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Loi cam doan

Toi xin cam doan rang cédc két qua nghién citu trong luan van nay 1a hoan
toan trung thuc va khong trung 1ap v6i dé tai khac. Nguon tai liu sit dung
cho viéc hoan thanh luan van da duoc su dong ¥ clia cd nhan va t6 chic. Cic

thong tin, tai liéu trong luan van nay da dugc ghi rd nguoén goc.

Thai Nguyén, thang 4 nam 2013

Hoc vién

Duong Thi Giang

Xac nhan Xac nhan

cua truong khoa chuyén mon cua nguoi huéng dan khoa hoc

TS. Nguyén Thi Dung
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L.oi cam on

Luan van nay dugc hoan thanh sau 2 nam hoc tap tai Truong Dai hoc Su
pham - Dai hoc Thai Nguyén. Véi long kinh trong va biét on sau sic toi xin
dugc bay to 10i cam on chan thanh t6i Tién si Nguyén Thi Dung, ngudi co
kinh mén da hét long gitp dd, day bao, dong vién va tao moi diéu kién thuan
lgi cho toi trong sudt qua trinh hoc tap va hoan thanh luan van.

T6i xin tran trong cam on truong Pai hoc Su pham Thai Nguyén, 1anh dao
khoa Todn, lanh dao khoa Sau dai hoc ctia Trudng da tao moi diéu kién thuan
lgi gidp do toi hoan thanh t6t nhiém vu hoc tap ctia minh.

Toi xin chan thanh cam on cac thay c6 da tham gia giang day cho 16p Cao
hoc chuyén nganh Toan kho4 19.

Cuoi cung toi xin cam on nhitng nguoi than yéu trong gia dinh, ban be da

luon cho t6i niém tin va dong luc dé hoc tap tot.

Thai Nguyén, thang 4 nam 2013

Hoc vién

Duong Thi Giang
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Mo¢ dau

Cho (R, m) la vanh giao hoan dia phuong, a 1a mot idéan cta R, M la
R-modun hitu han sinh v6i dim M = d va cho s > —1 la mot s6 nguyén.
Khai niém M-day vé6i chiéu > s da dugc dua ra boi Brodmann-Nhan [BN]
nhu 1la mot sy m& rong cua khai niém day chinh quy suy rong dugc gidi
thiéu bai Nhan [N] truée d6. Véi khai niém nay, cac khai niém day chinh
quy, f-day quen biét va day chinh quy suy rong da tuong tng trd thanh cac
M-day véi chieu > —1,0,1 (xem [BN], [CST], [N]....). Nam 2009, dung
khdi niém M -day véi chiéu > s, N. Zamani [NZ] da giGi thiéu khéai niém
16p modun théa man moi hé tham s6 la M-day véi chiéu > s va goi la
modun Cohen-Macaulay vdi chiéu > s. Khi d6, cac 16p modun quen biét
trong dai s6 giao hoan la Cohen-Macaulay, f-modun gi6i thiéu boi Cuong-
Schenzel-Trung [CST], f-modun suy rong dua ra bdi Nhan-Morales [NM]
tuong ung trd thanh cac truong hop dac biét cuia médun Cohen-Macaulay véi
chieu > —1,0, 1.

Luan van nham trinh bay lai cac két qua va chiing minh chi tiét bai bdo cua
N. Zamani [NZ] "Cohen-Macaulay Modules in Dimension > s and Results
on Local Cohomology" dang trén tap chi Communication in Algebra nam
2009. Luan van duoc chia thanh 3 chuong. Chuong 1 danh dé nhéc lai mot s6
kién thic co s& ¢6 lién quan dé€n ndi dung cua luan van nhu tip idéan nguyén
to lién két, hé tham s6, ham t&r m& rong, modun doi dong diéu dia phuong,...
Dé theo ddi mot cach twong d6i hé thong, Muc 1.5 ctia Chuong 1 nhic lai
khai niém day chinh quy, day chinh quy loc, day chinh quy suy rong va tuong
ung 1a cac 16p modun Cohen-Macaulay, f-modun, f-modun suy rong va mot
sO tinh chat cta ching.

Noi dung chinh cua luan van duoc trinh bay trong Chuong 2 va Chuong

3. Chuong 2 cua luan van trinh bay khai niém day chinh quy véi chi€u > s
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trong bai bdo cua Brodmann-Nhan [BN] va mot sO tinh chat cia day nay
thong qua tap support va chiéu cuia modun mé rong Ext ctia M. Cho s > 0
1a mot s6 nguyén, a 1a idéan cta R, khi d6 néu dim M/aM > s thi moi
M-day v6i chiéu > s trong a luon c6 thé md rong dugc thainh mot M -day
vGi chiéu > s cuc dai va tat ca cdc M-day véi chiéu > s cuc dai trong a
déu c6 do dai nhu nhau va do dai chung d6 chinh bing s6 nguyén ¢ nho nhéat
sao cho dim(Supp(H!(M))) > s, ciing chinh la s6 nguyén 7 nho nhit sao
cho dim(Ext’%(R/a, M)) > s. Do dai nay dugc goi 1a do sdau véi chiéu > s
cua M trong a, ki hiéu 1a depth(a, M, > s). Muc tiép theo cua Chuong 2 1a
cac két qua chinh cuta luan van, trinh bay khai niém modun Cohen-Macaulay
vGi chiéu > s va chiing minh lai chi tiét cac két qua vé dac trung cia modun
Cohen-Macaulay véi chiéu > s: M la Cohen-Macaulay véi chiéu > s néu
va chi néu (Supp(M))ss la catenary, déng chiéu (dim M = dim R/p véi
moi idéan nguyén t6 toi thi€u p € (Supp(M))ss) va M, la R,-modun
Cohen-Macaulay v6i moi p € (Supp(M))~s. Hon nita, néu gia thiét R 1a
vanh thuong ctia vanh Cohen-Macaulay thi M 1a modun Cohen-Macaulay
vGi chiéu > s néu va chi néu diy da m-adic M cta M cing 1a moédun
Cohen-Macaulay véi chiéu > s.

Chuong cudi cung cua luan van chiing minh mot s6 két qua vé tinh hiu
han cua tap idéan nguyén t6 lién két cia mot s6 modun d6i dong diéu dia
phuong ctia mot médun Cohen-Macaulay véi chiéu > s. Chd y rang cac két
qua tuong tu ciing da duoc Hellus [H, Dinh 1y 4] ching minh cho truong hop
M = R, trong d6 R la vanh Cohen-Macaulay, Asadollahi-Schenzel [AS, Dinh
1y 1.1] m& rong cho truong hgp M 1a modun Cohen-Macaulay suy rong va
Nhan-Morales [NM, Dinh 1y 4.1] chiing minh cho truong hop M la f-modun

suy rong.

Phén két luan cua luan van tong két cac két qua da dat duoc.
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Chuong 1

Kién thic chuan bi

Trong chuong nay, ta ki hi¢éu R la vanh giao hodn, Noether va M la R-
modun c6 chiéu Krull dim M = d. C4c gia thiét khac vé vanh va modun khi

can s€ duoc nhic lai.

1.1 Tap idéan nguyén to lién két

Dinh nghia 1.1.1. (i) Gia sat M 1a mot R-modun. Mot idéan nguyén to p cua
R duoc goi la idéan nguyén t6 lién két cua M néu ton tai phanta 0 £ = € M
sao cho p = Anng(x).

(il) Modun con () cta M dugc goi la médun con nguyén so cua M néu
M/Q # 0vavéimdia € ZD(M/Q),tontain € N saocho a"(M/Q) = 0.
Khi d6 p = \/Anng(M/Q) 1a mot idéan nguyén t6 clia R, ta néi () 1a mot

modun con p-nguyén so cua M.

(iii) Cho N la modun con cia R modun M ta néi N ¢ phdn tich nguyén
so néu ton tai cic modun con nguyén so (; véi ¢ = 1,...,n, sao cho
N = @1 N...NQ, thanh giao ciia hitu han cic moédun con p;-nguyén
s0. Néu N = 0 hoac N # 0 ¢6 mot phan tich nguyén so thi ta néi N 1a phdn
tich dugc. Phan tich nguyén so nay duoc goi 12 67 thiéu (thu gon) néu cac

idéan nguyén to p; la do6i mot khac nhau va khong c¢é hang tur (); nao la thira,
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nghialavéimoii=1,....n

n
Q¢ () @
i=117#]
(iv) Dé thay rang moi phan tich nguyén so cua N déu c6 thé dua dugc vé
dang thu gon. Khi d6 tap hop {p1, ..., p,} 1a doc lap véi viéc chon phan tich
nguyén so t6i thiu ctia N va dugc goi 1a tdp cdc idéan nguyén t6 lién két
cua M /N, ki hiéu bdi Assp M /N. Cac hang t&t ;i = 1,...,n, dugc goi
1 céc thanh phan nguyén so ctia N. Néu p; 12 t6i thi€u trong Assg M /N thi
QQ; duoc goi la thanh phan coé ldp, nguoc lai thi Q; dugc goi la thanh phan

nhiing.

Ménh dé 1.1.2. [Mat, Dinh 1y 6.1, Dinh 1y 6.3, Dinh Iy 6.5].

(i) p la mot idéan nguyén to lién két cua M khi va chi khi ton tai N la

R-médun con ciia M sao cho N ddng cdu véi R/p.
(ii) Néu p la mot idéan nguyén to cia vanh R thi Ass(R/p) = {p}.

(iii) Cho p la phdn ti t6i dai cia tdp idéan cé dang Ann(x), trong do
0#xz€ M Khidép € Ass(M). Vithé, M # 0 khi va chi khi Ass(M) # .
Hon nita, tdp Z D(M) cdc udc cia khong cia M chinh la hop clia cdc idéan
nguyén to'lién két cua M.

(iv) Assp M = Upeass ar Assp M /pM.

(v) Cho day khép ngdn cdc R-moédun

00— M — M — M —0.

Khi do
(a) Assp(M') C Assp(M) C Asspr(M') U Assr(M");
(b) Suppg(M) = Suppr(M’) U Suppg(M").
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(vi) Cho M la R-médun hitu han sinh. Khi dé Assgp(M) la tdp hitu han va
Assp(M) C Suppr(M). Hon nita, cdc phdn ti t0i thiéu ciia Assg(M) va
Suppp(M) la nhu nhau.

1.2 Hé tham so

Muc nay danh dé nhic lai cdc khdi niém va cdc tinh chat quan trong vé hé
tham so trén vanh giao hodn, Noether, dia phuong (R, m) va M 1a R-modun
hitu han sinh (xem [Mat]).

Pinh nghia 1.2.1. Mot hé gom d phan tot x1,...,x4 € m thoa man
Cr(M/(x1,...,2q) M) < 0o dugc goi 1a mot hé tham s6 cha M.

Mot diy (z,,) € R dugc goi 1a mot day Cauchy theo topé m-adic néu véi
mdi k € N cho trude, ton tai s6 tu nhién ng sao cho z,, — =, € m* véi moi
n,m > ng. Day (z,) C R dugc goi 1a ddy khong néu v6i mdi k € N cho
trudc, ton tai s6 ng sao cho x,, € m”* véi moi . > ng. Ta trang bi quan hé
tuong duong trén tap cdc diy Cauchy nhu sau: Hai day Cauchy (z,,), (y,)
dugc goi 1a tuong duong néu day (x,, — y,) la ddy khong. Ki hiéu R tap
cdc 16p twong duong. Chd ¥ rang quy téc cong (z,) + (yn) = (T, + yn) va
quy tac nhan (z,,)(y,) = (x,y,) khong phu thudc vao cach chon cac dai dién
cta céac 16p twong duwong. Vi thé no la cac phép toan trén R va cung véi hai
phép toan nay, R 1am thanh mot vanh Noether dia phuong véi idéan t6i dai
duy nhat 12 mR. Vanh R vira xay dung dugc goi 1a vanh ddy db theo topo
m-adic cta R.

Mot day (z,) € M duoc goi 1a day Cauchy theo topé m-adic néu vGi moi
k € N cho trudc, ton tai s6 tu nhién ng sao cho z, — 2, € m*M véi moi
n,m > ng. Tt khai niém day Cauchy nhu trén, tuong tu ta dinh nghia dugc
khai niém mddun day du theo tépé m-adic trén vanh R. Modun nay duoc ki
hiéu 1a M.
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Ménh dé 1.2.2. [Mat, Dinh 1y 14.1, Dinh 1y 14.2].

(i) Phan tit x € m la phdn tit tham s6 cia M khi va chi khi © & p, véi moi
p € Ass(M) sao cho dim R/p = d. Hé cdc phdn tit x4, . ..,xrq € m la hé
tham so ciia M khiva chi khi x;+1 & p,voimoip € Assp(M/(x1,...,x;)M)

thod man dim R/p =d —i,véimoi i =1,...,d — 1.
(ii) Cho x1, ..., x; € m la cdc ddy cdc phan tu, voi t < d. Khi dé

dim(M/(xy,...,x;)M) > dim M — t.

Ddng thitc xdy ra khi va chi khi x1, ..., x; la mot phdn hé tham soé cia M.

(iii) Néu x1,...,xq la hé tham s6 cua M thi voi moi s6 nguyén duong

a, ..., a4, ta cé 7", ...,z ciing la mot hé tham s6 ciia M.

(iv) Néu 1, . .., x4 la mot hé tham s6 cua M thi né ciing la hé tham sé cua
M, trong dé M la day du m-adic ctia M.

1.3 Ham tir mo rong

Trong phan nay ta dua ra khai niém va cac tinh chat co ban ciia modun Ext

thuong duoc dung trong luan van (xem [Mat]).

DPinh nghia 1.3.1. Cho M, N 1a caic R-mo6dun va n > 0 la mot s6 tu nhién.
Modun din xudt phai thi n cia ham tdt Hom(—, N) dng véi M duge goi 1a

modun md rong thir n cha M va N, dugc ki hiéu 1a Ext', (M, N).
Cu thé, d€ xay dung Ext; ta 1dy mot giai xa dnh cta M
.o P3B3P 8PS M-=0.
Tac dong ham tod Hom(—, V) vao ddy khép trén ta c¢6 doi phic

0 — Hom (P, N) 3 Hom(P;, N) 2 Hom(Ps, N) — ...
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