2.-3. METODA PULEN{ INTERVALU, METODA PROSTE ITERACE A NEWTONOVA METODA. Katefina Konecna

ITERACNI METODY RESENI NELINEARNICH ROVNIC

- fe8eni nelinedrni rovnice f(z) =0,
- separace kofentt = hledéni intervalu (a,b), ve kterém se nachézi pravé jeden kofen,
- predpoklady: f spojitd na intervalu (a,b) + musi byt splnéna podminka f(a) - f(b) <0

METODA PULENI INTERVALU
- v kazdém kroku konstrukce intervalu (ag,bo) D (a1,b1) D -+ D {an,bn),
- stfed intervalu:

1
si:f(ai—l—bi),i:O,l,...,n

2
- odhad chyby:
1
di—i(bi—ai),i=0,1, ,n
- odhad poctu kroku:
bl‘ — a;
9i+1

- flai) - f(si) <0 — aip1 = a;, biy1 = s;
f(Si) . f(bz) <0— Aj+1 = Si, b,’+1 = bi
- STOP podminky: d; < ¢

METODA PROSTE ITERACE

-f(@) =02 =g(x)
- ekvivalence tlohy: hleddn{ kofene rovnice f(x) = 0 odpovidd hledéni pevného bodu funkce g(z)
- podminky:

1. g(z) e C(I)
2. zobrazeni do sebe: g: [ — I
3. ld(x) <1 Veel

- konstrukee: z;41 = g(x;), i =0,1, ...
- geometricky vyznam: feSit rovnici = g(x) znamend hledat prusecik piimky y = = s kiivkou y = g(x)
- STOP podminky: |x;11 — ;| <€

NEWTONOVA METODA

- flx) =0&z=g(z)

- konstrukce:

_ f(z:)
f'(@s)

- geometricky vyznam: bod z;41 je prusecik tecny ke grafu funkce f(x) v bodé [z;, f(z;)] s osou z

- Fourierovy podminky = podminky konvergence:

af/(xi)#o,izo,l,...

Ti+1 = T4

1. f(z) € C*(I)

2. f'(x), f”(x) neméni znaménko na I

3. volba pocdtetni aproximace: xg tak, aby f(zq) - f"(z¢) > 0
- STOP podminky: |z, 11 — 2| <€

METODA REGULA FALSI

- konstrukce:
bi—1—a;—1

f(bic1 — flai-1))

- geometricka interpretace: bod x; je prusecik seény ke grafu funkce f(x) v bodech [a;—1, f(a;—1)], [bi—1, f(bi—1)] s osou x
- STOP podminky: |f(x;)| <e

mi:aifl_f(aifl) yi=1,2,...
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x

Priklad. Najdéte vSechny kofeny rovnice x +e~* — 2 = 0 s pfesnosti 0.01

a) metodou bisekce,
b) metodou prosté iterace,

¢) Newtonovou metodou,

)
)
)
d) metodou regula falsi.

Resend.

e hruby odhad intervalu, uréeni poc¢atecnich aproximaci:

r+e ¥ -2=0

N fl@)=ax+e*-2
e interval pro odhad zaporného kotene:
&1e(-2,-1)
7(=2)= o
o - F(—1) = f(=2)-f(=1) <0
< 4 e interval pro odhad kladného kofene:
S 62 € <O72>
o f(0) = ().
o)~ F(0)- £(2) < 0
I I I I I
-2 -1 0 1 2
a) metoda bisekce: 1
s; = s (a; +b;)
2
1
d; = §(b1 —a;)
STOP kritérium: d; < €
e odhad zaporného kofene:
odhad poctu kroku: tabulka hodnot:
bo — ap _
gir1 <€ i oa bi Si d; flai) — f(b)  f(si)
0
1
2
31-1.25 -1.125  -1.1875 0.0625 0.2403 -0.0448 0.0914
4 |-1.1875 -1.125  -1.1563 0.0313 0.0914 -0.0448 0.0217
5| -1.1563 -1.125  -1.1406 0.0156 0.0217 -0.0448 -0.0119
6 | -1.1563 -1.1406 -1.1484 0.0078 < 0.01  0.0217 -0.0119 0.0048

odhad zaporného korene:
T1 = —1.1484 £ 0.0078
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e odhad kladného kofene:

odhad poc¢tu kroku: tabulka hodnot:
bo — ap .
5T <°© i | a; b; 8i d; f(a;) fi)  f(si)
2 - -
. < 0.0l 010 2 1 1 1 0.1353 -0.6321
9 1)1 2 1.5 0.5 -0.6321 0.1353 -0.2769
it+1
0.01 <2 2115 2 1.75 0.25 -0.2769 0.1353 -0.0762
200 < 2+
31 1.7 2 1.875  0.125 -0.0762 0.1353 0.0284
log,200 < i+ 1
. 4 | 1.75 1.875  1.8125 0.0625 -0.0762 0.0284 -0.0243
1> 7.6439 — 1
i=7 518125 1.875  1.8438 0.0313 -0.0243 0.0284 0.0020
6 | 1.8125 1.8438 1.8281 0.0156 -0.0243 0.0020 -0.0112
7 1.8281 1.8438 1.8359 0.0078 < 0.01 -0.0112 0.0020 -0.0046

odhad kladného kofene:
Iy = 1.8359 4+ 0.0078

b) metoda prosté iterace:

Tit+1 = g(xz), 1= 0, 1, ce
STOP kritérium: |z; 41 — x| < e

e odhad zaporného kofene:
volba itera¢ni funkce:

l.x+e™*—-2=0
g(z) =z = , podminky:
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odhad zaporného korene:

, podminky:
i Tiv1 = g(wi)  |Tit1 — T
0
1
2| -1.2197 -1.1693 0.0504
3| -1.1693 -1.1535 0.0158
41 -1.1535 -1.1485 0.0050 < 0.01

To = —1.1485 + 0.0050

Pozn. Tabulka hodnot pro jinou volbu poc¢éteéni aproximace:

odhad zaporného korene:

i @ Tit1 = g(@i) |1 — @
01-1 -1.0986 0.0986

1 |-1.0986 -1.1310 0.0323

2| -1.1310 -1.1413 0.0104

3

-1.1413  -1.1446

0.0033 < 0.01

To = —1.1446 £ 0.0033
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e odhad kladného kofene:
volba itera¢ni funkce:
z+e T —-2=0

g(x) =2 =2—e"", podminky:

1. g(z) € C(0,2)

2. g(0)=1€ C(0,2)
9(2) = 1.8647 € C(0,2)

extrém? ¢'(x) =e " ...

nemd extrém na (0, 2)

3. |¢'(0)] =1 — posunout levy krajni bod intervalu do 0.1 — novy interval (0.1, 2) + dodate¢né ovéteni podminek:
9(0.1) = 1.0952 € (0.1,2), |¢’(0.1)] = 0.9048 < 1

19'(2)] = 0.1353 < 1

odhad kladného korene:

(A Tiv1 = g(z;)  |Tig1 — x4

001 1.0952 0.9952

1] 1.0952 1.6655 0.5704

2 | 1.6655 1.8109 0.1454

3 | 1.8109 1.8365 0.0256

4 | 1.8365 1.8406 0.0041 < 0.01
ZTo = 1.8406 £ 0.0041

Pozn. Tabulka hodnot pro jinou volbu pocatecni aproximace:

odhad kladného kofene:

i @ Tip1 = g(z:)  |Tip1 — i
012 1.8647 0.1353

1| 1.8647 1.8451 0.0196

2 | 1.8451 1.8420 0.0031 < 0.01

L9 = 1.8420 + 0.0031
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¢) Newtonova metoda:

_ f(z:)
fr(@)

STOP kritérium: |z, 11 — 2| < e

Ti+1 = T4 i:O,l,...

e odhad zaporného kofene:
Fourierovy podminky:

i Tit1 |Tit1 — il

0

1 0.2622

2 | -1.2073 -1.1488 0.0585

3| -1.1488 -1.1462 0.0026 < 0.01

odhad zaporného korene:
To = —1.1462 £ 0.0026
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e odhad kladného kofrene:
Fourierovy podminky:

1. flz)=ax+e " —
f(z)y=1-e""€C(0,2
" (x)=e"" € C(0,2)

2. £/(0)=0
#(2) = 0.8647

extrém? f’(x) =e™"

nemd extrém na (0, 2)

f10)=1
£7(2) = 0.1353
extrém? f"'(z) = —e™" nemé extrém na (0, 2)

3. volba pocateéni aproximace xg :

f(0)=-
F(2) =0.1353 — £(2)- f"(2) >0 —> 29 = 2

v @ Tiv1 = g(z;)  |Tig1 — x4
012 1.8435 0.1565
1| 1.8435 1.8414 0.0021 < 0.01

odhad kladného kofene:
To = 1.8414 £+ 0.0021

d) metoda regula falsi:

bi—1 —a;— .
T; =G — f(ai_l)f(bifﬁ — f(aif1)’ i=1,2,...
STOP kritérium: |f(z;)| < e
e odhad zaporného kofene:
i | a; b T flai)  f(bi) f(i)
0|-2 -1 - 3.3891 -0.2817 —
11-2 -1 -1.0767 3.3891 -0.2817 -0.1416
2 1-2 -1.0767 -1.1138 3.3891 -0.1416 -0.0679
31-2 -1.1138 -1.1312 3.3891 -0.0679 -0.0318
41-2 -1.1312 -1.1393 3.3891 -0.0318 -0.0148
51-2 -1.1393 -1.1430 3.3891 -0.0148 | — 0.0068| < 0.01

odhad zaporného kofrene:
To = —1.1430 £ 0.0068

e odhad kladného kofene:

i oa by f(ai) fbi)  flxi)

010 2 - -1 0.1353 —

110 2 17616 -1 0.1353 -0.0666

2| 1.7616 2 1.8403 -0.0666 0.1353 |— 0.001] < ¢

odhad kladného kofene:
ZTo = 1.8403 £ 0.001

[verze: 2. X. 2016]



