TCKH&CN, 23.(01), 2023

THE REGULARITY INDEX OF SIX ALMOST EQUIMULTIPLE
POINTS IN PROJECTIVE SPACE P’

CHI SO CHINH QUY CUA TAP SAU PIEM HAU DONG BOI
TRONG KHONG GIAN XA ANH P’

Tran Nam Sinh, Phan Quang Nhuw Anh
Truong Pai hoc Su pham, Pai hoc Pa Nang
Pham Ngoc Hoang
Trudong DPai hoc Quang Nam

ABSTRACT: In this paper, we compute the regularity index of the set of six almost
equimultiple points in projective space P> and presented through Theorem 3.4.
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TOM TAT: Trong bai bdo nay, chiing t6i tinh chi sé chinh quy ciia mét tdp 6 diém hau
dong boi trong khéng gian xa anh P> va dwoc trinh bay qua Pinh Iy 3.4.

Tirkhéa: Chi sé chinh quy, tdp diém béo, khong gian xa anh, hrge do, ham Hilbert.

1. GIOI THIEU

Cho P":= P la mot khong gian xa
anh n-chiéu trén truong déng dai sb k va
R =k[x,,x,,....,x,] 1a vanh da thirc n +/
bién x,,x,,..,x, v6i hé sd trén k Cho
P,...,P, 1 cac diém phan biét trong P",
ky hiéu .14 idéan nguyén t6 thuan nhat
xac dinh boi P, i=1,...,s. Cho m,,...,m,
nguyén
1:80:”1 mmgg:n gdm cac da thiic

la cac so duong, idéan

feRtrigt tidu tai P voi s6 boi
>m,i=1,..,s; ta ky hiéu Z la lugc dd
chiéu khong xéac dinh boi 7 va goi

Z=mPB+--+mP

1a tap diém béo trong P".

Vanh toa do thuan nhat cua Z la
A=R/I.

bay la vanh phan bac

A= ,A4

04 cd sO boi

S (m +n—1
e(A) = zl(nl J Véi moi te N (N
14 tap cac sb tu nhién), phan phan bac 4
12 mot k-khong gian véc to hitu han chiéu.
Ham s

H,(t)=dim, 4
dugc goi la ham Hilbert cua Z.

Ham Hilbert ting chit cho dén khi
dat duoc s6 boi e(4), tai d6 n6 ding. Chi
s6 chinh quy cta Z 13 s6 nguyén duong bé
nhit sao cho H ,(t)=e(A4) va né dugc ky
hiéu 1a reg(Z). Chi sé chinh quy reg(Z)
bang vé6i chi sé chinh quy Castelnuovo —
Mumford reg(4) cta vanh toa dj 4.

Viéc tinh dung gia tri cua reg(Z) la
kho, thay vi vay nguoi ta tim chan trén

cua nd. Pa cé nhiéu két qua vé chan trén
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clia reg(Z) c6 thé tim thay trong [1], [2],

[31, [4], [6], [7].
Cho tap
Z=mP +---+mP trong P", dit

Z,-q,=1 m, +j—2
J

P,.,P nam trén mot j- phéng},

1

diém béo

li

T, = max {[

T:max{T/. |j:1,...,n}.

Mot tap diem X ={P,..,P} dugc
goi 1a khong suy bién néu X khong nam
trén mot siéu phang. Mot tap diém béo
Z=mP +---+mP duoc goi la khong
suy bién néu X khong suy bién. Nam
2016, E. Ballico, O. Dumitrescu va
Postinghel (xem [1, Theorem 2.1]) da
ching minh dugc

reg(Z) <T,

cho tap Z=mP+---+m, P

n+3" n+3

khong suy bién trong P". Gan day Nagel
va Trok (xem [5, Theorem 5.3]) da ching
minh dugc chdn trén ding cho tap diém
béo tuy y trong P".

Nhic lai ring viéc tinh ding gia tri
cla reg(Z) 1a rat kho. Vi vay, chi co vai
két qua duoc dang trén céc tap chi uy tin
nhu sau.

Nam 1984, Davis va Geramita (xem
[3, Corollary 2.3]) da tinh duogc gia tri cua
reg(Z) khi tap diém nam trén mot dudng
thang voi

reg(Z)=m +---+m —1.

Mbt dwong cong hitu ty chudn trong
P"la duong cong c6 phuong trinh tham
sO
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-1 -1
Xo=t",x, =t""U,..,x,  =tu",x =u

-1 T
Cho mot tap diém  béo
Z=mPB+---+mP  trong P", vobi
m, > m,>---2m_. Nam 1993, Catalisano,
Trung va Valla da chi ra cong thuc tinh
reg(Z) trong hai truong hop sau (xem
[2]):
Néu s>2 va B,..P nam trén
duong cong hiru ty chuan trong P"(xem
[2, Proposition 7]), thi

reg(Z)

=max{m]+m2—1,{(2mi+n—2)/n”.
i=1

Néu
n=3,2<s<n+22<mzm,>--2m,
va B,.,P nam & vi tri tong quat trong

P’ (xem [2, Corollary 8]), thi

reg(Z)=m, +m,—1.

Nam 2012, Thién (xem [8, Theorem
3.4]) ciing da tinh dwoc chi sé chinh quy

reg(Z)=T

cho tip s+2 diém béo sao cho
chung khong ndm trén mot (s-1)-phing
trong P"véi s <n. Trong nam 2017, P.V.
Thién va T.N. Sinh (xem [9, Theorem
4.6]) da tinh duoc chi sé chinh quy

reg(Z)=T

cho tap s+3 diém béo déng boi,
khong nim trén (7-1)-phang, s<r+3,
trong P".

Gia thiét reg(Z) = T cho tap diém
béo tuy y trong P"khong con ding, boi
vi U. Nagel va B. Trok (xem [5, Example
57]) d@ chi ra S
Z=mP+---+mP, 13 tap diém béo trong

rang:  néu



P", gom nam diém ¢ vi tri tuy y va

d+n . .
J O vi tri tong quat, d > 5 thi

reg(Z) <T,
voi d (hodc n) du 16n.
Mot tap diém béo

Z=mP,+---+m P dugc goi 1a hau dong
boi néu m, e{m-1m}, véi moi i =
1,...s.

Trong bai bao nay, ching t6i di tinh
chi sb chinh quy reg(Z) cho truong hop 6
diém hiu ddng boi trong P’ . Két qua nay
la hoan toan méi va dugc néu trong Pinh
ly 3.4.

2. CAC BO DE CAN DUNG

Trong qua trinh chimg minh céac két
qua chinh, ching toi sir dung cac bd dé
sau. B6 dé sau day dung dé tinh gia tri
reg(Z) khi tap diém nam trén mot dudng
thang.

Bo6 dé 2.1. (/3, Hé qua 2.3]). Néu
Z=mP +---+mP. la mt tdp diém béo
tiy y trong P, thi

reg(Z) =m, +---+m_—1

khi va chi khi cdc diém P,...,P
nam trén mot duong thang.

Cho tap cac chi sb {1,...s} va
{iiyei } ={L,...,s} 1a tép chi sb con ciia
{1,..s} Ta goi Y=mP +--+mP la
tgp  diém  béo con cua  tap
Z=mP +---+mP . B6 d sau gilp ta so
sanh chi sd chinh quy ctia mét tap diém
béo con cua tap diém béo cho trudc.

B6 dé 2.2. (8, B6 dé 3.3]). Cho
X ={R,...P} lacdc diém phdn biét
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trong P"va my,...,m, la cdc s6 nguyén
diong. Ddt I =" NN ™. Néu
Y ={P,,... P} la mot tdp con ciia X va
J=p," OO, khi do

reg (R/J) < reg(R/I).

Tw day suy ra, néu
Z=mP +---+mP la tip diém béo xdic
dinh boi idéan I va U =m, P, +---+m, P,
la tap diém béo xdc dinh boi idéan J, thi
ta co

reg (U) < reg(2).

Hai bd dé tiép theo cho phép ta tinh
chi s& chinh quy cho mét tdp diém cho
trudce.

B6 dé 2.3. (/8, Pinh Iy 3.4]). Cho
Pi,...Pys la cdc diém phéan biét khong
nam trén (s-1)-phdang trong P", s<nva
my,...ms la cdc sé6 nguyén duwong. Ddt
I=p"n--nph:, A=R/I. Thi,

reg(A)=max{T;j=1,....n},

trong do

2
7, = max {/ /|

Zj:l miz T ‘] B
J

F,..F nam trén mot j-phang),
q
j=1,...,n.

B6 dé 2.4. (/10, Dinh Iy 3.1]). Cho
X={RB,..P

s} la mét tdp cdc diém
phdn biét ¢ vi tri tong qudt trén s-phdng,
khéng nam trén (s-1)-phdng trong P",
s<n va m, la cdc $6 nguyén dwong. Dt
Z=mP+-+m P la tdp diém béo.
Khi do,

reg(Z) =max{7;. | j =1,...,n}

trong do
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Z;]:l mi/ +j—2

1

F, ,...,Eq nam trén mot j-phangy,

T, = max {[

j=1,...,n.

B6 dé sau day cho ta chin trén cho
tap n+3 diém béo khong suy bién trong
P".

Bo6 dé 2.5. (/1, Dinh Iy 2.1]). Cho
Z=mB+---+m P

n+3" n+3

la mot tap n+3

diém béo khong suy bién trong P". Khi
do,
reg(Z) < max{Tj | j= 1,...,n}

trong do
q .
Zl:lmi/ +j—2] |

F,..F nam trén mot j-phang},
q

1

T, = max {[

j=1,...,n.

3. CHI SO CHINH QUY CUA TAP 6
PIEM HAU PONG BQI

Dé chimg minh cac két qua cua bai
b4o nay, chung t6i bat diu tir nhan xét
sau:

Bé dé 3.1. Cho X ={P,...P,} la
tdp sau diém phdn biét khong suy bién
trong P? sao cho khéng c6 nam diém nao
ciia X nam trén Z-phéng. Cho my,...,mg la
$6 nguyén dwong va tdp diém béo

Z=mPF +---+mP,.

Dat
q )
21:1 m +Jj- 2
J

szmax{[ /|

F, ,...,Bq nam trén mot j-phdang),
va T=max{T | j=123}.
Khi dé, néu T=T; hocic T=T, thi
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reg(Z) =T.

Churng minh. Xét hai truong hop
cua 7.

«T=T;: Goi d la duong thiang di qua
cac diém Pl.] ,...,Pir sao cho
T,=m, +--+m —1. Xét tap diém béo
Y=mP +--+m P, theo B0 d& 2.2, ta
co

reg(Z) > reg(Y) =T,=T.

Hon nia, theo B dé 2.5, ta c6

reg(Z)<T.Do déreg(Z) =T.

« T =T,: Goi a 1a 2-phang di qua

cac diém £ ,..., F, sao cho

s

{ml. +etm,
1
2

} , do khong cé ndm
diém cua X niam trén 2-phing, nén s < 4.
Xét tap diém béo U=m, P, +---+m, P,
theo B6 dé 2.3 ta co

reg(U) = T»=T. Mit khac theo B
dé 2.5, ta ¢6 reg(U) <T. Do d6 reg(Z) =
T. Tir d6 ta nhan duogc reg(Z) =T. B6 dé
3.1 da dugc ching minh.

Ménh dé 3.2. Cho X ={P,...,P,}
la mot tap 6 diem phdan biét khong suy
bién sao cho khéng c6 nam diém nam
trén 2-phdang, m la mét s6 nguyén dwong
16m hon 2. Cho

Z=(m-1)B+(m-1)P, + mP, +---+mP,

la mot tap sau diem hau dong boi.

z;]:l mi/ +j—2

Dt

T, = max {[

/|

P,.,P nam trén mot j-phdng),

Ul 4

va T=max{T,| j=12,3}



Khido reg(Z)=T .

Chiung minh. Do khong c6 ndm
diém nao cua X niam trén 2-phing nén
khong c6 bbén diém cta X ndm trén mot
duong thang.

« Néu X c6 ba diém nidm trén mot
duong thang. Goi d 1a duong thing di qua
ba diém cua X. Khi d6 ta ¢6 cac kha nang
sau:

-ddiqua P;, P, va P; (i=3,...,6) thi
T, =3m-3,

- d di qua P, (hoac P;) va P;, P;
(ij=3,...,6)thi T, =3m -2,

- d di qua P; P; Py (ij k=3, ...,6) thi
1, =3m-1.

* Néu X khong ¢ ba diém nam trén
mot dudng thang. Khi d6 T, =2m-1.

Khi do

3m—12T >22m-1.

Do khong ¢6 nim diém cta X nim
trén 2-phang nén

Suy ra

2m—-1< max{Tl,Tz}.

Hon nira,
T3{2(m—1)+34m+3—2}{6m3—11£2m_1’

do d6: T =max{T,,T,}.

Theo B6 dé 3.1 ta co: reg(Z)=T.

Meénh dé 3.2 da duge ching minh. o

Ménh dé 3.3. Cho X ={P,...,P,}
la tdp 6 diém phdn biét khong suy bién,
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khéng & vi tri tong qudt trong P°, m
l&r $6 nguyén dwong Ién hon 2. Cho
Z=m-1)B+(m-)P,+mP, +---+mP,

la tap sau diém hau déng béi. Pat

Z;lzlmi/ +j_2
T, =max {[ -

A

P,.,P ndm trén mét j-phdngy},

va T=max{T,|j=1273],

khi do: reg(Z)=T.

Chung minh:

Néu X khong c6 5 diém nam trén 2-
phang o, theo Ménh d& 3.2, ta c6

reg(Z) =T.

Néu X ¢6 5 diém ndm trén 2 - phang
a. Ta xét cac truong hop sau:

Trieong hop 1: X ¢6 4 diém nim trén

mot duong thang d. Khi d6 ta co

Adm—-3<T <4m—1,

{Sm_z}ﬂ; S[sz—l} va T, <2m-1.

Do do: T=T,.

Goi PII yeres }34 la bon diém nam trén

duong thang d. Xét tap diém
Y=mF +---+mF, ,theo B6 dé 2.1, ta
co: reg(Y) = T,=T.

Theo B6 dé 2.2 ta co: reg(Z) >
reg(Y) =T.

Hon nita, theo B6 dé 2.5, ta co:
reg(Z) < T.

Do d6: reg(Z) =T.

Truong hop 2: X ¢6 ba diém nam
trén mot dudng thang d. Ta ¢ 2-phing o
ludn chua d. Khi do

« Néu d di qua P;, P,. Khi d6
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3m-3<T <3m-1, T, :{5’”2_2}

vaT,<2m-1.

Ta cé: 3m—3—wzm—_4.
2 2

Do do, Vo1 m=4 thi
3m—32[5m2_2}:712.

V6i m = 3 thi 7T, = 6 va
22{5.3—2}:6.

2
VéyleTz.

« Néu d di qua P; hodc P,. Khi d6

3m—2<T <3m-1, T, s{sm_l}
va 2
T3 < 2m-1.

Sm—1

Ta co: 3m-2- T :m_—3

2
Do d6, vé1 m>3 thi 7, > T,.

e Néu d di qua khong di qua P; va

P> Khi d6 T =3m-1T, :{%} suy

ral >2T,.
Hon nita, taluén c6 7, > Ts.
Do d6: 7=T,.
Goi P,B,P, la ba diém thudc
dudng thing d sao cho 7] = m, +m,_+m,.
Xét tap diém béo

U=mP, +m_P, +m, P, Theo B6 d¢ 2.1
ta co reg(U)=T,=T.

Theo Bb dé 2.2, ta c6 reg(Z) >
reg(U) = T,=T.

Hon nita, theo B6 dé 2.5 ta c6
reg(Z) < T.

Do do6: reg(Z) =T.

22

Ménh dé 3.3 duoc chlimg minh. O
Pinh ly 3.4. Cho X ={F,..., P}
la tdp 6 diém phdan biét khong suy bién,
khéng trong P°, m la sé nguyén diong
I6n hon 2. Cho
Z=m-1D)B+(m-1)P,+mP, +---+mP,

la tap sau diém hdu dé‘ng boi. Dat

Z;]:lmii +j_2
T, = max {/ :

/|

F, ,...,P.q nam trén mot j-phdang),

va T=max{T,| j=1,2,3],

khi do. reg(Z)=T.

Churng minh.

Truong hop 1: Néu X & vi tri tong
quét trong P°, theo B6 d& 2.4 ta co:

reg(Z) =T

Trwong hop 2: Néu X khong nam &
vi tri tong quat.

e X khong c6 5 diém nam trén 2-
phang. Theo Ménh dé 3.2 ta co: reg(Z)=T.

e X ¢6 5 diém nam trén 2-phang.
Theo Ménh dé 3.3 ta c6: reg(Z) = T.

DPinh ly 3.4 da dugc ching minh. o
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