
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 80 { 89��� 532.59����������� ��������������� ��������������� � ������������������� ����������������. �. ��������, �. �. �����������, �. �. ������������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢���¨à®¢®£à ¤áª¨© £®áã¤ àáâ¢¥­­ë© ¯¥¤ã­¨¢¥àá¨â¥â�®«ãç¥­® 22.08.2004�áá«¥¤ã¥âáï à á¯à®áâà ­¥­¨¥ ¢®«­®¢ëå ¯ ª¥â®¢ ­  ¯®¢¥àå­®áâ¨ ª®­â ªâ  ¤¢ãå ¦¨¤ª¨å á«®¥¢ á à §«¨ç­ë¬¨ á¢®©-áâ¢ ¬¨ á ãç¥â®¬ ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï. �¥â®¤®¬ ¬­®£®¬ áèâ ¡­ëå à §«®¦¥­¨© ¯®«ãç¥­® í¢®«îæ¨®­­®¥ ãà ¢-­¥­¨¥ ¢ âà¥âì¥¬ ¯à¨¡«¨¦¥­¨¨. �­ «¨§¨àã¥âáï áâàãªâãà  ¢®«­®¢®£® ¯ ª¥â  ¨ ¯à®¢¥¤¥­® áà ¢­¥­¨¥ á  ­ «®£¨ç­ë¬¨¢®«­®¢ë¬¨ ¯ ª¥â ¬¨ ¢ á¨áâ¥¬ å "¯®«ã¯à®áâà ­áâ¢® - ¯®«ã¯à®áâà ­áâ¢®" ¨ "á«®© - ¯®«ã¯à®áâà ­áâ¢®". �áá«¥¤ã¥â-áï ä®à¬  ¢®«­®¢®£® ¯ ª¥â ,   â ª¦¥ ãá«®¢¨ï à¥§®­ ­á  ¢â®à®© £ à¬®­¨ª¨. �à¥¤áâ ¢«¥­ë ãá«®¢¨ï à á¯à®áâà ­¥­¨ï¢®«­®¢ëå ¯ ª¥â®¢: \-®¡à §­®© ¨ [-®¡à §­®© ä®à¬ ¨ ãáâ ­®¢«¥­ë å à ªâ¥à­ë¥ ®á®¡¥­­®áâ¨ à¥§®­ ­á­®© ®¡« áâ¨¤«ï á¨áâ¥¬ë "á«®© - á«®©".�®á«i¤¦ãõâìáï ¯®è¨à¥­­ï å¢¨«ì®¢¨å ¯ ª¥â÷¢ ­  ¯®¢¥àå­÷ ª®­â ªâã ¤¢®å à÷¤¨­­¨å è à÷¢ § à÷§­¨¬¨ ¢« áâ¨¢®áâï-¬¨ § ãà åã¢ ­­ï¬ ¯®¢¥àå­¥¢®£® ­ âï£ã. �¥â®¤®¬ ¡ £ â®¬ áèâ ¡­¨å à®§¢¨­¥­ì ®âà¨¬ ­® ¥¢®«îæ÷©­¥ à÷¢­ï­­ï ãâà¥âì®¬ã ­ ¡«¨¦¥­­÷. �­ «÷§ãõâìáï áâàãªâãà  å¢¨«ì®¢®£® ¯ ª¥âã ÷ ¯à®¢¥¤¥­® ¯®à÷¢­ï­­ï §  ­ «®£÷ç­¨¬¨ å¢¨«ì®-¢¨¬¨ ¯ ª¥â ¬¨ ã á¨áâ¥¬ å "¯i¢¯à®áâià - ¯i¢¯à®áâià" â  "è à - ¯i¢¯à®áâià". �®á«÷¤¦¥­® ä®à¬ã å¢¨«ì®¢®£® ¯ ª¥âã,  â ª®¦ ã¬®¢¨ à¥§®­ ­áã ¤àã£®ù £ à¬®­÷ª¨. �à¥¤áâ ¢«¥­® ã¬®¢¨ ¯®è¨à¥­­ï å¢¨«ì®¢¨å ¯ ª¥â÷¢: \-®¡à §­®ù ¨ [-®¡à §­®ù ä®à¬ ÷ ãáâ ­®¢«¥­÷ å à ªâ¥à­÷ ®á®¡«¨¢®áâ÷ à¥§®­ ­c­®ù ®¡« áâ÷ ¤«ï á¨áâ¥¬¨ "è à - è à".Propagation of wave-packet at the interface of two layers of di�erent properties is investigated with accounting of thesurface tension. Using the method of multiple scale expansions the evolution equation is obtained in the third approxi-mation. The structure of wave packats is analyzed and the comparison with analogous packats in the systems "half-space- half-space" and "layer - half-space" is carried out. The form of wave-packet and condition of the second harmonicresonance are investigated. The conditions of wave packet propagation of the \-form and [-form are presented and thecharacteristic features of resonant region for the system "layer-layer" are found.���������§ãç¥­¨¥ ­¥«¨­¥©­ëå ¢®«­®¢ëå ¯à®æ¥ác®¢ ¢¬­®£®á«®©­ëå ¨ áâà â¨ä¨æ¨à®¢ ­­ëå áà¥¤ å¯à¥¤áâ ¢«ï¥â ¡®«ìè®© ®¡é¥ä¨§¨ç¥áª¨© ¨ ¯à¨-ª« ¤­®© ¨­â¥à¥á ¨ ï¢«ï¥âáï ¯à¥¤¬¥â®¬ ¬­®£®ç¨-á«¥­­ëå ¨áá«¥¤®¢ ­¨©. �­ãâà¥­­¨¥ ¢®«­ë ¢ á¨-áâ¥¬ å, á®áâ®ïé¨å ¨§ ¦¨¤ª®áâ¥© á à §­ë¬¨ á¢®©-áâ¢ ¬¨, ®â­®áïâáï ª £¨¤à®¤¨­ ¬¨ç¥áª¨¬ § ¤ ç ¬ãª § ­­®£® ª« áá . �­ãâà¥­­¨¥ ¢®«­ë ¡®«ìè®© ¬¯«¨âã¤ë, ª®â®àë¥ íää¥ªâ¨¢­® ¯®¤¤¥à¦¨¢ îâá¢®î ä®à¬ã ­  ¡®«ìè¨å à ááâ®ï­¨ïå ¯à¨ ¨å à á-¯à®áâà ­¥­¨¨, ç áâ® ­ ¡«î¤ îâáï ¢  â¬®áä¥à¥ ¨®ª¥ ­¥. �â® «¥£ª® ¢®á¯à®¨§¢®¤¨âáï ¨ ¢ íªá¯¥à¨-¬¥­â å.�¥«¨­¥©­®áâì ¨ ¤¨á¯¥àá¨ï { ¤¢  äã­¤ ¬¥­â «ì-­ëå ¬¥å ­¨§¬  ¯à¨ à á¯à®áâà ­¥­¨¨ £à ¢¨â æ¨-®­­ëå ¢®«­ ¢ ¦¨¤ª®áâïå. �®à®è® ¨§¢¥áâ­®, çâ®­¥«¨­¥©­®áâì ¨¬¥¥â â¥­¤¥­æ¨î ª ãªàãç¥­¨î ä®à-¬ë ¢®«­ë, ¢ â® ¢à¥¬ï ª ª ¤¨á¯¥àá¨ï { íâ® ¯à®-â¨¢®¯®«®¦­ë© íää¥ªâ, ¨¬¥îé¨© â¥­¤¥­æ¨î á£« -¦¨¢ ­¨ï ä®à¬ë ¢®«­ë, â. ¥. ã¬¥­ìè¥­¨ï £à -¤¨¥­â®¢ ¢®«­®¢®© ¯®¢¥àå­®áâ¨. � ¨¡®«¥¥ § ¬¥ç -â¥«ì­®¥ ï¢«¥­¨¥ ­ ¡«î¤ ¥âáï ¯à¨ ¡ « ­á¥ íâ¨å íä-ä¥ªâ®¢, ª®£¤  ä®à¬¨àã¥âáï ã¥¤¨­¥­­ ï ¢®«­  (á®-«¨â®­), à á¯à®áâà ­ïîé ïáï ¡¥§ ¨§¬¥­¥­¨ï ä®à-
¬ë. �®«¨â®­ å à ªâ¥à¨§ã¥âáï âà¥¬ï á¢®©áâ¢ ¬¨:¯¥à¬ ­¥­â­®áâìî { ¯®áâ®ï­áâ¢®¬ ä®à¬ë ¯à¨ à á-¯à®áâà ­¥­¨¨, ¨­¢ à¨ ­â­®áâìî ¯® ®â­®è¥­¨î ªá®ã¤ à¥­¨ï¬ ¨ ãáâ®©ç¨¢®áâìî.� á«ãç ¥ ¤¢ãåá«®©­®© ¦¨¤ª®áâ¨, ª®£¤  ¢¥àå­ïï¨ ­¨¦­ïï ¦¨¤ª®áâ¨ ª®­¥ç­®© £«ã¡¨­ë, ¯®ï¢«ï¥â-áï ¥é¥ ®¤¨­ ¯ à ¬¥âà { ®â­®è¥­¨¥ £«ã¡¨­ h2=h1.�â®â ¯ à ¬¥âà ¬®¦¥â áãé¥áâ¢¥­­® ¢«¨ïâì ­  ¡ -« ­á ­¥«¨­¥©­ëå ¨ ¤¨á¯¥àá¨®­­ëå íää¥ªâ®¢ ¨,á«¥¤®¢ â¥«ì­®, ­  ãáâ®©ç¨¢®áâì ¨ í¢®«îæ¨î ¢®«-­®¢ëå ¯ ª¥â®¢ ¯à¨ ¨å à á¯à®áâà ­¥­¨¨ ¢¤®«ì ¯®-¢¥àå­®áâ¨ à §¤¥« .�®«ìè¨¥ âàã¤­®áâ¨ ¬ â¥¬ â¨ç¥áª®£® å à ªâ¥-à , ¢áâà¥ç îé¨¥áï ¯à¨ à¥è¥­¨¨ § ¤ ç â®ç­®©¢®«­®¢®© â¥®à¨¨, ¯à¨¢®¤ïâ ª ­¥®¡å®¤¨¬®áâ¨ à §-¢¨â¨ï à §«¨ç­®£® à®¤  ¯à¨¡«¨¦¥­­ëå ­¥«¨­¥©-­ëå â¥®à¨©. � à¥§ã«ìâ â¥ ¨­â¥­á¨¢­® à §¢¨¢ -«¨áì  á¨¬¯â®â¨ç¥áª¨¥ ¯®¤å®¤ë, ¨ ®­¨ ¯® áãé¥áâ¢ã¤®¬¨­¨àãîâ ¢ ¯à®¢¥¤¥­¨¨ ª®«¨ç¥áâ¢¥­­®£® ¨ ª ç¥-áâ¢¥­­®£®  ­ «¨§  ï¢«¥­¨©. �¨à®ª®¥ à á¯à®áâà -­¥­¨¥ ¯®«ãç¨«¨ à §«¨ç­ë¥ ¢ à¨ ­âë  á¨¬¯â®â¨-ç¥áª¨å ¯®¤å®¤®¢ �ãáá¨­¥áª , �®àâ¥¢¥£  ¨ ¤¥ �à¨-§ , �à¨¤à¨åá , � å à®¢  ¨ ¤à.�®¢à¥¬¥­­ ï â¥®à¨ï á®«¨â®­­ëå à¥è¥­¨© ¢§­ ç¨â¥«ì­®© áâ¥¯¥­¨ ®¯¨à ¥âáï ­  ª« áá¨ç¥áª¨¥à¥è¥­¨ï, ¯®«ãç¥­­ë¥ ¢ à ¬ª å ¯à¨¡«¨¦¥­­ëå80 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 80 { 89¬®¤¥«¥© ¯®¢¥àå­®áâ­ëå ¢®«­ ­  ­¥®£à ­¨ç¥­­®©¦¨¤ª®áâ¨,   â ª¦¥ ­  ­®¢ë¥ à¥§ã«ìâ âë, ¯®«ã-ç¥­­ë¥ ¯à¨ à¥è¥­¨¨ ¯à®¡«¥¬ ®¡®á­®¢ ­¨ï ¯à¨¡«¨-¦¥­­ëå ¬®¤¥«¥©. � à ¡®â¥ [1] ¤ ­ ®¡§®à á®áâ®-ï­¨ï ¨áá«¥¤®¢ ­¨© ­¥«¨­¥©­ëå ¡¥§¢¨åà¥¢ëå ¯®-¢¥àå­®áâ­ëå £à ¢¨â æ¨®­­ëå ¢®«­ ¢ ¦¨¤ª®áâ¨¡¥áª®­¥ç­®© £«ã¡¨­ë. �¡é¨¥ ¯®«®¦¥­¨ï ¨ ¯®¤-å®¤ë ª ä¨§¨ª®-¬ â¥¬ â¨ç¥áª®¬ã ¬®¤¥«¨à®¢ ­¨î¨ à¥è¥­¨î ­¥«¨­¥©­ëå ¢®«­®¢ëå § ¤ ç ¨§«®¦¥­ë¢ [2]. �áá«¥¤®¢ ­¨¥ ãáâ ­®¢¨¢è¨åáï ¢®«­ ¯à¥¤®-áâ ¢«ï¥â ¢®§¬®¦­®áâì ¯®«ãç¨âì ¢ ¦­ë© à¥§ã«ì-â â ¢ à¥è¥­¨¨ ­¥«¨­¥©­ëå § ¤ ç ® áãé¥áâ¢®¢ ­¨¨¤¢ã¬¥à­ëå ¯¥à¨®¤¨ç¥áª¨å ¯à®£à¥áá¨¢­ëå ¢®«­ [3].� â®ç­®© â¥®à¨¨ ­¥ãáâ ­®¢¨¢è¨åáï ¢®«­®¢ëå ¤¢¨-¦¥­¨© ¯®«ãç¥­ë à¥§ã«ìâ âë, ®â­®áïé¨¥áï ª à¥- «¨§ æ¨¨ ª àâ¨­ ¢®«­®¢ëå ¤¢¨¦¥­¨© ¤«ï ¬ «ëå¨«¨ ¡®«ìè¨å §­ ç¥­¨© ¢à¥¬¥­¨, ª®â®àë¥ ¢á¥áâ®-à®­­¥ ®á¢¥é¥­ë ¢ ¬®­®£à ä¨¨ [4].�¥â®¤ ¬­®£®¬ áèâ ¡­¨å à §«®¦¥­¨© ¡ë«ãá¯¥è­® ¯à¨¬¥­¥­ �. � á¨¬®â® ¨ �. �­® [5] ¤«ï ¯®-«ãç¥­¨ï ­¥«¨­¥©­®£® ãà ¢­¥­¨ï �à¥¤¨­£¥à , ®¯¨-áë¢ îé¥£® í¢®«îæ¨î £à ¢¨â æ¨®­­ëå ¢®«­®¢ëå¯ ª¥â®¢ ª®­¥ç­®©  ¬¯«¨âã¤ë ­  ¯®¢¥àå­®áâ¨ ¦¨¤-ª®£® á«®ï. �â¬¥â¨¬ ­¥ª®â®àë¥ ¨§ à ¡®â, ¢­¥áè¨åáãé¥áâ¢¥­­ë© ¢ª« ¤ ¢ ¨§ãç¥­¨¥ ãª § ­­®© ¯à®-¡«¥¬ë: �. �¥£ãà ¨ �¦. � ¬¬ ª [6], �. �¥­ ¨ �.�¥©ª [7], �. �¡«®¢¨æ ¨ �. �¥£ãà [8], �¦. �̈ §¥¬ [9],�. �å â­ £ à [10], �. � ¬¡ [11], �. �. �¥«¥§®¢ ¨ �.�. �®àáã­áª¨© [12, 13]. �­ ç¨â¥«ì­®¥ ª®«¨ç¥áâ¢®¯ã¡«¨ª æ¨©, ­ ¯à¨¬¥à, [14{16] ¯®á¢ïé ¥âáï à á-¯à®áâà ­¥­¨î ¢®«­®¢ëå ¯ ª¥â®¢ ¢ ¦¨¤ª¨å áà¥¤ åá ãç¥â®¬ ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï. �à¨ à áá¬®-âà¥­¨¨ ¡®«ìè¨å ¢®«­ ¢ ®ª¥ ­¥ ¢ ­¥ª®â®àëå á«ãç -ïå ¯®¢¥àå­®áâ­ë¬ ­ âï¦¥­¨¥¬ ¬®¦­® ¯à¥­¥¡à¥çì,®¤­ ª® ¤«ï íªá¯¥à¨¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨© ¤¢ãå-á«®©­ëå á¨áâ¥¬ ¢ « ¡®à â®à­ëå ãá«®¢¨ïå ä ªâ®à¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï ¨£à ¥â §­ ç¨â¥«ì­ãîà®«ì. � §«¨ç­ë¥  á¯¥ªâë ¯à®¡«¥¬ë ­¥«¨­¥©­ëå¢­ãâà¥­­¨å ¢®«­ ®á¢¥é¥­ë ¢ à ¡®â å, ®¯ã¡«¨ª®-¢ ­­ëå ¢ ¯®á«¥¤­¥¥ ¢à¥¬ï, [17{23].�â âìï � ©äí [24] á®¤¥à¦¨â ®¡áâ®ïâ¥«ì­ë© ­ «¨§ ¢®«­®¢ëå ¤¢¨¦¥­¨© ­  ¯®¢¥àå­®áâ¨ ª®­-â ªâ  ¤¢ãå ¯®«ã¡¥áª®­¥ç­ëå ¦¨¤ª®áâ¥© á ãç¥â®¬¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï. �­ «®£¨ç­ ï § ¤ ç ® à á¯à®áâà ­¥­¨¨ ¢®«­®¢ëå ¯ ª¥â®¢ ­  ¯®¢¥àå-­®áâ¨ ª®­â ªâ  ¦¨¤ª®£® ¯®«ã¯à®áâà ­áâ¢  ¨ ¦¨¤-ª®£® á«®ï ­ ¤ ­¨¬ ¨§ãç « áì ¢ [25], £¤¥ ®¡áã¦¤ -« áì ¯à®¡«¥¬  ãáâ®©ç¨¢®áâ¨ ¢®«­®¢ëå ¯ ª¥â®¢ ¢á¨áâ¥¬¥ "á«®© - ¯®«ã¯à®áâà ­áâ¢®" ¬¥â®¤®¬ ¬­®-£®¬ áèâ ¡­ëå à §«®¦¥­¨© ¤® âà¥âì¥£® ¯®àï¤ª ,  â ª¦¥ ¢ [26] ¤«ï á«ãç ï ¬ «ëå ç áâ®â. � áâ -âìïå, ®¯ã¡«¨ª®¢ ­­ëå ¢ ¯®á«¥¤­¥¥ ¢à¥¬ï, à áá¬®-âà¥­ë à §«¨ç­ë¥  á¯¥ªâë ç¥â¢¥àâ®£® ¯à¨¡«¨¦¥-­¨ï ¯à®¡«¥¬ë í¢®«îæ¨¨ ­¥«¨­¥©­ëå ¢®«­®¢ëå ¯ -

ª¥â®¢, â ª¨¥ ª ª í¢®«îæ¨®­­®¥ ãà ¢­¥­¨¥ ¯à¨ ®ª®-«®ªà¨â¨ç¥áª¨å ¢®«­®¢ëå ç¨á« å [27, 28], í¢®«îæ¨-®­­®¥ ãà ¢­¥­¨¥ ¯à¨ ¢®«­®¢ëå ç¨á« å, ¤ «¥ª¨å ®âªà¨â¨ç¥áª®£® [29{31], ¨áá«¥¤®¢ ­¨¥ ãáâ®©ç¨¢®áâ¨à¥è¥­¨© ãª § ­­ëå ãà ¢­¥­¨© [32, 33]. �¡« áâ¨à¥§®­ ­á  ¢â®à®© £ à¬®­¨ª¨, ­ ¯à ¢«¥­¨¥ à á¯à®-áâà ­¥­¨ï ¢®«­, ä®à¬  ¢®«­®¢®£® ¯ ª¥â  ¢ á¨áâ¥¬¥"á«®© { ¯®«ã¯à®áâà ­áâ¢®" ®¯¨á ­ë ¢ áâ âì¥ [34].Oâ¬¥â¨¬ â ª¦¥ à ¡®âë [35{40].� ­ áâ®ïé¥© áâ âì¥ ¯à®¢¥¤¥­® ¨áá«¥¤®¢ ­¨¥ ­ «®£¨ç­ëå ®á®¡¥­­®áâ¥© à á¯à®áâà ­¥­¨ï ¢®«-­®¢ëå ¯ ª¥â®¢ ¢ á¨áâ¥¬¥, á®áâ®ïé¥© ¨§ ¤¢ãå ¦¨¤-ª¨å á«®¥¢. �à®¢¥¤¥­® áà ¢­¥­¨¥ á à ­¥¥ ¯®«ãç¥­-­ë¬¨ à¥§ã«ìâ â ¬¨ ¤«ï á¨áâ¥¬ "á«®© { ¯®«ã¯à®-áâà ­áâ¢®" ¨ "¯®«ã¯à®áâà ­áâ¢® { ¯®«ã¯à®áâà ­-áâ¢®".1. ���������� ������ � �������������áá«¥¤ã¥âáï § ¤ ç  ® à á¯à®áâà ­¥­¨¨ ¤¢ã¬¥à-­ëå ¢®«­®¢ëå ¯ ª¥â®¢ ª®­¥ç­®©  ¬¯«¨âã¤ë ­ ¯®¢¥àå­®áâ¨ ª®­â ªâ  ¤¢ãå ¦¨¤ª¨å á«®¥¢ 
1 == f(x; y; z) : jxj < 1; jyj < 1;�h1 � z < 0g ¨
2 = f(x; y; z) : jxj < 1; jyj < 1; 0 � z � h2gá ¯«®â­®áâï¬¨ �1 ¨ �2 á®®â¢¥âáâ¢¥­­®. �ç¨âë¢ -¥âáï á¨«  ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï. �¨«  âï¦¥-áâ¨ ¯¥à¯¥­¤¨ªã«ïà­a ª ¯®¢¥àå­®áâ¨ ª®­â ªâ  ¢ ­ -¯à ¢«¥­¨¨, ¯à®â¨¢®¯®«®¦­®¬ ª ¢¥àâ¨ª «ì­®© ®á¨z (à¨á. 1). �¨¤ª®áâ¨ áç¨â îâáï ­¥á¦¨¬ ¥¬ë¬¨.
�¨á. 1. �®áâ ­®¢ª  § ¤ ç¨� â¥¬ â¨ç¥áª ï ¯®áâ ­®¢ª  § ¤ ç¨ ¨¬¥¥â ¢¨¤r2'j = 0 ¢ 
j; (1)�;t � 'j;z = �'j;x�;x ­  z = � (x; t) ; (2)'1;t � �'2;t + (1� �) � + 12 h(r'1)2 � � (r'2)2i��T �1 + �2;x��3=2 �;xx = 0 ­  z = � (x; t) ; (3)�. �. �¥«¥§®¢, �. �. �¢à ¬¥­ª®, �. �. �ãàâ®¢ë© 81



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 80 { 89'1;z = 0 ¯à¨ z = �h1; (4)'2;z = 0 ¯à¨ z = h2; (5)£¤¥ j = 1; 2; � = �2=�1 { ®â­®è¥­¨¥ ¯«®â­®áâ¥©;�(x; t) { ®âª«®­¥­¨¥ ¯®¢¥àå­®áâ¨ ®â ¥¥ ­¥¢®§¬ã-é¥­­®£® á®áâ®ï­¨ï z = 0.�¥§à §¬¥à­ë¥ ¢¥«¨ç¨­ë ¢¢¥¤¥­ë á ¯®¬®éìîå à ªâ¥à­®© ¤«¨­ë L; å à ªâ¥à­®£® ¢à¥¬¥­¨(L=g)1=2; ¯«®â­®áâ¨ ­¨¦­¥© ¦¨¤ª®áâ¨ �1; ãáª®à¥-­¨ï á¢®¡®¤­®£® ¯ ¤¥­¨ï g. �¥§à §¬¥à­ë© ª®íää¨-æ¨¥­â ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï ¯à¨ íâ®¬ ¨¬¥¥â¢¨¤ T � = T=(L2�g) (§¢¥§¤®çª  ®¯ãé¥­ ).�«ï ®¯à¥¤¥«¥­¨ï ¯à¨¡«¨¦¥­­®£® à¥è¥­¨ï § ¤ -ç¨ (1){(5) ¤«ï ¬ «ëå, ­® ª®­¥ç­ëå  ¬¯«¨âã¤, ¯à¨-¬¥­¨¬ ¬¥â®¤ ¬­®£®¬ áèâ ¡­ëå à §«®¦¥­¨© [41]:�(x; t) = 3Xn=1 "n�n(x0; x1; x2; t0; t1; t2) +O("4); (6)�j(x; z; t)= 3Xn=1"n�jn(x0; x1; x2; z; t0; t1; t2)+O("4);(7)£¤¥ " { ¬ «ë© ¡¥§à §¬¥à­ë© ¯ à ¬¥âà; xn = "nx;tn = "nt { ¬ áèâ ¡­ë¥ ¯¥à¥¬¥­­ë¥.�®¤áâ ¢«ïï ¢ëà ¦¥­¨ï (6){(7) ¢ (1){(5) ¨ ¯à¨-à ¢­¨¢ ï ª®íää¨æ¨¥­âë ¯à¨ ®¤¨­ ª®¢ëå áâ¥¯¥­ïå"; ¯®«ãç ¥¬:¯®àï¤®ª "�j1;x0x0 + �j1;zz = 0; (8)�1;t0 � �j1;z = 0 ­  z = 0; (9)�11;t0 � ��21;t0 + (1 � �)�1 ��T�1;x0x0 = 0 ­  z = 0; (10)�11;z = 0 ­  z = �h1; (11)�21;z = 0 ­  z = h2; (12)¯®àï¤®ª "2�j2;x0x0 + �j2;zz = �2�j1;x0x1 ; (13)�2;t0 � �j2;z == �1�j1;zz � �1;t1 � �j1;x0�1;x0 ­  z = 0; (14)�12;t0 � ��22;t0 + (1� �)�2 � T�2;x0x0 == ��11;t1 + ��21;t1 + 2T�1;x0x1 ��0:5(�211;x0 + �211;z) + 0:5�(�221;x0 + �21;z2)���1�11;t0z + ��1�21;t0z ­  z = 0; (15)�12;z = 0 ­  z = �h1; (16)�22;z = 0 ­  z = h2; (17)¯®àï¤®ª "3�j3;x0x0 + �j3;zz== �2�j1;x0x2�2�j2;x0x1��j1;x1x1 ; (18)

�3;t0 � �j3;z = ��1;t2 � �2;t1 + �1�j2;zz + �2�j1;zz ++0:5�21�j1;zzz��j1;x0�2;x0��j2;x0�1;x0��j1;x1�1;x0���j1;x0�1;x1 � �1�j1;x0z�1;x0 ­  z = 0; (19)�13;t0 � ��23;t0 + (1� �)�3 � T�3;x0x0 == �(�11;t2 + �12;t1) + �(�21;t2 + �22;t1) ++2T (�1;x0x2 + �2;x0x1) + T�1;x1x1 ��(�11;x0�12;x0 + �11;x0�11;x1 + �1�11;x0�11;x0z) ++�(�21;x0�22;x0 + �21;x0�21;x1 + �1�21;x0�21;x0z)��(�11;z�12;z + �1�11;z�11;zz) ++�(�21;z�22;z + �1�21;z�21;zz) ��(�2�11;t0z + �1�12;t0z + 0:5�21�11;t0zz) ++�(�2�21;t0z + �1�22;t0z + 0:5�21�21;t0zz) � (20)��1�11;t1z + ��1�21;t1z�1:5T�1;x0x0�21;x0 ­  z = 0;�13;z = 0 ­  z = �h1; (21)�23;z = 0 ­  z = h2: (22)� ª¨¬ ®¡à §®¬, ¯®«ãç¥­ë «¨­¥©­ë¥ § ¤ ç¨ ¯¥à-¢ëå âà¥å ¯à¨¡«¨¦¥­¨© ®â­®á¨â¥«ì­® ­¥¨§¢¥áâ­ëåäã­ªæ¨© �1, �11, �21, �2, �12, �22, �3, �13, �23, ª®-â®àë¥ ï¢«ïîâáï á« £ ¥¬ë¬¨ ¢ ¬­®£®¬ áèâ ¡­ëåà §«®¦¥­¨ïå ¯®â¥­æ¨ «®¢ �1, �2 (7) ¨ ¢ à §«®¦¥-­¨¨ ®âª«®­¥­¨ï ¯®¢¥àå­®áâ¨ ª®­â ªâ  ¦¨¤ª®áâ¥©á à §«¨ç­ë¬¨ á¢®©áâ¢ ¬¨ � (6). �¥è¥­¨¥ § ¤ ç¨¯¥à¢®£® ¯®àï¤ª  (8){(12) ¨é¥âáï ¢ ¢¨¤¥ ¡¥£ãé¨å¢®«­ �1 = A exp i� +A exp(�i�); (23)�11=�i!k [A exp i� � A exp(�i�)] chk(h1+z)shkh1 ; (24)�21 = i!k [A exp i� � A exp(�i�)] chk(h2 � z)shkh2 ; (25)£¤¥ A { ¢¥«¨ç¨­ , á®¯àï¦¥­­ ï ª®¬¯«¥ªá­®© ®£¨¡ -îé¥© ¢®«­®¢®£® ¯ ª¥â  A; � = kx0�!t0; k { ¢®«­®-¢®¥ ç¨á«® ¨ ! { ç áâ®â  æ¥­âà  ¢®«­®¢®£® ¯ ª¥â .�®¤áâ ­®¢ª  à¥è¥­¨© (23){(25) ¢ (10) ¯à¨¢®¤¨â ª¤¨á¯¥àá¨®­­®¬ã ãà ¢­¥­¨î!2 = k(1� � + Tk2)cthkh1 + �cthkh2 : (26)K ª ¨ ¢ á«ãç ¥ à á¯à®áâà ­¥­¨ï ¢®«­ ¢¤®«ì ¯®-¢¥àå­®áâ¨ ª®­â ªâ  ¤¢ãå ¯®«ã¯à®áâà ­áâ¢ [28],  â ª¦¥ ¢ á¨áâ¥¬¥ "á«®© - ¯®«ã¯à®áâà ­áâ¢®" [33],¢ à áá¬ âà¨¢ ¥¬®© á¨áâ¥¬¥ "á«®© - á«®©" ¯®¢¥àå-­®áâì ª®­â ªâ  «¨­¥©­® ãáâ®©ç¨¢  ¨«¨ ­¥ãáâ®©-ç¨¢  ¢ § ¢¨á¨¬®áâ¨ ®â â®£®, ï¢«ï¥âáï k ¡®«ìè¥82 �. �. �¥«¥§®¢, �. �. �¢à ¬¥­ª®, �. �. �ãàâ®¢ë©



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 80 { 89¨«¨ ¬¥­ìè¥ ªà¨â¨ç¥áª®£® ¢®«­®¢®£® ç¨á«  kc == [(� � 1)=T ]1=2.�®¤áâ ¢«ïï à¥è¥­¨ï (23){(25) ¢ § ¤ çã ¢â®à®£®¯®àï¤ª  (13){(17), ¯à¨å®¤¨¬ ª á¨áâ¥¬¥�12;x0x0+�12;zz=�2!A;x1chk(h1+z)shkh1 exp i�+cc; (27)�22;x0x0+�22;zz=2!A;x1 chk(h2�z)shkh2 exp i�+cc; (28)�2;t0��12;z= (29)= �A;t1expi��2i!kA2cthkh1 exp2i� + cc ­  z=0;�2;t0��22;z= (30)= �A;t1expi�+2i!kA2cthkh2 exp2i� + cc ­  z=0;�12;t0 � ��22;t0 + (1� �)�2 � T�2;x0x0 = (31)= i[2TkA;x1 + !k (cthkh1 + �cthkh2)A;t1 ] exp i� ++!2[ 2�cthkh1cth2kh1��(2�cthkh2cth2kh2)]��A2 exp 2i� + 1� cth2kh1 � �(1� cth2kh2) + cc­  z=0;£¤¥ cc ®§­ ç ¥â ª®¬¯«¥ªá­® á®¯àï¦¥­­ãî ¢¥«¨ç¨­ãª ¯à¥¤è¥áâ¢ãîé¨¬ á« £ ¥¬ë¬.� áâ­®¥ à¥è¥­¨¥ á¨áâ¥¬ë (27){(31), § ¯¨á ­­®¥ç¥à¥§ ­¥¨§¢¥áâ­ë¥ ª®íää¨æ¨¥­âë, ¯®¤áâ ¢«ï¥¬ ¢¤¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢­¥­¨ï (27) ¨ (28) ¨ ¢ £à -­¨ç­ë¥ ãá«®¢¨ï (29){(31), ¤ «¥¥ ¯à¨à ¢­¨¢ ¥¬ ¢ë-à ¦¥­¨ï ¯à¨ ®¤¨­ ª®¢ëå äã­ªæ¨ïå, çâ® ¯à¨¢®¤¨âª ¤¢ã¬ ­¥§ ¢¨á¨¬ë¬ á¨áâ¥¬ ¬ ®â­®á¨â¥«ì­® ­¥-®¯à¥¤¥«¥­­ëå ª®íää¨æ¨¥­â®¢. �¨áâ¥¬ , ¯®«ãç¥­-­ ï ¯®á«¥ ¯à¨à ¢­¨¢ ­¨ï ¢ëà ¦¥­¨© ¯à¨ äã­ªæ¨¨exp i�, ï¢«ï¥âáï ­¥á®¢¬¥áâ­®©, ¯à¨ç¥¬ ¥¥ ãá«®¢¨¥à §à¥è¨¬®áâ¨ ¨¬¥¥â ¢¨¤2�cthkh1 + �cthkh2�!kA;t1 + (32)+h2Tk + �!k �2(cthkh1 � kh1(1� cth2kh1) ++�(cthkh2 � kh2(1� cth2kh2)))iA;x1 = 0:� áâ­®¥ à¥è¥­¨¥ § ¤ ç¨ ¢â®à®£® ¯®àï¤ª  ¬®¦­®§ ¯¨á âì ¢ ¢¨¤¥�2= !2(1� cth2kh1 � �(1 � cth2kh2))1�� AA+ (33)+�A2 exp 2i�+ cc;�12= 1k ��!k (1 + kh1cthkh1)A;x1� chk(h1 + z)shkh1 +

+A;t1 � !(z + h1)A;x1 shk(h1 + z)shkh1 � exp i� +(34)+i!k �kcthkh1 � ��A2 ch2k(h1 + z)sh2kh1 exp 2i�+cc;�22=�1k ��!k (1 + kh2cthkh2)A;x1� chk(h2 � z)shkh2 ++A;t1 + !(z � h2)A;x1 shk(h2 � z)shkh2 � exp i� + (35)+i!k �kcthkh2 + ��A2 ch2k(h2 � z)sh2kh2 exp 2i�+cc;£¤¥� = (1:5cth2kh1 � 0:5� �(1:5cth2kh2 � 0:5))!22!2(cth2kh1 + �cth2kh2)� k(1� � + 4Tk2) :(36)�¡à â¨¬áï ª ¢ë¢®¤ã ãá«®¢¨ï à §à¥è¨¬®áâ¨ § -¤ ç¨ âà¥âì¥£® ¯à¨¡«¨¦¥­¨ï. �­ ç «  ¯®¤áâ ¢¨¬à¥è¥­¨ï ¯¥à¢®£® (23){(25) ¨ ¢â®à®£® ¯®àï¤ª  (33){(36) ¢ § ¤ çã âà¥âì¥£® ¯à¨¡«¨¦¥­¨ï (18){(22). �à¥§ã«ìâ â¥ ¯®«ãç ¥¬�13;x0x0 + �13;zz = � � 2!A;x2 chk(h1 + z)shkh1 ��2iA;t1x1 chk(h1 + z)shkh1 ��i!k h1 + 2kh1cthkh1iA;x1x1 chk(h1 + z)shkh1 ++2i!(z + h1)A;x1x1 shk(h1 + z)shkh1 � exp i�++8!(kcthkh1 � �)ch2k(h1 + z)sh2kh1 AA;x1 exp 2i� ++cc ¢ 
1; (37)�23;x0x0 + �23;zz = �2!A;x2 chk(h2 � z)shkh2 ++2iA;t1x1 chk(h2 � z)shkh2 ++i!k h1 + 2kh2cthkh2iA;x1x1 chk(h2 � z)shkh2 ++2i!(z � h2)A;x1x1 shk(h2 � z)shkh2 � exp i�++8!(kcthkh2 + �)ch2k(h2 � z)sh2kh2 AA;x1 exp 2i� ++cc ¢ 
2; (38)�. �. �¥«¥§®¢, �. �. �¢à ¬¥­ª®, �. �. �ãàâ®¢ë© 83



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 80 { 89�3;t0 � �13;z == n�A;t2 � i!k[3(2cthkh1cth2kh1 � 1:5)k ++!2cthkh1(1� cth2kh1 � �(1 � cth2kh2))1�� ++(cthkh1 + 2cth2kh1)�]A2Ao exp i�++n2(kcthkh1 � �)AA;t1 ��2![cthkh1 + kh1(1� cth2kh1)]AA;x1o exp 2i�++1:5k!i[k(4cth2kh1cthkh1 � 1)��2�(cthkh1 + 2cth2kh1)]A3 exp 3i�� (39)�2!cthkh1AA;x1 ��!2(1 � cth2kh1 � �(1� cth2kh2))1�� AA;t1 + cc­  z = 0;�3;t0 � �23;z == n�A;t2 � i!k[(2cthkh2cth2kh2 � 1:5)k��!2(1� cth2kh1 � �(1 � cth2kh2))1�� cthkh2 ++(cthkh2 + 2cth2kh2)�]A2Ao exp i�++n� 2(kcthkh2 +�)AA;t1 ++2![cthkh2 + kh2(1� cth2kh2)]AA;x1o exp 2i�++1:5k!i[k(4cth2kh2cthkh2 � 1) ++2�(cthkh2 + 2cth2kh2)]A3 exp 3i� + (40)+2!cthkh2AA;x1 ��!2(1� cth2kh1 � �(1 � cth2kh2))1�� AA;t1 + cc­  z = 0;�13;t0 � ��23;t0 + (1� �)�3 � T�3;x0x0 == n[3� 2cthkh1cth2kh1 ���(3 � 2cthkh2cth2kh2)]!2���2:5[cthkh1 + 0:8cthkh2(1� cthkh1cth2kh1) ++�cthkh2 ++0:8�cthkh2(1�cthkh2cth2kh2)]!2k+ 1:5Tk4+

+!4((1� cth2kh1 � �(1� cth2kh2))]A2A ++k�1(cthkh1 + �cthkh2)(i!A;t2 �A;t1t1)��!k�1[(cthkh1 + �cthkh2)k�1 ��h1(cth2kh1 � 1)� �h2(cth2kh2 � 1)]A;t1x1 ++2iTkA;x2 + TA;x1x1o exp i�++n[2!�ik�1(cthkh1 + �cthkh2)��i!(cth2kh1 � 3 + 2cthkh1cth2kh1) ++i!�(cth2kh2 � 3 + 2cthkh2cth2kh2)]AA;t1 ++[8iTk�+ i!2h1cthkh1(cth2kh1 � 1) ++i�!2h2cthkh2(cth2kh2 � 1)]AA;x1o exp 2i�++n� 0:5[cthkh1(11� 4cthkh1cth2kh1) ++�cthkh1(11� 4cthkh2cth2kh2)]k!2 ++!2�[7� 2cthkh1cth2kh1 ���(7 � 2cthkh2cth2kh2)]� 1:5Tk4oA3 exp 3i���i![(cth2kh1 � 1)(h1!cthkh1AA;x1 + AA;t1)���(cth2kh2 � 1)(h2!cthkh2AA;x1 +AA;t1)] ++cc ­  z = 0: (41)� ª ¨ ¢® ¢â®à®¬ ¯à¨¡«¨¦¥­¨¨, ¯®áª®«ìªã ®¤­®à®¤-­ ï ç áâì § ¤ ç¨ âà¥âì¥£® ¯®àï¤ª  ¨¬¥¥â ­¥âà¨-¢¨ «ì­®¥ à¥è¥­¨¥, â® ­¥®¤­®à®¤­ ï § ¤ ç  âà¥-âì¥£® ¯®àï¤ª  ¨¬¥¥â à¥è¥­¨¥ â®£¤  ¨ â®«ìª® â®-£¤ , ¥á«¨ ¢ë¯®«­ï¥âáï ãá«®¢¨¥ à §à¥è¨¬®áâ¨2i!k (cthkh1 + �cthkh2)A;t2 ++ih2Tk + (cthkh1 � kh1(1� cth2kh1) ++�cthkh2 � �kh2(1� cth2kh2))!2k2 iA;x2 ��1k (cthkh1 + �cthkh2)A;t1t1 ++hT � !2k3 [cthkh1 � kh1(1� cth2kh1)��k2h21cthkh1(1� cth2kh1) ++�(cthkh2 � kh2(1 � cth2kh2)��k2h22cthkh2(1� cth2kh2))]iA;x1x1 ��2!k2 hcthkh1 � kh1(1 � cth2kh1) ++�(cthkh2 � kh2(1 � cth2kh2))iA;x1t1 == 2IA2A; (42)84 �. �. �¥«¥§®¢, �. �. �¢à ¬¥­ª®, �. �. �ãàâ®¢ë©



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 80 { 89£¤¥I = 0:5n�!2[3cth2kh2 � 1� �(3cth2kh2 � 1)]��1:5Tk4 + 2k!2[cthkh1(3� 2cth2kh1cthkh1) ++�cthkh2(3� 2cth2kh2cth2kh2)] + (43)+ !4(1� �) (1� cth2kh1 � �(1 � cth2kh2))2o:�®®â­®è¥­¨ï (32) ¨ (42) á¢ï§ë¢ îâ ç áâ­ë¥¯à®¨§¢®¤­ë¥ ¯® ¬ áèâ ¡­ë¬ ¯¥à¥¬¥­­ë¬. �âãá¢ï§ì ¬®¦­® § ¯¨á âì ¢ ¡®«¥¥ ª®¬¯ ªâ­®¬ ¢¨¤¥,¥á«¨ ¢ ®â¤¥«ì­®áâ¨ à áá¬ âà¨¢ âì ¤¢  á«ãç ï: ­ §­ ç¨â¥«ì­®¬ ®â¤ «¥­¨¨ ®â ¢®«­®¢®£® ç¨á«  kc (â®¥áâì ¥á«¨ ! >> 0) ¨ ¯à¨ ¢®«­®¢ëå ç¨á« å ¡«¨§ª¨åª ªà¨â¨ç¥áª®¬ã (â® ¥áâì ¯à¨ ! � 0). �«ï ã¯à®-é¥­¨ï ãá«®¢¨ï à §à¥è¨¬®áâ¨ (32) § ¤ ç¨ ¢â®à®£®¯®àï¤ª  ¯à®¤¨ää¥à¥­æ¨àã¥¬ (26) ¯® k ¨ ¯®«ãç¨¬2!!0(cthkh1 + �cthkh2) ++!2(h1(1� cth2kh1) + �h2(1� cth2kh2)) == 1� � + 3Tk2; (44)£¤¥ !0 = d!=dk { £àã¯¯®¢ ï áª®à®áâì. �â ª, á®®â-­®è¥­¨¥ (32) ¬®¦¥â ¡ëâì ¯¥à¥¯¨á ­® ¢ ¢¨¤¥A;t1 + !0A;x1 = 0: (45)�«ï ã¯à®é¥­¨ï ãá«®¢¨ï à §à¥è¨¬®áâ¨ (42) § ¤ ç¨âà¥âì¥£® ¯®àï¤ª  ¯à®¤¨ää¥à¥­æ¨àã¥¬ ¢ëà ¦¥­¨¥(44) ¯® k:(cthkh1+�cthkh2)!!00=�(cthkh1 + �cthkh2)!02 ��2(h1(1� cth2kh1) + �h2(1� cth2kh2))!!0 ++(h21cthkh1(1 � cth2kh1) ++�h22cthkh2(1� cth2kh2))!2 + 3Tk; (46)£¤¥ !00 = d2!=dk2:�á¯®«ì§®¢ ¢ ¯®«ãç¥­­ë¥ ¢ëà ¦¥­¨ï (44) ¨ (46)¤«ï ¯à®¨§¢®¤­ëå !0 ¨ !00, ¯¥à¥¯¨è¥¬ ãá«®¢¨¥ à §-à¥è¨¬®áâ¨ (42) ¢ ¢¨¤¥A;t2 + !0A;x2 � 0:5i!00A;x1x1 = (47)= �ik!�1(cthkh1 + �cthkh2)�1IA2A:�®¬­®¦¨¬ á®®â­®è¥­¨ï (45) ¨ (47) ­  ", "2 á®®â-¢¥âáâ¢¥­­® ¨ ¯à¨¡ ¢¨¬ ®¤­® ª ¤àã£®¬ã. �ç¨âë¢ ï¨§¢¥áâ­ë¥ ¢ëà ¦¥­¨ï ¤«ï ç áâ­ëå ¯à®¨§¢®¤­ëåA;t, A;x ¨ A;xx, ¯®«ãç ¥¬ ¨áª®¬®¥ í¢®«îæ¨®­­®¥ãà ¢­¥­¨¥A;t + !0A;x � 0:5i!00A;xx = (48)= �i"2k!�1(cthkh1 + �cthkh2)�1IA2A:

� ª¨¬ ®¡à §®¬,  ­ «®£¨ç­® à ­¥¥ à áá¬®âà¥­-­ë¬ § ¤ ç ¬ ® à á¯à®áâà ­¥­¨¨ ¢®«­®¢ëå ¯ ª¥-â®¢ ¢¤®«ì ¯®¢¥àå­®áâ¨ ª®­â ªâ  ¤¢ãå ¯®«ã®£à -­¨ç¥­­ëå ¦¨¤ª¨å áà¥¤ ¨ ¢¤®«ì ¯®¢¥àå­®áâ¨ ª®­-â ªâ  á«®ï ¨ ¯®«ã¯à®áâàa­áâ¢ , ¢ ¯à¥¤áâ ¢«¥­­®©§¤¥áì ­®¢®© § ¤ ç¥ ¯®«ãç¥­® ­¥«¨­¥©­®¥ ãà ¢­¥-­¨¥ �à¥¤¨­£¥à  ¢â®à®£® ¯®àï¤ª .�®á«¥ § ¬¥­ë ­¥§ ¢¨á¨¬ëå ¯¥à¥¬¥­­ëå x ¨ t ­ � = x� !0t; � = t (49)§ ¯¨è¥¬ í¢®«îæ¨®­­®¥ ãà ¢­¥­¨¥ (48) ¢ ¢¨¤¥A;� � 0:5i!00A;�� = i"2!�1I0A2A; (50)£¤¥ I0 = �k(cthkh1 + �cthkh2)�1I.�à ¢­¥­¨¥ (50) ¤ ¥â â ª¨¥ à¥è¥­¨ï, ª®â®àë¥ ¨§-¬¥­ïîâáï â®«ìª® á â¥ç¥­¨¥¬ ¢à¥¬¥­¨:A = a exp(i"2!�1I0a2�); (51)£¤¥ a { ¯®áâ®ï­­ ï. � ¬¥­ïï A ¢ ¢ëà ¦¥­¨ïå (23)¨ (33) ¨ ¤ «¥¥ ¯®¤áâ ¢«ïï à¥§ã«ìâ â ¢ (6), ­¥á«®¦-­® ¯®«ãç¨âì ¢ëà ¦¥­¨¥ ¤«ï ®âª«®­¥­¨¥ ¯®¢¥àå­®-áâ¨ �(x; t) = "a cos(kx� b!t) ++"2a2�!2(1� cth2kh1 � �(1 � cth2kh2))1�� ++�cos 2(kx� b!t)�+ O("3); (52)£¤¥ b! = ! � "2!�1a2I0. �ëà ¦¥­¨¥ (52) ­¥ ¨¬¥¥âá¬ëá«  ¯à¨ ! ! 0 (¢¡«¨§¨ ¢®«­®¢®£® ç¨á«  kc),  â ª¦¥ ¯à¨ ãá«®¢¨¨ �!1.2. ������ ����� ��������� �������®à¬  ¢®«­®¢®£® ¯ ª¥â  ¢o ¢â®à®¬ ¯à¨¡«¨¦¥-­¨¨ ®¯à¥¤¥«ï¥âáï ä®à¬ã«®© (52). �¥£ª® ¢¨¤¥âì,çâ® ¤«ï ®¯à¥¤¥«¥­¨ï ä®à¬ë ¯®¢¥àå­®áâ¨ ª®­â ª-â  � (x; t) ¢ ¦¥­ §­ ª ¢¥«¨ç¨­ë � (�; k; h), ª®â®-àë© ¨§¬¥­ï¥âáï ¯à¨ ¯¥à¥å®¤¥ ç¥à¥§ ªà¨¢ãî L1,¢¤®«ì ª®â®à®© � (�; k; h) = 0, ¨«¨ ¯à¨ ¯¥à¥å®¤¥ç¥à¥§ ªà¨¢ãî L2, ¢¤®«ì ª®â®à®© � (�; k; h) ! 1.�ç¨âë¢ ï ä®à¬ã«ã (36), ãà ¢­¥­¨ï íâ¨å ªà¨¢ëå ¢­¥ï¢­®© ä®à¬¥ ¨¬¥îâ ¢¨¤L1 : (53)(1:5cth2kh1 � 0:5� �(1:5cth2kh2 � 0:5))!2 = 0;L2 : (54)2!2(cth2kh1 + �cth2kh2)� k(1� � + 4Tk2) = 0:�. �. �¥«¥§®¢, �. �. �¢à ¬¥­ª®, �. �. �ãàâ®¢ë© 85
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�¨á. 2. �¡« áâ¨ á à §«¨ç­®© ä®à¬®© ¢®«­(S1, S3 S-ä®à¬ ; S2, S4 T-ä®à¬ )¯à¨ h2 = 1 ¨ â®«é¨­ å ­¨¦­¥£® á«®ï:  { h1 = 10, ¡ { h1 = 2:23, ¢ { h1 = 2, £ { h1 = 1:73

�¨á. 3. �à ­¨æë ®¡« áâ¥© á à §«¨ç­®© ä®à¬®© ¢®«­¯à¨ h2 = 1 ¨ â®«é¨­ å ­¨¦­¥£® á«®ï h1 = 10(èâà¨å-¯ã­ªâ¨à), h1 = 2 (á¯«®è­ ï «¨­¨ï), h1 = 1:73(èâà¨å®¢ ï)�à ä¨ª¨ L1 ¨ L2 ¨§®¡à ¦¥­ë ­  à¨á. 2 ¯à¨ä¨ªá¨à®¢ ­­®¬ §­ ç¥­¨¨ â®«é¨­ë ¢¥àå­¥£® á«®ïh2 = 1 ¨ ¯à¨ à §«¨ç­ëå §­ ç¥­¨ïå â®«é¨­ë ­¨¦-­¥£® á«®ï.�à¨ ¡®«ìè¨å §­ ç¥­¨ïå h1 (­ ¯à¨¬¥à h1 = 10)ªà¨¢ë¥ ¯¥à¥á¥ª îâáï ¨ à §¤¥«ïîâ ¯«®áª®áâì �; k­  ç¥âëà¥ ®¡« áâ¨ S1, S2, S3, S4. � ®¡« áâïå S1¨ S3 ¨¬¥¥â ¬¥áâ® ¢®«­ë á § ®áâà¥­­ë¬¨ £à¥¡­ï-¬¨ ¨ § âã¯«¥­­ë¬¨ ¯®¤®è¢ ¬¨,   ¢ ®¡« áâïå S2 ¨S4 { ¢®«­ë á § âã¯«¥­­ë¬¨ £à¥¡­ï¬¨ ¨ § ®áâà¥­-­ë¬¨ ¯®¤®è¢ ¬¨. � ª®¥ ï¢«¥­¨¥ ã¦¥ ¡ë«® ®â¬¥-ç¥­® ¢ ¯à¥¤¥«ì­®¬ á«ãç ¥ ¯à¨ h1 ! 1, â. ¥. ¢á¨áâ¥¬¥ "á«®©{¯®«ã¯à®áâà ­áâ¢®" [42]. �«¥¤®¢ -â¥«ì­®, ¯à¨ ¡®«ìè¨å §­ ç¥­¨ïå â®«é¨­ë ­¨¦­¥£®á«®ï ¤«ï ª ¯¨««ïà­®-£à ¢¨â æ¨®­­ëå ¢®«­ ¨¬¥¥â¬¥áâ® ¢«¨ï­¨¥ ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï, ¢ëà -¦ îé¥¥áï ¢ áâà¥¬«¥­¨¨ á£« ¤¨âì ¢®«­®¢ãî ª à-â¨­ã.�à¨ ã¬¥­ìè¥­¨¨ â®«é¨­ë ­¨¦­¥£® á«®ï â®ç-ª  ¯¥à¥á¥ç¥­¨ï ªà¨¢ëå L1 ¨ L2 (�0; k0) ®¯ãáª ¥â-áï ­¨¦¥ ¨ ¯à¨¡«¨§¨â¥«ì­® ¯à¨ §­ ç¥­¨¨ â®«é¨-­ë h1 = 2:23 â®çª  ¯¥à¥á¥ç¥­¨ï ­ å®¤¨âáï ­  £®-à¨§®­â «ì­®© ª®®à¤¨­ â­®© ®á¨. � ª¨¬ ®¡à §®¬,®¡« áâ¥© á å à ªâ¥à­®© ä®à¬®© ®áâ ¥âáï âà¨: S1,S2, S3. � ¦¤ ï ¨§ ­¨å ¨¬¥¥â â¥ ¦¥ á¢®©áâ¢ , çâ®¨ ¢ á«ãç ¥ ¡®«ìè¨å â®«é¨­ ­¨¦­¥£® á«®ï. �à¨¥é¥ ¡®«ìè¥¬ ã¬¥­ìè¥­¨¨ â®«é¨­ë ­¨¦­¥£® á«®ïªà¨¢ ï L2 ¢ëå®¤¨â §  ¯à¥¤¥«ë ¯¥à¢®£® ª¢ ¤à ­â ¯«®áª®áâ¨ (�; k), çâ® ¯à®¨áå®¤¨â ¯à¨¡«¨§¨â¥«ì­®¯à¨ h1 = 1:73.�à¨ ¬ «ëå â®«é¨­ å ­¨¦­¥£® á«®ï h1 < 1:7386 �. �. �¥«¥§®¢, �. �. �¢à ¬¥­ª®, �. �. �ãàâ®¢ë©



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 80 { 89®áâ ¥âáï «¨èì ¤¢¥ ®¡« áâ¨ S2, S3. �â® ®§­ ç ¥â,çâ® ¯à¨ §­ ç¥­¨ïå â®«é¨­ë ­¨¦­¥£® á«®ï h1 <1:73 ¨ ¢¥àå­¥£® h2 = 1, ¢®«­®¢ë¥ ¯ ª¥âë ¯à¨­¨¬ -îâT-®¡à §­ãî ä®à¬ã ¤«ï ®¡è¨à­®© ®¡« áâ¨ S2, ¨â®«ìª® ¢ ã§ª®© ®¡« áâ¨ S3 ¨¬¥îâS-®¡à §­ãî ä®à-¬ã. � ¬¥â¨¬, ®¤­ ª®, çâ® ä¨§¨ç¥áª®¥ §­ ç¥­¨¥¢ £¨¤à®¬¥å ­¨ª¥ ¨¬¥¥â ã§ª ï ¯®«®á , ®â¢¥ç îé ï®â­®è¥­¨î ¯«®â­®áâ¥© 0:9 � � � 1, â. ¥ £à ¢¨â -æ¨®­­ë¥ ¢®«­ë ­  ¯®¢¥àå­®áâ¨ ª®­â ªâ  ¤¢ãå á«®-¥¢ ¢ ­ âãà­ëå ãá«®¢¨ïå ¨¬¥îâ S-®¡à §­ãî ä®à-¬ã,   ª ¯¨««ïà­ë¥ { T-®¡à §­ãî ä®à¬ã.�¥§ã«ìâ âë, ¯à¥¤áâ ¢«¥­­ë¥ ¢ëè¥, ¬®£ãâ ¡ëâì¨á¯®«ì§®¢ ­ë ¯à¨ ¨áá«¥¤®¢ ­¨¨ ¤àã£¨å á« ¡®­¥«¨-­¥©­ëå § ¤ ç ¢ ¤àã£¨å à §¤¥« å ¯à¨ª« ¤­®© ¬ â¥-¬ â¨ª¨ ¨ ä¨§¨ª¨. �  à¨á. 3 ¯à¨¢®¤¨âáï ¢¨¤ ªà¨-¢ëå L1 ¨ L2 ¯à¨ �2 < k < 2 ¨ �1 < � < 1 ¤«ï§­ ç¥­¨ï â®«é¨­ë ¢¥àå­¥£® á«®ï h2 = 1,   ­¨¦­¥-£® h1 = 10, h1 = 2 ¨ h1 = 1:73.3. �������� ������ ���������� ®ªà¥áâ­®áâ¨ ªà¨¢®© L2 ¢®§­¨ª ¥â â ª ­ §ë-¢ ¥¬ë© à¥§®­ ­á ¢â®à®© £ à¬®­¨ª¨, ª®£¤   ¬¯«¨-âã¤  �2(x; t), à ¢­ ï 0:5"2a2�, ¢®§à áâ ¥â ¯® áà ¢-­¥­¨î á  ¬¯«¨âã¤®© �1(x; t), à ¢­®© "a.�¨¦¥ ¯à¥¤áâ ¢«¥­ë ªà¨¢ë¥ L1 ¨ L2 ¯à¨ ä¨ªá¨-à®¢ ­­®¬ §­ ç¥­¨¨ â®«é¨­ë ¢¥àå­¥£® á«®ï h2 == 1 ¨ à §«¨ç­ëå §­ ç¥­¨ïå â®«é¨­ë ­¨¦­¥£®á«®ï h1. �®ª § ­ë â ª¦¥ ®ªà¥áâ­®áâ¨ ªà¨¢®© L2,£¤¥ §­ ç¥­¨¥ ¢¥«¨ç¨­ë � ¡®«ìè¥ § ¤ ­­®© ¢¥«¨ç¨-­ë (j�j > 1 ¨ j�j > 10), â. ¥. ®¡« áâ¨ ¯à®ï¢«¥­¨ïà¥§®­ ­á  ¢â®à®© £ à¬®­¨ª¨.�®§¬®¦­® ­¥áª®«ìª® à §«¨ç­ëå ¢¨¤®¢ à¥§®­ ­á-­®© ®¡« áâ¨.�  à¨á. 4 ¯à¥¤áâ ¢«¥­ë ®¡« áâ¨ à¥§®­ ­á  ¢â®-à®© £ à¬®­¨ª¨ ¯à¨ §­ ç¥­¨ïå â®«é¨­ á«®¥¢ h2 == 1, h1 = 10. � ª ®â¬¥ç¥­® ¢ ¯à¥¤ë¤ãé¥¬ ¯ã­ªâ¥,ªà¨¢ë¥ L1 ¨ L2 ¨¬¥îâ â®çªã ¯¥à¥á¥ç¥­¨ï (�0; k0),£¤¥ §­ ç¥­¨¥ � ­¥®¯à¥¤¥«¥­­®. �¤®«ì ªà¨¢®© L2§­ ç¥­¨¥ ¯à¥¤¥«  lim� = 1, ¯à¨ç¥¬ ¯à¨ ¯¥à¥å®-¤¥ ç¥à¥§ ªà¨¢ãî L2 ¡¥áª®­¥ç­®áâì ¬¥­ï¥â §­ ª.�®çª  (�0; k0) ï¢«ï¥âáï â®çª®© á®¯à¨ª®á­®¢¥­¨ï ç¥-âëà¥å ®¡« áâ¥© S1, S2, S3, S4. � ª ª ã£®¤­® ¬ -«®© ¥¥ ®ªà¥áâ­®áâ¨ áãé¥áâ¢ãîâ â®çª¨, ¯à¨­ ¤«¥-¦ é¨¥ ª ¦¤®© ¨§ ç¥âëà¥å ®¡« áâ¥©. �¥§®­ ­á­®©®¡« áâìî ï¢«ï¥âáï ®ªà¥áâ­®áâì ªà¨¢®© L2, ¯à¨ç¥¬¢ â®çª¥ (�0; k0) à¥§®­ ­á­ ï ®¡« áâì áâï£¨¢ ¥âáï ªâ®çª¥.�  à¨á. 5 ¯à¥¤áâ ¢«¥­  à¥§®­ ­á­ ï ®¡« áâì ¯à¨â®«é¨­ å á«®¥¢ h2 = 1 ¨ h1 = 2:23. �®çª  ¯¥-à¥á¥ç¥­¨ï (�0; k0) ªà¨¢ëå L1 ¨ L2 ¢ íâ®¬ á«ãç ¥­ å®¤¨âáï ­  ¯àï¬®© k = 0. � íâ®© â®çª¥ §­ -ç¥­¨¥ � â ª¦¥ ­¥®¯à¥¤¥«¥­­®,   §­ ç¥­¨¥ ¯à¥¤¥-

�¨á. 4. �¡« áâ¨ à¥§®­ ­á  ¢â®à®© £ à¬®­¨ª¨ ¯à¨h2 = 1, h1 = 10
�¨á. 5. �¡« áâ¨ à¥§®­ ­á  ¢â®à®© £ à¬®­¨ª¨ ¯à¨h2 = 1, h1 = 2:23«  lim� = 1. � ª ª ã£®¤­® ¬ «®© ®ªà¥áâ­®áâ¨â®çª¨ (�0; k0) «¥¦ â â®çª¨, ¯à¨­ ¤«¥¦ é¨¥ âà¥¬®¡« áâï¬ S1, S2, S3. �¥§®­ ­á­®© ®¡« áâìî ï¢«ï-¥âáï ®ªà¥áâ­®áâì ªà¨¢®© L2, ®£à ­¨ç¥­­ ï ªà¨¢ë-¬¨, á®®â¢¥âáâ¢ãîé¨¬¨ j�j = const ¨ ®áï¬¨ ª®®à-¤¨­ â.�«ãç © ¬ «ëå â®«é¨­ h1 � 1:73 ®â«¨ç ¥âáï ®â¯à¥¤ë¤ãé¥£® «¨èì â¥¬, çâ® ªà¨¢ ï L2 ãå®¤¨â ¨§¯¥à¢®£® ª¢ ¤à ­â ,   à¥§®­ ­á­ ï ®¡« áâì áâ ­®-¢¨âáï ®£à ­¨ç¥­­®© á­¨§ã ¯àï¬®î k = 0,   á¢¥àåãªà¨¢ë¬¨, ¢¤®«ì ª®â®àëå � = 1 ¨ � = 10.�. �. �¥«¥§®¢, �. �. �¢à ¬¥­ª®, �. �. �ãàâ®¢ë© 87
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