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1. � à ¡®â å [1]{[6] ¨ ¤àã£¨å ¨á¯®«ì§®¢ ­ ®¡®¡é¥­­ë© ¬¥â®¤ �ãàì¥, á¢®¤ïé¨© à¥è¥­¨¥
á¬¥è ­­®© § ¤ ç¨ ª ¨áá«¥¤®¢ ­¨î ¡¥áª®­¥ç­®© á¨áâ¥¬ë ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥-
­¨©. � ¤ ­­®© à ¡®â¥ ¯à¥¤« £ ¥âáï ¬¥â®¤, á¢®¤ïé¨© à¥è¥­¨¥ ®¤­®© ¯à®áâ®© § ¤ ç¨ ª ¨­â¥£à®-
¤¨ää¥à¥­æ¨ «ì­®¬ã ãà ¢­¥­¨î. � â¥¬ áâà®¨âáï à §«®¦¥­¨¥ à¥è¥­¨ï ¢ ®¡®¡é¥­­ë© àï¤ �ãàì¥.
� ¦­®, çâ® ãª § ­­ë© ¬¥â®¤ ­¥ ¯à¥¤¯®« £¥â á ¬®á®¯àï¦¥­­®áâ¨ ¯à®áâà ­áâ¢¥­­®£® ®¯¥à â®à ,
á®®â¢¥âáâ¢ãîé¥£® à áá¬ âà¨¢ ¥¬®© § ¤ ç¥. �à¥¤« £ ¥¬ ï ­¨¦¥ § ¤ ç , ¯®-¢¨¤¨¬®¬ã, ¬®¦¥â
¡ëâì à¥è¥­  â ª¦¥ âà ¤¨æ¨®­­ë¬ ¬¥â®¤®¬. � ¬¥â®¤ã ¤ ­­®© à ¡®âë ¯à¨¬ëª ¥â áâ âìï [7].

2. �®áâ ­®¢ª  § ¤ ç¨. �â ¢¨âáï á«¥¤ãîé ï á¬¥è ­­ ï § ¤ ç 

@2u

@t2
�
@2u

@x2
= f(t; x; eu); 0 < x < 1; 0 < t � T <1; (1)

u0x(t; 0) = u(t; 1); u0x(t; 1) = u(t; 0); (2)

u(0; x) =  0(x); u0t(0; x) =  1(x); (3)

£¤¥ eu = (u; v; w), v = @u
@t
, w = @u

@x
. �ã¤¥¬ áç¨â âì, çâ®

a)  i(x) 2 C3�i[0; 1], d
s i
dxs

���
0;1

= 0, s = 0; 2� i;

¡) f(t; x; eu) ­¥¯à¥àë¢­® ¤¨ää¥à¥­æ¨àã¥¬  ¢ ®¡« áâ¨ D : 0 � t � T , 0 � x � 1, ju � �(t; x)j �
Q = const,

��v � @�
@t

�� � Q,
��w � @�

@x

�� � Q, £¤¥ �(t; x) | à¥è¥­¨¥ § ¤ ç¨ (1){(3) ¯à¨ f � 0.
�¢¥¤¥¬ § ¤ çã ­  á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï ¤«ï ®¯¥à â®à  á ­¥á ¬®á®¯àï¦¥­­ë¬¨ £à ­¨ç­ë¬¨

ãá«®¢¨ï¬¨

y00 � �2y = 0; 0 < x < 1; (4)

y0(0)� y(1) = 0; y0(1)� y(0) = 0: (5)

� ©¤¥¬ ¯®¤å®¤ïé¥¥ ¯à¥¤áâ ¢«¥­¨¥ ¤«ï äã­ªæ¨¨ �à¨­  ¯à¨ Re� � 0

G(x; �; �) = g0(x; �; �) +
�e�(1���x) + �e�(��x) + � � �

2(e� � e��)(1 + �2)
=

= g0 + �
e��(�+x) + e��(1��+x) + � � �

2(1 + �2)

�
1 +

e�2�

1� e�2�

�
(6)

(¢ ç¨á«¨â¥«¥ ¤à®¡¨ ¢ (6) ¨§ ¤¢¥­ ¤æ â¨ á« £ ¥¬ëå ãª § ­ë «¨èì ¤¢  áâ àè¨å ¯® à®áâã),

g0 =

8>><
>>:
�
e��(x��)

2�
¯à¨ 0 � � < x;

�
e�(x��)

2�
¯à¨ x � � � 1:

(7)

�­ «®£¨ç­®¥ ¯à¥¤áâ ¢«¥­¨¥ ¨¬¥¥â ¬¥áâ® ¯à¨ Re� � 0. �¯¥ªâà § ¤ ç¨ (4), (5) á®áâ®¨â ¨§ â®ç¥ª
�i, �s�i, s = 1; 2; : : :
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� «¥¥ ¡ã¤¥¬ ¯®«ì§®¢ âìáï ä®à¬ã«®© ¨­â¥£à «ì­®£® ¯à¥®¡à §®¢ ­¨ï

�
1
2�i

Z
Re�=�H

�d�

1Z
0

G(x; �; �) (�) d� =  (x) 8H > 0; 0 < x < 1; (8)

á¯à ¢¥¤«¨¢®© ¤«ï «î¡®© äã­ªæ¨¨  2 L2(0; 1). �ë¢®¤ ä®à¬ã«ë (8) ¯®«ãç ¥âáï ¨§¢¥áâ­ë¬ ¬¥-
â®¤®¬ ¨­â¥£à¨à®¢ ­¨ï ¯® � ¢ «¥¢®© ç áâ¨ á ¨á¯®«ì§®¢ ­¨¥¬ (6), (7) ¨ á¢¥¤¥­¨¥¬ ª ¨­â¥£à «ã
�¨à¨å«¥. (�­ «®£¨ç­ë¥ ¢ëç¨á«¥­¨ï á¬. ­¨¦¥ ¢ ¯. 4.) � ¯à ¢«¥­¨¥ ¨­â¥£à¨à®¢ ­¨ï ¯® � ¢ë¡à -
­® â ª, çâ® ¯à¨ ¤¢¨¦¥­¨¨ ¯® ¯àï¬ë¬ Re� = �H ®¡« áâì jRe �j � H ®áâ ¥âáï á«¥¢ ,   ¨­â¥£à «ë
¯®­¨¬ îâáï ª ª ¯à¥¤¥«ë ¨­â¥£à «®¢ ¯® ®âà¥§ª ¬ [�H � iA; �H + iA] ¯à¨ A!1.

�«ï à¥è¥­¨ï u(t; x) § ¤ ç¨ (1){(3) ¢ë¯®«­ïîâáï á®®â­®è¥­¨ï

u = e�t 0(x)�
Z t

0
e�(t��)

�
�u�

@u

@�

�
d�;

@u

@t
= e�t 1(x) +

Z t

0

e�(t��)f(�; x; eu) d� + Z t

0

e�(t��)
�
@2u

@x2
� �

@u

@t

�
d�:

(9)

3. �¢¥¤¥­¨¥ ª ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­®¬ã ãà ¢­¥­¨î. �ãáâì u(t; x) | à¥è¥­¨¥ § ¤ ç¨ (1){
(3). �à¨¬¥­¨¬ ª u(t; x) ¨­â¥£à «ì­®¥ ¯à¥®¡à §®¢ ­¨¥ (8), ¯®«ãç¨¬

u(t; x) = �
1
2�i

Z
Re�=�H

d�

1Z
0

G(x; �; �)
�
�u+

@u(t; �)
@t

�
d�:

�¥©áâ¢¨â¥«ì­®, ¨­â¥£à «
1R
0

G(x; �; �)@u
@t
d� ¢ ¯®«ã¯«®áª®áâïå jRe �j � H ï¢«ï¥âáï  ­ «¨â¨ç¥áª®©

äã­ªæ¨¥© ¯® � ¨ á®£« á­® (6), (7) ¨¬¥¥â ¯à¨ � ! 1 ã¡ë¢ ­¨¥ ¯®àï¤ª  O(1=�2), çâ® ®ç¥¢¨¤­®
¯à¨ ¨­â¥£à¨à®¢ ­¨¨ ¯® ç áâï¬. �«¥¤®¢ â¥«ì­®,

Z
Re�=�H

d�

1Z
0

G(x; �; �)
@u

@t
d� = 0:

�á¯®«ì§ãï (9), ­ ©¤¥¬

u(t; x) = �
1
2�i

Z
Re�=�H

d�

1Z
0

G(x; �; �)
�
(� 0(�) +  1(�))e�t +

tZ
0

e�(t��)f(�; �; eu) d�� d� �

�
1
2�i

Z
Re�=�H

d�

1Z
0

G(x; �; �) d�

tZ
0

e�(t��)
�
� �2u+

@2u

@�2

�
d�:

� ãç¥â®¬ ®¯à¥¤¥«¥­¨ï ®¡à â­®£® ®¯¥à â®à  ¤«ï ¢â®à®£® á« £ ¥¬®£® ¯à ¢®© ç áâ¨ ¯®«ãç¨¬ ¢ë-

à ¦¥­¨¥ � 1
2�i

R
Re�=�H

d�
tR
0

e�(t��)d� , à ¢­®¥ ­ã«î. � ª¨¬ ®¡à §®¬, ¯à¨å®¤¨¬ ª ãà ¢­¥­¨î

u(t; x) = �(t; x)�
1
2�i

Z
Re�=H

d�

1Z
0

G(x; �; �) d�

tZ
0

e�(t��)f(�; �; eu) d�; (10)

£¤¥ �(t; x) | à¥è¥­¨¥ § ¤ ç¨ (1){(3) ¯à¨ f � 0.

�¥®à¥¬  1. �¥è¥­¨¥ u(t; x) § ¤ ç¨ (1){(3) ã¤®¢«¥â¢®àï¥â ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­®¬ã ãà ¢-
­¥­¨î (10). �¡à â­®, ¥á«¨ u(t; x)| à¥è¥­¨¥ ãà ¢­¥­¨ï (10), ¨¬¥îé¥¥ ­¥¯à¥àë¢­ë¥ ¯à®¨§¢®¤­ë¥
uxx, utt, â® ®­® á«ã¦¨â à¥è¥­¨¥¬ § ¤ ç¨ (1){(3).
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�®ª § â¥«ìáâ¢®. �à¨¬¥­¨¬ ®¯¥à â®à @2

@t2
� @2

@x2
ª ¯à ¢®© ç áâ¨ (10)

@2u

@t2
�
@2u

@x2
= �

1
2�i

Z
Re�=�H

d�

tZ
0

e�(t��)d�

�
�

@2

@x2
+ �2

� 1Z
0

G(x; �; �)f(�; �; eu)d� �

�
1
2�i

Z
Re�=�H

� d�

1Z
0

G(x; �; �)f(t; �; eu)d�: (11)

�¥à¢ ï ¯à®¨§¢®¤­ ï ¯® t, ¢§ïâ ï ¯® ¢¥àå­¥¬ã ¯à¥¤¥«ã ¨­â¥£à « , ¤ ¥â á« £ ¥¬®¥, à ¢­®¥ ­ã«î,
¨ ®­® ®â¡à®è¥­®. �§ (11) ¨ (8) ¯®«ãç¨¬

@2u

@t2
�
@2u

@x2
=

1
2�i

Z
Re�=�H

d�

tZ
0

e�(t��)f(�; x; eu)d� + f(t; x; eu) = f:

�¢¥¤¥­¨¥ ®¯¥à â®à  @2

@t2
� @2

@x2
¯®¤ §­ ª ¨­â¥£à «  ¢ (11) ®¯à ¢¤ ­® à ¢­®¬¥à­®© áå®¤¨¬®áâìî

¯®«ãç¥­­®£® ¨­â¥£à « .

4. �¨áâ¥¬  ¨­â¥£à «ì­ëå ãà ¢­¥­¨©. �á«¨ u(t; x) | ¤¢ ¦¤ë ­¥¯à¥àë¢­® ¤¨ää¥à¥­æ¨àã¥-
¬®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (10), â®, ¤¨ää¥à¥­æ¨àãï ¯® t ¨ x ¯®¤ §­ ª ¬¨ ¨­â¥£à «®¢ ¢ (10), ¯à¨¤¥¬
ª á¨áâ¥¬¥

u = ��
1
2�i

Z
Re�=H

d�

1Z
0

G(x; �; �)d�

tZ
0

e�(t��)f(�; �; eu)d�;

v = �1 �
1
2�i

Z
Re�=H

� d�

1Z
0

G(x; �; �)d�

tZ
0

e�(t��)f(�; �; eu)d�; (12)

w = �2 �
1
2�i

Z
Re�=H

d�

1Z
0

G0x(x; �; �)d�

tZ
0

e�(t��)f(�; �; eu)d� �
�1 =

@�
@t
; �2 =

@�
@x

�
:

�¯à®áâ¨¬ ãà ¢­¥­¨ï (12), áç¨â ï äã­ªæ¨î eu ­¥¯à¥àë¢­® ¤¨ää¥à¥­æ¨àã¥¬®©. �­â¥£à «ë ¯® �
§ ¬¥­¨¬ ¯à¥¤¥« ¬¨ ¨­â¥£à «®¢ ¯® ®âà¥§ª ¬ [H � iA; H + iA] ¯à¨ A!1. �¯¨à ïáì ­  (6), (7),
¢ë¯®«­¨¬ ¨­â¥£à¨à®¢ ­¨¥ ¯® � ¨ ¯®«ãç¨¬ ¯à¨ t < 2 + x

v ��1 =
1
2�

lim
A!1

Z t

0
d�

� Z x

0
eH(��x+t��) sinA(x� t+ � � �)

x� t+ � � �
f(�; �; eu)d� +

+
Z 1

x

eH(x��+t��) sinA(x+ t� � � �)
x+ t� � � �

f(�; �; eu)d���
�

1
2�

lim
A!1

Z t

0
d�

Z 1

0

�
eH(t���x��) sinA(t� � � x� �)

t� � � x� �
+

+ eH(t���x��) sinA(1 + x� t+ � � �)
1 + x� t+ � � �

�
f(�; �; eu)d� + � � � ; (13)

£¤¥ â®çª¨ ¢ ¯à®¤®«¦¥­¨¨ áã¬¬ë ¢ (13) ®§­ ç îâ ¥é¥ 10 á« £ ¥¬ëå ¯®á«¥¤­¥£® â¨¯ . � ¢­®¬¥à-
­ ï ¯à¨ A ! 1 áå®¤¨¬®áâì ¨­â¥£à «®¢ â¨¯  �¨à¨å«¥ ¢ (13) á«¥¤ã¥â ¨§ ­¥¯à¥àë¢­®© ¤¨ää¥-
à¥­æ¨àã¥¬®áâ¨ f . �§ (13) ¨¬¥¥¬

v � �1 =
1
2

Z t

0

feH(x�
4
�x+t��)f(�; x�4; eu) + eH(x�x�

5
+t��)f(�; x�5; eu) + eH(�x�x�

6
+t��)f(�; x�6; eu)gd� + � � � ;

(14)
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£¤¥ ¤«ï ã¤®¡áâ¢  ç¥à¥§ x� = x�(�; t; x) ®¡®§­ ç¥­ë � | ª®à­¨ á®®â¢¥âáâ¢ãîé¨å §­ ¬¥­ â¥«¥© ¢
¢ëà ¦¥­¨¨ (13). �à®¤¥« ¢  ­ «®£¨ç­ë¥ ¢ëç¨á«¥­¨ï ¤«ï u�� ¨ w��2 ¨ ãáâà¥¬«ïï H ª ­ã«î,
¯®«ãç¨¬

u = �+
1
2

Z t

0

ff0(�; x
�

1; eu) + f0(�; x
�

2; eu)� f0(�; x
�

3; eu)gd� + � � � ;
v = �1 +

1
2

Z t

0

ff(�; x�4; eu) + f(�; x�5; eu)� f(�; x�6; eu)gd� + � � � ; (15)

w = �2 +
1
2

Z t

0

ff(�; x�7; eu) + f(�; x�8; eu) + f(�; x�9; eu)gd� + � � �
�à¨ ­ å®¦¤¥­¨¨ u � � ¯à¨¬¥­ï«®áì ¨­â¥£à¨à®¢ ­¨¥ ¯® ç áâï¬ ¯® � ¯à¨ f dt = dv, e�(t��) = u,

v =
�R
0

f d�1 = f0(�; �; eu). �à¨ íâ®¬ ¨­â¥£à « ¯® � ®â ¢­¥¨­â¥£à «ì­®£® á« £ ¥¬®£® à ¢¥­ ­ã«î.

� ª¨¬ ®¡à §®¬, ¤®ª § ­ 

�¥®à¥¬  2. �¨áâ¥¬ë ¨­â¥£à «ì­ëå ãà ¢­¥­¨© (12) ¨ (15) ¯à¨ t < 2 + x íª¢¨¢ «¥­â­ë
®â­®á¨â¥«ì­® ª« áá  ­¥¯à¥àë¢­® ¤¨ää¥à¥­æ¨àã¥¬ëå à¥è¥­¨©.

5. �áá«¥¤®¢ ­¨¥ á¨áâ¥¬ë (15), ®á­®¢­ë¥ â¥®à¥¬ë. �¥è ï á¨áâ¥¬ã (15) ¬¥â®¤®¬ ¯®á«¥¤®¢ -
â¥«ì­ëå ¯à¨¡«¨¦¥­¨©, ¢®§ì¬¥¬ e� = (�;�1;�2) §  ¯¥à¢®¥ ¯à¨¡«¨¦¥­¨¥. �®¤áâ ¢«ïï n�1-¥ ¯à¨-
¡«¨¦¥­¨¥ ¢ ¯à ¢ë¥ ç áâ¨ (15), ­ ©¤¥¬ eun. �ãáâì M0 = max

D

jf j. �§ á¨áâ¥¬ë (15) ¨¬¥¥¬ jun ��j,

jvn��1j, jwn��2j �Mt, £¤¥ M = 21M0. �ë¡¨à ï t � min(2; T;Q=M), á®åà ­¨¬ eun ¢ ®¡« áâ¨ D,
¢ ª®â®à®© ¨é¥âáï à¥è¥­¨¥.

�¢¨¤ã ­¥¯à¥àë¢­®© ¤¨ää¥à¥­æ¨àã¥¬®áâ¨ f ¢ ®¡« áâ¨ D á¯à ¢¥¤«¨¢® ­¥à ¢¥­áâ¢®

jf(t; x; eu)� f(t; x; eu0)j �M 0max
x;t

(ju� u0j; jv � v0j; jw �w0j); (16)

£¤¥ M 0 | ¯®áâ®ï­­®¥ ¤«ï ®¡« áâ¨ D ç¨á«®. �¯¨à ïáì ­  (16), ¤®ª ¦¥¬ áãé¥áâ¢®¢ ­¨¥ ¨ ¥¤¨­-

áâ¢¥­­®áâì à¥è¥­¨ï eu = e�+
1P
n=2

(eun � eun�1) á¨áâ¥¬ë (15) ¢ ®¡« áâ¨ D ¯à¨ t � min(2; T;Q=M).

�áâ ­®¢¨¬, çâ® íâ® à¥è¥­¨¥ ¨¬¥¥â ­¥¯à¥àë¢­ë¥ ç áâ­ë¥ ¯à®¨§¢®¤­ë¥ ¯¥à¢®£® ¯®àï¤ª . �®
¯à¨à é¥­¨î �x á®áâ ¢¨¬ ¯à¨à é¥­¨ï ¢¥«¨ç¨­, § ¢¨áïé¨å ®â x, ¨ ¤«ï á¨áâ¥¬ë (15) § ¯¨è¥¬
á®®â­®è¥­¨ï ¢ ª®­¥ç­ëå à §­®áâïå

�u
�x

=
��
�x

+
1
2

Z t

0

3X
i=1

�
�
�f0
�x�i

�
�f0
�u

�u
�x�i

�
�f0
�v

�v
�x�i

�
�f0
�w

�w
�x�i

�
d� + � � � ;

�v
�x

=
��1

�x
+
1
2

Z t

0

6X
i=4

�
�

�f
�x�i

�
�f
�u

�u
�x�i

�
�f
�v

�v
�x�i

�
�f
�w

�w
�x�i

�
d� + � � � ; (17)

�w
�x

=
��2

�x
+
1
2

Z t

0

9X
i=7

�
�

�f
�x�i

�
�f
�u

�u
�x�i

�
�f
�v

�v
�x�i

�
�f
�w

�w
�x�i

�
d� + � � �

�¢¨¤ã £« ¤ª®áâ¨ �, �1, �2, f ¨¬¥¥¬

�f
�x

�
@f

@x
;
��
�x

�
@�
@x

; : : :
�f
�w

�
@f

@w
;

¨ á¨áâ¥¬  (17) ®¤­®§­ ç­® ®¯à¥¤¥«ï¥â �u
�x
, �v

�x
, �w

�x
ª ª áã¬¬ë àï¤®¢ ­¥¯à¥àë¢­ëå äã­ªæ¨©,

à ¢­®¬¥à­® áå®¤ïé¨åáï ¯® x ¨ �x! 0. �®íâ®¬ã @u
@x
, @v
@x
, @w
@x

áãé¥áâ¢ãîâ ¨ ­¥¯à¥àë¢­ë.
� «¨ç¨¥ ­¥¯à¥àë¢­ëå ¯à®¨§¢®¤­ëå @u

@t
, @v
@t
, @w
@t

á«¥¤ã¥â ¨§ ¢¨¤  á¨áâ¥¬ë (15). � ª

@w

@t
=
@�2

@t
+
1
2

Z t

0

9X
i=7

�
@f

@x�i
+
@f

@u

@u

@x�i
+
@f

@v

@v

@x�i
+
@f

@w

@w

@x�i

�
d� +

9X
i=7

f(t; x�i ; eu) + � � �
�â ª, á¯à ¢¥¤«¨¢ 
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�¥®à¥¬  3. �à¨ ãá«®¢¨ïå ¯. 2 á¨áâ¥¬  (15) ¨¬¥¥â ­¥¯à¥àë¢­® ¤¨ää¥à¥­æ¨àã¥¬®¥ à¥è¥­¨¥eu(t; x) ¢ ®¡« áâ¨ D ¯à¨ t = t0 � min(2; T;Q=M).

�¥®à¥¬  4. �à¨ ãá«®¢¨ïå ¯. 2 § ¤ ç  (1){(3) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ ª« áá¨ç¥áª®¥ à¥è¥­¨¥.

�®ª § â¥«ìáâ¢®. �¥è¥­¨¥ eu á¨áâ¥¬ë (15) á®£« á­® â¥®à¥¬¥ 3 ­¥¯à¥àë¢­® ¤¨ää¥à¥­æ¨àã-
¥¬®. �  ®á­®¢ ­¨¨ â¥®à¥¬ë 2 ®­® á«ã¦¨â à¥è¥­¨¥¬ á¨áâ¥¬ë (12). �¥à¢ ï ª®¬¯®­¥­â  íâ®£®
à¥è¥­¨ï ®¡« ¤ ¥â ­¥¯à¥àë¢­ë¬¨ ç áâ­ë¬¨ ¯à®¨§¢®¤­ë¬¨ ¢â®à®£® ¯®àï¤ª  ¨ ï¢«ï¥âáï ¯® ¯®-
áâà®¥­¨î à¥è¥­¨¥¬ ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï (10). �® â¥®à¥¬¥ 1 eu ï¢«ï¥âáï à¥-
è¥­¨¥¬ § ¤ ç¨ (1){(3), ¨ ®­® ¥¤¨­áâ¢¥­­®.

� ¬¥ç ­¨¥ 1. �á«¨ ¯®áâà®¥­­®¥ à¥è¥­¨¥ u ­¥ ¢ëå®¤¨â ¨§ ®¡« áâ¨ D, â®, ¯à¨­ï¢ t0 §  ­ -
ç «ì­ë© ¬®¬¥­â, ¬®¦­® ¯à®¤®«¦¨âì u(t; x) ¨ ª ª ã£®¤­® ¡«¨§ª® ¯®¤®©â¨ ª £à ­¨æ¥ ®¡« áâ¨ D,
ª ª ¤«ï § ¤ ç¨ �®è¨ ¢ á«ãç ¥ ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©.

�¥®à¥¬  5. �¥è¥­¨¥ u § ¤ ç¨ (1){(3) áãé¥áâ¢ã¥â, ¥¤¨­áâ¢¥­­® ¨ ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥ à ¢-
­®¬¥à­® áå®¤ïé¥£®áï àï¤  �ãàì¥ ¯® á®¡áâ¢¥­­ë¬ äã­ªæ¨ï¬ á¯¥ªâà «ì­®© § ¤ ç¨ (4){(5).

�®ª § â¥«ìáâ¢®. �ãé¥áâ¢®¢ ­¨¥ ¨ ¥¤¨­áâ¢¥­­®áâì ãª § ­ë ¢ â¥®à¥¬¥ 4. �®§¢à é ïáì ª
¯à¥¤áâ ¢«¥­¨î (10), «¥£ª® ¯®«ãç¨¬ ¨§ ­¥£® § ¯¨áì ¢ ¢¨¤¥ àï¤  �ãàì¥ ¯® á®¡áâ¢¥­­ë¬ äã­ªæ¨ï¬
§ ¤ ç¨ (4){(5)

u(t; x) = �
1
2�i

1X
k=�1

Z
ck

d�

Z 1

0

G(x; �; �)
�
(� 0(�) +  1(�))e�t +

Z t

0

e�(t��)f(�; �; eu)d��d�; (18)

£¤¥ ck | § ¬ª­ãâë© ª®­âãà, á®¤¥à¦ é¨© ¢­ãâà¨ ¥¤¨­áâ¢¥­­ë© ¨§ ¯®«îá®¢ �i, �s�i, s = 1; 2; : : :

äã­ªæ¨¨ G(x; �; �). �®àï¤®ª áã¬¬¨à®¢ ­¨ï àï¤  ®¯à¥¤¥«¥­ ¢ ¢¨¤¥ lim
N!1

NP
k=�N

. �ï¤ (18) áå®¤¨âáï

à ¢­®¬¥à­® ­  [0; 1] � [0; t0].

� ¬¥ç ­¨¥ 2. �« £ ¥¬ë¥ ¢ àï¤¥ (18) á ­®¬¥à ¬¨ k, ¯à®¨áå®¤ïé¨¥ ®â ­ «¨ç¨ï f , ãª §ë¢ îâ
\¢®§¬ãé¥­¨ï" ª®íää¨æ¨¥­â®¢ �ãàì¥ «¨­¥©­®© § ¤ ç¨ (á«ãç © f � 0). �®¦­® ®¡à â¨âì ¢­¨¬ -
­¨¥ ­  ¡ëáâàë© å à ªâ¥à ã¡ë¢ ­¨ï íâ¨å ¢®§¬ãé¥­¨©. � ª, ¥á«¨ ¯à®¨­â¥£à¨à®¢ âì ¯® ç áâï¬
¯® � ¨ � , â® ãáâ ­®¢¨¬, çâ® ¯®àï¤®ª ¢®§¬ãé¥­¨ï ¢ k-¬ ª®íää¨æ¨¥­â¥ à ¢¥­ O(1=k3).
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