
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 1. �. 52 { 58��� 532.5� ��������������� ���������� ������������������� ������������������� �������������������. �. ��������,�. �. ���������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 04.01.2000� áá¬®âà¥ë ¯à¥¤áâ ¢«¥¨ï ®¡®¡é¥ëå ¯®â¥æ¨ «®¢ ¢ â¥®à¨¨ ¢à é îé¥©áï áâà â¨ä¨æ¨à®¢ ®© ¨ á¦¨¬ ¥¬®©¦¨¤ª®áâ¨. � ¥¢®§¬ãé¥®¬ á®áâ®ï¨¨ ¦¨¤ª®áâì íªá¯®¥æ¨ «ì® áâà â¨ä¨æ¨à®¢   ¢¤®«ì ®á¨ z,  ¯à ¢«¥®©¯® ¢¥ªâ®àã á¨«ë âï¦¥áâ¨ �  ®á®¢¥ ®¡®¡é¥®£® ¯®â¥æ¨ «  ¯®«ãç¥® à¥è¥¨¥ § ¤ ç¨ ®¡â¥ª ¨ï áä¥àë ®¤®-à®¤ë¬ ¢¨â®¢ë¬ ¯®â®ª®¬. �®ª § ®, çâ® ¯à¨ áâà¥¬«¥¨¨ ª®íää¨æ¨¥â  á¯¨à «ì®áâ¨ ¢¨â®¢®£® ¯®â®ª  ª ã«îíâ® à¥è¥¨¥ ¯¥à¥å®¤¨â ¢ âà ¤¨æ¨®®¥ à¥è¥¨¥ § ¤ ç¨ ¯®â¥æ¨ «ì®£® ®¡â¥ª ¨ï. �à®  «¨§¨à®¢ ® ¢«¨ï¨¥ª®íää¨æ¨¥â  á¯¨à «ì®áâ¨   ª àâ¨ë «¨¨© â®ª  ¨ ª®íää¨æ¨¥â ¤ ¢«¥¨ï.�®§£«ïãâ÷ ¯à¥¤áâ ¢«¥ï ã§ £ «ì¥¨å ¯®â¥æ÷ «÷¢ ¢ â¥®à÷ù áâà â¨ä÷ª®¢ ®ù â  áâ¨á«¨¢®ù à÷¤¨¨, é® ®¡¥àâ õâìáï.� ¥§¡ãà¥®¬ã áâ ÷ à÷¤¨  ¥ªá¯®¥æ÷©® áâà â¨ä÷ª®¢   ¢§¤®¢¦ ®á÷ z, ïª  á¯àï¬®¢   §  ¢¥ªâ®à®¬ á¨«¨ ¢ £¨. � ®á®¢÷ ã§ £ «ì¥®£® ¯®â¥æ÷ «ã ®âà¨¬ ® à®§¢'ï§®ª § ¤ ç÷ ¯à® ®¡â÷ª ï áä¥à¨ ®¤®à÷¤¨¬ £¢¨â®¢¨¬ ¯®â®ª®¬.�®ª § ®, é® ¯à¨  ¡«¨¦¥÷ ª®¥ä÷æ÷õâ  á¯÷à «ì®áâ÷ £¢¨â®¢®£® ¯®â®ªã ¤® ã«ï æ¥© à®§¢'ï§®ª ¯¥à¥å®¤¨âì ¢âà ¤¨æ÷©¨© à®§¢'ï§®ª § ¤ ç÷ ¯à® ¯®â¥æ÷©¥ ®¡â÷ª ï. �à®  «÷§®¢ ®¢¯«¨¢ ª®¥ä÷æ÷õâ  á¯÷à «ì®áâ÷   ª àâ¨¨«÷÷© ¯®â®ªã â  ª®¥ä÷æ÷õâ â¨áªã.Potential-based representations in the theory of rotating strati�ed and compressible uid are considered. In undisturbedstate the uid is exponentially strati�ed along z { axis directed along the gravity force. Using generalised potential,solution for the problem of the uniform helical ow around the sphere is obtained. It is shown that with the helical owhelicity coe�cient approaching zero, this solution becomes a traditional solution for potential ow. Impact of the helicitycoe�cient on ow patterns and pressure coe�cients is analysed.��������� â¥®à¨¨ ¬ â¥¬ â¨ç¥áª¨å ¬®¤¥«¥©, ¨á¯o«ì§ã-¥¬ëå ¢ àï¤¥ ¥áâ¥áâ¢¥ëå  ãª, ¢ ¦®¥ ¬¥áâ®§ ¨¬ ¥â ¯à®¡«¥¬  ¯®«ãç¥¨ï ¯à¥¤áâ ¢«¥¨© ®¡-é¨å à¥è¥¨© á®®â¢¥âáâ¢ãîé¨å ¤¨ää¥à¥æ¨ «ì-ëå ãà ¢¥¨©   ®á®¢¥ à §«¨ç®£® à®¤  ¯®-â¥æ¨ «®¢. � â¥®à¨¨ í«¥ªâà®¬ £¥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 . � â¥®-à¨¨ ã¯àã£®áâ¨ ª ç¨á«ã  ¨¡®«¥¥ ¨§¢¥áâëå ®â-®áïâáï ¯®â¥æ¨ «ë �¥«ì¬£®«ìæ -�â®ªá -�à¨ -� ¬¥, � ¯ª®¢¨ç -�¥©¡¥à , � «¥àª¨  ¨ �¥¡ ï-�®àá -�¥è¡ å . � £¨¤à®¬¥å ¨ª¥ è¨à®ª® ¨á¯®«ì-§ãîâ ¯®â¥æ¨ «ë áª®à®áâ¨ ¨ ãáª®à¥¨ï, äãªæ¨¨â®ª , ¯®â¥æ¨ «ë �«¥¡è , ¯®â¥æ¨ «ë �®¡®«¥¢ ¢ á«ãç ¥ ¨¤¥ «ì®© ¢à é îé¥©áï ¦¨¤ª®áâ¨, ¯®-â¥æ¨ «ë â¥®à¨¨ £ §®¤¨ ¬¨ç¥áª¨å â¥ç¥¨© ¢ ¯¥-à¥¬¥ëå £®¤®£à ä  ¨ á¯¨¤®£à ä , ¯®â¥æ¨ «ëáâ®ªá®¢ëå â¥ç¥¨© ¨ â. ¤. �áá«¥¤®¢ ¨¥ ãª § -®© ¯à®¡«¥¬ë ¢ ¦® ª ª á â®çª¨ §à¥¨ï ¢ãâà¥-¥© áâàãªâãàë ¨ ®á®¡¥®áâ¥© ¨áå®¤ëå ãà ¢¥-¨©, â ª ¨ á â®çª¨ §à¥¨ï à¥è¥¨ï ¯à¨ª« ¤ëå § -¤ ç. �à¨ íâ®¬ ç áâ® ®ª §ë¢ ¥âáï áãé¥áâ¢¥ë¬[1{ 3] ¨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¥ [2],  ¨¡®«¥¥ïàª¨¥ ¢ë£®¤ë, á¢ï§ ë¥ á â ª¨¬ ¯®¤å®¤®¬, ¯à®-ï¢«ïîâáï ¯à¨ ¨á¯®«ì§®¢ ¨¨ ç¨á«¥ëå ¬¥â®¤®¢.� ¨¬¥®, á®ªà é¥¨¥ ç¨á«  ¨áå®¤ëå ¢¥«¨ç¨¤® ®¤®© áª «ïà®© (®¡®¡é¥®£® áã¯¥à¯®â¥æ¨ -« ) ¯à¨¢®¤¨â ª § ç¨â¥«ì®© íª®®¬¨¨ ¬ è¨®£®¢à¥¬¥¨ ¨ à¥áãàá  ¨á¯®«ì§ã¥¬ëå ���.�  ï áâ âìï ¯®á¢ïé¥  ¯®«ãç¥¨î ¯à¥¤áâ -¢«¥¨© ®¡®¡é¥ëå ¯®â¥æ «®¢ ¢ â¥®à¨¨ ¢à é -îé¥©áï áâà â¨ä¨æ¨à®¢ ®© ¨ á¦¨¬ ¥¬®© ¦¨¤-ª®áâ¨. �¥ à¥§ã«ìâ âë â¥á® á¢ï§ ë á à¥§ã«ì-â â ¬¨ à ¡®âë [5], ¢ ª®â®à®© ¯®«ãç¨«¨ à §¢¨â¨¥¯à¥¤áâ ¢«¥¨ï ®¡®¡é¥ëå ¯®â¥æ¨ «®¢ ¢ â¥®à¨¨¢ï§ª¨å ¨ ¨¤¥ «ìëå ¥á¦¨¬ ¥¬ëå ¦¨¤ª®áâ¥©,  â ª¦¥ ¢ â¥®à¨¨ ã¯àã£®áâ¨ ¨ í«¥ªâà®¬ £¥â¨§¬ .�à¥¤«®¦¥ë¥ ¢ à ¡®â¥ [5] ®¢ë¥ ¯à¥¤áâ ¢«¥¨ï®¡é¨å à¥è¥¨© á¨áâ¥¬ ãà ¢¥¨© àï¤  ¬ â¥¬ -â¨ç¥áª¨å ¬®¤¥«¥© ¬¥å ¨ª¨ ¨ ä¨§¨ª¨ à áè¨àïîâ¢®§¬®¦®áâ¨ à¥è¥¨ï ¯à¨ª« ¤ëå § ¤ ç. �ä®à-¬ã«¨à®¢ ë¥ â¥®à¥¬ë ¢¥â¢«¥¨ï, ¨¬¥îé¨¥ £àã¯-¯®¢ãî ¯à¨à®¤ã, ¯®§¢®«ïîâ ¯®áâ ¢¨âì ¢ á®®â¢¥â-áâ¢¨¥ «î¡®¬ã à¥è¥¨î ãà ¢¥¨ï ¤«ï ®¡®¡é¥®-£® ¯®â¥æ¨ «  ®¯à¥¤¥«¥ë©  ¡®à ¯®«¥© ä¨§¨ç¥-áª¨å ¢¥«¨ç¨. �®«ãç¥ë¥ à¥è¥¨ï àï¤  ª®ªà¥â-ëå ªà ¥¢ëå § ¤ ç ¯®ª § «¨ íää¥ªâ¨¢®áâì ¯à¥¤-«®¦¥ëå ¬¥â®¤®¢. � â® ¦¥ ¢à¥¬ï ®¨ ¯à¥¤áâ -52 c öáâ¨âãâ £÷¤à®¬¥å ¨ª¨ ��� �ªà ù¨, 2000



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 1. �. 52 { 58¢«ïîâ ®¯à¥¤¥«¥ë© á ¬®áâ®ïâ¥«ìë© ¨â¥à¥á.1. �������� ������������ã¤¥¬ à áá¬ âà¨¢ âì ¤¢¨¦¥¨¥ áâà â¨ä¨æ¨à®-¢ ®©, ¢à é îé¥©áï ¨ á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢á¨áâ¥¬¥ ª®®à¤¨ â (z; x; y), ¢à é îé¥©áï ¢¬¥áâ¥á ¦¨¤ª®áâìî. �ã¤¥¬ áç¨â âì, çâ® ¢¥ªâ®à ã£«®¢®©áª®à®áâ¨ ~!� ¢à é¥¨ï ¦¨¤ª®áâ¨ ª ª æ¥«®£®  å®-¤¨âáï ¢ ¯«®áª®áâ¨ (y; z) ¨ á®áâ ¢«ï¥â ã£®« �� á  -¯à ¢«¥¨¥¬ ¢¥àâ¨ª «¨ Oz:~!� = !� ~e�; ~e� = cos�� ~ez + sin�� ~ey: (1)�ã¤¥¬ â ª¦¥ áç¨â âì, çâ® ¢ ¥¢®§¬ãé¥®¬ á®-áâ®ï¨¨ ¦¨¤ª®áâì áâà â¨ä¨æ¨à®¢   ¢¤®«ì  -¯à ¢«¥¨ï ¢¥ªâ®à  á¨«ë âï¦¥áâ¨:�0 = �0(z); (2)£¤¥ �0 { ¯«®â®áâì ¦¨¤ª®áâ¨ ¢ ¥¢®§¬ãé¥®¬ á®-áâ®ï¨¨. � «ë¥ ª®«¥¡ ¨ï ¦¨¤ª®áâ¨ ¢ íâ®¬ á«ã-ç ¥ ®¯¨áë¢ îâáï á¨áâ¥¬®© ãà ¢¥¨© [1]@~v@t + 2!� ~e� � ~v + 1�0rp1 + g�1�0 ~ez = 0; (3)@@t �1�0 + div ~v + d �0�0 dzw = 0; (4)@@t �1�0 = 1c2 @@t p1�0 + N2g w; (5)N2(z) � �g ��00(z)�0 + gc2� ; ~v � w~ez + u ~ex + v ~ey :(6)�¤¥áì ~v { áª®à®áâì; �1 ¨ p1 { ¢®§¬ãé¥¨ï ¯«®â®-áâ¨ ¨ ¤ ¢«¥¨ï; c { áª®à®áâì §¢ãª ; N { ç áâ®â �à¥â -�ï©áï«ï; g { ãáª®à¥¨¥ á¨«ë âï¦¥áâ¨. �á-¯®«ì§ãï ®¡®§ ç¥¨¥q � �0(z)~v; (7)á¨áâ¥¬ã (3) { (5) § ¯¨è¥¬ ¢ ¢¨¤¥@~q@t + 2!� ~e� � ~q +rp1 + g�1 ~ez = 0; (8)@�1@t + div ~q = 0; (9)@�1@t = 1c2 @p1@t + N2g qz: (10)�¢¥¤¥¬ ¡¥§à §¬¥àë¥ ¢¥«¨ç¨ë�0(z)~v�0(0)c ! ~q; p1�0(0) c2 ! �; �1�0(0) ! �;

gtc ! t; g~rc2 ! ~r; Ncg ! �; !�cg ! ��: (11)� à¥§ã«ìâ â¥ á¨áâ¥¬ã ãà ¢¥¨© (8) { (10) § ¯¨-è¥¬ ¢ ¡¥§à §¬¥à®¬ ¢¨¤¥:@~q@t + 2�� ~e� � ~q +r�+ �~ez = 0; (12)@�@t + div ~q = 0; (13)@�@t = @�@t + �2qz: (14)� «¥¥ ¡ã¤¥¬ áç¨â âì áâà â¨ä¨ª æ¨î ¦¨¤ª®áâ¨íªá¯®¥æ¨ «ì®© [1]:�0 = �0e�kf z; kf = const: (15)�â® ¤ ¥â � = const: (16)� ª¨¬ ®¡à §®¬, ¢ á«ãç ¥ ãá«®¢¨ï (15) ¢ ¤¥ª àâ®¢ëåª®®à¤¨ â å á¨áâ¥¬  ¯ïâ¨ ãà ¢¥¨© ¢ ç áâëå¯à®¨§¢®¤ëå ¯¥à¢®£® ¯®àï¤ª  (12) { (14) ï¢«ï¥âáïá¨áâ¥¬®© ãà ¢¥¨© á ¯®áâ®ïë¬¨ ª®íää¨æ¨¥-â ¬¨.2. ��������� ��� �������������������������� � �������������� ¤ ®¬ ¯ãªâ¥ à áá¬®âà¨¬ á«ãç ©, ª®£¤  ¢¥ª-â®à ã£«®¢®© áª®à®áâ¨ ¢à é¥¨ï ¦¨¤ª®áâ¨  ¯à -¢«¥ ¢¤®«ì ®á¨ y:�� = �2 ! ~e� = ~ey : (17)�®£¤  ãà ¢¥¨¥ (12) ¯à¨¨¬ ¥â ¢¨¤@~q@t + 2�� ~ey � ~q +r�+ �~ez = 0; (18)¢¥ªâ®à ~q ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥~q = r�+ S1 ~ez + S2 ~ex; (19)£¤¥ �; S1; S2 { ®¡®¡é¥ë¥ ¯®â¥æ¨ «ë. �®¤áâ -¢¨¬ ¢ëà ¦¥¨¥ (19) ¢ (18). �®«ãç¨¢è¥¥áï ¯à¨íâ®¬ á®®â®è¥¨¥ ¡ã¤¥â ã¤®¢«¥â¢®à¥®, ¥á«¨ áç¨-â âì ¢ë¯®«¥ë¬¨ á¢ï§¨� = �@�@t ; (20)� = �@S1@t + 2��(@�@x + S2); (21)S1 = �@�@z � 12�� @S2@t : (22)�. �. � «â ®¢, �. �. �¥áâ®¯ « 53



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 1. �. 52 { 58�ç¨âë¢ ï ¢ëà ¦¥¨¥ (19) ¢ (13) ¨ (14), á®®â¢¥â-áâ¢¥® § ¯¨è¥¬@�@t +4�+ @S1@z + @S2@x = 0; (23)@�@t = @�@t + �2(@�@z + S1): (24)�à¨¨¬ ï ¢® ¢¨¬ ¨¥ á®®â®è¥¨ï (20) { (22) ¢á®®â®è¥¨ïå (23) ¨ (24), ¯à¨å®¤¨¬ ª á«¥¤ãîé¥©á¨áâ¥¬¥ ãà ¢¥¨© ¤«ï ¯®â¥æ¨ «®¢ � ¨ S2:2��(4+ @3@z@t2 + 2�� @2@x@t � @2@z2 )�++( @3@t3 � @2@z@t + 2�� @@x + 4�2� @@t )S2 = 0; (25)2��( @3@z@t2 + @2@t2 + 2�� @2@x@t )�++( @2@t2 + �2 + 4�2�)@S2@t = 0: (26)�¥è ï ãà ¢¥¨¥ (26), ¢¢®¤¨¬ ®¡®¡é¥ë© áã¯¥à-¯®â¥æ¨ « 	2 á«¥¤ãîé¨¬ ®¡à §®¬:� = ( @2@t2 + �2 + 4�2�)@	2@t ; (27)S2 = �2��( @2@z@t + @@t + 2�� @@x )@	2@t : (28)�ç¨âë¢ ï ¢ëà ¦¥¨ï (27) ¨ (28) ¢ (22), ¢ëà §¨¬ç¥à¥§ ®¡®¡é¥ë© áã¯¥à¯®â¥æ¨ « 	2 ¢¥«¨ç¨ãS1:S1 = [ @2@t2 + 2�� @2@x@t � (�2 + 4�2�) @@z ]@	2@t (29)�®¤áâ ¢«ïï (27) ¨ (28) ¢ (25), ¯®«ãç ¥¬ á«¥¤ãîé¥¥ãà ¢¥¨¥ ¤«ï ®¯à¥¤¥«¥¨ï ®¡®¡é¥®£® áã¯¥à¯®-â¥æ¨ «  	2:( @4@t4 � @2@t2L0 � L2)@	2@t = 0; (30)L0 = 4+ (1 + �2) @@z � 4�2�; (31)L2 = �2(4� @2@z2 )+2��(�2�1) @2@x@t+4�2� @2@y2 : (32)�á«¨ à¥è¥¨¥ ãà ¢¥¨ï (30)  ©¤¥®, â® ä¨§¨ç¥-áª¨¥ ¢¥«¨ç¨ë ¬®¦® ®¯à¥¤¥«¨âì á ¯®¬®éìî á®-®â®è¥¨© (19) { (22) ¨ (27) { (29).� â® ¦¥ ¢à¥¬ï, à¥è ï ãà ¢¥¨¥ (25), ¨¬¥¥¬:� = ( @3@t3 � @2@z@t + 2�� @@x + 4�2 @@t )	2; (33)

S2 = 2��( @2@z2 �4� @3@z@t2 � 2�� @2@x@t )	2: (34)�®¤áâ ¢¨¢ à¥è¥¨¥ (33) ¢ (34) ¨ (22), ¢ëà §¨¬ ç¥-à¥§ ®¡®¡é¥ë© áã¯¥à¯®â¥æ¨ « 	2 ¢¥«¨ç¨ã S1:S1 = [4 @@t+2��( @3@x@t2� @2@x@z�2�� @2@z@t )]	2: (35)�ç¨âë¢ ï § â¥¬ ¢ëà ¦¥¨ï (33) ¨ (34) ¢ (26), ¯à¨-å®¤¨¬ ª ãà ¢¥¨î (30). �á«¨ à¥è¥¨¥ ãà ¢¥¨ï(30)  ©¤¥®, â® ¢ á«ãç ¥ á¯à ¢¥¤«¨¢®áâ¨ ä®à¬ã«(33) { (35) ä¨§¨ç¥áª¨¥ ¢¥«¨ç¨ë ¬®¦® ®¯à¥¤¥-«¨âì á ¯®¬®éìî á®®â®è¥¨© (19) { (21) ¨ (33){ (35). � á¨«ã ª®¬¬ãâ¨àã¥¬®áâ¨ ®¯¥à â®à®¢, ¢å®-¤ïé¨å ¢ ãà ¢¥¨¥ (30), ¥£® à¥è¥¨¥ ¯à¥¤áâ ¢¨¬¢ á«¥¤ãîé¥¬ ¢¨¤¥:	2 = 
(x; y; z; t) + 
0(x; y; z); (36)£¤¥ 
0 { ¯à®¨§¢®«ì ï äãªæ¨ï á¢®¨å  à£ã¬¥â®¢;äãªæ¨ï 
 ã¤®¢«¥â¢®àï¥â ãà ¢¥¨î( @4@t4 � @2@t2L0 � L2)
 = 0: (37)3. ��������� ��� �������������������������� � ����� ������� áá¬®âà¨¬ ®¡é¨© á«ãç © ®à¨¥â æ¨¨ ¢¥ªâ®à ã£«®¢®© áª®à®áâ¨ ¢à é¥¨ï ¦¨¤ª®áâ¨:0 < �� < �2 : (38)�®£¤  z, x ¨ y { ª®¬¯®¥âë ãà ¢¥¨ï (12), á®®â-¢¥âáâ¢¥®, § ¯¨è¥¬ ¢ ¢¨¤¥@qz@t � 2�� sin��qx + @�@z + � = 0; (39)@qx@t + 2��(sin��qz � cos��qy) + @�@x = 0; (40)@qy@t + 2�� cos��qx + @�@y = 0: (41)�áª«îç ï ¨§ ãà ¢¥¨ï (14) ¯«®â®áâì á ¯®¬®éìî(13), ¨¬¥¥¬@�@t + @qx@x + @qy@y + @qz@z + �2qz = 0: (42)�à¨¬¥ïï ª ãà ¢¥¨ï¬ (40) ¨ (42) ®¯¥à æ¨¨ ¤¨ä-ä¥à¥æ¨à®¢ ¨ï ¯® ¢à¥¬¥¨ ¨ ª®®à¤¨ â¥ x á®®â-¢¥âáâ¢¥® ¨ ¢ëç¨â ï «¥¢ë¥ ¨ ¯à ¢ë¥ ç áâ¨ ¯®«ã-ç¨¢è¨åáï á®®â®è¥¨© ¤àã£ ¨§ ¤àã£ , ¯®«ãç ¥¬( @2@t2 � @2@x2 )qx = ( @2@x@y + 2�� cos�� @@t )qy�54 �. �. � «â ®¢, �. �. �¥áâ®¯ «



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 1. �. 52 { 58�( @2@x@z + �2 @@x � 2�� sin�� @@t )qz: (43)�à¨¬¥ïï ª ãà ¢¥¨ï¬ (41) ¨ (42) ®¯¥à æ¨¨ ¤¨ä-ä¥à¥æ¨à®¢ ¨ï ¯® ¢à¥¬¥¨ ¨ ª®®à¤¨ â¥ y á®®â-¢¥âáâ¢¥® ¨ ¢ëç¨â ï «¥¢ë¥ ¨ ¯à ¢ë¥ ç áâ¨ ¯®«ã-ç¨¢è¨åáï á®®â®è¥¨© ¤àã£ ¨§ ¤àã£ ,  å®¤¨¬( @2@x@y � 2�� cos�� @@t )qx == ( @2@t2 � @2@y2 )qy � ( @2@y@z + �2 @@y )qz: (44)�áª«îç ï ¨§ ¢ëà ¦¥¨© (43) ¨ (44) ¢¥«¨ç¨ã qx,¯à¨å®¤¨¬ ª ãà ¢¥¨î, ¢ ª®â®à®¥ ¢å®¤ïâ â®«ìª®¤¢¥ ¨áª®¬ë¥ ¢¥«¨ç¨ë qy ¨ qz:[ @4@t4 � @2@t2 ( @2@x2 + @2@y2 � 4�2� cos2��)]qy == [ @2@t2 ( @2@y@z + �2 @@y + 4�2� sin�� cos��)��2�� @2@x@t (sin�� @@y +cos�� @@z +�2 cos��)]qz: (45)�¥è ï ãà ¢¥¨¥ (45), ¢¢®¤¨¬ ®¡®¡é¥ë© áã¯¥à-¯®â¥æ¨ « 	g á«¥¤ãîé¨¬ ®¡à §®¬:qy = [ @2@t2 ( @2@y@z + �2 @@y + 4�2� sin�� cos��)��2�� @2@x@t (sin�� @@y + cos�� @@z + �2 cos��)]	g;(46)qz = [ @4@t4 � @2@t2 ( @2@x2 + @2@y2 � 4�2� cos2��)]	g: (47)�®¤áâ¢«ïï ¢ëà ¦¥¨ï (46) ¨ (47) ¢ (43) ¨ (44),  ®á®¢¥ ¯®«ãç¨¢è¨åáï á®®â®è¥¨©  å®¤¨¬ á«¥¤ã-îé¥¥ ¢ëà ¦¥¨¥ ¤«ï ¢¥«¨ç¨ë qx:qx = [( @@z + �2)( @3@x@t2 + 2�� cos�� @2@y@t )++2�� sin��( @2@y2 � @2@t2 ) @@t ]	g: (48)�ç¨âë¢ ï ¢ëà ¦¥¨ï (46) ¨ (48) ¢ (41),   ®á®¢¥¯®«ãç¨¢è¥£®áï á®®â®è¥¨ï ¨¬¥¥¬� = [2�� sin�� @2@x@t � ( @2@t2 + 4�2� cos2��)��( @2@z2 + �2 � 4�2� sin�� cos�� @@y ]@	g@t : (49)

�çâ¥¬ ãà ¢¥¨ï (47) ¨ (49) ¢ (14). �  ®á®¢¥¯®«ãç¨¢è¥£®áï á®®â®è¥¨ï § ¯¨è¥¬ ¢ëà ¦¥¨¥¤«ï ¯«®â®áâ¨:� = [(2�� sin�� @@x � @2@z@t ) @@t � �2( @2@x2 + @2@y2 )��4�2� cos��(cos�� @@z + sin�� @@y )]@	g@t : (50)�¥¯®áà¥¤áâ¢¥®© ¯®¤áâ ®¢ª®© ã¡¥¦¤ ¥¬áï ¢â®¬, çâ® ¢ëà ¦¥¨ï (46) { (50) â®¦¤¥áâ¢¥® ã¤®-¢«¥â¢®àïîâ ãà ¢¥¨ï¬ (13), (14), (40) ¨ (41).�®¤áâ ¢«ïï ¢ëà ¦¥¨ï (47) { (50) ¢ (39), ¯®«ãç ¥¬á«¥¤ãîé¥¥ ãà ¢¥¨¥ ¤«ï ®¯à¥¤¥«¥¨ï ®¡®¡é¥®-£® áã¯¥à¯®â¥æ¨ «  	g:( @4@t4 � @2@t2L0 � Lg)@	g@t = 0; (51)Lg = �2( @2@x2+ @2@y2 )+4�2� cos2��[ @2@z2+(1+�2) @@z ]++2�� sin��[(�2� 1) @2@x@t + 2�� sin�� @2@y2 ]++4�2� sin�� cos��(2 @@z + 1 + �2) @@y : (52)�à¨ íâ®¬ ®¯¥à â®à L0 ®¯à¥¤¥«ï¥âáï á®£« á® á®-®â®è¥¨© (31). �¥âàã¤® ã¡¥¤¨âìáï ¢ â®¬, çâ®¯à¨ �� = (�=2) ®¯¥à â®à Lg ¯¥à¥å®¤¨â ¢ ®¯¥à â®àL2, ®¯à¥¤¥«ï¥¬ë© ¢ëà ¦¥¨¥¬ (32). �á«¨ à¥è¥¨¥ãà ¢¥¨ï (51)  ©¤¥®, â® ä¨§¨ç¥áª¨¥ ¢¥«¨ç¨ë¬®¦® ®¯à¥¤¥«¨âì á ¯®¬®éìî ¢ëà ¦¥¨© (46) {(50). �ãáâì 
g � @	g@t 6= 0: (53)�®£¤  ¢ëà ¦¥¨ï ¤«ï ä¨§¨ç¥áª¨å ¢¥«¨ç¨ (46) {(50) ¨ ãà ¢¥¨¥ (51) ¯à¨¨¬ îâ ¢¨¤qx = [( @@z + �2)( @2@x@t + 2�� cos�� @@y )++2�� sin��( @2@y2 � @2@t2 )]
g;qy = [ @@t ( @2@y@z + �2 @@y + 4�2� sin�� cos��)��2�� @@x (sin�� @@y + cos�� @@z + �2 cos��)]
g;qz = [ @3@t3 � @@t ( @2@x2 + @2@y2 � 4�2� cos2 ��)]
g;� = [2�� sin�� @2@x@t�( @2@t2+4�2� cos2��)( @2@z2 +�2)��. �. � «â ®¢, �. �. �¥áâ®¯ « 55
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g;� = [(2�� sin�� @@x � @2@z@t ) @@t � �2( @2@x2 + @2@y2 )��4�2� cos��(cos�� @@z + sin�� @@y )]
g;( @4@t4 � @2@t2L0 � Lg)
g = 0:4. ������������ �������� áâ æ¨® à®¬ á«ãç ¥ ¨§ á¢ï§¨ (14) á«¥¤ã¥âqz = 0: (54)�¥è ï ¢ íâ®¬ á«ãç ¥ ãà ¢¥¨¥ ¥à §àë¢®áâ¨(13), ¢¢®¤¨¬ äãªæ¨î â®ª qx = @ @y ; qy = �@ @x ;  =  (x; y; z): (55)�ç¨âë¢ ï (54) ¨ (55) ¢ (40) ¨ (41), ®¯à¥¤¥«ï¥¬ ¢¥-«¨ç¨ã �:� = �0 � 2�� cos�� ; �0 = const (56)�®¤áâ ¢«ïï ¤ «¥¥ ãà ¢¥¨ï (55) ¨ (56) ¢ (39),®¯à¥¤¥«ï¥¬ ¯«®â®áâì� = 2��(sin�� @@y + cos�� @@z ) : (57)� ª¨¬ ®¡à §®¬, ¢ áâ æ¨® à®¬ á«ãç ¥ ¯®«ï ä¨-§¨ç¥áª¨å ¢¥«¨ç¨ § ¤ îâáï ¢ëà ¦¥¨ï¬¨ (54) {(57), £¤¥  (x; y; z) { ¯à®¨§¢®«ì ï äãªæ¨ï á¢®¨å à£ã¬¥â®¢.5. ��������� ���� � �������� ���������� ��������� ����������  ®á®¢¥ ãà ¢¥¨ï (37) ¯à¨  «¨ç¨¨ á¨¬¬¥-âà¨¨ ¢¤®«ì ®á¨ x (@
=@x) à áá¬®âà¨¬ ¤¨á¯¥àá¨î¢®« ¢® ¢à é îé¥©áï ¦¨¤ª®áâ¨. � íâ®¬ á«ãç ¥ãà ¢¥¨¥ (37) ¯à¨¨¬ ¥â ¢¨¤f @4@t4 � @2@t2 [ @2@y2 + @2@z2 + (1 + �2) @@z�4�2� ]� (�2 + 4�2�) @2@y2 g
 = 0: (58)�¢¥¤¥¬ ¯®¤áâ ®¢ªã
 = e� 1+�22 zP:

� à¥§ã«ìâ â¥ ãà ¢¥¨¥ (58) ¯à¨®¡à¥â ¥â ¢¨¤f @4@t4 � @2@t2 [ @2@y2 + @2@z2 � (1 + �2)24 � 4�2�]��(�2 + 4�2�) @2@y2 gP = 0: (59)� áá¬®âà¨¬ í«¥¬¥â à®¥ à¥è¥¨¥ ãà ¢¥¨ï (59)¢¨¤  P = P0ei(!t�kyy�kzz); P0 = const: (60)�®¤áâ ¢«ïï ¢ëà ¦¥¨ï (60) ¢ á®®â®è¥¨¥ (59),¯à¨å®¤¨¬ ª ¤¨á¯¥àá¨®®¬ã ãà ¢¥¨î!4� [k2y+k2z+4�2�+ (1 + �2)24 ]!2+(�2+4�2�)k2y = 0:(61)�£® à¥è¥¨¥ ¨¬¥¥â ¤¢¥ ¢¥â¢¨!� = p�2 + 4�2�kyrq +qq2 � (�2 + 4�2�)k2y ; (62)!+ =qq +pq2 � (�2 + 4�2�)k2z ; (63)q � 12 [k2y + k2z + 4�2� + (1 + �2)24 ]: (64)�¤¥áì ¢¥â¢ì (62) á®®â¢¥âáâ¢ã¥â ¢ãâà¥¨¬ ¢®«- ¬, ¢¥â¢ì (63) {  ªãáâ¨ç¥áª¨¬. �¡à â¨¬áï ª ¢¥-â¢¨ (62). � áá¬®âà¨¬ ¥¥ ¯à¨¬¥¨â¥«ì® ª íª¢ -â®à¨ «ì®© §®¥ �̈ å®£® ®ª¥  . �«ï ª®ªà¥â®-áâ¨ ®áì y ¡ã¤¥¬ áç¨â âì ª á â¥«ì®© ª «¨¨¨ ¬¥-à¨¤¨  , ®áì x { ª á â¥«ì®© ª «¨¨¨ íª¢ â®à .�ãáâì H { íää¥ªâ¨¢ ï £«ã¡¨  ®ª¥  . �à¨¨-¬ ï ¤«ï ¯®¢¥àå®áâ¨ ®ª¥   ª®æ¥¯æ¨î "â¢¥à¤®©ªàëèª¨" [1 {5], á ¯®¬®éìî í«¥¬¥â à®£® à¥è¥-¨ï ãà ¢¥¨ï (58) ¬®¦® ¯®ª § âì, çâ® à §¬¥à-®¥ ¢®«®¢®¥ ç¨á«® kz ®æ¥¨¢ ¥âáï ¨§ á®®â®è¥-¨ï kz = n�, £¤¥ n { ®¬¥à £ à¬®¨ª¨. � à¥§ã«ì-â â¥, ¯®« £ ï c = 1; 5 � 103 ¬/á, g = 9; 82 ¬=á2,¤«ï ¡¥§à §¬¥à®£® § ç¥¨ï ¢®«®¢®£® ç¨á«  kz¡ã¤¥¬ ¨¬¥âì kz = 0; 72 � 106(n=H), £¤¥ H ¢ë-à ¦¥® ¢ ¬¥âà å. �âáî¤  ¯à¨ å à ªâ¥à®¬ ¤«ïíª¢ â®à¨ «ì®© ®¡« áâ¨ �̈ å®£® ®ª¥   § ç¥¨¨H = 2; 5 � 103 ¬ ¨ n = 1; 2; 3 á®®â¢¥âáâ¢¥® ¡ã-¤¥¬ ¨¬¥âì kz = 3 � 102; 6 � 102; 9 � 102. �̈ ¯¨ç-ë¥ § ç¥¨ï ç áâ®âë �à¥â -�ï©áï«ï, ª ª ¨§-¢¥áâ® [1, 4], «¥¦ â ¢ ¤¨ ¯ §®¥ 10�3 � 10�2á�1.�®®â¢¥âáâ¢¥®, â¨¯¨çë¥ § ç¥¨ï ¢¥«¨ç¨ë � å®¤ïâáï ¢ ¤¨ ¯ §®¥ 0; 15� 1; 5. � ãç¥â®¬ ¯à¨-ïâëå § ç¥¨© ¢¥«¨ç¨ c ¨ g ¤«ï �¥¬«¨ ¨¬¥¥¬�� = 1; 11� 10�2. �¨á¯¥àá¨®ë¥ ªà¨¢ë¥ ¤«ï ¢ã-âà¥¨å ¢®« !� = !�(ky) ¯à¨ � = 0; 0; 15 ¨56 �. �. � «â ®¢, �. �. �¥áâ®¯ «
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�¨á. 1. � ¢¨á¨¬®áâì ç áâ®âë ¢ãâà¥¥© ¢®«ë ®â ¢®«®¢®£® ç¨á«  ky¯à¨ � = 0(a); � = 0:15(¡); � = 1:5(¢):1 - kz = 3 � 102; 2� kz = 6 � 102; 3� �kz = 9 � 1021; 5 ¯à¥¤áâ ¢«¥ë, á®®â¢¥âáâ¢¥®,   à¨á. 1, a{ b. �«¥¤ã¥â ®â¬¥â¨âì, çâ® á à®áâ®¬ ¢®«®¢®£®ç¨á«  ky ç áâ®âë !� ¯à¨¡«¨¦ îâáï ª ¢¥«¨ç¨¥p�2 + �2�.�¨¨¬ «ì®¥ § ç¥¨¥ ç áâ®âë ¢  ªãáâ¨ç¥áª®©¢¥â¢¨ (63), á®®â¢¥âáâ¢ãîé¥¥ kz ! 0; ky ! 0, à ¢-® !min+ =r4�2� + (1 + �2)24 : (65)®âáî¤  ¤«ï �¥¬«¨ ¯à¨ � ! 0 ¨¬¥¥¬ á«¥¤ãîéãîà §¬¥àãî ®æ¥ªã:!min+ ' 3 � 10�3 á�1: (66)�«ï áà ¢¥¨ï á® á«ãç ¥¬ ¢ãâà¥¨å ¢®«  à¨á. 2 ¯à¥¤áâ ¢«¥ë ¤¨á¯¥àá¨®ë¥ ªà¨¢ë¥ !+ =!+(ky) ¤«ï  ªãáâ¨ç¥áª¨å ¢®« ¯à¨ � = 0. �¨á¯¥-àá¨®ë¥ ªà¨¢ë¥ ¤«ï  ªãáâ¨ç¥áª¨å ¢®« ¢ á«ãç ¥� = 1; 5 ¯à ªâ¨ç¥áª¨ á«¨¢ îâáï á ¤¨á¯¥àá¨®ë-¬¨ ªà¨¢ë¬¨ à¨áãª  2. � à®áâ®¬ ¢®«®¢®£® ç¨á« ky ¤¨á¯¥àá¨®ë¥ ªà¨¢ë¥  ªãáâ¨ç¥áª®© ¢¥â¢¨ ¯à¨-¡«¨¦ îâáï ª  á¨¬¯â®â¥ !+ = ky. �§ áà ¢¥¨ïà¨áãª®¢ 1 ¨ 2 ¬®¦® ¢¨¤¥âì, çâ® ¯à¨ � = 0 ç áâ®-âë ¢ãâà¥¨å ¢®« ¯à¨¬¥à®   ¯ïâì ¯®àï¤ª®¢¬¥ìè¥ ç áâ®â  ªãáâ¨ç¥áª¨å ¢®«, ¯à¨ � = 0; 15 {  ç¥âëà¥ ¯®àï¤ª  ¨ ¯à¨ � = 1; 5 {   âà¨ ¯®àï¤ª .�â¬¥â¨¬, çâ® ®¡®¡é¥ë¥ ¯®â¥æ¨ «ë ¢ ¤¨ -¬¨ª¥ ¢à é îé¨åáï ¨ áâà â¨ä¨æ¨à®¢ ëå ¦¨¤-ª®áâ¥© ¯à¨ ¨ëå ãá«®¢¨ïå, ç¥¬ ¯à¨ïâë¥ ¢ëè¥,à áá¬®âà¥ë ¢ à ¡®â¥ [2].6. ����������� ª¨¬ ®¡à §®¬, ¢ ¤ ®© áâ âì¥ ¯®«ãç¥ë ¯®-â¥æ¨ «ìë¥ ¯à¥¤áâ ¢«¥¨ï ®¡é¨å à¥è¥¨© ãà ¢-

�¨á. 2. � ¢¨á¨¬®áâì ç áâ®âë  ªãáâ¨ç¥áª®© ¢®«ë®â ¢®«®¢®£® ç¨á«  ky:1� kz = 3 � 102; 2� kz = 6 � 102,3� kz = 9 � 102, � = (�=2)¥¨© ¤¨ ¬¨ª¨ ¢à é îé¥©áï áâà â¨ä¨æ¨à®¢ -®© ¨ á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ á«ãç ¥ íªá¯®¥-æ¨ «ì®© áâà â¨ä¨ª æ¨¨ ¦¨¤ª®áâ¨ ¯® ¯«®â®áâ¨.�¥ªâ®à ã£«®¢®© áª®à®áâ¨ ¢à é¥¨ï ¢ ®¡é¥¬ á«ãç ¥¯à®¨§¢®«ìë¬ ®¡à §®¬ ®à¨¥â¨à®¢  ¯® ®â®è¥-¨î ª ¢¥ªâ®àã á¨«ë âï¦¥áâ¨. �¢¥¤¥ë¥ ®¡®¡é¥-ë¥ ¯®â¥æ¨ «ë ¬®£ãâ ¯à¥¤áâ ¢¨âì áãé¥áâ¢¥-ë© ¨â¥à¥á ¯à¨ à¥è¥¨¨ ª®ªà¥âëå  ç «ì®-ªà ¥¢ëå § ¤ ç. � ç áâ®áâ¨, ®¨ ¬®£ãâ ®ª § âì-áï ¯®«¥§ë¬¨ ¯à¨ ¯®áâà®¥¨¨ á®®â¢¥âáâ¢ãîé¨åäãªæ¨© �à¨  [2,3].1. �à¥å®¢áª¨å �. �., �®ç à®¢ �. �. �¢¥¤¥¨¥ ¢ ¬¥å -¨ªã á¯«®èëå áà¥¤.{ �.: � ãª , 1982.{ 336 á.�. �. � «â ®¢, �. �. �¥áâ®¯ « 57
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