
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 62 { 68��� 532.59�ö�ö��� ������ ��� ����ö������� ��������� � �������ö�������� ���������ö����öø øø ������öø�. �. ��������öáâ¨âãâ £÷¤à®¬¥å ÷ª¨ ��� �ªà ù¨, �¨ù¢�¤¥à¦ ® 15.07.2003�à¥¤áâ ¢«¥  ¯®áâ ®¢ª  «÷÷©¨å § ¤ ç ¢¨§ ç¥ï ¯®«ï §¡ãà¥ì, ¢¨ª«¨ª ¨å à÷¢®¬÷à¨¬ àãå®¬ ¯àï¬®«÷÷©®ù¢¨å®à®¢®ù ¨âª¨ (¯«®áª®£® â®çª®¢®£® ¢¨å®à ) ¢ ÷¤¥ «ì÷© áâà â¨ä÷ª®¢ ÷© à÷¤¨÷. �¤¥à¦ ® à÷¢ïï ¤«ï äãªæ÷ùâ¥ç÷ù §¡ãà¥®£® àãåã, ïª¥ ¢ ï¢®¬ã ¢¨£«ï¤÷ ¬÷áâ¨âì å à ªâ¥à¨áâ¨ª¨ àãå®¬®£® ¢¨å®à . � ïª®áâ÷ ÷«îáâà æ÷ù ®¤¥à¦ ®à®§¢'ï§®ª ¢÷¤¯®¢÷¤®ù § ¤ ç÷ ¤«ï ¢¨¯ ¤ªã ¥áª÷ç¥®£® «÷÷©®áâà â¨ä÷ª®¢ ®£® á¥à¥¤®¢¨é .�à¥¤áâ ¢«¥  ¯®áâ ®¢ª  «¨¥©ëå § ¤ ç ®¯à¥¤¥«¥¨ï ¯®«ï ¢®§¬ãé¥¨©, ¢ë§¢ ëå à ¢®¬¥àë¬ ¤¢¨¦¥¨¥¬ ¯àï-¬®«¨¥©®© ¢¨åà¥¢®© ¨â¨ (¯«®áª®£®â®ç¥ç®£® ¢¨åàï) ¢ ¨¤¥ «ì®© áâà â¨ä¨æ¨à®¢ ®© ¦¨¤ª®áâ¨. �®«ãç¥® ãà ¢-¥¨¥ ¤«ï äãªæ¨¨ â®ª  ¢®§¬ãé¥®£® ¤¢¨¦¥¨ï, á®¤¥à¦ é¥¥ ¢ ï¢®¬ ¢¨¤¥ å à ªâ¥à¨áâ¨ª¨ ¤¢¨¦ãé¥£®áï ¢¨åàï. �ª ç¥áâ¢¥ ¨««îáâà æ¨¨ ¯®«ãç¥® à¥è¥¨¥ á®®â¢¥âáâ¢ãîé¥© § ¤ ç¨ ¢ á«ãç ¥ ¡¥áª®¥ç®© «¨¥©®áâà â¨ä¨æ¨à®¢ -®© áà¥¤ë.This article presents de�nition of linear problems relating to determining �eld disturbances produced by uniform horisontalmovement of a vortex line (point vortex) in the ideal strati�ed uid. An equation has been derived for the function ofthe ow of disturbed movement which actually possesses characteristics of a moving vortex. The solution obtained for arespective problem illustrates the case of in�nite linear strati�ed medium.������®á«÷¤¦¥ï àãåã ¢¨å®à÷¢ ¢ ÷¤¥ «ì¨å á¥à¥¤®-¢¨é å ¢ª«îç õ § çã ª÷«ìª÷áâì áå¥¬, ïª÷ ¬®¦-  ¢÷¤®á¨â¨  ¡® ¤® ¤¨ ¬÷ª¨ ¢÷«ì¨å ¢¨åà®¢¨åáâàãªâãà,  ¡® ¤® ¤¨ ¬÷ª¨ ùå÷å ¢¨¬ãè¥¨å àãå÷¢.� ¯¥àè®¬ã ¢¨¯ ¤ªã å à ªâ¥à ¥¢®«îæ÷ù ¢¨åà®¢®ùáâàãªâãà¨ ¢¨§ ç õâìáï ä÷§¨ª®î àãåã ùù áª« ¤®-¢¨å â  ¤¨ ¬÷ª®î ùåì®ù ¢§ õ¬®¤÷ù ¡¥§  ¡® ¯à¨  -ï¢®áâ÷ â¨å ç¨ ÷è¨å £à ¨æì ®¡« áâ÷ à÷¤ª®£® á¥-à¥¤®¢¨é . �¥© ª« á § ¤ ç áª« ¤ õ, ¯® áãâ÷, â¥,é® ¯à¨©ïâ®  §¨¢ â¨ ¤¨ ¬÷ª®î ¢¨åà®¢¨å áâàãª-âãà. �¥â «ì¨©   «÷§ ¢¨ª® ¨å ã æì®¬ã  ¯àï¬-ªã à®¡÷â ¬®¦  § ©â¨ ¢ [1]. �¨¢ç¥ï ¢¨¬ãè¥¨å¢¨åà®¢¨å àãå÷¢ ¯®¢'ï§ ¥, £®«®¢¨¬ ç¨®¬, § ¯®-âà¥¡ ¬¨ ¤¨ ¬÷ª¨ àãåã ¯«®áª¨å â÷«. � ¤ ç  ¯à®¢¨¬ãè¥¨© àãå â®çª®¢®£® ¢¨å®à  ( ¡® ¢¨å®à®¤¦¥-à¥« ) õ ¢¨§ ç «ì®î ¢ ª« á÷ «÷÷©¨å § ¤ ç ¯à®àãå â ª¨å â÷«, §®ªà¥¬ , ¯à¨  ï¢®áâ÷ £à ¨æìà®§¤÷«ã á¥à¥¤®¢¨é. �£«ï¤ à®¡÷â æì®£®  ¯àï¬ªã§à®¡«¥¨© ã [2].�®ç¨ îç¨ § äã¤ ¬¥â «ì®ù à®¡®â¨ �.ô.�®-ç¨  [3], ã § ¤ ç å ¯à® àãå ¢¨å®à÷¢ ¢à å®¢ãîâìáâà â¨ä÷ª æ÷î á¥à¥¤®¢¨é . �«ï ¢÷«ì¨å ¢¨å®à÷¢à®§£«ï¤ «¨áï ¤¢÷ å à ªâ¥à÷ á¨âã æ÷ù { ª®«¨ ¢÷á÷¢¨å®à÷¢  ¡® ¯ à «¥«ì÷  ¯àï¬ªã ¤÷ù £à ¢÷â æ÷©¨åá¨« (¢¥àâ¨ª «ì÷ ¢¨å®à¨ [4,5]),  ¡® ¯¥à¯¥¤¨ªã«ïà-÷ ¤® ì®£® (£®à¨§®â «ì÷ ¢¨å®à¨ [6 { 8]).�«ï ¢¥àâ¨ª «ì® ®à÷õâ®¢ ¨å ¢¨åà®¢¨å á¨áâ¥¬áä®à¬ã«ì®¢ ® ¥«÷÷©ã § ¤ çã ¤«ï ¯÷¢¯à®áâ®-àã ã ¢¨¯ ¤ª å ¥áâ¨á«¨¢®ù à÷¤¨¨ (�(x; y; z; t) =

= const ¤«ï ª®¦®ù ®ªà¥¬®ù ç áâ¨ª¨) â  ¤«ï ÷¤¥- «ì®£® áâ¨á«¨¢®£® £ §ã, ª®«¨ ¤«ï ª®¦®ù ®ªà¥¬®ùç áâ¨ª¨ §¡¥à÷£ õâìáï ¥âà®¯÷ï e = p=�� (¡ à®-âà®¯¥ á¥à¥¤®¢¨é¥). �ãâ, ïª §¢¨ç®, p(x; y; z; t) {â¨áª; �(x; y; z; t) { £ãáâ¨ ; � ¯®ª §¨ª  ¤÷ ¡ â¨ [4].�¤¥à¦ o à®§¢'ï§ª¨ «÷÷©¨å § ¤ ç ¯à® ¢ãâà÷è-÷ å¢¨«÷, ïª÷ £¥¥àãîâìáï ¯®â¥æ÷ «ì¨¬¨ ¢¨å®à -¬¨, §®á¥à¥¤¦¥¨¬¨ ã ¢¥àâ¨ª «ì®¬ã æ¨«÷¤à÷,  ¡®¯àï¬®«÷÷©®î ¢¨åà®¢®î ¨âª®î [5].� ¢¨¯ ¤ªã £®à¨§®â «ì® ®à÷õâ®¢ ¨å ¢÷«ì¨å¢¨å®à÷¢ «¨è¥ ¢ ®¤®¬ã ¢¨¯ ¤ªã ¡ à®âà®¯®ù à÷¤¨-¨, ª®«¨ �(z) = �0z2 â  §  ã¬®¢¨, é® å à ª-â¥à¨© ¯¥à÷®¤ �à¥â -�ï©áï«ï á¥à¥¤®¢¨é  § ç-® ¡÷«ìè¨© å à ªâ¥à®£® ç áã  ¤¢¥ªæ÷©®£® ¯¥à¥-®áã, ®¡ã¬®¢«¥®£® ¤÷õî ¢¨å®à , ª®«¨ ¢¨èâ®¢åã-¢ «ì  ¢÷¤®¢«îîç  á¨«  ¤÷õ ¤ã¦¥ ¯®¢÷«ì® ÷ ¬®¦-  §¥åâã¢ â¨ £¥¥à æ÷õî ¢ãâà÷è÷å å¢¨«ì, ¯®-¡ã¤®¢ ® à®§¢'ï§®ª § ¤ ç÷ ¯à® ¢§ õ¬®¤÷î ¤¢®å ¢¨-å®à÷¢ [8]. �®¤÷¡® ¤® ¢¨¯ ¤ªã ®¤®à÷¤®ù à÷¤¨¨¢¨ª®à¨áâ ®  ¯ à â £ ¬÷«ìâ®®¢®£® ä®à¬ «÷§¬ã.�áâ ®¢«¥® å à ªâ¥àã ®á®¡«¨¢÷áâì ¢¯«¨¢ã áâà -â¨ä÷ª æ÷ù {  ï¢÷áâì áâ «®ù £®à¨§®â «ì®ù áª« -¤®¢®ù è¢¨¤ª®áâ÷, ïª  ¬ õ ¬÷áæ¥ ã ¢¨¯ ¤ªã â®çª®¢®-£® ¢¨å®à  [6, 7].�÷÷©÷ § ¤ ç÷ ¯à® ¢¨¬ãè¥¨© áâ æ÷® à¨© àãå£®à¨§®â «ì® ®à÷õâ®¢ ¨å ¢¨å®à÷¢ ã áâà â¨ä÷ª®-¢ ¨å á¥à¥¤®¢¨é å ¯à ªâ¨ç® ã ¢á÷å à®¡®â å à®§-£«ïãâ® ¤«ï è àã¢ â®ù áâà â¨ä÷ª æ÷ù, ª®«¨ £ãáâ¨-  à÷¤¨¨ áâà¨¡ª®¯®¤÷¡® §¬÷îõâìáï   £à ¨æïå®¤®à÷¤¨å è à÷¢ [3, 9 - 11]. �«ï à®§¢'ï§ ï æì®-£® ª« áã § ¤ ç ¢¢®¤ïâìáï ª®¬¯«¥ªá÷ è¢¨¤ª®áâ÷ â 62 c �. �. �â¥æ¥ª®, 2004



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 62 { 68§ áâ®á®¢ãõâìáï ÷â¥£à «ì¥ ¯¥à¥â¢®à¥ï �ãà'õ §¯®¤ «ìè¨¬ ¢¨ª®à¨áâ ï¬  ¯ à âã â¥®à÷ù «¨èª÷¢.� à®¡®â÷ [10] ®¤¥à¦ ® à®§¢'ï§®ª § ¤ ç÷ àãåã ª®¬-¡÷ æ÷ù ¢¨å®à  ÷ ¤¦¥à¥«  ¬ á¨ (¢¨å®à®¤¦¥à¥« ) ¤«ï¤®¢÷«ì®ù ª÷«ìª®áâ÷ è à÷¢, è¢¨¤ª÷áâì à÷¤¨¨ ¢ ª®¦-®¬ã § ïª¨å õ áâ «®î, å®ç ÷ ¬®¦¥ ¡ãâ¨ à÷§®î ¤«ïà÷§¨å è à÷¢.�«ï á¥à¥¤®¢¨é § ¥¯¥à¥à¢¨¬ à®§¯®¤÷«®¬ £ãáâ¨-¨ ¬®¦  ¢÷¤¬÷â¨â¨ «¨è¥ à®¡®âã [12], ¤¥ § ©¤¥-® à®§¢'ï§®ª § ¤ ç÷ ¯à® à÷¢®¬÷à¨© àãå ¢¨å®à  ¢«÷÷©®áâà â¨ä÷ª®¢ ÷© ¡¥§¬¥¦÷© à÷¤¨÷, â  [13],¤¥ ¥ªá¯¥à¨¬¥â «ì® â  è«ïå®¬ ç¨á¥«ì®£® ÷â¥-£àã¢ ï á¨áâ¥¬¨ ¥«÷÷©¨å à÷¢ïì ¤®á«÷¤¦¥®¢¥àâ¨ª «ì¨© àãå ¢¨åà®¢®£® ª÷«ìæï ç¥à¥§ ¥¯¥à¥-à¢® áâà â¨ä÷ª®¢ ¨© è à áª÷ç¥®ù â®¢é¨¨.�®§¢'ï§®ª à®¡®â¨ [12] ®¤¥à¦ ®, ¢¨ª®à¨áâ®¢ã-îç¨ ÷â¥£à «ì÷ ¯à¥¤áâ ¢«¥ï ¯®§¤®¢¦ì®ù áª« -¤®¢®ù §¡ãà¥®ù è¢¨¤ª®áâ÷ ¤«ï ¤¨¯®«ï ¯®âã¦®áâ÷P , ®à÷õâ®¢ ®£® ¢  ¯àï¬ªã è¢¨¤ª®áâ÷ àãåã:u = P (x2 � z2)x2 + z2 = P 1Z0 ke�kjxj cos(kz)dk; (1)â  æ÷õù ¦ áª« ¤®¢®ù, £¥¥à®¢ ®ù ¢¨å®à®¬ ¯®âã¦-®áâ÷ � ¢ ®¤®à÷¤®¬ã á¥à¥¤®¢¨é÷:u = � � z2�(x2 + z2) = � �2� 1Z0 e�kjxj sin(kz)dk: (2)�®§¢'ï§®ª § ¤ ç÷ § å®¤¨¢áï â ª¨¬, é®¡ £à ¨ç-¨© ¯¥à¥å÷¤ ¢÷¤ ¢¨åà®¢®£® ¤® ¯®â¥æ÷ «ì®£® ®¡-â÷ª ï ¢¨å®à  § ¤®¢®«ìï¢ à®§¢'ï§®ª ¤«ï ¤¨¯®«ï(1) ¢ ®ª®«÷ æ¥âà  ¢¨å®à  â  à®§¢'ï§®ª (2) ¤ «¥ª®¢÷¤ ¢¨å®à .�¤ ª â ª¨¬ è«ïå®¬ ¯à ªâ¨ç® ¥¬®¦«¨¢®§ ©â¨ à®§¢'ï§ª¨ § ¤ ç ¤«ï ¡÷«ìè áª« ¤¨å¯à®ä÷«÷¢ áâà â¨ä÷ª æ÷ù â  é¥ ÷ ¯à¨  ï¢®áâ÷ â¢¥à-¤¨å £à ¨æì á¥à¥¤®¢¨é  ç¥à¥§ ¢÷¤áãâ÷áâì â ¬ â -ª¨å ¯à®áâ¨å  á¨¬¯â®â¨ª, ïª (1) â  (2). � ¡ãâì,á ¬¥ ¯à® æ¥ á¢÷¤ç¨âì â®© ä ªâ, é® § ç áã ®¯ã¡«÷ªã-¢ ï à®¡®â¨ [12] ¡÷«ìè¥ ¥ ¢÷¤®¬® ¤®á«÷¤¦¥ì ¯à®àãå ¢¨å®à÷¢ ã ¥¯¥à¥à¢® áâà â¨ä÷ª®¢ ¨å á¥à¥¤®-¢¨é å.� ¤ ÷© à®¡®â÷ ®¤¥à¦ ® à÷¢ïï ¤«ï äãªæ÷ùâ¥ç÷ù, ïª¥ ®¯¨áãõ §¡ãà¥¨© àãå á¥à¥¤®¢¨é , ¢¨ª«¨-ª ¨© áâ æ÷® à¨¬ ¢¨¬ãè¥¨¬ àãå®¬ â®çª®¢®£®¢¨å®à  ã ¤®¢÷«ì®¬ã áâ÷©ª® áâà â¨ä÷ª®¢ ®¬ã á¥-à¥¤®¢¨é÷. � à ªâ¥à®î ®á®¡«¨¢÷áâî æì®£® à÷¢-ïï õ â¥, é® ¢®® ¢ ï¢÷© ä®à¬÷ ¬÷áâ¨âì å à ª-â¥à¨áâ¨ª¨ àãå®¬®£® ¢¨å®à , é® ¤«ï à®§¢'ï§ ï«÷÷©¨å § ¤ ç ¤®§¢®«ïõ ¥ä¥ªâ¨¢® ¢¨ª®à¨áâ®¢ã-¢ â¨ ¬¥â®¤¨ ÷â¥£à «ì¨å ¯¥à¥â¢®à¥ì. � ¬¥ §¢¨ª®à¨áâ ï¬ æì®£® ¬¥â®¤ã ¢ ïª®áâ÷ ÷«îáâà æ÷ù

§ ©¤¥® à®§¢'ï§®ª § ¤ ç÷ ¤«ï ¥áª÷ç¥®£® «÷÷©-®áâà â¨ä÷ª®¢ ®£® á¥à¥¤®¢¨é , ïª¨© á¯÷¢¯ ¢ §¢÷¤¯®¢÷¤¨¬ à®§¢'ï§ª®¬ à®¡®â¨ [12]. �¤¥à¦ ®  «÷â¨ç¨© ¢¨à §  á¨¬¯â®â¨ç®£® à®§¢'ï§ªã ¤«ï¢¥«¨ª¨å x.1. ����������� �����������������ö�®§£«ï¥¬® à÷¢®¬÷à¨© £®à¨§®â «ì¨© àãåâ®çª®¢®£® ¢¨å®à  §÷ è¢¨¤ª÷áâî U ã áâ÷©ª®áâà -â¨ä÷ª®¢ ÷© à÷¤¨÷. �÷áì ¢¨å®à  ¯¥à¯¥¤¨ªã«ïà ¤®  ¯àï¬ªã àãåã ÷ ¤®  ¯àï¬ªã ¤÷ù £à ¢÷â æ÷©¨åá¨«.� á¨áâ¥¬÷ ª®®à¤¨ â xoz, ïª  àãå õâìáï à §®¬§ ¢¨å®à®¬, ¯à¨ç®¬ã ¤®¤ â÷©  ¯àï¬ ¢÷á÷ x  ¯à -¢«¥® ¢ ¡÷ª, ¯à®â¨«¥¦¨©  ¯àï¬ªã ¢¥ªâ®à  è¢¨¤-ª®áâ÷,   ¢÷áì z  ¯à ¢«¥  ¢£®àã, «÷¥ à¨§®¢ ÷ à÷¢-ïï, ïª÷ ®¯¨áãîâì áâ æ÷® à¨© àãå áâà â¨ä÷ª®-¢ ®£® á¥à¥¤®¢¨é  ¢  ¡«¨¦¥÷ �ãá¨¥áª , ¯à¥¤-áâ ¢«ïîâìáï ã ¢¨£«ï¤÷:�(z)U @u@x + @p@x = 0; (3)�(z)U @w@x + @p@z + g� = 0; (4)U @�@x + d�0dz w = 0; (5)@u@x + @w@z = 0: (6)�ãâ u;w; p ÷ � { ¢÷¤¯®¢÷¤® £®à¨§®â «ì  ÷ ¢¥àâ¨-ª «ì  áª« ¤®¢÷ è¢¨¤ª®áâ÷, â¨áª ÷ £ãáâ¨ ; �0(z){ ¥§¡ãà¥¨© ¯à®ä÷«ì à®§¯®¤÷«ã £ãáâ¨¨ á¥à¥¤®¢¨-é ; g { ¯à¨áª®à¥ï á¨«¨ âï¦÷ï.�¢®¤ïç¨ äãªæ÷î â¥ç÷ù	 = Uz +  (x; z)â ªã, é® u = @ @z ; w = �@ @x ;á¨áâ¥¬ã à÷¢ïì (3) { (6) ¬®¦  §¢¥áâ¨ ¤® ®¤®£®à÷¢ïï � � N2g @ @z + N2U2  = 0; (7)¤¥ � = @2@x2 + @2@z2 { ¤¢®¢¨¬÷à¨© ®¯¥à â®à � ¯« -á ,   N (z) { ç áâ®â  �à¥â -�ï©áï«ï, ïª  ¢¨§ -ç õâìáï ïª N (z) = �� g�0 d�0dz �12 :�. �. �â¥æ¥ª® 63



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 62 { 68�¥«¨ç¨  � ¢¨§ ç õ § ¢¨å®à¥÷áâì �(x; z) ÷, ïª¢¨¤® § (7), àãå à÷¤¨¨ õ ¢¨åà®¢¨¬ ¢ ãá÷© ®¡« áâ÷á¥à¥¤®¢¨é ,   ¢÷¤¬÷ã ¢÷¤ ®¤®à÷¤®ù à÷¤¨¨, ¤¥� = 0 áªà÷§ì, ªà÷¬ æ¥âà  ¢¨å®à , ¤¥ � = ��.�÷¢ïï àãåã, ïª¥ ¢à å®¢ãõ ï¢¨¬ ç¨®¬  ï¢-÷áâì ¢¨å®à ,   ¯÷¤áâ ¢÷ (7) ¯à¥¤áâ ¢¨¬® ã ¢¨£«ï¤÷� � N2g @ @z + N2U2  = F (x0; z0); (8)¤¥ F (x0; z0) { äãªæ÷ï, ïª  § ¤ õ  ï¢÷áâì ¢¨å®-à  ã â®çæ÷ § ª®®à¤¨ â ¬¨ x0; z0. �  å à ªâ¥àæ÷õù äãªæ÷ù ¬®¦¥ ¢¯«¨¢ â¨ áâà â¨ä÷ª æ÷ï. �«¥,¯à¨©¬ îç¨ ¤® ã¢ £¨, é® ¯à¨ x! x0; z ! z0  ¡á®-«îâ  è¢¨¤ª÷áâì ç áâ¨®ª á¥à¥¤®¢¨é  ¥áª÷ç¥®§à®áâ õ, æ¥© ¢¯«¨¢ ¥ ¬ â¨¬¥ ¬÷áæï. �®¬ã ¢¨£«ï¤äãªæ÷ù F (x0; z0) ¬®¦  ®âà¨¬ â¨ è«ïå®¬ £à ¨ç-®£® ¯¥à¥å®¤ã ã à÷¢ï÷ (8) ¤® ®¤®à÷¤®£® á¥à¥-¤®¢¨é . �à¨ �0(z) ! áonst ¢¥«¨ç¨  N2 ! 0 ÷à÷¢ïï (8)  ¡ã¢ õ ¢¨£«ï¤ã� = F (x0; z0): (9)�«¥ ¢ ®¤®à÷¤÷© à÷¤¨÷ ¤«ï â®çª®¢®£® ¢¨å®à , ïªé®¯à¨©ïâ¨ §  ¤®¤ â÷©  ¯àï¬ ®¡¥àâ ï ¯à®â¨ £®-¤¨¨ª®¢®ù áâà÷«ª¨ [1],� = �� = �� �(x � x0)�(z � z0);¤¥ � { ÷â¥á¨¢÷áâì ¢¨å®à ; �(x � x0) ÷ �(z � z0){ ¤¥«ìâ -äãªæ÷ù �÷à ª . �â¦¥, à÷¢ïï, ïª¥ ®¯¨-áãõ «÷÷©÷ §¡ãà¥ï áâà â¨ä÷ª®¢ ®£® á¥à¥¤®¢¨é ¯à¨ à÷¢®¬÷à®¬ã àãá÷ â®çª®¢®£® ¢¨å®à , ¬ õ ¢¨-£«ï¤� � N2g @ @z + N2U2 = �� �(x�x0):�(z� z0): (10)�¯à®é¥¨© ¢ à÷ â  ¡«¨¦¥ï �ãá¨¥áª , ª®-«¨ ¢ ÷¥àæ÷©¨å áª« ¤®¢¨å à÷¢ïì �©«¥à  ¥ ¢à -å®¢ãõâìáï §¬÷÷áâì £ãáâ¨¨ á¥à¥¤®¢¨é  ¯® ª®®à-¤¨ â÷ z, ¤ õ â ª¥ à÷¢ïï ¢÷¤®á®  :� + N2U2 = �� �(x� x0)�(z � z0): (11)�ªé® ¢¢¥áâ¨ å à ªâ¥à÷ ¬ áèâ ¡¨: ¤®¢¦¨¨ {UN�1� (âãâ N� { å à ªâ¥à¥ § ç¥ï ç áâ®â¨�à¥â -�ï©áï«ï), äãªæ÷ù â¥ç÷ù { U2N�1� ÷ ÷â¥-á¨¢®áâ÷ ¢¨å®à  U2N�1� , â® ®¡¥§à®§¬÷à¥  ä®à¬ à÷¢ïì  ¡¨à õ ¢¨£«ï¤ã (¡¥§ §¬÷¨ ¯®§ ç¥ì)� � N2� @ @z +N2 = �� �(x� x0)�(z � z0); (12)� +N2 = �� �(x� x0)�(z � z0); (13)¤¥ � = g=(N�U ) { ®¡¥à¥¥ ç¨á«® �àã¤ .

�à ¨ç÷ ã¬®¢¨ ¤«ï  ¢¨§ ç îâìáï ÷§ ¢¨ª® -ï ª÷¥¬ â¨ç¨å ÷ ¤¨ ¬÷ç¨å ã¬®¢:   ¢÷«ì÷© ¯®-¢¥àå÷ { ¥¯®ª¨¤ ï ç áâ¨ª ¬¨ à÷¤¨¨ æ÷õù ¯®-¢¥àå÷ ÷ à÷¢÷áâì ã«î §¡ãà¥®£® â¨áªã;   ¯®-¢¥àå÷ áâà¨¡ª  ¥§¡ãà¥®ù £ãáâ¨¨ { ¥¯¥à¥à¢÷áâì§¬÷é¥ì; â¨áªã ÷   £®à¨§®â «ì®¬ã ¤÷ { à÷¢-÷áâì ã«î ¢¥àâ¨ª «ì®ù áª« ¤®¢®ù è¢¨¤ª®áâ÷. �â¥à¬÷ å äãªæ÷ù â¥ç÷ù æ÷ ã¬®¢¨ § ¢¨ª®à¨áâ ï¬á¨áâ¥¬¨ (3) { (6)  ¡¨à îâì â ª®£® ¡¥§à®§¬÷à®£®¢¨£«ï¤ã:  ¢÷«ì÷© ¯®¢¥àå÷@2 @x@z � �@ @x = 0; (14)  £à ¨æ÷ áâà¨¡ª  á¥à¥¤ì®ù £ãáâ¨¨ i-®£® ÷ i+1-®£® è à÷¢ @ i@x = @ i+1@x ; (15)@2 i@x@z � �@ i@x = �i�@2 i+1@x@z � �@ i+1@x � ; (16)¤¥ �i = �i(zi + 0)�i+1(zi � 0) ;  ¤÷ @ @x = 0: (17)�® æ¨å ã¬®¢ ¤®¤ îâìáï ã¬®¢¨   ¥áª÷ç¥®áâ÷:@ @x ; @ @z � ®¡¬¥¦¥÷ ¯à¨ x!1; (18)@ @x ; @ @z ! 0 ¯à¨ x! �1: (19)�áâ õ á¯÷¢¢÷¤®è¥ï ¢÷¤¯®¢÷¤ õ ¢÷¤áãâ®áâ÷§¡ãà¥ì ã ¥áª÷ç¥®áâ÷ ¯¥à¥¤ àãå®¬¨¬ ¤¦¥à¥«®¬(ã¬®¢  ¢¨¯à®¬÷î¢ ï). �«ï ¡¥§¬¥¦®£® á¥à¥¤®-¢¨é  ¤«ï ¢á÷å x ¯®¢¨  ¢¨ª®ã¢ â¨áì â ª®¦ ã¬®-¢  @ @x ; @ @z ! 0 ¯à¨ z !�1: (20)�÷¤¬÷â¨¬®, é® ¢á÷ § ¤ ç÷ ¯à® àãå ¢¨å®à÷¢ ã ¡ £ -â®è à®¢¨å á¥à¥¤®¢¨é å ®¯¨áãîâìáï ¢ à ¬ª å à®§-£«ïãâ®ù ¯®áâ ®¢ª¨, ïªé® ¢ ª®¦®¬ã ÷§ è à÷¢ ¯®-ª« áâ¨ N = 0.�ä®à¬ã«ì®¢   «÷÷©  ¯®áâ ®¢ª  § ¤ ç÷ ¤®-§¢®«ïõ ¤®á«÷¤¦ã¢ â¨ áâ æ÷® à¨© àãå â®çª®¢®-£® ¢¨å®à  ã ¤®¢÷«ì®¬ã áâ÷©ª® áâà â¨ä÷ª®¢ ®¬ãá¥à¥¤®¢¨é÷. �¥¢ ¦ª® ¡ ç¨â¨, é® à®§¢'ï§®ª ¤®-á«÷¤¦ã¢ ®£® à÷¢ïï (10) § â®ç÷áâî ¤® ¬®¦¨-ª  á¯÷¢¯ ¤ õ § äãªæ÷õî �à÷  à÷¢ïï (7) ÷, ®â¦¥,¬®¦¥ ¡ãâ¨ ¥ä¥ªâ¨¢® ¢¨ª®à¨áâ ¨© ¤«ï ¯®¡ã¤®¢¨à®§¢'ï§ª÷¢   «®£÷ç¨å § ¤ ç ¤«ï á¨áâ¥¬ ¢¨å®à÷¢(§ ¤ ®£® à®§¯®¤÷«ã § ¢¨å®à¥®áâ÷).64 �. �. �â¥æ¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 62 { 68�à¨ à®§¢'ï§ ÷ ¤ ®£® ª« áã § ¤ ç ¥ä¥ªâ¨¢¨¬õ § áâ®áã¢ ï ¬¥â®¤ã ÷â¥£à «ì¨å ¯¥à¥â¢®à¥ì.2. ��� ������ � �����������������ö�������� ���������ö� ïª®áâ÷ ÷«îáâà æ÷ù ¯à¥¤áâ ¢«¥®£® ¯÷¤å®¤ã à®§-£«ï¥¬®, ïª ÷ ¢ à®¡®â÷ [12], àãå â®çª®¢®£® ¢¨å®à  ã«÷÷©®áâà â¨ä÷ª®¢ ®¬ã ¡¥§¬¥¦®¬ã á¥à¥¤®¢¨é÷,ª®«¨ ©®£® £ãáâ¨  §¬÷îõâìáï ã ¢÷¤¯®¢÷¤®áâ÷ § § -«¥¦÷áâî �0(z) = �00(1� �z):�®ç â®ª á¨áâ¥¬¨ ª®®à¤¨ â § å®¤¨âìáï ¢ æ¥âà÷¢¨å®à . �¥«¨ç¨  � � 1, â ª é® å à ªâ¥à¨©«÷÷©¨© ¬ áèâ ¡ ®¡« áâ÷ ��1 ¢¢ ¦ õâìáï § ç-® ¡÷«ìè¨¬ ¯®¯¥à¥ç®£® ¬ áèâ ¡ã §¡ãà¥ì Lw, ïª÷¢®áïâìáï ¢¨å®à®¬. �¥ ¥®¡å÷¤® ¤«ï ª®à¥ªâ®-£® § áâ®áã¢ ï  ¡«¨¦¥ï �ãá¨¥áª  ã á¨áâ¥¬÷(3) { (6). �®¤÷¡® ¤® à®¡®â¨ [12] ¢¨ª®à¨áâ õ¬®á¯à®é¥¨© ¢ à÷ â à÷¢ïï ¤«ï äãªæ÷ù â¥ç÷ù (13)ã à®§¬÷à®¬ã ¢¨£«ï¤÷. �áª÷«ìª¨ ¢ ¤ ®¬ã ¢¨¯ ¤ªãN = (�g) 12 = N� = const;â® ¢÷¤¯®¢÷¤  § ¤ ç  ä®à¬ã«îõâìáï  áâã¯¨¬ç¨®¬. �ãª õâìáï à®§¢'ï§®ª «÷÷©®£® à÷¢ïï(�2 = N2=U2)� + �2 = �� �(x)�(z) (21)§ £àa¨ç¨¬¨ ã¬®¢ ¬¨ (18) { (20).�÷¤¬÷â¨¬®, é® Lw � ��1, â®¬ã ¢÷¤§ ç¥  ¢¨é¥ã¬®¢  ��1 � Lw ¯à¥¤áâ ¢«ïõâìáï ïª�� = �� 1:�®§¢'ï§®ª ¤«ï  (x; z) èãª õâìáï ã ¢¨£«ï¤÷ = �4�2 1Z�1 eik1xdk1 1Z�1 eik2z � (k1; k2)dk2: (22)�«ï äãªæ÷ù-®¡à §ã � (k1; k2) § à÷¢ïì (21) â  (22)®¤¥à¦ãõâìáï ¢¨à §� = 1�2 � k21 � k22 :�«ï § å®¤¦¥ï  (x; z) ¢¨ª® õ¬® ¯¥àè¥ ÷-â¥£àã¢ ï ã ª®¬¯«¥ªá÷© k2-¯«®é¨÷. �ãªæ÷ï-®¡à § � (k1; k2) § ¤®¢®«ìïõ âãâ ã¬®¢ ¬ «¥¬¨�®à¤  , â®¬ã ¤«ï § å®¤¦¥ï ¢÷¤¯®¢÷¤®£® ÷-â¥£à «ã ¬®¦  ¢¨ª®à¨áâ â¨ â¥®à¥¬ã ¯à® «¨èª¨.

�à å®¢ãîç¨, é® � (k1; k2) ¬ õ ã æ÷© ¯«®é¨÷ ¯à®áâ÷¯®«îá¨ ¢ â®çª åk21 =q�2 � k21; k22 = �q�2 � k21;®¤¥à¦¨¬® ¤«ï ®¡« áâ÷ z > 0 (x; z) = �2� 1Z� e�zpk21��2qk21 � �2 cos(k1x)dk1�� �2� �Z0 sin(zp�2 � k21)p�2 � k21 cos(k1x)dk1; (23)÷ ¤«ï z < 0 (x; z) = �2� 1Z� ezpk21��2qk21 � �2 cos(k1x)dk1++ �2� �Z0 sin(zp�2 � k21)p�2 � k21 cos(k1x)dk1: (24)�¤®¡ãâ¨© à®§¢'ï§®ª (23) { (24) ¥ ¤®§¢®«ïõ, ®¤- ª, § ¤®¢®«ì¨â¨ £à ¨çã ã¬®¢ã ¯à¨ x ! �1.�®¬ã à®§£«ï¥¬® ÷è¨© à®§¢'ï§®ª § ¤ ç÷, ª®«¨ ¯¥à-è¥ ÷â¥£àã¢ ï ã à®§¢'ï§ªã (22) ¢¨ª®ãõâìáï ãk1-¯«®é¨÷. �ãâ äãªæ÷ï � (k1; k2) ¬ õ ¯®«îá¨ ãâ®çª åk11 =q�2 � k22; k12 = �q�2 � k22;÷   ¯÷¤áâ ¢÷ â¥®à¥¬¨ ¯à® «¨èª¨ ¬ õ¬® ¤«ï x > 0 (x; z) = �2� 1Z� e�xpk22��2pk22 � �2 cos(k2z)dk2�� �2� �Z0 sin(xp�2 � k22)p�2 � k22 cos(k2z)dk2; (25)÷ ¤«ï x < 0 (x; z) = �2� 1Z� expk22��2pk22 � �2 cos(k2z)dk2++ �2� �Z0 sin(xp�2 � k22)p�2 � k22 cos(k2z)dk2: (26)� ¤®¢®«ìïîç¨ ã¬®¢ã ¢÷¤áãâ®áâ÷ §¡ãà¥ì ¯à¨x ! �1, ®¤¥à¦ãõ¬® (®¯ãáª îç¨  ¤ «÷ ÷¤¥ªá¨(2)):�. �. �â¥æ¥ª® 65



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 62 { 68¢ ®¡« áâ÷ x > 0 (x; z) = ��� �Z0 sin(xp�2 � k2)p�2 � k2 cos(kz) ++ �2� 1Z� e�xpk2��2pk2 � �2 cos(kz)dk; (27)¢ ®¡« áâ÷ x < 0 (x; z) = �2� 1Z� expk2��2pk2 � �2 cos(kz)dk: (28)�®§¢'ï§ª¨ (27) ÷ (28) á¯÷¢¯ ¤ îâì § à®§¢'ï§ª®¬æ÷õù § ¤ ç÷, § ©¤¥¨¬ ÷è¨¬ è«ïå®¬ ã à®¡®â÷ [12],ïªé® ¢à åã¢ â¨, é® â ¬ äãªæ÷ï â¥ç÷ù ¢¢¥¤¥  â ª,é® u = �@ @z ; w = @ @x :�à¨ £à ¨ç®¬ã ¯¥à¥å®¤÷ ¤® ®¤®à÷¤®£® á¥à¥¤®-¢¨é  (�! 0) à®§¢'ï§®ª § ¤ ç÷  ¡¨à õ ¢¨£«ï¤ã (x; z) = �2� 1Z0 e�kjxjk cos(kz)dk: (29)�«ï ª®¬¯®¥â §¡ãà¥®ù è¢¨¤ª®áâ÷ ¬ õ¬® ¢ æì®-¬ã ¢¨¯ ¤ªã [15]u = �2� 1Z0 e�kjxj sin(kz)dk = � � z2�(x2 + z2) ;w = �Sign(x) �2� 1Z0 e�kjxj cos(kz)dk = �x2�(x2 + z2) ;é® ¢÷¤¯®¢÷¤ õ ª« á¨ç®¬ã à®§¢'ï§ªã ¤«ï ¢¨å®à  ã¡¥§¬¥¦®¬ã ®¤®à÷¤®¬ã á¥à¥¤®¢¨é÷ [1]. �  à¨á.1 ÷ 2 ¯à¥¤áâ ¢«¥÷ à¥§ã«ìâ â¨ à®§à åãª÷¢ ¤«ï ª à-â¨¨ à®§¯®¤÷«ã «÷÷© ¯®áâ÷©¨å § ç¥ì äãªæ÷ùâ¥ç÷ù 	(x; z), ¢¨ª® ¨å ã à®¡®â÷ [12], ¤«ï ¤¢®å§ ç¥ì å à ªâ¥à®£® ¢ãâà÷èì®£® ç¨á«  �àã¤ Fr = U=ND. �®§à åãª¨ ¢¨ª® ÷ ¤«ï �< 0. �ãâD { à®§¬÷à ¯®â¥æ÷ «ì®£® ¢¨å®à  ¢ ®¤®à÷¤®-¬ã ¯®â®æ÷, ïª¨© ¢¨§ ç õâìáï ïª ¢÷¤áâ ì ¢÷¤ æ¥-âà  ¢¨å®à  ¤® â®çª¨ áâ £ æ÷ù, ¢ ïª÷© ÷¤ãª®¢  ¢¨å®ào¬ £®à¨§®â «ì  áª« ¤®¢  è¢¨¤ª®áâ÷ §à÷¢-îõâìáï § ¯à®â¨«¥¦®  ¯à ¢«¥®î è¢¨¤ª÷áâîàãåã. ö§ à®§¢'ï§ªã ¤«ï ¯®â¥æ÷ «ì®£® ¢¨å®à D = j� j2�U ;

÷ â®¤÷ ¢ãâà÷èõ ç¨á«® �àã¤  ¢¨à §¨âìáï ç¥à¥§÷â¥á¨¢÷áâì ¢¨å®àã ïªFr = 2�Uj� j�:�ª ¢¨¤® § ¯®à÷¢ïï  ¢¥¤¥¨å ª àâ¨ ¤«ï	(x; z) §¡÷«ìè¥ï ÷â¥á¨¢®áâ÷ ¢¨å®à  ¯à¨§¢®-¤¨âì ¤® §à®áâ ï §¡ãà¥ì á¥à¥¤®¢¨é  ÷ §¬¥è¥-ï ¯®¯¥à¥ç®£® à®§¬÷àã § ¬ªãâ®ù ®¡« áâ÷ ¢ ®ª®«÷á¨£ã«ïà®áâ÷, é® ¢÷¤¯®¢÷¤ õ ®¡â÷ª î ¤¨¯®«ï.�à®§ã¬÷«®, é® ®¡« áâì á¯à ¢¥¤«¨¢®áâ÷ ®¤¥à¦ ®£®«÷÷©®£® à®§¢'ï§ªã ¯®ç¨ õâìáï   ¤¥ïª÷© ¢÷¤¤ «÷¢÷¤ ¢¨å®à . �ãå á¥à¥¤®¢¨é  ã ¡«¨¦÷© ¤® ¤¨¯®«ì-®£® ®¡â÷ª ï §®÷ ¥®¡å÷¤® ®¯¨áã¢ â¨ ¢ ¥«÷÷©-÷© ¯®áâ ®¢æ÷. � à ªâ¥à¨© ¯®¯¥à¥ç¨© à®§¬÷àæ÷õù §®¨ §¬¥èãõâìáï §÷ §à®áâ ï¬ ¢ãâà÷èì®-£® ç¨á«  �àã¤ .3. ������������� ����'������� ������� X� ®¡« áâ÷ ¢¥«¨ª¨å § ç¥ì jxj ¤àã£  áª« ¤®¢  à®-§¢'ï§ªã (27) â  à®§¢'ï§®ª (28) ¯àï¬ãîâì ¤® ã-«ï. � ¯¥àèã áª« ¤®¢ã à®§¢'ï§ªã (27) ¢ ®¡« áâ÷x > 0 ¬®¦   ¡«¨¦¥® ¢¨§ ç¨â¨, ¢¨ª®à¨áâ®¢ã-îç¨ ¤«ï ®¡ç¨á«¥ï ÷â¥£à «ã ¬¥â®¤ áâ æ÷® à®ùä §¨. �®¦  ¯à¥¤áâ ¢¨â¨�Z0 sin(xp�2 � k2)p�2 � k2 cos(kz)dk = 14i �Z0 A1 � A2p�2 � k2dk;(30)¤¥ A1 = eix(k�+p�2�k2) � e�ix(k�+p�2�k2);A2 = eix(k��p�2�k2) � e�ix(k��p�2�k2);÷ � = z=x. �̄ à ¢«ïîç¨¬¨ äãªæ÷ï¬¨ ÷â¥£à «ã(30) ¡ã¤ãâì:{ ¢ ®¡« áâ÷ x > 0; z > 0�1 = k� +p�2 � k2;{ ¢ ®¡« áâ÷ x > 0; z < 0�2 = k� �p�2 � k2:�÷¤¯®¢÷¤÷ áâ æ÷® à÷ â®çª¨ ¢¨§ ç îâìáï ÷§ à÷¢-ïì d�idk = 0;é® ¤ õ â ª÷ áâ æ÷® à÷ â®çª¨ � ÷ § ç¥ï@2�i=@k2 ¯à¨ k = �:66 �. �. �â¥æ¥ª®
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�¨á. 1. � àâ¨  «÷÷© â¥ç÷ù 	(x;z) ¯à¨ Fr = 0:67 ÷ � < 0 [12]

�¨á. 2. � àâ¨  «÷÷© â¥ç÷ù 	(x; z) ¯à¨ Fr = 1:0 ÷ � < 0 [12]�. �. �â¥æ¥ª® 67



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 62 { 68{ ¢ ®¡« áâ÷ x > 0; z > 0� = ��p1 + �2 ; @2�1@k2 = � 1� (1 + �2) 12 ;{ ¢ ®¡« áâ÷ x > 0; z < 0� = � ��p1 + �2 ; @2�2@k2 = 1� (1 + �2) 12 :� áâ®áã¢ ¢ ä®à¬ã«ã áâ æ÷® à®ù ä §¨ [16] ¤«ï ¡«¨¦¥®£® ®¡ç¨á«¥ï ÷â¥£à «ã (30), ®¤¥à¦¨-¬® ¯÷á«ï ¢¨¤÷«¥ï ¤÷©á¨å ç áâ¨ â ª÷ ¢¨à §¨ ¤«ïª®¬¯®¥â §¡ãà¥®ù è¢¨¤ª®áâ÷:{ ¢ ®¡« áâ÷ x > 0; z > 0u � � �� 12(2�x) 12 (1 + �2)� 34 cos h�x �1 + �2� 12 � �4 i ; (31)w � � �� 12(2�x) 12 (1 + �2)� 34 cos h�x �1 + �2� 12 � �4 i ; (32){ ¢ ®¡« áâ÷ x > 0; z < 0u � � �� 12(2�x) 12 (1 + �2)� 34 cos h�x �1 + �2� 12 + �4 i ; (33)w � � �� 12(2�x) 12 (1 + �2)� 34 cos h�x �1 + �2� 12 + �4 i : (34)� ®¤¥à¦ ¨å à®§¢'ï§ª÷¢ (31) { (34) ¢¨¤®, é® ¤«ïä÷ªá®¢ ¨å x ¯à¨ z !1 § ç¥ï u(x; z) § âãå -îâì ïª (�z)� 12 ,   w(x; z) { ïª (�z)� 32 . �à¨ ä÷ªá®-¢ ¨å z § âãå ï à®§¢'ï§ªã ¢  ¯àï¬ªã ¢÷á÷ x ¤«ï®¡®å áª« ¤®¢¨å è¢¨¤ª®áâ÷ ¬ õ ¯®àï¤®ª (�x)�12 .4. ����������� ¢¨ª® ®¬ã ¤®á«÷¤¦¥÷ ¯à¥¤áâ ¢«¥  ®¢ ¬®¤¥«ì «÷÷©®ù ¯®áâ ®¢ª¨ § ¤ ç÷ ¯à® §¡ãà¥-ï, ¢¨ª«¨ª ÷ ¢¨¬ãè¥¨¬ àãå®¬ â®çª®¢®£® ¯«®áª®-£® ¢¨å®à  ¢ ÷¤¥ «ì®¬ã áâà â¨ä÷ª®¢ ®¬ã á¥à¥¤®-¢¨é÷. �÷¢ïï ¤«ï äãªæ÷ù â¥ç÷ù ¢ ï¢®¬ã ¢¨£«ï¤÷¬÷áâ¨âì ¯ à ¬¥âà¨ àãå®¬®£® ¢¨å®à , é® ¤®§¢®«ïõ¢¨ª®à¨áâ®¢ã¢ â¨ §¢¨ç¨© ¤«ï «÷÷©¨å § ¤ ç ¬¥-â®¤ ÷â¥£à «ì¨å ¯¥à¥â¢®à¥ì. �  ¯à¨ª« ¤÷ ¡¥§-¬¥¦®£® á¥à¥¤®¢¨é  ¯à®¤¥¬®áâà®¢ ® ¥ä¥ªâ¨¢-÷áâì ¢¨ª®à¨áâ ï æì®£® ¬¥â®¤ã.�®§£«ï¥®£® ª« áã § ¤ ç÷ ¯à¥¤áâ ¢«ïîâì ÷â¥-à¥á ¥ «¨è¥ § â®çª¨ §®àã ¢§ õ¬®¤÷ù â ª¨å ¢¨åà®¢¨åáâàãªâãà §÷ áâà â¨ä÷ª®¢ ¨¬ á¥à¥¤®¢¨é¥¬. �¨ª®-à¨áâ ï ¯÷¤¢®¤¨å ªà¨« ã à÷§®£® à®¤ã  ¯ à â å¤«ï áâ¢®à¥ï ¯÷¤©®¬®ù á¨«¨  ¡® ¢ ïª®áâ÷ áâ¥à á¯à¨ç¨¨«¨ ¥®¡å÷¤÷áâì à®§¢'ï§ ï àï¤ã ®¢¨å£÷¤à®¤¨ ¬÷ç¨å ¯à®¡«¥¬. �®ªà¥¬ , æ¥ ¢¨§ ç¥ï
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