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INTERPOLAČNÍ POLYNOM

• aproximace zadaných hodnot nebo hledané funkce f polynomem F (x)

• hodnoty zadaných bod̊u a funkce F (x) se shoduj́ı v daných bodech x0, x1, . . . , xn

• značeńı:
x0, x1, . . . , xn vzájemně r̊uzné body (uzly)
y0, y1, . . . , yn dané hodnoty
F (x) hledaná funkce (polynom nebo funkce vytvořená z polynomů), pro kterou plat́ı

F (xi) = yi, i = 0, 1, . . . , n

P(n) množina všech polynomů stupně ≤ n

LAGRANGEŮV INTERPOLAČNÍ POLYNOM

• interpolačńı polynom v Lagrangeově tvaru:

L(x) =

n∑
i=0

yi · Li(x).

• fundamentálńı polynomy:

Li(x) =
(x− x0) · (x− x1) · . . . · (x− xi−1) · (x− xi+1) · . . . · (x− xn)

(xi − x0) · (xi − x1) · . . . · (xi − xi−1) · (xi − xi+1) · . . . · (xi − xn)
, i = 0, 1, . . . , n.

• Plat́ı: Li(x) ∈ P(n), Li(xj) =

{
1 j = i

0 j 6= i
⇒ F (x) = L(x).

INTERPOLAČNÍ POLYNOM V NEWTONOVĚ TVARU

• interpolačńı polynom v Newtonově tvaru:

N(x) = a0 + a1(x− x0) + . . . an(x− x0) · (x− x1) · · · · · (x− xn−1), kde

a0, a1, . . . , an jsou koeficienty splňuj́ıćı soustavu rovnic

a0 = y0

a0 + a1 · (x1 − x0) = y1

a0 + a1(x2 − x0) + a2(x2 − x0)(x2 − x1) = y2

...

a0 + a1(xn − x0) + · · ·+ an(xn − x0) · · · · · (xn − xn−1) = yn.

Řešeńı lze popsat rekurzivńım zp̊usobem pomoćı poměrných diferenćı prvńıho, druhého, . . .n-tého řádu – výpočet pomoćı
tabulky poměrných diferenćı si ukážeme na cvičeńı.
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Př́ıklad 1. Pro zadané hodnoty sestrojte

a) Lagrange̊uv interpolačńı polynom,

b) Newton̊uv interpolačńı polynom.

i 0 1 2 3
xi 0 1 2 5
yi 2 3 12 147
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Řešeńı.

a) Lagrange̊uv interpolačńı polynom:

L0(x) =
(x− 1) · (x− 2) · (x− 5)

(0− 1) · (0− 2) · (0− 5)
= = − 1

10
(x3 − 8x2 + 17x− 10)

L1(x) = =
1

4
(x3 − 7x2 + 10x)

L2(x) = = −1

6
(x3 − 6x2 + 5x)

L3(x) = =
1

60
(x3 − 3x2 + 2x)

Langrange̊uv interpolačńı polynom:

L(x) =

3∑
i=0

yi · Li(x) = . . .

· · · = x3 + x2 − x + 2

b) Newton̊uv interpolačńı polynom:

Tabulka poměrných diferenćı

i xi yi y(xi, xi+1) y(xi, xi+1, xi+2) y(x0, x1, x2, x3)

0 0 2

1 1 3

2 2 12

3 5 147

Newton̊uv interpolačńı polynom:

N(x) =

· · · = x3 + x2 − x + 2
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Př́ıklad 2. Náhrada funkce ex.
Nalezněte interpolačńı polynom (v Lagrangeově i Newtonově tvaru), který aproximuje funkci ex a procháźı body o hod-
notách

a) x0 = 0, x1 = 1;

b) x0 = 0, x1 = 0.5, x2 = 1;

c) x0 = 0, x1 = 1, x2 = 2;

d) x0 = 0, x1 = 1
3 , x2 = 2

3 , x3 = 1.

Řešeńı.

a) x0 = 0, x1 = 1

i 0 1
xi 0 1
yi 1 e

• Lagrange̊uv interpolačńı polynom:

Fundamentálńı polynomy:

L0(x) =
x− 1

0− 1
= − (x− 1) = 1− x

L1(x) =
x− 0

1− 0
= x

Lagrange̊uv interpolačńı polynom:
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x
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ex

L(x), N(x)

L(x) =

1∑
i=0

yi · Li(x) = 1 · (1− x) + e · x = 1 + x (e− 1)
.
= 1 + 1.7182x

• Newton̊uv interpolačńı polynom:

Tabulka poměrných diferenćı

xi yi y(xi, xi+1)

0 1
e−1
1 = e− 1

1 e

Newton̊uv interpolačńı polynom:
N(x) = 1 + (e− 1)x

.
= 1 + 1.7182x
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b) x0 = 0, x1 = 0.5, x2 = 1

i 0 1 2
xi 0 0.5 1
yi 1 1.6487 2.7182

• Lagrange̊uv interpolačńı polynom:

Fundamentálńı polynomy:

L0(x) =
(x− 0.5) · (x− 1)

(0− 0.5) · (0− 1)
= 2

(
x− 1

2

)
· (x− 1)

L1(x) =
(x− 0) · (x− 1)

(0.5− 0) · (0.5− 1)
= −4x (x− 1)

L2(x) =
(x− 0) ·

(
x− 1

2

)
(1− 0) ·

(
1− 1

2

) = 2x

(
x− 1

2

)
Lagrange̊uv interpolačńı polynom:
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ex

L(x), N(x)

L(x) =

2∑
i=0

yi · Li(x) = 2

(
x− 1

2

)
· (x− 1)− 1.6487 · 4x (x− 1) + 2.7182 · 2x

(
x− 1

2

)
= 1 + 0.8766x + 0.8416x2

• Newton̊uv interpolačńı polynom:

Tabulka poměrných diferenćı

xi yi y(xi, xi+1) y(xi, xi+1, xi+2)

0 1
1.6487−1
0.5−0 = 1.2974

2.1392−1.2974
1−0 = 0.84180.5 1.6487

2.7182−1.6487
1−0.5 = 2.1392

1 2.7182

Newton̊uv interpolačńı polynom:

N(x) = 1 + 1.2974x + 0.8418x

(
x− 1

2

)
= 1 + 0.8765x + 0.8418x2
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c) x0 = 0, x1 = 1, x2 = 2

i 0 1 2
xi 0 1 2
yi 1 2.7182 7.3891

• Lagrange̊uv interpolačńı polynom:

Fundamentálńı polynomy:

L0(x) =
(x− 1) · (x− 2)

(0− 1) · (0− 2)
=

1

2
(x− 1) (x− 2)

L1(x) =
(x− 0) · (x− 2)

(1− 0) · (1− 2)
= −x(x− 2)

L2(x) =
(x− 0) · (x− 1)

(2− 0) · (2− 1)
=

1

2
x (x− 1)

Lagrange̊uv interpolačńı polynom:
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c)

x

y

ex

L(x), N(x)

L(x) =

2∑
i=0

yi · Li(x) =
1

2
(x− 1) (x− 2)− 2.7182x(x− 2) + 7.3891 · 1

2
x (x− 1) = 1 + 0.2419x + 1.4764x2

• Newton̊uv interpolačńı polynom:

Tabulka poměrných diferenćı

xi yi y(xi, xi+1) y(xi, xi+1, xi+2)

0 1
2.7182−1

1−0 = 1.7182
4.6709−1.7182

2−0 = 1.47641 2.7182
7.3891−2.7182

2−1 = 4.6709
2 7.3891

Newton̊uv interpolačńı polynom:

N(x) = 1 + 1.7182x + 1.4764x (x− 1) = 1 + 0.2419x + 1.4764x2
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d) x0 = 0, x1 = 1
3 , x2 = 2

3 , x3 = 1

i 0 1 2 3
xi 0 1

3
2
3 1

yi 1 1.3956 1.9477 2.7182

• Lagrange̊uv interpolačńı polynom:

Fundamentálńı polynomy:

L0(x) =

(
x− 1

3

)
·
(
x− 2

3

)
· (x− 1)(

0− 1
3

)
·
(
0− 2

3

)
· (0− 1)

= . . . = −2

9

(
x3 − 2x2 +

11

9
x− 2

9

)
L1(x) =

(x− 0) ·
(
x− 2

3

)
· (x− 1)(

1
3 − 0

)
·
(
1
3 −

2
3

)
·
(
1
3 − 1

) = . . . =
2

27

(
x3 − 5

3
x2 +

2

3
x

)
L2(x) =

x
(
x− 1

3

)
(x− 1)

2
3 ·
(
2
3 −

1
3

) (
2
3 − 1

) = . . . = − 2

27

(
x3 − 4

3
x2 +

1

3
x

)
L3(x) =

x
(
x− 1

3

) (
x− 2

3

)
1 ·
(
1− 1

3

) (
1− 2

3

) = . . . =
2

9

(
x3 − x2 +

2

9
x

)
Lagrange̊uv interpolačńı polynom:
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L(x), N(x)

L(x) =

3∑
i=0

yi · Li(x)

= −2

9

(
x3 − 2x2 +

11

9
x− 2

9

)
+ 1.3956 · 2

27

(
x3 − 5

3
x2 +

2

3
x

)
− 1.9477 · 2

27

(
x3 − 4

3
x2 +

1

3
x

)
+ 2.7182 · 2

9

(
x3 − x2 +

2

9
x

)
= . . . = 0.2786x3 + 0.4257x2 + 1.0140x + 1

• Newton̊uv interpolačńı polynom:

Tabulka poměrných diferenćı

xi yi y(xi, xi+1) y(xi, xi+1, xi+2) y(xi, xi+1, xi+2, xi+3)

0 1 1.3956−1
1
3−0

= 1.1868
1.6563−1.1868

2
3−1

= 0.70425
0.9828−0.70425

1−0 = 0.27855
1
3 1.3956 1.9477−1.3956

2
3−

1
3

= 1.6563
2.3115−1.6563

1− 1
3

= 0.98282
3 1.9477 2.7182−1.9477

1− 2
3

= 2.3115
1 2.7182

Newton̊uv interpolačńı polynom:

N(x) = 1 + 1.1868x + 0.70425x

(
x− 1

3

)
+ 0.27855x

(
x− 1

3

)(
x− 2

3

)
= 1 + 1.0140x + 0.4257x2 + 0.2786x3



3. Interpolačńı polynom, Lagrange̊uv a Newton̊uv tvar 7

Řešený př́ıklad z praxe.

Nákladńı trajekt spojuj́ıćı pevninu s ostrovem má maximálńı kapacitu 1 000 osobńıch voz̊u, ovšem
nakládka voz̊u bĺıž́ıćı se maximálńı kapacitě je časově velmi náročná. K dispozici máme tabulku
s počty aut naloženými v daném čase

čas [hod] 0.5 0.7 0.9 1.1
y 452 585 689 768

Zdroj: [1]

Odhadněte, kolik voz̊u bylo naloženo za 1 hodinu, použit́ım

a) Lagrangeova interpolačńıho polynomu,

b) Newtonova interpolačńıho polynomu.

Řešeńı.

a) Lagrange̊uv interpolačńı polynom:

Fundamentálńı polynomy:

L0(x) =
(x− 0.7) · (x− 0.9) · (x− 1.1)

(0.5− 0.7) · (0.5− 0.9) · (0.5− 1.1)
= − 1

0.048
(x− 0.7) · (x− 0.9) · (x− 1.1)

L1(x) =
(x− 0.5) · (x− 0.9) · (x− 1.1)

(0.7− 0.5) · (0.7− 0.9) · (0.7− 1.1)
=

1

0.016
(x− 0.5) · (x− 0.9) · (x− 1.1)

L2(x) =
(x− 0.5) · (x− 0.7) · (x− 1.1)

(0.9− 0.5) · (0.9− 0.7) · (0.9− 1.1)
= − 1

0.016
(x− 0.5) · (x− 0.7) · (x− 1.1)

L3(x) =
(x− 0.5) · (x− 0.7) · (x− 0.9)

(1.1− 0.5) · (1.1− 0.7) · (1.1− 0.9)
=

1

0.048
(x− 0.5) · (x− 0.7) · (x− 0.9)

Lagrange̊uv interpolačńı polynom:

L(x) =

2∑
i=0

yi · Li(x) = − 452

0.048
(x− 0.7) · (x− 0.9) · (x− 1.1) +

585

0.016
(x− 0.5) · (x− 0.9) · (x− 1.1)

− 689

0.016
(x− 0.5) · (x− 0.7) · (x− 1.1) +

768

0.048
(x− 0.5) · (x− 0.7) · (x− 0.9)

=
250

3
x3 − 1075

2
x2 +

7315

6
x− 269

8

L(1) =
250

3
− 1075

2
+

7315

6
− 269

8
= 731.375

b) Newton̊uv interpolačńı polynom:

Tabulka poměrných diferenćı:

i xi yi y(xi, xi+1) y(xi, xi+1, xi+2) y(x0, x1, x2, x3)

0 0.5 452
665

−725

2 250

3

1 0.7 585
520

−625

2
2 0.9 689

395

3 1.1 768

Newton̊uv interpolačńı polynom:

N(x) = 452 + 665 · (x− 0.5)− 725

2
· (x− 0.5) (x− 0.7) +

250

3
· (x− 0.5) (x− 0.7) (x− 0.9) = . . .

=
250

3
x3 − 1075

2
x2 +

7315

6
x− 269

8

N(1) =
5851

8
= 731.375
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Poznámka k výsledk̊um.

Pokud v́ıte, že lze počet naložených voz̊u v čase t vyjádřit vztahem

f(t) = 1 000 · t

t + e−t
,

porovnejte odhadnuté počty naložených aut za 1 hodinu se skutečnou hodnotou:

N(1) = 731.3750

H(1) = 731.2865

f(1) = 731.0586.

Pozn. Zaj́ımaj́ı nás odhady počt̊u naložených aut ⇒ po zaokrouhleńı se odhady nelǐśı od hodnoty spoč́ıtané ze zadané
funkce. Počet naložených aut během 1 hodiny je tedy 731.

Kateřina Pokorová/verze: 06-10-2019


