
��� 539.3������������ ��������� �������-������������� �� ���������� ���������������� ������ �������� ����. �. �����������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 6.01.98�  ®á®¢¥ â¥®à¨¨ �¨® ¨§ãç¥ë ¤¨á¯¥àá¨®ë¥ å à ªâ¥à¨áâ¨ª¨ ®à¬ «ìëå ¢®« ¯®à¨áâ®-ã¯àã£®© ¯®«®áë á® á¢®-¡®¤ë¬¨ ¯®¢¥àå®áâï¬¨ ¤«ï á«ãç ï § ªàëâëå ¯®à. � ¦¥ ¡¥§ ãç¥â  ¤¨áá¨¯ â¨¢ëå íää¥ªâ®¢ ¯®«ãç¥ë© ¤¨á¯¥à-á¨®ë© á¯¥ªâà § ç¨â¥«ì® á«®¦¥¥, ç¥¬ ¤«ï ¨¤¥ «ì® ã¯àã£®© ¯®«®áë §  áç¥â áãé¥áâ¢®¢ ¨ï âà¥å ¢¨¤®¢ ¢®«¢ ¯®à¨áâ®©,  áëé¥®© ¦¨¤ª®áâìî áà¥¤¥. �â«¨ç¨â¥«ì®© ®á®¡¥®áâìî ¤ ®£® á¯¥àâà  ï¢«ï¥âáï áãé¥áâ¢®¢ -¨¥ ¡¥áª®¥ç®£® ç¨á«  ç¨áâ® ¬¨¬ëå ª®à¥© ¤«ï ª®ªà¥â®© ç áâ®âë, ªà®¬¥ â®£®, ¢ ¯®à¨áâ®-ã¯àã£®© ¯®«®á¥ á§ ªàëâë¬¨ ¯®à ¬¨ ¤¢¥ ¢¥é¥áâ¢¥ë¥ ¢¥â¢¨ ¯à®å®¤ïâ ç¥à¥§  ç «® ª®®à¤¨ â.���������®¤¥«ì ¯®à¨áâ®-ã¯àã£®© áà¥¤ë ¤®¢®«ì® è¨-à®ª® ¨á¯®«ì§ã¥âìáï ¤«ï ®¯¨á ¨ï ¤¨ ¬¨ç¥áª¨å¯à®æ¥áá®¢ ¢ à¥ «ìëå áà¥¤ å. � â®çª¨ §à¥¨ï ¬¥-å ¨ª¨ á¯«®è®© áà¥¤ë { íâ® ¤¢ãåä § ï á¯«®è- ï áà¥¤ , ¢ ª®â®à®© ª ¦¤ ï ä §  å à ªâ¥à¨-§ã¥âáï á¢®¨¬¨ ¯ à ¬¥âà ¬¨. �à¨ íâ®¬ ª ¦¤ ïä §  ¯à¨¨¬ ¥âáï áâ â¨áâ¨ç¥áª¨ ®¤®à®¤®© ¨¨§®âà®¯®© ¨ ®¯¨áë¢ ¥âáï ãáà¥¤¥ë¬¨ ¯® ®¡ê-¥¬ã å à ªâ¥à¨áâ¨ª ¬¨ [1, 2].�á®¢ë¥ ãà ¢¥¨ï ¬¥å ¨ª¨ ¬®£®ä §ëåáà¥¤ áâà®ïâáï   ®á®¢¥ ä¨§¨ç¥áª¨å § ª®®¢ á®-åà ¥¨ï ¬ ááë, ¨¬¯ã«ìá  ¨ í¥à£¨¨ [1, 3]. �«ï¯à¨¬¥¥¨ï íâ¨å § ª®®¢ ¯à¨ ¬ ªà®áª®¯¨ç¥áª®¬®¯¨á ¨¨ ¤¢ãåä §®© ã¯àã£®© ¯®à¨áâ®© áà¥¤ë, § -¯®«¥®© ¢ï§ª®© ¦¨¤ª®áâìî, ¤¥« îâáï á«¥¤ãî-é¨¥ ¤®¯ãé¥¨ï [1, 2, 4{7]:1. � ã¯àã£®¬ â¥«¥ à §¬¥à ¯®à ¬®£® ¡®«ìè¥¥£® ¬®«¥ªã«ïà®-ª¨¥â¨ç¥áª¨å à §¬¥à®¢, â. ¥.à ááâ®ï¨© ¬¥¦¤ã ¬®«¥ªã« ¬¨, à §¬¥à®¢ ªà¨-áâ ««¨ç¥áª®© à¥è¥âª¨, áà¥¤¨å ¤«¨ á¢®¡®¤-®£® ¯à®¡¥£  ¬®«¥ªã«.2. � §¬¥à ¯®à  ¬®£® ¬¥ìè¥ à ááâ®ï¨©,  ª®â®àëå ¬ ªà®áª®¯¨ç¥áª¨¥ ¨«¨ ®áà¥¤¥ë¥¯ à ¬¥âàë ª ¦¤®© ä §ë ¬¥ïîâáï § ç¨-â¥«ì®. �«ï ¢®«®¢ëå ¯à®æ¥áá®¢ { íâ® à á-áâ®ï¨ï,   ª®â®àëå áãé¥áâ¢¥® ¬¥ïîâáïª¨¥¬ â¨ç¥áª¨¥ ¨ ¤¨ ¬¨ç¥áª¨¥ å à ªâ¥à¨-áâ¨ª¨ ¤¢¨¦¥¨ï.3. � §®¢ë¥ ¯¥à¥å®¤ë ®âáãâáâ¢ãîâ.4. �à¨ ®¯¨á ¨¨ ¢®«®¢ëå ¯à®æ¥áá®¢ à áá¬ -âà¨¢ îâáï â®«ìª® ¤¢¨¦¥¨ï á ¬ «ë¬¨  ¬¯«¨-âã¤ ¬¨.5. �¨¥â¨ç¥áª ï í¥à£¨ï ¯ã«ìá æ¨®®£® ¤¢¨¦¥-¨ï ¨ ¯ã«ìá æ¨®ë© ¯¥à¥®á ¨¬¯ã«ìá  ¯à¥-

¥¡à¥¦¨¬® ¬ «ë ª ª ¢ â¢¥à¤®© ä §¥, â ª ¨ ¢¦¨¤ª®áâ¨.6. �ï§ª®áâì ¦¨¤ª®áâ¨ ãç¨âë¢ ¥âáï â®«ìª® ¢á¨«¥ ¬¥¦ä §®£® ¢§ ¨¬®¤¥©áâ¢¨ï.7. �¥à®¬ã¯àã£¨¬¨ íää¥ªâ ¬¨ ¯à¥¥¡à¥£ îâ.� à ¬ª å ãª § ëå ¤®¯ãé¥¨ï, �. �. �¨® à §-¢¨« â¥®à¨î à á¯à®áâà ¥¨ï ¢®« ¢ ã¯àã£®© ¯®-à¨áâ®© áà¥¤¥ [4{6]. �¯®á«¥¤áâ¢¨¨, áà ¢¨¢ ï § -ç¥¨ï ä §®¢®© áª®à®áâ¨ ¨ § âãå ¨ï ¢®« ¢ ¯®à¨-áâëå áà¥¤ å, ¯®«ãç¥ëå ¯® â¥®à¨¨ �¨®, á íªá¯¥-à¨¬¥â «ìë¬¨ ¤ ë¬¨, �. �. �â®«« [8, 9] ®â¬¥-â¨«, çâ® ª®íää¨æ¨¥âë ¢ ãà ¢¥¨ïå á®áâ®ï¨ï ¨¤¢¨¦¥¨ï ¤®«¦ë ¡ëâì ª®¬¯«¥ªáë¬¨.�. �. �¦®á® ¨ ¤à. [10] ¯®ª § «¨, çâ® íâ¨ ª®-íää¨æ¨¥âë ¢ëà ¦ îâáï ç¥à¥§ ¯ à ¬¥âàë áà¥¤,ª®â®àë¥ ¬®£ãâ ¡ëâì ¨§¬¥à¥ë ¥§ ¢¨á¨¬®. �®£¤ â¥®à¨ï �¨® ¤®áâ â®ç® å®à®è® ®¯¨áë¢ ¥â à á¯à®-áâà ¥¨¥  ªãáâ¨ç¥áª¨å ¢®« ¢ ¯®à¨áâ®© áà¥¤¥.�®«ìè¨áâ¢® à ¡®â, ¢ë¯®«¥ëå ¤®  áâ®ï-é¥£® ¢à¥¬¥¨, ¢ ª®â®àëå ¨§ãç «¨áì ¢®¯à®áë à á-¯à®áâà ¥¨ï ¢®« ¢ ¯®à¨áâ®-ã¯àã£¨å áà¥¤ å,  -¯à ¢«¥ë   ¨§ãç¥¨¥ ¨ ãâ®ç¥¨¥ ¯ à ¬¥âà®¢,å à ªâ¥à¨§ãîé¨å áà¥¤ã ¢ æ¥«®¬ [11, 12]. � ç¨-â¥«ì® ¬¥ìè¥ à ¡®â ¯®á¢ïé¥® à¥è¥¨î £à ¨ç-ëå § ¤ ç ¤«ï â ª®£® ¢¨¤  áà¥¤. � ®á®¢®¬ à á-á¬ âà¨¢ «¨áì ¢®¯à®áë ®âà ¦¥¨ï ¨ ¯à®å®¦¤¥¨ï¢®«   £à ¨æ¥ ª®â ªâ  ¤¢ãå ¯®«ã¡¥áª®¥çëåáà¥¤ [7,10, 13, 14]. �âà ¦¥¨¥ ¢®« ®â ¯®à¨áâ®-ã¯àã£®£® á«®ï, «¥¦ é¥£®    ¡á®«îâ® ¦¥áâª®¬®á®¢ ¨¨, à áá¬®âà¥® ¢ à ¡®â¥ [15]. �®¯à®á ¬¯à®å®¦¤¥¨ï ¢®« ç¥à¥§ á¨áâ¥¬ã ¯®à¨áâëå á«®¥¢¯®á¢ïé¥  à ¡®â  [16].�®¨¬ ¨¥ ¬®£¨å ®á®¡¥®áâ¥© ¤¨ ¬¨ç¥áª®£®¤¥ä®à¬¨à®¢ ¨ï ¯®à¨áâ®-ã¯àã£¨å â¥« ¬®¦¥â ¡ -§¨à®¢ âìáï     «¨§¥ ¤¨á¯¥àá¨®ëå å à ªâ¥à¨-áâ¨ª ®à¬ «ìëå ¢®« ¢ ¯®à¨áâ®-ã¯àã£®¬ á«®¥. � áâ®ïé¥¬ã ¢à¥¬¥¨ íâ¨ á¢®©áâ¢  ¥ ¨§ãç «¨áì.c �. �. �®à®¤¥æª ï, 1998 17



ISSN 1028-7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1998. �®¬ 1, N 1. �. 17 { 24� ¤ ®© áâ âì¥ à áá¬ âà¨¢ ¥âáï ¯à®æ¥áá à á-¯à®áâà ¥¨ï ¢®« ¢ ¯®à¨áâ®-ã¯àã£®¬ á«®¥ á®á¢®¡®¤ë¬¨ ¯®¢¥àå®áâï¬¨ ¤«ï á«ãç ï § ªàëâëå¯®à (¥¯à®¨æ ¥¬ë© ¯®àè¥ì) [2]. �«ï â ª®£®â¨¯  £à ¨çëå ãá«®¢¨© ¯®«ãç¥® ¤¨á¯¥àá¨®®¥ãà ¢¥¨¥ ¨ à ááç¨â  á¯¥ªâà ¤«ï á«ãç ï ¥¢ï§-ª®© ¦¨¤ª®áâ¨, § ¯®«ïîé¥© ¯®àë. � ª®¥ ¯à¨-¡«¨¦¥¨¥ áãé¥áâ¢¥® ã¯à®é ¥â ¢ëç¨á«¥¨ï, ®¤- ª® ¯®§¢®«ï¥â ãáâ ®¢¨âì ®á®¢ë¥ § ª®®¬¥à®-áâ¨ à á¯à®áâà ¥¨ï ®à¬ «ìëå ¢®« ¢ ¯®à¨áâ®-ã¯àã£®¬ á«®¥ ¨ ¯à®  «¨§¨à®¢ âì ¢§ ¨¬®¢«¨ï¨¥ä §.1. �������������� ������«ï ®¯¨á ¨ï ¢®«®¢ëå ¯à®æ¥áá®¢ ¢ ¯®à¨áâ®-ã¯àã£®© áà¥¤¥ ¢ à ¬ª å â¥®à¨¨ �¨® ¥®¡å®¤¨¬®®¯à¥¤¥«¨âì ¯ à ¬¥âàë áà¥¤ë. �®à¨áâ®-ã¯àã£ ïáà¥¤  å à ªâ¥à¨§ã¥âáï ¯®à¨áâ®áâìî m, ¯à®¨æ -¥¬®áâìî Kpr , ¬®¤ã«¥¬ ¢á¥áâ®à®¥£® á¦ â¨ï ¯®-à¨áâ®© áà¥¤ë Kb, ¬®¤ã«¥¬ á¤¢¨£  ¯®à¨áâ®© áà¥¤ë�, ¨§¢¨«¨áâ®áâìî �,   â ª¦¥ å à ªâ¥à¨áâ¨ª ¬¨ã¯àã£®© ¨ ¦¨¤ª®© ä §. � ¢ëá®ª®ç áâ®â®© ®¡« -áâ¨, £¤¥ ¥®¡å®¤¨¬® ãç¨âë¢ âì å à ªâ¥à â¥ç¥-¨ï ¦¨¤ª®áâ¨ ¯® ¯®à ¬, ¤®¡ ¢«ïîâáï à §«¨çë¥áâàãªâãàë¥ ª®íää¨æ¨¥âë, ãç¨âë¢ îé¨¥ ä®à¬ã¨ à §¬¥àë ¯®à. �®à¨áâ®áâì ®¯à¥¤¥«ï¥âáï ç¥à¥§®â®è¥¨¥ ®¡ê¥¬  ¯®à, á®¤¥à¦ é¨åáï ¢ ¢ë¤¥«¥-®¬ ®¡ê¥¬¥ ¯®à¨áâ®-ã¯àã£®© áà¥¤ë, ª íâ®¬ã ®¡ê-¥¬ã. Kpr å à ªâ¥à¨§ã¥â á¯®á®¡®áâì ã¯àã£®£®áª¥«¥â  ¯à®¯ãáª âì áª¢®§ì á¥¡ï ¦¨¤ª®áâì. �â® ä¨-§¨ç¥áª ï ª®áâ â , ª®â®à ï § ¢¨á¨â ®â ä®à¬ë¨ à §¬¥à®¢ ¯®à. � ¬¥å ¨ª¥ è¨à®ª® ¨á¯®«ì§ã-¥âáï á®®â®è¥¨¥, á¢ï§ë¢ îé¥¥ ¯à®¨æ ¥¬®áâì áíää¥ªâ¨¢ë¬ à §¬¥à®¬ Dg §¥à¥ ã¯àã£®£® áª¥-«¥â  [13]: Kpr = 0:01D2g:�®¤ã«ì ¢á¥áâ®à®¥£® á¦ â¨ï ¯®à¨áâ®© áà¥¤ë Kbá¢ï§  á ¬®¤ã«¥¬ á¤¢¨£  ¯®à¨áâ®© áà¥¤ë � ¨ ª®íä-ä¨æ¨¥â®¬ �ã áá®  � á®®â®è¥¨¥¬Kb = � 2(1 + �)3(1� 2�) :�§¢¨«¨áâ®áâì ãç¨âë¢ ¥â â®â ä ªâ, çâ® ¢  -¯à ¢«¥¨¨ £à ¤¨¥â  ¬ ªà®áª®¯¨ç¥áª®£® ¤ ¢«¥¨ï¤¢¨¦¥âáï ¥ ¢áï ¦¨¤ª®áâì, á®¤¥à¦ é ïáï ¢ ¯®à åã¯àã£®£® áª¥«¥â ,   â®«ìª® ç áâì ¥¥, â ª ª ª ¢ à¥- «ì®© áà¥¤¥ ¯®àë ®à¨¥â¨à®¢ ë ¢ à §ëå  -¯à ¢«¥¨ïå. �§¢¨«¨áâ®áâì á¢ï§   á \¯à¨á®¥¤¨-¥®©" ¬ áá®© [8].� á¢®î ®ç¥à¥¤ì, ã¯àã£ ï áà¥¤  å à ªâ¥à¨§ã¥âáï¯«®â®áâìî ã¯àã£®£® áª¥«¥â  �s ¨ ¥£® ¬®¤ã«¥¬ ¢á¥-áâ®à®¥£® á¦ â¨ï Ks. �¨¤ª®áâì å à ªâ¥à¨§ã-

¥âáï ¯«®â®áâìî �f , ¬®¤ã«¥¬ ¢á¥áâ®à®¥£® á¦ -â¨ï Kf ¨ ª¨¥¬ â¨ç¥áª®© ¢ï§ª®áâìî �f .� ª¨¬ ®¡à §®¬, ¢ ¬®¤¥«¨ ¯®à¨áâ®-ã¯àã£®©áà¥¤ë ¯à¨áãâáâ¢ãîâ ¬®£¨¥ ¯ à ¬¥âàë. �à¨ ¢¢¥-¤¥¨¥ ¥ª®â®àëå ¨§ ¨å ®âáãâáâ¢ãîâ áâà®£¨¥ ¯à®-æ¥¤ãàë ¯® ®¯à¥¤¥«¥¨¥ ¨å ä¨§¨ç¥áª¨å ¨ £¥®¬¥âà¨-ç¥áª¨å ª®¬¯®¥â. �â® ®¡¥á¯¥ç¨¢ ¥â ¤®áâ â®ç-ãî £¨¡ª®áâì ¬®¤¥«¨ ¤«ï ®å¢ â  è¨à®ª®£® ªàã£ ï¢«¥¨©, ¢¬¥áâ¥ á â¥¬, ¢ ¦®© áâ ®¢¨âáï § ¤ ç ®æ¥ª¨ ¢«¨ï¨ï ¨§¬¥¥¨ï å à ªâ¥à¨áâ¨ª áà¥¤ë  ¨§¬¥¥¨ï á¢®©áâ¢ ¢®«.2. �������� ����������à âª® ¨§«®¦¨¬ ®á®¢ë¥ ¯®«®¦¥¨ï â¥®à¨¨�¨® ® à á¯à®áâà ¥¨¨ ¢®« ¢ ¯®à¨áâ®-ã¯àã£®©áà¥¤¥.�ãáâì u { ¢¥ªâ®à á¬¥é¥¨© ã¯àã£®£® áª¥«¥â ,  v { ¢¥ªâ®à á¬¥é¥¨© ¦¨¤ª®áâ¨, â®£¤  ¢¥ªâ®àá¬¥é¥¨ï ç áâ¨æ ¦¨¤ª®áâ¨ ®â®á¨â¥«ì® â¢¥à¤®©ä §ë § ¤ ¥âáï ¢ëà ¦¥¨¥¬w = m(u � v);£¤¥ m { ¯®à¨áâ®áâì áà¥¤ë;   ®¡ê¥¬ ¦¨¤ª®áâ¨, ª®-â®à ï ¢â¥ª ¥â ¨«¨ ¢ëâ¥ª ¥â ¢ í«¥¬¥â ®¡ê¥¬ ,á¢ï§ ®£® á® áª¥«¥â®¬, ®¯à¥¤¥«ï¥âáï á®®â®è¥-¨¥¬ � = divw:�¨® áä®à¬ã«¨à®¢ « ãà ¢¥¨¥ á®áâ®ï¨ï ¢ ¢¨¤¥�ij = 2�eij + [(H � 2�)e �C�] �ij ;e = divu �ij = �ij + � �ij: (1)�¤¥áì �ij { â¥§®à  ¯àï¦¥¨©; eij { â¥§®à ¤¥ä®à-¬ æ¨©; � { ª®¬¯«¥ªáë© ¬®¤ã«ì ã¯àã£®áâ¨; H, C {ª®¬¯«¥ªáë¥ ª®íää¨æ¨¥âë; �ij { â¥§®à  ¯àï-¦¥¨©, ¯à¨«®¦¥ë© ª â¢¥à¤®¬ã â¥«ã; � { á¨« ,¤¥©áâ¢ãîé ï   ¦¨¤ª®áâì, ®â¥á¥ ï ª ¥¤¨¨æ¥¯®¯¥à¥ç®£® á¥ç¥¨ï ¯®à¨áâ®© áà¥¤ë, � = �mp0;p0 { ¤ ¢«¥¨¥ ¢ ¦¨¤ª®áâ¨; �ij { á¨¬¢®« �à®¥ª¥à .�®íää¨æ¨¥âë ¢ ãà ¢¥¨¨ á®áâ®ï¨ï ¯®à¨-áâ®© áà¥¤ë ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬ ®¡à §®¬ [8]:H = (Ks �Kb)2D �Kb +Kb + 4�=3;C = Ks(Ks �Kb)D �Kb ; (2)M = K2sD �Kb ;£¤¥ D = Ks[1 +m(Ks=Kf � 1)]:18



ISSN 1028-7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1998. �®¬ 1, N 1. �. 17 { 24�®«ãç¨¢ ãà ¢¥¨¥ á®áâ®ï¨ï ¨ ®¯à¥¤¥«¨¢ § -ç¥¨ï á®®â¢¥âáâ¢ãîé¨å ª®íää¨æ¨¥â®¢, ¬®¦®áä®à¬ã«¨à®¢ âì ãà ¢¥¨ï ¤¢¨¦¥¨ï ¢ á¬¥é¥-¨ïå ¤«ï ã¯àã£®© ¨ ¦¨¤ª®© ä § á ãç¥â®¬ ¨å ¢§ ¨-¬®¤¥©áâ¢¨ï [13]:��u+ (H � �) grad div u� C grad div w == �@2tu� �f@2tw;C grad div u�M grad div w == �f@2tu� ��fm @2tw � F @tw; (3)£¤¥ M { ª®¬¯«¥ªáë© ª®íää¨æ¨¥â, ®¯à¥¤¥«¥ë©¢ëè¥; � { áà¥¤ïï ¯«®â®áâì, á¢ï§  ï á ¯«®â®-áâï¬¨ ã¯àã£®£® áª¥«¥â  ¨ ¦¨¤ª®áâ¨ á®®â®è¥¨¥¬� = (1�m)�s +m�f :�§¢¨«¨áâ®áâì � ¤«ï à¥ «ì®© áà¥¤ë ®¯à¥¤¥«ï¥âáïíªá¯¥à¨¬¥â «ì® [11]. �®áà¥¤áâ¢®¬ ¢¥«¨ç¨ë� ®¯à¥¤¥«ï¥âáï ª®íää¨æ¨¥â ¤¨ ¬¨ç¥áª®© á¢ï§¨ã¯àã£®£® áª¥«¥â  ¨ ¦¨¤ª®áâ¨ �12<0 [5]:�12 = (1� �)�f m:�¥«¨ç¨  F = f(!) (�f �f )=Kpr ¢ ¢ëà ¦¥¨¨ (3) {ç áâ®â® § ¢¨á¨¬ ï äãªæ¨ï, ®¯à¥¤¥«ï¥¬ ï å -à ªâ¥à®¬ ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ ¯® ¯®à ¬ ã¯àã£®£®áª¥«¥â .� ¢®¤® áëé¥®© ¯®à¨áâ®© áà¥¤¥ á «¨¥©®ã¯àã£¨¬ áª¥«¥â®¬ ¯à¨ ¯®áâ®ï®¬ ®â®è¥¨¨ à á-å®¤  ¦¨¤ª®áâ¨ ª £à ¤¨¥âã ¤ ¢«¥¨ï (â¥ç¥¨¥ �ã -§¥©«ï), ç áâ®âãî § ¢¨á¨¬®áâì ¢ï§ª®£® á®¯à®â¨-¢«¥¨ï ¯®â®ªã ¦¨¤ª®áâ¨ ¬®¦® ¥ ãç¨âë¢ âì ¨áç¨â âì f(!) � 1 ¢¯«®âì ¤® ç áâ®â, ¯à¨ ª®â®àëå¢ï§ª¨¥ ¨ ¨¥àæ¨®ë¥ á¨«ë ¨¬¥îâ ®¤¨ ª®¢ë© ¯®-àï¤®ª [4, 8, 10].3. ��������������� ����������-��� �����®   «®£¨¨ á ®¤®ä §®© áà¥¤®© à §«®¦¨¬ ¢¥ª-â®à á¬¥é¥¨ï ¢ ¦¨¤ª®áâ¨ ¨ ¢ ã¯àã£®¬ áª¥«¥â¥  áª «ïàë© ¨ ¢¥ªâ®àë© ¯®â¥æ¨ «ë:u = r�s � rot  s; div  s = 0; (4)v = r�f � rot  f ; div  f = 0: (5)�®¤áâ ¢«ïï ¢ëà ¦¥¨ï (4), (5) ¢ á¨áâ¥¬ã ãà ¢-¥¨© (3) ¨ ãç¨âë¢ ï á®®â®è¥¨ïdiv r = �; rot r = 0; div rot = 0;¯®á«¥ ¯®®ç¥à¥¤®£® ®â¤¥«¥¨ï ¢¨åà¥¢ëå ¨ ¯®â¥-æ¨ «ìëå á®áâ ¢«ïîé¨å ¯®«ãç ¥¬�s = �0 + �1;

£¤¥ äãªæ¨¨ �j ®¯à¥¤¥«ïîâáï ª ª à¥è¥¨ï ãà ¢¥-¨© �¥«ì¬£®«ìæ ��j + k2j�j = 0; k2j = !2c2 sj ; j = 0; 1: (6)�¤¥áì sj { ª®à¥ì ª¢ ¤à â®£® ãà ¢¥¨ïA1s2j �B1sj + C1 = 0; j = 0; 1 (7)á ª®íää¨æ¨¥â ¬Ä1 = q22q11 � q212;B1 = q11�22 + q22�11 � 2q12�12 + i�;C1 = �11�22 � �212 + i�;£¤¥ ¢¢¥¤¥ë ®¡®§ ç¥¨ïq11 = H � 2Cm+Mm2H ; q12 = Cm �Mm2H ;q22 = Mm2H ; c2 = H� ;�11 = (1�m)�s � �12; �22 = m�f � �12;�ij = �ij� ; � = m2�f�fKpr�! :�«ï ¯®â¥æ¨ «  �f ç¥à¥§ äãªæ¨¨ �0; �1 ¨¬¥¥¬ãà ¢¥¨¥ �f = M0�0 +M1�1;á ª®íää¨æ¨¥â ¬¨Mj= �11q22��12q12�A1sj+(q22+q12)i��22q12��12q22+(q22+q12)i� ;j = 0; 1: (8)�«ï äãªæ¨¨  s ¯®«ãç ¥¬ ãà ¢¥¨¥ �¥«ì¬£®«ìæ � s + k22 s = 0;k22 = !2�� [�11 +M2�12 + (1�M2)i�] (9)¨ á®®â®è¥¨ï f = M2 s; M2 = ��12 + i��22 + i� : (10)�ëà ¦¥¨ï (6), (9) ¯®ª §ë¢ îâ, çâ® ¢ ã¯àã£®© ¯®-à¨áâ®© áà¥¤¥, § ¯®«¥®© ¢ï§ª®© ¦¨¤ª®áâìî, ¬®-¦¥â à á¯à®áâà ïâìáï âà¨ â¨¯  ¢®«: ¯à®¤®«ìë¥¢®«ë ¯¥à¢®£® ¨ ¢â®à®£® â¨¯  (�0; �1) ¨ ¯®¯¥à¥ç- ï ¢®«  ( ). �®áâ®ïë¥ à á¯à®áâà ¥¨ï íâ¨å¢®«, ¢ á«ãç ¥ ãç¥â  ¢ï§ª®áâ¨, § ¢¨áïâ ª ª ®â å -à ªâ¥à¨áâ¨ª áà¥¤ë, â ª ¨ ®â ç áâ®âë ª®«¥¡ ¨©!, â. ¥. ¢®«ë ¢ ã¯àã£®© ¯®à¨áâ®© áà¥¤¥,  áë-é¥®© ¢ï§ª®© ¦¨¤ª®áâìî, ®¡« ¤ îâ ¤¨á¯¥àá¨¥©.�ãé¥áâ¢®¢ ¨¥ âà¥å â¨¯®¢ ¢®« ¢ ¯®à¨áâ®© áà¥¤¥¡ë«® ¯à¥¤áª § ® ¢ à ¡®â å [4, 5] ¨ ¯®¤â¢¥à¦¤¥®íªá¯¥à¨¬¥â «ì® [17]. �á«¨ íää¥ªâ ¬¨ ¢ï§ª®áâ¨¯à¥¥¡à¥çì (�f =0), â® ¢á¥ âà¨ ¢®«ë ¡ã¤ãâ ¥§ -âãå îé¨¥ ¨ ¡¥§¤¨á¯¥àá¨®ë¥ [10, 13]. 19



ISSN 1028-7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1998. �®¬ 1, N 1. �. 17 { 244. ��������� ��������«ï ¯®«®© ¯®áâ ®¢ª¨ § ¤ ç¨ ¬¥å ¨ª¨ ¯®à¨á-â®-ã¯àã£®©,  áëé¥®© ¦¨¤ª®áâìî áà¥¤ë ¢®«®-¢ë¥ ãà ¢¥¨ï ¥®¡å®¤¨¬® ¤®¯®«¨âì £à ¨çë¬¨ãá«®¢¨ï¬¨. � á«ãç ¥ á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¢¯®à¨áâ®-ã¯àã£®© áà¥¤¥ £à ¨çë¥ ãá«®¢¨ï ¬®£ãâ¡ëâì ¤¢ãå ¢¨¤®¢: á ®âªàëâë¬¨ ¨ § ªàëâë¬¨ ¯®-à ¬¨. � ¤ ®© à ¡®â¥ à áá¬ âà¨¢ ¥âáï á«ãç © á§ ªàëâë¬¨ ¯®à ¬¨ (¥¯à®¨æ ¥¬ë© ¯®àè¥ì) [2].� à ¡®â¥ à áá¬ âà¨¢ îâáï á¢®©áâ¢  ®à¬ «ì-ëå ¢®« ¢ ¯®à¨áâ®-ã¯àã£®¬ á«®¥ â®«é¨®©(�1 < X < 1, �h � Z � h) á® á¢®¡®¤ë¬¨ ¯®-¢¥àå®áâï¬¨ Z = �h ¢ á«ãç ¥ § ªàëâëå ¯®à. �íâ®¬ á«ãç ¥ £à ¨ç ï § ¤ ç  ¤«ï ¢¥ªâ®à  á¬¥é¥-¨© ã¯àã£®£® áª¥«¥â  u ¨ ¢¥ªâ®à  á¬¥é¥¨© ¦¨¤-ª®áâ¨ v, ã¤®¢«¥â¢®àïîé¨å ãà ¢¥¨ï¬ ¤¢¨¦¥¨ï(3) ¢ ¡¥§à §¬¥àëå ¯¥à¥¬¥ëå x=X=h, z=Z=h,¨¬¥¥â ¢¨¤�zz(x; �1) = 0; �xz(x; �1) = 0;uz(x; �1) = vz(x; �1): (11)�¤¥áì ¯¥à¢®¥ ãá«®¢¨¥ ®§ ç ¥â ®âáãâáâ¢¨¥ ¯®«ëå®à¬ «ìëå  ¯àï¦¥¨©, ¯à¨«®¦¥ëå ª ¦¨¤ª®©¨ ª ã¯àã£®© ä § ¬. �â®à®¥ ãá«®¢¨¥ { ®âáãâáâ¢¨¥ª á â¥«ìëå  ¯àï¦¥¨©, ¯à¨«®¦¥ëå ª ã¯àã£®©ä §¥. �à¥âì¥ ãá«®¢¨¥ { ¥¯¥à¥â¥ª ¨¥ ¦¨¤ª®áâ¨  £à ¨æ¥.5. ������������� ������������à¥¤áâ ¢«¥¨¥ ¤«ï áª «ïàëå ¨ ¢¥ªâ®à®£® ¯®-â¥æ¨ «®¢ ¤«ï á«ãç ï £ à¬®¨ç¥áª¨å ª®«¥¡ ¨©¨é¥¬ ¢ ¢¨¤¥ [18]:�j=(Aj cos�jz + Bj sin�jz)e�i�x; j=0; 1: j=(E cos�2z + F sin�2z)e�i�x: (12)�à¥¬¥®© ¬®¦¨â¥«ì e�i!t ¢ ¤ «ì¥©è¥¬ ®¯ãáª -¥âáï. �¤¥áì � { ¯®áâ®ï ï à á¯à®áâà ¥¨ï,�j =q(k0j)2 � �2; j = 0; 1; 2;k0j = kjh, j = 0; 1; 2 { ®à¬¨à®¢ ë¥ ç áâ®âë.�®¤áâ ¢«ïï (12) ¢ £à ¨çë¥ ãá«®¢¨ï (11) á ãç¥â®¬(1) ¨ ¢ëà ¦¥¨© (4), (5), ¯®«ãç ¥¬ ¤¨á¯¥àá¨®®¥ãà ¢¥¨¥ ¢ ¢¨¤¥:� = �1�2 = 0: (13)�«¥¤®¢ â¥«ì®, ¯®« ï á¨áâ¥¬  ®à¬ «ìëå ¢®«¢ ¯®à¨áâ®-ã¯àã£®¬ á«®¥ á® á¢®¡®¤ë¬¨ ¯®¢¥àå®-áâï¬¨ ¤«ï á«ãç ï § ªàëâëå ¯®à à á¯ ¤ ¥âáï  

¤¢  ª« áá , ®â¢¥ç îé¨å ®¡à é¥¨î ¢ ã«ì ª -¦¤®£® ¨§ á®¬®¦¨â¥«¥© ¤¨á¯¥àá¨®®£® ãà ¢¥-¨ï (13) ¯® ®â¤¥«ì®áâ¨:�1 = �0m0 sin�0��(�1� sin�2 cos�1+�2�1�2 cos�2 sin�1)���0�2 sin�0��(m1�1�2 cos�2 sin�1�m2�1 sin�2 cos�1)���0�1 cos�0 sin�1 sin�2(m2�2+m1�); (14)�2 = �0m0 cos�0��(�1� cos�2 sin�1+�2�1�2 sin�2 cos�1)���0�2 cos�0��(m1�1�2 sin�2 cos�1�m2�1 cos�2 sin�1)���0�1 sin�0 cos�2 cos�1(m2�2+m1�): (15)�¤¥áì ¢¢¥¤¥ë ®¡®§ ç¥¨ï� = ��2 + (k02)2=2; mj = 1�Mj ; j = 0; 1; 2;�i = ��2 + (1 + ti)(k0i)2; j = 0; 1:ti = H � 2��mjCm2� ;�à ¢¥¨¥ (14) á®®â¢¥âáâ¢ã¥â á¨¬¬¥âà¨çë¬®à¬ «ìë¬ ¢®« ¬ (B0=0, B1=0, E=0):uz(�z) = �uz(z); ux(�z) = ux(z);vz(�z) = �vz(z); vx(�z) = vx(z):�¬¥é¥¨ï ¢ íâ®¬ á«ãç ¥ § ¯¨áë¢ îâáï ¢ ¢¨¤¥uz = �m12 sin�0zsin�0 ++m02 sin�1zsin�1 +m01 �2� sin�2zsin�2 ;ux = i���m12 cos�0z�0 sin�0 ++m02 cos�1z�1 sin�1 �m01�2� cos�2zsin�2 �;vz = �M0m12 sin�0zsin�0 ++M1m02 sin�1zsin�1 +M2m01�2� sin�2zsin�2 ;vx = i���M0m12 cos�0z�0 sin�0 ++M1m02 cos�1z� sin�1 �M2m01�2� cos�2zsin�2 �; (16)£¤¥ m01 = m0 �m1;mj2 = mj +m2 �2� ; j=0; 1:20



ISSN 1028-7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1998. �®¬ 1, N 1. �. 17 { 24�à ¢¥¨¥ (15) á®®â¢¥âáâ¢ã¥â  â¨á¨¬¬¥âà¨ç-ë¬ ®à¬ «ìë¬ ¢®« ¬ (A0 = 0, A1 = 0, F = 0).�®£¤  á¬¥é¥¨ï  â¨á¨¬¬¥âà¨çë ®â®á¨â¥«ì®¯«®áª®áâ¨ z=0:uz(�z) = uz(z); ux(�z) = �ux(z);vz(�z) = vz(z); vx(�z) = �vx(z):� ¤ ®© à ¡®â¥ à áá¬ âà¨¢ îâáï â®«ìª® á¨¬¬¥-âà¨çë¥ ª®«¥¡ ¨ï, á®®â¢¥âáâ¢ãîé¨¥ ãà ¢¥¨î�1=0.�¨á¯¥àá¨®®¥ á®®â®è¥¨¥ á¢ï§ë¢ ¥â ¯®áâ®-ïãî à á¯à®áâà ¥¨ï � á ¡¥§à §¬¥à®© ç áâ®-â®© 
 = k02. � áâ®âë k00; k01 ¢ëà ¦ îâáï ç¥à¥§ k02¯à¨ ¯®¬®é¨ á®®â®è¥¨© (6) { (9).� ¤ «ì¥©è¥¬ à áá¬ âà¨¢ ¥âáï ç áâë© á«ãç ©áâ æ¨® à®£® â¥ç¥¨ï ¥¢ï§ª®© ¦¨¤ª®áâ¨ (�f =0), ª â®¬ã ¦¥ ¯à¥¥¡à¥£ ¥¬ ¤¨áá¨¯ æ¨¥© ¢ ã¯àã£®¬áª¥«¥â¥.�á«¨ ¢ï§ª®áâì ¦¨¤ª®áâ¨ ¥ ãç¨âë¢ âì �f = 0,â® ª®íää¨æ¨¥âë ¤¨á¯¥àá¨®®£® ãà ¢¥¨ï ¡ã-¤ãâ ¨«¨ ¤¥©áâ¢¨â¥«ìë¬¨, ¨«¨ ç¨áâ® ¬¨¬ë¬¨,¤¨áá¨¯ æ¨ï í¥à£¨¨ ¢ â ª®© áà¥¤¥ ®âáãâáâ¢ã¥â.�¥á¬®âàï   â ª®¥ áãé¥áâ¢¥®¥ ã¯à®é¥¨¥,¬®¤¥«ì ¢á¥ ¦¥ ®áâ ¢«ï¥â ¢®§¬®¦®áâì ®¯à¥¤¥«¨âì¥ª®â®àë¥ ¢ ¦ë¥ ®á®¡¥®áâ¨ ¢®«®¢ëå ¯à®æ¥á-á®¢ ¢ ¯®à¨áâ®-ã¯àã£¨å áà¥¤ å, ®âà ¦ îé¨å ¢§ ¨-¬®¤¥©áâ¢¨¥ ä §.�®«ãç¥®¥ ãà ¢¥¨¥ ¯¥à¥å®¤¨â ¢ ¤¨á¯¥àá¨®-®¥ ãà ¢¥¨¥ �í«¥ï {�í¬¡  ¯à¨ m1 = 0, m2 = 0,(1 + t1)(k01)2 = (k02)2=2 á ¬®¦¨â¥«¥¬, § ¢¨áïé¨¬®â k00.�à¨ ¥¯à¥àë¢®¬ ¨§¬¥¥¨¨ ç áâ®âë â®çª (
; �) ®¯¨áë¢ ¥â ¡¥áª®¥çãî á®¢®ªã¯®áâì ¤¨á-¯¥àá¨®ëå ªà¨¢ëå, ¤«ï ª®â®àëå ¨¬¥¥âáï ®¤®-§ ç ï § ¢¨á¨¬®áâì (
 = K(�)). �¨á¯¥àá¨®- ï ¢¥â¢ì ¤®«¦  ¡ëâì ¥¯à¥àë¢®© ¨ ¯à®á«¥¦¨-¢ âìáï ®â  ç «    ¯«®áª®áâ¨ 
 = 0 ¤® 1. �®¡é¥¬ á«ãç ¥ ª ¦¤ ï ¤¨á¯¥àá¨® ï ¢¥â¢ì ¨¬¥¥â¢¥é¥áâ¢¥ë©, ç¨áâ® ¬¨¬ë© ¨ ª®¬¯«¥ªáë© ãç -áâ®ª. �®¬¯«¥ªáë¥ ãç áâª¨ ¢¥â¢¨ ¢å®¤ïâ ¨ ¢ë-å®¤ïâ   ¬¨¬ãî ¨«¨ ¤¥©áâ¢¨â¥«ìãî ¯«®áª®áâì� ¢ â®çª å ®â®á¨â¥«ì®£® íªáâà¥¬ã¬  ¯®¤ ã£«®¬90�. �â¨ ®¡é¨¥ á¢®©áâ¢  ¤¨á¯¥àá¨®ëå ¢¥â¢¥©¨á¯®«ì§®¢ «¨áì ¯à¨ ¯®áâà®¥¨¨ ¤¨á¯¥àá¨®®£®á¯¥ªâà .�«ï ä ªâ¨ç¥áª®£® ®¯à¥¤¥«¥¨ï ¢¥é¥áâ¢¥ëåª®à¥© ¯à¥¦¤¥ ¢á¥£® á«¥¤ã¥â  ©â¨ ç áâ®âë § ¯¨-à ¨ï. �®« £ ï �=0 ¢ ãà ¢¥¨¨ (14), ¯®«ãç ¥¬� = sin k02(m0(1 + t1)k01 sin k00 cos k01��m1(1 + t0)k00 sin k01 cos k00) = 0; (17)®âªã¤   å®¤¨¬ ¤¢   ¡®à  ç áâ®â § ¯¨à ¨ï:sin k02 = 0; k02 = n�; n = 0; 1; 2; : : : ; (18)

(m0(1 + t1)k01 sin k00 cos k01��m1(1 + t0)k00 sin k01 cos k00) = 0: (19)�«ï ®¯à¥¤¥«¥¨ï ç áâ®â § ¯¨à ¨ï ¢â®à®£® â¨¯ ¥®¡å®¤¨¬® à¥è¨âì âà áæ¥¤¥â®¥ ãà ¢¥¨¥.�®íää¨æ¨¥âë íâ®£® ãà ¢¥¨ï § ¢¨áïâ ®â¡®«ìè®£® ç¨á«  ¯ à ¬¥âà®¢. � ç¥¨ï ç áâ®â § -¯¨à ¨ï  ©¤¥® ¤«ï ª®ªà¥â®© áà¥¤ë [10] á å -à ªâ¥à¨áâ¨ª ¬¨ m=0:3, �=5 � 107 (Pa), �=1:25,�s=2650 ª£/¬3, Ks=3:6�1010 (Pa), �f =1000 ª£/¬3,Kf =2:9 � 109 (Pa), �=0:3, �f =0.� íâ®¬ á«ãç ¥ ¯¥à¢ë¥ § ç¥¨ï ç áâ®âë § ¯¨à -¨ï ¢â®à®£® â¨¯ : k02=3:893, k02=7:784, k02=11:67,k02=15:55. � ï ç áâ®âë § ¯¨à ¨ï ¥á«®¦® ç¨-á«¥® ®¯à¥¤¥«¨âì ¢¥é¥áâ¢¥ë¥ ª®à¨ ¤¨á¯¥àá¨-®®£® ãà ¢¥¨ï (14).�«ï   «¨§  ª®¬¯«¥ªáëå ª®à¥© ¥®¡å®¤¨¬® ©â¨ â®çª¨ ¨å ¢ëå®¤    ¯«®áª®áâì 
 = 0, ª®-â®àë¥ ®¯à¥¤¥«ïîâáï ¨§ ãà ¢¥¨ï�3 sinh �(a� + b sinh 2�) = 0;a=m0(�2�1)+(m1�m2)�0�m1�2+m2; (20)b=(m0�m2)(0:5+t1)�(m1�m2)(0:5+t0) �0;£¤¥ �2 = (�11 +M2�12)H�s1 ; �0 = s0s1 :�¬¥îâáï ¤¢  â¨¯  â ª¨å â®ç¥ª:sinh �=0; � = in�; n=1; 2; : : : ; (21)a� + b sinh2�=0; �� i4n�14 � � ln(2�na=b)2 : (22)�«ï ¢â®à®£® ãà ¢¥¨ï ¯à¨¢¥¤¥®  á¨¬¯â®â¨ç¥-áª®¥ § ç¥¨¥ ª®à¥© ¤«ï ¡®«ìè¨å ®¬¥à®¢.�à¨ ¢ëç¨á«¥¨¨ ª®¬¯«¥ªáëå ª®à¥© ãà ¢¥¨ï(14) ¯à¨¬¥ï«áï ¬¥â®¤ �ìîâ®  [19]. � ª ç¥áâ¢¥ ç «ìëå ¯à¨¡«¨¦¥¨© ¯à¨¨¬ «¨ § ç¥¨ï ª®à-¥© (21) ¨ (22). �ç¥â ¢ë¯®«ï«áï ¤«ï ª ¦¤®© ¤¨á-¯¥àá¨®®© ªà¨¢®©. �¨¬ë¥ ¨ ¤¥©áâ¢¨â¥«ìë¥ª®à¨  å®¤¨«¨áì ¬¥â®¤®¬ ¯®«®¢¨®£® ¤¥«¥¨ï.�  à¨á. 1 ¯®ª § ë ¬¨¬ë¥ ¨ ¤¥©áâ¢¨â¥«ìë¥ãç áâª¨ ¤¨á¯¥àá¨®ëå ªà¨¢ëå. �®¬¥à ªà¨¢®© á®-®â¢¥âáâ¢ã¥â ®¬¥àã ¤¨á¯à¥á¨®®© ¢¥â¢¨. �®çª¨10 ¨ 2 0 á®®â¢¥âáâ¢ãîâ â®çª ¬ ¢ëå®¤  ¯¥à¢®£®¨ ¢â®à®£® ª®¬¯«¥ªá®£® ª®àï   ¬¨¬ãî ¯«®á-ª®áâì � { íâ® â®çª¨ ®â®á¨â¥«ì®£® ¬¨¨¬ã¬ ¬¨¬®£® ãç áâª  ¤¨á¯¥àá¨®®© ¢¥â¢¨. �§ â®çª¨3 0 (®â®á¨â¥«ì®£® ¬ ªá¨¬ã¬ ) ¢ëå®¤¨â ª®¬¯«¥ªá- ï ¢¥â¢ì, ¢ëà®¦¤ îé ïáï ¢ ç¨áâ® ¬¨¬ãî ¢â®çª¥ 4 0. �â®â ãç áâ®ª ¤¨á¯¥àá¨®®© ¢¥â¢¨ ¯®-§¢®«ï¥â á®¥¤¨¨âì ¤¥©áâ¢¨â¥«ìë© ¨ ç¨áâ® ¬¨-¬ë© ãç áâª¨ ¢¥â¢¨ (®¡®§ ç¥®© æ¨äà ¬¨ 5{6)21
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�¨á. 1. �¨á¯¥àá¨®ë© á¯¥ªâà ¯®à¨áâ®-ã¯àã£®£® á«®ï á® á¢®¡®¤ë¬¨ ¯®¢¥àå®áâï¬¨¤«ï á«ãç ï § ªàëâëå ¯®à (¢¥é¥áâ¢¥ë¥ ¨ ¬¨¬ë¥ ¢¥â¢¨)� ¡«. 1.� áâ®â  k02 Im � Re � � áâ®â  k02 Im � Re �5:758 1.865 0.2565 6.201 1.093 0.30185:854 1.728 0.3785 6.213 1.056 0.26075:953 1.579 0.4370 6.228 1.005 0.18016:002 1.500 0.4487 6.238 0.971 0.08026:101 1.323 0.4321 6.241 1.016 0.0� ¡«. 2.� áâ®â  k02 Im �1 Re �1 Im �2 Re �20:366 2.085 1.126 5.349 1.5520:614 2.045 1.125 5.335 1.5530:985 1.948 1.120 5.303 1.5541:233 1.856 1.107 5.272 1.5541:852 1.546 0.999 5.164 1.5532:223 1.348 0.859 5.077 1.5472:594 1.159 0.694 4.973 1.5362:842 0.997 0.555 4.893 1.5242:966 0.881 0.449 4.850 1.5163:213 0.978 0.0 4.756 1.496á ¯«®áª®áâìî 
 = 0. � ç¥¨ï ¤ ®£® ª®¬¯«¥ªá-®£® ª®àï ¯à¨¢¥¤¥® ¢ â ¡«. 1. � ç¥¨ï ¯¥à¢ëåª®¬¯«¥ªáëå ª®à¥© ¯à¨¢¥¤¥® ¢ â ¡«. 2.� ª ¨ ¤¨á¯¥àá¨®ë¥ ãà ¢¥¨ï ¤«ï ¨¤¥ «ì®ã¯àã£®£® á«®ï á® á¢®¡®¤ë¬¨ £à ¨æ ¬¨ ¨ ¦¨¤-ª®£® á«®ï á  ¡á®«îâ® ¦¥áâª¨¬¨ áâ¥ª ¬¨ ¤ -®¥ ãà ¢¥¨¥ ¨¬¥¥â ª®¥ç®¥ ç¨á«® ¢¥é¥áâ¢¥-ëå � = �� ª®à¥© ¤«ï ª®ªà¥â®£® § ç¥¨ï ç -

áâ®âë 
. � à ªâ¥à®© ®á®¡¥®áâìî ¯®«ãç¥®£®á¯¥ªâà  ï¢«ï¥âáï áãé¥áâ¢®¢ ¨¥ ¤¢ãå ¢¥é¥áâ¢¥-ëå ¢¥â¢¥©,  ç¨ îé¨åáï á ã«¥¢®© ç áâ®âë.�«ï ®¤®ä §®© áà¥¤ë ¨ ¤«ï ã¯àã£®£®, ¨ ¤«ï¦¨¤ª®£® á«®ï â ª®¥ ï¢«¥¨¥ ¥  ¡«î¤ «®áì, ¥§ -¢¨á¨¬® ®â ¢¨¤  £à ¨çëå ãá«®¢¨© ¨ â¨¯  á¨¬¬¥-âà¨¨.�à ¢¨¢ ï ¤¨á¯¥àá¨®ë¥ ªà¨¢ë¥ á® á¯¥ªâà®¬ãà ¢¥¨ï �í«¥ï {�í¬¡  [18] ¤«ï á¨¬¬¥âà¨ç® ¤¥-ä®à¬¨à®¢ ®£® á«®ï, á«¥¤ã¥â ®â¬¥â¨âì ¥é¥ àï¤¯à¨æ¨¯¨ «ìëå ®â«¨ç¨©. � ¯®à¨áâ®-ã¯àã£®¬á«®¥ áãé¥áâ¢ãîâ ¤¢  â¨¯  ¡¥áª®¥çëå  ¡®à®¢®à¬ «ìëå ¢®« ¤«ï ª®ªà¥â®© ç áâ®âë { ®à-¬ «ìë¥ ¢®«ë á ç¨áâ® ¬¨¬®© ¯®áâ®ï®© à á-¯à®áâà ¥¨ï, ª ª ¤«ï ¦¨¤ª®£® á«®ï, ¨ ¬®¤ë áª®¬¯«¥ªá®© ¯®áâ®ï®© à á¯à®áâà ¥¨ï, ª ª ¤«ï¨¤¥ «ì® ã¯àã£®£® á«®ï. �®¤ë á ª®¬¯«¥ªáë¬¨ ¯®-áâ®ïë¬¨ à á¯à®áâà ¥¨ï ®¡à §ãîâ áâ®ïéãî¢®«ã, ¯à¨ íâ®¬ á¬¥é¥¨ï ¤®«¦ë § âãå âì á à á-áâ®ï¨¥¬, â. ¥. ¯à¨ x> 0, � =�� + i�. �®¬¯«¥ªá-ë¥ ¢¥â¢¨ ¯¥à¢ëå ®¬¥à®¢ ¢ëà®¦¤ îâáï ¢ ç¨áâ®¬¨¬ë¥ ¢¥â¢¨. � à áá¬®âà¥®¬ ç áâ®â®¬ ¤¨ -¯ §®¥ ¥ áãé¥áâ¢ã¥â ¢¥é¥áâ¢¥ëå ãç áâª®¢ ¢¥-22



ISSN 1028-7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1998. �®¬ 1, N 1. �. 17 { 24â¢¨ á ®¤¨ ª®¢ë¬¨ ¨ à §«¨çë¬¨ § ª ¬¨ ä §®-¢®© ¨ £àã¯¯®¢®© áª®à®áâ¥©, â. ¥. ï¢«¥¨ï \®¡à â-®©" ¢®«ë ®¡ àã¦¥® ¥ ¡ë«®.�¡é¨¬¨ ç¥àâ ¬¨ ¤¨á¯¥àá¨®ëå á¯¥ªâà®¢ ¤«ï¯®à¨áâ®-ã¯àã£®© ¨ ¨¤¥ «ì® ã¯àã£®© áà¥¤ ¯à¨ § -¤ ëå £à ¨çëå ãá«®¢¨ïå ï¢«ïîâáï:1. � «¨ç¨¥ ¡¥áª®¥ç®£® ç¨á«  ª®¬¯«¥ªáëå ª®à-¥© ¤¨á¯¥àá¨®®£® ãà ¢¥¨ï, ª®â®àë¥  -ç¨ îâáï   ¯«®áª®áâ¨ 
 = 0. �®¬¯«¥ªáë¥¢¥â¢¨ ¯¥à¥á¥ª îâ ¬¨¬ë¥ ãç áâª¨ ¢ â®çª å®â®á¨â¥«ì®£® íªáâà¥¬ã¬  ¨ ¢ â ªãî â®çªã¢å®¤¨â ¯® ¤¢  ª®¬¯«¥ªáëå ãç áâª .2. � áâ®âë § ¯¨à ¨ï á®®â¢¥âáâ¢ãîâ ¢®« ¬¤¢ãå â¨¯®¢. � áâ®âë© ¨â¥à¢ « ¤«ï á®-á¥¤¨å ¢¥«¨ç¨ ç áâ®â § ¯¨à ¨ï à §«¨çëåá¥¬¥©áâ¢ á«ã¦¨â ®á®¢®© ¤«ï ¯¥â«¨ ¢ ®¡« -áâ¨ ç¨áâ® ¬¨¬ëå § ç¥¨© �. �§¬¥ïï å -à ªâ¥à¨áâ¨ª¨ áà¥¤ë, ¢®§¬®¦® áãé¥áâ¢¥®¯¥à¥áâà®¨âì á¯¥ªâà §  áç¥â ¨§¬¥¥¨ï ¢§ -¨¬®£® à á¯®«®¦¥¨ï ç áâ®â § ¯¨à ¨ï ¢®«à §«¨çëå á¥¬¥©áâ¢. � áâ®âë § ¯¨à ¨ï¯¥à¢®£® á¥¬¥©áâ¢ , á¢ï§ ë¥ á ¯®¯¥à¥çë¬¨¢®« ¬¨, § ¢¨áïâ ®â ¬¥ìè¥£® ç¨á«  ¯ à ¬¥-âà®¢ áà¥¤ë. �¡®§ ç¨¬ ¨å ç¥à¥§ kmj . �¤¥ªáj á®®â¢¥âáâ¢ã¥â ®¬¥àã ç áâ®âë § ¯¨à ¨ï.�«ï ¯®à¨áâ®-ã¯àã£®£® á«®ï íâ¨ ç áâ®âë ¥ § -¢¨áïâ ®â ¯®à¨áâ®áâ¨ ¨ ª®íää¨æ¨¥â®¢ H, C,M , ¤«ï ã¯àã£®© áà¥¤ë { ®â �. � áâ®âë § ¯¨-à ¨ï ¢â®à®£® á¥¬¥©áâ¢  ®¡®§ ç¨¬ ç¥à¥§ knj .3. �®íää¨æ¨¥â �ã áá®  ï¢«ï¥âáï ®¤¨¬ ¨§ ¨¡®«¥¥ § ç¨¬ëå ¯ à ¬¥âà®¢. �  à¨á. 2 ¯®-ª § ® ¨§¬¥¥¨¥ áâàãªâãàë á¯¥ªâà  ¤«ï ª®-íää¨æ¨¥â®¢ �ã áá®  � = 0:08 (ªà¨¢ë¥ 1 ¨1-1) ¨ �=0:2 (ªà¨¢ë¥ 2 ¨ 2-1). �«ï �<0:11 km1áâ ®¢¨âáï ¬¥ìè¥ ç¥¬ kn1 =�. �¥â¢ì, á¢ï§ - ï á ª®¬¯«¥ªáë¬ ª®à¥¬ ¯¥à¢®£® á¥¬¥©áâ¢ (� = i�), ¢ëà®¦¤ ¥âáï ¢ ¤¥©áâ¢¨â¥«ìãî  ç áâ®â¥ § ¯¨à ¨ï km1 (¤«ï �=0:08, km1 =3:08)¨ ¯® ä®à¬¥ ¯®¢â®àï¥â ¯¥à¢ãî ¤¨á¯¥àá¨®ãîªà¨¢ãî ¤«ï ¦¨¤ª®£® á«®ï. �¥â«ï ¢ ®¡« áâ¨ç¨áâ® ¬¨¬ëå § ç¥¨© � ®¡à §ã¥âáï ¬¥¦¤ãkm2 ¨ kn1 . � â®çªã ®â®á¨â¥«ì®£® ¬¨¨¬ã¬   íâ®© ¯¥â«¨ ¢ëà®¦¤ ¥âáï ¯¥à¢ë© ª®¬¯«¥ªá-ë© ª®à¥ì, á¢ï§ ë© á® ¢â®àë¬ á¥¬¥©áâ¢®¬(ãà ¢¥¨ï (22)). �«ï 0:11 < � < 0:44, kn2 >> km1 >kn2 ¯¥â«ï ®¡à §ã¥âáï ¬¥¦¤ã kn1 ¨ km1 ¨á ã¢¥«¨ç¥¨¥ ª®íää¨æ¨¥â  �ã áá®  à áâ¥â¢ à §¬¥à å. �à¨ íâ®¬ ¢¥â¢ì, á¢ï§  ï á ª®¬-¯«¥ªáë¬ ª®à¥¬ ¯¥à¢®£® á¥¬¥©áâ¢  (ãà ¢¥-¨¥(21))   ç áâ®â å ¢ëè¥ kn1 , ®âª«®ï¥âáï®â ®á¨ k0 ¨ á à®áâ®¬ � § ç¨â¥«ì® ¬¥ï¥âá¢®î ä®à¬ã. �«ï � > 0:44, km1 > kn2 ¯¥â«ï

�¨á. 2. �§¬¥¥¨¥ áâàãªâãàë ¤¨á¯¥àá¨®®£® á¯¥ª-âà  ¤«ï ç¨áâ® ¬¨¬ëå ¢¥â¢¥© ¯à¨ à®áâ¥ ª®íää¨æ¨¥â �ã áá® ®¡à §ã¥âáï ¬¥¦¤ã íâ¨¬¨ ç áâ®â ¬¨. �¨¬ ï¢¥â¢ì, á¢ï§  ï á kn1 , ¥ ®¡à §ã¥â ¯¥â«¨,  áâ ®¢¨âáï ãå®¤ïé¥©. � á¯¥ªâà¥ ¤«ï ¨¤¥ «ì®ã¯àã£®£® á«®ï á® á¢®¡®¤ë¬¨ ¯®¢¥àå®áâï¬¨ ¡«î¤ ¥âáï   «®£¨ç®¥ ¯®¢¥¤¥¨¥ ¢ ®¡« áâ¨ç¨áâ® ¬¨¬ëå § ç¥¨© � ¤«ï ¯¥â«¨, á¢ï§ -®© á ç¥â¢¥àâ®© ¨ ¯ïâ®© ®à¬ «ìë¬¨ ¢®«- ¬¨ [18]. �§¬¥¥¨¥ ¯®à¨áâ®áâ¨ â ª¦¥ áã-é¥áâ¢¥® ¢«¨ï¥â   ç áâ®âë § ¯¨à ¨ï. �«ïáà¥¤ á ¯®à¨áâ®áâìî ¬¥ìè¥© 0.2 á¯à ¢¥¤«¨¢®km1 < kn1 . � ¡«î¤ ¥âáï ¯¥à¥áâà®©ª  á¯¥ªâà .�§¬¥¥¨¥ ¨§¢¨«¨áâ®áâ¨ ®ª §ë¢ ¥â ¢«¨ï¨¥â®«ìª®   ¢¥«¨ç¨ã ªà¨â¨ç¥áª®© ç áâ®âë, ¥¯à¨¢®¤ï ª ¨§¬¥¥¨î áâàãªâãàë á¯¥ªâà . � -àì¨à®¢ ¨¥ ¤àã£¨å ¯ à ¬¥âà®¢ ¥ ¯à¨¢®¤¨â ª§ ç¨â¥«ìë¬ ¨§¬¥¥¨ï¬.4. �ãé¥áâ¢ãîâ ª®¬¯«¥ªáë¥ ãç áâª¨ ¢¥â¢¨,  -ç¨ îé¨¥áï ¥   ¯«®áª®áâ¨ k02 = 0,   ¢â®çª¥ ®â®á¨â¥«ì® íªáâà¥¬ã¬  (¬ ªá¨¬ã¬ )¬¨¬®© ¢¥â¢¨, ª®â®àë¥ á®¥¤¨ïîâ ¬¨¬ãî¯¥â«î, ®¡¥á¯¥ç¨¢ ï ¥¯à¥àë¢®áâì ¢¥â¢¨ ®âã«¥¢®© ¤® ¡¥áª®¥ç®© ç áâ®âë. �¬¥¥âáï¢ ¢¨¤ã ª®¬¯«¥ªáë© ãç áâ®ª, á®¥¤¨ïîé¨©â®çª¨ 3 0 ¨ 4 0   à¨á. 1. �à ¢¨¢ ï ¯®-«ãç¥ë© á¯¥ªâà á ¤¨á¯¥àá¨®ë¬¨ ¢¥â¢ï¬¨¦¨¤ª®£® á«®ï, ®â¬¥â¨¬, çâ® ®¡é¨¬ ï¢«ï-¥âáï â®«ìª®  «¨ç¨¥ ¡¥áª®¥ç®£® ç¨á«  ç¨áâ®¬¨¬ëå ª®à¥© ¤«ï «î¡®© ç áâ®âë. �®à¬ ¤¨á¯¥àá¨®ëå ¢¥â¢¥© ¨ ç áâ®âë § ¯¨à ¨ïáãé¥áâ¢¥® ®â«¨ç îâáï. 23
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