
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 42��� 532.5� �������������� ������� ��������������������� ��������� �������������������� ������������ �������������� �����������. �. ����������­áâ¨âãâ ¬ â¥¬ â¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 23.09.2004�¤¥« ­ ®¡§®à ¨§¢¥áâ­ëå ¤¥â¥à¬¨­¨à®¢ ­­ëå ¨ ¢¥à®ïâ­®áâ­ëå ¬®¤¥«¥© á¥©á¬¨ç¥áª¨å ª®«¥¡ ­¨© ¦¨¤ª®áâ¨ ¢ æ¨«¨­-¤à¨ç¥áª¨å à¥§¥à¢ã à å. � à §¢¨â¨¥ áãé¥áâ¢ãîé¨å ¬®¤¥«¥© ¯à¥¤«®¦¥­  ¬®¤¥«ì ­¥«¨­¥©­ëå á¥©á¬¨ç¥áª¨å ª®«¥¡ ­¨©¦¨¤ª®áâ¨. �à¥¤« £ ¥¬ ï ¬®¤¥«ì ®á­®¢ ­  ­  â®ç­ëå ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨ïå â¨¯  � ¬¨«ìâ®­  ¤¨-­ ¬¨ª¨ ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨, á®¢¥àè îé¥© ¡¥§¢¨åà¥¢®¥  ¡á®«îâ­®¥ ¤¢¨¦¥­¨¥ ¢ ¯®¤¢¨¦­®¬ à¥§¥à¢ã- à¥. �¢¨¦¥­¨¥ à¥§¥à¢ã à  ï¢«ï¥âáï ¯®áâã¯ â¥«ì­ë¬ ¨ 3-¬¥à­ë¬. �§ ¯®áâà®¥­­®© ­¥«¨­¥©­®© ¬®¤¥«¨ ª ª ç áâ­ë©á«ãç © ¯®«ãç¥­ë ®¡é¨¥ «¨­¥©­ë¥ ãà ¢­¥­¨ï á¥©á¬¨ç¥áª¨å ª®«¥¡ ­¨© ¦¨¤ª®áâ¨ ¯à¨ (¤¢ã¬¥à­ëå) £®à¨§®­â «ì­ëå¨ ¢¥àâ¨ª «ì­ëå á¥©á¬¨ç¥áª¨å ãáª®à¥­¨ïå £àã­â . �áá«¥¤®¢ ­  ¢§ ¨¬®á¢ï§ì íâ¨å ®¡é¨å «¨­¥©­ëå ãà ¢­¥­¨© á¨§¢¥áâ­®© ¬®¤¥«ìî �å®æ¨¬áª®£®. �®á¯à®¨§¢¥¤¥­ë ¨ ¯¥à¥¤®ª § ­ë à¥§ã«ìâ âë ª®àà¥«ïæ¨®­­®© â¥®à¨¨ �¨ª®« ¥­-ª® á¥©á¬¨ç¥áª¨å ª®«¥¡ ­¨© á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨. � ª ç¥áâ¢¥ ¯à¨¬¥à  à áá¬®âà¥­ á«ãç © ª®«¥¡ ­¨©¦¨¤ª®áâ¨ ¢ à¥§¥à¢ã à¥ ¢® ¢à¥¬ï á¨«ì­®£® §¥¬«¥âàïá¥­¨ï ¢ £. �¨¨£ â  (�¯®­¨ï) 16 ¨î­ï 1964 £®¤ .�à®¡«¥­® ®£«ï¤ ¢÷¤®¬¨å ¤¥â¥à¬÷­®¢ ­¨å â  ©¬®¢÷à­®á­¨å ¬®¤¥«¥© á¥©á¬÷ç­¨å ª®«¨¢ ­ì à÷¤¨­¨ ã æ¨«÷­¤à¨ç­¨å à¥-§¥à¢ã à å. � à®§¢¨â®ª ÷á­ãîç¨å ¬®¤¥«¥© § ¯à®¯®­®¢ ­® ¬®¤¥«ì ­¥«÷­÷©­¨å á¥©á¬÷ç­¨å ª®«¨¢ ­ì à÷¤¨­¨. �ï ¬®¤¥«ì¡ §ãõâìáï ­  â®ç­¨å ÷­â¥£à®{¤¨ä¥à¥­æ÷ «ì­¨å à÷¢­ï­­ïå â¨¯ã � ¬÷«ìâ®­  ¤¨­ ¬÷ª¨ ÷¤¥ «ì­®ù ­¥áâ¨á«¨¢®ù à÷¤¨­¨,é® §¤÷©á­îõ ¯®â¥­æ÷ «ì­¨©  ¡á®«îâ­¨© àãå ã àãå®¬®¬ã à¥§¥à¢ã à÷. �ãå à¥§¥à¢ã à  ¢¢ ¦ õâìáï ¯®áâã¯ «ì­¨¬ â  3-¢¨¬÷à­¨¬. � ¯®¡ã¤®¢ ­®ù­¥«÷­÷©­®ù ¬®¤¥«÷ ïª ç áâ¨­­¨© ¢¨¯ ¤®ª ®¤¥à¦ ­® § £ «ì­÷ «÷­÷©­÷ à÷¢­ï­­ï ª®«¨¢ ­ì à÷¤¨­¨¯à¨ (¤¢®¢¨¬÷à­¨å) £®à¨§®­â «ì­¨å â  ¢¥àâ¨ª «ì­¨å á¥©á¬÷ç­¨å ¯à¨áª®à¥­­ïå £àã­âã. �®á«÷¤¦¥­® ¢§ õ¬®§¢'ï§®ªæ¨å § £ «ì­¨å «÷­÷©­¨å à÷¢­ï­ì § ¢÷¤®¬®î ¬®¤¥««î �å®æ¨¬áìª®£®. �÷¤â¢®à¥­® â  §­®¢ã ¤®¢¥¤¥­® à¥§ã«ìâ â¨ ª®-à¥«ïæ÷©­®ù â¥®à÷ù á¥©á¬÷ç­¨å ª®«¨¢ ­ì ¢÷«ì­®ù ¯®¢¥àå­÷ à÷¤¨­¨. �ª ¯à¨ª« ¤ à®§£«ï­ãâ® ¢¨¯ ¤®ª ª®«¨¢ ­ì à÷¤¨­¨ ãà¥§¥à¢ã à÷ ¯÷¤ ç á á¨«ì­®£® §¥¬«¥âàãáã ã ¬. �÷÷£ â  (�¯®­÷ï) 16 ç¥à¢­ï 1964 à®ªã.The review of the known determinate and probabilistic models of seismic 
uid oscillations in cylindrical tanks is made. Asa development of existing models the model of nonlinear seismic 
uid oscillations is o�ered. The o�ered model is basedon the exact integro-di�erential equations of Hamilton's type which describe oscillations of incompressible inviscid 
uidperforming a potential absolute motion in moving tank. The tank's motion is translational and three-dimensional. Fromthis model the general linear equations of seismic 
uid motion under horizontal (two-dimensional) and vertical seismicaccelaration of ground is obtained. It is observed the interconnection of these general equations with the known equationsby Okchotsimsky. The results of the Nikolaenko's correlation theory of the free surface seismic oscillations are restoredand proved again. As an example it is considered the 
uid oscillations in the tank during strong earthquake on June, 16,1964 in Niigata (Japan).�������� � ����� �������� ¤ ç¨ ¤¨­ ¬¨ª¨ ¦¨¤ª®áâ¨ ¯à¨ §¥¬«¥âàïá¥­¨-ïå ¨¬¥îâ ¯® ªà ©­¥© ¬¥à¥ ¤¢  ¯à¨ª« ¤­ëå  á¯¥ª-â . �¤¨­ ¨§ ­¨å á¢ï§ ­ á ¢®¯à®á ¬¨ á¥©á¬®áâ®©-ª®áâ¨ á®®àã¦¥­¨© (à¥§¥à¢ã à®¢{åà ­¨«¨é, ¨áªãá-áâ¢¥­­ëå ¢®¤®¥¬®¢, ¢®¤®­ ¯®à­ëå ¡ è¥­, ®¡ê¥ª-â®¢ å¨¬¨ç¥áª®© ¯à®¬ëè«¥­­®áâ¨, ¢ëá®â­ëå §¤ -­¨© á ¦¨¤ª®áâ­ë¬¨ ¤¥¬¯ä¥à ¬¨ ª®«¥¡ ­¨© ¨ â.¤.). �â®à®©  á¯¥ªâ á¢ï§ ­ á â¥¬, çâ® á®§¤ â¥«ì¨§¢¥áâ­®© èª «ë §¥¬«¥âàïá¥­¨© �.�.�¨åâ¥à [1]­ §ë¢ « "¢®¤­ë¬¨ ¯à®ï¢«¥­¨ï¬¨" §¥¬«¥âàïá¥­¨©(ª®«¥¡ ­¨ï §¥àª «  ¢®¤ë ¢ ª®«®¤æ å, á¥©è¨, æã­ -¬¨, ¬®à¥âàïá¥­¨ï, ä®­â ­ë ¨ â. ¤.). �­ ç¥ £®-¢®àï, ¯® ¢¨¤¨¬®¬ã ¯®¢¥¤¥­¨î ¦¨¤ª®áâ¨ ¢® ¢à¥¬ï§¥¬«¥âàïá¥­¨ï ¬®¦­® áã¤¨âì ® á¨«¥ §¥¬«¥âàïá¥-­¨ï, çâ® ¨á¯®«ì§®¢ «®áì, ­ ¯à¨¬¥à, ¤«ï ¯à®¢¥¤¥-­¨ï ¨§®á¥©â §¥¬«¥âàïá¥­¨©. � á¢ï§¨ á íâ¨¬ ¢®§-­¨ª ¥â ¨¤¥ï ã¢ï§ë¢ âì å à ªâ¥à¨áâ¨ª¨ §¥¬«¥âàï-á¥­¨ï (¢ ç áâ­®áâ¨, ¥£® ¨­â¥­á¨¢­®áâì) á ¯®¢¥¤¥-
­¨¥¬ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ¢­ãâà¨ á®-áã¤®¢, ¯®¤¢¥à£ îé¨åáï §¥¬«¥âàïá¥­¨ï¬.� á®¢à¥¬¥­­®© á¥©á¬®«®£¨¨ ®á­®¢­ë¬ ¨­áâàã-¬¥­â®¬ ¨§¬¥à¥­¨ï ¯ à ¬¥âà®¢ §¥¬«¥âàïá¥­¨©ï¢«ïîâáï ¬ ïâ­¨ª®¢ë¥ á¥©á¬®£à äë, ¯®áª®«ìªã­ ¨¡®«¥¥ ¯®«­® ¨§ãç¥­ë á¥©á¬¨ç¥áª¨¥ ¤¢¨¦¥­¨ï¨¬¥­­® ¬ ïâ­¨ª®¢ [2]. � â® ¦¥ ¢à¥¬ï, ¨§¢¥áâ-­ë¥ ¬ ïâ­¨ª®¢ë¥  ­ «®£¨¨ ¢ £¨¤à®¤¨­ ¬¨ª¥ ¯®-à®¦¤ îâ ¢®¯à®áë ® ª®«¥¡ â¥«ì­ëå ¤¢¨¦¥­¨ïå ¢ãá«®¢¨ïå §¥¬«¥âàïá¥­¨© â ª¦¥ ¨ ¦¨¤ª®áâ¨. �áá«¥-¤®¢ ­¨ï ­ áâ®ïé¥© à ¡®âë, ¯®á¢ïé¥­­®©  ­ «¨§ã¨ à §à ¡®âª¥ ¬ â¥¬ â¨ç¥áª¨å ¬®¤¥«¥© á¥©á¬¨ç¥-áª¨å ª®«¥¡ ­¨© ¦¨¤ª®áâ¨ ¢­ãâà¨ æ¨«¨­¤à¨ç¥áª¨åá®áã¤®¢, ­ ¯àï¬ãî á¢ï§ ­ë á ®¡¥¨¬¨ ¯à¨ª« ¤­ë-¬¨ § ¤ ç ¬¨. �¬¥áâ¥ á â¥¬ ®á­®¢­®¥ ¢­¨¬ ­¨¥ã¤¥«¥­® á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨,   ¢ ¦-­ë¥ ¤«ï á¥©á¬®áâ®©ª®£® áâà®¨â¥«ìáâ¢  ¢®¯à®áë ®á¨«®¢®¬ ¢§ ¨¬®¤¥©áâ¢¨¨ ¦¨¤ª®áâ¨ ¨ à¥§¥à¢ã à §¤¥áì ­¥ § âà £¨¢ îâáï.�§¢¥áâ¥­ àï¤ ¬ â¥¬ â¨ç¥áª¨å ¬®¤¥«¥© á¥©á¬¨-22 c
 �. �. �®«®â¥­ª®, 2005



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 42ç¥áª¨å ª®«¥¡ ­¨© ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®© ¦¨¤-ª®áâ¨ ¢ æ¨«¨­¤à¨ç¥áª¨å ¢¥àâ¨ª «ì­ëå á®áã¤ å.�á­®¢­ë¥ à¥§ã«ìâ âë ¢ íâ®© ®¡« áâ¨ ¯®«ãç¥­ë ¢[3{5]. �á¥ ¬®¤¥«¨ ¢ª«îç îâ ãà ¢­¥­¨¥ � ¯« á (­¥à §àë¢­®áâ¨), ¨­â¥£à « � £à ­¦  { �®è¨ (¢ª ç¥áâ¢¥ à¥è¥­¨ï £¨¤à®¤¨­ ¬¨ç¥áª¨å ãà ¢­¥­¨©�©«¥à  ¯à¨ ãá«®¢¨¨ ¯®â¥­æ¨ «ì­®áâ¨  ¡á®«îâ­®-£® ¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨), ãá«®¢¨ï ­¥¯à®â¥ª ­¨ï ­ ( ¡á®«îâ­®) â¢¥à¤ëå áâ¥­ª å, ªà ¥¢ë¥ (ª¨­¥¬ â¨-ç¥áª®¥ ¨ ¤¨­ ¬¨ç¥áª®¥) ãá«®¢¨ï ­  á¢®¡®¤­®© ¯®-¢¥àå­®áâ¨ ¦¨¤ª®áâ¨, ­ ç «ì­ë¥ ãá«®¢¨ï. �á­®¢-­ë¥ à §«¨ç¨ï à áá¬ âà¨¢ ¥¬ëå ¬®¤¥«¥© § ª«îç -îâáï ¢ ä®à¬¥ ¨­â¥£à «  � £à ­¦  { �®è¨ ¨ ªà ¥-¢ëå ãá«®¢¨© ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨,   â ª¦¥ ¢á¯®á®¡¥ ãç¥â  á¥©á¬¨ç¥áª¨å ¢®§¤¥©áâ¢¨© ­  ¦¨¤-ª®áâì á® áâ®à®­ë à¥§¥à¢ã à . �¨¦¥ ¤ ­ë ªà âª¨¥å à ªâ¥à¨áâ¨ª¨ ®á­®¢­ëå ¬®¤¥«¥© (­ §¢ ­¨ï ¬®-¤¥«¥© ãá«®¢­ë ¨ ®âà ¦ îâ á¯®á®¡ ãç¥â  á¥©á¬¨ç-áª®£® ¢®§¤¥©áâ¢¨ï).�¬¯ã«ìá­ ï ¬®¤¥«ì (L.S.Jacobsen [3]). �à¥¤-­ §­ ç¥­  ¤«ï à áç¥â  £¨¤à®¤¨­ ¬¨ç¥áª¨å á¨« ¨¬®¬¥­â®¢, ¤¥©áâ¢ãîé¨å ­  áâ¥­ª¨ à¥§¥à¢ã à  ­ ªà âª®¢à¥¬¥­­®© ­ ç «ì­®© áâ ¤¨¨ §¥¬«¥âàïá¥-­¨ï.� [3] à¥è « áì § ¤ ç  ® ¤¢¨¦¥­¨¨ ¨¤¥ «ì­®© ­¥-á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¯à¨ ¯®áâã¯ â¥«ì­ëå ¯¥à¥-¬¥é¥­¨ïå ¢ £®à¨§®­â «ì­®¬ ­ ¯à ¢«¥­¨¨ ç áâ¨ç-­® ¯®£àã¦¥­­®£® ¢ ¢®¤ã ¨ ç áâ¨ç­® § ¯®«­¥­­®-£® ¦¨¤ª®áâìî à¥§¥à¢ã à . �¥§¥à¢ã à áç¨â «áï ­¥-¤¥ä®à¬¨àã¥¬ë¬,    ¡á®«îâ­®¥ ¤¢¨¦¥­¨¥ ¦¨¤ª®-áâ¨ { ¡¥§¢¨åà¥¢ë¬. �¥©á¬¨ç¥áª¨¥ ¯¥à¥¬¥é¥­¨ï£àã­â  ¯®« £ «¨áì ¨¬¯ã«ìá­ë¬¨ (ä®à¬  ¨ ¤«¨-â¥«ì­®áâì ¨¬¯ã«ìá  ­¥ ®£®¢ à¨¢ «¨áì). � ¤ ç  à¥-è « áì ¢ «¨­¥©­®© ¯®áâ ­®¢ª¥, ¯à¨ç¥¬ ¢¢¨¤ã ¨¬-¯ã«ìá­®£® å à ªâ¥à  ¢­¥è­¥£® ¢®§¤¥©áâ¢¨ï ª®­¥ç-­ë¥ á¨«  âï¦¥áâ¨ ¨ ¤ ¢«¥­¨¥ ­  á¢®¡®¤­®© ¯®¢¥àå-­®áâ¨ ¦¨¤ª®áâ¨ ¨£­®à¨à®¢ «¨áì,   ¨­â¥£à « � -£à ­¦  { �®è¨ ¡à «áï ¢ ¯à®áâ¥©è¥¬ ¢¨¤¥,   ¨¬¥­-­®: p = ��@�@t ; (1)£¤¥ p { ¤ ¢«¥­¨¥; � { ¯«®â­®áâì ¦¨¤ª®áâ¨; � {¯®â¥­æ¨ «  ¡á®«îâ­®© áª®à®áâ¨ ¦¨¤ª®áâ¨ ¢ ­¥-¯®¤¢¨¦­®© á¨áâ¥¬¥ ª®®à¤¨­ â; t { ¢à¥¬ï. �à®¬¥â®£®, á¢®¡®¤­ ï ¯®¢¥àå­®áâì áç¨â « áì ­¥¨§¬¥­ï-¥¬®© ¨ á®¢¯ ¤ îé¥© á ¯«®áª®áâìî ­¥¢®§¬ãé¥­­®©¯®¢¥àå­®áâ¨. � à¥§ã«ìâ â¥, ª¨­¥¬ â¨ç¥áª®¥ ¨ ¤¨-­ ¬¨ç¥áª®¥ ãá«®¢¨ï ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ á¢¥-«¨áì á®®â¢¥âáâ¢¥­­® ª à ¢¥­áâ¢ ¬:����z=H = 0; @�@t ���z=H = 0; (2)£¤¥ H { ãà®¢¥­ì ¦¨¤ª®áâ¨ ¢ ¡ ª¥; z { ¢¥àâ¨ª «ì-­ ï ª®®à¤¨­ â . � ª á«¥¤áâ¢¨¥, à¥è¥­¨¥ ¤«ï ¯®-

â¥­æ¨ « , ¯®«ãç¥­­®¥ ¬¥â®¤®¬ à §¤¥«¥­¨ï ¯¥à¥-¬¥­­ëå, ®ª § «®áì § ¢¨áïé¨¬ ®â £«ã¡¨­ë ¯® § -ª®­ã âà¨£®­®¬¥âà¨ç¥áª®£®,   ­¥ âà ¤¨æ¨®­­®£® ¢â¥®à¨¨ ¢®«­ £¨¯¥à¡®«¨ç¥áª®£® ª®á¨­ãá . �â® à¥-è¥­¨¥ ¯à¨¬¥­¥­® ¤«ï ®æ¥­ª¨ á¥©á¬¨ç¥áª¨å ­ £àã-§®ª ­  áâ¥­ª¨ à¥§¥à¢ã à®¢ á® áâ®à®­ë ¦¨¤ª®áâ¨¨ ¤«ï ¢ëç¨á«¥­¨ï ­ ç «ì­ëå áª®à®áâ¥© ¦¨¤ª®áâ¨­  íâ ¯¥ ¥¥ ¤¢¨¦¥­¨ï, á«¥¤ãîé¥¬ §  ¨¬¯ã«ìá­ë¬¨­â¥à¢ «®¬. �¬¯ã«ìá­®¥ ãáª®à¥­¨¥, ¢«¨ïîé¥¥ ­ £¨¤à®¤¨­ ¬¨ç¥áª¨¥ á¨«ë ¨ ¬®¬¥­âë, ¢ ¯à¨¬¥à åíâ®© à ¡®âë ¡à «®áì ¢ ¯à¥¤¥« å 0:12� 0:2 g.� áç¥âë ¯® ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨ �¦¥ª®¡á¥-­  á®¯®áâ ¢«ï«¨áì ¢ [6] á íªá¯¥à¨¬¥­â®¬. �ªá¯¥-à¨¬¥­â «ì­ ï ãáâ ­®¢ª  ¯à¥¤áâ ¢«ï«  á®¡®© ¬ á-á¨¢­ãî ¯« âä®à¬ã ­  ª®«¥á å, ª ª®â®à®© ®¤­®-¢à¥¬¥­­® ªà¥¯¨«¨áì ç¥âëà¥ æ¨«¨­¤à¨ç¥áª¨¥ ®¡®-«®çª¨ ¤¨ ¬¥âà ¬¨ 0.1524, 0.3048, 0.5842, 1.1938 ¬.(�­ãâà¨ ®¡®«®ç¥ª ¤«ï ªà¥¯«¥­¨ï ãáâà®©áâ¢ ä®â®-à¥£¨áâà æ¨¨ ä®à¬ë £à ¢¨â æ¨®­­ëå ¢®«­ ãáâ -­ ¢«¨¢ «¨áì ¯® æ¥­âàã ¢¥àâ¨ª «ì­ë¥ ­¥¯à®­¨-æ ¥¬ë¥ ¯¥à¥£®à®¤ª¨, ¯ à ««¥«ì­ë¥ ­ ¯à ¢«¥­¨î¤¢¨¦¥­¨ï ¯« âä®à¬ë. �®íâ®¬ã, ¯® áãé¥áâ¢ã,íªá¯¥à¨¬¥­âë ¯à®¢®¤¨«¨áì á ¯®«ãªàã£«ë¬¨ ¡ ª -¬¨.) �¢¨¦¥­¨¥ ¯« âä®à¬ë ¨¬¬¨â¨à®¢ «® á¥©á¬¨-ç¥áª®¥ ¤¢¨¦¥­¨¥ £àã­â , ¯à¨¡«¨§¨â¥«ì­® á®áâ®ï-é¥¥ ¨§ ¨¬¯ã«ìá­®£® ¤¢¨¦¥­¨ï (¨§ á®áâ®ï­¨ï ¯®-ª®ï) ­  ¨­â¥à¢ «¥ ¢à¥¬¥­¨ 0 < t < t1, ¤ «ì­¥©è¥-£® ãáª®à¥­­®£® ¤¢¨¦¥­¨ï ­  ¨­â¥à¢ «¥ t1 < t < t2¨ ¯®á«¥¤ãîé¥£® § âãå îé¥£® ª®«¥¡ â¥«ì­®£® ¤¢¨-¦¥­¨ï ¤® ¯®«­®© ®áâ ­®¢ª¨. �«ï à¥ «¨§ æ¨¨ â -ª®£® ¤¢¨¦¥­¨ï ®¤¨­ ª®­¥æ ¯« âä®à¬ë ªà¥¯¨«áï¯®áà¥¤áâ¢®¬ ¯àã¦¨­ë à¥£ã«¨àã¥¬®© ¦¥áâª®áâ¨ ª­¥¯®¤¢¨¦­®© áâ®©ª¥,   ­  ¤àã£®¬ ª®­æ¥ ­ å®¤¨«-áï ¡ ¬¯¥à. �« âä®à¬  ¯à¨¢®¤¨« áì ¢ ¤¢¨¦¥­¨¥á ¯®¬®éìî ã¤ à  ¯® ¡ ¬¯¥àã âï¦¥«ë¬ ¬ ïâ­¨-ª®¬, ª®â®àë© ®áâ ¢ «áï ¢ ª®­â ªâ¥ á ¡ ¬¯¥à®¬ ¢â¥ç¥­¨¥ ¨­â¥à¢ «  ¢à¥¬¥­¨ 0 < t < t1. �¢¨¦¥-­¨¥ ¯« âä®à¬ë ¬®£«® ¡ëâì ®áâ ­®¢«¥­® á ¯®¬®-éìî £à ¢¨â æ¨®­­®© § é¥«ª¨ ¢ ¬®¬¥­â t2, á®®â-¢¥âáâ¢ãîé¨© ¬ ªá¨¬ «ì­®¬ã §­ ç¥­¨î ¯¥à¥¬¥é¥-­¨ï £àã­â  ¨ ­ã«¥¢®© áª®à®áâ¨ íâ®£® ¯¥à¥¬¥é¥-­¨ï. �¬¯ã«ìá­ë© ¨­â¥à¢ « (0; t1) ¡ë« ­ áâ®«ìª®¬ «, çâ® ¢ëá®â  £à ¢¨â æ¨®­­ëå ¢®«­ ®áâ ¢ « áì¬ «®© ¨, ª ª á«¥¤áâ¢¨¥, £¨¤à®¤¨­ ¬¨ç¥áª¨¥ ¤ ¢«¥-­¨¥ ¨ áª®à®áâì ¬®£«¨ ¡ëâì ®¯à¥¤¥«¥­ë ¯® ¬¥â®¤ãà ¡®âë [3]. �«¨â¥«ì­®áâì ¨¬¯ã«ìá  (¢à¥¬ï ª®­-â ªâ  ã¤ à­®£® ¬ ïâ­¨ª  á ¡ ¬¯¥à®¬) t1 á®áâ ¢«ï-«  0:075 � 0:08 c,   ç áâ®â  fg ª®«¥¡ ­¨© £àã­â (¯« âä®à¬ë) { 0:7 � 7:0 �æ. � ¬¥â¨¬, çâ® ¥á«¨¢ [3] á¥©á¬ç¥áª®¥ ¤¢¨¦¥­¨¥ £àã­â  ¬®¤¥«¨à®¢ «®áì«¨èì ¯à®áâë¬ ¨¬¯ã«ìá®¬, â® ¢ [6] ã¦¥ ¨á¯®«ì§®-¢ « áì § âãå îé ï á¨­ãá®¨¤ , å à ªâ¥à¨§ãîé ï-áï ¬ ªá¨¬ «ì­®©  ¬¯«¨âã¤®© Ag ¨ ¤«¨â¥«ì­®áâìîD. � íªá¯¥à¨¬¥­â å ¨á¯®«ì§®¢ «áï ªà¨â¥à¨© (á¢ï-�. �. �®«®â¥­ª® 23



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 42§ ­­ë© á í­¥à£¨¥© á¥©á¬¨ç¥áª¨å ¤¢¨¦¥­¨© §¥¬«¨)Vg = 2�Agfg = const; (3)£¤¥ Vg { ¬ ªá¨¬ «ì­ ï áª®à®áâì ¤¢¨¦¥­¨ï £àã­-â . �ª®à®áâì Vg ¯à¨­¨¬ «  §­ ç¥­¨ï ¨§ ¨­â¥à-¢ «  0:051� 0:203 ¬c�1, çâ® ¯à¨ ¢ë¡à ­­®¬ ¤¨ -¯ §®­¥ ç áâ®â £àã­â  fg á®®â¢¥âáâ¢ã¥â §­ ç¥­¨-ï¬ ¬ ªá¨¬ «ì­ëå ãáª®à¥­¨© £àã­â  ¨§ ¨­â¥à¢ -«  0:22� 8:94 ¬á�2. �«¨â¥«ì­®áâì D § âãå îé¨åá¥©á¬¨ç¥áª¨å ª®«¥¡ ­¨© £àã­â  (¯« âä®à¬ë) ¡ë-«  à ¢­  2:1 � 5% c. (� ¬¥â¨¬, çâ® ãª § ­­ë©¤¨ ¯ §®­ ãáª®à¥­¨© £àã­â  ãç¨âë¢ ¥â ¯à¨­ïâ®¥¢ â¥®à¨¨ á¥©á¬®áâ®©ª®áâ¨ á®®àã¦¥­¨© "¯à ¢¨«®0:1g" [1], ­® ¤«¨â¥«ì­®áâì á¥©á¬¨ç¥áª¨å ª®«¥¡ ­¨©D à¥ «ì­® ­¥ ¬®¦¥â ¡ëâì ®¤­®© ¨ â®© ¦¥ ¤«ï ¢á¥£®¤¨ ¯ §®­  ãáª®à¥­¨©.)�ªá¯¥à¨¬¥­âë ¯®ª § «¨ å®à®è¥¥ ª®«¨ç¥áâ¢¥­-­®¥ á®¢¯ ¤¥­¨¥ à áç¥â­ëå ¨ íªá¯¥à¨¬¥­â «ì­ëå§­ ç¥­¨© íää¥ªâ¨¢­®© £¨¤à®¤¨­ ¬¨ç¥áª®© ¬ ááë¢ § ¢¨á¨¬®áâ¨ ®â ãà®¢­ï § ¯®«­¥­¨ï à¥§¥à¢ã -à . �â® ª á ¥âáï  ¯¯à®ªá¨¬ æ¨¨ ä®à¬ë á¢®¡®¤-­®© ¯®¢¥àå­®áâ¨ áã¬¬®© ¢¨¤  [6]�(r; �; t) = 1Xi=1 AiJ1(k1r) cos(�) cos �2�tTi + �i�: (4)(§¤¥áì �(r; �; t) { ¢®§¢ëè¥­¨¥ ¢®«­®¢®© ¯®¢¥àå­®-áâ¨ ­ ¤ ¯«®áª®áâìî ­¥¢®§¬ãé¥­­®© á¢®¡®¤­®© ¯®-¢¥àå­®áâ¨; r, � { ¯®«ïà­ë¥ ª®®à¤¨­ âë; Ti, ki {¨§¢¥áâ­ë¥ ¯¥à¨®¤ë ¨ ¢®«­®¢ë¥ ç¨á«  á¢®¡®¤­ëå£ à¬®­¨ç¥áª¨å ª®«¥¡ ­¨© ¦¨¤ª®áâ¨ ¢ ­¥¯®¤¢¨¦-­®¬ æ¨«¨­¤à¨ç¥áª®¬ ¡ ª¥; Ai, �i { ¯à®¨§¢®«ì­ë¥ç¨á« ), â® ®­  ¤ ¥â «¨èì ª ç¥áâ¢¥­­®¥ á®¢¯ ¤¥­¨¥¨ â®«ìª® ­  ª®à®âª®¬ ­ ç «ì­®¬ íâ ¯¥ ãáª®à¥­­®-£® ¤¢¨¦¥­¨ï ¡ ª  0 � t � t2.�¬¯ã«ìá­® { ª®«¥¡ â¥«ì­ ï ¬®¤¥«ì (�. �. �å®-æ¨¬áª¨© [4]). �®«¥¥ ¯®«­ ï «¨­¥©­ ï ¤¥â¥à¬¨­¨-à®¢ ­­ ï ¬®¤¥«ì. �®§¢®«ï¥â à ááç¨âë¢ âì £¨¤à®-¤¨­ ¬¨ç¥áª¨¥ á¨«ë ¨ ¬®¬¥­âë ­  ­ ç «ì­®© ¨ ¯®-á«¥¤ãîé¨å áâ ¤¨ïå §¥¬«¥âàïá¥­¨ï ¢ ­¥à¥§®­ ­á-­ëå á«ãç ïå. �®¦­® â ª¦¥ ®æ¥­¨¢ âì ä®à¬ã á¢®-¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ [7].� ¬®¤¥«¨ �å®æ¨¬áª®£®, ¢ ®â«¨ç¨¥ ®â ¬®¤¥«¨�¦¥ª®¡á¥­ , ãç¨âë¢ ¥âáï ¡®«¥¥ á«®¦­®¥ ¤¢¨¦¥-­¨¥ à¥§¥à¢ã à , á®áâ®ïé¥¥ ¨§ £®à¨§®­â «ì­ëå ¯®-áâã¯ â¥«ì­ëå ¥£® ¯¥à¥¬¥é¥­¨© á® áª®à®áâìî v0(t)¨ ®¤­®¢à¥¬¥­­ëå ¢à é¥­¨© á ã£«®¢®© áª®à®áâìî!x(t) ¢®ªàã£ £®à¨§®­â «ì­®© ®á¨, ¯¥à¯¥­¤¨ªã«ïà-­®© «¨­¨¨ ¯®áâã¯ â¥«ì­ëå ¯¥à¥¬¥é¥­¨©. �®¤¥«¨-àã¥âáï á¨âã æ¨ï, ª®£¤  à¥§¥à¢ã à á®¢¥àè ¥â ¬ -«ë¥ ¤¢¨¦¥­¨ï ¢¡«¨§¨ ¨áå®¤­®£® ¯®«®¦¥­¨ï. � ¤®-¯®«­¥­¨¥ ª íâ®¬ã, ¦¨¤ª®áâì áç¨â ¥âáï âï¦¥«®© ¨ãç¨âë¢ îâáï £à ¢¨â æ¨®­­ë¥ ¢®«­ë. �¥è ¥âáï

«¨­¥©­ ï § ¤ ç , ¢ ª®â®à®© ¨­â¥£à « � £à ­¦  {�®è¨, ¢ ®â«¨ç¨¥ ®â (1), ¡¥à¥âáï ¢ ¢¨¤¥p� p0� = �@�@t � gz; (5)£¤¥ p0 { ¯®áâ®ï­­®¥ ¤ ¢«¥­¨¥ ­  á¢®¡®¤­®© ¯®¢¥àå-­®áâ¨ ¦¨¤ª®áâ¨; g { ãáª®à¥­¨¥ á¨«ë âï¦¥áâ¨; �{ ¯®â¥­æ¨ «  ¡á®«îâ­ëå áª®à®áâ¥© ¢ ¦¥áâª® á¢ï-§ ­­ëå á à¥§¥à¢ã à®¬ ¯®¤¢¨¦­ëå ®áïå1. �à ¥¢ë¥ãá«®¢¨ï ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ â ª¦¥ á­®á¨-«¨áì ­  ­¥¢®§¬ãé¥­­ãî ¯®¢¥àå­®áâì, ­® ¢§ ¬¥­(2) ¯®«ãç «®áì (¢ [4] ­ ç «® á¨áâ¥¬ë ª®®à¤¨­ â¢ë¡¨à «®áì ¢ æ¥­âà¥ ­¥¢®§¬ãé¥­­®© ¯®¢¥àå­®áâ¨,  ãà ¢­¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ § ¤ ¢ «®áì ¢¢¨¤¥ z = �(x; y; t))@�@z ���z=0 = @�@t ; @�@t ���z=0 + g� = 0: (6)�®á«¥ ¯à¥¤áâ ¢«¥­¨ï ¨áª®¬®£® ¯®â¥­æ¨ «   ¡á®-«îâ­ëå áª®à®áâ¥© ¢ ¢¨¤¥�(r; �; z; t) = '1(r; �; z; t) + '2(r; �; z; t);'1 = !x(t)�F (r; �; z)� yz� + v0(t)y (y = r sin(�));£¤¥ ­®¢ë¬¨ ­¥¨§¢¥áâ­ë¬¨ ï¢«ïîâáï ¯®â¥­æ¨ «�ãª®¢áª®£® F ¨ ¢®«­®¢®© ¯®â¥­æ¨ « '2, § ¤ ç à¥è « áì ¬¥â®¤®¬ à §¤¥«¥­¨ï ¯¥à¥¬¥­­ëå. �¥-§ã«ìâ â { ä®à¬ã«  ¤«ï ¯®â¥­æ¨ «   ¡á®«îâ­ëåáª®à®áâ¥© ¦¨¤ª®áâ¨ ¢¨¤ � = ��r; �; z; v0(t); !x(t); R;H; _�n(t)�;£¤¥ R { à ¤¨ãá æ¨«¨­¤à¨ç¥áª®© ¯®«®áâ¨,   �n(t) {®¡®¡é¥­­ë¥ ª®®à¤¨­ âë ¦¨¤ª®áâ¨, ã¤®¢«¥â¢®àï-îé¨¥ ¢ á«ãç ¥ (ª®â®àë© ¢ ¤ «ì­¥©è¥¬ â®«ìª® ¨¡ã¤¥â à áá¬ âà¨¢ âìáï) ®âáãâáâ¢¨ï ã£«®¢ëå ¤¢¨-¦¥­¨© à¥§¥à¢ã à  ¤¨ää¥à¥­æ¨ «ì­ë¬ ãà ¢­¥­¨-ï¬ ��n + !2n�n = � _v0R (7)á ­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨�n = _�n = 0 ¯à¨ t = 0:1� [4] ¯®â¥­æ¨ «  ¡á®«îâ­ëå áª®à®áâ¥© ¦¨¤ª®áâ¨'(x; y; z; t) à áá¬ âà¨¢ «áï ¢ ­¥¯®¤¢¨¦­®© á¨áâ¥¬¥ ª®®à¤¨-­ âOxyz, ¢ â® ¢à¥¬ï ª ª ªà ¥¢ ï § ¤ ç  ¤«ï á®áâ ¢«ïîé¥©F (x; y; z) íâ®£® ¯®â¥­æ¨ «  ¢á«¥¤ §  �.�.�ãª®¢áª¨¬ à¥è -« áì ¢ ¯®¤¢¨¦­®© á¨áâ¥¬¥ ª®®à¤¨­ â [8] (áâà.214 ¨ 208).�à®â¨¢®à¥ç¨¥ ãáâà ­ï¥âáï, ¥á«¨ á¨áâ¥¬ã ª®®à¤¨­ â Oxyzáç¨â âì ¯®¤¢¨¦­®©,   '(x; y; z; t) § ¬¥­¨âì ­  �(x; y; z; t).�®¦­® ¯®ª § âì, çâ® ¢ «¨­¥©­®¬ á«ãç ¥ ¨áå®¤­ë¥ á®®â-­®è¥­¨ï (1.1) { (1.6) ¨§ [4] á®åà ­ïîâ ¢¨¤ ¨ ¢ â¥à¬¨­ å¯®â¥­æ¨ «  �(x; y; z; t) (®â¡à áë¢îâáï ­¥ â®«ìª® ª¢ ¤à âë ¡á®«îâ­ëå áª®à®áâ¥© 12 (r�)2 ¦¨¤ª®áâ¨, ­® ¨ «¨­¥©­ë¥¯®  ¡á®«îâ­ë¬ áª®à®áâï¬ ¦¨¤ª®áâ¨ ç«¥­ë r� � ve, £¤¥ ve{ ¯¥à¥­®á­ ï áª®à®áâì ¦¨¤ª®áâ¨.24 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 42(�¤¥áì !n { á®¡áâ¢¥­­ë¥ ç áâ®âë ª®«¥¡ ­¨© ¦¨¤-ª®áâ¨.) �®«ãç¥­ë ä®à¬ã«ë ¤«ï à¥§ã«ìâ¨àãîé¨åá¨« ¨ ¬®¬¥­â®¢ á¨« ¤ ¢«¥­¨ï ¦¨¤ª®áâ¨ ­  áâ¥­ª¨à¥§¥à¢ã à  ¢ â¥à¬¨­ å íää¥ªâ¨¢­ëå ¬ áá ¨ íä-ä¥ªâ¨¢­ëå ¬®¬¥­â®¢ ¨­¥àæ¨¨. �¯¨á ­ë ç áâ­ë¥á«ãç ¨ ¨¬¯ã«ìá­ëå ¤¢¨¦¥­¨© ¨ ãáâ ­®¢¨¢è¨åáï£ à¬®­¨ç¥áª¨å ª®«¥¡ ­¨© à¥§¥à¢ã à  (®âáî¤  ­ -§¢ ­¨¥ ¬®¤¥«¨). �áâ ­®¢«¥­®, çâ® íää¥ªâ¨¢­ë¥¬ ááë ¨ ¬®¬¥­âë ¤«ï ¨¬¯ã«ìá­ëå ¤¢¨¦¥­¨© ¬®-£ãâ ¡ëâì ¯®«ãç¥­ë ¨§ á®®â¢¥âáâ¢ãîé¨å ¢¥«¨ç¨­¤«ï £ à¬®­¨ç¥áª¨å ª®«¥¡ ­¨© ¯ãâ¥¬ ¯à¥¤¥«ì­®£®¯¥à¥å®¤  ¯à¨ áâà¥¬«¥­¨¨ ª ¡¥áª®­¥ç­®câ¨ ç¨á« �àã¤  Fr = R!2g ;£¤¥ ! { ç áâ®â  ¢ë­ã¦¤ îé¨å ª®«¥¡ ­¨©. � ç áâ-­®áâ¨, Fr =1 ¤«ï ­¥¢¥á®¬®© ¦¨¤ª®áâ¨, ª®£¤ , ª ª¢ ¬®¤¥«¨ �¦¥ª®¡á¥­ , g = 0.�®à¬ã«  ¤«ï á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ �(r; �; t)¬®¤¥«¨ �å®æ¨¬áª®£® ¡ë«  ¢ë¯¨á ­  ¢ ï¢­®¬ ¢¨-¤¥ ¢ [7] á ¯®¬®éìî ¨§¢¥áâ­®£® ¢ «¨­¥©­®© â¥®à¨¨¢®«­ á®®â­®è¥­¨ï�(r; �; t) = �1g @�@t ���z=0:� ¯à¨¬¥à å à ¡®âë [7] ¨¬¯ã«ìá­®¥ ãáª®à¥­¨¥£àã­â  á®áâ ¢«ï«® 0:025g, 0:05g, 0:1g, çâ® á®®â-¢¥âáâ¢ã¥â §¥¬«¥âàïá¥­¨ï¬ ¢ 7, 8 ¨ 9 ¡ ««®¢.�¥à®ïâ­®áâ­ ï áâ æ¨®­ à­ ï ¬®¤¥«ì (�. �. �¨-ª®« ¥­ª® [5]) ãç¨âë¢ ¥â á«ãç ©­ë© å à ªâ¥à ¯¥à¥-¬¥é¥­¨© £àã­â  ¯à¨ §¥¬«¥âàïá¥­¨ïå. �®áâà®¥­ ¢ à ¬ª å ª®àà¥«ïæ¨®­­®© â¥®à¨¨ áâ æ¨®­ à­ëåíà£®¤¨ç¥áª¨å £ ãáá®¢áª¨å ¯à®æ¥áá®¢. �á¯®«ì§ã-¥â à¥è¥­¨¥ �å®æ¨¬áª®£® «¨­¥©­®© £¨¤à®¤¨­ ¬¨-ç¥áª®© § ¤ ç¨, ­® ¯à¨á¯®á®¡«¥­  ª á«ãç î ¢ï§ª®©¦¨¤ª®áâ¨ ¯ãâ¥¬ ¢¢¥¤¥­¨ï ¢ ãà ¢­¥­¨ï (7) ¤¨áá¨¯ -â¨¢­ëå ç«¥­®¢. �®á«¥ á®®â¢¥âáâ¢ãîé¥© § ¬¥­ë¯¥à¥¬¥­­ëå íâ¨ ãà ¢­¥­¨ï ¡¥àãâáï ¢ ¢¨¤¥�qk(t) + 2�k _qk(t) + !2kqk(t) = � _v0(t); (8)£¤¥ qk(t) { ­®¢ë¥ ®¡®¡é¥­­ë¥ ª®®à¤¨­ âë ¦¨¤ª®-áâ¨; �k { ª®íää¨æ¨¥­â § âãå ­¨ï ª®«¥¡ ­¨© ¦¨¤-ª®áâ¨ ¯® k-© ä®à¬¥.� ãà ¢­¥­¨î (8) ¯à¨¬¥­¥­ë ¨¤¥¨ ¨ ¬¥â®¤ëáâ â¨áâ¨ç¥áª®© ¤¨­ ¬¨ª¨ á¨áâ¥¬  ¢â®¬ â¨ç¥áª®-£® ã¯à ¢«¥­¨ï, ¢ ç áâ­®áâ¨, ¯®­ïâ¨ï "«¨­¥©­ ïá¨áâ¥¬ ", "¢å®¤", "¢ëå®¤", "ª®«¥¡ â¥«ì­®¥ §¢¥-­®", "¯¥à¥¤ â®ç­ ï äã­ªæ¨ï", "ç áâ®â­ ï å à ª-â¥à¨áâ¨ª ", "ª®®à¤¨­ â­ë¥ äã­ªæ¨¨ ª ­®­¨ç¥áª®-£® ¯à¥¤áâ ¢«¥­¨ï á«ãç ©­®© äã­ªæ¨¨" [9]2.2� [5] ª ­®­¨ç¥áª¨¥ ¨­â¥£à «ì­ë¥ ¯à¥¤áâ ¢«¥­¨ï á«ã-ç ©­ëå äã­ªæ¨© ï¢­® ­¥ ä¨£ãà¨àãîâ, ®¤­ ª® ®­¨ ï¢«ïîâáï¨áå®¤­ë¬¨ ¤«ï ¯à¨¬¥­ï¥¬®© ¢ íâ®© à ¡®â¥ â¥®à¨¨ ¨§ [9].

� ¯à¥¤¯®«®¦¥­¨¨, çâ® ãáª®à¥­¨¥ £àã­â  ï¢«ï¥â-áï áâ æ¨®­ à­ë¬ á«ãç ©­ë¬ ¯à®æ¥áá®¬ ¨ ¤®¯ãáª -¥â ª ­®­¨ç¥áª®¥ ¨­â¥£à «ì­®¥ ¯à¥¤áâ ¢«¥­¨¥ ¢¨¤ _v0(t) = Z 1�1 V (!)ei!td!(§¤¥áì V (!) { ¡¥«ë© èã¬ ¯¥à¥¬¥­­®© !), ¯®«ã-ç¥­ë à¥è¥­¨ï íâ®£® ãà ¢­¥­¨ï, ª®â®àë¥ § â¥¬¨á¯®«ì§®¢ ­ë ¤«ï ¯®áâà®¥­¨ï ª ­®­¨ç¥áª¨å ¨­-â¥£à «ì­ëå ¯à¥¤áâ ¢«¥­¨© àï¤®¢, ®¯à¥¤¥«ïîé¨åá«ãç ©­ãî ¯®¢¥àå­®áâì �(t), á«ãç ©­®¥ ¤ ¢«¥­¨¥p(t) ¨ á«ãç ©­ãî à ¢­®¤¥©áâ¢ãîéãî £¨¤à®¤¨­ -¬¨ç¥áª¨å á¨« X(t).�á­®¢­®© ¤«ï ¯à¨«®¦¥­¨© ï¢«ï¥âáï ä®à¬ã« Dy = Z 1�1 sx(!)��y(t; !)��2d!;¢ëà ¦ îé ï ¤¨á¯¥àá¨î Dy á¨£­ «  Y (t) ­  ¢ë-å®¤¥ ç¥à¥§ á¯¥ªâà «ì­ãî ¯«®â­®áâì sx(!) á¨£­ -«  X(t) ­  ¢å®¤¥ ¨ ª®®à¤¨­ â­ãî äã­ªæ¨î y(t; !)ª ­®­¨ç¥áª®£® ¯à¥¤áâ ¢«¥­¨ï á®®â¢¥âáâ¢ãîé¥£®¯à®æ¥áá  ­  ¢ëå®¤¥ (�(t), p(t) ¨«¨ X(t)). �® íâ®©ä®à¬ã«¥ ¢ ¯à¥¤¯®«®¦¥­¨¨, çâ® ¯à®æ¥áá ­  ¢å®-¤¥ (â. ¥. ãáª®à¥­¨¥ £àã­â  _v0(t)) ï¢«ï¥âáï áâ -æ¨®­ à­ë¬ íà£®¤¨ç¥áª¨¬ £ ãáá®¢áª¨¬ á«ãç ©­ë¬¯à®æ¥áá®¬ á ª®àà¥«ïæ¨®­­®© äã­ªæ¨¥© (­®à¬¨à®-¢ ­­®©) ¢¨¤  K(� ) = e��j�j cos(�� ) (9)(§¤¥áì �, � { ®¯à¥¤¥«ï¥¬ë¥ ¨§ ®¯ëâ  ¢¥é¥áâ¢¥­-­ë¥ ¯®áâ®ï­­ë¥; � { á¤¢¨£ ¯® ¢à¥¬¥­¨), ¯®«ãç¥­ë¢ëà ¦¥­¨ï ¤«ï ¤¨á¯¥àá¨© �2� á¢®¡®¤­®© ¯®¢¥àå­®-áâ¨ �, �2p ¤ ¢«¥­¨ï p ¨ �2X à¥§ã«ìâ¨àãîé¥© £¨¤à®-¤¨­ ¬¨ç¥áª®© á¨«ë X. �®¤¥«ì ¯®§¢®«ï¥â à áá¬ -âà¨¢ âì ª ª ãáâ ­®¢¨¢è¨¥áï ¢ëå®¤­ë¥ ¯à®æ¥ááë,ª®£¤  ¢á¥ ¯¥à¥å®¤­ë¥ ¯à®æ¥ááë áç¨â îâáï § ª®­-ç¥­­ë¬¨, â ª ¨ ¯¥à¥å®¤­ë¥, ª®£¤  ¢ëå®¤­ë¥ ¯à®-æ¥ááë ã¦¥ ­¥ ï¢«ïîâáï áâ æ¨®­ à­ë¬¨.� ¬¥â¨¬, çâ® ¢¢¨¤ã ®âáãâáâ¢¨ï ¤ ­­ëå ® §­ -ç¥­¨ïå ª®íää¨æ¨¥­â®¢ �k ¤«ï ¢ëáè¨å ä®à¬, ­ ¯à ªâ¨ª¥ ®¡ëç­® ®£à ­¨ç¨¢ îâáï â®«ìª® ¯¥à¢®©ä®à¬®© ª®«¥¡ ­¨© ¦¨¤ª®áâ¨.�¥à®ïâ­®áâ­ ï ­¥áâ æ¨®­ à­ ï ¬®¤¥«ì (�. �.�¨ª®« ¥­ª® [5]) ®â«¨ç ¥âáï ®â ¯à¥¤ë¤ãé¥© å -à ªâ¥à®¬ á¥©á¬¨ç¥áª®£® ¢®§¤¥©áâ¢¨ï, ª®â®à®¥  ¯-¯à®ªá¨¬¨àã¥âáï ­¥áâ æ¨®­ à­ë¬ á«ãç ©­ë¬ ¯à®-æ¥áá®¬ ¢¨¤  _v0(t) = A0e�"tW (t);£¤¥W (t) { áâ æ¨®­ à­ë© á«ãç ©­ë© ¯à®æ¥áá; A0; "{ ¤¥©áâ¢¨â¥«ì­ë¥ ¯®áâ®ï­­ë¥, ®¯à¥¤¥«ï¥¬ë¥ ¨§®¯ëâ . � ¯à¥¤¯®«®¦¥­¨¨, çâ® ª®àà¥«ïæ¨®­­ ï�. �. �®«®â¥­ª® 25



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 42äã­ªæ¨ï ¯à®æ¥áá  W (t) ¨¬¥¥â ¢¨¤ (9), ¯®áâà®¥-­ë ª®àà¥«ïæ¨®­­ë¥ äã­ªæ¨¨ K�(t1; t2), Kp(t1; t2),KX (t1; t2) á®®â¢¥âáâ¢¥­­® á¢®¡®¤­®© ¯®¢¥àå­®áâ¨�(r; �; t), ¤ ¢«¥­¨ï p ¨ à¥§ã«ìâ¨àãîé¥© £¨¤à®¤¨-­ ¬¨ç¥áª¨å á¨« X. � ¨¡®«ìè¨© ¨­â¥à¥á ¤«ï ¯à¨-«®¦¥­¨© ¯à¥¤áâ ¢«ïîâ ¢¥«¨ç¨­ë K� (t; t), Kp(t; t),KX (t; t), ®¯à¥¤¥«ïîé¨¥ ¢ ¢¨¤¥ äã­ªæ¨© ¢à¥¬¥­¨¤¨á¯¥àá¨¨ �2� (t), �2p(t), �2X(t) á®®â¢¥âáâ¢ãîé¨å ­¥-áâ æ¨®­ à­ëå á«ãç ©­ëå ¯à®æ¥áá®¢. �ª®­ç â¥«ì-­ë¥ à áç¥â­ë¥ ä®à¬ã«ë ¯®«ãç¥­ë ¢ ¯à¥¤¯®«®¦¥-­¨¨: 1) ®âáãâáâ¢¨ï ¢§ ¨¬­®© ª®àà¥«ïæ¨¨ ¬¥¦¤ãä®à¬ ¬¨ ¯®¢¥àå­®áâ­ëå ¢®«­, 2) ã§ª®¯®«®á­®áâ¨á¨áâ¥¬ë, 3) ¯®câ®ï­áâ¢  á¯¥ªâà «ì­®© ¯«®â­®áâ¨¯à®æ¥áá  W (t) ¢ ¯à¥¤¥« å ¯®«®á ¯à®¯ãáª ­¨ï.�â  ¬®¤¥«ì ãç¨âë¢ ¥â § âãå ­¨¥ á¥©á¬¨ç¥áª®-£® ¯à®æ¥áá  ¢® ¢à¥¬¥­¨. �¬¥áâ¥ á â¥¬ ®­  ­¥ ¤ -¥â ¢®§¬®¦­®áâ¨ à ááç¨â âì ¯®¢¥¤¥­¨¥ á¨áâ¥¬ë ­ ­ ç «ì­®© áâ ¤¨¨ §¥¬«¥âàïá¥­¨ï, ¯®áª®«ìªã § âã-å îé ï ®£¨¡ îé ï á«ãç ©­®£® ¯à®æ¥áá  _v0(t) ­ -ç¨­ ¥âáï á â®çª¨, á®®â¢¥âáâ¢ãîé¥© â®çª¥ ¬ ªá¨-¬ã¬  tmax ¯à®æ¥áá  _v0(t) ­   ªá¥«¥à®£à ¬¬¥, ¨,á«¥¤®¢ â¥«ì­®, ­¥ ®å¢ âë¢ ¥â ­ ç «ì­ë© ¨­â¥à-¢ « ¢à¥¬¥­¨ 0 < t < tmax. �â¬¥â¨¬ â ª¦¥, çâ®íâ  ¬®¤¥«ì âà¥¡ã¥â ¡®«ìè®© áâ â¨áâ¨ç¥áª®© ¨­-ä®à¬ æ¨¨, â ª ª ª ãáà¥¤­¥­¨¥ ¢ ­¥©, ¢ ®â«¨ç¨¥ ®âíà£®¤¨ç¥áª¨å ¯à®æ¥áá®¢, ¢ë¯®«­ï¥âáï ¯® á®¢®ªã¯-­®áâ¨ à¥ «¨§ æ¨©,   ­¥ ¯® ¢à¥¬¥­¨.�¨­â¥§¨à®¢ ­­ë¥ ¬®¤¥«¨. � ª ­ §¢ ­ ¡®«ìè®©ª« áá ¬®¤¥«¥©, ¢ ª®â®àëå á¥©á¬¨ç¥áª¨¥ ¢®§¤¥©-áâ¢¨ï § ¤ îâáï ¢ ¢¨¤¥ á¨­â¥§¨à®¢ ­­ëå (¨áªãá-áâ¢¥­­ëå)  ªá¥«¥à®£à ¬¬. �̈ ¤à®¤¨­ ¬¨ç¥áª®© ç -áâìî ¬®¤¥«¨ ¬®¦¥â ¡ëâì «î¡ ï ¨§ ¨§¢¥áâ­ëå («¨-­¥©­ëå ¨«¨ ­¥«¨­¥©­ëå) ¬®¤¥«¥© ª®«¥¡ ­¨© ¦¨¤-ª®áâ¨ ¢ à¥§¥à¢ã à¥.�®­ïâ¨¥ á¨­â¥§¨à®¢ ­­®©  ªá¥«¥à®£à ¬¬ë è¨-à®ª® ¨á¯®«ì§ã¥âáï ¢ áâà®¨â¥«ìáâ¢¥ ¯à¨ à áç¥â å­  á¥©á¬®áâ®©ª®áâì ®â¢¥âáâ¢¥­­ëå á®®àã¦¥­¨©(â¨¯  ���, ¯«®â¨­) ¨ ¢ëá®â­ëå §¤ ­¨©. �§¢¥áâ-­ë âà¨ á¯®á®¡  § ¤ ­¨ï ¨áªãááâ¢¥­­ëå  ªá¥«¥à®-£à ¬¬: 1) ¬¥â®¤ ¯®¤¡®à  à¥ «ì­ëå § ¯¨á¥©; 2)¬¥â®¤ £¥­¥à æ¨¨  ªá¥«¥à®£à ¬¬; 3) ¬¥â®¤ § ¤ -­¨ï à áç¥â­®©  ªá¥«¥à®£à ¬¬ë á ä¨ªá¨à®¢ ­­ë¬á¯¥ªâà®¬ à¥ ªæ¨¨. �¥ª®â®àë¥ ¤¥â «¨ ¯à¨¬¥­¥­¨ïíâ¨å ¬¥â®¤®¢ ®¯¨á ­ë ¢ [10].�¥â®¤ ¯®¤¡®à  § ª«îç ¥âáï ¢ ¢ë¡®à¥ ¨§ ¬¨à®-¢®£® ¡ ­ª   ªá¥«¥à®£à ¬¬ § ¯¨á¥© ª®«¥¡ ­¨© £àã­-â®¢ á âà¥¡ã¥¬ë¬¨ §­ ç¥­¨ï¬¨ ¬ £­¨âã¤ ¨ à ááâ®-ï­¨© (á ãç¥â®¬ £«ã¡¨­ë ¨ ¬¥å ­¨§¬  ®ç £  §¥¬-«¥âàïá¥­¨ï,   â ª¦¥ £àã­â®¢ëå ãá«®¢¨© ¢ ¬¥áâ å¯®«ãç¥­¨ï § ¯¨á¥©). � ¡®à § ¯¨á¥© ¤®«¦¥­ ¡ëâì¤®áâ â®ç­® ®¡è¨à­ë¬ ¨ ¢ª«îç âì "å à ªâ¥à­ë¥"¨ ®â«¨ç­ë¥ ®â å à ªâ¥à­ëå (¤«ï à áç¥â­®£® á¥©-á¬¨ç¥áª®£® à¥£¨®­ )  ªá¥«¥à®£à ¬¬ë. �á«¨ à á-ç¥â ¢ë¯®«­ï¥âáï ­¥ ¤«ï ¯à®£­®§  à¥ ªæ¨¨ á®®àã-

¦¥­¨ï ¯à¨ ¡ã¤ãé¨å §¥¬«¥âàïá¥­¨ïå,   ¤«ï  ­ «¨-§  ¯®á«¥¤áâ¢¨© ã¦¥ ¯à®¨§®è¥¤è¨å §¥¬«¥âàïá¥­¨©(¨«¨ ¤«ï ¤àã£¨å æ¥«¥©, ­ ¯à¨¬¥à, â¥®à¥â¨ç¥áª¨å¨áá«¥¤®¢ ­¨©), ¢®§¬®¦¥­ ¢ë¡®à ®¤­®© § ¯¨á¨, ª ª,­ ¯à¨¬¥à, ¢ à ¡®â¥ [11], £¤¥ ¨á¯®«ì§®¢ ­   ªá¥-«¥à®£à ¬¬  ®¤­®£® ¨§ ­¥¤ ¢­¨å §¥¬«¥âàïá¥­¨© ¢�ãàæ¨¨.� ¨¡®«¥¥ à á¯à®áâà ­¥­­ë¬ ¢ ¨­¦¥­¥à­®©¯à ªâ¨ª¥ ï¢«ï¥âáï ¬¥â®¤ £¥­¥à æ¨¨  ªá¥«¥à®-£à ¬¬ [12] { [?]. �«£®à¨â¬ë £¥­¥à æ¨¨ ®¡ëç­®à¥ «¨§®¢ ­ë ¢ ¢¨¤¥ ¢ëç¨á«¨â¥«ì­ëå ¯à®£à ¬¬.�¥­¥à¨àã¥¬ë¥  ªá¥«¥à®£à ¬¬ë ¯à¥¤áâ ¢«ïîâ á®-¡®© à¥ «¨§ æ¨¨ ­¥ª®â®à®£® ¬®¤ã«¨à®¢ ­­®£® £ ãá-á®¢áª®£® ¯à®æ¥áá . �®á«¥¤­¨© ï¢«ï¥âáï ¢ëå®¤­ë¬á¨£­ «®¬ «¨­¥©­®£® ä¨«ìâà , ã¬­®¦¥­­ë¬ ­  ¬®-¤ã«¨àãîéãî äã­ªæ¨î. �  ¢å®¤ ä¨«ìâà  ¯®¤ -¥âáï ®£à ­¨ç¥­­®{¡¥«ë© èã¬ á ¯®áâ®ï­­ë¬ í­¥à-£¥â¨ç¥áª¨¬ á¯¥ªâà®¬ ¢¯«®âì ¤® ç áâ®âë � ©ª¢¨-áâ , §  ª®â®à®© íâ®â á¯¥ªâà ¯à¨­¨¬ ¥âáï à ¢­ë¬­ã«î. � §«¨ç­ë¬ à¥ «¨§ æ¨ï¬ ¡¥«®£® èã¬  á®-®â¢¥âáâ¢ãîâ à §«¨ç­ë¥ ¨áªãááâ¢¥­­ë¥  ªá¥«¥à®-£à ¬¬ë. �®¤ã«¨àãîé ï äã­ªæ¨ï à¥£ã«¨àã¥â ¤«¨-â¥«ì­®áâì £¥­¥à¨à®¢ ­­ëå ãáª®à¥­¨© £àã­â ,  ä¨«ìâà { ãà®¢¥­ì ¨ ç áâ®â­ë© á®áâ ¢ íâ¨å ãáª®à¥-­¨©. �¥ª®¬¥­¤ã¥âáï £¥­¥à¨à®¢ âì ­ ¡®à ¨§ N  ª-á¥«¥à®£à ¬¬, ¤«ï ª ¦¤®© ¨§ ª®â®àëå ¢ëç¨á«ï¥âáï®âª«¨ª à áá¬ âà¨¢ ¥¬®© á¨áâ¥¬ë. � ¡®â®á¯®á®¡-­®áâì á¨áâ¥¬ë ®æ¥­¨¢ ¥âáï ¯® áà¥¤­¥¬ã §­ ç¥­¨î¢ë¡®àª¨ ¨§ N ®âª«¨ª®¢. �à¥â¨© ¬¥â®¤ (¬¥â®¤§ ¤ ­¨ï à áç¥â­®©  ªá¥«¥à®£à ¬¬ë á ä¨ªá¨à®¢ ­-­ë¬ á¯¥ªâà®¬ à¥ ªæ¨¨) ï¢«ï¥âáï ¬¥­¥¥ âàã¤®¥¬-ª¨¬ ¯® áà ¢­¥­¨î á ¯à¥¤ë¤ãé¨¬¨ ¬¥â®¤ ¬¨ ¨ § -ª«îç ¥âáï ¢ £¥­¥à¨à®¢ ­¨¨ ®¤­®©  ªá¥«¥à®£à ¬-¬ë. �¯¥ªâà à¥ ªæ¨¨ íâ®©  ªá¥«¥à®£à ¬¬ë ¨¬¥-¥â ä®à¬ã ªà¨¢®© ¤¨­ ¬¨ç¥áª®£® ª®íää¨æ¨¥­â  ¢��¨� II-7-81 [14],   á ¬   ªá¥«¥à®£à ¬¬  ¯à¥¤áâ -¢«ï¥â á®¡®© áã¬¬ã £ à¬®­¨ª á à ¢­®¬¥à­® à á¯à¥-¤¥«¥­­ë¬¨ ¢ ¨­â¥à¢ «¥ (0; 2�) á«ãç ©­ë¬¨ ä §®-¢ë¬¨ ã£« ¬¨, ã¬­®¦¥­­ãî ­  ­¥á«ãç ©­ãî äã­ª-æ¨î ¢à¥¬¥­¨, ­ §ë¢ ¥¬ãî ®£¨¡ îé¥©. �¥â «¨íâ®£® ¬¥â®¤  ¨§«®¦¥­ë ¢ [15].�ç¥¢¨¤­®, ¢á¥ âà¨ ¬¥â®¤  ¬®£ãâ ¡ëâì ¯à¨¬¥­¥-­ë ª á«ãç î à¥§¥à¢ã à  á ¦¨¤ª®áâìî.�àã£¨¥ ¬®¤¥«¨. �ãé¥áâ¢ã¥â â ª¦¥ ¢¥à®ïâ­®áâ-­ ï ¬®¤¥«ì, ¯®áâà®¥­­ ï ­  ®á­®¢¥ â¥®à¨¨ ¯à®æ¥á-á®¢ � àª®¢  [17, 5], ®¤­ ª® ¯®ª  ®­  ¯à¥¤áâ ¢«ï¥â«¨èì â¥®à¥â¨ç¥áª¨© ¨­â¥à¥á, ¯®áª®«ìªã ¢ á ¬®©á¥©á¬®«®£¨¨ ¯à®æ¥ááë � àª®¢  ¥é¥ ­¥ ­ è«¨ ¯à¨-¬¥­¥­¨ï (á¬. 2, 18]). � ¨­®áâà ­­®© «¨â¥à âãà¥¢ á¢ï§¨ á ¯à®¡«¥¬®© á¥©á¬®¤¨­ ¬¨ª¨ à¥§¥à¢ã à®¢á ¦¨¤ª®áâìî ç áâ® æ¨â¨àãîâáï à ¡®âë � ã§­¥à (G.W. Housner) ¨ ï¯®­áª¨å ¨áá«¥¤®¢ â¥«¥©, ®¤­ -ª®  ¢â®àã íâ¨ à ¡®âë ­¥¤®áâã¯­ë (¡¨¡«¨®£à ä¨îá¬., ­ ¯à¨¬¥à, ¢ [11]). �§¢¥áâ­® â®«ìª®, çâ® ¢26 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 42íâ¨å à ¡®â å à áá¬ âà¨¢ «¨áì «¨­¥©­ë¥ ª®«¥¡ -­¨ï ¦¨¤ª®áâ¨, á«¥¤®¢ â¥«ì­®, ¢ ¯à¨­æ¨¯¥, ®­¨ ¬®-£ãâ ®â«¨ç âìáï ®â ã¦¥ æ¨â¨à®¢ ­­ëå à ¡®â â®«ì-ª® ¤¥â «ï¬¨.� ª¨¬ ®¡à §®¬, ¢ «¨­¥©­®© ¯®áâ ­®¢ª¥ ¯à®¢¥-¤¥­® ¬­®£® ¨áá«¥¤®¢ ­¨© § ¤ ç ® ª®«¥¡ ­¨ïå ¦¨¤-ª®áâ¨ ¢ æ¨«¨­¤à¨ç¥áª¨å à¥§¥à¢ã à å ¯à¨ §¥¬«¥-âàïá¥­¨ïå. �¬¥áâ¥ á â¥¬, ¢®§¬®¦­ë ­¥«¨­¥©-­ë¥ ª®«¥¡ ­¨ï ¦¨¤ª®áâ¨, ¯à¨ç¥¬ ª ª ¢ à¥ «ì­ëåà¥§¥à¢ã à å-åà ­¨«¨é å (­ ¯à¨¬¥à, ¥á«¨ ãà®¢¥­ì¦¨¤ª®áâ¨ ¢ ­¨å á®®â¢¥âáâ¢ã¥â à¥§®­ ­á­ë¬ ç -áâ®â ¬ ª®«¥¡ ­¨© ¦¨¤ª®áâ¨), â ª ¨ ¢ « ¡®à â®à-­ëå ãá«®¢¨ïå (® á¨«ì­ëå à¥§®­ ­á­ëå ª®«¥¡ ­¨ïåá¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¢ ¯à®æ¥áá¥ íªá¯¥à¨¬¥­â®¢ã¯®¬¨­ «®áì, ­ ¯à¨¬¥à, ¢ à ¡®â¥ [6], ®¤­ ª® á ¯®-¬®éìî á¢®¥© ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨  ¢â®àë íâ®©à ¡®âë ­¥ ¬®£«¨, ¥áâ¥áâ¢¥­­®, ®¯¨á âì â ª¨¥ ¤¢¨-¦¥­¨ï).�¥«ì ­ áâ®ïé¥© à ¡®âë { à §à ¡®âª  ­¥«¨-­¥©­®© ¬®¤¥«¨ á¥©á¬¨ç¥áª¨å ª®«¥¡ ­¨© ¦¨¤ª®-áâ¨ ¢ æ¨«¨­¤à¨ç¥áª®¬ à¥§¥à¢ã à¥ ¨ ¨áá«¥¤®-¢ ­¨¥ ¥¥ á¢ï§¨ á ¤¥â¥à¬¨­¨à®¢ ­­®© ¬®¤¥«ìî�.�.�å®æ¨¬áª®£® ¨ ¢¥à®ïâ­®áâ­ë¬¨ ¬®¤¥«ï¬¨�.�.�¨ª®« ¥­ª®. � ®á­®¢ã £¨¤à®¤¨­ ¬¨ç¥áª®© ç -áâ¨ ¬®¤¥«¨ ª« ¤ãâáï ­¥«¨­¥©­ë¥ ãà ¢­¥­¨ï â¨¯ � ¬¨«ìâ®­  ¨§ à ¡®âë [18]. �¤­®¢à¥¬¥­­® ¢®á-¯à®¨§¢®¤ïâáï ¨ ¯¥à¥¤®ª §ë¢ îâáï ®á­®¢­ë¥ ä®à-¬ã«ë ª®àà¥«ïæ¨®­­®© â¥®à¨¨ á«ãç ©­ëå á¥©á¬¨-ç¥áª¨å ª®«¥¡ ­¨© á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®-áâ¨ ¨§ à ¡®âë [5], £¤¥ ¨å ¢ë¢®¤ á¢®¤¨âáï «¨èì ªªà âª¨¬ ãª § ­¨ï¬,   ¯à®¬¥¦ãâ®ç­ë¥ à¥§ã«ìâ -âë ¯à¨¢¥¤¥­ë á ¡®«ìè¨¬ ª®«¨ç¥áâ¢®¬ ®¯¥ç â®ª.1. ���������� ������� áá¬ âà¨¢ ¥âáï ¢¥àâ¨ª «ì­ë© æ¨«¨­¤à¨ç¥-áª¨© à¥§¥à¢ã à, ãáâ ­®¢«¥­­ë© ­  ¯®¢¥àå­®áâ¨�¥¬«¨ ¨ ç áâ¨ç­® § ¯®«­¥­­ë© ¦¨¤ª®áâìî. �â­®-á¨â¥«ì­® ¦¨¤ª®áâ¨ ¯à¥¤¯®« £ ¥âáï, çâ® ®­  ï¢«ï-¥âáï ®¤­®à®¤­®©, ­¥á¦¨¬ ¥¬®© ¨ ¢ï§ª®©. �«®â-­®áâì ¦¨¤ª®áâ¨ à ¢­  �,   ¥¥ ãà®¢¥­ì, ®âáç¨âë¢ -¥¬ë© ®â ¤­  à¥§¥à¢ã à , à ¢¥­ H. �¥§¥à¢ã à áç¨-â ¥âáï  ¡á®«îâ­® â¢¥à¤ë¬, ¥£® ¢­ãâà¥­­¨¥ à §-¬¥àë § ¤ ­ë à ¤¨ãá®¬ R ¨ ¢ëá®â®© l. �áï á¨áâ¥-¬  "à¥§¥à¢ã à{¦¨¤ª®áâì" ­ å®¤¨âáï ¢ ¯®«¥ á¨«ëâï¦¥áâ¨. � ­ ç «ì­ë© ¬®¬¥­â ¢à¥¬¥­¨ t = t0,ª®£¤  á¨áâ¥¬  ¯®ª®¨âáï, ¯à®¨áå®¤¨â §¥¬«¥âàïá¥-­¨¥. �à¥¡ã¥âáï à ááç¨â âì ª®«¥¡ ­¨ï á¢®¡®¤­®©¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ¢ ¯à®æ¥áá¥ §¥¬«¥âàïá¥­¨ï.� ¤ «ì­¥©è¥¬ ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ ¯à ¢ë¥¤¥ª àâ®¢ë á¨áâ¥¬ë ª®®à¤¨­ â: ¦¥áâª® á¢ï§ ­-­ ï á à¥§¥à¢ã à®¬ ¯®¤¢¨¦­ ï á¨áâ¥¬  ª®®à¤¨­ âOxyz, ­ ç «® O ª®â®à®© à §¬¥é¥­® ¢ æ¥­âà¥ à¥-§¥à¢ã à , ®áì Oz ­ ¯à ¢«¥­  ¢¤®«ì ¥£® ¯à®¤®«ì­®©

®á¨ á¨¬¬¥âà¨¨ ¢¢¥àå,   ®á¨ Ox, Oy à á¯®«®¦¥­ë ¢¯«®áª®áâ¨ ¯®¯¥à¥ç­®£® á¥ç¥­¨ï; ­¥¯®¤¢¨¦­ ï £¥®-£à ä¨ç¥áª ï á¨áâ¥¬  ª®®à¤¨­ â O�������, ­ ç «®O� ª®â®à®© ¯à¨ t = t0 ­ å®¤¨âáï ¢ æ¥­âà¥ ¤­ à¥§¥à¢ã à , ®áì O��� ­ ¯à ¢«¥­  ¯® ¢¥ªâ®àã g0ãáª®à¥­¨ï á¨«ë âï¦¥áâ¨ ¢ ¯à®â¨¢®¯®«®¦­®¬ ¥¬ã­ ¯à ¢«¥­¨¨, ®áì O��� { ¯® ª á â¥«ì­®© ª ¯ à «-«¥«¨ ¢ ­ ¯à ¢«¥­¨¨ § ¯ ¤{¢®áâ®ª, O��� { ¯® ª á -â¥«ì­®© ª ¬¥à¨¤¨ ­ã ¢ ­ ¯à ¢«¥­¨¨ î£{á¥¢¥à3 . �­ ç «ì­ë© ¬®¬¥­â ¢à¥¬¥­¨ ®á¨ á¨áâ¥¬ ª®®à¤¨­ âOxyz ¨ O������� á®®â¢¥âáâ¢¥­­® ¯ à ««¥«ì­ë.�ã¤¥¬ áç¨â âì, çâ® ¯à¨ §¥¬«¥âàïá¥­¨¨ äã­¤ -¬¥­â à¥§¥à¢ã à  á®¢¥àè ¥â ¯®áâã¯ â¥«ì­®¥ (¢ ®¡-é¥¬ á«ãç ¥ £®à¨§®­â «ì­®¥ ¨ ¢¥âà¨ª «ì­®¥) ¤¢¨-¦¥­¨¥ ¢¬¥áâ¥ á £àã­â®¬, ­  ª®â®à®¬ ®­ à á¯®«®-¦¥­. �®£¤  á¨áâ¥¬  ª®®à¤¨­ â Oxyz ¡ã¤¥â á®¢¥à-è âì ¯®áâã¯ â¥«ì­®¥ ¤¢¨¦¥­¨¥ ®â­®á¨â¥«ì­® á¨-áâ¥¬ë ª®®à¤¨­ â O�������. � íâ®¬ á«ãç ¥ ¢®§¡ã-¦¤¥­¨¥ ¢®«­ ¢ ¦¨¤ª®áâ¨ ¯à®¨áå®¤¨â ¯®¤ ¤¥©áâ¢¨-¥¬ á¨« ¨­¥àæ¨¨ ¯®áâã¯ â¥«ì­®£® ¤¢¨¦¥­¨ï à¥§¥à-¢ã à , ¯à¥¤áâ ¢¨¬ëå ¢ ¢¨¤¥I0(x; y; z; t) = ��w0(t)d
;£¤¥ w0(t) { ¢¥ªâ®à  ¡á®«îâ­®£® ãáª®à¥­¨ï â®çª¨O à¥§¥à¢ã à ; d
 { í«¥¬¥­â à­ë© ®¡ê¥¬ ¦¨¤ª®©ç áâ¨æë.�«ï à¥è¥­¨ï £¨¤à®¤¨­ ¬¨ç¥áª®© § ¤ ç¨ ¨á¯®«ì-§ã¥âáï ¨§¢¥áâ­ë© ä¥­®¬¥­®«®£¨ç¥áª¨© ¯®¤å®¤, ¢á®®â¢¥âáâ¢¨¨ á ª®â®àë¬ á­ ç «  à¥è ¥âáï § ¤ ç ® ª®«¥¡ ­¨ïå ¨¤¥ «ì­®© ¦¨¤ª®áâ¨,   § â¥¬ ¯à®-¨§¢®¤¨âáï ãç¥â ¢ï§ª®áâ¨ ¯ãâ¥¬ ¢¢¥¤¥­¨ï ¤¨áá¨¯ -â¨¢­ëå ç«¥­®¢ ¢ á®®â¢¥âáâ¢ãîé¨¥ ãà ¢­¥­¨ï ¤«ï®¡®¡é¥­­ëå ª®®à¤¨­ â ¨ ª¢ §¨áª®à®áâ¥© ¦¨¤ª®-áâ¨.� à ¬ª å ¬®¤¥«¨ ¨¤¥ «ì­®© ¦¨¤ª®áâ¨ ®¡é ï ­¥-«¨­¥©­ ï ­ ç «ì­®{ªà ¥¢ ï § ¤ ç  ® ª®«¥¡ ­¨ïå¦¨¤ª®áâ¨ ¢ ¯®áâã¯ â¥«ì­® ¯¥à¥¬¥é îé¥¬áï à¥-§¥à¢ã à¥ ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤ (¢ ®â­®á¨â¥«ì­ëåæ¨«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â å) [18]:ãà ¢­¥­¨¥ � ¯« á  {1r @@r (r@'@r ) + 1r2 @2'@�2 + @2'@z2 = 0;(r; �; z) 2 
(t); t 2 (t0; t1]; (10)ãá«®¢¨¥ ­  ¡®ª®¢®© ¯®¢¥àå­®áâ¨ ¡ ª  {@'@r = 0; r = R; 0 � � < 2�; � l2 < z < l2 ;3�à é¥­¨¥¬ �¥¬«¨ ¯à¥­¥¡à¥£ ¥¬,   ¯®¢¥àå­®áâì �¥¬«¨áç¨â ¥¬ áä¥à¨ç¥áª®©. � íâ®¬ á«ãç ¥ ®áì O��� ­ ¯à ¢«¥­ ¯® à ¤¨ãáã �¥¬«¨, ®¤­®¢à¥¬¥­­® ï¢«ïîé¥¬ãáï ¢¥àâ¨ª «ìî¬¥áâ .�. �. �®«®â¥­ª® 27



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 42ãá«®¢¨¥ ­  ¤­¥ ¡ ª  {@'@z = 0; 0 � r < R; 0 � � < 2�; z = � l2 ;(11)ª¨­¥¬ â¨ç¥áª®¥ ãá«®¢¨¥ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨¦¨¤ª®áâ¨ {@�@t + @'@r @�@r + 1r2 @'@� @�@� � @'@z = 0;0 � r < R; 0 � � < 2�; z = �(r; �; t); (12)¤¨­ ¬¨ç¥áª®¥ ãá«®¢¨¥ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨¦¨¤ª®áâ¨ {@'@t + 12[(@'@r )2 + 1r2 (@'@� )2 + (@'@z )2]��[(g0 �w0)xr cos � + (g0 �w0)yr sin �++(g0 �w0)zz] = C(t)� p0� ;0 � r < R; 0 � � < 2�; z = �(r; �; t); (13)­ ç «ì­ë¥ ãá«®¢¨ï {'(r; �; z; t0) = '0(r; �; z);(4'0(r; �; z) = 0; (r; �; z) 2 
(t0));�(r; �; t0) = �0(r; �); (14)ãá«®¢¨¥ ¯®áâ®ï­áâ¢  ®¡êñ¬  ¦¨¤ª®áâ¨ {Z R0 Z 2�0 Z �(r;�;t)�l=2 rdrd�dz = V = const: (15)�¤¥áì r, � { ¯®«ïà­ë¥ à ¤¨ãá ¨ ã£®« á®®â¢¥âáâ¢¥­-­®, ®¯à¥¤¥«ï¥¬ë¥ ¨§ á®®â­®è¥­¨©x = r cos �; y = r sin � (0 � r � R; 0 � � < 2�);'(r; �; z; t) { ¯®â¥­æ¨ « ®â­®á¨â¥«ì­®© áª®à®áâ¨u(r; �; z; t) ¦¨¤ª®áâ¨; p0 = const { ¯®áâ®ï­­®¥¤ ¢«¥­¨¥ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨;'0(r; �; z), �0(r; �) { §­ ç¥­¨ï ¨áª®¬ëå äã­ªæ¨© ¢­ ç «ì­ë© ¬®¬¥­â t = t0; V = const { ®¡ê¥¬¦¨¤ª®áâ¨; C(t) { ¯à®¨§¢®«ì­ ï äã­ªæ¨ï ¢à¥¬¥­¨.� ¤¨­ ¬¨ç¥áª®¬ ãá«®¢¨¨ (13) ç¥à¥§ (g0 �w0)x,(g0 �w0)y, (g0 �w0)z ®¡®§­ ç¥­ë ¯à®¥ªæ¨¨ ¢¥ª-â®à  (g0 �w0) ª ¦ãé¥£®áï ãáª®à¥­¨ï á¨«ë âï¦¥-áâ¨ ­  ®á¨ x; y; z á®®â¢¥âáâ¢¥­­®. �®§¬ãé îé¥¥¢®§¤¥©áâ¢¨¥ ®â §¥¬«¥âàïá¥­¨ï ¢å®¤¨â ¢ ¤¨­ ¬¨ç¥-áª®¥ ãá«®¢¨¥ (13) ç¥à¥§ ãáª®à¥­¨¥ £àã­â  w0(t).�áª®¬ë¬¨ ï¢«ïîâáï ¯®â¥­æ¨ « '(r; �; z; t) ¨ á¢®-¡®¤­ ï ¯®¢¥àå­®áâì �(r; �; t). �áâ «ì­ë¥ ¯ à ¬¥-âàë p0, C(t), �, g0, w0(t), V , t0, t1, H,   â ª¦¥à §¬¥àë l, R ¯®¢¥àå­®áâ¨ ¯®«®áâ¨ áç¨â îâáï § -¤ ­­ë¬¨.

� ¬¥ç ­¨¥ 1. � à ¡®â¥ [4], à¥§ã«ìâ âë ª®â®à®©¨á¯®«ì§ãîâáï ­¨¦¥, ¨áå®¤­ ï ­ ç «ì­®{ªà ¥¢ ï§ ¤ ç  ä®à¬ã«¨à®¢ « áì ¢ â¥à¬¨­ å ¯®â¥­æ¨ « �(r; �; z; t)  ¡á®«îâ­ëå áª®à®áâ¥© ¦¨¤ª®áâ¨ ¢ ¯®-¤¢¨¦­®© á¨áâ¥¬¥ ª®®à¤¨­ â, ª®â®àë© á¢ï§ ­ á ¯®-â¥­æ¨ «®¬ ®â­®á¨â¥«ì­®© áª®à®áâ¨ á®®â­®è¥­¨¥¬�(r; �; z; t) = v0(t) � r+ '(r; �; z; t);£¤¥ v0(t) {  ¡á®«îâ­ ï áª®à®áâì ¯®«îá  O à¥§¥à-¢ã à ; r = (x; y; z) = (r cos �; r sin �; z) { à ¤¨ãá{¢¥ªâ®à ¦¨¤ª®© ç áâ¨æë ®â­®á¨â¥«ì­® â®çª¨ O.� ®¡é¥¬ á«ãç ¥ à¥è¥­¨¥ ­ ç «ì­®{ªà ¥¢®© § -¤ ç¨ (10) { (15) ¯à¥¤áâ ¢«ï¥âáï ç¥à¥§ ®âà¥§ª¨¤¢®©­ëå àï¤®¢ ¢ ¢¨¤¥'(r; �; z; t) == IXi=0 miXj=1[Pij(t) cos(i�) + Rij(t) sin(i�)] ij(r; z);(16)�(r; �; t) == IXi=0 miXj=1[pij(t) cos(i�) + rij(t) sin(i�)] ij(r; h0);(17)£¤¥  ij(r; z) | ª®®à¤¨­ â­ë¥ äã­ªæ¨¨; h0 | ­ -ç «ì­ë© ãà®¢¥­ì ¦¨¤ª®áâ¨, ®âáç¨âë¢ ¥¬ë© ®â¯«®áª®áâ¨ Oxy; pij(t), rij(t) ¨ Pij(t), Rij(t) | ¨á-ª®¬ë¥ ®¡®¡é¥­­ë¥ ª®®à¤¨­ âë ¨ ª¢ §¨áª®à®áâ¨¦¨¤ª®áâ¨ á®®â¢¥âáâ¢¥­­®.� ¬¥ç ­¨¥ 2. �¥àå­¨© ¯à¥¤¥« mi áã¬¬¨à®¢ ­¨ï¯® j ï¢«ï¥âáï äã­ªæ¨¥© ¨­¤¥ªá  i ¨ § ¢¨á¨â ®â ¢ë-¡®à   ¯¯à®ªá¨¬¨àãîé¥£® ¢ëà ¦¥­¨ï, ¤¨ªâã¥¬®£®ª®­ªà¥â­®© ¢ëç¨á«¨â¥«ì­®© § ¤ ç¥©.�®®à¤¨­ â­ë¥ äã­ªæ¨¨  ij(r; z) ï¢«ïîâáï ­®à-¬¨à®¢ ­­ë¬¨ à¥è¥­¨ï¬¨ á®®â¢¥âáâ¢ãîé¥© «¨-­¥©­®© § ¤ ç¨ ® á¢®¡®¤­ëå ª®«¥¡ ­¨ïå ¦¨¤ª®áâ¨¢ æ¨«¨­¤à¨ç¥áª®© ¯®«®áâ¨ ¨ ¨¬¥îâ ¢¨¤ ij(r; z) = Ji(k(j)i r)Ji(k(j)i R) ch [k(j)i (z + l2)]ch (k(j)i H) : (18)�¤¥áì Ji |äã­ªæ¨¨ �¥áá¥«ï 1-£® à®¤  ¨ æ¥«®£® ¯®-àï¤ª  i,   ¯ à ¬¥âàë k(j)i ®¯à¥¤¥«ïîâáï ª ª ª®à­¨ãà ¢­¥­¨ï dJi(k(j)i r)dr ����r=R = 0:�á«¨ ®¡®§­ ç¨âì ç¥à¥§ a0i;j j-© ­ã«ì (j = 1; 2; : : :)¯à®¨§¢®¤­®© J 0i(x) ®â i-®© äã­ªæ¨¨ Ji(x) (i =0; 1; : : :), â® ä®à¬ã«  ¤«ï ®¯à¥¤¥«¥­¨ï ¯ à ¬¥âà k(j)i ¡ã¤¥â á«¥¤ãîé¥©:k(j)i = a0i;jR : (19)28 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 42� ª¨¬ ®¡à §®¬, § ¤ ç  á¢®¤¨âáï ª ­ å®¦¤¥­¨îäã­ªæ¨© pij(t), rij(t) ¨ Pij(t), Rij(t). �â¨ �ã­ª-æ¨¨ pij(t), rij(t) ¨ Pij(t), Rij(t) à §ëáª¨¢ îâáï ª ªà¥è¥­¨ï ­¥ª®â®à®© á¨áâ¥¬ë ãà ¢­¥­¨©, ¢ ®¡é¥¬á«ãç ¥ ¨­â¥£à®{¤¨ää¥à¥­æ¨ «ì­ëå ¨ ­¥«¨­¥©­ëå.2. ����� ��������� ���������������������������C¨áâ¥¬  ãà ¢­¥­¨© ¤«ï á«ãç ï ­¥«¨­¥©­ëå ª®-«¥¡ ­¨© ¦¨¤ª®áâ¨ ¯à¨ £®à¨§®­â «ì­ëå ¯¥à¥¬¥é¥-­¨ïå à¥§¥à¢ã à  ¯®áâà®¥­  á ¯®¬®éìî ¢ à¨ æ¨-®­­®£® ¬¥â®¤  ¢ à ¡®â¥ [18] ¨ ¨¬¥¥â á«¥¤ãîé¨©¬ âà¨ç­ë© ¢¨¤:� 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 � : (20)�¤¥áì ­¥¨§¢¥áâ­ë¬¨ ï¢«ïîâáï ¢¥ªâ®à{áâ®«¡æë�(t) = (�0(t); : : : ; �N (t));R(t) = (R0(t); : : : ; RN (t));ª®¬¯®­¥­âë �i(t), Rk(t) ª®â®àëå á¢ï§ ­ë á ª®íä-ä¨æ¨¥­â ¬¨ pij(t), rij(t), Pij(t), Rij(t) áã¬¬ (16),(17) á®®â­®è¥­¨ï¬¨'(r; �; z; t) = NXm=0Rm(t)'m(r; �; z) == IXi=0 miXj=1[Pij(t) cos(i�) +Rij(t) sin(i�)] ij(r; z);(21)�(r; �; t) = NXm=0 �m(t)fm(r; �) == IXi=0 miXj=1[pij(t) cos(i�) + rij(t) sin(i�)] ij(r; h0):(22)� ä®à¬ã« å (21), (22) ¯à®áâë¥ (á ®¤­¨¬ ¨­¤¥ªá®¬)¯®á«¥¤®¢ â¥«ì­®áâ¨ f'mg, ffmg ®¯à¥¤¥«ïîâáï ç¥-à¥§ ¤¢®©­ë¥ ¯®á«¥¤®¢ â¥«ì­®áâ¨ æ¨«¨­¤à¨ç¥áª¨å£ à¬®­¨ª ¨§ á®®â­®è¥­¨©f'm(r; �; z)gNm=0 =

= fcos(i�) ij(r; z); sin(i�) ij (r; z)g; (23)ffm(r; �)gNm=0 = f'm(r; �; z)jz=h0gNm=0; (24)£¤¥ N | ç¨á«® ã¤¥à¦¨¢ ¥¬ëå á« £ ¥¬ëå, ®¤¨­ -ª®¢®¥ ¤«ï  ¯¯à®ªá¨¬ æ¨© ¯®â¥­æ¨ «  ¨ á¢®¡®¤­®©¯®¢¥àå­®áâ¨. �¢ï§ì ¯à®áâëå ¨ ¤¢®©­ëå á¨¬¢®«®¢®¯à¥¤¥«ï¥âáï á¯®á®¡®¬ ­ã¬¥à æ¨¨ "¯® áâà®ª ¬"í«¥¬¥­â®¢ â ¡«¨æë £ à¬®­¨ª á ¤¢ã¬ï ¢å®¤ ¬¨ (¢®¡é¥¬ á«ãç ¥ ¡¥áª®­¥ç­®©) ¢¨¤ 2666664 '01 0 '02 0 : : :'11 '12 '13 '14 : : :'21 '22 '23 '24 : : :'31 '32 '33 '34 : : :... ... ... ... 3777775 ; (25)£¤¥ 'ik = �  ij cos(i�); ¥á«¨ k = 2j � 1; ij sin(i�); ¥á«¨ k = 2j;(i; j = 1; 2; : : :):�«¥¬¥­âë ¬ âà¨æ A (T | á¨¬¢®« âà ­á¯®­¨-à®¢ ­¨ï), B, K0, K1, K2, S, F ¢ ãà ¢­¥­¨¨ (20)§ ¤ îâáï á«¥¤ãîé¨¬¨ ä®à¬ã« ¬¨:¬ âà¨æ  A = (aki) |aki = � RZ0 2�Z0 fi(r; �)'khr; �; NXn=0�nfn(r; �)ird�dr;k = 0; 1; : : : ; N; i = 0; 1; : : :; N ; (26)¬ âà¨æ  B = (bkj) |bkj = � RZ0 2�Z0 �(r;�;�)Z�l=2 r'k � r'jrdzd�dr;k; j = 0; 1; : : : ; N ; (27)¬ âà¨æ  K0 ¨ ¢¥ªâ®à  K1, K2 |K0 = �kij� = �� RZ0 2�Z0 fi(r; �)fj(r; �)rd�dr�;i; j = 0; 1; : : :; N ;K1 = � RZ0 2�Z0 26664 f0(r; �)f1(r; �)...fN (r; �) 37775 r2 cos(�)d�dr;K2 = � RZ0 2�Z0 26664 f0(r; �)f1(r; �)...fN (r; �) 37775 r2 sin(�)d�dr; (28)�. �. �®«®â¥­ª® 29



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 42¬ 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; �)�r'k � r'j�z=�(r;�;�)rd�dr;k; j = 0; 1; : : : ; N; i = 0; 1; : : : ; N ; (29)¢¥ªâ®à F = (Fi) |Fi = � RZ0 2�Z0 fi(r; �)rd�dr;i = 0; 1; : : : ; N: (30)� âà¨æ  K0 ¢ á ¬®¬ ®¡é¥¬ á«ãç ¥ ï¢«ï¥âáï¤¨ £®­ «ì­®© ¢¨¤ K0 = diag(k00; k11; : : : ; kNN );¯à¨ç¥¬ ¥¥ í«¥¬¥­âë ®¯à¥¤¥«ïîâáï ¯® ä®à¬ã« ¬kmm = ��R22 8><>: 2; m = 0; : : : ;m0 � 1;1�  i(m)k(j(m))i(m) R!2; m = m0; : : : ; N;(31)£¤¥ (i(m); j(m)) | ¯ à  ¤¢®©­ëå ¨­¤¥ªá®¢ (i,j), á®-®â¢¥âáâ¢ãîé¨å ®¤­®ªà â­®¬ã ¨­¤¥ªáã m ¢ áã¬-¬ å (21), (22).� á¢®î ®ç¥à¥¤ì, ¢¥ªâ®à{áâ®«¡æë K1 = (K(m)1 ),K2 = (K(m)2 ), ®¯à¥¤¥«ïîé¨¥ á¢®¡®¤­ë¥ ç«¥­ë ¢¯à ¢®© ç áâ¨ ãà ¢­¥­¨© (20), ¨¬¥îâ ®â«¨ç­ë¥ ®â­ã«ï í«¥¬¥­âë â®«ìª® ¢ â¥å áâà®ª å, ª®â®àë¥ á®-®â¢¥âáâ¢ãîâ ª®®à¤¨­ â­ë¬ äã­ªæ¨ï¬ fm ¨§ áâà®-ª¨ c ­®¬¥à®¬ i = 1 â ¡«¨æë £ à¬®­¨ª (25). �®ç-­¥¥,K(m)1 = 8<: cj; m = m0;m0 + 2;m0 + 4;: : : ;m0 + 2m1 � 2; j = j(m);0 ¤«ï ®áâ «ì­ëå m = 0; : : : ; N;(32)K(m)2 = 8<: cj; m = m0 + 1;m0 + 3;m0 + 5;: : : ;m0 + 2m1 � 1; j = j(m);0 ¤«ï ®áâ «ì­ëå m = 0; : : : ; N;(33)£¤¥cj = ��R2k(j)1 J2�k(j)1 R�J1�k(j))1 R� = ��R(k(j)1 )2 ; j = 1; 2; : : : ;m1:(34)� ä®à¬ã«¥ (34) ¯®á«¥¤­¥¥ à ¢¥­áâ¢® ¯®«ãç ¥âáï ¢à¥§ã«ìâ â¥ ¨áª«îç¥­¨ï J2(x),   § â¥¬ J0(x) á ¯®-¬®éìî ¨§¢¥áâ­ëå § ¢¨á¨¬®áâ¥©J2(x) = 2J1(x)x � J0(x); xJ 01(x) = xJ0(x) � J1(x)

¨ á®®â­®è¥­¨© J 01(k(j)1 R) = 0:� ª¨¬ ®¡à §®¬, ã ¢¥ªâ®à®¢ K1, K2 ª®«¨ç¥áâ¢® ®â-«¨ç­ëå ®â ­ã«ï ª®¬¯®­¥­â ¯®«­®áâìî ®¯à¥¤¥«ï¥â-áï ç¨á«®¬ m1 í«¥¬¥­â®¢ ¢ ¯¥à¢®© áâà®ª¥ â ¡«¨æë­ã«¥© 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 : (35)� ¢¥ªâ®à  K1 ®â«¨ç­ë ®â ­ã«ï â®«ìª® ª®¬¯®­¥­-âë, á®®â¢¥âáâ¢ãîé¨¥ äã­ªæ¨ï¬fm0 ; fm0+2; : : : ; fm0+2m1�2;  ã ¢¥ªâ®à  K2 | á®®â¢¥âáâ¢ãîé¨¥ äã­ªæ¨ï¬fm0+1; fm0+3; : : : ; fm0+2m1�1¨§ ¯¥à¢®© áâà®ª¨ â ¡«¨æë £ à¬®­¨ª (25), ¯à¨ç¥¬¨å §­ ç¥­¨ï ­  á®®â¢¥âáâ¢ãîé¨å ¬¥áâ å á®¢¯ ¤ -îâ, â.¥. K(m)1 = K(m+1)2 = cj (j = j(m)).� ª®­¥æ, ¢¥ªâ®à F ¢ ãà ¢­¥­¨¨ (20) ¨¬¥¥â â®«ì-ª® ®¤­ã ®â«¨ç­ãî ®â ­ã«ï ª®¬¯®­¥­âã:F = (��R2; 0; : : : ; 0)T : (36)�§ ãà ¢­¥­¨ï (20) ¢¨¤­®, çâ® á¥©á¬¨ç¥áª¨¥ ¢®§-¤¥©áâ¢¨ï ­  ¦¨¤ª®áâì ®¡ãá«®¢«¥­ë ¯à®¥ªæ¨ï¬¨w0x, w0y, w0z ¢¥ªâ®à  ãáª®à¥­¨ï w0(t) æ¥­âà  à¥-§¥à¢ã à O ­  ¯®¤¢¨¦­ë¥ ®á¨ x; y; z. � á¨«ã ¯ à «-«¥«ì­®áâ¨ ®á¥© x; y; z ¨ ��; ��; �� ¬®¦­® ­ ¯¨á âì(w0x(t); w0y(t); w0z(t)) = (w0�(t); w0�(t); w0�(t));£¤¥ w0�(t),w0�(t),w0�(t) | ¯à®¥ªæ¨¨ ãáª®à¥­¨ï£àã­â  (¯®« £ ¥¬ë¥ ¨§¢¥áâ­ë¬¨ ¨§  ªá¥«¥à®-£à ¬¬) ­  ®á¨ £¥®£à ä¨ç¥áª®© á¨áâ¥¬ë ª®®à¤¨­ âO�������, â.¥. ­  ­ ¯à ¢«¥­¨ï § ¯ ¤{¢®áâ®ª, î£{á¥¢¥à ¨ ¢¥àâ¨ª «¨ ¬¥áâ  á®®â¢¥âáâ¢¥­­®.�à®¨§¢®«ì­ ï äã­ªæ¨ï C(t) ¨§ ¨­â¥£à « � £à ­¦ {�®è¨ ¢ë¡¨à ¥âáï ­¨¦¥.� ç «ì­ë¥ ãá«®¢¨ï ¯à¨ t = 0 ¢ á¥©á¬¨ç¥áª¨å§ ¤ ç å ¡ã¤¥¬ ¯®« £ âì á«¥¤ãîé¨¬¨:(�0(0); �1(0); : : : ; �N (0)) = (h0; 0; : : : ; 0);(R0(0); R1(0); : : : ; RN(0)) = (0; 0; : : : ; 0): (37)�â¨ ãá«®¢¨ï, ®ç¥¢¨¤­®, á®®â¢¥áâ¢ãîâ ¯®«®¦¥­¨îà ¢­®¢¥á¨ï ¦¨¤ª®áâ¨ ¢ ­ ç «ì­ë© ¬®¬¥­â ¢à¥¬¥-­¨.30 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 423. ����� ��������� ��������������������������ë¢¥¤¥¬ ¨§ ãà ¢­¥­¨© (20) ®¡é¨¥ «¨­¥©­ë¥ãà ¢­¥­¨ï ª®«¥¡ ­¨© ¦¨¤ª®áâ¨, ®¡é­®áâì ª®â®-àëå § ª«îç ¥âáï ¢ â®¬, çâ® ®­¨ á¯à ¢¥¤«¨¢ë ¤«ï«î¡ëå  ¯¯à®ªá¨¬ æ¨© (16), (17) ¨ ¯à¨ «î¡®¬ § -ª®­¥ ¯®áâã¯ â¥«ì­ëå ¤¢¨¦¥­¨© à¥§¥à¢ã à . �â¨ãà ¢­¥­¨ï ¯®§¢®«ïâ, ¢ ç áâ­®áâ¨, ¯®«ãç¨âì ãà ¢-­¥­¨ï ¤«ï  ¯¯à®ªá¨¬ æ¨© ¨§ à ¡®â [4, 5].�ãáâì ¢ ¯à®æ¥áá¥ ª®«¥¡ ­¨© á¢®¡®¤­ ï ¯®¢¥àå-­®áâì z = �(r; �; t) ¬ «® ®âª«®­ï¥âáï ®â ¯«®áª®áâ¨z = h0. �â® à ¢­®á¨«ì­® ¤®¯ãé¥­¨îl2 + �(r; �; t) ' H:�ç¨âë¢ ï §¤¥áì ¯à¥¤áâ ¢«¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå-­®áâ¨ (22), ¯®«ãç ¥¬ á®®â­®è¥­¨¥l2 + NXm=0 �m(t)fm(r; �) ' H:�® ¨§ ãá«®¢¨ï ¯®áâ®ï­áâ¢  ®¡ê¥¬  ¦¨¤ª®áâ¨ á«¥-¤ã¥â, çâ® ¤®«¦­® ¡ëâì [18]�0(t) = p01(t) � h0:�®£¤ , ¢ á¨«ã H = l2 + h0, ¨§ ¯à¥¤ë¤ãé¥£® á®-®â­®è¥­¨ï á«¥¤ã¥â, çâ® ¯à¨ ¬ «ëå ®âª«®­¥­¨-ïå á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ®â ¯®«®¦¥­¨ï à ¢­®¢¥-á¨ï ®¡®¡é¥­­ë¥ ª®®à¤¨­ âë ¦¨¤ª®áâ¨ �i(t) (i == 1; : : : ; N ) ¤®«¦­ë ã¤®¢«¥â¢®àïâì ãá«®¢¨îH + NXm=1 �m(t)fm(r; �) ' H: (38)� á®®â¢¥âáâ¢¨¨ á íâ¨¬ ¯®« £ ¥¬, çâ® ¢¥«¨ç¨­ëj�i(t)j (i = 1; : : : ; N ) ¬ «ë (¢¥«¨ç¨­  j�0(t)j ­¥ ®¡ï-§ â¥«ì­® ¬ « ). �à®¬¥ â®£®, ¯®« £ ¥¬ ¬ «ë¬¨ª¢ §¨áª®à®áâ¨ Ri(t) (i = 0; : : : ; N ),   â ª¦¥ ¯à®-¨§¢®¤­ë¥ ¯® ¢à¥¬¥­¨ ®â �i(t) ¨ Ri(t). �«¥­ ¬¨¢ëè¥ ¯¥à¢®£® ¯®àï¤ª  ¬ «®áâ¨ ®â­®á¨â¥«ì­® íâ¨å¢¥«¨ç¨­ ¡ã¤¥¬ ¯à¥­¥¡à¥£ âì.�à¨ á¤¥« ­­ëå ¯à¥¤¯®«®¦¥­¨ïå á®åà ­¨¬ ¢ãà ¢­¥­¨ïå (20) «¨èì «¨­¥©­ë¥ ç«¥­ë á �i, Ri, _�i,_Ri. �®£¤  ¢ íâ¨å ãà ¢­¥­¨ïå ¨áç¥§­ãâ ª¢ ¤à â¨ç-­ë¥ ä®à¬ë ®â ¯¥à¥¬¥­­ëå Ri, â.¥. ç«¥­ë S(�;R),¨, ªà®¬¥ â®£®, ª®íää¨æ¨¥­âë aki, bkj ¯à¨¬ãâ ¢¨¤aki = � RZ0 2�Z0 fi(r; �)'k(r; �; h0)rd�dr;k; i = 0; 1; : : : ; N ; (39)

bkj = � RZ0 2�Z0 h0Z�l=2 r'k � r'jrdzd�dr;k; j = 0; 1; : : : ; N: (40)�ëç¨á«¨¬ ª®íää¨æ¨¥­âë aki, bkj ¢ «¨­¥©­®¬ á«ã-ç ¥.� ä®à¬ã«¥ (39) ¯®¤ ¨­â¥£à «®¬ áâ®¨â äã­ªæ¨ï'k(r; �; h0), ª®â®à ï ¢ á¨«ã (24) à ¢­  fk(r; �). �®-íâ®¬ã ¢ «¨­¥©­®¬ á«ãç ¥ í«¥¬¥­âë ¬ âà¨æë Aã¤®¢«¥â¢®àïîâ á®®â­®è¥­¨ï¬aki = � RZ0 2�Z0 fi(r; �)fk(r; �)rd�dr = kki;k; i = 0; 1; : : : ; N:�âáî¤  ¨ ¨§ ¯¥à¢®© ä®à¬ã«ë (28) á«¥¤ã¥â, çâ® ¢«¨­¥©­®¬ á«ãç ¥ A = K0; (41)â. ¥. ¬ âà¨æ  A á®¢¯ ¤ ¥â á ¬ âà¨æ¥© K0 ¨§ ¯à -¢®© ç áâ¨ ãà ¢­¥­¨ï (20).�¡à â¨¬áï ª ä®à¬ã« ¬ (40) ¤«ï í«¥¬¥­â®¢ bk;j.�®á¯®«ì§ã¥¬áï ä®à¬ã«®© �à¨­ , ª®â®à ï ¢ á«ãç ¥¦¨¤ª®£® ®¡ê¥¬  
(t) á® á¢®¡®¤­®© £à ­¨æ¥© �(t)¯à¨¢®¤¨â ª á®®â­®è¥­¨îbkj = � Z
(t)r'k � r'jd
 = � Z�(t)'j @'k@n d�:� «¨­¥©­®¬ á«ãç ¥ á¢®¡®¤­ ï ¯®¢¥àå­®áâì �(t) ¢¯®á«¥¤­¥¬ ¨­â¥£à «¥ § ¬¥­ï¥âáï ªàã£®¬ ¢ ¯«®áª®-áâ¨ z = h0. �®íâ®¬ãbkj = � Z�(t)'j @'k@n d� == � Z R0 Z 2�0 'j(r; �; h0)@'k@z ���z=h0rd�dr: (42)� ¯®¬®éìî á®®â­®è¥­¨© (23) ¨ (18) ­ å®¤¨¬,çâ®@'k@z ���z=h0 = k(j)i th(k(j)i H) Ji(k(j)i r)Ji(k(j)i R) � cos(i�)sin(i�) � == k(j)i th(k(j)i H)fk(r; �); k = 0; 1; : : : ; N:�®¤áâ ¢«ïï íâ¨ ¢ëà ¦¥­¨ï ¢ (42) ¨ ¨á¯®«ì§ãï (24),¯®«ãç ¥¬ á®®â­®è¥­¨¥bkn = k(j)i th(k(j)i H)� RZ0 2�Z0 fn(r; �)fk(r; �)rd�dr =�. �. �®«®â¥­ª® 31



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 42= k(j)i th(k(j)i H)kkn; k; n = 0; 1; : : : ; N:�âáî¤ , ¢ á¨«ã ¤¨ £®­ «ì­®áâ¨ ¬ âà¨æë K0 == (kkn), ¨¬¥¥¬ á«¥¤ãîé¨© à¥§ã«ìâ â:bkn = � �ijknn; k = n;0; k 6= n; (k; n = 0; 1; : : : ; N );(43)£¤¥ �ij = k(j)i th(k(j)i H) | á®¡áâ¢¥­­ë¥ ç¨á«  á¯¥ª-âà «ì­®© £¨¤à®¤¨­ ¬¨ç¥áª®© § ¤ ç¨ [18],   ¤¢®©-­ë¥ ¨­¤¥ªáë (i; j) ï¢«ïîâáï äã­ªæ¨ï¬¨ ¨­¤¥ªá  k,â. ¥. i = i(k), j = j(k).� ª¨¬ ®¡à §®¬, ¢ «¨­¥©­®¬ á«ãç ¥ ¬ âà¨æ  Bï¢«ï¥âáï ¤¨ £®­ «ì­®©,   ¥¥ í«¥¬¥­âë «¨èì ¬­®-¦¨â¥«ï¬¨ �ij ®â«¨ç îâáï ®â á®®â¢¥âáâ¢ãîé¨åí«¥¬¥­â®¢ ¬ âà¨æë K0.� ¬¥ç ­¨¥ 3. �®â ¦¥ à¥§ã«ìâ â ¯®«ãç ¥âáï, ¥á«¨¢ (40) ¯®¤áâ ¢¨âì ¢ëà ¦¥­¨¥ r'k � r'j ¢ æ¨«¨­-¤à¨ç¥áª¨å ª®®à¤¨­ â år'k � r'j = @'k@r @'j@r + 1r2 @'k@� @'j@� + @'k@z @'j@z¨ ¯à¨ ¨­â¥£à¨à®¢ ­¨¨ ¡¥áá¥«¥¢ëå äã­ªæ¨© ¯®r ¢®á¯®«ì§®¢ âìáï ä®à¬ã«®© ¨­â¥£à¨à®¢ ­¨ï ¯®ç áâï¬, ï¢«ïîé¥©áï  ­ «®£®¬ ä®à¬ã«ë �à¨­  ¢®¤­®¬¥à­®¬ á«ãç ¥, ¨ ãà ¢­¥­¨ï¬¨ �¥áá¥«ï ¤«ïäã­ªæ¨© æ¥«®£® ¯®àï¤ª  Ji(x).� âà¨æã B ã¤®¡­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥B = � �K0; (44)£¤¥ � = diag(�0; �1; : : : ; �N )| ¤¨ £®­ «ì­ ï ¬ âà¨æ  ¨§ ¯®á«¥¤®¢ â¥«ì­®áâ¨á¯¥ªâà «ì­ëå ç¨á¥« f�mg = f�ijg. �®£« á®¢ ­¨¥¯à®áâëå ¨­¤¥ªá®¢ m ç¨á¥« �m á ¤¢®©­ë¬¨ ¨­¤¥ª-á ¬¨ (i; j) ç¨á¥« �ij á®¢¯ ¤ ¥â á á®£« á®¢ ­¨¥¬¯à®áâëå ¨ ¤¢®©­ëå ¨­¤¥ªá®¢ äã­ªæ¨© 'm ¨  ij¢ á®®â­®è¥­¨ïå (23). � ¬¥â¨¬, çâ® �0 = k(1)0 = 0,â.¥. ­ã«¥¢ ï áâà®ª  ¬ âà¨æë B á®áâ®¨â â®«ìª® ¨§­ã«¥©.�¥¯¥àì, ¨á¯®«ì§ãï ¢ëà ¦¥­¨ï (41) ¨ (44), ¯à¥¤-áâ ¢¨¬ ãà ¢­¥­¨ï (20) ¢ «¨­¥©­®¬ á«ãç ¥ á«¥¤ãî-é¨¬ ®¡à §®¬:� 0 K0K0 0 � ddt � R� � == � � �K0 00 [g0 �w0(t)]zK0 � � R� �++[g0 �w0(t)]x � 0K1 �++[g0 �w0(t)]y � 0K2 �+ �C(t)� p0� �� 0F � : (45)

�®àï¤®ª á¨áâ¥¬ë ãà ¢­¥­¨© (45), à ¢­ë© 2N+2,¬®¦­® ã¬¥­ìè¨âì ­  2. �®«ì§ãïáì ¢ëà®¦¤¥­­®-áâìî ¬ âà¨æë � (�0 = 0), ¯®«ãç ¥¬ ¨§ £àã¯¯ëãà ¢­¥­¨© ¯® �i ãà ¢­¥­¨¥ ®â­®á¨â¥«ì­® ®¡®¡é¥­-­®© ª®®à¤¨­ âë �0: k00 _�0 = 0:�­ «®£¨ç­®, ¨§ £àã¯¯ë ãà ¢­¥­¨© ¯® Ri ¯®«ãç ¥¬ãà ¢­¥­¨¥ ®â­®á¨â¥«ì­® ª¢ §¨áª®à®áâ¨ R0:k00 _R0 = [g0 �w0(t)]zk00�0 + [g0 �w0(t)]xK(0)1 ++[g0 �w0(t)]yK(0)2 + �C(t)� p0� �F0:�®« £ ï ¯à®¨§¢®«ì­ãî äã­ªæ¨î ¨§ ¨­â¥£à «  � -£à ­¦  { �®è¨ à ¢­®©C(t) = p0� � [g0 �w0(t)]xK(0)1F0 � [g0 �w0(t)]yK(0)2F0 ;¨­â¥£à¨àãï íâ¨ ãà ¢­¥­¨ï ¨ ãç¨âë¢ ï ­ ç «ì­ë¥ãá«®¢¨ï (37), áà §ã ­ å®¤¨¬ ¤¢¥ ¨§ ¨áª®¬ëå äã­ª-æ¨©,   ¨¬¥­­®:�0(t) � h0; R0(t) = h0 Z t0 [g0 �w0(t)]zdt: (46)�áâ «ì­ë¥ äã­ªæ¨¨ �i, Ri (i = 1; : : : ; N ) ¤®«¦­ëã¤®¢«¥â¢®àïâì á«¥¤ãîé¨¬ ãà ¢­¥­¨ï¬:_�n = �nRn;knn _Rn = [g0 �w0(t)]zknn�n++[g0 �w0(t)]xKn1 + [g0 �w0(t)]yKn2 ;n = 1; : : : ; N:�áª«îç ï ¨§ íâ¨å ãà ¢­¥­¨© Rn, ¯®«ãç ¥¬ ¨áª®-¬ãî ®¡éãî á¨áâ¥¬ã «¨­¥©­ëå ª®«¥¡ ­¨© ¦¨¤ª®-áâ¨,   ¨¬¥­­®:��n � [g0 �w0(t)]z�n�n == �nknnn[g0 �w0(t)]xK(n)1 + [g0 �w0(t)]yK(n)2 o;n = 1; : : : ; N: (47)�à¨¬¥à. �®«ãç¨¬ ¨§ (47) ãà ¢­¥­¨ï �.�.�å®-æ¨¬áª®£® [4], ª®â®àë¥ ¡ë«¨ ¯®«®¦¥­ë ¢ ®á­®¢ã¨áá«¥¤®¢ ­¨© á¥©á¬¨ç¥áª¨å ª®«¥¡ ­¨© ¦¨¤ª®áâ¨ ¢[5]. �®« £ ¥¬, çâ® à¥§¥à¢ã à á®¢¥àè ¥â ¯®áâã¯ -â¥«ì­®¥ ¤¢¨¦¥­¨¥ ¢¤®«ì ®á¨ y á® áª®à®áâìî v0(t).�®£¤  ¢ ¯à®¥ªæ¨ïå ­  ®á¨ x; y; z ¨¬¥¥¬g0 = (0; 0;�g); w0(t) = (0; _v0(t); 0);(g0 �w0(t)) = (0;� _v0(t);�g);32 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 42£¤¥ g | ãáª®à¥­¨¥ á¨«ë âï¦¥áâ¨. �®¤áâ ¢«ïï íâ¨¢ëà ¦¥­¨ï ¢ (47), ¯à¨å®¤¨¬ ª ãà ¢­¥­¨ï¬��n+g�n�n = � _v0(t) �nknnK(n)2 ; n = 1; : : : ; N: (48)�«ï ãâ®ç­¥­¨ï ¢¨¤  ¯à ¢ëå ç áâ¥© íâ¨å ãà ¢­¥-­¨© ¯®«®¦¨¬ â¥¯¥àìm0 = 1; m1 = 3; m2 = m3 = : : : = 0:�®®â¢¥âáâ¢ãîé¨¥ â ¡«¨æ  ­ã«¥© (35) ¨ â ¡«¨æ £ à¬®­¨ª (25) ¡ã¤ãâ á«¥¤ãîé¨¬¨:26664 k(1)0 0 0 0 : : :k(1)1 k(2)1 k(3)1 0 : : :0 0 0 0 : : :... ... ... ... 37775 (k(1)0 = 0);26664 1 0 0 0 0 0 0 : : :'11 '12 '13 '14 '15 '16 0 : : :0 0 0 0 0 0 0 : : :... ... ... ... ... ... ... 37775 :�¤¥áì '11 =  11 cos(�); '12 =  11 sin(�);'13 =  12 cos(�); '14 =  12 sin(�);'15 =  13 cos(�); '16 =  13 sin(�):� á®®â¢¥âáâ¢¨¨ á íâ¨¬¨ â ¡«¨æ ¬¨ ¯®«ãç ¥¬ á«¥-¤ãîé¨¥ ¯à¥¤áâ ¢«¥­¨ï ¨áª®¬ëå äã­ªæ¨©:' = NXk=0Rk(t)'k(r; �; z) == 1Xi=0 3Xj=1[Pij cos(i�) +Rij sin(i�)] ij(r; z);� = NXk=0�k(t)fk(r; �) == 1Xi=0 3Xj=1[pij cos(i�) + rij sin(i�)] ij(r; h0):�®á¯®«ì§ã¥¬áï â¥¯¥àì à¥è¥­¨¥¬ § ¤ ç¨ ® á®®â-¢¥âáâ¢¨¨ ®¤¨­ à­ëå ¨ ¤¢®©­ëå ¨­¤¥ªá®¢ ¨§ à ¡®-âë [17, áâà.32{33]1) �®¬¥à N ¯®á«¥¤­¥£® ç«¥­  ®¤¨­ à­®© ¯®á«¥¤®-¢ â¥«ì­®áâ¨ ¡ã¤¥âN = m0 + 2 1Xi=1mi � 1 = 2m1 = 6:

2) �¤¨­ à­ë© ­®¬¥à k ¤«ï í«¥¬¥­â®¢ i{®© áâà®ª¨â ¡«¨æë £ à¬®­¨ª ã¤®¢«¥â¢®àï¥â ­¥à ¢¥­áâ¢ãai � k � bi;£¤¥ai = m0 + 2 i�1Xn=1mn; bi = m0 + 2 iXn=1mn � 1:� à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ i = 1. �®íâ®¬ãa1 = m0 + 2 1�1Xn=1mn = m0 + 0 = 1;(¥á«¨ i = 1, áã¬¬ã Pi�1n=1mn ¯®« £ ¥¬ à ¢­®© ­ã-«î),b1 = m0 + 2 1Xn=1mn � 1 = 1 + 2 � 3� 1 = 6:� ª¨¬ ®¡à §®¬, ®¤¨­ à­ë© ¨­¤¥ªá k, á®®â¢¥âáâ¢ã-îé¨© í«¥¬¥­â ¬ ¯¥à¢®© áâà®ª¨ â ¡«¨æë £ à¬®-­¨ª, «¥¦¨â ¢ ¯à¥¤¥« å1 � k � 6:�«ï í«¥¬¥­â®¢ 0{®© áâà®ª¨ 0 � k � m0 � 1, â.¥.k = 0.3) �®®â¢¥âáâ¢ãîé¨¥ ®¤¨­ à­®¬ã ¨­¤¥ªáã k ¤¢®©-­ë¥ ¨­¤¥ªáë (i; j) ¯¥à¥áç¨âë¢ îâáï ¯® ä®à¬ã« ¬i(k) = 1; j(k) = Eh l(k) + 22 i; l(k) = k�ai = k�1;£¤¥ E(x) | äã­ªæ¨ï, à ¢­ ï ­ ¨¡®«ìè¥¬ã æ¥«®¬ãç¨á«ã, ­¥ ¯à¥¢®áå®¤ïé¥¬ã x. � à¥§ã«ìâ â¥ ¯®«ã-ç ¥âáï â ª®¥ á®®â¢¥âáâ¢¨¥ ¨­¤¥ªá®¢ k, l, j (¨­¤¥ªák = 0 á®®â¢¥âáâ¢ã¥â ­ã«¥¢®© áâà®ª¥ ¨ ¢ íâ®© â -¡«¨æ¥ ­¥ ¯à¨áãâáâ¢ã¥â):k = 1; 2; 3; 4; 5; 6l(k) = 0; 1; 2; 3; 4; 5j(k) = 1; 1; 2; 2; 3; 3:�®®â¢¥âáâ¢¨¥ äã­ªæ¨© �k(t) ¨ pij(t), rij(t) § ¤ ¥â-áï â ¡«¨æ¥©�0 �1 �2 �3 �4 �5 �6p01 p11 r11 p12 r12 p13 r13:� ©¤¥¬ â¥¯¥àì ¢¥«¨ç¨­ë �n, knn, K(n)2 (n == 0; 1; : : : ; 6), ¨á¯®«ì§ãï ãáâ ­®¢«¥­­®¥ á®®â¢¥áâ-¢¨¥ ¨­¤¥ªá®¢. � ¯®¬®éìî ä®à¬ã« (31), (33), (44)¯®«ãç ¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:k00 = ��R2; k11 = k22 = ��R2(�21 � 1)2�21 ;�. �. �®«®â¥­ª® 33



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 42k33 = k44 = ��R2(�22 � 1)2�22 ;k55 = k66 = ��R2(�23 � 1)2�23 ; �n = k(n)1 R;K(1)2 = K(3)2 = K(5)2 = 0;K(2)2 = ��(k(1)1 )2 ; K(4)2 = ��(k(2)1 )2 ; K(6)2 = ��(k(3)1 )2 ;�0 = 0; �1 = �2 = k(1)1 th(k(1)1 H);�3 = �4 = k(2)1 th(k(2)1 H); �5 = �6 = k(3)1 th(k(3)1 H):�®¤áâ ¢«ïï íâ¨ ¢ëà ¦¥­¨ï ¢ (48) ¨ ®¡®¡é ï ¯®«ã-ç¥­­ë© à¥§ã«ìâ â ­  ¯à®¨§¢®«ì­®¥ n, ­ ©¤¥¬, çâ®¤«ï ­¥ç¥â­ëå n ª®®à¤¨­ âë ¦¨¤ª®áâ¨ �n ã¤®¢«¥-â¢®àïîâ ãà ¢­¥­¨ï¬��n + !2n�n = 0; n = 1; ; 3; 5; : : : ; (49)  ¤«ï ç¥â­ëå |��n + !2n�n = �2 �nR�2n � 1 _v0(t); n = 0; 2; 4; : : : ; (50)£¤¥ á®¡áâ¢¥­­ ï ç áâ®â  ¦¨¤ª®áâ¨!n =pg�n:� ¬¥­ïï ¢ íâ¨å ãà ¢­¥­¨ïå ¯¥à¥¬¥­­ë¥ �n ¯® ä®à-¬ã«¥�n = 2�nR2�2n � 1 �n; n = 2k; k = 0; 1; 2; : : : ;¯à¨å®¤¨¬ ª ãà ¢­¥­¨ï¬ �.�.�å®æ¨¬áª®£® [4, áâà.8, ä-«  (1.28)], ¢ á«ãç ¥ ç¨áâ® ¯®áâã¯ â¥«ì­ëå ¯¥-à¥¬¥é¥­¨© à¥§¥à¢ã à  ã£®« ¯®¢®à®â  à¥§¥à¢ã à � = 0��k + !2k�k = � _v0(t)R ; k = 0; 1; 2; : : :: (51)� ¬¥ç ­¨¥ 4. �§ ãà ¢­¥­¨© (49) á«¥¤ã¥â, çâ®¯à¨ ­ã«¥¢ëå ­ ç «ì­ëå ãá«®¢¨ïå �n(0) = 0,d�n(0)=dt = 0 ª®®à¤¨­ âë �n á ­¥ç¥â­ë¬¨ ¨­¤¥ª-á ¬¨ n ¡ã¤ãâ â®¦¤¥áâ¢¥­­® à ¢­ë ­ã«î ¨ ¢ à §«®-¦¥­¨ïå ¨áª®¬ëå äã­ªæ¨© '(r; �; z; t), �(r; �; t) á®-åà ­ïâáï â®«ìª®  ­â¨á¨¬¬¥âà¨ç­ë¥ ä®à¬ë ª®«¥-¡ ­¨©, â.¥. â®«ìª® ç«¥­ë á sin(�). � ®â«¨ç¨¥ ®âíâ®£®, ¯à¨ ¯®áâã¯ â¥«ì­ëå ¤¢¨¦¥­¨ïå à¥§¥à¢ã à ¢¤®«ì ®á¨ x ¨ ­ã«¥¢ëå ­ ç «ì­ëå ãá«®¢¨ïå á®åà -­ïâáï â®«ìª® á¨¬¬¥âà¨ç­ë¥ ä®à¬ë ª®«¥¡ ­¨© ácos(�). �â® ®¡ãá«®¢«¥­® áâàãªâãà®© ¢¥ªâ®à®¢ K1,K2 ¢ ãà ¢­¥­¨ïå (45).� ¬¥ç ­¨¥ 5. �à¨ ­¥­ã«¥¢ëå ­ ç «ì­ëå ãá«®¢¨-ïå à¥è¥­¨ï ®¤­®à®¤­ëå ãà ¢­¥­¨© (49) ­¥ ¡ã¤ãâ

â®¦¤¥áâ¢¥­­­ë¬¨ ­ã«ï¬¨ ¨ ¢ à §«®¦¥­¨¨ äã­ª-æ¨¨ �(z; �; t) ¢ ®¡é¥¬ á«ãç ¥ ­ã¦­® ãç¨âë¢ âì â ª-¦¥ á¨¬¬¥âà¨ç­ë¥ ä®à¬ë á cos(�), â.¥. á®åà ­ïâì�n á ­¥ç¥â­ë¬¨ n. �®íâ®¬ã ¯à¨ á«ãç ©­ëå ¯à -¢ëå ç áâïå ¢ ãà ¢­¥­¨ïå (50) á ç¥â­ë¬¨ n á¢®-¡®¤­ ï ¯®¢¥àå­®áâì ¡ã¤¥â áã¬¬®© ¤¥â¥à¬¨­¨à®-¢ ­­®© ¨ á«ãç ©­®© á®áâ ¢«ïîé¨å,   ¨¬¥­­®:�(r; �; t) = NXk=0 �k(t)fk(r; �) == h0 + cos(�) m1Xj=1 p1j(t) 1j(r; h0)++ sin(�) m1Xj=1 r1j(t) 1j(r; h0): (52)�¤¥áì, ª ª á«¥¤ã¥â ¨§ ¯à¨¢¥¤¥­­®© ¢ëè¥ â ¡«¨æëá®®â¢¥âáâ¢¨©, ®¡®¡é¥­­ë¥ ª®®à¤¨­ âë ¦¨¤ª®áâ¨�n(t) á ­¥ç¥â­ë¬¨ n à ¢­ë äã­ªæ¨ï¬ pij(t),   áç¥â­ë¬¨ n | äã­ªæ¨ï¬ rij(t). �¡®¡é¥­­ë¥ ª®-®à¤¨­ âë pij(t) ï¢«ïîâáï ¤¥â¥à¬¨­¨à®¢ ­­ë¬¨,  r1j(t) { á«ãç ©­ë¬¨ äã­ªæ¨ï¬¨ ¢à¥¬¥­¨, ¯®áª®«ì-ªã ï¢«ïîâáï à¥è¥­¨ï¬¨ ãà ¢­¥­¨© (49) ¨ (50) á®-®â¢¥âáâ¢¥­­®. �.�.�¨ª®« ¥­ª® ¢ [5] à áá¬ âà¨¢ «ç áâ­ë© á«ãç ©, ª®£¤  ä®à¬  á¢®¡®¤­®© ¯®¢¥àå-­®áâ¨ ¢ ­ ç «ì­ë© ¬®¬¥­â ¢à¥¬¥­¨ t = 0 ¡ë« â ª®¢ , çâ® ­ ç «ì­ë¥ ãá«®¢¨ï ¯® �n(t) á ­¥ç¥â-­ë¬¨ n à ¢­ï«¨áì ­ã«î. �à¨ íâ¨å ãá«®¢¨ïå, ¢á¨«ã ãà ¢­¥­¨© (49), ¢ ä®à¬ã«¥ (52) áã¬¬  ¯à¨cos(�) à ¢­  ­ã«î. �«ï ãà ¢­¥­¨© ¦¥ (50) à áá¬ -âà¨¢ «¨áì áâ æ¨®­ à­ë© [5, áâà. 98] ¨ ¯¥à¥å®¤­®©[5, áâà. 100] à¥¦¨¬ë ª®«¥¡ ­¨© ¦¨¤ª®áâ¨, ¯à¨ç¥¬áâ æ¨®­ à­ë© à¥¦¨¬ ®â¢¥ç « ­¥­ã«¥¢ë¬ ­ ç «ì-­ë¬ ãá«®¢¨ï¬,   ¯¥à¥å®¤­®© { ­ã«¥¢ë¬ ­ ç «ì­ë¬ãá«®¢¨ï¬ ¯® �n(t) á ç¥â­ë¬¨ n .4. ��������������� ����������������������� ���������������������à ªâãï á¢®¡®¤­ãî ¯®¢¥àå­®áâì ¦¨¤ª®áâ¨ ª ªª®«¥¡ â¥«ì­®¥ §¢¥­®, ­  ¢å®¤ ª®â®à®£® ¯®¤ ¥âáïá¥©á¬¨ç¥áª®¥ ¢®§¤¥©áâ¢¨¥ � _v0(t),   ¢ëå®¤®¬ ï¢«ï-¥âáï äã­ªæ¨ï �(r; �; t), ¯¥à¥¤®ª ¦¥¬ ä®à¬ã«ã ¤«ïç áâ®â­®© å à ªâ¥à¨áâ¨ª¨ ��(i!; t) íâ®£® ª®«¥¡ -â¥«ì­®£® §¢¥­  [5] (áâà.100). �®à¬ã«  ¯®­ ¤®¡¨â-áï ¢ ¤ «ì­¥©è¥¬ ¯à¨ ¯®«ãç¥­¨¨ ¢ëà ¦¥­¨ï ¤«ï¤¨á¯¥àá¨¨ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨.�¢¥¤¥¬ ¢ ãà ¢­¥­¨ïå (51) ¢¬¥áâ® ¯¥à¥¬¥­­ëå�å®æ¨¬áª®£® �k ¯¥à¥¬¥­­ë¥ qk á ¯®¬®éìî á®®â-­®è¥­¨ï �k(t) = qk(t)R34 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 42¨ ãçâ¥¬ á¨«ë âà¥­¨ï ¢ ¦¨¤ª®áâ¨ ¯® ä¥­®¬¥­®«®-£¨ç¥áª®© â¥®à¨¨. � à¥§ã«ìâ â¥ ¯®«ãç îâáï á«¥¤ã-îé¨¥ ãà ¢­¥­¨ï ¤«ï ¯¥à¥¬¥­­ëå qn:�qk(t)+ 2�k _qk(t)+!2kqk(t) = � _v0(t); k = 0; 1; 2; : : : ;(53)£¤¥ �k { ª®íää¨æ¨¥­â § âãå ­¨ï ª®«¥¡ ­¨© ¦¨¤-ª®áâ¨ ¯® k-© ä®à¬¥. �â¨ ãà ¢­¥­¨ï á â®ç­®áâìî¤® ®¡®§­ ç¥­¨© á®¢¯ ¤ îâ á ãà ¢­¥­¨ï¬¨ à ¡®âë[5, áâà.94, ä-«  (3.21)], ª®â®àë¥ ¢ á®®â¢¥âáâ¢¨¨ á§ ¬¥ç ­¨¥¬ 5 ï¢«ïîâáï ç áâ­ë¬ á«ãç ¥¬ ¡®«¥¥ ®¡-é¨å ãà ¢­¥­¨©.�®à¬ã«  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¯®«ãç ¥âáï ¨§á®®â­®è¥­¨ï (52) ¨ ¯®á«¥ § ¬¥­ë�k(t) = 2�kR�2k � 1qk(t)¯à¨­¨¬ ¥â ¢¨¤�(r; �; t) = h0 + 2R sin(�) m1Xj=1 �j�2j � 1qj(t) 1j(r; h0):�®¤áâ ¢¨¢ áî¤  ¢¬¥áâ®  1j ¢ëà ¦¥­¨¥ (18), ¯®«®-¦¨¢ !2j qj = ���q(t) + _v(t)�; (54)¨ § ¬¥â¨¢, çâ®�j = k(j)1 th(k(j)1 H); �j = k(j)1 R; !2j = g�j ; (55)¡ã¤¥¬ ¨¬¥âì (á â®ç­®áâìî ¤® ®¡®§­ ç¥­¨© ¨ á« -£ ¥¬®£® h0) ¢ëà ¦¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¢ä®à¬¥, ¯®«ãç¥­­®© ¢ à ¡®â¥ [5, áâà. 94, ä-« (3.20)],   ¨¬¥­­®:�(r; �; t) = h0 � 2Rg sin(�) m1Xj=1 aj(r)[�qj(t) + _v0(t)];(56)£¤¥ aj(r) = J1(�jr=R)(�2j � 1)J1(�j) :� ¬¥ç ­¨¥ 6. �®®â­®è¥­¨¥ (54) ¯®«ãç ¥âáï ¨§ãà ¢­¥­¨ï (53), ¥á«¨ ¢ ­¥¬ ¯®«®¦¨âì � = 0. �¯à®â¨¢®¯®«®¦­®áâì íâ®¬ã ¤ «ì­¥©è¨¥ ¯à¥¡à §®-¢ ­¨ï ä®à¬ã«ë (56) á¢ï§ ­ë á ¯®«­ë¬ ãà ¢­¥­¨¥¬(53). � ¯à¨­æ¨¯¥, ¬®¦­® ¡ë«® ¡ë ¨§¡¥¦ âì â ª®©­¥¯®á«¥¤®¢ â¥«ì­®áâ¨ ¨ ¢ëà §¨âì ¢¥«¨ç¨­ã !2j qj,¨áå®¤ï ¨§ ¯®«­®£® ãà ¢­¥­¨ï (53) ¯à¨ � 6= 0. � á-á¬ âà¨¢ ¥¬ë© ­¨¦¥ ¯®¤å®¤ à ¡®âë [5] ®¯à ¢¤ ­¯à¨ ãá«®¢¨¨ �2 � !2j .�¢¥¤¥¬ ¢ à áá¬®âà¥­¨¥ ¯¥à¥¤ â®ç­ãî äã­ªæ¨î�qj (�) = �j(�) ãà ¢­¥­¨ï (53), ª®â®à ï ¨¬¥¥â ¢¨¤[9, áâà. 409] �j(�) = 1�2 + 2�j� + !2j :

� ç áâ­®¬ á«ãç ¥, ª®£¤  ãáª®à¥­¨¥ £àã­â  à ¢­®â ª ­ §ë¢ ¥¬®¬ã í«¥¬¥­â à­®¬ã ¢®§¤¥©áâ¢¨î, â.¥. _v0(t) = ei!t ( i = p�1 );  ¯ à ¬¥âà � = i!, ¯¥à¥¤ â®ç­ ï äã­ªæ¨ï ¯à¥¢à -é ¥âáï ¢ ç áâ®â­ãî å à ªâ¥à¨áâ¨ªã ¢¨¤ �j(i!) = � 1�!2 + 2i�j! + !2j : (57)(�­ ª ¬¨­ãá ¯¥à¥¤ ¤à®¡ìî ¯®ï¢«ï¥âáï ¢ á¨«ã â®£®,çâ® ¯à ¢ ï ç áâì ãà ¢­¥­¨ï à ¢­  � _v0(t).)�¡é¥¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (53) ¨§¢¥áâ­ë¬ á¯®-á®¡®¬ ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ áã¬¬ë ¥£® ç áâ­®-£® à¥è¥­¨ï ¨ ®¡é¥£® à¥è¥­¨ï á®®â¢¥âáâ¢ãîé¥£®¥¬ã ®¤­®à®¤­®£® ãà ¢­¥­¨ï. �­® ¢ëà ¦ ¥âáï ç¥-à¥§ ç áâ®â­ãî å à ªâ¥à¨áâ¨ªã ¨ ¨¬¥¥â ¢¨¤qj(t) = �j(i!)�ei!t + C1e�1t +C2e�2t�; (58)£¤¥ C1, C2 { § ¢¨áïé¨¥ ®â ­ ç «ì­ëå ãá«®¢¨© ¯à®-¨§¢®«ì­ë¥ ¯®áâ®ï­­ë¥; �1, �2 { ª®à­¨ å à ªâ¥à¨-áâ¨ç¥áª®£® ãà ¢­¥­¨ï, ®¯à¥¤¥«ï¥¬ë¥ ¯® ä®à¬ã« ¬�1(j) = ��j + i�j ; �2(j) = ��j � i�j; �2j = !2j � �2j :(59)� ¤ «ì­¥©è¥¬ ®£à ­¨ç¨¬áï à áá¬®âà¥­¨¥¬ ­ ¨-¡®«¥¥ ¢ ¦­®£® ¯¥à¥å®¤­®£® à¥¦¨¬  ª®«¥¡ ­¨©¦¨¤ª®áâ¨, ª®â®àë© á®®â¢¥âáâ¢ã¥â ­ã«¥¢ë¬ ­ -ç «ì­ë¬ ãá«®¢¨ï¬, â.¥.t = 0; qj(0) = 0; _qj(0) = 0:�«ï ¯¥à¥å®¤­®£® à¥¦¨¬  ¯®áâ®ï­­ë¥ C1, C2 ¢ à¥-è¥­¨¨ (58) ¯à¨­¨¬ îâ ª®¬¯«¥ªá­ë¥ §­ ç¥­¨ï ¨®¯à¥¤¥«ïîâáï ä®à¬ã« ¬¨C1 = �2 � i!�1 � �2 ; C2 = ��1 � i!�1 � �2 : (60)�®¤áâ ¢¨¬ à¥è¥­¨ï (58) á ãç¥â®¬ ¢ëà ¦¥­¨©(59), (60) ¢ ä®à¬ã«ã (56). �«ï íâ®£®, à §¤¥«ïï¤¥©áâ¢¨â¥«ì­ë¥ ¨ ¬­¨¬ë¥ ç áâ¨ ¢ ª®¬¯«¥ªá­ëå¬­®¦¨â¥«ïå ¯à¨ �j(i!) ¢ (58), ¯à¥¤áâ ¢¨¬ íâ¨ à¥-è¥­¨ï ¨ ¨å ¯à®¨§¢®¤­ë¥ ¯® ¢à¥¬¥­¨ ¢ á«¥¤ãîé¥¬¢¨¤¥ (¯à®¬¥¦ãâ®ç­ë¥ ¢ëª« ¤ª¨ ®¯ãáª ¥¬):qj(t) = �j(i!)n cos(!t) � e��j t cos(�jt)�� �j�j e��j t sin(�jt) + i� sin(!t) � !�j e��j t sin(�jt)�o;(61)_qj(t) = �j(i!)n � ! sin(!t) + !2j�j e��j t sin(�jt)+�. �. �®«®â¥­ª® 35



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 42+i�! cos(!t) � ! cos(�jt) + �j!�j e��j t sin(�jt)�o;(62)�qj(t) = �j(i!)n� !2 cos(!t) + !2j e��jt cos(�jt)���j!2j�j e��j t sin(�jt) + i� � !2 sin(!t)++2�j!e��j t cos(�jt) + !2j � 2�2j�j !e��j t sin(�jt)�o:(63)� «¥¥, ¨§ ãà ¢­¥­¨ï (53) ¯®«ãç ¥âáï ¯à¥¤áâ ¢«¥-­¨¥�qj(t) + _v0(t) = ��2�j _qj(t) + !2j qj(t)� 8j: (64)�®¤áâ ­®¢ª  ¢ ¯à ¢ãî ç áâì à ¢¥­áâ¢  (64) ª®¬-¯«¥ªá­ëå ¢ëà ¦¥­¨© (61), (62) ¯à¨¢®¤¨â ª á®®â-­®è¥­¨î��2�j _qj(t) + !2j qj(t)� = �j(i!)n � !2j cos(!t)++2�j! sin(!t)+!2j e��j t cos(�jt)��j!2j�j e��j t sin(�jt)++i� � 2�j! cos(!t) � !2j sin(!t)++2�j!e��j t cos(�jt) + !�j (!2j � 2�2j )e��jt sin(�jt)�o:(65)� ¬¥ç ­¨¥ 7. �â®â ¦¥ à¥§ã«ìâ â ¯®«ãç ¥âáï,¥á«¨ ¢ ¢ëà ¦¥­¨¥�qj(t) + ei!t = �j(i!)hf: : :g+ ei!t�j(i!) i;¢ëâ¥ª îé¥¥ ¨§ «¥¢®© ç áâ¨ à ¢¥­áâ¢  (64) ¯à¨_v0(t) = ei!t;¯®¤áâ ¢¨âì ä®à¬ã«ã (63) á ãç¥â®¬ (57) (ç¥à¥§f: : :g ®¡®§­ ç¥­® ¢ëà ¦¥­¨¥ ¢ ä¨£ãà­ëå áª®¡ª å¢ ¯à ¢®© ç áâ¨ à ¢¥­áâ¢  (63)).� ª®­¥æ, ¯®¤áâ ¢«ïï ¯®á«¥¤®¢ â¥«ì­® (65) ¢(64),   § â¥¬ (64) ¢ (56), ¯®«ãç ¥¬ ¨áª®¬®¥ ¢ëà -¦¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¢ á«ãç ¥ _v0(t) = ei!t¨ ­ã«¥¢ëå ­ ç «ì­ëå ãá«®¢¨©,   ¨¬¥­­®:�(r; �; t) = ��(i!; t) = h0��2Rg sin(�) m1Xj=1 aj(r)�j(i!)n � !2j cos(!t)++2�j! sin(!t)+!2j e��j t cos(�jt)��j!2j�j e��j t sin(�jt)++i� � 2�j! cos(!t) � !2j sin(!t)+

+2�j!e��j t cos(�jt) + !�j (!2j � 2�2j )e��jt sin(�jt)�o:(66)� ¤ «ì­¥©è¥¬, ­¥ ­ àãè ï ®¡é­®áâ¨, ¯®« £ ¥¬h0 = 0;çâ® ®§­ ç ¥â ¯¥à¥­¥á¥­¨¥ ­ ç «  O ¦¥áâª® á¢ï-§ ­­®© á à¥§¥à¢ã à®¬ á¨áâ¥¬ë ª®®à¤¨­ â Oxyz ¢æ¥­âà ­¥¢®§¬ãé¥­­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨.�ã­ªæ¨î ��(i!; t) ¡ã¤¥¬ ­ §ë¢ âì, ¯®  ­ «®£¨¨á ¯ à ¬¥âà¨ç¥áª®© ¯¥à¥¤ â®ç­®© äã­ªæ¨¥© ¢ â¥-®à¨¨ ­¥áâ æ¨®­ à­ëå á«ãç ©­ëå ¯à®æ¥áá®¢ [20,áâà. 210], ¯ à ¬¥âà¨ç¥áª®© ç áâ®â­®© å à ªâ¥à¨-áâ¨ª®© á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ (á ¯ à ¬¥âà®¬ t).�­  ®¡®¡é ¥â ¯®­ïâ¨¥ ®¡ëç­®© ç áâ®â­®© å à ª-â¥à¨áâ¨ª¨ ��(i!). �¥ ¤ «ì­¥©è¥¥ ¯à¨¬¥­¥­¨¥ á¢ï-§ ­® á ¢ëç¨á«¥­¨¥¬ ¤¨á¯¥àá¨¨ á«ãç ©­®© äã­ªæ¨¨�(r; �; t), â.¥. á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¯à¨ á«ãç ©-­ëå á¥©á¬¨ç¥áª¨å ª®«¥¡ ­¨ïå £àã­â .� ¬¥ç ­¨¥ 8. �®à¬ã«  (66) ¯® áâàãªâãà¥ á®¢¯ -¤ ¥â á ä®à¬ã«®© ¤«ï ��(i!; t) à ¡®âë [5, áâà. 100],â. ¥. ¤¥©áâ¢¨â¥«ì­ë¥ ¨ ¬­¨¬ë¥ ç áâ¨ ®¡¥¨å ä®à-¬ã« ï¢«ïîâáï «¨­¥©­ë¬¨ ª®¬¡¨­ æ¨ï¬¨ äã­ªæ¨©cos(!t), sin(!t), e��j t cos(�jt), e��j t sin(�jt). �¤-­ ª® ä®à¬ã«  ãª § ­­®© à ¡®âë ®è¨¡®ç­ , ¯®-áª®«ìªã á®¤¥à¦¨â ­¥¯à ¢¨«ì­ë¥ ª®íää¨æ¨¥­âë¯à¨ íâ¨å äã­ªæ¨ïå.5. ��������� ���������������������®«®¦¨¬ â¥¯¥àì, çâ® ãáª®à¥­¨¥ £àã­â  _v0(t) == w(t) ¯à¨ §¥¬«¥âàïá¥­¨¨ ï¢«ï¥âáï íà£®¤¨ç¥áª¨¬áâ æ¨®­ à­ë¬ á«ãç ©­ë¬ ¯à®æ¥áá®¬. � áá¬ âà¨-¢ ï ãáª®à¥­¨¥ £àã­â  ª ª ¢å®¤­®© ¯à®æ¥áá «¨­¥©-­®© á¨áâ¥¬ë (53), ¢ë¢¥¤¥¬ ä®à¬ã«ã ¤«ï ¤¨á¯¥àá¨¨¢ëå®¤­®£® ¯à®æ¥áá  �(r; �; t), â. ¥. á¢®¡®¤­®© ¯®-¢¥àå­®áâ¨ ¦¨¤ª®áâ¨.�¨á¯¥àá¨ï �2� (t) = h�2(r; �; t)i(ã£«®¢ë¥ áª®¡ª¨ h: : :i ­ ¯®¬¨­ îâ ®¡ ãáà¥¤­¥­¨¨¯® ¢à¥¬¥­¨ ®¤­®© à¥ «¨§ æ¨¨ á«ãç ©­®© äã­ªæ¨¨,ª®â®à®¥ ¤«ï íà£®¤¨ç¥áª¨å á«ãç ©­ëå äã­ªæ¨© á®-¢¯ ¤ ¥â á ãáà¥¤­¥­¨¥¬ ¯®  ­á ¬¡«î à¥ «¨§ æ¨©)á«ãç ©­®© äã­ªæ¨¨ �(r; �; t) á¢ï§ ­  á ¯ à ¬¥âà¨-ç¥áª®© ç áâ®â­®© å à ªâ¥à¨áâ¨ª®© á¢®¡®¤­®© ¯®-¢¥àå­®áâ¨ ��(i!; t) ¨ ¤¢ãáâ®à®­­¥© á¯¥ªâà «ì­®©¯«®â­®áâìî sw(!); �1 < ! < 1¢å®¤­®£® ¢®§¤¥©áâ¢¨ï (ãáª®à¥­¨ï £àã­â ) w(t) á«¥-¤ãîé¥© ®á­®¢­®© ä®à¬ã«®© ª®àà¥«ïæ¨®­­®© â¥®-à¨¨ á«ãç ©­ëå ª®«¥¡ ­¨© ¦¨¤ª®áâ¨ [5, áâà. 32,36 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 42ä®à¬ã«  (1.86)]:�2� (t) = 12� Z 1�1 j��(i!; t)j2sw(!)d!: (67)� ¤ «ì­¥©è¥¬ ¤«ï ã¯à®é¥­¨ï ¢ëª« ¤®ª ®£à ­¨-ç¨¬áï â®«ìª® ­ ¨¡®«¥¥ ¢ ¦­®© ¯¥à¢®© ä®à¬®© ª®-«¥¡ ­¨©. � ª¨¬ ®¡à §®¬, ¢¬¥áâ® ¢ëà ¦¥­¨ï (66)¯®« £ ¥¬��(i!; t) = �2Rg sin(�)a1(r)�1(i!)hRe	+ i Im	i;(68)£¤¥ ¤¥©áâ¢¨â¥«ì­ ï ¨ ¬­¨¬ ï ç áâ¨ ¢ ª¢ ¤à â­ëåáª®¡ª å ®¯à¥¤¥«ïîâáï á®®â­®è¥­¨ï¬¨Re	 = �!21 cos(!t) + 2�1! sin(!t)++!21e��1t cos(�1t)� �1!21�1 e��1t sin(�1t);Im	 = �2�1! cos(!t) � !21 sin(!t)++2�1!e��1t cos(�1t) + !�1 (�21 � �21)e��1t sin(�1t):(69)�á¯®«ì§ãï á¢®©áâ¢® ã§ª®¯®«®á­®áâ¨ á¨áâ¥¬ë ¨¯®« £ ï á¯¥ªâà «ì­ãî ¯«®â­®áâì ãáª®à¥­¨ï £àã­-â  sw(!) ¯®áâ®ï­­®© ¨ à ¢­®© sw(!1), ¯®«ãç ¥¬ ¨§(67), ¯®á«¥ ¢ë­¥á¥­¨ï ª®­áâ ­âë §  §­ ª ¨­â¥£à -« , ä®à¬ã«ã�2� (t) = sw(!1)2� Z 1�1 j��(i!; t)j2d!: (70)� ¤ «ì­¥©è¥¬ ¤¢ãáâ®à®­­ïï á¯¥ªâà «ì­ ï ¯«®â-­®áâì á«ãç ©­ëå ãáª®à¥­¨© £àã­â  áç¨â ¥âáï ¨§-¢¥áâ­®©. �®£¤  ¢ëç¨á«¥­¨¥ ¤¨á¯¥àá¨¨ á¢®¡®¤­®©¯®¢¥àå­®áâ¨ á¢®¤¨âáï ª ¢ëç¨á«¥­¨î ­¥á®¡áâ¢¥­-­®£® ¨­â¥£à «  ®â ª¢ ¤à â  ¬®¤ã«ï ¯ à ¬¥âà¨ç¥-áª®© ç áâ®â­®© å à ªâ¥à¨áâ¨ª¨ á¢®¡®¤­®© ¯®¢¥àå-­®áâ¨ ��(i!; t).�«ï ­ å®¦¤¥­¨ï ª¢ ¤à â  ¬®¤ã«ï äã­ªæ¨¨��(i!; t) § ¬¥â¨¬,çâ®�����(i!; t)���2 == 4R2g2 sin2(�)a21(r)����1(i!)���2���Re	 + i Im	���2: (71)� ©¤¥¬ ª¢ ¤à â ¬®¤ã«ï ª®¬¯«¥ªá­®© ¢¥«¨ç¨­ë 	¢ ¢ëà ¦¥­¨¨ (68) á ãç¥â®¬ (69). �®á«¥ ¢ë¯®«­¥-­¨ï ­¥®¡å®¤¨¬ëå ¤¥©áâ¢¨© ¨ ¢ë¤¥«¥­¨ï ¢ ª®­¥ç-­®¬ ¢ëà ¦¥­¨¨ äã­ªæ¨©, § ¢¨áïé¨å ®â !, ¯à¨å®-¤¨¬ ª á«¥¤ãîé¥¬ã á®®â­®è¥­¨î:jRe	 + i Im	j2 =

= h4�21+e�2�1t��21 � �21�1 sin(�1t)�2�1 cos(�1t)�2i!2++4�1e��1t��21 � �21�1 sin(�1t)�2�1 cos(�1t)�!2 cos(!t)��2!41�1 e��1t sin(�1t)! sin(!t)++2!41e��1t�� cos(�1t) + �1�1 sin(�1t)� cos(!t)++!41h1 + e�2�1t� cos(�1t) � �1�1 sin(�1t)�2i: (72)�®¤áâ ¢¨¬ (72) ¨ (71) ¢ ä®à¬ã«ã (70),   § â¥¬§ ¬¥­¨¬ ¨­â¥£à « ®â áã¬¬ë áã¬¬®© ¨­â¥£à «®¢.� à¥§ã«ìâ â¥ ¯®«ãç¨¬ á«¥¤ãîé¥¥ ¢ëà ¦¥­¨¥ ¤«ï¤¨á¯¥àá¨¨ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨:�2� (t) = sw(!1)2� � nh4�21++e�2�1t��21 � �21�1 sin(�1t)� 2�1 cos(�1t)�2iI1++4�1e��1t��21 � �21�1 sin(�1t) � 2�1 cos(�1t)�I2��2!41�1 e��1t sin(�1t)I3++2!41e��1t�� cos(�1t) + �1�1 sin(�1t)�I4++!41h1 + e�2�1t� cos(�1t)� �1�1 sin(�1t)�2iI5o: (73)£¤¥ ¢¢¥¤¥­ë ®¡®§­ ç¥­¨ïI1 = Z 1�1 ���1(i!)��2!2d!; (74)I2 = Z 1�1 ���1(i!)��2!2 cos(!t)d!; (75)I3 = Z 1�1 ���1(i!)��2! sin(!t)d!; (76)I4 = Z 1�1 ���1(i!)��2 cos(!t)d!; (77)I5 = Z 1�1 ���1(i!)��2d!: (78)� ¬¥â¨¬, çâ® ¢® ¢á¥å ¨­â¥£à « å ª¢ ¤à â ¬®¤ã«ïäã­ªæ¨¨ �1(i!) ®¯à¥¤¥«ï¥âáï, ¢ á¨«ã (57), ä®à¬ã-«®© ���1(i!)��2 = 1(!2 � !21)2 + 4�21!2 : (79)�áâ ¥âáï ¢ëà §¨âì ­¥á®¡áâ¢¥­­ë¥ ¨­â¥£à «ë Ikç¥à¥§ ¯ à ¬¥âàë ª®«¥¡ ­¨© ¦¨¤ª®áâ¨ �1, !1.�. �. �®«®â¥­ª® 37



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 426. ����� ������� ��� ����������-��� ���������� ���� Ik�­â¥£à «ë Ik (k = 1; : : : ; 5) ®â­®áïâáï ª ª« ááã¨­â¥£à «®¢ ¢¨¤ Ik = Z 1�1 gk(!)h2(i!)h2(�i!)d!; ! 2 R;£¤¥ gk(!) { ¤¥©áâ¢¨â¥«ì­ë¥ ç¥â­ë¥ äã­ªæ¨¨ ¢¥é¥-áâ¢¥­­®© ¯¥à¥¬¥­­®© !,   h2(i!), h2(�i!) { ¯®«¨-­®¬ë ¢â®à®© áâ¥¯¥­¨ ®â ! á ª®¬¯«¥ªá­ë¬¨ ª®íä-ä¨æ¨¥­â ¬¨, ¯à¨ç¥¬h2(i!) = �!2 + 2i�1! + !21;h2(�i!) = �!2 � 2i�1! + !21:�¡é¨¥ ä®à¬ã«ë ¤«ï â ª¨å ¨­â¥£à «®¢ ¢ á«ãç ¥¤à®¡­®-à æ¨®­ «ì­ëå ¯®¤ë­â¥£à «ì­ëå äã­ªæ¨©¯®«ãç¥­ë ¢ [21, áâà. 353] ¨ ¨á¯®«ì§®¢ «¨áì ¢ á¢ï§¨á § ¤ ç¥© ®¯à¥¤¥«¥­¨ï ¤¨á¯¥àá¨¨ ¢ëå®¤­®© ¯¥à¥-¬¥­­®© áâ æ¨®­ à­®£® ª®«¥¡ â¥«ì­®£® §¢¥­  ¢ [9,áâà. 439]. � ¯®¬®éìî íâ¨å ä®à¬ã« ¬®¦­® ¢ëç¨-á«¨âì ¨­â¥£à «ë I1, I5. �¤­ ª® ¯®¤ë­â¥£à «ì­ë¥äã­ªæ¨¨ ¨­â¥£à «®¢ I2 { I4 á®¤¥à¦ â âà¨£®­®¬¥-âà¨ç¥áª¨¥ ¬­®¦¨â¥«¨, çâ® ¯à¨¢®¤¨â ª ­¥®¡å®¤¨-¬®áâ¨ ®â¤¥«ì­®£® à áá¬®âà¥­¨ï ¨­â¥£à «®¢ íâ®£®ª« áá . �ëç¨á«¨¬ ¨å á ¯®¬®éìî â¥®à¥¬ë �®è¨ ®¢ëç¥â å (á¬., ­ ¯à¨¬¥à, [21]).�à¨¬¥­¥­¨¥ â¥®à¥¬ë ® ¢ëç¥â å á¢®¤¨âáï ª ¯¥-à¥å®¤ã ®â ¨­â¥£à «®¢ Ik ¯® ¢¥é¥áâ¢¥­­®© ¯¥à¥¬¥­-­®© ! ª ¨­â¥£à « ¬ ¢ ®¡« áâ¨ ª®¬¯«¥ªá­®£® ¯¥à¥-¬¥­­®£® z ¢¨¤ Jk = Z
 fk(z)dz = Z
 gk(z)h2(z)h2(�z)dz; (80)£¤¥ ¢ ç¨á«¨â¥«¥ gk(z) { ­¥ª®â®àë¥ ¢á¯®¬®£ â¥«ì-­ë¥ æ¥«ë¥  ­ «¨â¨ç¥áª¨¥ äã­ªæ¨¨ ª®¬«¥ªá­®£® ¯¥-à¥¬¥­­®£® z,   ¢ §­ ¬¥­ â¥«¥h2(z) = �z2 + 2i�1z + !21;h2(�z) = �z2 � 2i�1z + !21:� ¬¥â¨¬, çâ® ¯®áâà®¥­¨¥ äã­ªæ¨© gk(z) ­¥ á¢®-¤¨âáï ª ¯à®áâ®© § ¬¥­¥ ! ­  z, ª ª íâ® ¤¥« ¥âáï ¢á«ãç ¥ äã­ªæ¨© h2(i!), h2(�i!). �®­âãà ¨­â¥£à¨-à®¢ ­¨ï 
, ¯à®å®¤¨¬ë© ¯à®â¨¢ ç á®¢®© áâà¥«ª¨,á®áâ®¨â ¨§ ¢¥àå­¥© ¯®«ã®ªàã¦­®áâ¨ CR ®ªàã¦­®-áâ¨ jzj = R à ¤¨ãá  R (­¥ ¯ãâ âì á à ¤¨ãá®¬ à¥-§¥à¢ã à ) ¨ ®âà¥§ª  ¤¥©áâ¢¨â¥«ì­®© ®á¨ [�R;R].�®«ã®ªàã¦­®áâì CR ®å¢ âë¢ ¥â ­ã«¨ ¯®«¨­®¬ h2(z), ª®â®àë¥ à á¯®«®¦¥­ë ¢ ¢¥àå­¥© ¯®«ã¯«®á-ª®áâ¨ ¢ â®çª åz1 = �1 + i�1; z2 = ��1 + i�1:

�ã«¨ ¯®«¨­®¬  h2(�z) à á¯®«®¦¥­ë ¢ ª®¬¯«¥ªá­®á®¯àï¦¥­­ëå â®çª åz�1 = �1 � i�1; z�2 = ��1 � i�1:� ª®¥ à á¯®«®¦¥­¨¥ ­ã«¥© §­ ¬¥­ â¥«ï ¯®¤ë­â¥-£à «ì­®© äã­ªæ¨¨ fk(z) ¯®§¢®«ï¥â ¯à¥¤áâ ¢¨âì ¥¥¢ ¢¨¤¥ á«¥¤ãîé¥£® à §«®¦¥­¨ï ­  ¯à®áâë¥ ¤à®¡¨:fk(z) = gk(z1)A1z � z1 + gk(z2)A2z � z2 ; (81)£¤¥ A1 = 18�1�1�1 ; A2 = �18�1�1�2 ; (82)  �1;2 = ��1� i�1 { ª®à­¨ (59) å à ªâ¥à¨áâ¨ç¥áª®-£® ãà ¢­¥­¨ï �21 + 2�1�+ !21 = 0á¨áâ¥¬ë (53) ¤«ï 1-®© ä®à¬ë ª®«¥¡ ­¨©.�§ ¢ëà ¦¥­¨© (81) ¨ (82) á«¥¤ã¥â, çâ® ¢ëç¥âëäã­ªæ¨¨ fk(z) ¢ ¥¥ ¯à®áâëå ¯®«îá å ®¯à¥¤¥«ïîâáïä®à¬ã« ¬¨resfk(z1) = gk(z1)8�1�1�1 ; resfk(z2) = �gk(z2)8�1�1�2 : (83)�à¨¬¥­¨¬ ª ¨­â¥£à «ã (80) â¥®à¥¬ã �®è¨ ® ¢ë-ç¥â å, á®£« á­® ª®â®à®©Z
 fk(z)dz = Z
 gk(z)h2(z)h2(�z)dz == 2�i [res fk(z1) + res fk(z2)]: (84)� «¥¥, ¬¥à®¬®àä­ë¥ äã­ªæ¨¨ fk(z) â ª®¢ë, çâ®limR!1 ZCR fk(z)dz = 0:�«¥¤®¢ â¥«ì­®,limR!1 Z
 fk(z)dz = limR!1 Z�R fk(z)dz++ limR!1 Z R�R fk(z)dz = Z 1�1 fk(x)dx:(� ¯®á«¥¤­¥¬ ¨­â¥£à «¥ ¯¥à¥¬¥­­ ï x à ¢­  ¢¥é¥-áâ¢¥­­®© ç áâ¨ ª®¬¯«¥ªá­®© ¯¥à¥¬¥­­®© z = x+iy,­® á ¬  ¯®¤ë­â¥£à «ì­ ï äã­ªæ¨ï fk(x) ¯à¨­¨¬ -¥â ª®¬¯«¥ªá­ë¥ §­ ç¥­¨ï.) �¥à¥å®¤ï ¢ à ¢¥­áâ¢¥(84) ª ¯à¥¤¥«ã ¯à¨ R ! 1, ãç¨âë¢ ï (83) ¨ ¯®-á«¥¤­¨¥ á®®â­®è¥­¨ï, ¯à¨å®¤¨¬ ª á«¥¤ãîé¥© ä®à-¬ã«¥ (¢¥é¥áâ¢¥­­ ï ¯¥à¥¬¥­­ ï x § ¬¥­¥­  ­  ¢¥-é¥áâ¢¥­­ãî ¯¥à¥¬¥­­ãî !):Jk = Z 1�1 fk(!)d! = i �4�1�1!21 [gk(z1)�2�gk(z2)�1]:(85)38 �. �. �®«®â¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 42�­ ç¥­¨ï ­¥á®¡áâ¢¥­­ëå ¨­â¥£à «®¢ Ik ¯®«ãç -îâáï ¨§ ¢ëà ¦¥­¨ï (85) ¯®á«¥ ¯à¨à ¢­¨¢­¨¢ ­¨ï¤¥©áâ¢¨â¥«ì­ëå ¨ ¬­¨¬ëå ç áâ¥©. � à¥§ã«ìâ â¥¯à¨å®¤¨¬ ª ¨áª®¬®© ®¡é¥© ä®à¬ã«¥,   ¨¬¥­­®:Ik = �4�1�1!21 8>><>>: Re �i [gk(z1)�2 � gk(z2)�1]	;¥á«¨ Ik = Re Jk;Im �i [gk(z1)�2 � gk(z2)�1]	;¥á«¨ Ik = Im Jk:(86)�ëà ¦¥­¨ï ¨­â¥£à «®¢ (74){(78), ¯®«ãç¥­­ë¥ á¯®¬®éìî (85), (86), ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤ (¢ áª®¡-ª å ãª § ­ë ¢á¯®¬®£ â¥«ì­ë¥ äã­ªæ¨¨ gk(z)):I1 = �2�1 ; (g1(z) = z2); (87)I2 = �2�1�1 e��1t[��1 cos(�1t) + �1 sin(�1t)];(g2(z) = z2eizt); (88)I3 = �2�1�1 e��1t sin(�1t); (g3(z) = zeizt); (89)I4 = �2�1�1!21 e��1t[�1 cos(�1t) + �1 sin(�1t)];(g4(z) = eizt); (90)I5 = �2�1!21 ; (g5(z) = 1): (91)� ¬¥â¨¬, çâ® ¢ëà ¦¥­¨ï ¨­â¥£à «®¢ I1, I5, ¯®-«ãç¥­­ë¥ á ¯®¬®éìî ä®à¬ã«ë (86), á®¢¯ ¤ îâ á¢ëà ¦¥­¨ï¬¨, ª®â®àë¥ ¢ëâ¥ª îâ ¨§ ä®à¬ã« ¤«ï¨­â¥£à «®¢ ®â ¤à®¡­®-à æ¨®­ «ì­ëå äã­ªæ¨© ¨§[9, áâà. 863].�¥¯¥àì, ¯®á«¥ ¯®¤áâ ­®¢ª¨ ¢ëà ¦¥­¨© (87) {(91) ¢ (73) ¨ ­¥ª®â®àëå ¯à¥®¡à §®¢ ­¨©, ä®à¬ã-«  ¤«ï ¤¨á¯¥àá¨¨ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨¯à¨®¡à¥â ¥â ¢¨¤�2� (t) = 14�1 sw(!1)A21(�)a21(r)n4�21 + !21++e�2�1th� (4�21 + !21) cos2(�1t)++2 �1�1 (4�21 � !21) sin(�1t) cos(�1t)++ 1�21 �5�21�21 + �41 � 2!41� sin2(�1t)io; (92)£¤¥ A1 = 2Rg sin(�):�®à¬ã«  (92) á¯à ¢¥¤«¨¢  ¤«ï «î¡ëå á®®â­®è¥-­¨© ¬¥¦¤ã �1 ¨ !1. �  ¯à ªâ¨ª¥, ®¤­ ª®, ®¡ëç­®� � �1:

� íâ®¬ á«ãç ¥4�21 + !21 � !21; 4�21 �!21 � �!21; �21 = !21 � �21 � !21:�ç¨âë¢ ï íâ® ¢ (92) ¨ ¯à¥­¥¡à¥£ ï ¢ ä¨£ãà­ëåáª®¡ª å á« £ ¥¬ë¬, á®¤¥à¦ é¨¬ �1, ¯à¨å®¤¨¬ ªá«¥¤ãîé¥© à áç¥â­®© ä®à¬ã«¥ ¤«ï ¤¨á¯¥àá¨¨:�2� (t) = A21(�)a21(r)sw(!1) !214�1�1� e�2�1t�: (93)�  ¯à ªâ¨ª¥ ç áâ® ¨á¯®«ì§ã¥âáï ­®à¬¨à®¢ ­­ ïá¯¥ªâà «ì­ ï ¯«®â­®áâì Gw(!) ãáª®à¥­¨ï £àã­â .�­  á¢ï§ ­  á® á¯¥ªâà «ì­®© ¯«®â­®áâìî sw(!)á®®â­®è¥­¨¥¬sw(!) = D(0)Gw(!); �1 < ! <1;£¤¥D(0) { ¤¨á¯¥àá¨ï ãáª®à¥­¨ï £àã­â . �®¤áâ ¢¨¢íâ® ¢ëà ¦¥­¨¥ ¢ (93), ¯®«ãç¨¬ ä®à¬ã«ã�2� (t) = A21(�)a21(r)D(0)Gw(!1) !214�1�1� e�2�1t�:(94)�¤¥áì ¢ ï¢­®¬ ¢¨¤¥ ¯à¨áãâáâ¢ã¥â ¤¨á¯¥àá¨ï D(0)ãáª®à¥­¨ï £àã­â , á¢ï§ ­­ ï á ª®íää¨æ¨¥­â®¬á¥©á¬¨ç­®áâ¨ kc § ¢¨á¨¬®áâìîkc = pD(0)g :�®à¬ã«  (93) á®¢¯ ¤ ¥â (á â®ç­®áâìî ¤® ®¡®§­ -ç¥­¨©) á ä®à¬ã«®© (7.2) à ¡®âë [5, áâà. 243], ¥á«¨¢ ¯®á«¥¤­¥© ¯à¥­¥¡à¥çì ¢¥«¨ç¨­®© �1 ¯® áà ¢­¥-­¨î á !21=(4�1).7. ������ ��������� �������������������� �������� ��� ���-�����������®¢¥¤¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ¯à¨§¥¬«¥âàïá¥­¨¨ ®æ¥­¨¢ ¥âáï á ¯®¬®éìî áà¥¤­¥ª¢ -¤à â¨ç¥áª®£® ®âª«®­¥­¨ï �� á«ãç ©­®© ¢¥«¨ç¨­ë� (®à¤¨­ âë á¢®¡®¤­®© ¯®¢¥àå­®áâ¨) ®â ¥¥ ¬ â¥-¬ â¨ç¥áª®£® ®¦¨¤ ­¨ï (â.¥. ®â à ¢­®¢¥á­®£® ¯®«®-¦¥­¨ï á¢®¡®¤­®© ¯®¢¥àå­®áâ¨). �¥è ¥âáï ¢®¯à®á® ¢¥à®ïâ­®áâ¨ £¨¤à®¤¨­ ¬¨ç¥áª®£® ã¤ à , ª®â®-àë© ¬®¦¥â áâ âì ¯à¨ç¨­®© á¨«ì­ëå ¤¥ä®à¬ æ¨©¨ ¤ ¦¥ à §àãè¥­¨ï ®¡®«®çª¨ à¥§¥à¢ã à . �ë¢®-¤ë, ¥áâ¥áâ¢¥­­®, ¤®«¦­ë ­®á¨âì ¢¥à®ïâ­®áâ­ë©å à ªâ¥à.�§ ä®à¬ã«ë (94) á ãç¥â®¬ ¢ëà ¦¥­¨ï (92) ¤«ïA1 áà¥¤­¥ª¢ ¤à â¨ç¥áª®¥ ®âª«®­¥­¨¥ ¢ëà ¦ ¥âáïç¥à¥§ ¯ à ¬¥âàë á¨áâ¥¬ë á«¥¤ãîé¨¬ ®¡à §®¬:��(t) = R sin(�)a1(r)!1kcsGw(!1)�1 �1� e�2�1t�:(95)�. �. �®«®â¥­ª® 39



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 42�à¨ ª®«¥¡ ­¨ïå ¦¨¤ª®áâ¨ ¯® ¯¥à¢®© ä®à¬¥ ¬ ª-á¨¬ «ì­ë¥ á¬¥é¥­¨ï ¥¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨¨¬¥îâ ¬¥áâ® ­  áâ¥­ª å ¯®«®áâ¨, ¯®íâ®¬ã ¤«ï æ¨-«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â ¡ã¤¥¬ ¯®« £ âìr = R; � = �2 :�® ä®à¬ã«¥ (56) ­ å®¤¨¬ ª®íää¨æ¨¥­â a1(r):a1(r) = J1(�1r=R)(�21 � 1)J1(�1) �����r=R:�®« £ ï §¤¥áì �1 = 1:841, ¯®«ãç ¥¬, çâ®a1(R) = 0:418(�1 ¨ a1(R) { ¡¥§à §¬¥à­ë¥ ¢¥«¨ç¨­ë.)� ¬¥â¨¬, çâ® ª®íää¨æ¨¥­â a1(R) ¤«ï à¥§¥à¢ã -à®¢ ¢á¥å à ¤¨ãá®¢ ®¤¨­ ¨ â®â ¦¥.�¥à¢ãî á®¡áâ¢¥­­ãî ç áâ®âã ª®«¥¡ ­¨© ¦¨¤ª®-áâ¨ !1 ­ å®¤¨¬ ¯® ¨§¢¥áâ­®© ä®à¬ã«¥!i =pg�i = pg�ij =qgk(j)i th(k(j)i H);ª®â®à ï ¢ ¤ ­­®¬ ª®­â¥ªáâ¥ ¢ëâ¥ª ¥â ¨§ á®®â­®-è¥­¨© (50), (44), (43). �«ï ¯¥à¢®© ç áâ®âë ­ã¦­®¯®«®¦¨âìi = 1; j = 1; k(1)1 = 1:841=R:� áá¬®âà¨¬ ¢®¯à®á ® ¢ëç¨á«¥­¨¨ §­ ç¥­¨ï ­®à-¬¨à®¢ ­­®© á¯¥ªâà «ì­®© ¯«®â­®áâ¨ Gw(!1). �«¥-¤ãï [5, 23], ¨á¯®«ì§ã¥¬ á«¥¤ãîéãî  ¯¯à®ªá¨¬ æ¨î­®à¬¨à®¢ ­­®© á¯¥ªâà «ì­®© ¯«®â­®áâ¨:Gw(!) = 2� !2 +m2!4 + 2a!2 +m4 ; (96)£¤¥ m2 = �2 + �2; a = �2 � �2;  �, � { ¯ à ¬¥âàë á®®â¢¥âáâ¢ãîé¥© ­®à¬¨à®-¢ ­­®© ª®àà¥«ïæ¨®­­®© äã­ªæ¨¨ ¢¨¤ Kw(� ) = e��j�j cos(�t):� à ¬¥âàë �, � ®¯à¥¤¥«ïîâáï ¨§ áâ â¨áâ¨ç¥áª®£® ­ «¨§   ªá¥«¥à®£à ¬¬. � [5, áâà. 246] ¤«ï ¯¥à¢®©á®¡áâ¢¥­­®© ç áâ®âë ¦¨¤ª®áâ¨, «¥¦ é¥© ¢ ¤¨ ¯ -§®­¥ 2 � !1 � 6 à ¤ � á�1;à¥ª®¬¥­¤ã¥âáï ¢ ä®à¬ã«¥ (96) ¯®« £ âì� = 7 c�1; � = 18 c�1:�á«¨ ¦¥ !1 ¯®¯ ¤ ¥â ¢ ¤¨ ¯ §®­0 � !1 < 2 à ¤ � á�1;

â® ä®à¬ã«  (96) ã¦¥ ­¥ ¢¥à­ . �  ®á­®¢¥  ­ «¨-§  á¯¥ªâà®¢ ¨§¢¥áâ­ëå §¥¬«¥âàïá¥­¨© ¡ë«® ¯à¥¤-«®¦¥­® à ááç¨âë¢ âì ­®à¬¨à®¢ ­­ãî á¯¥ªâà «ì-­ãî ¯«®â­®áâì ¯® á«¥¤ãîé¥© ä®à¬ã«¥:Gw(!1) = � 0:01 c; ¥á«¨ 1 � !1 < 2 à ¤ � á�1;0:04 c; ¥á«¨ 2 � !1 < 6 à ¤ � á�1:(97)�â  ä®à¬ã«  ¯à¥¤«®¦¥­  ¤«ï â¥å á«ãç ¥¢, ª®£¤ à¥§¥à¢ã àë á®®àã¦¥­ë ­  â¢¥à¤ëå £àã­â å. �«ïàëå«ëå ¨ ¢®¤®­ áëé¥­­ëå £àã­â®¢ (­ ¯à¨¬¥à, ¢£.�¨¨£ â  (�¯®­¨ï), ¯®¤¢¥à£è¥¬áï á¨«ì­®¬ã §¥¬-«¥âàïá¥­¨î 16 ¨î­ï 1964 £. [23]) ­¨§ª®ç áâ®â­ë¥á®áâ ¢«ïîé¨¥ á¯¥ªâà  ãáª®à¥­¨ï ¬®£ãâ ¡ëâì ¢¥áì-¬  áãé¥áâ¢¥­­ë¬¨, â ª çâ® íâ  ä®à¬ã«  ­¥ £®¤¨â-áï. �«ï àëå«ëå £àã­â®¢ ¢ ­¨§ª®ç áâ®â­®© ®¡« -áâ¨ ¡ã¤¥¬ ¯®« £ âì [5, áâà. 246]Gw(!1) = 0:04 c; ¥á«¨ 1 � !1 < 2 à ¤ � á�1: (98)�¨á«¥­­ë© íªá¯¥à¨¬¥­â. �à® ­ «¨§¨àã¥¬¯®¢¥¤¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ¢ à¥-§¥à¢ã à¥, ª®â®àë© ­ å®¤¨«áï ¢ £.�¨¨£ â  ¨ ¡ë«á¨«ì­® ¤¥ä®à¬¨à®¢ ­ ¢® ¢à¥¬ï §¥¬«¥âàïá¥­¨ï 16¨î­ï 1964 £. �¢  â ª¨å à¥§¥à¢ã à  ¯®á«¥ §¥¬«¥-âàïá¥­¨ï ¨§®¡à ¦¥­ë ­  à¨á. 1 ¨§ [5, áâà. 261],� ¡ à¨âë à¥§¥à¢ã à  ¨ ãà®¢¥­ì ¦¨¤ª®áâ¨ ¢ ­¥¬,®æ¥­¥­­ë¥ ¯® ¯à ¢®© ä®â®£à ä¨¨ à¨á. 1, ¯à¨¬¥¬á«¥¤ãîé¨¬¨: R = 10:0 ¬; l = 9:6 ¬:(� ª ç¥áâ¢¥ ¬¥àë ¤«¨­ë ¯à¨­ïâ  ¢¥«¨ç¨­  1.5 ¬,¯à¨¡«¨§¨â¥«ì­® à ¢­ ï ¢ëá®â¥ ¨§®¡à ¦¥­­®£® ­ íâ®© ¦¥ ä®â®£à ä¨¨ á«¥£ª  ­ £­ã¢è¥£®áï ç¥«®¢¥-ª .) �à®¢¥­ì ¦¨¤ª®áâ¨ ¢ à¥§¥à¢ã à¥ ¯®« £ ¥âáïà ¢­ë¬ à ááâ®ï­¨î ®â ®á­®¢ ­¨ï à¥§¥à¢ã à  ¤®ç¥âª® ¢ëà ¦¥­­®© ¢¥àå­¥© «¨­¨¨ ­¥¤¥ä®à¬¨à®-¢ ­­®© ç áâ¨ à¥§¥à¢ã à . �à¨¡«¨¦¥­­® áç¨â ¥¬,çâ® H = 6:0 ¬:�®íää¨æ¨¥­â § âãå ­¨ï ª®«¥¡ ­¨© ¦¨¤ª®áâ¨, ¤«¨-â¥«ì­®áâì §¥¬«¥âàïá¥­¨ï ¨ ãáª®à¥­¨¥ á¨«ë â¥¦¥-áâ¨ ¯à¨­¨¬ ¥¬ à ¢­ë¬¨�1 = 0:0015 c�1; t = 30 c; g = 9:8 ¬á�2:�®íää¨æ¨¥­â § âãå ­¨ï �1 ¢§ïâ ¤«ï ¬ §ãâ . �®¯à¨¢¥¤¥­­®© ¢ëè¥ ä®à¬ã«¥ ­ å®¤¨¬, çâ® ã£«®¢ ïç áâ®â  ª®«¥¡ ­¨© ¦¨¤ª®áâ¨ ¯® ¯¥à¢®© ä®à¬¥ ¡ã-¤¥â !1 = 1:206 à ¤ � á�1:�àã­â®¢ë¥ ãá«®¢¨ï ãçâ¥¬, ¢ë¡à ¢ á®®â­®è¥­¨¥(98), ¢ á¨«ã ª®â®à®£®Gw(!1) = 0:04 c:40 �. �. �®«®â¥­ª®
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�¨á. 1. �¥§¥à¢ã àë ¢ £.�¨¨£ â  (�¯®­¨ï) ¯®á«¥ §¥¬«¥âàïá¥­¨ï 16 ¨î­ï 1964 £.� £­¨âã¤  à áá¬ âà¨¢ ¥¬®£® §¥¬«¥âàïá¥­¨ï á®-áâ ¢«ï«  M = 7:5, £«ã¡¨­  ®ç £  � 40ª¬, à ááâ®-ï­¨¥ ¤® í¯¨æ¥­âà  50� 70ª¬ [25, 24]. �® â ¡«¨æ¥§ ¢¨á¨¬®áâ¨ ¬¥¦¤ã ¬ £­¨âã¤®©, £«ã¡¨­®© ®ç £  ¨¡ ««ì­®áâìî ¢ í¯¨æ¥­âà¥ (á¬. [24, â ¡«. 1.2] ­ å®-¤¨¬, çâ® ¨­â¥­á¨¢­®áâì §¥¬«¥âàïá¥­¨ï á®áâ ¢«ï-«  8 { 9 ¡ ««®¢. �®íâ®¬ã ¯à¨­¨¬ ¥¬, çâ® ª®íää¨-æ¨¥­â á¥©á¬¨ç­®áâ¨ kc = 0:1:� à¥§ã«ìâ â¥ ¯® ä®à¬ã«¥ (95) ãáâ ­ ¢«¨¢ ¥¬,çâ® áà¥¤­¥ª¢ ¤à â¨ç¥áª®¥ ®âª«®­¥­¨¥ á¢®¡®¤­®©¯®¢¥àå­®áâ¨ �� ¢ ¯¥à¥å®¤­®¬ à¥¦¨¬¥ ç¥à¥§ 30 c¯®á«¥ ­ ç «  §¥¬«¥âàïá¥­¨ï ¡ã¤¥â��(30) = 0:763 ¬:�«ï à¥¦¨¬  ãáâ ­®¢¨¢è¨åáï ª®«¥¡ ­¨© ¦¨¤ª®áâ¨,ª®£¤  ¯¥à¥å®¤­ë¥ ¯à®æ¥ááë ¢ ­¥© ¬®¦­® áç¨â âì§ ª®­ç¨¢è¨¬¨áï ¨ ¢¥«¨ç¨­ r�1� e�2�1t� � 1;áà¥¤­¥ª¢ ¤à â¨ç¥áª®¥ ®âª«®­¥­¨¥ ¯à¨­¨¬ ¥â ¬ ª-á¨¬ «ì­®¥ §­ ç¥­¨¥ ¨ à ¢­®��max = 2:605 ¬:�®«ãç¥­­ë¥ §­ ç¥­¨ï áà¥¤­¥ª¢ ¤à â¨ç¥áª®£®®âª«®­¥­¨ï á«ãç ©­®£® ¯à®æ¥áá  �(t) (­¥áâ æ¨®-­ à­®£® ¢ ¯¥à¥å®¤­®¬ à¥¦¨¬¥ ¨ áâ æ¨®­ à­®£® ¢ãáâ ­®¢¨¢è¥¬áï à¥¦¨¬¥) ¯®§¢®«ïîâ ®æ¥­¨âì ¢¥-à®ïâ­®áâì ã¤ à  ¦¨¤ª®áâ¨ ® ¯®ªàëâ¨¥ à¥§¥à¢ã à ¯à¨ á¥©á¬¨ç¥áª®© âàïáª¥. �«ï íâ®£® § ¬¥â¨¬, çâ®¢¥à®ïâ­®áâì á®¡ëâ¨ïfj�(t)j � l �Hg;

á®áâ®ïé¥£® ¢ â®¬, çâ® ¬®¤ã«ì ®à¤¨­ âë á¢®¡®¤-­®© ¯®¢¥àå­®áâ¨ ­¥ ¯à¥¢§®©¤¥â à ááâ®ï­¨ï ¬¥¦¤ã­¥¢®§¬ãé¥­­®© á¢®¡®¤­®© ¯®¢¥àå­®áâìî ¨ ¯®ªàë-â¨¥¬, ¡ã¤¥âP (j�(t)j � l�H) = P �� (l�H) � �(t) � (l�H)� == �� l �H�� �� ��� l �H�� � = 2�� l �H�� �;£¤¥ �(u) { ¨­â¥£à « ®è¨¡®ª. �®á«¥¤­¥¥ á®®â­®-è¥­¨¥ á¯à ¢¥¤«¨¢® ¢ ¯à¥¤¯®«®¦¥­¨¨, çâ® ¯à®æ¥áá�(t) ï¢«ï¥âáï £ ãáá®¢áª¨¬ á ­ã«¥¢ë¬ ¬ â¥¬ â¨ç¥-áª¨¬ ®¦¨¤ ­¨¥¬. �®¤áâ ¢¨¢ áî¤  ­ ©¤¥­­ë¥ §­ -ç¥­¨ï �� ¨ ¢®á¯®«ì§®¢ ¢è¨áì â ¡«¨æ¥© §­ ç¥­¨©äã­ªæ¨¨ �(u), ¯®«ãç¨¬P (j�(30)j � l �H) = 2�� 3:60:736� = 2�(4:89) � 1:0;P (j�(t)j � l�H) = 2�� 3:62:605� = 2�(1:38) � 0:8324:�® â®£¤  ¢¥à®ïâ­®áâì ¯à®â¨¢®¯®«®¦­ëå á®¡ëâ¨©¡ã¤¥â á«¥¤ãîé¥©:¤«ï ¯¥à¥å®¤­®£® à¥¦¨¬  |P (j�(30)j > l �H) = 0;¤«ï ãáâ ­®¢¨¢è¥£®áï à¥¦¨¬  |P (j�j > l �H) = 0:1676:�âáî¤  á«¥¤ã¥â, çâ® ¢¥à®ïâ­®áâì ã¤ à  ¦¨¤ª®áâ¨® ¯®ªàëâ¨¥ ¯à ªâ¨ç¥áª¨ à ¢­  ­ã«î ¯à¨ ¯¥à¥å®¤-­®¬ à¥¦¨¬¥ (¤ ¦¥ ç¥à¥§ 30 á ¯®á«¥ ­ ç «  §¥¬«¥-âàïá¥­¨ï) ¨ § ¬¥â­® ®â«¨ç ¥âáï ®â ­ã«ï (à ¢­ �. �. �®«®â¥­ª® 41



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 22 { 420.1676) ¯à¨ ãáâ ­®¢¨¢è¥©áï á¥©á¬¨ç¥áª®© âàïáª¥à¥§¥à¢ã à .� ª¨¬ ®¡à §®¬, ¥á«¨ ¯ à ¬¥âàë á¨áâ¥¬ë (£ ¡ -à¨âë à¥§¥à¢ã à , ¢¨¤ ¦¨¤ª®áâ¨, ãà®¢¥­ì § ¯®«­¥-­¨ï, ¯ à ¬¥âàë §¥¬«¥âàïá¥­¨ï, ª®­áâàãªæ¨ï à¥-§¥à¢ã à ) ¡«¨§ª¨ ª ¯à¨­ïâë¬ ¢ ¤ ­­®¬ ç¨á«¥­­®¬íªá¯¥à¨¬¥­â¥, â® ®¤­®© ¨§ ¯à¨ç¨­ á¨«ì­®© ¤¥ä®à-¬ æ¨¨ ª®à¯ãá  à¥§¥à¢ã à  ¢¯®«­¥ ¬®£ ¡ëâì ã¤ à¦¨¤ª®áâ¨ ® ¥£® ¯®ªàëâ¨¥ ¢¡«¨§¨ áâ¥­ª¨ ª®à¯ã-á . �®«¥¥ ®¯à¥¤¥«¥­­ë¥ ¢ë¢®¤ë ¬®¦­® ¡ë«® ¡ëá¤¥« âì ­  ®á­®¢ ­¨¨ ¬ â¥à¨ «®¢ ® ¯®á«¥¤áâ¢¨ïåíâ®£® §¥¬«¥âàïá¥­¨ï, ª®â®àë¬¨, ®¤­ ª®,  ¢â®à ¢­ áâ®ïé¥¥ ¢à¥¬ï ­¥ à á¯®« £ ¥â.����������� ­ áâ®ïé¥© à ¡®â¥ àï¤ ¨§¢¥áâ­ëå «¨­¥©­ëå¬®¤¥«¥© á¥©á¬¨ç¥áª¨å ª®«¥¡ ­¨© ¦¨¤ª®áâ¨ ¢ æ¨-«¨­¤à¨ç¥áª®¬ à¥§¥à¢ã à¥ ¤®¯®«­¥­ ­¥«¨­¥©­®©¬®¤¥«ìî. � ®á­®¢ã £¨¤à®¤¨­ ¬¨ç¥áª®© ç áâ¨ íâ®©¬®¤¥«¨ ¯®«®¦¥­  á¨áâ¥¬  ãà ¢­¥­¨© â¨¯  � ¬¨«ì-â®­ . �¥©á¬¨ç¥áª®¥ ¢®§¤¥©áâ¢¨¥ ­  ¦¨¤ª®áâì¯à¥¤« £ ¥âáï ãç¨âë¢ âì ¬¥â®¤®¬ £¥­¥à æ¨¨ á¨­-â¥§¨à®¢ ­­ëå  ªá¥«¥à®£à ¬¬. �§ ¯à¥¤«®¦¥­­®©­¥«¨­¥©­®© ¬®¤¥«¨ ¯®«ãç¥­  ®¡é ï «¨­¥©­ ï ¬®-¤¥«ì ¤«ï á«ãç ï âà¥å¬¥à­ëå ¯®áâã¯ â¥«ì­ëå ¤¢¨-¦¥­¨© £àã­â  ¢® ¢à¥¬ï §¥¬«¥âàïá¥­¨©. � ª ç áâ-­ë© á«ãç © ¨§ íâ®© ®¡é¥© ¬®¤¥«¨, ¯®áâà®¥­­®©­  ®á­®¢¥ ¢ à¨ æ¨®­­®£® ¬¥â®¤ , ¢ë¢¥¤¥­  ¬®¤¥«ì�å®æ¨¬áª®£® ¤«ï ®¤­®¬¥à­ëå £®à¨§®­â «ì­ëå ¯¥-à¥¬¥é¥­¨© £àã­â , ¯®áâà®¥­­ ï ­  ®á­®¢¥ ¬¥â®¤ à §¤¥«¥­¨ï ¯¥à¥¬¥­­ëå. �à®¢¥à¥­ë ¨ ¯¥à¥¤®ª -§ ­ë ä®à¬ã«ë ª®àà¥«ïæ¨®­­®© â¥®à¨¨ �¨ª®« ¥­-ª®, ®¯¨áë¢ îé¥© á ¯®¬®éìî ¬®¤¥«¨ �å®æ¨¬áª®-£® á¥©á¬¨ç¥áª¨¥ ª®«¥¡ ­¨ï á¢®¡®¤­®© ¯®¢¥àå­®áâ¨¦¨¤ª®áâ¨. �ë¯®«­¥­ ç¨á«¥­­ë© íªá¯¥à¨¬¥­â ¯®¢¥à®ïâ­®áâ­®© ®æ¥­ª¥ ¯¥à¥¬¥é¥­¨© á¢®¡®¤­®© ¯®-¢¥àå­®áâ¨ ¢ à¥§¥à¢ã à¥ ¢® ¢à¥¬ï á¨«ì­®£® §¥¬«¥-âàïá¥­¨ï 16 ¨î­ï 1964 £®¤  ¢ £.�¨¨£ â  (�¯®­¨ï).� ¡®â  ¢ë¯®«­¥­  ¯à¨ ç áâ¨ç­®© ä¨­ ­á®¢®©¯®¤¤¥à¦ª¥ ¯® ¯à®¥ªâã ��� N 0102U000917.1. �¨åâ¥à �. �. �«¥¬¥­â à­ ï á¥©á¬®«®£¨ï.{ �.: ��,1963.{ 670 á.2. �ª¨ �.,�¨ç à¤á �. �®«¨ç¥áâ¢¥­­ ï á¥©á¬®«®£¨ï.�¥®à¨ï ¨ ¬¥â®¤ë. � ¤¢ãå â®¬ å.{ �.: �¨à, 1983.{880 á.3. Jacobsen L. S. Impulsive hydrodynamics of 
uid in-side a cylindrical tank and of 
uid surrounding a cylin-drical pier // Bulletin of the Seismological Society ofAmerica.{ 1949.{ 39, N 3.{ P. 189{204.4. �å®æ¨¬áª¨© �. �. � â¥®à¨¨ ¤¢¨¦¥­¨ï â¥«  á ¯®«®-áâï¬¨, ç áâ¨ç­® § ¯®«­¥­­ë¬¨ ¦¨¤ª®áâìî // �à¨-ª« ¤­ ï ¬ â¥¬ â¨ª  ¨ ¬¥å ­¨ª .{ 1956.{ 20, N 1.{�. 3{20.

5. �¨ª®« ¥­ª® �. �. �¥à®ïâ­®áâ­ë¥ ¬¥â®¤ë ¤¨­ -¬¨ç¥áª®£® à áç¥â  ¬ è¨­®áâà®¨â¥«ì­ëå ª®­áâàãª-æ¨©.{ �.: � è¨­®áâà®¥­¨¥, 1967.{ 368 á.6. Jacobsen L. S., Ayre R. S. Hydrodynamic experi-ments with rigid cylindrical tanks subjected to tran-sient motions // Bulletin of the Seismological Societyof America.{ 1951.{ 41, N 4.{ P. 313{346.7. �®«ì¤¥­¡« â �. �.,�¨ª®« ¥­ª® �. �. � áç¥â ª®­-áâàãªæ¨© ­  ¤¥©áâ¢¨¥ á¥©á¬¨ç¥áª¨å ¨ ¨¬¯ã«ìá¨¢-­ëå á¨«.{ �.: �®ááâà®©¨§¤ â, 1961.{ 320 á.8. �ãª®¢áª¨© �. �. � ¤¢¨¦¥­¨¨ â¢¥à¤®£® â¥« , ¨¬¥î-é¥£® ¯®«®áâ¨, ­ ¯®«­¥­­ë¥ ®¤­®à®¤­®î ª ¯¥«ì­®î¦¨¤ª®áâìî. �®¡à. á®ç. �.2.{ �.{�.: �����, 1949.{152{309 á.9. �ã£ ç¥¢ �. �. �¥®à¨ï á«ãç ©­ëå äã­ªæ¨©.{ �.:��, 1962.{ 883 á.10. �â¥©­¡¥à£ �. �., � ªá �. �., �¯â¨ª ¥¢ �. �.¨ ¤à. �¥â®¤ë ®æ¥­ª¨ á¥©á¬¨ç¥áª¨å ¢®§¤¥©áâ-¢¨© // �®¯à®áë ¨­¦¥­¥à­®© á¥©á¬®«®£¨¨.{ 1993.{�ë¯.34.{ �. 5{94.11. Gedikli A., Erguven M. E. Seismic analysis of astorage tank with a bu�e // Journal of Sound andVibration.{ 1999.{ 223, N 1.{ P. 141{155.12. Jenings P., Housner G.,Tsai N. Simulated earthquakemotions for design purposes // Proc. IV World conf.earthquake eng. Santiago de Chile.{ 1969.{ Vol.1.{P. 145{160.13. Premont A. The generation of spectrum compatibleaccelerograms for the design of nuclear power plants //Earthquake Eng. Struct. Dyn.{ 1984.{ Vol.12.{ P. 481{497.14. �âà®¨â¥«ì­ë¥ ­®à¬ë ¨ ¯à ¢¨« . ��¨� II-7-81.{�.: �âà®©¨§¤ â, 1971.{ 65 á.15. �ïâå¥à �. �., � ¯æ ­ �. �.� áç¥â­ë¥  ªá¥«¥-à®£à ¬¬ë, ®â¢¥ç îé¨¥ ä¨ªá¨à®¢ ­­®¬ã á¯¥ªâàã¤¥©áâ¢¨ï //�æ¥­ª  á¥©á¬®â¥ªâ®­¨ç¥áª¨å ãá«®¢¨©¯«®é ¤®ª áâà®¨â¥«ìáâ¢   â®¬­ëå í­¥à£¥â¨ç¥áª¨åãáâ ­®¢®ª. { �.: �­¥à£® â®¬¨§¦ â, 1987.{ C. 79{87.16. �¨ª®« ¥­ª® �. �. �¨­ ¬¨ª  ¨ á¥©á¬®áâ®©ª®áâìª®­áâàãªæ¨©, ­¥áãé¨å à¥§¥à¢ã àë.{ �.: �®ááâà®©-¨§¤ â, 1963.{ 155 á.17. �ìî¬ àª �.,�®§¥­¡«îíâ �. �á­®¢ë á¥©á¬®áâ®©ª®-£® áâà®¨â¥«ìáâ¢ .{ �.: �âà®©¨§¤ â, 1980.{ 344 á.18. �®«®â¥­ª® �. �. �®¬¯ìîâ¥à­®¥ ¬®¤¥«¨à®¢ ­¨¥ ­ ®á­®¢¥ ãà ¢­¥­¨© â¨¯  � ¬¨«ìâ®­  ­¥«¨­¥©­ëå ª®-«¥¡ ­¨© ¦¨¤ª®áâ¨ ¢ æ¨«¨­¤à¨ç¥áª®¬ ¡ ª¥ // �à¨-ª« ¤­  £i¤à®¬¥å ­iª .{ 2003.{ 5, N 3.{ �. 19{40.19. �®«®¤®¢ �. �. �¨­¥©­ë¥ á¨áâ¥¬ë  ¢â®¬ â¨ç¥áª®£®ã¯à ¢«¥­¨ï á ¯¥à¥¬¥­­ë¬¨ ¯ à ¬¥âà ¬¨.{ �.: ��,1962.{ 324 á.20. �í­¨­£ �¦. �.,�íââ¨­ �. �. �«ãç ©­ë¥ ¯à®æ¥ááë¢ § ¤ ç å  ¢â®¬ â¨ç¥áª®£® ã¯à ¢«¥­¨ï.{ �.: �§¤-¢® ¨­®áâà ­­®© «¨â¥à âãàë, 1958.{ 387 á.21. � ¢à¥­âì¥¢ �. �.,� ¡ â �. �. �¥â®¤ë â¥®à¨¨äã­ªæ¨© ª®¬¯«¥ªá­®£® ¯¥à¥¬¥­­®£®.{ �.: � ãª ,1965.{ 716 á.22. � àèâ¥©­ �. �. �à¨«®¦¥­¨¥ ¢¥à®ïâ­®áâ­ëå ¬¥-â®¤®¢ ª à áç¥âã á®®àã¦¥­¨© ­  á¥©á¬¨ç¥áª¨¥ ¢®§-¤¥©áâ¢¨ï // �âà®¨â¥«ì­ ï ¬¥å ­¨ª  ¨ à áç¥âá®®àã¦¥­¨©.{ 1960.{ N 2.{ �. 6{14.23. �®àç¨­áª¨© �. �., �®à®¤¨­ �. �., �à®áá¬ ­ �. �.¨ ¤à. �¥©á¬®áâ®©ª®¥ áâà®¨â¥«ìáâ¢® §¤ ­¨©.{ �.:�ëáè ï éª®« , 1971.{ 319 á.24. �®«ïª®¢ �. �. �®á«¥¤áâ¢¨ï §¥¬«¥âàïá¥­¨ï ¢ £. �¨-¨£ â  (�¯®­¨ï) ¢ 1964 £.{ �.: �âà®©¨§¤ â, 1967.{188 á.42 �. �. �®«®â¥­ª®


