
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 4. �. 27 { 35��� 534.232 ��������� �������������������������� �����-���������. �. �����������, �. �. �������������¤¥ááª¨© ­ æ¨®­ «ì­ë© ¯®«¨â¥å­¨ç¥áª¨© ã­¨¢¥àá¨â¥â���¤¥ááª¨© ­ æ¨®­ «ì­ë© ã­¨¢¥àá¨â¥â ¨¬. �. �. �¥ç­¨ª®¢ �®«ãç¥­® 31.10.2001� áá¬®âà¥­  ¬®¤¥«ì ®á¥á¨¬¬¥âà¨ç­®£® £¨¤à®¤¨­ ¬¨ç¥áª®£® ¨§«ãç â¥«ï ¢ ¢¨¤¥ ã¯àã£®© § â®¯«¥­­®© áâàã¨-®¡®«®çª¨. �®«ãç¥­® §­ ç¥­¨¥ ç áâ®âë ®á­®¢­®£® â®­   ªãáâ¨ç¥áª®£® á¨£­ «  ª ª äã­ªæ¨ï á¢®©áâ¢ à ¡®ç¥© ¦¨¤ª®-áâ¨, £¥®¬¥âà¨ç¥áª¨å ¨ £¨¤à®¤¨­ ¬¨ç¥áª¨å ¯ à ¬¥âà®¢ áâàã¨. �®ª § ­  ¯à¨­æ¨¯¨ «ì­ ï ¢®§¬®¦­®áâì ã¯à ¢«¥­¨ïç áâ®â®© á¨£­ «  §  áç¥â ¨§¬¥­¥­¨ï ã¯àã£®áâ¨ ¦¨¤ª®áâ¨ ª ª äã­ªæ¨¨ £¨¤à®áâ â¨ç¥áª®£® ¤ ¢«¥­¨ï.�®§£«ï­ãâ® ¬®¤¥«ì ®á¥á¨¬¥âà¨ç­®£® £÷¤à®¤¨­ ¬÷ç­®£® ¢¨¯à®¬÷­î¢ ç  ã ¢¨£«ï¤÷ ¯àã¦­®£® § â®¯«¥­®£® áâàã¬¥­ï-®¡®«®­ª¨. �¤¥à¦ ­® §­ ç¥­­ï ç áâ®â¨ ®á­®¢­®£® â®­ã  ªãáâ¨ç­®£® á¨£­ «ã ïª äã­ªæ÷ù ¢« áâ¨¢®áâ¥© à®¡®ç®ù à÷¤¨­¨,£¥®¬¥âà¨ç­¨å â  £÷¤à®¤¨­ ¬÷ç­¨å ¯ à ¬¥âà÷¢ áâàã¬¥­ï. �®ª § ­® ¯à¨­æ¨¯®¢ã ¬®¦«¨¢÷áâì ª¥àã¢ ­­ï ç áâ®â®îá¨£­ «ã ç¥à¥§ §¬÷­ã ¯àã¦­®áâ÷ à÷¤¨­¨ ïª äã­ªæ÷ù £÷¤à®áâ â¨ç­®£® â¨áªã.The axially symmetric hydrodynamic acoustic source, modelled with a submerged elastic underwater jet's membrane,is considered. The basic frequency of an acoustic signal is obtained as a function of the working 
uid properties, thegeometric and hydrodynamic parameters of jet. The principal possibility of controlling the signal's frequency by changingthe elasticity of the 
uid, as a function of hydrostatic pressure, is demonstrated.���������á­®¢­ë¬¨ ¯à¥¨¬ãé¥áâ¢ ¬¨ £¨¤à®¤¨­ ¬¨ç¥-áª¨å ¨§«ãç â¥«¥© ¯® áà ¢­¥­¨î á í«¥ªâà® ªãáâ¨-ç¥áª¨¬¨ ï¢«ïîâáï ¯à®áâ®â  ¢ íªá¯«ã â æ¨¨ (¯¨â -­¨¥ ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî ­ á®á ), ¤¥è¥¢¨§-­  £®â®¢®£® ¯à®¤ãªâ , ®âáãâáâ¢¨¥ ¢ëá®ª®¢®«ìâ­®-£® ®¡®àã¤®¢ ­¨ï [1]. � ¡®â  ¡®«ìè¨­áâ¢  £¨¤à®-¤¨­ ¬¨ç¥áª¨å ¨áâ®ç­¨ª®¢ ®á­®¢ ­  «¨¡® ­  ¢®§-¡ã¦¤¥­¨¨ ¨§£¨¡­ëå ª®«¥¡ ­¨© ¢ ¯« áâ¨­ å ¨«¨áâ¥à¦­ïå ¯à¨ ­ â¥ª ­¨¨ ­  ­¨å ¯®â®ª  ¦¨¤ª®áâ¨¢ à¥¦¨¬¥ § â®¯«¥­¨ï, «¨¡® ­  íää¥ªâ¥ �¥à­ã«-«¨ [2].� ®á¥á¨¬¬¥âà¨ç­ëå £¨¤à®¤¨­ ¬¨ç¥áª¨å ¨§«ã-ç îé¨å á¨áâ¥¬ å ç áâì ª¨­¥â¨ç¥áª®© í­¥à£¨¨ § -â®¯«¥­­®© áâàã¨ ¯à¥®¡à §ã¥âáï ¢ í­¥à£¨î  ªãáâ¨-ç¥áª¨å ¢®«­ ¡« £®¤ àï ­ â¥ª ­¨î áâàã¨ ¦¨¤ª®-áâ¨ ­  ®¯à¥¤¥«¥­­®¥ ¯® ä®à¬¥ ¨ à §¬¥à ¬ ¯à¥-¯ïâáâ¢¨¥. � à¥§ã«ìâ â¥, ¬¥¦¤ã â®àæ ¬¨ á®¯« ¨ ¯à¥¯ïâáâ¢¨ï ¬®¦¥â ¡ëâì áä®à¬¨à®¢ ­  ¢¨åà¥-¢ ï â®à®¨¤ «ì­ ï §®­  à §¢¨â®© ª ¢¨â æ¨¨. �¥-à¨®¤¨ç¥áª¨© ¢ë¡à®á á®¤¥à¦¨¬®£® íâ®© ®¡« áâ¨ ¢®ªàã¦ îé¥¥ ¯à®áâà ­áâ¢® ¨ á¨­ä §­®¥ áå«®¯ë¢ -­¨¥ ª ¢¥à­ £¥­¥à¨àãîâ  ªãáâ¨ç¥áª¨¥ ¢®«­ë ¢ëá®-ª®© ¨­â¥­á¨¢­®áâ¨. �®à®¨¤ «ì­ë© ¢¨åàì ®âá¥ª -¥âáï ®â ®ªàã¦ îé¥£® ¯à®áâà ­áâ¢  ¢ëâ¥ª îé¥©¨§ á®¯«  ª®«ìæ¥¢®© áâàã¥© (¯àï¬®â®ç­ ï ¨§«ãç -îé ï á¨áâ¥¬ ) ¨«¨ áâàã¥©, ®âà ¦¥­­®© ®â ¯à¥-£à ¤ë ¨ § ¬ëª îé¥©áï ­  ­ àã¦­ãî ªà®¬ªã á®¯-«  (¯à®â¨¢®â®ç­ ï ¨§«ãç îé ï á¨áâ¥¬ ) [2]. �

¯¥à¢®¬ á«ãç ¥ § â®¯«¥­­ ï áâàãï ¦¨¤ª®áâ¨ ¨¬¥-¥â ä®à¬ã æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¨, ®£à ­¨ç¨¢ -îé¥© â®à®¨¤ «ì­ãî ª ¢¨â æ¨®­­ãî §®­ã,   ¢®¢â®à®¬ { ª®­¨ç¥áª®© á ªà¨¢®«¨­¥©­®© ®¡à §ãî-é¥©. � ¬¥â¨¬, çâ® ¢® ¢â®à®¬ á«ãç ¥ ¢ à¥ «ì-­ëå ®á¥á¨¬¬¥âà¨ç­ëå ¨§«ãç â¥«ïå ¢ëá®â  áâàã¨-®¡®«®çª¨ (¨­ ç¥, à ááâ®ï­¨¥ ¬¥¦¤ã â®àæ ¬¨ á®¯« ¨ ®âà ¦ â¥«ï) ¢á¥£¤  ¬¥­ìè¥ ¤¨ ¬¥âà  ¥¥ á¥ç¥-­¨ï. �®íâ®¬ã ¢ ¯à®â¨¢®â®ç­ëå £¨¤à®¤¨­ ¬¨ç¥-áª¨å ¨§«ãç â¥«ïå áâàãî-®¡®«®çªã ¢ ¯¥à¢®¬ ¯à¨-¡«¨¦¥­¨¨ â ª¦¥ ¬®¦­® áç¨â âì æ¨«¨­¤à¨ç¥áª®©.�à®¢¥¤¥­­ë¥ à ­¥¥ ¨áá«¥¤®¢ ­¨ï [3, 4] ¯®ª § -«¨, çâ® á ¯®¬®éìî ®á¥á¨¬¬¥âà¨ç­ëå £¨¤à®¤¨-­ ¬¨ç¥áª¨å ¨§«ãç â¥«¥© ¬®¦­® ¯®«ãç¨âì  ªãáâ¨-ç¥áª¨¥ ¯®«ï ¢ëá®ª®© ¨­â¥­á¨¢­®áâ¨ ¤«ï ®§¢ãç¨-¢ ­¨ï ¦¨¤ª®áâ¥© à §«¨ç­®© ¢ï§ª®áâ¨ ¤«ï è¨à®-ª®£® ¤¨ ¯ §®­  ¨§¡ëâ®ç­ëå áâ â¨ç¥áª¨å ¤ ¢«¥-­¨© ¢ à ¡®ç¥© ¥¬ª®áâ¨. �ëá®ª ï íà®§¨®­­ ï  ª-â¨¢­®áâì ¢¡«¨§¨ à ¡®ç¥© ¯ àë á®¯«®-®âà ¦ â¥«ì¬®¦¥â ãá¯¥è­® ¯à¨¬¥­ïâìáï ¤«ï ¨­â¥­á¨ä¨ª æ¨¨â¥å­®«®£¨ç¥áª¨å ¯à®æ¥áá®¢, ¯à®â¥ª îé¨å ¢ ¦¨¤-ª®© ä §¥ [3,5].�ç¥¢¨¤­®, çâ® ¬ ªá¨¬ã¬ ãà®¢­ï §¢ãª  ¤®áâ¨£ -¥âáï ¢ á«ãç ¥ ®¯â¨¬ «ì­ëå §­ ç¥­¨© £¥®¬¥âà¨ç¥-áª¨å ¨ £¨¤à®¤¨­ ¬¨ç¥áª¨å ¯ à ¬¥âà®¢ ®á¥á¨¬¬¥-âà¨ç­®£® ¨§«ãç â¥«ï. � á¢ï§¨ á íâ¨¬, ¯à¥¤áâ -¢«ï¥âáï ¢ ¦­ë¬ ãáâ ­®¢¨âì § ¢¨á¨¬®áâì ç áâ®âë®á­®¢­®£® â®­  ¨§«ãç ¥¬®£® á¨£­ «  ®â £¥®¬¥âà¨-ç¥áª¨å ¨ £¨¤à®¤¨­ ¬¨ç¥áª¨å ¯ à ¬¥âà®¢ ¨§«ãç -â¥«ï,   â ª¦¥ å à ªâ¥à¨áâ¨ª à ¡®ç¥© ¦¨¤ª®áâ¨.c
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�¨á. 1. �®¤¥«ì ®á¥á¨¬¬¥âà¨ç­®£®£¨¤à®¤¨­ ¬¨ç¥áª®£® ¨§«ãç â¥«ï1. ������ ����������� �����-��������� áá¬®âà¨¬ ¯àï¬®â®ç­ãî ¨§«ãç îéãî á¨áâ¥-¬ã. �ã¤¥¬ ¨áå®¤¨âì ¨§ á«¥¤ãîé¥© ¬®¤¥«¨: ¢ë-â¥ª îé ï ¨§ ®á¥á¨¬¬¥âà¨ç­®£® é¥«¥¢®£® á®¯«  1áâàãï ¦¨¤ª®áâ¨ ¢¥¤¥â á¥¡ï, ª ª ã¯àã£ ï æ¨«¨­¤à¨-ç¥áª ï ®¡®«®çª  2, ¦¥áâª® § é¥¬«¥­­ ï ­  â®àæ¥á®¯«  ¨ á¢®¡®¤­® ®¯¨à îé ïáï ­  ¯à¥¯ïâáâ¢¨¥ 3(à¨á. 1). �  ­¥¬ æ¨«¨­¤à¨ç¥áª ï áâàãï à §¤¢ ¨-¢ ¥âáï: ç áâì ¯®â®ª  ãå®¤¨â ¢® ¢­¥è­îî áà¥¤ã,  ¤àã£ ï § ¢®à ç¨¢ ¥âáï ª ®á¨ Z, ®¡à §ãï ¢¨åàì 4,¨¬¥îé¨© â®à®¨¤ «ì­ãî ä®à¬ã. � æ¥­âà¥ ¢¨åà¥-¢®© §®­ë á®§¤ îâáï ãá«®¢¨ï ¤«ï à §àë¢  á¯«®è­®-áâ¨ ¦¨¤ª®áâ¨.� ã¢¥«¨ç¥­¨¥¬ ª®­æ¥­âà æ¨¨ ª ¢¥à­ ¤ ¢«¥­¨¥¢­ãâà¨ ®¡« áâ¨ 4 ¢®§à áâ ¥â, ¤®áâ¨£ ï ªà¨â¨ç¥-áª®£® §­ ç¥­¨ï, ¯®á«¥ ç¥£® ­ áâã¯ ¥â ¤¥ä®à¬ æ¨ïá¢®¡®¤­®£® ªà ï ã¯àã£®© áâàã¨-®¡®«®çª¨ ¨ ¢ë¡à®áá®¤¥à¦¨¬®£® ª ¢¨â æ¨®­­®© §®­ë á ¯®á«¥¤ãîé¨¬á¨­ä §­ë¬ áå«®¯ë¢ ­¨¥¬ ¥¥ ª ¢¥à­. �à¨ íâ®¬ ¤ -¢«¥­¨¥ ¢® ¢­ãâà¥­­¥© ¯®«®áâ¨ ®¡®«®çª¨ áâ ­®¢¨â-áï ¬¥­ìè¥ £¨¤à®áâ â¨ç¥áª®£® ¤ ¢«¥­¨ï ¢ ­¥¢®§¬ã-é¥­­®© áà¥¤¥, çâ® ¢­®¢ì ¯à¨¢®¤¨â ª § ¢®à ç¨¢ -­¨î á¢®¡®¤­®£® ªà ï áâàã¨ ¢ áâ®à®­ã ®á¨ Z ¨ ¢®§-­¨ª­®¢¥­¨î â®à®¨¤ «ì­®£® ¢¨åàï. �â®â ¯à®æ¥áá¯®¢â®àï¥âáï ¯¥à¨®¤¨ç¥áª¨.�§ áª § ­­®£® ¯®­ïâ­®, çâ® ­ ª®¯¨â¥«¥¬ í­¥à-£¨¨ ï¢«ï¥âáï ¢¨åàì,   ç áâ®âã ®á­®¢­®£® â®­  § -

�¨á. 2. � ¯àï¦¥­¨ï, íª¢¨¢ «¥­â­ë¥ á¨«ë ¨ ¬®¬¥­âë,¤¥©áâ¢ãîé¨¥ ­  í«¥¬¥­â ®¡®«®çª¨¤ îâ ã¯àã£ ï ¦¨¤ª®áâ­ ï ®¡®«®çª  ¨ ¯à¨á®¥¤¨-­¥­­ ï ¬ áá  ®âá¥ª ¥¬®© §®­ë. �¥è¥­¨¥ § ¤ -ç¨ ¡ã¤¥¬ ¨áª âì ¢ â ª®¬ ¢¨¤¥, çâ®¡ë, §­ ï áª®-à®áâì ¨áâ¥ç¥­¨ï ¦¨¤ª®áâ¨ ¨§ á®¯« , å à ªâ¥à¨-áâ¨ª¨ ¦¨¤ª®© áà¥¤ë ¨ £¥®¬¥âà¨î ®¡®«®çª¨, ¬®¦-­® ¡ë«® ¯®«ãç¨âì ç áâ®âã á®¡áâ¢¥­­ëå ª®«¥¡ ­¨©¯®á«¥¤­¥©. �à¨ íâ®¬ ¡ã¤¥¬ ¨áå®¤¨âì ¨§ £¨¯®â¥§�¨àå£®ä  {�ï¢  [6]:� ¯àï¬®ã£®«ì­ë¥ í«¥¬¥­âë ®¡®«®çª¨, ¯¥à¯¥­¤¨-ªã«ïà­ë¥ ª áà¥¤¨­­®© ¯®¢¥àå­®áâ¨, ¤® ¨ ¯®-á«¥ ¤¥ä®à¬¨à®¢ ­¨ï ®áâ îâáï ¯àï¬®«¨­¥©­ë-¬¨ ¨ ¯¥à¯¥­¤¨ªã«ïà­ë¬¨ ª ¨§®£­ãâ®© áà¥¤¨­-­®© ¯®¢¥àå­®áâ¨, á®åà ­ïï ¯à¨ íâ®¬ á¢®î ¤«¨-­ã;� ­®à¬ «ì­ë¥ ­ ¯àï¦¥­¨ï ­  ¯«®é ¤ª å, ¯ -à ««¥«ì­ëå áà¥¤¨­­®© ¯®¢¥àå­®áâ¨, áç¨â îâ-áï ¯à¥­¥¡à¥¦¨¬® ¬ «ë¬¨ ¯® áà ¢­¥­¨î á ¤àã-£¨¬¨ ­ ¯àï¦¥­¨ï¬¨.� ®¡é¥¬ á«ãç ¥, ­  ®¡®«®çªã ¬®£ãâ ¤¥©áâ¢®¢ âì¢­¥è­¨¥ á¨«ë ¨ ¬®¬¥­âë: ¬ áá®¢ë¥, ¯®¢¥àå­®áâ-­ë¥ ¨ ªà ¥¢ë¥. � ª ç¥áâ¢¥ ¬ áá®¢ëå á¨« ç é¥ ¢á¥-£® ¢ëáâã¯ îâ á¨«  âï¦¥áâ¨ ¨ æ¥­âà®¡¥¦­ë¥ á¨«ë¨­¥àæ¨¨. � ª ¯®¢¥àå­®áâ­ë¥ á¨«ë ¢ â¥®à¨¨ ®¡®-«®ç¥ª ­ ¨¡®«¥¥ ç áâ® à áá¬ âà¨¢ îâáï á¨«ë £¨-¤à®áâ â¨ç¥áª®£® ¤ ¢«¥­¨ï. �  ªà ï ®¡®«®çª¨ ¬®-£ãâ ¤¥©áâ¢®¢ âì ª ª  ªâ¨¢­ë¥ ¢­¥è­¨¥ á¨«ë ¨ ¬®-¬¥­âë, â ª ¨ á¨«ë à¥ ªæ¨©. �à®¬¥ â®£®, ª ®¡®-«®çª¥ ¬®£ãâ ¡ëâì ¯à¨«®¦¥­ë ­ £àã§ª¨, à á¯à¥¤¥-«¥­­ë¥ ¢¤®«ì «¨­¨¨ ¨«¨ á®áà¥¤®â®ç¥­­ë¥ ¢ â®çª¥.1.1. �¨áâ¥¬  ãà ¢­¥­¨© â®­ª®© ®¡®«®çª¨�¢¥¤¥¬ ­  áà¥¤¨­­®© ¯®¢¥àå­®áâ¨ ®¡®«®çª¨ ®à-â®£®­ «ì­ë© ¡ §¨á ~e1, ~e2, ~en ¨ ®á¨ á¢ï§ ­­®© á ­¥©ªà¨¢®«¨­¥©­®© á¨áâ¥¬ë ª®®à¤¨­ â �, � (à¨á. 2).28 �. �. �ã¤§¨­áª¨©, �. �. � § à¥­ª®



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 4. �. 27 { 35�¥âëàì¬ï ­®à¬ «ì­ë¬¨ á¥ç¥­¨ï¬¨, ª á â¥«ì­ë-¬¨ ª «¨­¨ï¬ �; �+��; �; �+�� , ¢ë¤¥«¨¬ ­  áà¥-¤¨­­®© ¯®¢¥àå­®áâ¨ í«¥¬¥­â ®¡®«®çª¨. �¥ªâ®àë­ ¯àï¦¥­¨© ~�ij ¯®ª § ­ë ­  à¨á. 21.�¢¥¤¥¬ ¢¬¥áâ® ­ ¯àï¦¥­¨© áâ â¨ç¥áª¨ íª¢¨-¢ «¥­â­ë¥ ¨¬ ãá¨«¨ï ¨ ¬®¬¥­âë. � áá¬®âà¨¬£à ­ì í«¥¬¥­â , ¯¥à¯¥­¤¨ªã«ïà­ãî ®á¨ �. �ã¤¥¬áç¨â âì �� ­ áâ®«ìª® ¬ «ë¬, çâ® ¢ ¨­â¥à¢ «¥[�; �+��] ¯à¨ ¯®áâ®ï­­®¬ z ­ ¯àï¦¥­¨ï ¯®áâ®ï­-­ë. � á¨«ã ¬ «®áâ¨ ¯à®£¨¡®¢ ¯®« £ ¥¬, çâ® ª®íä-ä¨æ¨¥­âë � ¬¥ ¨ à ¤¨ãáë ªà¨¢¨§­ë ­¥ ¬¥­ïîâáï.�«®é ¤ì § èâà¨å®¢ ­­®£® ãç áâª  £à ­¨ ­  à¨á. 2à ¢­  [6] B���1 + ZR2�dz; (1)£¤¥ B=@R2=@� { ª®íää¨æ¨¥­â � ¬¥; R2 { à ¤¨-ãá ªà¨¢¨§­ë á¥ç¥­¨ï. �®£¤  ª®¬¯®­¥­âë £« ¢­®-£® ¢¥ªâ®à  á¨áâ¥¬ë ­ ¯àï¦¥­¨©, ¯à¨«®¦¥­­ëå ªíâ®© £à ­¨ [7], ¨¬¥îâ ¢¨¤�T1 = B�� h=2Z�h=2 �11�1 + zR2�dz;�T12 = B�� h=2Z�h=2 �12�1 + zR2�dz;�N1 = B�� h=2Z�h=2 �13�1 + zR2�dz; (2)  ª®¬¯®­¥­âë £« ¢­®£® ¬®¬¥­â  �M12, �M1 ¢¤®«ì®á¥© � ¨ � ¡ã¤ãâ á®®â¢¥âáâ¢¥­­®�M12 = B�� h=2Z�h=2 z�12�1 + zR2�dz;�M1 = B�� h=2Z�h=2 z�11�1 + zR2�dz: (3)�®¬¥­â ­ ¯àï¦¥­¨© ®â­®á¨â¥«ì­® ®á¨, ¯ à «-«¥«ì­®© ~en ¨ ¯à®å®¤ïé¥© ç¥à¥§ æ¥­âà «ì­ãî â®çªã¤ã£¨ B��, à ¢¥­ ­ã«î ¢ ¯à¥¤¯®«®¦¥­¨¨ ®¤­®à®¤-­®áâ¨ ­ ¯àï¦¥­¨© ¢¤®«ì ¤ã£¨ B�� [7].� ¬¥­¨¬ á¨áâ¥¬ã ­ ¯àï¦¥­¨©, ¯à¨«®¦¥­­ëå ª£à ­¨ í«¥¬¥­â  ®¡®«®çª¨, áâ â¨ç¥áª¨ íª¢¨¢ «¥­â-­®© á¨áâ¥¬®© á¨« ¨ ¬®¬¥­â®¢, ¯à¨«®¦¥­­ëå ª1�¤¥áì ¨ ¤ «¥¥ ¢¥ªâ®à­ë¥ ¢¥«¨ç¨­ë ¡ã¤¥¬ ®¡®§­ ç âìáâà¥«ª ¬¨ ¢¢¥àåã. � ¯¨á ­¨¥ á®®â¢¥âáâ¢ãîé¥© ¢¥«¨ç¨­ë¡¥§ áâà¥«ª¨ ®§­ ç ¥â, çâ® à¥çì ¨¤¥â ® ¢¥«¨ç¨­¥ ¢¥ªâ®à ¢¤®«ì ¯à¥¤®¯à¥¤¥«¥­­®£® ­ ¯à ¢«¥­¨ï.

í«¥¬¥­âã áà¥¤¨­­®© ¯®¢¥àå­®áâ¨ ¯® ®âà¥§ªã ¤ã-£¨ [�; �+��]. �  ¥¤¨­¨æã ¤«¨­ë ãª § ­­®© «¨­¨¨¯à¨å®¤ïâáï á«¥¤ãîé¨¥ ã¤¥«ì­ë¥ á¨«ë ¨ ¬®¬¥­âë:T1 = �T1B�� = h=2Z�h=2 �11�1 + zR2�dz;T12 = �T12B�� = h=2Z�h=2 �12�1 + zR2�dz;N1 = �N1B�� = h=2Z�h=2 �13�1 + zR2�dz;M1 = �M1B�� = h=2Z�h=2 z�11�1 + zR2�dz;M12 = �M12B�� = h=2Z�h=2 z�12�1 + zR2�dz: (4)
�®  ­ «®£¨¨, à áá¬®âà¨¬ £à ­ì í«¥¬¥­â , ¯¥à-¯¥­¤¨ªã«ïà­ãî ­ ¯à ¢«¥­¨î ~e2 (®áì �). �  ¥¤¨-­¨æã ¤«¨­ë «¨­¨¨ ¯¥à¥á¥ç¥­¨ï íâ®© £à ­¨ á® áà¥-¤¨­­®© ¯®¢¥àå­®áâìî ¯à¨å®¤ïâáï á¨«ë ¨ ¬®¬¥­âë®â­®á¨â¥«ì­® ­ ¯à ¢«¥­¨© ~e1, ~e2:T2 = h=2Z�h=2 �22�1 + zR1�dz;T21 = h=2Z�h=2 �21�1 + zR1�dz;N2 = h=2Z�h=2 �23�1 + zR1�dz;M2 = h=2Z�h=2 z�22�1 + zR1�dz;M21 = h=2Z�h=2 z�21�1 + zR1�dz: (5)

� à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ ¯®¤ áâ â¨ç¥áª¨ íª¢¨¢ -«¥­â­ë¬¨ á¨« ¬¨, ¯à¨«®¦¥­­ë¬¨ ª í«¥¬¥­âã áà¥-¤¨­­®© ¯®¢¥àå­®áâ¨ ®¡®«®çª¨, ¯®­¨¬ îâ: ~T1, ~T2 {­®à¬ «ì­ë¥ á¨«ë; ~T12, ~T21 { á¤¢¨£ îé¨¥ á¨«ë; ~N1,~N2 { ¯¥à¥à¥§ë¢ îé¨¥ ãá¨«¨ï. �â â¨ç¥áª¨ íª¢¨-�. �. �ã¤§¨­áª¨©, �. �. � § à¥­ª® 29



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 4. �. 27 { 35¢ «¥­â­ë¥ ¬®¬¥­âë ¨¬¥îâ á«¥¤ãîé¨© á¬ëá«: ~M1,~M2 { ¨§£¨¡ îé¨¥; ~M12, ~M21 { ªàãâïé¨¥.�ãáâì ¯à¨ ¤¥ä®à¬¨à®¢ ­¨¨ ®¡®«®çª¨ â®çª¨ ¥¥áà¥¤¨­­®© ¯®¢¥àå­®áâ¨ ¯®«ãç îâ ¯¥à¥¬¥é¥­¨ï~D(�; �). �¡®§­ ç¨¬ ç¥à¥§ u, v, w ¯à®¥ªæ¨¨ ¢¥ª-â®à  ~D: ~D = ~e1u+ ~e2v + ~enw:�®« £ ¥¬, çâ® ¯¥à¥¬¥é¥­¨ï â®ç¥ª ®¡®«®çª¨ ¬ «ë¯® áà ¢­¥­¨î á ¥¥ â®«é¨­®©. �¡®§­ ç¨¬ ç¥à¥§ �¨  ã£«ë ¯®¢®à®â  ­®à¬ «¨ ª áà¥¤¨­­®© ¯®¢¥àå-­®áâ¨ ®â­®á¨â¥«ì­® ®á¥© � ¨ �. �®á¯®«ì§ã¥¬áï£¥®¬¥âà¨ç¥áª¨¬¨ á®®â­®è¥­¨ï¬¨ â¥®à¨¨ ã¯àã£®-áâ¨, ãáâ ­ ¢«¨¢ îé¨¬¨ á¢ï§ì ¯¥à¥¬¥é¥­¨© á ¤¥-ä®à¬ æ¨ï¬¨ [7]:"1 = 1A @u@� + 1AB @A@� v + wR1 ;"2 = 1B @v@� + 1AB @B@� u+ wR2 ;"12 = BA @@�� vB�+ AB @@�� uA�;�1 = 1A @�@� + 1AB @A@�  ;�2 = 1B @ @� + 1AB @B@� �;�12 = 1A @ @� � 1AB @A@� �++� 1B @u@� � 1AB @B@� � 1R1 : (6)
�¤¥áì "1 ¨ "2 { ®â­®á¨â¥«ì­ë¥ ã¤«¨­¥­¨ï ¢ ­ ¯à -¢«¥­¨ïå � ¨ � á®®â¢¥âáâ¢¥­­®; "12 { ®â­®á¨â¥«ì-­ë© á¤¢¨£; ¢¥«¨ç¨­ë �1, �2 å à ªâ¥à¨§ãîâ ¨§¬¥-­¥­¨ï ªà¨¢¨§­ë,   �12 { ªàãç¥­¨¥ áà¥¤¨­­®© ¯®-¢¥àå­®áâ¨ ®¡®«®çª¨;� = �~en; ~e1� = � 1A @w@� + uR1 ; = �~en; ~e2� = � 1B @w@� + vR2 :�®á¯®«ì§®¢ ¢è¨áì ®¡®¡é¥­­ë¬ § ª®­®¬ �ãª ,§ ¯¨è¥¬ á¢ï§ì ¬¥¦¤ã ­ ¯àï¦¥­¨ï¬¨ ¨ ¤¥ä®à¬ -

æ¨ï¬¨ ¢ á«¥¤ãîé¥¬ ¢¨¤¥ [7,8]:�11 = E1� �2� "11 + z=R1 + �"21 + z=R2�;�22 = E1� �2� "21 + z=R2 + �"11 + z=R1�;�12 = E2�1 + ��"(z)12 ; (7)£¤¥"(z)12 = 11 + z=R1 �!1 + z�1�+ 11 + z=R2 �!2 + z�2�;!1 = 1A @v@� � 1AB @A@� u;!2 = 1B @u@� � 1AB @B@� v;�1 = 1A @ @� � 1AB @A@� �;�2 = 1B @�@� � 1AB @B@�  ; (8)� { ¬®¤ã«ì ã¯àã£®áâ¨; � { ª®íää¨æ¨¥­â �ã áá®­ ¬ â¥à¨ «  ®¡®«®çª¨.�®¤áâ ¢¨¬ ¢ëà ¦¥­¨ï (7) ¢ á®®â­®è¥­¨ï (4)¨ (5), ãç¨âë¢ ï ¢¨¤ �1, �2 ¨ �12 ¨§ á¨áâ¥-¬ë (6). �®áª®«ìªã áà¥¤¨­­ ï ¯®¢¥àå­®áâì ®¡®«®ç-ª¨ ­¥ ¨¬¥¥â à §àë¢®¢ ¨ ¯à®¨§¢®¤­ë¥ á¬¥é¥­¨© ¯®� ¨ � ¯à¨­¨¬ îâ ª®­¥ç­ë¥ §­ ç¥­¨ï, â® ¬®¦­®áç¨â âì 1=R1�1=R2. �®á«¥ ®ç¥¢¨¤­ëå ¯à¥®¡à -§®¢ ­¨© ¯®«ãç ¥¬ á®®â­®è¥­¨ï ã¯àã£®áâ¨:T1 = Eh1� �2 �"1 + �"2�;T2 = Eh1� �2 �"2 + �"1�;S1 = S2 = Eh2�1 + �� "12;M1 = Eh312�1� �2���1 + ��2�;M2 = Eh312�1� �2���2 + ��1�;H = Eh312�1 + �� �12: (9)� íâ®© á¨áâ¥¬¥ ãà ¢­¥­¨© ®¡®¡é¥­­ë¥ ¨§£¨¡ î-é¨¥ á¨«ë ¨ ®¡®¡é¥­­ë¥ ªàãâïé¨¥ ¬®¬¥­âë à ¢­ë30 �. �. �ã¤§¨­áª¨©, �. �. � § à¥­ª®



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 4. �. 27 { 35á®®â¢¥âáâ¢¥­­® S1 = T12 � M21R2 ;S2 = T21 � M12R1 ;H = M12 +M212 : (10)�à ¢­¥­¨ï ª®«¥¡ ­¨© ®¡®«®çª¨ ¬®¦­® ¯®«ãç¨âì¯ãâ¥¬ ¯à¨¡ ¢«¥­¨ï ª ¢­¥è­¨¬ ¯ à ¬ ¨ á¨« ¬, ª®-â®àë¥ ¢å®¤ïâ ¢ ãà ¢­¥­¨ï à ¢­®¢¥á¨ï, ¢ëà ¦¥­¨©¤«ï á¨« ¨­¥àæ¨¨ ¨ ¨å ¬®¬¥­â®¢ [7] (§ âãå ­¨¥¬¯à¥­¥¡à¥£ ¥¬):1AB �@(T1B)@� � @(S2A)@� ++S1 @A@� � T2@B@� � � N1R1 = �2�h@2u@t2 ;1AB �@(S1B)@� + @(T2A)@� ��T1 @A@� � S2 @B@� � � N2R2 = �2�h@2v@t2 ;1AB �@(N1B)@� + @(N2B)@� �++ T1R1 + T2R2 = �2�h@2w@t2 ;1AB �@(M12B)@� � @(M2B)@� ++M1 @A@� �M21 @B@� �+N2 = 0;1AB �@(M1B)@� + @(M21A)@� ��M1 @A@� �M2 @B@� �� N1 = 0;M12R1 + M21R2 + S1 + S2 = 0;
(11)

£¤¥ � { ¯«®â­®áâì ¬ â¥à¨ «  ®¡®«®çª¨; h { ¥¥ â®«-é¨­ .�à ¢­¥­¨ï ª®«¥¡ ­¨© § ¯¨áë¢ ¥¬ ®â­®á¨â¥«ì­®­¥¤¥ä®à¬¨à®¢ ­­®£® á®áâ®ï­¨ï, ¯à¥­¥¡à¥£ ï ¯à®-¨§¢¥¤¥­¨ï¬¨ ª®¬¯®­¥­â á¬¥é¥­¨ï u, v, w ¨ ¨å ¯à®-¨§¢®¤­ëå.

1.2. �®¡áâ¢¥­­ë¥ ª®«¥¡ ­¨ï æ¨«¨­¤à¨ç¥áª®©áâàã¨-®¡®«®çª¨�®«­ ï á¨áâ¥¬  ãà ¢­¥­¨© ®¡®«®çª¨ á®áâ®¨â ¨§£¥®¬¥âà¨ç¥áª¨å á®®â­®è¥­¨© (6), ¤ îé¨å á¢ï§ì¯¥à¥¬¥é¥­¨© á ¤¥ä®à¬ æ¨ï¬¨, á®®â­®è¥­¨© ã¯àã-£®áâ¨ (9), á¢ï§ë¢ îé¨å ¤¥ä®à¬ æ¨¨ á ãá¨«¨ï-¬¨ ¨ ¬®¬¥­â ¬¨,   â ª¦¥ ¨§ ãà ¢­¥­¨© ª®«¥¡ -­¨ï ®¡®«®çª¨ (11). �ã¤¥¬ áç¨â âì, çâ® áâàãï-®¡®«®çª  ¤¥ä®à¬¨àã¥âáï ¯®¤ ¤¥©áâ¢¨¥¬ á¨«, à ¢-­®¬¥à­® à á¯à¥¤¥«¥­­ëå ¯® ¥¥ ¢­ãâà¥­­¥© ¯®¢¥àå-­®áâ¨ (¢á¥ £¥®¬¥âà¨ç¥áª¨¥ ¯ à ¬¥âàë áç¨â îâ-áï ¨§¢¥áâ­ë¬¨). � ª ª ª à áá¬ âà¨¢ îâáï ãáâ -­®¢¨¢è¨¥áï ª®«¥¡ ­¨ï, â® ­¥â ­¥®¡å®¤¨¬®áâ¨ ¢­ ç «ì­ëå ãá«®¢¨ïå. �à¨¬¥­¨â¥«ì­® ª á¨áâ¥¬ ¬ãà ¢­¥­¨© (6), (9), (11) ªà ¥¢ë¥ ãá«®¢¨ï ¯à¨­¨¬ -îâ á«¥¤ãîé¨© ¢¨¤ [7]:� ¤«ï á¢®¡®¤­®£® ªà ï (�=const)T2 = 0;S1 = S2 = 0;N� = N2 � 1A @M21@� = 0; (12)� ¤«ï ¦¥áâª® § é¥¬«¥­­®£® ªà ï (�=const)u = 0; v = 0;w = 0;  = 0: (13)�¤¥áì N� { ®¡®¡é¥­­ ï ¯¥à¥à¥§ë¢ îé ï á¨« .� á«ãç ¥ æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¨ ¯ à ¬¥âàë� ¬¥ [8] à ¢­ë A=1 ¨ B=r (r { à ¤¨ãá æ¨«¨­¤à ),à ¤¨ãáë ªà¨¢¨§­ë { R1!1 ¨ R2=r. �à®¬¥ â®£®,¯à¨ ®á¥¢®© á¨¬¬¥âà¨¨ ­¨ ®¤­  ¨§ ã¯àã£¨å ¢¥«¨ç¨­­¥ § ¢¨á¨â ®â ã£«®¢®© ª®®à¤¨­ âë �. �®áª®«ì-ªã ®¡®«®çª  ¤¥ä®à¬¨àã¥âáï â®«ìª® ¢ ­ ¯à ¢«¥­¨¨­®à¬ «¨ ª ¥¥ ¯®¢¥àå­®áâ¨, â® ®âáãâáâ¢ãîâ á¤¢¨£ -îé¨¥ ãá¨«¨ï ¨ ªàãâïé¨¥ ¬®¬¥­âë. �à®¬¥ â®£®, ¢«î¡®¬ á¥ç¥­¨¨ �=const à ¢­ë ­ã«î ¨§£¨¡ îé¨¥¬®¬¥­âë ¨ ¯¥à¥à¥§ë¢ îé ï á¨« . �á«¨ í«¥¬¥­â®¡®«®çª¨, ¯à¥¤áâ ¢«¥­­ë© ­  à¨á. 2, ¢ëà¥§ ­ ¨§â®­ª®áâ¥­­®£® áâàã©­®£® æ¨«¨­¤à  (á¬. à¨á. 1),â® ¢ á¨áâ¥¬ å ãà ¢­¥­¨© (6), (8), (9) ¨ (11) á«¥-¤ã¥â ¯à¨­ïâì ¢¬¥áâ® ªà¨¢®«¨­¥©­®© ®á¨ � (®àâ~e1) ¢¥àâ¨ª «ì­ãî ®áì Z, ¢ ª ç¥áâ¢¥ ­®à¬ «¨ (®àâ~en) { ®áì r. �®£¤  íª¢¨¢ «¥­â­ë¥ á¨«ë ¨ ¬®¬¥­âë¯à¨­¨¬ îâ á«¥¤ãîé¨¥ §­ ç¥­¨ï: T1=Tz, N1=Nz ,M1=Mz , M12=0, M21=0, S1=0, S2=0.�. �. �ã¤§¨­áª¨©, �. �. � § à¥­ª® 31



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 4. �. 27 { 35� ãç¥â®¬ ¢ëè¥¨§«®¦¥­­®£®, ãà ¢­¥­¨ï (6), (9)¨ (11) ¯à¨¬ãâ ¢¨¤@Tz@z + �h@2u@t2 = 0;@Nz@z � �r Tz + ��h @2@t2 � Ehr2 �w = 0;@Mz@z �Nz = 0;@u@z + �r v � 1� �2Eh Tz = 0;@w@z +  z = 0;@ z@z � 12�1� �2�Eh3 Mz = 0: (14)�á«®¢¨ï ­  á¢®¡®¤­®¬ ªà ¥ (z= l) á¢®¤ïâáï ª à -¢¥­áâ¢ ¬Mz = 0; Tz = 0; Nz = 0; (15)  ­  ¦¥áâª® § é¥¬«¥­­®¬ (z=0) { ª à ¢¥­áâ¢ ¬u = 0; w = 0;  z = 0: (16)�à¨¬¥¬ ª®íää¨æ¨¥­â �ã áá®­  à ¢­ë¬ ­ã«î, çâ®®¡ãá«®¢«¥­® ¬®¤¥«ìî áâàã¨-®¡®«®çª¨ (¬ â¥à¨ « {¦¨¤ª®áâì).�ã¤¥¬ ¨áª âì à¥è¥­¨ï ¢ ¢¨¤¥u�z; t� = u�z�ei!t;w�z; t� = w�z�ei!t; (17)£¤¥ ! { ªàã£®¢ ï ç áâ®â . �®£¤  ¨áå®¤­ ï á¨áâ¥-¬  ãà ¢­¥­¨© (14) à á¯ ¤ ¥âáï ­  ¤¢¥, ¢ ®¤­ã ¨§ª®â®àëå ¢å®¤ïâ u ¨ v, ­¥ ¯à¥¤áâ ¢«ïîé¨¥ ¤«ï ­ á¨­â¥à¥á    ¢ ¤àã£ãî { à ¤¨ «ì­®¥ á¬¥é¥­¨¥ á¢®-¡®¤­®£® ªà ï ®¡®«®çª¨ w:@Nz@z + ��h!2 � Ehr2 �w = 0;@Mz@z � Nz = 0;@w@z +  z = 0;@ z@z � 12Eh3Mz = 0: (18)�ãâ¥¬ ¯à®áâëå ¬ â¥¬ â¨ç¥áª¨å ¯à¥®¡à §®¢ -­¨© á¨áâ¥¬  ç¥âëà¥å ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥-­¨© (18) ¬®¦¥â ¡ëâì á¢¥¤¥­  ª ®¤­®¬ã:Eh312 @4w@z4 + Ehr2 w = !2� hw; (19)

£¤¥ 0 � z � l:�§¢¥áâ­®, çâ® ¥£® ®¡é¥¥ à¥è¥­¨¥ ¨¬¥¥â ¢¨¤ [9]:w�z� = a ch �kz�+ b sh �kz�+c cos�kz� + d sin�kz�; (20)£¤¥ k = 4s12��r2!2 �E�Eh2r2 ; (21) , b, c, d { ¯®¤«¥¦ é¨¥ ®¯à¥¤¥«¥­¨î ª®íää¨æ¨¥­-âë. �á¯®«ì§ãï ¥áâ¥áâ¢¥­­ë¥ ªà ¥¢ë¥ ãá«®¢¨ïw(0) = 0; w0(0) = 0;w(l) = 0; w0(l) = 0;¯à¨¤¥¬ ª á¨áâ¥¬¥ ç¥âëà¥å ãà ¢­¥­¨© ®â­®á¨â¥«ì-­® a, b, c ¨ d: a+ c = 0;b+ d = 0;a ch �kl) + b sh (kl)��c cos(kl) � d sin(kl) = 0;a sh (kl) + b ch (kl)��c sin(kl) + d cos(kl) = 0: (22)�¨áâ¥¬  ãà ¢­¥­¨© (22) ¨¬¥¥â ­¥âà¨¢¨ «ì­®¥ à¥-è¥­¨¥ ¢ â®¬ á«ãç ¥, ¥á«¨ ®¯à¥¤¥«¨â¥«ì á¨áâ¥¬ëà ¢¥­ ­ã«î, â. ¥.� = 2�ch (kl) cos(kl) + 1� = 0: (23)�à ¢­¥­¨¥ (23) ¨¬¥¥â ¡¥áª®­¥ç­®¥ ¬­®¦¥áâ¢®à¥è¥­¨©. � ¦¤®¬ã ª®à­î kn á®®â¢¥âáâ¢ã¥â ç -áâ®â  !n, ª®â®à ï ­ å®¤¨âáï ¨§ à¥è¥­¨ï ¤®¯®«­¨-â¥«ì­®£® ãà ¢­¥­¨ï (21):k4n = 12��r2!2n �E�Eh2r2 n = 1; 2; : : : (24)¯à¨ § ¤ ­­ëå ¢¥«¨ç¨­ å �, r, h, E. �®¡áâ¢¥­­ë¥ª®«¥¡ ­¨ï ®¡®«®çª¨ (®á­®¢­®© â®­) ¨¬¥îâ ­ ¨-¬¥­ìèãî ç áâ®âã !0, á®®â¢¥âáâ¢ãîéãî ª®à­î k0,ª®â®àë© «¥¦¨â ¢ ¨­â¥à¢ «¥ [10]�2 � k0l � 3�2 : (25)� ª¨¬ ®¡à §®¬, ­ã«¥¢ ï ¬®¤  ª®«¥¡ ­¨© å à ª-â¥à¨§ã¥âáï ç áâ®â®© !0, ®¯à¥¤¥«ï¥¬®© ¢ëà ¦¥­¨-¥¬ !0 =sk40h2r2 + 1212�r2 E: (26)32 �. �. �ã¤§¨­áª¨©, �. �. � § à¥­ª®
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�¨á. 3. � ¢¨á¨¬®áâì ãà®¢­ï  ªãáâ¨ç¥áª®£® á¨£­ « ®â ¢ëá®âë áâàã¨-®¡®«®çª¨:1 { ¢®¤®¯à®¢®¤­ ï ¢®¤ , 2 { âà ­áä®à¬ â®à­®¥ ¬ á«®2. ����������������� �������-����� ������������� ������-���������� ����������������������������� ª ¢¨¤­® ¨§ à¨á. 3, ¢ à¥ «ì­ëå ®á¥á¨¬¬¥-âà¨ç­ëå £¨¤à®¤¨­ ¬¨ç¥áª¨å ¨§«ãç îé¨å á¨áâ¥-¬ å ­ ¨¡®«ìè¨© ãà®¢¥­ì  ªãáâ¨ç¥áª®£® á¨£­ « á®®â¢¥âáâ¢ã¥â á«¥¤ãîé¥¬ã á®®â­®è¥­¨î ¤«¨­ë ¨à ¤¨ãá  áâàã¨-®¡®«®çª¨:l � (0:9� 1:1)r: (27)�à¨ á«¨èª®¬ ¬ «®¬ à ááâ®ï­¨¨ ¬¥¦¤ã â®àæ -¬¨ á®¯«  ¨ ®âà ¦ â¥«ï (l < 0:5r) ¨«¨ ¤®áâ â®ç­®¡®«ìè®¬ (1 > 2r) ¢®§¬®¦¥­ áàë¢ £¥­¥à¨à®¢ ­¨ïâ®­ «ì­®£®  ªãáâ¨ç¥áª®£® á¨£­ « . � ¯¥à¢®¬ á«ã-ç ¥ íâ® á¢ï§ ­® á â¥¬, çâ® ¤¨ ¬¥âà á¥ç¥­¨ï â®à®¨-¤ «ì­®£® ¢¨åàï (á¬. à¨á. 1) ¯à¥¢®áå®¤¨â ¢¥«¨ç¨­ãl. �® ¢â®à®¬ á«ãç ¥, §  áç¥â à áè¨à¥­¨ï ª®«ìæ¥-¢®© áâàã¨-®¡®«®çª¨, ®­  ¯¥à¥áâ ¥â ®¯¨à âìáï ­ ¯à¥¯ïâáâ¢¨¥ ¨ ãå®¤¨â ¢ ®ªàã¦ îé¥¥ ¯à®áâà ­-áâ¢®. �á«¥¤áâ¢¨¥ íâ®£® ­¥¢®§¬®¦¥­ § ¢®à®â ç áâ¨¯®â®ª  áâàã¨ ¢ áâ®à®­ã ®á¨ á®¯«® { ®âà ¦ â¥«ì,¨ â®à®¨¤ «ì­ë© ¢¨åàì ­¥ ®¡à §ã¥âáï. �®íâ®¬ã¤«ï à¥ «ì­®£® ®á¥á¨¬¬¥âà¨ç­®£® £¨¤à®¤¨­ ¬¨ç¥-áª®£® ¨§«ãç â¥«ï ®á­®¢­®¬ã â®­ã ª®«¥¡ ­¨© ®¡®-«®çª¨ ¢¬¥áâ® ãá«®¢¨ï (25) á«¥¤ã¥â ¯à¨­¨¬ âì3�2 � k0l � 5�2 : (28)� ª ¢¨¤­® ¨§ ¢ëà ¦¥­¨ï (26), á®¡áâ¢¥­­ ï ç -áâ®â  ª®«¥¡ ­¨© áâàã¨-®¡®«®çª¨ äã­ªæ¨®­ «ì­®

�¨á. 4. � ¢¨á¨¬®áâì ç áâ®âë ®á­®¢­®£® â®­ ®â ¤«¨­ë ®¡®«®çª¨:1 { âà ­áä®à¬ â®à­®¥ ¬ á«®, 2 { ¢®¤®¯à®¢®¤­ ï ¢®¤ § ¢¨á¨â ®â £¥®¬¥âà¨ç¥áª¨å (r; k0�1=l; h), £¨¤à®-¤¨­ ¬¨ç¥áª¨å (v) ¯ à ¬¥âà®¢ ¨ á¢®©áâ¢ à ¡®ç¥©¦¨¤ª®áâ¨ (�, E). �à¨ íâ®¬, ¨§¬¥à¨¢ ç áâ®âã!0 ®á­®¢­®£® â®­  ª®«¥¡ ­¨©, ¨§ ãà ¢­¥­¨© (23)¨ (24) á ãç¥â®¬ ãá«®¢¨ï (28) ¬®¦­® ®¯à¥¤¥«¨âì ­¥-¨§¢¥áâ­ë© ¤«ï ¤ ­­®© ¬®¤¥«¨ ¬®¤ã«ì ã¯àã£®áâ¨¦¨¤ª®áâ­®© ®¡®«®çª¨ E. � ç áâ­®áâ¨, ®¯ëâ­ë¬¯ãâ¥¬ ¡ë« ¯®«ãç¥­ àï¤ ®á­®¢­ëå ç áâ®â !0i, á®-®â¢¥âáâ¢ãîé¨å à §«¨ç­ë¬ £¥®¬¥âà¨ç¥áª¨¬ ¯ à -¬¥âà ¬ ®¡®«®çª¨ ri, hi, li� (0:9�1:1)ri. �à¨ íâ®¬¢ ª ¦¤®¬ á«ãç ¥ áª®à®áâì ¨áâ¥ç¥­¨ï ª®«ìæ¥¢®©áâàã¨ á®®â¢¥âáâ¢®¢ «  ¬ ªá¨¬ «ì­®¬ã  ªãáâ¨ç¥-áª®¬ã á¨£­ «ã. � ª ç¥áâ¢¥ à ¡®ç¥© ¦¨¤ª®áâ¨ ¨á-¯®«ì§®¢ «¨áì ¢®¤®¯à®¢®¤­ ï ¢®¤  (�=1000 ª£=¬3)¨ âà ­áä®à¬ â®à­®¥ ¬ á«® (�=950 ª£=¬3). �®-á«¥ ãáà¥¤­¥­¨ï §­ ç¥­¨© E, á®®â¢¥âáâ¢ãîé¨å àï-¤ã ¨§¬¥à¥­¨©, ¯®«ãç¨«¨ ¢¥«¨ç¨­ã ¬®¤ã«ï ã¯àã£®-áâ¨ áâàã¨-®¡®«®çª¨:¢®¤®¯à®¢®¤­ ï ¢®¤ : E=2:81�105 �=¬2;âà ­áä®à¬ â®à­®¥ ¬ á«®: E=2:97�105 �=¬2:�«ï «î¡®© ¬¥å ­¨ç¥áª®© ª®«¥¡ â¥«ì­®© á¨áâ¥-¬ë á ã¢¥«¨ç¥­¨¥¬ ¥¥ £ ¡ à¨â®¢ ç áâ®â  £¥­¥à¨-àã¥¬ëå ª®«¥¡ ­¨© ¤®«¦­  ¯ ¤ âì. �â®â ä ªâ ®â-à ¦¥­ ¢ ¢ëà ¦¥­¨¨ (26) { k20 ®¡à â­® ¯à®¯®àæ¨-®­ «¥­ ¤«¨­¥ ®¡®«®çª¨ l�r. �â® ¯®¤â¢¥à¦¤ ¥â-áï ¨ à¥§ã«ìâ â ¬¨ íªá¯¥à¨¬¥­â  (à¨á. 4). �«¥-¤ã¥â ¥é¥ à § ®â¬¥â¨âì, çâ® ¨§«ãç â¥«¨ ¤ ­­®£®â¨¯  ¤ îâ ¨­â¥­á¨¢­ë© â®­ «ì­ë©  ªãáâ¨ç¥áª¨©á¨£­ « â®«ìª® ¢ ®£à ­¨ç¥­­®¬ ¨­â¥à¢ «¥ à ááâ®ï-�. �. �ã¤§¨­áª¨©, �. �. � § à¥­ª® 33
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�¨á. 5. � ¢¨á¨¬®áâì ç áâ®âë ®á­®¢­®£® â®­ ®â à ¤¨ãá  áâàã¨-®¡®«®çª¨­¨© ¬¥¦¤ã á®¯«®¬ ¨ ®âà ¦ â¥«¥¬, á«¥¢  ¨ á¯à ¢ ®â ª®â®à®£® £¥­¥à¨àã¥âáï è¨à®ª®¯®«®á­ë© âãà¡ã-«¥­â­ë© èã¬.�à¥¤áâ ¢«ï¥â ¨­â¥à¥á § ¢¨á¨¬®áâì ®á­®¢­®©ç áâ®âë £¥­¥à¨àã¥¬ëå ª®«¥¡ ­¨© ®â à ¤¨ãá áâàã©­®© ®á¥á¨¬¬¥âà¨ç­®© ®¡®«®çª¨. � ª ª ª à -¤¨ãá ¨ ¤«¨­  ã¯àã£®© § â®¯«¥­­®© áâàã¨ ¢§ ¨¬®-á¢ï§ ­ë ¢ëà ¦¥­¨¥¬ (27), á«¥¤ã¥â ®¦¨¤ âì, çâ®á ã¢¥«¨ç¥­¨¥¬ r ç áâ®â  £¥­¥à¨àã¥¬ëå ª®«¥¡ -­¨© ¡ã¤¥â ã¬¥­ìè âìáï. �à ä¨ª f(r) ¯à¥¤áâ ¢«¥­­  à¨á. 5.�  à¨á. 6 ¯®ª § ­  § ¢¨á¨¬®áâì ç áâ®âë ®á­®¢-­®£® â®­  £¥­¥à¨àã¥¬ëå ª®«¥¡ ­¨© ®â áª®à®áâ¨¨áâ¥ç¥­¨ï ¨§ á®¯«  § â®¯«¥­­®© ªàã£®¢®© é¥«¥-¢®© áâàã¨ v. �áá«¥¤®¢ ­¨ï ¯à®¢®¤¨«¨áì ¯à¨ ­ -áâà®©ª¥ ¨§«ãç â¥«ï ­  ¬ ªá¨¬ «ì­ë© ãà®¢¥­ì §¢ã-ª  (v=v®¯â),   § â¥¬ áª®à®áâì ¨áâ¥ç¥­¨ï ¨§¬¥-­ï« áì ¢ ¡®«ìèãî ¨ ¬¥­ìèãî áâ®à®­ë. �«ï ¢®-¤ë ¬ ªá¨¬ «ì­®¬ã  ªãáâ¨ç¥áª®¬ã á¨£­ «ã á®®â-¢¥âáâ¢®¢ «  ç áâ®â  f0=900 �æ, ¯à¨ç¥¬ áª®à®áâìáâàã¨ ­  ¢ëå®¤¥ á®¯«  á®áâ ¢«ï«  v®¯â=30 ¬=á.�®áª®«ìªã ¢ï§ª®áâì ã âà ­áä®à¬ â®à­®£® ¬ á« áãé¥áâ¢¥­­® ¢ëè¥, ç¥¬ ã ¢®¤ë, â® ¬ ªá¨¬ «ì­®¬ããà®¢­î §¢ãª  á®®â¢¥âáâ¢ãîâ §­ ç¥­¨ï f0=950 �æ¨ v®¯â=36 ¬=á. � ª á«¥¤ã¥â ¨§ à¨á. 6, á ã¢¥«¨ç¥-­¨¥¬ áª®à®áâ¨ áâàã¨ ç áâ®â  ®á­®¢­®£® â®­  ¯ -¤ ¥â. �â®¬ã ¬®¦­® ¤ âì á«¥¤ãîé¥¥ ®¡êïá­¥­¨¥:á ¢®§à áâ ­¨¥¬ ª¨­¥â¨ç¥áª®© í­¥à£¨¨ ª®«ìæ¥¢®©áâàã¨ ¢á¥ ¬¥­ìè ï ¥¥ ç áâì § ¢®à ç¨¢ ¥âáï ¢ áâ®-à®­ã ®á¨ á®¯«® { ®âà ¦ â¥«ì §  áç¥â á®§¤ ¢ ¥¬®£®ã â®àæ  ¯à¥¯ïâáâ¢¨ï à §à¥¦¥­¨ï, ¨ ¢á¥ ¡®«ìè ïãå®¤¨â ¢ ®ªàã¦ îé¥¥ ¯à®áâà ­áâ¢®. �à¨ íâ®¬

�¨á. 6. � ¢¨á¨¬®áâì ç áâ®âë ®á­®¢­®£® â®­ ®â áª®à®áâ¨ ¨áâ¥ç¥­¨ï áâàã¨ ¨§ á®¯« :1 { âà ­áä®à¬ â®à­®¥ ¬ á«®, 2 { ¢®¤®¯à®¢®¤­ ï ¢®¤ ã¬¥­ìè ¥âáï à áå®¤ à ¡®ç¥© ¦¨¤ª®áâ¨ ­  ®¡à §®-¢ ­¨¥ â®à®¨¤ «ì­®£® ¢¨åàï, ¢á«¥¤áâ¢¨¥ ç¥£® ç -áâ®â  ¢ë¡à®á®¢ á®¤¥à¦¨¬®£® ª ¢¨â æ¨®­­®© â®-à®¨¤ «ì­®© §®­ë ¯®­¨¦ ¥âáï.�«¥¤ã¥â § ¬¥â¨âì, çâ® à¥£ã«¨à®¢ª  ç áâ®âë®á­®¢­®£® â®­  £¥­¥à¨àã¥¬ëå ª®«¥¡ ­¨© ¬¥â®¤®¬¨§¬¥­¥­¨ï áª®à®áâ¨ ¨áâ¥ç¥­¨ï áâàã¨ ­  ¢ëå®¤¥á®¯«  ¨¬¥¥â ¤®áâ â®ç­® ®£à ­¨ç¥­­ë© ¤¨ ¯ §®­.�à¨ á«¨èª®¬ ­¨§ª¨å áª®à®áâïå ­¥¢®§¬®¦­  ª ¢¨-â æ¨ï ¢ â®à®¨¤ «ì­®¬ ¢¨åà¥ ¬¥¦¤ã â®àæ ¬¨ á®¯« ¨ ¯à¥¯ïâáâ¢¨ï (á¬. à¨á. 1), ¨ ¯à®æ¥áá £¨¤à®¤¨­ -¬¨ç¥áª®£® §¢ãª®®¡à §®¢ ­¨ï ¯à¥ªà é ¥âáï. �à¨áª®à®áâïå v>1:5v®¯â ª ¢¨â æ¨ï, ¢¥à®ïâ­®, ¢®§­¨-ª ¥â ¢ ª ­ «¥ á®¯«  ¨, ª ª á«¥¤áâ¢¨¥, £¥­¥à¨àã¥âáïè¨à®ª®¯®«®á­ë© èã¬.������1. �à¥¤«®¦¥­  ¬®¤¥«ì § â®¯«¥­­®© ®á¥á¨¬¬¥-âà¨ç­®© ª®«ìæ¥¢®© áâàã¨-®¡®«®çª¨. �®«ãç¥-­® ¢ëà ¦¥­¨¥ ¤«ï ç áâ®âë ®á­®¢­®© £ à¬®-­¨ª¨ á®¡áâ¢¥­­ëå ª®«¥¡ ­¨© ¦¨¤ª®áâ­®© ®¡®-«®çª¨ ª ª äã­ªæ¨¨ á¢®©áâ¢ à ¡®ç¥© ¦¨¤ª®-áâ¨, £¥®¬¥âà¨ç¥áª¨å ¨ £¨¤à®¤¨­ ¬¨ç¥áª¨å ¯ -à ¬¥âà®¢ áâàã¨.2. �ªá¯¥à¨¬¥­â «ì­ë¥ ¨áá«¥¤®¢ ­¨ï ¯à®æ¥áá £¥­¥à æ¨¨ §¢ãª  ®á¥á¨¬¬¥âà¨ç­ë¬ £¨¤à®¤¨-­ ¬¨ç¥áª¨¬ ¨§«ãç â¥«¥¬ ¯®ª § «¨ å®à®è¥¥á®£« á®¢ ­¨¥ à áç¥â­ëå ¨ ¨§¬¥à¥­­ëå §­ ç¥-­¨© ç áâ®âë ®á­®¢­®© £ à¬®­¨ª¨.34 �. �. �ã¤§¨­áª¨©, �. �. � § à¥­ª®
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