, £F N B
H. @ k:=R/m, | ¢ A% HNY ¢®id,{:M%/€—>N%ﬁ A

HEBH 8« W T ENE]. BRIk M = RO M N = RO™ M| ¢ X NE| R B/
m x n KGFE, BETE & BRI noxon FHEFE; X TAEMEE R _EIRANY. AR —REMEA]
W AEREAT n ITHIRL. HISEECEIRRA ¢ B /.

T —REE, B 2q,..., 2, € M HEENHE s-FIRZAE M ® K G —
HEL BTN NHEELS o : RO — M (IR 2.3.5 (iii)), #18 ¢ @ id, NFEAE. Fit
(oY) @ id,, = (¢ ®@id,) (¢ ®@1d,;) B, Bi—D A ¢ BT, W ¢ BT O

513 12.3.5 & (R, m) # Noether F# 3, x := R/m, NIl gl.dim(R) > dim, m/m?.

HWEBA  BX m/m? BN w-MEZEE 71, .., 7, NED 7 EHBIKERIC 2, € m, N
m=(z1,...,7,). M x:=[z1,...,2,] HIE Koszul BEE¥ K(x) (£ X 10.3.5). EikHl
-EE, K(X)k = /\k(R@n), ﬁﬁ 6k+1 . K(X)k+1 — K(X)k Egiﬁﬁyg

Mw

Ops1(€ig N+ Negy,) Ywi e N Neg,, 1< <.+ <ip<n,

_]=0
Hefey, .. e, 12 RO WUARUERE, () IREEWOLI; TEREE] coker(dy) = k, ICH
E"Jﬁ’cﬁﬁ,’kj} 9o : K(x)g — k.
B/NE R Fy — k — 0. SEIEFEEIERES o = (04)is0 : K(x) — Fo {#
1% a®id, NH; HBIE K(x), LR A 12.2.3 (i) (B M = &) FIHEL 12.2.4, 13X
ZIR gl.dim(R) > n.



313

§12.3  Auslander-Buchsbaum AT

WILEAIE R S T do T, PTEL fo € Fy~mFy {#15 do(fo) = 1. HT tk(Fp) =1,
AEN ap: RS Fy 18 ao(1) = fo. #EER @ > 1, T HEAELER RIS HEIER

/\i Ron 9% /\i—l ROn b1 & R -2 .
|
o J{ai,l e J{ao
e & FO % K.

%If% 12.3.4 %ﬁ Qi ﬁﬁﬁﬁ ] <1 %ﬁﬁ, EE_[H:%I)—LIJ lm(Oél_1al) C ker(di_l) = 1m(dl),
AN R A, WA REZ o HRER . A, FIF 12.2.2 Fl 0o ©id, M8

~ (/\i_1 R@”> %m.

(e TR

m(d mF_ ~ F,_y®m, im(0 m o RO ~
i) C Ml = Ly ) i) C

1 ( ) 1 1 R 1 ) /\

TS BIRAY M TR, FEE (-) ® K FRsRERA A® (W (14, 513 7.6.4]), fEF

SR
eny N Nep, — Z;Zl(,l)jfl ("'/\e/h\j /\) ® T,

m m
/\i O (/\ifl n@”) ? m/m2
ai®id{ J{(ai_1®idm)®id
(Fil % n) ® m/m?.

Fl' XK
R
HWHR z, ... T, MR, BWHE TN o1 @id, BRI, BEE SRR, g2
O

4
N Iﬂ:l: Qj:

i @ id,, SV HYIETEES.
TEIE 12.3.6 (J.-P. Serre) T Noether B ## (R, m), it = R/m. T %

(i) R AZIEN f#3F,
(ii) gl.dim(R) < 400,
(iii) %t fr A R-#£ M %4 proj.dim(M) < +o0,

(iv) proj.dim(k) < +oo.

IERR (1) = (i) SREEH 12.3.2.
(i) = (iii) = (iv) ‘FJIL.
(iv) = (i). 7 n = dim, m/m?, EM 11.1.4 FIHIE 11.5.9 £ A1 E LN UE
depth(R) > n. HT depth(k) = 0, #it 12.2.4 FIEH 12.3.1 (B M = k) ZiK
depth(R) = proj.dim(x) = gl.dim(R). W58 12.3.5 52AIER. O
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Wi 12.3.7 & p EENRHEH R £, U R, 172N R 3T,
IERR BT EH 12.3.6, UF gl.dim(Ry,) < +oo BIA[. MA@ 12.1.3 (i). O

#iL 12.3.8 % (R,m) fu (S,n) % Noether F# 3, ¢ : R — S ZRHIMEALX (& X
1.11.6), L EFHEA. £ S ZENFEHIF, N R ITF%K.

JEBR @ n = gl.dim(S) < +oo. X k= R/m BUW/NE BB Fo — r — 0, FIHMEZE
% S ® Fy— S QK 572 B HFHE, MH o(m) c n M5 12.2.2 BRI (i) ZReD
eI, jfz‘%ﬁr?@ 12 2.3 (i) Z2iK S % iy =0, H S BRSH RAR (Al 5.5.2) Al
Fy i1 = 0, M proj.dim(x) < n, ifi 12.3.6 Zi5AH R EN). O

12.4 mm: ENEFE—S R

TE U JR) FREA A ME— o3 g P 2 (R A BORAE S Me R R AR B, IR R 2 — 2
L. HERIZEN THIA R PHARETT o, HEAE KR (x), WK 2 HERTT.

SI3 12.41 % R % Noether %3, » ZH Z 0. # Rla™!] 2 — M%7, Il R

UEBH MA@ 7.3.3 X Noether ME— /M FREIAIZIE. % p C R ZE/E 1 YR,
oxcp, MEESERH p = (v).

PARE 2 ¢ p, W pla~Y] € Rlz7Y] BEE 1 WRBEE FMARIE Rz, E
Haeplz |NR=p; EMERLILE o 1, IEBEGHE (a) .= oR WKE. W5
WE a ¢ (z): BRU a = bz, W (a) C (b), b€ p M bRz = aR[z~], 1H (a) # (b) (A
r¢ R, X5 a NEUETE.

PARUEEH p = (a). UE C BIAT. & y € p, WIAE Rlx—'] AT WAFLE & > 0 FO
t € RIS 2by =at; FH k> 1, W ¢ € (2) M 2% 1y = atz™1). HIEFICUERIFETE
be R#S y=abc (a). IEE. O

X 124.2 i§ R A3, My fo My % R4 tnREA p,q € Lo FoFA My @ ROP ~
My ® R®9, M Fx M, o M, REFM. fo g R E SN EAAREBRY.

FRUEFIMRBARSG H R ARFN R, T H R B

BITE12.4.3 i P RH4 R4, HEAKEARS B BEHE 0= Fuo o F) -
P, Il PREHM.

MEBR  MRTHEHM n BE)H. B n=0N P~ Fy HH. & n > 1, i Q = ker[Fy — P,
MRS 2EIR Fy ~ P Q (Andl 1.4.3 (iv)), M H Q 29, BEEENH HE
H, 1 QREHH. L2 5N PREHR. O
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HEFRIA R FPRIFZEAR T ARG B EfFh R-EFET R.

SI12.4.4 % T A% R WER. £ 114 RERRE B BT A RERS, W T
EEHMA.

WEBE AR T #0. BFEW I, = IR, X R BIFA R p #U2F 1 BH R,
fit K = Frac(R). 1€ B HERZES, W I, 2ERKEBE (HE&@E 5.8.2), H
I(R~{0}) Y =K -I=K 981, %8 1.

HIR, AFTE m € Zso, FNEE n DL R-BEFINY T @ RO™ ~ RO™; WIAFN K 1E5K
B 58] KO+ ~ KO H n=m+ 1. ¥ T @ R®™ ~ RO+ FAE A™
GIFEYIRMET R, ELNIE T

® AraNEm
a+b=m+1 R
(BRI, UM [14, #EiC 7.6.7) PR, RBAEEEZREME p LRI A\° #
(W [14, 5138 7.6.4)) F&5E E—S450, vTU AT AUE o € {0,1} BHEEZE, %S —
FE AT RE™) = 0. XA IR T ~ R. O

EI2 12.4.5 (Auslander-Buchsbaum, ;kEME) 1 U] 5 355 2 v — o 23T

IEER A IENR IR (R, m), EH 11.1.10 Hiff R 2 Noecther I, PLTRA d :=
dim R IBIFIBUE. H d=0M R Z. AR d>1. Bl z € m~m?, WAL 11.1.5
R R/(x) THRIENRERER, KRR, # 2 Bt B T8 12.4.1, IF R[z~1] 2
— o REEIRRIA] .

MRIEGE 7.3.3, BFRMEAUE Rlxz—1] Fii/E ht(p') = 1 BB p/ AT 2
p=p NR, My =plxt]. #IL 12.3.3 WHH p EAEKEHRNE BN, 8 p’ 784
S 12.4.3 F1 12.4.4 KRG — P DUE p' ISR

B g’ N Rz~ RIARCKREAR, q =g’ N R, M g’ = q[z=1] T Rlz™')y ~ Ry H21E
MRERA (HE1e 12.3.7). TEF| 2 ¢ q 2l ¢ C m, i dim Ry < dim R; T2 R, &M
—EEEIR, p' Rz~ Yy SR EEAR.

BESR o R, [RAMEIR 5.8.4 AT UL p’ V3H, T 5.8.2 FIHAGT. IEEE. O

TERHES, TR 2 (EAURE IR, (RIX (AT DAF 56 8 SR .
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12.5 FusF

IRAESRAE IE Ry PR AR

EX 12.5.1 (IEMIF) % R 4 Noether 3f. # R, X T R WA £ p HEEN A
IR, WA R H IEN IF.

IR 12.3.7 RIAENIIAITE A TR ARRAGEE, (R 1 ) J3 3 A2 L A
FIE U Z2IENEA R BSRMEFE, W RU 2N

Bl 12.5.2 % R AEMNIF, n € Zxo, W R[Xy, ..., X,] 42 ENFF.

IEBR ARWiE n = 1. DL RIBHEH 12.3.6 XENEERMFEEZImE. X R[X] WTE
FHM g, @ p = RNq, W RIX], 2 R,[X] WREML. EH 12.1.5 KA

gl.dim(R,[X]) =1 + gl.dim(R,) < +o0,
HIL AR 12.1.3 (i) 220K gl.dim(R[X]q) < +oo, MM R[X], ZENRHRER. O

8 12.5.3 # R ZEMF, U] R £ Cohen-Macaulay 3 (& X 11.6.1), 4,2 IE # 3¢
(X 6.3.1).

MEBA  Cohen-Macaulay BRI DMESEA R, bR, 19458 11.6.2 (i). =T IEM
M, e 11.7.7 I ERREE m S R, BEMEEI. T 11.1.10 % Ry
BEEIR, Z4F Ry YHAAMIENST: B4 Ry & Cohen—Macaulay ¥, BRI f& 11.7.2 R15
& S,. O

ZEEWES 11.8.4 FIavEH 12.5.3 AIEIIENIIREL 21 S 55,

) 12.5.4 Dedekind %3 (€ X 11.4.1) JodE2 1 4EENREIR, X2 adl 11.4.3
12.5.3 WIZRE, TR TIE. TERRH, Z /2 1 4 ENESR, Rt 2 iz BHEL.

A RRYE Noether (ENPMERIARE DABEIAAER L .
Rl 12.5.5 x T Noether 3} R #1 n € Z>o, I T %M
(i) gldim(R) = n,
(i) R & n 4 EN3T.

B (1) = (ii). Al 12.1.3 (i) AATERCKHEAE m 3 gl.dim(Ry) < n, KHEH
12.3.6 Wi Ry BIENEEER, #& R EN. FH 12.3.2 YW dim Ry, = gl.dim(Ry,), 18
[Eldv il 12.1.3 (i) AJ 0

dim R = supdim Ry, = sup gl.dim(Rp) = gl.dim(R) = n.
m m
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(i) = (i). FFATE gl.dim(R) = supgl.dim(Ry) = supdim Ry, = dim R. [
m m

DA FHE RREEIR (§5.6) BI—IBF.

ol 12.5.6 (IEMMEBITFIBTEE) & o R > S AR L FHEHIFIFELS. £ S ZENF, NI
R 4.

MEBH IR 5.6.6 ZHiK R /2 Noether 3. T ¢ I Fi#5T Spec(S) — Spec(R) (EH
5.5.4), fE{7] p € Spec(R) BERFEND q € Spec(S) 2%, HHMNH ¢pq @ Ry — Sq B
BRIFA, 2 FHERS (A 5.2.2 (i), RAMER 12.3.8 #1 R, 1EN; p AIEEL, & R
1EN. O

#18 12.5.7 E. Kunz IEBA T A REH: & p HEEL, M R HEE Noether F,-1REL,
W R 2 ENIRY BAXY Frobenius HFEIZ Fr, : R — R 2 VHIREZ. 477A[ I [12,
Tag 0ECO].

12.6 msrenmits

AHE §12.7 BIEA.
B8 12.6.1 & R 4 Noether 31, M 4 A R4 & R-#, Il dim M < inj.dim(M).

IEBR IR M # 0. W p N (Supp(M), C) WIMR/IIT, BATCIEDHEIOR IN4HAT 2
PHAERE

P=Po& - Gpr=10

SIFE 7.1.7 (iil) 228 M, 2ERKE R,-#. T2 Homp, (k(p), M,) # 0 (AIZ W5 H
3.1.6). REMNMHFH 11.5.6 BF

Exty (k(p), My) #0 = Extl (k(q), M,) # 0.

BLE T 12.1.3 (i) A inj.dimp(M) > injdimg (M,) > r. BT p MRHEAREEFH
PUER, B inj.dimg(M) > dim M. O

513 12.6.2 #% R % Noether 3, M A A RAKIFE R4, T n € Zso. TR
Fi

(i) inj.dim(M) < n;
(i) XPTH XEE p BH Exty (k(p), My) = 0;
(iil) ST AMAIEM m F1 n <i <n+ht(m) ¥F Exth(R/m, M) =0.
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IR (1) = (i) M1 (i) = (iii) BER.

(i) = (). TEEFNE n=0 N (i) THZ, MH p € Ass(M) FFRHGIH 3.4.4
(i) FIFHRN K(p) — M,, # (i) ZFRAOZ. PURANE n > 1.

51 12.1.1 RAXN R WETEEAR 1 IE Exth(R/I, M) = 0 BRI, & IE
2, WM Extl(R/I, M) # 0 A T A& E S B2, WHAPBREX c IR
TG, 12N p. WS p BREA Zdd 3.4.8 B R/p WA RIS, fEFRFMGT
R/p1,..., R/pr, HHFEA p; BIET Supp(R/p) = V(p), MEF Exty(-, M) NKIES
FIRIATETE 1 < j < k {15 p; € S; A1 p; D p, # p; = p, WISTFIE.

FABUERA Ext(R/p, M), # 0. FIE € R~ p FIEIESS

0— R/p— R/p— R/(p+ Rx) =0,

W Ext(R/(p + Ra), M) = 0, IIfi Extf(R/p, M) — Ext(R/p, M) ¥, LHFTRAE
R T Exth(R/p, M), ~ Exth (k(p), My) (517 10.6.3), X5 (i) FJ&.

(iii) = (ii). SERIME p, BRI m o p DURICIE DIETR N 2
MR BE

p:pog'”ng:m7
Mo <r<ht(m). REMHGH 11.5.6 A[{SF
Exti " (k(m), M) = 0 = Ext} (k(p), My) = 0.

SRIM (i) BAPR Exty! (k(m), M) ~ Ext,"" (R/m, M)y = 0. HIFTARIE. O

Rl 12.6.3 % (R, m) % Noether B33, M A HWA KR R-HE. # x = [21,...,2,]
Bt 2 R-IEN |, 2 M-ENF], N

inj.dimp yp(M/xM) +r = inj.dimg(M).
IEBA  IEMIBIAYE SCELR M # 0. 518 12.6.2 20K
inj.dim (M) = sup {i > 0 : Ext%(R/m, M) # 0} ;

Xt R/xRA8E M /xM WAERNIEEE. 125 j < r I Ext)(R/m, M) =0 (53 10.7.3),
MA@ 10.7.5 BiA]. O

51321264 % x=[21,....x] HF R FHENF], M K R, N

i N 0, 1> 8,
Exth(R/xR, M) =~ {M/XM, .
JEBR  HRAE x BIENMERIERE 10.5.4, Koszul #E I K(x) AH R/xR [ H HFEH.
bt HY (x; M) ~ Extly(R/xR, M) MATH i L. B B (x; M) ~ M /xM (fi 10.3.9)
RITAT. O
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PAREEIBHRA Bass A7

ZEIE 12.6.5 (H. Bass) % (R,m) % Noether F# 3, M kA RAKEET R, B
inj.dim(M) < +oo, M inj.dim(M) = depth(R).

JEBR @ k= R/m, W i > r := inj.dim(M) B Exth(k, M) = 0, 53 12.6.2 2%
Exth(k, M) # 0. BELET m FIRK R-IENF x = [21,..., 2], HH s := depth(R).
518 12.6.4 FIEH 2.3.4 4 Exth(R/xR, M) ~ M /xM # 0, T7& s <r.

T depth(R/xR) = 0, il 11.5.4 RIFIERA £ — R/xR; ILHREZN C. it
BIEEY

Exth(R/xR, M) — Ext’p(k, M) — Ext,"(C, M);

HRW = 0, I # 0, W Exth(R/xR, M) # 0. HItA r < proj.dim(R/xR); B—77
[, #ie 12.2.5 £5tH proj.dim(R/xR) = s. £ L, r =s. O

1 27 Gorenstein

Gorenstein AT X H A. Grothendieck B €I, FI TR IME LT Ao A BE 22 X 18
T, LK B D. Gorenstein A&k ar slAIBFFT. AT RIS HEE R HERS,
SO,

FERES A R BIRIRR A, (E AN IR 1 F .

EX 12.7.1 (Gorenstein ¥f) & R # Noether 2f. ZxT R iAW AEE m & F
inj.dimp_(Rm) < +oo, W# R %4 Gorenstein 3f.

g3 12.7.2 # R & Gorenstein 3, U C R ZF MK F %, Il RU'] £ Gorenstein 3 .
JEBR X R MURTA REAE p, BRI m D p, WA 12.1.3 (1) BHA
inj.dimp (Rp) < inj.dimp (Rn) < +00.
HAR BT BREML (513 1.7.8) WEREN . O
KIHAE Gorenstein FRHE SCHI AR BRSO SR BEAR.

S|¥ 12.7.3 % R # Noether 3, x & R #H EN 7.

(i) # R 2 Gorenstein 3, Ml R/xR 77 #.

(i) # R ZE#3F, N R/xR 2 Gorenstein 3% HX % R 7r#.

HEBR (). MPTEMCAREEAE m D xR, HT x X R — R, FUGEZIENF, il 12.6.3 45
th inj.dimp_ g, (Rm/XRum) < +00.

(ii). TE “f4” F7ABRIA]. id R AUME— R RBRAE DY m. TEEE] xR C m, yR] M A
il 12.6.3. O
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Rl 12.7.4 # R £ CGorenstein 3, | R £ & inj.dim(R) = dim R # Cohen-
Macaulay f.
MEER XA E KRR m, B DL R ASER

i 12.6.1 EH 12.6.5 g 11.5.9
dimR, < injdimg (Rw) =————=depth(Ry) <  dim Ry.

RS B AL RS, T Ry /&8 Cohen-Macaulay ¥4, # R 783K, FEM @@ 12.1.3 (ii)
BIf% inj.dim(R) = dim R.

O

#oRE 12.7.5 IF N 3F 44 % Gorenstein F.

JEBR  FEENFIIR (R, m) BIA]. B R IENSER 1, ..., 24, XZIENF] (G
11.6.2 (i), MK R/(21,...,24) = R/m ZIRSE Gorenstein I8, {RANFIH 12.7.3 (ii) AJ
H1 R /& Gorenstein . O

I 12.7.6 & (R,m) 4 # 2 inj.dim(R) = +oo # Noether & #3F, Mt frA i >
dim R %4 Exth(R/m,R) # 0.

IERR At dim R BIFIRIUE. % dim R = 0 ] m 2ME—ZRMHAE, 513 1262 1 (i) <~
(ii) M Bxt’(R/m, R) # 0 XA i > 0 BT

PANBE dim R > 0. FERER p C m, T2 dim R, < dim R. %5 inj.dimp, (R,) =
oo, MEHIXFTH j > dim R, &H Ext}, (k(p), Ry) # 0; RENFSIHE 11.5.6, X
flif i > dim R, + dim R/p #15 Extlz(R/m, R) # 0. A1 dim R > dim R, + dim R/p,
OIS IR WAL

FREZ dimR > 0, M H inj.dimp (Ry) < oo MATARBEM p C m Az
W1EH; sz, i R, & Corenstein ¥, @l 12.7.4 BXFIHE p € m A
inj.dimp (Rp) = dim R, < dim R, Kt

i >dimR = EthRp(/‘E(P)aRp) = 0.

G 12.6.2 1Y (1) <= (i), ATEINFTA ¢ > dim R 6 BExtly(R/m, R) # 0, &1
inj.dim(R) < i, FJ§. O

TS ELEHE Gorenstein i ARHES[FE 7.1.4 (1), XWAHYS T EAE Gorenstein
PR Artin JRIERER.

®EF12.7.7 T Artin BHIF (R,m), YT Kk £ 40
(i) R & Gorenstein #;
(i) RZAH R4

(iii) Homgr(R/m, R) £ 1 4 R/m-15 &% Jd.
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YU EE—L BRI, RAE—RANFETEL ZEAELSFT RRE R WEE
soc(R), W, [14, ## 6.11.4] = T ¥tk

WEBE B SEENZE soc(R) 2 R HIRFRZ T IX L s FETC AR NMEZ AR 1 Artin
AR ENIEE, HAEN R-EFEMET R/m (SU5# 3.1.6), Kt Homg(R/m, R) #
0. W (iil) M4 T W S /N ESHARME—, SRR S,

(1) ( '). N @@ 12.7.4 A1 dim R = 0.

(i) = (iii) Wa,ye RN {0} B m Mk, WINFEIE REFAS f: Re - R
8 f(x) =y. HT REWNGHE, f B g: R — R, XA y = g(x) = 29(1) € Ra.
It = 1y XMAIERFES R/m — R LA

(iil) = (ii). & M AARER R, N M 2ERKER. LE M HERS,
HY® BT R/m; B dimp/w Homg(R/m, R) =15 M H&H5)E IS

((Homp(M, R)) < €(M).
SEEBIESS 0 —-m — R — R/m — 0 BFHESS
0 — Homp(R/m, R) — R ~ Homp(m, R) — Exth(R/m,R) — 0
TESERTIEH A M = m, BiE A LIEAFR]S
((Hompg(m, R)) < {(m) = {(R) — 1 = {(im(h)) < {((Hompg(m, R)),

RSB KAz b3, B Extp(R/m,R) = 0. BT ht(m) = dim R = 0, M 5|
1262 1 (i) <— (111) #153 R 2N R O

EIE 12.7.8 (H. Bass) % (R,m) % Noether B # 3, % d =dim R. TR £H):
(i) R £ Gorenstein 3f;

(ii) inj.dim(R) = d;

(iil) #F# i > d #1% BExth(R/m, R) = 0;

(iv) *BTA i < d $H Extp(R/m, R) =0, fi Extg(R/m,R) & 1 % R/m-f&

(v) R # Cohen-Macaulay 3, i Homg(R/m, R/xR) % R ¥ # Bt A # Kk 1 N 7|
x=[z1,...,24) B 1 % R/m-15 &%,

(vi) R & Cohen-Macaulay 2, Tj Hompg(R/m, R/xR) x R # # ¥ M £ E N 7
x=[z1,...,7q) £ 1 % R/m-§ EZ
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B (i) <= (i) < (iii). Mm@ 12.7.4 f15/8# 12.7.6.

(iv) <= (v). "R Exth(R/m,R) = 0 XMATE i < d OLEM T depth(R) =
Jm(R) > d (V@ 11.5.2), FHF R /& Cohen Macaulay ¥ (M8 11.5.9); FEIIZE
Ext%(R/m, R) ~ Homp(R/m, R/xR) (5[ 10.7.3) HIA].

(i) = (v). Al 12.7.4 HfR R 2 Cohen-Macaulay /. EH 11.6.3 (iv) WA
xR & R NSH0HAE; K7l dim R/xR = 0. 51 12.7.3 (i) Ziif R/xR J& Gorenstein
IR, TR SRAEREE Ok B dvedl 12.7.7.

(v) = (vi) FJL.

(vi) = (). WIERA (1) = (v) AU, CohenMacaulay F&fF2510 R/xR 2
Artin JREBIR. 4EECSE XM an 12.7.7 RN R/xR /& Gorenstein ¥, 5[3 12.7.3
(i) ZHiK R TRR. O

#iC 12.7.9 & (R,m) % Noether B #i3f, Il R & Gorenstein 3 Y4 HAY 4 H m-3 %

R RIRERE 12.7.8 (iv) BIMER, BEEWF. &% (R, m) 72 Noether JREFR (4
i€ 9.5.3), il dim R = dim R (#1& 9.5.5); BJ5, Exty(R/m, R)" ~ Ext’(R/M, R) (4%
A 9.4.1, 10.6.1 fI51H 10.6.3), £\ m L, WEFRT Ext’ (R/m R). O

H 133 Gorenstein PRI 55 — &l H
i 12.7.10 T Noether 3f R, DL T 44
(i) R & Gorenstein 3f;
(i) & RWTAREL p BF

3 17 | = h 9
i, ) Bxtly, (s(0), Ry) = {0 e
R (1) = (ii). XA RMEE p, 72K R, & Gorenstein ¥ (53 12.7.2) 1M
ht(p) = dim Ry, FXf R, MAER 12.7.8 H (i) M (ii), (iv) MM PERIR].
(i) = (1). NEFrERKEE m, & R, MAEH 12.7.8 # (1) 1 (iv) BFIEME

B, O
12,711 % F ook AR R RRER PR3, 715 2,y AUREL I X, Y £
R 4.

> Gorenstein = IEM FE R = F[X,Y]/(X?-Y?). BT X?-Y?2 R2IENEH T
FIX, Y] WERF, MAGIEE 7.2.6 (i) ATW dim R = 1, MASIE 12.7.3 (i) 1
A 12.7.5 AU R /2 Gorenstein &, A1 R AEIEN: B U dimp(z,y)/(z,y)? = 2.
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> Cohen—Macaulay = Gorenstein  # [ERF R = F[X,Y]/(X2, XY,Y?), BfE
HEYE Noether PE Cohen-Macaulay [, {HIE Gorenstein ¥ Fz fl Fy A
R WS H/NMEZHAE, 56 12.7.7 &5 —H 0 AR,

XTI ERARYE Gorenstein 1RXEL, 5H —FP M Frobenius 1A H FHZIHE, 1
DA EEAE 5 S8 N HAd R,

12.8  Fi8i%#0 Gorenstein IR R

AT EEX Noether INZ HIFFEHEIZS R — S IEBA S B Gorenstein YEFRZFEN T
R Y Gorenstein HFIN_FIZRET4ER) Gorenstein MR, FeMREHIEAT.

Rl 12.8.1 % (R,m) #1 (S,n) % Noether B3, p: R — S A RHFHERAL. T
kr=R/m, kg = S/n. YT HRFHN:

(i) S & Gorenstein 3f;

(ii) R 1 S® kg % 4 Gorenstein 3f.
R

B 7= 5 @ nn, ROVREIR, HRRIS r FRT .
PAURSEAbBE R A1 S B9 Artin SRAURHI, N 7 W2 Artin 35, ST a8 12.7.7,

Py

HIIE
dim, , Homg(kg,S) = dim,, Homg(kg, R) - dim,,, Homp (&7, T). (12.8.1)
H, EEE T-HFEM Homg(T,9) = S™ = {x € S :ann(z) D ¢(m)}, BEZK f

7 f(1r). HIR, fnfdl 5.2.3 4 H B0 T-H[FEIR S%HomR(/ﬁ&R) 5 Homg (T, S), HiE
REFT T ® Homg(kg, R) (AIZFd#@ 1.3.6). &L,
KR

Homg(ks,S) = Homg(kr, S) = Homr (k1,S™) = Homg (kr, Homg(T, S))

& Homrp (mT,T ® HOmR(K‘,R,R)) ~ Homr(k7,T) ® Homg(kg, R);
KR KR

ik S fEMILIZ EIATTRIEH, MIXE S-&FEE. HitbS1E (12.8.1).

B —BIEE. #i2 11.9.4 (i) (KA M = R) & S /& Cohen-Macaulay ¥
MHAY RM T B2 STl 12.7.4, WIEHA[ER R, S, T ¥4 Cohen-Macaulay
I BRI R-IEWA x = (24, ..., 2] FINRK T-IEF] § = [51,..., 5], BAFD g
IEEIRG v € n. I

o TEMM 11.9.2 RN N = S (Kt T = N/mN) A] W y /& S-1ENF, ifi S/yS
FEHH R
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< lH: zZ:= [y17 < Yo, (,0(1:1), ) @(xa)] ZE'% S-IE}QU?IJ,
o AN, R #1 T i) Cohen-Macaulay HEFUEFRMEE 7.5.4 (1) GH dim S = a +b.

EE o BREMNRETES R/xR — S/28, X2 R — S/yS IF R — R/xR %
A, WOEIH. B — 5, EH 11.6.3 (i) 2K dim R/xR = dimR —a = 0, [A#
dim S/zS = 0, Kt Artin R HIEESAE S/25 & Gorenstein ¥4 HAVY R/xR
1 S/(2S +mS) ~ T/yT TRR. MIXEFEIA A 5 12.7.3 BF (1) < (). O
@l 12.8.2 % ¢ : R— S % Noether S A 6 FHEFA. I THRREMN:

(i) S & Gorenstein 3f;
(ii) # p € Spec(R) & @ Spec(S), | R, Fn S%n(p) ¥ # Gorenstein f;
(iii) # p € Spec(R) k B MaxSpec(S), Nl R, 1 S ® k(p) & %4 Gorenstein .
R
EBR (1) = (ii). %87 p, & q € Spec(S) BT p EHILF4E, N S, /2 Gorenstein &
M Ry — Sy & FHEEEZA; MrEIXE q MHm@E 12.8.1 AIF] R, S%m(p) BN
Gorenstein .

(i) = (iii) *FHL.

(iii) = (i). AATE n € MaxSpec(S), It p = o~ (n), RSN 12.8.1 AJA]
S, 5 Gorenstein 3. Kt S & Gorenstein ¥4 O
L 12.8.3 & R 4 Gorenstein ¥, n € Z>o, M R[Xy,...,X,] & Gorenstein #f.
B Wp =9 1(q), HF q 2 R[X1,..., X, WEHE | R, 2 Gorenstein ¥F, i

R[X1,...,X,)] % k(p) =~ k(p)[X1,..., Xn];

HRBIENIR (8 12.5.2), A2 Gorenstein K (il 12.7.5). MMM 12.8.2 58
BRUERA. O

>R

1. & R — S /& Noether R A, R 2IENIF, S BER R-RE. I R — S “FHEG B
S & Cohen—Macaulay £
“Mr [ F7ER EE R 11.9.5. M TF 47 Jr, i E 2 MBS g - p, IF
HRAa# 5.2.2 (i) KR R — S Ml R, — Sq WFHYE. HREZMHFER S, ® K(p) 72

Cohen-Macaulay ¥, 85 HHEIE 11.9.4 (iii).
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\Y
[

2. T n € Zzy, it R = R[Xy,..., X,/ (1=, X7), 1z € RN X; BB EX
E:R— R Nre (roy,...,rxy), BEX 0: R = RA (r1,...,7m0) — S rime; M
HHR REFEA.

(i) BIE 0¢ = idr, MR T := ker(0) ~ coker(¢) BFREHH R (T X 12.4.2).

(i) HTRRFREG T T EHEMAEN n— 1 4E5kE " ENZTRATIAMED: & ¢ =
)y € T. NTH a = (ai)i=y € "7, FIE t(a) := (ti(a)); € R™, BIE t(a)
S"l C R™ fE o AHIERIRIER.

(iti) %EE o € S"Y, EX R M m, = (21 — a1, .., T — an). W ¢t t(a) BT R-M
s FI NI ki)

T/m,T 5 T,S" ' :=S""" 1£ o LAY

(iv) #ZHUE T —fm S HIEE B R,

#H T HH, MAEER vi, ... v, TTEAETHEED T8 HHGEZ—H
. FEETE st IR, 1RIE J. F. Adams —IEE 42 @B, IXAE
n=1,24,8 BRER4E.

3. IEBHEHAEEIA R INE Gorenstein FA.

4. MNP Noether A (R, m), IEFH ExtG™ #(R/m, R) # 0.

% R %N Gorenstein 3 FFITE.

5. % F NI, R WERYE PRI (BUARH). XA F-rEzE vV, BT Home(R,V)
W RMEN: (rf)(z) = f(zr), P f € Homp(R,V) i r,z € R; ABAHE RY =
Homp (R, F) $#ILHCH R UERA DL RS

(i) FEIRBL F-N&MER B: Rx R — F 1§ B(xr,y) = B(z,ry) N z,y,r € R
RS

(ii) f#7E R-MEFEH R ~ RY;

(iii) R & Gorenstein ¥f.

# B:RxR— F#E (), WHEE XN € RY #18 B(z,y) = Ba(z,y) = May) (W
Mz) = B(1,z) BIA]); ff By W2 (i) IEEL (R, \) FRNASHR Frobenius 14%%; A FLERAN
B. Mazur f&RItH Gorenstein B FIHFRETEA L, #W [15, & 10.6.1 FFIE 10.6.2],
MidEzZHt Frobenius RAUE 2 4E¥HE T17ICF & T 8 S0 E M.

(i) <= (i) BIHTAE WHFESILIE, SMEE 3.3.4 LAF] (R, m) NI
1BE.

(i) = (iii): MEEF Homp(R,-) : Vect(F) — R-Mod & A T[4 FERE, #5E: 5
PSES

(i) = (i) FILIERTF @8 12.7.7: B € RY {18 Nooo(r) FENE, WEEH| B, MRS
[17, X 8.3.3] & R MBI FHEIEZNEE soc(R), FJE.

6. % R 79 Noether ¥, S NERYIH RAREL, UERHRA RN

(i) MF Hompg(S, R) G~ S-EZEM: (sf)(x) = f(xs), HH s,2 € S, W Homg(S, R) /2
AIE SR (GEX 5.11.1);
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(ii) S(p):=S © k(p) M R HIFTEHEEME p &2 Gorenstein ¥,
(iii) S(m) X R BIFTEMRAIEAE m #/2 Gorenstein Fh.
2 S /& Gorenstein I, FIRZAFRGNL (Uandl 12.8.2).

ETAREE §5.8 FIL L. MR N = Homa(S, R) BAWARIS R, Hit
SRR S8, BAIUE S()-BIRH N @ n(p) 5 S(p)". &8 E—HIRTIE () = (i)

MF (i) = (i), ATN4AE n € MaxSpec(S) HIRIUE Ny ~ So. B n £ R HHIRRE
m € MaxSpec(R), MAETE So-HFAZ ¢ : Su — Nu 18 ¢ mod mS, AEM. KIS ¢ i,
FHH Ny 7 Ra EREHEMFIER ker(e) = mker(p), 21 ker(p) = 0.
7. EER F, RIEDLREY (R, ) GBHSERT2BHIZLHE Frobenius F-EK:
(i) R=F[X]/(X""), Bth n € Zxo, T A B ao + - + an X" KIBEEN an;
(it) BB R = F[G], Hh G 2 ARREHEE, A B Y o agg M ar.
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A1  mffis

B ICEBh MR E X
EX AL (B) % B HEiEH X w—kTE, R
o B HITEHE X WIFTE,

o WETHFFEUCX, 1 By CB #8 U =Upen, B,
AR B A X th—4#.

Wb X (75 B GO NIE SR, S8k 2R ERIF (&804) 7
BN ENU (R ENZ), HP U (8 2) 2 X I (5H) 75

MNFESMG f: X — Y, R f GERT &F) 78, A F AN X 5|
F(X) MAFIESIENARR, WFR £ 8FF (SKF) #RA.
EX A2 (AR) A THAIRE X faFE e X, £ {o} 2 X WHATE, Wik 4
X HyH .

HEWINASE X WHFERE (U }ier, ZIUENR X NF%E E 8D U; FREGE U;
W (RIA) T4, W E 2FF (SR6) 19; B FEFFsRAR DUR ST, SR <R
#” —IFEfETNER B E TS

EX A3 (BEPAFE) W EHEIZEA X WTEZ B UNF, HF UCX ZFF
S FCX BATE, WK Z N X hR#HATE.



328 Mi A $RIMFEDR

B3 El A ¥ SR A FREE ATy 2 Jo il AT

EX A4 (BUEZEINEMRSY) BB 2l X WEEFAEHAERTAE, N
X hB e

NTHEIZEZ A [ X Y, R Y WHANEFTELE X FHE
BERWE W, WA f AME s g2

HHE A7 DA N B & AT N AR 23] X SR AU 2 B e ik s B A
O X — () BUR, RIHALUX R RT T 2 1005 TR AR Xl As

X A5 (MRELRiE) wREHIRE X FERAMNETFFE M4 BE 8, Nk
X AL BRI,

BIEE A6 ME=EGATENENLY. FHEEFAREMMETEZIMEMN
Ly

IEER 1R Z BTN X WIATE. B Z C U, Ui, RPN U, #2 X BT,
W {UYier 5 {X N Z} B2 X BFFER; W2 R 5% A0A].

& B fl By AR TFE. B EVUE, C U, U Lk, W ERRFSE L, L C I
aléatt By fl B, WAARTES; B L UL B B UE, WARTES. O

EX AT (BEFR) RTHEIZE X WFE EFHEIN £ B X £
WEBS, WA E A X WEETE.

AR FERAF B2 X AE 2.

SEEA18 HRELHMS [ X V. & X WE, N f(X) HkE Y HFFHEMM
WWE. & f RMERA, N f(X) RY WEETE.

BRI’ X BIER. EHE f(X) C Ui Vi, HP Vi Y IR, M X = e, fH(V2) HUHF
FEARTE Lo C TS X = U,ep, /1 (Ve), BT f(X) C Uiy, Vi 7L, FIX) BIE

B of BRI, MK c Y BRIEFFE N UK c X BUIREFTFE
T2 f(X)NK = f(fUYK)) R L—KR2 f(X) WEIETE. X8t & B
f(X) =Y #IE. O

SIEEA19 % B, EoCX AEEFFE, N E1NEy F By UEy R4,

HEER W FRIER, & K 8 X RIS 78, W B, [MEER B, N K R, et
T, 4k B, [BIEENR B N (By N K) R1E. HIkA B N E, [FE.
HFHEERY, K ik, W (ByUE)NK = (EyNK)U(E;NK) 2R IS
FEZIE ARIE. IR B, U B, M. O
DAERCES TR, BUPERRIT X B 5 SRR S, (R AEAH RIS DE AT, 15 4 S s IRV B Ay B
Hausdorff 14 BRI ILE 22 (A].
X GHCEIH NS R, R RER Y RIS TR, TR AT S 4.
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SIEBAANI0 HoBEEGENAERFIANEFFEE A EEH.

IR FTAERETFREREENTHNEUSEITFR U MV, HZ Unv fEil
2 ERMPL B 22 R E X O

A.2 =&t

AT X AR BT .

EX A2.1 (EBtE) L TAMER L, X hEEN: X 2 MEEF LR
X=AUB, £# Af B FHEIFXHA (FNTHHF, wWENTER), WA A=0 =&
B=go.

S ST/ S il
BIBA22 % X W—kHERBFTE (B)ier, HP I # 0. & Ny B # 9, W U,e; B

IERR 1’A U, B = AuB, ME&F, WAYTR AN, E; # 9, T2 E;NA+# o Mt
el RL; 3R By = (E;NA)U(E;NB), 8 E; JEB%ENR E; ¢ A. HIA B = 2.0

EX A23 (EENR) ¥ X AT EHAEXARTF, AP HRATHRA X
W EE K. 98 mo(X) ={C C X : &HEH L}

BHEA24 ¥ F 4 X WEREATE,
() B3R X s T AHS, X (B X RATE,
(if) FE— kAR E C % ECC.

(i) X EHPTAEEL W #T) 2, RTEERAIA, N E 2 X #HAS5
E AR &R L X ZH.

(iv) # f: X =Y R&SGBA, N f(B) £ Y WERTE.

(v) HEZMA [ X > Y W4 EE MASY WA TE F %HE
FH < fYF) HA.

(a) #EFCY #BHMA, N f~U(F) &8&;
(b) B & SCHy Z 3 U4t
(X %) & (Y WAL )
E f(E)

fHE) i F.
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B (). WA E=AuB, WEBIE E YA, Ml E=(EnA)U(ENB); NRE—/ME
Al ENA=FE,# EC A, \ifi B=2.

(ii). BT Zorn 5B, FFAEMERIME— MRS g 13 A2.2.

(iif). 7€ (if) HRN E = {a} FIHIFTE 2 € X MESTEMNME®RD X

WM&, 2, % C 2 X MEBED N, CNE+2, M C=(CNE)U(C~E)fMCH
MR C W E =2, 7Rl C C E.

(iv). A f(E)= AuB, H A= f(E)nU, B= f(E)nV i U,V C Y &JF, W
E=(Enf Y U)U(ENFHV)); AR—BMNZ EnfU) =2, M f(E)NU = 2.
ik, f(E) EE.

(v). SFYEFEIBAIN f . 2Z000E (). & fTUF) = Ay U Ay, H A f1 A, B
£ X Wi (AR F l‘fJ) WX R y € F, K- 4ER0 73 i@ B2 I P DA AR ME— Y
i€ {1,2} 1§ f~1(y) C A, 1R i BWEEDG F =R Uk 306 fU(F) =4 AN
I, # F; 4. Haﬂ:t%nffﬂﬁ 1 i {15 F, = F, 3 f~1(F) = A,

ZZRIE (b). BT (a) Ml (iv), E — f(E) f1 F — f~Y(F) #HRFEEE, Hf
ECcXMFcCcY BE@7X. H WA f(f7'F)=F. RBIE f~Y(f(F)) = EWTF:
TR ec BE WETIEESE £ 1(f(e), 51 A22 &K EU f(f(e)) &, B F 2%
BOBEA f71(f(e) C B; MATE e BUFRNE f-1(f(E)) C E, SiMHESES.

FIRTAERUERR f(B) F1 f~1(F) B2\ S, S Al5iEan .

BOEEYZ F' o f(BE), W f~YF") > f~Y(f(E)) = E %k f~Y(F') = B, i
F' = f(f~1(F")) = f(E).

o BUEEN X E' > f~YF), WMl F = f(f'F) Cc f(E') @& F = f(E"), &
E'= fH(E) = fH(F).

A SR SR ) L33 X R O
SIRA25 % f:X oV AEGFE. £ f TSR, N fFFEALSTZHE
i 35T

IEBA [EMZE] f il T Y TR P, BAIE F=Y ~ f(X ~ f7HYF)). Bt f~1(F)
A2 F AL ARAGIEE A2.4 (v) BIXUH.

S A.2.4 (i) WRAEE D OB AT &, (EROIF. DUNRBOTHER — I 5E 72
FI.

EX A2.6 (BEPEERE) 24T recX WITASH U, B4 « WEREHR U #45
U'cU, N X o RBEHEHE; AR ERN X B4 R #HEE % .

DURESICHIRE X A.2.6 i U’ ATBCHFFH.
S A2.7 £ X FIEAE, N:

O
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(i) X 87 ¥Rz RHEHERN;

(if) X #2382 3 F T

(ilf) X A — ik by 238 JFF el i .
IEER WS () B N (i), & ¢ 2 X N PNERD S, 2 € O, Bz BYEIBRTIER

U, MIBIBE A.2.2 2008 U7 U C B, &1 U7 C C; XWB C I BIE, M o REFF
AR U, B U LS o EEBA U7, () A i) BB U7 O, SXRRAATH (iil). 0

EX A28 (RFEBRE) # X wyd@ o LM LM EE, Wk X A efERs .

A.3 Noether =5ia]

N A Noether PRI A TSR HI R RESAF.

E X A.3.1 (Noether Zia|5BEB Noether Bjal) *t T2 X, wE X HEEW T
& gk

XoDX1D2X9D -

BHEELEER >k = X, =Xy, W X % Noether 7 Jd].
WREN e X HAEFAE U #145 U & Noether & Ji], W F X & &3 Noether

2.
Noether PEFRIE T RIRZE: N THEMH X WIHAFEEKRNES S, #% c TR
¥, E S £ 0 MEBER/NT. CTERH, 7T [14, I8 6.10.5).
5|3 A3.2 % X % Noether 5 d, Ul
(i) X 8FEMNTHFFHIMA Noether 5 [8];
(if) A FHELEBA [ X >V, HE f(X) @4 T Y #8430 Noether 4.

EBR AT (1), BETFE Fc X PRATERERE By D B D - NEA B X B
T4 7, 1% B, = En Z;, T/RA X FHFEERE

20D ZogNZ1 D ZLygNZ1 Ny D -+,

MmH En(Zon---NZ;)=E;. ZFEAIWEE k15 i >k = E; = E;.

RS (X)) P TEREE Y, O Y, D . BATE X P TR
YY) D ' (V) D -, M Y; € f(X) S Y, = f(f1(Yy) RFTE @ oL, A7
EHfRi>k = Y, =Y. O

SIEEA33 WHE X RARENTE B1,...,En 23, 4 B X THRHEHHE
Noether X, M X 7F4k.
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IEBR HE X A TERERE XD X, D ---. WD 1 <i<m, B8] E; MIATHRE
W% XoNE; DX1NE; D, BES k BZfatEN. i1 X, = UL, (X, NE;) ATWJER

I3 A3.4 & X 4 Noether = Ja, | X M% MEMATE FC X HABYT&
(X A.LT).

R SEHESR X = U, Ui, HERERFERS, WalBH M T B —57T R
i1, g, ... fH15

XIRTFHRITCTS s RERE, S,

BEFEECX M X WIIEFFE K, N EnK BERE X T8, 513 A3.2
M E—RER TSI RSN, XWHE SN £ — X BRIEME, & F
[A]%X. O

Noether Z&PFXSIEE 7> S BHEAN 1R, Wandl A.4.10; 28 TIERIXEREER, B
FINARRL IS, X2 T — TR,

DX\(UHUUQ)D"';

1 = E4

A.4 Fayss
SR TE AL FNER ), HE XN E R A 24753,

EX AL (FAYZEIE) % X AEIRE, X £0. EXHARRE X =Z,UZy thiA
FE 21,2, CX, 8F X =21 K X =2, WH X RA4H.

BEBA42 % EAFNZA X WAL TR FHATHE Z1,.... 2, C X 42
EcU Z, WEE1<i<n i EC Z.

IERR ARG o =2 BIR]. B E C Z1U 2, Alf§ E = (ENZ1) U(EN Zo), RlaRA
AL EE X O

SR AA43 FAATEAESRANRNERTHT £

SE B IEESH £ X Y RIRTGTH EC X, # [(E) = YUY, Hd vy i
Y, I% f(E) H}‘jl‘ﬂ¥‘§§<7 I)_\”J E = (Eﬂ f—l(Y'I)) U (Eﬁ f_l(}/g)), 35@2\@ Ec f_l(Yl) Ez
EC f~1(Y2), M f(E) =Y1 B f(E) = Y. o

EX AL44 (FAHYNZ) & X AHHIEHE. £FTE ZCX A5FTH, MAEHE X
WA AT EFHAERRZERAT, WK Z h X = MR 45 .

I A45 ==z X.
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(i) & X A4, W X #*.

(i) ATHFEE X FHALHATY.

(iil) X WAT Lo X ERATH.

(iv) EAATATEE Qe TEMTT Y01

(v) X ETHATHIEH; HAlH, 4 X #0 HEELTHL .

IEBR  (i). QiR X AEIE, WIRTDAS NN EZS 8 2 e, i X FFHAERATA).

(ii). BEFTAATE EC X. HHAB E Z2HFE 20 M1 Z, 2IF, W E =
(ZiNEYU(ZoNE), B ic{1,2} S E=ZnE KNt Z,CcE=Z,NEC Z.

(iil) & (ii) BRI,

(iv). % X BARAATFE E. v S N X WITE S E WAL TFERITIERINES,
% c B, R B e S, XREZmFE. BT H Zorm 51EERIH AT, RAUE S
MEN2FTFHE T £ S HA ER. BE B T HeR2H, DURIE B AAf4).

WE =Z1UZy), H 7, M1 Z, 2 B WIHATE, B # 7. B Z € T #RME
HFRINHF Z=(Z1NZ)U(ZenNZ). FAE Z € T 18 Z ¢ 7y, &M E' = Z,.
X T AR 2 0 Z 8V Z' ¢ Zy, ARIAVEIREIR 2/ C Zo. PR — R
E' C Zy. 572, E' A4,

(v). BUEEA v € X MEET X FENRAIL DL A {x} AATL), N H
(iv) EITA]. O

5 A46 wipihzh X HE X =UL X, AF nelsy, B4 X BEX AT
HWATHR MEi#] = Xi ¢ X;. doit

(X1, ., Xo) ={X WRThH%).

IR W Z B X WAL, WG Ad2 BUEE 68 2 ¢ X, ki d
Z = X,.

BEBEATZ 1 <i<n SIH A4S (iv) B X WARAL DK z, #15
X; = Z; A A[4)n. O

SIEAAT7 R4 EE X HEEFTEU LHE, MHU KHWATH.

R BV AXMHATE HUNV=0oll X =(X\U)U(X\V), B8CRaZ)EzE
KV =o. HILAH U F%.

BU=UNZ)UUNZ), HF 7,7, & X MIATE, M E—PHEH X =T C
Z1U Zo, WUFAE i € {1,2) 1§ X = 7, ki Un Z, = U. IE5. O

el A.4.8 = X & Noether #3M% [, MUl
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(i) X REARENMMARTARX 21, .., Zn
MR (1) R X SRR T

() 2= Zo~ Uy 2y 9B 0 B2 X WATE W X =UL, 20 2 X HHS
T, X* AR REE N LR THDLHE 21, 25

(i) FFEUCX MHELYENY Vi, UNZ #2, YANY Vi, UNZ; # 2.

IEBA IR X AR T (), A RA LTS 2D AAIA 0 IR EA TR B c X X
BE XA IR E W. SREA AR, & w k2. BEEEEMFRBE W Bt A.
TERE A FHIERTTL), ATRIE A= 2,0 Zy, B 21,7, C A M. 518 A4.5 (iii), (v)
A BIBNEIEER Z, 71 Z, BB T EARZ N RA] 207 RAIF, e A 7R8I
PROCRITEAAA G B A4.6, FIHI A (LA ARZNDNRAIAD T, FE. TR W = 0.

X (i) F (i), % 1 <i <n, B ZF # o £ X FRIF, XIEH Z, RAjL, Z;
1 Z; WHE; NILFEREF TR U c X B Z;. RZEFTHEU c X KE Z,,
W UNZ Az PR, U > U, Zi = X, \ifi U Fi%.

TENFD, X* 2 X RREIFF5%. T4 Z; BIF, 452, A4 (513 A.4.7),
i HRRTEAE, IR X+ R LR R AT 415 32 0

B A9 i X IR, U A EFFE, WA LS

(YCX:RTHMTFE, YU #£0) > {Yy CU: RTHHFE)
Y—YNU

Yo Yo
EHWLERBaEXZBT, WA RT.

MWEBH S A47THHY Y NU BEX, MHAY =YNU. B—7H, 518 A45
(i) VA Yy — Yy RENX, R Yy = Yo nU & Yy & U FHNRRLES. iR
HHH. O

R, U ARG RIE ZnU, B Z 8 X 28 U BAAI415352.

WEAL10 % X 25 Noether 2, Il X B##EE (£ A26); HAlH, X B
ABALUT. HER X £ Noether 2, I 334 X M HA K.

IEBR JEi% X /2 Noether Z¥[H). $F 518 A.4.5 (i) AIAHRIEE D XTI, (I ARR[Z)
S TSRS, M5IHE A45 (v) BRTEE S STEE S A ARAZ
T3 R b Al A48 (i) EIRIEIE S X MCEIR. RI9IEE S SR F5&, XX —
U ARS8 77 S BT

BHEI X ZJH% Noether 2], # x € X AR U, B X ¥ Noether 14 U’
#1153 z c U, W U NU’' {552 Noether 1. £ UNU’ FERES = MIEES > C, Nk
—EXHEE C 2 o REEITATNER. it X 28 o« B EE0EE. O
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A5 Bussw

ARTITE §A.6 HRLZEE, MM thH A LA

EX AS51 (FEEE) & X AEd=ET v, € X, g o/ € {a}, W o' £z
WL, © 2 o Bz, ieh o~ 2

01 1z ~ F.
MRECXWEreE, v~ = o € E, W E XRLE A 22eHE T
ZACE A 5.

B A5.2 A EE X M FEMEAEAY BN Y HAETRAHE. HWFE (R
FTH) BERNREN (REh) #HHA.

IEBA RTFHE B OANRHME (BizMk) B, Wiz e X Mye XNEWE 2~ y (B
y~az) HrcENycE FHE Wee X E R X\ E XNzt (8k) B
FER I, KT E oy, B IRRI ] R IETE R O

I X M ZTERR ~ RONTFE, HRITTIERMAA. 6 ~ NiFRTHRISE
RIRNT.

EX A.5.3 (Kolmogorov Rja]) % X A=A, 4 X A MRETLE v £ ¥
H o' ¢ {x} F oo ¢ {2/}, MK X A Kolmogorov % Ji.

HT 2 € {z} H z e {2/} FMT {«} = {2/}, Kolmogorov Z5[AIfE LA LAZE
HWRIRN = # 2 = {2} £ {2/}

EXA54 % f: X oY kg4t

> BURA WESHAHREy -~y By y eY fae fTl(y), ¥FE L € fHY)
1R v~ o, WARELIE [ RA.

> ZWRA WESAHAHREy -~y By y eY fa e fTUY), BFErE fT(y)
#5 x~ 2, WARE AR f 3Rt

SRS ST
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FHRA ZARA 2Rl
3o’ @
ff’ﬂﬁ l 3 frrﬂﬁ l * € X
b
[

/

Lﬁy Lﬁy fx) €Y

4 X = Y NFZHBRAR, F SR 2 5E 0T Y 9720 X AR
S IZACRIES AL,

SHEASS #msus X 5V D2 BHL (RER) B [ g 5, Wb of

JERR WL B A O
SI3BAS5.6 EHLuA f: X oY AHBE, WHMLE fRA.

B oy = fo) Wy € {y}, W f({z}) MSREE «/ ¢ X #1F 2/ ¢ {2} M
y' = f). H

A6 3=

RAJAIA TR AR AT AR % . X TTE2SA X M o e X, 31 A45
(if) ZEW {2} BMERALMH T4,
EX A6.1 (GZEMAERIE) & Z AEHzsE X WAT4HNFE EHEEne Z
BZ={n}, Wik nk Z thiZ &.

EHART YN TFESRHE—HE &, WK X A EH.

S5IEA62 izl X AXLYHEHRUENMNNAAANTFELRARZA MH X £
Kolmogorov % 8] (& X A.5.3). A W5t

d: X~ {ZCX: ATHHTFE), d@)={z}.

MUEBR  FRBRET ol XM AR X A E X X FhE (81 Kolmogorov) FT T cl
TR (SR, MM FREBIZSENT c BT O

PARIGIEY fe— &R RFMER: % Y Nirdh=H X T8, M TESH
. HER2Y WTFE CEE X FHAERN E, WEE Y FRAERE EnY, M
E=EnNY.




§A6 ZTH 337

SIBA63 XY 4 X WTE WAESHE
(i) # X & Kolmogorov X[, | Y 7F4k.
(i) &Y R#W; & X AME, WY TR,

JERR I Z RIS T AR S RITER.

(). BMRS g,y e Y, WE {yyny ={y} M {y}nY = {y}. B {y} # {v'},
W {y}nY # {y}nY. HILA Y /& Kolmogorov Z3[A].

(ii). SRAER A Y ASIFIXMRIEE Y ATE Rl T8 2 BEZ M
BURT. BRI S, Fll1F3K 2z € Z 158 Z = =} nY.

BY . W Z Fh X WARAAFERISE {2}, T2 Z={:}nY.

By JF. W Z 2 X WARRTAATE, S5 L T Z=2nY c {z}nY 3
2 NY FFAHL 2 € Y. Wk—3K {2} nY 1ER {2} £ Y IR Z T8, 542
B Z=2ZnY ={z1nY. O

Wl A6.4 % (Xi)ier REF X #—KkT%, X =Ue, Xi.
(i) BB X, HEAFATE, Il X £ Kolmogorov # 4 AN L EHEAN X; T 4K;
(i) &ENM X; MEFTE, W X AXRLERIEN X; T4

JEBR AN I AR RESIE A6.3, PARHE Y47 W75, J55RM IR
IR

(i). WA X; #/2 Kolmogorov M. &H z,2' € X 1§ {x} = {a'}. BLic I fff
BreX, BEOFTHRU Cc X 8 X, 2UMWHATE WHzc {zInX; c {z}nU =
{2¥nU, U FA[fg o' e U. WA o' € {o}nU c X;. TEM 210X, = 2/1nX;
1 X; 1Y Kolmogorov ZRITEFRIES « = 2.

(ii). WE X WIFTE RAILH 745 7 BEZ e, HEE Z 8 X, M X, nZ
2 Z AT &, B2 Z BARTARE A& (513 A47). KA X, nZ 2 X, 1Y
FAAATE, RMEX,NZ={z}nX; c{z}, EF 2 e X;nZ MAX,nZ % Z H

W%,z c{ay; T Z M ze Z XS {2} Cc Z. %5 EA Z = {a). O
SIEA6.5 & X # Noether AAZF =, M X WFE U AFELHERYUTE&H
JR 3L

(i) U stz ft#tH;
(i) #xeU, MU @t {a} N ERFTE.

B TR U &R (1) F0 (i), Rz (1) A (i) SOz, SRR E = X U . X
E WML C BUZAE o, WS « ¢ U IXZ2RNE e U, W (i) 408 U &
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B O MEANESIF T8 V; B A48 (i), A4/ V DHREE E HIRT, )
VNE#2, 5VvcU¥FAE.

Rt 2 € B. AT A5.2 R (1) &K F NReEHF, XRHE C c E. %L,
E=FE N X W14 O

A.7 =Tmere

FIRIE TSR W T REU U SAESCRIERIE R, AR A m .
EX A7 (AIEFENRBAIMEFE) & £ Hpdh=0E X §F&£.

o MR E T xAMI AN(X\NB) W TEHNARN, HPEK Af BHEZ X B
BREATE (X ALY, MK E A HETE.

o WREERAE X = U, Vi BB ENV B4 i HR Vi 4% T, UK
E A R#THET %,

MEZ X fl o &2 ATHIE 4.

BIEEAT7.2 ARENTHE TR IR T E S, THET RGN ENZTH
.

SEBR ARIEROIETE R L, AR BE L R A HMENTE. 1E X T
Wir P, AN (X By), HFREA A, Fl B, SREEI T4, HiER

i=1 {1,...,n}=IuI" \i€l iel’
WL AT 1,1 C {1,...,n} WM

(X ~4)n () Bi = (X\UA,)mﬂBi

iel iel’ iel iel’
AIRIIE, TSI ALY R U, A BT N,ep B BN TE. O

AU AN (X ~ B) BT (K A, B C X HFF) 1R X IR ERHT4E, BEIATH
Y TR R TR IRIE. LA BB @ Noether 230 (B A.3.1) FAL.

@ A.7.3 R X % Noether 2 ], Ml X By ¥ #y3& F 5 16 2 i #6 Al T % 89 F R 3F.
IERR S A3.4 WiH X BT T8 A F1 B I U2 R O

BEEAT7A % f:X Y hESMS, EEEECY RELTE N fFY(E)CX
Tk R ECY AMMHETE N f71(E) CX TR
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IEBR BATE fUAN(Y N B) = fH AN (X~ fYB)), MH f BERETE R
FE M. O

X RTAIE AR, B AR DA .

BB ATS W ECX RAMATENAR (A THETE), ZC X RATAHT
&, M LT B

() ZNE &4 Z h— MHEFTE;

(i) ZNE & Z $#%.
#FEKX Z AEREZRA n (RX AG6L), N EREHFHFNT
(iii) n € E.

IR (i) = (i) FL. 2F (i) = (i), FEF ZnE 2 Z PERZARETF
% By,..., B, B3 Ry Z RA]4y, b GHA B, £ Z PRIAEN Z (518 A4.2). 1%
E,=UnZ, B U, ¥ Z, 7 (X Z iE), WHEESHK Z, =2, \ii E,=U, 2 Z
IR BT -8R

H—HER 72 =), WE () = (i) = (i), REFH0 O

W A.7.6 % X Noether Z i, B C X 2R [T R4 Rt (Flan Ty T %),
WE@& A Evl—IMREFTE£.

JEBA DA A48 (1) & B WMERARRIAD XM 210U Z, HRFIE 1<i<n
WAF 7y N E1E Z; HF%, NI Z,NE 1 Z, 9F%. il A75 £ Z,nE B8
Z; NEAREFFE U; A Zy nU; R U, 7TR U, £ E 70
WU:=U,U---UU, C E, X E WNFTE BXREN Z; AN A48 (iii)
AIWETE E . O

PAREHEZX e A.5.2 HIANFE.
Wi A7.7 % X £ Noether #hE Z [, E C X R AT ENARI: (i TH#E
F&), M E R () SERE B xFL () HA.

MEBR B Tamdl A5.2, WA B NIz BRI B FRIA]. A5 AL6.5, R
XN » € B E 8 Z = {o} W—PNESFFTE. RIB@E A75 By = o),
AL Z N E WS 2 — M ER 5. O

EX A.7.8 (AIMERR) & X Hipih =, £ BN TR RN X B BT T
FEA-AEGFE HATEAH, 4K X ERETHEE S E W E = EHTA
XCOHS'
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BT A ORI RS T XA BRI, L o F X ATRIYE, IXRSE thindh.
BH X o Xoons RORET, REENESBE £ X o Y RS HESEBGT
£+ Xeons — Yoons, (B3I A7.4 BT (H f MATHIEHHNESI—MFE 50

M. Hochster [6] 2 HHAGIE 2 MIBRIG 5 AT ME VIR,

EX A.7.9 (EZEFIEREY) 52 U TR A R E X AR A
o X ME (EX Al4) MEMLE (BX A.L5);
o FIAMEBITTHEM MK X oy —HE;
o X fE (EX AG.1).

R XY AgsBZ B mESus. & f HHESUHT Xeons = Yeons, UMK
[ A At

T2 () 32 (] 2L JA) (1) 1% ok 55 4] TGS SpecSpe. AT BATIE A1 2% (] 2 [R] 1Y) 3% &2 it 5+
fiX =Y ZBRERSY HACY ~1(V) SMERIIEFFE V c Y BRI, W [12, Tag
0G1J].
il A.7.10 &% R JIK, WKEHE Spec(R) PA Zariski $rFh (& -l 1.10.7), Mm@
2.5.1 F 2.5.10 BLBH Spec(R) BIGZ=M. ¥ ¢ : R — S AWFEL, FIE Spec(y) :
Spec(S) — Spec(R), MARHES[H 3.8.2 X Z G H n 418 TR AR DL fv i 1.10.10,
S Spec(ip) SETEMLET.

Kt R — Spec(R) Z3HiEET CRing®® — SpecSpc; Hochster [6] IERH T iX /&7t
BN, RBAFILEL.

A.8 Jacobson =sia]

8 A.8.1 XFATERMZE X, 2 X' 8 X WA RPN T4&.
X A82 % X Az R

ZCX AATE = Z=7ZNnX,
M# X % Jacobson Z[g].
SEPIRIE Jacobson Z[H].
WE A8.3 % X 4 Jacobson A, T X' AR ME X AAREH N,

JEBA  Jacobson MERZEIN X' = X. AW X' HAEMRZDNHALSMHA, & X' [, ¥
X = X' BRAEENSEBZ A A, R s i BT 5. O
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SII2 A8.4 % X % Jacobson Z[E, ¥ EFH E RRAMHTHRMIN, W ENX # 0.

IERR A B RS TFERIERAIR]. R B AFFEEH UN Z. Jacobson 2 HIE X
HIRFE 2cUN(ZNX)=ENX'. O

SIBA.85 % X % Jacobson i, T4 E REHMAFEMNH, N E AN T F=EL
H %S II 2 Jacobson Z A, fH F' = ENX'.

IEBR 1R X 2, RERIFRIEA TR ZIFHIE FEEE—MEE B. 5 E€B U E
FHEE RS F RN ET B.
FEE E > EnX METH Ec X Wiz, B—7m, 51# A.8.4 WHHTE
EFEHATFE ECc X BE EnNX' £ o, RfERNIEZZ E e B {RIRRL.
UTFEEREZ E e B. X T EWREHATE W BHTFE V), F17E X WFAT
BZ (HEIHFTFEU)FEEBW=ZNE @ V=UNE;&HVAW #a, 1

VNWNE)DUNZNENX' # @,
|
eB~{2}

FEWNE £ W %, fHitelHl E 2 Jacobson Z3[H].
BEWH E = EnX’; ik c BIR. & 2 € F/, RILEE X WIHAFE Z 15
ZNE={z},RM ZNE € B, ER X', NIl z€ ENX'. IEE. O

MRl A8.6 HHINEM X AFEE X =Uc, Ui, Wl X & Jacobson 2 [ %4 AL &
MNEFE U B, MERE X' =U,, U,

MEBR A JIEM X = U,e; X' NU; = U, U KB SIEL A8S5.

N TR <4 §9771A), SRl U = X' N U MA@ 7. BRAEE SRR Bl
A W ox e Ul RS ANTERRE e U; B j € T BIE z € Ul MER U, NU;
2 U; BT, i 2 € (U;NU;), Bl U; /2 Jacobson X EIX—HIHEA 5B A.8.5 #E

(CNS Uj.
BEEZE X WHATE Z. HTFED U, #92 Jacobson =M, 2 F E—E, (Zn
XNNU; =U/NZTEU;NZ PR, W Zn X' 15 Z 5. Ik O

W X7 ORE X BESRS. DUNLETIRRT X BIVF 21 550 2 R BRAE ] 55
E, EiE: R, RE R R, aTE R, DGR TR RIS XA,

5|38 A.8.7 & X 4 Jacobson % J.

(i) %2 X W— kA TE {Ulier, ®# Vi:=U;NnX' =U] (5138 A8.5). W {Us}ier
X WABEEZYENRY {(Vitier £ X' WFEE;

(i) X MEYHMNY X #E%.
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SER (1), BORSAR 047 7. DARAME <47 7. % X' = U, Vi, T

(X\Um) NX' =Xx'\Jvi=g;
i€l iel
T Jacobson ZEHIAYE X, HIF&E X N U,;c; Us N2, TR X = U, Us.

(ii). FIEFFR V Cc X' #BEEE Un X/, H U 2 X WIFF&. FTRENE
kA (i). O

il A.8.8 % X 4 Jacobson Z [, | E— EN X' %4 W4t

(X B RWATEGAR:L 1 (X W R TENH RN
] ]
(X ot 78— (X W T4}

AT C BRF. s, ENX' C X' JF (H(H) BERS ECX I ().

R BB TS RENX: E— En X RESHNRZSH, BRERH 18£8 R E
HTFE. ZZNAAE TR . & By f1 By BREHATFRINARIT, By # By, N
T By \ By # 9. Bk E = By \ B, WZREAFENERIE. T253 Ag4
et

(E1NX)N (E2nX)=EnX #o.

JHASE — TR ML, HE X WREA TR XRFEERIE (Un X)) N
ZNX)=UnzZ)nX', E U f Z 73512 X NFFEATTFE. WIERIE.

RESR B CLRN, DA RS 46 HiOG T M CREF TR PAPE T S . ETRFMER, 2
MRE CE = EiNX' CEnNX MEMNERBRIESATH < JFm.

Al kS TR R FEAERIE. 8 TS ZATRYBRET, SekUiE B c X
AIAE TR Fn X' C X' AlHaE, (R et B2 S, JR 5 F 15 A 12 e 5 i (] o
EN AT FMZETHIRIE, WERIAGE RICIEF 78 U ¢ X BIEY MY HF 758
U'=UNnX cX' HE.

L X W FE U BT5 A85 1 A8.7 Al

o X MBI FRIFREN K n X' MNF&E, B K 2 X KIS F5;

o i K &2 X MIIEFTFHE M UNK MIEYHEMNY UnX)n(KNX') =
UNKNnX =UnK) L.

HESE U c X BREHT U c X' [R. IEE. O
HEIE A.8.9 & X & Jacobson &, Ml X #i# (RATH) Y HNY X' #& (KA
).

IEBR WA A.8.8 AN M H AR, O
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A.9  Kkrun

ATH X i dhFhas(E.
EX A9 (Krull BMRER) T X w144
ZoC e C T,
W EIRA Z, i n h Z HKE.
o F X 5, & X # Krull 304

dimX :=sup{n € Z>o: X AKE n WATHH T EH Z}
€ Zxo U {oo};

EHAME dim@ = —o0
o FY CX RATAMTE, £ XH Krull 2484

XHKEm AT TEE 2 }

meZ
codim(Y, X) := sup =0
"® Zo =

S ZZO (] {OO}

o #T) 2, EXEZHTH Z #h Krull RELN

codim(Z, X) := inf{codim(Y, X): Y C Z AL T HHFE}.

TERE R, X BB AR 4 B R 2
Y X ARz

dim X = sup codim(Y, X). (A9.1)
Y AR5
I A92 ¥ Z 4 X HHTE, N dimZ < dim X.
WU A X HFTE N AU < dmX; EATHATEY 5 U A%, 0
codim(Y, X) = codim(Y N U, V).

B HENX A9.1 SBHFEETE.
T TG, I codim(Y, X) Fl codim(Y NU,U) & XH ¥ KIIATA T4
BE, AV A.4.9 4 HELE R KON O

ﬁl’ﬁA.g.3 %76‘ X é@ ]\ﬂ%% Wl;---an {i?’%‘ X = U:‘ilWh ;Er\:qj m € Zzla Ijl'J
dim X = sup;<;<,,, dim W;.
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JERR TS A9.2, 1 dim X < sup, ., dim W; BIA]. %6 X BRI 750
Z, KEN n, MFIEE A4.2 HIKE 1 <i <m F5 2, c W; BRI n < dim W;. O

WEA9S FHFAE X =U,.; Ui, N dim X = sup;c; dim U;.
JEBR S5A M A.4.9 FI5[HE A.9.2 AITS

dim X = sup codim(Y,X)= sup sup codim(Y NU;, U;)

YCcX YyCcX icl
RATZA KAl Y U2
=sup sup codim(Y;, U;) = supdimU;.
icl Y,CU; i€l
ez
HEEE. O

BAHLABZERN A X EH— 5 o FER4EEL

EX-ThRR A.9.5 (B3B8 Krull 4880 P& = € X, X dimg X := infys, dimU, £
U #F oo iy AR, WA dim X = sup,c x dim, X.

IEBR 5P A.9.2 ZHiK sup, dim, X < dim X. K2 dim X > n, MAFERATLIH] T
£ Y ##15 codim(Y, X) > n; By € YV, 513 A.9.2 ZHIKERIFEBIR U > y B2

dimU > codim(Y NU,U) = codim(Y, X) > n,
514 dimy X > n. [E5]ls sup, dimz X > dim X. O
WREA96 % v c X HFAH Uy 5% Uy REWTHE Xu,.... X, W3, WH

zreX N ---NX, At

dim, X = sup dim, X;.
1<i<n

IEBR AR Uy = X. el A.9.3 FIE X, dim, X = infys, sup; <, dimU N X;
M dim, X; = infys, dimU N X;. HFZE @ #7153 dim, X; = oo, MK 5 BIAMKIL. B
IR, FF1E o WP V @15 2 e U ¢ V I dim, X; = dimU N X; MATE @ A7,

[l =R AV O
R A9.7 £ X 2N dmX =supodimC, £F C#F X AT H4 X (X
A4.4).

IEBR  5IE A.45 (i) BERAARRIZ)r B, MAEMARTLH 788 2 /R Z, &
ZUET X DAL C. O
TEX A.9.8 (FHETE) & X W AT T o A AME 4R, HEAR, WK X
.

EX A9.9 (BHEEZE) wRAANT X WHALTHATR ZC 2, bF
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o codim(Z, Z") < oo,
o FrAMK (FH L BEHR) WATHNWT R4
Z=00CCZp=2"
HAMEKE m,
AR X &8, Wi 4 ph o m B codim(Z, Z').
SIIE A9.10 % X HimhE.
(i) # X Z&EZE, N X GRAATETA.
(i) #FAEFAE X =Uie, Ui, BN U BEEH W, N X REEE.

JEBR 4G A.4.9, 518 A.9.2 FIEFEREINE XA1S (i) MAFFREEA ().
Y BEBERE X WATE, MKEE S A9.9 MEAAREIR 2/ c v BRI ER]
Y HUZRBE, B () NPAFEBOL. HIES R S AR EE. O

AR A ) ARGEERE o BOH B, IRBIDN U ST IR,

ARl A.9.11 Edha A X A Ay Y B Y DT R oL

o WHEMATHETHE Z CZ %H codim(Z,Z") < oo;

o HEMATARNTR ZCZ' CZ" $F

codim(Z, Z") = codim(Z, Z') + codim(Z’, Z").

IEBR & X UERERE, WA — IR N T8 IR, e Z, 27 e
Ui, 7', Z" NARBIRAA AT 7848, ERESHIZ Z NETm 2" AR
KA T 85E; BREMEPURRM codim(Z, Z") = codim(Z, Z') + codim(Z', Z").

[z & W E RIS, BN TR Z c 2, BB AR
codim(Z, Z") < oco. N THAEAATLI T 5 5%

Z:ZOQ"'QZnL:Z/7
MR SHEIR codim(Z;, Zi 1) = 1 WFTE 0 <i < m AL [RE N S N RATE
codim(Z, Z") = codim(Zy, Z1) + - - - + codim(Z,—1, Zy,) = m.

Rt EE m Jf Z ¢ 2/ tH%. O
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B.1 mzaesssius
ARITH) T BRI A Z 2 E8E, —JCIdE SR +, 470180 0; XA EFR i
LR
FEM B 8T HhniE 4 Lz

O FEHRE Y, ELEH/RT WHATEHERE man + -+ muvyn, HF
m; € Zso, W # T BRERK.

o Fmy=mn = y=n XA y,nel f1 meLx KL, Wi I T
o FEy+n=9+6 = n=0 ®HAH 7,00 €l Kk, N T LHER
o BT W TAN I, & I ={0}, WA HIEH.

ITE A ERERI IR 72 2 WANIER ) 2448 A IRAK, Tohim HEATH
R Hr L8 2, BT BA BRER, IR IER). Johett, HARBAIEEEEH
LR, (HARA SEBIUIAR 2.

MEZHBE RN LA RERS AN R 7 A e FERE, FROVBEEE 7 T — Is'p. BEfL Tep
FITCRAERIE T x T M TEHEM LR

()~ (1) = 3el, v+ +E=7+n+¢

(N2 [y, n], SUEAEHN v, n € T 19 “TERE" v — 0, NTERZE 5 BAEIN, BRI
I — I (FEREX A ERALSST) 3RAE v — [v,0]. PEWL [17, ] B.5.12].
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WAL, Zso IRHLRE 2, XIEZBEBOMIE K. M)z, 22, fiHEE
Zr. R T 2R, W T 5 e,

SIEBA2 fmk2¥#H T AHEEYHNS T — 2P 2R 4
IEBR BATA [v1,0] = [v2,0] BHACHFETE (€D 5 v + £ = + & O
PURW R S5 — LR G, PEOL (14, §1.2].
EX B3 % T Afmk 48, M < ZT E8ESF (2)F), EUTRA:
y<y = Wel, y+n<v +n.
S AR (D, <) A7 (e )F) fnik 4 7.
A DAIERA [14, & X 10.2.3] B2F 2t 2 FIRE AR

Bl B.1.4 2 INEAERIRERG] R A NEFEEN 2. w5z, Zr M
WECN 2 ITE AT

A DX < NP (BERF) ITEAERE, WENH v <Py <= 7y >0 B
TEHH R <P TR

BIEB.A5 & (I,<) Ao /rinik 4«48, W T BHREANEE

B H my = mn, ' m e Zs1. %'7>77m”m7:|7+"'+7|>]7+"'+77|=

m I m T
mn; &y < n WEEE my < mn. —A8EE v =17, 8T T

WHyndel. >0 (Bn<d) My+n>y+5(@Hy+n<y+9), T A
HEH. O

B.2 mizzismmaAREER

AT RIS S 5 MRITA KR T iR AR 20 81 22, )5
T XA LRI SR B L.

R B.21 XTHBARMELLETD, UTHRAEN:
(i) BFn € Loy Fo L LBHHN T — 27

(ii) T B4 B AH K =H.

W EAE—F AL i, BRI (1) FE AT T — I8P fo e MR 18P = 2 2
B K-
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B () = (ii): TR

(i) = (i): HTIELLEE T ARAR, MAGIERTHINERE Dee IR, HEHE
WHERIVERIZS T — Tee e, i —35, T ToHRRINERE Tere ek, ARmARRAE K
THIMERE R FE T Z2n, TR T — I8P ~ 27, O

PURNEEICIERRY Ko 22 R R, UL (17, §14.9].
ARl B.2.2 3t T A RA Ak 2 ¥ A T, DT HRREN:
(1) BALLBHHEN T = Z" YLK A € Homy(Z", Z), 45
o im(e) C {v €Z"™: A(v) >0},
o Mv) =0 < v=0qH vecim() K,
o XFTH N € Zso, &4 {veim(e): ANv) < N} HK;
(i) T &, AHEE, BAE.
B (1) = (ii): ERMEEAEERENAEAE 20, 2T1EW, B&H v, € T #HE
v+ =0, T A(y) + Ae(y') = 0 IR Ae(y) = 0= \(vy'), GRTTZER v = 0.

(i) = (i): EF@m# B.2.1, AHET 2 2" WARER AR BT AR
T f1s s S, W T AE R WK ZIEIEE C = Y07 Roofs. 263 C N (-C) = {0}.
RAE [17, EF 14.94], F1E Ay,..., A € Homg(R™,R) 1§ ¢ 2AERH A, >
0,..., >0 MR, L C N (—C) @ M\ = =\, =0 FRE.

HT f; € 2", WWIZACUEBART UL A, RTECH Homg(Q", Q) WIJTE. & C N (-0)
JEZ, AR RRAE Q" FHIEZM v. BHEEXT a1,...,am N Q-REUTHEY
Stiaifi =v. B v e C, BIE RY, AR, HILAXEHESEE QY TAR. & o M
R ar,... an FIFRLUEYHIERE BRI v € T\ {0}. FHEATER —v e T\ {0},
5T WIEWFE.

M C N (=C) = {0} M8 ZEHERIZIE [17, & X-fd 14.9.8] 21§ A 15
Me >0, MH Av) =0 <= v=0XH veC L MEHFHEHETERNECH
ARG [17, BX 14.6.7, EH 14.9.11] EHRIE. XBEXT X IFEM, ka7
BN ENTE Q by M4EfERIE A(Z") C Z.

HANZ W Cn{v: A(v) < N} XA N &2 R INEFE (FTH [17, 513 10.4.1)),
AP AR AR, 25 ERE (). O

DR T §4.4.
ENB23 i I ARARK, £, BHEE, BAHE. HEIHT K
o WA yeT BINKE X7, /5 E X k-foH

k[I] := {ﬁ}fv’rn > XYV, ¢y € k},

yerl
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H ook RETH, Fek M i k-W & Ef X0+ = XX €.

o k() A k[I'] kT & (X7 : v e} WHEIM ETHRETES
SEET, % k[I] — k(T), T k(T) ¥ Tx%FHT#HZANTEEHLX
Zwergrp C’YX’Y:

Fvo T K {yel®P ¢, #0} CT — .
FK[C] AT £ k B4 RN AFBHRE, & k(1) AR Laurent KEARE.
BBy yo A8 Y TER M 8 “o 8 4 X0,
RE kI WITRATFRNTCH M, FiETIRE

DX dX =3 Y cpdy, | X7
v vy

YET \ 71,72€T
Y1+v2="Y

KR, IXIBEN v + 92 = v &R A7) + Ay2) = A(y), HAF AT — Z5 BB
B.2.2 (i), I an e > XA v #RHRRF.

fflB.24 BT = 75, M| Tee — 77 i

Y1t+y2=v

k[[] =k[Xy,...,X,], Kk[[®P] =KX, ... X 1,

ERHE v = (a1, ..., a,) B XY XRL X0 -0 Xon, AHRD, K[T] 552 E TR ARREL k-1X
BOR[X1, ..., X,], T k(D) ZEFETHR Laurent 2280 k-8 k(X1, ..., Xn).
S5I13B.25 % I wE X B23, 1 [ £ k 48 RAREHE, WA k-1 5 A58 F A
k[I]/IK[I] ~ (k/I)[T].

IEEA 1 k[I] — (k/1)[T] SRS k[T]/Ik[[] — (k/I)[T]. ¥E&E I HERTT
tryeote, Mo = 3 e XY 1E (k/DT] BN ZY B HED y e T BELE
Ayt odyp €k AR o = S0 tidy g, MHEACHTFAE d; = 3, d X7 € k[T, Hr
i=1,.. .k 18 e =8 tids. O

5|3 B.2.6 % I wwE X B.2.3, MAKHK k[[=P] 8B X7 — X7 H# k(T)).

JEBA LMl y e e BEA]RHA 6 —n, HF o,pe D, Witk v e T — 5. FK X0 A
k(T)). O
SI3B.27 & ARAEMK, £t BHEE BAE £ f=2 X" ck[l] #HE
co=1, W f 73k EHIEW, &k HB, &

m:= {ZCVX’Y eKk[I] :eo = O},

ol

M (K[, m) shB 2R #ER (2 X 1.11.1).
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IEBR 9 T UM (K[T], m) 2R ERE, IEF R o = 1 RUTCERTE k[I] HrlRIm]. &
IEE TR AR

(1—a)t=1+a+a*+---;
M T RREEITRB, AR SET B ZARA X : T — Zso. O

B.3 z=muunssw
AR T IR TRAFILHEN D-0 ks, Hb T BINEL R, &%
RRZ T = Zso BIEE, (Ba] DATESE 2 AIREZE R 1E.
EX B3.1 (BRFTEH) &t R A Ik Wk RWEELE p AL Z2KER
(B 4L1), WA p Aok FEA.
A TEREFEEWEIE, FEE—BX T HEIN §B.1 b KAHE BB, RIES
M B.1.2, IXZEIR T SR AN AL Tere, 55 2 AR
EX-E B.3.2 &nk L $#H T EWEE RET-H2KRF UCREFATERE
FTHFRERETE.
(i) AN RUT EAH T TeP-40k 45 44:
— | r#£0 3K, v+ degu = degr, -
®F r=0.
(i) #& M 2 -2k R4, M M{U™'] BRA DT TeP-40k RU'-# 444
x M _
— | z#0 3K, v+ degu = degz, L ere,
®F x=0.

EMVARTF RU o (2 RUo-TH MU o) A R (3 M) Xt U #yFFRRER
fE.

MEBR DA R[UY) BIRRA NG, BAAAE T WY v 47, 55 v + degu = degr 1X
L e RUTY MK, MR » F w RNEEE. WA, FH - = 1% ML v € U #15
vu'r = vur’. IEEZTFRITHITEIR, 5§
degv + degu’ + degr = degv + degu + degr’.
M HHEEESE] degu’ + degr = degu + degr’, AT
v+ degu =degr = v +degu+ degu’ = degr + degu’

= v +degu+degu = degu + degr’
PESG v +degu’ = degr’.
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HARRIERBITAE. O

EX B33 #T A= BE -2KH RBQREEL p A [-20K R M, ¥4
U :={ueR~p:FFRT} HFRRmIBMITH

R(p) = R[U_l}o, M(p) = M[U_l]o.
g B.3.4 1EE -l B.3.2 MR+, A LRF HIHNEGT
(b REVHUWERE, pU — o) 7 {q: RU-Y] M/ KT

p pRIU™ = p[U"]

qNRk +q,

K2R 1.7.6 BRI B0 PR1F 73 IR SR AR,
SRl & p BOREEA, U = {ue R~p:FF00L}, MXT R EREDKRE
HAH p BH
PNU=0 < Vyel,p,Cp, < p'Cp,
B pRIUY 2 RUY| BIME—IRR M IR R EAE.

SB35 ¥ I ERMAEAMEE (EX BL1). X¥F I-9%3}H R o REER
p S R, DT BRR F4:

(i) p REEA;
(i) MAAFRTz,yeR, ZFayep W xep & yep.
A () = (i) RAREENEL, UFRIE (i) — (). 8% v,y € R, REZS
ARTHAFRNEF © =3 oy By =3 yy, WL 2y € p HL T
V’YGR Z Tnys €p.
n+é=y

HARRUERH N 2 € p By € p.

EERARTE D = {y: 2y £ 0} M Ty = {y:y, #0}. @F B.2.1 HH
I UTy BB T 228 T AR AEAS 20, ¥ 72 B szhiE 17, 5k <, W
(I, <) AP IMELEE (€ X B.1.3).

KA RUEE: W4 v,y ¢ p, WIATEL

a=max{yel:z,¢p}, B:=max{yely:y,¢p}.

£z Ml y RERFAXFDHIME > o 1 > g BT, FFEEAIROL, AR o #1 8
Al x My RN REET. BN (2y)ars = zays ¢ p. TE. O
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B4 zf1a

TRk §B.3 [IHE, MEDETELLRE T,

EN-®WBA1 # T AHMALANEE L8 D-5KF R HEBH p.
(i) 2 p* A p W BTA KT KB EA, T p* Cp T p* RAKEEA.
(i) # /& T-5Kk R4 M.

o # p € Supp(M) (£ X 2.4.2), N p* € Supp(M).
o FpeAss(M) (FEX 3.4.1), WHFEAL M WFRTT «* 15 p=p* = ann(z*).

Fe A, Ass(M) B TR & RDRZEE.

HEBA (i), E5EHg 13 4.1.3 AIH0 p* N RBAE. TR p* C p. BETE ab € p* HISF
RIt a,be R, E acp B becp MNIHAE acp* B bcp*; 51H B.3.5 BHIfR p* 2
ESLiGiN

(ii). ZZUEEE— KA R e, & p* ¢ Supp(M), 78R My- = 0. W 2 € M ZFFR
T, WHFAE a € R~ p* 15 az = 0. fEIRIT a =32 ay, W ayz = 0 MATE ~ BGL (5]
Bl4.4.1). M a¢p* HIFELE v 1S o, ¢ p, B 2 £ M, TEIENZ. B M H5FIRTT
AR, W M, =0 T p ¢ Supp(M).

MNFE L W= >ty €M 15 p = ann(x). SElEp =p*. Wa= >, ay EP.
RS B.3.5 BIGIHE, ZE T FARTE D = {y:a, #0} I Ty :={y:2, #0}
HEERFLAEEE T, RAEWT T 2F <. LRRHAKRIEE, % o ¢ p*. @

a:=max{yel:a, ¢p}.
£ o MRIFXFPME > o NIUHE ax =0, AR o BREIFANRSI LS
Ik € Zs1, akx =0.

Al o #£ 0. W8N o MRIAXHPHRIRESI. HIZS aazs = 0. 4 aqz =0 1
MG IR REARR, W aqe BRFFXAW K 7 I, BAFZRTANEL < Ty, BT
aa,r = agar = 0, ALK agz,a?z,... EEMERE, CIIRFFRIFRSE 17, EF
THOB, BEHRIE k> 1 ##15 akz = 0.

KW S1FIE. 20 p = ann(z) 2RIEH a, € p, 5 o BUETE.

ZE BRI p = p. BT p BHED 2, TP p C [, := ann(z,). 5—J71H,

IR ARSS]

YET2 Y€

By el S po L, (51 1.1.1), M p = I,. B 2* = =, BT (ii). O
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WL B.4.2 I B HAAMEME, R K T-90%F, I

(i) nil(R) (X 2.1.1) B9k EM, £F RWIASRFREZL,

(i) £ 1 & RWARER, N VI WESKER, $THAEAE ] HAKRKERZR.
IEBR EERZ AR 2.1.4 FIE X -aidl B.4.1 (i) EES. O

WieBA3 W I AHEMERAHMEE R A T-9KH, I 4 RLRER, N
(VI),C) # oy R AN T 22 R = A

IEER DA T304 R/I AR R, MIEHEE] T =0 BRI 5 p 52 R BIRR/NRIRAE, NIE
M- B.4.1 R EREAE pr 5T p.
A2 3.4.8 B D-70RARAR.

Wl B.4.4 % I T4 B AA M &4, R & -4 K Noether 3, M HH WA K -4
R RH, NEEFRTEEAEO=MyC---C M, =M

(i) M 1<i<nMELELPRFEE p; € Supp(M) 7 M;/M;—1 ~ R/pi;
(if) Ass(M) C {p1,...,pn}-

HUEBH  Klandl 3.4.8 HULERH. X4 M # 0 i, ZELETXNE p € Ass(M) (BHNTTHR
REH) IBHE -l B.4.1 (ii) BX M BIFFRIT o, 1§ p = ann(z*), MTIFFE5R
T My C M {EG My ~ R/p, 2VEX M /M, JEVAHRAE. O

FERE Y-l B4 Ml B.4.4 BELAE b, HERDMIE X 3.5.5 KR TFIEMR
Lasker-Noether 7EH 3.5.9 (B3R R /2 Noether ¥8) #F T-7rRARA. 4752,
PAR2Hilg (3 (3 2.3.4) BIMFR3 IRRRAS.

B B.4.5 DITER D BAHEME, R A D-9KF, M 4 I-2K R-K&.

(i) % RAE—RAPREZBE m; Bz m#£R MHAALPREZLELEET m.
=M AERER, FHL M=mM, | M=0.

(ii) #% Ro WM Io #E Io C rad(Ro). & M, XtPrA v eI #ZARAE K Ro-H,
3FH M=1IM,N M=0.

WEBE  (i). WECA RIS BIAL: 177E a € mo 15 (1 4+ a)M = 0. WIHNFFRIT 1+ a 4
AEET m WA, # 1 + o AT M = 0.

Ak, B M BHERFFRAEBTT 21, -, W aiy € m 1% 2 = 37 aga; XA
1 <i<n L ICFERE A = (ai)1<ij<n FIFRAEZIEON X"+ a1 X"+ 4ap €
R[X], Fa#5 3 2.3.3 (fRA ¢ = idyy) WIUETERT L

O

14+ ap—1+--+a)M=0.
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Ba=ap1+ - +ag. WiSIHERNIE a; € mg XA 0 <i < n BRAIL.

SR Lan—r, BFTE det A(}) 20, Hr 1385 {1,...,n} B k LT, T A(})
REJET T WATRZIGHI k x & FHEFE, W (17, 513 5.11.3]. XN A
I FIE EAES o B [Lc; aion) € mo: IR, 12 v, == degay, W T MIH ARG
aij € Moy, TER S, (i — Yo()) = 0 (BIEEAERHE T o), B8E T1; aiow) € mo.

(ii). B M = IoM FINFE v eI B M, = [hM,. fiEH 2.3.4 TN Ry BIF
M, =0. O

RS B, Al s [ BRATHES 2.3.5 tAH R HTHE K2 7R IETE: A0 1AL AR [F]
ARG REEM:, FIZAERI A BTN TS R &, R RIRAR T #iamdl B.4.5 (i) B¢
(ii) HAYRRASETA].

BIGIH Lso- IR TETER ZRE .

B B.4.6 (PRFBER) & R 4 Zoo-2 k3, HIER T sk Bk T W I UOTAE R
WpL,....pn A RMEER, FRAIALI<i<nBHFIZp, WEEFKRT 2zl
/e U, pi

HEBA DA pr AKX py, ATIREEAD p; B H—F, AIEENFWNEAESE. X n @5
WIE: n =1 EEER AR n > 1. BGFRIT 2/ € T~ U;:ll pi. £ & p, N
B 2 = o SERRIERR. & 2/ € p,, [EBGSIRIT r € ﬂ?z_ll p; 18 r ¢ p,, HEGFIRIT
y €I~ pn, W I BIZEHZETR dega’, degry > 0, 1M

z = (z')deemy 4 (Ty)degx, el U p;

i=1

EFTRFFIRTT. O

B.5 miaitE
N TETIRGEIAMER, A% T WIERE, W R BIEEW T-700038. Ml 4.14
VW ETRH R-Modr /& Abel JulE, 4755 PA4H{L.

SIEB.51 XEMPKR RAE M, FET W—FRTE (n:)ier TR E 218 8y 3 7l A
Dicr Rni) » M, st fF 5@ X 4.4.2; F M ARER, W T THRARRE.

'HEEH B M E"J—Bﬁ%ﬁﬁiﬂzﬁ: {xi}iel *ﬂ (ni)ie] S Fl, (Fﬁﬁ:‘ T; € M—Th" EHX
Dier Rlni) — M EZBAFREILIE § ATEEN 1, O

BIEEB.5.2 %% Ik R4 L, M, N f1 R-Mod % # 5 # 6 %

L —" M.

P
N
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& [ g (FfAh) ZQRAS MWATRE L AZRAS N (RHE g A 2KRAS
9') AR E R R

IR W f Mg rRIEE, EX W EEESD L, EET A SRE M - M, [
AAENRT. [RIBATE £ F0 A S REITRIE. O

#l B.5.3 % M % -4k R-#:
(i) M Z#5 R-HELHRY M Z R-Modr B #% 4t 4
(ii) & M 2R 4 R-#%, W M £ R-Modr # ) 45t %.

IEBA AT (1) B9 T JFTAE (i), IS5 IE B.5.2 ¥ M 1E R-Mod Hifi & R 5
(BRNGT) Z&HE0EE] R-Modr EIRENA].

AT (1) B <47 750, B @, R(ni) — M W53 B.5.1, W R-Modp HUHI#% S 5%
PR M 72 @, R(n:) BRI, HE#EEN REEEH. O

@l B.5.4 &% R-Modr 2 Grothendieck &% [16, & X 2.10.1], B4 4 H i 4 ¢
LG £ (16, & X 2.8.16].

WERA @il 4.1.4 RWT R-Modr E&/IN limy A lim, 17 HAEEIE 7L R-Mod A
WLE lig B1EE. 3 TUEM R-Modr /2 Grothendieck JUE, [ /2 TN PI5HX 5
[16, EHE 2.10.14], VAT A ERTRIA.

MG B.5.1 5 U {R(n)}ner & R-Modr FIAEMZR [16, X 1.11.8], D, o R(n)
AT,

5—77H, 513 B.5.3 (i) &R R(n) BHESNER, #§ R-Modr A RBHIFEHNE.O
EX B.5.5 xtFiA -2k R M o M/, % X

Homp(M, M), := {f € Homgr(M,M') : Vn €T, f(M,) C M}, },
*Homp (M, M) := @D Homp (M, M’).;
yel
Homp(M, M), 3B v # & Ro-#%, i *Homp(M,M') & T-2-k R-#. Ayt
M Fn M’ # & F i
HEREE * Homp (M, M') 52 Hompg(M, M) B R-TH.
BHEN *Homp BHEMAEDIEEH Hom R THFMNIESFKME. AT
B.5.4, DATNE SR A HRY.
EX B5.6 ¥ *Homp #4 & H N EFILH *Exth, BHMAAL R-Modr, ¥ it 4%
— A (K& ZA) LA R-Modr FIEHLET (A &) M kit 4.
KT Exty, FKIEEFIFFIERDY * Exty, 5L,
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SI3B.5.7 & M fn M’ % D-sk R-#. % M A RA R, WA
*Hompg(M, M') = Hompg (M, M’).

SEB EGEFA F o= @, R(p,) — M, N K, W R-Mod H1TIE &%
il %

0 —— *Homp(M, M’') —— *Homp(F, M’) —— *Hompg(K, M')

J» l b

0 —— Homp(M,M') —— Hompg(F, M') —— Hompg(K, M’),

BHRZER, mmHB—1TENEZE R-Modr FHIEES. @ er,....en N F ENEH
R-BARIFRIERS, WIHEE g € Homp (F, M') S THEE y1, ..., yn € M/, K y; := g(es);
KAy I ERFTOoT 2, BIED g KRB * Hompg(F, M'). Ktk g 2FH. BEH o
T, T o Y[R O

Bl B.5.8 % R 4 [-4 & Noether 3, M # 4 R4 &4 K R-#, A 4 3E Bl A
*Exth(M,-) ~ Exty(M, ).

B B M £ R-Modr HIIESHEE P, — M — 0, 5[ B.5.3 (i) RAXMZ
R-Mod SR, DAIHE * Ext (M, -) Ml Ext(M,-) FM AT B.5.7. O

wEMItKEN = 2. MR R My F1 My 557, R My, @ My BEBER
SHREHUT: (M @ Mo, TENINEREHTIEA 21 @ vy BRITTRAERN, HA 21 F1 20 2
W8 degzy + degwy = v HIFFIRIT; —HIRENEHFES e: T — 2/2Z, MIEAH Koszul
FFSERE B RIER My @ My ~ My @ My, . [16, (7.1.3)]. Xff (R-Modr, ®) A
MR A0S, TSR F (R-Modr, ®) — (R-Mod, ®) TE € LI 2 AR 1.

W F @ BAMAETRIETEHEFERNIES A, X M, 80 My BURSHRIES R H A
FHAET; HT R-Modr HEURREI N GBS R (Adl B.5.3), SFHAE T2
FHEHK) Tory, N_EBRIFRE M, TLMHILH * Tork,.

BRI E T AR A R AR, ZRIAE T X 0 ARG, 1 R-Mod (8%
Mod-R) % @ T2 A, i Ext, * Ext f1 Tor {JUAHBES /MRS R,

B.6 #r=ms

FTORRIER B LA E RO R SR AR A TE. AT (UL T = Zso BIHH
.

£97% B.6.1 ARTHITIIIRBINN Zso- 70 IRE, AH LA 7 AENBRIN A Z- 73 U0,
[EMZE X B.3.1 ATIBRY R REAR.
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EX B.6.2 (FFREM) o T4UIF R, ZXHARER Ry = Py R WER
Proj*(R):={p C R: Nk £#EH},
Proj(R) := {p € Proj"(R) : p 2 Ry } ;

DL LW # 2 Spec(R) ¥ %, BF Wl Zariski 46 3P Fr a8 & 81 F = B 46 4). #k Proj(R)
H R Wk £

R R = Ry M| Proj* (R) = Spec(R) i Proj(R) = @. FKMEZEXL Proj(R), PA
TFERIRIT Proj(R) HIFEFD.
B I 72 R WM, f e R ZFFROT. il (1.10.1) KE X
Vi) = {p € Proj(R) : p D I},
Dy (f) :={p € Proj(R) : f ¢ p}.

ﬁ{fgﬁ'ﬁ%mﬁ f1>"'afk ia V+(f1>"'afk) = V+((f17"'afk))' Xm%%”

(B.6.1)

Vi(I) =V(I) NProj(R), D4(f)=D(f)NProj(R).
513 B.6.3 L LT Proj(R) My#m+hif I T 7.
(1) AFEBREZHW V() BTE.
(ii) & f=fo+ -+ fm€R, E¥ fie R, N

D(f) N Proj(R) = Do (fo) U ---U Dy (fin).

(iif) dw Dy (f) 89F EM R34 2 A Proj(R) oy — 4.

IERR (). X TFRETATTREAE 1, M V(1) = Proj(R) N V(1) "I UL V(1) . k2%
E C Proj(R) AT, RIE E =V (J)NProj(R), ' J 2 R M. HIEE geJ
RN go+ -+ gm 1T g € Ry, WA p € E BH go,....9m € p, AILEEN 1
NHEFTE go, ..., gm R RIEAE Hr g 3w J, H 1> J M E =V, (I).

(ii). ¥ p 2 R BIHREIAE W f ¢ p YHICYFETE 0<i <m 15 f, ¢ p, H
Hf=fot+ -+ fm B LE—BRBERNDIRE

(i) J2 (ii) WERELEE. O

TENHEIL, QIERFTIOTAI R ¥4 © C Ry AR Ry, WA TE S

Proj(R) = | Dy (/);

fex

XZERANTRERM p 55 Ry GHMNHEEHEEN fex.
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il B.6.4 A[FT Spec HIIEE (A 2.5.1), PRI Proj R, B Tt 2T
N R :=Z[X1, Xo,...]| IO, MTFRIEIREER, 15 deg X; = 1 NFTH i BOZ. FFE
#% Proj(R) = U2, Do (X;) AEARFER, XEHTNER n € Zs, HIREHM
(X1,...,X,) JBT Proj(R) ERNET Dy(X1)U---UDL(X,).

BIEB.65 DL H Vi(D) UL TR
(i) Vi (0) = Proj(R) T Vi (Ry) = &;

(i) & I CJ W Vi(I) D Ve(J);

(iti) # (Ia)a A —HRAKERE, W VLY, Ia) = Na Vaa):

(iv) % 1,J HARER, 1 Vi (1) UVi(]) = Vi (I nJ) = Vi (1]);
(v) %F Proj(R) tERTH S, %18 5 %F Vi (Nyesh)-

B 55013 1.10.2 #1513 1.10.8 &[], A Vo R V @2; FEF (v) WItIEFRZES|
H B.6.3 (i). O

SI3 B.6.6 )\ L= X # D (f) i 2 T MM
(i) D+(0) =@
(ii) D+(fg) = D+(f) N D4(9);

(i) &# I & R HE, AR THMamT5E X A&, U Proj(R) N Vi (I) =
UfezD+(f)5

(iv) Proj(R) ~ D+ (f) = V4 (f);
IR 55018 1.10.3 2. O

51¥ B.6.3-B.6.6 WIEBARA p 2 Ry WIEM, SMEMERH T Proj™. A
Projt MIMIE AT IR M. ML, % o« R — R NIRRT, M5
FpREHE p' ¢ R BEB o 1(p) T2 0 R, San 1.10.10 H Y 7% 22 5t
Spec(y) : Spec(R’) — Spec(R) BRHIN Proj™ (¢) : Proj™(R') — Projt(R).

TERB, Ry — R 5SS

Proj™(R) — Proj™(Ry) = Spec(Ry), p+ pN Ryo. (B.6.2)

SIEB.67 i 5 RAKH. EEETEFRKT [ € Sp 0l (B62) % S 5t FE
Proj*(S) = Spec(Sp).
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MR % f HHIC d = deg f > 1. PARUEEH Projt(S) — Spec(Sy) MM AT PABCH
po — VpoS, HH py F Sy KU,

BEARRREEER I /poS N So = /Po = po; KAl poS € S. MR B.4.2 Al
VoS BIHREMAE.

HIRZAEZFFIRIC a,b € S THE ab € /poS, N

dbd

fdegafdegb € v pO mSO = Po-

IR s € po B s € po, MM a € vpoS 8L b € VoS, fAATIEE B.3.5 S
S BRFE.
2E BAS 2IEF Spec(Sp) — Projt(S), MiH Spec(So) — Projt(S) — Spec(Sy) &
RIS,
WHEES—TIFERR. 4% p € Projt(S), B (pNSp)S C p H /(pNSp)S C p.
ST HETEAEZTTIRIC a € p #iME
d

fdega €p N SOa

T a € /(p 11 50)S. IREHURIE, # /(01 50)S =

Zi k., Projt(S) — Spec(Sy) BIELNGT, ﬂlﬁ/ﬁ\:jﬂ? Bg=go+ - +gmeS.
PARIERH D(g) N Proj™ (S) BT Ui, D(gd/ f1).

o B p € D(g) N Proj™(S) KHERIE po, MAFLE 0 < i < m E1F g; ¢ p, NI
g/ f" € So ~ po. B D(g) NProj* (S) MWEEET UL, D(gf/f).
o NTUEARABLE, 447 0 <i < m. XA po € Spec(Sy) BEH
9i € VpoS = gi/f" € \/poS N So = po;
MFZ po € D(g¢/f) = VoS € D(g;). 513 B.6.3 (ii) Y Proj™ HRANZ K
D(g;) NProj™(S) € D(g) N Proj™(9).
BT g BIEER, FFHERIE. O

KN UGA R WA THRIT f MR RARE M, 288 (1.7.2) 57 Xl B.3.2 1Y
15, BEFFRFEML
Ry = RLf ™o,
Mgy == M[fo;
THEE My & Ry, MEHAH DR 1E f € Ry~ {0} WETHE T, 513 B.6.7 4
H Proj (R[f—l}) ~ Spec R(y). PANRFELER R (80 M) R Ry (B0 M(p)) FITERR.

Bl B.6.8 1% k A R, MT F KL, T R B4k k-R#K, BN k-REH
IRAEMK. FEREFFFRIT f € Ry gk RE M.

(B.6.3)
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() FRBEM Ry AR kA
(i) % M EARAE AR BAL W Mgy BHERER R4

SEB (). BOE R (EH eRBIGEEFRERTE ar.....an. TR Ry KIEER
=i .
"y dy €50, Y didega; = ddeg f

a,(ill ...a
fd
ZILEFMM k&M HE HH 1 <i <n 18 d > degf, MH degf > 0 %1
d > dega;, FRZFET Ry RN

deg f d;—deg f d;
a; ~ % [zi95”
fdeg a; fd—deg a; ’

dn

WL, AT 1B R ) BIFFE ot FERIZ 0 < d; < deg f IRIFRAT Sl /4
%, HAr Y. didega; = ddeg f.
(ii). BUE M WIEBFRAERIT 21, ... 0. FBCOLUERI M) w7 B

ay ..ﬁi"ar]; E"Jﬁ%ﬁfﬁ&:, Heo <d; <degf i Zdz dega; + deng = ddeg f. 0

=1

Wie B.6.9 # 549K R.
(i) # I & R WadEE, NHFEA R— R/TFERU V(D) A&y A#A
i : Proj(R/T) — Proj(R);
FE L, i (Va(J) = Va(d), £% T & R/T WERMRER, JC R ALRK.
(i) % f € Ry~ {0} BFUT, MBEHRAA R— RIFF 20 Do(f) HRETFHA
jr : Projt (R[f"]) = Proj(R),
i 1 (B.6.3) H# 5, Ry = RIf ') B e FE

Spec (R(f)) & Projt (R[F7Y)).

ERR M UORRS—RBAGES Projt (o) ZIRIAESIRES. S5 H AR B B S EUE
fE Proj(---). XF (i), MFiE p € Projt(R/I) ICHEBEN p € Proj™ (R) NV (I), M
F Ry —» (R/I) ., BATE

pO Ry = pD(R/])4,

R RSHRES Proj(R/I) — Proj(R).
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NF (i), ¥ERE q € ProjT (R[fY)) RAE p[f Y], HH p € Proj™(R) /2 f ¢ p
(WEIE B.3.4), W p IEE q W& H fe Ry AIFl p 2 Ry, W R — R[f™!] WAL
%S Projt(R[f7']) — Proj(R). % — /i, 513 B.6.7 4RI Proj™ (R[f1])
Spec (Ry))-

ST 53 B.6.3 MIRF IR, HARM S #2KHEIL 1.10.11 M Spec BRIF] Proj
5% Projt B

ARSI HE -l B.3.2 5 (B.6.3) IFTS, JafBb i DA EIBME.

i B.6.10 % p € Proj(R) M 7K TG f € Ry~ {0} %2 pe D.(f). #% B B34
(RN U :={1,f,f%...}) fifits B.6.9 #7r X, B

1R

O

!

p = p[f’l] ﬂR(f) € SpeCR(f),

| A 38 A
Ry = (Rep)), . M) = (My)),, -

WEBR BORMTFE V:={ve R~p:FHRIT} DU, W V. N V 1E R[f~!] HIZR. @
B 1.6.5 A

EUZE RIF-1] 2 25000k, BRI 1.7.6 (i) BIGIE, AT v RSHEIAT S e T

W= {we R[f ']~ plU"]: FFRIT}.

HUHAT RIF (W) ~ RV, BRMGAR ST =m0
SRR, PIRIFIER 0 JORR5 HVEEE — MM, 45— MR, 0

B.7 %% Noether E#i

IR k. AT STEW AR ERACERE 8.1.3 #E A A FRAE R MR k-8 AT
FIB I 3 RGN Zoso- 53 IRHT; X F 0 IR k-AREK, BATTER k BRAHLFR IR
fE1E B.4.3 BB IR N R BAR SR 0 IR BEAE.

SIEB.7.1 #3811 kAP, R k[Xy,..., X ] BFOREHN, HHEEN X; HRK
BAF R FFRTT; R ¢ RTOREY, W by, tem WADAEUASFRE, FEAFET ke

IEBR EET (X,...,Xo) 2 kX1, ..., X, BRI RERAE: CaSHTE >R ERE
ANt e (Xa,..., Xe) N {0}, B 7.3.1 0K ht((t)) = 1. B i € Zso HE
FRRTC t1, ...t ¢ k AH1F ht((t, ... 1)) =i+ 1; TEHREBMER (M B.4.6) 1R
AT = (X1,...,Xe) AR V((t1,...,t;,t) BIFTERNIC py, ..., p. (BBRZA), AIH
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B (X1, .., X)) IRV ((t, ..., s, 1) BIRZINIT, MFFFETFIROT
tiy1 € (X1,..., X)) N U Py
j=1

XAE ht((ty, ..., tig1,1)) =0 + 2.

FH—ITHE, B (X1, Xe) 2 V((t, ...t 1) BIRZNTT, e E—R/N T, 1X
BRI AT NTERA N IREBAE, I i+ 1 = ht((Xy, ..., X)) = e &L, BiEIEST
1 =e—1.

RANEH 3.3.3 ATIR k-AREL A = K[X1,..., X]/(t1,. .., te_1,t) B Artin ¥F;
Wm A (X, ., Xe) B, W m =rad(A) MEM 3.3.1 F8 k>0 = mP=0. ¥
AL, k>0 = A, =0, i A BHRYE k-[E=5H.

FBEZIMANRE S = kY1,..., Y], MPOREEEER Y, - t; (N i <e) Ml
Yo s t 1k S =Kkt .. te1, t] BONHREAE, WS HIME— K7 IR A FAR
(Y, ..., Y) BRI (t1,. .. te_1,t). IR K[X,..., X ] @I S — S BNZIR S-BE, |
=]

K[X1,...,X]/(V1, ..., YoOk[Xy,..., X.] ~ A.

TSR b, REE & e DA k(X ..., X.] BARAR 5, 5 2 ERARE
% S-HE. BARTAKILE. O

EEB72 AESI3WHFY, WER S ZoK k-RE, dRBEETHFATA
B WO BB I MAEWEE, WTRE KT RE R ot oy B, EREN X W
B i BRI

IEBA  TEIZACHNIRTE, S RE] S = k[Y1,..., Y, ] BB, WA M IREH S
Y WROE > 0 WFF00T. N TESSE, AE 21, ...z, BHEH LS B.7.1
#hFETHE 8.1.1 BA]. O

BN FE— ST Noether 70 RFRIAERERT, K H T §B.8. JelsfEAS.

BIEB.7.3 % R A, m AMMAEE, M A4 R, WAFH p € Zoo %4 RHH
$ 3 B mP M fmP LM 5w M /mP L M.

IERR MRS 1.7.9 5REEIES M,
(WP M /mPHIM) 5 mP My /P M,

SR mP M /Pt M SENE R/m-TAIEZS ], R~ m BYTCREHR_EROCEM B, Baz it
R HER ST 5. O

W B.74 % R= @0 Br 4 Noether Zxo-2- % 3, Il dim R = sup,, ht(m), # s
mEF R QR MAER (FE: m B2 R R AEA, X2 R H2KEHR).
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FH—FFEK Ro £, R1EH Ro-R#¥ b R £ E R ZL% % Ro-l &%,
M dim R =1+deg Hg; 4 Hr &4 K3 R & Hilbert-Samuel £ 3 & (& X 4.4.10).

HEBR  HAREXN R BIFTERKEAR m' UEfZETE HRREAR m 15 ht(m) > ht(m’).

@it phi=m' N Ry. MIEMEFEE Ry~ py BURFML, AT (Ro,pp) NRERIA. FHEAEET

m’ AN B -l B.4.1 RT3 IR, I IXLE /] 22 PRAR R R (6 m] ik
—H R R EEIF. DATA dim Ry < oo JBIFHIISIE.

i dim Ry = 0, W Ry M R B2ERAER Ro-REL, FRHZEIR. EM 8.2.1
iR R BT AR AR R . R, m R RARKEEAE m = P, Ry A
.

ti dim Ry > 0, WIFEAE f € py ~ {0} 25K f 42 Ry 1 R A Y FRARECRS, AT
KRR dim Ry M HSFARAYIETE; W3 8.1.2. BH—HB/MSIE.

XTHEER, BEFIEN m =@, ., Rr & R HIME—HRIRIEE, R/m ~ Ry,
)& Hilbert-Samuel 2 Hyr,, g, , HAIHE 2

p>0 = dimg, (M’ Rn/mP*' Ry) = Hur, ra (D)

51H B.7.3 4 Ry-MEZEEMFEM mPR,/mPHIR, ~ mP/mPT X[HHN R EHR
Ro-fREH Ry AR, mP/mPH ~ R,. 482, Hug,, g, = Hg.

It — S Hur, r, #0, B0 Hp = 0 S R 2HMRYE Ro-A1EZ W,
FIE.

ik, W fEH 728 WH dimR = dim Ry = 1 +deg Hur, .k, = 1 +
deg Hp, BHFTAKIE. O

B.8 sxizamilEst

AT AR §8.4 A1 §8.8. FERFRIAE X 8.4.1 HYFHRhRA.

EX B8 % R AEKF. AEHFAE R— S, % S & Zso-4 K3, #74F R B Sy,
i M =Wk S-H#. EﬁTfER\{O}Tﬂ%%I M[f~', A 8@ R[f'-#, WKk
SRZBE B L

BRI T R SEN R (B TZRIN), Ktk Ry A S HHY T R — S
EUVOARIZR. BT M[f~1) LRGN, EWE - B.3.2.
I3 B8.2 % R AHEN, Mk RE M HFHERO0=M C - C M, =M 4%
HFNM, EHPRTFHE, ME (M;/M;—1), XA i,n B4 8 H R, W M, &/
n %A HH RIE.

B SRR S BE 8.4.2 TE5R. O
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5|32 B.8.3 % R Z Noether 3f, S & Zx>o-2 K. #FFALX R— So £ S KA
ARENKRBEZHNFRTAERZ R-RE. F M ZHRA KSR S-#, Il E X BS8.1
B K2 B M BB oL
B WSS 8.4.3 MIRIE N EATS. EXRIEE, EsihE S 2 K NEIRIEE
IRTELE f e R~ {0} 15 f Tfb 14, W f BT M W M[f~1] = 0. HR2RIZHE
M B ML AR S 7.

TS ® K E%, S8 A IETERNICIE. BT EREERE B.7.2 7] W%
RE 2 R0y, BERTBUNFFIROT, @ B.4.4 BHZA0 M? F0 g, B ATBCR 2RI, I
B (S°/q0) ;1 BN ERR E B R[f -8 (RS B.8.2 IsEAIERH. O

EE B84 ¥ RAEN, M S & Zoo- 3. WHRAAX R— So £ S RAHMRER
R-R%, HRBEZHFRTAER, T M 2K S-#, WEHERET S-H#. otz X
B.8.1 By iz B i FUR I,

IERA THAERE 8.4.4 RNERANHAFS. AR ) RAEM T IREE. Z3HET
E—HHE S WAREFFRAERIC 21, ..., 2, HH d; := degz; > 0, RILAE]

S=R[X1,....,Xn/(91,- -, 9m) (TEADPR RAED),
H RIXy, ..., X,] HELTRER: R NFIR, deg X; = d;, T g1,...,9m EHNTT
L. B M BYA RIERINAUGT A RTT, MRS &R S-BHIIE S

q p
@Sn] ﬁ@S )=+ M —0,
j=1 i=1

Hrp S(--) WEX 4.4.2, T ¢ IENFERETT g;; BN BCHFHRE. O
LR ML HEAERUN B TS (R 8.8.5) ISR AR AR,

EHEB85 % 5S=@@,05 H Lo, fEh So-REmHREAN 1 kFhTA

&, #H#& R:= Sy # Noether . XX T & n € Z>o, £H

G,(S|R) := {p € Spec(R) : dimS%) k(p) > n}

7 Spec(R) #yHF%.

B E TR, AUk R BB ERINEN S SR AERER R-
BB pr,.pm R WIRR/NEBAE DA HE4ERURRE G,.(S|IR), MW G,.(S|R) =
UL, Gu(S7|RY), it R7 = R/p; T S7 = S/p; S, 73R, BRILATE— 1 R W%
. Il K = Frac(R).
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WA B.7.4 58 8B TR k(p)-REL S ® r(p) MR K-RECS © K, f*

S (% k(p) BILHFLE k(p)-MEZSME = dim S % k(p) =1+ deg Hy,

\ NN B.8.1
S%K%%%%E K-M&E=H = dimS%K:1+degH27 ( )

Hrr Hy, Hy € Q[X] HIZIEZY i > 0 I
Hy (i) = dim,,,) S % k(p), Ha(i) =dimg S; % K.

XATA i, #E1E 2.3.5 YW dim,,) S; ® k(p) /& Rp-BE (S;), W/ NMERBIT ML, )
dimy, ) S % k(p) > dimg S; % K. fRA (B.8.1) #l dim S %) k(p) > dim S %) K =:e.

TR n<e = G,(S|R) = Spec(R). LARA[E n > e. AT B.8.4 B f.
[ ¢, WEH S, ® RIf~Y MFrf ¢ BEH, E—BICIEPRAFERLNEL,
G.(S|R) C V(f) € Spec(R). JG&:FIEM 8.8.5 UEFAKR G — B2, #i T Noether
JEE . O

B.9 sxmnmmnmgeE

AT 5T AR T3 RSN Z-50IRBR L0~ 53R BARSE PAZT IR BRI 73
RIS TR

I B.9.1 & THEZE Z-%HK R, UTHAEN:
(i) R W EE Tk Iu 4 7 # 1;

(i) Ro 23, MEH#E R = Ry, 4 R FAMTI T A% TH Laurent % 5 A 7
Ro[T, T, BR T ZH KRB EHFAT.

WEBA Ui (1) = (ii) BPAl. 22K Ry BI. ARG R # Ry, HINETEIRECNIE
IAEZFFRoT; B RERATRE/NE 188 ¢, fiv d = deg(t). MHMHIAE IR Ro-FREL
IEZS ¢ : Ro[T,T7'] — R.

BV ¢ B o>, ;T = 0, ZIBREA a;t' = 0 XTH i € Z BRAZ, M
t AR a; = 0. 2T o BIIHME, B a € Ry~ {0}. 5 h =0 a € im(p). ¥ h #0,
BMEEWR h=dg+r, HF 0<r <d W at=9 € R, ~ {0}, W t I d BNEILEEIR r = 0.
Ht a = (at~9)t7 € Rot? C im(p). UEEE. O

EEB9.2 % R W Z>o-4 K Noether 3, M ZH WA KoKk RHE. % E p e
Supp(M), fr n = dim M,.

(i) Zp BAOKREE WEASPKEZEEYE po S - Cp,=p FF po € Supp(M);
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(i) # p EL/REEE, U n=dim My + 1. JA# p* 02 X—& A B4l

JEBR  JoX M = R BYREFIERA (ii): %5 R MO p JEIR, W ht(p/p*) = 1. AL,
ARWiLA R/p* X R, (k3] p* = 0 WYIBTE; I R BEIR. @ U NATEIEZFFUROTHIK
et M p* =0 BT Unp = 2. #WEX -8 B.3.2 W RU A Z2-%
WEER, W) pU—] BHIEZEMAM, 518 B9.1 BAH RUY ~ F[T, T Y, EF F
. 25 E, ht(p) = ht(p[U™Y]) = 1.

WMIEZE—IETE. 47 p € Supp(M). £ R HIFTEHIE po € Supp(M) HYZEH
HETHBE

Po G G Pn =P

GNREEEIFBEETS po, ..., pu1 BEARE, MMARE (i), THM p,—1 C p* C p tHAE
S (ii).

ARICIERSE A MR THE. N T2 po € Supp(M) BIRBEAETHE po C -+ C
pn = p, 1T po &N (Supp(M), C) KIM/IIT, & XAl B.4.1 (ii) HIfR po N RIY;
X T n o€ {0,1} BITEE.

T n > 2, RI\EIH, ATEH po,...,poo BEZENFRE. & p B3R, N
ATH p* R por SEIFTSREFARE, XZ2EN p,o C p* C p, M HE—BIUEBAR
ht(p/p*) = 1 ZIR p,_o # p*.

i p AR, WRIEGFIRIG a € p N\ pr_o, RIGE pl_1 1 pp_o + (a) Tl p Z[H
MM/ NEFAE p, o C p, . TEIC B.A3 MR p),_, MR AN, ht(p/pn_s) = 2
DAN Krull EHEAREH 7.3.1 &6 p/,_, Cp. &5k, Phyp, X p, BAHIFTRIVER
AHE. O

513 B.9.3 % Ry 43, % & Laurent £ X Ro-K# R = Ro[T,T7'], ® R W%k
MR Ro AZRHMAT degT #0, MKk RS A B b R,
JIEBR Z:ﬁﬁl\«ﬁ n = degT > 0. ﬁﬁ M[h] = @kzh moank7 UllJ M[h] %ﬁ/ﬂ?"ﬁﬁﬁ
M = @y, Mipy- EEE] R I nZ-53KK, My (=h) & nZ-53K R nZ ~ Z,
WX ELE] n =1 5.

e Mo 1FN Ro-TA1RZERAA—HEE {a;}ic, WHT T A%, Z80RES WEl]
2t M EN R-BRVEL, Ht M Z2HH R O

T B.9.4 & R A Z>o-% K Noether 3, M R4 R4 &4k R-4. % p € Supp(M)
R EEM, N

dimy(p) Extiy ! (5(p), Mp) = dimype) Extly | (5(p"), My-) (i € Z),
depth(M,) = depth(M,-) + 1;

WA # p* A E X B4
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WA AR R A1 M X R~ p HIFTEFTUOCIERERME, MTTATZEER R/p* MEEST
DOCEEATE. FRAES I B.O.1, IXATIR R/p* SE R, sEFMT FT, 7Y, Kb F
R BiES p 2 p PG, WURERLRL. BT o € R\ p* (157

p=(a)+p"

KHE X B.5.6 HIFFS, WIESS 0 — R/p* — R/p* — R/p — 0 & Ext$(-, M)
MEIEAF]. 518 B.9.3 &iK7 IR R/p B HH, % o I *Exth(R/p*, M) ~
Exty(R/p*, M) WZERF (FHKEE B.5.8), HIHA

Ext ' (R/p, M) = * Exty(R/p*, M) /a-* Exty(R/p*, M), i€ L.
ERER Extl N (R/p, M) SEEE R/p-1, 5 *Extly(R/p*, M) FFE. £ L, #5005
10.6.3 158

dim, ) Exty * (k(p), Mp) = rkpyp Exti ! (R/p, M)
= tkp/p- “Exti(R/p*, M) = dimy () Extly | (r(p*), My-)
MR @ BRAZ, RS —EE
FHoAFAREE - NELM R 11.5.2. O

B.10 zaxm

£ §12.2, FATH Noether JHH#RIA (R, m) FIHMRAERK RAL M 5IANTHNE HF
H Fe — M — 0 BISES. FEARRR R EZRBIHN G — P8R R R, IXFR IR
TR 2.3.5 (iif), WX m EESRAINT. ) B BEE A R S5 E Y R mE—
M GEX -l 12.2.1), EHSENHTER F, ® (R/m) A2 NE (515 12.2.2).
TR EM N B B EE A — o IR
87 B.10.1 FE Zoo- 000K R, R DL
O K= RO %iﬂj,
o R BAMRAEN Ry-KEY, M2 Noether 3.

S m= @, Ri 72 R BIME—RRIREIAE; K R/m ~ k, EHZE R BIHAIEAE.
ERE R ARG RLZREI.

BEAMRER IR RAE M, 513 B.5.1 WEAUMAAIE B B Fo — M — 0 fif
A F W2 DTy R(—ni ;) MR RS, TR A I TR R &SR 2 20 R[]
%R §12.2 JPKIIAT S, XFTH @ > 1 EIHR R4S

i=|

+
&~
I

d;
M; = ker F,— F;,_4

)
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BRE My = ker[Fy — M| fl M_, :== M, W M; ¢ F; WA ER (12.2.1). &F

il B.4.5 (i), FIANE LAY TH B i 2 DA & A « B3R w-la & 23 (A

M,y /mM;_y WIFF0E T, ...z, REAE My RESFRIER 21, ... 2k, W F; B

MRFE K FBEH RS, MARIEESEE § DITEN o), JF BARRME X F; 7RG
RILFEFNT Fip — M; £ () @k (FREMA m BURS) J& 9 0 ORI .
FEIXFPRTEAIAIE R, B R4 F, = 0, WGEE Fr, Frgo, ... 2RE.
SIEREEHIRT R EEE Y.

EX-55RE B.10.2 (/I REHBHE) £4 2 B.10.1 B8+, 428 RAE KSR
R-# M, # R ER R A M AR ADK 8 EEH, CI1EA LT —
BERANDPREHBE Fo > M — 0% Ge > M — 0, FE# AN K AN Fo S G,
FEHREFENF — G HEDRH.

SEBE KBRS B E il 12.2.1. (UFRIEREE.
o B F, R G AENE T RIS REHIER U m (IR — B
o WHERE ARSI B IA (@8 B.AS (1));

o FEIEDUIBEIEHIIERA, M det A € R~ m #15 R EIUJERE A R0 HAIIZ S
HPELE] det A € Ry, XA AZHE il B.4.5 (1) HYUERA.

I AE AT DS REE LRI MR Fy ~ G, O

SIEB.A0.3 4% B10.L ¥R, % RHRAEAMK RHE M EAREXTHE
R Fu— M0, REN F, #2H R, U T RSN

(i) Fo = M — 0 ZBADKE b #EH;
(i) #&ZH Fo QK FH RS2 N E;
(iii) rkg(F;) = dim, Torj (M, ) 3 FTF i >0 & 3r;
(iv) rkp(F;) = dim, * Extp(M, r) 5 FA i >0 KL
IEBA  [F5IEE 12.2.2. O

il B.10.4 % &4 F B0l B E. & Fo - M — 0 BHRAERSK R-HE M #
BAGR B B, W (Fo)m = M — 0 B RAK Ru-E Mu 85N B o

IWEBE  EBRERL, 51 B.10.3 MIBRIR (i) AI5 B 12.2.2 BIFRAR (ii). O
H M BRI IR B BfEEE
= 0=20=F,—=---—=F—M-—=0, p¢cZs>o,

TIFRIEATHARE < p.
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FIEB.10.5 # &4 % B.10.1 853 %, 3 Hi% R AEMEIIF. & M 2HRAEK
AW R-HE, M FEE, N M R NK B b EE K ELRET dim Ry — depth(My,) €
Z>o.

B 12 p = dim Ry, — depth(My,). BN R EHRE Fo — M — 0, @il B.10.4
B (Fo)m — Mm — 0 2 My BN EHEHE. AN, ann(M) 270REHAE (513
4.4.1), MEET m, WA RAERSGRAER My # 0.

XF Ry BIENZAZE18 dim Ry, = depth(Ry) 1 proj.dim(My,) < 4oo0. Auslander—
Buchsbaum AR (EH 12.3.1) MA@ 12.2.3 (i) 286 p > 0 H (Fpi1)m = 0. [HAH
Fpr BH, XS F, MaE&T4EN 0. O

PARRHIIFR A Hilbert &HEE.
EIE B.10.6 (D. Hilbert) % F #3, BT R:= F[X1,...,X,] frESKEH. £FF
FRAE R AR R-AE M RN R B BB K ES < n.
B SRR R RHADREE m = (X,,...,X,) WELE B.10.1 MM, R EN
(il 12.5.2) M H dim Ry, = n (i 7.6.5). fAAEH B.10.5. O

BMEHEN TR M R Rgs1e. DUNIRK RASEHT H BIRHN, BIAES
—IEEHIRFRE B R

WL B.10.7 4 EH F & R:= F[Xy,.... X,]. BAARER R-E M BAKEAR
B B AR

JERR R <FRUUE. BESH] ROM 5 RO s M 5 0, ¥ o EFT R i
no x ny FERE, 0B FEMETCH L TR MBS IRECH d. BINHIET Xo, ¥ ¢ HE
ARITR T B X, 108 FRE, e d, mILEE R = F[X,,..., X, £
no x ny KERE, HARMECENE d WGRIRIN, BOR B UERIZS RE™ — R0 (d), D
N Q: l:—'l — ﬁb.

ERE R/(1 - Xo) ~ R, MM ¢ @R = ¢. BT R# M = coker(p), N
M®R~ M. ’

R
AR B.10.6 BB HERIHL N3 T E IR
oo = Fy — Fy — ker(@) — 0;
5 & e, 551 E
S P> 1 — W, (F @R) — 0. KNI, U Fy = Fu o R 2 M
R R
Y, FLR R,
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FRMIEENT i > 1 — Tor (M, R) = 0. M R-EL R (19 E Bl
- 1-Xo =~
0>R——R—>R—0

AT ERH TorR (NI, R) = 0, 7R ker | N ——% NT| = 0 BFAL. 487 1 — Xo RHEMAIS
W RN BIEERT 4 N EEIRET y #R

Y=y + B,y FEFUOL,
(1 — Xo)y = y1 + EiRTA £ 0. BHFTARIE. O

#ie B.10.7 LNEHERPER: REE R = F[Xy,...,X,], MHEABRA K
R M HEKE < n HIE BN, X2 Hilbert FYFEIAMA, fhAIEIE E{A H )%,
SRIMAE gl.dim(R) = n (EH 12.1.5) WYEAM F, XA HEEM L TAY Quillen—Suslin & #
HSF WA=F).
7EIE B.10.8 (D. Quillen, A. A. Suslin) & A b FE I n € Zso, M A[X1,..., X,
R R IR AT B A

AT A ST, X ERAIEB W (8, Chapter XXI, Theorem 3.7].

Z3E B.10.1 KUK =AM §12.2 BREZS TGS T XEEHAIEE, HE
MRERREENZ RN B R AH RO BEIE BOSEB R IE Al 2% [4].






Uif2.e Zariski EEIR

C.1 wamrRs

SRR — R E X, AR BN
EXCA1(IR) X THAIZE X RareX, & {2} BFE, UKz A X HIE.

W ae X NI &y~ x ORI z € {y}), MIFTF4E {2} & {y} W=y i

—HFR X J& Jacobson Z[A, WIFF T4 {2} SHA (51 A8.4) i {z} = {x}, M

T~z IR T = 2

NMTIFEZ ¢ R — S, AR EMFRBUN Spec(p) FAEFRRIIR. ddl 1.11.7 ¥
Spec(p) TE p € Spec(R) LHILF4EERT S % k(p) HIZRIG, 2 DAART 5 IS A EL
AF.

BIEEC.1.2 & w A, S AHMARK v-REK, T q € Spec(S). T %A
(i) q & Spec(S) WA,

(i) Sq RAM r-KE,

(iii) dimgq S =0 (F# L4k, 1 §8.3).

WEBR (1) = (ii). ¥ q BN, WAELE f € S~ q 15 Spec(S[f~1]) = {a[f ']}
N Sq o2 S[fYgp-1y = S, UE S[fY) BAMR w-REENA].

TEPR 3.3.3 Zi S[f 1] 2 Artin JREFER, DA g[f 1] ARKEEAR. Rl S[F 1] /alf ]
I, RN Z A RAR 8, RmEAR 8 (E# 2.6.7). TEES qf '] BR
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AR Bk R 1)t = 0 (M 3.3.2), T EEE
S oqlf o oalf P =0,

HhGERA2ARYE S[fY/qf -m&E2SE, &aknihieZm s 2 AR
w-REL
(i) = (). ZIE S-ERIEES

0=+N—=85—=5 —-Q—0.

Bl Ny =0=Qq; It S 2 Noether FRZRIH N BRRARL, M S, HIFKMAHEK Q 2
AIRYE k- =SA), Wit 2 A RAENR S T2 Supp(IV) 1 Supp(Q) B H, HATE
feS~qgflifg NfY=0=Q[f Y], & S[f 1] > S, A S, NEMRHERR
B6 Artin 35, Z5 BIBA Spec S[f 1] ~ {q[f~1]}. UEEE.

(1) < (iii). M (B dimy S = 0) BIEFHAEY THELE g € S q 1813 D(9) = {q}
(8% dim S[g~] = 0). ﬁ%%ﬁ%#%‘%ﬁﬁﬁ g€ S~qfffFdimSg~!| =0, RZEH
XMz g, W S[g~1] /& Artin 38 (53 7.1.4 (i), WNE—ZPEEE ¢ °]{E D(g9) = {q};
WAL 3.3.4. O

EX-5RE C.1.3 (IMBRME) % R A3F, S AHMA R R-RH#, q € Spec(S), I8 q #
Spec(R) # #1& A p, W AT F 4

(i) q 7 p 827 4 R0
(i) Sq/pSq AH MR r(p)-KRE
(ili) dimg(S|R) =0 (45w € 8.8.3).

L EREP R, B R-REK S £ q ALHUR IR AL WA IR Ay R-R& S A/ A L
AR R-R&, KA R — S APARIAIFEA.

ERR BRIR R T R, BRI R NREA. N S ® K(p) = S/pS M Sq/pSq ~
(S/pS)q/ps, FEMPEM AT C.1.2 X R/p-RELS/pS HINFH. O

B C.1.4 & R A3, S A RAK R-RE AT %4
(i) S ZMAR R-RE,

(ii) Spec(S) — Spec(R) #y 4 43 4 4 IR ¥ # &,

(iif) S @ w(p) X BIA p € Spec(R) HATR n(p)- KL

B (i) <= (i) (B p € Spec(R) HAYLFARRIIET 5 () BRI, UEIAR (@0
W 2.5.1). FTDACFAEHITL AL LT £ B TR R,
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(i) = (iii). NI (R,p) NFERIR. BEIR Spec(S/pS) A MREEE, AIBUEAR
WEHEIC e1,.. . en € S/pS R Y e; = 1 B D(e;) #RMAE {q,} (513 2.5.3),
MRS S/pS 0 T1,(5/pS) (e ). BIFE C.1.2 BEAGA (S/pS)[e; ] = (S/pS)q, BB
AR R/p-REL, 8 S/pS TRIA.

(iil) = (ii). PRI (R, p) NJFEIR, BLIS S/pS 2 Artin 35, R THRZ D
¥R Artin ¥R Sy, ..., S, HIEM (ML 3.3.4). EEFIEFA Spec S; #REMSLE, IFE.O

Bl C1.5 dndl C.1.4 WFRIR (iii) BEAARR RARELHIIHBRAY.

fl c.1.6 RIEME C.1.4 MFRIA (i), #5 S BEMRER R-REUT Spec(S) — Spec(R)
BTN, W S BEIAR RARE; A REZE S = R[f Y] FFRA) 5
S =R/I (HN), H fe R I 2 R PR

il C.1.4 SIRIUVE IR FEASH & A2 B IRAY. Rl DA BT UM RSB & )2
A RIS,
£ §C.2 KA FIELELIL.

S5 CA7 X S e LMAREK RX], #AE RIX] E£F K. %R pe
Spec(R), # q € Spec(S) BT p L#s 4k, SFECESETHATERGLEXRA
WA TG, M €L 4 R T

WEBE ESEIR R IEM, @ v=qn R[X], W RX] — S B EATHER (E# 6.7.6) IEF] q
& FZEIR © T Spec R[X| £ p EIEF4EHIENRCATT. MR AIARCARIRAR © C w(p)[X] JE
T M pRIX] Cv. 51 6.2.9 A R[X] IEM, # R[X] — S B RTHER (BHE 6.7.7)
B EEM q0 C q 15 q0 N R[X] = pRIX]; KAl qo N R = p, FsRIEFRAL.

FEE—EHN R B R (8 S) EHXBHHEAR R (809, W S B8 R[X]
FHHZHEEY 5K, DIEH 6.6.3 (1) B ¢ € Spec(S’) #1§ ¢ NS =q, @ p :=q NR.
ZEWTS o 1E p' BIAFHEFRICR: WA%EFE ) D¢, W qy :=q,NS D qifid qiNR =p;
KA q 1E p FIEFHEFRICKR, q1 = q, BhiTixT S — S MAERE 6.6.3 (i) %1 ¢} = q'. W5
1SIE.

BT R IEM, WiS4IK o 15 p/ REFZEPARID. B q) C o 15 gy N R =p', B
Wago:=qynNScq WMagnNR=p FXRXNS— S MAEH6.6.3 (i) 7I1F q0 C q. &%
b, q 3E p _EEFLERIF T O

52 C.1.8 ®wEHF S @dLHARK RIX], AR RIX] ARy K. Wi S 1A
R-REAPTH R HEA q € Spec(S) AHFMAR.

IEBA EEF p:=gqnR LG4RS ® r(p) MIZRIE, A2 Jacobson XA (&
2.6.7 (i) M5 2.6.9, HEIERARSM). A TIUE q MRAHENINA, EX C1.1 2

JE TSR R B NIE: % g 1€ p ERSF4Ed ailokoT, MEdEiN T, XIEZ 51
C.1.7T N, O
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C.2 zaiski FEIRRHIIA

ATREL [10, Chapitre IV] #1 [12, Tag 00PI] FYIFES, A B KR H C. Peskine.

EIE C.2.1 (Zariski EEIBRIFIEHER) & S AHMAR R-R%, R A RAES $
BWA (FX 6.1.3), T q € Spec(S). £ S # q AMAR (FX-—wA C.1.3), N F&E
fERNqFEHRR —S%HF R[f =S

B C.2.1 RUIERMRREIE N 5 3, S B R A T B Je SE k.

I C22 #EHR RCSHSHREKTEV. 4#U:=VNR. # RU | =S[U]
(E2 Ry B, W R— S #% RU S SV

B FE v eV 1E S[UY = RUY I, H1E v e U #15 ww € R; HE k
ww € VN R=U. fANGIH 1.7.1 AJHIEFEZ S[UY] — S[V~1 ZFA. O

BIIC23 %EH RCS. % S RARAR RRK, RAS PN, filEkveS
4 S = Rlz]. % q € Spec(S), % p = qN R € Spec(R); % S % q AWAR, N
Ry =5, (FWZ R-RE&KH AHL).

B BT R, 1E S, TEA (i 6.1.9), A R, € S, IR R C S Al (R,p) NRER
. RRBESENE « 78 R EoAEE, RONIXESE S = R[z]) = R.

I8 k:=R/p, T :=2+pS, M S/pS = k[z]. T2 q1Ep LAIL4E Speck[z] H
IR, BT Spec k[ X] LA, T £ v LRNREOT, M k(7] BAER & HE
—Z I3 f € R[X] 15 deg f > 0 M f(x) € pS; M y —1+f( ). ME y € R BIA].

TR Rly] C R[z] BEPY 5K, # Spec R[x] — Spec Rly|] i (€ 6.6.3 (i)). #n
7 :=y+pRly] € Rly]/pRy], ZE p LRI, HEIRBLET Spec x[7] — Speck[y] .

F Spec k[y] BIR, x[y] AR -1KEL

FEEE gy e sy ALK WERETHEN t € Speckly], Mt BHENT €
Speck[z] MREE, XS Y ©F v 1 sz PR 1, FE. LA o> 1M
ag, - .. ,an_1 € R {5

Y+ an_1y" "+ +ag € pRlyl, ao & p.

% pR[y] ICEN poy™ + - + po, HH p; € p; B m > n. ME a, = 1,
B n<i<mMNE a; =0, FH

(am —pm)y™ +---+ (a0 —po) =0, ap—po € R~p=R".

LG y € Ry FEWILIL (a0 — po)~ly~™, W—HHET = 1£ R 1A%, B
BAEMEH gyt e R Ay e S Myt é¢q Myt ¢qnR=p. ZEHEH
y~t € R*, Wy € R. BIFTHKIL. .
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Il C24 #EHF RCRx)CS, b arec ST S E Rz WEY K, RAES FEHA.
BAE— 2R f € RIX]| 4% f(x)S C Rlz], | R[z]=S.

B s e 5, EAREUER s € Rle). B1E g € RIX] B fa)s = g(o). EH J
H—, WRRIEE RX]) 4 g = fo+r, HH degr < degf; it y := s — q(x), N
f(@)y =r(z). ANIERA y € R, KBS s € R[z].

WHAE R, 5, 7 (K F, 7) N R, y, o EREME S = S[y=1] 1 (K £, r 76 RIX] )
B%, W f(z) =5 '7(@). HT degr < deg f, X% = £ Ry '] L% SR y £ Rz
¥ Wy e Ry ') RE @B y £ R B L FEEE 2 h e RIX] M
n > 0 15 y"h(y) = 0. XK y £ R HEE. BUAZMSAT y e R O

EXC25(%F) #o: TS AFAAS X
f(SIT) = {t € T p()S C (T},
HANB ST & o BMEY, CRE T WER, 2 S HER.
WEE o T — S, % T FTERIETE U, 50
FSU=ITIU™) =f(SITU. (C.2.1)

I3 C26 ZEF RCRz]CS, b xecS &S EHM Rz-R#, RAES d#&
W, B S # q € Spec(S) A AMAR R-R¥; & p=qNR, N R, =5,.

iEBR BEST = f(S|R[z]). EIEAE § ¢ q BER. B v = qn Rz], WILH
R[z], = S, 1 R[z]e = Sq (513 C.2.2). XFEN vN R = p, E XA C.1.3 FHRH
Rz] 1£ v LRBIER RS 513 C.2.3 ¥l R, = R[z],, T72 S, 2R R,-1REL
SR Ry, 1E S, FEEM] (A7 6.1.9), T R, = S,.

AR §Cq HHESFE. & n HRFE {n € Spec(S) : S C v’ C q} HFHIR/D
JC, il m=nNR. ZWSE x 7E x(n) PEERZ k(m) LHEEIT.

HHARIEE. T (C.2.1), EIEFAN SN AL (R, m) AREIR. B 2 7F £(n)
ISR k(m) ERREOT, W R/m — Rlz]/nnR[z] BERRHEE HILE nnR[z] C R[z]
AR (513 6.6.1), FIBEH R[z] — S BA[FI n C S K.

Fi& k(n) = S/n, MBEEE —Z h € RX] 1§ h(z) € n. AW n FIEESFH
1S, = jSn. WIHLIETE r > 1 Ml y € S~ n {#i1F yh(z)" € |; T Z yh(z)"S C R[z].
i S* C SN yS AN Rlz]-TREL ¥R R C R[z]  S° F1 b7 IRASIH C.24, FH
S’ = R[x], # yS C Rz], 4kifi y € § C n, Al y BFNEETE. WiSTHIE.

ZER:=R/mcCS/n=35. T2 ST q:=q/n LEIER R-REL A= 4
IR o 7F S HINBAE R Lk [RASIHE C.1.8 15317 )E. IFEE. O

JEBR (EXE C.2.1 BYIEBR) 7FTEn € Zso M ay, ...z, € SH18 S BHR Rlzy, ..., 2,
B BPTE o, ... 2 0 S 1B R-REINAERTT, AR T I DU /A REZ
n BITHISIE.
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Bn=0, N S/ R EANE MR =5 7 f=1.

Bn=1 FEH SEq LIRBAER B8 Sy R KR, B RTES S
B, BPAE v € S5 S BAMR Rlz-REL v p=qnR, 512 C.2.6 4k R, = Sp;
BER S BAMRAR BB, 18 f e R~ p 13 R[f1] =S[f1].

AT n > 2. @ Ry N Rlxy,...,2,—1) T£ S HHVEMFG. HER S 18 q &0
AR R-RE, FFHZAR Rz, REC WEAT—ERSH f1 € Ry~ q 1§
Ry[fi 1] = S[fy s REMR Ry [f 1] RABRAER R ATBHLA T

Y1 Yk
M pmes kGZZO;yiERlamiEZZO-

1 1

i Ry o= Rl1, ..., @0 1,91, Yk, 1] C Re, W Ro[f'] = Ra[fy ] = S[f '], T
H Ry ZAMR Rlxr,...,z01]-REL @ pa = qn Re, W f1 € Ry p2 T (Ra)p, = Sy
RRAE X -amdl C.1.3 BIHAE (i) AT Ry 1E po OZHUER R-EL

B Rs N R £ Ry, HHVEEMAE. X R C Rxy,...,2,1] C Ry Tl po M AIEIARIL,
138 fo € Ry~ po 15 R3[fy '] = Ro[fy '] TR fi & Ro[fy Y] HIERIRA f3/ 15
2, b fsc Ry h > 0. BER| f1, f2 ¢ q &R f3 ¢ q.

B f = fofs € Ry~ q, WEEERIR Ry[f 7' = Ro[f '] = S[f Y. EEF| Rs C R/,
Ft R/[f~1] = S[f~1], BHFTAKILE. O

C.3 wsum

ARPEHER C.2.1 [ THEL. EER R.

WL C3.1 W S AARAER R-RET q € Spec(S). # S & q LWAR, MFEAL S #
AR R-FRE Ry fo f € Ro~q, £ Ro— S %S Rolf~'] =5[]

B AWk Rc S. id R1E S HIVESAEA R, M C.2.1 44 f € R ~ q {15
R =S % R 58E f WER R-FREMIELIF, N S[F1] BIXLEFK
BE (D[fY) JERIEIE I SR S[f Y BAERAER R-REL MFEES f WER R-T

L RyCcR CS 15 Ro[fil] = S[fil] O
W C3.2 S AAHIRAEK R4, N {q: S & q ARIAR R4} £ Spec(S)
W&

ERR & S 1 g AIUARR. B €31 SR Ry € S Hl f € Ry~ q, 1R
Ro[f~1=5S[f']. BT R — Ro Fl Ry — Ro[f~*] ¥INLARRA (B C.1.5, C.1.6), &
R — S[f~ AR, ARAE Xl C.1.3 °JHl S £ q, € D(f) AEARER. O

WIEC33 & S AHRERMNAR R-RK. FEAR RRTRHE Ry C S 4%
Spec(S) — Spec(Ry) & F#H .
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HEBH  DAEIR C.3.1 XA q € Spec(S) B S BIAIR R-FRE R(q) 1 f(q) € R(q)~q
513 R(q)[f(a)~"] = S[f(a)~"]. 1E Spec(S) HM NI TEIE {D(f(q))}q SHHITE
m; WHARFES D(A).....D(fr), HP fi = f(q;), B S AR R-FRE R,
HZ BTN R(q,); Bl f1,..., fr € Ro. TR Ro[f; ' =S[fT RIE1<i<k

WA 1 <i <k, it fi 7€ Spec(Ro) FHIERIIFFEN Do(f). NATRERES
R

D(f;) =~ Spec(S[f; ']) = Spec(Rolf; ']) = Do(f:)

JE Spec(S) — Spec(Ro) TEFF F & Do(f;) LHIHi[E; Wan# 1.10.10. £& EATA]
Spec(S) — Spec(Ro) 72 LA Ule Do(f:) IMERIFFHRA. O

#ig C.3.4 W THRAERBIER RIS, ¥ R — S X im[R — S] #£ S %
A R 73, WIFEBERTIE Spec(S) — Spec(R') ZHFHRA.

C.4 ‘russurnsid

AT BTEUERERE 8.8.5 W—REIETE, BERSIKIE [12, Tag 00QH].

SIE C.41 & S AAMAR R-RE, q € Spec(S); I8 q # Spec(R) H #t&A p. # S
% q ABER, I dim Sy < dim R,

JEBR  EREE R,-REL S, 1E S, UVNBIER. id R, f£ S, FIWEMEN R. H
Zariski FEM C.2.1 193] f € R~ qS, 153 R'[f~1] = Sp[f~1]; B p’ = g5, N R/,
N p £ R WPINERIE p, T Ry, = S, BT dim R < dim R, (B 7.7.1 (1)), Kt
dim Sy = dim R;J, <dim R’ < dim R,. O
TWRECA2 Wk AH, S AHMAR v-RE, n € Zoo. & k[X1,..., X0 = S ENA
R or-REFEA, W dim S < n.

JEBR XMATE B p C kX1, .., X, BA dimk[X,..., X,], <n. BMHSHE C4.1
R dim S = sup, dim Sq < n, HA g T Spec(S). O

SI¥EC.43 & S AHMAK R-RE. #4 % 883 8 n:= dimy(S|R) € Zso, NFHE

geESNqHERMAR R-REFZ R[Xy,...,Xn] = Slg7'].

IR S =29 ® w(p), IEHHX N g FRBEAEN §. RIERI Krall 4EEATE X, X

FI NI U > § F dimU = n. T Spec(S) FMT p LRILFHE, § F2UEA R

F q, RUILE h e S~ q 18 U = D(h) N Spec(S). BA S[h~1 X S, AJ1& dim S = n.
X k(p)-RECS A Noether IEAMEER 8.1.3 Kt 8.1.4, AIFAHRRFEZ

D k(p)[Xy,..., X, = S.
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PA R~ p EHHGEE ©(X,), Al @ 208 R-AEIIFES
®:R[Xy,....X,] = 8.

HINLE -l C.1.3 BIFRIR (1) FHEBH @ 78 q JIEIR. AR C.3.2 AIAIFEAE
g€ S~ qffF R[Xy,...,X,] — S[g~"] BUERR. O

IEEA (REIE 8.8.5 RYIERA) 144UE 8.8.3 IUFTS, RIS TAARAENK R-RE S FIfr
A n € Zso WEHALLNWIS: % q € Spec(S) /@ dimg(S|R) = n, WAFTEHRBIR U > q
1S
g el = dimg (S|R) < n.

I C.43 4t g € S\ q 15 S[g~!] BEMAR RIXy, ..., X, -AEAHIEEHE. *t
R AR p/, el C.1.4 KTHIERMERIRFMEFEZIR S9! % k(p") BIUARR
K(p)[Xq, ..., XML, @ C.4.2 RN HAER < n; XTHBHMIRA. FIHAERS
HATE U = D(g). O



SEXB

Arnaud Beauville, Yves Laszlo. “Un lemme de descente”. F|F: C. R. Acad. Sci.
Paris Sér. I Math. 320.3 (1995), pp. 335-340. 18sN: 0764-4442 (5| T pp. 236,
243).

N. Bourbaki. Eléments de mathématique. Algébre commutative. Chapitres 8 et 9.
Reprint of the 1983 original. Springer, Berlin, 2006, pp. ii+200. 1SBN: 978-3-540-
33942-7; 3-540-33942-6 (5T p.179).

David Eisenbud. Commutative algebra. Vol. 150. Graduate Texts in Mathemat-
ics. With a view toward algebraic geometry. Springer-Verlag, New York, 1995,
pp. xvi+785. 1SBN: 0-387-94268-8; 0-387-94269-6. DOI: 10.1007/978-1-4612~
5350-1 (5IHT p.91).

Shiro Goto, Keiichi Watanabe. “On graded rings. I”. ¥|F: J. Math. Soc. Japan
30.2 (1978), pp. 179-213. 1sSN: 0025-5645,1881-1167. DOI: 10.2969/jmsj/03020179
(51T p.371).

A. Grothendieck. “Eléments de géométrie algébrique. IV. Etude locale des sché-
mas et des morphismes de schémas. I117. ¥ F: Inst. Hautes Etudes Sci. Publ.
Math. 28 (1966), p. 255. 1SsN: 0073-8301,1618-1913. URL: http://www.numdam.
org/item?id=PMIHES_1966__28__255_0 (5|FF pp.207, 212).

M. Hochster. “Prime ideal structure in commutative rings”. 5 Trans. Amer.
Math. Soc. 142 (1969), pp. 43-60. 1SsN: 0002-9947,1088-6850. por: 10 . 2307 /
1995344 (5T p. 340).


https://doi.org/10.1007/978-1-4612-5350-1
https://doi.org/10.1007/978-1-4612-5350-1
https://doi.org/10.2969/jmsj/03020179
http://www.numdam.org/item?id=PMIHES_1966__28__255_0
http://www.numdam.org/item?id=PMIHES_1966__28__255_0
https://doi.org/10.2307/1995344
https://doi.org/10.2307/1995344

382

[15]

[16]

[17]

BEXHR

Irving Kaplansky. “Projective modules”. Il F: Ann. of Math. (2) 68 (1958),
pp. 372-377. 18SN: 0003-486X. DOI: 10.2307/1970252 (5IHF p. 145).

Serge Lang. Algebra. Third edition. Vol. 211. Graduate Texts in Mathematics.
New York: Springer-Verlag, 2002, pp. xvi+914. 1SBN: 0-387-95385-X. DOI: 10.
1007/978-1-4613-0041-0 (5T p.371).

B. L. Osofsky. “Homological dimension and cardinality”. F|F: Trans. Amer.
Math. Soc. 151 (1970), pp. 641-649. 1SsN: 0002-9947,1088-6850. DOI: 10.2307/
1995518 (51T p. 308).

Michel Raynaud. Anneauz locaux henséliens. Vol. Vol. 169. Lecture Notes in
Mathematics. Springer-Verlag, Berlin-New York, 1970, pp. v+129 (5|H T p.376).

Jean-Pierre Serre. Local algebra. Springer Monographs in Mathematics. Trans-
lated from the French by CheeWhye Chin and revised by the author. Springer-
Verlag, Berlin, 2000, pp. xiv+128. 1SBN: 3-540-66641-9. poI1: 10.1007/978-3~
662-04203-8 (5|HT p.215).

The Stacks Project Authors. Stacks Project. https://stacks.math.columbia.
edu. 2020 (51HF pp. 205, 207, 210, 227, 236, 317, 340, 376, 379).

gk wIEARIS. B SEm LB B R L 8 B R R, 2018.
ISBN: 978-7-309-14019-4 (51HTF p. 96).

ZE . REEETTTE (BB—%). Vol. 67.1. BURECEEAA . L5 SEHE Bk
1, 2019. 1sBN: 978-7-04-050725-6 (5|HT pp. 1, 3-15, 17, 18, 20, 24, 26-28, 30,
31, 36, 37, 41, 45, 64, 70, 75, 76, 78, 88, 96, 99, 100, 102, 125-127, 129, 134, 141,
145, 152, 157, 160, 163-165, 167, 168, 173, 174, 185, 192, 198, 201, 217-219, 226,
235, 238, 242, 250, 252, 254, 264, 273, 305, 313, 315, 321, 331, 348).

k. BRI, ALt B HIREE, 2020. 1sBN: 978-7-03-064531-9 (51H T
p.325).

2. IRECETTTE (BB, Vol. 67.2. BIRECER MM, Jba: SEHE
hiRAt, 2024. 1SBN: 978-7-04-062754-1 (51T pp. 1, 5, 10, 11, 13, 15, 16, 18, 19,
30, 75, 76, 99, 101, 126, 129, 131-133, 138-140, 154-156, 219, 223, 227, 241, 244,
247-250, 254, 257, 258, 264-267, 269, 270, 273, 274, 280, 305, 356, 357).
R RECEVE Y. 2024, URL: https://www.wwli.asia/downloads/books/
EAlg-Notes.pdf (3IHF pp.5, 59, 67, 116, 156, 185, 256, 325, 347, 349, 355).


https://doi.org/10.2307/1970252
https://doi.org/10.1007/978-1-4613-0041-0
https://doi.org/10.1007/978-1-4613-0041-0
https://doi.org/10.2307/1995518
https://doi.org/10.2307/1995518
https://doi.org/10.1007/978-3-662-04203-8
https://doi.org/10.1007/978-3-662-04203-8
https://stacks.math.columbia.edu
https://stacks.math.columbia.edu
https://www.wwli.asia/downloads/books/EAlg-Notes.pdf
https://www.wwli.asia/downloads/books/EAlg-Notes.pdf

2.1

3.1

4.1

6.1

8.1

E R/ %5l

Whitney = X2 — Y27 =0 WUSZEG0y . . ..
WENMERE . .
MNTFH4.6.5 BIEMEG . . . .
T 6.6.3 (v) FIRHE/RE . . . o

M KXY, Z]/(XZ,YZ) BULEEG ..o

90

169






5 &5l

Spec(R), 36






HiINR5I EREF

FRSORIEAZ DR PR HERF .

S
i (prime spectrum), 36



	草稿导言
	1 交换环基础
	1.1 环与模的基本概念
	1.2 从幂等元到直和分解
	1.3 张量积
	1.4 投射模和内射模
	1.5 有限生成模和有限展示模
	1.6 局部化的定义
	1.7 局部化的进阶性质
	1.8 环上的代数: 一般性质
	1.9 环上的代数: 有限性质
	1.10 素谱
	1.11 局部环
	1.12 同态的铺展
	习题

	2 根基理论
	2.1 幂零根基
	2.2 局部幂零理想
	2.3 Jacobson 根基和中山引理
	2.4 模的支集
	2.5 素谱的其它拓扑性质
	2.6 Jacobson 环和零根定理
	2.7 代数子集与理想的对应
	2.8 极小素理想
	2.9 全分式环
	习题

	3 Noether 环基础
	3.1 链条件
	3.2 Noether 环和 Noether 模
	3.3 Artin 环的刻画
	3.4 相伴素理想
	3.5 准素分解
	3.6 准素分解的例子
	3.7 应用: Krull 交定理
	3.8 Chevalley 可构造性定理
	习题

	4 分次和滤过结构
	4.1 分次环与分次模
	4.2 滤过结构
	4.3 多项式函数
	4.4 Hilbert–Samuel 函数和多项式
	4.5 Rees 环
	4.6 拉开环
	4.7 Artin–Rees 引理及其应用
	4.8 滤过给出的 Hilbert–Samuel 多项式
	习题

	5 平坦性
	5.1 基本定义
	5.2 进阶性质
	5.3 Tor 函子回顾
	5.4 平坦性判准
	5.5 忠实平坦模的进阶性质
	5.6 平坦下降
	5.7 沿 Zariski 开覆盖的下降
	5.8 平坦模和投射模的结构
	5.9 平坦性的局部判准
	5.10 Govorov–Lazard 定理
	5.11 可逆模和 Picard 群
	习题

	6 整扩张
	6.1 环的整扩张
	6.2 正规整环
	6.3 一般的正规环
	6.4 赋值环和整闭包
	6.5 离散赋值环
	6.6 整扩张和素谱
	6.7 上行和下行性质
	6.8 初探整闭包的有限性
	习题

	7 维数理论上
	7.1 维数的定义
	7.2 参数理想
	7.3 Krull 主理想定理
	7.4 重数
	7.5 纤维和维数
	7.6 实例: 多项式环和形式幂级数环
	7.7 整扩张和维数
	习题

	8 维数理论下
	8.1 Noether 正规化定理
	8.2 维数和超越次数
	8.3 局部维数
	8.4 应用: 泛自由定理
	8.5 应用: 平坦轨迹的开性
	8.6 Krull–秋月定理
	8.7 悬链环
	8.8 纤维维数的上半连续性
	习题

	9 完备化
	9.1 拓扑诠释
	9.2 对理想取完备化
	9.3 滤过的比较
	9.4 Noether 环的完备化
	9.5 完备化的其它性质
	9.6 完备局部环
	9.7 Cohen 结构定理的表述
	9.8 Beauville–Laszlo 下降: 框架
	9.9 Beauville–Laszlo 下降: 主定理
	习题

	10 Koszul 复形
	10.1 链复形的张量积
	10.2 外代数
	10.3 Koszul 复形
	10.4 进阶性质
	10.5 正则列
	10.6 Ext 函子回顾
	10.7 Ext 函子和正则列
	10.8 极长正则列
	习题

	11 正则性和深度
	11.1 正则局部环
	11.2 正则性和 Poincaré 级数
	11.3 可逆分式理想
	11.4 Dedekind 整环
	11.5 深度
	11.6 Cohen–Macaulay 性质
	11.7 Serre 正规性判准
	11.8 Cohen–Macaulay 环的维数理论
	11.9 平坦性和深度的关系
	习题

	12 同调维数的应用
	12.1 同调维数的性质
	12.2 极小自由解消
	12.3 Auslander–Buchsbaum 公式
	12.4 应用: 正则局部环的唯一分解性
	12.5 正则环
	12.6 内射维数的性质
	12.7 Gorenstein 环
	12.8 平坦性和 Gorenstein 环的关系
	习题

	A 拓扑知识
	A.1 基本术语
	A.2 连通性
	A.3 Noether 空间
	A.4 不可约分支
	A.5 特化与泛化
	A.6 泛点
	A.7 可构造子集
	A.8 Jacobson 空间
	A.9 Krull 维数

	B 分次交换环论
	B.1 加法幺半群基本性质
	B.2 加法幺半群的嵌入及其应用
	B.3 素理想和局部化
	B.4 基本工具
	B.5 同调性质
	B.6 齐次素谱
	B.7 分次 Noether 正规化
	B.8 分次泛自由和上半连续性
	B.9 分次情形的维数和深度
	B.10 合冲定理

	C Zariski 主定理
	C.1 拟有限环同态
	C.2 Zariski 主定理及其证明
	C.3 初步应用
	C.4 上半连续性定理另证

	参考文献
	图片索引
	符号索引
	名词索引暨英译

