
ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 82 { 98��� 537.84 + 532.5���������� ���������� � ���������������������� � �������� ��������������������. �. ���������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 15.06.2000�  ®á­®¢¥ ®¡®¡é¥­­ëå ¯®â¥­æ¨ «®¢ ®¡é¥¥ à¥è¥­¨¥ «¨­¥ à¨§®¢ ­­®© á¨áâ¥¬ë ãà ¢­¥­¨© ¬ £­¨â­®© £¨¤à®¤¨­ ¬¨-ª¨ ¨¤¥ «ì­®© ¯à®¢®¤ïé¥© ¦¨¤ª®áâ¨, ­ å®¤ïé¥©áï ¢ ¯®áâ®ï­­®¬ ¬ £­¨â­®¬ ¯®«¥, ¢ ï¢­®¬ ¢¨¤¥ ¯à¥¤áâ ¢«¥­® ç¥à¥§®¡é¨¥ à¥è¥­¨ï ¤¢ãå ®¤­®à®¤­ëå ¢®«­®¢ëå ãà ¢­¥­¨© á  «ìä¢¥­®¢áª¨¬¨ áª®à®áâï¬¨ à á¯à®áâà ­¥­¨ï á¨£­ «®¢ ¨®¡é¥¥ à¥è¥­¨¥ ãà ¢­¥­¨ï � ¯« á . �à®¢¥¤¥­®  ­ «®£¨ç­®¥ ¯à¥®¡à §®¢ ­¨¥ «¨­¥ à¨§®¢ ­­®© á¨áâ¥¬ë ãà ¢­¥­¨©¬ £­¨â­®© £¨¤à®¤¨­ ¬¨ª¨ ¤¨áá¨¯ â¨¢­®© ¯à®¢®¤ïé¥© ¦¨¤ª®áâ¨ , â ª¦¥ ­ å®¤ïé¥©áï ¢ ¯®áâ®ï­­®¬ ¬ £­¨â­®¬¯®«¥. � ¤ ç  á¢¥¤¥­  ª à¥è¥­¨î âà¥å ­¥§ ¢¨á¨¬ëå ãà ¢­¥­¨© ¤«ï âà¥å ®¡®¡é¥­­ëå ¯®â¥­æ¨ «®¢. �à¨ ­ «¨ç¨¨æ¨ª«¨ç¥áª®© ª®®à¤¨­ âë á¨áâ¥¬  ãà ¢­¥­¨© ¬ £­¨â­®© £¨¤à®¤¨­ ¬¨ª¨ ¤¨áá¨¯ â¨¢­®© ¢à é îé¥©áï ¦¨¤ª®áâ¨ ¢­¥«¨­¥©­®¬ á«ãç ¥ á¢¥¤¥­  ª á¨áâ¥¬¥ ç¥âëà¥å ­¥«¨­¥©­ëå ãà ¢­¥­¨© ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå, á«ã¦ é¥© ¤«ï ®¯à¥-¤¥«¥­¨ï äã­ªæ¨¨ â®ª , ¥¥ ¬ £­¨â­®£®  ­ «®£  ¨ âà¥âì¨å ª®¬¯®­¥­â áª®à®áâ¨ ¨ ¬ £­¨â­®£® ¯®«ï. �â¬¥ç¥­®, çâ®¯à¨ ®âáãâáâ¢¨¨ ¢à é¥­¨ï íâ  á¨áâ¥¬  ¯¥à¥å®¤¨â ¢ ¨§¢¥áâ­ãî. �¨­¥ à¨§®¢ ­­ ï á¨áâ¥¬  ãà ¢­¥­¨© ¤¨­ ¬¨ª¨ ¢à -é îé¥©áï ¦¨¤ª®áâ¨ ¢ ¯à¨¡«¨¦¥­¨¨ ¬¥«ª®© ¢®¤ë á¢¥¤¥­  ª ®¤­®¬ã «¨­¥©­®¬ã ¤¨ää¥à¥­æ¨ «ì­®¬ã ãà ¢­¥­¨î ¢ç áâ­ëå ¯à®¨§¢®¤­ëå âà¥âì¥£® ¯®àï¤ª , á«ã¦ é¥¬ã ¤«ï ®¯à¥¤¥«¥­¨ï ®¡®¡é¥­­®£® ¯®â¥­æ¨ « . �  ®á­®¢¥ ¯®«ã-ç¥­­®£® ãà ¢­¥­¨ï ¤«ï ®¡®¡é¥­­®£® ¯®â¥­æ¨ «  à áá¬®âà¥­  § ¤ ç  ® á¥©è¥¢ëå ª®«¥¡ ­¨ïå ¢ ¡ áá¥©­¥, £«ã¡¨­ ª®â®à®£® ï¢«ï¥âáï ªãá®ç­®{«¨­¥©­®© äã­ªæ¨¥© ¯®¯¥à¥ç­®© ª®®à¤¨­ âë. �à®¢¥¤¥­® áà ¢­¥­¨¥ ¯®«ãç¥­­ëå à¥§ã«ì-â â®¢ á à¥§ã«ìâ â ¬¨ ¤àã£¨å  ¢â®à®¢.�  ®á­®¢÷ ã§ £ «ì­¥­¨å ¯®â¥­æ÷ «÷¢ § £ «ì­¨© à®§¢'ï§®ª «÷­¥ à¨§®¢ ­®ù á¨áâ¥¬¨ à÷¢­ï­ì ¬ £­÷â­®ù £÷¤à®¤¨­ ¬÷ª¨÷¤¥ «ì­®ù ¯à®¢÷¤­®ù à÷¤¨­¨, é® §­ å®¤¨âìáï ¢ ¯®áâ÷©­®¬ã ¬ £­÷â­®¬ã ¯®«÷, ¢ ï¢­®¬ã ¢¨£«ï¤÷ ¯à¥¤áâ ¢«¥­® ç¥à¥§§ £ «ì­¨© à®§¢'ï§®ª ¤¢®å ®¤­®à÷¤­¨å å¢¨«ì®¢¨å à÷¢­ï­ì §  «ìä¥­÷¢áìª¨¬¨ è¢¨¤ª®áâï¬¨ à®§¯®¢áî¤¦¥­­ï á¨£­ «÷¢÷ § £ «ì­¨© à®§¢'ï§®ª à÷¢­ï­­ï � ¯« á . �ã«® ¯à®¢¥¤¥­®  ­ «®£÷ç­¥ ¯¥à¥â¢®à¥­­ï «÷­¥ à÷§®¢ ­­®ù á¨áâ¥¬¨ à÷¢­ï­ì¬ £­÷â­®ù £÷¤à®¤¨­ ¬÷ª¨ ¤¨á¨¯ â¨¢­®ù ¯à®¢÷¤­®ù à÷¤¨­¨, é® â ª®¦ §­ å®¤¨âìáï ¢ ¯®áâ÷©­®¬ã ¬ £­÷â­®¬ã ¯®«÷. � -¤ ç  §¢¥¤¥­  ¤® àiè¥­­ï âàì®å ­¥§ «¥¦­¨å ài¢­ï­ì ¤«ï âàì®å ã§ £ «ì­¥­¨å ¯®â¥­æi «i¢. �à¨ ­ ï¢­®áâ÷ æ¨ª«÷ç­®ùª®®à¤¨­ â¨ á¨áâ¥¬  à÷¢­ï­ì ¬ £­÷â­®ù £÷¤à®¤¨­ ¬÷ª¨ ¤¨á¨¯ â¨¢­®ù à÷¤¨­¨, é® ®¡¥àâ õâìáï, ¢ ­¥«÷­÷©­®¬ã ¢¨¯ ¤ªã§¢¥¤¥­  ¤® á¨áâ¥¬¨ ç®â¨àì®å ­¥«÷­÷©­¨å à÷¢­ï­ì ¢ ç áâ¨­­¨å ¯®å÷¤­¨å, é® á«ã¦ âì ¤«ï ¢¨§­ ç¥­­ï äã­ªæ÷ù â¥ç÷ù,ùù ¬ £­÷â­®£®  ­ «®£  ÷ âà¥â÷å ª®¬¯®­¥­â è¢¨¤ª®áâ÷ ÷ ¬ £­÷â­®£® ¯®«ï. �÷¤¬÷ç¥­®, é® ¯à¨ ¢÷¤áãâ­®áâ÷ ®¡¥àâ ­­ï æïá¨áâ¥¬  ¯¥à¥å®¤¨âì ã ¢÷¤®¬ã. �÷­¥ à¨§®¢ ­  á¨áâ¥¬  à÷¢­ï­ì ¤¨­ ¬÷ª¨ à÷¤¨­¨, é® ®¡¥àâ õâìáï, ¢ ­ ¡«¨¦¥­­÷ ¬÷«ª®ù¢®¤¨ §¢¥¤¥­  ¤® ®¤­®£® «÷­÷©­®£® ¤¨ä¥à¥­æ÷©­®£® à÷¢­ï­­ï ¢ ç áâ¨­­¨å ¯®å÷¤­¨å âà¥âì®£® ¯®àï¤ªã, ïª¥ ¢¨§­ ç õã§ £ «ì­¥­¨© ¯®â¥­æ÷ «. �  ®á­®¢÷ ®¤¥à¦ ­®£® à÷¢­ï­­ï ¤«ï ã§ £ «ì­¥­®£® ¯®â¥­æ÷ «  à®§£«ï­ãâ  § ¤ ç  ¯à® á¥©-è¥«¥¢÷ ª®«¨¢ ­­ï ¢ ¡ á¥©­÷, £«¨¡¨­  ïª®£® õ ªãá®ç­®{«÷­÷©­®î äã¥ªæ÷õî ¯®¯¥à¥ç­®ù ª®®à¤¨­ â¨. �ã«® ¯à®¢¥¤¥­®¯®à÷¢­ï­­ï ®¤¥à¦ ­¨å à¥§ã«ìâ â÷¢ § à¥§ã«ìâ â ¬¨ ÷­è¨å  ¢â®à÷¢.Based on generalized potentials the general solution of the linearized system of magnetohydrodynamic equations of anideally conductive 
uid in a ststionary magnetic �eld is represented in terms of general solutions of two homogeneouswave equations with Alfven signal propagation speed and a general solution of the Laplace equation. Transformation ofthe linearized system of magnetohydrodynamic equations of a dissipative conductive 
uid in stationary magnetic �eld isperformed. If the cyclic coordinate exists the system of magnetohydrodynamic equations of dissipative rotating 
uid innonlinear case is reduced to the system of four partial di�erential nonlinear equations required for �nding of the streamfunction, the magnetic analog of it and the third components of speed and magnetic �eld. This system is noted totransform into the known one at the absence of rotation. The linearized system of equations of rotating 
uid dynamicsin the "shallow{water" approximation is reduced to the one linear partial di�erential equation of third order that de�nethe generalized potential. Based on the obtained equation for generalized potential the problem of seichual oscillations ina reservoir is considered when the reservoir depth is a piecewise function of a cross coordinate. Comparison between theobtained results and the results of other authors is performed.��������� ¬ â¥¬ â¨ç¥áª¨å ¬®¤¥«ïå, ¨á¯®«ì§ã¥¬ëå ¢ àï-¤¥ ¥áâ¥áâ¢¥­­ëå ­ ãª, áãé¥áâ¢¥­­®¥ ¬¥áâ® § -­¨¬ ¥â ¯à®¡«¥¬  ¯®«ãç¥­¨ï ®¡é¨å à¥è¥­¨© á®-®â¢¥âáâ¢ãîé¨å ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ­ ®á­®¢¥ à §«¨ç­®£® à®¤  ¯®â¥­æ¨ «®¢. � £¨¤à®¬¥-å ­¨ª¥ è¨à®ª® ¯à¨¬¥­ïîâáï ¯®â¥­æ¨ «ë áª®à®áâ¨¨ ãáª®à¥­¨ï, äã­ªæ¨¨ â®ª , ¯®â¥­æ¨ «ë �«¥¡è  ¨�®¡®«¥¢ , ¯®â¥­æ¨ «ë â¥®à¨¨ £ §®¤¨­ ¬¨ç¥áª¨å
â¥ç¥­¨© ¢ ¯¥à¥¬¥­­ëå £®¤®£à ä  ¨ á¯¨¤®£à ä ,¯®â¥­æ¨ «ë áâ®ªá®¢ëå â¥ç¥­¨© ¨ ¤à. � â¥®à¨¨ã¯àã£®áâ¨ ª ç¨á«ã ­ ¨¡®«¥¥ à á¯à®áâà ­¥­­ëå ®â-­®áïâáï ¯®â¥­æ¨ «ë �¥«ì¬£®«ìæ  - �â®ªá  - �à¨-­  - � ¬¥, � ¯ª®¢¨ç  - �¥©¡¥à , � «¥àª¨­ , �¥-¡ ï - �®àá  - �¥è¡ å  ¨ ¤àã£¨¥. � â¥®à¨¨ í«¥ª-âà®¬ £­¥â¨§¬ , ­ ¯à¨¬¥à, äã­¤ ¬¥­â «ì­®¥ §­ -ç¥­¨¥ ¨¬¥îâ í«¥ªâà¨ç¥áª¨© ¨ ¬ £­¨â­ë© ¯®â¥­-æ¨ «ë,   â ª¦¥ í«¥ªâà¨ç¥áª¨© ¨ ¬ £­¨â­ë© ¯®-â¥­æ¨ «ë �¥àæ . �áá«¥¤®¢ ­¨¥ ¯à®¡«¥¬ë ¯®â¥­-æ¨ «ì­ëå ¯à¥¤áâ ¢«¥­¨© à §«¨ç­®£® à®¤  ¯®«¥©82 c
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ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 82 { 98¢ ¦­® ª ª á â®çª¨ §à¥­¨ï ¡®«¥¥ £«ã¡®ª®£® ¯®­¨-¬ ­¨ï ¢­ãâà¥­­¥© áâàãªâãàë ¨ ®á®¡¥­­®áâ¥© ¨á-å®¤­ëå ãà ¢­¥­¨©, â ª ¨ áâ®çª¨ §à¥­¨ï à¥è¥­¨ï¯à¨ª« ¤­ëå § ¤ ç [1, 10, 12, 14, 31, 32, 37, 39, 44,45, 51, 54, 57, 63, 68]. �®â¥­æ¨ «ì­ë¥ ¯à¥¤áâ ¢«¥-­¨ï ¯®«¥© ä¨§¨ç¥áª¨å ¢¥«¨ç¨­ ç áâ® ¨¬¥îâ áãé¥-áâ¢¥­­®© §­ ç¥­¨¥ ¯à¨ ¯®áâà®¥­¨¨ ­®¢ëå ¬ â¥-¬ â¨ç¥áª¨å ¬®¤¥«¥© ¨ á®§¤ ­¨¨ íää¥ªâ¨¢­ëå ¢ë-ç¨á«¨â¥«ì­ëå  «£®à¨â¬®¢. � ç áâ­®áâ¨, ¯®â¥­-æ¨ «ì­ë¥ ¯à¥¤áâ ¢«¥­¨ï ¬®£ãâ ¡ëâì ãá¯¥è­® ¨á-¯®«ì§®¢ ­ë ¯à¨ ¯®áâà®¥­¨¨ ¬¥â®¤®¢ ç¨á«¥­­®£®¬®¤¥«¨à®¢ ­¨ï ¢¨åà¥¢ëå â¥ç¥­¨© ¢ £¨¤à®¬¥å ­¨-ª¥. � àï¤¥ á«ãç ¥¢ ®ª §ë¢ ¥âáï áãé¥áâ¢¥­­ë¬ [10,22, 51] ¨á¯®«ì§®¢ âì à¥¤ãªæ¨î ®á­®¢­ëå ­ ç «ì­®-ªà ¥¢ëå § ¤ ç ª áª «ïà­ë¬ § ¤ ç ¬ ¤«ï ®¤­®£®ãà ¢­¥­¨ï, ®¯à¥¤¥«ïîé¥£® ®¡®¡é¥­­ë© áã¯¥à¯®-â¥­æ¨ «. � ª ®â¬¥ç ¥âáï ¢ à ¡®â¥ [10], ­ ¨¡®«¥¥íää¥ªâ¨¢¥­ â ª®© ¯®¤å®¤ ¯à®ï¢«ï¥âáï ¯à¨ ¨á¯®«ì-§®¢ ­¨¨ ç¨á«¥­­ëå ¬¥â®¤®¢. � ¨¬¥­­®, á®ªà é¥-­¨¥ ç¨á«  ¨áª®¬ëå äã­ªæ¨© ¤® ®¤­®© áª «ïà­®©(®¡®¡é¥­­®£® áã¯¥à¯®â¥­æ¨ « ) ¯à¨¢®¤¨â ª §­ -ç¨â¥«ì­®© íª®­®¬¨¨ ¬ è¨­­®£® ¢à¥¬¥­¨ ¨ à¥áãà-á  ¨á¯®«ì§ã¥¬ëå ���.� §¢¨â¨¥ ¬ £­¨â­®© £¨¤à®¤¨­ ¬¨ª¨ (���) ª ª­®¢®© ä¨§¨ç¥áª®© ¤¨áæ¨¯«¨­ë ¯®­ ç «ã ¡ë«® ®¡ã-á«®¢«¥­® ¢ ¡®«ìè¥© ¬¥à¥ à §«¨ç­ë¬¨  áâà®ä¨-§¨ç¥áª¨¬¨ ¨ £¥®ä¨§¨ç¥áª¨¬¨ ¯à¨«®¦¥­¨ï¬¨ (à á-¯à®áâà ­¥­¨¥ ���-¢®«­, ¬ £­¨â­ë¥ ¡ãà¨, ¯®-«ïà­ë¥ á¨ï­¨ï, £¨¤à®¬ £­¨â­®¥ ¤¨­ ¬®, ���-íää¥ªâë ¢ ªàã¯­®¬ áèâ ¡­ëå ®ª¥ ­¨ç¥áª¨å â¥-ç¥­¨ïå ¨ â. ¤. [2, 4, 38, 42, 43, 52, 53, 55, 59,62, 67]). � ¤ «ì­¥©è¥¬ ¥¥ ¨­â¥­á¨¢­®¥ à §¢¨â¨¥á¢ï§ ­® á àï¤®¬ â¥å­¨ç¥áª¨å ¯à¨«®¦¥­¨© [7 { 9,15 { 17, 18, 24, 25, 26, 28, 36, 41, 42, 56, 67, 69,72]. � ç¨á«¥ ¯¥à¢ëå â¥å­¨ç¥áª¨å § ¤ ç ��� ¡ë«®¨§ãç¥­¨¥ ¤¢¨¦¥­¨ï í«¥ªâà®¯à®¢®¤­ëå ¦¨¤ª®áâ¥©¢ âàã¡ å ¨ ª ­ « å [7, 8, 41, 42, 70]. �à¥¦¤¥ ¡ë-«¨ à áá¬®âà¥­ë § ¤ ç¨, á¢ï§ ­­ë¬¨ á í«¥ªâà®¬ £-­¨â­ë¬¨ à áå®¤®¬¥à ¬¨ ¨ ­ á®á ¬¨. �«¥ªâà®¬ £-­¨â­ë¥ ­ á®áë ¤«ï ¦¨¤ª¨å ¬¥â ««®¢ ¨¬¥îâ ¯à¨«®-¦¥­¨ï ¢  â®¬­®© í­¥à£¥â¨ª¥ (¤«ï ¯¥à¥ª çª¨ ­®á¨-â¥«ï), ¢ ¬¥â ««ãà£¨¨ ¨ «¨â¥©­®¬ ¤¥«¥ (¤«ï âà ­á-¯®àâ¨à®¢ª¨, à §«¨¢ª¨, ¯¥à¥¬¥è¨¢ ­¨ï ¨ ®ç¨áâª¨à á¯« ¢«¥­­ëå ¬¥â ««®¢) ¨ ¤àã£¨å ®¡« áâïå [20,41, 65, 66, 71]. �¤­ ª® ­ ¨¡®«¥¥ ¨­â¥­á¨¢­ë¥ ¨á-á«¥¤®¢ ­¨ï â¥ç¥­¨© ¯à®¢®¤ïé¨å ¦¨¤ª®áâ¥© ¨ £ -§®¢ ¢ ª ­ « å ¯à¨ ­ «¨ç¨¨ ¬ £­¨â­®£® ¯®«ï á¢ï-§ ­ë á á®§¤ ­¨¥¬ ��� ¯à¥®¡à §®¢ â¥«¥© â¥¯«®-¢®© í­¥à£¨¨ ¢ í«¥ªâà¨ç¥áªãî §  áç¥â ¢®§­¨ª îé¥©¯à¨ íâ®¬ í«¥ªâà®¤¢¨¦ãé¥© á¨«ë. �  ®á­®¢¥ ���¤¢¨¦¨â¥«¥© á® áªà¥é¥­­ë¬¨ ¢­¥è­¨¬¨ í«¥ªâà¨-ç¥áª¨¬ ¨ ¬ £­¨â­ë¬ ¯®«ï¬¨, ª® ªá¨ «ì­ëå ãáª®-à¨â¥«¥©, ¯« §¬¥­­ëå ¨ ¨®­­ëå ¯ãè¥ª à §à ¡ âë-¢ «¨áì ¨ ¯à®¤®«¦ îâ à §à ¡ âë¢ âìáï à §«¨ç­®-

£® à®¤  ¤¢¨£ â¥«¨ ¡®«ìè®£® ã¤¥«ì­®£® ¨¬¯ã«ìá ¤«ï ¬¥¦¯« ­¥â­ëå ª®à ¡«¥© ¨ ¤«ï â®à¬®¦¥­¨ï à -ª¥â ¯à¨ ¨å ¢®§¢à é¥­¨¨ ­  �¥¬«î [19, 40]. � ¤ -ç  ®¢« ¤¥­¨ï ¯à ªâ¨ç¥áª¨ ­¥®£à ­¨ç¥­­ë¬¨ § ¯ -á ¬¨ ¨§¡ëâ®ç­®© í­¥à£¨¨, á®¤¥à¦ é¥©áï ¢ ï¤à å«¥£ª¨å í«¥¬¥­â®¢, ¯à¨¢®¤¨â ª ¯à®¡«¥¬¥ ã¯à ¢«ï-¥¬®£® â¥à¬®ï¤¥à­®£® á¨­â¥§ . �â  ¯à®¡«¥¬  ¢ë-§¢ «  ¢á¥áâ®à®­­¥¥ ¨§ãç¥­¨¥ á¢®©áâ¢ ¢ëá®ª®â¥¬-¯¥à âãà­®© ¯« §¬ë [3, 17, 18, 36, 67]. �«ï ¨§ã-ç¥­¨ï àï¤  ¢®¯à®á®¢ ä¨§¨ª¨ ¢ëá®ª®â¥¬¯¥à âãà-­®© ¯« §¬ë è¨à®ª® ¨áá«¥¤ãîâáï à §«¨ç­ë¥ ¬®-¤¥«¨ ���. �¯à¥¤¥«¥­­ë© ¨­â¥à¥á ¯à¥¤áâ ¢«ïîâ¢­¥è­¨¥ § ¤ ç¨ ���. �à¨ £¨¯¥à§¢ãª®¢ëå áª®à®-áâïå ¯®«¥â  §  äà®­â®¬ ã¤ à­®© ¢®«­ë ã ¯®¢¥àå-­®áâ¨ «¥â â¥«ì­®£®  ¯¯ à â  â¥¬¯¥à âãà  ¯®¢ë-è ¥âáï ­ áâ®«ìª®, çâ® £ § áâ ­®¢¨âáï í«¥ªâà®¯à®-¢®¤­ë¬. �â® á®§¤ ¥â ®¯à¥¤¥«¥­­ë¥ ¢®§¬®¦­®áâ¨í«¥ªâà®¬ £­¨â­®£® ¢®§¤¥©áâ¢¨ï ­  à¥¦¨¬ë ®¡â¥-ª ­¨ï ¨ â¥¯«®®¡¬¥­ .� ª ¨§¢¥áâ­®, [6, 30] à §«¨ç îâ ¯ïâì ®á­®¢­ëåâ¨¯®¢ ®ª¥ ­¨ç¥áª¨å ¢®«­. �â® §¢ãª®¢ë¥, ª ¯¨«-«ïà­ë¥, £à ¢¨â æ¨®­­ë¥, ¨­¥àæ¨®­­ë¥ ¨ ¯« ­¥-â à­ë¥ ¢®«­ë. �ãé¥áâ¢®¢ ­¨¥ §¢ãª®¢ëå ¢®«­ á¢ï-§ ­® á® á¦¨¬ ¥¬®áâìî ¢®¤ë. �¨«  ¯®¢¥àå­®áâ­®-£® ­ âï¦¥­¨ï ï¢«ï¥âáï â®© ¢®§¢à é îé¥© á¨«®©,ª®â®à ï ¯®à®¦¤ ¥â ¢ëá®ª®ç áâ®â­ë¥ ª®à®âª¨¥ ª -¯¨««ïà­ë¥ ¢®«­ë. �à ¢¨â æ¨®­­ë¥ ¢®«­ë ¢®§-­¨ª îâ ¡« £®¤ àï ¢®§¢à é îé¥¬ã ¤¥©áâ¢¨î á¨-«ë âï¦¥áâ¨ ­  ç áâ¨æë ¢®¤ë, á¬¥é¥­­ë¥ ®â­®-á¨â¥«ì­® à ¢­®¢¥á­ëå ãà®¢­¥©. � ª¨¬¨ ãà®¢­ï¬¨¬®£ãâ ¡ëâì á¢®¡®¤­ ï ¯®¢¥àå­®áâì ¨«¨ ­¥ª®â®à ï¢­ãâà¥­­ïï ¯®¢¥àå­®áâì ¢ áâà â¨ä¨æ¨à®¢ ­­®©¦¨¤ª®áâ¨. �¢ï§ ­­ ï á ¢à é¥­¨¥¬ �¥¬«¨ á¨«  �®-à¨®«¨á  ï¢«ïï¥âáï ¯à¨ç¨­®© ¢®§­¨ª­®¢¥­¨ï ¨­¥à-æ¨®­­ëå (£¨à®áª®¯¨ç¥áª¨å) ¢®«­. � ¢¨á¨¬®áâì¢¥àâ¨ª «ì­®© á®áâ ¢«ïîé¥© ¢¥ªâ®à  ã£«®¢®© áª®-à®áâ¨ ¢à é¥­¨ï �¥¬«¨ ®â £®à¨§®­â «ì­®© ª®®à-¤¨­ âë ï¢«ï¥âáï ¯à¨ç¨­®© ¢®§­¨ª­®¢¥­¨ï ®ç¥­ì¬¥¤«¥­­ëå ªàã¯­®¬ áèâ ¡­ëå ª®«¥¡ ­¨©, ­ §ë-¢ ¥¬ëå ¯« ­¥â à­ë¬¨ ¢®«­ ¬¨ ¨«¨ ¢®«­ ¬¨ �®á-áâ¨. �áâ¥áâ¢¥­­®, çâ® ®â­®á¨â¥«ì­ë© ¢ª« ¤ ª -¦¤®© ¢®§¢à é îé¥© á¨«ë § ¢¨á¨â ®â á¢®©áâ¢ áà¥-¤ë, £¥®¬¥âà¨¨ ¡ áá¥©­ , ç áâ®âë ¨ ¤«¨­ë ¢®«­ëª®«¥¡ ­¨©.�®®¡é¥ £®¢®àï, í«¥ªâà®¯à®¢®¤­®áâì ¬®àáª®© ¢®-¤ë ¨ ­ «¨ç¨¥ ¬ £­¨â­®£® ¯®«ï ®¡ãá« ¢«¨¢ îâ ¢®§-¬®¦­®áâì áãé¥áâ¢®¢ ­¨ï ¢ ®ª¥ ­¥ ¢®«­ �«ìä¢¥­ ¨ ¬ £­¨â®§¢ãª®¢ëå ¢®«­. �¤­ ª® ¬ «®áâì ¬ £­¨â-­®£® ¯®«ï �¥¬«¨ ¯à¨¢®¤¨â ª â®¬ã, çâ® á¢ï§ ­­ë¥á ­¨¬ í«¥ªâà®¬ £­¨â­ë¥ ¢®§¢à é îé¨¥ á¨«ë â ª-¦¥ ®ª §ë¢ îâáï çà¥§¢ëç ©­® ¬ «ë¬¨. �®íâ®¬ã¢ ®ª¥ ­®«®£¨ç¥áª®© «¨â¥à âãà¥ íâ¨¬ ¢®«­ ¬ ã¤¥-«ï¥âáï £®à §¤® ¬¥­ìè¥ ¢­¨¬ ­¨ï.� ­­ ï áâ âìï ¯à¥á«¥¤ã¥â á«¥¤ãîé¨¥ æ¥«¨:�. �. � «â ­®¢ 83



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 82 { 98- à §¢¨â¨¥ ¯à¥¤áâ ¢«¥­¨© ®¡®¡é¥­­ëå ¯®â¥­æ¨- «®¢ â¨¯  [50] ¢ «¨­¥ à¨§®¢ ­­ëå ¬®¤¥«ïå ¬ £-­¨â­®© £¨¤à®¤¨­ ¬¨ª¨ ¨¤¥ «ì­®© ¨ ¤¨áá¨¯ â¨¢-­®© ¦¨¤ª®áâ¨;- ¯à¥®¡à §®¢ ­¨¥ ­¥«¨­¥©­ëå ãà ¢­¥­¨© ¬ £-­¨â­®© £¨¤à®¤¨­ ¬¨ª¨ ¤¨áá¨¯ â¨¢­®© ¢à é î-é¥©áï ¦¨¤ª®áâ¨ ¯à¨ ­ «¨ç¨¨ æ¨ª«¨ç¥áª®© ª®®à-¤¨­ âë ­  ®á­®¢¥ äã­ªæ¨¨ â®ª  ¨ ¥¥ ¬ £­¨â­®£® ­ «®£ ;- à §¢¨â¨¥ ¯à¥¤áâ ¢«¥­¨© ®¡®¡é¥­­ëå ¯®â¥­æ¨- «®¢ ¢ â¥®à¨¨ á¥©è¥¢ëå ª®«¥¡ ­¨©, ¯à¨¬¥­¥­¨¥¯®«ãç¥­­ëå ¯à¥¤áâ ¢«¥­¨© ª ¨áá«¥¤®¢ ­¨î á¥©-è¥¢ëå ª®«¥¡ ­¨© ¢ ¡ áá¥©­¥ á ªãá®ç­®-«¨­¥©­ë¬¤­®¬ ­  ®á­®¢¥  ­ «¨â¨ª®-ç¨á«¥­­®£® ¯®¤å®¤ .1. ���������� �������������������������� ��������1.�¨áâ¥¬  ãà ¢­¥­¨© ¤¨­ ¬¨ª¨ ¯à®¢®¤ïé¥© ­¥-¤¨áá¨¯ â¨¢­®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ ä®à¬¥�à®¬¥ª¨-� ¬¡  ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤ [2, 28, 42]:div~v = 0; (1)div ~H = 0; (2)@~v@t +r� = ~v � rot~v � 14��0 ~H � rot ~H; (3)@ ~H@t = rot(~v � ~H); � � ~v22 + p�0 + F: (4)�¤¥áì ¨á¯®«ì§®¢ ­ë ®¡é¥¯à¨­ïâë¥ ®¡®§­ ç¥­¨ï.�ãáâì ¢ ­¥¢®§¬ãé¥­­®¬ á®áâ®ï­¨¨ áª®à®áâì ¦¨¤-ª®áâ¨ à ¢­  ­ã«î,   ¬ £­¨â­®¥ ¯®«¥ ¯®áâ®ï­­® ¨­ ¯à ¢«¥­® ¢¤®«ì ®á¨ z, ~H = H0~ez . �ãáâì ~h, ~v1 ¨�1 ¥áâì ¢®§¬ãé¥­¨ï ¬ £­¨â­®£® ¯®«ï, áª®à®áâ¨ ¨¢¥«¨ç¨­ë � á®®â¢¥âáâ¢¥­­®. � ¯¨è¥¬ ®¡ëç­ë¬®¡à §®¬ «¨­¥ à¨§®¢ ­­ë¥  ­ «®£¨ ãà ¢­¥­¨© (3)¨ (4) ¨ ¢¢¥¤¥¬ á«¥¤ãîé¨¥ ¡¥§à §¬¥à­ë¥ ¢¥«¨ç¨­ë~h � ~hH0 ; ~v � p4��0~v1H0 ; � � 4��0�1H20 ;(x; y; z) � 1L (x; y; z); t � H0tLp4��0 : (5)�¤¥áì L { å à ªâ¥à­ë© «¨­¥©­ë© à §¬¥à. � à¥-§ã«ìâ â¥ ¯à¨å®¤¨¬ ª ãà ¢­¥­¨î (1),   â ª¦¥ ª á«¥-¤ãîé¨¬ ãà ¢­¥­¨ï¬div~h = 0; (6)@~v@t +r� = (rot~h)� ~ez; (7)

@~h@t = rot(~v � ~ez): (8)2. �á¯®«ì§ã¥¬ ¤«ï ¢¥ªâ®à®¢ ~v ¨ ~h á«¥¤ãîé¨¥¯à¥¤áâ ¢«¥­¨ï ç¥à¥§ ®¡®¡é¥­­ë¥ ¯®â¥­æ¨ «ë [46{ 51]: ~v = r�+ rot(�~ez) + S~ez ; (9)~h = r�h + rot(�h~ez) + Sh~ez: (10)�®¤áâ ¢«ïï ¢ëà ¦¥­¨ï (9) ¨ (10), á®®â¢¥âáâ¢¥­­®,¢ ãà ¢­¥­¨ï (1) ¨ (6), ¡ã¤¥¬ ¨¬¥âì��+ @S@z = 0; (11)��h + @Sh@z = 0: (12)�®¤áâ ¢¨¬ ¢ëà ¦¥­¨ï (9) ¨ (10) ¢ ãà ¢­¥­¨ï (7)¨ (8) ¨ ¯à¨à ¢­ï¥¬ ¢ ¯®«ãç¨¢è¨åáï á®®â­®è¥­¨ïå­ã«î áã¬¬ë á« £ ¥¬ëå ¯®¤ §­ ª ¬¨ £à ¤¨¥­â  ¨à®â®à  ¨ áã¬¬ë á« £ ¥¬ëå ¯à¨ ¥¤¨­¨ç­®¬ ¢¥ªâ®-à¥ "~ez". � à¥§ã«ìâ â¥ ¯®«ãç ¥¬@�@t +� + Sh = 0; (13)@�@t � @�h@z = 0; (14)@S@t � @Sh@z = 0; (15)@�h@t � @�@z = 0; (16)@�h@t � @�@z = 0; (17)@Sh@t � @S@z = 0: (18)�®®â­®è¥­¨ï (1) ¨ (6)-(8) ¯à¥¤áâ ¢«ïîâ á®¡®©á¨áâ¥¬ã ¢®áì¬¨ áª «ïà­ëå ãà ¢­¥­¨©, á«ã¦ éãî¤«ï ®¯à¥¤¥«¥­¨ï á¥¬¨ áª «ïà­ëå ¢¥«¨ç¨­: âà¥åª®¬¯®­¥­â áª®à®áâ¨, âà¥å ª®¬¯®­¥­â ¬ £­¨â­®£®¯®«ï ¨ ¢¥«¨ç¨­ë �.�®®â­®è¥­¨ï (11)-(18) â ª¦¥ ¯à¥¤áâ ¢«ïîâ á®-¡®© á¨áâ¥¬ã ¢®áì¬¨ ãà ¢­¥­¨©, á«ã¦ éãî ¤«ï®¯à¥¤¥«¥­¨ï á¥¬¨ ¢¥«¨ç¨­: è¥áâ¨ ®¡®¡é¥­­ëå ¯®-â¥­æ¨ «®¢ �, �, S, �h, �h, Sh ¨ ¢¥«¨ç¨­ë �.� ª¨¬ ®¡à §®¬, ª ª ¨áå®¤­ ï á¨áâ¥¬  ãà ¢­¥­¨©(1) ¨ (6)-(8), â ª ¨ á¨áâ¥¬  ãà ¢­¥­¨© (11)-(18)ï¢«ïîâáï ¯¥à¥®¯à¥¤¥«¥­­ë¬¨. �¤­ ª®, ª ª ¡ã¤¥â¯®ª § ­® ¤ «¥¥, íâ  ¯¥à¥®¯à¥¤¥«¥­­®áâì ®ª §ë¢ -¥âáï ¯à¥®¤®«¨¬®©.�¡é¨¥ à¥è¥­¨ï á¨áâ¥¬ ãà ¢­¥­¨© (14), (17),(15), ¨ (18), á®®â¢¥âáâ¢¥­­®, ¨¬¥îâ á«¥¤ãîé¨©¢¨¤: � = @
�@z ; �h = @
�@t ; (19)84 �. �. � «â ­®¢
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� = 
�1(z � t; x; y) + 
�2(z + t; x; y); (20)S = @
S@t ; Sh = @
S@z ; (21)
S = 
S1(z � t; x; y) + 
S2(z + t; x; y): (22)�¤¥áì 
�1, 
�2, 
S1, 
S2{ ¯à®¨§¢®«ì­ë¥ äã­ªæ¨¨á¢®¨å  à£ã¬¥­â®¢.�¡à â¨¬áï ª ãà ¢­¥­¨ï¬ (11), (12) ¨ (16). �®-áª®«ìªã ¤«ï ¢¥«¨ç¨­ S ¨ Sh ã¦¥ ¯®«ãç¥­ë ï¢­ë¥¢ëà ¦¥­¨ï (20), â® ãª § ­­ë¥ ãà ¢­¥­¨ï ¯à¥¤áâ -¢«ïîâ á®¡®© á¨áâ¥¬ã âà¥å ãà ¢­¥­¨© ¤«ï ®¯à¥-¤¥«¥­¨ï ¤¢ãå ¢¥«¨ç¨­ � ¨ �h. �¥è ï ãà ¢­¥­¨¥(16), ¢¢®¤¨¬ ®¡®¡é¥­­ë© ¯®â¥­æ¨ « 
� á«¥¤ãî-é¨¬ ®¡à §®¬:� = @
�@t ; �h = @
�@z ; 
� = 
�(t; z; x; y):(23)�®¤áâ ¢¨¬ ¤ «¥¥ ¢ëà ¦¥­¨ï (21) ¨ (23) ¤«ï ¢¥«¨-ç¨­ S, Sh, � ¨ �h ¢ ãà ¢­¥­¨ï (11) ¨ (12). �®«ã-ç¨¢è¨¥áï ¤¢  ãà ¢­¥­¨ï ¡ã¤ãâ ã¤®¢«¥â¢®à¥­ë â®-¦¤¥áâ¢¥­­®, ¥á«¨ ¢ë¯®«­¥­® á®®â­®è¥­¨¥�
� = �@
S@z : (24)�®áª®«ìªã äã­ªæ¨ï 
S ¢ëè¥ ®¯à¥¤¥«¥­  ¢ ï¢­®¬¢¨¤¥, â® á®®â­®è¥­¨¥ (24) ¯à¥¤áâ ¢«ï¥â á®¡®©ãà ¢­¥­¨¥ �ã áá®­ , â¥®à¨ï ª®â®à®£® à §à ¡®â -­  ¢¥áì¬  ¯®«­® [21, 23, 33, 60]. � ç áâ­®áâ¨, ¥á«¨äã­ªæ¨ï @
S=@z ®â«¨ç­  ®â ­ã«ï «¨èì ¢ ª®­¥ç­®©®¡« áâ¨ G ¯à®áâà ­áâ¢¥­­ëå ¯¥à¥¬¥­­ëå, ®£à -­¨ç¥­  ¨ ¨¬¥¥â ­¥¯à¥àë¢­ë¥ ç áâ­ë¥ ¯à®¨§¢®¤-­ë¥ ¯¥à¢®£® ¯®àï¤ª , â® ç áâ­®¥ à¥è¥­¨¥ ãà ¢­¥-­¨ï (24) ¨¬¥¥â ¢¨¤ [33, 60]:
�S = 14� Z Z ZG @
S (z0; x0; y0; t)R@z0 dz0dx0dy0;
S(z0; x0; y0; t) = 
S1(z0 � t; x0; y0)++
S2(z0 + t; x0; y0);R =p(z � z0)2 + (x� x0)2 + (y � y0)2: (25)�¤¥« ¥¬ ¯®¤áâ ­®¢ªã [33, 60]:
� = 
�0 + 
�S : (26)� à¥§ã«ìâ â¥ à¥è¥­¨¥ ªà ¥¢ëå § ¤ ç ¤«ï ãà ¢­¥-­¨ï �ã áá®­  (24) á¢®¤¨âáï ª à¥è¥­¨î ªà ¥¢ëå§ ¤ ç ¤«ï ãà ¢­¥­¨ï � ¯« á :�
�0 = 0: (27)�®¤áâ ¢«ïï ¢ëà ¦¥­¨ï (19), (21) ¨ (23) ¢ ¢ë-à ¦¥­¨ï (9), (10) ¨ (13), á®®â¢¥âáâ¢¥­­® ¡ã¤¥¬¨¬¥âì: ~v = r@
�@t + rot(@
�@z ~ez) + @
S@t ~ez; (28)

~h = r@
�@z + rot(@
�@t ~ez) + @
S@z ~ez; (29)� = �@2
�@t2 � @
S@z : (30)� ª¨¬ ®¡à §®¬, à¥è¥­¨¥ ¨áå®¤­®© á¨áâ¥¬ë ¢®áì-¬¨ ãà ¢­¥­¨© ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå ¯¥à¢®£® ¯®-àï¤ª  (1) ¨ (6)-(8) á¢¥¤¥­® ª à¥è¥­¨î ãà ¢­¥­¨ï� ¯« á  (27). �á«¨ ¥£® à¥è¥­¨¥ ­ ©¤¥­®, â® ¯®«ïä¨§¨ç¥áª¨å ¢¥«¨ç¨­ ®¯à¥¤¥«¨¬ á ¯®¬®éìî ¢ëà -¦¥­¨© (20), (22), (25), (26) ¨ (28) - (30).� à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ ¢®§¬®¦¥­ â ª¦¥ ¨­¥áª®«ìª® ¨­®© á¯®á®¡ ¢¢®¤  ®¡®¡é¥­­ëå ¯®â¥­-æ¨ «®¢. � ª á«¥¤ã¥â ¨§ (15) ¨ (21), ¢¥«¨ç¨­  
Sã¤®¢«¥â¢®àï¥â ¢®«­®¢®¬ã ãà ¢­¥­¨î� @2@z2 � @2@t2�
S = 0:�¥è ï ãà ¢­¥­¨¥ (24), ¢¢®¤¨¬ ®¡®¡é¥­­ë© ¯®â¥­-æ¨ « 	S : 
S = ��	S ; 
� = @	S@z :�®¤áâ ¢«ïï ¯®«ãç¥­­®¥ ¢ëà ¦¥­¨¥ ¤«ï 
S ¢ ¢®«-­®¢®¥ ãà ¢­¥­¨¥ ¤«ï 
S , ¨¬¥¥¬�� @2@z2 � @2@t2�	S = 0:�¡é¥¥ à¥è¥­¨¥ íâ®£® ãà ¢­¥­¨ï â ª®¢®:	S = 	S0 + �S1(z � t; x; y) + �S2(z + t; x; y);�	S0 = 0:�¤¥áì �S1 ¨ �S2 - ¯à®¨§¢®«ì­ë¥ äã­ªæ¨¨ á¢®¨å à£ã¬¥­â®¢.� ª¨¬ ®¡à §®¬, à¥è¥­¨¥ ¨áå®¤­®© á¨áâ¥¬ëãà ¢­¥­¨© á¢¥¤¥­® ª à¥è¥­¨î ãà ¢­¥­¨ï � ¯« á ¤«ï äã­ªæ¨¨ 	S0. �á«¨ ¥£® à¥è¥­¨¥ ­ ©¤¥­®, â®,¯® { ¯à¥¦­¥¬ã, ¯®«ï ä¨§¨ç¥áª¨å ¢¥«¨ç¨­ ®¯à¥¤¥-«¨¬ á ¯®¬®éìî ¢ëà ¦¥­¨© (28) { (30).3. � ¯ã­ªâ¥ 2 ¤ ­­®£® ¯ à £à ä  à áá¬®âà¥­á«ãç ©, ª®£¤  ä¨§¨ç¥áª¨¥ ¢¥«¨ç¨­ë ¢ ®¡é¥¬ á«ã-ç ¥ § ¢¨áïâ ®â âà¥å ¯à®áâà ­áâ¢¥­­ëå ª®®à¤¨­ â¨ ¢à¥¬¥­¨. � á«ãç ¥ ­ «¨ç¨ï á¨¬¬¥âà¨¨ ¯® ®¤­®©¨§ ª®®à¤¨­ â (@=@y = 0) ¨¬¥¥â ®¯à¥¤¥«¥­­®¥ §­ -ç¥­¨¥  ­ «¨§ á ¨á¯®«ì§®¢ ­¨¥¬ äã­ªæ¨¨ â®ª   ¨¥¥ ¬ £­¨â­®£®  ­ «®£  A:~v = r � ~ey + vy~ey; (31)~h = rA� ~ey + hy~ey: (32)�¤¥áì ~ey { ¥¤¨­¨ç­ë© ¢¥ªâ®à ¢ ­ ¯à ¢«¥­¨¨ ®á¨y. � ¬¥â¨¬, çâ® ¢ëà ¦¥­¨ï (31) ¨ (32) ï¢«ïîâ-áï à¥è¥­¨ï¬¨ ãà ¢­¥­¨© (1) ¨ (6), á®®â¢¥âáâ¢¥­-­®. �®¤áâ ¢«ïï ¢ëà ¦¥­¨ï (31) ¨ (32) ¢ ãà ¢­¥­¨ï�. �. � «â ­®¢ 85



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 82 { 98(7) ¨ (8), ¯à¨å®¤¨¬ ª á«¥¤ãîé¨¬ ¯ïâ¨ áª «ïà­ë¬ãà ¢­¥­¨ï¬: @2 @t@x + @�@z = 0; (33)� @2 @t@z + @�@x +�A = 0; (34)@vy@t = @hy@z ; (35)@A@t = @ @z ; (36)@hy@t = @vy@z : (37)�¥è ï á¨áâ¥¬ã ãà ¢­¥­¨© (35) ¨ (37), ¯®«ãç ¥¬vy = @
y@z ; hy = @
y@t ; (38)
y = 
y1(z � t; x) + 
y2(z + t; x): (39)�¤¥áì ¢¥«¨ç¨­ë 
y1 ¨ 
y2 ï¢«ïîâáï ¯à®¨§¢®«ì­ë-¬¨ äã­ªæ¨ï¬¨ á¢®¨å  à£ã¬¥­â®¢. �¥è ï ãà ¢­¥-­¨¥ (36), ¢¢®¤¨¬ ®¡®¡é¥­­ë© ¯®â¥­æ¨ « 
 á«¥¤ã-îé¨¬ ®¡à §®¬: = @
@t ; A = @
@z : (40)�®¤áâ ¢¨¬ ¢ëà ¦¥­¨ï (40) ¢ ãà ¢­¥­¨ï (33) ¨(34) ¨ ¨áª«îç¨¬ ¨§ ¯®«ãç¨¢è¨åáï á®®â­®è¥­¨©¢¥«¨ç¨­ã � ¯¥à¥ªà¥áâ­ë¬ ¤¨ää¥à¥­æ¨à®¢ ­¨¥¬.� à¥§ã«ìâ â¥ ¯à¨å®¤¨¬ ª á«¥¤ãîé¥¬ã ãà ¢­¥­¨î¤«ï ®¯à¥¤¥«¥­¨ï ®¡®¡é¥­­®£® ¯®â¥­æ¨ «  
:�( @2@z2 � @2@t2 )
 = 0: (41)�¡é¥¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (41) ¨¬¥¥â ¢¨¤
 = 
0 +
1(z � t; x) + 
2(z + t; x); (42)�
0 = 0: (43)�¤¥áì 
1 ¨ 
2 { ¯à®¨§¢®«ì­ë¥ äã­ªæ¨¨ á¢®¨å  à-£ã¬¥­â®¢. �®¤áâ ¢«ïï ¢ëà ¦¥­¨ï (38) ¨ (40) ¢ ¢ë-à ¦¥­¨ï (31) ¨ (32), § ¯¨è¥¬~v = r@
@t � ~ey + @
y@z ~ey; (44)~h = r@
@z � ~ey + @
y@t ~ey: (45)� ª¨¬ ®¡à §®¬, ¯à¨ ­ «¨ç¨¨ á¨¬¬¥âà¨¨ ¯® ®¤­®©¨§ ª®®à¤¨­ â (@=@y = 0) ¨áå®¤­ ï á¨áâ¥¬  ¢®áì-¬¨ ãà ¢­¥­¨© (1) ¨ (6){(8) â ª¦¥ á¢¥¤¥­  ª ®¤­®¬ããà ¢­¥­¨î � ¯« á  (43). �á«¨ íâ® ãà ¢­¥­¨¥ à¥-è¥­®, â® ¯®«ï ~v ¨ ~h ®¯à¥¤¥«ïâáï ¢ëà ¦¥­¨¬¨ (39),

(42), (44) ¨ (45). � å®¦¤¥­¨¥ ¯®«ï ¢¥«¨ç¨­ë � á¢®-¤¨âáï, ¢®®¡é¥ £®¢®àï, ª ¢ëç¨á«¥­¨î ª¢ ¤à âãà ®â¨§¢¥áâ­ëå äã­ªæ¨©.�¡à â¨¬áï á­®¢  ª á¨áâ¥¬¥ ãà ¢­¥­¨© (33), (34)¨ (36). �¥è ï ãà ¢­¥­¨ï (36), ¢¢®¤¨¬ ®¡®¡é¥­­ë©¯®â¥­æ¨ « 	 á«¥¤ãîé¨¬ ®¡à §®¬: = @3	@z@x@t ; A = @3	@z2@x: (46)�®¤áâ ¢¨¬ ¢ëà ¦¥­¨ï (46) ¢ ãà ¢­¥­¨ï (33) ¨(34). �®«ãç¨¢è¨¥áï ¯à¨ íâ®¬ á®®â­®è¥­¨ï ¡ã¤ãâã¤®¢«¥â¢®à¥­ë â®¦¤¥áâ¢¥­­®, ¥á«¨ ¯®«®¦¨âì� = � @4	@x2@t2 ; (47)�( @2@z2 � @2@t2 )	 = 0: (48)�¡é¥¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (48) â ª®¢®:	 = 	0 +	1(z � t; x) + 	2(z + t; x): (49)�	0 = 0: (50)�¤¥áì 	1 ¨ 	2 { ¯à®¨§¢®«ì­ë¥ äã­ªæ¨¨ á¢®¨å  à-£ã¬¥­â®¢. �®¤áâ ¢«ïï ¢ëà ¦¥­¨¥ (38) ¨ (46) ¢ ¢ë-à ¦¥­¨ï (31) ¨ (32), § ¯¨è¥¬:~v = r @3	@z@x@z � ~ey + @
y@z ~ey; (51)~h = r @3	@z2@x � ~ey + @
y@t ~ey: (52)� ª¨¬ ®¡à §®¬, ¥á«¨ ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥à¥è¥­® ãà ¢­¥­¨¥ � ¯« á  (50), â® ¯®«ï ¢¥«¨ç¨­�, ~v ¨ ~h ®¯à¥¤¥«ïâáï ¢ëà ¦¥­¨ï¬¨ (39), (49), (51)¨ (52).2. ���������� ������������������������ ��������1. � ãç¥â®¬ ¢ï§ª®áâ¨ ¨ ª®­¥ç­®© ¯à®¢®¤¨¬®-áâ¨ (� <1) ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï ¨ í«¥ªâà¨ç¥áª®©¨­¤ãªæ¨¨ ¬ £­¨â­®© £¨¤à®¤¨­ ¬¨ª¨ ­¥á¦¨¬ ¥¬®©¦¨¤ª®áâ¨ ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤ [28, 42]:@~v@t +r� = ~v � rot~v�� 14��0 ~H � rot ~H � �rotrot~v; (53)@ ~H@t = rot(~v � ~H) � �mrotrot ~H: (54)86 �. �. � «â ­®¢



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 82 { 98�¤¥áì � ¨ �m � (c2=4��) { ª®íää¨æ¨¥­âë ®¡ëç-­®© ¨ "¬ £­¨â­®©" ¢ï§ª®áâ¥©. �¨áâ¥¬ã ãà ¢­¥­¨©(53) ¨ (54) § ¬ëª îâ ãà ¢­¥­¨ï (1) ¨ (2). �¨áâ¥-¬ã «¨­¥ à¨§®¢ ­­ëå ãà ¢­¥­¨© á®áâ ¢«ïîâ ãà ¢-­¥­¨ï (1), (6),   â ª¦¥ á«¥¤ãîé¨¥ ãà ¢­¥­¨ï@~v@t +r� = (rot~h)� ~ez � �rotrot~v; (55)@~h@t = rot(~v � ~ez)� �mrotrot~h: (56)�à¨ íâ®¬ ¨á¯®«ì§®¢ ­ë ¡¥§à §¬¥à­ë¥ ¢¥«¨ç¨­ë(5),   â ª¦¥ á«¥¤ãîé¨¥ ¡¥§à §¬¥à­ë¥ ¢¥«¨ç¨­ë:� � p4��0�H0L ; �m � p4��0�mH0L : (57)2. �á¯®«ì§ã¥¬ ¤«ï ¢¥ªâ®à®¢ ~v ¨ ~h ¯à¥¤áâ ¢«¥-­¨ï (9) ¨ (10). �®¤áâ ¢«ïï ¢ëà ¦¥­¨ï (9) ¨ (10),á®®â¢¥âáâ¢¥­­®, ¢ ãà ¢­¥­¨ï (1) ¨ (6), ¯à¨å®¤¨¬ ªá®®â­®è¥­¨ï¬ (11) ¨ (12). �®¤áâ ¢¨¬ ¢ëà ¦¥­¨ï(9) ¨ (10) ¢ ãà ¢­¥­¨ï (53) ¨ (54) ¨ ¯à¨à ¢­ï¥¬ ¢¯®«ãç¨¢è¨åáï á®®â­®è¥­¨ïå ­ã«î áã¬¬ë á« £ ¥-¬ë¥ ¯®¤ §­ ª ¬¨ £à ¤¨¥­â  ¨ à®â®à  ¨ áã¬¬ë á« -£ ¥¬ëå ¯à¨ ¥¤¨­¨ç­®¬ ¢¥ªâ®à¥ ~ez . � à¥§ã«ìâ â¥¯®«ãç ¥¬: @�@t + �+ Sh + � @S@z = 0; (58)( @@t � ��)�� @�h@z = 0; (59)( @@t � ��)S � @Sh@z = 0; (60)( @@t � �m�)�h � @�@z = 0; (61)( @@t � �m�)�h � @�@z = 0; (62)( @@t � �m�)Sh � @S@z = 0: (63)�®®â­®è¥­¨ï (1), (6), (55) ¨ (56) ¯à¥¤áâ ¢«ïîâá®¡®© á¨áâ¥¬ã ¢®áì¬¨ áª «ïà­ëå ãà ¢­¥­¨©, á«ã-¦ éãî ¤«ï ®¯à¥¤¥«¥­¨ï á¥¬¨ áª «ïà­ëå ¢¥«¨ç¨­:âà¥å ª®¬¯®­¥­â áª®à®áâ¨, âà¥å ª®¬¯®­¥­â ¬ £­¨â-­®£® ¯®«ï ¨ ¢¥«¨ç¨­ë �.�®®â­®è¥­¨ï (11), (12) ¨ (58) { (63) â ª¦¥¯à¥¤áâ ¢«ïîâ á®¡®© á¨áâ¥¬ã ¢®áì¬¨ ãà ¢­¥­¨©,á«ã¦ éãî ¤«ï ®¯à¥¤¥«¥­¨ï á¥¬¨ ¢¥«¨ç¨­: è¥áâ¨®¡®¡é¥­­ëå ¯®â¥ª­æ¨ «®¢ �, �, S, �h, �h, Sh ¨¢¥«¨ç¨­ë �.� ª¨¬ ®¡à §®¬, ª ª ¨áå®¤­ ï á¨áâ¥¬  ãà ¢­¥­¨©(1), (6), (55) ¨ (56), â ª ¨ á¨áâ¥¬  ãà ¢­¥­¨© (11),(12) ¨ (58){(63) ï¢«ïîâáï ¯¥à¥®¯à¥¤¥«¥­­ë¬¨. �¤-­ ª®, ª ª ¨ ¢ ¯ à £à ä¥ 1, íâ  ¯¥à¥®¯à¥¤¥«¥­­®áâì®ª §ë¢ ¥âáï ¯à¥®¤®«¨¬®©.

�¡à â¨¬áï ª á¨áâ¥¬ ¬ ãà ¢­¥­¨© (59), (62) ¨(60), (63). �«ï ¢¥«¨ç¨­ �, �h, S ¨ Sh, ¢å®¤ïé¨å¢ íâ¨ á¨áâ¥¬ë ãà ¢­¥­¨©, ¢¢®¤¨¬ ®¡®¡é¥­­ë¥ ¯®-â¥­æ¨ «ë 
� ¨ 
S á«¥¤ãîé¨¬ ®¡à §®¬:� = @
�@z ; �h = ( @@t � ��)
�; (64)( @@t � �m�)( @@t � ��)
� � @2
�@z2 = 0; (65)S = @
S@z ; Sh = ( @@t � ��)
S; (66)( @@t � �m�)( @@t � ��)
S � @2
S@z2 = 0: (67)�®¤áâ ¢«ïï ¢ëà ¦¥­¨ï (66) ¢ ãà ¢­¥­¨ï (11), (12)¨ (58), § ¯¨è¥¬ ��+ @2
S@z2 = 0; (68)��h + ( @@t � ��)@
S@z = 0; (69)� = �� @2
S@z2 � ( @@t � ��)
S � @�@t : (70)�à¨ § ¤ ­­ëå ¢¥«¨ç¨­ å 
S ¨ � ¢ëà ¦¥­¨¥ (70)á«ã¦¨â ¤«ï ®¯à¥¤¥«¥­¨ï ¢¥«¨ç¨­ë �. �®áª®«ìªã®¡®¡é¥­­ë© ¯®â¥­æ¨ « 
S ­ å®¤¨âáï ¨§ ãà ¢­¥-­¨ï (67), â® ãà ¢­¥­¨ï (61), (68) ¨ (69) ¯à¥¤áâ ¢«ï-îâ á®¡®© á¨áâ¥¬ã âà¥å ãà ¢­¥­¨©, á«ã¦ éãî ¤«ï®¯à¥¤¥«¥­¨ï ¤¢ãå ¢¥«¨ç¨­ � ¨ �h. �®ª ¦¥¬, çâ®íâ  ¯¥à¥®¯à¥¤¥«¥­­®áâì ¯à¥®¤®«¨¬ . �¥è ï ãà ¢-­¥­¨¥ (61), ¢¢®¤¨¬ ®¡®¡é¥­­ë© ¯®â¥­æ¨ « 
�:� = ( @@t � �m�)
�; �h = @
�@z (71)�®¤áâ ¢¨¢ ¢ëà ¦¥­¨ï (71) ¢ ãà ¢­¥­¨ï (68) ¨ (69),¡ã¤¥¬ ¨¬¥âì( @@t � �m�)�
� + @2
S@z2 = 0; (72)�@
�@z + ( @@t � ��)@
S@z = 0: (73)�®«®¦¨¬ 
S = ��	S ; (74)��� @@t � �m��� @@t � ���� @2@z2 �	S = 0: (75)�®¤áâ ¢¨¬ ¢ëà ¦¥­¨¥ (74) ¢ ãà ¢­¥­¨ï (72) ¨ (73).�¡  ¯®«ãç¨¢è¨åáï á®®â­®è¥­¨ï ¡ã¤ãâ ã¤®¢«¥â¢®-à¥­ë â®¦¤¥áâ¢¥­­® ¢ á¨«ã ãà ¢­¥­¨ï (75), ¥á«¨
� = � @@t � ���	S : (76)�. �. � «â ­®¢ 87



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 82 { 98�ëà ¦ ï á ¯®¬®éìî á®®â­®è¥­¨© (9), (10), (58),(64), (66), (71), (74) ¨ (76) ¯®«ï ¢¥«¨ç¨­ ~v, ~h ¨ �ç¥à¥§ ¯®â¥­æ¨ «ë 	S ¨ 
�, ¡ã¤¥¬ ¨¬¥âì:~v = r� @@t � �m��� @@t � ���	S++rot�@
�@z ~ez���@	S@z ~ez; (77)~h = rotrot�� @@t � ���	S~ez�++rot�� @@t � ���
�~ez�; (78)� = ��@2	S@z2 ++� @@t � ������ @@t� @@t � �m���	S ; (79)� ª¨¬ ®¡à §®¬, ¯à¨ á¤¥« ­­ëå ¤®¯ãé¥­¨ïå § -¤ ç  á¢¥¤¥­  ª ®âëáª ­¨î à¥è¥­¨© ¤¢ãå ãà ¢­¥-­¨© (65) ¨ (75) ¤«ï ®¡®¡é¥­­ëå ¯®â¥­æ¨ «®¢ 
� ¨	S . �¥à¢®¥ ¨§ íâ¨å ãà ¢­¥­¨© ¨¬¥¥â ç¥â¢¥àâë©¯®àï¤®ª ¯® ¯à®¨§¢®¤­®©, ¢â®à®¥ { è¥áâ®©. �á«¨à¥è¥­¨ï ãª § ­­ëå ãà ¢­¥­¨© ­ ©¤¥­ë, â® ¯®«ï¢¥«¨ç¨­ ~v, ~h ¨ � ®¯à¥¤¥«¨¬ á ¯®¬®éìî ¢ëà ¦¥-­¨© (77) { (79).� á¢ï§¨ á â¥¬, çâ® ®¯¥à â®à � ¯« á  ¨ ®¯¥à -â®à ¢ ª¢ ¤à â­ëå áª®¡ª å, ¢å®¤ïé¨¥ ¢ (75), ª®¬-¬ãâ¨àãîâ ¤àã£ á ¤àã£®¬, à¥è¥­¨¥ ãà ¢­¥­¨ï (75)¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥	S = 	S0 + �S ;�	S0 = 0;�� @@t � �m��� @@t � ���� @2@z2 ��S = 0:� ª¨¬ ®¡à §®¬, ¯à¨ á¤¥« ­­ëå ¤®¯ãé¥­¨ïå § -¤ ç  á¢¥¤¥­  ª ®âëáª ­¨î à¥è¥­¨© âà¥å ãà ¢­¥-­¨© ¤«ï ®¡®¡é¥­­ëå ¯®â¥­æ¨ «®¢ 
�, 	S0 ¨ PS .�à ¢­¥­¨ï ¤«ï ®¡®¡é¥­­ëå ¯®â¥­æ¨ «®¢ 
� ¨PS®¤¨­ ª®¢ë¥ ¨ ¨¬¥îâ ç¥â¢¥àâë© ¯®àï¤®ª ¯® ¯à®¨§-¢®¤­ë¬. �à ¢­¥­¨¥ ¤«ï ®¡®¡é¥­­®£® ¯®â¥­æ¨ « 	S0 ï¢«ï¥âáï ãà ¢­¥­¨¥¬ � ¯« á .3. � ¬®­®£à ä¨¨ [58] ¯à¨¢®¤ïâáï ¢ ¦­ë¥ ¤«ï¯à ªâ¨ç¥áª®£® ¨á¯®«ì§®¢ ­¨ï ãà ¢­¥­¨ï ¤«ï äã­ª-æ¨¨ â®ª  ¨ âà¥âì¥© ª®¬¯®­¥­âë áª®à®áâ¨ v3 ¢ï§-ª®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ ­¥«¨­¥©­®¬ á«ãç ¥ ¢¯à®¨§¢®«ì­®© ®àâ®£®­ «ì­®© á¨áâ¥¬¥ ª®®à¤¨­ â.�®«ãç¨¬ ãà ¢­¥­¨ï ¤«ï äã­ªæ¨¨ â®ª , ¥¥ ¬ £-­¨â­®£®  ­ «®£  ¨ âà¥âì¨å ª®¬¯®­¥­â áª®à®áâ¨ ¨¬ £­¨â­®£® ¯®«ï v3 ¨ H3 ¢ï§ª®© ¯à®¢®¤ïé¥© ¢à -é îé¥©áï ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ ­¥«¨­¥©­®¬

á«ãç ¥ ¢ ¯à®¨§¢®«ì­®© ®àâ®£®­ «ì­®© á¨áâ¥¬¥ ª®-®à¤¨­ â (x1; x2; x3). �áå®¤­ãî á¨áâ¥¬ã ãà ¢­¥­¨©á®áâ ¢«ïîâ ãà ¢­¥­¨¥ ­¥à §àë¢­®áâ¨ (1),   â ª¦¥ãà ¢­¥­¨ï (2), (53) ¨ (54), ª®â®àë¥ ¢ à áá¬ âà¨-¢ ¥¬®¬ á«ãç ¥ ã¤®¡­¥¥ ¨á¯®«ì§®¢ âì ¢ â ª®¬ ¢¨¤¥:div~vm = 0; (80)@~vm@t = rot(~v � ~vm) � �rotrot~vm; (81)@~v@t +r� = ~v � (rot~v + 2!�~e�)��~vm � rot~vm � �rotrot~v; (82)~vm � ~Hp4��0 ;� � p� + ~v22 +G(~R)� !2�(~e� � ~R)2: (83)�¤¥áì ~e� { ¥¤¨­¨ç­ë© ¢¥ªâ®à ¢¤®«ì ®á¨ ¢à é¥­¨ï¦¨¤ª®áâ¨ ª ª æ¥«®£®, !� { ã£«®¢ ï áª®à®áâì ¢à é¥-­¨ï, ~R { à ¤¨ãá { ¢¥ªâ®à â¥ªãé¥© â®çª¨ ¯à®áâà ­-áâ¢ , G(~R) { £à ¢¨â æ¨®­­ë© ¯®â¥­æ¨ «. �á«¨¢¥«¨ç¨­ë ~v ¨ ~vm ®¯à¥¤¥«¥­ë, â® ­ ¯àï¦¥­­®áâìí«¥ªâà¨ç¥áª®£® ¯®«ï ¨ ¯«®â­®áâì â®ª  ®¯à¥¤¥«ïâ-áï á«¥¤ãîé¨¬¨ ¢ëà ¦¥­¨ï¬¨:~E = p4��0c (�mrot~vm � ~v � ~vm);~j = cp�0p4� rot~vm:�®« £ ï ¢ë¯®«­¥­­ë¬ ãá«®¢¨¥ á¨¬¬¥âà¨¨ ¯® ª®-®à¤¨­ â¥ x3(@=@x3 = 0), à¥è ¥¬ ãà ¢­¥­¨¥ ­¥-à §àë¢­®áâ¨ (1) ¨ ãá«®¢¨¥ ®âáãâáâ¢¨ï ¨áâ®ç­¨ª®¢¬ £­¨â­®£® ¯®«ï (80):~v = r � ~e3h3 + q~e3h3 ; q � h3v3; (84)~vm = r m � ~e3h3 + qm ~e3h3 ; qm � h3vm3: (85)�¤¥áì  - äã­ªæ¨ï â®ª ,  m - ¥¥ ¬ £­¨â­ë©  ­ «®£,h1; h2; h3 - ª®íää¨æ¨¥­âë � ¬¥ ®àâ®£®­ «ì­®© á¨-áâ¥¬ë ª®®à¤¨­ â. �à¨¬¥­ïï ª ¢ëà ¦¥­¨ï¬ (84) ¨(85) ®¯¥à æ¨¨ à®â®à  ¨ ¤¢®©­®£® à®â®à , § ¯¨è¥¬rot~v = �D� ~e3h3 +rq� ~e3h3 ;rotrot~v = �r(D� ) � ~e3h3 �D�q ~e3h3 ;rot~vm = �D� m ~e3h3 +rqm � ~e3h3 ;88 �. �. � «â ­®¢



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 82 { 98rotrot~vm = �r(D� m)� ~e3h3 �D�qm ~e3h3 ;D� = h3h1h2� @@x1 h2h3h1 @@x1++ @@x2 h1h3h2 @@x2�: (86)�®¤áâ ¢¨¬ ¢ëà ¦¥­¨ï (84) - (86) ¢ ãà ¢­¥­¨¥ ¤¢¨-¦¥­¨ï (82) ¨ ¢ ¯®«ãç¨¢è¥¬áï á®®â­®è¥­¨¨ ¯à¨-à ¢­ï¥¬ ­ã«î áã¬¬ã ¬­®¦¨â¥«¥© ¯à¨ ¢¥ªâ®à¥ ~e3.� à¥§ã«ìâ â¥ § ¯¨è¥¬@q@t � 1h1h2h3 @( ; q)@(x1; x2) � �D�q��2!�(~e� � r )++ 1h1h2h3 @( m; qm)@(x1; x2) = 0 (87)� ®áâ ¢è¥©áï ç áâ¨ ãª § ­­®£® á®®â­®è¥­¨ï ¯à¨-¬¥­¨¬ ®¯¥à æ¨î à®â®à , ¨áª«îç ï â ª¨¬ ®¡à §®¬¨§ ­¥¥ ¢¥«¨ç¨­ã �. � à¥§ã«ìâ â¥ ¡ã¤¥¬ ¨¬¥âì@D� @t � h3h1h2 @( ; h�23 D� )@(x1x2) ���D�D� + 2qh1h2h23 @(q; h3)@(x1x2)++2!��h23div(q~e�h23 ) + h3h1h2 @( ; h�13 e�3)@(x1; x2) �++ h3h1h2 @( m; h�23 D� m)@(x1; x2) �� 2qmh1h2h23 @(qm; h3)@(x1; x2) = 0: (88)�¤¥áì e�3 ¥áâì ¯à®¥ªæ¨ï ¥¤¨­¨ç­®£® ¢¥ªâ®à  ­ ®àâ ~e3, e�3 = (~e3~e�). �®¤áâ ¢¨¬ ¢ëà ¦¥­¨ï (84)- (86) ¢ ãà ¢­¥­¨¥ í«¥ªâà¨ç¥áª®© ¨­¤ãªæ¨¨ (81)¨ ¯à¨à ¢­ï¥¬ ¢ ¯®«ãç¨¢è¥¬áï á®®â­®è¥­¨¨ ­ã«îáã¬¬ã ª®íää¨æ¨¥­â®¢, áâ®ïé¨å ¬­®¦¨â¥«ï¬¨ ¯à¨¢¥ªâ®à¥ ~e3 ¯®¤ §­ ª®¬ à®â®à , ¨ áã¬¬ã ª®íää¨æ¨-¥­â®¢, áâ®ïé¨å ¬­®¦¨â¥«ï¬¨ ¯à¨ ¢¥ªâ®à¥ ~e3 ­¥¯®¤ §­ ª®¬ à®â®à . � à¥§ã«ìâ â¥ ¯à¨å®¤¨¬ ª á«¥-¤ãîé¨¬ ãà ¢­¥­¨ï¬:@ m@t � 1h1h2h3 @( ;  m)@(x1; x2)���mD� m = 0; (89)@qm@t � h3h1h2 @( ; h�23 qm)@(x1; x2) ++ h3h1h2 @( m ; h�23 q)@(x1; x2) � �mD�qm = 0: (90)

�®®â­®è¥­¨ï (87) - (90) ¯à¥¤áâ ¢«ïîâ á®¡®© á¨-áâ¥¬ã ç¥âëà¥å ­¥«¨­¥©­ëå ãà ¢­¥­¨© ¢ ç áâ­ëå¯à®¨§¢®¤­ëå, á«ã¦ éãî ¤«ï ®¯à¥¤¥«¥­¨ï ç¥âëà¥å¢¥«¨ç¨­  ,  m, q ¨ qm. � á«ãç ¥ ®âáãâáâ¢¨ï ¬ £-­¨â­®£® ¯®«ï ( m = 0; qm = 0) ãà ¢­¥­¨ï (87) ¨(90) ã¯à®é îâáï ¨ ¯à¨­¨¬ îâ ¢¨¤:@q@t � 1h1h2h3 @( ; q)@(x1; x2)��2!�(~e� � r ) � �D�q = 0; (91)@D� @t � h3h1h2 @( ; h�23 D� )@(x1; x2) ���D�D� + 2qh1h2h23 @(q; h3)@(x1; x2)++2!��h23div(q~e�h23 )++ h3h1h2 @( ; h�13 e�3)@(x1; x2) � = 0: (92)�¨áâ¥¬  ãà ¢­¥­¨© (91) ¨ (92) á«ã¦¨â ¤«ï ®¯à¥-¤¥«¥­¨ï ¢¥«¨ç¨­  ¨ q. �à¨ !� = 0 ®­  ¯¥à¥å®¤¨â¢ á¨áâ¥¬ã ãà ¢­¥­¨©, ¯®«ãç¥­­ãî ¢ ¬®­®£à ä¨¨[58].�¡à â¨¬áï á­®¢  ª á¨áâ¥¬¥ ãà ¢­¥­¨© (87) -(90). � áá¬®âà¨¬ ªàã£®¢ãî æ¨«¨­¤à¨ç¥áªãî á¨-áâ¥¬ã ª®®à¤¨­ â:x1 = z; x2 = r; x3 = ';h1 = 1; h2 = 1; h3 = r:�®«®¦¨¬ ¢ íâ®¬ á«ãç ¥~e� = ~ez ;£¤¥ ~ez { ¥¤¨­¨ç­ë© ¢¥ªâ®à ¢¤®«ì ®á¨ z. � à¥§ã«ì-â â¥ ¨¬¥¥¬ á«¥¤ãîé¨¥ ãà ¢­¥­¨ï:vz = 1r @ @r ; vr = �1r @ @z ; rv' = q;vmz = 1r @ m@z ; vmr = �1r @ m@z ; rvm' = qm;D� = @2@r2 � 1r @@r + @2@z2 ;@D� @t � r@( ; r�2D� )@(z; r) ++2(!� + qr2 )@q@z � 2qmr2 @qm@z ++r@( m; r�2D� m)@(z; r) � �D�D� = 0;�. �. � «â ­®¢ 89



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 82 { 98@q@t � 1r @( ; q)@(z; r) � 2!� @ @z ++1r @( m; qm)@(z; r) � �D�q = 0;@ m@t � 1r @( ;  m)@(z; r) � �D� m = 0;@qm@t � r@( ; r�2qm)@(z; r) ++r@( m; r�2q)@(z; r) � �mD�qm = 0� áá¬®âà¨¬ áä¥à¨ç¥áªãî á¨áâ¥¬ã ª®®à¤¨­ â:x1 = R, x2 = �, x3 = ', h1 = 1, h2 = R,h3 = Rsin�. �®«®¦¨¬ ¨ ¢ íâ®¬ á«ãç ¥~e� = ~ez = cos�~eR � sin�~e�;£¤¥ ~eR ¨ ~e� áãâì ¥¤¨­¨ç­ë¥ ¢¥ªâ®àë ¢ à ¤¨ «ì-­®¬ ¨ ¬¥à¨¤¨ «ì­®¬ ­ ¯à ¢«¥­¨ïå. � à¥§ã«ìâ â¥¨¬¥¥¬ á«¥¤ãîé¨¥ ãà ¢­¥­¨ï:vR = 1R2sin� @ @� ; v� = � 1Rsin� @ @R;v' = qRsin� ; vmR = 1R2sin� @ m@� ;vm� = � 1Rsin� @ m@R ; vm' = qmRsin� ;D� = @2@R2 + sin�R2 @@�� 1sin� @@��;@D� @t � sin�@( ;R�2sin�2�D� )@(R;�) ���D�D� + 2�!� + qR2sin2��� @q@Rcos��� @qR@�sin��+ sin�@( m; R�2sin�2�D� m)@(R;�) �� 2qmR2sin2��@qm@R cos�� @qmR@�sin�� = 0;@q@t � 1R2sin� @( ; q)@(R;�) + 1R2sin� @( m; qm)@(R;�) ��2!�( @ @R cos� � @ R@�sin�)� �D�q = 0;@ m@t � 1R2sin� @( ;  m)@(R;�) � �mD� m = 0;@qm@t + sin��@( m; R�2sin�2�q)@(R;�) ��@( ;R�2sin�2�qm)@(R;�) �� �mD�qm = 0:

�«ï ¤¥ª àâ®¢ëå ¨ æ¨«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â¯à¨ ­ «¨ç¨¨ á¤¢¨£®¢®© á¨¬¬¥âà¨¨x3 = z; h3 = 1:�®«®¦¨¬ ¢ íâ®¬ á«ãç ¥~e� � ~ez = 0:� à¥§ã«ìâ â¥ ¨¬¥¥¬ á«¥¤ãîé¨¥ ãà ¢­¥­¨ï:D� = � = 1h1h2� @@x1 h2h1 @@x1 + @@x2 h1h2 @@x2�;v1 = @ h2@x2 ; v2 = � @ h1@x1 ; vz = q;vm1 = @ mh2@x2 ; vm2 = � @ mh1@x1 ; vmz = qm;@� @t � 1h1h2 @( ;� )@(x1; x2) � ���� ++2!�(~e�r)q + 1h1h2 @( m;� m)@(x1; x2) = 0;@q@t � 1h1h2 @( ; q)@(x1; x2) � ��q��2!�(~e� � r) + 1h1h2 @( m; qm)@(x1; x2) = 0;@ m@t � 1h1h2 @( ;  m)@(x1; x2) � �m� m = 0;@qm@t + 1h1h2 � @( m; q)@(x1; x2) �� @( ; qm)@(x1; x2)����m�qm = 0;�à¨ !� = 0 ¨§ ¯®«ãç¥­­®© á¨áâ¥¬ë ç¥âëà¥å ãà ¢-­¥­¨© ¢ë¤¥«ï¥âáï ¯®¤á¨áâ¥¬  ¤¢ãå ãà ¢­¥­¨© ¤«ï®¯à¥¤¥«¥­¨ï ¢¥«¨ç¨­  ¨  m. �à¨ íâ®¬ ¤®¯ãáâ¨¬á«ãç © ç¨áâ® ¯«®áª¨å â¥ç¥­¨© (q = 0; qm = 0).�â¬¥â¨¬, çâ® ¤«ï á«ãç ï !� = 0 ¯à¨ ­ «¨ç¨¨§ ¢¨á¨¬®áâ¨ ä¨§¨ç¥áª¨å ¢¥«¨ç¨­ ®â ¤¢ãå ®àâ®-£®­ «ì­ëå ª®®à¤¨­ â ¨ ¢à¥¬¥­¨ á¨áâ¥¬  ç¥âëà¥åáª «ïà­ëå ãà ¢­¥­¨©, á«ã¦ é ï ¤«ï ®¯à¥¤¥«¥­¨ïäã­ªæ¨© â®ª  ¨ âà¥âì¨å ª®¬¯®­¥­â áª®à®áâ¨ ¨ ­ -¯àï¦¥­­®áâ¨ ¬ £­¨â­®£® ¯®«ï, ¯®«ãç¥­  ¢ áâ âì¥[61]. �ª § ­­ ï áâ âìï á®¤¥à¦¨â â ª¦¥ ¡¨¡«¨®-£à ä¨î à ¡®â ¯® ¬¥â®¤®«®£¨¨ ¢ â¥®à¨¨ ­¥«¨­¥©-­ëå ­¥áâ æ¨®­ à­ëå ¤¢ãå¯ à ¬¥âà¨ç¥áª¨å § ¤ ç¬ £­¨â­®© £¨¤à®¤¨­ ¬¨ª¨.90 �. �. � «â ­®¢



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 82 { 983. ������� ���������1. �¨áâ¥¬  ãà ¢­¥­¨© ¤¨­ ¬¨ª¨ ¢à é îé¥©áï®¤­®à®¤­®© ¦¨¤ª®áâ¨ ¢ ¯à¨¡«¨¦¥­¨¨ ¬¥«ª®© ¢®¤ë¨¬¥¥â á«¥¤ãîé¨© ¢¨¤ [27, 30]:@~v@t + 2!�~ez � ~v = �gr�; (93)@�@t + div(H~v) = 0; ~v � (v1; v2): (94)�¤¥áì �(x1; x2; t) { ¢®§¢ëè¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå-­®áâ¨, ~v(x1; x2; t) - áª®à®áâì ¦¨¤ª®áâ¨, H(x1; x2) -£«ã¡¨­  ¡ áá¥©­ , 2!� - ¯ à ¬¥âà �®à¨®«¨á , g -ãáª®à¥­¨¥ á¨«ë âï¦¥áâ¨. � áá¬®âà¥­¨¥ ¯à®¢®¤¨â-áï ¢ ®àâ®£®­ «ì­®© á¨áâ¥¬¥ ª®®à¤¨­ â (x1; x2; z).2. �à¥¤áâ ¢¨¬ áª®à®áâì ~v ¢ ¢¨¤¥~v = r�+ rot(�2~ez); (95)£¤¥ � ¨ � - ®¡®¡é¥­­ë¥ ¯®â¥­æ¨ «ë. �®¤áâ ¢¨¬(95) ¢ ãà ¢­¥­¨¥ (93). �à¨à ¢­¨¢ ï ¢ ¯®«ãç¨¢-è¨¬áï á®®â­®è¥­¨¨ áã¬¬ë á« £ ¥¬ëå ¯® §­ ª ¬¨£à ¤¨¥­â  ¨ à®â®à , á®®â¢¥âáâ¢¥­­® ¯®«ãç ¥¬@�@t + 2!��2 + g� = 0; (96)@�2@t � 2!�� = 0: (97)�ëà ¦ ï á ¯®¬®éìî (96) ¨ (97) ¢¥«¨ç¨­ë � ¨ �ç¥à¥§ ¯®â¥­æ¨ « �, ­ å®¤¨¬� = 12!� @�2@t ; (98)� = �2!�g �1 + @24!2�@t2��2: (99)�áª«îç¨¢ ¨§ ¢ëà ¦¥­¨ï (95) ¯®â¥­æ¨ « � á ¯®¬®-éìî ¢ëà ¦¥­¨ï (98), § ¯¨è¥¬~v = 12!�r@�2@t + rot(�2~ez): (100)�áª«îç ï ¤ «¥¥ á ¯®¬®éìî ¢ëà ¦¥­¨© (99) ¨ (100)¢¥«¨ç¨­ë � ¨ ~v ¨§ ãà ¢­¥­¨ï ­¥à §àë¢­®áâ¨ (94),¯à¨å®¤¨¬ ª á«¥¤ãîé¥¬ã á®®â­®è¥­¨î:LH�2 = 0;LH � �g(H�+rH � r)� 4!2� � @2@t2 � @@t++2!�g @(H; )h1h2@(x1; x2) ;

� � 1h1h2� @@x1�h2h1 @@x1�+ @@x2�h1h2 @@x2��;r � ~e1 @h1@x1 + ~e2 @h2@x2 : (101)�¤¥áì h1 ¨ h2 { ª®íää¨æ¨¥­âë � ¬¥ ®àâ®£®­ «ì-­®© á¨áâ¥¬ë ª®®à¤¨­ â ­  ¯«®áª®áâ¨ z = const;~e1 ¨ ~e2 { ¥¤¨­¨ç­ë¥ ¢¥ªâ®àë, ª á â¥«ì­ë¥ ª®®à¤¨-­ â­ë¬ «¨­¨ï¬ x1 ¨ x2 á®®â¢¥âáâ¢¥­­®.�®®â­®è¥­¨¥ (101) ¯à¥¤áâ ¢«ï¥â á®¡®© «¨­¥©-­®¥ ¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ ¢ ç áâ­ëå ¯à®-¨§¢®¤­ëå âà¥âì¥£® ¯®àï¤ª , á«ã¦ é¥¥ ¤«ï ®¯à¥-¤¥«¥­¨ï ®¡®¡é¥­­®£® ¯®â¥­æ¨ «  �. �á«¨ ¥£® à¥-è¥­¨¥ ­ ©¤¥­®, â® ¢ëà ¦¥­¨ï (99) ¨ (100) ®¯à¥¤¥-«ïîâ ¢®§¢ëè¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ � ¨ áª®-à®áâì ¦¨¤ª®áâ¨ ~v.3. � á«ãç ¥ ¯®áâ®ï­­®© £«ã¡¨­ë ¦¨¤ª®áâ¨ (H =const) ãà ¢­¥­¨¥ (101) ã¯à®é ¥âáï ¨ ¯à¨­¨¬ ¥â¢¨¤ �gH�� 4!2� � @2@t2�@�2@t = 0 (102)� á¨«ã ª®¬¬ãâ¨àã¥¬®áâ¨ ¢å®¤ïé¨å ¢ ãà ¢­¥­¨¥(102) ®¯¥à â®à®¢ (@=@t) ¨ [gH�� 4!2� � (@2=@t2)]¥£® ®¡é¥¥ à¥è¥­¨¥ ¨¬¥¥â ¢¨¤:�2 = �(x1; x2; t) + �1(x1; x2); (103)£¤¥ �1(x1; x2) { ¯à®¨§¢®«ì­ ï äã­ªæ¨ï ¯à®áâà ­-áâ¢¥­­ëå ª®®à¤¨­ â,   �(x1; x2; t) - ®¡é¨© ¨­â¥-£à « ãà ¢­¥­¨ï �«¥©­  - �®à¤®­  [5, 34]:�gH�� 4!2� � @2@t2�� = 0: (104)4. �ãáâì â¥ç¥­¨ï áâ æ¨®­ à­ë¥:� = 0; �2 = �1(x1; x2): (105)�ç¨âë¢ ï á®®â­®è¥­¨¥ (105) ¢ ¢ëà ¦¥­¨ïå (99) ¨(100), á®®â¢¥âáâ¢¥­­® ¯®«ãç ¥¬� = �2!�g �1; ~v = r�1 � ~ez: (106)�®£« á­® ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï (93), ¢ íâ®¬ á«ãç ¥á¨«  �®à¨®«¨á  ¨ £à ¢¨â æ¨®­­ ï á¨«  ãà ¢­®¢¥-è¨¢ îâ ¤àã£ ¤àã£ .5. �à¨¬¥­¨¬ ª «¥¢®© ¨ ¯à ¢®© ç áâï¬ ãà ¢­¥­¨ï(101) ®¯¥à â®à L� :L� � � 12!�g�1 + @24!2�@t2�: (107)�ç¨âë¢ ï § â¥¬ â® ®¡áâ®ïâ¥«ìáâ¢®, çâ® ®¯¥à â®-àë LH ¨ L� ª®¬¬ãâ¨àãîâ ¤àã£ á ¤àã£®¬,   â ª¦¥á¢ï§ì (99), ¯®«ãç ¥¬LH� = 0: (108)�. �. � «â ­®¢ 91



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 82 { 98�à ¢­¥­¨¥ (108) ¯à¨¢¥¤¥­®, ­ ¯à¨¬¥à, ¢ ¬®­®£à -ä¨¨ [30]. � ®â- «¨ç¨¥ ®â ¯®â¥­æ¨ «  �2, áª®à®áâì ~v­¥ ¢ëà ¦ ¥âáï ¢ ª®­¥ç­®¬ ¢¨¤¥ ç¥à¥§ ¢®§¢ëè¥­¨¥¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨.6. �®ª ¦¥¬, çâ® á¨áâ¥¬  âà¥å áª «ïà­ëå ãà ¢-­¥­¨© (93) ¨ (94) ¤®¯ãáª ¥â áãé¥áâ¢®¢ ­¨¥ ¤¢ãå¢ ­¥ª®â®à®¬ á¬ëá«¥ ®á®¡ëå áª «ïà­ëå ¯®â¥­æ¨ -«®¢, ã¤®¢«¥â¢®àïîé¨å á¨áâ¥¬¥ ¤¢ãå ãà ¢­¥­¨© ¢ç áâ­ëå ¯à®¨§¢®¤­ëå, ç¥à¥§ ­¥ª®â®àë¥ ¢¥«¨ç¨­ëv1 ¨ v2 ¨ � ¢ëà ¦ îâáï ¢ ª®­¥ç­®¬ ¢¨¤¥.�®¬¡¨­¨àãï ¯¥à¢ãî ¨ ¢â®àãî ª®¬¯®­¥­âëãà ¢­¥­¨ï ¤¢¨¦¥­¨ï (93), ¯®«ãç ¥¬@@t�e2i!�t(v1 + iv2)� == �ge2i!�t� @�h1@x1 + i @�h2@x2�: (109)�¤¥áì i { ¬­¨¬ ï ¥¤¨­¨æ . �¢¥¤¥¬ ª®¬¯«¥ªá­ãîäã­ªæ¨î Z á«¥¤ãîé¨¬ ®¡à §®¬:� = e�2i!�t@Z@t ; Z = Zr + iZi; (110)sin2!�t@Zr@t � cos2!�t@Zi@t = 0: (111)�¤¥áì Zr ¨ Zi - ¤¥©áâ¢¨â¥«ì­ë¥ äã­ªæ¨¨  à£ã¬¥­-â®¢ x1, x2 ¨ t. �à ¢­¥­¨¥ (111) ¥áâì á«¥¤áâ¢¨¥âà¥¡®¢ ­¨ï ¤¥©áâ¢¨â¥«ì­®áâ¨ ¢¥«¨ç¨­ë �. �®¤-áâ ¢«ïï ¢ëà ¦¥­¨¥ (110) ¢ ¯à ¢ãî ç áâì ãà ¢­¥-­¨ï (109) ¨ ¯à®¢®¤ï ¨­â¥£à¨à®¢ ­¨¥ ¯® ¢à¥¬¥­¨,¡ã¤¥¬ ¨¬¥âìv1 + iv2 = �ge�2i!�t� @h1@x1 + i @h2@x2�Z: (112)� ãç¥â®¬ ãà ¢­¥­¨ï (111) ¨§ ¢ëà ¦¥­¨ï (110) á«¥-¤ã¥â � = cos2!�t@Zr@t + sin2!�t@Zi@t : (113)�§ ¢ëà ¦¥­¨ï (112) ¯®«ãç ¥¬v1 = �g�cos2!�t� @Zrh1@x1 � @Zih2@x2�++sin2!�t� @Zrh2@x2 + @Zih1@x1��;v2 = �g�cos2!�t� @Zrh2@x2 + @Zih1@x1�++sin2!�t� @Zih2@x2 � @Zrh1@x1��: (114)�®¤áâ ¢¨¢ ¢ëà ¦¥­¨ï (113) ¨ (114) ¢ ãà ¢­¥­¨¥(94), § ¯¨è¥¬@@t�cos2!�t@Zr@t + sin2!�t@Zi@t ��

�¨á. 1. �å¥¬  ¡ áá¥©­ � gh1h2� @@x1�h2H�cos2!�t� @Zrh1@x1 � @Zih2@x2�++sin!�t� @Zrh2@x2 + @Zih1@x1���++ @@x2�h1H�cos2!�t� @Zrh2@x2 + @Zih1@x1�++sin2!�t� @Zih2@x2 � @Zrh1@x1���� = 0: (115)� ª¨¬ ®¡à §®¬, § ¤ ç  á¢¥¤¥­  ª á¨áâ¥¬¥ ¤¢ãåãà ¢­¥­¨© ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå (111) ¨ (115)¤«ï ¤¢ãå ¯®â¥­æ¨ «®¢ Zr ¨ Zi. �à¨ç¥¬ ãà ¢­¥­¨¥(115) ¨¬¥¥â ¢â®à®© ¯®àï¤®ª ª ª ¯® ¢à¥¬¥­¨, â ª¨ ¯® ª®®à¤¨­ â ¬. �à ¢­¥­¨¥ (111) ¨¬¥¥â ¯¥à¢ë©¯®àï¤®ª, ¨ ¢ ­¥£® ¢å®¤ïâ â®«ìª® ¯¥à¢ë¥ ¯à®¨§¢®¤-­ë¥ ¯® ¢à¥¬¥­¨. � ª ¯à¥¤áâ ¢«ï¥âáï, íâ  á¨áâ¥-¬  ãà ¢­¥­¨© ¢ á¨«ã ®¯à¥¤¥«¥­­®© á¨¬¬¥âà¨¨ ¢å®-¦¤¥­¨ï ¢ ­¥¥ ¢¥«¨ç¨­ Zr ¨ Zi ¬®¦¥â ¯à¥¤áâ ¢¨âì¨­â¥à¥á ¯à¨ ç¨á«¥­­ëå à áç¥â å.7. � áá¬®âà¨¬ § ¤ çã ® á¥©è¥¢ëå ª®«¥¡ ­¨ïå¢ ¡ áá¥©­¥ ¯¥à¥¬¥­­®© £«ã¡¨­ë, á¥ç¥­¨¥ ª®â®à®£®¨§®¡à ¦¥­® ­  p¨á. 1.�â¥­ª¨ ¡ áá¥©­  ¨¬¥îâ ¡¥áª®­¥ç­ãî ¤«¨­ã¢¤®«ì ®á¨ y. �¡¥ ¢¥àâ¨ª «ì­ë¥ áâ¥­ª¨ ¡ áá¥©-­  ¤®áâ¨£ îâ £«ã¡¨­ë H0. �à®ä¨«ì ¤­  ¡ áá¥©-­  ªãá®ç­®-«¨­¥¥­. �¥«¨ç¨­  Hm { ¬ ªá¨¬ «ì-­ ï £«ã¡¨­  ¡ áá¥©­ , ª®â®à ï ¤®áâ¨£ ¥âáï ¯à¨x = xm. �£à ­¨ç¨¬áï à áá¬®âà¥­¨¥¬ ª®«¥¡ ­¨©,¢ ª®â®àëå ä¨§¨ç¥áª¨¥ ¢¥«¨ç¨­ë ­¥ § ¢¨áïâ ®â y.� à¥§ã«ìâ â¥ ¤«ï äã­ªæ¨¨ �2 ¯®«ãç ¥¬ á«¥¤ãîé¥¥¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥:�g�H @2@x2 + dHdx @@x�� 4!2� � @2@t2 �@�2@t = 0;0 � x � xm; H = H0 + �1x; �1 = Hm �H0xm ;xm � x � x2; H = Hm � �2(x� xm);�2 = Hm �H0x2 � xm (116)92 �. �. � «â ­®¢



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 82 { 98�à¨ íâ®¬ ¤«ï ¢®§¢ëè¥­¨ï � á¯à ¢¥¤«¨¢® ¢ëà ¦¥-­¨¥ (99). �«ï ª®¬¯®­¥­â áª®à®áâ¨ vx ¨ vy ¨¬¥îâ¬¥áâ® á«¥¤ãîé¨¥ ¢ë- à ¦¥­¨ï:vx = 12!� @2�2@x@t ; vy = �@�2@x : (117)�à¨­ï¢ ¢ ª ç¥áâ¢¥ ­¥§ ¢¨á¨¬®© ¯¥à¥¬¥­­®© £«ã-¡¨­ã ¡ áá¥©­  H, ãà ¢­¥­¨¥ (116) § ¯¨è¥¬ ¢ ¢¨¤¥�g�21�H @2@H2 + @@H�� 4!2� � @2@t2�@�2@t = 0; (118)0 � x � xm;�g�22�H @2@H2 + @@H�� 4!2� � @2@t2�@�2@t = 0; (119)xm � x � x2:� §ëáª¨¢ ¥¬ à¥è¥­¨ï ãà ¢­¥­¨© (118) ¨ (119) ¢¢¨¤¥ áâ®ïç¨å ¢®«­, �2 = �2(H)sin!t. � à¥§ã«ì-â â¥, ®â¢«¥ª ïáì ®â à áá¬®âà¥­¨ï áâ æ¨®­ à­ëåà¥è¥­¨© ãà ¢­¥­¨© (118) ¨ (119), á ãç¥â®¬ (99) ¨(117) ¡ã¤¥¬ ¨¬¥âì�2 = [A1J0(2ph) + B1N0(2ph)]sin!t;� = !2 � 4!2�2!�g [A1J0(2ph) + B1N0(2ph)]sin!t;vx = �!(!2 � 4!2�)2!�g�1 1ph [A1J1(2ph)++B1N1(2ph)]cos!t;vy = !2 � 4!2�g�1 1ph [A1J1(2ph) + B1N1(2ph)]sin!t;h = (H0 + �1x)(!2 � 4!2�)g�21 ; 0 � x � xm; (120)�2 = [A2J0(2ph) + B2N0(2ph)]sin!t;� = !2 � 4!2�2!�g [A2J0(2ph) + B2N0(2ph)]sin!t;vx = !(!2 � 4!2�)2!�g�2 1ph [A2J1(2ph)++B2N1(2ph)]cos!t;vy = �!2 � 4!2�g�2 1ph [A2J1(2ph)+B2N1(2ph)]sin!t;h = [Hm � �2(x� xm)](!2 � 4!2�)g�22 ; xm � x � x2(121)�¤¥áì J0,N0, J1 ¨ N1 { äã­ªæ¨¨ �¥áá¥«ï ¨ �¥©¬ ­ ­ã«¥¢®£® ¨ ¯¥à¢®£® ¯®àï¤ª ; A1, B1, A2 ¨ B2 {¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­­ë¥.

� ¯®¬®éìî à¥è¥­¨© (120) ¨ (121) ã¤®¢«¥â¢®à¨¬á«¥¤ãîé¨¬ ãá«®¢¨ï¬:x = 0; x2; vx = 0;x = xm; [vx]; [�] = 0: (122)�¤¥áì ª¢ ¤à â­ë¥ áª®¡ª¨ ®§­ ç îâ áª ç®ª § -ª«îç¥­­ëå ¢ ­¨å ¢¥«¨ç¨­. � à¥§ã«ìâ â¥ ¯à¨å®¤¨¬ª á«¥¤ãîé¥¬ã ¤¨á¯¥àá¨®­­®¬ã ãà ¢­¥­¨î:[J0(2phm1)� �1N0(2phm1)]��[J1(2p2hm2) � �2N1(2phm2)]++[J1(2phm1)� �1N1(2phm1)]��[J0(2phm2) � �2N0(2phm2)] = 0;hm2 = �21�22hm1; �1 = J1(2ph01)N1(2ph01) ; �2 = J1(2ph02)N1(2ph02) ;h01 = "0hm1; h02 = "0�21�22hm1; "0 = H0Hm (123)�à ¢­¥­¨¥ (123) ®¯à¥¤¥«ï¥â áç¥â­®¥ ¬­®¦¥áâ¢®ª®à­¥© hkm1; k = 1; 2; :::. �®®â¢¥âáâ¢ãîé¨¥ íâ¨¬ª®à­ï¬ á®¡áâ¢¥­­ë¥ ç áâ®âë !k ¨ ¯¥à¨®¤ë Tk á¥©-è¥¢ëå ª®«¥¡ ­¨© â ª®¢ë:!k =s4!2� + g�21hkm1Hm ; Tk = 2�!k : (124)�«ï  ¬¯«¨âã¤ á¬¥é¥­¨© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨á¯à ¢¥¤«¨¢ë ¢ëà ¦¥­¨ï�a = !2 � 4!2�2!�g A1[J0(2ph) � �1N0(2ph)];h = (H0 + �1x)(!2 � 4!2�)g�21 ; 0 � x � xm; (125)�a = !2 � 4!2�2!�g �3A1[J0(2ph) � �2N0(2ph)];�3 = J0(2phm1) � �1N0(2phm1)J0(2phm2)� �2N0(2phm2) ;h = [Hm � �2(x� xm)](!2 � 4!2�)g�22 ; xm � x � x2:(126)�¤¥áì A1 - ¯à®¨§¢®«ì­ ï ¯®áâ®ï­­ ï.� á«ãç ¥ á¨¬¬¥âà¨ç­®£® (xm = (x2=2)) ¡ áá¥©­ ¤¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ (123) à §¤¥«ï¥âáï ­  ¤¢¥¢¥â¢¨: 1) J1(2phm) � �N1(2phm) = 0;2) J0(2phm) � �N0(2phm) = 0;�. �. � «â ­®¢ 93



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 82 { 98� = J1(2ph0)N1(2ph0) ; h0 = "0hm: (127)�à ¢­¥­¨ï (127) ®¯à¥¤¥«ïîâ áç¥â­®¥ ¬­®¦¥áâ¢®ª®à­¥© hkm; k = 1; 2; :::. �®®â¢¥âáâ¢ãîé¨¥ íâ¨¬ª®à­ï¬ á®¡áâ¢¥­­ë¥ ç áâ®âë !k ¨ ¯¥à¨®¤ë Tk á¥©-è¥¢ëå ª®«¥¡ ­¨© â ª®¢ë:!k =s4!2� + g�2hkmHm ; Tk = 2�!k ;� = 2(Hm �H0)x2 : (128)�«ï  ¬¯«¨âã¤ á¬¥é¥­¨© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨¢ á«ãç ¥ á®¡áâ¢¥­­ëå ç áâ®â, ®¯à¥¤¥«ï¥¬ëå ¯¥à-¢ë¬ ¨ ¢â®àë¬ ãà ¢­¥­¨ï¬¨ (127), ¨¬¥îâ ¬¥áâ®,á®®â¢¥âáâ¢¥­­®, ¢ëà ¦¥­¨ï�a = !2 � 4!2�2!�g A[J0(2ph)� �N0(2ph)];h = (H0 + �x)(!2 � 4!2�)g�2 ; 0 � x � x2=2;h = (Hm � �(x� x22 ))(!2 � 4!2�)g�2 ; x22 � x � x2;(129)�a = !2 � 4!2�2!�g A[J0(2ph)� �N0(2ph)];h = (H0 + �x)(!2 � 4!2�)g� ; 0 � x � x2=2;�a = �!2 � 4!2�2!�g A[J0(2ph)� �N0(2ph)];h = (Hm � �(x� x22 ))(!2 � 4!2�)g�2 ; x22 � x � x2:(130)�¤¥áì A - ¯à®¨§¢®«ì­ ï ¯®áâ®ï­­ ï.� á«ãç ¥ xm = 0 ¯® ¢á¥© è¨à¨­¥ ¡ áá¥©­  á¯à -¢¥¤«¨¢® à¥è¥­¨¥ (121). �¤®¢«¥â¢®àïï á ¯®¬®éìîíâ®£® à¥è¥­¨ï ãá«®¢¨ï¬ vx = 0 ¯à¨ x = 0 ¨ x2,¯à¨å®¤¨¬ ª á«¥¤ãîé¥¬ã ¤¨á¯¥àá¨®­­®¬ã ãà ¢­¥-­¨î: J1(2phm)N1(2p"0hm)��N1(2phm)J1(2p"0hm) = 0: (131)�¤¥áì ¢¥«¨ç¨­  "0 ®¯à¥¤¥«ï¥âáï á®£« á­® ¯®á«¥¤­¥-£® á®®â­®è¥­¨ï (123). �à ¢­¥­¨¥ (131) ®¯à¥¤¥«ï¥âáç¥â­®¥ ¬­®¦¥áâ¢® ª®à­¥© hkm; k = 1; 2; :::. �®®â-¢¥âáâ¢ãîé¨¥ íâ¨¬ ª®à­ï¬ á®¡áâ¢¥­­ë¥ ç áâ®âë!k ¨ ¯¥à¨®¤ë Tk á¥©è¥¢ëå ª®«¥¡ ­¨© â ª®¢ë:!k =s4!2� + g�22hkmHm ;

Tk = 2�!k ; �2 = Hm �H0x2 : (132)�«ï  ¬¯«¨âã¤ á¬¥é¥­¨© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ á¯à ¢¥¤«¨¢® ¢ëà ¦¥-­¨¥�a = !2 � 4!2�2!�g A2[J0(2ph) � J1(2phm)N1(2phm)N0(2ph)];h = (Hm � �2x)(!2 � 4!2�)g�22 : (133)�¤¥áì A2 - ¯à®¨§¢®«ì­ ï ¯®áâ®ï­­ ï.�  ®á­®¢¥ á®®â­®è¥­¨© (123), (127) ¨ (131) ¡ë«¨à cáç¨â ­ë á®¡áâ¢¥­­ë¥ ç áâ®âë á¥©è¥¢ëå ª®«¥-¡ ­¨© ¢ ¡ áá¥©­ å à áá¬ âà¨¢ ¥¬®£® â¨¯  ¤«ï á«¥-¤ãîé¨å §­ ç¥­¨© ¯ à ¬¥âà®¢:H0 = 1(¬); Hm = 1000; 4000(¬); x2 = 1000(ª¬);xm = 100 �n; n = 0; 1; 2; :::;10; !� = 6; 3 �10�5(c�1):(134)�­ «¨§ à¥§ã«ìâ â®¢ à áç¥â®¢ ¯®ª § «, çâ® ª ª¯à¨ Hm = 1000¬, â ª ¨ ¯à¨ Hm = 4000¬ ç áâ®-âë á« ¡® § ¢¨áïâ ®â ¢¥«¨ç¨­ë xm. � ¨¬¥­­®, ¤«ï¤ ­­®£® ­®¬¥à  £ à¬®­¨ª¨ à áå®¦¤¥­¨¥ á®áâ ¢«ï-¥â ­¥ ¡®«¥¥ 20 %.� _o«ìè¨¬ £«ã¡¨­ ¬ á®®â¢¥âáâ¢ãîâ ¡®«ìè¨¥ ç -áâ®âë. �®á«¥¤­¥¥ ®¡áâ®ïâ¥«ìáâ¢® á®®â¢¥âáâ¢ã-¥â, ¢ ç áâ­®áâ¨, à¥§ã«ìâ â ¬ à ¡®â [13, 35], £¤¥ç¨á«¥­­® ¨áá«¥¤®¢ ­ë á¥©è¥¢ë ª®«¥¡ ­¨ï ¦¨¤ª®-áâ¨ ¢ ª®«ìæ¥¢®¬ ¡ áá¥©­¥ ¯¥à¥¬¥­­®© £«ã¡¨­ë ¯à¨¬ ªá¨¬ «ì­ëå £«ã¡¨­ å hm = 1000 ¨ 4000 ¬, è¨-à¨­¥ 950 ª¬ ¨ ¯ à ¬¥âà¥ �®à¨®«¨á  2!� = 12; 6��10�5 c�1. �¥«¨ç¨­ë ç áâ®â á¥©è¥¢ëå ª®«¥¡ -­¨©, ¯®«ãç¥­­ë¥ ¢ ¤ ­­®© à ¡®â¥ ¨ à ¡®â å [13,35], áà ¢­¨¬ë. � §­¨æ  ¢ §­ ç¥­¨ïå ç áâ®â ¬®¦¥â¡ëâì ­¥ â®«ìª® íää¥ªâ®¬ £¥®¬¥âà¨¨, ­® ¨ ¡®«ì-è¥© íää¥ªâ¨¢­®© £«ã¡¨­®© ª®«ìæ¥¢®£® ¡ áá¥©­ §  áç¥â ¡®«ìè¥© ­ ¯®«­¥­­®áâ¨ ¯ à ¡®«¨ç¥áª®£®¯à®ä¨«ï ¤­  ¯® áà ¢­¥­¨î á ªãá®ç­®-«¨­¥©­ë¬.�  ®á­®¢¥ á®®â­®è¥­¨© (125), (126), (129), (130)¨ (133) ¡ë«¨ ¯®áâà®¥­ë § ¢¨á¨¬®áâ¨  ¬¯«¨âã¤á¥©è¥¢ëå ª®«¥¡ ­¨© ®â ª®®à¤¨­ âë x. �̈ ¯¨ç­ë¥ªà¨¢ë¥ ¯à¥¤áâ ¢«¥­ë ­  à¨á. 2 { 4.�à¨ ¨å ¯®áâà®¥­¨¨  ­ «®£¨ç­® à ¡®â ¬ [13, 35] ¬¯«¨âã¤ë ­®à¬¨à®¢ ­ë ­  ®¤¨­ ª®¢ë¥ ¬ ªá¨-¬ «ì­ë¥ §­ ç¥­¨ï, à ¢­ë¥ 20 á¬. � ¯à¥¤áâ ¢«¥­-­ëå ­  à¨áã­ª å á«ãç ïå  ¬¯«¨âã¤ë á¢®¨å ­ ¨-¡®«ìè¨å §­ ç¥­¨© (¯® ¬®¤ã«î) ¤®áâ¨£ îâ ã ¯à -¢®© £à ­¨æë ¡ áá¥©­ . �à¨ íâ®¬ ¤«ï xm = (x2=2) ¬¯«¨âã¤ë á¢®¨å ­ ¨¡®«ìè¨å (¯® ¬®¤ã«î) §­ ç¥-­¨© ¤®áâ¨£ îâ ¨ ã «¥¢®© £à ­¨æë ¡ áá¥©­ . �«¥-¤ã¥â â ª¦¥ ®â¬¥â¨âì, çâ® £ à¬®­¨ª ¬ 1 ¨ 2 à¨c.94 �. �. � «â ­®¢
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�¨á. 2. � á¯à¥¤¥«¥­¨¥  ¬¯«¨âã¤ ª®«¥¡ ­¨© á¢®¡®¤­®©¯®¢¥àå­®áâ¨ ¯à¨ Hm = 1 � 104¬;xm = 0:1 { !1 = 2; 28 � 10�4c�1; 2 { !2 = 3; 71 � 10�4c�1;3 { !3 = 5; 23 � 10�4c�1; 4 { !4 = 6; 77 � 10�4c�1
�¨á. 3. � á¯à¥¤¥«¥­¨¥  ¬¯«¨âã¤ ª®«¥¡ ­¨© á¢®¡®¤­®©¯®¢¥àå­®áâ¨ ¯à¨ Hm = 1 � 104¬;xm = 300 ª¬:1 � !1 = 2; 57 � 10�4c�1; 2 � !2 = 4; 13 � 10�4c�1;3 � !3 = 5; 57 � 10�4c�1; 4 � !4 = 7; 10 � 10�4c�12 á®®â¢¥âáâ¢ãîâ £ à¬®­¨ª¨ 2 ¨ 4 à¨á. 3 ¨ 4. � à-¬®­¨ª ¬ ¦¥ 3 ¨ 4 à¨á. 2 á®®â¢¥âáâ¢ãîâ ­¥ ¨§®¡à -¦¥­­ë¥ ­  à¨á. 3 ¨ 4 £ à¬®­¨ª¨ 6 ¨ 8 (¢ ¯®àï¤ª¥¢¥«¨ç¨­ë á®®â¢¥âáâ¢ãîé¨å ç áâ®â).�������� ���������� � ������1. �  ®á­®¢¥ ®¡®¡é¥­­ëå ¯®â¥­æ¨ «®¢ â¨¯  [50]®¡é¥¥ à¥è¥­¨¥ «¨­¥ à¨§®¢ ­­®© á¨áâ¥¬ë ãà ¢­¥-­¨© ¬ £­¨â­®© £¨¤à®¤¨­ ¬¨ª¨ ¨¤¥ «ì­®© ¯à®¢®-¤ïé¥© ¦¨¤ª®áâ¨, ­ å®¤ïé¥©áï ¢ ¯®áâ®ï­­®¬ ¬ £-

�¨á. 4. � á¯à¥¤¥«¥­¨¥  ¬¯«¨âã¤ ª®«¥¡ ­¨© á¢®¡®¤­®©¯®¢¥àå­®áâ¨ ¯à¨ Hm = 1000 ¬,xm = 500 ª¬:1 { !1 = 2; 70 � 10�4c�1; 2 { !2 = 4; 01 � 10�4c�1;3 { !3 = 5; 63 � 10�4c�1; 4 { !4 = 7; 09 � 10�4c�1­¨â­®¬ ¯®«¥ H0~ez , ¢ ï¢­®¬ ¢¨¤¥ ¯à¥¤áâ ¢«¥­® ç¥-à¥§ ®¡é¨¥ à¥è¥­¨ï ¤¢ãå ®¤­®à®¤­ëå ¢®«­®¢ëåãà ¢­¥­¨© áª®à®áâï¬¨ à á¯à®áâà ­¥­¨ï á¨£­ «®¢va = �(H0=p4��0) ¨ ®¡é¥¥ à¥è¥­¨¥ ãà ¢­¥­¨ï� ¯« á . � áá¬®âà¥­ â ª¦¥ ­¥áª®«ìª® ¨­®© ¢ -à¨ ­â ¢¢®¤  ¯®â¥­æ¨ «®¢. � íâ®¬ á«ãç ¥ ®¡é¥¥à¥è¥­¨¥ ¨áå®¤­®© á¨áâ¥¬ë ãà ¢­¥­¨© ¢ëà ¦¥­®ç¥à¥§ ®¡é¨¥ à¥è¥­¨ï ¤¢ãå ®¤­®à®¤­ëå ¢®«­®¢ëåãà ¢­¥­¨© á® áª®à®áâï¬¨ à á¯à®áâà ­¥­¨ï á¨£­ -«®¢ va ¨ ®¡é¥¥ à¥è¥­¨¥ ãà ¢­¥­¨ï �ã áá®­ . �à¨íâ®¬ ¯à ¢ ï ç áâì ãà ¢­¥­¨ï �ã áá®­  ¥áâì ¢§ï-â ï á® §­ ª®¬ ¬¨­ãá ¯à®¨§¢®¤­ ï ¯® z ®â ®¡é¥£®à¥è¥­¨ï ®¤­®£® ¨§ ãª § ­­ëå ¢®«­®¢ëå ãà ¢­¥-­¨©. � á«ãç ¥, ª®£¤  ®¤­  ¨§ ª®®à¤¨­ â æ¨ª«¨-ç¥áª ï (@=@y = 0), ­  ®á­®¢¥ äã­ªæ¨¨ â®ª  ¨ ¥¥¬ £­¨â­®£®  ­ «®£  ®¡é¥¥ à¥è¥­¨¥ ¨áå®¤­®© á¨-áâ¥¬ë ãà ¢­¥­¨© â ª¦¥ ¢ëà ¦¥­® ç¥à¥§ ®¡é¨¥à¥è¥­¨ï ¤¢ãå ®¤­®à®¤­ëå ¢®«­®¢ëå ãà ¢­¥­¨© á®áª®à®áâï¬¨ à á¯à®áâà ­¥­¨ï á¨£­ «  va ¨ ®¡é¥¥à¥è¥­¨¥ ãà ¢­¥­¨ï � ¯« á .2. �  ®á­®¢¥ ®¡®¡é¥­­ëå ¯®â¥­æ¨ «®¢ â¨-¯  [50] ¯à®¢¥¤¥­® ¯à¥®¡à §®¢ ­¨¥ «¨­¥ à¨§®¢ ­-­®© á¨áâ¥¬ë ãà ¢­¥­¨© ¬ £­¨â­®© £¨¤à®¤¨­ ¬¨-ª¨ ¤¨áá¨¯ â¨¢­®© ¯à®¢®¤ïé¥© ¦¨¤ª®áâ¨, ­ å®¤ï-é¥©áï ¢ ¯®áâ®ï­­®¬ ¬ £­¨â­®¬ ¯®«¥ H0~ez . � ¤ -ç  á¢¥¤¥­  ª ®âëáª ­¨î à¥è¥­¨© âà¥å ­¥§ ¢¨á¨-¬ëå ãà ¢­¥­¨© ¤«ï âà¥å ®¡®¡é¥­­ëå ¯®â¥­æ¨ -«®¢. �à ¢­¥­¨ï ¤«ï ¤¢ãå ®¡®¡é¥­­ëå ¯®â¥­æ¨ «®¢®¤¨­ ª®¢ë¥ ¨ ¨¬¥îâ ç¥â¢¥àâë© ¯®àï¤®ª ¯® ¯à®-¨§¢®¤­ë¬. �à ¢­¥­¨¥ ¤«ï âà¥âì¥£® ®¡®¡é¥­­®£®¯®â¥­æ¨ «  ï¢«ï¥âáï ãà ¢­¥­¨¥¬ � ¯« á .3. �à¨ ­ «¨ç¨¨ æ¨ª«¨ç¥áª®© ª®®à¤¨­ âë(@=@x3 = 0) ­  ®á­®¢¥ äã­ªæ¨¨ â®ª  ¨ ¥¥ ¬ £-­¨â­®£®  ­ «®£  ¢ë¯®«­¥­® ¯à¥®¡à §®¢ ­¨¥ ãà ¢-�. �. � «â ­®¢ 95



ISSN 1561- 9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 82 { 98­¥­¨© ¬ £­¨â­®© £¨¤à®¤¨­ ¬¨ª¨ ¤¨áá¨¯ â¨¢­®©¢à é îé¥©áï ¦¨¤ª®áâ¨ ¢ ­¥«¨­¥©­®¬ á«ãç ¥. �«ï®¯à¥¤¥«¥­¨ï äã­ªæ¨¨ â®ª   , ¥¥ ¬ £­¨â­®£®  ­ -«®£   m ¨ ¢¥«¨ç¨­ q � h3v3 ¨ qm � (h3H3=p4��0),£¤¥ v3 ¨ H3 { ª®¬¯®­¥­âë áª®à®áâ¨ ¨ ¬ £­¨â­®£®¯®«ï, ª á â¥«ì­ë¥ ª®®à¤¨­ â­®© «¨­¨¨ x3, h3 { á®-®â¢¥âáâ¢ãîé¨© ª®íää¨æ¨¥­â � ¬¥, ¯®«ãç¥­  á¨-áâ¥¬  ç¥âëà¥å ­¥«¨­¥©­ëå ãà ¢­¥­¨© ¢ ç áâ­ëå¯à®¨§¢®¤­ëå. �®ª § ­®, çâ® ¯à¨ ®âáãâáâ¢¨¨ ¢à -é¥­¨ï (!� = 0) ¨ ¬ £­¨â­®£® ¯®«ï ( m = 0; qm =0) íâ  á¨áâ¥¬  ¯¥à¥å®¤¨â ¢ á¨áâ¥¬ã ãà ¢­¥­¨© à -¡®âë [58],   ¯à¨ ®âáãâáâ¢¨¨ â®«ìª® ¢à é¥­¨ï { ¢á¨áâ¥¬ã ãà ¢­¥­¨© à ¡®âë [61].4. � áá¬®âà¥­  «¨­¥©­ ï á¨áâ¥¬  ãà ¢­¥­¨© ¤¨-­ ¬¨ª¨ ¢à é îé¥©áï ®¤­®à®¤­®© ¦¨¤ª®áâ¨ ¢ ¯à¨-¡«¨¦¥­¨¨ ¬¥«ª®© ¢®¤ë, á«ã¦ é¥© ¤«ï ®¯à¥¤¥«¥­¨ï¤¢ãå £®à¨§®­â «ì­ëå ª®¬¯®­¥­â áª®à®áâ¨ ¨ ¢®§-¢ëè¥­¨ï á¢®¡®¤­®© ¯®¢¥àå­®áâ¨. �«ï ®¡®¡é¥­­®-£® ¯®â¥­æ¨ « , ç¥à¥§ ª®â®àë© ¢ ï¢­®¬ ¢¨¤¥ ¢ë-à ¦¥­ë ¢¥ªâ®à áª®à®áâ¨ ¨ ¢®§¢ëè¥­¨¥ á¢®¡®¤­®©¯®¢¥àå­®áâ¨, ¯®«ãç¥­® «¨­¥©­®¥ ¤¨ää¥à¥­æ¨ «ì-­®¥ ãà ¢­¥­¨¥ ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå âà¥âì¥£®¯®àï¤ª  ¢ ®¡é¥¬ á«ãç ¥ á ¯¥à¥¬¥­­ë¬¨ ª®íää¨-æ¨¥­â ¬¨. �à¨ ¯®áâ®ï­­®© £«ã¡¨­¥ ¡ áá¥©­  ¢á¥ª®íää¨æ¨¥­âë ¢ ãà ¢­¥­¨¨ ¤«ï ®¡®¡é¥­­®£® ¯®-â¥­æ¨ «  â ª¦¥ ¯®áâ®ï­­ë. �¥è¥­¨¥ ãà ¢­¥­¨ï¤«ï ®¡®¡é¥­­®£® ¯®â¥­æ¨ «  ¢ íâ®¬ á«ãç ¥ ¯à¥¤-áâ ¢«ï¥â áã¬¬ã ¤¢ãå á« £ ¥¬ëå, o¤­® ¨§ ª®â®àëåã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î �«¥©­ {�®à¤®­  [5, 34].�â®à®¥ á« £ ¥¬®¥ ï¢«ï¥âáï ¯à®¨§¢®«ì­®© äã­ª-æ¨¥© ª®®à¤¨­ â. � â¥ç¥­¨¨, ®¯¨áë¢ ¥¬®¬ íâ¨¬á« £ ¥¬ë¬, á¨«  �®à¨®«¨á  ¨ á¨« , ®¡ãá«®¢«¥­­ ï£à ¢¨â æ¨¥©, ãà ¢­®¢¥è¨¢ îâ ¤àã£ ¤àã£ . �®ª -§ ­®, çâ® ¨áå®¤­ ï á¨áâ¥¬  âà¥å áª «ïà­ëå ãà ¢-­¥­¨© ¤®¯ãáª ¥â â ª¦¥ áãé¥áâ¢®¢ ­¨¥ ¤¢ãå ¢ ­¥-ª®â®à®¬ á¬ëá«¥ ®á®¡ëå áª «ïà­ëå ¯®â¥­æ¨ «®¢,ã¤®¢«¥â¢®àïîé¨å á¨áâ¥¬¥ ¤¢ãå ãà ¢­¥­¨©. �¤­®¨§ íâ¨å ãà ¢­¥­¨© ¨¬¥¥â ¢â®à®© ¯®àï¤®ª ª ª ¯®¢à¥¬¥­¨, â ª ¨ ¯® ª®®à¤¨­ â ¬. � ¤àã£®¥ ãà ¢-­¥­¨¥ ¢å®¤ïâ â®«ìª® ¯¥à¢ë¥ ¯à®¨§¢®¤­ë¥ ¯® ¢à¥-¬¥­¨. � ª ¯à¥¤áâ ¢«ï¥âáï, ¢ á¨«ã ®¯à¥¤¥«¥­­®©á¨¬¬¥âà¨¨ ¢å®¦¤¥­¨ï ¢ ¯®«ãç¥­­ãî á¨áâ¥¬ã ®¡®¡-é¥­­ëå ¯®â¥­æ¨ «®¢ ®­  ¬®¦¥â ®ª § âìáï ¯®«¥§-­®© ¯à¨ ç¨á«¥­­ëå à áç¥â å.5. �  ®á­®¢¥ ¯®«ãç¥­­®£® ãà ¢­¥­¨ï ¤«ï ®¡®¡-é¥­­®£® ¯®â¥­æ¨ «  ¨§ãç¥­  § ¤ ç  ® á¥©è¥¢ëåª®«¥¡ ­¨ïå ¢ ¡ áá¥©­¥ ¯¥à¥¬¥­­®© £«ã¡¨­ë. �â¥­-ª¨ ¨ ¤­® ¡ áá¥©­  ¯ à ««¥«ì­ë ®á¨ y ¨ ¨¬¥îâ¢¤®«ì ­¥¥ ¡¥áª®­¥ç­ãî ¤«¨­ã. �¨à¨­  ¡ áá¥©-­  x2 (®áì x ­ ¯à ¢«¥­  ¯®¯¥à¥ª ¡ áá¥©­ ). �¡¥¢¥àâ¨ª «ì­ë¥ áâ¥­ª¨ ¡ áá¥©­  ¤®áâ¨£ îâ £«ã¡¨­ëH0. �à®ä¨«ì ¤­  ¡ áá¥©­  ªãá®ç­®{«¨­¥¥­. � ª-á¨¬ «ì­ ï £«ã¡¨­  ¡ áá¥©­  Hm ¤®áâ¨£ ¥âáï ¯à¨x = xm (0 � xm � x2). � áá¬®âà¥­ë ª®«¥¡ ­¨ï,

¢ ª®â®àëå ä¨§¨ç¥áª¨¥ ¢¥«¨ç¨­ë ­¥ § ¢¨áïâ ®â y.� íâ®¬ á«ãç ¥ ª®¬¯®­¥­âë áª®à®áâ¨ ¨ ¢®§¢ëè¥­¨¥¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ¢ ï¢­®¬ ¢¨¤¥ ¢ëà ¦¥­ë ç¥-à¥§ äã­ªæ¨¨ �¥áá¥«ï ­ã«¥¢®£® ¨ ¯¥à¢®£® ¯®àï¤ª .�®«ãç¥­® ¤¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥. � áç¥âë §­ -ç¥­¨© á®¡áâ¢¥­­ëå ç áâ®â ¨  ¬¯«¨âã¤ ª®«¥¡ ­¨©¯à®¢®¤¨«¨áì ¤«ï H0 = 1(¬), Hm = 1000, 4000 (¬),x2 = 1000 (ª¬), xm = n �100 (ª¬), n = 0, 1, 2,...,10 ¨¯ à ¬¥âà  �®à¨®«¨á  2!� = 12; 6�10�5c�1. �­ «¨§à¥§ã«ìâ â®¢ à áç¥â®¢ ¯®ª § «, çâ® ª ª ¯à¨ Hm =1000 ¬, â ª ¨ ¯à¨ Hm = 4000 ¬ ç áâ®âë á« ¡®§ ¢¨áïâ ®â ¢¥«¨ç¨­ë xm. � ¨¬¥­­®, ¤«ï ¤ ­­®-£® ­®¬¥à  £ à¬®­¨ª¨ à áå®¦¤¥­¨¥ á®áâ ¢«ï¥â ­¥¡®«¥¥ 20 %. �®«ìè¨¬ £«ã¡¨­ ¬ á®®â¢¥âáâ¢ãîâ¡®«ìè¨¥ ç áâ®âë. �®á«¥¤­¥¥ ®¡áâ®ïâ¥«ìáâ¢® á®-®â¢¥âáâ¢ã¥â, ¢ ç áâ­®áâ¨, à¥§ã«ìâ â ¬ à ¡®â [13,35], £¤¥ ç¨á«¥­­® ¨áá«¥¤®¢ ­ë á¥©è¥¢ë ª®«¥¡ ­¨ï¦¨¤ª®áâ¨ ¢ ª®«ìæ¥¢®¬ ¡ áá¥©­¥ ¯¥à¥¬¥­­®© £«ã-¡¨­ë ¯à¨ ¬ ªá¨¬ «ì­ëå £«ã¡¨­ å Hm = 1000 ¨4000 (¬), è¨à¨­¥ 950 ª¬ ¨ ¯ à ¬¥âà¥ �®à¨®«¨á 2!� = 12; 6 � 10�5c�1. �¥«¨ç¨­ë ç áâ®â á¥©è¥¢ëåª®«¥¡ ­¨©, ¯®«ãç¥­­ë¥ ¢ ¤ ­­®© à ¡®â¥ ¨ à ¡®â å[13, 35], áà ¢­¨¬ë. � §­¨æ  ¢ §­ ç¥­¨ïå ç áâ®â¬®¦¥â ¡ëâì ¯®ïá­¥­  ­¥ â®«ìª® íää¥ªâ®¬ £¥®¬¥-âà¨¨, ­® ¨ ¡®«ìè¥© íää¥ªâ¨¢­®© £«ã¡¨­®© ª®«ìæ¥-¢®£® ¡ áá¥©­  §  áç¥â ¡®«ìè¥© ­ ¯®«­¥­­®áâ¨ ¯ -à ¡®«¨ç¥áª®£® ¡ áá¥©­  ¯® áà ¢­¥­¨î á ªãá®ç­®{«¨­¥©­ë¬. �à¨ ¯®áâà®¥­¨¨ § ¢¨á¨¬®áâ¥©  ¬¯«¨-âã¤ á¥©è¥¢ëå ª®«¥¡ ­¨© ®â ª®®à¤¨­ âë x  ¬¯«¨-âã¤ë ­®à¬¨à®¢ «¨áì ­  ®¤¨­ ª®¢ë¥ ¬ ªá¨¬ «ì­ë¥§­ ç¥­¨ï. � áá¬®âà¥­¨¥ íâ¨å § ¢¨á¨¬®áâ¥© ¯®ª -§ «®, çâ® ­ ¨¡®«ìè¨å (¯® ¬®¤ã«î) §­ ç¥­¨©  ¬-¯«¨âã¤ë ¤®áâ¨£ îâ ã ®¤­®© ¨§ £à ­¨æ ¡ áá¥©­ .� á«ãç ¥, ª®£¤  ¬ ªá¨¬ «ì­®¥ §­ ç¥­¨¥ £«ã¡¨­ë¡ áá¥©­  ¯à¨å®¤¨âáï ­  ¥£® á¥à¥¤¨­ã, xm = (x2=2),­ ¨¡®«ìè¨å á¢®¨å §­ ç¥­¨©  ¬¯«¨âã¤ë ¤®áâ¨£ îâã ®¡¥¨å £à ­¨æ ¡ áá¥©­ .�à¥¤«®¦¥­­ë¥ ­®¢ë¥ ¯à¥¤áâ ¢«¥­¨ï ®¡é¨å à¥-è¥­¨© «¨­¥ à¨§®¢ ­­ëå ãà ¢­¥­¨© ¬ £­¨â­®© £¨-¤à®¤¨­ ¬¨ª¨ ­¥¤¨áá¨¯ â¨¢­®© ¨ ¤¨áá¨¯ â¨¢­®©¦¨¤ª®áâ¨ ¨ ¤¨­ ¬¨ª¨ ¢à é îé¥©áï ®¤­®à®¤­®©¦¨¤ª®áâ¨ ¢ ¯à¨¡«¨¦¥­¨¨ ¬¥«ª®© ¢®¤ë à áè¨àïîâ¢®§¬®¦­®áâ¨ à¥è¥­¨ï á®®â¢¥âáâ¢ãîé¨å ¯à¨ª« ¤-­ëå § ¤ ç. �ãé¥áâ¢¥­­®¥ §­ ç¥­¨¥ ¨¬¥¥â à¥¤ãª-æ¨ï ®á­®¢­ëå ­ ç «ì­®-ªà ¥¢ëå § ¤ ç ª áª «ïà-­ë¬ § ¤ ç ¬ ¤«ï ®¤­®£® ¨«¨ ­¥áª®«ìª¨å ­¥§ ¢¨-á¨¬ëå ãà ¢­¥­¨©, ®¯à¥¤¥«ïîé¨å ­¥ª®â®àë¥ ®¡®¡-é¥­­ë¥ ¯®â¥­æ¨ «ë. � ¨¡®«¥¥ íää¥ªâ¨¢­® â ª®©¯®¤å®¤ ¯à®ï¢«ï¥âáï ¯à¨ ¨á¯®«ì§®¢ ­¨¨ ç¨á«¥­ëå¬¥â®¤®¢ [10]. � ¨¬¥­­®, á®ªà é¥­¨¥ ç¨á«  ¨áª®-¬ëå äã­ªæ¨© ¤® ®¤­®© áª «ïà­®© ¨«¨ ­¥áª®«ìª¨å­¥§ ¢¨á¨¬ëå áª «ïà­ëå ¯à¨¢®¤¨â ª §­ ç¨â¥«ì­®©íª®­®¬¨¨ ¬ è¨­­®£® ¢à¥¬¥­¨ ¨ à¥áãàá  ¨á¯®«ì§ã-¥¬ëå ��� [10].96 �. �. � «â ­®¢
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