
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 4 { 9��� 532.59������� �������������� �������� ����,����������� ����� ���������� ��������������, �� ��������������� �����. �. ���������, �. �. ��������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 14.02.2000 � �¥à¥á¬®âà¥­® 22.03.2000�áá«¥¤ã¥âáï à á¯à®áâà ­¥­¨¥ £ à¬®­¨ç¥áª¨å ¢®«­ ¢ £¨¤à®ã¯àã£®© á¨áâ¥¬¥, á®áâ®ïé¥© ¨§ ­¥®¤­®à®¤­®£® ã¯àã£®£®á«®ï, ¯®¬¥é¥­­®£® ¬¥¦¤ã ¤¢ã¬ï á¦¨¬ ¥¬ë¬¨ ¦¨¤ª®áâï¬¨ á à §«¨ç­ë¬¨ ä¨§¨ç¥áª¨¬¨ á¢®©áâ¢ ¬¨. �à®¢¥¤¥­ ç¨-á«¥­­ë©  ­ «¨§ ¤¨á¯¥àá¨®­­®£® ãà ¢­¥­¨ï ¤«ï á«ãç ï ä §®¢ëå áª®à®áâ¥©, ¬¥­ìè¨å ¡®«ìè¥© ¨§ áª®à®áâ¥© §¢ãª  ¢¦¨¤ª®áâïå. �¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ ¨¬¥¥â ¤¢  ¤¥©áâ¢¨â¥«ì­ëå ª®à­ï, á®®â¢¥âáâ¢ãîé¨å ª¢ §¨á¨¬¬¥âà¨ç­ë¬ ¨ª¢ §¨ ­â¨á¨¬¬¥âà¨ç­ë¬ ª®«¥¡ ­¨ï¬ á«®ï. � áá¬®âà¥­ë ¯à¥¤¥«ì­ë¥ á«ãç ¨: ®¤­®à®¤­ë© á«®© ¬¥¦¤ã à §«¨ç­ë-¬¨ ¦¨¤ª¨¬¨ áà¥¤ ¬¨ ¨ ­¥®¤­®à®¤­ë© á«®© ¬¥¦¤ã ®¤¨­ ª®¢ë¬¨ ¦¨¤ª¨¬¨ áà¥¤ ¬¨. �à¥¤áâ ¢«¥­ë ¢®«­®¢ë¥ ¬®¤ë¯à®¤®«ì­ëå ¨ ¯®¯¥à¥ç­ëå ¯¥à¥¬¥é¥­¨©, ª á â¥«ì­ëå ¨ ­®à¬ «ì­ëå ­ ¯àï¦¥­¨© ¢ ã¯àã£®¬ á«®¥. � à¥§ã«ìâ â¥ ­ «¨§  ¢®«­®¢ëå ¬®¤ ãáâ ­®¢«¥­®, çâ® ­¥®¤­®à®¤­®áâ¨ á«®ï ¬®£ãâ ¯à¨¢®¤¨âì ª á¨«ì­®© ª®­æ¥­âà æ¨¨ ¢®«­®¢ëå¯®«¥© ª ª ¢ æ¥­âà «ì­®© ç áâ¨ (­¥®¤­®à®¤­®áâì ¯¥à¢®£® â¨¯ ), â ª ¨ ¢¡«¨§¨ £à ­¨æ á«®ï (­¥®¤­®à®¤­®áâì ¢â®à®£®â¨¯ ).�®á«÷¤¦ãõâìáï ¯®è¨à¥­­ï £ à¬®­÷ç­¨å å¢¨«ì ã £÷¤à®¯àã¦­÷© á¨áâ¥¬÷, é® áª« ¤ õâìáï § ­¥®¤­®à÷¤­®£® ¯àã¦­®£®è àã, à®§¬÷é¥­®£® ¬÷¦ ¤¢®¬  áâ¨á«¨¢¨¬¨ à÷¤¨­ ¬¨ § à÷§­¨¬¨ ä÷§¨ç­¨¬¨ ¢« áâ¨¢®áâï¬¨. �à®¢¥¤¥­® ç¨á¥«ì­¨© ­ «÷§ ¤¨á¯¥àá÷©­®£® à÷­ï­­ï ¤«ï ¢¨¯ ¤ªã ä §®¢¨å è¢¨¤ª®áâ¥©, ¬¥­è¨å §  ¡÷«ìèã §÷ è¢¨¤ª®áâ¥© §¢ãªã ¢ à÷¤¨­ å.�¨á¯¥àá÷©­¥ à÷¢­ï­­ï ¬ õ ¤¢  à÷§­¨å ª®à¥­÷, ïª÷ ¢÷¤¯®¢÷¤ îâì ª¢ §÷á¨¬¥âà¨ç­¨¬ â  ª¢ §÷ ­â¨á¨¬¥âà¨ç­¨¬ ª®«¨-¢ ­­ï¬ è àã. �®§£«ï­ãâ® £à ­¨ç­÷ ¢¨¯ ¤ª¨: ®¤­®à÷¤­¨© è à ¬÷¦ à÷§­¨¬¨ à÷¤ª¨¬¨ á¥à¥¤®¢¨é ¬¨ â  ­¥®¤­®à÷¤­¨©è à ¬÷¦ ®¤­ ª®¢¨¬¨ à÷¤ª¨¬¨ á¥à¥¤®¢¨é ¬¨. �à¥¤áâ ¢«¥­® å¢¨«ì®¢÷ ¬®¤¨ ¯®§¤®¢¦­¨å â  ¯®¯¥à¥ç­¨å ¯¥à¥¬÷é¥­ìâ  ¤®â¨ç­¨å â  ­®à¬ «ì­¨å ­ ¯àã¦¥­ì ã ¯àã¦­®¬ã è à÷. �ª à¥§ã«ìâ â  ­ «÷§ã å¢¨«ì®¢¨å ¬®¤ ¢áâ ­®¢«¥­®, é®­¥®¤­®à÷¤­®áâ÷ è àã ¬®¦ãâì ¯à¨§¢®¤¨â¨ ¤® á¨«ì­®ù ª®­æ¥­âà æ÷ù å¢¨«ì®¢¨å ¯®«÷¢ ïª ã æ¥­âà «ì­÷© ç áâ¨­÷ (­¥®¤-­®à÷¤­÷áâì ¯¥àè®£® â¨¯ã), â ª ÷ ¯®¡«¨§ã ¬¥¦ è àã (­¥®¤­®à÷¤­÷áâì ¤àã£®£® â¨¯ã).Propagation of harmonic waves in hydroelastic system consisting of inhomogeneous elastic layer placed between twocompressible 
uids with di�erent physical properties is investigated. Numerical analysis of the dispersion equation iscarried out for phase velocities less than the greater sound velocity of two 
uids. The dispersion equation has tworeal roots corresponding to quasisymmetric and quasiasymmetric oscillations of the layer. The two limiting cases areconsidered: a layer between two 
uid media with di�erent properties and an inhomogeneous layer between the same 
uidmedia. The wave modes are presented for longitudinal and transverse diplacements, shear and normal stresses in elasticlayer. It is established from analysis of waves modes that inhomogeneities of the layer can lead to strong concentration ofwave �elds both in central part (inhomogeneity of the �rst type), and near boundaries of the layer (inhomogeneity of thesecond type).���������à®¡«¥¬  à á¯à®áâà ­¥­¨ï £ à¬®­¨ç¥áª¨å ¢®«­¢¤®«ì ­¥®¤­®à®¤­®£® ã¯àã£®£® á«®ï ¬¥¦¤ã ¤¢ã-¬ï ¦¨¤ª®áâï¬¨ ¯à¥¤áâ ¢«ï¥â ¡®«ìè®© ­ ãç­ë© ¨¯à¨ª« ¤­®© ¨­â¥à¥á. �­ ­¨¥ á¢®©áâ¢ ­®à¬ «ì-­ëå ¢®«­ ¢ â ª®© ã¯àã£®-¦¨¤ª®© á¨áâ¥¬¥ ¢ ¦­®,¢ ç áâ­®áâ¨, ¯à¨ ¯à®¥ªâ¨à®¢ ­¨¨ ¬®àáª¨å ­¥ä-â¥¯à®¢®¤®¢ ¨ à §«¨ç­®£® ¢¨¤  £¨¤à®á®®àã¦¥­¨©,à §¤¥«ïîé¨å ¦¨¤ª¨¥ áà¥¤ë,   â ª¦¥ ¯à¨ ¬®¤¥«¨-à®¢ ­¨¨ ¤¨­ ¬¨ª¨ «¥¤ï­®£® ¯®ªà®¢ . �¡§®à à¥-§ã«ìâ â®¢ ¨§ãç¥­¨ï à á¯à®áâà ­¥­¨ï ¢®«­ ¢ á«®-¨áâëå £¨¤à®ã¯àã£¨å á¨áâ¥¬ å,   â ª¦¥ ¢®¯à®áë,á¢ï§ ­­ë¥ á ¯à¨¬¥­¥­¨¥¬ íâ¨å à¥§ã«ìâ â®¢ ¯à¨à¥è¥­¨¨ ¯à ªâ¨ç¥áª¨å § ¤ ç, ¤®áâ â®ç­® ¯®«­®¯à¥¤áâ ¢«¥­ë ¢ [1]. � ¬ ¦¥ ¨áá«¥¤®¢ ­® à á¯à®-áâà ­¥­¨¥ ¢®«­ ¢ ã¯àã£®¬ ®¤­®à®¤­®¬ á«®¥, ®£à -­¨ç¥­­®¬ ¦¨¤ª¨¬¨ áà¥¤ ¬¨ à §«¨ç­®© ¯«®â­®áâ¨.�̄ ®¬ï­¥¬ â ª¦¥ ­¥ª®â®àë¥ à ¡®âë ®¡é¥£® å à ª-â¥à  [2 {6] ¨ áâ âì¨, ¨¬¥îé¨¥ ­¥¯®áà¥¤áâ¢¥­­®¥
®â­®è¥­¨¥ ª à¥è¥­¨î § ¤ ç¨ ® ¢«¨ï­¨¨ ­¥®¤­®-à®¤­®áâ¨ ã¯àã£®£® á«®ï, ®£à ­¨ç¥­­®£® ¦¨¤ª¨¬¨áà¥¤ ¬¨ à §«¨ç­®© ¯«®â­®áâ¨ [7{ 16]. �à¨ íâ®¬¨§ãç «¨áì ­¥ â®«ìª® ¡¥£ãé¨¥ ¢®«­ë, ­® â ª¦¥¢ ¦­ë¥ á â®çª¨ §à¥­¨ï ¤¨ £­®áâ¨ª¨ ­¥®¤­®à®¤-­ë¥ ¢®«­ë, á®®â¢¥âáâ¢ãîé¨¥ ª®¬¯«¥ªá­ë¬ ª®à-­ï¬ ¤¨á¯¥àá¨®­­®£® ãà ¢­¥­¨ï.� ª ¢¨¤­®, ¨áá«¥¤®¢ ­¨î à á¯à®áâà ­¥­¨ï ¢®«­¢ ã¯àã£®¬ ®¤­®à®¤­®¬ á«®¥, ª®­â ªâ¨àãîé¥¬ á¦¨¤ª¨¬¨ áà¥¤ ¬¨, ¯®á¢ïé¥­® ¬­®£® à ¡®â, ¢ ª®-â®àëå ¯à®¢®¤¨«áï  ­ «¨§ ®á®¡¥­­®áâ¥© ã¯àã£®-¦¨¤ª®£® ¢§ ¨¬®¤¥©áâ¢¨ï. � ç áâ­®áâ¨, §­ ç¨-â¥«ì­ë© ¨­â¥à¥á ¯à¥¤áâ ¢«ïîâ ¢®«­ë �â®ã­«¨ ­ ¯®¢¥àå­®áâ¨ à §¤¥« , ª®â®àë¥ ¬®£ãâ ­¥áâ¨ ¬­®-£® ¯®«¥§­®© ¨­ä®à¬ æ¨¨ ®¡ ã¯àã£®© á¨áâ¥¬¥. �á¢ï§¨ á íâ¨¬ ¡®«ìè®¥ §­ ç¥­¨¥ ¨¬¥¥â ¨áá«¥¤®¢ -­¨¥ ¢«¨ï­¨ï ­¥®¤­®à®¤­®áâ¨ ¯® â®«é¨­¥ ã¯àã£®£®á«®ï, à á¯®«®¦¥­­®£® ¬¥¦¤ã ¦¨¤ª¨¬¨ áà¥¤ ¬¨, áâ®çª¨ §à¥­¨ï ­¥à §àãè îé¥£® ª®­âà®«ï. � ¤ ­-­®© áâ âì¥ à áá¬ âà¨¢ ¥âáï ¬®¤¥«ì­ ï § ¤ ç  ®4 c
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ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 4 { 9à á¯à®áâà ­¥­¨¨ ¢®«­ ¢ â ª®© £¨¤à®ã¯àã£®© á¨-áâ¥¬¥ á æ¥«ìî ¨áá«¥¤®¢ ­¨ï ¢«¨ï­¨ï ­¥®¤­®à®¤­®-áâ¨ ã¯àã£®£® á«®ï ­  ª¨­¥¬ â¨ç¥áª¨¥ å à ªâ¥à¨-áâ¨ª¨ ­®à¬ «ì­ëå ¢®«­ ¨ § ¢¨á¨¬®áâ¨ ä §®¢ëåáª®à®áâ¥© ®â å à ªâ¥à  ­¥®¤­®à®¤­®áâ¨ ¯® ¯®¯¥-à¥ç­®© ª®®à¤¨­ â¥ x3 (à¨á. 1).� à ¡®â¥ [17] ­  ®á­®¢¥ ¬¥â®¤  à §«®¦¥­¨ï ­¥-¨§¢¥áâ­ëå äã­ªæ¨© ¢ áâ¥¯¥­­ë¥ àï¤ë ¯® ¬ «®¬ã¯ à ¬¥âàã (ª®®à¤¨­ â¥) ¯à¥¤áâ ¢«¥­®  ­ «¨â¨ç¥-áª®¥ à¥è¥­¨¥ § ¤ ç¨ ® à á¯à®áâà ­¥­¨¨ £ à¬®­¨-ç¥áª¨å ¢®«­ ¢ ¯à®¨§¢®«ì­® ­¥®¤­®à®¤­®¬ ã¯àã£®¬á«®¥, à á¯®«®¦¥­­®¬ ¬¥¦¤ã ¦¨¤ª®áâï¬¨ à §«¨ç-­®© ¯«®â­®áâ¨. �¤­ ª® ¯à®¢¥¤¥­­ë© ¢ íâ®© áâ âì¥ªà âª¨©  ­ «¨§ ¤¨á¯¥àá¨®­­ëå á®®â­®è¥­¨© ¢ë-§ë¢ ¥â ­¥®¡å®¤¨¬®áâì ¤¥â «ì­®£® à áá¬®âà¥­¨ï¤¨á¯¥àá¨¨ ¢®«­ ¤«ï á¯¥æ¨ «ì­ëå ç áâ­ëå á«ãç -¥¢.� áâ®ïé ï áâ âìï ï¢«ï¥âáï «®£¨ç¥áª¨¬ ¯à®¤®«-¦¥­¨¥¬ ¨ ®¡®¡é¥­¨¥¬ à ¡®â [1, 17]. �¤¥áì ¯à¥¤-áâ ¢«¥­ë à¥§ã«ìâ âë ¨áá«¥¤®¢ ­¨ï à á¯à®áâà ­¥-­¨ï ¢®«­ ¢ £¨¤à®ã¯àã£®© á¨áâ¥¬¥ ¢ ¢¨¤¥ ­¥®¤­®-à®¤­®£® ã¯àã£®£® á«®ï, ¯®¬¥é¥­­®£® ¬¥¦¤ã ¦¨¤-ª¨¬¨ ¯®«ã®£à ­¨ç¥­­ë¬¨ áà¥¤ ¬¨ á à §«¨ç­ë¬¨ä¨§¨ç¥áª¨¬¨ á¢®©áâ¢ ¬¨ (á¬. à¨á. 1). �áá«¥¤®-¢ ­® ¢«¨ï­¨¥ à §«¨ç­ëå ¦¨¤ª¨å áà¥¤ ­  à á¯à®-áâà ­¥­¨¥ ¢®«­ ¢ ­¥®¤­®à®¤­®¬ ¢®«­®¢®¤¥. �à®¢¥-¤¥­® áà ¢­¥­¨¥ á à ­¥¥ ¯®«ãç¥­­ë¬¨ à¥§ã«ìâ â -¬¨ ¤«ï ®¤­®à®¤­®£® ã¯àã£®£® á«®ï, ª®­â ªâ¨àãî-é¥£® á à §«¨ç­ë¬¨ ¯®«ã®£à ­¨ç¥­­ë¬¨ ¦¨¤ª¨¬¨áà¥¤ ¬¨ [1], ¨ ­¥®¤­®à®¤­®£® á«®ï, ¯®¬¥é¥­­®£®¬¥¦¤ã ®¤¨­ ª®¢ë¬¨ ¦¨¤ª®áâï¬¨ [17].1. ���������� ������ ���������-������¥®¤­®à®¤­®áâì ã¯àã£®© áà¥¤ë å à ªâ¥à¨§ã¥â-áï ¯®áâ®ï­­ë¬¨ � ¬¥ �, G ¨ ¯«®â­®áâìî �, ª®-â®àë¥ ¢ ®¡é¥¬ á«ãç ¥ ï¢«ïîâáï äã­ªæ¨ï¬¨ ¯à®-áâà ­áâ¢¥­­ëå ª®®à¤¨­ â. �¥ªâ®à­®¥ ãà ¢­¥­¨¥¤¢¨¦¥­¨ï ­¥®¤­®à®¤­®© ã¯àã£®© áà¥¤ë ®â­®á¨-â¥«ì­® ¢¥ªâ®à  á¬¥é¥­¨ï ¨¬¥¥â ¢¨¤~r((� + 2G)~r � ~u)� ~r� (G~r� ~u)++2((~rG � ~r)~u � (~rG)(~r � ~u)++(~rG)� (~r� ~u)) = �@2~u@t2 : (1)�à ¢­¥­¨¥ (1) ¨¬¥¥â á¬ëá«, ¥á«¨ ¯ à ¬¥âàë � -¬¥ ï¢«ïîâáï ¤¨ää¥à¥­æ¨àã¥¬ë¬¨ äã­ªæ¨ï¬¨ ª®-®à¤¨­ â.� ®¡é¥¬ á«ãç ¥ ­¥®¤­®à®¤­®áâ¨ âàã¤­® ­ ¤¥-ïâìáï ­  ¯®«ãç¥­¨¥  ­ «¨â¨ç¥áª®£® à¥è¥­¨ï ãà ¢-­¥­¨© (1). �¤­ ª® ¬®¤¥«ì­®¥ ¨áá«¥¤®¢ ­¨¥ íää¥ª-

  ¡�¨á. 1. �̈ ¤à®ã¯àã£ ï á¨áâ¥¬  \ã¯àã£¨© á«®©¬¥¦¤ã ¦¨¤ª¨¬¨ ¯®«ã®£à ­¨ç¥­­ë¬¨ áà¥¤ ¬¨" ( )¨ à á¯à¥¤¥«¥­¨¥ ª®íää¨æ¨¥­â  ®¡ê¥¬­®£®à áè¨à¥­¨ï ¯® â®«é¨­¥ ã¯àã£®£® á«®ï (¡)â®¢ ­¥®¤­®à®¤­®áâ¨ ¬®¦­® ¯à®¢¥áâ¨ ¨ ­  ®â­®á¨-â¥«ì­® ¯à®áâ®¬ ç áâ­®¬ ¯à¨¬¥à¥. �«ï íâ®£® ¬®¦-­® ¨á¯®«ì§®¢ âì ¯à¥¤áâ ¢«¥­­ãî �¦. �ãª®¬ [18]¬®¤¥«ì ­¥®¤­®à®¤­®© ã¯àã£®© áà¥¤ë, ª®â®à ï å -à ªâ¥à¨§ã¥âáï ¯¥à¥¬¥­­ë¬ ¯® ¯à®áâà ­áâ¢¥­­®©ª®®à¤¨­ â¥ ¬®¤ã«¥¬ �(x3),   â ª¦¥ ¯®áâ®ï­­ë¬¨¢¥«¨ç¨­ ¬¨ ¬®¤ã«ï á¤¢¨£  G ¨ ¯«®â­®áâ¨. � íâ®¬á«ãç ¥, ª ª ¨ ¢ á«ãç ¥ ®¤­®à®¤­®© áà¥¤ë, ãà ¢-­¥­¨¥ ¤¢¨¦¥­¨ï à á¯ ¤ ¥âáï ­  ¤¢  ­¥§ ¢¨á¨¬ëå¢®«­®¢ëå ãà ¢­¥­¨ï ¤«ï áª «ïà­®£® ¨ ¢¥ªâ®à­®£®¯®â¥­æ¨ «®¢:�(x3) + 2G� r2�� @2�@t2 = 0; (2)G�r2 ~A� @2 ~A@t2 = 0; (3)£¤¥ ~u= ~r�+~r� ~A; ~r � ~A=0.�®áâ ­®¢ª  á¢ï§ ­­®© § ¤ ç¨ £¨¤à®ã¯àã£®áâ¨ ®à á¯à®áâà ­¥­¨¨ ¢®«­ ¢ ã¯àã£®¬ á«®¥
 = f(x1; x2; y3) :�1 < x1 <1;�1 < x2 <1; h � x3 � hg;¯®¬¥é¥­­®¬ ¬¥¦¤ã ¦¨¤ª®áâï¬¨ á à §«¨ç­ë¬¨¯«®â­®áâï¬¨: �1 ¢ ¢¥àå­¥¬ ¯®«ã¯à®áâà ­áâ¢¥
1 = f(x1; x2; x3) :�1 < x1 <1;�1 < x2 <1; x3 > hg¨ �2 ¢ ­¨¦­¥¬ ¯®«ã¯à®áâà ­áâ¢¥
2 = f(x1; x2; x3) :�1 < x1 <1;�1 < x2 <1; x3 < �hg;¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­  ¢ ¢¨¤¥1Xi=0 �ixi3r2�� @2�@t2 = 0 ¢ 
; (4)�. �. �¢à ¬¥­ª®, �. �. �¥«¥§®¢ 5
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; (5)r2 j � 1c20j @2 j@t2 = 0; ¢ 
j (j = 1; 2); (6)�33 = �p1; v3(1) = @u3@t (x3 = h=2);�13 = 0; (x3 = �h=2);�33 = �p2; v3(2) = @u3@t (x3 = �h=2): (7)�  ¡¥áª®­¥ç­®áâ¨ ¢ë¯®«­ïîâáï ãá«®¢¨ï ¨§«ãç¥­¨ï¨ ®£à ­¨ç¥­­®áâ¨ �®¬¬¥àä¥«ì¤ :limjx3j!1� j � i@ j@x3� = 0; limjx3j!1 j = 0: (8)�à®¬¥ â®£®, ­¥®¡å®¤¨¬® à áá¬ âà¨¢ âì ãá«®¢¨ïá®åà ­¥­¨ï ­ ¯à ¢«¥­¨ï ¯®â®ª  í­¥à£¨¨.�áá«¥¤ã¥âáï à á¯à®áâà ­¥­¨¥ ¡¥£ãé¨å ¢®«­f(x1; x3; t) = F (x3) exp(i(kx1 � !t)): (9)�¤¥áì ¨ ¤ «¥¥ ¯à¨­ïâë á«¥¤ãîé¨¥ ®¡®§­ ç¥­¨ï: t {¢à¥¬ï; ~u { ¢¥ªâ®à ¯¥à¥¬¥é¥­¨ï; �13, �33 { ª®¬-¯®­¥­âë â¥­§®à  ­ ¯àï¦¥­¨©; �, �, ~A = ~e2� {¯®â¥­æ¨ «ë áª®à®áâ¥© ¢ ã¯àã£®© áà¥¤¥;  j { ¯®-â¥­æ¨ «ë áª®à®áâ¥© ¢ ¦¨¤ª¨å áà¥¤ å (j=1; 2);~vi=(v1(j); v2(j); v3(j)) { ¢¥ªâ®à áª®à®áâ¨ ¢ 
j,~vj=�r j; pj { ¤ ¢«¥­¨¥, pj=�j@ j=@t; Kj { ¬®¤ã-«¨ ã¯àã£®áâ¨ ¦¨¤ª¨å áà¥¤; �=E�=(1+�)(1�2�),G=E=2(1+�) { ã¯àã£¨¥ ¯®áâ®ï­­ë¥ � ¬¥; � {ª®íää¨æ¨¥­â �ã áá®­ ; E { ¬®¤ã«ì �­£ ; �, �j(j=1; 2) { ¯«®â­®áâ¨ ã¯àã£®© ¨ ¦¨¤ª¨å áà¥¤, á®-®â¢¥âáâ¢¥­­®; l { ¤«¨­  ¢®«­ë; k = 2�=l { ¢®«­®-¢®¥ ç¨á«®; ! = c2�=l { ªàã£®¢ ï ç áâ®â ; c { ä §®-¢ ï áª®à®áâì; cStj { áª®à®áâ¨ à á¯à®áâà ­¥­¨ï ¢®«­�â®ã­«¨ (áª®à®áâ¨ cStj á®®â¢¥âáâ¢ãîâ £¨¤à®ã¯àã-£¨¬ á¨áâ¥¬ ¬ ¦¨¤ª®¥ ¯®«ã¯à®áâà ­áâ¢® { ã¯àã-£®¥ ¯®«ã¯à®áâà ­áâ¢®, £¤¥ á¢®©áâ¢  ¦¨¤ª®áâ¨ á®-¢¯ ¤ îâ á® á¢®©áâ¢ ¬¨ ¦¨¤ª®áâ¨ ¢ 
j,   ã¯àã£®©áà¥¤ë { á® á¢®©áâ¢ ¬¨ áà¥¤ë ¢ 
); c0j=pKj=�j {áª®à®áâì §¢ãª  ¢ ¦¨¤ª¨å áà¥¤ å; ce, cs { áª®à®áâ¨à á¯à®áâà ­¥­¨ï ¢®«­ à áè¨à¥­¨ï ¨ ¢®«­ á¤¢¨£ ã¯àã£®© áà¥¤ë:c2e = f(x3) = (�(x3) + 2G)=�1; c2s = G=�;£¤¥ f(x3) { äã­ªæ¨ï, à §«®¦¨¬ ï ¢ àï¤ ¯® áâ¥¯¥-­ï¬ x3: f(x3) = 1Xj=0 �jxj3: (10)�áî¤ã ¢¢¥¤¥­ë ¢¥«¨ç¨­ë, ®¡¥§à §¬¥à¥­­ë¥ ¯® å -à ªâ¥à­ë¬ ¯ à ¬¥âà ¬: ¤«¨­¥ h, ¯«®â­®áâ¨ �1,áª®à®áâ¨ ¢®«­ á¤¢¨£  cs.

�­ «¨â¨ç¥áª®¥ ¨áá«¥¤®¢ ­¨¥ ¡¥£ãé¨å ¢®«­ (9)¯à®¢¥¤¥­® à ­¥¥ ¬¥â®¤®¬ à §«®¦¥­¨ï ­¥¨§¢¥áâ-­ëå äã­ªæ¨© ¢ áâ¥¯¥­­ë¥ àï¤ë. �®«ãç¥­­ë¥ à¥-§ã«ìâ âë ¯à¥¤áâ ¢«¥­ë ¢ áâ âì¥ [17]. � ®¡é¥¬á«ãç ¥ ¯®ª § ­®, çâ® ¯à¨ ­¥á¨¬¬¥âà¨ç­®© ­¥®¤-­®à®¤­®áâ¨ ¨«¨ ¯à¨ à §«¨ç­ëå ¯«®â­®áâïå ¢¥àå-­¥© ¨ ­¨¦­¥© ¯®«ã¡¥áª®­¥ç­ëå ¦¨¤ª¨å áà¥¤, ¤¨á-¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ ­¥ à á¯ ¤ ¥âáï ­  ¤¢  ­¥-§ ¢¨á¨¬ëå. �á«¨ ¦¥ ¦¨¤ª®áâ¨ ¨¬¥îâ ®¤¨­ ª®-¢ë¥ ¯«®â­®áâ¨ �1=�2, â® ¢ á«ãç ¥ ç¥â­®© ­¥®¤­®-à®¤­®áâ¨ �(�x3)=�(x3) ¤¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥à á¯ ¤ ¥âáï ­  ¤¢  ­¥§ ¢¨á¨¬ëå ãà ¢­¥­¨ï, á®-®â¢¥âáâ¢ãîé¨¥ á¨¬¬¥âà¨ç­ë¬ ¨  ­â¨á¨¬¬¥âà¨ç-­ë¬ ª®«¥¡ ­¨ï¬. �¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ à¥è¥-­® ç¨á«¥­­® ¤«ï á«ãç ï c02<c01<cs<ce ¯à¨ §­ -ç¥­¨ïå ä §®¢ëå áª®à®áâ¥© c<c01.2. ������ ��������� ������������«ï ®æ¥­ª¨ ¢«¨ï­¨ï ­¥®¤­®à®¤­®áâ¨ á«®ï ­  à á-¯à®áâà ­¥­¨¥ ¢®«­ ¡ë«® ¯à®¢¥¤¥­® áà ¢­¥­¨¥ á®á«ãç ¥¬ £¨¤à®ã¯àã£®© á¨áâ¥¬ë, ¢ ª®â®à®© ã¯àã-£¨© á«®© ï¢«ï¥âáï ®¤­®à®¤­ë¬. �­ ç¥­¨ï ¯ à -¬¥âà®¢ á®®â¢¥âáâ¢ãîé¥£® ®¤­®à®¤­®£® á«®ï ¯à¨-­¨¬ «¨áì à ¢­ë¬¨ E=Ki=36, (i=1; 2), �=0:3,�1=�=0:09, �2=�=0:18, çâ® á®®â¢¥âáâ¢ã¥â á¨áâ¥-¬¥ \¢®¤ { áâ «ì{ ¡¥­§¨­". �ã­ªæ¨ï ­¥®¤­®à®¤­®-áâ¨ �(x3) § ¤ ¢ « áì ¤¢ã¬ï à §«¨ç­ë¬¨ á¯®á®¡ -¬¨ â ª, çâ®¡ë ­ ¨¡®«ìè¥¥ §­ ç¥­¨¥ ª®íää¨æ¨¥­â ®¡ê¥¬­®£® à áè¨à¥­¨ï �(x3) ­¥®¤­®à®¤­®© ã¯àã-£®© áà¥¤ë ®â«¨ç «®áì ®â ¥£® §­ ç¥­¨ï ¢ ®¤­®à®¤-­®© ã¯àã£®© áà¥¤¥ �®¤­ ­¥ ¡®«¥¥, ç¥¬ ­  10 %:�k(x3) = �®¤­(1 + �k cos(�x3)); (11)�¤¥áì jx3j�0:5,   ¢¥«¨ç¨­  �k ¬®¦¥â ¯à¨­¨-¬ âì ¯®«®¦¨â¥«ì­ë¥ ¨«¨ ®âà¨æ â¥«ì­ë¥ §­ ç¥-­¨ï: �k=+0:1 � 0:1 (k=1; 2). � ¤ «ì­¥©è¥¬ ¡ã-¤¥¬ ­ §ë¢ âì ­¥®¤­®à®¤­®áâì �1(x3)��®¤­ ¢ë-¯ãª«®©,   �2(x3)��®¤­ { ¢®£­ãâ®©. � ¬¥â¨¬,çâ® ¯à¨ ¬ ªá¨¬ «ì­®¬ ®âª«®­¥­¨¨ ­¥®¤­®à®¤-­®áâ¨ (¢ á¥à¥¤¨­¥ á«®ï) �k(x3)=0:1�®¤­ ¬ ª-á¨¬ «ì­®¥ ®âª«®­¥­¨¥ ª®íää¨æ¨¥­â  �ã áá®­ �(x3)=�(x3)=(2�(x3) + 2G) á®áâ ¢«ï¥â 3 % ®â ®¤-­®à®¤­®£®,   ¬®¤ã«ï �­£  E(x3)=2G(1+�(x3)) {2 % ®â ®¤­®à®¤­®£®.�ã­ªæ¨ï c2e=f(x3) ¢ á®®â¢¥âáâ¢¨¨ á ¢ëà ¦¥­¨-¥¬ (10) ¨ á ãç¥â®¬ á®®â­®è¥­¨ï (11) à §« £ ¥âáï ¢àï¤ ¯® x3, ª®íää¨æ¨¥­âë ª®â®à®£® ¢å®¤ïâ ¢ ®¡é¨¥à¥ªãàà¥­â­ë¥ á®®â­®è¥­¨ï, ¯®«ãç¥­­ë¥ ¢ à¥§ã«ì-â â¥ à¥ «¨§ æ¨¨ ¬¥â®¤  áâ¥¯¥­­ëå àï¤®¢ [17].�¨á«¥­­ë©  ­ «¨§ ¤¨á¯¥àá¨®­­ëå ãà ¢­¥­¨©¯®ª § «, çâ® ¯®¢¥¤¥­¨¥ ¤¨á¯¥àá¨®­­ëå ªà¨¢ëå ¤«ï­¥®¤­®à®¤­®£® á«®ï ­ å®¤¨âáï ¢ ª ç¥áâ¢¥­­®¬ á®-®â¢¥âáâ¢¨¨ á® á«ãç ¥¬ ®¤­®à®¤­®£® á«®ï. �®íâ®¬ã6 �. �. �¢à ¬¥­ª®, �. �. �¥«¥§®¢



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 4 { 9¢ªà âæ¥ ­ ¯®¬­¨¬ à¥§ã«ìâ âë ¤«ï á«ãç ï ®¤­®-à®¤­®£® á«®ï. �à¨ à ¢­ëå ¯«®â­®áâïå ¦¨¤ª®áâ¥©¤¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ à á¯ ¤ ¥âáï ­  ¤¢  ­¥§ -¢¨á¨¬ëå, á®®â¢¥âáâ¢ãîé¨å  ­â¨á¨¬¬¥âà¨ç­ë¬ ¨á¨¬¬¥âà¨ç­ë¬ ª®«¥¡ ­¨ï¬. � â® ¦¥ ¢à¥¬ï ¯à¨à §«¨ç­ëå ¯«®â­®áâïå ¦¨¤ª¨å áà¥¤ ¤¨á¯¥àá¨®­-­®¥ ãà ¢­¥­¨¥ ­¥ à á¯ ¤ ¥âáï ­  ¤¢  ­¥§ ¢¨á¨¬ëå,­® â ª¦¥ ¨¬¥¥â ¤¢  à §«¨ç­ëå ª®à­ï, á®®â¢¥â-áâ¢ãîé¨å ª¢ §¨ ­â¨á¨¬¬¥âà¨ç­ë¬ ¨ ª¢ §¨á¨¬-¬¥âà¨ç­ë¬ ª®«¥¡ ­¨ï¬ ¯à¨ ¤¥©áâ¢¨â¥«ì­ëå ! ¨k. �¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¢®«­®¢ë¥ ¬®¤ë, á®-®â¢¥âáâ¢ãîé¨¥ ª¢ §¨á¨¬¬¥âà¨ç­ë¬ ¨ ª¢ §¨ ­â¨-á¨¬¬¥âà¨ç­ë¬ ª®«¥¡ ­¨ï¬, ­¥ ï¢«ïîâáï ç¥â­ë¬¨¨ ­¥ç¥â­ë¬¨ äã­ªæ¨ï¬¨ ¯®¯¥à¥ç­®© ª®®à¤¨­ âëx3. �â® { á«¥¤áâ¢¨¥ ¬ â¥¬ â¨ç¥áª¨ ®¡®á­®¢ ­­®©­¥¢®§¬®¦­®áâ¨ à áé¥¯«¥­¨ï â ª®© § ¤ ç¨ £¨¤à®-ã¯àã£®áâ¨ ­  ®â¤¥«ì­® à áá¬ âà¨¢ ¥¬ë¥ § ¤ ç¨á¨¬¬¥âà¨ç­®£® ¨  ­â¨á¨¬¬¥âà¨ç­®£® á®áâ®ï­¨©.� á«ãç ¥ à §«¨ç­ëå ¦¨¤ª®áâ¥© ¯®ª § ­®, çâ®¯à¨ c02<c01<cs<ce ­¥ áãé¥áâ¢ã¥â £ à¬®­¨ç¥áª¨å¢®«­ ¢¨¤  (9), ª®â®àë¥ ¡ë ¨¬¥«¨ ä §®¢ãî áª®-à®áâì, «¥¦ éãî ¬¥¦¤ã áª®à®áâï¬¨ à á¯à®áâà ­¥-­¨ï ¢®«­ �â®ã­«¨ cSt1 ¨ cSt2 ­  ¯®¢¥àå­®áâïå ª®­-â ªâ  ¦¨¤ª¨å áà¥¤ 
1, 
2 ¨ ã¯àã£®© áà¥¤ë 
, â. ¥.¢ ¨­â¥à¢ «¥ cSt2 <c<cSt1 .� áá¬ âà¨¢ ¥¬ë¥ ¢ ­ áâ®ïé¥© áâ âì¥ á«ãç ¨­¥®¤­®à®¤­®áâ¨ ¤®¯ãáª îâ â ª¦¥ á¨¬¬¥âà¨ç­ë¥¨  ­â¨á¨¬¬¥âà¨ç­ë¥ ª®«¥¡ ­¨ï ¯à¨ ®¤¨­ ª®¢ëåá¢®©áâ¢ å ¦¨¤ª¨å áà¥¤. �¥§ã«ìâ âë ¯®ª §ë¢ îâ,çâ® ¢ë¯ãª« ï ­¥®¤­®à®¤­®áâì �1, ¢®§à áâ îé ï¯à¨ ¯à¨¡«¨¦¥­¨¨ ª á¥à¥¤¨­¥ á«®ï ¨ ¨¬¥îé ï â ¬­ ¨¡®«ìè¥¥ §­ ç¥­¨¥, ã¢¥«¨ç¨¢ ¥â ä §®¢ë¥ áª®à®-áâ¨,   ¢®£­ãâ ï ­¥®¤­®à®¤­®áâì �2, ¨¬¥îé ï ¢ á¥-à¥¤¨­¥ á«®ï ¬¨­¨¬ã¬, ã¬¥­ìè ¥â ä §®¢ë¥ áª®à®-áâ¨.�«ï ¦¨¤ª®áâ¥© á à §«¨ç­ë¬¨ ¯«®â­®áâï¬¨ ¤¨á-¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ ­¥ à á¯ ¤ ¥âáï ­  ¤¢  ­¥§ -¢¨á¨¬ëå, ®¤­ ª® â ª¦¥ ¨¬¥¥â ¤¢  à §«¨ç­ëå ª®à-­ï, ª®â®àë¥ ã¤®¢«¥â¢®àïîâ ãá«®¢¨î c<c01 ¨ á®®â-¢¥âáâ¢ãîâ ª¢ §¨ ­â¨á¨¬¬¥âà¨ç­ë¬ ¨ ª¢ §¨á¨¬-¬¥âà¨ç­ë¬ ª®«¥¡ ­¨ï¬. �«¨ï­¨¥ å à ªâ¥à  ¢ë-¯ãª«®© ­¥®¤­®à®¤­®áâ¨ �1 ¨«¨ ¢®£­ãâ®© ­¥®¤­®-à®¤­®áâ¨ �2 ¯à®ï¢«ï¥âáï, á®®â¢¥âáâ¢¥­­®, ¢ ã¢¥-«¨ç¥­¨¨ ¨ ã¬¥­ìè¥­¨¨ ä §®¢ëå áª®à®áâ¥©. � ª¦¥, ª ª ¨ ¢ á«ãç ¥ ®¤­®à®¤­®£® á«®ï, ¯®«­ë©  ­ -«¨§ ¤¨á¯¥àá¨®­­®£® ãà ¢­¥­¨ï ¢ á«ãç ¥ à §«¨ç-­ëå ¦¨¤ª®áâ¥© ¯®ª § «, çâ® ¯à¨ c02<c01<cs<ce­¥ áãé¥áâ¢ã¥â £ à¬®­¨ç¥áª¨å ¢®«­ ¢¨¤  (9), ª®-â®àë¥ ¡ë ¨¬¥«¨ ä §®¢ãî áª®à®áâì ¢ ¨­â¥à¢ «¥cSt2 <c<cSt1 .�  à¨á. 2 ¯à¥¤áâ ¢«¥­ë ¢®«­®¢ë¥ ¬®¤ë ¢ ã¯àã-£®¬ á«®¥ ¤«ï ¯à®¤®«ì­®£® ¯¥à¥¬¥é¥­¨ï u1, ¯®¯¥-à¥ç­®£® ¯¥à¥¬¥é¥­¨ï u3, ª á â¥«ì­ëå ­ ¯àï¦¥-­¨© �13 ¨ ­®à¬ «ì­ëå ­ ¯àï¦¥­¨© �33 ¯à¨ §­ ç¥-
  ¡�¨á. 2. �®«­®¢ë¥ ¬®¤ë ¢ ã¯àã£®¬ ­¥®¤­®à®¤­®¬¨ ®¤­®à®¤­®¬ á«®¥, ª®­â ªâ¨àãîé¥¬ á à §«¨ç­ë¬¨¨«¨ ®¤¨­ ª®¢ë¬¨ ¦¨¤ª¨¬¨ áà¥¤ ¬¨:  { á¨¬¬¥âà¨ç­ë¥ ¨ ª¢ §¨á¨¬¬¥âà¨ç­ë¥ ª®«¥¡ ­¨ï,¡ {  ­â¨á¨¬¬¥âà¨ç­ë¥ ¨ ª¢ §¨ ­â¨á¨¬¬¥âà¨ç­ë¥ ª®«¥¡ ­¨ï­¨¨ ¤«¨­ë ¢®«­ë l=2:5. �¨¬¬¥âà¨ç­ë¥ ¨ ª¢ §¨-á¨¬¬¥âà¨ç­ë¥ ¬®¤ë ¨§®¡à ¦¥­ë ­  à¨á. 2, ,  ­-â¨á¨¬¬¥âà¨ç­ë¥ ¨ ª¢ §¨ ­â¨á¨¬¬¥âà¨ç­ë¥ { ­ à¨á. 2,¡.� á«ãç ¥ ®¤¨­ ª®¢ëå ¦¨¤ª®áâ¥© ¢«¨ï­¨¥ ¢®£­ã-â®© ­¥®¤­®à®¤­®áâ¨ �2 ¢ë§ë¢ ¥â á¬¥é¥­¨¥ ª á¥-�. �. �¢à ¬¥­ª®, �. �. �¥«¥§®¢ 7



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 4 { 9� ¡«. 1. �ªáâà¥¬ «ì­ë¥ §­ ç¥­¨ï ¢®«­®¢ëå ¬®¤á¨¬¬¥âà¨ç­ëå ª®«¥¡ ­¨©�1 = �2 = 0:09 �1 = �2 = 0:18x3 umax1 x3 umax1�®¤­ 0 0:026 0 0:03�1(x3) 0 0:053 0 0:069�2(x3) 0 0:015 0 0:02x3 umax3 x3 umax3�®¤­ �0:48 � 0:041 �0:48 � 0:059�1(x3) �0:45 � 0:039 �0:42 � 0:083�2(x3) �0:11 � 0:028 �0:13 � 0:072x3 �max13 x3 �max13�®¤­ �0:32 � 0:015 �0:36 � 0:02�1(x3) �0:35 � 0:04 �0:40 � 0:035�2(x3) �0:10 � 0:06 �0:09 � 0:042x3 �max33 x3 �max33�®¤­ 0 0:245 0 0:302�1(x3) 0 0:309 0 0:372�2(x3) 0 0:264 0 0:326à¥¤¨­¥ á«®ï íªáâà¥¬ «ì­ëå §­ ç¥­¨© ¬®¤ ª®«¥¡ -­¨© (­ ¯à¨¬¥à, ­  à¨á. 2,  ªà¨¢ë¥ ¤«ï u3 ¨ �13á ¨­¤¥ªá®¬ �2 ¨ ¨­¤¥ªá ¬¨ �1 ¨«¨ �2,   â ª¦¥ ­ à¨á. 2, ¡ ªà¨¢ë¥ ¤«ï �33 á ¨­¤¥ªá®¬ �2 ¨ ¨­¤¥ª-á ¬¨ �1 ¨«¨ �2). � ª á«¥¤áâ¢¨¥, â ª¨¥ á¬¥é¥­¨ïíªáâà¥¬ã¬®¢ ª á¥à¥¤¨­¥ á«®ï ¯à¨¢®¤ïâ ª à¥§ª¨¬¨§¬¥­¥­¨ï¬ ¯¥à¥¬¥é¥­¨© ¨ ­ ¯àï¦¥­¨© ¢ ã§ª®©®ªà¥áâ­®áâ¨ ¯«®áª®áâ¨ x3=0.�ë¯ãª« ï ­¥®¤­®à®¤­®áâì �1 ¢ë§ë¢ ¥â ¯à®â¨-¢®¯®«®¦­ë¥ ï¢«¥­¨ï { íªáâà¥¬ «ì­ë¥ §­ ç¥­¨ïá¬¥é îâáï ®â á¥à¥¤¨­ë á«®ï ª ¯®¢¥àå­®áâï¬ ª®­-â ªâ  á ¦¨¤ª¨¬¨ áà¥¤ ¬¨ x3=�0:5. �à¨ íâ®¬à¥§ª¨¥ ¨§¬¥­¥­¨ï å à ªâ¥à¨áâ¨ª ã¯àã£®£® á«®ï­ ¡«î¤ îâáï ¢¡«¨§¨ ¥£® £à ­¨æ (­ ¯à¨¬¥à, ­ à¨á. 2,  ªà¨¢ë¥ ¤«ï u3 ¨ �13 á ¨­¤¥ªá®¬ �1 ¨ ¨­¤¥ª-á ¬¨ �1 ¨«¨ �2,   â ª¦¥ ­  à¨á. 2,¡ ªà¨¢ë¥ ¤«ï �33á ¨­¤¥ªá®¬ �1 ¨ ¨­¤¥ªá ¬¨ �1 ¨«¨ �2). �¥«¨ç¨­ëíªáâà¥¬ «ì­ëå §­ ç¥­¨© ¢®«­®¢ëå ¬®¤ ¨ á®®â¢¥â-áâ¢ãîé¨¥ ¨¬ ª®®à¤¨­ âë x3 ¯à¨¢¥¤¥­ë ¢ â ¡«. 1¨ 2 ¤«ï á¨¬¬¥âà¨ç­ëå ¨  ­â¨á¨¬¬¥âà¨ç­ëå ª®«¥-¡ ­¨© á®®â¢¥âáâ¢¥­­®.�«ï  ­â¨á¨¬¬¥âà¨ç­ëå ¢®«­®¢ëå ¬®¤ ¯®¯¥à¥ç-­ëå ¯¥à¥¬¥é¥­¨© u3 ¨ ª á â¥«ì­ëå ­ ¯àï¦¥­¨©�13 (à¨á. 2, ¡) ¢®£­ãâ ï ­¥®¤­®à®¤­®áâì �2 ¯à¨-¢®¤¨â ª ¡ëáâà®¬ã ¢®§à áâ ­¨î ¢¥«¨ç¨­ u3(x3) ¨�13(x3) ¢¡«¨§¨ £à ­¨æ á«®ï ¨ ¯®çâ¨ ¯®áâ®ï­­®-¬ã ¨å §­ ç¥­¨î ¢ á¥à¥¤¨­¥ á«®ï (\âã¯®©" íªáâà¥-¬ã¬). �à¨ ¢ë¯ãª«®© ­¥®¤­®à®¤­®áâ¨ �1 ­ ¡«î¤ -¥âáï ®¡à â­ ï ª àâ¨­  { § ®áâà¥­¨¥ ¬®¤ë ª á¥-à¥¤¨­¥ á«®ï (\®áâàë©" íªáâà¥¬ã¬). �­ «®£¨ç­®¬®¦­® ®¯¨á âì ¯®¢¥¤¥­¨¥, å à ªâ¥à­®¥ ¤«ï á¨¬¬¥-

� ¡«. 2. �ªáâà¥¬ «ì­ë¥ §­ ç¥­¨ï ¢®«­®¢ëå ¬®¤ ­â¨á¨¬¬¥âà¨ç­ëå ª®«¥¡ ­¨©�1 = �2 = 0:09 �1 = �2 = 0:18x3 umax1 x3 umax1�®¤­ �0:50 � 0:61 �0:50 � 0:27�1(x3) �0:50 � 0:15 �0:50 � 0:14�2(x3) �0:50 � 0:13 �0:50 � 0:12x3 umax3 x3 umax3�®¤­ 0 1:01 0 0:52�1(x3) 0 1:12 0 0:61�2(x3) 0 0:93 0 0:5x3 �max13 x3 �max13�®¤­ 0 � 1:9 0 � 1:0�1(x3) 0 � 0:9 0 � 0:15�2(x3) 0 � 0:65 0 � 0:35x3 �max33 x3 �max33�®¤­ �0:35 � 0:34 �0:40 � 0:3�1(x3) �0:42 � 0:41 �0:43 � 0:28�2(x3) �0:15 � 0:26 �0:10 � 0:15âà¨ç­ëå ¢®«­®¢ëå ¬®¤ ¯à®¤®«ì­ëå ¯¥à¥¬¥é¥­¨©u1 ¨ ­®à¬ «ì­ëå ­ ¯àï¦¥­¨© �33 (á¬. à¨á. 2, ).�à¨ à §«¨ç­ëå ¯«®â­®áâïå ¦¨¤ª¨å áà¥¤ ­ -¡«î¤ ¥âáï áãé¥áâ¢¥­­®¥ ­ àãè¥­¨¥ á¨¬¬¥âà¨ç-­ëå ¨«¨  ­â¨á¨¬¬¥âà¨ç­ëå ª®«¥¡ ­¨©, ª®â®àë¥¢ëà®¦¤ îâáï ¢ ª¢ §¨á¨¬¬¥âà¨ç­ë¥ ¨ ª¢ §¨ ­â¨-á¨¬¬¥âà¨ç­ë¥ ª®«¥¡ ­¨ï á à¥§ª¨¬¨ ¨§¬¥­¥­¨ï¬¨å à ªâ¥à¨áâ¨ª ­¥ â®«ìª® ¢ á¥à¥¤¨­¥ ¨«¨ ­  £à -­¨æ å á«®ï. � ª ¦¥, ª ª ¨ ¢ á«ãç ¥ ®¤­®à®¤­®£®á«®ï, ¯à¨ ª¢ §¨á¨¬¬¥âà¨ç­ëå ¨ ª¢ §¨ ­â¨á¨¬¬¥-âà¨ç­ëå ª®«¥¡ ­¨ïå  ¡á®«îâ­ë¥ §­ ç¥­¨ï ­  £à -­¨æ å ª®­â ªâ  ã¯àã£®© ¨ ¦¨¤ª®© áà¥¤ x3=�0:5 ¨x3=0:5 à §«¨ç­ë, ¢ â® ¢à¥¬ï ª ª ¯à¨ á¨¬¬¥âà¨ç-­ëå ¨  ­â¨á¨¬¬¥âà¨ç­ëå { ®¤¨­ ª®¢ë. �áª«îç¥-­¨¥ á®áâ ¢«ï¥â â®«ìª® § ¢¨á¨¬®áâì ª á â¥«ì­®£®­ ¯àï¦¥­¨ï �13, §­ ç¥­¨¥ ª®â®à®£® ­  ¯®¢¥àå­®-áâïå ª®­â ªâ  ¢ â®ç­®áâ¨ à ¢­® ­ã«î á®£« á­®£à ­¨ç­®¬ã ãá«®¢¨î �13=0. � ¨¡®«¥¥ å à ªâ¥à-­ë¥ ¢¥«¨ç¨­ë ¯¥à¥¬¥é¥­¨© ¨ ­ ¯àï¦¥­¨© ­  ¯®-¢¥àå­®áâïå ª®­â ªâ  x3=�0:5 ¤«ï ­¥®¤­®à®¤­®£®á«®ï, ª®­â ªâ¨àãîé¥£® á à §«¨ç­ë¬¨ ¦¨¤ª®áâï¬¨�1=0:09 ¨ �2=0:18, ¯à¨¢¥¤¥­ë ¢ â ¡«. 3.�����������  ®á­®¢¥  ­ «¨â¨ç¥áª®£® à¥è¥­¨ï § ¤ ç¨ ®à á¯à®áâà ­¥­¨¨ ¢®«­ ¢ ­¥®¤­®à®¤­®¬ ã¯àã£®¬á«®¥, ª®­â ªâ¨àãîé¥¬ á ¦¨¤ª¨¬¨ ¯®«ã¡¥áª®­¥ç-­ë¬¨ áà¥¤ ¬¨, ¯à®¢¥¤¥­ ç¨á«¥­­ë©  ­ «¨§ ¢«¨-ï­¨ï ­¥®¤­®à®¤­®áâ¥© ã¯àã£®£® á«®ï ¤¢ãå â¨¯®¢(¢ë¯ãª« ï, ¢®£­ãâ ï),   â ª¦¥ ¦¨¤ª®áâ¥© à §«¨ç-8 �. �. �¢à ¬¥­ª®, �. �. �¥«¥§®¢
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