
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 4. �. 51 { 60��� 532.593����������������� �������������� ������������� ���� �������� ����������. �. �����������ªà ¨­áª¨© £®áã¤ àáâ¢¥­­ë© ¬®àáª®© â¥å­¨ç¥áª¨© ã­¨¢¥àá¨â¥â, �¨ª®« ¥¢�®«ãç¥­® 20.06.99 � �¥à¥á¬®âà¥­® 26.09.99�à¨¢¥¤¥­ë § ¢¨á¨¬®áâ¨, ®¯¨áë¢ îé¨¥ £¨¤à®¤¨­ ¬¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ { ¢®«­®¢®© ¯à®ä¨«ì, ¯®«¥ £¨¤à®¤¨­ -¬¨ç¥áª¨å ¤ ¢«¥­¨© ¨ ¯®«¥ áª®à®áâ¥© ç áâ¨æ ¦¨¤ª®áâ¨ { ¢ ­¥à¥£ã«ïà­ëå £àã¯¯ å ªàã¯­®¬ áèâ ¡­ëå ¢®«­ ¢ ãá«®¢¨ïå¬®àáª®£® ¢®«­¥­¨ï. � ¢¨á¨¬®áâ¨ ¯®«ãç¥­ë ¢ à ¬ª å à¥è¥­¨ï ­¥«¨­¥©­®© ªà ¥¢®© § ¤ ç¨ â¥®à¨¨ ¢®«­ ­  ¢®¤¥ ¬¥-â®¤®¬ ¬­®£¨å ¬ áèâ ¡®¢ á â®ç­®áâìî ¤® ¬ «ëå ¯ïâ®£® ¯®àï¤ª  ¯® ªàãâ¨§­¥ ¢®«­ ¢ª«îç¨â¥«ì­®. � ®¡é¥¬ á«ãç ¥,ªà®¬¥ ®á­®¢­ëå íää¥ªâ®¢ ­¥«¨­¥©­®áâ¨ ¨ ­¥à¥£ã«ïà­®áâ¨ ¢®«­, ãçâ¥­ë â ª¦¥ âà¥å¬¥à­®áâì ¢®«­¥­¨ï ¨ ¤¥©áâ¢¨¥§ ¤ ­­®£® ¯®¢¥àå­®áâ­®£® ¤ ¢«¥­¨ï ¢¥âà®¢®£® ¯®â®ª . �«ï ç áâ­®£® á«ãç ï ¯«®áª¨å á¢®¡®¤­ëå £àã¯¯ ¢®«­ ¯®«ãç¥-­ë ¯à¨¡«¨¦¥­­ë¥ § ¢¨á¨¬®áâ¨, ã¤®¡­ë¥ ¤«ï ¯à ªâ¨ç¥áª¨å à áç¥â®¢ ¢®§¤¥©áâ¢¨ï ¢¥âà®¢ëå ¢®«­ ­  áã¤  ¨ ¬®àáª¨¥á®®àã¦¥­¨ï. � áá¬®âà¥­  â ª¦¥  á¨¬¯â®â¨ª  ¤«ï ¯¥à¨®¤¨ç¥áª¨å ¯à®£à¥áá¨¢­ëå ¢®«­ �â®ªá .� ¢¥¤¥­i § «¥¦­®áâi, ïª÷ ¢¨§­ ç îâì £i¤à®¤¨­ ¬iç­i å à ªâ¥à¨áâ¨ª¨ { å¢¨«ì®¢¨© ¯à®äi«ì, ¯®«¥ £i¤à®¤¨­ ¬iç­®£®â¨áªã â  ¯®«¥ è¢¨¤ª®áâi ç áâ®ª ài¤¨­¨ { ¢ ­¥à¥£ã«ïà­¨å £àã¯ å ¢¥«¨ª®¬ áèâ ¡­¨å å¢¨«ì ¢ ã¬®¢ å ¬®àáìª®£®å¢¨«î-¢ ­­ï. � «¥¦­®áâi ®âà¨¬ ­i ¢ à ¬ª å à®§¢`ï§ ­­ï ­¥«i­i©­®i ªà ©®¢®i § ¤ çi â¥®àii å¢¨«ì ­  ¢®¤i ¬¥â®¤®¬ ¡ £ âì®å¬ áèâ ¡i¢ § â®ç­iáâî ¤® ¬ «¨å ¯`ïâ®£® ¯®àï¤ªã ¯® ªàãâ¨§­i å¢¨«ì ¢ª«îç­®. � § £ «ì­®¬ã ¢¨¯ ¤ªã, ªài¬ ®á­®¢­¨å¥ä¥ªâi¢ ­¥«i­i©­®áâi â  ­¥à¥£ã«ïà­®áâi, ¢à å®¢ ­i â ª®¦ ¥ä¥ªâ¨ âà¨¢¨¬ià­®áâi å¢¨«î¢ ­­ï â  ¤iï ¯®¢¥àå­¥¢®£®â¨áªã ¢iâà®¢®£® ¯®â®ªã. �«ï ç áâª®¢®£® ¢¨¯ ¤ªã ¯«®áª¨å ¢i«ì­¨å £àã¯ å¢¨«ì ®âà¨¬ ­i ­ ¡«¨¦¥­i á¯i¢¢÷¤­®è¥­­ï,§àãç­i ¤«ï ¯à ªâ¨ç­¨å à®§à åã­ªi¢ à¥ ªæi© áã¤¥­ â  ¬®àáìª¨å ¯« ¢ãç¨å á¯®àã¤ ­  ¤iî ¢iâà®¢¨å å¢¨«ì. �®§£«ï­ãâ â ª®¦  á¨¬¯â®â¨ª  ¤«ï ¯¥ài®¤¨ç­¨å ¯à®£à¥á¨¢­¨å å¢¨«ì �â®ªá .Expressions for hydrodynamic wave characteristics - wave surface, hydrodynamic pressure and particles velocity �eldsin weakly irregular and nonlinear large-scale wave groups in sea conditions are considered. These expressions have beenderived by using the multi-scale technique for the solution of the nonlinear boundary value problem up to V-th order ofthe small parameter - wave steepness. In the general case of the solution, nonlinearity, irregularity, 3-D e�ects of wavegroups and the action of of wind surface pressure were under the consideration. For the particular case of the free 2-Dwave groups practical formulae { useful for the calculations of ship and o�shore structure response under the wind waveaction have been yielded. Additionally, the asymptotics for periodic progressive Stokes waves is presented.���������áá«¥¤®¢ ­¨¥ ­¥áâ æ¨®­ à­ëå ¢®«­ ª®­¥ç­®© ¬¯«¨âã¤ë ­  ¢®¤¥ ï¢«ï¥âáï ®¤­¨¬ ¨§  ªâ¨¢­®à §¢¨¢ ¥¬ëå ¢ ­ áâ®ïé¥¥ ¢à¥¬ï ­ ¯à ¢«¥­¨© ¢£¨¤à®¤¨­ ¬¨ª¥ ¢®«­®¢ëå ¤¢¨¦¥­¨©. �­â¥­á¨¢­®¨§ãç îâáï ¬¥å ­¨§¬ë ­¥ãáâ®©ç¨¢®áâ¨ ­¥«¨­¥©-­ëå ¢®«­, ãà ¢­¥­¨ï í¢®«îæ¨¨ ¢®«­ (ãà ¢­¥­¨ï�à¥¤¨­£¥à , � å à®¢ , �¤�-ãà ¢­¥­¨ï ¨ ¤à.) ¨¨å à¥è¥­¨ï, ¢§ ¨¬®¤¥©áâ¢¨¥ ¢®«­ á ¤àã£¨¬¨ ¯®«ï-¬¨ ¨ £à ­¨æ ¬¨ ¢ ®ª¥ ­¥, «®ª «ì­ ï £¨¤à®¤¨­ ¬¨-ª  ®¯à®ª¨¤ë¢ îé¨åáï ¢®«­ ª®­¥ç­®©  ¬¯«¨âã¤ë[1{5] ¨ ¤à. � â® ¦¥ ¢à¥¬ï, ¤«ï ­¥«¨­¥©­ëå à áç¥-â®¢ ¢®«­®¢ëå ­ £àã§®ª ­  áã¤  ¨ ¬®àáª¨¥ ¯« ¢ã-ç¨¥ á®®àã¦¥­¨ï ¢® ¢à¥¬¥­­®© ®¡« áâ¨ (nonlineartime-domain calculation [6 { 8]), ª®â®àë¥ ¯®áâ¥¯¥­-­® ¯à¨å®¤ïâ ­  á¬¥­ã «¨­¥©­ë¬ á¯¥ªâà «ì­ë¬ ¬¥-â®¤ ¬ à áç¥â , ­¥®¡å®¤¨¬® à á¯®« £ âì § ¢¨á¨¬®-áâï¬¨ ¤«ï £¨¤à®¤¨­ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¢¨-¤¨¬ëå ªàã¯­®¬ áèâ ¡­ëå ¢®«­ ¢ èâ®à¬¥ - ¢®«­®-¢®© ¯®¢¥àå­®áâ¨, ¯®«ï £¨¤à®¤¨­ ¬¨ç¥áª¨å ¤ ¢«¥-­¨© ¨ ¯®«ï áª®à®áâ¥© ç áâ¨æ ¦¨¤ª®áâ¨, ­¥«¨­¥©-­®¬ã ¨áá«¥¤®¢ ­¨î ª®â®àëå ã¤¥«ï¥âáï §­ ç¨â¥«ì-­® ¬¥­ìè¥ ¢­¨¬ ­¨ï. �®¤ ¢®«­ ¬¨ ¢ èâ®à¬¥ ¢¤ ­­®© à ¡®â¥, ¤«ï ªà âª®áâ¨ ¯¨áì¬ , ¯®¤à §ã¬¥-
¢ îâáï ªàã¯­®¬ áèâ ¡­ë¥ ¢®«­®¢ë¥ ¤¢¨¦¥­¨ï ¢®¡« áâ¨ à §¢¨â®£® ¨ ¤®áâ â®ç­® ¨­â¥­á¨¢­®£® ¢¥-âà®¢®£® ¢®«­¥­¨ï ¢ ¢¨¤¥ ­¥à¥£ã«ïà­ëå £àã¯¯ ¢®«­(á¬. à¨á. 1), å à ªâ¥à¨§ãîé¨¥áï §­ ç¨â¥«ì­ë¬¨ªàãâ¨§­ ¬¨ ¨  á¨¬¬¥âà¨¥© ¯à®ä¨«ï ¢®«­ ¨ á®¯à®-¢®¦¤ îé¨¥áï ãªàãç¨¢ ­¨¥¬ ¨ ç áâ¨ç­ë¬ ®¡àãè¥-­¨¥¬ £à¥¡­¥© ­ ¨¡®«¥¥ ªàãâëå ¢®«­ ¢ £àã¯¯ å.� ª¨¬ ®¡à §®¬, íâ® ­¥«¨­¥©­ë¥ ¨ ­¥à¥£ã«ïà­ë¥£àã¯¯ë ¢®«­, ¨­¨æ¨¨à®¢ ­­ë¥ ¢¥âà®¬ ¨ ­ å®¤ï-é¨¥áï ¯®¤ ¯®áâ®ï­­ë¬ ¤¨­ ¬¨ç¥áª¨¬ ¢®§¤¥©áâ¢¨-¥¬ ¢¥âà®¢®£® ¯®â®ª . �ë©¤ï ¨§ èâ®à¬®¢®© ®¡« -áâ¨, íâ¨ ¢®«­ë âà ­áä®à¬¨àãîâáï ¢ ¢®«­ë §ë¡¨ -á¢®¡®¤­ë¥ áà ¢­¨â¥«ì­® à¥£ã«ïà­ë¥ ¯à®£à¥áá¨¢-­ë¥ ¢®«­ë ã¬¥à¥­­®©,   § â¥¬ ¨ ¬ «®©  ¬¯«¨âã-¤ë.� à ¬ª å «¨­¥©­®© £¨¤à®¤¨­ ¬¨ª¨ ¢®«­ ¨ áã¤-­  ¤ ­­ë¥ § ¢¨á¨¬®áâ¨ ¤«ï à¥£ã«ïà­ëå ¢®«­ ¬ -«®©  ¬¯«¨âã¤ë ®¡é¥¨§¢¥áâ­ë [9, 10],   ¤«ï ­¥à¥£ã-«ïà­®£® ¢®«­¥­¨ï ¯à¨¬¥­¥­¨¥ ¯à¨­æ¨¯  áã¯¥à¯®-§¨æ¨¨ ¯®§¢®«ï¥â ¨á¯®«ì§®¢ âì å®à®è® ®âà ¡®â ­-­ë¥ á¯¥ªâà «ì­ë¥ ¬®¤¥«¨ ¢®«­¥­¨ï, ­¥ âà¥¡ãîé¨¥á¯¥æ¨ «ì­®£® ®¯à¥¤¥«¥­¨ï £¨¤à®¤¨­ ¬¨ç¥áª¨å å -à ªâ¥à¨áâ¨ª ­¥à¥£ã«ïà­ëå ¢®«­ ¢ èâ®à¬¥ [9, 11].�¤­ ª® ¨­â¥­á¨¢­® à §à ¡ âë¢ ¥¬ë¥ ¢ ¯®á«¥¤­¥¥¢à¥¬ï ­¥«¨­¥©­ë¥ ¬¥â®¤ë à áç¥â  ­ £àã§®ª ¨ à¥-c
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�¨á. 1. �à £¬¥­â § ¯¨á¨ à¥ «ì­®£®¢®«­¥­¨ï á£àã¯¯®¢®© áâàãªâãà®© ªæ¨¨ áã¤®¢ ­  ¢®«­®¢ë¥ ¢®§¤¥©áâ¢¨ï [6 {8, 12],®á­®¢ ­­ë¥ ­  ¯àï¬®¬ à áç¥â¥ á¨«®¢®© ¨ ª¨­¥¬ -â¨ç¥áª®© à¥ ªæ¨¨ áã¤®¢ ¨ ¯« ¢ãç¨å á®®àã¦¥­¨© ­ ¢®«­®¢ë¥ ¢®§¤¥©áâ¢¨ï ¢® ¢à¥¬¥­­®© ®¡« áâ¨, âà¥-¡ãîâ á®§¤ ­¨ï ¯®¤å®¤ïé¨å ­¥«¨­¥©­ëå £¨¤à®¤¨-­ ¬¨ç¥áª¨å ¬®¤¥«¥© ¢®«­®¢ëå ¤¢¨¦¥­¨© ¢ èâ®à-¬¥, ¢ª«îç îé¨å ¢ â®¬ ç¨á«¥ ¨ § ¢¨á¨¬®áâ¨ ¤«ï «®-ª «ì­ëå £¨¤à®¤¨­ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¢®«­.�¨¤¨¬®, ¨§-§  ­¥¤®áâ â®ç­®£® ãà®¢­ï à §à ¡®âª¨íâ¨å § ¢¨á¨¬®áâ¥© ¢ ¡®«ìè¨­áâ¢¥ à ¡®â ¯® ­¥«¨-­¥©­ë¬ à áç¥â ¬ ­ £àã§®ª ¨ ª çª¨ áã¤®¢ ¨á¯®«ì-§ãîâáï «¨¡® «¨­¥©­ë¥ ¯¥à¨®¤¨ç¥áª¨¥ ¢®«­ë [6],«¨¡® áã¯¥à¯®§¨æ¨¨ £ à¬®­¨ç¥áª¨å ¢®«­ á § ¤ ­-­ë¬ á¯¥ªâà®¬ [8], «¨¡® ­¥ª®â®àë¥ ¬®¤¨ä¨ª æ¨¨«¨­¥©­ëå ¬®¤¥«¥© (¤«ï ã¬¥­ìè¥­¨ï ­¥¢ï§ª¨ ¤ ¢«¥-­¨© ­  ¢®«­®¢®¬ ¯à®ä¨«¥ ¯à¨ ¡®«ìè¨å ªàãâ¨§­ å¢®«­).�¤­® ¨§ ¢®§¬®¦­ëå ­ ¯à ¢«¥­¨© ¢ à §à ¡®âª¥â ª¨å ¬®¤¥«¥© á ä¨§¨ç¥áª®© â®çª¨ §à¥­¨ï ®á­®¢ -­® ­  £¨¯®â¥§¥ ® £àã¯¯®¢®© áâàãªâãà¥ ªàã¯­®¬ á-èâ ¡­ëå ¢®«­ ¢ èâ®à¬¥ [13, 14], á®£« á­® ª®â®à®©ªàã¯­ë¥ í­¥à£®­¥áãé¨¥ ¢®«­ë ¢ èâ®à¬¥ ¨¬¥îâ¡®«¥¥ ¢ëá®ªãî áâ¥¯¥­ì à¥£ã«ïà­®áâ¨, ç¥¬ ®¡é¥¥¢®«­®¢®¥ ¯®«¥, ¨ ¤¢¨¦ãâáï ¢ ¢¨¤¥ £àã¯¯ ¢®«­, ®¡à -§ãîé¨å ã§ª®¯®«®á­ë¥ á¨áâ¥¬ë ¢®«­ [13] (à¨á. 1);¢ à ¡®â¥  ¢â®à  [14] ®¡®á­®¢ ­  á«¥¤ãîé ï ¨¥à à-å¨ç¥áª ï áâàãªâãà  ­¥à¥£ã«ïà­®£® ¢¥âà®¢®£® ¢®«-­¥­¨ï á ãà®¢­ï¬¨ f¢®«­®¢®¥ ¯®«¥g ! fá¨áâ¥¬ë¢®«­g ! f£àã¯¯ë ¢®«­g! f¢¨¤¨¬ë¥ ¢®«­ëg.�«ï £àã¯¯®¢ëå ¬®¤¥«¥© ¬®àáª®£® ­¥à¥£ã«ïà­®£®¢®«­¥­¨ï ¥áâ¥áâ¢¥­­ë¬ ï¢«ï¥âáï à §¤¥«¥­¨¥ ä¨-§¨ç¥áª®£® ¯à®æ¥áá  ¤¢¨¦¥­¨ï ¢®«­ ­  ¡ëáâà® ®á-æ¨««¨àãîé¨¥ ¨ ¬¥¤«¥­­® ¬¥­ïîé¨¥áï ¨§¬¥­¥­¨ï¢® ¢à¥¬¥­¨ ¨ ¯à®áâà ­áâ¢¥, çâ® ¤ ¥â ¢®§¬®¦-­®áâì ¨á¯®«ì§®¢ âì ¤«ï ¨å ¨áá«¥¤®¢ ­¨ï ¬¥â®¤ë á¨¬¯â®â¨ç¥áª®£®  ­ «¨§  ¨, ¢ ç áâ­®áâ¨, ¬¥â®-¤ë ¬­®£¨å ¬ áèâ ¡®¢ (���), ®æ¥­¨¢ ­¥«¨­¥©-­®áâì ¨ ­¥à¥£ã«ïà­®áâì ¢®«­ ­¥ª®â®àë¬ ¬ «ë¬¯ à ¬¥âà®¬ [15 {18]. �®á«¥¤®¢ â¥«ì­®¥ ¯à¨¬¥-­¥­¨¥ ��� ª à¥è¥­¨î ­¥«¨­¥©­ëå ªà ¥¢ëå § -

¤ ç â¥®à¨¨ ¢®«­ ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì ¢ â®¬ ç¨á«¥¨ ­¥®¡å®¤¨¬ë¥ § ¢¨á¨¬®áâ¨ ¤«ï ¢®«­®¢®© ¯®¢¥àå-­®áâ¨, ¯®«ï ¤ ¢«¥­¨© ¨ áª®à®áâ¥© ¢ £àã¯¯ å ¢®«­á ãç¥â®¬ ¢á¥å ®á­®¢­ëå íää¥ªâ®¢: ­¥«¨­¥©­®áâ¨,­¥áâ æ¨®­ à­®áâ¨ ¨ âà¥å¬¥à­®áâ¨ ¢®«­®¢ëå ¤¢¨-¦¥­¨©,   â ª¦¥ ¤¥©áâ¢¨ï ¯®¢¥àå­®áâ­®£® ¤ ¢«¥­¨ï¢¥âà®¢®£® ¯®â®ª .� ¤ ­­®© áâ âì¥ ¯à¨¢¥¤¥­ë § ¢¨á¨¬®áâ¨ ¤«ï £¨-¤à®¤¨­ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ªàã¯­®¬ áèâ ¡-­ëå £àã¯¯ ¢®«­ ¢ èâ®à¬¥, ¯®«ãç¥­­ë¥ ¢ à ¬ª å���. � ç áâ­®áâ¨, ¢ à §¤¥«¥ 1 ¯à¨¢¥¤¥­ë ®á­®¢-­ë¥ ¤®¯ãé¥­¨ï ¨ ®¡é¨¥ § ¢¨á¨¬®áâ¨ ¤«ï £¨¤à®-¤¨­ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¢®«­,   ­¥®¡å®¤¨¬ë¥¤«ï ¨å à áç¥â  à¥è¥­¨ï ¤«ï ¯®â¥­æ¨ «  áª®à®áâ¥©¢®«­®¢ëå ¤¢¨¦¥­¨© ªà âª® ¯à¨¢¥¤¥­ë ¢® ¢â®à®¬à §¤¥«¥ áâ âì¨. � âà¥âì¥¬, ®á­®¢­®¬ à §¤¥«¥, à á-á¬®âà¥­ë ®¡é¨¥ § ¢¨á¨¬®áâ¨ ¤«ï £¨¤à®¤¨­ ¬¨ç¥-áª¨å å à ªâ¥à¨áâ¨ª ¢®«­,   â ª¦¥ ç áâ­ë¥ á«ã-ç ¨ ¤«ï ¯«®áª¨å á¢®¡®¤­ëå £àã¯¯ ¢®«­ ¨ ¤«ï ¯à¥-¤¥«ì­®©  á¨¬¯â®â¨ª¨ ¯¥à¨®¤¨ç¥áª¨å ¯à®£à¥áá¨¢-­ëå ¢®«­ �â®ªá  V ¯®àï¤ª . �®á«¥¤­¨¥, ­ ¯à¨-¬¥à, ¬®£ãâ ¯à¨¬¥­ïâìáï ¢ ª ç¥áâ¢¥ ¯à®áâ¥©è¥©­¥«¨­¥©­®© ¬®¤¥«¨ ¤«ï áà ¢­¨â¥«ì­® à¥£ã«ïà­®©¨ ªàã¯­®© §ë¡¨, ¢ëè¥¤è¥© ¨§ èâ®à¬ . �à¨¢¥¤¥-­ë â ª¦¥ ­¥ª®â®àë¥ à¥§ã«ìâ âë ç¨á«¥­­ëå à á-ç¥â®¢.1. ��������� � �����������������¨¦¥ à áá¬ âà¨¢ ¥âáï ®á­®¢­ ï í­¥à£®­¥áã-é ï ª®¬¯®­¥­â  ¢®«­®¢®£® ¤¢¨¦¥­¨ï ¢ èâ®à¬®¢®©®¡« áâ¨ ­  áâ ¤¨¨ ¯®«­®£® à §¢¨â¨ï ¢ £«ã¡®ª®¬ ¨¡¥§£à ­¨ç­®¬ ®ª¥ ­¥, ¦¨¤ª®áâì áç¨â ¥âáï ¨¤¥ «ì-­®©,   ¥¥ ¤¢¨¦¥­¨¥ { ¯®â¥­æ¨ «ì­ë¬. �®à®âª®¢®«-­®¢ ï á®áâ ¢«ïîé ï á¯¥ªâà  ­¥à¥£ã«ïà­®£® ¢®«­¥-­¨ï ¢® ¢­¨¬ ­¨¥ ­¥ ¯à¨­¨¬ ¥âáï. �®§¤¥©áâ¢¨¥ ­ ¢®«­®¢ë¥ ¤¢¨¦¥­¨ï ¢¥âà®¢®£® ¯®â®ª  ãç¨âë¢ ¥â-áï ¯ã«ìá æ¨ï¬¨ ¥£® ¯®¢¥àå­®áâ­®£® ¤ ¢«¥­¨ï, ª®-£¥à¥­â­ë¬¨ á ¢®«­®¢ë¬ ¯à®ä¨«¥¬. �â® ¤ ¢«¥­¨¥,¯® ªà ©­¥© ¬¥à¥, ­  ¤¢  ¯®àï¤ª  ¬¥­ìè¥ å à ª-â¥à­®£® ¢®«­®¢®£® ¤ ¢«¥­¨ï á ãç¥â®¬ á®â­®è¥­¨ï¬¥¦¤ã ¯«®â­®áâï¬¨ (� 10�3) ¨ å à ªâ¥à­ë¬¨ áª®-à®áâï¬¨ ¤¢¨¦¥­¨ï (� 101) ¢®§¤ãå  ¨ ¢®¤ë.�à¥¤­¨¥ å à ªâ¥à¨áâ¨ª¨ ¢®«­ ¢ èâ®à¬¥:  ¬-¯«¨âã¤  ¢®«­ hai, ªàã£®¢ ï ç áâ®â  h�i ¨ á¢ï-§ ­­ë¥ á ­¨¬¨ áà¥¤­¨¥ ¢¥«¨ç¨­ë { ¢®«­®¢®¥ ç¨-á«® hki = h�i2=g, ä §®¢ ï áª®à®áâì hci = g=h�i¨ ªàãâ¨§­  ¢®«­®¢®£® áª«®­  h�i = hkihai ¨á¯®«ì-§®¢ ­ë ¤ «¥¥ ¢ ª ç¥áâ¢¥ à §¬¥à­ëå ¢¥«¨ç¨­ ¤«ï­®à¬¨à®¢ª¨ á®®â¢¥âáâ¢ãîé¨å ¯¥à¥¬¥­­ëå § ¤ -ç¨.�«ï ®¯¨á ­¨ï ¤¢¨¦¥­¨ï ¢®«­ ¯à¨¬­ï¥âáï ¤¥ª à-â®¢  á¨áâ¥¬  ª®®à¤¨­ â Oxyz, â ª çâ® ®áì Ox ­ -52 �.�. �¥à¤îç¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 4. �. 51 { 60¯à ¢«¥­  ¯à®â¨¢ £¥­¥à «ì­®£® ­ ¯à ¢«¥­¨ï ¤¢¨-¦¥­¨ï ¢®«­ ¢ èâ®à¬¥, ®áì Oz ­ ¯à ¢«¥­  ¢¢¥àå,  ¯«®áª®áâì Oxy á®¢¯ ¤ ¥â á ãà®¢­¥¬ á¯®ª®©­®©¢®¤ë. �à¨ íâ®¬ ¢®«­®¢ë¥ ¤¢¨¦¥­¨ï ¢ èâ®à¬®¢®©®¡« áâ¨ à áá¬ âà¨¢ îâáï «®ª «ì­® ¤«ï ¨­â¥­á¨¢-­ëå ãç áâª®¢ ¢®«­¥­¨ï (£àã¯¯ ¢®«­) ¨ ­  ®£à ­¨-ç¥­­ëå ¢à¥¬¥­­ëå ¨­â¥à¢ « å, ­¥ ¡®«¥¥ ç¥¬ ­ ¤¢  ¯®àï¤ª  ¯à¥¢ëè îé¨å å à ªâ¥à­ë¥ ¤«¨­ã ¨¯¥à¨®¤ ªàã¯­®¬ áèâ ¡­ëå ¢®«­ á®®â¢¥âáâ¢¥­­®.�â¥¯¥­ì ­¥«¨­¥©­®áâ¨ ¨ ­¥à¥£ã«ïà­®áâ¨ ¢®«­®æ¥­¨¢ ¥âáï ¯®«®¦¨â¥«ì­ë¬ ¬ «ë¬ ¯ à ¬¥âà®¬� � 1. �  ¯¥à¢ë© ¢§£«ï¤ ¯à¥¤áâ ¢«ï¥âáï, çâ®­¥®¡å®¤¨¬® ¢¢®¤¨âì ¤¢  ¬ «ëå ¯ à ¬¥âà  ¯® ­¥-«¨­¥©­®áâ¨ ¨ ­¥à¥£ã«ïà­®áâ¨ ¢®«­, ®¤­ ª® ®¯ëâ¯à¨¬¥­¥­¨ï à §¤¥«ì­ëå ¬ «ëå ¯ à ¬¥âà®¢ ¯®ª -§ «, çâ®: 1) áãé¥áâ¢¥­­® ãá«®¦­ï¥âáï  «£®à¨â¬à áç¥â , 2) æ¥¯®çª¨ ãà ¢­¥­¨© ¢ ¢®§¬ãé¥­¨ïå ¯®­¥à¥£ã«ïà­®áâ¨ ä ªâ¨ç¥áª¨ á®¤¥à¦ âáï ¢ ãà ¢­¥-­¨ïå ¯® ­¥«¨­¥©­®áâ¨; 3) ¢ áâ àè¨å ¯®àï¤ª å ¯®áâ¥¯¥­ï¬ ¬ «ëå ¯ à ¬¥âà®¢ ¯à®æ¥áá à áé¥¯«¥­¨ïãà ¢­¥­¨© ¢ ¢®§¬ãé¥­¨ïå à §¢¥â¢«ï¥âáï ¨ ¢ë¡®à¯à¨¡«¨¦¥­¨© ®ª §ë¢ ¥âáï ­¥®¤­®§­ ç­ë¬. �®-íâ®¬ã ¯à¥¤¯®çâ¨â¥«ì­ë¬ ï¢«ï¥âáï ¨á¯®«ì§®¢ ­¨¥®¤­®£® ¬ «®£® ¯ à ¬¥âà .�áå®¤­ë¥ § ¢¨á¨¬®áâ¨ ¤«ï ¯®«ï £¨¤à®¬¥å ­¨ç¥-áª¨å ¤ ¢«¥­¨© pw ¨ ¯®«ï áª®à®áâ¥© ç áâ¨æ ¦¨¤ª®-áâ¨ ¢ ¯®â¥­æ¨ «ì­ëå ¢®«­ å ~vw ®¡é¥¨§¢¥áâ­ë [19]¨ ¨¬¥îâ ¢¨¤pw = ��[�wt + 12(r�w � r�w) + gz];~vw = fvwx; vwy; vwzg = r�w; (1)£¤¥ �w { ¯®â¥­æ¨ « áª®à®áâ¥© ¢®«­®¢ëå ¤¢¨¦¥­¨©¢ èâ®à¬¥; r { ®¯¥à â®à � ¬¨«ìâ®­  ¢ ¤¥ª àâ®-¢ëå ª®®à¤¨­ â å; §¤¥áì ¨ ¤ «¥¥ ¨á¯®«ì§®¢ ­® ¨­-¤¥ªá­®¥ ®¡®§­ ç¥­¨¥ ¤«ï ¯à®¨§¢®¤­ëå ¯® ¢à¥¬¥­¨¨ ª®®à¤¨­ â ¬.�®«­®¢®© ¯à®ä¨«ì �w ¢å®¤¨â ¢ äã­ªæ¨®­ «ì­®¥ãà ¢­¥­¨¥, á«¥¤ãîé¥¥ ¨§ ¤¨­ ¬¨ç¥áª®£® £à ­¨ç-­®£® ãá«®¢¨ï ­  ¢®«­®¢®© ¯®¢¥àå­®áâ¨ [19]:�w = �1g [�wt + 12(r�w � r�w) + pa� ]jz=�w ; (2)£¤¥ pa { ¯®¢¥àå­®áâ­®¥ ¤ ¢«¥­¨¥ ¢¥âà®¢®£® ¯®â®ª .�®¯ãé¥­¨¥ ®¡ ã¬¥à¥­­®© ­¥«¨­¥©­®áâ¨ ¢®«­,ª®â®à®¥ ä¨§¨ç¥áª¨ ®§­ ç ¥â, çâ® ¯®¤¢¥âà¥­­ë©áª«®­ ªàãâëå ¢®«­ ­¥ ¤®áâ¨£ ¥â áâ ¤¨¨ á¨«ì­®-£® ãªàãç¨¢ ­¨ï ¨ ®¯à®ª¨¤ë¢ ­¨ï, ¯®§¢®«ï¥â à §-à¥è¨âì ¤ ­­®¥ ãà ¢­¥­¨¥ ®â­®á¨â¥«ì­® ¢®«­®¢®-£® ¯à®ä¨«ï, à §«®¦¨¢ ¯®â¥­æ¨ « áª®à®áâ¥© �w ¨¯®¢¥àå­®áâ­®¥ ¤ ¢«¥­¨¥ ¢¥âà®¢®£® ¯®â®ª  pa ¢ àï-¤ë �¥©«®à  ¯® ¢¥àâ¨ª «ì­®© ª®®à¤¨­ â¥ ¢ ®ªà¥áâ-­®áâ¨ z = 0 ¨ ¢ë¯®«­¨¢ § â¥¬  á¨¬¯â®â¨ç¥áªãî

®æ¥­ªã ¯®àï¤ª®¢ ¢¥«¨ç¨­ ¯® ¯ à ¬¥âàã �. �ª®­ç -â¥«ì­® íâ  § ¢¨á¨¬®áâì ¯®«ãç¥­  ¢ ¢¨¤¥�w = 6Xn=1 1n!(Zn0 )(n�1)z +O(�7); z = 0; (3)£¤¥ Z0 = �1g [�wt + 12(r�w � r�w) + pa� ]:�â¬¥â¨¬, çâ® ä®à¬ã«  (3) ¯®«ãç¥­  ï¢­® â®«ìª®¤«ï ¯¥à¢ëå è¥áâ¨ ç«¥­®¢ àï¤ , ®¤­ ª® à¥£ã«ïà­ ïáâàãªâãà  íâ®© § ¢¨á¨¬®áâ¨ ¤ ¥â ®á­®¢ ­¨¥ ¯à¥¤-¯®« £ âì ¥¥ á¯à ¢¥¤«¨¢®áâì ¨ ¤«ï «î¡®£® ª®­¥ç­®-£® ç¨á«  ç«¥­®¢ àï¤ .� ª¨¬ ®¡à §®¬, ¯à¥¤áâ ¢«ïîé¨¥ ¨­â¥à¥á £¨-¤à®¤¨­ ¬¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¢®«­ �w, pw ¨~vw ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥­ë ¯® ä®à¬ã« ¬ (1), (3),¥á«¨ ¨§¢¥áâ­ë ¢ëà ¦¥­¨ï ¤«ï ¯®â¥­æ¨ «  áª®à®-áâ¥© �w ¨ ¯®¢¥àå­®áâ­®£® ¤ ¢«¥­¨ï ¢¥âà®¢®£® ¯®-â®ª  pa. �¥à¢ë© ®¯à¥¤¥«ï¥âáï à¥è¥­¨¥¬ ­¥«¨-­¥©­®© ªà ¥¢®© § ¤ ç¨ â¥®à¨¨ ¢®«­,   ¤«ï ¤ ¢«¥-­¨ï ¢¥âà®¢®£® ¯®â®ª  ¯à¥¤¯®« £ ¥âáï ¨§¢¥áâ­®©¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­ ï áâàãªâãà  § ¢¨á¨¬®-áâ¨, å®âï ¢ ¤¥©áâ¢¨â¥«ì­®áâ¨ ¥¥ ®¯à¥¤¥«¥­¨¥ ï¢«ï-¥âáï á ¬®áâ®ïâ¥«ì­®© ¨ ¤®áâ â®ç­® á«®¦­®© § -¤ ç¥© [20]. �¡®©â¨ á¢ï§ ­­ë¥ á íâ¨¬ âàã¤­®áâ¨¢ ª ª®©-â® ¬¥à¥ ¬®¦­®, ¨áå®¤ï ¨§ ¯à¥¤¯®«®¦¥-­¨ï, çâ® ¤«ï ªàã¯­®¬ áèâ ¡­ëå à §¢¨âëå ¢®«­ ­ ®£à ­¨ç¥­­ëå ¢à¥¬¥­­ëå ¨­â¥à¢ « å áà ¢­¨â¥«ì-­® á« ¡®¥ ¢¥âà®¢®¥ ¤ ¢«¥­¨¥ ­¥ ®ª ¦¥â áãé¥áâ¢¥­-­®£® ¢«¨ï­¨ï ­  ¤¨­ ¬¨ªã ¢®«­®¢®£® ¤¢¨¦¥­¨ï.2. ��������������� ������� ������������� ����������«ï ®¯à¥¤¥«¥­¨ï ¢å®¤ïé¥£® ¢ § ¢¨á¨¬®áâ¨ (1),(3) ¯®â¥­æ¨ «  áª®à®áâ¥© �w ¢ à ¡®â å  ¢â®-à  [16{18] ¨á¯®«ì§®¢ ­ ¬¥â®¤ ¬­®£¨å ¬ áèâ ¡®¢;®á­®¢­ë¥ ¯®«®¦¥­¨ï ¨ ¯à®æ¥¤ãàë à §à ¡®â ­­®-£®  ¢â®à®¬ ¢ à¨ ­â  ¬¥â®¤  ��� ¬®¦­® ­ ©-â¨ ¢ à ¡®â å [16,17],   â ª¦¥ ¢ ­¥¤ ¢­¥© à ¡®â¥[12]. � á®¦ «¥­¨î, â¥å­¨ç¥áª ï áâ®à®­  ¬¥â®-¤  ��� ®ª §ë¢ ¥âáï ¤®áâ â®ç­® £à®¬®§¤ª®©, ¢®á®¡¥­­®áâ¨ ¤«ï áâ àè¨å ¯®àï¤ª®¢, â ª çâ® ­¨¦¥¯à¨¢¥¤¥­ë â®«ìª® ®á­®¢­ë¥ à¥§ã«ìâ âë, ­¥®¡å®-¤¨¬ë¥ ¤«ï ®¯à¥¤¥«¥­¨ï £¨¤à®¤¨­ ¬¨ç¥áª¨å å à ª-â¥à¨áâ¨ª £àã¯¯ ¢®«­.� ª ç¥áâ¢¥ ¨áå®¤­®© ¨á¯®«ì§®¢ ­  á«¥¤ãîé ï¨§¢¥áâ­ ï ä®à¬ã«¨à®¢ª  ­¥«¨­¥©­®© ªà ¥¢®© § -�.�. �¥à¤îç¥­ª® 53



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 4. �. 51 { 60¤ ç¨ [19]:r2�w = 0; z < �w;D�wDt � �wt + (r�w � r(�w � z)) = 0;pw � ��[�wt + 12 (r�w � r�w) + gz] = pa;z = �w;r�w ! 0; z !�1;r�w � C; C <1; (x2 + y2)1=2 !1; (4)  ¥¥ à¥è¥­¨¥ ¨áª «®áì ¢ ¢¨¤¥  á¨¬¯â®â¨ç¥áª®£®àï¤  ¢¨¤ �w = �haihci(�0 + ��1 + � � �+ �4�4++O(�5)); (5)£¤¥ ­¥¨§¢¥áâ­ë¥ ¢¥«¨ç¨­ë �n; n = 1; 2; : : : ï¢«ï-îâáï äã­ªæ¨ï¬¨ ­®¢ëå ¡ëáâàëå ¯¥à¥¬¥­­ëå � =hki(x + hcit) ¨ � = hkiz,   â ª¦¥ ¬¥¤«¥­­ëå ¯¥-à¥¬¥­­ëå ¢¨¤  ~Xn = �nhki~x; ~x = fx; y; zg ¨ Tn =�nh�it; n = 1; 2; : : :.�à®æ¥¤ãàë ¬¥â®¤  ��� ¯®à®¦¤ îâ á«¥¤ãî-éãî ¯®á«¥¤®¢ â¥«ì­®áâì «¨­¥©­ëå ªà ¥¢ëå § ¤ ç¢ ¢®§¬ãé¥­¨ïå:�n�� + �n�� = F (1)n ; z < 0;�n�� + �n� = F (2)n ; z = 0;r�n ! 0; z !�1;r�n <1; (x2 + y2)1=2 !1; (6)£¤¥ ¯à ¢ë¥ ç áâ¨ F (1)n ; F (2)n ï¢«ïîâáï ­¥«¨­¥©­ë-¬¨ ¤¨ää¥à¥­æ¨ «ì­ë¬¨ ®¯¥à â®à ¬¨ ®â ¯®â¥­æ¨- «®¢ �m; m < n ¨ ¤ ¢«¥­¨ï pa. �¥è¥­¨¥ ªà ¥¢ëå§ ¤ ç (6) ¯®§¢®«¨«® ¯®«ãç¨âì ¯¥à¢ë¥ ¯ïâì ç«¥­®¢ á¨¬¯â®â¨ç¥áª®£® àï¤  ¯® � (5) ¢ ¢¨¤¥�0 = �iA exp(�) + ª.á.; �1 = �dr;�2 = 0; �3 = � i2A32 exp(2�) + ª.á.;�4 = � i2A42 exp(2�) � i3A43 exp(3�) + ª.á.; (7)£¤¥ A = 12a exp(i ) { ª®¬¯«¥ªá­ ï ¬¥¤«¥­­® ¬¥­ï-îé ïáï  ¬¯«¨âã¤  ®á­®¢­®© ­¥áãé¥© £ à¬®­¨ª¨ ¢¯®â¥­æ¨ «¥ áª®à®áâ¥©; � = � + i� = hki(z + i(x +hcit)) { ¡ëáâà ï ª®¬¯«¥ªá­ ï ä §®¢ ï ª®®à¤¨­ â ,á ª®â®à®© ¢®«­®¢®¥ ¤¢¨¦¥­¨¥ ®áæ¨««¨àã¥â ¯® x-ª®®à¤¨­ â¥ ¨ § âãå ¥â ¯® z-ª®®à¤¨­ â¥; �dr { ¯®-â¥­æ¨ « áª®à®áâ¥© ¤à¥©ä®¢®£® â¥ç¥­¨ï, ¨­¤ãæ¨-à®¢ ­­®£® £àã¯¯®¢®© áâàãªâãà®© ¢®«­; Anm {  ¬-¯«¨âã¤ë ªà â­ëå £ à¬®­¨ª ¢ ¯®â¥­æ¨ «¥ áª®à®-áâ¥©; i =p(�1) ¨ "ª.á."- ª®¬¯«¥ªá­® á®¯àï¦¥­­®¥¢ëà ¦¥­¨¥.� «¥¥, § ¢¨á¨¬®áâ¨ ¤«ï  ¬¯«¨âã¤ ªà â­ëå £ à-¬®­¨ª ¢ ãà ¢­¥­¨ïå (7) ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥Anm = Annm +A?nm +Aanm; n = 3; 4; m = 2; 3; (8)

£¤¥ á®áâ ¢«ïîé¨¥  ¬¯«¨âã¤, á¢ï§ ­­ë¥ á ­¥«¨­¥©-­®áâìî ¨ ­¥à¥£ã«ïà­®áâìî (¨­¤¥ªá n), âà¥å¬¥à­®-áâìî (¨­¤¥ªá ?) ¨ ¢¥âà®¢ë¬ ¤ ¢«¥­¨¥¬ (¨­¤¥ªá a),á®®â¢¥âáâ¢¥­­® à ¢­ëAn32 = 8h�i3A2jAj2; A?32 = 2h�i�2B(A);Aa32 = �2h�i3(AP1(Aa1)� Aa2);An42 = 24ih�i3�(A2jAj2X � 34A2X jAj2);A?42 = 12 ih�i�3[B(A)X + 4(AAY YX��AXAY Y )];Aa42 = ih�i3�f12AXP1(Aa1) + A[2H(Aa1)��L(P1(Aa1))� P1(Aa1)T ] + (L(Aa2)++Aa2T )g;An43 = 4h�i4A3jAj2; A?43 = 0;Aa43 = 34 h�i4[A2P 21 (Aa1) � 2AP2(Aa2) + 2Aa3]: (9)� ãà ¢­¥­¨ïå (9) ®¡®§­ ç¥­ë ®¯¥à â®àëB(A) = (A@2A@Y 2 � (@A@Y )2); Pj = (j � @@� ); j = 1; 2;H = ( @@X � i @@Z ); L = (2 @@T � @@X )¨ ¤«ï ªà âª®áâ¨ § ¯¨á¨ ¨á¯®«ì§®¢ ­ë á«¥¤ãîé¨¥®¡®§­ ç¥­¨ï ¤«ï ¯à®¨§¢®¤­ëå ¯® ¬¥¤«¥­­ë¬ ¯¥à¥-¬¥­­ë¬: @@X = @@X1 + � @@X2 + �2 @@X3 + � � � ;@@T = @@T1 + � @@T2 + �2 @@T3 + � � �¨  ­ «®£¨ç­® ¤«ï ¤àã£¨å ¬¥¤«¥­­ëå ¯¥à¥¬¥­­ëå ¨áâ àè¨å ¯à®¨§¢®¤­ëå.�à®¬¥ â®£®, ¯à¨ ¯®«ãç¥­¨¨ ¤ ­­ëå § ¢¨á¨¬®-áâ¥© ¤«ï ¢¥âà®¢®£® ¤ ¢«¥­¨ï ­  ¢®«­®¢®¬ ¯à®ä¨«¥¨á¯®«ì§®¢ ­® à §«®¦¥­¨¥ ¢ àï¤ �ãàì¥ ¯® ¡ëáâà®©ä §¥ �:pa = �i
haiPn h�in+1Aan( ~X; T; �) exp(in�)++ª.á.; n = 1; 2; : : : ; (10)£¤¥ § ¢¨á¨¬®áâì  ¬¯«¨âã¤ Aan( ~X; T; �) áç¨â ¥âáï¨§¢¥áâ­®©; 
 = �g.� ª ¢¨¤­®, ¢ à ¬ª å ¯¥à¢ëå ¯ïâ¨ ¯®àï¤ª®¢ ¯®¯ à ¬¥âàã � ­¥«¨­¥©­®áâì ¯®à®¦¤ ¥â ¢ ¯®â¥­-æ¨ «¥ áª®à®áâ¥© ¢®«­®¢ëå ¤¢¨¦¥­¨© ¤à¥©ä®¢ãîª®¬¯®­¥­âã ¢â®à®£® ¯®àï¤ª  ¬ «®áâ¨ ¨ â®«ìª®¢â®àãî ¨ âà¥âìî ªà â­ë¥ £ à¬®­¨ª¨ âà¥âì¥£®¨ ¢ëè¥ ¯®àï¤ª  ¬ «®áâ¨, â ª çâ®  ­£ à¬®­¨ç-­®áâì ¢®«­®¢®£® ¯®â¥­æ¨ «  ®ª §ë¢ ¥âáï ¤®áâ -â®ç­® á« ¡®©.54 �.�. �¥à¤îç¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 4. �. 51 { 60�«ï ¤à¥©ä®¢®£® ¯®â¥­æ¨ «  �dr ¨§ ãá«®¢¨ï ¨á-ª«îç¥­¨ï ¢¥ª®¢ëå à¥è¥­¨© á«¥¤ã¥â «¨­¥©­ ï ªà -¥¢ ï § ¤ ç  ¢¨¤ r2s�dr = 0; z < 0;�drZ + ��drTT = 2h�ijAj2X++��1(A;Aa1; �); z = 0;rs�dr ! 0; z !�1; (11)£¤¥ rs { ®¯¥à â®à � ¬¨«ìâ®­  ¯® ¬¥¤«¥­­ë¬ ¯¥à¥-¬¥­­ë¬ (X;Y; Z) ¨ ®¯¥à â®à �1 ®¯à¥¤¥«ï¥â áâ à-è¨¥ ¢®§¬ãé¥­¨ï ¢ £à ­¨ç­ëå ãá«®¢¨ïå ¤«ï ¤à¥©-ä®¢®£® ¯®â¥­æ¨ « .�¥è¥­¨¥ ¤ ­­®© ªà ¥¢®© § ¤ ç¨ ¬®¦¥â ¡ëâì ¯®-«ãç¥­® ¬¥â®¤®¬ äã­ªæ¨© �à¨­  [9], ¥á«¨ ¨§¢¥áâ­ë¢ëà ¦¥­¨ï ¤«ï  ¬¯«¨âã¤ A ¨ Aa1 ¢ ¯à ¢®© ç áâ¨£à ­¨ç­ëå ãá«®¢¨©. � §®¢®¥ à¥è¥­¨¥, ãç¨âë¢ î-é¥¥ â®«ìª® ®á­®¢­®¥ á« £ ¥¬®¥ ¢ íâ¨å ãá«®¢¨ïå ­ ¯«®áª®áâ¨ z = 0 á â®ç­®áâìî ¤® O(�), ¡ã¤¥â [18]�dr = 12� Z Z(z=0)[�dr0 ~ZR3 � �0(A)R ]d ~Xd~Y ;�dr0 = � 14�v.p.Z Z(z=0) �0(A) 1R0 d ~Xd~Y ;R = [( ~X �X)2 + (~Y � Y )2 + Z2] 12 ;R0 = RjZ=0; �0(A) = 2h�ijAj2X + O(�); (12)£¤¥ (X;Y; Z) { ¬¥¤«¥­­ë¥ ª®®à¤¨­ âë â®çª¨ ¢ ¦¨¤-ª®áâ¨; ~X; ~Y { ¯¥à¥¬¥­­ë¥ ¨­â¥£à¨à®¢ ­¨ï ­ ¯«®áª®áâ¨ z = 0.�à®¬¥ â®£®, ãá«®¢¨ï ¨áª«îç¥­¨ï ¢¥ª®¢ëå à¥-è¥­¨© ¯®à®¦¤ îâ â ª¦¥ ãà ¢­¥­¨ï ¢ ¢®§¬ã-é¥­¨ïå ¤«ï  ¬¯«¨âã¤ë ¯¥à¢®© £ à¬®­¨ª¨ A,®¯à¥¤¥«ïîé¨¥ ¥¥ § ¢¨á¨¬®áâì ®â ¬¥¤«¥­­ëå¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­ëå ¯¥à¥¬¥­­ëå. � ¢¨-á¨¬®áâì A(Z) ®¯à¥¤¥«ï¥âáï ¨§ ãà ¢­¥­¨ï [12]AZ = �iAX � 12�AY Y + �2L1(A; �);  § ¢¨á¨¬®áâì A(X;Y; T ) { ¨§ ãà ¢­¥­¨ï �à¥¤¨­-£¥à  ¢¨¤ 2AT � AX � i2�(12AXX � AYY ) + +ih�i2AjAj2++�2L2(A; �) + �h�i2N (A;Aa1;�dr0; �) = 0;£¤¥ Lj(A; �); j = 1; 2 {«¨­¥©­ë¥ ¨ N (A;Aa1;�dr; �) {­¥«¨­¥©­ë© ®¯¥à â®àë, ®¯à¥¤¥«ïîé¨¥ áâ àè¨¥¢®§¬ãé¥­¨ï ¢ á®®â¢¥âáâ¢ãîé¨å ãà ¢­¥­¨ïå.�¯à¥¤¥«¥­¨¥ íâ¨å § ¢¨á¨¬®áâ¥© { á ¬®áâ®ï-â¥«ì­ ï, âà¥¡ãîé ï §­ ç¨â¥«ì­ëå ãá¨«¨© § ¤ ç 

[1{4]. �â¬¥â¨¬ â®«ìª®, çâ® ¢ ®á­®¢­®¬ ¨á¯®«ì-§ãîâáï ¤¢  ¢¨¤  à¥è¥­¨©: 1) á¯¥ªâà «ì­ë¥ à¥è¥-­¨ï [4], ®á­®¢ ­­ë¥ ­  à §«®¦¥­¨¨  ¬¯«¨âã¤ë A ¢â¥ ¨«¨ ¨­ë¥ àï¤ë �ãàì¥ ¯® ¬¥¤«¥­­ë¬ ¯¥à¥¬¥­-­ë¬, 2) ¬­®£®á®«¨â®­­ë¥ à¥è¥­¨ï [2, 21], á®áâ®ï-é¨¥ ¢ ¯à¥¤áâ ¢«¥­¨¨ ¢®«­®¢ëå ¤¢¨¦¥­¨© á £àã¯¯®-¢®© áâàãªâãà®© ª ª á®¢®ªã¯­®áâì à¥£ã«ïà­ëå á®-«¨â®­®¢ á ®£¨¡ îé¥© ¢¨¤  cosh�1 ¨ á«ãç ©­ë¬¨­ ¡®à ¬¨ ®á­®¢­ëå ¯ à ¬¥âà®¢ á®«¨â®­®¢ ®£¨¡ -îé¥© { £àã¯¯ ¢®«­. �à®áâ¥©è¨¥ ä®à¬ë â ª¨å à¥-è¥­¨© ¯à¨¢¥¤¥­ë ¢ áâ âì¥  ¢â®à  [12].3. ����������������� ����������-���� ����� ����3.1. �¡é¨¥ § ¢¨á¨¬®áâ¨ ¤«ï âà¥å¬¥à­ëå £àã¯¯¢¥âà®¢ëå ¢®«­�®¤áâ ­®¢ª  à¥è¥­¨ï ¤«ï ¯®â¥­æ¨ «  áª®à®áâ¥©¢®«­®¢ëå ¤¢¨¦¥­¨© (5), (7){(9) ¢ ¨áå®¤­ë¥ § -¢¨á¨¬®áâ¨ ¤«ï £¨¤à®¤¨­ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª£àã¯¯ ¢®«­ ¯à¨¢®¤¨â ª á«¥¤ãîé¨¬ á®®â­®è¥­¨-ï¬ ¤«ï ¢®«­®¢®£® ¯à®ä¨«ï, ¯®«ï ¤ ¢«¥­¨© ¨ ¯®«ïáª®à®áâ¥© ç áâ¨æ ¦¨¤ª®áâ¨ ¢ à ¬ª å ¯¥à¢ëå ¯ïâ¨¯à¨¡«¨¦¥­¨© ¯® ¬ «®¬ã ¯ à ¬¥âàã �:¢®«­®¢®© ¯à®ä¨«ì�w = hai[z0 + 5Pn=1(zn exp(in�) + ª.á.)];zn = znn + z?n + zan; n = 0; 1; : : : ; 5; (13)¯®«¥ ¤ ¢«¥­¨©pw = 
f�z + hai[P0 + 3Pn=1(Pn(�) exp(n�)++ª.á.)]g;Pn = Pm=0;2(pnnm + p?nm + panm) exp(m�);n = 0; 1; 2; 3; (14)¯®«¥ áª®à®áâ¥©~vw = �hcih�i[~v0 + 3Pn=1(~vn exp(n�) + ª.á.)];~vn = fvnx; vny; vnzg; n = 0; 1; 2; 3;vn� = vnn� + v?n� + van�; � = (x; y; z); (15)£¤¥ ¢ëà ¦¥­¨ï ¤«ï áà¥¤­¨å å à ªâ¥à¨áâ¨ª (n = 0)¨  ¬¯«¨âã¤ ªà â­ëå £ à¬®­¨ª (n = 1; 2; : : : ; 5)®¯à¥¤¥«ïîâáï ¢ ®¡é¥¬ á«ãç ¥ ¤®áâ â®ç­® £à®¬®§¤-ª¨¬¨ § ¢¨á¨¬®áâï¬¨, ¯®íâ®¬ã ¢ à ¬ª å ¤ ­­®©áâ âì¨ ®¯ãé¥­ë.� ¤¨¬ ªà âªãî å à ªâ¥à¨áâ¨ªã § ¢¨á¨¬®áâ¥© ¢(13)-(15). �®-¯¥à¢ëå, ª ª ¨ ¢ ¯®â¥­æ¨ «¥ áª®à®-áâ¥©, áà¥¤­¨¥ ¨  ¬¯«¨âã¤ë ªà â­ëå £ à¬®­¨ª à §-¤¥«¥­ë ­  á®áâ ¢«ïîé¨¥, á¢ï§ ­­ë¥ á íää¥ªâ ¬¨�.�. �¥à¤îç¥­ª® 55



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 4. �. 51 { 60­¥«¨­¥©­®áâ¨ ¨ ­¥à¥£ã«ïà­®áâ¨ ¢®«­, ¨å âà¥å¬¥à-­®áâ¨ ¨ ¤¥©áâ¢¨ï ¯®¢¥àå­®áâ­®£® ¢¥âà®¢®£® ¤ ¢«¥-­¨ï (á ¢¥àå­¨¬¨ ¨­¤¥ªá ¬¨ "n","?" ¨ "a" á®®â¢¥â-áâ¢¥­­®). �®-¢â®àëå, ¢ ¯®«¥ áª®à®áâ¥© ãç¥â ­¥-«¨­¥©­®áâ¨ ¨ ­¥à¥£ã«ïà­®áâ¨ ¢®«­ ¢ à ¬ª å â¥®-à¨¨ ¯ïâ®£® ¯®àï¤ª  ¯à¨¢¥« ª ä®à¬¨à®¢ ­¨î áà¥¤-­¥£® ¤à¥©ä®¢®£® ¯®«ï,   â ª¦¥ ¢â®à®© ¨ âà¥âì¥©ªà â­ëå £ à¬®­¨ª á ¤®áâ â®ç­® á« ¡®© ¨­â¥­á¨¢-­®áâìî (âà¥â¨© ¨ ¢ëè¥ ¯®àï¤®ª ¬ «®áâ¨). � â®¦¥ ¢à¥¬ï, ãç¥â âà¥å¬¥à­®áâ¨ £àã¯¯ ¢®«­ ¨ ¤¥©-áâ¢¨ï ¯®¢¥àå­®áâ­®£® ¤ ¢«¥­¨ï ¢¥âà®¢®£® ¯®â®-ª  ¢­¥á ¬ «ë¥ ¯®¯à ¢ª¨ ª íâ¨¬ ¢¥«¨ç¨­ ¬, ¯à¨-ç¥¬ ¢«¨ï­¨¥ âà¥å¬¥à­®áâ¨ ¢ ®á­®¢­®¬ ¯à®ï¢«ï-¥âáï ç¥à¥å ¢â®àãî ¯à®¨§¢®¤­ãî ®â  ¬¯«¨âã¤ë A¯® ¬¥¤«¥­­®© ¯®¯¥à¥ç­®© ª®®à¤¨­ â¥ Y , ª®â®à ï¤«ï à §¢¨âëå £àã¯¯ ¢®«­ ¢ ¨å áà¥¤­¥© ç áâ¨ ¬ « .�ç¥â ¯®¢¥àå­®áâ­®£® ¤ ¢«¥­¨ï ¢¥âà®¢®£® ¯®â®ª ¯®à®¦¤ ¥â àï¤ ¤®¢®«ì­® £à®¬®§¤ª¨å á®®â­®è¥­¨©,¯à ªâ¨ç¥áª®¥ ¨á¯®«ì§®¢ ­¨¥ ª®â®àëå âà¥¡ã¥â, ¢®-®¡é¥ £®¢®àï, ¤®áâ â®ç­® ¯®¤à®¡­®© ¨­ä®à¬ æ¨¨ ®áâàãªâãà¥ ¯®«ï ¤ ¢«¥­¨© ­ ¤ ¢®«­ ¬¨ (­ áëé¥­-­®áâì ªà â­ë¬¨ £ à¬®­¨ª ¬¨, ¢¥àâ¨ª «ì­ë¥ £à -¤¨¥­âë ¯®«ï, § ¢¨á¨¬®áâì ¯® ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­ë¬ ¬¥¤«¥­­ë¬ ¯¥à¥¬¥­­ë¬).�-âà¥âì¨å, ªà®¬¥ ï¢­ëå ­¥«¨­¥©­ëå íää¥ªâ®¢,¢ ¯®«¥ áª®à®áâ¥© áãé¥áâ¢ãîâ, ª ª ¨§¢¥áâ­® [19,22], ¨ ­¥ï¢­ë¥, á¢ï§ ­­ë¥ á  á¨¬¬¥âà¨¥© ¢®«-­®¢®£® ¯à®ä¨«ï ¯® ¢¥àâ¨ª «¨ "£à¥¡¥­ì { ¯®¤®-è¢ ", çâ® ¯®à®¦¤ ¥â ¤à¥©ä®¢®¥ â¥ç¥­¨¥, ¯à®¯®à-æ¨®­ «ì­®¥ ª¢ ¤à âã ®£¨¡ îé¥©  ¬¯«¨âã¤ ¢®«­(áâ®ªá®¢ ¤à¥©ä), ¢ ®â«¨ç¨¥ ®â £àã¯¯®¢®£® ¤à¥©ä®-¢®£® ¯®«ï, ¨­¤ãæ¨à®¢ ­­®£® ¯à®¤®«ì­ë¬¨ ¬®¤ã«ï-æ¨ï¬¨ ª¢ ¤à â  ®£¨¡ îé¥©. �«ï ï¢­®£® ¢ë¤¥«¥­¨ïíâ®© ª®¬¯®­¥­âë ¤à¥©ä®¢®© áª®à®áâ¨ ­¥®¡å®¤¨¬®¯¥à¥©â¨ ®â í©«¥à®¢®© ª « £à ­¦¥¢®© ª®®à¤¨­ â¥¯® ¢¥àâ¨ª «¨, ­ ¯à¨¬¥à, ãà®¢­ï¬ ¯®áâ®ï­­®£® ¤ -¢«¥­¨ï pw = const, ª ª íâ® á¤¥« ­® ¢ à ¡®â¥ [22]¤«ï ¯¥à¨®¤¨ç¥áª¨å ¢®«­ �â®ªá .� ª¨¬ ®¡à §®¬, ¢ ¯®«¥ áª®à®áâ¥© ç áâ¨æ ¦¨¤-ª®áâ¨ ¢ £àã¯¯ å ¢®«­ áãé¥áâ¢ã¥â á«¥¤ãîé ï ¨¥-à àå¨ç¥áª ï áâàãªâãà  ¯®«ï: ¥á«¨ ä §®¢ãî áª®-à®áâì ¡¥£  ¢®«­ ¯à¨­ïâì §  ¥¤¨­¨æã, â® áª®à®áâì®à¡¨â «ì­®£® ¤¢¨¦¥­¨ï ç áâ¨æ ¦¨¤ª®áâ¨ ¨¬¥¥â ¢áà¥¤­¥¬ ¯®àï¤®ª h�i, áª®à®áâì áâ®ªá®¢®£® ¤à¥©ä  {¯®àï¤®ª h�i2,   áª®à®áâì £àã¯¯®¢®£® ¤à¥©ä  { ¯®-àï¤®ª �h�i2. � â®«ìª® ¢ ®ªà¥áâ­®áâ¨ £à¥¡­ï ¢®«­íâ¨ á®®â­®è¥­¨ï á¬¥é îâáï ¢ áâ®à®­ã ã¢¥«¨ç¥-­¨ï ¯®àï¤ª  áª®à®áâ¥©.� «¥¥, ¢ ¯®«¥ ¤ ¢«¥­¨© ®á­®¢­ë¬ ­¥«¨­¥©­ë¬¨ ­¥áâ æ¨®­ à­ë¬ íää¥ªâ®¬ ï¢«ï¥âáï ä®à¬¨à®-¢ ­¨¥ áà¥¤­¥£® ¯®«ï £¨¤à®¤¨­ ¬¨ç¥áª¨å ¤ ¢«¥­¨©(á®áâ ¢«ïîé ï pn02), â®£¤  ª ª  ¬¯«¨âã¤ë ¢â®à®©¨ âà¥âì¥© ªà â­ëå £ à¬®­¨ª â ª¦¥ ¨¬¥îâ âà¥â¨©¨ ¢ëè¥ ¯®àï¤®ª ¬ «®áâ¨. �«¨ï­¨¥ âà¥å¬¥à­®áâ¨

£àã¯¯ ¢®«­ ¨ ¤ ¢«¥­¨ï ¢¥âà®¢®£® ¯®â®ª   ­ «®£¨ç-­® ª ª ¨ ¤«ï ¯®«ï áª®à®áâ¥© { ¢ ¢¨¤¥ ¯®¯à ¢®ª ª®á­®¢­ë¬ ­¥«¨­¥©­ë¬ íää¥ªâ ¬.� ª®­¥æ, ¢ ¢®«­®¢®¬ ¯à®ä¨«¥ ä®à¬¨àã¥âáï ¯®«-­ë© á¯¥ªâà ¤«ï ¯¥à¢ëå ¯ïâ¨ ªà â­ëå £ à¬®­¨ªá  ¬¯«¨âã¤ ¬¨, ¯à®¯®àæ¨®­ «ì­ë¬¨ h�in�1; n =1; 2; � � � ; 5, ¯à¨ â®¬, çâ® áà¥¤­¥¥ á¬¥é¥­¨¥ ãà®¢­ïâ¨å®© ¢®¤ë ¨¬¥¥â âà¥â¨© ¨ ¢ëè¥ ¯®àï¤®ª ¬ «®-áâ¨. �¤¥áì â ª¦¥ ãç¥â âà¥å¬¥à­®áâ¨ £àã¯¯ ¢®«­,ª ª ¨ ¯®¢¥àå­®áâ­®£® ¤ ¢«¥­¨ï ¢¥âà®¢®£® ¯®â®ª §­ ç¨â¥«ì­® ãá«®¦­ï¥â ¡ §®¢ë¥ § ¢¨á¨¬®áâ¨ ¤«ï ¬¯«¨âã¤, ­¥ ¢­®áï ¢ â® ¦¥ ¢à¥¬ï áãé¥áâ¢¥­­ëåãâ®ç­¥­¨© ¢ ¯®àï¤ª¨ íâ¨å ¢¥«¨ç¨­. �â¬¥â¨¬, çâ®¢ ¢®«­®¢®¬ ¯à®ä¨«¥ ®á®¡¥­­® ¢ëà §¨â¥«ì­® ¯à®-ï¢«ï¥âáï íää¥ªâ, á®áâ®ïé¨© ¢ â®¬, çâ® áâ àè¨¥¢®§¬ãé¥­¨ï, ï¢«ïïáì áà ¢­¨â¥«ì­® ¬ «ë¬¨, ®¯à¥-¤¥«ïîâáï ¢ â® ¦¥ ¢à¥¬ï ¤®áâ â®ç­® £à®¬®§¤ª¨¬¨§ ¢¨á¨¬®áâï¬¨, âà¥¡ãîé¨¬¨ ®¡è¨à­®© ¨­ä®à¬ -æ¨¨ ª ª ¯® ¨­â¥­á¨¢­®áâ¨ ¢®§¬ãé¥­¨©, â ª ¨ ¯® ¨å¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®© áâàãªâãà¥. �®íâ®¬ã¤«ï ¯à ªâ¨ç¥áª¨å æ¥«¥© à áç¥â  à¥ ªæ¨¨ áã¤®¢ ¨¯« ¢ãç¨å á®®àã¦¥­¨© ­  ¢®«­®¢ë¥ ¢®§¤¥©áâ¢¨ï ¢èâ®à¬¥ ¯à¨¢¥¤¥­­ë¥ § ¢¨á¨¬®áâ¨ ¬®¦­® áãé¥-áâ¢¥­­® ã¯à®áâ¨âì, ®â¡à®á¨¢ ¬ «ë¥ ¢®§¬ãé¥­¨ï¢ áâ àè¨å ¯®àï¤ª å.3.2. �«®áª¨¥ £àã¯¯ë á¢®¡®¤­ëå ¢®«­�à¥¤¥«ì­® ã¯à®áâ¨¢ ®¡é¨¥ § ¢¨á¨¬®áâ¨ á á®-åà ­¥­¨¥¬ â®«ìª® ®á­®¢­ëå ¯®àï¤ª®¢ ¯® ­¥«¨­¥©-­®áâ¨ ¨ ­¥à¥£ã«ïà­®áâ¨ ¨ à áá¬ âà¨¢ ï ¯«®áª¨¥á¢®¡®¤­ë¥ ¢®«­ë, ¯®á«¥ ¯¥à¥å®¤  ª ¤¥©áâ¢¨â¥«ì-­ë¬ ¯¥à¥¬¥­­ë¬ ¬®¦­® ¯®«ãç¨âì á«¥¤ãîé¨¥ ¯à¨-¡«¨¦¥­­ë¥ à áç¥â­ë¥ § ¢¨á¨¬®áâ¨ ¤«ï £¨¤à®¤¨-­ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¢®«­:�w = hai 5Pn=1(zcn cosn� + zsn sinn�);pw = 
(�z + hai 3Pn=1Pn(�) exp n�);Pn(�) = Pm�n(pcnm cosm� + psnm sinm�);m = n; n� 2; : : :� 0;vwx;z = �hcih�i 3Pn=1(�vc;sn cosn�++vs;cn sinn�) expn�; (16)£¤¥  ¬¯«¨âã¤ë ªà â­ëå £ à¬®­¨ª ¢ ¯®«¥ ¤ ¢«¥­¨©,¢®«­®¢®¬ ¯à®ä¨«¥ ¨ ¯®«¥ áª®à®áâ¥© â¥¯¥àì ¨¬¥îâ56 �.�. �¥à¤îç¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 4. �. 51 { 60¢¨¤̄ ®«¥ ¤ ¢«¥­¨©pc;snm = a�n�1a apnmfcos;� sing(m + �nm);ap11 = 1 + 12�2a + 12� X +O(�2);ap20 = �12(1 + 2� X) + O(�2);ap22 = �2a(1 + 5� X +O(�2));ap31 = ��2a(1 + O(�)); ap33 = 12�2a(1 + O(�));�nm = 0ªà®¬¥�11 = �12�lX +O(�2); (17)¢®«­®¢®© ¯à®ä¨«ìzc;sn = zonaznfcos;� sing(n + �n);zn0 = �0na�n�1a (1 + �ǹ�2a + �\n�4a);�0n = f1; 12 ; 38 ; 13 ; 13g; �ǹ = f18 ; 53 ; 72 ; 0; 0g;�\n = f258 ; 0; 0; 0; 0g;azn =qzRn 2 + zJn2; �n = arctan(zJn=zRn );zRn = 1 + 12 [1 + 3(n� 1)]� X + O(�2);zJn = �12 [1 + 3(n� 1)]�lX + O(�2); (18)¯®«¥ áª®à®áâ¥©vc;sn = a�n�1a avnfcos;� sing(n + �n);av1 = 1 + � X + O(�2);av2 = �2a(1 + 5� X ); av3 = 14�2a(1 + O(�));�1 = ��(lX +O(�2); �2 = �3 = 0 + O(�2): (19)�¤¥áì â ª¦¥ ®¡®§­ ç¥­® l = ln a; �a = ah�i. �â¨§ ¢¨á¨¬®áâ¨ ¯®«­®áâìî ®¯à¥¤¥«ïîâáï § ¤ ­¨¥¬¤¢ãå å à ªâ¥à¨áâ¨ª £àã¯¯ ¢®«­ { ®£¨¡ îé¥©  ¬-¯«¨âã¤ a ¨ ¬®¤ã«ïæ¨¨ ä §ë  ¢ ¯¥à¢®© £ à¬®­¨ª¥¯®â¥­æ¨ «  áª®à®áâ¥©, ª®â®àë¥ ¬®¦­® ¯®«ãç¨âì,à á¯®« £ ï § ¯¨áï¬¨ ­¥à¥£ã«ïà­®£® ¢®«­¥­¨ï ¢®«-­®¬¥à­ë¬¨ ¡ãï¬¨.3.3. �à®£à¥áá¨¢­ë¥ ¢®«­ë�â®ª á  V ¯®àï¤ª �à¥¤¥«ì­ë¬ á«ãç ¥¬ ¤«ï ­¥«¨­¥©­ëå ¯«®áª¨å£àã¯¯ ¢®«­ ï¢«ïîâáï ¯¥à¨®¤¨ç¥áª¨¥ ¯à®£à¥áá¨¢-­ë¥ ¢®«­ë �â®ªá , ¤«ï ª®â®àëå ¢¥«¨ç¨­ë a ¨ �a¯à¨®¡à¥â îâ á¬ëá«  ¬¯«¨âã¤ë ¨ ªàãâ¨§­ë ¯¥à-¢®© £ à¬®­¨ª¨ ¢ ¯®â¥­æ¨ «¥ áª®à®áâ¥©. �á«¨ ¤ -«¥¥ ¯¥à¥©â¨ ®â íâ¨å ¢¥«¨ç¨­ ª ­ ¡«î¤ ¥¬ë¬ ¢¥-«¨ç¨­ ¬ { ¢ëá®â¥ ¢®«­ hw ¨ ªàãâ¨§­¥ ¢®«­®-¢®£® áª«®­  �w = �hw=� á®£« á­® á®®â­®è¥­¨îa = 12hw(1� 12�2w � 3724�4w), ª®â®à®¥ ¬®¦­® ¯®«ãç¨âì¨§ ãá«®¢¨ï hw = �w(� = 0)� �w(� = �), â® ¤«ï ¢®«­�â®ªá  ¢ § ¢¨á¨¬®áâïå (16) ¯à®¯ ¤ãâ ¢á¥  ¬¯«¨-âã¤ë sin -£ à¬®­¨ª,   ¤«ï cos -£ à¬®­¨ª  ¬¯«¨âã-¤ë ¡ã¤ãâ à ¢­ë (¨­¤¥ªá "á" ¤«ï ¯à®áâ®âë § ¯¨á¨®¯ãé¥­)p11 = 1� 53�4w; p20 = �12�w(1� �2w);p22 = �3w; p31 = ��4w; p33 = 14�4w; (20)

z1 = 1� 38�2w � 211192�4w ; z2 = 12�w(1 + 23�2w);z3 = 38�2w(1 + 2�2w); z4 = 13�3w ; z5 = 125384�4w; (21)v1 = 1� 12�2w � 32�4w ;v2 = �3w; v3 = 14�4w : (22)�à®¬¥ â®£®, ¢ (16) ¢¥«¨ç¨­ë hai; hci; h�i ¯à¨o¡à¥-â îâ á¬ëá« ¯®«ã¢ëá®âë ¢®«­ë hw=2, «¨­¥©­®©ä §®¢®© áª®à®áâ¨ c = pg=k ¨ ªàãâ¨§­ë ¢®«­®-¢®£® áª«®­  �w . �â® ­ ¨¡®«¥¥ ¯à®áâ ï ¬®¤¥«ì ¤«ï­¥«¨­¥©­ëå ¢®«­ ­  £«ã¡®ª®© ¢®¤¥ ¨§ à áá¬®âà¥­-­ëå ¢ëè¥; ®­  ®¯à¥¤¥«ï¥âáï ¤¢ã¬ï ¯ à ¬¥âà ¬¨ {¢ëá®â®© ¢®«­ë hw ¨ ªàãâ¨§­®© ¢®«­®¢®£® áª«®­ �w.
�¨á. 2. �®«­®¢®© ¯à®ä¨«ì, ®£¨¡ îé ï  ¬¯«¨âã¤(- - - -) ¨ ¬®¤ã«ïæ¨ï ä §ë (||)¢ £àã¯¯¥¢®«­ ¤«ï ¢®«­¥­¨ï ¢ ���

�¨á. 3. �¨­ ¬¨ª  ¤¢¨¦¥­¨ï ¢®«­ ¢ £àã¯¯¥�.�. �¥à¤îç¥­ª® 57



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 4. �. 51 { 60� § ª«îç¥­¨¥ ¯à¨¢¥¤¥¬ ­¥ª®â®àë¥ à¥§ã«ìâ âëç¨á«¥­­ëå à áç¥â®¢, ¨««îáâà¨àãîé¨¥ ¯®«ãç¥­-­ë¥ ¢ëè¥ § ¢¨á¨¬®áâ¨. �®-¯¥à¢ëå, ­  à¨á. 2 ¯®-ª § ­ë ®£¨¡ îé ï  ¬¯«¨âã¤ a, ¬®¤ã«ïæ¨ï ä §ë ¨ ¢®«­®¢®© ¯à®ä¨«ì ¢ £àã¯¯¥ ¢®«­, ¢ë¤¥«¥­­®©¨§ § ¯¨á¨ ¢®«­¥­¨ï ¢ �¥¢¥à®-� ¯ ¤­®© �â« ­â¨-ª¥. �â® ¯à¨¬¥à â¨¯¨ç­®© ­¥à¥£ã«ïà­®© £àã¯¯ë¢®«­ ¤«ï à¥ «ì­ëå ¢®«­®¢ëå ãá«®¢¨© ¢ èâ®à¬¥.�«ï â ª¨å £àã¯¯ ¢®«­ ®£¨¡ îé ï  ¬¯«¨âã¤ ¨ ¬®-¤ã«ïæ¨ï ä §ë ï¢«ïîâáï ¯à®¨§¢®«ì­ë¬¨ äã­ªæ¨ï-¬¨ ¬¥¤«¥­­ëå ¯¥à¥¬¥­­ëå ¨ ¤«ï ®¯¨á ­¨ï â ª¨åäã­ªæ¨© ­¥®¡å®¤¨¬® ¨á¯®«ì§®¢ âì «¨¡® àï¤ë �ã-àì¥, «¨¡® áã¯¥à¯®§¨æ¨¨ á®«¨â®­®¢ ®£¨¡ îé¥©. � à¨á. 3 ¯®ª § ­® ¤¢¨¦¥­¨¥ ¯à®ä¨«ï ¢®«­ë ¢ áà¥¤-­¥© ç áâ¨ £àã¯¯ë ¨, ª ª ¢¨¤­®, ¢®«­®¢®© ¯à®ä¨«ì¨§¬¥­ï¥âáï ¤®áâ â®ç­® á¨«ì­® ¢ ¯à®æ¥áá¥ ¥¥ ¤¢¨-¦¥­¨ï ¢ á®áâ ¢¥ £àã¯¯ë.
�¨á. 4. �®«ï ¤ ¢«¥­¨© ¤«ï á¨­ãá®¨¤ «ì­®© ¢®«­ë(- - - -), ¢®«­ë �â®ªá  (|{)¨ ¢¥âà®¢®© ¢®«­ë�§¬¥­¥­¨¥ ¯®«ï ¤ ¢«¥­¨© ¯® £«ã¡¨­¥ ¤«ï àï¤ á¥ç¥­¨© ¯® ¤«¨­¥ ¢ «¨­¥©­®© á¨­ãá®¨¤ «ì­®© ¢®«-­¥, ¢®«­¥ �â®ªá  ¨ ¢¥âà®¢®© ¢®«­¥ á ªàãâ¨§­®©¯®àï¤ª  1/12 ¯®ª § ­® ­  à¨á. 4. �§ íâ®£®, ª ª ¨¤àã£¨å ¯à¨¬¥à®¢ à áç¥â  ¤ ¢«¥­¨©, á«¥¤ã¥â, çâ®­¥«¨­¥©­ë¥ íää¥ªâë ¯à®ï¢«ïîâáï â®«ìª® ¢ ¯à¨-¯®¢¥àå­®áâ­®¬ á«®¥ ¦¨¤ª®áâ¨ ¯®àï¤ª  2-3 ¯®«ã¢ë-á®âë ¢®«­ë ¨ ¢ ®á­®¢­®¬ ¢ à ©®­¥ £à¥¡­ï. �¨¤­®â ª¦¥ áãé¥áâ¢¥­­®¥ ­¥§ ¬ëª ­¨¥ í¯îà ¤ ¢«¥­¨©­  ¢®«­®¢®¬ ¯à®ä¨«¥ ¢ «¨­¥©­®© ¢®«­¥.�§ ¯à¨¬¥à®¢ à áç¥â  ®¡é¥£® ¯®«ï áª®à®áâ¥© ¨¯®«ï áª®à®áâ¥© áâ®ªá®¢®£® ¤à¥©ä  ¢ ¯à¥¤¥« å ¤«¨-­ë ¢®«­ë ¨ ¯®«ï áª®à®áâ¥© £àã¯¯®¢®£® ¤à¥©ä  ¢¯à¥¤¥« å £àã¯¯ë ¢®«­ ¤«ï áà ¢­¨â¥«ì­® à¥£ã«ïà-­®© ®£¨¡ îé¥©  ¬¯«¨âã¤ ¢®«­ (à¨á. 5 { 7) ¢¨¤-­®, çâ® ¨¬¥îâ ¬¥áâ® ¤®áâ â®ç­® ¡®«ìè¨¥ §­ ç¥-­¨ï £®à¨§®­â «ì­ëå ¯à®¥ªæ¨© ¯®«­ëå áª®à®áâ¥© ¢

à ©®­¥ £à¥¡­ï ¢®«­ë,   â ª¦¥ ¡ëáâàë¥ § âãå ­¨ïáâ®ªá®¢ëå ¤à¥©ä®¢ëå áª®à®áâ¥© á £«ã¡¨­®©. �®«¥áª®à®áâ¥© £àã¯¯®¢®£® ¤à¥©ä  § âãå ¥â á £«ã¡¨­®©­  ¯®àï¤®ª ¬¥¤«¥­­¥¥, ­® ¨ ¥£® ¨­â¥­á¨¢­®áâì ­ ¯®àï¤®ª ¬¥­ìè¥ áâ®ªá®¢®£® ¯®«ï,   á ã¢¥«¨ç¥­¨-¥¬ áâ¥¯¥­¨ ­¥à¥£ã«ïà­®áâ¨ ®£¨¡ îé¥© ãá¨«¨¢ ¥â-áï ¨ áâ¥¯¥­ì å ®â¨ç­®áâ¨ ¯®«ï áª®à®áâ¥© £àã¯¯®-¢®£® ¤à¥©ä , â ª ª ª ®­® ®¯à¥¤¥«ï¥âáï ¯à®¤®«ì­ë-¬¨ £à ¤¨¥­â ¬¨ ª¢ ¤à â  ®£¨¡ îé¥©. �â¬¥â¨¬,çâ® ­  ¢á¥å £à ä¨ª å ¨ à¨áã­ª å ¬ áèâ ¡ ¯® ¢ë-á®â¥ ã¢¥«¨ç¥­ ¤«ï ­ £«ï¤­®áâ¨ ¨§®¡à ¦¥­¨ï.
�¨á. 5. �¡é¥¥ ¯®«¥ áª®à®áâ¥© ¢ ­¥«¨­¥©­®© ¢®«­¥;ªàãâ¨§­  ¢®«­ë 1/9
�¨á. 6. �®«¥ áª®à®áâ¥© áâ®ªá®¢®£® ¤à¥©ä  ¢ ¢®«­¥����������1. �¥«¨­¥©­ë¥ à áç¥âë à¥ ªæ¨¨ áã¤®¢ ¨ ¯« ¢ã-ç¨å ¬®àáª¨å á®®àã¦¥­¨© ­  ¢®«­ å ª®­¥ç­®©  ¬-¯«¨âã¤ë ¢ èâ®à¬¥ ¢® ¢à¥¬¥­­®© ®¡« áâ¨ (nonlin-58 �.�. �¥à¤îç¥­ª®
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�¨á. 7. �®«¥ áª®à®áâ¥© £àã¯¯®¢®£® ¤à¥©ä ;||- - ®£¨¡ îé ï  ¬¯«¨âã¤ ¢®«­ear time - domain calculation) âà¥¡ãîâ à §à ¡®âª¨¯®¤å®¤ïé¨å £¨¤à®¤¨­ ¬¨ç¥áª¨å ¬®¤¥«¥© ¤«ï ­ ¡¥-£ îé¨å ¢®«­, ¢ª«îç îé¨å à áç¥â­ë¥ § ¢¨á¨¬®-áâ¨ ¤«ï £¨¤à®¤¨­ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¢®«­ {¢®«­®¢®£® ¯à®ä¨«ï ¨ ¯®«ï £¨¤à®¤¨­ ¬¨ç¥áª¨å ¤ -¢«¥­¨© ¨ áª®à®áâ¥© ç áâ¨æ ¦¨¤ª®áâ¨ ¢ ¢®«­ å.2. �àã¯­®¬ áèâ ¡­ë¥ ¢®«­ë ¢ èâ®à¬¥, ª®â®-àë¥ ®¯à¥¤¥«ïîâ ®á­®¢­®¥ á¨«®¢®¥ ¢®§¤¥©áâ¢¨¥ ­ áã¤  ¨ ¯« ¢ãç¨¥ á®®àã¦¥­¨ï, ®¡« ¤ îâ £àã¯¯®¢®©áâàãªâãà®©, â.¥. ï¢«ïîâáï ¡®«¥¥ à¥£ã«ïà­ë¬¨ ­ ®¡é¥¬ ¢®«­®¢®¬ ä®­¥ ¨ ¯®íâ®¬ã ¤«ï ¨áá«¥¤®¢ ­¨ï¨å «®ª «ì­®© £¨¤à®¤¨­ ¬¨ª¨ íää¥ªâ¨¢­® ¯à¨¬¥-­¥­¨¥ ¬¥â®¤®¢ â¥®à¨¨ ¢®§¬ãé¥­¨© ¨, ¢ ç áâ­®-áâ¨, ¬¥â®¤®¢ ¬­®£¨å ¬ áèâ ¡®¢, ®á­®¢ ­­ëå ­ à §¤¥«¥­¨¨ ¢®«­®¢ëå ¯à®æ¥áá®¢ ­  ¡ëáâà® ®áæ¨«-«¨àãîé¨¥ ¨ ¬¥¤«¥­­® ¬¥­ïîé¨¥áï. �à¨ íâ®¬ íä-ä¥ªâë ­¥«¨­¥©­®áâ¨, ­¥à¥£ã«ïà­®áâ¨ ¨ âà¥å¬¥à-­®áâ¨ ¢®«­,   â ª¦¥ ¤¥©áâ¢¨ï ¢¥âà®¢®£® ¯®â®ª à áá¬ âà¨¢ îâáï ª ª ¢®§¬ãé¥­¨ï ¤«ï à¥£ã«ïà­®©á¢®¡®¤­®© ¢®«­ë. �«ï ®æ¥­ª¨ ¯®àï¤ª  ¢®§¬ãé¥-­¨© ¤®¯ãáâ¨¬® ¨á¯®«ì§®¢ âì ®¤¨­ ®¡é¨© ¬ «ë©¯ à ¬¥âà.3. �¥è¥­¨¥ ­¥«¨­¥©­®© ªà ¥¢®© § ¤ ç¨ ¤«ï ¯®-â¥­æ¨ «  áª®à®áâ¥© £àã¯¯ ¢¥âà®¢ëå ¢®«­ ¢ èâ®à-¬¥ ¬¥â®¤®¬ ¬­®£¨å ¬ áèâ ¡®¢ ¢ à ¬ª å ¯¥à¢ëå¯ïâ¨ ¯à¨¡«¨¦¥­¨© ¯® ¬ «®¬ã ¯ à ¬¥âàã ¤ ¥â ¢®§-¬®¦­®áâì ¯®«ãç¨âì ¤®áâ â®ç­® ®¡é¨¥ § ¢¨á¨¬®-áâ¨ ¤«ï £¨¤à®¤¨­ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¢®«­,­¥®¡å®¤¨¬ë¥ ¤«ï ¨å ¨á¯®«ì§®¢ ­¨ï ¢ à áç¥â å à¥- ªæ¨¨ áã¤®¢ ­  ¢®«­¥­¨¨. �à¨ íâ®¬ ãç¥â ®á­®¢-­ëå ­¥«¨­¥©­ëå ¨ ­¥áâ æ¨®­ à­ëå íää¥ªâ®¢ ¯à¨-¢®¤¨â ª ä®à¬¨à®¢ ­¨î ¯®«­®£® ­ ¡®à  ªà â­ëå£ à¬®­¨ª ¢ ¢®«­®¢®¬ ¯à®ä¨«¥ ¨ â®«ìª® ¢â®à®© ¨âà¥âì¥© £ à¬®­¨ª¨ á® áà ¢­¨â¥«ì­® ¬ «ë¬¨  ¬-¯«¨âã¤ ¬¨ ¢ ¯®«¥ ¤ ¢«¥­¨© ¨ áª®à®áâ¥©. �à¥¤-

­¨¥ á¬¥é¥­¨ï ¢®«­®¢®© ¯®¢¥àå­®áâ¨ ¨ áà¥¤­¥¥ ¯®-«¥ áª®à®áâ¥©, ¨­¤ãæ¨à®¢ ­­ë¥ íâ¨¬¨ íää¥ªâ ¬¨,¬ «ë ¨ ¨¬¥îâ âà¥â¨© ¨ ¢ëè¥ ¯®àï¤®ª ¯® ¬ «®-¬ã ¯ à ¬¥âàã. � â® ¦¥ ¢à¥¬ï ¢ ¯®«¥ ¤ ¢«¥­¨©­¥«¨­¥©­®áâì ä®à¬¨àã¥â § ¬¥â­®¥ áà¥¤­¥¥ ¤ ¢«¥-­¨¥, ª®â®à®¥ ¤®«¦­® ¡ëâì ®¡ï§ â¥«ì­® ¢ª«îç¥­®¢ à áç¥â­ë¥ § ¢¨á¨¬®áâ¨.4. �ç¥â ¤®¯®«­¨â¥«ì­ëå íää¥ªâ®¢ âà¥å¬¥à­®-áâ¨ ¢®«­ ¨ ¤ ¢«¥­¨ï ¢¥âà®¢®£® ¯®â®ª  ¤®¢®«ì­®áãé¥áâ¢¥­­® ãá«®¦­ï¥â à áç¥â­ë¥ § ¢¨á¨¬®áâ¨¤«ï £¨¤à®¤¨­ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª, ­¥ ¢­®áï¢ â® ¦¥ ¢à¥¬ï ¯à¨­æ¨¯¨ «ì­ëå ãâ®ç­¥­¨© ¢ ¡ -§®¢ë¥ á®®â­®è¥­¨ï ¤«ï ªàã¯­®¬ áèâ ¡­ëå à §-¢¨âëå ¢®«­. �à¨ íâ®¬ âà¥å¬¥à­ë¥ íää¥ªâë ¢®á­®¢­®¬ áª §ë¢ îâáï ­  ¯¥à¨ä¥à¨¨ £àã¯¯ ¢®«­,ª®â®àë¥ ¢ à §¢¨âëå èâ®à¬ å ¨¬¥îâ ¤®áâ â®ç­®¯à®âï¦¥­­ë¥ £à¥¡­¨. �à ªâ¨ç¥áª¨© ãç¥â ¢¥âà®-¢®£® ¤ ¢«¥­¨ï âà¥¡ã¥â ®¡è¨à­®© ¨­ä®à¬ æ¨¨ ®¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®© áâàãªâãà¥ ¢¥âà®¢®£®¯®â®ª  ­ ¤ ¢®«­®¢®© ¯®¢¥àå­®áâìî, ª®â®àãî ¨§-§  ¨§¬¥­ç¨¢®áâ¨, ¤®¢®«ì­® âàã¤­® ãç¥áâì ¢ à áç¥-â å.5. �̄ à®é¥­­ë¥ § ¢¨á¨¬®áâ¨ ¤«ï  ¬¯«¨âã¤ ªà â-­ëå £ à¬®­¨ª ¢ £¨¤à®¤¨­ ¬¨ç¥áª¨å å à ªâ¥à¨-áâ¨ª å ¯«®áª¨å á¢®¡®¤­ëå £àã¯¯ å ¢®«­ á ã¤¥à-¦ ­¨¥¬ â®«ìª® ®á­®¢­ëå ¯®àï¤ª®¢ ¬ «®áâ¨ ¯® ­¥-«¨­¥©­®áâ¨ ¨ ­¥à¥£ã«ïà­®áâ¨ ®ª §ë¢ îâáï ¤®áâ -â®ç­® ¯à®áâë¬¨ ¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ­ë ¢¯à ªâ¨ç¥áª¨å à áç¥â å ­¥«¨­¥©­®© ª çª¨ ¨ ¢®«­®-¢ëå ­ £àã§®ª ª®à¯ãá®¢ áã¤®¢ ­  £àã¯¯ å ¢®«­,   ¢¯à¥¤¥«ì­®¬ á«ãç ¥ ¨ ­  à¥£ã«ïà­ëå ¢®«­ å �â®ªá ª®­¥ç­®©  ¬¯«¨âã¤ë. �à¨ íâ®¬ ¯¥à¢ë¥ ¯ïâì ¯®-àï¤ª®¢ ¯® ¬ «®¬ã ¯ à ¬¥âàã ®¡¥á¯¥ç¨¢ îâ ¯à¨¥¬-«¥¬ãî â®ç­®áâì ¤«ï ¢®«­®¢®£® ¯à®ä¨«ï, ¯®«ï ¤ -¢«¥­¨© ¨ áª®à®áâ¥© ¢¯«®âì ¤® ¬ ªá¨¬ «ì­ëå ªàã-â¨§­ ¢®«­ 1/9 - 1/7.1. Yuen G.C., Lake B.M. Instabilities of waves ondeep water // Ann. Rev. Fluid Mech.{ 1980.{ 12.{P. 303-334.2. �¥«¥§®¢ �.�., �®àáã­áª¨© �.�. �¥áâ æ¨®­ à­ë¥¨ ­¥«¨­¥©­ë¥ ¢®«­ë ¢ í«¥ªâà®¯à®¢®¤ïé¨å áà¥¤ å.{�¨¥¢: � ãª. ¤ã¬ª , 1991.{ 198 á.3. �¥«¥§®¢ �.�. � á¯à®áâà ­¥­¨¥ ­¥«¨-­¥©­ëå ­¥ãáâ ­®¢¨¢è¨åáï ¯®¢¥àå­®áâ­ëå £à ¢¨-â æ¨®­­ëå ¢®«­ ­ ¤ ­¥à®¢­ë¬ ¤­®¬ // �à¨ª« ¤-­ ï £¨¤à®¬¥å ­¨ª .{ 1999.{ 1(73).{ �. 102-109.4. Lo E., Mei C.C. A numerical study of water-wave modulation based on a higher-order nonlinearSchredinger equation // J. Fluid Mech.{ 1985.{150.{ P. 395-416.5. Dommermuth D.G., Yue D.K.P., Lin W.M. et al.Deep-water plunging breakers: a comparison betweenpotential theory and experiments // J. Fluid Mech.{1988.{ 189.{ P. 423-442.6. Chiu F.-C., Fujino M. Nonlinear prediction of verticalmotions and wave loads of high- speed crafts in headsea // Int. Shipb. Progr.{ 1989.{ 36.{ P. 24-32.�.�. �¥à¤îç¥­ª® 59
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