
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 49 { 59��� 529.532.539������� ������ ������������������� ��������������� ��������������������� ���� � �������. �. ��������, �. �. ����������­áâ¨âãâ ¬¥å ­¨ª¨ ��� �ªà ¨­ë ¨¬. �.�. �̈ ¬®è¥­ª®, �¨¥¢��� æ¨®­ «ì­ë© â¥å­¨ç¥áª¨© ã­¨¢¥àá¨â¥â �ªà ¨­ë \���", �¨¥¢�®«ãç¥­® 21.06.99 � �¥à¥á¬®âà¥­® 20.08.99� áá¬ âà¨¢ îâáï ®á¥á¨¬¬¥âà¨ç­ë¥ ª®«¥¡ ­¨ï ¯®«ã®£à ­¨ç¥­­®£® áâ®«¡  ¨¤¥ «ì­®© á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨, ¢®§¬ã-é ¥¬®© ¯ã«ìá æ¨ï¬¨ ¨«¨ ®áæ¨««ïæ¨ï¬¨ áä¥à¨ç¥áª®£® â¥«  ¢ ªàã£®¢®¬ æ¨«¨­¤à¨ç¥áª®¬ á®áã¤¥. �®«¥ ¯®â¥­æ¨ « áâà®¨âáï ¢ ¢¨¤¥ áã¬¬ë àï¤®¢ ¯® áä¥à¨ç¥áª¨¬ ¢®«­®¢ë¬ äã­ªæ¨ï¬ ¨ à¥è¥­¨© ãà ¢­¥­¨ï �¥«ì¬£®«ìæ  ¢ ¨­â¥£à «ì-­®© ä®à¬¥ ¢ æ¨«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â å. �à ¥¢ ï § ¤ ç , ãç¨âë¢ îé ï ãá«®¢¨ï ­  â¥«¥, ¦¥áâª®© æ¨«¨­¤à¨ç¥áª®©áâ¥­ª¥ ¨ ¯«®áª®© á¢®¡®¤­®© ¯®¢¥àå­®áâ¨, á¢¥¤¥­  ª ¡¥áª®­¥ç­®© á¨áâ¥¬ë  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨© ®â­®á¨â¥«ì­®ª®íää¨æ¨¥­â®¢ à §«®¦¥­¨ï ¯®â¥­æ¨ « , à¥è ¥¬®© ¬¥â®¤®¬ ãá¥ç¥­¨ï. �à¨ ¯®áâà®¥­¨¨ ¯®«ï ¤ ¢«¥­¨ï ¯®¤à®¡­®à áá¬®âà¥­ë á«ãç ¨ ¤«¨­ ¢®«­, ­¥ ¬¥­ìè¨å à ¤¨ãá  ¯®«®áâ¨, ¯¥à¢ë¥ ¤¢  á®¡áâ¢¥­­ëå §­ ç¥­¨ï ¢®«­®¢®£® ç¨á« .� áá¬ âà¨¢ ¥âáï ¨­â¥£à «ì­ ï á¨« , ¤¥©áâ¢ãîé ï ­  ¯ã«ìá¨àãîé¥¥ ã á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ â¥«®,  ­ «¨§¨àãîâáï¥¥ ®áà¥¤­¥­­ë¥ §  ¯¥à¨®¤ §­ ç¥­¨ï. �¥§ã«ìâ âë áà ¢­¨¢ îâáï á ¨¬¥îé¨¬¨áï ¤«ï ¯®«ã¯à®áâà ­áâ¢  á¦¨¬ ¥¬®©¦¨¤ª®áâ¨, ¡¥áª®­¥ç­ëå áâ®«¡®¢ ­¥á¦¨¬ ¥¬®© ¨ á¦¨¬ ¥¬®© ¦¨¤ª®áâ¥©.�®§£«ï­ãâ® ®á¥á¨¬¥âà¨ç­÷ ª®«¨¢ ­­ï ­ ¯÷¢®¡¬¥¦¥­®£® áâ®¢¯  ÷¤¥ «ì­®ù áâ¨á«¨¢®ù à÷¤¨­¨, é® §¡ãàîîâìáï ¯ã«ì-á æ÷ï¬¨  ¡® ®áæ¨«ïæ÷ï¬¨ áä¥à¨ç­®£® â÷«  ¢ ªàã£®¢÷© æ¨«÷­¤à¨ç­÷© ¯®áã¤¨­÷. �®«¥ ¯®â¥­æ÷ «ã ¡ã¤ãõâìáï ã ¢¨£«ï¤÷áã¬¨ àï¤÷¢ ¯® áä¥à¨ç­¨¬ å¢¨«ì®¢¨¬ äã­ªæ÷ï¬ â  à®§¢'ï§ª ¬ à÷¢­ï­­ï �¥«ì¬£®«ìæ  ¢ æ¨«÷­¤à¨ç­¨å ª®®à¤¨­ â å,¯à¥¤áâ ¢«¥­¨¬ ¢ ÷­â¥£à «ì­÷© ä®à¬÷. �à ­¨ç­  § ¤ ç , ¢ ïª÷© ¢à å®¢ ­® ã¬®¢¨ ­  â÷«÷, ¦®àáâª÷© æ¨«÷­¤à¨ç­÷© áâ÷­æ÷â  ¯«®é¨­­÷© ¢÷«ì­÷© ¯®¢¥àå­÷, §¢¥¤¥­  ¤® ­¥áª÷­ç¥­­®ù á¨áâ¥¬¨  «£¥¡à ùç­¨å à÷¢­ï­ì ¢÷¤­®á­® ª®¥ä÷æ÷õ­âi¢ à®§ª« ¤ã¯®â¥­æ÷ «ã â  ¯à®¢¥¤¥­® ùù à®§¢' ï§ ­­ï ¬¥â®¤®¬ §à÷§ ­­ï. �à¨ ¯®¡ã¤®¢÷ ¯®«ï â¨áªã ¤®ª« ¤­® à®§£«ï­ãâ® ¢¨¯ ¤®ª¤®¢¦¨­ å¢¨«ì §¡ãà¥­­ï, ­¥ ¬¥­è¨å §  à ¤÷ãá æ¨«÷­¤à , ¯¥àè÷ ¤¢  ¢« á­÷ §­ ç¥­­ï å¢¨«ì®¢®£® ç¨á« . �®§£«ï¤ õâìáïá¨« , é® ¤÷õ ­  ¯ã«ìáãîç¥ ¯®¡«¨§ã ¢÷«ì­®ù ¯®¢¥àå­÷ â÷«®, â   ­ «÷§ãîâìáï ùù ®á¥à¥¤­¥­÷ §  ¯¥à÷®¤ ª®«¨¢ ­ì §­ ç¥­­ï.�¥§ã«ìâ â¨ ¯®à÷¢­îîâìáï § ¢÷¤®¬¨¬¨ ¤«ï ­ ¯÷¢¯à®áâ®àã áâ¨á«¨¢®ù à÷¤¨­¨, ¤«ï ­¥áª÷­ç¥­­¨å áâ®¢¯÷¢ ­¥áâ¨á«¨¢®ùâ  áâ¨á«¨¢®ù à÷¤¨­.The axisymmetrial oscillations of ideal compressible liquid column with pulsing or oscillating spherical body into circularcylindrical container are considered. Field of velocity potential built as combination of series of spherical functions forHelmholtz's equation and solutions in integral form for cylindrical coordinates. The boundary conditions on sphericalsurface, rigid cylindrical wall and on 
at free surface are took into account and boundary problem reduced to in�nitealgebraic system for coe�cients of potential that solved by truncation method. The result for stress �eld for wavelengthlonger radius, �rst critical wavelengths are expounded. Hydrodynamic forces for pulsating body are considered andaveraged over period values analized. All result compared with ones for semi-in�nite space and for incompressible orcompressible endless liquid columns in cylindrical cavity.���������®§¡ã¦¤¥­¨¥ ª®«¥¡ â¥«ì­ëå à¥¦¨¬®¢ ¤¢¨¦¥­¨ï¢ ¬­®£®ä §­ëå áà¥¤ å ¬®¦¥â ¯à¨¢®¤¨âì ª ª ª ­¥-£ â¨¢­ë¬ ¤«ï â¥å­®«®£¨ç¥áª®£® ¯à®æ¥áá  ¯®á«¥¤-áâ¢¨ï¬ (ª ¢¨â æ¨ï, ®¡à §®¢ ­¨ï £ §®¢ëå áª®¯«¥-­¨© ¢ âàã¡®¯à®¢®¤ å ¨ â. ¤.), â ª ¨ ¨á¯®«ì§®¢ âìáï¤«ï ¨­â¥­á¨ä¨ª æ¨¨ ¤¥£ § æ¨¨ ¦¨¤ª®áâ¥©, ä«®â -æ¨¨, â¥¯«®®¡¬¥­  ¢ áà¥¤ å, ¯à¨ ®ç¨áâª¥ ¨  íà æ¨¨¯à®¬ëè«¥­­ëå áâ®ª®¢, ¤«ï á®§¤ ­¨ï ®¤­®à®¤­ëåá¬¥á¥©, ¯à¨ à §àãè¥­¨¨ £ §®¢ëå ¯à®¡®ª ¢ âàã¡ å¨ ª ¯¨««ïà å ¨ â.¯. [1 { 4], çâ® ®¡êïá­ï¥â ¨­â¥-à¥á ª ¨áá«¥¤®¢ ­¨î ª®«¥¡ ­¨© áà¥¤ á® ¢ª«îç¥­¨ï-¬¨. �­¥è­¨¥ (§ ¤ ­­ë¥ ­  ¡¥áª®­¥ç­®áâ¨) ¯¥à¨-®¤¨ç¥áª¨¥ ¢®§¤¥©áâ¢¨ï ­  ¦¨¤ª¨© ®¡ê¥¬ á ¬ «ë-¬¨ áä¥à¨ç¥áª¨¬¨ ¢ª«îç¥­¨ï¬¨ ¨áá«¥¤®¢ ­ë ­ ¨-¡®«¥¥ ¯®¤à®¡­® ¤«ï á«ãç ï ­¨§ª®ç áâ®â­ëå (¯à¨¯à¥­¥¡à¥¦¥­¨¨ á¦¨¬ ¥¬®áâìî ¦¨¤ª®áâ¨) ª®«¥¡ -
­¨© [1,5 {8] ¨ ¢  ªãáâ¨ç¥áª®¬ ¯à¨¡«¨¦¥­¨¨ [8{ 10].�à¥¤¯®«®¦¥­¨ï ® ¬ «®áâ¨ à ¤¨ãá®¢ ¨ ®¤­®à®¤­®-áâ¨ á¢®©áâ¢ ­®á¨¬ëå ç áâ¨æ ®â­®á¨â¥«ì­® å à ª-â¥à­ëå à §¬¥à®¢ á¨áâ¥¬ë (áà¥¤­¨å à ááâ®ï­¨©¬¥¦¤ã ç áâ¨æ ¬¨, à ááâ®ï­¨© ¤® ¢­¥è­¨å £à ­¨æ,¤«¨­ ¢®«­) ¯®§¢®«¨«¨ ¨á¯®«ì§®¢ âì ãà ¢­¥­¨ï ª®-«¥¡ ­¨©, ¯®«ãç¥­­ë¥ ¤«ï ®â¤¥«ì­®£® ¢ª«îç¥­¨ï ¢­¥®£à ­¨ç¥­­®¬ ®¡ê¥¬¥ ¦¨¤ª®áâ¨, à á¯à®áâà ­¨¢¥£® ­  ¢áî ä §ã ¨ ¨á¯®«ì§®¢ ¢ à §«¨ç­ë¥ ¯à®æ¥-¤ãàë ®áà¥¤­¥­¨ï å à ªâ¥à¨áâ¨ª ¬ ªà®®¤­®à®¤­®©áà¥¤ë [1,8,10,11].�®¢¥¤¥­¨¥ ¢ª«îç¥­¨ï ¨ ¦¨¤ª®áâ¨ ¢¡«¨§¨ ¢­ã-âà¥­­¥£® ¨áâ®ç­¨ª  ª®«¥¡ ­¨© (­¥¬ «®£® á®á¥¤­¥-£® â¥« , ¯ã«ìá¨àãîé¥£® £ §®¢®£® áª®¯«¥­¨ï, ¨§-«ãç â¥«ï) âà¥¡ã¥â ¯®áâà®¥­¨ï ¡®«¥¥ á«®¦­ëå ¬ -ªà®­¥®¤­®à®¤­ëå ¯®«¥© ¢®§¬ãé¥­¨ï. �®íâ®¬ã ¨§-¢¥áâ­ë¥ à¥§ã«ìâ âë ®á­®¢ë¢ îâáï ¢ ®á­®¢­®¬ ­  ­ «¨â¨ç¥áª¨å à¥è¥­¨ïå § ¤ ç ® ¢§ ¨¬®¤¥©áâ¢¨¨c
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�¨á. 1. �¨áâ¥¬ë ª®®à¤¨­ â¤¢ãå ¯ã«ìá¨àãîé¨å ¨«¨ ®áæ¨««¨àãîé¨å áä¥à ¢­¥®£à ­¨ç¥­­®¬ ®¡ê¥¬¥ ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®©¨«¨ á¦¨¬ ¥¬®© ¦¨¤ª®áâïå [12{15] ¨«¨ ¤¨äà ªæ¨¨¤«¨­­®© ¢®«­ë ­  ¤¢ãå ¬ «ëå è à å ¢ ®§¢ãç¨¢ -¥¬®¬ ¦¨¤ª®¬ ¯à®áâà ­áâ¢¥ [16{ 18]. �«ï ª®«¥¡«î-é¨åáï â¥« ¢ ¯®á«¥¤­¥¥ ¢à¥¬ï ¨á¯®«ì§®¢ ­ë ¡®«¥¥®¡é¨¥ ¬®¤¥«¨ ã¯àã£¨å áä¥à, ­¥¬ «ëå ¯ã§ëà¥© ¨áä¥à¨ç¥áª¨å ®¡®«®ç¥ª [19{ 21].�®áâà®¥­¨¥ ¯®«¥© ¯®â¥­æ¨ «  ¨ ¤ ¢«¥­¨ï ¢ ®£à -­¨ç¥­­®¬ ®¡ê¥¬¥ ¦¨¤ª®áâ¨ á ¢­ãâà¥­­¨¬ ¨áâ®ç-­¨ª®¬ ª®«¥¡ ­¨© { ­¥®¡å®¤¨¬ë© íâ ¯ ¨áá«¥¤®¢ -­¨© ª®«¥¡ â¥«ì­ëå ï¢«¥­¨© ª ª ¢ £®¬®£¥­­ëå, â ª¨ ¢ ¬­®£®ä §­ëå áà¥¤ å. �¤­ ª® ¯® áà ¢­¥­¨îá® á«ãç ï¬¨ ¢­¥è­¨å ¯¥à¨®¤¨ç¥áª¨å ¢®§¤¥©áâ¢¨©¢ ­¥®£à ­¨ç¥­­®¬ ®¡ê¥¬¥ á«®¦­®áâì à áá¬ âà¨¢ -¥¬ëå ªà ¥¢ëå § ¤ ç ¯à¨ ¨å â®ç­®© ¯®áâ ­®¢ª¥ áã-é¥áâ¢¥­­® ã¢¥«¨ç¨¢ ¥âáï. �â® ®¡êïá­ï¥âáï ­¥®¡-å®¤¨¬®áâìî á®¢¬¥áâ­®£® ã¤®¢«¥â¢®à¥­¨ï £à ­¨ç-­ëå ãá«®¢¨© ­  ¯®¢¥àå­®áâ¨ ­¥¬ «®£® ª®«¥¡«îé¥-£®áï ¢ ¦¨¤ª®áâ¨ â¥«  ¨ ­  ¢­¥è­¨å £à ­¨æ å ¦¨¤-ª®áâ¨, çâ® ã¤ ¥âáï á¤¥« âì «¨èì ¤«ï ­¥ª®â®àëåª ­®­¨ç¥áª¨å ¨«¨ ¡«¨§ª¨å ª ­¨¬ £à ­¨æ [21, 22].�à®¬¥ â®£®, ¯à¨ ¨áá«¥¤®¢ ­¨¨ ª®«¥¡ ­¨© á¨áâ¥¬ë¢ æ¥«®¬ áâ ­®¢¨âáï § ¬¥â­ë¬ ®¡à â­®¥ ¢«¨ï­¨¥¦¨¤ª®áâ¨ ­  ¨áâ®ç­¨ª ª®«¥¡ ­¨©, ¯à®ï¢«ïîé¥¥áï

¢ ã¢¥«¨ç¥­¨¨ ¯à¨á®¥¤¨­¥­­®© ¬ ááë ¤¢¨¦ãé¥£®áï¢ ®£à ­¨ç¥­­®¬ ¦¨¤ª®¬ ®¡ê¥¬¥ â¥«  [22, 23], §­ -ç¨â¥«ì­ë¬ ¨§¬¥­¥­¨ï¬ ¯®«¥© ¤ ¢«¥­¨ï ¨ £¨¤à®¤¨-­ ¬¨ç¥áª¨å á¨« ¢¡«¨§¨ £à ­¨æ [2,15], çâ® ®á®¡¥­­®áª §ë¢ ¥âáï ¤«ï â ª®£® ¯®¤ â«¨¢®£® ®¡ê¥ªâ , ª ª£ §®¢®© ¯ã§ëàì ¨«¨ áª®¯«¥­¨¥ £ §  ¢ áâ®«¡¥ ¦¨¤-ª®áâ¨ [2,3].�«ï ¯à¥®¤®«¥­¨ï ãª § ­­ëå âàã¤­®áâ¥© ¢ ¡®«ì-è¨­áâ¢¥ à ¡®â, ¯®á¢ïé¥­­ëå ¢®§¡ã¦¤¥­¨î ª®«¥-¡ ­¨© ¢ âàã¡ å, áª¢ ¦¨­ å, ¢®«­®¢®¤ å à §¬¥à -¬¨ ª®«¥¡«îé¨åáï â¥« ¯®«­®áâìî ¯à¥­¥¡à¥£ îâ ¯®áà ¢­¥­¨î á å à ªâ¥à­ë¬¨ à §¬¥à ¬¨ ¨ à áá¬ -âà¨¢ îâ â®ç¥ç­ë¥ ¨áâ®ç­¨ª¨ [25,26].�®â¥­æ¨ « áª®à®áâ¨ ¤¢¨¦¥­¨ï ¨¤¥ «ì­®© ­¥-á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ ¡¥áª®­¥ç­®© ¢ ®á¥¢®¬ ­ -¯à ¢«¥­¨¨ æ¨«¨­¤à¨ç¥áª®© ¯®«®áâ¨ ¯à¨ ¢®§¡ã¦¤¥-­¨¨ ®á¥á¨¬¬¥âà¨ç­ëå ª®«¥¡ ­¨© áä¥à®© ª®­¥ç-­ëå à §¬¥à®¢ ¯®áâà®¥­ ¢ [2]. �ç¥â ¢«¨ï­¨ï ¤®¯®«-­¨â¥«ì­®© ª®­¥ç­®© £à ­¨æë ¢ ¯®«®áâ¨ ¯à®¢¥¤¥­¢ [6,27,28], ¯à¨ íâ®¬ ¢ [28] ¨áá«¥¤®¢ ­® ¢§ ¨¬®¤¥©-áâ¢¨¥ ¤¢ãå ª®«¥¡«îé¨åáï ­  ®á¨ áâ®«¡  ¦¨¤ª®áâ¨áä¥à, ¢®§¤¥©áâ¢¨¥ ¯ã«ìá¨àãîé¥© ¢ ¯®«®áâ¨ áä¥àë­  ¬ «®¥ ¢ª«îç¥­¨¥ à áá¬ âà¨¢ «®áì ¢ [6],   ¢®§-¤¥©áâ¢¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ áâ®«¡  ¦¨¤ª®áâ¨¢ á®áã¤¥ ¯à¨ ¨áá«¥¤®¢ ­¨¨ ª®«¥¡ ­¨© áä¥à¨ç¥áª®£®£ §®¢®£® ®¡ê¥¬  ãçâ¥­® ¢ [27].�«ï á«ãç ï ª®«¥¡ ­¨© ¡¥áª®­¥ç­®£® áâ®«¡  ¨¤¥- «ì­®© á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨, ¢ë§ë¢ ¥¬ëå ¯ã«ì-á¨àãîé¥© ­  ®á¨ ªàã£®¢®© æ¨«¨­¤à¨ç¥áª®© ¯®«®-áâ¨ áä¥à®©, ¯®â¥­æ¨ « ¢ â®ç­®© ¯®áâ ­®¢ª¥ ¯®-áâà®¥­ ¢ [29] ­  ®á­®¢ ­¨¨ á¢¥¤¥­¨ï ªà ¥¢®© § -¤ ç¨ ¤«ï ãà ¢­¥­¨ï �¥«ì¬£®«ìæ  ª á¨áâ¥¬¥ ¡¥áª®-­¥ç­ëå  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨© ¤«ï ª®íää¨æ¨-¥­â®¢ à §«®¦¥­¨ï ¯®â¥­æ¨ « .� ­ áâ®ïé¥© à ¡®â¥ à áá¬ âà¨¢ îâáï ®á¥á¨¬-¬¥âà¨ç­ë¥ ª®«¥¡ ­¨ï, ¢®§¡ã¦¤ ¥¬ë¥ áä¥à¨ç¥-áª¨¬ â¥«®¬ ¢ ¯®«ã®£à ­¨ç¥­­®¬ áâ®«¡¥ á¦¨¬ ¥-¬®© ¦¨¤ª®áâ¨ ¢ ªàã£®¢®© æ¨«¨­¤à¨ç¥áª®© ¯®«®-áâ¨. � ®â«¨ç¨¥ ®â [29] ¨áá«¥¤ã¥¬ ï ªà ¥¢ ï § ¤ -ç  ¤«ï ¯®â¥­æ¨ «  ¢ª«îç ¥â ãá«®¢¨¥ ­  â®àæ¥¢®©£à ­¨æ¥ ®¡ê¥¬  { á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®-áâ¨. �à®¢®¤¨âáï ¯®áâà®¥­¨¥ ¯®â¥­æ¨ «  ¨ ¤ ¢«¥-­¨ï ¤«ï ¤¢ãå â¨¯®¢ ª®«¥¡ ­¨© â¥«  { ¯ã«ìá æ¨¨®¡ê¥¬  ¨«¨ ®áæ¨««ïæ¨¨ æ¥­âà . � ª¦¥ à áá¬ âà¨-¢ ¥âáï ¨­â¥£à «ì­ ï á¨« , ¤¥©áâ¢ãîé ï ­  ¯ã«ì-á¨àãîéãî ã â®àæ¥¢®© £à ­¨æë áä¥àã, ¨ ¯®ª § ­®,çâ® ¥¥ áà¥¤­¥¥ §  ¯¥à¨®¤ §­ ç¥­¨¥ ­¥ à ¢­® ­ã«î¢ ®â«¨ç¨¥ ®â á«ãç ï ¡¥áª®­¥ç­®£® áâ®«¡  ¦¨¤ª®-áâ¨. �à ä¨ç¥áª¨¥ à¥§ã«ìâ âë ¯®«ãç¥­ë ¤«ï ¤«¨­¢®«­, ­¥ ¬¥­ìè¨å à ¤¨ãá  æ¨«¨­¤à , ¯¥à¢ëå á®¡-áâ¢¥­­ëå ç áâ®â ¨ ¯à¥¤¥«ì­®£® á«ãç ï { ­¥á¦¨-¬ ¥¬®© ¦¨¤ª®áâ¨,   â ª¦¥ ¯à®¢¥¤¥­® áà ¢­¥­¨¥ áà¥§ã«ìâ â ¬¨ ¤«ï ­¥®£à ­¨ç¥­­®© ¯®«®áâ¨ ¨ ¯®-«ã¯à®áâà ­áâ¢ .50 �. �. �ã¡¥­ª®, �. �. �ã§ì¬ 



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 49 { 591. ���������� ������ ��� �������-���� áá¬®âà¨¬ ®á¥á¨¬¬¥âà¨ç­ë¥ ¤¢¨¦¥­¨ï ¨¤¥- «ì­®© á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ ªàã£®¢®© æ¨«¨­-¤à¨ç¥áª®© ¯®«®áâ¨ à ¤¨ãá  R0, ¢®§¡ã¦¤ ¥¬ë¥ § -¤ ­­ë¬¨ ª®«¥¡ ­¨ï¬¨ áä¥à¨ç¥áª®£® â¥«  à ¤¨ãá a(t). �¥à¥¬¥é¥­¨ï ¦¨¤ª®áâ¨ ¨ ª®«¥¡ ­¨ï â¥«  ¢á®áã¤¥ ®¯à¥¤¥«¨¬ ¢ æ¨«¨­¤à¨ç¥áª®© á¨áâ¥¬¥ ª®-®à¤¨­ â ORZ', ¯®«îá ª®â®à®© á¢ï¦¥¬ á â®àæ¥-¢®© £à ­¨æ¥© { á¢®¡®¤­®© ¯®¢¥àå­®áâìî { á®¢¯ -¤ îé¥© á ¯«®áª®áâìî Z=0,   ®áì �O~Z ­ ¯à ¢¨¬¯® ®á¨ æ¨«¨­¤à¨ç¥áª®© ¯®«®áâ¨ ¢£«ã¡ì ¦¨¤ª®áâ¨(à¨á. 1). � ª¦¥ ¢¢¥¤¥¬ ®á­®¢­ãî áä¥à¨ç¥áªãî á¨-áâ¥¬ã ª®®à¤¨­ â O1�1�1'1, ¯®«îá ª®â®à®© á®¢¯ -¤ ¥â á æ¥­âà®¬ áä¥àë ¨ ¢á¯®¬®£ â¥«ì­ãî á¨áâ¥¬ãO2�2�2'2. �®«®¦¥­¨¥ ¯®«îá  O2 ¯®á«¥¤­¥© ª®®à-¤¨­ â­®© á¨áâ¥¬ë á¨¬¬¥âà¨ç­® ¯®«îáãO1 ¯¥à¢®©á¨áâ¥¬ë ®â­®á¨â¥«ì­® ¯®¢¥àå­®áâ¨ à §¤¥«  Z=0,  ª®®à¤¨­ âë á¢ï§ ­ë á®®â­®è¥­¨ï¬¨l = O1O2 = 2h;�1 sin �1 = �2 sin �2;�2 = ��21 + l2 + 2l�1 cos �1�1=2 : (1)�­ «®£¨ç­® ¢¢®¤¨¬ æ¨«¨­¤à¨ç¥áª¨¥ á¨áâ¥¬ë ª®-®à¤¨­ â O1r1z1' ¨ O2r2z2':rj = R; zj = Z + (�1)jh; j = 1; 2: (2)� áá¬®âà¨¬ § ¤ ­­ë¥ ª®«¥¡ ­¨ï ¯®¢¥àå­®áâ¨ áä¥-à¨ç¥áª®£® â¥« : ¨§¬¥­¥­¨¥ à ¤¨ãá  a (¯ã«ìá æ¨î®¡ê¥¬ ) a = a0(1 + �e�i!1t) (3)¨ ¯¥à¥¬¥é¥­¨ï æ¥­âà  O1 (®áæ¨««ïæ¨î)h = OO1 = h0(1 + �e�i!2t); �; � � 1: (4)�®â¥­æ¨ « áª®à®áâ¨ ¢®§¬ãé¥­­®£® ¤¢¨¦¥­¨ï¦¨¤ª®áâ¨ ¡ã¤¥¬ ®âëáª¨¢ âì ¢ ¢¨¤¥ [2], ­® ¤«ï ã¤®¡-áâ¢  ¤ «ì­¥©è¨å ¢ëª« ¤®ª à §¤¥«¨¬ ¢ª« ¤ë ¢ ¯®«¥¯®â¥­æ¨ « , ¢­®á¨¬ë¥ ª ¦¤ë¬ â¨¯®¬ ¤¢¨¦¥­¨ï:� = �0e�i!t = �1e�i!1t +�2e�i!2t: (5)�¤¥áì !1 { ªàã£®¢ ï ç áâ®â  ¯ã«ìá æ¨¨ ¯®¢¥àå­®-áâ¨ â¥« ; !2 { ç áâ®â  ¥£® ®áæ¨««ïæ¨®­­ëå ª®«¥-¡ ­¨©; ¯®â¥­æ¨ «ì­ë¥ äã­ªæ¨¨ �1, �2 ­ å®¤ïâáï¯à¨ à¥è¥­¨¨ á®®â¢¥âáâ¢ãîé¨å ªà ¥¢ëå § ¤ ç ¤«ïãà ¢­¥­¨ï �¥«ì¬£®«ìæ :r2�k + �2k�k = 0; (6)@�k@�1 =vn= i (�a0!1�1;k+�h0!2 cos �1�2;k) ;�1 = a; (7)

@�k@R = 0; R = R0; (8)�k = 0; Z = 0; k = 1; 2; (9)£¤¥ �k=!k=c; c { áª®à®áâì §¢ãª  ¢ ¦¨¤ª®áâ¨; vn {­®à¬ «ì­ ï áª®à®áâì ­  ¯®¢¥àå­®áâ¨ â¥« . �á«®-¢¨ï (8), (9) § ¤ ­ë ­  ¡®ª®¢®© ¯®¢¥àå­®áâ¨ á®áã¤ ¨ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ á®®â¢¥âáâ¢¥­-­®.�¥è¥­¨¥ § ¤ ç (6) { (9) ¯®áâà®¨¬ ­  ®á­®¢ ­¨¨¯®¤å®¤  [2, 16] ¢ ¢¨¤¥ áã¬¬ ¢®«­®¢ëå £ à¬®­¨ç¥-áª¨å äã­ªæ¨© ¢ á¢ï§ ­­®© á â¥«®¬ áä¥à¨ç¥áª®© á¨-áâ¥¬¥ ª®®à¤¨­ â O1�1�1'1, ¢ æ¨«¨­¤à¨ç¥áª®© á¨-áâ¥¬¥ ORZ' ¨ ¢® ¢á¯®¬®£ â¥«ì­®© áä¥à¨ç¥áª®©á¨áâ¥¬¥ ª®®à¤¨­ â O2�2z2':�k = 1Xn=0A(k)n �h(1)n (�k�1)Pn(cos �1)++(�1)n+1h(1)n (�k�2)Pn(cos �2)�++ 1Z�1 B(k)(�)J0(�kR)ei�Zd�; (10)�k = 8<: p�2k � �2; j�j < �k;ip�2 � �2k; j�j > �k; k = 1; 2: (11)�ã­ªæ¨¨ Pn(cos �j) ¯à¥¤áâ ¢«ïîâ ¯®«¨­®¬ë �¥-¦ ­¤à , J0(�k�j) { äã­ªæ¨ï �¥áá¥«ï, h(1)n (�k�j) {áä¥à¨ç¥áª¨¥ äã­ªæ¨¨ � ­ª¥«ï ¯¥à¢®£® à®¤ ,j=1; 2. �¥¨§¢¥áâ­ë¥ ª®íää¨æ¨¥­âë A(k)n ¨ äã­ª-æ¨ï B(k)(�) ®¯à¥¤¥«ïîâáï ¯à¨ ã¤®¢«¥â¢®à¥­¨¨ãá«®¢¨© (7), (8).�¥à¥©¤¥¬ ª ¡¥§à §¬¥à­ë¬ ª®®à¤¨­ â ¬ á«¥¤ãî-é¨¬ ®¡à §®¬:��k = �kc2=R40; k = 1; 2;�xi = xi=R0; i = 1; 8;�t = tc=R0; ��k = !kR0=c;�pp=(�c2); (12)£¤¥ xi ¯à¥¤áâ ¢«ïîâ ¯àï¬®«¨­¥©­ë¥ ª®®à¤¨­ âë¢¢¥¤¥­­ëå á¨áâ¥¬; � { ¯«®â­®áâì ¦¨¤ª®áâ¨; p {£¨¤à®¤¨­ ¬¨ç¥áª®¥ ¤ ¢«¥­¨¥. � ¤ «ì­¥©è¥¬ ¨á-¯®«ì§ã¥¬ â®«ìª® ¡¥§à §¬¥à­ë¥ ¢¥«¨ç¨­ë, ç¥àâ®ç-ª¨ ­ ¤ ­¨¬¨ ¡ã¤¥¬ ®¯ãáª âì. �¥à¥å®¤ ®â áä¥à¨-ç¥áª¨å ¢®«­®¢ëå äã­ªæ¨©, ¯à¥¤áâ ¢«¥­­ëå ¢ á¨-áâ¥¬ å ª®®à¤¨­ â Oj�j�j', ª à¥è¥­¨ï¬ (6) ¢ á®-®â¢¥âáâ¢ãîé¨å æ¨«¨­¤à¨ç¥áª¨å á¨áâ¥¬ å ª®®à¤¨-�. �. �ã¡¥­ª®, �. �. �ã§ì¬  51



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 49 { 59­ â Ojzjrj', j=1; 2 ¯à®¢¥¤¥¬ ¯® ä®à¬ã«¥ [2,30]1Xm=0A(k)m (�1)m+1h(1)m (�k�j)Pm(cos �j) == 12�k 1Z�1 � 1Xm=0A(k)m i�mPm� ��k����H0(�krj)ei�zjd�; (13)£¤¥ H(1)0 { äã­ªæ¨ï � ­ª¥«ï ¯¥à¢®£® à®¤  ­ã«¥¢®£®¯®àï¤ª .�à¥¤áâ ¢¨¬ �k ¢ á¨áâ¥¬¥ ª®®à¤¨­ â ORZ',¯à¥®¡à §®¢ ¢ á®®â­®è¥­¨¥ (10) á ãç¥â®¬ ä®à¬ã-«ë (13) ¨ á¢ï§¨ æ¨«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â­ëå á¨-áâ¥¬ (2):�k(R;Z) = 1Z�1 �A(k)(�; h)H(1)0 (�kR)++B(k)(�; h)J0(�kR)�ei�Zd�; (14)A(k)(�; h) = 12�k 1Xm=0 i�mA(k)m ��[e�i�h + (�1)m+1ei�h]Pm� ��k�;k = 1; 2: (15)�®á«¥ ¯®¤áâ ­®¢ª¨ íâ¨å ¢ëà ¦¥­¨© ¢ ãá«®¢¨¥ (8)­  ¡®ª®¢®© áâ¥­ª¥ á®áã¤  ¯®«ãç¨¬ ï¢­ë© ¢¨¤ ¤«ïäã­ªæ¨© B(k)(�):B(k)(�; h) = �H(1)1 (�k)J1(�k) A(k)(�; h): (16)�â¬¥â¨¬, çâ® äã­ªæ¨ï B(k)(�) ¨¬¥¥â ª®­¥ç­®¥ ç¨-á«® ¯à®áâëå ¯®«îá®¢ ­  ¤¥©áâ¢¨â¥«ì­®© ®á¨, ¯à¥¤-áâ ¢«ïîé¨å ­ã«¨ äã­ªæ¨¨ J1(�k), ¯®íâ®¬ã ¨­â¥-£à « ¢ á®®â­®è¥­¨¨ (14) ¯®­¨¬ ¥¬ ¢ á¬ëá«¥ £« ¢-­®£® §­ ç¥­¨ï �®è¨ ¨ ¤«ï ¥£® ¢ëç¨á«¥­¨ï ¬®-¦¥â ¡ëâì ¨á¯®«ì§®¢ ­  â¥®à¨ï ¢ëç¥â®¢ ¯à¨ ¯à¨-¬¥­¥­¨¨ ¯®¤å®¤  ¢ëà¥§ ­¨ï ¯®¤®¡« áâ¥© [25, 31].�®«¨ç¥áâ¢® ¯®«îá®¢ �p ¯®¤ë­â¥£à «ì­®© äã­ª-æ¨¨ ã¬¥­ìè ¥âáï ¤«ï ¬ «ëå �k (¤«ï ¡®«ìè¨å ¤«¨­¢®«­),   á ¬¨ ¯®«îá  ­ å®¤ïâáï ¨§ á®®â­®è¥­¨©�k=�p; J1(�p)=0 ¤«ï j�pj��k: (17)� «ì­¥©è¨©  ­ «¨§ ¢ëà ¦¥­¨© ¤«ï ¯®â¥­æ¨ « ¡ã¤¥â ¯à®¢¥¤¥­ ¢ á«¥¤ãîé¥¬ ¯ à £à ä¥ ¯®á«¥ § -¬ëª ­¨ï § ¤ ç¨ ¤«ï ­¥¨§¢¥áâ­ëå äã­ªæ¨© ¨ ª®íä-ä¨æ¨¥­â®¢.�§ ä®à¬ã« (14) { (16) á«¥¤ã¥â, çâ® ãá«®¢¨¥ (9) ­ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¡ã¤¥â ¢ë¯®«­ïâìáï ¯à¨ «î-¡ëå §­ ç¥­¨ïå ª®íää¨æ¨¥­â®¢ A(k)m . �«ï ®¯à¥¤¥«¥-­¨ï á¨áâ¥¬ë ãà ¢­¥­¨© ®â­®á¨â¥«ì­® A(k)m ¯à¥¤-áâ ¢¨¬ ¯®â¥­æ¨ «ì­ë¥ äã­ªæ¨¨ ¢ áä¥à¨ç¥áª®©

á¨áâ¥¬¥ ª®®à¤¨­ â O1�1�1'. �®á¯®«ì§ã¥¬áï â¥-®à¥¬ ¬¨ á«®¦¥­¨ï [21] ¤«ï áä¥à¨ç¥áª¨å ¢®«­®-¢ëå äã­ªæ¨© h(1)m (�k�2)Pm(cos �2) ¨ ¯à¥¤áâ ¢«¥­¨-¥¬ ®£à ­¨ç¥­­®£® à¥è¥­¨ï ãà ¢­¥­¨ï (6) ¢ æ¨«¨­-¤à¨ç¥áª¨å ª®®à¤¨­ â å ç¥à¥§ áä¥à¨ç¥áª¨¥ ¢®«­®-¢ë¥ äã­ªæ¨¨ [2,30]ei�z1J0(�kr1) = 2 1Xm=0 im(2m + 1)��Pm� ��k� jm(�k�1)Pm(cos �1);k = 1; 2: (18)� à¥§ã«ìâ â¥ ¯®«ãç¨¬�(�1; �1) = 1Xn=0D(k)n Pn(cos �1) == 1Xn=0�A(k)n h(1)n (�k�1) + [B(k)n + C(k)n ]��jn(�k�1)	Pn(cos �1); (19)£¤¥ ª®íää¨æ¨¥­âë ¨¬¥îâ ¢¨¤B(k)n = (2n+ 1)�k 1Xm=0 in�mA(k)m Q(1)kmn(l); (20)Q(1)kmn(l) = 1Z�1 H1(�k)J1(�k) [1 + (�1)m+1e�i�l]��Pm� ��k�Pn� ��k� d�; (21)C(k)n = 1Xp=0(�1)p+1A(k)p Q(2)knp(l); k = 1; 2: (22)� ª ª ª ¯à¨ «î¡®¬ ª®­¥ç­®¬ §­ ç¥­¨¨ �k ¯®-¤ë­â¥£à «ì­ ï äã­ªæ¨ï ¢ ¢ëà ¦¥­¨¨ (21) ¨¬¥¥ââ¥ ¦¥ ®á®¡¥­­®áâ¨ ­  ¤¥©áâ¢¨â¥«ì­®© ®á¨, çâ® ¨¢ ä®à¬ã« å (14) { (16), â® ¤«ï ¢ëç¨á«¥­¨ï £« ¢­ëå§­ ç¥­¨© (21) ¯à¨¬¥­¨¬ â®â ¦¥ ¯®¤å®¤ [31]. �«ï¬ «ëå §­ ç¥­¨© �k<�1=3:8317 (¤«¨­­ë¥ ¢®«­ë¯® áà ¢­¥­¨î á à ¤¨ãá®¬ ¯®«®áâ¨) ¯®¤ë­â¥£à «ì-­ ï äã­ªæ¨ï ¨¬¥¥â ¤¢  ¯®«îá  ¯à¨ �1;2=��k. �à¨¯¥à¥å®¤¥ ¢ ¢ëà ¦¥­¨ïå ¤«ï ¯®â¥­æ¨ «  ª ¯à¥¤¥«ì-­®¬ã á«ãç î ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨, à áá¬ âà¨-¢ ¥¬®¬ã ¢ ¤ «ì­¥©è¥¬, ®â¬¥â¨¬, çâ® Q(1)kmn(l; �k)¢¡«¨§¨ §­ ç¥­¨ï �k=0 ¨¬¥îâ ®á®¡¥­­®áâì ¯®àï¤-ª Q(1)kmn(l; �k) = O �[�2kPm(�k)Pn(�k)]�1 sin2(�kl)	 :�¥âàã¤­® ¯®ª § âì, ¯®«ì§ãïáì à¥§ã«ìâ â -¬¨ [27,32] ¨  á¨¬¯â®â¨ç¥áª¨¬¨ ä®à¬ã« ¬¨ ¤«ï52 �. �. �ã¡¥­ª®, �. �. �ã§ì¬ 



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 49 { 59äã­ªæ¨© �¥áá¥«ï, çâ® ¡ã¤ãâ ¨¬¥âì ¬¥áâ® ¯à¥¤¥«ì-­ë¥ ¯¥à¥å®¤ëQ(1)kmn(l)Pm(�k)Pn(�k) �i2m+nQmn(l) == 1Z�1 K1(�)I1(�) �m+n�1 + (�1)m+1ei�l�d�; (23)Q(1)kmn(l)Pm(�)Pn(�) �i2m+n qmn == 1Z�1 K1(�)I1(�) �m+nd� (m+ n) 6= 0; (24)£¤¥ äã­ªæ¨¨ Qmn(l) à áá¬®âà¥­ë ¢ à ¡®â¥ [27]¯à¨ ¨áá«¥¤®¢ ­¨¨ ª®«¥¡ ­¨© áä¥à¨ç¥áª®£® £ §®¢®-£® áª®¯«¥­¨ï ¢ æ¨«¨­¤à¨ç¥áª®¬ á®áã¤¥ á ­¥á¦¨¬ ¥-¬®© ¦¨¤ª®áâìî,   qmn { ¢ á«ãç ¥ ­¥®£à ­¨ç¥­­®£®áâ®«¡  ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ ¡¥áª®­¥ç­®© ¯®-«®áâ¨ [2]. �­ ç¥­¨ï qmn â ¡ã«¨à®¢ ­ë ¢ [32], â ¬¦¥ ¯à¨¢¥¤¥­ ¬¥â®¤ ¢ëç¨á«¥­¨ï qmn á ¯®¬®éìî â¥-®à¨¨ ¢ëç¥â®¢.�ã­ªæ¨¨ Q(2)knp(l) ®¯à¥¤¥«ïîâáï ¯® ¯à¨¢¥¤¥­­ë¬¢ à ¡®â å [16,21] ä®à¬ã« ¬ ¯à¨ §­ ç¥­¨ïå ª®®à-¤¨­ â ¯®«îá  O2: �12= l, �12=� ¢ á¨áâ¥¬¥ ª®®à¤¨-­ â O1�1�1'Q(2)knp = 2ip�n p+nX�=jp�nj i�b(n0p0)� ��h�(�kl)P�(cos�); (25)b(n0p0)� = 1Z�1 Pn(x)Pp(x)P�(x)dx: (26)� ¬ ¦¥,   â ª ¦¥ ¢ [20], ¯à¥¤áâ ¢«¥­ë ¢ëà ¦¥­¨ïb(n0p0)� ¢ ï¢­®¬ ¢¨¤¥ ç¥à¥§ ª®íää¨æ¨¥­âë �«¥¡è  {�®à¤®­ , ª®â®àë¥ ­¥ ¯à¨¢®¤ïâáï §¤¥áì ¨§-§  á¢®¥©£à®¬®§¤ª®áâ¨.�®¤áâ ¢¨¢ ä®à¬ã«ë (19) { (22) ¢ ãá«®¢¨¥ (7) ¨¯à¨à ¢­ï¢ ¢ëà ¦¥­¨ï ¯à¨ äã­ªæ¨ïå Pn(cos �1) ®¤-­®£® ¯®àï¤ª , ¯®«ãç¨¬ á¨áâ¥¬ã  «£¥¡à ¨ç¥áª¨åãà ¢­¥­¨© ®â­®á¨â¥«ì­® ª®íää¨æ¨¥­â®¢ A(k)n :A(k)n � 1Xm=0 f (k)mnA(k)m =� _a�0;n�1;k+ _h�1;n=2�2;k�kh0n(�ka) ; (27)£¤¥ f (k)mn = j0n(�ka)h0n(�ka)� in�m�k (2n+ 1)Q(1)kmn(l)++(�1)m+kQ(2)knm(l)�; (28)

k=1; 2; �i;j { á¨¬¢®«ë �à®­¥ª¥à , â®çª¨ ®¡®§­ -ç îâ ¯à®¨§¢®¤­ãî ¯® ¢à¥¬¥­¨,   èâà¨å¨ { ¯®«-­ãî ¯à®¨§¢®¤­ãî ¯®  à£ã¬¥­âã. �®á¯®«ì§®¢ ¢-è¨áì ®£à ­¨ç¥­­®áâìî Q(1)kmn, Q(2)knm ¨ ¨§¢¥áâ­ë¬¨®æ¥­ª ¬¨ ¤«ï ¯à®¨§¢®¤­ëå ®â áä¥à¨ç¥áª¨å äã­ª-æ¨© �¥áá¥«ïj0n(�ka)h0n(�ka) = �i� ��ka2 �2n���n+ 12���n+ 32�� ; (29)¬®¦­® ¯®ª § âì, çâ® á¨áâ¥¬  (27), (28) ï¢«ï¥âáï¡¥áª®­¥ç­®©  «£¥¡à ¨ç¥áª®© á¨áâ¥¬®© ãà ¢­¥­¨©á ®¯à¥¤¥«¨â¥«¥¬ ­®à¬ «ì­®£® â¨¯  [33] ¨ ¬®¦¥â¡ëâì á «î¡®© áâ¥¯¥­ìî â®ç­®áâ¨ à¥è¥­  ¬¥â®¤®¬à¥¤ãªæ¨¨. �®£à¥è­®áâì ¢ëç¨á«¥­¨© ¡ã¤¥â ã¬¥­ì-è âìáï á ã¢¥«¨ç¥­¨¥¬ ¯®àï¤ª  N à¥¤ãæ¨à®¢ ­­®©á¨áâ¥¬ë ¨ á ã¬¥­ìè¥­¨¥¬ ®â­®è¥­¨© a0=R0, a0=l.�à¨ íâ®¬ ¤«ï A(k)n ¯à¨ a��1 á¯à ¢¥¤«¨¢  ®æ¥­ª ã¡ë¢ ­¨ï ç«¥­®¢ á¨áâ¥¬ë á à®áâ®¬ n:A(k)n = O(a�)n+1; (30)ª®â®à ï ¯®«ãç ¥âáï  ­ «®£¨ç­® ®æ¥­ª ¬ à¥è¥­¨©á¨áâ¥¬ ¡¥áª®­¥ç­ëå  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨©,à áá¬®âà¥­­ëå ¢ [21].2. ���� ���������� � ��������� áá¬®âà¨¬ ¢­ ç «¥ ¯®«¥ ¯®â¥­æ¨ «  ¤«ï á«ã-ç ï ®¡à §®¢ ­¨ï ¤«¨­­ëå ¯® áà ¢­¥­¨î á à ¤¨-ãá®¬ æ¨«¨­¤à  ¢®«­ ¯à¨ ¬ «ëå ¢®«­®¢ëå ç¨á« å�k. �à¨ �k<�1=3:8317 £« ¢­®¥ §­ ç¥­¨¥ ¨­â¥-£à «  ®â B(k)(�) ¢ (14) ¬®¦­® ¯à¥¤áâ ¢¨âì ç¥à¥§§­ ç¥­¨ï ¢ëç¥â®¢ ¢ â®çª å �=��k ­  ¢¥é¥áâ¢¥­-­®© ®á¨ [31]:1Z�1 B(k)(�)J0(�kR)ei�Zd� == �i X�=��k�k=0 Re s�B(k)(�)J0(�kR)ei�Z�: (31)�ç¨âë¢ ï, çâ® a<1 ¨ ®æ¥­ªã (30), ¯®«ãç ¥¬ á«¥-¤ãîéãî ä®à¬ã«ã ¤«ï ¯®«ï ¯®â¥­æ¨ «  ¢ á«ãç ¥a��1:�k = 1Xn=0A�(k)n (a�k)n+1�h(1)n (�k�1)Pn(cos �1)++(�1)n+1h(1)n (�k�2)Pn(cos �2)�++�i X�=��k Re s�B(k)(�)ei�Z�; (32)�. �. �ã¡¥­ª®, �. �. �ã§ì¬  53



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 49 { 59£¤¥ A(k)n = A�(k)n (a�)n+1, A�(k)n =O(1).�â¬¥â¨¬, çâ® ­¥®¤­®à®¤­®áâì ¯®«ï ¢ à ¤¨ «ì-­®¬ ­ ¯à ¢«¥­¨¨ á¢ï§ ­  â®«ìª® á ¡ëáâà® § âã-å îé¨¬ á ã¤ «¥­¨¥¬ ®â â¥«  ¨ â®àæ¥¢®© £à ­¨-æë ¯¥à¢ë¬ ç«¥­®¬ ãà ¢­¥­¨ï. �«¥¤®¢ â¥«ì­®,¤«ï á¥ç¥­¨© ­  à ááâ®ï­¨ïå ­¥áª®«ìª¨å ¤«¨­ ¢®«-­ë §­ ç¥­¨ï ¯®â¥­æ¨ «  á« ¡® § ¢¨áïâ ®â R, ¨à ¤¨ «ì­ ï ª®¬¯®­¥­â  áª®à®áâ¨ @�=@R=ur�0.�«ï ¡«¨§ª¨å ª ­ã«î §­ ç¥­¨© ¢®«­®¢®£® ç¨á« (�k�0:1) ¢ ®ªà¥áâ­®áâ¨ ­¥áª®«ìª¨å à ¤¨ãá®¢ ®ââ¥«  ¨ £à ­¨æë ¦¨¤ª®áâì ¬®¦­® áç¨â âì ­¥á¦¨-¬ ¥¬®© [21]. �à¥¤¥«ì­ë© ¯¥à¥å®¤ �k!0 ¢ ä®à¬ã-«¥ (10) á ãç¥â®¬ (32) ¤ ¥â ¢ëà ¦¥­¨¥, á®®â¢¥â-áâ¢ãîé¥¥ ¯à¨¢¥¤¥­­®¬ã ¢ [27] ¤«ï ¯®«ï ¯®â¥­æ¨ -«  ¢ ¯®«ã®£à ­¨ç¥­­®¬ áâ®«¡¥ ­¥á¦¨¬ ¥¬®© ¦¨¤-ª®áâ¨:� = 1Xn=0A�(k)n an+1�� �Pn(cos �1)�n+11 + (�1)n+1Pn(cos �2)�n+12 �++ a� 1Z�1 K1(j�j)I1(�) 1Xm=0A�(k)m (�i�a)mm! �� �e�i�h + (�1)m+1ei�h� d�: (33)�á«¨ �k ¤®áâ¨£ ¥â ¯¥à¢®£® á®¡áâ¢¥­­®£® §­ ç¥­¨ï�1=3:8317, â® ¢ ä®à¬ã«¥ (32) ¯®ï¢«ïîâáï ¤®¯®«-­¨â¥«ì­ë¥ ç«¥­ë, § ¢¨áïé¨¥ ®â à ¤¨ «ì­®© ª®®à-¤¨­ âë ¤ ¦¥ ¤«ï ®â¤ «¥­­ëå á¥ç¥­¨© áâ®«¡  ¦¨¤-ª®áâ¨: X�=��1�k=0 Re s�B(k)(�)J0(�kR)ei�Z�;�1 =q�2k � �21: (34)�­ «®£¨ç­ë¥ á« £ ¥¬ë¥ ¢®§­¨ª îâ, ¥á«¨ ¤«¨-­  ¢®«­ë ã¬¥­ìè ¥âáï ­ áâ®«ìª®, çâ® �k �� �2=7:0156 ¨«¨ �k��p ¨ â. ¤.�®«¥ £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï, ¢®§¬ãé¥­-­®£® â¥«®¬ ¢ áâ®«¡¥ á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨, á ãç¥-â®¬ ®á­®¢­ëå ­¥«¨­¥©­ëå ç«¥­®¢ ¨¬¥¥â ¢¨¤ [16]p = ��Xk ��i!k�(N)k + NXn=0 @�(N)k@A(k)n @A(k)n@t �++@�(N)@a _a+ @�(N)@h _h+ 12�~r�(N)�2�� 12c2 �@�(N)@t �2 � ~r�(N) � ~k _h+ o(a2N+1)�: (35)

�¤¥áì ¨á¯®«ì§®¢ ­® ãá«®¢¨¥ ¤«ï ¤ ¢«¥­¨ï ­  á¢®-¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ p=0, Z=0. �à¥¤-¯®á«¥¤­¥¥ á« £ ¥¬®¥ ®â¢¥ç ¥â §  ¯¥à¥­®á­®¥ ¤¢¨-¦¥­¨¥¬ á¨áâ¥¬ë ª®®à¤¨­ â, á¢ï§ ­­®© á â¥«®¬, ~k {®àâ ®á¨ �O1~z1. � á«ãç ¥ ¯¥à¥å®¤  ¢ ä®à¬ã«¥ (35) ªá¨áâ¥¬¥ ORZ' íâ®â ç«¥­ ®âáãâáâ¢ã¥â. �®â¥­æ¨ «¨ ¤ ¢«¥­¨¥ p ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥­ë ¯®á«¥ à¥è¥-­¨ï á¨áâ¥¬ë ¤«ï ª®íää¨æ¨¥­â®¢ (27), (28). �à¨íâ®¬ �(N), �(N)k á®®â¢¥âáâ¢ãîâ §­ ç¥­¨ï¬ ä®à-¬ã« (5), (10), ¯®«ãç¥­­ë¬ ¯®á«¥ ¯®¤áâ ­®¢ª¨ à¥è¥-­¨© A(k)n à¥¤ãæ¨à®¢ ­­®© ¤® ¯®àï¤ª  N (m;n�N )á¨áâ¥¬ë.�¬¯«¨âã¤­ë¥ §­ ç¥­¨ï ¤ ¢«¥­¨ï, ¢®§¬ãé¥­­®-£® ¯ã«ìá æ¨ï¬¨ (3) ¨«¨ ®áæ¨««ïæ¨ï¬¨ (4) â¥-« , ¯®áâà®¥­­ë¥ ­  ª® ªá¨ «ì­®© ¯®¢¥àå­®áâ¨R=0:5 ¢­ãâà¨ ¦¨¤ª®áâ¨, ¯®ª § ­ë ­  à¨á. 2, , ¢¨«¨ ¡, £ á®®â¢¥âáâ¢¥­­®. �¨á. 2,  , ¡ á®®â¢¥â-áâ¢ãîâ à á¯à¥¤¥«¥­¨î ¤ ¢«¥­¨ï ¢ ¯®«ã®£à ­¨ç¥­-­®¬,   à¨á. 2,¢, £ { ¢ ¡¥áª®­¥ç­®¬ áâ®«¡¥ ¦¨¤-ª®áâ¨. �«ï ¢®§¬®¦­®áâ¨ áà ¢­¥­¨ï à¥§ã«ìâ -â®¢ ¯à¨ à §«¨ç­ëå §­ ç¥­¨ïå � ¨ á® §­ ç¥-­¨ï¬¨ ¤«ï ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢¥«¨ç¨­ë p,¤ ­­ë¥ ­  £à ä¨ª å, ®â­¥á¥­ë ª p0=��!20a30=R0(a) ¨«¨ p0=��h0!20a20=R0 (¡),   ª®«¥¡ ­¨ï à á-á¬ âà¨¢ «¨áì ¯à¨ à ¢­®© ¢¥«¨ç¨­¥ ¢¨¡à®ãáª®à¥-­¨ï ¯®¢¥àå­®áâ¨ â¥« : �0!2=�h0!2=20 ¬/á2.� áâ®â  !0=2� � 2:276 � 103 �æ, çâ® ¢ á«ã-ç ¥ á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ á®®â¢¥âáâ¢ã¥â �k=0:5.�áâ «ì­ë¥ ¯ à ¬¥âàë ¨¬¥«¨ á«¥¤ãîé¨¥ §­ ç¥­¨ï:�=103 ª£/¬3, R0=5 � 10�2 ¬, a0=0:2R0, h0=0:8R0.�à¨¢ë¥ 1 ¢® ¢á¥å á«ãç ïå, ªà®¬¥ (¢), £¤¥ ¢®§-­¨ª ¥â ®á®¡¥­­®áâì, á®®â¢¥âáâ¢ãîâ ­¥á¦¨¬ ¥¬®©¦¨¤ª®áâ¨. �à¨¢ë¥ 2 { 7 ¯®áâà®¥­ë ¤«ï �k=0:5,1.0, 2.0, 3.8317, 5.0, 7.0156, k=1; 2,   ¯®ª § ­­ë¥¯à¥àë¢¨áâë¬¨ «¨­¨ï¬¨ ªà¨¢ë¥ 8 { 11 (â®«ìª® ­ à¨á. 2, , ¡) { ¡¥§ ãç¥â  ¢«¨ï­¨ï ¡®ª®¢ëå £à ­¨æ á®-áã¤  (¤«ï ¯®«ã¯à®áâà ­áâ¢ ) ¯à¨ â¥å ¦¥ �k, ªà®¬¥¤¢ãå ¯®á«¥¤­¨å §­ ç¥­¨©.� ¨¡®«ìè¨¥ ®â«¨ç¨ï à¥§ã«ìâ â®¢ ¤«ï ¯®«ã®£à -­¨ç¥­­®£® áâ®«¡  ¦¨¤ª®áâ¨ ¨ ¯®«ã¯à®áâà ­áâ¢ ­ ¡«î¤ îâáï ¤«ï á«ãç ï ¯¥à¢ëå á®¡áâ¢¥­­ëå ç -áâ®â �k=�1;2 («¨­¨¨ á ªàã£«ë¬¨ ¡¥«ë¬¨ ¬ àª¥-à ¬¨), çâ®, ¯®-¢¨¤¨¬®¬ã, á¢ï§ ­® á® §­ ç¨â¥«ì­®¢®§à áâ îé¥© à®«ìî ®âà ¦¥­¨© ®â áâ¥­®ª ¢ à¥-§®­ ­á­ëå á«ãç ïå. � ¯à¥¤¥«ì­®¬ á«ãç ¥ ­¥á¦¨-¬ ¥¬®© ¦¨¤ª®áâ¨ (ªà¨¢ ï 1) ­ ¡«î¤ ¥âáï ¢ëà ¢-­¨¢ ­¨¥ áà¥¤­¨å áª®à®áâ¥© ¤«ï ®â¤ «¥­­ëå á¥ç¥-­¨©, ¯à¨ç¥¬ ¡®«¥¥ ïàª® íâ® ¯à®ï¢«ï¥âáï ¤«ï ¯ã«ì-á æ¨®­­ëå ª®«¥¡ ­¨©. � §  ª®«¥¡ ­¨© ®áâ ¥âáï¯à¨ íâ®¬ ­¥¨§¬¥­­®© ¯® ¢á¥© ¤«¨­¥ áâ®«¡  ¦¨¤ª®-áâ¨. �¦¨¬ ¥¬®áâì áà¥¤ë ¯à¨¢®¤¨â ª ®¡à §®¢ ­¨î®¡« áâ¥© á à §­ë¬¨ ä § ¬¨ ª®«¥¡ ­¨©, ª®«¨ç¥áâ¢®ª®â®àëå ã¢¥«¨ç¨¢ ¥âáï á à®áâ®¬ �1,   ¤«¨­  ¯à¨-54 �. �. �ã¡¥­ª®, �. �. �ã§ì¬ 
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  ¡
¢ £�¨á. 2. �¬¯«¨âã¤­ë¥ §­ ç¥­¨ï £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï ¤«ï ¯®¢¥àå­®áâ¨ R=0:5, 0<Z<6R0,¢®§¬ãé¥­­ë¥ ¯ã«ìá æ¨®­­ë¬¨ ( , ¢) ¨«¨ ®áæ¨«ïæ¨®­­ë¬¨ (¡, £) ª®«¥¡ ­¨ï¬¨ ¯®¢¥àå­®áâ¨áä¥àë á a0=0:2R0 ¢ ¯®«ã®£à ­¨ç¥­­®¬ ( , ¡) ¨ ¡¥áª®­¥ç­®¬ (¢, £) áâ®«¡ å ¦¨¤ª®áâ¨¬¥à­® á®®â¢¥âáâ¢ã¥â ¯®«ã¢®«­¥.�®«¥¡ ­¨ï ¦¨¤ª®áâ¨, ¢ë§¢ ­­ë¥ ®áæ¨««ïæ¨ï¬¨á â¥¬¨ ¦¥ §­ ç¥­¨ï¬¨ ¢¨¡à®ãáª®à¥­¨ï, çâ® ¨ ¯ã«ì-á æ¨®­­ë¥ ª®«¥¡ ­¨ï, ®â«¨ç îâáï ¬¥­ìè¨¬¨  ¬-¯«¨âã¤ ¬¨ ¤ ¢«¥­¨ï. �¡«¨§¨ áà¥¤­¥£® ¯®«®¦¥­¨ïâ¥«  ­ å®¤¨âáï £à ­¨æ  ®¡« áâ¥©, ¢ëè¥ ¨ ­¨¦¥ª®â®à®© ª®«¥¡ ­¨ï ¯à®å®¤ïâ ¢ ¯à®â¨¢®ä § å. �«ï­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ â ª¨å ®¡« áâ¥© ¤¢¥, ¯à¨ã¢¥«¨ç¥­¨¨ §­ ç¥­¨© �2 ª®«¨ç¥áâ¢® â ª¨å ®¡« -áâ¥© ã¢¥«¨ç¨¢ ¥âáï.�â«¨ç¨ï à á¯à¥¤¥«¥­¨ï ¤ ¢«¥­¨ï ¢ ¯®«ã®£à ­¨-ç¥­­®¬ ¨ ¡¥áª®­¥ç­®¬ áâ®«¡ å ¦¨¤ª®áâ¨(à¨á. 2,¢, £), ¥áâ¥áâ¢¥­­®, ­ ¨¡®«¥¥ §­ ç¨â¥«ì­®¯à®ï¢«ïîâáï ¢ ®¡« áâ¨ ¬¥¦¤ã â¥«®¬ ¨ â®àæ¥¢®©£à ­¨æ¥© ¨ ®á« ¡¥¢ îâ ¯à¨ ã¤ «¥­¨ïå ­  ­¥áª®«ì-ª® ¤«¨­ ¢®«­. �à¨ íâ®¬ ­¥á¨¬¬¥âà¨ï à á¯à¥¤¥«¥-

­¨ï ¯®«ï ¤ ¢«¥­¨ï ¯® ¯®¢¥àå­®áâ¨ â¥« , á¢ï§ ­­ ïá ¢«¨ï­¨¥¬ ®âà ¦¥­¨ï ®â á¢®¡®¤­®© ¯®¢¥àå­®áâ¨,¬®¦¥â ¯à¨¢®¤¨âì ª ¢®§­¨ª­®¢¥­¨î ­¥­ã«¥¢®© ¨­-â¥£à «ì­®© á¨«ë, à áá¬ âà¨¢ ¥¬®© ¢ á«¥¤ãîé¥¬à §¤¥«¥.�  à¨á. 3 ¯®ª § ­ë §­ ç¥­¨ï ¤ ¢«¥­¨ï ­  à §-«¨ç­ëå ª® ªá¨ «ì­ëå ¯®¢¥àå­®áâïå R=0:25, 0.5,1.0 (ªà¨¢ë¥ 1{ 3 ¨ 4{ 6 á®®â¢¥âáâ¢¥­­®). �¨á. 3,  á®®â¢¥âáâ¢ã¥â ¯ã«ìá æ¨ï¬,   à¨á. 3,¡ { ®áæ¨««ïæ¨-ï¬ áä¥àë. �¥à¢ ï £àã¯¯  ªà¨¢ëå ¯®áâà®¥­  ¤«ï¬¥­ìè¥£®, ç¥¬ �1, §­ ç¥­¨ï �k=1, ¢â®à ï £àã¯-¯  { ¤«ï �k=�1. �à¨¢ë¥ 7 ¨ 8,   â ª¦¥ 9 ¨ 10¯®ª §ë¢ îâ ¨§¬¥­¥­¨¥ ¤ ¢«¥­¨ï ¤«ï ¡¥áª®­¥ç­®-£® áâ®«¡  ¦¨¤ª®áâ¨ ­  ª® ªá¨ «ì­ëå ¯®¢¥àå­®áâïå­ ¨¡®«ìè¥£® (R=1 { áâ¥­ª ) ¨ ­ ¨¬¥­ìè¥£® à ¤¨-ãá®¢ (R=0:25) á®®â¢¥âáâ¢¥­­®. �à¨ íâ®¬ ¤«ï ¤¢ãå�. �. �ã¡¥­ª®, �. �. �ã§ì¬  55
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  ¡�¨á. 3. �­ ç¥­¨ï ¤ ¢«¥­¨ï, ¢®§¬ãé¥­­®£® ¯ã«ìá¨àãîé¥© ( ) ¨ ®áæ¨««¨àãîé¥© (¡) áä¥à ¬¨,¯®áâà®¥­­ë¥ ¤«ï â®ç¥ª ­  à §«¨ç­ëå ª® ªá¨ «ì­ëå ¯®¢¥àå­®áâïå (R=0:25, 0.5, 1) ¢ áâ®«¡¥ ¦¨¤ª®áâ¨¯¥à¢ëå ªà¨¢ëå §­ ç¥­¨ï �k=1, ¤«ï ¢â®à®© £àã¯-¯ë { �k=�1. �âà¨å®¢®© «¨­¨¥© ¢ à¥§®­ ­á­®¬á«ãç ¥ ¯®ª § ­ë §­ ç¥­¨ï ¤ ¢«¥­¨ï ­  ¯®¢¥àå­®-áâ¨ R=0:25 ¯à¨ ®âáãâáâ¢¨¨ ¡®ª®¢®© £à ­¨æë {ªà¨¢ë¥ 11, å à ªâ¥à ª®â®àëå ¡®«¥¥ áãé¥áâ¢¥­-­®, ç¥¬ ¤«ï ¬¥­ìè¨å ¢®«­®¢ëå ç¨á¥«, ®â«¨ç ¥â-áï ®â á®®â¢¥âáâ¢ãîé¨å §­ ç¥­¨© (ªà¨¢ë¥ 4, 9) ¢¯®«ã®£à ­¨ç¥­­®© ¨ ¡¥áª®­¥ç­®© æ¨«¨­¤à¨ç¥áª¨å¯®«®áâïå. �«¨ï­¨¥ ¡®ª®¢®© £à ­¨æë ¢ à¥§®­ ­á-­®¬ á«ãç ¥ ¯à®ï¢«ï¥âáï ­ ¨¡®«¥¥ ®âç¥â«¨¢®, ­ -«¨ç¨¥ áâ¥­ª¨ áª §ë¢ ¥âáï ¤«ï ¢á¥å §­ ç¥­¨© à -¤¨ãá  R ¤® à ááâ®ï­¨© 3�4R. �®«¥¥ áãé¥áâ¢¥­­®§­ ç¥­¨ï p ¢ à ¤¨ «ì­®¬ ­ ¯à ¢«¥­¨¨ ¨§¬¥­ïîâ-áï ¯à¨ ¯ã«ìá æ¨®­­ëå ª®«¥¡ ­¨ïå. �«ï §­ ç¥­¨©�k=1, ª ª ¨ ¤«ï ¤àã£¨å, ¬¥­ìè¨å ªà¨â¨ç¥áª®£®�1, ®â«¨ç¨ï §­ ç¥­¨© ¤ ¢«¥­¨ï ¯® R ¢ á¥ç¥­¨ïåá Z�3R0=3 ­¥áãé¥áâ¢¥­­ë. �â® ¯®¤â¢¥à¦¤ ¥â¢ë¢®¤ë, ¯®«ãç¥­­ë¥ ¯à¨  ­ «¨§¥ ¢ëà ¦¥­¨© ¤«ï¤ ¢«¥­¨ï ¨ ¯®â¥­æ¨ « .�â¬¥â¨¬, çâ® ¢ëï¢«¥­¨¥ ¤®¯®«­¨â¥«ì­®£® ¢«¨-ï­¨ï â®àæ¥¢®© £à ­¨æë, ¯à¨¢®¤ïé¥£® ª ¢®§­¨ª­®-¢¥­¨î ªà ¥¢®£® à¥§®­ ­á , ¯à¥¤áâ ¢«ï¥â ¨­â¥à¥á¯à¨ ¤ «ì­¥©è¨å ¨áá«¥¤®¢ ­¨ïå. � à ªâ¥à ¥£® ¯à®-ï¢«¥­¨ï ¬¥­¥¥ à¥§ª¨©, ç¥¬ ã à áá¬®âà¥­­ëå à ¤¨- «ì­ëå à¥§®­ ­á®¢ [22].� áç¥âë ¤«ï ¤àã£¨å §­ ç¥­¨© áà¥¤­¥£® à ¤¨-ãá  â¥«  ¯®ª § «¨, çâ® ®âà ¦¥­¨ï ®â ¢­¥è-­¨å £à ­¨æ ¯à®ï¢«ïîâáï ¢ à¥§®­ ­á­ëå á«ãç ïåã¦¥ ¯à¨ á®®â­®è¥­¨ïå à §¬¥à®¢ a0=R0=0:05�0:1.�à¨ íâ®¬ ¯¥à¢ë¥ à¥§®­ ­á­ë¥ ç áâ®âë ª®«¥¡ -­¨© ¬®£ãâ áâ âì ¡«¨§ª¨ (­ ¯à¨¬¥à, ¯à¨ §­ ç¥­¨ïåa0=10�3 ¬=0:1R0) ª á®¡áâ¢¥­­ë¬ ç áâ®â ¬ ª®«¥-¡ ­¨© ¯ã§ëà¥© ¢ âàã¡ª å, ¯à¨ ¨áá«¥¤®¢ ­¨¨ ª®â®-àëå à §¬¥à ¬¨ ¢ª«îç¥­¨ï ¯® ®â­®è¥­¨î ª à ¤¨-

ãáã âàã¡ë ®¡ëç­® ¯à¥­¥¡à¥£ îâ [1].� áá¬ âà¨¢ ¥¬ ï § ¤ ç  ¤«ï ¯®«¥© ¯®â¥­æ¨ -«  ¨ ¤ ¢«¥­¨ï ¬®¦¥â à¥è âìáï ¯à¨ á®®â­®è¥­¨ïåa0=R0<1, a0=h0<1, â ª ª ª ®¯à¥¤¥«¨â¥«ì á¨áâ¥¬ë¡ã¤¥â ¨¬¥âì ­®à¬ «ì­ë© â¨¯ ¢® ¢á¥¬ íâ®¬ ¤¨ ¯ -§®­¥. �¤­ ª® ¯à¨ ¯à¨¡«¨¦¥­¨¨ a0 ª £à ­¨æ ¬ ãª -§ ­­®£® ¤¨ ¯ §®­  ª®«¨ç¥áâ¢® ­¥®¡å®¤¨¬ëå ¢ëç¨-á«¥­¨© §­ ç¨â¥«ì­® ¢®§à áâ ¥â. �à®¬¥ â®£®, á ä¨-§¨ç¥áª®© â®çª¨ §à¥­¨ï ¯à¨ ¯à¨¡«¨¦¥­¨¨ à §¬¥à â¥«  ª ¤¨ ¬¥âàã á®áã¤  (¤«ï a0=R0>0:5) ¢¨¤¨¬®âà¥¡ã¥âáï ¤®¯®«­¨â¥«ì­®¥ ¨áá«¥¤®¢ ­¨¥ ª®àà¥ªâ-­®áâ¨ ¯à¥¤¯®«®¦¥­¨ï ®¡ ¨¤¥ «ì­®áâ¨ áà¥¤ë ¤«ïà áá¬ âà¨¢ ¥¬®£® ¤¨ ¯ §®­  ç áâ®â [17,23].3. ������������ ����, ��������-��� �� ���� ������ �������� ���-����� á«ãç ¥ ¡¥áª®­¥ç­®£® áâ®«¡  á¦¨¬ ¥¬®© ¦¨¤-ª®áâ¨ (h!1) áà¥¤­ïï §  ¯¥à¨®¤ ª®«¥¡ ­¨© £¨-¤à®¤¨­ ¬¨ç¥áª ï á¨« , ¤¥©áâ¢ãîé ï ­  â¥«®, à ¢-­  ­ã«î ¨§-§  á¨¬¬¥âà¨¨ ¨§¬¥­¥­¨ï ¯®«ï ¤ ¢«¥-­¨© ®â­®á¨â¥«ì­® æ¥­âà «ì­®£® £®à¨§®­â «ì­®£®á¥ç¥­¨ï â¥« . �®§¤¥©áâ¢¨¥ ¡®ª®¢ëå £à ­¨æ ¢ë-à §¨âáï «¨èì ¢ ã¢¥«¨ç¥­¨¨ ¯à¨á®¥¤¨­¥­­®© ¬ á-áë ¤¢¨¦ãé¥£®áï â¥«  ¯® áà ¢­¥­¨î á® á«ãç ¥¬­¥®£à ­¨ç¥­­®© ¦¨¤ª®áâ¨ [23, 24]. �«¨ï­¨¥ â®à-æ¥¢®© £à ­¨æë ¢ á«ãç ¥ ¯®«ã®£à ­¨ç¥­­®£® áâ®«-¡  ¨«¨ ¯®«ã¯à®áâà ­áâ¢  ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨áª §ë¢ ¥âáï ¢ ¢®§­¨ª­®¢¥­¨¨ ­¥­ã«¥¢®© áà¥¤­¥©£¨¤à®¤¨­ ¬¨ç¥áª®© á¨«ë, ¤¥©áâ¢ãîé¥© ­  ¯ã«ì-á¨àãîéãî áä¥àã ¨ ­ ¯à ¢«¥­­®© ¢£«ã¡ì ¦¨¤ª®-áâ¨ [12, 27]. � áá¬®âà¨¬ £¨¤à®¤¨­ ¬¨ç¥áª®¥ ¢®§-¤¥©áâ¢¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ­  ª®«¥¡«îé¥¥áï56 �. �. �ã¡¥­ª®, �. �. �ã§ì¬ 



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 49 { 59â¥«® ¢ ¯®«ã®£à ­¨ç¥­­®¬ áâ®«¡¥ á¦¨¬ ¥¬®© ¦¨¤-ª®áâ¨.�¨«ã £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï ®¯à¥¤¥«¨¬¯® ä®à¬ã«¥F = Fz = �Re ZS1 p~k � ~n1dS == � 2�Z0 �Z0 Re p cos �1 sin �1d�1d': (36)�®¤áâ ¢¨¢ ¢ íâã ä®à¬ã«ã ¢ëà ¦¥­¨¥ (35) ¤«ï p,¯®«ãç¨¬ á ãç¥â®¬ ®àâ®£®­ «ì­®áâ¨ ¯®«¨­®¬®¢ �¥-¦ ­¤à :F = ml2a0Re��(� @@tD(k)1 + NXm=0�mD(k)m D(k)m+1�����a=a0); (37)£¤¥ ª®íää¨æ¨¥­âë àï¤  �m, ®¡à §®¢ ­­ë¥ ç«¥-­ ¬¨ (35), ­¥«¨­¥©­ë¬¨ ®â­®á¨â¥«ì­® áª®à®áâ¨,®¯à¥¤¥«ïîâáï ¢ [16] ¯à¨ ¢ëç¨á«¥­¨¨ á¨« ¢§ ¨¬®-¤¥©áâ¢¨ï ¤«ï ¤¢ãå â¥« ¢ ­¥®£à ­¨ç¥­­®© ¦¨¤ª®-áâ¨ (¢ [28] ¯®¤®¡­ë¥ à áç¥âë ¯à®¢¥¤¥­ë ¤«ï â¥«¢ æ¨«¨­¤à¨ç¥áª®© ¯®«®áâ¨ á ­¥á¦¨¬ ¥¬®© ¦¨¤-ª®áâìî). �®£à¥è­®áâì, ¢®§­¨ª îé ï ¯à¨ ¯à¥-­¥¡à¥¦¥­¨¨ ­¥«¨­¥©­ë¬¨ ç«¥­ ¬¨, ®¯à¥¤¥«ï¥â-áï ­  ®á­®¢ ­¨¨ ®æ¥­ª¨ A(k)n . �«¥­ ­ ¨¬¥­ì-è¥£® ¯®àï¤ª  ¬ «®áâ¨ ®â­®á¨â¥«ì­® a0 ¨¬¥¥â¢¨¤ O[�2(a0=R0)7], £¤¥ �=max[�; �]. � áá¬®âà¨¬®áà¥¤­¥­­ãî §  ¯¥à¨®¤ ª®«¥¡ ­¨© ¢¥«¨ç¨­ã £¨¤à®-¤¨­ ¬¨ç¥áª®£® ¢®§¤¥©áâ¢¨ïhF i = 1T TZ0 Fdt; T = 2�=!1; (38)®¯à¥¤¥«¨¢ ¥¥ ¤«ï â¥« , á®¢¥àè îé¥£® ¯ã«ìá æ¨®­-­ë¥ ª®«¥¡ ­¨ï (3).� ¢¨á¨¬®áâ¨ hF i ®â ¯ à ¬¥âà  l=R0=2h0=R0¤«ï à §«¨ç­ëå §­ ç¥­¨© �1 ¨ ¯à¥¤¥«ì­®£® á«ãç ï­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¯®áâà®¥­ë ­  à¨á. 4. �à¨-¢ë¥ 1 { 4 á®®â¢¥âáâ¢ãîâ §­ ç¥­¨ï¬ �1=0, 0.1, 0.5,1. � á«ãç ¥ ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ (ªà¨¢ ï 1)§­ ç¥­¨¥ ãáà¥¤­¥­­®© á¨«ë ®áâ ¥âáï ¯®«®¦¨â¥«ì-­ë¬ ¤«ï ¢á¥£® ¨­â¥à¢ «  l, â. ¥. á¨«  ­ ¯à ¢«¥-­  ®â á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ [2, 6]. �à¨¢ë¥ 5, 6¯®ª § ­ë ¤«ï á«ãç ï ¡¥áª®­¥ç­®£® ã¤ «¥­¨ï ¡®-ª®¢ëå £à ­¨æ ¨ á®®â¢¥âáâ¢ãîâ �1=0:1, 1. �¨¤-­®, çâ® ¢ á®áã¤¥ ¨§-§  ®âà ¦¥­¨© ®â ¡®ª®¢®© £à -­¨æë ¯à®¨áå®¤¨â ã¢¥«¨ç¥­¨¥  ¬¯«¨âã¤ ãáà¥¤­¥­-­ëå á¨« ¨ § ¬¥¤«¥­¨¥ ã¡ë¢ ­¨ï áà¥¤­¥© á¨«ë ¢®§-¤¥©áâ¢¨ï, çâ® á®®â¢¥âáâ¢ã¥â à¥§ã«ìâ â ¬ ¤«ï ¤ -¢«¥­¨ï. �«¨ï­¨¥ á¦¨¬ ¥¬®áâ¨ ¦¨¤ª®áâ¨ áª §ë-¢ ¥âáï ¢ áãé¥áâ¢®¢ ­¨¨ ¢­ãâà¨ áâ®«¡  ¦¨¤ª®áâ¨

�¨á. 4. �áà¥¤­¥­­ë¥ §  ¯¥à¨®¤ ª®«¥¡ ­¨© §­ ç¥­¨ï £¨-¤à®¤¨­ ¬¨ç¥áª¨å á¨«, ¤¥©áâ¢ãîé¨å ­  ¯ã«ìá¨àãîé¥¥áä¥à¨ç¥áª®¥ â¥«®®¡« áâ¥©, ¢ ª®â®àëå áà¥¤­¨¥ £¨¤à®¤¨­ ¬¨ç¥áª¨¥á¨«ë ¡ã¤ãâ ¨¬¥âì ¯à®â¨¢®¯®«®¦­ë¥ ­ ¯à ¢«¥­¨ï.�à¨ ã¤ «¥­¨¨ ®â á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ à §¬¥àíâ¨å ®¡« áâ¥© áâà¥¬¨âáï ª ¤«¨­¥ ¯®«ã¢®«­ë. � -«¨ç¨¥ á®á¥¤­¨å ®¡« áâ¥©, ¢ ª®â®àëå á¨«ë ­ ¯à -¢«¥­ë ­ ¢áâà¥çã, ¯à¨¢®¤¨â ª â®¬ã, çâ® ¤«ï ª®-«¥¡«îé¥£®áï á¢®¡®¤­®£® ¢ª«îç¥­¨ï (¯ã«ìá¨àãî-é¥£® ¯ã§ëàï) ¢®§¬®¦­ë ¯®«®¦¥­¨ï ãáâ®©ç¨¢®£®à ¢­®¢¥á¨ï ¢­ãâà¨ áâ®«¡  á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨,çâ® á®®â¢¥âáâ¢ã¥â íªá¯¥à¨¬¥­â «ì­ë¬ à¥§ã«ìâ -â ¬ [1{ 3,5,34].�����������à®¢¥¤¥­­®¥ ¨áá«¥¤®¢ ­¨¥ ¢«¨ï­¨ï ®£à ­¨ç¥­-­®áâ¨ áâ®«¡  ¦¨¤ª®áâ¨ ¯à¨ ¥£® ®á¥á¨¬¬¥âà¨ç-­ëå ª®«¥¡ ­¨ïå, ¢®§¡ã¦¤ ¥¬ëå áä¥à¨ç¥áª¨¬ â¥-«®¬, ¯®§¢®«¨«® ãç¥áâì ¯à¨ ¯®áâà®¥­¨¨ ¯®«¥© ¯®-â¥­æ¨ «  ¨ ¤ ¢«¥­¨ï ª®­¥ç­®áâì â ª¨å å à ªâ¥à-­ëå ¯ à ¬¥âà®¢ á¨áâ¥¬ë, ª ª ®â­®è¥­¨ï à ¤¨ã-á  ¨áâ®ç­¨ª  ª®«¥¡ ­¨© ª à ¤¨ãáã á®áã¤  ¨«¨ ª£«ã¡¨­¥ ¯®£àã¦¥­¨ï (a0=R0 ¨«¨ a0=h0), ¯à¨ à §-«¨ç­ëå §­ ç¥­¨ïå ¡¥§à §¬¥à­®£® ¢®«­®¢®£® ç¨-á«  �=!R0=c (®â­®è¥­¨ïå à ¤¨ãá  R0 ¨ ¤«¨­ ¢®«-­ë). �à¨  ­ «¨§¥ ¯®«ãç¥­­ëå à¥§ã«ìâ â®¢ ¨á-¯®«ì§®¢ «¨áì ¨§¢¥áâ­ë¥ ¤ ­­ë¥, ®â­®áïé¨¥áï ªá«ãç ï¬ ¯à¥¤¥«ì­ëå §­ ç¥­¨© íâ¨å ¯ à ¬¥âà®¢,¯à¨ a0=R0!0 { á®®â¢¥âáâ¢ãîé¨¥ â®ç¥ç­®¬ã ¨á-â®ç­¨ªã, a0=h0!0 { ¡¥áª®­¥ç­®¬ã áâ®«¡ã á¦¨¬ -¥¬®© ¦¨¤ª®áâ¨ (�!0, a0=h0=const { ¯®«ã®£à ­¨-ç¥­­ë© áâ®«¡ ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨), a0=R0!0,a0=h0=const { ¯®«ã¯à®áâà ­áâ¢ã á¦¨¬ ¥¬®© ¦¨¤-�. �. �ã¡¥­ª®, �. �. �ã§ì¬  57
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