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� à ¡®â å [1], [2] ¬¥â®¤ ãáà¥¤­¥­¨ï ®¡®á­®¢ ­ ¤«ï § ¤ ç¨ ®¡ (®¡é¨å) ®£à ­¨ç¥­­ëå à¥è¥­¨ïå
ª¢ §¨«¨­¥©­ëå ¯ à ¡®«¨ç¥áª¨å ãà ¢­¥­¨© ¯à®¨§¢®«ì­®£® ¯®àï¤ª  2k á ¡ëáâà® ®áæ¨««¨àãîé¥©
¯® ¢à¥¬¥­¨ £« ¢­®© ç áâìî. � ¤ ­­®© à ¡®â¥ ¨áá«¥¤ã¥âáï § ¤ ç  ® ¯¥à¨®¤¨ç¥áª¨å ¯® ¢à¥¬¥­¨
à¥è¥­¨ïå ¤«ï â ª¨å ãà ¢­¥­¨©. � x 1 ®¡®á­®¢ ­ ¬¥â®¤ ãáà¥¤­¥­¨ï. �®ª § ­®, çâ® ¯à¨ ®¯à¥¤¥-
«¥­­ëå ãá«®¢¨ïå ¢ ­¥ª®â®à®© ®ªà¥áâ­®áâ¨ áâ æ¨®­ à­®£® à¥è¥­¨ï v0 ãáà¥¤­¥­­®© § ¤ ç¨ ¤«ï
¡®«ìè¨å §­ ç¥­¨©  á¨¬¯â®â¨ç¥áª®£® ¯ à ¬¥âà  ! áãé¥áâ¢ã¥â ¥¤¨­áâ¢¥­­®¥ l!�1-¯¥à¨®¤¨ç¥áª®¥
¯® ¢à¥¬¥­¨ à¥è¥­¨¥ ¢®§¬ãé¥­­®© § ¤ ç¨ (l!�1 | ¯¥à¨®¤ ª®íää¨æ¨¥­â®¢ íâ®© § ¤ ç¨) ¨ á¯à -
¢¥¤«¨¢  ®æ¥­ª  1

ku! � v0kC2k+
;
=2k � c!�1+
=2k; 
 2 [0; 1); c = const :

� x 2 ¯à¨ ¤®¯®«­¨â¥«ì­ëå ãá«®¢¨ïå £« ¤ª®áâ¨ ª®íää¨æ¨¥­â®¢ ¢®§¬ãé¥­­®© § ¤ ç¨ ¯®áâà®-
¥­ë áâ àè¨¥ ¯à¨¡«¨¦¥­¨ï

n
v!, n = 0; 1; : : : , ¤«ï ª®â®àëå ¯à¨ «î¡ëå ­¥®âà¨æ â¥«ì­ëå ç¨á« å r

¨ s ¢ë¯®«­ïîâáï ®æ¥­ª¨

ku! �
n
v!kCr;s � cn!

�(n+1)+s; ! � 1;

£¤¥ cn = cn(r; s) = const.

1. �¡®á­®¢ ­¨¥ ¬¥â®¤  ãáà¥¤­¥­¨ï

1�. �ãáâì k ¨m| ­ âãà «ì­ë¥ ç¨á« , l > 0. �¡®§­ ç¨¬ ç¥à¥§ p
�
=

2k�1P
i=0

(m+i�1)!=i!(m�1)!
�

ª®«¨ç¥áâ¢® ¢á¥¢®§¬®¦­ëå ç áâ­ëå ¯à®¨§¢®¤­ëå £« ¤ª®© äã­ªæ¨¨ u(x), x 2 Rm, ¤® ¯®àï¤ª 
2k � 1 ¢ª«îç¨â¥«ì­®. �ãáâì ­  ¬­®¦¥áâ¢¥ Rm �Cp �R1 § ¤ ­ë äã­ªæ¨¨ a�(x; e; �) ¨ f(x; e; �),
ª®â®àë¥ ¢¬¥áâ¥ á ¯à®¨§¢®¤­ë¬¨ @a�

@ei
(x; e; �), @f

@ei
(x; e; �) ¯® ª®¬¯®­¥­â ¬ ¢¥ªâ®à  e 2 Cp ­¥¯à¥-

àë¢­ë ¯® á®¢®ªã¯­®áâ¨ ¯¥à¥¬¥­­ëå ¨ l-¯¥à¨®¤¨ç­ë ¯® � . �ãáâì, ªà®¬¥ â®£®, ¤«ï ¯à®¨§¢®«ì­®£®
®£à ­¨ç¥­­®£® ¬­®¦¥áâ¢  2 M � Cp íâ¨ äã­ªæ¨¨ ¨ ¨å ãª § ­­ë¥ ¯à®¨§¢®¤­ë¥ ­  ¬­®¦¥áâ¢¥
Rm �M � R1 à ¢­®¬¥à­® ®£à ­¨ç¥­ë ¨ ã¤®¢«¥â¢®àïîâ ¯® x ãá«®¢¨î ��¥«ì¤¥à  á ¯®ª § â¥«¥¬

 2 (0; 1) ¨ ª®­áâ ­â®© c(M), ­¥ § ¢¨áïé¥© ®â (x; e; �) 2 Rm �M � R1,   äã­ªæ¨¨ @a�

@ei
(x; e; �)

¨ @f
@ei
(x; e; �) ã¤®¢«¥â¢®àïîâ, ªà®¬¥ â®£®, à ¢­®¬¥à­®¬ã ®â­®á¨â¥«ì­® x, e, � ãá«®¢¨î �¨¯è¨æ 

¯® e.

1 �¯à¥¤¥«¥­¨¥ £�¥«ì¤¥à®¢®© ­®à¬ë k � kCr;s , r � 0, s � 0 á¬. ¢ ¯. 1�.
2 �®¤ ¬­®¦¥áâ¢®¬M ¬®¦­® ¯®¤à §ã¬¥¢ âì ä¨ªá¨à®¢ ­­ë© è à ¢ Cp, á®¤¥à¦ é¨© áâà®£® ¢­ãâà¨ á¥¡ï

¢á¥ ¢¥ªâ®àë (�2k�1v0)(x), x 2 Rm, £¤¥ v0 | à¥è¥­¨¥ ãáà¥¤­¥­­®© § ¤ ç¨, ®¯à¥¤¥«¥­­®¥ ­¨¦¥ (®¡®§­ ç¥­¨¥
�2k�1 â ª¦¥ ¢¢¥¤¥­® ­¨¦¥).

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨©
(ª®¤ë ¯à®¥ªâ®¢ 96-01-01417 ¨ 98-01-00136).
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� áá¬®âà¨¬ § ¤ çã ® l!�1-¯¥à¨®¤¨ç¥áª¨å ¯® ¢à¥¬¥­¨ t à¥è¥­¨ïå ª¢ §¨«¨­¥©­®£® ¯ à ¡®«¨-
ç¥áª®£® ãà ¢­¥­¨ï

@u

@t
=

X
j�j=2k

a�(x; �
2k�1u; !t)D�u+ f(x; �2k�1u; !t): (1.1)

�¤¥áì ! | ¡®«ìè®©  á¨¬¯â®â¨ç¥áª¨© ¯ à ¬¥âà, � = (�1; �2; : : : ; �m) | m-¬¥à­ë© ¬ã«ìâ¨¨­-

¤¥ªá, j�j =
mP
i=1

�i, D�u = @j�ju
@x

�1
1 :::@x�mm

, �2k�1u =
�
u; : : : ; @

2k�1u

@x2k�1
m

�
| ¢¥ªâ®à-äã­ªæ¨ï, á®áâ ¢«¥­­ ï ¨§

¢á¥¢®§¬®¦­ëå ç áâ­ëå ¯à®¨§¢®¤­ëå äã­ªæ¨¨ u ¯® x1; : : : ; xm ¤® ¯®àï¤ª  2k� 1 ¢ª«îç¨â¥«ì­®.
�à¥¤¯®«®¦¨¬, çâ® ¤«ï ãà ¢­¥­¨ï (1.1) ¢ë¯®«­¥­® ãá«®¢¨¥ à ¢­®¬¥à­®© ¯ à ¡®«¨ç­®áâ¨,

â. ¥. ¤«ï ¢á¥å ¢¥é¥áâ¢¥­­ëå ¢¥ªâ®à®¢ � = (�1; �2; : : : ; �m) á¯à ¢¥¤«¨¢  ®æ¥­ª 

(�1)k+1 Re
X
j�j=2k

a�(x; e; �)�
� � �j�j2k ;

£¤¥ ¯®áâ®ï­­ ï � = �(M) ­¥ § ¢¨á¨â ®â (x; e; �) 2 Rm �M �R1.

�¡®§­ ç¨¬ ç¥à¥§
�
a�(x; e) ¨

�

f(x; e) áà¥¤­¨¥ äã­ªæ¨© a�(x; e; �) ¨ f(x; e; �) ¯® � :

�
g(x; e) = l�1

Z l

0
g(x; e; �)d�;

£¤¥ g = a�; f .
�à¥¤¯®«®¦¨¬, çâ® ãáà¥¤­¥­­ ï § ¤ ç 

@v

@t
=

X
j�j=2k

�
a�(x; �2k�1v)D�v +

�

f(x; �2k�1v) (1.2)

¨¬¥¥â áâ æ¨®­ à­®¥ à¥è¥­¨¥ v0 â ª®¥, çâ® ¬­®¦¥áâ¢® ¢¥ªâ®à®¢ (�2k�1v0)(x), x 2 Rm, ¢ ¯à®áâà ­-
áâ¢¥ Cp ®£à ­¨ç¥­®. �á¥ à¥è¥­¨ï ¢ ¤ ­­®© à ¡®â¥ ¯®­¨¬ îâáï ¢ ª« áá¨ç¥áª®¬ á¬ëá«¥.

�à¥¦¤¥ ç¥¬ áä®à¬ã«¨à®¢ âì â¥®à¥¬ã 1, ­ ¯®¬­¨¬ ®¯à¥¤¥«¥­¨ï ­¥ª®â®àëå ¡ ­ å®¢ëå ¯à®-
áâà ­áâ¢ ¨ ¢¢¥¤¥¬ ­¥®¡å®¤¨¬ë¥ ®¡®§­ ç¥­¨ï.

�¥à¥§ Cr, r � 0, ®¡®§­ ç ¥âáï ¡ ­ å®¢® ¯à®áâà ­áâ¢® ­¥¯à¥àë¢­ëå ¢ Rm äã­ªæ¨© u(x),
¨¬¥îé¨å ­¥¯à¥àë¢­ë¥ ¨ à ¢­®¬¥à­® ®£à ­¨ç¥­­ë¥ ¯à®¨§¢®¤­ë¥ ¯® x ¤® ¯®àï¤ª  r0 = [r] ([r]
| æ¥« ï ç áâì r) ¢ª«îç¨â¥«ì­® ¨ ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨î

kukCr = sup
x2Rm

X
j�j�r0

jD�u(x)j+ �r sup
x00 6=x0

X
j�j=r0

jD�u(x00)�D�u(x0)j=jx00 � x0j(r�r0) <1;

£¤¥ �r = 0 ¯à¨ r æ¥«®¬ ¨ �r = 1 ¯à¨ r ­¥æ¥«®¬.
�¥à¥§ Cr;�, £¤¥ r � 0, � 2 [0; 1), ®¡®§­ ç ¥âáï ¡ ­ å®¢® ¯à®áâà ­áâ¢® ­¥¯à¥àë¢­ëå ¢ Rm+1

äã­ªæ¨© u(x; t), ¨¬¥îé¨å ­¥¯à¥àë¢­ë¥ ¯à®¨§¢®¤­ë¥ ¯® x ¤® ¯®àï¤ª  r0 = [r] ¢ª«îç¨â¥«ì­® ¨
ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î

kukCr;� = sup
(x;t)2Rm+1

X
j�j�r0

jD�u(x; t)j+ �r sup
(x0;t)6=(x00;t)

X
j�j=r0

jD�u(x00; t)�D�u(x0; t)j=jx00 � x0jr�r0 +

+ �� sup
(x;t0)6=(x;t00)

X
j�j�r0

jD�u(x; t00)�D�u(x; t0)j=jt00 � t0j� <1:

�ãáâì r; s � 0. �á«¨ äã­ªæ¨ï u(x; t) 2 Cr;s�s0 , £¤¥ s0 = [s], ¨¬¥¥â ­¥¯à¥àë¢­ë¥ ¯® t ¯à®¨§¢®¤­ë¥
¤® ¯®àï¤ª  s0 ¢ª«îç¨â¥«ì­®, ª®â®àë¥ â ª¦¥ ¯à¨­ ¤«¥¦ â ¯à®áâà ­áâ¢ã Cr;s�s0 , â® ®¯à¥¤¥«¨¬
¥¥ Cr;s-­®à¬ã á ¯®¬®éìî à ¢¥­áâ¢ 

kukCr;s =
s0X
i=0





@iu(x; t)@ti






Cr;s�s0

:
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�«ï äã­ªæ¨© u(x; t), § ¤ ­­ëå ­  ¤¥ª àâ®¢®¬ ¯à®¨§¢¥¤¥­¨¨ Rm � [a1; a2], £¤¥ �1 < a1 <
a2 <1,  ­ «®£¨ç­ë¬ ®¡à §®¬ ¢¢®¤¨âáï ­®à¬  kukCr;s

[a1;a2]
.

�¥à¥§ L ®¡®§­ ç¨¬ «¨­¥©­ë© ®¯¥à â®à, ¤¥©áâ¢ãîé¨© ¢ ¯à®áâà ­áâ¢¥ C
 ¯® ¯à ¢¨«ã

Lv =
X
j�j=2k

�
a�(x; �

2k�1v0)D
�v +

X
j�j=2k

f[De
�
a�(x; �

2k�1v0)](�
2k�1v)gD�v0 +

+ [(De

�

f)(x; �2k�1v0)](�2k�1v); v 2 D(L) = C2k+
:

�¤¥áì [(Dea)(x;
�
e)](e) =

pP
i=0

@a(x;
�
e)

@ei
ei | ç áâ­ë© ¤¨ää¥à¥­æ¨ « äã­ªæ¨¨ a(x; e) ¯® £àã¯¯¥ ¯¥à¥-

¬¥­­ëå e.

�¥®à¥¬  1. �ãáâì ãáà¥¤­¥­­ ï § ¤ ç  (1:2) ¨¬¥¥â áâ æ¨®­ à­®¥ à¥è¥­¨¥ v0 2 C2k�1+
 ¨

á¯¥ªâà �(L) ®¯¥à â®à  L ­¥ á®¤¥à¦¨â ­ã«ï. �®£¤  ¤«ï «î¡®£® 
1 2 (0; 
) ­ ©¤ãâáï â ª¨¥

¯®«®¦¨â¥«ì­ë¥ ç¨á«  �0 ¨ !0, çâ® ¯à¨ ! > !0 á¯à ¢¥¤«¨¢ë á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥­¨ï.

1. �à ¢­¥­¨¥ (1:1) ¨¬¥¥â ¢ è à¥ S�0
C2k+
1;
1=2k

(v0) := fu 2 C2k+
1;
1=2k : ku � v0kC2k+
1;
1=2k �
�0g ¥¤¨­áâ¢¥­­®¥ l!�1-¯¥à¨®¤¨ç¥áª®¥ ¯® t à¥è¥­¨¥ u!, ¯à¨ç¥¬ á¯à ¢¥¤«¨¢  â®ç­ ï ¯®

¯ à ¬¥âàã ! ®æ¥­ª 

ku! � v0kC2k+
1;
1=2k � c!�1+
1=2k; c = const :

2. �á«¨ á¯¥ªâà �(L) «¥¦¨â áâà®£® ¢­ãâà¨ «¥¢®© ª®¬¯«¥ªá­®© ¯®«ã¯«®áª®áâ¨, â® à¥è¥­¨¥

u! íªá¯®­¥­æ¨ «ì­® ãáâ®©ç¨¢® ¯à¨ ¯à®¨§¢®«ì­®¬ ¢ë¡®à¥ ­ ç «ì­®£® ¬®¬¥­â  ¢à¥¬¥­¨

s, ¯à¨ç¥¬ à ¢­®¬¥à­® ¯® ! ¨ ¯® s. �â® ®§­ ç ¥â áãé¥áâ¢®¢ ­¨¥ â ª¨å ¯®«®¦¨â¥«ì­ëå

ç¨á¥« r0, �1, �2, çâ® ¤«ï «î¡®£® s 2 R1 ¨ «î¡®© äã­ªæ¨¨  2 C2k+
1 , ã¤®¢«¥â¢®àïîé¥©

ãá«®¢¨î ku!(x; s)� (x)kC2k+
1 � r0, áãé¥áâ¢ã¥â à¥è¥­¨¥ us!(x; t), t � s, § ¤ ç¨ �®è¨ ¤«ï
ãà ¢­¥­¨ï (1:1) á ­ ç «ì­ë¬ ãá«®¢¨¥¬ us!(x; s) =  (x), ¨ ¯à¨ t � s á¯à ¢¥¤«¨¢  ®æ¥­ª 

ku!(x; t)� us!(x; t)kC2k+
1 � �1 exp[��2(t� s)]ku!(x; s)� us!(x; s)kC2k+
1 :

2�. � ª ¨§¢¥áâ­®, ®¯¥à â®à L ¯®à®¦¤ ¥â ¢ ¯à®áâà ­áâ¢¥ C
  ­ «¨â¨ç¥áªãî ¯®«ã£àã¯¯ã
exp(tL), ª®â®à ï ï¢«ï¥âáï í¢®«îæ¨®­­ë¬ ®¯¥à â®à®¬ ãà ¢­¥­¨ï

@v

@t
� Lv = 0: (1.3)

�âáî¤ , ¨§ â¥®à¥¬ë ®¡ ®â®¡à ¦¥­¨¨ á¯¥ªâà  ¤«ï  ­ «¨â¨ç¥áª¨å ¯®«ã£àã¯¯ ¨ ¯à¥¤¯®«®¦¥­¨ï
0 =2 �(L) á«¥¤ã¥â, çâ® ¯à¨ ­¥ª®â®à®¬ (ä¨ªá¨àã¥¬®¬ §¤¥áì) ç¨á«¥ T > 0 á¯¥ªâà �(exp(TL))
®¯¥à â®à  exp(TL) ­¥ á®¤¥à¦¨â ¥¤¨­¨æë.

� áá¬®âà¨¬ ¢á¯®¬®£ â¥«ì­®¥ «¨­¥©­®¥ ¯ à ¡®«¨ç¥áª®¥ ãà ¢­¥­¨¥

L!u :=
@u

@t
=

X
j�j=2k

a�(x; �
2k�1b!(x; t); !t)D

�u�

�
X
j�j=2k

f[(De
�
a�)(x; �2k�1c!(x; t))](�2k�1u)gD�v0 � [(De

�

f)(x; �2k�1d!(x; t))](�2k�1u) = 0; (1.4)

£¤¥ b!; c!; d! 2 C2k�1+
;0 | § ¢¨áïé¨¥ ®â ¯ à ¬¥âà  ! > 0 äã­ªæ¨¨. �¢¥¤¥¬ ¢¥«¨ç¨­ã t! =
[T!l�1]l!�1. �ãáâì U!(t; �), �1 < � < t < 1, | ®¯¥à â®à á¤¢¨£  ¯® âà ¥ªâ®à¨ï¬ ãà ¢­¥­¨ï
(1.4) (í¢®«îæ¨®­­ë© ®¯¥à â®à),   V!(s) = U!(s+ t!; s), s 2 R | ®¯¥à â®à, ï¢«ïîé¨©áï ¢ á«ãç ¥
t!-¯¥à¨®¤¨ç¥áª¨å ¯® t äã­ªæ¨© b!, c!, d! ®¯¥à â®à®¬ ¬®­®¤à®¬¨¨, ®â¢¥ç îé¨¬ ¯¥à¨®¤ã t!.
�¥à¥§ Hom(B1; B2), £¤¥ B1, B2 | ¡ ­ å®¢ë ¯à®áâà ­áâ¢ , ®¡®§­ ç ¥âáï ¯à®áâà ­áâ¢® «¨­¥©­ëå
®£à ­¨ç¥­­ëå ®¯¥à â®à®¢, ¤¥©áâ¢ãîé¨å ¨§ B1 ¢ B2, á à ¢­®¬¥à­®© ®¯¥à â®à­®© ­®à¬®©.

�¯à ¢¥¤«¨¢ 
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�¥¬¬ . �ãáâì 
1 2 (0; 
). �®£¤  áãé¥áâ¢ãîâ â ª¨¥ ¯®«®¦¨â¥«ì­ë¥ ç¨á«  !1, r1 ¨ c1, çâ®
¯à¨ ¢á¥å ! > !1 ¨ «î¡ëå äã­ªæ¨ïå b!, c! ¨ d!, «¥¦ é¨å ¢ è à¥ Sr1

C2k�1+
1;0
(v0), á¯¥ªâà ®¯¥à â®à 

V!(s), s 2 R ¢ ¯à®áâà ­áâ¢¥ C2k+
1 ­¥ á®¤¥à¦¨â ¥¤¨­¨æë ¨, ¡®«¥¥ â®£®, á¯à ¢¥¤«¨¢  ®æ¥­ª 

k[I � V!(s)]
�1kHom(C2k+
1 ;C2k+
1 ) � c1:

�®ª § â¥«ìáâ¢® ­¥á«®¦­® ¨ ®¯ãáª ¥âáï. �â¬¥â¨¬ «¨èì ­¥ª®â®àë¥ ®æ¥­ª¨ ([3], c. 64{115;
[2]), ­  ª®â®àë¥ ®­® ®¯¨à ¥âáï.

�ãáâì s 2 R1, T0 > 0. �¡®§­ ç¨¬ ç¥à¥§ G(t � �; x; �) ¨ G!(t; �; x; �), s < � < t < s + T0,
äã­¤ ¬¥­â «ì­ë¥ à¥è¥­¨ï § ¤ ç¨ �®è¨ ¤«ï ãà ¢­¥­¨© (1.3) ¨ (1.4) á®®â¢¥âáâ¢¥­­®. �ãáâì
h 2 Rm, h1 2 R1,

�h;h1f(x; t) = f(x+ h; t+ h1)� f(x; t);

v!(x; t;  ) =
Z t

t0

d�

Z
Rm

G!(t; �; x; �) (�; �)d�; s � t0 < t � s+ T0:

�¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ á®®â­®è¥­¨ï ¤«ï äã­ªæ¨© G! (  â ª¦¥  ­ «®£¨ç­ë¥ ®æ¥­ª¨ ¨ ¤«ï G):

jD�
xG!(t; �; x; �)j � c0(t� �)�(m+j�j)=2k exp[�c1�(t; �; x; �)]; (1.5)

j�h;h1D
�
xG!(t; �; x; �)j � c0(t� �)�(m+j�j+
0)=2k[jhj


0

+ jh1j

0=2k]�

�maxfexp[�c1�(t; �; x� �)]; exp[�c1�(t; �; x + h� �)]g; (1.6)

j�h;h1D
�
xv!j � c0[jhj


0 + jh1j

0=2k][t� t0]

(2k�j�j+
�
0)=2kk kC
;0 : (1.7)

�¤¥áì �(t; �; x) =
mP
i=1

[jxij(t � �)�1=2k]2k=(2k�1), 0 � h1 � a(t � �) ¯à¨ ­¥ª®â®à®© ¯®áâ®ï­­®© a > 0,

c0, c1 | ¯®«®¦¨â¥«ì­ë¥ ¯®áâ®ï­­ë¥, ­¥ § ¢¨áïé¨¥ ®â !, t0, t, � , x, �, h, h1, s ¨  , 0 < 
0 � 
,
¯à¨ç¥¬ ¯à¨ j�j = 2k, 
0 < 
.

3�. �¥à¥©¤¥¬ ª ¤®ª § â¥«ìáâ¢ã ¯¥à¢®£® ãâ¢¥à¦¤¥­¨ï â¥®à¥¬ë 1. �¡®§­ ç¨¬ ç¥à¥§Cw(t; �; x; �)
¨ Uw(t; �), 0 � � < t � 2t!, á®®â¢¥âáâ¢¥­­® äã­¤ ¬¥­â «ì­®¥ à¥è¥­¨¥ § ¤ ç¨ �®è¨ ¨ ®¯¥à â®à
á¤¢¨£  ¯® âà ¥ªâ®à¨ï¬ ãà ¢­¥­¨ï

@u

@t
�

X
j�j=2k

a�(x; �
2k�1(w + v0); !t)D

�u�
X
j�j=2k

f[(De
�
a�)(x; �

2k�1v0)](�
2k�1u)gD�v0 �

� [(De

�

f)(x; �2k�1v0)](�2k�1u) = 0; w 2 C2k�1+
;0
[0;2t!]

:

�ãáâì 
1 2 (0; 
). �®£« á­® «¥¬¬¥ 1 ­ ©¤ãâáï â ª¨¥ ¯®«®¦¨â¥«ì­ë¥ ç¨á«  r1, !1 ¨ c1, çâ® ¯à¨
¢á¥å w, «¥¦ é¨å ¢ è à¥ Sr1 := Sr1

C
2k�1+
1;0

[0;2t!]

(0) ¨ ¢á¥å ! > !1 á¯à ¢¥¤«¨¢  ®æ¥­ª 

k[I � Uw(t!; 0)]�1kHom(C2k+
1 ;C2k+
1 ) � c1:

�à¨ ! > !1 ®¯à¥¤¥«¨¬ ®¯¥à â®à P , ¤¥©áâ¢ãîé¨© ¨§ è à  Sr1 ¢ ¯à®áâà ­áâ¢® C2k+
1;
1=2k
[0;2t!]

¯®
¯à ¢¨«ã

[P (w)](x; t) = Uw(t!; 0)[I � Uw(t!; 0)]
�1

Z t!

0
d�

Z
Rm

Gw(t!; �; x; �) �

�

� X
j�j=2k

�
a�(�; �

2k�1(w + v0); !�)�
�
a�(�; �

2k�1v0)� [(De
�
a�)(�; �

2k�1v0)]
�
D�v0 +

+f(�; �2k�1(w+v0); !t)�
�

f(�; �2k�1v0)�[(De

�

f�)(�; �
2k�1v0)](�

2k�1w)
�
d�+

tZ
0

d�

Z
Rm

Gw(t; �; x; �)f: : : gd�
(1.8)

25



�®¦­® ¯®ª § âì (á¬., ­ ¯à., [4], c. 34), çâ® áã¦¥­¨¥ ­  ãç áâ®ª t 2 [0; 2t!] ª ¦¤®£® t!-
¯¥à¨®¤¨ç¥áª®£® ¯® t à¥è¥­¨ï u ãà ¢­¥­¨ï (1.1), ¤«ï ª®â®à®£® u� v0 2 S

r1 , ã¤®¢«¥â¢®àï¥â ãà ¢-
­¥­¨î

u = P (u� v0) + v0; (1.9)

¨ ­ ®¡®à®â, ª ¦¤®¥ t!-¯¥à¨®¤¨ç¥áª®¥ ¯à®¤®«¦¥­¨¥ à¥è¥­¨ï ãà ¢­¥­¨ï (1.9) ï¢«ï¥âáï t!-¯¥à¨®-
¤¨ç¥áª¨¬ à¥è¥­¨¥¬ ãà ¢­¥­¨ï (1.1).

�®ª ¦¥¬, çâ® áãé¥áâ¢ãîâ â ª¨¥ ç¨á«  ! � !1 ¨ r0 2 (0; r1], çâ® ¯à¨ ! > !0 ®¯¥à â®à P ¢
è à¥ eS r0 := fw 2 Sr0

C
2k+
1;
1=2k

[0;2t!]

(0) : w(x; t + t!) = w(x; t); t 2 [0; t!]g ï¢«ï¥âáï á¦ â¨¥¬. �ãáâì

äã­ªæ¨¨ w1; w2 2 eS r1 . �¡®§­ ç¨¬ à §­®áâì w2 � w1 ç¥à¥§ w ¨ ¢®á¯®«ì§ã¥¬áï à ¢¥­áâ¢®¬

P (w2)� P (w1) = Uw1
(t; 0)[I � Uw1

(t!; 0)]�1
Z t!

0

d� �

�

Z
Rm

Gw1
(t!; �; x; �)

� X
j�j=2k

n Z 1

0
(Dea�)[�; �

2k�1(sw2 + (1� s)w1 + v0); !� ]ds(�
2k�1w)D�P (w2) +

+
h Z 1

0

(Dea�)[�; �
2k�1(sw2 + (1� s)w1 + v0); !� ]ds� (De

�
a�)(�; �

2k�1v0)
i
(�2k�1w)D�v0

o
+

+
h Z 1

0

(Def)[�; �2k�1(sw2 + (1� s)w1 + v0); !� ]ds� (De

�

f)(�; �2k�1v0)
i
(�2k�1w)

�
d� +

+
Z t

0

d�

Z
Rm

Gw1
(t; �; x; �)f: : : gd�: (1.10)

� ¯®¬®éìî ®æ¥­®ª (1.5){(1.7) ¨§ à ¢¥­áâ¢ (1.8), (1.10) ¢ë¢®¤ïâáï á®®â­®è¥­¨ï

kP (w)k
C
2k+
1 ;
1=2k

[t! ;2t! ]

� d1(r1; !1);

kP (w2)� P (w1)kC2k+
1;
1=2k

[t!;2t! ]

� d2(r1; !1)kw2 � w1kC2k+
1;
1=2k

[0;t! ]

;

£¤¥ äã­ªæ¨¨ di â ª®¢ë, çâ® lim
r1!0;!1!1

di(r1; !1) = 0, i = 1; 2. �âáî¤  á«¥¤ã¥â ãª § ­­®¥ ¢ ­ ç «¥

 ¡§ æ  ãâ¢¥à¦¤¥­¨¥,   ¢á«¥¤ §  â¥¬ ¢ á¨«ã ¯à¨­æ¨¯  á¦ âëå ®â®¡à ¦¥­¨© ¨ ãâ¢¥à¦¤¥­¨¥ 1
â¥®à¥¬ë 1.

�â¢¥à¦¤¥­¨¥ 2 â¥®à¥¬ë 1 ¤®ª §ë¢ ¥âáï  ­ «®£¨ç­® ¢â®à®¬ã ãâ¢¥à¦¤¥­¨î â¥®à¥¬ë 3 [2].

2. �â àè¨¥ ¯à¨¡«¨¦¥­¨ï

1�. �ãáâì äã­ªæ¨¨ a�(x; e; �), j�j = 2k, ¨ f(x; e; �), ¢å®¤ïé¨¥ ¢ ãà ¢­¥­¨¥ (1.1), ã¤®¢«¥â¢®àïîâ
¯à¥¤¯®«®¦¥­¨ï¬ ¯. 1� x 1 ¨ á«¥¤ãîé¨¬ ¤®¯®«­¨â¥«ì­ë¬ ãá«®¢¨ï¬. �ãé¥áâ¢ãîâ ¨å ­¥¯à¥àë¢­ë¥
¯à®¨§¢®¤­ë¥ ¯® ¢á¥¬  à£ã¬¥­â ¬ «î¡®£® ¯®àï¤ª , ¨ ¤«ï ¯à®¨§¢®«ì­®£® ®£à ­¨ç¥­­®£® ¢ Cp

¬­®¦¥áâ¢  M (á¬. á­®áªã ¢ ¯. 1� x 1) ¯à¨ ¢á¥å (x; e; �) 2 Rm �M �R1 ¢ë¯®«­ïîâáï ®æ¥­ª¨����D�
xD



e

@i

@� i
g(x; e; �)

���� � c�;�;i; (2.1)

£¤¥ g = a� ¨«¨ f , � = (�1; �2; : : : ; �m), 
 = (
1; 
2; : : : ; 
p) | ¯à®¨§¢®«ì­ë¥ ¬ã«ìâ¨¨­¤¥ªáë, i |
¯à®¨§¢®«ì­®¥ æ¥«®¥ ­¥®âà¨æ â¥«ì­®¥ ç¨á«®, c�;�;i = const.

�¢¥¤¥¬ á«¥¤ãîé¨¥ ®¡®§­ ç¥­¨ï. �«ï «î¡ëå l-¯¥à¨®¤¨ç¥áª¨å ¯® � äã­ªæ¨© a(x; e; �), v(x; �)

®¡®§­ ç¨¬ ç¥à¥§ M�a =
�
a, M�v =

�
v ¨å áà¥¤­¨¥ ¯® � ,   ç¥à¥§

1
a,

1
v | ¨å ®áæ¨««¨àãîé¨¥ á®áâ -

¢«ïîé¨¥, â ª çâ®
a =

�
a+

1
a; v =

�
v +

1
v;

£¤¥
�
a(x; e) = l�1

Z l

0
a(x; e; �)dt;

�
v(x; e) = l�1

Z l

0
v(x; e; �)d�:
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�à ¢­¥­¨¥ (1.1) â¥¯¥àì ¬®¦­® ¯¥à¥¯¨á âì ¢ ¢¨¤¥

@u

@�
=

X
j�j=2k

[
�
a�(x; �2k�1u) +

1
a�(x; �2k�1u; !t)]D�u+ [

�

f(x; �2k�1u) +
1

f(x; �2k�1u; !t)]: (2.2)

�ã¤¥¬ ¨áª âì ¯à¨¡«¨¦¥­¨¥ ª l!�1-¯¥à¨®¤¨ç¥áª®¬ã ¯® t à¥è¥­¨î u! ãà ¢­¥­¨ï (2.2) ¢ ¢¨¤¥
áã¬¬ë

n
v!(x; t) =

nX
i=0

!�1vi(x; !t) =
nX
i=0

!�1[
�
vi(x) +

1
vi(x; !t)]: (2.3)

�®¤áâ ¢«ïï (2.3) ¢ ãà ¢­¥­¨¥ (2.2), à áª« ¤ë¢ ï ä®à¬ «ì­® ª®íää¨æ¨¥­âë ¢ àï¤ë �¥©«®à 
¯® £àã¯¯¥ ¯¥à¥¬¥­­ëå �2k�1u á æ¥­âà®¬ à §«®¦¥­¨ï �2k�1v0,   § â¥¬ £àã¯¯¨àãï ç«¥­ë á ®¤¨-
­ ª®¢ë¬¨ áâ¥¯¥­ï¬¨ ! ®â¤¥«ì­® ¤«ï áâ æ¨®­ à­ëå ¨ ®áæ¨««¨àãîé¨å á« £ ¥¬ëå, ¯à¨å®¤¨¬ ª
á«¥¤ãîé¨¬ § ¤ ç ¬:

@
1
v0
@�

= 0;
X
j�j=2k

�
a�(x; �

2k�1 �v0)D
� �v0 +

�

f(x; �2k�1
�
v0) = 0; (2.4)

@
1
v1
@t

=
X
j�j=2k

1
a�(x; �2k�1

�
v0; �)D� �v0 +

1

f(x; �2k�1
�
v0; �); (2.5)

L
�
v1 = �M�

� X
j�j=2k

f[(De
1
a�)(x; �

2k�1 �v0; �)](�
� 1
v1)D

� �v0 �

�
1
a�(x; �

� �v0; �)D
� 1
v1g � [(De

1

f)(��
�
v0; �)](�

� 1
v1)

�
; (2.6)

@
1
vk
@�

=
1
'k(x; �); (2.7)

L
�
vk =  k(x); 1 < k � n; � = !t: (2.8)

�¤¥áì ®áæ¨««¨àãîé¨¥ äã­ªæ¨¨
1
'k ¨¬¥îâ ­ã«¥¢®¥ áà¥¤­¥¥ ¯® � ¨ ¢ëà ¦ îâáï ç¥à¥§ äã­ªæ¨¨

�
vi,

1
vi á ­®¬¥à ¬¨ i � k�1,   áâ æ¨®­ à­ë¥ äã­ªæ¨¨  k ®¯à¥¤¥«ïîâáï á ¯®¬®éìî íâ¨å ¦¥ äã­ªæ¨©
¨

1
vk.
�§ ¯¥à¢®£® ãà ¢­¥­¨ï (2.4) ­ å®¤¨¬

1
v0 = 0. �â®à®¬ã ãà ¢­¥­¨î (2.4) á®£« á­® ¯à¥¤¯®«®-

¦¥­¨ï¬ ¯. 1� x 1 ã¤®¢«¥â¢®àï¥â äã­ªæ¨ï
�
v0 = v0, £¤¥ v0 | áâ æ¨®­ à­®¥ à¥è¥­¨¥ ãáà¥¤­¥­­®£®

ãà ¢­¥­¨ï (1.2). �à¨ íâ®¬ ¤«ï «î¡®£® r � 0 v0 2 C
r, ¢ ç¥¬ ¬®¦­® ã¡¥¤¨âìáï, ­ ¯à¨¬¥à, á ¯®¬®-

éìî ­¥¯®áà¥¤áâ¢¥­­®£® ¬­®£®ªà â­®£® ¤¨ää¥à¥­æ¨à®¢ ­¨ï ¯® x ãà ¢­¥­¨ï (1.2) ¨ ¯à¨¬¥­¥­¨ï
¯®á«¥ ª ¦¤®£® ¤¨ää¥à¥­æ¨à®¢ ­¨ï ®æ¥­ª¨ (1.7).

�«ï ­ å®¦¤¥­¨ï à¥è¥­¨ï
1
v1 ãà ¢­¥­¨ï (2.5) ®¡®§­ ç¨¬ ¤«ï ªà âª®áâ¨ ¯à ¢ãî ç áâì ¯®á«¥¤-

­¥£® ç¥à¥§
1
'1(x; �). �®£¤ , ®ç¥¢¨¤­®, ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (2.5) ¯à¨¬¥â ¢¨¤

1
v1(x; �) =

Z �

0
'1(x; s)ds� l�1

Z l

0
d�

Z �

0
'1(x; s)ds:

�à¨ íâ®¬ ¨§ ¤ ­­®£® ¯à¥¤áâ ¢«¥­¨ï ¨ (2.1) á«¥¤ãîâ ®æ¥­ª¨

k
1
v1kCr;s �

1
cr;s;

1
cr;s = const; r; s � 0: (2.9)

�ã­ªæ¨ï
�
v1 ®¤­®§­ ç­® ­ å®¤¨âáï ¨§ ãà ¢­¥­¨ï (2.6), ¯®áª®«ìªã ®¯¥à â®à L ¯® ãá«®¢¨î

¯. 1� x 1 ®¡à â¨¬. �à¨ íâ®¬ ¤«ï «î¡®£® r � 0
�
v1 2 C

r, çâ® ãáâ ­ ¢«¨¢ ¥âáï á ãç¥â®¬ (2.1), (2.9)
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â ª ¦¥, ª ª ¨  ­ «®£¨ç­®¥ ãâ¢¥à¦¤¥­¨¥ ¤«ï v0 (á¬. ¢ëè¥). (�«ï ¥¤¨­®®¡à §¨ï ¨§«®¦¥­¨ï ¬ë
à áá¬ âà¨¢ ¥¬

�
v1 ª ª áâ æ¨®­ à­®¥ à¥è¥­¨¥ á®®â¢¥âáâ¢ãîé¥£® ¯ à ¡®«¨ç¥áª®£® ãà ¢­¥­¨ï.)

�á«¨ äã­ªæ¨¨
�
vi,

1
vi, i � k � 1, ®¯à¥¤¥«¥­ë, ¯à¨ç¥¬ ¯à¨ «î¡ëå r; s � 0 äã­ªæ¨¨

�
vi 2 Cr,

1
vi 2 Cr;s, â® ®¯¨á ­­ë¬ ¢ëè¥ á¯®á®¡®¬ ¨§ ãà ¢­¥­¨© (2.7) ¨ (2.8) ®¤­®§­ ç­® ­ ©¤¥¬ äã­ªæ¨¨
1
vk ¨

�
vk á®®â¢¥âáâ¢¥­­®. �à¨ íâ®¬ ¤«ï «î¡ëå ç¨á¥« r; s � 0 á¯à ¢¥¤«¨¢ë á®®â­®è¥­¨ï

k
�
vkkCr + k

1
vkkCr;s �

k
cr;s;

k
cr;s = const :

�¥®à¥¬  2. �ãé¥áâ¢ã¥â â ª®¥ ç¨á«® !0 > 0, çâ® ¯à¨ ! > !0 ¤«ï «î¡ëå ­¥®âà¨æ â¥«ì­ëå
ç¨á¥« r ¨ s ¯à¨ ¢á¥å ­ âãà «ì­ëå n ¢ë¯®«­ïîâáï ®æ¥­ª¨

ku! �
n
v!kCr;s � cn;r;s!

�(n+1)+s; (2.10)

£¤¥ u! | ãª § ­­®¥ ¢ â¥®à¥¬¥ 1 l!�1-¯¥à¨®¤¨ç¥áª®¥ ¯® t à¥è¥­¨¥ ãà ¢­¥­¨ï (1:1),
n
v! | ¯à¨¡«¨-

¦¥­¨¥ (2:3),   cn;r;s | ­¥ § ¢¨áïé¨¥ ®â ! ¯®áâ®ï­­ë¥.

�®ª § â¥«ìáâ¢®. �ãáâì
n
v0! =

n
v!+!�(n+1)

1
vn+1. �®¤áâ ¢«ïï u =

n
v0+w (§¤¥áì ¨ ¤ «¥¥ ¨­¤¥ªá

! ¡ã¤¥¬ ®¯ãáª âì) ¢ ãà ¢­¥­¨¥ (1.1), ¯®«ãç¨¬

@w

@t
�

X
j�j=2k

fa�(x; �2k�1(
n
v0 + w); !t)D�w � [(De

�
a�)(x; �2k�1v0)](�2k�1w)D�v0g �

� [(De

�

f)(x; �2k�1v0)](�
2k�1w) =

X
j�j=2k

[a�(x; �
2k�1(

n
v0 + w); !t)� a�(x; �

2k�1nv0; !t)]D�nv0 �

�
X
j�j=2k

[(De
�
a�)(x; �2k�1v0)](�2k�1w)D�v0 + f(x; �2k�1(

n
v0 + w); !t)�

� f(x; �2k�1
n
v0)� [(De

�

f)(x; �2k�1v0)](�
2k�1w) + !�(n+1)a(x; !t; !) := �(x;w; !t; !): (2.11)

�¤¥áì a(x; �; !) | ¡¥áª®­¥ç­® ¤¨ää¥à¥­æ¨àã¥¬ ï ¯® (x; �) 2 Rm+1 ¯à¨ «î¡®¬ ! > 0 äã­ªæ¨ï,
¯à¨ç¥¬ ¤«ï ¯à®¨§¢®«ì­ëå r; s � 0 á¯à ¢¥¤«¨¢  ®æ¥­ª 

kakCr;s � cr;s;

£¤¥ ¯®áâ®ï­­ ï cr;s ­¥ § ¢¨á¨â ®â ! > 1. �â® «¥£ª® ãáâ ­ ¢«¨¢ ¥âáï á ¨á¯®«ì§®¢ ­¨¥¬ ¨§¢¥áâ­®©
®æ¥­ª¨ ®áâ â®ç­®£® ç«¥­  àï¤  �¥©«®à  ¨ ­¥à ¢¥­áâ¢  (2.1).

�«ï «î¡®£® v 2 C2k�1+
0;0, 
0 2 (0; 1) ®¡®§­ ç¨¬ ç¥à¥§ Gv(t; �; x; �) ¨ Uv(t; �) á®®â¢¥âáâ¢¥­­®
äã­¤ ¬¥­â «ì­®¥ à¥è¥­¨¥ ¨ ®¯¥à â®à á¤¢¨£  ¯® âà ¥ªâ®à¨ï¬ ãà ¢­¥­¨ï

Lv(w) :=
@w

@t
�

X
j�j=2k

fa�(x; �2k�1(
n
v0 + v); !t)D�w �

� [(De
�
a�)(x; �2k�1v0)](�2k�1w)D�v0g � [(De

�

f)(x; �2k�1v0)](�2k�1w) = 0:

�ãáâì, ª ª ¨ ¢ x1, t! = [T!l�1]l!�1. � á¨«ã «¥¬¬ë 1 áãé¥áâ¢ãîâ â ª¨¥ ¯®«®¦¨â¥«ì­ë¥ ç¨á«  r1
¨ !1, çâ® ¤«ï ¢á¥å ! > !1 ¨ ¢á¥å v 2 eS r1 := fv : kvk

C
2k+
0;
0=2k

[0;2t! ]

� r1, v(x; t+ t!) = v(x; t), t 2 [0; t!]g

®¯¥à â®à I � Uv(t!; 0) ®¡à â¨¬ ¢ C2k+
0 ¨, ¡®«¥¥ â®£®,

k[I � Uv(t!; 0)]
�1kHom(C2k+
0 ;C2k+
0 ) � c(r1; !1); (2.12)

£¤¥ ¯®áâ®ï­­ ï c(r1; !1) ­¥ § ¢¨á¨â ®â v, !.
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�à¨ ! > !1 ®¡®§­ ç¨¬ ç¥à¥§ N!(w) ®¯¥à â®à, ¤¥©áâ¢ãîé¨© ¨§ eS r1 ¢ C2k+
0;
0=2k
[0;2t!]

¯® ¯à ¢¨«ã

N!(w) := Uw(t; 0)[I � Uw(t!; 0)]
�1

Z t!

0

d�

Z
Rm

Gw(t!; �; x; �)�(�; w; !�; !)d� +

+
Z t

0

d�

Z
Rm

Gw(t; �; x; �)�(�; w; !�; !)d�; t 2 [0; 2t! ]: (2.13)

�®àà¥ªâ­®áâì â ª®£® ®¯à¥¤¥«¥­¨ï á«¥¤ã¥â ¨§ ®æ¥­®ª (2.12), (1.7). � ¬¥â¨¬, çâ® ¯à¨ ! > !1
áã¦¥­¨¥ ­  ãç áâ®ª t 2 [0; t!] ª ¦¤®£® l!�1-¯¥à¨®¤¨ç¥áª®£® ¯® t à¥è¥­¨ï u ãà ¢­¥­¨ï (1.1),
¤«ï ª®â®à®£® u �

n
v0! 2

eS r1 , ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î u = N!(u �
n
v0!) +

n
v0!, ¨ ­ ®¡®à®â, ª ¦¤®¥

l!�1-¯¥à¨®¤¨ç¥áª®¥ ¯à®¤®«¦¥­¨¥ à¥è¥­¨ï ¯®á«¥¤­¥£® ãà ¢­¥­¨ï ï¢«ï¥âáï l!�1-¯¥à¨®¤¨ç¥áª¨¬
à¥è¥­¨¥¬ ãà ¢­¥­¨ï (1.1).

�¡®§­ ç¨¬ ç¥à¥§ r! ¢¥«¨ç¨­ã 2kN!(0)kC
0 ;
0=2k

[0;t! ]

. � á¨«ã á®®â­®è¥­¨© (2.11){(2.13), (1.7) r! �

c!�(n+1), ! > !1, c = const. �¥âàã¤­® ¤®ª § âì áãé¥áâ¢®¢ ­¨¥ â ª®£® ç¨á«  !0 > 0, çâ® ¯à¨
! > !0 ®¯¥à â®à N! ¢ è à¥ eS r! ï¢«ï¥âáï á¦ â¨¥¬. �âáî¤  á«¥¤ã¥â, çâ® w! = u! �

n
v0! 2

eS r! ¨,
¢ ç áâ­®áâ¨,

ku! �
n
v0!kC2k+
0;0 � cn!

�(n+1); cn = const :

�«ï ¯®«ãç¥­¨ï ®æ¥­®ª ¯®£à¥è­®áâ¨ ¢ áâ àè¨å ­®à¬ å, â. ¥. ®æ¥­®ª (2.10), ¯¥à¥¯¨è¥¬ à ¢¥­-
áâ¢® (2.11) ¢ ¢¨¤¥

@w

@t
�

X
j�j=2k

a�(x; �
2k�1(

n
v0 + w); !t)D�w �

X
j�j�2k�1

b�(x; !t)D
�w = !�(n+1)a(x; !t; !); (2.14)

£¤¥

X
j�j�2k�1

b�(x; !t)D�w :=
X
j�j=2k

Z 1

0

[(Dea�)(x; �2k�1
n
v0 + �2k�1w;!t)]ds(�2k�1w)D�nv0 +

+
Z 1

0
[(Def)(x; �

2k�1nv0 + �2k�1w;!t)]ds(�2k�1w):

� áá¬®âà¨¬ § ¤ çã �®è¨ ¤«ï ãà ¢­¥­¨ï (2.14) ­  ãç áâª¥ t 2 [�1; T ], £¤¥ T â® ¦¥, çâ® ¨ ¢
x 1, á ­ ç «ì­ë¬ ãá«®¢¨¥¬

w(x;�1) = u!(x;�1) �
n
v0(x;�1):

�æ¥­ª  (2.10) ¯à¨ s = 0 ãáâ ­ ¢«¨¢ ¥âáï ¯ãâ¥¬ ¬­®£®ªà â­®£® ¤¨ää¥à¥­æ¨à®¢ ­¨ï íâ®© § ¤ ç¨
¯® x ¨ ¯à¨¬¥­¥­¨ï ®æ¥­®ª (1.5){(1.7) ­  ãç áâª¥ t 2 [0; T ].

�§ ãà ¢­¥­¨ï (2.14) ¤«ï ¯à®¨§¢®¤­®© @w
@t
á«¥¤ãîâ â¥ ¦¥ ®æ¥­ª¨, ª®â®àë¥ â®«ìª® çâ® ¯®«ãç¥­ë

¤«ï w ¯à¨ s = 0 (§ ¬¥â¨¬, çâ® w ­¥ á®¤¥à¦¨â
1
vn+1). �«ï ®æ¥­ª¨ áâ àè¨å ¯à®¨§¢®¤­ëå ¯® t

¯¥à¥¯¨è¥¬ ¥é¥ à § (2.14) ¢ ¢¨¤¥

@w

@t
�

X
j�j=2k

�
a�(x; �2k�1(

n
v0 + w))D�w =

X
j�j=2k

1
a�(x; �2k�1(

n
v0 + w); !t)D�w +

+
X

j�j�2k�1

b�(x; !t)D�w + !�(n+1)a(x; t!; !): (2.15)

� ¯®¬®éìî ¬­®£®ªà â­®£® ¤¨ää¥à¥­æ¨à®¢ ­¨ï ãà ¢­¥­¨ï (2.15) ¯® x, t, ¯®«ãç¥­­ëå ¢ëè¥ ®æ¥-
­®ª ¤«ï w ¨ ­¥à ¢¥­áâ¢ (1.5){(1.7) ¢ë¢®¤¨¬ ¤«ï r � 0, s � 0 ®æ¥­ª¨

ku! �
n
v0!kCr;s

[0;T ]
� dn;r;s!

�(n+2)+s; dn;r;s = const :

�ç¨âë¢ ï l!�1-¯¥à¨®¤¨ç­®áâì ¯® t äã­ªæ¨¨ w ¨ áâàãªâãàã äã­ªæ¨¨
1
vn+1, ¯à¨å®¤¨¬ ª ®æ¥­ª ¬

(2.10).

2�. �§ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 2 ¢ëâ¥ª ¥â á«¥¤ãîé¥¥
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� ¬¥ç ­¨¥. �á«¨ r ¨ s | ä¨ªá¨à®¢ ­­ë¥ ­¥®âà¨æ â¥«ì­ë¥ ç¨á« , â® ¤«ï ¯®áâà®¥­¨ï n-
£® ¯à¨¡«¨¦¥­¨ï

n
v! á ®æ¥­ª®© (2.10) ¤®áâ â®ç­® ¢ ¤®¯®«­¥­¨¥ ª ãá«®¢¨ï¬ ¯. 1� x 1 ¢ë¯®«­¥­¨ï

á«¥¤ãîé¨å âà¥¡®¢ ­¨© (¢¬¥áâ® ãá«®¢¨© ¯. 1� x 2). �ã­ªæ¨¨ a�(x; e; �) ¨ f(x; e; �) ¨¬¥îâ ­¥¯à¥-
àë¢­ë¥ ¯à®¨§¢®¤­ë¥ ¢¨¤  D�

xD


e

@i

@� i
, £¤¥ j�j � k0 = max(0; [r] � 2k), i � k1 = max(0; [s] � 1),

j
j � n+ 1 + k0 + k1, ¯à¨ç¥¬ íâ¨ ¯à®¨§¢®¤­ë¥ ã¤®¢«¥â¢®àïîâ ãá«®¢¨î ��¥«ì¤¥à  ¯® á®¢®ªã¯­®-
áâ¨ ¯¥à¥¬¥­­ëå x, e, � á ¯®ª § â¥«¥¬ �1 > frg, �2 = max(�1; �3), �3 = fsg á®®â¢¥âáâ¢¥­­®, ¨
ª®­áâ ­â ¬¨, ­¥ § ¢¨áïé¨¬¨ ®â (x; e; �) 2 Rm �M � R1, £¤¥ fbg ®§­ ç ¥â ¤à®¡­ãî ç áâì ç¨á« 
b > 0 : fbg = b� [b].
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