
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 1. �. 76 { 83��� 551.511.001: 551.593����ö���� �����ö��ö� ����� �� �����ö���ö�����ö, �� ����������� �� �'����-�����ö��ö�����öø øø ������öø�. �. ��������, �. �. ��� '����ö­áâ¨âãâ £÷¤à®¬¥å ­÷ª¨ ��� �ªà ù­¨, �¨ù¢�¤¥à¦ ­® 24.07.2001�®§¢'ï§ ­  ¤¢®¢¨¬÷à­  § ¤ ç  ¯à® ¯®«¥ à®§á÷ï­¨å ¢­ãâà÷è­÷å å¢¨«ì, ïª¥ ãâ¢®àîõâìáï ¯à¨ ­ ¡÷£ ­­÷ ¬®­®åà®¬ -â¨ç­®ù ¢­ãâà÷è­ì®ù å¢¨«÷ ­  «®ª «÷§®¢ ­ã ­¥®¤­®à÷¤­÷áâì ¯®«ï £ãáâ¨­¨ (¯¥à¥¬÷è ­ã ¯«ï¬ã), é® §­ å®¤¨âìáï ­ ¢'ï§ª®-¤¨äã§÷©­÷© áâ ¤÷ù á¢®õù ¥¢®«îæ÷ù ¤«ï ¢¨¯ ¤ªã, ª®«¨ å à ªâ¥à­¨© å¢¨«ì®¢¨© ¬ áèâ ¡ ç áã ¬ «¨© ¯®à÷¢­ï­® §å à ªâ¥à­¨¬ ¥­âàã§÷©­¨¬ ¬ áèâ ¡®¬ ç áã. � ¡«¨¦¥­¨© à®§¢'ï§®ª ã ¢¨£«ï¤÷ ª¢ ¤à âãà ®¤¥à¦ ­® § ¢¨ª®à¨áâ ­­ï¬¬¥â®¤ã ¬ «®£® ¯ à ¬¥âà . �áâ ­®¢«¥­÷ å à ªâ¥à­÷ ®á®¡«¨¢®áâ÷ ä®à¬ã¢ ­­ï ¯®«÷¢ à®§á÷ï­¨å å¢¨«ì ÷§ ¢à åã¢ ­­ï¬¤¨­ ¬÷ª¨ ¯¥à¥¬÷è ­®ù ®¡« áâ÷.�¥è¥­  ¤¢ã¬¥à­ ï § ¤ ç  ® ¯®«¥ à áá¥ï­­ëå ¢­ãâà¥­­¨å ¢®«­, ®¡à §ãîé¨åáï ¯à¨ ­ ¡¥£ ­¨¨ ¬®­®åà®¬ â¨ç¥áª¨å¢­ãâà¥­­¨å ¢®«­ ­  «®ª «¨§®¢ ­­ãî ­¥®¤­®à®¤­®áâì ¯®«ï ¯«®â­®áâ¨ (¯¥à¥¬¥è ­­®¥ ¯ïâ­®), ­ å®¤ïéãîáï ­  ¢ï§ª®-¤¨ääã§¨®­­®© áâ ¤¨¨ á¢®¥© í¢®«îæ¨¨. �à¨¡«¨¦¥­­®¥ à¥è¥­¨¥ ¢ ¢¨¤¥ ª¢ ¤à âãà ¯®«ãç¥­® á ¨á¯®«ì§®¢ ­¨¥¬ ¬¥â®¤ ¬ «®£® ¯ à ¬¥âà . �áâ ­®¢«¥­ë å à ªâ¥à­ë¥ ®á®¡¥­­®áâ¨ ä®à¬¨àãîé¨åáï ¯®«¥© à áá¥ï­­ëå ¢®«­ á ãç¥â®¬ ¤¨­ -¬¨ª¨ ¯¥à¥¬¥è ­­®£® ¯ïâ­ .The problem of internal waves scattering �eld has been solved. This �eld is formedwhen monochromatic internal waverun into localized density �eld geterogeneity (mixed patch). The geterogeneity is in its viscous- di�unsive evolution stage.The typical wave scale of time is many times less then typical intrusive times scale. Approximation solution as integralshas been obteined by means of small parameter method. Typical features of forming scattering wavws �elds have beenobteined. All this taces into account the dynamics of mixed patch.������¨­ ¬÷ª   â¬®áä¥à¨, ¬®à÷¢ ÷ ®ª¥ ­÷¢ ã ¢¥«¨ª÷©¬÷à÷ ¢¨§­ ç õâìáï áâàãªâãà®â¢®àç¨¬¨ ¯à®æ¥á ¬¨,ïª÷ â ¬ ¢÷¤¡ã¢ îâìáï. �­ ç­  ç áâ¨­  § ­¨å ®¡ã-¬®¢«¥­  áâà â¨ä÷ª æ÷õî á¥à¥¤®¢¨é . �¥å ­÷§¬¨áâàãªâãà®â¢®àç¨å ¯à®æ¥á÷¢ ¬ îâì à÷§­ã ä÷§¨ç­ã¯à¨à®¤ã, ¢÷¤ ï¢¨é ¯« ­¥â à­®£® ¬ áèâ ¡ã (æ¨-ª«®­¨, ®ª¥ ­áìª÷ â¥ç÷ù) ¤® ¤à÷¡­®¬ áèâ ¡­®ù âãà-¡ã«¥­â­®áâ÷ ¢ª«îç­®. �÷«ì­¥ ¬÷áæ¥ ¢ æì®¬ã àï¤ã§ ©¬ îâì ¯à®æ¥á¨ ¤¨­ ¬÷ª¨ ®ª¥ ­ã, ®¡ã¬®¢«¥­÷ «®-ª «÷§®¢ ­¨¬¨ §¡ãà¥­­ï¬¨ ¯à¨à®¤­®£® å à ªâ¥àã,á¥à¥¤ ïª¨å ®¤­¨¬ ÷§ ­ ©¯®è¨à¥­÷è¨å õ «®ª «÷§®-¢ ­÷ ®¡« áâ÷ ­¥®¤­®à÷¤­®áâ÷ à®§¯®¤÷«ã £ãáâ¨­¨ (¯¥-à¥¬÷è ­÷ âãà¡ã«¥­â­÷ ¯«ï¬¨). � ª÷ ®¡« áâ÷ âãà¡ã-«¥­â­®áâ÷, ¢ á¨«ã àï¤ã ¯à¨ç¨­, ¯®¢'ï§ ­¨å § ¯à®-æ¥á ¬¨ ¢âà â¨ áâ÷©ª®áâ÷ àãåã, ¯®áâ÷©­® £¥­¥àã-îâìáï ¢ ®ª¥ ­÷ â   â¬®áä¥à÷, ¢÷¤÷£à îç¨ ÷áâ®â­ãà®«ì ã ¯à®æ¥á å ¯¥à¥­®áã ¬ á¨ â  ¥­¥à£÷ù. � â®©á ¬¥ ç á, ã â ª¨å áâà â¨ä÷ª®¢ ­¨å á¥à¥¤®¢¨é å§ ¢¦¤¨ ¯à¨áãâ­÷ ¯®«ï ä®­®¢¨å ¢­ãâà÷è­÷å å¢¨«ì(��). �à¨ ¯à®å®¤¦¥­­÷ ¢­ãâà÷è­÷å å¢¨«ì ç¥à¥§®¡« áâì ¯¥à¥¬÷è ­®ù ¯«ï¬¨ ¢÷¤¡ã¢ õâìáï ¯à®æ¥áùå âà ­áä®à¬ æ÷ù, ¢ à¥§ã«ìâ â÷ ç®£® ãâ¢®àîõâì-áï ¯®«¥ à®§á÷ï­¨å ¢­ãâà÷è­÷å å¢¨«ì. � à ªâ¥àæì®£® ¯à®æ¥áã ¢¨§­ ç õâìáï á¯÷¢¢÷¤­®è¥­­ï¬ å -à ªâ¥à­¨å ¯à®áâ®à®¢¨å â  ç á®¢¨å ¬ áèâ ¡÷¢ ¤¨-­ ¬÷ª¨ á ¬®ù ¯«ï¬¨ ÷ ¢÷¤¯®¢÷¤­¨å ¢¥«¨ç¨­ å¢¨«ì®-

¢®£® ¯®«ï,   â ª®¦ ¢­ãâà÷è­ì®î áâàãªâãà®î ¯«ï-¬¨, ïª , ¢ á¢®î ç¥à£ã, §¬÷­îõâìáï §  § ª®­ ¬¨, å -à ªâ¥à­¨¬¨ ¤«ï áâ ¤÷ù ùù ¥¢®«îæ÷ù. �¢®«îæ÷ï âãà-¡ã«¥­â­®ù ¯«ï¬¨ ¢÷¤¡ã¢ õâìáï ¯à®âï£®¬ âàì®å £®-«®¢­¨å áâ ¤÷© {  ªâ¨¢­®ù, ¯à®¬÷¦­®ù â  ä÷­ «ì­®ù[1]. �à¨¢ «÷áâì ¯¥àè¨å ¤¢®å áâ ¤÷© ­¥¢¥«¨ª , ¯à®-âï£®¬ ­¨å ¢÷¤¡ã¢ õâìáï ¢¨¯à®¬÷­î¢ ­­ï ¢­ãâà÷è-­÷å å¢¨«ì â  ª®« ¯á á ¬®ù ¯«ï¬¨ § ÷­âàã§÷©­¨¬ à®§-â÷ª ­­ï¬. � ©¡÷«ìè âà¨¢ «®î õ ä÷­ «ì­  áâ ¤÷ï,ª®«¨ ¥¢®«îæ÷ï ¯¥à¥¬÷è ­¨å ¯«ï¬ ¢÷¤¡ã¢ õâìáï ¯÷¤¤÷õî á¨« ¯« ¢ãç®áâ÷, ¢'ï§ª®áâ÷ © ¤¨äã§÷ù. �¨-­ ¬÷ª  æ÷õù ¥¢®«îæ÷ù ¢ª«îç õ ¢ á¥¡¥ ¯à®¤®¢¦¥­­ï,ïª ÷ ¢ ¯®¯¥à¥¤­÷å ¥â ¯ å, ¯à®æ¥áã ª®« ¯áã ¯«ï¬¨§ à®§â÷ª ­­ï¬ ¢ £®à¨§®­â «ì­÷© ¯«®é¨­÷ ¯÷¤ ¤÷õîá¨« ¯« ¢ãç®áâ÷ © ¢'ï§ª®áâ÷ â  ¥ä¥ªâã à®§è¨à¥­­ï®¡« áâ÷ ¯«ï¬¨ ç¥à¥§ ¬¥å ­÷§¬ ¤¨äã§÷©­®£® ¯¥à¥-­®áã. �®¬¡÷­ æ÷ï ¢ª § ­¨å ¬¥å ­÷§¬÷¢ á¯à¨ç¨­îõ¥ä¥ªâ à¥áâà â¨ä÷ª æ÷ù - ¢¨à÷¢­î¢ ­­ï ¯à®ä÷«î £ã-áâ¨­¨ ¢á¥à¥¤¨­÷ ¯«ï¬¨ ¢÷¤­®á­® ©®£® ­¥§¡ãà¥­®£®¢¨£«ï¤ã ¢ ­ ¢ª®«¨è­ì®¬ã á¥à¥¤®¢¨é÷. �®¬ã á ¬¥æï áâ ¤÷ï ¯à¥¤áâ ¢«ïõ ­ ©¡÷«ìè¨© ÷­â¥à¥á ã § ¤ -ç å à®§á÷ï­­ï ä®­®¢¨å ¢­ãâà÷è­÷å å¢¨«ì.�à¨­æ¨¯®¢¨¬ ¤«ï â ª®£® à®¤ã § ¤ ç õ ­ ï¢-­÷áâì à®§à¨¢÷¢ ¯à®ä÷«î £ãáâ¨­¨ á¥à¥¤®¢¨é  â  ©®-£® âàì®å ¯¥àè¨å ¯®å÷¤­¨å ­  §®¢­÷è­÷© £à ­¨æ÷¯«ï¬¨. �ªé® â ª÷ à®§à¨¢¨ ¬ îâì ¬÷áæ¥, â® ¢ ®ª®«÷¯«ï¬¨ ä®à¬ãîâìáï ¯®£à ­¨ç­÷ è à¨ ÷ ¯®«¥ ¢÷¤¡¨-â¨å ¢­ãâà÷è­÷å å¢¨«ì [2]. � ª« á÷ § ¤ ç, ïª÷ à®§-76 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 1. �. 76 { 83£«ï¤ îâì ä÷­ «ì­ã áâ ¤÷î ¥¢®«îæ÷ù ¯¥à¥¬÷è ­¨å¯«ï¬ ã ¯®«÷ ¢­ãâà÷è­ì®ù å¢¨«÷, â ª÷ à®§à¨¢¨ ¢÷¤-áãâ­÷. � æì®¬ã ¢¨¯ ¤ªã ¬ õ ¬÷áæ¥ "¬'ïª¥" à®§á÷ï­-­ï �� ­  ¯«ï¬÷ [3], ¯®¤÷¡­® ¤® à¥«¥õ¢áìª®£® à®§-á÷ï­­ï á¢÷â«  ­  ¬'ï£ª¨å ç áâ¨­ª å [4].�®à¬ã¢ ­­ï ¯®«ï à®§á÷ï­¨å �� ­  ¯«ï¬÷ ¢¨§­ -ç õâìáï á¯÷¢¢÷¤­®è¥­­ï¬¨ å à ªâ¥à­¨å «÷­÷©­¨åà®§¬÷à÷¢ ­ ¡÷£ îç®ù �� lv ÷ ¯«ï¬¨ li â  ¢÷¤¯®¢÷¤-­® å à ªâ¥à­¨å ç á®¢¨å ¬ áèâ ¡÷¢ å¢¨«ì®¢®£® tw ÷÷­âàã§÷©­®£® ¯à®æ¥á÷¢ ti. � ¢¨¯ ¤ªã, ª®«¨ li � lw ,¯à®æ¥á®¬ à®§á÷ï­­ï ¬®¦­  §­¥åâã¢ â¨. �®«¨ ¦,­ ¢¯ ª¨, li � lw, â® ¬ õ ¬÷áæ¥ ¯à®æ¥á à¥äà ª-æ÷ù �� ¢ ®¡« áâ÷ ¯«ï¬¨ [5]. �à ªâ¨ç­¨© ÷­â¥à¥á¢ § ¤ ç å à®§á÷ï­­ï �� ­  ¯«ï¬ å ¯à¥¤áâ ¢«ïîâì¢¨¯ ¤ª¨ li � lw. � à ªâ¥à ¯à®æ¥áã à®§á÷ï­­ï § -«¥¦¨âì ¢÷¤ ¯ à ¬¥âà  � , ïª¨© ¢¨§­ ç õâìáï á¯÷¢-¢÷¤­®è¥­­ï¬ ¬÷¦ tw â  ti (� = tw=ti), áâàãªâãà¨­ ¡÷£ îç®ù å¢¨«÷ © å à ªâ¥àã áâà â¨ä÷ª æ÷ù á¥à¥-¤®¢¨é .�ªé® §  å¢¨«ì®¢¨© ¬ áèâ ¡ ç áã ¢§ïâ¨ ¢¥«¨ç¨-­ã tw = N�1, (âãâN = �� 1�0 d��dz�12{ å à ªâ¥à­¥ §­ ç¥­­ï ç áâ®â¨ �'ï©áï«ï-�à¥­â á¥à¥¤®¢¨é ; ��(z) { £ãáâ¨­  ­¥§¡ãà¥­®£® á¥à¥¤®-¢¨é ; �0 { ùù ¤¥ïª¥ å à ªâ¥à­¥ §­ ç¥­­ï),   § ÷­âàã§÷©­¨© ¬ áèâ ¡ ¢§ïâ¨ ¢¥«¨ç¨­ã [6] ti =N�2l�2v ��2� , (¤¥ � = lv=lH , lv÷lH { ¢÷¤¯®¢÷¤­® ¢¥à-â¨ª «ì­¨© ÷ £®à¨§®­â «ì­¨© à®§¬÷à¨ ¯«ï¬¨, � {ª÷­¥¬ â¨ç­  ¢'ï§ª÷áâì á¥à¥¤®¢¨é ), â® ¢¥«¨ç¨­ ¯ à ¬¥âà  � ¢¨§­ ç õâìáï ¢¨à §®¬� = Nl2v�2��1:ö­â¥à¥á ¤® ¯à®¡«¥¬¨ à®§á÷ï­­ï �� ­  «®ª «÷§®-¢ ­¨å ­¥®¤­®à÷¤­®áâïå à®§¯®¤÷«ã £ãáâ¨­¨ á¯à¨-ç¨­¨¢ ¯®ï¢ã àï¤ã à®¡÷â [3, 7 - 9]. � à ªâ¥à-­®î ùå­ì®î ®á®¡«¨¢÷áâî ¡ã«® ¯à¨¯ãé¥­­ï "§ ¬®-à®¦¥­®áâ÷" ¢­ãâà÷è­ì®ù áâàãªâãà¨ æ¨å §¡ãà¥­ì,é®, §¢¨ç ©­®, ­¥ ¢÷¤¯®¢÷¤ õ ¤÷©á­®áâ÷, ®áª÷«ìª¨, ïª¢÷¤§­ ç «®áï ¢¨é¥, â ª®£® à®¤ã ãâ¢®à¥­­ï ¬ îâì§¬÷­­ã ¢ ç á÷ £¥®¬¥âà÷î ÷ áâàãªâãàã. � ¯¥à÷®¤¯®ï¢¨ § §­ ç¥­¨å ¢¨é¥ à®¡÷â ­¥ ¢á÷ ¥â ¯¨ ¥¢®-«îæ÷ù ¯¥à¥¬÷è ­¨å ®¡« áâ¥© ¡ã«¨ ¤®á«÷¤¦¥­÷, §®-ªà¥¬ , §®¢á÷¬ ­¥ ¡ã«  ¢¨¢ç¥­  ¢'ï§ª®-¤¨äã§÷©­ áâ ¤÷ï. �¨è¥ ¯÷á«ï ¢¨å®¤ã à®¡®â¨ [6], ¢ ïª÷© ¤¥-â «ì­® ¤®á«÷¤¦¥­  á ¬¥ æï áâ ¤÷ï ¥¢®«îæ÷ù, â  à®-¡®â¨ [11], ¤¥ ¢áâ ­®¢«¥­®, é® ­ ¢÷âì ¤«ï ¢¨¯ ¤-ªã lw � li ¢¯«¨¢®¬ ­¥áâ æ÷®­ à­®áâ÷ §¬÷­¨ ¯®«ïáâà â¨ä÷ª æ÷ù, ®¡ã¬®¢«¥­®ù ¯à®å®¤®¬ ¢ ®ª®«÷ ¯«ï-¬¨ ä®­®¢®ù ¢­ãâà÷è­ì®ù å¢¨«÷, ­  ¤¨­ ¬÷ªã ¢'ï§ª®-¤¨äã§÷©­®ù áâ ¤÷ù ùù ¥¢®«îæ÷ù ¬®¦­  §­¥åâã¢ â¨,

§'ï¢¨« áï ¬®¦«¨¢÷áâì ª®à¥ªâ­® à®§¢'ï§ â¨ § ¤ çãà®§á÷ï­­ï �� ­  â ª®£® à®¤ã ®¡« áâïå.� ¤ ­÷© à®¡®â÷ à®§¢'ï§ãõâìáï ¤¢®¢¨¬÷à­  § ¤ ç à®§á÷ï­­ï ¬®­®åà®¬ â¨ç­®ù �� ­  «®ª «÷§®¢ ­÷©¯¥à¥¬÷è ­÷© ¯«ï¬÷, ïª  §­ å®¤¨âìáï ¢ è à÷ áª÷­-ç¥­®ù â®¢é¨­¨ h «÷­÷©­®áâà â¨ä÷ª®¢ ­®ù à÷¤¨­¨ §N = const ÷ ¯¥à¥¡ã¢ õ ­  ¢'ï§ª®-¤¨äã§÷©­÷© áâ ¤÷ùá¢®õù ¥¢®«îæ÷ù ¤«ï ¢¨¯ ¤ªã, ª®«¨ � � 1. �®§£«ï-¤ õâìáï «¨è¥ ®¤­®ªà â­¥ à®§á÷ï­­ï �� ­  ¯«ï¬÷.1. ����������� �����������������ö�¨áâ¥¬  à÷¢­ï­ì ¢ ­ ¡«¨¦¥­­÷ �ãá¨­¥áª , ïª ®¯¨áãõ ¤¢®¢¨¬÷à­¨© àãå áâà â¨ä÷ª®¢ ­®£® á¥à¥¤®-¢¨é  ¢ ¯®«÷ «÷­÷©­¨å ¢­ãâà÷è­÷å å¢¨«ì, ¬ õ ¢¨£«ï¤[12] (÷­¤¥ªá "w" ¯®§­ ç õ á ¬¥ å¢¨«ì®¢¨© å à ªâ¥ààãåã). @uw@t + 1�0 @pw@x = 0; (1)@ww@t + 1� @pw@x � bw = 0; (2)@uw@x + @ww@z = 0; (3)@bw@t + N2w = 0: (4)�ãâ uw ÷ ww { ¢÷¤¯®¢÷¤­® £®à¨§®­â «ì­  ÷ ¢¥àâ¨-ª «ì­  áª« ¤®¢÷ è¢¨¤ª®áâ÷; bw = �g(����)=�0 { §¡ã-à¥­  ¯« ¢ãç÷áâì, � { £ãáâ¨­  á¥à¥¤®¢¨é  ÷ g { ¯à¨-áª®à¥­­ï á¨«¨ âï¦÷­­ï; ç áâ®â  �'ï©áï«ï-�à¥­â N ¢¨à ¦ õâìáï ç¥à¥§ bw ïª N = @bw=@z.�¨áâ¥¬  ª®®à¤¨­ â ¢¨¡à ­  â ª¨¬ ç¨­®¬, é®¯®ç â®ª ª®®à¤¨­ â §­ å®¤¨âìáï ­  ¢÷«ì­÷© ¯®¢¥àå-­÷, ­ ¯àï¬ ¢÷á÷ x á¯÷¢¯ ¤ õ § ­ ¯àï¬®¬ ¯®è¨à¥­­ïä®­®¢¨å ��,   ¢÷áì z ­ ¯à ¢«¥­  ¢£®àã.�'ï§ª®-¤¨äã§÷©­  áâ ¤÷ï ¥¢®«îæ÷ù ¤¢®¢¨¬÷à­®ù¯¥à¥¬÷è ­®ù ¯«ï¬¨ ®¯¨áãõâìáï à÷¢­ï­­ï¬¨, ®¤¥à-¦ ­¨¬¨ ¢ [6] (÷­¤¥ªá "i" ¢¨¤÷«ïõ ÷­âàã§÷©­¨© å -à ªâ¥à àãåã): 1�0 @pi@x + � @2ui@z2 = 0; (5)1�0 @pi@z � bi = 0; (6)@ui@x + @wi@z = 0; (7)@bi@t + ui@bi@x +wi @bi@z +N2wi = �T @2bi@z2 : (8)�ãâ �T - ª®¥ä÷æ÷õ­â â¥¬¯¥à âãà®¯à®¢÷¤­®áâ÷ (¢¢ -¦ õâìáï, é® áâà â¨ä÷ª æ÷ï ®¡ã¬®¢«¥­  ¢¥àâ¨ª «ì-�. �. �â¥æ¥­ª®, �. �. �ãª'ï­®¢ 77



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 1. �. 76 { 83­¨¬ £à ¤÷õ­â®¬ â¥¬¯¥à âãà¨). �®®à¤¨­ â¨ æ¥­-âà  ¯«ï¬¨ ã ¢¨¡à ­÷© á¨áâ¥¬÷ ª®®à¤¨­ â { x = 0 ;z = z0.�  ¯÷¤áâ ¢÷ (1) - (8) á¨áâ¥¬  à÷¢­ï­ì ¢ ­ ¡«¨-¦¥­­÷ �ãá¨­¥áª , ïª  ®¯¨áãõ ¤¨­ ¬÷ªã á¥à¥¤®¢¨é ¢ ¯à®æ¥á÷ ¢§ õ¬®¤÷ù ¯«ï¬¨ ÷ ­ ¡÷£ îç¨å ­  ­¥ù ��,¯à¥¤áâ ¢«ïõâìáï ïª@u@t + 1�0 @p@x + � @2u@z2 = 0; (9)@w@t + 1�0 @p@z � b = 0; (10)@u@x + @w@z = 0; (11)@b@t + u @b@x + w@b@z + N2w = �T @2b@z2 : (12)�®ç âª®¢÷ â  £à ­¨ç­÷ ã¬®¢¨ § ¤ ç÷ § ¤ îâìáï§ ¢à åã¢ ­­ï¬ ­ áâã¯­¨å ¬÷àªã¢ ­ì, ®¡ã¬®¢«¥­¨åâ¨¬, é® à®§¢'ï§ ­­ï § ¤ ç÷ ¢÷¤¡ã¢ õâìáï ¯ à «¥«ì-­® ¤«ï å¢¨«ì®¢®£® © ÷­âàã§÷©­®£® ¯à®æ¥á÷¢. �ª ¯®-ª § ­® ¢ [11], ÷­âàã§÷©­ã § ¤ çã § ¤®áâ â­÷¬ áâã¯¥-­¥¬ â®ç­®áâ÷ ¬®¦­  à®§¢'ï§ã¢ â¨  ¢â®­®¬­®, ¡¥§¢à åã¢ ­­ï ¢¯«¨¢ã ­  ¤¨­ ¬÷ªã ¯«ï¬¨ ¯®«ï ­ ¡÷-£ îç¨å ��. �®¬ã £à ­¨ç­÷ © ¯®ç âª®¢÷ ã¬®¢¨ ­¥-®¡å÷¤­® § ¤ ¢ â¨ ®ªà¥¬® ¤«ï ª®¦­®£® § ­ §¢ ­¨å¯à®æ¥á÷¢.�«ï âãà¡ã«¥­â­¨å ¯«ï¬ ­  ¢'ï§ª®-¤¨äã§÷©­÷©áâ ¤÷ù ¥¢®«îæ÷ù å à ªâ¥à­÷ £®à¨§®­â «ì­¨© lH ÷¢¥àâ¨ª «ì­¨© lv à®§¬÷à¨ á¯÷¢¢÷¤­®áïâìáï ïª lv �0:01lH , ¯à¨ç®¬ã å à ªâ¥à­¥ §­ ç¥­­ï lv ã ¬®àïå÷ ®ª¥ ­ å áª« ¤ õ ¢¥«¨ç¨­ã ¯®àï¤ª  ¤¥áïâª÷¢ á ­-â¨¬¥âà÷¢ { ¬¥âà÷¢. �®¬ã ­  ¥¢®«îæ÷î ¯«ï¬ ¡¥§-¯®á¥à¥¤­÷¬ ¢¯«¨¢®¬ ¢÷«ì­®ù ¯®¢¥àå­÷ ÷ ¤­  ¬®¦­ §­¥åâã¢ â¨. �â¦¥, §  ¯à¨¯ãé¥­­ï, é® ¯«ï¬  §­ -å®¤¨âìáï ¤®áâ â­ì® ¤ «¥ª® ¢÷¤ £à ­¨æ÷ á¥à¥¤®¢¨-é , ¤«ï ÷­âàã§÷©­®£® ¯à®æ¥áã £à ­¨ç­÷ © ¯®ç âª®¢÷ã¬®¢¨ § ¤ îâìáï  ­ «®£÷ç­® ¢¨¯ ¤ªã ¡¥§¬¥¦­®£®á¥à¥¤®¢¨é bi; ui; wi ! 0 ¯à¨ R !1 ; (13)¤¥ R =p(x� x0)2 + (z � z0)2.�«ï à®§á÷ï­®ù å¢¨«÷ ¡ã¤ãâì ¢¨ª®­ã¢ â¨áì á¯à®-é¥­÷ £à ­¨ç­÷ ã¬®¢¨, ïª÷ ¢¨¯«¨¢ îâì ÷§ § £ «ì­®-¯à¨©­ïâ®ù § ¬÷­¨ ã¬®¢¨ ­  ¢÷«ì­÷© ¯®¢¥àå­÷ ã¬®-¢®î "â¢¥à¤®ù ªà¨èª¨". �â¦¥, ¤«ï å¢¨«ì®¢®ù áª« -¤®¢®ù àãåãww = 0 ¯à¨ z = 0 â  z = �h: (14)�®ç âª®¢  ã¬®¢  ¤«ï bi ¬ õ ¢¨£«ï¤bi = bi0(x ; z) ¯à¨ t = 0: (15)�à® ¯®ç âª®¢÷ ã¬®¢¨ ¤«ï uw ÷ ww ¡ã¤¥ ÷â¨ ¬®¢ ¯à¨ à®§¢'ï§ ­­÷ å¢¨«ì®¢®ù § ¤ ç÷.

�¢ ¦ õâìáï, é® ¤®á«÷¤¦ã¢ ­  ¯«ï¬  §'ï¢«ïõâìáï(­¥¬®¢ ¡¨ ¬¨ââõ¢® "¢ª«îç õâìáï") ¢ ¤¥ïª¨© ¯®-ç âª®¢¨© ¬®¬¥­â ç áã. �¨­ ¬÷ª  ¤®á«÷¤¦ã¢ ­®-£® ¯à®æ¥áã ¢¨§­ ç õâìáï âàì®¬  ¬¥å ­÷§¬ ¬¨. �¥­ ¡÷£ îç  ä®­®¢  ��, à®§á÷ï­  ¢­ãâà÷è­ï å¢¨«ïâ  ÷­âàã§÷©­¨© ¯à®æ¥á à®§â÷ª ­­ï ¯«ï¬¨. �¥àè÷¤¢  ¬¥å ­÷§¬¨ ¬ îâì å à ªâ¥à­¨© ¬ áèâ ¡ ç -áã tw = N�1, ¢ â®© ç á ïª ¯à®æ¥á ¥¢®«îæ÷ù ¯«ï-¬¨ ¢÷¤¡ã¢ õâìáï § å à ªâ¥à­¨¬ ç á®¢¨¬ ¬ áèâ -¡®¬ ti = �l�2v N�2��1 ÷ ¢÷¤¡ã¢ õâìáï ¡¥§ ¯®¬÷â­®£®¢¯«¨¢ã ­  ­ì®£® ­ ¡÷£ îç®ù å¢¨«÷. �®¬ã à®§¢'ï§®ª¯®áâ ¢«¥­®ù § ¤ ç÷ ¬®¦­  ¯à¥¤áâ ¢¨â¨ ã ¢¨£«ï¤÷u = ui(x; z; t1) + uw0(x; z; t) + uw1(x; z; t; t1) ;w = wi(x; z; t1) +ww0(x; z; t) +ww1(x; z; t; t1) ;b = bi(x; z; t1) + bw0(x; z; t) + bw1(x; z; t; t1) ; (16)p = pi(x; z; t1) + pw0(x; z; t) + pw1(x; z; t; t1) ;¤¥ t1 = � t,   áª« ¤®¢÷ § ÷­¤¥ªá ¬¨ "w0" â  "w1"¢÷¤­®áïâìáï ¢÷¤¯®¢÷¤­® ¤® ­ ¡÷£ îç®ù ÷ à®§á÷ï­®ùå¢¨«ì.�®§¢'ï§®ª ÷­âàã§÷©­®ù § ¤ ç÷ ¤«ï bi §¢®¤¨âìáï ¤®÷­â¥£àã¢ ­­ï ¤¨ä¥à¥­æ÷ «ì­®£® à÷¢­ï­­ï ¤«ï ¤®-¯®¬÷¦­®ù äã­ªæ÷ù Q, â ª®ù, é® bi = @4Q=@z4 [6]:@5Q@t@z4 � @2Q@x2 � �T @6Q@z6 == �# � @2Q@x@z @5Q@x@z4 � @5Q@z5 @2Q@z2 � (17)§ ¯®ç âª®¢®î ã¬®¢®î, é® ¢¨¯«¨¢ õ § ã¬®¢¨ (15):@4Q@z4 = bi0(x; z) ¯à¨ t = 0 (18)÷ ­ã«ì®¢®ù £à ­¨ç­®ù ã¬®¢¨, é® ¢¨¯«¨¢ õ § ã¬®¢¨(15): @4Q@z4 ! 0 ¯à¨ R ! 1:�ãª ­  äã­ªæ÷ï Q, ¢¥«¨ç¨­¨ t; x ÷ z ¢ § ¤ ç÷(17){(18) ®¡¥§à®§¬÷à¥­÷ ¢÷¤¯®¢÷¤­® ¤® å à ªâ¥à­¨å¬ áèâ ¡÷¢ ÷­âàã§÷©­®ù § ¤ ç÷,   á ¬¥: ¤«ï x { lH ,¤«ï z { lv = �lH , ¤«ï ç áã t { �l�2v N�2��2, ¤«ï £®-à¨§®­â «ì­®ù è¢¨¤ª®áâ÷ ui { VH = l2vN2�=�, ¤«ï¢¥àâ¨ª «ì­®ù è¢¨¤ª®áâ÷ w { VH �, ¤«ï â¨áªã p=�0{ �VH l�1H �2#, ¤«ï ¯« ¢ãç®áâ÷ bi { �VH l�3v ��1. �ãâ# = �VH l�3v ��1N�2 { ¯ à ¬¥âà, ïª¨© å à ªâ¥à¨-§ãõ áâã¯÷­ì ¯¥à¥¬÷è ­®áâ÷ á¥à¥¤®¢¨é  ¢á¥à¥¤¨­÷¯«ï¬¨ [6].�÷á«ï ¯÷¤áâ ­®¢ª¨ ¯à¥¤áâ ¢«¥­­ï (16) ã á¨áâ¥-¬ã (8){(12), â  ¢à åã¢ ­­ï à÷¢­ï­ì (1){(8), ®¤¥à-¦ãõâìáï á¨áâ¥¬  à÷¢­ï­ì, ïª  ®¯¨áãõ à®§á÷ï­ã å¢¨-«î. �÷á«ï ®¡¥§à®§¬÷àî¢ ­­ï § ¢¨ª®à¨áâ ­­ï¬ å -à ªâ¥à­¨å ¬ áèâ ¡÷¢ å¢¨«ì®¢®ù § ¤ ç÷,   á ¬¥: ¤«ï78 �. �. �â¥æ¥­ª®, �. �. �ãª'ï­®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 1. �. 76 { 83x ÷ z { h, ¤«ï ç áã t { N�1, ¤«ï áª« ¤®¢¨å è¢¨¤-ª®áâ÷ uw1 ÷ ww1 { Nh, ¤«ï â¨áªã p=�0 { N2h2, ¤«ï¯« ¢ãç®áâ÷ b { N2h, æï á¨áâ¥¬  ­ ¡¨à õ ¢¨£«ï¤ã@uw1@t + @pw1@x = 0; (19)@ww1@t + @pw1@z � bw1 = 0; (20)@uw1@x + @ww1@z = 0; (21)@bw1@t + ww1 = ��uw0@bi@x +ww0@bi@z � : (22)�¨áâ¥¬  à÷¢­ï­ì (19){(22) ¢ á¨«ã á¢®õù «÷­÷©-­®áâ÷ «¥£ª® §¢®¤¨âìáï ¤® ®¤­®£® à÷¢­ï­­ï ¢÷¤­®á­®¢¥àâ¨ª «ì­®ù áª« ¤®¢®ù è¢¨¤ª®áâ÷@2@t2 �@2ww1@x2 + @2ww1@z2 �+ @2ww1@x2 == ��uw0@bi@x + ww0@bi@z � (23)§ £à ­¨ç­¨¬¨ ã¬®¢ ¬¨ww1 = 0 ¯à¨ z = 0 â  z = �1: (24)�â¦¥, ¤«ï §­ å®¤¦¥­­ï à®§¢'ï§ªã § ¤ ç÷ ¯à¨©-¬ õâìáï â ª  áå¥¬  ©®£® ¯®¡ã¤®¢¨:1. �®§¢'ï§ãõâìáï ÷­âàã§÷©­  § ¤ ç  (17){(19), ¢à¥§ã«ìâ â÷ ç®£® ¢¨§­ ç õâìáï à®§¯®¤÷« ã ç á÷ ¯« -¢ãç®áâ÷ bi(x; z; t1).2. �«ï ¢¦¥ ¢÷¤®¬®ù bi(x; z; t1) §­ å®¤¨âìáï à®-§¢'ï§®ª à÷¢­ï­­ï (23) § £à ­¨ç­¨¬¨ ã¬®¢ ¬¨ (24)÷ ¯®ç âª®¢¨¬¨ ã¬®¢ ¬¨, ïª÷ ¢÷¤¯®¢÷¤ îâì ã¬®¢÷¬¨ââõ¢®£® "¢ª«îç¥­­ï" ¯«ï¬¨.2. ����� ������ ���������� è à÷ áª÷­ç¥­®ù â®¢é¨­¨ «÷­÷©­®áâà â¨ä÷ª®¢ -­®ù à÷¤¨­¨ § N = const ¤«ï n-®ù ¬®¤¨ ¬®­®åà®-¬ â¨ç­®ù ¢­ãâà÷è­ì®ù å¢¨«÷ ¢¥«¨ç¨­   ¬¯«÷âã¤¨¢¨§­ ç õâìáï ïª [12]�n = a sin(�nz)ei(kx�!nt): (25)�®¬¯®­¥­â¨ è¢¨¤ª®áâ÷ ¢ ¯®«÷ �� ¢÷¤¯®¢÷¤­® ¢¨-à ¦ îâìáï ïªuw0(x; z; t) = An�nik cos(�nz)ei(kx�!nt);ww0(x; z; t) = An sin(�nz)ei(kx�!nt): (26)�ãâ An = �ia!n,   ç áâ®â  !n §¢'ï§ ­  § å¢¨«ì®-¢¨¬ ç¨á«®¬ k ¤¨á¯¥àá÷©­¨¬ á¯÷¢¢÷¤­®è¥­­ï¬!n = k[k2 + (�n)2] 12 :

�¢ ¦ îç¨ ­  ¯à¥¤áâ ¢«¥­­ï (25), à®§¢'ï§®ª § -¤ ç÷ (23){(24) èãª õâìáï ã ¢¨£«ï¤÷ww1 = �w(x; z; t1)e�i!nt: (27)�áª÷«ìª¨ t1 = � t, â® ¯÷á«ï ¯÷¤áâ ­®¢ª¨ ¯à¥¤áâ -¢«¥­­ï (27) ã à÷¢­ï­­ï (23) ®¤¥à¦¨¬®��2 @2@t21 � 2i�!n @@t1 � !2n��@2 �w@x2 + @2 �w@z2 �++@2 �w@x2 = �AnF (x; z; t1) ; (28)¤¥F = @2@x2 ���nik cos(�nz)@bi@x + sin(�nz)@bi@z � eikx� :�à ­¨ç­÷ ã¬®¢¨ ¤«ï �w  ­ «®£÷ç­÷ ã¬®¢ ¬ (24):�w = 0 ¯à¨ z = 0 ÷ z = �1: (29)� á¨«ã ¬ «®áâ÷ ¯ à ¬¥âà  � à®§¢'§®ª ¤«ï�w(x; z; t1) ¬®¦­  ¯à¥¤áâ ¢¨â¨ ã ¢¨£«ï¤÷ à®§ª« ¤ã¢ àï¤ ¯® æì®¬ã ¯ à ¬¥âàã�w = �w0 + � �w1 + �2 �w2 + � � � (30)�÷¤áâ ¢«ïîç¨ à®§ª« ¤¥­­ï (30) ã à÷¢­ï­­ï (28)â  ¯à¨à÷¢­îîç¨ ç«¥­¨ ¯à¨ ®¤­ ª®¢¨å áâã¯¥­ïå � ,®¤¥à¦¨¬® ¤«ï ¯¥àè¨å ¤¢®å ç«¥­÷¢ à®§ª« ¤ã@2 �w0@z2 + �1� 1!2n� @2 �w0@x2 = a!2nF0(x; z) ; (31)¤¥F0(x; z) = �nk cos(�nz) @2@x2 �cos(kx)@bi@x �++sin(�nz) @2@x2 �sin(kx)@bi@z � ;÷ @2 �w1@z2 +�1� 1!2n� @2 �w1@x2 = F1(x; z; t1); (32)¤¥ F1(x; z; t1) = � 2!n @@t1 �@2 �wo@x2 + @2 �w0@z2 � :�à ­¨ç­÷ ã¬®¢¨ ¤«ï �w0 ÷ �w1  ­ «®£÷ç­÷ ã¬®¢ ¬(29). �ª ¢¨¯«¨¢ õ § ¢¨£«ï¤ã à÷¢­ï­ì (31) â  (32),à®§¢'ï§ª¨ ¤«ï �w0 ÷ �w1 ¬÷áâïâì t1 ¢ ïª®áâ÷ ¯ à ¬¥-âà  ÷ â®¬ã ¯®ç âª®¢  ã¬®¢  ¯® ç áã ¤«ï ­¨å ï¢-­® ­¥ § ¤ õâìáï. �«ï ¬®¬¥­âã t = t1 = 0 ®¤¥à-¦ãõâìáï à®§¢'ï§®ª ¤«ï ¯®«ï à®§á÷ï­¨å ��, ïª¨©�. �. �â¥æ¥­ª®, �. �. �ãª'ï­®¢ 79



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 1. �. 76 { 83¢÷¤¯®¢÷¤ õ áâàãªâãà÷ ¯«ï¬¨ ¢ æ¥© ¬®¬¥­â, â®¡â®¤«ï bi = bi(x; z; 0) â ª, ­¥­ ç¥ æï áâàãªâãà  ÷á­ã¢ -«  ¤® æì®£® ã ­¥§¬÷­­®¬ã ¢¨£«ï¤÷. �ï ¢ ¯¥¢­÷© ¬÷à÷"­¥ª®à¥ªâ­÷áâì" ®¡ã¬®¢«¥­  § áâ®áã¢ ­­ï¬ ¬¥â®-¤ã ¬ «®£® ¯ à ¬¥âà ,   ä÷§¨ç­® ¢®­  ¢¨¯«¨¢ õ á -¬¥ § ¬ «®áâ÷ ¯ à ¬¥âà  � .�®§¢'ï§®ª à÷¢­ï­­ï (31) ¢ á¨«ã ©®£® «÷­÷©­®áâ÷§àãç­® èãª â¨ ã ¢¨£«ï¤÷ à®§ª« ¤ã ¢ àï¤ ¯® ¢« á-­¨¬ äã­ªæ÷ï¬ ¢÷¤¯®¢÷¤­®ù ªà ©®¢®ù § ¤ ç÷ ¤«ï ��.�«ï § ¤ ­®ù áå¥¬¨ áâà â¨ä÷ª æ÷ù ¢« á­¨¬¨ äã­ª-æ÷ï¬¨ õ sin(�mz) [12]. �®¬ã �w0 ¯à¥¤áâ ¢«ïõâìáïïª �w0(x; z; t1) = 1Xm=0�(x; t1): sin(�mz); (33)�÷¤áâ ¢«ïîç¨ à®§ª« ¤ (33) ã à÷¢­ï­­ï (31), ¤®-¬­®¦ãîç¨ ®¤¥à¦ ­¥ ­  sin(�mz) â  ÷­â¥£àãîç¨©®£® ¯®¯¥à¥ª áâà â¨ä÷ª®¢ ­®£® è àã, ®¤¥à¦¨¬®¤«ï �(x; t1) §¢¨ç ©­¥ ¤¨ä¥à¥­æ÷©­¥ à÷¢­ï­­ï § t1¢ ïª®áâ÷ ¯ à ¬¥âà .�00m + �2m2!2n1� !2n = �fm(x; t1) ; (34)¤¥fm(x; t1) = 2a!n1� !2n Z 1�1�(x; z; t1) sin(�mz)dz ;�(x; z; t1) = �nk cos(�nz) @2@x2 �cos(kx)@bi@x �++sin(�nz) @2@x2 �sin(kx)@bi@z � :�®§¢'ï§®ª à÷¢­ï­­ï (34) ¬ õ ¢¨£«ï¤ [13]�m = � nmk �Z x�1 fm sin �kmn (x� x1)� dx1�� Z 1x fm sin �kmn (x� x1)� dx1� :�ãâ k = �n!n=(1� !2n) 12 - å¢¨«ì®¢¥ ç¨á«® ­ ¡÷£ î-ç®ù å¢¨«÷, ¢¨à ¦¥­¥ ç¥à¥§ ç áâ®âã å¢¨«÷.�â¦¥, à®§¢'§®ª ¤«ï �w0 ¯à¥¤áâ ¢«ïõâìáï ã ¢¨-£«ï¤÷�w0 = � 2ak�2n!n 1Xm=1 sin(�mz)m Z ZS �(�1; �2; t1)�� sin(�m�2) sin �kmn (x� �1)� d�1d�2:�ãâ S(�1; �2; t1) { §¬÷­­  ¢ ç á÷ ®¡« áâì ÷­âàã§÷©­®ù¯«ï¬¨.

�®¤÷¡­¨¬ ç¨­®¬ §­ å®¤¨âìáï à®§¢'ï§®ª à÷¢­ï­­ï(32):�w1 = 4a(k2 + �2n2)�2n2!2n 1Xm=1 sin(�mz)(I� � I+) ; (35)¤¥I� = Z x�1 @Rm@t1 (x1; t1) sin �kmn (x� x1)� dx1 ;I+ = Z 1x @Rm@t1 (x1; t1) sin �kmn (x� x1)� dx1 ;Rm(x; t1) = Z ZS �(�1; �2; t1) sin(�n�2)�� sin �kmn (x� �1)� d�!d�2:� ®¤¥à¦ ­®¬ã à®§¢'ï§ªã (36) ¬®¦­  ¢¨ª®­ -â¨ ÷­â¥£àã¢ ­­ï ¯® x1; ¢ à¥§ã«ìâ â÷ ®¤¥à¦ãõâìáï¡÷«ìè §àãç­¨© ¤«ï à®§à åã­ª÷¢ ¢¨à § ¤«ï �w1:�w1 = 4a(k2 + �2n2)�2n2!2n 1Xm=1 sin(�mz)Is ; (36)¤¥Is = Z ZS @�@t1 (�1; �2; t1) sin(�n�2)[ 1 �  2]d�1d�2 ; 1(�1; x) = n2knfsin�2kmLxn � cos �kmn (x+ �1)�++sin �kmn (x� �1)�g ; 2(�1; x) = x cos �kmn (x� �1)� ;Lx(t1) { ¯®«®¢¨­  £®à¨§®­â «ì­®£® à®§¬÷àã ¯«ï¬¨,ïª  ¢¨§­ ç õâìáï ¢ ¯à®æ¥á÷ à®§¢'ï§ ­­ï ÷­âàã§÷©-­®ù § ¤ ç÷.�ª ¢¨¯«¨¢ õ § ®¤¥à¦ ­¨å à¥§ã«ìâ â÷¢, ¯¥à-è  áª« ¤®¢  à®§¢'ï§ªã �w0 ¢÷¤¯®¢÷¤ õ ­ ¡«¨¦¥­-­î ª¢ §÷§ ¬®à®¦¥­®áâ÷ ÷­âàã§÷©­®ù ®¡« áâ÷ § ¢­ã-âà÷è­ì®î áâàãªâãà®î, ïª  ¢÷¤¯®¢÷¤ õ à®§à åã­-ª®¢®¬ã ¬®¬¥­âã ç áã t, ( ¡® t1 = � t). �ª« ¤®-¢  (37) ¤ õ ¯®¯à ¢ªã ¤® áâàãªâãà¨ à®§á÷ï­®ù å¢¨«÷,ïª  ¢à å®¢ãõ áª÷­ç¥­÷áâì � .�¨£«ï¤ à®§¢'ï§ªã (35) ¯®¤÷¡­¨© ¤® ®¤¥à¦ ­®£®¢ [3], ®¤­ ª âãâ ¢à å®¢ãõâìáï à¥ «ì­  áâàãªâãà ¯«ï¬¨ â  ¤¨­ ¬÷ª  ùù §¬÷­¨ ¢ ç á÷, ç®£® ­¥¬ õ ¢[3], ¤¥ áâàãªâãà  ¯«ï¬¨ ¯à¨©­ïâ  ­¥§¬÷­­®î,   ÷­-â¥£à « ã ¢¨à §÷ (36) ®æ÷­îõâìáï §  ¤®¯®¬®£®î â¥-®à¥¬¨ ¯à® á¥à¥¤­õ ÷, â ª¨¬ ç¨­®¬, ®¤¥à¦ãõâìáï«¨è¥ ïª÷á­¨© à¥§ã«ìâ â ¯à® å à ªâ¥à ¯®«ï à®§á÷ï-­¨å ��. � ª¨¬ ç¨­®¬, à¥§ã«ìâ â¨ à®¡÷â [3, 7, 8]¤ îâì «¨è¥ ïª÷á­ã ª àâ¨­ã ¯¥àè®£® ­ ¡«¨¦¥­­ï80 �. �. �â¥æ¥­ª®, �. �. �ãª'ï­®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 1. �. 76 { 83¯®«ï à®§á÷ï­¨å å¢¨«ì ¤«ï ¯¥à÷®¤ã ¦¨ââï ¯«ï¬¨, é®¢÷¤¯®¢÷¤ õ ¢'ï§ª®-¤¨äã§÷©­÷© áâ ¤÷ù ùù ¥¢®«îæ÷ù ¯à¨� � 1.3. ���������� ������������������ö��«ï ¬®¤¥«ì­¨å à®§à åã­ª÷¢ ¢§ïâ® è à «÷­÷©­®-áâà â¨ä÷ª®¢ ­®ù à÷¤¨­¨ â®¢é¨­®î 100 ¬ § N =0; 01. �®à¨§®­â «ì­¨© à®§¬÷à ¯«ï¬¨ ¢ ¯®ç âª®¢¨©¬®¬¥­â ¯à¨©¬ ¢áï lH = 100 ¬; £®à¨§®­â ùù à®§-â èã¢ ­­ï ¢÷¤¯®¢÷¤ õ z = - 20 ¬ â  z = - 50 ¬.�®¢é¨­  ¯«ï¬¨ § ¤ ¢ « áì â ª®î, é®¡ § ¡¥§¯¥çã-¢ « áì ¬ «÷áâì ¯ à ¬¥âà  � . �âàãªâãà  ¢á¥à¥¤¨­÷¯«ï¬¨ ¢ ¯®ç âª®¢¨© ¬®¬¥­â ¢÷¤¯®¢÷¤ «  §­ ç¥­­î# = 1, â®¡â® ¬ ªá¨¬ «ì­÷© ùù ¯¥à¥¬÷è ­®áâ÷ [6].�®§à åã­ª¨ ¢¨ª®­ã¢ «¨áì ¤«ï à÷§­¨å ­®¬¥à÷¢ ¬®¤÷ à÷§­¨å §­ ç¥­ì å¢¨«ì®¢®£® ç¨á«  ­ ¡÷£ îç®ù ��.�¬¯«÷âã¤  �� § ¤ ¢ « áì à÷¢­®î 5 ¬¥âà ¬. �®«ïà®§á÷ï­¨å �� ®¤¥à¦ ­÷ ¤«ï à÷§­¨å ¬®¬¥­â÷¢ ç áãt1. �®§à åã­ª¨ å¢¨«ì®¢¨å ª àâ¨­ ¢¨ª®­ ­÷ ¢ à ¬-ª å ¯¥àè®£® ­ ¡«¨¦¥­­ï, ®áª÷«ìª¨ §  ¯à¨©­ïâ®ùã¬®¢¨ � � 1 æì®£® ¢¨ï¢«ïõâìáï æ÷«ª®¬ ¤®áâ â­ì®¤«ï  ­ «÷§ã ¯®«ï à®§á÷ï­¨å å¢¨«ì. �¥§ã«ìâ â¨ à®-§à åã­ª÷¢ ¯à¥¤áâ ¢«¥­÷ ã ¢¨£«ï¤÷ ÷§®«÷­÷© §­ ç¥­ìw0 ¢ ¯«®é¨­÷ (x; z) â  à®§¯®¤÷«ã w0 ­  § ¤ ­¨å £®-à¨§®­â å z.�¥§ã«ìâ â¨ à®§à åã­ª÷¢ ¯®ª §ãîâì, é® ¯®«îà®§á÷ï­®ù ­  ¯¥à¥¬÷è ­÷© ¯«ï¬÷ ¢­ãâà÷è­ì®ù å¢¨«÷¯à¨â ¬ ­­÷ àï¤ å à ªâ¥à­¨å ®á®¡«¨¢®áâ¥©, ­ ©-¡÷«ìè ¯à¨¬÷â­®î § ïª¨å õ ä®à¬ã¢ ­­ï ¤¢®å á¨-áâ¥¬ §®­ ª®­æ¥­âà æ÷ù ¥­¥à£÷ù, ïª÷ ¬ îâì ¢¨£«ï¤¯¥à÷¤¨ç­® à®§â è®¢ ­¨å á¬ã£. � £ «ì­¨© å à ª-â¥à æ¨å á¬ã£ â  ùå­÷© §¢'ï§®ª ÷§ ¯¥à¥¬÷è ­®î ¯«ï-¬®î ¯à¥¤áâ ¢«¥­® ­  à¨á. 1, ¤¥ ª®¦­  § á¨áâ¥¬§ èâà¨å®¢ ­  ¢ à÷§­¨© á¯®á÷¡. �¡¨¤¢÷ á¨áâ¥¬¨ ¯¥-à¥â¨­ îâìáï ¢ ®¡« áâ÷ ¯«ï¬¨, ¤ «÷ §®­¨ ¯¥à¥â¨-­ã ¯¥à÷®¤¨ç­® ¯®¢â®àîîâìáï. �à¨ æì®¬ã, ïª ¢¨-¯«¨¢ õ § ®¤¥à¦ ­®£® à®§¢'ï§ªã (35), à®§á÷ï­÷ å¢¨«÷§ ©¬ îâì ¢áî ®¡« áâì á¥à¥¤®¢¨é . �ï ä÷§¨ç­ ­¥ª®à¥ªâ­÷áâì õ ­ á«÷¤ª®¬ § áâ®á®¢ ­®ù ¯®áâ ­®¢-ª¨ § ¤ ç÷, ¢ ïª÷© ­¥ à®§£«ï¤ îâìáï ¯®¯¥à¥¤­÷ ¥â ¯¨¥¢®«îæ÷ù ¯«ï¬¨ § ¬®¬¥­âã ùù ãâ¢®à¥­­ï, ª®«¨ ¯à¨-à®¤­ì®î ¯®ç âª®¢®î ã¬®¢®î ¤«ï à®§á÷ï­¨å ¢­ã-âà÷è­÷å å¢¨«ì ¡ã«  ¡ ùå ¢÷¤áãâ­÷áâì ¢ ãá÷å â®ç-ª å ®¡« áâ÷ à÷¤¨­¨, â  ¬ «÷áâî ¯ à ¬¥âà  � . � -á¯à ¢¤÷ à¥ «ì­®î ä÷§¨ç­®î ª àâ¨­®î õ â ª , é®­  ¬®¬¥­â ¯®ç âªã ¢'ï§ª®-¤¨äã§÷©­®ù áâ ¤÷ù ¥¢®-«îæ÷ù ¯«ï¬¨ ¢÷¤ ­¥ù ¢¦¥ áä®à¬ã¢ «®áì ¯®«¥ à®§á÷ï-­¨å å¢¨«ì, ïª¥ § ©¬ õ ¤®áâ â­ì® è¨à®ªã ®¡« áâìá¥à¥¤®¢¨é  ¢ ­ ¯àï¬ªã ¢÷á÷ x ÷ áâàãªâãà  ïª®£®¢ ¡÷«ìè÷© ùù ç áâ¨­÷, é® ¯à¨«ï£ õ ¤® ¯«ï¬¨, ¢¦¥¢÷¤¯®¢÷¤ õ â®¬ã, é® á«÷¤ãõ § ®¤¥à¦ ­®£® âãâ à®-

§¢'ï§ªã. � à ªâ¥à ¯¥à÷®¤¨ç­®áâ÷ å¢¨«ì®¢®ù ª à-
�¨á. 1. �å¥¬ â¨ç­¨© ¢¨£«ï¤ ¯®«ï à®§á÷ï­¨å¢­ãâà÷è­÷å å¢¨«ìâ¨­¨ ¢¨¯«¨¢ õ ¡¥§¯®á¥à¥¤­ì® § ¢¨£«ï¤ã à®§¢'ï§ªã(35). �¥à÷®¤¨ç­÷áâì ¢á¥à¥¤¨­÷ ª®¦­®ù § ¤¢®å á¨-áâ¥¬ �� ¢¨§­ ç õâìáï ­®¬¥à®¬ ¬®¤¨ â  §­ ç¥­-­ï¬ å¢¨«ì®¢®£® ç¨á«  ­ ¡÷£ îç®ù ä®­®¢®ù �� ÷ ¢¨-à ¦ õâìáï ç¥à¥§ ­¨å §­ ç¥­­ï¬ ¯¥à÷®¤ã Tw� ã ¢¨-£«ï¤÷ Tw� = 2�nk :

�¨á. 2. �®«¥ p®§á÷ï­¨å �� ¯p¨t = 10Tw = 0:808; �0 = 0:0625 ¤«ïn = 2; k = 2; z0 = �0:2; lv = 0:005; lh = 1�ãâ ­ å¨«ã á¬ã£ � ­  à¨á. 1 ¢¨§­ ç õâìáï §¢¨à §ã tg� = k�n ;  ùå è¨à¨­  ¤®à÷¢­îõ £®à¨§®­â «ì­®¬ã à®§¬÷àã¯«ï¬¨, §à®áâ îç¨ ¢ ç á÷ ¢÷¤¯®¢÷¤­® ¤® ©®£® §à®-áâ ­­ï.�. �. �â¥æ¥­ª®, �. �. �ãª'ï­®¢ 81
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�¨á. 3. �¥àâ¨ª «ì­  áª« ¤®¢  è¢¨¤ª®áâ÷ à®§á÷ï­¨å�� ¯à¨ t = 10Tw = 12; 9; � = 0:0625 ¤«ïn = 2;k = 2; z0 = �0:25; lv = 0:005; lh = 1; a) z =�0:2; b) z = �0:4; c) z = �0:6; d) z = �0:8�à®¢¥¤¥­÷ à®§à åã­ª¨ ¢¨ï¢¨«¨ ä ªâ §à®áâ ­­ï¥­¥à£¥â¨ª¨ à®§á÷ï­¨å å¢¨«ì ¯à®âï£®¬ ¯¥¢­®£® ¯®-ç âª®¢®£® ¯¥à÷®¤ã ç áã § ­ áâã¯­¨¬ ùù ¯ ¤÷­­ï¬,®¡ã¬®¢«¥­¨¬ ¢¨à÷¢­î¢ ­­ï¬ ¯à®ä÷«î £ãáâ¨­¨ ¢á¥-à¥¤¨­÷ ¯«ï¬¨ (à¥áâà â¨ä÷ª æ÷õî). �áâ ­®¢«¥­®â ª®¦, é® ¢¨ï¢«¥­÷ á¨áâ¥¬¨ ¯®«®á ª®­æ¥­âà æ÷ù¥­¥à£÷ù à®§á÷ï­¨å �� ¬ îâì ¯à®â¨«¥¦­÷ ­ ¯àï¬-ª¨ àãåã à÷¤¨­¨ ¢§¤®¢¦ ¢÷á÷ x â  ®¤­ ª®¢÷ ­ ¯àï¬ª¨àãåã ¢§¤®¢¦ ¢÷á÷ z. �¥ïª÷ å à ªâ¥à­÷ ª àâ¨­¨ à®§-á÷­¨å �� â  ùå­ï áâàãªâãà  ­ ¢¥¤¥­÷ ­  à¨á.2 - à¨á.5, ¤¥ à®§à åã­ª®¢¨© ç á ¯à¥¤áâ ¢«¥­® ¢ ¯¥à÷®¤ å­ ¡÷£ îç®ù �� Tw â  ¢ ÷­âàã§÷©­®¬ã ¬ áèâ ¡÷ ti,  ¯ à ¬¥âà � ­ ¢¥¤¥­® ¤«ï ¯®ç âª®¢®£® ¬®¬¥­âãç áã. �  à¨á. 2 ¯à¥¤áâ ¢«¥­® ¯à¨ª« ¤ à®§¬÷é¥­-­ï §®­ ª®­æ¥­âà æ÷ù ¥­¥à£÷ù æ¨å å¢¨«ì ¤«ï ¢¨¯ ¤ªã,ª®«¨ ¯«ï¬  §­ å®¤¨âìáï ¢÷¤­®á­® ¡«¨§ìª® ¢÷¤ £à -­¨æ÷ á¥à¥¤®¢¨é  (z0 = �0; 2), â ª, é® ¤¢÷ §£ ¤ã¢ ­÷¢¨é¥ á¨áâ¥¬¨, ¡ã¤ãç¨ à®§â è®¢ ­¨¬¨ ¡«¨§ìª® ®¤-­  ®¤­®ù, ãâ¢®àîîâì ­¥¬®¢ ¡¨ ®¤­ã á¯÷«ì­ã §®­ã.�à® â¥, é® ¢ æ¨å á¨áâ¥¬ å ¬ õ ¬÷áæ¥ ¯à®â¨«¥¦-­¨© ­ ¯àï¬ àãåã ç áâ¨­®ª á¥à¥¤®¢¨é  ¢§¤®¢¦ ¢÷á÷x, ¬®¦­  áã¤¨â¨ § à¨á. 3, ¤¥ ­ ¢¥¤¥­® à®§¯®¤÷«¢¥àâ¨ª «ì­®ù áª« ¤®¢®ù è¢¨¤ª®áâ÷ �w0(x; z) ¤«ï à÷§-­¨å £®à¨§®­â÷¢ z. �  à¨á. 4 ­ ¢¥¤¥­® à®§¬÷é¥­­ï¥­¥à£¥â¨ç­¨å ¯®«®á �� ¯à¨ ÷­èù© ª®¬¡÷­ æ÷ù (k ÷n ¤«ï ¯«ï¬¨, à®§¬÷é¥­®ù ¯®á¥à¥¤¨­÷ è àã á¥à¥¤®-¢¨é  (z0 = �0; 5). �ª ¢¨¤­®, ¢ ¤ ­®¬ã ¢¨¯ ¤ªãá¨áâ¥¬¨ á¬ã£ ª®­æ¥­âà æ÷ù ¥­¥à£÷ù à®§á÷ï­¨å ��ç÷âª® à®§¤÷«¥­÷. � à®§¯®¤÷« �w0 ­  à÷§­¨å £®à¨§®­-â å z (à¨á. 5) ¯÷¤â¢¥à¤¦ãõ ¯à®â¨«¥¦­÷áâì ­ ¯àï¬-

�¨á. 4. �®«¥ p®§á÷ï­¨å �� ¯p¨t = 100Tw = 11:8; �0 = 0:009 ¤«ïn = 3;k = 2; z0 = �0:5; lv = 0:0025:; lh = 1ªã àãåã ¢ ­¨å ¢§¤®¢¦ ¢÷á÷ x ÷ ®¤­ ª®¢÷áâì ­ ¯àï¬ªãàãåã ¢§¤®¢¦ ¢÷á÷ z.
�¨á. 5. �¥àâ¨ª «ì­  áª« ¤®¢  è¢¨¤ª®áâ÷ à®§á÷ï­¨å�� ¯à¨ t = 100Tw = 129; � = 0:009 ¤«ïn = 3; k = 2; z0 = �0:25; lv = 0:1; lh = 100; a) z =�0:2; b) z = �0:4; c) z = �0:6; d) z = �0:8� æ÷«®¬ã ¥­¥à£÷ï à®§á÷ï­¨å �� ¬®¦¥ áª« ¤ â¨ïª ¯®¬÷â­ã, â ª ÷ ­¥§­ ç­ã ç áâ¨­ã ¥­¥à£÷ù ­ ¡÷-£ îç®ù ��. � ª, ã ¢¨¯ ¤ªã à¨á. 2 ­ ©¡÷«ìè¥ §­ -ç¥­­ï ¢¥àâ¨ª «ì­®ù áª« ¤®¢®ù è¢¨¤ª®áâ÷ à®§á÷ï­®ù�� õ �w0 = 0; 0015 ¯à®â¨ ww0max = 0; 0152, â®¡â®�w0 � 0; 1ww0max. � ¢¨¯ ¤ªã ¦ à¨á. 4 ­ ©¡÷«ìè¥§­ ç¥­­ï j �w0j õ 2 � 10�5, é® áª« ¤ õ «¨è¥ 0,2 ¢÷¤-á®âª  ¢÷¤ ­ ©¡÷«ìè®£® §­ ç¥­­ï w0wmax = 0; 0105.� ª¨¬ ç¨­®¬, áâàãªâãà  â  ¥­¥à£¥â¨ª  ¯®«ïà®§á÷ï­¨å ¢­ãâà÷è­÷å å¢¨«ì, é® ãâ¢®àîîâìáï ¢à¥§ã«ìâ â÷ ¢§ õ¬®¤÷ù ­ ¡÷£ îç®ù ä®­®¢®ù �� § ¯«ï-82 �. �. �â¥æ¥­ª®, �. �. �ãª'ï­®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 1. �. 76 { 83¬®î ¯¥à¥¬÷è ­®ù à÷¤¨­¨, ¢¨§­ ç õâìáï â ª¨¬¨ £®-«®¢­¨¬¨ ä ªâ®à ¬¨ ïª ¤®¢¦¨­  ­ ¡÷£ îç®ù å¢¨«÷(¢¥«¨ç¨­  ùù å¢¨«ì®¢®£® ç¨á« ), ùù  ¬¯«÷âã¤ , ­®-¬¥à ¬®¤¨, å à ªâ¥à áâà â¨ä÷ª æ÷ù â  ä÷§¨ç­÷ å -à ªâ¥à¨áâ¨ª¨ á¥à¥¤®¢¨é , ¢­ãâà÷è­ï áâàãªâãà¨¯«ï¬¨ â  £®à¨§®­â ùù à®§¬÷é¥­­ï. �ª ¢¨¯«¨¢ õ §å à ªâ¥àã à®§¢'ï§ªã (33), ¯®«¥ à®§á÷ï­¨å å¢¨«ì ­ -á¨çãõ á¥à¥¤®¢¨é¥ ¢¨á®ª®ç áâ®â­¨¬¨ å¢¨«ì®¢¨¬¨£ à¬®­÷ª ¬¨, §¬÷­îîç¨ ©®£® áâàãªâãàã ¯à®âï£®¬âà¨¢ «®£® ç áã, ïª¨© ¬®¦¥ áª« ¤ â¨ ¢ à¥ «ì­®¬ã®ª¥ ­÷ ¢¥«¨ç¨­ã ¢ ¤¥ª÷«ìª  £®¤¨­. � ¬¥ æ¥ ÷ ¬®¦¥¡ãâ¨ ¬¥å ­÷§¬®¬  ªâ¨¢­®ù ãç áâ÷ ¢ ¤¨­ ¬÷æ÷ ®¡¬÷­-­¨å ¯à®æ¥á÷¢ ã ¬®àïå â  ®ª¥ ­ å.4. �����������®§¢'ï§ ­  âãâ § ¤ ç  ¢÷¤­®á¨âìáï ¤® ç áâ¨­-­®£® ¢¨¯ ¤ªã (� � 1) ¢ ¯à®¡«¥¬÷ à®§á÷ï­­ï ä®­®-¢¨å ¢­ãâà÷è­÷å å¢¨«ì ­  ¯¥à¥¬÷è ­¨å ®¡« áâïå {âãà¡ã«¥­â­¨å ¯«ï¬ å, é® ¯¥à¥¡ã¢ îâì ­  ä÷­ «ì-­÷© ¢'ï§ª®-¤¨äã§÷©­÷© áâ ¤÷ù á¢®õù ¥¢®«îæ÷ù. �¤¥à-¦ ­®, é® ¢ æì®¬ã ¢¨¯ ¤ªã ¢á¥ á¥à¥¤®¢¨é¥ § -¯®¢­¥­¥ ¤¢®¬  á¨áâ¥¬ ¬¨ §®­ ª®­æ¥­âà æ÷ù ¥­¥à-£÷ù à®§á÷ï­¨å ��, é® ¬ îâì ¢¨£«ï¤ ¯¥à÷®¤¨ç­¨å¢§¤®¢¦ £®à¨§®­â «ì­®ù ª®®à¤¨­ â¨ á¬ã£. �¥áª÷­-ç¥­÷áâì ®¡« áâ÷, § ©­ïâ®ù à®§á÷ï­¨¬¨ ��, õ à¥§ã«ì-â â®¬ ­¥¢à å®¢ã¢ ­­ï ¢ à ¬ª å § ¯à®¯®­®¢ ­®ù¬®¤¥«÷ ¯¥à¥¤÷áâ®à÷ù ¥¢®«îæ÷ù ¯«ï¬¨ ­  ¡÷«ìè à ­­÷åáâ ¤÷ïå â  ®á®¡¤¨¢®áâïå ¬¥â®¤ã ¬ «®£® ¯ à ¬¥-âà , ª®«¨ ®¤¥à¦ ­¥ à÷¢­ï­­ï ¬÷áâ¨âì ç á ¢ ïª®áâ÷¯ á¨¢­®£® ¯ à ¬¥âà ,   ­¥ ¢¨§­ ç «ì­®ù ¯à®æ¥á§¬÷­­®ù. � à¥ «ì­¨å á¨âã æ÷ïå ÷­â¥à¯à¥â æ÷ï â -ª®£® à¥§ã«ìâ âã ®§­ ç â¨¬¥, é® ®¡« áâì à®§á÷ï-­¨å �� § ©¬ õ ¤®áâ â­ì® ¯à®âï¦­ã ®¡« áâì ¢ ­ -¯àï¬ªã £®à¨§®­â «ì­®ù ¢÷á÷. � ¯àï¬ª¨ àãåã ç -áâ¨­®ª á¥à¥¤®¢¨é  ¢ æ¨å á¨áâ¥¬ å á¯÷¢¯ ¤ îâìã ­ ¯àï¬ªã ¢¥àâ¨ª «ì­®ù ¢÷á÷ © ¯à®â¨«¥¦­÷ ¢ ­ -¯àï¬ªã £®à¨§®­â «ì­®ù ¢÷á÷. � § «¥¦­®áâ÷ ¢÷¤ £®-à¨§®­âã à®§¬÷é¥­­ï ¯«ï¬¨ â  ¯ à ¬¥âà÷¢ ­ ¡÷£ -îç®ù å¢¨«÷ ÷ ¯«ï¬¨ ¥­¥à£¥â¨ª  à®§á÷ï­¨å å¢¨«ì ¬®-¦¥ ¡ãâ¨ ïª ¤®áâ â­ì® ÷áâ®â­®î ¢÷¤­®á­® ¥­¥à£¥â¨-ª¨ ­ ¡÷£ îç®ù å¢¨«÷, â ª ÷ ­¥§­ ç­®î.�ª ¢¨¯«¨¢ õ § ®¤¥à¦ ­¨å à¥§ã«ìâ â÷¢, ¢¨ª®­ ­÷à ­÷è¥ ¢ ¤ ­®¬ã ­ ¯àï¬ªã ¤®á«÷¤¦¥­­ï ¢÷¤¯®¢÷¤ -îâì á ¬¥ à®§£«ï­ãâ÷© âãâ ¢'ï§ª®-¤¨äã§÷©­÷© áâ ¤÷ù¥¢®«îæ÷ù ¯«ï¬¨ §  ã¬®¢¨ ¯à¨©­ïââï "§ ¬®à®¦¥-­®áâ÷", â®¡â® ­¥§¬÷­­®áâ÷ ¢ ç á÷ ïª £¥®¬¥âà÷ù, â ª
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