
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 65 { 71��� 624.131 + 539.215�������������� ��������� �������������������������� ��������� ���� �������. �. ����������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 26.03.98� áá¬®âà¥­  § ¤ ç  ® ­¥áâ æ¨®­ à­ëå ª®«¥¡ ­¨ïå á«®ï ¯®à¨áâ®ã¯àã£®© ­ áëé¥­­®© ¦¨¤ª®áâìî áà¥¤ë, ¤¢¨¦¥­¨¥ª®â®à®© ®¯¨áë¢ ¥âáï á¨áâ¥¬®© ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© �¨®. �á¯®«ì§ã¥âáï ç¨á«¥­­ë© ¬¥â®¤ ª®­¥ç­ëå í«¥-¬¥­â®¢ ¤«ï ®¯à¥¤¥«¥­¨ï ¤¨­ ¬¨ç¥áª¨å ¯¥à¥¬¥é¥­¨© â¢¥à¤®© ¨ ¦¨¤ª®© ä §, ¯®à®¢®£® ¤ ¢«¥­¨ï¨ íää¥ªâ¨¢­ëå ­ ¯àï-¦¥­¨© ¢ â¢¥à¤®© ä §¥. �à®¢¥¤¥­ ç¨á«¥­­ë©  ­ «¨§ ®¤­®®á­®£® ­ £àã¦¥­¨ï á«®ï ¯®à¨áâ®ã¯àã£®£® ¢®¤®­ áëé¥­­®£®£àã­â , ¨§ãç¥­ë íää¥ªâë ¢§ ¨¬®¤¥©áâ¢¨ï ä § ¢ á«®¥ ¯à¨ à §«¨ç­ëå §­ ç¥­¨ïå ¯ à ¬¥âà  ¯à®­¨æ ¥¬®áâ¨ áà¥¤ë.�à¨¢¥¤¥­ë ç¨á«¥­­ë¥ à¥§ã«ìâ âë, ¯®ª §ë¢ îé¨¥, çâ® ¯à®æ¥áá ª®­á®«¨¤ æ¨¨ ¯à®å®¤¨â ¬¥¤«¥­­¥¥ ¯à¨ ã¬¥­ìè¥­¨¨¯à®­¨æ ¥¬®áâ¨ áà¥¤ë; ¤«ï ¬ â¥à¨ «  á ¢ëá®ª®© ¯à®­¨æ ¥¬®áâìî ®â¬¥ç ¥âáï § ¬¥â­®¥ ¤¥¬¯ä¨à®¢ ­¨¥ ª®«¥¡ ­¨©.�®§£«ï­ãâ® § ¤ çã ¯à® ­¥áâ æ¨®­ à­i ª®«¨¢ ­­ï è àã ¯®à¨áâ®¯àã¦­®£® ­ á¨ç¥­®î ài¤¨­®î á¥à¥¤®¢¨é , àãå ïª®-£® ®¯¨áãõâìáï á¨áâ¥¬®î ¤¨ä¥à¥­æi «ì­¨å ài¢­ï­ì �i®. � áâ®á®¢ ­® ç¨á¥«ì­¨© ¬¥â®¤ áªi­¥ç­­¨å ¥«¥¬¥­âi¢ ¤«ï§­ å®¤¦¥­­ï ¤¨­ ¬iç­¨å ¯¥à¥¬ié¥­ì â¢¥à¤®ù i ài¤ª®ù ä §, ¯®à®¢®£® â¨áªã © ¥ä¥ªâ¨¢­¨å ­ ¯àã£ ã â¢¥à¤i© ä §i.�à®¢¥¤¥­® ç¨á¥«ì­¨©  ­ «i§ ®¤­®®áì®¢®£® ­ ¢ ­â ¦¥­­ï è àã ¯®à¨áâ®ã¯àã¦­®£® óàã­âã, é® ­ á¨ç¥­¨© ¢®¤®î, ¤®-á«i¤¦¥­® ¥ä¥ªâ¨ ¢§ õ¬®¤iù ä § ã è ài ¯à¨ ªi«ìª®å §­ ç¥­­ïå ¯ à ¬¥âà  ¯à®­¨ª­®áâi á¥à¥¤®¢¨é . � ¢¥¤¥­® ç¨á¥«ì­ià¥§ã«ìâ â¨, ïªi ¯®ª §ãîâì, é® ¯à®æ¥á ª®­á®«i¤ æiù ¯à®å®¤¨âì ¯®¢i«ì­iè¥ ¯à¨ §¬¥­è¥­­i ¯à®­¨ª­®áâi á¥à¥¤®¢¨é ;¤«ï ¬ â¥ài «ã § ¢¨á®ª®î ¯à®­¨ª­iáâî ¢i¤§­ ç õâìáï ¯®¬iâ­¥ ¤¥¬¯ä÷àã¢ ­­ï ª®«¨¢ ­ì.Non-stationary oscillations of the 
uid saturated poroelastic layer problem is considered. Motion is described by Biotsystem of di�erential equations. The numerical method of �nite elements for calculation of dynamic movements of solidand liquid phases, porous 
uid pressure and e�ective stresses in a solid phase is used. The numerical analysis of single-axis loading of a layer of poroelastic 
uid saturated ground is conducted, the e�ects of interaction of phases in a layerare investigated at various values of permeability parameter. The numerical outcomes are adduced, indicating that theprocess of consolidation passes slower at decreasing of a permeability of media; for a material with a high permeabilitythe noticeable damping of oscillations is marked.���������®¢à¥¬¥­­ë¥ ¯à®¡«¥¬ë £¥®¬¥å ­¨ª¨ âà¥¡ãîâ¨§ãç¥­¨ï ­¥áâ æ¨®­ à­ëå ï¢«¥­¨©, ¢®§­¨ª îé¨å¯à¨ §¥¬«¥âàïá¥­¨ïå, ¢®«­®¢ëå ¢®§¤¥©áâ¢¨ïå ¨ª®­á®«¨¤ æ¨¨ £àã­â®¢. �«ï íâ¨å á«ãç ¥¢ ¯¥à¢®-®ç¥à¥¤­®© ¨­â¥à¥á ¯à¥¤áâ ¢«ï¥â á¢ï§ì ¬¥¦¤ã ¤¥-ä®à¬ æ¨ï¬¨ â¢¥à¤®£® áª¥«¥â  £àã­â  ¨«¨ £®à­®©¯®à®¤ë ¨ ¤¢¨¦¥­¨¥¬ ¯®à®¢®© ¦¨¤ª®áâ¨ [1]. �à®-¬¥ ¬¥å ­¨ª¨ £àã­â®¢ ¨ £®à­ëå ¯®à®¤, £¥®ä¨§¨ª¨,¯®¤®¡­ë¥ ¯à®¡«¥¬ë ¢®§­¨ª îâ ¢ ¤àã£¨å ®¡« áâïå,­ ¯à¨¬¥à, ¢ ¯®à®èª®¢®© ¬¥â ««ãà£¨¨ [2], ¡¨®¬¥å -­¨ª¥ [3]. � ¯®á«¥¤­¥¬ á«ãç ¥ â¢¥à¤®© ä §®© ¬®¦¥âáç¨â âìáï ¦¨¢ ï âª ­ì,   ¯®à®¢®© ¦¨¤ª®áâìî {æ¨àªã«¨àãîé ï ªà®¢ì.�­ «¨§ áãé¥áâ¢ãîé¨å ¬®¤¥«¥© ¯®à¨áâ®ã¯àã£®©­ áëé¥­­®© ¦¨¤ª®áâìî áà¥¤ë ¯®ª §ë¢ ¥â, çâ® ¢¡®«ìè¨­áâ¢¥ á«ãç ¥¢ ®­¨ ¯à¥¤áâ ¢«ïîâ á®¡®© ¬®-¤¨ä¨ª æ¨¨ ¨ ®¡®¡é¥­¨ï ¬®¤¥«¨ �. �¨® [4], ª®â®-à ï ¯®«ãç¨«  è¨à®ª®¥ íªá¯¥à¨¬¥­â «ì­®¥ ®¡®á­®-¢ ­¨¥. � à ¬¥âàë ¬®¤¥«¨ ãç¨âë¢ îâ ¨­¥àæ¨®­-­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ä § ¨ ¯®â¥à¨ ­  ¢ï§ª®¥ âà¥­¨¥¯à¨ ¯à®â¥ª ­¨¨ ¦¨¤ª®áâ¨ ¯® ¯®à ¬.� ª ®â¬¥ç ¥âáï ¢ ®¡§®à¥ [5], â¥®à¨ï �¨® ­¥ã¤®-¢«¥â¢®à¨â¥«ì­  á á®¢à¥¬¥­­®© â®çª¨ §à¥­¨ï ¯®àï¤ã ¯à¨ç¨­: ®âáãâáâ¢ãîâ ç¥âª¨¥ ®¯à¥¤¥«¥­¨ï,

®¯ãé¥­ë ­¥ª®â®àë¥ ç«¥­ë ¢ ãà ¢­¥­¨ïå à ¢­®¢¥-á¨ï. �¤¥« ­­ë¥ ¤®¯ãé¥­¨ï ­¥ ¢á¥£¤  ­¥®¡å®¤¨¬ë¨ á¨«ì­® ®£à ­¨ç¨¢ îâ â¥®à¨î. �á­®¢­®© ­¥¤®-áâ â®ª ¬®¤¥«¨ �¨® § ª«îç ¥âáï ¢ â®¬, çâ® ¢ ¥¥®á­®¢ã ­¥ § «®¦¥­ë äã­¤ ¬¥­â «ì­ë¥  ªá¨®¬ë ¨¯à¨­æ¨¯ë ¬¥å ­¨ª¨ ¨ â¥à¬®¤¨­ ¬¨ª¨,   ­¥ª®â®-àë¥ ¢ë¢®¤ë ­¥¤®áâ â®ç­® ç¥âª¨¥. �¥¬ ­¥ ¬¥­¥¥,¯®«®¦¨â¥«ì­®¥ ¢«¨ï­¨¥ à ¡®â �¨® ­  à §¢¨â¨¥ ¤ -¦¥ á®¢à¥¬¥­­®© â¥®à¨¨, ª ª ¨ ¯à ªâ¨ç¥áª®¥ ¨å§­ ç¥­¨¥, ­¥®á¯®à¨¬®. � ­ áâ®ïé¥¥ ¢à¥¬ï ¯à®-¤®«¦ ¥â à §à ¡ âë¢ âìáï áâà®£ ï á â®çª¨ §à¥­¨ï¬¥å ­¨ª¨ á¯«®è­®© áà¥¤ë ¨ â¥à¬®¤¨­ ¬¨ª¨ â¥®-à¨ï ¯®à¨áâëå áà¥¤ ­  ®á­®¢¥ â¥®à¨¨ á¬¥á¥© á ¨á-¯®«ì§®¢ ­¨¥¬ ª®­æ¥¯æ¨¨ ®¡ê¥¬­ëå ç áâ¥©. �®-¤¥à¦ ­¨¥ íâ®© ª®­æ¥¯æ¨¨ § ª«îç ¥âáï ¢ â®¬, çâ®¢á¥ £¥®¬¥âà¨ç¥áª¨¥ ¨ ä¨§¨ç¥áª¨¥ ¢¥«¨ç¨­ë, â ª¨¥ª ª ¤¢¨¦¥­¨¥, ¤¥ä®à¬ æ¨ï ¨ ­ ¯àï¦¥­¨ï, ®¯à¥¤¥-«ïîâáï ¢ ®¡é¥¬ ¤«ï ä § ®¡ê¥¬¥ (¢ ª®â®à®¬ á®¤¥à-¦ ­¨¥ ¦¨¤ª®áâ¨ ¬®¦¥â ¬¥­ïâìáï) ¨ ¬®£ãâ ¨­â¥à-¯à¥â¨à®¢ âìáï ª ª áà¥¤­¥áâ â¨áâ¨ç¥áª¨¥ ¢¥«¨ç¨-­ë à¥ «ì­ëå §­ ç¥­¨©. �â® ¦¥ ¨á¯®«ì§®¢ « ¨�¨® ¯à¨ ¢ë¢®¤¥ á¢®¨å ãà ¢­¥­¨©. � á®¢à¥¬¥­-­®© â¥®à¨¨ ¯®à¨áâëå áà¥¤ ãáâ ­ ¢«¨¢ ¥âáï á¢ï§ì¬¥¦¤ã á¢®©áâ¢ ¬¨ ¬ â¥à¨ «  ä § ­  ¬ ªà®ãà®¢­¥(¤«ï ¤®áâ â®ç­® ¡®«ìè®£® ¯® áà ¢­¥­¨î á à §¬¥-à®¬ §¥à¥­ £àã­â  ¨ ¤¨ ¬¥âà®¬ ¯®à ®¡ê¥¬ ) ¨ ­ c
 �. �. �à®ä¨¬çãª, 1999 65



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 65 { 71¬¨ªà®ãà®¢­¥. �à®¬¥ ãà ¢­¥­¨© à ¢­®¢¥á¨ï ¨ á®-åà ­¥­¨ï (¬ áá, ¬®¬¥­â , í­¥à£¨¨ ¨ ¤àã£¨å) ¤«ïá¬¥á¨ ¢ æ¥«®¬ ä®à¬ã«¨àã¥âáï â ª¦¥ ­¥à ¢¥­áâ¢®í­âà®¯¨¨. �à¨ § ¬ëª ­¨ï á¨áâ¥¬ë ãà ¢­¥­¨© ¨á-¯®«ì§ãîâáï á®®â¢¥âáâ¢ãîé¨¥ ãà ¢­¥­¨ï á®áâ®ï-­¨ï. �®«ãç¥­­ë¥ �à¥¢® [6] ­  ®á­®¢¥ á®¢à¥¬¥­­®©â¥®à¨¨ ¨ àï¤  ¤®¯ãé¥­¨© ãà ¢­¥­¨ï á®¢¯ ¤ îâ áãà ¢­¥­¨ï¬¨ �¨®. �®á«¥¤­¨¥ ®ª §ë¢ îâáï ¢¯®«­¥ª®àà¥ªâ­ë¬¨ ¯à¨ áà ¢­¥­¨¨ à¥§ã«ìâ â®¢ á® áâà®-£¨¬¨ à¥è¥­¨ï¬¨, ª®â®àë¥ ®ç¥­ì á«®¦­ë ¤«ï ¨á-¯®«ì§®¢ ­¨ï ¯à¨ ç¨á«¥­­®¬  ­ «¨§¥.�  ®á­®¢¥ ã¯à®é¥­­®© ¬®¤¥«¨ �¨®  ­ «¨â¨ç¥-áª¨¬¨ ¬¥â®¤ ¬¨ à¥è «¨áì £ à¬®­¨ç¥áª ï [7] ¨ ­¥-áâ æ¨®­ à­ ï [8] § ¤ ç¨ ® ª®«¥¡ ­¨ïå á«®ï ­ áë-é¥­­®£® ¦¨¤ª®áâìî £àã­â  ¯à¨ à §«¨ç­ëå á®ç¥-â ­¨ïå §­ ç¥­¨© ¯à®­¨æ ¥¬®áâ¨ ¨ á¦¨¬ ¥¬®áâ¨¯®à®¢®© ¦¨¤ª®áâ¨.�¨á«¥­­ë¥ à¥è¥­¨ï § ¤ ç ®¡ ãáâ ­®¢¨¢è¨åáïª®«¥¡ ­¨ïå á«®ï ¢®¤®­ áëé¥­­®£® £àã­â  ­  ®á­®-¢¥ ¬®¤¥«¨ �¨® à §¢¨¢ «¨áì ¢ [9]. �®¤à®¡­ë©  ­ -«¨§ £ à¬®­¨ç¥áª¨å ª®«¥¡ ­¨© ¤¢ãåä §­®£® á«®ï¢ë¯®«­¥­ �. �. �¨¤ãå®¬ [7]. � ª ç¥áâ¢¥ ¯à ªâ¨-ç¥áª¨å à¥ª®¬¥­¤ æ¨© ®â¬¥ç ¥âáï, çâ® ¤¨­ ¬¨ç¥-áª®¥ ¯®¢¥¤¥­¨¥ áà¥¤ë ¢ áâ ¡¨«¨§¨à®¢ ­­®© §®­¥¬®¦¥â à áá¬ âà¨¢ âìáï á ¨á¯®«ì§®¢ ­¨¥¬ ª®­æ¥¯-æ¨¨ íª¢¨¢ «¥­â­®© ¤¢ãåä §­®© áà¥¤ë ¯à¨ á®®â-¢¥âáâ¢ãîé¥© ª®àà¥ªâ¨à®¢ª¥ £à ­¨ç­ëå ãá«®¢¨©.�¤­ ª® ­ «¨ç¨¥ §®­ë ­¥ãáâ ­®¢¨¢è¥£®áï ¢§ ¨¬®-¤¥©áâ¢¨ï ä § áâ ­®¢¨âáï ¯à¨ç¨­®© ®¯ á­ëå ï¢«¥-­¨© à §¦¨¦¥­¨ï ¨ á¤¢¨£  £àã­â . �«ï ¯¥à¥å®¤­®©§®­ë á«¥¤ã¥â à áá¬ âà¨¢ âì ¡®«¥¥ á«®¦­ë¥ ãà ¢-­¥­¨ï á®áâ®ï­¨ï. �à¨ ãáâ ­®¢¨¢è¨åáï ª®«¥¡ ­¨ïåà §¬¥à ãª § ­­ëå §®­ § ¢¨á¨â ®â ç áâ®âë ¢®§-¤¥©áâ¢¨ï ¨ ¥£®  ¬¯«¨âã¤ë, £¥®¬¥âà¨¨ ®¡« áâ¨ ¨á¢®©áâ¢ áà¥¤ë. � ®¡é¥¬ á«ãç ¥ ãç¥â ¢á¥£® à §­®-®¡à §¨ï ãá«®¢¨© âà¥¡ã¥â ¯à¨¬¥­¥­¨ï ç¨á«¥­­®£®¬®¤¥«¨à®¢ ­¨ï.� áâ âì¥ [10] à áá¬®âà¥­® ¢®§¡ã¦¤¥­¨¥ §¢ãª®-¢ëå ¢®«­ ªàã£«ë¬ ¦¥áâª¨¬ èâ ¬¯®¬, ¯à®å®¤ï-é¨å ç¥à¥§ á«®© ¨§ ¯®à¨áâ®£® ¬ â¥à¨ « , «¥¦ é¨©­  ­¥¯à®­¨æ ¥¬®¬ ®á­®¢ ­¨¨. �à¥¤áâ ¢«¥­ë ¤¢¥¬¥â®¤¨ª¨ ¨ áà ¢­¨â¥«ì­ë¥ ç¨á«¥­­ë¥ à¥§ã«ìâ -âë ¨áá«¥¤®¢ ­¨ï §¢ãª®¢®£® ¯®«ï ¢ § ¢¨á¨¬®áâ¨ ®â ªãáâ¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¯®à¨áâ®£® ¬ â¥à¨ -« .� ¡®â  [11] ¯®á¢ïé¥­  ¯®¤à®¡­®¬ã ¨§ãç¥­¨î¤¨á¯¥àá¨®­­ëå å à ªâ¥à¨áâ¨ª ­®à¬ «ì­ëå ¢®«­ ¢¤¢ãåä §­®¬ á«®¥ á® á¢®¡®¤­ë¬¨ £à ­¨æ ¬¨. �â-¬¥ç ¥âáï §­ ç¨â¥«ì­®¥ ãá«®¦­¥­¨¥ ¢®«­®¢®© ª à-â¨­ë ¢ áà¥¤¥ �¨®, £¤¥ à á¯à®áâà ­ïîâáï ¯à®¤®«ì-­ë¥ ¢®«­ë ¤¢ãå â¨¯®¢ ¯® áà ¢­¥­¨î á ®¤­®ä §­®©áà¥¤®©.�¥áâ æ¨®­ à­ë¥ § ¤ ç¨ ¤¨­ ¬¨ª¨ ¤¢ãåä §­ëå

áà¥¤ à áá¬ âà¨¢ îâáï ¢ àï¤¥ à ¡®â ¤«ï à §«¨ç­ëå¯à¨«®¦¥­¨©. � [12] ¯à¨¢¥¤¥­ë ¬¥â®¤¨ª¨ ¨  «£®-à¨â¬ë à¥è¥­¨ï § ¤ ç ¤¨­ ¬¨ª¨ £àã­â®¢ëå ®á­®-¢ ­¨© ¬¥â®¤®¬ ª®­¥ç­ëå í«¥¬¥­â®¢ (���) ¨, ¢ç áâ­®áâ¨, ¤«ï ¬®¤¥«¨ �¨® à áá¬ âà¨¢ « áì § ¤ -ç  ® ¬£­®¢¥­­® ¯à¨«®¦¥­­®¬ ª ¡¥áª®­¥ç­®© ¯®«®á¥¢®§¤¥©áâ¢¨¨. � à ¬ª å ã¯à®é¥­­®© ¬®¤¥«¨ �¨® ¢[13] ¨áá«¥¤®¢ ­® à¥è¥­¨¥ ®¤­®¬¥à­ëå § ¤ ç ä¨«ì-âà æ¨®­­®© ª®­á®«¨¤ æ¨¨ £àã­â®¢ëå ­ áë¯¥© ¯à¨¤¥©áâ¢¨¨ à áç¥â­ëå ­ £àã§®ª, ¢ª«îç ï ¤¨­ ¬¨ç¥-áª¨¥. � ¤ ç  ® à á¯à®áâà ­¥­¨¨ áä¥à¨ç¥áª®© ¢®«-­ë ¢ áà¥¤¥ �¨® á® áä¥à¨ç¥áª®© ¯®«®áâìî à áá¬ -âà¨¢ « áì ¢ [14]. �®«¥ ­ ¯àï¦¥­¨© ¢ ®ªà¥áâ­®áâ¨¯®«®áâ¨ ®¯à¥¤¥«ï¥âáï ¯à®¤®«ì­®© ¢®«­®© 1-£® â¨-¯ ,   á¬¥é¥­¨¥ áâ¥­®ª ¯®«®áâ¨ { 2-£® â¨¯ . �­ «¨-â¨ç¥áª®¥ à¥è¥­¨¥ § ¤ ç¨ ® ¤¨­ ¬¨ç¥áª®¬ ¯®¢¥¤¥-­¨¨ ¢®¤®­ áëé¥­­®£® ¯¥áç ­®£® á«®ï (áà¥¤  �¨®)á ¯®ªàë¢ îé¨¬ ¥£® á«®¥¬ ¢®¤ë ¨á¯®«ì§®¢ ­® ¢ [15]¤«ï ®¯à¥¤¥«¥­¨ï á¬¥é¥­¨©, ­ ¯àï¦¥­¨© ¨ ¯®à®¢®-£® ¤ ¢«¥­¨ï ¯à¨ ¤¥©áâ¢¨¨ ¬ ªá¨¬ «ì­ëå èâ®à¬®-¢ëå ­ £àã§®ª ­  ¤®­­ë¥ ®â«®¦¥­¨ï, ¯à®¢®¤¨«®áìáà ¢­¥­¨¥ à¥§ã«ìâ â®¢ á ¤ ­­ë¬¨ ¬®¤¥«ì­®£® íªá-¯¥à¨¬¥­â .�¥è¥­¨î § ¤ ç ¤¨­ ¬¨ª¨ á®®àã¦¥­¨©, ¢§ ¨¬®-¤¥©áâ¢ãîé¨å á £àã­â®¢®© áà¥¤®© ¯à¨ ãáâ ­®¢¨¢-è¨åáï ¨ ­¥áâ æ¨®­ à­ëå ª®«¥¡ ­¨ïå ­  ®á­®¢¥ ¬®-¤¥«¨ �¨® ¯®á¢ïé¥­  ¬®­®£à ä¨ï [16].� à¥§ã«ìâ â¥ ¤®áâ â®ç­® ¨­â¥­á¨¢­ëå ¢®§¤¥©-áâ¢¨© ¯à¨ ®¯à¥¤¥«¥­­ëå ãá«®¢¨ïå ¯à®¨áå®¤¨â ­ -àãè¥­¨¥ æ¥«®áâ­®áâ¨ ¯®à¨áâ®£® áª¥«¥â , ¢®§­¨ª -îâ ­¥®¡à â¨¬ë¥ ¤¥ä®à¬ æ¨¨. �«ï ¯à®£­®§  ¯®-¢¥¤¥­¨ï áà¥¤ë ¯à¨ íâ®¬ à §à ¡ âë¢ îâáï ¬¥â®¤ëà¥è¥­¨ï ­¥«¨­¥©­ëå § ¤ ç, ¨á¯®«ì§ãîé¨å à¥è¥-­¨¥ «¨­¥©­®© § ¤ ç¨ ­  ¬ «ëå ¨­â¥à¢ « å ¢à¥¬¥-­¨, ¤ îé¨å ­ ç «ì­®¥ ¯à¨¡«¨¦¥­¨¥ ¤«ï ¨â¥à æ¨©.1. ���������� ������ ������������� ��� �������������� ���������1.1. �à ¢­¥­¨ï ¤¨­ ¬¨ª¨ ¯®à¨áâ®ã¯àã£®©­ áëé¥­­®© ¦¨¤ª®áâìî áà¥¤ë�®¤¥«ì �. �¨® ¯à¥¤áâ ¢«ï¥âáï á¨áâ¥¬®© ¤¨ää¥-à¥­æ¨ «ì­ëå ãà ¢­¥­¨©�11 @2ui@ t2 + �12 @2vi@ t2 + b�@ ui@ t � @ vi@ t � = @ �sij@ xj ;�12 @2ui@ t2 + �22 @2vi@ t2 + b�@ vi@ t � @ ui@ t � = @ �f@ xi ; (1)£¤¥ ¢ ¯à¥¤¯®«®¦¥­¨¨ ¨§®âà®¯­®áâ¨ ¨ «¨­¥©­®áâ¨¯®à¨áâ®© â¢¥à¤®© ä §ë á¢ï§ì ­ ¯àï¦¥­¨© á ¤¥-66 �. �. �à®ä¨¬çãª



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 65 { 71ä®à¬ æ¨ï¬¨ ¯à¨­¨¬ ¥âáï á«¥¤ãîé¥©:�sij = Ae �ij +N � @ ui@ xj + @ uj@ xi �+Q" �ij ;e = � �u; " = � �v; (2)�f = �mp0 = Qe+ R": (3)�¤¥áì ui, vi { ª®¬¯®­¥­âë ¢¥ªâ®à®¢ ¯¥à¥¬¥-é¥­¨© â¢¥à¤®© �u ¨ ¦¨¤ª®© �v ä § ¢ ¤¥ª à-â®¢ëå ª®®à¤¨­ â å xi, i = 1; 2; 3, ¬; t {¢à¥¬ï, á; �11 = (1�m)�s � �12; �22 = m�f � �12;�s, �f { ¯«®â­®áâ¨ â¢¥à¤®© ¨ ¦¨¤ª®© ä §,ª£/¬3; �12 { ª®íää¨æ¨¥­â ¤¨­ ¬¨ç¥áª®© á¢ï§¨ä §, ª£/¬3; m { ¯®à¨áâ®áâì; � ¨ � { ª®­áâ ­-âë � ¬¥ ¯®à¨áâ®ã¯àã£®£® áª¥«¥â , � ; N = �;A = �+Kf a20 S0=m; R = mKf S0; Q = a0Kf S0;Kf { ¬®¤ã«ì ®¡ê¥¬­®© á¦¨¬ ¥¬®áâ¨ ¦¨¤ª®-áâ¨, � ; �0 { ¤¨­ ¬¨ç¥áª¨© ª®íää¨æ¨¥­â ¢ï§ª®-áâ¨ ¦¨¤ª®áâ¨, � á/¬; S0 = mKr=(mKr + a0Kf );a0 = 1�m �Ks=Kr ; Ks = � + 2�=3; Kr { ¨á-â¨­­ë© ¬®¤ã«ì á¦¨¬ ¥¬®áâ¨ â¢¥à¤®© ä §ë, � ;b = m2 �0=Kpr = gm2�f=kf { å à ªâ¥à¨áâ¨ª  ¯à®-­¨æ ¥¬®áâ¨, ª£/¬3á; Kpr { ª®íää¨æ¨¥­â ¯à®­¨æ -¥¬®áâ¨, ¬2; kf { ª®íää¨æ¨¥­â ä¨«ìâà æ¨¨, ¬/á;g = 9:81 ¬/á2; e { ®¡ê¥¬­ ï ¤¥ä®à¬ æ¨ï ¬¨­¥-à «ì­®£® áª¥«¥â ; " { ®¡ê¥¬­ ï ¤¥ä®à¬ æ¨ï ¦¨¤-ª®© ä §ë; �sij { â¥­§®à ­ ¯àï¦¥­¨© ¢ 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; �ij { á¨¬¢®« �à®­¥ª¥-à . � áá¬ âà¨¢ îâáï íää¥ªâ¨¢­ë¥ ­ ¯àï¦¥­¨ï�0ij = �sij + (1�m) p0 �ij , ª®â®àë¥ á¢ï§ ­ë á ¤¥-ä®à¬ æ¨ï¬¨ áª¥«¥â  £àã­â  á®®â­®è¥­¨ï¬¨ â¥®-à¨¨ ã¯àã£®áâ¨.� ­­ ï à ¡®â  ¯®á¢ïé¥­  ç¨á«¥­­®¬ã à¥è¥­¨î§ ¤ ç¨ ® ­¥áâ æ¨®­ à­ëå ª®«¥¡ ­¨ïå á«®ï ¢®¤®-­ áëé¥­­®£® £àã­â  ­  ¦¥áâª®¬ ®á­®¢ ­¨¨ ¯à¨¤¥©áâ¢¨¨ ­  ¯®¢¥àå­®áâ¨ ­¥áâ æ¨®­ à­®© ­ £àã§-ª¨ (à¨á. 1). �à ­¨ç­ë¥ ãá«®¢¨ï § ¤ ç¨:�(A+ 2N ) @u(t)@x + Q @v(t)@x �x=0 = q0H(t); (4)u(t) jx=h= v(t) jx=h= 0; (5)£¤¥ q0 {  ¬¯«¨âã¤  ¤ ¢«¥­¨ï ­  â¢¥à¤ë© áª¥«¥â;H(t) { äã­ªæ¨ï �¥¢¨á ©¤ . � ç «ì­ë¥ ãá«®¢¨ï § -¤ ç¨ { ­ã«¥¢ë¥.1.2. �®­¥ç­®í«¥¬¥­â­ ï ä®à¬ã«¨à®¢ª ãà ¢­¥­¨© �¨®�®£« á­® [17] §¤¥áì ¯à¨ ¨á¯®«ì§®¢ ­¨¨ ��� ­ ®á­®¢¥ ¨áå®¤­ëå ãà ¢­¥­¨© (1) áâà®¨âáï  ¯¯à®ª-

�¨á. 1. �å¥¬  á«®ï ¢®¤®­ áëé¥­­®£® £àã­â  ­ ¦¥áâª®¬ ®á­®¢ ­¨¨ ¯à¨ ¤¥©áâ¢¨¨ ­¥áâ æ¨®­ à­®©¢¥àâ¨ª «ì­®© ­ £àã§ª¨á¨¬ æ¨ï ¢¨¤ ux � ~ux = MPm=1 uxmNm ;uy � ~uy = MPm=1uymNm ;Ux � ~Ux = MPm=1UxmNm ;Uy � ~Uy = MPm=1UymNm ; (6)£¤¥ fuxm ; uym ; Uxm ; UymgT { ¢¥ªâ®à ã§«®¢ëå ¯¥-à¥¬¥­­ëå ¤«ï ã§«  m; Nm { äã­ªæ¨¨ ä®à¬ë í«¥-¬¥­â  ¤«ï ã§«  m; M { ç¨á«® ã§«®¢ ­  í«¥¬¥­â¥;~ux, ~uy, ~Ux, ~Uy {  ¯¯à®ªá¨¬ æ¨ï ¨áª®¬ëå äã­ªæ¨©¢ à áá¬ âà¨¢ ¥¬®© ¤¢ã¬¥à­®© (á ª®®à¤¨­ â ¬¨ x,y) ®¡« áâ¨ 
 á £à ­¨æ¥© �.� ¯¨áë¢ îâáï  ¯¯à®ªá¨¬¨àãîé¨¥ ãà ¢­¥­¨ï¬¥â®¤  ¢§¢¥è¥­­ëå ­¥¢ï§®ª ¢ ä®à¬¥ ¬¥â®¤  � -«¥àª¨­ , ¤«ï § ¯¨á¨ á« ¡®© ä®à¬ã«¨à®¢ª¨ ¨á¯®«ì-§ã¥âáï ä®à¬ã«  �à¨­ . �®á«¥ ¯®­¨¦¥­¨ï ¯®àï¤-ª  á¨áâ¥¬ë ¯®«ãç¥­  ª®­¥ç­®-í«¥¬¥­â­ ï ä®à¬ã-«¨à®¢ª  ¨ á¨áâ¥¬  ãà ¢­¥­¨© ¯à¨­¨¬ ¥â á«¥¤ãî-é¨© ®¡é¨© ¢¨¤:[M ]f �'g+ [C]f _'g+ [K] f'g = fPg ; (7)£¤¥ [M ]; [C]; [K] { á®®â¢¥âáâ¢¥­­® ¬ âà¨æë ¬ áá,¤¥¬¯ä¨à®¢ ­¨ï, ¦¥áâª®áâ¨, ª®â®àë¥  áá¥¬¡«¨àã-îâáï ¨§ ¯®¤¬ âà¨æ ã§«®¢ [18] ¨ í«¥¬¥­â®¢ á®£« á­®£«®¡ «ì­®© ­ã¬¥à æ¨¨ ã§«®¢. � ¯®¤¬ âà¨æã ¤«ïã§«  ¢å®¤ïâ: ª®íää¨æ¨¥­âë ¯à¨ ã§«®¢ëå §­ ç¥­¨-ïå ãáª®à¥­¨© (¯à¨ç¥¬ ¢ á«ãç ¥ á« ¡®© á¢ï§¨ ä §,¯à¨ �12 = 0, íâ  ¯®¤¬ âà¨æ  áâ ­®¢¨âáï ¤¨ £®-­ «ì­®©), ª®íää¨æ¨¥­âë ¯à¨ ã§«®¢ëå §­ ç¥­¨ïå�. �. �à®ä¨¬çãª 67



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 65 { 71áª®à®áâ¥© ¨ ª®íää¨æ¨¥­âë ¯à¨ ã§«®¢ëå § ­ç¥­¨-ïå ¯¥à¥¬¥é¥­¨©� §¬¥à­®áâì ¯®¤¬ âà¨æë í«¥¬¥­â  á®®â¢¥â-áâ¢ã¥â ¥£® â¨¯ã ç¨á«ã ¯¥à¥¬¥­­ëå ¢ ã§«¥, ®­  ­ -àï¤ã á £«®¡ «ì­®© ­ã¬¥à æ¨¥© ã§«®¢ ®¯à¥¤¥«ï¥âè¨à¨­ã ¤¨ £®­ «¨ ¬ âà¨æ [M ], [C], [K] ¨, â ª¨¬®¡à §®¬, ¢«¨ï¥â ­  ¢à¥¬ï ¢ë¯®«­¥­¨ï ¯à®£à ¬¬ë¤«ï à¥è¥­¨ï á¨áâ¥¬ ãà ¢­¥­¨© ­  ���. �ã­ªæ¨¨ä®à¬ë í«¥¬¥­â  á¢ï§ë¢ îâ ã§«®¢ë¥ §­ ç¥­¨ï ¯¥-à¥¬¥­­ëå á ¨å §­ ç¥­¨ï¬¨ ¢ â®çª¥ á ¯à®¨§¢®«ì­ë-¬¨ ª®®à¤¨­ â ¬¨, ¯à¨­ ¤«¥¦ é¥© í«¥¬¥­âã. �ë-¡®à ç¨á«  ¨ ä®à¬ë í«¥¬¥­â®¢ ®¯à¥¤¥«ï¥âáï ä®à-¬®© ®¡« áâ¨, à á¯à¥¤¥«¥­¨¥¬ ­¥®¤­®à®¤­®áâ¥© ¨¯à¥¤¢ à¨â¥«ì­®© ®æ¥­ª®© ¢¥«¨ç¨­ £à ¤¨¥­â®¢ ¨á-ª®¬ëå ¢¥«¨ç¨­ ¢ à áá¬ âà¨¢ ¥¬®© ®¡« áâ¨. �â¥-¯¥­ì  ¯¯à®ªá¨¬¨àãîé¥£® ¯®«¨­®¬  ¤®«¦­  ¡ëâì¢ ¤ ­­®¬ á«ãç ¥ à ¢­  2 ¤«ï ¯¥à¥¬¥é¥­¨©, â®£¤ ¤¥ä®à¬ æ¨¨ ¨ ­ ¯àï¦¥­¨ï ¬¥¦¤ã ã§« ¬¨ ¡ã¤ãâ¢ëç¨á«ïâìáï ¢ ¢¨¤¥ «¨­¥©­ëå äã­ªæ¨© ª®®à¤¨­ â.�à¨ ç¨á«¥­­®© à¥ «¨§ æ¨¨ ¨á¯®«ì§ã¥âáï ¨§®¯ à -¬¥âà¨ç¥áª¨© ¯àï¬®ã£®«ì­ë© í«¥¬¥­â á¨à¥­¤¨¯®¢ â¨¯  á 8-î ã§« ¬¨ [17].�¥ªâ®à ¯à ¢®© ç áâ¨ á¨áâ¥¬ë ãà ¢­¥­¨© fPg¢ª«îç ¥â § ¤ ­­ë¥ £à ­¨ç­ë¥ ãá«®¢¨ï ¢ ­ ¯àï-¦¥­¨ïå ¨ ®¡ê¥¬­ë¥ á¨«ë. �à¨ à¥è¥­¨¨ § ¤ ç¨ ®¤¥©áâ¢¨¨ ­¥áâ æ¨®­ à­®© ­ £àã§ª¨ ¢ ¢¥ªâ®à ¯à -¢®© ç áâ¨ ¢ª«îç îâáï ¤®¯®«­¨â¥«ì­ë¥ á« £ ¥¬ë¥,®¯à¥¤¥«ï¥¬ë¥ ¬¥â®¤®¬ ¨­â¥£à¨à®¢ ­¨ï ¯® ¢à¥¬¥-­¨.� ª¨¬ ®¡à §®¬, ¢ë¯®«­¥­  ä®à¬ã«¨à®¢ª  ¤«ï¤¢ã¬¥à­®© ®¡« áâ¨ c ª¢ ¤à â¨ç­ë¬¨ äã­ªæ¨ï¬¨ä®à¬ë. �«®¡ «ì­ë¥ ¬ âà¨æë ¬®£ãâ á®áâ ¢«ïâìáïá ãç¥â®¬ ­¥®¤­®à®¤­®áâ¥© áà¥¤ë (¨§¬¥­ïîé¨åáï®â í«¥¬¥­â  ª í«¥¬¥­âã ã¯àã£¨å ª®­áâ ­â, ¯à®-­¨æ ¥¬®áâ¨, ¯«®â­®áâ¨ ¨ ¤à.) ­  ®á­®¢¥ ¤¥«¥­¨ï®¡« áâ¨ ­  í«¥¬¥­âë ¨ á®®â¢¥âáâ¢ãîé¨å ¨áå®¤-­ëå ¤ ­­ëå. �à¨ ¯®áâà®¥­¨¨ £«®¡ «ì­ëå ¬ âà¨æãç¨âë¢ îâáï ¢á¥ ã§«®¢ë¥ ­¥¨§¢¥áâ­ë¥. � â¥¬á«¥¤ã¥â ãç¥áâì ­ ç «ì­ë¥ ¨ £à ­¨ç­ë¥ ãá«®¢¨ï ¯ã-â¥¬ ¨áª«îç¥­¨ï áâà®ª ¨ áâ®«¡æ®¢ á § ¤ ­­ë¬¨ ­ã-«¥¢ë¬¨ ãá«®¢¨ï¬¨ ¤«ï ª®¬¯®­¥­â ¯¥à¥¬¥é¥­¨©.�à¨ à¥è¥­¨¨ á¨áâ¥¬ë ¨á¯®«ì§ãîâáï ¯à®æ¥¤ã-àë, ãç¨âë¢ îé¨¥ ¤«ï ãáª®à¥­¨ï ¢ëç¨á«¥­¨© ¤¨ -£®­ «ì­ãî áâàãªâãàã ®¡é¥© ¬ âà¨æë.� ®¡é¥¬ á«ãç ¥ à áá¬ âà¨¢ ¥¬ ï ­ £àã§ª  { ¤¨-­ ¬¨ç¥áª ï ­¥áâ æ¨®­ à­ ï. �à¨  ­ «¨§¥ íää¥ª-â¨¢­ëå ­ ¯àï¦¥­¨© á«¥¤ã¥â ãç¥áâì áâ â¨ç¥áª®¥¤¥ä®à¬¨à®¢ ­¨¥ á«®ï ®â ¤¥©áâ¢¨ï á®¡áâ¢¥­­®£®¢¥á  £àã­â  (á ãç¥â®¬ ¢§¢¥è¨¢ îé¥© á¨«ë ¤«ï­¥á¢ï§­ëå £àã­â®¢) ¨ § ¤ ­­®© ¢¥àâ¨ª «ì­®© ­ -£àã§ª¨. �â â¨ç¥áª ï ­ £àã§ª  ãç¨âë¢ ¥âáï ¯à¨¢ëç¨á«¥­¨¨ ¤¥ä®à¬ æ¨©. � ¤ ç  ®¯à¥¤¥«¥­¨ï áâ -â¨ç¥áª¨å ¯¥à¥¬¥é¥­¨© ¨ ­ ¯àï¦¥­¨© ç¨á«¥­­® à¥-

è ¥âáï ¢ á®áâ ¢¥ ¯à®£à ¬¬ë ¬®¤¥«¨à®¢ ­¨ï ­¥-áâ æ¨®­ à­ëå ¤¨­ ¬¨ç¥áª¨å ¯à®æ¥áá®¢ ¢ £àã­â¥.�®¤¥«¨à®¢ ­¨¥ ãá«®¢­ëå £à ­¨æ à áç¥â­®©®¡« áâ¨ á ¯à®¯ãáª ­¨¥¬ ¢®«­ ¬®¦¥â ¡ëâì ®áãé¥-áâ¢«¥­® ¬¥â®¤ ¬¨, ®¯¨á ­­ë¬¨ ¢ [12] ¨ ¤àã£¨å ¯ã-¡«¨ª æ¨ïå.�¥à¥å®¤ ®â ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© á ª®-íää¨æ¨¥­â ¬¨, § ¢¨áïé¨¬¨ ®â ¢à¥¬¥­¨, ª ãà ¢-­¥­¨ï¬ á ¯®áâ®ï­­ë¬¨ ª®íää¨æ¨¥­â ¬¨ ®áãé¥-áâ¢«ï¥âáï ¯à¨ ¨á¯®«ì§®¢ ­¨¨  ¯¯à®ªá¨¬ æ¨¨ áª®-à®áâ¨ ¨ ãáª®à¥­¨ï ª®­¥ç­®-à §­®áâ­ë¬¨ á®®â­®-è¥­¨ï¬¨ ¤«ï ¯¥à¥¬¥é¥­¨© ¨ áª®à®áâ¥©. �à¨ ¢ë-ç¨á«¥­¨ïå ¨á¯®«ì§ã¥âáï ãáâ®©ç¨¢ ï áå¥¬  ¨­â¥-£à¨à®¢ ­¨ï �ìî¬ àª , á®£« á­® ª®â®à®© ä®à¬¨-àã¥âáï íää¥ªâ¨¢­ ï ¬ âà¨æ  ¬ áá ¤«ï ª®­¥ç­®í«¥-¬¥­â­®© ®¡« áâ¨:[ ~M ] = [M ] + ��t[C] + ��t2[K]; (8)£¤¥ � � 0:25 ¨ � � 0:5 { ª®íää¨æ¨¥­âë áå¥¬ë ¨­-â¥£à¨à®¢ ­¨ï �ìî¬ àª . �  ª ¦¤®¬ è £¥ ¯® ¢à¥-¬¥­¨ ¢ëç¨á«ï¥âáï ¢¥ªâ®à á¨« f ~Pgt+�t ¨ ­ å®¤¨âáïà¥è¥­¨¥ ãà ¢­¥­¨ï ¤«ï ¢¥ªâ®à  ãáª®à¥­¨© ä §:[ ~M ]f@2'@ t2 g = f ~Pgt+�t: (9)� â¥¬ ®¯à¥¤¥«ï¥âáï áà¥¤­ïï áª®à®áâì §  ¯¥à¨®¤� t ¨ ¯¥à¥¬¥é¥­¨ï ¢ ª®­æ¥ à áá¬ âà¨¢ ¥¬®£® ¨­-â¥à¢ « . �¯à¥¤¥«¨¢ ¤¥ä®à¬ æ¨¨, ­ å®¤¨¬ íää¥ª-â¨¢­ë¥ ­ ¯àï¦¥­¨ï ¨ ¯®à®¢®¥ ¤ ¢«¥­¨¥.�¨á«¥­­®¥ ¯®¢¥¤¥­¨¥ ª®­¥ç­ëå í«¥¬¥­â®¢ à §-«¨ç­®£® â¨¯  ¢ § ¤ ç å ¤¨­ ¬¨ª¨ ¤¢ãåä §­ëåáà¥¤ ¨ ª®­á®«¨¤ æ¨¨ £àã­â®¢ ¨§ãç¥­® ¢ àï¤¥ á¯¥-æ¨ «ì­ëå ¨áá«¥¤®¢ ­¨©, ­ ¯à¨¬¥à [6, 8, 19], £¤¥®¯¨á ­ë ¯à®æ¥¤ãàë á£« ¦¨¢ ­¨ï ¨ ª®¬¯¥­á æ¨¨¢ëç¨á«¨â¥«ì­ëå ¯®£à¥è­®áâ¥©.� ­­ ï ¬¥â®¤¨ª   ¯à®¡¨à®¢ « áì ¯à¨ à¥è¥­¨¨§ ¤ ç¨ ® £ à¬®­¨ç¥áª¨å ª®«¥¡ ­¨ïå á«®ï [20] ¨áà ¢­¨¢ « áì á  ­ «¨â¨ç¥áª¨¬ à¥è¥­¨¥¬ [21].2. ��������� ������ ������������ �������¨á«¥­­ë¥ ¯à¨¬¥àë à áá¬®âà¥­ë ¤«ï á«®ï ¢®-¤®­ áëé¥­­®£® ­¥á¢ï§­®£® £àã­â  á® á«¥¤ãîé¨-¬¨ å à ªâ¥à¨áâ¨ª ¬¨: � + 2� = 1:01 � 108 � ;m = 0:4; ª®íää¨æ¨¥­â �ã áá®­  ¬¨­¥à «ì­®£® áª¥-«¥â  � = 0:3; �s = 2700 ª£/¬3; �f = 1018 ª£/¬3;K0 = 2:5 � 108 � ; �12 = 0:0; �0 = 1:23 � 10�3 �á/¬;Kr = 1011 � , â. ¥. â¢¥à¤ë¥ ç áâ¨æë ¯à ªâ¨ç¥-áª¨ ­¥á¦¨¬ ¥¬ë. � áá¬ âà¨¢ ¥âáï àï¤ §­ ç¥­¨©¯ à ¬¥âà  b.�  à¨á. 2 ¯®ª § ­® ¨§¬¥­¥­¨¥ íää¥ªâ¨¢­®£® ­ -¯àï¦¥­¨ï ¨ ¯®à®¢®£® ¤ ¢«¥­¨ï (®¡¥§à §¬¥à¥­­ëå68 �. �. �à®ä¨¬çãª
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�¨á. 2. �¥§à §¬¥à­ë¥ ­ ¯àï¦¥­¨ï ¢ áª¥«¥â¥£àã­â  �00= q0 ¨ ¡¥§à §¬¥à­®¥ ¯®à®¢®¥ ¤ ¢«¥­¨¥p0= q0 ¯à¨ x = 0:3125 ¬¯® q0) ¢® ¢à¥¬¥­¨ ¤«ï â®çª¨ x = 0:3125 ¬. �  £à -ä¨ª å ¨««îáâà¨àã¥âáï à §¢¨â¨¥ ¯à®æ¥áá  ª®­á®-«¨¤ æ¨¨ £àã­â . � ¬®¬¥­â ¯à¨å®¤  ã¯àã£®© ¢®«­ë­ ¡«î¤ ¥âáï à¥§ª¨© à®áâ ¯®à®¢®£® ¤ ¢«¥­¨ï: ¦¨¤-ª®áâì ¨§ ¯®à ¥é¥ ­¥ ãá¯¥¢ ¥â ®âä¨«ìâà®¢ë¢ âìáï,  á¦¨¬ ¥¬®áâì ¢®¤ë ¬ « . � ª¨¬ ®¡à §®¬, ¢ ­ -ç «ì­ë© ¬®¬¥­â ­ £àã§ª  ¯¥à¥¤ ¥âáï ­  ¯®à®¢ãî¢®¤ã. � â¥¬ ¯à®¨áå®¤¨â ¯¥à¥¤ ç  ­ £àã§ª¨ ­  áª¥-«¥â £àã­â ,   ¯®à®¢®¥ ¤ ¢«¥­¨¥ á­¨¦ ¥âáï.�  ¯à®æ¥áá ª®­á®«¨¤ æ¨¨ ¢ ¯¥à¥å®¤­®¬ á«®¥ ¢«¨-ï¥â ¯à®­¨æ ¥¬®áâì. �à¨ b = 1:23 � 105 ª£/(¬3á)(ªà¨¢ë¥ 1 ¨ 2) ¯à®¨áå®¤¨â ¡ëáâà®¥ á­¨¦¥­¨¥¯®à®¢®£® ¤ ¢«¥­¨ï (ªà¨¢ ï 2), ¨ ­ ¯àï¦¥­¨ï ¢áª¥«¥â¥ (ªà¨¢ ï 1) ¯à¨¡«¨¦ îâáï ª ¢¥«¨ç¨­¥¢­¥è­¥© ­ £àã§ª¨ q0. � á«ãç ¥, ¥á«¨ § ¤ ­®b = 1:23 � 107 ª£/(¬3á) (á®®â¢¥âáâ¢¥­­® ªà¨¢ë¥ 3 ¨4, ¬ « ï ¯à®­¨æ ¥¬®áâì), ¯à®æ¥áá ª®­á®«¨¤ æ¨¨¯à®å®¤¨â ¬¥¤«¥­­¥¥.� áá¬®âà¨¬ ¯¥à¥¬¥é¥­¨ï ä § ¯à¨ § ¤ ­­®©¥¤¨­¨ç­®© ¢¥«¨ç¨­¥ q0. �  à¨á. 3 ¯à¨¢¥¤¥­ë £à -ä¨ª¨ ¯¥à¥¬¥é¥­¨© ¢ § ¢¨á¨¬®áâ¨ ®â ¢à¥¬¥­¨ ¢â®çª¥ á«®ï ¢¡«¨§¨ ¯®¢¥àå­®áâ¨, x = 0:3125 ¬.�¥à¥¬¥é¥­¨ï ¯® £«ã¡¨­¥ á«®ï ¢ ¬®¬¥­â ¢à¥¬¥­¨t = 0:05 á, ª®£¤  ¢®§¬ãé¥­¨¥ ¤®áâ¨£ ¥â ¤­ , ¯à¥¤-áâ ¢«¥­ë ­  à¨á. 4. �®ª § ­®, çâ® ¯à¨ ã¢¥«¨ç¥-­¨¨ ¯à®­¨æ ¥¬®áâ¨ à §«¨ç¨¥ ¯¥à¥¬¥é¥­¨© ä § ã¯®¢¥àå­®áâ¨ ¨ £«ã¡¨­  ¯¥à¥å®¤­®© §®­ë ã¢¥«¨ç¨-

�¨á. 3. �¥à¥¬¥é¥­¨ï ä §, x = 0:3125 ¬¢ ¥âáï. �  à¨á. 5 ¯à¥¤áâ ¢«¥­ë £à ä¨ª¨ § ¢¨á¨-¬®áâ¨ ®â ¢à¥¬¥­¨ ¯¥à¥¬¥é¥­¨ï ¯®¢¥àå­®áâ¨ x = 0á«®ï. �à¨«®¦¥­­ ï ­ £àã§ª  ¢ë§ë¢ ¥â à á¯à®-áâà ­¥­¨¥ ¢®§¬ãé¥­¨ï, ª®â®à®¥ ¯®¯¥à¥¬¥­­® ®â-à ¦ ¥âáï ®â £à ­¨æ á«®ï. �à¨ ãç¥â¥ ¤¨áá¨¯ æ¨¨,¯à¨ ¡®«¥¥ ¢ëá®ª®¬ ª®íää¨æ¨¥­â¥ ä¨«ìâà æ¨¨,  ¬-¯«¨âã¤  ª®«¥¡ ­¨© á® ¢à¥¬¥­¥¬ § ¬¥â­® ã¬¥­ìè -¥âáï; ¯¥à¥¬¥é¥­¨ï ¯à¨¡«¨¦ îâáï ª áâ â¨ç¥áª®¬ã§­ ç¥­¨î ¤«ï á«®ï, á¦ â®£® ¯®áâ®ï­­®© ­ £àã§-ª®©.������� à ¬ª å à §¢¨â¨ï ¬¥â®¤¨ª¨ ç¨á«¥­­®£® à¥è¥-­¨ï ¬¥â®¤®¬ ª®­¥ç­ëå í«¥¬¥­â®¢ § ¤ ç ¤¨­ ¬¨ª¨­ áëé¥­­ëå ¯®à¨áâëå áà¥¤ à áá¬®âà¥­  ­¥áâ æ¨-®­ à­ ï § ¤ ç  ¤«ï á«®ï ¨§ ¤¢ãåä §­®£® ¬ â¥à¨- «  á ¯®à¨áâ®ã¯àã£¨¬ áª¥«¥â®¬ ¨ á¦¨¬ ¥¬®© ¯®-à®¢®© ¦¨¤ª®áâìî ­  ¦¥áâª®¬ ®á­®¢ ­¨¨ ¢ ãá«®-¢¨ïå ®¤­®®á­®£® ­ £àã¦¥­¨ï ¢­¥§ ¯­® ¯à¨«®¦¥­-­ë¬ ¯®áâ®ï­­ë¬ ¤ ¢«¥­¨¥¬ ª â¢¥à¤®¬ã áª¥«¥âã­  á¢®¡®¤­®© £à ­¨ á«®ï. �à®¢¥¤¥­ ç¨á«¥­­ë© ­ «¨§ ¢«¨ï­¨ï ¯ à ¬¥âà  ¯à®­¨æ ¥¬®áâ¨ ¢ ¬®-¤¥«¨ �. �¨® ­  ¨§¬¥­¥­¨¥ ¢® ¢à¥¬¥­¨ íää¥ªâ¨¢-�. �. �à®ä¨¬çãª 69
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