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�¥à¢ë¥ à ¡®âë, ¯®á¢ïé¥­­ë¥ ¯®áâà®¥­¨î á ¬ â¥¬ â¨ç¥áª¨¬ ®¡®á­®¢ ­¨¥¬ áâ àè¨å ¯à¨¡«¨-
¦¥­¨© ¬¥â®¤  ãáà¥¤­¥­¨ï ¤«ï ¯®«ã«¨­¥©­ëå ¯ à ¡®«¨ç¥áª¨å ­ ç «ì­®-ªà ¥¢ëå § ¤ ç ¯à®¨§-
¢®«ì­®£® ¯®àï¤ª , ¯à¨­ ¤«¥¦ â �.�.�¨¬®­¥­ª® [1], [2]. � ­¨å  ¢â®à, ®â¯à ¢«ïïáì ®â à¥è¥­¨ï á®-
®â¢¥âáâ¢ãîé¥© ãáà¥¤­¥­­®© § ¤ ç¨ ¨ ¨á¯®«ì§ãï ¬¥â®¤ �ìîâ®­ {� ­â®à®¢¨ç  ¨ ­¥ª®â®àë¥ ¨¤¥¨
¬¥â®¤  ãáà¥¤­¥­¨ï [3], áâà®¨â à¥ªãàà¥­â­ãî ¯®á«¥¤®¢ â¥«ì­®áâì «¨­¥©­ëå ¯ à ¡®«¨ç¥áª¨å § -
¤ ç, à¥è¥­¨ï ª®â®àëå ï¢«ïîâáï áâ àè¨¬¨ ¯à¨¡«¨¦¥­¨ï¬¨ à¥è¥­¨ï ¨áå®¤­®© (¢®§¬ãé¥­­®©)
§ ¤ ç¨. �à ¢ë¥ ¦¥ ç áâ¨ íâ¨å «¨­¥©­ëå § ¤ ç § ¢¨áïâ ®â ¡®«ìè®£® ¯ à ¬¥âà  | ç áâ®âë
®áæ¨««ïæ¨© ª®íää¨æ¨¥­â®¢ ¢®§¬ãé¥­­®© § ¤ ç¨, â ª çâ® âà¥¡ã¥âáï ¥é¥  á¨¬¯â®â¨ç¥áª®¥ ¨­â¥-
£à¨à®¢ ­¨¥ íâ¨å «¨­¥©­ëå § ¤ ç, ª®â®à®¥, ª ª ¨ ¯®« £ « �.�. �¨¬®­¥­ª®, ¬®¦­® ®áãé¥áâ¢¨âì
¬¥â®¤®¬ ¯®£à ­¨ç­®£® á«®ï [4] á á®®â¢¥âáâ¢ãîé¨¬ ®¡®á­®¢ ­¨¥¬. � ¤ ­­®© áâ âì¥ ¯®áâà®¥­¨¥
áâ àè¨å ¯à¨¡«¨¦¥­¨© ¤«ï ¯¥à¢®© ¯ à ¡®«¨ç¥áª®© ­ ç «ì­®-ªà ¥¢®© § ¤ ç¨ ¯à®¨§¢®«ì­®£® ¯®-
àï¤ª  ®áãé¥áâ¢«ï¥âáï á ®¡®á­®¢ ­¨¥¬, ¯®-¢¨¤¨¬®¬ã, ¡®«¥¥ ¥áâ¥áâ¢¥­­® | ¯ãâ¥¬ ¯à¨¬¥­¥­¨ï
¬¥â®¤  ¯®£à ­¨ç­®£® á«®ï ­¥¯®áà¥¤áâ¢¥­­® ª ¨áå®¤­®© ¯®«ã«¨­¥©­®© § ¤ ç¥. �â àè¨¥ ¯à¨¡«¨-
¦¥­¨ï  ¯¯à®ªá¨¬¨àãîâ à¥è¥­¨¥ ¢®§¬ãé¥­­®© § ¤ ç¨ ¯® áª®«ì ã£®¤­® á¨«ì­®© £�¥«ì¤¥à®¢®© ­®à-
¬¥. �à¨ íâ®¬, ®¤­ ª®, ­  ®áæ¨««¨àãîé¨¥ á ­ã«¥¢ë¬ áà¥¤­¨¬ á« £ ¥¬ë¥ ¨áå®¤­®£® ãà ¢­¥­¨ï
¯à¨è«®áì ­ «®¦¨âì áãé¥áâ¢¥­­® ¡®«¥¥ ¦¥áâª¨¥ ®£à ­¨ç¥­¨ï (á¬. ãá«®¢¨¥ (3) ­¨¦¥), ­¥¦¥«¨
â¥, ª®â®àë¥ ­¥®¡å®¤¨¬ë ¤«ï ¯à¨­ ¤«¥¦­®áâ¨ íâ®£® à¥è¥­¨ï á®®â¢¥âáâ¢ãîé¥¬ã £�¥«ì¤¥à®¢ã ¯à®-
áâà ­áâ¢ã. �«ï ¯¥à¢®© ¯ à ¡®«¨ç¥áª®© ­ ç «ì­®-ªà ¥¢®© § ¤ ç¨ ¢â®à®£® ¯®àï¤ª  ¨á¯®«ì§ã¥¬ë©
§¤¥áì  «£®à¨â¬ ¯®áâà®¥­¨ï áâ àè¨å ¯à¨¡«¨¦¥­¨© ®¡®á­®¢ ­ ¢ [5].

1�. �ãáâì m, k ¨ s | ­ âãà «ì­ë¥ ç¨á« , T > 0, 
 | ®£à ­¨ç¥­­ ï ®¡« áâì ¥¢ª«¨¤®¢ 
¯à®áâà ­áâ¢  Rm á C1-£« ¤ª®© £à ­¨æ¥© @
. � æ¨«¨­¤à¥ Q = 
� [0; T ] á ¡®ª®¢®© ¯®¢¥àå­®áâìî
� = @
� (0; T ] à áá¬®âà¨¬ ¢ ®¡ëç­®© ª« áá¨ç¥áª®© ¯®áâ ­®¢ª¥ § ¤ çã
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X
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X
j`j6s
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2k�1u)ei`!t; (1)

u
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�
=
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@n
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�
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@k�1u
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���
�
= 0; u(x; 0) = '(x): (2)

�¤¥áì � = (�1; : : : ; �m), D�u � @j�ju
@x

�1
1 @x

�2
2 :::@x�mm

, x = (x1; : : : ; xm), �2k�1u | ¢¥ªâ®à{äã­ªæ¨ï, á®áâ -
¢«¥­­ ï ¨§ äã­ªæ¨¨ u ¨ ¥¥ ¢á¥¢®§¬®¦­ëå ¯à®¨§¢®¤­ëå ¯® x ¤® ¯®àï¤ª  2k � 1 ¢ª«îç¨â¥«ì­®,
n | ¢­ãâà¥­­ïï ­®à¬ «ì ª �, ! | ¡®«ìè®© ¯ à ¬¥âà. �â­®á¨â¥«ì­® äã­ªæ¨© a�, f` ¨ ' ¯à¥¤-
¯®«®¦¨¬ á«¥¤ãîé¥¥.

1. �¥é¥áâ¢¥­­ë¥ äã­ªæ¨¨ a�(x) ¡¥áª®­¥ç­® ¤¨ää¥à¥­æ¨àã¥¬ë ¯à¨ x 2 
, ¨ ¤«ï § ¤ ç¨
(1){(2) ¢ë¯®«­¥­® ãá«®¢¨¥ à ¢­®¬¥à­®© ¯ à ¡®«¨ç­®áâ¨, â. ¥. ¯à¨ ¢á¥å x 2 
 ¨ ­¥­ã«¥¢ëå ¢¥ª-

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨©
(£à ­â ò01-01-00678) ¨ ­ ãç­®© ¯à®£à ¬¬ë \�­¨¢¥àá¨â¥âë �®áá¨¨" (£à ­â ò��.04.01.029).
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â®à å � 2 Rm

(�1)k+1
X
j�j=2k

a�(x)�
�
> cj�j2k; c = const > 0:

2. �¡®§­ ç¨¬ ç¥à¥§ p à §¬¥à­®áâì ¢¥ªâ®à  (�2k�1u)(x). �ãáâì D | ®£à ­¨ç¥­­ ï ®¡« áâì
ª®¬¯«¥ªá­®£® ¯à®áâà ­áâ¢  C p ,   N0 | ­¥ª®â®à®¥ æ¥«®¥ ­¥®âà¨æ â¥«ì­®¥ ç¨á«®, ª®­ªà¥â­¥¥ ®
ª®â®à®¬ ¡ã¤¥â áª § ­® ¢ â¥®à¥¬¥. �à¥¤¯®«®¦¨¬, çâ® f`(x; t; e), £¤¥ e = (e1; : : : ; ep) 2 D, j`j 6 s
| ª®¬¯«¥ªá­®§­ ç­ë¥ äã­ªæ¨¨, ª®â®àë¥ ®¯à¥¤¥«¥­ë ­  ¬­®¦¥áâ¢¥ Q �D ¨ ¡¥áª®­¥ç­® ¤¨ä-
ä¥à¥­æ¨àã¥¬ë, ¯à¨ç¥¬ ¯à¨ 0 < j`j 6 s á¯à ¢¥¤«¨¢ë à ¢¥­áâ¢ 

@j

@tj
D�f`(x; t; e)

���
(x;t)2@
�f0g

= 0; j + j�j 6 N0: (3)

� àï¤ã á § ¤ ç¥© (1){(2) à áá¬®âà¨¬ ¢ Q ãáà¥¤­¥­­ãî § ¤ çã

@v

@t
�

X
j�j=2k

a�(x)D
�v = f0(x; t; �

2k�1v); (4)

v
��
�
=
@v

@n

���
�
= � � � =

@k�1v

@nk�1

���
�
= 0; v(x; 0) = '(x): (5)

3. �à¥¤¯®«®¦¨¬, çâ® § ¤ ç  (4){(5) ¨¬¥¥â ¡¥áª®­¥ç­® ¤¨ää¥à¥­æ¨àã¥¬®¥ ¯® ¯¥à¥¬¥­­ë¬
x, t à¥è¥­¨¥ v(x; t) = u0(x; t) â ª®¥, çâ® ¯à¨ (x; t) 2 Q ¨¬¥¥â ¬¥áâ® (�2k�1u0)(x; t) 2 D.

�®£« á­® [6] ¯à¨ ¡®«ìè¨å ! áãé¥áâ¢ã¥â à¥è¥­¨¥ u! § ¤ ç¨ (1){(2) ¨ ¤«ï ­¥ª®â®à®£® 
0 2 (0; 1)
á¯à ¢¥¤«¨¢® á®®â­®è¥­¨¥

lim
!!1

X
j�j62k�1

kD�[u! � u0]kC
0;
0=2k = 0:

�¤¥áì ç¥à¥§ Ch;h=2k � C
h;h=2k
x;t (Q), h > 0, ®¡®§­ ç¥­® £�¥«ì¤¥à®¢® ¯à®áâà ­áâ¢® äã­ªæ¨© u(x; t),

§ ¤ ­­ëå ¢ æ¨«¨­¤à¥ Q, ª®â®à®¥ ¤«ï ­¥æ¥«ëå h ®¯à¥¤¥«¥­® ¢ [7],   ¤«ï æ¥«ëå h ¤®®¯à¥¤¥«ï¥âáï
¥áâ¥áâ¢¥­­ë¬ ®¡à §®¬. �ã­ªæ¨ï u0 ­ §ë¢ ¥âáï ¯¥à¢ë¬ ¯à¨¡«¨¦¥­¨¥¬ à¥è¥­¨ï u! ¯® ãª § ­­®©
­®à¬¥.

2�. �¥à¥©¤¥¬ ª ¯®áâà®¥­¨î áâ àè¨å ¯à¨¡«¨¦¥­¨© ¬¥â®¤  ãáà¥¤­¥­¨ï ¢ á¨«ì­ëå £�¥«ì¤¥à®¢ëå
­®à¬ å. �«ï íâ®£® ¯à¥¤¢ à¨â¥«ì­® ¢¢¥¤¥¬ ¢ § ¬ëª ­¨¨ 
� ¯®£à ­¨ç­®© ¯®«®áª¨ 
� â®«é¨­ë
� > 0 ªà¨¢®«¨­¥©­ãî á¨áâ¥¬ã ª®®à¤¨­ â ('; r) = ('1; : : : ; 'm�1; r) á«¥¤ãîé¨¬ ®¡à §®¬. �¯à¥¤¥-
«¨¬ ®â®¡à ¦¥­¨¥ @
 � [0; �] ! 
� ¯® § ª®­ã ('; r) ! ' + n'r, £¤¥ ' | â®çª  ­  @
, ¨¬¥îé ï
¬¥áâ­ë¥ ®àâ®£®­ «ì­ë¥ ª®®à¤¨­ âë ',   n' | ¢¥ªâ®à ¢­ãâà¥­­¥© ­®à¬ «¨ ª @
 ¢ â®çª¥ '.
�¨á«® � ¡¥à¥âáï áâ®«ì ¬ «ë¬, çâ® ãª § ­­®¥ ®â®¡à ¦¥­¨¥ ®¡à â¨¬®.

�â àè¨¥ ¯à¨¡«¨¦¥­¨ï à¥è¥­¨ï u! § ¤ ç¨ (1){(2) ¨é¥¬ ¢ ¢¨¤¥

n
u(x; t; !) =

nX
j=0

!�j=2kuj(x; t) + !�1
nX
j=0

!�j=2k[vj(x; t; !t) + wj('; �; t) + zj('; �; t; !t)]; (6)

£¤¥ � = r!1=2k, uj ¨ vj | à¥£ã«ïà­ë¥ [4],   wj ¨ zj | ¯®£à ­á«®©­ë¥ [4] äã­ªæ¨¨, ¯à¨ç¥¬ äã­ªæ¨¨
vj(x; t; �) ¨ zj('; �; t; �) | 2�-¯¥à¨®¤¨ç¥áª¨¥ ¯® � á ­ã«¥¢ë¬ áà¥¤­¨¬

hvji(x; t) =
1
2�

Z 2�

0

vj(x; t; �) d� = 0; hzji = 0;

  äã­ªæ¨¨ wj ¨ zj ¢ ®¡« áâ¨ 
 n 
� à ¢­ë ­ã«î.
� ¯ã­ªâ¥ 3� ¡ã¤¥â ®¯¨á ­  «£®à¨â¬ ¯®áâà®¥­¨ï ª®íää¨æ¨¥­â®¢ ¯à¨¡«¨¦¥­¨©

n
u, ¯à¨ ª®â®à®¬

á¯à ¢¥¤«¨¢ 
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�¥®à¥¬ . �ãé¥áâ¢ã¥â â ª®¥ ç¨á«® !0 > 0, çâ® ¯à¨ ! > !0 ¤«ï «î¡®£® h > 0 ¨ «î¡®£®

­ âãà «ì­®£® n ­ ©¤¥âáï â ª®¥ ç¨á«® N0, çâ® ¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© ¯. 1� á íâ¨¬ §­ ç¥­¨¥¬
N0 ¢ (3) ¨¬¥îâ ¬¥áâ® ®æ¥­ª¨

ku! �
n
ukCh;h=2k(Q) 6 Cn;h!

�
n+1�max(h�2k;0)

2k ; Cn;h = const :

�®áâà®¥­¨¥ ¯à¨¡«¨¦¥­¨ï
n
u ¯à¨ ¨§¢¥áâ­®¬ à¥è¥­¨¨ u0 ãáà¥¤­¥­­®© § ¤ ç¨ á¢®¤¨âáï ª à¥è¥-

­¨î n ®¤­®§­ ç­® à §à¥è¨¬ëå «¨­¥©­ëå ¯¥à¢ëå ­ ç «ì­®-ªà ¥¢ëå § ¤ ç ¤«ï ¯ à ¡®«¨ç¥áª¨å

ãà ¢­¥­¨© Pu = '(x; t) ¢ Q ¯®àï¤ª  2k á ¥¤¨­ë¬ ¤¨ää¥à¥­æ¨ «ì­ë¬ ¢ëà ¦¥­¨¥¬ P .

� ¬¥ç ­¨¥ 1. �à¥¤¯®«®¦¥­¨ï ¯. 1� ® ¡¥áª®­¥ç­®© ¤¨ää¥à¥­æ¨àã¥¬®áâ¨ £à ­¨æë @
 ¨
äã­ªæ¨© a�, f` ¨ u0, ¥áâ¥áâ¢¥­­®, ¬®£ãâ ¡ëâì § ¬¥­¥­ë ­  âà¥¡®¢ ­¨ï ¨å ­¥¯à¥àë¢­®© ¤¨ä-
ä¥à¥­æ¨àã¥¬®áâ¨ ¢¯«®âì ¤® ®¯à¥¤¥«¥­­ëå ª®­¥ç­ëå ¯®àï¤ª®¢ (§ ¢¨áïé¨å ®â h ¨ n) â ª, çâ®
¯à¨ íâ®© § ¬¥­¥ ãâ¢¥à¦¤¥­¨ï â¥®à¥¬ë á®åà ­ïîâáï.

� ¬¥ç ­¨¥ 2. � ãá«®¢¨¨ (3) äã­ªæ¨î f`(x; t; e) ¬®¦­® § ¬¥­¨âì ­  äã­ªæ¨î ef`(x; t) =
f`[x; t; �2k�1u0(x; t)].

3�. �¯¨è¥¬ áå¥¬ã ­ å®¦¤¥­¨ï ­¥¨§¢¥áâ­ëå äã­ªæ¨© uj , vj , wj ¨ zj , ¢å®¤ïé¨å ¢ ¯à¥¤áâ ¢«¥-
­¨¥ (6) áâ àè¨å ¯à¨¡«¨¦¥­¨©. �à¨ íâ®¬ ¡ã¤¥¬ ¯®«ì§®¢ âìáï, ª ª ¯à¨­ïâ® ¢ ¬¥â®¤¥ ¯®£à ­¨ç-
­®£® á«®ï [4], ¯à¥¤áâ ¢«¥­¨¥¬ í««¨¯â¨ç¥áª®© ç áâ¨ ãà ¢­¥­¨ï (1) ¢ ¯¥à¥¬¥­­ëå ('; �):

X
j�j=2k

a�(x)D�u = !

�
b2k(')

@2ku

@�2k
+

NX
j=1

!�j=2kMj('; �)u + !�
N+1
2k MN+1('; �; r)u

�
; (7)

£¤¥ b2k 2 C1(@
), (�1)k+1b2k > 0; N | ­ âãà «ì­®¥ ç¨á«®; Mj , 1 6 j 6 N , ¨ MN+1 | ¤¨ä-
ä¥à¥­æ¨ «ì­ë¥ ¢ëà ¦¥­¨ï ®â­®á¨â¥«ì­® ', � á ¡¥áª®­¥ç­® ¤¨ää¥à¥­æ¨àã¥¬ë¬¨ ¯® ('; �) ¨
á®®â¢¥âáâ¢¥­­® ¯® ('; r) ª®íää¨æ¨¥­â ¬¨.

�®¤áâ ¢¨¬ ¢ëà ¦¥­¨¥ (6) ¯à¨¡«¨¦¥­¨ï
n
u ¢¬¥áâ® u ¢ à ¢¥­áâ¢  (1){(2), à §«®¦¨¬ äã­ªæ¨¨

f`(x; t; �2k�1
n
u) ¢ àï¤ë �¥©«®à  ¯® ¯®á«¥¤­¨¬ p  à£ã¬¥­â ¬ á æ¥­âà®¬ �2k�1u0 ¨, ãç¨âë¢ ï (7),

¯à¨à ¢­ï¥¬ ª®íää¨æ¨¥­âë ¯à¨ ®¤¨­ ª®¢ëx áâ¥¯¥­ïå !, áâ®ïé¨å ¢ à §­ëå ç áâïå ª ¦¤®£® ¨§
¯®«ãç¥­­ëå à ¢¥­áâ¢, ®â¤¥«ì­® ¤«ï à¥£ã«ïà­ëå ¨ ¯®£à ­á«®©­ëå äã­ªæ¨©. � ¦¤®¥ ¨§ á®áâ -
¢«¥­­ëå â ª¨¬ ®¡à §®¬ ãà ¢­¥­¨© à §®¡ì¥¬ ­  ãà ¢­¥­¨ï ¤«ï ¯« ¢­ëå, â. ¥. ­¥ § ¢¨áïé¨å ®â
� = !t ¨ ®áæ¨««¨àãîé¨å ¯® � á ­ã«¥¢ë¬ áà¥¤­¨¬ ª®íää¨æ¨¥­â®¢. � à¥§ã«ìâ â¥ ¤«ï u0 ¯®«ã-
ç ¥¬ ¯®«ã«¨­¥©­ãî ãáà¥¤­¥­­ãî § ¤ çã (4){(5), ª®â®à ï ¯® ãá«®¢¨î à §à¥è¨¬ . �«ï äã­ªæ¨¨
v0(x; t; �) ¯®«ãç ¥¬ § ¤ çã

@v0

@�
=

X
0<j`j6s

f`(x; t; �2k�1u0)ei`� ; hv0i = 0;

£¤¥ x, t ¨£à îâ à®«ì ¯ à ¬¥âà®¢, ¨ ª®â®à ï, ®ç¥¢¨¤­®, ®¤­®§­ ç­® à §à¥è¨¬ . �à¨ íâ®¬ ¢ á¨«ã
ãá«®¢¨ï (3) á¯à ¢¥¤«¨¢ë á®®â­®è¥­¨ï

@j

@tj
D�v0(x; t; �)

���
(x;t)2@
�f0g

= 0; j + j�j 6 N0: (8)

�ã­ªæ¨¨ ui, vi, i > 1, ï¢«ïîâáï à¥è¥­¨ï¬¨ «¨­¥©­ëå § ¤ ç ¢¨¤ 

@ui

@t
�

X
j�j=2k

a�(x)D�ui � [(Def0)(x; t; �2k�1u0)](�2k�1ui) =  i(x; t); (9)

ui
��
�
= �wi�2k

���
�=0

;
@ui

@n

���
�
= �

@wi�2k+1

@�

���
�=0

; : : : ;
@k�1ui

@nk�1

���
�
=

= �
@k�1wi�k�1

@�k�1

���
�=0

; ui(x; 0) = �vi�2k(x; 0; 0); (10)
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@vi(x; t; �)
@�

= �i(x; t; �); hvii = 0: (11)

�¤¥áì [(Def0)(x; t;
�
e)](e) =

pP
i=1

@f0(x;t;
�
e)

@ei
ei;  i ¨ �i | ¡¥áª®­¥ç­® ¤¨ää¥à¥­æ¨àã¥¬ë¥ äã­ªæ¨¨, ª®-

â®àë¥ ¢ëà ¦ îâáï ç¥à¥§ uj , vj , j 6 i� 1,   vi, wi ¯à¨ i < 0 ¯®« £ îâáï ­ã«ï¬¨.
� ¤ ç¨ ¤«ï äã­ªæ¨© wi, zi, i > 0, ¢ ¯®£à ­¯®«®áª¥ ¨¬¥îâ ¢¨¤

b2k(')
@2kwi

@�2k
= �i('; �; t); wi

��
�=1

= 0; (12)

@zi('; p; t; �)
@�

� b2k(')
@2kzi('; p; t; �)

@�2k
= �i('; �; t; �); zi

��
�=1

= 0; (13)

zi
��
�=0

= �vi
��
�
;
@zi

@�

���
�=0

= �
@vi�1

@n

���
�
; : : : ;

@k�1zi

@�k�1

���
�=0

= �
@vi�k+1

@nk�1

���
�
; (14)

£¤¥ �i, �i | ¡¥áª®­¥ç­® ¤¨ää¥à¥­æ¨àã¥¬ë¥ äã­ªæ¨¨, ª®â®àë¥ ¢ëà ¦ îâáï ç¥à¥§ uj , vj , wj , zj ,
j 6 i� 1.

�®ª ¦¥¬ â¥¯¥àì, çâ® § ¤ ç¨ (9){(10), (11), (12) ¨ (13){(14) ®¤­®§­ ç­® à §à¥è¨¬ë. �ãáâì
¤«ï ¯à®áâ®âë ¢ ãá«®¢¨¨ (3) N0 =1. �â ª, ®¯à¥¤¥«¨¢ äã­ªæ¨¨ u0, v0, ¯¥à¥å®¤¨¬ ª § ¤ ç¥ (12)
¯à¨ i = 0

b2k(')
@2kw0

@�2k
= 0; w0

��
�=1

= 0

á ¥¤¨­áâ¢¥­­ë¬ à¥è¥­¨¥¬ w0 = 0 ¨ ª § ¤ ç¥ (13){(14) ¯à¨ i = 0

@z0

@�
� b2k(')

@2kz0

@�2k
= 0; z0

��
�=1

= 0;

z0
��
�=0

= �v0
��
@

;

@z0

@�

���
�=0

= 0; : : : ;
@k�1z0

@�k�1

���
�=0

= 0;

ª®â®à ï ¢ á¨«ã á®®â­®è¥­¨© (8) ¨ áä®à¬ã«¨à®¢ ­­®© ­¨¦¥ «¥¬¬ë â ª¦¥ ®¤­®§­ ç­® à §à¥è¨¬ 
¨ ¯à¨ «î¡ëå æ¥«ëå ­¥®âà¨æ â¥«ì­ëå ç¨á« å j ¤«ï ¥¥ à¥è¥­¨ï z0 á¯à ¢¥¤«¨¢ë à ¢¥­áâ¢ 

@jz0('; �; t; �)
@tj

���
t=0

= 0: (15)

� ¤ ç  (9){(10) ¯à¨ i = 1 ï¢«ï¥âáï «¨­¥©­®© ®¤­®à®¤­®© ­ ç «ì­®-ªà ¥¢®© § ¤ ç¥© á ¥¤¨­-
áâ¢¥­­ë¬ à¥è¥­¨¥¬ u1 = 0. �à¥¤¯®«®¦¨¬ â¥¯¥àì, çâ® ¯à¨ ¢á¥å 0 6 i < i0, £¤¥ i0 | ­¥ª®â®à®¥
­ âãà «ì­®¥ ç¨á«®, ­ ©¤¥­ë äã­ªæ¨¨ ui+1, vi, wi ¨ zi, ¯à¨ç¥¬ ¤«ï ui+1 ¨ vi ¢ë¯®«­¥­ë â¥ ¦¥
á®®â­®è¥­¨ï (8), çâ® ¨ ¤«ï v0,   ¤«ï wi ¨ zi | â¥ ¦¥ á®®â­®è¥­¨ï (15), çâ® ¨ ¤«ï z0. �à¥¤¯®«®-
¦¨¬ ¥é¥, çâ® äã­ªæ¨¨ �i ï¢«ïîâáï ª®­¥ç­ë¬¨ áã¬¬ ¬¨ äã­ªæ¨© ¢¨¤  c('; t)�ne���, £¤¥ n > 0,
Re� > 0,   äã­ªæ¨¨ c('; t) ã¤®¢«¥â¢®àïîâ á®®â­®è¥­¨ï¬

@jc('; t)
@tj

���
t=0

= 0; j = 0; 1; : : : (16)

�ã­ªæ¨¨ ¦¥ �i ï¢«ïîâáï âà¨£®­®¬¥âà¨ç¥áª¨¬¨ ¯®«¨­®¬ ¬¨ ¯® � á ­ã«¥¢ë¬ áà¥¤­¨¬, ª®íä-
ä¨æ¨¥­âë ª®â®àëå ¨¬¥îâ âã ¦¥ áâàãªâãàã, çâ® ¨ �i. �®ª ¦¥¬, çâ® äã­ªæ¨¨ ui0+1, vi0 , wi0

¨ zi0 ®¤­®§­ ç­® ®¯à¥¤¥«¥­ë (ª ª à¥è¥­¨ï à áá¬ âà¨¢ ¥¬ëå § ¤ ç) ¨ ¤«ï ­¨å á¯à ¢¥¤«¨¢ë
¢ëáª § ­­ë¥ ¯à¥¤¯®«®¦¥­¨ï. �¥©áâ¢¨â¥«ì­®, ¢ á¨«ã íâ¨å ¯à¥¤¯®«®¦¥­¨© ¤ ­­ë¥ «¨­¥©­®©
­ ç «ì­®-ªà ¥¢®© § ¤ ç¨ (9){(10) ¯à¨ i = i0 + 1 áª®«ì ã£®¤­® £« ¤ª¨¥ ¨ ¤«ï ­¥¥ ¢ë¯®«­¥­ë
ãá«®¢¨ï á®£« á®¢ ­¨ï áª®«ì ã£®¤­® ¢ëá®ª®£® ¯®àï¤ª , ®âªã¤  á«¥¤ã¥â ¥¥ ®¤­®§­ ç­ ï à §à¥è¨-
¬®áâì ¨ á¯à ¢¥¤«¨¢®áâì ¤«ï à¥è¥­¨ï ui0+1 á®®â­®è¥­¨©

@j

@tj
D�ui0+1

���
(x;t)2@
�f0g

= 0; j; j�j = 0; 1; : : :
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�¥£ª® ¨áá«¥¤ã¥âáï ¨ § ¤ ç  (11) ¯à¨ i = i0. �¤¥áì ¤®¯®«­¨â¥«ì­® ãç¨âë¢ ¥âáï, çâ® �i0 | âà¨-
£®­®¬¥âà¨ç¥áª¨© ¬­®£®ç«¥­ ¯® � á ­ã«¥¢ë¬ áà¥¤­¨¬. �¤­®§­ ç­ ï à §à¥è¨¬®áâì § ¤ ç (12) ¨
(13){(14) ¨ á¯à ¢¥¤«¨¢®áâì ¤«ï ¨å à¥è¥­¨© ¢ëáª § ­­ëå ¯à¥¤¯®«®¦¥­¨© ¢ëâ¥ª ¥â ¨§ á«¥¤ãî-
é¥£® ¯à®áâ®£® ãâ¢¥à¦¤¥­¨ï.

�¥¬¬ . �ãáâì ci('; t), i = 0; 1; : : : ; k, | áª®«ì ã£®¤­® £« ¤ª¨¥ ­  ¬­®¦¥áâ¢¥ @
 � [0; T ]
äã­ªæ¨¨, ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨ï¬ (16), �(') | áª®«ì ã£®¤­® £« ¤ª ï ­  ¬­®¦¥áâ¢¥ @

äã­ªæ¨ï, Re� < 0, n > 0, ` 2 R, ` 6= 0. �®£¤  § ¤ ç 

i`y � b2k(')
@2ky

@�2k
= c0('; t)�

ne�(')�; y
��
�=0

= c1('; t);

@y

@�

���
�=0

= c2('; t); : : : ;
@k�1y

@�k�1

���
�=0

= ck('; t); y
��
�=1

= 0;

®¤­®§­ ç­® à §à¥è¨¬  ¨ ¥¥ áª®«ì ã£®¤­® £« ¤ª®¥ à¥è¥­¨¥ y('; �; t) ã¤®¢«¥â¢®àï¥â à ¢¥­áâ¢ ¬

@jy('; �; t)
@tj

���
t=0

= 0; j = 0; 1; : : :

�â ª, ¯®ª § «¨, çâ® ¯à¨¡«¨¦¥­¨ï
n
u, § ¤ ­­ë¥ á®®â­®è¥­¨¥¬ (6), ¬®£ãâ ¡ëâì ¯®áâà®¥­ë

¤«ï «î¡®£® ­®¬¥à  n. �®ª § â¥«ìáâ¢® ãª § ­­®© ¢ â¥®à¥¬¥ ®æ¥­ª¨ ¯à®¢®¤¨âáï ¢ ¤¢  íâ ¯ .
�  ¯¥à¢®¬ íâ ¯¥ ¬¥â®¤ ¬¨, ª®â®àë¥ ¨á¯®«ì§®¢ «¨áì ¢ à ¡®â¥ [6], íâ  ®æ¥­ª  ¤®ª §ë¢ ¥âáï ¤«ï
¬ «ëå h > 0. �  ¢â®à®¬ íâ ¯¥ ®­  ¢ë¢®¤¨âáï ¤«ï ¯à®¨§¢®«ì­ëå h > 0 ¨§ ®æ¥­ª¨, ¯®«ãç¥­­®©
­  ¯¥à¢®¬ íâ ¯¥, á ¯®¬®éìî ¬­®£®ªà â­®£® ¨á¯®«ì§®¢ ­¨ï ª« áá¨ç¥áª®©  ¯à¨®à­®© ®æ¥­ª¨ [7]
¤«ï «¨­¥©­®© ¯ à ¡®«¨ç¥áª®© § ¤ ç¨.

�à¨¬¥ç ­¨¥. �¯¨á ­­ë© ¯à¨¬¥­¨â¥«ì­® ª § ¤ ç¥ (1){(2)  «£®à¨â¬ ¯®áâà®¥­¨ï áâ àè¨å
¯à¨¡«¨¦¥­¨© á®åà ­ï¥âáï ¢¬¥áâ¥ á ®¡®á­®¢ ­¨¥¬, ¥á«¨ ¢ ãà ¢­¥­¨¨ (1) á®¬­®¦¨â¥«¨ ei`!t § ¬¥-
­¨âì á®¬­®¦¨â¥«ï¬¨ ei�`!t, £¤¥ �`, j`j 6 s, | ¯à®¨§¢®«ì­ë© ­ ¡®à ¤¥©áâ¢¨â¥«ì­ëå ç¨á¥«.
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