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Loi néi dau

Cho (R, m) la vanh giao hoan Noether dia phuong véi idéan ciye dai
duy nhat m. Cho M 14 R-modun hitu han sinh véi chiéu Krull dim M = d.

L6p modun Cohen-Macaulay 13 16p modun quan trong trong dai so
giao hoan. Ki hiéu depth M la d6 sau cia M trong m. Ta luén c6 dim M >
depth M. Ta n6i M 13 modun Cohen-Macaulay néu depth M = dim M.
Quy tich khong Cohen-Macaulay ctia M, ki hieu nCM(M), la tap tat
cd cac idéan nguyén to p ciia R sao cho M, khong 1a modun Cohen-
Macaulay. Nam 2002, M. Brodmann va R. Y. Sharp (Xem [BS1] ) da
gidi thiéu khai niém tap gia gia cia mot modun hitu han sinh nham xay
dung cong thiic boi cho cac modun déi dong diéu dia phuong. Cho 7 > 0
ld mot s6 nguyen. Gia gid thit i ctia modun M, ki hieu 1a Psupp(M)
duge cho béi cong thic:

Psupp(M) = {p € Spec(R)|H, ™" (M) # 0}.

Nam 2010, trong [CNN], Nguyén Ty Cuong, L.é Thanh Nhan,
Nguyén Thi Kiéu Nga da mo ta tap nCM(M) qua tap Psupph(M):
nCM(M) = | (Psuppix(M) N Psuppy(M)).
0<i<j<d

Hon nita, néu M dang chié¢u va vanh R/ Annp M 1a catenary thi tap gia
gia Psupps(M) dong v6i i = 0,1,d vi nCM(M) = Uf;ol Psupp'(M).

L6p modun Cohen-Macaulay suy rong duge xem nhu sy mé rong
ctia modun Cohen-Macaulay. Ki hiéu e(z, M) 1a 6 boi ctia M ting v6i he
tham s6 z. Cha y rang (r(M/zM) — e(x, M) > 0 v6i moi hé tham so z.
Hon ntta, M 14 Cohen-Macaulay néu va chi néu {gp(M/xM)—e(z, M) =0
v6i moi hé tham s6 2. Mot modun M dudge goi 1a modun Cohen-Macaulay

suy rong néu: sup({r(M/zM) —e(xz, M)) < oo, trong d6 x chay trén tat
T



ca cac hé tham sé ctia M.

Quy tich khong Cohen-Macaulay suy rong ctua M, duge ki hiéu la
nGCM(M), 1a tap céc idéan nguyén to p sao cho M, khong la Cohen-

Macaulay suy rong.

Gia suy rong thi ¢ cia M, duge ki hiéu Lsupp%(M ) dugc dinh
nghia bdi:

Lsuppj(M) = {p € Spec(R)|(r, (Hyr P (M) = o0},

Ciuing giong nhu quy tich Cohen-Macaulay, quy tich khong Cohen-
Macaulay suy rong duge biéu dién qua tap Lsupph(M) qua bai béo
[INNK] ctia Le Thanh Nhan, Nguyén Thi Kiéu Nga, Pham Hitu Khanh:

nGCM(M) = U (Lsupp(M) N Lsupp (M)).

1<i<j<d

Hon nita, néu M la ding chiéu va R 1a catenary thi

nGCM(M) = U Lsupp’(M).
1<i<d

Muc dich ctia luan van 1 trinh bay lai chi tiét mot s6 két qua trong
hai bai bao: Nguyén Ty Cuong, Lé Thanh Nhan, Nguyén Thi Kiéu Nga
[CNN], On pseudo supports and non-Cohen-Macaulay locus of finitely
generated modules, Journal of Algebra, (2010) va bai bao Lé Thanh
Nhan, Nguyén Thi Kiéu Nga, Pham Httu Khanh [NNK], Non Cohen-
Macaulay locus and non generalized Cohen-Macaulay locus, Comm. Al-
gebra, (2014). Dé thuan tién cho viéc dién giai, trong luan van con trinh
bay mot s6 van dé nhu Iy thuyét biéu dién tht cap cia I. G. Macdonald
trong bai bao [Mac], mot s6 tinh chat co sd ciia modun déi dong dieu

dia phuong trong cuén sach [BS] ctia Brodmann va Sharp.

Luan van gom 2 chuong. Chuong 1 trinh bay mot s6 van dé vé

chiéu Krull, médun déi dong diéu dia phuong, diy chinh quy va do sau



)
~ ~ . ~ z s N 2
cua modun trong mot idéan, tinh catenary cho cac vanh Noether, bieu

dién thit cap cia modun Artin. Chuong 2 14 phan chinh ctia luan vin
trinh bay khai niém vanh va mé dun Cohen-Macaulay, vanh va modun
Cohen-Macaulay suy rong, mo ta quy tich khong Cohen-Macaulay qua
tap gia gia, mo ta quy tich khong Cohen-Macaulay suy rong qua gia suy

rong.



Chuong 1

Kién thic co sé

Trong sudt chuong nay, luon gid thiét R 1a mot vanh giao hoan
Noether va M la mot moédun hitu han sinh. Muc dich ctia Chuong nay la
trinh bay nhiing kién thtc co sd vé chiéu, do sau, modun doéi dong diéu
dia phuong, biéu dién thit cap, phuc vu cho chiing minh cac két qua clia
chuong sau.

1.1 Chiéu Krull

Dinh nghia 1.1.1. Mot day pg C p; C ... C p, cac idéan nguyén t6
clia R théa man diéu kién p; # p,o1 v6i moi ¢ dude goi 1a mot day idean
nguyén to do dai n ctia R. Chiéu Krull ciia vanh R 13 can trén ding ciia
tat ca do dai ciia day cac idéan nguyén t6 trong R. Chicu Krull ctia R
dugce ki hiéu la dim R.

Mot vanh giao hoan R dudgc goi 1a vanh Noether néu moi day tang
cac idéan ciia R déu dimg. Cha ¥ rang R 1a vanh Noether néu va chi
néu moi idéan ctia R 1a hitu han sinh. Mot vanh giao hoan R dugc goi
1a vanh Artin néu moi day gidm céac idéan ciia R déu ding. Chu y ring

néu R 1a vanh Artin thi R 14 vanh Noether v méi idéan nguyeén td ciia



R déu la ideéan t6i dai.
Vi du 1.1.2. a) V6i k 1a mot truong, ta c6 vanh da thitc vo han bién
X1, Xo, oo, Xy oo 1a R = k[ Xy, Xo, ..., Xy, ...]. Ta ¢6 dim R = oo vi xich

cac idéan nguyeén to:
(Xl) C (Xl,XQ) C ... C (Xl,XQ, ,Xn)

sé ¢6 do dai n tuy ¥.
b) Néu R la vanh Artin thi dim R = 0, vi mdi idéan nguyén t6 ciia

R déu 1a mot idéan cuc dai.

¢) Vanh cac s6 nguyén Z c¢6 dimZ = 1, vi 0 1a mot idéan nguyén
t6, con moi idéan nguyeén t6 khac khong 1a cyc dai va c¢6 dang pZ véi p

14 s6 nguyén to.

Mot idéan nguyéen t6 p ctia R dugce goi 1a idéan nguyen t6 lien két
néu ton tai mot phan tit m € M sao cho p = Anngpm. Tap cac idéan
nguyén to lien két ctia M duge ki hiéu 14 Assp M. Chi ¥ rang tap céc
idéan nguyén t6 t6i thicu chita Anng M chinh la tap cic idéan t6i thicu
trong Assg M. Vi thé ta c6 cong thitc tinh chiéu qua chiéu clia cac idéan

nguyén t6 lien két nhu sau.
Bé6 dé 1.1.3.
dim M = max{dim(R/p)|p € Assp M }.
Ménh dé 1.1.4. ([Mat, Dinh Ii 15.4]). Goi R[Xy,...,X,] la vanh da

thiic ciia n bién vdi hé so trong vanh R. Goi R[[X1,. .., X,]] la vanh cdc
chuoi liy thwa hinh thitc cia n bién vdi hé s6 trong R, khi dé ta cé cong
thite tinh chiéu ctia vanh da thic va vanh cdc chudi liy thia hinh thic:

(i) dim R[zq, ..., z,] = n + dim R.
(ii) dim R[[z1, ..., z,]] = n + dim R.



