2. NUMERICKE RESENI NELINEARN{ ROVNICE (METODA BISEKCE, METODA REGULA FALSI). Katefina Kone¢nd

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 BISEKCE (METODA PULENI INTERVALU)

- v kazdém kroku konstrukee intervalu (ag, bp) D {(a1,b1) D -+ D (an, bn),
- stfed intervalu:

1
si:f(ai+bi),i:(),1,...,n

2
- odhad chyby:
1
di:§(bi—ai),i:0,1, ...
- odhad poctu kroku:
bo — ag
T <

- f(az) . f(Sl‘) <0— Qi1 = Gy, bi+1 = S;
f(si) - f(bi) <0 — aip1 = si, bip1 =b;
- STOP podminky: d; < ¢

METODA REGULA FALSI

- konstrukce:

bi—1—a;—1
f(bi—1) = fai-1)
- geometrickd 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(z;)| <e

xi:aifl_f(aifl) yi=1,2,...
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Priklad. Najdéte vSsechny kofeny rovnice x +e™7

— 2 =0 s presnost{ 0.01
a) metodou bisekce,
b) metodou regula falsi.

Resend.

e hruby odhad intervalu, uréeni poc¢atecnich aproximaci:

r+e ¥ -2=0

847 flz)=o+e*—-2
g | e interval pro odhad zaporného kotene:
| & (-2.-1)
f(=2) = _9). f(—
. e J(-2)- f(=1) <0
o e interval pro odhad kladného kotene:
H & €(0,2)
o +
+ f(0) = }
0)-f(2) <0
. . A £(0)- £2)
&1 &2
T T T T I
-2 -1 0 1 2
a) ’ metoda bisekce: ‘ 1
8; = *(ai + bi)
2
1
di = 5(bi — )
STOP kritérium: d; < €
e odhad zaporného kofene:
odhad poctu kroku: tabulka hodnot:
bo — ag ,
git1 <€ | ai bi 8 d; flai)  flb))  f(si)
0
1
2
3
4 1-1.1875 -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 koiene:
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 regula falsi:

bi—1 —a;_
Ty =Q5—1 — f(ai_l) Gt i1 i=1,2, e

fbiv) = flaia)’
STOP kritérium: |f(z;)| < e

e odhad zaporného kofene:

i|ai b T flai) — flb)  flx)

0

1

2

3

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 korene:
To = —1.1430 £ 0.0068

e odhad kladného kofene:

i oa by f(a:) fbi)  flxi)

00 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
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Reseny piiklad z praxe.

Parasutista padd z klidového stavu. Jeho rychlost v je dana v zavislosti na case rovnic{

v(t) = % (1- e*ﬁt) ,

kde g = 9.8 ms~2 a ¢ = 13 kg-s~!. Piedpoklddejme, ze parasutista vazi m = 95 kg.
Odhadnéte dobu, po které parasutista dosdhne rychlosti 35 m-s~!

a) analyticky,

b) metodou bisekce (s piesnost{ ¢ < 1073),

c¢) metodou regula falsi (s presnosti e < 1073).

§ Zdroj: [1]
Reseni.
a) ’ analytické f'eéeni:‘
Resfme nelinedrni rovnici f(t) = 0, kde f(t) = I (1—emt) —wv:
gm —<t o
= (1 ) .
B .
gm “
e"ml=1-— « © A
gm
——t=1In <1v> I
m gm cl
(=" (1- ) 3
c gm
t=4.9023 s oow a w e e
b) ’ metoda bisekce: | napi. I = (0,100), f(0) = —35, f(100) = 36.6153
i a; bi Si d; f(ai) f(bi) f(s4)
0 0 100.0000 50.0000 50.0000 -35.0000 36.6153  36.5389
1 0 50.0000  25.0000 25.0000 -35.0000 36.5389  34.2751
2 0 25.0000 12.5000 12.5000 -35.0000 34.2751  23.6694
3 0 12.5000  6.2500 6.2500 -35.0000 23.6694 6.1666
4 0 6.2500  3.1250 3.1250 -35.0000  6.1666 -10.0815
5 | 3.1250 6.2500  4.6875 1.5625 -10.0815  6.1666  -1.0922
6 4.6875 6.2500 5.4688 0.7813 -1.0922 6.1666 2.7310
7 | 4.6875 5.4688  5.0781 0.3906  -1.0922 2.7310 0.8704
8 | 4.6875 5.0781 4.8828 0.1953  -1.0922  0.8704  -0.0978
9 | 4.8828 5.0781 4.9805 0.0977  -0.0978  0.8704 0.3896
10 | 4.8828 4.9805 4.9316 0.0488 -0.0978 0.3896 0.1467
11 | 4.8828 4.9316 4.9072 0.0244 -0.0978 0.1467 0.0247
12 | 4.8828 49072  4.8950 0.0122  -0.0978  0.0247  -0.0365
13 | 4.8950 49072  4.9011 0.0061  -0.0365  0.0247  -0.0059
14 | 4.9011 4.9072 4.9042 0.0031 -0.0059 0.0247 0.0094
15 | 4.9011 4.9042 4.9026 0.0015 -0.0059 0.0094 0.0017
16 | 4.9011 4.9026 4.9019 0.0008 < ¢ -0.0059 0.0017 -0.0021

odhad korene:
T = 4.9019 4+ 0.0008
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c) ’ metoda regula falsi: | napi. I = (0,100), f(0) = —35, f(100) = 36.6153

i a; b; T fa;) f(bi) f(xi)
0 0 100.0000 - -35.0000 36.6153 -
1 0 100.0000 48.8722 -35.0000 36.6153 36.5261
2 | 48.8722 0 239147 36.5261 -35.0000 33.9004
3 | 23.9147 0 12,1482 33.9004 -35.0000 23.0309
4 12.1482 0 7.3269  23.0309 -35.0000 10.3387
) 7.3269 0 5.6561  10.3387 -35.0000 3.5888
6 5.6561 0 5.1301 3.5888  -35.0000 1.1238
7 5.1301 0 49705 1.1238 -35.0000 0.3402
8 4.9705 0 4.9227 0.3402 -35.0000 0.1019
9 4.9227 0 4.9084 0.1019 -35.0000 0.0304
10 | 4.9084 0 49041 0.0304 -35.0000 0.0091
11 4.9041 0  4.9028 0.0091 -35.0000 0.0027
12 | 4.9028 0  4.9025 0.0027 -35.0000 0.0008 < ¢

odhad kofene:
Tz = 4.9025 £ 0.0008

[1] http://www.shapesticker.eu/Samolepka-Parasutista-d49.htm?tab=description [verze: 25. IX. 2017]



