
ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 44 { 59��� 539.3:534.12����������� �������������������������� �������������� ��������� �������������� ������� ������. �. ���� �����, �. �. ����������, �. �. �����������¥¦®âà á«¥¢®© ­ ãç­®-¨áá«¥¤®¢ â¥«ìáª¨© ¨­áâ¨âãâ ¯à®¡«¥¬ ¬¥å ­¨ª¨ \�¨â¬", �¨¥¢�� �­áâ¨âãâ ¬ â¥¬ â¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 22.12.2000� áá¬®âà¥­  â®­ª®áâ¥­­ ï æ¨«¨­¤à¨ç¥áª ï ®¡®«®çª  á ¯à¨á®¥¤¨­¥­­ë¬  ¡á®«îâ­® â¢¥à¤ë¬ â¥«®¬ ­  ®¤­®¬ ¨§ ¥¥â®àæ®¢. � ¨á¯®«ì§®¢ ­¨¥¬ ãà ¢­¥­¨© â¥å­¨ç¥áª®© â¥®à¨¨ ®¡®«®ç¥ª áä®à¬ã«¨à®¢ ­  § ¤ ç  ® á¢®¡®¤­ëå ­¥®á¥-á¨¬¬¥âà¨ç­ëå ª®«¥¡ ­¨ïå à áá¬ âà¨¢ ¥¬®© á¨áâ¥¬ë. �  ®á­®¢¥ ¢ à¨ æ¨®­­®£® ¬¥â®¤  ¯à¥¤«®¦¥­® ¯à¨¡«¨¦¥­­®¥à¥è¥­¨¥ á¯¥ªâà «ì­®© § ¤ ç¨ á ¯ à ¬¥âà®¬, ¢å®¤ïé¨¬ ª ª ¢ ãà ¢­¥­¨ï, â ª ¨ ¢ £à ­¨ç­ë¥ ãá«®¢¨ï. �«ï áà ¢-­¨â¥«ì­® ¤«¨­­ëå ®¡®«®ç¥ª ¯à¨¢¥¤¥­  ã¯à®é¥­­ ï ¯®áâ ­®¢ª  ¨áå®¤­®© § ¤ ç¨, ª®â®à ï ¤®¯ãáª ¥â ¯®áâà®¥­¨¥¥¥ â®ç­®£® à¥è¥­¨ï. �à¨¢¥¤¥­ë à¥§ã«ìâ âë à áç¥â®¢,  ­ «¨§ ¯à¥¤«®¦¥­­®£®  «£®à¨â¬  ¨ ãáâ ­®¢«¥­ë £à ­¨æë¯à¨¬¥­¨¬®áâ¨ ¯à¨¡«¨¦¥­­®© ¯®áâ ­®¢ª¨ § ¤ ç¨.�®§£«ï­ãâ  â®­ª®áâ÷­­  æ¨«÷­¤à¨ç­  ®¡®«®­ª  § ¯à¨õ¤­ ­¨¬  ¡á®«îâ­® â¢¥à¤¨¬ â÷«®¬ ­  ®¤­®¬ã § ùù â®àæ÷¢. �¢¨ª®à¨áâ ­­ï¬ à÷¢­ï­ì â¥å­÷ç­®ù â¥®à÷ù ®¡®«®­®ª áä®à¬ã«ì®¢ ­  § ¤ ç  ¯à® ¢÷«ì­÷ ­¥®á¥á¨¬¥âà¨ç­÷ ª®«¨¢ ­­ï à®§-£«ï­ãâ­®ù á¨áâ¥¬¨. �  ®á­®¢÷ ¢ à÷ æ÷©­®£® ¬¥â®¤ã § ¯à®¯®­®¢ ­® ­ ¡«¨¦¥­¨© à®§¢'ï§®ª á¯¥ªâà «ì­®ù § ¤ ç÷ § ¯ -à ¬¥âà®¬, é® ¢å®¤¨âì ïª ã à÷¢­ï­­ï, â ª ÷ ¢ £à ­¨ç­÷ ã¬®¢¨. �«ï ¯®à÷¢­ï­® ¤®¢£¨å ®¡®«®­®ª ­ ¢¥¤¥­  á¯à®é¥­ ¯®áâ ­®¢ª  ¢¨å÷¤­®ù § ¤ ç÷, ïª  ¤®¯ãáª õ ¯®¡ã¤®¢ã ùù â®ç­®£® à®§¢'ï§ªã. � ¢¥¤¥­÷ à¥§ã«ìâ â¨ à®§à åã­ª÷¢,  ­ «÷§§ ¯à®¯®­®¢ ­®£®  «£®à¨â¬ã â  ¢áâ ­®¢«¥­÷ ¬¥¦÷ § áâ®áã¢ ­­ï ­ ¡«¨¦¥­®ù ¯®áâ ­®¢ª¨ § ¤ ç÷.The thin-walled cylindrical shell with the attached absolutely rigid body on one of its ends is considered. Using theequations of technical theory of shells the problem on free non-axisymmetrical oscillations of the considered system isformulated. On basis of a variational method the approximate solution is o�ered for a spectral problem with the parameterthat is present both in equations, and the boundary conditions. For long enough shells the simpli�ed statement of theinitial problem is outlined, alowing to develop an exact solution. The numerical results and their analysis are given. Also,the boundaries of applicability for the approximate statement of the problem are o�ered.��������� ­ áâ®ïé¥¥ ¢à¥¬ï ¢ à §«¨ç­ëå ®¡« áâïå ­ ãª¨¨ â¥å­¨ª¨ ¢®§­¨ª ¥â ­¥®¡å®¤¨¬®áâì à áç¥â  ¤¨­ -¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª á«®¦­ëå á®áâ ¢­ëå ¬¥-å ­¨ç¥áª¨å ª®­áâàãªæ¨©, ¯à¥¤áâ ¢«ïîé¨å á®¡®©à §­®£® à®¤  á®¥¤¨­¥­¨ï ®¡®«®ç¥ç­ëå í«¥¬¥­â®¢,ã¯àã£¨å ¨ â¢¥à¤ëå â¥«.�áá«¥¤®¢ ­¨î ¯à®¤®«ì­ëå ¨ ªàãâ¨«ì­ëå ª®«¥-¡ ­¨© æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¨, áªà¥¯«¥­­®© á § -¯®«­¨â¥«¥¬ ¨ á®áà¥¤®â®ç¥­­ë¬¨ ¬ áá ¬¨ ­  â®à-æ å, ¯®á¢ïé¥­ë à ¡®âë [1,2]. � à ¡®â å [3,4] ¨§ã-ç¥­® ¢§ ¨¬®¤¥©áâ¢¨¥ à¥¡à¨áâ®© æ¨«¨­¤à¨ç¥áª®©®¡®«®çª¨ ¨  ¡á®«îâ­® â¢¥à¤®£® â¥« , á¢ï§ ­­®-£® á ¢­ãâà¥­­¥© ¯®¢¥àå­®áâìî ®¡®«®çª¨ á ¯®¬®-éìî ¦¥áâª¨å ­¥¢¥á®¬ëå áâ¥à¦­¥© ¢¤®«ì ¥¥ ®¡à -§ãîé¥©. � ¤ ç  ® ª®«¥¡ ­¨ïå áâ¥à¦­¥©, ­¥áãé¨å®¡®«®çª¨, § ¯®«­¥­­ë¥ ¦¨¤ª®áâìî, à áá¬®âà¥­ ¢ à ¡®â¥ [5]. �áá«¥¤®¢ ­¨î á®¡áâ¢¥­­ëå ®á¥á¨¬-¬¥âà¨ç­ëå ª®«¥¡ ­¨© ã¯àã£®£® æ¨«¨­¤à , ¡®ª®-¢ ï ¯®¢¥àå­®áâì ª®â®à®£® á¢®¡®¤­  ®â ­ ¯àï¦¥-­¨©,   â®àæ¥¢ë¥ ¯®¢¥àå­®áâ¨  à¬¨à®¢ ­ë â®­ª¨-¬¨ ¯« áâ¨­ª ¬¨, ¯®á¢ïé¥­  à ¡®â  [6]. � à ¡®-â å [7 { 9] ¨§ãç¥­® ¢§ ¨¬®¤¥©áâ¢¨¥ ¯à¥¤¢ à¨â¥«ì­®­ ¯àï¦¥­­®© ¡¥§¬®¬¥­â­®© ®¡®«®çª¨ ¢à é¥­¨ï á
¦¥áâª¨¬ ¤¨áª®¬ ¯à¨ ¨å á¢®¡®¤­ëå ª®«¥¡ ­¨ïå.� ­­ ï à ¡®â  ¯®á¢ïé¥­  ®¯à¥¤¥«¥­¨î á®¡-áâ¢¥­­ëå ä®à¬ ¨ ç áâ®â ­¥®á¥á¨¬¬¥âà¨ç­ëå ª®-«¥¡ ­¨© á¨áâ¥¬ë, á®áâ®ïé¥© ¨§ â®­ª®áâ¥­­®© ªàã-£®¢®© æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¨ ¨  ¡á®«îâ­® â¢¥à-¤®£® â¥« , ¦¥áâª® ¯à¨ªà¥¯«¥­­®£® ª ®¤­®¬ã ¨§ ¥¥â®àæ®¢. �áå®¤ï ¨§ ¯à¨­æ¨¯  ¢®§¬®¦­ëå ¯¥à¥¬¥-é¥­¨©, ¯®áâà®¥­  ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì à ¢­®-¢¥á­®£® á®áâ®ï­¨ï à áá¬ âà¨¢ ¥¬®© ¬¥å ­¨ç¥áª®©á¨áâ¥¬ë, ¯®¤¢¥à¦¥­­®© ¢®§¤¥©áâ¢¨î á®áà¥¤®â®-ç¥­­ëå ¨ à á¯à¥¤¥«¥­­ëå ­ £àã§®ª á ¬®£® ®¡é¥-£® ¢¨¤ . �  ®á­®¢¥ ¯®«ãç¥­­ëå ãà ¢­¥­¨© áä®à-¬ã«¨à®¢ ­  ªà ¥¢ ï § ¤ ç  ­  á®¡áâ¢¥­­ë¥ §­ ç¥-­¨ï, ®¯¨áë¢ îé ï ­¥®á¥á¨¬¬¥âà¨ç­ë¥ ª®«¥¡ ­¨ïá¨áâ¥¬ë, ¨ ¯à¥¤«®¦¥­® ¥¥ ¯à¨¡«¨¦¥­­®¥ à¥è¥­¨¥­  ®á­®¢¥ íª¢¨¢ «¥­â­®© ¢ à¨ æ¨®­­®© ä®à¬ã«¨-à®¢ª¨.� ¯à¥¤¯®«®¦¥­¨¨, çâ® ¯®¯¥à¥ç­ë¥ á¥ç¥­¨ï ®¡®-«®çª¨ ¯à¨ ¤¥ä®à¬¨à®¢ ­¨¨ ®áâ îâáï ¯«®áª¨¬¨¨ ¯¥à¯¥­¤¨ªã«ïà­ë¬¨ ª ¥¥ ®á¨, áä®à¬ã«¨à®¢ ­ ã¯à®é¥­­ ï ¯®áâ ­®¢ª  § ¤ ç¨, ¯®§¢®«ïîé ï ­ ©-â¨ â®ç­®¥ à¥è¥­¨¥.�à¨¢¥¤¥­  ­ «¨§ ¯®«ãç¥­­ëå à¥è¥­¨©, ¨áá«¥¤®-¢ ­® ¢«¨ï­¨¥ £¥®¬¥âà¨ç¥áª¨å ¨ ä¨§¨ç¥áª¨å ¯ à -¬¥âà®¢ á¨áâ¥¬ë ­  ç áâ®âë á®¢¬¥áâ­ëå ª®«¥¡ -44 c
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ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 44 { 59­¨© â¥«  ¨ ®¡®«®çª¨, ¯à¨ ãá«®¢¨¨, çâ® ¤àã£®© â®-à¥æ ¯®á«¥¤­¥© ¦¥áâª® § é¥¬«¥­. �à®¢¥¤¥­® áà ¢-­¥­¨¥ ç áâ®â­ëå å à ªâ¥à¨áâ¨ª á¨áâ¥¬ë, ¢ëç¨-á«¥­­ëå ¯® ã¯à®é¥­­®© áå¥¬¥ ¨ á ãç¥â®¬ ®¡®«®-ç¥ç­ëå íää¥ªâ®¢.1. ���������� ������� áá¬®âà¨¬ ¬¥å ­¨ç¥áªãî á¨áâ¥¬ã, á®áâ®ïéãî¨§ â®­ª®áâ¥­­®© ªàã£®¢®© æ¨«¨­¤à¨ç¥áª®© ®¡®-«®çª¨ ¨  ¡á®«îâ­® â¢¥à¤®£® â¥« , ª®â®à®¥ ¦¥áâ-ª® ¯à¨ªà¥¯«¥­® ª ®¤­®¬ã ¨§ ¥£® â®àæ®¢. �ç¨â -¥¬, çâ® ¢â®à®© â®à¥æ ®¡®«®çª¨ ¦¥áâª® § ªà¥¯«¥­.�ãáâì â¥«® ®¡« ¤ ¥â ¤¢ã¬ï ¯«®áª®áâï¬¨ á¨¬¬¥-âà¨¨, «¨­¨¥© ¯¥à¥á¥ç¥­¨ï ª®â®àëå ï¢«ï¥âáï ®áìOz, á®¢¯ ¤ îé ï á ¯à®¤®«ì­®© ®áìî ®¡®«®çª¨.�®®à¤¨­ â­ãî ¯«®áª®áâì Oxz á®¢¬¥áâ¨¬ á ®¤­®©¨§ ¯«®áª®áâ¥© á¨¬¬¥âà¨¨ â¢¥à¤®£® â¥« ,   ­ ç -«® á¨áâ¥¬ë ª®®à¤¨­ â Oxyz ¯®¬¥áâ¨¬ ¢ ¯«®áª®áâ¨â®àæ¥¢®£® á¥ç¥­¨ï ®¡®«®çª¨, á¢®¡®¤­®£® ®â â¢¥à-¤®£® â¥« .�«ï ®¯¨á ­¨ï ¯¥à¥¬¥é¥­¨© â¢¥à¤®£® â¥«  ¢¢¥-¤¥¬ ¯àï¬®ã£®«ì­ãî á¨áâ¥¬ã ª®®à¤¨­ â Cxcyczc á­ ç «®¬ ¢ æ¥­âà¥ ¨­¥àæ¨¨ â¢¥à¤®£® â¥«  ¨ ®áï¬¨Cxc ¨ Cyc, ¯ à ««¥«ì­ë¬¨ ®áï¬ Ox ¨ Oy á®®â¢¥â-áâ¢¥­­®. �àâë á¨áâ¥¬ë ª®®à¤¨­ â Cxcyczc ®¡®-§­ ç¨¬ ç¥à¥§ ~ic, ~jc ¨ ~kc. �à¥¤¨­­ãî ¯®¢¥àå­®áâìæ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¨ ®â­¥á¥¬ ª ®àâ®£®­ «ì-­®© á¨áâ¥¬¥ ªà¨¢®«¨­¥©­ëå ª®®à¤¨­ â z ¨ ', £¤¥' { ¯®«ïà­ë© ã£®«, ®âáç¨âë¢ ¥¬ë© ®â ®á¨ Ox.� íâ¨¬¨ ª®®à¤¨­ â ¬¨ á¢ï¦¥¬ «®ª «ì­ë© ®àâ®-£®­ «ì­ë© ¡ §¨á ~e1; ~e2; ~e3, ¢ ª®â®à®¬ ~e1, ~e2 { ¥¤¨-­¨ç­ë¥ ¢¥ªâ®àë, ª á â¥«ì­ë¥ ª «¨­¨ï¬ £« ¢­ëåªà¨¢¨§­ áà¥¤¨­­®© ¯®¢¥àå­®áâ¨ ®¡®«®çª¨ ¨ ­ ¯à -¢«¥­­ë¥ ¢ áâ®à®­ã ¢®§à áâ ­¨ï ª®®à¤¨­ â z ¨ ',  ~e3 = [~e1 � ~e2] :�à¥¤¯®«®¦¨¬, çâ® ª à áá¬ âà¨¢ ¥¬®© ª®­áâàãª-æ¨¨ ¯à¨«®¦¥­  ¬ « ï ­ £àã§ª  ®¡é¥£® ¢¨¤ : á®-áà¥¤®â®ç¥­­ ï ¢ â®çª¥ C á¨« �~F = �F1~ic +�F2~jc +�F3~kc¨ ¬®¬¥­â ®â­®á¨â¥«ì­® â®çª¨ C� ~M = �M1~ic +�M2~jc +�M3~kc;¤¥©áâ¢ãîé¨¥ ­  â¢¥à¤®¥ â¥«®,   â ª¦¥ à á¯à¥¤¥-«¥­­ ï ­ £àã§ª �~Q = �Q1~e1 +�Q2~e2 +�Q3~e3;¤¥©áâ¢ãîé ï ­  ®¡®«®çªã. � à¥§ã«ìâ â¥ á¨áâ¥-¬  ¯à¨¤¥â ¢ ¢®§¬ãé¥­­®¥ à ¢­®¢¥á­®¥ á®áâ®ï­¨¥,

¯®¤¢¥à£ ïáì ¯à¨ íâ®¬ ¤¥ä®à¬ æ¨ï¬ ¨ ¯¥à¥¬¥é¥-­¨ï¬. � ¢­®¢¥á­®¥ á®áâ®ï­¨¥ á¨áâ¥¬ë ¡ã¤¥¬ å -à ªâ¥à¨§®¢ âì ¢¥ªâ®à®¬ ¯¥à¥¬¥é¥­¨ï â®ç¥ª áà¥-¤¨­­®© ¯®¢¥àå­®áâ¨ ®¡®«®çª¨~u = u~e1 + v~e2 +w~e3;¢¥ªâ®à®¬ ¯®áâã¯ â¥«ì­®£® ¯¥à¥¬¥é¥­¨ï æ¥­âà ¬ áá â¢¥à¤®£® â¥« ~u0 = u01~ic + u02~jc + u03~kc¨ ¢¥ªâ®à®¬ ã£«  ¯®¢®à®â  â¥«  ¢®ªàã£ íâ®£® æ¥­-âà  ~�0 = �01~ic + �02~jc + �03~kc:�à¨ íâ®¬ ¯à¥¤¯®«®¦¨¬, çâ® ¯¥à¥¬¥é¥­¨ï â¢¥à¤®-£® â¥«  ¨ ®¡®«®çª¨ ­ áâ®«ìª® ¬ «ë, çâ® ¬®¦­®¯à¥­¥¡à¥çì ç«¥­ ¬¨ ¢â®à®£® ¨ ¡®«¥¥ ¢ëá®ª¨å ¯®-àï¤ª®¢ ¯® áà ¢­¥­¨î á «¨­¥©­ë¬¨. �ã¤¥¬ â ª¦¥áç¨â âì, çâ® ¤«ï æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¨ á¯à -¢¥¤«¨¢ë £¨¯®â¥§ë �¨àå£®ää  {�ï¢ . �à ¢­¥-­¨ï à ¢­®¢¥á­®£® á®áâ®ï­¨ï ¬¥å ­¨ç¥áª®© á¨áâ¥-¬ë ¯®«ãç¨¬ á ¯à¨¢«¥ç¥­¨¥¬ ¢ à¨ æ¨®­­ëå ¯à¨­-æ¨¯®¢ ¬¥å ­¨ª¨. � ª®© ¯®¤å®¤ ¯®§¢®«ï¥â áä®à¬ã-«¨à®¢ âì ¢ à¨ æ¨®­­ãî ¯®áâ ­®¢ªã à áá¬ âà¨¢ -¥¬®© § ¤ ç¨, ª®â®à ï ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ­ ¢ ¤ «ì­¥©è¥¬ ¯à¨ ¯®áâà®¥­¨¨ ¥¥ ¯à¨¡«¨¦¥­­®£®à¥è¥­¨ï. �«ï ¯®«ãç¥­¨ï ãà ¢­¥­¨© à ¢­®¢¥á¨ïá¨áâ¥¬ë ¨ ¥áâ¥áâ¢¥­­ëå £à ­¨ç­ëå ãá«®¢¨© ¢®á-¯®«ì§ã¥¬áï ¯à¨­æ¨¯®¬ ¢®§¬®¦­ëå ¯¥à¥¬¥é¥­¨©,á®£« á­® ª®â®à®¬ã �� = �A; (1)£¤¥ �� { ¢ à¨ æ¨ï ¯®â¥­æ¨ «ì­®© í­¥à£¨¨ á¨áâ¥-¬ë; �A { ¢ à¨ æ¨ï à ¡®âë ¢­¥è­¨å á¨«. � ¡®â ¢­¥è­¨å á¨«, ¯à¨«®¦¥­­ëå ª â¥«ã ¨ ®¡®«®çª¥, ¡ã-¤¥â A = ZZ� �~Q � ~ud�+ �~F � ~u0 +� ~M � ~�0; (2)£¤¥ � { áà¥¤¨­­ ï ¯®¢¥àå­®áâì ®¡®«®çª¨.�®â¥­æ¨ «ì­ ï í­¥à£¨ï ¤¥ä®à¬ æ¨© â®­ª®© æ¨-«¨­¤à¨ç¥áª®© ®¡®«®çª¨ ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­ ¢ ¢¨¤¥ [10] �= Eh2(1��2)��ZZ� �("1+"2)2�2(1��)("1"2�!24 )�d�++D2 ZZ� �(�1+�2)2�2(1��)(�1�2��212)�d� ; (3)�. �. � à¯ ç¥¢, �. �. �à®æ¥­ª®, �. �. �à®æ¥­ª® 45



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 44 { 59£¤¥ D = Eh312(1� �2) ;E, �, h, R { ¬®¤ã«ì ã¯àã£®áâ¨, ª®íää¨æ¨¥­â �ã á-á®­ , â®«é¨­  ¨ à ¤¨ãá ®¡®«®çª¨ á®®â¢¥âáâ¢¥­­®.�¥à¢®¥ ¨§ á« £ ¥¬ëå ¢ ä®à¬ã«¥ (3) ï¢«ï¥âáï ¯®-â¥­æ¨ «ì­®© í­¥à£¨¥© ã¤«¨­¥­¨© ¨ á¤¢¨£®¢,   ¢â®-à®¥ { ¯®â¥­æ¨ «ì­®© í­¥à£¨¥© ¨§£¨¡  ¨ ªàãç¥­¨ï.� á¢®î ®ç¥à¥¤ì, è¥áâì ª®¬¯®­¥­â®¢ ¤¥ä®à¬ æ¨¨áà¥¤¨­­®© ¯®¢¥àå­®áâ¨ ®¡®«®çª¨ ¢ëà ¦ îâáï ç¥-à¥§ ¥¥ ¯¥à¥¬¥é¥­¨ï á«¥¤ãîé¨¬¨ á®®â­®è¥­¨ï¬¨:"1 = @u@z ; "2 = 1R� @v@' + w� ;�1 = �@2w@z2 ; �2 = � 1R2 @2w@'2 ;�12 = � 1R @2w@z@' ; ! = 1R @u@' + @v@z : (4)�®¤áâ ¢«ïï ¢ ä®à¬ã«ã (3) ª®¬¯®­¥­âë ¤¥ä®à¬ -æ¨¨ áà¥¤¨­­®© ¯®¢¥àå­®áâ¨ ®¡®«®çª¨ ¢ ¢¨¤¥ (4),¯®«ãç ¥¬ ¢ëà ¦¥­¨¥ ¤«ï ¯®â¥­æ¨ «ì­®© í­¥à£¨¨¢ ¯¥à¥¬¥é¥­¨ïå:�= Eh2(1��2) ZZ� "�@u@z�2+ 1R2 � @v@'+w�2++2�R @u@z � @v@'+w�+ 1��2 � 1R @u@'+ @v@z�2#d�++D2 ZZ� "�@2w@z2 �2+� 1R2 @2w@'2�2+ 2�R2��@2w@z2 @2w@'2 +2(1��)� 1R @2w@z@'�2#d�: (5)�¡®§­ ç¨¬ ç¥à¥§ �u, �v ¨ �w ¢ à¨ æ¨¨ ¯¥à¥¬¥-é¥­¨© â®ç¥ª áà¥¤¨­­®© ¯®¢¥àå­®áâ¨ ®¡®«®çª¨. �®-£¤  ¢ à¨ æ¨ï ¯®â¥­æ¨ «ì­®© í­¥à£¨¨ ã¯àã£®© ¤¥-

ä®à¬ æ¨¨ ®¡®«®çª¨ ¯à¨¬¥â ¢¨¤�� = Eh1� �2 ZZ� ��@u@z + �R � @v@' + w����@�u@z + � �R @u@z + 1R2 � @v@' +w�� @�v@' ++ � �R @u@z + 1R2 � @v@' + w�� �w++1� �2 � 1R2 @u@' + 1R @v@z� @�u@' ++1� �2 � 1R @u@' + @v@z� @�v@z � d�++D ZZ� ��@2w@z2 + �R2 @2w@'2� @2�w@z2 ++� 1R4 @2w@'2 + �R2 @2w@z2 � @2�w@'2 ++2 (1� �)R2 @2w@z@' @2�w@z@'� d�:
(6)

�«ï 2�-¯¥à¨®¤¨ç¥áª¨å ¯® ¢â®à®© ª®®à¤¨­ -â¥ äã­ªæ¨© f(z; ') ¨ g(z; '), ¯à¨ ãá«®¢¨¨ çâ®g(0; ')=0, ¬®¦­® ãáâ ­®¢¨âì á«¥¤ãîé¨¥ ä®à¬ã«ë¨­â¥£à¨à®¢ ­¨ï ¯® ç áâï¬ ¤«ï ¯®¢¥àå­®áâ­ëå ¨­-â¥£à «®¢:ZZ� f @g@z d� = � ZZ� g@f@z d�+ IL fgds;ZZ� f @g@'d� = � ZZ� g @f@'d�: (7)� ¢¥­áâ¢® ¯¥à¥¬¥é¥­¨© ®¡®«®çª¨ ¨ â¢¥à¤®£® â¥« ­  ª®­âãà¥ L, ®¡à §®¢ ­­®¬ ¯®¯¥à¥ç­ë¬ á¥ç¥­¨¥¬áà¥¤¨­­®© ¯®¢¥àå­®áâ¨ ®¡®«®çª¨ ¯à¨ z= l, ¯à¨¢®-¤¨â ª á®®â­®è¥­¨î~u = ~u0 + [~�0 � ~r0]; (8)£¤¥ ~r0=(R cos')~ic�(R sin')~jc�lc~kc { à ¤¨ãá-¢¥ªâ®à â®ç¥ª ª®­âãà  â®àæ  ®¡®«®çª¨ ¢ á¨áâ¥¬¥ª®®à¤¨­ â Cxcyczc; l { ¤«¨­  æ¨«¨­¤à¨ç¥áª®© ®¡®-«®çª¨; lc { à ááâ®ï­¨¥ ®â â®çª¨ C ¢¤®«ì ®á¨ Oz ¤®â®àæ¥¢®£® á¥ç¥­¨ï ®¡®«®çª¨, ¢ ª®â®à®¬ ¯à¨ªà¥¯-«¥­® â¢¥à¤®¥ â¥«®.�ëà §¨¬ ¯à ¢ãî ç áâì ä®à¬ã«ë (8) ¢ ¢¨¤¥ à §-«®¦¥­¨ï ¯® ®àâ ¬ âà¥å£à ­­¨ª  � à¡ã, ãç¨âë¢ ï46 �. �. � à¯ ç¥¢, �. �. �à®æ¥­ª®, �. �. �à®æ¥­ª®



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 44 { 59¨å á¢ï§ì á ®àâ ¬¨ á¨áâ¥¬ë ª®®à¤¨­ â Cxcyczc:~ic = � sin'~e2 + cos'~e3;~jc = � cos'~e2 � sin'~e3;~kc = ~e1: (9)�à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ á®®â­®è¥­¨ï (9), ¯®á«¥¯à¨à ¢­¨¢ ­¨ï ª®¬¯®­¥­â ¢¥ªâ®à®¢ ¢ ä®à¬ã«¥ (8)¯®«ãç ¥¬u=u03��01R sin'��02R cos';v=(�02lc�u01) sin'�(�01lc+u02) cos'��03R;w=� (�01lc+u02) sin'+(u01��02lc) cos': (10)�à ­¨ç­ë¥ ãá«®¢¨ï ­  ªà î ®¡®«®çª¨ ­ ª« ¤ë-¢ îâáï ­  ¯¥à¥¬¥é¥­¨ï u, v, w ¨ ã£®« ¯®¢®à®â �1=�@w=@z ¢¥ªâ®à  ~e1 ¢®ªàã£ ­ ¯à ¢«¥­¨ï ~e2 ¢à¥§ã«ìâ â¥ ¤¥ä®à¬¨à®¢ ­¨ï ¥¥ áà¥¤¨­­®© ¯®¢¥àå-­®áâ¨. �«ï ®¯à¥¤¥«¥­¨ï á®®â¢¥âáâ¢ãîé¥£® ã£« ¯®¢®à®â  â¢¥à¤®£® â¥«  ¢ëç¨á«¨¬ ¢¥ªâ®à­®¥ ¯à®-¨§¢¥¤¥­¨¥ [~kc�~k�], £¤¥ ~k� { ®àâ ¯®¤¢¨¦­®© á¨áâ¥-¬ë ª®®à¤¨­ â C�x�y�z�, ¦¥áâª® á¢ï§ ­­®© á â¥-«®¬, ¢ ­ ¯à ¢«¥­¨¨ ®á¨ C�z�. � â®ç­®áâìî ¤® «¨-­¥©­ëå á« £ ¥¬ëå ®­ ®¯à¥¤¥«ï¥âáï ª ª~k� = �02~ic � ~�01~jc + ~kc: (11)� ãç¥â®¬ á®®â­®è¥­¨© (11) ¨ (9) ¨¬¥¥¬[~kc � ~k�] = �01~ic + �02~jc =�(�02 cos' + �01 sin')~e2��(�02 sin'� �01 cos')~e3:�à¨à ¢­¨¢ ï ã£®« ¯®¢®à®â  ¢¥ªâ®à  ~kc ¢®ªàã£ ­ -¯à ¢«¥­¨ï ~e2 á á®®â¢¥âáâ¢ãîé¨¬ ã£«®¬ ¯®¢®à®â ªà®¬ª¨ ®¡®«®çª¨, ¯®«ãç ¥¬@w@z ����z=l = �01 sin'+ �02 cos': (12)�®à¬ã«ë (10) ¨ (12) ¯à¥¤áâ ¢«ïîâ á®¡®© ãá«®¢¨ïá®¯àï¦¥­¨ï ­  ª®­âãà¥ L.�à¨¬¥­¨¢ ä®à¬ã«ë (7) ª ¨­â¥£à « ¬ ¢ á®®â­®-è¥­¨¨ (6), ¨§¡ ¢¨¬áï ¢ ­¨å ®â ¯à®¨§¢®¤­ëå ®â¢ à¨ æ¨© �u, �v, �w. � ãç¥â®¬ â®£®, çâ® ­  ª®­-âãà¥ ®¡®«®çª¨ ¯à¨ z=0 ¢ à¨ æ¨¨ ®â ¯¥à¥¬¥é¥­¨©ã¤®¢«¥â¢®àïîâ £« ¢­ë¬ £à ­¨ç­ë¬ ãá«®¢¨ï¬, ¢ë-

à ¦¥­¨¥ (6) ¬®¦­® ¯à¨¢¥áâ¨ ª ¢¨¤ã�� =� Eh(1��2) ZZ� ��@2u@z2 + �2R @2v@z@'++ �R @w@z + �1R2 @2u@'2��u��� 1R2 @v@'+ 1R2w+ �R @u@z��w++� 1R2 @2v@'2 + 1R2 @w@'+ �2R @2u@z@'+�1 @2v@z2� �v�� c2R2 �R4@4w@z4 + @4w@'4 +2R2 @4w@z2@'2� �w�d�++ Eh(1��2)IL ��@u@z + �R � @v@'+w�� �u++�1� 1R @u@'+ @v@z� �v�ds++ DR2 IL ���R2 @3w@z3 �(2��) @3w@z@'2 � �w++�R2@2w@z2 +� @2w@'2� @�w@z �ds;
(13)

£¤¥ c2 = h212R2 ; �1 = 1� �2 ; �2 = 1 + �2 :�  ª®­âãà¥ L ¢ à¨ æ¨¨ �u, �v, �w, @�w=@z ­¥ï¢«ïîâáï ­¥§ ¢¨á¨¬ë¬¨, ¯®áª®«ìªã ¯¥à¥¬¥é¥­¨ï®¡®«®çª¨ á¢ï§ ­ë á ¯ à ¬¥âà ¬¨ ¤¢¨¦¥­¨ï â¢¥à-¤®£® â¥«  ãá«®¢¨ï¬¨ á®¯àï¦¥­¨ï. �à¨­¨¬ ï ¢®¢­¨¬ ­¨¥ á®®â­®è¥­¨ï (10) ¨ (12), ¤«ï ¢ à¨ æ¨©¯¥à¥¬¥é¥­¨© ®¡®«®çª¨ ­  ª®­âãà¥ L ¯®«ãç ¥¬ á«¥-¤ãîé¨¥ ¢ëà ¦¥­¨ï:�u = �u03 � R sin'��01 �R cos'��02;�v = lc sin'��02 � sin'�u01��lc cos'��01 � cos'�u02 �R��03;�w = �lc sin'��01 � sin'�u02��lc cos'��02 + cos'�u01;@�w@z = sin'��01 + cos'��02: (14)�®á«¥ ¯®¤áâ ­®¢ª¨ ä®à¬ã« (14) ¢ ¢ëà ¦¥-�. �. � à¯ ç¥¢, �. �. �à®æ¥­ª®, �. �. �à®æ¥­ª® 47



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 44 { 59­¨¥ (13) ¢ à¨ æ¨®­­®¥ ãà ¢­¥­¨¥ (1) ¯à¨¬¥â ¢¨¤� Eh(1� �2)(ZZ� ��@2u@z2 + �2R @2v@z@' ++ �R @w@z + �1R2 @2u@'2 + �1� �2�Eh �Q1��u++� 1R2 @2v@'2 + 1R2 @w@' + �2R @2u@z@'++�1@2v@z2 + �1� �2�Eh �Q2��v��� 1R2 @v@' + 1R2w + �R @u@z + c2R2��w���1� �2�Eh �Q3��w�d�)++24IL (Q�1 cos'� S sin') ds��F135 �u01++24IL (Q�1 sin' + S cos') ds+�F235 �u02++0@IL T1ds��F31A �u03++24IL (RT1 sin'+M1 sin' + lcS cos'++lcQ�1 sin'�ds+�M1#��01++24IL (M1 cos'+ RT1 cos' � lcS sin'++lcQ�1 cos') ds+�M2#��02++24IL RSds +�M335 ��03 = 0:
(15)

�¤¥áì Q�1 { ®¡®¡é¥­­ ï ¯®¯¥à¥ç­ ï á¨«  ­  ª®­âã-à¥ ®¡®«®çª¨, ¢ëç¨á«ï¥¬ ï ¯® ä®à¬ã«¥Q�1 = �c2 Eh(1� �2) �R2@3w@z3 + (2� �) @3w@z@'2 � ;T1 ¨ S { ¬¥à¨¤¨®­ «ì­ ï ¨ á¤¢¨£ îé ï á¨«ë, ®â-­¥á¥­­ë¥ ª ¥¤¨­¨æ¥ ¤«¨­ë ­®à¬ «ì­®£® á¥ç¥­¨ïáà¥¤¨­­®© ¯®¢¥àå­®áâ¨ ®¡®«®çª¨; M1 { ¯®£®­­ë©¨§£¨¡ îé¨© ¬®¬¥­â ¢ ¬¥à¨¤¨®­ «ì­®© ¯«®áª®áâ¨.

�â¨ ¢¥«¨ç¨­ë ®¯à¥¤¥«ïîâáï ¯® ¨§¢¥áâ­ë¬ § ¢¨-á¨¬®áâï¬: T1 = Eh1� �2 ("1 + �"2);S = Eh2(1 + �)!;M1 = D(�1 + ��2):�â¬¥â¨¬, çâ® ¯®áª®«ìªã ¢ à¨ æ¨¨ ¯¥à¥¬¥é¥­¨©®¡®«®çª¨ ¨ ¯ à ¬¥âà®¢ ¤¢¨¦¥­¨ï â¢¥à¤®£® â¥« ï¢«ïîâáï ­¥§ ¢¨á¨¬ë¬¨, â®, ¯à¨à ¢­¨¢ ï ¢ ¢ë-à ¦¥­¨¨ (15) ª®íää¨æ¨¥­âë ¯à¨ �u, �v ¨ �w ¢¯®¢¥àå­®áâ­ëå ¨­â¥£à « å ­ã«î, ¯®«ãç ¥¬ ãà ¢-­¥­¨ï à ¢­®¢¥á¨ï æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¨. �á¢®î ®ç¥à¥¤ì, ¨§ à ¢¥­áâ¢  ­ã«î ª®íää¨æ¨¥­â®¢¯à¨ ¢ à¨ æ¨ïå ¯ à ¬¥âà®¢ ¤¢¨¦¥­¨ï â¢¥à¤®£® â¥-«  á«¥¤ã¥â ãà ¢­¥­¨ï à ¢­®¢¥á¨ï â¢¥à¤®£® â¥« .�à ¢­¥­¨ï á®¡áâ¢¥­­ëå ª®«¥¡ ­¨© á¨áâ¥¬ë \â¥-«® {®¡®«®çª " ¬®¦­® ¯®«ãç¨âì, ¯®«ì§ãïáì ¯à¨­æ¨-¯®¬ � « ¬¡¥à  ¨ ¯®« £ ï�Q1 = ��h@2u@t2 ; �Q2 = ��h@2v@t2 ;�Q3 = ��h@2w@t2 ; �F1 = �m0 @2u01@t2 ;�F2 = �m0 @2u02@t2 ; �F3 = �m0 @2u03@t2 ;�M1 = �Jxc @2�01@t2 ; �M2 = �Jyc @2�02@t2 ;�M3 = �Jzc @2�03@t2 : (16)�¤¥áì Jxc , Jyc , Jzc { ¬®¬¥­âë ¨­¥àæ¨¨ â¢¥à¤®£®â¥«  ®â­®á¨â¥«ì­® á®®â¢¥âáâ¢ãîé¨å ®á¥©; m0 {¬ áá  â¢¥à¤®£® â¥« ; � { ¯«®â­®áâì ®¡®«®çª¨. �à¨§ ¯¨á¨ ä®à¬ã«ë (16) ãç¨âë¢ «®áì, çâ® ­ ç «® á¨-áâ¥¬ë ª®®à¤¨­ â Cxcyczc á¢ï§ ­® á æ¥­âà®¬ ¬ ááâ¢¥à¤®£® â¥« .�«ï ®¯à¥¤¥«¥­¨ï á®¡áâ¢¥­­ëå ç áâ®â ¨ ä®à¬ ª®-«¥¡ ­¨© à áá¬ âà¨¢ ¥¬®© á¨áâ¥¬ë ¯®«®¦¨¬n~u; ~u0; ~�0o = n~~u; ~~u0; ~~�0o exp(i!t):� ¤ «ì­¥©è¥¬ ¤«ï ã¤®¡áâ¢  § ¯¨á¨ §­ ª â¨«ì¤ë­ ¤ ¢¥ªâ®à ¬¨ ®¯ãáª ¥¬.� à¥§ã«ìâ â¥ ¯®«ãç¨¬ á¯¥ªâà «ì­ãî § ¤ çã, á®-áâ®ïéãî ¨§ âà¥å ãà ¢­¥­¨© ¢ ç áâ­ëå ¯à®¨§¢®¤-48 �. �. � à¯ ç¥¢, �. �. �à®æ¥­ª®, �. �. �à®æ¥­ª®



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 44 { 59­ëå ®â­®á¨â¥«ì­® ¯¥à¥¬¥é¥­¨© ®¡®«®çª¨:L11u+ L12v + L13w = ��!2 (1� �2)E u;L21u+ L22v + L23w = ��!2 (1� �2)E v;L31u+ L32v + L33w = �!2 (1� �2)E w; (17)  â ª¦¥ è¥áâ¨ ­¥«®ª «ì­ëå £à ­¨ç­ëå ãá«®¢¨©¯à¨ z= lIL (Q�1 cos'� S sin')ds = m0!2u01;� IL (Q�1 sin' + S cos')ds = m0!2u02;IL T1ds = m0!2u03;IL [T1R sin'+M1 sin'++lc(Q�1 sin' + S cos')]ds = !2Jxc�01;IL [T1R cos' +M1 cos'++lc(Q�1 cos'� S sin')]ds = !2Jyc�02;IL SRds = !2Jzc�03: (18)
� ãà ¢­¥­¨ïå (17)L11 = @2@z2 + �1R2 @2@'2 ; L12 = L21 = �2R @2@z@' ;L13 = L31 = �R @@z ; L22 = 1R2 @2@'2 + �1 @2@z2 ;L23 = L32 = 1R2 @@' ; L33 = 1R2 �c2��+ 1� ;� = R2 @2@z2 + @2@'2 :� á®®â­®è¥­¨ï¬ (17) ¨ (18) ­¥®¡å®¤¨¬® ¤®¡ ¢¨âì£¥®¬¥âà¨ç¥áª¨¥ £à ­¨ç­ë¥ ãá«®¢¨ï ¤«ï ®¡®«®çª¨¯à¨ z=0 ¢¬¥áâ¥ á ãá«®¢¨ï¬¨ á®¯àï¦¥­¨ï ¬¥¦-¤ã ¯¥à¥¬¥é¥­¨ï¬¨ ¨ ã£« ¬¨ ¯®¢®à®â  ª®­âãà 

®¡®«®çª¨ ¯à¨ z= l ¨ ®¡®¡é¥­­ë¬¨ ª®®à¤¨­ â ¬¨â¢¥à¤®£® â¥«  (10) ¨ (12). � ª¨¬ ®¡à §®¬, ®¯à¥-¤¥«¥­¨¥ è¥áâ¨ ª®¬¯®­¥­â ¤¢¨¦¥­¨ï â¢¥à¤®£® â¥« ¨ âà¥å ª®¬¯®­¥­â ¢¥ªâ®à  ¯¥à¥¬¥é¥­¨ï ®¡®«®çª¨á¢¥«®áì ª à¥è¥­¨î § ¤ ç¨ ­  á®¡áâ¢¥­­ë¥ §­ ç¥-­¨ï, £¤¥ á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï ¢å®¤ïâ ª ª ¢ £à -­¨ç­ë¥ ãá«®¢¨ï (18), â ª ¨ ¢ ãà ¢­¥­¨ï (17).�á®¡® á«¥¤ã¥â ®â¬¥â¨âì, çâ® £à ­¨ç­ë¥ ãá«®-¢¨ï (18) ï¢«ïîâáï ¥áâ¥áâ¢¥­­ë¬¨ ¤«ï äã­ªæ¨®­ -«  I=��A ­  ª« áá¥ äã­ªæ¨©, ã¤®¢«¥â¢®àïîé¨åãá«®¢¨ï¬ á®¯àï¦¥­¨ï (10), (12) ¨ £« ¢­ë¬ ãá«®-¢¨ï¬ § ªà¥¯«¥­¨ï â®àæ  ®¡®«®çª¨, á¢®¡®¤­®£® ®ââ¢¥à¤®£® â¥« . �â® ®§­ ç ¥â, çâ® ¯à¨ ¬¨­¨¬¨§ -æ¨¨ äã­ªæ¨®­ «  I ­  ã¯®¬ï­ãâ®¬ ª« áá¥ äã­ªæ¨©®â¯ ¤ ¥â ­¥®¡å®¤¨¬®áâì  ¯à¨®à­®£® ¢ë¯®«­¥­¨ï¤®áâ â®ç­® á«®¦­ëå £à ­¨ç­ëå ãá«®¢¨© (18), çâ®®¡¥á¯¥ç¨¢ ¥â ®¯à¥¤¥«¥­­®¥ ¯à¥¨¬ãé¥áâ¢® í­¥à£¥-â¨ç¥áª®¬ã ¬¥â®¤ã ¯®áâà®¥­¨ï ¯à¨¡«¨¦¥­­®£® à¥-è¥­¨ï à áá¬ âà¨¢ ¥¬®© § ¤ ç¨, ¯® áà ¢­¥­¨î á¤àã£¨¬¨ ¬¥â®¤ ¬¨ ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨.� «®áâì ¯ à ¬¥âà®¢ ¤¢¨¦¥­¨ï á¨áâ¥¬ë ¨ ®á¥-¢ ï á¨¬¬¥âà¨ï ®¡®«®çª¨ ¯®§¢®«ïîâ ®¡é¥¥ ¤¢¨¦¥-­¨¥ á¨áâ¥¬ë à §«®¦¨âì ­  ­¥§ ¢¨á¨¬ë¥ á®áâ ¢«ï-îé¨¥ ¢ ­ ¯à ¢«¥­¨¨ ¨ ¢®ªàã£ ¯à®¤®«ì­®© ®á¨,  â ª¦¥ ¢ ¤¢ãå ¢§ ¨¬­® ¯¥à¯¥­¤¨ªã«ïà­ëå ¯«®áª®-áâïåOxz ¨Oyz. �â® ¤ ¥â ¢®§¬®¦­®áâì ã¯à®áâ¨âìà¥è¥­¨¥ § ¤ ç¨ ¨ ¯à¥¤áâ ¢¨âì ª®­¥ç­ë¥ à¥§ã«ì-â âë ¢ ®¡®§à¨¬®© ä®à¬¥. � ª, ¨§ ¢ë¢¥¤¥­­ëåãà ¢­¥­¨© «¥£ª® ¯®«ãç¨âì ¨§¢¥áâ­ë¥ ¯®áâ ­®¢ª¨§ ¤ ç ¤«ï á«ãç ï ªàãâ¨«ì­ëå ¨ ®á¥á¨¬¬¥âà¨ç­ëåª®«¥¡ ­¨© à áá¬ âà¨¢ ¥¬®© ¬¥å ­¨ç¥áª®© á¨áâ¥-¬ë [1,2].�¡à â¨¬áï â¥¯¥àì ª ä®à¬ã«¨à®¢ª¥ ªà ¥¢®© § -¤ ç¨ ¢ á«ãç ¥ ­¥®á¥á¨¬¬¥âà¨ç­ëå ª®«¥¡ ­¨© ª®­-áâàãªæ¨¨. �ã¤¥¬ áç¨â âì, çâ® ¯à¨ á®¢¬¥áâ­ëåª®«¥¡ ­¨ïå á¨áâ¥¬  á®¢¥àè ¥â ¤¢¨¦¥­¨¥ ¢ ®¤­®©¨§ ¯«®áª®áâ¥© á¨¬¬¥âà¨¨, §  ª®â®àãî, ¢ ç áâ­®-áâ¨, ¯à¨¬¥¬ ¯«®áª®áâì Oxz. �à¨ ãáâ ­®¢¨¢è¨å-áï £ à¬®­¨ç¥áª¨å ª®«¥¡ ­¨ïå á¨áâ¥¬ë á ç áâ®â®©! ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ á®¡áâ¢¥­­ë¥ ä®à¬ëáà¥¤¨­­®© ¯®¢¥àå­®áâ¨ æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¨¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥u(z; ') = un(z) cosn';v(z; ') = vn(z) sinn';w(z; ') = wn (z) cosn': (19)�®á«¥ ¯®¤áâ ­®¢ª¨ ¢ëà ¦¥­¨© (19) ¢ ª¨­¥¬ -â¨ç¥áª¨¥ ãá«®¢¨ï á®¯àï¦¥­¨ï ­  ª®­âãà¥ L (10)�. �. � à¯ ç¥¢, �. �. �à®æ¥­ª®, �. �. �à®æ¥­ª® 49



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 44 { 59¨ (12) ¯®«ãç ¥¬u03��01R sin'��02R cos'�un cosn'=0;(�02lc�u01) sin'�(�01lc+u02) cos'���03R�vn sinn'=0;�(�01lc+u02) sin'+(u01��02lc) cos'��wn cos n'=0;�01 sin'+�02 cos'� dwndz cosn'=0: (20)�®®â­®è¥­¨ï (20) ¤®«¦­ë ¢ë¯®«­ïâìáï ¯à¨ «î-¡®¬ §­ ç¥­¨¨ ã£«  '. �á«¨ ­®¬¥à ®ªàã¦­®© ¬®¤ëà ¢¥­ ¥¤¨­¨æ¥ (n=1), â® ¨§ á®®â­®è¥­¨© (20) á«¥-¤ãîâ à ¢¥­áâ¢ u02 = u03 = 0; �01 = �03 = 0;u1(l) = ��02R; v1(l) = �02lc � u01;w1(l) = u01 � �02lc; dw1dz ����z=l = �02: (21)�«ï á«ãç ï n>1 á®®â­®è¥­¨ï (20) ¤ îâu01 = u02 = u03 = 0; �01 = �02 = �03 = 0;un (l) = vn (l) = wn (l) = dw1dz ����z=l = 0: (22)�«¥¤®¢ â¥«ì­®, ¯à¨ ­®¬¥à¥ ®ªàã¦­®© ¬®¤ë, ¯à¥-¢ëè îé¥¬ ¥¤¨­¨æã, ª®«¥¡ ­¨ï ¬¥å ­¨ç¥áª®© á¨-áâ¥¬ë ¯à®¨áå®¤ïâ â ª¦¥, ª ª ¨ ¢ á«ãç ¥ ¦¥áâ-ª®£® § ªà¥¯«¥­¨ï ª®­âãà  ®¡®«®çª¨ ¯à¨ z= l: â¥-«® ­¥¯®¤¢¨¦­®,   ®¡®«®çª  á®¢¥àè ¥â ¯à®áâà ­-áâ¢¥­­ë¥ ¤¢¨¦¥­¨ï ¢ ¯«®áª®áâ¨ Oxz. �«ï á«ã-ç ï n=1, ¢ á®®â¢¥âáâ¢¨¨ á ¨áå®¤­ë¬¨ ¯à¥¤¯®-áë«ª ¬¨, â¥«® ¡ã¤¥â á®¢¥àè âì â®«ìª® ¯®¯¥à¥ç-­ë¥ ª®«¥¡ ­¨ï ¢ ¯«®áª®áâ¨ Oxz,   áà¥¤¨­­ ï ¯®-¢¥àå­®áâì æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¨ ¡ã¤¥â ¨á¯ë-âë¢ âì ¯à®áâà ­áâ¢¥­­ãî ¤¥ä®à¬ æ¨î, å à ªâ¥-à¨§ã¥¬ãî âà¥¬ï á®áâ ¢«ïîé¨¬¨ ¢¥ªâ®à  ¥¥ ¯¥à¥-¬¥é¥­¨© u1(z), v1(z) ¨ w1(z). � á®®â¢¥âáâ¢¨¨ á¢ëà ¦¥­¨ï¬¨ (19), ãá¨«¨ï ¨ ¬®¬¥­âë ¢ áà¥¤¨­­®©¯®¢¥àå­®áâ¨ ®¡®«®çª¨ ¡ã¤ãâ ®¯à¥¤¥«ïâìáï ä®à¬ã-« ¬T̈1 = T1(n) cosn'; T2 = T2(n) cos n';S = S(n) sinn'; Q�1 = Q�1(n) cosn';M1 = M1(n) cos n'; M2 = M2(n) cos n': (23)� ãç¥â®¬ á®®â­®è¥­¨© (23), ¤«ï n>1 ¢á¥ ãà ¢-­¥­¨ï (18) ®¡à é îâáï ¢ â®¦¤¥áâ¢ ,   ¯à¨ n=1

®áâ îâáï â®«ìª® ¯¥à¢®¥ ¨ ¯ïâ®¥ ãà ¢­¥­¨ï, ª®â®-àë¥ ¯à¨­¨¬ îâ ¢¨¤:R�(Q�1(1)�S(1))=m0!2u01;R�(Q�1(1)lc�S(1)lc+RT1(1)+M1(1))=!2Jyc�02: (24)� ¯®«ãç¥­­ë¬ £à ­¨ç­ë¬ ãá«®¢¨ï¬ ­¥®¡å®¤¨¬®¤®¡ ¢¨âì ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï ®¡®«®çª¨ (17), § -¯¨á ­­ë¥ á ãç¥â®¬ ä®à¬ã« (19), ¨ ãá«®¢¨ï § ªà¥¯-«¥­¨ï ®¡®«®çª¨ ¯à¨ z=0.� ª¨¬ ®¡à §®¬, ¨á¯®«ì§®¢ ­¨¥ ãá«®¢¨© á¨¬¬¥-âà¨¨ à áá¬ âà¨¢ ¥¬®© ¬¥å ­¨ç¥áª®© á¨áâ¥¬ë ¯®-§¢®«¨«® áãé¥áâ¢¥­­® ã¯à®áâ¨âì ªà ¥¢ãî § ¤ çã ®¥¥ á¢®¡®¤­ëå ª®«¥¡ ­¨ïå ®â­®á¨â¥«ì­® ¯®«®¦¥­¨ïà ¢­®¢¥á¨ï.2. ���������� ��������¡à â¨¬áï ª ¯®áâà®¥­¨î à¥è¥­¨ï áä®à¬ã«¨à®-¢ ­­®© § ¤ ç¨ ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨.�¥à¥©¤¥¬ ª ¡¥§à §¬¥à­ë¬ ¢¥«¨ç¨­ ¬, ª®â®àë¥á¢ï§ ­ë á á®®â¢¥âáâ¢ãîé¨¬¨ à §¬¥à­ë¬¨ ¢¥«¨-ç¨­ ¬¨ á«¥¤ãîé¨¬ ®¡à §®¬:fun; vn; wn; u01g = R f�un; �vn; �wn; �u01g ;nT1(1); Q�1(1); S(1)o == Eh(1� �2) n �T1(1); �Q�1(1); �S(1)o ;!2 = E(1� �2) �R2 �!2;M1(1) = EhR(1� �2) �M1(1);m0 = ��hR2 �m0; Jyc = ��hR4 �Jyc : (25)� ¤ «ì­¥©è¥¬ ¤«ï ã¯à®é¥­¨ï § ¯¨á¨ ç¥àâã ­ ¤¡¥§à §¬¥à­ë¬¨ ¢¥«¨ç¨­ ¬¨ ¡ã¤¥¬ ®¯ãáª âì. �®-£¤  ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï ®¡®«®çª¨ (17) ¯®á«¥ ®â¤¥-«¥­¨ï ã£«®¢®© ª®®à¤¨­ âë ¯à¨¬ãâ ¢¨¤d2undz2 ��1n2un+�2ndvndz +� dwndz +!2un=0;�1d2vndz2 ��2ndundz �n2vn�nwn+!2vn=0;� dundz +nvn+c2�n�nwn+wn�!2wn=0; (26)50 �. �. � à¯ ç¥¢, �. �. �à®æ¥­ª®, �. �. �à®æ¥­ª®



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 44 { 59£¤¥ �n = d2dz2 � n2:�«ï á«ãç ï n=1 ª ãà ¢­¥­¨ï¬ (26) ­¥®¡å®¤¨¬®¯à¨á®¥¤¨­¨âì £à ­¨ç­ë¥ ãá«®¢¨ï ¯à¨ z= l:Q�1(1)�S(1)=!2m0u01;�S(1)lc+T1(1)+M1(1)+Q�1(1)lc=!2Jyc�02; (27)ãá«®¢¨ï á®¯àï¦¥­¨ï:u1(l) = ��02; v1(l) = �02lc � u01;w1(l) = u01 � lc�02; dw1dz ����z=l = �02; (28)  â ª¦¥, ãá«®¢¨¥ ¦¥áâª®£® § ªà¥¯«¥­¨ï â®àæ  ®¡®-«®çª¨ ¯à¨ z=0:u1(0) = v1(0) = w1(0) = dw1dz ����z=0 = 0: (29)�«ï n>1 ãà ¢­¥­¨ï (26) ¤®«¦­ë à¥è âìáï ¯à¨£à ­¨ç­ëå ãá«®¢¨ïå (29) ¨u1 (l) = v1 (l) = w1 (l) = dw1dz ����z=l = 0: (30)� ª¨¬ ®¡à §®¬, ¯à¨ n>1 ¨¬¥¥¬ ª« áá¨ç¥áªãî§ ¤ çã ®¡ ®¯à¥¤¥«¥­¨¨ ç áâ®â ¨ ä®à¬ á®¡áâ¢¥­-­ëå ª®«¥¡ ­¨© æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¨ á ¤¢ã¬ï¦¥áâª® § é¥¬«¥­­ë¬¨ â®àæ ¬¨. � á«ãç ¥ ¦¥ n=1¨¬¥¥¬ á¯¥ªâà «ì­ãî § ¤ çã, £¤¥ ç áâ®â­ë© ¯ à -¬¥âà ¢å®¤¨â ­¥ â®«ìª® ¢ ãà ¢­¥­¨ï (26), ­® ¨ ¢£à ­¨ç­ë¥ ãá«®¢¨ï (27). �®¬¨¬® íâ®£®, ¢ £à ­¨ç-­ë¥ ãá«®¢¨ï (27) ¢å®¤ïâ ¨ ®¡®¡é¥­­ë¥ ª®®à¤¨­ âë¤¢¨¦¥­¨ï â¢¥à¤®£® â¥« , ª®â®àë¥ á¢ï§ ­ë á á®áâ -¢«ïîé¨¬¨ ¯¥à¥¬¥é¥­¨ï ®¡®«®çª¨ ¯à¨ z= l ãá«®¢¨-ï¬¨ á®¯àï¦¥­¨ï (28).� ¯®¬®éìî á®®â­®è¥­¨© (27) ¨§ ãá«®¢¨© (28)¬®¦­® ¨áª«îç¨âì ª®¬¯®­¥­âë u01 ¨ �02, ¯®«ãç¨¢¯à¨ z= l £à ­¨ç­ë¥ ãá«®¢¨ï ®â­®á¨â¥«ì­® u1, v1,w1, ¨¬¥îé¨¥ ¤®¢®«ì­® á«®¦­ãî áâàãªâãàã. �®-áª®«ìªã á®®â­®è¥­¨ï (26) ¯à¥¤áâ ¢«ïîâ á®¡®© á¨-áâ¥¬ã ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© á ¯®áâ®ï­­ë-¬¨ ª®íää¨æ¨¥­â ¬¨, â® áãé¥áâ¢ã¥â ¢®§¬®¦­®áâì¯®áâà®¥­¨ï ¥¥ â®ç­®£® à¥è¥­¨ï ¯® ¬¥â®¤ã �©«¥-à . �à¨ íâ®¬ ¤«ï ®¯à¥¤¥«¥­¨ï ¢¨¤  à¥è¥­¨ï ­¥®¡-å®¤¨¬® ­ ©â¨ ª®à­¨ å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥-­¨ï ¢®áì¬®£® ¯®àï¤ª , ç áâì ¨§ ª®â®àëå ®ª §ë¢ -îâáï ª®¬¯«¥ªá­ë¬¨. � á¢®î ®ç¥à¥¤ì, ã¤®¢«¥â¢®à¥-­¨¥ à¥è¥­¨© ªà ¥¢ë¬ ãá«®¢¨ï¬ ¯à¨¢®¤¨â ª ®¤­®-à®¤­®©  «£¥¡à ¨ç¥áª®© á¨áâ¥¬¥ ãà ¢­¥­¨© ®â­®-á¨â¥«ì­® ¯®áâ®ï­­ëå ¨­â¥£à¨à®¢ ­¨ï, à ¢¥­áâ¢®

­ã«î ®¯à¥¤¥«¨â¥«ï ª®â®à®© ¤ ¥â ç áâ®â­®¥ ãà ¢-­¥­¨¥. � à¥§ã«ìâ â¥ ¯à®æ¥áá ­ å®¦¤¥­¨ï ®¤­®©á®¡áâ¢¥­­®© ç áâ®âë á®áâ®¨â ¢ ¯®á«¥¤®¢ â¥«ì­®¬¯®¤¡®à¥ §­ ç¥­¨ï !, ã¤®¢«¥â¢®àïîé¥£® ç áâ®â-­®¬ã ãà ¢­¥­¨î á ¯à¥¤¢ à¨â¥«ì­ë¬ ­ å®¦¤¥­¨-¥¬ ¤«ï ª ¦¤®£® ä¨ªá¨à®¢ ­­®£® §­ ç¥­¨ï ! ª®à-­¥© å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥­¨ï [11{ 13]. �á¥íâ® ¯à¨¢®¤¨â ª ¤®áâ â®ç­® á«®¦­®¬ã  «£®à¨â¬ã¢ëç¨á«¥­¨ï ç áâ®â ¨ ä®à¬ á®¡áâ¢¥­­ëå ª®«¥¡ -­¨©. �®íâ®¬ã ¯à¨ à áç¥â¥ ª®«¥¡ ­¨© æ¨«¨­¤à¨-ç¥áª¨å ®¡®«®ç¥ª ¢ ãá«®¢¨ïå § ªà¥¯«¥­¨ï â®àæ®¢,®â«¨ç­ëå ®â è à­¨à­®£® ®¯¨à ­¨ï, ¢ ¡®«ìè¨­-áâ¢¥ á«ãç ¥¢ ¯à¨¬¥­ïîâáï à §«¨ç­ë¥ ¯à¨¡«¨¦¥­-­ë¥ ¬¥â®¤ë à¥è¥­¨ï § ¤ ç ­  á®¡áâ¢¥­­ë¥ §­ ç¥-­¨ï [14{17]. � ¤ ­­®¬ á«ãç ¥, ª ª ã¦¥ ®â¬¥ç «®áì¢ëè¥, ®¯à¥¤¥«¥­­ë¥ ¯¥àá¯¥ªâ¨¢ë ¯®«ãç¥­¨ï íä-ä¥ªâ¨¢­®£®  «£®à¨â¬  à áç¥â  ¤¨­ ¬¨ç¥áª¨å å -à ªâ¥à¨áâ¨ª à áá¬ âà¨¢ ¥¬®© á¨áâ¥¬ë á¢ï§ ­ë áíª¢¨¢ «¥­â­®© ¢ à¨ æ¨®­­®© ä®à¬ã«¨à®¢ª®© ¨á-å®¤­®© ªà ¥¢®© § ¤ ç¨, ª®â®à ï ¯à¨ íâ®¬ ¯®§¢®-«ï¥â ãç¥áâì ¨ ¯¥à¥¬¥­­®áâì â®«é¨­ë ®¡®«®çª¨.�«ï â®£®, çâ®¡ë ¨¬¥âì ¢®§¬®¦­®áâì ¢®á¯®«ì-§®¢ âìáï ¢ à¨ æ¨®­­ë¬ á®®â­®è¥­¨¥¬ (1), ¯à¨¢¥-¤¥¬ ¢ëà ¦¥­¨¥ à ¡®âë ¨­¥àæ¨®­­ëå á¨« ­  ¢®§-¬®¦­ëå ¯¥à¥¬¥é¥­¨ïå á¨áâ¥¬ë ¯à¨ ¤¢¨¦¥­¨¨ ¥¥¢ ¯«®áª®áâ¨ Oxz:�A = ��h ZZ� [�u�u+ �v�v + �w�w]d���m0�u01�u01 � Jyc ��02��02:�¤¥áì â®çª¨ á¢¥àåã ®¡®§­ ç îâ ¤¨ää¥à¥­æ¨à®¢ -­¨¥ ¯® ¢à¥¬¥­¨. �®¤áâ ¢«ïï íâ® ¢ëà ¦¥­¨¥ ¢ãà ¢­¥­¨¥ (1), ¯®á«¥ ®â¤¥«¥­¨ï ¢ ¯¥à¥¬¥é¥­¨ïå®¡®«®çª¨ ¨ â¢¥à¤®£® â¥«  ¢à¥¬¥­­®£® ¬­®¦¨â¥«ï,á¢®¤¨¬ § ¤ çã ª ®âëáª ­¨î áâ æ¨®­ à­ëå §­ ç¥-­¨© äã­ªæ¨®­ «  I = � � !2A1: (31)�¤¥áì � { ¯®â¥­æ¨ «ì­ ï í­¥à£¨ï á¢®¡®¤­ëå ª®«¥-¡ ­¨© á¨áâ¥¬ë;A1 = 12"�h ZZ� (u2 + v2 + w2)d�++m0u201 + Jyc�02#: (32)�®á«¥ ®â¤¥«¥­¨ï ã£«®¢®© ¯¥à¥¬¥­­®© ¯® ä®à¬ã-« ¬ (19) ¨ ¢ë¯®«­¥­¨ï ¨­â¥£à¨à®¢ ­¨ï ¯® ¯¥à¥-¬¥­­®© ', äã­ªæ¨®­ « (31) ¢ ¡¥§à §¬¥à­ëå ¢¥«¨-�. �. � à¯ ç¥¢, �. �. �à®æ¥­ª®, �. �. �à®æ¥­ª® 51



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 44 { 59ç¨­ å ¯à¨¬¥â ¢¨¤I� = 12 lZ0 "�dundz �2+(wn+nvn)2++2� dundz (wn+nvn)+�1�dvndz �nun�2# dz++c22 lZ0 "�d2wndz2 �2+n4w2n��2�n2d2wndz2 wn+2(1��)n2�dwndz �2# dz��!22 " lZ0 (u2n+v2n+w2n)dz���1n(m0u201+Jyc�202)#; (33)£¤¥ �1n = ( 1; n = 1;0; n 6= 1:�ã­ªæ¨®­ « (33) ­¥®¡å®¤¨¬® ¬¨­¨¬¨§¨à®¢ âì ­ ª« áá¥ äã­ªæ¨©, ã¤®¢«¥â¢®àïîé¨å £à ­¨ç­ë¬ãá«®¢¨ï¬un(l)=��1n�02; vn(l)=�1n(lc�02�u01);wn(l)=�1n(u01�lc�02); dwndz ����z=l=�1n�02;un(0)=vn(0)=wn(0)= dwndz ����z=0=0: (34)�à ­¨ç­ë¥ ãá«®¢¨ï (27) ï¢«ïîâáï ¥áâ¥áâ¢¥­­ë¬¨¤«ï äã­ªæ¨®­ «  (33).�«ï ®âëáª ­¨ï ¬¨­¨¬ã¬  äã­ªæ¨®­ «  (33) ¡ã-¤¥¬ ¯®«ì§®¢ âìáï ¬¥â®¤®¬ �¨âæ . � á¢ï§¨ á íâ¨¬,¯à¥¤áâ ¢¨¬ ¨áª®¬ë¥ äã­ªæ¨¨ un(z), vn(z), wn(z) ¢á«¥¤ãîé¥¬ ¢¨¤¥:un(z)= NXj=1 ajuj(z) + �1n�02u0(z);vn(z)= NXj=1 bjvj(z) + �1n(�02lc � u01)v0(z);wn(z)= NXj=1 cjwj(z)+�1n(u01w0(z)+�02f(z)); (35)£¤¥ aj , bj, cj { ¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­­ë¥, ¯®¤«¥¦ -é¨¥ ®¯à¥¤¥«¥­¨î ¢ ¤ «ì­¥©è¥¬; fuj(z)g, fvj(z)g,fwj(z)g { á¨áâ¥¬ë ª®®à¤¨­ â­ëå äã­ªæ¨©, ã¤®¢«¥-â¢®àïîé¨å ­  ª®­æ å ¨­â¥à¢ «  [0; l] £à ­¨ç­ë¬

ãá«®¢¨ï¬ uj = vj = wj = dwjdz = 0: (36)� á¢®î ®ç¥à¥¤ì, ®â äã­ªæ¨© u0(z), v0(z), w0(z) ¨f(z) ¯®âà¥¡ã¥¬ ¢ë¯®«­¥­¨ï ãá«®¢¨©u0(0)=v0(0)=0; u0(l)=�1; v0(l)=1;w0(0)= dw0dz ����z=0= dw0dz ����z=l=0; w0(l)=1;f(0)= dfdz ����z=0=0; f(l)=�lc ; dfdz ����z=l=1: (37)�à¨ ¢ë¯®«­¥­¨¨ £à ­¨ç­ëå ãá«®¢¨© (36) ¨ (37),¯à¥¤áâ ¢«¥­¨ï (35) ¡ã¤ãâ ã¤®¢«¥â¢®àïâì £« ¢­ë¬£à ­¨ç­ë¬ ãá«®¢¨ï¬ (34) ¤«ï äã­ªæ¨®­ «  (33)¯à¨ «î¡ëå §­ ç¥­¨ïå ¢¥ªâ®à ~X=[a1; a2; : : :aN ; b1; b2; : : : bN ; c1; c2; : : :cN ; u01; �02]:�®áâà®¥­¨¥ á¨áâ¥¬ ¡ §¨á­ëå äã­ªæ¨© ¨ äã­ª-æ¨© u0(z), v0(z), w0(z), f(z) ¡ã¤¥¬ ®áãé¥áâ¢«ïâì­  ª« áá¥ áâ¥¯¥­­ëå äã­ªæ¨©, ª®â®àë¥ ®¡¥á¯¥ç¨-¢ îâ ¨å ¯®«­®âã ¨ «¨­¥©­ãî ­¥§ ¢¨á¨¬®áâì ­  ®â-à¥§ª¥ [0; l]. � à¥§ã«ìâ â¥ ¯®«ãç¨¬u0(z) = �1l z; v0(z) = 1l z;w0(z) = � 3l2 � 2l3 z� z2;uk(z) = vk(z) = z(z � l)zk�1;wk(z) = z2(z � l)2zk�1;f(z) = �� l + 3lcl2 + 2lc + ll3 z� z2;k = 1; 2; : : :N: (38)�¡à é ¥â ­  á¥¡ï ¢­¨¬ ­¨¥ â®â ä ªâ, çâ®, ¢ ®â-«¨ç¨¥ ®â âà ¤¨æ¨®­­®£® ¬¥â®¤  �¨âæ , ¯®áâà®¥­-­ë¥ ¯à¥¤áâ ¢«¥­¨ï (35) ¤«ï äã­ªæ¨© un(z), vn(z),wn(z) ¢ á«ãç ¥ n=1 ­¥ ï¢«ïîâáï ­¥§ ¢¨á¨¬ë¬¨,¯®áª®«ìªã ®­¨ ¢ª«îç îâ ¢ á¥¡ï ®¡é¨¥ ¯®áâ®ï­­ë¥u01 ¨ �02, ¯®¤«¥¦ é¨¥ ®¯à¥¤¥«¥­¨î ¢ ¤ «ì­¥©è¥¬.�®á¯®«ì§®¢ ¢è¨áì ãá«®¢¨ï¬¨ ¤«ï íªáâà¥¬ã¬ äã­ªæ¨®­ « , ¯à¨à ¢­ï¥¬ ª ­ã«î ¢á¥ ç áâ­ë¥ ¯à®-¨§¢®¤­ë¥ ®â ­¥£® ¯® ª®íää¨æ¨¥­â ¬ ai, bi, ci, u01 ¨�02. �à¨ íâ®¬ ¨áå®¤­ãî § ¤ çã á¢¥¤¥¬ ª à¥è¥­¨î®¤­®à®¤­®©  «£¥¡à ¨ç¥áª®© á¨áâ¥¬ë�A� !2B� ~XT = 0; (39)52 �. �. � à¯ ç¥¢, �. �. �à®æ¥­ª®, �. �. �à®æ¥­ª®



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 44 { 59£¤¥ A ¨ B { á¨¬¬¥âà¨ç­ë¥ ¬ âà¨æë ¯®àï¤ª®¢3N+2 ¤«ï n=1 ¨ 3N ¤«ï n>1.�¢¥¤¥¬ ¢ à áá¬®âà¥­¨¥ á«¥¤ãîé¨¥ äã­ªæ¨¨:	11(p; q)= dpdz dqdz+�1n2pq;	12(p; q)=�npdqdz��1ndpdz q;	13(p; q)=�pdqdz ; 	23(p; q)=npq;	22(p; q)=n2pq+�1dpdz dqdz ;	33(p; q)=pq+c2 ��d2pdz2��n2p� d2qdz2++�n4p��n2d2pdz2� q+2 (1��)n2dpdz dqdz �: (40)� ä®à¬ã« å (40) p(z) ¨ q(z) { ¯à®¨§¢®«ì­ë¥ äã­ª-æ¨¨. �á¯®«ì§®¢ ¢ íâ¨ á®®â­®è¥­¨ï, ­ ©¤¥¬ ¬ -âà¨æë, ¢å®¤ïé¨¥ ¢ ãà ¢­¥­¨¥ (39). �â¬¥â¨¬,çâ® ¨áª®¬ë¥ ¬ âà¨æë á¨¬¬¥âà¨ç­ë ®â­®á¨â¥«ì-­® á¢®¨å £« ¢­ëå ¤¨ £®­ «¥©. �«¥¬¥­âë ¬ âà¨æëA ¨¬¥îâ ¢¨¤ai;j = lZ0 	11(uj; ui)dz;ai;j+N = lZ0 	12(vj; ui)dz;ai;j+2N = lZ0 	13(wj; ui)dz;ai;3N+1 = lZ0 [	13(w0; ui) �	12(v0; ui)]dz;ai;3N+2 = lZ0 [	11(u0; ui)++lc	12(v0; ui) + 	13(f; ui)]dz;ai+N;j+N = lZ0 	22(vj; vi)dz;ai+N;j+2N = lZ0 	23(wj ; vi)dz;

ai+N;3N+1 = lZ0 [	23(w0; vi) �	22(v0; vi)]dz;ai+N;3N+2 = lZ0 [	12(vi; u0)++lc	22(v0; vi) + 	23(f; vi)]dz;ai+2N;j+2N = lZ0 	33(wj ; wi)dz;ai+2N;3N+1= lZ0 [	33(w0; wi) �	23(wi; v0)]dz;ai+2N;3N+2 = lZ0 [	13(wi; u0)++lc	23(wi; v0) + 	33(f; wi)]dz;a3N+1;3N+1 = lZ0 [	22(v0; v0)��2	23(w0; v0) + 	33(w0; w0)]dz;a3N+1;3N+2 = lZ0 [	33(f; w0)� 	12(v0; u0)��lc	22(v0; v0)� 	23(f; v0)++	13(w0; u0) + lc	23(w0; v0)]dz;a3N+2;3N+2= lZ0 [	11(u0; u0) + 2lc	12(v0; u0)++2	13(f; u0) + l2c	22(v0; v0)++2lc	23(f; v0) + 	33(f; f)]dz:�â® ª á ¥âáï ¬ âà¨æë B, â® ¥¥ í«¥¬¥­âë ¢ë£«ï-¤ïâ â ª: bi;j = lZ0 uiujdz;bi;j+N = bi;j+2N = bi;3N+1 = 0;bi;3N+2 = lZ0 u0uidz;�. �. � à¯ ç¥¢, �. �. �à®æ¥­ª®, �. �. �à®æ¥­ª® 53



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 44 { 59bi+N;j+N = lZ0 vivjdz;bi+N;j+2N = 0;bi+N;3N+1 = � lZ0 v0vidz;bi+N;3N+2 = lc lZ0 v0vidz;bi+2N;j+2N = lZ0 wjwidz;bi+2N;3N+1 = lZ0 w0widz;bi+2N;3N+2 = lZ0 fwidz;b3N+1;3N+1 = lZ0 (v20 +w20)dz +m0;b3N+1;3N+2 = lZ0 (fw0 � lcv20)dz;b3N+2;3N+2 = lZ0 (u20 + l2cv20 + f2)dz + Jy:�«ï á«ãç ï n>1 ¬ âà¨æë A ¨ B ¯®«ãç îâáï ¨§¯®áâà®¥­­ëå ¬ âà¨æ ¤«ï n=1 ¢ëç¥àª¨¢ ­¨¥¬ ¨§­¨å ¯®á«¥¤­¨å ¤¢ãå áâ®«¡æ®¢ ¨ áâà®ª. �á«¨ æ¨-«¨­¤à¨ç¥áª ï ®¡®«®çª  ®¡« ¤ ¥â ¯®áâ®ï­­®© â®«-é¨­®©, â® ¢ á¨«ã á¨¬¬¥âà¨¨ £à ­¨ç­ëå ãá«®¢¨© ¥¥ä®à¬ë ª®«¥¡ ­¨© à á¯ ¤ îâáï ­  á¨¬¬¥âà¨ç­ë¥¨  ­â¨á¨¬¬¥âà¨ç­ë¥ ®â­®á¨â¥«ì­® z= l=2. �ç¨-âë¢ ï íâ® ®¡áâ®ïâ¥«ìáâ¢®, ¯®àï¤®ª  «£¥¡à ¨ç¥-áª®© á¨áâ¥¬ë ¬®¦­® ã¬¥­ìè¨âì ¢¤¢®¥, ¢ë¡à ¢ ª®-®à¤¨­ â­ë¥ äã­ªæ¨¨ ¤«ï á¨¬¬¥âà¨ç­ëå ä®à¬ ª®-«¥¡ ­¨© ¢ ¢¨¤¥v1 = �z � l2�2 �� l2�2 ; vi+1 = vi�z � l2�2 ;u1 = v1�z � l2� ; ui+1 = vi+1�z � l2� ;w1 = v21; wi+1 = wi�z � l2�2 ;

  ¤«ï  ­â¨á¨¬¬¥âà¨ç­ëå { ¢ ¢¨¤¥u1 = �z � l2�2 �� l2�2 ; ui+1 = ui�z � l2�2 ;v1 = u1�z � l2� ; vi+1 = ui+1�z � l2� ;w1 = u21�z � l2� ; wi+1 = wi�z � l2�2 :� ¤¢ãå ¯®á«¥¤­¨å £àã¯¯ å á®®â­®è¥­¨©i=1; 2; : : : ; N�1.� ª¨¬ ®¡à §®¬, § ¤ ç  ®¯à¥¤¥«¥­¨ï á®¡áâ¢¥­-­ëå ç áâ®â ¨ ä®à¬ ­¥®á¥á¨¬¬¥âà¨ç­ëå ª®«¥¡ -­¨© æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¨ á ¯à¨á®¥¤¨­¥­­ë¬ª ®¤­®¬ã ¨§ ¥¥ â®àæ®¢  ¡á®«îâ­® â¢¥à¤ë¬ â¥«®¬á¢¥« áì ª ¢ëç¨á«¥­¨î ª¢ ¤à âãà á ¯®á«¥¤ãîé¨¬à¥è¥­¨¥¬ ®¡®¡é¥­­®©  «£¥¡à ¨ç¥áª®© § ¤ ç¨ ­ á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï (39). �à¨ ã¤ ç­®¬ ¢ë¡®à¥¡ §¨á­ëå äã­ªæ¨© ¢ à §«®¦¥­¨ïå (35), ®¡¥á¯¥ç¨-¢ îé¨å âà¥¡ã¥¬ãî â®ç­®áâì ¢ëç¨á«¥­¨ï ¨áª®¬ëåà¥è¥­¨© ¨ ãáâ®©ç¨¢®áâì ¢ëç¨á«¨â¥«ì­®£® ¯à®æ¥á-á , ¯®á«¥¤­ïï § ¤ ç  «¥£ª® à¥è ¥âáï á ¯®¬®éìîáâ ­¤ àâ­ëå ¯®¤¯à®£à ¬¬, ¨¬¥îé¨åáï ¢ ¬ â¥¬ -â¨ç¥áª®¬ ®¡¥á¯¥ç¥­¨¨ á®¢à¥¬¥­­ëå ����.3. ���������� ������� ¯à¥¤ë¤ãé¥¬ à §¤¥«¥ § ¤ ç  ® á¢®¡®¤­ëå ª®-«¥¡ ­¨ïå ®¡®«®çª¨ ¨ â¢¥à¤®£® â¥«  à¥è « áì ¢áâà®£®© ¯®áâ ­®¢ª¥. �¤­ ª® ¯à¨ ¤®áâ â®ç­® ¡®«ì-è¨å ¤«¨­ å ®¡®«®çª¨ ¨áå®¤­ãî § ¤ çã ¬®¦­® áã-é¥áâ¢¥­­® ã¯à®áâ¨âì, ¥á«¨ ¯à¥¤¯®«®¦¨âì, çâ® ¯®-¯¥à¥ç­ë¥ á¥ç¥­¨ï ®¡®«®çª¨ ¯à¨ ¤¥ä®à¬¨à®¢ ­¨¨®áâ îâáï ¯«®áª¨¬¨ ¨ ¯¥à¯¥­¤¨ªã«ïà­ë¬¨ ª ¥¥ ®á¨,  ­®à¬ «ì­ë¥ ­ ¯àï¦¥­¨ï ­  ¯«®é ¤ª å, ¯ à «-«¥«ì­ëå ®á¨, ¯à¥­¥¡à¥¦¨¬® ¬ «ë. � íâ®¬ á«ãç ¥áãé¥áâ¢¥­­ë¬¨ ¨§ ª®¬¯®­¥­â â¥­§®à®¢ ­ ¯àï¦¥-­¨© ¨ ¤¥ä®à¬ æ¨© ï¢«ïîâáï â®«ìª® �11 ¨ "11,   á -¬ã ®¡®«®çªã ¬®¦­® áå¥¬ â¨§¨à®¢ âì â®­ª®áâ¥­-­ë¬ ã¯àã£¨¬ áâ¥à¦­¥¬. � á¢ï§¨ á íâ¨¬, ­¨¦¥¯à¨¢¥¤¥¬ ­  íâ®© ®á­®¢¥ ã¯à®é¥­­ãî ¯®áâ ­®¢-ªã à áá¬ âà¨¢ ¥¬®© § ¤ ç¨ ¨ ¯®áâà®¨¬ ¥¥ â®ç­®¥à¥è¥­¨¥.�«ï ®¯¨á ­¨ï ¤¢¨¦¥­¨ï ª®­áâàãªæ¨¨ ¢ ¤ ­­®¬á«ãç ¥ ã¤®¡­®, ­ àï¤ã á à ­¥¥ ¢¢¥¤¥­­ë¬¨ á¨áâ¥-¬ ¬¨ ª®®à¤¨­ â, ¢¢¥áâ¨ ¥é¥ ®¤­ã á¨áâ¥¬ã ª®®à¤¨-­ â O1x1y1z1, ®á¨ ª®â®à®© ¯ à ««¥«ì­ë ®áï¬ Ox,Oy ¨ Oz. �¥ ­ ç «® á¢ï¦¥¬ á æ¥­âà®¬ á¥ç¥­¨ï®¡®«®çª¨, £¤¥ ªà¥¯¨âáï â¢¥à¤®¥ â¥«®,   ®àâë ®¡®-§­ ç¨¬ ç¥à¥§ ~i1, ~j1, ~k1. �®áª®«ìªã, ª ª ¨ ¢ à ­¥¥à áá¬®âà¥­­®¬ á«ãç ¥, á¨áâ¥¬  ¨¬¥¥â ¤¢¥ ¯«®áª®-áâ¨ á¨¬¬¥âà¨¨, â® ¥¥ ª®«¥¡ ­¨ï ¢ ¯«®áª®áâïå Oxz54 �. �. � à¯ ç¥¢, �. �. �à®æ¥­ª®, �. �. �à®æ¥­ª®



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 44 { 59¨ Oyz ¬®¦­® à áá¬ âà¨¢ âì ­¥§ ¢¨á¨¬®. �®íâ®-¬ã ¤ «¥¥ ¡ã¤¥¬ à áá¬ âà¨¢ âì ª®«¥¡ ­¨ï á¨áâ¥¬ëâ®«ìª® ¢ ¯«®áª®áâ¨ Oxz.�¡®§­ ç¨¬ ¯¥à¥¬¥é¥­¨ï â®ç¥ª ­¥©âà «ì­®© «¨-­¨¨ ã¯àã£®£® áâ¥à¦­ï ¢ ­ ¯à ¢«¥­¨¨ ®á¨ Ox ç¥à¥§�(z; t). �®£¤  @�@z ����z=l = �0(l; t)á®®â¢¥âáâ¢ã¥â ã£«ã ¯®¢®à®â  â®àæ¥¢®£® á¥ç¥­¨ïz= l áâ¥à¦­ï ®â­®á¨â¥«ì­® ®á¨ Oy. � ãç¥â®¬ ¢ë-è¥áª § ­­®£®, ¢¥ªâ®à ¯¥à¥¬¥é¥­¨ï â®ç¥ª â¢¥à¤®-£® â¥«  ~u� ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥~u� = ~u0 + [~�0 � ~r]: (41)�¤¥áì ~r { à ¤¨ãá-¢¥ªâ®à â®ç¥ª â¢¥à¤®£® â¥-« ; ~u0=f�0; 0; 0g ¨ ~�0=f0; �00; 0g { ¢¥ªâ®àë ¬ «®-£® ¯¥à¥¬¥é¥­¨ï ¨ ¯®¢®à®â  á¨áâ¥¬ë ª®®à¤¨­ âO1x1y1z1; �0=�(l; t); �00=�0(l; t). � à §¢¥à­ãâ®¬¢¨¤¥ ¢¥ªâ®à (41) ¨¬¥¥â ¢¨¤~u� = (�0 + z1�00)~i1 + (��00x1)~k1: (42)�«ï ¢ë¢®¤  ãà ¢­¥­¨© ¤¢¨¦¥­¨ï á¨áâ¥¬ë \â¥-«®{ áâ¥à¦¥­ì" ¢®á¯®«ì§ã¥¬áï ¯à¨­æ¨¯®¬ ¢®§¬®¦-­ëå ¯¥à¥¬¥é¥­¨©:�� = �
 ZZZv �~u��~u�dV � lZ0 �F ����dz;�� = lZ0 EJ�00��00dz; (43)£¤¥ � { ¯®â¥­æ¨ «ì­ ï í­¥à£¨ï ã¯àã£®£® áâ¥à¦-­ï; 
 ¨ V { ¯«®â­®áâì ¨ ®¡ê¥¬ â¢¥à¤®£® â¥« ;�F ¨ EJ { ¯®£®­­ ï ¬ áá  ¨ ¨§£¨¡­ ï ¦¥áâª®áâìáâ¥à¦­ï. � ª ¨ à ­¥¥, ¤¢®¥â®ç¨¥ ­ ¤ ¢¥«¨ç¨­ -¬¨ ¢ ãà ¢­¥­¨¨ (43) ®¡®§­ ç ¥â ¤¢ãªà â­®¥ ¤¨ä-ä¥à¥­æ¨à®¢ ­¨¥ ¨å ¯® ¢à¥¬¥­¨ t. � à áá¬ âà¨¢ ¥-¬®¬ á«ãç ¥ ¯«®é ¤ì ¯®¯¥à¥ç­®£® á¥ç¥­¨ï áâ¥à¦­ïF ¨ ¥£® ¬®¬¥­â ¨­¥àæ¨¨ J ®â­®á¨â¥«ì­® ®á¨ Oyà ¢­ë F = 2�Rh; J = �R3h: (44)�®¤áâ ¢«ïï ¢ëà ¦¥­¨¥ (42) ¢ ãà ¢­¥­¨ï (43), ¯®-«ãç ¥¬ lZ0 EJ�00��00dz = � lZ0 �F ����dz�����0m0 + ��00L03� ��0�����0L03 + Jy1 ��00� ��00: (45)

�¤¥áì ç¥à¥§ L03 = 
 ZZZv z1dv;Jy1 = 
 ZZZv �x21 + z21� dv®¡®§­ ç¥­ë áâ â¨ç¥áª¨© ¬®¬¥­â ¨­¥àæ¨¨ â¢¥à¤®-£® â¥«  ®â­®á¨â¥«ì­® ¯«®áª®áâ¨ O1y1z1 ¨ ¬®¬¥­â¨­¥àæ¨¨ â¢¥à¤®£® â¥«  ®â­®á¨â¥«ì­® ®á¨ O1y1,  ç¥à¥§ m0 { ¬ áá  â¢¥à¤®£® â¥« .�¥£ª® ¢¨¤¥âì, çâ® lc { ª®®à¤¨­ â  æ¥­âà  âï-¦¥áâ¨ â¢¥à¤®£® â¥«  ¢ á¨áâ¥¬¥ ª®®à¤¨­ â O1y1z1.�®£¤  L03 = m0lc; Jy1 = m0l2c + Jyc ; (46)£¤¥ Jyc { ¬®¬¥­â ¨­¥àæ¨¨ â¢¥à¤®£® â¥«  ®â­®á¨-â¥«ì­® ®á¨ Cyc.�ë¯®«­¨¢ ¢ «¥¢®© ç áâ¨ á®®â­®è¥­¨ï (45) ¨­â¥-£à¨à®¢ ­¨¥ ¯® ç áâï¬ ¨ ¯à¨­ï¢ ¢® ¢­¨¬ ­¨¥ ­¥§ -¢¨á¨¬®áâì ¢ à¨ æ¨¨ �� ¢ á«ãç ¥ ¦¥áâª®£® § ªà¥¯-«¥­¨ï â®àæ  áâ¥à¦­ï ¯à¨ z=0, ¯®«ãç¨¬ á«¥¤ãî-éãî ªà ¥¢ãî § ¤ çã:(EJ�00)00 + �F �� = 0;EJ�000 = �L03��0 � Jy1 ��00;(EJ�000) = m0��0 + L03��00;�(0; t) = �0(0; t) = 0: (47)�«ï á«ãç ï á¢®¡®¤­ëå £ à¬®­¨ç¥áª¨å ª®«¥¡ ­¨©á¨áâ¥¬ë ¯à¥¤áâ ¢¨¬ �(z; t) ¢ ¢¨¤¥� (z; t) = w (z) exp (i!t) : (48)�®£¤  ¯® ä®à¬ã« ¬ (25), ¯¥à¥©¤ï ª ¡¥§à §¬¥à­ë¬¢¥«¨ç¨­ ¬, ¯®«ãç¨¬ á«¥¤ãîéãî § ¤ çã ­  á®¡-áâ¢¥­­ë¥ §­ ç¥­¨ï ¨ á®¡áâ¢¥­­ë¥ äã­ªæ¨¨:d4wdz4 � �4w = 0;�d2wdz2 � �42 (L03w + Jy1 dwdz )�z=l = 0;�d3wdz3 + �42 (m0w + L03dwdz )�z=l = 0;w(0) = dwdz ����z=0 : (49)�à¨ íâ®¬ ¡¥§à §¬¥à­ ï ç áâ®â  ! á ¡¥§à §¬¥à-­ë¬ ¯ à ¬¥âà®¬ � ¡ã¤ãâ á¢ï§ ­ë á®®â­®è¥­¨¥¬!2 = 1� �22 �4: (50)�. �. � à¯ ç¥¢, �. �. �à®æ¥­ª®, �. �. �à®æ¥­ª® 55



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 44 { 59�¥à¥©¤¥¬ ª ¯®áâà®¥­¨î â®ç­®£® à¥è¥­¨ï áä®à-¬ã«¨à®¢ ­­®© § ¤ ç¨. �¡é¥¥ à¥è¥­¨¥ ãà ¢­¥­¨ï¨§ (49) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥w(z) = C1S(�z) + C2T (�z)++C3U (�z) +C4V (�z); (51)£¤¥ Ci { ¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­­ë¥. � ¢ëà ¦¥-­¨¥ (51) ¢å®¤ïâ äã­ªæ¨¨ �àë«®¢ :S(�z) = 12(ch �z + cos �z);T (�z) = 12(sh �z + sin �z);U (�z) = 12 (ch �z � cos �z);V (�z) = 12 (sh �z � sin �z): (52)�à¨ ¯à¥¤áâ ¢«¥­¨¨ à¥è¥­¨ï ¢ ä®à¬¥ (51) ¯à®¨§-¢®«ì­ë¥ ¯®áâ®ï­­ë¥ ¬®¦­® ¢ëà §¨âì ç¥à¥§ ­ -ç «ì­ë¥ §­ ç¥­¨ï äã­ªæ¨¨ w(z) ¨ ¥¥ ¯à®¨§¢®¤­ë¥:C1 = w(0); C2 = 1� w0(0);C3 = 1�2w00(0); C4 = 1�3w000(0): (53)� ª ª ª ¢ ¤ ­­®¬ á«ãç ¥ à áá¬ âà¨¢ îâáï ãá«®¢¨ï¦¥áâª®£® § é¥¬«¥­¨ï â®àæ  áâ¥à¦­ï ¯à¨ z=0, â®,¯®¤áâ ¢«ïï ¢ á®®â­®è¥­¨ï (53) á®®â¢¥âáâ¢ãîé¨¥£à ­¨ç­ë¥ ãá«®¢¨ï ¤«ï w, ¯®«ãç ¥¬ C1=C2=0.�®£¤  à¥è¥­¨¥ ¤«ï w(z) ¯à¨­¨¬ ¥â ¢¨¤w(z) = C3U (�z) + C4V (�z): (54)�®¤áâ ¢«ïï ¢ëà ¦¥­¨¥ (54) ¢ £à ­¨ç­ë¥ ãá«®¢¨ï¯à¨ z= l, ¯®«ãç ¥¬ ®¤­®à®¤­ãî  «£¥¡à ¨ç¥áªãîá¨áâ¥¬ã ®â­®á¨â¥«ì­® ¯®áâ®ï­­ëå C3, C4:( C3�11 + C4�12 = 0;C3�21 + C4�22 = 0; (55)£¤¥ �11 = 12�2L03U (�l) + 12�3Jy1T (�l) � S(�l);�12 = 12�2L03V (�l) + 12�3Jy1U (�l) � T (�l);�21 = 12�m0U (�l) + 12�2L03T (�l) + V (�l);�22 = 12�m0V (�l) + 12�2L03U (�l) + S(�l):�§ ãá«®¢¨ï áãé¥áâ¢®¢ ­¨ï à¥è¥­¨ï  «£¥¡à ¨ç¥-áª®© á¨áâ¥¬ë (55) ¯®«ãç ¥¬ å à ªâ¥à¨áâ¨ç¥áª®¥

ãà ¢­¥­¨¥ ¤«ï ®¯à¥¤¥«¥­¨ï ¯ à ¬¥âà  �:det 




 �11 �12�21 �22 




 = 0: (56)�á«¨ ¯ à ¬¥âà � ®¯à¥¤¥«¥­, â® ¨§ à¥è¥­¨ï á¨áâ¥-¬ë (55) ­ ©¤¥¬ C4 = ��11(�)�12(�)C3;  ä®à¬ë ª®«¥¡ ­¨© â®­ª®áâ¥­­®£® áâ¥à¦­ï ¡ã¤ãâ®¯à¥¤¥«ïâìáï ¯® ä®à¬ã«¥w (z) = C3�U (�z)� �11 (�)�12 (�)V (�z)� : (57)� ¬¥â¨¬, çâ® §­ ç¥­¨¥ �=0 ¢ à áá¬ âà¨¢ ¥¬®¬á«ãç ¥ ­¥ ï¢«ï¥âáï á®¡áâ¢¥­­ë¬ §­ ç¥­¨¥¬ § ¤ -ç¨ (49), â ª ª ª ¥¬ã á®®â¢¥âáâ¢ã¥â ­ã«¥¢®¥ à¥è¥-­¨¥.�®«ãç¥­¨¥ â®ç­®£® à¥è¥­¨ï § ¤ ç¨ ¯®§¢®«ï¥â¯à® ­ «¨§¨à®¢ âì ¯®¢¥¤¥­¨¥ á¨áâ¥¬ë ¢ § ¢¨á¨-¬®áâ¨ ®â ¯ à ¬¥âà®¢ â¢¥à¤®£® â¥« . �®« £ ïJy1=Km0, £¤¥ K 6= l2c , ¯à¨ m0!0, ªà ¥¢ ï § ¤ -ç  (49) ¯¥à¥å®¤¨â ¢ á®®â¢¥âáâ¢ãîéãî § ¤ çã ®á¢®¡®¤­ëå ª®«¥¡ ­¨ïå áâ¥à¦­ï á § é¥¬«¥­­ë¬ «¥-¢ë¬ ¨ á¢®¡®¤­ë¬ ¯à ¢ë¬ â®àæ ¬¨. � à ªâ¥à¨-áâ¨ç¥áª®¥ ãà ¢­¥­¨¥ ¢ ¤ ­­®¬ á«ãç ¥ ¯à¨­¨¬ ¥â¢¨¤ ch �l cos �l = �1: (58)�«ï ¤àã£®£® ¯à¥¤¥«ì­®£® á«ãç ï ¯à¨ m0!1 ãà ¢-­¥­¨¥ (56) ¯à¨­¨¬ ¥â á«¥¤ãîéãî ä®à¬ã:�4 (1� ch �l cos �l) = 0: (59)�¥à¢ë© ª®à¥­ì ãà ¢­¥­¨ï (59) à ¢¥­ ­ã«î,  ®áâ «ì­ë¥ ®¯à¥¤¥«ïîâáï ãà ¢­¥­¨¥¬ch �l cos �l = 1; (60)¯¥à¢ë© ª®à¥­ì ª®â®à®£® â ª¦¥ à ¢¥­ ­ã«î.� ª¨¬ ®¡à §®¬, ¯à¨ ã¢¥«¨ç¥­¨¨ ¬ ááë â¥« ¯¥à¢ë¥ ¤¢  ç áâ®â­ëå ¯ à ¬¥âà  ãà ¢­¥­¨ï (56)áâà¥¬ïâáï ª ­ã«¥¢ë¬ §­ ç¥­¨ï¬, â®£¤  ª ª ®áâ «ì-­ë¥ { ª ­¥­ã«¥¢ë¬ ª®à­ï¬ ãà ¢­¥­¨ï (60). � íâ®¬¯à¥¤¥«ì­®¬ á«ãç ¥ â¢¥à¤®¥ â¥«® ®áâ ¥âáï ­¥¯®-¤¢¨¦­ë¬, â®£¤  ª ª áâ¥à¦¥­ì á®¢¥àè ¥â á¢®¡®¤-­ë¥ ª®«¥¡ ­¨ï ¯à¨ ãá«®¢¨ïå ¦¥áâª®£® § ªà¥¯«¥­¨ï¥£® ªà ¥¢.4. ��������� �����������à¨¢¥¤¥¬ ­¥ª®â®àë¥ à¥§ã«ìâ âë à áç¥â  ¡¥§-à §¬¥à­®© ç áâ®âë á¢ï§ ­­ëå ª®«¥¡ ­¨© ®¡®«®ç-ª¨ ¨ ¯à¨á®¥¤¨­¥­­®£® ª ­¥© â¢¥à¤®£® â¥«  ¯® ¯à¥¤-«®¦¥­­ë¬ ¢ëè¥  «£®à¨â¬ ¬. � ¤ «ì­¥©è¥¬ ¯à¥¤-¯®« £ ¥âáï, çâ® ª ®¡®«®çª¥ ¯à¨á®¥¤¨­¥­® â¢¥à¤®¥56 �. �. � à¯ ç¥¢, �. �. �à®æ¥­ª®, �. �. �à®æ¥­ª®



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 44 { 59â¥«®, ¨¬¥îé¥¥ ä®à¬ã ªàã£®¢®£® æ¨«¨­¤à  à ¤¨ãá R ¨ ¢ëá®âë H. � íâ®¬ á«ãç ¥ ¡¥§à §¬¥à­ë¥ ¬ á-á  â¥«  ¨ ¥£® ¬®¬¥­â ¨­¥àæ¨¨ ®â­®á¨â¥«ì­® ®á¨Oyc ®¯à¥¤¥«ïîâáï ¯® ä®à¬ã« ¬m0 = 
� Hh ; Jyc = m012 (3 +H2);£¤¥ 
 { ¯«®â­®áâì ¬ â¥à¨ «  â¥« ; H=2lc.� à áç¥â å ¡ë«¨ ¯à¨­ïâë á«¥¤ãîé¨¥ §­ ç¥-­¨ï ¡¥§à §¬¥à­ëå ¯ à ¬¥âà®¢ á¨áâ¥¬ë: �=0:3,h=0:01; lc=0:5. �«¨­  ®¡®«®çª¨ l ¨ ¬ áá  â¥«  ¢ -àì¨à®¢ «¨áì. �à¨ ¢ëç¨á«¥­¨¨ í«¥¬¥­â®¢ ¬ âà¨æA ¨ B ¨á¯®«ì§®¢ « áì ª¢ ¤à âãà­ ï ä®à¬ã«  � ãá-á  á ç¨á«®¬ ã§«®¢ ¨­â¥£à¨à®¢ ­¨ï, ®¡¥á¯¥ç¨¢ î-é¨¬ ­¥®¡å®¤¨¬ãî â®ç­®áâì ¢ëç¨á«¥­¨©.�à¨ ã¬¥­ìè¥­¨¨ ®â­®á¨â¥«ì­®© ¤«¨­ë ®¡®«®ç-ª¨ áå®¤¨¬®áâì ¯à®æ¥áá  ã«ãçè ¥âáï. � â® ¦¥ ¢à¥-¬ï, ¯à¨ ã¢¥«¨ç¥­¨¨ ¤«¨­ë ®¡®«®çª¨, â®ç­®áâì ¢ë-ç¨á«¥­¨© ¯®­¨¦ ¥âáï ¯à¨ ä¨ªá¨à®¢ ­­®¬ §­ ç¥-­¨¨ ç¨á«  N . �¤­ ª® ¯à¨ N =10 ¨ l=10, ¢ëç¨á«¥-­¨ï ¯® ä®à¬ã« ¬ (39) ¤ îâ ¯à¨¥¬«¥¬ãî ¤«ï ¯à ª-â¨ç¥áª¨å ¯à¨«®¦¥­¨© â®ç­®áâì. � «ì­¥©è¥¥ ã¢¥-«¨ç¥­¨¥ ¤«¨­ë ®¡®«®çª¨ (l>10) ¤®«¦­® á®¯à®¢®-¦¤ âìáï ¯à¨ à áç¥â å ã¢¥«¨ç¥­¨¥¬ ç¨á«  ª®®à¤¨-­ â­ëå äã­ªæ¨©. �ëç¨á«¥­¨ï â ª¦¥ ¯®ª §ë¢ îâ,çâ® ¢«¨ï­¨¥ ¬ ááë â¥«  ¨ ª®®à¤¨­ âë ¥£® æ¥­âà ¬ áá ­  áå®¤¨¬®áâì ¢ à¨ æ¨®­­®£® ¬¥â®¤  ®ª §ë-¢ ¥âáï ­¥§­ ç¨â¥«ì­ë¬.� â ¡«. 1 ¯à¨¢¥¤¥­ë à¥§ã«ìâ âë ¢ëç¨á«¥­¨©¯¥à¢ëå ¯ïâ¨ ­¨§è¨å ç áâ®â ­¥®á¥á¨¬¬¥âà¨ç­ëåª®«¥¡ ­¨© (n=1 ¬¥å ­¨ç¥áª®© á¨áâ¥¬ë \â¥«® {®¡®«®çª " ¯à¨ l=4 ¨ m0=100 ¢ § ¢¨á¨¬®áâ¨ ®âª®«¨ç¥áâ¢  ç«¥­®¢ ¢ à §«®¦¥­¨ïå (35)). �®¢¥¤¥­¨¥á®¡áâ¢¥­­ëå ç áâ®â á¨áâ¥¬ë ¢ § ¢¨á¨¬®áâ¨ ®â ¢¥-«¨ç¨­ë ¡¥§à §¬¥à­®© ¬ ááë m0 ¯à¥¤áâ ¢«¥­® ¢â ¡«. 2. �à¨ íâ®¬ ®áâ «ì­ë¥ ¢å®¤­ë¥ ¯ à ¬¥âàëá¨áâ¥¬ë ¢ë¡¨à «¨áì â ª¨¬¨ ¦¥, ª ª ¨ ¯à¨ ¯®«ãç¥-­¨¨ ¤ ­­ëå â ¡«. 1. �¨á«® ª®®à¤¨­ â­ëå äã­ªæ¨©¯®« £ «®áì à ¢­ë¬ 10. � ª ¢¨¤­® ¨§ â ¡«. 2, ã¢¥-«¨ç¥­¨¥ ¬ ááë â¢¥à¤®£® â¥«  ¯à¨¢®¤¨â ª ¯®­¨¦¥-­¨î ç áâ®â á¨áâ¥¬ë. �®¤®¡­®¥ ¯®¢¥¤¥­¨¥ ¢¯®«­¥®¡êïá­¨¬®, ¯®áª®«ìªã á ã¢¥«¨ç¥­¨¥¬ ¬ ááë â¥« ¢®§à áâ ¥â ª¨­¥â¨ç¥áª ï í­¥à£¨ï á¨áâ¥¬ë. �à¨á®åà ­¥­¨¨ ­¥¨§¬¥­­ë¬¨ ¨­ëå ¯ à ¬¥âà®¢ á¨áâ¥-¬ë íâ® ¯à¨¢®¤¨â ª ¯®¢ëè¥­¨î ¥¥ ¨­¥àæ¨®­­®áâ¨¨, ª ª á«¥¤áâ¢¨¥, ª ¯®­¨¦¥­¨î ç áâ®â­®£® á¯¥ª-âà . � «ì­¥©è¥¥ ã¢¥«¨ç¥­¨¥ ¬ ááë â¥«  ¯à¨¢®-¤¨â ª â®¬ã, çâ® ¯¥à¢ ï ¨ ¢â®à ï ç áâ®âë á¨áâ¥¬ëáâà¥¬ïâáï ª ­ã«î,   ®áâ «ì­ë¥ { ª á¢®¨¬ ¯à¥¤¥«ì-­ë¬ §­ ç¥­¨ï¬. �à¨ íâ®¬ ¯à¥¤¥«ì­ë¥ §­ ç¥­¨ïç áâ®â, ®¡®§­ ç¥­­ë¥ ¢ â ¡«¨æ¥ §¢¥§¤®çª®©, á®-®â¢¥âáâ¢ãîâ ç áâ®â ¬ ª®«¥¡ ­¨© æ¨«¨­¤à¨ç¥áª®©®¡®«®çª¨ á § é¥¬«¥­­ë¬¨ â®àæ ¬¨ ¤«ï ®ªàã¦­®©¬®¤ë á n=1.

� ¡«. 1. �ïâì ­¨§è¨å ç áâ®â ­¥®á¥á¨¬¬¥âà¨ç­ëåª®«¥¡ ­¨© ¬¥å ­¨ç¥áª®© á¨áâ¥¬ë \â¥«® { ®¡®«®çª "¢ § ¢¨á¨¬®áâ¨ ®â ª®«¨ç¥áâ¢  ç«¥­®¢¢ à §«®¦¥­¨ïå (35) ¯à¨ l=4, m0=100N !1 !2 !3 !4 !51 0:01588 0:14488 0:36642 0:99237 1:449362 0:01492 0:12800 0:36151 0:61986 0:935733 0:01487 0:12788 0:32597 0:61914 0:815034 0:01479 0:12695 0:32564 0:57759 0:810625 0:01477 0:12692 0:32295 0:57743 0:762416 0:01474 0:12662 0:32294 0:57618 0:762387 0:01473 0:12660 0:32212 0:57618 0:761228 0:01472 0:12648 0:32211 0:57589 0:761219 0:01471 0:12646 0:32181 0:57588 0:7610610 0:01471 0:12641 0:32181 0:57583 0:76106� ¡«. 2. �ïâì ­¨§è¨å ç áâ®â ­¥®á¥á¨¬¬¥âà¨ç­ëåª®«¥¡ ­¨© ¬¥å ­¨ç¥áª®© á¨áâ¥¬ë \â¥«® { ®¡®«®çª "¢ § ¢¨á¨¬®áâ¨ ®â ¬ ááë â¢¥à¤®£® â¥«  ¯à¨ l=4m0 !1 !2 !3 !4 !50 0:10798 0:35011 0:62905 0:73106 0:81753102 0:01471 0:12641 0:32181 0:57583 0:76106103 0:00469 0:04232 0:30744 0:57360 0:76019104 0:00148 0:01345 0:30615 0:57339 0:76010105 0:00047 0:00426 0:30602 0:57337 0:76010(�) � � 0:30600 0:57336 0:76010
�¨áã­®ª. � ¢¨á¨¬®áâ¨ ç áâ®â ¯¥à¢ëå âà¥å â®­®¢ª®«¥¡ ­¨© á¨áâ¥¬ë \®¡®«®çª  { â¢¥à¤®¥ â¥«®"®â ¤«¨­ë ®¡®«®çª¨ l:á¯«®è­ë¥ { ¯®«­ ï à áç¥â­ ï áå¥¬ ,èâà¨å®¢ë¥ { áâ¥à¦­¥¢ ï à áç¥â­ ï áå¥¬ �. �. � à¯ ç¥¢, �. �. �à®æ¥­ª®, �. �. �à®æ¥­ª® 57



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 44 { 59� ¡«. 3. �¨§è¨¥ ç áâ®âë !1n ¤«ï æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¨á ¦¥áâª® § é¥¬«¥­­ë¬¨ â®àæ ¬¨, n > 1 { â¥«® ­¥¯®¤¢¨¦­®(¨áâ¨­­ë¥ §­ ç¥­¨ï ç áâ®â ã¬­®¦¥­ë ­  10)l �=200 �=400 �=600 �=800 �=10002 1:12969(7) 0:82296(9) 0:67886(10) 0:59474(11) 0:53114(11)4 0:58626(5) 0:42330(6) 0:34532(7) 0:30348(8) 0:26967(8)6 0:39910(4) 0:28260(5) 0:23213(6) 0:20214(6) 0:18249(7)8 0:29661(4) 0:21836(5) 0:17340(5) 0:15440(5) 0:13619(6)10 0:24526(3) 0:16821(4) 0:14396(5) 0:12075(5) 0:10834(5)12 0:19431(3) 0:14264(4) 0:11534(4) 0:10411(4) 0:09115(5)14 0:16645(3) 0:12714(3) 0:09907(4) 0:08577(4) 0:07886(4)� ª¨¬ ®¡à §®¬, ­ «¨ç¨¥ ¦¥áâª® ¯à¨ªà¥¯«¥­­®-£® â¢¥à¤®£® â¥«  ­  ®¤­®¬ ¨§ â®àæ®¢ ®¡®«®çª¨ ¯à¨§ é¥¬«¥­­®¬ ¤àã£®¬ â®àæ¥ ¬®¦¥â ¯à¨¢¥áâ¨ ª ¯®-ï¢«¥­¨î ¢ á¨áâ¥¬¥ ¤¢ãå ¤®áâ â®ç­® ­¨§ª¨å ¯¥à-¢ëå ç áâ®â, ®¡ãá«®¢«¥­­ëå ¯®¤¢¨¦­®áâìî â¢¥à-¤®£® â¥« . �à¨ íâ®¬ ã¯®¬ï­ãâë¥ ç áâ®âë ¬®£ãâ®ª § âìáï ¬¥­ìè¨¬¨, ç¥¬ ¬¨­¨¬ «ì­ë¥ ç áâ®âë®¡®«®çª¨ á ®¡®¨¬¨ § é¥¬«¥­­ë¬¨ â®àæ ¬¨ (n>1).�  à¨áã­ª¥ ¯à¥¤áâ ¢«¥­ë § ¢¨á¨¬®áâ¨ ç áâ®â¯¥à¢ëå âà¥å â®­®¢ ª®«¥¡ ­¨© á¨áâ¥¬ë ®â ¤«¨­ë®¡®«®çª¨ l. �à¨ à áç¥â å ¯®« £ «®áì m0=100,n=1. �¯«®è­ë¬¨ «¨­¨ï¬¨ ¯®ª § ­ë ç áâ®âë !iá®¢¬¥áâ­ëå ª®«¥¡ ­¨©, ¢ëç¨á«¥­­ë¥ ¯® ¨§«®¦¥­-­®© ¢ëè¥ ¬¥â®¤¨ª¥,   èâà¨å®¢ë¬¨ { ç áâ®âë !�i ,¯®«ãç¥­­ë¥ ¯® áâ¥à¦­¥¢®© áå¥¬¥, ¢ ª®â®à®© ®¡®-«®çª  § ¬¥­ï« áì ãç áâª®¬ áâ¥à¦­ï á ¯®áâ®ï­-­ë¬¨ ¯® ¥£® ¤«¨­¥ ¯®£®­­®© ¬ áá®© ¨ ¨§£¨¡­®©¦¥áâª®áâìî. �à®¢¥¤¥­­ë¥ à áç¥âë ¯®ª § «¨, çâ®!i�!�i ¨ à §«¨ç¨¥ ¢ íâ¨å ç áâ®â å ã¬¥­ìè ¥âáï¯à¨ ã¢¥«¨ç¥­¨¨ ¤«¨­ë ®¡®«®çª¨. � ª, ¯¥à¢ë¥ ç -áâ®âë !1 ¨ !�1 ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ îâ ã¦¥ ¯à¨l�4, ¢ â® ¢à¥¬ï ª ª à §«¨ç¨¥ ¬¥¦¤ã !2 ¨ !�2 ¯à¨l=10 á®áâ ¢«ï¥â 16 %.� â ¡«. 3 ¯à¨¢¥¤¥­ë ­¥ª®â®àë¥ à¥§ã«ìâ -âë à áç¥â®¢ ¬¨­¨¬ «ì­ëå ç áâ®â !1n ¤«ï æ¨-«¨­¤à¨ç¥áª®© ®¡®«®çª¨ á ¦¥áâª® § é¥¬«¥­­ë-¬¨ â®àæ ¬¨ (n>1 { â¥«® ­¥¯®¤¢¨¦­®) ¢ è¨à®-ª®¬ ¤¨ ¯ §®­¥ ¢å®¤­ëå ¯ à ¬¥âà®¢ l=R=2�14,�=R=h=200�1000. � áª®¡ª å ãª § ­ë á®®â¢¥â-áâ¢ãîé¨¥ íâ¨¬ ç áâ®â ¬ ­®¬¥à  ®ªàã¦­ëå ¬®¤ã¯àã£®© ¯®¢¥àå­®áâ¨ ®¡®«®çª¨ n. � ¨¬¥­ìè¨¬ç áâ®â ¬ á®®â¢¥âáâ¢ãîâ á¨¬¬¥âà¨ç­ë¥ ä®à¬ëª®«¥¡ ­¨© ®¡®«®çª¨. �®íâ®¬ã ¯à¨ à áç¥â å ¨á-¯®«ì§®¢ «¨áì á®®â¢¥âáâ¢ãîé¨¥ á¨áâ¥¬ë ª®®à¤¨-­ â­ëå äã­ªæ¨© ¯à¨ á®åà ­¥­¨¨ ¢ à §«®¦¥­¨ïå�¨âæ  ¯® 10 ç«¥­®¢. �à ¢­¥­¨¥ ¤ ­­ëå íâ®© â -¡«¨æë á ¤ ­­ë¬¨ à ¡®âë [12], ¯®«ãç¥­­ë¬¨ ­ ®á­®¢¥ â®ç­®£® à¥è¥­¨ï à áá¬ âà¨¢ ¥¬®© § ¤ ç¨­  á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï, ãª §ë¢ ¥â ­  ¨å ¯®«-

­®¥ á®¢¯ ¤¥­¨¥. �à¨ íâ®¬ ­  ¯®«ãç¥­¨¥ ¤ ­­ëå¢ ­ è¥¬ á«ãç ¥ âà¥¡ãîâáï §­ ç¨â¥«ì­® ¬¥­ìè¨¥§ âà âë ¢ëç¨á«¨â¥«ì­®£® ¢à¥¬¥­¨.�����������®áâà®¥­  ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì á¢ï§ ­­ëåª®«¥¡ ­¨© æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¨ ¨ ¯à¨ªà¥¯-«¥­­®£® ª ®¤­®¬ã ¨§ ¥¥ â®àæ®¢  ¡á®«îâ­® â¢¥à¤®£®â¥« . �à¥¤«®¦¥­® ¯à¨¡«¨¦¥­­®¥ à¥è¥­¨¥ § ¤ ç¨¯® ®¯à¥¤¥«¥­¨î ç áâ®â ¨ ä®à¬ á®¡áâ¢¥­­ëå ª®«¥-¡ ­¨© à áá¬ âà¨¢ ¥¬®© á¨áâ¥¬ë ­  ®á­®¢¥ íª¢¨-¢ «¥­â­®© ¢ à¨ æ¨®­­®© ä®à¬ã«¨à®¢ª¨. � §à ¡®-â ­­ë©  «£®à¨â¬ á¢¥¤¥­ ª ¢ëç¨á«¥­¨î ª¢ ¤à âãà¨ à¥è¥­¨î ®¡®¡é¥­­®©  «£¥¡à ¨ç¥áª®© § ¤ ç¨ ­ á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï, ¨¬¥îé¥© ­¥¢ëá®ªãî à §-¬¥à­®áâì. �à¨ íâ®¬ ®¡¥á¯¥ç¥­  ¤®áâ â®ç­® ¢ëá®-ª ï â®ç­®áâì ¯®«ãç ¥¬ëå à¥§ã«ìâ â®¢ ¢ è¨à®ª®¬¤¨ ¯ §®­¥ ¢å®¤­ëå ¯ à ¬¥âà®¢ á¨áâ¥¬ë.�§  ­ «¨§  ¯®«ãç¥­­ëå à¥§ã«ìâ â®¢ á«¥¤ã¥â,çâ® ­ «¨ç¨¥ â¢¥à¤®£® â¥«  ­  â®àæ¥ ®¡®«®çª¨ ¬®-¦¥â ¯à¨¢¥áâ¨ ª ¯®ï¢«¥­¨î ¢ á¨áâ¥¬¥ ¤®áâ â®ç­®­¨§ª¨å ç áâ®â. �̄ ®¬ï­ãâë¥ ç áâ®âë ¬®£ãâ ®ª -§ âìáï ¬¥­ìè¨¬¨, ç¥¬ ¬¨­¨¬ «ì­ë¥ ç áâ®âë ®¡®-«®çª¨ á ®¡®¨¬¨ § é¥¬«¥­­ë¬¨ â®àæ ¬¨.� áç¥âë ¯®ª § «¨, çâ® ç áâ®âë á®¢¬¥áâ­ëå ª®-«¥¡ ­¨© á¨áâ¥¬ë, ¢ëç¨á«¥­­ë¥ ¯® ®¡®«®ç¥ç­®©áå¥¬¥, «¥¦ â ­¨¦¥ á®®â¢¥âáâ¢ãîé¨å ç áâ®â, ¯®-«ãç¥­­ëå ¯® áâ¥à¦­¥¢®© áå¥¬¥, ¯à¨ç¥¬ à §«¨ç¨¥¬¥¦¤ã ­¨¬¨ ã¬¥­ìè ¥âáï á ã¢¥«¨ç¥­¨¥¬ ®â­®á¨-â¥«ì­®© ¤«¨­ë ®¡®«®çª¨. �  ª®­ªà¥â­®¬ ¯à¨¬¥-à¥ ¯®ª § ­®, çâ® ¯à¨¥¬«¥¬ë¥ à¥§ã«ìâ âë à áç¥â ¯¥à¢®© á®¡áâ¢¥­­®© ç áâ®âë ¯® áâ¥à¦­¥¢®© áå¥¬¥¬®¦­® ¯®«ãç¨âì ã¦¥ ¯à¨ l=R�4. �â­®á¨â¥«ì­®¢â®à®© ç áâ®âë íâ® ¦¥ § ª«îç¥­¨¥ ¬®¦¥â ¡ëâìá¤¥« ­® ¯à¨ l=R�14.� æ¥«®¬ ¦¥, ¢ àï¤¥ á«ãç ¥¢ ãç¥â ®¡®«®ç¥ç-­ëå íää¥ªâ®¢ ¯à¨¢®¤¨â ª §­ ç¨â¥«ì­®¬ã ®â«¨-ç¨î ç áâ®â á®¢¬¥áâ­ëå ª®«¥¡ ­¨© ¯® áà ¢­¥­¨î58 �. �. � à¯ ç¥¢, �. �. �à®æ¥­ª®, �. �. �à®æ¥­ª®
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