
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

2001 ���������� ò 1 (464)

��� 519.633

�.�.������

�������� ������������� ��������� ���������,
���������� ������������ �� ����������������

����������

�¥è¥¨ï ªà ¥¢ëå § ¤ ç ¤«ï ãà ¢¥¨© á ç áâë¬¨ ¯à®¨§¢®¤ë¬¨, áâ àè¨¥ ¯à®¨§¢®¤ë¥
ª®â®àëå («¨¡® ¥ª®â®àë¥ ¨§ ¨å) á®¤¥à¦ â ¯ à ¬¥âà ", ¯à¨¨¬ îé¨© áª®«ì ã£®¤® ¬ «ë¥ § -
ç¥¨ï, ®¡« ¤ îâ ®£à ¨ç¥®© £« ¤ª®áâìî à¥è¥¨©. �«ï â ª¨å § ¤ ç â®ç®áâì ¯à¨¡«¨¦¥ëå
à¥è¥¨© âà ¤¨æ¨®ëå ç¨á«¥ëå ¬¥â®¤®¢ (á¬.,  ¯à., [1]) § ¢¨á¨â ®â ¢¥«¨ç¨ë ¯ à ¬¥âà  ¨
ãåã¤è ¥âáï ¯à¨ ¬ «ëå § ç¥¨ïå " (®¯¨á ¨¥ ¯à®¡«¥¬, ¢®§¨ª îé¨å ¢ á«ãç ¥ í««¨¯â¨ç¥áª¨å
¨ ¯ à ¡®«¨ç¥áª¨å ãà ¢¥¨© á¬.,  ¯à., ¢ [2]{[6]). � á¢ï§¨ á íâ¨¬ ¢®§¨ª ¥â ¯à®¡«¥¬  à §à -
¡®âª¨ áå¥¬, áå®¤ïé¨åáï à ¢®¬¥à® ®â®á¨â¥«ì® ¯ à ¬¥âà  " (¨«¨ ª®à®ç¥ | áå®¤ïé¨åáï "-
à ¢®¬¥à®).

� ¤ ®© à ¡®â¥ à áá¬ âà¨¢ îâáï ªà ¥¢ë¥ § ¤ ç¨ ¤«ï á¨£ã«ïà® ¢®§¬ãé¥ëå ¢®«®¢®£®
ãà ¢¥¨ï,   â ª¦¥ íª¢¨¢ «¥â®© á¨áâ¥¬ë ¤¢ãå £¨¯¥à¡®«¨ç¥áª¨å ãà ¢¥¨© ¯¥à¢®£® ¯®àï¤ª 
¢ á«ãç ¥ ®£à ¨ç¥ëå ¨ ¥®£à ¨ç¥ëå ®¡« áâ¥©. � íâ¨å ãà ¢¥¨ïå áâ àè ï ¯à®¨§¢®¤ ï ¯®
¯à®áâà áâ¢¥®© ¯¥à¥¬¥®© á®¤¥à¦¨â ¯ à ¬¥âà ", ¯à¨¨¬ îé¨© ¯à®¨§¢®«ìë¥ § ç¥¨ï ¨§
¯®«ã¨â¥à¢ «  (0; 1]. �à¨ "! 0 ¢ íâ¨å § ¤ ç å ¢®§¨ª îâ ¯®£à ¨çë¥ (£¨¯¥à¡®«¨ç¥áª¨¥) á«®¨,
®¯¨áë¢ ¥¬ë¥ ãà ¢¥¨ï¬¨ £¨¯¥à¡®«¨ç¥áª®£® â¨¯ . �®ª § ®, çâ® âà ¤¨æ¨®ë¥ à §®áâë¥
áå¥¬ë ¥ ¯®§¢®«ïîâ ¯®«ãç âì ¯à¨¡«¨¦¥ë¥ à¥è¥¨ï, ¯®£à¥è®áâì ª®â®àëå ¥ § ¢¨á¨â ®â ".
�®ª § ® â ª¦¥, çâ® ¢ ¥áâ¥áâ¢¥ëå ª« áá å à §®áâëå áå¥¬ ¥ áãé¥áâ¢ã¥â áå¥¬ ¯®¤£®ª¨,
áå®¤ïé¨åáï "-à ¢®¬¥à®.

�«ï £¨¯¥à¡®«¨ç¥áª®© á¨áâ¥¬ë á ¨á¯®«ì§®¢ ¨¥¬ ¬®®â®ëå à §®áâëå  ¯¯à®ªá¨¬ æ¨©
  á¯¥æ¨ «ìëå á¥âª å, á£ãé îé¨åáï ¢ ¯®£à ¨çëå á«®ïå, ¯®áâà®¥ë áå¥¬ë, áå®¤ïé¨¥áï "-
à ¢®¬¥à® ¢ à ¢®¬¥à®© á¥â®ç®© ®à¬¥. �«ï ¢®«®¢®£® ãà ¢¥¨ï "-à ¢®¬¥àë¥ áå¥¬ë
áâà®ïâáï \á¢®à ç¨¢ ¨¥¬" áå¥¬ ¤«ï á®®â¢¥âáâ¢ãîé¥© £¨¯¥à¡®«¨ç¥áª®© á¨áâ¥¬ë. �ª®à®áâì áå®-
¤¨¬®áâ¨ â ª¨å áå¥¬ (¢ ®à¬¥ L1) ®æ¥¨¢ ¥âáï ¢¥«¨ç¨®© O(N�1 + N�1

0 ), £¤¥ N + 1 ¨ N0 + 1
| ç¨á«® ã§«®¢ á¥âª¨ ¯® ¯à®áâà áâ¢¥®© ¨ ¢à¥¬¥®© ¯¥à¥¬¥ë¬. � ¬¥â¨¬, çâ® ®à¬ë Lp ¨
í¥à£¥â¨ç¥áª ï ®à¬ , ¯®à®¦¤ ¥¬ ï á¨£ã«ïà® ¢®§¬ãé¥ë¬ ¢®«®¢ë¬ ãà ¢¥¨¥¬, ¥ ï¢«ï-
îâáï  ¤¥ª¢ âë¬¨ ¤«ï ãª § ëå § ¤ ç | á¨£ã«ïà ï ç áâì à¥è¥¨ï, ¡ã¤ãç¨ ª®¥ç®© ¢
à ¢®¬¥à®© ®à¬¥, ¢ íâ¨å ®à¬ å áâà¥¬¨âáï ª ã«î ¯à¨ "! 0.

1. �®áâ ®¢ª¨ § ¤ ç

1. �  ¬®¦¥áâ¢¥ G, G = D � (0; T ], £¤¥ D ¥áâì ®¤® ¨§ ¬®¦¥áâ¢

D = (0; d); (1.1)

D = (0;1); (1.2)

D = (�1; 0); (1.3)

� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨©
(ª®¤ ¯à®¥ªâ  98-01-00362).
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à áá¬®âà¨¬  ç «ì®-ªà ¥¢ãî § ¤ çã ¤«ï á¨£ã«ïà® ¢®§¬ãé¥®£® ¢®«®¢®£® ãà ¢¥¨ï 1

L(1:4) u(x; t) �
�
"2
@2

@x2
� b2(x; t)

@2

@t2

�
u(x; t) = f(x; t); (x; t) 2 G;

u(x; t) = '(x; t); (x; t) 2 S;
@

@t
u(x; t) = '0(x; t); (x; t) 2 S0:

(1.4)

�¤¥áì " | ¯ à ¬¥âà, ¯à¨¨¬ îé¨© ¯à®¨§¢®«ìë¥ § ç¥¨ï ¨§ ¯®«ã¨â¥à¢ «  (0; 1]; S = G n
G, S = S0 [ SL, S0 = f(x; t) : x 2 D; t = 0g | ®á®¢ ¨¥,   SL = SL | ¡®ª®¢ ï £à ¨æ 
¬®¦¥áâ¢  G. �ãªæ¨¨ b(x; t); f(x; t); (x; t) 2 G, '(x; t); (x; t) 2 S; '0(x; t), (x; t) 2 S0, áç¨â ¥¬
¤®áâ â®ç® £« ¤ª¨¬¨ ¨ ã¤®¢«¥â¢®àïîé¨¬¨   ¬®¦¥áâ¢¥ S� = S0 \ SL ãá«®¢¨ï¬ á®£« á®¢ ¨ï,
®¡¥á¯¥ç¨¢ îé¨¬ ¤®áâ â®çãî £« ¤ª®áâì à¥è¥¨ï § ¤ ç¨ ¯à¨ ª ¦¤®¬ ä¨ªá¨à®¢ ®¬ § ç¥¨¨
¯ à ¬¥âà  "; b(x; t) � b0 > 0, (x; t) 2 G; ¢ á«ãç ¥ ¥®£à ¨ç¥ëå ®¡« áâ¥© ¢á¥ äãªæ¨¨ áç¨â ¥¬
®£à ¨ç¥ë¬¨; ¯ãáâì u 2 CK(G), K � 3.

�à¨ áâà¥¬«¥¨¨ ¯ à ¬¥âà  ª ã«î ¢ ®ªà¥áâ®áâ¨ ¡®ª®¢®© £à ¨æë SL (¯à¨ SL 6= ;) ¯®-
ï¢«ïîâáï ¯®£à ¨çë¥ á«®¨ (£¨¯¥à¡®«¨ç¥áª¨¥ ¯®£à ¨çë¥ á«®¨, ®¯¨áë¢ ¥¬ë¥ ®¡ëª®¢¥ë-
¬¨ ¤¨ää¥à¥æ¨ «ìë¬¨ ãà ¢¥¨ï¬¨ ¢¤®«ì á®®â¢¥âáâ¢ãîé¨å å à ªâ¥à¨áâ¨ª). � â®¬ á«ãç ¥,
ª®£¤  £à ¨ç ï äãªæ¨ï '(x; t) ¨ ¯à ¢ ï ç áâì ãà ¢¥¨ï f(x; t) ã¤®¢«¥â¢®àïîâ ãá«®¢¨î
�b2(x; t)(@2=@t2)'(x; t) = f(x; t), (x; t) 2 SL, ¢ £« ¢®¬ ç«¥¥  á¨¬¯â®â¨ç¥áª®£® à §«®¦¥¨ï
(¯® ¯ à ¬¥âàã ") à¥è¥¨ï ªà ¥¢®© § ¤ ç¨ (1.4) ®âáãâáâ¢ã¥â á¨£ã«ïà ï ç áâì; à¥è¥¨¥, ¯®
áãé¥áâ¢ã, ï¢«ï¥âáï à¥£ã«ïàë¬.

� ¬¥â¨¬, çâ® ¬ë ¥ à áá¬ âà¨¢ ¥¬ á«ãç © ¥®£à ¨ç¥®© ®¡« áâ¨ D = (�1;1), ¯®áª®«ì-
ªã ¢ íâ®¬ á«ãç ¥ ¯®£à ¨çë¥ á«®¨ ¥ ¢®§¨ª îâ ¨, ª ª ¯®ª § «   «¨§, ã¦¥ ª« áá¨ç¥áª¨¥
à §®áâë¥ áå¥¬ë [1] (á¬. â ª¦¥ ¯. 5 ¨¦¥) áå®¤ïâáï "-à ¢®¬¥à® á® áª®à®áâìî O(N�1+N�1

0 ).
�«ï ¯à®áâ®âë ¡ã¤¥¬ ¯à¥¤¯®« £ âì ¢ë¯®«¥ë¬ ãá«®¢¨¥

b(x; t) = const; (x; t) 2 G:

2. � ¤ çã (1.4) ã¤®¡® ¯à¨¢¥áâ¨ ª íª¢¨¢ «¥â®© á¨áâ¥¬¥ £¨¯¥à¡®«¨ç¥áª¨å ãà ¢¥¨© ¯¥à¢®£®
¯®àï¤ª . �ãáâì   ¬®¦¥áâ¢¥ G ®¯à¥¤¥«¥ë ®¯¥à â®àë

Li
1 �

�
(�1)i+1"

@

@x
+ pi(x; t)

@

@t

�
; pi(x; t) � p0 > 0; (x; t) 2 G; i = 1; 2: (1.5a)

� á«ãç ¥ ®¡« áâ¥© (1.1){(1.3) ç¥à¥§ Gi, i = 1; 2, ®¡®§ ç¨¬ ¬®¦¥áâ¢®, ï¢«ïîé¥¥áï ¬®¦¥áâ¢®¬
¤®áâ¨¦¨¬®áâ¨ (¯à¨ ¢®§à áâ ¨¨  à£ã¬¥â  t) ¤«ï ®¯¥à â®à  Li

1 á ¤ ë¬¨   ¬®¦¥áâ¢¥ Si;
G = Gi[Si, Si = S0[S

i
L, S

1
L ¨ S

2
L |«¥¢ ï ¨ ¯à ¢ ï ¡®ª®¢ë¥ £à ¨æëG. �ãáâì � = DnD = � 1[� 2,

£¤¥ � 1 ¨ � 2 | «¥¢ ï ¨ ¯à ¢ ï £à ¨æë D; � 2(D(1:2)), � 1(D(1:3)) = ;. �®£¤  Si
L(G) = � i(D)� [0; T ],

i = 1; 2, G1 = fD [ � 2g � (0; T ], G2 = fD [ � 1g � (0; T ].
�  ¬®¦¥áâ¢¥ G ¡ã¤¥¬ â ª¦¥ à áá¬ âà¨¢ âì § ¤ çã ¤«ï á¨áâ¥¬ë á¨£ã«ïà® ¢®§¬ãé¥ëå

£¨¯¥à¡®«¨ç¥áª¨å ãà ¢¥¨© ¯¥à¢®£® ¯®àï¤ª 

Liv(x; t) = gi(x; t); (x; t) 2 Gi;

vi(x; t) =  i(x; t); (x; t) 2 Si; i = 1; 2:
(1.5¡)

�¤¥áì v(x; t) = (v1(x; t); v2(x; t))T , (x; t) 2 G, | ¢¥ªâ®à-äãªæ¨ï, ®¯¥à â®à Li ®¯à¥¤¥«ï¥âáï á®®â-
®è¥¨¥¬

Liv(x; t) � Li
1v

i(x; t) +
X
j=1;2

cij(x; t)vj(x; t);

1� ¯¨áì L(j:k) (  â ª¦¥ f(j:k), M(j:k)) ®§ ç ¥â, çâ® íâ®â ®¯¥à â®à (á®®â¢. äãªæ¨ï, ¯®áâ®ï ï) ¢¢¥¤¥
¢ ä®à¬ã«¥ (j:k). �¥à¥§ M , Mi (ç¥à¥§ m, mi) ®¡®§ ç ¥¬ ¯®«®¦¨â¥«ìë¥ ¯®áâ®ïë¥, ¥ § ¢¨áïé¨¥ ®â "
¨ ®â ¯ à ¬¥âà®¢ è ¡«®®¢ ¨á¯®«ì§ã¥¬ëå à §®áâëå áå¥¬.

68



äãªæ¨¨ cij(x; t), gi(x; t), pi(x; t),   â ª¦¥  i(x; t) ï¢«ïîâáï ¤®áâ â®ç® £« ¤ª¨¬¨ á®®â¢¥âáâ¢¥®
  ¬®¦¥áâ¢¥ G ¨ áâ®à® å S0, Si

L, äãªæ¨¨  
i(x; t) ¥¯à¥àë¢ë   Si. �  ¬®¦¥áâ¢¥ S� áç¨â ¥¬

¢ë¯®«¥ë¬¨ ãá«®¢¨ï á®£« á®¢ ¨ï, ®¡¥á¯¥ç¨¢ îé¨¥ ¤®áâ â®çãî £« ¤ª®áâì à¥è¥¨ï § ¤ ç¨
¯à¨ ä¨ªá¨à®¢ ëå § ç¥¨ïå ¯ à ¬¥âà ; ¯ãáâì v 2 CK(G), K � 2.

�à¨ "! 0 ¢ ®ªà¥áâ®áâ¨ ¬®¦¥áâ¢  SL ¯®ï¢«ïîâáï ¯®£à ¨çë¥ á«®¨.
�à¨ ¢ë¯®«¥¨¨ ãá«®¢¨ï

p1(x; t) = p2(x; t) = b; g1(x; t) = 0; g2(x; t) = �f(x; t);

c12(x; t) = �1; cij(x; t) = 0; (i; j) 6= (1; 2); (x; t) 2 G; (1.6)

 1(x; t) = '(x; t); (x; t) 2 S1;  2(x; t) = b'0(x; t) + "
@

@x
'(x; t); (x; t) 2 S0;

à¥è¥¨¥ § ¤ ç¨ (1.4) ¢¥ M"-®ªà¥áâ®áâ¨ £à ¨æë S2
L (¯à¨ S2

L 6= ;) § ¤ ¥âáï á®®â®è¥¨¥¬
u(x; t) = v1(x; t), (x; t) 2 G, r(x;� 2) � "b�1t, £¤¥ r(x;� 2) | à ááâ®ï¨¥ ®â â®çª¨ x ¤® £à ¨æë
� 2. �á«¨ ¦¥ ¢ë¯®«ï¥âáï ãá«®¢¨¥

p1(x; t) = p2(x; t) = b; g1(x; t) = �f(x; t); g2(x; t) = 0;

c21(x; t) = �1; cij(x; t) = 0; (i; j) 6= (1; 2); (x; t) 2 G;

 2(x; t) = '(x; t); (x; t) 2 S2;  1(x; t) = b'0(x; t)� "
@

@x
'(x; t); (x; t) 2 S0;

äãªæ¨ï v2(x; t) ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (1.5) ¢¥ M"-®ªà¥áâ®áâ¨ £à ¨æë S1
L: u(x; t) =

v2(x; t), (x; t) 2 G, r(x; � 1) � "b�1t.
� ¤ ç¨ (1.4), (1.5) ¢®§¨ª îâ,  ¯à¨¬¥à, ¢ ¬¥å ¨ª¥ á¯«®èëå áà¥¤ ¯à¨ ¨áá«¥¤®¢ ¨¨ ¢®«-

®¢ëå ¯à®æ¥áá®¢, ª®£¤  áª®à®áâì à á¯à®áâà ¥¨ï ¢®§¬ãé¥¨© ¬ «  ¯® áà ¢¥¨î á à §¬¥à ¬¨
áà¥¤ë (á¬.,  ¯à., [7]).

2. �®â¨¢ æ¨ï ¨áá«¥¤®¢ ¨©

�¡áã¤¨¬ ¯à®¡«¥¬ë, ¢®§¨ª îé¨¥ ¯à¨ à¥è¥¨¨ § ¤ ç (1.4) ¨ (1.5).
1. � áá¬®âà¨¬ § ¤ çã (1.5), (1.1).
1.1. �à¨ ãá«®¢¨¨ cij(x; t) � 0, (x; t) 2 G, á¨áâ¥¬  (1.5) à á¯ ¤ ¥âáï. �«ï ¯à®áâ®âë à áá¬®âà¨¬

§ ¤ çã ¤«ï ®¤®£® ãà ¢¥¨ï ¯¥à¢®£® ¯®àï¤ª 

Lu(x; t) �
�
"
@

@x
+

@

@t

�
u(x; t) = 0; (x; t) 2 G1;

u(x; t) = '(x; t); (x; t) 2 S1;

(2.1)

£¤¥ '(x; t) = 0, (x; t) 2 S0, '(x; t) = '0(t), (x; t) 2 S1
L; äãªæ¨ï '0(t), t 2 [0; T ], ¤®áâ â®ç®

£« ¤ª ï, ¯à¨ç¥¬ (dk=dxk)'0(t) = 0, t = 0, k � K, K ¤®áâ â®ç® ¢¥«¨ª®, K � 1.
�¨£ã«ïàë¬ à¥è¥¨¥¬ íâ®© § ¤ ç¨ ï¢«ï¥âáï

u(x; t) =

(
'0(t� "�1x); t � "�1x;

0; t < "�1x; (x; t) 2 G;
(2.2)

äãªæ¨ï u(x; t) ®£à ¨ç¥  "-à ¢®¬¥à®, ®¤ ª® ¥¥ ¯à®¨§¢®¤ë¥ ¯® x ¢ ®ªà¥áâ®áâ¨ ¬®¦¥áâ¢ 
S1
L ¥®£à ¨ç¥® ¢®§à áâ îâ ¯à¨ "! 0.
1.2. �«ï à¥è¥¨ï ªà ¥¢®© § ¤ ç¨ (2.1) ¨á¯®«ì§ã¥¬ ª« áá¨ç¥áªãî à §®áâãî áå¥¬ã (á¬.,

 ¯à., [1]). �  ¬®¦¥áâ¢¥ G(1:1) ¢¢¥¤¥¬ à ¢®¬¥àãî á¥âªã

Gh = !1 � !0; (2.3)
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£¤¥ !1 ¨ !0 | á¥âª¨   ®âà¥§ª å D ¨ [0; T ] á®®â¢¥âáâ¢¥® á è £ ¬¨ h = dN�1 ¨ � = TN�1
0 (N+1

¨ N0+1 | ç¨á«® ã§«®¢ á¥â®ª !1 ¨ !0). � ¤ ç¥ (2.1), (1.1) á®¯®áâ ¢¨¬ ¥ï¢ãî à §®áâãî áå¥¬ã

�z(x; t) � f"�x + �tgz(x; t) = 0; (x; t) 2 G1
h;

z(x; t) = '(x; t); (x; t) 2 S1
h;

(2.4)

£¤¥ G1
h = G1 \ Gh, S1

h = S1 \ Gh, �xz(x; t), �tz(x; t) |  ¯à ¢«¥ë¥ ( § ¤) à §®áâë¥ ¯à®¨§-
¢®¤ë¥. � §®áâ ï áå¥¬  (2.4), (2.3) ï¢«ï¥âáï ¬®®â®®© (¤«ï ¥¥ á¯à ¢¥¤«¨¢ ¯à¨æ¨¯ ¬ ª-
á¨¬ã¬ , á¬.,  ¯à., [1]); áå¥¬  ãáâ®©ç¨¢  "-à ¢®¬¥à®.

1.3. � áá¬®âà¨¬ ¯®¢¥¤¥¨¥ ®è¨¡ª¨ !(x; t) = u(x; t) � z(x; t), (x; t) 2 Gh. �ãªæ¨ï !(x; t) |
à¥è¥¨¥ á¥â®ç®© § ¤ ç¨

�!(x; t) = 	(x; t); (x; t) 2 G1
h; !(x; t) = 0; (x; t) 2 S1

h;

£¤¥ 	(x; t) =
�
"
�
�x �

@

@x

�
+
�
�t �

@

@t

�	
u(x; t) | ¥¢ï§ª  à¥è¥¨ï. �à¨ '0(t) = t2, t 2 [0; T ], ¨¬¥¥¬

	(x; t) = �"�1h� � , (x; t) 2 G1
h, t � "�1x+max["�1h; � ].

�¥âàã¤® ¢¨¤¥âì, çâ® ¯à¨ ãá«®¢¨¨ " = "(h) = Mh ¢ë¯®«ï¥âáï ¥à ¢¥áâ¢® max
Gh

ju(x; t) �

z(x; t)j � m ¤«ï áª®«ì ã£®¤® ¬ «ëå h ¨ � , â. ¥. à¥è¥¨¥ á¥â®ç®© § ¤ ç¨ (2.4), (2.3) ¯à¨ N ,
N0 !1 ¥ áå®¤¨âáï ª à¥è¥¨î ªà ¥¢®© § ¤ ç¨ (2.1), (1.1) "-à ¢®¬¥à®.

�®¤®¡ë¬ ®¡à §®¬ ã¡¥¦¤ ¥¬áï, çâ® ï¢ë¥ à §®áâë¥ áå¥¬ë ¤«ï § ¤ ç¨ (2.1), (1.1) â ª¦¥
¥ áå®¤ïâáï "-à ¢®¬¥à®.

�¥®à¥¬  2.1. �¥è¥¨ï à §®áâëå áå¥¬, ¯®áâà®¥ëå   ®á®¢¥ ª« áá¨ç¥áª¨å  ¯¯à®ªá¨-

¬ æ¨© § ¤ ç¨ (1:5)   ®¡« áâïå (1:1){(1:3), ¥ áå®¤ïâáï "-à ¢®¬¥à® ¢ à ¢®¬¥à®© á¥â®ç®©

®à¬¥.

� ¬¥ç ¨¥. � ¢®¬¥à ï ®à¬  äãªæ¨¨ u(2:2)(x; t) | à¥è¥¨ï § ¤ ç¨ (2.1) | ª®¥ç ï
¢¥«¨ç¨  ¤«ï ¢á¥å " 2 (0; 1]. �¤ ª® ¢ ®à¬¥ Lp, 1 � p < 1, íâ® à¥è¥¨¥ áâà¥¬¨âáï ª ã«î
¯à¨ " ! 0. �à¨ ¯®áâà®¥¨¨ á¥â®çëå ¬¥â®¤®¢ ¤«ï á¨£ã«ïà® ¢®§¬ãé¥ëå í««¨¯â¨ç¥áª¨å
ãà ¢¥¨© á ¯ à ¬¥âà®¬ "2 ¯à¨ áâ àè¨å ¯à®¨§¢®¤ëå ¨á¯®«ì§ã¥âáï â ª¦¥ í¥à£¥â¨ç¥áª ï ®à¬ 

kvk2" = kvk
2

L2
+ "2krvk

2

L2
;

¯®à®¦¤ ¥¬ ï (¢ â¥®à¨¨ ¬¥â®¤®¢ ª®¥çëå í«¥¬¥â®¢) í««¨¯â¨ç¥áª®© ç áâìî ®¯¥à â®à  L(1:4);
§¤¥áì rv = rv(x) | £à ¤¨¥â äãªæ¨¨ v(x) (á¬.,  ¯à., [5]). �â®© ®à¬¥ ¢ á«ãç ¥ § ¤ ç¨ (2.1)
á®®â¢¥âáâ¢ã¥â ®à¬ 

kv(x; t)k2" � kv(x; t)k2
L2
+ "2krx;tv(x; t)k

2

L2

;

£¤¥ rx;tv(x; t) � ((@=@x)v(x; t); (@=@t)v(x; t)). � ®à¬¥ k � k",   â ª¦¥ ®à¬¥ kv(x; t)k2";� , � > 1, £¤¥
kv(x; t)k2";� = kv(x; t)k2L2

+ "�krx;tv(x; t)k
2

L2

, � � 0, à¥è¥¨¥ § ¤ ç¨ (2.1), (1.1) â ª¦¥ áâà¥¬¨âáï ª
ã«î ¯à¨ "! 0. � ª¨¬ ®¡à §®¬, á¨£ã«ïà®¥ à¥è¥¨¥ (¡ã¤ãç¨ ª®¥çë¬ ¢ à ¢®¬¥à®© ®à¬¥)
¬®¦¥â ¡ëâì áª®«ì ã£®¤® ¬ «ë¬ ¢ ®à¬ å Lp, 1 � p <1, ¨ k � k";� , � > 1, ¯à¨ ¬ «ëå § ç¥¨ïå
¯ à ¬¥âà  ", â. ¥. ®à¬ë Lp ¨ k�k";� ¥ ï¢«ïîâáï  ¤¥ª¢ âë¬¨ ¢ á«ãç ¥ á¨£ã«ïà® ¢®§¬ãé¥ëå
§ ¤ ç.

2. � á«ãç ¥ § ¤ ç¨ (1.4), (1.1) ¯à¨ ãá«®¢¨¨

b = 1; f(x; t) = 0; (x; t) 2 G; '0(x; t) = 0; (x; t) 2 S0;

'(x; t) = '0(t); x = 0; '(x; t) = 0; x > 0; (x; t) 2 S;
(2.5)

£¤¥ '0(t) = '0
(2:1)(t), ¨á¯®«ì§ã¥¬ à §®áâãî áå¥¬ã

�z(x; t) � f"2�xx � �ttgz(x; t) = 0; (x; t) 2 Gh;

z(x; t) = '(x; t); (x; t) 2 Sh; z(x; t) = z�(x; t); t = �; (x; t) 2 Gh;

£¤¥ z�(x; t) | ¥ª®â®à ï äãªæ¨ï, ¤®áâ â®ç® ¡«¨§ª ï ª u(x; t) ¯à¨ t = � , Gh = Gh(2:3).
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�ãªæ¨ï u(2:2)(x; t), (x; t) 2 G ¯à¨ " � "0, "0 = dT�1 | à¥è¥¨¥ § ¤ ç¨ (1.4), (2.5), (1.1). �à¨
'0(t) = t4 ¨¬¥¥¬

�u(x; t) = 24�1["�2h2 � � 2]; (x; t) 2 Gh; t � "�1x+max["�1h; � ]:

�à¨ " = "(h) =Mh  ©¤¥âáï ¬®¦¥áâ¢® G�h,   ª®â®à®¬ ¢ë¯®«ï¥âáï ¥à ¢¥áâ¢® max
G
�

h

ju(x; t)�

z(x; t)j � m ¤«ï áª®«ì ã£®¤® ¬ «ëå h ¨ � . �¯à ¢¥¤«¨¢ 

�¥®à¥¬  2.2. �¥è¥¨ï à §®áâëå áå¥¬, ¯®áâà®¥ëå   ®á®¢¥ ª« áá¨ç¥áª¨å  ¯¯à®ªá¨-

¬ æ¨© § ¤ ç¨ (1:4)   ®¡« áâïå (1:1){(1:3), ¥ áå®¤ïâáï "-à ¢®¬¥à® ¢ à ¢®¬¥à®© á¥â®ç®©

®à¬¥.

� ª¨¬ ®¡à §®¬, ®è¨¡ª¨ à §®áâëå áå¥¬, ¯®áâà®¥ëå   ®á®¢¥ ª« áá¨ç¥áª¨å  ¯¯à®ªá¨¬ -
æ¨© ªà ¥¢ëå § ¤ ç (1:4) ¨ (1:5), ¯à¨ ¬ «ëå " áâ ®¢ïâáï á®¨§¬¥à¨¬ë¬¨ á á ¬¨¬¨ à¥è¥¨ï¬¨ (¢
®à¬¥ L1), çâ® ¯®à®¦¤ ¥â ¯à®¡«¥¬ã à §à ¡®âª¨ à §®áâëå áå¥¬, áå®¤ïé¨åáï "-à ¢®¬¥à®.

3. � ¬¥â®¤¥ ¯®¤£®ª¨ ¤«ï £¨¯¥à¡®«¨ç¥áª¨å ãà ¢¥¨©

�«ï ¯®áâà®¥¨ï "-à ¢®¬¥à® áå®¤ïé¨åáï à §®áâëå áå¥¬ ¢ á«ãç ¥ á¨£ã«ïà® ¢®§¬ãé¥-
ëå í««¨¯â¨ç¥áª¨å ¨ ¯ à ¡®«¨ç¥ª¨å ãà ¢¥¨© à §à ¡®â ë ¨ ¨á¯®«ì§ãîâáï ¬¥â®¤ ¯®¤£®ª¨
¨ ¬¥â®¤ á¯¥æ¨ «ìë¬ ®¡à §®¬ á£ãé îé¨åáï á¥â®ª (®¯¨á ¨¥ ¨å á¬.,  ¯à., ¢ [2]{[6]). �¤ ª®
¨á¯®«ì§®¢ ¨¥ ¬¥â®¤  ¯®¤£®ª¨ ¬®¦¥â ¢ë§ë¢ âì § âàã¤¥¨ï. � ([4], á. 89{91; [6], á. 128{143)
¯®ª § ®, çâ® ¬¥â®¤ë ¯®¤£®ª¨ ¤«ï ãª § ëå ãà ¢¥¨© ¨¬¥îâ ®£à ¨ç¥ãî ¯à¨¬¥¨¬®áâì;
¯à¨  «¨ç¨¨ ¯ à ¡®«¨ç¥áª¨å ¯®£à ¨çëå á«®¥¢ ¥ áãé¥áâ¢ã¥â áå¥¬ ¯®¤£®ª¨   à ¢®¬¥àëå
á¥âª å, áå®¤ïé¨åáï "-à ¢®¬¥à®.

�ëïá¨¬, ª ª¨¥ ¯à®¡«¥¬ë ¢®§¨ª îâ ¯à¨ ¨á¯®«ì§®¢ ¨¨ ¬¥â®¤  ¯®¤£®ª¨ ¢ á«ãç ¥ á¨£ã-
«ïà® ¢®§¬ãé¥ëå £¨¯¥à¡®«¨ç¥áª¨å ãà ¢¥¨©.

1. � áá¬®âà¨¬ £¨¯¥à¡®«¨ç¥áª®¥ ãà ¢¥¨¥ ¯¥à¢®£® ¯®àï¤ª    ¯®«ã®á¨ (0;1)

Lu(x; t) �
�
"
@

@x
+
@

@t

�
u(x; t) = 0; (x; t) 2 G;

u(x; t) = 0; (x; t) 2 S0; u(x; t) = '(t); (x; t) 2 S1
L;

(3.1)

£¤¥ G = G1 = D(1:2)� (0; T ] á £à ¨æ¥© S = S1 = S0 [S
1
L, '(t) | £« ¤ª ï äãªæ¨ï, ã¤®¢«¥â¢®àï-

îé ï ãá«®¢¨ï¬ á®£« á®¢ ¨ï ¢ â®çª¥ (0; 0); '(0) = 0. �à¥¡ã¥âáï ¯®áâà®¨âì à §®áâãî áå¥¬ã,
áå®¤ïéãîáï "-à ¢®¬¥à®.

�«ï § ¤ ç¨ (3.1) á¯à ¢¥¤«¨¢ ¯à¨æ¨¯ ¬ ªá¨¬ã¬ . � ¯à¨¬¥à, ¯ãáâì ¥ª®â®à®¥ ¢ë¯ãª«®¥ ¬®-
¦¥áâ¢® G0 ®¡à §®¢ ® ®âà¥§ª ¬¨ ¯àï¬ëå, ¯ à ««¥«ìëå ®áï¬ ª®®à¤¨ â ¨ å à ªâ¥à¨áâ¨ª ¬
®¯¥à â®à  L(3:1); ¢¥àåîî áâ®à®ã, ¯ à ««¥«ìãî ®á¨ x1, ¨ ¯à ¢ãî áâ®à®ã, ¯ à ««¥«ìãî ®á¨
t,   â ª¦¥ ®âà¥§ª¨ å à ªâ¥à¨áâ¨ª áç¨â ¥¬ ¯à¨ ¤«¥¦ é¨¬¨ G0.

�¥¬¬  3.1. �ãáâì ¤«ï äãªæ¨¨ w(x; t) ¢ë¯®«ïîâáï ãá«®¢¨ï

L(3:1)w(x; t) � 0; (x; t) 2 G0; w(x; t) � 0; (x; t) 2 S0;

£¤¥ S0 = G
0
nG0. �®£¤  w(x; t) � 0, (x; t) 2 G

0
.

�ã¤¥¬ à áá¬ âà¨¢ âì à §®áâë¥ áå¥¬ë   à ¢®¬¥àëå á¥âª å. �¢¥¤¥¬   ¬®¦¥áâ¢¥ G
á¥âªã

Gh = !1 � !0 (3.2)

á è £ ¬¨ h ¨ � ¯® ¯à®áâà áâ¢¥®© ¨ ¢à¥¬¥®© ¯¥à¥¬¥ë¬. � §®áâë¥ ãà ¢¥¨ï ¨é¥¬ ¢
â ª®¬ ¢¨¤¥

�z(x; t) � fA�x + �tgz(x; t) = 0; (x; t) 2 Gh; (3.3a)
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£¤¥ Gh = G \Gh, ª®íää¨æ¨¥â A | äãªæ¨® « ª®íää¨æ¨¥â®¢ ãà ¢¥¨ï ¨§ (3.1) ¨ § ¢¨á¨â
®â x, t, h, � , ". �¯à¥¤¥«¨¢ äãªæ¨î z(x; t)   ¬®¦¥áâ¢¥ Sh = S \Gh á®®â®è¥¨¥¬

z(x; t) = '(t); (x; t) 2 Sh; (3.3¡)

¯®«ãç¨¬ à §®áâãî áå¥¬ã (3.3), (3.2) ¤«ï § ¤ ç¨ (3.1).
� § ¤ ç å (3.1) ¨ (3.3), (3.2) ¯¥à¥©¤¥¬ ª ¯¥à¥¬¥ë¬ �, t, � = "�1x. �ãáâì u0(�; t), (�; t) 2 G�,

¨ z0(�; t), (�; t) 2 Gh�, | à¥è¥¨ï á®®â¢¥âáâ¢ãîé¨å § ¤ ç

L0u0(�; t) �
�
@

@�
+
@

@t

�
u0(�; t) = 0; (�; t) 2 G�;

u0(�; t) = '(t); (�; t) 2 S�;
(3.4)

�0 z0(�; t) � fA0 �� + �tgz
0(�; t) = 0; (�; t) 2 Gh�; (3.5a)

z0(�; t) = '(t); (�; t) 2 Sh�: (3.5¡)

�¤¥áì G0
� | ®¡à § ¬®¦¥áâ¢  G0, u0(�; t) = u(x(�); t), (�; t) 2 G�, z0(�; t) = z(x(�); t), (�; t) 2 Gh�,

A0(�; t; h� ; �; ") = "�1A(x(�) = "�; t; "h� ; �; "), h� = "�1h. �¥â®ç ï § ¤ ç  (3.5) ¥áâì à §®áâ ï
áå¥¬    á¥âª¥ Gh� = Gh(3:2)� ¤«ï § ¤ ç¨ (3.4).

� ë¥ § ¤ ç¨ (3.4),   á«¥¤®¢ â¥«ì®, ¨ ¥¥ à¥è¥¨¥ ¥ § ¢¨áïâ ®â ". � ª¦¥ ¥ § ¢¨áïâ ®â "
á¥¬¥©áâ¢  á¥â®ª Gh� ¨ Sh� (®¨ ®¯à¥¤¥«ïîâáï «¨èì ¢¥«¨ç¨ ¬¨ h�, �). �®íâ®¬ã áå¥¬ã ¯®¤£®-
ª¨ ¤«ï § ¤ ç¨ (3.4) (áå®¤ïéãîáï "-à ¢®¬¥à®) ¥áâ¥áâ¢¥® ¨áª âì ¢ ¢¨¤¥ ãà ¢¥¨© (3.5a), ¢
ª®â®àëå ª®íää¨æ¨¥â A0 = A0

0 ¥ § ¢¨á¨â ®â ",

�0
0 z

0(�; t) � fA0
0(�; t; h� ; �)�� + �tgz

0(�; t) = 0; (�; t) 2 Gh�: (3.6)

�å¥¬  ¯®¤£®ª¨ (3.6), (3.5¡), ¥á«¨ ®  áãé¥áâ¢ã¥â, áå®¤¨âáï "-à ¢®¬¥à® (¥¥ à¥è¥¨¥ ¥ § ¢¨á¨â
®â ").

� §®áâë¥ áå¥¬ë ¬¥â®¤  ¯®¤£®ª¨ ¡ã¤¥¬ ¨áª âì ¢ ª« áá¥ áå¥¬ á à §®áâë¬¨ ãà ¢¥¨ï¬¨
¢¨¤  (3.3a) ¢ ¯¥à¥¬¥ëå x, t ¨ ¢¨¤  (3.6) ¢ ¯¥à¥¬¥ëå �, t   á¥âª å Gh ¨ Gh� á®®â¢¥âáâ¢¥®.

�á«®¢¨¥ ¯®â®ç¥ç®©  ¯¯à®ªá¨¬ æ¨¨ à §®áâë¬ ®¯¥à â®à®¬ �0 ®¯¥à â®à  L0   £« ¤ª¨å
äãªæ¨ïå ¯à¨¢®¤¨â ª á®®â®è¥¨î ([1], á. 73{78)

jA0
0(�; t; h� ; �)� 1j � �(h�; � ; �; t);

£¤¥ �(h�; � ; �; t)! 0 ¯à¨ h�, � ! 0 ¢ â®çª¥ (�; t) 2 Gh�. �ª ¦¥¬, çâ® ®¯¥à â®à �0
0  ¯¯à®ªá¨¬¨àã¥â

®¯¥à â®à L0 à ¢®¬¥à®   ¬®¦¥áâ¢¥ G�� � G�, ¥á«¨ �(h�; � ; �; t) ¥ § ¢¨á¨â ®â �, t ¯à¨ (�; t) 2 G��,
â. ¥. �(h�; � ; �; t) = �(h�; �), �(h�; �)! 0 ¯à¨ h�, � ! 0.

�¥¬¬  3.2. �ãáâì ¤«ï § ¤ ç¨ (3:1)   á¥âª¥ Gh(3:2) ¯®áâà®¥  à §®áâ ï áå¥¬  (3:3), á¥-
â®çë¥ ãà ¢¥¨ï ª®â®à®© ¨¬¥îâ ¢¨¤ (3.3a)   á¥âª¥ Gh ¨ (3:6)|   á¥âª¥ Gh�. � à áá¬ âà¨-

¢ ¥¬®¬ ª« áá¥ à §®áâëå áå¥¬ ¥ áãé¥áâ¢ã¥â áå¥¬ë, áå®¤ïé¥©áï (¯à¨ h, � ! 0) "-à ¢®¬¥à®,
¥á«¨ ¢ m-®ªà¥áâ®áâ¨ ¬®¦¥áâ¢  S1

L�  ©¤¥âáï â®çª  (�; t) 2 G�, � < t, ¢ ®ªà¥áâ®áâ¨ ª®â®-

à®© ®¯¥à â®à �0
0  ¯¯à®ªá¨¬¨àã¥â ®¯¥à â®à L0 à ¢®¬¥à®.

� ¬¥ç ¨¥. � §®áâãî áå¥¬ã ¬¥â®¤  ¯®¤£®ª¨ ¤«ï § ¤ ç¨ (3.1) ¬®¦® áâà®¨âì ¢ ¡®«¥¥
è¨à®ª®¬ ª« áá¥,  ¯à¨¬¥à,   ç¥âëà¥åâ®ç¥ç®¬ è ¡«®¥ ¥ï¢ëå à §®áâëå áå¥¬ ¢ â ª®¬
¢¨¤¥

�z(x; t) � fA�x +B�xx + C + �tgz(x; t) = D; (x; t) 2 G1
h; (3.7)

£¤¥ ª®íää¨æ¨¥âë A, B, C, D § ¢¨áïâ ®â x, t, h, � , ". �ç¨âë¢ ï, çâ® ¤ ë¥ § ¤ ç¨ (3.1) ¨ á¥âª 
Gh� ¥ § ¢¨áïâ ®â ", ãà ¢¥¨¥, á®®â¢¥âáâ¢ãîé¥¥ ãà ¢¥¨î (3.7), ¨é¥¬ ¢ ¢¨¤¥

�0
0z

0(�; t)�fA0
0(�; t; h�; �)�� +B0

0(�; t; h� ; �)��� + C0
0 (�; t; h� ; �)+�tgz

0(�; t)=D0
0(�; t; h�; �): (3.8)
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� íâ®¬ á«ãç ¥ ãá«®¢¨¥ à ¢®¬¥à®©   ¬®¦¥áâ¢¥ G��  ¯¯à®ªá¨¬ æ¨¨ ®¯¥à â®à  L
0 ®¯¥à â®à®¬

�0
0 ¯à¨¨¬ ¥â ¢¨¤

jA0
0(�; t; h�; �)�1j; jB

0
0(�; t; h� ; �)j; jC

0
0 (�; t; h� ; �)j��(h�; �); (�; t)2G�� ; �(h�; �)!0 ¯à¨ h�; �!0:

�â¢¥à¦¤¥¨¥ «¥¬¬ë 3.2 á®åà ï¥âáï ¨ ¢ â®¬ á«ãç ¥, ª®£¤  à §®áâë¥ ãà ¢¥¨ï ¨¬¥îâ ¢¨¤
(3.7) ¨ (3.8)   á¥âª å Gh ¨ Gh� á®®â¢¥âáâ¢¥®.

�®ª § â¥«ìáâ¢® «¥¬¬ë (¨ § ¬¥ç ¨ï) ¯à®¢®¤¨âáï ¬¥â®¤®¬ ®â ¯à®â¨¢®£® ¯® áå¥¬¥ ¤®ª § -
â¥«ìáâ¢    «®£¨ç®© â¥®à¥¬ë ¤«ï ¯ à ¡®«¨ç¥áª®£® ãà ¢¥¨ï ¢ ([4], á. 186{189); ¯à¨ ¯®áâà®¥-
¨ïå ¨á¯®«ì§ã¥âáï â¥å¨ª  ¡ àì¥àëå äãªæ¨©.

� á«ãç ¥ á¨áâ¥¬ë £¨¯¥à¡®«¨ç¥áª¨å ãà ¢¥¨© (1.5) ¯à¨ cij(x; t) � 0, (x; t) 2 G, ¯à¨å®¤¨¬ ª
à á¯ ¢è¥©áï á¨áâ¥¬¥ ãà ¢¥¨© ¯¥à¢®£® ¯®àï¤ª . � áá¬®âà¨¬ § ¤ çã (1.5) ¯à¨ ãá«®¢¨¨

pi(x; t) = 1; cij(x; t); gi(x; t) = 0; (x; t) 2 G;

 1(x; t) = '(t); (x; t) 2 S1;  2(x; t) = 0; (x; t) 2 S2; i; j = 1; 2;
(3.9)

£¤¥ '(t) | £« ¤ª ï äãªæ¨ï, ã¤®¢«¥â¢®àïîé ï ãá«®¢¨ï¬ á®£« á®¢ ¨ï ¢ â®çª¥ (0; 0); '(0) = 0.
�¯à ¢¥¤«¨¢ 

�¥®à¥¬  3.1. �ãáâì ¤«ï § ¤ ç¨ (1:5), (3:9), (1:1)   á¥âª¥ Gh à ¢®¬¥à®© ¯® ®¡e¨¬ ¯¥à¥-

¬¥ë¬ x, t ¯®áâà®¥  à §®áâ ï áå¥¬    ç¥âëà¥åâ®ç¥ç®¬ è ¡«®¥ ¥ï¢ëå à §®áâëå

áå¥¬, ¯à¨ç¥¬ ¥¥ ª®íää¨æ¨¥âë ¢ ¯¥à¥¬¥ëå �, t, � = "�1x ¥ § ¢¨áïâ ®â ¯ à ¬¥âà  ". �
à áá¬ âà¨¢ ¥¬®¬ ª« áá¥ à §®áâëå áå¥¬ ¥ áãé¥áâ¢ã¥â áå¥¬ë, áå®¤ïé¥©áï "-à ¢®¬¥à®,
¥á«¨ ¢ m-®ªà¥áâ®áâ¨ ¬®¦¥áâ¢  S1

L�  ©¤¥âáï â®çª  (�; t) 2 G�, � < t, ¢ ®ªà¥áâ®áâ¨ ª®-

â®à®© (¢ ¯¥à¥¬¥ëå �, t) á¥â®çë© ®¯¥à â®à  ¯¯à®ªá¨¬¨àã¥â ¤¨ää¥à¥æ¨ «ìë© ®¯¥à â®à

à ¢®¬¥à®.

2. � áá¬®âà¨¬ § ¤ çã (1.4), (1.1) ¯à¨ ãá«®¢¨¨

f(x; t) = 0; (x; t) 2 G; '(x; t) = '0(t); x = 0;

'(x; t) = 0; x > 0; (x; t) 2 S; '0(x; t) = 0; (x; t) 2 S0;
(3.10)

'0(t) | £« ¤ª ï äãªæ¨ï, ã¤®¢«¥â¢®àïîé ï ãá«®¢¨ï¬ á®£« á®¢ ¨ï ¢ (0; 0). �  à ¢®¬¥à®©
á¥âª¥ ¡ã¤¥¬ áâà®¨âì à §®áâë¥ áå¥¬ë   ¯ïâ¨â®ç¥ç®¬ è ¡«®¥ â¨¯  \¯àï¬®© ªà¥áâ"

�z(x; t) � fA�xx +B�ex + C +D�t � �ttgz(x; t) = E; (x; t) 2 Gh; t > �; (3.11)

z(x; t) = '0(t); (x; t) 2 Sh; x = 0: (3.12)

�¤¥áì A = A(x; t; h; �; "); : : : ; E = E(x; t; h; �; "); äãªæ¨ï z(x; t) ¯à¨ t = 0; � , (x; t) 2 Gh, x > 0,
®¯à¥¤¥«¥  ª ª¨¬-â® ®¡à §®¬. �¥à¥©¤¥¬ ª ¯¥à¥¬¥ë¬ �, t. � ë¥ § ¤ ç¨ (1.4), (3.10), (1.1) ¢
®¢ëå ¯¥à¥¬¥ëå ¥ § ¢¨áïâ ®â ". �ãáâì ª®íää¨æ¨¥âë ãà ¢¥¨ï (3.11) ¢ ®¢ëå ¯¥à¥¬¥ëå
¥ § ¢¨áïâ ®â "

�0
0 z

0(�; t) � fA0
0��� +B0

0�e� + C0
0 +D0

0�t � �ttgz
0(�; t) = E0

0 ; (�; t) 2 Gh�; t > �; (3.13)

£¤¥ A0
0 = A0

0(�; t; h� ; �); : : : ; E
0
0 = E0

0(�; t; h� ; �). �¯à ¢¥¤«¨¢ 

�¥®à¥¬  3.2. �ãáâì ¤«ï § ¤ ç¨ (1:4), (3:10), (1:1) ¯®áâà®¥  à §®áâ ï áå¥¬ , ã¤®¢«¥â¢®-
àïîé ï ãá«®¢¨î (3:12); ¯ãáâì á¥â®çë¥ ãà ¢¥¨ï ¢ ¯¥à¥¬¥ëå x; t ¨ �; t ¨¬¥îâ ¢¨¤ (3:11)
¨ (3:13) á®®â¢¥âáâ¢¥®. � à áá¬ âà¨¢ ¥¬®¬ ª« áá¥ à §®áâëå áå¥¬ ¥ áãé¥áâ¢ã¥â áå¥¬ë,

áå®¤ïé¥©áï "-à ¢®¬¥à®, ¥á«¨ ¢ m-®ªà¥áâ®áâ¨ ¬®¦¥áâ¢  S1
L�  ©¤¥âáï â®çª  (�; t) 2 G�,

� < t, ¢ ®ªà¥áâ®áâ¨ ª®â®à®© á¥â®çë© ®¯¥à â®à  ¯¯à®ªá¨¬¨àã¥â ¤¨ää¥à¥æ¨ «ìë© ®¯¥à -

â®à (¢ ¯¥à¥¬¥ëå �; t) à ¢®¬¥à®.
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4. �¯à¨®àë¥ ®æ¥ª¨ à¥è¥¨© ¨ ¯à®¨§¢®¤ëå

1. �à¨¢¥¤¥¬ ®æ¥ª¨ ¤«ï à¥è¥¨© § ¤ ç¨ (1.5), (1.1).
1.1. � ¯¥à¥¬¥ëå �, t, � = "�1x, ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï áâ ®¢ïâáï à¥£ã«ïàë¬¨.

�«ï äãªæ¨© ev(�; t)=v(x(�); t) ¯®«ãç ¥âáï ®æ¥ª  (á¬.,  ¯à., [8], á. 210) j(@k1+k0=@�k1@tk0)ev(�; t)j �
M , (�; t) 2 eG, k1 + k0 � K, £¤¥ jev(�; t)j = maxi jevi(�; t)j, eG | ®¡à § ¬®¦¥áâ¢  G, eG = f(�; t) :
(x(�); t) 2 Gg. � ¯¥à¥¬¥ëå x, t ¨¬¥¥¬���� @k1+k0@xk1@tk0

v(x; t)
���� �M"�k1 ; (x; t) 2 G; k1 + k0 � K: (4.1)

1.2. �æ¥¨¬ à¥è¥¨¥ § ¤ ç¨ (1.5), (1.1) á ãç¥â®¬  á¨¬¯â®â¨ç¥áª®£® ¯®¢¥¤¥¨ï à¥è¥¨ï. �¥-
è¥¨¥ § ¤ ç¨ ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ áã¬¬ë

v(x; t) = U(x; t) + V (x; t); (x; t) 2 G; (4.2)

£¤¥ U(x; t) ¨ V (x; t) | à¥£ã«ïà ï ¨ á¨£ã«ïà ï ç áâ¨ à¥è¥¨ï. �ãªæ¨ï U(x; t), (x; t) 2 G,
¥áâì áã¦¥¨¥   G äãªæ¨¨ v�(x; t), (x; t) 2 G

�
, | à¥è¥¨ï § ¤ ç¨

Li�v�(x; t) = gi�(x; t); (x; t) 2 Gi�;

vi�(x; t) =  i�(x; t); (x; t) 2 Si�; i = 1; 2:
(4.3)

�¡« áâì G
�
| à áè¨à¥¨¥ ®¡« áâ¨ G §  £à ¨æã SL; ¬®¦¥áâ¢®

G
�
= G

�
(p0) = f(x; t) : x 2 [�Tp�10 "; d+ Tp�10 "]; t 2 [0; T ]g (4.4)

á®¤¥à¦¨â ¬®¦¥áâ¢® G ¢¬¥áâ¥ á ¥£® (Tp�10 ")-®ªà¥áâ®áâìî. �®íää¨æ¨¥âë ¨ á¢®¡®¤ë¥ ç«¥ë
ãà ¢¥¨© (4.3) ï¢«ïîâáï £« ¤ª¨¬¨ ¯à®¤®«¦¥¨ï¬¨ ª®íää¨æ¨¥â®¢ ¨ á¢®¡®¤ëå ç«¥®¢ ãà ¢-
¥¨© (1.5), á®åà ïîé¨¬¨ ¨å á¢®©áâ¢ . �ãªæ¨¨  i�(x; t) £« ¤ª¨¥   £à ¨æ¥ Si� ¨   ¬®¦¥áâ¢¥
S0 á®¢¯ ¤ îâ á äãªæ¨ï¬¨  i(x; t). �ãªæ¨ï V (x; t) | à¥è¥¨¥ § ¤ ç¨

LiV (x; t) = 0; (x; t) 2 Gi; V i(x; t) =  i(x; t)� U i(x; t); (x; t) 2 Si; i = 1; 2;

¨ ®¡à é ¥âáï ¢ ã«ì   ¬®¦¥áâ¢¥ S0.
�ãªæ¨î U(x; t) ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ à §«®¦¥¨ï

U(x; t) = U0(x; t) + "U1(x; t) + w(x; t); (x; t) 2 G;

U0(x; t), U1(x; t), w(x; t) ï¢«ïîâáï à¥è¥¨ï¬¨ á«¥¤ãîé¨å § ¤ ç:

L�0U0(x; t) = g�(x; t); (x; t) 2 G
�
n S

�

0; U0(x; t) =  �(x; t); (x; t) 2 S�0 ;

L�0U1(x; t) =
�
�@=(@x)U 1

0 (x; t)
@=(@x)U 2

0 (x; t)

�
; (x; t) 2 G

�
n S

�

0; U1(x; t) = 0; (x; t) 2 S�0 ;

L�iw(x; t) = (�1)i"2
@

@x
U i
1(x; t); (x; t) 2 Gi�;

wi(x; t) =  i�(x; t)� [U i
0(x; t) + "U i

1(x; t)]; (x; t) 2 Si�; i = 1; 2:

�¤¥áì

L�0 �

�
p1�(x; t) 0

0 p2�(x; t)

�
@

@t
+
�
c11�(x; t) c12�(x; t)
c21�(x; t) c22�(x; t)

�
:
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�æ¥¨¢ ï äãªæ¨¨ U0(x; t), U1(x; t), w(x; t), V (x; t),  å®¤¨¬���� @k1+k0@xk1@tk0
U(x; t)

���� �M [1 + "2�k1 ]; (x; t) 2 G;���� @k1+k0@xk1@tk0
V i(x; t)

���� �M"�k1 ; t � p0"
�1r(x;� i); i = 1; 2; (4.5)

V 1(x; t) = 0; t < p0"
�1x;

V 2(x; t) = 0; t < p0"
�1(d� x); (x; t) 2 G; k1 + k0 � K:

�¥®à¥¬  4.1. �ãáâì à¥è¥¨¥ § ¤ ç¨ (1:5), (1:1) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î v 2 CK0(G), K0 �
4. �®£¤  ¤«ï äãªæ¨¨ v(x; t) ¨ ¥¥ ª®¬¯®¥â ¨§ ¯à¥¤áâ ¢«¥¨ï (4:2) á¯à ¢¥¤«¨¢ë ®æ¥ª¨ (4:1),
(4:5), £¤¥ K = K0 � 2.

2. � á«ãç ¥ § ¤ ç¨ (1.4), (1.1) ¨¬¥¥¬ ®æ¥ªã���� @k1+k0@xk1@tk0
u(x; t)

���� �M"�k1 ; (x; t) 2 G; k1 + k0 � K: (4.6)

�à¨¢¥¤¥¬ ®æ¥ª¨ à¥è¥¨ï   ®á®¢¥ ¥£®  á¨¬¯â®â¨ç¥áª®£® ¯®¢¥¤¥¨ï. �¥è¥¨¥ § ¤ ç¨ ¯à¥¤áâ -
¢¨¬ ¢ ¢¨¤¥ áã¬¬ë

u(x; t) = U(x; t) + V (x; t); (x; t) 2 G; (4.7)

£¤¥ U(x; t), V (x; t) | à¥£ã«ïà ï ¨ á¨£ã«ïà ï ç áâ¨ à¥è¥¨ï. �ãªæ¨ï U(x; t), (x; t) 2 G, |
áã¦¥¨¥   G äãªæ¨¨ u�(x; t), (x; t) 2 G

�
, | à¥è¥¨ï § ¤ ç¨

L�u�(x; t) = f�(x; t); (x; t) 2 G�;

u�(x; t) = '�(x; t); (x; t) 2 S�;
@

@t
u�(x; t) = '�0(x; t); (x; t) 2 S�0 :

(4.8)

�¤¥áì G
�
= G

�

(4:4)(b0), ª®íää¨æ¨¥âë ¨ ¯à ¢ ï ç áâì ãà ¢¥¨ï,   â ª¦¥  ç «ìë¥ ¨ £à ¨çë¥
äãªæ¨¨ § ¤ ç¨ (4.8) | £« ¤ª¨¥ ¯à®¤®«¦¥¨ï ¤ ëå § ¤ ç¨ (1.4), á®åà ïîé¨¥ ¨å á¢®©áâ¢ .
�ãªæ¨ï V (x; t) | à¥è¥¨¥ § ¤ ç¨

LV (x; t) = 0; (x; t) 2 G;

V (x; t) = '(x; t) � U(x; t); (x; t) 2 S;
@

@t
V (x; t) = 0; (x; t) 2 S0:

�«ï ª®¬¯®¥â U(x; t), V (x; t) ¯®«ãç îâáï ®æ¥ª¨���� @k1+k0@xk1@tk0
U(x; t)

���� �M [1 + "2�k1 ]; (x; t) 2 G;���� @k1+k0@xk1@tk0
V (x; t)

���� �M"�k1 ; ¯à¨ t � b0"
�1r(x;� 1 [ � 2); (4.9)

V (x; t) = 0; t < min[b0"�1r(x;� 1); b0"�1r(x;� 2)];

(x; t) 2 G; k1 + k0 � K:

�¥®à¥¬  4.2. �ãáâì à¥è¥¨¥ § ¤ ç¨ (1:4), (1:1) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î u 2 CK0(G), K0 �
4. �®£¤  ¤«ï äãªæ¨¨ u(x; t) ¨ ¥¥ ª®¬¯®¥â ¨§ ¯à¥¤áâ ¢«¥¨ï (4:7) á¯à ¢¥¤«¨¢ë ®æ¥ª¨ (4:6),
(4:9), £¤¥ K = K0 � 2.

� ¬¥ç ¨¥. �â¢¥à¦¤¥¨ï â¥®à¥¬ 4.1 ¨ 4.2 á®åà ïîâáï ¢ á«ãç ¥ ®¡« áâ¥© (1.2), (1.3).
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5. �« áá¨ç¥áª¨¥ à §®áâë¥ áå¥¬ë

1. �«ï § ¤ ç¨ (1.5) ¯®áâà®¨¬ à §®áâãî áå¥¬ã   ®á®¢¥ ª« áá¨ç¥áª¨å ¥ï¢ëå  ¯¯à®ªá¨-
¬ æ¨© § ¤ ç¨.

1.1. �  ¬®¦¥áâ¢¥ G ¢¢¥¤¥¬ á¥âªã

Gh = !1 � !0; (5.1)

£¤¥ !1 | ¢®®¡é¥ £®¢®àï, ¥à ¢®¬¥à ï á¥âª    D; ¯®« £ ¥¬ hi = xi+1 � xi, xi; xi+1 2 !1, h =
max

i
hi; áç¨â ¥¬ ¢ë¯®«¥ë¬ ãá«®¢¨¥ h �MN�1,N+1| ç¨á«® ã§«®¢ á¥âª¨ !1 ¢ á«ãç ¥ ®¡« áâ¨

(1.1) ¨ ¬ ªá¨¬ «ì®¥ ç¨á«® ã§«®¢ á¥âª¨ !1   ®âà¥§ª¥ ¥¤¨¨ç®© ¤«¨ë ¢ á«ãç ¥ ®¡« áâ¥© (1.2),
(1.3); !0 | à ¢®¬¥à ï á¥âª . � ¤ çã (1.5)  ¯¯à®ªá¨¬¨àã¥¬ á¥â®ç®© § ¤ ç¥©

�iz(x; t) = gi(x; t); (x; t) 2 Gi
h;

zi(x; t) =  i(x; t); (x; t) 2 Si
h; i = 1; 2:

(5.2)

�¤¥áì Gi
h = Gi\Gh, Si

h = Si\Gh, z(x; t) = (z1(x; t); z2(x; t))T , (x; t) 2 Gh. � á«ãç ¥ ¥ï¢®© áå¥¬ë
¨¬¥¥¬

�iz(x; t) � �i
1z

i(x; t) +
X
j=1;2

cij(x; t)zj(x; t); i; j = 1; 2; (5.3)

�1
1z

1(x; t) � f"�x + p1(x; t)�tgz
1(x; t); �2

1z
2(x; t) � f�"�x + p2(x; t)�tgz

2(x; t):

�¯¥à â®àë �i
1(5:3), i = 1; 2, ï¢«ïîâáï ¬®®â®ë¬¨ "-à ¢®¬¥à® ¯à¨ ¯à®¨§¢®«ì®¬ à á¯à¥-

¤¥«¥¨¨ ã§«®¢ á¥âª¨ Gh(5:1).
1.2. �à¨¢¥¤¥¬ ®æ¥ªã à¥è¥¨ï § ¤ ç¨ (5.2), (5.3), (5.1). �ãáâì ª®íää¨æ¨¥âë cij(x; t) ã¤®-

¢«¥â¢®àïîâ ãá«®¢¨î

min
i;G

cii(x; t) � 1 + 2 max
i;j;i6=j;G

jcij(x; t)j; i; j = 1; 2:

�á«¨ íâ® ãá«®¢¨¥ ¥ ¢ë¯®«ï¥âáï, ¯¥à¥©¤¥¬ ¢ § ¤ ç¥ (1.5) ª äãªæ¨¨ w(x; t) = v(x; t) exp(��t),
(x; t) 2 G ¨ ¢ë¡¥à¥¬ ¢¥«¨ç¨ã � ¤®áâ â®ç® ¡®«ìè®© â ª, çâ®¡ë ¢ ®¢®¬ ãà ¢¥¨¨ ¤«ï ª®íä-
ä¨æ¨¥â®¢ ¯à¨ äãªæ¨ïå wi(x; t), i = 1; 2, ¢ë¯®«ï«®áì   «®£¨ç®¥ ãá«®¢¨¥.

�«ï à §®áâ®© áå¥¬ë (5.2), (5.1) á¯à ¢¥¤«¨¢,  ¯à¨¬¥à, á«¥¤ãîé¨© ¯à¨æ¨¯ ¬ ªá¨¬ã¬ .

�¥¬¬  5.1. �ãáâì ¤«ï à §®áâ®© áå¥¬ë (5:2), (5:3), (5:1) ¢ë¯®«ïîâáï ãá«®¢¨ï c12(x; t)�0,
cij(x; t) = 0, (i; j) 6= (1; 2), (x; t) 2 Gi

h;

�1
1z

1(x; t) � �c12z2(x; t); (x; t) 2 G1
h; �2

1z
2(x; t) � 0; (x; t) 2 G2

h;

zi(x; t) � 0; (x; t) 2 Si
h; i = 1; 2:

�®£¤  zi(x; t) � 0, (x; t) 2 Gh, i = 1; 2.

�á¯®«ì§ãï â¥å¨ªã ¡ àì¥àëå äãªæ¨© [1], [9], [10], ãáâ  ¢«¨¢ ¥¬ ®æ¥ªã jz(x; t)j � M ,
(x; t) 2 Gh, £¤¥ M =M1[max

Gh

jg(x; t)j+max
i;Si

h

j i(x; t)j ]. � ª¨¬ ®¡à §®¬, à¥è¥¨¥ § ¤ ç¨ (5.2), (5.3),

(5.1) ®£à ¨ç¥® "-à ¢®¬¥à®.
�à¨¨¬ ï ¢® ¢¨¬ ¨¥ ®æ¥ªã (4.1),  å®¤¨¬

jv(x; t) � z(x; t)j �M ["�1N�1 +N�1
0 ]; (x; t) 2 Gh: (5.4)

�¥®à¥¬  5.1. �ãáâì ¤«ï à¥è¥¨ï § ¤ ç¨ (1:5), à áá¬ âà¨¢ ¥¬®©   ®¡« áâïå (1:1){(1:3),
¢ë¯®«ïîâáï ®æ¥ª¨ â¥®à¥¬ë 4:1 ¨ § ¬¥ç ¨ï ª ¥©. �®£¤  ¯à¨ N , N0 !1 à¥è¥¨¥ à §®áâ-

®© áå¥¬ë (5:2), (5:3), (5:1) áå®¤¨âáï ª à¥è¥¨î § ¤ ç¨ (1:5) ¯à¨ ä¨ªá¨à®¢ ëå § ç¥¨ïå

¯ à ¬¥âà  ". �«ï á¥â®çëå à¥è¥¨© á¯à ¢¥¤«¨¢  ®æ¥ª  (5:4).
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1.3. �à¨ ¯®áâà®¥¨¨ áå¥¬ (5.2), (5.1) ®¤® ¨§ ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© (¨«¨ ®¡ ) ¢ § ¤ ç¥
(1.5) ¬®¦®  ¯¯à®ªá¨¬¨à®¢ âì   ®á®¢¥ ï¢ëå áå¥¬. �«ï ®¯¥à â®à®¢ �i

(5:2) ¯®«ãç îâáï â ª¨¥
¢ëà ¦¥¨ï

�iz(x; t) � �i
1z

i(x; t) +
X
j=1;2

cij(x; �t)zj(x; �t);

�1
1z

1(x; t) � f"�x + p1(x; �t)�tgz1(x; �t); (5.5)

�2
1z

2(x; t) � f�"�x + p2(x; �t)�tgz2(x; �t); i = 1; 2;

�1z(x; t) � �1
1z

1(x; t) +
X
j=1;2

c1j(x; �t)zj(x; �t); �1
1 = �1

1(5:5);

�2z(x; t) � �2
1z

2(x; t) +
X
j=1;2

c2j(x; t)zj(x; t); �2
1 = �2

1(5:3);
(5.6)

�1z(x; t) � �1
1z

1(x; t) +
X
j=1;2

c1j(x; t)zj(x; t); �1
1 = �1

1(5:3);

�2z(x; t) � �2
1z

2(x; t) +
X
j=1;2

c2j(x; �t)zj(x; �t); �2
1 = �2

1(5:5);
(5.7)

£¤¥ v(x; �t) = v(x; t � �).
�¯¥à â®àë �i

1(5:5), �
i
1(5:6), �

i
1(5:7), i = 1; 2, ï¢«ïîâáï ¬®®â®ë¬¨ "-à ¢®¬¥à®, ¥á«¨ ¤«ï

à á¯à¥¤¥«¥¨ï ã§«®¢ á¥âª¨ Gh(5:1) ¢ë¯®«ï¥âáï ãá«®¢¨¥

� � "�1p0min
i
hi: (5.8)

�«ï à §®áâëå áå¥¬ (5.2), (5.5){(5.7), (5.1) ¯à¨ ãá«®¢¨¨ (5.8) á¯à ¢¥¤«¨¢® ãâ¢¥à¦¤¥¨¥ â¥®à¥¬ë
5.1.

2. � á«ãç ¥ § ¤ ç¨ (1.4), (1.2) ¥¥ à¥è¥¨¥ ¬®¦®  ©â¨, à áá¬ âà¨¢ ï § ¤ çã (1.5), (1.6).
2.1. �¯¯à®ªá¨¬¨àãï íâã § ¤ çã à §®áâ®© áå¥¬®© (5.2), (5.3), (5.1) ¨ ¨áª«îç ï z2(x; t), ¯à¨-

å®¤¨¬ ª à §®áâ®© áå¥¬¥

�z(x; t) = fh(x; t); (x; t) 2 Gh; t � 2�;
z(x; t) = '(x; t); (x; t) 2 Sh; �tz(x; t) = '0(x; t); (x; t) 2 S0h:

(5.9)

�¤¥áì �z(x; t) � f"2H0(x)�xbx � b2�t t + "bH1(x)�xbx�tgz(x; t),
fh(x; t) = f(x; t); (x; t) 2 Gh; t � 2�; H1(x) = 2�1(hi�1 + hi);

H0(x) � 2�1(hi)
�1(hi�1 + hi); x = xi; (5.10)

�t tv(x; t) = �tvt(x; t). � á«ãç ¥ à ¢®¬¥à®© á¥âª¨ H0(x) = 1, H1(x) = h.
� ¬¥â¨¬, çâ® ¤«ï ¤¨ää¥à¥æ¨ «ì®© § ¤ ç¨ (1.4), (1.2) á¯à ¢¥¤«¨¢ ¯à¨æ¨¯ ¬ ªá¨¬ã¬ 

(ä®à¬ã«¨à®¢ª¨ ¯à¨æ¨¯  ¬ ªá¨¬ã¬  ¤«ï £¨¯¥à¡®«¨ç¥áª¨å ãà ¢¥¨© ¢â®à®£® ¯®àï¤ª  á¬.,
 ¯à., ¢ [10], á. 195). � ¨á¯®«ì§®¢ ¨¥¬ «¥¬¬ë 5.1 ãáâ  ¢«¨¢ ¥âáï á«¥¤ãîé¨© ¤¨áªà¥âë© ¯à¨-
æ¨¯ ¬ ªá¨¬ã¬ .

�¥¬¬  5.2. �ãáâì ¢ á«ãç ¥ § ¤ ç¨ (1:4), (1:2) ¤«ï à §®áâ®© áå¥¬ë (5:9), (5:10), (5:1)
¢ë¯®«ïîâáï á®®â®è¥¨ï

�z(x; t) � 0; (x; t) 2 Gh; t � 2�;

z(x; t) � 0; (x; t) 2 Sh; "�xz(x; t) + b�tz(x; t) � 0; (x; t) 2 S0h; x =2 � 1:

�®£¤  z(x; t) � 0, (x; t) 2 Gh, ("�x + b�t)z(x; t) � 0, (x; t) 2 Gh, x =2 �
1.

77



�á¯®«ì§ãï ¯à¨æ¨¯ ¬ ªá¨¬ã¬ , á ãç¥â®¬ ®æ¥®ª â¥®à¥¬ë 4.1  å®¤¨¬

ju(x; t)� z(x; t)j �M ["�1N�1 +N�1
0 ]; (x; t) 2 Gh: (5.11)

�à¨ ¢ë¢®¤¥ ®æ¥ª¨ (5.11) ¨á¯®«ì§®¢ «¨áì ®æ¥ª¨ à¥è¥¨ï áå¥¬ë (5.2), (5.5), (5.1),   ®á®¢¥
ª®â®à®© áâà®¨« áì áå¥¬  (5.9), (5.10), (5.1).

�¥¬¬  5.3. �ãáâì ¤«ï à¥è¥¨ï § ¤ ç¨ (1:5), (1:2) ¢ë¯®«ïîâáï ®æ¥ª¨ ¨§ § ¬¥ç ¨ï ª

â¥®à¥¬¥ 4:1. �®£¤  ¯à¨ N;N0 ! 1 à¥è¥¨¥ à §®áâ®© áå¥¬ë (5:9), (5:10), (5:1) áå®¤¨âáï ª

à¥è¥¨î § ¤ ç¨ (1:5) ¯à¨ ä¨ªá¨à®¢ ëå § ç¥¨ïå ¯ à ¬¥âà . �«ï á¥â®çëå à¥è¥¨© á¯à -

¢¥¤«¨¢  ®æ¥ª  (5:11).

�«ï § ¤ ç¨ (1.4), (1.3) ¯®«ãç ¥¬ à §®áâãî áå¥¬ã (5.9), (5.1), £¤¥

H0(x) = 2�1(hi�1)
�1(hi�1 + hi): (5.12)

�à¨¢¥¤¥¬ áå¥¬ã ¤«ï § ¤ ç¨ (1.4), (1.1). �ãáâì äãªæ¨ï �(x) = �(x; x�), x 2 (�1;1), x� 2 D,
®¯à¥¤¥«ï¥âáï á®®â®è¥¨ï¬¨ �(x) = �(x; x�) = 1 ¯à¨ x � x�, �(x) = 0 ¯à¨ x > x�. �«ï à¥è¥¨ï
§ ¤ ç¨ (1.4), (1.1) ¨á¯®«ì§ã¥¬ áå¥¬ã (5.9), (5.1), £¤¥

H0(x) = H0(x;x
�) = �(x)H0(5:9)(x) + (1� �(x))H0(5:12)(x); x 2 !1: (5.13)

�«ï à¥è¥¨© à §®áâëå áå¥¬ (5.9), (5.12), (5.1) ¨ (5.9), (5.13), (5.1) ¢ë¯®«ï¥âáï ®æ¥ª 
(5.11). �¯à ¢¥¤«¨¢ 

�¥®à¥¬  5.2. �ãáâì ¤«ï à¥è¥¨ï § ¤ ç¨ (1:4), à áá¬ âà¨¢ ¥¬®©   ®¡« áâïå (1:1){(1:3),
¢ë¯®«ïîâáï ®æ¥ª¨ â¥®à¥¬ë 4:2 ¨ § ¬¥ç ¨¥ ª ¥©. �®£¤  ¯à¨ N , N0 !1 à¥è¥¨ï à §®áâ-

ëå áå¥¬ (5:9), (5:10), (5:1); (5:9), (5:12), (5:1) ¨ (5:9), (5:13), (5:1) ¢ á«ãç ¥ ®¡« áâ¥© (1:2), (1:3)
¨ (1:1) á®®â¢¥âáâ¢¥® áå®¤ïâáï ¯à¨ ä¨ªá¨à®¢ ëå § ç¥¨ïå ¯ à ¬¥âà  ". �«ï á¥â®çëå

à¥è¥¨© á¯à ¢¥¤«¨¢  ®æ¥ª  (5:11).

2.2. � â®¬ á«ãç ¥, ª®£¤  ¯à¨ ¯®áâà®¥¨¨ áå¥¬ ¤«ï § ¤ ç¨ (1.4) ¨á¯®«ì§ãîâáï ®¯¥à â®àë (5.5),
¯à¨å®¤¨¬ ª ï¢®© áå¥¬¥

�z(x; t) = fh(x; t); (x; t) 2 Gh; t � 2�;
z(x; t) = '(x; t); (x; t) 2 Sh; �tz(x; t) = '0(x; t); (x; t) 2 S0h:

(5.14)

�¤¥áì fh(x; t) = f(x;��t),

�z(x; t) � f"2H0(x)�xbx � b2�tt + "bH1(x)�xbx�tgz(x; ��t); (x; t) 2 Gh; t � 2�;

H1(x) = H1(5:9)(x); H0(x) = H0(x;D); H0(x;D(1:2)) = H0(5:10)(x);

H0(x;D(1:3)) = H0(5:12)(x); H0(x;D(1:1)) = H0(5:13)(x);

v(x; ��t) = v(x; t� 2�); t; t� 2� 2 !0; �ttv(x; t) = �tvt(x; t):

�  á¥âª¥ Gh, à á¯à¥¤¥«¥¨¥ ã§«®¢ ª®â®à®© ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (5.8), ¤«ï à §®áâ®©
áå¥¬ë (5.14), (5.1) á¯à ¢¥¤«¨¢® ãâ¢¥à¦¤¥¨¥ â¥®à¥¬ë 5.2.

6. �¯¥æ¨ «ìë¥ à §®áâë¥ áå¥¬ë

1. �«ï § ¤ ç¨ (1.5) ¯®áâà®¨¬ áå¥¬ã, áå®¤ïéãîáï "-à ¢®¬¥à®.
1.1. �ãáâì G = G(1:1). �¢¥¤¥¬ á¥âªã

G
s

h = !s
1 � !0; (6.1)

á£ãé îéãîáï ¢ ®ªà¥áâ®áâ¨ ¯®£à ¨ç®£® á«®ï; !s
1 | ªãá®ç®-à ¢®¬¥à ï á¥âª , !0 = !0(5:1).

�¥âª  !s
1 = !s

1(�) áâà®¨âáï á«¥¤ãîé¨¬ ®¡à §®¬. �âà¥§®ª [0; d] à §®¡ì¥¬   âà¨ ç áâ¨: [0; �],
[�; d��], [d��; d]. �  ª ¦¤®© ç áâ¨ è £ á¥âª¨ !s

1 ¯®áâ®ï¥ ¨ à ¢¥ h
(1) = �(4�1N)�1   ®âà¥§ª å
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[0; �], [d � �; d] ¨ h(2) = (d � 2�)(2�1N)�1   [�; d � �]. �¥«¨ç¨ã � ®¯à¥¤¥«¨¬ á®®â®è¥¨¥¬
� = �(d; ") = min[4�1d; p�10 "T ]. �¥âª  !s

1 ¯®áâà®¥ .
�«ï à¥è¥¨ï à §®áâ®© áå¥¬ë (5.2), (5.3), (6.1) á ãç¥â®¬  ¯à¨®àëå ®æ¥®ª (4.5) ãáâ  -

¢«¨¢ ¥âáï ®æ¥ª 

jv(x; t) � z(x; t)j �M [N�1
1 +N�1

0 ]; (x; t) 2 Gh: (6.2)

1.2. � á«ãç ¥ ®¡« áâ¥© (1.2) ¨ (1.3) áâà®¨¬ á¥âªã

G
s

h = !s
1 � !0; (6.3)

á£ãé îéãîáï ¢ ®ªà¥áâ®áâ¨ á®®â¢¥âáâ¢¥® ¬®¦¥áâ¢ S1
L ¨ S2

L. �¡« áâì D(1:2) à §®¡ì¥¬   ¤¢¥
ç áâ¨ [0; �] ¨ [�;1),   ®¡« áâì D(1:3) |   (�1;��], [��; 0]. �  ª ¦¤®¬ ¨§ ¬®¦¥áâ¢ è £ á¥âª¨
!s
1 ¯®áâ®ï¥ ¨ à ¢¥ h(1) = �(2�1N)�1 ¨ h(2) = (1 � �)(2�1N)�1   ¬®¦¥áâ¢ å [��; 0], [0; �]

¨ (�1;��], [�;1) á®®â¢¥âáâ¢¥®. �¥«¨ç¨ã � ®¯à¥¤¥«¨¬ á®®â®è¥¨¥¬ � = min[2�1, p�10 "T ].
�¥âª¨ !s

1 ¨ G
s

h ¯®áâà®¥ë.
� ãç¥â®¬  ¯à¨®àëå ®æ¥®ª ¤«ï à¥è¥¨ï à §®áâ®© áå¥¬ë (5.2), (5.3), (6.3) ãáâ  ¢«¨¢ ¥¬

®æ¥ªã (6.2).

�¥®à¥¬  6.1. �ãáâì ¤«ï à¥è¥¨ï § ¤ ç¨ (1:5), à áá¬ âà¨¢ ¥¬®©   ®¡« áâïå (1:1){(1:3),
¢ë¯®«ïîâáï ®æ¥ª¨ â¥®à¥¬ë 4:1 ¨ § ¬¥ç ¨ï ª ¥©. �®£¤  ¯à¨ N , N0 !1 à¥è¥¨¥ à §®áâ-

®© áå¥¬ë (5:2), (5:3), (6:1) ¢ á«ãç ¥ ®¡« áâ¨ (1:1) (áå¥¬ë (5:2), (5:3), (6:3) ¢ á«ãç ¥ ®¡« áâ¥©

(1:2), (1:3)) áå®¤¨âáï ª à¥è¥¨î § ¤ ç¨ (1:5) "-à ¢®¬¥à®. �«ï á¥â®çëå à¥è¥¨© á¯à ¢¥¤«¨¢ 
®æ¥ª  (6:2).

� ¬¥ç ¨¥. �à¨ ãá«®¢¨¨ (5.8) ¤«ï à §®áâëå áå¥¬ (5.2), (5.5){(5.7)   á¥âª å Gh(6:1) ¨
Gh(6:3) ¢ á«ãç ¥ ®¡« áâ¥© (1.1) ¨ (1.2), (1.3) á®®â¢¥âáâ¢¥® á¯à ¢¥¤«¨¢® ãâ¢¥à¦¤¥¨¥ â¥®à¥¬ë
6.1.

2. �«ï à¥è¥¨ï § ¤ ç¨ (1.4) ¨á¯®«ì§ã¥¬ áå¥¬ë (5.9), (5.10), (6.3); (5.9), (5.12), (6.3) ¨ (5.9),
(5.13), (6.1) ¢ á«ãç ¥ ®¡« áâ¥© (1.2), (1.3) ¨ (1.1) á®®â¢¥âáâ¢¥®. � á«ãç ¥ áå¥¬ë (5.9), (5.13),
(6.1) áç¨â ¥¬ ¢ë¯®«¥ë¬ ãá«®¢¨¥

x� = x�(5:13) 2 (4�1d; 3=4d): (6.4)

� ¨á¯®«ì§®¢ ¨¥¬ ¯à¨æ¨¯  ¬ ªá¨¬ã¬  ã¡¥¦¤ ¥¬áï, çâ® íâ¨ à §®áâë¥ áå¥¬ë áå®¤ïâáï "-
à ¢®¬¥à®:

ju(x; t) � z(x; t)j �M [N�1 +N�1
0 ]; (x; t) 2 Gh: (6.5)

�¥®à¥¬  6.2. �ãáâì ¤«ï à¥è¥¨ï § ¤ ç¨ (1:4), à áá¬ âà¨¢ ¥¬®©   ®¡« áâïå (1:1){(1:3),
¢ë¯®«ïîâáï ®æ¥ª¨ â¥®à¥¬ë 4:2 ¨ § ¬¥ç ¨ï ª ¥©. �®£¤  ¯à¨ N , N0 ! 1 à¥è¥¨¥ à §-

®áâ®© áå¥¬ë (5:9), (5:13), (6:4), (6:1) ¢ á«ãç ¥ ®¡« áâ¨ (1:1) (áå¥¬ë (5:9), (5:10), (6:3) ¨ (5:9),
(5:12), (6:3) ¢ á«ãç ¥ ®¡« áâ¥© (1:2) ¨ (1:3) á®®â¢¥âáâ¢¥®) áå®¤¨âáï ª à¥è¥¨î § ¤ ç¨ (1:4)
"-à ¢®¬¥à®. �«ï á¥â®çëå à¥è¥¨© á¯à ¢¥¤«¨¢  ®æ¥ª  (6:5).

� ¬¥ç ¨¥. �à¨ ¢ë¯®«¥¨¨ ãá«®¢¨ï (5.8) ¤«ï à §®áâ®© áå¥¬ë (5.14), (6.4), (6.1) ¢ á«ã-
ç ¥ ®¡« áâ¨ (1.1) (áå¥¬ë (5.14), (6.3) ¢ á«ãç ¥ ®¡« áâ¥© (1.2) ¨ (1.3)) á¯à ¢¥¤«¨¢® ãâ¢¥à¦¤¥¨¥
â¥®à¥¬ë 6.2.
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7. �¡®¡é¥¨ï ¨ § ¬¥ç ¨ï

1. �à¨¢¥¤¥ ï â¥å¨ª  ¯®áâà®¥¨ï "-à ¢®¬¥à® áå®¤ïé¨åáï áå¥¬ ¯à¨¬¥¨¬  ¨ ¢ â®¬ á«ã-
ç ¥, ª®£¤  ¢®«®¢®¥ ãà ¢¥¨¥ á®¤¥à¦¨â ç«¥ë á ¯à®¨§¢®¤ë¬¨ ¯¥à¢®£® ¯®àï¤ª . � ª, ¢ á«ãç ¥
§ ¤ ç¨ ¤«ï ãà ¢¥¨ï á ¯®áâ®ïë¬¨ ª®íää¨æ¨¥â ¬¨, à áá¬ âà¨¢ ¥¬®£®   G(1:2),

Lu(x; t) �
�
"2
@2

@x2
� b2

@2

@t2
+ "p

@

@x
+ q

@

@t
+ c

�
u(x; t) = f(x; t); (x; t) 2 G;

u(x; t) = '(x; t); (x; t) 2 S;
@

@t
u(x; t) = '0(x; t); (x; t) 2 S0;

(7.1)

¯®«ãç ¥¬ ¥ï¢ãî à §®áâãî áå¥¬ã

�z(x; t) = f(x; t); (x; t) 2 Gh; t � 2�;

z(x; t) = '(x; t); (x; t) 2 Sh; �tz(x; t) = '0(x; t); (x; t) 2 S0h:

�¤¥áì

�z(x; t) �
�
"2H0(x)�xbx � b2�t t + 2�1"p(�x + �x) + c+ 4�1b�2q2 +

+ "H1(x)�xbx�t	z(x; t) + fH2(x)q�t � "H3(x)�xbxgz(x; �t)�H4(x)4
�1b�2q2z(x; ��t);

H0(x) = 2�1(hi�1 + hi)(hi)
�1
; H1(x) = 2�1(hi�1 + hi)b;

H2(x) = 2b2q��1[exp(2�1b�2q�)� 1];

H3(x) = 2�1"b��1[exp(2�1b�2q�)� 1](hi�1 + hi);

H4(x) = 4b4q�2��2[exp(b�2q�)� 2 exp(2�1b�2q�) + 1]:

�  á¥âª¥Gh(6:3) à §®áâ ï áå¥¬  (7.1) áå®¤¨âáï "-à ¢®¬¥à®; ¤«ï ¥¥ á¯à ¢¥¤«¨¢® ãâ¢¥à¦¤¥¨¥
â¥®à¥¬ë 6.2.

2. �®¤®¡ë¬ ®¡à §®¬ áâà®ïâáï "-à ¢®¬¥à® áå®¤ïé¨¥áï áå¥¬ë ¢ á«ãç ¥ § ¤ ç¨ ¤«ï ª¢ §¨-
«¨¥©®£® ãà ¢¥¨ï | § ¤ ç¨ (1.4), £¤¥ ¢ ¯à ¢®© ç áâ¨ ¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï f(x; t)
§ ¬¥¥    g(x; t; u(x; t)).

3. �ãáâì ¤ ë¥ § ¤ ç (1.4) ¨ (1.5) ¤®áâ â®ç® £« ¤ª¨¥, ®¤ ª®   S� ¥ ¢ë¯®«¥ë ãá«®¢¨ï
á®£« á®¢ ¨ï (¯®¬¨¬® ¥¯à¥àë¢®áâ¨ à¥è¥¨©). � íâ®¬ á«ãç ¥ ¯®àï¤®ª "-à ¢®¬¥à®© áª®à®áâ¨
áå®¤¨¬®áâ¨ áå¥¬ á¨¦ ¥âáï.

�ëà ¦ î ¯à¨§ â¥«ì®áâì �.�. �¤à¥¥¢ã ¨ �.�.� ¡¨é¥¢¨çã,   â ª¦¥ ãç áâ¨ª ¬ II �á¥à®á-
á¨©áª®£® á¥¬¨ à  \�¥®à¨ï á¥â®çëå ¬¥â®¤®¢ ¤«ï ¥«¨¥©ëå ªà ¥¢ëå § ¤ ç" (� § ì, 18{21
á¥âï¡àï 1998 £.) §  ¯«®¤®â¢®àë¥ ®¡áã¦¤¥¨ï § ¤ ç á ®£à ¨ç¥®© £« ¤ª®áâìî à¥è¥¨©.
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