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NOI SUY HERMITE BANG CONG CU GIAI TICH PHUC
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Tém tit:

Bai bao trinh bay phwong phap xdy dung cong thwc noi suy Hertmite, trong do co su dung cong cu
clia gidi tich phirc thay vi dung cong cu ciia dai s6 tuyén tinh. Cudi bai c6 dwa ra vi du minh hoa wu diém

cua phwong phdp nay.
Tir khoa: Hermite, ngi suy, da thirc noi suy.

1. D3t van dé

Trong thuc hanh tinh todn (nhat 14 trong cac
nganh khoa hoc tu nhién va k¥ thuat) ta thudng phai
sir dung nhitng ham y = f{x) ma khong thé biét bicu
thtrc giai tich ctia chung; chi biét cac gié tri cia ham
tai mot s6 diém nao d6 cua doan [a, b], chung duoc
goi 1a cac diém méc, (cac gia tri nay co thé c6 dugc
nho phép do dac thuc nghlem) Khi st dung cac
ham nay, nhiéu khi ta can biét gla tri cuia chung tai
mot diém ngoai nhung diém mdc. Mubn vay ta xay
dung ham F (x) ¢6 biéu thie don gian trung véi f(x)
tai cac diém moc con tai cac diém khac cua doan [a,
b] thi “kha gan” véi f{x) va sau d6 ham F(x) duoc sur
dung thay cho ham f{x). Bai toan xay dung ham F{(x)
nhu vay goi 1a bai toan ndi suy; ham F(x) goi la ham
ndi suy cua f{x) trén doan [a, b].

Bai toan ndi suy con dugc néu ra dudi dang
tong quat hon: Khong nhitng doi hoi ham F(x)
trung voi f(x) tal cac diém n01 suy ma con doi hdi
cac dao ham cip mot hoac cap cao hon cua chung
cling tring nhau tai cac moc dy. D6 1a bai toan noi
suy Hermite.

Bai toan ngi suy Hermite 1a bai toan ndi suy
b dién tong quat, tuy nhién bai bao nay khac véi
nhiing tai liéu da viét vé van dé do 1a sir dung Ly
thuyét thang du dé xay dung cong thirc ndi suy thay
cho viéc ding hé phuong trinh truyén tinh quen
thudc. Piéu nay c6 y nghia trong giang day ca mon
Phuong phap tinh va mon Ham bién phtic trong
truong dai hoc k¥ thuat.

2. Dat bai toan
Ta xét bai toan tim da thirc bac nho hon hoac
bang n

P(x)=apx" +tax"' +eeeta x+a, (2.1)
thoa mén diéu kién
P (x) =f(“)(x/.);j =l...ms=0,.,a-1 (22)

(6 day ta hiéu f (0’(xj,)= S (x)). Véi x, € [a, b],

Vi=1,m;x,x, , X la m so thuc khac nhau
1 2 m
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tirng d6i mot goi 1a cac mde nodi suy.

Gia thiét ré'mg tai cac mbe xj,j =1,...,mcho
trude gia tri ham f(x) va cac gia tri cia moi dao ham
dén cép (a,—1) cua no, tirc la cho cac gia tri

S&) L), s S () vi=Tom . (23)

Nhu vay v% ham f{x) ta biét trudc o, ta,te
**+a =n+1dieukién.

Céc diéu kién (2.2) 1a mot hé phuong trinh
dai s6 tuyén tinh di voi cdc hé s6 can xédc dinh a,,
a,a, ...,a, cuada thic (2.1).

Viéc xdy dung da thtc (2.1) theo cac diéu
kién (2.2) dugc goi la qua trinh noi suy Hermite,
hay 1a phép noi suy voz moc boi. Cac so o, j=1lm
dugc goi 12 boi cia mbc X Vataki hi¢u da thtrc ndi
suy Hermite nay la H (x)

3. Cong thirc ndi suy Hermite
Qua trinh xay dung da thirc ndi suy Hermite
duoc tién hanh nhu sau:
Ta cin xéc dinh céac hé sb A Ay Qyy ooy Ay
trong da thire
H(x)=a,x +ax +esct+a x+a

3.1)
Céc hé sd nay s& dugc xac dinh boi hé

phuong trinh

H (x;)=f(x,); j = (3:2)
Do vay, chung 1a t6 hop tuyén tinh cta cac

giatri f© (x)) v6icac h¢ 56 a, phuthudex, j=T,m:

Im,s=0,0,;—1

=3 Z akjj /(x;);k=0,n.

Jj=1s=0

Thé cac biéu thic a, vao (3.1) ta thu duge

( )

Tir d6 ta c6 thé viét [ (x) vé dang

n m a;—1

Ho =535 0

H,(x)= Z Zlﬁ(x)f(s( ) (3.3)
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trong d6 /;, - 1a nhiing da thtc bac n.

=X akjsxnfk
k=0
T sy 1y giai d6 ta sé€ tim da thie (3.1) dudi
dang (3.3).
Trude tién thay vi tim H (x) ta tim phan du
R (f; x) = fix) — H (x), va sau d6 s€ tim chinh da
thirc Hn(x).

3.1. Tim phin du R (f; x).
T (3.3) thu duoc

m a;—1

R,(£3)=f(x)= % 2 1 (x)"(x)

Dau tién gia thlet rang f{x) 1a ham bién phirc
chinh hinh trong mién don lién D chira diém noi suy
X vacicmocx,...,x & béntrong. Taxemx,x, .

,x, la thuc va x # x,, . Gid st chu tuyén d(’)ng F
C D va bao moi diém . x x,...,x . Theo cong thirc
tich phan Cauchy ta co

34

3.5)

—omi) z—
r

va theo cong thie tich phan Cauchy déi véi
dao ham cap cao ta c6
Az)

f(x)) =51 Ff Wdz (3.6)
Tu (3.4), (3.5) va (3.6) thu dugc
m ;=1
R0 =5 [ 1) X 2 1) |
N (=~ ])
3.7
Vi s = ( 1 )M nén biéu thic
(Z_xj)s+1 Z—x]_ s
— ’zn) “ 1 LX) 77 ( ) 1a phan du cta quéa
,l
trinh noi suy Hermite ddi v6i ham —— ~—cua bién x

(theo cong thuc (3 4)). Do d6
( ])9+1

R(A)-2A-5s
(3.8)

S6 hang thtr hai bén vé phai cta (3.8) 1a ham
hitu ty cua z, d6 la tong ctia cac phan thirc don gian.

bat
Q(z)=(z—xl)al(z—xz)‘”-..(z—xm)a"’ (3.9

Tir (3.8) va (3.9) suy ra mau sd chung cua
(3.8) 1a (z — x)Q(z2). Do vay,
1 0(z)
R =
(=) e
Ta nhan thiy trong Ve pha1 cua (3.10) bac

clia tir s6 bé hon bac ciia mau s vi degQ(z) = n +
1, deg(z — x) = 1, nén suy ra deg(z — x)Q(z) =n +

(3.10)
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2, trong khi do

degQz) <o, ta,+teceta =n+l

Tiép theo ta s& chimng to rang O(z) khong phu
thudc z. Dé 1am diéu do ta can chimg minh rang bac
cua Q(z) doi vai z 1a bang khong, tire 1a degQ(z) = 0.

V6i [z > [x], |z| > x|, Vj = 1,m, ta co
BT D T I
A 250 25 S

va

s » ) o (s)
(Z_xj)s+1 z—x, & S\ T

Diéu nay tuong duong véi

)

oy Sl =
_ i k(k=1)--(k=s+1)

k+1
z

k—s
X

v6i Vj = T,m . Thay cac biéu thirc nay vao (3.8) ta
duoc

1
R"<Z*x’x>:
i Z]CJr1 x B iaz ljs(x)k( _1) (k‘S'*‘l)xj:iS
k=0

Biéu thuc trong dau ngodc vudng la phan du
ctia qua trinh ndi suy Hermite d6i v6i ham x* ( theo
cong thuce (3.4)). Do do ta co

1 o _1
Rn(z—x ,)C) = kgo Zk+1 Rn(xka-x)
Ta nhén thay, néu & <n thi R (x)=0(vico
thé 1ay da thirc noi suy la x*); nén trong cong thirc

trén phép lay tong can bat du tir k = n + 1, tirc 1
1 _ o« 1 k

Tir 6, khi z — oo thi R, (

n\z—Xx°

x) — 0 voi
the d6 bé nhit 1 nhir cia #
T d6 va tir (3.10) suy ra degQ(z) =0, tac la
0(2) khong phu thuge z.
Ta c6 thé gia sir O(z) = 4. Tir (3.8) ta lai co:
1
(z —x)Rn(Z T ,x) =

m a;—1

=1-(z—x) 2 Zzﬁ( )(

Jj=1s=

)s+1
]

Do d6,
lim(z —x)R, (15 .%) = G.11)
vj = T,or). Mit khac, ti

(vi ta Iudn xem x # X,
(3.10) ta lai co ‘

1
(z—x)Rn(Z_x,x
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Suy ra
. 1 A
121113(Z—X)Rn<m,x>=m (3.12)

So sanh (3.11) véi (3.12) ta cb: 4 = Q(x),
va do do

1 _ QW
R(x)= EETE (3.13)
Tir (3.7), (3.8) va (3.13) suy ra
_Q @)
R,( o [ = xQ()dz. (3.14)

Cong thirc (3.14) 1a biéu dién tich phan dbi
véi phan du ctuia qua trinh ndi suy Hermite.

3.2. Tim da thirc H (x).

Sau khi tim duge phan du R (: x) ta tim da
thirc H (x). Tt cong thire (3.14) ta rit ra duge cong
thirc biéu dién da thirc noi suy Hermite
H(x) =)= R(f; x)

Q(x) (X)
= £(x) - 5 f B dz.
bé tim da thuc H (x) twong minh ta can tinh
tich phan & vé phai ctia (3 15). Tich phan do6 duoc
tlnh bang cach 4p dung dinh Iy thang du. Ta luu y
ring thang du cua ham F(z) tai dlem bat thuong a
(cue diém hodc diém bat thuong cot yéu) 1a bang
hésba , trong khai trién Laurent ctia ham d6 tai lan
can dieém a. Ta thay hér;( ;d)uc’wi dau tich phan
Fo= (z - x)Q (2)
6 cac cuc diém taiz = x, z 1,m . Tai cuc

diém z = x, ta c6 F(z) = gj;(())( -x) .

(3.15)

(3.16)

=X, Vj=

Do do,

J()
Res[F(z); x] = Q)

Tlep theo ta tinh Res[F(z), x ], Vj = .b
lam diéu nay ta viét F(z) duéi dang

(z—xj)a'
F(Z): (Z_xj)a// 'f(Z).Z—x Q(Z) ’

(3.17)

>+

va khai trién n6 thanh chuo6i Laurent tai 1an can
R Ja) A A 5 —1
diém z = x,, sau do tim h¢ so cta (z—x;)"" " trong

tich 7(z)- . M

=X Q0@
Ta cod
S f’“( )
fO=2 5 (z=x)f,  (1s)
Va
1 _ 1 1
z—x XX z-X,
l_xix]‘
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_i( _1 )k+1(2*xj)k Q(x)_(x_l)Q(x_?’)2 9 (1_)6)2 (1_£)2

NERY
(vi ‘x—xi‘ <1), (3.19)
N N P
Qe &G z=x;) . (3.20)

Dé tim thang du ciia ham f{z) tai cuc diém
z=xta can tim hé sb cua (z—xj)a/_1 trong tich
cac chudi (3.18), (3.19), (3.20). Hé sb dé bang

at fP)
Z k! s Aajflfk9

k=0
trong d6, 4, lah¢ sé cua (z —xj)"f‘l trong tich
(3.18) v6i (3.19) va

a;—1-k
1

() — 1
R

Nhu vay, th'ng du cta F(z) tai diém X, bang

(ResFQ )= 2 L 1 2y e

Aaj—L—k =-

) a;tk+r

(3.21)

Tur (3.15) va tr dinh 1y co ban cta Cauchy
v¢ thang du ta co,

Q m
Hn(x):f(x)—2ni%<[Re sF(z);x] + jgl [Re sF(Z);xj]>

Theo dinh nghia thang du va tr cong thirc
(3.21) ta co:

H (x) = fix) -
f(x) - m aﬁlf(k)(x] a;—1-k G b
Q(x)(g(x) LE T 5 @b
Vay,
n Q) a1 (k)(x7)a—1—k ‘ .
Hn(x):];( (X))a] ! al go Y (x—x,)
(3.22)

Tir (3.22) ciing rit ra két lqdn rang né van
luén dung khi f(x) chi thoa man diéu kién (2.1).

3.3. Vi du ap dung

Dé minh hoa phuong phap trén, sau day ta s&
xét mot vi du cu thé.

Xay dung da thirc P(x) véi cdc moc ni suy
la: 0, 1, 3; cdc gid tri P(x) twong img véi cdc moc
noi suy dola: 1, 2, 3; cac gia tri P’(x) twong vng la:
1,1, -1va P’(0)=-2.

Tu phuong phap da dugc trinh bay ¢ trén,
ta xét da thire Q(x) = x*(x — 1)(x — 3)2. Ta tim 3 s
hang dau cua khai trién (3.20) d6i voi mbe boi ba
lax =0:

X 1 1 1

3
(3.23)
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(3.24)

Lo (x¥ ' _qy.2 .15
: Zk(3) —1+3x+3x+---

(3.25)
Thay (3.24), (3.25) vao (3.23) va liy dén s6

hang thir ba ta dugc:
Qx(g) é(l +§x+134 24 .. )
~ Tuong ty tim h;u s0 hang dau trong cac khai
tricn (3.20) d6i véi moc ndi suy x, = 1:
1)
Q) xs(x - 3)2
1 1

Xet?: (1+x—1)3

nén suy ra

,taco

Tai liéu tham khao
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=323 26D+ ]= 136D+

Tuong tu

1 _ 1 :_< 1 )
(x=3)? (—2+x—1) —2+x—1

(26— )=frde—n+-

1
4
Tir nhirng diéu trén suy ra

(x=1)

T LIRS

Hoan toan tuong ty ta ¢6 hai sb hang dau
trong khai trién (3.20) ddi véi x, = 3:

(x=3F _ 1
oYe3) =108 " 34 (x 3)+-

Ap dung (3.22) va thay cac gia tri ciia P(x),
P’(x), P (x) tir d& bai ta thu dugc

—1V(x—3) ‘
(x—1)(x )(1+1—1x+ﬁx

Px)= 9 353
3 2 3 2
x*(x—3) *(x—1)
= (5-3x)+ g5 (24— Tv)
Twr d6 suy ra
P(x )7 19 N 497x5+%x4 22378 5 2+ 1
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HERMITE INTERPOLATION BY TOOLS OF COMPLEX ANALYSIS

Abstract:

The article presents the method for constructing the Hertmite interpolation formula, which uses the
tool of complex calculus instead of the tool of linear algebra. At the end of this article is an example of the

advantages of this method.

Keywords: Hermite, interpolation, polynomial interpolation.
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