NOi suy Newton:
Mo dau
Cong thirc nd1 suy Newton viét dudi dang truy hdi nhu sau:
- Pa thirc bac nhat:
P(x) = ag+ a;(x — Xo) (1)
- Pa thirc bac hat:
Po(x) = ap + ai(X — Xp) T ax(X — Xg) (X —%1) = Pi(x) + ax(x — Xo) (x —Xy) (2)

Vi biéu thire tré n, ching ta thay, dé viét da thuc nd1 syu Newton bac hai, chi cin lay da thure no1 suy
Newton bic mot cong thém so hang bac hai ax(x - xo) (x — x,); day la dang truy hoi cua cong thirc nd1 suy

Newion.

l - . o A : T 5
- Da thuc béc ba: Tuong tu nhu trén da thire ndi suy Newton béac ba la da thirc ndi suy Newton ban
hai cong thém s6 hang bac 3:

Pi(x) = ap t a)(x— Xo) T (X — Xo) (x—x) + as3(x — Xo) (X — X;) (%) =

= Py(x) + HE(K"XD) (X — X)) (X —X3) (3)

- Pa thirc bac N: Mt cac tong quat, da thirc no1 suy Newton bac N duoc viét:
Pu(x) = g+ ay(X — Xo) + ax(X —Xo) (X — X;) +as(x —X) (x—X¢) (X = X2)

+2y(X — Xo) (X — X)) (X —X2) (X =X3) * .

sl X — Xg) = = - (X = XN-])
= Prna(x) + an(x —Xo) (X — X)) (X —Xg). .« (K= XN-1) (4)
Cong thi(4) goi 1a da thirc Newton v&i N tam diém Xo, X1, . . ., Xn1; Cac diém nay con goi la cac diém

nut.

Thi du: cho x = [1 34 4,5] va va cac hé s6 ai chira trong matrana=[5-20.5-0.1 0.003}. Viét cac da thic P(x) voi k =1, 2, 3,4,
(ng voi mdi da thire tinh gia tri Py(2,5)

Giai:
Dung céc cong thirc tir (1) dén (4), ching ta c¢:
Pix)=5-2(x-1) & P1(25)=5-2(25-1)= 2.

Pofx) =5 2x—1) + 0,5(x~1)(x-3) > Pa(25)=P(2,5)+05(25-1)(25 -3)=1625.

|
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Pa(x) = 5-2(x — 1) + 0,5(x = 1)(x =3} - 0.1{x = T}{x - 3)(x-4) 2>

Ps(2,5) = P2(2,5) - 0,1(2,5 - 1)(25 - 3)(2.5-4) = 1,9125

Pa(x) =5 - 2(x— 1) + 0,5(x = 1)(x = 3) - 0. 1{x - 1)(x - 3)(x - 4) +0,003(x - 1)(x - 3){x - 4)(x-4,5) 2>
P4(2,5) = P3(2,5) + 0,003(25-1)(25 -3)(2,9- 4)(2,5-4,5) =1,5098.

Tinh gia tri ciia da thirc Newton biang phép nhin I6ng vao nhau

Vi da thirc nd1 suy Newton viét dudi dang truy hoi, nén khi tinh gia tri cua da thic co thé st dung phép
nhan 10ong vao nhau (nested multiplication) rAt tién loi. Thi du, voi da thire P+(x) viét dudi dang cac phep

nhén 16ng vao nhau nhu sau:
Pyx)=[[as(x —x2) +a] (x—x)) ai] (x—xo) ta ()
Dé tinh gia tri P3(C), ngudi ta tinh tung nhom sau day (C= 2,9):
Sz3=a3=-0,1
S2= Sy —x2) +a=-0,1(25-4)+05= 0,65
Si=SoC—x1) +ar= 0,65(25-3)- 2=-2325
So=Si(E-X0) +a = -2235(25-1) + 9= 1,5125
Vay P3(2,5) = 1,5125
Cac tinh nay it bi nham khi tinh tay va rat tién loi khi 1ap trinn dé tinh gia tri cua da thirc Newton.
Tinh da thirc Newton bang ti s0 sai phin
Dé dé theo doi, chung ta viét lai da thirc Newton bac N (biéu thirc (4)) duai day:
Pu(x) = 2+ a;(X — Xo) +22(X —Xo) (X = X;) +as(x —Xo) (X —X1) (X — %)
+ ag(x —Xo) (X — X)) (X —X2) (X —=X3) * .
+an(Xx —Xo) . . - (X —Xxna) (6)

Day I3 da thirc ndi suy nén: Py(x) = fi. Do do, de tim cdc hé s6a (i=0,1,2, ..., N-1) ching ta lin luot
tinh gia tri ctia Pn(x) tait X = X (i=0. 1.2, : N=1).

5 Khix=xg: PN(XQ) = dg
ma Pn(Xo) = f(Xo); suyra:

dy = fix;) | (7)
- Khix=x;: Pn(x;)= a0+ ai(x;—Xo)
ma Pn(xg) = f(x;); suyra: f(xo) + a;(X; — Xo) = I(X1)
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S (x) = f(x)

hay: a, = (8)
Xk

Tuong tu nhu trén:

f(-rg) — dy — a|(x3 ‘I{})

a, =
(%, ~ Xy )(x, — X, )
hay : “
{f(xz)— (%) _ fOq)=[(x) }
(x; — x4) (X, - xp)
a, = =
(X%
()
Cung cach tinh nay ngtrﬁri ta tim duoc cac gid tri as; ay; . . ., ay. Vé phai cta (8) dwoc goi 1a ti s6

sai phan bac 1 va vé phai cia (9) duoc goi la ti s6 sai phan béac 2.

Mot cach tong quat, ngudi ta dinh nghfa ti s6 sai phan ciia mot ham s6 f(x) nhu sau:

flx = f(x)
Sl = flx]

Ik L= .X-:If =

Ti s6 sai phén bac 1: i T =

Pl om 1= 4 i a] = Pl g 2]
k=22 k=12 kS T

T1 s0 sai phan bac 2: = 1
e — X2

Ti s0 sai phan bac 3:

f['-r;c-zaxkuizxk] = f[xi;-_‘ﬁxk—;!ﬂxk—l]

i Xp-2s X4 1% ] =

Cong thirc truy hoi cho ti s6 sai phan bac j dugc viét:

i 5 53] = f['xﬁc-jﬂﬁ"'!xk]_f['xk—_;'?“‘ﬂxk-l]
clgl o i 2R IR k = i

[11)

Dé tinh cong thirc (11) duwoc dé dang, thuong nguoi xép f[x,] vao cot mot, ri 1an luot tinh ti 56
sai phin bac 1 (xép vao cot 2), tinh ti sé sai phan bac 2 (xep vao ¢t 3), tinh ti s6 sai phan bac 3
(xép vao cot 4), . :
Vo dk. | = fk

dy ; = Ay, 502 di.1 1)/ (hk——xw 1)
va Xép vao mot bang nhu bang I
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Bang ]: Bang ti s6 sai phan cua ham y = f(x)

Xe | fIx | f[ , ] il s . ] o506 9 T ae
Xo f [xq]

Xi fix] f [xo, xi]

X2 £ [xa] f[xy, x;] f X0, Xy, X5,

X3 f[x; f[x,, x3] FP %o X f[xo0, X1, X2, X5]

X4 f[x4] f[xs3, x4] f[x2, X3, X4] X%, %, x4] f[xo, X1, X2, X3, X4]

Hé s6 a, ciia da thirc Newton Pn(x) chinh la:
A= Flxp %, oy %]

Vay: Néu f(x) 1a mot ham s6 ¢é céc gia trila f(x), f(x;), . . ., f(xy) tai N+1 diém riéng biét xo,
X1, . .., Xx trén [a, b] thi f(x) c6 thé biéu dién bing mot da thirc no1 suy Newton Py(x) (Pn(xy) =
f(xx)) cho boi:

Pn(x) = ap + a1(X — Xp) + ax(X — Xo) (X —X;) +a3(X = Xg) (X —x;1) (X — X)
taX —Xo) (x— %) (X =%) (x—%3)+ . . . +an(x—xo). . AX = XN2) (12)

trong do, ay = [Xo, X1,. . ., Jvéik=01; 2,005.. o N

Pn(X) c6 sai sb la:

E (x)= F23)E-x). . (x-x,) f* ()
(N +1)!

(13)

vol1 Ce (a, b)

Luu v: Sai s6 cia cong thirc ndi suy Newton c6 dang nhu sai sd cia cong thirc noi suy Lagrange;
tuy nhién, thuong thi khong c6 biéu thire giai tich ciia f(x) nén khong thé tinh duoc dao ham cua
f* " N(x), nén ngudi ta thay &~ Y(x)/(N +1)! bing ti s sai phan bac (N + 1). VAy sai sb cua da
thirc ndi suy Newton bac N chinh 1a s6 hang ay .-

En(x) = (x — Xo) (X ~%) o o = 20) a4 (14)

Thi du:
allap bang ti s6 sai phan cia ham f{x) = cos(x) cho 4 diém (k, cos(k)) vsik =0, 1, 2, 3.
b/ Lap da thiic ndi suy Newton bac 2
¢/ Dung da thirc vira tim gia tri f(1,2).
Giai:
x=0:fl0]= 1
x=1:Mf1]= 05403



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

x=2 :f2]=-0,4161
x=3 :f[3] =- 0,9900

Tinh ti s6 sai phan bac 1:

£10 1] = (1] -f[0]) / (1 - 0) = - 0,4597
f11.2]= (2] -1 / (2 1) = - 0,9564
f12.3]= (3] -f[2]) / (3-2) = - 0,5738
Tinh ti s6 sai phan bac 2:
f10.1.2]=(f[1. 21— 1[0, 1) / (2= 0)
fi1,2,3]= (2, 3]- 1, 2))/ (3~ 1)
Tinh ti s6 sai phan bac 3:
f0,1,2,3]=(f1,2,3]-10,1,2)/ (3-0) = [0,1913 (- 0,2484)}/3 = 0,1466
Sap xép vao bang nhu sau:

[- 0,9564 — (-0,4597) }/ 2 = - 0,2484
-0,5738 — (- 0,9564))/2 = 0,1913

]

¥ f [x«] ., ] fl ] f . ]
0 1

1 0.5403 - 0,4597

2 -0,4161 -0,9564 - 0,2484 |

3 | -0.9300 -0,5738 0.1913 0,1466

Theo cong thirc Newton bac 2:

P2(x) = ao + ai(x — xo) + az(x — xo) (X — x1)

Vot

ao=fl0]= 1

ar=f[0,1]=-0,4597

az= f{0,1,2]= -0,2484

Nhén xét: Cac hé s6 cua da thire ngi suy Newton ném trén duong chéo tir trén xuong cua bang ti
56 sai phan (sé in ddm)

Vay

Pa(x)= 1-0,4597(x-0) - 0, 2484 (x-0) (x = 1)

Vi ching ta viét da thirc bac hai, nén gia tri caa ti sb sai phan bac ba diing dé tinh sai s6:
a3=f{0,1,2,3]= 0,1466

E2(x)=0,1466 (x-0) (x=1) (x-2)

Tinh (1,2)

f(1,2) ~ P2(1,2) = 0.3887 (dung phép nhan Iong vao nhau)

cos(1,2) = 0.3624

Sai 56

E»(1,2)=]0,1466 (1,2-0) (1,2-1)(1,2-2)| = 0,028
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Bai thye tap 4: CONG THUC NOI SUY
(Thuc hanh Phwong phap tinh)

MUC DPICH: Muc dich cia bai nay nham tink cong thirc noi suy Lagrange va ccong thirc néi suy
Newton

THUC HANH:

Cho bang gia tri van toc theo thoi gian nhur sau:

+ & v(?) (m/s)
0 0
10 227.04
15 362.78
20 S17.35
22.5 602.97
30 201.67

Viét chuong trinh tim vén téc & t=16s, 21s va 25s
Bai [:
Dung da thirc néi suy Newton

Bai 2:

Dung da thirc ndi suy Lagrange

Bai 3

Cho ham sb
fx)=1/01+ 25x2) (ham sb Runge)
a) cho x=-1:2/3:1, tinh gia tri y ctia ham s6; voi gia tri (x,y) vira céjdﬁng I€nh polyfit tim

ham bic 3 rdi dung ham ndi suy nay tinh gia trl yy ung vdi xx = linspace(-1,1). V& trén cing 1 do
thi (x,y) va (xx,yy), nhan xét su khac biét giir hai d6 thi

b) cho x=-1: 2/10:1, tinh gia tri y ctia ham sé: voi 214 trj (x,y) vira c(} dung 1énh polyfit tim

ham bac 10 roi dung ham ndi suy nay tinh gia trj Yy g voi xx = linspace(-1,1). V& trén cung 1 do
thi (x,y) va (xx,yy), nhén xét sy khac biét gilr hai dd g}

c) Tir hai d6 thj a va b, nhan xét gi vé bdc ciia him ndj suy?
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