
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 24 { 33��� 532.517��� ��������� ����� � �'���ö� �ö���ö �������������ø ��ö����. �. �������¨ù¢áìª¨©  æ÷® «ì¨© ã÷¢¥àá¨â¥â ÷¬¥÷ � à á  �¥¢ç¥ª �¤¥à¦ ® 10.06.2004�®§£«ïãâ® §¬÷è ã ªà ©®¢ã § ¤ çã ¤«ï â¥ç÷ù �â®ªá  ã ¯÷¢¯à®áâ®à÷, § ¯®¢¥®¬ã ¢'ï§ª®î à÷¤¨®î, ¢ á«÷¤®ª àãåã ¢ì®¬ã ¦®àáâª®£® ¤¨áª  ¢ ¯«®é¨÷, ïª  ¯ à «¥«ì  ¤® áâ÷ª¨ ¯÷¢¯à®áâ®àã. �¨ª®à¨áâ®¢ãîç¨ ¬¥â®¤ ¢« á¨å ¢¥ªâ®à¨åäãªæ÷© â  ¤¥ïª÷ ¤®¯®¬÷¦÷ ¯à¨©®¬¨ â¥®à÷ù ¯ à¨å ÷â¥£à «ì¨å à÷¢ïì, § ¤ çã §¢¥¤¥® ¤® ¤¢®å ÷â¥£à «ì¨åà÷¢ïì �à¥¤£®«ì¬  ¤àã£®£® à®¤ã â   «£¥¡à ùç¨å à÷¢ïì ¤«ï ¥¢÷¤®¬¨å áâ «¨å. �®á«÷¤¦¥® ¯®¢¥¤÷ªã ª®¬¯®¥â¢¥ªâ®à  è¢¨¤ª®áâ÷ â   ¯àã¦¥ì ã ¯«®é¨÷ ¤¨áª , £®«®¢®£® ¢¥ªâ®à  â  £®«®¢®£® ¬®¬¥â  á¨« ®¯®àã àãå®¢÷ ¤¨áª ÷ â¨áªã. �à®  «÷§®¢ ® ®¤¥à¦ ÷ à¥§ã«ìâ â¨.� áá¬ âà¨¢ ¥âáï á¬¥è  ï ªà ¥¢ ï § ¤ ç  ¤«ï â¥ç¥¨ï �â®ªá  ¢ ¯®«ã¯à®áâà áâ¢¥, § ¯®«¥®¬ ¢ï§ª®© ¦¨¤-ª®áâìî, ¢á«¥¤áâ¢¨¥ ¤¢¨¦¥¨ï ¢ e¬ ¦eáâª®£® ¤¨áª  ¢ ¯«®áª®áâ¨, ª®â®à ï ¯ à ««¥«ì  áâ¥ª¥ ¯®«ã¯à®áâà áâ¢ .�á¯®«ì§ãï ¬¥â®¤ á®¡áâ¢¥ëå ¢¥ªâ®àëå äãªæ¨© ¨ ¥ª®â®àë¥ ¢á¯®¬®£ â¥«ìë¥ ¯à¨ñ¬ë â¥®à¨¨ ¯ àëå ¨â¥-£à «ìëå ãà ¢¥¨©, § ¤ çã á¢¥¤¥® ª ¤¢ã¬ ¨â¥£à «ìë¬ ãà ¢¥¨ï¬ �à¥¤£®«ì¬  ¢â®à®£® à®¤  ¨  «£¥¡à ¨ç¥áª¨¬ãà ¢¥¨ï¬ ¤«ï ¥¨§¢¥áâëå ª®áâ â. �áá«¥¤®¢ ® ¯®¢¥¤¥¨¥ ª®¬¯®¥â ¢¥ªâ®à  áª®à®áâ¨ ¨  ¯àï¦¥¨© ¢ ¯«®áª®-áâ¨ ¤¨áª , £« ¢®£® ¢¥ªâ®à  ¨ £« ¢®£® ¬®¬¥â  á¨« á®¯à®â¨¢«¥¨ï ¤¢¨¦¥¨î ¤¨áª  ¨ ¤ ¢«¥¨ï. �à®¢¥¤¥®   «¨§¯®«ãç¥ëå à¥§ã«ìâ â®¢.This paper is concerned with mixed boundary-value problem for Stokes ow in �lled by viscous uid halfspace induced byrigid disk's motion in it in plane, which is parallel to the halfspace's wall. Based on the method of eigen-vector-functionsand using some auxiliary techniques of dual integral equations theory the problem is reduced to two Fredgolm equations ofsecond kind and algebraic equations for unknown constants. The behavior of the velocity vector components and stressesin the disk's plane, the main vector and the main torque of the resistance forces to the disk's motion and pressure areinvestigated. The analysis of obtained results is carried out.������®§¢'ï§ª¨ ªà ©®¢¨å § ¤ ç áâ æ÷® à®£® ®¡â÷ª -ï ¦®àáâª¨å ¥«¥¬¥â÷¢ ¢'ï§ª®î à÷¤¨®î ã  -¡«¨¦¥÷ �â®ªá  ¬ îâì ¢ ¦«¨¢¥ § ç¥ï ¤«ï¡ £ âì®å ®¡« áâ¥© ¯à¨ª« ¤®ù  ãª¨ â  â¥å÷ª¨.�áâ ÷¬ ç á®¬ â ª÷ à®§¢'ï§ª¨ ¢ªà © ¯®âà÷¡-÷ ¤«ï ¡÷®«®£÷ù, ¡÷®å÷¬÷ç®ù ÷¦¥¥à÷ù, ¬¥å ÷ª¨¥«¥ªâà®áâ â¨ç¨å ä÷«ìâà÷¢ â  ¬¥å ÷ª¨ ¬ áâ¨«.�®ç  ªà ©®¢÷ § ¤ ç÷ ¯à® áâ æ÷® à¥ ®¡â÷ª -ï ¦®àáâª¨å ®á¥á¨¬¥âà¨ç¨å â÷« ¢'ï§ª®î à÷¤¨-®î ã  ¡«¨¦¥÷ �â®ªá  ¢¨¢ç îâì ¤®á¨âì ¤ ¢-®,  «¥   «÷â¨ç÷ à®§¢'ï§ª¨ ®âà¨¬ ® â÷«ìª¨ ¤«ïá¯¥æ÷ «ì¨å ¢¨¯ ¤ª÷¢ £¥®¬¥âà÷ù. �¥à¥¤ ¬¥â®¤÷¢à®§¢'ï§ªã â ª¨å § ¤ ç ¤«ï áª« ¤÷è¨å ¢¨¯ ¤ª÷¢®áâ ÷¬ ç á®¬ ¢¨¤÷«ïîâìáï â÷, ïª÷ §¢®¤ïâìáï, ïª¯à ¢¨«®, ¤® ÷â¥£à «ì®£® à÷¢ïï �à¥¤£®«ì¬ ¤àã£®£® à®¤ã â  ¤ îâì ¬®¦«¨¢÷áâì   «÷â¨ç®-£® ¤®á«÷¤¦¥ï ®¤¥à¦ ¨å ¢¨à §÷¢ ä÷§¨ç¨å ¢¥«¨-ç¨. �÷«ìè÷áâì â ª®£® à®¤ã ¤®á«÷¤¦¥ì ¡ §ãîâìáï  ¯à¥¤áâ ¢«¥÷ ä÷§¨ç¨å ¢¥«¨ç¨ ç¥à¥§ ª®¬¡÷- æ÷î £ à¬®÷ç¨å äãªæ÷©. � ª, �¥©«ã ÷ �®àâ®-ã [1] â ª¨¬ ç¨®¬ ¢¤ «®áï ¢ § ¤ ç÷ ¯à® ®á¥á¨¬¥-âà¨ç¨© àãå ¦®àáâª®£® ¤¨áª  ¢§¤®¢¦ ®á÷ ¥áª÷-ç¥®£® æ¨«÷¤à , § ¯®¢¥®£® ¢'ï§ª®î à÷¤¨®î,¤®á«÷¤¨â¨ á¨«ã ®¯®àã, é® ¤÷õ   ¤¨áª, â  ¢¨§ -ç¨â¨ áª ç®ª â¨áªã ç¥à¥§ ¯®¢¥àåî ¤¨áª . �®¢¥

¯à¥¤áâ ¢«¥ï ª®¬¯®¥â ¢¥ªâ®à  è¢¨¤ª®áâ÷ ç¥à¥§£ à¬®÷ç÷ äãªæ÷ù, ïª § £ «ì¨© à®§¢'ï§®ª à÷¢-ïì �â®ªá , ¡ã«® § ¯à®¯®®¢ ® �¥¦¥à®¬ [2] ¤«ï¤®á«÷¤¦¥ï  á¨¬¥âà¨ç®£® àãåã ¤¨áª  ¬÷¦ ¤¢®-¬  à÷§¨¬¨ ä § ¬¨ ¢'ï§ª®ù à÷¤¨¨. �÷§÷è¥ æ¥©à®§¢'ï§®ª �¥¢÷á [3] § áâ®áã¢ ¢ ¤«ï à®§¢'ï§ªã § -¤ ç÷ àãåã ¤¨áª  ¯®á¥à¥¤¨÷ ¬÷¦ ¤¢®¬  áâ÷ª ¬¨è àã ¢'ï§ª®ù à÷¤¨¨ ¢ ¯«®é¨÷ ©®£® à®§â èã¢ -ï â  àãåã ª÷«ìæï, â¥¦ ¢ ¯«®é¨÷ ©®£® à®§â èã-¢ ï, ¢ ¥®¡¬¥¦¥®¬ã á¥à¥¤®¢¨é÷. � ®¡®å æ¨å¢¨¯ ¤ª å ¡ã«® ¤®á«÷¤¦¥® «¨è¥ ª®¥ä÷æ÷õâ ®¯®àãàãå®¢÷ ¤¨áª  §¡®ªã à÷¤¨¨. öè¨© § £ «ì¨© à®-§¢'ï§®ª, ¯®¡ã¤®¢ ¨© à ÷è¥ ö¬ ù [4], �¥¢÷á § áâ®-áã¢ ¢ ¤«ï ¤®á«÷¤¦¥ï ®á¥á¨¬¥âà¨ç®£® àãåã ¤¨á-ª  (÷  ¢÷âì ¨§ª¨ ®¤ ª®¢¨å ¤¨áª÷¢, à®§â è®¢ -¨å ã§¤®¢¦ ®¤÷õù ®á÷) ã ¢'ï§ª÷© à÷¤¨÷ ¢  ¯àï¬÷¤® ¯«®é¨¨ § ¢à åã¢ ï¬ áâ÷®ª ª®â¥©¥à  â ¢÷«ì®ù ¯®¢¥àå÷ à÷¤¨¨ [5], ¤«ï   «®£÷ç®£® ¤®-á«÷¤¦¥ï â ª®£® á ¬®£® àãåã ª÷«ìæï ( ¡® ª®«¥æì)[6],   â ª®¦ ¤«ï ¬®¤¥«î¢ ï ®á¥á¨¬¥âà¨ç®£® àã-åã ¤®¢÷«ì®£® ®á¥á¨¬¥âà¨ç®£® â÷«   ¡®à®¬ ª®- ªá÷ «ì¨å ¤¨áª÷¢ [7]. � ãá÷å æ¨å ¤®á«÷¤¦¥ïå ùå-÷¬ ¯à¥¤¬¥â®¬ ¡ã¢ «¨è¥ ª®¥ä÷æ÷õâ ®¯®àã àãå®¢÷¤¨áª . �®¢¨¬ ¯÷¤å®¤®¬ ¤® ª« áã § ¤ ç, é® à®§-£«ï¤ õâìáï, õ ¬¥â®¤ ¢« á¨å ¢¥ªâ®à¨å äãªæ÷©,§ ¯à®¯®®¢ ¨© �«÷âª® [8]. �ª ¯®ª § «¨ ¯®¯¥à¥¤-÷ ¤®á«÷¤¦¥ï [9], æ¥© ¬¥â®¤ ¯à¨¢®¤¨âì ¤® ¡÷«ìè24 c �. �. �«¨¬¨ª, 2004



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 24 { 33¯à®áâ÷è¨å ¢¨à §÷¢ ä÷§¨ç¨å ¢¥«¨ç¨ ÷ ¤ õ ¬®¦-«¨¢÷áâì ùå   «÷â¨ç®£® ¢¨¢ç¥ï. � ¬¥ ©®£® ©¡ã«® ¯®ª« ¤¥® ¢ ®á®¢ã æì®£® ¤®á«÷¤¦¥ï.�«  æ÷õù à®¡®â¨ â ª¨©. � ¯. 1 áä®à¬ã«ì®¢ -® ¢¨å÷¤÷ à÷¢ïï â  £à ¨ç÷ ã¬®¢¨ ¢¥ªâ®à®ùªà ©®¢®ù § ¤ ç÷. � ¯. 2 ¯®¤ ® á¯÷¢¢÷¤®è¥ï ¬¥-â®¤ã ¢« á¨å ¢¥ªâ®à¨å äãªæ÷© â  § £ «ì¨© à®-§¢'ï§®ª ¢¨å÷¤¨å à÷¢ïì. � ¯. 3 § ¤ çã §¢¥¤¥® ¤®á¨áâ¥¬¨ ¯ à¨å ÷â¥£à «ì¨å à÷¢ïì, ïªã ¯¥¢¨¬¯à¨©®¬®¬, § ¯à®¯®®¢ ¨¬ ã áâ ââ÷ [10], ã ¯. 4¢¤ õâìáï §¢¥áâ¨ ¤® á¨áâ¥¬¨ ÷â¥£à «ì¨å à÷¢ïì�à¥¤£®«ì¬  ¤àã£®£® à®¤ã â   «£¥¡à ùç¨å á¯÷¢-¢÷¤®è¥ì ¤«ï ¥¢÷¤®¬¨å áâ «¨å, ç¥à¥§ à®§¢'ï§ª¨ïª¨å ¯à¥¤áâ ¢«¥® ¯®¢¥¤÷ªã ®á®¢¨å ä÷§¨ç¨å¢¥«¨ç¨. � ¯. 5 ¢¨ª® ®   «÷§ à¥§ã«ìâ â÷¢, §®-ªà¥¬  ç¨á¥«ì¨å, ¯÷á«ï ç®£® ¯®¤ ® ¯÷¤áã¬ª¨ ¤®-á«÷¤¦¥ï.1. ���������� �����ö�®§£«ï¥¬® ¯÷¢¯à®áâ÷à (�h � z < +1), § ¯®¢¥-¨© ¢'ï§ª®î à÷¤¨®î, ¢ ïª®¬ã ¢ ¯«®é¨÷ z = 0àãå õâìáï ¦®àáâª¨© ¤¨áª à ¤÷ãá  a ¢§¤®¢¦ ®á÷ 0x
�¨á. 1. �¥®¬¥âà÷ï § ¤ ç÷. �¨áª à ¤÷ãá  a à®§â è®¢ ®  ¢÷¤áâ ÷ h  ¤ áâ÷ª®î ¯÷¢¯à®áâ®àã§÷ è¢¨¤ª÷áâî v0 (à¨á. 1). �à¨ æì®¬ã ¯à¨©¬ õâìáï ¡«¨¦¥ï �â®ªá , ÷ â®¬ã è¢¨¤ª÷áâì �!v â  â¨áª pã ¯÷¢¯à®áâ®à÷ ¡ã¤ãâì § ¤®¢®«ìïâ¨ à÷¢ïï �â®ª-á : r2�!v = 1� grad p; div�!v = 0; (1)¤¥ � { ª®¥ä÷æ÷õâ ¤¨ ¬÷ç®ù ¢'ï§ª®áâ÷. � ¤ çãà®§£«ïãâ® ¢ æ¨«÷¤à¨ç¨å ª®®à¤¨ â å (r; '; z),¯«®é¨  0r' ïª¨å §¡÷£ õâìáï § ¯«®é¨®î 0xy,  ªãâ ' ¢÷¤à å®¢ãõâìáï ¢÷¤ ®á÷ 0x. �«ï § ¯¨áã £à -¨ç¨å ã¬®¢ à®§÷¡'õ¬® ã¬®¢® ¯÷¢¯à®áâ÷à   ¤¢÷®¤®§¢'ï§÷ ®¡« áâ÷, ïª ¯®ª § ®   à¨á. 1. �à -¨ç÷ ã¬®¢¨ ¡ã¤ãâì ¢¨à ¦ â¨ ã¬®¢ã ¯à¨«¨¯ ïç áâ¨®ª ¢'ï§ª®ù à÷¤¨¨ ¯÷¢¯à®áâ®àã ¤® ¥àãå®¬®ù

¦®àáâª®ù áâ÷ª¨:vr = 0; v' = 0; vz = 0¯à¨ z = �h; 0 � r < +1; 0 � ' < 2�; (2)â  ã¬®¢ã ¥¯¥à¥à¢®áâ÷ è¢¨¤ª®áâ÷   ¢á÷© ¯«®é¨÷z = 0 ÷  ¯àã¦¥ì §®¢÷ ¤¨áª :v(1)r = v(2)r ; v(1)' = v(2)' ; v(1)z = v(2)z¯à¨ z = 0; 0 � r < +1; 0 � ' < 2�; (3)� (1)zr = � (2)zr ; � (1)z' = � (2)z' ; �(1)z = �(2)z¯à¨ z = 0; a < r < +1; 0 � ' < 2�; (4)é® ¢¨à ¦ îâì á®¡®î ã¬®¢ã á¯àï¦¥ï ¤¢®å ®¡« -áâ¥©,   ïª÷ à®§¡¨â® ¯÷¢¯à®áâ÷à (âãâ ÷ ¤ «÷ ¢¥àå÷©÷¤¥ªá ã ¤ã¦ª å ã äãªæ÷ù ¢ª §ãõ   ç áâ¨ã ¯÷¢-¯à®áâ®àã, ¤® ïª®ù ¢®   «¥¦¨âì; ¡ã¤¥¬® ¯®§ ç -â¨ ©®£® «÷â¥à®î j). �  ã¬®¢®î § ¤ ç÷ â ª®¦:vr(r; '; z) = v0 cos'; v'(r; '; z) = �v0 sin';vz(r; '; z) = 0¯à¨ z = 0; 0 � r � a; 0 � ' < 2�: (5)2. ����� ����'���� ��������ø�����ö� £ «ì¨© à®§¢'ï§®ª à÷¢ïì (1) §£÷¤® § ¬¥â®¤®¬¢« á¨å ¢¥ªâ®à¨å äãªæ÷© [8] ¬®¦  § ¯¨á â¨ ïªã§ £ «ì¥¥ ¯¥à¥â¢®à¥ï �ãà'õ-� ª¥«ï:�!v (r; '; z) = +1Xk=�1 +1Z0 �wk(�; z)�!L (k)� (r; ')++uk(�; z)�!M (k)� (r; ')++vk(�; z)�!N (k)� (r; ')�� d�; (6)¤¥ �!L (k)� (r; ') = �!k S(k)� (r; ');�!M (k)� (r; ') = �!er @S(k)�@r + �!e'r @S(k)�@' ;�!N (k)� (r; ') = �!err @S(k)�@' ��!e' @S(k)�@r ;{ ¢« á÷ ¢¥ªâ®à-äãªæ÷ù, S(k)� (r; ') == 1p2�Jk(x)eik',   Jk(x) { äãªæ÷ï �¥á¥«ï ¯¥à-è®£® à®¤ã k-£® ¯®àï¤ªã. �¨à § ¤«ï â¨áªã p ¬®¦ § ¯¨á â¨ â ª¨¬ ç¨®¬:12�p(r; '; z) = +1Xk=�1+1Z0 pk(�; z)S(k)� (r; ')�d�: (7)�. �. �«¨¬¨ª 25



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 24 { 33�®¤÷ § £ «ì¨© ¢¨£«ï¤ £ãáâ¨ uk, vk, wk â  pk ¤«ïà÷¢ïï (1) ¬®¦  ¯®¤ â¨ â ª:w(1)k (�; z) = B(1)k (�)e�z +D(1)k (�)ze�z;�2u(1)k (�; z) = ��B(1)k (�)e�z++D(1)k (�) (1� �z) e�z;�2v(1)k (�; z) = N (1)k (�)e�z;p(1)k (�; z) = D(1)k (�)e�z ; 0 � z < +1; (8)w(2)k (�; z) =A(2)k (�)sh �z+B(2)k (�)ch �z++z �C(2)k (�)sh�z +D(2)k (�)ch�z�;�2u(2)k (�; z) = �A(2)k (�)ch �z++�B(2)k (�)sh �z++C(2)k (�)(sh�z+�zch �z)++D(2)k (�)(ch �z+�zsh �z);�2v(2)k (�; z) =M (2)k (�)sh �z+N (2)k (�)ch �z;p(2)k (�; z) =C(2)k (�)sh �z+D(2)k (�)ch�z;�h � z � 0; (9)¤¥ A(2)k , B(j)k , C(2)k ,D(j)k ,M (2)k ÷ N (j)k { ¤®¢÷«ì÷ äãª-æ÷ù (j = 1; 2). � ¯àã¦¥ï, é® ¤÷õ ¯® ¯«®é ¤æ÷ §®à¬ ««î �!n = �!k , ¡ã¤¥ ¢¨à ¦ â¨áì â ª¨¬ ç¨-®¬ [8]:�!F n = �!er �zr +�!e'�z' +�!k �z == 2� +1Xk=�1 +1Z0 ��@wk@z � pk��!L (k)� ++12�@uk@z + wk��!M (k)� + 12@vk@z �!N (k)� �� d�:(10)�«ï  è®£® à®§£«ï¤ã ¢ ¦«¨¢® â¥, é® ¤«ï à®§ª« ¤ã(6) ÷áãõ ¤®á¨âì ¯à®áâ  ä®à¬ã«  ®¡¥à¥ï:�2 (�!er uk(�; z) + �!e'vk(�; z)) + �!k wk(�z)== 2�Z0 d' +1Z0 �vz(r; '; z)�!L (k)�� (r; ')++ vr(r; '; z)�!M (k)�� (r; ')++ v'(r; '; z)�!N (k)�� (r; ')�r dr; (11)ïª  ¤ õ §¬®£ã ¢÷¤èãª â¨ à®§¢'ï§®ª ®á®¢¨å ªà ©-®¢¨å § ¤ ç ¤«ï à÷¢ïì (1) ã § ¬ª¥®¬ã ¢¨£«ï¤÷(* { ®¯¥à æ÷ï ª®¬¯«¥ªá®£® á¯àï¦¥ï).

3. �������� �������ø �����ö�� ������ ������ ö������������ö������ªé® § ¤®¢®«ì¨â¨ £à ¨ç÷ ã¬®¢¨ (2) â  ã¬®¢ã¥¯¥à¥à¢®áâ÷ (3) ÷ ¢¨ª®à¨áâ â¨ (6), (8) ÷ (9), ®â-à¨¬ õ¬®, é® Bk(�) = B(1)k (�) = B(2)k (�), Nk(�) =N (1)k (�) = N (2)k (�) ÷ ¢á÷ ÷è÷ ¤®¢÷«ì÷ äãªæ÷ù ¬®¦-  § ¯¨á â¨ ç¥à¥§ äãªæ÷ù Bk(�), D(1)k (�) â  Nk(�)â ª¨¬ ç¨®¬:�A(2)k (�) = �Bk(�)�R1(�) + 2R2(�)�h � 1���D(1)k (�)R2(�);C(2)k (�) = ��Bk(�)R1(�)++D(1)k (�) (1 + R1(�) +R2(�)) ;D(2)k (�) = �Bk(�) ��R1(�) + 2hR2(�)�++D(1)k (�) (1 + R2(�)) ;M (2)k (�) = Nk(�)cth �h; (12)¤¥ R1(�) = e�hsh�h� �hsh 2�h� (�h)2 ;R2(�) = (�h)2sh 2�h� (�h)2 :�®¬ã § ¤ ç  §¢®¤¨âìáï ¤® § å®¤¦¥ï äãªæ÷©Bk(�), D(1)k (�) â  Nk(�) (k 2 Z). �÷á«ï ùå ¢¨§ -ç¥ï â  ¯÷¤áâ ®¢ª¨ ¢ à÷¢®áâ÷ (8) ÷ (9) á¯÷¢¢÷¤-®è¥ï (6) â  (10) ¤ ¤ãâì èãª ÷ à®§¯®¤÷«¨ ¯¥-à¥¬÷é¥ì ÷  ¯àã¦¥ì ã ¯÷¢¯à®áâ®à÷ �h � z <+1. �«ï § å®¤¦¥ï æ¨å âàì®å äãªæ÷© à®§ª« -¤¥¬® ¢ àï¤¨ �ãà'õ ª®¬¯®¥â¨ ¢¥ªâ®à  ¯¥à¥¬÷é¥ì÷ â¥§®à   ¯àã¦¥ì ¯à¨ z = 0:vr��z=0 = 12� +1Xk=�1v1k(r)eik';v'��z=0 = 12� +1Xk=�1v2k(r)eik';vz��z=0 = 12� +1Xk=�1v3k(r)eik'; (13)1�� (j)zr ����z=0 = 12� +1Xk=�1 f (j)1k (r)eik';1�� (j)z' ����z=0 = 12� +1Xk=�1 f (j)2k (r)eik';1��(j)z ����z=0 = 12� +1Xk=�1 f (j)3k (r)eik'; (14)26 �. �. �«¨¬¨ª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 24 { 33÷ § ¯¨è¥¬®, ¢¨ª®à¨áâ®¢ãîç¨ (6), (8), (9) ÷ (12), ¢¨-à §¨ ª®¥ä÷æ÷õâ÷¢ �ãà'õ ç¥à¥§ ¥¢÷¤®¬÷ äãªæ÷ù:v1k(r)= +1Z0 ����Bk(�) +D(1)k (�)���@Jk(�r)@r + iNk(�)kJk(�r)r �d�� ;v2k(r)= i+1Z0 ����Bk(�) +D(1)k (�)���kJk(�r)r + iNk(�)@Jk(�r)@r �d�� ;v3k(r)= +1Z0 �Bk(�)Jk(�r)d�; (15)f (1)1k (r)= +1Z0 �2��Bk(�) �D(1)k (�)���@Jk(�r)@r � iNk(�)kJk(�r)r �d�;f (1)2k (r)= i+1Z0 �2��Bk(�) �D(1)k (�)���kJk(�r)r � iNk(�)@Jk(�r)@r �d�;f (1)3k (r)= �2 +1Z0 �Bk(�)Jk(�r)� d�; (16)f (2)1k (r) = +1Z0 �2��Bk(�) +C(2)k (�)� @Jk(�r)@r ++(cth �h) iNk(�)kJk(�r)r �d�;f (2)2k (r)= i+1Z0 �2��Bk(�) + C(2)k (�)� kJk(�r)r ++(cth �h) iNk(�)@Jk(�r)@r �d�;f (2)3k (r) = 2 +1Z0 �A(2)k (�)Jk(�r)� d�: (17)�£÷¤® £à ¨ç®ù ã¬®¢¨ (5):vjk(r)= 0 (j = 1; 3; k 2 Z n f�1; 1g);v1;1(r)= v1;�1(r)=r 2� v0;v2;1(r)= v2;�1(r)= ir 2� v0;v3;1(r)= v3;�1(r) = 0; 0 � r � a: (18)

�â¦¥, ¥ ®¡¬¥¦ãîç¨ § £ «ì®áâ÷, ¬®¦  ¯®ª« -áâ¨, é®Bk(�) = D(1)k (�) = Nk(�) � 0 (k2 Z n f�1; 1g):�áª÷«ìª¨ ª®¬¯®¥â¨ ¢¥ªâ®à÷¢ �!v â  �!Fn õ ¤÷©á¨¬¨äãªæ÷ï¬¨, â® v1;�k(r) = v�1;k(r), v2;�k(r) = v�2;k(r),v3;�k(r) = v�3;k(r), f (j)1;�k(r) = f (j)�1;k (r), f (j)2;�k(r) =f (j)�2;k (r), f (j)3;�k(r) = f (j)�3;k (r), §¢÷¤ª¨ ®¤¥à¦¨¬®, é®:B�1(�) = �B�1 (�), D(1)�1(�) = �D(1)�1 (�), N�1(�) =�N�1 (�). � «÷, § ã¬®¢ (4) ÷ (5), ¢¨ª®à¨áâ®¢ãîç¨à®§ª« ¤¨ (13) ÷ (14) â  ¢¨à §¨ (8), (9), (12), (15){ (17), ®¤¥à¦¨¬® â ª÷ ¯ à÷ ÷â¥£à «ì÷ à÷¢ïï¤«ï ¢¨§ ç¥ï äãªæ÷© B1(�), D(1)1 (�) ÷ N1(�):+1Z0 ����B1(�)+D(1)1 (�)�+iN1(�)���J0(�r)d� = v11(r)�iv21(r);+1Z0 ����B1(�)+D(1)1 (�)��iN1(�)���J2(�r)d� = � (v11(r)+iv21(r)) ;+1Z0 �B1(�)J1(�r)d� = 0;0 � r � a; (19)+1Z0 �2���B1(�)R1(�)++D(1)1 (�) (R1(�) �R2(�))�++(1+cth �h) iN1(�)�J0(�r)d�=0;+1Z0 �2���B1(�)R1(�)++D(1)1 (�)�R1(�) � R2(�)����(1+cth �h) iN1(�)�J2(�r)d�=0; (20)+1Z0 ��B1(�)��R1(�) + 2hR2(�)���D(1)1 (�)R2(�)�J1(�r)� d� = 0;a < r < +1:�®¡â® ¢¨å÷¤ã ªà ©®¢ã § ¤ çã §¢¥¤¥® ¤® à®-§¢'ï§ªã áª« ¤®ù á¨áâ¥¬¨ ¯ à¨å ÷â¥£à «ì¨å à÷¢-ïì (19), (20), ¤«ï ïª®ù ¥¬ õ §¬®£¨ § áâ®áã¢ â¨§¢¨ç ©ã ¬¥â®¤ã à®§¢'ï§ªã ¯ à¨å à÷¢ïì [11].�. �. �«¨¬¨ª 27



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 24 { 334. ����'���� ������ ������ö����������� �ö������«ï à®§¢'ï§ªã á¨áâ¥¬¨ ¯ à¨å ÷â¥£à «ì¨å à÷¢-ïì (19), (20) ¢¨ª®à¨áâãõ¬® âã á ¬ã ¬¥â®¤ã, ïªã¡ã«® § ¯à®¯®®¢ ® ¢ áâ ââ÷ [10]. øù ÷¤¥ï ¯®«ï£ õ¢ ãâ¢®à¥÷ ¯¥¢¨å ¤¨ä¥à¥æ÷ «ì¨å ª®¬¡÷ æ÷©¯¥àè¨å ¤¢®å à÷¢ïì á¨áâ¥¬¨ (19) â  ¯¥àè¨å ¤¢®åà÷¢ïì á¨áâ¥¬¨ (20) § ¯®¤ «ìè¨¬ ¯¥à¥â¢®à¥ï¬(ç¥à¥§ ÷â¥£àã¢ ï) ®¤¥à¦ ¨å ÷â¥£à «ì¨å à÷¢-ïì. � ª¨© ¯à¨©®¬ ¯à¨¢®¤¨âì ¤®  áâã¯®ù á¨-áâ¥¬¨: +1Z0 ���B1(�) +D(1)1 (�)�J0(�r)d� == (C1 � v11(a)) + v11(r)�� aZr (v11(x) + iv21(x)) dxx ;+1Z0 �B1(�)J1(�r)d� = 0; (21)+1Z0 iN1(�)J0(�r)d� == (C2 + v21(a)) � iv21(r)++ aZr (v11(x) + iv21(x)) dxx ;0 � r � a+1Z0 ���B1(�)R1(�)+D(1)1 (�)��(R1(�) �R2(�))�J0(�r)� d�=0;+1Z0 ��B1(�)��R1(�) + 2hR2(�)�� (22)�D(1)1 (�)R2(�)�J1(�r)� d�=0;+1Z0 (1 + cth�h) iN1(�)J0(�r)� d� = 0;a < r < +1;

¤¥ C1, â  C2 { ª®áâ â¨ ÷â¥£àã¢ ï, é® ¢¨§ -ç îâìáï § à÷¢ïì (19) â  (20).�£÷¤® § ¢÷¤®¬®î ¢¦¥ ¬¥â®¤®î [11] ¤«ï à®§¢'ï§ªãá¨áâ¥¬¨ (21),(22) ¢¢¥¤¥¬® ®¢÷ ¥¢÷¤®¬÷ äãªæ÷ù'j(t) (j = 1; 3) ç¥à¥§ ¯à¥¤áâ ¢«¥ï:��B1(�)R1(�) +D(1)1 (�) (R1(�) �R2(�)) == 2r2�C1 aZ0 '1(t) cos �t dt;��R1(�) + 2hR2(�)�B1(�) �D(1)1 (�)R2(�) == 2q 2�C1 aZ0 '2(t) sin�t dt;(1 + cth �h) iN1(�) = 2r 2�C2 aZ0 '3(t) cos �t dt:�¢÷¤ª¨�B1(�)= C1�g2(�) aZ0 '1(t) cos�t++(1� g3(�)) aZ0 '2(�) sin�t dt�;D(1)1 (�)= C1�(1�g1(�)+g2(�)) aZ0 '1(t) cos�t dt++(1�g3(�)+g2(�)) aZ0 '2(t) sin�t dt�;iN1(�)= C2 (1� g4(�)) aZ0 '3(t) cos�t dt; (23)¤¥ g1(�) = �2(�h)2 � 2�h+ 1� e�2�h;g2(�) = 2(�h)2e�2�h; g4(�) = e�2�h;g3(�) = �2(�h)2 + 2�h+ 1� e�2�h:�®¤÷ ¢÷«ì÷ áâ «÷, é® §'ï¢¨«¨áï ¢ á«÷¤®ª ÷â¥-£àã¢ ï ÷â¥£à «ì¨å à÷¢ïì, ¡ã¤ãâì § ¤®¢®«ì-ïâ¨ (§£÷¤® § ¬¥â®¤®î, ¢¨ª« ¤¥®î ¢ áâ ââ÷ [10])â ªã ¯à®áâã  «£¥¡à ùçã á¨áâ¥¬ã:C1 + C2 = v0p2�;2C1 aZ0 '1(t) dt = C2 aZ0 '3(t) dt: (24)28 �. �. �«¨¬¨ª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 24 { 33� ¯ à®ù á¨áâ¥¬¨ (19), (20), ¢¨ª®à¨áâ®¢ãîç¨¯à¥¤áâ ¢«¥ï (23) ¥¢÷¤®¬¨å äãªæ÷©, ¯à¥¤áâ -¢«¥ï �®÷  ¤«ï äãªæ÷ù �¥áá¥«ï ¯¥àè®£® à®-¤ã [12, áâ®à. 56], ¯÷á«ï § ¬÷¨ ¯®àï¤ªã ÷â¥£àã-¢ ï â  à®§¢'ï§ªã ®¤¥à¦ ®£® ÷â¥£à «ì®£® à÷¢-ïï �«ì®¬÷«ìå  [11, áâ®à. 186],   «®£÷ç® ïª ÷¢ áâ ââïå [9{10], ¯à¨©¤¥¬® ¤® â ª®ù á¨áâ¥¬¨ ÷â¥-£à «ì¨å à÷¢ïì �à¥¤£®«ì¬  ¤àã£®£® à®¤ã:'1(t)� aZ0 '1(x)K11(x; t)dx++ aZ0 '2(x)K12(x; t)dx = 2� ;'2(t)+ aZ0 '1(x)K21(x; t)dx�� aZ0 '2(x)K22(x; t)dx = 0;'3(t)� aZ0 '3(x)K3(x; t)dx = 2� ; (25)¤¥ ï¤à K11(x; t) = 2� +1Z0 g1(�) cos �x cos �t d�;K12(x; t) = 2� +1Z0 g2(�) sin�x cos�t d�;K21(x; t) = 2� +1Z0 g2(�) cos �x sin�t d�;K22(x; t) = 2� +1Z0 g3(�) sin�x sin�t d�;K3(x; t) = 2� +1Z0 g4(�) cos �x cos �t d�:¢¨à ¦ îâìáï ç¥à¥§ ¥«¥¬¥â à÷ äãªæ÷ù.�â¦¥, ¢¨å÷¤ã ªà ©®¢ã § ¤ çã ¤«ï à÷¢ïï (1)§ £à ¨ç¨¬¨ ã¬®¢ ¬¨ (2) { (4), (5) §¢¥¤¥® ¤® á¨-áâ¥¬¨ ÷â¥£à «ì¨å à÷¢ïì �à¥¤£®«ì¬  ¤àã£®£®à®¤ã (25) ÷ á¨áâ¥¬¨  «£¥¡à ùç¨å à÷¢ïì (24) ¤«ï¢¨§ ç¥ï ¥¢÷¤®¬¨å áâ «¨å. �÷á«ï ¯®á«÷¤®¢®£®à®§¢'ï§ªã æ¨å ¤¢®å á¨áâ¥¬ ãá÷ ä÷§¨ç÷ ¢¥«¨ç¨¨,é® ®¯¨áãîâì æ¥ ¬¥å ÷ç¥ ï¢¨é¥, ¬®¦  ¢¨à §¨â¨ç¥à¥§ § ©¤¥÷ äãªæ÷ù 'j(t) (j = 1; 3) â  ª®áâ -â¨ Cj (j = 1; 2). �«ï æì®£® á«÷¤ áª®à¨áâ â¨áï á¯÷¢-¢÷¤®è¥ï¬¨ (23), (12), (8), (9) ÷ ¯®â÷¬ (6) ÷ (10).�®¢÷ à¥§ã«ìâ â¨¢÷ ¢¨à §¨ ®á®¢¨å ä÷§¨ç¨å

¢¥«¨ç¨ ç¥à¥§ äãªæ÷ù 'j(t) (j = 1; 3) â  ª®áâ â¨Cj (j = 1; 2) ¢ § «¥¦®áâ÷ ¢÷¤ r, ' ÷ z ¥  ¢®¤¨-¬® ç¥à¥§ ùå £à®¬÷§¤ª÷áâì. �«ï ¯à¨ª« ¤ã ¤ ¬® «¨è¥¤¥ïª÷ § ¨å ¤«ï ¢¨¯ ¤ªã z = 0. �¨à §¨ ª®¬¯®¥â¢¥ªâ®à  è¢¨¤ª®áâ÷   ¯«®é¨÷ z = 0 ¯à¨ r > a¬ îâì ¢¨£«ï¤:vr��z=0= r 2� cos' aZ0 dt�C1�'1(t)� t2r2pr2 � t2 �� +1Z0 g1(�)�J0(�r)� J1(�r)�r �cos�t d��++ +1Z0 g2(�)�J0(�r)� J1(�r)�r �sin�t d��++C2'3(t)�pr2 � t2r2 �� +1Z0 g4(�)J1(�r)�r cos �t d���;v'��z=0= �r 2� sin' aZ0 dt�C1�'1(t)�pr2 � t2r2 �� +1Z0 g1(�)J1(�r)�r cos �t d��++ +1Z0 g2(�)J1(�r)�r sin�t d��++C2'3(t)� t2r2pr2 � t2 �� +1Z0 g4(�)�J0(�r)� J1(�r)�r � cos �t d���;vz��z=0=r2�C1cos' aZ0 dt�'1(t)+1Z0 g2(�) cos �t d�++'2(t)� trpr2 � t2�� +1Z0 g3(�)J1(�r) sin�t d���:�  ¯à ªâ¨æ÷ â ª®¦ áâ ®¢¨âì ÷â¥à¥á ¯®¢¥¤÷ª áâà¨¡ª   ¯àã¦¥ì ç¥à¥§ ¯®¢¥àåî ¤¨áª . ö§ á¯÷¢-�. �. �«¨¬¨ª 29



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 24 { 33¢÷¤®è¥ì (16), (17), (14) ÷ (23) ®¤¥à¦¨¬®:f (2)11 (r)�f (1)11 (r) = 4C1� '1(a)pa2 � r2 � 1r2 aZ0 '1(t) dt++ 1r2 aRr '1(t)t dtpt2 � r2 � aZr '01(t) dtpt2 � r2�++2C2r2 0@ aZ0 '3(t)dt� aZr '3(t)t dtpt2 � r21A ;f (2)21 (r)� f (1)21 (r) = 4C1r2 0@ aZ0 '1(t)dt� aZr '1(t)t dtpt2 � r21A++2C2� '3(a)pa2 � r2 � 1r2 aZ0 '3(t) dt++ 1r2 aZr '3(t)t dtpt2 � r2 � aZr '03(t)dtpt2 � r2�;f (2)31 (r)�f (1)31 (r) = 4C2r 0@ '2(a)apa2 � r2� aZr '02(t)t dtpt2 � r21A:� «®£÷ç®, § ä®à¬ã« (7){ (9), (12) ÷ (23) ¤«ïáâà¨¡ª  â¨áªã ®¤¥à¦¨¬®:�p(r) = 8�p2� C1r 0@� '2(a)apa2 � r2+ aZr '02(t)t dtpt2 � r21A;¤¥ �p(2) � p(1)� ��z=0 = �p(r) cos'.� ¤ «÷ ¯®ª« ¤¥¬® ¤«ï §àãç®áâ÷:�1(r) = �r2� �f (2)11 (r) � f (1)11 (r)� ;�2(r) = �r2� �f (2)21 (r) � f (1)21 (r)� ;�(r) = �r 2� �f (2)31 (r)� f (1)31 (r)� ; (26)�®¤÷, ¢¨ª®à¨áâ®¢ãîç¨ ä®à¬ã«¨ (16), (17)â  (23), § ©¤¥¬®, é® £®«®¢¨© ¢¥ªâ®à â  £®«®¢-¨© ¬®¬¥â á¨« ®¯®àã àãå®¢÷ ¤¨áª  ¬ îâì ¢¨£«ï¤:Px = � aZ0 (�1(r) + �2(r)) r dr == 8p2��C1 aZ0 '1(t) dt;Py = Pz = 0; (27)

�¨á. 2. �®¢¥¤÷ª  ª®¥ä÷æ÷õâ  ®¯®àã
�¨á. 3. �®¢¥¤÷ª  §¥à®§¬÷à¥®£® ¬®¬¥âãMx = Mz = 0;My = � aZ0 �(r)r2 dr == �8p2��C1 aZ0 '2(t)t dt: (28)5. ����ö� ���������ö��®¢¥¤÷ªã §¥à®§¬÷à¥¨å ¢¥«¨ç¨ePx = Px32v0�a; fMy = My32v0�a2§ «¥¦® ¢÷¤ ¢¥«¨ç¨¨ ¢÷¤®è¥ï " = a=h ¯à¥¤-áâ ¢«¥®   à¨á. 2 â  3 ¢÷¤¯®¢÷¤®. �ª ¡ ç¨¬®,ª®¥ä÷æ÷õâ ®¯®àã ePx ¬®®â®® §à®áâ õ ¢ à §÷§¡÷«ìè¥ï ", â®¡â® ª®«¨ §¬¥èãõâìáï ¢÷¤áâ ì ¢÷¤¤¨áª  ¤® áâ÷ª¨ ¯÷¢¯à®áâ®àã, é®, ®ç¥¢¨¤®, ¯®ïá-îõâìáï ¢¯«¨¢®¬ áâ÷ª¨. �÷ª ¢®, é® æï § «¥¦÷áâìä ªâ¨ç® «÷÷© . �ªé® ùù  ¯à®ªá¨¬ã¢ â¨ äãª-30 �. �. �«¨¬¨ª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 24 { 33æ÷õî y = 0:110729x+ 13, â® ¢÷¤å¨«¥ï ¢÷¤ «÷÷©-®áâ÷ ¥ ¯¥à¥¢¨éã¢ â¨¬¥ 3 %. �÷¢÷áâì ã«î Pyâ  Mx õ  á«÷¤ª®¬ á¨¬¥âà÷ù § ¤ ç÷ ¢÷¤®á® ¯«®-é¨¨ x0z (â®¡â® ¯ à®áâ÷ ¢¥«¨ç¨ �z ÷ ¥¯ à®áâ÷�zr, �z' ¯® §¬÷÷© y). �÷¢÷áâì ã«î Pz â  Mzõ ïª  á«÷¤ª®¬ á¨¬¥âà÷ù § ¤ ç÷ ¢÷¤®á® ¯«®é¨¨x0z, â ª ÷ ùù  â¨á¨¬¥âà÷ù ¢÷¤®á® ¯«®é¨¨ y0z(â®¡â® ¥¯ à®áâ÷ ¢¥«¨ç¨ �z', �z ¯® §¬÷÷© x).
�¨á. 4. �®¢¥¤÷ª  §¥à®§¬÷à¥®£® áª çªã â¨áªã ç¥à¥§¯®¢¥àåî ¤¨áª �®¢¥¤÷ª  §¥à®§¬÷à¥®£® ¬®¬¥âã ®¯®àã â ª®¦á¢÷¤ç¨âì ¯à® ©®£® ¬®®â®¥ §¡÷«ìè¥ï ¢ à §÷§¬¥è¥ï ¢÷¤áâ ÷ ¢÷¤ ¤¨áª  ¤® áâ÷ª¨ ¯÷¢¯à®áâ®-àã. �®£® § ª ¯®ª §ãõ, é® ¯à¨ àãá÷ ¤¨áª    ì®£®¤÷õ ¬®¬¥â, é®  ¬ £ õâìáï ¯®¢¥àãâ¨ ©®£® ¯¥à¥¤-÷© ªà © ¤®¨§ã, â®¡â® ¤® áâ÷ª¨ ¯÷¢¯à®áâ®àã. � -ª  ¯®¢¥¤÷ª  ¬®¬¥âã ®¯®àã õ ¥®ç¥¢¨¤®î ÷ ¤®¡à¥ã§£®¤¦ãõâìáï § ¢÷¤®¬®î ¢ «÷â¥à âãà÷ [14, á. 382-388]   «®£÷ç®î ¯®¢¥¤÷ª®î ¬®¬¥â  ®¯®àã àãåãáä¥à®ù¤  ã ¯÷¢¯à®áâ®à÷ ¢'ï§ª®ù à÷¤¨¨ ¯®¡«¨§ã ©®-£® áâ÷ª¨. � ª, ¢÷¤®¬®, é® ¯÷¤ ç á ©®£® á¥¤¨¬¥-â æ÷ù ¢§¤®¢¦ ¦®àáâª®ù áâ÷ª¨ ã ¢'ï§ª÷© à÷¤¨÷  ì®£® ¤÷õ ¬®¬¥â, ïª¨© §¬ãèãõ ©®£® ¯®¢¥àâ â¨áïâ ª, ÷¡¨ ¢÷ ª®â¨¢áï ¡ ¯® áâ÷æ÷ [14, á. 385]. �à¥¤-áâ ¢«¥    à¨á. 4 ¯®¢¥¤÷ª  áâà¨¡ª  â¨áªã ç¥à¥§¯®¢¥àåî ¤¨áª  á¢÷¤ç¨âì ¯à® ¥áª÷ç¥¨© à®§à¨¢â¨áªã ¯®¡«¨§ã ªà î ¤¨áª . �à¨ç®¬ã â¨áª ¡÷«ìè¨©á ¬¥ § â®£® ¡®ªã ¤¨áª , ¤¥ õ áâ÷ª . �à®§ã¬÷«®, é®æ¥© ä ªâ õ  á«÷¤ª®¬ § § ç¥®ù ¯®¢¥¤÷ª¨ ¬®¬¥-â  ®¯®àã, å®ç  á ¬ ¯® á®¡÷ ¢÷ â¥¦ ¥ õ ®ç¥¢¨¤¨¬.�âà¨¡®ª â¨áªã   à¨á. 4 â  áâà¨¡ª¨  ¯àã¦¥ì,¯à¥¤áâ ¢«¥÷   à¨á. 5, §¥à®§¬÷à¥® §  ä®à¬ã« -¬¨:

�1(r) = �v0a e�1(r); �2(r) = �v0a e�2(r);�(r) = �v0a e�(r); �p(r) = �v0a ep(r):

�¨á. 5. �®¢¥¤÷ª  §¥à®§¬÷à¥¨å ª®¬¯®¥â �zr â �z',   â ª®¦ §¥à®§¬÷à¥®ù ª®¬¯®¥â¨ �z â¥§®à  ¯àã¦¥ì ¯à¨ z = 0, r < a�  à¨á. 5 ¢÷¤¡¨â® â®© ä ªâ, é® §£÷¤® § ç¨á¥«ì-¨¬¨ ®¡à åãª ¬¨ äãªæ÷ù e�1(r) â  e�2(r) ¯à ªâ¨ç-® à÷¢÷ ¬÷¦ á®¡®î.�«ï ®¡à åãª÷¢ ª®¬¯®¥â ¢¥ªâ®à  è¢¨¤ª®áâ÷  ¯«®é¨÷ z = 0 ùå ¡ã«® §¥à®§¬÷à¥® §  ä®à¬ã« ¬¨:vr��z=0 = v0ev1(r) cos';v'��z=0 = �v0ev2(r) sin';vz��z=0 = v0ev3(r) cos':�®¢¥¤÷ª  ¢¥«¨ç¨ ev1, ev2 ÷ ev3 ¯à¨ r � a ¡ã¤¥ ¬ â¨¢¨£«ï¤, ¯à¥¤áâ ¢«¥¨©   à¨á. 6. �÷÷ù â®ªã ç áâ¨-®ª ¬ â¥à÷ «ã ¢ ¯«®é¨÷ z = 0, ïª÷ ¢ ª®¦÷© á¢®ù©â®çæ÷ ¤®â¨ª îâìáï ¢¥ªâ®à  ¯¥à¥¬÷é¥ì, ¯à¥¤áâ -¢«¥®   à¨á. 7.�. �. �«¨¬¨ª 31



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 24 { 33

�¨á. 6. �®¢¥¤÷ª  ¯® §¬÷÷© r §¥à®§¬÷à¥¨åª®¬¯®¥â ¢¥ªâ®à  è¢¨¤ª®áâ÷�ªé® ¦ ¢ ®âà¨¬ ®¬ã à®§¢'ï§ªã ¯¥à¥©¤¥¬® ¤®£à ¨æ÷ h ! +1, â® ®¤¥à¦¨¬® à®§¢'ï§®ª ¤«ï § -¤ ç÷ àãåã ¦®àáâª®£® ¤¨áª  ¢ ¯à®áâ®à÷, § ¯®¢¥®-¬ã ¢'ï§ª®î à÷¤¨®î (ã  ¡«¨¦¥÷ �â®ªá ), ïª¨©§¡÷£ õâìáï §÷ § ©¤¥¨¬ à ÷è¥ ¢ áâ ââ÷ [9] (â¥¦ïª £à ¨ç¨© ¢¨¯ ¤®ª).�¤¥à¦ ¨© à®§¢'ï§®ª â ª®¦ ¤ õ §¬®£ã «¥£ª® ¤®-á«÷¤¨â¨  á¨¬¯â®â¨çã ¯®¢¥¤÷ªã ä÷§¨ç¨å ¢¥«¨-ç¨ § ¤ ç÷. � ª, ïªé® áª®à¨áâ â¨áï «¥¬®î �÷¬  -�¥¡¥£  ¤«ï ÷â¥£à «÷¢ � ª¥«ï [13, á. 503] â  ®§ -ª®î �¡¥«ï §¡÷¦®áâ÷ ÷â¥£à «÷¢, é® § «¥¦ âì ¢÷¤

¯ à ¬¥âà , â®, ïª ÷ ¢ áâ ââ÷ [9], § ä®à¬ã« (23)÷ (15) ¬®¦  ®¤¥à¦ â¨ ¯®¢¥¤÷ªã ª®¬¯®¥â ¢¥ªâ®-à  è¢¨¤ª®áâ÷ vr, v' ÷ vz ¢ ¯«®é¨÷ ¤¨áª    ¢¥«¨ª÷©¢÷¤áâ ÷ ¢÷¤ ì®£®. �«ï ª®¥ä÷æ÷õâ÷¢ �ãà'õ (13)®¤¥à¦¨¬®:v11(r) � 2C1r aZ0'1(t)dt; v21(r)� iC1r aZ0'1(t)dt;v31(r) � C1r2 0@ aZ0 '2(t)tdt+ z aZ0 '1(t)dt1A;¯à¨r ! +1: (29)�«ï áâà¨¡ª÷¢ ª®¬¯®¥â â¥§®à   ¯àã¦¥ì,   â -ª®¦ áâà¨¡ª  â¨áªã «¥£ª® ®¤¥à¦ â¨  ¢¥¤¥÷ ¨¦ç¥ä®à¬ã«¨:�1(r) � 8�p2� C1 '1(a)pa2 � r2 ;�2(r) � 4�p2� C2 '3(a)pa2 � r2 ;�(r) � 8�p2� C2 '2(a)pa2 � r2 ;�p(r) �� 8�p2� C1 '2(a)arpa2 � r2 ; ¯à¨r ! a� 0;(30)ïª÷ ¤®¡à¥ ã§£®¤¦ãîâìáï § à¥§ã«ìâ â ¬¨ áâ ââ÷ [9].�ª ¡ ç¨¬®, ç¨á¥«ì÷ ®¡à åãª¨, ¯à¥¤áâ ¢«¥÷  à¨á. 4, 5 ÷ 6, ¯÷¤â¢¥à¤¦ãîâì  á¨¬¯â®â¨ªã ä÷§¨ç¨å¢¥«¨ç¨ (29), (30).
�¨á. 7. �÷÷ù â®ªã ç áâ¨®ª ¢'ï§ª®ù à÷¤¨¨   ¯«®é¨÷z = 0. �®®à¤¨ â¨   ¯«®é¨÷ x0y õ ªà â¨¬¨à ¤÷ãáã ¤¨áª  a�¨á¥«ì÷ à®§à åãª¨ ¢¨ª® ®   ��� §  ¤®¯®-¬®£®î ¯à®£à ¬¨ Mathematica 5.0. �«ï ¯÷¤à åãªã¢« á¨å ÷â¥£à «÷¢ ¢¨ª®à¨áâ ® ª¢ ¤à âãàã ä®à-¬ã«ã � ãá -�¥¦ ¤à  60-£® ¯®àï¤ªã. �à¨ æì®¬ã32 �. �. �«¨¬¨ª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 24 { 33¯®å¨¡ª  à®§¢'ï§ªã ÷â¥£à «ì¨å à÷¢ïì, §à®áâ -îç¨ ¢ à §÷ §¡÷«ìè¥ï ", ¥ ¯¥à¥¢¨é¨«  ¯®àï¤-ªã 10�8. �«ï ¯÷¤à åãªã ¥¢« á¨å ÷â¥£à «÷¢ ¡ã-«® ¯¥à¥â¢®à¥® ùå÷ ¯÷¤÷â¥£à «ì÷ ¢¨à §¨ â  ¢¨-ª®à¨áâ ® ä ªâ, é® ¢®¨ ¥ªá¯®¥æ÷ «ì® á¯ ¤ -îâì. �®å¨¡ª  ¢¨ª® ï £à ¨ç¨å ã¬®¢ é®¤® ¯¥-à¥¬÷é¥ì ÷  ¯àã¦¥ì ¯à¨ æì®¬ã ¥ ¯¥à¥¢¨é¨« ¯®àï¤ªã 1 %.�ö�������¨ª®à¨áâ ï ¬¥â®¤ã ¢« á¨å ¢¥ªâ®à¨å äãªæ÷©â  ¯à¨©®¬÷¢ â¥®à÷ù ¯ à¨å ÷â¥£à «ì¨å à÷¢ïì¤ «® §¬®£ã ¥ä¥ªâ¨¢® à®§¢'ï§ â¨ áª« ¤ã ¢¥ªâ®à-ã §¬÷è ã ªà ©®¢ã § ¤ çã ¯à® àãå ¦®àáâª®£®¤¨áª  ã ¯÷¢¯à®áâ®à÷ ¢'ï§ª®ù à÷¤¨¨ ¢§¤®¢¦ ©®£®áâ÷ª¨. �®§¢'ï§®ª ®¤¥à¦ ® ç¥à¥§ ª¢ ¤à âãà¨, é®¬÷áâïâì äãªæ÷ù, ïª÷, ¢ á¢®î ç¥à£ã, õ à®§¢'ï§ª ¬¨á¨áâ¥¬¨ ÷â¥£à «ì¨å à÷¢ïì �à¥¤£®«ì¬  ¤àã-£®£® à®¤ã. � ª  ä®à¬  à®§¢'ï§ªã ã¬®¦«¨¢«îõ  «÷â¨ç® ¤®á«÷¤¨â¨ ä÷§¨ç÷ ¢¥«¨ç¨¨, é® ¤ «®§¬®£ã § ©â¨  á¨¬¯â®â¨çã ¯®¢¥¤÷ªã ª®¬¯®¥â¢¥ªâ®à  è¢¨¤ª®áâ÷ ¤¨áª    ¢¥«¨ª÷© ¢÷¤áâ ÷ ¢÷¤ì®£® â  áâà¨¡ª   ¯àã¦¥ì ÷ â¨áªã ç¥à¥§ ¯®¢¥àå-î ¤¨áª  ¢ ®ª®«÷ ©®£® ªà î. �¨á¥«ì÷ ®¡à åãª¨¢¨ï¢¨«¨ ¥®ç¥¢¨¤¨© ä ªâ, é® ¯÷¤ ç á àãåã ¤¨á-ª    ì®£® ¡ã¤¥ ¤÷ïâ¨ ¬®¬¥â, ïª¨©  ¬ £ õâìáï¯®¢¥àãâ¨ ©®£® ¯¥à¥¤÷© ªà © ¤® áâ÷ª¨ ¯÷¢¯à®áâ®-àã. � ª  ¯®¢¥¤÷ª  ¬®¬¥â  ®¯®àã § å®¤¨âì á¢®õ¯÷¤â¢¥à¤¦¥ï ¢   «®£÷ç÷© ©®£® ¯®¢¥¤÷æ÷ ¢ § -¤ ç÷ ¯à® àãå áä¥à®ù¤  ã ¯÷¢¯à®áâ®à÷ ¢'ï§ª®ù à÷¤¨-¨, ¤®á«÷¤¦¥ã à ÷è¥ ¢ [14]. � áâ ââ÷  ¢¥¤¥®ç¨á¥«ì¨©   «÷§ ÷è¨å ®á®¢¨å ä÷§¨ç¨å ¢¥«¨-ç¨ § ¤ ç÷.� áâ®á®¢ ¨© ¬¥â®¤ ¤ õ §¬®£ã â ª®¦ à®§£«ïã-â¨ § ¤ çã ¯à®   «®£÷ç¨© àãå ¤¨áª  ¢ è à÷ ¢'ï§ª®ùà÷¤¨¨ ¬÷¦ ¤¢®¬  ¯ à «¥«ì¨¬¨ áâ÷ª ¬¨ ¢ ¯«®-é¨÷, ïª  ¯ à «¥«ì  ù¬ â  à®§â è®¢   ¢÷¤ ¨å  à÷§¨å ¢÷¤áâ ïå. � ©¡«¨¦ç¨¬ ç á®¬ § ¯« -®¢ ® áâ ââî § â ª¨¬ ¤®á«÷¤¦¥ï¬. �̈ ¬ ¡÷«ì-è¥, é® áâ ®¢¨âì ÷â¥à¥á ¤®á«÷¤¨â¨ ¯®¢¥¤÷ªã ¬®-¬¥â  ®¯®àã àãå®¢÷ ¤¨áª  ¤«ï æì®£® ¢¨¯ ¤ªã, é®¡¯®à÷¢ïâ¨ ùù §   «®£÷ç®î, ¤®á«÷¤¦¥®î à ÷è¥÷è¨¬ ¬¥â®¤®¬ ¢ [14], ¯®¢¥¤÷ª®î ¬®¬¥â  ®¯®àãàãåã áä¥à®ù¤ .
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