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�5õÚ{

ltn�tn+1, �Jp°Ý, üÚ{¥IõgO�f (t, u)��. �f '�E,
�, O�þ'��.

�)û�¯K

XÛ(�°Ý�cJe, ¦þ~�O�f�gê?

Pyn ≈ y(tn), fn = f (tn, yn),�5õÚ{�O�úª�

k∑
i=0

αn+k
i yn+i = hn+k

k∑
i=0

βn+k
i fn+i ,

Ù¥αn+k
k = 1, |αn+k

0 |+ |βn+k
0 | 6= 0.

eβn+k
k = 0, K�wª�{.
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lê�È©��Ý�OõÚ{

Ð�¯K�)÷v

y(tn+k)− y(tn−j) =

∫ tn+k

tn−j

f (t, y(t))dt.

^Lagrange��õ�ª

Pq(t) =

q∑
i=0

f (tn−i , y(tn−i ))Li ;n−q,n(t).

P

βn+k
qi =

1

hn+k

∫ tn+k

tn−j

Li ;n−q,n(t)dt,

=�õÚ{

yn+k = yn−j + hn+k

q∑
i=0

βn+k
qi fn−i .
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wªAdams�{(�Ú�)

-k = 1, j = 0, q = 0, 1, · · · , ��Adamswª�{

yn+1 = yn + h(βq0fn + βq1fn−1 + · · ·+ βqqfn−q),

βqi =

∫ 1

0
Πq

l=0
l 6=i

s + l

−i + l
ds.

q 0 1 2 3 4

β0 1

2β1i 3 -1

12β2i 23 -16 5

24β3i 55 -59 37 -9

720β4i 1901 -2774 2616 -1274 251

1��(q = 0)´Euler�{.
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ÛªAdams�{(�Ú�)

-k = 0, j = 1, q = 0, 1, · · · , ��AdamsÛª�{

yn = yn−1 + h(βq0fn + βq1fn−1 + · · ·+ βqqfn−q),

βqi =

∫ 0

−1
Πq

l=0
l 6=i

s + l

−i + l
ds.

0 1 2 3 4

β0 1

2β1i 1 1

12β2i 5 8 -1

24β3i 9 19 -5 1

720β4i 251 646 -264 106 -19

1��´ÛªEuler, 1��´F/�{.
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Nyströmúª(�Ú�)

-k = 1, j = 1, q = 0, 1, · · · , ��Nyströmúª

yn+1 = yn−1 + h(βq0fn + βq1fn−1 + · · ·+ βqqfn−q),

βqi =

∫ 1

−1
Πq

l=0
l 6=i

s + l

−i + l
ds.

q = 0���¥:úª
yn+1 = yn−1 + 2hfn.
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Milne-Simpsonúª(�Ú�)

-k = 0, j = 2, q = 0, 1, · · · , ��2ÂMilne-Simpsonúª

yn = yn−2 + h(βq0fn + βq1fn−1 + · · ·+ βqqfn−q),

βqi =

∫ 0

−2
Πq

l=0
l 6=i

s + l

−i + l
ds.

q = 2���Simpsonúª

yn = yn−2 +
h

3
(fn + 4fn−1 + fn−2).
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��õÚ{

���õÚ{�

k∑
i=0

αn+k
i yn+i = hn+kϕ(tn, · · · , tn+k ; yn, · · · , yn+k ; f ),

Ù¥, αn+k
k = 1.

ϕ�5�aqüÚ{:

ϕ(:, f ≡ 0) = 0;

ϕ'uyn+i÷v��Lipschitz^�£5¿µd^�éCÚ�k�½�
�å¤.

A�õ�ª

ρn+k(ξ) =
k∑

i=0

αn+k
i ξi .
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Âñ5½Â

Âñ5

õÚ{¡�´Âñ�, XJé?¿Ð�

yr = sr , r = 0, 1, · · · , k − 1,

e
sr (h)→ ỹ0, h→ 0+,

Kk
sup
n
‖yn − y(tn)‖ → 0, h→ 0+.

Ä��¦

eõÚ{Âñ, K
ρn+k(1) = 0.

·�o´b½d^�÷v�
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�N5Ú�N�

�y = y(t)´�^È©­�. PÛÜ�äØ�

Rn+k =
k∑

i=0

αn+k
i y(tn+i )− hn+kϕ(tn, · · · , tn+k ; y(tn), · · · , y(tn+k); f )

eRn+k = o(hn+k), K¡õÚ{´�N�. e

Rn+k = O(hp+1
n+k),

K¡Ù�p��N. Ì�¡�ÌÛÜ�äØ�.
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"­½5

õÚ{¡�´(")­½�, e�3�~êCÚh0, �0 < h ≤ h0�, õÚ{
�?¿ü)unÚvn÷vØ�ª

max |un − vn| ≤ C max
j=0,1,··· ,k−1

|uj − vj |

õÚ{��d/ªµPYn = [yn; yn+1; · · · ; yn+k−1], K

Yn+1 =


0 1 0 · · ·
0 0 1 · · ·
· · · · · · · · · · · ·
−αn+k

0 −αn+k
1 · · · −αn+k

k−1

Yn + hn+k


0
0
...
ϕ


(r­½5)e�3,��ê, ¦�XêÝ
��êØ�u1, K¡õÚ{
÷vr­½5^�.

5�: r­½5(�õÚ{´"­½�.

xS< (êÆ) ODE Solver 11 / 12



Âñ5½n

Âñ5½n

õÚ{er­½��N, KõÚ{Âñ. ?�Ú, e�{ p��N, ¿�
Ð��CqØ��´p��, K

sup
n
‖yn − y(tn)‖ = O(hp).

r­½���¿©^�

eéu�Ú�A�õ�ªρ(ξ) =
∑k

i=0 αiξ
i , Ø1ù�ü�	, ¤k���

�Ñ�u1, K�3��~êκ > 1, ¦��hm/hn ≤ κ, ∀ |m − n| ≤ k�,
õÚ{´r­½�.
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