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y(viii)(x)− y(x) = − ex,

y′′(x) +
x
y′(x) = ( x + )y(x),

ln y′ + sin y′′ = yy′.

(PDEs) (ODEs)



∂ y

∂x
+

∂ y

∂t ∂x
+

∂ y

∂t
= ,

∂ u

∂x ∂y
= u+ .

n

y(n) = f(x, y
′
, · · · , y(n− )) F (x, y, y

′
, · · · , y(n− ), y(n)) =



n

P (x)y(n) + P (x)y(n− ) + · · ·+ Pn(x)y = G(x).

P (x) �=

y(n) + p (x)y(n− ) + · · ·+ pn(x)y = g(x),

pi(x)

g(x) =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩
y

′
+ p(x)y = g(x),

y(x ) = y .

⎧⎪⎪⎪⎨
⎪⎪⎪⎩
y′ = f(x, y),

y(x ) = y .

f

y



‖.‖ : X −→ R X

x = ‖x‖ = ‖x‖ ≥ X x

‖αx‖ = |α|‖x‖ R α X x

‖x+ y‖ ≤ ‖x‖+ ‖y‖ X y x

(X, ‖.‖)

R X

f, g, h ∈ X < ., . >: X ∗X −→ R

α ∈ R

f = ⇐⇒< f, f >= < f, f >�

< f, g) =< g, f >

< αf, g >= α < f, g >

< f + g, h >=< f, h > + < g, h >

X ‖f‖ =< f, f > ‖.‖ : X −→ R

[a, b] Cω[a, b] < X, Y >=
∑n

i= xiyi Rn

ω(x) < f, g >ω=
∫ b

a
ω(x)f(x)g(x)dx



g f f, g ∈ X X

< f, g >=

A ⊆ X

∀f �= g ∈ A, < f, g >= ,

f ∈ A A ⊆ X

‖f‖ = .

{φn}∞n=
{sin(kx)}∞k= n �= m < φn, φm >=

[ , π]

[a, b] ω(x)

u(x) Lω [a, b]∫ b

a

ω(x)|u(x)| dx < ∞.

< u, v >ω Lω [a, b]

< u, v >ω=

∫ b

a

ω(x)u(x)v(x)dx.

Lω [a, b]

‖u‖ω =< u, u >ω=

∫ b

a

ω(x)|u(x)| dx.

k pk {pk}∞k=
[a, b] [a, b] ω(x)

ω(x)

< pm, pn >ω=

∫ b

a

ω(x)pm(x)pn(x)dx = δmn‖pn‖ω.



‖pk‖ω = k

{pk}∞k=

p (x), p (x), · · ·

ω(x)

i pi(x)

< pi, pj >ω= i �= j

p (x), p (x), · · · , pk(x)

k p(x)

p(x) = d p (x) + d p (x) + · · ·+ dkpk(x),

d , d , · · · , dk < pi, pi >ω �= i

pi(x)

< p, pi >ω = d < p , pi >ω +d < p , pi >ω + · · ·+ dk < pk, pi >ω

= + · · ·+ + di < pi, pi >ω + + · · ·+ , i = , , · · · , k,

< pj, pi >ω= , ∀i �= j,

di =
< p, pi >ω

< pi, pi >ω

, i = , , · · · , k.

k p(x)

< p, pk >ω=

p l < k p(x) = d p (x) + d p (x) + · · ·+ dlpl(x)

pk



n φn {φn}∞n=

ψm {φn}∞n=
φ , φ , · · · , φm ψm m

ω(x) {φn}∞n=
m = , , · · · , n − n (a, b)

(φn, x
m) =

∫ b

a

ω(x)φn(x)x
mdx = .

p (x) = , p (x) = x− a ,

pn(x) = (x− an)pn− (x)− bnpn− (x) ∀n ≥ ,

an =
< xpn− , pn− >

< pn− , pn− >
, bn =

< pn− , pn− >

< pn− , pn− >
.

< f, gh >=< fg, h > f, g, h

< f, g >ω=
∫
f(x)g(x)ω(x)dx



d

dx

[
p(x)

du

dx

]
+ q(x)u(x) = λω(x)u(x), x ∈ [− , ],

p(x) ω(x) p(x) q(x)

(− , ) q(x) x = ± (− , )

(− , ) ω(x)

⎧⎪⎪⎪⎨
⎪⎪⎪⎩
α u(− ) + β u

′
( ) = , |α |+ |β | > ,

α u(− ) + β u
′
( ) = , |α |+ |β | > ,

βi αi

λ �=

⎧⎪⎪⎪⎨
⎪⎪⎪⎩
u

′′
(x) + λu(x) = ,

u
′
(− ) = u

′
( ) = .

φk(x) = cos

(
kπ(x+ )

)
λk = (

kπ
)

k = , , · · ·



[− , ] p(x)

α β ≥ α β ≤

λn φn(x)

≤ λ ≤ · · · ≤ λk ≤ λk+ ≤ · · · ,

[− , ] n λn φn(x)

(− , ) < ., . >ω

(φn, φm)ω =

∫
−

φn(x)φm(x)ω(x)dx = δnm‖φn(x)‖ω.

p(x)

p(− ) = p( ) = .

Lω(− , )


