
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 32 { 47��� 532.595��������� ������������� ��������������������������� � ������ ��������������� ��������.�������� ������������ ������������. �. � � � � � � � � �, �. �. � � � � � ��áâ¨âãâ ¬ â¥¬ â¨ª¨ ��� �ªà ¨ë�®«ãç¥  14.05.2000� «¨§¨àãîâáï ¥«¨¥©ë¥ ¯«¥áª ¨ï ¨¤¥ «ì®© ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ (¯®â¥æ¨ «ìë¥ â¥ç¥¨ï). �¨¤ª®áâì ç -áâ¨ç® § ¨¬ ¥â £« ¤ª¨© ¡ ª á ¥¢¥àâ¨ª «ìë¬¨ áâ¥ª ¬¨. �¯à®ª¨¤ë¢ îé¨¥áï ¢®«ë, ¡ãàãë ¨ ¬¥«ª®¢®¤ë¥¢®«ë ¨áª«îç îâáï ¨§ à áá¬®âà¥¨ï. � §¢¨¢ ¥âáï â¥å¨ª  ¥ª®ä®à¬ëå ®â®¡à ¦¥¨© �ãª®¢áª®£® (1975). � ¯à¥¤¯®« £ ¥â, çâ® ¢ãâà¥®áâì ¡ ª  ¬®¦¥â ¡ëâì âà áä®à¬¨à®¢   ¢ ¥ª®â®àãî æ¨«¨¤à¨ç¥áªãî ®¡« áâì, ¢ ª®-â®à®© ãà ¢¥¨¥ á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¤®¯ãáª ¥â ®à¬ «ìãî ä®à¬ã ¨ ¬®¤ «ì®¥ ¯à¥¤áâ ¢«¥¨¥. �®¯ãáâ¨¬ë¥â¥§®àë¥ âà áä®à¬ æ¨¨ ¥¨§¡¥¦® ¨¬¥îâ á¨£ã«ïà®áâ¨ ¯à¨ ®â®¡à ¦¥¨¨ ¨¦¥© (¢¥àå¥©) ã£«®¢®© â®çª¨ ¡ -ª  ¢ ¤® (¯®â®«®ª) æ¨«¨¤à . �â® ¢¥¤¥â ª ¢ëà®¦¤¥¨î á¯¥ªâà «ì®© § ¤ ç¨ ® á®¡áâ¢¥ëå ª®«¥¡ ¨ïå. �â âìï¯à¥¤áâ ¢«ï¥â ¬ â¥¬ â¨ç¥áªãî â¥®à¨î â ª¨å á¯¥ªâà «ìëå § ¤ ç ¨ ãáâ  ¢«¨¢ ¥â á®®â¢¥âáâ¢ãîé¨¥ á¯¥ªâà «ìë¥¨ ¢ à¨ æ¨®ë¥ â¥®à¥¬ë. �®¡áâ¢¥ë¥ ä®à¬ë ¢ ªàã£®¢®¬ ª®¨ç¥áª®¬ ¡ ª¥ ¢ëç¨á«ïîâáï á ¯®¬®éìî ¢ à¨ æ¨®-®£®  «£®à¨â¬ , ®á®¢ ®£®   íâ¨å â¥®à¥¬ å. �®ª § ®, çâ®  «£®à¨â¬ à®¡ áâë© ¨ ç¨á«¥® íää¥ªâ¨¢ë© ª ª¤«ï ¨§è¨å, â ª ¨ ¢ëáè¨å ¬®¤. � áâ âì¥ ¯®ª § ®, çâ® ¨§¢¥áâ ï ¡¥áª®¥ç®¬¥à ï ¬®¤ «ì ï á¨áâ¥¬  �ãª®¢áª®-£® (¯®áâà®¥ ï à ¥¥ ¤«ï ¯«¥áª ¨ï ¢ æ¨«¨¤à¨ç¥áª¨å ¡ ª å) ®áâ ¥âáï ¨¢ à¨ â®© ®â®á¨â¥«ì® ¤®¯ãáâ¨¬ëåâ¥§®àëå ¯à¥®¡à §®¢ ¨© (¯à¨ ¯®áâã¯ â¥«ìëå ¤¢¨¦¥¨ïå á®áã¤ ). �â® ¤¥« ¥â ¢®§¬®¦ë¬ ¯à¥¤«®¦¨âì ¯à®áâ®© «£®à¨â¬ ¯®áâà®¥¨ï ¬®¤ «ìëå á¨áâ¥¬ ¤«ï ¨áá«¥¤ã¥¬®£® á«ãç ï. �á¯®«ì§ãï  § âæ �ãª®¢áª®£®, ¢ë¢®¤¨âáï ¯ïâ¨-¬¥à ï ¬®¤ «ì ï á¨áâ¥¬  ¤«ï ¥«¨¥©ëå ¯«¥áª ¨© ¢ ªàã£®¢®¬ ª®¨ç¥áª®¬ ¡ ª¥.� «÷§ãîâìáï ¥«÷÷©÷ ¯«¥áª ï ÷¤¥ «ì®ù ¥áâ¨á«¨¢®ù à÷¤¨¨ (¯®â¥æ÷ «ì÷ â¥ç÷ù). �÷¤¨  ç áâª®¢® § ©¬ õ £« ¤-ª¨© ¡ ª i§ ¥¢¥àâ¨ª «ì¨¬¨ áâ÷ª ¬¨. �¢¨«÷, é® ®¯à®ª¨¤ãîâìáï, ¡ãàã¨ â  ¬i«ª®¢®¤÷ å¢¨«÷ ¢¨ª«îç îâìáï ÷§ à®§-£«ï¤ ï. �®§¢¨¢ õâìáï â¥å÷ª  ¥ª®ä®à¬¨å ¢÷¤®¡à ¦¥ì �ãª®¢áìª®£® (1975). �®  ¯¥à¥¤¡ ç õ, é® ¢ãâà÷è÷áâì¡ ª  ¬®¦¥ ¡ãâ¨ âà áä®à¬®¢   ¢ ¤¥ïªã æ¨«÷¤à¨çã ®¡« áâì, ¢ ïª÷© à÷¢ïï ¢÷«ì®ù ¯®¢¥àå÷ ¤®¯ãáª õ ®à¬ «ìãä®à¬ã ÷ ¬®¤ «ì¥ ¯à¥¤áâ ¢«¥ï. �®¯ãáâ¨¬÷ â¥§®à÷ âà áä®à¬ æ÷ù ¬ îâì á¨£ã«ïà®áâ÷ ¯à¨ ¢÷¤®¡à ¦¥÷ ¨¦-ì®ù (¢¥àåì®ù) ªãâ®¢®ù â®çª¨ ¡ ª  ¢ ¤® (áâ¥«î) æ¨«÷¤à . �¥ ¢¥¤¥ ¤® ¢¨à®¤¦¥ï á¯¥ªâà «ì®ù § ¤ ç÷ ¯à® ¢« á÷ª®«¨¢ ï. �â ââï ¯à¥¤áâ ¢«ïõ ¬ â¥¬ â¨çã â¥®à÷î â ª¨å á¯¥ªâà «ì¨å § ¤ ç ÷ ¢áâ ®¢«îõ ¢÷¤¯®¢÷¤÷ á¯¥ªâà «ì÷â  ¢ à÷ æ÷©÷ â¥®à¥¬¨. �« á÷ ä®à¬¨ ¢ ª®«®¢®¬ã ª®÷ç®¬ã ¡ ªã ¢¨§ ç îâìáï §  ¤®¯®¬®£®î ¢ à÷ æ÷©®£®  «£®à¨â-¬ã, é® ¡ §ãõâìáï   æ¨å â¥®à¥¬ å. �®ª § ®, é®  «£®à¨â¬ à®¡ áâ¨© ÷ ç¨á¥«ì® ¥ä¥ªâ¨¢¨© ïª ¤«ï ¨¦ç¨å, â ª ÷¤«ï ¢¨é¨å ¬®¤. E áâ ââ÷ ¯®ª § ®, é® ¢÷¤®¬  ¥áª÷ç¥®¬÷à  ¬®¤ «ì  á¨áâ¥¬  �ãª®¢áìª®£® (¯®¡ã¤®¢   à ÷è¥¤«ï ¯«¥áª ï ¢ æ¨«÷¤à¨ç¨å ¡ ª å) «¨è õâìáï ÷¢ à÷ â®î ¢÷¤®á® ¤®¯ãáâ¨¬¨å â¥§®à¨å ¯¥à¥â¢®à¥ì (¯à¨¯®áâã¯ «ì¨å àãå å á®áã¤ã). �¥ ¤ õ ¬®¦«¨¢iáâì § ¯à®¯®ã¢ â¨ ¯à®áâ¨©  «£®à¨â¬ ¯®¡ã¤®¢¨ ¬®¤ «ì¨å á¨áâ¥¬ ¤«ï¢¨¯ ¤ªã, é® ¤®á«÷¤¦ãõâìáï. �¨ª®à¨áâ®¢ãîç¨  § âæ �ãª®¢áìª®£®, ¢¨¢®¤¨âìáï ¯'ïâ¨¬÷à  ¬®¤ «ì  á¨áâ¥¬  ¤«ï¥«÷÷©¨å ¯«¥áª ì e ª®«®¢®¬ã ª®÷ç®¬ã ¡ ªã.Nonlinear sloshing of an incompressible uid with irrotational ow is analysed. The uid occupies partly a smooth tankwith walls having non-cylindrical shape. No overturning, breaking and shallow water waves are assumed. Non-conformalmapping technique by Lukovsky (1975) is developed. It assumes that tank's cavity can be transformed into an arti�cialcylindrical domain, where equation of free surface allows both normal form and modal representation of instantaneoussurface shape. Admissible tensor transformations have due singularities in mapping the lower (upper) corners of the tankinto arti�cial bottom (roof). It leads to degenerating spectral boundary problems on natural modes. The paper deliversthe mathematical background for these spectral problem and establishes the spectral and variational theorems. Naturalmodes in circular conical cavity are calculated by variational algorithm based on these theorems. It is shown that thealgorithm is robust and numerically e�cient for calculating both lower and higher natural modes. Finally, the papershows that the well-known in�nite-dimensional modal systems by Lukovsky (derived for sloshing in cylindrical tank) keepinvariant structure with respect to admissible tensor transformations (for translatory motions of the vehicle). This makesit possible to o�er the simple derivation algorithm of nonlinear modal systems for the studied case. When utilising anzatzby Lukovsky we derive the �ve-dimensional modal system for nonlinear sloshing in circular conic tanks.���������¨¤ª®áâì, ç áâ¨ç® § ¨¬ îé ï £« ¤ª¨© ¯®-¤¢¨¦ë© ¡ ª, á®¢¥àè ¥â ¢®«®¢ë¥ ¤¢¨¦¥¨ï ¡®«ì-è®©  ¬¯«¨âã¤ë, ®¡ãá«®¢«¥ë¥ ¯®¤¢¨¦®áâìî ¥¥á¢®¡®¤®© £à ¨æë ®â®á¨â¥«ì® £¨¤à®áâ â¨ç¥-áª®£® à ¢®¢¥á¨ï. �®¤¥«ì "§ ¬®à®¦¥®©" ¦¨¤-ª®áâ¨ ¥¯à¨¥¬«¥¬  ¢ ¤ ®¬ á«ãç ¥. �«ï ¯®«ãç¥-¨ï áâ â¨áâ¨ç¥áª¨å ®æ¥®ª  ¬¯«¨âã¤®£® ¨ á¨«®- ¢®£® ®âª«¨ª  ¦¨¤ª¨å £àã§®¢ ¥®¡å®¤¨¬ë ¬¥â®¤ë,¯®§¢®«ïîé¨¥ à ááç¨âë¢ âì ¯«¥áª ¨¥ ¢ à¥ «ì®¬¢à¥¬¥¨ ¨ á ãç¥â®¬ á«®¦ëå ¯¥à¥å®¤ëå ¯à®æ¥á-á®¢.� ¤ ç  ® ¯«¥áª ¨¨ ®¡ëç® ®á®¢ë¢ ¥âáï   ¯®-â¥æ¨ «ì®© â¥®à¨¨ ¨¤¥ «ì®© ¥á¦¨¬ ¥¬®© ¦¨¤-ª®áâ¨. �à¨¬¥àë ¥¯®áà¥¤áâ¢¥®£® à áç¥â  ¯«¥-áª ¨© á ¯®¬®éìî CFD ¬¥â®¤®¢ ¯à¥¤áâ ¢«¥ë ¢®âç¥â å [26, 28], £¤¥ ª®áâ â¨àãîâáï á«®¦®áâ¨32 c �.�.�ãª®¢áª¨©, �.�.�̈ ¬®å , 2000



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 32 { 47¯à¨ á¨¬ã«ïæ¨¨ ¤®áâ â®ç® ¡®«ìè¨å ¯à®¬¥¦ãâª®¢à¥ «ì®£® ¢à¥¬¥¨. CFD ¬¥â®¤ë ãáâ®©ç¨¢ë «¨èì¢ â¥ç¥¨¥ ¥áª®«ìª¨å á¥ªã¤ à¥ «ì®£® ¢à¥¬¥¨,®¨ â ª¦¥ ¥ á¯®á®¡ë ®¯¨áë¢ âì ãáâ ®¢¨¢è¨¥-áï ¤¢¨¦¥¨ï. �¤  ¨§ ¯à¨ç¨ á¢ï§ë¢ ¥âáï á ã¤®-¢«¥â¢®à¥¨¥¬ ãá«®¢¨© á®åà ¥¨ï ®¡ê¥¬  ¨ í¥à-£¨¨. �ãé¥áâ¢ã¥â â ª¦¥ ¯à®¡«¥¬  ¢ â®ç®¬ ®¯¨-á ¨¨ ¢§ ¨¬®¤¥©áâ¢¨ï ¦¨¤ª®áâ¨ á® áâ¥ª ¬¨ ¡ ª (á¬. ®¡§®à íâ®© ¯à®¡«¥¬ë � «â¨á¥  ¨ �®£¥-¡ ªª¥ [20]). �§ ¬¥ à §¢¨¢ îâáï   «¨â¨ç¥áª¨¥ ¨ç¨á«¥®-  «¨â¨ç¥áª¨¥ ¬¥â®¤ë, ¡®«ìè¨áâ¢® ¨§ª®â®àëå ¨á¯®«ì§ãîâ  á¨¬¯â®â¨ç¥áªãî ¨ ¬®¤ «ì-ãî â¥å¨ªã (á¬. ¤¥â «ìë© ®¡§®à � «â¨á¥ ¨ ¤à. [21]). �®¤ «ì®¥ ¯à¥¤áâ ¢«¥¨¥ ®§ ç ¥â,çâ® ¨á¯®«ì§ã¥âáï àï¤ �ãàì¥ á ¢ àì¨àã¥¬ë¬¨ ¢®¢à¥¬¥¨ ª®íää¨æ¨¥â ¬¨ (¬®¤ «ìë¬¨ äãªæ¨ï-¬¨) ¤«ï ®¯¨á ¨ï í¢®«îæ¨¨ á¢®¡®¤®© ¯®¢¥àå®-áâ¨: x = f(y; z; t) =X �i(t)fi(y; z); (1)£¤¥ Oxyz { ª®®à¤¨ â ï á¨áâ¥¬ , ¦¥áâª® á¢ï§ - ï á ¡ ª®¬ ¨ t - ¢à¥¬ï. �®¤ «ì®¥ ¯à¥¤áâ ¢«¥-¨¥ (1) ®§ ç ¥â, çâ® ¨£®à¨àãîâáï ®¯à®ª¨¤ë¢ -îé¨¥áï ¢®«ë ¨ ¡ãàãë (áã«â ë)   á¢®¡®¤®©¯®¢¥àå®áâ¨. �â® ¯à¥¤áâ ¢«¥¨¥ â ª¦¥ ¥¯à¨¬¥-¨¬® ¤«ï â¥®à¨¨ ¬¥«ª®© ¢®¤ë (á¬.   «¨§ íâ®©¯à®¡«¥¬ë � «â¨á¥  ¨ �̈ ¬®å¨ [22]).�ãªæ¨¨ ffi(x; y)g ¤®«¦ë á®áâ ¢«ïâì ¡ §¨á�ãàì¥   ¥¢®§¬ãé¥®© á¢®¡®¤®© ¯®¢¥àå®áâ¨�0. �¯¥ªâà «ìë¥ â¥®à¥¬ë «¨¥©®© â¥®à¨¨ (¤®-ª § ë¥,  ¯à¨¬¥à, ¢ ¬®®£à ä¨¨ �¥é¥ª® ¨¤à. [12]) ãáâ  ¢«¨¢ îâ, çâ® ¯®¤å®¤ïé¨¬ ¡ §¨á®¬ï¢«ï¥âáï  ¡®à á®¡áâ¢¥ëå ä®à¬. �¬¥¥âáï ®£à -¨ç¥ë© ª« áá ¡ ª®¢, £¤¥ á¯¥ªâà «ì ï § ¤ ç ¨¬¥¥â   «¨â¨ç¥áª®¥ à¥è¥¨¥. �à¨¬¥à ¬¨ ï¢«ï-îâáï ¤¢ãå- ¨«¨ âà¥å¬¥àë¥ ¯àï¬®ã£®«ìë¥ ¡ ª¨ ¨¢¥àâ¨ª «ìë¥ æ¨«¨¤à¨ç¥áª¨¥ ¡ ª¨ ªàã£®¢®£® á¥-ç¥¨ï. �à¥¤áâ ¢«¥¨¥ (1) ¤ ¥â â®£¤  ®¡é¥¥ à¥è¥-¨¥ § ¤ ç¨ ® «¨¥©ëå ¯«¥áª ¨ïå. �à¥¤¯®« £ ï,çâ® ®¡®¡é¥ë¥ ª®®à¤¨ âë �i(t) ¤®áâ â®ç® ¬ -«ë ¨  á¨¬¯â®â¨ç¥áª¨¥ á®®â®è¥¨ï ¬¥¦¤ã ¨¬¨¨§¢¥áâë, àï¤ �ãàì¥ (1) ¬®¦¥â ¡ëâì ¨á¯®«ì§®-¢  ¤«ï  á¨¬¯â®â¨ç¥áª¨å ¯®¤å®¤®¢, ª®â®àë¥ ¯à¥-®¡à §ãîâ ¨áå®¤ãî § ¤ çã á® á¢®¡®¤®© £à ¨-æ¥© ª ª®¥ç®© ¯®á«¥¤®¢ â¥«ì®áâ¨  á¨¬¯â®â¨ç¥-áª¨å  ¯¯à®ªá¨¬ æ¨©. �á¨¬¯â®â¨ç¥áª ï ¯à®æ¥¤ã-à  ®¡ëç® ¯à¥¤¯®« £ ¥â  «¨ç¨¥ ¥¤¨¨ç®© (ç -áâ® á¯ à¥®©) ¤®¬¨¨àãîé¥© ¬®¤ «ì®© äãª-æ¨¨, á®®â¢¥âáâ¢ãîé¥© áâ®ïç¥© ¢®«¥ á ¬¨¨¬ «ì-®© á®¡áâ¢¥®© ç áâ®â®©. �¥ª®â®àë¥  á¨¬¯â®-â¨ç¥áª¨¥ ¯à®æ¥¤ãàë ¡ë«¨ ¯à¥¤«®¦¥ë � à¨¬ ®-¢ë¬ [10], �®¨á¥¥¢ë¬ [9], � «â¨á¥®¬ [19] ¨ �®-¤¦¥, �   ¨ �¡à ¬á®®¬ [18]. �¨ ¢¢®¤¨«¨ à §-«¨çë¥  á¨¬¯â®â¨ç¥áª¨¥ ¬¥¦¬®¤ «ìë¥ á®®â®-

è¥¨ï, áà¥¤¨ ª®â®àëå  ¨¡®«¥¥ ¨§¢¥áâë¬ ï¢«ï-¥âáï á®®â®è¥¨¥ �®¨á¥¥¢ , ¯à¨¢®¤ïé¥¥ ª ªã¡¨-ç¥áª®¬ã á¥ªã«ïà®¬ã ãà ¢¥¨î ¢ â¥à¬¨ å  ¬-¯«¨âã¤ë ®á®¢®© á®¡áâ¢¥®© ä®à¬ë. �¥â®¤¢®§¬ãé¥¨ï ï¢«ï¥âáï â ª¦¥ á¯®á®¡®¬ ¯®«ãç¥¨ï¬ «®à §¬¥àëå ¬®¤ «ìëå á¨áâ¥¬ (á¨áâ¥¬ ¥«¨-¥©ëå ®¡ëª®¢¥ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥-¨©), á¢ï§ë¢ îé¨å ®¡®¡é¥ë¥ ª®®à¤¨ âë �i(t)¨«¨ ¨å ãáà¥¤¥ë¥ § ç¥¨ï (¤«ï à¥§® áëå¢®«). (�ë ®âáë« ¥¬ § ¨â¥à¥á®¢ ëå ç¨â â¥-«¥© ª ®¡§®à ¬,  ¯¨á ë¬ �ãª®¢áª¨¬ [5], �ãª®¢-áª¨¬ ¨ �̈ ¬®å®© [8], �®«  á ¨ � «â¨á¥®¬ [27]¨ � «â¨á¥®¬ ¨ ¤à. [21].) � ª¨¥ ¥«¨¥©ë¥¬®¤ «ìë¥ á¨áâ¥¬ë ¨¬¥îâ 1-2 áâ¥¯¥¨ á¢®¡®¤ë¨ á¢ï§ë¢ îâ ¤®¬¨ âë¥ ¬®¤ «ìë¥ äãªæ¨¨.�®áª®«ìªã ¢ë¢®¤ ¯®¤®¡ëå á¨áâ¥¬ âà¥¡ã¥â § -ç¨â¥«ì®£® ç¨á«    «¨â¨ç¥áª¨å ¯à¥®¡à §®¢ ¨©,¢®§à áâ îé¨å íªá¯®¥æ¨ «ì® á à®áâ®¬ ¦¥« ¥-¬®© à §¬¥à®áâ¨ ¬®¤ «ì®© á¨áâ¥¬ë, ï¢«ï¥âáï á®-¬¨â¥«ìë¬ ¯®«ãç¥¨¥ ¬®£®¬¥àëå á¨áâ¥¬ á ¯®-¬®éìî  á¨¬¯â®â¨ç¥áª¨å ¯®¤å®¤®¢. � à¨ æ¨®- ï ¬¥â®¤¨ª , ã¯à®é îé ï ¢ë¢®¤ ¬®¤ «ìëå á¨-áâ¥¬, ¡ë«  ¥§ ¢¨á¨¬® ¯à¥¤«®¦¥  �ãª®¢áª¨¬ [4]¨ � ©«á®¬ [25]. �  ¡ §¨àã¥âáï   íª¢¨¢ «¥â-®© ¢ à¨ æ¨®®© ¯®áâ ®¢ª¥ ¢ ä®à¬¥ ¢ à¨ æ¨®-ëå ¯à¨æ¨¯®¢ � ¬¨«ìâ® -�áâà®£à ¤áª®£® ¨«¨�îª -�¥©â¬¥  (á¬. äã¤ ¬¥â «ìë¥ à ¡®âë�¥©â¬¥  [14], �îª  [24], �¥à¤¨ç¥¢áª®£® [1], �̈ -§¥¬  [29] ¨ ¥ª®â®àë¥ ®¡®¡é¥¨ï, ¯à¥¤«®¦¥ë¥� ©¥à®¬ ¨ ¤à. [17]). �ª¢¨¢ «¥â®áâì ¤¨ää¥à¥-æ¨ «ì®© ¨ ¢ à¨ æ¨®®© ä®à¬ã«¨à®¢®ª, ¡ã¤ãç¨¤®ª § ®© ¯à¨ ¯à¥¤¯®«®¦¥¨¨ ®à¬ «ì®£® ¯à¥¤-áâ ¢«¥¨ï á¢®¡®¤®© £à ¨æë x =f(y; z; t), ®¡®á®-¢ë¢ ¥â ¢ë¢®¤ ¬®£®¬¥àëå ¥«¨¥©ëå ¬®¤ «ì-ëå á¨áâ¥¬ �ãª®¢áª®£® [5], �¨¬ àç¥ª® ¨ �á¨-áª®£® [2] ¨ � «â¨á¥  ¨ ¤à. [21].�ã«ìâ¨¬®¤ «ì®¥ ¬®¤¥«¨à®¢ ¨¥ ï¢«ï¥âáï à®-¡ áâë¬ ¨ ç¨á«¥® íää¥ªâ¨¢ë¬. �â® ¡ë«® ¯à®-¤¥¬®áâà¨à®¢ ® �ãª®¢áª¨¬ [5], �¨¬ àç¥ª® ¨�á¨áª¨¬ [2], �ãª®¢áª¨¬ ¨ �̈ ¬®å®© [8], � «â¨-á¥®¬ ¨ ¤à. [21] ¨ � «â¨á¥®¬ ¨ �̈ ¬®å®© [22]¤«ï à §«¨çëå á¨âã æ¨©, ¤ ¦¥ ª®£¤   ¬¯«¨âã¤-ë© ®âª«¨ª ¦¨¤ª®áâ¨ á®¨§¬¥à¨¬ á à §¬¥à ¬¨ ¡ -ª . � ã¢¥«¨ç¥¨¥¬ ç¨á«  ¬®¤ ¨ ãç¥â®¬ ¢â®à¨ç-ëå à¥§® á®¢ ®® ¬®¦¥â ¡ëâì ¯à¨ïâ® ¤«ï à á-ç¥â®¢ à¥ «ìëå â¥ç¥¨© ¨ ¬®¤¥«¨à®¢ ¨ï ¢§ ¨¬®-¤¥©áâ¢¨ï ¢ á¨áâ¥¬¥ "â¥«®-¦¨¤ª®áâì". �® ¬®¦¥â¡ëâì â ª¦¥ à á¯à®áâà ¥®   á«ãç ©, ª®£¤  á¯¥ª-âà «ì ï § ¤ ç  «¨¥©®© â¥®à¨¨ ¥ ¨¬¥¥â   «¨-â¨ç¥áª¨å à¥è¥¨© ¨ á®¡áâ¢¥ë¥ ä®à¬ë ¯à¨¡«¨-¦ îâáï ¯à¨¡«¨¦¥®-  «¨â¨ç¥áª¨. �®¤å®¤ïé¨¥ç¨á«¥®-  «¨â¨ç¥áª¨¥ ¬¥â®¤ë ¡ë«¨ à §¢¨âë ¢¬®®£à ä¨ïå �¥é¥ª® ¨ ¤à. [12], �ãª®¢áª®£® [5]¨ ¢ à ¡®â¥ �®«  á ¨ � «â¨á¥  [27]. �¥®¡å®¤¨-�.�.�ãª®¢áª¨©, �.�.�̈ ¬®å  33



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 32 { 47¬ë¬ ãá«®¢¨¥¬, ®¤ ª®, ®áâ ¥âáï ¢¥àâ¨ª «ì®áâìáâ¥®ª ®ª®«® á¢®¡®¤®© £à ¨æë ¢ ¥¥ à ¢®¢¥á®¬á®áâ®ï¨¨. � ¯à®â¨¢®¬ á«ãç ¥ ä®à¬ë ¢ (1) ¨¬¥-îâ ¨§¬¥ï¥¬ãî ¢® ¢à¥¬¥¨ ®¡« áâì ®¯à¥¤¥«¥¨ï.�â® ¤¥« ¥â ¬®¤ «ìë© ¯®¤å®¤ ¥¯à¨¬¥¨¬ë¬, ¢®-®¡é¥ £®¢®àï, ¤ ¦¥ ¤«ï «¨¥©®© § ¤ ç¨. �¥©áâ¢¨-â¥«ìë¥ ¢®«®¢ë¥ ¤¢¨¦¥¨ï ®ª®«® áâ¥®ª ¥ ¬®£ãâ¡ëâì â®£¤  ®¯¨á ë.� áâ®ïé ï à ¡®â  ¯®á¢ïé¥  ¨áá«¥¤®¢ ¨î § -¤ ç¨ ® ¥«¨¥©ëå ¯«¥áª ¨ïå ¢ £« ¤ª¨å ¡ ª å, ª®-£¤  ¨å áâ¥ª¨ ¥ æ¨«¨¤à¨ç¥áª¨¥. �  à §¢¨¢ ¥â¬¥â®¤¨ªã ¥ª®ä®à¬ëå ®â®¡à ¦¥¨© �ãª®¢áª®-£® [3], ª®â®à ï ¯à¥¤¯®« £ ¥â, çâ® ¯®«®áâì ¡ ª  ¬®-¦¥â ¡ëâì £« ¤ª® âà áä®à¬¨à®¢   ¢ æ¨«¨¤à¨-ç¥áªãî ®¡« áâì ¢ ¥ª®â®à®© ªà¨¢®«¨¥©®© ª®®à-¤¨ â®© á¨áâ¥¬¥ (z1; z2; z3), £¤¥ ãà ¢¥¨¥ á¢®-¡®¤®© £à ¨æë ¤®¯ãáª ¥â ®à¬ «ìë© ¢¨¤��(z1; z2; z3; t) = z1 � f�(z2; z3; t) = 0: (2)� á¢®î ®ç¥à¥¤ì, âà áä®à¬¨àã¥âáï ¨ ¨áå®¤ ï ¥-«¨¥© ï ªà ¥¢ ï § ¤ ç ,   f� à áª« ¤ë¢ ¥âáï ¢àï¤ �ãàì¥f�(z2; z3; t) = const +X �i(t)fi(z2; z3); (3)£¤¥ fi { âà áä®à¬¨à®¢ ë¥ á®¡áâ¢¥ë¥ ä®à-¬ë, ª®â®àë¥ ¤®«¦ë ¡ëâì  ©¤¥ë ç¨á«¥®-  «¨â¨ç¥áª¨. �ãª®¢áª¨© [3] á®¢¬¥áâ¨« á â ª®©â¥å¨ª®©  á¨¬¯â®â¨ç¥áªãî áå¥¬ã � à¨¬ ®¢  ¨¢ë¢¥« ®¤®¬¥àãî ¥«¨¥©ãî ¬®¤¥«ì ¥«¨¥©-ëå ¯«¥áª ¨© ¢ ª®¨ç¥áª¨å ¨ áä¥à¨ç¥áª¨å á®áã-¤ å, ®¯¨áë¢ îé¨å í¢®«îæ¨î ®á®¢®© à¥§® á-® ¢®§¬ãé¥®© á®¡áâ¢¥®© áâ®ïç¥© ¢®«ë. �¨-¨¬ «ì ï á®¡áâ¢¥ ï ä®à¬  ¡ë«   ©¤¥  ç¨-á«¥® ¯ãâ¥¬ à §«®¦¥¨ï ¢ àï¤ ¯® £ à¬®¨ç¥áª¨¬¯®«¨®¬ ¬ á ¨á¯®«ì§®¢ ¨¥¬ ¢ à¨ æ¨®®© ¯à®-æ¥¤ãàë, ¯à¥¤«®¦¥®© ¢ ¬®®£à ä¨¨ �¥é¥ª® ¨¤à. [12]. � ¤ «ì¥©è¥¬ ª¨£¨ �ãª®¢áª®£® [5] ¨ �ã-ª®¢áª®£® ¨ �̈ ¬®å¨ [8] ®¡®¡é¨«¨ íâ®â ¬¥â®¤. �ë« ¯®áâà®¥  ¤¢ã¬¥à ï ¬®¤ «ì ï á¨áâ¥¬ , ®¯¨áë-¢ îé ï ¥«¨¥©®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ¯à®¤®«ì®© ¨¯®¯¥à¥ç®© ¤®¬¨ âëå áâ®ïç¨å ¢®« ¢ ª®¨ç¥-áª®¬ ¡ ª¥. �â¨ á¨áâ¥¬ë ï¢«ïîâáï, ®¤ ª®, ¥ã¤®-¢«¥â¢®à¨â¥«ìë¬¨ ¤«ï à áç¥â  à¥ «ìëå ¥«¨¥©-ëå ¯«¥áª ¨©, ¯à¥¦¤¥ ¢á¥£®, ¥ãáâ ®¢¨¢è¨åáï,¯®áª®«ìªã ¯à¥¥¡à¥£ îâ ¢«¨ï¨¥¬ ¢ëáè¨å ä®à¬.�¢®© ï æ¥«ì íâ®© à ¡®âë á®áâ®¨â ¢ ®¡®¡é¥¨¨¢ à¨ æ¨®ëå ¬¥â®¤®¢ ¤«ï á¯¥ªâà «ìëå ¯à®¡«¥¬«¨¥©®© â¥®à¨¨, áä®à¬ã«¨à®¢ ëå ¢ ªà¨¢®«¨-¥©®© ª®®à¤¨ â®© á¨áâ¥¬¥, ¨ ¢ ¯®«ãç¥¨¨ ¬®-£®¬¥àëå ¥«¨¥©ëå ¬®¤ «ìëå á¨áâ¥¬ ¢ ¢á¯®-¬®£ â¥«ì®© æ¨«¨¤à¨ç¥áª®© ®¡« áâ¨. �®áª®«ìªã¤®¯ãáâ¨¬ë¥ â¥§®àë¥ âà áä®à¬ æ¨¨ ¥¨§¡¥¦-® ¨¬¥îâ á¨£ã«ïà®áâ¨ ¯à¨ ®â®¡à ¦¥¨¨ ¨¦-¨å (¢¥àå¨å) ã£«®¢ëå ¢¥àè¨ ¢ ¨áªãááâ¢¥®¥

¤® (¯®â®«®ª) æ¨«¨¤à¨ç¥áª®© ®¡« áâ¨, á®®â¢¥â-áâ¢ãîé¨¥ í¥à£¥â¨ç¥áª¨¥ (¢ à¨ æ¨®ë¥) ä®à¬ã-«¨à®¢ª¨ âà áä®à¬¨à®¢ ®© á¯¥ªâà «ì®© § ¤ -ç¨ «¨¥©®© â¥®à¨¨ ã¦¤ îâáï ¢ ¬ â¥¬ â¨ç¥áª®¬®¡®á®¢ ¨¨. �â âìï ¤ ¥â ¥£® ¨ ãáâ  ¢«¨¢ ¥âá¯¥ªâà «ìë¥ ¨ ¢ à¨ æ¨®ë¥ â¥®à¥¬ë ¢ ¯®¤å®-¤ïé¨å ¢¥á®¢ëå ¯à®áâà áâ¢ å �®¡®«¥¢ . � §¢¨-¢ ¥âáï ¢ à¨ æ¨®ë©  «£®à¨â¬, ¡ §¨àãîé¨©áï  íâ¨å â¥®à¥¬ å, ª®â®àë© ¯à¨¬¥ï¥âáï ¤«ï á«ãç ïâà áä®à¬¨à®¢ ®£® ª®¨ç¥áª®£® ¡ ª . �®ª § -  à®¡ áâ®áâì ¨ ç¨á«¥ ï íää¥ªâ¨¢®áâì íâ®£® «£®à¨â¬ . �à¨¡«¨¦¥ë¥ à¥è¥¨ï ¤ îâ ¡®«¥¥¢ëá®ªãî â®ç®áâì ¯® ®â®è¥¨î ª ¨§¢¥áâë¬  «-£®à¨â¬ ¬ �¥é¥ª® ¨ ¤à. [12], �ãª®¢áª®£® ¨ �¨«ë-ª  [7], �ãª®¢áª®£®, � àïª  ¨ �®¬ à¥ª® [6], � ã-íà  [15], � ãíà  ¨ �©¤¥«ï [16], ª®â®àë¥ ¯à¨¬¥ï-«¨áì ª ¥âà áä®à¬¨à®¢ ®© ¯à®¡«¥¬¥. �ë â ª-¦¥ ®¡ àã¦¨¢ ¥¬, çâ® ¡¥áª®¥ç®¬¥à ï ¥«¨¥©- ï ¬®¤ «ì ï á¨áâ¥¬  �ãª®¢áª®£® [5] ¨ � «â¨-á¥  ¨ ¤à. [21] á®åà ï¥â ¨¢ à¨ âãî áâàãªâã-àã ¯® ®â®è¥¨î ª ¤®¯ãáâ¨¬ë¬ â¥§®àë¬ âà á-ä®à¬ æ¨ï¬ (¢ á«ãç ¥ ¯®áâã¯ â¥«ìëå ¤¢¨¦¥¨©),çâ® ¯®§¢®«ï¥â ¯à¥¤«®¦¨âì ¯à®áâ®©  «£®à¨â¬ ¢ë-¢®¤  ¥«¨¥©ëå ¬®¤ «ìëå á¨áâ¥¬. �  áâ®ïé¥©à ¡®â¥ íâ® ¤¥« ¥âáï á ¨á¯®«ì§®¢ ¨¥¬ ¬®¤ «ì®-£®  § âæ  �ãª®¢áª®£® [5] ¤«ï ¢ë¢®¤  ¯ïâ¨¬¥à®©¬®¤ «ì®© á¨áâ¥¬ë ¥«¨¥©ëå ¯«¥áª ¨© ¢ ª®-¨ç¥áª¨å á®áã¤ å. �à¥¤¯®« £ ¥¬ ï ¬¥¦¬®¤ «ì ï á¨¬¯â®â¨ª  á®®â¢¥âáâ¢ã¥â �®¨á¥¥¢áª®©. �®«ã-ç¥ ï ¥«¨¥© ï á¨áâ¥¬  á¢ï§ë¢ ¥â ¤¢¥ ®á®¢-ë¥ ¤®¬¨ âë¥ ä®à¬ë ¨ âà¨ ¢â®à¨çëå ä®à-¬ë.
�¨á. 1. �áª¨§ ®á¨â¥«ï á ¡ ª®¬¨ ¯à¨ïâë¥ ®¡®§ ç¥¨ï1. ���������� �������ë à áá¬ âà¨¢ ¥¬ ¢®«®¢ë¥ ¤¢¨¦¥¨ï ¥á¦¨-¬ ¥¬®© ¨¤¥ «ì®© ¦¨¤ª®áâ¨, ç áâ¨ç® § ¨¬ î-34 �.�.�ãª®¢áª¨©, �.�.�̈ ¬®å 



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 32 { 47é¥©  ¡á®«îâ® â¢¥à¤ë© ¯®¤¢¨¦ë© ¡ ª Q ®á¨-â¥«ï (à¨á. 1). �¢¨¦¥¨ï ®á¨â¥«ï ®¯¨áë¢ îâ-áï ¢  ¡á®«îâ®© ¤¥ª àâ®¢®© ª®®à¤¨ â®© á¨áâ¥-¬¥ O0x0y0z0 ¯ à®© § ¢¨á¨¬ëå ®â ¢à¥¬¥¨ ¢¥ªâ®à®¢vO(t) ¨ !(t). �¨ ®¡®§ ç îâ ¬£®¢¥ë¥ ¯®áâã-¯ â¥«ìãî ¨ ã£«®¢ãî áª®à®áâ¨. �¢¨¦¥¨¥ ¦¨¤ª®-áâ¨ ®¯¨áë¢ ¥âáï ¢ ¥¨¥àæ¨ «ì®© á¨áâ¥¬¥ Oxyz,¦¥áâª® á¢ï§ ®© á ®á¨â¥«¥¬. �®áª®«ìªã «î-¡®©  ¡á®«îâë© à ¤¨ãá-¢¥ªâ®à r0(t) = (x0; y0; z0)¬®¦¥â ¡ëâì à §«®¦¥ ¢ áã¬¬ã r0O(t) = ~O0O ¨r = (x; y; z), ¯®â¥æ¨ « £à ¢¨â æ¨®ëå á¨« § -¢¨á¨â ®â ¯à®áâà áâ¢¥ëå ª®®à¤¨ â (x; y; z) ¨¢à¥¬¥¨ t: U (x; y; z; t) = �g � r0; r0 = r0O + r, £¤¥ g{ ãáª®à¥¨¥ £à ¢¨â æ¨¨.�ë ¯à¥¤¯®« £ ¥¬ ¯®â¥æ¨ «ì®áâì â¥ç¥¨© ¨¢¢®¤¨¬ ¯®â¥æ¨ « áª®à®áâ¥© �(x; y; z; t). �«¥¤ã-îé ï ªà ¥¢ ï § ¤ ç  á® á¢®¡®¤®© £à ¨æ¥© (¢ë-¢¥¤¥ ï, ª ¯à¨¬¥àã, ¢ ¬®®£à ä¨ïå � à¨¬ ®-¢ , �®ªãç ¥¢  ¨ �ãª®¢áª®£® [11] ¨ �ãª®¢áª®£®[5]) á¢ï§ë¢ ¥â �(x; y; z; t) ¨ ¬£®¢¥®¥ ¯®«®¦¥-¨¥ á¢®¡®¤®© £à ¨æë, ®¯à¥¤¥«ï¥¬®¥ ãà ¢¥¨¥¬�(x; y; z; t) = 0: �� = 0 ¢ Q(t), (4)@�@� = v0 � � +! � [r � �]   S(t), (5)@�@� = v0 � � +! � [r � �]� �tjr�j   �(t), (6)@�@t +12 (r�)2�r��(v0+!�r)+U = 0   �(t), (7)ZQ(t) dQ = const; (8)£¤¥ S(t) = @Q(t) \ @Q { á¬®ç¥ë¥ áâ¥ª¨ ¨ ¤®,� { ¢¥èïï ®à¬ «ì.�¨ ¬¨ç¥áª®¥ £à ¨ç®¥ ãá«®¢¨¥ (7) ¡ §¨àã¥âáï  ¨â¥£à «¥ � £à ¦ -�®è¨, ¯¥à¥¯¨á ®¬ ¤«ï¯®¤¢¨¦®© á¨áâ¥¬ë Oxyz (á¬. ¤¨áªãáá¨î ¢ ª¨£¥�®ç¨, �¨¡¥«ì ¨ �®§¥ [23]):@�@t + 12(r�)2 �r� � (v0 + ! � r) ++U + p � p0� = 0 ¢ Q(t): (9)� ¢«¥¨¥ p   �(t) ¯à¥¤¯®« £ ¥âáï à ¢ë¬p0=const. �â¥£à «ì®¥ ãá«®¢¨¥ (8) (á®åà ¥¨¥®¡ê¥¬ ) ï¢«ï¥âáï ãá«®¢¨¥¬ à §à¥è¨¬®áâ¨ ªà ¥¢®©§ ¤ ç¨ �¥©¬   (4){(6).�¢®«îæ¨® ï § ¤ ç  á® á¢®¡®¤®© £à ¨æ¥©(4)-(8) âà¥¡ã¥â  ç «ìë¥ ãá«®¢¨ï �®è¨. �¨

®¯à¥¤¥«ïîâ  ç «ìë© ¯à®ä¨«ì á¢®¡®¤®© £à ¨-æë �(t0) ¨ ®à¬ «ìãî áª®à®áâì   ¥¬ �(t0):�(t0; x; y; z) = �0(x; y; z); @�@� ����(t0) = �0(x; y; z);(10)£¤¥ �0(x; y; z) ¨ �0(x; y; z) ï¢«ïîâáï ¨§¢¥áâë¬¨äãªæ¨ï¬¨.2. ���������� �����������������������ãáâì Q { ¯®«®áâì ¡ ª , à áá¬®âà¥ ï ¢ ¤¥-ª àâ®¢®© ¯ à ¬¥âà¨§ æ¨¨, ¨ Q� = (0; d) � D {æ¨«¨¤à¨ç¥áª ï ®¡« áâì ¢ (z1; z2; z3)-ª®®à¤¨ â å,á®®â¢¥âáâ¢ãîé¨å ¥ª®â®à®© ªà¨¢®«¨¥©®© ª®®à-¤¨ â®© á¨áâ¥¬¥. �ë ¯à¥¤¯®« £ ¥¬, çâ® Q ¨ Q�{ �®¡®«¥¢áª¨¥ ®¡« áâ¨ (®âªàëâë¥ ®£à ¨ç¥ë¥«¨¥©®-á¢ï§ë¥ ®¡« áâ¨ ¢ R3 á ªãá®ç®-£« ¤ª®©£à ¨æ¥©, á¬. ¬ â¥¬ â¨ç¥áª®¥ ®¯à¥¤¥«¥¨¥, ¯à¨-¢¥¤¥®¥ �¡í®¬ [13]), ¨ ®¯à¥¤¥«ï¥¬ á«¥¤ãîé¥¥¯àï¬®¥ ¨ ®¡à â®¥ ¯à¥®¡à §®¢ ¨¥ ¬¥¦¤ã Q ¨ Q�:z1 = x; z2 = z2(x; y; z); z3 = z3(x; y; z);z2(�; �; �); z3(�; �; �) 2 C2(Q);x = z1; y = y(z1; z2; z3); z = z(z1; z2; z3);y(�; �; �); z(�; �; �) 2 C2( �Q�) (11)á ¯®«®¦¨â¥«ì® ®¯à¥¤¥«¥ë¬¨ ¬ âà¨æ ¬¨ �ª®¡¨(  § ¬ëª ¨ïå �Q ¨ �Q�), ¢ëà®¦¤ îé¨¬¨áï ¥ ¡®-«¥¥ ç¥¬   ®£à ¨ç¥®¬ ç¨á«¥ ¨§®«¨à®¢ ëå ®¤-®á¢ï§ëå ãç áâª å £à ¨æë @Q�, £¤¥J�(z1; z2; z3) = D(x; y; z)D(z1; z2; z3) == ���������� 1 0 0@y@z1 @y@z2 @y@z3@z@z1 @z@z2 @z@z3 ���������� = 0; J� 2 C2( �Q�) (12)¨ ¢ ¨§®«¨à®¢ ëå á¨£ã«ïàëå â®çª å   £à ¨-æ¥ @Q, £¤¥ J(x; y; z) = 1=J� = 1. �â¨ á¨£ã«ïà-ë¥ â®çª¨ ®â¤¥«¥ë ®â ¥¢®§¬ãé¥®© á¢®¡®¤®©£à ¨æë �0 : x = h.� ¤ «ì¥©è¥¬ ¬ë ¯à¥¤¯®« £ ¥¬, çâ® ¯«®áª®áâìOyz ï¢«ï¥âáï ª á â¥«ì®© ª @Q, â ª çâ® x � 0 ¤«ï(x; y; z) 2 Q ¨ h { ¬ ªá¨¬ «ì ï £¨¤à®áâ â¨ç¥áª ï£«ã¡¨  ¦¨¤ª®áâ¨. �«®áª®áâì Oz2z3 á®¢¬¥é¥  á¨áªãááâ¢¥ë¬ ¤®¬ Q� (à¨á. 2).�.�.�ãª®¢áª¨©, �.�.�̈ ¬®å  35
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�¨á. 2. �®¯ãáâ¨¬ë¥ â¥§®àë¥ âà áä®à¬ æ¨¨"ª®ª® ", ®¯à¥¤¥«ï¥¬ë¥ (13)2.1. �¨£ã«ïàë¥ â®çª¨ ¯à¨ â¥§®àëå âà á-ä®à¬ æ¨ïå á®áã¤  ¢ ¢¨¤¥ ª®ª® �ç¥¢¨¤®, çâ® á«¥¤ã¥â ¨§¡¥£ âì á¨£ã«ïà®áâ¥©¯à¨ â¥§®àëå âà áä®à¬ æ¨ïå (11). �¤ ª®íâ® ¥¢®§¬®¦® á¤¥« âì ¤«ï á®áã¤®¢ ¢ ¢¨¤¥ "ª®-ª® ". �¢ï§ ® íâ® á «®ª «ìë¬¨ ¨¦¥© ¨ ¢¥àå-¥© ã£«®¢ë¬¨ â®çª ¬¨, âà áä®à¬¨àã¥¬ë¬¨ ¢ ¨á-ªãááâ¢¥ë¥ ¤® ¨ ¯®â®«®ª. �â  á¨âã æ¨ï ¨§®-¡à ¦¥    à¨á. 2 ¤«ï ®á¥á¨¬¬¥âà¨ç®© ®¡« áâ¨Q = f(x; y; z) : py2 + z2 = f(x); f(x) > 0; f 2C2(0; d); x 2 (0; d); f(0) = f(d) = 0g ¨ â¥§®à®©âà áä®à¬ æ¨¨z1 = x; z2 = yf(x) ; z3 = zf(x) ; (13)®â®¡à ¦ îé¥© Q ¢ ªàã£®¢®© æ¨«¨¤àQ� = (0; d)�f(z2)2 + (z3)2 < 1g.�à áä®à¬ æ¨ï (13) ¨ ¥¥ ®¡à é¥¨¥ x = z1; y =z2f(z1); z = z3f(z1) ®¡« ¤ îâ ¯®«®¦¨â¥«ì®®¯à¥¤¥«¥ë¬¨ ¬ âà¨æ ¬¨ �ª®¡¨ (¨, á«¥¤®¢ â¥«ì-®, �ª®¡¨  ¬¨):J� = 1 0 0f 0(z1) f(z1) 0f 0(z1) 0 f(z1) = f2(z1) > 0;(14)(J = 1J� > 0) ¢® ¢ãâà¥¨å â®çª å Q ¨ Q�. �¤- ª®, J� ¥¨§¡¥¦® à ¢ë ã«î   ¤¥ ¨ ¯®â®«ª¥(z1 = 0 ¨ z1 = d) æ¨«¨¤à  Q�.2.2. �¥§®à®¥ ¯à¥®¡à §®¢ ¨¥ ¢ à¨ æ¨®®£®¯à¨æ¨¯  �¥©â¬¥ �¨£  �ãª®¢áª®£® ¨ �̈ ¬®å¨ [8] ¤®ª §ë¢ ¥â á«¥-¤ãîéãî â¥®à¥¬ã, ¢ëà ¦ îéãî ¬ â¥¬ â¨ç¥áªãî

ä®à¬ã«¨à®¢ªã ¢ à¨ æ¨®®£® ¯à¨æ¨¯  �¥©â¬¥-  ¤«ï ¯«¥áª ¨ï ¦¨¤ª®áâ¨ ¢ ¡ ª å á«®¦®© £¥®-¬¥âà¨¨: �ãáâì Q { ®¡« áâì �®¡®«¥¢  ¨ (t1; t2){ ¯à®¬¥¦ãâ®ª ¢à¥¬¥¨. �ãáâì ¥à ¢¥áâ¢®�(x; y; z; t) < 0; t 2 (t1; t2) ¢ëà¥§ ¥â § ¢¨á¨-¬ë¥ ®â ¢à¥¬¥¨ �®¡®«¥¢áª¨¥ ¯®¤®¡« áâ¨ Q(t) �Q. �á«¨ áãé¥áâ¢ã¥â ¥§ ¢¨á¨¬ ï ®â ¢à¥¬¥¨®¡« áâì �®¡®«¥¢  ~Q, â.ç. �Q(t) � ~Q � Q ¨�(x; y; z; t); �(x; y; z; t) 2 C2( ~Q� [t1; t2]), â®£¤  § -¤ ç  (4)-(8) ï¢«ï¥âáï ¥®¡å®¤¨¬ë¬ ãá«®¢¨¥¬ íªá-âà¥¬ã¬  ¤«ï äãªæ¨® « W (�; �) = Z t2t1 Ldt;L = ZQ(t)(p� p0)dQ = �� ZQ(t) h@�@t + 12(r�)2 ��r� � (v0 +! � r) + UidQ; (15)  ¯à®¡ëå äãªæ¨ïå��jt1;t2 = 0; ��jt1;t2 = 0: (16)�à¨æ¨¯ �¥©â¬¥ -�îª  ¨á¯®«ì§ã¥â � £à -¦¨  ¢ ä®à¬¥ ¨â¥£à «  ¤ ¢«¥¨ï (á¬. ®¡§®àë�ãª®¢áª®£® ¨ �̈ ¬®å¨ [8] ¨ � «â¨á¥  ¨ ¤à. [21]).�®¯ãáâ¨¬ë¥ â¥§®àë¥ âà áä®à¬ æ¨¨ á®åà ï-îâ ¨¢ à¨ âë¬¨ ª ª � £à ¦¨ , â ª ¨ äãª-æ¨® « �¥©â¬¥ -�îª  W = W �:L � L� = �� ZQ�(t) h@��@t + 12(r���)2 ��r��� � (v0 + ! � r)� + U�iJ�dQ� (17)¯à¨ ¬¥âà¨ç¥áª®¬ â¥§®à¥gij = @r@zi @r@zj ; i; j = 1; 2; 3; (18)á®åà ïîé¥¬  ç «ìãî ¯à®áâà áâ¢¥ãî ¬¥-âà¨ªã dS2 = (dx)2 + (dy)2 + (dz)2 == gij(z1; z2; z3)dzidzj; (19)dQ = J�dQ� (dQ� = dz1dz2dz3):�¤¥áì Q�(t) { âà áä®à¬¨à®¢  ï ®¡« áâìQ(t),U� = U (x(z1; z2; z3); y(z1; z2; z3); z(z1; z2; z3); t);�� = �(x(z1; z2; z3); y(z1; z2; z3); z(z1; z2; z3); t);r� = r��� = �g1;j @��@zj ; g2;j @��@zj ; g3;j @��@zj � (20)¨ (v0+!�r)� ®¡®§ ç ¥â ¯à®¥ªæ¨¨   ª®®à¤¨ â-ë¥ ®àâë ªà¨¢®«¨¥©®© ª®®à¤¨ â®© á¨áâ¥¬ë;fgijg { ª®¢ à¨ âë© â¥§®à ª fgijg.36 �.�.�ãª®¢áª¨©, �.�.�̈ ¬®å 



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 32 { 472.3. �®¤ «ì ï á¨áâ¥¬  ¢ á«ãç ¥ ¯®áâã¯ â¥«ì-®£® ¤¢¨¦¥¨ï ®á¨â¥«ï�à¥¤¯®« £ ï  âãà «ìãî ¯ à ¬¥âà¨§ æ¨î á¢®-¡®¤®© £à ¨æë (2), ¬ë à áª« ¤ë¢ ¥¬ f�(z2; z3; t)¨ ¯®â¥æ¨ « áª®à®áâ¥© ��(z1; z2; z3; t) (¤«ï ¯®áâã-¯ â¥«ìëå ¤¢¨¦¥¨© ®á¨â¥«ï ! = 0) ¢ àï¤ë �ã-àì¥ f� = z10 + �0(t) + 1Xi=1 �i(t)fi(z2; z3); (21)�� = v0 � r + 1Xn=1Rn(t)�n(z1; z2; z3); (22)£¤¥ z10 = h, ffi(z2; z3)g ¨ f�n(z1; z2; z3)g á®áâ ¢«ï-îâ ¯®«ë©  ¡®à äãªæ¨©   ¥¢®§¬ãé¥®© ¯®-¢¥àå®áâ¨ ��0 ¨ ¢ Q á®®â¢¥âáâ¢¥®. �®¤áâ ¢«ïï(21), (22) ¢ ¢ à¨ æ¨®ãî § ¤ çã �W � = 0 ¨ ¯à®-¨§¢¥¤ï ¢ëª« ¤ª¨, á â®ç®áâìî ¤® â¥§®à®£® ¢¨¤ á®¢¯ ¤ îé¨¥ á ¢ëª« ¤ª ¬¨ à ¡®âë �ãª®¢áª®£® [5](¯à¥¤«®¦¥ë¥ ¤«ï æ¨«¨¤à¨ç¥áª¨å ¯®«®áâ¥©), ¯®-«ãç ¥¬ á«¥¤ãîéãî ¬®¤ «ìãî á¨áâ¥¬ã:ddtAn �Xk AnkRk = 0; n = 1; 2; ::: ; (23)Xn _Rn@An@�i + 12Xnk @Ank@�i RnRk + ( _v01 � g1)�i1�i ++ ( _v02 � g2)�i2 + ( _v03 � g3)�i3 = 0; i = 1; 2; : : : ;(24)á¢ï§ë¢ îéãî ®¡®¡é¥ë¥ ª®®à¤¨ âë Rn(t) ¨�i(t), ¢ª«îç¥ë¥ ï¢® ¨ ¥ï¢® ç¥à¥§ ¨â¥£à «ëAn = � ZD  Z f�0 �nJ�dz1! dz2dz3;Ank = � ZD  Z f�0 (r���n;r���k)J�dz1! dz2dz3;�i1 = Z��0 (fi)2J�dz2dz3; (25)�i2 = � Z��0 y(z1; z2; z3)fiJ�dz2dz3;�i3 = � Z��0 z(z1; z2; z3)fiJ�dz2dz3:3. �������� ���������� ¤ ç  ® ¯«¥áª ¨¨ ¦¨¤ª®áâ¨ ¢ ¥¯®¤¢¨¦®¬(v = ! = 0) æ¨«¨¤à¨ç¥áª®¬ á®áã¤¥ ¬®¦¥â¡ëâì «¨¥ à¨§®¢   ®â®á¨â¥«ì® £¨¤à®áâ â¨ç¥-áª®£® à ¢®¢¥á¨ï. �à¨ íâ®¬ ®à¬ «ì®¥ ¯à¥¤-áâ ¢«¥¨¥ á¢®¡®¤®© £à ¨æë ï¢«ï¥âáï ®¤¨¬ ¨å

ãá«®¢¨© «¨¥ à¨§ æ¨¨. �à®æ¥¤ãà  ¯à¥¤¯®« £ -¥â (¢ (z1; z2; z3)-ª®®à¤¨ â å) j��j � jf� � hj �jr��j � jr�f�j = " � 1 ¨ à¥¤ãæ¨àã¥â § ¤ -çã ¤® ç«¥®¢ ¯®àï¤ª  O("). �®á«¥ íâ®£® ¬ë ¯®-áâã«¨àã¥¬ �� = ip���(z1; z2; z3) exp(pi�t); f� =exp(ip�t)F (z1; z2) ¨ ¯®«ãç ¥¬ á«¥¤ãîéãî á¯¥ª-âà «ìãî § ¤ çã ® á®¡áâ¢¥ëå ª®«¥¡ ¨ïå á®á¯¥ªâà «ìë¬ ¯ à ¬¥âà®¬ �   ��0 : z1 = h,���� = 0 ¢ Q�0; @��@�� = 0   S�0 ;��� = @��@��   ��0; Z��0 @��@�� J�dz2dz3 = 0; (26)£¤¥ Q�0 = (0; h) � D { âà áä®à¬¨à®¢ ë© ¥-¢®§¬ãé¥ë© ®¡ê¥¬, S�0 { ®¡à § á¬®ç¥ëå áâ¥-®ª ¡ ª  ¢ £¨¤à®áâ â¨ç¥áª®¬ à ¢®¢¥á¨¨ ¨ ��0{ âà áä®à¬¨à®¢  ï ¥¢®§¬ãé¥ ï ¯®¢¥àå-®áâì. �à®¬¥ â®£®, ¬ë ®¡®§ ç¨«¨��'� = �' = gij � @2'�@zi@zj � �kij @'�@zk � ;@��@�� = r� � � = gij @��@zj �i;£¤¥ �i(z1; z2; z3); i = 1; 2; 3 { ¯à®¥ªæ¨¨   ª®¢ à¨- âë¥ ®àâë ¢ á¨áâ¥¬¥ (z1; z2; z3) ¨ �lkl { â¥§®àë�à¨áâ®ää¥«ï�kij = 12g�k�@gi�@zj � @gi�@zi � @gij@zk � ; i; j; k = 1; 2; 3:�á«¨ J� > � > 0   § ¬ëª ¨¨ �Q�0, á¯¥ªâà «ì- ï § ¤ ç  (26) ¨§®¬®àä  å®à®è® ¨§¢¥áâ®© á¯¥ª-âà «ì®© § ¤ ç¥�� = 0 ¢ Q0; @�@� = 0   S0;@�@� = ��   �0; Z�0 @�@� dy dz = 0; (27)áä®à¬ã«¨à®¢ ®© ¢ �¥ª àâ®¢®© á¨áâ¥¬¥ ª®®à¤¨- â ¨ @Q�0 = S�0 [��0. � ¯à®â¨¢®¬ á«ãç ¥ â¥§®à- ï âà áä®à¬ æ¨ï ¬®¦¥â ¨¬¥âì ¨§®«¨à®¢ ë¥á¨£ã«ïàë¥ â®çª¨ ¨ @Q� 6= S� [ ��0 (á ¥ã«¥¢®©¯®¢¥àå®áâ®© ¬¥à®© �(@Q�nS�) 6= 0). �â® ®§ -ç ¥â, çâ® í««¨¯â¨ç¥áª ï á¯¥ªâà «ì ï ¯à®¡«¥¬ (26) ¢ëà®¦¤ ¥âáï   @Q�nS�, £¤¥ ¥â £à ¨ç®-£® ãá«®¢¨ï. �«¥¤ãîé¨© ¯ à £à ä ãáâ  ¢«¨¢ -¥â á¯¥ªâà «ìë¥ â¥®à¥¬ë ¤«ï íâ®£® á¨£ã«ïà®£®á«ãç ï.3.1. �¯¥ªâà «ìë¥ â¥®à¥¬ë�¥®à¥¬  1. �ãáâì äãªæ¨¨  ; ' 2 C2(Q0) ¨-â¥£à¨àã¥¬ë ¢¬¥áâ¥ á ª¢ ¤à â ¬¨ £à ¤¨¥â®¢ ¨�.�.�ãª®¢áª¨©, �.�.�̈ ¬®å  37



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 32 { 47 �; '� 2 C2(Q�0) ¨å â¥§®àë¥ ®¡à §ë. � ¬ë-ª ¨¥ ¬®¦¥áâ¢  f �g ¢ ¬¥âà¨ª¥, ®¯à¥¤¥«ï¥¬®©áª «ïàë¬ ¯à®¨§¢¥¤¥¨¥¬h';  i = ZQ0((r';r ) + ' )dQ == ZQ�0 ((r�'�;r� �) + '� �)J�dQ� = (28)= h'�;  �i�; jj �jj2 = h �;  �i�;á®áâ ¢«ï¥â �¨«ì¡¥àâ®¢® ¯à®áâà áâ¢®W 1J� ;2(Q�0) = f�� : jj��jj2� < 1g, ª®â®à®¥ ¨§®¬¥-âà¨ç¥áª¨ íª¢¨¢ «¥â® �®¡®«¥¢áª®¬ã ¯à®áâà -áâ¢ã W 12 (Q0) ¨ (';  ) = Z�0(' )dydz == Z��0 ('� �)J�dz2dz3 = ('�;  �)�; (29)[';  ] = ZQ0(r';r )dQ == ZQ�0 (r�'�;r� �)J�dQ� = ['�;  �]�: (30)�à®¬¥ â®£®, ¤«ï £« ¤ª¨å äãªæ¨© '�;  � 2W 1J� ;2(Q�0)ZQ� ('��� � +r�'�r� �)dQ� = Z@Q�nG '� @ �@�� d�;(31)£¤¥ G = f(z1; z2; z3) : J� = 0g.�®ª § â¥«ìáâ¢®. �¢  ¬¥âà¨ç¥áª¨å ¯à®áâà -áâ¢ W 12 (Q0) ¨W 1J�;2(Q�0) ï¢«ïîâáï ¨§®¬¥âà¨ç¥áª¨íª¢¨¢ «¥âë¬¨ ª ª § ¬ëª ¨ï ®¤®£® ®á¨â¥«ï ¢íª¢¨¢ «¥âëå ¬¥âà¨ª å. �®à¬ã«ë (28)-(30) ¢¥à-ë ¤«ï £« ¤ª¨å äãªæ¨© ¨å ®á¨â¥«ï, á«¥¤®¢ â¥«ì-®, ¬¥âà¨ç¥áª¨¥ ¯à®áâà áâ¢  ¨¬¥îâ íª¢¨¢ «¥â-ë¥ áª «ïàë¥ ¯à®¨§¢¥¤¥¨ï (28).�«¥¤ãîé¨¥ ¢ëª« ¤ª¨ ¤®ª §ë¢ îâ ä®à¬ã«ã �à¨-  (31):ZQ�0 ('��� � +r�'�r� �)J�dQ� == ZQ0('� +r'r )dQ = Z@Q0 '@ @� d� == Z@Q0n(J�=0) '@ @� d� == Z@Q�0nf(z1;z2;z3):J�=0g '� @ �@�� d�:�¥®à¥¬  2 �¯¥ªâà «ìë¥ £à ¨çë¥ § ¤ ç¨ (26)¨ (27) íª¢¨¢ «¥âë   ¤®¯ãáâ¨¬ëå ª®¬¯ ªâëå

®á¨â¥«ïå DT� = f�� 2 W 1J�;2(Q�0) : @��@��2 L2(��0); R��0 ��J�dz2dz3 = 0g ¨ DT = f� 2W 21 (Q0) : @�@� 2 L2(�0); R�0 �dydz = 0g á®®â¢¥â-áâ¢¥®.�®ª § â¥«ìáâ¢®. � áá¬®âà¨¬ ®¯¥à â®à T �, ®¯à¥-¤¥«ï¥¬ë© § ¤ ç¥© �¨à¨å«¥-�¥©¬  :��'� = 0 ¢ Q�0; '� = u�   ��0; @'�@� = 0   S�0 ;â ª çâ® T �u� = @'�@� j��0 ; '� 2 DT� :�¯¥ªâà «ì ï ¯à®¡«¥¬  (26) ¨¬¥¥â â®£¤  á«¥¤ã-îéãî ®¯¥à â®àãî ¯®áâ ®¢ªã:T �u� = �u�; u� 2 �L2(��0) = f��j��0 : �� 2 DT�g¨, ¢á«¥¤áâ¢¨¥ (31), ¢ à¨ æ¨®ãî ¯®áâ ®¢ªã['�; ��]� � �('�; ��)� = 0; �� 2 DT� ; (32)ª®â®à ï íª¢¨¢ «¥â  § ¤ ç¥['; �]� �('; �) = 0; � 2 DT :3.2. �¯¥ªâà «ì ï § ¤ ç  ¤«ï ®á¥á¨¬¬¥âà¨ç-ëå ¡ ª®¢�®£¤  ¡ ª ¨¬¥¥â ®á¥á¨¬¬¥âà¨çãî ä®à¬ã, á¯¥ª-âà «ì ï § ¤ ç  (27) ¬®¦¥â ¡ëâì á¢¥¤¥  ª ¯®á«¥-¤®¢ â¥«ì®áâ¨ ¤¢ã¬¥àëå á¯¥ªâà «ìëå ªà ¥¢ëå§ ¤ ç ¢ ¬¥à¨¤¨® «ì®¬ á¥ç¥¨¨ G á ¯®¬®éìî ¯¥-à¥å®¤  ª æ¨«¨¤à¨ç¥áª®© á¨áâ¥¬¥ ª®®à¤¨ âx = z1; y = z2 cos z3; z = z2 sin z3; (33)á®¢¬¥é¥®£® á ®â¤¥«¥¨¥¬ ã£«®¢®© ¯¥à¥¬¥®©�(z1; z2; z3) =  m(z1; z2)cossinmz3; m = 0; 1; 2; : : : :(34)
�¨á. 3. �áå®¤®¥ ¨ âà áä®à¬¨à®¢ ®¥¬¥à¨¤¨® «ìë¥ á¥ç¥¨ï38 �.�.�ãª®¢áª¨©, �.�.�̈ ¬®å 



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 32 { 47�â¨ á¯¥ªâà «ìë¥ § ¤ ç¨ ¨¬¥îâ á«¥¤ãîé¨©¢¨¤: @@z2 (z2 @ m@z1 ) + @@z2 (z2 @ m@z2 )� m2z2  m = 0 ¢ G;@ m@z2 = � m   L0;@ m@� = 0   L1; m = 0; 1; 2; : : :; (35)j m(z1; 0)j <1; ZL0  0z2dz2;£¤¥ L0 ¨ L1 { £à ¨æë G ª ª íâ® ¯®ª § ®  à¨á. 3 ¨ � { ¢¥èïï ®à¬ «ì ª L1, ¬ â¥¬ â¨ç¥-áª®¥ ¢ëà ¦¥¨¥ ¤«ï ª®â®à®© á®¢¯ ¤ ¥â á ®¯à¥¤¥-«¥ë¬ ¢ëè¥ ¤«ï § ¤ ç¨ (27). �à ¨çë¥ ãá«®¢¨ï  z2 = 0 § ¬¥ïîâáï ãá«®¢¨¥¬ ®£à ¨ç¥®áâ¨,¯®áª®«ìªã ãà ¢¥¨¥ ¢ëà®¦¤ ¥âáï   x2 = 0. �®-á«¥¤¥¥ ¨â¥£à «ì®¥ ãá«®¢¨¥ (27)  ¢â®¬ â¨ç¥áª¨¢ë¯®«ï¥âáï ¤«ï m 6= 0, ® ¥ ¤«ï m = 0. �¥®-à¨ï á¯¥ªâà «ìëå § ¤ ç (35) ¯à¨¢¥¤¥  ¢ ª¨£ å�¥é¥ª® ¨ ¤à. [12] ¨ �ãª®¢áª®£®, � àïª  ¨ �®¬ -à¥ª® [6]. �¯¥ªâàë íâ¨å § ¤ ç ä®à¬¨àãîâ ¢¬¥áâ¥á¯¥ªâà ¨áå®¤®© § ¤ ç¨ (27).�¡« áâì G ¤®¯ãáª ¥â â¥§®àãî âà áä®à¬ -æ¨î z1 = x1; z2 = �(x1; x2); (z3 = x3); (36)®â®¡à ¦ îéãî ¥¥ ¢ ¯àï¬®ã£®«ì¨ª G�, ª ª íâ®¯®ª § ®   à¨á. 3, £¤¥ L0 ! L�0; L1 ! L�1.�â® ¯à¥®¡à §®¢ ¨¥ ¬®¦¥â ¨¬¥âì á¨£ã«ïà®áâì¢ ã£«®¢ëå â®çª å O, ®¡ãá«®¢«¥ãî ®â®¡à ¦¥¨-¥¬ ¥¥ ¢ £à ¨æã L�2. �¯¥ªâà «ì ï § ¤ ç  ¨¬¥¥ââ®£¤  á«¥¤ãîé¨© ¢¨¤:p@2 @x21 + 2q @2 @x1@x2 + s@2 @x22 +� @p@x1 + @q@x2� @ @x1++� @s@x2 + @q@x1� @ @x2 � cm2 = 0 ¢ G�;p @ @x1 + q @ @x2 = �   L�0;s @ @x2 + q @ @x1 = 0   L�1; (37)Z x200  0� @�@x2dx2 = 0; m = 0; 1; 2; : : :;£¤¥ p(x1; x2) = � @�@x2 ; q(x1; x2) = pa;s(x1; x2) = p(a2 + b2); a(x1; x2) = @x2@y ; (38)b(x1; x2) = @x1@� ; c(x1; x2) = 1� @�@x2 :

3.3. �¯¥ªâà «ìë¥ § ¤ ç¨ ¤«ï ªàã£®¢®£® ª®¨-ç¥áª®£® ¡ ª �ë à áá¬ âà¨¢ ¥¬ á¯¥ªâà «ìãî § ¤ çã ¤«ï «¨-¥©ëå ¯«¥áª ¨© ¢ ®¡à â®¬ ªàã£®¢®¬ ª®¨ç¥-áª®¬ ¡ ª¥ á ã£«®¬ à áâ¢®à  2�, ¨§®¡à ¦¥®¬  à¨á. 4. � ç «® ª®®à¤¨ â O à á¯®«®¦¥® ¢ ã£«®-¢®© â®çª¥, ®áì Ox  ¯à ¢«¥  ¢¢¥àå ¨ á®¢¬¥é¥  á®áìî á¨¬¬¥âà¨¨. �â¥ª¨ ®¯¨áë¢ îâáï ãà ¢¥¨-¥¬ x = ctg�py2 + z2: �¥¢®§¬ãé¥ ï á¢®¡®¤ ï£à ¨æ  x = h = x10 ¨¬¥¥â ä®à¬ã ªàã£  à ¤¨ãá r0 = htg� ¨ á¢ï§ë¢ ¥âáï á ¬ ªá¨¬ «ì®© £«ã¡¨®©¢ áâ â¨ç¥áª®¬ á®áâ®ï¨¨ h.�®¦¥áâ¢® á¯¥ªâà «ìëå ¯à®¡«¥¬ (37), ¯®«ã-ç¥ëå ¨§ (27) á ¯®¬®éìî à¥§ã«ìâ¨àãîé¥© â¥-§®à®© âà áä®à¬ æ¨¨ (33) + (36)x = x1; y = x1x2 cos x3; z = x1x2 sinx3 (39)¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:x21x2@2 @x21 � 2x1x22 @2 @x1@x2 + x2(1 + x22)@2 @x22 ++(1 + 2x22)  @x2 � m2x2  = 0 ¢ G�; m = 0; : : : ; (40)x21x2 @ @x1 � x1x22 @ @x2 = �x21x2   L�0; (41)x2(x22 + 1) @ @x2 � x1x22 @ @x1 = 0   L�1; (42)Z x200  0x2dx2 = 0; (43)£¤¥ G� = f(x1; x2) : 0 � x1 � x01; 0 � x2 � x20g,x20 = tg� ¨ a = �x2x1 ; b = 1x1 ; p = x21x2; q =�x1x22; s = x2(x22 + 1); c = 1x2 : (�¥ª®â®àë¥ ¢á¯®¬®-£ â¥«ìë¥ ä®à¬ã«ë ¯à¨¢¥¤¥ë ¢ �à¨«®¦¥¨¨ A).4. ��������� �������������� �������� ���������� ����4.1. �¨á«¥®-  «¨â¨ç¥áª¨¥ à¥è¥¨ï á¯¥ª-âà «ìëå § ¤ ç�á«¨ v(m)k (x2) ã¤®¢«¥â¢®àï¥â ãà ¢¥¨îx2(1 + x22)v00k + (1 + 2x22 � 2kx22)v0k + [k(k � 1)x2��m2x2 ]vk = 0; jvk(0)j <1; m = 0; 1; 2 : : :; (44)w(m)k = xk1v(m)k (x2) {   «¨â¨ç¥áª¨¥ à¥è¥¨ï ãà ¢-¥¨ï (40). �®£¤  k { æ¥«®¥ ç¨á«®, ¬®¦¥áâ¢®�.�.�ãª®¢áª¨©, �.�.�̈ ¬®å  39
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�¨á. 4. �áª¨§ ª®¨ç¥áª®£® ¡ ª , ¥£® ¬¥à¨¤¨® «ì®£® á¥ç¥¨ï G ¨ âà áä®à¬¨à®¢ ®© ®¡« áâ¨ G�;x10 = h; x20 = tg�.fv(m)k g á®áâ®¨â ¨§ ¯®«¨®¬®¢, ¢ëç¨á«ï¥¬ëå ¯® á«¥-¤ãîé¨¬ à¥ªãàá¨¢ë¬ ä®à¬ã« ¬:v(0)0 = 1; v(0)1 = 1; v(1)1 = x2;(k +m+ 1)v(m)k+1 == (2k + 1)v(m)k � (k �m)(1 + x22)v(m)k�1;(k +m+ 1)x2v(m+1)k == 2(m+ 1)[(1 + x22)v(m)k�1 � v(m)k ];dv(m)kdx2 = 1x2 [kv(m)k � (k �m)v(m)k�1]:�ë ¯à¥¤áâ ¢«ï¥¬ ¯à¨¡«¨¦¥ë¥ à¥è¥¨ï á¯¥ª-âà «ì®© § ¤ ç¨ (40)-(42) ¢ ¢¨¤¥ áã¬¬ë ¯® w(m)k : m = qXk=m a(m)k w(m)k (x1; x2) = qXk=m a(m)k xk1v(m)k (x2);(45)£¤¥ ãá«®¢¨¥ á®åà ¥¨ï ®¡ê¥¬  (43) ã¤®¢«¥â¢®àï-¥âáï ¯ãâ¥¬ ¯®¤áâ ®¢ª¨ v(0)k = v(0)k � ck,ck = 2x220 Z x200 w(0)k (x10; x2)x2dx2 = xk10v(1)k+1(x20)x20 :�¥¨§¢¥áâë¥ ª®íää¨æ¨¥âë a(m)k ¬®£ãâ ¡ëâì  ©-¤¥ë ¨§ ¢ à¨ æ¨®®£® ãà ¢¥¨ïJ = ZG� hp�@ m@x1 �2 + 2q@ m@x1 @ m@x2 + s�  m@x2�2 ++m2x2  2midx1dx2 � � ZL�0 p 2mdx2; (46)¢ë¢¥¤¥®£® ¨§ (32). �® ¯à¥®¡à §ã¥â ¢ëà ¦¥¨ï(40)-(42) ª á¯¥ªâà «ì®© ¬ âà¨ç®© § ¤ ç¥detj�(m)ij � �m�(m)ij j = 0; (47)

� ¡«. 1. �à¨¡«¨¦¥®¥ �mn versus q ¢ (45).�®¨ç¥áª ï ®¡« áâì ã£«  à á¢®à  2� = �=2.q �01 �11 �12 �21 �223 7.1999 1.0 16.960 1.76754 25.407064 3.153 1.0 5.4313 1.76749 7.714645 2.93888 1.0 4.5837 1.76738 6.096186 2.93077 1.0 4.5143 1.76738 5.915827 2.92728 1.0 4.4915 1.76738 5.836028 2.92659 1.0 4.4839 1.76738 5.831609 2.92657 1.0 4.4831 1.76838 5.8274310 2.92657 1.0 4.4830 1.76838 5.8269311 2.92657 1.0 4.4830 1.76838 5.82689£¤¥ �(m)ij ¨ �(m)ij (¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ @w(m)k@x1 =kx1w(m)k ) ¬®¦¥â ¡ëâì ¢ëç¨á«¥® ¯® ä®à¬ã« ¬�(m)ij = hi+j+1h(i�m) Z x200 v(m)i�1v(m)j x2dx2 ++[iv(m)i � (i�m)(1 + x220)v(m)i�1 ]v(m)j ��x2=x20i+ j + 1 i; (48)�(m)ij = hi+j+2 Z x200 v(m)i v(m)j x2dx2: (49)� âà¨ç ï á¯¥ªâà «ì ï § ¤ ç  (47) ¨¬¥¥â¬®¦¥áâ¢® á®¡áâ¢¥ëå § ç¥¨©, ç¨á«® ª®â®-àëå § ¢¨á¨â ®â à §¬¥à®áâ¨ q ¢  § âæ¥ (45).�«ï «î¡®£® m íâ¨ á®¡áâ¢¥ë¥ § ç¥¨ï �mn¡ã¤ãâ ã¯®àï¤®ç¥ë ¢ ¯®àï¤ª¥ ¢®§à áâ ¨ï ¯®¨¤¥ªáã n = 1; 2; : : :. �®¡áâ¢¥ë¥ § ç¥-¨ï ¨ á®¡áâ¢¥ë¥ ¢¥ªâ®à  (47) ®â¢¥ç îâ á®¡-áâ¢¥ë¬ ç áâ®â ¬ (�mn = pg�mn) ¨ á®¡-áâ¢¥ë¬ ¬®¤ ¬ ( mn(x1; x2; x3) = Pqk=m a(mn)k40 �.�.�ãª®¢áª¨©, �.�.�̈ ¬®å 



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 32 { 47w(mn)k (x1; x2)cossinmx3), ®¯à¥¤¥«ï¥¬ë¬ á¯¥ªâà «ì®©§ ¤ ç¥© (26). �®¢¥àå®áâë¥ á®¡áâ¢¥ë¥ ä®à¬ë¢ëç¨á«ïîâáï ¯® ä®à¬ã«¥fmn(x2; x3) = �mng  mn(x10; x2; x3): (50)�¥¬¥©áâ¢® äãªæ¨© ffmng ï¢«ï¥âáï ¯®«ë¬ ¢L2(��0). �ï¤ë�ãàì¥ ¯® fmn á ª®íää¨æ¨¥â ¬¨, § -¢¨áïé¨¬¨ ®â ¢à¥¬¥¨ (21), ®¯à¥¤¥«ïîâ í¢®«îæ¨îá¢®¡®¤®© £à ¨æë. �®â¥æ¨ « áª®à®áâ¥© ¬®¦¥â¡ëâì à §«®¦¥ ¢ àï¤ë �ãàì¥ ¯®  mn(x1; x2; x3).�à¥¤«®¦¥ë©  «£®à¨â¬ ®¯à¥¤¥«¥¨ï á®¡áâ¢¥-ëå ç áâ®â ¨ ä®à¬ ï¢«ï¥âáï à®¡ áâë¬ ¨ ç¨á«¥®íää¥ªâ¨¢ë¬. �£® áå®¤¨¬®áâì ¯à®¤¥¬®áâà¨à®-¢   ¢ â ¡«. 1. �å®¤¨¬®áâì, ¯® ¢á¥© ¢¥à®ïâ®áâ¨,¬®¦¥â ¡ëâì ã«ãçè¥ , ¥á«¨ ¯à¨ïâì ¢® ¢¨¬ ¨¥,çâ® £à ¨ç®¥ ãá«®¢¨¥ (41) ¤®¯ãáª ¥â à §¤¥«¥¨¥¯¥à¥¬¥ëå x1 ¨ x2. �â® ¤®¡ ¢«ï¥â ª ãà ¢¥¨î(44) á«¥¤ãîé¥¥ £à ¨ç®¥ ãá«®¢¨¥:v0(x20) = k x201 + x220v(x20): (51)�à ¢¥¨¥ (44) á £à ¨çë¬ ãá«®¢¨¥¬ (51) á®áâ -¢«ïîâ á¯¥ªâà «ìãî § ¤ çã á® á¯¥ªâà «ìë¬ ¯ -à ¬¥âà®¬ k ¢ ãà ¢¥¨¨ ¨ £à ¨ç®¬ ãá«®¢¨¨ ®¤-®¢à¥¬¥®. �¤¥áì k ¥ ï¢«ï¥âáï ä¨ªá¨à®¢ ë¬æ¥«ë¬ ç¨á«®¬, ¨ ¡ §¨á w(m)k (x1; x2) ¢ à¥è¥¨¨ (45)ã¤®¢«¥â¢®àï¥â ãá«®¢¨î �¥©¬   ¢¤®«ì áâ¥®ª ¡ -ª . �¥«¨¥© ï ¬®¤ «ì ï â¥®à¨ï �ãª®¢áª®£® [5]âà¥¡ã¥â ¢ë¯®«¥¨ï â ª®£® ãá«®¢¨ï ¯®¤ ¨  ¤ «¨-¨¥© ª®â ªâ  ¦¨¤ª®áâ¨ ¢ ¥¢®§¬ãé¥®¬ á®áâ®-ï¨¨.4.2. �¥«¨¥© ï ¬®¤ «ì ï á¨áâ¥¬ �ë ¨á¯®«ì§ã¥¬ ¯ïâ¨¬®¤®¢ë©  § âæ �ãª®¢áª®£®[5]f�(x2; x3; t) = x10 + f(x2; x3; t) = x10 + �0(t) ++p0(t)f0(x2) + [r1(t) sinx3 + p1(t) cos x3]f1(x2) ++[r2(t) sin 2x3 + p2(t) cos 2x3]f2(x2); (52)'(x1; x2; x3) = P0(t) 0(x1; x2) ++[R1(t) sinx3 + P1(t) cos x3] 1(x1; x2) ++[R2(t) sin 2x3 + P2(t) cos 2x3] 2(x1; x2) (53)¤«ï â®£®, çâ®¡ë ¯à¨¡«¨§¨âì ¯®¢¥àå®áâì ¨ ¯®â¥-æ¨ « áª®à®áâ¥©. �̈ ¯®â¥§  ¯ïâ¨¬®¤®¢®£®  § âæ ¡ë«  ¯®¤â¢¥à¦¤¥  ¤«ï ¯«¥áª ¨© ¢ ªàã£®¢®¬ æ¨-«¨¤à¨ç¥áª®¬ ¡ ª¥. �à£ã¬¥â æ¨ï â ª®£® ¢ë¡®-à  ¡ §¨àã¥âáï    áâà®©ª¥ �®¨á¥¥¢  [9], ª®â®-à ï ãáâ  ¢«¨¢ ¥â ¯à¥¤¯®çâ¥¨¥ ¤«ï ¨§è¨å á®¡-áâ¢¥ëå áâ®ïç¨å ¢®« (¬®¤ «ìëåäãªæ¨© r1; R1

¨ p1; P1). �àã£¨¥ ¬®¤ «ìë¥ äãªæ¨¨ ¢  § æ¥¨¬¥îâ ¢â®à®© ¯®àï¤®ª ¬ «®áâ¨, â.¥.r1 � R1 � p1 � P1 � �1=3;p0 � P0 � r2 � R2 � p2 � P2 � �2=3; (54)£¤¥ � { ®â®è¥¨¥  ¬¯«¨âã¤ë £ à¬®¨ç¥á-ª¨å £®à¨§®â «ìëå ª®«¥¡ ¨© (sway) á®áã¤  ªmax(x10; x20). � á®®â¢¥âáâ¢¨¨ á  áâà®©ª®© �®-¨á¥¥¢ , á¥ªã«ïà®¥ ãà ¢¥¨¥ ¤®«¦® ¡ëâì  á¨¬-¯â®â¨ç¥áª¨ ãá¥ç¥® ¤® ç«¥®¢ O(�). �®á«¥ ¯®¤-áâ ®¢ª¨ ãà ¢¥¨© (52) ¨ (53) ¢ ®¡éãî ¬®¤ «ì-ãî á¨áâ¥¬ã (23)-(24) ¨ ãç¥â  (54) ¬ë ¯®«ãç ¥¬ ¢â¥à¬¨ å O(�) á«¥¤ãîéãî ¥«¨¥©ãî ¬®¤ «ìãîá¨áâ¥¬ã, á¢ï§ë¢ îéãî p1; r1; p0; r2 ¨ p2 (¢ë¢®¤ ¢¥ª®â®àëå ¤¥â «ïå ¯à¥¤áâ ¢«¥ ¢ �à¨«®¦¥¨¨ B):�1(�r1 + �21r1) + d1(r21�r1 + r1 _r21 + r1p1�p1 + r1 _p21) ++d2(p21�r1 + 2p1 _r1 _p1 � r1p1�p1 � 2r1 _p21)��d3(p2�r1 � r2�p1 + _r1 _p2 � _p1 _r2) ++d4(r1�p2 � p1�r2) + d5(p0�r1 + _r1 _p0) + d6r1�p0 ++w1dk1r1(r21 + p21) + 2dk2w1(p1r2 � r1p2) ++2dk3w1r1p0 + w2(2dk5r1p1 + dk6r2) + w3[�++dk4p0 + dk5(p21 + 3r21)� dk6p2 + dk7p20] = 0; (55)�1(�p1 + �21p1) + d1(p21�p1 + p1 _p21 + r1p1�r1 + p1 _r21) ++d2(r21�p1 + 2r1 _r1 _p1 � r1p1�r1 � 2p1 _r21) ++d3(p2�p1 + r2�r1 + _r1 _r2 + _p1 _p2) ��d4(p1�p2 + r1�r2) + d5(p0�p1 + _p1 _p0) + d6p1�p0 ++w1dk1p1(r21 + p21) + 2dk2w1(r1r2 + p1p2) ++2dk3w1p1p0 +w3(2dk5r1p1 + dk6r2) +w2[�++dk4p0 + dk5(r21 + 3p21) � dk6p2 + dk7p20] = 0; (56)�0(�p0 + �20p0) + d6(r1�r1 + p1�p1) + d8( _r21 + _p21) ++w1dk3(r21 + p21) +w2[dk4p1 + 2dk7p1p0 ++d9p1(r21 + p21) + dk12(r1r2p1p2)] + w3[dk4r1 ++2dk7r1p0 + dk9r1(r21p21) + dk12(p1r2 � r1p2)] = 0;(57)�2(�r2 + �22r2)� d4(p1�r1 + r1�p1)� 2d7 _r1 _p1 ++2w1dk2r1p1 + w2[dk6r1 + 2dk8p1r2 + 2dk10r1p21 ++dk11r1(r21 + p21) + dk12r1p0] + w3[dk6p1 + 2dk8r1r2 ++2dk10r21p1 + dk11p1(r21 + p21) + dk12p1p0] = 0; (58)�2(�p2 + �22p2) � d4(r1�r1 � p1�p1)� d7( _r21 � _p21)��w1(dk2r21 � p21) +w2[dk6p1 + 2dk8p1p2 ++dk10(p21 � r21) + dk11p1(r21 + p21) + dk12p1p0] ++w3[�dk6r1 + 2dk8r1p2 + dk10r1(p21 � r21)��dk11r1(r21 + p21) � dk12r1p0] = 0: (59)�.�.�ãª®¢áª¨©, �.�.�̈ ¬®å  41



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 32 { 47�¤¥áì ª®íää¨æ¨¥âë �i; di ï¢«ïîâáï äãªæ¨ï¬¨x10 ¨ x20, ¨ w(t) = (w1(t); w2(t); w3(t)) = _v0 � g{ ¢¥ªâ®à ª ¦ãé¥£®áï ãáª®à¥¨ï.�à ¢¥¨ï (55)-(59) ®â«¨ç îâáï ®â ¬®¤ «ìëåãà ¢¥¨©, ¢ë¢¥¤¥ëå �ãª®¢áª¨¬ [5] ¤«ï ¯àï¬®-£® ªàã£®¢®£® æ¨«¨¤à . �¨ á®¤¥à¦ â ¤®¯®«¨-â¥«ìë¥ ç«¥ë, á¢ï§ ë¥ á "£¥®¬¥âà¨ç¥áª®©" ¥-«¨¥©®áâìî.������1. � §¢¨¢ ¥âáï ¬¥â®¤¨ª  ¥ª®ä®à¬ëå ®â®-¡à ¦¥¨© �ãª®¢áª®£® [3]. �¯à¥¤¥«¥ ª« áá ¤®-¯ãáâ¨¬ëå â¥§®àëå âà áä®à¬ æ¨©. � ®â®-¡à ¦ ¥â ¯®«®áâì ¡ ª  ¢ ¨áªãááâ¢¥ë© æ¨«¨¤à¨-ç¥áª¨© ®¡ê¥¬. �â® ¤¥« ¥â ¢®§¬®¦ë¬ ¯à¥¤áâ -¢¨âì ãà ¢¥¨¥ á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¢ ¢¨¤¥,à §à¥è¥®¬ ®â®á¨â¥«ì® ¢¥àâ¨ª «ì®© ª®®à¤¨- âë, ¨ à §«®¦¨âì íâ® ãà ¢¥¨¥ ¢ àï¤ �ãàì¥¯® á®¡áâ¢¥ë¬ ä®à¬ ¬, âà áä®à¬¨à®¢ ë¬ ¢¤ ãî ªà¨¢®«¨¥©ãî á¨áâ¥¬ã. �®íää¨æ¨¥âë�ãàì¥ ¯à¥¤¯®« £ îâáï § ¢¨á¨¬ë¬¨ ®â ¢à¥¬¥¨äãªæ¨ï¬¨.2. �®¯ãáâ¨¬ë¥ â¥§®àë¥ âà áä®à¬ æ¨¨ ®¡ï-§ â¥«ì® ¨¬¥îâ á¨£ã«ïà®áâ¨ ¯à¨ ®â®¡à ¦¥¨¨¨¦¨å (¢¥àå¨å) ã£«®¢ëå â®ç¥ª ¢ ¨áªãááâ¢¥®¥¤® (¯®â®«®ª). �®áâà®¥  ¬ â¥¬ â¨ç¥áª ï â¥®-à¨ï á¯¥ªâà «ìëå § ¤ ç â¥®à¨¨ «¨¥©ëå ª®«¥-¡ ¨©, à áá¬®âà¥ëå ¢ ¨áªãááâ¢¥®© ®¡« áâ¨.�  ãç¨âë¢ ¥â ¢®§¬®¦®¥ ¢ëà®¦¤¥¨¥ ãà ¢¥¨ï�¥«ìâà ¬¨-� ¯« á  ¨ £à ¨çëå ãá«®¢¨©   ç áâ¨£à ¨æë ®¡« áâ¨, ï¢«ïîé¨åáï ¯à®®¡à § ¬¨ á¨-£ã«ïàëå â®ç¥ª. �¯¥ªâà «ìë¥ ¨ ¢ à¨ æ¨®ë¥â¥®à¥¬ë ãáâ  ¢«¨¢ îâ, çâ® ¨áå®¤ ï ¨ âà á-ä®à¬¨à®¢  ï § ¤ ç¨ ¨§®¬®àä® íª¢¨¢ «¥âë¢ ¯®¤å®¤ïé¨å ¢¥á®¢ëå ¯à®áâà áâ¢ å �®¡®«¥¢ .3. �®à®è® ¨§¢¥áâ ï ¡¥áª®¥ç®¬¥à ï ¬®¤ «ì- ï á¨áâ¥¬  �ãª®¢áª®£® [5] (¢ë¢¥¤¥ ï ¤«ï ¯«¥-áª ¨© ¦¨¤ª®áâ¨ ¢ æ¨«¨¤à¨ç¥áª¨å á®áã¤ å) á®-åà ï¥â ¨¢ à¨ âãî áâàãªâãàã ¯® ®â®è¥¨îª ¢¢¥¤¥ë¬ ¤®¯ãáâ¨¬ë¬ â¥§®àë¬ âà áä®à¬ -æ¨ï¬, ¥á«¨ á®áã¤ á®¢¥àè ¥â ¯®áâã¯ â¥«ìë¥ ¤¢¨-¦¥¨ï. �«¥¤®¢ â¥«ì®, ®  ¬®¦¥â ¡ëâì ¨á¯®«ì§®-¢   ¤«ï ¢ë¢®¤  ¬®£®¬¥àëå ¬®¤ «ìëå á¨áâ¥¬,ãç¨âë¢ îé¨å á«®¦ë¥ ¬¥¦¬®¤ «ìë¥ ¢§ ¨¬®¤¥©-áâ¢¨ï ¨§è¨å ¨ àï¤  ¢ëáè¨å ä®à¬, ¥á«¨ áãé¥-áâ¢ã¥â ¢ëá®ª®â®çë©  «£®à¨â¬ ¤«ï ®¯à¥¤¥«¥¨ï¢ëáè¨å á®¡áâ¢¥ëå ä®à¬ ¢ ªà¨¢®«¨¥©®© ¯ à -¬¥âà¨§ æ¨¨.4. �¯¥ªâà «ì ï ¯à®¡«¥¬  ® á®¡áâ¢¥ëå ä®à-¬ å ¯«¥áª ¨© ¢ ªàã£®¢®¬ ª®¨ç¥áª®¬ ¡ ª¥ ¥ ¨¬¥-¥â   «¨â¨ç¥áª¨å à¥è¥¨© ª ª ¢ ¤¥ª àâ®¢®©, â ª¨ ¢ ªà¨¢®«¨¥©ëå ¯ à ¬¥âà¨§ æ¨ïå. �à áä®à-¬¨à®¢ ®¥ ãà ¢¥¨¥ � ¯« á  ¤®¯ãáª ¥â, ®¤ ª®,

¯®«®¥ ¬®¦¥áâ¢® ¯®«¨®¬¨ «ìëå à¥è¥¨©. �á-¯®«ì§ãï ¨å ª ª ¡ §¨á, ¬ë á«¥¤ã¥¬ ¤®ª § ®© ¢ -à¨ æ¨®®© ä®à¬ã«¨à®¢ª¥, çâ®¡ë ¯®«ãç¨âì  «£®-à¨â¬ ¤«ï ¯à¨¡«¨¦¥¨ï ¢ëáè¨å ä®à¬. �â®â  «£®-à¨â¬ ï¢«ï¥âáï ¯à¥¤¯®çâ¨â¥«ì¥©, ç¥¬ ¯àï¬ë¥ ¬¥-â®¤ë � ãíà , �ãª®¢áª®£® ¨ � ãíà  ¨ �©¤¥«ï. �à®¡ áâë© ¨ ç¨á«¥® íää¥ªâ¨¢ë©.5. �®á«¥ ¯®¤áç¥â  á®¡áâ¢¥ëå ä®à¬ ¬ë ¨á-¯®«ì§ã¥¬  § âæ �ãª®¢áª®£® ¤«ï ¢ë¢®¤  ¬®£®-¬¥àëå ¬®¤ «ìëå á¨áâ¥¬ ¥«¨¥©ëå ¯«¥áª -¨© ¦¨¤ª®áâ¨ ¢ ª®¨ç¥áª¨å ¡ ª å. �â®â  § âæ¢ª«îç ¥â ¯ïâì ¨§è¨å á®¡áâ¢¥ëå ä®à¬ ¨ ®¡ã-á«®¢«¥  á¨¬¯â®â¨ç¥áª®©  áâà®©ª®© �®¨á¥¥¢ .�â   á¨¬¯â®â¨ª  ¯à¥¤¯®« £ ¥â ¤¢¥ á¢ï§ ëå ¤®-¬¨ âë, ª®â®àë¥ ®â«¨ç îâáï â®«ìª®  §¨¬ãâ «ì-ë¬ ¢à é¥¨¥¬   12� ¨ ¨¬¥îâ à ¢ë¥ á®¡áâ¢¥-ë¥ ç áâ®âë. �¨ ¥«¨¥©® á¢ï§ ë ª ª ¥¯®-áà¥¤áâ¢¥®, â ª ¨ ç¥à¥§ ¢â®à¨çë¥ ä®à¬ë. �«¥-¤ãîé¨¥ âà¨ ä®à¬ë ¯à¥¤áâ ¢«ïîâ ¨§ á¥¡ï âà¨  ¨-¡®«¥¥ í¥à£¥â¨ç¥áª¨ ¢ ¦ëå ¢â®à¨çëå ä®à¬ë.�ë¢¥¤¥ ï ¬®¤ «ì ï á¨áâ¥¬  á¢ï§ë¢ ¥â ¨å ¥-«¨¥©®. �  ¬®¦¥â ¡ëâì ¯®§¤¥¥ ¯à¨¬¥¨¬  ¤«ï¯®¤áç¥â  ãáâ ®¢¨¢è¨åáï ¨ ¯¥à¥å®¤ëå ¢®«, ®¡ã-á«®¢«¥ëå à §«¨çë¬¨ "sway" ¢®§¡ã¦¤¥¨ï¬¨ á®áà¥¤¥© ç áâ®â®© ¢ ç áâ®â®¬ ¤¨ ¯ §®¥ ¬¨¨-¬ «ì®£® â® .�« £®¤ à®áâì� ¡®â   ¢â®à®¢ ¡ë«  ç áâ¨ç® ¯®¤¤¥à¦   ¥-¬¥æª¨¬ ¨áá«¥¤®¢ â¥«ìáª¨¬ ®¡é¥áâ¢®¬ (DeutscheForschungsgemeinschaft, DFG).�à¨«®¦¥¨¥ A�ª®¡¨  J� = x21x2. �®¬¯®¥âë ¬¥âà¨ç¥áª¨åâ¥§®à®¢ gij ¨ gijg11 = 1 + x22; g12 = g21 = x1x2; g13 = g31 = 0;g22 = x21; g23 = g32 = 0; g33 = x21x22;g11 = 1; g12 = g21 = �x2x1 ; g13 = g31 = 0;g22 = 1 + x22x21 ; g23 = g32 = 0; g33 = 1x21x22 :�à¨«®¦¥¨¥ B�ë ¯¥à¥¯¨áë¢ ¥¬ (45) ¢ ¢¨¤¥ m = xm1 pmXi=1 xi1b(m)i (x2); (m = 0; 1; 2); (60)£¤¥ b(m)i = a(m)i +mv(m)i+m(x2); pm = qm �m.42 �.�.�ãª®¢áª¨©, �.�.�̈ ¬®å 



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 32 { 47�à®¨§¢®¤ë¥ ¯® x1 ¨ x2 ¨ ¯à®¨§¢¥¤¥¨ï  m ¢ë-ç¨á«ïîâáï ¯® ä®à¬ã« ¬ mx1 = x�m1 rmXi=0 xi1C(m)i (x2);C(0)i (x2) = (i + 1)a(0)i+1v(0)i+1(x2);C(1)i (x2) = (i + 1)a(1)i+1v(1)i+1(x2);C(2)i (x2) = (i + 2)a(2)i+2v(2)i+2(x2);(r0 = q0 � 1; r1 = q1 � 1; r2 = q2 � 2);�m = � 0 for m = 0; 11 for m = 2 ; mx2 = xm1 pmXi=1 xi1d(m)i ;d(m)i = a(m)m+i ddx2v(m)m+i(x2); (61) m n = xm+n1 pm+pnXi=0 xi1b(m;n)i (x2); mx1 nx1 = x�m+�n1 rm+rnXi=0 xi1C(m;n)i (x2); mx1 nx2 = x�m+n1 rm+pnXi=0 xi1l(m;n)i (x2); mx2 nx2 = xm+n1 pm+pnXi=0 xi1d(m;n)i (x2) (62)£¤¥ b(m;n)i (x2); C(m;n)i (x2); l(m;n)i (x2); d(m;n)i (x2) ¢ë-ç¨á«ïîâáï ¯®áà¥¤áâ¢®¬ b(m)i (x2), C(m)i (x2),l(m)i (x2), d(m)i (x2).�®¤ «ì ï á¨áâ¥¬  (23)-(24) ¯à¨¢®¤¨âáï ª ¢¨¤ãddt _An � 5Xk=1AnkZk = 0 (n = 1; :::; 5); (63)5Xk=1 _Zn @An@�i + 12 5Xn=1 5Xk=1 @Ank@�i ZnZk+ 3Xj=1wj @lj@�j = 0;(64)£¤¥ P0(t) = Z1(t); R1(t) = Z2(t); P1(t) = Z3(t);R2(t) = Z4(t); P2(t) = Z5(t);'1 =  0; '2 =  1 sinx3; '3 =  1 cos x3;'4 =  2 sin 2x3; '5 =  2 cos 2x3¨ �1(t) = p0(t); �2(t) = r1(t); �3(t) = p1(t);�4(t) = r2(t); �5(t) = p2(t): (65)

�á«®¢¨¥ á®åà ¥¨ï ®¡ê¥¬  á â®ç®áâìî ¤® O(�)Z 2�0 Z x200 (�1f + �2f2 + �3f3)x2dx2dx3 = 0; (66)£¤¥ �1 = x210; �2 = x10; �3 = 13 , ¨, á«¥¤®¢ â¥«ì®,�0(t) = k0p20 + k1(r21 + p21) + k2(r22 + p22)++k3(r22 + p22) + k4(12p2p21 � 12p2r21 + r1r2); (67)á k0 = ��2l00S0 ; k1 = ��2l11S0 ; k2 = ��2l22S0 ;k3 = � l011S0 ; k4 = � l211S0 ;�2 = x10; S0 = �x210x220;l11 = � Z x200 x2f21dx2; l00 = 2� Z x200 x2f20dx2;l22 = � Z x200 x2f22dx2; l011 = � Z x200 f0f21x2dx2;l211 = � Z x200 x2f2f21 dx2; l4 = � Z x200 x2f41 dx2:�®¬¯®¥âë ¢¥ªâ®à  l (¯®«®¦¥¨¥ æ¥âà  ¬ áá)l1 = � Z x200 Z 2�0 Z x10+f0 x31x2dx1dx3dx2;l2 = � Z x200 Z 2�0 Z x10+f0 x31x22 cosx3dx1dx3dx2;l3 = � Z x200 Z 2�0 Z x10+f0 x31x22 sinx3dx1dx3dx2:� â®ç®áâìî ¤® O(�) ¬ë ¨¬¥¥¬l1 = �[l(0)1 + l(1)1 (r21 + p21) + l(2)1 p20 + l(3)1 (r22 + p22) ++l(4)1 (r21 + p21)2 + l(5)1 (12p21p2 � 12r21p2 + r1p1r22) ++l(0)1 p0(r21 + p21)];l2 = l(1)2 p1 + l(2)2 p1p0 + l(3)2 p1(r21 + p21) ++l(4)2 (r1r2 + p1p2) + l(5)2 p1p20 + l(6)2 p1(r22 + p22) ++l(7)2 p1p0(r21 + p21) + l(8)2 p1(12p2p21 � 12p2r21 + r1p1r2) ++l(9)2 (r1r2 + p1p2)(r21 + p21) + l(10)2 p0(r1r2 + p1p2);l3 = l(1)3 r1 + l(2)3 p0r1 + l(3)3 r1(r21 + p21) + l(4)3 (p1r2 ��r1p2) + l(5)3 r1p20 + l(6)3 r1(r22 + p22) + l(7)3 r1p0(r21 ++p21) + l(8)3 r1(12p2p21 � 12p2r21 + r1p1r2) ++l(9)3 (r21p21)(p1r2 � r1p2) + l(10)3 p0(p1r2 � r1p2);�.�.�ãª®¢áª¨©, �.�.�̈ ¬®å  43



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 32 { 47£¤¥l(0)1 = �4x410x220; l(1)1 = 12x210l11; l(2)1 = 12x210l00;l(3)1 = 12x210l22; l(4)1 = 316 l4 � 3x2102S0 l211;l(5)1 = 2x10l211; l(6)1 = 2x10l011;l(1)2 = l(1)3 = �x310S1; l(2)2 = l(2)3 = 3�x210S01;l(3)2 = l(3)3 = 3�(x210k1S1 + 14x10S13);l(4)2 = l(4)3 = 32�x210S12;l(5)2 = l(5)3 = 3�(x210k0S1 + x10S102);l(6)2 = l(6)3 = 3�(x210k2S1 + 12x10S122);l(7)2 = l(7)3 = 3�(x210k3S1 + 2k1x10S01 + 14S013);l(8)2 = l(8)3 = 3�x210k4S1; l(9)2 = l(9)3 = 3�x10k1S12;l(10)2 = l(10)3 = 3�x10S012;S1 = � Z x200 x22f1dx2; S01 = � Z x200 x22f0f1dx2;S13 = � Z x200 x22f31dx2;S12 = � Z x200 x22f2f1dx2;S102 = � Z x200 x22f20 f1dx2;S122 = � Z x200 x22f22f1dx2;S013 = � Z x200 x22f0f31 dx2;S012 = � Z x200 x22f0f1f2dx2:�á¨¬¯â®â¨ç¥áª®¥ à §«®¦¥¨¥ (25) ¤ ¥â á â®ç®-áâìî ¤® O(�):A1 = a0 + a4(r21 + p21) + a17p0; A2 = a5r1 ++a6r1(r21 + p21) + a18(p1r2 � r1p2) +a14r1p0;A3= a5p1+ a6p1(p21 + r21)+ a18(r1r2+ p1p2)+a14p1p0;A4 = a20r2 � 2a7r1p1; A5 = a20p2 + a7(r21 � p21);A11 = 2a1 + 2a9(r21 + p21) + 2a21p0; A12 = a15r1 ++a26(p1r2 � r1p2) + a23r1p0 + a30r1(r21 + p21);A13=a15p1+a26(r1r2+p1p2)+a23p1p0+a30p1(r21+ p21);A14=�2a16r1p1 + a24r2; A15=a16(r21 � p21) + a24p2;A22=2a10 + 2a11r21 + 2a12p21 + 2a22p0 � 2a19p2;A23=a8r1p1 + 2a19r2; A24=a3p1 + a27r1r2 ++a28p0p1 + a29p1p2 + a31r21p1 + a32p31;A25=�a3r1+ a27r1p2� a28p0r1� a29p1r2� a33p21r1��a34r31; A33=2a10+ 2a11p21+ 2a12r21+ 2a19p2+ 2a22p0;A34=a3r1+a28r1p0�a29r1p2+a27p1r2+a32r31+a31r1p31;A35=a3p1 + a27p1p2 + a28p0p1 + a29r1r2 + a34p31 ++a33p31 + a33p1r21; A44=2a2 + 2a13(r21p21) + 2a25p0;A45 = 0; A55 = A44:

�®íää¨æ¨¥âë a0; a1; :::; a34 ¨§ íâ¨å ¢ëà ¦¥¨©®¯à¥¤¥«ïîâáï ¯® ä®à¬ã« ¬a0= 2�� Z x200 B(0)0 x2dx2; a1= �� Z x200 F (0;0)0 (x2)x2dx2;a2 = �2 � Z x200 (F (2;2)0 (x2) + 4x22B(2;2)0 (x2))x2dx2;a3 = �2 � Z x200 (F (1;2)1 (x2) + 2x22B(1;2)1 (x2))f1(x2)x2dx2;a4 = �� Z x200 B(2)0 f21 (x2)x2dx2 + 2��k1 Z x200 B(1)0 x2dx2;a5 = �� Z x200 B(1)1 f1(x2)x2dx2;a6 = ���34 Z x200 B(3)1 (x2)f31 (x2)x2dx2++ 2k1 Z x200 B(2)1 (x2)f1(x2)x2dx2� ;a7 = ��2 � Z x200 B(2)2 (x2)f21 (x2)x2dx2;a8 = �2 � Z x200 (F (1;1)2 (x2)� 1x2B(1;1)2 (x2))f21 (x2)x2dx2;a9 = �2 � Z x200 F (0;0)2 (x2)f21 (x2)x2dx2;a10 = �2 � Z x200 (F (1;1)0 (x2) + 1x22B(1;1)0 )x2dx2;a11 = �2 k1� Z x200 [F (1;1)1 (x2) + 1x22B(1;1)1 (x2)]x2dx2 ++38�� Z x200 [F (1;1)2 (x2) + 13x22B(1;1)2 ]f21 (x2)x2dx2;a12 = �2 k1� Z x200 [F (1;1)1 (x2) + 1x22B(1;1)1 (x2)]x2dx2 ++38�� Z x200 [ 13F (1;1)2 (x2) + 1x22B(1;1)2 ]f21 (x2)x2dx2;a13 = �4 � Z x200 [F (2;2)2 (x2) + 4x22B(2;2)2 (x2)]f22 (x2)x2dx2 ++12��k1 Z x200 [F (2;2)1 (x2)+ 4x22B(2;2)1 ]x2dx2;a14 = 2�� Z x200 B(2)1 (x2)f0(x2)f1(x2)dx2;a15 = �� Z x200 F (0;1)1 f1(x2)x2dx2;a16 = ��2 � Z x200 F (0;2)2 (x2)f21 (x2)x2dx2;a17 = 2�� Z x200 B(1)0 (x2)f0(x2)x2dx2;a18 = �� Z x200 B(2)1 f1(x2)f2(x2)x2dx2;44 �.�.�ãª®¢áª¨©, �.�.�̈ ¬®å 



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 32 { 47a19 = �4 � Z x200 [F (1;1)1 (x2) � 1x22B(1;1)1 (x2)]f2(x2)x2dx2;a20 = �� Z x200 B(1)2 (x2)f2(x2)x2dx2;a21 = �� Z x200 F (0;0)1 (x2)f0(x2)x2dx2;a22 = ��2 Z x200 [F (1;1)1 (x2) + 1x22B(1;1)1 (x2)]f0(x2)x2dx2;a23 = 2�� Z x200 F (0;1)2 (x2)f0(x2)f1(x2)x2dx2;a24 = �� Z x200 F (0;2)1 (x2)f2(x2)x2dx2;a25 = �2 � Z x200 [F (2;2)1 (x2) + 4x22B(2;2)1 (x2)]f0(x2)x2dx2;a26 = �� Z x200 F (0;1)2 (x2)f1(x2)f2(x2)x2dx2;a27 = �� Z x200 F (1;2)2 (x2)f1(x2)f2(x2)x2dx2;a28 = �2 � Z x200 [F (1;2)2 (x2) ++ 2x22B(1;2)2 (x2)]f0(x2)f1(x2)x2dx2;a29 = 2�� Z x200 B(1;2)2 (x2)f1(x2)f2(x2)dx2x2 ;a30 = 2��k1 Z x200 F (0;1)2 (x2)f1(x2)x2dx2:�®¤ëâ¥£à «ìë¥ äãªæ¨¨, ¯à¥¤áâ ¢«¥ë¥ ¢ë-è¥, ®¯à¥¤¥«ïîâáï ä®à¬ã« ¬¨B(0)m = qmXk=m a(m)k xk+310k + 3v(m)k (x2);B(1)m = qmXk=m a(m)k xk+210 v(m)k (x2);B(2)m = 12 qmXk=m(k + 2)a(m)k xk+110 v(m)k (x2);B(3)m = 16 qmXk=m(k + 1)(k + 2)a(m)0 xk10v(m)k (x2);F (m;n)s = C(m;n)s (x2)� x2(L(m;n)s + L(n;m)s ) ++(1 + x22)D(m;n)s ;C(n;m)0 (x2) = rn+rkXi=0 xi+�+310i + �+ 3c(n;k)i (x2);C(n;m)1 (x2) = rn+rkXi=0 xi+�+210 c(n;k)i (x2);

C(n;m)2 (x2) = 12 rn+rkXi=0 (i + �+ 2)xi+�+110 c(n;k)i (x2);D(n;k)0 (x2) = pn+pkXi=0 xi+n+k+110i + n + k + 1d(n;k)i (x2);D(n;k)1 (x2) = pn+pkXi=0 xi+n+k10 d(n;k)i (x2);D(n;k)2 (x2) = 12 pn+pkXi=0 (i + n+ k)xi+n+k�110 d(n;k)i (x2);B(n;k)0 (x2) = pn+pkXi=0 xi+n+k+110i + n+ k + 1b(n;k)i (x2);B(n;k)1 (x2) = pn+pkXi=0 xi+n+k10 b(n;k)i (x2);B(n;k)2 (x2) = 12 pn+pkXi=0 (i + n + k)xi+n+k�110 b(n;k)i (x2);L(n;k)0 (x2) = rn+pkXi=0 xi+k+�+210i + k + � + 2 l(n;k)i (x2);L(n;k)1 (x2) = rn+pkXi=0 xi+k+�+110 l(n;k)i (x2);L(n;k)2 (x2) = 12 rn+pkXi=0 (i + k + � + 1)xi+k+�10 l(n;k)i (x2);L(k;n)0 (x2) = rk+pnXi=0 xi+n+�k+210i + n+ �k + 2 l(k;n)i (x2);L(k:n)1 (x2) = rk+pnXi=0 xi+n+�k+110 l(k;n)i (x2);L(n;k)2 (x2) = 12rk+pnXi=0 (i+ n+ �k + 1)xi+n+�k10 l(k;n)i (x2);£¤¥� = �n + �k; �i = � 0 for n = 0; n = 1;1 for n = 2: :� áá¬®âà¨¬ (63) ª ª á¨áâ¥¬ã «¨¥©ëå  «£¥¡à -¨ç¥áª¨å ãà ¢¥¨© ®â Zk(t). �®£¤ , á â®ç®áâìî¤® O(�):R1(t)=Q1 _r1+ C2r21 _r1+ B3r1 _p0+D3p21 _r1+ C1r1p1 _p1++D2(r2 _p1 � p2 _r1) +C3(p1 _r2 � r1 _p2) +B0p0 _r1;P1(t)=Q1 _p1+C2p21 _p1+B3p1 _p0+D3r21 _p1+C1p1r1 _r1++D2(r2 _r1 + p2 _p1) +C3(r1 _r2 + p1 _p2) +B0p0 _p1;P0(t) = C0(r1 _r1 + p1 _p1) +D0 _p0;R2(t) = Q2 _r2 �D1(r1 _p1 + p1 _r1);P2(t) = Q2 _p2 +D1(r1 _r1 � p1 _p1);�.�.�ãª®¢áª¨©, �.�.�̈ ¬®å  45



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 32 { 47£¤¥C0 = a4a1 � a5a154a1a10 ; D0 = a172a1 ; Q1 = a52a10 ;Q2 = a202a2 ; C1 = 1a10 (a6 � a4a152a1 � a5a84a10 + a5a2158a1a10 );C3 = 12a10 (a18 � a3a202a2 ); B0 = 12a10 (a14 � a5a22a10 );B3 = 12a10 (a14 � a15a172a1 ); D1 = a7a2 + a3a54a2a10 ;D2 = 12a10 (a18 � a5a19a10 ); C2 = D3 + C1;D3 = a62a10 +Q1( a234a2a10 � a12a10 + a3a7a2a5 :P0; :::; P2 ¤®«¦ë ¡ëâì ¯®¤áâ ¢«¥ë ¢ (64). �â®¯à¨¢®¤¨â ª á¨áâ¥¬¥ (55)-(59), £¤¥ ª¢ ¤à âë á®¡-áâ¢¥ëå ç áâ®â ®¯à¥¤¥«ïîâáï ¯® ä®à¬ã« ¬�20 = g 2l(2)1�0 ; �21 = g 2l(1)1�1 ; �20 = g 2l(3)1�2 ;�0 = a17D0; �1 = a5Q1; �2 = a20Q2; (68)¨ ¤àã£¨¥ ª®íää¨æ¨¥âë (55)-(59) ®¯à¥¤¥«ïîâáï ª ªd1 = 2a4C0 + 2a7D1 + a5C2 + 3a6Q1;d2 = a5D3 + a6Q1 + 2a7D1;d3 = a5D2 + a18Q1;d4 = 2a7Q� 2� a5C3;d5 = a5B0 + a14Q1;d6 = 2a4D0 + a5B3;d7 = d4 + 12d3; d8 = d6 � 12d5;dk1 = 4l(4)1 ; dk2 = 12 l(5)1 ; dk3 = l(6)1 ;dk4 = l(2)2 ; dk5 = l(3)2 ; dk6 = l(4)2 ;dk7 = l(5)2 ; dk8 = l(6)2 ; dk9 = l(7)2 ;dk10 = 12 l(8)2 ; dk11 = l(9)2 ; dk12 = l(10)2 ;� = l(1)2 = l(1)3 : (69)
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