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\7 34/ |9|/6 9 r,736,8 2/r497�-2 +4�r4
X<96973//- 34/ /�|,7/73�98 r,7s/6X/7r/ �- ./s/8,|/.
5,6 9 +�./ r89-- ,5 7,78�7/96�3�/- �7./|/7./73 ,5 34/
X/7/698��/. ��|-r4�3� r,7-3973 L O��/� X8,�98R� *4/
�./9 ,5 -<r4 9||6,9r4 5,6 /�X/7s98</ |6,�8/2- +9-
6/r/738o 977,<7r/. �7 P�C� % Q�

�/3 <- 6/2�7. ,5 34/ �./9 ,5 [.,2�97 ./r,2|,-��
3�,7 2/34,. O[1JR P�Q +4�r4 r97 �/ 98-, �73/6|6/3/.
9- 34/ 01�2/34,. |6,|,-/. �7 P%TQ 5,6 34/ �3<62�
��,<s�88/ |6,�8/2- 97. �- s/6o r8,-/ 3, 34/ 4,2,3,|o
|/63<6�93�,7 2/34,.-�

\5 +/ 49s/ 3, -,8s/ 34/ ,|/693,6 /;<93�,7

û = −N(û) + F, O%R

34/7 +/ r97 �2�/. �3 �73, 34/ 592�8o ,5 /;<93�,7-

u(t) = −tN(u(t)) + F, t ∈ [0, 1] O�R

97. ,�39�7 ,�s�,<-8o u(1) ≡ û�
�/ 8,,v 5,6 34/ -,8<3�,7 ,5 O�R �7 34/ 5,62

u(t) =
∞∑
j=0

tju(j), O@R

97. 6/|6/-/73

N
( ∞∑
j=0

tju(j)
)
=

∞∑
j=0

tjAj , OBR

+4/6/

Aj =
1

j!

∂jN(
∑∞
k=0 t

ku(k))

∂tj

∣∣∣∣
t=0

. O=R

�<�-3�3<3�7X O@R �73, O%R +/ 49s/

∞∑
j=0

tju(j) = −tN( ∞∑
j=0

tju(j)
)
+ F. O(R

[||8o�7X 3, 34�- /;<98�3o -<rr/--�s/8o 34/ ,|/693,6
1

(j+1)!
dj+1

dtj+1 97. 34/7 -/33�7X t = 0 +/ ,�39�7 34/
5,88,+�7X 6/r<66/7r/ 5,62<89-

u(j+1) = −Aj
(
N ;u(0), . . . , u(j)

)
, j = 0, 1, . . .

A0

(
N ;u(0)

)
= N

(
u(0)

)
, u(0) = F.

O R

n/6/ Aj
(
N ;u(0), . . . , u(j)

)
96/ 34/ [.,2�97 |,8o�

7,2�98- +�34 34/ 5,88,+�7X /�|8�r�3 6/|6/-/7393�,7

Aj
(
N ;u(0), . . . , u(j)

)
=

=
∑

α1+···+αj=j

N (α1)
(
u(0)

) (u(1))
α1−α2

(α1−α2)!
× · · ·

· · · × (u(j−1))
αj−1−αj

(αj−1−αj)!

(u(j))
αj

(αj)!
,

OGR

+4/6/ 34/ -/;</7r/ ,5 �7.�r/- 793<698 αi �- 7,3
�7r6/9-�7X� N (i)(u) �- 34/ i−34 O06�/r4/3R ./6�s93�s/
,5 34/ ,|/693,6 N �

*4/ -,8<3�,7 ,5 O%R r97 �/ 7,+ 6/|6/-/73/. �o
O|6,s�./. 3493 34/ r,7s/6X/7r/ 69.�<- ,5 -/6�/- O@R �-
7,3 8/-- 34/7 %R

u = u(1) =
∞∑
j=0

u(j) OTR

97. 34/ 36<7r93/. -<2

m
u=

m∑
j=0

u(j) O%CR

6/|6/-/73- 97 9||6,��293�,7 3, 34/ /�9r3 -,8<3�,7�
*4/ 5,88,+�7X 34/,6/2 56,2 P%Q X�s/- -,2/ -<��

r�/73 r,7.�3�,7- 5,6 34/ r,7s/6X/7r/ ,5 O@R 5,6 988
t ∈ [0, 1]�

���� �! �� �/3 H �/ 9 �979r4 -|9r/ 97. F ∈ H �
\5 34/ ,|/693,6 N(u) : H → H �- 9798o3�r �7 9 �988
‖u− u0‖ < R +�34 34/ r/73/6 u0 97. �5 5,6 988 n � 0
34/6/ 4,8.- ‖N (n)(u0)‖ � n!Mαn +�34 -,2/ M > 0�
α > 0� 34/7 34/ r,7.�3�,7-

%� 4Mα � 1� 5,6 R = ∞�
�� 5Mα � 1� 5,6 R <∞�

|6,s�./ 34/ r,7s/6X/7r/ ,5 O@R 5,6 988 t ∈ [0, 1] 97.�
34/6/5,6/� 34/ r,7s/6X/7r/ ,5 OTR�

�� >??@�=A8�:7 8: ?A9AB:@�= ?9:B@CDE

�/ r,7-�./6 34/ |6,�8/2

∂u(t)

∂t
+Au(t) = f(t, u(t)), t ∈ (0, 1],

u(0) = u0,
O%%R

+4/6/ u(t) �- 97 <7v7,+7 s/r3,6 s98</. 5<7r3�,7 +��
34 s98</- �7 9 �979r4 -|9r/ X � u0 ∈ X �- 9 X�s/7
s/r3,6� f(t, u) : (P+ × X) → X �- 9 X�s/7 5<7r3�,7
O7,78�7/96 ,|/693,6R 97. A �- 9 8�7/96 ./7-/8o ./��
7/. r8,-/. ,|/693,6 +�34 34/ .,29�7 D(A) 9r3�7X
�7 X � *4/ 9�-369r3 -/33�7X O%%R r,s/6- 297o 9||8�/.
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|6,�8/2- -<r4 9- 7,78�7/96 4/93 r,7.<r3�,7 ,6 .�:<-��
,7 �7 |,6,<- 2/.�9� 34/ �,+ ,5 /8/r36,7- 97. 4,8/-
�7 -/2�r,7.<r3,6-� 7/6s/ 9�,7 /;<93�,7-� r4/2�r988o
6/9r3�7X -o-3/2-� /;<93�,7- ,5 34/ |,|<893�,7 X/7/3��
r- 34/,6o� .o792�r- ,5 7<r8/96 6/9r3,6- /3r� *4�-
59r3 3,X/34/6 +�34 34/,6/3�r98 �73/6/-3 96/ �2|,63973
6/9-,7- 3, -3<.o /�r�/73 .�-r6/3/ 9||6,��293�,7- ,5
|6,�8/2 O%%R�

[ -�2|8/ /�92|8/ ,5 9 |963�98 .�:/6/73�98 /;<93�,7
r,s/6/. �o 34/ 9�-369r3 -/33�7X O%%R �- 34/ 7,78�7/96
4/93 /;<93�,7

∂u(t, x)

∂t
− ∂2u(t, x)

∂x2
= f(t, x, u) O%�R

+�34 34/ �7�3�98 r,7.�3�,7 u(0, x) = u0(x)� +4/6/ 34/
,|/693,6 A �- ./�7/. �o

D(A) = {v ∈ H2(0, 1) : v(0) = 0, v(1) = 0},

Av = −d
2v

dx2
5,6 988 v ∈ D(A).

O%@R

Z�s/7 9 .�-r6/3��93�,7 |9692/3/6 N +/ 96/ �73/6/-3��
7X �7 9||6,��293�,7- |,--/--�7X 97 /�|,7/73�98
r,7s/6X/7r/ 693/ +�34 6/-|/r3 3, N → ∞ +4�r4 5,6 9
X�s/7 3,8/697r/ ε |6,s�./ 98X,6�342- ,5 ,|3�298 ,6 8,+
r,2|8/��3o P%CQ� ��|,7/73�988o r,7s/6X/73 98X,6�342-
+/6/ |6,|,-/. 6/r/738o 5,6 s96�,<- 8�7/96 |6,�8/2-�

*4/ 4,2,X/7/,<- /;<93�,7

dT (t)

dt
+AT (t) = 0, T (0) = I, O%BR

+4/6/ I �- 34/ �./73�3o ,|/693,6 97. T (t) �- 97
,|/693,6 s98</. 5<7r3�,7 ./�7/- 34/ -/2��X6,<| ,5
�,<7./. ,|/693,6- T (t) = e−At X/7/693/. �o A O
r988/. 98-, 34/ ,|/693,6 /�|,7/73�98 ,6 34/ -,8<3�,7
,|/693,6 ,5 34/ 4,2,X/7/,<- /;<93�,7 O%%RR� Z�s/7
34/ -,8<3�,7 ,|/693,6� 34/ �7�3�98 s/r3,6 u0 97. 34/
6�X43�497. -�./ f(t)� 34/ -,8<3�,7 ,5 34/ 4,2,X/7/,<-
�7�3�98 s98</ |6,�8/2 O%%R r97 �/ 6/|6/-/73/. �o

u(t) = uh(t) = T (t)u0 = e−Atu0. O%=R

�6,�8/2 O%%R �- /;<�s98/73 3, 34/ 7,78�7/96 t,83/669
�73/X698 /;<93�,7

u(t) = uh(t) + unl(t), O%(R

+4/6/ uh(t) = T (t)u0 97.

T (t) = e−At

�- 34/ ,|/693,6 /�|,7/73�98 O34/ -/2��X6,<| R
X/7/693/. �o A 97. 34/ 7,78�7/96 3/62 �- X�s/7 �o

unl(t) =

∫ t

0

e−A(t−s)f(s, u(s))ds. O% R

*4/ /;<93�,7 O%(R �- ,5 34/ 3o|/ O%R +�34 u = u(t) =
u(t, x), u0 = u0(x)

N(t, u) = N(u) = unl =

=

∫ t

0

e−A(t−s)f(s, u(s))ds,

F = uh = F (t, x) = T (t)u0.

O%GR

�/3 A �/ 9 ./7-/8o ./�7/. -36,7X8o |,-�3�s/ O-/r3,6��
98R ,|/693,6 �7 9 �979r4 -|9r/ X +�34 34/ .,29�7
D(A)� ��/� �3- -|/r36<2 Σ(A) 8�/- �7 34/ -/r3,6

Σ = {z = a0 + reiθ : r ∈ [0,∞), |θ| < ϕ <
π

2
} O%TR

97. ,7 �3- �,<7.96o ΓΣ 97. ,<3-�./ 34/ -/r3,6 34/
5,88,+�7X /-3�293/ 5,6 34/ 6/-,8s/73 4,8.- 36</

‖(zI −A)−1‖ � M

1 + |z| O�CR

+�34 -,2/ |,-�3�s/ r,7-3973 M Or,2|96/ +�34 P%GQR�
*4/ 97X8/ ϕ �- r988/. 34/ -|/r3698 97X8/ ,5 34/
,|/693,6 A� [ |69r3�r988o �2|,63973 /�92|8/ ,5
-36,7X8o |,-�3�s/ ,|/693,6- �7 X = Lp(Ω), 0 < p <
∞ 6/|6/-/73- 9 -36,7X8o /88�|3�r |963�98 .�:/6/73�98
,|/693,6 P=� T� (Q +4/6/ 34/ |9692/3/6- a0, ϕ ,5 34/
-/r3,6 Σ 96/ ./�7/. �o �3- r,/�r�/73-�

[ r,7s/7�/73 6/|6/-/7393�,7 ,5 34/ ,|/693,6
/�|,7/73�98 �- 34/ ,7/ |6,s�./. �o 34/ �2|6,|/6
1<75,6.�]9<r4o �73/X698

e−At =
1

2πi

∫
ΓI

e−tz(zI −A)−1dz O�%R

+4/6/ ΓI �- 97 �73/X693�,7 |934 /7s/8,|�7X 34/
-|/r36<2 ,5 A� [53/6 |9692/36���7X Γ +/ X/3 97
�2|6,|/6 �73/X698 ,5 34/ 3o|/

e−At = 1
2πi

∫
ΓI

e−tz(zI −A)−1dz =

= 1
2πi

∞∫
−∞

F (t, ξ)dξ.
O��R

*4/ 89-3 �73/X698 r97 �/ .�-r6/3��/. �o 9 ;<9.693<6/
6<8/ O./-�69�8/ /�|,7/73�988o r,7s/6X/73R �7s,8s�7X 9
-4,63 -<2 ,5 6/-,8s/73-� �<r4 97 98X,6�342 �74/6��
3- 9 3+,�8/s/8 |96988/8�-2 +�34 6/-|/r3 3, �,34 34/
r,2|<393�,7 ,5 6/-,8s/73- 97. 34/ 36/932/73 ,5 .��
:/6/73 3�2/ s98</-�

*+, /�r�/73 2/34,.- 5,6 -,8s�7X 8�7/96
4,2,X/7/,<- |969�,8�r |6,�8/2- �9-/. ,7 34/
�2|6,|/6 1<75,6.�]9<r4o �73/X698- 98,7X 9 |934
/7s/8,|�7X 34/ -|/r36<2 ,5 A +/6/ .�-r<--/. �7
P(� %C� %�Q +4/6/ 34/ �,<7.96o ,5 9 -/r3,6 r,739��
7�7X 34/ -|/r36<2 ,5 A ,6 9 |969�,89 +/6/ <-/.
9- 34/ �73/X693�,7 |934� *4/ 2/34,.- 56,2 P(Q <-/
��7r�;<9.693<6/- P�@Q 97. |,--/--/ 34/ /�|,7/73��
98 r,7s/6X/7r/ 693/- 5,6 t > 0 97. 9 |,8o7,2��
98 r,7s/6X/7r/ 693/- 5,6 t = 0 ./|/7.�7X ,7 34/
-2,,347/-- ,5 34/ �7�3�98 s/r3,6 u0 56,2 9 n�8�/63
-|9r/� [7 /�|,7/73�98 r,7s/6X/7r/ 693/ 5,6 988 t � 0
+9- |6,s/. �7 P Q <7./6 9--<2|3�,7- 3493 34/ �7��
3�98 5<7r3�,7 u0 �/8,7X- 3, 34/ .,29�7 ,5 D(Aσ)
5,6 -,2/ σ > 1� +4/6/ 34/ |6/8�2�796o r,2|<393��
,7 ,5 Aσu0 �- 7//./.� m,3/ 3493 988 34/-/ 98X,6��
342- r97 7,3 �/ .�6/r38o 9||8�/. 3, �74,2,X/7/,<-
|6,�8/2- .</ 3, 34/ �7/�r�/7ro ,5 r,2|<393�,7 ,5
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UVW$1�XYX Z[$\Y]^WX �:

34/ ,|/693,6 /�|,7/73�98 93 t = 0� [ 4o|/6�,89 +9-
<-/. 9- 34/ �73/X693�,7 |934 +4�r4 988,+- ,7/ 3,
X/3 34/ <7�5,62 /�|,7/73�98 r,7s/6X/7r/ 693/ +�34
6/-|/r3 3, t � 0 +�34,<3 |6/8�2�796o r,2|<393�,7
,5 Aσu0� [7 /�|,7/73�988o r,7s/6X/73 98X,6�342 5,6
34/ r9-/ ,5 97 ,|/693,6 592�8o A(t) ./|/7.�7X ,7
34/ |9692/3/6 t +9- |6,|,-/. �7 P%%Q� *4�- 98X,6��
342 <-/- 97 /�|,7/73�988o r,7s/6X/73 98X,6�342 5,6
34/ ,|/693,6 /�|,7/73�98 X/7/693�7X �o 9 r,7-3973
,|/693,6�

�/ r97 98-, <-/ 34/ 6/|6/-/7393�,7

e−Atu0 =
1

2πi

∫
ΓI

e−zt
[
(zI −A)−1 − 1

z
I

]
u0dz

O�@R
�7-3/9. ,5 O��R� +4/6/ 34/ �73/X693�,7 4o|/6�,89 �-
X�s/7 �o

ΓI = {z(ξ) = aI cosh ξ − ibI sinh ξ : ξ ∈ (−∞,∞)}
O�BR

O7,3/ 3493 34/ 4o|/6�,89

Γ0 = {z(ξ) = a0 cosh ξ − ib0 sinh ξ : ξ ∈ (−∞,∞),
O�=R

b0 = a0 tanϕ}
�- r988/. 34/ -|/r3698 4o|/6�,89� +4�r4 |934/-

346,<X4 34/ s/63/� (a0, 0) ,5 34/ -|/r3698 97X8/ 97.
|,--/--/- 9-o2|3,3/- +4�r4 96/ |96988/8 3, 34/ 69o-
,5 34/ -|/r3698 97X8/ ΣR�

�9692/36���7X �73/X698 O�@R �o O�BR +/ X/3

u(t) =
1

2πi

∫ ∞

−∞
F (t, ξ)dξ O�(R

+�34

F (t, ξ) = FA(t, ξ)u0,

FA(t, ξ) = e−z(ξ)t(aI sinh ξ − ibI cosh ξ)·
O� R

·
[
(z(ξ)I −A)−1 − 1

z(ξ)
I

]
.

�/ 9||6,��293/ �73/X698 O�(R �o 34/ 5,88,+�7X
��7r�;<9.693<6/

uM (t) =
h

2πi

M∑
k=−M

F (t, z(kh)) O�GR

+�34 97 9||6,|6�93/ h� *4/ 5,88,+�7X 6/-<83 56,2
r4969r3/6��/- 34/ /66,6 ,5 34�- 9||6,��293�,7�

���� �! 	� �/3 A �/ 9 ./7-/8o ./�7/. -36,7X8o
|,-�3�s/ ,|/693,6 97. u0 ∈ D(Aα), α ∈ (0, 1)�
34/7 ��7r�;<9.693<6/ O�GR 6/|6/-/73- 97 9||6,��293/
-,8<3�,7 ,5 34/ 4,2,X/7/,<- �7�3�98 s98</ |6,�8/2� ��/�
u(t) = e−Atu0� 97. |,--/--/- 9 <7�5,62 +�34 6/-|/r3
3, t � 0 /�|,7/73�98 r,7s/6X/7r/ 693/ +�34 97 /-3��
293/ +4�r4 �- ,5 34/ ,6./6 O(e−c

√
M ) <7�5,628o �7

t � 0 |6,s�./. 3493 h = O(1/
√
M) 97. ,5 34/ ,6./6

O (
29�

{
e−πdM/(c1 lnM), e−c1aI tM/2−c1α lnM

})
5,6

/9r4 ��/. t � 0 |6,s�./. 3493 h = (c1 lnM)/M �

\7 9rr,6.97r/ +�34 O R 5,6 34/ r,2|<393�,7 ,5
[.,2�97I- |,8o7,2�98- ,7/ -4,<8. r,2|<3/ �6-3

A0(N ;u0) = N(t, u0) =

t∫
0

e−A(t−τ)f(τ, u0(τ))dτ

O�TR
97. 34/7 ,7/ 953/6 97,34/6

Nα1(t, u0) =

t∫
0

e−A(t−τ)∂
α1f(τ, u0(τ))

∂uα1
dτ. O@CR

y-�7X 6/|6/-/7393�,7 O�@R ,5 34/ ,|/693,6 /�|,7/73�98
+/ X/3� /�X� 5,6 N(t, u0)

N(t, u0) =
1

2πi
×

×
t∫

0

∫
ΓI

e−z(t−s)
[
(zI −A)−1 − 1

z
I

]
f(s, u0(s))dzds =

=
1

2πi

∫
ΓI

[
(z(ξ)I −A)−1 − 1

z(ξ)
I

]
×

×
∫ t

0

e−z(ξ)(t−s)f(s, u0(s))dsz′(ξ)dξ,

z(ξ) = aI cosh ξ − ibI sinh ξ.

O@%R

�/|89r�7X 4/6/ 34/ �6-3 �73/X698 �o ;<9.693<6/ O�GR
+/ X/3

up(t) ≈ uap(t) =
h

2πi

M∑
k=−M

z′(kh)× O@�R

×
[
(z(kh)I −A)−1 − 1

z(kh)
I

]
fk(t), k = −M, M

+�34 fk(t) =
∫ t
0
e−z(kh)(t−s)f(s, u0(s))ds.

\7 ,6./6 3, r,7-36<r3 97 /�|,7/73�988o r,7s/6X/73
;<9.693<6/ 5,6 34/-/ �73/X698- +/ r497X/ 34/ s96�9�8/-
�o

t

2
− s =

t

2
tanh ξ O@@R

97. X/3 �7-3/9. ,5

fk(t) =

∫ ∞

−∞
Fk(t, ξ)dξ, O@BR

+4/6/

Fk(t, ξ) = /�|[−z(kh)t(1 + tanh ξ)/2]× O@=R

× t

2 cosh2 ξ
f(t(1− tanh ξ)/2, u0(t(1− tanh ξ)/2)).

*4/ 5,88,+�7X 9--/63�,7 +9- |6,s/7�

"�!!� �� �/3 f(t, u0(t)) 5,6 t ∈ [0,∞] r97 �/
9798o3�r988o /�3/7./. �73, 34/ -/r3,6 Σf = {ρeiθ1 :
ρ ∈ [0,∞], |θ1| < ϕ} 97. 5,6 988 r,2|8/� w ∈ Σf +/
49s/

‖f(w, u0(w))‖ � ce−δ|�w| O@(R

+�34 δ ∈ (0,
√
2a0] � 34/7 34/ �73/X697. Fk(t, ξ) r97

�/ 9798o3�r988o /�3/7./. �73, 34/ -36�| Dd1, 0 < d1 <
ϕ/2 97. �/8,7X- 3, 34/ n96.o r89-- H1(Dd1) +�34
6/-|/r3 3, ξ� +4/6/ a0, ϕ 96/ 34/ -|/r3698 r4969r3/6��
�93�,7- O%TR ,5 A�
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�/3 34/ 9--<2|3�,7- ,5 �/229 % 4,8.� 34/7 +/ r97
<-/ 34/ 5,88,+�7X ;<9.693<6/ 6<8/ 3, r,2|<3/ 34/
�73/X698- O@BR�

fk(t) ≈ fk,M (t) = h

M∑
p=−M

μk,p(t)f(ωp(t)), O@ R

+4/6/

μk,p(t) =
t

2
/�|{− t

2
z(kh)[1 + tanh (ph)]}/ cosh2 (ph),

ωp(t) =
t

2
[1− tanh (ph)], h = O(1/

√
M),

z(ξ) = aI cosh ξ − ibI sinh ξ.

O@GR

�<�-3�3<3�7X O@ R �73, O@�R +/ X/3 34/ 5,88,+�7X
98X,6�342 3, r,2|<3/ 97 9||6,9r4 A0,M (N ;u0) 3,
A0(N ;u0)

A0,M (N ;u0) = Aap,M(t) =

=
h

2πi

M∑
k=−M

z′(kh)
[
(z(kh)I −A)−1−

− 1

z(kh)
I

]
h

M∑
p=−M

μk,p(t)f(ωp(t), u0(ωp(t))).

O@TR

*4/ 7/�3 34/,6/2 r4969r3/6��/- 34/ /66,6 ,5 34�-
98X,6�342�

���� �! �� �/3 A �/ 9 ./7-/8o ./�7/. -36,7X8o
|,-�3�s/ ,|/693,6 +�34 34/ -|/r3698 r4969r3/6��93�,7
a0, ϕ 97. f(t, u0(t)) ∈ D(Aα), α > 0 5,6 t ∈ [0,∞]
r97 �/ 9798o3�r988o /�3/7./. �73, 34/ -/r3,6 Σf =
{ρeiθ1 : ρ ∈ [0,∞], |θ1| < ϕ} +4/6/ 34/ /-3�293/

‖Aαf(w, u0(w))‖ � cαe
−δα|�w|, w ∈ Σf OBCR

+�34 δα ∈ (0,
√
2a0] 4,8.-� 34/7 98X,6�342 O@TR

r,7s/6X/- +�34 34/ /66,6 /-3�293/

‖cEM (t)‖ = ‖A0(N ;u0)(t)−A0,M (t)‖ � ce−c1
√
M

OB%R
<7�5,628o �7 t +�34 |,-�3�s/ r,7-3973- c, c1 ./|/7.�7X
,7 α, ϕ, a0 97. �7./|/7./73 ,5 M �

\7 34�- +9o ,7/ r97 r,2|<3/ 988 [.,2�97I- |,8o7,2��
98- 7//./. �7 O%CR +�34 97 /�|,7/73�98 9rr<69ro�

�/3 34/ 7,78�7/96 ,|/693,6 f(s, u) 5,6 /9r4 s �-
9798o3�r 9- 5<7r3�,7 ,5 u �7 -,2/ .�-r ‖u−u0‖ = ρ < r
+�34 34/ �,<7.96o Γ� 34/7 �3 4,8.-

|f (n)
un (s, u0)| � M̃(s, ρ)n!ρn �M(ρ)n!ρn, OB�R

|6,s�./. 3493 M̃(s, ρ) � M(ρ)� +4/6/ M̃(s, ρ) =
max
u∈Γ

‖f(s, u)‖� *4<-� 5,6 M(ρ) -2988 /7,<X4 +/ 96/

�7 34/ -�3<93�,7 ,5 *4/,6/2 %� -, 3493 34/ 2/34,.
O%CR r,7s/6X/- /�|,7/73�988o�

[7 983/6793�s/ /�|,7/73�988o r,7s/6X/73 2/34,.
�9-/. ,7 34/ �73/6|,893�,7 ,5 34/ 7,78�7/96�3o ,7 9
Z9<--��,�933, X6�. +9- |6,|,-/. �7 P%@Q�

w7/ r97 ,�39�7 97 ,|/693,6 /;<93�,7 ,5 3o|/
O%R 9||8o�7X 3, �1� O%%R 34/ ,|/693,6 L−1

t =
∫ t
0

9798,X,<-8o 3, PB� �%Q �<3 34/6/ 96/ 7,3 97o 34/,6/3��
r98 �<-3��r93�,7 ,5 r,7s/6X/7r/ ,5 [.,2�97I- 2/34,.
�7 34�- r9-/�

#�!� $ �� \7 34/ 6/r/73 |9|/6 PGQ 34/ 5,88,+�7X
2,.��r93�,7 ,5 [1J +9- |6,|,-/.� w7/ 8,,v- 34/
-<2297.- ,5 OTR �7 9rr,6.97r/ +�34 34/ 6/r<66/7r/
5,62<89-

u(j+1) = −Aj
(
u(0), u(1), . . . , u(j)

)
,

u(0) = F, j = 0, 1, . . .
OB@R

+4/6/ Aj
(
u(0), u(1), . . . , u(j)

)
96/ 34/ 2,.��/.

[.,2�97 |,8o7,2�98- X�s/7 �o

Aj

(
u(0), u(1), . . . , u(j)

)
= OBBR

= N
(
u(0) + . . .+ u(j)

)
−N

(
u(0) + . . .+ u(j−1)

)
.

\7 34/ |9|/6 PGQ 5,6 34/ |6,�8/2

dky(t)

dtk
+ β(t)f(y(t)) = κ(t), t ∈ (0, T ),

dpy(t)

dtp
= cp, p = 0, k − 1,

+�34 34/ X�s/7 cp� p = 0, k − 1� +�34

M = max
t∈[0, T ]

‖β(t)|

97. +�34 34/ 6�X43�497. -�./ f(y) -93�-5o�7X 34/ ���
|-r4�3� r,7.�3�,7 +�34 9 r,7-3973 L �3 +9- -4,+7
3493 34/ 2,.��/. [.,2�97 2/34,.- r,7s/6X/- 9- 9
X/,2/36�r98 |6,X6/--�,7 +�34 34/ ;<,3�/73 α 97. +�34
34/ /66,6 /-3�293/

∣∣∣y(t)− m∑
j=0

yj(t)
∣∣∣ � αm

1− α
‖y1‖∞ OB=R

|6,s�./. 3493

α =
LMT k

k!
< 1. OB(R

m<2/6�r98 /�|/6�2/73- 49s/ -4,+7 3493 34/ 2,.��/.
[1J r,7s/6X/- 59-3/6 34/7 34/ ,6.�796o ,7/� �<3 �3
+9- �X7,6/. �7 PGQ 3493 34/ 2,.��/. [1J �7 59r3 r,��
7r�./- +�34 34/ <-<98 ��/. |,�73 �3/693�,7� [r3<988o�
34/ 6/893�,7- OB@R� OBBR �2|8o

um+1 = −N(um) + F, m = 0, 1, . . .
u0 = F.

OB R

m,+ 34/ r,7r8<-�,7- ,5 PGQ 9�,<3 34/ 9.s9739X/- ,5
34/ 2,.��/. [1J �/r,2/ <7./6-397.9�8/ 97. 96/
+/88 v7,+7 8,7X 9X, O-// /�X� P��QR�
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*4/ 793<698 ;</-3�,7 96�-/- �7 34/ r9-/ +4/7 34/
9--<2|3�,7- ,5 *4/,6/2 % 96/ 7,3 5<8�88/.N +493 r97
+/ ., �7 ,6./6 3, 966�s/ 34/ r,7s/6X/7r/� w7/ ,5 34/
9�2- ,5 34�- |9|/6 �- 3, 97-+/6 34�- ;</-3�,7 97.
3, r,7-36<r3 97 �3/693�,7 2/34,. +4�r4 r,7s/6X/-
+4/6/9- 34/ ��/. |,�73 �3/693�,7 OB R r97 �/ .��
s/6X/73� [7 ,34/6 9�2 �- 3, -4,+ 3493 34/ ,.. 97. 34/
/s/7 �3/693�,7- |6,s�./ 34/ 3+,�-�./. 9||6,��293�,7-�
34/6/5,6/ 34/o r97 �/ <-/. /�X� 5,6 9|,-3/6�,6� /66,6
/-3�293/-�

�� FG:*E�;C; �8C9A8�:7 DC8H:;

�/3 Sr(a) = {x ∈ X : ‖x− a‖ � r} �/ 9 r8,-/.
�988 �7 9 �979r4 -|9r/ X � *4/7 34/ 5,88,+�7X 9--/63��
,7 9�,<3 34/ ��/. |,�73 �3/693�,7 5,6 /;<93�,7 O%R
4,8.- 36</ O-// /�X� P%(QR�

���� �! �� �/3 34/ ,|/693,6N -93�-�/- 34/ r,7.��
3�,7-

1◦ ∀u, v ∈ Sr(a) �3 4,8.-

‖N(u)−N(v)‖ � q‖u− v‖, q ∈ (0; 1),

2◦ 5,6 F ∈ Sr(a) �3 4,8.- ‖N(F )‖ � (1− q)r.

*4/7 34/ /;<93�,7

u = −N(u) + F, N(0) = 0 OBGR

|,--/--/- 9 <7�;</ -,8<3�,7 u� ∈ Sr(a)� +4�r4 r97 �/
,�39�7/. �o 34/ ��/. |,�73 �3/693�,7

un+1 = −N(un) + F, n = 0, 1, . . . OBTR

+�34 34/ /66,6 /-3�293/

‖u� − un‖ � qnr

1− q
.

�/3 <- r896�5o 34/ r,7.�3�,7- ,7 34/ ,|/693,6 N
<7./6 +4�r4 34/ �3/693�,7- OBTR |6,s�./ 34/ 3+,�-�./.
9||6,��293�,7- 3, u��

�/3 K ⊂ X �/ 9 r,7/ +�34 9 |963�98 ,6./6 �� ��/�
+/ +6�3/ v � u +4/7 u−v ∈ K� 0<634/6 +/ 29v/ 34/
5,88,+�7X 9--<2|3�,7-�

3◦ F ∈ K�

4◦ *4/ ,|/693,6 N �- |,-�3�s/ �7 34/ -/7-/ 3493

N (K) ⊂ K

5◦ *4/6/ /��-3- 34/ 06/r4�/3 ./6�s93�s/N ′(v) +�34 34/
|6,|/63o

‖N ′(v)‖ � q, 0 � N ′(v)u ∀u, v ∈ Sr(F ) ∩K
6◦

0 � u1 = −N(u0) + F = −N(F ) + F

*4/7 34/ 5,88,+�7X 9--/63�,7 4,8.- 36</�

���� �! �� �/3 34/ r,7.�3�,7- 2◦W6◦ 4,8.� *4/7
34/ ��/. |,�73 �3/693�,7 OBTR r,7s/6X/- 3, 34/ <7��
;</ -,8<3�,7 u� ,5 34/ /;<93�,7 OBGR 97. |6,s�./ 34/
3+,�-�./. 9||6,��293�,7� ��/�

u� � . . . � u2k � . . . � u2 � u0
u1 � u3 � . . . � u2k+1 � . . . � u�

O=CR

�/3 <- r,7-�./6 34/ 1�6�r48/3 �,<7.96o s98</
|6,�8/2

u′′(x)−Mu3(x) = −f(x), x ∈ (0; 1),
u(0) = u(1) = 0,

O=%R

+�34 f(x) = π2 sinπx + M(sinπx)3 97. 9 X�s/7
r,7-3973 M � 0� *4/ /�9r3 -,8<3�,7 ,5 O=%R �-

u(x) = sinπx. O=�R

�6,�8/2 O=%R �- /;<�s98/73 3, 34/ 5,88,+�7X 7,78�7/96
06/.4,82 �73/X698 /;<93�,7

u(x) =
1∫
0

G(x, ξ)[−Mu3(ξ) + f(ξ)]dξ,

G(x, ξ) =

{
x(1 − ξ), x � ξ
ξ(1 − x), ξ < x.

O=@R

*4�- /;<93�,7 �- ,5 34/ 5,62 OBGR +�34

N(u) =M

∫ 1

0

G(x, ξ)u3(ξ)dξ,

F =

∫ 1

0

G(x, ξ)f(ξ)dξ.

0,6 M = 1� r = 1.2� q = 0.54 988 9--<2|3�,7 ,5
*4/,6/2 = 96/ 5<8�88/. +4/6/

X = C[0; 1],K = {v(x) ∈ C[0; 1] : v(x) � 0, x ∈ [0; 1]}

‖F‖∞ = 1.087 . . . < r,
‖N(F )− F‖∞ = 0.101 . . . < (1− q)r,

0 � N(v)u = 3
1∫
0

G(x, ξ)v2(ξ)u(ξ)dξ �

� 3r3

8 = 3∗1.44
8 r = qr,

u1 = −N(u0) + F = −
1∫
0

G(x, ξ)f(ξ)dξ + f(x) � 0.

*4/ 7<2/6�r98 6/-<83- O,�39�7/. +�34 J9|8/R 96/
|6/-/73/. �7 *9�8/ (� *4/ 39�8/ /�4���3- 34/
9.s9739X/- ,5 34/ ��/. |,�73 �3/693�,7 3, 34/ <-<98
[.,2�97I- 2/34,.�

�� >7 �8C9A8�:7 DC8H:; I:9 7:7@�7CA9 ?9:B@CDE
G�8H 8HC =:789:@@AB@C CJ?:7C78�A@ =:7KC9LC7=C

\7 34�- -/r3�,7 +/ X�s/ 34/ ./-r6�|3�,7 ,5 97 98X,6��
342 +�34 34/ r,736,889�8/ /�|,7/73�98 r,7s/6X/7r/�

\7 ,6./6 3, 9s,�. 3/r47�r98 .��r<83�/- +/ �<-3�5o 34�-
98X,6�342 �7 34/ r9-/ ,5 34/ 5,88,+�7X 7,78�7/96 2,./8
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n εA εmA
C �BB  =T@T= @@%/�% �@TBC�(G�=� = =G/�%
% �(%BGTBB T%TT@/�� �B @ C=(@�% G (T/��
� �%%B=C( (BGB@/�� �=BB= ��T%G= �C%/�@
@ ��B(@TG@=T=B�/�@ �(�T�B(@@@BGC GB/�B
B �= (GG@@GTB/�B � �((BB=TT =C%�C/�=
= �%B� @==%TT/�B �G@T% (@ %G@%= %/�(
( �@( %T�=G�%/�= �T(T%� = G%=�@@B/� 
 �T �@B� =%/�( �%%%T�C@=%@@@G�C/� 

����� �� fcc\c \` [SP XRXZQ ~εA� Z]^ [SP Y\^�wP^ ~εmA� W^\Y�Z]rR YP[S\^ `\c M = 0.5�

|6,�8/2

u′′(x) −N(u(x))u(x) = −f(x), x ∈ (0, 1),
u(0) = u(1) = 0

O=BR

+�34 9 7,78�7/96 5<7r3�,7 N(u) : R1 → R1 -93�-5o�7X
34/ r,7.�3�,7-

N(u) � 0, [uN(u)]′ � 0, N ′′(u) � 0, ∀u ∈ R1.
O==R

y-�7X 34/ Z6//7 5<7r3�,7 5,6 34/ .�:/6/73�98 ,|/693,6
./�7/. �o

D(A) = {u : u ∈ W 2
2 (0, 1) : u(0) = u(1)},

Au = −d
2u

dx2
∀u ∈ D(A)

,7/ r97 6/.<r/ |6,�8/2 O=BR 3, 34/ ,|/693,6 /;<93��
,7 ,5 v�7. O%R� \7 34/ r9-/ +4/7 34/ ��/. |,�73
�3/693�,7 OB R �- .�s/6X/73 +/ |6,|,-/ 34/ 5,88,+�7X
2/34,. �9-/. ,7 34/ �./9 ,5 34/ 01�2/34,. P�CQ +4��
r4 �- r8,-/. 3, 9 4,2,3,|o |/63<6�93�,7 2/34,.� �/
�736,.<r/ 9 X6�.

ω̂ =
{
xi ∈ [0, 1], i = 1,K : 0 = x1 < . . . < xK = 1

}
|963�3�,7�7X 34/ �73/6s98 [0, 1] �73, -<��73/6s98-
[xi−1, xi]� i = 1,K ,5 34/ 8/7X34 hi = xi−xi−1, |h| =
max
i

hi 97. �2�/. |6,�8/2 �73, 34/ |9692/36�r 592��

8o ,5 |6,�8/2-

∂2u(x, t)

∂x2
−
{
N(u(xi−1, t)) + t [N(u(x, t))−

−N(u(xi−1, t))]

}
u(x, t) = −f(x), x ∈ (0, 1),

[u(x)]x=xi
= 0,

[
du(x)

dx

]
x=xi

= 0, i = 1,K − 1,

u(0, t) = u(1, t) = 0, t ∈ [0, 1].

\3 �- r8/96 3493 5,6 t = 1 34/ -,8<3�,7 ,5 |6,�8/2 O(R
r,�7r�./- +�34 34/ -,8<3�,7 ,5 |6,�8/2� ��/�

u(x, 1) = u(x),

0,6 t = 0 +/ ,�39�7 34/ 5,88,+�7X �9-/ |6,�8/2

d2u(0)(x)

dx2
−N

(
u(0)(xi−1)

)
u(0)(x) = −f(x),

x ∈ (xi−1, xi), i = 1,K,

[u(0)(x)]x=xi = 0,

[
du(0)(x)

dx

]
x=xi

= 0,

i = 1,K − 1,

u(0)(0) = u(0)(1) = 0,

O=(R

+4/6/ [v(x)]x=ξ = v(ξ + 0) − v(ξ − 0) ./7,3/- 34/
�<2| ,5 34/ 5<7r3�,7 v(x) 93 34/ |,�73 x = ξ�

*4/ 89-3 |6,�8/2 9- +/88 9- |6,�8/2 O(R 96/
6/|6/-/7393�s/- ,5 34/ r89-- ,5 �,<7.96o s98</
|6,�8/2- +�34 |�/r/+�-/ r,7-3973 96X<2/73 +4�r4 96/
�7 34/ 5,r<- ,5 933/73�,7 ,5 297o 6/-/96r4/6- 5,6 -,2/
3�2/ O-// /�X� P@Q 97. 34/ 8�3/693<6/ 34/6/�7R�

�/ 8,,v 5,6 34/ -,8<3�,7 ,5 |6,�8/2 O(R �7 34/
5,62

u(x, t) =

∞∑
j=0

tju(j)(x). O= R

�<�-3�3<3�7X O= R �73, O(R 97. r,2|96�7X 34/ r,/��
r�/73- �7 56,73 ,5 |,+/6- ,5 t +/ ,�39�7 34/ 5,88,+�7X
6/r<66/7r/ -/;</7r/ ,5 |6,�8/2- 5,6 u(j)(x) O+�34 |��
/r/+�-/ r,7-3973 96X<2/73RN

d2u(j+1)(x)

dx2
−N

(
u(0)(xi−1)

)
u(j+1)(x) = O=GR

= N ′
(
u(0)(xi−1)

)
u(j+1)(xi−1)u

(0)(x) + F (j+1)(x),

x ∈ (xi−1, xi), i = 1,K,

+4/6/

F (j+1)(x) =

=
j∑

p=1
Aj+1−p

(
N ;u(0)(xi−1), . . . , u

(j+1−p)(xi−1)
)×

×u(p)(x) +
j∑
p=0

[
Aj−p

(
N ;u(0)(x), . . . , u(j−p)(x)

) −
−Aj−p

(
N ;u(0)(xi−1), . . . u

(j−p)(xi−1)
)]
u(p)(x)+

+Aj+1

(
N ;u(0)(xi−1), . . . , u

(j)(xi−1), 0
)
u(0)(x),

[u(j+1)(x)]x=xi = 0,

[
du(j+1)(x)

dx

]
x=xi

= 0, i = 1,K − 1,
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u(j+1)(0) = u(j+1)(1) = 0, j = 0, 1, . . . ,

Aj(N ; v0, v1, . . . , vj) 96/ [.,2�97I- |,8o7,2�98- 5,6
34/ 7,78�7/96 5<7r3�,7 N(v) X�s/7 �o 34/ /�|8�r�3
5,62<89 OGR� *4/ -,8<3�,7 ,5 |6,�8/2 �- 34/7 X�s/7
�o

u(x) =

∞∑
j=0

u(j)(x) O=TR

O|6,s�./. 3493 34/ r,7s/6X/7r/ 69.�<- ,5 O= R �- 7,3
8/-- 34/7 %R 97. 34/ 9||6,��293/ -,8<3�,7 �o

u(x) ≈ m
u(x) =

m∑
j=0

u(j)(x), O(CR

+4/6/ 34/ /�|,7/73�98 r,7s/6X/7r/ +�88 �/ r,736,88/.
�o 34/ |9692/3/6 |h|�

�/3 <- r,7-�./6 34/ �9-/ |6,�8/2 O=(R� *4�-
|6,�8/2 �- /;<�s98/73 3, 34/ -o-3/2 ,5 7,78�7/96
/;<93�,7-

u(0)(xi) =

1∫
0

G
(
xi, ξ,

−→
N (u)

)
f(ξ)dξ, i = 1,K − 1,

O(%R

+4/6/
−→
N (u) =

(
N
(
u(0)(x1)

)
, . . . , N

(
u(0)(xK−1)

))
97. G

(
xi, ξ,

−→
N
)

�- 34/ Z6//7 5<7r3�,7 ,5 |6,�8/2

O=(R |6,s�./. 3493 34/ s/r3,6

−→u = {u(0)(x1), u(0)(x2), ..., u(0)(xK−1)}
�- v7,+7�

�/ �736,.<r/ 34/ ,|/693,6

B(−→u ) =
⎛
⎝ 1∫

0

G
(
xi, ξ,

−→
N (u)

)
f(ξ)dξ

⎞
⎠
K−1

i=1

O(�R

+4�r4 �- r,73�7<,<- ,7 9 r8,-/. �988 S ={
−→u ∈ RK−1 : ‖−→u ‖0,∞,ω̂N = max

1�i�K−1
|u(0)(xi)| � r

}
+�34 r ./�7/. �o ‖f‖0,∞,[0,1] 97. 3697-893/ 34/ �988 S
�73, �3-/85� *4/6/5,6/� �o �6,+/6I- ��/. |,�73 34/,6/2
O-// /�X� P%=Q R 34/6/ /��-3- 9 ��/. |,�73 ,5 34�-
,|/693,6 �7 S� ��/� 34/ -o-3/2 ,5 /;<93�,7- O(%R �-
-,8s9�8/�

#�!� $ 	� *4/ ��/. |,�73 �3/693�,7 5,6 /;<93�,7
O(%R �- /;<�s98/73 3, 34/ -,8<3�,7 ,5 -/;</7r/ ,5 34/
5,88,+�7X |6,�8/2-

d2u(0),n+1(x)
dx2 −N

(
u(0),n(xi−1)

)
u(0),n+1(x) = −f(x),

x ∈ (xi−1, xi), i = 1,K
u(0),n+1(0) = u(0),n+1(1) = 0, n = 0, 1, . . . ,

O(@R

+4/6/
−−−→
u(0), 0 =

(
u(0), 0(xi)

)
i=1,K

�- 97 96��3696o

s/r3,6 56,2 34/ �988 S̄� 0,6 34�- |6,�8/2 34/6/ /���
-3- 34/ 5,88,+�7X /�9r3 .�:/6/7r/ -r4/2/ P�BQ(

an(xi)u
(0),n+1(xi)x̄

)
x
− dn(xi)u

(0),n+1(xi) =

= −ϕn(xi), i = 1,K,
O(BR

u(0),n+1(0) = u(0),n+1(1) = 0,

+�34

an(xi) =

[
sinh(

√
μni hi)

hi
√
μni

]−1

,

μni = N
(
u(0),n(xi−1)

)
,

dn(xi) =

√
μi

�i
tanh

√
μihi

2
+

√
μi+1

�i
tanh

√
μi+1hi+1

2
,

�i =
hi + hi+1

2
,

ϕn(xi) =
1

�i

2∑
α=1

(−1)α
[
dW i

α(xi)

dx
+

+(−1)αW i
α(xi)

√
μni−1+α coth

√
μni−1+α hi−1+α

]
,

+4/6/ W i
α(x), α = 1, 2 96/ -,8<3�,7- ,5 34/ 5,88,+��

7X 3+, ]9<r4o |6,�8/2-

d2W j
α(x)

dx2 −N
(
u(0),n(xi)

)
W j
α(x) = −f(x),

xj−2+α < x < xj−1+α,

W j
α(xj+(−1)α) =

dW j
α(x)
dx

∣∣∣
x=xj+(−1)α

= 0,

α = 1, 2.

O(=R

\7 ,6./6 3, r,2|<3/ 34/ r,/�r�/73- ,5 34/ /�9r3 .��
:/6/7r/ -r4/2/ 5,6 ,7/ �3/693�,7 -3/| ,7/ -4,<8. -,8s/
2(K−1) ]9<r4o |6,�8/2- �o 97 \t��-,8s/6� /9r4 ,7
9 -2988 �73/6s98 +�34 34/ 8/7X34 ,5 34/ r,66/-|,7.�7X
-3/|�-��/� *4/7 34/ .�:/6/7r/ -r4/2/ +�34 9 36�.��
9X,798 2936�� r97 �/ -,8s/. �o 34/ -|/r�98 /8�2�793��
,7 2/34,. O2/34,. ,5 r49-�7X� 2/34,. z|6,X,7v�{R
+4�r4 �7 ,<6 r9-/ �- -39�8/� [798,X,<-8o 3, 34/ 2<83��
|8/ -4,,3�7X 2/34,. 34�- -o-3/2 ,5 /;<93�,7- r97
�/ +6�33/7 .,+7 �7 34/ 5,62 s = F (s) +4/6/ s =

(s
(1)
0 , s1, s

(1)
0 , ..., sK−1, s

(1)
K−1, s

(1)
K )T 97. F (s) 5,6 97

96��3696o s r97 �/ r98r<893/. <-�7X 97 \t��-,8s/6�
06,2 34/ .�-r<--�,7 9�,s/ �3 5,88,+- 3493 34/ ��/.
|,�73 �3/693�,7

m+1
s = F (

m
s),m = 0, 1, ...

r,7s/6X/- |6,s�./. 3493
0
s +9- r4,-/7 +�34�7 34/

r,66/-|,7.�7X �988�

�/3 <- 6/+6�3/ 34/ /;<93�,7- O=GR �7 34/ 5,62

d2u(j+1)(x)

dx2
− q(x)u(j+1)(x) =

= N ′
(
u(0)(xi−1)

)
[u(j+1)(xi−1)u

(0)(x)−
− u(j+1)(x)u(0)(xi−1)]+

+ F (j+1)(x), x ∈ (xi−1, xi), i = 1,K,

u(j+1)(0) = u(j+1)(1) = 0, j = 0, 1, . . .

O((R

+�34

q(x) = N
(
u(0)(xi−1)

)
+N ′ (u(0)(xi−1)

)
u(0)(xi−1),

x ∈ [xi−1, xi), i = 1,K.
O( R

��������	 
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Z�s/7 u(0)(xi), i = 1, ...,K − 1� 8/3 G(x, ξ, q(·))
�/ 34/ Z6//7 5<7r3�,7 r,66/-|,7.�7X 3, 34/ ,|/693,6
,7 34/ 8/53 -�./ ,5 O((R +�34 34/ 1�6�r48/3 �,<7.96o
r,7.�3�,7-� *4/7 |6,�8/2 O((R r97 �/ |/65,62/. 3,

u(j+1)(x) =
K∑
p=1

xp∫
xp−1

G (xi, ξ, q(·))×

×
ξ∫

xp−1

du(j+1)(η)
dη dηu(0)(ξ)dξN ′ (u(0)(xk−1)

)−
−

K∑
p=1

xp∫
xp−1

G (xi, ξ, q(·))
ξ∫

xp−1

du(0)(η)
dη dηu(j+1)(ξ)dξ×

×N ′ (u(j+1)(xp−1)
)− 1∫

0

G (xi, ξ, q(·))F (j+1)(ξ)dξ,

i = 1,K.
O(GR

\7 ,6./6 3, /-3�293/ u(j+1)(x) +/ 7//. 3, /-3�293/ 34/
Z6//7 5<7r3�,7 G (x, ξ, q(·))� +4�r4 r97 �/ /�|8�r�38o
6/|6/-/73/. �o 34/ 5,62<89

G (xi, ξ, q(·)) = 1

v1(1)

⎧⎨
⎩

v1(x)v2(ξ), x � ξ,

v1(ξ)v2(x), ξ � x.
O(TR

n/6/ vα(x)� α = 1, 2 96/ 34/ -, r988/. -3/7r�8 5<7r3��
,7- +4�r4 -93�-5o 34/ /;<93�,7-

d2

dx2
vα(x) − q(x)vα(x) = 0, 0 < x < 1, α = 1, 2,

O CR
v1(0) = 0, v′1(0) = 1, v2(1) = 0, v′2(1) = −1

9- +/88 9- 34/ r,73�7<�3o r,7.�3�,7-

[vα(x)]x=xi
= 0, [v′α(x)]x=xi

= 0, α = 1, 2,
O %R

i = 1,K − 1.

*4/-/ 5<7r3�,7- |,--/-- 34/ 5,88,+�7X |6,|/63�/-N

1◦ v1(x) �- 9 7,7 ./r6/9-�7X� 7,7 7/X93�s/ 5<7r3�,7
,7 [0, 1]�

2◦ v2(x) �- 7,7 �7r6/9-�7X� 7,7 7/X93�s/ 5<7r3�,7 ,7
[0, 1]�

3◦ v1(1) = v2(0)�
4◦ v′1(x)v2(x)− v1(x)v

′
2(x) ≡ v1(1) = v2(0)�

*4/-/ |6,|/63�/- 9- +/88 9- 34/ 29��2<2 |6�7r�|98
�2|8o 34/ /-3�293/-

0 � G(x, ξ, q(·)) � G(x, ξ, 0),∣∣∣∣∂G(x, ξ, q(·))∂x

∣∣∣∣ � 1.
O �R

y-�7X O �R 9- +/88 9- 34/ 9--<2|3�,7- +/ ,�39�7 56,2
O(GR

‖u(j+1)‖1,∞,[0,1] � |h|‖u(0)‖1,∞,[0,1]×
×N ′

(
‖u(0)‖1,∞,[0,1]

)
‖u(j+1)‖1,∞,[0,1]+

+ ‖F (j+1)‖1,∞,[0,1].

O @R

0,6 |h| -2988 /7,<X4 34�- �7/;<98�3o r97 �/
3697-5,62/. 3,

‖u(j+1)‖1,∞,[0,1] � c1‖F (j+1)‖1,∞,[0,1] O BR

+�34

c1 =
[
1− |h|‖u(0)‖1,∞,[0,1]N

′
(
‖u(0)‖1,∞,[0,1]

)]−1

.

O =R

97. 34/ 7,62-

‖v‖0,∞,[0,1] = max
x∈[0,1]

|v(x)|,

‖v‖1,∞,[0,1] = max
{
max
x∈[0,1]

|v(x)|, max
x∈[0,1]

|v′(x)|}.
0<634/6 +/ +�88 7//. 34/ 5,88,+�7X 3+, 9<��8�96o
-393/2/73-�

"�!!� 	� �/3 N(u) �/ 6/|6/-/73/. �o 34/ |,+/6

-/6�/- N(u) =
∞∑
i=1

aiu
2i� ai � 0 97. u(p)(x) ∈

C1[0, 1]� p = 0, 1, . . . � 34/7

∥∥Ak (N(u);u(0)(x), . . . , u(k)(x)
)−

−Ak
(
N(u);u(0)(xi−1), . . . , u

(k)(xi−1)
)∥∥

∞ �

� 2h
∞∑
i=1

iaiAk
(
N(u); ‖u(0)‖1,∞,[0,1],

‖u(1)‖1,∞,[0,1], . . . , ‖u(k)‖1,∞,[0,1]

)
=

= |h|Ak
(
N ′(u); ‖u(0)‖1,∞,[0,1],

‖u(1)‖1,∞,[0,1], . . . , ‖u(k)‖1,∞,[0,1]

)
.

��7r/ 34/ [.,2�97 |,8o7,2�98- 96/ 8�7/96 ,|/693,6-
+�34 6/-|/r3 3, 34/ �6-3 96X<2/73 O-// OGRR� ��/�

Ak

(
N(u);u(0)(x), . . . , u(k)(x)

)
=

=

∞∑
i=1

aiAk

(
u2i;u(0)(x), . . . , u(k)(x)

)

�3 �- -<�r�/73 3, r,7-�./6 34/ r9-/ N(u) = u2i ,78o�
0,6 34�- r9-/ +/ 49s/

Ak

(
u2i;u(0)(x), . . . , u(k)(x)

)
=

=
∑

α1+...+αk=k

N (α1)
(
u(0)(x)

) [u(1)(x)]
α1−α2

(α1−α2)!
× . . .×

× [u(k−1)(x)]
αk−1−αk

(αk−1−αk)!

[u(k)(x)]
αk

(αk)!
=

=
∑

α1+...+αk=k

2i(2i− 1) . . . (2i− α1 + 1)×

× [
u(0)(x)

]2i−α1 [u(1)(x)]α1−α2

(α1−α2)!
× . . .×

× [u(k−1)(x)]αk−1−αk

(αk−1−αk)!

[u(k)(x)]αk

(αk)!
,

��������	 
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∥∥Ak (u2i;u(0)(x), . . . , u(k)(x))−
−Ak

(
u2i, u(0)(xi−1), . . . , u

(k)(xi−1)
)∥∥ �

�
∑

α1+...+αk=k

2i(2i− 1) . . . (2i− α1 + 1)×
×(2i− α1 + α1 − α2 + . . .+ αk−1 − αk + αk)×

×‖u(0)‖2i−α1

1,∞,[0,1]

‖u(1)‖α1−α2
1,∞,[0,1]

(α1−α2)!
. . .

‖u(k−1)‖αk−1−αk
1,∞,[0,1]

(αk−1−αk)!
×

× ‖u(k)‖αk
1,∞,[0,1]

(αk)!
|h| =

= 2i|h|Ak(u2i; ‖u(0)‖1,∞,[0,1], . . . , ‖u(k)‖1,∞,[0,1]) =

= |h|Ak([u2i]′; ‖u(0)‖1,∞,[0,1], . . . , ‖u(k)‖1,∞,[0,1]).

*4/ 8/229 �- |6,s/7�

"�!!� �� �/3 N(u) �/ 6/|6/-/73/. �o 34/ |,+/6
-/6�/- N(u) =

∑∞
j=1 aju

2j 34/7

Aj+1(N(u);V0, . . . , Vj , 0) =
1

(j + 1)!
× O (R

×
{
dj+1

dzj+1
[N(f(z))− (f(z)− V0)N

′(V0)]
}
z=0

,

+�34 f(z) =
∞∑
j=0

zjVj , j = 0, 1, . . .�

�/3<67�7X 3, O BR 97. 39v�7X �73, 9rr,<73 +/ ,�39�7

‖u(j+1)‖1,∞ � c1

{ j∑
p=1

Aj+1−p(N(u); ‖u(0)‖1,∞,[0,1],

. . . , ‖u(j+1−p)‖1,∞,[0,1])‖u(p)‖1,∞,[0,1]+

+ h

j∑
p=0

Aj−p(N ′(u)u; ‖u(0)‖1,∞,[0,1], . . . ,

‖u(j−p)‖1,∞,[0,1])‖u(p)‖1,∞,[0,1]+

O  R

+
1

(j + 1)!

[ dj+1

dzj+1

(
N
( ∞∑
s=0

zs‖u(s)‖1,∞,[0,1]

)−
−

∞∑
s=1

zs‖u(s)‖1,∞,[0,1]N
′(‖u(0)‖1,∞,[0,1])

)]
z=0

}
\736,.<r�7X �7 O  R 34/ 7/+ s96�9�8/- �o

|h|−j ‖u(j)‖1,∞ = vj , O GR

34/7 r497X�7X vj 3, Vj 97. 34/ �7/;<98�3o -�X7 3,
34/ /;<98�3o ,7/ +/ 966�s/ 93 34/ 5,88,+�7X -o-3/2 ,5
/;<93�,7-

Vj+1 = c1

{
j∑

p=1

Aj+1−p (N(u);V0, . . . , Vj+1−p)Vp +

+

j∑
p=0

Aj−p(N ′(u)u;V0, . . . , Vj−p)Vp+

+
1

(j + 1)!

dj+1

dzj+1

(
N
( ∞∑
s=0

zsVs
))

z=0

− Vj+1N
′(V0)

}

j = 0, 1, . . . , V0 = v0 = ‖u(0)‖1,∞,[0,1]

O TR

,6

Vj+1 = c1
1+c1N ′(V0)

{
j∑
p=1

Aj+1−p (N(u);V0, . . . ,

Vj+1−p)Vp +
j∑
p=0

Aj−p(N ′(u)u;V0, . . . , Vj−p)Vp+

+ 1
(j+1)!

dj+1

dzj+1

(
N
( ∞∑
s=0

zsVs
))

z=0

}
.

OGCR
*4/ -,8<3�,7 ,5 34�- -o-3/2 �- 9 29�,6973 5,6 34/
-,8<3�,7 ,5 O  R� ��/� vj � Vj � j = 0, 1, . . .� y-�7X 34/
2/34,. ,5 X/7/693�7X 5<7r3�,7- +/ ,�39�7 56,2 OGCR

f(z)− V0 = c1
1+c1N ′(V0)

{
[f(z)− V0] [N(f(z))−

OG%R
−N(V0)] +zf

2(z)N ′(f(z)) +N(f(z))−N(V0)
}
.

06,2 34�- /;<93�,7 +/ r97 /�|6/-- z 9- 9 5<7r3�,7 ,5 f

z = 1
f2N ′(f)

{(
1
C̃
−N(f) +N(V0)

)
(f − V0)−

−N(f) +N(V0)} ,
V0 � f, C̃ = c1

1+c1N ′(V0)
,

OG�R
97. 34/7 �7. fm� 5,6 +4�r4 z 966�s/- �3- 29��2<2
zm = R� *4/ r,7.�3�,7

|h|V0 [N ′(V0)]
2
< 1 OG@R

X<96973//- 34/ /��-3/7r/ ,5 fm �/r9<-/ <7./6
9--<2|3�,7 OG@R +/ 49s/

z(V0) = 0, lim
f→∞

z(f) = 0

d

df

[
z(f)f2N ′(f)

]∣∣
f=V0

=
1

c̃
−N ′(V0) =

1

c1
=

= 1− |h| ‖u(0)‖1,∞,[0,1]N
′(‖u(0)‖1,∞,[0,1]) > 0.

*4/ s98</ zm ./�7/- 34/ r,7s/6X/7r/ 69.�<- ,5 -/6��
/- OG%R� ��/�

RjVj = C
1

(j + 1)1+ε
, OGBR

+�34 97 96��3696�8o -2988 |,-�3�s/ ε� �/3<67�7X 3, 34/
,8. 7,393�,7- +/ 49s/

‖u(j)‖1,∞,[0,1] �
C

(j + 1)1+ε

(
h

R

)j
, j = 0, 1, . . . ,

OG=R
+4�r4 8/9.- 3, 34/ 5,88,+�7X -<�r�/73 r,7s/6X/7r/

r,7.�3�,7 5,6 34/ -/6�/- f(z) =
∞∑
j=0

zjVj N

h

R
� 1. OG(R

*4<-� +/ 49s/ |6,s/. 34/ 5,88,+�7X 9--/63�,7�
���� �! �� y7./6 34/ 9--<2|3�,7- ,5 �/229 �
34/ 2/34,. O(CR 5,6 |6,�8/2 OG%R r,7s/6X/- -<|/6�
/�|,7/73�988o Or,7s/6X/-R +�34 34/ /66,6 /-3�293/

‖u− m
u ‖1,∞,[0,1] � C

(1+m)1+ε

(h/R)m+1

1−h/R ,

or
(
C

∞∑
j=m+1

1
(j+1)1+ε

) OG R

|6,s�./. 3493

h < R, or (h = R). OGGR
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-$. WddZ\X� k�� VX�\Q t� m�� ASPccXZXQ[ v�� y�Y\X] p�� qc�YZQ[ V� W ]P| `\cYXQZ[�\] \` W^\Y�Z] YP[S\^l
T\]UPcbP]TP cPRXQ[ << k_dPc]P[PR�=#%%$�=��� B*$%� = V� $$"!>$$B$�

-#. W^\Y�Z]� q� W cPU�P| \` [SP ^PT\Yh\R�[�\] YP[S\^ �] ZhhQ�P^ YZ[SPYZ[�TR� m� tZ[S� W]ZQ� WhhQ� $!@� @%$*@NN�
$B""�

-!. WsSYP[ t� �� �][PbcZQ YZ]�`\Q^R \` ^�{PcP][�ZQ P}XZ[�\]R |�[S h�PTP|�RP T\]R[Z][ ZcbXYP][ \` bP]PcZQ�uP^
[_hP << p\]Q�]PZc W]ZQ� = #%%J� = II� #�= V� !IJ>!"!�

-N. o� �Z`[Zc^Zc*qP���� O� nSZQPsZc� O\QU�]b YXQ[�*[PcY Q�]PZc Z]^ ]\]*Q�]PZc ^�{XR�\]*|ZUP P}XZ[�\]R \` `cZT[�\]ZQ
\c^Pc d_ W^\Y�Z] ^PT\Yh\R�[�\] YP[S\^� WhhQ�P^ tZ[SPYZ[�TR Z]^ A\YhX[Z[�\] #%# ~#%%"�� $$!*$#%�

-@. jX��[Z� y� Z]^ OZ�[\� p� Z]^ OXuXs�� z� ghPcZ[\c zSP\c_ Z]^ pXYPc�TZQ tP[S\^R� fQRPU�Pc� yP�^PQdPcb� #%%$�

-I. qZUc�Q_Xs� ��V� O[c\]bQ_ V*h\R�[�UP \hPcZ[\cR Z]^ PahQ�T�[ cPhcPRP][Z[�\] \` [SP R\QX[�\]R \` �]�[�ZQ UZQXP hc\dQPYR
`\c RPT\]^ \c^Pc ^�{PcP][�ZQ P}XZ[�\]R �] nZ]ZTS RhZTP� m� \` tZ[S�W]ZQ_R�R Z]^ WhhQ�� #!Il!#J>!NB� $BBB�

-J. qZUc�Q_Xs� ��V� Z]^ yZTsdXRTS� �� Z]^ kS\c\YRs��� n�p� �Z[Z* OhZcRP Whhc\a�YZ[�\] [\ [SP ghPcZ[\c*oZQXP^
jX]T[�\]R \` fQQ�h[�T ghPcZ[\c� tZ[S�A\Yh�� J!l$#BJ>$!#N� #%%N�

-". fQ*kZQQZ �� x� fcc\c Z]ZQ_R�R \` W^\Y�Z] RPc�PR R\QX[�\] [\ Z TQZRR \` ]\]Q�]PZc ^�{PcP][�ZQ P}XZ[�\]R� WhhQ� tZ[S�
f*p\[PR J ~#%%J�� #$N>##$�

-B. qZUc�Q_Xs� ��V� Z]^ yZTsdXRTS� �� Z]^ kS\c\YRs��� n�p� y*YZ[c�a Whhc\a�YZ[�\] `\c [SP ghPcZ[\c fah\]P][�ZQ
|�[S WhhQ�TZ[�\]R� pXYPc� tZ[S�� B#l"!>$$$� #%%#�

-$%. qZUc�Q_Xs� ��V� Z]^ yZTsdXRTS� �� Z]^ kS\c\YRs��� n�p� �Z[Z*RhZcRP Zhhc\a�YZ[�\] \` Z TQZRR \` \hPcZ[\c*
UZQXP^ `X]T[�\]R� tZ[S� A\Yh�� JNlI"$>J%"� #%%@�

-$$. qZUc�Q_Xs� ��V� Z]^ tZsZc\U� o�x� fah\]P][�ZQQ_ T\]UPcbP][ ZQb\c�[SYR `\c [SP \hPcZ[\c Pah\]P][�ZQ |�[S ZhhQ�*
TZ[�\]R [\ �]S\Y\bP]P\XR hc\dQPYR �] nZ]ZTS RhZTPR� O�Wt m\Xc]ZQ \] pXYPc�TZQ W]ZQ_R�R� U� N!� p\� @� #%%@�
hh�#$NN>#$J$�

-$#. qZUc�Q_Xs� ��V� Z]^ tZsZc\U� o�x� fah\]P][�ZQQ_ T\]UPcbP][ hZcZQQPQ ^�RTcP[�uZ[�\] YP[S\^R `\c [SP wcR[ \c^Pc
PU\QX[�\] P}XZ[�\]R� A\YhX[Z[�\]ZQ tP[S\^R �] WhhQ�P^ tZ[SPYZ[�TR ~AtWt�� $~N�l!!!>!@@� #%%$�

-$!. qZUc�Q_Xs� ��V� Z]^ tZsZc\U� o�x�l W] fah\]P][�ZQ A\]UPcbP][ WQb\c�[SY j\c p\]Q�]PZc ��{PcP][�ZQ f}XZ[�\]R
�] nZ]ZTS OhZTPR� tZ[S� A\Yh� JI ~#%%J�� $"B@*$B#!�

-$N. qZUc�Q_Xs� ��V� Z]^ tZsZc\U� o�x�l fah\]P][�ZQQ_ T\]UPcbP][ ZQb\c�[SYR `\c [SP \hPcZ[\c Pah\]P][�ZQ |�[S
ZhhQ�TZ[�\]R [\ �]S\Y\bP]P\XR hc\dQPYR �] nZ]ZTS RhZTPR� O�Wt m\Xc]ZQ \] pXYPc�TZQ W]ZQ_R�R� U� N!� p\� @�
#%%@� hh� #$NN>#$J$�

-$@. x� kZ][\c\U�TS Z]^ q� Ws�Q\U� jX]T[�\]ZQ W]ZQ_R�R� VPcbZY\] VcPRR� pP| v\cs� RPT\]^ P^�� $B"#�

-$I. t�W� kcZR]\RPQrRs��� q�t� oZ�]�ss\� V�V� �ZdcP�s\� vZ�n� �X[�[Rs��� Z]^ o� vZ� O[P[RP]s\� �Whhc\a�YZ[P R\QX[�\]
\` \hPcZ[\c P}XZ[�\]R�\Q[PcR*p\\c^S\{ ~$BJ#� ~�XRR�Z]��

-$J. xZuXcTSZs������ tZsZc\U� o� x� Z]^ O_[]_s��� z|\*R�^P^ Zhhc\a�YZ[�\]R `\c ]\]Q�]PZc \hPcZ[\c P}XZ[�\]R�
AtWt� #%%"� U�"� p\�N� hh�!"I*!B#�

-$". kcP�]� O�q� x�]PZc ��{PcP][�ZQ ghPcZ[\cR �] nZ]ZTS OhZTPR� WYPc�tZ[S�O\T�� pP| v\cs� $BJ$�

-$B. tZsZc\U� o� x� W `X]T[�\]ZQ*^�{PcP]TP YP[S\^ \` Zcd�[cZc_ \c^Pc \` ZTTXcZT_ `\c R\QU�]b [SP O[XcY*x�\XU�QQP
hc\dQPY |�[S h�PTP|�RP*RY\\[S T\P�T�P][R� ~�XRR�Z]� << �Wp OOO�� = $BB$� =���� $� = V� !N>!B�

-#%. tZsZc\U� o�x� zSP `X]T[�\]ZQ*^�RTcP[P YP[S\^ `\c R\QU�]b [SP P�bP]UZQXP hc\dQPYR `\c ]\]Q�]PZc ^�{PcP][�ZQ
P}XZ[�\]R ~�] �scZ�]�Z]�� �\h\U�^� pWp �sc��#%%"�p\�"� $I*##�

-#$. O�O� �Z_� W ]P| Zhhc\ZTS `\c [SP ZhhQ�TZ[�\] \` W^\Y�Z] ^PT\Yh\R�[�\] YP[S\^ `\c [SP R\QX[�\] \` `cZT[�\]ZQ
RhZTP ^�{XR�\] P}XZ[�\] |�[S �]RXQZ[P^ P]^R� WhhQ�P^ tZ[SPYZ[�TR Z]^ A\YhX[Z[�\] #%# ~#%%"�� hh�@NN*@NB�

-##. n� x� �\uS^PR[UP]Rs��� zSP V�TZc^ YP[S\^ ZR Z R\QX[�\] YP[S\^ `\c hc\dQPYR \` YZ[SPYZ[�TZQ hS_R�TR� AS�RQP]]_P
YP[\^_ YPSZ]�s� RhQ\RS]\� RcP^_� p\U\R�d�cRs� $BJN� U� @� p\� #� hh� BI>$%!�

-#!. O[P]bPc� j� pXYPc�TZQ YP[S\^R dZRP^ \] O�]T Z]^ Z]ZQ_[�T `X]T[�\]R� Ohc�]bPc oPcQZb� pP| v\cs� nPcQ�]� yP�*
^PQdPcb� $BB!�

-#N. OZYZcRs�� W�W� Z]^ tZsZc\U� o�x�� �PZQ�uZ[�\] \` PaZT[ [ScPP*h\�][ ^�{PcP]TP RTSPYPR `\c RPT\]^*\c^Pc \c^�]Zc_
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