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CHUONG 2

GIAI GAN PUNG
PHUGNG TRINH PHI TUYEN



I. PAT BAI TOAN :

Bai todn : tim nghiém gan ding cla
phuong trinh

f(x)=0.
v4i f(x) 1a ham lién tuc trén khoang
déng [a, b] hay khoang mé (a,b).




1. Khoang cach ly nghiém

Khodng déng [a,b] hay m& (a,b) trén d6 ton tai
duy nhdt nghiém ctia phuong trinh goi 13 khodng
cach ly nghiém.

Dinh I :

Néu ham f lién tuc trén doan [a,b] thod diéu kién
f(a) .f(b) < O thi phudng trinh f(x) = 0 ¢c6 nghi€m
trén [a,b].

Né&u ham f don diéu thi nghiém 12 duy nhAt.



PK du: [a, b] 14 KCLN cua pt khi
» f(a) f(b) < 0.

» Pao ham’
khong ddi dau

trén doan [a,b]




Vidu :
Tim cac khoang cach ly nghiém cua pt :
fx)=x>+x-12=0

Giai :

Ta cé f(1) =-10, f(2) =22
= f(1) f(2) <0

Mat khac

f7(x) =5x*+1> 0 Vx
f ham don diéu ting nén pt c6 duy nhit nghiém

Vay khoang cach ly nghiém 1a (1,2)



Vidu :
Tim cac khoang cach ly nghiém cua pt
f(x)=x>-3x+1=0

giai :

Ta lap bing gid tri tai cdc di€m dic biét
X 2 |1-1] 0] 1| 2

)| - |13 1]-1]3]+

Nhin vao bdng ta thiy pt c6 nghiém trong cac
khoang (-2, -1) (0, 1) (1,2)

Vi pt bac 3 ¢6 t61 da 3 nghi€ém, nén cdc khodng
cach ly nghiémla : (-2,-1) (0,1) (1,2)



Bai tap :

1. Tim cac khoang cach ly nghiém cua pt
f(x) =e* —x? + 3x -2

2. Tim cac khoang cach ly nghiém cua pt

f(x) =xcosx — 2x?% + 3x+1



Giai
1. f(x)=e*—x?>+3x-2
f’(x)=e*-2x+ 3

Ta lap bing gid tri tai cdc di€ém dic biét

X -2 -1 0 1 2

f(x) | - - - - ¥

Nhan xét: £'(x) >0, Vxe[0,1].
Viay khoang cach ly nghiém (0,1)




2. f(x) =xcosx — 2x?% + 3x+1
f’(X) = cosx —xsinx -4x +3
Ta 1ap bang gi4 tri tai cdc di€m diic biét

X -2 -1 0 1 2

f) | - | - e e |-

Nhan xét :
f’(x) <0 Vxell,2],
f’(x) >0 Vxe[-1,0]
Vay cac khoang cach ly nghiém : (-1. 0), (1,2)




2. Cach gidi gan ding pt f(x) =0

> B1: tim tat ¢4 cdc khodng cach
ly nghi€m

» B2: trong tiing khoang cach ly
nghiém, tim nghiém gin ddng cla
phucng trinh



3. Cong thic sai s6 tong quat :

Pinh Iy :

Gia su f(x) lién tuc trén [a,b], kha vi trén (a,b)
Néu x* , x 12 nghiém gan ding va nghiém
chinh xac cua phuong trinh va

’(x)|>m >0, Vx €(a,b)
thi sai s6 dudc ddnh gid theo cong thic :

Ix* - x| =< [f(x*) / m




Vi du : Xét phuong trinh
f(x) = x3-5x%+12 trén khoang [-2, -1]
Tinh sai s6 néu chon nghiém x* = -1.37

Giai
f”(x) = 3x% -10x
Ta co If’(x)l =[xl 13x-101 = -x(10-3x), Vxe[-2,-1]
Viy W) =13 =m, Vxe[-2,-1]
Sai sO
Ix*-x| <|f(x*)|/m = 0.0034

Ghi nhé : sai sO luén l1am tron l1én



Vi du : Xét phuong trinh
f(x) =5x+ Yx -24=0
trén khoang [4,5]
Tinh sai s néu chon nghiém x* = 4.9

Giai
1
7Y%
1
= IPI=5+ 77z =m, Vxe[4,5]

£(x)=5 +

Sai s0
Ix*-x| <|[f(x*)|/m = 0.3485



4. Cac phuong phap gidi gan diing

» Phuong phdp chia doi(Bisection method)
» Phuong phdp ldp don.(Iterative method)
» Phuong phdp ldp Newton.(Newton method )



I1. Phuong Phap Chia Doi

Xét phuong trinh £(x) = 0 ¢6 nghi€ém chinh xac x
trong khoang cach ly nghiém [a,b] va f(a)f(b) < 0.

l.bata,=a,b,=Db
Chon x_ 12 diém giita cta [a,b]
Ta co x, = (ay+by) / 2, dy=b_-a_=b-a

Néu f(x, ) = 0 thi x_ 12 nghiém — xong



2. Néu
" fla )f(x,)<0:data,=a_,b, =X,

" f(x )f(b,)<0:data, =x,, b, =b,

Ta thu dugc [a,, b;] < [a,,b,]

3. Ti€p tuc qud trinh chia doi nhu vay dén n 1an ta dudc
b, ],d, =b-a = (b-a)/2"
x,=(a+b )/2,a, <x,<b,a, <x<b,

f(a,)f(b,) <0

[a,, b, ] [a

n-1°



Ta co
{a,} day tdng va bi chan trén (<=b)

{b,} day giam va bi chdn dudi (>=a)
nén chung hoi tu
ib-a =(b-a)2"nénlima, =limb,
Suy ra lim x, =X
Viy x_ 12 nghiém gin ding cla pt
Cong thic sai s

X — x| <(b-a) /2"




Y nghia hinh hoc

bo
Xo
X1 :
b,
b2
aq N



Vi du : Tim nghiém gan ding cta pt
f(x) = 5x3-cos 3x =0
trén khodng c4ch ly nghiém [0,1] v6i sai s0 0.1

Giai
Ta 1ap bang
L. |8 M@y) [0, 1) %y  fx0)| Ay |
0 |0 - |1 + 0.5 + (0.5
1 |0 - |05 + (025 - ]0.25
2 1025 - |05 + |0.37/5 - 0.125
3 |0.375 - |05 + [0.4375 0.0625

Nghiém gan ding 13 x = 0.4375



Vi du : Tim nghiém gan ding cla pt
f(x) = 24+cos(e*-2)-e*=0
trén khoang [0.5,1.5] v6i sai s6 0.04

Giai

Ta 1ap bang
LN jan 1@y [by  f(bo) (X 1) |  An |
0 0.5 + |15 - 11 + (0.5
1 1 + (1.5 - 11.25 - 10.25
2 1 + [1.25 - 11.125 - 10.125
3 1 + |1.125 - |1.0625 - [0.0625
4 1 + [11.0625 - |1.03125 0.03125

Nghiém gin ding 1a x = 1.03125



I11. Phuong Phap Lip Pon

Tham khao

Xét phudng trinh f(x) = 0 ¢6 nghi€m chinh xac
X trong khoang cach ly nghiém [a,b] va
f(a)f(b) < 0.

Ta chuyén pt f(x) =0 vé dang
X = g(x)

Nghiém cia pt goi 12 di€m bat dong clia
ham g(x)



P€ tim nghiém gan ding, ta chon 1 gid tri ban dau
X, € [a,b] tuy ¥

Xay dung day ldp theo coOng thuc

X, =gX,), Vn=1,2, .

Bai todn cua ta la khao sat sy hoi tu cua day {x_}

Tong quat, day {x,} c6 thé hoi tu hodc phan ky

Néu diy {x,} hoi tu thi né sé hoi tu vé nghiém x
cua pt



Y nghia hinh hoc

y =9(X)

X1 Xg X, X X

v



Bay gid ta tim di€u kién dé€ day {x_} hdi tu

Ta c6 dinh nghia sau

Dinh Nghia : Ham g(x) goi1a ham co trén

doan [a,b] néu 3q : 0<g<1 sao cho
lg(x)—g(y)I<qlx—yl, VX, y €[a,b]

q goi 1a hé so co

Pé kiém tra ham co, ta c6 dinh 1§ sau
DPinh 1y : Néu ham g(x) lién tuc trén [a,b], khi
vi trén (a,b) va dq : O<g<l sao cho

|2’ (x) 1 <q, VX €]a,b]

Thi g(x) 1a ham co vdi hé so co q



Vi du : Xét tinh chit co ctia ham

g(x) =310-x
trén khoang [0,1]

Giai
Hién nhién g(x) kha vi trén [0,1]

Ta co
1

1
<
33(10—x)?  3¥81
q=0.0771<1

Nén g(x) 1a ham co

2’ (x)| = _ g, Vx €[0,1]



Vi du : Xét tinh chit co ctia ham
g(X) = cosx
trén khoang [0,1]

Giai
Hién nhién g(x) kh3 vi trén [0,1]

g’(X) = -sinx
Trén [0,1], /g’ (x)/ <sin 1=q <1.

Nén g(x) 1a ham co vdi hé s6 co 1a g=sinl.



Dinh ly (nguyén ly anh xa co) :
Gia st g(x) 1a ham co trén [a,b] v6i hé sé co q,
d@ng tho1 g(x) € [a,b], Vxe [a,b]

Khi 4y v6i moi gid tri x, ban dau e [a,b] thy ¥,
day lap {x,} hoi tu vé€ nghiém x ctlia pt

Ta co cong thuc danh gia sai sO
n

Q) [%, X<
1-g

(2) | X, — X |S li | Xn — X2 | hau nghi€ém

| X, — X, | ti€n nghiém

Nhan xét :Cong thitc (2) sai sO chinh xdc hon cong thic (1)




Vidu : Xét phuong trinh

f(x) =x>-3x%-5=0
trén khoang cach ly nghiém [3,4]
Gid st chon gi4 tri ban dau x_ = 3.5
Tinh gan ding nghiém x,

Giai
Ta chuyén pt vé dang x = g(x)

C6 nhi€u cdch chuyén :
Cach 1: x:%—ﬁzg(x)
X

, 2X 5 o
g'(x)= 3 75z  Khong phdi ham co



5
Cach 2: X=3+X—=9(X)

0'()=-22 =g (x)|<—3—q vx e[3,4]

X3

q<1 nén gham co

Hién nhién g(x) € [3,4] nén pp lip hoi tu

xay dung day lap
(X, = 3.5
1x, =3+ —>—,vn=12
L X n—1




Ta lap bang

L T N

3.5
3.408163265
3.430456452

3.424879897
3.426264644

W[N] O

Sai1 sO

A, =—11x,—x,1~0.00082
I-¢q



Vi du : Tim nghiém gan ding cua pt
f(x) = x3+x-1000=0
vGi sai s6 10 cho khodng phan ly nghiém [9,10].

Giai:

Ta chuyén pt vé dang x = g(x)

Cé6 nhi€u c4ch chuyén :

Céach 1: x = 1000 — x3 = g(x) khong phai ham co
Cach 2:

X = /1000 — x = g(X)



Hién nhién g(x) kha vi trén [9,10]
1 1
g’ (X)| = <
g () 33/(1000—x)>  33/990?
q =~ 0.0034 <1, nén g(x) 1a ham co
Dé dang ki€m tra g(x) €[9,10], Vx e [9,10]
(9 < 31000 - x <10 <0< x < 271)

=(, VX €[9,10]

Theo nguyén 1y anh xa co thi pp lap hdi1 tu

Chon x_ = 10, xay dung day lap theo cong thic

X,=3/1000—x , Vvn=123,.



Sai s0 (dung cOng thdc (2) hiu nghiém)
q
<<

lx”_xl_l—q | X — Xpg |
Ta 1ap bang
n xi AI
0 10
1 9.966554934 0.12x103
2 9.966667166 0.38x10°
3 9.966666789 0.13x1038

Nghiém gan ding x* = 9.966666789



IV. Phuong Phap Lap Newton

Mot phuong phap lap khac la pp 1ap Newton,
néu hoi tu sé& cho tdc dod hoi tu nhanh hon

Gia st ham f kha vi trén khoang cach ly nghiém
[a,b] v6i f(a)f(b) < 0 va £°(x) #0, Vxe[a,b]



P€ tim nghiém gin ding ta chon 1 gid tri ban
dau x_e[a,b] thy y. Xay dung day lap {x,}
theo cOng thuc

RAC,
o f I(Xn—l)

vn=12,...

Cong thuc nay goi la cong thic 1dp Newton

Tong qudt, ddy {x,} c6 thé hoi tu hodc phan ky



Y nghia hinh hoc

} y =f(x)




Dinh I :
Gid st ham f(x) c6 dao ham dén cap 2 lién tuc

va cdc dao ham £ (x) va f7(x) khong ddi dau trén
doan [a,b].

Khi 4y néu chon gia tri ban dau x_ thda
diéu kién Fourier :
f(x )7 (x,) >0

Thi day lap {x,} xac dinh theo cong thuc Newton
s& hoi tu vé nghiém x cia pt.




Chuy:

> Diéu kién Fourier chi 1a dieu kién du,
khong phdi la dieu kién can

> Tu di€u kién Fourier ta dua ra qui tic chon
gid tri ban du x_ nhu sau :

néu dao ham c4p 1 va 2 cung dau, chon x_, =
b. Ngugc lai trdi ddu chon x, = a.

> Diéu kién Fourier f(x, )f”(x,) ¢6 thé = 0 tai
cac diém bién



Chuy:
» Trong pp Newton, dao ham f’(x) phai # 0.

Néu 3 cela,b] : £(c) =0 thi ta phdi thu hep
khodng cach ly nghiém dé€ loai bd di€m c.

> D€ danh gid sai s6 cda pp Newton ta ding
cong thic sai sd tong quat :
Ix* - x| = [f(x*)| / m

m = min [f’ (x)l
xe[a,b]



Vi du : Tim nghiém gan ding cla pt bing
phucong phap Newton : f(x) = x-cos x =0
Trén khoang cdch ly nghiém [0,1] véi sai s6 1078
Giai
1.Ki€m tra diéu kién héi tu

f(x) = x — cos x ¢6 dao ham c4p 1 va 2 lién
tuc trén [0,1]

f’(x) = I+sinx > 0, Vxe[0,1]
f’(x) =cosx >0

f(x) va £”(x) cing diu, chon x_ =1 ta ¢6 pp
1ap Newton ho1 tu



2. Xay dung day lap Newton

X, =1

X — COS X
_ n—1 n—1
Xn — Xn—l o

1+sin X,

Yn=12,...

Cong thic sai sO

m= i | 1001

X, = xI<| f(%,)|/m=|x, —cos X, |

LU A W T~ R
0 1
1 0.750363867 0.02
2 0.739112890 0.41x10+4
3 0.739085133 0.29x10°

Nghiém gan ding x = 0.739085133



Vi du : Cho phuong trinh
f(x) = x3-3x+1=0

Trén khoang cach ly nghiém [0,1]. Dung pp Newton
tinh nghiém x, va ddnh gid sai s6 A, theo cOng thic
sai sO tong quat.

Giai

1.Ki€m tra diéu kién hdi tu

Ta thay £’(x) =3x2-3=0taix =1, do d6 ta

chia doi d€ thu hep khodng cdch ly nghiém.

Vi f(0) =1, £(0.5) =-0.375

Thu hep khoang cach ly nghiém [0, 0.5]



f(x) ¢6 dao ham cap 1 va 2 lién tuc trén [0, 0.5]
£(x) = 3x2-3 < 0
f7(x) =6x>0, VX €][0, 0.5]

f(x) va £”(x) trdi diau, nén chon x_ = 0 thi pp Lip
Newton ho1 tu

2. Xay dung day lap Newton
X, =0
x>, —3x , +1
3x°, —3

X, =X 41—

n



Cong thic sai s
m= min | f'(x)|=2.25

0<X<0.5

|x — x| f(x)|/m=x’—3x +1|/2.25

IR P SN . B
0 0
1 | 0.333333333 0.0165
2 0.347222222 0.8693x10*4
3 | 0347296353 | 0.2545x10°

Nghiém gin ding x = 0.347296353
Sai s6 0.2545x1038
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