
ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 99 { 118��� 532.9�������� �������� � ����������������� �������� �������. �. ��������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 05.09.2000� §¢¨âë ¨ ¨áá«¥¤ãîâáï ­¥ª®â®àë¥ ¬®¤¥«¨, ®¯¨áë¢ îé¨¥ à á¯à®áâà ­¥­¨¥ ¢®«­ ­  ¢®¤¥, ¬ £­¨â®£¨¤à®¤¨­ ¬¨ç¥-áª¨å ¨ £¨¤à®ã¯àã£¨å ¢®«­ â¨¯  ¯¥à¨áâ «ìâ¨ç¥áª¨å ¨ ¨å ¢§ ¨¬®¤¥©áâ¢¨¥ á «®ª «ì­ë¬¨ ­¥®¤­®à®¤­®áâï¬¨. �  íâ®©®á­®¢¥ à áá¬ âà¨¢ îâáï ­¥ª®â®àë¥ § ¤ ç¨ ¨ ¯à¥¤áâ ¢«¥­ë  ­ «¨â¨ç¥áª¨¥ ¨ ç¨á«¥­­ë¥ à¥§ã«ìâ âë. �ë¢¥¤¥­ë®¡®¡é¥­­ë¥ í¢®«îæ¨®­­ë¥ ãà ¢­¥­¨ï (­¥«¨­¥©­®-¤¨á¯¥àá¨®­­ë¥  ¯¯à®ªá¨¬ æ¨¨), ¨§ ª®â®àëå á«¥¤ãîâ ª ª ç áâ-­ë¥ á«ãç ¨ ¨§¢¥áâ­ë¥ ¯à¨¡«¨¦¥­­ë¥ â¥®à¨¨ à á¯à®áâà ­¥­¨ï ­¥«¨­¥©­ëå ¢®«­ ­  ¢®¤¥. �áá«¥¤®¢ ­  í¢®«îæ¨ïá®«¨â®­ . �  ®á­®¢¥ ãà ¢­¥­¨© ¬ £­¨â­®© £¨¤à®¤¨­ ¬¨ª¨ ¨ ¬ £­¨â®ã¯àã£®áâ¨ ¯®áâà®¥­ë ¯à¨¡«¨¦¥­¨ï á« ¡®© ¨¨¤¥ «ì­®© í«¥ªâà®¯à®¢®¤­®áâ¨. �®ª § ­ ¢®§¬®¦­®áâì ¢¢¥¤¥­¨ï ¯®â¥­æ¨ «®¢ ¨ à áá¬®âà¥­  § ¤ ç  à áá¥ï­¨ï���¢®«­ ­  æ¨«¨­¤à¥. �¡®¡é¥­ë ãà ¢­¥­¨ï ¬ £­¨â®ã¯àã£®áâ¨ ­  á«ãç © áà¥¤ë á ¯ãáâ®â ¬¨ ¨ ãà ¢­¥­¨ï ­ ¬ £­¨ç¨-¢ ¥¬®© ¬ £­¨â®ã¯àã£®© áà¥¤ë ­  á«ãç ©  ªâ¨¢­ëå ¢§ ¨¬®¤¥©áâ¢¨©. �à¨¢¥¤¥­  ¯®áâ ­®¢ª  ­®¢®© ­ ç «ì­®-ªà ¥¢®©§ ¤ ç¨ à á¯à®áâà ­¥­¨ï ¯ã«ìá®¢®£® ¤ ¢«¥­¨ï ¢ ªà®¢¥­®á­®¬ á®áã¤¥ á® áâëª®¬. �¡áâ®ïâ¥«ì­® ¨áá«¥¤ã¥âáï ¢«¨ï­¨¥áâëª  á®áã¤®¢ á à §«¨ç­ë¬¨ à ¤¨ãá ¬¨ ¨ â®«é¨­ ¬¨ ­  à á¯à®áâà ­¥­¨¥ £¨¤à®ã¯àã£¨å ¢®«­. �¡­ àã¦¥­  á¨«ì­ ïª®­æ¥­âà æ¨ï â®«é¨­­®-á¤¢¨£®¢ëå ¨ ¨§£¨¡­ëå ­ ¯àï¦¥­¨© ¢ ®¡« áâ¨ áâëª .�®§¢¨­ãâ® â  ¤®á«÷¤¦¥­® ¤¥ïª÷ ¬®¤¥«÷, é® ®¯¨áãîâì ¯®è¨à¥­­ï å¢¨«ì ­  ¢®¤÷, ¬ £­÷â®£÷¤à®¤¨­ ¬÷ç­¨å â  £÷¤à®-¯àã¦­¨å å¢¨«ì â¨¯ã ¯¥à¨áâ «ìâ¨ç­¨å â  ùå ¢§ õ¬®¤÷ï § «®ª «ì­¨¬¨ ­¥®¤­®à÷¤­®áâï¬¨. �  æ÷© ®á­®¢÷ à®§£«ï¤ îâìáï¤¥ïª÷ § ¤ ç÷ ÷ ­ ¢¥¤¥­®  ­ «÷â¨ç­÷ â  ç¨á¥«ì­÷ à¥§ã«ìâ â¨. �¨¢¥¤¥­® ã§ £ «ì­¥­÷ ¥¢®«îæ÷©­÷ à÷¢­ï­­ï (­¥«÷­÷©­®-¤÷á¯¥àá÷©­÷  ¯à®ªá¨¬ æ÷ù), § ïª¨å ¢¨¯«¨¢ îâì ïª ®ªà¥¬÷ ¢¨¯ ¤ª¨ ¢÷¤®¬÷ ­ ¡«¨¦¥­÷ â¥®à÷ù à®§¯®¢áî¤¦¥­­ï ­¥«÷­÷©-­¨å å¢¨«ì ­  ¢®¤÷. �®á«÷¤¦¥­® ¥¢®«îæ÷î á®«÷â®­ . �  ®á­®¢÷ à÷¢­ï­ì ¬ £­÷â­®ù £÷¤à®¤¨­ ¬÷ª¨ â  ¬ £­÷â®¯àã¦­®áâ÷¯®¡ã¤®¢ ­® ­ ¡«¨¦¥­­ï á« ¡ª®ù â  ÷¤¥ «ì­®ù ¥«¥ªâà®¯à®¢®¤­®áâ÷. �®ª § ­  ¬®¦«¨¢÷áâì ¢¢¥¤¥­­ï ¯®â¥­æ÷ «÷¢ ÷ à®§-£«ï­ãâ® § ¤ çã à®§á÷ï­­ï ��� å¢¨«ì ­  æ¨«÷­¤à÷. �§ £ «ì­¥­® à÷¢­ï­­ï ¬ £­÷â®¯àã¦­®áâ÷ ­  ¢¨¯ ¤®ª á¥à¥¤®¢¨é  §¯ãáâ®â ¬¨ â  à÷¢­ï­­ï ¬ £­÷â®¯àã¦­®£® á¥à¥¤®¢¨é , é® ­ ¬ £­÷çãõâìáï, ­  ¢¨¯ ¤®ª  ªâ¨¢­¨å ¢§ õ¬®¤÷©. � ¢¥¤¥­®¯®áâ ­®¢ªã ­®¢®ù ­ ç «ì­®-ªà õ¢®ù § ¤ ç÷ ¯®è¨à¥­­ï ¯ã«ìá®¢®£® â¨áªã ¢ ªà®¢®­®á­÷© áã¤¨­÷ ÷§ áâ¨ª®¬. �¥â¥«ì­®¤®á«÷¤¦ãõâìáï ¢¯«¨¢ áâ¨ªã áã¤¨­ § à÷§­¨¬¨ à ¤÷ãá ¬¨ ÷ â®¢é¨­ ¬¨ ­  ¯®è¨à¥­­ï £÷¤à®¯àã¦­¨å å¢¨«ì. �áâ ­®¢«¥­®§­ ç­ã ª®­æ¥­âà æ÷î â®¢é¨­­®-§áã¢­¨å â  §£¨­­¨å ­ ¯àã¦¥­ì ¢ ®¡« áâ÷ áâ¨ªã.Some models are developed and investigated which describe water wave propagation, magnetohydrodynamic and hydroe-lastic waves of peristalsis kind and its interactions with local inhomogeneities. On this basis some problems are consideredand analytical and numerical results are presented. Extended evolution equations (nonlinear-dispersive approximations)are derived from which as particular cases known approximate theories of nonlinear water wave propagation are followed.The soliton evolution is investigated. On the bases of the equations of magnetohydrodynamics and magnetoelasticity theapproximations of weak and perfect electroconductivity are constructed. The possibility of introduction of the potentialsare shown and the problem of MHD wave scattering by cylinder is considered. The equations of magnetoelasticity areextended to the case of the medium with voids and the equations of magnetizable magnetoelastic medium are extendedto the case of active interactions. The statement of a new initial boundary value problem of pressure pulse propagation inblood vessel with a joint is presented. The e�ect of the joint for vessels of di�erent radii and thicknesses on hydroelasticwave propagation is investigated in detail. The strong concentration of thickness-shear and bending stresses at the jointhas been discovered.��������� ª ¨§¢¥áâ­®, ¢®«­®¢ë¥ ¤¢¨¦¥­¨ï ¢ á¯«®è­ëåáà¥¤ å ¨ à §«¨ç­®£® à®¤  á¨áâ¥¬ å å à ªâ¥à¨§ã-îâáï ®¯à¥¤¥«¥­­ë¬¨ ®¡é¨¬¨ § ª®­®¬¥à­®áâï¬¨,çâ® ¯à¥¤áâ ¢«ï¥â ¡®«ìè®© ¨­â¥à¥á ¤«ï  ­ «¨§ ®á®¡¥­­®áâ¥© à á¯à®áâà ­¥­¨ï ¢®«­ ¨ ¨å ¢§ ¨¬®-¤¥©áâ¢¨ï á ­¥®¤­®à®¤­®áâï¬¨. �¬¥áâ¥ á â¥¬ ¨¬¥-¥âáï ¬­®¦¥áâ¢® ¢®«­ à §«¨ç­®© ¯à¨à®¤ë, ®¯à¥¤¥-«ï¥¬®© ä¨§¨ç¥áª®© ¨ £¥®¬¥âà¨ç¥áª®© á¢®©áâ¢ ¬¨áà¥¤ë, çâ® ¤¥« ¥â ¨å ª« áá¨ä¨ª æ¨î ¢¥áì¬  âàã-¤®¥¬ª®© ¨ ¡¥á¯¥àá¯¥ªâ¨¢­®©.�¥®¡å®¤¨¬® ®á®¡® ®â¬¥â¨âì ¨áª«îç¨â¥«ì­®¡®«ìè®¥ áâ¨¬ã«¨àãîé¥¥ ¢«¨ï­¨¥ â¥®à¨¨ ¢®«­®-¢ëå ¤¢¨¦¥­¨© ¦¨¤ª®áâ¨ ­  à §¢¨â¨¥ ®¡é¥© â¥-®à¨¨ ¢®«­ à §«¨ç­®© ¯à¨à®¤ë. �¨­¥©­ ï â¥®-
à¨ï ¢®«­ ­  ¯à®âï¦¥­¨¨ ¤«¨â¥«ì­®£® ¢à¥¬¥­¨ ¡ë-«  â ª¦¥ ®á­®¢®© ¨§ãç¥­¨ï íää¥ªâ®¢ ¤¨äà ªæ¨¨¢®«­ ¯à¨ ¨å ¢§ ¨¬®¤¥©áâ¢¨¨ á à §«¨ç­ë¬¨ â¥« -¬¨. �¥à¢ë¥ à ¡®âë ¯® ¤¨äà ªæ¨¨ ¯®¢¥àå­®áâ­ëå£à ¢¨â æ¨®­­ëå ¢®«­ ¬ «®©  ¬¯«¨âã¤ë ¯®á¢ïé¥-­ë ¯®áâà®¥­¨î  ­ «¨â¨ç¥áª¨å à¥è¥­¨© ¤«ï ¢¥à-â¨ª «ì­ëå æ¨«¨­¤à¨ç¥áª¨å â¥« ¯à®áâ¥©è¥© £¥®-¬¥âà¨¨, â ª¨å ª ª ªàã£®¢®© æ¨«¨­¤à, ¯®«ã¡¥áª®-­¥ç­ë© ¢®«­®«®¬ [21].�­ ç¨â¥«ì­® ¯®§¦¥ ¯à®¢®¤¨«¨áì ¨áá«¥¤®¢ ­¨ï¯® ¤¨äà ªæ¨¨ ¯®¢¥àå­®áâ­ëå £à ¢¨â æ¨®­­ëå¢®«­ ­  «®ª «ì­ëå ­¥®¤­®à®¤­®áâïå ¤®­­®£® à¥-«ì¥ä , å à ªâ¥à¨§ã¥¬ëå ¯¥à¥¬¥­­®© £«ã¡¨­®©¦¨¤ª®áâ¨. �«ï § ¤ ç ® ¯à®å®¦¤¥­¨¨ ¨ ¤¨äà ªæ¨¨¢®«­ ­ ¤ ¯à®¨§¢®«ì­ë¬¨ ®á¥á¨¬¬¥âà¨ç­ë¬¨ ­¥-®¤­®à®¤­®áâï¬¨, ­ ¤ ¯®¤¢®¤­ë¬ ¢ «®¬ ¨«¨ ª ­ -«®¬ ¯à®¨§¢®«ì­®£® ¯®¯¥à¥ç­®£® á¥ç¥­¨ï, ¤«ï § -c
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ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 99 { 118¤ ç ¤¨äà ªæ¨¨ ¢®«­ ­  á®áâ ¢­ëå ¢¥àâ¨ª «ì­ëåæ¨«¨­¤à å á ª®«ìæ¥¢ë¬¨ ãç áâª ¬¨ ¯¥à¥¬¥­­®©£«ã¡¨­ë ¨ ¤à. ¡ë«¨ ¯®áâà®¥­ë  ­ «¨â¨ç¥áª¨¥ à¥-è¥­¨ï ¢ ¢¨¤¥ ¤¢®©­ëå áå®¤ïé¨åáï áâ¥¯¥­­ëå àï-¤®¢ [7, 30, 31].�ää¥ªâ¨¢­ë© ç¨á«¥­­®- ­ «¨â¨ç¥áª¨© ¬¥â®¤à¥è¥­¨ï § ¤ ç ¤¨äà ªæ¨¨ ¯®¢¥àå­®áâ­ëå £à ¢¨-â æ¨®­­ëå ¢®«­ ¢ â®ç­®© ¯®áâ ­®¢ª¥ ­  ®á¥á¨¬¬¥-âà¨ç­ëå ¢¥àâ¨ª «ì­ëå â¥« å ¢à é¥­¨ï, ®á­®¢ ­-­ë© ­  ¢¢¥¤¥­¨¨ ¢á¯®¬ £ â¥«ì­®© £à ­¨æë, ¡ë«à §¢¨â ¢ [28]. �¨äà £¨àãîé¨© ®¡ê¥ªâ ®ªàã¦ ¥âáïª ­®­¨ç¥áª®© ¯®¢¥àå­®áâìî { æ¨«¨­¤à¨ç¥áª®© ¨«¨áä¥à¨ç¥áª®©, ¨ ¤«ï â ª®© ¢­¥è­¥© § ¤ ç¨ § ¯¨áë-¢ ¥âáï â®ç­®¥ à¥è¥­¨¥, ª®â®à®¥ ¬¥â®¤®¬ â¥®à¨¨¯®â¥­æ¨ «  ¯à¨¢®¤¨âáï ª ¢á¯®¬®£ â¥«ì­®© £à ­¨-æ¥. � ®¡« áâ¨ ¬¥¦¤ã ¤¨äà £¨àãîé¨¬ ®¡ê¥ªâ®¬¨ ¢á¯®¬®£ â¥«ì­®© ¯®¢¥àå­®áâìî § ¤ ç  à¥è ¥â-áï ç¨á«¥­­®.� á«ãç ¥ ¬­®£®á¢ï§­ëå ®¡« áâ¥© ¢ â®ç­®© ¯®-áâ ­®¢ª¥ ¯®áâà®¥­ë à¥è¥­¨ï § ¤ ç ¤¨äà ªæ¨¨¢®«­ ¤«ï á¨áâ¥¬ë ¯à®¨§¢®«ì­® à á¯®«®¦¥­­ëå¢¥àâ¨ª «ì­ëå æ¨«¨­¤à®¢ ¢ ¦¨¤ª®áâ¨ ¯®áâ®ï­­®©£«ã¡¨­ë [7]. �§ ¨áá«¥¤®¢ ­¨ï ¨­â¥£à «ì­ëå å -à ªâ¥à¨áâ¨ª { á¨« ¨ ¬®¬¥­â®¢, ¤¥©áâ¢ãîé¨å ­ æ¨«¨­¤àë { ãáâ ­®¢«¥­ë ¨å íªáâà¥¬ «ì­ë¥ á¢®©-áâ¢  ¢ § ¢¨á¨¬®áâ¨ ®â ¨§¬¥­¥­¨ï ¢®«­®¢®£® ç¨-á«  ¨ ¢®§¬®¦­®áâì ¬ ªá¨¬ «ì­ëå ­ £àã§®ª ­¥ ­ äà®­â «ì­ëå æ¨«¨­¤à å.� à ¡®â å [7, 8] ¢¯¥à¢ë¥ ¤ ­ë ¯®áâ ­®¢ª¨ ¨ ¯®-«ãç¥­ë à¥è¥­¨ï ®¯â¨¬ «ì­ëå § ¤ ç â¥®à¨¨ ¯®-¢¥àå­®áâ­ëå £à ¢¨â æ¨®­­ëå ¢®«­ ¢ à ¬ª å â¥-®à¨¨ ¬¥«ª®© ¢®¤ë ­  ®á­®¢¥ ¯à¨­æ¨¯  ¬ ªá¨¬ã-¬  �®­âàï£¨­ . � áá¬®âà¥­ë âà¨ ª« áá  § ¤ ç®¯â¨¬ «ì­®£® £ è¥­¨ï ¢®«­ ¢ ­¥ª®â®à®© ®£à -­¨ç¥­­®© ®¤­®á¢ï§­®© ®¡« áâ¨ á ªãá®ç­®-£« ¤ª®©£à ­¨æ¥© ¯®áà¥¤áâ¢®¬: à á¯à¥¤¥«¥­­®© á¨áâ¥¬ë¨áâ®ç­¨ª®¢-áâ®ª®¢ ­  ¤­¥; ¯¥à¥¬¥­­®£® à¥«ì¥ä ¤­ ; ¯« ¢ îé¥© ã¯àã£®© ¨§£¨¡­®-¤¥ä®à¬¨àã¥¬®©¯« áâ¨­®© ¯¥à¥¬¥­­®© â®«é¨­ë.�¥®à¨ï à¥äà ªæ¨¨ ¢®«­ ¯®«ãç¨«  á¢®¥ à §¢¨-â¨¥ ¢ 1935 £., ­ ç¨­ ï á à ¡®â �.�. �ã«¥©ª¨­ ,ãá¯¥è­® ¯à¨¬¥­¨¢è¥£® â¥®à¨î  áâà®­®¬¨ç¥áª®©à¥äà ªæ¨¨ �ìîâ®­ -�àë«®¢  ª ¨§ãç¥­¨î ¤¢¨¦¥-­¨ï ¢®«­ ¢¡«¨§¨ ¡¥à¥£®¢ ¨ à á¯à®áâà ­¨¢è¥£®, â -ª¨¬ ®¡à §®¬, § ª®­ë £¥®¬¥âà¨ç¥áª®© ®¯â¨ª¨ ­ à á¯à®áâà ­¥­¨¥ ¢®«­ ¢ ¯à¨¡à¥¦­®© §®­¥. � «ì-­¥©è¥¥ à §¢¨â¨¥ â¥®à¨ï à¥äà ªæ¨¨ ¯®¢¥àå­®áâ-­ëå £à ¢¨â æ¨®­­ëå ¢®«­ ¯®«ãç¨«  ­  ®á­®¢¥ «ã-ç¥¢®£® ¬¥â®¤ . � áá¬®âà¥­ë § ¤ ç¨ à¥äà ªæ¨¨¢®«­ ¢ á«ãç ¥ ¯à®¨§¢®«ì­®© â®¯®£à ä¨¨ ¤­ ,  â ª¦¥ à §¢¨âë ®¡®¡é¥­­ë¥ ¬®¤¥«¨ à¥äà ªæ¨¨¢®«­ [15], ãç¨âë¢ îé¨¥ ­¥«¨­¥©­®-¤¨á¯¥àá¨®­­ë¥íää¥ªâë (ª ª à §¢¨â¨¥ â¥®à¨¨ ¢®«­ �â®ªá ) ¨ç áâ¨ç­® ¤¨äà ªæ¨®­­ë¥ íää¥ªâë ¢ á«ãç ¥ ¯à®-

¨§¢®«ì­®£® à¥«ì¥ä  ¤­ , ¢ª«îç ï ¨ § ¢¨á¨¬®áâì¤®­­®© ¯®¢¥àå­®áâ¨ ®â ¢à¥¬¥­¨. �â® ¯®§¢®«¨«®¨áá«¥¤®¢ âì ­®¢ë¥ íää¥ªâë ­¥áâ æ¨®­ à­®© à¥-äà ªæ¨¨,   â ª¦¥ ï¢«¥­¨¥  ­®¬ «ì­®© à¥äà ªæ¨¨,ª®£¤  «ãç ®âª«®­ï¥âáï ¢ áâ®à®­ã ®â ­®à¬ «¨ ª ¡¥-à¥£®¢®© «¨­¨¨.�  ®á­®¢¥  ­ «¨§  â®ç­®© ¯®áâ ­®¢ª¨ § ¤ ç¨â¥®à¨¨ ¢®«­ ­  ¢®¤¥ ¯à¨ ­ «¨ç¨¨ ¬ «ëå ¨«¨ ¡®«ì-è¨å ¯ à ¬¥âà®¢ ¬¥â®¤®¬  á¨¬¯â®â¨ç¥áª¨å à §-«®¦¥­¨© ¤ ­® ®¡®á­®¢ ­¨¥ ¨áª ¦¥­¨ï ¬ áèâ ¡®¢¯à¨ ¬®¤¥«¨à®¢ ­¨¨ [29]. �â® à áè¨àï¥â ¢®§¬®¦-­®áâ¨ ¬®¤¥«¨à®¢ ­¨ï ¢®«­®¢ëå ¤¢¨¦¥­¨© ¦¨¤ª®-áâ¨ ¢  ª¢ â®à¨ïå, ¯®§¢®«ïï ªà®¬¥ ç¨á«  �àã¤ ¯à¨¡«¨¦¥­­® ãç¨âë¢ âì ¯ à ¬¥âàë ¢ï§ª®áâ¨, ª -¯¨««ïà­®áâ¨ ¨ ¤à.�áá«¥¤®¢ ­¨¥ à á¯à®áâà ­¥­¨ï ­¥«¨­¥©­ëå¢®«­ { ¯à®¡«¥¬  ¡®«ìè®© ¢ ¦­®áâ¨, ª®â®à ï à §-¢¨¢ « áì ¢ ­ ¨¡®«ìè¥© ¬¥à¥ ¨ ¯à¥¦¤¥ ¢á¥£® ¢ á¯¥ªâ¥ â¥®à¨¨ ­¥«¨­¥©­ëå ¯®¢¥àå­®áâ­ëå £à -¢¨â æ¨®­­ëå ¢®«­, ­ ç¨­ ï ®â � £à ­¦  (1781),�â®ªá  (1847), �ãáá¨­¥áª  (1871), �®àâ¥¢¥£  ¨ ¤¥�à¨§  (1895) [3]. �áâ®à¨ç¥áª¨ ®¤­®© ¨§ ¯¥à¢ëå§ ¤ ç â¥®à¨¨ ­¥«¨­¥©­ëå ¢®«­ ¡ë«  § ¤ ç  ® ­ -å®¦¤¥­¨¨ ¢¨¤  ãáâ ­®¢¨¢è¨åáï ¢®«­ ­  á¢®¡®¤­®©¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ¢ ¯à¥¤¯®«®¦¥­¨¨ ® ¯®â¥­-æ¨ «ì­®¬ å à ªâ¥à¥ ¤¢¨¦¥­¨ï. �®à¬  â ª¨å ¢®«­¨ àï¤ ¨å á¢®©áâ¢, ®âáãâáâ¢ãîé¨å ã ¢®«­ ¡¥áª®-­¥ç­® ¬ «®©  ¬¯«¨âã¤ë, ¡ë«¨ ¨§ãç¥­ë ¥é¥ ¢ ¯à®-è«®¬ ¢¥ª¥ ¢ âàã¤ å �â®ªá  ¨ �í«¥ï.�á­®¢­ ï § ¤ ç  â¥®à¨¨ ­¥ãáâ ­®¢¨¢è¨åáï ¢®«­(§ ¤ ç  �®è¨ - �ã áá®­ ) á®áâ®¨â ¢ ®¯à¥¤¥«¥­¨¨¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨ ¯à¨ § ¤ ­­®¬ ­ ç «ì­®¬ ¯®«¥áª®à®áâ¥©, ª®â®à®¥ ¬®¦¥â ¡ëâì ¢ë§¢ ­® ¨¬¯ã«ì-á¨¢­ë¬¨ ¤ ¢«¥­¨ï¬¨, ®âª«®­¥­¨¥¬ á¢®¡®¤­®© ¯®-¢¥àå­®áâ¨ ®â à ¢­®¢¥á­®£® ¯®«®¦¥­¨ï ¨«¨ ª ª¨¬¨-«¨¡® ¤àã£¨¬¨ ä ªâ®à ¬¨. �¥è¥­¨¥ íâ®© § ¤ ç¨ ¢¥¥ ¯®«­®© ­¥«¨­¥©­®© ¯®áâ ­®¢ª¥ ¤® ­ áâ®ïé¥£®¢à¥¬¥­¨ ­¥ ¯®«ãç¥­®. �¤¥áì âàã¤­®áâ¨ ®¯à¥¤¥«ï-îâáï â¥¬, çâ® ­¥ãáâ ­®¢¨¢è¨¥áï ¤¢¨¦¥­¨ï ¦¨¤ª®-áâ¨ £«®¡ «ì­® á®¯à®¢®¦¤ îâáï ¨§¬¥­¥­¨ï¬¨ â®-¯®«®£¨ç¥áª®© áâàãªâãàë ®¡« áâ¨, § ­ïâ®© ¦¨¤ª®-áâìî.� á¢ï§¨ á íâ¨¬ ¯®«ãç¨«¨ à §¢¨â¨¥ ¯à¨¡«¨¦¥­-­ë¥ ¯®¤å®¤ë ¨ ¯à¥¦¤¥ ¢á¥£® ¯®áâà®¥­¨¥ ¤«¨­-­®¢®«­®¢ëå  á¨¬¯â®â¨ç¥áª¨å ¯à¨¡«¨¦¥­¨©, ª®â®-àë¥ ¯® áãé¥áâ¢ã ¯à¥¤áâ ¢«ïîâ á®¡®©  á¨¬¯â®â¨-ç¥áª¨¥ ­¥«¨­¥©­®-¤¨á¯¥àá¨®­­ë¥  ¯¯à®ªá¨¬ æ¨¨¨áå®¤­®© § ¤ ç¨. �ë«¨ à §¢¨âë ¨ ¯®«ãç¨«¨ à á-¯à®áâà ­¥­¨¥ ¬¥â®¤ë ¯®áâà®¥­¨ï í¢®«îæ¨®­­ëåãà ¢­¥­¨© ¤«ï ã¥¤¨­¥­­ëå ¢®«­. �â® - à¥¤ãªæ¨®­-­ë© ¬¥â®¤, ¬¥â®¤ ¬­®£®¬ áèâ ¡­ëå à §«®¦¥­¨©,¬¥â®¤ ãáà¥¤­¥­­®£® ¢ à¨ æ¨®­­®£® ¯à¨­æ¨¯ , ¬¥-â®¤ £ ¬¨«ìâ®­®¢  ä®à¬ «¨§¬ , ¬¥â®¤ áâ¥¯¥­­ëåàï¤®¢ [37].100 �. �. �¥«¥§®¢



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 99 { 118�âªàëâ¨¥ �ª®ââ®¬ � áá¥«®¬ (1844) ã¥¤¨­¥­­ëå¢®«­ ­  ¢®¤¥ - á®«¨â®­®¢,   § â¥¬ ¢ë¢®¤ á®®â¢¥â-áâ¢ãîé¥£® í¢®«îæ¨®­­®£® ãà ¢­¥­¨ï �®àâ¥¢¥£®¬¨ ¤¥ �à¨§®¬ áâ¨¬ã«¨à®¢ «¨ ¨­â¥­á¨¢­®¥ ¨ íªáâ¥­-á¨¢­®¥ à §¢¨â¨¥ â¥®à¨¨ ã¥¤¨­¥­­ëå ¢®«­ ¢ áà¥-¤ å à §«¨ç­®£® à®¤ . �â¬¥ç¥­­ë¥ ¢ëè¥ ¬¥â®¤ë¨ ¬­®¦¥áâ¢® ¯®«ãç¥­­ëå ­  ¨å ®á­®¢¥ í¢®«îæ¨®­-­ëå ãà ¢­¥­¨© ¯® áãé¥áâ¢ã ®á­®¢ ­ë ­  ¡ « ­-á¥ ­¥«¨­¥©­ëå � ¨ ¤¨á¯¥àá¨®­­ëå � íää¥ªâ®¢,� � �, çâ® ¯à¨¢®¤¨â ª ®¯¥à â®à ¬ â¨¯  �¤� ¨�à¥¤¨­£¥à , ¯à¥¤áâ ¢«ïîé¨¬¨ á®¡®© ­¥«¨­¥©­®-¤¨á¯¥àá¨®­­ë¥  ¯¯à®ªá¨¬ æ¨¨ ¨áå®¤­®© ¬®¤¥«¨¢®«­®¢®© £¨¤à®¤¨­ ¬¨ª¨ [29, 32-35]. � àï¤ã áíâ¨¬ ¡ë«¨ ¨ ¯à®¤®«¦ îâáï ­¥ª®â®àë¥ ¯®¯ëâª¨¯®áâà®¥­¨ï  ¯¯à®ªá¨¬ æ¨© ¤«ï á«ãç ¥¢, ª®£¤  ¡ -« ­á ­¥«¨­¥©­ëå ¤¨á¯¥àá¨®­­ëå íää¥ªâ®¢ ­ àã-è ¥âáï ¢ ®¤­ã ¨«¨ ¤àã£ãî áâ®à®­ã, ¢ª«îç ï ¯à¥-¤¥«ì­ë¥ á«ãç ¨. � ¯à¨¬¥à, á®åà ­¥­¨¥ ¢á¥å ­¥-«¨­¥©­ëå ç«¥­®¢ ¢ ¤«¨­­®¢®«­®¢®¬ ¯à¨¡«¨¦¥­¨¨¯à¨¢®¤¨â ª ª¢ §¨¢ëà®¦¤¥­­®© £¨¯¥à¡®«¨ç¥áª®©¬®¤¥«¨, ª®£¤  ¤¨á¯¥àá¨®­­ë¥ íää¥ªâë ¬ «ë ¯®áà ¢­¥­¨î á ­¥«¨­¥©­ë¬¨ �� �. �à®â¨¢®¯®«®¦-­ë© ¯à¥¤¥«ì­ë© á«ãç © � � � ¯à¨¢®¤¨â ª ¯ à -¡®«¨ç¥áª®© ¬®¤¥«¨, ª®£¤  ¤¨á¯¥àá¨®­­ë¥ íää¥ªâëãç¨âë¢ îâáï ¯®«­®áâìî (â®ç­®), ¢ â® ¢à¥¬ï ª ª­¥«¨­¥©­ë¥ íää¥ªâë ¬ «ë [37]. �â® ­ å®¤¨âáï ¢á®®â¢¥âáâ¢¨¨ á â¥¬, çâ® á â®çª¨ §à¥­¨ï ¤¢¨¦¥­¨©¢ à ¬ª å ª« áá¨ç¥áª®© ¬¥å ­¨ª¨ ¬¨à å à ªâ¥à¨-§ã¥âáï ¤¢ã¬ï ¯à¥¤¥«ì­ë¬¨  «ìâ¥à­ â¨¢ ¬¨: ®¤­ - ­¥¯®¤¢¨¦­ ï áã¡áâ ­æ¨ï, â. ¥. ç áâ¨æë, ¤àã£ ï- ¢®«­ë. � áâ¨æ  - íâ® ­¥¯®¤¢¨¦­ ï áâàãªâãà ,å à ªâ¥à¨§ãîé ïáï ¯«®â­®áâìî �(x) ¨ à §¬¥à®¬b, �(x) = ax2; x 2 (�b=2; b=2). �®«­  å à ªâ¥-à¨§ã¥âáï áª®à®áâìî ¥¥ à á¯à®áâà ­¥­¨ï c ¨ ¤«¨-­®© ¢®«­ë �. � á®®â¢¥âáâ¢¨¨ á ä¨§¨ç¥áª®© à¥- «ì­®áâìî ¢ ¬ â¥¬ â¨ª¥ à §«¨ç îâáï í««¨¯â¨ç¥-áª¨¥ ¨ £¨¯¥à¡®«¨ç¥áª¨¥ á¨áâ¥¬ë,   â ª¦¥ ¯à®¬¥-¦ãâ®ç­ë¥ ¬¥¦¤ã ­¨¬¨ á¨áâ¥¬ë ¯ à ¡®«¨ç¥áª®£®,£¨¯¥à¡®«®-¯ à ¡®«¨ç¥áª®£® â¨¯  ¨ ¤à. [9]. �â¨âà¨ ª â¥£®à¨¨ ®¯¨áë¢ îâ ¯®ª®ïé¨©áï ¬¨à, ¯¥-à¥å®¤­ãî ¯à®¬¥¦ãâ®ç­ãî ®¡« áâì, å à ªâ¥à¨§ã-îéãîáï ¡¥áª®­¥ç­ë¬¨ áª®à®áâï¬¨ à á¯à®áâà ­¥-­¨ï ¢®§¬ãé¥­¨©, ¨ ®¡« áâì ¢®«­, à á¯à®áâà ­ïî-é¨åáï á ª®­¥ç­ë¬¨ áª®à®áâï¬¨, á®®â¢¥âáâ¢¥­­®,çâ® ¨««îáâà¨àã¥â ä¨§¨ª®-¬ â¥¬ â¨ç¥áª®¥ ¥¤¨­-áâ¢® ¬¨à . �ª § ­­ë¬ ¢ëè¥ á¨âã æ¨ï¬ á®®â¢¥â-áâ¢ãîâ ¢ëà®¦¤¥­­ë¥ ¨ ®¡®¡é¥­­ë¥ ¬®¤¥«¨, ¯à¥¤-áª §ë¢ îé¨¥ ª®­¥ç­ë¥ áª®à®áâ¨ à á¯à®áâà ­¥-­¨ï ¢®§¬ãé¥­¨© [41]. � íâ®© ª â¥£®à¨¨ ®â­®áïâ-áï ®¡®¡é¥­­ë¥ í¢®«îæ¨®­­ë¥ ãà ¢­¥­¨ï, ®¯¨áë-¢ îé¨¥ à á¯à®áâà ­¥­¨¥ ­¥«¨­¥©­ëå ¢®«­ ¢ ¦¨¤-ª®áâ¨ ¯¥à¥¬¥­­®© £«ã¡¨­ë, à á¯à®áâà ­¥­¨¥ ¢­ã-âà¥­­¨å ­¥«¨­¥©­ëå ¢®«­ ¢ ¤¢ãåá«®©­®© ¦¨¤ª®áâ¨[37, 39],   â ª¦¥ í¢®«îæ¨®­­ë¥ ãà ¢­¥­¨ï ¢®«­®-

¢®© ¬®¤¥«¨ §¥¬«¥âàïá¥­¨©, ®á­®¢ ­­®© ­  £¨¤à®-¤¨­ ¬¨ç¥áª®© í¢®«îæ¨¨ «¨â®¤¨­ ¬¨ç¥áª®£® â¥ç¥-­¨ï ¨ ®¯¨áë¢ îé¥© à §¢¨â¨¥ ¨ à §àãè¥­¨¥ ã¥¤¨-­¥­­®© ¢®«­ë [40].� §¢¨â¨¥ ¬ £­¨â­®© £¨¤à®¤¨­ ¬¨ª¨ ¢¥¤¥â á¢®¥­ ç «® ®â ¨áá«¥¤®¢ ­¨© �«ìä¢¥­ , � ã«¨­£ , �«ì-§ áá¥à  ¢ ®¡« áâ¨  áâà®ä¨§¨ª¨ ¨ £¥®ä¨§¨ª¨, çâ®¯à¨¢¥«® ª ®âªàëâ¨î ¢ 1943 £. ­®¢®£® â¨¯  ¢®«­ -¢®«­ �«ìä¢¥­  [16]. � ¤ «ì­¥©è¥¬ à §¢¨â¨¥ ¬ £-­¨â­®© £¨¤à®¤¨­ ¬¨ª¨ ¡ë«® á¢ï§ ­® ¨ á ¨­¦¥­¥à-­ë¬¨ ¯à¨«®¦¥­¨ï¬¨. �ää¥ªâë, ®¡ãá«®¢«¥­­ë¥¢§ ¨¬®¤¥©áâ¢¨¥¬ â®ª®¢ á ¬ £­¨â­ë¬ ¯®«¥¬ (¯®­-¤¥à®¬®â®à­ë¥ á¨«ë) ¨ ¤¢¨¦¥­¨¥¬ áà¥¤ë ¢ ¬ £­¨â-­®¬ ¯®«¥ (í«¥ªâà¨ç¥áª¨¥ â®ª¨), å à ªâ¥à­ë ¤«ï¬ £­¨â­®© £¨¤à®¤¨­ ¬¨ª¨ ¨ ¬ £­¨â®ã¯àã£®áâ¨ [6,14] ¨ ¨¬¥îâ ¯à ªâ¨ç¥áª®¥ §­ ç¥­¨¥. � ¦¥ ¯à¨ ¬ -«ëå ¢¥«¨ç¨­ å íâ¨å íää¥ªâ®¢ ¯à¨ à á¯à®áâà ­¥-­¨¨ ���-¢®«­ ¢®§¬®¦­  à¥£¨áâà æ¨ï ¯®à®¦¤ ¥-¬ëå ¨¬¨ í«¥ªâà®¬ £­¨â­ëå ¯®«¥©, ¬ «ë¥ ä«ãª-âã æ¨¨ ª®â®àëå ¬®£ãâ ¡ëâì ¨§¬¥à¥­ë á ¢ëá®ª®©â®ç­®áâìî ¢ ®â«¨ç¨¥ ®â ¬¥å ­¨ç¥áª¨å.�¥è¥­¨¥ § ¤ ç áãé¥áâ¢¥­­® ®á«®¦­ï¥âáï ¢ á¢ï-§¨ á® á¢ï§ ­­®áâìî ¤¢ãå ¯®«¥© à §«¨ç­®© ¯à¨à®-¤ë ¢ ãà ¢­¥­¨ïå ¨ ãá«®¢¨ïå á®¯àï¦¥­¨ï. �®íâ®-¬ã ¯®«ãç¨«¨ à §¢¨â¨¥ ­¥ª®â®àë¥ ã¯à®é¥­­ë¥ ¢ë-à®¦¤¥­­ë¥ ¬®¤¥«¨, ®á­®¢ ­­ë¥ ­  ¨­âã¨â¨¢­ëå¨  á¨¬¯â®â¨ç¥áª¨å ¯à¥¤¯®áë«ª å. �¤¥áì ¯à¨¢¥-¤¥­ë ã¯à®é¥­­ë¥ «¨­¥ à¨§®¢ ­­ë¥ ¬®¤¥«¨, á®®â-¢¥âáâ¢ãîé¨¥ á« ¡®¯à®¢®¤ïé¨¬ ¨ á¨«ì­®¯à®¢®¤ï-é¨¬ á¦¨¬ ¥¬ë¬ áà¥¤ ¬. �®áâà®¥­¨¥ â ª¨å ¬®¤¥-«¥© ¢ë¯®«­ï¥âáï á ¯®¬®éìî  á¨¬¯â®â¨ç¥áª¨å à §-«®¦¥­¨© ¨áª®¬ëå äã­ªæ¨© ¯® ¬ £­¨â­®¬ã ç¨á«ã�¥©­®«ì¤á  Rm, ¯à®¯®àæ¨®­ «ì­®¬ã í«¥ªâà®¯à®-¢®¤­®áâ¨ áà¥¤ë 
. �¬ëá« ãª § ­­ëå ¯à¨¡«¨¦¥-­¨© á®áâ®¨â ¢ â®¬, çâ® £¨¤à®¤¨­ ¬¨ç¥áª ï § ¤ -ç  ¯à¨ íâ®¬ ®â¤¥«ï¥âáï ¨ ¬®¦¥â à áá¬ âà¨¢ âìáï ¢â®­®¬­®, â¥¬ ­¥ ¬¥­¥¥ ®­  ¢ª«îç ¥â íää¥ªâë���-¢§ ¨¬®¤¥©áâ¢¨ï. �®á«¥ à¥è¥­¨ï íâ®© § ¤ ç¨®¯à¥¤¥«ïîâáï ª ª ç áâ­ë¥ à¥è¥­¨ï í«¥ªâà®¬ £-­¨â­ë¥ ¯®«ï, ¢ª«îç îé¨¥ â ª¦¥ ���-íää¥ªâë.�  ®á­®¢¥ íâ¨å ¬®¤¥«¥© ¡ë«¨ à áá¬®âà¥­ë ­®¢ë¥ª« ááë § ¤ ç à á¯à®áâà ­¥­¨ï ¨ ¤¨äà ªæ¨¨ ���-¢®«­ ¨ ¯à® ­ «¨§¨à®¢ ­® ¢«¨ï­¨¥ ���-íää¥ªâ®¢.�®«ãç¨«¨ à §¢¨â¨¥ ¨áá«¥¤®¢ ­¨ï § ª®­®¬¥à­®-áâ¥© à á¯à®áâà ­¥­¨ï ¨ ¤¨äà ªæ¨¨ ¬ £­¨â®£¨¤à®-¤¨­ ¬¨ç¥áª¨å ¨ ¬ £­¨â®ã¯àã£¨å ¢®«­ ¨ ¨å ¢§ ¨-¬®¤¥©áâ¢¨ï á ¯à®áâà ­áâ¢¥­­® «®ª «¨§®¢ ­­ë¬¨­¥®¤­®à®¤­®áâï¬¨ ¢ ¦¨¤ª¨å ¨ ã¯àã£®¤¥ä®à¬¨àã¥-¬ëå áà¥¤ å. �áá«¥¤®¢ ­¨¥ § ¤ ç ¤¨äà ªæ¨¨ ���-¢®«­ ­  ¯à¥¯ïâáâ¢¨ïå ¢¥¤¥â á¢®¥ ­ ç «® ®â à ¡®-âë [13]. � ¤ «ì­¥©è¥¬ â ª®£® à®¤  § ¤ ç¨ à á-á¬ âà¨¢ «¨áì ¤«ï ¯à®§à ç­ëå ®¤­®à®¤­ëå ¨ à -¤¨ «ì­® ­¥®¤­®à®¤­ëå à áá¥¨¢ â¥«¥© â¨¯  ¦¨¤-ª®£® ¨«¨ ã¯àã£®£® í«¥ªâà®¯à®¢®¤ïé¥£® æ¨«¨­¤à �. �. �¥«¥§®¢ 101



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 99 { 118¨ áä¥àë [5, 27, 30]. �áâ ­®¢«¥­ë ¢ ¦­ë¥ § ª®-­®¬¥à­®áâ¨, ®¡ãá«®¢«¥­­ë¥ í«¥ªâà®¯à®¢®¤­®áâìîáà¥¤ë ¨ ¢­¥è­¨¬ ¬ £­¨â­ë¬ ¯®«¥¬, â ª¨¥ ª ª­ à áâ îé¨¥ ®áæ¨««ïæ¨¨ ¢ ®¡à â­®¬ à áá¥ï­¨¨á ã¢¥«¨ç¥­¨¥¬ ç áâ®âë ¯ ¤ îé¥£® ¯®«ï, á¬¥é¥-­¨¥ íªáâà¥¬ã¬®¢ (à¥§®­ ­á®¢) ¢ ªà¨¢ëå § ¢¨á¨-¬®áâ¨ ¯®«­®£® ¯®¯¥à¥ç­®£® á¥ç¥­¨ï à áá¥ï­¨ï ®âç áâ®âë ¯ ¤ îé¥£® ¯®«ï, ã¬¥­ìè¥­¨¥  ¬¯«¨âã¤ ¨á£« ¦¨¢ ­¨¥ «®ª «ì­ëå à¥§®­ ­á®¢. � [4] ¢¯¥à¢ë¥¯à¨¢¥¤¥­ë ¯®áâ ­®¢ª  ¨  ­ «¨§ § ¤ ç¨ áâ ¡¨«¨-§ æ¨¨ ��� - ä« ââ¥à­®© ­¥ãáâ®©ç¨¢®áâ¨ ã¯àã£®©¯« áâ¨­ë, ®¡â¥ª ¥¬®© í«¥ªâà®¯à®¢®¤ïé¥© ¦¨¤ª®-áâìî ¯à¨ ¤¥©áâ¢¨¨ ¬ £­¨â­®£® ¯®«ï ¨ à á¯à¥¤¥-«¥­­®£® ã¯à ¢«¥­¨ï á ®¡à â­ë¬¨ á¢ï§ï¬¨. �®-ª § ­®, çâ® ¢¢¥¤¥­¨¥¬ ã¯à ¢«ïîé¥£® ¬ £­¨â­®-£® ¯®«ï ¬®¦­® áãé¥áâ¢¥­­® ¯®¢ëá¨âì ªà¨â¨ç¥-áªãî áª®à®áâì ä« ââ¥à . �à¥¤«®¦¥­  ­®¢ ï ¬®-¤¥«ì ¬ £­¨â®ã¯àã£®£® â¥«  á ¯ãáâ®â ¬¨ [10], ®¡®¡-é îé ï à ­¥¥ ¨§¢¥áâ­ãî â¥®à¨î, ª®â®à ï ¨­â¥­-á¨¢­® à §¢¨¢ « áì ¯à¨¬¥­¨â¥«ì­® ª £à ­ã«¨à®-¢ ­­ë¬ ¬ â¥à¨ « ¬ â¨¯  £®à­ëå ¯®à®¤, ¯®ç¢,  ¢ ¯®á«¥¤­¥¥ ¢à¥¬ï ¯à¨¬¥­¨â¥«ì­® ª ¨áªãááâ¢¥­­®¯à®¨§¢®¤¨¬ë¬ ¬ â¥à¨ « ¬ [26]. �¡®¡é¥­¨¥ ¬®-¤¥«¨ ¦¨¤ª®áâ¨, á®¤¥à¦ é¥© ¯ã§ëàìª¨, ­  ��� -áà¥¤ã ¯®«ãç¥­® ¢ [19]. �à®¢¥¤¥­  ­ «¨§ ­¥«¨­¥©-­ëå ¢®«­®¢ëå ¯à®æ¥áá®¢ ¢ á¦¨¬ ¥¬ëå í«¥ªâà®-¯à®¢®¤ïé¨å áà¥¤ å ¢ ¬ £­¨â­®¬ ¯®«¥ ¨ ­¥«¨­¥©-­ëå ¯®¢¥àå­®áâ­ëå ���-¢®«­ ­  ®á­®¢¥  á¨¬¯â®-â¨ç¥áª¨å ¬¥â®¤®¢ ¨ í¢®«îæ¨®­­ëå ãà ¢­¥­¨©, ¨á-á«¥¤®¢ ­® ¢«¨ï­¨¥ ���-íää¥ªâ®¢ ­  à á¯à®áâà -­¥­¨¥ ¢®«­ [12].� ®â«¨ç¨¥ ®â ¬ £­¨â­®© £¨¤à®¤¨­ ¬¨ª¨, â¥à-¬®ã¯àã£®áâ¨ ¨ ¤àã£¨å ª®­â¨­ãã¬­ëå ¬®¤¥«¥© á¢ï-§ ­­ë¥ £¨¤à®ã¯àã£¨¥ ¢®«­ë ®¡ãá«®¢«¥­ë ­¥ ¢§ -¨¬®¯à®­¨ª­®¢¥­¨¥¬ ¯®«¥©,   ­ «¨ç¨¥¬ ¯®¢¥àå­®-áâ¥© ª®­â ªâ  ¦¨¤ª®© ¨ ã¯àã£®© á¨áâ¥¬, ç¥à¥§ª®â®àãî ¨ à¥ «¨§ã¥âáï á¢ï§ì ¦¨¤ª®£® ¨ ã¯àã£®-£® ¯®«¥©. �â  á¢ï§ì â ª¦¥ áãé¥áâ¢¥­­® § âàã¤-­ï¥â à¥è¥­¨¥ § ¤ ç. �¡è¨à­ë¥ ¨áá«¥¤®¢ ­¨ï ¯®à á¯à®áâà ­¥­¨î £¨¤à®ã¯àã£¨å ¢®«­ ®âà ¦¥­ë ¢¬­®£®ç¨á«¥­­ëå ¯ã¡«¨ª æ¨ïå ¨ §¤¥áì ­¥ æ¨â¨àã-îâáï. �¤¥áì ¬ë à áá¬ âà¨¢ ¥¬ à á¯à®áâà ­¥­¨¥ ¢æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¥ á ¦¨¤ª®áâìî £¨¤à®ã¯àã-£¨å ¢®«­ ¯¥à¨áâ «ìâ¨ç¥áª®£® â¨¯ , ®â­®áïé¨åáï ªà á¯à®áâà ­¥­¨î ¯ã«ìá®¢ëå ¢®«­ ¤ ¢«¥­¨ï ¢ ªà®-¢¥­®á­ëå á®áã¤ å ¯à¨ ­ «¨ç¨¨ áâëª®¢, çâ® ¨¬¥¥â­¥¯®áà¥¤áâ¢¥­­®¥ ®â­®è¥­¨¥ ª ¨¬¯« ­â æ¨¨ ¨á-ªãááâ¢¥­­ëå ¨«¨ ¤®­®àáª¨å ®à£ ­®¢.� §¢¨â¨¥ ¨áá«¥¤®¢ ­¨© ¯® à á¯à®áâà ­¥­¨î¯ã«ìá®¢ëå ¢®«­ ¢ ªà®¢¥­®á­ëå á®áã¤ å ª ª à §¤¥-«  £¨¤à®¤¨­ ¬¨ª¨ á¢ï§ ­® á ¨¬¥­ ¬¨�­£  (1809),�®í­á  (1878), �®àâ¥¢¥£  (1878). � ®â«¨ç¨¥ ®ââà ¤¨æ¨®­­ëå § ¤ ç à á¯à®áâà ­¥­¨ï £¨¤à®ã¯àã-£¨å ¢®«­ ¢ æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¥ £¥¬®¤¨­ ¬¨-

ª  à áá¬ âà¨¢ ¥â £¨¤à®ã¯àã£¨¥ ¢®«­ë â¨¯  ¯¥à¨-áâ «ìâ¨ç¥áª¨å, ª®â®àë¥ ®¯à¥¤¥«ïîâáï ¢ ®á­®¢­®¬®ªàã¦­ë¬¨ (ª®«ìæ¥¢ë¬¨) ­ ¯àï¦¥­¨ï¬¨.�à ¤¨æ¨®­­® à áá¬ âà¨¢ ¥¬ë¥ £¨¤à®ã¯àã£¨¥¢®«­ë ¢ æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¥ ¨ ¯ã«ìá®¢ë¥¢®«­ë ¢ ªà®¢¥­®á­®¬ á®áã¤¥ - à §­®© ¯à¨à®¤ë ¨¯®íâ®¬ã áª®à®áâ¨ ¨å à á¯à®áâà ­¥­¨ï ®â«¨ç îâ-áï ¯à¨¬¥à­® ­  ¤¢  ¯®àï¤ª . �á«¨ ¢ ¯¥à¢®¬ á«ã-ç ¥ á¦¨¬ ¥¬®áâì ¦¨¤ª®áâ¨ - ®¤¨­ ¨§ ª«îç¥¢ëå¯ à ¬¥âà®¢, â® ¢® ¢â®à®¬ á«ãç ¥ á¦¨¬ ¥¬®áâìî¯à¥­¥¡à¥£ îâ ª ª ¬ «®© ¡®«¥¥ ¢ëá®ª®£® ¯®àï¤ª .�ª®à®áâì à á¯à®áâà ­¥­¨ï ¢ á¦¨¬ ¥¬®© ¦¨¤ª®-áâ¨ ca =pK=� � 330 ¬/á, (K { ¬®¤ã«ì ã¯àã£®áâ¨¦¨¤ª®áâ¨, � - ¯«®â­®áâì), ¢ â® ¢à¥¬ï ª ª áª®à®áâìà á¯à®áâà ­¥­¨ï ¯ã«ìá®¢®© ¢®«­ë �®í­á  - �®à-â¥¢¥£  (¡¥§ ãç¥â  ¢«¨ï­¨ï ª®íää¨æ¨¥­â  �ã áá®-­ ) cp =pEh=�d � 6¬=á (E - ¬®¤ã«ì ã¯àã£®áâ¨, �- ¯«®â­®áâì ªà®¢¨, h - â®«é¨­  áâ¥­ª¨, d - ¤¨ ¬¥âàá®áã¤ ).� á¯à®áâà ­¥­¨¥ ¯ã«ìá®¢ëå ¢®«­ ¢ ªà®¢¥­®á-­ëå á®áã¤ å ¯à¨ ­ «¨ç¨¨ ­¥®¤­®à®¤­®áâ¥© à á-á¬ âà¨¢ «®áì ¢ [11] ­  ®á­®¢¥ ¯à®áâ®© £¨¤à ¢«¨-ç¥áª®© ¬®¤¥«¨ [1]. � à¥§ã«ìâ â¥ ¯®ª § ­®, çâ® ¯à¨ã¢¥«¨ç¥­¨¨ áâ¥­®§  - ã¬¥­ìè¥­¨¨ ¯«®é ¤¨ ¯®¯¥-à¥ç­®£® á¥ç¥­¨ï á®áã¤  ¤® 50 % ¢«¨­¨¥ ­  í­¥à£¥-â¨ç¥áª¨¥ § âà âë á¥à¤æ  ­¥¢¥«¨ª®,   ¯à¨ ¤ «ì­¥©-è¥¬ à §¢¨â¨¨ áâ¥­®§  § ¢¨á¨¬®áâì á¨«ì­® ­¥«¨-­¥©­ ï ¨ ¨¬¥¥â ¬¥áâ® à¥§ª®¥ ã¢¥«¨ç¥­¨¥ í­¥à£¥-â¨ç¥áª¨å § âà â á¥à¤æ  ­  ¯à¥®¤®«¥­¨¥ áâ¥­®§ .�à®¢®¤¨«áï  ­ «¨§ ¢«¨ï­¨ï áâ¥­®§  ¨ ­¥«¨­¥©­®-áâ¨ áâ¥­ª¨ á®áã¤  ­  à á¯à®áâà ­¥­¨¥ ¯ã«ìá®¢®©¢®«­ë. �§ ¬­®¦¥áâ¢  ¯à®¡«¥¬ £¥¬®¤¨­ ¬¨ª¨ ¬ëà áá¬ âà¨¢ ¥¬ §¤¥áì ®¤­ã ¨§ ª«îç¥¢ëå § ¤ ç - íâ®à á¯à®áâà ­¥­¨¥ ¯ã«ìá®¢®© ¢®«­ë ¢ ªà®¢¥­®á­ëåá®áã¤ å ¯à¨ ­ «¨ç¨¨ á®¥¤¨­¥­¨ï á®áã¤®¢ á à §«¨ç-­ë¬¨ á¢®©áâ¢ ¬¨.�­ «¨§ ¢«¨ï­¨ï áâëª  á®áã¤®¢ ­  ­ ¤¥¦­®áâì ­ áâ®¬®§  ¢® ¢à¥¬ï ¯à®å®¦¤¥­¨ï ¯ã«ìá®¢®£® ¤ -¢«¥­¨ï - § ¤ ç  ¡®«ìè®© ¢ ¦­®áâ¨ ¨ ¨­â¥à¥á  ¢¨¬¯« ­â¨à®¢ ­­ëå ®à£ ­ å ¢®®¡é¥ ¨ ¢ ¨¬¯« ­â -æ¨¨ ªà®¢¥­®á­ëå á®áã¤®¢ ¢ ç áâ­®áâ¨. � ¦­®áâìâ ª®£® ï¢«¥­¨ï ¡ë«  ®¡­ àã¦¥­  ¢ à ¡®â¥ [17]. �áâ âì¥ [23] ®â¬¥ç ¥âáï ¢®§¬®¦­®áâì à §àãè¥­¨ïª ª à¥§ã«ìâ â à §àë¢   ­ áâ®¬®§ . �æ¥­ª¨ ¢«¨ï-­¨ï áâëª  ªà®¢¥­®á­ëå á®áã¤®¢ ­  á¤¢¨£ îé¨¥ ­ -¯àï¦¥­¨ï ¡ë«¨ ¯à®¢¥¤¥­ë ¢ â¥®à¥â¨ç¥áª¨å ¨ íªá-¯¥à¨¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨ïå [23, 25]. �¥®à¥â¨-ç¥áª¨©  ­ «¨§ ¡ë« ¯à®¢¥¤¥­ ¤«ï à §«¨ç­ëå à ¤¨ã-á®¢ á®áã¤®¢ ¯à¨ ¤¥©áâ¢¨¨ áâ â¨ç¥áª®£® (âà ­á¬ã-à «ì­®£®) ¤ ¢«¥­¨ï ­  ®á­®¢¥ áãé¥áâ¢¥­­® ã¯à®-é¥­­®© ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨, ¢§ïâ®© ¨§ à ¡®-âë [20]. �¥®à¥â¨ç¥áª¨¥ à¥§ã«ìâ âë, ¯®«ãç¥­­ë¥­  ®á­®¢¥ íâ®© ¬®¤¥«¨, áà ¢­¨¢ «¨áì á ¯®«ãç¥­­ë-¬¨ íªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨ ¨ ®­¨ ¯®¤à®¡­®102 �. �. �¥«¥§®¢



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 99 { 118 ­ «¨§¨à®¢ «¨áì. � áâ âì¥ [25] ¯®ª § ­®, çâ® â¥-®à¥â¨ç¥áª¨©  ­ «¨§ § ¢ëè ¥â ¨§¬¥à¥­­ë¥ à ¤¨- «ì­ë¥ ®âª«®­¥­¨ï. � ®â«¨ç¨¥ ®â ¨áá«¥¤®¢ ­¨©[20, 23, 25] ¢ ­ áâ®ïé¥© áâ âì¥  ­ «¨§¨àãîâáï ­¥-ãáâ ­®¢¨¢è¨¥áï ¤¢¨¦¥­¨ï â¨¯  ¯ã«ìá®¢®© ¢®«­ë¢ ¡®«¥¥ ®¡é¥© ¯®áâ ­®¢ª¥. �®ª § ­®, çâ® ¢ áâëª¥¨¬¥¥â ¬¥áâ® à¥§ª ï ª®­æ¥­âà æ¨ï ¯®«¥© ¢á¥å ¢¨-¤®¢ ¨ íâ® ¬®¦¥â ¢«¨ïâì ­  á®¢¬¥áâ¨¬®áâì ®à£ ­®¢¢ á¢ï§¨ á ¡®«ìè¨¬ ¯®¢â®à¥­¨¥¬ ¯ã«ìá®¢®© ­ £àã§-ª¨ ­  áâëª [38].�¥«ì ­ áâ®ïé¥© à ¡®âë -  ­ «¨§ à á¯à®áâà ­¥-­¨ï ¢®«­ ¨ ¨å ¢§ ¨¬®¤¥©áâ¢¨ï á ­¥®¤­®à®¤­®áâï-¬¨: ­¥«¨­¥©­ëå ¯®¢¥àå­®áâ­ëå £à ¢¨â æ¨®­­ëå¢®«­ á ¤®­­®© â®¯®£à ä¨¥©; ¬ £­¨â®£¨¤à®¤¨­ ¬¨-ç¥áª¨å ¢®«­ á à áá¥¨¢ â¥«ï¬¨; £¨¤à®ã¯àã£¨å ¢®«­â¨¯  ¯¥à¨áâ «ìâ¨ª¨ á «®ª «ì­ë¬¨ ­¥®¤­®à®¤­®-áâï¬¨.1. ���������� ��������������������� �������������� �� ����� áá¬ âà¨¢ ¥âáï ¦¨¤ª®áâì ¯¥à¥¬¥­­®© £«ã¡¨-­ë á ­¥¢®§¬ãé¥­­®© á¢®¡®¤­®© ¯®¢¥àå­®áâìî ¢­ ç «ì­®¬ á®áâ®ï­¨¨ ¯®ª®ï z = 0. � íâ®© ¯®¢¥àå-­®áâìî á¢ï§ ­  ¯àï¬®ã£®«ì­ ï ¤¥ª àâ®¢  á¨áâ¥-¬  ª®®à¤¨­ â x; y; z, ª ª íâ® ¯®ª § ­® ä®à¬ã«®©(2). � ¤ ç  å à ªâ¥à¨§ã¥âáï âà¥¬ï ª«îç¥¢ë¬¨¡¥§à §¬¥à­ë¬¨ ¯ à ¬¥âà ¬¨, ®â¢¥âáâ¢¥­­ë¬¨ § à áá¬ âà¨¢ ¥¬ë¥ ï¢«¥­¨ï:� = a=H0; � = (H0=l)2;
 = tg� = H0=l; Ur = �=�; (1)£¤¥ � - ¯ à ¬¥âà ­¥«¨­¥©­®áâ¨, �- ¯ à ¬¥âà ¤¨á-¯¥àá¨¨, 
 - «®ª «ì­ë© ­ ª«®­ ¤®­­®© ¯®¢¥àå­®áâ¨,� - ã£®« «®ª «ì­®£® ­ ª«®­  ¤­  , Ur - ç¨á«® �àá¥«-«  (¯à®¨§¢®¤­ë© ¯ à ¬¥âà), H0 - £«ã¡¨­ , l - å -à ªâ¥à­ ï £®à¨§®­â «ì­ ï ¤«¨­ , a - ¬ ªá¨¬ «ì-­®¥ ®âª«®­¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨. � ¤ ç à áá¬ âà¨¢ ¥âáï ¢ ®¡« áâ¨
 = �(x; y; z)2R3j~x�x<1; �1<y<1;�H(x)�z���(x; t)g ; t2T =ftj0� t� t�g; (2)£¤¥ ~x - ¯àï¬ ï «¨­¨ï ¯¥à¥¤ §®­®© à §àãè¥­¨ï ¢®«­.� ¤ ç  ä®à¬ã«¨àã¥âáï á«¥¤ãîé¨¬ ®¡à §®¬. �¥-®¡å®¤¨¬® ­ ©â¨ ¯®â¥­æ¨ « áª®à®áâ¥© '(x; z; t) ¨®âª«®­¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ � = �(x; t) ª ªà¥è¥­¨¥ ãà ¢­¥­¨ï � ¯« á  (3), ã¤®¢«¥â¢®àïîé¥¥ãá«®¢¨î ­  ¤­¥ (4), ­¥«¨­¥©­ë¬ ª¨­¥¬ â¨ç¥áª®¬ã¨ ¤¨­ ¬¨ç¥áª®¬ã ãá«®¢¨ï¬ ­  á¢®¡®¤­®© ¯®¢¥àå­®-áâ¨ (5), (6) ¨ ­ ç «ì­ë¬ ãá«®¢¨ï¬ (7):�'xx + 'zz = 0 in 
; (3)

'z + �Hx'x = 0; z = �H(x); (4)�t + ��x'x � ��1'z = 0; z = ��; (5)� + 't+(�=2)'2x+(�=2�)'2z = 0; z = ��: (6)'(x; z; t)jt=0 = f1(x; z); 't(x; z; t)jt=0 = f2(x; z):(7)�à ¢­¥­¨ï (2)-(7) § ¯¨á ­ë ¢ ¡¥§à §¬¥à­®©ä®à¬¥ ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬ã« ¬¨ (§¢¥§¤®çª¨®¯ãáª îâáï)x� = xl ; z� = zH0 ; t� = c0l t = pgH0l t;'� = c0gla'; �� = �a¨ ¢ª«îç îâ â ª¦¥ ¡¥§à §¬¥à­ë¥ ¯ à ¬¥âàë � ¨�, ¯à¥¤áâ ¢«¥­­ë¥ ä®à¬ã« ¬¨ (1). �¥®¡å®¤¨¬®®â¬¥â¨âì, çâ® âà¨ (  ­¥ ®¤¨­) ¬ áèâ ¡­ëå ¯ -à ¬¥âà  ¤«¨­ë H0; l; a ¡ë«¨ ¢¢¥¤¥­ë, çâ® ­¥®¡å®-¤¨¬® ¤«ï  á¨¬¯â®â¨ç¥áª®£®  ­ «¨§ .� ¤ ç  (3)-(7) ­¥ ¨¬¥¥â  ­ «¨â¨ç¥áª®£® à¥è¥-­¨ï, ª ª ®â¬¥ç «®áì ¢ëè¥, ­¥á¬®âàï ­  â®, çâ®®­  ¡ë«  ¢ ä®ªãá¥ ¬­®£¨å ¢ë¤ îé¨åáï ãç¥­ëå¤«¨â¥«ì­®¥ ¢à¥¬ï. � à¥§ã«ìâ â¥ ¡ë«¨ à §¢¨âëà §«¨ç­ë¥ ¯®¤å®¤ë ¤«ï ¯®áâà®¥­¨ï ¯à¨¡«¨¦¥­-­ëå à¥è¥­¨©,   â ª¦¥ à §«¨ç­ë¥ á¯®á®¡ë ®â¡®-à   á¨¬¯â®â¨ç¥áª¨å  ¯¯à®ªá¨¬ æ¨©, ®á­®¢ ­­ë¥­  ¡ « ­á¥ ­¥«¨­¥©­ëå ¨ ¤¨á¯¥àá¨®­­ëå íää¥ªâ®¢� � �. �à¨ íâ®¬ ¬®¦­® à §«¨ç âì ¤¢  ¯à¥¤¥«ì-­ëå á«ãç ï: ¯à®¨§¢®«ì­ ï � ¨ ¬ « ï � (�¥«¥§®¢,�¥©, � ¤ ª ), ¬ « ï� ¨ ¯à®¨§¢®«ì­ ï � (� âáã­®,� ­£). �¤¥áì ¬ë à áá¬ âà¨¢ ¥¬ ¯¥à¢ë© á«ãç ©.�á­®¢­ë¥ ¯à¥¤¯®«®¦¥­¨ï, ¯à¨­ïâë¥ ¤«ï ¯®-áâà®¥­¨ï ã«ãçè¥­­ëå  ¯¯à®ªá¨¬ æ¨©: ¯ à ¬¥âà¤¨á¯¥àá¨¨ � ¨ £à ¤¨¥­â ¤®­­®© ¯®¢¥àå­®áâ¨ 
 -¬ «ë¥ ¢¥«¨ç¨­ë, � � 1, 
 � 1, ¢ â® ¢à¥¬ï ª ª ¢®â«¨ç¨¥ ®â ¡®«ìè¨­áâ¢  ¨áá«¥¤®¢ ­¨©, ­¥â ®£à -­¨ç¥­¨© ­  ¯ à ¬¥âà ­¥«¨­¥©­®áâ¨ �, ª®â®àë©¯à¥¤¯®« £ ¥âáï ¯à®¨§¢®«ì­®© ¢¥«¨ç¨­®©. � ª ï®¡®¡é¥­­ ï  ¯¯à®ªá¨¬ æ¨ï ¡«¨§ª  ª £¨¯¥à¡®«¨ç¥-áª®© [37].�ã­ªæ¨ï ' ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ à §«®¦¥­¨ï'(x; z; t) = 1Xn=0(z +H)n�nfn(x; t) : (8)� §«®¦¥­¨¥ (8) ¯®¤áâ ¢«ï¥âáï ¢ á¨áâ¥¬ã (3)-(6).�®¤áâ ­®¢ª  (8) ¢ (3) ¯à¨¢®¤¨â ª à¥ªãàà¥­â­®¬ãá®®â­®è¥­¨î1� f (k)kk = 2(k + 1)Hxf (k+1)x + (k + 1)Hxxf (k+1): (9)�§ ãá«®¢¨ï ­  ¤­¥ (4) ¬®¦­® ¢ëà §¨âì f (1) ç¥à¥§f (0) = f :f (1) = �Hxf0 � �H3xf0 + O(�2): (10)�. �. �¥«¥§®¢ 103



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 99 { 118� à¥§ã«ìâ â¥ á ãç¥â®¬ (10) ¢ëà ¦¥­¨¥ ¤«ï ' ¯à¨-­¨¬ ¥â ¢¨¤' = f � � �(z +H)Hxfx + (z +H)22 fxx�++�2��H3xfx(z +H) + 32(z +H)2��(HxHxxfx +H2xfxx) + (z +H)32 ���13Hxxxfx + � � �+ (z +H)424 fxxxx�� +O(�3):(11)�®¤áâ ¢«ïï ¢ëà ¦¥­¨¥ (11) ¢ £à ­¨ç­®¥ ãá«®¢¨¥(5), ã¤¥à¦¨¢ ï ç«¥­ë ¯®àï¤ª  � ¨ �n� ¨ ®¡®§­ ç ïh = H + ��; ! = fx, ¯®«ãç ¥¬ ãà ¢­¥­¨¥�t + hx! + h!x � ��h(��xHxx!++3H2x!x + 2��xHx!x + 3HxHxx!) ++hx(32Hxx!x + 32Hx!xx + 12Hxxx! + �2 �x!xx)++16h3!xxx + �H2x�x!)� = O(�2): (12)�á«®¢¨¥ (6) ¯®á«¥ ¤¨ää¥à¥­æ¨à®¢ ­ï ¯® x ¨ ¯®¤-áâ ­®¢ª¨ ¢ ­¥£® ¢ëà ¦¥­¨ï (11) ¯à¨¢®¤¨âáï ª á«¥-¤ãîé¥¬ã ãà ¢­¥­¨î:!t + �x + ��!2x2 �x � ��h22 [!xt + �(!!xx � !2x)]++!t(hHx)x+!xthHx+�!!x(hxHx+H2x+3hHxx)++�hHx!2x + �!!xxhHx++!2[Hxx(hx +Hx) + hHxxx]	x = O(�2): (13)�¢®«îæ¨®­­ë¥ ãà ¢­¥­¨ï (12), (13) ®¡à §ãîâ § -¬ª­ãâãî á¨áâ¥¬ã á¢ï§ ­­ëå ãà ¢­¥­¨©, ­¥§ ¢¨á¨-¬ëå ®â z.� ¤ «ì­¥©è¥¬ ¢¢®¤¨âáï áà¥¤­ïï áª®à®áâì (®áà¥-¤­¥­­ ï ¯® £«ã¡¨­¥) ¯® ä®à¬ã«¥u = 1h Z ���H �zdz = ! � � �12hHxx! + hHx!x++H2x! + H26 !xx� + O(�2): (14)�¡®¡é¥­­ë¥ í¢®«îæ¨®­­ë¥ ãà ¢­¥­¨ï (12), (13)¯®á«¥ ¯®¤áâ ­®¢ª¨ ä®à¬ã«ë (14) ¨ ­¥ª®â®àëå ¯à¥-®¡à §®¢ ­¨© ¯à¨­¨¬ îâ ¢¨¤ht + (hu)x = 0; (15)ut+�x�uux = ��H33 uxxt +HHxuxt + H2 Hxxut�+

+�� �(�H)xuxt +HHxuuxx + 23�Huxxt++H23 uuxxx � H23 uxuxx + H2 Hxxut++32HHxxuux + H2 Hxxxu2 + �xHxut�++O1(�2�; �3�; �4�) +O(�2): (16)�à®¬®§¤ª¨¥ ®¯¥à â®àë, á®®â¢¥âáâ¢ãîé¨¥ �2;�3; �4, §¤¥áì ­¥ ¯à¨¢®¤ïâáï.�á¨¬¯â®â¨ç¥áª¨¥  ¯¯à®ªá¨¬ æ¨¨ (15), (16)®ç¥­ì ¢ ¦­ë ¤«ï ¡¥à¥£®¢®© §®­ë, £¤¥ å à ªâ¥à­®¥à ááâ®ï­¨¥ ¤®¢®«ì­® ¬ «®, â ª çâ® ¤¨á¯¥àá¨®­­ë¥íää¥ªâë ­¥ ãá¯¥¢ îâ ­ ª®¯¨âìáï, ¢ â® ¢à¥¬ï ª ª­¥«¨­¥©­ë¥ íää¥ªâë §­ ç¨â¥«ì­ë ­  ¬¥«ª®© ¢®¤¥.�à¥¤¯®« £ ï � � 1; � � 1,   â ª¦¥ çâ®íâ¨ ¢¥«¨ç¨­ë ®¤­®£® ¨ â®£® ¦¥ ¯®àï¤ª  ¬ «®áâ¨� � �, çâ® á®®â¢¥âáâ¢ã¥â ç¨á«ã �àá¥««  Ur =O(1), á¨áâ¥¬  (15), (16) ¢ á«ãç ¥ ¦¨¤ª®áâ¨ ¯®áâ®-ï­­®© £«ã¡¨­ë á¢®¤¨âáï ª ª« áá¨ç¥áª¨¬ ãà ¢­¥-­¨ï¬: ãà ¢­¥­¨î �ãáá¨­¥áª  ¨ ãà ¢­¥­¨î �¤�. �á«ãç ¥ ¦¨¤ª®áâ¨ ¯¥à¥¬¥­­®© £«ã¡¨­ë, ¯à¨ â¥å ¦¥¯à¥¤¯®«®¦¥­¨ïå, ãà ¢­¥­¨ï (15), (16) á¢®¤ïâáï ªãà ¢­¥­¨î �¥à¥£à¨­  [24]ut + �x + �uux == ��H33 uxxt+ +HHxuxt + H2 Hxxut�+ O(�2):(17)� á«ãç ¥ � � 1 ¨ � � � á¨áâ¥¬ (15), (16) á¢®-¤¨âáï ª ª¢ §¨«¨­¥©­ë¬ ãà ¢­¥­¨ï¬ ¬¥«ª®© ¢®¤ë£¨¯¥à¡®«¨ç¥áª®£® â¨¯ ut + �uux + �x = 0; �t + [(h+ ��)u]x = 0 ; (18)¨§ ª®â®à®£® ¯à¨ � � 1 á«¥¤ãîâ «¨­¥ à¨§®¢ ­­ë¥ãà ¢­¥­¨ï ut = ��x; �t = �(hu)x �¡®§­ ç ï u =@'=@x, ®­¨ á¢®¤ïâáï ª ¢®«­®¢®¬ã ãà ¢­¥­¨î@@x �h@'@x�� @2'@t2 = 0: (19)�à ¢­¥­¨ï (17)-(19) è¨à®ª® ¯à¨¬¥­ï«¨áì ¢ ¬®¤¥-«¨à®¢ ­¨¨ ¯®¢¥àå­®áâ­ëå ¢®«­ ¢ ¦¨¤ª®áâ¨ ¯¥à¥-¬¥­­®© £«ã¡¨­ë.�  ®á­®¢¥ ãà ¢­¥­¨© (15), (16) ¡ë«  à áá¬®âà¥-­  ­ ç «ì­®-ªà ¥¢ ï § ¤ ç , ª®â®à ï à¥è « áì ç¨-á«¥­­® ¬¥â®¤®¬ ª®­¥ç­ëå à §­®áâ¥©. �ë«® ¯à®-¢¥¤¥­® ç¨á«¥­­®¥ ¬®¤¥«¨à®¢ ­¨¥ âà ­áä®à¬ æ¨¨ã¥¤¨­¥­­®© ¢®«­ë ¨ ¥¥ ­ ª â  ­  ¡¥à¥£. �¥§ã«ìâ -âë à áç¥â®¢ ­  ®á­®¢¥ (15), (16) ¨ á®¯®áâ ¢«¥­¨ïá íªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨ ¯®ª § «¨ ¯à¥¨¬ã-é¥áâ¢  íâ®© ®¡®¡é¥­­®© ¬®¤¥«¨ ¢ á«ãç ¥ ¡®«ìè¨å104 �. �. �¥«¥§®¢
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�¨á. 1. �à®ä¨«ì ¯¥à¥¬¬¥­­®© £«ã¡¨­ë ¨ í¢®«îæ¨ïà á¯à®áâà ­ïîé¥£®áï á®«¨â®­ 2. ��������� �������� ��������������� �������������� �����������������®¤¥«ì ª« áá¨ç¥áª®© ¬ £­¨â­®© £¨¤à®¤¨­ ¬¨-ª¨ ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­  § ¬ª­ãâ®© á¨áâ¥¬®©¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¨ á®®â¢¥âáâ¢ãîé¨-¬¨ £à ­¨ç­ë¬¨ ¨ ­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨.�à ¢­¥­¨ï ¤¢¨¦¥­¨ï ¨¬¥îâ ¢¨¤ [6, 14]�~rP = �̂(@~V@t + (~V � ~r)~V )� ~J � ~B;@�̂@t+~r�(�̂~V ) = 0; ~r� ~H = ~J; ~r�~E = �@ ~B@t ;~r � ~D = 0; ~r � ~B = 0; @P@�̂ = c20;~D = "~E; ~B = � ~H; ~J = 
(~E+ ~V � ~B): (20)�  ¯®¢¥àå­®áâ¨ à §¤¥«  ¤¢ãå áà¥¤ 1 ¨ 2 ¤®«¦­ëã¤®¢«¥â¢®àïâìáï ãá«®¢¨ï á®¯àï¦¥­¨ï~n � (~V 1 � ~V 2) = 0; (21)[(�1ik + T 1ik)� (�2ik + T 2ik)]ni = 0; i; k = 1; 2; 3;(22)~n � (�1�2 ~H1 � ~H2) = 0; ~n� ( ~H1 � ~H2) = 0;

~n � (�1�2 ~E1 � ~E2) = 0; ~n� (~E1 � ~E2) = 0; (23)�ik = �P�ik; (24)Tik = "EiEk+PHHiHk� 12�ik("E2+PHH2): (25)� ç «ì­ë¥ ãá«®¢¨ï ¢ ­¥ª®â®àë© ä¨ªá¨à®¢ ­­ë©¬®¬¥­â ¢à¥¬¥­¨ t0 ¨¬¥îâ ¢¨¤p(~x; t)jt=t0 = '1(~x); @p(~x; t)@t jt=t0 = '2(~x);~V (~x; t)jt=t0 = ~'3(~x); ~H(~x; t)jt=t0 = ~ 1(~x);@ ~H(~x; t)@t jt=t0 = ~ 2(~x); : : : (26)�áî¤ã ¢¢¥¤¥­ë ¡¥§à §¬¥à­ë¥ ¢¥«¨ç¨­ë ¯® ä®à¬ã-« ¬ (§¢¥§¤®çª¨ ®¯ãáª îâáï)~x� = ~xl ; t� = cqtl ; ~V � = ~Vcq ; �̂� = �̂�q ;p� = p�qc2q ; ~H� = ~HH0 ; ~E� = 1�H0cq ~E;~J� = 1h0 ~J; (��ik; T �ik) = 1�qc2q (�ik; Tik); (27)PH = �H20�qc2q { ¬ £­¨â­®¥ ¤ ¢«¥­¨¥; Rm = cql�� {¬ £­¨â­®¥ ç¨á«® �¥©­®«ì¤á . �¤¥áì l; cq ¨ �q - å -à ªâ¥à­ë¥ ¢¥«¨ç¨­ë ¤«¨­ë, áª®à®áâ¨ ¨ ¯«®â­®-áâ¨.� ãà ¢­¥­¨ïå (20) ¨ ãá«®¢¨ïå (21) { (26) P - ¤ -¢«¥­¨¥, �̂ - ¯«®â­®áâì,~V - ¢¥ªâ®à áª®à®áâ¨, ~E ¨ ~H- ¢¥ªâ®àë ­ ¯àï¦¥­­®áâ¨ í«¥ªâà¨ç¥áª®£® ¨ ¬ £-­¨â­®£® ¯®«ï, ~D ¨ ~B - ¢¥ªâ®àë í«¥ªâà¨ç¥áª®© ¨¬ £­¨â­®© ¨­¤ãªæ¨¨, ~J - ¢¥ªâ®à ¯«®â­®áâ¨ í«¥ª-âà¨ç¥áª®£® â®ª , �ik ¨ Tik - â¥­§®àë ã¯àã£¨å ¨¬ ªá¢¥««®¢ëå ­ ¯àï¦¥­¨©, c0 - áª®à®áâì §¢ãª , 
- í«¥ªâà®¯à®¢®¤­®áâì, " ¨ � - ¤¨í«¥ªâà¨ç¥áª ï ¨¬ £­¨â­ ï ¯à®­¨æ ¥¬®áâ¨, t - ¢à¥¬ï, ~r � ~ek @@xk -£ ¬¨«ìâ®­¨ ­. �¤¥áì ¨ ¤ «¥¥ ¯® ¯®¢â®àïîé¨¬áï¨­¤¥ªá ¬ ¯à¥¤¯®« £ ¥âáï áã¬¬¨à®¢ ­¨¥.�¥«¨­¥©­ ï á¨áâ¥¬  ãà ¢­¥­¨© (20) - (26) «¨­¥ -à¨§ã¥âáï ­  ®á­®¢¥ ¤¢ãå ¯à¥¤¯®«®¦¥­¨©: ¯à¥¤áâ -¢«¥­¨ï ¯®«ï ¢ ¢¨¤¥ áã¯¥à¯®§¨æ¨¨ ­¥¢®§¬ãé¥­­®£®¨ ¢®§¬ãé¥­­®£® ¯®«¥©P (~x; t) = P0 + p(~x; t); ~V (~x; t) = ~V0 + ~v(~x; t);~H(~x; t) = ~H0 +~h(~x; t);¨ ¯à¥¤¯®«®¦¥­¨ï ¬ «®áâ¨ ¢®§¬ãé¥­­ëå ¯®«¥© ¯®áà ¢­¥­¨î á ­¥¢®§¬ãé¥­­ë¬¨. � à¥§ã«ìâ â¥ ¤«ïá«ãç ï ¯®ª®ïé¥©áï ¢ ­¥¢®§¬ãé¥­­®¬ á®áâ®ï­¨¨�. �. �¥«¥§®¢ 105



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 99 { 118¦¨¤ª®© áà¥¤ë, ~V0 = 0, ¯®«ãç ¥¬ á¨áâ¥¬ã «¨­¥ -à¨§®¢ ­­ëå ãà ¢­¥­¨© ¤«ï ¢®§¬ãé¥­­®£® ¯®«ï~r� = �@~v@t � PH(~r�~h)� ~H0;@�@t + �0~r � ~v = 0; dpd� = c20;@~h@t = � 1Rm ~r� (~r�~h) + ~r� (~v � ~H0);~r�~h = ~j; ~r� ~e = �@~h@t ; ~r � ~e = 0;~r �~h = 0; ~j = Rm(~e + ~v � ~H0);~d = "~e; ~b = �~h: (28)2.1. �à¨¡«¨¦¥­¨ï á« ¡®© ¨ á¨«ì­®© í«¥ªâà®-¯à®¢®¤­®áâ¨� à ¬ª å ¬®¤¥«¨ (28) à áá¬®âà¨¬ ¤¢  ¯à¥¤¥«ì-­ëå ¯à¨¡«¨¦¥­¨ï ¯® ¬ £­¨â­®¬ã ç¨á«ã �¥©­®«ì¤-á  Rm. � á«ãç ¥ á« ¡®¯à®¢®¤ïé¨å áà¥¤, Rm � 1,¨áª®¬ë¥ äã­ªæ¨¨ ¯à¥¤áâ ¢«ïîâáï ¢ ¢¨¤¥ à §«®¦¥-­¨© ¯® Rm:~v = ~v0 + ~v1Rm + ~v2Rm + : : : ;� = �0 + �1Rm + �2R2m + : : : ;~h = 0 +~h1Rm +~h2R2m + : : : ;~e = 0 + ~e1Rm + ~e2R2m + : : : ;~j = 0 +~j1Rm +~j2R2m + : : : : (29)�«ãçè¥­­®¥ ¯à¨¡«¨¦¥­¨¥ á« ¡®¯à®¢®-¤ïé¨å áà¥¤ ®á­®¢ ­® ­  ¯à¥¤¯®«®¦¥­¨ïå á¨«ì­®£®¬ £­¨â­®£® ¯®«ï PH � 1, á®®â­®è¥­¨¨ ¯®àï¤ª ¢¥«¨ç¨­ Rm � P�1H � 1 ¨ à áá¬®âà¥­¨¨ £¨¤à®¤¨-­ ¬¨ç¥áª®£® ¯®«ï ª ª ¯¥à¢¨ç­®£® ¯®à®¦¤ îé¥£®,çâ® ¢¨¤­® ¨§ áâàãªâãàë ¯à¥¤áâ ¢«¥­¨© (29).�à ¢­¥­¨ï ¯¥à¢®£® ¯à¨¡«¨¦¥­¨ï ¨¬¥îâ ¢¨¤�@~v0@t + ~rp0 = RmPH (~v0 � ~H0)� ~H0;@�0@t + ~v0 � ~r�0 + �0~r � ~v0 = 0;@p0@t = c2[@�0@t + (~v0 � ~r)�0]; ~r�~h1 = ~v0 � ~H0;~r�~e1 = �@~h1@t ; ~r�~h1 = 0; ~r�~e1 = 0: (30)�¨«ì­®¯à®¢®¤ïé¨¥ áà¥¤ë å à ªâ¥à¨§ãîâáï ­¥-à ¢¥­áâ¢®¬ Rm � 1; â ª çâ® ¨áª®¬ë¥ äã­ªæ¨¨ f

¯à¥¤áâ ¢«ïîâáï ¢ ¢¨¤¥  á¨¬¯â®â¨ç¥áª¨å à §«®¦¥-­¨© ¯® ®¡à â­ë¬ áâ¥¯¥­ï¬ Rm:f = f0 + f1R�1m + f2R�2m + : : :�à ¢­¥­¨ï ¯¥à¢®£® ¯à¨¡«¨¦¥­¨ï, á®®â¢¥âáâ¢ã-îé¥£® ¨¤¥ «ì­® ¯à®¢®¤ïé¨¬ áà¥¤ ¬, ¨¬¥îâ ¢¨¤�@~v0@t + ~rp0 = PH(~r�~h0) � ~H0;@�0@t + ~v0 � ~r�0 + �0~r � ~v0 = 0;@p0@t = c2[@�0@t + (~v0 � ~r)�0];@~h0@t = ~r� (~v0 � ~H0); ~r� ~e0 = �@~h0@t ;~r �~h0 = 0; ~e0 + ~v0 � ~H0 = 0: (31)�â  ¢ëà®¦¤¥­­ ï ¬®¤¥«ì { ¬®¤¥«ì £¨¯¥à¡®«¨ç¥-áª®£® â¨¯  ¨ ¯®«ãç¨«  ®¡è¨à­ë¥ ¯à¨«®¦¥­¨ï ¢ à¥-è¥­¨¨ § ¤ ç ¤«ï á¨«ì­®¯à®¢®¤ïé¨å áà¥¤, â ª ª ª��� - íää¥ªâë ¢ â ª¨å áà¥¤ å ¬®£ãâ ¡ëâì ¤®¬¨-­¨àãîé¨¬¨.�à ¢­¥­¨ï ª« áá¨ç¥áª®© ¬ £­¨â®ã¯àã£®áâ¨, ª ª¨áå®¤­ ï á¨áâ¥¬  ¢¨¤  (28), â ª ¨ ¥¥ ¯à¨¡«¨¦¥­-­®© ä®à¬ë ¢¨¤  (30) ¨ (31), § ¯¨áë¢ îâáï  ­ «®-£¨ç­®, ¥á«¨ ¢¬¥áâ® áª®à®áâ¨ ~v ¢¢¥áâ¨ ¢¥ªâ®à ã¯àã-£®£® ¯¥à¥¬¥é¥­¨ï ~u ¨ ¢¬¥áâ® £¨¤à®¤¨­ ¬¨ç¥áª¨åãà ¢­¥­¨© § ¯¨á âì ãà ¢­¥­¨¥ � ¬¥. � ¯à¨¬¥à,¤«ï ¯à¨¡«¨¦¥­¨ï á« ¡®© í«¥ªâà®¯à®¢®¤­®áâ¨ ¨¬¥-¥¬ r2~u+ (1 + �=G)~r(~r � ~u) = @2~u@t2 ��RmPH(@~u@t � ~H0)� ~H0; (32)~r�~h = @~u@t � ~H0; ~r� ~e = �@~h@t ;~r �~h = 0; ~r � ~e = 0; (33)�  ®á­®¢¥ ¬®¤¥«¥© (30) { (33) à áá¬®âà¥­® ¬­®£®ª®­ªà¥â­ëå § ¤ ç ¨ ¯à®¢¥¤¥­  ­ «¨§ ¢«¨ï­¨ï���- íää¥ªâ®¢ ­  à á¯à®áâà ­¥­¨¥ ¨ ¤¨äà ªæ¨î ¢®«­.2.2. � ¢¢¥¤¥­¨¨ ¯®â¥­æ¨ «®¢� 1852 £. � ¬¥ ¯®ª § «, çâ® ¢ ª« áá¨ç¥áª®© â¥®à¨¨ã¯àã£®áâ¨ ¯à¥¤áâ ¢«¥­¨¥ ¢¥ªâ®à­®£® ã¯àã£®£® ¯®-«ï ¢ ¢¨¤¥ áã¬¬ë £à ¤¨¥­â­®© ¨ à®â®à­®© ç áâ¥©~u(x; t) = ~r'(~x; t) + ~r� ~a(x; t) (34)106 �. �. �¥«¥§®¢



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 99 { 118¯à¨¢®¤¨â ¢¥ªâ®à­®¥ ãà ¢­¥­¨¥ ¤¢¨¦¥­¨ï (32) (¯à¨PH = 0) ª ¤¢ã¬ ­¥á¢ï§ ­­ë¬ ¢®«­®¢ë¬ ãà ¢­¥-­¨ï¬ ®â­®á¨â¥«ì­® áª «ïà­®£® ' ¨ ¢¥ªâ®à­®£® ~a¯®â¥­æ¨ «®¢:r2' � c �2e @2'@t2 = 0; r2~a� c �2s @2~a@t2 = 0 (35)� áá¬®âà¨¬, ¯à¨ ª ª¨å ãá«®¢¨ïå ¢®§¬®¦­  à¥- «¨§ æ¨ï ¯à¥¤áâ ¢«¥­¨© ¢¨¤  (34) ¨ (35) ¢ á«ã-ç ¥ ¬ £­¨â®ã¯àã£®© áà¥¤ë ¢ ¯à¨¡«¨¦¥­¨ïå á« -¡®© (32) ¨ ¨¤¥ «ì­®© ¯à®¢®¤¨¬®áâ¨ (¤«ï ��� áà¥-¤ë à ááã¦¤¥­¨ï  ­ «®£¨ç­ë). �«ï íâ®£® ­¥®¡-å®¤¨¬® ¨áá«¥¤®¢ âì ¯à¥¤áâ ¢¨¬®áâì ç«¥­®¢ ¢¨¤ �@~u@t � ~H0�� ~H0 ¨ h~r� ~r� �~u� ~H0�i� ~H0 ¢ ¢¨-¤¥ áã¬¬ë £à ¤¨¥­â­®© ¨ à®â®à­®© ç áâ¥© ¯®á«¥¯®¤áâ ­®¢ª¨ (34), â. ¥. ­ ©â¨ à¥è¥­¨ï, ¥á«¨ ®­¨áãé¥áâ¢ãîâ, á«¥¤ãîé¨å ¢¥ªâ®à­ëå ãà ¢­¥­¨©:��~r@'@t + ~r� @~a@t�� ~H0�� ~H0 = c1~r@'@t +c2~r�@~a@t ;(36)n~r� ~r� h�~r'+ ~r� ~a�� ~H0io� ~H0 == ~r (L1') + ~r� (L2~a) ; (37)£¤¥ c1 ¨ c2 - ­¥¨§¢¥áâ­ë¥ ª®íää¨æ¨¥­âë, L1 ¨ L2 -­¥¨§¢¥áâ­ë¥ ¤¨ää¥à¥­æ¨ «ì­ë¥ ®¯¥à â®àë.�¥£ª® ãáâ ­®¢¨âì, ­ ¯à¨¬¥à, çâ® ãà ¢­¥­¨¥ (36)¤®¯ãáª ¥â ç áâ­®¥ à¥è¥­¨¥ ¯à¨ ~u? ~H0, ¤«ï ª®â®à®-£® c1 = c2 = �H 20 . �â®â á«ãç © ¢ª«îç ¥â ®¡-è¨à­ë© ª« áá ¯«®áª¨å § ¤ ç ¨ ­¥ª®â®àë¥ ª« ááë¯à®áâà ­áâ¢¥­­ëå § ¤ ç.2.3. �¢¨¦¥­¨¥ ¬ £­¨â®ã¯àã£¨å áà¥¤ á ¯ãáâ®-â ¬¨�®¤¥«ì ¤¥ä®à¬¨àã¥¬®£® ã¯àã£®£® â¥«  á ¯ãáâ®-â ¬¨, à §¢¨â ï à ­¥¥ �ã­§¨ â® ¨ �®¢¨­ë¬, ®¡®¡-é ¥âáï §¤¥áì â ª¨¬ ®¡à §®¬, çâ®¡ë ãç¥áâì ¬ £-­¨â®ã¯àã£¨¥ íää¥ªâë. �à¥¤¯®« £ ¥âáï, çâ® áà¥¤ í«¥ªâà®¯à®¢®¤ïé ï ¨ ¯®¤¢¥à¦¥­  ¤¥©áâ¢¨î ¢­¥è-­¥£® ¬ £­¨â­®£® ¯®«ï, ¯ãáâ®â­ ï äà ªæ¨ï ¬ « ¯® áà ¢­¥­¨î á ã¯àã£®© ¬ âà¨æ¥©, ¢­ãâà¨ ¯ãáâ®âáà¥¤  ­¥¯à®¢®¤ïé ï. �à¨ â ª¨å ¯à¥¤¯®«®¦¥­¨ïåá¨áâ¥¬  ãà ¢­¥­¨©, ®¯¨áë¢ îé ï ¯®¢¥¤¥­¨¥ ¬ £-­¨â®ã¯àã£®© áà¥¤ë á ¯ãáâ®â ¬¨, ¯à¥¤áâ ¢«ï¥âáï¢ ¢¨¤¥ [10]Gr2~u+(�+G)~r(~r�~u)+�~r� = �@2~u@t2 + ~J� ~B; (38)�r2� � "� � !@�@t � �~r � ~u = �1k@2�@t2 ; (39)

@ ~H@t = 1��r2 ~H + ~r� (@~u@t � ~H); (40)~r� ~H = ~J + @ ~D@t ; ~r� ~E = �@ ~B@t ;~r � ~D = �c; ~r� ~B = 0; (41)�ij = ��ij"kk + 2G"ij + ���ij ; hi = ��i;g = �! _� � "� � �"kk; "ij = (ui;j + uj;i)=2;Tij = HiBj +EiDj � �(HkBk + EkDk)=2;~B = � ~H; ~D = "~E; ~J = �(~E + @~u@t � ~B):(42)� ®â«¨ç¨¥ ®â ®¡ëç­®© ¬®¤¥«¨ ¬ £­¨â®ã¯àã£®-áâ¨, á¨áâ¥¬  (38)-(42) á®¤¥à¦¨â ãà ¢­¥­¨¥ (39),®¯¨áë¢ îé¥¥ ¯ãáâ®â­ãî äà ªæ¨î �. �à®¬¥ â®£®,¢ ãà ¢­¥­¨¥ (38) ¢å®¤¨â ç«¥­ �~r�, á®®â¢¥âáâ¢ã-îé¨© ¯ãáâ®â­®© äà ªæ¨¨. � ª¨¬ ®¡à §®¬, á¨áâ¥-¬  à §à¥è îé¨å ãà ¢­¥­¨© (38)-(42) ®ª §ë¢ ¥âáïá¢ï§ ­­®©. �ë«  à áá¬®âà¥­  â ª¦¥ á®®â¢¥âáâ¢ã-îé ï ­¥«¨­¥©­ ï ¬®¤¥«ì ¬ £­¨â®ã¯àã£®£® â¥«  á¯ãáâ®â ¬¨, ¢ ª®â®à®© ãç¨âë¢ ¥âáï ä¨§¨ç¥áª ï ¨£¥®¬¥âà¨ç¥áª ï ­¥«¨­¥©­®áâ¨,   â ª¦¥ ­¥«¨­¥©-­ë¥ íää¥ªâë ¬ £­¨â®ã¯àã£®áâ¨ ¨ ­ ¬ £­¨ç¨¢ -­¨ï.� á«ãç ¥, ª®£¤  áà¥¤  (®à¨¥­â¨à®¢ ­­ ï ¢¯àï¬®ã£®«ì­®© ¤¥ª àâ®¢®© á¨áâ¥¬¥ ª®®à¤¨­ âx1; x2; x3) ¯®¤¢¥à¦¥­  ¤¥©áâ¢¨î á¨«ì­®£® ¯®áâ®-ï­­®£® ®¤­®à®¤­®£® ¬ £­¨â­®£® ¯®«ï H20, á¨áâ¥-¬  ãà ¢­¥­¨© (38)-(42) ¬®¦¥â ¡ëâì «¨­¥ à¨§®¢ ­ ®â­®á¨â¥«ì­® â ª®£® ­ ç «ì­®£® á®áâ®ï­¨ï,  ­ -«®£¨ç­® â®¬ã, ª ª íâ® ¡ë«® á¤¥« ­® ¢ á«ãç ¥ ���- áà¥¤ë ¨ ¬ £­¨â®ã¯àã£®© áà¥¤ë. �á«¨ à áá¬ âà¨-¢ âì ®¤­®¬¥à­ë¥ á¤¢¨£®¢ë¥ ¤¢¨¦¥­¨ï, â® «¨­¥ -à¨§®¢ ­­ ï á¨áâ¥¬  (38)-(42) ¬®¦¥â ¡ëâì ¯à¥¤áâ -¢«¥­  ¢ ¢¨¤¥ âà¥å á¢ï§ ­­ëå à §à¥è îé¨å ãà ¢-­¥­¨©: @2u1@x21 � 1c2s @2u1@t2 = P sH @h2@x1 � v0 @�@x1 ;@2�1@x21 � 1c2v @2�@t2 � v1 @�@t � v2� = v3 @u1@x1 ;1Rsm @2h2@x21 � @h2@t = @@x1 (@u1@t H20): (43)�¤¥áì ¢¢¥¤¥­ë ¡¥§à §¬¥à­ë¥ ¢¥«¨ç¨­ë (§¢¥§-¤®çª¨ ®¯ãé¥­ë)~x� = ~xl ; t� = cel t; ~u� = ~ul ; ~H� = ~HH0 ;(��ik; T )ik = 1�1c2e (�ik; Tik); c�s = 1;�. �. �¥«¥§®¢ 107



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 99 { 118c�e = cecs ; c� v� = cvcs =r ��1k ;P sH = �H20�1c2s ; Rsm = csl��:� á«ãç ¥ ¤¨« â æ¨®­­ëå ¤¥ä®à¬ æ¨© ¢¬¥áâ® å -à ªâ¥à­®© áª®à®áâ¨ à á¯à®áâà ­¥­¨ï á¤¢¨£®¢ëå¢®«­ cs =pG=�1 ­¥®¡å®¤¨¬® ¢¢¥áâ¨ ¢ à áá¬®âà¥-­¨¥ å à ªâ¥à­ãî áª®à®áâì ¤¨« â æ¨®­­ëå ¢®«­ce = p(�+ 2G)=�1 ¨ ¨­¤¥ªá � s � § ¬¥­¨âì ¨­-¤¥ªá®¬ � e �. � á«ãç ¥ ¨¤¥ «ì­®© í«¥ªâà®¯à®-¢®¤­®áâ¨, Rm =1, á¨áâ¥¬  ãà ¢­¥­¨© (38) { (41)£¨¯¥à¡®«¨ç¥áª®£® â¨¯  ¨ ¢ ®â«¨ç¨¥ ®â ®¡ëç­®©¬®¤¥«¨ ¬ £­¨â®ã¯àã£®áâ¨ ®¯¨áë¢ ¥â à á¯à®áâà -­¥­¨¥ ¥é¥ ®¤­®£® â¨¯  ¢®«­, á¢ï§ ­­®£® á ­ «¨ç¨-¥¬ ¯ãáâ®â­®© äà ªæ¨¨. �à¨ íâ®¬ ¬ £­¨â®ã¯àã-£¨¥ ¢®«­ë ¨ ¢®«­ë, á®®â¢¥âáâ¢ãîé¨¥ ¯ãáâ®â­®©äà ªæ¨¨, ®ª §ë¢ îâáï á¢ï§ ­­ë¬¨, ¨ ¤ ¦¥ ¯à¨Rm =1 á¨áâ¥¬  ­¥ á¢®¤¨âáï ª ãà ¢­¥­¨ï¬ ¨¥à à-å¨ç¥áª®© áâàãªâãàë, ª ª íâ® ¨¬¥¥â ¬¥áâ® ¢ ª« á-á¨ç¥áª®© ¬ £­¨â®ã¯àã£®áâ¨.2.4. �¢¨¦¥­¨¥  ªâ¨¢­®© ­ ¬ £­¨ç¨¢ ¥¬®© áà¥-¤ë� ®â«¨ç¨¥ ®â ¨§¢¥áâ­ëå ¬®¤¥«¥© ­ ¬ £­¨ç¨¢ -¥¬ëå áà¥¤ §¤¥áì ¢ ®¯à¥¤¥«ïîé¥¬ ãà ¢­¥­¨¨ ¤«ï¬ £­¨â­®© ¨­¤ãªæ¨¨ ¢¢®¤¨âáï ç«¥­  ªâ¨¢­®£® ¢§ -¨¬®¤¥©áâ¢¨ï, ª®â®à®¥ ¬®¦¥â áãé¥áâ¢¥­­® ¢«¨ïâì­  ¯®¢¥¤¥­¨¥ áà¥¤ë. �à ¢­¥­¨ï, ®¯¨áë¢ îé¨¥ â -ªãî áà¥¤ã, ¨¬¥îâ ¢¨¤ [36]�ij;j = �ttui+ "ijkJjBk + �eEi; (44)"ijkHk;j = Ji + @tDi; Dk;k = �e; (45)"ijkEk;j = �@tBi; Bk;k = 0; (46)�ij = �e�ij + 2G"ij + a( ~H)HiHj++b( ~H)HkHk�ij ; (47)"ij = (ui;j + uj;i)=2; e = uk;k; (48)Ji = �(Ei + "ijk@tujBk); (49)Bi = �( ~H)Hi � 2[a( ~H)"ij + b( ~H)e�ij ]Hj++ tZ0 Mi( ~H)d�; i; j; k = 1; 2; 3: (50)�¤¥áì �ik ¨ "ik - ª®¬¯®­¥­âë â¥­§®à®¢ ­ ¯àï¦¥­¨©¨ ¤¥ä®à¬ æ¨© á®®â¢¥âáâ¢¥­­®; ui -ª®¬¯®­¥­âë¢¥ªâ®à  ¯¥à¥¬¥é¥­¨©; � - ¬ áá®¢ ï ¯«®â­®áâì; Ji

¨ Ek - ª®¬¯®­¥­âë ¢¥ªâ®à®¢ ¯«®â­®áâ¨ â®ª  ¨ ­ -¯àï¦¥­­®áâ¨ í«¥ªâà¨ç¥áª®£® ¯®«ï; � ¨ G - ¯®áâ®-ï­­ë¥ �ï¬¥; � - í«¥ªâà®¯à®¢®¤­®áâì; �e - ¯«®â-­®áâì í«¥ªâà¨ç¥áª®£® § àï¤ ; a( ~H) ¨ b( ~H) - á¤¢¨£®-¢ ï ¨ ¬ £­¨â®áâà¨ªæ¨®­­ ï ¯®áâ®ï­­ë¥; "ijk - ª®-á®á¨¬¬¥âà¨ç­ë© á¨¬¢®« �à®­¥ª¥à ; �ij - ¤¥«ìâ -á¨¬¢®« �à®­¥ª¥à . �® ¯®¢â®àïîé¨¬áï ¨­¤¥ªá ¬¯à®¢®¤¨âáï áã¬¬¨à®¢ ­¨¥, § ¯ïâ®© ¢ ¨­¤¥ªá¥ ®¡®-§­ ç¥­® ¤¨ää¥à¥­æ¨à®¢ ­¨¥ ¯® á®®â¢¥âáâ¢ãîé¥©ª®®à¤¨­ â¥.� ¤ «ì­¥©è¥¬ ãç¨âë¢ ¥âáï â®«ìª® ¤¨« â æ¨-®­­ ï ¬ £­¨â®áâà¨ªæ¨®­­ ï á®áâ ¢«ïîé ï b( ~H),íää¥ªâë â®ª  á¬¥é¥­¨ï ¨ á¢®¡®¤­ëå í«¥ªâà¨ç¥-áª¨å § àï¤®¢ ­¥ ãç¨âë¢ îâáï, ­¥«¨­¥©­ë¥ § ¢¨-á¨¬®áâ¨ �( ~H) ¨ b( ~H) § ¤ îâáï ¤«ï ¬ â¥à¨ «  â¨-¯  ¬ £­¨â­®-¬ï£ª®© áâ «¨. �à ¢­¥­¨¥ (44) ¢ëà -¦ ¥â á®åà ­¥­¨¥ ¨¬¯ã«ìá , ãà ¢­¥­¨ï � ªá¢¥«« (45) ¨ (46) { § ª®­ �¬¯¥à , ãá«®¢¨¥ á®åà ­¥­¨ï § -àï¤  ¨ ãá«®¢¨¥ ®âáãâáâ¢¨ï ¬ £­¨â­ëå § àï¤®¢, § -ª®­ � à ¤¥ï. �¯à¥¤¥«ïîé¥¥ ãà ¢­¥­¨¥ (47) ¤«ïâ¥­§®à  ã¯àã£¨å ­ ¯àï¦¥­¨© ¢ª«îç ¥â ¤®¯®«­¨-â¥«ì­ë¥ ç«¥­ë ¬ £­¨â®áâà¨ªæ¨®­­ëå íää¥ªâ®¢,ãà ¢­¥­¨¥ (49) - § ª®­ �¬  ¤«ï ¤¢¨¦ãé¥©áï áà¥-¤ë, ãà ¢­¥­¨¥ (50) - ®¡®¡é¥­­®¥ ãà ¢­¥­¨¥ ¤«ï¬ £­¨â­®© ¨­¤ãªæ¨¨, ª®â®à®¥, ªà®¬¥ ­¥«¨­¥©­®-£® £¨áâ¥à¥§¨á­®£® ç«¥­  (¯¥à¢ë© ç«¥­) ¨ ¬ £­¨-â®áâà¨ªæ¨®­­®£® ç«¥­  (¢â®à®© ç«¥­), ¢ª«îç ¥â­®¢ë© ç«¥­  ªâ¨¢­®£® ¢§ ¨¬®¤¥©áâ¢¨ï.�á®¡® ­¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¬®¤¥«ì (44)-(50) áãé¥áâ¢¥­­® ®â«¨ç ¥âáï ®â à ­¥¥ ¨§¢¥áâ-­ëå ¢¢¥¤¥­¨¥¬ ¢ à áá¬®âà¥­¨¥ ­®¢®£® ®¯à¥¤¥-«ïîé¥£® ãà ¢­¥­¨ï (50), á®¤¥à¦ é¥£® ¤®¯®«­¨-â¥«ì­ë© ç«¥­, ãç¨âë¢ îé¨©  ªâ¨¢­®¥ ¢§ ¨¬®¤¥©-áâ¢¨¥. � ª¨¬ ®¡à §®¬, ¢¬¥áâ® ®¡ëç­®© ¯ áá¨¢­®©áà¥¤ë à áá¬ âà¨¢ ¥âáï  ªâ¨¢­ ï áà¥¤ , ¯®¢¥¤¥­¨¥ª®â®à®© áãé¥áâ¢¥­­® § ¢¨á¨â ®â ç«¥­   ªâ¨¢­®£®¢§ ¨¬®¤¥©áâ¢¨ï.�  ®á­®¢¥ á¨áâ¥¬ë (44)-(50) ¢ ¯àï¬®ã£®«ì­®©¤¥ª àâ®¢®© á¨áâ¥¬¥ ª®®à¤¨­ â ~x = (x1; x2; x3 �z) ¨áá«¥¤ã¥¬ à á¯à®áâà ­¥­¨¥ ¯«®áª®© ¢®«­ë (¨¬-¯ã«ìá  áª®à®áâ¨) ®â £à ­¨æë ¯®«ã¯à®áâà ­áâ¢ z = 0. �¨áâ¥¬  ãà ¢­¥­¨© (44)-(50) ¬®¦¥â¡ëâì á¢¥¤¥­  ª ¤¢ã¬ á¨«ì­® á¢ï§ ­­ë¬ ­¥«¨­¥©-­ë¬ ¤¨ää¥à¥­æ¨ «ì­ë¬ ãà ¢­¥­¨ï¬ ®â­®á¨â¥«ì-­® äã­ªæ¨© ~u = (0; 0; u3 = u(z; t)) ¨ ~H = (H1 =H(z; t); 0; 0). �®®â¢¥âáâ¢ãîé ï ­ ç «ì­®-ªà ¥¢ ï§ ¤ ç  ä®à¬ã«¨àã¥âáï ¢ ¢¨¤¥utt � c2euzzPH�(H) b(H)�(H)HHz��12PH�(H) 1�(H) db(H)dH H2Hz = 0; (51)108 �. �. �¥«¥§®¢



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 99 { 1181Rm�(H)Hzz � [1 + 1�(H) d�(H)dH H]Ht++[ b(H)�(H) + 1�(H) db(H)dH H]Htuz++ b(H)�(H)Huzt = �(�1H+�2H2); 0 � z <1; (52)@u(z; 0)@t = �a0z exp (��z2); j z j� 0:5;0; j z j> 0:5; (53)H(z; 0) = H0:� ãà ¢­¥­¨ïå (51), (52) ­¥ ãç¨âë¢ îâáï íää¥ª-âë í«¥ªâà®¯à®¢®¤­®áâ¨ ª ª ¬ «ë¥ ¯® áà ¢­¥­¨îá �( ~H) ¨ b( ~H). � ¯à ¢®© ç áâ¨ (52) ¢¢¥¤¥­ ç«¥­ ªâ¨¢­®£® ¢§ ¨¬®¤¥©áâ¢¨ï, § ¤ ­­ë© ¢ ¢¨¤¥ ¯®«¨-­®¬  ¢â®à®© áâ¥¯¥­¨.� ç «ì­®-ªà ¥¢ ï § ¤ ç  (51)-(53) à¥è « áìª®­¥ç­®-à §­®áâ­ë¬ ¬¥â®¤®¬. �¥§ã«ìâ âë à á-ç¥â®¢ ã¯àã£®© ¤¥ä®à¬ æ¨¨ @u=@z ¨ ¢®§¬ãé¥­­®-£® ¬ £­¨â­®£® ¯®«ï H ¢ § ¢¨á¨¬®áâ¨ ®â à ááâ®-ï­¨ï ®â ¯®¢¥àå­®áâ¨ ¯®«ã¯à®áâà ­áâ¢  z ®¡­ àã-¦¨¢ îâ, çâ®  ªâ¨¢­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ¯à¨¢®¤¨â ªá¨«ì­®¬ã ¨áª ¦¥­¨î ­ ç «ì­®£® ¨¬¯ã«ìá  ¨ ¬ £-­¨â­®£® ¯®«ï.3. ��������� ��� - ������ ���������áá«¥¤®¢ ­¨¥ § ¤ ç ¤¨äà ªæ¨¨ ¢®«­ ­  ¯à¥¯ïâ-áâ¢¨ïå ¢ á«ãç ïå í«¥ªâà®¯à®¢®¤ïé¨å áà¥¤ ¢ ¬ £-­¨â­®¬ ¯®«¥ ¢¯¥à¢ë¥ ¯à®¢®¤¨«®áì ¢ [13], £¤¥ à á-á¬®âà¥­ á«ãç © ¤¨äà ªæ¨¨ æ¨«¨­¤à¨ç¥áª¨å ¢®«­­  ¨¤¥ «ì­®¯à®¢®¤ïé¥¬ æ¨«¨­¤à¥. � ¤ «ì­¥©è¥¬§ ¤ ç¨ â ª®£® à®¤  à áá¬ âà¨¢ «¨áì ¤«ï ®¤­®à®¤-­ëå ¨ ­¥®¤­®à®¤­ëå ¢ª«îç¥­¨© â¨¯  ¦¨¤ª®£® ¨«¨ã¯àã£®£® í«¥ªâà®¯à®¢®¤ïé¥£® à áá¥¨¢ â¥«ï â¨¯ æ¨«¨­¤à  ¨«¨ áä¥àë.�«ï  ­ «¨§  ¢«¨ï­¨ï á¢ï§ ­­ëå ¬ £­¨â®ã¯àã-£¨å íää¥ªâ®¢ ­  ¯®¢¥¤¥­¨¥ ¤¨äà £¨à®¢ ­­ëå ¯®-«¥© §¤¥áì à áá¬ âà¨¢ ¥âáï § ¤ ç  ¤¨äà ªæ¨¨���- ¢®«­ ­  ¬ £­¨â®ã¯àã£®¬ æ¨«¨­¤à¥. �­¥è­ïï áà¥-¤  
e - ¦¨¤ª ï á« ¡®¯à®¢®¤ïé ï (¯®«¥ á ¨­¤¥ªá®¬\g\),   à áá¥¨¢ â¥«ì 
i - ã¯àã£¨© ®¤­®à®¤­ë© á« -¡®¯à®¢®¤ïé¨© (¡¥§ ¨­¤¥ªá ). � à áá¥¨¢ â¥«¥¬ á¢ï-§ ­  æ¨«¨­¤à¨ç¥áª ï á¨áâ¥¬  ª®®à¤¨­ â r; �; z, ­ à ááâ®ï­¨¨ d ®â ®á¨ à áá¥¨¢ â¥«ï r = 0 à á¯®«®-¦¥­ ¨§«ãç â¥«ì æ¨«¨­¤à¨ç¥áª¨å ¢®«­, á ª®â®àë¬á¢ï§ ­  á¨áâ¥¬  ª®®à¤¨­ â r1; �1; z1 (à¨á. 2).� â¥¬ â¨ç¥áª ï § ¤ ç  á®áâ®¨â ¢ ­ å®¦¤¥­¨¨¯®«¥¢ëå äã­ªæ¨© ª ª à¥è¥­¨© á¨áâ¥¬ ¤¨ää¥à¥­-æ¨ «ì­ëå ãà ¢­¥­¨©, § ¤ ­­ëå ¢ ®¡« áâïå 
e¨ 
i, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨ï¬ á®¯àï¦¥­¨ï ­ 

�¨á. 2. �§«ãç â¥«ì æ¨«¨­¤à¨ç¥áª¨å ¢®«­ ¨à áá¥¨¢ â¥«ì£à ­¨æ¥ à §¤¥« , ãá«®¢¨î à¥£ã«ïà­®áâ¨ ¯à¨ r = 0¨ ãá«®¢¨ï¬ ¨§«ãç¥­¨ï.�®áâ ­®¢ª  § ¤ ç¨ ¯à¥¤áâ ¢«ï¥âáï ¢ á«¥¤ãîé¥¬¢¨¤¥:¤¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢­¥­¨ï¢ 
e :�g0 @~vg@t + ~r�g = RgmP gH(~vg � ~H0)� ~H0;@�g@t + �g ~r � ~vg = 0; @pg@t = (cg0)2 @�g@t ;~r�~hg = ~vg � ~H0; ~r� ~eg = �@~hg@t ;~r �~hg = 0; ~r � ~eg = 0; (54)¢ 
i: r2~u+ (1 + �=G)~r(~r � ~u) = @2~u@t2 ��RmPH(@~u@t � ~H0)� ~H0; (55)~r�~h = @~u@t � ~H0; ~r� ~e = �@~h@t ;~r �~h = 0; ~r � ~e = 0; (56)ãá«®¢¨ï á®¯àï¦¥­¨ï ­  ¯®¢¥àå­®áâ¨ à §¤¥« ¦¨¤ª®© ¨ ã¯àã£®© áà¥¤ (r = 1)~n � (Rgm~hg �Rm~h) = 0; ~n � (Rm~eg � Rm~e) = 0;~n � (Rm~hg �Rm~h) = 0; ~n � (Rm~eg � Rm~e) = 0;~n � (~vg � @~u@t ) = 0;ni[(�P g�ik � �ik) + (tgik � tik)] = 0; (57)�. �. �¥«¥§®¢ 109



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 99 { 118£¤¥ �ik = (ui;k + uk;i) + (�=G)un;n�ik;tik = RmPH (H0ihk +H0khi � �ikH0qhq);ãá«®¢¨ï ¨§«ãç¥­¨ï ¢ 
e ¨ à¥£ã«ïà­®áâ¨ ¤«ï ª -¦¤®© ¨áª®¬®© äã­ªæ¨¨ f(r; �; t) ¢ 
ilimr!0 jf(r; �; t)j <1; (58)¨§«ãç ¥¬ ï ¢®«­ �i(r; �; t) = �0�(r � d)�(0)e�i!t: (59)� ãç¥â®¬ ¯à¥¤áâ ¢«¥­¨ï (59) á¨áâ¥¬  ãà ¢­¥­¨©(54) ¢ æ¨«¨­¤à¨ç¥áª®© á¨áâ¥¬¥ ª®®à¤¨­ â ¯à¨­¨-¬ ¥â ¢¨¤ i!�0vgr = cg0 @�g@r +RgmP gHvgr ;i!�0vg� = cg0 1r @��@� + RgmP gHvg� ;�i!�g + � + 1r � @@r (vgr r) + @vgr@� � = 0;@hgz@r = vgr ; 1r � @@r (hg�r)� @hgr@� � = 0;1r @hgz@� = vg� ; 1r � @@r (hgrr) + @hgr@� � = 0;1r � @@r (egrr) + @egr@� � = 0; 1r @egz@� = i!hgr ;@egz@r = i!hg� ; 1r � @@r (eg�r) + @egr@� � = i!hgz : (60)�à ¢­¥­¨¥ (55) ¯®á«¥ ¯®¤áâ ­®¢ª¨ ~u = ~r'+ ~r�~a; ~r � ~a = 0 ¯à¥®¡à §ã¥âáï ª ¢¨¤ã(2 + �=G)r2'+ (!2 + i!RmPH)' = 0;r2 + (!2 + i!RmPH) = 0; ~a =  ~ez : (61)�à ¢­¥­¨ï á¨áâ¥¬ë (56) ¯à¨¢®¤ïâáï ª ¢¨¤ã,  ­ «®-£¨ç­®¬ã (60), ­¥®¡å®¤¨¬® â®«ìª® ®¯ãáâ¨âì ¨­¤¥ªá� g � ¨ § ¬¥­¨âì vgr ; vg� ­  �i � !(ur; u�):�à ¢­¥­¨ï (60) ¯à¨¢®¤ïâáï ª à §à¥è îé¨¬ ¨ ¨åà¥è¥­¨ï § ¯¨áë¢ îâáï ¢ æ¨«¨­¤à¨ç¥áª¨å äã­ªæ¨-ïå. � ¤ ç  ¨§«ãç¥­¨ï à¥è ¥âáï ¢ á¨áâ¥¬¥ ª®®à¤¨-­ â r1; �1; z1,   § â¥¬ ¯® â¥®à¥¬¥ á«®¦¥­¨ï ¤«ï æ¨-«¨­¤à¨ç¥áª¨å äã­ªæ¨© ¯¥à¥áâà ¨¢ ¥âáï ¢ á¨áâ¥¬ãª®®à¤¨­ â r; �; z. �ª®­ç â¥«ì­ë¥ à¥è¥­¨ï § ¯¨áë-¢ îâáï ¢ ¢¨¤¥ �g = 1Xm=0K1 cosm�;

! > 0; Re� > 0; Im� > 0;vgr = i!�0� 1Xm=0K2 cosm�;vg� = i!�0�2 1Xm=0K1mr cosm�;hgz = � i!�0�2 1Xm=0K1 cosm�; (62)£¤¥ K1 = "mJm(�r)H(1)m (�d) +CmH(1)m (�r);K2 = "mJm̀(�r)H(1)m (�d) +CmH(1)`m (�r):�§ á¨áâ¥¬ë í«¥ªâà®¬ £­¨â­ëå ãà ¢­¥­¨©, ¢å®¤ï-é¨å ¢ (60), ­ å®¤¨¬ ç áâ­®¥ à¥è¥­¨¥ ¤«ï eg�:¯à¨ m > 0eg� = � i!2 1Xm=1 "bm(m � 2)m(m � 1) r1�m + 1 + @K3@r� # cosm�;(63)£¤¥K3 = r(2Jm�1(�r)H(1)m (�d) +CmH(1)m�1(�r));¯à¨ m = 0eg� = i!� [J1(�r)H(1)0 (�d) + C0H(1)1 (�r)]: (64)�¥è¥­¨ï ãà ¢­¥­¨© (61) á ãç¥â®¬ ãá«®¢¨ï à¥£ã«ïà-­®áâ¨ (58) ¯à¥¤áâ ¢«ïîâáï á«¥¤ãîé¨¬ ®¡à §®¬:' = 1Xm=0AmJm(k1r) cosm�; = 1Xm=0BmJm(k2r) sinm�;k21 = !2 + i!RmPH2 + �G ; k22 = !2 + i!RmPH : (65)�¥è¥­¨¥ ¤«ï e� áâà®¨âáï  ­ «®£¨ç­® (63) ¨ (64) ¨§¤¥áì ­¥ ¯à¨¢®¤¨âáï. �®íää¨æ¨¥­âë Am; Bm; Cm,¢å®¤ïé¨¥ ¢ ¯à¨¢¥¤¥­­ë¥ ¢ëè¥ ä®à¬ã«ë, ¨¬¥îâ¢¨¤ (¨­¤¥ªáë ¢ äã­ªæ¨ïå � ­ª¥«ï ®¯ãé¥­ë)Am = "c20F2(k2)[Jm(�)Hm̀� � Jm̀(�)Hm(�)]Hm̀(�)Z1m + c20�o�Hm(�)Z2m Hm(�d);Bm = �"c20F1(k2)[Jm(�)Hm̀� � Jm̀(�)Hm(�)]Hm̀(�)Z1m + c20�o�Hm(�)Z2m Hm(�d);Cm = �" Jm̀(�) + c20�o�Jm(�)ZmHm̀(�) + c20�o�Hm(�)ZmHm(�d); (66)110 �. �. �¥«¥§®¢



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 99 { 118£¤¥ F1(x) = 2m[xJm̀(x)� Jm(x)];F2(x) = x2[Jm(x) + 2J\m(x)];F3(x) = x3[J\m(x)� (�=G)Jm(x)];Zm̀ = F1(k1)F1(k2)� F2(k2)F3(k1);Z2m = F1(k1)mJm(k2)� k1Jm̀(k1)F2(k2);Zm = Z2m=Zm̀:�à®¢¥¤¥­¨¥ à áç¥â®¢ ­  ®á­®¢¥ ¯®«ãç¥­­ëå à¥-è¥­¨© (62) { (65) ¯à¥¤áâ ¢«ï¥â âàã¤­®áâ¨ ¨§-§ £à®¬®§¤ª®áâ¨ ª®íää¨æ¨¥­â®¢ Am; Bm ¨ Cm. �¤-­ ª® ¢ á«ãç ¥ ¤«¨­­®¢®«­®¢®£® ¯à¨¡«¨¦¥­¨ï íâ¨¢¥«¨ç¨­ë ã¯à®é îâáï ¨ ¬®¦­® ®£à ­¨ç¨âìáï ­¥-áª®«ìª¨¬¨ ç«¥­ ¬¨ ¢ à §«®¦¥­¨ïå ¨ ®æ¥­¨âì ¯®-£à¥è­®áâì ãá¥ç¥­¨ï àï¤®¢. � ¯à¨¬¥à, ¯à¨ ãá¥ç¥-­¨¨ àï¤®¢ ¤® � ç«¥­  ¬®¦­® ®æ¥­¨âì àï¤, áã¬¬¨àã-¥¬ë© ®â �+1 ¤®1. � «ì­¥©è¥¥ ã¯à®é¥­¨¥ ¤®áâ¨-£ ¥âáï ¢ á«ãç ¥, ¥á«¨ à áá¬ âà¨¢ âì ¯®«¥ ¢ ¤ «ì-­¥© §®­¥. �à¨ ãª § ­­ëå ¯à¥¤¯®«®¦¥­¨ïå ¡ë«¨à ááç¨â ­ë  ¬¯«¨âã¤ë ®¡à â­®£® à áá¥ï­¨ï ¤«ïã¯àã£®£® ¢ª«îç¥­¨ï â¨¯  ¢¨á¬ãâ ¨ ¦¨¤ª®© áà¥-¤ë á í«¥ªâà®¯à®¢®¤­®áâìî â ª®£® ¦¥ ¯®àï¤ª . �¥-§ã«ìâ âë à áç¥â®¢, ¯à®¢¥¤¥­­ëå �.�. �ª®¢«¥¢ë¬,¯à¥¤áâ ¢«¥­ë ­  à¨á. 3, £¤¥ á¯«®è­ ï ªà¨¢ ï á®-®â¢¥âáâ¢ã¥â á«ãç î RgmP gH = 0; 01; RmPH = 0;  èâà¨å®¢ ï -  ¡á®«îâ­® ¦¥áâª®¬ã ¨¤¥ «ì­®¯à®¢®-¤ïé¥¬ã æ¨«¨­¤àã (à¥è¥­¨¥ (13)).
�¨á. 3. �¬¯«¨âã¤  ®¡à â­®£® à áá¥ï­¨ï. �¯«®è­ ïªà¨¢ ï: 1 - ¯à¨ RgmP gH = 0 (¡¥§ ¬ £­¨â­®£® ¯®«ï), 2 -¯à¨ RgmP gH = 0; 02. �âà¨å®¢ ï ªà¨¢ ï - ¤«ï ¡á®«îâ­® ¦¥áâª®£® ¨¤¥ «ì­®¯à®¢®¤ïé¥£® æ¨«¨­¤à (à¥è¥­¨¥ [13])�¥§ã«ìâ âë à áç¥â®¢ ¯®¤â¢¥à¦¤ îâ ¢ë¢®¤ë,áä®à¬ã«¨à®¢ ­­ë¥ à ­¥¥ ® ¢«¨ï­¨¨ ��� - íää¥ª-â®¢ ­  ¤¨äà £¨à®¢ ­­ë¥ ¯®«ï: ®¡à â­®¥ à áá¥ï-­¨¥ å à ªâ¥à¨§ã¥âáï ­ à áâ îé¨¬¨ ®áæ¨««ïæ¨ï-¬¨ á ã¢¥«¨ç¥­¨¥¬ ç áâ®âë ¯ ¤ îé¥£® ¯®«ï; á¬¥-

é¥­¨¥¬ íªáâà¥¬ã¬®¢ (à¥§®­ ­á®¢) ¢ ªà¨¢ëå § ¢¨-á¨¬®áâ¨ ¯®«­®£® ¯®¯¥à¥ç­®£® á¥ç¥­¨ï à áá¥ï­¨ï®â ç áâ®âë ¯ ¤ îé¥£® ¯®«ï; ã¬¥­ìè¥­¨¥¬  ¬¯«¨-âã¤ ¨ á£« ¦¨¢ ­¨¥¬ «®ª «ì­ëå à¥§®­ ­á®¢.4. ��������������� �������������� � ����������� �������� ������� áá¬ âà¨¢ ¥âáï § ¤ ç  à á¯à®áâà ­¥­¨ï ¨¬-¯ã«ìá  ¢ ªãá®ç­®-¯®áâ®ï­­®¬ á®áã¤¥, á®áâ®ïé¥¬¨§ ¤¢ãå ¨¤¥ «ì­® áª«¥¥­­ëå á®áã¤®¢ à §«¨ç­ëåâ®«é¨­ ¨ à ¤¨ãá®¢ (à¨á. 4,a). �  à¨á. 4,b ¨ c ¯®ª § ­ë â ª¦¥ ¨§£¨¡­ë¥, â®«é¨­­®-á¤¢¨£®¢ë¥ ¨ æ¥¯­ë¥ ­ ¯àï¦¥­¨ï. �¥®¡å®¤¨¬®®â¬¥â¨âì, çâ® ¨§£¨¡ îé¨© ¬®¬¥­â Mx(x; t) =R a+h=2a�h=2 �xx(r; x; t)rdr ¯à®¯®àæ¨®­ «¥­ h3. �¤¢¨£ -îé ï á¨« Qx(x; t) = Z a+h=2a�h=2 �rx(r; x; t)dr¯à®¯®àæ¨®­ «ì­  h, ®ªàã¦­ë¥ ­ ¯àï¦¥­¨ï à ¢­®-¬¥à­® à á¯à¥¤¥«¥­ë ¯® â®«é¨­¥ h. �à ¤¨æ¨®­­ ï¬®¤¥«ì ãç¨âë¢ ¥â â®«ìª® ®ªàã¦­®¥ ãá¨«¨¥, ª®â®-à®¥ ï¢«ï¥âáï ¤®¬¨­¨àãîé¨¬ ¢ ®¤­®à®¤­®¬ á®áã¤¥.�á¥á¨¬¬¥âà¨ç­ë¥ ¤¢¨¦¥­¨ï ®¡®«®ç¥ª ®¯¨áë¢ -îâáï ãà ¢­¥­¨ï¬¨ â¥®à¨¨ ®¡®«®ç¥ª �¨àå£®ää  -�ï¢ , ¤¢¨¦¥­¨¥ ªà®¢¨ { ®áà¥¤­¥­­ë¬¨ ¯® ¯®¯¥-à¥ç­®¬ã á¥ç¥­¨î äã­ªæ¨ï¬¨ [22], á¦¨¬ ¥¬®áâì¦¨¤ª®áâ¨ ­¥ ãç¨âë¢ ¥âáï ¢ á¢ï§¨ á ¯¥à¨áâ «ìâ¨-ç¥áª¨¬¨ ¤¥ä®à¬ æ¨ï¬¨, ¢ï§ª®áâì ­¥ ¯à®ï¢«ï¥âáï§ ¬¥â­® ¢ ª®à®âª®¢à¥¬¥­­®¬ ¨­â¥à¢ «¥ ¯à®å®¦¤¥-­¨ï áâëª  ¯ã«ìá®¢®© ¢®«­®©.� ¤ ç  ®¯¨áë¢ ¥âáï á¨áâ¥¬®© ¤¨ää¥à¥­æ¨ «ì-­ëå ãà ¢­¥­¨© ¯à¨ á®®â¢¥âáâ¢ãîé¨å ãá«®¢¨ïå á®-¯àï¦¥­¨ï ¨ ­ ç «ì­ëå ãá«®¢¨ïå¢ 
h̀: �21 @4w0h@x4 +w0h + @2w0h@t2 = p0hi ; (67)@2w0h@t2 = (1� 0:5�h)2 �h�f �h @2p̂0h@x2 ;p0hi = p̂0h � 18(1� 0:5�h)2 @2p̂0h@x2 ;@u0h@t = ��h�f @p̂0h@x ; (68)¢ 
h: �21 @4wh@x4 + wh + @2wh@t2 = phi ; (69)�. �. �¥«¥§®¢ 111
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�¨á. 4. �®áã¤, ¤¥ä®à¬¨à®¢ ­­ë© ¯ã«ìá®¢®© ¢®«­®©(a). �§£¨¡­ë¥ ¨ á¤¢¨£®¢ë¥ ­ ¯àï¦¥­¨ï ¢¤¥ä®à¬¨à®¢ ­­®© áâ¥­ª¥ á®áã¤ (b). �ªàã¦­ë¥(æ¥¯­ë¥) ­ ¯àï¦¥­¨ï ��� (c)@2wh@t2 = (1� 0:5�h)2 �h�f �h @2p̂h@x2 ;phi = p̂h � 18(1� 0:5�h)2 @2p̂h@x2 ;@uh@t = ��h�f @p̂h@x ; (70)¢ 
d: �21 �hdhh�2 @4wd@x4 +�aohaod�2wd++�d�h EhEd @2wd@t2 = hhhd EhEd pdi ; (71)@2wd@t2 = 12 �ad0a0h � 0:5hdhh �h� �h�f �h @2p̂d@x2 ;pdi = p̂d � 18 �ad0a0h � 0:5hdhh �h�2 @2p̂d@x2 ;@ud@t = ��h�f @p̂d@x : (72)

�á«®¢¨ï á®¯àï¦¥­¨ï ­  ¯®¢¥àå­®áâ¨ à §¤¥«  x =�x1 p̂0h + f(t) = p̂h;u0h = uh;w0h = wh;@w0h@x = @wh@x ;@2w0h@x2 = @2wh@x2 ;@3w0h@x3 = @3wh@x3 (73)¨ ­  ¯®¢¥àå­®áâ¨ à §¤¥«  x = 0p̂d = p̂h;ud = uh;wd + a0da0h = wh + 1;@wd@x = @wh@x ;EdEh �hdhh�3 @2wd@x2 = @2wh@x2 ;EdEh �hdhh�3 @3wd@x3 = @3wh@x3 : (74)� ¦¤ ï ¨áª®¬ ï äã­ªæ¨ï s(x; t) ¤®«¦­  ã¤®¢«¥-â¢®àïâì ãá«®¢¨ï¬ à¥£ã«ïà­®áâ¨��s(x; t)��! 0; ¯à¨ jxj ! 1 (75)¨ ­ ç «ì­ë¬ ãá«®¢¨ï¬s(x; t)��t=0 = 0 ; @s(x; t)=@t��t=0 = 0: (76)� ¢ëà ¦¥­¨ïå (67) - (76) ¢¢¥¤¥­ë ¡¥§à §¬¥à­ë¥¢¥«¨ç¨­ë ¯® ä®à¬ã« ¬ (§¢¥§¤®çª¨ ®¯ãé¥­ë)(x�; r�; w�) = (x; r; w)=aoh; t� = t 1aohsEh�h ;(u�h; u�d) = (uh; ud) 1�hr �hEh ;�ph�i ; pd�i ; p̂�h; p̂�d; f�� = �phi ; pdi ; p̂h; p̂d; f� =�hEh;�h = hhah ; �21 = �2h12(1� �2) ; aodaoh ; hdhh ; �d�h ; EdEh :a� = 1 ¨ ��f = 1 . � (67) { (74) w - à ¤¨ «ì­®¥ ¯¥à¥-¬¥é¥­¨¥, p - ¤ ¢«¥­¨¥, u - ¯à®¤®«ì­ ï áª®à®áâì, �21112 �. �. �¥«¥§®¢



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 99 { 118- ¡¥§à §¬¥à­ ï ¨§£¨¡­ ï ¦¥áâª®áâì D = Eh312(1��2) ,®áâ «ì­ë¥ ®¡®§­ ç¥­¨ï ¯à¨¢¥¤¥­ë ­  à¨á. 4.�«ï à¥è¥­¨ï § ¤ ç¨ ¯à¨¬¥­ï¥âáï ¨­â¥£à «ì­®¥¯à¥®¡à §®¢ ­¨¥ � ¯« á  á ¯®á«¥¤ãîé¨¬ ç¨á«¥­-­ë¬ ®¡à é¥­¨¥¬. �à¥®¡à §®¢ ­¨¥ � ¯« á  ¤«ïª ¦¤®© äã­ªæ¨¨ s(x; t) ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã« ¬S(x; � ) = Z 10 s(x; t)e��tdt ; (77)s(x; t) = 12�i Z �+i1���i1 S(x; � )e�td� : (78)�ç¨âë¢ ï ­ ç «ì­ë¥ ãá«®¢¨ï (76), ãà ¢­¥­¨ï(67) - (72) ¨ ãá«®¢¨ï á®¯àï¦¥­¨ï (73) - (74) ¯®-á«¥ ¯à¨¬¥­¥­¨ï (77) § ¯¨áë¢ îâáï ¢ ¯à®áâà ­áâ¢¥� ¯« á®¢ëå ¨§®¡à ¦¥­¨©. �§ ¢â®àëå ãà ¢­¥­¨©,§ ¯¨á ­­ëå ¤«ï ª ¦¤®© ®¡« áâ¨, ¯®«ãç ¥¬ ¢ëà -¦¥­¨ï ¤«ï à ¤¨ «ì­®£® ¯¥à¥¬¥é¥­¨ïW 0h = 12�2 (1� 0:5�h)�h�f �h d2P̂ 0hdx2 ;Wh = 12�2 (1� 0:5�h)�h�f �h d2P̂hdx2 ;Wd = 12�2 (a0da0h � 0:5hdhh �h)�h�f �h d2P̂ddx2 : (79)�®á«¥ ¯®¤áâ ­®¢ª¨ ¢ëà ¦¥­¨© (79) ¢ ãà ¢­¥­¨ï ¢(67), (69), (71) ¨ ­¥ª®â®àëå ¯à¥®¡à §®¢ ­¨© ¯à¨-å®¤¨¬ ª á¨áâ¥¬¥ ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì-­ëå ãà ¢­¥­¨© è¥áâ®£® ¯®àï¤ª  ¤«ï P̂ 0h, P̂h ¨ P̂d:d6P̂ 0hdx6 + a1d2P̂ 0hdx2 + a2P̂ 0h = 0;d6P̂hdx6 + a1d2P̂hdx2 + a2P̂h = 0;d6P̂ddx6 + b1 d2P̂ddx2 + b2P̂d = 0; (80)£¤¥ a1 = (1 + �2)�h �h�f + 14 (1� 0:5�h)�21�h �h�f ;a2 = � 2�2(1� 0:5�h)�21�h �h�f ;b1 = d1 + �24 �a0da0h � 0:5 hdhh �h��21�h EdEh � hdhh �3 �h�f ;b2 = � 2�2� a0da0h � 0:5 hdhh �h� �21�h EdEh � hdhh� �h�f ;d1 =  EdEh hdhh �a0ha0d�2 + �d�f �f�h hdhh �2! �h �h�f :(81)

�®®â¢¥âáâ¢ãîé¥¥ å à ªâ¥à¨áâ¨ç¥áª®¥ ãà ¢­¥­¨¥{ ¡¨ªã¡¨ç¥áª®¥, ¨ ¥£® ª®à­¨ ¬®£ãâ ¡ëâì ­ ©¤¥­ë¯® ä®à¬ã« ¬� à¤ ­®. �­ «¨§ ®¡­ àã¦¨¢ ¥â, çâ®¨¬¥¥âáï ¯ à  ¤¥©áâ¢¨â¥«ì­ëå ª®à­¥© à §«¨ç­ëå§­ ª®¢ ¨ ¤¢¥ ¯ àë ª®¬¯«¥ªá­®-á®¯àï¦¥­­ëå ª®à-­¥©. �®à­¨, á®®â¢¥âáâ¢ãîé¨¥ ¯¥à¢ë¬ ¤¢ã¬ ãà ¢-­¥­¨ï¬ á¨áâ¥¬ë (80), ®¡®§­ ç¨¬ á«¥¤ãîé¨¬ ®¡à -§®¬: �l1, �l2, �l3,   á®®â¢¥âáâ¢ãîé¨© âà¥âì¥¬ããà ¢­¥­¨î { �g1;�g2;�g3, £¤¥ l1 ¨ g1 ¡®«ìè¥ ­ã-«ï,   li ¨ gi ¯à¨ i = 2,3 ¨¬¥îâ ¯®«®¦¨â¥«ì­ë¥¤¥©áâ¢¨â¥«ì­ë¥ ç áâ¨.� á®®â¢¥âáâ¢¨¨ á íâ¨¬  ­ «¨§®¬ ¨, ãç¨âë¢ ïãá«®¢¨ï à¥£ã«ïà­®áâ¨ (75), à¥è¥­¨¥ ãà ¢­¥­¨©(80) ¬®£ãâ ¡ëâì ¯à¥¤áâ ¢«¥­ë á«¥¤ãîé¨¬ ®¡à -§®¬: P̂ 0h = C10(� )el1x +C11(� )el2x + C12(� )el3x;P̂h = C4(� )el1x + C5(� )el2x +C6(� )el3x++C7(� )e�l1x +C8(� )e�l2x +C9(� )e�l3x;P̂d = C1(� )e�g1x + C2(� )e�g2x +C3(� )e�g3x: (82)�  ®á­®¢¥ ãà ¢­¥­¨© (82) ¨ ¢ëà ¦¥­¨© ¤«ïM ¨ Q,¯¥à¥¬¥é¥­¨ï, ¨§£¨¡ îé¨¥ ¬®¬¥­âë ¨ á¤¢¨£ îé¨¥á¨«ë § ¯¨áë¢ îâáï ¢ ¢¨¤¥W 0h = 1� 0:5�h2�2 �h�f �h �C10(� )l21el1x++C11(� )l22el2x + C12(� )l23el3x� ;Wh = 1� 0:5�h2�2 �h�f �h(C4(� )l21el1x++C5(� )l22el2x + C6(� )l23el3x++C7(� )l21e�l1x + C8(� )l22e�l2x + C9(� )l23e�l3x);Wd = a0da0h � 0:5 hdhh �h2�2 �h�f �h �C1(� )g21e�g1x++C2(� )g22e�g2x + C3(� )g23e�g3x� ;M 0h = 1� 0:5�h2�2 �h�f �h �C10(� )l41el1x++C11(� )l42el2x + C12(� )l43el3x� ;Mh = 1� 0:5�h2�2 �h�f �h(C4(� )l41el1x++C5(� )l42el2x + C6(� )l43el3x++C7(� )l41e�l1x + C8(� )l42e�l2x + C9(� )l43e�l3x);Md = EdEh �hdhh�3 a0da0h � 0:5 hdhh �h2�2 �h�f �h(C1(� )g41e�g1x++C2(� )g42e�g2x +C3(� )g43e�g3x);�. �. �¥«¥§®¢ 113



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 99 { 118Q0h = 1� 0:5�h2�2 �h�f �h(C10(� )l51el1x++C11(� )l52el2x +C12(� )l53el3x);Qh = 1� 0:5�h2�2 �h�f �h(C4(� )l51el1x++C5(� )l52el2x +C6(� )l53el3x��C7(� )l51e�l1x �C8(� )l52e�l2x � C9(� )l53e�l3x);Qd = EdEh �hdhh�3 a0da0h � 0:5 hdhh �h2�2 �h�f �h(�C1(� )g51e�g1x��C2(� )g52e�g2x �C3(� )g53e�g3x); (83)�®¤áâ ¢«ïï à¥è¥­¨ï (82), (83) ¢ ¯à¥®¡à §®¢ ­­ë¥¯® � ¯« áã ãá«®¢¨ï á®¯àï¦¥­¨ï (73) ¨ (74), ¯®-«ãç ¥¬ á¨áâ¥¬ã 12  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨© ¤«ï®¯à¥¤¥«¥­¨ï ­¥¨§¢¥áâ­ëå ª®íää¨æ¨¥­â®¢ Ci(� )(i = 1; 12).�«ï à¥è¥­¨ï íâ®© § ¤ ç¨ ¡ë«  à §¢¨â  ª®¬¯ìî-â¥à­ ï ¯à®£à ¬¬ , ª®â®à ï ¢ª«îç ¥â ®¯à¥¤¥«¥­¨¥ª®íää¨æ¨¥­â®¢ ¨§ á¨áâ¥¬ë ãà ¢­¥­¨©, ¨å ¯®¤áâ -­®¢ªã ¢ (83) ¨  «£®à¨â¬ ç¨á«¥­­®£® ®¡à é¥­¨ï¯à¥®¡à §®¢ ­¨ï � ¯« á , ®á­®¢ ­­ë© ­  ¯à¥¤áâ -¢«¥­¨¨ à¥è¥­¨© à §«®¦¥­¨ï¬¨ ¯® ®àâ®£®­ «ì­ë¬á¨­ãá ¬ ç¥â­ëå ¤ã£. �¥§ã«ìâ âë à áç¥â®¢, ¯à®-¢¥¤¥­­ëå �.�. �¢à ¬¥­ª®, ¯à¥¤áâ ¢«¥­ë ­  à¨á. 5¨ 6.�¨á«¥­­ë¥ à áç¥âë ¯à®¢®¤¨«¨áì ¤«ï ¡¥§à §¬¥à-­®£® ¨¬¯ã«ìá  ¤ ¢«¥­¨ï ¢¨¤  f(t) = 0:5At2e��t.� à ¬¥âàë íâ®© äã­ªæ¨¨ f(t),  ¯¯à®ªá¨¬¨àãî-é¥© à¥ «ì­ë© á¥à¤¥ç­ë© ¯ã«ìá, ¢ë¡¨à «¨áì â -ª¨¬ ®¡à §®¬, çâ®¡ë ¥¥ ¬ ªá¨¬ã¬ á®®â¢¥âáâ¢®¢ «á¨áâ®«¨ç¥áª®¬ã ¤ ¢«¥­¨î 5 � 103 �/¬2; ¢ â® ¢à¥-¬ï ª ª ¯®«­ ï ¤«¨â¥«ì­®áâì ¯ã«ìá  [0; t1] á®®â¢¥â-áâ¢®¢ «  1 á,   ¯®«®¦¥­¨¥ ¬ ªá¨¬ã¬  ¡ë«® ­  1=3®â ­ ç « . �¥«¨ç¨­  0.5A { ­®à¬¨àãîé¨© ¬­®¦¨-â¥«ì (­¥  ¬¯«¨âã¤ ),    ¬¯«¨âã¤  Am ®¯à¥¤¥«ï¥â-áï ª ª ¬ ªá¨¬ã¬ äã­ªæ¨¨ f(t): �¥«¨ç¨­  0.5A á®-®â¢¥âáâ¢ã¥â ã¤¢®¥­­®©  ¬¯«¨âã¤¥ 2Am. �ëè¥ãª -§ ­­ë¥ ¯ à ¬¥âàë à¥ «¨§ãîâáï ¯à¨ A = 4:5 �10�6�/¬2 � á2, � = 3 � 103 1=á.� á¥ç¥­¨¨ x = �x1 ¯à¨ª« ¤ë¢ ¥âáï ¢å®¤­®© ¨¬-¯ã«ìá á ¤¢®©­®©  ¬¯«¨âã¤®©. � ç¨­ ï ®â t = 0;íâ®â ¨¬¯ã«ìá à §¤¥«ï¥âáï ­  ¤¢  ¨¬¯ã«ìá : ®¤¨­á  ¬¯«¨âã¤®© Am à á¯à®áâà ­ï¥âáï ¢«¥¢® (íâ ç áâì á®áã¤  ­¥ ¯à¥¤áâ ¢«ï¥â ¨­â¥à¥á ), ¢â®à ïç áâì â ª¦¥ á  ¬¯«¨âã¤®© Am à á¯à®áâà ­ï¥âáï¢¯à ¢® (íâ® ¥áâì à¥ «ì­ë© ¨¬¯ã«ìá á¥à¤¥ç­®£® ¤ -¢«¥­¨ï, ­ ¡¥£ îé¨© ­  áâëª). �«ï ¯ à ¬¥âà®¢ ­ -è¥© ¬®¤¥«¨ áª®à®áâì à á¯à®áâà ­¥­¨ï á¥à¤¥ç­®£®¨¬¯ã«ìá  ¯à¨¡«¨§¨â¥«ì­® à ¢­  3.5 ¬/á. �¨á. 5. � á¯à¥¤¥«¥­¨¥ ¤ ¢«¥­¨ï, ¨§£¨¡ îé¥£®¬®¬¥­â  ¨ á¤¢¨£ îé¥£® ãá¨«¨ï ¢¤®«ì ã¯àã£®£®®¤­®à®¤­®£® ªà®¢¥­®á­®£® á®áã¤ , ¤«ï ¢¥«¨ç¨­¡¥§à §¬¥à­ëå ¯ à ¬¥âà®¢ � = hh=ah = 0:1; ¨�h=�f = �d=�f = 1:1; Ed=Eh = 1:0; hd=hh = 1:0 ¨ad=ah = 1:0 ¢ ®ªà¥áâ­®áâ¨ áâëª  �352 � x � 352 ¤«ït = 2500; 3000 (èâà¨å®¢ ï, á¯«®è­ ï)114 �. �. �¥«¥§®¢
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�¨á. 6. � á¯à¥¤¥«¥­¨¥ ¨§£¨¡ îé¥£® ¬®¬¥­â  ¨á¤¢¨£ îé¥£® ãá¨«¨ï ¢¤®«ì ã¯àã£®£®ªãá®ç­®-¯®áâ®ï­­®£® ªà®¢¥­®á­®£® á®áã¤ , ¤«ï¢¥«¨ç¨­ ¡¥§à §¬¥à­ëå ¯ à ¬¥âà®¢: � = hh=ah = 0:1;�h=�f = �d=�f = 1:1; Ed=Eh = 1:0; ad=ah = 0:9(èâà¨å®¢ ï), 1:1 (á¯«®è­ ï) ¤«ï ®¤¨­ ª®¢ëå â®«é¨­hd=hh = 1:0 ¢ ®ªà¥áâ­®áâ¨ áâëª : �1:5 � x � 1:5 ¤«ïä¨ªá¨à®¢ ­­®£® t = 2500� ááâ®ï­¨¥ (�x1; 0) ®â áâëª  ¬®¦¥â ¡ëâì ¯à®-¨§¢®«ì­®, ­® à §ã¬­® ¯à¨¥¬«¥¬®, ¯®áª®«ìªã ¢å®¤-­®© ¨¬¯ã«ìá ¯à¥­¥¡à¥¦¨¬® ¬ «® ¨áª ¦ ¥âáï ¢ ®¤-­®à®¤­®© ç áâ¨ á®áã¤ , £¤¥ ¤¨á¯¥àá¨®­­ë¥ íää¥ª-âë ¬ «ë, çâ®¡ë ¨áª §¨âì ¨¬¯ã«ìá.�á¥ ¯à¥¤áâ ¢«¥­­ë¥ à áç¥âë ¯à®¢®¤¨«¨áì ¯à¨á«¥¤ãîé¨å £¥®¬¥âà¨ç¥áª¨å ¨ ä¨§¨ç¥áª¨å ¯ à -¬¥âà å: â®«é¨­  áâ¥­ª¨ h = 0:001 ¬, à ¤¨ãááà¥¤¨­­®© ¯®¢¥àå­®áâ¨ a = 0:01 ¬, ¬®¤ã«ì �­-£  E = 7 � 105 �/¬2, ª®íää¨æ¨¥­â �ã áá®­ � = 0:45, âà ­á¬ãà «ì­®¥ ¤ ¢«¥­¨¥ (á®®â¢¥âáâ¢ã-îé¥¥ ¯à¥¤¢ à¨â¥«ì­® ­ ¯àï¦¥­­®¬ã á®áâ®ï­¨î)pmaxsyst = 5000 �/¬2 = 37.5 ¬¬ àâ. áâ., ptm = 10000�/¬2 = 75 ¬¬ àâ. áâ. [2].�¬¯ã«ìá á¥à¤¥ç­®£® ¤ ¢«¥­¨ï, ¨­¨æ¨¨à®¢ ­­ë©¢ x = �x1, à á¯à®áâà ­ï¥âáï ¢¤®«ì ®¤­®à®¤­®£®

á®áã¤ , £¥­¥à¨àãï ¤¥ä®à¬ æ¨î, ª®â®à ï à á¯à®-áâà ­ï¥âáï ¢¤®«ì á®áã¤  ¢¬¥áâ¥ á ¨¬¯ã«ìá®¬ ¤ -¢«¥­¨ï. �â  ¤¥ä®à¬ æ¨ï á®áâ®¨â ¨§ ¤¢ãå ª®¬¯®-­¥­â: ®¤­  ¥áâì ®ªàã¦­ ï ¤¥ä®à¬ æ¨ï (¤®¬¨­¨àã-îé ï), ¤àã£ ï ¨§£¨¡­ ï + á¤¢¨£®¢ ï ¤¥ä®à¬ æ¨ï(¬ « ï ¢ ®¤­®à®¤­®¬ á®áã¤¥).�  à¨á. 4 ¯®ª § ­  ¤¥ä®à¬ æ¨ï á®áã¤ , ¯®à®-¦¤ ¥¬ ï ¨¬¯ã«ìá®¬ �xx,   â ª¦¥ á®®â¢¥âáâ¢ãî-é¨¥ ¨§£¨¡­ë¥ ­ ¯àï¦¥­¨ï �rx ¨ ®ªàã¦­ë¥ ­ ¯àï-¦¥­¨ï ���.� á¯à®áâà ­¥­¨¥ ¨¬¯ã«ìá  ¤ ¢«¥­¨ï p ¨ £¥­¥à¨-àã¥¬ë¥ íâ¨¬ ¨¬¯ã«ìá®¬ ¨§£¨¡ îé¨© ¬®¬¥­â m ¨á¤¢¨£ îé ï á¨«  q ¢ ¬®¬¥­â ¢à¥¬¥­¨ t1; t2; ¨§®-¡à ¦¥­® ­  à¨á. 5. �¥á¬®âàï ­  â®, çâ® ¨§£¨¡ î-é¨© ¬®¬¥­âm ¨ á¤¢¨£ îé ï á¨«  q ¨ á®®â¢¥âáâ¢ã-îé¨¥ ¨¬ ­ ¯àï¦¥­¨ï § ¬¥â­® ¨áª ¦ îâáï ¨§-§ ¤¨á¯¥àá¨®­­ëå íää¥ªâ®¢ (à¨á. 5,b,c), ¨¬¯ã«ìá ¤ -¢«¥­¨ï ¬¥¤«¥­­® ã¡ë¢ ¥â á à ááâ®ï­¨¥¬, ¯®áª®«ì-ªã ¨§£¨¡­ë¥ ¨ á¤¢¨£®¢ë¥ ­ ¯àï¦¥­¨ï ®ç¥­ì ¬ «ë,çâ®¡ë ¢«¨ïâì ­  ¤ ¢«¥­¨¥ (à¨á. 5,a). � â® ¦¥¢à¥¬ï, íªáâà¥¬ã¬ë á£« ¦¨¢ îâáï á ã¢¥«¨ç¥­¨¥¬¢à¥¬¥­¨. �®à¬  ªà®¢¥­®á­®£® á®áã¤  á« ¡® ¨§-¬¥­ï¥âáï ¯à®¯®àæ¨®­ «ì­® ¤ ¢«¥­¨î. �¥«¨ç¨­ëm(x) ¨ q(x) - ¯®àï¤ª  10�7 ¨ 10�8 á®®â¢¥âáâ¢¥­­®.�  à¨á. 6 ¯à¥¤áâ ¢«¥­ë à¥§ã«ìâ âë à áç¥â®¢ ¤«ïªãá®ç­®-¯®áâ®ï­­®£® á®áã¤ .�®£¤  ¨¬¯ã«ìá ¤®áâ¨£ ¥â ¬¥áâ  ¯®«®¦¥­¨ï  ­ -áâ®¬®§  á® áâëª®¬ á®áã¤®¢ à §­®© â®«é¨­ë ¨«¨à §­ëå à ¤¨ãá®¢, â®£¤  ¯®à®¦¤ îâáï ¡®«ìè¨¥ ¨§-£¨¡­ë¥ ¨ á¤¢¨£®¢ë¥ ­ ¯àï¦¥­¨ï ¢ á®¥¤¨­¥­¨¨.�â¨ ¤¨­ ¬¨ç¥áª¨¥ ­ ¯àï¦¥­¨ï ª®­æ¥­âà¨àãîâáï¢ ã§ª®© ®ªà¥áâ­®áâ¨ á®¥¤¨­¥­¨ï ¨ ¨å ¢¥«¨ç¨­ë ­ -¬­®£® ¡®«ìè¥ ¯® áà ¢­¥­¨î á® á«ãç ¥¬ ®¤­®à®¤­®-£® á®áã¤ . �§ ¯à®¢¥¤¥­­ëå à áç¥â®¢ ãáâ ­®¢«¥­®,çâ® ¢«¨ï­¨¥ à §­ëå â®«é¨­ § ¬¥â­® ¬¥­ìè¥, ç¥¬à §­ëå à ¤¨ãá®¢.�®¥¤¨­¥­¨¥ á®áã¤®¢ à §­ëå à ¤¨ãá®¢ ¯®à®¦¤ -¥â áâ â¨ç¥áª¨¥ ¨§£¨¡­ë¥ ¨ á¤¢¨£®¢ë¥ ­ ¯àï¦¥­¨ï,­ ¬­®£® ¡®«ìè¨¥ á® á«ãç ¥¬ ®¤­®à®¤­®£® á®áã¤ .�à®¬¥ â®£®, ª®£¤  ¨¬¯ã«ìá ¤®áâ¨£ ¥â á®¥¤¨­¥­¨ï,â®£¤  £¥­¥à¨àãîâáï â ª¦¥ ¡®«ìè¨¥ ¤¨­ ¬¨ç¥áª¨¥¨§£¨¡­ë¥ ¨ á¤¢¨£®¢ë¥ ­ ¯àï¦¥­¨ï. �ã¯¥à¯®§¨-æ¨ï íâ¨å áâ â¨ç¥áª¨å ¨ ¤¨­ ¬¨ç¥áª¨å ­ ¯àï¦¥-­¨© ¥áâì ¢¥«¨ç¨­  ­ ¬­®£® ¡®«ìè ï ¯® áà ¢­¥­¨îá ­ ¯àï¦¥­¨ï¬¨ ¢ ®¤­®à®¤­®¬ á®áã¤¥ ¨ á®áã¤¥ à §-­ëå â®«é¨­. �®«¥¥ â®£®, íâ¨ ­ ¯àï¦¥­¨ï ª®­æ¥­-âà¨àãîâáï ¢ ®ç¥­ì ã§ª®© ®ªà¥áâ­®áâ¨ áâëª .�­ «¨§ ªãá®ç­®-¯®áâ®ï­­®£® á®áã¤  ¯®ª §ë¢ -¥â, çâ® ¬ ªá¨¬ «ì­ë¥ ¢¥«¨ç¨­ë ¯¥à¥¬¥é¥­¨©, ¨§-£¨¡ îé¨å ¬®¬¥­â®¢ ¨ á¤¢¨£ îé¨å á¨« ¨¬¥îâ ¬¥-áâ® ¢ ã§ª®© ®ªà¥áâ­®áâ¨ áâëª : �1:5 � x � 1:5.�®®â¢¥âáâ¢ãîé¨¥ ¢¥«¨ç¨­ë m(x) ¨ q(x) ¯à¥¤áâ -¢«¥­ë ­  à¨á. 6 ¤«ï ¢¥«¨ç¨­ ¡¥§à §¬¥à­ëå ¯ -à ¬¥âà®¢ � = hh=ah = 0:1; �h=�f = �d=�f =�. �. �¥«¥§®¢ 115



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 4. �. 99 { 1181:1;Ed=Eh = 1:0.�«¨ï­¨¥ áâëª  ­  áà¥¤­¥¥ ¤ ¢«¥­¨¥ ¨ ¯ã«ìá®-¢®¥ ¤ ¢«¥­¨¥ ¯à¥­¥¡à¥¦¨¬® ¬ «® ¨ ¬®¦¥â ­¥ ãç¨-âë¢ âìáï. �«¨ï­¨¥ 10% à §­®áâ¨ ¬®¤ã«¥© â ª¦¥¯à¥­¥¡à¥¦¨¬®. �â¨ à áç¥âë §¤¥áì ­¥ ¯à¨¢®¤ïâáï.�¥§ã«ìâ âë à áç¥â®¢ ¯®«­ëå ­ ¯àï¦¥­¨©, ®¡ã-á«®¢«¥­­ëå pmaxsyst = 1:5 �104 �/¬2, ¤ îâ á«¥¤ãîé¨¥­ ¯àï¦¥­¨ï �maxxx , �rx á®®â¢¥âáâ¢¥­­®:23:1 � 10�3 ¨ 0:7 � 10�5 �/¬2 ¤«ï ®¤­®à®¤­®£®á®áã¤ ;147 �/¬2 28 �/¬2 ¤«ï á®áã¤®¢ à §­ëå â®«é¨­(10%);2520 �/¬2 560�/¬2 ¤«ï á®áã¤®¢ à §­ëå à ¤¨ã-á®¢ (10%).�® ¢á¥å ¯à¨¢¥¤¥­­ëå ¢ëè¥ á«ãç ïå ¤¨­ ¬¨ç¥-áª¨¥ ­ ¯àï¦¥­¨ï �max�� = 5000 �/¬2 ¨ âà ­á¬ã-à «ì­ë¥ (áâ â¨ç¥áª¨¥ ­ ¯àï¦¥­¨ï) �̂max�� = 10000�/¬2.�§£¨¡­ë¥ ­ ¯àï¦¥­¨ï, ¤¥©áâ¢ãîé¨¥ ¢ ¯à®¤®«ì-­®¬ ­ ¯à ¢«¥­¨¨, ¨¬¥îâ á¢®¨ ¬ ªá¨¬ «ì­ë¥ ¢¥«¨-ç¨­ë ­  ¢­¥è­¨å ¨ ¢­ãâà¥­­¨å ¢®«®ª­ å áâ¥­ª¨á®áã¤  (à¨á. 4,b), ¢ â® ¢à¥¬ï ª ª ®ªàã¦­ë¥ ­ -¯àï¦¥­¨ï à ¢­®¬¥à­® à á¯à¥¤¥«¥­ë ¯® â®«é¨­¥áâ¥­ª¨ (à¨á. 4,c). �à¨ íâ®¬ ®ªàã¦­ë¥ ­ ¯àï¦¥-­¨ï ®¡ãá«®¢«¥­ë ­¥ â®«ìª® ¯ã«ìá®¢ë¬ ¤ ¢«¥­¨¥¬,­® ¨ ­ ç «ì­ë¬ ¯®áâ®ï­­ë¬ âà ­á¬ãà «ì­ë¬ ¤ -¢«¥­¨¥¬, ¯®¤¤¥à¦¨¢ îé¨¬ á®áã¤ ¢ ¯à¥¤¢ à¨â¥«ì-­® ­ ¯àï¦¥­­®¬ á®áâ®ï­¨¨.�¥§ã«ìâ âë à áç¥â®¢, ç áâì ª®â®àëå ¯à¥¤áâ -¢«¥­  §¤¥áì, ¯®ª §ë¢ îâ, çâ® à §­®áâì à ¤¨ãá®¢á®áã¤®¢ ­  10% ¬®¦¥â ¯à¨¢®¤¨âì ª ã¢¥«¨ç¥­¨î ¨§-£¨¡ îé¥£® ¬®¬¥­â  ­  ¯ïâì ¯®àï¤ª®¢ ¨ ­ ¬­®£®¡®«ìè¥¬ã ã¢¥«¨ç¥­¨î á¤¢¨£®¢ëå ãá¨«¨© (®ª®«® á¥-¬¨ ¯®àï¤ª®¢) ¢ áâëª¥, ¯® áà ¢­¥­¨î á ®¤­®à®¤­ë¬á®áã¤®¬.�á­®¢­ë¥ íää¥ªâë ¬®£ãâ ¡ëâì à¥§î¬¨à®¢ ­ëá«¥¤ãîé¨¬ ®¡à §®¬:(i) ¢ ®â«¨ç¨¥ ®â âà ¤¨æ¨®­­®© ¬®¤¥«¨, ¯à¥¤áª -§ë¢ îé¥© â®«ìª® ®ªàã¦­ë¥ ­ ¯àï¦¥­¨ï, à ¢-­®¬¥à­® à á¯à¥¤¥«¥­­ë¥ ¯® â®«é¨­¥ áâ¥­ª¨,à §¢¨â ï §¤¥áì ¬®¤¥«ì ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì­¥ â®«ìª® ®ªàã¦­ë¥ ­ ¯àï¦¥­¨ï, ­® ¨ ¯à®-¤®«ì­ë¥ ¨§£¨¡ îé¨¥ ¨ á¤¨£®¢ë¥ ­ ¯àï¦¥­¨ïâ ª¦¥;(ii) ¨§£¨¡­ë¥ ¨ á¤¢¨£ îé¨¥ ­ ¯àï¦¥­¨ï à¥§ª® «®-ª «¨§®¢ ­ë ¢®§«¥ áâëª  ¢ ®â«¨ç¨¥ ®â ®ªàã¦-­ëå;(iii) ¨§£¨¡­ë¥ ­ ¯àï¦¥­¨ï á¨«ì­® ¨§¬¥­ïîâáï ¯®â®«é¨­¥ áâ¥­ª¨ ®â ¬ ªá¨¬ «ì­®© ¢¥«¨ç¨­ë­  ¢­¥è­¥© ¨ ¢­ãâà¥­­¥© ¯®¢¥àå­®áâïå áâ¥­-ª¨ ª á¥à¥¤¨­¥ áâ¥­ª¨. � à¥§ã«ìâ â¥ ¨¬¥¥â ¬¥-

áâ® «®ª «¨§®¢ ­­®¥ ¢à é¥­¨¥ áâ¥­ª¨ ­  áâë-ª¥.(iv) ­  ¯®¢¥àå­®áâ¨ à §¤¥«  (áâëª¥) ¬¥¦¤ã á®áã-¤ ¬¨ ¨¬¥îâ ¬¥áâ® ¡®«ìè¨¥ á¤¢¨£®¢ë¥ ­ ¯àï-¦¥­¨ï;(v) à §­®áâì à ¤¨ãá®¢ á®áã¤®¢ ¤®­®àáª®£® ¨ ¯ -æ¨¥­â  ¢«¨ï¥â ­ ¬­®£® ¡®«ìè¥, ç¥¬ à §­®áâìâ®«é¨­.�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ãç¥â à¥ «ì­ëå ¢ï§-ª®ã¯àã£¨å ¨ ­¥«¨­¥©­ëå á¢®©áâ¢ á®áã¤  [18] áãé¥-áâ¢¥­­® ãá«®¦­¨« ¡ë  ­ «¨§, ­® ¥á«¨ ¡ë ®­ ¡ë«¯à®¢¥¤¥­, â® ®¡­ àã¦¨« ¡ë ¬¥­ìè¨¥ ¢¥«¨ç¨­ë ­ -¯àï¦¥­¨©.5. �����������  ®á­®¢¥ à §¢¨âëå ¬®¤¥«¥© à¥è¥­ë ª®­ªà¥â-­ë¥ § ¤ ç¨ à á¯à®áâà ­¥­¨ï ¢®«­ ¨ ¨å ¢§ ¨¬®-¤¥©áâ¢¨ï á ­¥®¤­®à®¤­®áâï¬¨, ¯à® ­ «¨§¨à®¢ ­ëà §«¨ç­ë¥ íää¥ªâë ¨ ãáâ ­®¢«¥­ë å à ªâ¥à­ë¥®á®¡¥­­®áâ¨ ¢®«­®¢ëå ¤¢¨¦¥­¨©.�®ª § ­®, çâ® ãç¥â ­¥«¨­¥©­ëå íää¥ªâ®¢ ¢¡®«ìè¥© ¬¥à¥, ç¥¬ ¤¨á¯¥àá¨®­­ëå, ¢ ­¥«¨­¥©­®-¤¨á¯¥àá¨®­­®© ¬®¤¥«¨ âà ­áä®à¬ æ¨¨ ¢®«­ ­  ¢®-¤¥ à áè¨àï¥â ¯à¥¤¥«ë ¯à¨¬¥­¨¬®áâ¨ â¥®à¨¨, ¯à¨-¡«¨¦ ï ¥¥ ª ª« ááã £¨¯¥à¡®«¨ç¥áª¨å  ¯¯à®ªá¨¬ -æ¨©. � à¥§ã«ìâ â¥ à §¢¨â ï ¬®¤¥«ì ®¯¨áë¢ ¥âà á¯à®áâà ­¥­¨¥ á®«¨â®­®¢ á ¡®«ìè¨¬¨  ¬¯«¨âã-¤ ¬¨, ç¥¬ íâ® ¤®¯ãáª ¥â ãà ¢­¥­¨¥ �®àâ¥¢¥£  - ¤¥�à¨§ ,   â ª¦¥ ¯à¥¤áª §ë¢ ¥â ¯®ï¢«¥­¨¥ å¢®áâ®¢¨ ®áæ¨««ïæ¨© ¯à¨ à á¯à®áâà ­¥­¨¨ á®«¨â®­ , çâ®­ ¡«î¤ «®áì ¢ íªá¯¥à¨¬¥­â å.�®áâà®¥­ë ¯à¨¡«¨¦¥­­ë¥ ¬®¤¥«¨ ¬ £­¨â­®©£¨¤à®¤¨­ ¬¨ª¨ ¨ ¬ £­¨â®ã¯àã£®áâ¨ ¨ ¯®ª § ­® ¨å¯à¨«®¦¥­¨¥ ª à¥è¥­¨î § ¤ ç à á¯à®áâà ­¥­¨ï ¨¤¨äà ªæ¨¨ ¢®«­. � ç áâ­®áâ¨, ¯à¨ à áá¥ï­¨¨ ¢®«­­  ¯à¥¯ïâáâ¢¨ïå ¢ í«¥ªâà®¯à®¢®¤ïé¥© áà¥¤¥ ¢ ¬ £-­¨â­®¬ ¯®«¥ ��� - íää¥ªâë ¯à¨¢®¤ïâ ª ¯®ï¢«¥-­¨î ®áæ¨««ïæ¨© ¨ á¬¥é¥­¨î íªáâà¥¬ã¬®¢ ¯®«­®£®¯®¯¥à¥ç­®£® á¥ç¥­¨ï à áá¥ï­¨ï ¯à¨ ¨§¬¥­¥­¨¨ ç -áâ®âë ¯ ¤ îé¥£® ¯®«ï,   â ª¦¥ ª ã¬¥­ìè¥­¨î  ¬-¯«¨âã¤ «®ª «ì­ëå à¥§®­ ­á®¢ ¨ ¨å á£« ¦¨¢ ­¨î.�  ®á­®¢¥ à §¢¨â®© ®¡®¡é¥­­®© ¬®¤¥«¨ ¨áá«¥-¤®¢ ­® à á¯à®áâà ­¥­¨¥ ¯ã«ìá®¢ëå ¢®«­ ¤ ¢«¥­¨ï¢ ªà®¢¥­®á­ëå á®áã¤ å á ­¥®¤­®à®¤­®áâï¬¨ (áâ¥-­®§ë, áâëª¨). �à¨ íâ®¬ ¤ ¦¥ ¯à¨ ¬ «® ®â«¨ç-­ëå à ¤¨ãá å ¨ â®«é¨­ å (¤® 10%) ®¡­ àã¦¨¢ -¥âáï á¨«ì­ ï ª®­æ¥­âà æ¨ï ¨§£¨¡­ëå ¨ á¤¢¨£®¢ëå¯® â®«é¨­¥ ­ ¯àï¦¥­¨© ¯à®å®¤ïé¥© ¢®«­®© ¯ã«ì-á®¢®£® ¤ ¢«¥­¨ï, çâ® ¤®«¦­® ãç¨âë¢ âìáï ¯à¨ ¨¬-¯« ­â æ¨¨ ¨áªãááâ¢¥­­ëå ¨ ¤®­®àáª¨å ®à£ ­®¢.116 �. �. �¥«¥§®¢
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