
ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 3. �. 60 { 68��� 534.2+539.3����������� ������ ������� ���� �� ��������������� � ��������������������������������. �. ���������� �áâ¨âãâ  ¬¥å ¨ª¨ ��� �ªà ¨ë ¨¬. �.�. �̈ ¬®è¥ª®, �¨¥¢�®«ãç¥® 18.07.99 � �¥à¥á¬®âà¥® 16.08.99�¥è ¥âáï á¢ï§  ï § ¤ ç  ¥áâ æ¨® à®©  ªãáâ®ã¯àã£®áâ¨ ¤«ï á«®¨áâëå ®£à ¦¤ îé¨å ª®áâàãªæ¨©, ã¦¥áâ®ç¥-ëå á¨áâ¥¬®© áâ¥à¦¥¢ëå ®¯®à. � áá¬ âà¨¢ ¥¬ ï ¬¥å ¨ç¥áª ï á¨áâ¥¬  à áç«¥ï¥âáï   ®â¤¥«ìë¥ í«¥¬¥âë,¤¢¨¦¥¨¥ ª®â®àëå ®¯¨áë¢ ¥âáï á®®â¢¥âáâ¢ãîé¨¬¨ ¤¨ää¥à¥æ¨ «ìë¬¨ ãà ¢¥¨ï¬¨. �¥¨§¢¥áâë¥ ãá¨«¨ï ¢§ ¨-¬®¤¥©áâ¢¨ï ã¯àã£¨å í«¥¬¥â®¢ ®¯à¥¤¥«ïîâáï ¨§ ¤®¯®«¨â¥«ìëå ãá«®¢¨© á®¢¬¥áâ®£® ¤¥ä®à¬¨à®¢ ¨ï ¯« áâ¨ë ¨®¯®à,   ¯®¢¥àå®áâë¥  £àã§ª¨ { ¨§ ãá«®¢¨© ¡¥§®âàë¢®£® ª®â ªâ  ¯à¨ á®¢¬¥áâ®¬ ¤¢¨¦¥¨¨ ¯à¥£à ¤ë ¨ áà¥¤.�ª § ë¥ ãá«®¢¨ï § ¯¨áë¢ îâáï ¢ ¢¨¤¥ ¥ª®â®àëå á¨áâ¥¬ äãªæ¨® «ìëå ãà ¢¥¨©. �à¥¤áâ ¢«¥¨¥ ¨áª®¬ëåäãªæ¨©,  £àã§®ª ¨ à¥ ªæ¨© ¢ ¢¨¤¥ àï¤®¢ ¯® ¢¥ªâ®àë¬ äãªæ¨ï¬, ®¯¨áë¢ îé¨¬ á®¡áâ¢¥ë¥ ä®à¬ë ª®«¥¡ ¨©®â¤¥«ìëå í«¥¬¥â®¢ á¨áâ¥¬ë, ¢ª«îç ï ¨ ®¡ê¥¬ë £ § , ¯®§¢®«ï¥â á¢¥áâ¨ äãªæ¨® «ìë¥ ãà ¢¥¨ï ª ¡¥áª®¥ç®©á¨áâ¥¬¥ ¨â¥£à®-¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© â¨¯  �®«ìâ¥àà . �¥è¥¨¥ á¨áâ¥¬ë áâà®¨âáï ç¨á«¥® á ¨á¯®«ì§®-¢ ¨¥¬ ¬¥â®¤  ¯®á«¥¤®¢ â¥«ìëå ¯à¨¡«¨¦¥¨©, ¯à¨ç¥¬   ª ¦¤®¬ è £¥ ¨â¥à æ¨®®£® ¯à®æ¥áá  ¤®¯®«¨â¥«ì®à¥è ¥âáï á¨áâ¥¬  ãà ¢¥¨© ¤¨ ¬¨ç¥áª®© ª®â ªâ®© § ¤ ç¨. �«ï ª®ªà¥âëå § ç¥¨© ¯ à ¬¥âà®¢ § ¤ ç¨ ®¯à¥-¤¥«¥ë å à ªâ¥à¨áâ¨ª¨  ¯àï¦¥®-¤¥ä®à¬¨à®¢ ®£® á®áâ®ï¨ï í«¥¬¥â®¢ á¨áâ¥¬ë ¯à¨ ¢®§¤¥©áâ¢¨¨ á« ¡®© ã¤ à-®© ¢®«ë áâã¯¥ç â®£® ¯à®ä¨«ï. �áâ ®¢«¥®, çâ® ¢«¨ï¨¥ ®ªàã¦ îé¥© áà¥¤ë ¯à®ï¢«ï¥âáï ¯à¨ ¤®áâ¨¦¥¨¨ ã¦¥¯¥à¢ëå íªáâà¥¬ã¬®¢, ¯à¨ç¥¬ ®ª §ë¢ ¥âáï ¡®«¥¥ áãé¥áâ¢¥ë¬ ¤«ï ¯à®£¨¡  ¨ ¥£® áª®à®áâ¨, ç¥¬ ¤«ï ¤¥ä®à¬ æ¨© ¨¨å áª®à®áâ¥©. � ©¤¥®, çâ® ¥á«¨ ¢ ª ç¥áâ¢¥ ¨â¥á¨¢®áâ¨ áâ â¨ç¥áª®©  £àã§ª¨ ¯à¨ïâì áª ç®ª ¤ ¢«¥¨ï   äà®-â¥ ¢®«ë, ¬ ªá¨¬ «ìë© ª®íää¨æ¨¥â ¤¨ ¬¨ç®áâ¨ ®ª §ë¢ ¥âáï ¡«¨§ª¨¬ ª 4 ¨ § ¢¨á¨â ®â ¨§£¨¡®© ¦¥áâª®áâ¨¯« áâ¨ë.�®§¢'ï§ãõâìáï §¢'ï§   § ¤ ç  ¥áâ æ÷® à®ù  ªãáâ®¯àã¦®áâ÷ ¤«ï è àã¢ â¨å ®¡£®à®¤¦ãîç¨å ª®áâàãªæ÷© § á¨-áâ¥¬®î áâ¥à¦¥¢¨å ®¯®à, ïª÷ ¯à¨¢®áïâì ¤®¤ âª®¢ã ¦®àáâª÷áâì. �®§£«ïãâ  ¬¥å ÷ç  á¨áâ¥¬  à®§ç«¥îõâìáï  ®ªà¥¬÷ ¥«¥¬¥â¨, àãå ïª¨å ®¯¨áãõâìáï ¢÷¤¯®¢÷¤¨¬¨ ¤¨ä¥à¥æ÷©¨¬¨ à÷¢ïï¬¨. �¥¢÷¤®¬÷ §ãá¨««ï ¢§ õ¬®¤÷ù ¯àã¦-¨å ¥«¥¬¥â÷¢ ¢¨§ ç îâìáï § ¤®¤ âª®¢¨å ã¬®¢ áã¬÷á®£® ¤¥ä®à¬ã¢ ï ¯« áâ¨¨ â  ®¯®à,   ¯®¢¥àå¥¢÷  ¢ â -¦¥ï { § ã¬®¢ ¡¥§¢÷¤à¨¢®£® ª®â ªâã ¯à¨ áã¬÷á®¬ã àãá÷ ¯¥à¥èª®¤¨ â  á¥à¥¤®¢¨é. �ª § ÷ ã¬®¢¨ § ¯¨áãîâìáï ã¢¨£«ï¤÷ ¤¥ïª¨å á¨áâ¥¬ äãªæ÷® «ì¨å à÷¢ïì. �à¥¤áâ ¢«¥ï èãª ¨å äãªæ÷©,  ¢ â ¦¥ì ÷ à¥ ªæ÷© ã ¢¨£«ï¤÷àï¤÷¢ ¯® ¢¥ªâ®à¨å äãªæ÷ïå, é® ®¯¨áãîâì ¢« á÷ ä®à¬¨ ª®«¨¢ ì ®ªà¥¬¨å ¥«¥¬¥â÷¢ á¨áâ¥¬¨, ¢ª«îç îç¨ ®¡ê¥¬¨£ §ã, ¤®§¢®«ïõ §¢¥áâ¨ äãªæ÷® «ì÷ à÷¢ïï ¤® ¥áª÷ç¥®ù á¨áâ¥¬¨ ÷â¥£à®-¤¨ä¥à¥æ÷©¨å à÷¢ïì â¨¯ã �®«ì-â¥à . �®§¢'ï§®ª á¨áâ¥¬¨ ¡ã¤ãõâìáï ç¨á¥«ì® § ¢¨ª®à¨áâ ï¬ ¬¥â®¤ã ¯®á«÷¤®¢¨å  ¡«¨¦¥ì, ¯à¨ç®¬ã   ª®¦®¬ãªà®æ÷ ÷â¥à æ÷®©®£® ¯à®æ¥áã ¤®¤ âª®¢® à®§¢'ï§ãõâìáï á¨áâ¥¬  à÷¢ïì ¤¨ ¬÷ç®ù ª®â ªâ®ù § ¤ ç÷. �«ï ª®ªà¥â-¨å § ç¥ì ¯ à ¬¥âà÷¢ § ¤ ç÷ ¢¨§ ç¥÷ å à ªâ¥à¨áâ¨ª¨  ¯àã¦¥®-¤¥ä®à¬®¢ ®£® áâ ã ¥«¥¬¥â÷¢ á¨áâ¥¬¨ ¯à¨¢¯«¨¢÷ á« ¡ª®ù ã¤ à®ù å¢¨«÷ áâã¯÷ç áâ®£® ¯à®ä÷«ï. �áâ ®¢«¥®, é® ¢¯«¨¢ ®â®çãîç®£® á¥à¥¤®¢¨é  ¯à®ï¢«ïõâìáï¯à¨ ¤®áï£¥÷ ¢¦¥ ¯¥àè¨å ¥ªáâà¥¬ã¬÷¢, ¯à¨ç®¬ã ¢÷ ¢¨ï¢«ïõâìáï ¡÷«ìè áãââõ¢¨¬ ¤«ï ¯à®£¨ã â  ©®£® è¢¨¤ª®áâ÷,ç¨¬ ¤«ï ¤¥ä®à¬ æ÷© â  ùå è¢¨¤ª®áâ¥©. � ©¤¥®, é® ïªé® §  ÷â¥á¨¢÷áâì áâ â¨ç®£®  ¢ â ¦¥ï ¯à¨©ïâ¨áâà¨¡®ª â¨áªã   äà®â÷ å¢¨«÷, ¬ ªá¨¬ «ì¨© ª®¥ä÷æ÷õâ ¤¨ ¬÷ç®áâ÷ ¢¨ï¢«ïõâìáï ¡«¨§ìª¨¬ ¤® 4 ÷ § «¥¦¨âì ¢÷¤§£¨ «ì®ù ¦®àáâª®áâ÷ ¯« áâ¨¨.The boundary problem on non-steady acoustoelasticity for laminated shielding designs, sti�ened by a system of beamsupports is solved. Considered mechanical system is dismembered on separate units, motions of which are described withappropriate di�erential equations. The unknown forces of interaction of elastic units are determined from the additionalconditions of joint deformation Slices and support. The surface loads are determined from conditions of continuouscontact at joint motion of a barrier and media. The indicated conditions are written as the systems of functional equations.Representation of desired functions, loads and responses as the series on vectorial functions circumscribing the eigenmodesof separate components of system including gas volumes allows to reduce the functional equations to in�nite system ofVolterra's integro-di�erential equations. Obtained system is solved numerically by sequential iterations, and on everyonestep of mentioned procedure the system of equations of a dynamic contact problem is solved. For particular values of theparameters of a problem the characteristics of stress-strained state of system components at e�ect of stepwise weak shockwaves are determined. It was established, that the e�ect of the medium appears at reaching already the �rst extremums,and becomes more vivid for deections and their velocities, than for deformations and their velocities. It was found thatas the intensity of a statical load is accepted equal to pressure jump at the front of waves, the maximum dynamic factorappears to be close to 4. The above factor depends on exural sti�ness of the plate.���������  áâ®ïé¥© à ¡®â¥ à áá¬ âà¨¢ îâáï ®¡®«®-ç¥çë¥ á¨áâ¥¬ë á ª®áâàãªâ¨¢ë¬¨ ¥®¤®à®¤-®áâï¬¨ ¢ ¢¨¤¥ ã¦¥áâ®ç îé¨å á¨áâ¥¬ã ¤®¯®«¨-â¥«ìëå ®¯®àëå í«¥¬¥â®¢ (áâ¥à¦¥©, ¯« áâ¨¨«¨ ®¡®«®ç¥ª). �®¢à¥¬¥ ï â¥¤¥æ¨ï ãâ®ç¥-¨ï à áç¥âëå áå¥¬ ¯à¨ à áá¬®âà¥¨¨ ¯à¨ª« ¤- ëå § ¤ ç ¬¥å ¨ª¨ ¤«ï á¨áâ¥¬ ã¯àã£¨å ¤¥ä®à¬¨-àã¥¬ëå â¥« á¢ï§   á ¢®§¬®¦®áâìî ¤®áâ â®ç®¯®«®£® ãç¥â  ¢§ ¨¬®¤¥©áâ¢¨ï ª ª ®â¤¥«ìëå í«¥-¬¥â®¢ á¨áâ¥¬ë ¬¥¦¤ã á®¡®©, â ª ¨ á ®ªàã¦ îé¨-¬¨ ¨å á¯«®èë¬¨ áà¥¤ ¬¨. � íâ®¬ á«ãç ¥ ãá¨«¨ï¨  £àã§ª¨, ®¯à¥¤¥«ïîé¨¥ ¤¥ä®à¬¨à®¢ ¨¥ í«¥-¬¥â®¢ á¨áâ¥¬ë, ¤®«¦ë § ¤ ¢ âìáï ¥ a priori,  ®¯à¥¤¥«ïâìáï ¥¯®áà¥¤áâ¢¥® ¢ ¯à®æ¥áá¥ à¥è¥-60 c �. �. �¥à¬ , 1999



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 3. �. 60 { 68¨ï § ¤ ç¨. �à¨ íâ®¬  ¨¡®«ìè¨© ¯à ªâ¨ç¥áª¨©,  â ª¦¥  ãçë© ¨â¥à¥á ¢ë§ë¢ îâ ¯à®â¥ª îé¨¥¢ â ª¨å á¨áâ¥¬ å ¤¨ ¬¨ç¥áª¨¥ ¯à®æ¥ááë, ª®â®-àë¥  ¨¡®«¥¥ ïàª® ¯à®ï¢«ïîâáï ¯à¨ ¤¥©áâ¢¨¨ ¨¬-¯ã«ìáëå  £àã§®ª ¢ ¢¨¤¥ ¢®« ¤ ¢«¥¨ï. �  áâ®-ïé¥¬ã ¢à¥¬¥¨ ¢ íâ®© ®¡« áâ¨ ¯®«ãç¥ àï¤ äã-¤ ¬¥â «ìëå à¥§ã«ìâ â®¢,  è¥¤è¨å á¢®¥ ®âà -¦¥¨¥ ¢ ¬®®£à ä¨ïå [1{ 8]. �¤ ª®, ¥á¬®âàï  â®, çâ® ¤¨ ¬¨ç¥áª®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ã¯àã£¨å®¡ê¥ªâ®¢ á® áà¥¤®©, â ª¦¥ ª ª ¨ í«¥¬¥â®¢ ª®-áâàãªæ¨© ¬¥¦¤ã á®¡®© à áá¬ âà¨¢ «®áì ¬®£¨¬¨ ¢â®à ¬¨, ¥áâ æ¨® àë¥ § ¤ ç¨, ¢ ª®â®àëå ®¡ íâ¨ ¢§ ¨¬®¤¥©áâ¢¨ï ãç¨âë¢ îâáï ®¤®¢à¥¬¥®,¨§ãç¥ë ¥¤®áâ â®ç®. �à¨ íâ®¬   «¨§ ¯ã¡«¨ª -æ¨© §  ¯®á«¥¤¨¥ £®¤ë ¯®ª §ë¢ ¥â, çâ® ®á®¢®¥¢¨¬ ¨¥ ã¤¥«ï¥âáï á«ãç ï¬ £ à¬®¨ç¥áª¨å ¤¢¨-¦¥¨© [9{ 11].� áá¬®âà¥¨¥ ¬¥å ¨ç¥áª¨å á¨áâ¥¬ á ª®áâàãª-â¨¢ë¬¨ ¥®¤®à®¤®áâï¬¨ âà¥¡ã¥â à §à ¡®âª¨á¯¥æ¨ «ìëå ¯®¤å®¤®¢. � ¤ ®¬ á«ãç ¥ ¬ â¥¬ -â¨ç¥áª ï ä®à¬ «¨§ æ¨ï ä¨§¨ç¥áª®© § ¤ ç¨ ¯à¨-¢®¤¨â ª  ç «ì®-£à ¨çë¬ § ¤ ç ¬ ¤«ï á®¢®-ªã¯®áâ¨, ¢ ®¡é¥¬-â®, à §«¨çëå á¨áâ¥¬ ¤¨ä-ä¥à¥æ¨ «ìëå ãà ¢¥¨© ¢ ç áâëå ¯à®¨§¢®¤-ëå [1{ 7,12{ 14]. �¥è¥¨ï íâ¨å § ¤ ç ®ª §ë¢ -îâáï ¤®¯®«¨â¥«ì® á¢ï§ ë¬¨ á¨áâ¥¬ ¬¨ äãª-æ¨® «ìëå ãà ¢¥¨© [5]. � ¤ ®© á¨âã æ¨¨¯à¨¬¥¥¨¥,  ¯à¨¬¥à, ¬¥â®¤  ª®¥çëå í«¥¬¥-â®¢ [12,13] âà¥¡ã¥â à §à ¡®âª¨ á¯¥æ¨ «ìëå ¯à¨-¥¬®¢, ®á®¢ ëå   ã¤ ç®¬ ¯®áâà®¥¨¨ á¥âª¨ ¢®ªà¥áâ®áâïå ¥®¤®à®¤®áâ¥©. � á«ãç ¥ áâ â¨ç¥-áª¨å § ¤ ç, ¥á¬®âàï   ¯«®åãî ®¡ãá«®¢«¥®áâì¯®«ãç îé¨åáï ¯à¨ íâ®¬ ¬ âà¨æ ¢ëá®ª®£® ¯®àï¤-ª , ¢á¥ ¦¥ ã¤ ¥âáï ¯®«ãç¨âì ¤®áâ â®ç® ¤®áâ®¢¥à-ë¥ à¥§ã«ìâ âë. �¤ ª® ¯à¨ à áá¬®âà¥¨¨ ¤¨ -¬¨ç¥áª¨å ¯à®æ¥áá®¢ ®¡« áâì ¢«¨ï¨ï ¢®§¬ãé¥¨©,¢®á¨¬ëå ¥®¤®à®¤®áâìî, § à ¥¥ ¥¨§¢¥áâ ,¨ á â¥ç¥¨¥¬ ¢à¥¬¥¨ ¥¥ £à ¨æë ¥¯à¥àë¢® ¨§-¬¥ïîâáï. �¥â®¤ £à ¨çëå í«¥¬¥â®¢, ¢ ¯à¨-æ¨¯¥, «¨è¥ ãª § ëå ¥¤®áâ âª®¢, ®¤ ª® ¥£®à¥ «¨§ æ¨ï á¢ï§   á ¥®¡å®¤¨¬®áâìî ¯®áâà®¥¨ï¬ âà¨æ �à¨  ¤«ï á«®¦ëå ¤¨ää¥à¥æ¨ «ìëå®¯¥à â®à®¢ â¥®à¨¨ ®¡®«®ç¥ª ¨ ¯à®áâà áâ¢¥®©â¥®à¨¨ ã¯àã£®áâ¨. �à¨¬¥¥¨¥ ¬¥â®¤  ª®¥çëåà §®áâ¥©, c ãá¯¥å®¬ ¨á¯®«ì§ã¥¬®£® ¯à¨ à¥è¥¨¨§ ¤ ç ¤¨ ¬¨ª¨ [1,2,12,14], ¢ ¤ ®¬ á«ãç ¥ â ª-¦¥ âà¥¡ã¥â à §à ¡®âª¨ á¯¥æ¨ «ìëå ¯à¨¥¬®¢, ¯®-§¢®«ïîé¨å  ¤¥ª¢ â® ãç¥áâì ¢®«®¢®© å à ªâ¥à¯à®æ¥áá  ¤¥ä®à¬¨à®¢ ¨ï ¢ ®ªà¥áâ®áâïå ¥®¤®-à®¤®áâ¥© [13,14].� â® ¦¥ ¢à¥¬ï, ç¨á«¥®-  «¨â¨ç¥áª¨¥ ¬¥â®-¤ë, ®á®¢ ë¥   ¯à¨¬¥¥¨¨ ¯à¥®¡à §®¢ ¨ï� ¯« á  ¯® ¢à¥¬¥¨ á ¯®á«¥¤ãîé¨¬ ¨á¯®«ì§®¢ ¨-¥¬ à §«®¦¥¨© ¯® á®¡áâ¢¥ë¬ ä®à¬ ¬ ª®«¥¡ ¨©

�¨á. 1. � áç¥â ï áå¥¬  § ¤ ç¨:1,2 { ¢®§¤ãèë¥ áà¥¤ë; 3 { ¥áãé ï ª®áâàãªæ¨ï;4 { áâ¥à¦¥¢ë¥ ®¯®àë¢ ¯à®áâà áâ¢¥ ¨§®¡à ¦¥¨© [2 {4,6,7,14], ®ª §ë-¢ îâáï íää¥ªâ¨¢ë¬¨ ¢ â¥å á«ãç ïå, ª®£¤  ã¤ ¥â-áï á ¯®¬®éìî â¥®à¥¬ë ® á¢¥àâª¥ ¯®áâà®¨âì ®¡à -é¥¨¥ ¤«ï ª ¦¤®© ä®à¬ë ¥§ ¢¨á¨¬® [14]. � «¨-ç¨¥ ¥®¤®à®¤®áâ¥© ¯à¨¢®¤¨â ª â®¬ã, çâ® ä®à¬ë¢ ¯à®áâà áâ¢¥ ¨§®¡à ¦¥¨© ®ª §ë¢ îâáï á¢ï§ -ë¬¨, ¨ ¢®ááâ ®¢«¥¨¥ ®à¨£¨ «®¢ ¢ íâ¨å á«ãç ïåáâ ®¢¨âáï ¢¥áì¬  § âàã¤¨â¥«ìë¬.� ª¨¬ ®¡à §®¬, à §à ¡®âª  íää¥ªâ¨¢ëå ¯®¤-å®¤®¢ ª à¥è¥¨î ¤ ®£® ª« áá  § ¤ ç   ®á®¢¥¢®§¬®¦ëå  «ìâ¥à â¨¢ëå ¬¥â®¤®¢ ¯à¥¤áâ ¢«ï-¥â á®¡®© ¢¥áì¬   ªâã «ìãî § ¤ çã.1. ���������� � ����� ����� ����-��� �������¤¨ ¨§ ¢®§¬®¦ëå ¯®¤å®¤®¢ ª à¥è¥¨î íâ®£®ª« áá  § ¤ ç ã¤®¡® ¨§«®¦¨âì   ¯à¨¬¥à¥ ¬¥å ¨-ç¥áª®© á¨áâ¥¬ë, áå¥¬ â¨ç® ¯®ª § ®©   à¨á. 1¨ á®áâ®ïé¥© ¨§ á«®¨áâ®© ¯« áâ¨ë (¯®«®£®© ®¡®-«®çª¨) 3 ¨ ª®áâàãªâ¨¢ëå í«¥¬¥â®¢ ¦¥áâª®áâ¨¢ ¢¨¤¥ áâ¥à¦¥¢ëå ¤¥ä®à¬¨àã¥¬ëå ®¯®à 4. �¨-áâ¥¬  ¯®£àã¦¥  ¢  ªãáâ¨ç¥áª¨¥ áà¥¤ë 1, 2, ¨ ¨§áà¥¤ë 1   á¨áâ¥¬ã  ¡¥£ ¥â ¯«®áª ï ã¤ à ï ¢®«- . � áá¬ âà¨¢ ¥¬ ï ¬¥å ¨ç¥áª ï á¨áâ¥¬  ¯à¥¤-áâ ¢«ï¥â á®¡®© ¬®¤¥«ì ®£à ¦¤ îé¨å ª®áâàãªæ¨©á¯¥æ¨ «ì®£®  § ç¥¨ï, ¨á¯®«ì§ã¥¬ëå ¤«ï § -é¨âë  â¥ëå ä §¨à®¢ ëå à¥è¥â®ª ®â ¢®§-¤¥©áâ¢¨© ®ªàã¦ îé¥© áà¥¤ë [15].�«ï   «®£¨çëå á¨áâ¥¬ ¯à®å®¦¤¥¨¥ §¢ãª®-¢ëå ¢®« à áá¬ âà¨¢ «®áì,  ¯à¨¬¥à, ¢ [5,16],   ¢â®à®¬ ¯®áâà®¥ë à¥è¥¨ï áâ â¨ç¥áª®© § -¤ ç¨ [17{ 21] ¨ ¨áá«¥¤®¢ ë áâ æ¨® àë¥ ª®«¥-�. �. �¥à¬  61



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 3. �. 60 { 68¡ ¨ï [22{ 24], ¯à¨ç¥¬ ¢ [19,23] ¤¥ä®à¬¨à®¢ -¨¥ ã¯àã£®© ¯à¥£à ¤ë à áá¬ âà¨¢ «®áì ¢ à ¬-ª å âà¥å¬¥à®© â¥®à¨¨ ã¯àã£®áâ¨. � ª¦¥ ¢ à -¡®â å [25,26] ®¯à¥¤¥«¥ë ¤¨ ¬¨ç¥áª¨¥ à¥ ªæ¨¨®¯®à ¨  ©¤¥® à á¯à¥¤¥«¥¨¥ ª®â ªâëå  ¯àï-¦¥¨©   ¯à®âï¦¥®© ¦¥áâª®© ®¯®à¥ ¯à¨ ¨¬-¯ã«ìáëå  £àã§ª å. �¥è¥¨¥ § ¤ ç  ªãáâ®ã¯àã-£®áâ¨ ¤«ï ¯« áâ¨ ª®¥çëå à §¬¥à®¢, ¯®¬¥é¥-ëå ¢ ¦¥áâª¨© íªà  ¨«¨ ¢®«®¢®¤, ¯®«ãç¥®¢ [26,27]. �à¨ íâ®¬ ¤®áâ®¢¥à®áâì à¥§ã«ìâ â®¢à áç¥â®¢ ¯®¤â¢¥à¦¤¥  áà ¢¥¨¥¬ á íªá¯¥à¨¬¥-â «ìë¬¨ ¤ ë¬¨ ¯à¨ áâ â¨ç¥áª¨å  £àã§ª å¢ [17],   ¤«ï § ¤ ç¨  ªãáâ®ã¯àã£®áâ¨ { ¢ [27,28].� ª¨¬ ®¡à §®¬,  áâ®ïéãî à ¡®âã ¬®¦® à áá¬ -âà¨¢ âì ª ª ¯à®¤®«¦¥¨¥ ¨ ®¯à¥¤¥«¥®¥ ®¡®¡é¥-¨¥ ¢ë¯®«¥ëå à ¥¥ ¨áá«¥¤®¢ ¨©. �á®¢®©¥¥ § ¬ëá¥« á®áâ®¨â ¢ á¨â¥§¥ ¯®«ãç¥ëå  ¢â®à®¬à¥è¥¨© ª®â ªâëå § ¤ ç ¤«ï â®ª®áâ¥ëå í«¥-¬¥â®¢ ¨ § ¤ ç  ªãáâ®ã¯àã£®áâ¨ ¤«ï £« ¤ª¨å ®¡®-«®ç¥ª.�à¨ à¥è¥¨¨ § ¤ ç¨ ¨á¯®«ì§ãîâáï ®á®¢ë¥ ¯®-«®¦¥¨ï ¯®áâ ®¢®ª, ¨§«®¦¥ëå ¢ [15{ 29]. � á-á¬ âà¨¢ ¥¬ ï á¨áâ¥¬  à áç«¥ï¥âáï   ®â¤¥«ì-ë¥ í«¥¬¥âë, ¤«ï ®¯¨á ¨ï ¤¢¨¦¥¨ï ª®â®àëå¯à¨¢«¥ª îâáï á®®â¢¥âáâ¢ãîé¨¥ ¤¨ää¥à¥æ¨ «ì-ë¥ ãà ¢¥¨ï. �¥¨§¢¥áâë¥ ãá¨«¨ï ¢§ ¨¬®¤¥©-áâ¢¨ï ã¯àã£¨å í«¥¬¥â®¢ ®¯à¥¤¥«ïîâáï ¨§ ¤®¯®«-¨â¥«ìëå ãá«®¢¨© á®¢¬¥áâ®£® ¤¥ä®à¬¨à®¢ ¨ï¯« áâ¨ë ¨ ®¯®à [17{26],   ¯®¢¥àå®áâë¥  -£àã§ª¨ { ¨§ ãá«®¢¨© ª®â ªâ  [2 { 5,27,28] ¯à¨ á®-¢¬¥áâ®¬ ¤¢¨¦¥¨¨ ¯« áâ¨ë ¨ áà¥¤. �ª § ë¥ãá«®¢¨ï § ¯¨áë¢ îâáï ¢ ¢¨¤¥ ¥ª®â®àëå á¨áâ¥¬äãªæ¨® «ìëå ãà ¢¥¨© [5].� à §à ¡ âë¢ ¥¬ëå ¯®¤å®¤ å ¨áª®¬ë¥ äãªæ¨¨, £àã§ª¨ ¨ à¥ ªæ¨¨ ¯à¥¤áâ ¢«ïîâáï ¢ ¢¨¤¥ àï¤®¢¯® ¢¥ªâ®àë¬ äãªæ¨ï¬, ®¯¨áë¢ îé¨¬ á®¡áâ¢¥-ë¥ ä®à¬ë ª®«¥¡ ¨© ®â¤¥«ìëå í«¥¬¥â®¢ á¨áâ¥-¬ë [30,31], ¢ª«îç ï ¨ ®¡ê¥¬ë £ §  (¤«ï ¡¥áª®¥ç-ëå ®¡« áâ¥© àï¤ë § ¬¥ïîâáï á®®â¢¥âáâ¢ãîé¨-¬¨ ¨â¥£à « ¬¨ �ãàì¥) [27,28]. �®íää¨æ¨¥âëàï¤®¢ ¤«ï ã¯àã£¨å í«¥¬¥â®¢ § ¯¨áë¢ îâáï ¢ ¢¨-¤¥ ¨â¥£à «®¢ �î ¬¥«ï, ®¯à¥¤¥«ïîé¨å à¥è¥¨ïá®®â¢¥âáâ¢ãîé¨å ¬®¤ «ìëå ãà ¢¥¨©, ª®â®àë¥¯®«ãç îâáï ¯®á«¥ à §¤¥«¥¨ï ¯¥à¥¬¥ëå ¢ ãà ¢-¥¨ïå ¤¢¨¦¥¨ï. �«ï ª®íää¨æ¨¥â®¢ à §«®¦¥¨©äãªæ¨©, ®¯¨áë¢ îé¨å ¤¢¨¦¥¨¥ áà¥¤, ¨á¯®«ì§ã-îâáï ¯à¥¤áâ ¢«¥¨ï à¥è¥¨© ®¤®¬¥àëå ãà ¢-¥¨© �¥«ì¬£®«ìæ  ¢ ¢¨¤¥ ¨â¥£à «®¢ ¨«¨ àï¤®¢.�à¨ íâ®¬ ¥¨§¢¥áâë¥ ª®íää¨æ¨¥âë à §«®¦¥¨©¨áª®¬ëå äãªæ¨© ¯®¯ ¤ îâ ¯®¤ § ª¨ ¨â¥£à «®¢á ¢à¥¬¥®© ¯¥à¥¬¥®©.�¨¥¬ â¨ç¥áª¨¥ ãá«®¢¨ï á®¢¬¥áâ®£® ¤¥ä®à¬¨-à®¢ ¨ï í«¥¬¥â®¢ á¨áâ¥¬ë ¨ ¡¥§®âàë¢®£® ª®-â ªâ    £à ¨æ å í«¥¬¥â®¢ ¨ áà¥¤ ¯à¥¤áâ -

¢«ïîâ á®¡®© äãªæ¨® «ìë¥ ãà ¢¥¨ï, ª®â®-àë¥ ¤®«¦ë ã¤®¢«¥â¢®àïâìáï ¢ á®®â¢¥âáâ¢ãîé¨å®¡« áâïå ª®â ªâ . �®¤áâ ®¢ª  ã¯®¬ïãâëå ¢ë-è¥ ¯à¥¤áâ ¢«¥¨© ¨áª®¬ëå äãªæ¨© ¢ íâ¨ ãà ¢¥-¨ï ¯à¨¢®¤¨â ª ¡¥áª®¥çë¬ á¨áâ¥¬ ¬ ¨â¥£à®-¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© (¢ [6] ¯à¨ à¥è¥¨¨§ ¤ ç¨  ªãáâ®ã¯àã£®áâ¨ ¤«ï ¯« áâ¨ë �¨àå£®ä  {�ï¢  ¯®«ãç¥  ¡¥áª®¥ç ï á¨áâ¥¬  ¤¨ää¥à¥æ¨- «ìëå ãà ¢¥¨©) ®â®á¨â¥«ì® ¥¨§¢¥áâëå ª®-íää¨æ¨¥â®¢. �®á«¥ ¨å ®¯à¥¤¥«¥¨ï à¥è¥¨¥ § -¤ ç  ªãáâ¨ª¨ ¨ ¤¨ ¬¨ª¨ á¢®¤¨âáï ª áã¬¬¨à®¢ -¨î àï¤®¢.2. �������� ��������� ��������-����§«®¦¥®¥ ¢ëè¥ æ¥«¥á®®¡à §® ¯®ïá¨âì ¥-ª®â®àë¬¨ ä®à¬ã« ¬¨. �«ï ª®ªà¥â®áâ¨ ®£à -¨ç¨¬áï à áá¬®âà¥¨¥¬ ¯¥à¨®¤¨ç¥áª®© § ¤ ç¨,â. ¥. ¯à¥¤¯®«®¦¨¬, çâ® ¥áãé ï ª®áâàãªæ¨ïã¦¥áâ®ç¥  á¨áâ¥¬®© à¥£ã«ïà® à á¯®«®¦¥ëå®¯®à, ¯à¨ç¥¬ ¯¥à¨®¤ë à¥è¥âª¨ â ª®¢ë, çâ®max(a; b)� l, £¤¥ a, b { à §¬¥àë ¯¥à¨®¤¨ç¥áª®©áâàãªâãàë, l { ¬¨¨¬ «ìë© à §¬¥à ª®áâàãªæ¨¨¢ ¯« ¥. �à¨ïâ®¥ ¤®¯ãé¥¨¥ ¯®§¢®«ï¥â ¯à¥¥-¡à¥çì ï¢«¥¨ï¬¨ ¤¨äà ªæ¨¨   ªà ïå ª®áâàãª-æ¨¨, áç¨â ï, çâ® ª®áâàãªæ¨ï ¯®«®áâìî à §¤¥-«ï¥â ¯®«ã¯à®áâà áâ¢  1 ¨ 2. �®¯®«¨â¥«ì®¯à¥¤¯®« £ ¥âáï, çâ® à á¯à®áâà ¥¨¥ ¨§«ãç¥®©¢®«ë ¯à®¨áå®¤¨â ¢¤®«ì ®á¥© â®ª¨å áâ¥à¦¥¢ëå®¯®à, ¯®íâ®¬ã ¨å ¢§ ¨¬®¤¥©áâ¢¨¥ á ®ªàã¦ îé¥©áà¥¤®© ¥ ãç¨âë¢ ¥âáï.�¢¨¦¥¨¥ ã¯àã£®© ¯à¥£à ¤ë ®¯¨áë¢ ¥âáï ãà ¢-¥¨ï¬¨ â¥®à¨¨ á«®¨áâëå ®àâ®âà®¯ëå ¯®«®£¨å®¡®«®ç¥ª â¨¯  �̈ ¬®è¥ª® [31], ¤®¯®«¥ëå ¤¨á-á¨¯ â¨¢ë¬¨ ç«¥ ¬¨ á á¨« ¬¨ á®¯à®â¨¢«¥¨ï,¯à®¯®àæ¨® «ìë¬¨ áª®à®áâ¨Lu + B� _u = C��u+ f ; (1)£¤¥ L { ¬ âà¨æ  ¤¨ää¥à¥æ¨ «ìëå ®¯¥à â®à®¢ ¢ç áâëå ¯à®¨§¢®¤ëå, ¥ á®¤¥à¦ é¨å ¢à¥¬¥®©¯¥à¥¬¥®© t; u = u(x; y; t) { ¢¥ªâ®à ®¡®¡é¥ëå¯¥à¥¬¥é¥¨©, ¢ª«îç îé¨© ¢ á¥¡ï ªà®¬¥ ª®¬¯®-¥â ¢¥ªâ®à  ¯¥à¥¬¥é¥¨© áà¥¤¨®© ¯®¢¥àå®áâ¨ã£«ë ¯®¢®à®â  ®à¬ «¨ ¨«¨ äãªæ¨¨ á¤¢¨£ ; C� {¬ âà¨æ  ¨¥àæ¨¨ [32]; B� { ¬ âà¨æ  ¤¥¬¯ä¨à®-¢ ¨ï. �®çª ¬¨ ®¡®§ ç¥® ¤¨ää¥à¥æ¨à®¢ ¨¥¯® ¢à¥¬¥¨, ¨ ®¡®«®çª  ®â¥á¥  ª ®àâ®£® «ì®©á¨áâ¥¬¥ ª®®à¤¨ â x, y, á®¢¯ ¤ îé¨å á ª®®à¤¨ -â ¬¨ ¯®¢¥àå®áâ¨ à §¤¥« . �®¯®«¨â¥«ì® ¯à¥¤-¯®« £ ¥âáï, çâ® ¬ âà¨æ  ¨¥àæ¨¨ ¯à®¯®àæ¨® «ì-  ¬ âà¨æ¥ ¤¥¬¯ä¨à®¢ ¨ï, â. ¥. çâ® B�=�C�,£¤¥ � { ¥ª®â®à ï ¯®áâ®ï ï. � ª®¥ ¤®¯ãé¥¨¥62 �. �. �¥à¬ 



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 3. �. 60 { 68®¡¥á¯¥ç¨¢ ¥â ¯®«ãç¥¨¥ ¥§ ¢¨á¨¬ëå ¬®¤ «ìëåãà ¢¥¨© [30,31].� á®®â¢¥âáâ¢¨¨ á ¬¥â®¤®¬ á¨« ¢ à áá¬®âà¥¨¥¢¢®¤ïâáï ¢¥ªâ®àë ¥¨§¢¥áâëå à¥ ªæ¨© ®¯®àëåí«¥¬¥â®¢ qj (j=1; 2; : : :; N ; N { ç¨á«® ®¯®à). �â¨à¥ ªæ¨¨, § ¢¨áïé¨¥ ®â ¢à¥¬¥¨, ¢®©¤ãâ ¢ ¯à ¢ë¥ç áâ¨ ãà ¢¥¨ï ¤¢¨¦¥¨ï (1) ¢ ¢¨¤¥ à á¯à¥¤¥-«¥ëå  £àã§®ª ¨ ¢ £à ¨çë¥ ãá«®¢¨ï ¤«ï ãà ¢-¥¨© ¤¢¨¦¥¨ï ®¯®àëå í«¥¬¥â®¢ ¢ ¢¨¤¥ ¨â¥-£à «ìëå ãá¨«¨© ¨ ¬®¬¥â®¢. �®£¤  ¢¥ªâ®à  £àã-§®ª f ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥f = p� + p + q + NXj=1 qj; (2)£¤¥ p� { ¤ ¢«¥¨¥ ¢ ¯ ¤ îé¥© ¢®«¥; p, q { ¤ -¢«¥¨ï ®âà ¦¥®© ¨ ¨§«ãç¥®© ¢®«. � ¢«¥¨ï¢ ä®à¬ã«¥ (2) ¢ëç¨á«ïîâáï   £à ¨æ å à §¤¥« áà¥¤.�¥ªâ®à  ¤ ¢«¥¨© á®¤¥à¦ â ®¤ã ®â«¨çãî ®âã«ï á®áâ ¢«ïîéãî,  ¯à ¢«¥ãî ¯® ®à¬ «¨ ªáà¥¤¨®© ¯®¢¥àå®áâ¨ ¯à¥£à ¤ë. �¥ªâ®à à¥ ª-æ¨©, ¢ª«îç îé¨© ¢ ®¡é¥¬ á«ãç ¥ ¨§£¨¡ îé¨¥ ¬®-¬¥âë ¨ â £¥æ¨ «ìë¥ á®áâ ¢«ïîé¨¥, áâà®¨âáïá ¯®¬®éìî § ¬¥ë ¥¨§¢¥áâëå ª®â ªâëå  -¯àï¦¥¨© á¨áâ¥¬®© «®ª «ìëå  £àã§®ª [23{ 26].� ª®¥ ¤®¯ãé¥¨¥ ¯à¨ ®¯à¥¤¥«¥¨¨ à¥ ªæ¨© ¯®§¢®-«ï¥â ¨§¡¥¦ âì ¥®¡å®¤¨¬®áâ¨ à áá¬®âà¥¨ï ¡¥á-ª®¥çëå á¨áâ¥¬, å à ªâ¥àëå ¤«ï ª®â ªâëå§ ¤ ç.�¥ä®à¬¨à®¢ ¨¥ ®¯®àëå í«¥¬¥â®¢ ¯à®¨áå®-¤¨â ¯®¤ ¤¥©áâ¢¨¥¬ à¥ ªæ¨© ¯à¥£à ¤ë, ¨ ¢ ¯à¥¤-¯®«®¦¥¨¨ ®âáãâáâ¢¨ï ¤®¯®«¨â¥«ìëå  £àã§®ª,¤¥©áâ¢ãîé¨å   ¨å, ®¯¨áë¢ ¥âáï á¨áâ¥¬®© ãà ¢-¥¨© ¤¢¨¦¥¨ï áâ¥à¦¥© [3], ¯à¨ç¥¬ á¦ â¨¥ ¨¨§£¨¡ à áá¬ âà¨¢ îâáï ¥§ ¢¨á¨¬®:M (j)s +B(j)s _vj = C(j)s �vj ;(j = 1; 2; : : : ; N ): (3)�¤¥áì vj { ¢¥ªâ®à ¯¥à¥¬¥é¥¨© ¨ ã£«®¢ ¯®¢®à®-â  ¥©âà «ì®© ®á¨; M (j)s { ¬ âà¨æ  ¤¨ää¥à¥æ¨- «ìëå ®¯¥à â®à®¢ ¢ ç áâëå ¯à®¨§¢®¤ëå; B(j)s ,C(j)s { ¬ âà¨æë ¤¨áá¨¯ â¨¢ëå ç«¥®¢ ¨ ¨¥àæ¨¨á®®â¢¥âáâ¢¥® ¤«ï j-£® áâ¥à¦ï.�ãªæ¨¨ ¤ ¢«¥¨© ¢  ªãáâ¨ç¥áª®¬ ¯à¨¡«¨¦¥-¨¨ [1{ 7] ï¢«ïîâáï à¥è¥¨ï¬¨ ¢®«®¢ëå ãà ¢¥-¨© c21�p = �p;c22�q = �q; (4)£¤¥ � { âà¥å¬¥àë© ®¯¥à â®à � ¯« á ; c1, á2 {áª®à®áâ¨ §¢ãª .

�à®¬¥ ¥áâ¥áâ¢¥ëå ªà ¥¢ëå ¨ ã«¥¢ëå  ç «ì-ëå ãá«®¢¨©, ¨áª®¬ë¥ äãªæ¨¨ á¢ï§ ë ¬¥¦¤ã á®-¡®© ¤®¯®«¨â¥«ìë¬¨ ãá«®¢¨ï¬¨. � ®¡« áâïå ª®-â ªâ  ¤®«¦ë ¢ë¯®«ïâìáï à ¢¥áâ¢  ¯¥à¥¬¥é¥-¨© ¨ ã£«®¢ ¯®¢®à®â  ª®æ  j-®© ®¯®àë ¨ á®®â¢¥â-áâ¢ãîé¨å ª®¬¯®¥â ¢¥ªâ®à  ¯¥à¥¬¥é¥¨©. �®-á«¥¤¨¥ ¢ á¨«ã «¨¥©®áâ¨ ãà ¢¥¨© ¤¢¨¦¥¨ï¬®£ãâ ¡ëâì ¯à¥¤áâ ¢«¥ë ¢ ¢¨¤¥ áã¬¬ë ¯¥à¥¬¥é¥-¨©, ¢ë§¢ ëå ®â¤¥«ìë¬¨ á®áâ ¢«ïîé¨¬¨  -£àã§®ª. �®£¤  ª¨¥¬ â¨ç¥áª¨¥ ãá«®¢¨ï á®¢¬¥áâ®-áâ¨ ¬®£ãâ ¡ëâì § ¯¨á ë ¢ ¢¨¤¥ á¨áâ¥¬ë ãà ¢¥-¨©ui(p�)+ui(p)+ui(q)+ NXj=1ui(qj)=vi(qi);(i = 1; 2; : : : ; N ); (5)£¤¥ ç¥à¥§ ui(p�); : : : ;ui(qj) ®¡®§ ç¥ë ¢¥ªâ®àë¯¥à¥¬¥é¥¨©, ¢ë§¢ ë¥ á®®â¢¥âáâ¢ãîé¥© á®-áâ ¢«ïîé¥©  £àã§ª¨; ¨¤¥ªá i ®§ ç ¥â, çâ® ¯¥-à¥¬¥é¥¨ï ¢ëç¨á«¥ë ¢ i-®© ®¡« áâ¨ ª®â ªâ .�  £à ¨æ å à §¤¥«  ã¯àã£®© ¯à¥£à ¤ë ¨ áà¥¤¤®¯®«¨â¥«ì® âà¥¡ã¥âáï ¢ë¯®«¥¨¥ ãá«®¢¨© ¡¥-§®âàë¢®£® ª®â ªâ , ª®â®àë¥ ¯¥à¥®áïâáï  áà¥¤¨ãî ¯®¢¥àå®áâì ¯« áâ¨ë [6,7]:(p� + p) ;zjz=0 = �1 �w;q;zjz=0 = ��2 �w; (6)£¤¥ �1, �2 { ¯«®â®áâ¨ áà¥¤; w { ®à¬ «ì ï ª®¬-¯®¥â  ¢¥ªâ®à  ¯¥à¥¬¥é¥¨©; z { ª®®à¤¨ â ,®âáç¨âë¢ ¥¬ ï ¢  ¯à ¢«¥¨¨ ®à¬ «¨ ®â áà¥-¤¨®© ¯®¢¥àå®áâ¨; ç¥à¥§ § ¯ïâãî ®¡®§ ç¥®¤¨ää¥à¥æ¨à®¢ ¨¥ ¯® ª®®à¤¨ â¥. � ª ¨ à -¥¥ [27,28,30], à¥è¥¨ï ãà ¢¥¨© ¤¢¨¦¥¨ï ¯à¥-£à ¤ë ¯à¥¤áâ ¢«ïîâáï ¢ ¢¨¤¥ à §«®¦¥¨© ¯® á®¡-áâ¢¥ë¬ ä®à¬ ¬ ª®«¥¡ ¨© Un = Un(x; y) ¢ ¢ -ªãã¬¥ u(x; y; t) =Xn Un�nkUnk2�� tZ0 fn(t)exp [�cn(t� � )] sin [�n(t� � )]d� ; (7)£¤¥ �2n=!2n�c2n; !n { á®¡áâ¢¥ë¥ ç áâ®âë ª®«¥-¡ ¨© ®¡®«®çª¨ ¢ ¢ ªãã¬¥; cn { ª®íää¨æ¨¥âë ¯®-â¥àì [26]; fn { ª®íää¨æ¨¥âë à §«®¦¥¨© £àã§®-¢ëå ç«¥®¢ (2) ¯® á®¡áâ¢¥ë¬ ä®à¬ ¬ ª®«¥¡ ¨©.�à¨ ¯®áâà®¥¨¨ à¥è¥¨© ¤«ï ®¯®àëå í«¥¬¥-â®¢ ¯à¨å®¤¨âáï ãç¨âë¢ âì, çâ® ¥¨§¢¥áâë¥ à¥- ªæ¨¨ ¢®©¤ãâ ¢ £à ¨çë¥ ãá«®¢¨ï. � íâ®© á¨âã -æ¨¨ ¤®áâ â®ç® ¯®áâà®¨âì ç áâë¥ à¥è¥¨ï ¥®¤-®à®¤ëå § ¤ ç, ¯®á«¥ ç¥£® ¨áª®¬ë¥ ¯¥à¥¬¥é¥¨ï�. �. �¥à¬  63



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 3. �. 60 { 68®¯®à â ª¦¥ ®ª §ë¢ ¥âáï ¢®§¬®¦ë¬ ¯à¥¤áâ ¢¨âì¢ ¢¨¤¥,   «®£¨ç®¬ (7).�®¤áâ ®¢ª  íâ¨å ¯à¥¤áâ ¢«¥¨© ¨ àï¤®¢ (7) ¢ãá«®¢¨ï (5) ¯®á«¥ ¯¥à¥áâ ®¢ª¨ áã¬¬¨à®¢ ¨ï ¨¨â¥£à¨à®¢ ¨ï ¯à¨¢®¤¨â ª á¨áâ¥¬¥ N ¢¥ªâ®àëåãà ¢¥¨© ¢¨¤ Diqi(t) + NXj=1 tZ0 [Kij(t� � ) + �ijLi(t � � )]��qj(� )d� + NXj=1 tZ0 Mi(t� � )�qj(� )d� == ui(p�) + ui(p) + ui(q);(i = 1; 2; : : :N ); (8)£¤¥ Di { ¬ âà¨æ  ¯®¤ â«¨¢®áâ¨ i-®© ®¯®àë; �ij {á¨¬¢®« �à®¥ª¥à . �¤à  ãà ¢¥¨© Kij(t), Li(t),Mj(t) { ª¢ ¤à âë¥ ¬ âà¨æë, í«¥¬¥âë ª®â®àëå¯à¥¤áâ ¢«ïîâáï ¢ ¢¨¤¥ áå®¤ïé¨åáï àï¤®¢. � âà¨-æë Li(t), Mj(t) ®âà ¦ îâ ¢«¨ï¨¥ ¯®¤ â«¨¢®áâ¨®¯®àëå í«¥¬¥â®¢. �  áç¥â ¢¢¥¤¥¨ï «®ª «ìëå £àã§®ª á¨áâ¥¬  äãªæ¨® «ìëå ãà ¢¥¨© (5)á¢¥« áì ª á¨áâ¥¬¥ ãà ¢¥¨© (7), ª®â®à ï ¨¬¥¥âª®¥çë© ¯®àï¤®ª, â ª ª ª áâà®£®¥ ¢ë¯®«¥¨¥ãá«®¢¨© ª®â ªâ  âà¥¡ã¥âáï ¢ ®¤®© ¨§ â®ç¥ª ¬ -«ëå ®¡« áâ¥© ª®â ªâ . �à¨ ãç¥â¥ ¢á¥å á®áâ ¢«ï-îé¨å à¥ ªæ¨© à §¬¥à®áâì ¬ âà¨æ ¡ã¤¥â à ¢ 5�5. �à¨ ãç¥â¥ ®à¬ «ìëå á®áâ ¢«ïîé¨å ¨ à¥- ªâ¨¢ëå ¬®¬¥â®¢ ¥¥ à §¬¥à®áâì { 3�3. �á«¨¨ ¬®¬¥âë ¥ ãç¨âë¢ îâáï, â® ¢â®à®© ¨â¥£à «¯à®¯ ¤ ¥â,   Kij(t), Li(t) { íâ® áª «ïàë¥ äãª-æ¨¨, ¢ëà ¦¥¨ï ¤«ï ª®â®àëå ¯à¨¢¥¤¥ë ¢ ï¢®¬¢¨¤¥ [26] ¢ á«ãç ¥ á¢®¡®¤® ®¯¥àâ®© ¯àï¬®ã£®«ì-®© ¯« áâ¨ë.�¥è¥¨ï ¢®«®¢ëå ãà ¢¥¨© ¯à¥¤áâ ¢«ïîâáïâ ª¦¥ ¢ ¢¨¤¥ àï¤®¢ ¯® ®àâ®£® «ì®© á¨áâ¥¬¥äãªæ¨© Tk, ®¯¨áë¢ îé¨å ¯«®áª¨¥ ª®«¥¡ ¨ï ®¡ê-¥¬®¢ £ §  ¯à¨ ãá«®¢¨ïå ¯¥à¨®¤¨ç®áâ¨, ª®â®àë¥á®¢¯ ¤ îâ á ªà ¥¢ë¬¨ ãá«®¢¨ï¬¨   ¦¥áâª¨å ¡®-ª®¢ëå áâ¥ª å ¢®«®¢®¤  [27,28]:fp�;p; qg =Xk fP �k(z; t);Pk(z; t);Qk(z; t)gTk:� §¤¥«¥¨¥ ¯¥à¥¬¥ëå ¢ ¢®«®¢ëå ãà ¢¥¨-ïå (4) ¯à¨¢®¤¨â ª ®¤®¬¥àë¬ ãà ¢¥¨ï¬ �¥«ì-¬£®«ìæ  ¤«ï ¯®«ã¯à®áâà áâ¢ z>0 ¨ z<0, à¥è¥-¨ï ª®â®àëå á ãç¥â®¬ ãá«®¢¨© (6) ¯à¨ z=0 ¤ îâ

¢â®àãî £àã¯¯ã ãà ¢¥¨©Pk(t) = c1�1 tZ0 �Wk(� )J0 [c1k (t� � )] d�++c1 tZ0 P �k (z; � ) jz=0J0 [c1k (t� � )]d� ; (9)Qk = �c2�2Xs tZ0 �Wk(� )J0c2 [k(t� � )]d� ;(k = 0; 1; 2; : : :); (10)£¤¥ J0(x) { äãªæ¨ï �¥áá¥«ï; Pk(t), Wk(t) { ª®íä-ä¨æ¨¥âë à §«®¦¥¨© ¤ ¢«¥¨© ¨ ¯à®£¨¡®¢ ¢ áà¥-¤¨®© ¯®¢¥àå®áâ¨ � ¯® á¨áâ¥¬¥ ®àâ®£® «ìëåäãªæ¨© Tk; k { ª®áâ â  à §¤¥«¥¨ï ¢ ¢®«®¢ëåãà ¢¥¨ïå.�§ ä®à¬ã«ë (7) á«¥¤ã¥â ãà ¢¥¨¥, á¢ï§ë¢ î-é¥¥ ª®íää¨æ¨¥âë à §«®¦¥¨© ¯à®£¨¡  á ª®íää¨-æ¨¥â ¬¨ à §«®¦¥¨© ¤ ¢«¥¨©:wn(t) = 1�n kUnk2�� tZ0 �p�n(� ) + pn(� )� qn(� )� NXj=1 qjn(� )���e�cn(t��)sin [�n(t � � )] d�: (11)� ª¨¬ ®¡à §®¬, ¤«ï ®¯à¥¤¥«¥¨ï ¥¨§¢¥áâëåà¥ ªæ¨© qj(t) ¨ ª®íää¨æ¨¥â®¢ à §«®¦¥¨ï ¨á-ª®¬ëå äãªæ¨© ¯®«ãç¥  ¡¥áª®¥ç ï á¨áâ¥¬ ¨â¥£à®-¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© (8) { (11).�¥ à¥è¥¨¥ ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì ª®íää¨æ¨¥âë ¨à¥ ªæ¨¨, ¯®á«¥ ç¥£® å à ªâ¥à¨áâ¨ª¨  ¯àï¦¥®-¤¥ä®à¬¨à®¢ ®£® á®áâ®ï¨ï ¨  ªãáâ¨ç¥áª¨å ¯®-«¥©  å®¤ïâáï ®¡ëçë¬¨ ¬¥â®¤ ¬¨. � á®®â¢¥â-áâ¢¨¨ á ¢ë¡à ë¬ ¯à¥¤áâ ¢«¥¨¥¬ à¥è¥¨© ¯à -¢ ï ç áâì á¨áâ¥¬ë (8) § ¯¨áë¢ ¥âáï ¢ ¢¨¤¥ àï-¤®¢, ¯®íâ®¬ã ¥¨§¢¥áâë¥ ª®íää¨æ¨¥âë ®ª §ë-¢ îâáï á¢ï§ ë¬¨, ¯à¨ç¥¬ ¢ ãà ¢¥¨ï (9), (10)¨ (8), (11) ¢®©¤ãâ ª®íää¨æ¨¥âë à §«®¦¥¨© ¯®à §«¨çë¬ á¨áâ¥¬ ¬ ®àâ®£® «ìëå äãªæ¨©.�¢ï§ì ¬¥¦¤ã ª®íää¨æ¨¥â ¬¨ ãáâ  ¢«¨¢ ¥âáï¥¯®áà¥¤áâ¢¥ë¬ áà ¢¥¨¥¬ á®®â¢¥âáâ¢ãîé¨åà §«®¦¥¨©, ¨¬¥îé¨å ¬¥áâ® ¢ ®¡« áâ¨ � [28].�¥ ã¬ «ïï ®¡é®áâ¨, à áá¬ âà¨¢ ¥¬ë¥ á¨áâ¥¬ëäãªæ¨© ¬®¦® áç¨â âì ®à¬¨à®¢ ë¬¨, â®£¤ Wk(t) =Xn aknwn(t);fpn(t); qn(t)g =Xk akn fPk(t); Qk(t)g ; (12)64 �. �. �¥à¬ 



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 3. �. 60 { 68£¤¥ ª®íää¨æ¨¥âë á¢ï§¨ ®¯à¥¤¥«ïîâáï ¨â¥£à « -¬¨ akn = Z� Un(x; y)Tk(x; y)d�: (13)�à¨æ¨¯¨ «ì ï ¢®§¬®¦®áâì á¢¥¤¥¨ï ¨áå®¤-®© á¨áâ¥¬ë ª á¨áâ¥¬¥ ãà ¢¥¨© â¨¯  �®«ì-â¥àà  II-£® à®¤  £ à â¨àã¥â áãé¥áâ¢®¢ ¨¥ ¨¥¤¨áâ¢¥®áâì à¥è¥¨ï ¤«ï «î¡®£® ç¨á«  ã¤¥à-¦ ëå ç«¥®¢ à §«®¦¥¨©. �¢ §¨à¥£ã«ïà®áâìá¨áâ¥¬ë ¤®ª §ë¢ ¥âáï â ª ¦¥, ª ª íâ® á¤¥« ®¢ [28].�à ªâ¨ç¥áª®¥ à¥è¥¨¥ á¨áâ¥¬ë (8) { (11) ¯®á«¥ãá¥ç¥¨ï àï¤®¢ áâà®¨âáï ¬¥â®¤®¬ ¯®á«¥¤®¢ â¥«ì-ëå ¯à¨¡«¨¦¥¨© á ¨á¯®«ì§®¢ ¨¥¬  «£®à¨â¬®¢,à §à ¡®â ëå à ¥¥ ¤«ï à¥è¥¨ï á¨áâ¥¬ ãà ¢-¥¨© ª®â ªâ®© § ¤ ç¨ [25,26] ¨ § ¤ ç¨  ªã-áâ®ã¯àã£®áâ¨ [27,28]. �â«¨ç¨¥ á¨áâ¥¬ë (8) {(11) ®â á¨áâ¥¬, à áá¬®âà¥ëå ¢ [25,26], á®áâ®-¨â ¢ ¯à¨áãâáâ¢¨¨ ª®íää¨æ¨¥â®¢ à §«®¦¥¨ï à¥- ªæ¨© ¢ ãà ¢¥¨ïå (11), ª®â®àë¥ ®âà ¦ îâ ¢«¨-ï¨¥ ¥®¤®à®¤®áâ¥©. �®íâ®¬ã áå¥¬ë, à¥ «¨§®-¢ ë¥ à ¥¥ ¤«ï § ¤ ç¨  ªãáâ®ã¯àã£®áâ¨ ¢ á«ã-ç ¥ £« ¤ª®© ®¡®«®çª¨, ¤®¯®«ïîâáï   ª ¦¤®¬è £¥ ¨â¥à æ¨®®£® ¯à®æ¥áá  à¥è¥¨¥¬ á¨áâ¥-¬ë (8). �á®¡¥®áâ¨ ¯®áâà®¥¨ï ãáâ®©ç¨¢ëå ¢ë-ç¨á«¨â¥«ìëå  «£®à¨â¬®¢ íâ¨å á¨áâ¥¬ ®¡áã¦¤ -«¨áì ¢ [25,26]. �à¨ íâ®¬ ¤®áâ â®ç®© â®ç®áâ¨ã¤ ¥âáï ¤®áâ¨çì, ®£à ¨ç¨¢ ïáì ¯à®áâ¥©è¨¬¨ ¨§¨§¢¥áâëå ª¢ ¤à âãàëå ä®à¬ã« ¨ ª®¥çëå à §-®áâ¥©, ¨á¯®«ì§ã¥¬ëå ¯à¨ à¥è¥¨¨ ¨â¥£à «ìëåãà ¢¥¨© [33],   áå®¤¨¬®áâì ¨â¥à æ¨®®£® ¯à®-æ¥áá  áãé¥áâ¢¥® ãáª®à¨âì §  áç¥â ¯à¨¬¥¥¨ï  ®ç¥à¥¤ëå è £ å áà¥¤¨å  à¨ä¬¥â¨ç¥áª¨å ¯à¥-¤ë¤ãé¨å ¯à¨¡«¨¦¥¨©.3. ��������� ���������� � �� ��-��������� ª ç¥áâ¢¥ ¨««îáâà æ¨¨ ¨¦¥ ¯à¨¢®¤ïâáï ¥-ª®â®àë¥ à¥§ã«ìâ âë à¥è¥¨ï § ¤ ç¨ ¤«ï ¯¥à¨®-¤¨ç¥áª®© áâàãªâãàë á ª¢ ¤à â®© ïç¥©ª®©. �®-áâàãªæ¨ï ¬®¤¥«¨àã¥âáï â®ª®©, âà á¢¥àá «ì®¨§®âà®¯®© ª¢ ¤à â®© ¯« áâ¨®© á ¤«¨®© áâ®-à®ë a=b ¨ â®«é¨®© h á æ¥âà «ì®© ¦¥áâ-ª®© ®¯®à®©, ¯®¬¥é¥®© ¢ ¢®«®¢®¤ ¯àï¬®ã£®«ì®-£® á¥ç¥¨ï á ¦¥áâª¨¬¨ áâ¥ª ¬¨. �à¥¤¯®« £ ¥â-áï, çâ® á¨áâ¥¬  ¯®¤¢¥à¦¥  ¢®§¤¥©áâ¢¨î ¯«®áª®©ã¤ à®© ¢®«ë áâã¯¥ç â®£® ¯à®ä¨«ï p�=p0H(t),£¤¥ H(t) { äãªæ¨ï �¥¢¨á ©¤ ; p0 { áª ç®ª ¤ ¢«¥-¨ï   äà®â¥ ¢®«ë. �à¨ïâ®, çâ®  ªãáâ¨ç¥-áª¨¥ áà¥¤ë { íâ® ¢®§¤ãå,   ªà ï ¯« áâ¨ë è à-¨à® ®¯¥àâë. �à¨¢®¤¨¬ë¥ à¥§ã«ìâ âë à áç¥-â®¢ á®®â¢¥âáâ¢ãîâ á«¥¤ãîé¨¬ § ç¥¨ï¬ ¯ à ¬¥-

�¨á. 2. �§¬¥¥¨¥ ¤¨ ¬¨ç¥áª¨å à¥ ªæ¨© ®¯®àQ�=Q=(p0a2)�106 ¢® ¢à¥¬¥¨ ¤«ï ¯« áâ¨à §«¨ç®© â®«é¨ë:á¯«®èë¥ { á ãç¥â®¬ ¢§ ¨¬®¤¥©áâ¢¨ïá  ªãáâ¨ç¥áª¨¬¨ áà¥¤ ¬¨;èâà¨å®¢ë¥ { ¡¥§ ãç¥â  ¢§ ¨¬®¤¥©áâ¢¨ïá  ªãáâ¨ç¥áª¨¬¨ áà¥¤ ¬¨;1 { h=a=0:005; 2 { h=a=0:01âà®¢ § ¤ ç¨: ¬®¤ã«ì á¤¢¨£  ¢ ¯«®áª®áâ¨ ¯« áâ¨ëG12=0:1E; ¬®¤ã«ì ¯®¯¥à¥çëå á¤¢¨£®¢ G=E=600¯à¨ § ç¥¨ïå ª®íää¨æ¨¥â  �ã áá®  �=0:3, ¬®-¤ã«ï ã¯àã£®áâ¨ ¯« áâ¨ë E=18 �� , ¤«¨¥ áâ®-à®ë a=0:1 ¬, ¯«®â®áâ¨ ¬ â¥à¨ «  1600 ª£/¬3 ¨¯«®â®áâ¨ ¢®§¤ãå  1.3 ª£/¬3.�à ä¨ª¨, ¯à¥¤áâ ¢«¥ë¥   à¨á. 2, ¯®«ãç¥ë¤«ï ¤¢ãå § ç¥¨© ®â®á¨â¥«ì®© â®«é¨ë ¯« -áâ¨ë h=a=0:005 ¨ h=a=0:01. �áâ «ìë¥ à¥§ã«ì-â âë á®®â¢¥âáâ¢ãîâ ¯« áâ¨ª¥ á ®â®á¨â¥«ì®©â®«é¨®© h=a=0:005. �  à¨á. 2 ¯®ª § ® ¨§¬¥-¥¨¥ ¡¥§à §¬¥àëå ¤¨ ¬¨ç¥áª¨å à¥ ªæ¨© ®¯®àQ�=Q=(p0a2)�106 ¢® ¢à¥¬¥¨. � «®£¨çë¥ § -¢¨á¨¬®áâ¨, ¯®«ãç¥ë¥ ¢ §®¥ ¢®§¨ª®¢¥¨ï  ¨-¡®«ìè¥£® ¯à®£¨¡  (x=y=a=4) ¤«ï áª®à®áâ¥© ¯à®-£¨¡  ¨ ¤¥ä®à¬ æ¨©, ¯à¥¤áâ ¢«¥ë   à¨á. 3,   ¤«ï¯à®£¨¡  ¨ ¡¥§à §¬¥à®£® ¨§£¨¡ îé¥£® ¬®¬¥â M�=M=(p0a2)�102 {   à¨á. 4. � á¯à¥¤¥«¥¨¥¯à®£¨¡  ¨ ¡¥§à §¬¥à®£® ¨§£¨¡ îé¥£® ¬®¬¥â  ¢áà¥¤¥¬ á¥ç¥¨¨ ¯« áâ¨ë ¢ ä¨ªá¨à®¢ ë¥ ¬®-¬¥âë ¢à¥¬¥¨ ¯®ª § ®   à¨á. 5, 6. �à®£¨¡, áª®-à®áâ¨ ¯à®£¨¡  ¨ áª®à®áâ¨ ¤¥ä®à¬ æ¨© ¯à¥¤áâ -¢«¥ë ¢ à §¬¥à®¬ ¢¨¤¥ á ¨á¯®«ì§®¢ ¨¥¬ ¬ á-èâ ¡ëå ¬®¦¨â¥«¥©, ãª § ëå ¢ ¯®¤à¨áã®ç-ëå ¯®¤¯¨áïå. �à¨ íâ®¬ èâà¨å®¢ë¥ ªà¨¢ë¥ á®-®â¢¥âáâ¢ãîâ à¥è¥¨î § ¤ ç¨ ¢ ã«¥¢®¬ ¯à¨¡«¨-¦¥¨¨, â. ¥. ¡¥§ ãç¥â  ¢«¨ï¨ï ®ªàã¦ îé¨å áà¥¤.� ª ç¥áâ¢¥ ¥¤¨¨æë ¢à¥¬¥¨ ¯à¨ïâ ¯¥à¢ë© ¯¥-à¨®¤ T ¨§ á¯¥ªâà  á®¡áâ¢¥ëå ç áâ®â ª®«¥¡ ¨©¯« áâ¨ë ¢ ¢ ªãã¬¥. �¥ª®â®àë¥ ªà¨¢ë¥, ¯®ª § -�. �. �¥à¬  65
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�¨á. 3. �à¥¬¥ë¥ § ¢¨á¨¬®áâ¨ áª®à®áâ¥© ¯à®£¨¡  ¨¤¥ä®à¬ æ¨© ¢ §®¥  ¨¡®«ìè¥£® ¯à®£¨¡  (x=y=a=4):á¯«®èë¥ { á ãç¥â®¬ ¢§ ¨¬®¤¥©áâ¢¨ïá  ªãáâ¨ç¥áª¨¬¨ áà¥¤ ¬¨;èâà¨å®¢ë¥ { ¡¥§ ãç¥â  ¢§ ¨¬®¤¥©áâ¢¨ïá  ªãáâ¨ç¥áª¨¬¨ áà¥¤ ¬¨;1 { _w�104, ¬/á; 2 { _"x�10, 1/á
�¨á. 4. �à¥¬¥ë¥ § ¢¨á¨¬®áâ¨ ¯à®£¨¡  ¨ ¨§£¨¡ îé¥-£® ¬®¬¥â  ¢ §®¥  ¨¡®«ìè¥£® ¯à®£¨¡  (x=y=a=4):á¯«®èë¥ { á ãç¥â®¬ ¢§ ¨¬®¤¥©áâ¢¨ïá  ªãáâ¨ç¥áª¨¬¨ áà¥¤ ¬¨;èâà¨å®¢ë¥ { ¡¥§ ãç¥â  ¢§ ¨¬®¤¥©áâ¢¨ïá  ªãáâ¨ç¥áª¨¬¨ áà¥¤ ¬¨;1 { w�108, ¬; 2 { M�x =Mx�102=(p0a2)ë¥   à¨á. 6,   ®â¤¥«ìëå ãç áâª å ¯à ªâ¨ç¥áª¨á®¢¯ ¤ îâ.�§ ¯à¥¤áâ ¢«¥ëå à¥§ã«ìâ â®¢, ¢ ç áâ®áâ¨,á«¥¤ã¥â, çâ® ¨§¬¥¥¨¥ ¢á¥å ¢¥«¨ç¨ ¢® ¢à¥¬¥¨¨¬¥¥â å à ªâ¥à § âãå îé¨å ª®«¥¡ ¨© á ç áâ®-â®©, ¡«¨§ª®© ª á®¡áâ¢¥ë¬ ç áâ®â ¬ ª®«¥¡ ¨©¢á¥© á¨áâ¥¬ë ¢ æ¥«®¬. � á ¬ë©  ç «ìë© ¯¥à¨®¤¢§ ¨¬®¤¥©áâ¢¨ï ¢«¨ï¨¥ ®ªàã¦ îé¥© áà¥¤ë ¯à ª-â¨ç¥áª¨ ¥ áª §ë¢ ¥âáï, ®¤ ª® ®® ¯à®ï¢«ï¥âáï¯à¨ ¤®áâ¨¦¥¨¨ ã¦¥ ¯¥à¢ëå íªáâà¥¬ã¬®¢, ¯à¨ç¥¬®ª §ë¢ ¥âáï ¡®«¥¥ áãé¥áâ¢¥ë¬ ¤«ï ¯à®£¨¡  ¨

�¨á. 5. � á¯à¥¤¥«¥¨¥ ¯à®£¨¡  (¬) ¢ áà¥¤¥¬ á¥ç¥¨¨¯« áâ¨ë ¢ à §«¨çë¥ ¬®¬¥âë ¢à¥¬¥¨:1 { t=T =0:1; 2 { t=T=0:2; 3 { t=T=0:3
�¨á. 6. � á¯à¥¤¥«¥¨¥ ¨§£¨¡ îé¥£® ¬®¬¥â M�x=Mx�102=(p0a2) ¢ áà¥¤¥¬ á¥ç¥¨¨ ¯« áâ¨ë¢ à §«¨çë¥ ¬®¬¥âë ¢à¥¬¥¨:1 { t=T =0:1; 2 { t=T=0:2; 3 { t=T=0:3¥£® áª®à®áâ¨, ç¥¬ ¤«ï ¤¥ä®à¬ æ¨© ¨ ¨å áª®à®áâ¥©;¤«ï ¡®«¥¥ â®ª®© ¯« áâ¨ë ¢«¨ï¨¥ ®ªàã¦ îé¥©áà¥¤ë ¡®«¥¥ § ¬¥â®. �¬¥áâ¥ á â¥¬ ¤¨ ¬¨ç¥áª®¥ ¯àï¦¥®-¤¥ä®à¬¨à®¢ ®¥ á®áâ®ï¨¥, ª ª íâ®á«¥¤ã¥â ¨§ áà ¢¥¨ï á à¥§ã«ìâ â ¬¨, ¯à¨¢¥¤¥-ë¬¨ ¢ [17,18], ª ç¥áâ¢¥® ¯®¢â®àïîâ áâ â¨ç¥-áª®¥, ¯à¨ç¥¬ ¢ à §«¨çë¥ ¬®¬¥âë ¢à¥¬¥¨ ª®íä-ä¨æ¨¥â ¤¨ ¬¨ç®áâ¨ ¯à¨¨¬ ¥â à §«¨ç®¥ § -ç¥¨¥. � áç¥âë ¯®ª §ë¢ îâ, çâ® ¬ ªá¨¬ «ìë©ª®íää¨æ¨¥â ¤¨ ¬¨ç®áâ¨ ®ª §ë¢ ¥âáï ¡«¨§ª¨¬ª 4, ¥á«¨ ¢ ª ç¥áâ¢¥ ¨â¥á¨¢®áâ¨ áâ â¨ç¥áª®© £àã§ª¨ ¯à¨ïâì áª ç®ª ¤ ¢«¥¨ï   äà®â¥ ¢®«-ë, ¨ § ¢¨á¨â ®â ¨§£¨¡®© ¦¥áâª®áâ¨ ¯« áâ¨ë.� ª¨¬ ®¡à §®¬, ¯à¨ à áá¬®âà¥¨¨ ¯¥à¥å®¤®£®¯à®æ¥áá    ¤®áâ â®ç® ¡®«ìè¨å ¨â¥à¢ « å ¢à¥-¬¥¨ ¤«ï  ¤¥ª¢ â®£® ãç¥â  ¢«¨ï¨ï ®ªàã¦ îé¥©áà¥¤ë   ¥áâ æ¨® à®¥ ¤¢¨¦¥¨¥ á¨áâ¥¬ë ¥®¡-66 �. �. �¥à¬ 



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 3. �. 60 { 68å®¤¨¬® à áá¬ âà¨¢ âì á¢ï§ ãî § ¤ çã  ªãáâ®-ã¯àã£®áâ¨. � ¯à¨æ¨¯¥, ¢«¨ï¨¥ ®ªàã¦ îé¥© áà¥-¤ë ¬®¦¥â ¡ëâì ãçâ¥® §  áç¥â ¢¢¥¤¥¨ï ¥ã«¥¢ëåª®íää¨æ¨¥â®¢ ¢ ¬ âà¨æã ¤¥¬¯ä¨à®¢ ¨ï, ®¤ -ª® íâ¨ ª®íää¨æ¨¥âë, ª ª ¯®ª §ë¢ îâ à áç¥âë,®ª §ë¢ îâáï à §«¨çë¬¨ ¤«ï à §«¨çëå á¨áâ¥¬.�à®¬¥ â®£®, ¯à¨ ®¯à¥¤¥«¥¨¨ íªáâà¥¬ «ìëå § -ç¥¨© ¤®áâ â®ç® ®£à ¨ç¨¢ âìáï ã«¥¢ë¬ ¯à¨-¡«¨¦¥¨¥¬, ª®â®à®¥ ®ª §ë¢ ¥âáï â¥¬ â®ç¥¥, ç¥¬¦¥áâç¥ áâ¥ª . �à¨ íâ®¬ ¤«ï ¨å ª®«¨ç¥áâ¢¥®©®æ¥ª¨ ¢®§¬®¦® ¨á¯®«ì§®¢ ¨¥ § ç¨â¥«ì® ¡®-«¥¥ ¯à®áâ®£® áâ â¨ç¥áª®£® à¥è¥¨ï § ¤ ç¨ á ãç¥-â®¬ ª®íää¨æ¨¥â  ¤¨ ¬¨ç®áâ¨, ª®â®àë© ¬®¦¥â¡ëâì ¯à¨ïâ à ¢ë¬ 4.����������� § ª«îç¥¨¥ ã¬¥áâ® ®â¬¥â¨âì, çâ® à¥ «¨-§®¢ ë¥ ¢ à ¡®â¥  «£®à¨â¬ë à¥è¥¨ï ¥áâ æ¨-® àëå § ¤ ç  ªãáâ®ã¯àã£®áâ¨ ¤«ï ®¡®«®ç¥ª áª®áâàãªâ¨¢ë¬¨ ¥®¤®à®¤®áâï¬¨ ¨¬¥îâ ¤®-áâ â®ç® ®¡é¨© å à ªâ¥à. �à¨¢¥¤¥ë¥ ¯à¨¬¥-àë à áç¥â  ¯®¤â¢¥à¦¤ îâ ¨å íää¥ªâ¨¢®áâì, ¯®-íâ®¬ã ®¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ë ¤«ï à æ¨®- «ì®£® ¯à®¥ªâ¨à®¢ ¨ï ª®ªà¥âëå ª®áâàãª-æ¨©. � ¤ ®© áâ âì¥ ®á®¢®¥ ¢¨¬ ¨¥ ã¤¥«¥-® ¨§«®¦¥¨î ®á®¡¥®áâ¥© à §à ¡ âë¢ ¥¬ëå  «-£®à¨â¬®¢ ¨ ®¯à¥¤¥«¥¨î å à ªâ¥à¨áâ¨ª ¤¨ ¬¨-ç¥áª®£®  ¯àï¦¥®-¤¥ä®à¬¨à®¢ ®£® á®áâ®ï¨ï¥áãé¥© ª®áâàãªæ¨¨. �¬¥áâ¥ á â¥¬, ¤®áâ â®ç-® ®ç¥¢¨¤®, çâ® ¯à¨¬¥¥¨¥ ®¯¥à æ¨¨ á¢¥àâª¨¯®§¢®«ï¥â ¨§ ¯®áâà®¥ëå à¥è¥¨© ¯®«ãç âì à¥-§ã«ìâ âë ¤«ï ¨¬¯ã«ìá®¢ ¤ ¢«¥¨ï ¯à®¨§¢®«ì®£®¢¨¤ . �â® ¤ ¥â ¢®§¬®¦®áâì ¨áá«¥¤®¢ âì ä¨«ì-âàãîé¨¥ á¢®©áâ¢  à áá¬ âà¨¢ ¥¬ëå á¨áâ¥¬ ¨ ®æ¥-¨âì ¢«¨ï¨ï ¥®¤®à®¤®áâ¥©   íâ¨ á¢®©áâ¢ .1. �®«ì¬¨à �. �.�¡®«®çª¨ ¢ ¯®â®ª¥ ¦¨¤ª®áâ¨ ¨ £ § :§ ¤ ç¨  íà®ã¯àã£®áâ¨.{ �.: � ãª , 1979.{ 320 á.2. �à¨£®«îª �. �., �®àèª®¢ �. �. �¥áâ æ¨® à ï £¨-¤à®ã¯àã£®áâì ®¡®«®ç¥ª.{ �.: �ã¤®áâà®¥¨¥, 1974.{208 á.3. �®«®áª®ª®¢ �. �., �¨«¨¯¯®¢ �. �. �¥áâ æ¨® à-ë¥ ª®«¥¡ ¨ï ¤¥ä®à¬¨àã¥¬ëå á¨áâ¥¬.{ �.: � ãª.¤ã¬ª , 1982.{ 336 á.4. �ã§ì �. �., �ã¡¥ª® �. �. �¥®à¨ï ¥áâ æ¨® à®© íà®£¨¤à®ã¯àã£®áâ¨ ®¡®«®ç¥ª / �¥â®¤ë à áç¥â ®¡®«®ç¥ª ¢ 5 â®¬ å. �. 5 .{ �.: � ãª. ¤ã¬ª , 1982.{400 á.5. �à¨ç¥ª® �. �., �®¢ª �. �. �®«®¢ë¥ § ¤ ç¨ à á-á¥ï¨ï §¢ãª    ã¯àã£¨å ®¡®«®çª å.{ �.: � ãª.¤ã¬ª , 1986.{ 240 á.6. �¨ ¬¨ª  â¥«, ¢§ ¨¬®¤¥©áâ¢ãîé¨å á® áà¥¤®© /�ã§ì �. �., � àªãè �., �ãáâ �. ¨ ¤à. �¥¤.�. �. �ã§ï.{ �.: � ãª. ¤ã¬ª , 1991.{ 392 á.7. �«¥¯ï �. �. �¥áâ æ¨® àë¥ ã¯àã£¨¥ ¢®«ë.{ �.:�ã¤®áâà®¥¨¥, 1972.{ 376 á.
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