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MOT SO LUGI TRONG PHUONG PHAP PHAN TU
HUU HAN
Nguyé&n Thanh Vi
Trudng Pai hoc Khoa hoc Ty nhién

(Bai nhdn ngay 06/06/2000
hoan chinh sita chita ngay 05/09/2000)

TOM TAT: Trong bai bdo nay, chiing 16i xdy dung vai ludi phdn ti hitu han trong phuong
phdp phdn tit hitu han. Chiing t6i*hy vong rdng vigc tinh cde ham xdp xi khi ding cdc ludi
mdi nay sé nhanh hon so vdi khi ding cdc dang lwidi cii.

1. SO PINH NGHIA CAN SU DUNG.
- Pinh nghia 1 : Gid st riing

o
(i) K < R"1a tdp compact, lién théng va c6 phan trong K # &
(ii) X = {aj: 1 <j <N} Ia tdp gdbm N di€m phan biét cia K.

(iii) P 1a m§t khong gian N chiéu gém cdc ham s8 c6 gid tri thuc va xdc dinh trén

"Pcoémoteosdla {p;:1<i<N} vicdc ham cd s thda tinh chat,
1 =1 néu

¢

i@)=38; = )
i i {0 J#1 néu
Khi d6 (K, P, 2) dugc goi 12 phén t& hitu han Lagrange va ¥, dugc goi 1a lugi
— Pinh nghia 2:

Gid sit (n + 1) diém a; = {ayj,..., a,} € R", 1 £j <n+ 1, khdng ciing nim trén mot
siéu phdng cda R", nghia 13 ma trin c&p n + 1 sau day kha dio

a1 12 ... 31,n+1‘i
A=
dp1 Qpg ... nn+l
[ I (i |

Khi d6, bao 16i K cla (n + 1) diém dé dudc goi 1a n — don hinh.
— Dinh nghia 3:
Goi cdc dinh ctia K=10, 1]"cR"1a 4;, 1 <j<2"

Mbt bao 16i K cda 2" di€m aj € R", 1 <j < 2", dudc goi 14 n siéu hép néu tdn tai
mot dnh xa affin khd ddo F: R" = R" thda

aj=F (j), V;=1,..., 2"
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1L XAY DUNG MOT 0 LUGI CUA PHAN TU HUU HAN
I1.1I Truong hop K la n- siéu hop.

— Pinh nghia 4.

Vi k 12 mot s& nguyén dudng

G R E | :
'Ch(-)“z={y=(Y1""’yh):YiE{O’EE’EE""’ " ,1},-1$1£n}

Chon P 12 khdng gian sinh bdi {py : y € X}, trong dé py dudc xédc dinh
nhu sau:

Viye Lnénycodangy= (gi,—g%,,%%), trong d6
y € {0, 1,..., 2} vdimoij=1,...,m
Véi x = (X1,..., Xn) € R" thi

n Zk

py =111

i) i=a M3
i#pj

Kk .
2 Xj'—l

— Tinh chét 5:

Véi ¥, duge chon trong dinh nghia 4, s8 phén t cia X 12
card ¥ = (2 + 1)
Chiing minh

S& phén ti ciia ¥ 12 0 chinh hdp ldp chip n ciia (2* + 1) 0, do d6 ta co k&t qua
trong tinh chét 5

— Tinh chét 6:
Gi4 sif py dugc chon trong dinh nghia 4 vdi y thy ¥ thudc X
Khi d6 py c6 tinh chat

1 X=Yy néu
(x) = 2
Py {0 X EY X € 2. néu vi
Chiing minh

— Truding hgp x =y : Ta cd 2kxj = 2“:—1{ =p;,1S)sn

n | 2%
Do do py(x)=H 1{=1

i=1} j=0
1#]

— Trudng hdp X2y Va X € Y :Tacédx= [BTI,,E—E)
2 2k i3
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Do x # y nén ton tai j thda p; # ;, khi d6 vdi i = Wjta cé

2"11:1-—i--2k A ~ ;=0

Suyrapy(x) =0

~ Tinh chit 7:

V6i P nhu trong dinh nghia 4 thi
* S8 chiéu ctia P 1a (2% + 1)

e P la khdng gian cdc da thifc trén R" theo n bién va cé bac khéng Idn hon 2% doi
véi mbi bi€n

Chiing minh

- Ta thdy {py : y € X} 12 tdp hop cdc da thic doc lap tuyé€n tinh, nén
dimP = card ¥

= Goi P' 1a khong gian cdc da thiic theo n bién va cg bac khong 1dn hon 2¥ d6i vai
mdi bi€n, titc mdi p € P’ c6 dang

Vx = (X1,...,Xn) € R", p(x) = Zay,,. i x'll...xi"

n

trong dé t(‘)’ng theo cdc chi sd nguyén iy,..., i, sao cho 0 <5< 2", Vj=1,...,n;cdc hé
i 12 sd thuc.

36’ ail A

Chiéu cda P' bing s§ phin t& cla tap {(i1ye.., in) 1 iy € {0,1,..., 2%} 1 < € n}, do do
chiéu cia P’ bing (2% + 1)"

Taco Vy e 2, py € P', dod6 P c P, déng thdi dim P = dim P', suy ra P = P’
— Tinh chat 8:

V@i cach chon X va P nhu trong dinh nghia 4, ta ¢6 (K P, 2) l1a phadn tif hitu han
Lagrange.

Chiing minh

Do tinh chit 5, 6, 7

— Tinh chat 9:

Gid st ludi trong dinh nghia 4 dng vdi k va k' ldn lugt 1a 5, T
Khi d6 : néu k' > k th Ty < X

Chiing minh

Coiy € X, y ¢6 dang

TR T T
y= (zk ’. Erkl) Va1 ]J-J € {0, l,...,z }, SJSH

bat p= Kk By véi 1 <j<nthi Bie 101 2"'}

. oy e R (il i
licdé =L =L vay=) 2L Dn
Dodéy e Xy
Vay 2k c X
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II.é. Truong hop K la n — don hinh.

— Pinh nghia 10:

Goi (n + 1) dinh cia K 12 ay,..., @n+i

Coi k 12 s8 nguyén dudng

e Chon Y 12 tip cdc di€émy e R" c6 dang

n+l n+l

1 s
y = 22_1131" trong do Zuj = ok
i1 j=1

va ;12 56 nguyén khong am, V;=1,.,n+1

e Chon P la khong gian sinh bdi {p, : y € X} trong dé py duge xdc dinh
nhu sau:

n+l

Viye Znénycddangy= z —=dy

Véi x = (X1,..., Xn) € R" thi
n+l 1n+1 nj-1
py(x) = H(PJ | [TI1@w-b

Tinh chat 11:

‘ 2 251
Véi 3 dudc chon trong dinh nghia 10, s6 phén tf ciia 2 13 L—Ek—')—
n!2¢!

Chiing minh

° Tru’dng hgpn=1: |.1] va |1 trong dinh nghia 10 théa p + W2 = 2%, ta thdy
i € {0,1,.. ., 2*} nén suy ra s6 phéntu‘cuaZlaZ + 1

Do d6 tinh chat 10 diing vdin =1

e Gia si tinh chat 10 ding trong khdng gian R ta s& chitng minh né ding trong
R™! nhu sau :

C4c ..., Hosr trong dinh nghia 10 thda

L+ HaF oot osl = 2% hay py +...+ pa = B P
Datm = ppet thim € {0,1, ..., 2%}

$& phén tif ciia X 12

k
i(n+(2k—m))l (41429
Ani2k-m)t e+ D2k

Vay tinh chal 10 ding v6i moi s0 W nhién n.

— Tinh chat 12:

Gia st py dugc chon dinh nghia 10 vdi y tay y thuge e
Khi d6 py c6 tinh chat
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1 X=y néu
py(x) = {0 X%y -néu 3 vi
e Trudng hgp x =y
~1 -1
Ta co H(zkx -i) = H(u, -i) = I-lJ
i=0 i=0

Do d6 py(x) =1
o Trudng hgpx #yvax e X :

n
Ta thdy x c¢6 dang x = Z
s j=1

h
ok &

n n+l
Vi Z By = Z p'; nén ton tai j thda p'j < p; lic d6 véii= p'jta cé
j=1 i=1

(2"x;-i) = (zk% p'j) -0

Do d6 py(x) =0

- Tinh chat 13:

V@i P va 2. nhu trong dinh nghia 10 thi

e S8 chiéu ciia P biing s& phin tif ctia Y,

e P 1a khong gian cdc da thiic theo n bi€n va c6 bic khéng 16n hon 2

Chiing minh
e Ta thdy {p,:y € X} 1a tdp céc da thic ddc ldp tuyén tinh nén
dim P =card 2

» Goi P' 12 khong gian cdc da thifc theo n bién va c6 bac nhd hon hay bang 2% tc
n€up e P'thip cé dang.

xilxiZ ..xIn | trong d6 tdng theo cic chi s&
12 s6 thuc.

vx - (x]v * xl‘l) € R p(x) = za’ll ,in

nguyén khong am iy,..., ip thda iy +1iz + ... i, <25 ,cdc hé s8 0 ,.in

Ta thiy i + iz + ... + i, < 2% tuong duong iy + iz + ... + in + insy = 2% V6i
iss1 € 10,1,..5 Zk}, so sdnh v&i Wy + Py + ... + st = 2* trong chiing minh cda tinh chat 11,
ta suy ra

dim P' = card 2, tiic dim P' = dim P
Mit khdc, Vy € 2, pye P’ nénPc P
Dod6 P=P
- Tinh chét 14:

Vi cdch chon X va P nhu trong dinh nghia 10, ta cé (K, P, ) 1a phan td hitu han
Lagrange.

Chiing minh

Do tinh chat 11, 12, 13
16 '
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- 'i“inh chit 15:

Gia sit 1udi trong dinh nghia 10 ttng véi k va k' lan lugt 1a 2y, T
Khi d6 : nfuk' >k thi Yx c X

Chiing minh

Coiy € 2k, y ¢6 dang

n+l n+l

FJ’.
y= Z E%aj trong do Z Bj = ok
j=1 j=1

n+l
Patp=2%pvéil<j<nthi Y ;= ok

—
—

1 v

+

: n

Lic dé: B‘j—=u—j.véy= i"—,aj
2 2 ‘T 2
j
Do do y € Zk'
Viy Yk c 2k

Il KET LUAN.

Ta da xdy dung hai dang Iudi cla phén ti hifu han trong dinh nghia 4 va dinh
nghia 10. Tinh chit dic biét ciia hai dang ludi nay 1a tinh chat 9 (tinh chdt 15). Trong
céc bai to4n tinh ham x4p xi clia him v bang phuong phdp phin ti hitu han, ta can tinh
gid tri clda v tai cdc nut (phdn t¥) cda ludi 2, thuc t€ hién nay 12 nhg mdy tinh thuc
hién, khi chon k cang 16n thi lu6i 2 cang chifa nhiéu diém va sai s6 ciia phép tinh gan
diing cang nhé. M3i 1an chon chon lai k thi phai tinh lai cdc gid tri v tai cdc mit cia ludi
méi, néu st dung ludi c6 tinh chat 9 (tinh chat 15) thi cdc nit cti van gilf nguyén va
thém mot s nit mdi, khi d6 mdy tinh chi thuc hién viéc tinh gid tri cda ham v tai cdc
niit thém ma khong cin tinh lai toan bd gid tri v tai moi ndt, nhu thé& viéc tinh s& nhanh
hon so véi viéc ding cdc dang ludi khong c6 tinh chat 9.

SOME FINITE ELEMENT MESHS IN THE FINITE ELEMENT METHOD
Nguyen Thanh Vu '

ABSTRACT : We contruct in this paper some finite element meshs in the finite element
method. We hope that the computation of approximate functions using the above meshs is
quicker than the method relying on the known mesh. :
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