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Çàäàíà ôóíêöèÿ f(x) = ex sinx. Íåîáõîäèìî íàéòè åå êóáè÷åñêèé ñïëàéí íà îòðåçêå [0, 1]
ñ ðàâíîìåðíîé ñåòêîé xk = kh = k

n
, k = 0, n.

module Spline where

f x = sin x * exp x

n = 5

h = 1/fromIntegral n

x = [fromIntegral k * h | k <- [0..n]]

Óêàæåì, ÷òî ïåðâàÿ è âòîðàÿ ïðîèçâîäíûå f ðàâíû

f' x = exp x * (cos x + sin x)

f'' x = 2 * exp x * cos x

Çàäàäèì ñïëàéí íà îòðåçêå [xi, xi+1] â âèäå êóáè÷åñêîãî ìíîãî÷ëåíà

gi(x) = yi + pi(x− xi) +
si
2

(x− xi)
2 +

ai
6

(x− xi)
3.

g u = y!!i + p!!i * t + s!!i * t*t/2 + a!!i * t*t*t/6 where

i = head [i | i <- [0..n], x!!i <= u && u <= x!!(i+1)]

t = u - x!!i

Èç óñëîâèé èíòåðïîëèðîâàíèÿ ïîëó÷àåì yi = f(xi), i = 0, n.

y = map f x

Îáîçíà÷èì ∆yi = yi+1 − yi,∆pi = pi+1 − pi.

dy = zipWith (-) (tail y) y

dp = zipWith (-) (tail p) p

Òðåáîâàíèå íåïðåðûâíîñòè ïåðâîé ïðîèçâîäíîé ïðèâîäèò ê ðàâåíñòâàì si = ∆pi

h
− 1

2
aih.

s = zipWith (\a dp -> dp/h-a*h/2) a dp

Óñëîâèÿ íåïðåðûâíîñòè ôóíêöèè ïðèâîäÿò ê óðàâíåíèÿì

ai =
6

h2

(
pi + pi+1 − 2

∆yi
h

)
.

∗Ìîíîøèðèííûì øðèôòîì âûäåëåíû èñõîäíûå òåêñòû íà ÿçûêå Haskell.
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a = zipWith3 (\p np dy -> 6/(h*h) * (p+np-2*dy/h)) p (tail p) dy

Èç óñëîâèÿ íåïðåðûâíîñòè âòîðîé ïðîèçâîäíîé ïîëó÷àåì

h(pi−1 + 4pi + pi+1) = 3 (∆yi−1 + ∆yi) , i = 1, n− 1.

Íàêîíåö, äâà óðàâíåíèÿ ïîëó÷àåì èç óñëîâèé èíòåðïîëèðîâàíèÿ g′′(0) = f ′′(0), g′′(1) =
f ′′(1):

p0 +
1

2
p1 =

3

2h
∆y0 −

h

4
f ′′(0),

1

2
pn−1 + pn =

h

4
f ′′(1) +

3∆yn−1

2h
.

Îáîçíà÷èì F0 = 3
2h

∆y0 − h
4
f ′′(0), Fn = h

4
f ′′(1) + 3∆yn−1

2h
, C0 = An = 1/2, B0 = Bn = 1,

Ai = Ci = h, Bi = 4h, Fi = 3 (∆yi−1 + ∆yi) .

kg = 1/2

kf i | i == 0 = (dy !! 0) * 3 / (2*h) - f''(0) * h / 4

| i == n = f''(1) * h / 4 + (dy !! (n-1)) * 3 / (2 * h)

| otherwise = 3 * (dy !! (i-1) + dy !! i)

ka i | i == n = 1/2

| otherwise = h

kb i | i == 0 || i == n = 1

| otherwise = 4*h

kc i | i == 0 = 1/2

| otherwise = h

Â èòîãå ïðèõîäèì ê ñèñòåìå n óðàâíåíèé:
B0p0 + C0p1 = F0,
Aipi−1 +Bipi + Cipi+1 = Fi, i = 1, n− 1,
Anpn−1 +Bnpn = Fn.

Äëÿ åå ðåøåíèÿ âîñïîëüçóåìñÿ ìåòîäîì ïðîãîíêè.

1. α0 = −C0

B0
, β0 = F0

B0
.

2. αi = − Ci

αi−1Ai+Bi
, βi = Fi−βi−1Ai

αi−1Ai+Bi
, i = 1, n− 1

3. pn = Fn−βn−1An

Bn+αn−1An

4. pi = αipi+1 + βi, i = 0, n− 1

alpha = map al [0..n-1] where

al 0 = - kc 0 / kb 0

al i = - kc i / (alpha !! (i-1) * ka i + kb i)

beta = map be [0..n-1] where

be 0 = kf 0 / kb 0

be i = (kf i - beta !! (i-1) * ka i) / (alpha !! (i-1) * ka i + kb i)

p = map pp [0..n] where

pp i | i == n = (kf n - beta !! (n-1) * ka i)

| otherwise = alpha !! i * p !! (i+1) + beta !! i
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i xi yi ∆yi Ai Bi Ci Fi αi βi pi ai si
0 0.0 0.0000 0.2427 1.0 0.5 1.7199 -0.5000 1.7199 1.0014 1.7773 2.0000

1 0.2 0.2427 0.3383 0.2 0.8 0.2 1.7428 -0.2857 1.9984 1.4370 2.8384 2.3555

2 0.4 0.5809 0.4479 0.2 0.8 0.2 2.3586 -0.2692 2.6370 1.9648 -2.6462 2.9231

3 0.6 1.0288 0.5677 0.2 0.8 0.2 3.0467 -0.2680 3.3764 2.4965 15.3550 2.3939

4 0.8 1.5965 0.6908 0.2 0.8 0.2 3.7755 -0.2680 4.1537 3.2824 -56.1993 5.4649

5 1.0 2.2874 0.5 1.0 5.3282 3.2514

Òåïåðü íàéäåì ïðîèçâîäíûå â òî÷êàõ zk = xk + h
2
, k = 0, n− 1:

g′i(x) = pi + si(x− xi) +
ai
2

(x− xi)
2,

g′′i (x) = si + ai(x− xi).

z = map (h/2+) x

g' u = p!!i + s!!i * t + a!!i * t*t/2 where

i = head [i | i <- [0..n], x!!i <= u && u <= x!!(i+1)]

t = u - x!!i

g'' u = s!!i + a!!i * t where

i = head [i | i <- [0..n], x!!i <= u && u <= x!!(i+1)]

t = u - x!!i

i zi f(zi) f ′(zi) f ′′(zi) g(zi) g′(zi) g′′(zi)
0 0.1 0.1103 1.2100 2.1993 0.1104 1.2103 2.1777

1 0.3 0.3989 1.6885 2.5791 0.3986 1.6867 2.6393

2 0.5 0.7904 2.2373 2.8938 0.7916 2.2439 2.6585

3 0.7 1.2973 2.8375 3.0804 1.2930 2.8127 3.9294

4 0.9 1.9267 3.4556 3.0578 1.9427 3.5479 -0.1550
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