
ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 2. �. 69 { 76��� 539.1�������������� ������� ����������������� � �������������� ��������,��������� �� ������������������������������� �����������������. �. ������, �. �. �������, �. �. ���������� �®áã¤ àáâ¢¥ë©  ãç®-¨áá«¥¤®¢ â¥«ìáª¨© ¨áâ¨âãâ £¨¤à®¯à¨¡®à®¢, �¨¥¢��� æ¨® «ìë© â¥å¨ç¥áª¨© ã¨¢¥àá¨â¥â �ªà ¨ë \���", �¨¥¢�®«ãç¥® 10.03.99 � �¥à¥á¬®âà¥® 27.04.99�®áâ ¢«¥  ¨ à¥è¥  ¯«®áª ï § ¤ ç  ® ¢§ ¨¬®¤¥©áâ¢¨¨ ¯«®áª¨å  ªãáâ¨ç¥áª¨å ¢®« á £¨¤à®ã¯àã£®© á¨áâ¥¬®© â®ª®-áâ¥ëå ¯ì¥§®ª¥à ¬¨ç¥áª¨å æ¨«¨¤à¨ç¥áª¨å ¯à¥®¡à §®¢ â¥«¥© á ãç¥â®¬ á¢ï§ ®áâ¨  ªãáâ¨ç¥áª¨å, ¬¥å ¨ç¥áª¨å¨ í«¥ªâà¨ç¥áª¨å ¯®«¥© ¢ ª ¦¤®¬ ¯à¥®¡à §®¢ â¥«¥ á¨áâ¥¬ë ¨ ¢§ ¨¬®£® ¢«¨ï¨ï ¬®£®ªà â® ®âà ¦¥ëå ¢®« ¢á¥-¬¨ í«¥¬¥â ¬¨ á¨áâ¥¬ë. �¥è¥¨¥ á¢¥¤¥® ª ¡¥áª®¥ç®© á¨áâ¥¬¥ «¨¥©ëå  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨©, à §à¥è¨¬®©¬¥â®¤®¬ à¥¤ãªæ¨¨. �®®â¢¥âáâ¢¨¥ ¯à¨ïâëå ¢ à ¡®â¥ ¬ â¥¬ â¨ç¥áª¨å ¬®¤¥«¥© ®á®¢ë¬ ®á®¡¥®áâï¬ à¥ «ìëåä¨§¨ç¥áª¨å á¨áâ¥¬ ¯®¤®¡®£® â¨¯  ¯®¤â¢¥à¦¤¥® á®¯®áâ ¢«¥¨¥¬ à¥§ã«ìâ â®¢ à áç¥â  á íªá¯¥à¨¬¥â «ìë¬¨ ¤ -ë¬¨.�®áâ ¢«¥® â  à®§¢'ï§ ® ¯«®áªã § ¤ çã ¯à® ¢§ õ¬®¤÷î ¯«®áª¨å  ªãáâ¨ç¨å å¢¨«ì § £÷¤à®¯àã¦®î á¨áâ¥¬®î â®-ª®áâ÷¨å ¯'õ§®ª¥à ¬÷ç¨å æ¨«÷¤à¨ç¨å ¯¥à¥â¢®àî¢ ç÷¢ § ãà åã¢ ï¬ §¢'ï§ ®áâ÷  ªãáâ¨ç¨å, ¬¥å ÷ç¨å â ¥«¥ªâà¨ç¨å ¯®«÷¢ ã ª®¦®¬ã ¯¥à¥â¢®àî¢ ç÷ á¨áâ¥¬¨ â  ¢§ õ¬®£® ¢¯«¨¢ã ¡ £ â®à §®¢® ¢÷¤¡¨â¨å å¢¨«ì ãá÷¬  ¥«¥-¬¥â ¬¨ á¨áâ¥¬¨. �®§¢'ï§®ª §¢¥¤¥® ¤® ¥áª÷ç¥®ù á¨áâ¥¬¨ «÷÷©¨å  «£¥¡à ùç¨å à÷¢ïì, ïª  ¢¨à÷èãõâìáï ¬¥â®-¤®¬ à¥¤ãªæ÷ù. �÷¤¯®¢÷¤÷áâì ¯à¨©ïâ¨å ¢ à®¡®â÷ ¬ â¥¬ â¨ç¨å ¬®¤¥«¥© ®á®¢¨¬ ®á®¡«¨¢®áâï¬ à¥ «ì¨å ä÷§¨ç¨åá¨áâ¥¬ â ª®£® â¨¯ã ¯÷¤â¢¥à¤¦¥® á¯÷¢áâ ¢«¥ï¬ à¥§ã«ìâ â÷¢ à®§à åãªã § ¥ªá¯¥à¨¬¥â «ì¨¬¨ ¤ ¨¬¨.A plane problem on interaction of plane acoustical waves with hydroelectroelastic system of thin-walled piezoelectricceramical cylindrical transducers was stated and solved. Matching of acoustical, mechanical and electrical �elds in eachof transducers and mutual inuence of waves repeatedly reected by all elements of the system were taken into account.Solution of the problem is obtained by solving the in�nite system of linear algebraic equations by method of reduction.Comparison of numerical results and experimental data con�rms the conformity of mathematical models applied in thispaper to main features of real physical systems of such kind.���������¨áâ¥¬  ¯ì¥§®ª¥à ¬¨ç¥áª¨å ¯à¥®¡à §®¢ â¥«¥©,¨§«ãç îé¨å ¨«¨ ¯à¨¨¬ îé¨å  ªãáâ¨ç¥áª¨¥¢®«ë, ï¢«ï¥âáï ¢ ¦¥©è¥© á®áâ ¢®© ç áâìîãáâà®©áâ¢ â¥å¨ç¥áª®©  ªãáâ¨ª¨. � à §¢¨â¨¨ ¯®¤-å®¤®¢ ª ¨§ãç¥¨î § ¤ ç¨ ¯à¨¥¬  ¨ ¨§«ãç¥¨ï  ªã-áâ¨ç¥áª¨å ¢®« á¨áâ¥¬ ¬¨ ¯à¥®¡à §®¢ â¥«¥©  ¨-¡®«¥¥ ¯¥àá¯¥ªâ¨¢ë ¨áá«¥¤®¢ ¨ï ¯®¢¥¤¥¨ï í«¥-¬¥â®¢ ¨ á¨áâ¥¬ ¢ æ¥«®¬ ª ª í«¥ªâà®ã¯àã£¨å â¥«á ãç¥â®¬ ®á®¡¥®áâ¥© ¨å ¢§ ¨¬®¤¥©áâ¢¨ï ¨ ¢§ ¨-¬®¢«¨ï¨ï  ªãáâ¨ç¥áª¨å, ¬¥å ¨ç¥áª¨å ¨ í«¥ªâà¨-ç¥áª¨å ¯®«¥© ¢ ª¥à ¬¨ª¥. �â¨ ¨áá«¥¤®¢ ¨ï ¯à¥¤-áâ ¢«ïîâ á®¡®© áà ¢¨â¥«ì® ®¢ë© íâ ¯ ¢ à §-¢¨â¨¨ ¬®¤¥«ìëå ¯à¥¤áâ ¢«¥¨© ® á¨áâ¥¬ å ¯à¥-®¡à §®¢ â¥«¥© ¨ á®áâ ¢«ïîâ ®¢ë© ª« áá á®¯àï-¦¥ëå § ¤ ç í«¥ªâà® ªãáâ¨ª¨ { § ¤ ç â ª  §ë-¢ ¥¬®£® \áª¢®§®£® â¨¯ ", £¤¥  ¯àï¦¥¨î   ¢ë-å®¤¥ £¥¥à â®à ,  £àã§ª®© ª®â®à®£® á«ã¦¨â í«¥-¬¥â á¨áâ¥¬ë, áâ ¢¨âáï ¢ á®®â¢¥âáâ¢¨¥  ªãáâ¨-ç¥áª®¥ ¤ ¢«¥¨¥, à §¢¨¢ ¥¬®¥ á¨áâ¥¬®© ¢ à ¡®ç¥©áà¥¤¥ (à¥¦¨¬ ¨§«ãç¥¨ï), ¨«¨ ¦¥  ªãáâ¨ç¥áª®¬ã¤ ¢«¥¨î ¢ ¯®«¥ ¯ ¤ îé¥©   á¨áâ¥¬ã ¯à¥®¡à -§®¢ â¥«¥©  ªãáâ¨ç¥áª®© ¢®«ë {  ¯àï¦¥¨¥  
í«¥ªâà¨ç¥áª®©  £àã§ª¥ í«¥¬¥â®¢ á¨áâ¥¬ë (à¥-¦¨¬ ¯à¨¥¬ ).�¥®à¥â¨ç¥áªãî ®á®¢ã â ª¨å ¨áá«¥¤®¢ ¨© á®-áâ ¢«ïîâ § ¤ ç¨ ¤¨äà ªæ¨¨  ªãáâ¨ç¥áª¨å ¢®«  ¯ì¥§®ª¥à ¬¨ç¥áª¨å â¥« å,  å®¤ïé¨åáï ¢ ¦¨¤ª®-áâ¨,   â ª¦¥ ¨§«ãç¥¨¥ ¨¬¨  ªãáâ¨ç¥áª¨å ¢®« ¯à¨í«¥ªâà¨ç¥áª®¬ ¢®§¡ã¦¤¥¨¨. �§ ¯ã¡«¨ª æ¨© ¯®íâ®© ¯à®¡«¥¬ â¨ª¥ ¢ë¤¥«¨¬ à ¡®âë [1{ 5], ¢ ª®-â®àëå à áá¬®âà¥ë § ¤ ç¨ ¨§«ãç¥¨ï ¨ ¯à¨¥¬  ªãáâ¨ç¥áª¨å ¢®« ¯«®áª¨¬¨ ¨«¨ á®®áë¬¨  â¥-ë¬¨ à¥è¥âª ¬¨, á®áâ®ïé¨¬¨ ¨§ â®ª®áâ¥ëå¯ì¥§®ª¥à ¬¨ç¥áª¨å æ¨«¨¤à¨ç¥áª¨å ¯à¥®¡à §®¢ -â¥«¥©.�â¬¥â¨¬, çâ® ¢® ¢á¥å íâ¨å à ¡®â å ¤¨ ¬¨-ç¥áª®¥ ¯®¢¥¤¥¨¥ í«¥ªâà®ã¯àã£¨å ®¡®«®ç¥ª ¨áá«¥-¤®¢ «®áì ¢ ¯à¥¤¯®«®¦¥¨¨, çâ® ¤«ï ¨å ®¯¨á ¨ï®¯à ¢¤ ® ¯à¨¢«¥ç¥¨¥ £¨¯®â¥§ �¨àå£®ä  {�ï¢ ,  â ª¦¥, çâ® ¯®¢¥¤¥¨¥ í«¥ªâà¨ç¥áª®£® ¯®«ï ¯®â®«é¨¥ ®¡®«®çª¨ å à ªâ¥à¨§ã¥âáï «¨¥©ë¬ § -ª®®¬ ¨§¬¥¥¨ï ®à¬ «ì®© á®áâ ¢«ïîé¥©  -¯àï¦¥®áâ¨ í«¥ªâà¨ç¥áª®£® ¯®«ï ¨ ¥ § ¢¨áïé¨¬®â â®«é¨®© ª®®à¤¨ âë à á¯à¥¤¥«¥¨¥¬ ®à-¬ «ì®© á®áâ ¢«ïîé¥© ¢¥ªâ®à  í«¥ªâà¨ç¥áª®© ¨-¤ãªæ¨¨ [6]. �â® ª á ¥âáï ¨áá«¥¤®¢ ¨© ¯®¢¥¤¥-c �. �. �¥©ª®, �. �. � ¢¨, �. �. �ª ç¥ª®, 1999 69
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�¨á. 1. �®à¬ «ì®¥ á¥ç¥¨¥ ªà¨¢®«¨¥©®© á¨áâ¥-¬ë ¯à®¨§¢®«ìëå ¯ì¥§®ª¥à ¬¨ç¥áª¨å æ¨«¨¤à¨ç¥áª¨å¯à¥®¡à §®¢ â¥«¥© ¨ á¨áâ¥¬ë ª®®à¤¨ â, ¢¢¥¤¥ë¥ ¤«ïà¥è¥¨ï § ¤ ç¨¨ï ¯ì¥§®ª¥à ¬¨ç¥áª¨å ¯à¥®¡à §®¢ â¥«¥©, ®¡à -§ãîé¨å  â¥ë¥ à¥è¥âª¨ ¤àã£®© ª®ä¨£ãà æ¨¨(®â«¨çë¥ ®â ¯«®áª®© ¨ á®®á®©), â® â ª¨å à ¡®âáà ¢¨â¥«ì® ¬ «®.�¥«ìî  áâ®ïé¥© à ¡®âë ï¢«ï¥âáï ¯®áâ ®¢-ª  ¨ à¥è¥¨¥ ¯«®áª®© á®¯àï¦¥®© § ¤ ç¨ í«¥ª-âà® ªãáâ¨ª¨ ® ¢§ ¨¬®¤¥©áâ¢¨¨ ¯«®áª®©  ªãáâ¨ç¥-áª®© ¢®«ë á æ¨«¨¤à¨ç¥áª®© à¥è¥âª®©, á®áâ®ï-é¥© ¨§ â®ª®áâ¥ëå ¯ì¥§®ª¥à ¬¨ç¥áª¨å æ¨«¨-¤à¨ç¥áª¨å ¯à¥®¡à §®¢ â¥«¥©, íªá¯¥à¨¬¥â «ì®¥¯®¤â¢¥à¦¤¥¨¥ ¯à¨¬¥¨¬®áâ¨ ¨á¯®«ì§ã¥¬®© ¬ â¥-¬ â¨ç¥áª®© ¬®¤¥«¨,   â ª¦¥ ¯à®¢¥¤¥¨¥ ç¨á«¥-ëå ¨áá«¥¤®¢ ¨©, ¯®§¢®«ïîé¨å ãáâ ®¢¨âì ®¡-é¨¥ ä¨§¨ç¥áª¨¥ § ª®®¬¥à®áâ¨ ¯®¢¥¤¥¨ï ¢ë-¡à ëå ¢ à¨ â®¢ í«¥ªâà®ã¯àã£¨å á¨áâ¥¬.�ª § ë© ®¡ê¥¬ ¨áá«¥¤®¢ ¨© à §¡¨â   ¤¢¥ç áâ¨. �¥à¢ ï ç áâì ¯®á¢ïé¥  ¯®áâ ®¢ª¥ ¨ à¥-è¥¨î § ¤ ç¨, íªá¯¥à¨¬¥âã ¨ á®¯®áâ ¢«¥¨î ç¨-á«¥ëå ¨ íªá¯¥à¨¬¥â «ìëå à¥§ã«ìâ â®¢. �â¨¨áá«¥¤®¢ ¨ï ®âà ¦¥ë ¢  áâ®ïé¥© à ¡®â¥. �®¢â®à®© ç áâ¨ ¡ã¤ãâ ¯à¨¢¥¤¥ë à¥§ã«ìâ âë ¢ëç¨-á«¥¨©, ¨å   «¨§ ¨ ®¡®¡é¥¨¥. �ã¡«¨ª æ¨ï íâ¨åà¥§ã«ìâ â®¢ ¯« ¨àã¥âáï ¢ ¡«¨¦ ©è¨å ®¬¥à å¦ãà « .1. ���������� �������ãáâì   á¨áâ¥¬ã, á®áâ®ïéãî ¨§ ¯à®¨§¢®«ì®-£® ç¨á«  N ¡¥áª®¥ç® ¤«¨ëå, ¯ à ««¥«ìëå, ¥

®¡ï§ â¥«ì® ®¤¨ ª®¢ëå ¯® ¤¨ ¬¥âàã, â®ª®áâ¥-ëå æ¨«¨¤à¨ç¥áª¨å ¯ì¥§®¯à¥®¡à §®¢ â¥«¥©,  -å®¤ïé¨åáï ¢ ¦¨¤ª®áâ¨ ¨ á®¤¥à¦ é¨å ¦¨¤ª®áâì ¢®¢ãâà¥¨å ®¡ê¥¬ å, ¯ ¤ ¥â ¯«®áª ï  ªãáâ¨ç¥áª ï¢®« . �¨¤ª®áâ¨,  å®¤ïé¨¥áï ¢® ¢ãâà¥¨å®¡ê¥¬ å ¯à¥®¡à §®¢ â¥«¥©, ¬®£ãâ ®â«¨ç âìáï ®â¢¥è¥© áà¥¤ë. �à¥¤¯®« £ ¥âáï, çâ® ¯à¥®¡à §®-¢ â¥«¨ ¯®«ïà¨§®¢ ë ¢ à ¤¨ «ì®¬  ¯à ¢«¥¨¨,¨¬¥îâ á¯«®èë¥ í«¥ªâà®¤¨à®¢ ë¥ ¯®ªàëâ¨ï   àã¦®© ¨ ¢ãâà¥¥© ¯®¢¥àå®áâïå ¨ ®¡à §ãîâªàã£®¢ãî  â¥ãî à¥è¥âªã, â. ¥. ¨å ®á¨ ¯ à «-«¥«ìë ¨ à á¯®«®¦¥ë   ¥ª®â®à®© ¢®®¡à ¦ ¥-¬®© æ¨«¨¤à¨ç¥áª®© ¯®¢¥àå®áâ¨ à ¤¨ãá  L.�¢¥¤¥¬ ¯®«ïàë¥ ª®®à¤¨ âë r0, �0 á ¯®«îá®¬¢ æ¥âà¥ ®ªàã¦®áâ¨ à ¤¨ãá  L ¨ ª®®à¤¨ âë rk,�k (k=1; 2; : : :N ) á¢ï§ ë¥ á ª ¦¤ë¬ ¨§ ¯à¥®¡à -§®¢ â¥«¥© (à¨á. 1). � ç «® ª ¦¤®© ¯®«ïà®© á¨-áâ¥¬ë �k ¢ ¯¥à¥¬¥ëå r0, �0 ®¡®§ ç¨¬ ç¥à¥§�0=�k0. �¤¥áì r0=L.� áá¬ âà¨¢ ¥¬ë© ¤¨ ¬¨ç¥áª¨© ¯à®æ¥áá ¬®¤¥-«¨àã¥âáï ¢ à ¬ª å ¤®¯ãé¥¨ï, ¯à¨ïâëå ¢ â¥®à¨¨â®ª¨å í«¥ªâà®ã¯àã£¨å ®¡®«®ç¥ª, ®á®¢ ®©  £¨¯®â¥§ å �¨àå£®ä  {�ï¢  [6], ¨ â¥®à¨¨  ªãáâ¨ç¥-áª®£® ¯à¨¡«¨¦¥¨ï [8]. �áå®¤ë¬¨ ¤«ï áä®à¬ã«¨-à®¢ ®© § ¤ ç¨ £¨¤à®í«¥ªâà®ã¯àã£®áâ¨ ï¢«ï¥â-áï á«¥¤ãîé ï á¨áâ¥¬  á®®â®è¥¨©, ¢ª«îç îé ïãà ¢¥¨ï ¤¢¨¦¥¨ï â®ª®áâ¥ëå ¯ì¥§®ª¥à ¬¨-ç¥áª¨å ®¡®«®ç¥ª:(1 + �2k�2)@2U (k)@�2k + @W (k)@�k ���2k�2@W (k)@�k � R2kC2pk @2U (k)@t2 = 0;@U (k)@�k � �2k�2@3U (k)@�3k +W (k)++�2k�2@4U (k)@�4k + R2kC2pk @2W (k)@t2 ��R2k(1 + �k)d31;kE(k)r == SE11;k(1 � �2k)R2khk q(k);k = 1; 2; : : : ; N; (1)§ ¢¨á¨¬®áâì ¬¥¦¤ã  ªãáâ¨ç¥áª¨¬¨  £àã§ª ¬¨,¤¥©áâ¢ãîé¨¬¨   ®¡®«®çª¨, ¨ ¤ ¢«¥¨ï¬¨ ¢  ªã-áâ¨ç¥áª¨å áà¥¤ åq(k) = ��p(0) + p(k)�rk=Rk ; (2)ãà ¢¥¨ï ®¯¨áë¢ îé¨¥ ¢®«®¢ë¥ ¯à®æ¥ááë ¢¦¨¤ª®áâïå, ¢¥ ¨ ¢® ¢ãâà¥¨å ®¡ê¥¬ å ¯à¥®¡à -70 �. �. �¥©ª®, �. �. � ¢¨, �. �. �ª ç¥ª®



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 2. �. 69 { 76§®¢ â¥«¥©@2'(0)@r2k + 1rk @'(0)@r2k + 1r2k @2'(0)@�2 = 1c20 @2'(0)@t2 ; (3)@2'(k)@r2k + 1rk @'(k)@r2k + 1r2k @2'(k)@�2 = 1c20 @2'(k)@t2 ; (4)£¤¥ p(0) = ��0 @('(0) �  )@t ;p(k) = ��k @'(k)@t :�¤¥áì W (k), U (k) { ®à¬ «ìë¥ ¨ â £¥æ¨ «ìë¥á®áâ ¢«ïîé¨¥ ¢¥ªâ®à  ¯¥à¥¬¥é¥¨© â®ç¥ª á¥à¥-¤¨®© ¯®¢¥àå®áâ¨ ª ¦¤®© ®¡®«®çª¨; E(k)r {  -¯àï¦¥®áâì ¢®§¨ª îé¥£® ¢ ¥© í«¥ªâà¨ç¥áª®-£® ¯®«ï; q(k) { ¤¥©áâ¢ãîé ï   ª ¦¤ãî ®¡®«®ç-ªã  ªãáâ¨ç¥áª ï  £àã§ª ; '(0) { ¯®â¥æ¨ « áª®-à®áâ¥© ®âà ¦¥ëå ¨ ¨§«ãç¥ëå ¢® ¢¥èîîáà¥¤ã ¢®«; '(k) (k=1; 2; : : :N) ¯®â¥æ¨ «ë áª®-à®áâ¥© ¢®«, à á¯à®áâà ïîé¨åáï ¢® ¢ãâà¥¨å®¡ê¥¬ å;  { ¯®â¥æ¨ « áª®à®áâ¥© ¯ ¤ îé¥© ¢®«-ë; p0, p(0), p(k) { ¤ ¢«¥¨ï ¢  ªãáâ¨ç¥áª¨å áà¥¤ å;�k, �k, Cpk { ¯®áâ®ïë¥, à ¢ë¥ á®®â¢¥âáâ¢¥®�2k = h2k12R2k ;�k = 1 + 1 + �k2 �2p;k1� �2p;k ;C2pk = 1kSE11;k(1� �2k) ;�p;k = 21� �k d231;ksE11;k"T33;k ;SE11;k, �k, d31;k, "T33;k { ¬®¤ã«ì ã¯àã£®áâ¨, ¯ì¥§®-¬®¤ã«ì ¨ í«¥ªâà¨ç¥áª ï ¯à®¨æ ¥¬®áâì ¬ â¥à¨ -«  k-£® ¯à¥®¡à §®¢ â¥«ï; �p;k { ¥£® ¯«  àë© ª®-íää¨æ¨¥â í«¥ªâà®¬¥å ¨ç¥áª®© á¢ï§¨; k { ¯«®â-®áâì ª¥à ¬¨ª¨; hk, Rk { â®«é¨  ¨ à ¤¨ãá áà¥-¤¨®© ¯®¢¥àå®áâ¨ á®®â¢¥âáâ¢ãîé¥© ®¡®«®çª¨;c0, �0, ck, �k { ¯ à ¬¥âàë ¢¥è¥© ¨ ¢ãâà¥¨å ªãáâ¨ç¥áª¨å áà¥¤ (áª®à®áâì §¢ãª  ¨ ¯«®â®áâì);t { ¢à¥¬ï.� §«¨çë¬ ¢ à¨ â ¬ ª®¬¬ãâ æ¨¨ í«¥ªâà®¤®¢¯ì¥§®¯à¥®¡à §®¢ â¥«¥© á®®â¢¥âáâ¢ãîâ á«¥¤ãîé¨¥§ ¢¨á¨¬®áâ¨:� ¯à¨ § ª®à®ç¥ëå í«¥ªâà®¤ å {E(k)r = 0; (5)

� ¯à¨ à §®¬ªãâëå í«¥ªâà®¤ å {I(k) = 0; (6)� ¯à¨ § ¬ªãâëå ç¥à¥§  £àã§®ç®¥ á®¯à®â¨-¢«¥¨¥ Z(k)n í«¥ªâà®¤ å {I(k) = E(k)r hk=Z(k)n ; (7)£¤¥ I(k) { ¤¨ ¬¨ç¥áª¨© â®ª á¬¥é¥¨ï ¢ ¯ì¥§®ª¥à -¬¨ª¥, ¯à¨å®¤ïé¨©áï   ¯®¢¥àå®áâì ®¡®«®çª¨ ¥¤¨-¨ç®© ¢ëá®âë(¯®£®ë© â®ª) ¨ à ¢ë© [6]I(k) = � @@t 2�Z0 d31;kSE11;k(1 � �2k)�� 1Rk �@U (k)@�k + W (k)Rk ��Rkd�k: (8)�áå®¤ãî á¨áâ¥¬ã ãà ¢¥¨© (1) { (8) ¤®¯®«¨¬£à ¨çë¬¨ ãá«®¢¨ï¬¨, ®¡¥á¯¥ç¨¢ îé¨¬¨ ¡¥§®â-àë¢ë© ª®â ªâ ¯à¥®¡à §®¢ â¥«¥© á  ªãáâ¨ç¥áª¨-¬¨ áà¥¤ ¬¨:@W (k)@t = @['(0) +  ]@rk ����rk=Rk ;@W (k)@t = @'(k)@rk ����rk=Rk : (9)�®â¥æ¨ « áª®à®áâ¥©  , ®¯¨áë¢ îé¨© ¯ ¤ î-éãî ¯«®áªãî  ªãáâ¨ç¥áªãî ¢®«ã p0, à á¯à®áâà -ïîéãîáï ¯®¤ ã£«®¬ � ª ¤¥ª àâ®¢®© ª®®à¤¨ â¥x0 (¨«¨ xk), ¢ ¯¥à¥¬¥ëå rk, �k ¢ëà ¦ ¥âáï ä®à-¬ã«®© = Q exp��i!t + i !c0�� [L cos(�k0 � �) + rk cos(�k � �)]�; (10)£¤¥ ¯®áâ®ï ï Q ®¯à¥¤¥«ï¥â  ¬¯«¨âã¤ã ¤¥©áâ¢ã-îé¥© ¢®«®¢®©  £àã§ª¨. �«ï ãáâ ®¢¨¢è¨å-áï ¯à®æ¥áá®¢ § ¢¨á¨¬®áâì ä¨§¨ç¥áª¨å å à ªâ¥-à¨áâ¨ª ®â ¢à¥¬¥¨ t ãç¨âë¢ ¥âáï á®¬®¦¨â¥«¥¬exp(�i!t). �¤¥áì ¨ ¤ «¥¥ ! { ç áâ®â  ¢®§¡ã-¦¤¥¨ï £¨¤à®í«¥ªâà®ã¯àã£®© á¨áâ¥¬ë. � íâ®¬á«ãç ¥ äãªæ¨ï '(0) ¤®«¦  ã¤®¢«¥â¢®àïâì ãá«®-¢¨î ¨§«ãç¥¨ï �®¬¬¥àä¥«ì¤ ,   äãªæ¨¨ '(k)(k=1; 2; : : :N ) { ®£à ¨ç¥®áâ¨ ¢  ç «¥ ª®®à¤¨- â rk=0.�. �. �¥©ª®, �. �. � ¢¨, �. �. �ª ç¥ª® 71



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 2. �. 69 { 762. ����� ��������«ï ¯à®æ¥áá®¢, ãáâ ®¢¨¢è¨åáï ¢® ¢à¥¬¥¨, ¥-¨§¢¥áâë¥ ¢¥«¨ç¨ë ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥ àï¤®¢ áà §¤¥«¥ë¬¨ ¯¥à¥¬¥ë¬¨:W (k) = exp(�i!t) 1Xn=�1W (k)n �� exp(in�k); (11)U (k) = exp(�i!t) 1Xn=�1U (k)n �� exp(in�k); (12)'(0) = exp(�i!t) NXk=1 1Xn=�1'(0)nk (rk)�� exp(in�k); (13)'(k) = exp(�i!t) 1Xn=�1'(k)n (rk)�� exp(in�k): (14)�â¬¥â¨¬, çâ® ¯®â¥æ¨ « '(0) ¯à¥¤áâ ¢«¥ ª ª áã-¯¥à¯®§¨æ¨ï ¢®«, ®âà ¦¥ëå ¨ ¨§«ãç¥ëå ª -¦¤®© ¨§ ®¡®«®ç¥ª.� ¯à¥®¡à §®¢ â¥«¥© á® á¯«®èë¬¨ í«¥ªâà®¤ ¬¨ ¯àï¦¥®áâì E(k) ¥ § ¢¨á¨â ®â ¯à®áâà áâ¢¥-ëå ª®®à¤¨ â rk, �k:E(k) = exp(�i!t)E(k)0 : (15)�®¤áâ ®¢ª  ¢ëà ¦¥¨© (13), (14) ¢ á®®â®è¥-¨ï (3), (4) ¯®§¢®«ï¥â ¯®«ãç¨âì ãà ¢¥¨¥ �¥áá¥-«ï ®â®á¨â¥«ì® '(0)nk , '(k)n . � à¥§ã«ìâ â¥ ®¡é¨¥à¥è¥¨ï ¨áª®¬ëå ¯®â¥æ¨ «®¢ '(0)nk , '(k)n á ãç¥-â®¬ ãá«®¢¨© ¨§«ãç¥¨ï �®¬¬¥àä¥«ì¤  ¨ ®£à ¨-ç¥®áâ¨ ¢®§¬ãé¥¨© ¯à¨ rk=0 ¢ëà ¦ îâáï ç¥-à¥§ äãªæ¨¨ � ª¥«ï H(1)n ¨ �¥áá¥«ï Jn æ¥«ëå ¯®-àï¤ª®¢:'(0) = exp(�i!t) NXk=1 1Xn=�1A(k)n H(1)n � !c0 rk��� exp(in�k); (16)'(k) = exp(�i!t) 1Xn=�1B(k)n Jn� !ck rk��� exp(in�k); (17)£¤¥ A(k)n , B(k)n { ¯®áâ®ïë¥ ¨â¥£à¨à®¢ ¨ï, ª®-â®àë¥  å®¤ïâáï ¨§ £à ¨çëå ãá«®¢¨©.

�«ï ¯à¥¤áâ ¢«¥¨ï ¯®â¥æ¨ «  '(0) ¢ ®¤®© (á¢ï-§ ®© á ª ¦¤ë¬ ¨§ æ¨«¨¤à®¢) á¨áâ¥¬¥ ª®®à¤¨- â ¢®á¯®«ì§ã¥¬áï â¥®à¥¬®© á«®¦¥¨ï ¤«ï æ¨«¨-¤à¨ç¥áª¨å ¢®«®¢ëå äãªæ¨©H(1)n � !c0 rj� exp(in�j) == 1Xm=�1H(1)n�m� !c0Lkj�Jm� !c0 rk��� exp�i(n �m)�kj� exp(im�k): (18)�¤¥áì �kj, Lkj { ª®®à¤¨ âë ¯®«îá  Ok ¯®«ïà®©á¨áâ¥¬ë (rk; �k) ¢ j-®© á¨áâ¥¬¥. �â¬¥â¨¬, çâ® à -¢¥áâ¢® (18) á¯à ¢¥¤«¨¢® ¯à¨ rk<Lkj. �¥à¥à §«®-¦¥¨ï ¢ëà ¦¥¨ï (18) ¯®§¢®«ïîâ § ¯¨á âì ¨áª®-¬ë© ¯®â¥æ¨ « ¢ ¯¥à¥¬¥ëå rk, �k:'(0) = exp(�i!t) 1Xn=�1�A(k)n H(1)n � !c0 rk�++ NXj=10 1Xm=�1A(j)m H(1)m�n� !c0Lkj�Jn� !c0 rk��� exp�i(n�m)�kj�� exp(in�k): (19)£¤¥ èâà¨å §¤¥áì ¨ ¤ «¥¥  ¤ áã¬¬®© ¯® j ®§ ç ¥â,çâ® á« £ ¥¬®¥ j=k ®âáãâáâ¢ã¥â. � á«ãç ¥, ª®£¤ ¯ì¥§®¯à¥®¡à §®¢ â¥«¨ ®¡à §ãîâ ªàã£®¢ãî  â¥-ãî à¥è¥âªã, â. ¥. ª®£¤  ®á¨ ¢á¥å æ¨«¨¤à®¢ ®â-áâ®ïâ ®â â®çª¨ O0   à ááâ®ï¨¨ L (á¬. à¨á. 1),�kj ¨ Lkj ¯à¨¨¬ îâ § ç¥¨ï�kj = �k0 + �j0 � �2 ;Lkj = 2L cos � � �k0 + �j02 : (20)� ä®à¬ã« å (20) ¢¥àå¨© § ª á®®â¢¥âáâ¢ã¥â á«ã-ç î k>j,   ¨¦¨© { k<j. �®â¥æ¨ « ¯ ¤ îé¥©¢®«ë  â ª¦¥ ¯à¥¤áâ ¢¨¬ àï¤®¬ ¯® á®¡áâ¢¥ë¬ä®à¬ ¬ ª®«¥¡ ¨© ¢ ª®®à¤¨ â å ª ¦¤®© ¨§ ¯®-«ïàëå á¨áâ¥¬ (rk; �k): = Q exp(�i!t) exp�i !c0L cos(�k0 � �)��� 1Xn=�1 inJn� !c0 rk� exp(�in�) exp(in�k): (21)�®£« á® ¢ëà ¦¥¨ï¬ (2), (4) ¨ (17), (19), (21),¤¥©áâ¢ãîé ï   ª ¦¤ãî ®¡®«®çªã  ªãáâ¨ç¥áª ï £àã§ª  q(k) ¬®¦¥â ¡ëâì § ¯¨á   ¢ ¢¨¤¥q(k) = exp(�i!t) 1Xn=�1 q(k)n exp(in�k): (22)72 �. �. �¥©ª®, �. �. � ¢¨, �. �. �ª ç¥ª®



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 2. �. 69 { 76� à ¢¥áâ¢¥ (22) ç¥à¥§ q(k)n ®¡®§ ç¥ë äãªæ¨¨q(k)n =�i!��0�A(k)n H(1)n � !c0Rk�++ NXj=10 1Xm=�1A(j)m H(1)m�n� !c0Lkj�Jn� !c0Rk���exp�i(n �m)�kj����kB(k)n Jn� !c0Rk�++Q exp�i !c0L cos(�0��)�inJn� !c0Rk��: (23)�á¯®«ì§ãï § ¢¨á¨¬®áâ¨ (5) { (7) ¨ ¢ëà ¦¥¨ï (15),¯®«ãç ¥¬ ä®à¬ã«ã ¤«ï E(k)0 :E(k)0 = akW (k)0 ; (24)£¤¥ ¯®áâ®ï ï ak ¯à¨¨¬ ¥â á«¥¤ãîé¨¥ § ç¥-¨ï:� ¯à¨ § ª®à®ç¥ëå í«¥ªâà®¤ å {ak = 0; (25)� ¯à¨ à §®¬ªãâëå í«¥ªâà®¤ å {ak = � 12d31;kRk �2p;k1� �2p;k ; (26)� ¯à¨ § ¬ªãâëå ç¥à¥§  £àã§®ç®¥ á®¯à®â¨-¢«¥¨¥ Z(k)n í«¥ªâà®¤ å {ak = � 1SE11;k(1� �k)�� i2�!d31;kZ(k)n[hk � i2�!"T33;k(1� �2p;k)Z(k)n Rk] : (27)� «¥¥, ¯à¨¢«¥ª ï ãà ¢¥¨ï ¤¢¨¦¥¨ï ®¡®«®ç¥ª¨ ¢ëà ¦¥¨ï (11), (12), (22) ¨ (24),  å®¤¨¬ § ¢¨-á¨¬®áâ¨ ¬¥¦¤ã W (k)n , U (k)n , q(k)n :W (k)n = �(1)nk�(5)nk�(1)nk�(4)nk + �(2)nk�(3)nk q(k)n ; (28)U (k)n = �i �(2)nk�(5)nk�(1)nk�(4)nk + �(2)nk�(3)nk q(k)n : (29)�¤¥áì �(1)nk = R2kC2pk!2 � (1 + �2k�k)n2;�(2)nk = �(3)nk = n+ �2k�kn3;

�(4)nk = �� R2kC2pk!2 � (1 + �2k�kn4)++Rk(1 + �k)d31;k�n0ak�;�(5)nk = SE11;k(1� �2k)R2khk ;�n0 { á¨¬¢®« �à®¥ª¥à .�®áâ®ïë¥ ¨â¥£à¨à®¢ ¨ï A(k)n ¨ B(k)n , ¢å®¤ï-é¨¥ ¢ ®¡é¨¥ à¥è¥¨ï (16) ¨ (17),  å®¤ïâáï ¯à¨ã¤®¢«¥â¢®à¥¨¨ £à ¨çë¬ ãá«®¢¨ï¬ (9), ¨§ ª®â®-àëå á ãç¥â®¬ ¢ëà ¦¥¨© (22), (23), (28) á«¥¤ã¥â¡¥áª®¥ç ï á¨áâ¥¬   «£¥¡à ¨ç¥áª¨å ãà ¢¥¨©8>>>>><>>>>>:A(k)n + NXj=10 1Xm=�1F (kj)nm1A(j)m +G(k)n1B(k)n =QU (k)n1 ;G(k)n2A(k)n + NXj=10 1Xm=�1F (kj)nm2A(j)m +B(k)n =QU (k)n2 : (30)�¥ í«¥¬¥âë F (kj)nms, G(k)ns , U (k)ns (s=1; 2) ¨¬¥îâ ¢¨¤F (kj)nm1=H(1)n�m�!c0Lkj� exp�i(m�n)�kj�N (k)n1T (k)n ;G(k)n1 = i!�kb(k)n Jn� !c0Rk�T (k)n ;U (k)n1 =� in exp�i !c0L cos(�k0��)�N (k)n1T (k)n ;F (kj)nm2=� i!�0b(k)n H(1)n�m� !c0Lkj�N (k)n2 ;��Jn� !c0Rk� exp�i(m�n)�kj�;G(k)n2 =� i!�0b(k)n H(1)n �!c0Rk�N (k)n2 ;U (k)n1 = in+1!�0b(k)n exp�i !c0L cos(�k0��)�N (k)n2 ��Jn�!c0Rk� exp(�in�):�. �. �¥©ª®, �. �. � ¢¨, �. �. �ª ç¥ª® 73



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 2. �. 69 { 76£¤¥T (k)n = ��i!�0b(k)n � nRk �H(1)n � !c0Rk�+ !c0��H(1)n+1� !c0Rk�;N (k)n2 = �i!�kb(k)n � nRk �Jn� !c0Rk�+ !c0��Jn+1� !c0Rk�;b(k)n = �i! �(2)nk�(5)nk�(1)nk�(4)nk + �(2)nk�(3)nk q(k)n :�®¦® ¯®ª § âì [8], çâ® ®¯à¥¤¥«¨â¥«ì ¡¥áª®¥ç-®© á¨áâ¥¬ë (30) ï¢«ï¥âáï ®¯à¥¤¥«¨â¥«¥¬ ®à-¬ «ì®£® â¨¯ ,   á ¬  á¨áâ¥¬  ¨¬¥¥â ¥¤¨áâ¢¥-®¥ à¥è¥¨¥, ª®â®à®¥ ¬®¦¥â ¡ëâì ¯®«ãç¥® ¬¥-â®¤®¬ à¥¤ãªæ¨¨. � ã¢¥«¨ç¥¨¥¬ ¯®àï¤ª  ãá¥ç¥-®© á¨áâ¥¬ë ¬®¦® ¤®¡¨âìáï ¯à ªâ¨ç¥áª®© áå®¤¨-¬®áâ¨ ¯®«ãç ¥¬ëå à¥§ã«ìâ â®¢, â. ¥. ¢ë¯®«ïâìà áç¥âë á ª®âà®«¨àã¥¬®© â®ç®áâìî.�®á«¥ ¢ëç¨á«¥¨ï ¯®áâ®ïëå A(k)n , B(k)n ®¯à¥¤¥-«ïîâáï ä¨§¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¤¨ ¬¨ç¥áª®-£® ¯à®æ¥áá :  ªãáâ¨ç¥áª¨¥  £àã§ª¨ q(k) ¯® ä®à-¬ã« ¬ (22), (23), ¯¥à¥¬¥é¥¨ï ®¡®«®ç¥ªW (k), U (k)¯® ä®à¬ã« ¬ (11), (12), (28), (29),  ¯àï¦¥®áâ¨í«¥ªâà¨ç¥áª¨å ¯®«¥© E(k) ¯® ä®à¬ã«¥ (24) ¨ ¤àã-£¨¥ ¢¥«¨ç¨ë, ¯à¥¤áâ ¢«ïîé¨¥ ¨â¥à¥á. � ¢«¥¨ï¢  ªãáâ¨ç¥áª¨å áà¥¤ å, § ¯®«ïîé¨å ¢¥è¥¥ ¯à®-áâà áâ¢® p(0) ¨ ¢ãâà¥¨¥ ®¡ê¥¬ë p(k),  å®¤ïâ-áï ¯® ä®à¬ã« ¬p(0) = exp(�i!t)�i!�k�� NXk=1 1Xm=�1H(1)n � !c0 rk� exp(in�k)++Q exp�i !c0 �L cos�+ r0 cos(�0 � �)���; (31)p(k) = exp(�i!t)i!�k�� 1Xn=�1B(k)n Jn� !c0Rk� exp(in�k): (32)�  ¯®¢¥àå®áâ¨ ª ¦¤®£® ¨§ ¯ì¥§®¯à¨¥¬¨ª®¢ ¢ë-à ¦¥¨¥ (31) á ¨á¯®«ì§®¢ ¨¥¬ â¥®à¥¬ë á«®¦¥¨ï

(18) ¨ à §«®¦¥¨ï (21) ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥p(0)����rk=Rk=exp(�i!t)i!�0�� 1Xm=�1�A(k)n H(1)n � !c0Rk�++ NXj=10 1Xm=�1A(j)m H(1)m�n� !c0L�Jn� !c0Rk��� exp�i(n �m)�kj�++Q exp�i !c0L cos(�0��)�inJn� !c0Rk���� exp(in�k): (33)�«¥ªâà¨ç¥áª®¥  ¯àï¦¥¨¥   ¢ëå®¤¥ á¨áâ¥-¬ë ¯à¥®¡à §®¢ â¥«¥© ¢ëç¨á«ï¥âáï ¯® á«¥¤ãîé¨¬ä®à¬ã« ¬:� ¢ á«ãç ¥ à §®¬ªãâëå í«¥ªâà®¤®¢ {U = NXk=1 �(2)nk�(5)nk�(1)nk�(4)nk + �(2)nk�(3)nk �� hk�2p;kq(k)02d31;k(1� �2p;k)Rk : (34)� ¢ á«ãç ¥ í«¥ªâà®¤®¢, § ¬ªãâëå ç¥à¥§  £àã-§®ç®¥ á®¯à®â¨¢«¥¨¥ Z(k)n {U = NXk=1 �(2)nk�(5)nk�(1)nk�(4)nk + �(2)nk�(3)nk �� 2�ihkd31;kZ(k)n q(k)0hk � 2�i !"33;k(1� �2p;k)Z(k)n Rk : (35)�®à¬ã«ë (34), (35) ¯®«ãç¥ë ¯ãâ¥¬ ¯®¤áâ ®¢ª¨¢ëà ¦¥¨© (24), (26) { (28) ¯à¨ n=0 ¢ á®®â®è¥-¨¥ U = NXk=1E(k)0 hk:� áç¥â ¤ «ì¥£® ¯®«ï ¤ ¢«¥¨© ®âà ¦¥ëå¨ ¨§«ãç¥ëå ¢®«, £¤¥ ®¯à ¢¤ ® ¯à¨¢«¥ç¥¨¥ á¨¬¯â®â¨ç¥áª¨å ¯à¥¤áâ ¢«¥¨© ¤«ï äãªæ¨©H(1)n¯à¨ ¡®«ìè¨å § ç¥¨ïå  à£ã¬¥â  [8], ¬®¦¥â ¡ëâì¢ë¯®«¥ ¯® ä®à¬ã«¥p�(0) = exp(�i!t)i!�0 NXk=1 1Xn=�1 2A(j)nr� !c0 rj�� exp�i( !c0 rj � n�2 � �4 )� exp(in�k); (36)74 �. �. �¥©ª®, �. �. � ¢¨, �. �. �ª ç¥ª®



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 2. �. 69 { 76£¤¥ rk =qL2 + r20 + 2Lr0 cos(�0 � �k0);�k = � � �k0 � arctg r0 sin(�0 � �k0)L � r0 cos(�0 � �k0) :�â¬¥â¨¬, çâ® à áç¥â ¤ «ì¥£® ¯®«ï ¢ë¯®«¥ ¢ª®®à¤¨ â å r0, �0.�á«¨ ¢ ¯à¨¢¥¤¥ëå ¢ëè¥ á®®â®è¥¨ïå (31) {(36) ®¯ãáâ¨âì áã¬¬¨à®¢ ¨¥ ®â 1 ¤® N , ¯à¨¤ ¢ ï k®¤® ¨§ ä¨ªá¨à®¢ ëå § ç¥¨© ¢ íâ®¬ ¤¨ ¯ §®-¥, ¯®«ãç¨¬ ä®à¬ã«ë ¤«ï à áç¥â  £¨¤à®í«¥ªâà®-ã¯àã£¨å å à ªâ¥à¨áâ¨ª ¯à®æ¥áá  ¡¥§ ãç¥â  ¢§ -¨¬®¢«¨ï¨ï í«¥¬¥â®¢ á¨áâ¥¬ë, â. ¥. ¤«ï á«ãç ï¤¨äà ªæ¨¨ ¯ ¤ îé¥© ¢®«ë   ª ¦¤®© ¨§ ¥¤¨¨ç-ëå ®¡®«®ç¥ª à áá¬ âà¨¢ ¥¬®©  â¥®© à¥è¥â-ª¨.3. ���������� �������� � �������-������à¨¬¥¨¬ ¯®«ãç¥ë¥ á®®â®è¥¨ï ¤«ï ç¨á«¥-®© ®æ¥ª¨ àï¤  å à ªâ¥à¨áâ¨ª  ªãáâ¨ç¥áª¨å ¯®-«¥© ªàã£®¢®© æ¨«¨¤à¨ç¥áª®© á¨áâ¥¬ë ¨ íªá¯¥à¨-¬¥â «ì®£® ¯®¤â¢¥à¦¤¥¨ï   ¨å ®á®¢¥ á®®â-¢¥âáâ¢¨ï ¯à¨ïâ®© ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨ à¥ «ì-ë¬ ä¨§¨ç¥áª¨¬ å à ªâ¥à¨áâ¨ª ¬ à áá¬ âà¨¢ ¥-¬ëå á¨áâ¥¬.� ª ç¥áâ¢¥ ¯à¨¬¥à  ¢ë¡¥à¥¬ ªàã£®¢ãî æ¨«¨-¤à¨ç¥áªãî á¨áâ¥¬ã, ®¡à §®¢ ãî ¨§ ç¥âëà¥å(N=4) ¢®§¤ãå®§ ¯®«¥ëå ªàã£®¢ëå â®ª®áâ¥-ëå æ¨«¨¤à¨ç¥áª¨å ¯à¥®¡à §®¢ â¥«¥© á à ¤¨ «ì-®© ¯®«ïà¨§ æ¨¥© ¨ á¯«®èë¬¨ í«¥ªâà®¤ ¬¨,  -¥á¥ë¬¨   ¢¥èîî ¨ ¢ãâà¥îî ¯®¢¥àå-®áâ¨ ®¡®«®ç¥ª ¯à¥®¡à §®¢ â¥«¥©. �á¥ ¯à¥®¡à -§®¢ â¥«¨ ¢ á¨áâ¥¬¥ ¨¬¥îâ ®¤¨ ª®¢ë© à ¤¨ãáRs=R=0:0675 ¬, â®«é¨ã hs=h=0:006¬, ¢ëá®âãl=0:38 ¬ ¨ ¢ë¯®«ï«¨áì ¨§ ¯ì¥§®ª¥à ¬¨ª¨ á®áâ ¢ ����-3 [7]. �¥âàë ¯à¥®¡à §®¢ â¥«¥© à á¯®«®£ -«¨áì à ¢®¬¥à® ¯® ¯®¢¥àå®áâ¨ à ¤¨ãá  L=5R.�¨áâ¥¬  ¯à¥®¡à §®¢ â¥«¥©  å®¤¨« áì ¢ ¢®¤®©áà¥¤¥ á ¯ à ¬¥âà ¬¨ �0=1000 ª£/¬3, c0=1500 ¬/á.� ¤ îé¨¥   ¥¥ ¯«®áª¨¥ ¢®«ë ¨¬¥«¨ ç áâ®âã! = 8� ª�æ, ª®â®à ï á®¢¯ ¤ ¥â á ç áâ®â®© ¯ã«ìá¨-àãîé¨å à ¤¨ «ìëå ª®«¥¡ ¨© ¯à¥®¡à §®¢ â¥«ï ¢¢®§¤ãå¥. �«¥ªâà¨ç¥áª¨¥ ¢ë¢®¤ë ¢á¥å ¯à¥®¡à §®¢ -â¥«¥© ¡ë«¨ à §®¬ªãâë (à¥¦¨¬ å®«®áâ®£® å®¤ ).�§¬¥à¥¨ï¬ ¯®¤¢¥à£ «¨áì í«¥ªâà¨ç¥áª¨¥ á¨£ «ë,¢®§¨ª îé¨¥   ¢ëå®¤¥ á¨áâ¥¬ë ¨§ 4-x ¯ à ««¥«ì-® á®¥¤¨¥ëå ¯à¥®¡à §®¢ â¥«¥© ¨ ®¤¨®ç®£®¯à¥®¡à §®¢ â¥«ï ¢ á®áâ ¢¥ á¨áâ¥¬ë. �àã£®¢ ï æ¨-«¨¤à¨ç¥áª ï á¨áâ¥¬  à §¬¥é « áì ¢ ãá«®¢¨ïå ®â-ªàëâ®£® ¢®¤®¥¬ .

�¨á. 2. � ¢¨á¨¬®áâ¨ ®à¬ «¨§®¢ ëå í«¥ªâà¨ç¥áª¨å ¯àï¦¥¨©   ¢ëå®¤¥ ªàã£®¢®© á¨áâ¥¬ë ¯ì¥§®ª¥à ¬¨-ç¥áª¨å æ¨«¨¤à¨ç¥áª¨å ¯à¥®¡à §®¢ â¥«¥© (¤ ë¥ 1) ¨®¤®£® ¯à¥®¡à §®¢ â¥«ï ¢ á®áâ ¢¥ á¨áâ¥¬ë (¤ ë¥ 2)®â ã£«  ¯à¨å®¤    á¨áâ¥¬ã ¯«®áª¨å  ªãáâ¨ç¥áª¨å ¢®«1, 2 { íªá¯¥à¨¬¥â; 10 ,20 { à áç¥â�âàãªâãà ï áå¥¬  ¨§¬¥à¨â¥«ì®£® áâ¥¤ áâ ¤ àâ  ¨ ¢ª«îç ¥â âà ªâ ä®à¬¨à®¢ â¥«ï¯«®áª¨å  ªãáâ¨ç¥áª¨å ¢®« ¨ âà ªâ à¥£¨áâà æ¨¨í«¥ªâà¨ç¥áª¨å á¨£ «®¢, ¯à¥®¡à §®¢ ëå à á-á¬ âà¨¢ ¥¬®© £¨¤à®í«¥ªâà®ã¯àã£®© á¨áâ¥¬®©.�¥§ã«ìâ âë ¨§¬¥à¥¨© (à¨á. 2) ®à¬¨à®¢ ëå§ ¢¨á¨¬®áâ¥© í«¥ªâà¨ç¥áª¨å  ¯àï¦¥¨©   ¢ëå®-¤¥ ªàã£®¢®© æ¨«¨¤à¨ç¥áª®© á¨áâ¥¬ë (ªà¨¢ ï 1)¨ ®¤¨®ç®£® ¯à¥®¡à §®¢ â¥«ï ¢ á®áâ ¢¥ á¨áâ¥¬ë(ªà¨¢ ï 2) ®â ã£«  ¯à¨å®¤  ¯«®áª¨å ¢®«   á¨áâ¥-¬ã áà ¢¨¢ îâáï á à¥§ã«ìâ â ¬¨ à áç¥â®¢ (ªà¨-¢ë¥ 10, 20) íâ¨å ¦¥ å à ªâ¥à¨áâ¨ª, ¢ë¯®«¥ëå¯® ¯à¨¢¥¤¥ë¬ ¢ëè¥ ä®à¬ã« ¬ ¤«ï § ç¥¨© ¯ -à ¬¥âà®¢ á¨áâ¥¬ë, á®®â¢¥âáâ¢ãîé¨å ¯à¨ïâë¬ ¢íªá¯¥à¨¬¥â¥.�����������®à®è¥¥ á®¢¯ ¤¥¨¥ ¯®«ãç¥ëå íªá¯¥à¨¬¥-â «ìëå ¨ â¥®à¥â¨ç¥áª¨å à¥§ã«ìâ â®¢ á¢¨¤¥â¥«ì-áâ¢ãîâ ® â®¬, çâ® ¤«ï ¯à¥®¡à §®¢ â¥«¥©, ã ª®-â®àëå l=R � 5:6 ¨ h=R � 0:09, à ¡®â îé¨å ¢¡«¨-§¨ ¨§è¥© à¥§® á®© ç áâ®âë, ¯à¨ïâ ï ¢ à -¡®â¥ ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì æ¨«¨¤à¨ç¥áª®© à¥-è¥âª¨, á®áâ®ïé¥© ¨§ æ¨«¨¤à¨ç¥áª¨å â®ª®áâ¥-ëå ¯ì¥§®ª¥à ¬¨ç¥áª¨å ¯à¥®¡à §®¢ â¥«¥©, ®âà -¦ ¥â ®á®¢ë¥ ®á®¡¥®áâ¨ à¥ «ìëå ä¨§¨ç¥áª¨åá¨áâ¥¬ ¯®¤®¡®£® â¨¯ .1. � ¡ ¥¢ �. �., � ¢¨  �. �. �¨äà ªæ¨ï  ªãáâ¨ç¥-áª¨å ¢®«   ¯ à ««¥«ì® à á¯®«®¦¥ëå æ¨«¨-¤à¨ç¥áª¨å ¯ì¥§®ª¥à ¬¨ç¥áª¨å á¨áâ¥¬ å ª® ªá¨ «ì-ëå ®¡®«®ç¥ª, § ¯®«¥ëå ¢ï§ª®© ¦¨¤ª®áâìî //�à¨ª«. ¬¥å.{ 1993.{ 29, N 6.{ �. 45{52.�. �. �¥©ª®, �. �. � ¢¨, �. �. �ª ç¥ª® 75
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