
ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 4. �. 38 { 46��� 532.59������������ �������� ������� � ������������������������� ��������� ������ �������������� ����������. �. ��������, �. �. �������������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢���¨à®¢®£à ¤áª¨© £®áã¤ àáâ¢¥­­ë© ¯¥¤ã­¨¢¥àá¨â¥â, �¨à®¢®£à ¤�®«ãç¥­® 22.08.2001�áá«¥¤ãîâáï ­¥«¨­¥©­ë¥ § ¤ ç¨ ® à á¯à®áâà ­¥­¨¨ ¢®«­®¢ëå ¯ ª¥â®¢ ­  ¯®¢¥àå­®áâ¨ ª®­â ªâ  ¬¥¦¤ã ¤¢ã¬ï ¦¨¤-ª®áâï¬¨ à §«¨ç­®© ¯«®â­®áâ¨ á ãç¥â®¬ ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï. � áá¬®âà¥­ë ¤¢¥ ¯à®¡«¥¬ë, ¯¥à¢ ï ¤«ï ¤¢ãå¯®«ã¯à®áâà ­áâ¢, ¢â®à ï { ¤«ï á«®ï ­ ¤ ¯®«ã¯à®áâà ­áâ¢®¬. � ©¤¥­® ãá«®¢¨¥ ãáâ®©ç¨¢®áâ¨ ª®¬¯«¥ªá­®© ®£¨¡ -îé¥© ¢®«­®¢ëå ¯ ª¥â®¢ ­  ®á­®¢¥ ­¥«¨­¥©­®£® ãà ¢­¥­¨ï �à¥¤¨­£¥à , ¯®«ãç¥­­®£® ¬¥â®¤®¬ ¬­®£®¬ áèâ ¡­ëåà §«®¦¥­¨© ¤® ç¥â¢¥àâ®£® ¯à¨¡«¨¦¥­¨ï. �¨á«¥­­ë© ¨  á¨¬¯â®â¨ç¥áª¨©  ­ «¨§ ®¡­ àã¦¨¢ ¥â ­®¢ãî ®¡« áâì ­¥-ãáâ®©ç¨¢®áâ¨ £à ¢¨â æ¨®­­ëå ¢®«­ ¨ ­®¢ãî ®¡« áâì ãáâ®©ç¨¢®áâ¨ ª ¯¨««ïà­ëå ¢®«­.�®á«÷¤¦ãîâìáï ­¥«÷­÷©­÷ § ¤ ç÷ ¯à® ¯®è¨à¥­­ï å¢¨«ì®¢¨å ¯ ª¥â÷¢ ­  ¯®¢¥àå­÷ ª®­â ªâã ¬÷¦ ¤¢®¬  à÷¤¨­ ¬¨ à÷§-­®ù £ãáâ¨­¨ § ãà åã¢ ­­ï¬ ¯®¢¥àå­¥¢®£® ­ âï£ã. �®§£«ï­ãâ® ¤¢÷ ¯à®¡«¥¬¨, ®¤­  ¤«ï ¯÷¢¯à®áâ®à÷¢, ¤àã£  { ¤«ïè àã, à®§¬÷é¥­®£® ­ ¤ ¯÷¢¯à®áâ®à®¬. �­ ©¤¥­® ã¬®¢ã áâ÷©ª®áâ÷ ª®¬¯«¥ªá­®ù ®¡¢÷¤­®ù å¢¨«ì®¢¨å ¯ ª¥â÷¢ ­  ®á­®¢÷­¥«÷­÷©­®£® à÷¢­ï­­ï �à¥¤÷­£¥à , ®âà¨¬ ­®£® ¬¥â®¤®¬ ¡ £ â®¬ áèâ ¡­¨å à®§¢¨­¥­ì ¤® ç¥â¢¥àâ®£® ¯®àï¤ªã. �¨-á¥«ì­¨© â   á¨¬¯â®â¨ç­¨©  ­ «÷§ ¢¨ï¢¨«¨ ­®¢ã ®¡« áâì ­¥áâ÷©ª®áâ÷ £à ¢÷â æ÷©­¨å å¢¨«ì â  ­®¢ã ®¡« áâì áâ÷©ª®áâ÷ª ¯÷«ïà­¨å å¢¨«ì.Nonlinear problems of wave-packet prpagation on the interface between the two 
uids of di�erent densities with takinginto account the surface tension are investigated. Two problems are considered, one for half-spaces, anouther for the layerover a half-space. The stability condition of complex envelope of wave-packet is derived on the basis of the nonlinearSchroedinger equation obtained by using the method of multiple scale expansions to fourth approximation. Asymptoticand numerical analysis discovers a new instability region for gravity waves and a new stability region of capillary waves.���������­ «¨§ ãá«®¢¨© ãáâ®©ç¨¢®áâ¨ ¢­ãâà¥­­¨å ¢®«­¢ á¨áâ¥¬ å, á®áâ®ïé¨å ¨§ ¦¨¤ª®áâ¥© à §­ëå¯«®â­®áâ¥©, ¯à¥¤áâ ¢«ï¥â ¡®«ìè®© ¨­â¥à¥á ª ª¢ â¥®à¥â¨ç¥áª®¬, â ª ¨ ¢ ¯à ªâ¨ç¥áª®¬ ¯« -­¥. �à¥¤¨ § ¤ ç â ª®£® à®¤  ¬®¦­® ®á®¡® ¢ë-¤¥«¨âì ª« áá § ¤ ç, ãç¨âë¢ îé¨å ¯®¢¥àå­®áâ-­®¥ ­ âï¦¥­¨¥, ª®â®à®¥ áãé¥áâ¢¥­­® ¢«¨ï¥â ­ ª ¯¨««ïà­®-£à ¢¨â æ¨®­­ë¥ ¢®«­ë, £¤¥ ¢ ¦¥­¢ª« ¤ ¢ëá®ª¨å £ à¬®­¨ª ¢ ¢®«­®¢®© ¯à®æ¥áá ¢ æ¥-«®¬. � ª ¨§¢¥áâ­®, ¨áá«¥¤®¢ ­¨¥ ¢«¨ï­¨ï ¢ëáè¨å£ à¬®­¨ª áãé¥áâ¢¥­­® ãá«®¦­ï¥â  ­ «¨§ £à®¬®§¤-ª®áâìî ¯à¥®¡à §®¢ ­¨© ¨  ­ «¨â¨ç¥áª¨å à¥§ã«ì-â â®¢,   â ª¦¥ á®®â¢¥âáâ¢ãîé¨¬¨ ¯à®¡«¥¬ ¬¨ç¨á«¥­­®£®  ­ «¨§ . � ¯®á«¥¤­¥¥ ¢à¥¬ï ¡ãà­® à §-¢¨¢ îâáï ª®¬¯ìîâ¥à­ë¥ ¯ ª¥âë á¨¬¢®«ì­ëå ¢ë-ç¨á«¥­¨©, ¯®§¢®«¨¢è¨¥ ¯®«ãç¨âì ­®¢ë¥ à¥§ã«ìâ -âë ¯® ãª § ­­®© ¯à®¡«¥¬¥, ¨§«®¦¥­­ë¥ ¢ ­ áâ®ï-é¥© áâ âì¥.�à¥¤áâ ¢¨¬ ®¡é¥¥ á®áâ®ï­¨¥ ¯à®¡«¥¬ë à á¯à®-áâà ­¥­¨ï ¢®«­ ¢ á«®¨áâëå £¨¤à®¤¨­ ¬¨ç¥áª¨å á¨-áâ¥¬ å. �®áâ â®ç­® ¯®«­ë©  ­ «¨§ ¢®«­®¢ëå ¤¢¨-¦¥­¨© á®¤¥à¦¨â áâ âìï � ©äí [1], £¤¥ ¬¥â®¤®¬¬­®£®¬ áèâ ¡­ëå à §«®¦¥­¨© ¤® âà¥âì¥£® ¯®àï¤-ª  ¢ë¢¥¤¥­® í¢®«îæ¨®­­®¥ ãà ¢­¥­¨¥ ¤«ï ¢®«­®-

¢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®¢ ¢ á¨áâ¥¬¥ "á«®© { ¯®«ã-¯à®áâà ­áâ¢®" á ãç¥â®¬ ¯®¢¥àå­®áâ­®£® ­ âï¦¥-­¨ï ¨§ãç « áì ¢ [2,3] â ª¦¥ ­  ®á­®¢¥ ¬¥â®¤  ¬­®-£®¬ áèâ ¡­ëå à §«®¦¥­¨© ¤® âà¥âì¥£® ¯®àï¤ª .� á¯à®áâà ­¥­¨¥ ¢­ãâà¥­­¨å ã¥¤¨­¥­­ëå ¢®«­¢ ¦¨¤ª®© ¤¢ãåá«®©­®© áà¥¤¥, ®£à ­¨ç¥­­®© á¢¥à-åã ¨ á­¨§ã â¢¥à¤ë¬¨ ¯«®áª®áâï¬¨, ¡¥§ ãç¥â  ¯®-¢¥àå­®áâ­®£® ­ âï¦¥­¨ï ¨áá«¥¤®¢ «®áì ¢ [4], £¤¥¯®«ãç¥­® à¥è¥­¨¥ ¢ ä®à¬¥ ®¡®¡é¥­­ëå áâ¥¯¥­-­ëå àï¤®¢ ¯® ¯ à ¬¥âàã, § ¢¨áïé¥¬ã ®â ¢¥«¨ç¨-­ë, ®¡à â­®© ç¨á«ã �àã¤ .�­®£¨¥ á®¢à¥¬¥­­ë¥ ¨áá«¥¤®¢ ­¨ï ¯®á¢ïé¥­ëä®à¬¨à®¢ ­¨î, í¢®«îæ¨¨ ¨ ãáâ®©ç¨¢®áâ¨ ¢®«­¡®«ìè®©  ¬¯«¨âã¤ë [5, 6]. �¢ãåá«®©­ ï á¨áâ¥¬  á¢¥àå­¥© ¨ ­¨¦­¥© ¦¨¤ª®áâï¬¨ ª®­¥ç­®© £«ã¡¨­ë­  ®á­®¢¥ ãà ¢­¥­¨© �©«¥à  ¢ ¯à¥¤¯®«®¦¥­¨¨, çâ®â®«é¨­  á«®ï ï¢«ï¥âáï ¬ «®© ¯® áà ¢­¥­¨î á £®à¨-§®­â «ì­ë¬ ¬ áèâ ¡®¬ (¤«¨­®© ¢®«­ë), à áá¬®-âà¥­  ¢ áâ âì¥ [7], à¥è¥­¨ï ­ ©¤¥­ë ¢ ¢¨¤¥ à §-«®¦¥­¨© ¯® ¬ «®¬ã ¯ à ¬¥âàã â®«é¨­ë. �à¥¤-áâ ¢«¥­­ë¥ ¢ áâ âì¥ [8] ¨áá«¥¤®¢ ­¨ï ¢­ãâà¥­­¨å¢®«­ à¥¤ãªæ¨®­­ë¬ ¬¥â®¤®¬ ¢®§¬ãé¥­¨© ¯à¨¢¥-«¨ ª ãà ¢­¥­¨î �¤� (�®àâ¥¢¥£ -¤¥ �à¨§ ) ¢¬¥áâ®38 c
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ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 4. �. 38 { 46ãà ¢­¥­¨ï �à¥¤¨­£¥à .�  ®á­®¢¥ à §«®¦¥­¨ï ¨áª®¬ëå äã­ªæ¨© ¢ àï¤�ãàì¥ ¨áá«¥¤®¢ ­ë ­¥«¨­¥©­ë¥ ¢­ãâà¥­­¨¥ ¢®«-­ë ­  ¯®¢¥àå­®áâ¨ ª®­â ªâ  ¤¢ãå ¦¨¤ª¨å ¯®-«ã®£à ­¨ç¥­­ëå áà¥¤ á à §«¨ç­ë¬¨ ¯«®â­®áâï¬¨¢ [9]. �áá«¥¤®¢ ­ë ®á­®¢­ë¥ å à ªâ¥à¨áâ¨ª¨ ¢®«-­®¢ëå ¤¢¨¦¥­¨© ¢ ­¥ª®â®àëå ¯à¥¤¥«ì­ëå á«ãç ïå,¢ª«îç ï á«ãç © ¬ «®© ¯«®â­®áâ¨ ¢¥àå­¥© ¦¨¤ª®-áâ¨.�§ íªá¯¥à¨¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨©, ¯à®¢¥¤¥­-­ëå ¢ ¯®á«¥¤­¥¥ ¢à¥¬ï, ®â¬¥â¨¬ íªá¯¥à¨¬¥­â ¢ ®¤-­®à®¤­®¬ ®ªàã¦ îé¥¬ ¯®â®ª¥ âà¥åá«®©­®© ¦¨¤-ª®áâ¨ á â®­ª¨¬ ¯à®¬¥¦ãâ®ç­ë¬ á«®¥¬, á®¤¥à¦ -é¥¬ ¨áâ®ç­¨ª, ¢ å®¤¥ ª®â®à®£® ®¡­ àã¦¥­® ®¡à -§®¢ ­¨¥ ã¥¤¨­¥­­ëå ¢®«­ [10]. �®ª § ­®, çâ®¯à¨ ­¥ª®â®àëå §­ ç¥­¨ïå ¯ à ¬¥âà®¢ £¥­¥à¨àã-îâáï ã¥¤¨­¥­­ë¥ ¢®«­ë, ª®â®àë¥ à á¯à®áâà ­ï-îâáï ¢¢¥àå ¯® ¯®â®ªã. �à®¢¥¤¥­­ë©  ­ «¨§ à á-¯à®áâà ­¥­¨ï ¢®«­ ¢ â ª®© á¨áâ¥¬¥ [11] ®á­®¢ ­­  áâ®ªá®¢®¬ à §«®¦¥­¨¨, ¢¥¤ãé¥¬ ª ­¥«¨­¥©­®¬ããà ¢­¥­¨î �à¥¤¨­£¥à .�â¬¥â¨¬ â ª¦¥ ­¥ª®â®àë¥ ¤àã£¨¥  ªâã «ì­ë¥à ¡®âë ¯® ¨§ãç¥­¨î ¢­ãâà¥­­¨å ­¥«¨­¥©­ëå ¢®«­[12 { 14],   â ª¦¥ à ¡®âë, ®¯ã¡«¨ª®¢ ­­ë¥ ¢ ¯®-á«¥¤­¥¥ ¢à¥¬ï, áãé¥áâ¢¥­­® ¤®¯®«­ïîé¨¥ ¨ à §¢¨-¢ îé¨¥ ¯à®¡«¥¬ã à á¯à®áâà ­¥­¨ï ¢®«­®¢ëå ¯ -ª¥â®¢ ­  ¯®¢¥àå­®áâ¨ à §¤¥«  ¤¢ãå ¦¨¤ª¨å áà¥¤[15 { 17].� ­ áâ®ïé¥© áâ âì¥ ¢¯¥à¢ë¥ ¯à®¢¥¤¥­® ¨áá«¥¤®-¢ ­¨¥ ãáâ®©ç¨¢®áâ¨ à¥è¥­¨ï í¢®«îæ¨®­­®£® ãà ¢-­¥­¨ï ¢ ç¥â¢¥àâ®¬  á¨¬¯â®â¨ç¥áª®¬ ¯à¨¡«¨¦¥-­¨¨ ¤«ï § ¤ ç¨ ® à á¯à®áâà ­¥­¨¨ ¢­ãâà¥­­¨å¢®«­ ¢ £¨¤à®¤¨­ ¬¨ç¥áª®© á¨áâ¥¬¥ \á«®© { ¯®«ã-¯à®áâà ­áâ¢®" ¬¥â®¤®¬ ¬­®£®¬ áèâ ¡­ëå à §«®-¦¥­¨© ¤«ï á«ãç ï ¢®«­®¢ëå ç¨á¥«, ¡®«ìè¨å ªà¨â¨-ç¥áª®£® ¢®«­®¢®£® ç¨á« . �­ «®£¨ç­ ï § ¤ ç  à á-á¬®âà¥­  â ª¦¥ ¤«ï á¨áâ¥¬ë "¯®«ã¯à®áâà ­áâ¢®{ ¯®«ã¯à®áâà ­áâ¢®". �®¯®áâ ¢«¥­¨¥ ¯®«ãç¥­­ëåà¥§ã«ìâ â®¢ ¤ «® ¢®§¬®¦­®áâì ¨áá«¥¤®¢ âì ¢«¨ï-­¨¥ á«®ï ª®­¥ç­®© â®«é¨­ë ­  ãáâ®©ç¨¢®áâì ¢®«-­®¢ëå ¤¢¨¦¥­¨©. �à®¢¥¤¥­ â ª¦¥  ­ «¨§ ¢«¨ï­¨ï¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï ­  ãáâ®©ç¨¢®áâì ¢®«-­®¢ëå ¯ ª¥â®¢ ¢ ®¡¥¨å á¨áâ¥¬ å.1. ����������������� �������"���� { ����������������"1.1. �¢®«îæ¨®­­®¥ ãà ¢­¥­¨¥ ª®¬¯«¥ªá­®©®£¨¡ îé¥© ¢®«­®¢®£® ¯ ª¥â � áá¬®âà¨¬ à á¯à®áâà ­¥­¨¥ ¢®«­®¢ëå ¯ ª¥â®¢­  ¯®¢¥àå­®áâ¨ ª®­â ªâ  ¦¨¤ª®£® ¯®«ã¯à®áâà ­-

�¨á. 1. �®áâ ­®¢ª  § ¤ ç¨áâ¢  
1 = f(x; y; z) : jxj < 1; jyj < 1; z < 0g¨ ¦¨¤ª®£® á«®ï ­ ¤ ­¨¬ 
2 = f(x; y; z) : jxj <1; jyj <1; 0 � z < hg á à §«¨ç­ë¬¨ ¯«®â­®áâï¬¨á ãç¥â®¬ ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï (à¨á .1).� â¥¬ â¨ç¥áª ï ¯®áâ ­®¢ª  § ¤ ç¨ [18] ¯à¥¤-áâ ¢«ï¥âáï ¢ ¢¨¤¥r2'j = 0 ¢ 
j ; (1)�;t � 'j;z = �'j;x�;x ­  z = � (x; t) ; (2)'1;t��'2;t+(1��) �+12 (r'1)2� 12� (r'2)2��T �1+�2;x��3=2 �;xx = 0 ­  z=� (x; t) ;(3)jr'1j ! 0 ¯à¨ z !�1; (4)'2;z = 0 ­  z = h; (5)£¤¥ j = 1; 2; � = �1=�2 { ®â­®è¥­¨¥ ¯«®â­®áâ¥©­¨¦­¥© ¨ ¢¥àå­¥© ¦¨¤ª®áâ¥©; �(x; t) { ®âª«®­¥­¨¥¯®¢¥àå­®áâ¨ ª®­â ªâ  ®â ­¥¢®§¬ãé¥­­®£® á®áâ®ï-­¨ï z = 0.�¥§à §¬¥à­ë¥ ¢¥«¨ç¨­ë ¢¢¥¤¥­ë ­  ®á­®¢¥å à ªâ¥à­®© ¤«¨­ë L, å à ªâ¥à­®£® ¢à¥¬¥­¨(L=g)1=2, ¯«®â­®áâ¨ ­¨¦­¥© ¦¨¤ª®áâ¨ �1, £¤¥ g {ãáª®à¥­¨¥ á¢®¡®¤­®£® ¯ ¤¥­¨ï. �¥§à §¬¥à­ë© ª®-íää¨æ¨¥­â ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï ¨¬¥¥â ¢¨¤T � = T=(L2�g) (¤ «¥¥ §¢¥§¤®çª  ®¯ãé¥­ ).�«ï ¯®áâà®¥­¨ï ¯à¨¡«¨¦¥­­ëå à¥è¥­¨© § ¤ -ç¨ (1) - (5) ¤«ï ¢®«­ ¬ «ëå, ­® ª®­¥ç­ëå  ¬¯«¨-âã¤, ¯à¨¬¥­ï¥âáï ¬¥â®¤ ¬­®£®¬ áèâ ¡­ëå à §«®-¦¥­¨© ¤® ç¥â¢¥àâ®£® ¯®àï¤ª : [19]�(x; t)= 4Xn=1"n�n(x0; x1; x2; x3; t0; t1; t2; t3)+O("5); (6)�j(x; z; t)= (7)= 4Xn=1"n�jn(x0; x1; x2; x3; z; t0; t1; t2; t3)+O("5);�. �. �¥«¥§®¢, �. �. �¢à ¬¥­ª® 39



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 4. �. 38 { 46£¤e " { ¬ «ë© ¡¥§à §¬¥à­ë© ¯ à ¬¥âà; xn ="nx; tn = "nt { ¬ áèâ ¡­ë¥ ¯¥à¥¬¥­­ë¥. �®¤-áâ ­®¢ª  ¢ëà ¦¥­¨© (6) - (7) ¢ (1) - (5) á ¯®á«¥¤ã-îé¨¬ ¯à¨à ¢­¨¢ ­¨¥¬ ¢ëà ¦¥­¨© ¯à¨ ®¤¨­ ª®-¢ëå áâ¥¯¥­ïå ¬ «®£® ¯ à ¬¥âà  " ¯à¨¢®¤¨â ª ç¥-âëà¥¬ «¨­¥©­ë¬ § ¤ ç ¬ ®â­®á¨â¥«ì­® ­¥¨§¢¥áâ-­ëå äã­ªæ¨© �n ¨ �jn (n = 1; 4) { ç«¥­ ¬ àï¤®¢ (6)¨ (7).� ª ¨§¢¥áâ­®, § ¤ ç  ¯¥à¢®£® ¯à¨¡«¨¦¥­¨ï ¨¬¥-¥â à¥è¥­¨ï ¢¨¤ �1 = A exp i� � �A exp(�i�); (8)�11 = �i!k (A exp i� + �A exp(�i�)) exp kz; (9)�21= i!k (A exp i�+ �A exp(�i�))chk(h�z)shkh ; (10)£¤e �A { á®¯àï¦¥­­ ï ª ª®¬¯«¥ªá­®© ®£¨¡ îé¥©¢®«­®¢®£® ¯ ª¥â  A; � = kx0�!t0; k { ¢®«­®¢®¥ ç¨-á«®; ! { ç áâ®â  æ¥­âà  ¢®«­®¢®£® ¯ ª¥â . � ¤ ç ¯¥à¢®£® ¯à¨¡«¨¦¥­¨ï ¯à¨¢®¤¨â ª ¤¨á¯¥àá¨®­­®¬ãá®®â­®è¥­¨î ¬¥¦¤ã ¢®«­®¢ë¬ ç¨á«®¬ ¨ ç áâ®â®©æ¥­âà  ¢®«­®¢®£® ¯ ª¥â :!2 = k(1� � + Tk2)1 + �cthkh : (11)� ¦¤ ï ¨§ âà¥å ¯®á«¥¤ãîé¨å «¨­¥©­ëå § ¤ ç¨¬¥¥â â ª ­ §ë¢ ¥¬ë¥ ãá«®¢¨ï à §à¥è¨¬®áâ¨(ãá«®¢¨ï ®âáãâáâ¢¨ï á¥ªã«ïà­ëå ç«¥­®¢). �¥ ®áâ -­ ¢«¨¢ ïáì ­  ¯®¤à®¡­®¬ ¨§«®¦¥­¨¨ £à®¬®§¤ª®-£® ¯à®æ¥áá  ¯®«ãç¥­¨ï ãª § ­­ëå ãá«®¢¨©, ¢ë¯®«-­¥­­®£® ¢ ª®¬¯ìîâ¥à­®¬ ¯ ª¥â¥ á¨¬¢®«ì­ëå ¢ë-ç¨á«¥­¨©, ¯à¨¢¥¤¥¬ ¨å ¢ ¢¨¤¥ á¨áâ¥¬ëA;t1 + !0A;x1 = 0; (12)A;t2+!0A;x2� i!002 A;x1x1= �ik!(1+�cthkh)IA2A;(13)A;t3 + !0A;x3 � i!00A;x1x2 � !0006 �A;x1x1x1 == k!(1+�cthkh)"JAAA;x1�I �k!�0(A2A);x1#; (14)£¤¥ !0 = d!=dk, !00 = d2!=dk2, !000 = d3!=dk3,I = k2a3T 3k6 + a2T 2k4 + a1Tk2 + a0b1Tk2 + b0 ; (15)¯à¨ç¥¬a3 = 2�2sh2kh+ 2�3sh2kh+ 6�3;a2 = �17:5�2(1� �)sh2kh��2�(5�2 � 8�+ 3)sh2khsh2kh+

+(�3 + 3�2 � 5� + 1)sh4khsh2kh��2�(�3 � 5�2 + 3�+ 1)sh6kh ���(19�3 � 39�2 + 25�+ 5)sh4kh��4�(11�3 � 14�2 + 5�� 2)sh2kh��33�3(1 � �);a1 = 17�2(1� �)sh2kh++�(0:5�3 � 13�2 + 24:5�� 12)sh2khsh2kh++(�6:5�4 + 5�3 + 10�2 � 9�+ 0:5)sh4khsh2kh++�(�4 � 18�3 + 20�2 + 10�� 13)sh6kh++�(17�4 � 74�3 + 83�2 � 12� � 14)sh4kh++2�(23�4 � 58�3 + 49�2 � 32�+ 4)sh2kh++36�3(1 � �)2;a0 = �1:5�2(1� �)3sh2kh��2�(2�4 � 9�3 + 15�2 � 11�+ 3)sh2khsh2kh��(8�5� 28�4+40�3�32�2+16��4)sh4khsh2kh��4�(2�5 � 8�4 + 16�3 � 20�2 + 14�� 4)sh6kh��4�(5�5 � 17�4 + 29�3 � 25�2 + 11�� 2)sh4kh++�(�15�5 + 57�4 � 77�3 + 39�2 � 4)sh2kh++9�3(1� �)3;b1=sh2kh[16�2(1��)2sh2kh++4(3�3�3�2+��1)sh2khsh2kh++4�(5�3 � 5�2 + 7� � 7)sh2kh��8�(1 � �)3sh4kh� 12�3(1� �)];b0=sh2kh[2�2(1��)2sh2kh++2(4�4�6�3+4�2�2�+"1)sh2khsh2kh++4�(�4�2�3+6�2�8�+4)sh2kh++4�(�4 � 2�3 + 4�2 � 8�+ 3)sh4kh]:�§ á®®â­®è¥­¨ï (15) ¢¨¤¥­ ¢ª« ¤ ª®íää¨æ¨¥­â ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï, ¯à¥¤áâ ¢«¥­­ë© à §-«¨ç­ë¬¨ ¥£® áâ¥¯¥­ï¬¨.�­ «¨§ á¢ï§¨ ¬¥¦¤ã ª®íää¨æ¨¥­â ¬¨ ¢ ­¥«¨­¥©-­ëå ç áâïå ãá«®¢¨© à §à¥è¨¬®áâ¨ âà¥âì¥£® ¨ ç¥-â¢¥àâ®£® ¯®àï¤ª  I ¨ J ¤ ¥â ¢ ¦­®¥ á®®â­®è¥­¨¥J = �i@I=@k: (16)�®¬­®¦ ï ãà ¢­¥­¨ï (12) - (14) ­  ", "2 ¨ "3 á®-®â¢¥âáâ¢¥­­® ¨ áª« ¤ë¢ ï ¯®«ãç¥­­ë¥ á®®â­®è¥-­¨ï,   § â¥¬ ¯¥à¥å®¤ï ®â ¬ áèâ ¡­ëå ¯¥à¥¬¥­­ëåª ®á­®¢­ë¬, ¢à¥¬¥­­®© ¨ ¯à®áâà ­áâ¢¥­­®©, ¯®«ã-ç ¥¬ ãà ¢­¥­¨¥ á ®¤­®© ¯à®¨§¢®¤­®© ¯® ¢à¥¬¥­­®©40 �. �. �¥«¥§®¢, �. �. �¢à ¬¥­ª®



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 4. �. 38 { 46¨ âà¥¬ï ¯® ¯à®áâà ­áâ¢¥­­®© ª®®à¤¨­ â¥:A;t+!0A;x� i!002! �A;xx� !0003! �A;xxx = �"21+�cthkh��(i k!AA[IA + I 0A;x] +� k!�0 I(A2A);x) ; (17)£¤¥ I0 = @I=@k. � ª¨¬ ®¡à §®¬, í¢®«îæ¨®­­®¥ãà ¢­¥­¨¥ ¯à¥¤áâ ¢«¥­® ¢ ¢¨¤¥ ­¥«¨­¥©­®£® ãà ¢-­¥­¨ï �à¥¤¨­£¥à  ¢ëáè¥£® ¯®àï¤ª .� ª ¨ á«¥¤®¢ «® ®¦¨¤ âì, «¥¢ ï «¨­¥©­ ï ç áâìãà ¢­¥­¨ï (17) ¨¬¥¥â ¢¨¤, á®®â¢¥âáâ¢ãîé¨© àï-¤ã �¥©«®à , ¨§ ª®â®à®£® ­¥á«®¦­® ¯®«ãç¨âì ¯®á«¥-¤ãîé¨¥ á« £ ¥¬ë¥ «¨­¥©­®© ç áâ¨ í¢®«îæ¨®­­®£®ãà ¢­¥­¨ï ¢ ¯à¨¡«¨¦¥­¨ïå, ¢ëè¥ ç¥â¢¥àâ®£®. �â® ¦¥ ¢à¥¬ï, á®®â­®è¥­¨¥ (16) ¬¥¦¤ã ª®íää¨æ¨¥­-â ¬¨ I ¨ J ¤ «® ¢®§¬®¦­®áâì ¯à¥¤áâ ¢¨âì ¯à ¢ãî­¥«¨­¥©­ãî ç áâì í¢®«îæ¨®­­®£® ãà ¢­¥­¨ï (17) ¢ç¥â¢¥àâ®¬ ¯à¨¡«¨¦¥­¨¨ ¢ ä®à¬¥, ¨§ ª®â®à®© ¢¨¤-­ë ¤®¯®«­¨â¥«ì­ë¥ á« £ ¥¬ë¥ ®â ç¥â¢¥àâ®£® ¯à¨-¡«¨¦¥­¨ï { ¢â®à®¥ á« £ ¥¬®¥ ¢ ª¢ ¤à â­ëå áª®¡-ª å ¨ ¢â®à®¥ á« £ ¥¬®¥ ¢ ä¨£ãà­ëå áª®¡ª å. � ª ïä®à¬  § ¯¨á¨ ­¥«¨­¥©­®© ç áâ¨ ¯à¨¢®¤¨â ª ¨¤¥¥ ®¯à¨¬¥­¥­¨¨ ¬¥â®¤  ¬ â¥¬ â¨ç¥áª®© ¨­¤ãªæ¨¨ ¤«ï§ ¯¨á¨ ¯®á«¥¤ãîé¨å á« £ ¥¬ëå ­¥«¨­¥©­®© ç áâ¨í¢®«îæ¨®­­®£® ãà ¢­¥­¨ï ¢ ¢ëáè¨å ¯à¨¡«¨¦¥­¨-ïå ç¥à¥§ ®¤¨­ ª®íää¨æ¨¥­â I ¨ ¥£® ¯à®¨§¢®¤­ë¥¯® ¢®«­®¢®¬ã ç¨á«ã k.1.2. �­ «¨â¨ç¥áª®¥ ¨áá«¥¤®¢ ­¨¥ ãáâ®©ç¨¢®áâ¨à¥è¥­¨© í¢®«îæ¨®­­®£® ãà ¢­¥­¨ï.�à ¢­¥­¨¥ (17) ­¥áª®«ìª® ¯à¥®¡à §ã¥¬ § ¬¥­®©¯¥à¥¬¥­­ëå x ¨ t ­®¢ë¬¨ ¯¥à¥¬¥­­ë¬¨� = x� !0t; � = t;çâ® ¯à¨¢®¤¨â ª ãà ¢­¥­¨îA;�� i!002! �A;���!0003! �A;���= �"21 + �cthkh ��(i k!AA[IA+ I 0A;�] + �k!�0 I(A2A);�) :(18)�à ¢­¥­¨¥ (18) ¨¬¥¥â à¥è¥­¨¥, § ¢¨áïé¥¥ â®«ìª®®â �: A = a exp�� i"21 + �cthkh � k!Ia2�� ; (19)£¤¥ a = const.�à¨¤ ¤¨¬  ¬¯«¨âã¤¥ a ¢®§¬ãé¥­¨¥ �(�; �),    à-£ã¬¥­âã íªá¯®­¥­âë { ¢®§¬ãé¥­¨¥ i�(�; �). �®« -£ ¥¬, çâ® � ¨ � ¯à¨­¨¬ îâ â®«ìª® ¤¥©áâ¢¨â¥«ì­ë¥

§­ ç¥­¨ï. �®¤áâ ¢¨¬ ¢®§¬ãé¥­­®¥ à¥è¥­¨¥A = (a + �) exp�� i"21 + �cthkh � k!Ia2� + i�� (20)¢ í¢®«îæ¨®­­®¥ ãà ¢­¥­¨¥ (18), çâ® ¯à¨¢®¤¨â ª á¨-áâ¥¬¥ ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ®â­®á¨â¥«ì-­® �(�; �) ¨ �(�; �). � â¥¬, ¯à¥­¥¡à¥£ ï ­¥«¨­¥©-­ë¬¨ ç«¥­ ¬¨, ¯à¨å®¤¨¬ ª «¨­¥©­®© á¨áâ¥¬¥ ãà ¢-­¥­¨© ¢¨¤ �;� + 12!00a�;�� � 16!000�;��� = 0; (21)a�;� � 12!00�;�� � 16!000a�;��� ��� "21 + �cthkh � k!Ia2 = "21 + �cthkh k! Ia3:�¨áâ¥¬  (21) ¤®¯ãáª ¥â à¥è¥­¨ï ¢¨¤ � = �1 exp i(k1� � !1�) + �0; (22)� = �1 exp i(k1� � !1�):�®¤áâ ­®¢ª  ãà ¢­¥­¨© (22) ¢ (21) ¤ ¥â §­ ç¥­¨¥�0 = �a ¨ á¨áâ¥¬ã ãà ¢­¥­¨© ®â­®á¨â¥«ì­®  ¬-¯«¨âã¤ �1 ¨ �1:i��!1 + 16!000k31��1 � 12a!00k21�1 = 0; (23)�12!00k21 � "21 + �cthkh k!Ia2��1 ++ia��!1 + 16!000k31��1 = 0:�§ á¨áâ¥¬ë (23) á«¥¤ã¥â ¤¨á¯¥àá¨®­­®¥ á®®â­®è¥-­¨¥ !21 � 13!1!000k31 + 136!0002k61 � (24)�14!002k41 + 12!00k21 "21 + �cthkh � k!Ia2 = 0:�§ ª¢ ¤à â­®£® ãà ¢­¥­¨ï ®â­®á¨â¥«ì­® !1 ¢¨¤­®,çâ® ç áâ®â  !1 ¯à¨­¨¬ ¥â ¤¥©áâ¢¨â¥«ì­ë¥ §­ -ç¥­¨ï ¤«ï ¢á¥å ¢®«­®¢ëå ç¨á¥« k1, ¥á«¨ ¤¨áªà¨-¬¨­ ­â ãà ¢­¥­¨ï (24) ­¥®âà¨æ â¥«ì­ë©, ®âªã¤ ¨¬¥¥¬!002�k21 � 2 "21 + �cthkh � k!!00 Ia2� � 0: (25)�«¥¤®¢ â¥«ì­®, ãá«®¢¨¥ ãáâ®©ç¨¢®áâ¨ à¥è¥­¨ï(19) í¢®«îæ¨®­­®£® ãà ¢­¥­¨ï (18) á ãç¥â®¬ k > 0,! > 0 ¨ 1 + �cthkh > 0 ¨¬¥¥â ¢¨¤I!00 � 0: (26)�. �. �¥«¥§®¢, �. �. �¢à ¬¥­ª® 41



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 4. �. 38 { 46�â¬¥â¨¬, çâ®  ­ «®£¨ç­ë¥ ¨áá«¥¤®¢ ­¨ï í¢®«îæ¨-®­­®£® ãà ¢­¥­¨ï ¢ ­¨§è¥¬ âà¥âì¥¬ ¯à¨¡«¨¦¥­¨¨â ª¦¥ ¯à¨¢®¤ïâ ª ­¥à ¢¥­áâ¢ã (26).�«ï ¢á¥å ä¨ªá¨à®¢ ­­ëå h 6= 0 ¢ á«ãç ¥ ¤«¨­­ëå£à ¢¨â æ¨®­­ëå ¢®«­ (k! 0) ¨¬¥¥¬I! 104 (1� �)h2 ; !00!�k(1 � �)1=2�h��3=2 ; (27)â.¥. £à ¢¨â æ¨®­­ë¥ ¢®«­ë ¢ á¨áâ¥¬¥ "á«®© { ¯®-«ã¯à®áâà ­áâ¢®" ãáâ®©ç¨¢ë ¢ á«ãç ¥ � < 1, ª ª­¥«¨­¥©­® (27), â ª ¨ «¨­¥©­® (11).� â® ¦¥ ¢à¥¬ï, ¤«ï ¢á¥å ä¨ªá¨à®¢ ­­ëå h 6= 0 ¢á«ãç ¥ ª®à®âª¨å ª ¯¨««ïà­ëå ¢®«­ (k!1)I! �Tk4(1 � 6�+ �2)4(1 + �)3 ; !00! 3T 1=24k1=2(1 + �)1=2 ;(28)¯à¨ íâ®¬ ­¥®¡å®¤¨¬® ®â¬¥â¨âì â ª¦¥ áãé¥áâ¢®-¢ ­¨¥ à §àë¢  ­¥¯à¥àë¢­®áâ¨ ã äã­ªæ¨¨ I(k; �; h)¯à¨ � = 1, ¯®áª®«ìªãlim�!1 I(1 � �) = �(1� cth2kh)22(1 + cthkh) k6T 2: (29)� ª¨¬ ®¡à §®¬, ª ¯¨««ïà­ë¥ ¢®«­ë ­¥ãáâ®©ç¨¢ë,¢®®¡é¥ £®¢®àï, ¥á«¨ (p2� 1)2 < � < (p2 + 1)2 § ¨áª«îç¥­¨¥¬ ­¥ª®â®à®© «¥¢®© ®ªà¥áâ­®áâ¨ � = 1:�0 < � < 1.2. ����������������� �������"���������������� { �������-���������"� áá¬®âà¨¬ ¥é¥ ®¤­ã £¨¤à®¤¨­ ¬¨ç¥áªãî á¨-áâ¥¬ã "¯®«ã¯à®áâà ­áâ¢® { ¯®«ã¯à®áâà ­áâ¢®"
1 = f(x; y; z) : jxj < 1; jyj < 1; z < 0g;
2 = f(x; y; z): jxj <1; jyj <1; z > 0g¢ â¥å ¦¥ ¯à¥¤¯®«®¦¥­¨ïå ¨ ®¡®§­ ç¥­¨ïå, çâ® ¨ ¢¯à¥¤ë¤ãé¥© § ¤ ç¥. � â¥¬ â¨ç¥áª ï ¯®áâ ­®¢ª § ¤ ç¨ ¨¬¥¥â ¢¨¤r2'j = 0 ã 
j ; (30)�;t � 'j;z = �'j;x�;x ­  z = � (x; t) ; (31)'1;t��'2;t+(1��) �+0:5 (r'1)2�0:5� (r'2)2��T �1 + �2;x��3=2 �;xx = 0 ­  z = � (x; t) ; (32)jr'jj ! 0 ¯à¨ z !�1; (33)j = 1; 2.�®«ãç¥­ë ¤¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ ¨ ãá«®¢¨ïà §à¥è¨¬®áâ¨ ¤® ç¥â¢¥àâ®£® ¯®àï¤ª :!2 = k(1� � + Tk2)1 + � ; (34)

A;t1 + !0A;x1 = 0; (35)A;t2+!0A;x2� i!002 A;x1x1= �ik!(1 + �)I0A2A; (36)A;t3 + !0A;x3 � i!00A;x1x2 � !0006 �A;x1x1x1 == k!(1+�)"J0AAA;x1�I0 �k!�0(A2A);x1# ; (37)£¤¥ I0 = k2[(1� 6� + �2)k4T 2 ++0:5(1� 31�+ 31�2 � �3)k2T + (38)+4(1� 2�+ 2�2 � 2�3 + �4)] : (39): [2(1 + �)2(1 � � � 2Tk2)];¯à¨ç¥¬ ª®íää¨æ¨¥­âë I0 â  J0 á¢ï§ ­ë § ¢¨á¨¬®-áâìî,  ­ «®£¨ç­®© (16):J0 = �i@I0=@k:�®«ãç¥­® â ª¦¥ í¢®«îæ¨®­­®¥ ãà ¢­¥­¨¥A;t + !0A;x � i!002! �A;xx � !0003! �A;xxx = (40)= �"21 + � (i k!AA[IA+I00A;x]+�k!�0 I0(A2A);x) ;£¤¥ I 00 = @I0=@k.�áá«¥¤®¢ ­¨ï ãáâ®©ç¨¢®áâ¨ à¥è¥­¨ï ãà ¢­¥­¨ï(39),  ­ «®£¨ç­ë¥ ¯à¨¢¥¤¥­­ë¬ ¢ à §¤¥«¥ 1.2, ¯à¨-¢®¤ïâ ª ­¥à ¢¥­áâ¢ãI0!00 � 0: (41)� á«ãç ¥ £à ¢¨â æ¨®­­ëå ¢®«­ (k! 0)I0 ! 2k2(1� �)(1 + �2)(1 + �)2 ;!00 !� (1� �)1=24k3=2(1 + �)1=2 ; (42)â.¥. £à ¢¨â æ¨®­­ë¥ ¢®«­ë ãáâ®©ç¨¢ë ¯à¨ � < 1.�«ï ª ¯¨««ïà­ëå ¢®«­ (k ! 1) ¢ë¯®«­ïîâáïá®®â­®è¥­¨ï I0 ! �Tk4(1 � 6� + �2)4(1 + �)3 ;!00 ! 3T 1=24k1=2(1 + �)1=2 : (43)� á¨áâ¥¬¥ "¯®«ã¯à®áâà ­áâ¢® { ¯®«ã¯à®áâà ­-áâ¢®" ­¥ áãé¥áâ¢ã¥â ®á®¡¥­­®áâ¥© ¯à¨ � = 1.� ª¨¬ ®¡à §®¬, ª ¯¨««ïà­ë¥ ¢®«­ë ­¥ãáâ®©ç¨¢ë¯à¨ (p2� 1)2 < � < (p2 + 1)2.42 �. �. �¥«¥§®¢, �. �. �¢à ¬¥­ª®



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 4. �. 38 { 463. ��������� ������ ����������-�� ��������� �������� �������3.1. "�®«ã¯à®áâà ­áâ¢® { ¯®«ã¯à®áâà ­áâ¢®"�¨á«¥­­ë©  ­ «¨§ ãáâ®©ç¨¢®áâ¨ æ¥«¥á®®¡à §­®­ ç âì á ¡®«¥¥ ¯à®áâ®© § ¤ ç¨ ® à á¯à®áâà ­¥-­¨¨ ¢®«­ ­  ¯®¢¥àå­®áâ¨ à §¤¥«  ¤¢ãå ¯®«ã¯à®-áâà ­áâ¢, ª®â®àãî, ¢®®¡é¥ £®¢®àï, ¬®¦­® à áá¬ -âà¨¢ âì ª ª ¯à¥¤¥«ì­ë© á«ãç ©  ­ «®£¨ç­®© § ¤ -ç¨ ¢ á¨áâ¥¬¥, á®áâ®ïé¥© ¨§ ¯®«ã¯à®áâà ­áâ¢  ¨á«®ï ª®­¥ç­®© â®«é¨­ë ­ ¤ ­¨¬.�¨ £à ¬¬  ãáâ®©ç¨¢®áâ¨ ¯®«ãç¥­  ­  ®á­®¢¥ç¨á«¥­­®£®  ­ «¨§  ­¥à ¢¥­áâ¢  (41) ¨ ¯à¥¤áâ ¢«¥-­  ­  à¨á. 2. �¡« áâ¨ ãáâ®©ç¨¢®áâ¨ ¨ ­¥ãáâ®©ç¨-¢®áâ¨ à §¤¥«ïîâáï ªà¨¢ë¬¨, ¯®¬¥ç¥­­ë¬¨ ¨­¤¥ª-á ¬¨ "0" � "5": ¨­¤¥ªá "0" { ªà¨¢ ï � = 1 + Tk2®â¤¥«ï¥â ®¡« áâì «¨­¥©­®© ­¥ãáâ®©ç¨¢®áâ¨ V0; ¨­-¤¥ªáë "1" ¨ "5" { ªà¨¢ë¥, ¢¤®«ì ª®â®àëå ¢â®-à ï ¯à®¨§¢®¤­ ï ç áâ®âë ¯® ¢®«­®¢®¬ã ç¨á«ã à ¢-­  ­ã«î (!00 = 0); ¨­¤¥ªáë "2" ¨ "3" { ªà¨¢ë¥,á®®â¢¥âáâ¢ãîé¨¥ à ¢¥­áâ¢ã ­ã«î ª®íää¨æ¨¥­â I0 = 0; ¨­¤¥ªá "4" { ªà¨¢ ï, ¢¤®«ì ª®â®à®© I0 !1.�¡­ àã¦¥­ë âà¨ ®¡« áâ¨ ­¥«¨­¥©­®© ãáâ®©ç¨-¢®áâ¨ V6, V4 â  V2, ¤«ï ¤¢ãå ¨§ ª®â®àëå ¢ë¯®«-­ï¥âáï ãá«®¢¨¥ � < 1. �¡« áâì V6 (k ! 0) á®®â-¢¥âáâ¢ã¥â ¤«¨­­ë¬ £à ¢¨â æ¨®­­ë¬ ¢®«­ ¬, çâ®¯®¤â¢¥à¦¤ ¥â ¯®«ãç¥­­ë© ¢ëè¥ ¢ë¢®¤ ®¡ ãáâ®©-ç¨¢®áâ¨ £à ¢¨â æ¨®­­ëå ¢®«­ ¯à¨ ¡®«ìè¥© ¯«®â-­®áâ¨ ­¨¦­¥© ¦¨¤ª®áâ¨. � á¯®«®¦¥­­ ï ­¥áª®«ì-ª® ¢ëè¥, â. ¥. ¤«ï ¡®«¥¥ ª®à®âª¨å ¢®«­, ®¡« áâì­¥ãáâ®©ç¨¢®áâ¨ V3 ¢®§­¨ª ¥â ¢ à¥§ã«ìâ â¥ ¡ « ­-á  ¨«¨ ª®­ªãà¥­æ¨¨ ®¤­®£® ¯®àï¤ª  £à ¢¨â æ¨®­-­®© á¨«ë ¨ á¨«ë ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï, ¨¬¥-îé¨å, ª ª ¨§¢¥áâ­®, à §«¨ç­ãî ¯à¨à®¤ã.�é¥ ®¤­  ®¡« áâì ­¥ãáâ®©ç¨¢®áâ¨ V3 ­¥®£à -­¨ç¥­  á¢¥àåã ¨ "§ ¦ â " ¬¥¦¤ã ¢¥àâ¨ª «ì­ë-¬¨  á¨¬¯â®â ¬¨ � = (p2 + 1)2 ¨ � = (p2 � 1)2,çâ® ¯®¤â¢¥à¦¤ ¥â ¢ë¢®¤, ¯®«ãç¥­­ë© ¬¥â®¤ ¬¨ á¨¬¯â®â¨ç¥áª®£®  ­ «¨§ . �áâ®©ç¨¢®áâì ª ¯¨«-«ïà­ëå ¢®«­ ¢ á«ãç ¥ � < 1 ¨¬¥¥â ¬¥áâ® ¯à¨� < (p2 � 1)2, ¨«¨ ¤«ï ¤®áâ â®ç­® ¬ «®© ¯«®â­®-áâ¨ ¢¥àå­¥© ¦¨¤ª®áâ¨ ®â­®á¨â¥«ì­® ­¨¦­¥©. �¢¥-«¨ç¥­¨¥ ¯«®â­®áâ¨ ¢¥àå­¥© ¦¨¤ª®áâ¨ ¯à¨¢®¤¨â ª¤¥áâ ¡¨«¨§ æ¨¨ ¢®«­ ¬ «®© ¤«¨­ë.�à¨¢¥¤¥¬ â ª¦¥ à¥§ã«ìâ âë  ­ «¨§  íª§®â¨ç¥-áª®£® á â®çª¨ §à¥­¨ï £¨¤à®¬¥å ­¨ª¨ á«ãç ï � > 1.�¡­ àã¦¥­  ®¡« áâì ãáâ®©ç¨¢®áâ¨ V2, ¤«ï ¡®«ì-è¨å k ¨¬¥îé ï á¯à ¢   á¨¬¯â®âã � = (p2 + 1)2,¨ ­¨¦¥ ®¡« áâì ­¥ãáâ®©ç¨¢®áâ¨ V1, £à ­¨ç é ï á®¡« áâìî «¨­¥©­®© ­¥ãáâ®©ç¨¢®áâ¨ V0.

�¨á. 2. �¨ £à ¬¬  ãáâ®©ç¨¢®áâ¨ ¤«ï á¨áâ¥¬ë"¯®«ã¯à®áâà ­áâ¢® - ¯®«ã¯à®áâà ­áâ¢®". �¡« áâ¨­¥«¨­¥©­®© ãáâ®©ç¨¢®áâ¨: V2, V4, V6;­¥ãáâ®©ç¨¢®áâ¨: V1, V3, V5.3.2. "�«®© { ¯®«ã¯à®áâà ­áâ¢®"�¡à â¨¬áï â¥¯¥àì ª  ­ «¨§ã ãáâ®©ç¨¢®áâ¨ ¢®«-­®¢ëå ¯ ª¥â®¢ ¢ á¨áâ¥¬¥ "á«®© { ¯®«ã¯à®áâà ­-áâ¢®", ¨áå®¤ï ¨§ ­¥à ¢¥­áâ¢  (26). �¨ £à ¬¬ ãáâ®©ç¨¢®áâ¨ ¤«ï à §«¨ç­ëå â®«é¨­ á«®ï ¯à¥¤-áâ ¢«¥­  ­  à¨á. 3, £¤¥ ®¡« áâ¨ ãáâ®©ç¨¢®áâ¨ ¨ ­¥-ãáâ®©ç¨¢®áâ¨ ®â¤¥«¥­ë ¤àã£ ®â ¤àã£  á¥¬ìî ªà¨-¢ë¬¨. �¡« áâì «¨­¥©­®© ­¥ãáâ®©ç¨¢®áâ¨ ¨ ¢ íâ®©£¨¤à®¤¨­ ¬¨ç¥áª®© á¨áâ¥¬¥ ®¯à¥¤¥«ï¥âáï ªà¨¢®©� = 1 + Tk2 (¨­¤¥ªá "0").�­¤¥ªá ¬¨ "1" ¨ "6" ¯®¬¥ç¥­ë ªà¨¢ë¥, ¯®«ãç¥­-­ë¥ ¨§ à ¢¥­áâ¢  ­ã«î ¢â®à®© ¯à®¨§¢®¤­®© ç -áâ®âë ¯® ¢®«­®¢®¬ã ç¨á«ã !00 = 0. �¨á«¥­­ë© ­ «¨§ á®®â­®è¥­¨ï I = 0 ¯à¨¢®¤¨â ª ¢ë¢®¤ã ®áãé¥áâ¢®¢ ­¨¨ âà¥å ªà¨¢ëå (  ­¥ ¤¢ãå, ª ª ¢ á¨-áâ¥¬¥ "¯®«ã¯à®áâà ­áâ¢® { ¯®«ã¯à®áâà ­áâ¢®") {¨­¤¥ªáë "2", "4" ¨ "7". � ª, ªà¨¢ ï "2" ¨áå®¤¨â¨§ â®çª¨ (1; 0) ¨ ¨¬¥¥â ¢¥àâ¨ª «ì­ãî  á¨¬¯â®âã� = (p2 + 1)2;   ªà¨¢ ï "4" ¨¬¥¥â ¤¢¥ ¢¥àâ¨ª «ì-­ë¥  á¨¬¯â®âë � = (p2� 1)2 ¨ � = 1. �à¨¢ ï "7"à á¯®«®¦¥­  ¢ ®ªà¥áâ­®áâ¨ ­ ç «  ª®®à¤¨­ â ¨�. �. �¥«¥§®¢, �. �. �¢à ¬¥­ª® 43
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�¨á. 3. �¨ £à ¬¬  ãáâ®©ç¨¢®áâ¨ á¨áâ¥¬ë"á«®© { ¯®«ã¯à®áâà ­áâ¢®" ¯à¨ T� = 1( ) { h� = 5 (¡) { h� = 2¨¬¥¥â ä®à¬ã ¯¥â«¨, ª®â®à ï á ¢®§à áâ ­¨¥¬ â®«-é¨­ë á«®ï ¯®¢®à ç¨¢ ¥âáï ¢®ªàã£ ­ ç «  ª®®à¤¨-­ â ¨ ¢ëà®¦¤ ¥âáï ¢ ®âà¥§®ª ­  £®à¨§®­â «ì­®©®á¨ k = 0 ¯à¨ h ! 1. �á«®¢¨¥ I ! 1 ¤ ¥â ¥é¥¤¢¥ ªà¨¢ë¥ (  ­¥ ®¤­ã, ª ª ¢ á¨áâ¥¬¥ "á«®© { ¯®«ã-¯à®áâà ­áâ¢®") ­  ¤¨ £à ¬¬¥ ãáâ®©ç¨¢®áâ¨: ¢¥à-

â¨ª «ì­ ï ¯àï¬ ï � = 1 (¨­¤¥ªá 3) ¨ ªà¨¢ ï,  ­ -«®£¨ç­ ï ªà¨¢®© "4" ¢ á¨áâ¥¬¥ "¯®«ã¯à®áâà ­áâ¢®{ ¯®«ã¯à®áâà ­áâ¢®", ­  à¨á. 3 ¨¬¥¥â ¨­¤¥ªá "5".�«ï ¤®áâ â®ç­® ¡®«ìè¨å â®«é¨­ (­ ¯à¨¬¥à,h = 5 ¨ h = 2, à¨á.3  ,¡) ­ ¡«î¤ ¥âáï ¤¢¥ ®¡« -áâ¨ ãáâ®©ç¨¢®áâ¨ M6 ¨ M4 ¤«ï � < 1 ¨ ®¤­  M2¤«ï íª§®â¨ç¥áª®£® á«ãç ï � > 1. �¡« áâì ãáâ®©-ç¨¢®áâ¨ M6 ®â¢¥ç ¥â ¤«¨­­ë¬ £à ¢¨â æ¨®­­ë¬¢®«­ ¬. M4 { ®å¢ âë¢ ¥â ª ¯¨««ïà­ë¥ ¢®«­ë ¤«ï¬ «ëå ®â­®è¥­¨© ¯«®â­®áâ¥© �,   â ª¦¥ ®ç¥­ì ã§-ªãî, ­® ¤«ï ª ¦¤®£® ¢®«­®¢®£® ç¨á«  ª®­¥ç­ãî®¡« áâì ¢ ®ªà¥áâ­®áâ¨ � = 1 ¤«ï � < 1. �â®®§­ ç ¥â, çâ® ¢ á¨áâ¥¬¥ "á«®© { ¯®«ã¯à®áâà ­-áâ¢®" ¥áâì ¢®§¬®¦­®áâì áãé¥áâ¢®¢ ­¨ï ãáâ®©ç¨-¢ëå ¢®«­ ¯à¨ ãá«®¢¨¨ ¡«¨§ª¨å ¯«®â­®áâ¥© ¦¨¤ª¨åáà¥¤, çâ® ­¥ ¡ë«® ®¡­ àã¦¥­® ¤«ï á¨áâ¥¬ë "¯®«ã-¯à®áâà ­áâ¢® { ¯®«ã¯à®áâà ­áâ¢®".�¡« áâì ­¥ãáâ®©ç¨¢®áâ¨ ¢ á¨áâ¥¬¥ "¯®«ã¯à®-áâà ­áâ¢® { ¯®«ã¯à®áâà ­áâ¢®" V3 ¢ ¡®«¥¥ á«®¦-­®© á¨áâ¥¬¥ "á«®© { ¯®«ã¯à®áâà ­áâ¢®" à á¯ ¤ -¥âáï ­  ¤¢¥ ­¥®£à ­¨ç¥­­ë¥ ®¡« áâ¨ ­¥ãáâ®©ç¨¢®-áâ¨ M3 ¨ M 03, à §¤¥«¥­­ë¥ ¢ëè¥ ®¯¨á ­­®© ã§ª®©ç áâìî ®¡« áâ¨ ãáâ®©ç¨¢®áâ¨ M4.�¡« áâì ­¥ãáâ®©ç¨¢®áâ¨ M5 ¢ë§¢ ­  ¢®§¤¥©-áâ¢¨¥¬ à §­ëå ¯® á¢®¥© ¯à¨à®¤¥ á¨« £à ¢¨â -æ¨¨ ¨ ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï. � íâ®© ®¡« -áâ¨ ¤«ï � = 0 ­ «¨ç¨¥ ¯®¢¥àå­®áâ­®£® ­ âï¦¥-­¨ï ¯à¨¢®¤¨â ª ¤¥áâ ¡¨«¨§ æ¨¨ ¢®«­ á ¡¥§à §¬¥à-­ë¬¨ ¢®«­®¢ë¬¨ ç¨á« ¬¨ ¯à¨¡«¨§¨â¥«ì­® ¬¥¦¤ã0:393 �T�1=2 ¨ 0:707 �T�1=2, ª ª ¨ ¢ á¨áâ¥¬¥ "¯®«ã-¯à®áâà ­áâ¢® { ¯®«ã¯à®áâà ­áâ¢®". � «¨ç¨¥ á«®ï¢¬¥áâ® ¯®«ã¯à®áâà ­áâ¢  ¯à¨¢®¤¨â â ª¦¥ ª ¯®-ï¢«¥­¨î ­®¢®© ®¡« áâ¨ ­¥ãáâ®©ç¨¢®áâ¨ £à ¢¨â -æ¨®­­ëå ¢®«­M7, ª®â®à ï ®£à ­¨ç¥­  ¯¥â«¥© "7".�â ª, ¢ á¨áâ¥¬¥ "á«®© { ¯®«ã¯à®áâà ­áâ¢®" ã£à ¢¨â æ¨®­­ëå ¢®«­ ¯®ï¢¨« áì ®¡« áâì ­¥ãáâ®©-ç¨¢®áâ¨ ¢ ®ªà¥áâ­®áâ¨ � = 0, ¢ â® ¢à¥¬ï ª ª¢ ª ¯¨««ïà­ëå { ®¡« áâì ãáâ®©ç¨¢®áâ¨ ¢ ã§ª®©®ªà¥áâ­®áâ¨ ¯àï¬®© � = 1.� ¬¥â¨¬, çâ® ã¬¥­ìè¥­¨¥ â®«é¨­ë á«®ï ¯à¨-¢®¤¨â ª ¯¥à¥à á¯à¥¤¥«¥­¨î ®¡« áâ¥© ãáâ®©ç¨¢®-áâ¨, ª ª íâ® ¯®ª § ­® ¤«ï h = 1 (à¨á. 4). �¨¤-­®, çâ® ªà¨¢ ï "7" ¢ ä®à¬¥ ¯¥â«¨ ¯¥à¥á¥ª ¥âáï áªà¨¢®© "6", ¢ à¥§ã«ìâ â¥ ®¡à §ã¥âáï á¢®¥¡à §­ ïª®¬¡¨­ æ¨ï ç¥à¥¤ãîé¨åáï ®¡« áâ¥© ãáâ®©ç¨¢®áâ¨¨ ­¥ãáâ®©ç¨¢®áâ¨. �à¨ ¤ «ì­¥©è¥¬ ã¬¥­ìè¥­¨¨â®«é¨­ë á«®ï ¯¥â«ï ªà¨¢®© "7" ¡ã¤¥â áã¦ âìáï,¯à¨¦¨¬ ïáì ª ¢¥àâ¨ª «ì­®© ®á¨,   ªà¨¢ ï "4", ¡ã-¤¥â ¯®¤­¨¬ âìáï ¢¢¥àå. � ª¨¬ ®¡à §®¬, ¯à¨ áãé¥-áâ¢¥­­®¬ ã¬¥­ìè¥­¨¨ â®«é¨­ë á«®ï, ­ ªàëâ®£®â¢¥à¤®© ªàëèª®©, ®¡« áâ¨ ãáâ®©ç¨¢®áâ¨ à áè¨àï-îâáï,   ®¡« áâ¨ ­¥ãáâ®©ç¨¢®áâ¨ áã¦ îâáï. �â®âíää¥ªâ ¬®¦­® ®¡êïá­¨âì áâ ¡¨«¨§¨àãîé¨¬ ¢®§-¤¥©áâ¢¨¥¬ â¢¥à¤®© ªàëèª¨.44 �. �. �¥«¥§®¢, �. �. �¢à ¬¥­ª®
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�¨á. 4. �¨ £à ¬¬  ãáâ®©ç¨¢®áâ¨ á¨áâ¥¬ë"á«®© { ¯®«ã¯à®áâà ­áâ¢®" ¯à¨ T � = 1 ¨ h� = 1�é¥ ®¤­  ®¡« áâì, ®â¬¥ç¥­­ ï ¯ã­ªâ¨à®¬ ­ à¨á. 3 ¨ 4, á®®â¢¥âáâ¢ã¥â ®¡« áâ¨ ãáâ®©ç¨¢®áâ¨®£¨¡ îé¥© ¯à¨ «¨­¥©­®© ­¥ãáâ®©ç¨¢®áâ¨ ®£¨¡ ¥-¬®© ¥î £ à¬®­¨ª¨, ¨ ¯à¥¤áâ ¢«ï¥â ¨áª«îç¨â¥«ì­®â¥®à¥â¨ç¥áª¨© ¨­â¥à¥á.�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¤«ï ¤àã£¨å ä¨ªá¨à®¢ ­-­ëå §­ ç¥­¨© ª®íää¨æ¨¥­â  ¯®¢¥àå­®áâ­®£® ­ âï-¦¥­¨ï ¡ã¤¥â ¨¬¥âì ¬¥áâ®  ­ «®£¨ç­ ï ¤¨ £à ¬¬ ãáâ®©ç¨¢®áâ¨ á ¤àã£¨¬ ¬ áèâ ¡®¬ ¯® ¢¥àâ¨ª «ì-­®© ®á¨ k. �à¨ ãá«®¢¨¨ ¨§¬¥­¥­¨ï T ¢ q à § ¬ á-èâ ¡ ¨§¬¥­¨âáï ¢ q�1=2 à §, â® ¥áâì 1 ­  ¢¥àâ¨-ª «ì­®© ®á¨ k à¨á. 2 - 4 á«¥¤ã¥â § ¬¥­¨âì ­  q�1=2.(� ¯à¨¬¥à, ¯à¨ T = 4 ­  à¨á. 2 - 4 §­ ç¥­¨¥ ¯®®á¨ k, à ¢­®¥ 1, § ¬¥­ï¥âáï ­  0:5.) �â® ®§­ ç -¥â, çâ® ã¢¥«¨ç¥­¨¥ á¨«ë ¯®¢¥àå­®áâ­®£® ­ âï¦¥-­¨ï ¯à¨¢®¤¨â ª ã¢¥«¨ç¥­¨î ¢¥àå­¨å ­¥®£à ­¨ç¥­-­ëå ®¡« áâ¥© ­¥ãáâ®©ç¨¢®áâ¨ M3 ¨ M 03 ¨, á®®â-¢¥âáâ¢¥­­®, áã¦¥­¨î ®¡« áâ¨ ­¥«¨­¥©­®© ãáâ®©-ç¨¢®áâ¨ M6, ¯à¨«¥£ îé¥© ª £®à¨§®­â «ì­®© ®á¨k = 0.�����������ä®à¬ã«¨àã¥¬ ®á­®¢­ë¥ à¥§ã«ìâ âë ¨áá«¥¤®-¢ ­¨ï ¬¥â®¤®¬ ¬­®£®¬ áèâ ¡­ëå ¯à¨¡«¨¦¥­¨©¤® ç¥â¢¥àâ®£® ¯®àï¤ª  ãáâ®©ç¨¢®áâ¨ ®£¨¡ îé¥©

¢®«­®¢®£® ¯ ª¥â  ­  ¯®¢¥àå­®áâ¨ ª®­â ªâ  ¦¨¤-ª¨å áà¥¤ â¨¯  "¯®«ã¯à®áâà ­áâ¢® { ¯®«ã¯à®áâà ­-áâ¢®" ¨ "á«®© { ¯®«ã¯à®áâà ­áâ¢®". �®«ãç¥­ë ­ «¨â¨ç¥áª¨¥ á®®â­®è¥­¨ï, ®¯à¥¤¥«ïîé¨¥ ®¡« -áâ¨ ­¥«¨­¥©­®© ãáâ®©ç¨¢®áâ¨ ¨ ­¥ãáâ®©ç¨¢®áâ¨ ¢®¡¥¨å á¨áâ¥¬ å. �  ®á­®¢¥ ¨å  á¨¬¯â®â¨ç¥áª®£® ¨ç¨á«¥­­®£®  ­ «¨§  ¯®áâà®¥­ë á®®â¢¥âáâ¢ãîé¨¥¤¨ £à ¬¬ë ãáâ®©ç¨¢®áâ¨. �­ «¨§ ¯®«ãç¥­­ëå à¥-§ã«ìâ â®¢ ¯à¨¢®¤¨â ª á«¥¤ãîé¨¬ § ª«îç¥­¨ï¬:{ ¯®¢¥àå­®áâ­ë¥ £à ¢¨â æ¨®­­ë¥ ¢®«­ë ¢ ¯à¥-¤¥«ì­®¬ á«ãç ¥ k ! 0 ãáâ®©ç¨¢ë ¯à¨ ãá«®¢¨¨, çâ®¯«®â­®áâì ¢¥àå­¥© ¦¨¤ª®áâ¨ (á«®© ª®­¥ç­®© ¨«¨¡¥áª®­¥ç­®© â®«é¨­ë) ¬¥­ìè¥ ¯«®â­®áâ¨ ­¨¦­¥©¯®«ã®£à ­¨ç¥­­®© ¦¨¤ª®áâ¨ � < 1;{ ­ «¨ç¨¥ ­ ¤ ¦¨¤ª¨¬ ¯®«ã¯à®áâà ­áâ¢®¬ á«®ïª®­¥ç­®© â®«é¨­ë ¢¬¥áâ® ¢â®à®£® ¡¥áª®­¥ç­®£®¯®«ã¯à®áâà ­áâ¢  ¯à¨¢®¤¨â ¤«ï £à ¢¨â æ¨®­­ëå¢®«­ ª ¯®ï¢«¥­¨î ®¡« áâ¨ ­¥ãáâ®©ç¨¢®áâ¨ ¢ ä®à-¬¥ ¯¥â«¨ ¢ ®ªà¥áâ­®áâ¨ � = 0, ¢ â® ¢à¥¬ï ª ª ¤«ïª ¯¨««ïà­ëå { ª ¯®ï¢«¥­¨î ã§ª®© ®¡« áâ¨ ãáâ®©-ç¨¢®áâ¨ ¢ ®ªà¥áâ­®áâ¨ � = 1;{ ¢ á¨áâ¥¬¥ "á«®© { ¯®«ã¯à®áâà ­áâ¢®" ¤«ï «î-¡®© ä¨ªá¨à®¢ ­­®© â®«é¨­ë á«®ï áãé¥áâ¢ãîâ ¤¢¥®¡« áâ¨ ­¥ãáâ®©ç¨¢®áâ¨ ª ¯¨««ïà­ëå ¢®«­ (p2�1)2 < � < �0 ¨ 1 < � < (p2 + 1)2, ¢ â® ¢à¥¬ï ª ª ¢á¨áâ¥¬¥ "¯®«ã¯à®áâà ­áâ¢® { ¯®«ã¯à®áâà ­áâ¢®"íâ¨ ®¡« áâ¨ á«¨¢ îâáï ¢ ®¤­ã (p2 � 1)2 < � <(p2 + 1)2;{ ¢ ®¡é¥¬ á«ãç ¥ ¯«®áª®áâì (�; k) à §¤¥«ï¥âáï­  ®¡« áâì «¨­¥©­®© ­¥ãáâ®©ç¨¢®áâ¨ ¨ ®¡« áâì «¨-­¥©­®© ãáâ®©ç¨¢®áâ¨, ª®â®à ï ¢ á¢®î ®ç¥à¥¤ì à §-¤¥«ï¥âáï ­  â ª¨¥ ®¡« áâ¨: âà¨ ®¡« áâ¨ ­¥«¨­¥©-­®© ãáâ®©ç¨¢®áâ¨ ¨ ¯ïâì ®¡« áâ¥© ­¥«¨­¥©­®© ­¥-ãáâ®©ç¨¢®áâ¨. �¨ £à ¬¬ã ãáâ®©ç¨¢®áâ¨ ¤«ï ª -¦¤®£® §­ ç¥­¨ï ª®íää¨æ¨¥­â  ¯®¢¥àå­®áâ­®£® ­ -âï¦¥­¨ï T ¬®¦­® ¯®«ãç¨âì ¨§ á®®â¢¥âáâ¢ãîé¥©¤¨ £à ¬¬ë ¤«ï T = 1 á¦ â¨¥¬ ¢ T 1=2 à § ¢¤®«ì®á¨ k ®â­®á¨â¥«ì­® ®á¨ �;{ ã¬¥­ìè¥­¨¥ â®«é¨­ë á«®ï h áãé¥áâ¢¥­-­® áã¦ ¥â ®¡« áâ¨ ­¥«¨­¥©­®© ­¥ãáâ®©ç¨¢®áâ¨¨ à áè¨àï¥â ®¡« áâ¨ ­¥«¨­¥©­®© ãáâ®©ç¨¢®áâ¨ª ¯¨««ïà­®-£à ¢¨â æ¨®­­ëå ¢®«­;{ ¤«ï á«ãç ï ®âáãâáâ¢¨ï ¢¥àå­¥£® á«®ï (� = 0)¯®¢¥àå­®áâ­®¥ ­ âï¦¥­¨¥ ¯à¨¢®¤¨â ª ¤¥áâ ¡¨«¨-§ æ¨¨ ¢®«­ á ¡¥§à §¬¥à­ë¬¨ ¢®«­®¢ë¬¨ ç¨á« ¬¨¬¥¦¤ã 0:393 � T�1=2 ¨ 0:707 � T�1=2.� ¡®â  ¢ë¯®«­¥­  ¯à¨ ¯®¤¤¥à¦-ª¥ INTAS (�à ­â N099-1637) ¨ ���� �ªà ¨­ë(�à ­â N001.07/0079.5531).1. Nayfeh A. Nonlinear propagation of wave-packets on
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