
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 33 { 41��� 624.131+539.215������������� ��������� �������-������������������� ��������� ������ ������� ����������. �. ��������, �. �. �������, �. �. �������������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢���ªà ¨­áª¨© ¨­áâ¨âãâ ¨áá«¥¤®¢ ­¨© ®ªàã¦ îé¥© áà¥¤ë ¨ à¥áãàá®¢, �¨¥¢�®«ãç¥­® 22.09.99 � �¥à¥á¬®âà¥­® 10.10.99� áá¬®âà¥­  ®á¥á¨¬¬¥âà¨ç­ ï § ¤ ç ® £ à¬®­¨ç¥áª¨å ª®«¥¡ ­¨ïå ¯®à¨áâ®-ã¯àã£®£® ­ áëé¥­­®£® ¦¨¤ª®áâìî á«®ï,­ å®¤ïé¥£®áï ­  ¦¥áâª®¬ ®á­®¢ ­¨¨ ¨ ¢®§¡ã¦¤ ¥¬®£® ­ £àã§ª®© â¨¯  ­¥¯à®­¨æ ¥¬®£® ¯®àè­ï. � ¨á¯®«ì§®¢ ­¨¥¬¨­â¥£à «ì­®£® ¯à¥®¡à §®¢ ­¨ï � ­ª¥«ï ­ ©¤¥­® ï¢­®¥  ­ «¨â¨ç¥áª®¥ à¥è¥­¨¥ á®®â¢¥âáâ¢ãîé¥© £à ­¨ç­®© § ¤ ç¨¤«ï á¨áâ¥¬ë ãà ¢­¥­¨© �. �¨®. � à¥§ã«ìâ â¥ ç¨á«¥­­ëå à áç¥â®¢ ¯®«ãç¥­ë å à ªâ¥à¨áâ¨ª¨ ¯®«¥© ¤ ¢«¥­¨ï ¨­ ¯àï¦¥­¨© ¢ á«®¥, ¯à® ­ «¨§¨à®¢ ­ë í­¥à£¥â¨ç¥áª¨¥ ®á®¡¥­­®áâ¨ ª®«¥¡ ­¨© ¢ § ¢¨á¨¬®áâ¨ ®â ç áâ®âë.�®§£«ï­ãâ® ®á¥á¨¬¥âà¨ç­ã § ¤ çã ¯à® £ à¬®­¨ç­÷ ª®«¨¢ ­­ï ¯®à¨áâ®-¯àã¦­®£® ­ á¨ç¥­®£® à÷¤¨­®î è àã, ïª¨©§­ å®¤¨âìáï ­  ¦®àáâª÷© ®á­®¢÷ ÷ §¡ã¤¦ãõâìáï ­ ¢ ­â ¦¥­­ï¬ â¨¯ã ­¥¯à®­¨ª«¨¢®£® ¯®àè­ï. � ¢¨ª®à¨áâ ­­ï¬ ÷­-â¥£à «ì­®£® ¯¥à¥â¢®à¥­­ï � ­ª¥«ï §­ ©¤¥­® ï¢­¨©  ­ «÷â¨ç­¨© à®§¢'ï§®ª ¢÷¤¯®¢÷¤­®ù £à ­¨ç­®ù § ¤ ç÷ ¤«ï á¨áâ¥¬¨à÷¢­ï­ì �. �÷®. � à¥§ã«ìâ â÷ ç¨á¥«ì­¨å à®§à åã­ª÷¢ ®âà¨¬ ­® å à ªâ¥à¨áâ¨ª¨ ¯®«÷¢ â¨áªã ÷ ­ ¯àã¦¥­ì ¢ è à÷,¯à® ­ «÷§®¢ ­® ¥­¥à£¥â¨ç­÷ ®á®¡«¨¢®áâ÷ ª®«¨¢ ­ì ¢ § «¥¦­®áâ÷ ¢÷¤ ç áâ®â¨.There is considered an axisymmetrical problem on harmonic vibration of poroelasticity liquid-�lled layer located a rigidbase disturbed by impermeable piston-type load. Using Hankel's integral transform the analytical solution of correspondingboundary-value problem for system equations of M. Biot is found. As a result of numerical modelling, the characteristicsof pressure and stress �elds in layer were obtained, and energetic peculiarities of vibration in dependence of frequency areanalyzed.���������¨­ ¬¨ç¥áª¨¥ § ¤ ç¨ ¬¥å ­¨ª¨ ¤¥ä®à¬¨àã¥¬®-£® â¢¥à¤®£® â¥«  ®¡ëç­® à áá¬ âà¨¢ îâáï ¢ ¯à¥¤-¯®«®¦¥­¨¨ ã¯àã£®áâ¨ ¨«¨ ¢ï§ª®ã¯àã£®áâ¨ ¬ â¥à¨- «  áà¥¤ë. �¤­ ª® ¡®«ìè®© ¯à ªâ¨ç¥áª¨© ¨­â¥à¥á¯à¥¤áâ ¢«ïîâ â ª¦¥ ¯®à¨áâë¥ ¬ â¥à¨ «ë, ­ áë-é¥­­ë¥ ¦¨¤ª®áâìî (£àã­â®¢ë¥ ¨ áª «ì­ë¥ ®á­®-¢ ­¨ï, ¤­® ®ª¥ ­  ¨ ¤à.). � ª¨¥ áà¥¤ë ¯à¥¤áâ -¢«ïîâáï ª ª ¤¢ãåä §­ ï áà¥¤  { ¯®à¨áâ ï â¢¥à¤ ïä §  ¨ ¦¨¤ª®áâì, § ¯®«­ïîé ï ¯®àë. �¤­®© ¨§­ ¨¡®«¥¥ à á¯à®áâà ­¥­­ëå ¬®¤¥«¥© ¤¢ãåä §­ëåáà¥¤ ï¢«ï¥âáï ¬®¤¥«ì �¨® [1], ª®â®à ï ª ­ áâ®ïé¥-¬ã ¢à¥¬¥­¨ ¨¬¥¥â ¤®áâ â®ç­®¥ íªá¯¥à¨¬¥­â «ì­®¥¨ â¥®à¥â¨ç¥áª®¥ ®¡®á­®¢ ­¨¥ (á¬. [2 { 4] ¨ á®¤¥à¦ -éãîáï ¢ ­¨å ¬­®£®ç¨á«¥­­ãî ¡¨¡«¨®£à ä¨î).�® ¬­®£¨å à ¡®â å ¨§ãç «¨áì ¢®¯à®áë ®âà -¦¥­¨ï ¨ ¯à®å®¦¤¥­¨¨ ¢®«­ ¯à¨ ª®­â ªâ¨à®¢ -­¨¨ ¯®à¨áâ®-ã¯àã£¨å áà¥¤ á ¦¨¤ª¨¬¨, ã¯àã£¨¬¨¨«¨ ¯®à¨áâ®-ã¯àã£¨¬¨ á«®ï¬¨, ¯à®æ¥ááë à á¯à®-áâà ­¥­¨ï ¨ § âãå ­¨ï ¢®«­ ¢ ¯®à¨áâ®-ã¯àã£®¬á«®¥ [3, 5 { 9]. �­ ç¨â¥«ì­® ¬¥­ìè¥ à ¡®â ¯®á¢ï-é¥­® à áá¬®âà¥­¨î ªà ¥¢ëå § ¤ ç ¤¨­ ¬¨ª¨ ¤«ï¯®à¨áâ®-ã¯àã£®© áà¥¤ë. �¤¥áì ®á­®¢­®¥ ¢­¨¬ -­¨¥ ã¤¥«ï«®áì á«ãç î ¯®«ã¯à®áâà ­áâ¢ . � ª,¤«ï ¤¢ãåä §­®£® ¯®«ã¯à®áâà ­áâ¢  ¤¥â «ì­® à á-á¬®âà¥­  § ¤ ç  �í¬¡  [3, 10{ 12]. �®«¥¡ ­¨ï¦¥áâª®£® ­¥¯à®­¨æ ¥¬®£® ¯àï¬®ã£®«ì­®£® èâ ¬-

¯  ­  ¯®à¨áâ®-ã¯àã£®¬ ¯®«ã¯à®áâà ­áâ¢¥ ¨§ãç -«¨áì ¢ áâ âì¥ [13], £¤¥ ¨áå®¤­ ï âà¥å¬¥à­ ï £à -­¨ç­ ï § ¤ ç  ­  ®á­®¢ ­¨¨ ¨á¯®«ì§®¢ ­¨ï á®®â-¢¥âáâ¢ãîé¥© äã­ªæ¨¨ �à¨­  ¡ë«  á¢¥¤¥­  ª á¨áâ¥-¬¥ ¨­â¥£à «ì­ëå ãà ¢­¥­¨©. �«ãç © ¯à®­¨æ ¥¬®-£® èâ ¬¯  ­  ¯®«ã¯à®áâà ­áâ¢¥ ¡ë« à áá¬®âà¥­¢ [3,14].� ­­ ï áâ âìï ¯®á¢ïé¥­  ¨§ãç¥­¨î ®á®¡¥­-­®áâ¥© ®á¥á¨¬¬¥âà¨ç­ëå ª®«¥¡ ­¨© ¯®à¨áâ®-ã¯àã£®£® ­ áëé¥­­®£® ¦¨¤ª®áâìî á«®ï, ­ å®¤ïé¥-£®áï ­  ¦¥áâª®¬ ®á­®¢ ­¨¨. �à¥¤¯®« £ ¥âáï, çâ®á«®© ¢®§¡ã¦¤ ¥âáï £ à¬®­¨ç¥áª®© ­ £àã§ª®© â¨¯ ­¥¯à®­¨æ ¥¬®£® ¯®àè­ï. �á­®¢­®© à¥§ã«ìâ â ¨á-á«¥¤®¢ ­¨ï á®áâ®¨â ¢ ¯®«ãç¥­¨¨ ï¢­®£®  ­ «¨â¨-ç¥áª®£® à¥è¥­¨ï á®®â¢¥âáâ¢ãîé¥© £à ­¨ç­®© § -¤ ç¨ ¤«ï á¨áâ¥¬ë ãà ¢­¥­¨© �¨® ¢ á«®¥. �¨á«¥­-­ë¥ à áç¥âë, ¯à®¢¥¤¥­­ë¥ ­  ®á­®¢ ­¨¨ ¯®«ãç¥­-­®£® à¥è¥­¨ï, ¯®§¢®«¨«¨ ¯à® ­ «¨§¨à®¢ âì í­¥à-£¥â¨ç¥áª¨¥ ®á®¡¥­­®áâ¨ ª®«¥¡ ­¨© á«®ï ¢ § ¢¨á¨-¬®áâ¨ ®â ç áâ®âë.1. ���������� ������� áá¬ âà¨¢ ¥âáï ®á¥á¨¬¬¥âà¨ç­ ï § ¤ ç  ® ¢ë-­ã¦¤¥­­ëå £ à¬®­¨ç¥áª¨å ª®«¥¡ ­¨ïå ¯®à¨áâ®-ã¯àã£®£® ¢®¤®­ áëé¥­­®£® á«®ï �z2 (0;�h), £¤¥(�r; �; �z) { æ¨«¨­¤à¨ç¥áª¨¥ ª®®à¤¨­ âë. �à¥¤¯®-« £ ¥âáï, çâ® ­¨¦­ïï £à ­ì ã¯àã£®£® áª¥«¥â  �z=0c
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ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 33 { 41¦¥áâª® § é¥¬«¥­ ,   ­  ¢¥àå­¥© £à ­¨ § ¤ ­  £ à-¬®­¨ç¥áª ï ­ £àã§ª  P (�r)ei!�t â¨¯  ­¥¯à®­¨æ ¥¬®-£® ¯®àè­ï ¨ áâ ¢¨âáï ãá«®¢¨¥ à ¢¥­áâ¢  ¯¥à¥¬¥-é¥­¨© â¢¥à¤®£® áª¥«¥â  ¨ ¦¨¤ª®áâ¨ [3]. � «¥¥ ¡ã-¤¥¬ áç¨â âì, çâ® ­ £àã§ª  P (�r)á®áà¥¤®â®ç¥­  ­ ¯«®é ¤ª¥ �r�a ¨ ®âáãâáâ¢ã¥â ¯à¨ �r>a.�¢¥¤¥¬ ¢ à áá¬®âà¥­¨¥ ¡¥§à §¬¥à­ë¥ ª®®à¤¨­ -âë r, z, ¢ëá®âã á«®ï h=�h=a, ¢à¥¬ï t ¨ ç áâ®âãª®«¥¡ ­¨© � á®£« á­® á®®â­®è¥­¨ï¬r = �r=a; z = �z=a; t = c2�t=a; � = a!=c2;¨ ¯ãáâì c2=fjN j=(�11��212=�22)g1=2 { áª®à®áâì ¯®-¯¥à¥ç­®© ¢®«­ë ¢ ¤¢ãåä §­®© áà¥¤¥ ¡¥§ ãç¥â ¤¨áá¨¯ æ¨¨ ¨ ¢ï§ª®áâ¨ ã¯àã£®£® áª¥«¥â . �¤¥áìN { ¬®¤ã«ì á¤¢¨£  áª¥«¥â ; �12�0 { ª®íää¨æ¨-¥­â ¤¨­ ¬¨ç¥áª®© á¢ï§¨ ä §; �11=(1�m)�s��12,�22=m�f��12 { íää¥ªâ¨¢­ë¥ ¯«®â­®áâ¨ ä §, ¯à¨-ç¥¬ �s ¨ �f { ¯«®â­®áâ¨ ã¯àã£®£® áª¥«¥â  ¨ ¦¨¤ª®-áâ¨ á®®â¢¥âáâ¢¥­­®. � «¥¥ ¢à¥¬¥­­®© ¬­®¦¨â¥«ìei�t ®¯ãáª ¥âáï.�à ¢­¥­¨ï ¤¢¨¦¥­¨ï ¯®à¨áâ®-ã¯àã£®© áà¥¤ë ¢à ¬ª å ¬®¤¥«¨ �. �¨® ¤«ï ¢¥ªâ®à®¢ ¯¥à¥¬¥é¥­¨©â¢¥à¤®© ¨ ¦¨¤ª®© ä § ~u=fur; uzg, ~v=fvr; vzg ¢¡¥§à §¬¥à­ëå ¯¥à¥¬¥­­ëå ¨¬¥îâ ¢¨¤ [3]N�~u+ (A +N ) grad div~u+Q grad div~v == ��2c22(�11~u+ �12~v) + i�Bc22�11(~u� ~v);Q grad div~u+R grad div~v == ��2c22(�12~u+ �22~v) � i�Bc22�11(~u� ~v); (1)£¤¥ A = � + sQ; Q = sR;B = ac2�11 b; b = F (�)m2�0Kpr ;¯à¨ç¥¬ � { ¯ à ¬¥âà � ¬¥ ¯®à¨áâ®£® áª¥«¥â  á¯ãáâë¬¨ ¯®à ¬¨; m { ¯®à¨áâ®áâì; �0 { ª®íää¨æ¨-¥­â ¤¨­ ¬¨ç¥áª®© ¢ï§ª®áâ¨ ¦¨¤ª®áâ¨; Kpr { ¯à®-­¨æ ¥¬®áâì; F { äã­ªæ¨ï, ãç¨âë¢ îé ï å à ªâ¥àâ¥ç¥­¨ï ¦¨¤ª®áâ¨ ¯® ¯®à ¬; s { ª®íää¨æ¨¥­â, ãç¨-âë¢ îé¨© ã¯àã£ãî á¢ï§ì ¬¥¦¤ã ä § ¬¨; R { ¯ -à ¬¥âà, á¢ï§ ­­ë© á® á¦¨¬ ¥¬®áâìî ä § ¨ ®¡é¥©á¦¨¬ ¥¬®áâìî ¯®à¨áâ®-ã¯àã£®£® â¥«  (á¬. [1,13]).�à¨ ­¨§ª¨å ç áâ®â å ª®«¥¡ ­¨© F (�)�1, ¨ ¢ íâ®¬á«ãç ¥ ¯à¥®¡« ¤ îâ íää¥ªâë ¤¨áá¨¯ æ¨¨ ¢ ã¯àã-£®¬ áª¥«¥â¥ [15]. � ¯à®áâ¥©è¥¬ á«ãç ¥ ¢­ãâà¥­­¥¥âà¥­¨¥ áª¥«¥â  ¬®¦¥â ¡ëâì ãçâ¥­® ¯ãâ¥¬ ¢¢¥¤¥­¨ïª®¬¯«¥ªá­®£® ¬®¤ã«ï á¤¢¨£  (á¬., ­ ¯à¨¬¥à, [6]):N = jN jei
; (2)£¤¥ 
�0 { ª®íää¨æ¨¥­â ¢­ãâà¥­­¥£® âà¥­¨ï.

�®£« á­® áä®à¬ã«¨à®¢ ­­®© ¯®áâ ­®¢ª¥ § ¤ ç¨,£à ­¨ç­ë¥ ãá«®¢¨ï ¤«ï à¥è¥­¨ï á¨áâ¥¬ë (1) ¯à¨r>0 ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:ur(r; 0) = 0; uz(r; 0) = 0; vz(r; 0) = 0;�sz(r; h) + �f (r; h) = 2NP (r);� szr(r; h) = 0; vz(r; h) = uz(r; h): (3)�¤¥áì �sij { ª®¬¯®­¥­âë â¥­§®à  ­ ¯àï¦¥­¨© ¢ã¯àã£®¬ áª¥«¥â¥ ¯à¨ ¯à®â¥ª ­¨¨ ¦¨¤ª®áâ¨; �f {á¨« , ¤¥©áâ¢ãîé ï ­  ¦¨¤ª®áâì, ®â­¥á¥­­ ï ª ¥¤¨-­¨æ¥ ¯®¯¥à¥ç­®£® á¥ç¥­¨ï ¯®à¨áâ®© áà¥¤ë. � -«¥¥ áç¨â ¥¬, çâ® á¬¥é¥­¨ï â¢¥à¤®© ¨ ¦¨¤ª®© ä §®¡¥§à §¬¥à¥­ë ¯®áà¥¤áâ¢®¬ ¯ à ¬¥âà  a. �à¨íâ®¬ ­ ¯àï¦¥­¨ï ¢ æ¨«¨­¤à¨ç¥áª®© á¨áâ¥¬¥ ª®®à-¤¨­ â ¤«ï ®á¥á¨¬¬¥âà¨ç­®£® á«ãç ï ®¯à¥¤¥«ïîâáï§ ¢¨á¨¬®áâï¬¨�sr = 2N @ur@r + A div~u+Q div~v;�sz = 2N @uz@z + A div~u+Q div~v;� srz = N �@uz@r + @ur@z � ;�f = Q div~u+R div~v: (4)2. ������������������������������������ �. ��� ����� �������-����¥è¥­¨¥ ®á¥á¨¬¬¥âà¨ç­®© £à ­¨ç­®© § ¤ -ç¨ (1), (3), á®£« á­® [3,16], ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥~u = r�1 +r�2 � rot � @@r	e�� ;~u = M1r�1 +M2r�2 �M3rot � @@r	e�� (5)á® áª «ïà­ë¬¨ ¯®â¥­æ¨ « ¬¨ �1(r; z), �2(r; z) ¨	(r; z), ª®â®àë¥ ï¢«ïîâáï à¥è¥­¨ï¬¨ ãà ¢­¥­¨©�¥«ì¬£®«ìæ  ��1 + k21�1 = 0;��2 + k22�2 = 0;�	+ k23	 = 0 (6)á ¡¥§à §¬¥à­ë¬¨ ¢®«­®¢ë¬¨ ç¨á« ¬¨k2j = �2 c22c2 zj; j = 1; 2;k23 = �2 �c22N [�11 +M3�12 + (1�M3)i�] : (7)34 �. �. �®¬¨«ª®, �. �. �ãà¦¨©, �. �. �à®ä¨¬çãª



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 33 { 41�à¨ íâ®¬ ¢¥«¨ç¨­ë z=zj , j=1; 2 ­ å®¤ïâáï ª ªª®à­¨ ª¢ ¤à â­®£® ãà ¢­¥­¨ï(q11q22 � q212)z2 � (q11�22 + q22�11 � 2q12�12++i�) z + ��11�22 � �212 + i�� = 0;ª®íää¨æ¨¥­âë ª®â®à®£® ®¯à¥¤¥«ïîâáï ¢ëà ¦¥­¨-ï¬¨ H = A + 2N +R+ 2Q;� = �B�11=��; �ij = �ij=�;� = (1�m)�s +m�f ; c2 = H� ;q11 = A + 2N=H; q12 = Q=H; q22 = R=H;M1;2 = ��11q22 � �12q12 � (q11q22 � q212)z1;2++(q22 + q12)i�	=��22q12 � �12q22++(q22 + q12)i�	;M3 = (��12 + i�)=(�22 + i�): (8)�à ¢­¥­¨ï (6) ¯®ª §ë¢ îâ [2, 16], çâ® ¢ ã¯àã-£®© ¯®à¨áâ®© áà¥¤¥, ­ áëé¥­­®© ¢ï§ª®© á¦¨¬ -¥¬®© ¦¨¤ª®áâìî, ¬®£ãâ à á¯à®áâà ­ïâìáï ¢®«­ëâà¥å ¢¨¤®¢: ¯à®¤®«ì­ë¥ ¢®«­ë ¯¥à¢®£® ¨ ¢â®à®£®â¨¯®¢ (�1, �2) ¨ ¯®¯¥à¥ç­ ï ¢®«­  (	). �®áâ®-ï­­ë¥ à á¯à®áâà ­¥­¨ï íâ¨å ¢®«­ § ¢¨áïâ ª ª ®âå à ªâ¥à¨áâ¨ª áà¥¤ë, ®¯à¥¤¥«ï¥¬ëå ¯ à ¬¥âà ¬¨A, N , R, Q, b, â ª ¨ ®â ç áâ®âë ª®«¥¡ ­¨© �. �à¨íâ®¬ áª®à®áâ¨ ¯à®¤®«ì­ëå c1(�), c12(�) ¨ ¯®¯¥à¥ç-­®© c2(�) ®¡ê¥¬­ëå ¢®«­ ®¯à¥¤¥«ïîâáï ¢ëà ¦¥­¨-ï¬¨ c21(�) = c2=z1; c212(�) = c2=z2;c22(�) = N=[�11 + �12M3 + i��(1�M3)]:� á¨«ã ãà ¢­¥­¨© (6) ¯®â¥­æ¨ «ë �j(r; z),j=1; 2 ¨ 	(r; z) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ ¨­â¥-£à «®¢ �ãàì¥ {�¥áá¥«ï�j(r; z) = 1Z0 �xj;1(�)e�(h�z)�j++xj;2(�)e�z�j	J0(r�)�j d�;	(r; z) = 1Z0 �y1(�)e�(h�z)�3++y2(�)e�z�3	J0(r�)��3 d�; (9)£¤¥ �j=q�2�k2j ,   ­¥¨§¢¥áâ­ë¥ äã­ªæ¨¨ xi;j(�),yj(�), i; j=1; 2 ¯®¤«¥¦ â ®¯à¥¤¥«¥­¨î ­  ®á­®¢ -­¨¨ £à ­¨ç­ëå ãá«®¢¨© (3).

3. ���������� ��������� ��������®£« á­® á®®â­®è¥­¨ï¬ (5), (9) ¤«ï ¯¥à¥¬¥é¥-­¨© ¯®«ãç ¥¬ur(r; z) = � 2Xj=1 1Z0 fxj;1(�)e�(h�z)�j++ xj;2(�)e�z�j g�J1(r�)�j d��� 1Z0 fy1(�)e�(h�z)�3�� y2(�)e�z�3gJ1(r�)d�;uz(r; z) = 2Xj=1 1Z0 fxj;1(�)e�(h�z)�j�� xj;2(�)e�z�jgJ0(r�)d�++ 1Z0 fy1(�)e�(h�z)�3++ y2(�)e�z�3g�J0(r�)�3 d�;vr(r; z) = � 2Xj=1Mj 1Z0 fxj;1(�)e�(h�z)�j++xj;2(�)e�z�j	 �J1(r�)�j d���M3 1Z0 fy1(�)e�(h�z)�3�� y2(�)e�z�3gJ1(r�)d�;vz(r; z) = 2Xj=1Mj 1Z0 fxj;1(�)e�(h�z)�j�� xj;2(�)e�z�j gJ0(r�)d�++M3 1Z0 fy1(�)e�(h�z)�3++ y2(�)e�z�3g�J0(r�)�3 d�:
(10)

�¢¥¤¥¬ ¢ à áá¬®âà¥­¨¥ ¯®áâ®ï­­ë¥aj = (A+MjQ)=(2N ); qj = (Q +MjR)=(2N );tj = aj + qj; j = 1; 2:�®£¤  ¤«ï ­®à¬¨à®¢ ­­ëå ­ ¯àï¦¥­¨©, á®£« á­®ãà ¢­¥­¨ï¬ (4) { (6), á ãç¥â®¬ à ¢¥­áâ¢div~u = �k21�1 � k22�2;div~v = �M1k21�1 �M2k22�2;�. �. �®¬¨«ª®, �. �. �ãà¦¨©, �. �. �à®ä¨¬çãª 35



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 33 { 41¨¬¥¥¬ �sr2N = @ur@r � k21a1�1 � k22a2�2;�sz2N = @uz@z � k21a1�1 � k22a2�2;� srz2N = 12 �@uz@r + @ur@z � ;�f2N =�k21q1�1 � k22q2�2: (11)�à®¢¥¤ï ­  ®á­®¢ ­¨¨ á®®â­®è¥­¨© (10), (11) á®-®â¢¥âáâ¢ãîé¨¥ ¢ëç¨á«¥­¨ï, ¯®«ãç¨¬ ¤«ï ­ ¯àï-¦¥­¨© á«¥¤ãîé¨¥ ¯à¥¤áâ ¢«¥­¨ï ç¥à¥§ ¨­â¥£à «ë�ãàì¥ {�¥áá¥«ï:�sr(r; z)2N = 2Xj=1 1Z0 fxj;1(�)e�(h�z)�j++xj;2(�)e�z�jgf�r�1J1(r�)��[�2 + k2ja1]J0(r�)g��1j d�++ 1Z0 fy1(�)e�(h�z)�3 � y2(�)e�z�3g��fr�1J1(r�)� �J0(r�)gd�;�sz(r; z)2N = 2Xj=1 1Z0 fxj;1(�)e�(h�z)�j++xj;2(�)e�z�jg ��2j � k2jaj� ��1j J0(r�)d�++ 1Z0 fy1(�)e�(h�z)�3��y2(�)e�z�3g�J0(r�)d�;� srz(r; z)2N = � 2Xj=1 1Z0 fxj;1(�)e�(h�z)�j��xj;2(�)e�z�jg�J1(r�)d��� 1Z0 fy1(�)e�(h�z)xi3++y2(�)e�z�3g��[�2 � k23=2]��13 J1(r�)d�;�f (r; z)2N = � 2Xj=1 k2jqj 1Z0 fxj;1(�)e�(h�z)�j++xj;2(�)e�z�jg��1j J0(r�)d�:
(12)

�¤®¢«¥â¢®à¥­¨¥ £à ­¨ç­ë¬ ãá«®¢¨ï¬ (3) ¯à®¢®-¤¨âáï ­  ®á­®¢ ­¨¨ á¢®©áâ¢ ¨­â¥£à «ì­®£® ¯à¥-®¡à §®¢ ­¨ï � ­ª¥«ï [17]:f(r) = 1Z0 F (�)�Jj(r�)d�; r > 0;F (�) = 1Z0 f(r)rJj(�r)dr; � > 0;£¤¥ j=0; 1. �à¨ íâ®¬ ­  ®á­®¢ ­¨¨ à -¢¥­áâ¢ (10), (12) ¯®«ãç ¥¬ á«¥¤ãîéãî á¨áâ¥¬ã¨§ è¥áâ¨ ãà ¢­¥­¨© ®â­®á¨â¥«ì­® ­¥¨§¢¥áâ­ëåäã­ªæ¨© x1;j(�), x2;j(�) ¨ yj(�), j=1; 2, ®¯à¥¤¥«¥­-­ëå ¯à¨ �>0:2Xj=1[xj;1(�)e�h�j + xj;2(�)]���1j ++ [y1(�)e�h�3 � y2(�)] = 0;2Xj=1[xj;1(�)e�h�j � xj;2(�)]++ [y1(�)e�h�3 + y2(�)]���13 = 0;2Xj=1Mj [xj;1(�)e�h�j � xj;2(�)]++M3[y1(�)e�h�3 + y2(�)]���13 = 0;2Xj=1(1�Mj)[xj;1(�) � xj;2(�)e�h�j ]++ (1�M3)[y1(�) + y2(�)e�h�3 ]���13 = 0;2Xj=1[xj;1(�)� xj;2(�)e�h�j ]�++ [y1(�) + y2(�)e�h�3 ][�2 � k23=2]��13 = 0;2Xj=1[xj;1(�) + xj;2(�)e�h�j ][�2j � k2j tj]��1j ++ [y1(�)� y2(�)e�h�3 ]� = �P (�):
(13)

�¤¥áì P (�) { ¯à¥®¡à §®¢ ­¨¥ � ­ª¥«ï ®â § ¤ ­­®©­ £àã§ª¨:P (�) = 1Z0 P (r)J0(�r)rdr; � > 0: (14)36 �. �. �®¬¨«ª®, �. �. �ãà¦¨©, �. �. �à®ä¨¬çãª



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 33 { 41�¢¥¤¥¬ ¤«ï á®ªà é¥­¨ï § ¯¨á¨ ®¡®§­ ç¥­¨ïbsj = sinh(h�j); bcj = cosh(h�j); j = 1; 2; 3;�j;i = (1 �Mj)�2 � (1 �Mi)�3;mj;i = Mi �Mj ; �3 = �2 � k23=2;�j = �2j � k2j tj; j = 1; 2:�¯ãáª ï ¤®áâ â®ç­® £à®¬®§¤ª¨¥ ¢ëª« ¤ª¨, ¯®«ã-ç ¥¬ ®¯à¥¤¥«¨â¥«ì «¨­¥©­®©  «£¥¡à ¨ç¥áª®© á¨-áâ¥¬ë ãà ¢­¥­¨© (13) D=D(�) ¢ ¢¨¤¥D=�m2;1�21�2�3�2fm3;1�2+�3;1gbs1++m2;1�1�22�3�2f�3;2+m3;2�1gbs2���1�2�2fm3;2�3;1�1+m3;1�3;2�2gbs3++m1;2�1�22�3f�3;2�1+m3;2�4gbc1bs2bc3++m1;2�21�2�3fm1;3�4+�1;3�2gbs1bc2bc3++�1�2�2fm3;1�3;2�1+m3;2�3;1�2gbc1bc2bs3���2fm3;2�3;2�22�1+m3;1�3;1�21�2++m21;2�21�22�23gbs1bs2bs3: (15)�à¨ íâ®¬ ¬®¦­® ¯®ª § âì, çâ® à¥è¥­¨¥ á¨áâ¥-¬ë (13) ¤ ¥âáï ¢ëà ¦¥­¨ï¬¨xi;j(�) = �2�1�24�3 Xi;j(�)D(�) P (�); i; j = 1; 2;y1(�) = �y2(�)e�h�3�� ��3�3 [x1;1(�) � x1;2(�)e�h�1 ]�� ��3�3 [x2;1(�) � x2;2(�)e�h�2 ];2y2(�) = x1;1(�)e�h�1 [�=�1 � �3=�]++ x1;2(�)[�=�1 + �3=�]++ x2;1(�)e�h�2 [��2 � �3=�]++ x2;2(�)[�=�2 + �3=�]; (16)

¯à¨ç¥¬X1;1(�) = �1�m1;3�3;2( bQ(2)1 � bQ(2)2 )++m3;2�3;1e�h�1 (Q(2)1 �Q(2)2 )]++ 2m3;2�3;2�2bs2Q(1)2 ;X1;2(�) = �1�m1;3�3;2e�h�1 ( bQ(2)1 � bQ(2)2 )++m3;2�3;1(Q(2)1 �Q(2)2 )�++ 2m3;2�3;2�2bs2 bQ(1)2 ;X2;1(�) = �2�m2;3�3;1( bQ(1)2 � bQ(1)2 )++m3;1�3;2e�h�2 (Q(1)1 �Q(1)2 )]++ 2m3;1�3;1�1bs1Q(2)2 ;X2;2(�) = �2�m2;3�3;1e�h�2 ( bQ(1)1 � bQ(1)2 )++m3;1�3;2(Q(1)1 �Q(1)2 )]++ 2m3;1�3;1�1bs1 bQ(2)2 ;£¤¥ äã­ªæ¨¨bQ(2)1 = eh�2Q(2)1 ; bQ(2)2 = e�h�2Q(2)2 ;bQ(1)1 = eh�1Q(1)1 ; bQ(1)2 = e�h�1Q(1)2 ;Q(1)1 (�) = ��1�1�3�3bc3 � ��3bs3 � ��1�3e�h�1 ;Q(1)2 (�) = ��1�1�3�3bc3 + ��3bs3 � ��1�3eh�1 ;Q(2)1 (�) = ��1�2�3�3bc3 � ��3bs3 � ��2�3e�h�2 ;Q(2)2 (�) = ��1�2�3�3bc3 + ��3bs3 � ��2�3eh�2 :� ª¨¬ ®¡à §®¬, ä®à¬ã«ë (10), (12) ¨ (14) {(16) ¤ îâ ï¢­®¥  ­ «¨â¨ç¥áª®¥ à¥è¥­¨¥ £à ­¨ç-­®© § ¤ ç¨ (1), (3). �à¨ íâ®¬ ãà ¢­¥­¨¥ D(�)=0,à áá¬ âà¨¢ ¥¬®¥ ¢® ¢á¥© ª®¬¯«¥ªá­®© ¯«®áª®áâ¨,ï¢«ï¥âáï ¤¨á¯¥àá¨®­­ë¬ ãà ¢­¥­¨¥¬ ¤«ï ®¯à¥¤¥-«¥­¨ï æ¨«¨­¤à¨ç¥áª¨å ¢®«­, à á¯à®áâà ­ïîé¨åáï¢ ¯®à¨áâ®-ã¯àã£®¬ á«®¥ ¯à¨ ä¨§¨ç¥áª¨å ãá«®¢¨ïå,ª®â®àë¥ ®¯¨áë¢ îâáï ®¤­®à®¤­ë¬¨ £à ­¨ç­ë¬¨ãá«®¢¨ï¬¨ (3) [18].� áá¬®âà¨¬ ¢ëà ¦¥­¨¥ ¤«ï áà¥¤­¥© §  ¯¥à¨-®¤ T =2�=� à ¡®âë á¨«, ¤¥©áâ¢ãîé¨å ­  ¤¢ãå-ä §­ë© á«®© (äã­ªæ¨ï ¤¨áá¨¯ æ¨¨ W (�)) ¯à¨ ­ -«¨ç¨¨ £ à¬®­¨ç¥áª®£® ­ £àã¦¥­¨ï (3). �®£« á-­® [19], á ãç¥â®¬ ®á¥á¨¬¬¥âà¨ç­®áâ¨ £à ­¨ç­®©�. �. �®¬¨«ª®, �. �. �ãà¦¨©, �. �. �à®ä¨¬çãª 37



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 33 { 41§ ¤ ç¨ (1), (3), ¨¬¥¥¬W (�) = �Re� 1Z0 i�[�sz(r; h)u�z(r; h)++� srz(r; h)u�r(r; h) + �f (r; h)v�z(r; h)]rdr�== 2�� Im� 1Z0 NP (r)uz(r; h)rdr�;£¤¥ ¨­¤¥ªá � ®§­ ç ¥â ª®¬¯«¥ªá­®¥ á®¯àï¦¥­¨¥.�á¯®«ì§ãï ä®à¬ã«ã � àá¥¢ «ï ¤«ï ¯à¥®¡à §®¢ -­¨ï � ­ª¥«ï [17] ¨ ¢ëà ¦¥­¨¥ ¤«ï uz(r; h) ¨§ (10),¯®«ãç ¥¬W (�)=2��jN j 1Z0 �P (�)Im(e�i
u(�)	P (�)d�; (17)£¤¥ 
 { ª®íää¨æ¨¥­â ¢­ãâà¥­­¥£® âà¥­¨ï ã¯àã£®-£® áª¥«¥â  ¨§ ¢ëà ¦¥­¨ï (2),   äã­ªæ¨ï á¬¥é¥­¨©â¢¥à¤®© ä §ë ¤ ­  ª ªu(�) = x1;1(�) � x1;2(�)e�h�1++ x2;1(�)� x2;2(�)e�h�2++ fy1(�) + y2(�)e�h�3g�=�3:�â¬¥â¨¬ à ¢¥­áâ¢®W (�)=2�b hZ0 1Z0 j~u(r; z)� ~v(r; z)j2rdrdz; (18)¯®ª §ë¢ îé¥¥, çâ® ¢¥«¨ç¨­  W (�) ®¯à¥¤¥«ï¥â-áï äã­ªæ¨¥© ¤¨áá¨¯ æ¨¨ ª®«¥¡ ­¨© ¢ ¤¢ãåä §­®©¯®à¨áâ®-ã¯àã£®© áà¥¤¥, ®¡ãá«®¢«¥­­®© ¢ï§ª®áâ­ë¬¢§ ¨¬®¤¥©áâ¢¨¥¬ ä § [19].�¥«¨ç¨­ã W (�) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ áã¬-¬ë ¤¢ãå á« £ ¥¬ëåW (�) =W s(�) +W f (�);£¤¥W s(�) ¨W f (�) { áà¥¤­ïï §  ¯¥à¨®¤ à ¡®â  á¨«,¤¥©áâ¢ãîé¨å ­  ã¯àã£¨© áª¥«¥â ¨ ¦¨¤ªãî ä §ãá®®â¢¥âáâ¢¥­­®. �«ï íâ¨å ¢¥«¨ç¨­ ¯®«ãç ¥¬ ¢ë-

à ¦¥­¨ïW s(�) = �Re� 1Z0 i��sz(r; h)u�z(r; h)rdr� == �2��jN j Im� 1Z0 ei
�s(�)u�(�)d��;W f (�) = �Re� 1Z0 i��f (r; h)v�z(r; h)rdr� == �2��jN j Im� 1Z0 ei
�f (�)u�(�)d��; (19)£¤¥�s(�)=�x1;1(�)+x1;2(�)e�h�1	 ��21�k21a1� =(�1�)++�x2;1(�)+x2;2(�)e�h�2	 ��22�k22a2� =(�2�)++�y1(�)�y2(�)e�h�3	 ;�f (�)=�k21q1 �x1;1(�)+x1;2(�)e�h�1	 =(�1�)�� k22q2 �x2;1(�)+x2;2(�)e�h�2	 =(�2�):� á«ãç ¥ à ¢­®¬¥à­® à á¯à¥¤¥«¥­­®© ­  ¯«®é ¤-ª¥ r<1, z=h ­ £àã§ª¨P (r) = P0; r 2 (0; 1); P (r) � 0; r > 1; (20)¤«ï ¯à¥®¡à §®¢ ­¨ï � ­ª¥«ï ¨¬¥¥¬ à ¢¥­áâ¢®P (�)=J1(�)=�, �>0. �®£¤  ¨§ ä®à¬ã«ë (17) ¯®-«ãç ¥¬ á«¥¤ãîé¥¥ ¢ëà ¦¥­¨¥ ¤«ï ­®à¬¨à®¢ ­­®©à ¡®âë á¨«:W (�) � W (�)2NP 20 = ��P0 1Z0 fImu(�)g J1(�)� d�: (21)4. ��������� ����������� áç¥âë ¯à®¢®¤¨«¨áì ¤«ï á«ãç ï à ¢­®¬¥à­®©­ £àã§ª¨ (20) á«®ï ¡¥§à §¬¥à­®© ¢ëá®âë h=1á å à ªâ¥à¨áâ¨ª ¬¨ ¤¢ãåä §­®© áà¥¤ë, ¢§ïâë¬¨¨§ [3] (¢®¤®­ áëé¥­­ë© ¯¥á®ª): �=1:47�108 �/¬2,s=1:02, N =9:79�107 �/¬2, R=2:74�108 �/¬2,�s=2:67�103 ª£/¬3, �f =0:994�103 ª£/¬3, �12=0,m=0:30. �à¨ íâ®¬ ¢ àì¨à®¢ «¨áì ª®íää¨æ¨¥­-âë ¯à®­¨æ ¥¬®áâ¨ ¤¢ãåä §­®£® á«®ï ¨ ¢ï§ª®áâìáª¥«¥â  £àã­â . � áá¬ âà¨¢ «áï ¤¨ ¯ §®­ ­¨§-ª¨å ç áâ®â f =0�5 �æ, ¤«ï ª®â®à®£® â¥ç¥­¨¥ ¦¨¤-ª®áâ¨ ¯® ¯®à ¬ ¯®¤ç¨­ï¥âáï ãá«®¢¨î �ã §¥©«ï ¨F (�)�1.38 �. �. �®¬¨«ª®, �. �. �ãà¦¨©, �. �. �à®ä¨¬çãª
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  ¡
¢ £�¨á. 1. �®à¬¨à®¢ ­­ ï à ¡®â  á¨«, ¤¥©áâ¢ãîé¨å ­  ¤¢ãåä §­ãî áà¥¤ã:  { b=9�102, ¡ { b=9�106, ¢ { b=9�109,£ { ¢«¨ï­¨¥ ¢ï§ª®áâ¨ áª¥«¥â  áà¥¤ë 
 ¯à¨ b=9�102�  à¨á. 1 ¯®ª § ­ë £à ä¨ª¨ ­®à¬¨à®¢ ­­®© ­ 2NP 20 ¢¥«¨ç¨­ë à ¡®âë W (�) (ä®à¬ã«  (21)) ¨ ¥¥á®áâ ¢«ïîé¨å (ä®à¬ã«ë (19)). �¨¤­®, çâ® ¤«ï¡®«ìè®© ¯à®­¨æ ¥¬®áâ¨ áà¥¤ë, ®â¢¥ç îé¥© ¬ «®-¬ã §­ ç¥­¨î ª®íää¨æ¨¥­â  ¤¨áá¨¯ æ¨¨ b, ¬®¤¥«ì¤¢ãåä §­®© áà¥¤ë ¯à¨¡«¨¦ ¥âáï ª ¬®¤¥«¨ áà¥¤ë\¡¥§ á¢ï§¨" (ã¯àã£ ï ¬®¤¥«ì), ¨ à ¡®â  á¨« á®áà¥-¤®â ç¨¢ ¥âáï ¢ â¢¥à¤®© ä §¥ (à¨á. 1,a). � á«ãç ¥áà¥¤­¥© ¢¥«¨ç¨­ë ¯à®­¨æ ¥¬®áâ¨ (\áà¥¤  á ­¥á®-¢¥àè¥­­®© á¢ï§ìî", ¬®¤¥«ì �¨®) ¢¥«¨ç¨­ë ¤¨á-á¨¯ æ¨¨ í­¥à£¨¨ ¢ â¢¥à¤®© ¨ ¦¨¤ª®© ä § å á®- ¨§¬¥à¨¬ë ¬¥¦¤ã á®¡®© ¨ áâ ¡¨«¨§¨àãîâáï á à®-áâ®¬ ç áâ®âë (à¨á. 1, ¡). �à¨ ¬ «®© ¯à®­¨æ -¥¬®áâ¨ (\áà¥¤  á á®¢¥àè¥­­®© á¢ï§ìî", íª¢¨¢ -«¥­â­ ï ®¤­®ä §­ ï ã¯àã£ ï ¬®¤¥«ì), ª ª ¯®ª § -­® ­  à¨á. 1,¢ à ¡®â  á¨« §­ ç¨â¥«ì­® ã¬¥­ìè -¥âáï. �â® ®§­ ç ¥â, çâ® ¯¥à¥¬¥é¥­¨ï â¢¥à¤®© ¨¦¨¤ª®© ä § ¯à ªâ¨ç¥áª¨ ®¤¨­ ª®¢ë, ¨ ¤¢ãåä §­ ïáà¥¤  ¤¢¨¦¥âáï ª ª ®¤­®ä §­ ï (á¬. ä®à¬ã«ã (18).�§ à¨á. 1, £ (b=9�102 ª£/(¬3á)) ¢¨¤­®, çâ® ã¢¥«¨ç¥-­¨¥ §­ ç¥­¨ï ª®íää¨æ¨¥­â  ¢ï§ª®áâ¨ áª¥«¥â  áà¥-¤ë 
 ¯à¨¢®¤¨â ª ã¬¥­ìè¥­¨î ¢¥«¨ç¨­ë à ¡®âë�. �. �®¬¨«ª®, �. �. �ãà¦¨©, �. �. �à®ä¨¬çãª 39
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  ¡�¨á. 2. � á¯à¥¤¥«¥­¨¥ ¬®¤ã«ï ¤ ¢«¥­¨ï ¢ ¤¢ãåä §­®¬ á«®¥ ¯à¨ ç áâ®â å ª®«¥¡ ­¨©:  { f=1 �æ, ¡ { f=5 �æ
  ¡�¨á. 3. � á¯à¥¤¥«¥­¨¥ ¬®¤ã«ï ®¡é¥£® ­ ¯àï¦¥­¨ï ¢ ¤¢ãåä §­®¬ á«®¥ ¯à¨ ç áâ®â å ª®«¥¡ ­¨©:  { f=1 �æ, ¡ { f=5 �æ
  ¡�¨á. 4. � á¯à¥¤¥«¥­¨¥ ¬®¤ã«¥© ¤ ¢«¥­¨ï (a) ¨ ®¡é¥£® ­ ¯àï¦¥­¨ï (¡) ¯® £«ã¡¨­¥ á«®ï¯à¨ ç áâ®â¥ ª®«¥¡ ­¨© f=1 �æ40 �. �. �®¬¨«ª®, �. �. �ãà¦¨©, �. �. �à®ä¨¬çãª
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