
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 1. �. 44 { 51��� 532.5������ ����������� ������{ ���������� ��������� �������������� �����������������. �. ����������áâ¨âãâ ¬ â¥¬ â¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 23.09.99�áá«¥¤ãîâáï ¢®¯à®áë ¥«¨¥©®© ¤¨ ¬¨ª¨ ¦¨¤ª¨å £àã§®¢ ¯®¤¢¨¦ëå âà á¯®àâëå áà¥¤áâ¢ ( «¨¢ëå áã¤®¢,«¥â â¥«ìëå  ¯¯ à â®¢ ¨ ¤à.). �§ãç ¥âáï  ¨¡®«¥¥ ®¡é¨© á«ãç ©, ª®£¤  ¥áãé¨© ¦¨¤ª®áâì ®¡ê¥ªâ á®¢¥àè ¥â ¯à®-¨§¢®«ìë¥ ¯®áâã¯ â¥«ìë¥ ¨ ã£«®¢ë¥ ¤¢¨¦¥¨ï,   § ¯®«¥ ï ¦¨¤ª®áâìî ¯®«®áâì ¨¬¥¥â ¯à®¨§¢®«ìãî ä®à¬ã.� áá¬®âà¥¨¥ ¯à®¢®¤¨âáï ¢ à ¬ª å ¬®¤¥«¨ ¨¤¥ «ì®© ¥á¦¨¬ ¥¬®© ®¤®à®¤®© ¦¨¤ª®áâ¨, ¨¬¥îé¥© á¢®¡®¤ãî ¯®-¢¥àå®áâì ¨ á®¢¥àè îé¥©  ¡á®«îâ®¥ ¡¥§¢¨åà¥¢®¥ ¤¢¨¦¥¨¥ ¢ ®¤®à®¤®¬ ¯®«¥ á¨« âï¦¥áâ¨. �á®¢®¥ ¢¨¬ ¨¥ã¤¥«¥® ¢®§¨ª îé¥© §¤¥áì ªà ¥¢®© § ¤ ç¥ ®¯à¥¤¥«¥¨ï ¯®â¥æ¨ «®¢ �â®ªá -�ãª®¢áª®£® ¯à¨ ¥«¨¥©ëå ¢®«®¢ëå¤¢¨¦¥¨ïå á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¦¨¤ª®áâ¨. �à¥¤«®¦¥ ¯®¤å®¤ ª ¥ñ à¥è¥¨î ¢ á ¬®© ®¡é¥© ¯®áâ ®¢ª¥. �®áâà®-¥ë ¯®â¥æ¨ «ë �â®ªá {�ãª®¢áª®£® ¢ ª®ªà¥â®¬ ¯à ªâ¨ç¥áª¨ ¢ ¦®¬ á«ãç ¥ ¯àï¬®ã£®«ì®£® ¡ ª  á ªàëèª®©.�®á«÷¤¦ãîâìáï ¯¨â ï ¥«÷÷©®ù ¤¨ ¬÷ª¨ à÷¤¨¨å ¢ â ¦÷¢ àãå®¬¨å âà á¯®àâ¨å § á®¡÷¢ ( «¨¢¨å áã¤¥,«÷â «ì¨å  ¯ à â÷¢ â  ÷.). �¨¢ç õâìáï  ©¡÷«ìè § £ «ì¨© ¢¨¯ ¤®ª, ª®«¨ ®¡'õªâ, é® ¥á¥ à÷¤¨ã, §¤÷©áîõ ¤®¢÷«ì÷¯®áâã¯ «ì÷ â  ªãâ®¢÷ àãå¨,   § ¯®¢¥  à÷¤¨®î ¯®à®¦¨  ¬ õ ¤®¢÷«ìã ä®à¬ã. �®§£«ï¤ ¯à®¢®¤¨âìáï ã à ¬ª å¬®¤¥«÷ ÷¤¥ «ì®ù ¥áâ¨á«¨¢®ù ®¤®à÷¤®ù à÷¤¨¨, é® ¬ õ ¢÷«ìã ¯®¢¥àåî â  §¤÷©áîõ  ¡á®«îâ¨© ¥¢¨åào¢¨© àãå¢ ®¤®à÷¤®¬ã ¯®«÷ á¨« âï¦÷ï. �®«®¢  ã¢ £  ¯à¨¤÷«ïõâìáï § ¤ ç÷, ïª  âãâ ¯®áâ õ, ¯à® ¢¨§ ç¥ï ¯®â¥æ÷ «÷¢�â®ªá {�ãª®¢áìª®£® §  ã¬®¢ ¥«÷÷©¨å å¢¨«ì®¢¨å àãå÷¢ ¢÷«ì®ù ¯®¢¥àå÷ à÷¤¨¨. � ¯à®¯®®¢ ® ¯÷¤å÷¤ ¤® ùù à®-§¢'ï§ ï ã  ©¡÷«ìè § £ «ì÷© ¯®áâ ®¢æ÷. �®¡ã¤®¢ ® ¯®â¥æ÷ «¨ �â®ªá {�ãª®¢áìª®£®ã ª®ªà¥â®¬ã ¯à ªâ¨ç®¢ ¦«¨¢®¬ã ¢¨¯ ¤ªã ¯àï¬®ªãâ®£® ¡ ª  ÷§ ªà¨èª®î.Problems of nonlinear dynamics of liquid loads transported by some objects (vessels, aircraft, etc.) are investigated. Itis studed the most general case when transporting object is in arbitrary translational and angular motion and its cavityfulled by liquid has an arbitrary shape. Consideration is carried out for the perfect incompressible homogeneous uidunder assumption that liquid load has free surface and is in irrotational absolute motion in the homogenious gravity�eld. The main attention is giving to the boundary problem of determination of Stokes {Zhukovsky potentials when freesurface of liquid is in nonlinear wave motion. It is suggested the approach to its solving in the most general formulation.Stokes {Zhukovsky potentials are constructed in the concrete practically important case of rectangular tank with the lid.��������� §à ¡®âª  ¨ ¯à®¥ªâ¨à®¢ ¨¥ á®¢à¥¬¥ëåâà á¯®àâëå áà¥¤áâ¢, ¯¥à¥¢®§ïé¨å ¦¨¤ª¨¥ £àã-§ë ( «¨¢ëå áã¤®¢, «¥â â¥«ìëå  ¯¯ à â®¢, ¦¥-«¥§®¤®à®¦ëå æ¨áâ¥à ¨ ¤à.), á¢ï§ ë á à¥è¥-¨¥¬ à §«¨ç®£® à®¤  § ¤ ç ¤¨ ¬¨ª¨ ®â®á¨-â¥«ì®£® ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨. �à¥¤¨ ¨å ®á®¡®¥¬¥áâ® § ¨¬ îâ á«ãç ¨, ª®£¤  ¯à¨å®¤¨âáï ãç¨-âë¢ âì, ¯®¬¨¬® ¯®áâã¯ â¥«ìëå, ã£«®¢ë¥ ¤¢¨¦¥-¨ï ¥áãé¨å ¦¨¤ª®áâì ®¡ê¥ªâ®¢. � ¯¥à¢ãî ®ç¥-à¥¤ì áî¤  ®â®áïâáï § ¤ ç¨, á¢ï§ ë¥ á ¤¨ ¬¨-ª®© â ª¥à®¢ ¨ ¤àã£¨å  «¨¢ëå áã¤®¢, å®âï â¥¨«¨ ¨ë¥ ã£«®¢ë¥ ¤¢¨¦¥¨ï á®¢¥àè îâ ¯à ªâ¨ç¥-áª¨ ¢á¥ ¯®¤¢¨¦ë¥ âà á¯®àâë¥ áà¥¤áâ¢ . �à®-áâë¥  ¡«î¤¥¨ï ¨ á¯¥æ¨ «ì® ¯®áâ ¢«¥ë¥ íªá-¯¥à¨¬¥âë ¯®ª §ë¢ îâ, çâ® ¤ ¦¥ ¥§ ç¨â¥«ì-ë¥ ¯®  ¬¯«¨âã¤¥ ã£«®¢ë¥ ª®«¥¡ ¨ï ®á¨â¥«ï ¬®-£ãâ ¯à¨¢®¤¨âì ª ¨â¥á¨¢ë¬ ¥«¨¥©ë¬ ª®«¥¡ -¨ï¬ á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¦¨¤ª®áâ¨. �â¨ ¯à®-æ¥ááë, ¢ á¢®î ®ç¥à¥¤ì, ¬®£ãâ ¢ë§ë¢ âì ¥¤®¯ãáâ¨-¬® ¡®«ìè¨¥ £¨¤à®¤¨ ¬¨ç¥áª¨¥  £àã§ª¨   ª®-áâàãªâ¨¢ë¥ í«¥¬¥âë ¥áãé¨å ®¡ê¥ªâ®¢ ¨ áãé¥-
áâ¢¥ë¥ ¨§¬¥¥¨ï ¢ à á¯à¥¤¥«¥¨¨ ¬ áá á¨áâ¥-¬ë â¥«® { ¦¨¤ª®áâì (¢ ç áâ®áâ¨, ª®®à¤¨ â æ¥-âà  ¬ áá),  àãè îé¨¥ ãáâ®©ç¨¢®áâì ¤¢¨¦¥¨ï¥áãé¨å ®¡ê¥ªâ®¢.�®«¥¡ ¨ï ¦¨¤ª®áâ¨ ¢ ãá«®¢¨ïå ã£«®¢ëå ¤¢¨¦¥-¨© ¥ñ ®á¨â¥«ï å à ªâ¥à¨§ãîâáï, ª ª ¨§¢¥áâ®,¯®â¥æ¨ « ¬¨ �â®ªá  {�ãª®¢áª®£®. �¡é ï § ¤ -ç  ¯® ¨å ®¯à¥¤¥«¥¨î ¯®¤à®¡® ®á¢¥é¥  ¢ [1],£¤¥ â ª¦¥  ¬¥ç¥ë ¯ãâ¨ ¥ñ à¥è¥¨ï ¢ à¨ æ¨®-ë¬ ¬¥â®¤®¬ ¨ ¯®áâà®¥® ¯à¨¡«¨¦¥®¥ à¥è¥¨¥¢ ª®ªà¥â®¬ á«ãç ¥ ®âªàëâ®£® ª®«ìæ¥¢®£® æ¨«¨-¤à¨ç¥áª®£® ¡ ª  á ¯«®áª¨¬ ¤¨é¥¬. �§ ¡®«¥¥ à -¨å ¨áá«¥¤®¢ ¨© áî¤  ®â®áïâáï äã¤ ¬¥â «ì- ï à ¡®â  �.�.�ãª®¢áª®£® [2] (á«ãç © æ¥«¨ª®¬§ ¯®«¥®£® á®áã¤ ) ¨ áâ âìï �.�.� à¨¬ ®¢ [3], £¤¥, ¯®-¢¨¤¨¬®¬ã, ¢¯¥à¢ë¥ ¢¢¥¤¥ë ¯®â¥æ¨- «ë �â®ªá -�ãª®¢áª®£® ¢ á«ãç ¥ ç áâ¨ç®£® § -¯®«¥¨ï á®áã¤ . � [4] íâ¨ ¯®â¥æ¨ «ë ¯à¨¬¥ï-«¨áì ¯à¨ ¢ë¢®¤¥ «¨¥ à¨§®¢ ëå ãà ¢¥¨© ¤¢¨-¦¥¨ï á¨áâ¥¬ë á ¬®«¥â { ¦¨¤ª®áâì,   § ¤ ç  ¯® ¨å®¯à¥¤¥«¥¨î áä®à¬ã«¨à®¢   ¤«ï ä¨ªá¨à®¢ ®©®¡« áâ¨ ¯®¤ "®â¢¥à¤¥¢è¥©" á¢®¡®¤®© ¯®¢¥àå®-áâìî ¦¨¤ª®áâ¨. �®§¦¥ ¢ [5] ¡ë«  ¯à¥¤«®¦¥  áå¥-44 c öáâ¨âãâ £÷¤à®¬¥å ¨ª¨ ��� �ªà ù¨, 2000



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 1. �. 44 { 51¬  à¥è¥¨ï ¯®á«¥¤¥© § ¤ ç¨ ¢ à¨ æ¨®ë¬¬¥â®-¤®¬ �¨âæ  (á¬. â ª¦¥ [6]). �®â¥æ¨ «ë �â®ªá  {�ãª®¢áª®£® à áá¬ âà¨¢ «¨áì ¨ ¢ à ¡®â å [7,8], ®â ¬ ¢®¯à®áë ¨å ®¯à¥¤¥«¥¨ï ¢ ®¡è¥¬ á«ãç ¥ ¨§¬¥-ïîé¨åáï ¦¨¤ª¨å ®¡« áâ¥© á® á¢®¡®¤ë¬¨ £à ¨-æ ¬¨ ¥ ¨áá«¥¤®¢ «¨áì. � «¨§ à¥§ã«ìâ â®¢ ¯¥à¥-ç¨á«¥ëå ¯ã¡«¨ª æ¨© ¯à¨¢®¤¨â ª ¢ë¢®¤ã, çâ® § -¤ ç  �â®ªá  {�ãª®¢áª®£® ¢ ®¡é¥¬ á«ãç ¥ ¤® ª®æ ¥ à¥è¥  ¢¢¨¤ã § ç¨â¥«ìëå ¬ â¥¬ â¨ç¥áª¨åâàã¤®áâ¥©. �à®¡«¥¬ë à §à¥è¨¬®áâ¨, á ®¤®©áâ®à®ë, ¨ çà¥§¬¥à ï £à®¬®§¤ª®áâì ¯à¨¡«¨¦¥-ëå à¥è¥¨© ¤ ¦¥ ¢ áà ¢¨â¥«ì® ¯à®áâëå á«ãç -ïå, á ¤àã£®©, ¯®¡ã¦¤ îâ ¨áª âì ¨ë¥ ¯®¤å®¤ë ª ¥ñà¥è¥¨î, ç¥¬ã ¨ ¯®á¢ïé¥   áâ®ïé ï áâ âìï.1. ���������� ������� áá¬ âà¨¢ ¥âáï ¡ ª ¯à®¨§¢®«ì®© ä®à¬ë, ç -áâ¨ç® § ¯®«¥ë© ¨¤¥ «ì®© ®¤®à®¤®© ¥-á¦¨¬ ¥¬®© ¦¨¤ª®áâìî ¯«®â®áâ¨ �. � ¡ ª®¬¦¥áâª® á¢ï§   ¯à ¢ ï ¤¥ª àâ®¢  á¨áâ¥¬  ª®®à¤¨- â Oxyz,  ç «® O ª®â®à®© à á¯®« £ ¥âáï ¢ ¯à®-¨§¢®«ì®© â®çª¥ (®¤®á¢ï§®©) ¯®«®áâ¨ ¡ ª . � ªá®¢¥àè ¥â ¯à®¨§¢®«ì®¥ ¤¢¨¦¥¨¥ ¢ ¯®«¥ á¨«ë âï-¦¥áâ¨ ®â®á¨â¥«ì® ¥¯®¤¢¨¦®© á¨áâ¥¬ë ª®®à-¤¨ â O����. �¥ªâ®à g 2 R3 (R3 { âà¥å¬¥à®¥¥¢ª«¨¤®¢® ¯à®áâà áâ¢®) ãáª®à¥¨ï á¨«ë âï¦¥-áâ¨  ¯à ¢«¥ ¢ ®âà¨æ â¥«ìãî áâ®à®ã ®á¨ O��.�¢¨¦¥¨¥ á®áã¤  § ¤ ¥âáï ¢¥ªâ®à®¬ v0(t) 2 R3  ¡-á®«îâ®© áª®à®áâ¨ â®çª¨ O ¨ ¢¥ªâ®à®¬ !(t) 2R3 ¥£® ã£«®¢®© áª®à®áâ¨ (t { ¢à¥¬ï). �¥ªâ®à-äãªæ¨¨ v0(t) ¨ !(t) áç¨â îâáï § ¤ ë¬¨   ª®-¥ç®¬ ®âà¥§ª¥ ¢à¥¬¥¨ [t0; t1],   ¨å ª®¬¯®¥-âë v0x(t), v0y(t), v0z(t) ¨ !x(t), !y(t), !z(t) ¢ ¯®-¤¢¨¦®© á¨áâ¥¬¥ ª®®à¤¨ â Oxyz { ¥¯à¥àë¢ë-¬¨ ¨ ¥¯à¥àë¢®-¤¨ää¥à¥æ¨àã¥¬ë¬¨   [t0; t1]äãªæ¨ï¬¨. �¢¨¦¥¨¥ ¦¨¤ª®áâ¨ ®â®á¨â¥«ì® ¥-¯®¤¢¨¦®© á¨áâ¥¬ë ª®®à¤¨ â O���� (ª®à®âª®, ¡á®«îâ®¥ ¤¢¨¦¥¨¥) ¯®« £ ¥âáï ¡¥§¢¨åà¥¢ë¬.�®®â¢¥âáâ¢ãîé ï  ç «ì®-ªà ¥¢ ï § ¤ ç  ¨¬¥¥â¢¨¤ [9] 4�(r; t) = 0 ¢ 
(t); (1)@�@� = (v0 + ! � r) � �   S(t); (2)@�@� = (v0 + ! � r) � � � ftp(rf)2   �(t); (3)P (r; t) = p0   �(t); (4)�(r; t0) = �0(r); f(x; y; z; t0) = f0(x; y; z);(4�0 = 0 ¢ 
(t0)): (5)�¤¥áì �(r; t) { ¯®â¥æ¨ «  ¡á®«îâ®© áª®à®áâ¨¦¨¤ª®áâ¨, ¢§ïâ®© ¢ á¨áâ¥¬¥ ª®®à¤¨ â Oxyz; r =

= (x; y; z) { à ¤¨ãá-¢¥ªâ®à ¯à®¨§¢®«ì®© ç áâ¨æë¦¨¤ª®áâ¨ ®â®á¨â¥«ì®  ç «  O ¯®¤¢¨¦®© á¨-áâ¥¬ë ª®®à¤¨ â; 
(t) { § ïâ ï ¦¨¤ª®áâìî ¯à®-áâà áâ¢¥ ï ®¡« áâì ¢ ¬®¬¥â t; � { ®àâ ¢¥è-¥© ®à¬ «¨ ª £à ¨æ¥ ®¡« áâ¨ 
(t); S(t) { ¯®¢¥àå-®áâì ¡ ª , ª®â ªâ¨àãîé ï á ¦¨¤ª®áâìî; �(t){ á¢®¡®¤ ï ¯®¢¥àå®áâì ¦¨¤ª®áâ¨; f(x; y; z; t) {äãªæ¨ï, § ¤ îé ï ¯®¢¥àå®áâì ¦¨¤ª®áâ¨ ¯®áà¥¤-áâ¢®¬ ãà ¢¥¨ï f(x; y; z; t) = 0; (6)P (r; t) { £¨¤à®¤¨ ¬¨ç¥áª®¥ ¤ ¢«¥¨¥ ¢ ¦¨¤ª®áâ¨;p0 = const { ¤ ¢«¥¨¥   á¢®¡®¤®© ¯®¢¥àå®áâ¨¦¨¤ª®áâ¨; �0(r), f0(x; y; z) { § ç¥¨ï ¨áª®¬ëåäãªæ¨© � ¨ f ¢  ç «ìë© ¬®¬¥â ¢à¥¬¥¨ t0.�ãª¢¥ë¥ ¨¤¥ªáë ®¡®§ ç îâ ç áâë¥ ¯à®¨§-¢®¤ë¥ ¯® á®®â¢¥âáâ¢ãîé¨¬ ¯¥à¥¬¥ë¬, § ª¨� ¨ � { áª «ïà®¥ ¨ ¢¥ªâ®à®¥ ã¬®¦¥¨¥ ¢¥ªâ®-à®¢ á®®â¢¥âáâ¢¥®, ®¯¥à â®àë 4 ¨ r ¤¥©áâ¢ãîâ¯® ¯¥à¥¬¥ë¬ x; y; z.�¤¨ ¨§ á¯®á®¡®¢ à¥è¥¨ï § ¤ ç¨ (1){(6)¨á¯®«ì§ã¥â ¯à¥¤áâ ¢«¥¨¥ ¨áª®¬®£® ¯®â¥æ¨ « �(r; t) ¢ ¢¨¤¥�(r; t) = v0(t) � r + !(t) ��(r; t) + '(r; t); (7)£¤¥ �(r; t) { â ª  §ë¢ ¥¬ë© ¯®â¥æ¨ « (¢¥ªâ®à-ë©) �â®ªá  {�ãª®¢áª®£®; '(r; t) { ¥ª®â®à ï ®-¢ ï äãªæ¨ï (¤«ï ªà âª®áâ¨, ¢á«¥¤ §  [7], ¡ã¤¥¬  -§ë¢ âì ¥ñ ¢®«®¢ë¬ ¯®â¥æ¨ «®¬).�¬ëá« § ¬¥ë (7) áâ ®¢¨âáï ïáë¬, ¥á«¨ ¯®¤-áâ ¢¨âì íâ® ¢ëà ¦¥¨¥ ¢ (1){(4) ¨ ¯à¨à ¢ïâì ã-«î ª®íää¨æ¨¥âë ¯à¨ v0(t) ¨ !(t) ¢ ¯®«ãç îé¨å-áï ãà ¢¥¨ïå ¨ ªà ¥¢ëå ãá«®¢¨ïå. � à¥§ã«ìâ -â¥ ¯à¨å®¤¨¬ ª á«¥¤ãîé¨¬ ªà ¥¢ë¬ § ¤ ç ¬ ¤«ï¯®â¥æ¨ «®¢ �â®ªá  {�ãª®¢áª®£® ¨ ¢®«®¢®£® ¯®-â¥æ¨ « : 4�(r; t) = 0 ¢ 
(t); (8)@�@� = r � �   S(t) + �(t); (9)(®¯¥à â®àë 4 ¨ @=@� ¯à¨¬¥ïîâáï ª ¢¥ªâ®àã�(r; t) ¯®ª®¬¯®¥â®),4'(r; t) = 0 ¢ 
(t); (10)@'@� = 0   S(t); (11)@'@� = � ftp(rf)2   �(t); (12)P (r; t;�; ') = p0   �(t); (13)(§¤¥áì P (r; t;�; ') { ¤ ¢«¥¨¥ ¢ ¦¨¤ª®áâ¨, ¢ëà -¦¥®¥ ç¥à¥§ �(r; t) ¨ '(r; t)). �âáî¤  ¢¨¤®,�.�. �®«®â¥ª® 45



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 1. �. 44 { 51çâ® ªà ¥¢ ï § ¤ ç  (8),(9) ¤«ï �(r; t) ¯® ä®à¬¥ á®-¢¯ ¤ ¥â á ª« áá¨ç¥áª®© § ¤ ç¥© �.�.�ãª®¢áª®£®® ¤¢¨¦¥¨¨ ¦¨¤ª®áâ¨, æ¥«¨ª®¬ § ¯®«ïîé¥© ¯®-¤¢¨¦ë© á®áã¤,   § ¤ ç  (10){(13) ¤«ï '(r; t)   -«®£¨ç  § ¤ ç¥ ® á¢®¡®¤ëå ª®«¥¡ ¨ïå ¦¨¤ª®-áâ¨ ¢ ¥¯®¤¢¨¦®¬ á®áã¤¥. �®â¥æ¨ « �â®ªá  {�ãª®¢áª®£® �(r; t) ®¡¥á¯¥ç¨¢ ¥â ¢ë¯®«¥¨¥ £à -¨ç®£® ãá«®¢¨ï   â¢¥à¤®© áâ¥ª¥ S(t) (¡ãª¢  t®âà ¦ ¥â ¨§¬¥ç¨¢®áâì á¬®ç¥®© ç áâ¨ ¯®¢¥àå-®áâ¨ ¯®«®áâ¨) ¨ ç áâ¨ç®   á¢®¡®¤®© ¯®¢¥àå®-áâ¨ �(t),   ¢®«®¢®© ¯®â¥æ¨ « '(r; t) "®â¢¥ç ¥â"§  ®áâ îéãîáï ç áâì ãá«®¢¨ï (3). �à®¬¥ â®£®,¢¬¥áâ¥ ®¨ ¤®«¦ë ®¡¥á¯¥ç¨âì ¢ë¯®«¥¨¥ ¤¨ -¬¨ç¥áª®£® £à ¨ç®£® ãá«®¢¨ï (4)   �(t).�â«¨ç¨¥ § ¤ ç¨ (8), (9) ®â § ¤ ç¨ �.�.�ãª®¢á-ª®£® § ª«îç ¥âáï ¢ § ¢¨á¨¬®áâ¨ ®â t ®¡« áâ¨ 
(t),¨ íâ® ®¡áâ®ïâ¥«ìáâ¢® ¯®à®¦¤ ¥â ¥¯à¥®¤®«¨¬ë¥¯®ª  ¬ â¥¬ â¨ç¥áª¨¥ âàã¤®áâ¨, ¯®áª®«ìªã ç áâì�(t) £à ¨æë ®¡« áâ¨ 
(t) â ª¦¥ ¥¨§¢¥áâ . �«¥-¤ã¥â ®â¬¥â¨âì, çâ® ¨ ¢ á«ãç ¥ § ¤ ç¨ (10){(13) ¨á®®â¢¥âáâ¢ãîé¥© ¥© § ¤ ç¨ ® á¢®¡®¤ëå ª®«¥¡ -¨ïå ¦¨¤ª®áâ¨ ¢ ¥¯®¤¢¨¦®¬ á®áã¤¥ ¬®¦® £®-¢®à¨âì «¨èì ® ¥ª®â®à®©   «®£¨¨, ® ¥ ¡®«¥¥,¯®áª®«ìªã ®¨ á®¢¯ ¤ îâ «¨èì ¢ ç áâ¨ ãà ¢¥¨ï� ¯« á  ¨ ª¨¥¬ â¨ç¥áª¨å £à ¨çëå ãá«®¢¨©  S(t) ¨ �(t). �¨ ¬¨ç¥áª¨¥ £à ¨çë¥ ãá«®¢¨ï ¤«ïíâ¨å § ¤ ç áãé¥áâ¢¥® à §ïâáï, â ª ª ª (13) § -¢¨á¨â ®â ¯ à ¬¥âà®¢ v0(t) ¨ !(t) ¤¢¨¦¥¨ï á®áã-¤  ¨, çâ® ¥éñ ¢ ¦¥¥, ®â ¥¨§¢¥áâ®£® ¯®â¥æ¨ -«  �â®ªá  {�ãª®¢áª®£® �(r; t) (¢ íâ®¬ ¬®¦® ã¡¥-¤¨âìáï, ¯à¥¤áâ ¢¨¢ ¨§¢¥áâë¬ ®¡à §®¬ ¤ ¢«¥¨¥ç¥à¥§ ¯®â¥æ¨ « � £à ¦ {�®è¨).� ª¨¬ ®¡à §®¬, à §«®¦¥¨¥ (7) ¯®â¥æ¨ « �(r; t) á¢®¤¨â ®¡éãî § ¤ çã (1){(6) ª ¤¢ã¬ ¤àã-£¨¬, ® ¤®áâ â®ç® á«®¦ë¬ ¢§ ¨¬®á¢ï§ ë¬§ -¤ ç ¬. � ç áâ®¬ á«ãç ¥, ª®£¤  ¦¨¤ª®áâì æ¥«¨-ª®¬ § ¯®«ï¥â á®áã¤, ¢®«®¢®© ¯®â¥æ¨ « '(r; t)¬®¦® ®â¡à®á¨âì ¢ à §«®¦¥¨¨ (7), â ª ª ª ® â¥-àï¥â á¬ëá«, ¨ ®áâ ¥âáï áâà®£® § ¤ ç  �ãª®¢áª®-£® (8), (9). � ¤àã£®¬ ªà ©¥¬ á«ãç ¥, â.¥. ¯à¨v0(t) = 0 ¨ !(t) = 0, ¨áç¥§ îâ ¯®â¥æ¨ «ë �â®ª-á  {�ãª®¢áª®£® ¨ ¯®«ãç ¥âáï áâà®£® § ¤ ç  ® á¢®-¡®¤ëå ª®«¥¡ ¨ïå ¦¨¤ª®áâ¨, ¢®®¡é¥ £®¢®àï, ¥-«¨¥© ï. �à®¬¥¦ãâ®ç®© ¬¥¦¤ã íâ¨¬¨ ªà ©¨-¬¨ á¨âã æ¨ï¬¨ ï¢«ï¥âáï â , ª®â®à ï á®®â¢¥áâ¢ã-¥â «¨¥©ë¬ ª®«¥¡ ¨ï¬ ¦¨¤ª®áâ¨. �®£¤  ®¡« áâì
(t) ¬®¦® ¯®« £ âì á®¢¯ ¤ îé¥© á ¥ª®â®à®© ¥-¢®§¬ãé¥®© ®¡« áâìî 
0, ¨ á¨áâ¥¬  á®®â®è¥-¨© (8) { (13) à á¯ ¤ ¥âáï   ¤¢¥ "«¨¥©® á¢ï-§ ë¥" § ¤ ç¨, ¨§ ª®â®àëå ®¤ ,   ¨¬¥® § ¤ ç (8),(9) ¢ ä¨ªá¨à®¢ ®© ®¡« áâ¨ 
0, á®¢  ¯à¥¢à -é ¥âáï ¢ § ¤ çã �ãª®¢áª®£® ¨ ¬®¦¥â ¡ëâì à¥è¥-  ¥§ ¢¨á¨¬® ®â ¤àã£®© § ¤ ç¨ ¤«ï '(r; t) [5 { 7].�¡é¨© (¥«¨¥©ë©) á«ãç © ¤®áâ â®ç® á«®¦¥

¨ ¯®â®¬ã ¨áá«¥¤®¢  ¬ «®. �¤¥ï ¯à¥¤¢ à¨â¥«ì®£®®¯à¥¤¥«¥¨ï ¯®â¥æ¨ «®¢ �â®ªá  {�ãª®¢áª®£® á¯®á«¥¤ãîé¨¬ ¨á¯®«ì§®¢ ¨¥¬ ¨å ¢ § ¤ ç¥ ¤«ï ¢®«-®¢®£® ¯®â¥æ¨ «  ' à §¢¨¢ « áì ¯à¨¬¥¨â¥«ì®ª ¥«¨¥©®¬ã á«ãç î ¢ [1]. �ãé¥áâ¢¥ë¬ ãá«®-¢¨¥¬ ¯à¨ íâ®¬ ï¢«ï«®áì âà¥¡®¢ ¨¥ æ¨«¨¤à¨ç®-áâ¨ ¯®¢¥àå®áâ¨ ¡ ª  "¢¡«¨§¨" á¢®¡®¤®© ¯®¢¥àå-®áâ¨. �¤ ª® ¢ àï¤¥ ¯à ªâ¨ç¥áª¨å á«ãç ¥¢,  -¯à¨¬¥à ¤«ï § ªàëâëå ¯à¨§¬ â¨ç¥áª¨å ¡ ª®¢ ¨«¨â¥å ¦¥ æ¨«¨¤à¨ç¥áª¨å ¡ ª®¢, ® á ªàëèª ¬¨, íâ®ãá«®¢¨¥ § ¢¥¤®¬® ¥ ¢ë¯®«ï¥âáï, ª®£¤  á¢®¡®¤ ï¯®¢¥àå®áâì ª®â ªâ¨àã¥â á ªàëèª®©. �¥«ì  -áâ®ïé¥© à ¡®âë { à §à ¡®âª  ¬¥â®¤  à áç¥â  ¯®-â¥æ¨ «®¢ �â®ªá  {�ãª®¢áª®£® �(r; t) ¢ ¯à¥¤áâ -¢«¥¨¨ (7) ¤«ï ¡ ª®¢ «î¡ëå ä®à¬ ¨ ¯à¨ «î¡ëå ¥-«¨¥©ëå ¤¢¨¦¥¨ïå á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¦¨¤-ª®áâ¨.2. ����� ������� �����������������{ ����������� æ¥«ìî ¢ëï¢«¥¨ï ¥ª®â®àëå ¢ ¦ëå ¤«ï ¤ «ì-¥©è¥£® á¢®©áâ¢ ¯®â¥æ¨ «®¢ �â®ªá  {�ãª®¢áª®-£® ¯à®  «¨§¨àã¥¬ £à ¨ç®¥ ãá«®¢¨¥ (9), ¯¥à¥¯¨-á ¢ ¥£® ¢ ¢¨¤¥@�@� = r � �   S(t);@�@� = r � �   �(t): (14)�¥à¢®¥ ¨§ íâ¨å ãá«®¢¨© ï¢«ï¥âáï ¥áâ¥áâ¢¥ë¬,¯®áª®«ìªã ¯®à®¦¤¥® ä¨§¨ç¥áª¨¬ ãá«®¢¨¥¬ ¥¯à®-â¥ª ¨ï ¦¨¤ª®áâ¨ ç¥à¥§ áâ¥ªã á®áã¤ ,   ¨¬¥®:v� = (v0 + ! � r) � �;£¤¥ v� { ¯à®¥ªæ¨ï  ¡á®«îâ®© áª®à®áâ¨ ¦¨¤ª®áâ¨  ®à¬ «ì � ª ¯®¢¥àå®áâ¨ ¯®«®áâ¨. � ¯à®â¨¢®-¯®«®¦®áâì íâ®¬ã, ¢â®à®¥ ¨§ ãá«®¢¨© (14), ®¯à¥-¤¥«ïîé¥¥ § ç¥¨¥ ®à¬ «ì®© ¯à®¨§¢®¤®© ®â�(r; t)   á¢®¡®¤®© ¯®¢¥àå®áâ¨ �(t), ®á¨â ¨á-ªãááâ¢¥ë© å à ªâ¥à, ¯®áª®«ìªã ¢ëâ¥ª ¥â ¥ ¨§ä¨§¨ç¥áª®© áãé®áâ¨ § ¤ ç¨,   ï¢«ï¥âáï á«¥¤áâ¢¨-¥¬ ¢ë¯®«¥¨ï ¬ â¥¬ â¨ç¥áª¨å ®¯¥à æ¨© (¯à¨-à ¢¨¢ ¨ï ã«î ª®íää¨æ¨¥â®¢ ¯à¨ v0(t) ¨ !(t)¯®á«¥ ¯®¤áâ ®¢ª¨ (7) ¢ (1) { (4)). �â¨ á®®¡à ¦¥-¨ï ¯®§¢®«ïîâ ®âª § âìáï ®â ¢â®à®£® ¨§ ãá«®¢¨©(14) ¨ ¯®áâà®¨âì ¤àã£ãî «®£¨ç¥áªãî áå¥¬ã à¥è¥-¨ï § ¤ ç¨.�ãáâì � ®¡®§ ç ¥â ¯à®áâà áâ¢¥ãî ®¡« áâì,á®¢¯ ¤ îéãî á ¯®«®áâìî ¡ ª ,   @� { ¥ñ £à ¨æã.�ç¥¢¨¤®,
(t) � �; S(t) � @� 8t 2 [t0; t1]; (15)46 �.�. �®«®â¥ª®
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(t) ¢ «î¡®© ¬®¬¥â ¢à¥-¬¥¨ § ª«îç¥  ¢ ®¡« áâ¨ �,   á¬®ç¥ ï ç áâìS(t) áâ¥ª¨ ¡ ª  ¯¥à¥¬¥é ¥âáï ¯® ¥£® ¯®¢¥àå®áâ¨@�. �®£¤ , à áè¨àïï ®¡« áâì ®¯à¥¤¥«¥¨ï § ¤ ç¨(8),(9), ¯®âà¥¡ã¥¬, çâ®¡ë4�(r; t) = 0 ¢ �; (16)@�@� = r � �   @�: (17)�¥è¥¨¥ § ¤ ç¨ (16), (17), ®¡®§ ç ¥¬®¥ ¢ ¤ «ì-¥©è¥¬ ç¥à¥§ B(r; t), ®¡« ¤ ¥â á«¥¤ãîé¨¬¨ á¢®©-áâ¢ ¬¨, ¢ëâ¥ª îé¨¬¨ ¨§ (15) ¨ á®®â®è¥¨© (8),(9): B(r; t) = �(r; t); ¥á«¨ r 2 
(t); (18)@B(r; t)@� = @�(r; t)@� ; ¥á«¨ r 2 S(t): (19)�à®¬¥ â®£®, ¯®áª®«ìªã ®¡« áâì � ¢ ¯®¤¢¨¦®© á¨-áâ¥¬¥ ª®®à¤¨ â Oxyz ¥ ¨§¬¥ï¥âáï, ¢¥ªâ®àë r,� ¢ (16), (17) ¥ § ¢¨áïâ ®â ¢à¥¬¥¨, â ª çâ®B(r; t) � B(r); (20)â. ¥. â ª¦¥ ¥ § ¢¨á¨â ®â ¢à¥¬¥¨. �®®â®è¥¨ï(18){(20) ¯®§¢®«ïîâ ¢¢¥áâ¨ ¢¬¥áâ® (7) ¯à¥¤áâ ¢«¥-¨¥ �(r; t) = v0 � r + !(t) �B(r) + '(r; t): (21)�¤¥áì §  ¢®«®¢ë¬ ¯®â¥æ¨ «®¬ á®åà ¥® ®¡®-§ ç¥¨¥ '(r; t), å®âï ®, ¥áâ¥áâ¢¥®, ®â«¨ç ¥âáï®â ¢®«®¢®£® ¯®â¥æ¨ «  ¢ (7).�ç¥¢¨¤®, â ª®¥ ¯à¥¤áâ ¢«¥¨¥ ®¡¥á¯¥ç¨¢ ¥â,ª ª ¨ (7), ¢ë¯®«¥¨¥ £à ¨çëå ãá«®¢¨©   â¢¥à-¤®© áâ¥ª¥ S(t), ® ®¡« ¤ ¥â â¥¬ ¯à¥¨¬ãé¥áâ¢®¬,çâ® ¢ ¥¬ ¯®â¥æ¨ « �â®ªá  {�ãª®¢áª®£® B(r)ï¢«ï¥âáï à¥è¥¨¥¬ å®à®è® ¨§ãç¥®© § ¤ ç¨ �¥©-¬   ¤«ï ãà ¢¥¨ï � ¯« á  ¢ ä¨ªá¨à®¢ ®©®¡« áâ¨ ¨ â¥¯¥àì ã¦¥ ¯à¨ «î¡ëå (  ¥ â®«ìª® «¨-¥©ëå) ¤¢¨¦¥¨ïå ¨ ª®ä¨£ãà æ¨ïå ¦¨¤ª®© ®¡« -áâ¨ 
(t) ¬®¦¥â ¡ëâì  ©¤¥ ¥§ ¢¨á¨¬® ®â ¢®«®-¢®£® ¯®â¥æ¨ «  '(t). �ãé¥áâ¢¥® â ª¦¥, çâ®¤«ï ¯à ªâ¨ç¥áª¨ ¢ ¦ëå ä®à¬ � § ¤ ç  (16), (17)à¥è¥  ¢ [2],   ¢ ¡®«¥¥ á«®¦ëå á«ãç ïå ¬®¦® ¢®á-¯®«ì§®¢ âìáï ¢ à¨ æ¨®ë¬¨ ¬¥â®¤ ¬¨ ¨§ [1,5,6].�â® ª á ¥âáï ¢®«®¢®£® ¯®â¥æ¨ «  '(r; t), â®¤«ï ¥£® ¢¬¥áâ® (10) { (13) ¯®«ãç ¥âáï á«¥¤ãîé ïªà ¥¢ ï § ¤ ç :4'(r; t) = 0 ¢ 
(t); (22)@'@� = 0   S(t); (23)@'@� = � ftp(rf)2 + [! � r �r(! �B)] � �

  �(t); (24)P (r; t; B; ') = p0; (25)£¤¥ P (r; t; B; ') { à¥§ã«ìâ â ¯®¤áâ ®¢ª¨ (21) ¢P (r; t) ¨§ (4). �®¯®áâ ¢«¥¨¥ (22) { (25) á (10) {(13) ¯®ª §ë¢¥â, çâ® ¨á¯®«ì§®¢ ¨¥ ¯à¥¤áâ ¢«¥¨ï(21) ¢¬¥áâ® (7) ¯à¨¢®¤¨â «¨èì ª ¯®ï¢«¥¨î ¢ ª¨-¥¬ â¨ç¥áª®¬ £à ¨ç®¬ ãá«®¢¨¨   á¢®¡®¤®© ¯®-¢¥àå®áâ¨ �(t) ¥¢ï§ª¨[! � r �r(! �B)] � �;®áâ ¢«ïï ¥¨§¬¥ë¬¨ ¢á¥ ®áâ «ìë¥ á®®â®è¥-¨ï. �à¨ ¨§¢¥áâ®¬ B(r; t) (  íâ® â¥¯¥àì ¢á¥£¤ ¬®¦® ¯à¥¤¯®« £ âì) § ¤ ç¨ (10) { (13) ¨ (22) {(25) ®¤¨ ª®¢ë ¯® á«®¦®áâ¨.� ª¨¬ ®¡à §®¬, à áç¥â ¯®â¥æ¨ «®¢ �â®ªá  {�ãª®¢áª®£® ¢ á«ãç ¥ ¥«¨¥©ëå ª®«¥¡ ¨© ¦¨¤-ª®áâ¨ á¢®¤¨âáï ª: 1) à áè¨à¥¨î ®¡« áâ¨ 
(t)®¯à¥¤¥«¥¨ï ¢¥ªâ®à-äãªæ¨¨ �(r; t) ¤® ®å¢ âë¢ -îé¥© ¥ñ ä¨ªá¨à®¢ ®© ®¡« áâ¨ �, 2) à¥è¥¨î§ ¤ ç¨ �¥©¬   ¤«ï ãà ¢¥¨ï � ¯« á  ¢ �, â.¥. ª å®¦¤¥¨î § ¢¨áïé¥© â®«ìª® ®â ¯à®áâà áâ¢¥-ëå ¯¥à¥¬¥ëå ¢¥ªâ®à-äãªæ¨¨ B(r), 3) ¢ëç¨-á«¥¨î B(r) ¤«ï ª®ªà¥âëå ¡ ª®¢.3. ������������� ��� � �������� áá¬®âà¨¬ ¥«¨¥©ë¥ ª®«¥¡ ¨ï ¦¨¤ª®£® £àã-§  ¢ ç áâ¨ç® § ¯®«¥®¬ ¯àï¬®ã£®«ì®¬ ¡ ª¥áã¤  ¯à¨ ¯à®¨§¢®«ìëå ã£«®¢ëå ¤¢¨¦¥¨ïå (ª ç-ª¥) ¯®á«¥¤¥£®. �¥ ¨áª«îç ¥âáï ¢®§¬®¦®áâì § -å«¥áâë¢ ¨ï ¦¨¤ª®áâìî ªàëèª¨ ¡ ª ,   ¯à¨ ¥-¡®«ìè¨å ãà®¢ïå § ¯®«¥¨ï ¨ ®£®«¥¨¥ ¥£® ¤ .�â  § ¤ ç  ¤®¢®«ì® á«®¦  ¨ ¤®  áâ®ïé¥£® ¢à¥-¬¥¨,  áª®«ìª® ¨§¢¥áâ®, ¥ à¥è¥ . �¥ª®â®àë¥¥ñ  á¯¥ªâë ¨áá«¥¤®¢ «¨áì ¢ [10,11].�á¯®«ì§ãï ¯à¥¤«®¦¥ë© ¬¥â®¤, à¥è¨¬ § ¤ çãà áç¥â  ¯®â¥æ¨ «®¢ �â®ªá  {�ãª®¢áª®£® ¢ à á-á¬ âà¨¢ ¥¬®¬ á«ãç ¥.� §¬¥áâ¨¬  ç «® O ¯®¤¢¨¦®© á¨áâ¥¬ë ª®®à-¤¨ â Oxyz ¢ æ¥âà¥ ¡ ª  ¨ ®¡®§ ç¨¬ ç¥à¥§ 2a,2b, 2c ¤«¨ë ¥£® àñ¡¥à, ¯ à ««¥«ìëå ®áï¬ x, y,z á®®â¢¥âáâ¢¥®. �®£¤  § ¤ ç  (16), (17) ¯à¨¬¥â¢¨¤ 4B = 0 ¢ �; (26)@B@x = (0; z;�y) ¯à¨ x = �a; (27)@B@y = (�z; 0; x) ¯à¨ y = �b; (28)@B@z = (y;�x; 0) ¯à¨ z = �c; (29)�.�. �®«®â¥ª® 47



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 1. �. 44 { 51£¤¥ ®¡« áâì� = f(x; y; z) :j x j< a; j y j< b; j z j< cg:�ç¨â ¥¬, ¤ «¥¥, çâ® ¢ æ¥âà «ì®© á¨áâ¥-¬¥ ª®®à¤¨ â Oxyz ¢¥ªâ®àë© ¯®â¥æ¨ « B =(B1; B2; B3). �§ £à ¨çëå ãá«®¢¨© (27) { (29) ¢ë-â¥ª ¥â, çâ® ª®¬¯®¥âëB1 = B1(y; z); B2 = B2(x; z); B3 = B3(x; y);â.¥. ¥ § ¢¨áïâ ®â á®®â¢¥âáâ¢ãîé¨å ¯¥à¥¬¥ëå.�«¥¤ãï [2], ¯®«®¦¨¬B1 = F1(y; z) � yz; B2 = F2(x; z)� xz;B3 = F3 � xy; (30)£¤¥ Fi (i = 1; 2; 3) { ®¢ë¥ ¥¨§¢¥áâë¥ äãªæ¨¨.�®¤áâ ¢«ïï ¢ëà ¦¥¨ï (30) ¢ (26) { (29), ¯®«ãç ¥¬¤«ï Fi á«¥¤ãîé¨¥ ªà ¥¢ë¥ § ¤ ç¨ ¢ ¯àï¬®ã£®«ì®¬¯ à ««¥«¥¯¨¯¥¤¥ �: 4F1 = 0;@F1@y = 0 ¯à¨ y = �b;@F1@z = 2y ¯à¨ z = �c; (31)4F2 = 0;@F2@x = 2z ¯à¨ x = �a;@F2@z = 0 ¯à¨ z = �c; (32)4F3 = 0;@F3@x = 0 ¯à¨ x = �a;@F3@y = 2x ¯à¨ y = �b: (33)� ¤ ç¨ (31) { (33) ®¤®â¨¯ë ¨   «®£¨çë â®©,ª®â®à ï à¥è « áì ¢ [2] ¤«ï ¯àï¬®ã£®«ì®© ¯®«®-áâ¨ (® ¢ ¤àã£®© á¨áâ¥¬¥ ª®®à¤¨ â). �®«ì§ãïáìâ¥¬ ¦¥ ¬¥â®¤®¬, à §«®¦¨¬ ¥ã«¥¢ë¥ ¯à ¢ë¥ ç -áâ¨ £à ¨çëå ãá«®¢¨© íâ¨å § ¤ ç ¢ àï¤ë �ãàì¥¢¨¤  2y = 16b 1Xn=0 (�1)n(2n+ 1)2�2 sin (2n+ 1)�2b y;2z = 16c 1Xn=0 (�1)n(2n+ 1)2�2 sin (2n+ 1)�2c z;2x = 16a 1Xn=0 (�1)n(2n + 1)2�2 sin (2n+ 1)�2a x: (34)

� á¢®î ®ç¥à¥¤ì, ¨áª®¬ë¥ äãªæ¨¨ ¯à¥¤áâ ¢«ï¥¬¢ ¢¨¤¥ á«¥¤ãîé¨å àï¤®¢:F1(y; z) = 1Xn=0 a2n+1 sin (2n+ 1)�y2b sh (2n+ 1)�z2b ;F2(x; z) = 1Xn=0 b2n+1 sin (2n+ 1)�z2c sh (2n+ 1)�x2c ;F3(x; y) = 1Xn=0 c2n+1 sin (2n+ 1)�x2a sh (2n+ 1)�y2a ;(35)£¤¥ a2n+1, b2n+1, c2n+1 { ¨áª®¬ë¥ ª®íää¨æ¨¥âë.�®á«¥ ¯®¤áâ ®¢ª¨ àï¤®¢ (34), (35) ¢ £à ¨çë¥ãá«®¢¨ï (31) { (33), ¯à¨à ¢¨¢ ¨ï ª®íää¨æ¨¥-â®¢ ¯à¨ ®¤¨ ª®¢ëå ä®à¬ å ¨ ¥ª®â®àëå ¯à¥®¡à -§®¢ ¨© ¯®«ãç¥ëå ¢ëà ¦¥¨©, ®ª®ç â¥«ì®, áãç¥â®¬ (30),  å®¤¨¬B1(y; z) = �yz++32b2�3 Xn=1;3;5;::: (�1)(n�1)=2n3ch n�c2b sin n�y2b sh n�z2b ;B2(x; z) = �xz++32c2�3 Xn=1;3;5;::: (�1)(n�1)=2n3ch n�a2c sin n�z2c sh n�x2c ;B3(x; y) = �xy++32a2�3 Xn=1;3;5;::: (�1)(n�1)=2n3ch n�b2a sin n�x2a sh n�y2a : (36)�®à¬ã«ë (36) ®¯à¥¤¥«ïîâ ¯®â¥æ¨ «ë �â®ªá  {�ãª®¢áª®£® ¤«ï «î¡ëå ¤¢¨¦¥¨© ¦¨¤ª®áâ¨ ¢ ¯àï-¬®ã£®«ì®¬ ¡ ª¥ ¨ ¯®§¢®«ïîâ ¢ëç¨á«ïâì ¢á¥ á¢ï-§ ë¥ á íâ¨¬¨ ¯®â¥æ¨ « ¬¨ ¢¥«¨ç¨ë (áª®à®-áâ¨, ¤ ¢«¥¨ï, ¬®¬¥âë ¨¥àæ¨¨ ¦¨¤ª®áâ¨, ¯ à -¬¥âàë ãà ¢¥¨© ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ ¨ â.¤.).4. ������������ ������������������������� �����������������â®á¨â¥«ì ï áª®à®áâì u(r; t) ¦¨¤ª®áâ¨ ¯à¨ ¥ñ¡¥§¢¨åà¥¢®¬  ¡á®«îâ®¬ ¤¢¨¦¥¨¨ ¢ ®¡é¥¬ á«ã-ç ¥ ®¯à¥¤¥«ï¥âáï ä®à¬ã«®©u(r; t) = r � !(t) � r;£¤¥  (r; t) { ¥ª®â®à ï £ à¬®¨ç¥áª ï ¢ 
(t) äãª-æ¨ï. �á«¨ ¦¥ ¯®â¥æ¨ « �(r; t) ¯à¥¤áâ ¢«¥ ¢ ¢¨-¤¥ (21), â® ®â®á¨â¥«ì ï áª®à®áâì à §« £ ¥âáï  áã¬¬ã ¢¥ªâ®à®¢ ¢¨¤ u(r; t) = r'+r[!(t) �B(r)]� !(t)� r: (37)48 �.�. �®«®â¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 1. �. 44 { 51� íâ®© áã¬¬¥ ¢¥ªâ®àu(!) = r[!(t) �B(r)] � !(t)� r (38)§ ¢¨á¨â ®â ã£«®¢®© áª®à®áâ¨ ¡ ª  !(t) ¨ ¯®â®¬ã¬®¦¥â ¡ëâì  §¢  ¢à é â¥«ì®© á®áâ ¢«ïîé¥©®â®á¨â¥«ì®© áª®à®áâ¨ ¦¨¤ª®áâ¨. �â«¨ç¨â¥«ì-®© ®á®¡¥®áâìî íâ®© á®áâ ¢«ïîé¥© ï¢«ï¥âáï ¥ñ§ ¢¨á¨¬®áâì ®â ä®à¬ë ¯®«®áâ¨ ç¥à¥§ ¯®â¥æ¨ «�â®ªá  {�ãª®¢áª®£® B(r).�¯à®¥ªâ¨à®¢ ¢ ¢¥ªâ®à®¥ à ¢¥áâ¢® (37)  ®à¬ «ì � ¨ ª á â¥«ìãî ¯«®áª®áâì ª ¯®¢¥àå®áâ¨¯®«®áâ¨ S(t), ¯®«ãç¨¬ á®®â®è¥¨ïu�(r; t) = @'@� + u�(!); u� (r; t) = @'@� + u� (!);  S(t); (39)£¤¥ ¨¤¥ªá � ®¡®§ ç ¥â ¯à®¥ªæ¨î á®®â¢¥âáâ¢ãî-é¥£® ¢¥ªâ®à    ª á â¥«ìãî ¯«®áª®áâì. �¥à¢®¥¨§ ¨å á ãç¥â®¬ (38) ¨ ¢ á®®â¢¥âáâ¢¨¨ á (23) ¨ (16)¤ ñâ, ª ª ¨ á«¥¤®¢ «® ®¦¨¤ âì,u� = 0   S(t):�âáî¤  ¢ëâ¥ª ¥â, çâ®u(r; t) = @'@� + u� (!)   S(t);â.¥. «¨¨¨ â®ª  (¨ âà ¥ªâ®à¨¨) ¦¨¤ª¨å ç áâ¨æ,ª®â ªâ¨àãîé¨å á ¯®¢¥àå®áâìî S(t), ¢ ¨å ¤¢¨¦¥-¨¨ ®â®á¨â¥«ì® ¦¥áâª® á¢ï§ ®© á ¡ ª®¬ á¨áâ¥-¬ë ª®®à¤¨ â Oxyz ¯à¨ ¤«¥¦ â íâ®© ¯®¢¥àå®-áâ¨. �áª«îç¥¨¥ á®áâ ¢«ïîâ ç áâ¨æë, ¯à¨ ¤«¥-¦ é¨¥ ®¤®¢à¥¬¥® â¢¥à¤®© áâ¥ª¥ ¨ á¢®¡®¤®©¯®¢¥àå®áâ¨: ¨å «¨¨¨ â®ª  ¨ âà ¥ªâ®à¨¨ «¥¦ â  á¢®¡®¤®© ¯®¢¥àå®áâ¨ �(t) (íâ® ¢ëâ¥ª ¥â ¨§â®£®, çâ® ¤«ï ç áâ¨æ   ¯®¢¥àå®áâ¨ �(t)u�(r; t) = � ftp(rf)2 ;â.¥. ®à¬ «ì ï ª á¢®¡®¤®© ¯®¢¥àå®áâ¨ áª®-à®áâì «¥¦ é¥©   ¥© ç áâ¨æë á®¢¯ ¤ ¥â á ®à-¬ «ì®© á®áâ ¢«ïîé¥© áª®à®áâ¨ á®®â¢¥âáâ¢ãî-é¥© â®çª¨ á ¬®© ¯®¢¥àå®áâ¨, ¨, á«¥¤®¢ â¥«ì®,íâ  ç áâ¨æ  áª®«ì§¨â ¢¤®«ì ¯®¢¥àå®áâ¨, ¥ ¯®ª¨-¤ ï ¥ñ).�§ ¢â®à®£® á®®â®è¥¨ï (39) ¢¨¤®, çâ®  S(t) ®â®á¨â¥«ì ï áª®à®áâì ¦¨¤ª®© ç áâ¨æëu(r; t) = u� (r; t) ¨¬¥¥â ¢à é â¥«ìãî á®áâ ¢«ïî-éãî u� (!), à ¢ãî â®©, ª®â®àãî ®  ¨¬¥«  ¡ë¯à¨ '(r; t) � 0, â.¥. ¯à¨ ¯®«®¬ § ¯®«¥¨¨ ¡ ª .�¬¥ï ¯®â¥æ¨ « B(r), ¢à é â¥«ìãî á®áâ ¢«ïî-éãî u� (!) ¬®¦® à ááç¨â âì á ¯®¬®éìî ä®à¬ã«ë(38).

�à¨¬¥à. � ááç¨â ¥¬ ¢à é â¥«ìãî á®áâ ¢«ï-îéãî ®â®á¨â¥«ì®© áª®à®áâ¨ ¦¨¤ª®áâ¨ ¢ á«ãç ¥¯àï¬®ã£®«ì®£® ¡ ª , ª®«¥¡«îé¥£®áï ¢®ªàã£ ®á¨Ox, ª®â®à ï  ¯à ¢«¥  ¯® £®à¨§®â «¨ ¨ ¥¯®-¤¢¨¦ . �®«¥¡ ¨ï ¯à®¨áå®¤ïâ ¯® § ª®ã�(t) = �0 sin�t;£¤¥ �(t) { ã£®« ¯®¢®à®â  ¡ ª  ¢®ªàã£ ®á¨ Ox (� > 0¯à¨ ¯®¢®à®â¥ ¡ ª  ¯à®â¨¢ å®¤  ç á®¢®© áâà¥«ª¨).�à¨ à áç¥â å ¯®« £ ¥¬ �0 = 0:174 à ¤ (10 £à -¤ãá®¢), � = 0:8 à ¤/á.� ª ç áâ¨ç® § ¯®«¥ ¦¨¤ª®áâìî á ¯à®¨§¢®«ì-ë¬ ãà®¢¥¬ § ¯®«¥¨ï (¢ á®®â¢¥âáâ¢¨¨ á ¯à¥-¤ë¤ãé¨¬ ãà®¢¥ì § ¯®«¥¨ï ¥ ¢«¨ï¥â   ¢à é -â¥«ìãî á®áâ ¢«ïîéãî ®â®á¨â¥«ì®© áª®à®áâ¨).� §¬¥àë ¡ ª : b = 21¬, c = 8:5¬ (¯ à ¬¥âà a ¥ãç áâ¢ã¥â ¢ à áç¥â å, â ª ª ª á¨áâ¥¬  á®¢¥àè ¥â¯«®áª®-¯ à ««¥«ì®¥ ¤¢¨¦¥¨¥).� à ááá¬ âà¨¢ ¥¬®¬ á«ãç ¥ ¢ ¯à®¥ªæ¨ïå   ®á¨Oxyz ¨¬¥¥¬ !(t) = (!1(t); 0; 0);! � r = (0;�z!1(t)); y!1(t));!(t) �B(r) = !1(t)B1(r); (40)£¤¥ B1(r) ®¯à¥¤¥«ï¥âáï ¯¥à¢®© ¨§ ä®à¬ã« (36).�®¤áâ ®¢ª  (40) ¢ (38) ¤ ñâu(!) = [0; (@B1@y + z)!1; (@B1@z � y)!1]: (41)�á¯®«ì§®¢ ¢ ãà ¢¥¨ï (36) ¢ (41), ¯®«ãç¨¬ á«¥¤ã-îé¨¥ ¢ëà ¦¥¨ï ¤«ï ¯à®¥ªæ¨©   ®á¨ y; z ¢à é -â¥«ì®© á®áâ ¢«ïîé¥© ®â®á¨â¥«ì®© áª®à®áâ¨:u2(!) = !1(t)k Xn=1;3;5;:::fn cos n�y2b sh n�z2b ;u3(!) = !1(t)(k Xn=1;3;5;:::fn sin n�y2b ch n�z2b � 2y);(42)£¤¥ k = 16b�2 ; fn = (�1)n�12n2ch n�c2b :� ¤ ®¬ á«ãç ¥ ¯®¢¥àå®áâì S(t) ¯à¥¤áâ ¢«ï-¥â á®¡®© ª®âãà, á®áâ®ïé¨© ¨§ ¯àï¬®«¨¥©ëå®âà¥§ª®¢, ¯ à ««¥«ìëå ®áï¬ y; z. �  ®â¤¥«ìëåãç áâª å íâ®£® ª®âãà  ¨¬¥¥¬u� (!) = u3(�b; z) ¯à¨ j z j< c;u� (!) = �u2(y;�c) ¯à¨ j y j< b:�.�. �®«®â¥ª® 49
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�¨á. 1. � á¯à¥¤¥«¥¨¥ ju� (!)j¢¤®«ì áâ¥®ª ¡ ª  (á«ãç © j = 0)�® íâ¨¬ ä®à¬ã« ¬ ¢ëç¨á«¥ë ¢à é â¥«ìë¥ á®-áâ ¢«ïîé¨¥ ®â®á¨â¥«ì®© áª®à®áâ¨ ¦¨¤ª®áâ¨  áâ¥ª å ¡ ª  (®¨ ¦¥ ¨áâ¨ë¥ ®â®á¨â¥«ìë¥áª®à®áâ¨ â¥ç¥¨ï ¦¨¤ª®áâ¨ ¯® áâ¥ª ¬ ¡ ª  ¢ á«ã-ç ¥ ¥£® ¯®«®£® § ¯®«¥¨ï).�  à¨á. 1 ¯à¨¢¥¤¥ë í¯îàë à á¯à¥¤¥«¥¨ï ¢¥-«¨ç¨ë j u� (!) j   ®â¤¥«ìëå ãç áâª å £à ¨ç-®£® ª®âãà . �¯îàë á®®â¢¥âáâ¢ãîâ ¬®¬¥â ¬¢à¥¬¥¨ t = �j=�, j = 0; 1; :::, ª®£¤  ã£«®¢ ï áª®-à®áâì ¡ ª  !1(t) ¤®áâ¨£ ¥â ¬ ªá¨¬ «ìëå ¯® ¬®-¤ã«î § ç¥¨©. �ãªâ¨àë¥ áâà¥«ª¨ ãª §ë¢ îâ ¯à ¢«¥¨¥ ª á â¥«ì®© á®áâ ¢«ïîé¥© ¯¥à¥®á-®© áª®à®áâ¨ ! � r ç áâ¨æ ¦¨¤ª®áâ¨   áâ¥ª å¡ ª , á¯«®èë¥ {  ¯à ¢«¥¨¥ ¢¥ªâ®à  u� (!).� á®®â¢¥âáâ¢¨¨ á® ¢â®à®© ¨§ ä®à¬ã« (40) ¯à®-¥ªæ¨¨ ¯¥à¥®á®© áª®à®áâ¨ !(t)�r   ª á â¥«ì®¥ ¯à ¢«¥¨¥ ª £à ¨ç®¬ã ª®âãàã á®åà ïîâ ¯®-áâ®ïë¥ (®â®á¨â¥«ì® ¯à®áâà áâ¢¥ëå ¯¥à¥-¬¥ëå y; z) § ç¥¨ï ¢¤®«ì ª ¦¤®£® ¨§ ¯àï¬®«¨-¥©ëå ®âà¥§ª®¢ íâ®£® ª®âãà . �® à áç¥â ¬ ¯à¨j = 0(!(0) � r)� = � �1:3 ¬/á ¯à¨ z = �c;�2:9 ¬/á ¯à¨ y = �b:� ®â«¨ç¨¥ ®â ¯¥à¥®á®© áª®à®áâ¨ ¢¥«¨ç¨  ¢à -é â¥«ì®© á®áâ ¢«ïîé¥© ®â®á¨â¥«ì®© áª®à®-áâ¨ (¢ ¯à®¥ªæ¨¨   ª á â¥«ìãî) ¨§¬¥ï¥âáï¢¤®«ì ®âà¥§ª®¢ ª®âãà  ¯à¨¡«¨§¨â¥«ì® ¯® ¯ à -¡®«¨ç¥áª®¬ã § ª®ã, ã¢¥«¨ç¨¢ ïáì ®â ã«ï   ª®-æ å ®âà¥§ª®¢ ¤® ¥ª®â®àëå ¬ ªá¨¬ «ìëå (¯® ¬®-¤ã«î) § ç¥¨© ¢ á¥à¥¤¨ å íâ¨å ®âà¥§ª®¢. � á-ç¥âë¥ § ç¥¨ï u� (!), ®â¢¥ç îé¨¥ ®â¬¥ç¥ë¬¬ ªá¨¬ã¬ ¬ (íâ¨ ¬ ªá¨¬ã¬ë ®¡®§ ç¥ë   í¯î-à å ç¥àë¬¨ ªàã¦ª ¬¨), ¯®«ãç îâáï á«¥¤ãîé¨-

¬¨:u� (!) = � �2:3 ¬/á ¯à¨ y = 0; z = �c�1:8 ¬/á ¯à¨ y = �b; z = 0:� ª¨¬ ®¡à §®¬,   ª®âãà¥ ¯àï¬®ã£®«ì®£® ¡ ª ¢¥ªâ®à ¢à é â¥«ì®© á®áâ ¢«ïîé¥© ®â®á¨â¥«ì-®© áª®à®áâ¨ u(!) ®¡« ¤ ¥â á«¥¤ãîé¨¬¨ á¢®©áâ¢ -¬¨:1) ¥£® ¯à®¥ªæ¨ï u�(!)   ®à¬ «ì ª ª®âãàã à ¢-  ã«î,2) ª á â¥«ì ï á®áâ ¢«ïîé ï u� (!) íâ®£® ¢¥ª-â®à  ¢ ª ¦¤®© â®çª¥ ª®âãà   ¯à ¢«¥  ¯à®â¨¢ª á â¥«ì®© á®áâ ¢«ïîé¥© (! � r)� ¢¥ªâ®à  ¯¥à¥-®á®© áª®à®áâ¨ ! � r,3) ¢¥«¨ç¨  j u� (!) j à á¯à¥¤¥«¥  ¯® ª®âãàã¡ ª  á¨¬¬¥âà¨ç® ®â®á¨â¥«ì®  ç «  O á¨áâ¥-¬ë ª®®à¤¨ â, ¯à¨ç¥¬ ¥ñ § ç¥¨ï ¢ æ¥âà «ìëåâ®çª å ¡®«¥¥ ª®à®âª¨å ®âà¥§ª®¢ ª®âãà  ¬¥ìè¥,  ¡®«¥¥ ¤«¨ëå { ¡®«ìè¥, ç¥¬ á®®â¢¥âáâ¢ãîé¨¥§ ç¥¨ï ª á â¥«ì®© á®áâ ¢«ïîé¥© (! � r)� ¯¥-à¥®á®© áª®à®áâ¨.�â¥à¯à¥â¨àãï ¢¥ªâ®à u(!) ª ª ¢¥ªâ®à ®â®á¨-â¥«ì®© áª®à®áâ¨ ¦¨¤ª®áâ¨ ¢ á«ãç ¥ æ¥«¨ª®¬ § -¯®«¥®£® ¡ ª , ¬®¦® áª § âì, çâ® ¢ æ¥«¨ª®¬ § -¯®«¥®¬ ¡ ª¥ «¨¨¨ â®ª  ¯®¢¥àå®áâëå ç áâ¨æ¦¨¤ª®áâ¨ (¯à¨ ¯«®áª®¬ ¤¢¨¦¥¨¨ á¨áâ¥¬ë) á®¢¯ -¤ îâ á £à ¨çë¬ ª®âãà®¬ ¡ ª ,   ®â®á¨â¥«ì-ë¥ áª®à®áâ¨ íâ¨å ç áâ¨æ  ¯à ¢«¥ë  ¢áâà¥çã¢à é¥¨î ¯®á«¥¤¥£®. � íâ®¬ á¬ëá«¥ ¦¨¤ª®áâì¢ ¯àï¬®ã£®«ì®¬ ¡ ª¥ ¤¢¨¦¥âáï â ª ¦¥, ª ª ¢ £®-à¨§®â «ì®¬ ªàã£®¢®¬ æ¨«¨¤à¥, ª®«¥¡«îé¥¬áï¢®ªàã£ á¢®¥© ®á¨. �¤ ª®, ¥á«¨ ¢ ªàã£®¢®¬ æ¨«¨-¤à¥ u = �(!(t) � r)� ;â.¥. ¢ ª ¦¤ë© ¬®¬¥â ¢à¥¬¥¨ ¯®¢¥àå®áâë¥ç áâ¨æë ¢® ¢á¥å â®çª å ª®âãà  ¨¬¥îâ ®¤¨ ª®-¢ë¥ áª®à®áâ¨, à ¢ë¥ ¯® ¢¥«¨ç¨¥ ¨  ¯à ¢«¥-ë¥ ¯à®â¨¢®¯®«®¦® ¢¥ªâ®àã ¯¥à¥®á®© áª®à®-áâ¨ (ª¢ §¨â¢¥à¤®¥ ¢à é¥¨¥ ¦¨¤ª®£® ®¡êñ¬ ), â®¢ ¯àï¬®ã£®«ì®¬ ¡ ª¥, ª ª ¢¨¤® ¨§ ¯à¨¢¥¤¥®©í¯îàë, ¯®¢¥àå®áâë¥ ç áâ¨æë ¤¢¨¦ãâáï ¯® ª®-âãàã ¥à ¢®¬¥à®, ¨¬¥ï ¬ ªá¨¬ «ìë¥ áª®à®áâ¨¢ æ¥âà «ìëå â®çª å ¯àï¬®«¨¥©ëå ãç áâª®¢ª®âãà  ¨ ¬¨¨¬ «ìë¥ (à ¢ë¥ ã«î) ¢ ã£«®¢ëåâ®çª å. �à¨ íâ®¬ ¬ ªá¨¬ «ìë¥ § ç¥¨ï áª®à®-áâ¨   ª®à®âª¨å ãç áâª å âà ¥ªâ®à¨¨ ¬¥ìè¥, ç¥¬  ¤«¨ëå (1.8 ¬/á ¯à®â¨¢ 2.3 ¬/á). �à®¬¥ â®-£®,   ª®à®âª¨å ãç áâª å ¬ ªá¨¬ «ì ï ®â®á¨-â¥«ì ï áª®à®áâì ¬¥ìè¥ ¯¥à¥®á®© (1.8 ¨ 2.9 ¬/áá®®â¢¥âáâ¢¥®),     ¤«¨ëå {  ®¡®à®â, ®â®-á¨â¥«ì ï ¡®«ìè¥ ¯¥à¥®á®© (2.3 ¬/á ¯à®â¨¢ 1.3¬/á).�â ª, ¢ á«ãç ¥ ¯àï¬®ã£®«ì®£® ¡ ª  § ¢¨áïé ï50 �.�. �®«®â¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 1. �. 44 { 51®â ¯®â¥æ¨ «®¢ �â®ªá  {�ãª®¢áª®£® ¢à é â¥«ì- ï á®áâ ¢«ïîé ï ®â®á¨â¥«ì®© áª®à®áâ¨ ¦¨¤-ª®áâ¨ ®¯à¥¤¥«¥  ¢® ¢á¥© § ïâ®© ¦¨¤ª®áâìî ®¡« -áâ¨ ¢¯«®âì ¤® ¥ñ £à ¨æë. � ¯®«®© äãªæ¨¨u(r; t) íâ®£® ¯®ª  ãâ¢¥à¦¤ âì ¥«ì§ï, ¯®áª®«ìªã¥ ¨§¢¥áâ®, ª ª ¢¥¤¥â á¥¡ï ¢®«®¢®© ¯®â¥æ¨ «'(r; t) ¢ãâà¨ ¨   £à ¨æ¥ ®¡« áâ¨ 
(t).�����������à¥¤«®¦¥ ¬¥â®¤ à áçñâ  ¯®â¥æ¨ «®¢ �â®ªá  {�ãª®¢áª®£® ¢ ®¡é¥¬ á«ãç ¥ ¥«¨¥©ëå ª®«¥¡ -¨© ¦¨¤ª®áâ¨ á® á¢®¡®¤®© ¯®¢¥àå®áâìî ¢ ¯®-¤¢¨¦ëå ¡ ª å ¯à®¨§¢®«ìëå ä®à¬. �¤¥ï ¬¥â®¤ § ª«îç ¥âáï ¢ § ¬¥¥ ªà ¥¢®© § ¤ ç¨ ¤«ï ¯®â¥-æ¨ «®¢ �â®ªá  {�ãª®¢áª®£® ¢ ¨§¬¥ïîé¥©áï á®¢à¥¬¥¥¬ ®¡« áâ¨ á®®â¢¥âáâ¢ãîé¥© ªà ¥¢®© § -¤ ç¥© ¢ ®¡« áâ¨, ¨¬¥îé¥© ä¨ªá¨à®¢ ë¥ £à ¨-æë ¢ ¦¥áâª® á¢ï§ ®© á ¡ ª®¬ á¨áâ¥¬¥ ª®®à¤¨- â. �®¤à®¡® ¯à®  «¨§¨à®¢  á«ãç © ¡ ª  ¢ä®à¬¥ ¯àï¬®ã£®«ì®£® ¯ à ««¥«¥¯¨¯¥¤ . �ë¯®«-¥ë à áç¥âë á¢ï§ ®© á ¯®â¥æ¨ « ¬¨ �â®ª-á  {�ãª®¢áª®£® ¢à é â¥«ì®© á®áâ ¢«ïîé¥© ®â-®á¨â¥«ì®© áª®à®áâ¨ ¦¨¤ª®áâ¨   áâ¥ª å â ª®£®¡ ª  ¤«ï ª®ªà¥âëå ¯ à ¬¥âà®¢ ¡ ª  ¨ á¨ãá®¨-¤ «ì®£® § ª®  ¥£® ã£«®¢ëå ª®«¥¡ ¨© ¢®ªàã£ £®-à¨§®â «ì®© ®á¨.1. �ãª®¢áª¨© �. �. �¢¥¤¥¨¥ ¢ ¥«¨¥©ãî ¤¨ -¬¨ªã â¢¥à¤®£® â¥«  á ¯®«®áâï¬¨, á®¤¥à¦ é¨¬¨¦¨¤ª®áâì.{ �.: � ãª. ¤ã¬ª , 1990.{ 295 á.
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