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SU PHAN TICH NGUYEN SO KHONG RUT GON PUQC
VA BAO PONG NGUYEN CUA IDEAN PON THUC

Tran Thi Gia LAm"
Truong Pai hoc Phu Yén

Tém tit

Cho Kk la truong, R =K[X,,X,,...,X,] ld vanh da thirc trén K . Trong bai bao nay,
chdng t6i trinh bay mét so két qud vé su phdn tich nguyén so khéng rit gon dwoc va bao
dong nguyén cua idéan don thirc trong R.

T khoa: Bao dong nguyén, idéan don thuc, Sy phan tich nguyén so.

Abstract
The irredundant primary decomposition and integral closure of monomial ideals
Let k be a field, R =K[X,,X,,...,X,] be a polynomial ring overk . In this paper,
we present some results of the irredundant primary decomposition and integral closure of
monomial ideals inR..
Keywords: Integral closure, monomial ideals, primary decomposition.

1. Mé dau
Cho Kk 1a truong. Theo dinh 1y co s Hilbert, vanh da thuc K[X, X,,...,X,]1a vanh

Noether. Idéan | cia R duoc goi 14 idéan don thirc néu né sinh boi tap cac don thic. Lp
cac idéan nay dong vai trd quan trong trong Pai s6 giao hoan va Hinh hoc dai s6. Sy phan
tich nguyén so khong rit gon dugc va viéc tim bao dong nguyén ctia cac idéan don thirc la
mét trong nhitng ndi dung quan trong cua Ly thuyét biéu dién cua cac duong cong don
thirc, 1a van dé dang dwoc cac nha toan hoc trén thé gisi quan tm nghién ciu hién nay, nhu
J. Herzog, A. Simis, W. V. Vasconcelos, B. Sturmfels, H. Bresisnsky, J. Stueckrad, W.
Vogel, M. Morales, Ngo Viét Trung, L& Tuin Hoa,...

Ta d3 biét, moi idéan | trong vanh giao hoan Noether R déu c6 su phan tich nguyén
so khong rat gon dugc (Pinh 1i phan tich nguyén so trén vanh giao hoan Noether). Trong
bai bdo nay, chiing tdi xét truong hop dic biet voi R =K[x,X,,...,X Jtrong d6 Kk Ia
truong va | 1a idéan don thirc cia R . Chidng t6i chi ra rang khi d6 cac thanh phan nguyén
so trong su phan tich nguyén so khong rat gon duoc cua | cling 1a cic idéan don thuc va
xéc dinh dugc cac idéan nguyén té tuong @ng.

CAc tac gia G. Kempf, F. Knudsen, D. Mumford, B.Saint — Donat di chi ra rang bao
dong nguyén ctia idéan don thirc 1a idéan don thuc. Dé xac dinh bao dong nguyén cua idéan
don thuc, ching t6i xac dinh tap sinh cia n6 théng qua bao 16i cua cac vécto mii cua tap
sinh cua idéan don thtc da cho. Bong thai, ching ti chi ra diéu kién can dé mot idéan don
thirc cho trudc la nguyén dong.
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Ngoai ra, & mdi ndi dung, chiing tdi xay dung cac vi du minh hoa cho cac két qua
cling nhu ki thuat chung minh.
2. Cac két qua chinh
2.1. Su phan tich nguyén so khong rut gon dwgc cia idéan don thirc

Céc dinh nghia trong phan nay c6 thé tim thay ¢ [2] va [3].

Dinh nghia 1. Cho R a vanh giao hoan, | 1a idéan nguyén so cia R. Khi do,

P =4/ laidéan nguyén t6 cia Rvatandi | 1a P - nguyén so.

Pinh nghia 2. Gia st Rla vanh giao hoan, I,1,,1,,...,1, 1a cic idéan cua R. Sy
phantich I =1, N1, N..." 1, caa | dugc goi la khdng rdt gon duoc néu
=N, b Nl ..l
vGi moi .

DPinh nghia 3. Cho R la vanh giao hoan, | 1a idéan that sy cia R. Ta ndi | co su
phan tich nguyén so néu | ¢6 thé biéu dién thanh giao hiru han cac idéan nguyén so cua R,
tac la ton tai sy phantich 1 =Q, N Q, M...NQ, véi Q, 1a P-nguyénso, i =1,2,...,T.
Dinh nghia 4. Cho R la vanh giao hoan, | 1aidéan cia R. Su phan tich nguyén so
I =Q,NQ,n...nQ,, voi P =\/ai, 1=1,2,...,r duoc goi la su phdn tich nguyén so
khéng rat gon diroc néu thoa man cac diéu kién sau:
i. P,P,,..., P, 1a cac idéan nguyén t6 phan biét cia R ;
i, 12Q,NnQ,N...Q NQ,,N...nQ, véimoi i=12,...,r.
Chok 1a trwong, K[X,X,,...,X,] 1a vanh da thuc trén k, X:=(X,X,,...,X,) Vva
X* = XXX ol o= (e, .- ,) €N
Dinh nghia 5. Idéan | cuavanh R =K[X,X,,...,X,] duoc goi la idéan don thic
néu ton tai A = N" sao cho | sinh bai {x* |« € A}. Néu | la idéan don thic thi vanh
thwong R/ | dugc goi la vanh don thirc. Mot idéan don thirc cua R duoc goi la idéan don
thizc bat kha quy néu nd khong thé phan tich thanh giao cua hai idéan don thirc that su cua
R chua that su’vné.‘
Theo B6 d¢ Dickson, idéan don thirc ludn sinh baéi tap hitu han don thaec.
Ménh dé 6([4]). Gia si: | la idéan cua K[X,X,,...,X.] sinh béi cdc don thirc cua

I bién dau tién X, X,,...,X.. Néu I =1, "1, N...n 1 la sy phan tich khdng rat gon

-
duoc cua | bdi cac idéan don thirc thi khdng 6 idéan 1, naovéi 1=1,2,...,S chia don
thire thuge K[X, ;..

Chiéng minh. Pat X ={X,X,,...,X,} va X'=X\{X,X,,...,X.}. Gia st c6

X ]

idéan |, chtra don thirc thuoc K[X']. Ta phan chiacac 1, 1,,..., 1, thanh hai nhém: nhém
l,,..., 1, gom cac I, khdng chira don thuc nao caa K[X'] (chd y rang m c6 thé bang

I, gom cac 1; c6 chia don thuc thuge K[X']. Véi i>m+1

m+l1°c°r s

khong) va nhém |
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chon don thic g; € |, c6 chua cac bién thuoc X'. Vi su phén tich ciia | 1a khong rat gon

m S
duoc nén ton tai don thic feﬂli va f ¢ ﬂ l., vanéu m=0 thitadat f =1. Pat

i=1 i=m+1

fi=19,1..-0;- Vig;el; véi j2m+1nén f el; véi moi j>m+1. Ngoai ra,
m m

feﬂli nén fleﬂli. Tedotacof el suyraf el, dieu nay la mau thuan voi
i=1 i=1

cachchon f.m
Hé qua 7 ([4]). Gia si | la idéan cua K[X,,X,,...,X,] sinh bdi cac don thic cua

I bién dau tién X,X,,...,X.. Néu | =g, q,N...NQ 14 su phdn tich nguyén so

.
khong rat gon duoc cua | bdi cdac idéan don thic, thi véi moi 1=1,2,...,S, g, sinh ra bdi
cdc don thirc thuge K[X,,..., X ].

binh Iy 8. Cho | la idéan don thic cua K[X,X,,...,X.]. Khi @
l=g,N a,N...NQV6i o la idéan sinh boi liy thira cac bién, nghia la
q = (xij‘l,xijz,...,X:“) véi i =1,2,...,S. Hon nira, sy phan tich nay la duy nhat.

Ching minh. bat U ={u,,u,,...,u_} la tap sinh cyc tiéu ciia . Gia su ton tai
u, khong phai 14 lity thira cua cac bién, chang han 1a u,. Khi dé, ta c6 thé viét U, =vw voi
V,W la cic don thiic nguyén t6 cung nhau va v,w=1. Ta c6 I =11, véi
I, =(v,u,,...,u_), I, =(W,u,,...,u ). That vay, ta col < I, N l,. Nguoc lai, lay U Ia
mot don thirc thuge 1, M 1,. Néu U 12 boi ciia U, nao d6 thi U |. Néu U 12 boi cia vw,
tac 1a boi ciia U, thiu €. Ngoai ra, vi V,w la cac don thiac nguyén té cing nhau nén
| #1, va | #1,. Néu tap sinh cyc tiéu cua |, hoic |, chira phan tir khong 1a liy thira
cua cac bién thi ta tiép tuc nhu trén va sau hitu han budc ta duoc | 14 giao cua cac idéan
don thirc sinh bai lity thira cta cac bién. Trong giao nay néu rdt bt mot thanh phan bat ky
thi ta duoc mot idéan chira that sw | cho nén su phan tich nay la khéng rat gon dugc.

Giase l =g, ag,N...N0,= g, N a5, N...N4d", la hai phan tich khong rat
gon dugc V6i ¢, q'; sinh boi liy thira cua cac bién. Ta s& ching minh véi moi
ie{l2,...,s} tontai je{l,2,...,t} sao cho q'; < q;. That vay, lay ie{l,2,... s},
o = (X", X2,...,X) va gia su q'; & g v6i moi j. Khi do, véi mdi j ton tai

X,bj"eq'j\qi. biéu ndy suy ra Ije_f{l,Z,...,a} hoic bj<a,j. bat

t
u=BCNN{x},x*,...x}. Tacoue[ ] d;=1c q. Dodétontai i e{1,2,...,c}
j=1

sao cho X 1a woc cua u, diéu ndy 1a khong thé. Tuong tu, véi mdi j €{L,2,...,t} ton tai
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ie{L2,...,s} sao cho g, = q;. Vi hai su phan tich cia | & trén la khong thé rt gon

dugc chonéntr dosuyra s =tva {q,,q,,....0.+={a'.d',....d' ;. =

Pinh Iy 9. Cho | la idéan don thic cia K[X,X,,...,X ]. Khi d, | 1a bdt kha
quy khi va chi khi | sinh bdi Iy thira c&c bién.

Chitng minh. Gia st | bat kha quy va tap sinh cuc tiéu cua | c6 don thic U
khong phai 1a lity thira cAc bién, khi d6 U =vw véi UCLN(v,w) =1va v,w =1. Khi do,
theo Pinh ly 8, | c6 thé phan tich thanh giao thuc sy cua cac idéan don thiac, mau thuan
véi tinh bat kha quy cua | .

Nguoc lai, gia st | sinh boi lily thira cac bién, nghia 1a | = (X, X250 X7) VA

I =1,n1,, véi 1,1, 1a cac idéan don thic thuc sy chira that su |. Theo Binh ly 8,

I —ﬂ a1, ﬂ q';, trong dé ;,q'; sinh boi lity thira cua céc bién. Nhu vay, ching
j=1

S t
ta c6 su phan tich | = ﬂ qiﬂ q’;. Sau khi loai bé nhitng idéan c6 thé rt gon dugc trong
i=1 j=1
giao & vé phai, ching ta nhan duoc mot su phan tich khong rat gon dugc caa | boi cac
idéan don thic sinh bai lity thira cac bién. Theo Pinh ly 8, sy phan tich | béi giao cac
idéan sinh boi liy thira cac bién 1a duy nhét, vi | sinh bai lay thira céc bién va c6 sy phan
tich trén nén | =q; hodc | =q'; véi i, j nao do. Piéu nay 1a mau thuan. Vay | bat kha
quy. m
Vi du 10. Cho R=K[X,X,,X,] va | =(XX5,X,X;, X' X;, X5) la idéan cua R. Ta
tim sy phan tich khong rdt gon dugc cua | boi cac idéan bat kha quy sinh boéi liiy thira cac
bién nhu sau:

(X1’X2X3’X12X3’X§)m(xzzlX2X3’X12X3’X§)
- (X0 XX, X5) N (X5, X Xg, X7 Xs)
= (4%, %) O (%, %, %) NG, %, X7 Xg) N (X, X, X0 Xg)
- (X0 %) O (X Xg0 X3 ) O (X0 XEX) N (X5, X5)
= 06%) N (%%, %5) N (%, %) O (%9, %) N (X5, %)
= (X, Xg,xs)m(xf1xz)m(xzzixs)-

Ménh @& 11. Cho q=(x* - X¥) C R la idéan don thirc bat kha quy va

I 1 | LI
p=(Xil,Xi2,...,Xir). Khido q la p - nguyén so.

Chirng minh. Trudc hét, ta ching minh {Xil,xiz,...,xir} la tap cac phan tir sinh
cua +/q. RO rang, {Xil’xiz""’xir}c \/a Nguoc lai, do g la idéan don thuc nén \/a

ciing 1a idéan don thirc. Gia st U 1a mét don thitc nao d6 thudc/q. Khi do, ton tai sb
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ay Xa2
(R PR
h 2

nguyén khong am mdé u™ € q, tacla U™ =vw véi v e {X Xf‘} diéu nay kéo

theo v = ij” v6i j nao do, je{l2,...,r}. Do do X;. phai c6 mat trong thanh phan cta

,Xiz,...,xir). Tur két qua nay suy ra \/a: (xil,x.

[P

don thic U, nghia l1a U € (X . Xir) .

Do g la bat kha quy sinh béi liy thira céc bién nén g 1a nguyén so, do d6, p = \/a la

iy

nguyén to, tir d6 suy ra diéu phai chitng minh. =

Nhan xét. Trong vanh Noether, moi idéan déu c6 sy phan tich nguyén so khong rit
gon dugc. Bai Dinh ly 8, mdi idéan don thirc déu cd sy phan tich duy nhét thanh giao cac
idéan sinh boi lity thira cac bién va su phan tich d6 1a khéng rat gon duoc. Theo Pinh 9,
mdi thanh phan cua sy phan tich nay Ia bat kha quy, do do, bai Ménh dé 11, mdi thanh phan
cua sy phén tich nay la p, - nguyén so, cho nén do6 ciing la sy phan tich nguyén so cua
idéan don thwc. Tuy nhién, sy phan tich nguyén so nay 1a co thé khong phai 1a khéng rat
gon dugc va ta c6 thé tim duoc dang phan tich nguyén so khong rat gon duoc cua né (khi
d6 cac thanh phan trong sy phén tich nguyén so khong rut gon duoc nay cé thé khong thoa
man diéu kién sinh boi lily thira cua cac bién). Vi giao cua cac idéanp - nguyén so 1a idéan
p - nguyén so nén trong su phan tich | =q, N g, N...N g theo Dinh ly 9, ching ta
thay thé tat ca cdc g cling la p, - nguyén so bsi giao cua ching, ta s& duoc dang phan tich
nguyén so khong rat gon duoc cua | . Vi du sau minh hoa diéu nay.

Vi du 12. Cho R=K[X,X,, %] va | = (X, X2%;, X2, X X,) i idéan cia R c6 su
phan tich khong rdt gon dwoc boi cac idéan bat kha quy sinh boi lity thira cac bién:

2 2 2 2 2
I= (%06, %) N 06, %, %) N4 %0, %) N (%, %).
Theo ménh dé 11, cac idéan (X, X2, %2), (X, %,, X2 ), (X2, X,, X,) 12 (X, X,,X;) - nguyén
so va idéan (X, X;) la (X, X;) - nguyén so. Vi
2 2 2 2 2 2 y2 2
(X0 %, X5) N (X %, X5) N OGS X, %) = (%7, X5, X5, %%, )
nén | c6 su phan tich nguyén so khong rit gon dugc sau day:
2 U2 2
I = (X% X5, %%) N (X, X3)-

2.2. Bao dong nguyén cua idéan don thirc

Trudc hét ta nhic lai khéi niém bao dong nguyén cua idéan.

Pinh nghia 13. Cho R la vanh va | 1a idéan cua R. Phan tir f € Rduoc goi la
nguyén trén | néu no thoa man phuong trinh
f"+cf™ +.. . +c ,f+c, =0 wicel,iefl2,..,m}
Phuong trinh nay dugc goi la phuwong trinh phu thuge nguyén cia f trén | .
Tap hop | = R gdm tat ca cac phan tir nguyén trén | dwoc goi 13 bao déng nguyén

cua | . Idéan | goi 1a nguyén déng néu | =1. Tanbi | 1a idéan chudn néu moi lity thira
cia | 1a nguyén dong.
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Bo dé 14 ([4]). Cho R =K[X,X,,...,X.] Ia vanh da thirc trén truong K va | 1a
idéan ciia R. Gid sir M, M,,...,M 1atdp cic don thirc dgc |dp tuyen tinh trén k thoa
man

M7 =b, [ [M" ek,

i#]

trong d6, S; =M+ > r; >0, m va r, eN véi moi j=12,...,q. Néu b, Ia don
]

i#]
thirc trong |™ véi m; >0 va b, ek thi M, € l' véi | >0 nao ds.
J
Chirng minh: Ta ching minh bang quy nap theo .
Truong hop =1, dé thiy B dé ding. Gia st g >2. Vi mdi j>2, thay M,

R ; S5~ il r; ri 0l P i .
vao M ;‘Sl ta dugc M j‘sl U =p bn{ll | | M "% Ch( y ring trong cac phuong trinh
J

1#i#j
nay M, di bi loai. Do d6, ap dung gia thiét quy nap cho M,,..., M, ching ta c6 I\/Ic'] el

véi | >0 naods. m
Ménh dé 15 ([4]). Cho R la vanh da thirc trén trieong K va | la idéan don thirc

cua R. Khi d@o, bao déng nguyén | cua | ciing la idéan don thic.

Chieng minh. Ldy z=M,+M, +...+ M, e |, trong d6 cac M; 1a cac don thuc

doc 1ap tuyén tinh trén k. Do z nguyén trén | nén ton tai phwong trinh phu thudc nguyén
cua z trén |

2"+az" ' +..+a z+a =0, vi ael'i=12..,n
Bing quy nap, ta chi can ching minh M, 1 véi i nao do. Néu M" el" thi M, el.
Do d6, ta c6 thé gia st M. & 1" véi moi i. Vi I' 1a idéan don thic, cho nén moi don thirc
c6 mat trong @, déu thuoc | ' Tu phuong trinh trén, sau khi khir cac hang tir chung ta nhan

duoc cac phuong trinh M ;5" = bmj H M irji , trong d6, S; =M, + Z r

iz] i=]

ji» My, 1 € N ovoi moi

j=12,...,q sao cho bmj 1a don thac trong 1™ vei m; >0, va bmj ek voi m, =0.

Theo B6 dé 14, tadugc M, € 1. m
Ménh dé 16. Cho R la vanh da thirc trén truong K va | la idéan don thirc cia R
. Khi @6, bao déng nguyén cua | la
] :({x“ |X™ e 1™, véi m>1nao dé}).

a

Ching minh. Néu x™ el™ thi x“ 1a nghiém cia da thac z" +a,, voi
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a el™, dods x* e 1.Dé co didu nguoc lai, trudc hét ta chung minh néu J 1a idéan don
thiec va U e J 1a don thic bat ky thi tdn tai sé nguyén dwong r sao cho u" € J". That
vay, vi Ue J nén goi phuong trinh phu thuéc nguyén cia U trén J la
U™ +cu™ +...4+c, =0vdi ¢ ed'. Goi @ ek lahesécua U' trong da thiic ¢;. Khi
dotaco(l+a +...+a )u™ =0.Suy raton tai r efL,2,...,m} sao cho a, #0. Nhu vay,
u" c6 mit trong da thuc C,. Vi ¢, € J" va J' laidéan donthucnén u' € J".

Bay gio, ldy z=x“ el. Theo ching minh trén, tdn tai sé nguyén duong M dé

m

2"el™ suyra z e({x“ |X™ e 1™, véi m>1nao dé}). T d6 ta c6 diéu phai ching

minh. m
Sau day ta tim biéu dién hinh hoc cia bao dong nguyén cua idéan don thirc. Cho

a Q" trong a6 Q, latap cac s6 hitu ty khdng am. Ta goi goc trén bén phai cua o 1a
vecto| or | ma cac thanh phan [ o |, xéc dinh boi
o, néu ¢, €N,
o] = )
i [ai]+1 néu o, ¢N,
trong d6 [¢; | 1a phan nguyén cia o
Gia st a =(a,,&,,.-,&,)€N", ta goi conv(a,a,,...,a,) la bao I6i cua
a,,a,,...,a, (tréntap hitu ty), xac dinh bai

r r
conv(a,,a,,...,a,) :{Zﬂ,,ai 1> 4 =14 €Q, véimoi i}
i=1 i=1
|a tap moi t6 hop 16i cia a,,a,,...,a..
Ménh dé& 17 ([1]). Cho R=K[X,X,,...,X.] la vanh da thirc trén truong K. Néu

idéan | cua R sinh béi cdc don thirc X*,X*,...,X* thi bao dong nguyén cua | 1a

= ({xM la e conv(ai,az,...,ar)}).

Chitng minh. Pat F :{xM | econv(ai,az,...,ar)}.Léy X*TeF va gia s

)
a:Zi,ai la mot to hop 16i cua a,,a,,...,a,.Vi |_a_|2a nén ton tai #>0,8eQ"

i=1

dé (a_':aJr,B. Do do, tontai p >0 saocho pBeN" va pA € N vési moi i. Vi thé,
XPI—C[I — Xpﬂxpa — Xpﬂ(xal)pﬂl(XaZ)pﬂ’z ”-(Xar)pﬂ'r e I p’

kéo theo X“I e 1 va (F)c 1.Nguoc lai, liy X" €1, nghia 1a X” €1” véi p>0 nao
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d6. Ton tai cac sb nguyén khong am s, thoa man X" = x°(x*)%(x*2)%...(x*)* va
S, +S,+...+S, = p. Do déy=é+2[ijai.laét “:Z(ijai' Chia c4c thanh phan
P S\ P i\ P

cia & chop, taco thé viét y =0+a+ S, trongds 0< B <1 vsimoii va @eN".
Chi y ring, a+ B €N".Cudi cing, ta cin chung o [a |=a+B. Néu B =0 thi
@ eN va [a] =o+f. Gia si 0<f <l vi og+feN nén o ¢N va
[a] =[e]+1. Néu [ ]+1<a+ B <o +1 thi
[ ]+1<[e; + Bl=a, + B <[ex]+1,diéu nay 1a mau thuin, do do,
o, <o+ f <[e]+1 suy ra o +pf =[e;]+1 hay |_05—|i =a,+ . Ké qua la
x” e (F), do d6 ta c6 diéu can chiang minh. m

Hé qua 18. Cho R = k[Xl, X0t Xn] la vanh da thiec trén truong K va | la idéan

sinh béi cdc don thirc X*,X%,..., X2

. Khi do, bao dong nguyén | sinh béi cdc don thirc
c6 bdc khong qua d +n—1, trong @6 d so lén nhdt trong c&c bdc cia cdc don thirc
X%, x% X%
Ching minh. Liy a econv(a,,a,,...,a,) va f=[a|. Theo Ménh dé 17, x”
n
I phan tir sinh cua T . Ta can ching minh degx” <d +n-1hay > g <d+n-1.Vi

i=1
Bi=a,+5 voi 5, e[0nén D B=>a+> 5<d+n-1m
i=1 i=1 i=1
Vi du 19. Cho I=(x4,xy2,y3)ck[x, y]. Taco

{{ o]l e conv((0,3), (1, 2),(4,0))}
={(0,3),(1.2).(1,3),(2,2),(2,3),(31).(3,2),(4,0), (4.1)}.
Do vay, bao dong nguyén cua | la
i _ (y3’ xy2,xy3, Xzyz’ x2y3, Xsy’ x3y2,x4, x“y) _ <X4, ys’ Xyz’ x3y).
Ménh dé 20. Cho k la truong va R =K[x,X,]. Néu | la idéan sinh boi cac don

a

thie X, X%,...,X™ cobdc d thi | ciing sinh ra béi cdc don thirc ¢6 bac d .

Chang minh. Ky higu a =(a,,a,) va gia st a, <a, <...<a,. Ta chung

minh | sinh ra boi tap Agom céc don thic ¢ dang X° = XX thoa man ¢, +¢C, =d va

a, <c <a,. That vay, néu X° € A thi ¢ =ta, +(1—-t)a, voi 0<t<1. Do do,
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c=ta +(1-t)a,va ceconv(a,a,), diéunayconghiala X° € 1. Nguoc lai, iy x” 1a
mot phin ti sinh cua | . Theo ménh dé 17, ,B:foﬂ véi a e conv(a,,a,,...,a,). Dit
c=(al,d—[ea]). Taching minh X° € A, tac la chung minh a,, <[ o | <a,.Vi

q
a econv(a,,a,,...,a,) nén a =ta +ta, +...+ta,, > t; =1t >0 véi moi i kéo
i=1

q
theo o =ta,+ta, +..+ta, Vi a,<a,<..<a, va »t=1  nén
i-1

a; <o <ay, suyra a, S(a—|1 <ay. Cudi cling ta chung minh B >c. That vay,
a, =ta, +tay, +...+1,a,.
a +a, =t(a; +a,) +t,(a, +a,) +...+t,(a, +a,)=d.

Vi vay, |_a—|l +l_a_|2 2 |_ocl +a2—| =d . Suy ra|_05—|2 >d —|_a—|1. Viyf=>cC.m
M¢énh dé 21 ([2]). Gia sir R=K[x,,X,] va | la idéan cia R sinh boi cic don

thirc ¢6 cung bdc d. Néu | la nguyén déng thi | 1a chuan.
Chieng minh. Idéan | ¢6 dang zJ véi z 1a udc chung I6n nhat cia cac don thac
trong | . Do | 13 nguyén dong khi va chi khi J 1a nguyén déng nén co thé gia st 1a m -

Do do,

nguyén so, trong do, m = (X, X,). Vi )(1d,X£j el nénsuyra |l =m.m
Pinh nghia 22. Cho X* 1a don thiic cia R =k[x]va dat log(x*) =a. Chotap F
gom hitu han don thirc, ta dinh nghia log(F) = {Iog(xa) | x* e F}.

M¢énh @@ 23 ([4]). Cho R =K[X,,X,,...,X,] la vanh da thitc trén truong K va |
la idéan don thirc cua R. Khi d6, bao dong nguyén cua | dwoc cho bai:

] :({x"’ la e conv(log(l))mZ”}).

Chéng minh. bat J :({X“ |aeconv(log(l))mZ”}). Gia st
q q

a e conv(log(l)). Ta co thé viét o =" 43, trong do, 24 >0, > 1 =1 va x* el.
i=1 i=1

Cht y ring Au' =@, )", trong d6 A 1a ma tran cip (N+1)xQg voi céc cot la
LA),i=12,...,q, vi thé, bsi B6 d& Farkas ching ta c6 thé gia sit £ € Q. Chon

meN, saocho My €N v6i moi i, ching ta nhan duwoc X™ € 1™ va X“ e | .Nguoc

lai, ta cAn chiing minh I < J. Vi | sinh bi cac don thic nén véi X“ e 1, tdntai m e N,

sao cho X™ e |I™. Pbiéu nay kéo theo a € conv(log(l)). m
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Ménh dé 24. Gid siz F 14 tdp hitu han cdc don thic bdc d cia vanh da thic
R=K[X,X,,...,x,.] wén wuong k. Néu 1=(F) la nguyén dong, thi
conv(log(F)) nZ" = log(F).

Ching minh. Pat F ={x*,x%,..,x“}. Liy Beconv(log(F)) NZ" thi

q q
p= Z,uiai, trong do, g4 >0, Zyi =1. Vi F la tap httu han cac don thiic bac d nén
i1 i1

| Bl=d. Mat khac S e Z" nén x/ = x 71 13 phan ti sinh cia | =1 cho nén x# = x*
Véi | nao d6 va do do B € log(F). Bao ham thiic nguoc lai 1a hién nhién. m
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