
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 48 { 57��� 551.465 ������ �������� ����������������������������������� ������� ���������. �. �������, �. �. ��������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 15.07.2000�  ®á®¢¥ «¨¥ à¨§®¢ ëå ãà ¢¥¨© ¤¢¨¦¥¨ï ¢ ¯à¨¡«¨¦¥¨¨ �ãáá¨¥áª  ¯à®¢¥¤¥   «¨§ ¤¢¨¦¥¨© ¢ï§ª®©áâà â¨ä¨æ¨à®¢ ®© ¯® â¥¬¯¥à âãà¥ ¦¨¤ª®áâ¨ ¯à¨  «¨ç¨¨ ¢à é¥¨ï. � ¯à®áâà áâ¢¥ ¢®«®¢ëå ç¨á¥« ¯®áâà®¥-ë ¤¨ £à ¬¬ë, ¯®§¢®«ïîé¨¥ ¢ë¤¥«ïâì §®ë, ª®â®àë¥ ®¯à¥¤¥«ïîâ â®â ¨«¨ ¨®© â¨¯ ¤¢¨¦¥¨ï (£¨à®áª®¯¨ç¥áª¨¥,¢ãâà¥¨¥, £à ¢¨â æ¨®®-£¨à®áª®¯¨ç¥áª¨¥ ¢®«ë ¨  ¯¥à¨®¤¨ç¥áª¨¥ ¤¢¨¦¥¨ï) ¢ § ¢¨á¨¬®áâ¨ ®â ¯à®áâà áâ¢¥-ëå à §¬¥à®¢ ¢®§¬ãé¥¨© ¨ ¯ à ¬¥âà®¢ áà¥¤ë. �®ª § ®, çâ® £à ¨æ  ®¡« áâ¨  ¯¥à¨®¤¨ç¥áª¨å ¤¢¨¦¥¨© ¨¬¥¥âå à ªâ¥àãî "ª«î¢®®¡à §ãî" ä®à¬ã, ¯®«ãç¥® â®ç®¥ ¢ëà ¦¥¨¥, ®¯à¥¤¥«ïîé¥¥ ¯®«®¦¥¨¥ ã£«®¢®© â®çª¨. �«ïãª § ëå §® ¯®áâà®¥ë á®®â¢¥âáâ¢ãîé¨¥  á¨¬¯â®â¨ç¥áª¨¥ § ¢¨á¨¬®áâ¨, ®¯¨áë¢ îé¨¥ ¢®«®¢ë¥ ¨  ¯¥à¨®¤¨-ç¥áª¨¥ à¥¦¨¬ë ¤¢¨¦¥¨©. �®áâà®¥  ¤¨ £à ¬¬  ¤¢¨¦¥¨© ¢ ¯à¨¡«¨¦¥¨¨ "f-¯«®áª®áâ¨", ¯à®¢¥¤¥® áà ¢¥¨¥ á  «®£¨ç®© ¤¨ £à ¬¬®©, ¯®áâà®¥®© ¡¥§ ¨á¯®«ì§®¢ ¨ï íâ®£® ¯à¨¡«¨¦¥¨ï.�  ®á®¢÷ «÷¥ à÷§®¢ ¨å à÷¢ïì àãåã ¢  ¡«¨¦¥÷ �ãá÷¥áª  ¯à®¢¥¤¥®   «÷§ àãå÷¢ ¢`ï§ª®ù â¥¬¯¥à âãà® áâà -â¨ä÷ª®¢ ®ù à÷¤¨¨ ¯à¨  ï¢®áâ÷ ®¡¥àâ ï. � ¯à®áâ®à÷ å¢¨«ì®¢¨å ç¨á¥« ¯®¡ã¤®¢ ® ¤÷ £à ¬¨, ïª÷ ¤®§¢®«ïîâì¢¨¤÷«ïâ¨ §®¨, é® ¢¨§ ç îâì â®© ç¨ ÷è¨© â¨¯ àãåã (£÷à®áª®¯÷ç÷, ¢ãâà÷è÷, £à ¢÷â æ÷©®-£÷à®áª®¯÷ç÷ å¢¨«÷â   ¯¥à÷®¤¨ç÷ àãå¨) ¢ § «¥¦®áâ÷ ¢÷¤ ¯à®áâ®à®¢¨å à®§¬÷à÷¢ §¡ãà¥ì â  ¯ à ¬¥âà÷¢ á¥à¥¤®¢¨é . �®ª § ®, é®¬¥¦  ®¡« áâ÷  ¯¥à÷®¤¨ç¨å àãå÷¢ ¬ õ å à ªâ¥àã "ª«î¢®®¡à §ã" ä®à¬ã, § ©¤¥® â®ç¨© ¢¨à §, ïª¨© ¢¨§ ç õ¯®«®¦¥ï ªãâ®¢®ù â®çª¨. �«ï ¢ª § ¨å §® ¯®¡ã¤®¢ ®  á¨¬¯â®â¨ç÷ § «¥¦®áâ÷, é® ®¯¨áãîâì å¢¨«ì®¢¨© ÷  ¯¥à÷®-¤¨ç¨© à¥¦¨¬¨ àãå÷¢. �®¡ã¤®¢ ® ¤÷ £à ¬ã àãå÷¢ ã  ¡«¨¦¥÷ "f-¯«®é¨¨", ¯à®¢¥¤¥® ¯®à÷¢ïï §   «®£÷ç®î¤÷ £à ¬®î, ïªã ¯®¡ã¤®¢ ® ¡¥§ ¢¨ª®à¨áâ ï æì®£®  ¡«¨¦¥ï.Analysis of motion of the viscous temperature-strati�ed uid with the presence of the rotation has been carried out onthe basis of the linearized equation of motion in Boussinesc approximation. The diagrams in the space of wave numbershas been constructed to determine the motion type (gyroscopic, internal, gravity-gyroscopic waves and aperiodic motions)in dependence of the space scales of the perturbations and the medium parameters. It is shown that the boundary of theaperiodic zone has characteristic "rostral" shape, exact relationship determinig the position of the angular point is found.The corresponding asymptotic solutions describing the wave and aoeriodic regimes of motion have been found for thesezones. The diagram of motion in the "f-plane" approximation has been constructed too. The comparison of this diagramwith the diagram constructed without this approximation is ful�lled.���������«¨ï¨¥ á¨« ¯« ¢ãç¥áâ¨ ¯à¨¢®¤¨â ª áãé¥áâ¢¥-ë¬ ¨§¬¥¥¨ï¬ ¢ å à ªâ¥à¥ ¤¢¨¦¥¨ï áâà â¨ä¨-æ¨à®¢ ®© ¦¨¤ª®áâ¨. � ®¤®© áâ®à®ë, íâ¨ á¨«ë¯à¥¯ïâáâ¢ãîâ ¤¨ ¯¨ª¨ç¥áª¨¬ ®¡¬¥ë¬ ¯à®æ¥á-á ¬ ¨ ï¢«ïîâáï ®á®¢®© ¯à¨ç¨®© ä®à¬¨à®¢ ¨ïâ®ª®© ¢¥àâ¨ª «ì®© áâàãªâãàë ¢®¤ ®ª¥  , «®ª -«¨§ æ¨¨ ¬¥«ª®¬ áèâ ¡®© âãà¡ã«¥â®áâ¨ ¢ ¢¨¤¥¯¥à¥¬¥è ëå "¯ïâ¥" [1]. � ¤àã£®© áâ®à®ë, ®¨ï¢«ïîâáï ¯à¨ç¨®© ¢®§¨ª®¢¥¨ï á¯¥æ¨ä¨ç¥áª®-£® ¢¨¤  ¢®«®¢ëå ¤¢¨¦¥¨© { ¢ãâà¥¨å ¢®«, å -à ªâ¥à¨§ãîé¨åáï è¨à®ª¨¬ á¯¥ªâà®¬ ¢à¥¬¥ëå¨ ¯à®áâà áâ¢¥ëå ¬ áèâ ¡®¢. �â¨ ¢®«ë ¨£à -îâ ¢ ¦ãî,   ¢® ¬®£¨å á«ãç ïå ¨ ®¯à¥¤¥«ïîéãîà®«ì ¢ ¯à®æ¥áá å £®à¨§®â «ì®£® ¨ ¢¥àâ¨ª «ì®-£® ®¡¬¥  ¬ áá®© ¨ í¥à£¨¥© ¢ ®ª¥ ¥.�àã£®© ¢¨¤ ¢®«®¢ëå ¤¢¨¦¥¨© ¢ ®ª¥ ¥ ®¡ãá«®-¢«¥ íää¥ªâ®¬ ¢à é¥¨ï. �® ¢à é îé¥©áï ¥-áâà â¨ä¨æ¨à®¢ ®© ¦¨¤ª®áâ¨ ¢®«®¢ë¥ ¤¢¨¦¥-¨ï ®¯à¥¤¥«ïîâáï ¤¥©áâ¢¨¥¬ á¨«ë �®à¨®«¨á  (£¨-à®áª®¯¨ç¥áª¨¥ ¢®«ë). �®«¥¡ ¨ï ¢à é îé¥©áï
áâà â¨ä¨æ¨à®¢ ®© ¦¨¤ª®áâ¨ á®¢¬¥é îâ á¢®©-áâ¢  £¨à®áª®¯¨ç¥áª¨å ¨ ¢ãâà¥¨å ¢®«. �à¥-¢ «¨àãîé ï à®«ì íää¥ªâ®¢ ¢à é¥¨ï ¨«¨ áâà -â¨ä¨ª æ¨¨ ®¯à¥¤¥«ï¥âáï á®®â®è¥¨¥¬ ¬¥¦¤ã ç -áâ®â®© ¯« ¢ãç¥áâ¨ N =p�g=�0(d��=dz) ¨ ¯ à ¬¥-âà®¬ �®à¨®«¨á  f = 2
 [2]. �¤¥áì g - ãáª®à¥¨¥á¨«ë âï¦¥áâ¨, �0 { å à ªâ¥à®¥ § ç¥¨¥ ¯«®â®-áâ¨ ¦¨¤ª®áâ¨, �� = ��(z) { ¥¢®§¬ãé¥ë© ¯à®ä¨«ì¯«®â®áâ¨, z { ¢¥àâ¨ª «ì ï ª®®à¤¨ â , 
 { ã£«®-¢ ï áª®à®áâì ¢à é¥¨ï ¦¨¤ª®áâ¨.�â¬¥â¨¬ ¤«ï ¯®«®âë ª àâ¨ë, çâ® ¢ ®ª¥ ¥áãé¥áâ¢ãîâ â ª¦¥ ¤àã£¨¥ â¨¯ë ¢®«®¢ëå ¤¢¨¦¥-¨©:  ªãáâ¨ç¥áª¨¥, ¯®¢¥àå®áâë¥ ¨ ª ¯¨««ïàë¥¢®«ë. �¤ ª® £¥¥à æ¨ï ¨ å à ªâ¥à ¨å ¯®¢¥¤¥¨ï®¯à¥¤¥«ïîâáï ¤àã£¨¬¨ íää¥ªâ ¬¨, ¨ íâ¨ ¢®«®¢ë¥¤¢¨¦¥¨ï ¢ à ¡®â¥ ¥ à áá¬ âà¨¢ îâáï.�¨¥©ë©   «¨§ à §«¨çëå â¨¯®¢ ¤¢¨¦¥¨©áâà â¨ä¨æ¨à®¢ ®© ¦¨¤ª®áâ¨ ¢ ®âáãâáâ¢¨¥ ¢à -é¥¨ï ¢ë¯®«¥ ¢ à ¡®â¥ [3]. �¢â®àë ¯®ª § «¨,çâ® ãç¥â íää¥ªâ®¢ ¢ï§ª®áâ¨ ¨ â¥¬¯¥à âãà®¯à®-¢®¤®áâ¨ ¯à¨¢®¤¨â ª â®¬ã, çâ®  àï¤ã á ¢ãâà¥-¨¬¨ ¢®« ¬¨ (¢®«®¢ ï ¬®¤ ) ¢ ¦¨¤ª®áâ¨ ¬®£ãâ48 c �.�. �¨ª¨è®¢, �.�. �à¨áâîª, 2000



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 48 { 57¢®§¨ª âì ¬¥¤«¥® § âãå îé¨¥ á«®¨áâë¥ áâàãª-âãàë (¨âàã§¨® ï ¬®¤  [4]). �¢¨¦¥¨¥ ¦¨¤ª®-áâ¨ ¢ ¨å ¯à®¨áå®¤¨â §  áç¥â § ¯ á¥®© ¯®â¥æ¨- «ì®© í¥à£¨¨,  ¯à¨¬¥à, ¯à¨ âãà¡ã«¥â®¬ ¯¥-à¥¬¥è¨¢ ¨¨. �à¥âì¨¬ â¨¯®¬ ¤¢¨¦¥¨ï ï¢«ïîâ-áï £®à¨§®â «ìë¥ ¢¨åà¥¢ë¥ áâàãªâãàë (¢¨åà¥-¢ ï ¬®¤ ),   ª®â®àë¥ ¥ ¢«¨ïîâ á¨«ë ¯« ¢ãç¥-áâ¨. �â¨ ¤¢¨¦¥¨ï § âãå îâ á ç¨áâ® ¢ï§ª®© áª®-à®áâìî exp(��k2t), £¤¥ k { ¢®«®¢®¥ ç¨á«®, � { ª¨-¥¬ â¨ç¥áª¨© ª®íää¨æ¨¥â ¢ï§ª®áâ¨. �¨ £®áâ¨-ç¥áª ï ¤¨ £à ¬¬  ¤¢¨¦¥¨© ¢ ¯à®áâà áâ¢¥ ¢®«-®¢ëå ç¨á¥«, ª®â®à ï å à ªâ¥à¨§ã¥â § âãå ¨¥ª ¦¤®© ¨§ ¬®¤, ¯®áâà®¥  ¢ à ¡®â¥ [4], £¤¥ ¢ë¤¥-«¥ë §®ë, á®®â¢¥âáâ¢ãîé¨¥  ¯¥à¨®¤¨ç¥áª®¬ã ¨¢®«®¢®¬ã à¥¦¨¬ ¬ ¤¢¨¦¥¨©. �®¢¬¥áâ®¥ ¢«¨ï-¨¥ íää¥ªâ®¢ â¥¬¯¥à âãà®¯à®¢®¤®áâ¨ ¨ ¤¨ääã-§¨¨ á®«¨   à §¢¨â¨¥ á«®¨áâëå áâàãªâãà ¢ ãáâ®©-ç¨¢® áâà â¨ä¨æ¨à®¢ ®© ¯® â¥¬¯¥à âãà¥ ¨ á®«¥-®áâ¨ ¦¨¤ª®áâ¨ ¨§ãç¥® ¢ à ¡®â¥ [5]. �®ª § ®,çâ® áª®à®áâì § âãå ¨ï â¥¬¯¥à âãàëå ¢®§¬ãé¥-¨© ã¢¥«¨ç¨¢ ¥âáï ¢ ¯à¨áãâáâ¢¨¨ á®«¥¢®© áâà -â¨ä¨ª æ¨¨,   áª®à®áâì § âãå ¨ï á®«¥¢ëå ¥®¤-®à®¤®áâ¥© ã¬¥ìè ¥âáï. �â® á¢ï§ ® á â¥¬,çâ®   ä¨ «ì®© áâ ¤¨¨ ¯®á«¥ § âãå ¨ï â¥¬¯¥-à âãàëå ¢®§¬ãé¥¨© ¯à®ä¨«ì â¥¬¯¥à âãàë à¥-áâà â¨ä¨æ¨àã¥âáï, ® ¢ ¦¨¤ª®áâ¨ ®áâ îâáï á®-«¥¢ë¥ ¥®¤®à®¤®áâ¨, â ª ª ª ¨¬¥¥â ¬¥áâ® áã-é¥áâ¢¥®¥ à §«¨ç¨¥ ¬®«¥ªã«ïàëå ª®íää¨æ¨¥-â®¢ â¥¬¯¥à âãà®¯à®¢®¤®áâ¨ �T ¨ ¤¨ääã§¨¨ á®-«¨ �S (�T >> �S ). �®«« ¯á á®«¥¢ëå ¥®¤®à®¤-®áâ¥© ¢ë§ë¢ ¥â  àãè¥¨ï ¢ à¥áâà â¨ä¨æ¨à®-¢ ®¬ ¯à®ä¨«¥ â¥¬¯¥à âãàë ¨ á®®â¢¥âáâ¢ãîé¨¥á¨«ë â®à¬®§ïâ ¯à®æ¥áá ª®«« ¯á  (íää¥ªâ  â¨-ª®«« ¯á ).�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯®¬¨¬® ãª § ëå ¢ëè¥¤¢¨¦¥¨©, ¢ ãáâ®©ç¨¢® áâà â¨ä¨æ¨à®¢ ®© ¦¨¤-ª®áâ¨ áãé¥áâ¢ãîâ ¯«®áª¨¥ â¥ç¥¨ï á ¢¥àâ¨ª «ì-®© áâàãªâãà®©, ª®â®àë¥ ®¯¨áë¢ îâáï ¥«¨¥©-ë¬¨ ãà ¢¥¨ï¬¨ ¤¢¨¦¥¨ï. �¥àâ¨ª «ì ï § -¢¨åà¥®áâì ¯¥à¥®á¨âáï ¢ ¨å ¢ £®à¨§®â «ì®¬ ¯à ¢«¥¨¨ ¨ £¥¥à¨àã¥âáï ¢¥àâ¨ª «ì®© ¤¨¢¥à-£¥æ¨¥© ¤¢¨¦¥¨© ¦¨¤ª®áâ¨ [6 { 8]. � ª¨¥ ª¢ §¨-£®à¨§®â «ìë¥ ¢¨åà¥¢ë¥ ¤¢¨¦¥¨ï ¡ë«¨ § à¥£¨-áâà¨à®¢ ë ¢ ¤ «ì¥¬ á«¥¤¥ §  â¥«®¬, ¤¢¨¦ãé¨¬-áï ¢ áâà â¨ä¨æ¨à®¢ ®© áà¥¤¥ [9].�¨ £®áâ¨ç¥áª ï ¤¨ £à ¬¬  ¢®«®¢ëå ¨  ¯¥à¨-®¤¨ç¥áª¨å ¤¢¨¦¥¨© áâà â¨ä¨æ¨à®¢ ®© ¦¨¤ª®-áâ¨ ¯à¨  «¨ç¨¨ ¢à é¥¨ï ¢ ¯à¨¡«¨¦¥¨¨ "f-¯«®áª®áâ¨" ¯®áâà®¥  ¢ à ¡®â¥ [10]. �á®¢®¥¢¨¬ ¨¥ ¡ë«® ã¤¥«¥® ¢ãâà¨¢®«®¢ë¬ ¤¢¨¦¥-¨ï¬ ¦¨¤ª®áâ¨. �®ª § ®, çâ® §®   ¯¥à¨®¤¨-ç¥áª¨å ¤¢¨¦¥¨© ¨¬¥¥â "ª«î¢®®¡à §ãî" ä®à¬ã,¯à¨¡«¨¦¥® ®¯à¥¤¥«¥ë å à ªâ¥àë¥ â®çª¨ (¯®-

«®¦¥¨¥ ã£«®¢®© â®çª¨, íªáâà¥¬ã¬) íâ®© §®ë.� ª¨¬ ®¡à §®¬, ¢ ãáâ®©ç¨¢® áâà â¨ä¨æ¨à®-¢ ®© ¦¨¤ª®áâ¨ á®áãé¥áâ¢ãîâ à §«¨çë¥ â¨-¯ë ¤¢¨¦¥¨©: ¢®«®¢ë¥, ¨âàã§¨®ë¥, ª¢ §¨-£®à¨§®â «ìë¥ ¢¨åà¥¢ë¥. � «¨ç¨¥ ¢à é¥¨ïáãé¥áâ¢¥® à áè¨àï¥â â¨¯ë ¢®«®¢ëå ¤¢¨¦¥-¨©. � ¤ ®© à ¡®â¥ ¢ë¯®«¥ «¨¥©ë©   «¨§ãà ¢¥¨© ¤¢¨¦¥¨ï ¢ï§ª®© áâà â¨ä¨æ¨à®¢ ®©¦¨¤ª®áâ¨ ¯à¨  «¨ç¨¨ ¢à é¥¨ï. � ¯à®áâà -áâ¢¥ ¢®«®¢ëå ç¨á¥« ¯®áâà®¥  ¤¨ £à ¬¬  ¤¢¨-¦¥¨©, ¢ë¤¥«¥ë §®ë, á®®â¢¥âáâ¢ãîé¨¥ à §«¨ç-ë¬ ¢¨¤ ¬ ¤¢¨¦¥¨© (£¨à®áª®¯¨ç¥áª¨¥, ¢ãâà¥-¨¥, £à ¢¨â æ¨®®-£¨à®áª®¯¨ç¥áª¨¥, ¢®«ë,  ¯¥-à¨®¤¨ç¥áª¨¥ ¤¢¨¦¥¨ï) ¡¥§ ¨á¯®«ì§®¢ ¨ï â ª¨å¯à¨¡«¨¦¥¨©, ª ª ¯à¨¡«¨¦¥¨ï "f-¯«®áª®áâ¨" ¨"�-¯«®áª®áâ¨" [11]). �«ï ãª § ëå §®  ©¤¥ë á¨¬¯â®â¨ç¥áª¨¥ à¥è¥¨ï, ®¯¨áë¢ îé¨¥ íâ¨ ¤¢¨-¦¥¨ï.1. ��������� ���������¨¥ à¨§®¢ ë¥ ãà ¢¥¨ï ¤¢¨¦¥¨ï ¢ ¯à¨-¡«¨¦¥¨¨ �ãáá¨¥áª , ¯¥à¥®á  â¥¬¯¥à âãàë ¨á®áâ®ï¨ï áà¥¤ë ¬®£ãâ ¡ëâì ¯à¥¤áâ ¢«¥ë ¢ ¢¨-¤¥ @~V@t + 2[~
~V ] = �rp�0 + ��~V + ~g ��0 ;@T@t +W d �Tdz = 0; (1)r~V = 0;� = ��0�TT:�¤¥áì ~V = (U; V;W ) { ¢¥ªâ®à áª®à®áâ¨ ¦¨¤ª®áâ¨;~g = (0; 0;�g) { ¢¥ªâ®à ãáª®à¥¨ï á¨«ë âï¦¥áâ¨;p, T , � { ¢®§¬ãé¥¨ï ¤ ¢«¥¨ï, â¥¬¯¥à âãàë ¨¯«®â®áâ¨, á®®â¢¥âáâ¢¥®; �T (z) { áà¥¤¨© ¯à®-ä¨«ì â¥¬¯¥à âãàë; ~
 { ¢¥ªâ®à áª®à®áâ¨ ¢à é¥-¨ï. �®á«¥ àï¤  ¯à¥®¡à §®¢ ¨© íâ¨ ãà ¢¥¨ï¬®£ãâ ¡ëâì á¢¥¤¥ë ª ®¤®¬ã ãà ¢¥¨î ®â®á¨-â¥«ì® ¢¥ªâ®à  áª®à®áâ¨ ~V :� @@t � ��� @@t�~V == N2�r@W@z + ~gg�W�� 2rot(~
r) @@t ~V : (2)�¥è¥¨¥ ãà ¢¥¨ï (2) ¨é¥¬ ¢ ¢¨¤¥~V = ~V (t) exp(i~k~r);£¤¥ ~k = (k1; k2; k3) { ¢®«®¢®© ¢¥ªâ®à. �®£¤  ¤«ï�.�. �¨ª¨è®¢, �.�. �à¨áâîª 49



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 48 { 57 ¬¯«¨âã¤ë ¢®§¬ãé¥¨© ¢¥àâ¨ª «ì®© ª®¬¯®¥-âë áª®à®áâ¨ ¯®«ãç ¥¬(L21L2k2 +N2m2L1)W + 4L2(~
~k)2W = 0; (3)£¤¥ m =pk21 + k22 , L1 = d=dt+ �k2, L2 = d=dt.�à¨¢¥¤¥¬ ãà ¢¥¨¥ (3) ª ¡¥§à §¬¥à®¬ã ¢¨¤ã.�¢¥¤¥¬ ¡¥§à §¬¥à®¥ ¢à¥¬ï � = �k2t ¨ ¯ à ¬¥-âàë � = fk=�k2 ¨ � = !2=f2k , £¤¥ fk = 2
 cos�,! = N sin#. � à ¬¥âà �, å à ªâ¥à¨§ãîé¨© ®â-®è¥¨¥ á¨«ë �®à¨®«¨á  ª ¢ï§ª¨¬ á¨« ¬, ¬®¦¥â¡ëâì ¯à¥¤áâ ¢«¥ ¢ ¢¨¤¥ � = �2N =E, £¤¥ E =�=2
 cos� � L2 { ç¨á«® �ª¬   (¬ «® ¢ ¡®«ìè¨-áâ¢¥ â¥å á«ãç ¥¢, ª®£¤  ¯à¥¨¬ãé¥áâ¢¥® ¯à®ï¢«ï-îâáï íää¥ªâë ¢à é¥¨ï); �N = H=L { ®â®è¥¨¥¢¥àâ¨ª «ì®£® ¨ £®à¨§®â «ì®£® ¬ áèâ ¡®¢ ¢®§-¬ãé¥¨©. � à ¬¥âà � å à ªâ¥à¨§ã¥â ®â®è¥¨¥íää¥ªâ®¢ ¯« ¢ãç¥áâ¨ ¨ ¢à é¥¨ï.
�¨á. 1. �¥ªâ®àë ~
 ¨ ~k ¢ ¯à®áâà áâ¢¥ (k1; k2; k3)�  à¨á. 1 ¨§®¡à ¦¥® ¢§ ¨¬®¥ à á¯®«®¦¥¨¥¢¥ªâ®à®¢ ~
 ¨ ~k. �¤¥áì � { ã£®« ¬¥¦¤ã íâ¨¬¨ ¢¥ª-â®à ¬¨; # { ã£®« ¬¥¦¤ã ¢¥ªâ®à®¬ ~k ¨ ¢¥àâ¨ª «ì-®© ®áìî z; ' { è¨à®â ; � {  §¨¬ãâ ¢¥ªâ®à  ~k.� áá¬ âà¨¢ ¥âáï á«ãç © (~
~k) 6= 0, ¢ ¯à®â¨¢®¬á«ãç ¥ ãà ¢¥¨¥ (3) ¯¥à¥å®¤¨â ¢ ¨§ãç¥®¥ à ¥¥¢ [5]. �¨áâ¥¬  ª®®à¤¨ â (x; y; z) ¢ë¡à   â ª, çâ®¢¥ªâ®à áª®à®áâ¨ ¢à é¥¨ï ~
  å®¤¨âáï ¢ ¯«®áª®-áâ¨ (y; z), ®áì z  ¯à ¢«¥  ¢¥àâ¨ª «ì® ¢¢¥àå, ®áìy { ¯¥à¯¥¤¨ªã«ïà® ¥© ¢¤®«ì ¬¥à¨¤¨  , ®áì x  -¯à ¢«¥  ¯¥à¯¥¤¨ªã«ïà® ª ¢ëè¥ãª § ë¬ ®áï¬¢¤®«ì ¯ à ««¥«¨.�¢®¤ï ¡¥§à §¬¥à®¥ § ç¥¨¥ áª®à®áâ¨ ~W =W=W0, £¤¥ W0 { å à ªâ¥à®¥ § ç¥¨¥ ¢¥àâ¨ª «ì-®© áª®à®áâ¨ (§ ª "~" ¢ ¤ «ì¥©è¥¬ ®¯ãáª ¥¬),

¯à¨¢®¤¨¬ ãà ¢¥¨¥ (3) ª ¢¨¤ãd3Wd�3 + 2d2Wd�2 + dWd� ++��2 �dWd� +W�+ �2dWd� = 0: (4)�¤¥áì ¯à®¨§¢¥¤¥¨¥ ��2 ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥®¢ ¢¨¤¥ ��2 = N2m2=�2k6 = Re2�2N ;£¤¥ Re = NH2=� { ç¨á«® �¥©®«ì¤á . �à¨ ¬ «ëå§ ç¥¨ïå � ¨ � à¥è¥¨¥ ¨é¥¬ ¢ ¢¨¤¥W � exp(�� ),¢ ¨â®£¥ ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ¤¨á¯¥àá¨®®¥ ãà ¢-¥¨¥: �3 + 2�2 + �+ ��2(�+ 1) + �2� = 0: (5)2. ��������������� �������� áá¬®âà¨¬ à¥è¥¨ï, ®¯¨áë¢ îé¨¥ ¤¢¨¦¥¨¥¦¨¤ª®áâ¨ ¯à¨ à §«¨çëå á®®â®è¥¨ïå ¬¥¦¤ã ¯ -à ¬¥âà ¬¨ � ¨ �.2.1. �«ãç © �� 1 ¨ � = O(1).� áá¬®âà¨¬ ¬ «®¥ ¢«¨ï¨¥ íää¥ªâ®¢ ¢à é¥¨ï¯® áà ¢¥¨î á ¢ï§ª¨¬¨ íää¥ªâ ¬¨, â.¥. � � 1.�à®¬¥ â®£®, ¯®« £ ¥¬, çâ®N2 sin2 #=�2k4 = ��2 � 1;â.¥. � � 1=�2. �ãáâì ¤«ï ®¯à¥¤¥«¥®áâ¨ ¢«¨ï¨¥á¨« ¯« ¢ãç¥áâ¨ â ª®¥ ¦¥, ª ª ¨ á¨«ë �®à¨®«¨á ,â.¥. � = O(1). � ¨â®£¥ ¯®«ãç ¥¬ (¢ ï¢®¬ ¢¨¤¥)W = a exp��� !2�k2 � !4�3k6 + !2f2k�3k6 �t�++exp����k2 + !22�k2 + !42�3k6 � !2f2k2�3k6�t���hb cos�fk�1 + !22�2k4 � !48f2k�2k4�t�+ (6)+c sin�fk�1 + !22�2k4 � !48f2k�2k4�t�i:� «¨§ ¯®ª § «, çâ® ¯®¤®¡®¥ ¢ëà ¦¥¨¥ ¬®¦¥â¡ëâì ¯®«ãç¥® ¨ ¤«ï � � 1 ¯ãâ¥¬ ¯¥à¥à §«®¦¥¨ï.�§ ãà ¢¥¨ï (6) á«¥¤ã¥â, çâ® ¤¢¨¦¥¨¥ ¦¨¤-ª®áâ¨ ®¯à¥¤¥«ï¥âáï âà¥¬ï ¬®¤ ¬¨:  ¯¥à¨®¤¨ç¥-áª®© ¨ ¤¢ã¬ï ¢®«®¢ë¬¨ (§ âãå îé¨¥ £¨à®áª®¯¨-ç¥áª¨¥ ¢®«ë ¯à¨ á« ¡®¬ ¢«¨ï¨¨ áâà â¨ä¨ª æ¨¨áà¥¤ë). �ª®à®áâì § âãå ¨ï ¯®á«¥¤¨å ¤¢ãå ¬®¤50 �.�. �¨ª¨è®¢, �.�. �à¨áâîª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 48 { 57¢ëè¥, ç¥¬ ¯¥à¢®©. �®«¥¥ â®£®, áª®à®áâì § âãå -¨ï  ¯¥à¨®¤¨ç¥áª®© ¬®¤ë áâ ®¢¨âáï ¬¥ìè¥, ª®-£¤  ®â®è¥¨¥ m=k = sin# ã¬¥ìè ¥âáï, â.¥. ª®-£¤  ¢®§¬ãé¥¨¥ ¢ëâïãâ® ¯® £®à¨§®â «¨.2.2. �«ãç © �� 1 ¨ � = O(1=�).� áá¬ âà¨¢ ï ®¯ïâì ¬ «®¥ ¢«¨ï¨¥ á¨« �®à¨®-«¨á  ¯® áà ¢¥¨î á ¢ï§ª¨¬¨ íää¥ªâ ¬¨, â. ¥.� � 1, ®áâ ®¢¨¬áï   á«ãç ¥, ª®£¤  � = O(1=�),â. ¥. � � 1. �ãáâì ¤«ï ®¯à¥¤¥«¥®áâ¨ � = =�,â.¥.  = ��,  = O(1). �à¨ íâ®¬ ¯ à ¬¥âà  ¨¬¥¥â¢¨¤  = N2 sin2 #=2
 cos� � �k2 = !2=�k2fk. � å®-¤ï ª®à¨ ¤¨á¯¥àá¨®®£® ãà ¢¥¨ï, ®ª®ç â¥«ì®¯®«ãç ¥¬W = a exp��� !2�k2 � !4�2k4�t�++b exp����k2 + !a2 + !22�k2�t�+ (7)+c exp����k2 � !a2 + !22�k2�t� ;£¤¥ !a = p!4=�2k4 � 4f2k . �¨¤®, çâ® ¯à¨  > 2í¢®«îæ¨ï ¢®§¬ãé¥¨© ®¯à¥¤¥«ï¥âáï âà¥¬ï  ¯¥à¨-®¤¨ç¥áª¨¬¨ ¬®¤ ¬¨, ¯à¨ç¥¬ ¯¥à¢ ï ¬®¤  § âãå ¥â¬¥¤«¥¥©. � ç¥¨¥  = 2, â. ¥.N2 sin2 # = 4
 j cos� j ��k2;å à ªâ¥à¨§ã¥â ¯¥à¥å®¤ ®â  ¯¥à¨®¤¨ç¥áª®£® à¥¦¨-¬  ª ¢®«®¢®¬ã. �¨¦¥ íâ®â ¢®¯à®á ¡ã¤¥â ¨áá«¥¤®-¢  ¯®¤à®¡¥¥. �à¥¦¤¥, ç¥¬ ¯¥à¥å®¤¨âì ª ¯®á«¥¤ã-îé¨¬ à §«®¦¥¨ï¬, ®â¬¥â¨¬ ¥ª®â®àë¥ ®á®¡¥-®áâ¨ à¥¦¨¬®¢, ®¯¨á ëå ¢ ¯.¯. 3.1 ¨ 3.2. � íâ ¯¥ í¢®«îæ¨¨, ª®â®àë© å à ªâ¥à¨§ã¥âáï ¢à¥¬¥- ¬¨ � = O(1), â.¥. t � 1=�k2, ¨¬¥¥â ¬¥áâ® ¡ -« á ¨¥àæ¨®ëå ¨ ¢ï§ª¨å íää¥ªâ®¢. �¨«  ¯« -¢ãç¥áâ¨ ¨ á¨«  �®à¨®«¨á  ®ª §ë¢ îâ á« ¡®¥ ¢«¨-ï¨¥   ¯®¢¥¤¥¨¥ ¢®§¬ãé¥¨©   íâ®¬ íâ ¯¥ í¢®-«îæ¨¨. � «®£¨ç ï á¨âã æ¨ï ¨¬¥¥â ¬¥áâ® ¯à¨®âáãâáâ¢¨ï ¢à é¥¨ï [5,12]. �  á«¥¤ãîé¥¬ íâ ¯¥,ª®£¤  � = O(1=�2), â.¥. t � �k2=4
2 cos2 � ¨«¨, çâ®à ¢®á¨«ì® ¯à¨ � = O(1) ¬ áèâ ¡ã � � O(1=��2),â.¥. t � �k4=N2m2, ¢ª« ¤ ¢®«®¢ëå ¬®¤ ¡ã¤¥â¬ « ¨ í¢®«îæ¨ï ¢®§¬ãé¥¨© ¡ã¤¥â ®¯à¥¤¥«ïâìáï, ¢®á®¢®¬,  ¯¥à¨®¤¨ç¥áª®© ¬®¤®©. � â¥¬¯¥à âãà®-¯à®¢®¤®© ¦¨¤ª®áâ¨ ®  ¡ã¤¥â ¨¬¥âì ¢¨¤ â®ª¨åáâàãªâãà, â®«é¨  ª®â®àëå ®¯à¥¤¥«ï¥âáï ¡ « -á®¬ íää¥ªâ®¢ â¥¬¯¥à âãà®¯à®¢®¤®áâ¨ ¨ ¯« ¢ã-ç¥áâ¨ [3,12].2.3. �«ãç © �� 1 ¨ � = O(1=�2).

� áá¬®âà¨¬ � � 1 ¨ � = O(1=�2). �ãáâì� = �=�2, â.¥. � = ��2 = O(1). �®á«¥  å®¦¤¥¨ïª®à¥© ¯®«ãç ¥¬ ¢ëà ¦¥¨¥ ¤«ï  ¬¯«¨âã¤ë W :W = a exp(��k2t) ++b exp����k22 + 12p�2k4 � 4!2�t�+ (8)+c exp����k22 � 12p�2k4 � 4!2�t� :�¨¤®, çâ® ¢®§¬ãé¥¨¥ å à ªâ¥à¨§ã¥âáï âà¥¬ï¬®¤ ¬¨, ¯®àï¤ª¨ áª®à®áâ¥© § âãå ¨ï ª®â®àëå®¤¨ ª®¢ë. �à¨ � = O(1) ¨¬¥¥â ¬¥áâ® ¡ « á íä-ä¥ªâ®¢ ¨¥àæ¨¨, ¢ï§ª®áâ¨ ¨ ¯« ¢ãç¥áâ¨:d3Wd�3 +2d2Wd�2 + dWd� + � dWd� + �W +O(�2) = 0: (9)� ¤ «ì¥©è¥¬ (� > 1) ¢á¥ âà¨ ¬®¤ë § âãå -îâ, ¨ ¤®«£®¦¨¢ãé¨¥ áâàãªâãàë ¯à¨ íâ®¬ ¥  -¡«î¤ îâáï. �â¬¥â¨¬, çâ® § ç¥¨¥ � = 1=4,N2 sin2 #=�2k4 = 1=4 ®¯à¥¤¥«ï¥â £à ¨æã  ¯¥à¨®-¤¨ç¥áª¨å ¤¢¨¦¥¨© ¨ ¢ãâà¥¨å £à ¢¨â æ¨®ëå¢®«. � ®¥ à §«®¦¥¨¥ ¯®«ãç¥® ¯à¨ � = O(1).�¥§ã«ìâ âë ¬®£ãâ ¡ëâì ®¡®¡é¥ë   á«ãç © � �1 ¯ãâ¥¬ ¯¥à¥à §«®¦¥¨ï  ©¤¥ëå ¢ëà ¦¥¨© ¯®¬ «®¬ã ¯ à ¬¥âàã �.2.4. �«ãç © � = O(1) ¨ � � 1� áá¬®âà¨¬ ã¬¥à¥®¥ ¢«¨ï¨¥ ¢à é¥¨ï, â. ¥.� = O(1). �ãáâì � � 1. � ¤ ®¬ á«ãç ¥  å®-¤¨¬ ¥¯®áà¥¤áâ¢¥® à¥è¥¨¥ ãà ¢¥¨ï (4) ¬¥-â®¤®¬ ���, â.¥. à¥è¥¨¥ ¨é¥¬ ¢ ¢¨¤¥ W =exp(�G(�; � )). � ¨â®£¥ (¢ à §¬¥à®¬ ¢¨¤¥) ¯®«ã-ç ¥¬ W = a exp���k2t+ f2k!2 �k2t�++exp���k22 t� f2k2!2 �k2t���hb cos��! + f2k2! � �2k48! �t�+ (10)+c sin��! + f2k2! � �2k48! �t�i:�¨¤®, çâ® à¥è¥¨¥ ®¯¨áë¢ ¥âáï âà¥¬ï ¬®¤ ¬¨: ¯¥à¨®¤¨ç¥áª®© ¨ ¤¢ã¬ï ¢®«®¢ë¬¨ (¢ãâà¥¨¥£à ¢¨â æ¨®ë¥ ¢®«ë). �â¬¥â¨¬, çâ® ¯à¨ � � 1á¨«ë ¯« ¢ãç¥áâ¨ ®áâ îâáï ¥á¡ « á¨à®¢ ë¬¨,¨ ¤®«£®¦¨¢ãé¨¥ á«®¨áâë¥ áâàãªâãàë ¥  ¡«î¤ -îâáï.�.�. �¨ª¨è®¢, �.�. �à¨áâîª 51



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 48 { 572.5. �«ãç © �� 1� áá¬®âà¨¬ áãé¥áâ¢¥®¥ ¢«¨ï¨¥ ¢à é¥¨ï, â.¥. � � 1. �ãáâì � � O(1), ¨é¥¬ à¥è¥¨¥ ãà ¢-¥¨ï (4) ���-¬¥â®¤®¬: W = exp(�;G(�; � )). �à¥§ã«ìâ â¥ à §«®¦¥¨© ¯® ¡®«ìè®¬ã ¯ à ¬¥âàã � å®¤¨¬ (¢ à §¬¥à®¬ ¢¨¤¥)W = a exp�� !2f2k + !2 �k2t�++exp�� !22(f2k + !2) � 1��k2t�� (11)�hb cos�tq!2 + f2k�+ c sin�tp!2 + fk�i:� ª¨¬ ®¡à §®¬, ¨¬¥îâáï âà¨ ¬®¤ë: ®¤   ¯¥à¨-®¤¨ç¥áª ï ¨ ¤¢¥ ¢®«®¢ëå. �®á«¥¤¨¥ ®¯à¥¤¥«ï-îâ £à ¢¨â æ¨®®-£¨à®áª®¯¨ç¥áª¨¥ ¢®«ë. �®«ã-ç¥®¥ ¢ëà ¦¥¨¥ ¬®¦¥â ¡ëâì ¯¥à¥à §«®¦¥® ¤«ï¤®áâ â®ç® ¬ «ëå ¨ ¤®áâ â®ç® ¡®«ìè¨å �. �§¢ëà ¦¥¨ï (11) á«¥¤ã¥â, çâ® áª®à®áâì § âãå ¨ï¢®«®¢ëå ¬®¤ ¢ëè¥ áª®à®áâ¨ § âãå ¨ï  ¯¥à¨®-¤¨ç¥áª®© ¬®¤ë. �â¬¥â¨¬, çâ® ¯à¨ � � 1 áª®-à®áâ¨ § âãå ¨ï ¬®¤ áãé¥áâ¢¥® à §«¨ç îâáï ¨ ¯¥à¨®¤¨ç¥áª ï ¬®¤  ï¢«ï¥âáï  ¨¡®«¥¥ ¤®«£®¦¨-¢ãé¥©, â. ¥. á® ¢à¥¬¥¥¬ ¢ ¦¨¤ª®áâ¨ ®áâ îâ-áï ¤®«£®¦¨¢ãé¨¥ ªàã¯®¬ áèâ ¡ë¥ áâàãªâãàë,  £à ¢¨â æ¨®®-£¨à®áª®¯¨ç¥áª¨¥ ¢®«ë § âãå -îâ.�â¬¥â¨¬, çâ® ¢ à ¡®â¥ [13] à áá¬ âà¨¢ «áï ¢®-¯à®á ® ¤®«£®¦¨¢ãé¨å ªàã¯®¬ áèâ ¡ëå áâàãª-âãà å, ª®â®àë¥ í¢®«îæ¨®¨àãîâ ¢  ¯¥à¨®¤¨ç¥-áª®¬ à¥¦¨¬¥. �®ª § ®, çâ® â ª¨¥ áâàãªâãàë å -à ªâ¥à¨§ãîâáï ¥à ¢¥áâ¢®¬ 8
2�2=N2 sin2 � 1¨«¨ ¢  è¨å ®¡®§ ç¥¨ïå 2=� � 1, â. ¥. � � 1.�â® á®®â¢¥âáâ¢ã¥â á¨âã æ¨¨, ª®£¤  á¨«ë �®à¨®-«¨á  áãé¥áâ¢¥® ¯à¥¢ëè îâ á¨«ë ¯« ¢ãç¥áâ¨.�ª § ë¥ áâàãªâãàë ¨¬¥îâ ®¯à¥¤¥«¥ãî ®à¨-¥â æ¨î ¢ ¯à®áâà áâ¢¥. �«¥¤ã¥â, ®¤ ª®, ãª -§ âì   â®, çâ® ¤àã£®© ¯ à ¬¥âà, ®¯à¥¤¥«ïîé¨©®â®è¥¨¥ á¨« �®à¨®«¨á  ª ¢ï§ª¨¬ á¨« ¬ � =2
 cos�=�k2, ¤®«¦¥ ¡ëâì ¬ «ë¬, �� 1.2.6. �«ãç © � = O(1) ¨ � =� 1�ãáâì � = O(1) ¨ � � 1. �®£¤   å®¤¨¬W = a exp�� !2�2k4 + f2k �k2t�++exp����k2 + !22(�2k4 + f2k )�k2�t��

�hb cos��fk + fk!22(�2k4 + f2k )�t�+ (12)+c sin��fk + fk!22(�2k4 + f2k )�t�i:�¥è¥¨¥ å à ªâ¥à¨§ã¥âáï âà¥¬ï ¬®¤ ¬¨:  ¯¥à¨-®¤¨ç¥áª®© ¨ ¤¢ã¬ï ¢®«®¢ë¬¨ (£¨à®áª®¯¨ç¥áª¨¥¢®«ë). �ª®à®áâì § âãå ¨ï  ¯¥à¨®¤¨ç¥áª®© ¬®-¤ë ¬¥ìè¥, ç¥¬ áª®à®áâì § âãå ¨ï ¢®«®¢ëå ¬®¤.�â¥à¥á® ®â¬¥â¨âì, çâ®   íâ ¯¥ í¢®«îæ¨¨, å -à ªâ¥à¨§ã¥¬®¬ ¢à¥¬¥¥¬ � = O(1), ¢«¨ï¨¥ ¨¥à-æ¨®ëå íää¥ªâ®¢ â ª®¥ ¦¥, ª ª ¨ ¢«¨ï¨¥ á¨«¢ï§ª®áâ¨ ¨ �®à¨®«¨á  ¢ ®â«¨ç¨¥ ®â ¯.¯. 3.1 ¨3.2, ª®£¤  ¢«¨ï¨¥ á¨« �®à¨®«¨á  ¡ë«® ¬ «®. �â¥ç¥¨¥¬ ¢à¥¬¥¨ ¯à¨ � = O(1=p�), â.¥. t �2
 cos�=N sin# � �k2, à®«ì ¨¥àæ¨®ëå íää¥ªâ®¢¯ ¤ ¥â,   ¢«¨ï¨¥ á¨« ¢ï§ª®áâ¨ â ª®¥ ¦¥ ¯® ¯®-àï¤ªã, ª ª ¨ ¢«¨ï¨¥ á¨« �®à¨®«¨á . �à¨ â -ª¨å ¢à¥¬¥ å ¢«¨ï¨¥ ¢®«®¢®© ¬®¤ë áâ ®¢¨â-áï ¬ «ë¬. � «¥¥, ¯à¨ � = O(1=�), â.¥. t �4
2 cos2 �=N2 sin2 #��k2, ª ª ¨   ¯à¥¤ë¤ãé¥¬ íâ -¯¥, à®«ì ¨¥àæ¨®ëå íää¥ªâ®¢ áâ ®¢¨âáï ¬ -«®©,   ¢ ¡ « á¥ á¨« ¯à¨¨¬ ¥â ãç áâ¨¥ ¨ á¨« ¯« ¢ãç¥áâ¨.3. ������ ��������������������������®§¢à é ïáì ª ¯.¯. 3.2 ¨ 3.3, ®â¬¥â¨¬, çâ®¯à¨ ®¯à¥¤¥«¥ëå § ç¥¨ïå ¯ à ¬¥âà®¢  ¨ � =��2 ¤¢¨¦¥¨¥ áâ ®¢¨«®áì ¯®«®áâìî  ¯¥à¨®¤¨ç¥-áª¨¬. � áá¬®âà¨¬ íâ®â ¢®¯à®á ¯®¤à®¡¥¥. � ¯¨-è¥¬ ¤¨á¯¥àá¨®®¥ ãà ¢¥¨¥ (5) ¢ ¢¨¤¥�3 + 2�2 + (1 + �+ �2)� + � = 0: (13)¨  ©¤¥¬ ¥£® ¤¨áªà¨¬¨ âD = �227f(; �); (14)£¤¥ f(; �) = �3 + �3�2 � 14�2 ++(3�3 � 5�) + (1 + �2)2: (15)�à¨ íâ®¬ ¡ã¤¥¬ ãç¨âë¢ âì, çâ® � = � > 0, â.¥.§ ª¨ � ¨ � á®¢¯ ¤ îâ. �£à ¨ç¨¬áï á«ãç ¥¬� > 0 ¨  > 0, á«ãç © ®âà¨æ â¥«ìëå � ¨  à á-á¬ âà¨¢ ¥âáï   «®£¨ç®. �â¬¥â¨¬, çâ® ¢ § ¢¨-á¨¬®áâ¨ ®â § ª  ¤¨áªà¨¬¨ â  ãà ¢¥¨¥ (13)¨¬¥¥â: ®¤¨ ¤¥©áâ¢¨â¥«ìë© ª®à¥ì ¨ ¤¢  ¬¨-¬ëå (D > 0), âà¨ ¤¥©áâ¢¨â¥«ìëå ª®àï (D < 0).�à¥¤áâ ¢«ïï  á¨¬¯â®â¨ç¥áª¨¥ à¥è¥¨ï ãà ¢¥¨ï52 �.�. �¨ª¨è®¢, �.�. �à¨áâîª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 48 { 57f(; �) = 0 ¯à¨ ¬ «ëå � ¢ ¢¨¤¥ = �1� + 0 + 1�; å®¤¨¬ ¯®«®¦¨â¥«ìë¥ ª®à¨1 = 2� 2�; 2 = 14� + �: (16)� ª ¡ë«® ¯®ª § ® à ¥¥, ¤«ï �� 1 ¬ «ë¥ § -ç¥¨ï  á®®â¢¥âáâ¢ãîâ £¨à®áª®¯¨ç¥áª¨¬ ¢®« ¬,¡®«ìè¨¥  { ¢ãâà¥¨¬ £à ¢¨â æ¨®ë¬ ¢®« ¬.�â¥à¢ «ã 1 <  < 2 á®®â¢¥âáâ¢ã¥â  ¯¥à¨®¤¨-ç¥áª®¥ ¤¢¨¦¥¨¥ ¦¨¤ª®áâ¨ (§ èâà¨å®¢ ë© ãç -áâ®ª   à¨á. 2).� à®áâ®¬ � ª®à¨ 1 ¨ 2 ¯à¨¡«¨¦ îâáï ¤àã£ª ¤àã£ã, ¨ ¯à¨ ¥ª®â®à®¬ � = �cr ®¨ á®¢¯ ¤ -îâ. �à¨ � > �cr ª®à¨ ¨áç¥§ îâ, ¨ ¯®ï¢«ïîâáï£à ¢¨â æ¨®®-£¨à®áª®¯¨ç¥áª¨¥ ¢®«ë.
�¨á. 2. �ãªæ¨ï f(; �) ¯à¨ ¬ «ëå �� ©¤¥¬ ªà¨â¨ç¥áª®¥ § ç¥¨¥ �cr, ¯à¨ ª®â®à®¬íâ® ¯à®¨áå®¤¨â. �«ï íâ®£® ã¦® ¨áá«¥¤®¢ âì ¤¨á-ªà¨¬¨ â ªã¡¨ç¥áª®£® ¬®£®ç«¥  (15) ¨  ©â¨®¡« áâì § ç¥¨© �, ¯à¨ ª®â®àëå ¬®£®ç«¥ (15)¨¬¥¥â ®¤¨ ª®à¥ì. �¨áªà¨¬¨ â DS ¬®£®ç«¥-  (15) ¨¬¥¥â ¢¨¤DS = 164 � 27�4�27�2 � 1�3 : (17)� ª¨¬ ®¡à §®¬ ¬ë ¯®«ãç¨«¨, çâ®�cr = 13p3 : (18)�à¨ � < �cr äãªæ¨ï (15) ¨¬¥¥â âà¨ ª®àï, ®¤¨¨§ ª®â®àëå ®âà¨æ â¥«ìë©,   ¯à¨ � > �cr äãª-æ¨ï (15) ¨¬¥¥â ®¤¨ ®âà¨æ â¥«ìë© ª®à¥ì. �à¨� = �cr äãªæ¨ï ¨¬¥¥â ¤¢  ª®àï: ®¤¨ ¨§ ª®â®àëå

{ ®âà¨æ â¥«ìë©,   ¢â®à®© ª®à¥ì íâ® { á®¢¯ ¤ -îé¨¥ ª®à¨ 1 = 2 = cr . �à¨ íâ®¬cr = 89p3 : (19)
�¨á. 3. � ¢¨á¨¬®áâì ª®à¥©  ®â ��  à¨á. 3 ¨§®¡à ¦¥ë à ááç¨â ë¥ § ¢¨á¨-¬®áâ¨ ª®à¥©  ¬®£®ç«¥  (15) ®â �. �«¨ë©èâà¨å { ã«¥¢®¥ ¯à¨¡«¨¦¥¨¥, á¯«®è ï ªà¨¢ ï {¯¥à¢®¥ ¯à¨¡«¨¦¥¨¥ ¨ ª®à®âª¨© èâà¨å { ç¨á«¥-®¥ à¥è¥¨¥.4. ��������� �������� ������������� (m; k3)�á¯®«ì§ãï  ©¤¥ë¥ à ¥¥ § ç¥¨ï ª®à¥© 1¨ 2, ¡ë«  ¯®áâà®¥  ¤¨ £à ¬¬  à¥¦¨¬®¢ ¤¢¨¦¥-¨ï ¢ ¯¥à¥¬¥ëå (m; k3) ¤«ï ä¨ªá¨à®¢ ®£® § -ç¥¨ï ã£«  �. �å¥¬ â¨ç¥áª¨ ®  ¨§®¡à ¦¥   à¨á. 4.� èâà¨å®¢  ï ®¡« áâì á®®â¢¥âáâ¢ã¥â  ¯¥à¨-®¤¨ç¥áª®¬ã ¤¢¨¦¥¨î ¦¨¤ª®áâ¨. �à¨¢ ï 1 ®â-¤¥«ï¥â íâã ®¡« áâì ®â ®¡« áâ¨ £¨à®áª®¯¨ç¥áª¨å¢®«, 2 { ®â ®¡« áâ¨ £à ¢¨â æ¨®ëå ¢®«.�âà¨å®¢ ï ªà¨¢ ï { £¥®¬¥âà¨ç¥áª®¥ ¬¥áâ® â®ç¥ª¯¥à¥á¥ç¥¨ï ªà¨¢ëå 1 ¨ 2 ¯à¨ à §«¨çëå § -ç¥¨ïå ç áâ®âë ¯« ¢ãç¥áâ¨, â.¥. á®®â¢¥âáâ¢ã¥âà ¢¥áâ¢ã (18). �¨äà ¬¨ 1 - 6 ®¡®§ ç¥ë ®¡« -áâ¨, ¤«ï ª®â®àëå ¢ëè¥ ¯à¨¢¥¤¥ë á®®â¢¥âáâ¢ãî-é¨¥  á¨¬¯â®â¨ç¥áª¨¥ à¥è¥¨ï (á®®â¢¥âáâ¢¥® ¢¯.¯. 3.1,: : :, 3.6).�¢®¤ï å à ªâ¥àë© ¢ï§ª¨© ¬ áèâ ¡ ¤«¨ëáâà â¨ä¨æ¨à®¢ ®© ¦¨¤ª®áâ¨ p�=N [12] ¨ ãç¨-âë¢ ï, çâ® � = 2
 cos�=�k2 ¨  = N2m2=2
 cos� ��.�. �¨ª¨è®¢, �.�. �à¨áâîª 53
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�¨á. 4. �å¥¬  ¤¨ £à ¬¬ë ¤¢¨¦¥¨© ¢ ¯à®áâà áâ¢¥(m;k3)�k4, ¢ ¡¥§à §¬¥à®¬ ¢¨¤¥ ¯®«ãç ¥¬~k2 = R� ¨ ~k4 = ~m2R ; (20)£¤¥ R = 2
 cos�=N . �âªã¤  ¥âàã¤®  ©â¨~k23 = R� �1� R2� � ¨ ~m2 = R3�2 : (21)� ¤ «ì¥©è¥¬ § ª "~" ®¯ãáª ¥¬. � ï ç¨á«¥ë¥§ ¢¨á¨¬®áâ¨ ª®à¥© 1(�) ¨ 2(�), ¬®¦® ¯®áâà®-¨âì ¨áª®¬ãî ¤¨ £à ¬¬ã ¢ ª®®à¤¨ â å (m; k3).
�¨á. 5. �¨ £à ¬¬  ¤¢¨¦¥¨© ¢ ¯à®áâà áâ¢¥ (m;k3)�  à¨á. 5 ¨§®¡à ¦¥ë ¤¨ £à ¬¬ë ¤«ï cos� =1=2 ¤«ï à §ëå ®â®è¥¨© 
=N ¯à¨ N = 10�3c�1.�¯«®è®© «¨¨¥© ®¡®§ ç¥ë ªà¨¢ë¥ ¤«ï ®â®-è¥¨ï 
=N = 7:3 � 10�2, ª®â®à®¥ å à ªâ¥à® ¤«ï�¥¬«¨, èâà¨å®¢®© «¨¨¥© ®¡®§ ç¥ë ªà¨¢ë¥ ¤«ï®â®è¥¨ï 
=N = 0:2. �  ¤¨ £à ¬¬¥ æ¨äà®©

1 ¯®ª §   «¨¨ï, ®â¤¥«ïîé ï ®¡« áâì ¢®«®¢ëå¤¢¨¦¥¨© (®¡« áâì ¢ëè¥ ªà¨¢®©) ®â  ¯¥à¨®¤¨ç¥-áª¨å ¤¢¨¦¥¨© (®¡« áâì ¨¦¥ ªà¨¢®©). �â  ªà¨-¢ ï ®¯à¥¤¥«ï¥âáï ª®à¥¬ 1(�). �®âï ¢ ®¡« áâ¨  ¤ªà¨¢®© 1 áãé¥áâ¢ãîâ ¢®«®¢ë¥ ¤¢¨¦¥¨ï, ª ª á«¥-¤ã¥â ¨§ ¢ëà ¦¥¨ï (6), ¢ï§ª ï ¤¨áá¨¯ æ¨ï §¤¥áì áâ®«ìª® ¢¥«¨ª  (�� 1;  = O(1)), çâ® à¥ «¨§ãî-é¨¥áï ¢®«®¢ë¥ ¤¢¨¦¥¨ï ï¢«ïîâáï ¥áãé¥áâ¢¥-ë¬¨ [10]. �¨äà®© 2 ¯®ª §   ªà¨¢ ï, ®â¤¥«ï-îé ï £à ¢¨â æ¨®ë¥ ¢®«ë (®¡« áâì ¨¦¥ ªà¨-¢®©) ®â  ¯¥à¨®¤¨ç¥áª¨å ¤¢¨¦¥¨© (®¡« áâì ¢ëè¥ªà¨¢®©). �â  ªà¨¢ ï ®¯à¥¤¥«ï¥âáï ª®à¥¬ 2(�).�¥®¬¥âà¨ç¥áª®¥ ¬¥áâ® â®ç¥ª ¯¥à¥á¥ç¥¨ï ªà¨¢ëå1 ¨ 2 ®¯à¥¤¥«ï¥âáï à ¢¥áâ¢®¬ (18). �¨äà®© 3®¡®§ ç¥® íâ® £¥®¬¥âà¨ç¥áª®¥ ¬¥áâ® â®ç¥ª. � - ï ªà¨¢ ï ®£à ¨ç¨¢ ¥â ®¡« áâì £à ¢¨â æ¨®®-£¨à®áª®¯¨ç¥áª¨å ¢®«. �ë«¨  ©¤¥ë å à ªâ¥à-ë¥ â®çª¨ ¤¨ £à ¬¬ë (â®çª¨ ¯¥à¥á¥ç¥¨ï «¨¨©1, 2 ¨ �cr á ®áìî  ¡áæ¨áá). � «¨§ ¯®ª §ë¢ -¥â, çâ® á à®áâ®¬ 
 à ¤¨ãá ®ªàã¦®áâ¨, ®¯à¥¤¥-«ï¥¬ë© ¢ëà ¦¥¨¥¬ (18), à áâ¥â, § ç¥¨¥ mcr(â®çª  ¯¥à¥á¥ç¥¨ï ªà¨¢®©, ®â¤¥«ïîé¥© ®¡« áâì£¨à®áª®¯¨ç¥áª¨å ¢®« ®â  ¯¥à¨®¤¨ç¥áª¨å ¤¢¨¦¥-¨© á ®áìî m) ã¬¥ìè ¥âáï, â¥¬ á ¬ë¬ ¯à¨¢®-¤ï ª à áè¨à¥¨î ®¡« áâ¨ £¨à®áª®¯¨ç¥áª¨å ¢®«¨ á®®â¢¥âáâ¢¥® ª ã¬¥ìè¥¨î §®ë  ¯¥à¨®¤¨-ç¥áª¨å ¤¢¨¦¥¨©. �à¨¢ ï 2 ¯à¨ íâ®¬ â ª¦¥á«¥£ª  á¤¢¨£ ¥âáï. �® ¬¥à¥ ¤ «ì¥©è¥£® à®áâ 
  áâã¯ ¥â ¬®¬¥â, ª®£¤  ®¡« áâì  ¯¥à¨®¤¨ç¥-áª¨å ¤¢¨¦¥¨© ¨áç¥§ ¥â ¨ ¢ ¦¨¤ª®áâ¨ ®áâ îâáïâ®«ìª® ¢®«®¢ë¥ ¤¢¨¦¥¨ï. �â® ¯à®¨áå®¤¨â ¯à¨N � 4p2
 cos�. �âáî¤  ¬®¦® á¤¥« âì ¢ë¢®¤,çâ® ¯à¨ N < Ncr = 4p2
 ¢ ¯à®áâà áâ¢¥ ¢®«®-¢ëå ç¨á¥« áãé¥áâ¢ã¥â ®¡« áâì ¢ ¢¨¤¥ ª®ãá , ¯à¨¯®¯ ¤ ¨¨ ¢ ª®â®àãî ¢®«®¢ëå ¢¥ªâ®à®¢ ¢®§¬ã-é¥¨© ¢ ¦¨¤ª®áâ¨ ¢á¥£¤  ¡ã¤ãâ ¯à¨áãâáâ¢®¢ âì¢®«®¢ë¥ ¤¢¨¦¥¨ï ¥§ ¢¨á¨¬® ®â ¬ áèâ ¡®¢ ¢®§-¬ãé¥¨©. �à¨ ã¬¥ìè¥¨¨ 
 ¨¬¥¥â ¬¥áâ® ¯à®â¨-¢®¯®«®¦ ï ª àâ¨ , à ¤¨ãá ®ªàã¦®áâ¨, ®¯à¥¤¥-«ï¥¬ë© à ¢¥áâ¢®¬ (18), ã¬¥ìè ¥âáï, § ç¥¨¥mcr à áâ¥â, â.¥. ®¡« áâì £¨à®áª®¯¨ç¥áª¨å ¢®«ã¬¥ìè ¥âáï, ¨ á®®â¢¥âáâ¢¥® à áâãâ à §¬¥àë§®ë  ¯¥à¨®¤¨ç¥áª¨å ¤¢¨¦¥¨©. �à¨ 
 ! 0 ªà¨-¢ë¥ 1 ¨ � = 1=3p3 ¢ëà®¦¤ îâáï ¨ ¬ë ¯®«ãç ¥¬¤¨ £à ¬¬ã, ¨§ãç¥ãî ¢ [4, 5].5. ��������� �������� ������������� (k1; k2; k3)�ª § ë¥ ¢ëè¥ ¤¨ £à ¬¬ë ¯®«ãç¥ë ¤«ï ä¨ª-á¨à®¢ ®£® § ç¥¨ï cos�. �â®  ª« ¤ë¢ ¥âáãé¥áâ¢¥ë¥ ®£à ¨ç¥¨ï   ¨å ¨á¯®«ì§®¢ ¨¥.54 �.�. �¨ª¨è®¢, �.�. �à¨áâîª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 48 { 57� áá¬®âà¨¬   «®£¨çë¥ ¤¨ £à ¬¬ë ¡¥§  «®¦¥-¨ï ãá«®¢¨ï ¯®áâ®ïáâ¢  cos�. �¥âàã¤® ¢¨¤¥âì,çâ® cos� = sin# cos � cos' + cos # sin'; (22)¢¥«¨ç¨ë �, #, �, ' ãª § ë   à¨á. 1. �§ ¢ë-à ¦¥¨ï (22) ¢¨¤®, çâ® ¯ à ¬¥âà cos� ¢ ¥ï¢®¬á®¤¥à¦¨â k1, k2 ¨ k3. � ª¨¬ ®¡à §®¬, ¨¬¥¥â á¬ëá«à áá¬®âà¥âì ¯®áâà®¥ë¥ ¢ëè¥ ¤¨ £à ¬¬ë ¤¢¨-¦¥¨© ¢ ¯à®áâà áâ¢¥ (k1; k2; k3).1) �¨ £à ¬¬ , ®â¤¥«ïîé ï ®¡« áâì £¨à®áª®¯¨-ç¥áª¨å ¢®« ®â  ¯¥à¨®¤¨ç¥áª¨å ¤¢¨¦¥¨©.�  ï ¤¨ £à ¬¬  ®¯à¥¤¥«ï¥âáï ª®à¥¬ 1 ãà ¢-¥¨ï (15). � áá¬®âà¨¬ ã«¥¢®¥ ¯à¨¡«¨¦¥¨¥ íâ®-£® ª®àï, â.¥. 1 = 2. �®£¤  ¢ ¡¥§à §¬¥à®¬ ¢¨¤¥¯®«ãç ¥¬ k2 = sin2 #4P cos� ; (23)£¤¥ P = 
=N . �áá«¥¤ã¥¬ á«ãç © cos� > 0 (á«ãç ©cos� < 0 à áá¬ âà¨¢ ¥âáï   «®£¨ç®). �®«®¦¨¬â ª¦¥, çâ® è¨à®â ,   ª®â®à®©  å®¤¨âáï  ç «®á¨áâ¥¬ë ª®®à¤¨ â, à ¢  45o, â.¥. ' = 45o. �®£¤ ¯®«ãç¨¬k1 = sin2 # sin �4p8pPpcos � sin#+ cos # ; (24)k2 = sin2 # cos �4p8pPpcos � sin#+ cos # ; (25)k3 = sin# cos#4p8pPpcos � sin#+ cos # : (26)
�¨á. 6. �à¥å¬¥à®¥ ¨§®¡à ¦¥¨¥ ãç áâª ¯®¢¥àå®áâ¨  = 2 ¢ ¯à®áâà áâ¢¥ (k1; k2; k3)

� ª¨¬ ®¡à §®¬,  ©¤¥® ¯ à ¬¥âà¨ç¥áª®¥ ãà ¢-¥¨¥ ¯®¢¥àå®áâ¨  = 2 ¯à¨ cos� > 0 ¢ ¯à®-áâà áâ¢¥ (k1; k2; k3). �ç áâ®ª íâ®© ¯®¢¥àå®áâ¨,¯®áâà®¥ë© ¤«ï P = 7:3 � 10�2, ¨§®¡à ¦¥  à¨á. 6.� æ¥«®¬ ¯®¢¥àå®áâì  = 2 á¨¬¬¥âà¨ç  ®â-®á¨â¥«ì® ¯«®áª®áâ¨ (k2; k3),   â ª¦¥ ®â®á¨-â¥«ì® ®á¨ k1. �á«¨ ¢®«®¢ë¥ ¢¥ªâ®àë ¢®§¬ã-é¥¨© ¯®¯ ¤ îâ ¢¥ ®¡« áâ¨, ®£à ¨ç¥®© ¤ -®© ¯®¢¥àå®áâìî, â® ¤«ï â ª¨å ¢®§¬ãé¥¨© ¡ã-¤ãâ  ¡«î¤ âìáï £¨à®áª®¯¨ç¥áª¨¥ ¢®«ë. �«¥¤ã-¥â ¯®¬¨âì, çâ®   à¨áãª¥ ¯®ª § ® ¨§®¡à ¦¥-¨¥ â®«ìª® ç áâ¨ ¯®¢¥àå®áâ¨  = 2,   ¨¬¥®¤«ï k3 > 0. � ¤¥©áâ¢¨â¥«ì®áâ¨ ãª §  ï ¯®-¢¥àå®áâì á¨¬¬¥âà¨ç  ®â®á¨â¥«ì® ®á¨ k1, ¯®-íâ®¬ã ¤«ï k3 < 0 áãé¥áâ¢ã¥â   «®£¨ç ï ¤¨ -£à ¬¬ . �à¨ ¤®áâ â®ç® ¡®«ìè¨å k1 ¨ k2 ¯®-¢¥àå®áâì  = 2 ¢ ¯à®áâà áâ¢¥ ¢®«®¢ëå ç¨á¥«(k1; k2; k3)  á¨¬¯â®â¨ç¥áª¨ ¯à¨¡«¨¦ ¥âáï ª ¯«®á-ª®áâ¨, ¯¥à¯¥¤¨ªã«ïà®©  ¯à ¢«¥¨î ¢¥ªâ®à  ~
¨ ¯à®å®¤ïé¥© ç¥à¥§  ç «® ª®®à¤¨ â. �á¯®«ì§ãïãª § ãî ¢ëè¥ ¤¨ £à ¬¬ã, á«¥¤ã¥â â ª¦¥ ãç¨-âë¢ âì, çâ® ¯à¨ ¤®áâ â®ç® ¬ «ëå ¯ à ¬¥âà åk1, k2 ¨ k3 ¬®£ãâ  ¡«î¤ âìáï £à ¢¨â æ¨®ë¥¨ £à ¢¨â æ¨®®-£¨à®áª®¯¨ç¥áª¨¥ ¢®«ë. � «®-£¨çë¥ ¤¨ £à ¬¬ë ¤«ï íâ¨å á«ãç ¥¢ à áá¬®âà¥ë¨¦¥.2) �¨ £à ¬¬ , ®â¤¥«ïîé ï ®¡« áâì £à ¢¨â æ¨-®ëå ¢®« ®â ®¡« áâ¨  ¯¥à¨®¤¨ç¥áª¨å ¤¢¨¦¥¨©.
�¨á. 7. �à¥å¬¥à®¥ ¨§®¡à ¦¥¨¥ ãç áâª ¯®¢¥àå®áâ¨ �cr = 1=8 ¢ ¯àáâà áâ¢¥ (k1; k2; k3)�  ï ¤¨ £à ¬¬  ®¯à¥¤¥«ï¥âáï ª®à¥¬ 2 ãà ¢-¥¨ï (15). � ã«¥¢®¬ ¯à¨¡«¨¦¥¨¨ íâ®â ª®à¥ì¨¬¥¥â ¢¨¤ 2 = 1=4�. �âªã¤  ¢ ¡¥§à §¬¥à®¬ ¢¨¤¥�.�. �¨ª¨è®¢, �.�. �à¨áâîª 55



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 48 { 57¨¬¥¥¬ k2 = 3p4m2=3 �m2; (27)çâ® ¯®«®áâìî á®®â¢¥âáâ¢ã¥â à¥§ã«ìâ âã, ¯®«ã-ç¥®¬ã ¢ [5], £¤¥ ¤  ï ¤¨ £à ¬¬  ¡ë«  ¯®«ãç¥ ¢ ¯«®áª®áâ¨ (m; k3). �ç¥¢¨¤®, çâ® ¢ ¯à®áâà áâ¢¥(k1; k2; k3)   «®£¨ç®© ¤¨ £à ¬¬®© ¡ã¤¥â ï¢«ïâì-áï ¯®¢¥àå®áâì ¢à é¥¨ï ªà¨¢®© (27).3) �¨ £à ¬¬  £à ¢¨â æ¨®® - £¨à®áª®¯¨ç¥áª¨å¢®«.�  ï ¤¨ £à ¬¬  ®¯à¥¤¥«ï¥âáï â®çª®© ¯¥à¥á¥-ç¥¨ï ªà¨¢ëå 1(�) = 2 ¨ 2(�) = 1=4�.�®çª  ¯¥à¥á¥ç¥¨ï ãª § ëå ¢ëè¥ ªà¨¢ëå ¡ã-¤¥â �cr = 1=8. �âªã¤  ¢ ¡¥§à §¬¥à®¬ ¢¨¤¥ ¯®«ã-ç ¥¬ k2 = 16P cos�; (28)£¤¥ P = 
=N . �ç¨âë¢ ï ãà ¢¥¨¥ (22) ¨ ¯®« £ ï' = 45o, ¯®«ãç ¥¬k1 =q8p2pP sin# sin�pcos � sin#+ cos # ; (29)k2 =q8p2pP sin# cos �pcos � sin#+ cos # ; (30)k3 =q8p2pP cos #pcos � sin#+ cos # : (31)� ª¨¬ ®¡à §®¬, ¯®«ãç¥® ¯ à ¬¥âà¨ç¥áª®¥ ãà ¢-¥¨¥ ¨áª®¬®© ¯®¢¥àå®áâ¨. �â  ¯®¢¥àå®áâìï¢«ï¥âáï £¥®¬¥âà¨ç¥áª¨¬ ¬¥áâ®¬ â®ç¥ª ¯¥à¥á¥ç¥-¨ï ¯®¢¥àå®áâ¥© 1 = 2 ¨ 2 = 1=4�.�  à¨á. 7 ¯®ª § ® ¨§®¡à ¦¥¨¥ ãç áâª  ãª -§ ®© ¯®¢¥àå®áâ¨, ¯®áâà®¥®© ¯à¨ P = 7:2 �10�2. � æ¥«®¬ íâ  ¯®¢¥àå®áâì á¨¬¬¥âà¨ç  ®â-®á¨â¥«ì® ¯«®áª®áâ¨ (k2; k3). �«ï ¢á¥å ¢®§¬ãé¥-¨©, ¢®«®¢ë¥ ¢¥ªâ®à  ª®â®àëå ¯®¯ ¤ îâ ¢ãâàì¯à®áâà áâ¢ , ®£à ¨ç¥®£® ãª § ®© ¢ëè¥ ¯®-¢¥àå®áâìî, ¡ã¤ãâ  ¡«î¤ âìáï £à ¢¨â æ¨®®-£¨à®áª®¯¨ç¥áª¨¥ ¢®«ë. � ë© à¨áã®ª ¬®¦¥âá«ã¦¨âì ¤¨ £®áâ¨ç¥áª®© ¤¨ £à ¬¬®©  «¨ç¨ï¨«¨ ®âáãâáâ¢¨ï £à ¢¨â æ¨®®-£¨à®áª®¯¨ç¥áª¨å¢®« ¤«ï § ¤ ëå k1, k2, k3.6. ��������� �������� � ������"�������������" ������������®áâà®¨¬   «®£¨çë¥ ¤¨ £à ¬¬ë ¢ "âà ¤¨æ¨-®®¬" ¯à¨¡«¨¦¥¨¨. �à¨ íâ®¬ ¢ íâ®¬ ¯à¨¡«¨-¦¥¨¨ ' ¯®« £ ¥âáï à ¢ë¬ 90o, ¨ 2
 cos� ã¦®§ ¬¥¨âì   f cos #. � ª¨¬ ®¡à §®¬, ¢ ¡¥§à §¬¥à-®¬ ¢¨¤¥ ¨¬¥¥¬k2 = Q cos #� ; k4 = m2Q cos # ; (32)

£¤¥ Q = f=N . �âªã¤ , ¨áª«îç ï cos #, ¯®«ãç ¥¬m2 = Q3(�+ Q2)p�2 + �Q2 ; (33)k23 = �Q(�+ Q2)p�2 + �Q2 : (34)�á¯®«ì§ãï ¯®«ãç¥ë¥ à ¥¥ ç¨á«¥ë¥ à¥è¥¨ï1(�) ¨ 2(�), ¯®áâà®¥ë ªà¨¢ë¥, ®â¤¥«ïîé¨¥â®â ¨«¨ ¨®© ¢¨¤ ¤¢¨¦¥¨ï. �à¨¢ ï, ®£à ¨ç¨-¢ îé ï ®¡« áâì £à ¢¨â æ¨®®-£¨à®áª®¯¨ç¥áª¨å¢®«, ®¯à¥¤¥«ï¥âáï à ¢¥áâ¢®¬ (18). �âªã¤  ¢ ¡¥§-à §¬¥à®¬ ¢¨¤¥ ¯®«ãç ¥¬m2 = 3p3Q sin2 # cos#; k23 = 3p3Q cos3 #: (35)�  à¨á. 8 ¯®ª § ë ¤¨ £à ¬¬ë â ª®£® â¨¯ , ¯®-áâà®¥ë¥ ¤«ï à §«¨çëå § ç¥¨© ¯ à ¬¥âà  Q¯à¨ N = 10�3. �¯«®è®© «¨¨¥© ¯®ª §  á«ã-ç © Q = 1:46 � 10�1, çâ® ï¢«ï¥âáï å à ªâ¥àë¬§ ç¥¨¥¬ ¤«ï �¥¬«¨, èâà¨å®¢®© «¨¨¥© ¯®ª § á«ãç © Q = 0:4. �  ¤¨ £à ¬¬¥ ªà¨¢ ï 1 ®â¤¥-«ï¥â £¨à®áª®¯¨ç¥áª¨¥ ¢®«ë (®¡« áâì ¢ëè¥ ªà¨-¢®©) ®â  ¯¥à¨®¤¨ç¥áª¨å ¤¢¨¦¥¨© (®¡« áâì ¨¦¥ªà¨¢®©), ªà¨¢ ï 2 ®â¤¥«ï¥â £à ¢¨â æ¨®ë¥ ¢®«ë(®¡« áâì ¨¦¥ ªà¨¢®©) ®â  ¯¥à¨®¤¨ç¥áª¨å ¤¢¨¦¥-¨© (®¡« áâì ¢ëè¥ ªà¨¢®©), ªà¨¢ ï 3 ®£à ¨ç¨¢ -¥â ®¡« áâì £à ¢¨â æ¨®®-£¨à®áª®¯¨ç¥áª¨å ¢®«.
�¨á.8. �¨ £à ¬¬  ¤¢¨¦¥¨©� «¨§ ¯®ª §ë¢ ¥â, çâ® á à®áâ®¬ f à áè¨àï¥â-áï ®¡« áâì £¨à®áª®¯¨ç¥áª¨å ¢®«,   â ª¦¥ ®¡« áâì£à ¢¨â æ¨®®-£¨à®áª®¯¨ç¥áª¨å ¢®«, ¯à¨ íâ®¬®¡« áâì  ¯¥à¨®¤¨ç¥áª¨å ¤¢¨¦¥¨© áã¦ ¥âáï. � -à ªâ¥à®© ®á®¡¥®áâìî íâ®© ¤¨ £à ¬¬ë ï¢«ï¥â-áï  á¨¬¯â®â¨ç¥áª®¥ ¯à¨¡«¨¦¥¨¥ ªà¨¢®© 1 ª ®á¨m ¯à¨ m ! 1. �¥©áâ¢¨â¥«ì®, ªà¨¢ ï 1 ®¯à¥¤¥-«ï¥âáï ª®à¥¬ 1(�) ãà ¢¥¨ï (15), ª®â®àë© ®£à -¨ç¥ ¯à¨ �! 0 (1(�) ! 2 ¯à¨ �! 0). �à¨ íâ®¬56 �.�. �¨ª¨è®¢, �.�. �à¨áâîª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 48 { 57¨§ § ¢¨á¨¬®áâ¥© (33) ¨ (34) á«¥¤ã¥â, çâ® m ! 1¨ k3 ! 0 ¯à¨ � ! 0. �ª § ®¥ ¢ëè¥  á¨¬¯â®-â¨ç¥áª®¥ ¯à¨¡«¨¦¥¨¥ ªà¨¢®© 1 ª ®á¨ m ¨ ¯à¥¤-áâ ¢«¥®   à¨á. 8. �à ¢¥¨¥ á à¨á. 5 ¯®ª §ë¢ -¥â, çâ® ¨¬¥îâáï § ¬¥âë¥ à §«¨ç¨ï ¢ ¤¨ £à ¬¬ å¯à¨ ¡®«ìè¨å § ç¥¨ïåm ¨ ®¡« áâ¨ ¬ «ëå k3 ¨m.�¤ ª®, ª ª ãª § ® à ¥¥, ¢ ®¡« áâ¨ ¢ëè¥ ªà¨-¢®© 1 ¢®§¨ª îé¨¥ ¢®«®¢ë¥ ä«ãªâã æ¨¨ ¡ëáâà®¢ëà®¦¤ îâáï ¨ ®¨ ï¢«ïîâáï ¥áãé¥áâ¢¥ë¬¨ ¢  «¨§¥ ®¡é¥© ª àâ¨ë ¤¢¨¦¥¨©. �à¨   «¨§¥®¡« áâ¨ ¬ «ëå k3 ¨ m á«¥¤ã¥â ¨¬¥âì ¢ ¢¨¤ã, çâ®¢ à áá¬ âà¨¢ ¥¬®¬ ¯à¨¡«¨¦¥¨¨ ç«¥ ¬¨ 
y ¯à¥-¥¡à¥£ îâ [14]. � ª á«¥¤ã¥â ¨§ ãà ¢¥¨ï (2), íâ®á¯à ¢¥¤«¨¢® ¯à¨ j ky j� j kz
z=
y j [14]. �àã£¨-¬¨ á«®¢ ¬¨, ¯à®áâà áâ¢¥®¥ ¨§¬¥¥¨¥ ¢®«®-¢®£® ¯®«ï ¢ ¢¥àâ¨ª «ì®© ¯«®áª®áâ¨ ¤®«¦® ¡ëâìáãé¥áâ¢¥® ¬¥ìè¥, ç¥¬ ¢ £®à¨§®â «ì®© ¯«®á-ª®áâ¨,   è¨à®â  ¬¥áâ  ¥ ¤®«¦  ¡ëâì á«¨èª®¬¬ «®©. �®£¤  áâ ®¢¨âáï ïá®, çâ® ®¡« áâì ¬ «ëåk3 ¨ m (¨¦ïï ç áâì ªà¨¢®© 3   à¨á. 8) ¥ ¯®-¯ ¤ ¥â ¢ ®¡« áâì, £¤¥ ¤ ®¥ ¯à¨¡«¨¦¥¨¥ ¬®¦¥â¡ëâì ¨á¯®«ì§®¢ ®. � ®áâ «ìëå ¦¥ ®¡« áâïå ª®-ä¨£ãà æ¨¨ ¤¨ £à ¬¬ á®®â¢¥âáâ¢ãîâ ¤àã£ ¤àã£ã.����������� à ¡®â¥ ¯à®¢¥¤¥   «¨§ å à ªâ¥à¨áâ¨ª ¤¢¨-¦¥¨© ¢ï§ª®© áâà â¨ä¨æ¨à®¢ ®© ¯® â¥¬¯¥à âã-à¥ ¦¨¤ª®áâ¨ ¯à¨  «¨ç¨¨ ¢à é¥¨ï. �®ª § ®,çâ® ¢«¨ï¨¥ ¯®á«¥¤¥£® ¢¨¤®¨§¬¥ï¥â ¤¢¨¦¥¨¥¦¨¤ª®áâ¨, ¢ ç áâ®áâ¨, ¯à¨¢®¤¨â ª ¯®ï¢«¥¨î £¨-à®áª®¯¨ç¥áª¨å ¨ £à ¢¨â æ¨®®-£¨à®áª®¯¨ç¥áª¨å¢®«. � ¯à®áâà áâ¢¥ ¢®«®¢ëå ç¨á¥« ¯®áâà®¥-ë ¤¨ £à ¬¬ë, å à ªâ¥à¨§ãîé¨¥ ¤¢¨¦¥¨ï ¦¨¤-ª®áâ¨ ¢ § ¢¨á¨¬®áâ¨ ®â ¯ à ¬¥âà®¢ áà¥¤ë ¨ ¬ á-èâ ¡®¢ ¢®§¬ãé¥¨©. �à®¢¥¤¥ë©  á¨¬¯â®â¨ç¥-áª¨©   «¨§ ¤¢¨¦¥¨© ¦¨¤ª®áâ¨ ¯®ª § «, çâ® ¢«¨-ï¨¥ ¢ï§ª®áâ¨ áãé¥áâ¢¥ë¬ ®¡à §®¬ ¨§¬¥ï¥âå à ªâ¥à ¤¢¨¦¥¨ï. �®¤ ¢«¨ï¨¥¬ ¢ï§ª®áâ¨ ¢ § -¢¨á¨¬®áâ¨ ®â ¬ áèâ ¡®¢ ¢®§¬ãé¥¨© ¢®§¨ª ¥â§®   ¯¥à¨®¤¨ç¥áª¨å ¤¢¨¦¥¨©. �¡ àã¦¥®, çâ®¢ ¦¨¤ª®áâ¨ ¬®£ãâ ¢®§¨ª âì ªàã¯®¬ áèâ ¡ë¥¤®«£®¦¨¢ãé¨¥ ¥®áæ¨««¨àãîé¨¥ ¤¢¨¦¥¨ï. �®-ª § ®, çâ® ¢ ®â«¨ç¨¥ ®â á«ãç ï ®âáãâáâ¢¨ï ¢à -

é¥¨ï §®   ¯¥à¨®¤¨ç¥áª¨å ¤¢¨¦¥¨© ®£à ¨ç¥ ¯à¨ ¡®«ìè¨å § ç¥¨ïå ¢¥àâ¨ª «ìëå ¨ £®à¨§®-â «ìëå ¢®«®¢ëå ç¨á¥« ªà¨¢®© (¢ ¤ ®¬ á«ãç ¥1) ¨ ¥ ¤®áâ¨£ ¥â ®¡« áâ¨ ¬ «ëå m ¨ k3, â.¥.¨¬¥¥â á¢®¥®¡à §ãî \ª«î¢®¯®¤®¡ãî" áâàãªâãàã,¨§®¡à ¦¥ãî   à¨áãª å 3 ¨ 6. �¯à¥¤¥«¥ë ª ªç¨á«¥®, â ª ¨   «¨â¨ç¥áª¨ £à ¨æë §®ë  ¯¥-à¨®¤¨ç¥áª¨å ¤¢¨¦¥¨©, ¯®ª § ® ª ª ¨§¬¥ï¥âáï¯®«®¦¥¨¥ íâ¨å £à ¨æ ¯à¨ ¨§¬¥¥¨¨ ç áâ®âë¢à é¥¨ï.1. �®¨ �.�., �§¬¨¤®¢ �.�. �ª¥ áª ï âãà¡ã«¥â-®áâì.{ �: �̈ ¤à®¬¥â¥®¨§¤ â, 1981.{ 320 á.2. �¥ �«® �., � ©á¥ª �. �®«ë ¢ ®ª¥ ¥. �.1.{ �.:�¨à, 1981.{ 480 á.3. Pearson H.J., Linden P.F. The �nal stage of decay ofturbulence in stably strati�ed uid // J. Fluid Mech.{1983.{ 134.{ P. 195-203..4. � ¤¥à¨ç �.�., �¨ª¨è®¢ �.�. �¥à¥¬¥è¨¢ ¨¥ ¨à¥áâà â¨ä¨ª æ¨ï ¢ ãáâ®©ç¨¢® áâà â¨ä¨æ¨à®¢ -®© ¦¨¤ª®áâ¨ // �̈ ¤à®¬¥å ¨ª .{ 1996.{ �ë¯. 70.{�. 69-77.5. �¥â¬  �.�., �¨ª¨è®¢ �.�. � ¢ëà®¦¤¥¨¨ á«®-¨áâëå áâàãªâãà ¢ áâà â¨ä¨æ¨à®¢ ®© ¦¨¤ª®-áâ¨ // �̈ ¤à®¬¥å ¨ª .{ 1989.{ �ë¯. 60.{ �. 15-20.6. Riley J.J., Metcalfe R.W., Weissman M.A. Directnumerical simulations of homogeneous turbulence indensity-strati�ed uids // Proc. AIP Conference onNonlinear properties of internal waves. (West B.J.,ed) American Inst. of Physics.{ 1981.{ .{ P. 76-112.7. Lilley D.K. Strati�ed turbulence and the mesoscalevariability of the atmosphere // J. Atmosph. Sci.{1983.{ 40, No. 3.{ P. 749-761.8. Riley J.J., Lelong M.-P. Fluid motion in the pres-ence of strong stable strati�cation // Ann. Rev. FluidMech.{ 2000.{ 32.{ P. 613-657.9. Lin J.T. Pao Y.N. Wakes in strati�ed uids // Ann.Rev. Fluid Mech.{ 1979.{ 11.{ P. 317-338.10. � â¥«¥¥¢ �.�., �å®â¨ª®¢ �.�., �«¥¯ëè¥¢ �.�.�¥«ª®¬ áèâ ¡ ï áâàãªâãà  ¨ ¤¨ ¬¨ª  ®ª¥  .{�.: � ãª®¢  ¤ã¬ª , 1993.{ 195 á.11. � ¬¥ª®¢¨ç �.�. �á®¢ë ¤¨ ¬¨ª¨ ®ª¥  .{ �.:�̈ ¤à®¬¥â¥®¨§¤ â, 1973.{ 240 á.12. � ¤¥à¨ç �.�., �¨ª¨è®¢ �.�., �â¥æ¥ª® �.�. �¨ -¬¨ª  ¢ãâà¥¥£® ¯¥à¥¬¥è¨¢ ¨ï ¢ áâà â¨ä¨æ¨-à®¢ ®© áà¥¤¥.{ �.: � ãª®¢  ¤ã¬ª , 1988.{ 239 á.13. � á«®¢ �.�. � ¢«¨ï¨¨ ¢ï§ª®áâ¨   ¬¥«ª®¬ á-èâ ¡ë¥ ¤¢¨¦¥¨ï ¢ áâà â¨ä¨æ¨à®¢ ®¬ ®ª¥ -¥ // �ª¥ ®«®£¨ï.{ 1986.{ 26, �ë¯. 4.{ �. 15-20.14. �à¥å®¢áª¨å �.�., �®ç à®¢ �.�. �¢¥¤¥¨¥ ¢ ¬¥å -¨ªã á¯«®èëå áà¥¤.{ �.: � ãª , 1982.{ 335 á.
�.�. �¨ª¨è®¢, �.�. �à¨áâîª 57


