
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 42 { 52��� 551.511.001: 551.593�'����-�����ö��� ����ö� ������öø ������ö���ø�����ö����ø ����� � ���ö �����ö����ø ����ö�. �. ��� '���� �, �. �. ������� ��, �. �. �������� �� öáâ¨âãâ £÷¤à®¬¥å ÷ª¨ ��� �ªà ù¨, �¨ù¢�� öáâ¨âãâ ¯à®¡«¥¬ ¬ â¥¬ â¨ç¨å ¬ è¨ ÷ á¨áâ¥¬ ��� �ªà ù¨�¤¥à¦ ® 15.02.2000 � �¥à¥£«ïãâ® 05.01.2001�®á«÷¤¦¥® ®á®¡«¨¢®áâ÷ ¢'ï§ª®-¤¨äã§÷©®ù áâ ¤÷ù ¥¢®«îæ÷ù ¤¢®¢¨¬÷à®ù ¯¥à¥¬÷è ®ù ®¡« áâ÷ ¢ à÷¤¨÷ (¯«ï¬¨), ª®«¨¢®  § å®¤¨âìáï ¢ ¯®«÷ ¬®®åà®¬ â¨ç®ù ¢ãâà÷èì®ù å¢¨«÷ (��). �®¡ã¤®¢   ä÷§¨ª®-¬ â¥¬ â¨ç  ¬®¤¥«ì ¤«ï¢¨¯ ¤ªã ¬ ªá¨¬ «ì®£® ¢¯«¨¢ã ��   ¯«ï¬ã, ª®«¨ å à ªâ¥à¨© £®à¨§®â «ì¨© à®§¬÷à ¯«ï¬¨ § ç® ¬¥è¨© ¢÷¤¤®¢¦¨¨ ¢ãâà÷èì®ù å¢¨«÷. �¨ª® ÷ ç¨á¥«ì÷ à®§à åãª¨ ¤«ï è àã áª÷ç¥®ù â®¢é¨¨ «÷÷©®-áâà â¨ä÷ª®¢ ®ùà÷¤¨¨. �®ª § ®, é® § ¤®áâ â÷¬ áâã¯¥¥¬ â®ç®áâ÷ ¢¯«¨¢®¬ ��   ¥¢®«îæ÷î ¯¥à¥¬÷è ¨å ¯«ï¬ ¬®¦  §¥åâã¢ â¨.�áá«¥¤®¢ ë ®á®¡¥®áâ¨ ¢ï§ª®-¤¨ääã§¨®®© áâ ¤¨¨ í¢®«îæ¨¨ ¤¢ãå¬¥à®© ¯¥à¥¬¥è ®© ®¡« áâ¨ ¢ ¦¨¤ª®áâ¨(¯ïâ ), ª®£¤  ®   å®¤¨âáï ¢ ¯®«¥ ¬®®åà®¬ â¨ç¥áª®© ¢ãâà¥¥© ¢®«ë (��). �®áâà®¥  ä¨§¨ª®-¬ â¥¬ â¨ç¥áª ï¬®¤¥«ì ¤«ï á«ãç ï ¬ ªá¨¬ «ì®£® ¢«¨ï¨ï ��   ¯ïâ®, ª®£¤  å à ªâ¥àë© £®à¨§®â «ìë© à §¬¥à ¯ïâ  § ç¨-â¥«ì® ¬¥ìè¥ ¤«¨ë ¢ãâà¥¥© ¢®«ë. �ë¯®«¥ë ç¨á«¥ë¥ à áç¥âë ¤«ï á«®ï ª®¥ç®© â®«é¨ë «¨¥©®-áâà â¨ä¨æ¨à®¢ ®© ¦¨¤ª®áâ¨. �®ª § ®, çâ® á ¤®áâ â®ç®© áâ¥¯¥ìî â®ç®áâ¨ ¢«¨ï¨¥¬ ��   í¢®«îæ¨î ¯¥à¥-¬¥è ëå ¯ïâ¥ ¬®¦  ¯à¥¥¡à¥çì.Peculiarities of visco-di�usive stage of a two-dimensional mixed patch, when it is present in the �eld of a monochromeinternal wave (IW), have been studied. A physico-mathematical model has been plotted for the case of maximum e�ectof an IW on a patch when characteristic horizontal dimension of the patch is much less than the wawe length. Numericalcomputations have been done for a linear strati�ed uid lauer of �nite thickness. It has been shown that the e�ect of anIW on evolution of mixed patches may be neglected with su�cient degree of accuracy.������à®æ¥á¨ ®¡¬÷ã ¬ á ÷ ¥¥à£÷ù, ïª÷ ¯®áâ÷©® ¢÷¤-¡ã¢ îâìáï ¢ ¤÷ï«ì®¬ã è à÷ ¬®à÷¢ â  ®ª¥ ÷¢, ®¡ã-¬®¢«¥÷ àï¤®¬ ¬¥å ÷§¬÷¢ à÷§®ù ä÷§¨ç®ù ¯à¨à®¤¨.�¥à¥¤ ¨å ¢ ¦«¨¢¥ ¬÷áæ¥ § ©¬ õ ªàã¯®¬ áèâ ¡ â  ¤à÷¡®¬ áèâ ¡  âãà¡ã«¥â÷áâì [1, 2]. �ãà¡ã-«¥â¨© ®¡¬÷ ç áâ® ¯®¢'ï§ ¨© § ¥¢®«îæ÷õî âãà-¡ã«¥â¨å §®, ïª÷ ãâ¢®àîîâìáï ¯à¨ ¢âà â÷ áâ÷©-ª®áâ÷ àãåã ¬®àáìª®£® á¥à¥¤®¢¨é . �«÷¤ ¢÷¤¬÷â¨-â¨, é® âãà¡ã«¥â÷áâì ¢ ®ª¥ ÷, §  ¢¨ïâª®¬ ¯¥-à¥¬÷è ®£® ¯à¨¯®¢¥àå¥¢®£® è àã â  ¯à¨¤®®£®¯®£à ¨ç®£® è àã, ¬ õ ïáªà ¢® ¢¨à ¦¥¨© ¯¥-à¥¬÷¦¨© å à ªâ¥à, â®¡â® ÷áãõ ã ¢¨£«ï¤÷ «®ª «÷§®-¢ ¨å ®¡« áâ¥© (¯«ï¬) à÷§¨å ¬ áèâ ¡÷¢ [1, 3]. �®-¬ã ¯à®æ¥á¨ ®¡¬÷ã, ®¡ã¬®¢«¥÷ â ª¨¬¨ ®¡« áâï¬¨,¯à¥¤áâ ¢«ïîâì ÷â¥à¥á ¯à¨ ¢¨¢ç¥÷ ¤÷ï«ì®£® è -àã ®ª¥ ã.�  ¯à®âï§÷ ¢áì®£® ¯¥à÷®¤ã á¢®õù ¥¢®«îæ÷ù âãà-¡ã«¥â  ¯«ï¬  ¢ áâà â¨ä÷ª®¢ ®¬ã á¥à¥¤®¢¨é÷ õ®¡« áâî, ¤¥ à®§¯®¤÷« £ãáâ¨¨ ¢÷¤¬÷¨© ¢÷¤ â®£®,é® ¬ õ ¬÷áæ¥ §®¢÷ ¢÷¤ ¥ù. �à¨ ¯à®å®¤¦¥÷ ç¥-à¥§ â ªã ®¡« áâì ¢ãâà÷è÷å å¢¨«ì, ïª÷ § ¢¦¤¨¯à¨áãâ÷ ¢ ®ª¥ ÷, ¢®  áâ õ ¤¦¥à¥«®¬ ùå à®§á÷ï-ï ÷ ãâ¢®à¥ï ¯®«ï à®§á÷ï¨å å¢¨«ì. � â®© á -¬¨© ç á, ¯à®å®¤¦¥ï ç¥à¥§ âãà¡ã«¥âã ¯«ï¬ã¢ãâà÷èì®ù å¢¨«÷ ®§ ç õ ¯¥à÷®¤¨çã §¬÷÷áâì ¢ç á÷ å à ªâ¥àã §®¢÷èì®ù ¤® ¯«ï¬¨ áâà â¨ä÷ª æ÷ù

â  ¯®«ï è¢¨¤ª®áâ÷ á¥à¥¤®¢¨é , é®, ¢ á¢®î ç¥à£ã,¢¯«¨¢ õ   å à ªâ¥à ¥¢®«îæ÷ù â ª®ù ¯«ï¬¨. �¨ââïâãà¡ã«¥â®ù ¯«ï¬¨ § ¬®¬¥âã ùù ¢¨¨ª¥ï áª« -¤ õâìáï § ¤¥ª÷«ìª®å å à ªâ¥à¨å áâ ¤÷© { ¯®ç â-ª®¢®ù, ª®«¨ ¢÷¤¡ã¢ õâìáï ¯ ¤÷ï ç áâ¨®ª à÷¤¨¨¢á¥à¥¤¨÷ ¯«ï¬¨   á¢÷© à÷¢®¢ £®¢¨© à÷¢¥ì ÷ à®§-â÷ª ï ¢ £®à¨§®â «ì®¬ã  ¯àï¬÷, ¯à®¬÷¦®ù,ª®«¨ á¨«¨ ¯« ¢ãç®áâ÷ ¢à÷¢®¢ ¦ãîâìáï ¢ ®á®¢®-¬ã á¨« ¬¨ ÷¥àæ÷ù ÷ ¢ ¤¥ïª÷© ¬÷à÷ ¢¨¯à®¬÷î¢ ï¬��, ¢'ï§ª®ù, ª®«¨ á¨«¨ ¯« ¢ãç®áâ÷ §à÷¢®¢ ¦ãîâì-áï á¨« ¬¨ ¢'ï§ª®áâ÷, ÷ ¢'ï§ª®-¤¨äã§÷©®ù, ª®«¨ ¥ä¥ª-â¨ ¬®«¥ªã«ïà®ù ¤¨äã§÷ù áâ îâì á¯÷¢¢¨¬÷à¨¬¨ §¥ä¥ªâ ¬¨ ¯« ¢ãç®áâ÷ â  ¢'ï§ª®áâ÷.� ©¡÷«ìè æ÷ª ¢®î § â®çª¨ §®àã ¤®á«÷¤¦¥ï ¢ª -§ ®ù ¢§ õ¬®¤÷ù ¯«ï¬¨ â  �� ¢¨ï¢«ïõâìáï ¢'ï§ª®-¤¨äã§÷©  áâ ¤÷ï ¥¢®«îæ÷ù ¯«ï¬¨, ®áª÷«ìª¨ ¢® õ  ©¡÷«ìè âà¨¢ «®î ¢ ç á÷ § å à ªâ¥à¨¬ ¬ á-èâ ¡®¬ 102 � 104 á. �á®¡«¨¢÷áâì æ÷õù áâ ¤÷ù ¯®«ï-£ïõ ¢ « ¬÷ à®¬ã à¥¦¨¬÷ àãåã ¢á¥à¥¤¨÷ ¯«ï¬¨.�÷¤®è¥ï å à ªâ¥à®ù â®¢é¨¨ lv ¯«ï¬¨ ¤® ùù£®à¨§®â «ì®£® à®§¬÷àã lH áâ ®¢¨âì ¢¥«¨ç¨ãlv=lH = � � 10�2: �à¨ æì®¬ã å à ªâ¥à÷ § ç¥ïâ®¢é¨ ¯«ï¬ áª« ¤ îâì ¢¥«¨ç¨ã ¤¥áïâª÷¢ á â¨-¬¥âà÷¢ - ¬¥âà÷¢ [3].�áª÷«ìª¨ ¯à®æ¥á¨ ¥¢®«îæ÷ù ¯«ï¬ â  à®§á÷ï-ï �� ¢÷¤¡ã¢ îâìáï ®¤®ç á®, ÷áãõ ¥®¡å÷¤-÷áâì ®æ÷ª¨ ¢¯«¨¢ã ®¡ã¬®¢«¥¨å �� ¯¥à÷®¤¨ç®-§¬÷¨å ã ç á÷ áâàãªâãà¨ â  å à ªâ¥àã àãåã §®¢-42 c �. �. �ãª'ï®¢, �. �. � ¤¥à¨ç. �. �. �â¥æ¥ª®, 2001



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 42 { 52÷èì®£® ¤® ¯«ï¬¨ á¥à¥¤®¢¨é    ùù ¥¢®«îæ÷î.� ª ®æ÷ª  õ ¥®¡å÷¤®î ¤«ï ª®à¥ªâ®ù ¯®áâ ®¢ª¨ § -¤ ç à®§á÷ïï ��   â ª®£® à®¤ã ¥®¤®à÷¤®áâïåá¥à¥¤®¢¨é .�à®æ¥á¨ à®§á÷ïï «÷÷©¨å ��   ®¡« áâïå ¥-®¤®à÷¤®áâ¥© £ãáâ¨¨, ¤® ïª¨å  «¥¦¨âì â ª®¦ª« á ¯¥à¥¬÷è ¨å ¯«ï¬  ¡® ùå  á ¬¡«÷¢, à®§£«ï¤ -«¨áï ¢ à®¡®â å [4-9]. �á®¡«¨¢÷áâî æ¨å ¤®á«÷¤¦¥ìõ ¯à¨©ïââï "§ ¬®à®¦¥®áâ÷" ¢ ç á÷ áâàãªâãà¨¥®¤®à÷¤®áâ¥© £ãáâ¨¨ ¢á¥à¥¤¨÷ ¯«ï¬¨, é® ¥¢÷¤¯®¢÷¤ õ ¤÷©á®áâ÷ ÷ â®¬ã áâ õ ¥¤®«÷ª®¬ â ª¨å¬®¤¥«¥©. �®á«÷¤¦¥ï ¢« á¥ ¥¢®«îæ÷ù ¯¥à¥¬÷è -¨å âãà¡ã«¥â¨å ¯«ï¬ ã áâ÷©ª® áâà â¨ä÷ª®¢ -®¬ã á¥à¥¤®¢¨é÷ ¯à¥¤áâ ¢«¥® ¤®áâ âì® ®¡è¨à-®î ¡÷¡«÷®£à ä÷õî. �¥â «ì¨©   «÷§ ä÷§¨ª¨ æì®-£® ï¢¨é , ¤®á«÷¤¦¥ï à÷§¨å ©®£® áâ ¤÷© ¢¨-ª® ® ¢ [3]. � ®áâ ÷å ¤®á«÷¤¦¥ì á«÷¤ ¢÷¤-¬÷â¨â¨ à®¡®âã [10], ¤¥ ¢ «÷÷©®¬ã  ¡«¨¦¥÷ ¢õ¤¨÷© ¯®áâ ®¢æ÷ ¢¨ª® ÷ à®§à åãª¨ ¯à®æ¥áã¥¢®«îæ÷ù ¯¥à¥¬÷è ®ù ¯«ï¬¨ ¯à®âï£®¬ ¤¢®å áâ ¤÷©- ¢'ï§ª®ù â  ¢'ï§ª®-¤¨äã§÷©®ù. � ®¤¥à¦ ¨å à¥-§ã«ìâ â÷¢ ¢¨¯«¨¢ õ, é® å à ªâ¥à¨¬ ¬ áèâ ¡®¬ç áã ¢'ï§ª®-¤¨äã§÷©®ù áâ ¤÷ù ¥¢®«îæ÷ù õ ¢¥«¨ç¨ Ti = �l�2v N�2��2, ¤¥ � { ª÷¥¬ â¨ç  ¢'ï§ª÷áâì á¥-à¥¤®¢¨é ; N { ç áâ®â  �'ï©áï«ï-�à¥â . �÷¤®-è¥ï æì®£® ¬ áèâ ¡ã ç áã ¤® å à ªâ¥à®£® ¬ á-èâ ¡ã ç áã �� Tw, ïª¨© õ ¢¥«¨ç¨®î � 102, ¬®¦¥áâ ®¢¨â¨ ¢¥«¨ç¨ã �1 = Ti=Tw � 1 � 100: �¤¥à-¦ ÷ ¢ [4-9] à¥§ã«ìâ â¨ ¥ ¬÷áâïâì å à ªâ¥à®£®Ti. �¤ ª ¯à¨¯ãé¥ï "§ ¬®à®¦¥®áâ÷" áâàãª-âãà¨ ¢á¥à¥¤¨÷ ¯«ï¬¨ â  ¥§¬÷®áâ÷ ùù £¥®¬¥âà÷ùä÷§¨ç® ¢÷¤¯®¢÷¤ õ § ç¥î Ti = 1. �®¬ã ¢ª -§ ÷ à¥§ã«ìâ â¨ «¨è¥ ïª÷á® ®¯¨áãîâì ¯®«¥ à®§á÷ï-¨å ��   ¯«ï¬ å ¤«ï á¨âã æ÷© à¥ «ì®£® ®ª¥ ã§ �1 � 1.� à ªâ¥à ¢§ õ¬®¤÷ù ¯¥à¥¬÷è ®ù ¯«ï¬¨ â  ¢ã-âà÷èì®ù å¢¨«÷ ¢¨§ ç õâìáï á¯÷¢¢÷¤®è¥ï¬ å -à ªâ¥à¨å «÷÷©¨å â  ç á®¢¨å ¬ áèâ ¡÷¢ å¢¨«÷ ©¯«ï¬¨, áâã¯¥¥¬ ¯¥à¥¬÷è ®áâ÷ á¥à¥¤®¢¨é  ¢á¥à¥-¤¨÷ ¯«ï¬¨ â  ¯ à ¬¥âà ¬¨ áâà â¨ä÷ª æ÷ù á¥à¥¤®-¢¨é . �¢ ¦ îç¨   ¢÷¤áãâ÷áâì à¥§® á¨å à¥-¦¨¬÷¢ ¯à¨ ¢§ õ¬®¤÷ù �� § ¯«ï¬®î (¥âàã§÷©¨©¯à®æ¥á ¥ õ ¯¥à÷®¤¨ç¨¬), ¢ ¤ ®£® à®¤ã § ¤ ç å¬ îâì ¬÷áæ¥ âà¨ å à ªâ¥à÷ á¨âã æ÷ù, ïª÷ ¢¨§ ç -îâìáï ¢÷¤®è¥ï¬ å à ªâ¥à¨å à®§¬÷à÷¢ ¯«ï¬¨ lv÷ lH â  å¢¨«÷ lw:1. lv � lH � lw 2. lv � lH � lw3. lv � lw � lH� ¯¥àè®¬ã ¢¨¯ ¤ªã ¬ õ ¬÷áæ¥ ¬ ªá¨¬ «ì¨© ¥ä¥ªâ¢¯«¨¢ã ��   ¥¢®«îæ÷î ¯«ï¬¨, ®áª÷«ìª¨ §÷ §¬¥-è¥ï¬ ¤®¢¦¨¨ ��  à®áâ õ ¢¯«¨¢ ¥ä¥ªâã ®¤-®ç á®ù ¯à¨áãâ®áâ÷ ¢ ¬¥¦ å ¯«ï¬¨ ª÷¥¬ â¨ç-®ù (¯®«¥ è¢¨¤ª®áâ÷) â  ¤¨ ¬÷ç®ù (¯®«¥ áâà -

â¨ä÷ª æ÷ù) ¤÷ù (§÷ áâ®à®¨ ��   ¯«ï¬ã) ¯à®â¨«¥¦-¨å § ª÷¢. � á¨«ã ¬ «®áâ÷ à®§¬÷à÷¢ ¯«ï¬¨ ¯®à÷¢-ï® § ¤®¢¦¨®î  ¡÷£ îç®ù ��, à®§á÷î¢ ï¬®áâ ì®ù ¬®¦  §¥åâã¢ â¨. �â¦¥, ¢ á¨âã æ÷ù 1¬ õ ¬÷áæ¥ ®¤®áâ®à®÷© ¬ ªá¨¬ «ì¨© ¢¯«¨¢ ��  ¯«ï¬ã. � ¤àã£®¬ã ¢¨¯ ¤ªã ¢¯«¨¢ ��   ¯«ï¬ã,§£÷¤® ¢¨é¥áª § ®£®, § ç® ¬¥è¨©, ®¤ ª ¥¢®-«îæ÷ï á ¬®ù ¯«ï¬¨ ¢¦¥ ÷áâ®â® ¢¯«¨¢ õ   ä®à-¬ã¢ ï à®§á÷ï®ù å¢¨«÷, ¯à¨ç®¬ã å à ªâ¥à ä®à-¬ã¢ ï ¯®«ï æ¨å å¢¨«ì ¢¨§ ç õâìáï ¢¥«¨ç¨®î¯ à ¬¥âà  �1. �®¬ã âãâ á«÷¤ ®ªà¥¬® à®§£«ï¤ â¨á¨âã æ÷ù �1 � 1 ÷ �1 � 1. � ª÷¥æì, ã âà¥âì®¬ã ¢¨-¯ ¤ªã ¢¯«¨¢®¬ ��   ¥¢®«îæ÷î ¯«ï¬¨ ¬®¦  §¥å-âã¢ â¨. �ãâ ¬ õ ¬÷áæ¥ âà áä®à¬ æ÷ï  ¡÷£ îç®ù��   ¯«ï¬÷, é® ¢÷¤¯®¢÷¤ õ á¨âã æ÷ù ¬ ªá¨¬ «ì®-£® ¢¯«¨¢ã ¯«ï¬¨   å¢¨«î. � ¬¥ â ª¨© ¢¨¯ ¤®ª¢§ õ¬®¤÷ù à®§£«ïãâ® ¢ à®¡®â÷ [9].� ¤ ÷© à®¡®â÷ à®§£«ï¤ õâìáï ¯¥àè  á¨âã æ÷ï§ ¬¥â®î ®æ÷ª¨ ¬ ªá¨¬ «ì®£® ¢¯«¨¢ã ¬®®åà®-¬ â¨ç®ù ��   ¥¢®«îæ÷î ¯¥à¥¬÷è ®ù ¯«ï¬¨  ùù ¢'ï§ª®-¤¨äã§÷©÷© áâ ¤÷ù. �®á«÷¤¦ã¢   ¯«ï¬ § å®¤¨âìáï ¢ è à÷ áª÷ç¥®ù â®¢é¨¨ «÷÷©®-áâà â¨ä÷ª®¢ ®ù à÷¤¨¨ § N = const.1. ����������� �����������������ö�¨áâ¥¬  à÷¢ïì, ïª  ®¯¨áãõ ¤¨ ¬÷ªã ¤¢®¢¨¬÷à-®ù ¯«ï¬¨   ¢'ï§ª÷© â  ¢'ï§ª®-¤¨äã§÷©÷© áâ ¤÷ù¢ ¯®«÷ ��, áª« ¤ õâìáï § à÷¢ïì � ¢'õ-�â®ªá  ¢ ¡«¨¦¥÷ �ãá¨¥áª , à÷¢ïï ¥à®§à¨¢®áâ÷ â à÷¢ïï ¯« ¢ãç®áâ÷:@u@t +u@u@x+w@u@z = � 1�0 @p@x+��@2u@x2 + @2u@z2� ; (1)@w@t + u@w@x +w@w@z == � 1�0 @p@z + b + ��@2w@x2 + @2w@z2 � ; (2)@u@x + @w@z = 0; (3)@b@t + u @b@x + w@b@z + N2w = �� @2b@x2 + @2b@z2� : (4)�ãâ u; w { ¯®§¤®¢¦ï ÷ ¢¥àâ¨ª «ì  áª« ¤®¢÷ §¡ã-à¥®ù è¢¨¤ª®áâ÷; p; b = �g(� � ��)=�� { ¢÷¤å¨«¥ïâ¨áªã ÷ ¯« ¢ãç®áâ÷ ¢÷¤ ¥§¡ãà¥¨å ¢¥«¨ç¨ �p ÷ �b; �{ £ãáâ¨ ; �� { ¥§¡ãà¥  £ãáâ¨ , ïª  ¢ ¤ ®¬ã ¢¨-¯ ¤ªã ®¯¨áãõâìáï «÷÷©®î äãªæ÷õî ª®®à¤¨ â¨z (§ «¥¦¨âì ¢÷¤ â¥¬¯¥à âãà¨  ¡® á®«®®áâ÷); �0 {¤¥ïª¥ å à ªâ¥à¥ § ç¥ï £ãáâ¨¨; N2 = @�b=@z�. �. �ãª'ï®¢, �. �. � ¤¥à¨ç. �. �. �â¥æ¥ª® 43



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 42 { 52{ ç áâ®â  �'ï©áï«ï-�à¥â ; � { ª®¥ä÷æ÷õâ ª÷¥-¬ â¨ç®ù ¢'ï§ª®áâ÷; � { ª®¥ä÷æ÷õâ â¥¬¯¥à âãà®-¯à®¢÷¤®áâ÷  ¡® ¤¨äã§÷ù á®«÷.� ¤ ÷© § ¤ ç÷ ¢§ õ¬®¤÷îâì ¤¢  â¨¯¨ à÷§®¬ á-èâ ¡¨å àãå÷¢ - å¢¨«ì®¢¨© â  ÷âàã§÷©¨© (¥¢®-«îæ÷ï è à®¢¨å áâàãªâãà - ¯«ï¬). �ãâà÷è÷ å¢¨«÷¬®¦  ¢¨¤÷«¨â¨ ã ¯à¨¯ãé¥÷ ÷§®âà®¯®áâ÷ ¢¥à-â¨ª «ì®£® lwv ÷ £®à¨§®â «ì®£® lwH ¬ áèâ ¡÷¢(lwv = lwH = lg), § å à ªâ¥à¨¬ ¬ áèâ ¡®¬è¢¨¤ª®áâ÷ Vg, å à ªâ¥à¨¬ ¬ áèâ ¡®¬ ç áã N�1;¬ áèâ ¡®¬ â¨áªã �VgNlg ÷ ¬ áèâ ¡®¬ ¯« ¢ãç®áâ÷VgN . �®¤÷ ¢÷¤¯®¢÷¤  ®¡¥§à®§¬÷à¥  á¨áâ¥¬  à÷¢-ïì (1) { (4) ¬ õ ¢¨£«ï¤@u@t + Fg�u@u@x +w@u@z� = �@p@x++Re�1�@2u@x2 + @2u@z2� ; (5)@w@t + Fg�u@w@x +w@w@z � = �@p@z++b+ Re�1�@2w@x2 + @2w@z2 � ; (6)@u@x + @w@z = 0; (7)@b@t + Fg�u @b@x + w@b@z�+ w == (RePr)�1� @2b@x2 + @2b@z2� : (8)�ãâ Fg = Vg=Nlg { ç¨á«® �àã¤ ; Re = Vglg=� {ç¨á«® �¥©®«ì¤á ; Pr = �=� { ç¨á«® �à ¤â«ï.�«ï Fg� 1 ÷ Re� 1 á¨áâ¥¬  (5) { (8) á¯à®éãõâìáï¤® ¢¨£«ï¤ã @u@t + @p@x = 0; (9)@w@t + @p@z � b = 0; (10)@u@x + @w@z = 0; (11)@b@t + w = 0: (12)�¢®«îæ÷ï è à®¢¨å áâàãªâãà (¯«ï¬) ¢÷¤¡ã¢ õâìáï§  ã¬®¢¨ á¨«ì®ù  ÷§®âà®¯÷ù (� � 1) ÷ ¯à¨ ¬ «¨åç¨á« å F = VH=NlH , ¯à¨ æì®¬ã ¢¨§ ç «ì¨¬¨¤«ï æ¨å ¯à®æ¥á÷¢ õ ¡ « á ¯« ¢ãç®áâ÷ © ¢'ï§ª®áâ÷.�ªé® ¢¢¥áâ¨ å à ªâ¥à÷ ¬ áèâ ¡¨: ¤«ï £®à¨§®-â «ì®ù ª®®à¤¨ â¨ { lH ; ¤«ï ¢¥àâ¨ª «ì®ù ª®®à-¤¨ â¨ { lv; ¤«ï ç áã { �l�2v N�2��2; ¤«ï â¨áªã {�0�VH l�1H �2�; ¤«ï £®à¨§®â «ì®ù è¢¨¤ª®áâ÷ { VH ;¤«ï ¢¥àâ¨ª «ì®ù è¢¨¤ª®áâ÷ { VH�, ¤«ï ¯« ¢ãç®áâ÷

- �VH l�2v ��1, ¤¥ ¯ à ¬¥âà � = �VH l�3v ��1 å à ª-â¥à¨§ãõ ¬÷àã ¯¥à¥¬÷è ®áâ÷ ¢á¥à¥¤¨÷ ¯«ï¬¨, â®á¨áâ¥¬  (1) { (4)  ¡¨à õ ¢¨£«ï¤ãF 2 ���2 @u@t + ��1�u@u@x + w@u@z�� = �@p@x++�2 @2u@x2 + @2u@z2 ; (13)�F 2 ���2 @w@t + ��1 �u@w@x + w@w@z �� = �@p@z++b + �2 @2w@x2 + @2w@z2 ; (14)@u@x + @w@z = 0; (15)@b@t + ��u @b@x + w@b@z�+w == ���2 @2b@x2 + @2b@z2� : (16)� à ¬¥âà � = ��l2HN�2l�6v å à ªâ¥à¨§ãõ á¯÷¢¢÷¤-®è¥ï ¬÷¦ ¥ä¥ªâ ¬¨ ¢'ï§ª®áâ÷, ¤¨äã§÷ù â  á¨« -¬¨ ¯« ¢ãç®áâ÷.�«ï ¢¨¯ ¤ªã F � 1; � � 1 ¬ õ¬® á¨áâ¥¬ã à÷¢-ïì, ïª  ®¯¨áãõ ¥¢®«îæ÷î ¯«ï¬¨   ùù ¢'ï§ª®-¤¨äã§÷©÷© áâ ¤÷ù [11]:@p@x � @2u@z2 = 0; (17)@p@z � b = 0; (18)@u@x + @w@z = 0; (19)@b@t + ��u @b@x + w@b@z�+w = � @2b@z2 : (20)�ª ¢¨¤®, ¢ ¤ ÷© § ¤ ç÷ ¢ª« ¤®¬ £®à¨§®â «ì®ù¤¨äã§÷ù ¬®¦  §¥åâã¢ â¨.� ¢¨£«ï¤ã á¨áâ¥¬ à÷¢ïì (9) { (12) â  (17) {(20) ¢¨¯«¨¢ õ, é®  ¡«¨¦¥  á¨áâ¥¬  à÷¢ïì, ïª ®¯¨áãõ ®¤®ç á® ÷ àãå ¢ ¯®«÷ ��, ÷ ¥¢®«îæ÷î ¯«ï-¬¨   ¢'ï§ª®-¤¨äã§÷©÷© áâ ¤÷ù, ¢ à®§¬÷à÷© ä®à¬÷¯à¥¤áâ ¢«ïõ á®¡®î "ãà÷§ ¨© ¢ à÷ â" á¨áâ¥¬¨ (1){ (4): @u@t + 1�0 @p@x � � @2u@z2 = 0; (21)@w@t + 1�0 @p@z � b = 0; (22)@u@x + @w@z = 0; (23)44 �. �. �ãª'ï®¢, �. �. � ¤¥à¨ç. �. �. �â¥æ¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 42 { 52@b@t + u @b@x +w @b@z +N2w = �@2b@z2 : (24)�ï á¨áâ¥¬  ¢ª«îç õ à÷§®¬ áèâ ¡÷ áª« ¤®¢÷ ïª÷âàã§÷©®£® [10], â ª ÷ å¢¨«ì®¢®£® [11] ¯à®æ¥á÷¢.�÷á«ï ¢÷¤¯®¢÷¤®£® ¬ áèâ ¡ã¢ ï ç«¥÷¢ à÷¢ïì÷ ®æ÷ª¨ ùå ¢÷¤®á®£® ¯®àï¤ªã ¢¥«¨ç¨¨ § ¥ù ¢¨-¯«¨¢ õ á¨áâ¥¬  (9) { (11) ¤«ï å¢¨«ì®¢®£® àãåã â á¨áâ¥¬  (17) { (20) ¤«ï ÷âàã§÷©®£® àãåã. � -¬¥ á¨áâ¥¬  (21) { (24) ¡ã¤¥ ¯à¥¤¬¥â®¬ ¯®¤ «ìè®£®  «÷§ã.�ãª ¨© à®§¢'ï§®ª ¯à¥¤áâ ¢«ïõâìáï ã ¢¨£«ï¤÷áã¬¨ å¢¨«ì®¢®£® â  ÷âàã§÷©®£® áª« ¤®¢¨å:u = ui + uw; w = wi + ww;p = pi + pw; b = bi + bw; (25)¤¥ ÷¤¥ªá "i" ¢ª §ãõ   ÷âàã§÷©ã ¯à¨à®¤ã àãåã,  "w" {   å¢¨«ì®¢ã. �¢¨«ì®¢  áª« ¤®¢  ¢¢ ¦ õâìáï§ ¤ ®î, é® ïªà § ÷ ¢÷¤¯®¢÷¤ õ ¢¨¯ ¤ªã ®¤®áâ®-à®ì®£® ¢¯«¨¢ã ��   ¥¢®«îæ÷î ¯«ï¬¨.�à¨ ¯à®å®¤¦¥÷ ¢ãâà÷èì®ù å¢¨«÷ æ¥âà ¯«ï-¬¨ (x0; z0) ¡ã¤¥ ®¯¨áã¢ â¨ ¯¥¢ã âà õªâ®à÷î, é®¢¨§ ç õâìáï áª« ¤®¢¨¬¨ è¢¨¤ª®áâ÷ å¢¨«ì®¢®£®¯à®æ¥áã uw0(x0; z0; t) â  ww0(x0; z0; t) ¢ æ÷© â®çæ÷.�®«¥ å¢¨«ì®¢®ù áª« ¤®¢®ù è¢¨¤ª®áâ÷ ¢ ®¡« áâ÷ ¯«ï-¬¨ ¬®¦¥ ¡ãâ¨ ¯à¥¤áâ ¢«¥¥ ïªuw(x; z; t) = uw0(x0; z0; t) + uw�(x; z; t) ;ww(x; z; t) = ww0(x0; z0; t) + ww�(x; z; t): (26)�ªé® ¯¥à¥©â¨ ¢ àãå®¬ã á¨áâ¥¬ã ª®®à¤¨ â § ¯®-ç âª®¬ ª®®à¤¨ â ¢ æ¥âà÷ ¯«ï¬¨, â® ¯÷á«ï ¯÷¤áâ -®¢ª¨ (25) ã á¨áâ¥¬ã (21) { (24), ¢à å®¢ãîç¨ (26)â  ¢¨£«ï¤ à÷¢ïì å¢¨«ì®¢®£® àãåã (9) { (12), ®¤¥à-¦¨¬® ¯÷á«ï ¯¥à¥å®¤ã ¤® ÷âàã§÷©¨å ¬ áèâ ¡÷¢ á¨-áâ¥¬ã à÷¢ïì, ïª  áª« ¤ õâìáï § à÷¢ïì (17) {(19) â  à÷¢ïï ¤«ï ¯« ¢ãç®áâ÷ ã ä®à¬÷@bi@t + �(ui @bi@x +wi @bi@z + ui @bw@x + wi@bw@z ++uw� @bi@x +ww� @bi@z ) +wi = �@2bi@z2 : (27)� ¤ ®¬ã ¤®á«÷¤¦¥÷ à®§£«ï¤ õâìáï è à áª÷-ç¥®ù â®¢é¨¨ H «÷÷©®-áâà â¨ä÷ª®¢ ®ù à÷¤¨¨§ N = const, ¢ ïª®¬ã ¯¥à¥¬÷è   ¯«ï¬  ¬÷áâ¨âìáï  £®à¨§®â÷, ¤®áâ âì® ¢÷¤¤ «¥®¬ã ¢÷¤ £à ¨æì®¡« áâ÷, é®¡ ¬®¦  ¡ã«® §¥åâã¢ â¨ ùå ¢¯«¨¢®¬  ¥¢®«îæ÷î ¯«ï¬¨. �¨áâ¥¬  ª®®à¤¨ â ¢¨¡à  â ª, é® ùù ¯®ç â®ª § å®¤¨âìáï   ¢¥àå÷© £à ¨æ÷®¡« áâ÷ à÷¤¨¨, ¢÷áì z  ¯àï¬«¥  ¢£®àã ÷ ª®®à¤¨- â  x0 = 0. �ãâà÷èï å¢¨«ï, ïª  ¯®è¨àîõâìáï¢ ¤®¤ âì®¬ã  ¯àï¬ªã ¢÷á÷ x, § ¤ õâìáï ã ¢¨£«ï¤÷�w = afn(z; k) cos[kx� !n(k)t] ;

bw = �afn(z; k) cos[kx� !n(k)t] ;uw� = a!nk f 0nfcos[kx� !n(k)t]� cos[!n(k)t]g ;ww� = a!n(k)fnfsin[kx� !n(k)t] + sin[!n(k)]g:�ãâ �w { ¢¥«¨ç¨  ¢¥àâ¨ª «ì®£® §¬÷é¥ï ç áâ¨-®ª à÷¤¨¨; fn(z; k) { ¢« á  äãªæ÷ï ¢÷¤¯®¢÷¤®ù«÷÷©®ù ªà ©®¢®ù § ¤ ç÷ ¤«ï ��   ¢« á÷ § ç¥-ï; k { å¢¨«ì®¢¥ ç¨á«®  ¡÷£ îç®ù å¢¨«÷; a {  ¬-¯«÷âã¤¨© ¬®¦¨ª, n { ®¬¥à å¢¨«ì®¢®ù ¬®¤¨ ��;!n(k) { ç áâ®â  ��, ïª  ¢¨§ ç õâìáï ¤«ï § ¤ ®-£® k ã ¢÷¤¯®¢÷¤®áâ÷ § ¤¨á¯¥àá÷©¨¬ á¯÷¢¢÷¤®è¥-ï¬.�ªé® § ¬¥â®î á¯à®é¥ï § ¬÷¨â¨ ¢¥àåî£à ¨æî à÷¤¨¨ ¥àãå®¬®î áâ÷ª®î ( ¡«¨¦¥ï"â¢¥à¤®ù áâ÷ª¨"), â® ¯à¨ § ¤ ù© áâà â¨ä÷ª æ÷ù¤«ï ¬®®åà®¬ â¨ç¨å å¢¨«ì [11]fn(z; k) = sin��nzH � ; !n(k) = k[(�n)2 + k2]1=2 :�ªé® ¢ á¨áâ¥¬÷ à÷¢ïì ÷âàã§÷©®£® àãåã ¢¢¥-áâ¨ ¤® à®§£«ï¤ã ¤®¯®¬÷¦ã äãªæ÷î Q, â ªã, é®pi = @3Q@z3 ; bi = @4Q@z4 ; ui = @2Q@x@z ;wi = �@2Q@x2 ; (28)â® ¢®  §¢®¤¨âìáï ¤® ®¤®£® à÷¢ïï ¢÷¤®á® Q[10]. �à å®¢ãîç¨ (27) { (29) â  ¯ à ¬¥âà¨  ¡÷£ -îç®ù å¢¨«÷, æ¥ à÷¢ïï ¢ ÷âàã§÷©¨å ¬ áèâ ¡ å ¡¨à õ ¢¨£«ï¤ã@5Q@t@z4 +A sin(k�2x� !n��11 t) @2Q@x@z � [1��B cos(k�2x� !n��11 t)]@2Q@x2 ++C[cos(k�2x� !n��11 t)� cos(!n��11 t)] @5Q@x@z4++D[sin(k�2x� !n��11 t) + sin(!n��11 t)]@5Q@z5 == �@6Q@z6 � �� @2Q@x@z @5Q@x@z4 � @2Q@x2 @5Q@z5 � ; (29)¤¥ A = ak��1fn(zo; k); B = af 0n(zo; k) ;C = a!nk�1(�1�2)�1f 0n(zo; k) ;D = a(��1�2)�1!nfn(zo; k);�1 = Tw=Ti = l2vN�2=�; �2 = lH=H:� ¢à åã¢ ï¬ ¬ «®áâ÷ lv â  ã¬®¢¨ ¤®áâ âì®¢÷¤¤ «¥®£® ¢÷¤ £à ¨æ÷ á¥à¥¤®¢¨é  § å®¤¦¥ï�. �. �ãª'ï®¢, �. �. � ¤¥à¨ç. �. �. �â¥æ¥ª® 45



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 42 { 52¯«ï¬¨ ¯®ç âª®¢  ÷ £à ¨ç÷ ã¬®¢¨ § ¤ ç÷ ¯à¨©¬ -îâìáï   «®£÷ç¨¬¨ ¢¨¯ ¤ªã ¥áª÷ç¥®£® á¥à¥¤®-¢¨é : ui; wi; pi; bi ! 0 (30)¯à¨ [(x� x0)2 + (z � z0)2] 12 !1 ;b0(t; x; z) = bi0(x; z) ¯à¨ t = 0: (31)� ¢¨§ ç¥÷ ¤®¯®¬÷¦®ù äãªæ÷î Q ¯®ç âª®¢ ã¬®¢  (31)  ¡¨à õ ¢¨£«ï¤ã@4Q@z4 = bi0(x; z): (32)�¨¡÷à äãªæ÷ù bi0(x; z) ¯®¢¨¥ § ¤®¢®«ìïâ¨ ã¬®-¢ã ã§£®¤¦¥ï § à÷¢ïï¬ ¤«ï Q-äãªæ÷ù, ¯à¨æì®¬ã ¢á÷ ¯®å÷¤÷ ¢÷¤ Q-äãªæ÷ù ã à÷¢ï÷ (29) ¯®-¢¨÷ ¡ãâ¨ ¥¯¥à¥à¢¨¬¨.2. ������������ ���������'�������� �����ö�¨á®ª¨© ¯®àï¤®ª ¥«÷÷©®£® à÷¢ïï (29) â ¯®ç âª®¢  ã¬®¢  (31) ¤«ï à®§¢'ï§ ï ¯®âà¥¡ãîâì¢¨ª®à¨áâ ï ¤®áâ âì® ¥ä¥ªâ¨¢¨å ¬¥â®¤÷¢. �¤-¨¬ § â ª¨å õ á¯¥ªâà «ì¨© ¬¥â®¤, ª®«¨ ¬ õ ¬÷áæ¥¢÷¤¬®¢  ¢÷¤ ¢¨ª® ï £à ¨ç®ù ã¬®¢¨   ¥áª÷-ç¥®áâ÷ â  § ¬÷  ùù   ã¬®¢¨ ¯¥à÷®¤¨ç®áâ÷. �«ïà®§£«ï¥®£® â¨¯ã § ¤ ç æ¥© ¬¥â®¤ § áâ®á®¢ã¢ ¢-áï ¢ à®¡®â å [12, 13]. �£÷¤® ã¬®¢ ¯¥à÷®¤¨ç®áâ÷Q(x+ 2lx; z; t) = Q(x; z; t);Q(x; z + 2lz; t) = Q(x; z; t): (33)� ¢÷¤¯®¢÷¤®áâ÷ §i á¯¥ªâà «ì¨¬ ¬¥â®¤®¬ à®-§¢'ï§®ª § ¤ ç÷ (29) { (32) ¤«ï Q(x; z; t) § å®¤¨âìáïã ¢¨£«ï¤÷ (s = 1; 2)Q = NXn1=�N NXn2=�N T (ns; t)exp[i�(n1xx+ n2zz)] ;(34)¤¥ n1x = n1=lx; n2z = n2=lz.�÷¤áâ ¢«ïîç¨ ¯à¥¤áâ ¢«¥ï (34) ã à÷¢ïï(29), ®âà¨¬ãõ¬® á¨áâ¥¬ã §¢¨ç ©¨å ¤¨ä¥à¥æ÷ «ì-¨å à÷¢ïì ¢÷¤®á® äãªæ÷© T (n1; n2; t):NXn1=�N NXn2=�N(�n2z)4 dTdt + �(�n1x)2 + �(�n2z)6�T���2A sinGn1xn2zT � B�2n21x cosG++i�5C(cosG� cosG0)n1xn42zT+

+iD(sinG+ sinG0)� = ���7�� NXn1=�N NXn2=�N n1xn2z� NXn1=�N NXn2=�N in1xn42z�++ NXn1=�N NXn2=�N n21x� NXn1=�N NXn2=�N �! ; (35)¤¥ G = k�2x�G0; G0 = !n(k)��11 t;�(n1; n2; x; z; t) = T (n1; n2; t)exp[i�(n1x + n2z)]:�ªé® â¥¯¥à áª «ïà® ¯®¬®¦¨â¨ ®¡¨¤¢÷ ç -áâ¨¨ à÷¢ïï (35)   exp[i�(n1x + n2z)] â ¯à®÷â¥£àã¢ â¨ ¯® ®¡« áâ÷ ¯¥à÷®¤¨ç®áâ÷ (x; z) 2[�lx; lx] � [�lz; lz], ®âà¨¬ õ¬® â ªã á¨áâ¥¬ã ¤¨ä¥-à¥æ÷ «ì¨å à÷¢ïì ¢÷¤®á® ¥¢÷¤®¬¨å ª®¥ä÷æ÷õ-â÷¢ T (n1; n2; t):dTdt + (�n2z)�4 �(�n1x)2 + �(�n2z)6�T == ��(�n2z)�4 NXm1=�N NXm2=�N T (ms; t)��T (n1 �m1; n2 �m2; t)�(n1; n2;m1;m2)��A�2n1xn2z sin(k�2lx)k�2lx sin[!n(k)��11 t]T��B(�n1x)2 sin(k�2lx)k�2lx cos[!n(k)��11 t]T++i C�5n1xn42z � sin(k�2lx)k�2lx � 1� cos[!n(k)��11 t]T++iD � sin(k�2lx)k�2lx � 1� sin[!n(k) ��11 t]T��exp [i �(n1x + n2z)]; (36)¤¥ n1; n2 = 0; 1; 2 � � � N ; m2 6= n2;� = 1�l2xlz �n2 �m2lz �4 (m1n2 � n1m2)m1:�®ç âª®¢¥ § ç¥ï T (n1; n2; 0) § å®¤¨âìáï ¯÷¤-áâ ®¢ª®î ã ¯®ç âª®¢ã ã¬®¢ã (32) ¯à¥¤áâ ¢«¥ï(34) â  ¢÷¤¯®¢÷¤®£® ¢¨à §ã ¤«ï b0(x; z; o). �®ç â-ª®¢¥ §¡ãà¥ï ¯« ¢ãç®áâ÷ § ¤ õâìáï ã ¢¨£«ï¤÷b0(x; z) = f1(x)f2(z): (37)46 �. �. �ãª'ï®¢, �. �. � ¤¥à¨ç. �. �. �â¥æ¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 42 { 52�ªé® ¢¨¡à â¨f1(x) = 16a4x �x� ax2 �4 ¯à¨ jxj < ax2 ;f1(x) = 0 ¯à¨ x 2 h�lx;�ax2 i [ hax2 ; lxi ;f2(z) = C(z � az)4z ¯à¨ jzj < az ;f2(z) = 0 ¯à¨ z 2 h�lz ;�az2 i [ haz2 ; lzi ; (38)¤¥ ax(t) â  az(t) { ¢÷¤¯®¢÷¤® §¬÷÷ ¢ ç á÷ £®à¨§®-â «ì¨© â  ¢¥àâ¨ª «ì¨© à®§¬÷à¨ ¯«ï¬¨ â  à®§-¯®¤÷« b0 ã§£®¤¦ãîâìáï § à÷¢ïï¬ ¤«ï Q0; ¢á÷ ¯®-å÷¤÷ ¢÷¤ Q, é® § å®¤ïâìáï ã à÷¢ï÷, õ ¥¯¥à¥-à¢¨¬¨ äãªæ÷ï¬¨.�à¥¤áâ ¢¨¬® ã ¯®ç âª®¢¨© ¬®¬¥â à®§¯®¤÷«¯« ¢ãç®áâ÷ b0(x; z; 0) ã ¢¨£«ï¤÷b(x; z; 0) = NXn1=�N NXn2=�N [a1(n1) cos(�n1xx)++b1(n1) sin(�n1xx)][a2(n2) cos(�n2zz)++b2(n2) sin(�n2zz)] == NXn1=�N NXn2=�N B1(n1)B2(n2)exp[i�(n1xx+ n2zz)] ;(39)¤¥ a1(n1); b1(n1); a2(n2); b2(n2) { ª®¥ä÷æ÷õâ¨ àï¤÷¢�ãà'õ ¤«ï äãªæ÷© f1(x) â  f2(z) ,  B1(n1) = 12[a1(n1)� ib1(n1)] ; n1 � 0;B1(n1) = 12[a1(n1) + ib1(n1)] ; n < 0;B2(n2) = 12[a2(n2)� ib2(n2)] ; n2 � 0;B2(n2) = 12[a2(n2) + ib2(n2)] ; n2 < 0:�®¤÷Q(x; z; 0) = NXn1=�N NXn2=�N;n2 6=0(�n2z)�4B1(n1)��B2(n2)exp[i�(n1xx+ n2zz)]�®§ ç¨¢è¨ B(n1; n2; 0) = B1(n1)B2(n2), § -£ «ì¨© à®§¢'ï§®ª § ¤ ç÷ ¤«ï ¤®¢÷«ì®£® ¬®¬¥âãç áã t ¬®¦  ¯à¥¤áâ ¢¨â¨ ã ¢¨£«ï¤÷Q(x; z; t) = NXn1=�N NXn2=�N;n2 6=0(�n2z)�4 ��B(n1; n2; t) exp[i�(n1xx+ n2zz)]; (40)

b(x; z; t) = NXn1=�N NXn2=�N;n2 6=0B(n1; n2; t)��exp[i�(n1xx+ n2zz)]; (41)u(x; z; t) = NXn1=�N NXn2=�N;n2 6=0 i�n1x(i�n2z)�3 ��B(n1; n2; t) exp[i�(n1xx+ n2zz)]; (42)w(x; z; t) = NXn1=�N NXn2=�N;n2 6=0(�n1x)3(�n2z)�4 ��B(n1; n2; t) exp[i�(n1xx+ n2zz)]; (43)P (x; z; t) = �i NXn1=�N NXn2=�N;n2 6=0(�n2z)�1 ��B(n1; n2; t) exp[i�(n1xx+ n2zz)]: (44)� ¯®à÷¢ïï Q ã ¢¨à § å (39) â  (40) ¢¨¤®, é®B(n1; n2; t) = (�n2z)�4T (n1; n2; t): (45)�â¦¥, ª®«¨ § ©¤¥® B(n1; n2; 0), â® ¢÷¤®¬®
�¨á. 1. �®à¨§®â «ì¨© à®§¬÷à ¯«ï¬¨ ¢ ¯®«÷ ��:- - - - - - - n = 2; k = 3; - - - - - - -n = 2;k = 2; | | | - n = 3; k = 2; ||{ - ¡¥§�� : z0 = �25¬;H = 100¬; lv = 10p10á¬:÷ T (n1; n2; 0),  , ®â¦¥, § à÷¢ïï (36) { ÷T (n1; n2; t)). � «÷ § (45) ¢¨§ ç õâìáï B(n1; n2; t) ÷§ ¢¨à §÷¢ (40) { (44) { § £ «ì¨© à®§¢'ï§®ª § ¤ ç÷.�«ï ¬®¤¥«î¢ ï ¥¢®«îæ÷ù ¢« á¥ ®¡« áâ÷ ¯«ï-¬¨ ¥®¡å÷¤® ¢÷¤áâ¥¦ã¢ â¨ ùù £¥®¬¥âà÷î. �¥¢¨ª®ãõâìáï §  ¤®¯®¬®£®î ¢¢¥¤¥ï ¬ àª¥à÷¢ {¬÷ç¥¨å ç áâ¨®ª à÷¤¨¨. � à¥§ã«ìâ â÷ à®-§¢'ï§ ï § ¤ ç÷ § å®¤¨âìáï ¥©«¥à®¢¥ ¯®«¥ è¢¨¤-ª®áâ÷ ~V = ~V (x; z; t). � ª®¦¨© ¬®¬¥â ç áã ¤®ª®¦®ù ç áâ¨ª¨ £à ¨æ÷ ¯«ï¬¨ ¤®¤ õâìáï ¥«¥¬¥-â à¨© ¯à¨à÷áâ è«ïåã, ®¡ã¬®¢«¥¨© ¢ª § ¨¬ ¯®-�. �. �ãª'ï®¢, �. �. � ¤¥à¨ç. �. �. �â¥æ¥ª® 47



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 42 { 52«¥¬ è¢¨¤ª®áâ÷, ïª¨© ¢¨§ ç õâìáï ¢¨à § ¬¨xT (t+�t) = xT (t) + u(xT ; zT )�t;zT (t +�t) = zT (t) + w(xT ; zT )�t:3. ���������� ��������������������� ������öø ������¨á¥«ì¥ ¬®¤¥«î¢ ï ¥¢®«îæ÷ù ¯¥à¥¬÷è ®ù¯«ï¬¨ ¢ ¯®«÷ �� ¢¨ª®ã¢ «®áï ¤«ï è àã «÷÷©®-áâà â¨ä÷ª®¢ ®ù à÷¤¨¨ â®¢é¨®î 100 ¬ i§ § ç¥-ï¬ ç áâ®â¨ �'ï©áï«ï-�à¥â  N = 10�2 á. �¬-¯«÷âã¤  �� § ¤ ¢ « áï à÷¢®î 5 ¬. �¥®¬¥âà¨ç÷å à ªâ¥à¨áâ¨ª¨ ¯«ï¬¨ ¢ ¯®ç âª®¢¨© ¬®¬¥â ¢÷¤-¯®¢÷¤ îâì lv = 10 á¬ â  lv = 10p10 á¬ ¯à¨ lH = 10¬. �  à¨á. 1 ¯à¥¤áâ ¢«¥  §¬÷  ¢ ç á÷ ¯®«®¢¨¨£®à¨§®â «ì®£® à®§¬÷àã ¯«ï¬¨ ¤«ï ¢¨¯ ¤ª÷¢ ¢÷¤-áãâ®áâ÷ �� (áãæ÷«ì  «÷÷ï) â  ¯à¨ ùù  ï¢®áâ÷¤«ï à÷§¨å ®¬¥à÷¢ ¬®¤ �� â  § ç¥ì å¢¨«ì®¢®-£® ç¨á« . �ª ¢¨¤®, ¢ æ÷«®¬ã ¢¯«¨¢ ��   £¥®-¬¥âà÷î ¯«ï¬¨ ¥§ ç¨© ÷ § å®¤¨âìáï ¢  ¢¥¤¥-¨å ¯à¨ª« ¤ å ¢ ¬¥¦ å ¢÷¤á®âª÷¢; å à ªâ¥à®, é®¯à¨  ï¢®áâ÷ �� £®à¨§®â «ì¨© à®§¬÷à ¯«ï¬¨¢ à÷§÷ ¬®¬¥â¨ ç áã ¬®¦¥ ¡ãâ¨ ïª ¡÷«ìè¨¬, â ª÷ ¬¥è¨¬ ¢÷¤¯®¢÷¤®£® à®§¬÷àã ¡¥§  ï¢®áâ÷ ��,â®¡â®, ¬ õ å à ªâ¥à ¯¥à÷®¤¨ç¨å ¢÷¤å¨«¥ì ïª ¢¡÷«ìè¨©, â ª ÷ ¢ ¬¥è¨© ¡÷ª ¢÷¤ â®£® § ç¥ï,
�¨á. 2. �¢®«îæ÷ï £®à¨§®â «ì®£® à®§¬÷àã ¯«ï¬¨¯à®âï£®¬ ¯¥àè¨å ¤¢®å ¯¥à÷®¤÷¢ ��:n = 3;k = 2;z0 = �25¬;H = 100¬; lv = 10p10á¬ïª¥ ¬ õ ¬÷áæ¥ §  ¢÷¤áãâ®áâ÷ ��. �¤ ª æ¥© ¯à®-æ¥á ¬ õ å à ªâ¥àã ®á®¡«¨¢÷áâì, ®¡ã¬®¢«¥ã ¯¥à÷®-¤¨ç÷áâî ¢¯«¨¢ã ��. �ª ¢¨¤® § à¨á. 2 â  3, ¤¥¤«ï â¨å ¦¥ ã¬®¢ ¯à¥¤áâ ¢«¥  ¢÷¤®á  (¯® ¢÷¤-®è¥î ¤® § ç¥ï à®§¬÷àã ¯«ï¬¨ ¯à¨ ¢÷¤áãâ-®áâ÷ ��) §¬÷  £®à¨§®â «ì®£® à®§¬÷àã ¯«ï¬¨

�¨á. 3. �¢®«îæ÷ï £®à¨§®â «ì®£® à®§¬÷àã ¯«ï¬¨¯à®ï£®¬ ¯à®¬÷¦ªã ç áã 9Tw � t � 10Tw:n = 3; k = 2; z0 = �25¬;H = 100¬; lv = 10p10á¬  ¯à®âï§÷ ¯¥àè¨å ¤¢®å ¯¥à÷®¤÷¢ �� â  ¯à®¬÷¦-ªã ç áã ¢÷¤ ¤¥'¢ïâ®£® ¤® ®¤¨ ¤æïâ®£® ¯¥à÷®¤ã ��,§¬÷  à®§¬÷àã ¯«ï¬¨ ¬ õ å®ç ÷ ¥§ ç¨© §   ¡á®-«îâ®î ¢¥«¨ç¨®î,  «¥ ¯¥à÷®¤¨ç¨© å à ªâ¥à  -¢ª®«® ¤¥ïª®£® "á¥à¥¤ì®£®" § ç¥ï, ïª¥ ¯®¢÷«ì-® §¬÷îõâìáï. �  à¨á. 2 â  3 ¬ áèâ ¡ ç -
�¨á. 4. ö§®«÷÷ù äãªæ÷ù â¥ç÷ù ¯à¨ t = 10Tw : n = 3;k = 2; z0 = �25¬;H = 100¬; lv = 10á¬áã ¤®à÷¢îõ ¯¥à÷®¤ã å¢¨«÷. � à ªâ¥à â¥ç÷ù ¢á¥à¥-¤¨÷ ¯«ï¬¨ â  ¢ ùù ®ª®«÷ ¯à ªâ¨ç® ¥ §¬÷îõâì-áï. �à® æ¥ ¬®¦  áã¤¨â¨ § à®§¯®¤÷«ã äãªæ÷ù â¥ç÷ù = @Q=@x (u = @ =@z ; w = �@ =@x) ¤«ï à÷§¨å¬®¬¥â÷¢ ç áã â  £®à¨§®â÷¢ à®§â èã¢ ï ¯«ï-¬¨. � ®ª®«÷ ¯«ï¬¨ á¯®ç âªã ä®à¬ãõâìáï ç®â¨à¨¢¨å®à¨ (à¨á. 4), § ç á®¬ ä®à¬ãîâìáï é¥ ç®â¨à¨(à¨á. 5), é® ¯®¤÷¡® ¤® ¢¨¯ ¤ªã ª®« ¯á  ¯¥à¥¬÷è -48 �. �. �ãª'ï®¢, �. �. � ¤¥à¨ç. �. �. �â¥æ¥ª®
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�¨á. 5. ö§®«÷÷ù äãæ÷ù â¥ç÷ù ¯à¨ t = 50Tw : n = 3;k = 2; z0 = �25¬;H = 100¬; lv = 10á¬®ù ®¡« áâ÷ ÷¤¥ «ì®ù áâà â¨ä÷ª®¢ ®ù à÷¤¨¨ [14].�®á«÷¤¦¥ï ¬®¦«¨¢®£® ¢¯«¨¢ã ¯®ç âª®¢®ù ä §¨��   ¥¢®«îæ÷î ¯«ï¬¨ ¯®ª § «®, é® ª®ä÷£ãà æ÷ï© ®à÷õâ æ÷ï ¯«ï¬¨ § «¨è õâìáï ¥§¬÷®î,   ®âãâ¢®à¥÷ ¢ ®ª®«÷ ¯«ï¬¨ ¢¨å®à¨ ¢÷¤¯®¢÷¤® § ¯à®-å®¤¦¥ï¬ �� ¯¥à÷®¤¨ç® ¯¥à¥ª®èãîâìáï (ïª § ,â ª ÷ ¯à®â¨ £®¤¨¨ª®¢®ù áâà÷«ª¨, ïª æ¥ ¢¨¤® §à¨á. 6 â  7) §  áâã¯¨¬ ¢÷¤®¢«¥ï¬. �áâ -õ ®¡ã¬®¢«¥¥ å à ªâ¥à®¬ ¤÷ù   àãå á¥à¥¤®¢¨é  ¢®ª®«÷ ¯«ï¬¨ ¯®«ï è¢¨¤ª®áâ÷ ��. �à® å à ªâ¥à ¥¢®-
�¨á. 6. ö§®«÷÷ù äãæ÷ù â¥ç÷ù ¯à¨ t = 10:5Tw : n = 3;k = 2; z0 = �50¬;H = 100¬; lv = 10á¬:«îæ÷ù à®§¯®¤÷«ã ¯« ¢ãç®áâ÷ ¢á¥à¥¤¨÷ ¯«ï¬¨ ¬®¦ áã¤¨â¨ § à¨á. 8 { 10, ¤¥ ¯à¥¤áâ ¢«¥÷ à¥§ã«ìâ â¨¢÷¤¯®¢÷¤¨å à®§à åãª÷¢ ¤«ï à÷§¨å ¬®¬¥â÷¢ ç -

�¨á. 7. ö§®«÷÷ù äãæ÷ù â¥ç÷ù ¯à¨ t = 50Tw:n = 3;k = 2; z0 = �25¬;H = 100¬; lv = 10á¬:áã. �®à÷¢ïï ¯®ç âª®¢®£® à®§¯®¤÷«ã ¯« ¢ãç®áâ÷¢ ¯«ï¬÷ (à¨á. 8) ¤«ï à÷§¨å § ç¥ì ª®®à¤¨ â¨ x§ ¢÷¤¯®¢÷¤¨¬ à®§¯®¤÷«®¬ ¯à¨ t = 5Tw (à¨á. 9) â t = 20Tw (à¨á. 10) ¤¥¬®áâàãõ  ï¢÷áâì ¯à®æ¥-áã à¥áâà â¨ä÷ª æ÷ù (¢÷¤®¢«¥ï ¯¥à¢÷á®£® ¥§¡ã-à¥®£® ¯à®ä÷«î £ãáâ¨¨)   ¤®á«÷¤¦ã¢ ÷© áâ ¤÷ù¥¢®«îæ÷ù ¯«ï¬¨. � à ªâ¥à®î ®á®¡«¨¢÷áâî ¯à¥¤-
�¨á. 8. �« ¢ãç÷áâì ¢á¥à¥¤¨÷ ¯«ï¬¨ ¯à¨ t = 0 :n = 2;k = 2;H = 100¬; z0 = �25¬; lv = 10á¬:||| - x = 0; |- - - - |- -x = 0:25;| | | -x = 0:5; - - - - - - - - -x = 0:75áâ ¢«¥¨å ¯à®ä÷«÷¢ õ ùå ¯®¤÷¡÷áâì ¢ ®á®¢÷© §®÷¯«ï¬¨. �¥ ®¡ã¬®¢«¥® ¤÷õî ¢ à ¬ª å ¤ ®ù ¬®-¤¥«÷ § ¤ ç÷ «¨è¥ ¬¥å ÷§¬ã ¢¥àâ¨ª «ì®ù ¤¨äã§÷ù.� ª¥  ¡«¨¦¥ï ïªà § ÷ á¯à ¢¥¤«¨¢¥   ¢'ï§ª®-¤¨äã§÷©÷© áâ ¤÷ù ¥¢®«îæ÷ù ¯«ï¬¨.�. �. �ãª'ï®¢, �. �. � ¤¥à¨ç. �. �. �â¥æ¥ª® 49
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�¨á. 9. �« ¢ãç÷áâì ¢á¥à¥¤¨÷ ¯«ï¬¨ ¯à¨ t = 5Tw :n = 2;k = 2;H = 100¬:; z0 = �25¬; lv = 10á¬:||| -x = 0; |- - - - |- -x = 0:25;| | | -x = 0:5; - - - - - - - - - x = 0:75�  à¨á. 11 â  12  ¢¥¤¥® åà ªâ¥à §¬÷¨ ¢ ç á÷¢÷¤®á¨å § ç¥ì (¯® ¢÷¤®è¥î ¤® ùå § ç¥ì § ¢÷¤áãâ®áâ÷ ��) ¯®â¥æ÷ «ì®ù â  ª÷¥â¨ç®ù ¥¥à-£÷ù à÷¤¨¨, ïª  § å®¤¨âìáï ¢á¥à¥¤¨÷ ¯«ï¬¨ ¯à®-âï£®¬ ¯¥àè¨å ¤¢®å ¯¥à÷®¤÷¢ ¯à®å®¤¦¥ï �� (§ 

�¨á. 10. �« ¢ãç÷áâì ¢á¥à¥¤¨÷ ¯«ï¬¨ ¯à¨t = 20Tw : n = 2;k = 2;H = 100¬:; z0 = �25 ¬;lv = 10á¬: ||| - x = 0; |- - - - |- -x = 0:25;| | | -x = 0:5; - - - - - - - - - x = 0:75¬ áèâ ¡ ç áã ¢§ïâ® ¯¥à÷®¤ ��). �à¨ æì®¬ã ¢¥«¨-ç¨  ª÷¥â¨ç®ù ¥¥à£÷ù ¢¨§ ç « áì § ¢¨à §ãEik = 12 ZZD(t1) ��(u2i +w2i ) ds ;

�¨á. 11. �¬÷  ¯®â¥æ÷ «ì®ù ¥¥à£÷ù ®¡« áâ÷ ¯«ï¬¨¯à®ï£®¬ ¯à®¬÷¦ªã ç áã 0 � t � 2Tw :n = 3;k = 2;H = 100¬:; z0 = �25¬; lv = 10p10á¬:
�¨á. 12. �¬÷  ª÷¥â¨ç®ù ¥¥à£÷ù ®¡« áâ÷ ¯«ï¬¨¯à®ï£®¬ ¯à®¬÷¦ªã ç áã 0 � t � 2Tw :n = 3;k = 2;H = 100¬:; z0 = �25¬; lv = 10p10á¬:  ¯®â¥æ÷ «ì  ¥¥à£÷ï { ¢÷¤¯®¢÷¤® § ¢¨à §ãEip = �g2 ZZD(t1) (� � ��)2�� ds:�ãâ D(t1) { ®¡« áâì ¯«ï¬¨. �«÷¤ ¢÷¤¬÷â¨â¨, é® ¢¥¤¥¨© ¢¨à § ¤«ï Eip á¯à ¢¥¤«¨¢¨© «¨è¥ ¤«ï¢¨¯ ¤ªã «÷÷©®ù áâà â¨ä÷ª æ÷ù, ïª  à®§£«ï¤ « áì¢ ¤ ¨å ¤®á«÷¤¦¥ïå. �ª ¢¨¤®, §¬÷  ¢¥«¨ç¨¯®â¥æ÷ «ì®ù â  ª÷¥â¨ç®ù ¥¥à£÷© ïª÷á® ¯®¤÷¡-  ¤® §¬÷¨ £¥®¬¥âà÷ù ¯«ï¬¨,  «¥ ª÷«ìª÷á® § ç®¡÷«ìè áãââõ¢ . �à®âï£®¬ ¯¥à÷®¤ã �� ¢÷¤¡ã¢ õâì-áï ¯®¬÷â  (®á®¡«¨¢® ª÷¥â¨ç®ù ¥¥à£÷ù) §¬÷  æ¨å¢¥«¨ç¨ § ¯®¢¥à¥ï¬ ã ª÷æ÷ ¯¥à÷®¤ã å¢¨«÷ ¤® ¢¥-«¨ç¨¨, ïª  ¬ õ ¬÷áæ¥ §  ¢÷¤áãâ®áâ÷ å¢¨«÷. �«¥50 �. �. �ãª'ï®¢, �. �. � ¤¥à¨ç. �. �. �â¥æ¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 42 { 52ïªè® £¥®¬¥âà÷ï ¯«ï¬¨ §¬÷îõâìáï ¢ ¬¥¦ å ¢÷¤á®â-ª÷¢, â® ¬ ªá¨¬ã¬ ¯®â¥æ÷ «ì®ù ¥¥à£÷ù ¢  ¢¥¤¥-®¬ã ¯à¨ª« ¤÷ §à®áâ õ ¡÷«ìè¥ ÷¦   ¯'ïâì ¢÷¤á®â-ª÷¢,   ¬ ªá¨¬ã¬ ª÷¥â¨ç®ù ¥¥à£÷ù { ¡÷«ìè¥ ÷¦  ¤¢ ¤æïâì ¢÷¤á®âª÷¢. � ç á®¬ ÷â¥á¨¢÷áâì ®¡¬÷-®¬ ¥¥à£÷õî ¬÷¦ ¯«ï¬®î ÷ �� á« ¡è õ. �ª ¢¨¤-® § ¥ ¢¥¤¥¨å   à¨á. 13 ÷ 14 ¤ ¨å, ¢ ¯¥à÷®¤9Tw � t � 11Tw ¬ ªá¨¬ «ì  §¬÷  ¯®â¥æ÷ «ì®ù¥¥à£÷ù áª« ¤ õ ¬¥è¥ ¯®«®¢¨¨ ¢÷¤á®âª ,   ª÷¥-â¨ç®ù { ¢÷¤¯®¢÷¤® âà®å¨ ¡÷«ìè¥ ®¤®£® ¢÷¤á®âª .�®áâ âì® ¯®¬÷â¨© ¥¥à£¥â¨ç¨© ®¡¬÷ ¬÷¦ å¢¨-«¥î ÷ ¯«ï¬®î á« ¡® ¢÷¤¡¨¢ õâìáï, ®¤ ª,   £¥®¬¥-âà÷ù ¯«ï¬¨. �¥ ®¡ã¬®¢«¥¥ § ª®§¬÷¨¬ ¯¥à÷®¤¨ç-¨¬ å à ªâ¥à®¬ ¥¥à£¥â¨ç®ù ¢§ õ¬®¤÷ù â  ¬ «¨¬§ ç¥ï¬ ¯ à ¬¥âà  �1. �  â ª¨å ã¬®¢ "§ «¨è-ª®¢÷" ¥ä¥ªâ¨ ¢§ õ¬®¤÷ù ¥ ¢áâ¨£ îâì ¤ â¨ ¥®¡-å÷¤¨© ÷â¥£à «ì¨© ¥ä¥ªâ ÷ ¢ ª÷æ÷ ¯¥à÷®¤ã ¯à®-å®¤¦¥ï å¢¨«÷ £¥®¬¥âà÷ï ÷ áâàãªâãà  ¯«ï¬¨ ¥-¬®¢¡¨ "§ ¡ã¢ îâì" ¯à® ¤÷î   ¨å ¢ãâà÷èì®ùå¢¨«÷. � ç á®¬, ã ¯à®æ¥á÷ ¢÷¤®¢«¥ï ¯à®ä÷«îáâà â¨ä÷ª æ÷ù ¢á¥à¥¤¨÷ ¯«ï¬¨ (à¥áâà â¨ä÷ª æ÷ï),¢§ õ¬®¤÷ï ¯«ï¬¨ § �� §¬¥èãõâìáï.
�¨á. 13. �¬÷  ¯®â¥æ÷ «ì®ù ¥¥à£÷ù ®¡« áâ÷ ¯«ï¬¨¯à®ï£®¬ ¯à®¬÷¦ªã ç áã 9 � t � 11Tw :n = 3; k = 2;H = 100¬:; z0 = �25¬; lv = 10p10á¬:�����������¨ª® ÷ ¤®á«÷¤¦¥ï ¤®§¢®«ïîâì ¢áâ ®¢¨â¨®á®¡«¨¢®áâ÷ ¤÷ù ¬®®åà®¬ â¨ç¨å «÷÷©¨å ¢ã-âà÷è÷å å¢¨«ì   ¥¢®«îæ÷î ¤¢®¢¨¬÷à®ù ¯«ï¬¨ ¯à®-âï£®¬  ©¡÷«ìè âà¨¢ «®£® ¯¥à÷®¤ã ùù ¥¢®«îæ÷ù {¢'ï§ª®-¤¨äã§÷©®£®. �¥ ¯¥à÷®¤¨ç÷áâì (§ ¯¥à÷®¤®¬��) §¬÷¨ £¥®¬¥âà÷ù â  ¥¥à£¥â¨ª¨ ¯«ï¬¨, ¯à¨-ç®¬ã ïªé® £¥®¬¥âà÷ï ¯«ï¬¨ §¬÷îõâìáï ¤®á¨âìá« ¡®, â® ¥¥à£¥â¨ª  ¯«ï¬¨, ®á®¡«¨¢®   ¯®ç â-
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