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n F (x)
F (x0) (n− 1)

x0(t).

X [a, b] R F
X

k δkF [x;h1, h2, ..., hk] (k ∈ N) F
x ∈ X h1, h2, ..., hk ∈ X

δkF [x;h1, h2, ..., hk] = lim
λ→0

δk−1F [x+ λhk;h1, h2, ..., hk−1] − δk−1F [x;h1, h2, ..., hk−1]
λ

=

=
∂kF (x+ λ1h1 + λ2h2 + ...+ λkhk)

∂λk · · · ∂λ1

∣∣∣∣
λ1=...=λk=0

, δ0F [x] ≡ F (x) .

k δkF [x;h1, h2, ..., hk] (x, hi ∈ X; i = 1, 2, ..., k)
F (x) x ∈ X h1, h2, ..., hk ∈ X,

δkF [x;h1, h2, ..., hk] =

∫
[a,b]k

a (x; t1, ..., tk)h1 (t1) ...hk (tk) dt1...dtk, (1)

a (x; t1, ..., tk) x = x (s) t1, ..., tk ∈ R,
a (x; t1, ..., tk) k F (x)

x t = (t1, t2, ..., tk)
δkF (x)

δx(t1) · · · δx(tk) .

FFFFFFFFF (((x))))))
(((nnnnn−−− 1)11

X
k δkF [x;h1, h2

X hhhhh1, hhhhhhh, h2, ..., h,,, kk ∈ X

δkFFFFF [[[[[[[[xxxxx;;h1, h2, ..., h, h, h, h, hk] =] =] =] =] = limmmmm
λ→→→→→0

δδδδδδδδδkkkk−1111111F [x+ λh

===
∂kF (x+++++ λλλλλ111h1 + λ2h

∂λk

kkkkkkkk
F (((((xxxxx)))

δkF [x

a (x; t1, ...
aaaa (xxxxx;;;;; t1, ..., tk)



X C[a, b]
L2[a, b]

δF (x)

δx(t)
= 2p (t) cosx (t)

∫ 1

0
p (t) sinx (t) dt,

F (x) =

(∫ 1

0
p (t) sinx (t) dt

)2

, p (t) x (t)

C[0, 1]

F (x) =

∫ b

a
p (t) f [x (t)] dt

δF (x)

δx(t)
= p (t) f ′ [x (t)] .

δF (x)

δx(t)
= p0 (t) ex(t) + p1(t) cosx (t) + p2 (t) sinx (t) + p3 (t)x (t) + p4 (t)

∫ 1

0
p4 (τ)x (τ) dτ

F (x) =

∫ 1

0

[
p0 (t) ex(t) + p1 (t) sinx (t) − p2(t) cosx (t) +

1

2

(∫ 1

0
p4 (t)x (t) dt

)2
]
p (t) sinx (t) dt,

p0 (t) (i = 0, 1, ..., 4)

δ2u (x, y)

δx2 (t)
− a2 (t)

δ2u (x, y)

δy2 (t)
= 0 (x = x (t) ≥ 0, y = y (t) , a (t) �= 0; t ∈ [a, b] ⊆ R) . (2)

u (x, y) = f1

[∫ b

a
(y (t) + a (t)x (t)) dt

]
+ f2

[∫ b

a
(y (t) − a (t)x (t)) dt

]
, (3)

f1 (·) f2 (·) R.

H (x, y)
u (x, y)

u (x0, y) = u0 (y) ,
δu (x0, y)

δx(t)
= u1 (y) , (4)

u0 (y) u1 (y) C[a, b]

H (x, y) = u0 (y) + u1 (y)

∫ b

a
(x(t) − x0(t)) dt+

1

2
a2 (t)u′′0 (y) [x(t) − x0(t)]

2 . (5)

H (x, y) u (x, y)

δ2H (x, y)

δx2 (t)
− a2 (t)

δ2H (x, y)

δy2 (t)
=

p (t) x (t)

δFδFδFδFFFFFF ((((((((xxx)))))))))

δx(t)
===== p (((((((((ttttttt)))))))) fffffffff ′′′′′ [[[[[[[xxxxxxxx ((((((((ttttttttt)])])])])]))) .

x (t) + p3 (t)x (((((((ttttttttt) +) ++++++++ p4 ((((((((tttttttt))))))))
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0
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p2(t) cosx (t) +
11
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0

∫∫∫∫∫∫∫∫
pppp444 (t))))xxxxxxxxx (((((((ttttttttt) dt

)2
]
p (t)

u (x, y)

δy2 (t)
= 0000 (x = x (t) ≥≥≥≥≥≥≥≥ 0, y = yyyyy (((((ttt) , a (t)

(x, y) == fffff11

[∫ b

a

∫∫
(y (t) + aaaa (((((((((tttttttt))))))))x (((((((ttttttt))))))))))))))) dtdtttttttdt

]]]]]]]]]
+ f2ff

[∫ b

( ) f2ff (((((···)))))

H (

u (x0, y)

u0 (y) u11111 (((y)
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= −a2 (t)

(
u′′1 (y)

∫ b

a
(x(t) − x0(t)) dt+

1

2
a2 (t)u

(4)
0 (y) [x(t) − x0(t)]

2

)
δ2 (t− s) ,

δ (t) =

{
0, t �= 0;

+∞, t = 0.
t �= s, δ (t− s) =

0 (x, y)

δ (t− sss) ====) =
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