CHUONG 12 : TINH GAN PUNG PAO HAM VA TICH PHAN XAC PINH
§1. DAO HAM ROMBERG

Pao ham theo phuong phdp Romberg 1a mot phuong phap ngoai suy dé x4c dinh dao
ham véi mot do chinh x4c cao . Ta xét khai trién Taylor ctia ham f(x) tai (x+h) va (x-h) :

f(x +h) = f(x) + hf (x) + — h’ f”( )+ h’ f”'( )+ f<4>(x)+ (1)
’ h2 " h " 4)
f(x—h):f(x)—hf(x)+7f( X)— 3 —f"(x )+ f (x)— (2)
Trur (1) cho (2) tacé:
3
f(x + h) = f(x — h) = 2hf'(x) + %f”’(x) + 2; £Ox) +- 3)
Nhu vay ritra :
. _f(x+h)-f(x-h) h*>_, h* s
f'(x)= o —gf (x)—;f (x)—-- 4)
hay ta c6 thé Vié't lai :
f'(x) = [f(x +h)—f(x—h)]+a,h* +a,h* +a.h® + (5)
trong do cac h¢ s0 a; phu thuoc fva x .
Ta dat :
6
o)~ [f 0~ ) ©
Nhu vay tur (5) va (6) taco :
D(1,1) = (th) =f'(x)—a,h* —a,h* —a,h® —- (7)
h h? h4 h6
D2 =¢ — |=f'(x)—a, ——a, — —a, ——-.. 8
2.1) cp(zj (x)—a, 2 Mg % )

va tong quét v6i h; = h/2"" ta ¢6 :
D(i,]) = p(h;) = f'(x) —a,h} —a,h{ —a h® - 9)
Ta tao ra sai phan D(1,1) - 4D(2,1) va cc’) :

(P(h)_4(|)(gj:—3f (X)——a 1’14 12 6h6 —.. (10)
Chia hai vé cua (10) cho -3 ta nhan du’(_)’c ;
D(2,2) _ 4D(291) - D(l,l) — f!(x) +%a4h4 +%a6h6 +oen (1 1)

Trong khi D(1,1) va D(2,1) sai khac f'(x) phu thudc vao h* thi D(2,2) sai khic f'(x) phu
thuoc vao h* . Bay gio ta lai chia doi blIé'C h va nhan duoc :

D(22) ~f'(x) + a4(h/2) - ae(h/2) . (12)
va khir s6 hang ¢6 h* bang cach taora :
D(2.2)-16D(32) -—15f(x) ++§aﬁ(h)6+... (13)
Chia hai vé€ cua (13) cho-15tacé :
16D(32)~D(2.2) 1 (14)

D(33) - T ~£(x) - ggash®
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Vé6i 1an tinh nay sai s6 ctia dao ham chi con phu thuoc vao h® . Lai ti€p tuc chia doi buéc h
va tinh D(4,4) thi sai s6 phu thuoc h® . So d6 tinh dao ham theo phuong phap Romberg 1a :

D(1,1)
D(2,1) D(2,2)

D(3,1) D(3,2) D(3,3)

D(4,1) D(4,2) D(4,3) D(4.,4)

trong d6 mdi gid tri sau la gia tri ngoai suy cua gia tri trudc d6 ¢ hang trén .
V6i2<j<i<ntacod:
D(i.j) =

47
va gid tri khéi dau la :
D(i1) = o(h) =5 IfGcrh)~f(x-h)]
v6i h, = h/2" .
Chung ta ngtng lai khi hiéu gitta hai 14n ngoai suy dat do chinh xac yéu cau.
Vi du : Tim dao ham ctia ham f(x) = x* + arctan(x) tai x = 2 v6i budc tinh h = 0.5 . Tri chinh
xac cta dao ham 1a 4.2

D(L1) = 2%%5[1‘(2.5) —£(1.5)] = 4207496266

D) = o [F(2.25)~£(1.75)] = 4.201843569
D) = 5o If(2.125) - £(1.875)) = 4200458976
DQ22) - 4]D(2j)_ _ID(LD -4.19995935

D@32) =41D(3;11)__1D(2’D =4.200458976

D(33) =42D(3fz,)j)(2’2) -4.200492284

Chuong trinh tinh dao ham nhu dudi day . Dung chuong trinh tinh dao ham cua ham
cho trong function vé6i bude h = 0.25 tai x, = 0 ta nhan duoc gia tri dao ham 1a 1.000000001.

Chuong trinhl2-.1

//Daoham_Romberg;
#include <conio.h>
#include <stdio.h>
#include <math.h>
#define max 11
float h;
void main()
{
float d[max];
int j,k,n;
float x,p;

float y(float),dy(float);
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clrscr();
printf("Cho diem can tim dao ham x = ");
scanf("%f",&x);
printf(""Tinh dao ham theo phuong phap Romberg\n");
printf("'cua ham f(x) = th(x) tai x = %4.2f\n",x);
n=10;
h=0.2;
d[0]=dy(x);
for (k=2;k<=n;k++)
{

h=h/2;

d[k]=dy(x);

p=1.0;

for (j=k-1;j>=1;j--)

{
p=4*p;
} d[jl=(p*d[j+11-d[jD/(p-1);
}
printf("y'= %10.5f\n",d[ 1]);
getch();
}

float y(float x)
{
float a=(exp(x)-exp(-x))/(exp(x)+exp(-X));
return(a);

}

float dy(float x)

{
float b=(y(x+h)-y(x-h))/(2*h);
return(b);

§2. KHAI NIEM VE TiCH PHAN SO

Muc dich cua tinh tich phan x4c dinh 1a d4nh gia dinh luong biéu thiic :

b y

T = [ f(x)dx
a

trong d6 f(x) la ham lién tuc trong khoang [a,b] va c6
thé biéu dién bdi dudng cong y= f(x). Nhu vay tich
phan xac dinh J 1a dién tich S,g,, , gi6i han bdi duong
cong f(x) , truc hoanh , cic dudong thingx =avax=b
. Néu ta chia doan [a,b] thanh n phan béi cdc diém x;
thi J 12 g6i han cua tong dién tich cdc hinh chit nhat
f(x,).(X;;; - X;) khi s6 diém chia tién t6i oc, nghia la :

B

—

_—
%
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T - lim SE)(X,, - X))

n—wi=0
Néu cac diém chia x; cach déu , thi ( X, ,- X, ) =
h . Khi dat f(x,) =, , f(x,) =1, ,... ta c6 tong :

S,=h Xf,
i=0

Khi n rat 16n , S, tién tGi J . Tuy nhién sai s6 lam tron lai duoc tich luy . Do vay can
phai tim phuong phap tinh chinh xac hon . Do d6 nguoi ta it khi dung phuong phap hinh
chit nhat nhu vira néu .

§3. PHUONG PHAP HINH THANG

Trong phuong phap hinh thang , thay vi chia dién tich S,g,, thanh cac hinh chit nhat ,
ta lai dung hinh thang . Vi du néu chia thanh 3 doan nhu hinh V& thi :

S;=t,+t,+ 1,
trong dé t; 1a cdc dién tich nguyén t6 . Moéi dién tich nay 1a mot hinh thang :

t; = [f(x) + f(x.))]/ (Zh)

=h(f;-f,) /2

Nhu vay :

Sy = h[(fo+£))+(f+,)+(fr+f3)] / 2

= h[f +2f,+2f,+f;] / 2
Mot céach tong quét ching ta c6 :

A

b-a
S. :T(fo+2f1+“'+2fﬁ+2fﬂ)

hay :

v

b_a n
Si=— A, +2 X1

Mot cach khéc ta ¢6 thé viét :
b n—1a+(k+Dh n—1
[fodx =3 [fodx~ Y (hf(a+kh)/2+fla+(k+Dh]/2]
a k=1 atkh k=0
hay :
b
[ £(x)dx = h{f(a) /2 +f(a+h)+--+ fla+ (n —Dh]+f(b) / 2}
a

Chuong trinh tinh tich phan theo phuong phap hinh thang nhu sau :
Chuong trinh 12-2

//tinh tich phan bang phuong phap hinh_thang;
#include <conio.h>
#include <stdio.h>
#include <math.h>

float f(float x)
{

float a=exp(-x)*sin(x);
return(a);
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void main()
{
int 1,n;
float a,b,x,y,h,s,tp;

clrscr();
printf("Tinh tich phan theo phuong phap hinh thang\n");
printf("Cho can duoi a =");
scanf("%f",&a);
printf("Cho can tren b =");
scanf("%f",&b);
printf("Cho so buoc n =");
scanf("%d",&n);
h=(b-a)/n;
X=a,
s=(f(a)+f(b))/2;
for (i=1;i<=n;i++)
{
x=Xx+h;
s=s+f(x);
}
tp=s*h;
printf("Gia tri cua tich phan la : %10.6f\n" tp);
getch();

Dung chuong trinh nay tinh tich phan ctia ham cho trong function trong khoang [0 ,
1] v6i 20 diém chia ta c6 J = 0.261084.

§4. CONG THUC SIMPSON

Khdac véi phuong phdp hinh thang , ta chia doan [a,b] thanh 2n phan déu nhau boi
céc diém chia x; :
a=X,<X;<X,<..<X,,=b
x;=a+ih;h=(b-a)/2nv6ii=0,..,2n
Do y; = f(x;) nén ta cé :

b X X4 Xon
j f(x)dx = j fdx + j fdx +. + j fdx
a Xo X2 Xon-2

Pé tinh tich phan nay ta thay ham f(x) & v€ phai bing da thitc noi suy Newton tién
bac 2 :
tt-1) ,
a A

va véi tich phan tha nhat ta c6 :
[f(x)dx - [P,(x)dx

Péi bién x = x,+th thi dx = hdt , v6i x,, thi t =0 va vé6i x, thit =2 nén :

P.(x) =y, +tAy, +
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1t-1)
(2 )A y,)dt

[P.(x)dx =h | (y,* tAy,+

- Cay L iz
Ly, +5-Ay, 5 (5 -2IAY, I

- L8 4,5
hi2y,+2Ay,+5-( 5-5)AY,]

=%[y0+4yl+y2]
Doi véi céc tich phan sau ta ciling cé két qua tuong tu :
THGodx ~21y, 4y, .+, )
Cong céc tich I);Zflﬁn trén ta co :
if(x)dx =%[y(,+4(yl+y3+-"+y2n,l) F20Y, YY) Y,
Chuong trinh dung thuat todn Simpson nhu sau :

Chuong trinh 12-3

//Phuong phap Simpson;
#include <conio.h>
#include <stdio.h>
#include <math.h>

float y(float x)
{
float a=4/(1+x*Xx);
return(a);

J

void main()
{
int i,n;
float a,b,e,x,h,x2,y2,x4,y4,tp;

clrscr();

printf("Tinh tich phan theo phuong phap Simpson\n");
printf("Cho can duoi a =");
scanf("%f" ,&a);

printf("Cho can tren b =");
scanf("%f",&b);

printf("Cho so diem tinh n =");
scanf("%d",&n);

h=(b-a)/n;

x2=a+h;

x4=a+h/2;

y4=y(x4);

y2=y(x2);

for (i=1;i<=n-2;i++)

{
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x2+=h;
x4+=h;
ya4+=y(x4);
y2+=y(x2);
}
y2=2%*y2;
y4=4*(y4+y(x4+h));
tp=h*(y4+y2+y(a)+y(b))/6;
printf("Gia tri cua tich phan la : %10.8f\n",tp);
getch();

Dung chuong trinh nay tinh tich phan ctia ham trong function trong doan [0,1] véi 20
khoang chia cho ta két qua J = 3.14159265.
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