
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü3 23�������������� 517.926 ������������ ������������� � ������������� ��� ���� � ��������������� ������������. �. � ¬¡ã«®¢�), �. �. �®«¥á®¢�) , �. �. �®§®¢(ª ä¥¤p  ¤¨ää¥p¥æ¨ «ìëå ãp ¢¥¨©)�áá«¥¤ã¥âáï ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì à á¯à¥¤¥«¥®£®   «®£  £¥¥à â®à  �  ¤¥à �®«ï, ¯à¥¤áâ ¢-«ïîé ï á®¡®© «¨¥©ãî á¨áâ¥¬ã â¥«¥£à äëå ãà ¢¥¨© á ¥«¨¥©®áâìî ¢ ®¤®¬ ¨§ £à ¨çëåãá«®¢¨©. � à¥§ã«ìâ â¥ â¥®à¥â¨ç¥áª®£® ¨áá«¥¤®¢ ¨ï ¢ëï¢«ï¥âáï ä¥®¬¥ ¡ãä¥à®áâ¨, â. ¥. ®¤®¢à¥-¬¥®¥ áãé¥áâ¢®¢ ¨¥ ã à áá¬ âà¨¢ ¥¬®© ªà ¥¢®© § ¤ ç¨ ¥áª®«ìª¨å ãáâ®©ç¨¢ëå ¯¥à¨®¤¨ç¥áª¨åà¥¦¨¬®¢. �à¨¢®¤ïâáï à¥§ã«ìâ âë íªá¯¥à¨¬¥â , ¯®¤â¢¥à¦¤ îé¥£® ä¨§¨ç¥áªãî à¥ «¨§ã¥¬®áâì ¤ -®£® ä¥®¬¥ .�¢â®£¥¥à â®àë á à á¯à¥¤¥«¥ë¬¨ ¯ à ¬¥âà ¬¨(���) ¯p¨¢«¥ª îâ ¨â¥p¥á ¨áá«¥¤®¢ â¥«¥© ¢ á¢ï§¨á ¨â¥á¨¢ë¬ à §¢¨â¨¥¬ ¬¨ªà®í«¥ªâà®¨ª¨ ¨ ¯®ï-¢¨¢è¥©áï ¢®§¬®¦®áâìî ¨å à¥ «¨§ æ¨¨. � ç áâ®áâ¨, ªâã «ì  ¯à®¡«¥¬  á®§¤ ¨ï ���, ú¯®¤®¡ëåû ã¦¥¨§¢¥áâë¬ £¥¥à â®à ¬   á®áà¥¤®â®ç¥ëå í«¥¬¥-â å. � ¯à¨¬¥à, ¢ à ¡®â å [1, 2] ¯à¥¤«®¦¥  ¨ ¨§ã-ç¥  ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì ���, ¯à¥¤áâ ¢«ïîé¥£®á®¡®©   «®£ ª« áá¨ç¥áª®£® ®¤®« ¬¯®¢®£® £¥¥à -â®à  �  ¤¥à �®«ï á ª®«¥¡ â¥«ìë¬ ª®âãà®¬ ¢ æ¥¯¨á¥âª¨ [3].�  áâ®ïé¥© à ¡®â¥, ¯à®¤®«¦ îé¥© ¨áá«¥¤®¢ ¨ï[1, 2], ¯à®¢®¤¨âáï â¥®à¥â¨ç¥áª¨©   «¨§  ¢â®ª®«¥¡ -â¥«ìëå ¯à®æ¥áá®¢ ¢ ���-  «®£¥ £¥¥à â®à  � ¤¥à �®«ï á ª®«¥¡ â¥«ìë¬ ª®âãà®¬ ¢ æ¥¯¨  ®¤  [3].�®«ãç¥ë¥ ¢ë¢®¤ë ¨««îáâà¨àãîâáï à¥§ã«ìâ â ¬¨á¯¥æ¨ «ì®£® íªá¯¥à¨¬¥â .1. � áá¬®âà¨¬ ���, ¯à¨æ¨¯¨ «ì ï ¡«®ª-áå¥¬ ª®â®à®£® ¯®ª §     à¨á. 1,  . �£® å à ªâ¥à ï ®á®-¡¥®áâì á®áâ®¨â ¢ â®¬, çâ® ® ¨¬¥¥â ¤¢¥ «¨¨¨, ¯ -à ¬¥âàë ª ¦¤®© ¨§ ª®â®àëå (¨¤ãªâ¨¢®áâì Lj , ¥¬-
ª®áâì Cj ¨  ªâ¨¢®¥ á®¯à®â¨¢«¥¨¥ Rj , j = 1; 2) à ¢-®¬¥à® à á¯à¥¤¥«¥ë   ¥ª®â®àëå ®âà¥§ª å ¯à®-¢®¤¨ª®¢ ®¤®© ¨ â®© ¦¥ ¤«¨ë l (¢ ®¡®¨å á«ãç ïå¯à¥¥¡à¥£ ¥¬ à á¯à¥¤¥«¥®© ¯à®¢®¤¨¬®áâìî). �ç¨-â ¥¬ â ª¦¥, çâ® ¬¥¦¤ã «¨¨ï¬¨ áãé¥áâ¢ã¥â ¢§ ¨¬ ï¨¤ãªæ¨ï, å p ªâ¥p¨§ãîé ïáï ª®íää¨æ¨¥â ¬¨ Mj ,j = 1; 2 . �ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ¢ ¥«¨¥©®¬ í«¥-¬¥â¥ (¢ ¯à®áâ¥©è¥¬ á«ãç ¥ | ¢ ª« áá¨ç¥áª®© « ¬¯¥)â®ª I § ¢¨á¨â ®â ¯à¨«®¦¥®£®  ¯àï¦¥¨ï u â ª,ª ª ¯®ª § ®   à¨á. 1, ¡.�¡®§ ç¨¬ ç¥à¥§ uj , ij , j = 1; 2 , ¯¥à¥¬¥ë¥ á®-áâ ¢«ïîé¨¥  ¯àï¦¥¨ï ¨ á¨«ë â®ª  ¢ «¨¨ïå. � ª¨§¢¥áâ®, ®¨ á¢ï§ ë á¨áâ¥¬®© â¥«¥£à äëå ãà ¢-¥¨©:@u1@x =�R1i1�L1@i1@t +M1@i2@t ; @i1@x =�C1@u1@t ;@u2@x =�R2i2�L2@i2@t +M2@i1@t ; @i2@x =�C2@u2@t :(1)

�¨á. 1�) �p®á« ¢áª¨© £®áã¤ páâ¢¥ë© ã¨¢¥pá¨â¥â.



24 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü 3�  è¥¬ á«ãç ¥ á¨áâ¥¬ã á«¥¤ã¥â à áá¬ âà¨¢ âì  ®âà¥§ª¥ 06 x6 l , ¤®¯®«¨¢ £à ¨çë¬¨ ãá«®¢¨ï¬¨:u1jx=0 = 0; u2jx=0 = 0;i1jx=l = �s0u2 + s1u22� s2u32� jx=l; i2jx=l = 0; (2)£¤¥ s0 > 0 , s2 > 0 ,   § ª s1 ¯à®¨§¢®«¥.�®ïá¨¬ ¯à®¨áå®¦¤¥¨¥ £à ¨çëå ãá«®¢¨© (2).� ¯¥à¢®¬ã ¨§ ¨å ¯à¨å®¤¨¬ ¢ ¯à¥¤¯®«®¦¥¨¨, çâ® ¨á-â®ç¨ª ¯®áâ®ï®£®  ¯àï¦¥¨ï +E úèãâ¨à®¢ û¤®áâ â®ç® ¡®«ìè®© ¥¬ª®áâìî ¨, á«¥¤®¢ â¥«ì®, ¯¥à-¢ ï «¨¨ï ¨¬¥¥â   ª®æ¥ x = 0 ã«¥¢®¥ § ç¥¨¥¯¥à¥¬¥®© á®áâ ¢«ïîé¥©  ¯àï¦¥¨ï. �â®à®¥ ãá«®-¢¨¥ | á«¥¤áâ¢¨¥ § §¥¬«¥®áâ¨ ¢â®à®© «¨¨¨ ¢ â®çª¥x= 0 ,   ¯®á«¥¤¥¥ ¢ëâ¥ª ¥â ¨§ ¤®¯ãé¥¨ï ¨¤¥ «ì®-áâ¨ ãá¨«¨â¥«ï ( «¨ç¨ï ã ¥£® ¡¥áª®¥ç® ¡®«ìè®£®¢å®¤®£®  ªâ¨¢®£® á®¯à®â¨¢«¥¨ï). � ª®¥æ, ä¨£ã-à¨àãîé¥¥ ¢ (2) ¥«¨¥©®¥ ãá«®¢¨¥ ®¡êïáï¥âáï â¥¬,çâ® å à ªâ¥à¨áâ¨ª  ¥«¨¥©®£® í«¥¬¥â , á¢ï§ë¢ -îé¥£® ¤¢¥ à áá¬ âà¨¢ ¥¬ë¥ «¨¨¨,  ¯¯à®ªá¨¬¨àã¥â-áï ¢ ®ªà¥áâ®áâ¨ à ¡®ç¥© â®çª¨ A (á¬. à¨á. 1, ¡) ªã¡¨-ç¥áª¨¬ ¯®«¨®¬®¬ á ª®íää¨æ¨¥â ¬¨ sj , j = 0; 1; 2 .�à ¥¢ ï § ¤ ç  (1), (2) ¯à¥¤áâ ¢«ï¥â á®¡®© ®¡éãî¬ â¥¬ â¨ç¥áªãî ¬®¤¥«ì  ¢â®£¥¥à â®à , á®¤¥à¦ é¥-£® ¤¢¥ LCR -«¨¨¨, ¬¥¦¤ã ª®â®pë¬¨ áãé¥áâ¢ã¥â ¢§ -¨¬ ï ¨¤ãªæ¨ï, ¨ ¥«¨¥©ë© í«¥¬¥â. �¤ ª® ¨-¦¥ ¬ë ¡ã¤¥¬ ¨§ãç âì «¨èì á«ãç © C2 = 0 , ª®â®àë©¬®¦® à áá¬ âà¨¢ âì ª ª ¬ â¥¬ â¨ç¥áªãî ¬®¤¥«ì���-  «®£  ª« áá¨ç¥áª®£® £¥¥à â®à  �  ¤¥à �®-«ï á ª®«¥¡ â¥«ìë¬ ª®âãà®¬ ¢ æ¥¯¨  ®¤  [3]. �â¬¥-â¨¬, çâ® ¯¥à¢ ï «¨¨ï ¨£à ¥â §¤¥áì à®«ì úª®«¥¡ â¥«ì-®£® ª®âãà  ¢ æ¥¯¨  ®¤ û. �â®à ï «¨¨ï ¢á¯®¬®£ -â¥«ì ï, â ª ª ª ¯à¨ C2 = 0  ¢â®¬ â¨ç¥áª¨ ¯®«ãç ¥¬i2 � 0 , â. ¥. ®  á®§¤ ¥â (¯®áà¥¤áâ¢®¬ ¢§ ¨¬®© ¨¤ãª-æ¨¨) æ¥¯ì ®¡à â®© á¢ï§¨ ¬¥¦¤ã ®á®¢®© «¨¨¥© ¨ãá¨«¨â¥«¥¬.�â ª, ¨áá«¥¤ã¥âáï ªà ¥¢ ï § ¤ ç @u1@x = �R1i1 �L1@i1@t ; @i1@x = �C1@u1@t ;@u2@x =M2@i1@t ; (3)u1jx=0 = u2jx=0 = 0;i1jx=l = �s0u2+ s1u22� s2u32� jx=l;¯®«ãç îé ïáï ¨§ § ¤ ç¨ (1), (2) ¯à¨ i2 = 0 . �«ï ã¤®¡-áâ¢  ¥¥   «¨§  á ç «  ¨áª«îç¨¬ ¯¥à¥¬¥ãî u2 :u2 = �M2L1 u1 � M2R1L1 xZ0 i1(t; s)ds: (4)�®á«¥ ¢ë¯®«¥¨ï ¢ p ¢¥áâ¢ å (3), (4) § ¬¥x=l ! x , t=(lpL1C1) ! t , u1 = u , i1 = vpC1=L1¨â¥à¥áãîé ï  á ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì ¯à¨¨¬ -¥â ¢¨¤ ut = �vx; vt =�ux � "v;ujx=0 = 0; vjx=1 + �0�+ �1�2� �2�3 = 0; (5)

£¤¥ � = ujx=1 + " 1Z0 v(t; x)dx; "= lR1pC1=L1;�0 = s0�pL1=C1; �1 =�s1�2pL1=C1;�2 = s2�3pL1=C1; �=M2=L1:� ª ç¥áâ¢¥ ä §®¢®£® ¯à®áâà áâ¢  (¯à®áâà áâ¢  ç «ìëå ãá«®¢¨© (u(x) , v(x))) ªà ¥¢®© § ¤ ç¨ (5)¢®§ì¬¥¬ ¥«¨¥©®¥ ¬®£®®¡à §¨¥ � ¢ £¨«ì¡¥àâ®-¢®¬ ¯à®áâà áâ¢¥ W 12 ([0; 1];R2) , á®áâ®ïé¥¥ ¨§ ¢¥ª-â®à-äãªæ¨©, ª®¬¯®¥âë ª®â®àëå ã¤®¢«¥â¢®àïîâ£à ¨çë¬ ãá«®¢¨ï¬ ¨§ (5). � ¯®¬¨¬, çâ® ¯®ïâ¨¥ä §®¢®£® ¯à®áâà áâ¢  ¯®§¢®«ï¥â ®¡ëçë¬ ®¡à §®¬®¯à¥¤¥«ïâì ®á®¢ë¥ ¯®ïâ¨ï ¬ â¥¬ â¨ç¥áª®© â¥®-à¨¨ ª®«¥¡ ¨©. �â¬¥â¨¬ â ª¦¥, çâ® ¥¤¨áâ¢¥®áâìà¥è¥¨ï ®â¢¥ç îé¥© (5) á¬¥è ®© § ¤ ç¨ á  ç «ì-ë¬¨ ãá«®¢¨ï¬¨ ¨§ � ¯®«ãç ¥âáï áâ ¤ àâ®: ¤®áâ -â®ç® «¨¥©ãî á¨áâ¥¬ã ãà ¢¥¨© ¨§ (5) ¯à®¨â¥£-à¨à®¢ âì ¯® å à ªâ¥à¨áâ¨ª ¬,   § â¥¬ à¥§ã«ìâ â ¯®¤-áâ ¢¨âì ¢ ãª § ë¥ â ¬ ¦¥ £à ¨çë¥ ãá«®¢¨ï.2. �¥à¨®¤¨ç¥áª¨¥ ¯® t à¥è¥¨ï ªà ¥¢®© § ¤ ç¨ (5)¨áá«¥¤ã¥¬ ¯à¨ ¤®¯®«¨â¥«ìëå ¯à¥¤¯®«®¦¥¨ïå:�0 = "=2 + "2; �1 = 0; �2 = 1; (6)£¤¥ 0< "� 1 ,   ¯ à ¬¥âà  > 0 | ¢¥«¨ç¨  ¯®àï¤ª ¥¤¨¨æë. �¥à¢®¥ ¨§ ãá«®¢¨© (6) ®¡ãá«®¢«¥® ç¨áâ®¬ â¥¬ â¨ç¥áª¨¬¨ ¯à¨ç¨ ¬¨ (á¬. ¨¦¥). �®¯ãé¥¨¥�1 = 0 , ®§ ç îé¥¥ á¨¬¬¥âà¨ç®áâì ¥«¨¥©®© å -à ªâ¥à¨áâ¨ª¨, á¤¥« ® «¨èì ¤«ï ¯à®áâ®âë, â ª ª ª¢á¥ ¯®«ãç¥ë¥ §¤¥áì à¥§ã«ìâ âë á®åà ïîâáï ¨ ¯à¨�1 6= 0 . � ª®¥æ, âà¥âì¥ ¨§ à ¢¥áâ¢ (6),   ¨¬¥®�2 = 1 , «¥£ª® ¢ë¯®«ï¥âáï ¯p¨ ¢¢¥¤¥¨¨ ¯®¤å®¤ïé¥©®à¬¨à®¢ª¨ ¯¥à¥¬¥ëå u , v .�®¤áâ ¢«ïï ¢ á®®â®è¥¨ï (5) à ¢¥áâ¢  (6) ¨ á®-åà ïï ¢® ¢â®à®¬ £à ¨ç®¬ ãá«®¢¨¨ ¨§ (5) â®«ìª®áãé¥áâ¢¥ë¥ ¤«ï ¤ «ì¥©è¥£® á« £ ¥¬ë¥, ¯à¨å®¤¨¬ª ªà ¥¢®© § ¤ ç¥ut =�vx; vt =�ux � "v;ujx=0 = 0; (7)vjx=1 + �"2 + "2� ujx=1 + "22 1Z0 vdx� u3jx=1 = 0:�«ï ¯®áâà®¥¨ï ¯¥à¨®¤¨ç¥áª¨å ¯® t à¥è¥¨© ªp -¥¢®© § ¤ ç¨ (7) ¢®á¯®«ì§ã¥¬áï ¬¥â®¤®¬ ¡¥áª®¥ç®-¬¥à®© ®à¬ «¨§ æ¨¨, ¯à¥¤áâ ¢«ïîé¨¬ á®¡®© á¯¥-æ¨ «ìë© ¢ à¨ â  á¨¬¯â®â¨ç¥áª®£® ¬¥â®¤  �àë«®-¢ {�®£®«î¡®¢ {�¨âà®¯®«ìáª®£® (á¬.,  ¯à., [4]) ¨á¬ëª îé¨¬áï ¢  «£®à¨â¬¨ç¥áª®¬ ¯« ¥ á ¬¥â®¤®¬ª¢ §¨®à¬ «ìëå ä®à¬ �.�.�®«¥á®¢  (á¬.,  ¯à.,[5, 6]).



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü3 25� íâ®© æ¥«ìî ¯®¤áâ ¢¨¬ ¢ ªà ¥¢ãî § ¤ çã (7)àï¤ëu= 1Xk=0 "k+1uk(t; �; x); v = 1Xk=0 "k+1vk(t; �; x); (8)£¤¥ � = "2t , ¢á¥ ª®íää¨æ¨¥âë ï¢«ïîâáï 4-¯¥à¨®¤¨-ç¥áª¨¬¨ ¯® t ,u0 = 1Xn=1 [zn(�) exp(i!nt) + zn(�) exp(�i!nt)]�� (�1)n�1 sin(!nx);v0 = i 1Xn=1 [zn(�) exp(i!nt)� zn(�) exp(�i!nt)]�� (�1)n�1 cos(!nx)(9)(£¤¥ ç¥pâ  | § ª ª®¬¯«¥ªá®£® á®¯pï¦¥¨ï),!n = �(2n � 1)=2 , n = 1; 2; : : :,   ª®¬¯«¥ªáë¥ú ¬¯«¨âã¤ëû zn â ª®¢ë, çâ® áå®¤¨âáï àï¤ á ®¡-é¨¬ ç«¥®¬ !2njznj2 (¢ íâ®¬ á«ãç ¥ u0; v0 2 W 12¯® ¯¥à¥¬¥®© x). �à¨à ¢¨¢ ï ª®íää¨æ¨¥âë¯à¨ ®¤¨ ª®¢ëå áâ¥¯¥ïå " , ¯®á«¥¤®¢ â¥«ì® ®¯à¥-¤¥«ï¥¬ uj ; vj ; j = 1; 2 , ¨ ¥¨§¢¥áâë¥  ¬¯«¨âã¤ëzn; n= 1; 2; : : :. �¯¥æ¨ «ì® ¯®¤ç¥àª¥¬, çâ® ®âëáª -¨¥ ¯¥à¨®¤¨ç¥áª¨å à¥è¥¨© ªà ¥¢®© § ¤ ç¨ (7) ¢ ¢¨-¤¥ (8) ¢¯®«¥ ¥áâ¥áâ¢¥®, â ª ª ª ä®à¬ã«ë (9) (¯à¨ä¨ªá¨à®¢ ®¬ � ) § ¤ îâ ¯à®¨§¢®«ì®¥ ¯¥à¨®¤¨ç¥á-ª®¥ à¥è¥¨¥ «¨¥©®© ªà ¥¢®© § ¤ ç¨, ¯®«ãç îé¥©-áï ¨§ ªà ¥¢®© § ¤ ç¨ (7) ¯à¨ "= 0 ¯®á«¥ ®â¡à áë¢ -¨ï ¥«¨¥©®áâ¨.�  ¯¥à¢®¬ è £¥ ®¯¨á ®£®  «£®à¨â¬  ¯à¨å®¤¨¬ª ªà ¥¢®© § ¤ ç¥@u1@t = �@v1@x ; @v1@t =�@u1@x � v0;u1jx=0 = 0; v1jx=1 + 12u0jx=1 = 0;à¥è¥¨¥ ª®â®à®© ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥u1 = 1Xn=1 �znAn(x) exp(i!nt) + znAn(x) exp(�i!nt)� ;v1 = 1Xn=1 �znBn(x) exp(i!nt) + znBn(x) exp(�i!nt)� :�  íâ®¬ ¯ãâ¨ ¤«ï An , Bn ¯®«ãç ¥¬ «¨¥©ë¥ ¥-®¤®à®¤ë¥ ªà ¥¢ë¥ § ¤ ç¨, à §à¥è¨¬®áâì ª®â®àëå®¡¥á¯¥ç¨¢ ¥â á« £ ¥¬®¥ ("=2)ujx=1 ¢® ¢â®à®¬ £à -¨ç®¬ ãá«®¢¨¨ ¨§ (7). � ª¨¬ ®¡à §®¬, áâ ®¢ïâáï¯®ïâë ¬®â¨¢ë á¯¥æ¨ «ì®£® ¯à¥¤¯®«®¦¥¨ï ¢ (6)®â®á¨â¥«ì® ª®íää¨æ¨¥â  ãá¨«¥¨ï �0 . �¥á«®¦-ë©   «¨§ â®«ìª® çâ® ã¯®¬ïãâëå ªà ¥¢ëå § ¤ ç¯à¨¢®¤¨â ª à ¢¥áâ¢ ¬An = � i2(�1)n�1x cos!nx; (10)

Bn = i!n �A0n(x) + i(�1)n�1 cos!nx� ; n= 1; 2; : : : :�  ¢â®à®¬ è £¥ ¯®á«¥ ¨áª«îç¥¨ï ¯¥à¥¬¥®© v2¨¬¥¥¬ ¤¥«® á ªà ¥¢®© § ¤ ç¥©� @2@t2 � @2@x2� u2 =�2@2u0@t@� � @u1@t ;u2jx=0 = 0; @u2@x jx=1 = ddt �u0jx=1 � u30jx=1� ;à¥è¥¨¥ ª®â®à®© ¨é¥¬ ¢ ¢¨¤¥u2 = 1Xn=1 �Cn(x) exp(i!nt) +Cn(x) exp(�i!nt)� :�¥âàã¤® ¯à®¢¥à¨âì, çâ® á ãç¥â®¬ à ¢¥áâ¢ (10) ¤«ï®¯à¥¤¥«¥¨ï äãªæ¨© Cn , n = 1; 2; : : :, ¯®«ãç îâáïªà ¥¢ë¥ § ¤ ç¨ C00n + !2nCn == (�1)n�1 �2i!ndznd� sin!nx+ !n2 znx cos!nx� ;Cn(0) = 0; C0n(0) = i!nfn; (11)£¤¥ fn | ª®íää¨æ¨¥â ¯à¨ £ à¬®¨ª¥ exp(i!ny) àï-¤  �ãàì¥ äãªæ¨¨ w(�; y)� w3(�; y) ,w(�; y) = 1Xn=1 [zn(�) exp(i!ny) + zn(�) exp(�i!ny)] :(12)�á«®¢¨ï à §à¥è¨¬®áâ¨ ªà ¥¢ëå § ¤ ç (11) ¯à¨¢®-¤ïâ ¢ á¢®î ®ç¥à¥¤ì ª áç¥â®© á¨áâ¥¬¥ ®¡ëª®¢¥ëå¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©i!n _zn =�18zn + i!nfn; n= 1; 2; : : : ; (13)¤«ï ®âëáª ¨ï ¥¨§¢¥áâëå  ¬¯«¨âã¤ zn , n == 1; 2; : : : . � ª®¥æ, ¨á¯®«ì§®¢ ¨¥ äãªæ¨¨ (12)úá¢®p ç¨¢ ¥âû áç¥âãî á¨áâ¥¬ã ãà ¢¥¨© (13) ¢ªà ¥¢ãî § ¤ çã@2w@�@y = �18w+� � 3w2� @w@y ; w(�; y+2)��w(�; y):(14)�âà®£¨© á¬ëá« ¨§«®¦¥ë¬ ¢ëè¥ ä®à¬ «ìë¬¯®áâà®¥¨ï¬ ¯à¨¤ ¥âáï ¯® â®© ¦¥ áå¥¬¥, çâ® ¨ ¢á«ãç ¥ ®¡ëª®¢¥ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©(á¬. [4]). �¬¥®: á ¯®¬®éìî ¯®áâà®¥ëå ®âà¥§ª®¢àï¤®¢ (8) ª®áâàã¨àã¥âáï § ¬¥  ¯¥à¥¬¥ëå, ¯à¨¢®-¤ïé ï ¨áå®¤ãî ªà ¥¢ãî § ¤ çã (7) á â®ç®áâìî ¤®á« £ ¥¬ëå ¯®àï¤ª  " ª ¢¨¤ã (13). � ª¨¬ ®¡à §®¬, á¨á-â¥¬  (13),   § ç¨â, ¨ ªà ¥¢ ï § ¤ ç  (14) ¯à¥¤áâ ¢-«ïîâ á®¡®© úãª®à®ç¥ãîû ®à¬ «ìãî ä®à¬ã § ¤ -ç¨ (7). �®íâ®¬ã á¯à ¢¥¤«¨¢® á«¥¤ãîé¥¥ áâ ¤ àâ®¥



26 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü 3ãâ¢¥à¦¤¥¨¥ ® á®®â¢¥âáâ¢¨¨ ¬¥¦¤ã ¨å ¯¥à¨®¤¨ç¥áª¨-¬¨ à¥è¥¨ï¬¨.� ¥ ® à ¥ ¬   1 . �ãáâì ªà ¥¢ ï § ¤ ç  (14) ¨¬¥¥â¯¥à¨®¤¨ç¥áª®¥ à¥è¥¨¥ w = w0(�) , � = �0�+y , íªá¯®-¥æ¨ «ì® ®à¡¨â «ì® ãáâ®©ç¨¢®¥ ¨«¨ ¤¨å®â®¬¨ç®¥(¢ ¬¥âà¨ª¥ W 12 ). �®£¤   ©¤¥âáï â ª®¥ "0 > 0 , çâ®¯à¨ ¢á¥å 0< " 6 "0 ¢ ¨áå®¤®© ªà ¥¢®© § ¤ ç¥ (7) ¥¬ã®â¢¥ç ¥â æ¨ª« (¯¥à¨®¤¨ç¥áª®¥ ¯® t à¥è¥¨¥) â®© ¦¥ãáâ®©ç¨¢®áâ¨ á  á¨¬¯â®â¨ª®© (8). �à¨ íâ®¬ ¢ ä®à-¬ã« å (9) á«¥¤ã¥â ¯®«®¦¨âì zn(�) = w0n exp(i!n�0�) ,£¤¥ w0n , w0n , n = 1; 2; : : :, | ª®íää¨æ¨¥âë �ãàì¥äãªæ¨¨ w0(�) ¯® á¨áâ¥¬¥ exp(�i!n�) , n = 1; 2; : : : .�«¥¤ã¥â ¯®¤ç¥àªãâì, çâ® ¯à¨¬¥¥ë© ¬¥â®¤¯à¥¤áâ ¢«ï¥â á®¡®© ¡¥áª®¥ç®¬¥àë©   «®£ è¨à®-ª® ¨á¯®«ì§ã¥¬®£® ¢ â¥®à¨¨ ª®«¥¡ ¨© ¬¥â®¤  ¬¥¤-«¥® ¬¥ïîé¨åáï  ¬¯«¨âã¤ (á¬.,  ¯à., [7, 8]). �¯¥-æ¨ä¨ª  íâ®£® ¬¥â®¤  ¢  è¥¬ á«ãç ¥ á®áâ®¨â â ª¦¥¨ ¢ â®¬, çâ® ® ¯à¨¬¥ï¥âáï ª ªà ¥¢®© § ¤ ç¥ (7),¥«¨¥©®áâì ¢ ª®â®à®© ¥ ï¢«ï¥âáï ¬ «®©.3. �ë¯®«ïï ¢ ªà ¥¢®© § ¤ ç¥ (14) ¯®¤å®¤ïé¨¥®à¬¨à®¢ª¨ ¯¥à¥¬¥ëå w , � , y ¨ § ¬¥ïï �   t ,y   x , ¯à¨¢¥¤¥¬ ¥¥ ª ¡®«¥¥ ã¤®¡®¬ã ¤«ï   «¨§ ¢¨¤ã:@2w@t@x = w+ �(1�w2)@w@x ; w(t; x+ 1) =�w(t; x);(15)£¤¥ � = 4 > 0 . �§ â¥®à¥¬ë 1 á«¥¤ã¥â, çâ® ®á®¡ë©¨â¥à¥á ¯à¥¤áâ ¢«ïîâ ¥¥ ¯¥à¨®¤¨ç¥áª¨¥ à¥è¥¨ï â¨-¯  ¡¥£ãé¨å ¢®«:w = �(y); y = �t� x; � > 0: (16)�å ¤¨ ¬¨ª  ¯® � ¯®¤à®¡® ¨§ãç¥  ¢ à ¡®â¥ [9];¯®íâ®¬ã ¬ë ¯à¨¢¥¤¥¬ §¤¥áì «¨èì ªà âª¨© ®¡§®à á®-¤¥à¦ é¨åáï ¢ [9] à¥§ã«ìâ â®¢.�®¤áâ ¢«ïï ¯à¥¤áâ ¢«¥¨¥ (16) ¢ ªà ¥¢ãî § ¤ -çã (15), ¤«ï  å®¦¤¥¨ï äãªæ¨¨ �(y) ¯®«ãç¨¬ ®¡ëª-®¢¥®¥ ¤¨ää¥à¥æ¨ «ì®¥ ãà ¢¥¨¥, ª®â®à®¥ ¯®á-«¥ § ¬¥ë y=p�! y ¯à¨¨¬ ¥â ¢¨¤�00 + r(�2 � 1)�0+ � = 0; (17)£¤¥ r = �=p� . � ¬¥â¨¬, çâ® (17) | íâ® ª« á-á¨ç¥áª®¥ ãà ¢¥¨¥ �  ¤¥à �®«ï, ¨¬¥îé¥¥ ¯à¨¢á¥å r > 0 ¥¤¨áâ¢¥®¥ ¯¥à¨®¤¨ç¥áª®¥ à¥è¥-¨¥ � = H(y; r) , H(y; 0) = 2 cos y c ¯¥à¨®¤®¬T = T (r) , T (0) = 2� , ã¤®¢«¥â¢®àïîé¥¥ â ª¦¥ à ¢¥-áâ¢ã H(y + T=2; r)� �H(y; r) . �¤ ª® ¢ á¨«ã â®£®,çâ® ä¨£ãà¨àãîé ï ¢ (16) äãªæ¨ï �(y) 2-¯¥à¨®¤¨ç- ,  á ¨â¥à¥áã¥â à¥è¥¨¥ ãà ¢¥¨ï (17) á ¯¥à¨®-¤®¬ 2=p� . �®íâ®¬ã ¤«ï ®¯à¥¤¥«¥¨ï ¥¨§¢¥áâ®£®¯ à ¬¥âà  r ¯®«ãç ¥¬ ãà ¢¥¨¥�T (r)� 2r= 0: (18)�à¨ �� 1 , ¯à¨¬¥ïï ª ãà ¢¥¨î (18) ¢ â®çª¥�= 0 , r = 0 â¥®à¥¬ã ® ¥ï¢®© äãªæ¨¨, ®¤®§ ç®®¯à¥¤¥«ï¥¬ ¥£® à¥è¥¨¥ r = r0(�) , r0(0) = 0 . �á¯®-¬¨ ï ¤ «¥¥ ® á¢ï§¨ ãà ¢¥¨ï (17) á ¨áå®¤®© § -

¤ ç¥© (15), § ª«îç ¥¬, çâ® ¯®á«¥¤ïï ¨¬¥¥â ¯¥à¨®¤¨-ç¥áª®¥ à¥è¥¨¥w= �0(y; �); y = �0(�)t� x; (19)£¤¥ �0(�) = (�=r0(�))2 , �0(y; �) = H(y=p�0(�),r0(�)). �â¬¥â¨¬ â ª¦¥, çâ®  àï¤ã á à¥è¥¨¥¬ (19) ãªà ¥¢®© § ¤ ç¨ (15) ¯à¨ �� 1 áãé¥áâ¢ãîâ ¨ ¤àã£¨¥¯¥à¨®¤¨ç¥áª¨¥ à¥è¥¨ï, ¯®«ãç îé¨¥áï ¨§ ¯®áâà®¥-®£® á ¯®¬®éìî ¯à¨æ¨¯  ¯®¤®¡¨ï:w = �n(y; �); y = �n(�)t�x; n= 0; 1; 2; : : : ; (20)£¤¥ �n = �0((2n+ 1)y; (2n+ 1)�), �n(�) = �0((2n+1)�)=(2n+ 1)2 .� ¥ ® à ¥ ¬   2 . �«ï «î¡®£®  âãà «ì®£® N ¬®¦-® ãª § âì â ª®¥ ¤®áâ â®ç® ¬ «®¥ �N > 0 , çâ® ¯à¨¢á¥å 0< �6 �N ªà ¥¢ ï § ¤ ç  (15) ¨¬¥¥â íªá¯®¥-æ¨ «ì® ®à¡¨â «ì® ãáâ®©ç¨¢ë¥ ¯¥à¨®¤¨ç¥áª¨¥ à¥è¥-¨ï (20) á ®¬¥à ¬¨ n= 0; 1; 2; : : : ; N .�¡à â¨¬ ¢¨¬ ¨¥, çâ®  ©¤¥ë¥ à¥è¥¨ï ªà ¥-¢®© § ¤ ç¨ (15) ¢ ä®à¬¥ ¢®« áâ æ¨® à®£® ¯à®-ä¨«ï, ®¯¨áë¢ ¥¬ëå ãà ¢¥¨¥¬ �  ¤¥à �®«ï, á ä¨-§¨ç¥áª®© â®çª¨ §à¥¨ï ¡«¨§ª¨ ª  ¢â®á®«¨â® ¬,  -¡«î¤ ¥¬ë¬,  ¯à¨¬¥à, ¢ ª®«ìæ¥¢®¬ « §¥à¥ ¢ á«ãç ¥á ¬®á¨åà®¨§ æ¨¨ ¬®¤ (á¬. [8]). �à¨ â ª®© ¨â¥à-¯à¥â æ¨¨ ãà ¢¥¨¥ (18) ¯à¥¤áâ ¢«ï¥â á®¡®©   «®£¥«¨¥©®£® ¤¨á¯¥àá¨®®£® á®®â®è¥¨ï. �â¬¥â¨¬¥é¥, çâ® ¢  è¥¬ á«ãç ¥ ú®á®¢®©û ¯¥à¨®¤ ª®«¥-¡ ¨©, â. ¥. ¯¥à¨®¤ äãªæ¨¨ �0(y; �) , à ¢¥ 2,   ¢á¥äãªæ¨¨ �n(y; �) , n > 1 , ¢ á¨«ã ¯à¨æ¨¯  ¯®¤®¡¨ï¨¬¥îâ ¯¥à¨®¤ë 2=(2n + 1) . �âáî¤  c ãç¥â®¬ â¥®-à¥¬ë 1 § ª«îç ¥¬, çâ® ®â¢¥ç îé¨¥ à¥è¥¨ï¬ (20)¯¥à¨®¤¨ç¥áª¨¥ ¯® t à¥è¥¨ï (un(t; x; ") , vn(t; x; ")) ,n = 0; 1; : : :, ¨áå®¤®© ªà ¥¢®© § ¤ ç¨ (7) ¨¬¥îâ ¯¥-à¨®¤ë Tn(") = 4=(2n+ 1) +O("2) .� ¤®¯®«¥¨¥ ª â¥®à¥¬¥ 2 ®â¬¥â¨¬, çâ® ª ¦-¤®¥ ¯¥à¨®¤¨ç¥áª®¥ à¥è¥¨¥ (20) ¥¯à¥àë¢® ¯à®¤®«-¦ ¥âáï ¯® ¯ à ¬¥âàã �   ¨â¥à¢ « 0 < � < �n ,�n = �0=(2n+1) , �0 = 2=(3�2 ln2) ,   ¯à¨ �> �n áâ -®¢¨âáï à §àë¢ë¬. � ä¨§¨ç¥áª®© â®çª¨ §à¥¨ï íâ®¢¯®«¥ ¯®ïâ®: ã¢¥«¨ç¥¨¥ í¥à£¥â¨ç¥áª®£® ¯ à -¬¥âà  � ¢ á®¢®ªã¯®áâ¨ á íää¥ªâ®¬ á¨åà®¨§ æ¨¨¬®¤ ¯à¨¢®¤¨â á ç «  ª ãá«®¦¥¨î ä®à¬ë ª ¦¤®-£® æ¨ª«  (20),   § â¥¬ (¯à¨ � > �n ) ª ¯®«®¬ã ¥£®à §àãè¥¨î.�§ â¥®à¥¬ 1 ¨ 2 á«¥¤ã¥â, çâ® ¨áå®¤ ï ªà ¥¢ ï § -¤ ç  (7) ¯à¨ ¯®¤å®¤ïé¥¬ ã¬¥ìè¥¨¨ ¯ à ¬¥âà®¢ " , ¬®¦¥â ¨¬¥âì «î¡®¥ ä¨ªá¨à®¢ ®¥ ç¨á«® ãáâ®©-ç¨¢ëå æ¨ª«®¢. � ®¥ á¢®©áâ¢®,  §ë¢ ¥¬®¥ ¢ pï¤¥p ¡®â ¡ãä¥à®áâìî, ¯à¥¤áâ ¢«ï¥â á®¡®© å à ªâ¥àãî®á®¡¥®áâì ¤¨ ¬¨ª¨ è¨à®ª®£® ª« áá   ¢â®£¥¥à -â®à®¢ á RLCG-à á¯à¥¤¥«¥ë¬¨ ¯ à ¬¥âà ¬¨.�  ¯à¨æ¨¯¨ «ìãî ¢®§¬®¦®áâì áãé¥áâ¢®¢ ¨ïáà §ã ¥áª®«ìª¨å ãáâ®©ç¨¢ëå æ¨ª«®¢ ¢ ª« áá¨ç¥á-ª®¬  ¢â®£¥¥à â®à¥, á®¤¥à¦ é¥¬ ®âà¥§®ª ¤«¨®©«¨¨¨, ãª §ë¢ « ¥é¥ �.�. �¨ââ (á¬. [10, 11]). �¤ ª®¢ ¯®«®¬ ®¡ê¥¬¥ ä¥®¬¥ ¡ãä¥à®áâ¨ ª ª â ª®¢®©®âªàëâ ¥ ¡ë«. �¨¤¨¬®, ¢¯¥à¢ë¥ ã¢¥«¨ç¥¨¥ ç¨á« ¢®§¬®¦ëå  ¢â®ª®«¥¡ â¥«ìëå à¥¦¨¬®¢ ¯à¨ ¨§¬¥¥-¨¨ ¯ à ¬¥âà®¢  ¢â®£¥¥à â®à  ¡ë«® § ¬¥ç¥® ä¨-§¨ª ¬¨ íªá¯¥à¨¬¥â «ì® (á¬. [12]). � â¥¬ â¨ç¥áª®¥¦¥ ¨áá«¥¤®¢ ¨¥ ¡ãä¥à®áâ¨  ç «®áì ¯® ¨¨æ¨ â¨¢¥
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�¨á. 2�.�.�®«¥á®¢ , ª®â®àë© ç¨á«¥ë¬¨ ¬¥â®¤ ¬¨ ¨§ã-ç « íâ® ï¢«¥¨¥ ¢ ¯ à ¡®«¨ç¥áª¨å á¨áâ¥¬ å â¨¯  à¥- ªæ¨ï{¤¨ääã§¨ï [13],   § â¥¬ ¨áá«¥¤®¢ « ¥£® ç¨áâ®â¥®à¥â¨ç¥áª¨ ¢ £¨¯¥à¡®«¨ç¥áª¨å ãà ¢¥¨ïå [14].�ª ¦¥¬, çâ® ï¢«¥¨¥ ¡ãä¥à®áâ¨ ¯®¤à®¡® ¨§ã-ç «®áì | ª ª â¥®à¥â¨ç¥áª¨, â ª ¨ íªá¯¥à¨¬¥â «ì-® | ¢ æ¥«®¬ àï¤¥ à §«¨çëå § ¤ ç (á¬.,  ¯à., [2, 9,15, 16]). �®¤ç¥àª¥¬, çâ®   «®£¨çë¥ £¥¥à â®àë  á®áà¥¤®â®ç¥ëå í«¥¬¥â å, ª ª ¯à ¢¨«®, íâ¨¬ á¢®©-áâ¢®¬ ¥ ®¡« ¤ îâ.4. �«ï ¯à®¢¥àª¨ ¯®«ãç¥ëå â¥®à¥â¨ç¥áª¨å à¥-§ã«ìâ â®¢ ¡ë« á®¡à  ���, (á¬. ¡«®ª-áå¥¬ã  à¨á. 1,  ). �á®¢ ï «¨¨ï ¡ë«  ¢ë¯®«¥  ¢ ¢¨¤¥¯àï¬®£® á®«¥®¨¤  ¤«¨®© l1 = 0;429 ¬ á ¤¨ ¬¥âà®¬d = 0;048 ¬. �à¨ íâ®¬ ®¡é ï ¤«¨  l2  ¬®â ®-£® ¯à®¢®¤¨ª  (á ¤¨ ¬¥âà®¬ �= 0;00016 ¬) á®áâ ¢-«ï«  404;32 ¬. �á¯®¬®£ â¥«ì ï «¨¨ï â ª¦¥ ¯à¥¤-áâ ¢«ï«  á®¡®© á®«¥®¨¤ á £¥®¬¥âà¨ç¥áª¨¬¨ å à ªâ¥-à¨áâ¨ª ¬¨ l1 = 0;417 ¬, d = 0;054 ¬, l2 = 176;86 ¬,�= 4 � 10�4 ¬, ®áìî ª®â®p®£® ï¢«ï¥âáï ®á®¢ ï «¨-¨ï. �ã¬¬ àë¥ § ç¥¨ï à á¯à¥¤¥«¥®© ¨¤ãªâ¨¢-®áâ¨, ¥¬ª®áâ¨ ¨ á®¯à®â¨¢«¥¨ï ª ¦¤®© «¨¨¨ á®-áâ ¢¨«¨ L1 = 55;2 ¬�, L2 = 1;2 ¬�, C1 = 87;7 ¯�,C2 = 0 , R1 = 540 �¬, R2 = 17 �¬.�¨à®ª®¯®«®áë© ãá¨«¨â¥«ì á ¢å®¤ë¬ ¨ ¢ëå®¤-ë¬  ªâ¨¢ë¬¨ á®¯à®â¨¢«¥¨ï¬¨ 50 ��¬ ¨ 75 �¬¨¬¥« à ¢®¬¥àë© ª®íää¨æ¨¥â ãá¨«¥¨ï ¢ ¤¨ ¯ -§®¥ ç áâ®â ®â 100 ª�æ ¤® 120 ��æ, â. ¥. ¯® á¢®¨¬ å -à ªâ¥à¨áâ¨ª ¬ ¡ë« ¡«¨§®ª ª ¨¤¥ «ì®¬ã (¥£® ¯à¨-æ¨¯¨ «ì ï áå¥¬  ¯à¨¢¥¤¥  ¢ p ¡®â¥ [15]). �¢â®ª®-«¥¡ ¨ï, à¥ «¨§ãîé¨¥áï ¢ £¥¥à â®à¥, á¨¬ «¨áì á¢ëå®¤  ãá¨«¨â¥«ï ¨  ¡«î¤ «¨áì   íªà ¥ ®áæ¨««®-£à ä .�p¨ ¨§¬¥¥¨¨ ª®íää¨æ¨¥â  ãá¨«¥¨ï ¢ ¥ª®â®-à®¬ ¤¨ ¯ §®¥ ¡ë«® ®¡ àã¦¥® ¤¢  á®áãé¥áâ¢ãî-é¨å ¯¥à¨®¤¨ç¥áª¨å à¥¦¨¬ , à¥ «¨§ æ¨ï ª ¦¤®£® ¨§ª®â®àëå § ¢¨á¥«  (¯à¨ ä¨ªá¨à®¢ ëå ¯à®ç¨å ¯ -à ¬¥âà å) â®«ìª® ®â § ¤ ¨ï ¯®¤å®¤ïé¨å  ç «ì-ëå ãá«®¢¨© ¤«ï â®ª  ¨  ¯àï¦¥¨ï. �«ï ¯¥à¢®£®¨§ ¨å (á¬. à¨á. 2,  )  ¬¯«¨âã¤  A1 = 0;75 �, ¯¥à¨®¤T1 = 9 ¬ªá,   ¤«ï ¢â®à®£® (á¬. à¨á. 2, ¡) A2 = 0;45 �,
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