
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò5 3������������� � �������������� ��������� 517.958; 621.372.8� ����������� ��������� ��������� �� ���������.�. �®£®«î¡®¢, �.�. �à¬¨è¨­, �.�. � «ëå(ª ä¥¤à  ¬ â¥¬ â¨ª¨)�®áâà®¥­® ï¢­®¥ à¥è¥­¨¥ § ¤ ç¨ ® ¢®§¡ã¦¤¥­¨¨ ª®«¥¡ ­¨© â®ª®¬ ¢ ¢®«­®¢®¤¥ á § ¯®«­¥­¨¥¬â¨¯  «®ª «ì­®-­¥®¤­®à®¤­®© ¢áâ ¢ª¨. � áá¬®âà¥­ë à¥§®­ ­á­ë¥ å à ªâ¥à¨áâ¨ª¨ íâ®© § ¤ ç¨.�®à®è® ¨§¢¥áâ­®, çâ® ¯à¨ à¥§®­ ­á­ëå ç áâ®â å ¬¯«¨âã¤  ¢ë­ã¦¤¥­­ëå ª®«¥¡ ­¨© ¯®«ï ¢ ¢®«­®-¢®¤¥ à áâ¥â ª ª t ¨«¨ ª ª pt (á¬. [1]). � áâ®âë,¡«¨§ª¨¥ ª à¥§®­ ­á­ë¬, â®¦¥ ®¡« ¤ îâ àï¤®¬ ¯à¨-¬¥ç â¥«ì­ëå á¢®©áâ¢, ¨§ãç¥­¨î ª®â®àëå ¨ ¯®á¢ïé¥-­  ¤ ­­ ï à ¡®â .�¥áì¬  à á¯à®áâà ­¥­­ë¬ ­  ¯à ªâ¨ª¥ ï¢«ï¥âáïá«ãç ©, ª®£¤  ¢ ¯®«ë© ¢®«­®¢®¤
= �x 2 R1 ; y 2 S	¯®áâ®ï­­®£® á¥ç¥­¨ï S , § ¯®«­¥­­ë© ®¤­®à®¤­ë¬¢¥é¥áâ¢®¬ á q = 1 , ¯¥à¯¥­¤¨ªã«ïà­® ª ®á¨ Ox¢áâ ¢«¥­  ®¤­  ¨«¨ ­¥áª®«ìª® ¯« áâ¨­ á à §«¨ç­ë¬¨q 6= 1 , â. ¥. q(x) ï¢«ï¥âáï ªãá®ç­®-¯®áâ®ï­­®© äã­ª-æ¨¥© x . � íâ®¬ ¨ ¤ ¦¥ ¡®«¥¥ ®¡é¥¬ á«ãç ¥, ª®£¤ q(x; y) ªãá®ç­®-­¥¯à¥àë¢­  ¨ § ¢¨á¨â â®«ìª® ®â x ,¬®¦­® ¤®ª § âì áãé¥áâ¢®¢ ­¨¥ ¡¥áª®­¥ç­®© ¯®á«¥-¤®¢ â¥«ì­®áâ¨ à¥§®­ ­á­ëå ç áâ®â, ¥á«¨ q(x) > 1 ¨q(x) 6� 1 (á¬. [2, 3 à §¤¥« 2.2, 4]).� áá¬®âà¨¬ â¥¯¥àì á«¥¤ãîéãî § ¤ çã ® ¢®§¡ã¦-¤¥­¨¨ ª®«¥¡ ­¨© ä¨­¨â­ë¬ â®ª®¬ f(x; y)e�i!t :�u+ !2q(x)u= f; (x; y) 2 
;uj@
 = 0; (1)ã¤®¢«¥â¢®àïîé¥¥ ¢¤®«ì à §àë¢®¢ ãá«®¢¨ï¬ á®¯àï-¦¥­¨ï [u] = �@u@x�= 0¨ ¯ àæ¨ «ì­ë¬ ãá«®¢¨ï¬ ¨§«ãç¥­¨ï ­  ¡¥áª®­¥ç-­®áâ¨, ¨ ¢ëïá­¨¬, ç¥¬ ®â«¨ç îâáï ¥¥ à¥è¥­¨ï ¯à¨ç áâ®â å, ¡«¨§ª¨å ª à¥§®­ ­á­ë¬ ¨ ã¤ «¥­­ëå ®â­¨å.�­ ç «  à áá¬®âà¨¬ â®â á«ãç ©, ª®£¤  à á¯à¥¤¥-«¥­¨¥ â®ª  ¤¥©áâ¢ã¥â ­  «®¢ãèªã ¨§¢­¥, â. ¥. ­®á¨â¥-«¨ f ¨ q� 1 ­¥ ¯¥à¥á¥ª îâáï.� á¯®«®¦¨¬ ®á¨ â ª, çâ®¡ë «®¢ãèª  q � 1 6= 0«¥¦ «  ¯à¨ x > 0 ,   à á¯à¥¤¥«¥­¨¥ â®ª  f | ¯à¨x <�l . � á¨«ã äà¥¤£®«ì¬®¢®áâ¨ § ¤ ç¨ (1) ¥¥ à¥è¥-­¨¥ áãé¥áâ¢ã¥â ¯à¨ ¢á¥å ­¥à¥§®­ ­á­ëå ç áâ®â å.�®íâ®¬ã, á«¥¤ãï ¬¥â®¤ã, à §¢¨â®¬ã ¢ [2], ¥£® ¬®¦­®à §«®¦¨âì ¢ àï¤ ¯® á®¡áâ¢¥­­ë¬ äã­ªæ¨ï¬  n§ ¤ ç¨ �¨à¨å«¥ ­  á¥ç¥­¨¨ S :u(x; y; �) = +1Xn=1un(x; �) n(y);

£¤¥ �2n | á®®â¢¥âáâ¢ãîé¨¥ á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï,  un(x;�) 2 L2(R1)\C1(R1) . �«ï ­¨å ¨§ (1) ¯®«ãç ¥¬§ ¤ çã u00n + �!2q��2n�un = fn (2)á ¯ àæ¨ «ì­ë¬¨ ãá«®¢¨ï¬¨ ¨§«ãç¥­¨ïun � e�
0(!)jxj;£¤¥ 
0 = p�2n �!2 ¢ á¬ëá«¥ £« ¢­®£® §­ ç¥­¨ï.�®áª®«ìªã íâ¨ § ¤ ç¨ ¯à¨ à §«¨ç­ëå n ­¥§ ¢¨á¨¬ë,¬®¦­® ¢á¥£¤  áç¨â âì, çâ® fn ¨¬¥¥â ¢¨¤ f(x) n(y) ,  ®¡é¨© á«ãç © à áá¬ âà¨¢ âì ª ª áã¯¥à¯®§¨æ¨îâ ª¨å â®ª®¢.�«ï â®£® çâ®¡ë ¢ëç¨á«¨âì u(x) ¯à¨ à §«¨ç­ëåâ®ª å ¢¨¤  f(x) n(y) , à áá¬®âà¨¬ ¤¢¥ ¢á¯®¬®£ -â¥«ì­ë¥ § ¤ ç¨.I. �à¨ x < 0u00 + (!2 � �2)u= f;ujx=0 = �;u� e
0(!)x ¯à¨ x=�1; (3)£¤¥ � | ¯ à ¬¥âà, à ¢­ë© ®¤­®¬ã ¨§ �n ,   � | ¯®ª ¯à®¨§¢®«ì­ë© ¯ à ¬¥âà. �¥è¥­¨¥ ãà ¢­¥­¨ïu00 + (!2 � �2)u= fáâà®¨âáï ¬¥â®¤®¬ ¢ à¨ æ¨¨ ¯®áâ®ï­­ëå, ¨ ¯®íâ®¬ã®­® ¨¬¥¥â ¢¨¤u(x) = 24� 12
0 xZ0 f(z)e
0zdz +C135 e�
0x++24 12
0 xZ0 f(z)e�
0zdz +C235 e
0x:�ç¨âë¢ ï ãá«®¢¨ï ¨§«ãç¥­¨ï ¨ ãá«®¢¨¥ ¯à¨ x= 0 ,¯®«ãç ¥¬u(x) =� 12
0 24 xZ0 f(z)e
0zdz +F35 e�
0x++24�+ 12
0 0@ xZ0 f(z)e�
0zdz + F1A35 e
0x:
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0�+ F: (4)II. �à¨ x > 0u00 + (!2q(x)��2)u= 0;ujx=0 = �;u� e
0(!)x ¯à¨ x=+1: (5)�¥è¥­¨¥ íâ®© § ¤ ç¨ ¬®¦­® ¯®«ãç¨âì, áè¨¢ ï à¥-è¥­¨ï ¯à¨ à §«¨ç­ëå q . � ª, ¢ ç áâ­®áâ¨, ¢ á«ãç ¥¯à®áâ®© ¢áâ ¢ª¨, ª®£¤ q(x) =8<:q; x 2 (0; 2);1 ¨­ ç¥, (6)à¥è¥­¨¥ ­¥¨§¡¥¦­® ¨¬¥¥â ¢¨¤u(x) =8<:� cos(
x) +C1 sin(
x); x 2 (0; 2);C2e�
0x ¨­ ç¥,£¤¥ 
 = p!2q��2 . �¤¥áì ª®­áâ ­â­ë C1 ¨ C2®¯à¥¤¥«ïîâáï ãá«®¢¨ï¬¨ á®¯àï¦¥­¨ï ¯à¨ x= 2 :C1 = �
 sin 2
 � 
0 cos 2

0 sin 2
 + 
 cos 2
 � �R(!);C2 = �(cos 2
 �R(!) sin 2
)e2
0 :�®íâ®¬ã à¥è¥­¨¥ ¯à¨ ¬ «ëå x ¨¬¥¥â ¢¨¤u= � fcos 
x+R(!) sin
xg¨ @u@x ����x=0 = �
R: (7)�à¨à ¢­¨¢ ï ¯à ¢ë¥ ç áâ¨ (4) ¨ (7), ¬ë ¯®«ã-ç ¥¬ ãà ¢­¥­¨¥ ¤«ï ®¯à¥¤¥«¥­¨ï ¯ à ¬¥âà  � . �â®ãà ¢­¥­¨¥ «¨­¥©­®¥, ¯®íâ®¬ã à¥è¥­¨¥ ¥£® ¯¨è¥âáïáà §ã: �= �(!)F [f ];£¤¥ �=� 
0 sin 2
 + 
 cos 2
(
02 � 
2) sin 2
 +2

0 cos 2
 :(� ¬¥â¨¬ áà §ã, çâ® � ­¥ § ¢¨á¨â ®â ¢ë¡®à  f ,  F ï¢«ï¥âáï æ¥«®© äã­ªæ¨¥© 
0(!) ¨, á«¥¤®¢ â¥«ì-­®, ­¥ ®¡à é ¥âáï ¢ ¡¥áª®­¥ç­®áâì ¯à¨ ª®­¥ç­ëåç áâ®â å.) �¥¬ á ¬ë¬ ¯®áâà®¥­¨¥ à¥è¥­¨ï ¨áå®¤­®©§ ¤ ç¨ § ¢¥àè¥­®.�¢®©áâ¢  à¥è¥­¨ï áãé¥áâ¢¥­­® à §«¨ç­ë ¯à¨! < � ¨ ! > � . � áá¬®âà¨¬ íâ¨ á«ãç ¨ à §¤¥«ì­®.1. �¡« áâì à¥§®­ ­á®¢ ! < � . �¥è¥­¨¥ áãé¥áâ¢ã-¥â ¯à¨ ¢á¥å ! , ®â«¨ç­ëå ®â à¥§®­ ­á­ëå ç áâ®â, ¢ë-ç¨á«¥­­ëå ¢ [2], | íâ® ¢ â®ç­®áâ¨ ª®à­¨ §­ ¬¥­ â¥«ï�(!) . �à¨ ¡®«ìè¨å jxj à¥è¥­¨¥ íªá¯®­¥­æ¨ «ì­®ã¡ë¢ ¥â; ¯®çâ¨ ¯à¨ ¢á¥å ç áâ®â å ¯®«¥ ­¥ ¯à®­¨-ª ¥â áª®«ìª®-­¨¡ã¤ì áãé¥áâ¢¥­­ë¬ ®¡à §®¬ ¢­ãâàì

«®¢ãèª¨, ¨áª«îç¥­¨¥ á®áâ ¢«ïîâ ç áâ®âë, ¡«¨§ª¨¥ª à¥§®­ ­á­ë¬ (à¨á. 1). �¯®á®¡­®áâì ¯à®­¨ª­®¢¥­¨ï¯®«ï ¢ «®¢ãèªã ã¤®¡­® å à ªâ¥à¨§®¢ âì §­ ç¥­¨ï-¬¨ � . �¡à â¨¬ ¢­¨¬ ­¨¥ ­  â®, çâ® £à ä¨ª § ¢¨á¨¬®-áâ¨ � ®â ! ¨¬¥¥â ®ç¥­ì ªàãâë¥ ¬ ªá¨¬ã¬ë (à¨á. 2).� á®¦ «¥­¨î, ®â¬¥ç¥­­ë© íää¥ªâ ¯à®¯ ¤ ¥â ¯à¨à®áâ¥ à ááâ®ï­¨ï l ; íâ® á¢ï§ ­® á íªá¯®­¥­æ¨ «ì­ë¬ã¡ë¢ ­¨¥¬ F [f ] ª ª äã­ªæ¨¨ l . �®íâ®¬ã ¢ § ¤ ç å,¡«¨§ª¨å ª ¯à¥¤¥«ã § ¤ ç â¥®à¨¨ ¤¨äà ªæ¨¨ (l =1),¯®«¥ ­¥ ¯à®­¨ª ¥â ¢ «®¢ãèªã ¯à¨ ¢á¥å ç áâ®â å,®â«¨ç­ëå ®â à¥§®­ ­á­ëå.2. �¡« áâì ¨§«ãç¥­¨ï ! > � . �¥è¥­¨¥ áãé¥áâ¢ã¥â¯à¨ ¢á¥å ! , ­® á®®â­®è¥­¨¥ ¬¥¦¤ã  ¬¯«¨âã¤ ¬¨¢®«­ë, ¯à®è¥¤è¥© ç¥à¥§ «®¢ãèªã (â. ¥. ¯®«¥ u ¯à¨
���������	
��
��¨á. 1. �¨¤ u(x) : (a) ¯à¨ ®¡ëç­®© ç áâ®â¥ (! = 0:8);(¡) ¯à¨ ç áâ®â¥, ¡«¨§ª®© ª à¥§®­ ­á­®© (! = 0:7)
���������	
��
��¨á. 2. �à ä¨ª § ¢¨á¨¬®áâ¨ � ®â ç áâ®âë !
���������	
��
��¨á. 3. �¨¤ u(x) ¢ á«ãç ¥: (a) ¬ ªá¨¬ã¬  � (! = 1:23);(¡) ¬¨­¨¬ã¬  � (! = 1:27)



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò5 5x > 2), ¨ ¢®«­ë, ®âà ¦¥­­®© ®â «®¢ãèª¨ (â. ¥. ¯®«¥u ¯à¨ x � 0), áãé¥áâ¢¥­­® § ¢¨á¨â ®â ç áâ®âë.�à¨ ®¤­¨å ç áâ®â å ¯®çâ¨ ¢á¥ ¯®«¥ ®âà ¦ ¥âáï, ¯à¨¤àã£¨å ¯®çâ¨ ¢á¥ ¯à®å®¤¨â áª¢®§ì «®¢ãèªã (à¨á. 3).� ª¨¬ ®¡à §®¬, á¢®©áâ¢ , ¯®¤®¡­ë¥ à¥§®­ ­á­ë¬,á®åà ­ïîâáï ¨ ¯à¨ ç áâ®â å ¡®«ìè¨å � , â®«ìª® â¥-¯¥àì ç¨á«¥­­ë¥ §­ ç¥­¨ï ¬ ªá¨¬ã¬®¢ ¯à®å®¦¤¥­¨ïç¥à¥§ «®¢ãèªã áãé¥áâ¢¥­­® § ¢¨áïâ ®â f .� áá¬®âà¨¬ â¥¯¥àì á«ãç ©, ª®£¤  ­®á¨â¥«¨ f¨ q � 1 ¯¥à¥á¥ª îâáï, â. ¥., ­ ¯à¨¬¥à, ¤«ï ã¦¥à áá¬®âà¥­­®© ­ ¬¨ ¢áâ ¢ª¨ (6) ¢®§ì¬¥¬ äã­ªæ¨îá«¥¤ãîé¥£® ¢¨¤ :f(x) =8<:'(x); x 2 (0; a);0 ¨­ ç¥,£¤¥ a | è¨à¨­  ¢®«­®¢®¤ . �«ï ®¯à¥¤¥«¥­­®áâ¨¯®«®¦¨¬ a= 2 .�­ «®£¨ç­® ¨§«®¦¥­­®¬ã ¢ëè¥ ¤«ï un(x;�) ¨§(1) ¯®«ãç ¥¬ § ¤ çã (2). �¥¯¥àì ã¦¥, çâ®¡ë ¢ëç¨á-«¨âì u(x) ¯à¨ à §«¨ç­ëå â®ª å ¢¨¤  f(x) n(y) ,ã¤®¡­¥¥ à áá¬®âà¥âì ¢á¯®¬®£ â¥«ì­ë¥ § ¤ ç¨ ¢ ­¥-áª®«ìª® ¨­®¬ ¯®àï¤ª¥.I. �à¨ x < 0u00 + (!2 ��2)u= 0;ujx=0 = �1;u� e
0(!)x ¯à¨ x=�1:�¥è¥­¨¥ íâ®© á¨áâ¥¬ë,   â ª¦¥ ¥£® ¯à®¨§¢®¤­ ï¨¬¥îâ ¢¨¤ u(x) = �1e
0(!)x;@u@x = �1
0(!)e
0(!)x: (8)II. �à¨ x > 2u00 + (!2 ��2)u= 0;ujx=2 = �2;u� e�
0(!)x ¯à¨ x=+1:�¥è¥­¨¥ íâ®© á¨áâ¥¬ë  ­ «®£¨ç­® ¯à¥¤ë¤ãé¥©¨¬¥¥â ¢¨¤ u(x) = �2e�
0(!)x;@u@x =��2
0(!)e�
0(!)x: (9)�®íää¨æ¨¥­âë �1 ¨ �2 | ­¥ª®â®àë¥ ª®­áâ ­âë,ª®â®àë¥ ¥é¥ ­ ¤® ¡ã¤¥â ®¯à¥¤¥«¨âì.III. �à¨ 0< x < 2u00 + (!2q(x)� �2)u= f;ujx=0 = �1;ujx=2 = �2:

�á¯®«ì§ãï ¬¥â®¤ ¢ à¨ æ¨¨ ¯®áâ®ï­­ëå, ¯®«ãç ¥¬á«¥¤ãîé¨© ¢¨¤ à¥è¥­¨ï:u(x) = 24� 12
 xZ0 f(z)e
zdz +C135 e�
x++24 12
 xZ0 f(z)e�
zdz +C235 e
x:�®­áâ ­âë C1 ¨ C2 ¢ëà ¦ îâáï ¨§ ãá«®¢¨© á®¯àï-¦¥­¨ï (8) ¨ (9) ¯à¨ x= 0 :8>><>>:C1 = �1
 � 
02
 ;C2 = �1
 + 
02
 :�¥è¥­¨¥ ¯à¨­¨¬ ¥â ¢¨¤u(x) = 24� 12
 xZ0 f(z)e
zdz + �1
 � 
02
 35 e�
x++24 12
 xZ0 f(z)e�
zdz + �1
 + 
02
 35 e
x: (10)�áâ ¥âáï â®«ìª® ­ ©â¨ ¯ à ¬¥âàë �1 ¨ �2 , ª®â®-àë¥ ¢ëà ¦ îâáï ¨§ ãá«®¢¨© á®¯àï¦¥­¨ï (9) ¨ (10) ¢â®çª¥ x= 2 :8>><>>:�1 = e�2
F+(
0 � 
)� e2
F�(
0 + 
)e2
(
0 + 
)2 � e�2
(
0 � 
)2 ;�2 = e2(
0+
) 1
 � 
0 (F� + �1(
0 + 
));£¤¥ F+ = 2R0 f(z)e
zdz ¨ F� = 2R0 f(z)e�
zdz .� áá¬®âà¨¬ ®¯ïâì ¦¥ à §¤¥«ì­® á«ãç ¨ ! < � ¨! > � .1. �¡« áâì à¥§®­ ­á®¢ ! < � . �¥è¥­¨¥ áãé¥áâ¢ã-¥â ¯à¨ ¢á¥å ­¥à¥§®­ ­á­ëå ç áâ®â å, ­® â¥¯¥àì ¯®-¢¥¤¥­¨¥ à¥è¥­¨ï ¯à¨ ç áâ®â å, ¡«¨§ª¨å ª à¥§®­ ­á-­ë¬, á¨«ì­® § ¢¨á¨â ®â å à ªâ¥à  äã­ªæ¨¨ f . �â®å®à®è® ¢¨¤­® ¯® £à ä¨ª ¬ § ¢¨á¨¬®áâ¨  ¬¯«¨âã¤ë�1 ®â ç áâ®âë ! . �  à¨á. 4 ¨§®¡à ¦¥­ë § ¢¨á¨¬®áâ¨¤«ï à §«¨ç­ëå ­®á¨â¥«¥© f ¢¨¤ f(x) =8<:'(x); x 2 (0; a);0 ¨­ ç¥.�«ï '(x) = f0 sin �� xa� ¯à¨ ¢â®à®© à¥§®­ ­á­®© ç á-â®â¥ ¯à ¢ ï ç áâì ãà ¢­¥­¨ï ®ª §ë¢ ¥âáï ®àâ®£®-­ «ì­®© á®¡áâ¢¥­­ë¬ äã­ªæ¨ï¬, ¨ à¥§®­ ­á  ¯à¨íâ®© ç áâ®â¥ ­¥ ­ ¡«î¤ ¥âáï.�á«¨ ¦¥ ¢§ïâì '(x) = f0 sin �2� xa� , â® ­ ®¡®à®â:à¥§®­ ­á ¯à®¯ ¤ ¥â ¤«ï ¯¥à¢®© ç áâ®âë, â ª ª ª ¯à¨­¥© äã­ªæ¨ï f ®àâ®£®­ «ì­  á®¡áâ¢¥­­ë¬ äã­ª-æ¨ï¬.�  à¨á. 4 â ª¦¥ ¯®ª § ­ á«ãç ©, ª®£¤  f ã¦¥ ­¥ï¢«ï¥âáï ®àâ®£®­ «ì­®© á®¡áâ¢¥­­ë¬ äã­ªæ¨ï¬ ­¨
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���������	
��
������������¨á. 4. �à ä¨ª § ¢¨á¨¬®áâ¨ �1 ®â ç áâ®âë ! ¤«ï:(a) f = f0 sin(�x=a) ; (¡) f = f0 sin(2�x=a) ;(¢) f = f0 sin(1:5�x=a)¯à¨ ®¤­®© à¥§®­ ­á­®© ç áâ®â¥. �â® ¬®¦­® ­ ¡«î-¤ âì, ­ ¯à¨¬¥à, ¯à¨ '(x) = f0 sin �1:5� xa� .� ¢¨á¨¬®áâì u(x) ¤«ï à §«¨ç­ëå ç áâ®â ¯à¥¤-áâ ¢«¥­  ­  à¨á. 5.
���������	
��
��¨á. 5. �à ä¨ª u(x) ¯à¨ f = f0 sin(2�x=a) , q = 10 , �= 12. �¡« áâì ¨§«ãç¥­¨ï ! > � . �®§ì¬¥¬ ­®á¨â¥«ì'(x) = f0 sin�2�xa� :�¥è¥­¨¥ áãé¥áâ¢ã¥â ¯à¨ ¢á¥å ! . �á«¨ à áá¬ âà¨-¢ âì § ¢¨á¨¬®áâì  ¬¯«¨âã¤ë ¢®«­ë, ¢ëå®¤ïé¥© ¨§«®¢ãèª¨ (â. ¥. ¯®«¥ u ¯à¨ x < 0 ¨ ¯®«¥ u ¯à¨ x > 2),

���������	
��
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