
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 4. �. 44 { 52��� 621.371.39������� �������� �� �������������������������, ���������������������������. �. ��������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 30.04.2003� áá¬ âà¨¢ ¥âáï ¢«¨ï­¨¥ ¢ï§ª®áâ¨ ­  ¤¢¨¦¥­¨¥ í«¥ªâà®¯à®¢®¤ïé¥©, áâà â¨ä¨æ¨à®¢ ­­®© ¦¨¤ª®áâ¨ ¯à¨ ­ «¨ç¨¨¢­¥è­¥£® ¬ £­¨â­®£® ¯®«ï. �à¥¤¯®« £ ¥âáï, çâ® ¢ë¯®«­ïîâáï ¯à¨¡«¨¦¥­¨¥ �ãáá¨­¥áª  ¨ ¬ £­¨â®£¨¤à®¤¨­ ¬¨ç¥-áª®¥ ¯à¨¡«¨¦¥­¨¥. �®«ãç¥­® ãà ¢­¥­¨¥, ®¯¨áë¢ îé¥¥ à §¢¨â¨¥ ¬ «ëå ¢®§¬ãé¥­¨© áª®à®áâ¨, ­  ®á­®¢¥ ª®â®à®£®®¯à¥¤¥«¥­ë ®¡« áâ¨ áãé¥áâ¢®¢ ­¨ï ¢®«­®¢ëå ¨  ¯¥à¨®¤¨ç¥áª¨å à¥¦¨¬®¢ ¤¢¨¦¥­¨ï. � ¯à®áâà ­áâ¢¥ ¢®«­®¢ëå ç¨-á¥« ¯®áâà®¥­  ¤¨ £à ¬¬  â¨¯®¢ ¤¢¨¦¥­¨©, ­ ©¤¥­ë å à ªâ¥à­ë¥ â®çª¨ ¤¨ £à ¬¬ë. � áá¬®âà¥­ á«ãç ©, ª®£¤ ¢®«­®¢®© ¢¥ªâ®à ­ ¯à ¢«¥­ ¯®¤ § ¤ ­­ë¬ ã£«®¬ ª ­ ¯à ¢«¥­¨î ¢¥ªâ®à  ¬ £­¨â­®© ¨­¤ãªæ¨¨. �â¤¥«ì­® ¨§ãç¥­ëá«ãç ¨ ¢¥àâ¨ª «ì­®£® ¨ £®à¨§®­â «ì­®£® ­ ¯à ¢«¥­¨© ¢¥ªâ®à  ¬ £­¨â­®© ¨­¤ãªæ¨¨. �®ª § ­®, çâ® ¯à¨áãâáâ¢¨¥¬ £­¨â­®£® ¯®«ï à áè¨àï¥â ®¡« áâì áãé¥áâ¢®¢ ­¨ï ¢®«­®¢ëå ¤¢¨¦¥­¨©.�®§£«ï¤ õâìáï ¢¯«¨¢ ¢'ï§ª®áâ÷ ­  àãå ¥«¥ªâà®¯à®¢÷¤­®ù, áâà â¨ä÷ª®¢ ­®ù à÷¤¨­¨ ¯à¨ ­ ï¢­®áâ÷ §®¢­÷è­ì®£® ¬ £­÷â-­®£® ¯®«ï. �à¨¯ãáª õâìáï, é® ¢¨ª®­ãîâìáï ­ ¡«¨¦¥­­ï �ãá÷­¥áª  ÷ ¬ £­÷â®£÷¤à®¤¨­ ¬÷ç­¥ ­ ¡«¨¦¥­­ï. �âà¨¬ ­®à÷¢­ï­­ï, é® ®¯¨áãõ à®§¢¨â®ª ¬ «¨å §¡ãà¥­ì è¢¨¤ª®áâ÷, ­  ®á­®¢÷ ïª®£® ¢¨§­ ç¥­® ®¡« áâ÷ ÷á­ã¢ ­­ï å¢¨«ì®¢¨å ÷ ¯¥à÷®¤¨ç­¨å â¨¯÷¢ àãå÷¢. � ¯à®áâ®à÷ å¢¨«ì®¢¨å ç¨á¥« ¯®¡ã¤®¢ ­  ¤÷ £à ¬  â¨¯÷¢ àãå÷¢, §­ ©¤¥­÷ å à ªâ¥à­÷ â®çª¨¤÷ £à ¬¨. �®§£«ï­ãâ® ¢¨¯ ¤®ª, ª®«¨ å¢¨«ì®¢¨© ¢¥ªâ®à õ ­ ¯à ¢«¥­¨¬ ¯÷¤ § ¤ ­¨¬ ªãâ®¬ ¤® ­ ¯àï¬ªã ¢¥ªâ®à  ¬ £-­÷â­®ù ÷­¤ãªæ÷ù. �ªà¥¬® ¢¨¢ç¥­® ¢¨¯ ¤ª¨ ¢¥àâ¨ª «ì­®£® ÷ £®à¨§®­â «ì­®£® ­ ¯àï¬ª÷¢ ¢¥ªâ®à  ¬ £­÷â­®ù ÷­¤ãªæ÷ù.�®ª § ­®, é® ­ ï¢­÷áâì ¬ £­÷â­®£® ¯®«ï à®§è¨àîõ ®¡« áâì ÷á­ã¢ ­­ï å¢¨«ì®¢¨å àãå÷¢.E�ect of viscosity on motion of electrical conductive, strati�ed 
uid with the presence of external magnetic �eld is studied.It is assumed that the Boussinesq approximation and magnetohydrodynamics approximation are valid. The equationdescribing the development of small perturbations of velocity, is found. On the base of the equation the regions of theexistences of wave and aperiodic regimes of motion are determined. The diagram of the types of motion is constructed inthe space of wave numbers. The characteristic points of the diagram are found. The case when wave vector is directedunder given angle in respect to vector of magnetic induction is considered. Separately, the cases when vector of magneticinduction is directed vertically and horizontally are analyzed too. It is shown that the presence of magnetic �eld resultsin the expanding of the region of the existing of wave motion.���������âà â¨ä¨ª æ¨ï ¦¨¤ª®áâ¨ ï¢«ï¥âáï ¯à¨ç¨­®©¯®ï¢«¥­¨ï á¯¥æ¨ä¨ç¥áª®£® ¢¨¤  ¢®«­®¢ëå ¤¢¨¦¥-­¨© { ¢­ãâà¥­­¨å £à ¢¨â æ¨®­­ëå ¢®«­. �§ãç¥-­¨î ¨å å à ªâ¥à¨áâ¨ª, ®á®¡¥­­®áâ¥© £¥­¥à æ¨¨à §«¨ç­ë¬¨ ¢¨¤ ¬¨ ¢®§¬ãé¥­¨© ¨ à á¯à®áâà ­¥-­¨ï ¯®á¢ïé¥­® ¡®«ìè®¥ ª®«¨ç¥áâ¢® à ¡®â. �¥-§ã«ìâ âë ¨áá«¥¤®¢ ­¨© ®¡®¡é¥­ë ¢ ¬®­®£à ä¨ïå[1{ 3] ¨ ¤à. �¨áá¨¯ â¨¢­ë¥ íää¥ªâë, á¢ï§ ­­ë¥¢ ¯¥à¢ãî ®ç¥à¥¤ì á ¢«¨ï­¨¥¬ ¢ï§ª®áâ¨, ¯à¨¢®¤ïâª § âãå ­¨î ¢®«­®¢ëå ¯à®æ¥áá®¢. � â® ¦¥ ¢à¥-¬ï, ®­¨ á«ã¦ â ¯à¨ç¨­®© ¢®§­¨ª­®¢¥­¨ï  ¯¥à¨®-¤¨ç¥áª¨å à¥¦¨¬®¢ ¤¢¨¦¥­¨ï. �ç¥â íâ¨å íää¥ªâ®¢¯®ª § « [4, 5], çâ® ¢ áâà â¨ä¨æ¨à®¢ ­­®© ¦¨¤ª®-áâ¨ ­ àï¤ã á ¢­ãâà¥­­¨¬¨ ¢®«­ ¬¨ â ª¦¥ áãé¥-áâ¢ãîâ  ¯¥à¨®¤¨ç¥áª¨¥ ¤¢¨¦¥­¨ï (¨­âàã§¨®­­ ï¬®¤  [5]), ª®â®àë¥ ®¡ãá« ¢«¨¢ îâ ä®à¬¨à®¢ ­¨¥á«®¨áâëå áâàãªâãà. �â¨ áâàãªâãàë, ï¢«ïîé¨¥áïå à ªâ¥à­®© ®á®¡¥­­®áâìî áâà â¨ä¨æ¨à®¢ ­­®©áà¥¤ë, à¥£¨áâà¨àãîâáï, ­ ¯à¨¬¥à, ¢ £¨¤à®ä¨§¨ç¥-áª¨å ¨§¬¥à¥­¨ïå ¢ ¬®àïå ¨ ®ª¥ ­ å [6]. �¨ £­®áâ¨-
ç¥áª ï ¤¨ £à ¬¬  â¨¯®¢ ¤¢¨¦¥­¨© áâà â¨ä¨æ¨à®-¢ ­­®© ¢ï§ª®© ¦¨¤ª®áâ¨ ¢ ¯à®áâà ­áâ¢¥ ¢®«­®¢ëåç¨á¥« ¯®áâà®¥­  ¢ à ¡®â¥ [7]. � ©¤¥­ë £à ­¨ç-­ë¥ §­ ç¥­¨ï ¢¥àâ¨ª «ì­®£® ¨ £®à¨§®­â «ì­®£®§­ ç¥­¨© ¢®«­®¢ëå ç¨á¥«, á®®â¢¥âáâ¢ãîé¨å à §-¬¥à ¬ à áá¬ âà¨¢ ¥¬®£® ¢®§¬ãé¥­¨ï, ¯à¨ ¯à¥¢ë-è¥­¨¨ ª®â®àëå à §¢¨â¨¥ ¢®§¬ãé¥­¨© ¯à®¨áå®¤¨â ¯¥à¨®¤¨ç¥áª¨. �ç¥â íää¥ªâ®¢ â¥¬¯¥à âãà®¯à®-¢®¤­®áâ¨ ¦¨¤ª®áâ¨ ¯à¨¢®¤¨â ª à áè¨à¥­¨î ®¡« -áâ¨, á®®â¢¥âáâ¢ãîé¥© ¢®«­®¢®¬ã à¥¦¨¬ã ¤¢¨¦¥-­¨ï. �ª®à®áâ¨ § âãå ­¨ï ¢­ãâà¥­­¨å ¢®«­ ¨ á«®¨-áâëå áâàãªâãà ­¥¢¥«¨ª¨ ¨ ®­¨ ®¡« ¤ îâ ¡®«ìè¨¬¢à¥¬¥­¥¬ ¦¨§­¨.�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ ãáâ®©ç¨¢® áâà â¨ä¨-æ¨à®¢ ­­®© ¦¨¤ª®áâ¨ áãé¥áâ¢ãîâ â ª¦¥ ¤®«£®-¦¨¢ãé¨¥ ª¢ §¨-¯«®áª¨¥ ¤¢¨¦¥­¨ï á ¢¥àâ¨ª «ì­®©áâàãªâãà®© [8], ã ª®â®àëå ¢¥àâ¨ª «ì­ ï § ¢¨åà¥­-­®áâì £¥­¥­¥à¨àã¥âáï ¢¥àâ¨ª «ì­®© ¤¨¢¥à£¥­æ¨¥©¨ ¯¥à¥­®á¨âáï ¢ £®à¨§®­â «ì­®¬ ­ ¯à ¢«¥­¨¨.�¨ £­®áâ¨ç¥áª¨¥ ¤¨ £à ¬¬ë ¤«ï á«ãç ï ¢à é -îé¥©áï áâà â¨ä¨æ¨à®¢ ­­®© ¦¨¤ª®áâ¨ ¯®áâà®¥-­ë ¢ à ¡®â å [9, 10]. � ­¨å ¢ë¤¥«¥­ë §®­ë,á®®â¢¥âáâ¢ãîé¨¥ £¨à®áª®¯¨ç¥áª¨¬, ¢­ãâà¥­­¨¬,44 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 4. �. 44 { 52¢­ãâà¥­­¥-£¨à®áª®¯¨ç¥áª¨¬ ¢®«­ ¬ ¨  ¯¥à¨®¤¨ç¥-áª¨¬ ¤¢¨¦¥­¨ï¬.� «¨ç¨¥ ¬ £­¨â­®£® ¯®«ï áãé¥áâ¢¥­­ë¬ ®¡à -§®¬ ¨§¬¥­ï¥â å à ªâ¥à ¤¢¨¦¥­¨ï í«¥ªâà®¯à®¢®¤ï-é¥© ¦¨¤ª®áâ¨. �¤¥áì ¬®¦­® ã¯®¬ï­ãâì ® ¢«¨ï­¨¨¬ £­¨â­®£® ¯®«ï ­  ¯®¢¥àå­®áâ­ë¥ £à ¢¨â æ¨®­-­ë¥ ¢®«­ë [11,12], ­  ª®­¢¥ªæ¨î �í«¥ï-�¥­ à  [13],­  ¤¢¨¦¥­¨¥ ¦¨¤ª®áâ¨ ¢ ¯®£à ­¨ç­®¬ á«®¥ ¨ ¢ ª -­ « å [14, 15] ¨ ¤à. � £­¨â­®¥ ¯®«¥ ï¢«ï¥âáï â ª-¦¥ ¯à¨ç¨­®© ¢®§­¨ª­®¢¥­¨ï ¬ £­¨â®£¨¤à®¤¨­ -¬¨ç¥áª¨å ¢®«­ (¢®«­ �«ì¢¥­ ),   ¢ á«ãç ¥ á¦¨¬ ¥-¬®© ¦¨¤ª®áâ¨ { ¬ £­¨â® ªãáâ¨ç¥áª¨å ¢®«­. �¡®¡-é¥­¨¥ à¥§ã«ìâ â®¢ ¬­®£®ç¨á«¥­­ëå ¨áá«¥¤®¢ ­¨©,¯®á¢ïé¥­­ëå ¨§ãç¥­¨î íâ¨å ¢®«­, ¯à¥¤áâ ¢«¥­®¢ ¬®­®£à ä¨ïå [16{19] ¨ ¤à. � áá¬®âà¥­ë á«ã-ç ¨ ¨¤¥ «ì­® ¯à®¢®¤ïé¥© ¦¨¤ª®áâ¨ ¨ ¦¨¤ª®áâ¨ª®­¥ç­®© ¯à®¢®¤¨¬®áâ¨. � ¯®á«¥¤­¥¬ á«ãç ¥ ¤¨á-á¨¯ æ¨ï í­¥à£¨¨ ¤¢¨¦¥­¨ï ®¡ãá«®¢«¥­  ­¥ â®«ìª®¢ï§ª¨¬¨ íää¥ªâ ¬¨, ­® ¤¦®ã«¥¢ë¬¨ ¯®â¥àï¬¨. �ç áâ­®áâ¨, ¯®ª § ­®, çâ® § âãå ­¨¥ ¬ £­¨â®£¨-¤à®¤¨­ ¬¨ç¥áª¨å ¢®«­ ®¯à¥¤¥«ï¥âáï áã¬¬®© ãª -§ ­­ëå íää¥ªâ®¢ [20]. �«¨ï­¨¥ ¤¨áá¨¯ â¨¢­ëåä ªâ®à®¢, â ª¨å ª ª ¢ï§ª®áâì ¨ ª®­¥ç­ ï ¯à®¢®¤¨-¬®áâì, ­  à á¯à®áâà ­¥­¨¥  «ìä¢¥­®¢áª¨å ¢®«­ ¢áâà â¨ä¨æ¨à®¢ ­­®©  â¬®áä¥à¥, çâ® ¬®¦¥â ¡ëâì¯à¨«®¦¥­® ª ¯à®¡«¥¬¥ ­ £à¥¢ ­¨ï á®«­¥ç­®©  â-¬®áä¥àë, ¨§ãç¥­® ¢ [21]. � à ¡®â å [22,23] ®á®¡®¥¢­¨¬ ­¨¥ ã¤¥«¥­® ­¥®¤­®à®¤­®áâ¨ ¬ £­¨â­®£® ¯®-«ï ¨ ¥¥ ¢«¨ï­¨î ­   «ìä¢¥­®¢áª¨¥ ¢®«­ë ¢ áâà -â¨ä¨æ¨à®¢ ­­®© áà¥¤¥.� ­ áâ®ïé¥© à ¡®â¥ à áá¬ âà¨¢ îâáï ¤¢¨-¦¥­¨ï ¢ï§ª®©, ­¥á¦¨¬ ¥¬®©, í«¥ªâà®¯à®¢®¤ïé¥©¦¨¤ª®áâ¨ ¯à¨ ­ «¨ç¨¨ ãáâ®©ç¨¢®© áâà â¨ä¨ª æ¨¨¨ ®¤­®à®¤­®£® ¬ £­¨â­®£® ¯®«ï. �à¥¤¯®« £ ¥âáï,çâ® á¯à ¢¥¤«¨¢® ¯à¨¡«¨¦¥­¨¥ �ãáá¨­¥áª . � à -¡®â¥ ¢ ¬ £­¨â®£¨¤à®¤¨­ ¬¨ç¥áª®¬ ¯à¨¡«¨¦¥­¨¨¯®«ãç¥­ë ®¡é¨¥ ãà ¢­¥­¨ï, ®¯¨áë¢ îé¨¥ ¯®¢¥¤¥-­¨¥ ¬ «ëå ¢®§¬ãé¥­¨© áª®à®áâ¨ ¨ ¯«®â­®áâ¨. �¯à®áâà ­áâ¢¥ ¢®«­®¢ëå ç¨á¥« ¯®áâà®¥­ë å à ªâ¥-à¨áâ¨ç¥áª¨¥ ¤¨ £à ¬¬ë, ª« áá¨ä¨æ¨àãîé¨¥ ­ -«¨ç¨¥ à §«¨ç­ëå â¨¯®¢ ¤¢¨¦¥­¨© ¢ § ¢¨á¨¬®áâ¨®â ¯à®áâà ­áâ¢¥­­ëå ¬ áèâ ¡®¢ ¢®§¬ãé¥­¨© ¨¯ à ¬¥âà®¢ áà¥¤ë.1. ��������� ��������� áá¬®âà¨¬ ¢«¨ï­¨¥ ¬ £­¨â­®£® ¯®«ï ­  à §-¢¨â¨¥ ¬ «ëå ¢®§¬ãé¥­¨© ¢ áâà â¨ä¨æ¨à®¢ ­­®©áà¥¤¥. �á­®¢­ë¥ ¯à¥¤¯®«®¦¥­¨ï, ª®â®àë¥ ¨á¯®«ì-§®¢ ­ë ¢ à ¡®â¥, á«¥¤ãîé¨¥ [14]: â®ª®¬ á¬¥é¥­¨ï¯à¥­¥¡à¥£ ¥¬; ¯®« £ ¥¬, çâ® ª®­¢¥ªæ¨®­­ë© â®ª¬ « ¯® áà ¢­¥­¨î á â®ª®¬ ¯à®¢®¤¨¬®áâ¨; ¯à¥­¥-¡à¥£ ¥¬ íää¥ªâ®¬ �®«« , ¨®­­ë¬ áª®«ì¦¥­¨¥¬,  

â ª¦¥ ¢«¨ï­¨¥¬ í«¥ªâà®áâ â¨ç¥áª®© á¨«ë ¯® áà ¢-­¥­¨î á á¨«®© �®à¥­æ . �â¨ ¯à¥¤¯®«®¦¥­¨ï å®à®-è® ®¯à ¢¤ë¢ îâáï ¤«ï á« ¡ëå ¬ £­¨â­ëå ¯®«¥©.� íâ®¬ á«ãç ¥ æ¨ª«®âà®­­®¥ ¢à é¥­¨¥ ¯à ªâ¨ç¥-áª¨ ­¥ ¯à®ï¢«ï¥âáï ­  ä®­¥ å ®â¨ç¥áª¨å ¯à®æ¥á-á®¢ áâ®«ª­®¢¥­¨ï ¢ áà¥¤¥, â. ¥. Rc � l, £¤¥ Rc{ æ¨ª«®âà®­­ë© à ¤¨ãá,   l { ¤«¨­  á¢®¡®¤­®£®¯à®¡¥£ . �à¨ â ª¨å ãá«®¢¨ïå ¯à®¢®¤¨¬®áâì áà¥-¤ë �0 ¬®¦­® à áá¬ âà¨¢ âì ª ª áª «ïà­ãî ¢¥«¨-ç¨­ã [18].�®á¯®«ì§ã¥¬áï á¨áâ¥¬®© ¬¨ªà®áª®¯¨-ç¥áª¨å ãà ¢­¥­¨© � ªá¢¥«« , ¯à¥­¥¡à¥£ ï â®ª ¬¨­ ¬ £­¨ç¨¢ ­¨ï [14]:rot ~E = �@ ~B@t ; (1)rot ~H = ~J; (2)div~B = 0; (3)�0div~E = q0; (4)~J = �0 �~E + [~v � ~B� : (5)�¤¥áì ~E ¨ ~H { ¢¥ªâ®à  ­ ¯àï¦¥­­®áâ¨ í«¥ªâà¨ç¥-áª®£® ¨ ¬ £­¨â­®£® ¯®«ï, á®®â¢¥âáâ¢¥­­®; ~D == ��0 ~E ¨ ~B = ��0 ~H { ¢¥ªâ®à ¨­¤ãªæ¨¨ í«¥ªâà¨ç¥-áª®£® ¨ ¬ £­¨â­®£® ¯®«¥© á®®â¢¥âáâ¢¥­­®; ~J { ¢¥ª-â®à ¯«®â­®áâ¨ â®ª ; � { ¤¨í«¥ªâà¨ç¥áª ï ¯à®­¨æ -¥¬®áâì; � { ¬ £­¨â­ ï ¯à®­¨æ ¥¬®áâì áà¥¤ë; �0 {í«¥ªâà®¯à®¢®¤­®áâì ¦¨¤ª®áâ¨; q0 { à á¯à¥¤¥«¥­¨¥¯«®â­®áâ¨ á¢®¡®¤­ëå § àï¤®¢; ~v { ¢¥ªâ®à áª®à®áâ¨¦¨¤ª®áâ¨; �0 { ¯®áâ®ï­­ ï, à ¢­ ï 9 � 10�12 �/¬;�0 { ¯®áâ®ï­­ ï, à ¢­ ï 4� � 107�­=�2.�®¤áâ ¢«ïï § ¢¨á¨¬®áâì (5), ¢ëà ¦ îéãî § -ª®­ �¬ , ¢ § ª®­ �¬¯¥à  (2), ¯®«ãç ¥¬rot ~H = �0 ~E + �0[~v � ~B]:�à¨¬¥­ïï ª íâ®¬ã ãà ¢­¥­¨î ®¯¥à æ¨î à®â®à  ¨ãç¨âë¢ ï, çâ® div ~H = 0, ¯®«ãç ¥¬@ ~B@t = rot[~v � ~B] + �M� ~B; (6)£¤¥ �M = 1=�0�0 { ª®íää¨æ¨¥­â ¤¨ääã§¨¨ ¬ £-­¨â­®£® ¯®«ï. � ãà ¢­¥­¨¨ (6) ¯¥à¢®¥ á« £ ¥¬®¥¢ ¯à ¢®© ç áâ¨ ®â¢¥ç ¥â §  ¢¬®à®¦¥­­®áâì ¬ £-­¨â­®£® ¯®«ï, ¢â®à®¥ { §  ¤¨ääã§¨î ¥£® á¨«®¢ëå«¨­¨©.�¢¥¤¥¬ å à ªâ¥à­ë¥ ¬ áèâ ¡ë áª®à®áâ¨ U , ¤«¨-­ë L, ¢¥«¨ç¨­ë ¬ £­¨â­®© ¨­¤ãªæ¨¨ Bch. �®-£¤  ãà ¢­¥­¨¥ ¨­¤ãªæ¨¨ (6) ¢ ¡¥§à §¬¥à­®© ä®à¬¥¯à¨¬¥â ¢¨¤@ ~B@t = rot[~v � ~B] + ReM� ~B: (7)�.�. �¨ª¨è®¢ 45



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 4. �. 44 { 52�¤¥áì ReM { ¬ £­¨â­®¥ ç¨á«® �¥©­®«ì¤á , ReM == 1=UL�0�0.�¥à¥©¤¥¬ â¥¯¥àì ª £¨¤à®¤¨­ ¬¨ç¥áª®© ç áâ¨ãà ¢­¥­¨© ¤¢¨¦¥­¨ï. �ã¤¥¬ áç¨â âì, çâ® ¨§¬¥­¥-­¨ï ¯«®â­®áâ¨ ¯à®¨áå®¤ïâ ¢ ¢¥àâ¨ª «ì­®¬ ­ ¯à -¢«¥­¨¨ ¨ ®­¨ ­¥¢¥«¨ª¨. �à¥¤áâ ¢¨¬ ¢ëà ¦¥­¨¥¤«ï ¯«®â­®áâ¨ ¢ ¢¨¤¥ áã¬¬ë ­¥¢®§¬ãé¥­­®£® §­ -ç¥­¨ï ¨ ¢®§¬ãé¥­¨ï �� = �s(z) + �. �®£¤  ¢®§¬ã-é¥­¨ï¬¨ ¯«®â­®áâ¨ ¢ ¨­¥àæ¨®­­ëå ç«¥­ å ãà ¢-­¥­¨ï � ¢ì¥-�â®ªá  ¯à¥­¥¡à¥£ ¥¬, ­® ãç¨âë¢ ¥¬¨§¬¥­¥­¨ï ¯«®â­®áâ¨ ¢ ç«¥­ å, á¢ï§ ­­ëå á ¨§¬¥-­¥­¨ï¬¨ ¤ ¢«¥­¨ï ¨ ¢­¥è­¥© á¨«ë. � à¥§ã«ìâ â¥¯®«ãç ¥¬ ãà ¢­¥­¨¥ � ¢ì¥-�â®ªá  ¨ ãà ¢­¥­¨¥ ­¥-à §àë¢­®áâ¨ ¢ ¯à¨¡«¨¦¥­¨¨ �ãáá¨­¥áª , ª®â®àë¥¤«ï á«ãç ï â¥¬¯¥à âãà­®-áâà â¨ä¨æ¨à®¢ ­­®©áà¥¤ë ¨¬¥îâ ¢¨¤ [2,24]�s�@~v@t + (~v � r)~v� == �rp0 + �~g + [ ~J � ~B] + ��~v; (8)div v = 0: (9)�¤¥áì ¢ ãà ¢­¥­¨¥ ¤¢¨¦¥­¨ï ¤®¡ ¢«¥­  ¯®­¤¥à®-¬®â®à­ ï á¨«  ~f = [ ~J � ~B], ¯®ï¢«¥­¨¥ ª®â®à®©®¡ãá«®¢«¥­® ¤¢¨¦¥­¨¥¬ í«¥ªâà®¯à®¢®¤­®© ¦¨¤ª®-áâ¨ ¢ ¬ £­¨â­®¬ ¯®«¥. �ëà ¦¥­¨¥ ¤«ï ¢¥ªâ®à ¯«®â­®áâ¨ â®ª  ­ å®¤¨¬ ¨§ § ª®­  �¬  (5), ¯à¨íâ®¬, ª ª ®â¬¥ç «®áì ¢ëè¥, í«¥ªâà®áâ â¨ç¥áª®©®¡ê¥¬­®© á¨«®© ¯à¥­¥¡à¥£ ¥¬ ¯® áà ¢­¥­¨î á á¨-«®© �®à¥­æ  [14]. �ç¨â ¥¬ â ª¦¥, çâ® �s(z) ¬ «®®â«¨ç ¥âáï ®â ¯®áâ®ï­­®£® §­ ç¥­¨ï �0 [2]. � à¥-§ã«ìâ â¥ ¯®«ãç ¥¬@~v@t + (~v � r)~v = � 1�0rp0 ++�~g + �M [rot~B � ~B] + ��~v; (10)£¤¥ p0 { ®âª«®­¥­¨¥ ¤ ¢«¥­¨ï ®â £¨¤à®áâ â¨ç¥áª®£®á®áâ®ï­¨ï; � { ª¨­¥¬ â¨ç¥áª¨© ª®íää¨æ¨¥­â ¢ï§-ª®áâ¨. � íâ®¬ã ãà ¢­¥­¨î ­¥®¡å®¤¨¬® ¤®¡ ¢¨âìãà ¢­¥­¨¥ ¯¥à¥­®á  â¥¬¯¥à âãàë@T@t + ~v rT = �T�T ; (11)£¤¥ T { â¥¬¯¥à âãà  áà¥¤ë; �T { â¥¬¯¥à âãà®¯à®-¢®¤­®áâì, ¨ ãà ¢­¥­¨¥ á®áâ®ï­¨ï, ª®â®à®¥ ¡ã¤¥¬¨á¯®«ì§®¢ âì ¢ «¨­¥ à¨§®¢ ­­®© ä®à¬¥:�� = �0(1� �T (T � T0)) (12)(§¤¥áì T0 { å à ªâ¥à­®¥ §­ ç¥­¨¥ â¥¬¯¥à âãàë,�T { ª®íää¨æ¨¥­â â¥à¬¨ç¥áª®£® à áè¨à¥­¨ï ¦¨¤-ª®áâ¨).

�ë¡¥à¥¬ á¨áâ¥¬ã ª®®à¤¨­ â â ª, çâ®¡ë ®áì z¡ë«  ­ ¯à ¢«¥­  ¢¥àâ¨ª «ì­® ¢¢¥àå,   ®á¨ x ¨ yá®áâ ¢¨«¨ ¢¬¥áâ¥ á ­¥© ¯à ¢®áâ®à®­­îî ¯àï¬®-ã£®«ì­ãî á¨áâ¥¬ã. �®£¤  ¢ íâ®© á¨áâ¥¬¥ ª®®à¤¨-­ â ~g = (0; 0;�g),   ~v = (u; v; w).�ãáâì ~B = ~B0+~b (§¤¥áì ~B0 { ¯®áâ®ï­­®¥ ¬ £­¨â-­®¥ ¯®«¥, ~b { ¥£® ¢®§¬ãé¥­¨¥), T � = Ts + T , (§¤¥áìTs(z) { áà¥¤­¨© ¯à®ä¨«ì â¥¬¯¥à âãàë ¯® £«ã¡¨-­¥, T { ¥£® ¢®§¬ãé¥­¨¥). �â¬¥â¨¬, çâ® ¯à¥¤áâ -¢«¥­¨¥ ¬ £­¨â­®© ¨­¤ãªæ¨¨ ¢ ¢¨¤¥ áã¬¬ë ®á­®¢-­®© ¢¥«¨ç¨­ë ¨ ¬ «®£® ¢®§¬ãé¥­¨ï íª¢¨¢ «¥­â-­® à §«®¦¥­¨î ¯® ¬ «®¬ã ¬ £­¨â­®¬ã ç¨á«ã �¥©-­®«ì¤á . �§ «¨­¥ à¨§®¢ ­­®£® ãà ¢­¥­¨ï á®áâ®ï-­¨ï á«¥¤ã¥â, çâ® � = ��0�T T:� à¥§ã«ìâ â¥ ¤«ï ¬ «ëå ¢®§¬ãé¥­¨©, ¯à¥­¥¡à¥£ ïç«¥­ ¬¨ ¢ëáè¥£® ¯®àï¤ª  ¬ «®áâ¨, ãà ¢­¥­¨ï ¨­-¤ãªæ¨¨ (7), ¤¢¨¦¥­¨ï (10), ¯¥à¥­®á  â¥¬¯¥à âãàë(11) ¨ ­¥á¦¨¬ ¥¬®áâ¨ (9) ¯à¨¬ãâ á«¥¤ãîé¨© ¢¨¤(¢ à §¬¥à­®© ä®à¬¥):@~b@t = hr� [~v � ~B0]i+ �M�~b;@~v@t = �rp0�0 + �~g�0 + 1�0�0 [rot~b� ~B0] + ��~v; (13)@�@t = �0N2g w + �T��;div ~v = 0;£¤¥ N2 = �g=�0 d�s=dz { ç áâ®â  �ï©áï«ï-�à¥­â .� áá¬ âà¨¢ ¥âáï á«ãç © ãáâ®©ç¨¢®© áâà â¨ä¨ª -æ¨¨, ¯®« £ ¥âáï, çâ® N2 = const > 0.�à¨ «¨­¥ à¨§ æ¨¨ áç¨â «®áì, çâ® ¬ «ë ­¥ â®«ì-ª®  ¬¯«¨âã¤ë ¯ à ¬¥âà®¢ ¢®§¬ãé¥­¨©, ­® ¨å £à -¤¨¥­âë ¡«¨§ª¨ ª ®ªàã¦ îé¨¬, çâ® á¯à ¢¥¤«¨¢®,­ ¯à¨¬¥à, ¤«ï ä¨­ «ì­®© áâ ¤¨¨ à §¢¨â¨ï âãà¡ã-«¥­â­®áâ¨ ¢ áâà â¨ä¨æ¨à®¢ ­­®© áà¥¤¥.�¢¥¤¥¬ ®¯¥à â®àë G1 = @=@t���, G2 = @=@t�� �T�, G3 = @=@t � �M�, â®£¤  ¢ ®¯¥à â®à­®¬¢¨¤¥ á¨áâ¥¬ã (13) ¬®¦­® ¯¥à¥¯¨á âì á«¥¤ãîé¨¬®¡à §®¬:G1~v = �rp0�0 + �~g�0 + 1�0�0 [rot~b� ~B0]; (14)G2� = �0N2g w; (15)G3~b = rot[~v � ~B0]; (16)div~v = 0: (17)46 �.�. �¨ª¨è®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 4. �. 44 { 52�à¨¬¥­ïï ®¯¥à â®à rot ª ãà ¢­¥­¨î (14), ¨§¡ ¢«ï-¥¬áï ®â á« £ ¥¬®£®, á®¤¥à¦ é¥£® ¤ ¢«¥­¨¥. � -â¥¬ ¤¥©áâ¢ã¥¬ ®¯¥à â®à ¬¨ G2 ¨ G3 ­  ¯®«ãç¥­-­®¥ ãà ¢­¥­¨¥, ¨á¯®«ì§ã¥¬ ãà ¢­¥­¨ï (15) ¨ (16) ¨¯®á«¥ ¯à¨¬¥­¥­¨ï ®¯¥à æ¨¨ rot ¯®«ãç ¥¬G1G2G3rot rot~v = N2G3rot rot�w~gg�++ 1�0�0G2rot rot hrot rot[~v � ~B0]� ~B0i : (18)� áá¬®âà¨¬ á« £ ¥¬ë¥, ­ å®¤ïé¨¥áï ¢ ¯à ¢®© ç -áâ¨ íâ®£® ãà ¢­¥­¨ï:1) rot rot�w~gg� = �r@w@z � ~gg�w:2)rot rot hrot rot[~v � ~B0]� ~B0i = �(B0 � r)2�~v:�®¤à®¡­ë© ¢ë¢®¤ ¯à¨¢¥¤¥­ ¢ �à¨«®¦¥­¨¨.� ª¨¬ ®¡à §®¬, ®ª®­ç â¥«ì­® ¯®«ãç ¥¬G1G2G3�~v = N2G3�r@w@z + ~gg�w�++( ~B0r)2�0�0 G2�~v: (19)�â¬¥â¨¬, çâ® íâ® ãà ¢­¥­¨¥ á®¢¯ ¤ ¥â á ãà ¢­¥-­¨¥¬, ¯à¨¢¥¤¥­­ë¬ ¢ à ¡®â¥ [25], ¢ ª®â®à®© ¨§ã-ç «¨áì ¢®«­®¢ë¥ ¤¢¨¦¥­¨ï ­¥¢ï§ª®©, ­¥â¥¯«®¯à®-¢®¤­®©, ¨¤¥ «ì­® ¯à®¢®¤ïé¥© ¦¨¤ª®áâ¨ ¯à¨ ­ «¨-ç¨¨ ¢à é¥­¨ï, ¬ £­¨â­®£® ¯®«ï ¨ áâà â¨ä¨ª æ¨¨,¥á«¨ ¯à¨­ïâì ã£«®¢ãî áª®à®áâì ¢à é¥­¨ï à ¢­®©­ã«î.�«ï ¢¥àâ¨ª «ì­®© á®áâ ¢«ïîé¥© áª®à®áâ¨ W¯®«ãç ¥¬G1G2G3�w+N2G3�hw� ( ~B0r)2�0�0 G2�w = 0; (20)£¤¥ �h { £®à¨§®­â «ì­ë©  ­ «®£ ®¯¥à â®à  � ¯« -á .�­ «®£¨ç­®¥ ¢ëà ¦¥­¨¥ ¬®¦­® ¯®«ãç¨âì ¤«ï¢®§¬ãé¥­¨© ¯«®â­®áâ¨:G1G2G3��+N2G3�h� � ( ~B0r)2�0�0 G2�� = 0: (21)�¨¤­®, çâ® íâ® ãà ¢­¥­¨¥ á®¢¯ ¤ ¥â á ãà ¢­¥­¨-¥¬ ¤«ï ¢¥àâ¨ª «ì­®© ª®¬¯®­¥­âë áª®à®áâ¨. �­-â¥à¥á­® ®â¬¥â¨âì, çâ®  ­ «®£¨ç­ ï á¨âã æ¨ï ­ -¡«î¤ ¥âáï ¨ ¯à¨ à áá¬®âà¥­¨¨ à §¢¨â¨ï ¢®§¬ã-é¥­¨© ¢ï§ª®©, â¥¯«®¯à®¢®¤­®© ¦¨¤ª®áâ¨ ¯à¨ ­ -«¨ç¨¨ áâà â¨ä¨ª æ¨¨ [4].

2. ������ ��������� ���������ã¤¥¬ à áá¬ âà¨¢ âì ¯à®æ¥ááë, ¯à®¨áå®¤ïé¨¥¯à¨ ®âáãâáâ¢¨¨ â¥¯«®¢®© ¨ ¬ £­¨â­®© ¤¨ääã§¨¨.�®« £ ï �T = 0 ¨ �M = 0 ¢ ãà ¢­¥­¨¨, ®¯¨áë¢ -îé¥¬ ¯®¢¥¤¥­¨¥ ¢¥àâ¨ª «ì­®© ª®¬¯®­¥­âë áª®à®-áâ¨ (20), ¯®«ãç ¥¬G1 ~G2�w + N2�hw � ( ~B0 � r)2�0�0 �w = 0; (22)£¤¥ ®¯¥à â®à ~G2 = @=@t.�¥è¥­¨¥ íâ®£® ãà ¢­¥­¨ï ¨é¥¬ ¢ ¢¨¤¥ w == W (t) exp(i~k~r), â®£¤  ¯®«ãç ¥¬ddt� ddt + �k2�W + (23)+N2m2k2 W + ( ~B0 � ~k)2�0�0 W = 0;£¤¥ m = pk21 + k22 { £®à¨§®­â «ì­®¥ ¢®«­®¢®¥ ç¨-á«®. �¢®¤ï ¡¥§à §¬¥à­®¥ ¢à¥¬ï � = �k2t, ­ å®¤¨¬d2Wd�2 + dWd� + N2m2�2k6 + ( ~B0 � ~k)2�0�0�2k4!w = 0: (24)�â¬¥â¨¬, çâ® ¯à¨ ~B0 = 0 íâ® ãà ¢­¥­¨¥ á®¢¯ -¤ ¥â á  ­ «®£¨ç­ë¬ ãà ¢­¥­¨¥¬, ¯à¨¢¥¤¥­­ë¬ ¢[4,5].
�¨á. 1. �¥ªâ®àë B0 ¨ k ¢ ¯à®áâà ­áâ¢¥ (k1; k2; k3)�  p¨á. 1 ¯®ª § ­® à á¯®«®¦¥­¨¥ ¢¥ªâ®à®¢ ~B0 ¨~k ¢ ¯à®áâà ­áâ¢¥ (k1; k2; k3). �£®« � { ã£®« ¬¥¦¤ã¢¥ªâ®à ¬¨ ~B0 ¨ ~k; # { ã£®« ¬¥¦¤ã ~k ¨ ®áìî z; � {ã£®« ¬¥¦¤ã ~B0 ¨ ®áìî y; ~m { ¯à®¥ªæ¨ï ¢¥ªâ®à  ~k­  ¯«®áª®áâì (k1; k2); � { ã£®« ¬¥¦¤ã ~m ¨ ®áìî y.�.�. �¨ª¨è®¢ 47



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 4. �. 44 { 52�¨áâ¥¬  ª®®à¤¨­ â ¢ë¡à ­  â ª, çâ® ¢¥ªâ®à ~B0­ å®¤¨âáï ¢ ¯«®áª®áâ¨ (y; z), ®áì z { ­ ¯à ¢«¥­ ¢¥àâ¨ª «ì­® ¢¢¥àå, ®áì x { ­ ¯à ¢«¥­  ¯¥à¯¥­¤¨-ªã«ïà­® ª ®áï¬ y ¨ z.�¥è¥­¨¥ ãà ¢­¥­¨ï (24) ¨é¥¬ ¢ ¢¨¤¥ exp(�� ),®âªã¤  �2 + �+ N2m2�2k6 + ( ~B0 � ~k)2�0�0�2k4 = 0: (25)� å®¤¨¬ à¥è¥­¨¥�1;2 = �12 �vuut14 � N2m2�2k6 + (B0 �~k)2�0�0�2k4!: (26)�âáî¤  á«¥¤ã¥â, çâ® ¤¢¨¦¥­¨¥ ­®á¨â ¢®«­®¢®© å -à ªâ¥à, ¥á«¨ ¤¨áªà¨¬¨­ ­â ¯®¤ ª®à­¥¬ ®âà¨æ -â¥«ì­ë©, ¨  ¯¥à¨®¤¨ç¥áª¨©, ¥á«¨ ¤¨áªà¨¬¨­ ­â¯®«®¦¨â¥«ì­ë©, â. ¥. £à ­¨æ  áãé¥áâ¢®¢ ­¨ï¢®«­ ®¯à¥¤¥«ï¥âáï ãà ¢­¥­¨¥¬1 = 4 N2m2�2k6 + (B20 � ~k)2�0�0�2k4! : (27)� áá¬®âà¨¬ íâ® ãà ¢­¥­¨¥. �¢¥¤¥¬ å à ªâ¥à­ë©¬ áèâ ¡ ¤«¨­ë L ¨ ¯à¥¤áâ ¢¨¬ ãà ¢­¥­¨¥ ¢ á«¥-¤ãîé¥© ¡¥§à §¬¥à­®© ä®à¬¥:m2 = �24N2L4 k6 � B20 cos2��0�0N2L2 k4: (28)�¢¥¤ï ®¡®§­ ç¥­¨ï k2 = p; m2 = q, k23 = r, (p == q + r; q � p), a = �2=4N2L4 > 0, b == B20 cos2 �=�0�0N2L2 > 0, ¯®«ãç¨¬q = ap3 � bp2: (29)�  à¨á. 2 ¨§®¡à ¦¥­ £à ä¨ª äã­ªæ¨¨ (29). �¥à-â¨ª «ì­®© èâà¨å®¢ª®© ®¡®§­ ç¥­  ®¡« áâì ¢®«-­®¢ëå ¤¢¨¦¥­¨© ¯à¨ ­ «¨ç¨¨ ¬ £­¨â­®£® ¯®«ï,¤¢®©­®© èâà¨å®¢ª®© { ®¡« áâì ¢®«­®¢ëå ¤¢¨¦¥-­¨© ¢ ®âáãâáâ¢¨¨ ¬ £­¨â­®£® ¯®«ï, â. ¥. ª®£¤ b = 0. �à ­¨æë à §¤¥«  ¬¥¦¤ã ¢®«­®¢ë¬¨ ¤¢¨¦¥-­¨ï¬¨ ¨ ­¥¢®«­®¢ë¬¨ ¯à¨ ®âáãâáâ¢¨¨ ¬ £­¨â­®£®¯®«ï ­¨£¤¥ ­¥ ¯¥à¥á¥ª îâáï á  ­ «®£¨ç­®© £à ­¨-æ¥© ¯à¨ ­ «¨ç¨¨ ¯®«ï (¤¥©áâ¢¨â¥«ì­®, ¥¤¨­áâ¢¥­-­ ï â®çª  ¯¥à¥á¥ç¥­¨ï q = p = 0). �âªã¤  ¬®¦­®á¤¥« âì ¢ë¢®¤, çâ® ®¡« áâì ¢®«­®¢ëå ¤¢¨¦¥­¨© ¢®âáãâáâ¢¨¨ ¬ £­¨â­®£® ¯®«ï «¥¦¨â æ¥«¨ª®¬ ¢­ã-âà¨ ®¡« áâ¨ ¢®«­®¢ëå ¤¢¨¦¥­¨© ¯à¨ ­ «¨ç¨¨ ¯®«ï¨ ï¢«ï¥âáï ¥¥ ¯®¤®¡« áâìî.�®çª  ¯¥à¥á¥ç¥­¨ï p+cr ªà¨¢®© (29) á ®áìîp ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥­¨¥¬ p+cr = b=a == 4B20 cos2 �L2=�0�0�2. �âªã¤  ¯®«ãç ¥¬ ¯¥à-¢ãî å à ªâ¥à­ãî â®çªã ­  ¤¨ £à ¬¬¥ ¤¢¨¦¥­¨©(k23)cr = p+cr.

�¨á. 2. �¨ £à ¬¬  ¤¢¨¦¥­¨© ¢ ¯à®áâà ­áâ¢¥ (q; p)�§ ãá«®¢¨ï q � p ¬®¦­® ­ ©â¨ ¢â®àãî ªà¨â¨ç¥-áªãî â®çªã qcr = pcr. �§ ãà ¢­¥­¨ï (29) ¯®«ãç ¥¬aq3cr � bq2cr � qcr = 0;®âªã¤  (¢ à §¬¥à­®¬ ¢¨¤¥)m2cr = 2B20 cos2��0�0�2 + 2s�B20 cos2 ��0�0�2 �2 + N2�2 : (30)
�¨á. 3. �¨ £à ¬¬  ¤¢¨¦¥­¨© ¢ ¯à®áâà ­áâ¢¥ (m;k3).�¢®©­ ï èâà¨å®¢ª  á®®â¢¥âáâ¢ã¥â B0 = 0�  à¨á. 3 áå¥¬ â¨ç¥áª¨ ¨§®¡à ¦¥­ë ¤¨ £à ¬-¬ë ¤¢¨¦¥­¨© ¢ ¯à®áâà ­áâ¢¥ (m; k3). �¤¨­ à-­®© èâà¨å®¢ª®© { ®¡« áâì ¢®«­®¢ëå ¤¢¨¦¥­¨© ¯à¨­ «¨ç¨¨ ¬ £­¨â­®£® ¯®«ï,   ¤¢®©­®© èâà¨å®¢ª®©®¡®§­ ç¥­  ®¡« áâì áãé¥áâ¢®¢ ­¨ï ¢®«­®¢ëå ¤¢¨-¦¥­¨© ¯à¨ ®âáãâáâ¢¨¨ ¬ £­¨â­®£® ¯®«ï.�§ à¨á. 2 ¨ 3 ¢¨¤­®, çâ® ¯à¨ m > mcr = pqcr¢®«­®¢ëå ¤¢¨¦¥­¨© ¢ áà¥¤¥ ­¥ ¢®§­¨ª ¥â. � ®â-áãâáâ¢¨¥ ¬ £­¨â­®£® ¯®«ï p�cr = q�cr = 2N=�. �àã-£¨¬¨ á«®¢ ¬¨, m > m�cr = pq�cr ¢®«­®¢ë¥ ¤¢¨-¦¥­¨ï ¢ áâà â¨ä¨æ¨à®¢ ­­®© áà¥¤¥ ®âáãâáâ¢ãîâ48 �.�. �¨ª¨è®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 4. �. 44 { 52(á¬. [4, 5]). �à ­¨æ  à §¤¥«  ¬¥¦¤ã ¢®«­®¢ë¬¨ ¨ ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨¦¥­¨ï¬¨ ¢ íâ®¬ á«ãç ¥ ¬®-¦¥â ¡ëâì ­ ©¤¥­  ¨§ à¥è¥­¨ï ãà ¢­¥­¨ï (27), ¯®-« £ ï ¢ ­¥¬ B0 = 0:k23 = �2Nm� �2=3 �m2: (31)�à¨áãâáâ¢¨¥ ¬ £­¨â­®£® ¯®«ï à áè¨àï¥â ®¡« áâìáãé¥áâ¢®¢ ­¨ï ¢®«­®¢ëå ¤¢¨¦¥­¨© ¢ ¤ ­­®¬ á«ã-ç ¥.�­ «¨§ ¯®ª §ë¢ ¥â, çâ® ¢ § ¢¨á¨¬®áâ¨ ®â á®®â-­®è¥­¨ï ¯ à ¬¥âà®¢, á¢ï§ ­­ëå á B0 ¨ N , £à ­¨-æ  à §¤¥«  ¢®«­®¢ëå ¨  ¯¥à¨®¤¨ç¥áª¨å ¤¢¨¦¥­¨©­  ¤¨ £à ¬¬¥ ¤¢¨¦¥­¨© ¢ ¯à®áâà ­áâ¢¥ (m; k3)¯à¨ ­ «¨ç¨¨ ¬ £­¨â­®£® ¯®«ï ¨ áâà â¨ä¨ª æ¨¨¬®¦¥â ¨¬¥âì ¨«¨ ­¥ ¨¬¥âì ¬ ªá¨¬ã¬. � áá¬®âà¨¬íâ®â ¢®¯à®á ¯®¤à®¡­¥¥. �à¥®¡à §®¢ ­¨¥ (q; r) ¢(m; k3) ¯à¨ m > 0 ¨ k3 > 0 { ¢§ ¨¬­®-®¤­®§­ ç­®¥,â.¥. ¥á«¨ äã­ªæ¨ï k3(m) ¨¬¥¥â ¬ ªá¨¬ã¬, â® ¨äã­ªæ¨ï r(q) ¨¬¥¥â ¬ ªá¨¬ã¬, ¨ ­ ®¡®à®â.� ©¤¥¬ ªà¨â¥à¨© áãé¥áâ¢®¢ ­¨ï ¬ ªá¨¬ã¬  ¢¯¥à¥¬¥­­ëå (q; r). � ¯¨è¥¬ ãà ¢­¥­¨¥ (29) ¢ á«¥-¤ãîé¥¬ ¢¨¤¥:q = a(q + r)3 � b(q + r)2: (32)� å®¤¨¬ ¯à®¨§¢®¤­ãîdrdq = 13ap2 � 2bp � 1: (33)�à¨ p = p+cr = b=a §­ ¬¥­ â¥«ì íâ®£® ¢ëà ¦¥­¨ïà ¢¥­ b2=a. � à áá¬ âà¨¢ ¥¬®© ®¡« áâ¨ (á¬. à¨á.2) p > p+cr. �®£¤  p à áâ¥â á à®áâ®¬ q, â.¥. ¯à®-¨§¢®¤­ ï dr=dq ¯ ¤ ¥â á à®áâ®¬ q. �âáî¤  á«¥¤ã-¥â, çâ® dr=dq < a=b2 � 1: �á«®¢¨¥ áãé¥áâ¢®¢ ­¨ï¬ ªá¨¬ã¬  ¨¬¥¥â ¢¨¤ dr=dq = 0. �®£¤  ¬ ªá¨¬ã¬áãé¥áâ¢ã¥â, ¥á«¨ b2=a < 1 ¨«¨B20 cos2 ��0�0 1N� < 12 :�¢¥¤¥¬ ¢ à áá¬®âà¥­¨¥ áª®à®áâì à á¯à®áâà ­¥-­¨ï ¢®«­ �«ìä¢¥­  [14] Va = B0=p�0�0, å à ª-â¥à­ë© ¢ï§ª¨© ¬ áèâ ¡ áª®à®áâ¨ áâà â¨ä¨æ¨à®-¢ ­­®© ¦¨¤ª®áâ¨ [5] V� = pN� ¨ ¨å ®â­®è¥­¨¥R = Va=V� . �â¬¥â¨¬, çâ® ãà ¢­¥­¨¥ (28), ®¯à¥-¤¥«ïîé¥¥ £à ­¨æã ¬¥¦¤ã ¢®«­®¢ë¬ ¨  ¯¥à¨®¤¨ç¥-áª¨¬ à¥¦¨¬ ¬¨, ¢ íâ®¬ á«ãç ¥ ¬®¦¥â ¡ëâì ¯à¥¤-áâ ¢«¥­® ¢ ¢¨¤¥m2 = k64 � R2 cos2�k4: (34)�á«®¢¨¥ áãé¥áâ¢®¢ ­¨ï ¬ ªá¨¬ã¬  ¡ã¤¥âR2 cos2� < 0:5: (35)

�®«®¦¥­¨¥ ¬ ªá¨¬ã¬  ®¯à¥¤¥«ï¥âáï ãá«®¢¨¥¬dr=dq = 0. �®«ãç ¥¬ pmax = b+ sb3a ;qmax = m2max = 3asb � 2b2sb � 2b327a2 ;rmax = k2max = 2(b2 + 3a)sb + 9ba+ 2b327a2 ;£¤¥ sb = pb2 + 3a.� ª¨¬ ®¡à §®¬, ¯à¨ ­ «¨ç¨¨ ¬ £­¨â­®£® ¯®«ï£à ­¨æ  áãé¥áâ¢®¢ ­¨ï ¢®«­®¢ëå ¤¢¨¦¥­¨© à á-è¨àï¥âáï. �à¨ íâ®¬, ª ª ¨§¢¥áâ­® [5], ¯à¨ ®â-áãâáâ¢¨¨ ¬ £­¨â­®£® ¯®«ï, ª®£¤  m = 0, â.¥. ¯à¨¡¥áª®­¥ç­ëå £®à¨§®­â «ì­ëå ¬ áèâ ¡ å, ¢®«­®-¢ëå ¤¢¨¦¥­¨© ­¥ ¢®§­¨ª ¥â ¯à¨ «î¡ëå ¢¥àâ¨ª «ì-­ëå ¬ áèâ ¡ å ¢®§¬ãé¥­¨©. � ¯à¨áãâáâ¢¨¨ ¬ £-­¨â­®£® ¯®«ï, ®¤­ ª®, ¢®«­®¢ë¥ ¤¢¨¦¥­¨ï ¨áç¥-§ îâ â®«ìª® ­ ç¨­ ï á k3 = (k3)+cr. �á«¨ ¢¢¥áâ¨¢ ª ç¥áâ¢¥ å à ªâ¥à­®£® ¬ áèâ ¡  ¤«¨­ë ¢ï§ª¨©¬ áèâ ¡ áâà â¨ä¨æ¨à®¢ ­­®© ¦¨¤ª®áâ¨ [5] L� == p�=N, â® (k3)cr = 2R cos�. �àã£¨¬¨ á«®¢ -¬¨, ¯à¨ ¡¥áª®­¥ç­®¬ £®à¨§®­â «ì­®¬ ¬ áèâ ¡¥ ¨¯à¨ ¢¥àâ¨ª «ì­ëå à §¬¥à å h > hcr = 2�=(k3)cr¢®«­®¢ë¥ ¤¢¨¦¥­¨ï áãé¥áâ¢ãîâ ¨ íâ¨ ¤¢¨¦¥­¨ï¥áâì ¯® áãâ¨  «ìä¢¥­®¢áª¨¥ ¢®«­ë. � â® ¦¥ ¢à¥-¬ï, ¯à¨ £®à¨§®­â «ì­ëå à §¬¥à å ¬¥­ìè¥ Lcr== 2�=mcr ¨ ¯à¨ ¡¥áª®­¥ç­®¬ ¢¥àâ¨ª «ì­®¬ ¬ á-èâ ¡¥ ¢®«­®¢ë¥ ¤¢¨¦¥­¨ï ¯¥à¥áâ îâ áãé¥áâ¢®-¢ âì. �ª § ­­ë© ªà¨â¨ç¥áª¨© £®à¨§®­â «ì­ë©¬ áèâ ¡ ã¬¥­ìè ¥âáï á ¯®ï¢«¥­¨¥¬ ¬ £­¨â­®£®¯®«ï.3. ��������� ��������«ï ç¨á«¥­­®£® ¯®áâà®¥­¨ï ¢ëè¥ãª § ­­ëå¤¨ £à ¬¬ ¡ã¤¥¬ ¨á¯®«ì§®¢ âì ¢ ª ç¥áâ¢¥ å à ª-â¥à­®£® ¬ áèâ ¡ë ¤«¨­ë ¢ï§ª¨© ¬ áèâ ¡ áâà â¨-ä¨æ¨à®¢ ­­®© ¦¨¤ª®áâ¨ L� . �®£¤  ãà ¢­¥­¨¥ (28)¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­® ¢ ¢¨¤¥k64 = m2 + R2k4 cos2 �: (36)�ã¤¥¬ à áá¬ âà¨¢ âì á«ãç © cos� = const, â. ¥.¢á¥ ¢®«­®¢ë¥ ¢¥ªâ®à  «¥¦ â ­  ª®­ãá¥, ®áì ª®â®à®-£® ­ ¯à ¢«¥­  ¢¤®«ì ¬ £­¨â­®£® ¯®«ï ¨ ã£®« ¬¥¦-¤ã ®áìî ¨ ®¡à §ãîé¥© à ¢¥­ �. �ç¨âë¢ ï, çâ®m = k sin# ¨ k3 = k cos#, ãà ¢­¥­¨¥ (36) ¡ã¤¥âk4 � 4R2k2 cos2�� 4 sin2 # = 0: (37)�.�. �¨ª¨è®¢ 49



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 4. �. 44 { 52�£® à¥è¥­¨¥ ¨¬¥¥â ¢¨¤k =r2�R2 cos2�+pR4 cos4 �+ sin2 #�: (38)� ª¨¬ ®¡à §®¬, ¯®«ãç¥­® ¯ à ¬¥âà¨ç¥áª®¥ ãà ¢-­¥­¨¥ à áá¬ âà¨¢ ¥¬ëå ¤¨ £à ¬¬.
�¨á. 4. �¨ £à ¬¬  ¤¢¨¦¥­¨© ¯à¨ cos� = 1=2:1 { R = 0; 2 { R = 0:71; 3 { R = 1; 4 { R = 1:41;5 { R = 1:73; 6 { R = 2:0; 7 { R = 2:24�  à¨á. 4 ¯à¥¤áâ ¢«¥­ë à¥§ã«ìâ âë à áç¥â  á¥-¬¥©áâ¢  ¤¨ £à ¬¬ ¤«ï à §«¨ç­ëå §­ ç¥­¨© R, ª®-â®à®¥ å à ªâ¥à¨§ã¥â ®â­®è¥­¨¥ áª®à®áâ¥©  «ìä-¢¥­®¢áª¨å ¢®«­ ¨ ¢ï§ª¨å áª®à®áâ¥© áâà â¨ä¨æ¨à®-¢ ­­®© ¦¨¤ª®áâ¨.
�¨á. 5. �¨ £à ¬¬  ¤¢¨¦¥­¨© ¯à¨ ' = 90o:1 { R = 0; 2 { R = 0:44; 3 { R = 0:71; 4 { R = 1:5;5 { R = 1:41; 6 { R = 1:73; 7 { R = 2:08; 8 { R = 2:24�¤¥áì á¯à ¢¥¤«¨¢ë ¢á¥ ¯®«ãç¥­­ë¥ à ­¥¥ ¢ë¢®-¤ë ®â­®á¨â¥«ì­® ªà¨â¨ç¥áª¨å §­ ç¥­¨© ¢®«­®¢ëå

ç¨á¥«, ® ­ «¨ç¨¨ ¨«¨ ®âáãâáâ¢¨¨ ¬ ªá¨¬ã¬  ªà¨-¢ëå, ® ¢«¨ï­¨¨ ¬ £­¨â­®£® ¯®«ï ­  ¤¨ £à ¬¬ã¤¢¨¦¥­¨© ¨ ¤à. �â¬¥â¨¬ â®«ìª®, çâ® ¯® ¬¥à¥à®áâ  ¢¥«¨ç¨­ë R ¢«¨ï­¨¥ ¬ £­¨â­®£® ¯®«ï áâ -­®¢¨âáï ¤®¬¨­¨àãîé¨¬ ¨ ä®à¬  £à ­¨æë ¬¥¦¤ã¢®«­®¢ë¬ ¨  ¯¥à¨®¤¨ç¥áª¨¬ à¥¦¨¬ ¬¨ áâ ­®¢¨â-áï ¡«¨§ª®© ª ç¥â¢¥àâ¨ ®ªàã¦­®áâ¨, ª®â®à ï ®¯¨-áë¢ ¥âáï ãà ¢­¥­¨¥¬ (á¬.(28))k3 =s4B20 cos2 �L2�0�0�2 �m2:�á«®¢¨¥ cos� = const ­ ª« ¤ë¢ ¥â ®¯à¥¤¥«¥­-­ë¥ ®£à ­¨ç¥­¨ï ­  à á¯®«®¦¥­¨¥ ¢®«­®¢ëå ¢¥ª-â®à®¢ ®â­®á¨â¥«ì­® ­ ¯à ¢«¥­¨ï ¬ £­¨â­®£® ¯®-«ï. � áá¬®âà¨¬ ­¥ª®â®àë¥ ç áâ­ë¥ á«ãç ¨ á® á­ï-âë¬ ®£à ­¨ç¥­¨¥¬, â.¥. cos� 6= const. �¥âàã¤­®§ ¬¥â¨âì, çâ®cos� = sin# cos� cos'+ sin' cos #: (39)
�¨á. 6. �¨ £à ¬¬  ¤¢¨¦¥­¨© ¯à¨ ' = 0o:a { á®®â¢¥âáâ¢ã¥â §­ ç¥­¨î R = 0:5,b { á®®â¢¥âáâ¢ã¥â R = 4� áá¬®âà¨¬ á«ãç ©, ª®£¤  ' = 90o, â. ¥. ¢¥ª-â®à ¬ £­¨â­®© ¨­¤ãªæ¨¨ ­ ¯à ¢«¥­ ¢¤®«ì ®á¨ z.�®£¤ , ª ª á«¥¤ã¥â ¨§ á®®â­®è¥­¨ï (39), cos� ­¥§ ¢¨á¨â ®â  §¨¬ãâ «ì­®£® ã£«  � ¨ cos� = cos #.�®£¤  ¢ëà ¦¥­¨¥ (38) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥k =r2�R2 cos2 #+pR4 cos4 #+ sin2 #�: (40)50 �.�. �¨ª¨è®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 4. �. 44 { 52�¯ïâì ¯®«ãç ¥¬ ¯ à ¬¥âà¨ç¥áª®¥ ãà ¢­¥­¨¥,ª®â®à®¥ à¥è ¥¬ ç¨á«¥­­®. �¥§ã«ìâ âë à áç¥â ¤¨ £à ¬¬ ¤¢¨¦¥­¨© ¤«ï à §«¨ç­ëå §­ çã­¨© R¯à¥¤áâ ¢«¥­ë ­  à¨á. 5.� áá¬®âà¨¬ â¥¯¥àì á«ãç © ' = 0, â. ¥. ¢¥ªâ®à¬ £­¨â­®© ¨­¤ãªæ¨¨ ~B0 ­ ¯à ¢«¥­ £®à¨§®­â «ì­®¢¤®«ì ®á¨ y.�§ á®®â­®è¥­¨ï ¬¥¦¤ã ã£« ¬¨ (39) á«¥¤ã¥â, çâ®cos� = sin# cos �. �®£¤  ãà ¢­¥­¨¥ (38) ¯à¨¬¥â¢¨¤ k2 = 2�R2c2s ++qR4c4s + sin2 #�; (41)£¤¥ cs = sin# cos �; ¨ ®­® ï¢«ï¥âáï ¯® áãâ¨ ãà ¢­¥-­¨¥¬ ¯®¢¥àå­®áâ¨, à §¤¥«ïîé¥© ®¡« áâì ¢®«­®¢ëå¨  ¯¥à¨®¤¨ç¥áª¨å ¤¢¨¦¥­¨©, ¢ ¯®«ïà­ëå ª®®à¤¨-­ â å ¢ ¯à®áâà ­áâ¢¥ ¢®«­®¢ëå ç¨á¥«.�®áâà®¥­­ ï âà¥å¬¥à­ ï ¤¨ £à ¬¬  ¢ ¢¨¤¥ ¯®-¢¥àå­®áâ¨ à §¤¥«  ¤«ï R = 0:5 ¨§®¡à ¦¥­  ­ à¨á.6, a ¨ ¤«ï R = 4 ­  à¨á. 6, b. �¨¤­®, çâ®¯® ¬¥à¥ à®áâ  ¢«¨ï­¨ï ¬ £­¨â­®£® ¯®«ï ¯® áà ¢­¥-­¨î á íää¥ªâ ¬¨ áâà â¨ä¨ª æ¨¨ (ã¢¥«¨ç¥­¨¥ §­ -ç¥­¨ïR) ä®à¬  ¯®¢¥àå­®áâ¨ à §¤¥«  ¬¥¦¤ã ¢®«­®-¢ë¬ ¨  ¯¥à¨®¤¨ç¥áª¨¬ à¥¦¨¬ ¬¨ áãé¥áâ¢¥­­ë¬®¡à §®¬ ¨§¬¥­ï¥âáï. �­  â¥àï¥â ä®à¬ã ¡«¨§ªãîª á¨¬¬¥âà¨ç­®©, ¢ëâï£¨¢ ¥âáï ¢¤®«ì ®á¨ k2, ®¤-­®¢à¥¬¥­­® ã¢¥«¨ç¨¢ ïáì ¢ à §¬¥à å.4. ����������� ª¨¬ ®¡à §®¬, ¢ ¤ ­­®© à ¡®â¥ ¯®«ãç¥­® ãà ¢-­¥­¨¥, ®¯¨áë¢ îé¥¥ ¯®¢¥¤¥­¨¥ ¬ «ëå ¢®§¬ãé¥­¨©áª®à®áâ¨ ¢ï§ª®©, í«¥ªâà®¯à®¢®¤­®©, áâà â¨ä¨æ¨-à®¢ ­­®© ¦¨¤ª®áâ¨, ­ å®¤ïé¥©áï ¢ ¯®«¥ £à ¢¨â -æ¨®­­ëå á¨« ¯à¨ ­ «¨ç¨¨ ¢­¥è­¥£® ¬ £­¨â­®£®¯®«ï. �á¯®«ì§®¢ ­ë ¯à¨¡«¨¦¥­¨ï �ãáá¨­¥áª  ¨¬ £­¨â®£¨¤à®¤¨­ ¬¨ç¥áª®¥ ¯à¨¡«¨¦¥­¨¥.� ¯à®áâà ­áâ¢¥ ¢®«­®¢ëå ç¨á¥« ¯®áâà®¥­  ¤¨ -£à ¬¬  â¨¯®¢ ¤¢¨¦¥­¨© ¤«ï à §«¨ç­ëå §­ ç¥­¨©­ ¯àï¦¥­­®áâ¨ ¬ £­¨â­®£® ¯®«ï ¨ ç áâ®âë ¯« -¢ãç¥áâ¨. � ©¤¥­® ¢ëà ¦¥­¨¥, å à ªâ¥à¨§ãîé¥¥£à ­¨æã à §¤¥«  ¬¥¦¤ã ¢®«­®¢ë¬ ¨  ¯¥à¨®¤¨ç¥-áª¨¬ à¥¦¨¬ ¬¨ ¤¢¨¦¥­¨ï. �®ª § ­®, çâ® ¢¨¤íâ®© ªà¨¢®© ®¯à¥¤¥«ï¥âáï ®â­®è¥­¨¥¬ áª®à®áâ¨à á¯à®áâà ­¥­¨ï ¢®«­ �«ìä¢¥­  ¨ ¢ï§ª¨¬ ¬ á-èâ ¡®¬ áª®à®áâ¨ áâà â¨ä¨æ¨à®¢ ­­®© ¦¨¤ª®áâ¨.�â  ªà¨¢ ï, ®¯¨áë¢ îé ï ã¯®¬ï­ãâãî £à ­¨æã,¬®¦¥â ¨¬¥âì ¬ ªá¨¬ã¬ ¢ § ¢¨á¨¬®áâ¨ ®â ¯ à -¬¥âà®¢ áà¥¤ë ¨ à §¬¥à®¢ ¢®§¬ãé¥­¨©. � ©¤¥­®ãá«®¢¨¥ áãé¥áâ¢®¢ ­¨ï ãª § ­­®£® ¬ ªá¨¬ã¬ .�à®¤¥¬®­áâà¨à®¢ ­®, çâ® ­ «¨ç¨¥ ¬ £­¨â­®£®¯®«ï ¯à¨¢®¤¨â ª à áè¨à¥­¨î §®­ë ¢®«­®¢ëå ¤¢¨-¦¥­¨© ¦¨¤ª®áâ¨. � ­­ë¥ ¤¨ £à ¬¬ë ¬®£ãâ á«ã-

¦¨âì ¤«ï ¤¨ £­®áâ¨ª¨ áãé¥áâ¢®¢ ­¨ï â®£® ¨«¨¨­®£® ¢¨¤  ¤¢¨¦¥­¨ï ¢ § ¢¨á¨¬®áâ¨ ®â ¬ áèâ -¡®¢ ¢®§¬ãé¥­¨© ¨ ¯ à ¬¥âà®¢ áà¥¤ë.5. ����������� áá¬®âà¨¬ ¢ëà ¦¥­¨¥~S = rot�rot�rot�rot[~v � ~B0]�� ~B0��:�¢¥¤¥¬ ¢ à áá¬®âà¥­¨¥  ­â¨á¨¬¬¥âà¨ç­ë© â¥­-§®à âà¥âì¥£® à ­£  eijk [26]. �®£¤  ¢¥ªâ®à­®¥ ¯à®-¨§¢¥¤¥­¨¥ ¤¢ãå ¢¥ªâ®à®¢ ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥[ ~A� ~B] = ~F; Fi = eijkAjBk:�à®¨§¢¥¤¥­¨¥ eijk ¨ eilm ¡ã¤¥âeijk � eilm = �jl�km � �jm�kl;£¤¥ � { á¨¬¢®« �à®­¥ª¥à  [26]. �á¯®«ì§ãï ¯à¥¤-áâ ¢«¥­¨¥ ¢¥ªâ®à­®£® ¯à®¨§¢¥¤¥­¨ï c ¯à¨¬¥­¥­¨-¥¬ â¥­§®à  eabc, § ¯¨è¥¬ ¨áª®¬®¥ ¢ëà ¦¥­¨¥ ¢ ¢¨-¤¥ S� = e��
 @@x��rot�rot�rot[~v � ~B0]�� ~B0��
 == e��
 @@x� e
�� @@x� �rot�rot[~v � ~B0]�� ~B0�� == e��
e
�� @@x� @@x� e����rot�rot[~v � ~B0]���B� == e��
e
��e��� @@x� @@x�B� e�ab @@xa �rot[~v � ~B0]�b == e��
e
��e���e�ab @@x� @@x� @@xa ��B� ebcd @@xc [~v � ~B0]d == e��
e
��e��� e�abebcdB� @@x� @@x� @@xa @@xc edklvkBl :�áãé¥áâ¢«ïï á¢¥àâªã ¨­¤¥ªá®¢, ¯®«ãç ¥¬S� = (������ � ������)(��a��b � ��b��a)��(�bk�cl � �bl�ck)B�Bl �� @@x� @@x� @@xa @@xc vk == (������ � ������)(��a��b � ��b��a)���B�Bc @@x� @@x� @@xa @@xc vb ��B�Bb @@x� @@x� @@xa @@xc vc�:�.�. �¨ª¨è®¢ 51
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uid // J. Fluid Mech.{1983.{ 134.{ P. 195-203.
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