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�Ï6�.

�.�ïáÄue�b�:

1. �ý÷�^Ã��ü���$Ä¶

2. �ý3ü���S�U�����$Ä¶

3. ü���´�µ4�§vkø�ý¨\½ö¨Ñ�
´�¶

4. �ý�éudS�¥�Ù¦�ý �Øu)UC§=vk�
e½����¹.

�
Buïá�.§b��ý$Ä����x¶���
�§ρ(x, t) ��Ï6��Ý§L«ü ålþ��ýê8¶
q(x, t)��Ï6�6þ§L«�63ü �mSÏL,*ÿ:x
?��ýê8.



�Ï6�.

�Äü���«m[a, b]S�ýê8�Cz���ûu3 
�x = a?¨\��ý93 �x = b?¨Ñ��ýê8��. 3
 �x§3�½�mã[t0, t1]S��ýê8�

N1(x) =

∫ t1

t0

q(x, t) dt

�3�mã[t0, t1]S§«mã[a, b]S��ýê8�Cz�

4N = N1(a)−N1(b)

=

∫ t1

t0

q(a, t)− q(b, t) dt
(1.1)



�Ï6�.


3«m[a, b]S�ýê8�Cz�µ��t0 �«mS��
ýê8���t1 ��Ó«m��ýê8��. 3��t�§3«
m[a, b]«mS��ýê8�

N2(t) =

∫ b

a
ρ(x, t) dx

��ýê8�Cz��L«�

4N = N2(t1)−N2(t0)

=

∫ b

a
ρ(x, t1)− ρ(x, t0) dx

(1.2)



�Ï6�.

d�§(1.1)Ú(1.2)�±��∫ t1

t0

q(a, t)− q(b, t) dt =
∫ b

a
ρ(x, t1)− ρ(x, t0) dx

b��Ýρ(x, t)Ú6þq(x, t)Ñ´���¼ê§K

−
∫ t1

t0

∫ b

a

∂q

∂x
dx dt =

∫ b

a

∫ t1

t0

∂ρ

∂t
dx dt

d«mã[a, b]Ú�mã[t0, t1]�?¿5���ýÅð�§

∂ρ

∂t
+
∂q

∂x
= 0

T�§�x
�ýê8Åð^�e�Ý�6þ�'X.



�Ï6�.

¯¢þ§q(x, t)�6uρ(x, t), =q(x, t) = q(ρ(x, t)). ~^��.

q(x, t) = νρ(1− ρ

ρi
).

Ú?C�

u = ρ− 1

2
ρi, ξ = −

ρi
2ν
x

K�
∂u

∂t
+
∂u2/2

∂ξ
= 0.

XJ´ãþk�ý��)½l�§Åð�§��/ª�µ

∂ρ

∂t
+
∂q

∂x
= g(x, t)

T�.ÄkdLighthill, Whirham, Richards ÕáJÑ§�¡�
LWR �..



8¹

1 �Ï6�.

2 õ�ª��
Úîõ�ª��
.�KF��
Ù¦��/ª
��Ø�
Chebyshev õ�ª
õ�ª���Âñ5

3 �^��
g,ng�^

4 J`{
né�Ý
(é�Ó`)
J`{¦)�§Ax = d

5 ��



õ�ª��

�½

x x0 x1 x2 · · · xn
y y0 y1 y2 · · · yn

¦��gê¦�U$�õ�ªP (x) ¦�

P (xi) = yi, 0 ≤ i ≤ n.

ù��õ�ªP (x) ¡���õ�ª.



õ�ª��

Theorem 2.1

ex0, x1, · · · , xn pÉ, Ké?¿y0, y1, · · · , yn, Ñ�3���g
êØ�Ln �õ�ªPn ¦�

Pn(xi) = yi, 0 ≤ i ≤ n.



yyy²²²: ky��5. b��3ü�gêØ�Ln �õ�ªPn, Qn
¦�

Pn(xi) = Qn(xi) = yi, 0 ≤ i ≤ n.

-δn(x) = Pn(x)−Qn(x). u´

δn(xi) = Pn(xi)−Qn(xi) = 0, 0 ≤ i ≤ n.

Ù¥δn(x) �gêØ�Ln �õ�ª, �kn+ 1 �":. u´

δn(x) ≡ 0.

Ïd
Pn(x) ≡ Qn(x).



õ�ª��

e¡y²�35. ·�^8B{. �n = 0 �, w,�3~ê¼
êP0 ¦�

P0(x0) = y0.

b�·�®²¦�õ�ªPk−1(x) ¦�

Pk−1(xi) = yi, 0 ≤ i ≤ k − 1.

e¡·�5�EPk(x), ¦�äk±e/ª

Pk(x) = Pk−1(x) + c(x− x0)(x− x1) · · · (x− xk−1),

Ù¥c ��½~ê.



õ�ª��

w,Pk �gêØ�Lk �õ�ª, 
�k

Pk(xi) = Pk−1(xi) = yi, 0 ≤ i ≤ k − 1.

u´·���û½~êc ¦�Pk(xk) = yk, ù���

Pk−1(xk) + c(xk − x0)(xk − x1) · · · (xk − xk−1) = yk.

=

c = − Pk−1(xk)− yk
(xk − x0)(xk − x1) · · · (xk − xk−1)

.

y²�..



Úîõ�ª��

éu�½:8{xi}n−1i=0§?¿n gõ�ªPn(x) ���±e/ª

Pn(x) = c0 + c1(x− x0) + c2(x− x0)(x− x1) + · · ·
+ cn(x− x0) · · · (x− xn−1)

=

n∑
i=0

ci

i−1∏
j=0

(x− xj).

P0(x) = c0, P1(x) = c0 + c1(x− x0)
P2(x) = c0 + c1(x− x0) + c2(x− x0)(x− x1).



Úîõ�ª��

Horner �{½�Ê��{£Hy, 1202∼1261), õ�ª¦�
�In g¦{, n g\{. 
��O�I�n(n+ 1)/2 g¦{Ún
g\{.
�½x, - di = x− xi, 0 ≤ i ≤ n− 1. u´

u = c0 + c1d0 + c2d0d1 + · · ·+ cnd0d1 · · · dn−1
=
(
· · ·
(
(cndn−1 + cn−1)dn−2 + cn−2

)
dn−3 + · · ·+ c1

)
d0 + c0

O�Å�ó

un ← cn

un−1 ← undn−1 + cn−1

un−2 ← un−1dn−2 + cn−2
...

u0 ← u1d0 + c0.



Úîõ�ª��

for i = n− 1 to 0 step −1 do

u← udi + ci

end do.
Úîõ�ª��Xê

c0 = y0, ck =
yk − Pk−1(xk)

(xk − x0)(xk − x1) · · · (xk − xk−1)
(1 ≤ k ≤ n).



Úîõ�ª��

c0 ← y0

for k = 1 to n do

d← xk − xk−1
u← ck−1

for i = k − 2 to 0 step − 1 do

u← u(xk − xi) + ci

d← d(xk − xi)
end do

ck ← (yk − u)/d
end do

þ¡SÌ�O�Pk−1(xk) Ú(xk − x0)(xk − x1) · · · (xk − xk−1).



.�KF��

éu�½:8{xi}n−1i=0§?¿n gõ�ªPn(x) ����±e/ª

Pn(x) = y0l0(x) + y1l1(x) + · · ·+ ynln(x).

Ù¥

li(xj) = δij =

{
1, i = j,

0, i 6= j.

l0(x) = c(x− x1)(x− x2) · · · (x− xn) = c

n∏
j=1

(x− xj)

d

1 = c

n∏
j=1

(x0 − xj)

��

c =

n∏
j=1

(x0 − xj)−1, l0(x) =

n∏
j=1

x− xj
x0 − xj

.



.�KF��

Ón��

li(x) =

n∏
j=0
j 6=i

x− xj
xi − xj

, 0 ≤ i ≤ n.

Example 2.2

�½

x 5 -7 -6 0

y 1 -23 -54 -954

¦��¼ê.



.�KF��

):

l0(x) =
(x+ 7)(x+ 6)x

(5 + 7)(5 + 6)5
=

1

660
x(x+ 6)(x+ 7)

l1(x) =
(x− 5)(x+ 6)x

(−7− 5)(−7 + 6)(−7)
= − 1

84
x(x− 5)(x+ 6)

l2(x) =
(x− 5)(x+ 7)x

(−6− 5)(−6 + 7)(−6)
= − 1

66
x(x− 5)(x+ 7)

l3(x) =
(x− 5)(x+ 7)(x+ 6)

(0− 5)(0 + 7)(0 + 6)
= − 1

210
(x− 5)(x+ 6)(x+ 7)

��¼ê

P3(x) = l0(x)− 23l1(x)− 54l2(x)− 954l3(x).



Ù¦��/ª

P (x) = a0 + a1x+ a2x
2 + · · ·+ anx

n.

��^�µ
P (xi) = yi, 0 ≤ i ≤ n.

1 x0 x20 · · · xn0
1 x1 x21 · · · xn1
1 x2 x22 · · · xn2
...

...
...

. . .
...

1 xn x20 · · · xnn




a0
a1
a2
...
an

 =


y0
y1
y2
...
yn


þ¡Ý
´Vandermonde Ý
.



Ù¦��/ª

òõ�ª�¤Xe/ª

P (x) =

n∑
i=0

P (xi)li(x).

Ù¥§{li}ni=0 �:xiéA�Ä¼ê§Kk�§|
l0(x0) l1(x0) · · · ln(x0)
l0(x1) l1(x1) · · · ln(x1)

...
...

. . .
...

l0(xn) l1(xn) · · · ln(xn)



y0
y1
...
yn

 =


P (x0)
P (x1)

...
P (xn)





��Ø�

Theorem 2.3

�x0, · · · , xn ∈ [a, b], éx ∈ [a, b], kξx ∈ (a, b) ÷v

f(x)− P (x) = 1

(n+ 1)!
f (n+1)(ξx)

n∏
i=0

(x− xi)

yyy²²²: ex = xi, 0 ≤ i ≤ n, þãØ�w,´¤á�. e¡�x �
ØÓuxi(0 ≤ i ≤ n) �:. �

w(t) ≡
n∏
i=0

(t− xi), φ(t) = f(t)− P (t)− λw(t),

Ù¥λ ��½Xê.



��Ø�

ÀJλ ¦�

λ =
f(x)− P (x)

w(x)
.

u´φ(t) ∈ Cn+1[a, b] 3n+ 2 �:x, x0, x1, · · · , xn �u".
dRolle ½n, φ′(t) ��kn+ 1 �ØÓ�":. aq/, φ′′(t) �
�kn �ØÓ�":. ��φ(n+1)(t) ��k1 �":, ξx ∈ (a, b).



��Ø�

u´

0 = φ(n+1)(ξx) = f (n+1)(ξx)− P (n+1)(ξx)− λw(n+1)(ξx)

= f (n+1)(ξx)− λ(n+ 1)!

= f (n+1)(ξx)−
f(x)− P (x)

w(x)
(n+ 1)!.

=

f(x)− P (x) = 1

(n+ 1)!
f (n+1)(ξx)

n∏
i=0

(x− xi).

y²�..



��Ø�

Example 2.4

�f(x) = sinx. ^��gêØ�L 9 �õ�ªP (x) éf(x) �
�. x ∈ [0, 1]. ¦���Ø�.

)

|f (10)(ξx)| ≤ 1,

9∏
i=0

|x− xi| ≤ 1.

¤±k

| sinx− P (x)| ≤ 1

10!
< 2.8× 10−7.



Chebyshev õ�ª

Chebyshev õ�ªd±e4í'Xª½Âµ

T0(x) = 1, T1(x) = x,

Tn+1(x) = 2xTn(x)− Tn−1(x), n ≥ 1.

cA�õ�ª�µ

T2(x) = 2x2 − 1, , T3(x) = 4x3 − 3x,

T4(x) = 8x4 − 8x2 + 1,

T5(x) = 16x5 − 20x3 + 5x

T6(x) = 32x6 − 48x4 + 18x2 − 1.



Chebyshev õ�ª

Theorem 2.5

éx ∈ [−1, 1], k

Tn(x) = cos(n cos−1 x) (n ≥ 0).

yyy²²²: d

cos(A+B) = cosA cosB − sinA sinB,

k

cos(n+ 1)θ = cos θ cosnθ − sin θ sinnθ,

cos(n− 1)θ = cos θ cosnθ + sin θ sinnθ,

cos(n+ 1)θ = 2 cos θ cosnθ − cos(n− 1)θ.



Chebyshev õ�ª

-θ = cos−1 x, x = cos θ, �fn(x) = cos(n cos−1 x) ÷v

f0(x) = 1, f1(x) = x,

fn+1(x) = 2xfn(x)− fn−1(x), n ≥ 1.

=fn = Tn é?¿n. y²�..



Chebyshevõ�ª5�

Chebyshevõõõ���ªªª555���:

|Tn(x)| ≤ 1 − 1 ≤ x ≤ 1,

Tn(cos
jπ

n
) = cos(n cos−1 cos

jπ

n
) = (−1)j (0 ≤ j ≤ n),

Tn(cos
2j − 1

2n
π) = cos(n cos−1 cos

2j − 1

2n
π) = cos

2j − 1

2
π = 0.

Chebyshev õ�ªTn(x)(n ≥ 1) Ä�Xê�2n−1.

Theorem 2.6

�p ´�p�Xê�1 �n gõ�ª, Kk

‖p‖∞ = max
−1≤x≤1

|p(x)| ≥ 21−n.



Chebyshevõ�ª5�

Proof.

�y{. b�
|p(x)| < 21−n (|x| ≤ 1).

- q = 21−nTn, xi = cos(iπ/n). Chebyshev õ�ªTn(x) �p�X
ê�2n−1, Kq ��p�Xê�1�õ�ª, �gêØ�Ln. u´

(−1)ip(xi) ≤ |p(xi)| < 21−n = (−1)iq(xi).

ù�
(−1)i[q(xi)− p(xi)] > 0 0 ≤ i ≤ n.

i = 0 q(x0)− p(x0) > 0

i = 1 q(x1)− p(x1) < 0

i = 2 q(x2)− p(x2) > 0
...

i = n · · ·



Chebyshevõ�ª5�

Proof.

x
2

x
3

x
1x

0

ù`²q(x)− p(x) ��kn �":. 
q(x)− p(x) �gêØ�
Ln− 1. ù�q(x) ≡ p(x). ù�|p(x)| < 21−n gñ(Ï
�‖q‖∞ = 21−n).



!:�ÀJ

!!!:::���ÀÀÀJJJ:

max
|x|≤1

|f(x)− p(x)| ≤ 1

(n+ 1)!
max
|t|≤1
|f (n+1)(t)|max

|x|≤1
|
n∏
i=0

(x− xi)|.

dc¡�½n2.6

max
|x|≤1

|
n∏
i=0

(x− xi)| ≥ 2−n.

�
n∏
i=0

(x− xi) = 2−nTn+1 �, k

max
|x|≤1

|
n∏
i=0

(x− xi)| = 2−n.

¤±�

xi = cos(
2i+ 1

2n+ 2
π) 0 ≤ i ≤ n.

ù´Tn+1 �":.



õ�ª���Âñ5

¯K1µ�½ëY¼êf , ���¼êPn �õ�ªgêOp�§
´ÄkXe�Âñ5.

‖f − Pn‖∞ = max
a≤x≤b

|f(x)− Pn(x)| → 0 �n→∞.

Meray(1884) *	���õ�ªØÂñ��¼ê�y�.
Runge(1901) *	�éu¼ê

f(x) =
1

1 + x2
x ∈ [−5, 5]

õ�ªgê�p
��(J� l�¼ê§ùÒ´Í¶�Runge
y�.





õ�ª���Âñ5

Example 2.7

éf(z) = 1
z , À½:

ωj =
(
n
√
1
)j

= e
2πi
n
j , j = 1, 2, · · · , n.

¦Pn−1(z) ¦�: Pn−1(ωj) = f(ωj), j = 1, 2, · · · , n, ��

Pn−1(z) = zn−1.

Pn−1(ωj) = ωn−1j =
ωnj
ωj

=
1

ωj
= f(ωj) 1 ≤ j ≤ n.

‖f − Pn−1‖∞ = max
|z|=1

|f(z)− Pn−1(z)| = max
|z|=1

|z−1 − zn−1|

= max
|z|=1

1

|z|
|1− zn| = 2.



õ�ª���Âñ5

Theorem 2.8

(Faber ½n) é?¿�½�:�

a ≤ x(n)0 < x
(n)
1 < · · · < x(n)n ≤ b (n ≥ 0)

�3[a, b] þ�ëY¼êf , Ù��Pn Ø��Âñuf .

Theorem 2.9

é[a, b] þ?¿ëY¼êf , �3:�

a ≤ x(n)0 < x
(n)
1 < · · · < x(n)n ≤ b (n ≥ 0)

Ù��¼êPn ��Âñuf , =

lim
n→∞

‖f − Pn‖∞ = 0.
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�^��

�^¼êS (k g).

t0 t1 t2 tn· · ·

1 3[ti−1, ti) þ, S ´��gêØ�Lk �õ�ª.

2 S ∈ Ck−1[t0, tn].



�^��

k = 0 �

S(x) =


S0(x) = c0 x ∈ [t0, t1),

S1(x) = c1 x ∈ [t1, t2)
...

...

Sn−1(x) = cn−1 x ∈ [tn−1, tn]

t0

S0

t1

S1

t2
S2

t3
S3

t4

S4

t5 x k = 0



�^��

k = 1 �

S(x) =


S0(x) = a0x+ b0 x ∈ [t0, t1),

S1(x) = a1x+ b1 x ∈ [t1, t2)
...

...

Sn−1(x) = an−1x+ bn−1 x ∈ [tn−1, tn]

t0

S0

t1

S1

t2

S2

t3

S3

t4

S4

t5 x k = 1
!:



ng�^¼ê

nnnggg���^̂̂¼¼¼êêê

S(x) =


S0(x) x ∈ [t0, t1),

S1(x) x ∈ [t1, t2),
...

...

Sn−1(x) x ∈ [tn−1, tn]

x t0 t1 t2 · · · tn
y y0 y1 y2 · · · yn

Si−1(ti) = Si(ti) = yi 1 ≤ i ≤ n− 1.



ng�^¼ê

gdÝê: z�ü�4 �, �4n
�å^�:

z�S!:, 2 ���^�, 2 �ëY^�, �4(n− 1) �^
�. ü�à:t0, tn, 2 ���^�. o�4n− 2 �^�. Ïd, �I
�2 �^�.

S′′(x) 3S!:ëY. S′′(x) 3[ti, ti+1] þ´�5¼ê,
3[t0, tn] þ´©ã(¡)�5¼ê.

�S′′i (ti) = zi, S
′′
i (ti+1) = zi+1.

S′′i (x) =
zi
hi
(ti+1 − x) +

zi+1

hi
(x− ti).

Ù¥hi = ti+1 − ti.



ng�^¼ê

È©üg

Si(x) =
zi
6hi

(ti+1− x)3 +
zi+1

6hi
(x− ti)3 +C(x− ti) +D(ti+1− x).

Ù¥C ÚD �È©~ê. d��^�

Si(ti) = yi, Si(ti+1) = yi+1

�

Si(x) =
zi
6hi

(ti+1 − x)3 +
zi+1

6hi
(x− ti)3 + (

yi+1

hi
− zi+1hi

6
)(x− ti)

+ (
yi
hi
− zihi

6
)(ti+1 − x)



ng�^¼ê

e¡(½z0, z1, · · · , zn, dS′(x) 3!:z1, · · · , zn−1 �ëY5, =

S′i−1(ti) = S′i(ti) 1 ≤ i ≤ n− 1,

��

S′i−1(ti) =
hi−1
6
zi−1 +

hi−1
3
zi −

yi−1
hi−1

+
yi
hi−1

S′i(ti) = −hi
3
zi −

hi
6
zi+1 −

yi
hi

+
yi+1

hi

hi−1zi−1+2(hi+hi−1)zi+hizi+1 =
6

hi
(yi+1−yi)−

6

hi−1
(yi−yi−1)

Ù¥§i = 1, 2 · · · , n− 1.



g,ng�^

e�z0 = zn = 0 , k

u1 h1
h1 u2 h2

h2 u3 h3
. . .

. . .
. . .

hn−3 un−2 hn−2
hn−2 un−1





z1
z2
z3
...

zn−2
zn−1


=



v1
v2
v3
...

vn−2
vn−1


, (3.1)

Ù¥

hi = ti+1 − ti, ui = 2(hi + hi−1)

bi =
6

hi
(yi+1 − yi), vi = bi − bi−1



g,ng�^

�{Xe:

in put n, (ti), (yi)

for i = 0 to n− 1 do

hi ← ti+1 − ti

bi ← 6(yi+1 − yi)/hi

end do

u1 ← 2(h0 + h1)

v1 ← b1 − b0

for i = 2 to n− 1 do

ui ← 2(hi + hi−1)− h2
i−1/ui−1

vi ← bi − bi−1 − hi−1vi−1/ui−1

end do

zn ← 0

for i = n− 1 to 1 step − 1 do

zi ← (vi − hizi+1)/ui

end do

z0 ← 0

out put (zi)



g,ng�^

3þ¡��{¥k

ui = 2(hi+hi−1)−
h2i−1
ui−1

> 2(hi+hi−1)−hi−1 > hi = ti+1−ti > 0.

���g,�^¼ê

Si(x) = yi + (x− ti)[Ci + (x− ti)[Bi + (x− ti)Ai]] x ∈ [ti, ti+1)

Ù¥

Ai =
1

6hi
(zi+1−zi), Bi =

zi
2
, Ci = −

hi
6
zi+1−

hi
3
zi+

1

hi
(yi+1−yi).



Theorem 3.1

�f ∈ C2[a, b], �a = t0 < · · · < tn = b. S ´��f �g,�^
¼ê. K ∫ b

a
[S′′(x)]2 dx ≤

∫ b

a
[f ′′(x)]2 dx.

yyy²²²: �g = f − S§g(ti) = 0, 0 ≤ i ≤ n. u´k∫ b

a
[f ′′(x)]2 dx =

∫ b

a
(S′′)2 dx+

∫ b

a
(g′′)2 dx+ 2

∫ b

a
S′′g′′ dx

e¡y² ∫ b

a
S′′g′′ dx ≥ 0



g,ng�^

|^S′′(t0) = S′′(tn) = 0∫ b

a
S′′g′′ dx =

n∑
i=1

∫ ti

ti−1

S′′g′′ dx

=

n∑
i=1

{
(S′′g′)(ti)− (S′′g′)(ti−1)−

∫ ti

ti−1

S′′′g′ dx

}

= −
n∑
i=1

∫ ti

ti−1

S′′′g′ dx = −
n∑
i=1

ci

∫ ti

ti−1

g′ dx

= −
n∑
i=1

ci[g(ti)− g(ti−1)] = 0

y²�..



8¹

1 �Ï6�.

2 õ�ª��
Úîõ�ª��
.�KF��
Ù¦��/ª
��Ø�
Chebyshev õ�ª
õ�ª���Âñ5

3 �^��
g,ng�^

4 J`{
né�Ý
(é�Ó`)
J`{¦)�§Ax = d

5 ��



J`{

Example 4.1 {
−d2u
dx2

= f

u(0) = u(1) = 0

x0 x1 x2 xn+1· · ·

���©©©{{{ ��å!
:0 = x0 < x1 < · · · < xn < xn+1 = 1, h = xi − xi−1, 3!:?
�û�O�û

−ui−1 − 2ui + ui+1

h2
= f(xi), i = 1, · · · , n

u0 = un+1 = 0.



J`{

��Xe�§|
2 −1
−1 2 −1

. . .
. . .

. . .

−1 2 −1
−1 2




u1
u2
...

un−1
un

 =


h2f(x1)
h2f(x2)

...
h2f(xn−1)
h2f(xn)





né�Ý
(é�Ó`)

éuné�Ý
(é�Ó`)

A =


a1 c1
b2 a2 c2

. . .
. . .

. . .

bn−1 an−1 cn−1
bn an

 ,
(1) |a1| > |c1| > 0

(2) |ai| ≥ |bi|+ |ci|, bi, ci 6= 0,

2 ≤ i ≤ n− 1

(3) |an| > |bn| > 0.



né�Ý
(é�Ó`)

Ý
©)(pd��{�Ý
/ª©))

A = LU, L =


α1

β2 α2

. . .
. . .

βn αn

 , U =


1 γ1

1
. . .
. . . γn−1

1


Ù¥

βi = bi, i = 2, 3, · · · , n,
α1 = a1, αiγi = ci, i = 1, 2, · · · , n− 1,

βiγi−1 + αi = ai, i = 2, 3, · · · , n.



né�Ý
(é�Ó`)

γ1 =
c1
α1

= c1
a1
�3, �|γ1| < 1. l
α2 = a2 − β2γ1 = a2 − b2γ1.

d^�

|α2| ≥ |a2| − |b2||γ1| > |a2| − |b2| ≥ |c2| > 0.

l
dα2γ2 = c2 �±(½γ2, �0 < |γ2| < 1. Xd�d

αi = ai − βiγi−1 Úγi =
ci
αi

��(½αi Ú γi , � 0 < |γi−1| < 1
⇒ |αi| > |ci| ⇒ 0 < |γi| < 1. ��dαn = an − βnγn−1 (½αn.



J`{¦)�§Ax = d

^J`{¦)�§Ax = d�Ú½Xeµ

1�Ú O�αi Úγi

γ1 =
c1
a1
, α1 = a1

αi = ai − biγi−1, γi =
ci
αi
, i = 2, 3, · · · , n− 1

αn = an − bnγn−1

1�Ú O�Ly = d, )y

y1 =
d1
α1

yi =
(di − biyi−1)

αi
, i = 2, 3, · · · , n.



J`{¦)�§Ax = d

1nÚ O�Ux = y, )x.

xn = yn

xi = yi − γixi+1, i = n− 1, n− 2, · · · , 1.



8¹

1 �Ï6�.

2 õ�ª��
Úîõ�ª��
.�KF��
Ù¦��/ª
��Ø�
Chebyshev õ�ª
õ�ª���Âñ5

3 �^��
g,ng�^

4 J`{
né�Ý
(é�Ó`)
J`{¦)�§Ax = d

5 ��



��

1 é¼ê 1
1+x2

Úe−x
2
, x ∈ [−5, 5], ^�å!:����!:�

�, xÑã�(ÀeZ�ØÓgê�õ�ª'�).

2 Pn(x) = y0l0(x) + · · ·+ ynln(x), O�x
n c�Xê.

3 u =
n∑
i=1

i∏
j=1

dj , ��«�{, O�þãÚ.

4 y²Chebyshev õ�ª�Ûó5.

5 é¼ê 1
1+x2

Úe−x
2
, x ∈ [−5, 5], À�Chebyshev õ�ª�"

:����!:��, xÑã�(ÀeZ�ØÓgê�õ�ª
'�).

6 y²g,3 g�^����§(3.1) ¥�Ý
´÷��.

7 g��g�^.

8 �y¥%�©�ªäk��°Ý§=

d2u

dx2
− ui−1 − 2ui + ui+1

h2
= O(h2)



���
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