
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40��� 532.5������������ ������������� �� ��������������� ���� ���������� ��������������������������� � �������������� �����. �. ����������­áâ¨âãâ ¬ â¥¬ â¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 14.03.2003�à¥¤«®¦¥­­ ï  ¢â®à®¬ à ­¥¥ ¬®¤¥«ì 2-¬¥à­ëå ª®«¥¡ ­¨© ¦¨¤ª®áâ¨ ¢ ¯àï¬®ã£®«ì­®¬ ¡ ª¥ à §¢¨¢ ¥âáï ­  á«ãç ©3-¬¥à­ëå ª®«¥¡ ­¨© ¢ æ¨«¨­¤à¨ç¥áª®¬ ¡ ª¥. �®¤¥«ì ®á­®¢ ­  ­  â®ç­ëå ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨ïåâ¨¯  � ¬¨«ìâ®­ , ¢ ®â«¨ç¨¥ ®â à §«¨ç­ëå ¬®¤¥«¥©, ®á­®¢ ­­ëå ­  ®æ¥­ª å ¯®àï¤ª  ¬ «®áâ¨ ¨áª®¬ëå ¢¥«¨ç¨­. �®ç-­ë¥ ãà ¢­¥­¨ï ¯à¥¤áâ ¢«¥­ë ¢ ¬ âà¨ç­®© ä®à¬¥, ãáâ ­®¢«¥­  ¡«®ç­ ï áâàãªâãà  ¨å ¬ âà¨ç­ëå ª®íää¨æ¨¥­â®¢,®á®¡®¥ ¢­¨¬ ­¨¥ ã¤¥«¥­® á¢ï§¨ ®¤¨­ à­ëå ¨ ¤¢®©­ëå ¨­¤¥ªá®¢ ¢ ¯à¥¤áâ ¢«¥­¨ïå ¯®â¥­æ¨ «  áª®à®áâ¥© ¨ á¢®¡®¤­®©¯®¢¥àå­®áâ¨ ç¥à¥§ ¯à®áâë¥ ¨ ¤¢®©­ë¥ áã¬¬ë. � §à ¡®â ­  «£®à¨â¬ ç¨á«¥­­®£® à¥è¥­¨ï íâ¨å ãà ¢­¥­¨©, ª®â®-àë© â¥áâ¨àã¥âáï ­  § ¤ ç¥ ® ­¥«¨­¥©­ëå ª®«¥¡ ­¨ïå ¦¨¤ª®áâ¨ ¢ ¢¥àâ¨ª «ì­®¬ æ¨«¨­¤à¨ç¥áª®¬ ¡ ª¥ ¢® ¢à¥¬ï ¥£®à §£®­  ¯® £®à¨§®­â «¨.� ¯à®¯®­®¢ ­ã  ¢â®à®¬ à ­iè¥ 2-¢¨¬ià­ã ¬®¤¥«ì ª®«¨¢ ­ì ài¤¨­¨ ã ¯àï¬®ªãâ­®¬ã à¥§¥à¢ã ài à®§¢¨­ãâ® ­  ¢¨¯ ¤®ª3-¢¨¬ià­¨å ª®«¨¢ ­ì ã æ¨«i­¤à¨ç­®¬ã à¥§¥à¢ã ài. �®¤¥«ì ¡ §ãõâìáï ­  â®ç­¨å i­â¥£à®-¤¨ä¥à¥­æi©­¨å ài¢­ï­­ïåâ¨¯ã � ¬i«ìâ®­ , ­  ¢i¤¬i­ã ¢i¤ ¬®¤¥«¥©, é® ¢¨ª®à¨áâ®¢ãîâì ®æi­ª¨ ¯®àï¤ªã ¬ «®áâi èãª ­¨å ¢¥«¨ç¨­. �®ç­iài¢­ï­­ï ¯®¤ ­® ã ¬ âà¨ç­®¬ã ¢¨£«ï¤i, ¢áâ ­®¢«¥­® ¡«®ç­ã áâàãªâãàã ùå­÷å ¬ âà¨ç­¨å ª®¥äiæiõ­âi¢, ®á®¡«¨¢ã ã¢ £ã¯à¨¤i«¥­® §¢'ï§ªã ®¤¨­ à­¨å â  ¯®¤¢i©­¨å i­¤¥ªái¢ ã ¯à¥¤áâ ¢«¥­­ïå ¯®â¥­æi «ã è¢¨¤ª®áâ¥© â  ¢i«ì­®ù ¯®¢¥àå­iç¥à¥§ ¯à®áâi â  ¯®¤¢i©­i áã¬¨. �®§à®¡«¥­®  «£®à¨â¬ ç¨á¥«ì­®£® à®§¢'ï§ã¢ ­­ï æ¨å ài¢­ï­ì, ª®âà¨© â¥áâãõâìáï­  § ¤ çi ¯à® ­¥«i­i©­i ª®«¨¢ ­­ï ài¤¨­¨ ã ¢¥àâ¨ª «ì­®¬ã æ¨«i­¤à¨ç­®¬ã à¥§¥à¢ã ài ¯i¤ ç á ©®£® ¯à¨áª®à¥­­ï ã£®à¨§®­â «ì­®¬ã ­ ¯àï¬i.The earlier o�ered by author model of two-dimensional sloshing in a rectangular tank is extended on the case of three-dimensional sloshing in a cylinder tank. This model is based on the exact integro-di�erential equations of Hamilton's typein contrast to the simpli�ed equations of a di�erent smallness order. This exact equations is represented in the matrixform, the block structure of their matrix coe�cients is showed, particular attention has been given to the relation betweensingle and double indices in the representation of a velocity potential and free sarface in the form of the single and doublesums. The algorithm of a numerical integration of this equations has been worked out and tested in the case of nonlinearsloshing in the vertical cylinder tank which is accelerated in the horizontal direction.���������¥«ì ­ áâ®ïé¥© à ¡®âë { ¯®áâà®¥­¨¥ ­  ®á­®¢¥¢ à¨ æ¨®­­®£® ¯à¨­æ¨¯  �¥©â¬¥­ {�îª {�̈ §¥¬ ¨ ®æ¥­ª  ¢ëç¨á«¨â¥«ì­ëå ¢®§¬®¦­®áâ¥© ª®¬¯ìî-â¥à­®© ¬®¤¥«¨ ­¥«¨­¥©­ëå ª®«¥¡ ­¨© ¦¨¤ª®áâ¨¢ ¯®¤¢¨¦­®¬ ¢¥àâ¨ª «ì­®¬ æ¨«¨­¤à¨ç¥áª®¬ ¡ -ª¥. �®®â¢¥âáâ¢ãîé ï ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì¯à¥¤áâ ¢«ï¥â á®¡®© á¨áâ¥¬ã ­¥«¨­¥©­ëå ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© â¨¯  � ¬¨«ìâ®­  ¨â¥áâ¨àã¥âáï ­  § ¤ ç¥ ® ­¥«¨­¥©­ëå ª®«¥¡ ­¨ïå¦¨¤ª®áâ¨ ¢ ¢¥àâ¨ª «ì­®¬ ¡ ª¥, à §£®­ï¥¬®¬ ¯®£®à¨§®­â «¨ á ¯®áâ®ï­­ë¬ ãáª®à¥­¨¥¬ ¨§ ¯®«®-¦¥­¨ï à ¢­®¢¥á¨ï. � ¡®â  ¯à®¤®«¦ ¥â ¨áá«¥¤®-¢ ­¨ï, ­ ç âë¥ ¢ [1] ¤«ï á«ãç ï ¯àï¬®ã£®«ì­®£®¡ ª .�¨­ ¬¨ª  ¦¨¤ª®áâ¨ ¢ æ¨«¨­¤à¨ç¥áª¨å ¡ ª åï¢«ï¥âáï ®¤­¨¬ ¨§ ­ ¨¡®«¥¥ à §à ¡®â ­­ëå à §¤¥-«®¢ â¥®à¨¨ ®â­®á¨â¥«ì­®£® ¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨ [2]{ [6]. (�¡è¨à­ ï ¡¨¡«¨®£à ä¨ï ¢¯«®âì ¤® 1996 £®-¤  ¨¬¥¥âáï ¢ [7]). �â® ª á ¥âáï ¯à¨«®¦¥­¨©, â®¨§¢¥áâ¥­ ¡®«ìè®© àï¤ ¯à¨¡«¨¦¥­­ëå ¬¥â®¤®¢ à¥-
è¥­¨ï ¯à ªâ¨ç¥áª¨å § ¤ ç (¬¥â®¤ â¥®à¨¨ ¢®§¬ã-é¥­¨©, ¢ à¨ æ¨®­­ë© ¬¥â®¤, ¬¥â®¤ ª®­¥ç­ëå í«¥-¬¥­â®¢ ¨ â.¤.), ª ¦¤ë© ¨§ ª®â®àëå ¨¬¥¥â á¢®î®¡« áâì ¯à¨¬¥­¥­¨ï, ­® ­¨ ®¤¨­ ­¥ ï¢«ï¥âáï ã­¨-¢¥àá «ì­ë¬ ¨ ¨§ãç¥­­ë¬ ¤® ª®­æ . � ¤ ­­®© áâ -âì¥ à §¢¨¢ ¥âáï ¢ à¨ æ¨®­­ë© ¬¥â®¤, ®á­®¢ ­-­ë© ­  äã­ªæ¨®­ «¥ ¤ ¢«¥­¨ï ¨ ¢®áå®¤ïé¨© (¢¯à¨¬¥­¥­¨¨ ª § ¤ ç ¬ ¤¨­ ¬¨ª¨ ®£à ­¨ç¥­­®£®®¡ê¥¬  ¦¨¤ª®áâ¨) ª à ¡®â ¬ [2,3].�á­®¢­®© ®¡é¨© ¢®¯à®á, à¥è¥­¨î ª®â®à®£® ¯®-á¢ïé¥­  ­ áâ®ïé ï áâ âìï (ª ª ¨ ¯à¥¤ë¤ãé ï [1]),{ ­ áª®«ìª® íää¥ªâ¨¢­  ¬®¤¥«ì, ¯®áâà®¥­­ ï ­ ®á­®¢¥ â®ç­ëå ãà ¢­¥­¨© â¨¯  � ¬¨«ìâ®­ . �à®-¡«¥¬  ­¥¯®áà¥¤áâ¢¥­­®£® ¨á¯®«ì§®¢ ­¨¨ ¨¬¥­­®â®ç­ëå ãà ¢­¥­¨© ¢®§­¨ª ¥â ¢ á¢ï§¨ á â¥¬, çâ®®¡ëç­® ¯à ªâ¨ªã¥¬®¥ à §«®¦¥­¨¥ ¢ àï¤ë �¥©«®à ª®íää¨æ¨¥­â®¢ â®ç­ëå ãà ¢­¥­¨© á ¯®á«¥¤ãîé¨¬ã¤¥à¦ ­¨¥¬ ¢ ãà ¢­¥­¨ïå â®«ìª® á« £ ¥¬ëå ®¯à¥-¤¥«¥­­®£® ¯®àï¤ª  ¬ «®áâ¨ (á¬., ­ ¯à¨¬¥à, [2, 3]),®ª §ë¢ ¥âáï íää¥ªâ¨¢­ë¬ «¨èì ¤® ®¯à¥¤¥«¥­­®£®¬®¬¥­â , â ª ª ª ¯à¨ ã¢¥«¨ç¥­¨¨ ç¨á«  ã¤¥à¦¨¢ -¥¬ëå á« £ ¥¬ëå á«®¦­®áâì ¬®¤¥«¨ ¢®§à áâ ¥â ¨áâ ­®¢¨âáï á®¨§¬¥à¨¬®© á® á«®¦­®áâìî ¨áå®¤­®©c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40â®ç­®© § ¤ ç¨. � â® ¦¥ ¢à¥¬ï, á®áâ®ï­¨¥ â¥®à¨¨â ª®¢®, çâ® ¤«ï ¬­®£¨å § ¤ ç ­¥¢®§¬®¦­® ­ ¯¥à¥¤ãª § âì ­¥®¡å®¤¨¬®¥ ç¨á«® ¯®¤«¥¦ é¨å ã¤¥à¦ -­¨î á« £ ¥¬ëå ¨ ¯à¥¤áª § âì ¯®á«¥¤áâ¢¨ï ®â¡à -áë¢ ­¨ï â¥å ¨«¨ ¨­ëå ­¥«¨­¥©­ëå ç«¥­®¢ ãà ¢-­¥­¨©. �á¥ íâ® ¤¨ªâã¥â ­¥®¡å®¤¨¬®áâì ¨§ãç¥­¨ïâ®ç­ëå ãà ¢­¥­¨© ¨, ¥áâ¥áâ¢¥­­®, ®á­®¢ ­­ëå ­ ­¨å à áç¥â­ëå ¬®¤¥«¥©.�ä®à¬ã«¨à®¢ ­­ë© ®á­®¢­®© ¢®¯à®á  ­ «¨§¨-àã¥âáï ­  ¯à¨¬¥à¥ æ¨«¨­¤à¨ç¥áª®£® á®áã¤ , á®¢¥à-è îé¥£® ¯®áâã¯ â¥«ì­ë¥ ¤¢¨¦¥­¨ï. � áá¬ âà¨-¢ ¥âáï § ¤ ç  ® ­¥«¨­¥©­ëå ª®«¥¡ ­¨ïå âï¦¥«®©¨¤¥ «ì­®© ®¤­®à®¤­®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ãáª®àï¥¬®¬ ¯® £®à¨§®­â «¨ ¢¥àâ¨ª «ì­®¬ æ¨«¨­-¤à¨ç¥áª®¬ ¡ ª¥, ª®â®àë© ¯¥à¢®­ ç «ì­® ¤¢¨£ «-áï á ¯®áâ®ï­­®© áª®à®áâìî ¨«¨ ¯®ª®¨«áï. �á­®¢-­ ï ®á®¡¥­­®áâì íâ®© § ¤ ç¨ { à §àë¢­®¥ ¤¢¨-¦¥­¨¥ ¡ ª , ¯à¨ ª®â®à®¬ ¥£® áª®à®áâì ­¥¯à¥àë¢-­ ,   ãáª®à¥­¨¥ â¥à¯¨â à §àë¢ 1-£® à®¤ . � ¤ ç á«®¦­  ¤«ï  ­ «¨â¨ç¥áª®£® à¥è¥­¨ï ¨ ®¤­®¢à¥¬¥­-­® ¯à¥¤áâ ¢«ï¥â ®¯à¥¤¥«¥­­ë© ¯à ªâ¨ç¥áª¨© ¨­-â¥à¥á. � ç áâ­®áâ¨, ®­  ¨¬¥¥â ¯àï¬®¥ ®â­®è¥­¨¥ª  ­ «¨§ã ¨¬¯ã«ìá­ëå ¤¢¨¦¥­¨© ¦¨¤ª®áâ¨, ¢®§-­¨ª îé¨å, ­ ¯à¨¬¥à, ¢ åà ­¨«¨é å ­¥äâ¥¯à®¤ãª-â®¢ ¯à¨ ¯®¤§¥¬­ëå â®«çª å ¢® ¢à¥¬ï §¥¬«¥âàïá¥-­¨©.� áâ®ïé¥¥ ¨áá«¥¤®¢ ­¨¥ ¢ë¯®«­¥­® ¯® ¯« ­ã à -¡®âë [1], ­® á ãç¥â®¬ á¯¥æ¨ä¨ª¨ ä®à¬ë ¡ ª .�á«¨ ¢ á«ãç ¥ ¯àï¬®ã£®«ì­®£® ¡ ª  ¢®§¬®¦­ë 2-¬¥à­ë¥ â¥ç¥­¨ï, â® ¢ æ¨«¨­¤à¨ç¥áª®© ¯®«®áâ¨¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨ â®«ìª® 3-¬¥à­ë¥. �â® ¯®-¢«¥ª«® ¥áâ¥áâ¢¥­­ë¥ ¤®à ¡®âª¨ ¬®¤¥«¨, ­ ç¨­ ïá ¯¥à¥å®¤  ¢ ¨áå®¤­ëå ­ ç «ì­®-ªà ¥¢®© ¨ ¢ à¨- æ¨®­­®© § ¤ ç å ®â ¤¥ª àâ®¢ëå ª®®à¤¨­ â ª æ¨-«¨­¤à¨ç¥áª¨¬ ¨ ª®­ç ï ¯¥à¥¤¥«ª®© á®®â¢¥áâ¢ãî-é¨å äà £¬¥­â®¢ ª®¬¯ìîâ¥à­®© ¯à®£à ¬¬ë. �®ç-­ë¥ ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢­¥­¨ï â¨¯ � ¬¨«ìâ®­  ¯à¥¤áâ ¢«¥­ë ¢ ¬ âà¨ç­®© ä®à¬¥, ¨á-á«¥¤®¢ ­  áâàãªâãà  ¬ âà¨ç­ëå ª®íää¨æ¨¥­â®¢íâ¨å ãà ¢­¥­¨©, ®á®¡®¥ ¢­¨¬ ­¨¥ ã¤¥«¥­® á¢ï§¨®¤¨­ à­ëå ¨ ¤¢®©­ëå ¨­¤¥ªá®¢ ¢ ä®à¬ã« å ¤«ï  ¯-¯à®ªá¨¬¨àãîé¨å ¢ëà ¦¥­¨© á¢®¡®¤­®© ¯®¢¥àå­®-áâ¨ ¨ ¯®â¥­æ¨ «  áª®à®áâ¥©. �«ï ª®­ªà¥â­®© á¨-áâ¥¬ë ­  ®á­®¢¥ ¯à¥¤« £ ¥¬®£®  «£®à¨â¬  ¢ë¯®«-­¥­ ç¨á«¥­­ë©  ­ «¨§ ¯®¢¥¤¥­¨ï ¦¨¤ª®áâ¨ ¢ ¬£­®-¢¥­­® ãáª®àï¥¬®¬ æ¨«¨­¤à¨ç¥áª®¬ ¡ ª¥.1. ����������������� ������� áá¬ âà¨¢ ¥âáï ªàã£«ë© æ¨«¨­¤à¨ç¥áª¨© ­¥-¤¥ä®à¬¨àã¥¬ë© ¡ ª à ¤¨ãá®¬ R, ¢ëá®â®© l, á¯«®áª¨¬ ¤­®¬, ª®â®àë© à á¯®«®¦¥­ ¢¥àâ¨ª «ì­® ¨ç áâ¨ç­® § ¯®«­¥­ ¨¤¥ «ì­®© ®¤­®à®¤­®© ­¥á¦¨-¬ ¥¬®© ¦¨¤ª®áâìî ¯«®â­®áâ¨ � (ãà®¢¥­ì § ¯®«­¥-

­¨ï H). � ¡ ª®¬ ¦¥áâª® á¢ï§ ­  ¯à ¢ ï ¤¥ª à-â®¢  á¨áâ¥¬  ª®®à¤¨­ â Oxyz, ­ ç «® O ª®â®à®©à §¬¥é¥­® ¢ ¥£® æ¥­âà¥, ®áì Oz ­ ¯à ¢«¥­  ¢¤®«ì¯à®¤®«ì­®© ®á¨ á¨¬¬¥âà¨¨ ¡ ª  ¢¢¥àå,   ®á¨ Ox,Oy à á¯®«®¦¥­ë ¢ ¯«®áª®áâ¨ ¯®¯¥à¥ç­®£® á¥ç¥­¨ï.�áï á¨áâ¥¬  "¡ ª{¦¨¤ª®áâì" ­ å®¤¨âáï ¢ ¯®«¥ á¨-«ë âï¦¥áâ¨ ¨ ¤¢¨¦¥âáï ®â­®á¨â¥«ì­® ­¥ª®â®à®©¨­¥àæ¨ «ì­®© á¨áâ¥¬ë ª®®à¤¨­ â O�������, ®áìO��� ª®â®à®© ­ ¯à ¢«¥­  ¯® ¢¥ªâ®àã g0 ãáª®à¥­¨ïá¨«ë âï¦¥áâ¨ ¢ ¯à®â¨¢®¯®«®¦­®¬ ¥¬ã ­ ¯à ¢«¥-­¨¨. �á¨ á¨áâ¥¬ ª®®à¤¨­ â O������� ¨ Oxyz ¢á¥-£¤  ¯ à ««¥«ì­ë,   ­ ç «  O� ¨ O, ¥áâ¥áâ¢¥­­®,¬®£ãâ ­¥ á®¢¯ ¤ âì.� ª á®¢¥àè ¥â ¯®áâã¯ â¥«ì­®¥ ¤¢¨¦¥­¨¥, ª®â®-à®¥ á®áâ®¨â ¨§ ¤¢ãå íâ ¯®¢. �  ¯¥à¢®¬ íâ ¯¥®­ ¤¢¨¦¥âáï à ¢­®¬¥à­® (¢ ç áâ­®áâ¨, ¯®ª®¨âáï),¯à¨ç¥¬ ¢¥ªâ®à áª®à®áâ¨ v0 ¢ ¯à®¥ªæ¨ïå ­  ®á¨O������� ¨¬¥¥â ¢¨¤v0 = (0; v; 0) (v = const):�  ¢â®à®¬ íâ ¯¥ ¡ ª á®¢¥àè ¥â à ¢­®ãáª®à¥­­®¥¤¢¨¦¥­¨¥ á ¢¥ªâ®à®¬ ãáª®à¥­¨ï (¢ ¯à®¥ªæ¨ïå ­ ®á¨ O�������)w0 = (0; w; 0) (w = const):�áª®à¥­­®¥ ¤¢¨¦¥­¨¥ ¡ ª  ¯à®â¥ª ¥â ­  ª®­¥ç­®¬®âà¥§ª¥ ¢à¥¬¥­¨ [0; t1], ¤«¨â¥«ì­®áâì ª®â®à®£®, ¢®-®¡é¥ £®¢®àï, ¯à®¨§¢®«ì­ , ­® ¯à¨ ¬ «ëå ¥ñ §­ ç¥-­¨ïå ¬®¦­® £®¢®à¨âì ® â ª ­ §ë¢ ¥¬®¬ ¨¬¯ã«ìá-­®¬ à¥¦¨¬¥ ¤¢¨¦¥­¨ï ¡ ª .�à¥¤¯®« £ ¥âáï, çâ®:1) ¤¢¨¦¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨®â­®á¨â¥«ì­® ¡ ª  ï¢«ï¥âáï 3-¬¥à­ë¬,2) ¯®«¥  ¡á®«îâ­®© áª®à®áâ¨ ¦¨¤ª®áâ¨ ¤®¯ãá-ª ¥â ¯®â¥­æ¨ «,3) á®áã¤ ®âªàëâë©,4) á¢®¡®¤­ ï ¯®¢¥àå­®áâì �(t) ¬®¦¥â ¡ëâì¯à¥¤áâ ¢«¥­  ï¢­ë¬ ãà ¢­¥­¨¥¬z = �(x; y; t); (1)5) ¢ ­ ç «ì­ë© ¬®¬¥­â ¢à¥¬¥­¨ t = 0 ¦¨¤ª®áâì¯®ª®¨âáï ®â­®á¨â¥«ì­® á®áã¤ ,   ¥ñ á¢®¡®¤­ ï ¯®-¢¥àå­®áâì § ¤ ­  ãà ¢­¥­¨¥¬z = h0; h0 = H � l2 ;6) ¤­® á®áã¤  ­¨ ¯à¨ ª ª¨å t ­¥ ®¡­ ¦ ¥âáï,7) äã­ªæ¨ï �(x; y; t) ¬®¦¥â ¯à¨­¨¬ âì §­ ç¥-­¨ï, á®¨§¬¥à¨¬ë¥ á £«ã¡¨­®© § ¯®«­¥­¨ï á®áã¤ H.�à¥¡ã¥âáï à ááç¨â âì ¢®«­®¢ë¥ ¤¢¨¦¥­¨ï ¦¨¤-ª®áâ¨ ­  íâ ¯¥ ãáª®à¥­­®£® ¤¢¨¦¥­¨ï ¡ ª ,   ¨¬¥­-­®: ¤«ï «î¡®£® ¬®¬¥­â  ¢à¥¬¥­¨ t 2 [0; t1] ­ ©â¨20 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40ä®à¬ã á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ �(t), â.¥. äã­ªæ¨î�(x; y; t) ¨§ ãà ¢­¥­¨ï (1).�® å®¤ã à¥è¥­¨ï íâ®© § ¤ ç¨ ¬®¦­® ®¯à¥¤¥«¨âì¨ ®â­®á¨â¥«ì­ãî áª®à®áâì u(x; y; z; t) ¦¨¤ª®áâ¨, ¨¯®«¥ ¤ ¢«¥­¨© P (x; y; z; t) ¢ ¦¨¤ª®áâ¨ ¢¯«®âì ¤®£à ­¨æë S(t) ¦¨¤ª®© ®¡« áâ¨ (S(t) { á¬®ç¥­­ ïç áâì ¢­ãâà¥­­¥© ¯®¢¥àå­®áâ¨ ¡ ª ), ­® ¢ ¤ ­-­®© à ¡®â¥ ®á­®¢­®¥ ¢­¨¬ ­¨¥ ã¤¥«ï¥âáï á¢®¡®¤-­®© ¯®¢¥àå­®áâ¨.2. �������� ��������{������������� � ��������������������������áå®¤­ ï ­ ç «ì­®{ªà ¥¢ ï § ¤ ç  ¤«ï à áá¬ -âà¨¢ ¥¬®© £¨¤à®¤¨­ ¬¨ç¥áª®© § ¤ ç¨ ¢ ¤¥ª àâ®-¢ëå ª®®à¤¨­ â å x; y; z ¨¬¥¥â ¢¨¤ (á«ãç © ¯®áâã-¯ â¥«ì­®£® ¤¢¨¦¥­¨ï ¡ ª , [10, áâà.73{74]4'(r; t) = 0; r 2 
(t); t 2 (t0; t1]; (2)@'@� = 0; r 2 S(t); (3)@'@� = � �tq1 + �2x + �2y ; r 2 �(t); (4)'t + 12(r')2 � (g0 �w0) � r = C(t)� p0� ; r 2 �(t);(5)'(r; t0) = '0(r); (4'0(r) = 0; r 2 
(t0));�(x; y; t0) = �0(x; y); (6)Z
(t) d
(t) = V = const: (7)�¤¥áì '(r; t) { ¯®â¥­æ¨ « ®â­®á¨â¥«ì­®© áª®à®áâ¨u(r; t) ¦¨¤ª®áâ¨, â ª çâ® u = r' (®¯¥à â®à r¤¥©áâ¢ã¥â ¯® ¯¥à¥¬¥­­ë¬ x; y; z); r = (x; y; z) {à ¤¨ãá-¢¥ªâ®à ¯à®¨§¢®«ì­®© ¦¨¤ª®© ç áâ¨æë ¢á¨áâ¥¬¥ ª®®à¤¨­ â Oxyz; 
(t) { § ­ïâ ï ¦¨¤ª®-áâìî ¢ ¬®¬¥­â t ¯à®áâà ­áâ¢¥­­ ï ®¡« áâì á £à -­¨æ¥© S(t) + �(t); �(r; t) { ®àâ ¢­¥è­¥© ­®à¬ «¨ ª£à ­¨æ¥ ®¡« áâ¨ 
(t); p0 = const { ¯®áâ®ï­­®¥ ¤ -¢«¥­¨¥ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨; '0(r),�0(x; y) { §­ ç¥­¨ï ¨áª®¬ëå äã­ªæ¨© ¢ ­ ç «ì­ë©¬®¬¥­â t = t0; V = const { ®¡ê¥¬ ¦¨¤ª®áâ¨. �¨¦-­¨¥ ¨­¤¥ªáë ®¡®§­ ç îâ ¤¨ää¥à¥­æ¨à®¢ ­¨¥ ¯®á®®â¢¥âáâ¢ãîé¨¬ ¯¥à¥¬¥­­ë¬, ®¯¥à â®à 4 ¤¥©-áâ¢ã¥â ¯® x; y; z, â®çª  "�" ®¡®§­ ç ¥â áª «ïà­®¥¯à®¨§¢¥¤¥­¨¥ ¢¥ªâ®à®¢.�¥¨§¢¥áâ­ë¬¨ ï¢«ïîâáï äã­ªæ¨¨ '(r; t),�(x; y; t). �áâ «ì­ë¥ ¯ à ¬¥âàë p0, C(t), �, g0,w0, V , t1, t0,   â ª¦¥ ¯®¢¥àå­®áâì ¯®«®áâ¨ S(t)áç¨â îâáï § ¤ ­­ë¬¨.

� á«ãç ¥ æ¨«¨­¤à¨ç¥áª®£® ¡ ª  ¥áâ¥áâ¢¥­­® ¯¥-à¥©â¨ ª æ¨«¨­¤à¨ç¥áª¨¬ ª®®à¤¨­ â ¬, ¯®íâ®¬ã ¢¤ «ì­¥©è¥¬ ¯®« £ ¥¬x = � cos �; y = � sin �; z = z;0 � � � R; 0 � � < 2�; (8)£¤¥ �, � { ¯®«ïà­ë¥ à ¤¨ãá ¨ ã£®« á®®â¢¥âáâ¢¥­­®.� æ¨«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â å ®¡« áâì 
(t)(¡¥§ £à ­¨æ æ¨«¨­¤à¨ç¥áª®© ¯®¢¥àå­®áâ¨) ¯à¥¤-áâ ¢«ï¥â á®¡®© á®¢®ªã¯­®áâì â®ç¥ª (�; �; z), ã¤®-¢«¥â¢®àïîé¨å á®®â­®è¥­¨î
(t) = f(�; �; z) :0 � � < R; 0 � � < 2�; � l2 < z � �(�; �; t)g:(9)(�¤¥áì ¨ ¢ ¤ «ì­¥©è¥¬ §  á¢®¡®¤­®© ¯®¢¥àå­®áâìî�(�; �; t) ¨ ¤àã£¨¬¨ äã­ªæ¨ï¬¨  à£ã¬¥­â®¢ �, �, zá®åà ­ïîâáï â¥ ¦¥ ®¡®§­ ç¥­¨ï, çâ® ¨ §  á®®â-¢¥âáâ¢ãîé¨¬¨ äã­ªæ¨ï¬¨  à£ã¬¥­â®¢ x, y, z, å®-âï á ¬¨ äã­ªæ¨®­ «ì­ë¥ § ¢¨á¨¬®áâ¨ ¡ã¤ãâ ã¦¥¤àã£¨¬¨).�¨¤ ãà ¢­¥­¨ï � ¯« á  ¢ æ¨«¨­¤à¨ç¥áª¨å ª®®à-¤¨­ â å (8) ¨§¢¥áâ¥­. � á¢®î ®ç¥à¥¤ì, ¤«ï ¯à¥¤-áâ ¢«¥­¨ï ¢ æ¨«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â å ªà ¥¢ëåãá«®¢¨© ¡¥àãâáï ¯à®¥ªæ¨¨ ­  ®á¨ x; y; z ä¨£ãà¨àã-îé¨å ¢ ­¨å ¢¥ªâ®à®¢, ­® íâ¨ ¯à®¥ªæ¨¨ ¢ëà ¦ îâ-áï ç¥à¥§ �; �; z. � ç áâ­®áâ¨, ¨á¯®«ì§ãîâáï á«¥¤ã-îé¨¥ á®®â­®è¥­¨ï:¤«ï £à ¤¨¥­â  r' ¢ ®¡« áâ¨ 
(t) {r' = ('x; 'y; 'z) == ('� cos � � '� sin �� ; '� sin � + '� cos �� ; 'z);(10)¤«ï ®àâ  � ­  ¡®ª®¢®© ¯®¢¥àå­®áâ¨ ¡ ª  {� = (�x; �y; �z) = (cos �; sin �; 0);£¤¥ � = R; 0 � � < 2�; � l2 < z < l2 ; (11)¤«ï ®àâ  � ­  ¤­¥ ¡ ª  {� = (�x; �y; �z) = (0; 0;�1);£¤¥ 0 � � < R; 0 � � < 2�; z = � l2 ; (12)¤«ï ®àâ  � ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ {� = (�x; �y; �z) = � �q�2(1 + �2� ) + �2� ��. �. �®«®â¥­ª® 21



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40�(�� cos � � �� sin �� ; �� sin � + �� cos �� ; �1);£¤¥ 0 � � < R; 0 � � < 0; z = �(�; �; t); (13)¤«ï à ¤¨ãá-¢¥ªâ®à  r «î¡®© â®çª¨ ¦¨¤ª®© ®¡« áâ¨¨«¨ ¥ñ £à ­¨æë {r = (x; y; z) = (� cos �; � sin �; z): (14)� ãç¥â®¬ ä®à¬ã« (10) { (14) ¨áå®¤­ ï ­ ç «ì­®-ªà ¥¢ ï § ¤ ç  ¢ ¤¥ª àâ®¢ëå ª®®à¤¨­ â å (2) {(7) ¯à¨­¨¬ ¥â ¢ æ¨«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â å, ¯®-á«¥ á®®â¢¥âáâ¢ãîé¨å ¯à¥®¡à §®¢ ­¨©, á«¥¤ãîé¨©¢¨¤:ãà ¢­¥­¨¥ � ¯« á  {1� @@� (� @'@� ) + 1�2 @2'@�2 + @2'@z2 = 0;(�; �; z) 2 
(t); t 2 (t0; t1]; (15)ãá«®¢¨¥ ­  ¡®ª®¢®© ¯®¢¥àå­®áâ¨ ¡ ª  {@'@� = 0; � = R; 0 � � < 2�; � l2 < z < l2 ;ãá«®¢¨¥ ­  ¤­¥ ¡ ª  {@'@z = 0; 0 � � < R; 0 � � < 2�; z = � l2 ;(16)ª¨­¥¬ â¨ç¥áª®¥ ãá«®¢¨¥ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨¦¨¤ª®áâ¨ {@�@t + @'@� @�@� + 1�2 @'@� @�@� � @'@z = 0;0 � � < R; 0 � � < 2�; z = �(�; �; t); (17)¤¨­ ¬¨ç¥áª®¥ ãá«®¢¨¥ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨¦¨¤ª®áâ¨ {@'@t + 12[(@'@� )2 + 1�2 (@'@� )2 + (@'@z )2]��[(g0�w0)x� cos �+(g0�w0)y� sin �+(g0�w0)zz] == C(t)� p0� ;0 � � < R; 0 � � < 2�; z = �(�; �; t); (18)­ ç «ì­ë¥ ãá«®¢¨ï {'(�; �; z; t0) = '0(�; �; z);(4'0(�; �; z) = 0; (�; �; z) 2 
(t0));�(�; �; t0) = �0(�; �); (19)

ãá«®¢¨¥ ¯®áâ®ï­áâ¢  ®¡êñ¬  ¦¨¤ª®áâ¨ {Z R0 Z 2�0 Z �(�;�;t)�l=2 �d�d�dz = V = const: (20)� ¤¨­ ¬¨ç¥áª®¬ ãá«®¢¨¨ (18) ç¥à¥§ (g0�w0)x, (g0�w0)y , (g0�w0)z ®¡®§­ ç¥­ë ¯à®¥ªæ¨¨ ¢¥ªâ®à  (g0�w0) ª ¦ãé¥£®áï ãáª®à¥­¨ï á¨«ë âï¦¥áâ¨ ­  ®á¨x; y; z á®®â¢¥âáâ¢¥­­®.� ç «ì­®{ªà ¥¢ ï § ¤ ç  (15) { (20) ª« áá¨ä¨-æ¨àã¥âáï ª ª § ¤ ç  ¤«ï ãà ¢­¥­¨ï � ¯« á  ¢ æ¨-«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â å, ¢ ¨§¬¥­ïîé¥©áï á®¢à¥¬¥­¥¬ (­¥¨§¢¥áâ­®©) ®¡« áâ¨, á ­¥«¨­¥©­®áâï-¬¨ ¢ ª¨­¥¬ â¨ç¥áª®¬ ¨ ¤¨­ ¬¨ç¥áª®¬ £à ­¨ç­ëåãá«®¢¨ïå ¨ á ¤®¯®«­¨â¥«ì­ë¬ ¨­â¥£à «ì­ë¬ ãá«®-¢¨¥¬. � «ì­¥©è¥¥ ¥ñ ¨áá«¥¤®¢ ­¨¥ ¢ë¯®«­ï¥âáï á¯®¬®éìî ¢ à¨ æ¨®­­®£® ¬¥â®¤  ¢ ä®à¬¥ �¥©â¬¥-­  { �îª  { �̈ §¥¬  [2,3].3. ������������� ������������������ � �������������������������� ç «ì­®-ªà ¥¢®© § ¤ ç¥ ¢ ¤¥ª àâ®¢ëå ª®®à¤¨-­ â å (2) { (7) íª¢¨¢ «¥­â­  (¢ ¨§¢¥áâ­®¬ á¬ëá«¥)á«¥¤ãîé ï ¢ à¨ æ¨®­­ ï § ¤ ç :J ['; �]! extr; Z
(t) d
(t) = V: (21)�¤¥áì J ['; �] ï¢«ï¥âáï ¨­â¥£à «ì­ë¬ äã­ªæ¨®­ -«®¬ ¢¨¤  J ['; �] = Z t1t0 L(t; 't;r'; �)dt (22)á ¨­â¥£à ­â®¬L(t; 't;r'; �) = Z
(t)(P (r; t; 't;r')� p0)d
(t);(23)£¤¥P (r; t; 't;r') = �[C(t)�'t� 12(r')2+(g0�w0) �r]:(24)� ¯¨áì (21) ®§­ ç ¥â, çâ® ­¥®¡å®¤¨¬® ­ ©â¨ ¯ àãäã­ªæ¨© ('; �), ¤®áâ ¢«ïîé¨å íªáâà¥¬ã¬ (¬¨­¨-¬ã¬ ¨«¨ ¬ ªá¨¬ã¬) äã­ªæ¨®­ «ã (22) á ®¤­®¢à¥-¬¥­­ë¬ ¢ë¯®«­¥­¨¥¬ ¨­â¥£à «ì­®£® ãá«®¢¨ï ¯®-áâ®ï­áâ¢  ®¡ê¥¬  ¦¨¤ª®áâ¨.�®ª § â¥«ìáâ¢® íª¢¨¢ «¥­â­®áâ¨ ¢ à¨ æ¨®­­®©§ ¤ ç¨ (21) { (24) ¨ ­ ç «ì­®{ªà ¥¢®© § ¤ ç¨ (2) {(7) (¤ ¦¥ ¤«ï ¡®«¥¥ ®¡é¥£® á«ãç ï ¯®áâã¯ â¥«ì­ëå¨ ã£«®¢ëå ¤¢¨¦¥­¨© ¡ ª ) ¤ ­® �.�.�ãª®¢áª¨¬ [2,áâà. 68] � á¢ï§¨ á íâ¨¬ ¢®§­¨ª ¥â ¢®¯à®á: ¡ã¤¥â22 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40«¨ ¢ à¨ æ¨®­­ ï § ¤ ç  ¤«ï ¨­â¥£à «ì­®£® äã­ª-æ¨®­ «  (22) íª¢¨¢ «¥­â­  ­ ç «ì­®{ªà ¥¢®© § ¤ -ç¥ (15) { (20), ¥á«¨ ¢ íâ®¬ äã­ªæ¨®­ «¥ ¯à®¨§¢¥-áâ¨ § ¬¥­ã ¯à®áâà ­áâ¢¥­­ëå ¯¥à¥¬¥­­ëå x; y; z­  �; �; z? �â®â ¢®¯à®á ¨¬¥¥â ¯®«®¦¨â¥«ì­ë© ®â-¢¥â ¢ á¨«ã á«¥¤ãîé¨å ®¡é¨å á®®¡à ¦¥­¨©.� ¬¥­  ¯¥à¥¬¥­­ëå ¢ ¨­â¥£à «¥ ­¥ ¨§¬¥­ï¥â ¢¥-«¨ç¨­ë á ¬®£® ¨­â¥£à « ,   â®«ìª® ¨§¬¥­ï¥â ¯à¥-¤¥«ë ¨­â¥£à¨à®¢ ­¨ï ¨ ¯®¤ë­â¥£à «ì­®¥ ¢ëà ¦¥-­¨¥ (ª ª §  áç¥â ¢¨¤®¨§¬¥­¥­¨ï ¯®¤ë­â¥£à «ì­®©äã­ªæ¨¨, â ª ¨ §  áç¥â ¯®ï¢«¥­¨ï ïª®¡¨ ­  ¢ ¢ë-à ¦¥­¨¨ ¤«ï í«¥¬¥­â à­®£® ®¡êñ¬ ). �á«¨ ­¥ª®-â®à ï äã­ªæ¨ï ¤®áâ ¢«ï¥â íªáâà¥¬ã¬ ­¥ª®â®à®¬ã¨­â¥£à «ã, â® íâ® íªáâà¥¬ «ì­®¥ §­ ç¥­¨¥ á®åà -­¨âáï ¨ ¯à¨ § ¬¥­¥ ¯¥à¥¬¥­­ëå ¯®¤ ¨­â¥£à «®¬,¯®áª®«ìªã ¤«ï äã­ªæ¨© áà ¢­¥­¨ï §­ ç¥­¨ï ¨­â¥-£à «®¢ â ª¦¥ á®åà ­ïîâáï ¯à¨ â ª®© ¦¥ § ¬¥­¥¯¥à¥¬¥­­ëå. � ª®­¥æ, ¥á«¨ ­¥ª®â®à ï äã­ªæ¨ïï¢«ï¥âáï à¥è¥­¨¥¬ ¨áå®¤­®© ­ ç «ì­®{ªà ¥¢®© § -¤ ç¨ ¢ ¤¥ª àâ®¢ëå ª®®à¤¨­ â å, â® ®­  ®áâ ­¥â-áï à¥è¥­¨¥¬ ¨ § ¤ ç¨, ¯®«ãç îé¥©áï ¯®á«¥ ¯¥à¥-å®¤  ¢ ¨áå®¤­®© § ¤ ç¥ ª æ¨«¨­¤à¨ç¥áª¨¬ ª®®à-¤¨­ â ¬. �«¥¤®¢ â¥«ì­®, äã­ªæ¨ï{à¥è¥­¨¥ § ¤ -ç¨ ¢ æ¨«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â å ¡ã¤¥â íªáâà¥¬ -«ìî ¨­â¥£à «ì­®£® äã­ªæ¨®­ « , ¯®«ãç îé¥£®áï¨§ äã­ªæ¨®­ «  ¤«ï ¨áå®¤­®© § ¤ ç¨ ¯ãâ¥¬ § ¬¥-­ë ¢ ­¥¬ ¤¥ª àâ®¢ëå ª®®à¤¨­ â ­  æ¨«¨­¤à¨ç¥-áª¨¥. � ®âáî¤ , ¢ á¢®î ®ç¥à¥¤ì, á«¥¤ã¥â, çâ® § -¤ ç¥ ¢ æ¨«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â å ¬®¦­® ¯®áâ -¢¨âì ¢ á®®â¢¥âáâ¢¨¥ ¢ à¨ æ¨®­­ãî § ¤ çã á ¨­-â¥£à «ì­ë¬ äã­ªæ¨®­ «®¬ ¢ æ¨«¨­¤à¨ç¥áª¨å ª®-®à¤¨­ â å, çâ® ¨ à¥è ¥â ¯®áâ ¢«¥­­ë© ¢®¯à®á.�  ®á­®¢ ­¨¨ ¨§«®¦¥­­®£® ¢ ¤ «ì­¥©è¥¬ à¥è -¥âáï ¢ à¨ æ¨®­­ ï § ¤ ç  ¤«ï äã­ªæ¨®­ «  (22) á¨­â¥£à ­â®¬ (23) { (24), ¢ ª®â®à®¬ ¢¥ªâ®àë r' ¨r ®¯à¥¤¥«ïîâáï ¢ æ¨«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â å á¯®¬®éìî ä®à¬ã« (10), (14),   ®¡« áâì ¨­â¥£à¨à®-¢ ­¨ï 
(t) ®¯à¥¤¥«ï¥âáï á®®â­®è¥­¨¥¬ (9) (¢¥ªâ®à(g0�w0) ¯®-¯à¥¦­¥¬ã ¡¥àñâáï ¢ ¯à®¥ªæ¨ïå ­  ®á¨x; y; z).�à¨¬¥­ïï ¤«ï à¥è¥­¨ï ¢ à¨ æ¨®­­®© § ¤ ç¨(21) { (24) ¯àï¬®© ¬¥â®¤, ¢¢¥¤¥¬ á«¥¤ãîé¨¥  ¯-¯à®ªá¨¬ æ¨¨ ¨áª®¬ëå äã­ªæ¨©:�(�; �; t) ' �N (�; �; t) = NXn=0�n(t)fn(�; �); (25)'(�; �; z; t) ' 'M (�; �; z; t) = MXm=0Rm(t)'m(�; �; z);(26)£¤¥ ffn(�; �)gNn=0; f'm(�; �; z)gMm=0

{ á¨áâ¥¬ë ª®®à¤¨­ â­ëå äã­ªæ¨©, ª®â®àë¥ ¡ã-¤ãâ ¢ë¡à ­ë ­¨¦¥; �n(t) { ®¡®¡é¥­­ë¥ ª®®à¤¨-­ âë á¢®¡®¤­®© ¯®¢¥àå­®áâ¨; Rm(t) { ®¡®¡é¥­-­ë¥ ª¢ §¨áª®à®áâ¨ ¦¨¤ª®áâ¨ (â¥à¬¨­ "ª¢ §¨áª®-à®áâ¨" ®¯à ¢¤ ­ â¥¬, çâ® ¢¥«¨ç¨­ë Rm ï¢«ïîâáï«¨­¥©­ë¬¨ ª®¬¡¨­ æ¨ï¬¨ ®¡®¡é¥­­ëå áª®à®áâ¥©_�n); N;M { æ¥«ë¥ ¯®«®¦¨â¥«ì­ë¥ ç¨á« . � ¤ ç § ª«îç ¥âáï ¢ ­ å®¦¤¥­¨¨ äã­ªæ¨© �n(t), Rm(t).�®áâà®¨¬ á¨áâ¥¬ã á®®â­®è¥­¨©, ®¯à¥¤¥«ïîé¨åíâ¨ äã­ªæ¨¨. �®¤áâ ­®¢ª  ¢ëà ¦¥­¨© (25), (26)¢ (23) á ãç¥â®¬ (24) ¤ ñâ á«¥¤ãîé¥¥ ¢ëà ¦¥­¨¥¤«ï ¨­â¥£à ­â :L(t; 't;r'; �) ' L1(t; �; �R); (27)£¤¥ ¢¢¥¤¥­ë ®¡®§­ ç¥­¨ï� = (�0; : : : ; �N ); �R = (R0; : : : ; RM);L1(t; �; �R) = � Z
(t)[C(t)� p0� � MXm=0 dRmdt 'm��12( MXm=0Rmr'm)2 + (g0 � w0) � r]d
(t): (28)�§¢¥áâ­®, ¤ «¥¥, çâ® á¨áâ¥¬  ãà ¢­¥­¨© �©«¥à ¢ à¨ æ¨®­­®© § ¤ ç¨ (21) á ¨­â¥£à ­â®¬ L ¬®-¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­  ¢ ¢¨¤¥ ãà ¢­¥­¨© � £à ­-¦  ¢â®à®£® à®¤  ®â­®á¨â¥«ì­® äã­ªæ¨¨ L. �ç¨-âë¢ ï ä®à¬ã«ã (27), § ¯¨è¥¬ íâ¨ ãà ¢­¥­¨ï � -£à ­¦  ª ª @L1@�i = 0; i = 0; 1; : : : ; N; (29)ddt @L1@ _Rk � @L1@Rk = 0; k = 0; 1; : : :;M: (30)�à¥®¡à §ã¥¬ íâ¨ ãà ¢­¥­¨ï. �«ï íâ®£® ¯à¥¤áâ -¢¨¬ ¢ ¢ëà ¦¥­¨¨ (28) ®¡êñ¬­ë© ¨­â¥£à « ç¥à¥§¯®¢â®à­ë©, ¨á¯®«ì§ãï æ¨«¨­¤à¨ç¥áª¨¥ ª®®à¤¨­ -âë. �®£¤  ¯®«ãç¨¬ ¢ëà ¦¥­¨¥L1(t; �; �R) = [C(t)� p0� ]V (�)� L1( _Rm; �)��L1(Rm; �) + (g0 �w0) � l(�); (31)£¤¥ ¢¢¥¤¥­ë ®¡®§­ ç¥­¨ïV (�) = � Z R0 Z 2�0 Z �(�;�;t)�l=2 �dzd�d�; (32)L1( _Rm; �) =�. �. �®«®â¥­ª® 23



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40= � Z R0 Z 2�0 Z �(�;�;t)�l=2 MXm=0 _Rm'm(�; �; z)�dzd�d�;(33)L1(Rm; �) = 12� Z R0 Z 2�0 Z �(�;�;t)�l=2 [( MXm=0Rm @'m@� )2++ 1�2 ( MXm=0Rm @'m@� )2 + ( MXm=0Rm @'m@z )2]�dzd�d�;(34)l(�) = (lx(�); ly(�); lz(�));lx(�) = � Z R0 Z 2�0 Z �(�;�;t)�l=2 �2 cos �dzd�d�;ly(�) = � Z R0 Z 2�0 Z �(�;�;t)�l=2 �2 sin �dzd�d�;lz(�) = � Z R0 Z 2�0 Z �(�;�;t)�l=2 �zdzd�d�: (35)�§ íâ¨å ä®à¬ã« ¢¨¤¥­ å à ªâ¥à § ¢¨á¨¬®áâ¨äã­ªæ¨¨ L1(t; �; �R) ®â ¯¥à¥¬¥­­ëå �i, Rm, _Rm,¯® ª®â®àë¬ ¯à®¨§¢®¤¨âáï ¤¨ää¥à¥­æ¨à®¢ ­¨¥ ¢ãà ¢­¥­¨ïå � £à ­¦  (29), (30). �¬¥­­®, äã­ªæ¨ïL1(t; �;R) «¨­¥©­  ¯® _Rm, ï¢«ï¥âáï ª¢ ¤à â¨ç­®©ä®à¬®© ¯® Rm ¨ ¤®¢®«ì­® á«®¦­ë¬ ®¡à §®¬ § ¢¨-á¨â ®â �i, ª®â®àë¥ ¢å®¤ïâ ¢ ¯à¥¤¥«ë ¨­â¥£à¨à®¢ -­¨ï ¢á¥å ¨­â¥£à «®¢ ¢ á¨«ã à ¢¥­áâ¢ �(�; �; z) = NXn=0 �n(t)fn(�; �):�¥¯¥àì, ¢ë¯®«­ïï á®®â¢¥âáâ¢ãîé¨¥ ¤¨ää¥à¥­æ¨-à®¢ ­¨ï ¢ á®®â­®è¥­¨ïå (32){(35) ¨ ¨á¯®«ì§ãïä®à¬ã«ã ¤¨ää¥à¥­æ¨à®¢ ­¨ï ¨­â¥£à «  ¯® ¯ à -¬¥âàã ¢ ¢¨¤¥ (äã­ªæ¨ï s(�; �; z) { ¯à®¨§¢®«ì­ )dd�i Z ��l=2 s(�; �; z)dz = fi(�; �)s(�; �; �);­ å®¤¨¬, çâ® (i = 0; 1; : : : ; N , k = 0; 1; : : : ;M )@V (�)@�i = � Z R0 Z 2�0 fi(�; �)�d�d�;@V (�)@ _Rk � 0; ddt @V (�)@ _Rk � 0; @V (�)@Rk � 0; (36)@L1( _Rm; �)@�i = MXm=0 @Am(�)@�i _Rm;@L1( _Rm; �)@ _Rk = Ak(�); @L1( _Rm; �)@Rk � 0;

ddt @L1( _Rm; �)@ _Rk = NXj=0 @Ak(�)@�j _�j ; (37)@L1(Rm; �)@�i = 12 MXm;j=0 @Am;j@�i RmRj;@L1(Rm; �)@ _Rk � 0; ddt @L1(Rm; �)@ _Rk � 0;@L1(Rm; �)@Rk = MXm=0RmAmk(�); (38)@lx(�)@�i = � Z R0 Z 2�0 fi(�; �)�2 cos �d�d�;@ly(�)@�i = � Z R0 Z 2�0 fi(�; �)�2 sin �d�d�;@lz(�)@�i = � NXn=0 �n Z R0 Z 2�0 fi(�; �)fn(�; �)�d�d�;@lx(�)@ _Rk = ddt @lx(�)@ _Rk = @lx(�)@Rk � 0;@ly(�)@ _Rk = ddt @ly(�)@ _Rk = @ly(�)@Rk � 0;@lz(�)@ _Rk = ddt @lz(�)@ _Rk = @lz(�)@Rk � 0; (39)�¤¥áì ¨á¯®«ì§®¢ ­ë ®¡®§­ ç¥­¨ïAm(�) = � Z R0 Z 2�0 Z �(�;�;t)�l=2 'm(�; �; z)�dzd�d�;@Am(�)@�i = � Z R0 Z 2�0 fi(�; �)'m(�; �; �)�d�d�; (40)Amk(�) = � Z R0 Z 2�0 Z �(�;�;t)�l=2 r'm � r'k�dzd�d�;@Amk(�)@�i = � Z R0 Z 2�0 fi(�; �)[r'm � r'k]z=��d�d�;r'm � r'k == @'m@� @'k@� + 1�2 @'m@� @'k@� + @'m@z @'k@z (41)�®¤áâ ¢¨¬ ¢ ãà ¢­¥­¨ï (29), (30) ¢ëà ¦¥­¨¥(31) ¨ ¢ë¯®«­¨¬ ­¥®¡å®¤¨¬ë¥ ¯à¥®¡à §®¢ ­¨ï áãç¥â®¬ á®®â­®è¥­¨© (32) { (39). �®£¤  ¯®«ãç¨¬á«¥¤ãîéãî á¨áâ¥¬ã ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­ëåãà ¢­¥­¨© ®â­®á¨â¥«ì­® ­¥¨§¢¥áâ­ëå äã­ªæ¨©Rm(t), �n(t) ¨§  ¯¯à®ªá¨¬ æ¨© (25), (26):MXm=0 @Am(�)@�i dRmdt + 12 MXm;j=0 @Amj(�)@�i RmRj =24 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40= (g0 �w0)x @lx(�)@�i + (g0 � w0)y @ly(�)@�i ++(g0 � w0)z @lz(�)@�i + [C(t)� p0� ]Fi;i = 0; 1; : : :; N; (42)NXi=0 @Ak(�)@�i d�idt � MXj=0Akj(�)Rj = 0;k = 0; 1; : : : ;M: (43)�¤¥áì, ¢ ¤®¯®«­¥­¨¥ ª (40) { (41), ®¡®§­ ç¥­®Fi = � Z R0 Z 2�0 fi(�; �)�d�d�; i = 0; 1; : : :N: (44)� ç «ì­ë¥ ãá«®¢¨ï ®¡é¥© ­ ç «ì­®-ªà ¥¢®©§ ¤ ç¨ (15) { (20) ¢ æ¨«¨­¤à¨ç¥áª¨å ª®®à-¤¨­ â å ¥áâ¥áâ¢¥­­ë¬ ®¡à §®¬ ¯à¥®¡à §ãîâ-áï ¢ ­ ç «ì­ë¥ ãá«®¢¨ï ¤«ï á¨áâ¥¬ ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (42), (43). � á¨«ããá«®¢¨© (19) ¢ ­ ç «ì­ë© ¬®¬¥­â ¨¬¥¥¬'(�; �; z; t0) = '0(�; �; z):�à¥¤áâ ¢«ïï ¯à ¢ãî ç áâì íâ®£® à ¢¥­áâ¢  ¢ ¢¨-¤¥ ª®­¥ç­®© áã¬¬ë àï¤  �ãàì¥ ¯® ª®®à¤¨­ â­ë¬äã­ªæ¨ï¬ f'm(�; �; z)g, â.¥.'0(�; �; z) = MXm=0 am'm(�; �; z);¨ ¯à¨à ¢­¨¢ ï ª®íää¨æ¨¥­âë ¯à¨ ®¤¨­ ª®¢ëåä®à¬ å 'm ¢ áã¬¬ å (26) ¨ '0(�; �; z), ¯à¨å®¤¨¬ª â ª¨¬ ­ ç «ì­ë¬ ãá«®¢¨ï¬:Rm(t0) = am; m = 0; 1; : : : ;M: (45)�­ «®£¨ç­®,�n(t0) = bn; n = 0; 1; : : :; N; (46)£¤¥ bn { ª®íää¨æ¨¥­âë à §«®¦¥­¨ï ¢ àï¤ �ãàì¥¯® ª®®à¤¨­ â­ë¬ äã­ªæ¨ï¬ ffn(�; �)g § ¤ ­­®©äã­ªæ¨¨ �0, â.¥.�0(�; �) = NXn=0 bnfn(�; �):�â ª, ¨áå®¤­ ï ­ ç «ì­®-ªà ¥¢ ï § ¤ ç  ¤«ïãà ¢­¥­¨ï ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå (15){(20) á¢¥-¤¥­  ª § ¤ ç¥ �®è¨ ¤«ï á¨áâ¥¬ë ®¡ëª­®¢¥­­ëå¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (42), (43).�â  á¨áâ¥¬  ãà ¢­¥­¨© ®â­®á¨âáï ª ª« ááã ­¥«¨-­¥©­ëå á¨áâ¥¬ ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢-­¥­¨© ¯¥à¢®£® ¯®àï¤ª , ­¥ à §à¥è¥­­ëå ®â­®á¨-â¥«ì­® ¯à®¨§¢®¤­ëå. �­  ¡ã¤¥â ­¥ ¢â®­®¬­®©,

¥á«¨ ãáª®à¥­¨¥ w0 ¨ äã­ªæ¨ï C(t) ¯¥à¥¬¥­­ë, ¨ ¢â®­®¬­®©, ¥á«¨ w0 ¨ C ¯®áâ®ï­­ë (çâ® ¢®§¬®¦-­® ¯à¨ ¯®ª®ïé¥¬áï, à ¢­®¬¥à­® ¨«¨ à ¢­®ãáª®-à¥­­® ¤¢¨¦ãé¥¬áï ¡ ª¥). �®àï¤®ª á¨áâ¥¬ë à ¢¥­N +M + 2.�¥¯¥àì ¤«ï  ­ «¨§  ¤¨­ ¬¨ª¨ ¦¨¤ª®áâ¨ ¬®¦-­® ¯à¨¬¥­¨âì ®¤¨­ ¨§ ç¨á«¥­­ëå ¬¥â®¤®¢ â¥®à¨¨®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©, çâ®¢® ¬­®£¨å ®â­®è¥­¨ïå ¢ë£®¤­¥© ç¨á«¥­­®£® à¥è¥-­¨ï ãà ¢­¥­¨© ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå.�§ ä®à¬ã« (35), (40), (41) ¢¨¤­®, çâ® ¢¥«¨ç¨­ëlx, ly, lz, Ak, Akj ï¢«ïîâáï äã­ªæ¨ï¬¨ ¯¥à¥¬¥­­ëå�0, . . . , �N ¨ ­¥ § ¢¨áïâ ®â R0, . . . , RM . �«¥¤®-¢ â¥«ì­®, ª®íää¨æ¨¥­âë ¯à¨ ¯à®¨§¢®¤­ëå _Rk, _�iâ ª¦¥ § ¢¨áïâ â®«ìª® ®â ­¥¨§¢¥áâ­ëå �i.�¨áâ¥¬  ãà ¢­¥­¨© (42), (43) á®¢¯ ¤ ¥â á â®ç-­®áâìî ¤® ®¡®§­ ç¥­¨© ¨ á« £ ¥¬®£®[C(t)� p0� ]Fiá á¨áâ¥¬®© ãà ¢­¥­¨© (11.25), (11.26) à ¡®âë [2,áâà. 78], ¥á«¨ ¢ ¯®á«¥¤­¥© ¯®«®¦¨âì ã£«®¢ë¥ áª®-à®áâ¨ ¡ ª  !i à ¢­ë¬¨ ­ã«î ¨ ãç¥áâì, çâ® ¤«ïæ¨«¨­¤à¨ç¥áª®£® ¡ ª ddtAk = NXi=0 @Ak@�i d�idt :� ¬¥â¨¬, çâ® ä®à¬ã«ë ­ áâ®ïé¥© à ¡®âë (35),(40), (41) ¤«ï ª®ää¨æ¨¥­â®¢ lx, ly, lz, Ak, Akj ï¢«ï-îâáï  ­ «®£ ¬¨ ä®à¬ã« (11.19) ¨§ [2, áâà.75{76],§ ¯¨á ­­ëå ¢ ¤¥ª àâ®¢ëå ª®®à¤¨­ â å. � æ¨â¨-àã¥¬®© à ¡®â¥ á®®â¢¥âáâ¢ãîé¨¥ á®®â­®è¥­¨ï ¢æ¨«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â å ­¥ ¯à¨¢¥¤¥­ë.�à ¢­¥­¨ï (42), (43) ¤®¢®«ì­® á«®¦­ë. �¤¨­ ¨§¬¥â®¤®¢ ¨å ¯à¨¡«¨¦¥­­®£® à¥è¥­¨ï § ª«îç ¥âáï¢ § ¬¥­¥ á ¯®¬®éìî ãà ¢­¥­¨© (42) ¯ à ¬¥âà®¢Rk «¨­¥©­ë¬¨ ä®à¬ ¬¨ ®â d�i=dt ¨ ¯®á«¥¤ãîé¥-£® á¢¥¤¥­¨ï ¢á¥© á¨áâ¥¬ë ª á¨áâ¥¬¥ ãà ¢­¥­¨© 2-£® ¯®àï¤ª  ®â­®á¨â¥«ì­® äã­ªæ¨© �i [2, áâà. 58].�¤­ ª®, ª ª ¯®ª §ë¢ îâ ¨áá«¥¤®¢ ­¨ï, íâ®â ¬¥-â®¤ á®¯àï¦¥­ á £à®¬®§¤ª¨¬¨ ¢ëª« ¤ª ¬¨ ¯à¨ ¯®-«ãç¥­¨¨ ª®­ªà¥â­ëå ¢ëà ¦¥­¨© ã¯®¬ï­ãâëå «¨-­¥©­ëå ä®à¬ ¤«ï Rk ¨ ­ å®¦¤¥­¨¨ ¨å ¯à®¨§¢®¤-­ëå dRk=dt ¤«ï ¯¥à¥å®¤  ®â (43) ª ãà ¢­¥­¨ï¬ 2-£®¯®àï¤ª  ®â­®á¨â¥«ì­® �i. � å à ªâ¥à¥ ¢®§­¨ª î-é¨å ¯à¨ íâ®¬ âàã¤­®áâ¥© ¬®¦­® áã¤¨âì ¯® à¥§ã«ì-â â ¬ à¥è¥­¨ï § ¤ ç¨ ¤«ï ª®«ìæ¥¢®£® æ¨«¨­¤à ,ª®£¤  ¢  ¯¯à®ªá¨¬ æ¨ïå á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ �¨ ¯®â¥­æ¨ «  ' ã¤¥à¦¨¢ «®áì ¯® ¯ïâì á« £ ¥¬ëå[2, áâà. 104]. �«ìâ¥à­ â¨¢­ë© ¬¥â®¤ § ª«îç ¥â-áï ¢ ç¨á«¥­­®¬ ¨­â¥£à¨à®¢ ­¨¨ á¨áâ¥¬ë ãà ¢­¥-­¨© (42), (43) ¡¥§ ¯à¥¤¢ à¨â¥«ì­®£® á¢¥¤¥­¨ï ¥¥ ª�. �. �®«®â¥­ª® 25



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40á¨áâ¥¬¥ ãà ¢­¥­¨© 2-£® ¯®àï¤ª . � §à ¡®âª  íâ®-£® ¬¥â®¤  ¨  «£®à¨â¬  ¥£® ç¨á«¥­­®© à¥ «¨§ æ¨¨­  ª®¬¯ìîâ¥à å (¢ á«ãç ¥ æ¨«¨­¤à¨ç¥áª®è® ¡ ª )®áãé¥áâ¢«ï¥âáï ­¨¦¥.4. ������������ ��������¯à¥¤¥«¨¬áï á ª®®à¤¨­ â­ë¬¨ äã­ªæ¨ï¬¨fi(�; �) ¨ 'm(�; �; z) ¢  ¯¯à®ªá¨¬ æ¨ïå (25), (26).� ª ç¥áâ¢¥ â ª®¢ëå ¢ë¡¥à¥¬ à¥è¥­¨ï ¨§¢¥áâ­®©§ ¤ ç¨ ® á¢®¡®¤­ëå ª®«¥¡ ­¨ïå ¦¨¤ª®áâ¨ ¢ ¯®ª®ï-é¥¬áï æ¨«¨­¤à¨ç¥áª®¬ ¡ ª¥, â. ¥. á«¥¤ãîé¥© á¯¥ª-âà «ì­®© § ¤ ç¨ á ¯ à ¬¥âà®¬ ¢ £à ­¨ç­®¬ ãá«®-¢¨¨:ãà ¢­¥­¨¥ � ¯« á  {1� @@� (� @ ~'@� ) + 1�2 @2 ~'@�2 + @2 ~'@z2 = 0;0 � � < R; 0 � � < 2�; � l2 < z < h0; (47)ãá«®¢¨¥ ­  ¡®ª®¢®© ¯®¢¥àå­®áâ¨ ¡ ª  {@ ~'@� = 0; � = R; 0 � � < 2�; � l2 < z < l2 ;ãá«®¢¨¥ ­  ¤­¥ ¡ ª  {@ ~'@z = 0; 0 � � < R; 0 � � < 2�; z = � l2 ;(48)ª¨­¥¬ â¨ç¥áª®¥ ãá«®¢¨¥ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨¦¨¤ª®áâ¨ («¨­¥ à¨§®¢ ­­®¥) {@ ~'@z = � (�; �);0 � � < R; 0 � � < 2�; z = h0; (49)¤¨­ ¬¨ç¥áª®¥ ãá«®¢¨¥ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨¦¨¤ª®áâ¨ («¨­¥ à¨§®¢ ­­®¥) {@ ~'@z = �~'; (� = �2g );0 � � < R; 0 � � < 2�; z = h0; (50)ãá«®¢¨¥ ®£à ­¨ç¥­­®áâ¨ à¥è¥­¨ï ­  ®á¨ æ¨-«¨­¤à  { j ~'(0; �; z)j <1; (51)ãá«®¢¨¥ ¯¥à¨®¤¨ç­®áâ¨ à¥è¥­¨ï ¯® ¯®«ïà­®¬ãã£«ã � { ~'(�; � + 2�; z) = ~'(�; �; z): (52)�¤¥áì �,  (�; �) { ç áâ®â  ¨ ä®à¬  á¢®¡®¤­ëå ª®-«¥¡ ­¨© ¦¨¤ª®áâ¨, ®¯à¥¤¥«ï¥¬ëå á®®â­®é¥­¨ï¬¨'(�; �; z; t) = cos(�t) ~'(�; �; z);

�(�; �; t) = sin(�t) (�; �);� { á¯¥ªâà «ì­ë© ¯ à ¬¥âà. �ã­ªæ¨ï  (�; �) ¢å®-¤¨â â®«ìª® ¢ ª¨­¥¬ â¨ç¥áª®¥ ãá«®¢¨¥ (49) ¨ ¢ëà -¦ ¥âáï ç¥à¥§ äã­ªæ¨î ~'(�; �; z). � ¤ «ì­¥©è¥¬,®¤­ ª®, äã­ªæ¨ï  (�; �) ­¥ ¨á¯®«ì§ã¥âáï.�à ¥¢ ï § ¤ ç  (47) { (52) à¥è ¥âáï ¬¥â®¤®¬à §¤¥«¥­¨ï ¯¥à¥¬¥­­ëå. �â­®áïé¨¥áï áî¤  à¥-§ã«ìâ âë ï¢«ïîâáï ª« áá¨ç¥áª¨¬¨, ¯®íâ®¬ã ®â¬¥-â¨¬ «¨èì â¥ ¨§ ­¨å, ª®â®àë¥ ¯à®ïá­ïîâ £¨¤à®¤¨-­ ¬¨ç¥áª®¥ á®¤¥à¦ ­¨¥ § ¤ ç¨ ¨ ¢ ¦­ë ¤«ï ¤ «ì-­¥©è¥£®.� à §«®¦¥­¨¨ à¥è¥­¨ï ­  ¬­®¦¨â¥«¨~'(�; �; z) = Y (�)f(�)Z(z)äã­ªæ¨¨ Z(z), f(�), Y (�) ï¢«ïîâáï à¥è¥­¨ï¬¨ á«¥-¤ãîé¨å ªà ¥¢ëå § ¤ ç:d2Zdz2 � k2Z = 0;Z 0(�l=2) = 0; Z 0(h0) = �Z(h0); (53)(£à ­¨ç­ë¥ ãá«®¢¨ï ­  ¤­¥ ¡ ª  ¨ ­  ­¥¢®§¬ãé¥­-­®© á¢®¡®¤­®© ¯®¢¥àå­®áâ¨),d2fd�2 +m2f = 0; f(� + 2�) = f(�); (54)(ãá«®¢¨¥ ¯¥à¨®¤¨ç­®áâ¨ ¯® �),d2Yd�2 + 1� dYd� + (k2 � m2�2 )Y = 0:Y 0(R) = 0; jY (0)j <1 (55)(£à ­¨ç­®¥ ãá«®¢¨¥ ­  ¡®ª®¢®© ¯®¢¥àå­®áâ¨ ¡ ª  ¨ãá«®¢¨¥ ®£à ­¨ç¥­­®áâ¨ à¥è¥­¨ï ­  ®á¨). �âà¨å¨¢ ªà ¥¢ëå ãá«®¢¨ïå (53), (55) ®¡®§­ ç îâ ¯à®¨§-¢®¤­ë¥ ¯® á®®â¢¥âáâ¢ãîé¨¬ ¯¥à¥¬¥­­ë¬.�à ¢­¥­¨ï ¯¥à¥ç¨á«¥­­ëå ªà ¥¢ëå § ¤ ç ¢ë¢®-¤ïâáï ¨§ ãà ¢­¥­¨ï � ¯« á , ¯®íâ®¬ã ¯à®¨§¢¥¤¥-­¨¥ Y (�)f(�)Z(z) ¡ã¤¥â £ à¬®­¨ç¥áª®© äã­ªæ¨¥©.� à ¬¥âàë k, m ï¢«ïîâáï ª®­áâ ­â ¬¨ à §¤¥«¥-­¨ï ¨ ®¯à¥¤¥«ïîâáï ¨§ ¤®¯®«­¨â¥«ì­ëå ãá«®¢¨©.� ¨¡®«¥¥ á« ¡ë¥ ®£à ­¨ç¥­¨ï ­ « £ îâáï ­  à¥-è¥­¨ï f(�), ª®â®àë¥ ¯®íâ®¬ã ¨¬¥îâ ­ ¨¡®«¥¥ ®¡-é¨© ¢¨¤f(�) = B1 cos(�m�) +B2 sin(�m�); (56)§ ¢¨áïé¨© ®â ¤¢ãå (¬ ªá¨¬ «ì­® ¢®§¬®¦­®¥ ç¨-á«®) ¯à®¨§¢®«ì­ëå ª®­áâ ­â B1, B2. �§ ãá«®¢¨ï¯¥à¨®¤¨ç­®áâ¨ ¯®«ãç ¥âáï, çâ®m = 0; 1; 2; : : : :26 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40�®«¥¥ ¦¥áâª¨¥ ãá«®¢¨ï ­ « £ îâáï ­  à¥è¥­¨¥Z(z), ª®â®à®¥ ¯à¥¤áâ ¢«ï¥âáï ª ªZ(z) = Ach (k l2 )ch [k(z + l2)] (57)¨ § ¢¨á¨â «¨èì ®â ®¤­®£® ¯à®¨§¢®«ì­®£® ¯ à ¬¥-âà  A. � ¤ «ì­¥©è¥¬ ¯à¨­¨¬ ¥âáïA = ch (k l2)ch (kH) ;çâ® ¯à¨¢®¤¨â ª ­®à¬¨à®¢ª¥ äã­ªæ¨¨ Z(z), ¨á¯®«ì-§®¢ ­­®© ¢ [2, áâà. 101]. �à ¥¢ ï § ¤ ç  ¤«ï Z(z)¤ ¥â â ª¦¥ ¢ëà ¦¥­¨¥ ¤«ï á¯¥ªâà «ì­®£® ¯ à ¬¥-âà  � ¢ § ¢¨á¨¬®áâ¨ ®â k,   ¨¬¥­­®:� = kth (kH):�âáî¤  á«¥¤ã¥â ä®à¬ã«  ¤«ï á®¡áâ¢¥­­®© ç áâ®-âë ª®«¥¡ ­¨© ¦¨¤ª®áâ¨:� =pkgth (kH): (58)� ª®­¥æ, à¥è¥­¨¥ ªà ¥¢®© § ¤ ç¨ (55) ¤«ï ãà ¢­¥-­¨ï �¥áá¥«ï ¬®¦¥â, ¢ á¨«ã ãá«®¢¨ï ¥£® ®£à ­¨ç¥­-­®áâ¨ ­  ®á¨ æ¨«¨­¤à , ¢ª«îç âì â®«ìª® äã­ªæ¨¨�¥áá¥«ï 1-£® à®¤  J�m(k�). �­¤¥ªá m íâ¨å äã­ª-æ¨© �¥áá¥«ï ï¢«ï¥âáï æ¥«ë¬ ¨ á®¢¯ ¤ ¥â á ¯ à -¬¥âà®¬ m ¢ à¥è¥­¨¨ ¤«ï f(�).� ¬¥ç ­¨¥. � ¤ «ì­¥©è¥¬, ­¥ ­ àãè ï ®¡é-­®áâ¨, à áá¬ âà¨¢ ¥¬ «¨èì ­¥®âà¨æ â¥«ì­ë¥ ¯®-àï¤ª¨ äã­ªæ¨© �¥áá¥«ï, ¯®áª®«ìªã, ª ª ¨§¢¥áâ­®,¯à¨ æ¥«ëå m äã­ªæ¨¨ J+m(k�) ¨ J�m(k�) «¨­¥©-­® § ¢¨á¨¬ë [5] (áâà. 180). �á­®, çâ® «¨­¥©­®§ ¢¨á¨¬ë¬¨ ï¢«ïîâáï â ª¦¥ äã­ªæ¨¨ cos(+m�)¨ cos(�m�), sin(+m�) ¨ sin(�m�). �«¥¤®¢ â¥«ì-­®, «î¡®¥ à §«®¦¥­¨¥ ­¥ª®â®à®© äã­ªæ¨¨ '(�; �; z)¯® á¨áâ¥¬¥ äã­ªæ¨©, á®¤¥à¦ é¨å ¬­®¦¨â¥«ï¬¨äã­ªæ¨¨ J�m(k�), cos(�m�), sin(�m�), ¬®¦¥â¡ëâì á¢¥¤¥­® ª à §«®¦¥­¨î ¯® á¨áâ¥¬¥ äã­ªæ¨©,á®¦¥à¦ é¨å «¨èì J+m(k�), cos(+m�), sin(+m�).� à ¬¥âà k, ¢ á®®â¢¥âáâ¢¨¨ á ¯¥à¢ë¬ ¨§ ãá«®-¢¨© ¢ (55), ®¯à¥¤¥«ï¥âáï ª ª ª®à¥­ì ãà ¢­¥­¨ïdJm(k�)d� �����=R = 0:�¡®§­ ç ï ç¥à¥§ j0m;n n-© ­ã«ì (n = 1; 2; : : :) ¯à®-¨§¢®¤­®© J 0m ®â äã­ªæ¨¨ Jm (m = 0; 1; : : :), ¯®«ã-ç ¥¬ á«¥¤ãîéãî ä®à¬ã«ã ¤«ï ®¯à¥¤¥«¥­¨ï ¯ à -¬¥âà  k: k = k(n)m = j0m;nR ; (59)£¤¥ ¢¥«¨ç¨­ë j0m;n ï¢«ïîâáï ¨§¢¥áâ­ë¬¨. �«¥¤®¢ -â¥«ì­®, à¥è¥­¨ï ªà ¥¢®© § ¤ ç¨ (55) ¬®£ãâ ¡ëâì

¯à¥¤áâ ¢«¥­ë ª ªY (�) = CJm(k(n)m �); m = 0; 1; : : : ; n = 1; 2; : : : ;(60)£¤¥ C { ¯à®¨§¢®«ì­ë© ¬­®¦¨â¥«ì. � ¤ «ì­¥©è¥¬®­ ¨á¯®«ì§ã¥âáï ¤«ï ­®à¬¨à®¢ª¨, ¯à¨ç¥¬ ¯®« £ -¥âáï C = 1Jm(k(n)m R) :�â  ­®à¬¨à®¢ª  ¢ë¡¨à ¥âáï, ª ª ¢ à ¡®â¥ [2].�ã¬¬¨àãï áª § ­­®¥, ¯à¨å®¤¨¬ ª ¢ë¢®¤ã, çâ®á¯¥ªâà «ì­ ï £¨¤à®¤¨­ ¬¨ç¥áª ï § ¤ ç  (47) {(52) ¨¬¥¥â áç¥â­®¥ ¤¢ã¯ à ¬¥âà¨ç¥áª®¥ ¬­®¦¥-áâ¢® à¥è¥­¨© ¢¨¤ f'mn(�; �; z)g == fcos(m�) mn(�; z); sin(m�) mn(�; z)g; (61)£¤¥  mn(�; z) = Jm(k(n)m �)Jm(k(n)m R) ch [k(n)m (z + l2 )]ch [k(n)m H] :�á¯®«ì§ãï äã­ªæ¨¨ 'mn ¢ ª ç¥áâ¢¥ ª®®à¤¨­ â-­ëå ¢  ¯¯à®ªá¨¬ æ¨¨ (26), ¡ã¤¥¬ ¨áª âì ¢®«­®-¢®© ¯®â¥­æ¨ « ¨áå®¤­®© ­¥«¨­¥©­®© £¨¤à®¤¨­ ¬¨-ç¥áª®© § ¤ ç¨ ¢ ¢¨¤¥ á«¥¤ãîé¥£® à §«®¦¥­¨ï:'(�; �; z; t) = MXm=0Rm(t)'m(�; �; z) == IXi=0 JXj=1[Pij(t) cos(i�) +Rij(t) sin(i�)] ij(�; z):(62)�¤¥áì ¨áª®¬ë¬¨ ï¢«ïîâáï äã­ªæ¨¨ ¢à¥¬¥­¨ Pij(t),Rij(t). � ¬¥â¨¬, çâ® ¢¥àå­¨¥ ¯à¥¤¥«ë I, J ¤¢®©-­®© áã¬¬ë ¨ äã­ªæ¨¨ Pij(t), Rij(t) á ¤¢®©­ë¬¨ ¨­-¤¥ªá ¬¨ ¢ (62) ¤®«¦­ë ¡ëâì á®£« á®¢ ­ë á ç¨á«®¬M ¨ äã­ªæ¨ï¬¨ Rm(t) ¢ ®¤¨­ à­®© áã¬¬¥.�ç¥¢¨¤­®, çâ® §  áç¥â ¢ë¡®à  ª®®à¤¨­ â­ëåäã­ªæ¨© ¢  ¯¯à®ªá¨¬ æ¨¨ (62) ¯®â¥­æ¨ «  ' ®ª -§ë¢ îâáï ã¤®¢«¥â¢®à¥­­ë¬¨ ãà ¢­¥­¨¥ � ¯« á ,ª¨­¥¬ â¨ç¥áª¨¥ ãá«®¢¨ï ­  â¢¥à¤ëå áâ¥­ª å S(t)¯®«®áâ¨ ¨ ãá«®¢¨¥ £ à¬®­¨ç­®áâ¨ ­ ç «ì­®£® ¯®-â¥­æ¨ « . �áâ «ì­ë¥ á®®â­®è¥­¨ï (ª¨­¥¬ â¨-ç¥áª®¥ ¨ ¤¨­ ¬¨ç¥áª®¥ ãá«®¢¨ï ­  á¢®¡®¤­®© ¯®-¢¥àå­®áâ¨, ãá«®¢¨¥ ¯®áâ®ï­áâ¢  ®¡ê¥¬ ) ¤®«¦­ë¡ëâì ã¤®¢«¥â¢®à¥­ë §  áç¥â äã­ªæ¨© Pij(t), Rij(t)¨ �(�; �; t) (¯®á«¥¤­ïï ®¯à¥¤¥«ï¥âáï ¢ë¡®à®¬ �i(t),fi(�; �)).�¡à â¨¬áï ª ª®®à¤¨­ â­ë¬ äã­ªæ¨ï¬ fi(�; �).�ë¡¥à¥¬ ¨å á«¥¤ãîé¨¬ ®¡à §®¬:ffk(�; �)gNk=0 = f'mn(�; �; z)jz=h0g: (63)�. �. �®«®â¥­ª® 27



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40�®£¤ , ¢ á¨«ã ãà ¢­¥­¨ï (25), á¢®¡®¤­ ï ¯®¢¥àå-­®áâì �(t) ¯à¥¤áâ ¢¨âáï ¢ ¢¨¤¥�(�; �; t) = NXn=0�n(t)fn(�; �) == IXi=0 JXj=1[pij(t) cos(i�) + rij(t) sin(i�)] ij(�; h0):(64)�¤¥áì ­¥¨§¢¥áâ­ë¬¨ ï¢«ïîâáï äã­ªæ¨¨ pij(t),rij(t), ª®â®àë¥ ¤®«¦­ë ¡ëâì á®£« á®¢ ­ë á äã­ª-æ¨ï¬¨ �n(t) ¢ ®¤¨­ à­®© áã¬¬¥.5. ������� ����������� ���������������¯¯à®ªá¨¬ æ¨ï á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¢ëà -¦¥­¨¥¬ (64) ®¡¥á¯¥ç¨¢ ¥â ¢ë¯®«­¥­¨¥ ãá«®¢¨ï ¯®-áâ®ï­áâ¢  ®¡ê¥¬  ¦¨¤ª®áâ¨. �¥©áâ¢¨â¥«ì­®, ¨§ãá«®¢¨ï (20) ­ å®¤¨¬, çâ®Z R0 Z 2�0 Z �(�;�;t)�l=2 �dzd�d� == Z R0 Z 2�0 ��(�; �; t) + l2��d�d�:� â® ¦¥ ¢à¥¬ï, ®¡êñ¬ ¦¨¤ª®áâ¨, ®ç¥¢¨¤­®, ¡ã¤¥âV = �R2� l2 + h0�:� ãç¥â®¬ íâ¨å ¢ëà ¦¥­¨© ãá«®¢¨¥ (20) ¨¬¥¥â ¢¨¤Z R0 Z 2�0 ��(�; �; t) + l2��dzd�d� = �R2� l2 + h0�:(65)� áá¬®âà¨¬ «¥¢ãî ç áâì íâ®£® à ¢¥­áâ¢  ¨ ¯®¤-áâ ¢¨¬ ¢ ­¥¥ ¢ëà ¦¥­¨¥ (64). �®£¤  ¯®«ãç¨¬ á®-®â­®è¥­¨¥Z R0 Z 2�0 ��(�; �; t) + l2��d�d� == IXi=0 JXj=1�pij(t)Cij + rij(t)Dij�+ �R2 l2 ; (66)£¤¥ Cij = Z R0 Z 2�0 cos(i�) Ji(k(j)i �)Ji(k(j)i R)�d�d�;Dij = Z R0 Z 2�0 sin(i�) Ji(k(j)i �)Ji(k(j)i R)�d�d�:

�ëç¨á«¨¬ ¢¥«¨ç¨­ë Cij, Dij , § ¬¥â¨¢, çâ® ¢® ¢á¥åá«ãç ïå ¤¢®©­ë¥ ¨­â¥£à «ë á¢®¤ïâáï ª ¯®¢â®à-­ë¬. �ë¯®«­¨¢ ¨­â¥£à¨à®¢ ­¨¥, ­ å®¤¨¬, çâ®Cij = 0; i = 1; : : : ; I; j = 1; : : : ; J:�à¨ i = 0 ¯®«ãç ¥¬ (k(1)0 = 0, J0(k(1)0 �) � 1)C01 = �R2;C0j = 2� Z R0 J0(k(j)0 �)J0(k(j)0 R)�d�d�; j = 1; : : : ; J:�®«ì§ãïáì ¨§¢¥áâ­®© ä®à¬ã«®© ¤«ï äã­ªæ¨© �¥á-á¥«ï Z xnJ0(x)dx = xnJ1(x);(x { ­¥ª®â®àë©  à£ã¬¥­â), ¯®«ãç ¥¬ á®®â­®è¥­¨¥C0j = 2� RJ1(k(j)0 R)k(j)0 J0(k(j)0 R) ; j = 1; : : : ; J:�®, ª ª ¨§¢¥áâ­®,J 00(x) = �J1(x):�«¥¤®¢ â¥«ì­®, ¯à¨ «î¡®¬ jJ1(k(j)0 R) = �J 00(k(j)0 R) = 0:�ç¨âë¢ ï íâ®, ­ å®¤¨¬ ®ª®­ç â¥«ì­®, çâ®C0j = 0; j = 1; : : : ; J:� «¥¥, ¨­â¥£à «ë á sin(i�) ¢ ä®à¬ã« å ¤«ïDij à ¢-­ë ­ã«î ¤«ï ¢á¥å i. �®íâ®¬ãDij = 0; i = 0; 1; : : : ; I; j = 1; : : : ; J:� ª¨¬ ®¡à §®¬, ¨§ á®®â­®è¥­¨ï (66), á ãç¥â®¬­ ©¤¥­­ëå §­ ç¥­¨© ª®íää¨æ¨¥­â®¢ Cij, Dij, ¯®-«ãç ¥¬ ¢ëà ¦¥­¨¥Z R0 Z 2�0 ��(�; �; t) + l2��d�d� = �R2�p01(t) + l2�:�®¤áâ ¢«ïï ¥£® ¢ ãá«®¢¨¥ (65), ­ å®¤¨¬, çâ® ãá«®-¢¨¥ ¯®áâ®ï­áâ¢  ®¡ê¥¬  ¦¨¤ª®áâ¨ ¡ã¤¥â ¢ë¯®«­¥-­®, ¥á«¨ p01(t) � h0; (67)  ®áâ «ì­ë¥ äã­ªæ¨¨ pij(t), rij(t) ¯à®¨§¢®«ì­ë.�â ª, ¢ ¤ «ì­¥©è¥¬ ¯®« £ ¥¬�0(t) = p01(t) � h0; (68)çâ®, ª ª ¡ã¤¥â ¢¨¤­® ¨§ ¤ «ì­¥©è¥£®, ­¥ ¯à®â¨-¢®à¥ç¨â à áá¬ âà¨¢ ¥¬ë¬ ãà ¢­¥­¨ï¬ (42), (43).� ¬¥â¨¬, çâ® ¯à¨�0(t) = h0; �1(t) = : : : = �N (t) = 0ãà ¢­¥­¨¥ z = �(�; �; t) ®¯¨áë¢ ¥â £®à¨§®­â «ì-­ãî ¯«®áª®áâì, ¯à®å®¤ïéãî ç¥à¥§ â®çªã � = 0,� = 0, z = h0.28 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 406. ��������� ����� ��������������� ���� �����������®ç­ë¥ ãà ¢­¥­¨ï â¨¯  � ¬¨«ìâ®­  (42), (43)¢ á«ãç ¥ æ¨«¨­¤à¨ç¥áª®£® ¡ ª  ¨¬¥îâ â ªãî ¦¥¯à®áâãî ¤«ï ¯à®£à ¬¬¨à®¢ ­¨ï áâàãªâãàã, ª ª ¨¢ á«ãç ¥ ¯àï¬®ã£®«ì­®£® ¡ ª  [1]. �®ª ¦¥¬ íâ®,ãç¨âë¢ ï á¯¥æ¨ä¨ªã § ¤ ç¨ ¢ æ¨«¨­¤à¨ç¥áª¨å ª®-®à¤¨­ â å.�à¥¤áâ ¢¨¬ ãà ¢­¥­¨ï (42), (43) ¢ ¬ âà¨ç­®¬¢¨¤¥:AT (�)d �Rdt = K(�) � [g0 � w0(t)] + [C(t)� p0� ]F��12r�[ �RT �B(�) � �R]; (69)A(�)d�dt = B(�) � �R: (70)�¤¥áì ¢¢¥¤¥­ë á«¥¤ãîé¨¥ ¬ âà¨æë (¢¥àå­¨© ¨­-¤¥ªá T ®¡®§­ ç ¥â âà ­á¯®­¨à®¢ ­¨¥ ¬ âà¨æë):A(�) { (M + 1)� (N + 1)-¬ âà¨æ  á í«¥¬¥­â ¬¨aki(�) = @Ak(�)@�i ; k = 0; : : : ;M; i = 0; : : : ; N ;(71)B(�) { (M + 1)� (M + 1)-¬ âà¨æ  á í«¥¬¥­â ¬¨bki(�) = Aki(�); k; i = 0; : : : ;M ; (72)r� { ®¯¥à â®à £à ¤¨¥­â  ¯® ¯¥à¥¬¥­­ë¬ �0,�1; : : : ; �N ; K(�) { âà ­á¯®­¨à®¢ ­­ ï 3� (N +1)-¬ âà¨æ  �ª®¡¨ ®â®¡à ¦¥­¨ï l(�), â.¥.K((N+1)�3)(�) = h @(l1; l2; l3)@(�0; �1; : : : ; �N )iT ; (73)F = [F0; F1; : : : ; FN ]T{ ¢¥ªâ®à-áâ®«¡¥æ á ª®¬¯®­¥­â ¬¨ Fi, ®¯à¥¤¥«ï-¥¬ë¬¨ ¯® ä®à¬ã« ¬ (44); r�(RT � B(�) � R) {£à ¤¨¥­â ª¢ ¤à â¨ç­®© ä®à¬ë ®â ¯¥à¥¬¥­­ëåR0; R1; : : : ; RM á ¬ âà¨æ¥© B(�).�à ¢­¥­¨ï (69), (70) áà ¢­¨â¥«ì­® ¯à®áâ® § ¢¨-áïâ ®â ¨áª®¬ëå äã­ªæ¨© Rk(t), ­® á«®¦­ë¬ ®¡à -§®¬ ¢ª«îç îâ ¨áª®¬ë¥ äã­ªæ¨¨ �i(t), ª®â®àë¥¢å®¤ïâ ¨ ¢ ¯®¤ë­â¥£à «ì­ë¥ äã­ªæ¨¨, ¨ ¢ ¯à¥¤¥«ë¨­â¥£à¨à®¢ ­¨ï. �ë¯®«­ïï ¤ «ì­¥©è¨¥ ¯à¥®¡à -§®¢ ­¨ï á¨áâ¥¬ë (69), (70), ¯®¬¥­ï¥¬ ¬¥áâ ¬¨ á®-áâ ¢«ïîé¨¥ ¥¥ ¬ âà¨ç­ë¥ ãà ¢­¥­¨ï ¨ ¯à¥¤áâ -¢¨¬ ¬ âà¨ç­®¥ ¯à®¨§¢¥¤¥­¨¥ K(�) � [g0 � w0(t)] ¢¢¨¤¥ áã¬¬ë:K(�)�[g0�w0(t)] = K1[g0�w0(t)]x+K2[g0�w0(t)]y++K0[g0 �w0(t)]z � �; (74)

£¤¥ K1, K2 { ¢¥ªâ®à-áâ®«¡æë à §¬¥à  (N+1),   K0{ ª¢ ¤à â­ ï ¬ âà¨æ  à §¬¥à  (N+1)�(N+1), ª®-â®àë¥ ¡ã¤ãâ ®¯¨á ­ë ­¨¦¥. � à¥§ã«ìâ â¥ á¨áâ¥¬ ãà ¢­¥­¨© (69), (70) ¯à¥®¡à §ã¥âáï ª á«¥¤ãîé¥¬ã¤®áâ â®ç­® ã¤®¡­®¬ã ¤«ï ¯à®£à ¬¬¨à®¢ ­¨ï ¢¨¤ã:� 0 A(�)AT (�) 0 � ddt � �R� � == � B(�) 00 [g0 � w0(t)]zK0 �� �R� ���12 � 0S(�; �R) �+ [g0 �w0(t)]x � 0K1 �++[g0 � w0(t)]y � 0K2 �+ �C(t) � p0� �� 0F � : (75)�¤¥áì ¤«ï ª®¬¯ ªâ­®áâ¨ § ¯¨á¨ ¢¢¥¤¥­ ¢¥ªâ®à ª¢ -¤à â¨ç­ëå ä®à¬ ¯® ¯¥à¥¬¥­­ë¬ Rk, ®¯à¥¤¥«ï¥-¬ë© ä®à¬ã«®©S(�; �R) = r�( �RT �B(�) � �R):�â®â ¢¥ªâ®à ¨¬¥¥â à §¬¥à­®áâì N + 1,   ª ¦¤ ï¥£® ª®¬¯®­¥­â  ï¢«ï¥âáï ª¢ ¤à â¨ç­®© ä®à¬®© ¯®Rk á ¬ âà¨æ¥©, ®¡®§­ ç ¥¬®© ¢ ¤ «ì­¥©è¥¬ ç¥à¥§S(i), i = 0; 1; : : : ; N .�®ª ¦¥¬ à ¢¥­áâ¢® (74) ¨ § ®¤­® ¢ë¢¥¤¥¬ ä®à-¬ã«ë ¤«ï í«¥¬¥­â®¢ ¢¥ªâ®à®¢ K1, K2 ¨ ¬ âà¨æëK0. � á¯¨á ¢ ¬ âà¨æã �ª®¡¨ (73) ¨ ¢®á¯®«ì§®¢ ¢-è¨áì ä®à¬ã« ¬¨ (39), ¯à¨å®¤¨¬ ª á®®â­®è¥­¨ï¬1�K(�) = 1� 2666666664 @lx(�)@�0 @ly(�)@�0 @lz(�)@�0@lx(�)@�1 @ly(�)@�1 @lz(�)@�1... ... ...@lx(�)@�N @ly(�)@�N @lz(�)@�N 3777777775 == RZ0 2�Z0 26666666664 f0� cos � f0� sin � NPn=0 �nf0fnf1� cos � f1� sin � NPn=0 �nf1fn... ... ...fN � cos � fN � sin� NPn=0 �nfNfn 37777777775 �d�d�:�¤¥áì áç¨â ¥âáï, çâ® ¨­â¥£à « ®â ¬ âà¨æë à ¢¥­¬ âà¨æ¥ ¨§ ¨­â¥£à «®¢ ®â ¥¥ í«¥¬¥­â®¢. � «¥¥,âà¥â¨© áâ®«¡¥æ ¢ ¬ âà¨æ¥ á¯à ¢  ¬®¦­®, ®ç¥¢¨¤-­®, ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ ¯à®¨§¢¥¤¥­¨ï ­¥ª®â®à®©¬ âà¨æë K0 ­  ¢¥ªâ®à �. �®£¤ , à áá¬ âà¨¢ ï¬ âà¨æã ª ª á®¢®ªã¯­®áâì áâ®«¡æ®¢, ¯®«ãç¨¬ ä®à-¬ã«ã K(�) = [K1;K2;K0 � �];�. �. �®«®â¥­ª® 29



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40£¤¥ K1 = � RZ0 2�Z0 26664 f0(�; �)f1(�; �)...fN (�; �) 37775 �2 cos(�)d�d�;K2 = � RZ0 2�Z0 26664 f0(�; �)f1(�; �)...fN (�; �) 37775 �2 sin(�)d�d�;K0 = �kij� = �� RZ0 2�Z0 fi(�; �)fj(�; �)�d�d��;i; j = 0; 1; : : : ; N: (76)�âáî¤  á«¥¤ã¥â, çâ® à ¢¥­áâ¢® (74) ¢¥à­®,   í«¥-¬¥­âë ¢¥ªâ®à®¢ K1, K2 ¨ ¬ âà¨æë K0 ¢ëç¨á«ï-îâáï ¯® ä®à¬ã« ¬ (76).�áâ «ì­ë¥ ª®íää¨æ¨¥­âë ®¯à¥¤¥«ïîâáï á«¥¤ã-îé¨¬¨ ä®à¬ã« ¬¨, ¢ëâ¥ª îé¨¬¨ ¨§ (40), (41):¬ âà¨æ  A = (aki) {aki = � RZ0 2�Z0 fi(�; �)'kh�; �; NXn=0�nfn(�; �)i�d�d�;k = 0; 1; : : : ;M; i = 0; 1; : : : ; N ; (77)¬ âà¨æ  B = (bkj) {bkj = � RZ0 2�Z0 �(�;�;�)Z�l=2 r'k � r'j�dzd�d�;k; j = 0; 1; : : :;M ; (78)¬ âà¨æë S(i) = (s(i)kj ) ¢¥ªâ®à  ª¢ ¤à â¨ç­ëå ä®à¬S(�;R) {s(i)kj = � RZ0 2�Z0 fi(�; �)�r'k � r'j�z=�(�;�;�)�d�d�;k; j = 0; 1; : : : ;M; i = 0; 1; : : : ; N ; (79)¢¥ªâ®à F = (Fi) {Fi = � RZ0 2�Z0 fi(�; �)�d�d�;i = 0; 1; : : : ; N: (80)

� á®®â­®è¥­¨ïå (76) { (80) ª®®à¤¨­ â­ë¥ äã­ªæ¨¨'k(�; �; z), fi(�; �) ®¯à¥¤¥«ïîâáï ä®à¬ã« ¬¨ (62),(64).�¥¯¥àì á¨áâ¥¬ã ãà ¢­¥­¨© (75) ¬®¦­® ª« áá¨-ä¨æ¨à®¢ âì ª ª ª¢ §¨«¨­¥©­ãî á¨áâ¥¬ã ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¯¥à¢®£® ¯®àï¤ª , ¢®¡é¥¬ á«ãç ¥ ­¥ ¢â®­®¬­ëå, á á¨¬¬¥âà¨ç¥áª®©¬ âà¨æ¥© ¯à¨ ¯à®¨§¢®¤­ëå� 0 A(�)AT (�) 0 � :�¨¬¬¥âà¨ç­®áâì íâ®© ¬ âà¨æë á®åà ­ï¥âáï ¤ ¦¥¯à¨ N 6= M . �«¥¬¥­âë ¬ âà¨æë A § ¢¨áïâ â®«ì-ª® ®â ç áâ¨ ­¥¨§¢¥áâ­ëå ¢¥«¨ç¨­,   ¨¬¥­­®, ®â �i.�àã£¨¥ ç«¥­ë ãà ¢­¥­¨©, á®¤¥à¦ é¨¥ ­¥¨§¢¥áâ-­ë¥ äã­ªæ¨¨ ¢ ¨­â¥£à « å, â ª¦¥ § ¢¨áïâ â®«ì-ª® ®â �i, ¯à¨ç¥¬ íâ¨ ¢¥«¨ç¨­ë ¢áâà¥ç îâáï ¨ ¢¯®¤ë­â¥£à «ì­ëå äã­ªæ¨ïå (­ ¯à¨¬¥à, ¢ í«¥¬¥­-â å aij), ¨ ¢ ¯à¥¤¥« å ¨­â¥£à¨à®¢ ­¨ï (­ ¯à¨¬¥à,¢ í«¥¬¥­â å bij). �à ¢ ï ç áâì á¨áâ¥¬ë á®¤¥à¦¨âá¢®¡®¤­ë¥, «¨­¥©­ë¥ ¨ ª¢ ¤à â¨ç­ë¥ ç«¥­ë ®â­®-á¨â¥«ì­® ­¥¨§¢¥áâ­ëå ¢¥«¨ç¨­ Rk, �i. �§ ä®à¬ã«(78), (76) ¤«ï í«¥¬¥­â®¢ ¬ âà¨æ B(�), K0 ¢ëâ¥ª -¥â, çâ® íâ¨ ¬ âà¨æë,   á«¥¤®¢ â¥«ì­®, ¨ ¬ âà¨æ � B(�) 00 [g0 � w0(t)]zK0 �ï¢«ïîâáï á¨¬¬¥âà¨ç¥áª¨¬¨.�áâ ­®¢«¥­­ ï á¨¬¬¥âà¨ï ãà ¢­¥­¨© ­¥«¨­¥©-­ëå ª®«¥¡ ­¨© ¦¨¤ª®áâ¨  ­ «®£¨ç­  ¨§¢¥áâ­®©á¨¬¬¥âà¨¨ ãà ¢­¥­¨© «¨­¥©­ëå ª®«¥¡ ­¨© "â¢¥à-¤ëå" ¬¥å ­¨ç¥áª¨å á¨áâ¥¬ á ª®­¥ç­ë¬ ç¨á«®¬ áâ¥-¯¥­¥© á¢®¡®¤ë. �¤­ ª® ¢ á«ãç ¥ "¦¨¤ª®©" ª®-«¥¡ â¥«ì­®© á¨áâ¥¬ë ¯à®ï¢«ï¥âáï ¥¥ á¯¥æ¨ä¨ª ,á¢ï§ ­­ ï á § ¢¨á¨¬®áâìî ®â á¢®¡®¤­®© ¯®¢¥àå-­®áâ¨ �(�; �; �) í«¥¬¥­â®¢ ãª § ­­ëå á¨¬¬¥âà¨ç¥-áª¨å ¬ âà¨æ ¨ á ­ «¨ç¨¥¬ ª¢ ¤à â¨ç­®© ä®à¬ëS(�; �R). �à ¢­¥­¨ï (75) ª« ¤ãâáï ¢ ®á­®¢ã ¯à¥¤-« £ ¥¬®£® ¬¥â®¤  ç¨á«¥­­®£®  ­ «¨§  ­¥«¨­¥©­ëåª®«¥¡ ­¨© ¦¨¤ª®áâ¨ ¢ æ¨«¨­¤à¨ç¥áª®¬ á®áã¤¥.7. ������� ��������� �����������������������ë¤¥«¨¬ ¢ ¬ âà¨ç­ëå ª®íää¨æ¨¥­â å à áá¬ -âà¨¢ ¥¬ëå ãà ¢­¥­¨© â¨¯  � ¬¨«ìâ®­  ¡«®ç­ë¥áâàãªâãàë, ª®â®àë¥ § â¥¬ ¡ã¤ãâ ¨á¯®«ì§®¢ ­ë¤«ï ¯®áâà®¥­¨ï  «£®à¨â¬®¢ ¢ëç¨á«¥­¨ï íâ¨å ¬ -âà¨æ.�áå®¤­ë¥ ãà ¢­¥­¨ï â¨¯  � ¬¨«ìâ®­  (75) ¯®-«ãç¥­ë ¢ à¥§ã«ìâ â¥ ¯à¥¤áâ ¢«¥­¨ï ¯®â¥­æ¨ «  ¨30 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¢ ¢¨¤¥ ¯à®áâëå (®¤­®ªà â-­ëå) áã¬¬,   ¨¬¥­­®:'(�; �; z; t) = MXm=0Rm(t)'m(�; �; z);�(�; �; t) = NXn=0�n(t)fn(�; �):� ¤àã£®© áâ®à®­ë, ¢¢¥¤¥­¨¥ á¨áâ¥¬ë ª®®à¤¨­ â-­ëå äã­ªæ¨© ¤«ï ¯®â¥­æ¨ «  ¢ ¢¨¤¥ ¤¢®©­®© ¯®-á«¥¤®¢ â¥«ì­®áâ¨f'ij(�; �; z)g = fcos(i�) ij(�; z); sin(i�) ij(�; z)g;¯à¨¢®¤¨â ª ¯à¥¤áâ ¢«¥­¨î ¯®â¥­æ¨ «  ç¥à¥§ ¤¢®©-­ãî áã¬¬ã,   ¨¬¥­­®:' = IXi=0 JXj=1[Pij(t) cos(i�) +Rij(t) sin(i�)] ij(�; z):�­ «®£¨ç­®¥ ¯à¥¤áâ ¢«¥­¨¥ ¯®«ãç ¥âáï ¨ ¤«ï á¢®-¡®¤­®© ¯®¢¥àå­®áâ¨:� = IXi=0 JXj=1[pij(t) cos(i�) + rij(t) sin(i�)] ij(�; h0):(81)�à¨ ®¡à é¥­¨¨ ª ä®à¬ã« ¬ (76) { (80) ¤«ï ¢ëç¨-á«¥­¨ï ¬ âà¨ç­ëå ª®íää¨æ¨¥­â®¢ A, B, S(i), K0,K1, K2, F ¢®§­¨ª ¥â ¢®¯à®á ® á¢ï§¨ í«¥¬¥­â®¢¯à®áâëå ¯®á«¥¤®¢ â¥«ì­®áâ¥© f'mg, ffng ¨ ¤¢®©-­ëå ¯®á«¥¤®¢ â¥«ì­®áâ¥© f'ijg. (� á«ãç ¥ ¯®á«¥-¤®¢ â¥«ì­®áâ¨ ffng ¢ äã­ª¨æïå 'ij ­ã¦­® ¯®« -£ âì z = h0.) �â®â ¢®¯à®á, ®ç¥¢¨¤­®, à ¢­®á¨«¥­¢®¯à®áã ® á¯®á®¡¥ ­ã¬¥à æ¨¨ í«¥¬¥­â®¢ â ¡«¨æëá ¤¢ã¬ï ¢å®¤ ¬¨2666664  01  02 : : : 11 cos �  11 sin �  12 cos �  12 sin � 21 cos 2�  21 sin 2�  22 cos 2�  22 sin 2� 31 cos 3�  31 sin 3�  32 cos 3�  32 sin 3�... 3777775 ;(82)ª®â®à ï ¯®à®¦¤ ¥â ¤¢®©­ë¥ ¯®á«¥¤®¢ â¥«ì­®áâ¨f'ijg. � ¤ «ì­¥©è¥¬ íâ  â ¡«¨æ  (®­  ­¥ ï¢«ï¥âáï¬ âà¨æ¥©, â ª ª ª ç¨á«® í«¥¬¥­â®¢ ¢ ¥¥ ­ã«¥¢®©áâà®ª¥ ®â«¨ç­® ®â ç¨á«  í«¥¬¥­â®¢ ¢ ®áâ «ì­ëåáâà®ª å) ­ §ë¢ ¥âáï â ¡«¨æ¥© £ à¬®­¨ª. �à¨¡¥áª®­¥ç­®¬ ç¨á«¥ ç«¥­®¢ ¢  ¯¯à®ªá¨¬¨àãîé¨åáã¬¬ å â ¡«¨æ  £ à¬®­¨ª áâ ­®¢¨âáï ¡¥áª®­¥ç-­®©.�«¥¬¥­âë â ¡«¨æë £ à¬®­¨ª ¬®¦­® ¯¥à¥­ã¬¥-à®¢ âì ¬­®£¨¬¨ á¯®á®¡ ¬¨. � ¤ «ì­¥©è¥¬ ¨á¯®«ì-§ã¥âáï á¯®á®¡ ­ã¬¥à æ¨¨ "¯® áâà®ª ¬", ª®â®àë©

áà ¢­¨â¥«ì­® ¯à®áâ®  «£®à¨â¬¨§ã¥âáï. � ¬¥â¨¬,çâ® ¢ íâ®¬ á«ãç ¥ ¯à¨ ã¢¥«¨ç¥­¨¨ ç¨á«  áâ®«¡-æ®¢ ¢ â ¡«¨æ¥ £ à¬®­¨ª (82), â. ¥. ¯à¨ ¨§¬¥­¥­¨¨¢¨¤   ¯¯à®ªá¨¬¨àãîé¨å ¢ëà ¦¥­¨© ¯ãâ¥¬ ¤®¡ -¢«¥­¨ï á« £ ¥¬ëå á ¢®§à áâ îé¨¬ ¨­¤¥ªá®¬ j, ¥¥áâ àë¬ í«¥¬¥­â ¬, ­ ç¨­ ï á ¯¥à¢®© áâà®ª¨, ­¥-®¡å®¤¨¬® ¯à¨á¢ ¨¢ âì ­®¢ë¥ ­®¬¥à  (áâ àë¥ í«¥-¬¥­âë ¢ ­ã«¥¢®© áâà®ª¥ á¢®¨ ­®¬¥à  á®åà ­ïîâ).�®£¤  ¢ íâ®© â ¡«¨æ¥ ã¢¥«¨ç¨¢ ¥âáï â®«ìª® ç¨á«®áâà®ª ¯à¨ á®åà ­¥­¨¨ ç¨á«  áâ®«¡æ®¢, ­®¬¥à  áâ -àëå í«¥¬¥­â®¢ ­¥ ¨§¬¥­ïîâáï.� ª ¢¨¤­® ¨§ (82), ¢á¥ í«¥¬¥­âë â ¡«¨æë £ à¬®-­¨ª à á¯ ¤ îâáï ­  ¤¢¥ £àã¯¯ë, ¢ ®¤­ã ¨§ ª®â®àëå¢å®¤ïâ í«¥¬¥­âë, ­¥ § ¢¨áïé¨¥ ®â ã£«®¢®© ª®®à¤¨-­ âë �,   ¢ ¤àã£ãî { í«¥¬¥­âë á cos(i�) ¨ sin(i�).�®ç­¥¥, ¯¥à¢ ï £àã¯¯  á®áâ®¨â ¨§ í«¥¬¥­â®¢ ­ã«¥-¢®© áâà®ª¨, ª®â®àë¥ ­¥ § ¢¨áïâ ®â �,   ¢â®à ï {¨§ í«¥¬¥­â®¢ áâà®ª á ¯¥à¢®© ¯® ¯®á«¥¤­îî, ã ª®-â®àëå ­®¬¥à  i = 1; : : : ; I. � á®®â¢¥âáâ¢¨¨ á íâ¨¬ª ¦¤ë© ¨§ ¬ âà¨ç­ëå ª®íää¨æ¨¥­â®¢ A, B, S(i),K0 à §¡¨¢ ¥âáï ­  4 ¡«®ª , ¤¢  ¤¨ £®­ «ì­ëå ¨ ¤¢ ¢­¥¤¨ £®­ «ì­ëå. � ¢¥àå­¨å ¤¨ £®­ «ì­ëå ¡«®-ª å ¯®¤ë­â¥£à «ì­ë¥ äã­ªæ¨¨ ­¥ á®¤¥à¦ â ª®®à-¤¨­ â­ëå äã­ªæ¨© fk, 'k c ¬­®¦¨â¥«ï¬¨ cos(i�),sin(i�), ¢ ­¨¦­¨å ¤¨ £®­ «ì­ëå ¡«®ª å ª ¦¤ ï ¨§ª®®à¤¨­ â­ëå äã­ªæ¨© fk, 'k, áâ®ïé ï ¯®¤ á®®â-¢¥âáâ¢ãîé¨¬ ¨­â¥£à «®¬, á®¤¥à¦¨â ¬­®¦¨â¥«¥¬«¨¡® cos(i�), «¨¡® sin(i�),   ¢® ¢­¥¤¨ £®­ «ì­ëå¡«®ª å â®«ìª® ®¤­  ¨§ ª®®à¤¨­ â­ëå äã­ªæ¨© fk,'k ¯®¤ ¨­â¥£à « ¬¨ á®¤¥à¦¨â ¬­®¦¨â¥«¥¬ «¨¡®cos(i�), «¨¡® sin(i�). �àã£¨¬¨ á«®¢ ¬¨, ¯®¤ë­â¥-£à «ì­ë¥ äã­ªæ¨¨ ¢ ¢¥àå­¨å ¤¨ £®­ «ì­ëå ¡«®-ª å á®¤¥à¦ â ¬­®¦¨â¥«ï¬¨ ®¤­®ç«¥­ë ®â äã­ª-æ¨© cos(i�), sin(i�) ­ã«¥¢®© áâ¥¯¥­¨, ¢ ­¨¦­¨å ¤¨ -£®­ «ì­ëå ¡«®ª å { ¢â®à®© áâ¥¯¥­¨, ¢® ¢­¥¤¨ £®-­ «ì­ëå ¡«®ª å { ¯¥à¢®© áâ¥¯¥­¨.� ¬¥ç ­¨¥. �®¤ë­â¥£à «ì­ë¥ äã­ªæ¨¨ ¬®£ãâá®¤¥à¦ âì cos(i�), sin(i�) ¢­¥ ãª § ­­ëå ®¤­®ç«¥-­®¢. �â® ¨¬¥¥â ¬¥áâ® ¢ á«ãç ïå, ª®£¤  ¯®¤ ¨­-â¥£à «®¬ ¯à®¨§¢®¤¨âáï § ¬¥­  z = �(�; �; t), ­® ¢íâ¨å á«ãç ïå äã­ªæ¨¨ cos(i�), sin(i�) ¨§ �(�; �; t)­¥ ¢«¨ïîâ ­  ¡«®ç­®¥ à §¡¨¥­¨¥ ¬ âà¨æ. � ¯à¨-¬¥à, ¯à¨ M = N = 7 ¯®¤ë­â¥£à «ì­ ï äã­ªæ¨ï ¢í«¥¬¥­â¥a22 = � Z R0 Z 2�0 f2(�; �)'2(�; �; NXn=0�nfn)�d�d�¨§ ­¨¦­¥£® ¤¨ £®­ «ì­®£® ¡«®ª  ¬ âà¨æë A á®-¤¥à¦¨â ®¤­®ç«¥­­ë© ¬­®¦¨â¥«ì cos2(�), ¯®áª®«ì-ªã ª®®à¤¨­ â­ë¥ äã­ªæ¨¨ f2 ¨ '2 ¨¬¥îâ ¬­®-¦¨â¥«ï¬¨ cos(�). �à®¬¥ â®£®, ¯®¤ë­â¥£à «ì­ ïäã­ªæ¨ï § ¢¨á¨â â ª¦¥ ®â äã­ªæ¨© cos(i�), sin(i�)(i = 1; 2; 3), áâ®ïé¨å ¢  à£ã¬¥­â¥ z äã­ªæ¨¨ '2 ¢�. �. �®«®â¥­ª® 31



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40á¨«ã § ¬¥­ë z = �(�; �; t), ­® ­  ¡«®ç­®¥ à §¡¨¥­¨¥¬ âà¨æë A íâ® ­¥ ¢«¨ï¥â.�¤¥« ­­®¥ § ¬¥ç ­¨¥ ®â­®á¨âáï ¨ ª ¬ âà¨æ ¬S(i). �®¤ë­â¥£à «ì­ë¥ ¦¥ äã­ªæ¨¨ ¬ âà¨æ B,K0,K1, K2, F á®¤¥à¦ â cos(i�), sin(i�) â®«ìª® ¢¢¨¤¥ ®¤­®ç«¥­®¢ á®®â¢¥âáâ¢ãîé¨å áâ¥¯¥­¥©, ¯®-áª®«ìªã § ¬¥­  z = �(�; �; t) ¢ ­¨å ­¥ ¯à®¨§¢®¤¨â-áï.�â¬¥ç¥­­ë¥ ®á®¡¥­­®áâ¨ áâàãªâãàë ¬ âà¨ç-­ëå ª®íää¨æ¨¥­â®¢ ãçâ¥­ë ¢ ¯®¤¯à®£à ¬¬ å-äã­ªæ¨ïå, ®¡¥á¯¥ç¨¢ îé¨å ¢ëç¨á«¥­¨¥ í«¥¬¥­â®¢íâ¨å ¬ âà¨ç­ëå ª®íää¨æ¨¥­â®¢.8. ����� ��������� � ����������������áâ ­®¢¨¬ ­¥®¡å®¤¨¬ë¥ ¤«ï ¤ «ì­¥©è¥£® ä®à-¬ã«ë á¢ï§¨ ®¤¨­ à­ëå ¨ ¤¢®©­ëå ¨­¤¥ªá®¢. �«ïíâ®£® à áá¬®âà¨¬ á­ ç «  â ¡«¨æã ­ã«¥© k(j)i ,®¯à¥¤¥«ï¥¬ëå ä®à¬ã«®© (59), á«¥¤ãîé¥£® ¢¨¤ :266664 k(1)0 k(2)0 : : : k(m0)0k(1)1 k(2)1 : : : k(m1)1... ... ...k(1)I k(2)I : : : k(mI )I 377775 : (83)�®¬¥à  i áâà®ª ¢ íâ®© â ¡«¨æ¥ ¨§¬¥­ïîâáï ®â 0¤® I,   ç¨á«® í«¥¬¥­â®¢ ¢ ª ¦¤®© áâà®ª¥ § ¤ ¥âáï­ ¡®à®¬ ç¨á¥« (m0;m1; : : : ;mI);£¤¥ mi { ç¨á«® í«¥¬¥­â®¢ ¢ i-© áâà®ª¥. � §¬¥àëâ ¡«¨æë ­ã«¥© (83) ®¤­®§­ ç­® ®¯à¥¤¥«ïîâáï à §-¬¥à ¬¨ â ¡«¨æë £ à¬®­¨ª (82). �¥©áâ¢¨â¥«ì­®,ç¨á«® í«¥¬¥­â®¢ ¢ ¥¥ ­ã«¥¢®© áâà®ª¥ à ¢­® ç¨á«ãí«¥¬¥­â®¢ ¢ ­ã«¥¢®© áâà®ª¥ â ¡«¨æë £ à¬®­¨ª,  ç¨á«®mi í«¥¬¥­â®¢ ¢ ¥¥ i-®© áâà®ª¥, ­ ç¨­ ï á ¯¥à-¢®©, ¢ ¤¢  à §  ¬¥­ìè¥ ç¨á«  ni í«¥¬¥­â®¢ ¢ i-®©áâà®ª¥ â ¡«¨æë £ à¬®­¨ª, â.¥. ni = 2mi. �â® ®¡ã-á«®¢«¥­® â¥¬, çâ® ª ¦¤®¬ã í«¥¬¥­âã k(j)i ¨§ â -¡«¨æë ­ã«¥© á®®â¢¥âáâ¢ã¥â, ª ª ¢¨¤­® ¨§ (82), ¤¢¥£ à¬®­¨ª¨ cos(i�) ij , sin(i�) ij ¨§ i-®© ¦¥ áâà®ª¨â ¡«¨æë £ à¬®­¨ª. � ¡«¨æë á ¯¥à¥¬¥­­ë¬ ç¨á«®¬í«¥¬¥­â®¢ ¢ áâà®ª å á®®â¢¥âáâ¢ãîâ, ¢ ®â«¨ç¨¥ ®â(81),  ¯¯à®ªá¨¬ æ¨¨ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¤¢®©-­®© áã¬¬®© ¢¨¤ � = IXi=0 miXj=1[pij(t) cos(i�) + rij(t) sin(i�)] ij(�; h0):(84)(�­ «®£¨ç­®© áã¬¬®© § ¤ ¥âáï, ®ç¥¢¨¤­®, ¨ ¯®-â¥­æ¨ «.)

� ¬¥ç ­¨¥. �¥àå­¨¥ ¯à¥¤¥«ë I, mi ¤«ï ¨­¤¥ª-á®¢ i, j ¢ áã¬¬¥ (84) ­¥§ ¢¨á¨¬ë. �¨á«® áâà®ª ¢â ¡«¨æ¥ £ à¬®­¨ª ¨ ç¨á«® í«¥¬¥­â®¢ ¢ ª ¦¤®© ¨§áâà®ª ®¯à¥¤¥«ï¥âáï â®«ìª® ¢ë¡®à®¬  ¯¯à®ªá¨¬¨-àãîé¥£® ¢ëà ¦¥­¨ï, ¤¨ªâã¥¬®£® ª®­ªà¥â­®© ¢ë-ç¨á«¨â¥«ì­®© § ¤ ç¥©.� ¯ à¥ ¨­¤¥ªá®¢ (i; j) ¯¥à¢ë© ï¢«ï¥âáï ­®¬¥à®¬áâà®ª¨,   ¢â®à®© { ­®¬¥à®¬ í«¥¬¥­â  ¢ i-®© áâà®ª¥â ¡«¨æë ª®à­¥©. �® ®â­®è¥­¨î ¦¥ ª â ¡«¨æ¥ £ à-¬®­¨ª ¨­¤¥ªá i ¢ ¯ à¥ (i; j) ¯®-¯à¥¦­¥¬ã ®¡®§­ ç -¥â ­®¬¥à áâà®ª¨,   ¨­¤¥ªá j { ­®¬¥à ¯ àë í«¥¬¥­-â®¢, á®¤¥à¦ é¨å ®¤¨­ ª®¢ë¥ ç¨á«  k(j)i . � ¤ ç § ª«îç ¥âáï ¢ â®¬, çâ®¡ë ®¤¨­ à­®¬ã ¨­¤¥ªáã kí«¥¬¥­â  fk ¯®á«¥¤®¢ â¥«ì­®áâ¨ ffkg ¯®áâ ¢¨âì ¢á®®â¢¥âáâ¢¨¥ ¯ àã ¨­¤¥ªá®¢ (i; j) ®¤­®£® ¨§ í«¥-¬¥­â®¢ ¯®á«¥¤®¢ â¥«ì­®áâ¨ f ijg. �àã£¨¬¨ á«®¢ -¬¨, ­ã¦­® ­ ©â¨ æ¥«®ç¨á«¥­­ë¥ äã­ªæ¨¨ i(k), j(k)æ¥«®£®  à£ã¬¥­â  k.�«ï à¥è¥­¨ï íâ®© § ¤ ç¨ ¢¢¥¤¥¬ ¤®¯®«­¨â¥«ì-­ë© ¨­¤¥ªá l, ®¡®§­ ç îé¨© ­®¬¥à í«¥¬¥­â  ¢ i-®© áâà®ª¥ â ¡«¨æë £ à¬®­¨ª. � ¯ à¥ ¨­¤¥ªá®¢ (i; l)¯¥à¢ë©, ª ª ¨ à ­ìè¥, ®¡®§­ ç ¥â ­®¬¥à áâà®ª¨,  ¢â®à®© { ­®¬¥à í«¥¬¥­â  (  ­¥ ¯ àë í«¥¬¥­â®¢,ª ª ¢ á«ãç ¥ (i; j)) ¢ i-© áâà®ª¥. �ç¨â ¥¬, çâ® ¢ i-©áâà®ª¥ ¨­¤¥ªá l ¨§¬¥­ï¥âáï ®â 0 ¤® ni�1, çâ® ¡ã¤¥â¨¬¥âì §­ ç¥­¨¥ ¢ ¤ «ì­¥©è¥¬. �ç¥¢¨¤­®, l = l(k),â.¥. ¨­¤¥ªá l ï¢«ï¥âáï äã­ªæ¨¥© ¨­¤¥ªá  k. �­-¤¥ªá æ¨ï (i; l) á®®â¢¥âáâ¢®¢ «  ¡ë ¯à¥¤áâ ¢«¥­¨îá¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¢ ¢¨¤¥� = IXi=0 ni�1Xl=0 p�il(t)fil(�; �);£¤¥ äã­ªæ¨¨ p�il ¨ fil ï¢«ïîâáï ¯¥à¥­ã¬¥à®¢ ­­ë-¬¨ á ¯®¬®éìî ¨­¤¥ªá®¢ (i; l) äã­ªæ¨ï¬¨ pij, rij ¨cos(i�) ij , sin(i�) ij ¨§  ¯¯à®ªá¨¬ æ¨¨ (84) á®®â-¢¥âáâ¢¥­­®.�®áâ ¢«¥­­ãî § ¤ çã ®¡ ¨­¤¥ªá å à¥è îâá«¥¤ãîé¨¥ ãâ¢¥à¦¤¥­¨ï (¯à®¢¥àïîâáï ­¥¯®áà¥¤-áâ¢¥­­®):1) �®¬¥à M ¯®á«¥¤­¥£® ç«¥­  ®¤¨­ à­®© ¯®á«¥¤®-¢ â¥«ì­®áâ¨ ffkgMk=0 á¢ï§ ­ á ¢¥àå­¨¬ ¯à¥¤¥«®¬I ¨ ç¨á« ¬¨ mi ¢ ¤¢®©­®© áã¬¬¥ (84) á®®â­®è¥-­¨¥¬ M + 1 = m0 + 2 IXi=1mi:2) �¤¨­ à­ë© ­®¬¥à k «¥¦¨â ¢ ¯à¥¤¥« å0 � k � m0 � 1¤«ï í«¥¬¥­â®¢ ­ã«¥¢®© áâà®ª¨ ¨§ â ¡«¨æë £ à¬®-­¨ª,   ¤«ï í«¥¬¥­â®¢ i-© áâà®ª¨ ®­ ã¤®¢«¥â¢®àï¥â­¥à ¢¥­áâ¢ ¬ ai � k � bi;32 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40£¤¥ai = m0 + 2 i�1Xn=1mn; bi = m0 + 2 iXn=1mn � 1:3) �á«¨ ®¤¨­ à­ë© ¨­¤¥ªá k ã¤®¢«¥â¢®àï¥â ­¥-à ¢¥­áâ¢ã 0 � k � m0 � 1, â® á®®â¢¥âáâ¢ãîé¨¥¥¬ã ¤¢®©­ë¥ ¨­¤¥ªáë (i; j) § ¤ îâáï ä®à¬ã« ¬¨i(k) = 0; j(k) = k + 1:�á«¨ ¦¥ ®¤¨­ à­ë© ¨­¤¥ªá k ã¤®¢«¥â¢®àï¥â ­¥-à ¢¥­áâ¢ã ai � k � bi, â® á®®â¢¥âáâ¢ãîé¨¥ ¥¬ã¤¢®©­ë¥ ¨­¤¥ªáë (i; j) ¯¥à¥áç¨âë¢ îâáï ¯® ä®à-¬ã« ¬ i(k) = i; j(k) = E� l(k) + 22 �; (85)£¤¥ E(x) ®¡®§­ ç ¥â äã­ªæ¨î, à ¢­ãî ­ ¨¡®«ì-è¥¬ã æ¥«®¬ã ç¨á«ã, ­¥ ¯à¥¢®áå®¤ïé¥¬ã x,   l(k)®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥l(k) = k � ai:� ª¨¬ ®¡à §®¬, ¢ëç¨á«¥­¨¥ ¤¢®©­ëå ¨­¤¥ªá®¢(i; j) ¯® § ¤ ­­®¬ã ®¤¨­ à­®¬ã ¨­¤¥ªáã k, á®®â-¢¥âáâ¢ãîé¥¬ã ¢ë¡à ­­®©  ¯¯à®ªá¨¬ æ¨¨ á ¯ à -¬¥âà ¬¨ I, mi, á¢®¤¨âáï ª ¢ëç¨á«¥­¨î ¤¨ ¯ §®­ ¨§¬¥­¥­¨ï ¨­¤¥ªá  k, ®¯à¥¤¥«¥­¨î £à ­¨æ (ai; bi)¨§¬¥­¥­¨ï ¨­¤¥ªá  k ¢ ¯à¥¤¥« å ª ¦¤®© áâà®ª¨â ¡«¨æë £ à¬®­¨ª ¨ ¯®á«¥¤ãîé¥¬ã ¯à¨¬¥­¥­¨îä®à¬ã« (85).�à¨¬¥à. �ãáâì ¢ë¡à ­­ ï  ¯¯à®ªá¨¬ æ¨ï á¢®-¡®¤­®© ¯®¢¥àå­®áâ¨ å à ªâ¥à¨§ã¥âáï â ¡«¨æ¥©£ à¬®­¨ª ¢¨¤ 2664  01  02 11 cos �  11 sin � 21 cos 2�  21 sin 2� 31 cos 3�  31 sin 3� 3775 :�© á®®â¢¥âáâ¢ã¥â â ¡«¨æ  ­ã«¥©26664 k(1)0 k(2)0k(1)1k(1)2k(1)3 37775 :�âáî¤  á«¥¤ã¥â, çâ® â ¡«¨æ  £ à¬®­¨ª ¨¬¥¥â ¯ -à ¬¥âàëI = 3; (m0;m1;m2;m3) = (2; 1; 1; 1):�§ á®®â­®è¥­¨ï ¤«ï M ­ å®¤¨¬, çâ® ®¤¨­ à­ë©¨­¤¥ªá k ¨§¬¥­ï¥âáï ¢ ¯à¥¤¥« å ®â 0 ¤® 7. � ª¨¬

®¡à §®¬, à áá¬ âà¨¢ ¥¬ ï  ¯¯à®ªá¨¬ æ¨ï, ¢ëà -¦¥­­ ï ç¥à¥§ ®¤¨­ à­ãî ¨ ¤¢®©­ãî áã¬¬ë, ¨¬¥¥â¢¨¤ � = h0 + 7Xk=1�k(t)fk(�; �) == h0 + p02(t) 02(�; h0)++ 3Xi=1 1Xj=1[pij(t) cos(i�) + rij(t) sin(i�)] ij(�; h0):(86)(�¤¥áì ¯®«®¦¥­® f0(�; �) = 1, çâ® á«¥¤ã¥â ¨§ ¢ë-à ¦¥­¨ï (84) ¨ (61), â ª ª ª k10 = 0. �à®¬¥ â®£®,�0(t) = h0 ¢ á¨«ã (68).) �â® â ª ­ §ë¢ ¥¬ ï "á¥¬¨-¬®¤®¢ ï"  ¯¯à®ªá¨¬ æ¨ï á¢®¡®¤­®© ¯®¢¥àå­®áâ¨.�á¯®«ì§ãï ä®à¬ã«ë ¤«ï ai, bi, ­ å®¤¨¬, çâ® ®¤¨-­ à­ë© ¨­¤¥ªá k à á¯à¥¤¥«¥­ ¯® áâà®ª ¬ á«¥¤ãî-é¨¬ ®¡à §®¬:a0 = 0 � k � b0 = 1; a1 = 2 � k � b1 = 3;a2 = 4 � k � b2 = 5; a3 = 6 � k � b3 = 7:� ª®­¥æ, ¯® ä®à¬ã« ¬ (85) ¯®«ãç ¥¬â ªãî ª®­ªà¥â­ãî à¥ «¨§ æ¨î äã­ªæ¨¨ fkg �!f�i(k); j(k)�g, § ¤ îé¥© á®®â¢¥âáâ¢¨¥ ®¤¨­ à­ëå¨ ¤¢®©­ëå ¨­¤¥ªá®¢:f0; 1; 2; 3;4;5; 6; 7g!! f(0; 1); (0; 2); (1;1); (1;2); (2; 1); (2;2); (3;1); (3; 2)g:� ¤ «ì­¥©è¥¬ ­ «¨ç¨¥ íâ®© äã­ªæ¨¨ ¤ ¥â ¢®§¬®¦-­®áâì ¯à¨ ¢ëç¨á«¥­¨¨ ¨­â¥£à «®¢  ¢â®¬ â¨ç¥áª¨á®¯®áâ ¢«ïâì £ à¬®­¨ª ¬ fk(�; �), 'k(�; �; z) ­¥®¡-å®¤¨¬ë¥ ª®¬¡¨­ æ¨¨ âà¨£®­®¬¥âà¨ç¥áª¨å äã­ª-æ¨© á¨­ãá , ª®á¨­ãá , ª®á¨­ãá  £¨¯¥à¡®«¨ç¥áª®£®,äã­ªæ¨© �¥áá¥«ï ¨ ç¨á¥« k(j)i .9. ������� K0 � ������� K1, K2, F�«¥¬¥­âë ¬ âà¨æëK0 ¨ ¢¥ªâ®à®¢K1,K2, F ¬®-£ãâ ¡ëâì ¯à¥¤áâ ¢«¥­ë ¯à®áâë¬¨ â®ç­ë¬¨ ä®à-¬ã« ¬¨ (¡¥§ ¨­â¥£à¨à®¢ ­¨©), çâ® ã¤®¡­® ¤«ï ¢ë-ç¨á«¥­¨©. �ë¢¥¤¥¬ íâ¨ ä®à¬ã«ë.�à® ­ «¨§¨àã¥¬ á­ ç «  ¬ âà¨æã K0, ¨á¯®«ì-§ãï ¥¥ ¡«®ç­ãî áâàãªâãàã ¨ á¨¬¬¥âà¨î. �¢¨¤ãá¨¬¬¥âà¨ç­®áâ¨ ®£à ­¨ç¨¬áï ¥¥ ­ ¤¤¨ £®­ «ì­®©ç áâìî, ¢ ª®â®àãî ¢ª«îç¨¬ ¨ ¤¨ £®­ «ì. �«®ç-­ ï áâàãªâãà  ¢«¥ç¥â à §¡¨¥­¨¥ ­ ¤¤¨ £®­ «ì­®©ç áâ¨ ­  3 ¡«®ª , ¤¢  ¨§ ª®â®àëå á®áâ®ïâ ¨§ ­ ¤-¤¨ £®­ «ì­ëå í«¥¬¥­â®¢ ¢¥àå­¥£® ¨ ­¨¦­¥£® ¤¨ -£®­ «ì­ëå ¡«®ª®¢ ¬ âà¨æë K0,   âà¥â¨© á®¢¯ ¤ -¥â á ¥¥ ¢¥àå­¨¬ ¢­¥¤¨ £®­ «ì­ë¬ ¡«®ª®¬. � ª¨¬�. �. �®«®â¥­ª® 33



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40®¡à §®¬, ¤¥«® á¢®¤¨âáï ª à áá¬®âà¥­¨î ¢¥àå­¥©âà¥ã£®«ì­®© ¬ âà¨æë� C11 C12C22 � : (87)�«®ª C12 = 0. �¥©áâ¢¨â¥«ì­®, í«¥¬¥­âë íâ®£®¡«®ª  á®¤¥à¦ â ¯®¤ ¨­â¥£à « ¬¨ ®¤­®ç«¥­ë ®âcos(i�), sin(i�) ¯¥à¢®© áâ¥¯¥­¨,  , ª ª ¢¨¤­® ¨§ä®à¬ã« (76), ¨­â¥£à¨à®¢ ­¨¥ ¯®  à£ã¬¥­âã � ¢ë-¯®«­ï¥âáï ­  ®âà¥§ª¥ (0; 2�). �«¥¤®¢ â¥«ì­®, íâ¨í«¥¬¥­âë à ¢­ë ­ã«î.�«®ª C11 ï¢«ï¥âáï ¤¨ £®­ «ì­ë¬. �¥©áâ¢¨â¥«ì-­®, í«¥¬¥­âë íâ®£® ¡«®ª  á®¤¥à¦ â ¯®¤ ¨­â¥£à « -¬¨ ®¤­®ç«¥­ë ®â cos(i�), sin(i�) ¢ ­ã«¥¢®© áâ¥¯¥­¨,â ª ª ª á®áâ ¢«ïîâáï ¨§ í«¥¬¥­â®¢ â®«ìª® ­ã«¥¢®©áâà®ª¨ ¬ âà¨æë £ à¬®­¨ª. �«¥¤®¢ â¥«ì­®, í«¥-¬¥­âë «î¡®© i-®© áâà®ª¨ íâ®£® ¡«®ª  ­¥ § ¢¨áïâ®â � ¨, ª ª ¢¨¤­® ¨§ ä®à¬ã« (76), ¡ã¤ãâ á®¤¥à¦ âìá®¬­®¦¨â¥«ï¬¨ ¨­â¥£à «ë ®â äã­ªæ¨© �¥áá¥«ï J0¢¨¤  Z R0 J0(k(i)0 �)J0(k(j)0 �)�d�; j � i: (88)�® ¨§ â¥®à¨¨ äã­ªæ¨© �¥áá¥«ï ¢ëâ¥ª ¥â, çâ®äã­ªæ¨¨ J0(k(i)0 �) ¨ J0(k(j)0 �) ®àâ®£®­ «ì­ë á ¢¥á®¬� ­  ¨­â¥à¢ «¥ (0; 2�) ¯à¨ i 6= j. �«¥¤®¢ â¥«ì­®,¢­¥¤¨ £®­ «ì­ë¥ í«¥¬¥­âë ¡«®ª  C11 à ¢­ë ­ã«î.�«ï ¤¨ £®­ «ì­ëå ¦¥ í«¥¬¥­â®¢ íâ®£® ¡«®ª  ¯®«ã-ç îâáï ä®à¬ã«ëkmm = ��R2; m = 0; : : : ;m0 � 1: (89)�à¨ ¢ë¢®¤¥ íâ®£® á®®â­®è¥­¨ï ¨á¯®«ì§®¢ ­  ¨§-¢¥áâ­ ï ä®à¬ã«  ¤«ï ª¢ ¤à â  ­®à¬ë äã­ªæ¨©�¥áá¥«ï [13, áâà. 645]:Z R0 J2n(k(j)n �)�d� = R22 h1� n2(k(j)n R)2 iJ2n(k(j)n R);(90)¢ ª®â®à®© ¯®«®¦¥­® n = 0, j = m+ 1.� áá¬®âà¨¬, ­ ª®­¥æ, ¡«®ª C22 ¢ ¬ âà¨æ¥ (87).�«¥¬¥­âë íâ®£® ¡«®ª  á®¤¥à¦ â ¯®¤ ¨­â¥£à « -¬¨ ®¤­®ç«¥­ë ¢â®à®© áâ¥¯¥­¨ ®â cos(i�), sin(i�),â.¥. § ¢¨áïâ ®â ¢á¥¢®§¬®¦­ëå ¯®¯ à­ëå ¯à®¨§¢¥-¤¥­¨© íâ¨å âà¨£®­®¬¥âà¨ç¥áª¨å äã­ªæ¨©. �®ç­¥¥,ª ª ¢¨¤­® ¨§ ä®à¬ã« (76), ¯®¤ë­â¥£à «ì­ ï äã­ª-æ¨ï í«¥¬¥­â  kmn ¨§ m-®© áâà®ª¨ ­¨¦­¥£® ¤¨ £®-­ «ì­®£® ¡«®ª  (m � m0) ¯®«ãç ¥âáï ã¬­®¦¥­¨¥¬äã­ªæ¨¨ fm ­  ª ¦¤ãî ¨§ äã­ªæ¨© fn (n � m)¯®á«¥¤®¢ â¥«ì­®áâ¨ffngMn=m0 = ffm0 ; fm0+1; : : : ; fMg:

�«¥¤®¢ â¥«ì­®, ¯®¤ë­â¥£à «ì­ ï äã­ªæ¨ï â ª®£®í«¥¬¥­â  kmn ¡ã¤¥â ¨¬¥âì ®¤¨­ ¨§ á«¥¤ãîé¨å ç¥-âëà¥å ¢¨¤®¢ (á â®ç­®áâìî ¤® ­®à¬¨àãîé¥£® ¬­®-¦¨â¥«ï):cos�i(m)�� cos�i(n)��Ji(m)�k(j(m))i(m) ��Ji(n)�k(j(n))i(n) ���;sin�i(m)�� cos�i(n)��Ji(m)�k(j(m))i(m) ��Ji(n)�k(j(n))i(n) ���;cos�i(m)�� sin�i(n)��Ji(m)�k(j(m))i(m) ��Ji(n)�k(j(n))i(n) ���;sin�i(m)�� sin�i(n)��Ji(m)�k(j(m))i(m) ��Ji(n)�k(j(n))i(n) ���;(91)£¤¥ �i(m); j(m)�, �i(n); j(n)� { ¯ àë ¤¢®©­ëå ¨­-¤¥ªá®¢, ®â¢¥ç îé¨¥ ®¤¨­ à­ë¬ ¨­¤¥ªá ¬ m, n(m0 � m � n � M ), ¯à¨ç¥¬1 � i(m); i(n) � I;1 � j(m) � mi(m); 1 � j(n) � mi(n):�¤¥áì ¢®§¬®¦­ë à §«¨ç­ë¥ á«ãç ¨. �á«¨ m =n, â® ¨¬¥¥¬ ¤¨ £®­ «ì­ë¥ í«¥¬¥­âë kmm (m =m0; : : : ;M ) ¨ i(m) = i(n), j(m) = j(n). �®áª®«ì-ªã ¢â®à®¬ã ¨§ ¤¢®©­ëå ¨­¤¥ªá®¢ j(m) ¬®£ãâ ®â¢¥-ç âì ¤¢¥ £ à¬®­¨ª¨, ®¤­  ¨§ ª®â®àëå á®¤¥à¦¨âcos(i(m)�),   ¤àã£ ï sin(i(m)�), á®á¥¤­¨¥ ¤¨ £®-­ «ì­ë¥ í«¥¬¥­âë ¡«®ª  C22, ­ ç¨­ ï á m = m0,¡ã¤ãâ ®¯à¥¤¥«ïâìáï ¯® ä®à¬ã« ¬kmm = � RZ0 2�Z0 cos2�i(m)�� J2i(m)�k(j(m))i(m) ��J2i(m)�k(j(m))i(m) R��2d�d� == � RZ0 2�Z0 sin2�i(m)�� J2i(m)�k(j(m))i(m) ��J2i(m)�k(j(m))i(m) R��d�d�:�®á«¥ ¨­â¥£à¨à®¢ ­¨ï, á ãç¥â®¬ á®®â­®è¥­¨ï (90)¤«ï äã­ªæ¨© �¥áá¥«ï, ¯®«ãç ¥¬ á«¥¤ãîé¨¥ ä®à¬ã-«ë ¤«ï ¤¨ £®­ «ì­ëå í«¥¬¥­â®¢ ¡«®ª  C22:kmm = ��R22 "1� i(m)k(j(m))i(m) R!2#; m = m0; : : : ;M:(92)�¥¯¥àì à áá¬®âà¨¬ á«ãç © m < n. � à¬®­¨ª¨ fnà §®¡ì¥¬ ­  ¤¢¥ £àã¯¯ë. � ¯¥à¢ãî £àã¯¯ã ®â­¥-á¥¬ â¥ fn, ¤«ï ª®â®àëå ¨­¤¥ªá i(n) = i(m) (â.¥. ª®-â®àë¥ «¥¦ â ¢ ®¤­®© á fm áâà®ª¥ â ¡«¨æë £ à¬®-­¨ª). �® ¢â®àãî £àã¯¯ã ®â­¥á¥¬ fn, ¤«ï ª®â®àëåi(n) < i(m), â.¥. «¥¦ é¨¥ ¢ à §­ëå á fm câà®ª åâ®© ¦¥ â ¡«¨æë. �á«¨ fn ¢å®¤¨â ¢ ¯¥à¢ãî £àã¯-¯ã, â® ¯à®¨§¢¥¤¥­¨¥ fmfn, ª ª ¢¨¤­® ¨§ (91), ¡ã¤¥â¨¬¥âì ®¤­ã ¨§ ä®à¬cos�i(m)�� cos�i(m)��Ji(m)�k(j(m))i(m) ��Ji(m)�k(j(n))i(m) ��;34 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40sin�i(m)�� cos�i(m)��Ji(m)�k(j(m))i(m) ��Ji(m)�k(j(n))i(m) ��;cos�i(m)�� sin�i(m)��Ji(m)�k(j(m))i(m) ��Ji(m)�k(j(n))i(m) ��;sin�i(m)�� sin�i(m)��Ji(m)�k(j(m))i(m) ��Ji(m)�k(j(n))i(n) ��:�¤¥áì âà¨£®­®¬¥âà¨ç¥áª¨¥ äã­ªæ¨¨ ¨¬¥îâ ®¤¨­ -ª®¢ë©  à£ã¬¥­â i(m)�,   äã­ªæ¨¨ �¥áá¥«ï J ¨¬¥-îâ ®¤¨­ ª®¢ë© ¯®àï¤®ª i(m). �«ï äã­ªæ¨© fn ¯¥à-¢®© £àã¯¯ë, «¥¦ é¨å ¢ ®¤­®© á fm áâà®ª¥ â ¡«¨-æë £ à¬®­¨ª, ¬®¦¥â ¡ëâì «¨¡® j(n) = j(m), «¨-¡® j(n) > j(m) (¯®á«¥¤­¥¥ ¢ á¨«ã n > m). �á«¨j(n) = j(m), â® ¯à®¨§¢¥¤¥­¨¥ fmfn ¨¬¥¥â ¢â®-àãî ¨§ ¯à¨¢¥¤¥­­ëå ä®à¬,   á®®â¢¥âáâ¢ãîé¨©í«¥¬¥­â kmn = 0 ¢ á¨«ã à ¢¥­áâ¢  ­ã«î ¨­â¥£à « ¯® �. �á«¨ ¦¥ j(n) > j(m), â® fmfn ¨¬¥¥â ¯¥à¢ãî,âà¥âìî ¨«¨ ç¥â¢¥àâãî ¨§ ¯à¨¢¥¤¥­­ëå ä®à¬. �®â®£¤  í«¥¬¥­âë kmn, á®®â¢¥âáâ¢ãîé¨¥ ¯¥à¢®© ¨ç¥â¢¥àâ®© ä®à¬ ¬, à ¢­ë ­ã«î ¢ á¨«ã ®àâ®£®-­ «ì­®áâ¨ (á ¢¥á®¬ �) äã­ªæ¨© �¥áá¥«ï Ji(m) ®âà §«¨ç­ëå  à£ã¬¥­â®¢,   á®®â¢¥âáâ¢ãîé¨¥ âà¥-âì¥© ä®à¬¥ à ¢­ë ­ã«î ¢ á¨«ã ®àâ®£®­ «ì­®áâ¨á¨­ãá®¢ ¨ ª®á¨­ãá®¢ ®â à §«¨ç­ëå  à£ã¬¥­â®¢.�ãáâì â¥¯¥àì £ à¬®­¨ª¨ fn ¯à¨­ ¤«¥¦ â ¢â®-à®© £àã¯¯¥, â.¥. ­ å®¤ïâáï ¢ áâà®ª å ¬ âà¨æë£ à¬®­¨ª, ®â«¨ç­ëå ®â áâà®ª¨ á fm. �® â®£¤  ¢á¥¯à®¨§¢¥¤¥­¨ï fmfn á®¤¥à¦ â ¢§ ¨¬­® ®àâ®£®­ «ì-­ë¥ á¨­ãáë ¨ ª®á¨­ãáë, çâ® ¯à¨¢®¤¨â ª à ¢¥­áâ¢ã­ã«î á®®â¢¥âáâ¢ãîé¨å í«¥¬¥­â®¢ kmn. �âáî¤ á«¥¤ã¥â, çâ® ¡«®ª C22 â ª¦¥ ï¢«ï¥âáï ¤¨ £®­ «ì-­ë¬.� ª¨¬ ®¡à §®¬, ¢ á ¬®¬ ®¡é¥¬ á«ãç ¥ ¬ âà¨-æ  K0 ¨¬¥¥â ®ç¥­ì ¯à®áâãî áâàãªâãàã,   ¨¬¥­­®:®­  ï¢«ï¥âáï ¤¨ £®­ «ì­®©, ¯à¨ç¥¬ ¥¥ í«¥¬¥­âë¢ ¯¥à¢ëå m0 áâà®ª å ®¯à¥¤¥«ïîâáï ¯® ä®à¬ã« ¬(89),   ¢ ®áâ «ì­ëå áâà®ª å ¯®¯ à­® à ¢­ë ¬¥¦¤ãá®¡®© ¨ § ¤ îâáï ä®à¬ã« ¬¨ (92).� áá¬®âà¨¬ â¥¯¥àì ¢¥ªâ®àë K1, K2 ¨ F , ®¯à¥-¤¥«ïîé¨¥ á¢®¡®¤­ë¥ ç«¥­ë ¢ ¯à ¢®© ç áâ¨ ãà ¢-­¥­¨© (75). �­ ç «  ¯®¤áâ ¢¨¬ ¢ ä®à¬ã«ë (76)¢ëà ¦¥­¨ï ª®®à¤¨­ â­ëå äã­ªæ¨© fn ¨§ (64). �®-£¤  ¤«ï ¯¥à¢ëå m0 ª®¬¯®­¥­â ¢¥ªâ®à®¢ K1 ¨ K2,á®®â¢¥âáâ¢ãîé¨å äã­ªæ¨ï¬ fn ¨§ ­ã«¥¢®© áâà®ª¨â ¡«¨æë £ à¬®­¨ª, ¯®«ãç îâáï ¢ëà ¦¥­¨ïK(k)1 = � Z R0 Z 2�0 �2 cos(�) J0(k(k+1)0 �)J0(k(k+1)0 R)d�d�;K(k)2 = � Z R0 Z 2�0 �2 sin(�) J0(k(k+1)0 �)J0(k(k+1)0 R)d�d�:�âáî¤  ¢¨¤­®, çâ®K(k)1 = 0; K(k)2 = 0; k = 0; 1; : : : ;m0 � 1: (93)

�®¬¯®­¥­âë ¢¥ªâ®à®¢ K1 ¨ K2, á®®â¢¥âáâ¢ãîé¨¥äã­ªæ¨ï¬ fn ¨§ 2-© ¨ ¯®á«¥¤ãîé¨å áâà®ª â ¡«¨-æë £ à¬®­¨ª, ®¯à¥¤¥«ïîâáï ®¤­®© ¨§ á«¥¤ãîé¨åä®à¬ã«:K(k)1 = � RZ0 2�Z0 �2 cos(�) cos[i(k)�] Ji(k)(k(j(k))i(k) �)Ji(k)(k(j(k))i(k) R)d�d�;K(k)1 = � RZ0 2�Z0 �2 cos(�) sin[i(k)�] Ji(k)(k(j(k))i(k) �)Ji(k)(k(j(k))i(k) R)d�d�;K(k)2 = � RZ0 2�Z0 �2 sin(�) cos[i(k)�] Ji(k)(k(j(k))i(k) �)Ji(k)(k(j(k))i(k) R)d�d�;K(k)2 = � RZ0 2�Z0 �2 sin(�) sin[i(k)�] Ji(k)(k(j(k))i(k) �)Ji(k)(k(j(k))i(k) R)d�d�:�®áª®«ìªã ¤«ï 2-© ¨ ¯®á«¥¤ãîé¨å áâà®ª ¯¥à¢ë© ¨§¤¢®©­ëå ¨­¤¥ªá®¢ i(k) > 1, ¨§ íâ¨å ä®à¬ã« á«¥¤ã-¥â, çâ®K(k)1 = 0; K(k)2 = 0; k = m0+2m1; : : : ;M: (94)� ª®­¥æ, à áá¬®âà¨¬ ª®¬¯®­¥­âë ¢¥ªâ®à®¢ K1,K2, á®®â¢¥âáâ¢ãîé¨¥ äã­ªæ¨ï¬ fk ¨§ ¯¥à¢®©áâà®ª¨ â ¡«¨æë £ à¬®­¨ª. �­¨, ®ç¥¢¨¤­®, ®¯à¥-¤¥«ïîâáï ®¤­®© ¨§ á«¥¤ãîé¨å ä®à¬ã«:K(k)1 = � RZ0 2�Z0 �2 cos2(�) J1(k(j(k))1 �)J1(k(j(k))1 R)d�d�;K(k)1 = � RZ0 2�Z0 �2 cos(�) sin(�) J1(k(j(k))1 �)J1(k(j(k))1 R)d�d�;K(k)2 = � RZ0 2�Z0 �2 sin(�) cos(�) J1(k(j(k))1 �)J1(k(j(k))1 R)d�d�;K(k)2 = � RZ0 2�Z0 �2 sin2(�) J1(k(j(k))1 �)J1(k(j(k))1 R)d�d�:k = m0; : : : ;m0 + 2m1 � 1; j(k) = 1; : : : ;m1:�®¬¯®­¥­âë, á®¤¥à¦ é¨¥ ¯®¤ ¨­â¥£à « ¬¨ äã­ª-æ¨î sin(�) cos(�), à ¢­ë, ®ç¥¢¨¤­®, ­ã«î. �«ï ®â-«¨ç­ëå ®â ­ã«ï ª®¬¯®­¥­â ¯®á«¥ ¨­â¥£à¨à®¢ ­¨ï¯®«ãç îâáï á«¥¤ãîé¨¥ ä®à¬ã«ë:K(k)1 = cj ; K(k+1)2 = cj;k = m0;m0+2;m0+4; : : : ;m0+2m1�2; j = j(k);�. �. �®«®â¥­ª® 35



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40£¤¥ cj = ��R2k(j)1 J2�k(j)1 R�J1�k(j))1 R� j = 1; 2; : : : ;m1: (95)� ª¨¬ ®¡à §®¬, ã ¢¥ªâ®à®¢ K1, K2 ¬®£ãâ ¡ëâì ®â-«¨ç­ë ®â ­ã«ï â®«ìª® ª®¬¯®­¥­âë, á®®â¢¥âáâ¢ãî-é¨¥ ª®®à¤¨­ â­ë¬ äã­ªæ¨ï¬ fk ¨§ ¯¥à¢®© áâà®ª¨â ¡«¨æë £ à¬®­¨ª. �®«¨ç¥áâ¢® â ª¨å ®â«¨ç­ëå®â ­ã«ï ª®¬¯®­¥­â ¯®«­®áâìî ®¯à¥¤¥«ï¥âáï ç¨-á«®¬m1 í«¥¬¥­â®¢ ¢ ¯¥à¢®© áâà®ª¥ â ¡«¨æë ­ã«¥©.� ¢¥ªâ®à  K1 ®â«¨ç­ë ®â ­ã«ï â®«ìª® ç¥â­ë¥ ¯®-á«¥ k = m0�1 ª®¬¯®­¥­âë,   ã ¢¥ªâ®à K2 { â®«ìª®­¥ç¥â­ë¥, ¯à¨ç¥¬ ¨å §­ ç¥­¨ï ­  á®®â¢¥âáâ¢ãî-é¨å ¬¥áâ å á®¢¯ ¤ îâ, â.¥. K(k)1 = K(k+1)2 = cj(j = j(k)).� áá¬®âà¨¬ â¥¯¥àì ¢¥ªâ®à F ¨ ¯®¤áâ ¢¨¬ ¢ (80)ª®®à¤¨­ â­ë¥ äã­ªæ¨¨ fk ¨§ (64). �à¨­¨¬ ï ¢®¢­¨¬ ­¨¥, çâ® ª®à¥­ì k(1)0 = 0 ¨ J0(0) = 1, ¯®«ãç -¥¬ ¯®á«¥ ¨­â¥£à¨à®¢ ­¨ï F0 = ��R2. �«ï ®áâ «ì-­ëå í«¥¬¥­â®¢ íâ®£® ¢¥ªâ®à , á®®â¢¥âáâ¢ãîé¨åäã­ªæ¨ï¬ fk ¨§ ­ã«¥¢®© áâà®ª¨ â ¡«¨æë £ à¬®-­¨ª, ¯®«ãç îâáï á®®â­®è¥­¨ïFk = 2�� RZ0 � J0(k(k+1)0 �)J0(k(k+1)0 R)d�; k = 1; : : : ;m0 � 1:�® ¯à¨ ãª § ­­ëå §­ ç¥­¨ïå k äã­ªæ¨¨ �¥áá¥«ïJ0(k(k+1)0 �) ¨ J0(k(1)0 �) � 1 ®àâ®£®­ «ì­ë á ¢¥á®¬ �­  ¨­â¥à¢ «¥ (0; R) (íâ® á«¥¤ã¥â ¨§ ¨å ®àâ®£®­ «ì-­®áâ¨ ­  ¨­â¥à¢ «¥ (0; 1)). �«¥¤®¢ â¥«ì­®, Fk = 0(k = 1; : : : ;m0 � 1). �áâ «ì­ë¥ Fk à ¢­ë ­ã«î¨§-§  ­ «¨ç¨ï ã ª®®à¤¨­ â­ëå äã­ªæ¨© fk ¬­®-¦¨â¥«¥© sin(i(k)�), cos(i(k)�). � à¥§ã«ìâ â¥, ¤«ï¢¥ªâ®à  F ¯®«ãç ¥âáï ¯à¥¤áâ ¢«¥­¨¥F = (��R2; 0; : : : ; 0)T : (96)�®«ãç¥­­ë¥ ¯à®áâë¥ ä®à¬ã«ë (89), (92) ¤«ï í«¥-¬¥­â®¢ ¬ âà¨æë K0; (95) { ¤«ï ¢¥ªâ®à®¢ K1, K2¨ (96) { ¤«ï ¢¥ªâ®à  F ¨á¯®«ì§®¢ ­ë ¢  «£®à¨â¬¥ç¨á«¥­­®£® à¥è¥­¨ï ãà ¢­¥­¨© â¨¯  � ¬¨«ìâ®­ ,¯à¥¤« £ ¥¬®£® ¢ ­ áâ®ïé¥© à ¡®â¥ ¨ ¯à¨¬¥­¥­­®-£® ­¨¦¥ ¤«ï ¨áá«¥¤®¢ ­¨ï ª®­ªà¥â­®© £¨¤à®¤¨­ -¬¨ç¥áª®© § ¤ ç¨.10. ��������� ������������� ����� ������� �����à ¢­¥­¨ï â¨¯  � ¬¨«ìâ®­  (75) ¯®«®¦¥­ë¢ ®á­®¢ã  «£®à¨â¬  à áç¥â  ¢®«­®¢ëå ¤¢¨¦¥­¨©¦¨¤ª®áâ¨ ¢ æ¨«¨­¤à¨ç¥áª®¬ ¡ ª¥. �â®â  «£®à¨â¬¢® ¬­®£®¬ á®¢¯ ¤ ¥â á ®¯¨á ­­ë¬ ¢ à ¡®â¥ [1], ¯®-áª®«ìªã ¤«ï æ¨«¨­¤à¨ç¥áª®£® ¡ ª  ãà ¢­¥­¨ï â¨-¯  � ¬¨«ìâ®­  á®åà ­¨«¨ ®á®¡¥­­®áâ¨, ¯à¨áãé¨¥

á«ãç î ¯àï¬®ã£®«ì­®£® ¡ ª . �®¯®«­¨â¥«ì­®  «-£®à¨â¬ ¢ª«îç ¥â ®¯¥à æ¨¨, á¢ï§ ­­ë¥ á ®¡à ¡®â-ª®© ¡®«¥¥ á«®¦­ëå ¢ëà ¦¥­¨© ¤«ï ª®®à¤¨­ â­ëåäã­ªæ¨© ¨ ¤«ï  ¯¯à®ªá¨¬ æ¨© ¢ ¢¨¤¥ ¯à®áâëå ¨¤¢®©­ëå áã¬¬. �­ à¥ «¨§®¢ ­ ­  ï§ëª¥ ä®àâà ­¨ ¯à¨¬¥­¥­ ª áä®à¬ã«¨à®¢ ­­®© ¢ëè¥ ­¥«¨­¥©­®©§ ¤ ç¥ ® ¢®«­®¢ëå ¤¢¨¦¥­¨ïå ¦¨¤ª®áâ¨ ¢ à §£®­ï-¥¬®¬ ¯® £®à¨§®­â «¨ æ¨«¨­¤à¨ç¥áª®¬ ¡ ª¥.� áç¥âë ¢ë¯®«­¥­ë ¤«ï á¨áâ¥¬ë á® á«¥¤ãîé¨-¬¨ ¯ à ¬¥âà ¬¨:R = 1¬; l = 2¬; h0 = 0:5¬; g = 9:81¬ � á�2;� = 1000ª£ � ¬�3; p0 = 105� �¬�2:�¥à¢ë¥ âà¨ á®¡áâ¢¥­­ë¥ ç áâ®âë ª®«¥¡ ­¨© ¦¨¤-ª®áâ¨ ¢ ¢¥àâ¨ª «ì­®¬ ­¥¯®¤¢¨¦­®¬ ¡ ª¥, à ááç¨-â ­­ë¥ ¯® «¨­¥©­®© â¥®à¨¨ (ä®à¬ã«  (58)) ¯à¨ § -¤ ­­ëå £ ¡ à¨â å ¡ ª  ¨ ãà®¢­¥ ¦¨¤ª®áâ¨, ¨¬¥îâá«¥¤ãîé¨¥ §­ ç¥­¨ï (¢ à ¤ � á�1):!1 = 4:2340; !2 = 5:4732; !3 = 6:6278:�®®â¢¥âáâ¢ãîé¨¥ ¯¥à¨®¤ë (¢ á¥ªã­¤ å)T1 = 1:484; T2 = 1:148; T3 = 0:948:�à®¨§¢®«ì­ ï äã­ªæ¨ï C(t) ¨§ ¨­â¥£à «  � £à ­-¦  { �®è¨ ¡ë«  ¢ë¡à ­  ¯® ¬¥â®¤ã à ¡®âë [8] ¨§ãá«®¢¨ï ¯®áâ®ï­áâ¢  ®¡ê¥¬  ¦¨¤ª®áâ¨ ¨ ¨¬¥«  ¢¨¤C(t) = p0� + h0(g + w):� ç «ì­ë¥ ãá«®¢¨ï (45), (46) à áá¬ âà¨¢ «¨áì ¢¬®¬¥­â t0 = 0, á®®â¢¥âáâ¢®¢ «¨ á®áâ®ï­¨î ®â-­®á¨â¥«ì­®£® à ¢­®¢¥á¨ï ¦¨¤ª®áâ¨ ¤® ¯®ï¢«¥­¨ïãáª®à¥­¨ï ¡ ª  ¨ ¢® ¢á¥å á«ãç ïå ¡ë«¨ á«¥¤ãîé¨-¬¨: Rm(0) = 0; m = 0; : : : ;M;�0(0) = h0; �i(0) = 0; i = 1; : : : ; N:� ¤ ç  § ª«îç ¥âáï ¢ ãáâ ­®¢«¥­¨¨ § ¢¨á¨¬®áâ¨®¡®¡é¥­­ëå ª®®à¤¨­ â �i(t) (i = 0; 1; : : :; N ) á¢®-¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ª ª äã­ªæ¨© ¢à¥¬¥-­¨ ®â ¢¥«¨ç¨­ë ãáª®à¥­¨ï w ¡ ª .10.1. �¨á«¥­­ë¥ íªá¯¥à¨¬¥­âë á ¬®¤¥«ìî�«ï ¢ë¡®à  ®¯â¨¬ «ì­ëå §­ ç¥­¨© ¯ à ¬¥âà®¢¬®¤¥«¨ (¨­â¥à¢ «  [t0; t1], è £  áç¥â  h, ç¨á¥« N ,M ) ¡ë«¨ ¢ë¯®«­¥­ë ç¨á«¥­­ë¥ íªá¯¥à¨¬¥­âë, ª®-â®àë¥ á¢®¤¨«¨áì ª ¨á¯ëâ ­¨ï¬ ¬®¤¥«¨ (ç¨á«¥­­®-¬ã ¨­â¥£à¨à®¢ ­¨î ¬¥â®¤®¬ �ã­£¥ { �ãââë ãà ¢-­¥­¨© (75)) ¯à¨ à §«¨ç­ëå §­ ç¥­¨ïå ¥¥ ¯ à ¬¥-âà®¢,   ¨¬¥­­®:N =M = 3; 5; 7; 9; 11; h = 0:01; 0:02; 0:1; 0:2c:36 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40� ¡«. 1. �¡®¡é¥­­ë¥ ª®®à¤¨­ âë �i(t) á¢®¡®¤­®© ¯®¢¥àå­®áâ¨. �áª®à¥­¨¥ ¡ ª  w = 2:0 ¬ � á�2, ¯¯à®ªá¨¬ æ¨¨ N=3, N=5t, á �0(t) �1(t) �2(t) �3(t) �0(t) �1(t) �2(t) �3(t) �4(t) �5(t)0.0 0.5 0 0 0 0.5 0 0 0 0 00.1 0.5 0 0 -0.015 0.5 0 0 -0.015 0 00.2 0.5 0.001 0 -0.058 0.5 0.001 0 -0.057 -0.001 00.3 0.5 0.003 0 -0.120 0.5 0.003 0 -0.119 -0.003 00.4 0.5 0.007 0 -0.191 0.5 0.007 0 -0.190 -0.008 00.5 0.5 0.010 0 -0.258 0.5 0.010 0 -0.255 -0.014 00.6 0.5 0.011 0 -0.310 0.5 0.011 0 -0.306 -0.019 00.7 0.5 0.008 0 -0.338 0.5 0.008 0 -0.335 -0.022 00.8 0.5 0.002 0 -0.336 0.5 0.003 0 -0.337 -0.023 00.9 0.5 -0.003 0 -0.304 0.5 -0.002 0 -0.312 -0.021 01.0 0.5 -0.005 0 -0.248 0.5 -0.003 0 -0.263 -0.017 01.1 0.5 -0.002 0 -0.178 0.5 -0.001 0 -0.198 -0.011 01.2 0.5 0.004 0 -0.107 0.5 0.004 0 -0.127 -0.006 01.3 0.5 0.010 0 -0.049 0.5 0.009 0 -0.065 -0.002 01.4 0.5 0.014 0 -0.013 0.5 0.012 0 -0.021 0.001 01.5 0.5 0.013 0 -0.003 0.5 0.012 0 -0.003 0.002 01.6 0.5 0.007 0 -0.023 0.5 0.007 0 -0.014 0.003 01.7 0.5 -0.001 0 -0.069 0.5 0 0 -0.052 0.002 01.8 0.5 -0.007 0 -0.133 0.5 -0.006 0 -0.112 -0.001 01.9 0.5 -0.007 0 -0.205 0.5 -0.007 0 -0.182 -0.006 02.0 0.5 -0.002 0 -0.271 0.5 -0.002 0 -0.249 -0.014 0� ¡«. 2. �¡®¡é¥­­ë¥ ª®®à¤¨­ âë �i(t) ¯à¨ t = 0:8c ¢ § ¢¨á¨¬®áâ¨ ®â N . �áª®à¥­¨¥ ¡ ª  w = 2:0 ¬ � á�2N �0(t) �1(t) �2(t) �3(t) �4(t) �5(t) �6(t) �7(t) �8(t) �9(t) �10(t) �11(t)3 0.5 0.002 0 -0.3365 0.5 0.003 0 -0.337 -0.023 07 0.5 0.003 0 -0.338 -0.023 0 0 0.0039 0.5 0.003 0 -0.338 -0.023 0 0 0.003 0 011 0.5 0.003 0 -0.338 -0.023 0 0 0.003 0 0 0 0�á¥ ç¨á«¥­­ë¥ íªá¯¥à¨¬¥­âë ¢ë¯®«­ï«¨áì ¯à¨w = 2:0¬á�2 ­  ¨­â¥à¢ «¥ ¢à¥¬¥­¨ [t0; t1] =[0; 5](¢ á¥ªã­¤ å). �® à¥§ã«ìâ â ¬ íâ¨å íªá¯¥à¨¬¥­â®¢¡ë«¨ ¢ë¡à ­ë ®âà¥§®ª [t0; t1] = [0:0; 2:0], ­¥áª®«ì-ª® ¯à¥¢ëè îé¨© ¤«¨­ã ­ ¨¡®«ìè¥£® ¯¥à¨®¤  á¢®-¡®¤­ëå ª®«¥¡ ­¨© T1, ¨ è £ áç¥â  h = 0:1á. �«ïà¥è¥­¨ï á ¬®£® âàã¤­®£® ¢®¯à®á  { ¢ë¡®à  ¯ à -¬¥âà   ¯¯à®ªá¨¬ æ¨¨ N { áà ¢­¨¢ «¨áì §­ ç¥­¨ïäã­ªæ¨© �i(t) ¯à¨ à §«¨ç­ëå t, ¯à¥¤áâ ¢«¥­­ë¥ ¢â ¡«. 1 ¨ 2.�§ â ¡«. 1, £¤¥ ¯à¨¢¥¤¥­ë §­ ç¥­¨ï äã­ªæ¨© �i
¢ § ¢¨á¨¬®áâ¨ ®â t ¯à¨ N = 3 ¨ N = 5, ¢¨¤­®, çâ®¯à¨ ¢á¥å t äã­ªæ¨ï �0(t) � h0, çâ® á®£« áã¥âáï á¢ëà ¦¥­¨¥¬ (68). �à®¬¥ â®£®, ¢á¥ �i(t) ª®«¥¡«îâ-áï ¯® § ª®­ã, ¡«¨§ª®¬ã ª £ à¬®­¨ç¥áª®¬ã, ¯à¨ç¥¬­ ¨¡®«ìè¨¥  ¬¯«¨âã¤ë ¨¬¥¥â äã­ªæ¨ï �3(t), á®-®â¢¥âáâ¢ãîé ï ¯¥à¢®© ä®à¬¥ ª®«¥¡ ­¨© á¢®¡®¤-­®© ¯®¢¥àå­®áâ¨. � ®¡®¨å á«ãç ïå ¬ ªá¨¬ «ì­ë¥§­ ç¥­¨ï äã­ªæ¨ï �3(t) ¤®áâ¨£ ¥â ¯à¨ t = 0:8 c,çâ® ¡«¨§ª® ª ¯®«®¢¨­¥ ¯¥à¨®¤  T1 ª®«¥¡ ­¨© ­ ®á­®¢­®© ç áâ®â¥. �à¨ ¯¥à¥å®¤¥ ®â á«ãç ï N = 3ª N = 5 §­ ç¥­¨ï ¯¥à¢ëå âà¥å äã­ªæ¨© �1(t),�2(t), �3(t) ¯à ªâ¨ç¥áª¨ ­¥ ¨§¬¥­ïîâáï, «¨èì  ¬-�. �. �®«®â¥­ª® 37



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40¯«¨âã¤­®¥ §­ ç¥­¨¥ ®á­®¢­®© äã­ªæ¨¨ �3(t) ã¢¥«¨-ç¨¢ ¥âáï ­  ¥¤¨­¨æã ¢ âà¥âì¥¬ §­ ª¥ ¯®á«¥ § ¯ï-â®©. � â ¡«. 2 ¯à¥¤áâ ¢«¥­ë ¢á¥ äã­ªæ¨¨ �i(t) ¯à¨N = 3; 5; 7; 9; 11 ¢ ¬®¬¥­â t = 0:8 c, ª®£¤  ®á­®¢­ ïäã­ªæ¨ï �3(t) ¯à¨­¨¬ ¥â  ¬¯«¨âã¤­®¥ §­ ç¥­¨¥.� ª ¢¨¤­® ¨§ íâ®© â ¡«¨æë, ­ ç¨­ ï á N = 7 §­ -ç¥­¨ï ¢á¥å äã­ªæ¨© �i(t) áâ ¡¨«¨§¨àãîâáï. � ®á­®¢ ­¨¨ ¯à¨¢¥¤¥­­ëå ¤ ­­ëå ¤«ï ¤ «ì­¥©è¨åà áç¥â®¢ ¡ë«® ¢ë¡à ­® §­ ç¥­¨¥ ¯ à ¬¥âà   ¯-¯à®ªá¨¬ æ¨¨ N = 7, ®¡¥á¯¥ç¨¢ îé¥¥ âà¥¡ã¥¬ãîâ®ç­®áâì à áç¥â®¢ ¢ ¤ ­­®© § ¤ ç¥ ¨ ¯à¨¥¬«¥¬®¥¢ ®â­®è¥­¨¨ § âà â ¬ è¨­­®£® ¢à¥¬¥­¨. � ¬¥-â¨¬, çâ® ¯à¨ N = 7 âà¥¡ãîâáï í«¥¬¥­âë â ¡«¨æë­ã«¥© (á¬. ¯à¨¬¥à ¢ ¯.8), ¨¬¥îé¨¥, ¢ á®®â¢¥â-áâ¢¨¨ á ä®à¬ã«®© (59) ¨ [5], á«¥¤ãîé¨¥ §­ ç¥­¨ï:k(1)0 = 0:000, k(2)0 = 3:8317059702, k(1)1 = 1:841118,k(1)2 = 3:05424, k(1)3 = 4:201119. �­ ç¥­¨¥ k(2)0 ¡¥-à¥âáï á 10-î §­ ª ¬¨ ¯®á«¥ § ¯ïâ®©, çâ®¡ë ®¡¥á-¯¥ç¨âì ­ã¦­ãî â®ç­®áâì ¯à¨ ¨á¯®«ì§®¢ ­¨¨ à¥-ªãàà¥­â­ëå ä®à¬ã« ¤«ï äã­ªæ¨© �¥áá¥«ï. �â-¬¥â¨¬ â ª¦¥, çâ® ¢á¥ ¢ëç¨á«¥­¨ï ¢ë¯®«­ï«¨áì á¤¢®©­®© â®ç­®áâìî. �à¥¬ï áç¥â  { 1 ¬¨­ãâ  ­ ®¤­®¬ è £¥ h = 0:1 c ¯à¨ N = 7 (¯¥àá®­ «ì­ë©ª®¬¯ìîâ¥à á â ªâ®¢®© ç áâ®â®© ¯à®æ¥áá®à  1100��æ ¨ ®¯¥à â¨¢­®© ¯ ¬ïâìî 120 �� ©â).10.2. �¨á«¥­­®¥ à¥è¥­¨¥ § ¤ ç¨�§¢¥áâ­®, çâ® ¯à¨ à ¢­®ãáª®à¥­­®¬ ¤¢¨¦¥­¨¨¡ ª  "§¥àª «®" ¦¨¤ª®áâ¨ ®âª«®­ï¥âáï ®â ¯«®áª®-áâ¨ £®à¨§®­â  ­  ã£®«, ®¯à¥¤¥«ï¥¬ë© ¯® ä®à¬ã«¥(á¬.,­ ¯à¨¬¥à, [10, áâà.76, ä®à¬ã«  (3.6)]tg# = �wg ;£¤¥ # { ã£®« ®âª«®­¥­¨ï ®â ®á¨ Oz ¢¥ªâ®à  �(g0�w0) ¢­¥è­¥© ­®à¬ «¨ ª "§¥àª «ã" ¦¨¤ª®áâ¨, ¯à¨-ç¥¬ # > 0, ¥á«¨ ®âª«®­¥­¨¥ ¯à®¨áå®¤¨â ¯® å®¤ãç á®¢®© áâà¥«ª¨. � â ¡«. 3 ¯à¨¢¥¤¥­ë §­ ç¥­¨ïã£«  # ¢ § ¢¨á¨¬®áâ¨ ®â ¢¥«¨ç¨­ë ãáª®à¥­¨ï w. �­¥© ãáª®à¥­¨ï¬ w = 4:9, w = 14:7 á®®â¢¥âáâ¢ãîâã£«ë #, ¯à¨ ª®â®àëå "§¥àª «®" ª á ¥âáï ªàëèª¨¨ ¤­  ¡ ª  á®®â¢¥âáâ¢¥­­®.�¥å ­¨§¬ ®¡à §®¢ ­¨ï ¢®«­ ¬®¦­® ¯à¥¤áâ ¢¨âìá«¥¤ãîé¨¬ ®¡à §®¬. �à¨ ¢®§­¨ª­®¢¥­¨¨ ãáª®à¥-­¨ï ¯¥à¢®­ ç «ì­® ¯®ª®ïé ïáï ¦¨¤ª®áâì ®¡« ¤ -¥â ­¥ª®â®à®© ¯®â¥­æ¨ «ì­®© í­¥à£¨¥© ¯® ®â­®è¥-­¨î ª ­®¢®¬ã ¯®«®¦¥­¨î à ¢­®¢¥á¨ï. �¨¤ª®áâìãáâà¥¬«ï¥âáï ª íâ®¬ã ¯®«®¦¥­¨î à ¢­®¢¥á¨ï, ¯®-â¥­æ¨ «ì­ ï í­¥à£¨ï ¯à¥¢à é ¥âáï ¢ ª¨­¥â¨ç¥-áªãî, ¨ ¢ ¤ «ì­¥©è¥¬ ¦¨¤ª®áâì á®¢¥àè ¥â ª®«¥¡ -­¨ï ®ª®«® ­®¢®£® ¯®«®¦¥­¨ï à ¢­®¢¥á¨ï ¢ á®®â¢¥â-áâ¢¨¨ á § ª®­®¬ á®åà ­¥­¨ï í­¥à£¨¨. � ª ¢¨¤­® ¨§

� ¡«. 3. �£®« #(¢ £à ¤) ®âª«®­¥­¨ï "§¥àª « " ¢§ ¢¨á¨¬®áâ¨ ®â ãáª®à¥­¨ï w(¢ ¬ � á�2) ¡ ª w 0.5 1.0 1.5 2.0 4.9 14.7# 2.9o 5.8 o 8.7o 11.6 o 26.8o 56.0oâ ¡«. 1 ¨ 2, íâ¨ ª®«¥¡ ­¨ï ¯à®¨áå®¤ïâ ¯à¥¨¬ãé¥-áâ¢¥­­® ­  ¯¥à¢®© ®á­®¢­®© ç áâ®â¥.� á¨«ã á¤¥« ­­ëå ¯à¨ ¯®áâ ­®¢ª¥ § ¤ ç¨ ¯à¥¤-¯®«®¦¥­¨©, ¤®«¦­® ¡ëâì w < 4:9¬á�2, çâ®¡ë "§¥à-ª «®" ­¥ ª á «®áì ªàëèª¨. �¤­ ª®, ®ç¥¢¨¤­®, íâ®-£® ­¥ ¤®áâ â®ç­®, ¯®áª®«ìªã ª®­â ªâ ¦¨¤ª®áâ¨ áªàëèª®© ¬®¦¥â ¯à®¨§®©â¨ ¨ ¯à¨ "§¥àª «¥", ­¥¯¥à¥á¥ª îé¥¬ ªàëèªã. �á«¨ ¦¨¤ª®áâì ¯à¨ ­¥ª®-â®à®¬ t ¤®áâ¨£ ¥â ªàëèª¨, ¬®¤¥«ì ¤ ¥â ¯à ¢¨«ì-­ë¥ à¥§ã«ìâ âë «¨èì ­  ®âà¥§ª¥ ¢à¥¬¥­¨, ¯à¥¤-è¥áâ¢ãîé¥¬ ¯¥à¢®¬ã ª á ­¨î ªàëèª¨ ¤¥ä®à¬¨-à®¢ ­­®© á¢®¡®¤­®© ¯®¢¥àå­®áâìî.�à®æ¥áá ®¡à §®¢ ­¨ï ¢®«­ ­  á¢®¡®¤­®© ¯®¢¥àå-­®áâ¨ ¯®á«¥ ¢®§­¨ª­®¢¥­¨ï ãáª®à¥­¨ï w ã¤®¡­®­ ¡«î¤ âì ¢ 4-å ¤¨ ¬¥âà «ì­® ¯à®â¨¢®¯®«®¦­ëåª®­âà®«ì­ëå â®çª å ­  ¯®¢¥àå­®áâ¨ ¡ ª , ¨¬¥î-é¨å á«¥¤ãîé¨¥ ¯®«ïà­ë¥ ª®®à¤¨­ âë (�; �):(R; 0); (R; �2 ) (R; �) (R; 3�2 ):� íâ¨å â®çª å  ¯¯«¨ª âë �(�; �; t) á¢®¡®¤­®© ¯®-¢¥àå­®áâ¨, ¢ á¨«ã ¯à¥¤áâ ¢«¥­¨ï (64) ¨ ¢ë¡à ­­ëå­®à¬¨à®¢®ª, ¡ã¤ãâ ®¯à¥¤¥«ïâìáï ¯à®áâë¬¨ ä®à-¬ã« ¬¨ ¢¨¤  (N = 7)z1 = �(R; 0; t) = h0 + �1(t) + �2(t) + �4(t) + �6(t);z2 = �(R; �2 ; t) = h0 + �1(t) + �3(t)� �4(t)� �7(t);z3 = �(R; �; t) = h0 + �1(t)� �2(t) + �4(t)� �6(t);z4 = �(R; 3�2 ; t) = h0 + �1(t)� �3(t)� �4(t) + �7(t):�§ á®®¡à ¦¥­¨© á¨¬¬¥âà¨¨ ¤®«¦­® ¡ëâì z1 = z2,®âªã¤  á«¥¤ã¥â �2(t) = �6(t) � 0;çâ® ¨ ¯®«ãç ¥âáï ¯® à¥§ã«ìâ â ¬ áç¥â  (á¬.â ¡«. 2).�§ ¯à¨¢¥¤¥­­ëå ä®à¬ã« ¤«ï á¬¥é¥­¨© á¢®¡®¤-­®© ¯®¢¥àå­®áâ¨ ¢ ª®­âà®«ì­ëå â®çª å ¨ ¤ ­­ëåâ ¡«. 2 á«¥¤ã¥â â ª¦¥, çâ® ¢ ª®­âà®«ì­ëå â®ç-ª å §­ ç¥­¨ï  ¯¯«¨ª â zi (i=1,2,3,4) ®¯à¥¤¥«ïîâ-áï, ¢ ®á­®¢­®¬, §­ ç¥­¨ï¬¨ ®¡®¡é¥­­®© ª®®à¤¨­ -âë �3(t).38 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40� ¡«. 4. �­ ç¥­¨ï  ¯¯«¨ª â zi(t�)(¢ ¬) á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ z = �(�; �; t) ¢ § ¢¨á¨¬®áâ¨ ®â ãáª®à¥­¨ïw(¢ ¬ � á�2) ¡ ª . �¨á«  t� (¢ á) ®¯à¥¤¥«ïîâ ¢à¥¬ï ¤®áâ¨¦¥­¨ï ¬ ªá¨¬ã¬®¢ äã­ªæ¨¥© z4(t) , N = 7w 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0z1(t�) 0.499 0.497 0.492 0.485 0.475 0.478 0.486 0.481 0.475 0.490z2(t�) 0.418 0.340 0.266 0.193 0.121 0.098 0.121 0.070 0.015 0.111z3(t�) 0.499 0.497 0.492 0.485 0.475 0.478 0.486 0.481 0.475 0.490z4(t�) 0.587 0.678 0.772 0.869 0.969 1.020 1.007 1.084 1.162 1.009t� 0.7 0.7 0.7 0.7 0.7 0.6 0.5 0.5 0.5 0.4� â ¡«.4 ¯à¨¢¥¤¥­ë à ááç¨â ­­ë¥ §­ ç¥­¨ï  ¯-¯«¨ª â zi(t) ¢ § ¢¨á¨¬®áâ¨ ®â ãáª®à¥­¨ï w. �­ -ç¥­¨ï  ¯¯«¨ª â ãª § ­ë ¢ ¬®¬¥­âë t = t�, ª®£¤ ¤®áâ¨£ ¥â ¬ ªá¨¬ã¬  ¢¥«¨ç¨­  z4(t) ¢ § ¤­¥© ª®­-âà®«ì­®© â®çª¥. �á«¨ ®ª §ë¢ «®áì z4(t) > l=2,áç¥â ®áâ ­ ¢«¨¢ «áï, â ª ª ª íâ® ®§­ ç «®, çâ®¦¨¤ª®áâì ª®á­ã« áì ªàëèª¨.�§ â ¡«.4 ¢¨¤­®, çâ®, ª ª ¨ á«¥¤®¢ «® ®¦¨¤ âì, ¢ª®­âà®«ì­ëå â®çª å 1, 2 ®âª«®­¥­¨ï z1, z3 á¢®¡®¤-­®© ¯®¢¥àå­®áâ¨ ®â £®à¨§®­â  ®¤¨­ ª®¢ë. � â®ç-ª¥ 3 á¢®¡®¤­ ï ¯®¢¥àå­®áâì ®¯ãáª ¥âáï,   ¢ â®ç-ª¥ 4 ¯®¤­¨¬ ¥âáï ®â­®á¨â¥«ì­® £®à¨§®­â . �à¨ã¬¥à¥­­ëå §­ ç¥­¨ïå ãáª®à¥­¨ï (w � 2:5 ¬ � á�2)á¢®¡®¤­ ï ¯®¢¥àå­®áâì ­¥ ¤®å®¤¨â ¤® ªàëèª¨ ¨ á®-¢¥àè ¥â ¯¥à¨®¤¨ç¥áª¨¥ ª®«¥¡ ­¨ï á ¯®«ã¯¥à¨®¤®¬T=2 = 0:7c, ¡«¨§ª¨¬ ª ¯®«ã¯¥à¨®¤ã T1=2 á¢®¡®¤-­ëå ª®«¥¡ ­¨© ­  ®á­®¢­®© ç áâ®â¥. �à¨ ãáª®à¥-­¨ïå w > 2:5 ¬ � á�2 á¢®¡®¤­ ï ¯®¢¥àå­®áâì ¤®áâ -¥â ¤® ªàëèª¨, ¯à¨ç¥¬ §  ¢à¥¬ï, ¬¥­ìè¥¥ ¯®«ã¯¥-à¨®¤  T1. �à®¨áå®¤¨â ã¤ à ¦¨¤ª®áâ¨ ® ªàëèªã.�¥¬ ¡®«ìè¥ ãáª®à¥­¨¥ ¡ ª , â¥¬ ¡ëáâà¥¥ ­ áâã-¯ ¥â ã¤ à, â. ¥. ¦¨¤ª®áâì ¯à®å®¤¨â à ááâ®ï­¨¥l=2 c ¡�®«ìè¥© áª®à®áâìî,   §­ ç¨â ¨¬¥¥â ¡�®«ìèãîª¨­¥â¨ç¥áªãî í­¥à£¨î. �«¥¤®¢ â¥«ì­®, á à®áâ®¬ãáª®à¥­¨ï à áâ¥â á¨«  ã¤ à . �¥à¢®­ ç «ì­®¥ ª -á ­¨¥ ¯à®¨áå®¤¨â ¢ § ¤­¥© â®çª¥ ªàëèª¨ ¡ ª .�à¥¤áâ ¢«¥­¨¥ ® ä®à¬¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨¦¨¤ª®áâ¨ ¢ ¬®¬¥­â ¥¥ ª®­â ªâ  á ªàëèª®© ¡ -ª  ¤ îâ £à ä¨ª¨ à¨á. 1 ¨ 2. �  à¨á. 1 ¨§®¡à -¦¥­  «¨­¨ï ¯¥à¥á¥ç¥­¨ï á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ á¯«®áª®áâìî x = 0, à ááç¨â ­­ ï ¯® ¯à¨¡«¨¦¥­¨ï¬N = 3; 7; 11. �®®â¢¥âáâ¢ãîé¨¥ §­ ç¥­¨ï ¯ à ¬¥-âà®¢ �i(t�):N = 3; t� = 0:7c {�0 = 0:5; �1 = 0:009; �2 = 0; �3 = �0:511;N = 7; t� = 0:6c {�0 = 0:5; �1 = 0:018; �3 = �0:453;�4 = �0:041; �7 = 0:008; �2 = �5 = �6 = 0;

�¨á. 1. �¨­¨ï ¯¥à¥á¥ç¥­¨ï á¢®¡®¤­®© ¯®¢¥àå­®áâ¨¦¨¤ª®áâ¨ ¯«®áª®áâìî x = 0 ¢ ¬®¬¥­â ª á ­¨ïªàëèª¨ ¯à¨ ãáª®à¥­¨¨ ¡ ª  w = 3:0¬c�2. �¨à­ ï«¨­¨ï á®®â¢¥âáâ¢ã¥â ¯à¨¡«¨¦¥­¨ï¬ N = 7 ¨ N = 11(¬®¬¥­â ª á ­¨ï t� = 0:6c),   â®­ª ï { N = 3 (¬®¬¥­âª á ­¨ï t� = 0:7c)N = 11; t� = 0:6c {�0 = 0:5; �1 = 0:019; �3 = �0:453;�4 = �0:042; �7 = 0:004; �2 = �5 = 0;�6 = �8 = �9 = �10 = �11 = 0:�à¨ ¯®áâà®¥­¨¨ £à ä¨ª®¢ à¨á. 1 ¨á¯®«ì§®¢ «®áìâ®, çâ® ¯à¨ x = 0 ¯®«ïà­ë¥ ã£«ë � = �=2, � =3�=2, ¯®«ïà­ë© à ¤¨ãá � =j y j ¨, á«¥¤®¢ â¥«ì­®,cos � = 0, sin � = y= j y j, cos 2� = �1,sin 3� = 3 yj y j � 4( yj y j)3; �1 � y � 1:�§ íâ¨å £à ä¨ª®¢ ¢¨¤­®, çâ® ¯à¨¡«¨¦¥­¨ï N = 7 ¨N = 11 ¤ îâ ¯à ªâ¨ç¥áª¨ ®¤¨­ ª®¢ãî ä®à¬ã á¢®-¡®¤­®© ¯®¢¥àå­®áâ¨ ­  ¢á¥¬ ®âà¥§ª¥ �1 � y � 1¨ § ¬¥â­® ãâ®ç­ïîâ ¥¥ ¯® áà ¢­¥­¨î á ¯à¨¡«¨¦¥-­¨¥¬ N = 3 ­  ®âà¥§ª¥ 0:3 � y � 1. �¥ª®â®à®¥à §«¨ç¨¥ ¯®«ãç ¥âáï ¨ ¢ ®æ¥­ª å ¬®¬¥­â  t� ¯¥à-¢®£® ª á ­¨ï ªàëèª¨ á¢®¡®¤­®© ¯®¢¥àå­®áâìî.�. �. �®«®â¥­ª® 39



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 19 { 40� ª®­¥æ, ­  à¨á. 2 ¯à¨¢¥¤¥­ ®¡é¨© ¢¨¤ á¢®-¡®¤­®© ¯®¢¥àå­®áâ¨, à ááç¨â ­­ë© ¯® ¯à¨¡«¨¦¥-­¨î N = 7 ¨ á®®â¢¥âáâ¢ãîé¨© ãáª®à¥­¨î ¡ ª w = 3:0¬c�2. �â®â ¢¨¤ á®®â¢¥âáâ¢ã¥â â®çª¥ ­ -¡«î¤¥­¨ï (1; 0; 2) (¢ ¬¥âà å) ¢ á¨áâ¥¬¥ ª®®à¤¨­ âOxyz, çâ® ¬®¦¥â ¨¬¥âì §­ ç¥­¨¥ ¯à¨ ä®â®- ¨«¨ª¨­®áê¥¬ª å ¢® ¢à¥¬ï íªá¯¥à¨¬¥­â®¢ ¨ ¯à¨ á®¯®-áâ ¢«¥­¨¨ à áç¥â­ëå ¨ íªá¯¥à¨¬¥­â «ì­ëå ¤ ­-­ëå.
�¨á. 2. �®à¬  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ¢¬®¬¥­â ¥¥ ª á ­¨ï ªàëèª¨ ¡ ª . �áª®à¥­¨¥ ¡ ª w = 3:0 ¬ � c�2, ¬®¬¥­â ª á ­¨ï t� = 0:6 c,¯à¨¡«¨¦¥­¨¥ N = 7� ¬¥â¨¬, çâ® ¯à¨ ãáª®à¥­¨¨ w = 2:0 ¬�c�2 "§¥à-ª «®" ¦¨¤ª®áâ¨, ®¯¨áë¢ ¥¬®¥ ãà ¢­¥­¨¥¬z = 0:5� wg y;¨¬¥¥â ¢ â®çª å y = �1, y = 1  ¯¯«¨ª âë z(�1) =0:704, z(1) = 0:296. � â® ¦¥ ¢à¥¬ï, ¨§ â ¡«. 4¢¨¤­®, çâ® á®®â¢¥âáâ¢ãîé¨¥  ¯¯«¨ª âë á¢®¡®¤-­®© ¯®¢¥àå­®áâ¨ ¨¬¥îâ §­ ç¥­¨ï z4 = 0:869 ¨z2 = 0:193. �«¥¤®¢ â¥«ì­®, ¢ á®®â¢¥âáâ¢ãîé¨©¬®¬¥­â ¢à¥¬¥­¨ ¢ § ¤­¥© â®çª¥ á¢®¡®¤­ ï ¯®¢¥àå-­®áâì ­ å®¤¨âáï ­ ¤ "§¥àª «®¬" ­  ¢ëá®â¥ 0:165 ¬,  ¢ ¯¥à¥¤­¥© { ¯®¤ ­¨¬ ­  £«ã¡¨­¥ 0:103 ¬. � ª¨¬®¡à §®¬, ¯à¨ ãáª®à¥­­®¬ ¤¢¨¦¥­¨¨ ¡ ª  á¢®¡®¤-­ ï ¯®¢¥àå­®áâì ¦¨¤ª®áâ¨ á®¢¥àè ¥â ª®«¥¡ ­¨ï®ª®«® "§¥àª « " ¦¨¤ª®áâ¨, çâ® á®£« áã¥âáï á ®¯¨-á ­­ë¬ ¢ëè¥ ¯à¥¤áâ ¢«¥­¨¥¬ ® ¬¥å ­¨§¬¥ ¢®§­¨ª-­®¢¥­¨ï ¢®«­ ¢ ¦¨¤ª®áâ¨ ª ª ® ¯à¥¢à é¥­¨¨ ¯®-â¥­æ¨ «ì­®© í­¥à£¨¨ ¦¨¤ª®áâ¨ ®â­®á¨â¥«ì­® ­®-¢®£® ¯®«®¦¥­¨ï "§¥àª « " ¢ ª¨­¥â¨ç¥áªãî.

����������� §à ¡®â ­  ª®¬¯ìîâ¥à­ ï ¬®¤¥«ì { ¨áå®¤­ë¥¬ â¥¬ â¨ç¥áª¨¥ á®®â­®è¥­¨ï,  «£®à¨â¬ à áç¥-â , ä®àâà ­-¯à®£à ¬¬  { ª®«¥¡ ­¨© ¦¨¤ª®áâ¨ ¢æ¨«¨­¤à¨ç¥áª®¬ ¡ ª¥. � ®á­®¢ã ¯®«®¦¥­ë â®ç-­ë¥ ¬ âà¨ç­ë¥ ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢-­¥­¨ï â¨¯  � ¬¨«ìâ®­ , ¤«ï ª®â®àëå ¬¥â®¤®¬�ã­£¥-�ãââë à¥è ¥âáï § ¤ ç  �®è¨. �¡« áâì¯à¨¬¥­¨¬®áâ¨ ¬®¤¥«¨: ¦¨¤ª®áâì { ¨¤¥ «ì­ ï, ®¤-­®à®¤­ ï, ­¥á¦¨¬ ¥¬ ï; ¡ ª { ¢¥àâ¨ª «ì­ë©, ­¥-¤¥ä®à¬¨àã¥¬ë©; ¤¢¨¦¥­¨ï ¡ ª  { ¯®áâã¯ â¥«ì-­ë¥, ¢ ¯®«¥ á¨«ë âï¦¥áâ¨, § ¤ ­­ë¥; à¥¦¨¬ ¤¢¨-¦¥­¨ï ¦¨¤ª®áâ¨ { ¡¥§¢¨åà¥¢®©, ¯à¨ ®âáãâáâ¢¨¨ª®­â ªâ  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ á ¤­®¬ ¨ ªàëè-ª®© ¡ ª . �ëå®¤­ë¥ ¯ à ¬¥âàë ¬®¤¥«¨ {  ¯¯«¨-ª âë á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ¢ «î¡®©â®çª¥ ¨ ¢ «î¡®© ¬®¬¥­â ¢à¥¬¥­¨. �à¥¤ãá¬®âà¥­ ¢®§¬®¦­®áâì ¢ àì¨à®¢ ­¨ï ç¨á«  á« £ ¥¬ëå ¢  ¯-¯à®ªá¨¬¨àãîé¨å ¢ëà ¦¥­¨ïå á¢®¡®¤­®© ¯®¢¥àå-­®áâ¨ ¢ § ¢¨á¨¬®áâ¨ ®â ª®­ªà¥â­®© § ¤ ç¨. �à¥¤-«®¦¥­­ ï ¬®¤¥«ì ¯à¨¬¥­¥­  ª § ¤ ç¥ ® ¢á¯«¥áª å ¨ª®«¥¡ ­¨ïå ¦¨¤ª®áâ¨ ¢ á«ãç ¥ ¬£­®¢¥­­®£® ãáª®à¥-­¨ï ¡ ª  ¯® £®à¨§®­â «¨ ¨§ á®áâ®ï­¨ï ¯®ª®ï. �á-á«¥¤®¢ ­  § ¢¨á¨¬®áâì ä®à¬ë á¢®¡®¤­®© ¯®¢¥àå-­®áâ¨ ®â ãáª®à¥­¨ï ¡ ª  ¨ ¯à® ­ «¨§¨à®¢ ­ ¬¥å -­¨§¬ ®¡à §®¢ ­¨ï ¢®«­.1. �®«®â¥­ª® �. �. �®¬¯ìîâ¥à­®¥ ¬®¤¥«¨à®¢ ­¨¥ ­ ®á­®¢¥ ãà ¢­¥­¨© â¨¯  � ¬¨«ìâ®­  ­¥«¨­¥©­ëå ª®-«¥¡ ­¨© ¦¨¤ª®áâ¨ ¢ ¯àï¬®ã£®«ì­®¬ ¡ ª¥ // �à¨-ª« ¤­  £i¤à®¬¥å ­iª .{ 2002.{ 4, N 1.{ �. 18{33.2. �ãª®¢áª¨© �. �. �¢¥¤¥­¨¥ ¢ ­¥«¨­¥©­ãî ¤¨­ -¬¨ªã â¢¥à¤®£® â¥«  á ¯®«®áâï¬¨, á®¤¥à¦ é¨¬¨¦¨¤ª®áâì.{ �.: � ãª.¤ã¬ª , 1990.{ 295 á.3. Miles J.W. Nonlinear surface waves in closed basins //J.Fluid Mech.{ 1976.{ 75, part 3.{ P. 419{448.4. �¨ª¨è¥¢ �. �.,� ¡¨­®¢¨ç �. �. �¨­ ¬¨ª  â¢¥à-¤®£® â¥«  á ¯®«®áâï¬¨, ç áâ¨ç­® § ¯®«­¥­­ë¬¨¦¨¤ª®áâìî.{ �.: � è¨­®áâà®¥­¨¥, 1968.{ 532 á.5. Abramson H. N., Chu W. H., Kana D. D. Some stud-ies of non-linear lateral sloshing in rigid containers //Journ. of Appl. Mech., Trans. ASME.{ 1966.{ 33, N4.{ P. 66{74.6. � à¨¬ ­®¢ �. �.,�®ªãç ¥¢ �. �.,�ãª®¢áª¨© �. �.�¥«¨­¥©­ ï ¤¨­ ¬¨ª  «¥â â¥«ì­®£®  ¯¯ à â  á¦¨¤ª®áâìî.{ �.: � è¨­®áâà®¥­¨¥, 1977.{ 208 á.7. �¨¬ àç¥­ª® �. �.,�á¨­áª¨© B. B. �¥«¨­¥©­ ï ¤¨-­ ¬¨ª  ª®­áâàãªæ¨© á ¦¨¤ª®áâìî.{ �¨¥¢: ����"K�I", 1997.{ 338 á.�.: ���� "�®«­ ", 1976. { C. 260{264.8. �ãª®¢áª¨© �. �., �®«®â¥­ª® �. �. �¨á«¥­­®¥ ¬®-¤¥«¨à®¢ ­¨¥ ª®«¥¡ ­¨© ¦¨¤ª®áâ¨ ¢ § ªàëâ®¬ ¯®-¤¢¨¦­®¬ ¯àï¬®ã£®«ì­®¬ á®áã¤¥ // �̈ ¤à®¬¥å ­¨ª .{1998.{ 72.{ �. 72{87.9. �¨å®­®¢ �. �.,� ¬ àáª¨© �. �. �à ¢­¥­¨ï ¬ â¥¬ -â¨ç¥áª®© ä¨§¨ª¨.{ �.: � ãª , 1972.{ 735 á.40 �. �. �®«®â¥­ª®


