
ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 1999. �®¬ 2, N 4. �. 58 { 68��� 539.3�������������� ���������� ��������� �������� � ���� ���������� ������� �����������������. �. �������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 10.07.99 � �¥à¥á¬®âà¥­® 22.10.99� áá¬®âà¥­  ­¥áâ æ¨®­ à­ ï § ¤ ç  ¤«ï æ¨«¨­¤à , ¢§ ¨¬®¤¥©áâ¢ãîé¥£® á® á«®¥¬ á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¨ ã¯àã£¨¬¯®«ã¯à®áâà ­áâ¢®¬ ¯à¨ á¨«®¢ëå ¨«¨ ª¨­¥¬ â¨ç¥áª¨å £à ­¨ç­ëå ãá«®¢¨ïå. �¥è¥­  á¨áâ¥¬  ¤¨ää¥à¥­æ¨ «ì­ëåãà ¢­¥­¨©, ®¯¨áë¢ îé¨å ¢®«­®¢ë¥ ¯à®æ¥ááë ¢ á«®¥ ¦¨¤ª®áâ¨ ¨ ã¯àã£®¬ ¯®«ã¯à®áâà ­áâ¢¥, ¨§£¨¡­ë¥ ª®«¥¡ ­¨ïæ¨«¨­¤à . �á¯®«ì§®¢ ­ë ¬¥â®¤ë ¨­â¥£à «ì­ëå ¯à¥®¡à §®¢ ­¨© � ¯« á  ¨ � ­ª¥«ï, ®àâ®£®­ «ì­ëå ¬­®£®ç«¥­®¢,ª®®à¤¨­ â­ëå äã­ªæ¨©, ª®««®ª æ¨©. � ®¡« áâ¨ ¨§®¡à ¦¥­¨© � ¯« á  § ¤ ç¨ á¢¥¤¥­ë ª á¨áâ¥¬¥  «£¥¡à ¨ç¥áª¨åãà ¢­¥­¨©. �¡à é¥­¨¥ ¢ë¯®«­¥­® ç¨á«¥­­® á ¯®¬®éìî ¨­â¥£à «  �ãàì¥. �®«ãç¥­ë à¥è¥­¨ï £ à¬®­¨ç¥áª¨å ¨ ­¥-áâ æ¨®­ à­ëå § ¤ ç ® £®à¨§®­â «ì­ëå ¨ ã£«®¢ëå ª®«¥¡ ­¨ïå ¦¥áâª®£® æ¨«¨­¤à  ¨ ¨§£¨¡­ëå ª®«¥¡ ­¨ïå ã¯àã£®£®æ¨«¨­¤à . �«ï á«ãç ï £®à¨§®­â «ì­ëå ª®«¥¡ ­¨© ¦¥áâª®£® æ¨«¨­¤à  ¯®¤ ¤¥©áâ¢¨¥¬ £®à¨§®­â «ì­ëå á¨«ë ¯à®¢¥¤¥­ç¨á«¥­­ë©  ­ «¨§. �ëï¢«¥­ë § ¢¨á¨¬®áâ¨ à¥ ªæ¨¨ ®á­®¢ ­¨ï, ¯¥à¥¬¥é¥­¨ï ¨ à ¢­®¤¥©áâ¢ãîé¥© £¨¤à®¤¨­ ¬¨-ç¥áª®£® ¤ ¢«¥­¨ï ­  æ¨«¨­¤à ®â ¢à¥¬¥­¨ ¯à¨ ­¥áâ æ¨®­ à­ëå ¢®§¤¥©áâ¢¨ïå. �áâ ­®¢«¥­  § ¢¨á¨¬®áâì ¨áª®¬ëåäã­ªæ¨© ®â ¢ëá®âë á«®ï ¦¨¤ª®áâ¨ ¨ ¬ ááë æ¨«¨­¤à . � ¤ ç¨ ¯à¥¤áâ ¢«ïîâ ¨­â¥à¥á ¯à¨ ¨áá«¥¤®¢ ­¨ïå ¨ à áç¥â åª®«¥¡ ­¨© ¬®àáª¨å ¯« âä®à¬ ¯®¤ ¤¥©áâ¢¨¥¬ ¢®«­®¢ëå, «¥¤®¢ëå ¨ á¥©á¬¨ç¥áª¨å ­ £àã§®ª.�®§£«ï­ãâ® ­¥áâ æ÷®­ à­ã § ¤ çã ¤«ï æ¨«÷­¤à , é® ¢§ õ¬®¤÷õ § è à®¬ áâ¨á«¨¢®ù à÷¤¨­¨ â  ¯àã¦­¨¬ ¯÷¢¯à®áâ®à®¬¯à¨ á¨«®¢¨å  ¡® ª÷­¥¬ â¨ç­¨å £à ­¨ç­¨å ã¬®¢ å. �®§¢'ï§ ­® á¨áâ¥¬ã ¤¨ä¥à¥­æ÷©­¨å à÷¢­ï­ì, ïª÷ ®¯¨áãîâì å¢¨«ì®¢÷¯à®æ¥á¨ ã è à÷ à÷¤¨­¨ â  ¯àã¦­ì®¬ã ­ ¯÷¢¯à®áâ®à÷, §£¨­­÷ ª®«¨¢ ­­ï æ¨«÷­¤à . �¨ª®à¨áâ ­® ¬¥â®¤¨ ÷­â¥£à «ì­¨å¯¥à¥â¢®à¥­ì � ¯« á  ÷ � ­ª¥«ï, ®àâ®£®­ «ì­¨å ¯®«÷­®¬÷¢, ª®®à¤¨­ â­¨å äã­ªæ÷©, ª®«®ª æ÷©. � ®¡« áâ÷ §®¡à ¦¥­ì� ¯« á  § ¤ ç÷ §¢¥¤¥­® ¤® á¨áâ¥¬¨  «£¥¡à ùç­¨å à÷¢­ï­ì. �¡¥à­¥­­ï ¢¨ª®­ ­® ç¨á¥«ì­® §  ¤®¯®¬®£®î ÷­â¥£à « �ãà'õ. �âà¨¬ ­® à÷è¥­­ï £ à¬®­÷ç­¨å ÷ ­¥áâ æ÷®­ à­¨å § ¤ ç ¤«ï £®à¨§®­â «ì­¨å â  ªãâ®¢¨å ª®«¨¢ ­ì ¦®àáâª®-£® æ¨«÷­¤à  â  §£¨­­¨å ª®«¨¢ ­ì ¯àã¦­®£® æ¨«÷­¤à . �«ï ¢¨¯ ¤ªã £®à¨§®­â «ì­¨å ª®«¨¢ ­ì ¦®àáâª®£® æ¨«÷­¤à ¯÷¤ ¤÷õî £®à¨§®­â «ì­®ù á¨«¨ ¯à®¢¥¤¥­® ç¨á¥«ì­¨©  ­ «÷§. �¨ï¢«¥­® § «¥¦­÷áâì à¥ ªæ÷ù ®á­®¢¨, ¯¥à¥¬÷é¥­­ï ÷ à÷¢-­®¤÷©­®ù £÷¤à®¤¨­ ¬÷ç­®£® â¨áªã ­  æ¨«÷­¤à ¢÷¤ ç áã ¯à¨ ­¥áâ æ÷®­ à­¨å ­ ¢ ­â ¦¥­­ïå. �áâ ­®¢«¥­® § «¥¦­÷áâìèãª ­¨å äã­ªæ÷© ¢÷¤ ¢¨á®â¨ è àã à÷¤¨­¨ â  ¬ á¨ æ¨«÷­¤à . � ¤ ç÷ áâ ­®¢«ïâì ÷­â¥à¥á ¯à¨ ¤®á«÷¤¦¥­­ïå ÷ à®§à -åã­ª å ª®«¨¢ ­ì ¬®àáìª¨å ¯« âä®à¬ ¯÷¤ ¤÷õî å¢¨«ì®¢¨å, «ì®¤®¢¨å ÷ á¥©á¬÷ç­¨å ­ ¢ ­â ¦¥­ì.Nonstationary problem for the cylinder interacting with layer of compressible liquid and elastic halfspace under dynamicor kinematic loadings is considered. The system of di�erential equation is solved that describes the wave processes inliquid layer and elastic halfspace, and the bending vibration of the cylinder. Method of integral transforms (Laplace ontime, and Hankel on radial coordinate), method of orthogonal polynomials, method of coordinate functions, and methodof collocations are used. In the domain of the Laplace images the problem is reduced to a system of algebraic equations.The Laplace transform inversion is made numerically by means of the Fourier integral. The solutions are obtained forharmonic nonstationary problems on horizontal and angular vibration of rigid cylinder, and on bending vibration elasticcylinder. Numerical analysis is made for case of horizontal vibration of rigid cylinder undergoing the action of horizontalforce. There are detected the time dependences of reaction of foundation, displacement and hydrodynamic pressure onthe cylinder at nonstationary loading. The dependence of desired functions from the height of liguid layer and massof the cylinder is established. The considered problems are of interest at studying and calculation of oscillations of agravitational o�shore platforms undergoing the wave, ice, and seismic loading.���������à¨ ä®à¬¨à®¢ ­¨¨ ¢®«­®¢®£® ¯®«ï ¢ áà¥¤¥ â¨-¯  á«®ï á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ­  ¯®«ã¡¥áª®­¥ç­®¬¤¥ä®à¬¨àã¥¬®¬ â¢¥à¤®¬ ¯®«ã¯à®áâà ­áâ¢¥ ¢ ¦-­®¥ §­ ç¥­¨¥ ¨¬¥¥â ãáâ ­®¢«¥­¨¥ íää¥ªâ®¢ ¢§ -¨¬®¤¥©áâ¢¨ï áà¥¤ ¯à¨ ­¥áâ æ¨®­ à­ëå ¢­¥è­¨å­ £àã§ª å. �¢¨¦¥­¨¥ ãª § ­­ëå áà¥¤ ®¯¨áë¢ -¥âáï ¢®«­®¢ë¬¨ ãà ¢­¥­¨ï¬¨. � ¯®«ã®£à ­¨ç¥­-­®© áà¥¤¥ ®â ¨áâ®ç­¨ª  ¢®§¡ã¦¤¥­¨ï, ª®â®àë¬¬®¦¥â ¡ëâì ª®«¥¡«îé¥¥áï ¯®¤ ¤¥©áâ¢¨¥¬ § ¤ ­-­®© ¤¨­ ¬¨ç¥áª®© ­ £àã§ª¨ â¥«®, à á¯à®áâà ­ï-îâáï ­  ¡¥áª®­¥ç­®áâì ­¥áãé¨¥ í­¥à£¨î ¢®«­ë,çâ® ®¡ãá« ¢«¨¢ ¥â § âãå ­¨¥ ª®«¥¡ ­¨© ¯à¨ ¯à¥-ªà é¥­¨¨ ¤¥©áâ¢¨ï ­ £àã§ª¨. �á«¨ â ª¨¬ â¥«®¬ï¢«ï¥âáï ¢¥àâ¨ª «ì­® à á¯®«®¦¥­­ë© ¢ á«®¥ ¦¨¤-
ª®áâ¨ ¦¥áâª¨© ¨«¨ ã¯àã£¨© æ¨«¨­¤à, ®¯¨à îé¨©-áï ­  ¨­¥àæ¨®­­®¥ ¤¥ä®à¬¨àã¥¬®¥ (ã¯àã£®¥) ¯®«ã-¯à®áâà ­áâ¢®, â® ¢®§­¨ª ¥â ­¥®¡å®¤¨¬®áâì ¢ à¥-è¥­¨¨ ¢ ®¡é¥¬ á«ãç ¥ ­¥áâ æ¨®­ à­®© ª®­â ªâ-­®© § ¤ ç¨ ¤«ï á¨áâ¥¬ë æ¨«¨­¤à { á«®© ¦¨¤ª®áâ¨ {ã¯àã£®¥ ¯®«ã¯à®áâà ­áâ¢®. �à¨ ¥¥ à¥è¥­¨¨ âà¥-¡ã¥âáï ãáâ ­®¢¨âì ä¨§¨ç¥áª¨¥ § ª®­®¬¥à­®áâ¨ ¨§-¬¥­¥­¨ï ¢® ¢à¥¬¥­¨ ¯¥à¥¬¥é¥­¨© ¨ ­ ¯àï¦¥­¨©¢ æ¨«¨­¤à¥, £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï, ­ ¯àï-¦¥­¨© ¯® ª®­â ªâã á ®á­®¢ ­¨¥¬ ¢ § ¢¨á¨¬®áâ¨ ®âå à ªâ¥à  ¤¨­ ¬¨ç¥áª®© ­ £àã§ª¨, ¨­¥àæ¨®­­ëå ¨¤¥ä®à¬ æ¨®­­ëå á¢®©áâ¢ æ¨«¨­¤à  ¨ ¯®¤áâ¨« î-é¥£® ®á­®¢ ­¨ï, ¢ëá®âë á«®ï ¦¨¤ª®áâ¨.� ª¨¥ § ¤ ç¨ ¯à¥¤áâ ¢«ïîâ ¨­â¥à¥á, ­ ¯à¨¬¥à,¯à¨ ¨áá«¥¤®¢ ­¨ïå ¨ à áç¥â å ª®«¥¡ ­¨© ¬®àáª¨å¯« âä®à¬ £à ¢¨â æ¨®­­®£® â¨¯  ¯®¤ ¤¥©áâ¢¨¥¬58 c
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�¨á. 1. �¨«¨­¤à ¢ á«®¥ ¦¨¤ª®áâ¨á¨«®¢ëå (¢®«­®¢ëå, «¥¤®¢ëå) ¨ ª¨­¥¬ â¨ç¥áª¨å(á¥©á¬¨ç¥áª¨å) ­ £àã§®ª.�ãé¥áâ¢ãîé¨¥ ¬¥â®¤ë à¥è¥­¨ï § ¤ ç ® ª®«¥-¡ ­¨ïå ª®­áâàãªæ¨© ãç¨âë¢ îâ ¢§ ¨¬®¤¥©áâ¢¨¥á ¦¨¤ª®áâìî ¯à¨ ­¨§ª®ç áâ®â­ëå ¯¥à¨®¤¨ç¥áª¨å­ £àã§ª å [1 {3] ¨«¨ ¢§ ¨¬®¤¥©áâ¢¨¥ á ®á­®¢ ­¨-¥¬ [4]. � ¤ ­­®© áâ âì¥ ¯à¥¤« £ ¥âáï ¯®¤å®¤,¢ª«îç îé¨© ¨áá«¥¤®¢ ­¨¥ ­¥áâ æ¨®­ à­ëå ¯à®-æ¥áá®¢ ¢§ ¨¬®¤¥©áâ¢¨ï ª®­áâàãªæ¨¨ ª ª á ¢®¤­®©áà¥¤®©, â ª ¨ á ¯®¤áâ¨« îé¨¬ ¤¥ä®à¬¨àã¥¬ë¬®á­®¢ ­¨¥¬.� ª ç¥áâ¢¥ à áç¥â­®© áå¥¬ë ¯à¨¬¥­¨â¥«ì­® ª¬®àáª®© ¯« âä®à¬¥ à áá¬ âà¨¢ ¥âáï ª®­áâàãªæ¨ï¢ ¢¨¤¥ ¢¥àâ¨ª «ì­®£® ¦¥áâª®£® ¨«¨ ã¯àã£®£® æ¨-«¨­¤à , § é¥¬«¥­­®£® ¢ ¦¥áâª®© äã­¤ ¬¥­â­®©¯«¨â¥ ªàã£®¢®£® á¥ç¥­¨ï, à á¯®«®¦¥­­®© ­  £à -­¨æ¥ ã¯àã£®£® ¯®«ã¯à®áâà ­áâ¢¥ ¯®¤ á«®¥¬ ¦¨¤ª®-áâ¨ (à¨á. 1). �à¥¤¯®« £ ¥âáï, çâ® ãª § ­­ ï ª®­-áâàãªæ¨ï ¯®¤¢¥à£ ¥âáï ­ ¨¡®«¥¥ ®¯ á­ë¬ £®à¨§®­-â «ì­ë¬ ¤¨­ ¬¨ç¥áª¨¬ ¢®§¤¥©áâ¢¨ï¬.�¨¦¥ à áá¬ âà¨¢ îâáï ª®­ªà¥â­ë¥ § ¤ ç¨ ¤¨-­ ¬¨ç¥áª®£® ¢§ ¨¬®¤¥©áâ¢¨ï ª®­áâàãªæ¨© á ¦¨¤-ª®© ¨ â¢¥à¤®© áà¥¤ ¬¨. �­ ç «¥ ¡ã¤ãâ à áá¬®-âà¥­ë ®â­®á¨â¥«ì­® ¯à®áâë¥ ¬®¤¥«ì­ë¥ § ¤ ç¨,¯®§¢®«ïîé¨¥ ¢ëï¢¨âì ®á­®¢­ë¥ íää¥ªâë ¢ ¡®«¥¥á«®¦­ëå á¨âã æ¨ïå.1. �������������� ����������������� �������� � ���� ���-����� �� ������� ����������ãáâì ¢¥àâ¨ª «ì­ë© æ¨«¨­¤à, à ¤¨ãá ª®â®à®-£® r0 à ¢¥­ à ¤¨ãáã äã­¤ ¬¥­â­®© ¯«¨âë a, ¤¢¨-¦¥âáï £®à¨§®­â «ì­® ¢ á«®¥ ¦¨¤ª®áâ¨ ¢ëá®â®© H¯® ¯à®¨§¢®«ì­®¬ã § ª®­ã Ux(t) (à¨á. 1). �à¥¡ã¥â-áï ­ ©â¨ £¨¤à®¤¨­ ¬¨ç¥áª®¥ ¤ ¢«¥­¨¥ ­  æ¨«¨­¤à.�à ¢­¥­¨¥ ¤«ï ¯®â¥­æ¨ «  áª®à®áâ¨ �(r; '; z; t) ¢

æ¨«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â å ¨¬¥¥â ¢¨¤@2�@r2 + 1r @�@r + 1r2 @2�@'2 + @2�@z2 = 1c20 @2�@t2 ; (1)£¤¥ c0 { áª®à®áâì §¢ãª  ¢ ¦¨¤ª®áâ¨. �à ­¨ç­ë¥ãá«®¢¨ï ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:z = 0; @�@t = 0 (2)(­ã«¥¢®¥ ¤ ¢«¥­¨¥ ­  ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨),z = H; @�@z = 0 (3)(¢¥àâ¨ª «ì­ ï áª®à®áâì ¦¨¤ª®áâ¨ à ¢­  ­ã«î),r = r0; @��@r = dUx(t)dt ; 0 � z � H (4)(ãá«®¢¨¥ à ¢¥­áâ¢  áª®à®áâ¨ æ¨«¨­¤à  £®à¨§®­-â «ì­®© á®áâ ¢«ïîé¥© áª®à®áâ¨ ¦¨¤ª®áâ¨ ¯® ¡®-ª®¢®© ¯®¢¥àå­®áâ¨ æ¨«¨­¤à , ­ ¯à ¢«¥­­®© ¯® ®á¨x).�à¨ íâ®¬ á¯à ¢¥¤«¨¢® à §«®¦¥­¨¥ ¨áª®¬®©äã­ªæ¨¨ ¯® ã£«®¢®© ª®®à¤¨­ â¥:�(r; '; z; t) = ��(r; z; t) cos': (5)�®á«¥¤­¥¥ ¢ëà ¦¥­¨¥ ¯®¤áâ ¢«ï¥¬ ¢ (1) ¨ ¢ë¯®«-­ï¥¬ ¯à¥®¡à §®¢ ­¨¥ � ¯« á  ¯® ¯¥à¥¬¥­­®© t(¯à¨ ­ã«¥¢ëå ­ ç «ì­ëå ãá«®¢¨ïå):d2���dr2 + 1r d���dr � 1r2 ��� + d2���dz2 � p2c20 ��� = 0; (6)£¤¥ p { ¯ à ¬¥âà ¯à¥®¡à §®¢ ­¨ï � ¯« á .�à ¢­¥­¨¥ (6) à¥è ¥¬ á ¯®¬®éìî ¨­â¥£à «ì­®£®¯à¥®¡à §®¢ ­¨¥ � ­ª¥«ï ­  ¯®«ã¡¥áª®­¥ç­®¬ ¨­-â¥à¢ «¥ (r0�r<1) [4]:��(r) = 1Zr0 �(r)C�(r; �)rdr; (7)�(r) = 1Z0 ��(�)C�(r; �)�d�: (8)�¤¥áì á®®â­®è¥­¨ï (7) ¨ (8) ¢ëà ¦ îâ ¯àï¬®¥ ¨®¡à â­®¥ ¯à¥®¡à §®¢ ­¨ï á®®â¢¥âáâ¢¥­­®,   ï¤à®¯à¥®¡à §®¢ ­¨ï C�(r; �) ¨¬¥¥â ¢¨¤C�(r; �) = J�(�r)N 0�(�r0)�N�(�r)J 0�(�r0)p[J 0�(�r0)]2 + [N 0�(�r0)]2 (9)¨ ®¡« ¤ ¥â á¢®©áâ¢ ¬¨d2C�dr2 + 1r dC�dr + ��2 � �2r2�C� = 0; (10)�. �. �¥©¬®¢ 59



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 1999. �®¬ 2, N 4. �. 58 { 68limr!1hr�C� d���dr � ��� dC�dr �i = 0: (11)�¤¥áì J�(�r) ¨ N�(�r0) { äã­ªæ¨¨ �¥áá¥«ï ¨ �¥©¬- ­ ,   èâà¨å ¬¨ ®¡®§­ ç¥­ë ¯à®¨§¢®¤­ë¥ ¯® ¯®«-­®¬ã  à£ã¬¥­âã. �®á«¥ ¢ë¯®«­¥­¨ï ¯à®æ¥¤ãàë¯à¥®¡à §®¢ ­¨ï (7) ª ãà ¢­¥­¨î (6) ¯à¨ �=1 ¯®-«ãç ¥¬1Zr0 �d2���dr2 + 1r d���dr � 1r2 ����C1(r; �)rdr++d2'��dz2 � p2c20 '�� = 0: (12)�à®¨§¢®¤¨¬ ¤¢ãåªà â­®¥ ¨­â¥£à¨à®¢ ­¨¥ á®®â-­®è¥­¨ï (12) ¯® ç áâï¬ ¨, ãç¨âë¢ ï á¢®©áâ¢ ï¤à  (10) ¨ (11), ¨¬¥¥¬d2'��dz2 � ��2 + p2c20 �'�� = r0C1(r0�)d'��dr ���r=r0 ; (13)£¤¥ '��(�; z; p) = 1Zr0 ���(r; z; p)C1(r; �)rdr (14)ï¢«ï¥âáï ¨§®¡à ¦¥­¨¥¬ ¯® � ¯« áã ¨ � ­ª¥«îäã­ªæ¨¨ ��(r; z; t). � £à ­¨ç­®¬ã ãá«®¢¨î (4)¯à¨¬¥­ï¥¬ ¯à¥®¡à §®¢ ­¨¥ � ¯« á  ¨ à¥§ã«ìâ â¯®¤áâ ¢«ï¥¬ ¢ ãà ¢­¥­¨¥ (13):d2'��dz2 � ��2 + p2c20 �'�� = r0C1(r0�)p �Ux(p): (15)�¥è¥­¨¥ íâ®£® ãà ¢­¥­¨ï, ã¤®¢«¥â¢®àïîé¥¥ãá«®¢¨ï¬ (2) ¨ (3), ¨¬¥¥â ¢¨¤'��(�; z; p) = r0p �Ux(p)�� C1(r0�)�2 �ch�(H � z)ch�H � 1�;� =s�2 + p2c20 : (16)�à¨¬¥­ïï ä®à¬ã«ã ®¡à é¥­¨ï ¯à¥®¡à §®¢ ­¨ï� ­ª¥«ï (8), ¯®«ãç ¥¬ ¨áª®¬ãî äã­ªæ¨î (¢ ¨§®-¡à ¦¥­¨ïå � ¯« á ) ¤«ï ¯®â¥­æ¨ «  áª®à®áâ¨¦¨¤ª®áâ¨:���(r; z; p) = r0p �Ux(p)�� 1Z0 C1(r0�)�2 �ch�(H � z)ch�H � 1�C1(r; �)�d�: (17)

�ç¨âë¢ ï, çâ® £¨¤à®¤¨­ ¬¨ç¥áª®¥ ¤ ¢«¥­¨¥ ¢¦¨¤ª®áâ¨ ®¯à¥¤¥«ï¥âáï § ¢¨á¨¬®áâï¬¨pH (r; '; z; t) = ��H @�@t ;p�H(r; z; t) = ��H @��@t ; (18)£¤¥ �H { ¯«®â­®áâì ¦¨¤ª®áâ¨, ¯®«ãç ¥¬ á«¥¤ãîé¥¥¢ëà ¦¥­¨¥ ¤«ï ¥£® ®¯à¥¤¥«¥­¨ï (¢ ¨§®¡à ¦¥­¨ïå� ¯« á ):�p�H(r; z; p) = r0�Hp2 �Ux(p)�� 1Z0 C1(r0�)�2 hch�(H � z)ch�H � 1iC1(r; �)�d�: (19)� ¬¥â¨¬, çâ® �pH(r; '; z; p)= �p�H(r; z; p) cos'. � ¢-­®¤¥©áâ¢ãîé ï £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï ­ æ¨«¨­¤à ¢ ¯à®¥ªæ¨¨ ­  ®áì x ®¯à¥¤¥«¨âáï ¨­â¥-£à «®¬�QH(r0;H; p) = r0 HZ0 2�Z0 �p�H (r0; z; p)cos2'd'dz: (20)�®¤áâ ¢«ïï á®®â­®è¥­¨¥ (19) ¢ (20) ¨ ¢ë¯®«­ïï¨­â¥£à¨à®¢ ­¨¥, ¨¬¥¥¬�QH (r0;H; p) = �r0�Hp2 �Ux(p)�� 1Z0 C1(r0�)�2 �thH�� �H��d�: (21)� «¥¥ ­ ©¤¥¬ ¬®¬¥­â £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥-­¨ï ­  æ¨«¨­¤à ®â­®á¨â¥«ì­® ®á¨, à á¯®«®¦¥­­®©ã ­¨¦­¥£® ª®­æ  æ¨«¨­¤à . �à¨ ¨­â¥£à¨à®¢ ­¨¨¯® ¢¥àâ¨ª «ì­®© ª®®à¤¨­ â¥ ¢¢¥¤¥¬ ¯¥à¥¬¥­­ãîz0 =H�z. �®£¤  ¨áª®¬ë© ¬®¬¥­â ®¯à¥¤¥«¨âáï ¨­-â¥£à «®¬�MH (r0; p) = r0 HZ0 2�Z0 �p�H (r0; z0 ; p)��z0 cos2 'd'dz0 : (22)�®á«¥ ¯®¤áâ ­®¢ª¨ á®®â­®è¥­¨ï (19) ¢ ä®à¬ã-«ã (22) ¨ ¨­â¥£à¨à®¢ ­¨ï ¯®«ãç ¥¬�MH (r0; p) = ��r0�Hp2 �Ux(p) 1Z0 C1(r0�)�2 ��h 1�2�H�shH�+ 1chH� � 1�� 12H2i�d�: (23)�®à¬ã«ë (21) ¨ (23) ­¥®¡å®¤¨¬ë ¤«ï à¥è¥­¨ï § -¤ ç¨ ® ¢§ ¨¬®¤¥©áâ¢¨¨ æ¨«¨­¤à  á ®á­®¢ ­¨¥¬.60 �. �. �¥©¬®¢



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 1999. �®¬ 2, N 4. �. 58 { 682. ���������� ������ ��� ������-�� ��������, ����������������-�� �� ������������� � � ������������������������ ��� �������-������� �����������ãáâì ¦¥áâª¨© æ¨«¨­¤à § é¥¬«¥­ ­¨¦­¨¬ ª®­-æ®¬ ¢ ¦¥áâª®© äã­¤ ¬¥­â­®© ¯«¨â¥ à ¤¨ãá  a ¨¢ëá®âë h (á¬. à¨á. 1), à á¯®«®¦¥­­®© ¯®¤ á«®-¥¬ ¦¨¤ª®áâ¨ ­  £à ­¨æ¥ á ã¯àã£¨¬ ¯®«ã¯à®áâà ­-áâ¢®¬, ¨ ¯®¤ ¤¥©áâ¢¨¥¬ § ¤ ­­®© £®à¨§®­â «ì-­®© ­ £àã§ª¨ á®¢¥àè ¥â â®«ìª® £®à¨§®­â «ì­ë¥ª®«¥¡ ­¨ï (ã£«®¢ë¥ ¨ á¢ï§ ­­ë¥ £®à¨§®­â «ì­®-¢à é â¥«ì­ë¥ ª®«¥¡ ­¨ï ¬®£ãâ ¡ëâì à áá¬®âà¥­ë®â¤¥«ì­®). �¥¨§¢¥áâ­ë¬¨ ¢ ¤ ­­®© § ¤ ç¥ ï¢«ï-îâáï £®à¨§®­â «ì­®¥ ¯¥à¥¬¥é¥­¨¥ æ¨«¨­¤à  ¢¬¥-áâ¥ á äã­¤ ¬¥­â®¬ Ux(t), £¨¤à®¤¨­ ¬¨ç¥áª®¥ ¤ -¢«¥­¨¥ ­  ¡®ª®¢ãî ¯®¢¥àå­®áâì æ¨«¨­¤à  ¨ äã­¤ -¬¥­â  pH (r0; '; z; t), ®¤­®­ ¯à ¢«¥­­ë¥ ª á â¥«ì-­ë¥ ­ ¯àï¦¥­¨ï ¯® ª®­â ªâã ªàã£«®© äã­¤ ¬¥­â-­®© ¯«¨âë á ®á­®¢ ­¨¥¬ �x(r; t).�à¨ à¥è¥­¨¨ § ¤ ç¨ á¤¥« ¥¬ â ª¨¥ ¤®¯ãé¥­¨ï:1) ¡ã¤¥¬ áç¨â âì, çâ® h�H (H� l) ¨ ¢«¨ï­¨¥ ­ áã¬¬ à­®¥ £¨¤à®¤¨­ ¬¨ç¥áª®¥ ¤ ¢«¥­¨¥ ®â«¨-ç¨ï ¤¨ ¬¥âà®¢ a ¨ r0 ¬ «®;2) ¢§ ¨¬®¤¥©áâ¢¨¥ á«®ï ¦¨¤ª®áâ¨ á ã¯àã£¨¬ ¯®-«ã¯à®áâà ­áâ¢®¬ ¯à®¨áå®¤¨â ç¥à¥§ äã­¤ -¬¥­â­ãî ¯«¨âã, ­¥áãéãî æ¨«¨­¤à,   ¢¥àâ¨-ª «ì­ë¥ á®áâ ¢«ïîé¨¥ áª®à®áâ¨ ¦¨¤ª®áâ¨ ­ £à ­¨æ¥ á«®ï ¦¨¤ª®áâ¨ ¨ ã¯àã£®£® ¯®«ã¯à®-áâà ­áâ¢  ¬ «ë.�£à ­¨ç¥­¨¥, ­ ª« ¤ë¢ ¥¬®¥ ¯®á«¥¤­¨¬ ¤®¯ãé¥-­¨¥¬, ¢ ¤ «ì­¥©è¥¬ ¬®¦¥â ¡ëâì ãáâà ­¥­® ¯ãâ¥¬ãç¥â  íâ®© á®áâ ¢«ïîé¥© áª®à®áâ¨ ¦¨¤ª®áâ¨.� áá¬ âà¨¢ ¥¬ ï ª®­áâàãªæ¨ï (æ¨«¨­¤à {äã­-¤ ¬¥­â) ¢§ ¨¬®¤¥©áâ¢ã¥â á ¤¢ã¬ï áà¥¤ ¬¨: á«®¥¬¦¨¤ª®áâ¨ ¨ ã¯àã£¨¬ ¯®«ã¯à®áâà ­áâ¢®¬. �®íâ®-¬ã ­¥®¡å®¤¨¬® à¥è âì á®¢¬¥áâ­® ãà ¢­¥­¨ï ¤«ïá«®ï ¦¨¤ª®áâ¨ (1), ã¯àã£®£® ¯®«ã¯à®áâà ­áâ¢  [6]¨ äã­¤ ¬¥­â  á æ¨«¨­¤à®¬. �®á«¥¤­¥¥ ¨¬¥¥â ¢¨¤M d2Ux(t)dt2 = Q(t)� QH(r0;H; t)� QR(t); (24)£¤¥ Ux(t) { £®à¨§®­â «ì­®¥ ¯¥à¥¬¥é¥­¨¥ á¨áâ¥¬ëæ¨«¨­¤à-äã­¤ ¬¥­â; ¯ à ¬¥âà Q(t) ï¢«ï¥âáï § -¤ ­­®© £®à¨§®­â «ì­®© á¨«®© (­ ¯à¨¬¥à, à ¢­®-¤¥©áâ¢ãîé¥© ¢®«­®¢®£® ¤ ¢«¥­¨ï ¨«¨ «¥¤®¢®© ¤¨-­ ¬¨ç¥áª®© ­ £àã§ª¨). � á«ãç ¥ á¥©á¬¨ç¥áª®£® £®-à¨§®­â «ì­®£® ¢®§¤¥©áâ¢¨ïQ(t) = �Mgcfx(t); (25)£¤¥ M { ¬ áá  æ¨«¨­¤à  ¢¬¥áâ¥ á äã­¤ ¬¥­â®¬;fx(t) { ­®à¬¨à®¢ ­­®¥ £®à¨§®­â «ì­®¥ ãáª®à¥­¨¥

¯«®é ¤ª¨ ( ªá¥«¥à®£à ¬¬ ) ¯à¨ ®âáãâáâ¢¨¨ á®-®àã¦¥­¨ï; gc { å à ªâ¥à­®¥ ãáª®à¥­¨¥  ªá¥«¥à®-£à ¬¬ë. � à ¬¥âà QH(r0;H; t) { à ¢­®¤¥©áâ¢ãî-é ï £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï ­  æ¨«¨­¤à (21)(§ ¯¨á ­  ¢ ¨§®¡à ¦¥­¨ïå � ¯« á ); QR(t) { à ¢-­®¤¥©áâ¢ãîé ï ª á â¥«ì­ëå ­ ¯àï¦¥­¨© �x(r; t)¯® ª®­â ªâã äã­¤ ¬¥­â  á ®á­®¢ ­¨¥¬.�à ¢­¥­¨¥ (24) ­¥®¡å®¤¨¬® à¥è âì á®¢¬¥áâ-­® á ãà ¢­¥­¨ï¬¨ ¤¢¨¦¥­¨ï ¤«ï ã¯àã£®£® ¯®-«ã¯à®áâà ­áâ¢ . �¥è¥­¨¥ ¯®¤®¡­®© § ¤ ç¨,­® ¯à¨ ®âáãâáâ¢¨¨ £¨¤à®¤¨­ ¬¨ç¥áª®© ­ £àã§ª¨QH(r0;H; t), ¯®«ãç¥­® ¢ à ¡®â¥ [6]. �¨¦¥ ¯à¨¢¥-¤¥¬ à¥è¥­¨¥ á ãç¥â®¬ íâ®© ­ £àã§ª¨. �®­â ªâ­ë¥­ ¯àï¦¥­¨ï �x(r; t) ¨é¥¬ ¢ ¢¨¤¥ àï¤ �x(r; t) = 1Xk=0B2k(t)P2k(p1� r2)p1� r2 ; (26)£¤¥ B2k(t) { ­¥®¯à¥¤¥«¥­­ë¥ ª®íää¨æ¨¥­âë, § ¢¨-áïé¨¥ ®â ¢à¥¬¥­¨, P2k(p1�r2) { ¯à¥®¡à §®¢ ­­ë¥¯®«¨­®¬ë �¥¦ ­¤à . �¤¥áì r { ¡¥§à §¬¥à­ ï ª®-®à¤¨­ â , â. ¥. ¨áâ¨­­ ï ª®®à¤¨­ â , ®â­¥á¥­­ ïª à ¤¨ãáã äã­¤ ¬¥­â­®© ¯«¨âë a.� á«ãç ¥ ¯à¥¤áâ ¢«¥­¨ï (26) à ¢­®¤¥©áâ¢ãîé ï®¤­®­ ¯à ¢«¥­­ëå ª á â¥«ì­ëå ­ ¯àï¦¥­¨© ®¯à¥-¤¥«ï¥âáï ç¥à¥§ ¯¥à¢ë© ª®íää¨æ¨¥­â à §«®¦¥­¨ï:QR(t) = 2�a2B0(t): (27)�®à¨§®­â «ì­ë¥ ¯¥à¥¬¥é¥­¨ï ¢ ­ ¯à ¢«¥­¨¨ ®á¨x £à ­¨æë ã¯àã£®£® ¯®«ã¯à®áâà ­áâ¢  ®â ­ £àã§-ª¨ (26) ­ å®¤ïâáï (¢ ¨§®¡à ¦¥­¨ïå � ¯« á ) ¨§¢ëà ¦¥­¨ï�ux(r; 0; s)= a2� 1Z0 hs2p�2+s2F (�; s) + 1p�2+s2 i��'� x(�; s)�J0(r�)d�; (28)£¤¥ á®®â­®è¥­¨¥'� x(�; s)= 1p2� 1Xk=0 �B2k(s)�(k+1=2)�(k+1) J2k+1=2(�) (29)¯à¥¤áâ ¢«ï¥â á®¡®© ¯à¥®¡à §®¢ ­¨¥ � ¯« á  ¨� ­ª¥«ï ­ã«¥¢®£® ¯®àï¤ª  äã­ªæ¨¨ (26); J0(r�) ¨J2k+1=2(�) { äã­ªæ¨¨ �¥áá¥«ï ­ã«¥¢®£® ¨ ¯®«ãæ¥-«®£® ¯®àï¤ª®¢;F (�; s) = (2� + s2) � 4�2p�2 + �2s2p�2 + s2;s=ap=c2 { ¡¥§à §¬¥à­ë© ¯ à ¬¥âà ¯à¥®¡à §®¢ -­¨ï � ¯« á ; �=c2=c1; c2 ¨ c1 { áª®à®áâ¨ ¯®¯¥à¥ç-­®© ¨ ¯à®¤®«ì­®© ¢®«­ ¢ ã¯àã£®¬ ¯®«ã¯à®áâà ­-áâ¢¥; � { ¯®áâ®ï­­ ï �ï¬¥ ¢ ­¥¬.�. �. �¥©¬®¢ 61



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 1999. �®¬ 2, N 4. �. 58 { 68� æ¥«ìî ã¤®¢«¥â¢®à¥­¨ï ª®­â ªâ­®¬ã ãá«®¢¨îUx(t) = ux(z; 0; t); 0 � r � 1 (30)¢ëà ¦¥­¨¥ (28) à §«®¦¨¬ ¢ àï¤ ¯® ¬­®£®ç«¥­ ¬P2n(p1�r2), ¨á¯®«ì§ãï ¯à¥¤áâ ¢«¥­¨¥J0(r�) =p2=� 1Xn=0 (2n+ 1=2)�(n+ 1=2)�(n+ 1) ��J2k+1=2(�)P2n(p1� r2): (31)� à¥§ã«ìâ â¥ ¨¬¥¥¬�ux(r; 0; s) = a� 1Xk=0 1Xn=0 �B2k(s)�� b2k+1=2;2n+1=2(s)P2n(p1� r2); (32)£¤¥b2k+1=2;2n+1=2(s) == �(k + 1=2)�(n+ 1=2)(2n+ 1=2)2�(k + 1)�(n+ 1) �� 1Z0 hs2p�2 + s2F (�; s) + 1p�2 + s2 i��J2k+1=2(�)J2n+1=2(�)d�: (33)�¥à¥å®¤¨¬ ª à¥è¥­¨î ãà ¢­¥­¨ï (24). �à¨¬¥-­¨¬ ª ­¥¬ã ¯à¥®¡à §®¢ ­¨¥ � ¯« á  ¯® ¢à¥¬¥­¨,¢¢¥¤ï ¡¥§à §¬¥à­®¥ ¢à¥¬ï t=c2�t=a (�t { ¢à¥¬ï ¢ á¥-ªã­¤ å). � ãç¥â®¬ ¢ëà ¦¥­¨ï (27) ¨¬¥¥¬m0�as2 �Ux(s) + �QH(r0;H; s)2�a2 + �B0(s) = �Q(s)2�a2 ; (34)£¤¥ m0 { ¯à¨¢¥¤¥­­ ï ¬ áá  æ¨«¨­¤à  ¢¬¥áâ¥ áäã­¤ ¬¥­â®¬: m0 = M2�a3�0 ; (35)�0 { ¯«®â­®áâì ¬ â¥à¨ «  ®á­®¢ ­¨ï. �ëà ¦¥­¨¥¤«ï à ¢­®¤¥©áâ¢ãîé¥© £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥-­¨ï (21) ¢ ¡¥§à §¬¥à­ëå ¯¥à¥¬¥­­ëå ¯à¨¬¥â ¢¨¤�QH(r0;H; s) = ��ar20s2 �H�0 �Ux(s)I1(r0;H; s); (36)£¤¥I1(r0;H; s) = �H 1Z0 C21(r0�)�2 � thH�H� �1��d�; (37)�=p�2+�20s2; �0=c2=c0; r0=�r0=a; H= �H=a. �®-á«¥ ¯®¤áâ ­®¢ª¨ ¢ëà ¦¥­¨ï (36) ¢ ãà ¢­¥­¨¥ (34)¯®«ãç ¥¬[m0 + �mH (s)]s2�a �Ux(s) + �B0(s) = �Q(s)2�a2 ; (38)

£¤¥ á« £ ¥¬®¥�mH (s) = 12r20 �H�0 I1(r0;H; s) (39)¬®¦¥â à áá¬ âà¨¢ âìáï ª ª ¯à¨¢¥¤¥­­ ï ¯à¨á®-¥¤¨­¥­­ ï ¬ áá  ¦¨¤ª®áâ¨ ¯à¨ ª®«¥¡ ­¨ïå æ¨«¨­-¤à  ¢ á«®¥ ¦¨¤ª®áâ¨. �¤®¢«¥â¢®àïï ª®­â ªâ­®¬ããá«®¢¨î (30), ¯®¤áâ ¢«ï¥¬ ¢ëà ¦¥­¨¥ (32) ¢ ãà ¢-­¥­¨¥ (38)[m0 + �mH (s)]s2 1Xk=0 1Xn=0 �B2k(s)��b2k+1=2;2n+1=2(s)P2n(p1� r2)++ �B0(s) = �Q(s)2�a2 : (40)�à¨à ¢­¨¢ ¥¬ ¢ íâ®¬ ãà ¢­¥­¨¨ ª®íää¨æ¨¥­âë¯à¨ ¯®«¨­®¬ å �¥¦ ­¤à  ®¤¨­ ª®¢ëå ¯®àï¤ª®¢ ¨,ãç¨âë¢ ï, çâ® P0(p1�r2)=1, ¯®«ãç ¥¬ ¡¥áª®­¥ç-­ãî á¨áâ¥¬ã  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨© ¤«ï ®¯à¥-¤¥«¥­¨ï ­¥¨§¢¥áâ­ëå �B2k(s) (¢ ¤®«ïå �Q(s)=2�a2):[1+(m0+ �mH )b1=2;1=2(s)] �B0(s)++(m0+ �mH )s2 1Xk=0 �B2k(s)b2k+1=2;1=2(s)=1;1Xk=0 �B2k(s)b2k+1=2;2n+1=2(s)=0n=1; 2; : : :: (41)�¥è¨¢ íâã á¨áâ¥¬ã, ¯¥à¥¬¥é¥­¨¥ �Ux(s) ¨§ ¢ëà -¦¥­¨ï (38) ­ å®¤¨¬:�Ux(s) = a� �Q(s)=2�a2(m0 + �mH (s))s2 [1� �B0(s)]: (42)�á«¨ ¯à¨ à¥è¥­¨¨ à áá¬ âà¨¢ ¥¬®© § ¤ ç¨®£à ­¨ç¨âìáï ®¯à¥¤¥«¥­¨¥¬ â®«ìª® à ¢­®¤¥©áâ¢ã-îé¥© (27), â® ¢ à §«®¦¥­¨¨ (26) ¤®áâ â®ç­® ã¤¥à-¦ âì ¯¥à¢ë© ç«¥­ àï¤  (k=0). �®£¤  ¨§ ¯¥à¢®£®ãà ¢­¥­¨ï (41) ­ å®¤¨¬ ¢ ï¢­®¬ ¢¨¤¥ ª®íää¨æ¨¥­â�B0(s) = �Q(s)=2�a21 + (m0 + �mH )s2b1=2;1=2(s) ; (43)  ¯¥à¥¬¥é¥­¨¥ ¯à¨ ¯®¤áâ ­®¢ª¥ á®®â­®è¥­¨ï (43)¢ (42) § ¯¨áë¢ ¥¬ â ª:�Ux(s) = a� b1=2;1=2(s) �Q(s)=2�a21 + (m0 + �mH (s))s2b1=2;1=2(s) : (44)�®«ãç¥­­®¥ ¢ëà ¦¥­¨¥ ¤«ï ¯¥à¥¬¥é¥­¨ï ¯®¤áâ -¢«ï¥¬ ¢ á®®â­®è¥­¨¥ (36) ¨ ¯®«ãç ¥¬ ¢ ï¢­®¬ ¢¨-¤¥ ä®à¬ã«ã ¤«ï à ¢­®¤¥©áâ¢ãîé¥© £¨¤à®¤¨­ ¬¨-ç¥áª®£® ¤ ¢«¥­¨ï ­  æ¨«¨­¤à:�QH(r0;H; s)= s2 �mH (s)b1=2;1=2(s) �Q(s)1+(m0+ �mH (s))s2b1=2;1=2(s) : (45)62 �. �. �¥©¬®¢



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 1999. �®¬ 2, N 4. �. 58 { 68�̈ ¤à®¤¨­ ¬¨ç¥áª®¥ ¤ ¢«¥­¨¥ ­  æ¨«¨­¤à (19) ¢¡¥§à §¬¥à­ëå ¯¥à¥¬¥­­ëå ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥-­¨¥¬�p�H (r0; z; s) = �r0 �H�0 ��s2 �Ux(s)�� 1Z0 C21(r0�)�2 hch�(H � z)ch�H � 1i�d�: (46)�¤¥áì H= �H=a, z= �z=a { ¡¥§à §¬¥à­ë¥ ¢¥«¨ç¨­ë.�à¨ ¯®¤áâ ­®¢ª¥ (44) ¢ (46) ¨¬¥¥¬�p�H (r0; z; s) = � �Q(s)2�a r0�H�0 �� s2b1=2;1=2(s)1 + (m0 + �mH )s2b1=2;1=2(s)�� 1Z0 C21(r0�)�2 hch�(H � z)ch�H � 1i�d�: (47)� ª¨¬ ®¡à §®¬, ¯®«ãç¥­ë (¢ ¨§®¡à ¦¥­¨ïå � -¯« á  ¯® ¢à¥¬¥­¨) ¢á¥ ¨áª®¬ë¥ äã­ªæ¨¨, ®¯à¥¤¥-«ïîé¨¥ à¥è¥­¨¥ § ¤ ç¨: à ¢­®¤¥©áâ¢ãîé ï ª®­-â ªâ­ëå ­ ¯àï¦¥­¨© (43), £®à¨§®­â «ì­®¥ ¯¥à¥-¬¥é¥­¨¥ æ¨«¨­¤à  (44), à ¢­®¤¥©áâ¢ãîé ï £¨¤à®-¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï ­  æ¨«¨­¤à (45), à á¯à¥-¤¥«¥­¨¥ £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï ¯® ¢ëá®â¥æ¨«¨­¤à  (47).�¡à â­®¥ ¯à¥®¡à §®¢ ­¨¥ � ¯« á  ¢ë¯®«­ï¥¬ç¨á«¥­­®, á ¯®¬®éìî ¨­â¥£à «®¢ �ãàì¥ [7, 8], ¯®-« £ ï s= i� ¨ ¢ë¯®«­ïï ¨­â¥£à¨à®¢ ­¨¥ ¯® ¯¥à¥-¬¥­­®© �, ª®â®à ï ¡ã¤¥â ¡¥§à §¬¥à­®© ç áâ®â®©£ à¬®­¨ç¥áª¨å ª®«¥¡ ­¨© (�=a!=c2). �á«¨ �f (s) {¨§®¡à ¦¥­¨¥ � ¯« á  äã­ªæ¨¨ f(t), â® ¯à¨ s= i�f(t) = � 2� 1Z0 ReIm n �f(i�) cos t�sin t� od�: (48)�à¨ ¯®¤áâ ­®¢ª¥ s= i� ¢ ä®à¬ã«ë (43) { (47) ¨á-ª®¬ë¥ äã­ªæ¨¨ áâ ­®¢ïâáï ª®¬¯«¥ªá­ë¬¨, â ªª ª ª®¬¯«¥ªá­ë¬ ¡ã¤¥â ª®íää¨æ¨¥­â b1=2;1=2(i�)¨§ (33).3. �������� ������� ������ � ��-�������� �������� ��������,������������������ �� ������������� � ������� ����-�������������� áá¬®âà¨¬ ª®«¥¡ ­¨ï æ¨«¨­¤à  ¢ á«®¥ ¦¨¤ª®-áâ¨ ¢ á«ãç ¥, ª®£¤  ¦¥áâª®áâì ­  ¨§£¨¡ ï¢«ï¥âáï

ª®­¥ç­®© ¨ ¤¢¨¦¥­¨¥ ¥£® ¬®¦­® ®¯¨á âì ¤¨ää¥-à¥­æ¨ «ì­ë¬ ãà ¢­¥­¨¥¬ ¨§£¨¡  áâ¥à¦­ï ªàã£®-¢®£® á¥ç¥­¨ï. �®« £ ¥¬, çâ® Ux(r; t) { ¯¥à¥¬¥é¥-­¨ï áâ¥à¦­ï, á®áâ®ïé¥¥ ¨§ ®¡é¥£® £®à¨§®­â «ì­®-£® á¬¥é¥­¨ï æ¨«¨­¤à  á äã­¤ ¬¥­â®¬ ¨ ¯à®£¨¡ .�à ¢­¥­¨ï ¤«ï ¯®â¥­æ¨ «  áª®à®áâ¨ ¦¨¤ª®áâ¨ (1)¨ ¤¢¨¦¥­¨ï äã­¤ ¬¥­â  (24) á«¥¤ã¥â ¤®¯®«­¨âì¢ ¤ ­­®¬ á«ãç ¥ ãà ¢­¥­¨¥¬ ª®«¥¡ ­¨© æ¨«¨­¤à (áâ¥à¦­ï)EJ @4Ux@z4 + �r20�@2Ux@t2 = ��r0p�H(r0; z; t); (49)£¤¥ �r0��H(r0; z; t) { £¨¤à®¤¨­ ¬¨ç¥áª ï ­ £àã§ª ­  æ¨«¨­¤à (¢ ¯à®¥ªæ¨¨ ­  ®áì x), ®¯à¥¤¥«ï¥¬ ïç¥à¥§ ¯®â¥­æ¨ « áª®à®áâ¨ ¯® ä®à¬ã«¥ (18); EJ {¨§£¨¡­ ï ¦¥áâª®áâì áâ¥à¦­ï. �à¨ à¥è¥­¨¨ ãà ¢-­¥­¨ï (1) £à ­¨ç­®¥ ãá«®¢¨¥ (4) § ¯¨è¥âáï ¢ á«¥-¤ãîé¥¬ ¢¨¤¥:@��@r = @Ux(z; t)@t (r = r0; 0 � z � H): (50)�®£¤ , ¯®á«¥ ¯à¨¬¥­¥­¨ï ª ãà ¢­¥­¨î (1) ¯à¥-®¡à §®¢ ­¨ï � ¯« á  ¨ � ­ª¥«ï (7),   ª ãà ¢-­¥­¨î (49) { ¯à¥®¡à §®¢ ­¨ï � ¯« á , á ãç¥â®¬ãá«®¢¨ï (50) ¯®«ãç¨¬ á«¥¤ãîéãî á¨áâ¥¬ã ¤¨ää¥-à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¢ ¡¥§à §¬¥à­ëå ¯¥à¥¬¥­-­ëå:d2'��dz2 ��2'��(�; z; s) = r0l2c2C1(r0�)s �Ux(z; s); (51)d4 �Uxdz4 +k21 ��0 s2 �Ux(z; s) = k21r0 �H�0 sc2 ���(r0; z; s); (52)£¤¥ k21 = �r20 �l4EJ ;�2 = l2a2 (�2 + �20s2); (53)� { ¯«®â­®áâì ¬ â¥à¨ «  á¯«®è­®£® æ¨«¨­¤à , �z {à §¬¥à­ ï ª®®à¤¨­ â , z= �z=l; l { ¤«¨­  áâ¥à¦-­ï (¯®« £ ¥¬, çâ® l� �H { ¢ëá®â  á«®ï ¦¨¤ª®áâ¨).�à¨ à¥è¥­¨¨ ãà ¢­¥­¨ï (51) ­¥®¡å®¤¨¬® ã¤®¢«¥-â¢®à¨âì £à ­¨ç­ë¬ ãá«®¢¨ï¬ (2) ¨ (3),   ¯à¨ à¥-è¥­¨¨ (52) { ãá«®¢¨ï¬ ­  ª®­æ å áâ¥à¦­ï. � ¯à¨-¬¥à, ¥á«¨ ª ¢¥àå­¥¬ã ª®­æã áâ¥à¦­ï ¯à¨«®¦¥­ £®à¨§®­â «ì­ ï á¨«  Q(t), â® £à ­¨ç­ë¥ ãá«®¢¨ï¡ã¤ãâ â ª¨¬¨:8>><>>: @2Ux(z; t)@z2 = 0;@3Ux(z; t)@z3 = l3EJ Q(t); z = 0; (54)(55)�. �. �¥©¬®¢ 63



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 1999. �®¬ 2, N 4. �. 58 { 688><>: Ux(1; t) = U�(t);@Ux(z; t)@z = 0; z = 1: (56)�¤¥áì U�(t) { ¯¥à¥¬¥é¥­¨¥ äã­¤ ¬¥­â .�¥è¥­¨¥ ãà ¢­¥­¨© (51) ¨ (52) ¯à®¢¥¤¥¬ á ¯®¬®-éìî ¨á¯®«ì§®¢ ­¨ï â ª ­ §ë¢ ¥¬ëå ª®®à¤¨­ â-­ëå äã­ªæ¨© [2] ¤«ï ¯à¥¤áâ ¢«¥­¨ï ­¥¨§¢¥áâ­®©äã­ªæ¨¨ Ux(z; t) = 1Xp=0 ap(t)wp(z); (57)£¤¥ wp(z) = 8<: 1; p = 0;(z � 1)2zp�1; p = 1; 2; : : : ; (58)ap(t) { ­¥®¯à¥¤¥«¥­­ë¥ ª®íää¨æ¨¥­âë, § ¢¨áïé¨¥®â ¢à¥¬¥­¨. �®®à¤¨­ â­ë¥ äã­ªæ¨¨ (57) ã¤®¢«¥-â¢®àïîâ ãá«®¢¨ï¬ (55) ¦¥áâª®© § ¤¥«ª¨ ¢ äã­¤ -¬¥­â­ãî ¯«¨âã. �®íää¨æ¨¥­â a0(t)=U�(t) å à ª-â¥à¨§ã¥â ®¡é¥¥ £®à¨§®­â «ì­®¥ á¬¥é¥­¨¥ áâ¥à¦-­ï ¢¬¥áâ¥ á äã­¤ ¬¥­â®¬. �§ ãá«®¢¨© (54) ¯®«ã-ç ¥¬ ¤¢  ãà ¢­¥­¨ï, á¢ï§ë¢ îé¨¥ ­¥ª®â®àë¥ ª®-íää¨æ¨¥­âë ¢ à §«®¦¥­¨¨ (56):a1(t)� 2a2(t) + a3(t) = 0; (59)a2(t)� 2a3(t) + a4(t) = l36EJ Q(t): (60)�à®¬¥ â®£®, äã­ªæ¨ï Ux(z; t) ¤®«¦­  ã¤®¢«¥â¢®-àïâì ãà ¢­¥­¨î (52).�­ ç «  à¥è¨¬ ãà ¢­¥­¨¥ (51). �à¨ ¯®¤áâ ­®¢-ª¥ ¢ëà ¦¥­¨ï (56) ¢ (51) ¯®á«¥¤­¥¥ ãà ¢­¥­¨¥ ¯à¨-­¨¬ ¥â ¢¨¤d2'��dz2 � �2'��(�; z; s) == r0l2c2C1(r0�)s 1Xp=0 �ap(s)wp(z): (61)�¥®¤­®à®¤­®¥ ¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ ¢â®-à®£® ¯®àï¤ª  á ¯à ¢®© ç áâìî, á®¤¥à¦ é¥© áâ¥-¯¥­­ãî äã­ªæ¨î (57), ¬®¦¥â ¡ëâì à¥è¥­® ¬¥â®-¤®¬ ¢ à¨ æ¨¨ ¯®áâ®ï­­ëå. �¯ãáâ¨¢ ¯à®¬¥¦ãâ®ç-­ë¥ ¢ëª« ¤ª¨, § ¯¨è¥¬ ®ª®­ç â¥«ì­ë© à¥§ã«ìâ âà¥è¥­¨ï ãà ¢­¥­¨ï (60), ã¤®¢«¥â¢®àïîé¨© £à -­¨ç­ë¬ ãá«®¢¨ï¬ (2) ¨ (3):'��(�; z; s) = �r0c2l2sC1(r0�)�� 1Xp=0 �ap(s)F �p (�; z; s); (62)

£¤¥ F �p (�; z; s) = 1�2hFp(�; z; s)� Fp(�; 0; s)��ch�(1� z)ch� � F 0p(�; 1; s) sh�z�ch�i; (63)Fp(�; z; s) = [(p+1)=2]Xk=0 1�2k d2kwp(z)dz2k ;F 0p(�; z; s) = [(p+1)=2]Xk=0 1�2k d2k+1wp(z)dz2k+1 : (64)�¤¥áì [ � ] ®¡®§­ ç ¥â æ¥«ãî ç áâì ç¨á« . � ¬¥-â¨¬, çâ® ¯à¨ �=0 äã­ªæ¨ï (62) ¨¬¥¥â ­¥®¯à¥¤¥-«¥­­®áâì ¢¨¤  0=0. � áªàë¢ ï ¥¥, ¯®«ãç ¥¬F �0 (�; z; s)���=0 = 12 � 12(1� z)2; (65)F �p (�; z; s)���=0 = 2zp(p+ 1)(p+ 2) �� zp+1p(p+ 1) + 2zp+2(p + 1)(p+ 2) �� zp+3(p+ 2)(p+ 3) ; p > 0: (66)� äã­ªæ¨¨ (61) ¯à¨¬¥­ï¥¬ ®¡à â­®¥ ¯à¥®¡à §®¢ -­¨¥ � ­ª¥«ï (8)���(r; z; s) = �r0c2 l2�2 s 1Xp=0 �ap(s)��p(r; z; s); (67)£¤¥��p(r; z; s) = 1Z0 C1(r0�)F �p (�; z; s)C1(r; �)�d�: (68)�®«ãç¥­­®¥ ¢ëà ¦¥­¨¥ ¤«ï ¯®â¥­æ¨ «  áª®à®áâ¨¦¨¤ª®áâ¨ (66) ¯à¨ r=r0 ¯®¤áâ ¢«ï¥¬ ¢ ãà ¢­¥-­¨¥ (52):d4 �Uxdz4 + k21 ��0 s2 �Ux(z; s) == k21 l2a2 �H�0 s2 1Xp=0 �ap(s)���(r0; z; s); (69)£¤¥ ���(r0; z; s) = 1Z0 C21(r0�)F �p (�; z; s)�d�: (70)64 �. �. �¥©¬®¢



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 1999. �®¬ 2, N 4. �. 58 { 68�à¥¤áâ ¢«¥­¨¥ (56) ¤«ï äã­ªæ¨¨ Ux(r; t) ¨ ¥¥ ¯à®-¨§¢®¤­ãî ç¥â¢¥àâ®£® ¯®àï¤ª  ¯®¤áâ ¢«ï¥¬ ¢ ãà ¢-­¥­¨¥ (68). � à¥§ã«ìâ â¥ ¯®á«¥¤­¥¥ § ¯¨è¥¬ ¢ á«¥-¤ãîé¥¬ ¢¨¤¥:1Xp=1 �ap(s) �Wp(z; s) + �a0(s) �W0(z; s) = 0;0 � z � 1; (71)£¤¥ �Wp(z; s) = w0000p (z) + k21s2���p(r0; z; s); (72)���p(r0; z; s) = ��0wp(z)� l2a2 ��0 ��p(r0; z; s); (73)w0000p (z) = (p� 1)(p � 2)�� [p(p+ 1)zp�3�� 2p(p� 3)zp�4++ (p � 3)(p� 4)zp�5]:�à ¢­¥­¨¥ ª®«¥¡ ­¨© æ¨«¨­¤à  (70) ­¥®¡å®¤¨¬®á¢ï§ âì á ª®«¥¡ ­¨ï¬¨ äã­¤ ¬¥­â  ­  ã¯àã£®¬ ¯®-«ã¯à®áâà ­áâ¢¥. �â® ®áãé¥áâ¢«ï¥âáï ç¥à¥§ ª®-íää¨æ¨¥­â �a0(s). � ª ª ª �a0(s)= �Ux(s)= �ux(t; 0; s)(á¬. (30)), â® ¯®  ­ «®£¨¨ á á®®â­®è¥­¨¥¬ (34)¬®¦­® § ¯¨á âì ¢ëà ¦¥­¨¥ ¤«ï ¨áª®¬®£® ª®íää¨-æ¨¥­â  ��0(s) = a�m1s2 h �Q1(s)2�a2 � �B0(s)i; (74)£¤¥ ¯¥à¥à¥§ë¢ îé ï á¨«  ¢ § ¤¥«ª¥ à ¢­ �Q1(s) = 6EJl3 1Xp=2(p� 1)�ap(s); (75)m1=M�=2�a3�0 { ¯à¨¢¥¤¥­­ ï ¬ áá  äã­¤ ¬¥­-â . � ãç¥â®¬ á®®â­®è¥­¨© (30) ¨ (74) § ¢¨á¨-¬®áâì (73) ¯à¨­¨¬ ¥â ¢¨¤�ux(r; 0; s) = a�m1s2 h 1Xp=2(p� 1)�a�p � �B0(s)i; (76)£¤¥ �a�p(s) = 3EJ�a2l3 �ap(s): (77)� ä®à¬ã«ã (75) ¯®¤áâ ¢«ï¥¬ à §«®¦¥­¨¥ (32) ¨¯à¨à ¢­¨¢ ¥¬ ª®íää¨æ¨¥­âë ¯à¨ ¬­®£®ç«¥­ å �¥-¦ ­¤à  ®¤¨­ ª®¢ëå ¯®àï¤ª®¢. �®«ãç ¥¬ á¨áâ¥¬ã

 «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨©, ãç¨âë¢ îéãî ¢§ ¨-¬®¤¥©áâ¢¨¥ äã­¤ ¬¥­â  ¨ æ¨«¨­¤à  á ®á­®¢ ­¨¥¬:� 1Xp=2(p� 1)�a�p(s) + �B0(s) +m1s2�� 1Xk=0 �B2k(s)b2k+1=2;1=2(s) = 0;1Xk=0 �B2k(s)b2k+1=2;2n+1=2(s) = 0;n = 1; 2; : : : (78)� «¥¥ á«¥¤ã¥â ¨áª«îç¨âì ª®íää¨æ¨¥­â �a0(s) ¨§ãà ¢­¥­¨ï (70), ¢ëà §¨¢ ¥£® ç¥à¥§ à §«®¦¥-­¨¥ (32). � à¥§ã«ìâ â¥ ¨¬¥¥¬1Xp=1 �a�p(s) �Wp(z; s)++3r20 las2 ���0(r0; z; s)�� 1Xk=0 �B2k(s)b2k+1=2;1=2(s) = 0;0 � z � 1: (79)�®á«¥¤­¥¥ ãà ¢­¥­¨¥ ¤®«¦­® ã¤®¢«¥â¢®àïâìáï ¢«î¡®© â®çª¥ ãª § ­­®£® ¨­â¥à¢ « . �á«¨ ¢®á-¯®«ì§®¢ âìáï ¬¥â®¤®¬ ª®««®ª æ¨©, ã¤®¢«¥â¢®àïïíâ®¬ã ãà ¢­¥­¨î ¢ ®â¤¥«ì­ëå â®çª å zi= i4z(i=0; 1; 2; : : :; 4z { ¯à¨­ïâë© è £ à §¡¨¥­¨ï ¨­-â¥à¢ « ), â® ãà ¢­¥­¨¥ (78) ¬®¦­® § ¬¥­¨âì á¨-áâ¥¬®©  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨©, § ¯¨á ­­ëå¤«ï ª ¦¤®£® zi. � ª¨¬ ®¡à §®¬, ¯®«­ ï á¨áâ¥-¬   «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨© (¢ ®¡« áâ¨ ¨§®-¡à ¦¥­¨© � ¯« á ), à §à¥è îé ï § ¤ çã, ¡ã¤¥â¢ª«îç âì ãà ¢­¥­¨ï (58) ¨ (59) ¤«ï £à ­¨ç­ëåãá«®¢¨© ­  ¢¥àå­¥¬ ª®­æ¥ áâ¥à¦­ï; á¨áâ¥¬ã ãà ¢-­¥­¨©, ¯®«ãç ¥¬ëå ¨§ ãà ¢­¥­¨ï (78) ¤«ï àï¤ §­ ç¥­¨© zi, ã¤®¢«¥â¢®àïîé¥£® ¤¨ää¥à¥­æ¨ «ì­®-¬ã ãà ¢­¥­¨î ¨§£¨¡  áâ¥à¦­ï (52); á¨áâ¥¬ã ãà ¢-­¥­¨© (77), ã¤®¢«¥â¢®àïîéãî ãá«®¢¨î ª®­â ªâ äã­¤ ¬¥­â , ­¥áãé¥£® æ¨«¨­¤à, á ã¯àã£¨¬ ¯®«ã-¯à®áâà ­áâ¢®¬. �áª®¬ ï á¨áâ¥¬  ãà ¢­¥­¨© ¡ã-�. �. �¥©¬®¢ 65



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 1999. �®¬ 2, N 4. �. 58 { 68¤¥â â ª®©:�a�1(s) � 2�a�2(s) + �a�3(s) = 0;�a�2(s) � 2�a�3(s) + �a�4(s) = 1;1Xp=1 �a�p(s) �Wp(zi; s) + 3r20 las2 ���0(r0; zi; s)�� 1Xk=0 �B2k(s)b2k+1=2;1=2(s) = 0;i = 0; 1; 2; : : :;� 1Xp=2(p � 1)�a�p(s) + �B0(s) +m1s2�� 1Xk=0 �B2k(s)b2k+1=2;1=2(s) = 0;1Xk=0 �B2k(s)b2k+1=2;2n+1=2(s) = 0n = 1; 2; : : : : (80)
(á¢®¡®¤­ë© ç«¥­ ¤ ­ ¢ ¤®«ïå �Q(s)=2�a2). �®àï¤®ªá¨áâ¥¬ë ãà ¢­¥­¨© (79) ®¯à¥¤¥«ï¥âáï ª®«¨ç¥áâ¢®¬â®ç¥ª ª®««®ª æ¨¨ (è £®¬ 4z) ¤«ï ãà ¢­¥­¨ï (78)¨ ª®«¨ç¥áâ¢®¬ ç«¥­®¢ àï¤  ¢ à §«®¦¥­¨¨ ¤«ï ª®­-â ªâ­ëå ­ ¯àï¦¥­¨© (26). �®®â¢¥âáâ¢¨¥ ¬¥¦-¤ã ç¨á«®¬ ­¥¨§¢¥áâ­ëå ¨ ¯®àï¤ª®¬ á¨áâ¥¬ë (79)à¥£ã«¨àã¥âáï ª®«¨ç¥áâ¢®¬ ª®®à¤¨­ â­ëå äã­ªæ¨©wp(z) (57) (p=1; 2; : : :), ã¤¥à¦¨¢ ¥¬ëå ¢ à §«®¦¥-­¨¨ (56). � ¯à¨¬¥à, ¥á«¨ ¯à¨­ïâì 4z = 0; 2 (ª®-«¨ç¥áâ¢® â®ç¥ª ª®««®ª æ¨© 6: i=0; 1; 2; : : : ; 5), â® ¢à §«®¦¥­¨¨ (56), ªà®¬¥ ª®íää¨æ¨¥­â  �a0(s), ª®â®-àë© ¯à¨ à¥è¥­¨¨ ª®­â ªâ­®© § ¤ ç¨ ¢ëà ¦ ¥âáïç¥à¥§ ª®íää¨æ¨¥­â �B0(s), ­¥®¡å®¤¨¬® ã¤¥à¦ âì 8ç«¥­®¢ àï¤  (p= 1; 2; : : :; 8).�®á«¥ à¥è¥­¨ï ãª § ­­®©, ãª®à®ç¥­­®© á¨áâ¥¬ë9 ¯®àï¤ª  ª®íää¨æ¨¥­â �a0(s) (®¡é¥¥ á¬¥é¥­¨¥) ­ -å®¤¨âáï ¯® ä®à¬ã«¥�a0(s) = �Q(s)2�a� �B0(s)b1=2;1=2(s): (81)�à®£¨¡ áâ¥à¦­ï ­  ¢¥àå­¥¬ ª®­æ¥ (z=0) ®¯à¥¤¥-«ï¥âáï ª®íää¨æ¨¥­â®¬ �a1(s). �ã¬¬ à­®¥ ¯¥à¥¬¥-é¥­¨¥ ¢ ¯à®¨§¢®«ì­®© â®çª¥ áâ¥à¦­ï (®¡é¥¥ á¬¥-é¥­¨¥ ¯«îá ¯à®£¨¡) ®¯à¥¤¥«¨âáï ¢ëà ¦¥­¨¥¬�Ux(z; s) = l3 �Q(s)6EJ ��h3 r20k21 la �B0(s) + 1Xp=1 �a�p(s)wp(z)i: (82)

�à¨ ­ ©¤¥­­ëå §­ ç¥­¨ïå �Ux(z; s) £¨¤à®¤¨­ ¬¨-ç¥áª®¥ ¤ ¢«¥­¨¥ ­  æ¨«¨­¤à ®¯à¥¤¥«ï¥âáï ¨§ ãà ¢-­¥­¨ï (49) ¢ëà ¦¥­¨¥¬�p�H(r0; z; s) = � �Q(s)2�a2��nr0 ��0 s2h �B0(s)b1=2;1=2(s)++ k213r20 al (�a�1(s)w1(z) + ��2(s)w2(z))i++ a3l 8Xp=3 �a�p(s)hw0000p (z) + k21r0 al ��0 s2wp(z)io: (83)� ª¨¬ ®¡à §®¬, ¯®«ãç¥­ë (¢ ¨§®¡à ¦¥­¨¨ � -¯« á ) ­¥®¡å®¤¨¬ë¥ á®®â­®è¥­¨ï, à §à¥è îé¨¥¯®áâ ¢«¥­­ãî § ¤ çã: á¨áâ¥¬   «£¥¡à ¨ç¥áª¨åãà ¢­¥­¨© (79); ¯à¥¤áâ ¢«¥­¨¥ ¤«ï ¯¥à¥¬¥é¥­¨©(¯à®£¨¡®¢) æ¨«¨­¤à  (56), ¤¨ää¥à¥­æ¨à®¢ ­¨¥ ª®-â®à®£® ¯®§¢®«ï¥â ­ ©â¨ ã£«ë ¯®¢®à®â  á¥ç¥­¨©æ¨«¨­¤à , ¨§£¨¡ îé¨¥ ¬®¬¥­âë ¨ ¯¥à¥à¥§ë¢ î-é¨¥ á¨«ë ¢ ­¥¬; ®¡é¥¥ á¬¥é¥­¨¥ æ¨«¨­¤à  ¢¬¥áâ¥á äã­¤ ¬¥­â®¬ (80); áã¬¬ à­®¥ ¤ ¢«¥­¨¥ ¯® ¢ëá®-â¥ æ¨«¨­¤à  (á®®â­®è¥­¨¥ (82) ¢ ¯à®¥ªæ¨¨ ­  ®áìx). �®§¢à â ª ®à¨£¨­ « ¬, ¯à®¨§¢®¤¨¬ á ¯®¬®éìî¨­â¥£à «  �ãàì¥ (48).4. ��������� ���������� ������-���� ��������«ï ç¨á«¥­­®© à¥ «¨§ æ¨¨ ¬¥â®¤¨ª¨ à¥è¥­¨ïª®­â ªâ­®© § ¤ ç¨ ¤«ï ¦¥áâª®£® æ¨«¨­¤à , ¢§ -¨¬®¤¥©áâ¢ãîé¥£® á® á«®¥¬ ¦¨¤ª®áâ¨ ¨ á ã¯àã-£¨¬ ¯®«ã¯à®áâà ­áâ¢®¬ ¯à¨ £®à¨§®­â «ì­ëå ª®-«¥¡ ­¨ïå, ¡ë«  à §à ¡®â ­  ¯à®£à ¬¬  ¨ ¢ë¯®«-­¥­ë à áç¥âë ­  ���� (¯à®£à ¬¬¨à®¢ ­¨¥ ¨ ¢ë-ç¨á«¥­¨ï ¢ë¯®«­¥­ë �. �. �à¬®«¥­ª®). � ª -ç¥áâ¢¥ ­¥¨§¬¥­­ëå ¯ à ¬¥âà®¢ ¯à¨­ïâë à ¤¨ãáäã­¤ ¬¥­â­®© ¯«¨âë, à ¢­ë© à ¤¨ãáã æ¨«¨­¤à :a=�r0 (r0=1); ¢ëá®â  æ¨«¨­¤à  à ¢­ï¥âáï ¢ëá®-â¥ á«®ï ¦¨¤ª®áâ¨ l= �H ; ®â­®è¥­¨¥ ¯«®â­®áâ¨ ¬ -â¥à¨ «  æ¨«¨­¤à  (¡¥â®­) ª ¯«®â­®áâ¨ ¬ â¥à¨ -«  ®á­®¢ ­¨ï (¬ï£ª¨© £àã­â) �H=�0=1:4; ®â­®è¥-­¨¥ ¯«®â­®áâ¨ ¢®¤ë ª ¯«®â­®áâ¨ ¬ â¥à¨ «  ®á­®-¢ ­¨ï �=�0=0:55; ®â­®è¥­¨¥ áª®à®áâ¨ ¯®¯¥à¥ç-­®© ¢®«­ë ¢ ®á­®¢ ­¨¨ ª áª®à®áâ¨ §¢ãª  ¢ ¢®¤¥�0=c2=c0=0:143; ª®íää¨æ¨¥­â �ã áá®­  ¬ â¥à¨- «  ®á­®¢ ­¨ï �0=0:3.�¨á«¥­­ë©  ­ «¨§ ¢ë¯®«­¥­ ¯à¨ ¢ à¨ æ¨ïå â -ª¨å ­¥§ ¢¨á¨¬ëå ¯ à ¬¥âà®¢: m0 { ¯à¨¢¥¤¥­-­ ï ¬ áá  æ¨«¨­¤à , �H { ¢ëá®â  á«®ï ¦¨¤ª®áâ¨,�r0=a { à ¤¨ãá æ¨«¨­¤à . �ëç¨á«¥­¨ï ¯à®¢¥¤¥­ë¢ ¯à¥¤¯®«®¦¥­¨¨ ¢®§¤¥©áâ¢¨ï £®à¨§®­â «ì­®© ¢­¥-66 �. �. �¥©¬®¢



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 1999. �®¬ 2, N 4. �. 58 { 68
�¨á. 2. �®à¨§®­â «ì­ë¥ ¯¥à¥¬¥é¥­¨ï æ¨«¨­¤à ¯à¨ ¢ à¨ æ¨ïå ¯ à ¬¥âà  ¬ ááë æ¨«¨­¤à  m0(a=8 ¬, H=4):1 { m0=0; 2 { m0=0:4; 3 { m0=0:8
�¨á. 3. � ¢­®¤¥©áâ¢ãîé ï £¨¤à®¤¨­ ¬¨ç¥áª®£®¤ ¢«¥­¨ï ­  æ¨«¨­¤à ¯à¨ ¢ à¨ æ¨ïå ¯ à ¬¥âà ¬ ááë æ¨«¨­¤à  m0 (a=8 ¬, H=4):1 { m0=0; 2 { m0=0:4; 3 { m0=0:8§ ¯­® ¯à¨«®¦¥­­®© á¨«ë Q(t)=QH(t), £¤¥ H(t) {äã­ªæ¨ï �¥¢¨á ©¤ .�¥§ã«ìâ âë à áç¥â  ª®«¥¡ ­¨© ¯à¥¤áâ ¢«¥­ë ­ à¨á. 2 { 7. �  à¨á. 2 ¯®ª § ­ë £à ä¨ª¨ ¨§¬¥­¥­¨ï¢® ¢à¥¬¥­¨ £®à¨§®­â «ì­ëå ¯¥à¥¬¥é¥­¨© æ¨«¨­-¤à  (¢ ¤®«ïå áâ â¨ç¥áª®£® §­ ç¥­¨ï ¯¥à¥¬¥é¥­¨ïQb1=2;1=2(0)=2��r0�). �à¨¢ ï 1 å à ªâ¥à¨§ã¥â ¤¢¨-¦¥­¨¥ ­¥¢¥á®¬®£® æ¨«¨­¤à  á ¯à¨á®¥¤¨­¥­­®© ¬ á-á®© ¦¨¤ª®áâ¨. �à¨ ã¢¥«¨ç¥­¨¨ á®¡áâ¢¥­­®© ¬ á-áë æ¨«¨­¤à  (ªà¨¢ë¥ 2 ¨ 3) ¬ ªá¨¬ «ì­ë¥ ¯¥à¥-¬¥é¥­¨ï à áâãâ. �â®â íää¥ªâ ®¡ãá«®¢«¥­ å à ª-â¥à®¬ ¢­¥è­¥© ­ £àã§ª¨. �®áâ®ï­­ ï á¨« , ¢­¥-§ ¯­® ¯à¨«®¦¥­­ ï ª â¥«ã, ¢®§¡ã¦¤ ¥â ¨­¥àæ¨®­-­ë¥ á¨«ë, ¯à®¯®àæ¨®­ «ì­ë¥ ¬ áá¥ â¥«  ¨ ¯à¨¢®-¤ïé¨¥ ª ã¢¥«¨ç¥­¨î ¥£® ¯¥à¥¬¥é¥­¨ï. �¡à â­ë©íää¥ªâ ¨¬¥¥â ¬¥áâ® ¯à¨ ¤¥©áâ¢¨¨ ªà âª®¢à¥¬¥­-­®© ­ £àã§ª¨, ­ ¯à¨¬¥à, ¢ ¢¨¤¥ ¤¥«ìâ -äã­ªæ¨¨.

�¨á. 4. �®à¨§®­â «ì­ë¥ ¯¥à¥¬¥é¥­¨ï æ¨«¨­¤à ¯à¨ ¢ à¨ æ¨ïå ¢ëá®âë á«®ï ¦¨¤ª®áâ¨ H(m0=0:4, a=8 ¬):1 { H=0; 2 { H=2; 3 { H=4
�¨á. 5. � ¢­®¤¥©áâ¢ãîé ï £¨¤à®¤¨­ ¬¨ç¥áª®£®¤ ¢«¥­¨ï ­  æ¨«¨­¤à ¯à¨ ¢ à¨ æ¨ïå ¢ëá®âëá«®ï ¦¨¤ª®áâ¨ H (m0=0:4, a=8 ¬):1 { H=0; 2 { H=2; 3 { H=4� íâ®¬ á«ãç ¥ ã¢¥«¨ç¥­¨¥ ¬ ááë â¥«  ¢ë§ë¢ ¥âã¬¥­ìè¥­¨¥ ¯¥à¥¬¥é¥­¨ï. �áæ¨««ïæ¨¨ ¯à®¨áå®-¤ïâ ®â­®á¨â¥«ì­® áâ â¨ç¥áª®£® §­ ç¥­¨ï ¨ ¢ ¯à¥-¤¥«¥ ¯¥à¥¬¥é¥­¨ï à ¢­ë ¥¬ã. � ª®­®¬¥à­®áâ¨ ¨§-¬¥­¥­¨ï ¢® ¢à¥¬¥­¨ à ¢­®¤¥©áâ¢ãîé¥© £¨¤à®¤¨-­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï ­  æ¨«¨­¤à (¢ ¤®«ïå Q) ¢¨¤-­ë ­  à¨á. 3. � ¢«¥­¨¥ ¦¨¤ª®áâ¨ ï¢«ï¥âáï §­ -ª®¯¥à¥¬¥­­ë¬, § âãå îé¨¬ ¢® ¢à¥¬¥­¨, çâ® ®¡ã-á«®¢«¥­® ¨§«ãç¥­¨¥¬ ­  ¡¥áª®­¥ç­®áâì í­¥à£¨¨ ¢®á­®¢ ­¨¨ ¨ á«®¥ ¦¨¤ª®áâ¨. � ã¢¥«¨ç¥­¨¥¬ ¬ ááëæ¨«¨­¤à  m0  ¬¯«¨âã¤ë ª®«¥¡ ­¨© ã¡ë¢ îâ.�«¨ï­¨¥ ¢ëá®âë á«®ï ¦¨¤ª®áâ¨ ­  ¯¥à¥¬¥é¥-­¨ï æ¨«¨­¤à  å à ªâ¥à¨§ã¥â à¨á. 4. � ã¢¥«¨ç¥-­¨¥¬ ¢ëá®âë á«®ï ¦¨¤ª®áâ¨ ¢®§à áâ ¥â ¥¥ ¯à¨á®-¥¤¨­¥­­ ï ¬ áá  ¨, á®®â¢¥âáâ¢¥­­®, ã¢¥«¨ç¨¢ îâ-áï ¬ ªá¨¬ «ì­ë¥ ¯¥à¥¬¥é¥­¨ï. �à ä¨ª¨ ¤«ï à ¢-­®¤¥©áâ¢ãîé¥© £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï ­ �. �. �¥©¬®¢ 67



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 1999. �®¬ 2, N 4. �. 58 { 68
�¨á. 6. � ¢­®¤¥©áâ¢ãîé ï ª á â¥«ì­ëå ­ ¯àï¦¥­¨©¯® ª®­â ªâã á ®á­®¢ ­¨¥¬ ¯à¨ ¢ à¨ æ¨ïåà ¤¨ãá  æ¨«¨­¤à  �r0 (m0=0:4, �H=32 ¬):1 { �r0=4 ¬; 2 { �r0=8 ¬æ¨«¨­¤à ¯à¥¤áâ ¢«¥­ë ­  à¨á. 5. �à¨ ã¢¥«¨ç¥-­¨¨ â®«é¨­ë á«®ï ¦¨¤ª®áâ¨ á®®â¢¥âáâ¢¥­­® à -áâ¥â áã¬¬ à­®¥ £¨¤à®¤¨­ ¬¨ç¥áª®¥ ¤ ¢«¥­¨¥ ­ æ¨«¨­¤à.�à¥¤áâ ¢«ï¥â â ª¦¥ ¨­â¥à¥á ãáâ ­®¢«¥­¨¥ § -¢¨á¨¬®áâ¨ à áç¥â­ëå äã­ªæ¨© ®â à ¤¨ãá  æ¨«¨­-¤à . �  à¨á. 6 ¯à¨¢¥¤¥­ë £à ä¨ª¨ ¤«ï à ¢­®¤¥©-áâ¢ãîé¥© ª á â¥«ì­ëå ­ ¯àï¦¥­¨© ¯® ª®­â ªâãá ®á­®¢ ­¨¥¬ (¢ ¤®«ïå Q). �à¨ ã¢¥«¨ç¥­¨¨ à ¤¨ã-á  æ¨«¨­¤à  ­ ¡«î¤ ¥âáï á­¨¦¥­¨¥ ¬ ªá¨¬ «ì­ëå ¬¯«¨âã¤ à ¢­®¤¥©áâ¢ãîé¥© ª®­â ªâ­ëå ­ ¯àï-¦¥­¨©, çâ® ®¡ãá«®¢«¥­® ã¬¥­ìè¥­¨¥¬ ãáª®à¥­¨ïæ¨«¨­¤à  ¨, á®®â¢¥âáâ¢¥­­®, { ¨­¥àæ¨®­­ëå á¨«.�­ «®£¨ç­ë¥ § ª®­®¬¥à­®áâ¨ ¯à®ï¢«ïîâáï ¨ ¤«ïà ¢­®¤¥©áâ¢ãîé¥© £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï­  æ¨«¨­¤à (à¨á. 7). �¬¥­ìè¥­¨¥  ¬¯«¨âã¤ ª®«¥-¡ ­¨© £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï §¤¥áì á¢ï§ ­®á ã¬¥­ìè¥­¨¥¬ áª®à®áâ¨ ¤¢¨¦¥­¨ï æ¨«¨­¤à  ¯à¨ã¢¥«¨ç¥­¨¨ ¥£® à ¤¨ãá .�����������à¨¬¥­¨â¥«ì­® ª ¢®¯à®á ¬ à áç¥â  ¬®àáª®©¯« âä®à¬ë £à ¢¨â æ¨®­­®£® â¨¯  ¯®«ãç¥­® à¥è¥-­¨¥ ¯à®áâà ­áâ¢¥­­®© ¤¨­ ¬¨ç¥áª®© ª®­â ªâ­®©§ ¤ ç¨ ¤«ï ¦¥áâª®£® æ¨«¨­¤à , ¢§ ¨¬®¤¥©áâ¢ãî-é¥£® á® á«®¥¬ á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¨ ã¯àã£¨¬ ¯®-«ã¯à®áâà ­áâ¢®¬ ¯à¨ £®à¨§®­â «ì­ëå ª®«¥¡ ­¨-ïå. �ë¯®«­¥­ ç¨á«¥­­ë©  ­ «¨§ £®à¨§®­â «ì­ëåª®«¥¡ ­¨© æ¨«¨­¤à  ¯à¨ ­¥áâ æ¨®­ à­ëå ­ £àã§-ª å. �áâ ­®¢«¥­ë § ª®­®¬¥à­®áâ¨ ¨§¬¥­¥­¨ï ¢®¢à¥¬¥­¨ ¯¥à¥¬¥é¥­¨© ¨ £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ -¢«¥­¨ï ­  æ¨«¨­¤à. �à®¢¥¤¥­  ­ «¨§ ¨áª®¬ëåäã­ªæ¨© ¯à¨ ¢ à¨ æ¨ïå ­¥§ ¢¨á¨¬ëå ¯ à ¬¥âà®¢:¬ ááë æ¨«¨­¤à , ¢ëá®âë á«®ï ¦¨¤ª®áâ¨ ¨ à ¤¨ã-

�¨á. 7. � ¢­®¤¥©áâ¢ãîé ï £¨¤à®¤¨­ ¬¨ç¥áª®£®¤ ¢«¥­¨ï ¯à¨ ¢ à¨ æ¨ïå à ¤¨ãá  æ¨«¨­¤à  �r0(m0=0:4, �H=32 ¬):1 { �r0=4 ¬; 2 { �r0=8 ¬á  æ¨«¨­¤à . �®ª § ­®, çâ® íää¥ªâë ¢§ ¨¬®¤¥©-áâ¢¨ï æ¨«¨­¤à  á ã¯àã£¨¬ ¯®«ã¯à®áâà ­áâ¢®¬ ¨á«®¥¬ ¦¨¤ª®áâ¨ ¨£à îâ áãé¥áâ¢¥­­ãî à®«ì ¯à¨à áç¥â å ª®­áâàãªæ¨© (¬®àáª¨å £à ¢¨â æ¨®­­ëå¯« âä®à¬) ­  ­¥áâ æ¨®­ à­ë¥ ¢®§¤¥©áâ¢¨ï.� §à ¡®â ­  ¬¥â®¤¨ª  à¥è¥­¨ï § ¤ ç¨ ¢ á«ãç ¥ãç¥â  ¨§£¨¡­ëå ª®«¥¡ ­¨© æ¨«¨­¤à  ¢ á«®¥ ¦¨¤ª®-áâ¨ ­  ã¯àã£®¬ ¯®«ã¯à®áâà ­áâ¢¥.��������������¢â®à ¡« £®¤ à¨â  ª ¤¥¬¨ª  ��� �ªà ¨­ë�. �. �à¨­ç¥­ª® §  ¢­¨¬ ­¨¥ ª à ¡®â¥, æ¥­­ë¥ § -¬¥ç ­¨ï ¨ á®¢¥âë, ª®â®àë¥ ¡ë«¨ ¤ ­ë ¯à¨ ¯®¤£®-â®¢ª¥ áâ âì¨.1. �¥©­¨­ �. �. �®«¥¡ ­¨ï ª®­áâàãªæ¨© £¨¤à®á®®àã-¦¥­¨© ¢ ¦¨¤ª®áâ¨.{ �.: �­¥à£¨ï, 1967.{ 314 á.2. �ã«ì¬ ­ �. �. � áç¥âë á¥©á¬®áâ®©ª®áâ¨ £¨¤à®-á®®àã¦¥­¨© á ãç¥â®¬ ¢«¨ï­¨ï ¢®¤­®© áà¥¤ë.{ �.:�­¥à£¨ï, 1976.{ 336 á.3. Junger M., Feit D. Sound, structures and theirinteraction.{ MIT: Cambridge, 1972.{ 448 p.4. �¨«¥­ª® �. �., � ¯ãáâï­áª¨© �. � �§ ¨¬®¤¥©-áâ¢¨¥ á¥©á¬¨ç¥áª¨å ¢®«­ á ¬®àáª®© áâ æ¨®­ à­®©¯« âä®à¬®© ¢ è¥«ìä®¢®© §®­¥ // �¥©á¬®áâ®©ª®¥áâà®¨â.{ 1998.{ N 6.{ �. 5{6.5. �ëåâ  �. �. �¥â®¤ ¨­â¥£à «ì­ëå ¯à¥®¡à §®¢ ­¨©¢ ¢®«­®¢ëå § ¤ ç å £¨¤à® ªãáâ¨ª¨.{ �.: � ãª. ¤ã¬-ª , 1981.{ 286 á.6. �¥©¬®¢ �. �., �à¬®«¥­ª® �. �., � ©æ¥¢  �. �.�¥®á¥á¨¬¬¥âà¨ç­ë¥ ¯¥à¨®¤¨ç¥áª¨¥ ¨ ­¥áâ æ¨®­ à-­ë¥ ª®«¥¡ ­¨ï ªàã£«®£® èâ ¬¯  ­  ã¯àã£®¬ ¯®«ã-¯à®áâà ­áâ¢¥ // �à¨ª«. ¬¥å.{ 1997.{ 33, N 5.{ �. 41{48.7. Silverberg M. An e�cient method for numericalLaplace fransform inversion based on error control //IEEE Int. Conv. Rec.{ 1967.{ 15, N 5.{ P. 117{120.8. �¥©¬®¢ �. �. �¨­ ¬¨ç¥áª¨¥ ª®­â ªâ­ë¥ § ¤ ç¨.{�.: � ãª. ¤ã¬ª , 1976.{ 284 á.68 �. �. �¥©¬®¢


