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5. �®¯®¢ �.�. �®ç­®¥ à¥è¥­¨¥ ®á­®¢­ëå ãà ¢­¥­¨© â¥®-à¨¨ ¯®¢¥àå­®áâ¥© ¤«ï ®¤­®á®«¨â®­­®£® à¥è¥­¨ï ãà ¢­¥­¨ïsin-�®à¤®­ : �¥¯. ������ ò4336-B86 ®â 12.06.86.6. Bianchi L. Lezioni di geometria differenziale. Vol. 1, Parte 2.Bologna, 1927.7. �¨å®¬¨à®¢ �.�. // �¥áâ­. �®áª. ã­-â . �¨§. �áâà®­. 2001.ò1. �. 19 (Moscow University Phys. Bull. 2001. No. 1.P. 20). �®áâã¯¨«  ¢ p¥¤ ªæ¨î21.11.01��� 517.958; 621.372.8��������� ��������� ����������� ����������������� ����������� ��� ����� ������������.�. � «ëå(ª ä¥¤à  ¬ â¥¬ â¨ª¨)E-mail: malykham@mtu-net.ru�à¨¢¥¤¥­ ¯à¨¬¥à § ¤ ç¨, ¡«¨§ª®© ª á¯¥ªâà «ì­®© § ¤ ç¥ â¥®à¨¨ ¢®«­®¢®¤®¢ á® ¢áâ ¢ª®©,¢«®¦¥­­ë¥ á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï ª®â®à®© ¨áç¥§ îâ ¯à¨ ¬ «®¬ ¨§¬¥­¥­¨¨ ª®íää¨æ¨¥­â®¢,å à ªâ¥à¨§ãîé¨å § ¯®«­¥­¨¥. � áá¬®âà¥­¨¥ íâ®© § ¤ ç¨ ®á­®¢ ­® ­  ¬¥â®¤¥ �ã¡¨­¨.� ­ áâ®ïé¥¥ ¢à¥¬ï ¨§¢¥áâ­ë ¬­®£®ç¨á«¥­­ë¥¯à¨¬¥àë ¢®«­®¢¥¤ãé¨å á¨áâ¥¬, ®¡« ¤ îé¨å á®¡áâ-¢¥­­ë¬¨ §­ ç¥­¨ï¬¨, ¢«®¦¥­­ë¬¨ ¢ ­¥¯à¥àë¢­ë©á¯¥ªâà [1{6]. �¤­ ª® ­¥ ¢¯®«­¥ ïá­®, á®åà ­ïâáï «¨®­¨ ¯à¨ ¬ «®¬ ¨§¬¥­¥­¨¨ £à ­¨æë ¨«¨ § ¯®«­¥­¨ï¢®«­®¢®¤ , ¯®áª®«ìªã ¢ ®¡é¥¬ á«ãç ¥ ¢«®¦¥­­®¥á®¡áâ¢¥­­®¥ §­ ç¥­¨¥ ¯à¨ ¬ «ëå ¢®§¬ãé¥­¨ïå ¬®-¦¥â ¯à¥¢à é âìáï ¢ ª®¬¯«¥ªá­ë© à¥§®­ ­á [4, 7, 8].� ­ áâ®ïé¥© à ¡®â¥ à áá¬®âà¥­ ¯à®áâ®© ¯à¨¬¥àá¯¥ªâà «ì­®© § ¤ ç¨, ã ª®â®à®© ¨áç¥§ îâ ¢«®¦¥­­ë¥á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï,   ¨¬¥­­®:(u00 + (k2q(x)��)u= k2p(x)v;v00 + (k2q(x)� �)v = k2p(x)u: (1)�¤¥áì � < � ,   äã­ªæ¨¨ q(x)� 1 ¨ p(x) |  ­ «¨â¨-ç¥áª¨¥ äã­ªæ¨¨, à¥£ã«ïà­ë¥ ¢ «î¡®© ª®­¥ç­®© â®ç-ª¥ ¢¥é¥áâ¢¥­­®© ®á¨ ¨ ã¡ë¢ îé¨¥ ¡ëáâà¥¥ «î¡®©íªá¯®­¥­âë.�â  § ¤ ç  ï¢«ï¥âáï ¬®¤¥«ì­ë¬ ¯à¨¡«¨¦¥­¨¥¬¤«ï ¨§ãç¥­¨ï á¯¥ªâà «ì­®© § ¤ ç¨8><>:�u+ k2q(x; y)u= 0;ujy=0 = 0; ujy=� = 0;u 2 L2(
) (2)¢ ¯®«®¬ ¢®«­®¢®¤¥ ¯®áâ®ï­­®£® á¥ç¥­¨ï
= fx 2 R1 ; y 2 [0;+�]g;§ ¯®«­¥­­®¬ ­¥®¤­®à®¤­ë¬ ¢¥é¥áâ¢®¬, ª®â®à®¥å à ªâ¥à¨§ã¥âáï ªãá®ç­®-¯®áâ®ï­­®© äã­ªæ¨¥©q(x; y) .

� á¨«ã ¯®«­®âë á¨áâ¥¬ë âà¨£®­®¬¥âà¨ç¥áª¨åäã­ªæ¨© à¥è¥­¨¥ (2) ¢á¥£¤  ¬®¦­® ¯à¥¤áâ ¢¨âì ¢¢¨¤¥ u(x; y; k) = 1Xn=1un(x; k) sin (ny);¯à¨ç¥¬ un (x) 2 L2(R1) \C1 . �®¤áâ ¢«ïï íâ® ¢ëà -¦¥­¨¥ ¢ (2), ¯®«ãç¨¬ ¢¬¥áâ® (2) ¡¥áª®­¥ç­ãî á¨áâ¥-¬ã ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©8>>>><>>>>:u00n � n2un + k2 1Xm=1 qn;mum = 0; n= 1; 2; : : : ;1Xn=1ZR1 dx jun(x)j2 <1; (3)£¤¥ qn;m(x) = ZS dy q(x; y) sin(ny) sin(my):�¥âàã¤­® ¢¨¤¥âì, çâ® § ¤ ç  (1) ï¢«ï¥âáï ¢¥áì¬ ç áâ­ë¬ á«ãç ¥¬ § ¤ ç¨ (3), ®¤­ ª® ¬®¦­® ­ ¤¥-ïâìáï, çâ® ¨ ®­  ¯¥à¥¤ ¥â å à ªâ¥à­ë¥ ®á®¡¥­­®áâ¨¯®¢¥¤¥­¨ï á¯¥ªâà  § ¤ ç¨ (2).�à¥¤¯®«®¦¨¬, çâ® ã § ¤ ç¨ (1) áãé¥áâ¢ã¥â ¢«®-¦¥­­®¥ á®¡áâ¢¥­­®¥ §­ ç¥­¨¥ k2 2 (�; �) ¨ ¥¬ã ®â¢¥-ç ¥â á®¡áâ¢¥­­ ï äã­ªæ¨ï (u1(x); v1(x)) 2 L2(R1) .�¨áâ¥¬  (1) ¨¬¥¥â ¥é¥ âà¨ «¨­¥©­®-­¥§ ¢¨á¨¬ëå



14 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò3à¥è¥­¨ï (un(x); vn(x)) (n = 2; 3; 4) . �¥à¥¯¨á ¢ (1)¢ ¢¨¤¥ á¨áâ¥¬ë ãà ¢­¥­¨© ¯¥à¢®£® ¯®àï¤ª  ¨ ¯à¨-¬¥­¨¢ ª ­¥© â¥®à¥¬ã �¨­¤¥«¥ä  [9], ¢¨¤¨¬, çâ® ¢á¥ç¥âëà¥ à¥è¥­¨ï § ¤ ç¨ (1) à áâãâ ­¥ ¡ëáâà¥¥ íªá¯®-­¥­âë. �â® ¯®§¢®«ï¥â ¤®ª § âì á«¥¤ãîéãî â¥®à¥¬ã.� ¥ ® à ¥ ¬   1. �á«¨ à¥è¥­¨¥ (u1; v1) § ¤ ç¨ 1¯à¨­ ¤«¥¦¨â L2(R) ¨ u(x)1 6� 0, â® ã § ¤ ç¨ 1¨¬¥¥âáï ¤àã£®¥ à¥è¥­¨¥, ª®â®à®¥ (á ¬® ¨«¨ ¥£®¯¥à¢ ï ¯à®¨§¢®¤­ ï) áâà¥¬¨âáï ª ¡¥áª®­¥ç­®áâ¨.� ® ª   §   â ¥ « ì á â ¢ ®. �ãáâì (un; vn) (n == 2; : : : ; 4) | ®áâ ¢è¨¥áï âà¨ «¨­¥©­®-­¥§ ¢¨á¨¬ëåà¥è¥­¨ï 1 ¨ ¯ãáâì u(x0) 6= 0 . �®áâ ¢¨¬ ¬ âà¨æãW=0BB@u1; u01; v1; v01u2; u02; v2; v02u3; u03; v3; v03u4; u04; v4; v041CCA¨ § ¬¥â¨¬, çâ® ¥¥ ®¯à¥¤¥«¨â¥«ì ­¥ § ¢¨á¨â ®â x .�§ ãà ¢­¥­¨©(v00n+ (k2q(x)��)vn = k2p(x)un;v00m + (k2q(x)� �)vm = k2p(x)umá«¥¤ã¥â, çâ®vnv00m � vmv00n = k2p(x)(umvn � u1vm)¨«¨ ddxW [vn; vm] = k2p(x) ����vn(x); vm(x)un(x); um(x)���� :� ª ª ª um; un; vm; vn à áâãâ ­¥ ¡ëáâà¥¥ íªá¯®­¥­-âë, â® p(x) ã¡ë¢ ¥â ¡ëáâà¥¥ ¨, §­ ç¨â, W [vn; vm](x)¢á¥ ¢à¥¬ï ®áâ îâáï ¬¥­ìè¥ ­¥ª®â®à®© ª®­áâ ­âë C .�­ «®£¨ç­®ddxW [un; um] =�k2p(x) ����vn(x); vm(x)un(x); um(x)���� ;¯®íâ®¬ã ¯à¥¤¥« W [u1; um] ! W� , ª®£¤  x ! �1 ,áãé¥áâ¢ã¥â ¨ à ¢¥­W [un; um](x) =W� � k2 xZ�1 p(x) ����vn(x); vm(x)un(x); um(x)���� dx:�à¥¤¯®«®¦¨¬, çâ® ¢á¥ ®¯à¥¤¥«¨â¥«¨ �à®­áª®£®W [u1; um] áâà¥¬ïâáï ª ­ã«î, ª®£¤  x!�1 . � ª ª ªp(x) ã¡ë¢ ¥â ¡ëáâà¥¥ «î¡®© íªá¯®­¥­âë,   u1; u2à áâãâ ­¥ ¡ëáâà¥¥ ­¥ª®â®à®© íªá¯®­¥­âë, â®���k2p(x) ����vn(x); vm(x)un(x); um(x)���� ���6 P0 e�
x; x > x0;¯à¨ «î¡®¬ 
 , ¥á«¨ ¢§ïâì x0 ¤®áâ â®ç­® ¡®«ìè¨¬.�®£¤  ¯à¨ x > x0jW [u1; um](x)j 6 1Zx P0 e�
x dx= P0
 e�
x;

â. ¥. W [u1; um] ã¡ë¢ ¥â ¡ëáâà¥¥ «î¡®© íªá¯®­¥­âë.�® ¯®áª®«ìªã, ­ ¯à¨¬¥à,W [u2; u3] = 1u1 (u2W [u1; u3]� u3W [u1; u2]);¢á¥ W [un; um] áâà¥¬ïâáï ª ­ã«î ¨ ¢ á¨«ã ®£à -­¨ç¥­­®áâ¨ W [vn; vm](x) ®¯à¥¤¥«¨â¥«ì jWj â®¦¥áâà¥¬¨âáï ª ­ã«î, çâ® ­¥¢®§¬®¦­® ¢¢¨¤ã â®£®, çâ®®­ ¢®®¡é¥ ­¥ § ¢¨á¨â ®â x . �­ ç¨â, ¯à¥¤¯®«®¦¥­¨¥ ®â®¬, çâ® ¢á¥ W [u1; um]! 0 , ª®£¤  x!�1 , ­¥¢¥à­®,¨ ¯®íâ®¬ã um ¤®«¦­  ­¥®£à ­¨ç¥­­® ¢®§à áâ âì,çâ®¡ë áª®¬¯¥­á¨à®¢ âì ã¡ë¢ ­¨¥ u1 .�¤­ ª®, á ¤àã£®© áâ®à®­ë, ®æ¥­¨¢ «î¡®¥ à¥è¥­¨¥(u(x); v(x)) á¨áâ¥¬ë (1) ¯® ¬¥â®¤ã �ã¡¨­¨ [10],¬®¦­® ¯®ª § âì, çâ® ¢á¥ um ®£à ­¨ç¥­ë.� ¥ ® à ¥ ¬   2. �á¥ à¥è¥­¨ï § ¤ ç¨ (1) ¨ ¨å¯¥à¢ë¥ ¯à®¨§¢®¤­ë¥ ®£à ­¨ç¥­ë ­  ¢á¥© ¢¥é¥áâ-¢¥­­®© ®á¨.� ® ª   §   â ¥ « ì á â ¢ ®. �ãáâì u1(x) ¨ u2(x) |à¥è¥­¨ï ãà ¢­¥­¨ïu00 + (k2q(x)��)u= 0á ¢à®­áª¨ ­®¬ W = 1 ,   v1(x) ¨ v2(x) | à¥è¥­¨ïãà ¢­¥­¨ï v00 + (k2q(x)� �)v = 0á ¢à®­áª¨ ­®¬ W = 1 . �ã¤¥¬ ¨áª âì à¥è¥­¨¥ (1)¬¥â®¤®¬ ¢ à¨ æ¨¨ ¯®áâ®ï­­ëå. �®«®¦¨¬(u= a1(x)u1(x) + a2(x)u2(x);v = b1(x)v1(x) + b2(x)v2(x);â®£¤  ¨¬¥¥¬:8>>>>>>>>>><>>>>>>>>>>:
a1(x) = 
1 � k2 xR0 d� u2(�)p(�)v(�);a2(x) = 
2 + k2 xR0 d� u1(�)p(�)v(�);b1(x) = 
3 � k2 xR0 d� v2(�)p(�)v(�);b2(x) = 
4 + k2 xR0 d� v1(�)p(�)v(�);£¤¥ 
1; : : : ; 
4 | ¯®áâ®ï­­ë¥ ¨­â¥£à¨à®¢ ­¨ï. �­ -ç¨â, äã­ªæ¨¨ u ¨ v ¢ëà ¦ îâáï ®¤­  ç¥à¥§ ¤àã£ãî:8>><>>:u(x)� k2 xR0 d� L(x; �)p(�)v(�) = 
1u1(x) + 
2u2(x);v(x)� k2 xR0 d�M(x; �)p(�)u(�) = 
3v1(x) + 
4v2(x);£¤¥L(x; �) = ����u1(�); u2(�)u1(x); u2(x)���� ¨ M(x; �) = ����v1(�); v2(�)v1(x); v2(x)���� :�âáî¤  ¤«ï u ¯®«ãç ¥âáï ãà ¢­¥­¨¥ �®«ìâ¥àà :u(x)� k4 xZ0 d� k(x; �)u(�) = F (x) (4)



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò3 15á ï¤à®¬ k(x; �) = xZ� d� L(x; �)p(�)M(�; �)p(�)¨ ¯à ¢®© ç áâìîF (x) = 
1u1(x) + 
2u2(x)++ k2 xZ0 d� L(x; �)p(�)[
3v1(�) + 
4v2(�)]:�á«¨ k2 2 (�; �) , â® äã­ªæ¨¨ u1(x) ¨ u2(x)à ¢­®¬¥à­® ¯à¨ ¢á¥å x ®£à ­¨ç¥­ë ­¥ª®â®à®© ª®­-áâ ­â®© C , ¯®íâ®¬ã ¨ jL(x; �)j < C2 ¯à¨ ¢á¥å x¨ � . �®âï äã­ªæ¨¨ v1(x) ¨ v2(x) ¬®£ãâ ¢®§à á-â âì ­¥®£à ­¨ç¥­­®, ­® ¢ á¨«ã â®£®, çâ® p(x) ã¡ë-¢ ¥â ¡ëáâà¥¥ «î¡®© íªá¯®­¥­âë, ­ ©¤¥âáï â ª ïäã­ªæ¨ï P (x) , ã¡ë¢ îé ï áâ®«ì ¦¥ ¡ëáâà®, çâ®jp(�)M(�; �)p(�)j < P (�)P (�) . �®íâ®¬ã ï¤à® ãà ¢­¥-­¨ï �®«ìâ¥àà  ã¤®¢«¥â¢®àï¥â ­¥à ¢¥­áâ¢ãjk(x; �)j <P (�)C2 xZ0 d� P (�)6 C 00P (�);£¤¥ C 00 = C2 1Z0 d� P (�)¯à¨ ¢á¥å x ¨ � . � á¨«ã «¥¬¬ë ®¡ ¨­â¥£à «ì­ëåãà ¢­¥­¨ïå �®«ìâ¥àà  [10] à¥è¥­¨¥ ãà ¢­¥­¨ï (4)ã¤®¢«¥â¢®àï¥â ­¥à ¢¥­áâ¢ãju(x)�F (x)j6 k4C 00J1(x) exp[k4C 00J2(x)]; (5)£¤¥ ¨­â¥£à «ëJ1(x) = xZ0 P (y) dy ¨ J2(x) = xZ0 P (y)jF (y)j dy®£à ­¨ç¥­ë à ¢­®¬¥à­® ­¥ª®â®à®© ª®­áâ ­â®© C 000 .�áâ ¥âáï § ¬¥â¨âì, çâ® äã­ªæ¨ï F (x) ®£à ­¨ç¥­ ­  ¢¥é¥áâ¢¥­­®© ®á¨. � á ¬®¬ ¤¥«¥, á ãç¥â®¬ ¢ëà -¦¥­¨ï ¤«ï L ¨¬¥¥¬:F = 
1u1(x) + 
2u2(x) ++ k2 xZ0 d� L(x; �)p(�)[
3v1(�) + 
4v2(�)] ==0@
1 � k2 xZ0 d� u2(�)p(�)[
3v1(�) + 
4v2(�)]1Au1(x) ++0@
2 + k2 xZ0 d� u1(�)p(�)[
3v1(�) + 
4v2(�)]1Au2(x):
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