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uid 
ows that formperiodically collapsing localized thoroidal cavitational areas. A transcendental dispersion equation describing the aboveprocess is obtained, and an analytical dependence for frequency of generated oscillations as a function of the radiatingsystem parameters is evaluated. The coe�cients are introducted and quanti�able evaluated that determine the part ofa cavitation 
uid 
ow rate, the pressure changes inside the cavitational area, ratio of the cavitation area volume to thevolume of area cutted o� by the 
ow. Plots of the experimental and theoretical dependences of the generated oscillationfrequency on the operating parameters of considered system are presented.��������� ¯®á«¥¤­¨¥ ¯®«¢¥ª  ¢ ­ ãª¥ ¨ â¥å­¨ª¥ á ¯®-¬®éìî à §«¨ç­ëå ¨áâ®ç­¨ª®¢  ªãáâ¨ç¥áª¨å ª®«¥-¡ ­¨© [1] ¤®áâ â®ç­® ¨­â¥­á¨¢­® ¯à®¢®¤¨«¨áì ¨á-á«¥¤®¢ ­¨ï ¢ ®¡« áâ¨ ¢®«­®¢ëå ¯à®æ¥áá®¢, ¯à®-â¥ª îé¨å ¢® ¢á¥å ä §®¢ëå á®áâ®ï­¨ïå ¢¥é¥áâ¢ .�á®¡®¥ ¬¥áâ® ¢ íâ®¬ àï¤ã § ­¨¬ îâ ¦¨¤ª¨¥ áà¥-¤ë, ¢ ª®â®àëå § ç áâãî ¯à¨å®¤¨âáï áâ «ª¨¢ âì-áï á á®¯ãâáâ¢ãîé¨¬¨ ª ¢¨â æ¨®­­ë¬¨ ï¢«¥­¨ï-¬¨, ¨£à îé¨¬¨ ®á­®¢®¯®« £ îéãî à®«ì ¯à¨ ¢®§-¤¥©áâ¢¨¨ ª®«¥¡ ­¨© ­  ¢¥é¥áâ¢®. �¥­¥à¨à®¢ ­¨¥ª®«¥¡ ­¨© ¢ ¦¨¤ª¨å áà¥¤ å ¢®§¬®¦­® ­¥áª®«ìª¨-¬¨ á¯®á®¡ ¬¨, ¢ ç áâ­®áâ¨, ¢ ¯à®æ¥áá¥ â®­ «ì-­®£® £¨¤à®¤¨­ ¬¨ç¥áª®£® §¢ãª®®¡à §®¢ ­¨ï. �£®ä¨§¨ç¥áª®¥ ®¡®á­®¢ ­¨¥ ¡ §¨àã¥âáï ­  ­¥áª®«ìª¨åâ¥®à¨ïå, ¯¥à¢®© áà¥¤¨ ª®â®àëå ¡ë«  ¯à¥¤«®¦¥­  ªãáâ¨ç¥áª ï. �¥ ¨¤¥ï á®áâ®¨â ¢ â®¬, çâ® ®¡à -§ãîé¨¥áï ¯®á«¥ ¨áâ¥ç¥­¨ï ¨§ á®¯«  ¢¨åà¨ ¢áâà¥-ç îâáï á ¯à¥¯ïâáâ¢¨¥¬ ¨ £¥­¥à¨àãîâ ¢®«­ã á¦ -â¨ï, ª®â®à ï, à á¯à®áâà ­ïïáì ¢® ¢á¥ áâ®à®­ë á®áª®à®áâìî §¢ãª , ¯®à®¦¤ ¥â ã¯®àï¤®ç¥­­ë¥ § ¢¨-åà¥­¨ï ã áà¥§  á®¯« . � ¨¡®«¥¥ £«ã¡®ª¨¥ ¨áá«¥¤®-
¢ ­¨ï ¢ íâ®© ®¡« áâ¨ ¯à®¢¥¤¥­ë �. � ãí««®¬ [2].�â® ª á ¥âáï ¤àã£®©, £¨¤à®¤¨­ ¬¨ç¥áª®©, â¥-®à¨¨, â® ®á­®¢ã ¥¥ á®áâ ¢«ï¥â ¬¥å ­¨§¬ £¥­¥-à¨à®¢ ­¨ï ªà ¥¢ëå â®­®¢, ª®â®àë© «®ª «¨§®¢ ­¢ ®á­®¢­®¬ ¢®ªàã£ ¯à¥¯ïâáâ¢¨ï, £¤¥ ¯à®¨áå®¤¨â®¡à §®¢ ­¨¥ § ¢¨åà¥­¨©. �âª«®­¥­¨¥ ¯®â®ª  ¢®¤­ã ¨§ áâ®à®­ ¯à¨¢®¤¨â ª ¨§¬¥­¥­¨î ¤ ¢«¥­¨ï,®ª §ë¢ îé¥£® ¢®§¤¥©áâ¢¨¥ ­  ®á­®¢ ­¨¥ áâàã¨ ãá®¯« . �â® á¯®á®¡áâ¢ã¥â ¯®ï¢«¥­¨î ¯®¯¥à¥ç­®©áª®à®áâ¨ ¨, ª ª á«¥¤áâ¢¨¥, ª ®¡à §®¢ ­¨î ­®¢ëå¢¨åà¥©. �®¤â¢¥à¦¤¥­¨¥ ¨¤¥© íâ®© â¥®à¨¨ ¡ë«®¢ë¯®«­¥­® �. �¨ç à¤á®­®¬ ­  á¯¥æ¨ «ì­®© ãáâ -­®¢ª¥, á®¤¥à¦ é¥© ¤¢¥ ¯ à ««¥«ì­ë¥ ¤àã£ ¤àã£ãé¥«¨. �¥à¥§ ®¤­ã ¨§ ­¨å ¯à®ª ç¨¢ « áì ®ªà è¥­-­ ï ¦¨¤ª®áâì, ª®â®à ï ­ â¥ª «  ­  ¯à¥£à ¤ã,  ç¥à¥§ ¢â®àãî { ­¥®ªà è¥­­ ï á¢®¡®¤­ ï áâàãï.�®á«¥ â®£®, ª ª ¢ ¯¥à¢®© áâàã¥ ¡ë«® ®¡­ àã¦¥-­® \¯ã«ìá¨à®¢ ­¨¥" ¨§-§  ­ «¨ç¨ï ¯à¥£à ¤ë, ¡ë«®¢ëáª § ­® ¯à¥¤¯®«®¦¥­¨¥ ® â®¬, çâ® \®­® ¤®«¦-­®. . . à á¯à®áâà ­¨âìáï ¢® ¢á¥å ­ ¯à ¢«¥­¨ïå ç¥-à¥§ áà¥¤ã ¨ § áâ ¢¨âì ¯ã«ìá¨à®¢ âì áâàãî á â®©¦¥ ç áâ®â®©" [3]. �¤­ ª® ¢¨¡à æ¨© ¢â®à®© áâàã¨®¡­ àã¦¥­® ­¥ ¡ë«®, çâ® ¯®§¢®«¨«® �. �¨ç à¤á®-c
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�¨á. 1. �®¤¥«ì £¨¤à®¤¨­ ¬¨ç¥áª®©¨§«ãç îé¥© á¨áâ¥¬ë­ã ®âª § âìáï ®â  ªãáâ¨ç¥áª®© â¥®à¨¨ ¨ ®â¤ âì¯à¥¤¯®çâ¥­¨¥ £¨¤à®¤¨­ ¬¨ç¥áª®©.�­â¥à¥á­ë¥ â¥®à¥â¨ç¥áª¨¥ ¨ íªá¯¥à¨¬¥­â «ì-­ë¥ ¨áá«¥¤®¢ ­¨ï ¯® ¨§ãç¥­¨î ªà ¥¢ëå â®­®¢ ¡ë-«¨ ¢ë¯®«­¥­ë �î¡®à£®¬, ª®â®àë© ¢ à ¡®â¥ [4]¯à¥¤«®¦¨« ¤¨­ ¬¨ç¥áªãî â¥®à¨î. �­ ¨áå®¤¨« ¨§â®£®, çâ® ¯à¨ ¤¢¨¦¥­¨¨ ç áâ¨æ áâàã¨ ®â á®¯«  ª¢¨¡à â®àã á ­¥ª®â®à®© áª®à®áâìî ¢®§­¨ª ¥â ¯®-¯¥à¥ç­®¥ ãáª®à¥­¨¥, § ¢¨áïé¥¥ ®â á¬¥é¥­¨ï á¢®-¡®¤­®£® ª®­æ  áâàã¨,   â ª¦¥ ®â à ááâ®ï­¨ï ¤¢¨-¦ãé¥©áï ç áâ¨æë ¤® ¢¨¡à â®à . �®á¯®«ì§®¢ ¢-è¨áì ª ç¥áâ¢¥­­ë¬¨ ¨¤¥ï¬¨ ¤àã£¨å ¨áá«¥¤®¢ â¥-«¥©, ã¯®¬ï­ãâë©  ¢â®à ¢¢¥« àï¤ ª®«¨ç¥áâ¢¥­­ëåªà¨â¥à¨¥¢ ¤«ï å à ªâ¥à¨áâ¨ª¨ £¥­¥à¨àã¥¬ëå ªà -¥¢ëå â®­®¢. �áâ¥áâ¢¥­­® ¯®áâ ¢¨âì ¢®¯à®á: ª ª®©¨§ â¥®à¨© á«¥¤ã¥â ®â¤ âì ¯à¥¤¯®çâ¥­¨¥?�áâ ­®¢«¥­®, çâ® ¤«ï ¢ëá®ª®áª®à®áâ­ëå áâàã©¯à¨¬¥­¨¬   ªãáâ¨ç¥áª ï â¥®à¨ï, âé â¥«ì­® ¨á-á«¥¤®¢ ­­ ï �. � ãí««®¬. �®¢¥¤¥­¨¥ ¦¥ ­¨§ª®áª®-à®áâ­ëå áâàã© ­¥¯«®å® ¯®¤ç¨­ï¥âáï £¨¤à®¤¨­ ¬¨-ç¥áª®© â¥®à¨¨. �à®¢¥¤¥­­ë© ¢ëè¥ ®¡§®à,   â ª¦¥ ­ «¨§ ¢§£«ï¤®¢ ªàã¯­ëå ¨áá«¥¤®¢ â¥«¥© ­  ¯à®-¡«¥¬ã £¨¤à®¤¨­ ¬¨ç¥áª®£® §¢ãª®®¡à §®¢ ­¨ï ¯®-§¢®«ï¥â á¤¥« âì ¢ë¢®¤ ® â®¬, çâ® ¬¥¦¤ã ®¡áã¦¤ -¥¬ë¬¨ ¤¢ã¬ï â¥®à¨ï¬¨ ­¥â §­ ç¨â¥«ì­ëå ¯à®â¨-¢®à¥ç¨© ¨ § ¤ ç  á¢®¤¨âáï «¨èì ª â®¬ã, çâ®¡ë\à §à ¡®â âì £¨¤à®¤¨­ ¬¨ç¥áªãî â¥®à¨î ¤® áâ¥-¯¥­¨ à §¢¨â®áâ¨  ªãáâ¨ç¥áª®© â¥®à¨¨ ¨ ®¤­®¢à¥-¬¥­­® ¯®ª § âì, çâ® ®­¨ íª¢¨¢ «¥­â­ë" [2].�­®£¨¥ ¨áá«¥¤®¢ ­¨ï ¡ §¨àãîâáï ­  ¨¤¥¥ ¢¨å-à¥®¡à §®¢ ­¨ï. �«ã¡®ª¨©  ­ «¨§ ¨§¢¥áâ­ëå â¥®-à¥â¨ç¥áª¨å ¨ íªá¯¥à¨¬¥­â «ì­ëå ¤ ­­ëå ¯®§¢®-«¨« �. �. �®­áâ ­â¨­®¢ã ¢ëáª § âì á®¬­¥­¨¥ ¢¯à ¢¨«ì­®áâ¨ ¢¨åà¥¢®© â¥®à¨¨, ª®â®à ï, ¯® ¥£®¬­¥­¨î, ®â®¡à ¦ ¥â «¨èì ¢­¥è­îî ª àâ¨­ã ¬¥-å ­¨§¬  §¢ãª®®¡à §®¢ ­¨ï, ¥¥ ª¨­¥¬ â¨ç¥áªãîç áâì. � ¤¨­ ¬¨ª¥ ¦¥ ¯à®æ¥áá  ®­  ­¨ç¥£® ­¥ £®-

¢®à¨â. �¯¥æ¨ «ì­® ¯®áâ ¢«¥­­ë¥ �. �. �®­áâ ­-â¨­®¢ë¬ [5] íªá¯¥à¨¬¥­âë ¤ «¨ ®á­®¢ ­¨¥ ãâ¢¥à-¦¤ âì, çâ® \¢¨åà¨. . . ¢® ¢áïª®¬ á«ãç ¥ ï¢«ïîâáïáª®à¥¥ ­¥áãé¥áâ¢¥­­®© ¤¥â «ìî, ç¥¬ ®á­®¢®© ï¢«¥-­¨ï". �áå®¤ï ¨§ íâ®£® ¥¬ã ã¤ «®áì ¢ëáª § âì á«¥-¤ãîéãî ¨¤¥î: \¯®-¢¨¤¨¬®¬ã, ¬¥å ­¨§¬ ¢®§­¨ª-­®¢¥­¨ï ª®«¥¡ ­¨© áâàã¨ § ª«îç ¥âáï ¢ â®¬, çâ®®âª«®­¥­¨ï, á«ãç ©­® ¢®§­¨ªè¨¥ ã ª®à­ï áâàã¨,¢ ¤ «ì­¥©è¥¬ ã¢¥«¨ç¨¢ îâáï, ¨ á®§¤ îâ ¯®«¥ ¤ -¢«¥­¨© ¨ áª®à®áâ¥©, ®ª §ë¢ îé¥¥ ®¡à â­®¥ ¢®§-¤¥©áâ¢¨¥ ­  ª®à¥­ì áâàã¨" [5], á¯®á®¡áâ¢ãï ãáâ -­®¢«¥­¨î  ¢â®ª®«¥¡ â¥«ì­®£® à¥¦¨¬ . �®£« á­®�. �. �®­áâ ­â¨­®¢ã ¨ ¤àã£¨¬ ¨áá«¥¤®¢ â¥«ï¬,¡®«ìè ï à®«ì ¯à¨ áâàã©­®¬ £¥­¥à¨à®¢ ­¨¨  ªã-áâ¨ç¥áª¨å ª®«¥¡ ­¨© ®â¢®¤¨âáï âãà¡ã«¥­â­ë¬ èã-¬ ¬ ¨ èã¬ ¬ ¯®£à ­¨ç­®£® á«®ï. �¡é¥¨§¢¥áâ­®,çâ® áâàã©­®¥ §¢ãª®®¡à §®¢ ­¨¥ ®¡ãá«®¢«¥­® âãà-¡ã«¨§ æ¨¥© ¯®â®ª  ¨ ®­ ï¢«ï¥âáï ¨áâ®ç­¨ª®¬ èã-¬  [5].� àï¤ã á à áá¬®âà¥­­ë¬¨ ¯®¤å®¤ ¬¨, ¢ ª®­-æ¥ 70-å £®¤®¢ ¡ë« ¯à¥¤«®¦¥­ ¨ ç áâ¨ç­® ¨áá«¥-¤®¢ ­ ¯à¨­æ¨¯¨ «ì­® ­®¢ë© ¬¥å ­¨§¬ £¥­¥à¨à®-¢ ­¨ï  ªãáâ¨ç¥áª¨å ª®«¥¡ ­¨©. �ãâì ¥£® á®-áâ®¨â ¢ â®¬, çâ® ¢ëâ¥ª îé ï ®á¥á¨¬¬¥âà¨ç­ ïáâàãï ¦¨¤ª®áâ¨ ¢áâà¥ç ¥âáï á ¯«®áª®© ¯à¥£à ¤®©¨ ã¯à ¢«ï¥¬ë¬ ®¡à §®¬ ä®à¬¨àã¥â ª ¢¨â æ¨®­-­ãî ®¡« áâì [6]. �¥à¨®¤¨ç¥áª¨ áå«®¯ë¢ ïáì, ®­ £¥­¥à¨àã¥â ¢ ®ªàã¦ îé¥¬ ¯à®áâà ­áâ¢¥  ªãáâ¨-ç¥áª¨¥ ª®«¥¡ ­¨ï á è¨à®ª¨¬ á¯¥ªâà®¬ ç áâ®â. �¥-®à¥â¨ç¥áª®¬ã ¨, ®âç áâ¨, íªá¯¥à¨¬¥­â «ì­®¬ã ¨á-á«¥¤®¢ ­¨î â ª®£® ¬¥å ­¨§¬  ¨ ¯®á¢ïé¥­  ­ áâ®-ïé ï áâ âìï.1. ������ ��������������� ���-���������������������������-�����«ï ¢ë¯®«­¥­¨ï â¥®à¥â¨ç¥áª®£®  ­ «¨§  ¨ãáâ ­®¢«¥­¨ï § ¢¨á¨¬®áâ¨ ç áâ®âë £¥­¥à¨àã¥¬ëåª®«¥¡ ­¨© ¯® ®á­®¢­®© £ à¬®­¨ª¥ ®â £¥®¬¥âà¨ç¥-áª¨å ¨ £¨¤à®¤¨­ ¬¨ç¥áª¨å ¯ à ¬¥âà®¢ ¨§«ãç î-é¥© á¨áâ¥¬ë ¢®á¯®«ì§ã¥¬áï á«¥¤ãîé¥© ¬®¤¥«ìî(à¨á. 1). �ãáâì ª®«ìæ¥¢ ï § â®¯«¥­­ ï áâàãï ¦¨¤-ª®áâ¨ 1, ¨¬¥îé ï à ¤¨ãá r ¨ â®«é¨­ã D0, ¢ëâ¥ª -¥â ¨§ é¥«¥¢®£® á®¯«  2 á® áª®à®áâìî v0 ¨ ­ â¥ª ¥â­  ¯«®áªãî ¯à¥£à ¤ã 3, à á¯®«®¦¥­­ãî ­  à ááâ®-ï­¨¨ ` ®â â®àæ  á®¯«  ¯®¤ ­¥ª®â®àë¬ ã£«®¬ �(`; t).� â¥ª ï ­  ¯à¥£à ¤ã, áâàãï à §¤¢ ¨¢ ¥âáï: ®¤-­  ç áâì ¦¨¤ª®áâ¨ ãå®¤¨â ¢ ®ªàã¦ îé¥¥ ¯à®-áâà ­áâ¢®,   ¢â®à ï { à §¢®à ç¨¢ ¥âáï ¢ áâ®à®­ã®á¨ á®¯«® { ¯à¥£à ¤ , ®¡à §ãï á¯¨à «¥¢¨¤­ë© â®-à®¨¤ «ì­ë© ¢¨åàì. �®£« á­® § ª®­ã á®åà ­¥­¨ï¨¬¯ã«ìá , ¯à¨ ¨áâ¥ç¥­¨¨ áâàã¨ ¨§ á®¯«  ¨ ¯®¢®-à®â¥ ­  ¯à¥£à ¤¥ áª®à®áâì ¢­ãâà¨ ¢¨åàï à áâ¥â,46 �. �. � § à¥­ª®



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 4. �. 45 { 53  ¤ ¢«¥­¨¥ ã¬¥­ìè ¥âáï, çâ® ¯à¨¢®¤¨â ª à §àë-¢ã á¯«®è­®áâ¨ ¦¨¤ª®áâ¨, â. ¥. ®¡à §®¢ ­¨î ª -¢¨â æ¨¨. � à¥§ã«ìâ â¥ á®¤¥à¦¨¬®¥ ®¡« áâ¨ ¯à¨-®¡à¥â ¥â \¯®à¨áâ®áâì",   á ¬  ®¡« áâì áâ ­®¢¨â-áï á¦¨¬ ¥¬®©. �¬¥­­® ¡« £®¤ àï íâ®¬ã ¢®§¬®¦­®ã¢¥«¨ç¥­¨¥ ¤ ¢«¥­¨ï ¢­ãâà¨ â®à®¨¤ «ì­®© ª ¢¨-â æ¨®­­®© ®¡« áâ¨ ¯à¨ ­ ª çª¥ ¢ ­¥¥ ¦¨¤ª®áâ¨.� ª ª ª æ¨«¨­¤à¨ç¥áª ï áâàãï-®¡®«®çª  å à ªâ¥-à¨§ã¥âáï ®¯à¥¤¥«¥­­®© ¦¥áâª®áâìî, â® ¢ à¥§ã«ì-â â¥ ­ ª çª¨ ¦¨¤ª®áâ¨ ¢ ¯®«®áâì ¤ ¢«¥­¨¥ ¢ ­¥©¡ã¤¥â ã¢¥«¨ç¨¢ âìáï, áâ ­®¢ïáì ¡®«ìè¥ ¤ ¢«¥­¨ï¢ ®ªàã¦ îé¥¬ ¯à®áâà ­áâ¢¥. �ç¥¢¨¤­®, çâ® ¯à¨­¥ª®â®à®¬ §­ ç¥­¨¨ íâ®£® ¨§¡ëâ®ç­®£® ¤ ¢«¥­¨ï¯à®¨§®©¤¥â ¢ë¡à®á á®¤¥à¦¨¬®£® ¯®«®áâ¨ ¢® ¢­¥.� ª¨¬ ®¡à §®¬, ¯à¨ ­¥¯à¥àë¢­®© ­ ª çª¥ ¦¨¤-ª®áâ¨ ®¯¨á ­­ë© ¯à®æ¥áá ¯¥à¨®¤¨ç¥áª¨ ¯®¢â®àï-¥âáï, çâ® ¨ ¯à¨¢®¤¨âáï ª £¥­¥à¨à®¢ ­¨î ¢ ®ªàã-¦ îé¥¬ ¯à®áâà ­áâ¢¥  ªãáâ¨ç¥áª¨å ª®«¥¡ ­¨© á®á­®¢­®© ç áâ®â®©, à ¢­®© ç áâ®â¥ ¢ë¡à®á  á®-¤¥à¦¨¬®£® ®¡« áâ¨. � íâ®¬ ¨ á®áâ®¨â ¬¥å ­¨§¬£¥­¥à¨à®¢ ­¨ï ª®«¥¡ ­¨© áâàã¥© ¦¨¤ª®áâ¨.2. ����� ���������������� ���-����������� ����������á¯®«ì§ãï ¢¢¥¤¥­­ë¥ ¢ëè¥ ®¡®§­ ç¥­¨ï, ®¡ê-¥¬­ë© à áå®¤ Q0 ¨ ®âá¥ª ¥¬ë© ®¡ê¥¬ V0 (¥£® ¬®¦-­® ¯à¨¡«¨¦¥­­® áç¨â âì æ¨«¨­¤à¨ç¥áª¨¬) ®¯à¥¤¥-«ïîâáï ª ª Q0 = 2�rv0D0;V0 = �r2` (1)á®®â¢¥âáâ¢¥­­®. �¡®§­ ç¨¬ à áå®¤ áâàã¨ ­  ¯à¥-£à ¤¥ ç¥à¥§ Q(`). �®¦­® ¯®ª § âì, çâ® ®¤­  ¥£®ç áâì Q1, ¯à®¯®àæ¨®­ «ì­ ï [1�sin�(`; t)], ¨¤¥â­  ®¡à §®¢ ­¨¥ â®à®¨¤ «ì­®© ®¡« áâ¨ ¬¥¦¤ã á®¯-«®¬ ¨ ¯à¥£à ¤®©,   ¤àã£ ï Q2 ãå®¤¨â ¢ ®ªàã¦ î-é¥¥ ¯à®áâà ­áâ¢®. �ãáâìQ1 = �Q(`)[1� sin�(`; t)]; (2)£¤¥ � { ­¥ª®â®àë© ª®íää¨æ¨¥­â ¯à®¯®àæ¨®­ «ì­®-áâ¨, 0<�<1. �á«¨ ¢®á¯®«ì§®¢ âìáï ãà ¢­¥­¨¥¬á®áâ®ï­¨ï ¤«ï ¬ ááë m, â® ¬®¦­® ¯®ª § âì, çâ®¤ ¢«¥­¨¥ P1 ¢­ãâà¨ ª ¢¨â æ¨®­­®© ®¡« áâ¨ ¯à®-¯®àæ¨®­ «ì­® mP0=V (áç¨â ï ¯à®æ¥áá ¨§®â¥à¬¨-ç¥áª¨¬), £¤¥ P0 { ¤ ¢«¥­¨¥ ¢ ®ªàã¦ îé¥¬ ¯à®-áâà ­áâ¢¥. �ç¥¢¨¤­®, çâ® áª®à®áâì ¨§¬¥­¥­¨ï ¤ -¢«¥­¨ï ¢­ãâà¨ ª ¢¨â æ¨®­­®© ®¡« áâ¨ ®¯à¥¤¥«ï-¥âáï áª®à®áâìî ¨§¬¥­¥­¨ï ¬ ááë m. �ç¥¢¨¤­ë¬ï¢«ï¥âáï ¨ â®â ä ªâ, çâ® áª®à®áâì ¨§¬¥­¥­¨ï ¬ á-áë ¢ ª ¢¨â æ¨®­­®© ®¡« áâ¨ ®¯à¥¤¥«ï¥âáï à §­®-áâìî à áå®¤®¢ Q1 ¨ Q2. �¢¥¤ï ¡¥§à §¬¥à­ë© ª®-

íää¨æ¨¥­â ¯à®¯®àæ¨®­ «ì­®áâ¨ �, ¯®«ãç¨¬ [7]dP1dt = �Q1 �Q2V + �U dUdt ; (3)£¤¥ U { áª®à®áâì áâàã¨ ­  ¯¥à¨ä¥à¨¨ ¢¨åàï; � {¯«®â­®áâì áà¥¤ë.�¯à¥¤¥«¨¬, ª ª ¨§¬¥­ï¥âáï à áå®¤ Q, áª®à®áâì¨áâ¥ç¥­¨ï áâàã¨ ¨§ á®¯«  v ¨ â®«é¨­  áâàã¨ D ¢§ ¢¨á¨¬®áâ¨ ®â ª®®à¤¨­ âë x. �®£« á­® íää¥ª-âã �¥à­ã««¨, æ¨«¨­¤à¨ç¥áª ï âãà¡ã«¥­â­ ï áâàãï¦¨¤ª®áâ¨ ¯à¨ ¨áâ¥ç¥­¨¨ à áè¨àï¥âáï, ®¡à §ãï ª®-­ãá á ã£«®¬ ¯à¨ ¢¥àè¨­¥, à ¢­ë¬ 25� [8]. �ã¤¥¬¨áå®¤¨âì ¨§ â®£®, çâ® ã¢¥«¨ç¥­¨¥ à áå®¤  �Q(x)¯à¨ ã¤ «¥­¨¨ ®â â®àæ  á®¯«  ­  à ááâ®ï­¨¥ x ®¯à¥-¤¥«ï¥âáï áà¥¤­¥© áª®à®áâìî ¨áâ¥ç¥­¨ï áâàã¨ �v(x)­  íâ®¬ à ááâ®ï­¨¨ ¨ ¤¢ã¬ï ¡®ª®¢ë¬¨ ¯®¢¥àå­®-áâï¬¨ áâàã¨ ¦¨¤ª®áâ¨. �®£¤ �Q(x) = 2�
�v(x)rx; (4)£¤¥ 
�30� { ª®íää¨¨¥­â à áè¨à¥­¨ï áâàã¨ [8];�v(x) = 1x xZ0 v(x0)dx0: (5)� ãç¥â®¬ á®®â­®è¥­¨© (4) ¨ (5) à áå®¤ ­  à ááâ®-ï­¨¨ x ®â â®àæ  á®¯«  ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥­¨¥¬Q(x) = Q0 + 2�r
 xZ0 v(x0)dx0: (6)�á«¨ ¢®á¯®«ì§®¢ âìáï ®ç¥¢¨¤­ë¬ á®®â­®è¥­¨¥¬dQ2(x)dx = 2Q(x)dQ(x)dx¨ ¯à®¤¨ää¥à¥­æ¨à®¢ âì á®®â­®è¥­¨¥ (6) ¯® x,  â ª¦¥ ãç¥áâì § ª®­ á®åà ­¥­¨ï ¨¬¯ã«ìá Q0v0=Q(x)v(x), â® ¯®«ãç¨¬dQ2(x)dx = 4�
rQ0v0: (7)�à¨­ï¢ ¢® ¢­¨¬ ­¨¥, çâ® Q(0)=Q0, ¯®á«¥ ¨­â¥-£à¨à®¢ ­¨ï ãà ¢­¥­¨ï (7) ¨¬¥¥¬Q(x) = Q0a(x);Q(`) = Q0a; (8)£¤¥ a(x) =p1 + 2
x=D0;a =p1 + 2
`=D0: (9)�. �. � § à¥­ª® 47
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�¨á. 2. � ¢¨á¨¬®áâì ª®íää¨æ¨¥­â  �®â áª®à®áâ¨ ¨áâ¥ç¥­¨ï ¦¨¤ª®áâ¨ ¨§ á®¯« 
�¨á. 3. �å¥¬  ¤«ï à áç¥â  ¬ ááëâ®à®¨¤ «ì­®£® ¢¨åàï�  ®á­®¢ ­¨¨ § ª®­  á®åà ­¥­¨ï ¨¬¯ã«ìá  ¢ëâ¥-ª îé¥© áâàã¨ ¯®«ãç ¥¬ ¢ëà ¦¥­¨ïv(x) = v0=a(x);v(`) = v0=a: (10)�¥ªãé¥¥ §­ ç¥­¨¥ â®«é¨­ë áâàã¨ D(x) ­  ®á­®-¢ ­¨¨ ®ç¥¢¨¤­®£® à ¢¥­áâ¢  Q(x)=2�rD(x)v(x)¨¬¥¥â ¢¨¤ D(x) = D0a2(x);D(`) = D0a2: (11)�¯à¥¤¥«¨¬ áà¥¤­¨¥ §­ ç¥­¨ï áª®à®áâ¨ �v, à áå®-¤  �Q ¨ â®«é¨­ë �D áâàã¨ ­  ®âà¥§ª¥ [0; `] ç¥à¥§

äã­ªæ¨¨ v(x), a ¨ a(x):�v = 1̀ `Z0 v(x)dx = 2v0a+ 1 ; (12)�Q = 2Q03 a2 + a+ 1a+ 1 ; (13)�D = D0 a2 + 12 : (14)�®§¢à é ïáì ª ãà ¢­¥­¨î (3), ®¯à¥¤¥«¨¬ à áå®-¤ë Q1 ¨ Q2. �«ï íâ®£® ¢ § ¢¨á¨¬®áâì (2) ¯®¤áâ -¢¨¬ ¢¬¥áâ® Q(`) ¢ëà ¦¥­¨¥ (8). �®£¤ Q1 = �Q0a[1� sin�(`; t)]: (15)� áå®¤ Q2, ¢ëâ¥ª îé¨© ¨§ ®£à ­¨ç¥­­®© ¯®«®áâ¨§  áç¥â ¢á áë¢ ­¨ï ¦¨¤ª®áâ¨ ¢ áâàãî, ®¯à¥¤¥«ï¥â-áï ­  ®á­®¢ ­¨¨ ¢ëà ¦¥­¨ï (4) ª ª ¯®«®¢¨­  ¯à¨-à®áâ  à áå®¤  áâàã¨ ­  à ááâ®ï­¨¨ ` ®â â®àæ  á®¯-«  Q2 = 12Q0(a� 1): (16)�®á«¥ ¯®¤áâ ­®¢ª¨ ¢ëà ¦¥­¨© (15) ¨ (16) ¢ ãà ¢-­¥­¨¥ (3) ¯®«ãç ¥¬dP1dt = �P0Q0V ��a[1� sin�(`; t)]��12(a� 1)� + �U dUdt : (17)� íâ®¬ ãà ¢­¥­¨¨ V ¯à¥¤áâ ¢«ï¥â á®¡®© ç áâì®¡ê¥¬  V0, ª®â®à ï ¨ ï¢«ï¥âáï \¯®à¨áâ®©" ª ¢¨-â æ¨®­­®© ®¡« áâìî. �¢¥¤¥¬ ¡¥§à §¬¥à­ë© ª®íä-ä¨æ¨¥­â ¯à®¯®àæ¨®­ «ì­®áâ¨� = V=V0: (18)�®£« á­® íªá¯¥à¨¬¥­â «ì­ë¬ ¤ ­­ë¬, �<1, ¯à¨-ç¥¬ á ã¢¥«¨ç¥­¨¥¬ áª®à®áâ¨ ¨áâ¥ç¥­¨ï áâàã¨ �!1(à¨á. 2). �à ä¨ª, ¯à¨¢¥¤¥­­ë© ­  íâ®¬ à¨áã­ª¥,¯®áâà®¥­ ­  ®á­®¢ ­¨¨ ®¡à ¡®âª¨ ª ¤à®¢ ª¨­®-áê¥¬ª¨, ¯®§¢®«¨¢è¨å ®¯à¥¤¥«¨âì ®¡ê¥¬ë ª ¢¨â -æ¨®­­ëå ®¡« áâ¥© ¯à¨ à §«¨ç­ëå áª®à®áâïå ¨áâ¥-ç¥­¨ï áâàã¨ ¦¨¤ª®áâ¨.�«ï ®¯à¥¤¥«¥­¨ï ¯à®¨§¢®¤­®© dU=dt ¢®á¯®«ì§ã-¥¬áï ¬®¬¥­â®¬ ¨¬¯ã«ìá  ®¡à §ãîé¥£®áï ¢¨åàï(à¨á. 3): M �= mBUR; (19)£¤¥ mB { ¬ áá  ¢¨åàï; R { ¥£® à ¤¨ãá ­  ¯¥à¨-ä¥à¨¨. �à®¤¨ää¥à¥­æ¨àã¥¬ ¢ëà ¦¥­¨¥ (19) ¯®¢à¥¬¥­¨, áç¨â ï ¤«ï ã¯à®é¥­¨ï R ¨ mB ¯®áâ®ï­-­ë¬¨. �®£¤  dMdt = mBRdUdt : (20)48 �. �. � § à¥­ª®



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 4. �. 45 { 53�ç¥¢¨¤­®, áª®à®áâì ¨§¬¥­¥­¨ï ¬®¬¥­â  ¨¬¯ã«ì-á  ¢¨åàï ®¯à¥¤¥«ï¥âáï ¯à¨â®ª®¬ ¢ ­¥£® à áå®¤ ¦¨¤ª®áâ¨ Q1 á® áª®à®áâìî v(`) ¨ ®ââ®ª®¬ à áå®¤ ¦¨¤ª®áâ¨ Q2 á® áª®à®áâìî, ª®â®àãî ¡ã¤¥¬ áç¨-â âì á®¢¯ ¤ îé¥© á U ¢¨åàï ­  ¯¥à¨ä¥à¨¨:dMdt = Q1�Rv(`) �Q2�RU: (21)�®¤áâ ¢¨¢ ¢ëà ¦¥­¨ï (10), (15) ¨ (16) ¢ ãà ¢­¥-­¨¥ (21), ¯à ¢ãî ç áâì ¯®«ãç¥­­®£® ¢ëà ¦¥­¨ï¯à¨à ¢­¨¢ ¥¬ ¯à ¢®© ç áâ¨ ãà ¢­¥­¨ï (20):dUdt = Q0�v0mB ��[1� sin�(`; t)]� 12(a� 1)Uv0�: (22)� à¥§ã«ìâ â¥ ¯®¤áâ ­®¢ª¨ ãà ¢­¥­¨ï (22) ¢ ãà ¢-­¥­¨¥ (17) á ãç¥â®¬ ¢ëà ¦¥­¨ï (18) ¨ ¬ «®áâ¨ã£«  �(`; t), ¤«ï áª®à®áâ¨ ¨§¬¥­¥­¨ï ¤ ¢«¥­¨ï P1¢­ãâà¨ ¯®«®áâ¨ ¨¬¥¥¬dP1dt �= �Q0��P0a�V0 + �2Uv0mB �[1� �(`; t)]��12Q0(a� 1)��P0�V0 + �2U2mB �: (23)�à¨¬¥­¨¬ ª ®á¥á¨¬¬¥âà¨ç­®© áâàã¥ ¦¨¤ª®áâ¨,®£à ­¨ç¨¢ îé¥© ª ¢¨â æ¨®­­ãî ®¡« áâì, ãà ¢­¥-­¨¥ �©«¥à  d~vdt + (~v~r)~v = �1�gradP: (24)� áá¬®âà¥¢ ¯à®¥ªæ¨î ­  à ¤¨ «ì­ãî ®áì, á ãç¥-â®¬ ®æ¥­ª¨ vr @vr@r � vx @vr@x;¤«ï ®á¥á¨¬¬¥âà¨ç­®© áâàã¨ ¯®«ãç¨¬� @@t + vx @@x�vr = �1� @P@r : (25)� ª ª ª ã£®« �(x; t) ¬ «,   vx(x; t)�=�v cos�(x; t)�=�v¨ vr(x; t)�=�v sin�(x; t)�=�v�(x; t), ¨¬¥¥¬� @@t + �v @@x��v�(x; t) = �1� @P@r : (26)�ç¨â ï, çâ® @P@r �= P0 � P1(t)�D ; (27)¨§ ãà ¢­¥­¨ï (26) ¯®«ãç¨¬� @@t + �v @@x��(x; t) = 1� P1(t) � P0�v �D : (28)

�à¨¬¥­¨¬ ª ®¡¥¨¬ ç áâï¬ ãà ¢­¥­¨ï (28) ®¯¥à -â®à � @@t � �v @@x�:� @2@t2 � �v2 @2@x2��(x; t) = 1��v �D dP1dt : (29)�®¤áâ ¢¨¢ ¢ ãà ¢­¥­¨¥ (29) ¢ëà ¦¥­¨¥ (23), ¯®«ã-ç¨¬� @2@t2��v2 @2@x2��(x; t) = N�v2�1��(`; t)��L�v2; (30)£¤¥ N = �Q0��v3 �D��P0a�V0 + �2Uv0mB �; (31)L = Q0(a� 1)2��v3 �D ��P0�V0 + �2U2mB �: (32)�«ï ãà ¢­¥­¨ï (30) á¯à ¢¥¤«¨¢® £à ­¨ç­®¥ ãá«®¢¨¥�(0; t) = 0: (33)�à¨ à¥è¥­¨¨ ãà ¢­¥­¨ï (30) ¢¢¥¤¥¬ § ¬¥­ã ¯¥-à¥¬¥­­ëå �(x; t) = �(x; t)� f(x); (34)£¤¥ f(x) { ­¥¨§¢¥áâ­ ï äã­ªæ¨ï, ¯à¨­¨¬ îé ï ­ £à ­¨æ å §­ ç¥­¨ï f(0) = 0;f(`) = 1: (35)� ãç¥â®¬ á®®â­®è¥­¨© (34) ¨ (35) ¤¨ää¥à¥­æ¨ «ì-­®¥ ãà ¢­¥­¨¥ (30) ¯à¨­¨¬ ¥â ¢¨¤� @2@t2 � �v2 @2@x2�[�(x; t) + f(x)] == �N�v2�(`; t) � L�v2: (36)�®á«¥¤­¥¥ ãà ¢­¥­¨¥ à á¯ ¤ ¥âáï ­  ¤¢  ¤¨ää¥-à¥­æ¨ «ì­ëå ãà ¢­¥­¨ï: áâ æ¨®­ à­®¥d2f(x)dx2 = L (37)á £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨ (35) ¨ ¢à¥¬¥­­®¥@2�(x; t)@t2 � �v2 @2�(x; t)@x2 = �N�v2�(`; t) (38)á £à ­¨ç­ë¬ ãá«®¢¨¥¬�(0; t) = 0: (39)�. �. � § à¥­ª® 49



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 4. �. 45 { 53� à¥§ã«ìâ â¥ ¨­â¥£à¨à®¢ ­¨ï ãà ¢­¥­¨ï (37) áãç¥â®¬ £à ­¨ç­ëå ãá«®¢¨© ¯®«ãç ¥¬f(x) = Lx22 +� 1̀ � L2̀ �x: (40)�à¨ ¨­â¥£à¨à®¢ ­¨¨ ãà ¢­¥­¨ï (38) á ãç¥â®¬ £à -­¨ç­®£® ãá«®¢¨ï (39) ¡ã¤¥¬ ¨áå®¤¨âì ¨§ â®£®, çâ®¢¢¥¤¥­­ ï äã­ªæ¨ï �(x; t) ¨§¬¥­ï¥âáï á® ¢à¥¬¥­¥¬¯® £ à¬®­¨ç¥áª®¬ã § ª®­ã [7]:�(x; t) = �(x)e�i!t; (41)£¤¥ ! { ªàã£®¢ ï ç áâ®â . �®á«¥ ¯®¤áâ ­®¢ª¨ § -¢¨á¨¬®áâ¨ (41) ¢ ãà ¢­¥­¨¥ (38) ¨ í«¥¬¥­â à­ëå¯à¥®¡à §®¢ ­¨© ¨¬¥¥¬�00 + k2� = N�(`); (42)£¤¥ k=!=�v. �®«ãç¥­® ®¡ëª­®¢¥­­®¥ «¨­¥©­®¥ ­¥-®¤­®à®¤­®¥ ¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ ¢â®à®£®¯®àï¤ª . �«ï ¥£® à¥è¥­¨ï ¢®á¯®«ì§ã¥¬áï ¬¥â®¤®¬� £à ­¦  [9] ¨ ¢ë¤¥«¨¬ ®¤­®à®¤­®¥ ãà ¢­¥­¨¥�00 + k2� = N�(`); (43)à¥è¥­¨¥ ª®â®à®£® ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥�(x) = A sin kx+B cos kx: (44)�¥è¥­¨¥¬ ¨áå®¤­®£® ­¥®¤­®à®¤­®£® ãà ¢­¥-­¨ï (42) ¡ã¤¥â äã­ªæ¨ï�(x) = A(x) sin kx+B(x) cos kx; (45)£¤¥ A ¨ B ¯®¤«¥¦ â ®¯à¥¤¥«¥­¨î. �®á«¥ áâ ­¤ àâ-­ëå ¯à¥®¡à §®¢ ­¨© ¯®«ãç ¥¬A(x) = Nk2 �(`) sin kx; (46)B(x) = Nk2�(`)(cos kx� 1): (47)� à¥§ã«ìâ â¥ ¯®¤áâ ­®¢ª¨ ¢ëà ¦¥­¨© (46) ¨ (47)¢ á®®â­®è¥­¨¥ (45) ¨¬¥¥¬�(x) = Nk2�(`)(1 � cos kx): (48)�®¤áç¨â ¥¬ ¬ ááã ¢¨åàï, ¨áå®¤ï ¨§ â®£®, çâ®®­ ¯à¥¤áâ ¢«ï¥â á®¡®© â®à, ¯«®â­®áâì ª®â®à®£® ¢¯à®æ¥áá¥ ¨§«ãç¥­¨ï ®áâ ¥âáï ¯®áâ®ï­­®© ¨ ¯à¨-¬¥à­® à ¢­®© ¯«®â­®áâ¨ ¢®¤ë �. �ãáâì à ¤¨-ãá áà¥¤­¥© «¨­¨¨ â¥«  à ¢¥­ Rá:«:�=r=2,   à ¤¨ãá¥£® ®á¥¢®£® á¥ç¥­¨ï R ®¯à¥¤¥«ï¥âáï à ááâ®ï­¨¥¬ `¬¥¦¤ã á®¯«®¬ ¨ ¯à¥£à ¤®© ¨ à ¢¥­ R�=`=2. � ãç¥-â®¬ íâ®£® ¬ áá  ¢¨åàï ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥­¨¥¬mB = 14��2`2r: (49)

�«ï ¯®«ãç¥­¨ï ¤¨á¯¥àá¨®­­®£® âà ­áæ¥­¤¥­â­®-£® ãà ¢­¥­¨ï ¯®¤áâ ¢¨¬ ¢ ¢ëà ¦¥­¨¥ (48) ¢¬¥áâ®x à ááâ®ï­¨¥ ` ¨ ¤®¬­®¦¨¬ «¥¢ãî ¨ ¯à ¢ãî ç áâ¨­  k2`2. �®£¤ k2`2 = N`2(1� cos k`): (50)�¢¥¤¥¬ ®¡®§­ ç¥­¨ï � = k`;� = N`2: (51)�®£¤  ãà ¢­¥­¨¥ (50) ¯à¨­¨¬ ¥â ¢¨¤� = p2� sin �2 ; (52)®âªã¤  á ãç¥â®¬ ¢ëà ¦¥­¨© (31), (49) ¨ (51),   â ª-¦¥ §­ ç¥­¨© Q0, �v, �D ¨ § ¬¥­ë U ­  ¤«ï � á«¥¤ã¥â� = � (a + 1)2(a2 + 1)�� P0�v20 1� r̀ a(a+ 1)2 + 4��: (53)�®«ãç¥­® âà ­áæ¥­¤¥­â­®¥ ¤¨á¯¥àá¨®­­®¥ ãà ¢-­¥­¨¥, ¯®§¢®«¨¢è¥¥  ­ «¨â¨ç¥áª¨ ãáâ ­®¢¨âì § -¢¨á¨¬®áâì ç áâ®âë £¥­¥à¨àã¥¬ëå ª®«¥¡ ­¨© ®á¥-á¨¬¬¥âà¨ç­®© § â®¯«¥­­®© áâàã¥© ¦¨¤ª®áâ¨ ®â£¥®¬¥âà¨ç¥áª¨å ¨ £¨¤à®¤¨­ ¬¨ç¥áª¨å ¯ à ¬¥âà®¢¨§«ãç îé¥© á¨áâ¥¬ë.3. ������ ����������������� ���������� �������ëà ¦¥­¨¥ (53) ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥� = �(�C +D); (54)£¤¥ C = a(a+ 1)32(a2 + 1) P0�v20 �̀r ; (55)D = 4(a+ 1)2�(a2 + 1) : (56)� ãç¥â®¬ á®®â­®è¥­¨© (12) ¨ (51) ¢®á¯®«ì§ã-¥¬áï íªá¯¥à¨¬¥­â «ì­®© § ¢¨á¨¬®áâìî ç áâ®âë®â ¯ à ¬¥âà®¢ ¨§«ãç îé¥© á¨áâ¥¬ë ¨, ¯®«ì§ãïáìä®à¬ã« ¬¨ �íªá: = !íªá:`v0 a + 12 ; (57)�íªá: = �2íªá:`2 sin2(�íªá:=2) ; (58)¢ëç¨á«¨¬ C ¨ D ¤«ï ¢á¥å íªá¯¥à¨¬¥­â «ì­ëå â®-ç¥ª. �®á«¥ íâ®£®, ¢ á®®â¢¥âáâ¢¨¨ á ¢ëà ¦¥­¨-¥¬ (54), ¤«ï «î¡®© ¯ àë íªá¯¥à¨¬¥­â «ì­ëå â®-ç¥ª á®áâ ¢¨¬ á¨áâ¥¬ã 2-å ãà ¢­¥­¨©, ¨§ ª®â®àëå50 �. �. � § à¥­ª®



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 4. �. 45 { 53®¯à¥¤¥«¨¬ ¢¢¥¤¥­­ë¥ ª®íää¨æ¨¥­âë ¯à®¯®àæ¨®-­ «ì­®áâ¨: � = �íªá:2 � �íªá:1�íªá:1C2 � �íªá:2C1D: (59)� = �íªá:1(�C1 +D) : (60)�â®â ¯®¤å®¤ á¯à ¢¥¤«¨¢, ¥á«¨ ãáà¥¤­ïâì ª®íää¨-æ¨¥­âë � ¨ � ¤«ï íªá¯¥à¨¬¥­â «ì­®© § ¢¨á¨¬®-áâ¨ ç áâ®âë f ®â áª®à®áâ¨ v0, ª®£¤  `=const ¨a=const. �á«¨ ¦¥ ãáà¥¤­ïâì � ¨ � ¯à¨¬¥­¨â¥«ì-­® ª íªá¯¥à¨¬¥­â «ì­®© § ¢¨á¨¬®áâ¨ ç áâ®âë ®âà ááâ®ï­¨ï ` ¬¥¦¤ã á®¯«®¬ ¨ ¯à¥£à ¤®©, â® ­¥®¡-å®¤¨¬® á­®¢  ¯à®¢¥áâ¨ ¯®¤®¡­ë¥ ¢ëª« ¤ª¨.� áç¥âë á®£« á­® ä®à¬ã« ¬ (59) ¨ (60) ¯à®¤¥« -¥¬ ¤«ï ¢á¥å ¯ à íªá¯¥à¨¬¥­â «ì­ëå â®ç¥ª ¨ ãáà¥¤-­¨¬ ¯®«ãç¥­­ë¥ �i ¨ �i. � ©¤¥­­ë¥ áà¥¤­¨¥ §­ ç¥-­¨ï �� ¨ �� ¢ ¤ «ì­¥©è¥¬ ¨á¯®«ì§ã¥¬ ¤«ï ®¯à¥¤¥«¥-­¨ï à áç¥â­ë¬ ¯ãâ¥¬ ç áâ®â £¥­¥à¨àã¥¬ëå ª®«¥-¡ ­¨© ¯à¨ à §«¨ç­ëå áª®à®áâïå ¨áâ¥ç¥­¨ï áâàã¨¦¨¤ª®áâ¨ v0. � «¥¥ ¯® ä®à¬ã«¥ (53) ®¯à¥¤¥«¨¬§­ ç¥­¨¥ �, ¯®á«¥ ç¥£® ­ ©¤¥¬ á®®â¢¥âáâ¢ãîé¥¥§­ ç¥­¨¥ �, ª®â®à®¥ ï¢«ï¥âáï à¥è¥­¨¥¬ ãà ¢­¥-­¨ï (52). �  ®á­®¢ ­¨¨ ¯®«ãç¥­­ëå ¤ ­­ëå ­ ©-¤¥¬ ç áâ®âã ! = 2�f = �̀ 2v0a+ 1 : (61)�«ï íªá¯¥à¨¬¥­â «ì­®£® ®¯à¥¤¥«¥­¨ï ª®íää¨æ¨-¥­â®¢ �, � ¨ �,   â ª¦¥ § ¢¨á¨¬®áâ¨ ç áâ®âë®â áª®à®áâ¨ ¨áâ¥ç¥­¨ï áâàã¨ ¦¨¤ª®áâ¨ v0, à ¤¨-ãá  á®¯«  r ¨ à ááâ®ï­¨ï ` ¬¥¦¤ã á®¯«®¬ ¨ ¯à¥-£à ¤®© ¡ë«  ¨á¯®«ì§®¢ ­  á¯¥æ¨ «ì­ ï ãáâ ­®¢ª .�­  á®áâ®ï«  ¨§ ­ á®á­®£®  £à¥£ â , ¨§«ãç îé¥©á¨áâ¥¬ë, £¨¤à®ä®­®¢, ¥¬ª®áâ¨ á ¤¢ã¬ï ¨««î¬¨-­ â®à ¬¨, ®áæ¨««®£à ä , ¬¨««¨¢®«ìâ¬¥âà , á¯¥ª-âà® ­ «¨§ â®à ,  ¯¯ à âãàë ¤«ï à¥£¨áâà æ¨¨ ¡ë-áâà®¯à®â¥ª îé¨å ¯à®æ¥áá®¢ ¨ ���.� áç¥â § ¢¨á¨¬®áâ¨ ç áâ®âë £¥­¥à¨àã¥¬ëå ª®-«¥¡ ­¨© ®â áª®à®áâ¨ ¨áâ¥ç¥­¨ï ¦¨¤ª®áâ¨ v0 ¢ë-¯®«­ï«áï ¤«ï á«¥¤ãîé¨å £¨¤à®¤¨­ ¬¨ç¥áª¨å ¨£¥®¬¥âà¨ç¥áª¨å ¯ à ¬¥âà®¢ ¨§«ãç îé¥© á¨áâ¥-¬ë: P0=1:1�105 � ; `=4�10�3 ¬; r=6:5�10�3 ¬;D0=0:5�10�3 ¬. �­ ç¥­¨¥ 
=3:5� ¡ë«® ãáâ ­®-¢«¥­® ¢ à¥§ã«ìâ â¥ ®¡à ¡®âª¨ ä®â®£à ä¨© ª¨­®-áê¥¬ª¨,   � ®¯à¥¤¥«ï«®áì ¢ § ¢¨á¨¬®áâ¨ ®â v0¯® ¤ ­­ë¬ à¨á. 2. �®£« á­® ¢ë¯®«­¥­­ë¬ à á-ç¥â ¬ ¯® ¨§«®¦¥­­®© ¬¥â®¤¨ª¥ ª®íää¨æ¨¥­âë �¨ � ®ª § «¨áì à ¢­ë¬¨ á®®â¢¥âáâ¢¥­­® 0:471 ¨0:805. � ¢¨á¨¬®áâì ç áâ®âë £¥­¥à¨àã¥¬ëå ª®«¥-¡ ­¨© ®â áª®à®áâ¨ ¨áâ¥ç¥­¨ï ¦¨¤ª®áâ¨ ¯à¥¤áâ -¢«¥­  ­  à¨á. 4. �¤¥áì ªà¨¢ ï 1 á®®â¢¥âáâ¢ã¥â íªá-¯¥à¨¬¥­â «ì­ë¬ ¤ ­­ë¬, ª®â®àë¥ ¡ë«¨ ¯¥à¥¯à®-

�¨á. 4. � ¢¨á¨¬®áâì ç áâ®âë £¥­¥à¨àã¥¬ëåª®«¥¡ ­¨© ®â áª®à®áâ¨ ¨áâ¥ç¥­¨ï áâàã¨ ¦¨¤ª®áâ¨¢¥à¥­ë á®£« á­® [10], ªà¨¢ ï 2 { à áç¥â­ë¬. �¨¤-­®, çâ® á ã¢¥«¨ç¥­¨¥¬ áª®à®áâ¨ áâàã¨ íªá¯¥à¨¬¥­-â «ì­ ï ªà¨¢ ï ¬®­®â®­­® á¯ ¤ ¥â. � áç¥â­ ï¦¥ ªà¨¢ ï ¢ ­¨§ª®áª®à®áâ­®© ç áâ¨ á¯ ¤ ¥â à¥§-ç¥ íªá¯¥à¨¬¥­â «ì­®©,   á ã¢¥«¨ç¥­¨¥¬ áª®à®áâ¨¡ëáâà®â  ã¬¥­ìè¥­¨ï ç áâ®âë á­¨¦ ¥âáï. �¥¬­¥ ¬¥­¥¥, ¤«ï ®á­®¢­®£® à ¡®ç¥£® ¤¨ ¯ §®­  áª®-à®áâ¥© ¨áâ¥ç¥­¨ï áâàã¨ ¦¨¤ª®áâ¨, ¯à¨¬¥à­® à ¢-­®£® 25�40 ¬=á, à áç¥â­ ï ¨ íªá¯¥à¨¬¥­â «ì­ ï§ ¢¨á¨¬®áâ¨ á®®â¢¥âáâ¢ãîâ ¤àã£ ¤àã£ã { á à®áâ®¬áª®à®áâ¨ ¨áâ¥ç¥­¨ï áâàã¨ ç áâ®âë á­¨¦ îâáï.� ¢¨á¨¬®áâì ç áâ®âë £¥­¥à¨àã¥¬ëå ª®«¥¡ -­¨© ®â à ááâ®ï­¨ï ¬¥¦¤ã á®¯«®¬ ¨ ¯à¥£à -¤®© à ááç¨âë¢ « áì ¯à¨ á«¥¤ãîé¨å ¯ à ¬¥-âà å ¨§«ãç îé¥© á¨áâ¥¬ë: P0=1:1�105 � ;v0=31 ¬=á; r=6:5�10�3 ¬; �=0:65; 
=3:5�;�=0:471; �=0:805. �à ä¨ç¥áª ï § ¢¨á¨¬®áâì ç -áâ®âë £¥­¥à¨àã¥¬ëå ª®«¥¡ ­¨© ¯® ®á­®¢­®© £ à-¬®­¨ª¥ ®â à ááâ®ï­¨ï ¬¥¦¤ã á®¯«®¬ ¨ ¯à¥£à ¤®©¯à¥¤áâ ¢«¥­  ­  à¨á. 5. �  íâ®¬ à¨áã­ª¥ ªà¨-¢ ï 1 å à ªâ¥à¨§ã¥â íªá¯¥à¨¬¥­â «ì­ãî § ¢¨á¨-¬®áâì ç áâ®âë f ®â à ááâ®ï­¨ï `,   ªà¨¢ ï 2 {à áç¥â­ãî. � ª ¨ ¢ ¯à¥¤ë¤ãé¥¬ á«ãç ¥, á ã¢¥«¨-ç¥­¨¥¬ ¯ à ¬¥âà  ` ç áâ®â  ã¬¥­ìè ¥âáï ¨ ¯® íªá-¯¥à¨¬¥­â «ì­ë¬, ¨ ¯® à áç¥â­ë¬ ¤ ­­ë¬. � à ª-â¥à­®, çâ® ¯à¨ ­¥¡®«ìè¨å à ááâ®ï­¨ïå à¥§ç¥ á¯ -¤ ¥â à áç¥â­ ï ªà¨¢ ï,   ¯à¨ ®â­®á¨â¥«ì­® ¡®«ì-è¨å à ááâ®ï­¨ïå { ­ ®¡®à®â.�¯à¥¤¥«¥­¨¥ § ¢¨á¨¬®áâ¨ ç áâ®âë £¥­¥à¨àã¥-¬ëå ª®«¥¡ ­¨© ®â à ¤¨ãá  á®¯«  r ¢ë¯®«­ï«®áì¯à¨ á«¥¤ãîé¨å ¯ à ¬¥âà å ¨§«ãç îé¥© á¨áâ¥-¬ë: P0=1:1�105 � ; v0=31 ¬=á; �=0:65; 
=3:5�;`=4�10�3 ¬; D0=0:5�10�3 ¬; �=0:471; �=0:805.�. �. � § à¥­ª® 51
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�¨á. 5. � ¢¨á¨¬®áâì ç áâ®âë £¥­¥à¨àã¥¬ëåª®«¥¡ ­¨© ®â à ááâ®ï­¨ï ¬¥¦¤ã á®¯«®¬ ¨ ¯à¥£à ¤®©
�¨á. 6. � ¢¨á¨¬®áâì ç áâ®âë £¥­¥à¨àã¥¬ëåª®«¥¡ ­¨© ®â à ¤¨ãá  ª®«ìæ¥¢®£® é¥«¥¢®£® á®¯« 

� ¢¨á¨¬®áâì ç áâ®âë £¥­¥à¨àã¥¬ëå ª®«¥¡ ­¨© ®âà ¤¨ãá  r á®¯«  ¯à¥¤áâ ¢«¥­  ­  à¨á. 6. �¨¤-­®, çâ® á ã¢¥«¨ç¥­¨¥¬ à ¤¨ãá  ç áâ®â  £¥­¥à¨àã-¥¬ëå ª®«¥¡ ­¨© ã¬¥­ìè ¥âáï ª ª ¯® íªá¯¥à¨¬¥­-â «ì­ë¬, â ª ¨ ¯® à áç¥â­ë¬ ¤ ­­ë¬. �  à¨á. 6ªà¨¢ ï 1 á®®â¢¥âáâ¢ã¥â íªá¯¥à¨¬¥­âã,   ªà¨¢ ï 2¯®«ãç¥­  ­  ®á­®¢ ­¨¨ â¥®à¥â¨ç¥áª¨å à áç¥â®¢.�® å à ªâ¥àã á¯ ¤  ç áâ®âë á à®áâ®¬ à ¤¨ãá  rà áç¥â­ ï ¨ íªá¯¥à¨¬¥­â «ì­ ï ªà¨¢ë¥ ¤®áâ â®ç-­® ¡«¨§ª¨.�����������® à¥§ã«ìâ â ¬ ¢ë¯®«­¥­­ëå ¨áá«¥¤®¢ ­¨© ¬®-£ãâ ¡ëâì á¤¥« ­ë á«¥¤ãîé¨¥ ¢ë¢®¤ë.1. � áá¬®âà¥­  ãâ®ç­¥­­ ï ¬®¤¥«ì £¨¤à®¤¨­ -¬¨ç¥áª®© ¨§«ãç îé¥© á¨áâ¥¬ë á ®á¥á¨¬¬¥-âà¨ç­®© «®ª «¨§®¢ ­­®© â®à®¨¤ «ì­®© ®¡« -áâìî ª ¢¨â æ¨®­­®© ¯à¨à®¤ë.2. �à¨¬¥­¨â¥«ì­® ª íâ®© ¬®¤¥«¨ ¯®áâ ¢«¥­  ¨à¥è¥­  § ¤ ç  ¯® ­ â¥ª ­¨î § â®¯«¥­­®© ®á¥-á¨¬¬¥âà¨ç­®© áâàã¨ ¦¨¤ª®áâ¨ ­  ¯«®áªãî¯à¥£à ¤ã á ã¯à ¢«ï¥¬ë¬ ®¡à §®¢ ­¨¥¬ áå«®-¯ë¢ îé¥©áï «®ª «¨§®¢ ­­®© ª ¢¨â æ¨®­­®©®¡« áâ¨.3. �®«ãç¥­® âà ­áæ¥­¤¥­â­®¥ ¤¨á¯¥àá¨®­­®¥ãà ¢­¥­¨¥, ®¯¨áë¢ îé¥¥ § ¢¨á¨¬®áâì ç -áâ®âë £¥­¥à¨àã¥¬ëå ª®«¥¡ ­¨© ¯® ®á­®¢­®©£ à¬®­¨ª¥ ®â à ¡®ç¨å ¯ à ¬¥âà®¢ ¨§«ãç î-é¥© á¨áâ¥¬ë.4. �®«ãç¥­ë  ­ «¨â¨ç¥áª¨¥ § ¢¨á¨¬®áâ¨ ç áâ®-âë £¥­¥à¨àã¥¬ëå  ªãáâ¨ç¥áª¨å ª®«¥¡ ­¨© ®âáª®à®áâ¨ ¨áâ¥ç¥­¨ï áâàã¨ ¦¨¤ª®áâ¨, à ááâ®-ï­¨ï ¬¥¦¤ã á®¯«®¬ ¨ ¯à¥£à ¤®©,   â ª¦¥ ®âà ¤¨ãá  á®¯« . �à®¢¥¤¥­® á®¯®áâ ¢«¥­¨¥ ¯®-«ãç¥­­ëå ¤ ­­ëå á íªá¯¥à¨¬¥­â «ì­ë¬¨.5. �áâ ­®¢«¥­®, çâ® á à®áâ®¬ áª®à®áâ¨ áâàã¨,à ¤¨ãá  ª®«ìæ¥¢®£® é¥«¥¢®£® á®¯« ,   â ª¦¥à ááâ®ï­¨ï ¬¥¦¤ã á®¯«®¬ ¨ ¯à¥¯ïâáâ¢¨¥¬ ç -áâ®âë  ªãáâ¨ç¥áª¨å ª®«¥¡ ­¨ï ¯® ®á­®¢­®©£ à¬®­¨ª¥ ¯ ¤ îâ. �à¨ íâ®¬ ¯®«ãç¥­® ­¥â®«ìª® ª ç¥áâ¢¥­­®¥, ­® ¨ ª®«¨ç¥áâ¢¥­­®¥ á®-®â¢¥âáâ¢¨¥ ¬¥¦¤ã íªá¯¥à¨¬¥­â «ì­ë¬¨ ¨ â¥-®à¥â¨ç¥áª¨¬¨ ¤ ­­ë¬¨.6. �¢¥¤¥­ë ª®íää¨æ¨¥­âë ¯à®¯®àæ¨®­ «ì­®áâ¨�, �, � ¨ ¯®«ãç¥­ë ¨å ç¨á«¥­­ë¥ §­ ç¥­¨ï,ª®â®àë¥ ¯®§¢®«¨«¨:� ¢®-¯¥à¢ëå, ®¯à¥¤¥«¨âì § ¢¨á¨¬®áâì áª®-à®áâ¨ ¨§¬¥­¥­¨ï ¤ ¢«¥­¨ï ¢­ãâà¨ «®ª -«¨§®¢ ­­®© ª ¢¨â æ¨®­­®© ®¡« áâ¨ ®â52 �. �. � § à¥­ª®



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 4. �. 45 { 53à áå®¤ , ®¡ê¥¬  íâ®© ®¡« áâ¨ ¨ ®â ¤ ¢«¥-­¨ï ¢ ®ªàã¦ îé¥© ®¡« áâì áà¥¤¥;� ¢®-¢â®àëå, ãáâ ­®¢¨âì § ¢¨á¨¬®áâì ®¡ê-¥¬  ª ¢¨â æ¨®­­®© ®¡« áâ¨ ®â áª®à®áâ¨¨áâ¥ç¥­¨ï áâàã¨ ¦¨¤ª®áâ¨;� ¢-âà¥âì¨å, à ááç¨â âì ¨ ®¡®á­®¢ âì, ª -ª ï ç áâì ®¡é¥£® à áå®¤  ¢ëâ¥ª îé¥© ¨§á®¯«  áâàã¨ ¨¤¥â ­  ®¡à §®¢ ­¨¥ â®à®¨-¤ «ì­®© ª ¢¨â æ¨®­­®© ®¡« áâ¨.7. �ë¯®«­¥­­ë¥ ¨áá«¥¤®¢ ­¨ï ®âªàë¢ îâ ¢®§-¬®¦­®áâ¨ à áç¥â­ë¬ ¯ãâ¥¬ ®¯à¥¤¥«ïâì ¢á¥¯ à ¬¥âàë ¨§«ãç îé¥© á¨áâ¥¬ë ¤«ï £¥­¥à¨-à®¢ ­¨ï ª®«¥¡ ­¨© ­¥®¡å®¤¨¬®© ç áâ®âë.��������������¢â®à ¯à¨§­ â¥«¥­ ª®®à¤¨­ â®àã ¯à®¥ªâ COPERNICUS EPB 1C15-CT98-0808 ¯à®ä¥áá®àã�à¨¥áâáª®£® ã­¨¢¥àá¨â¥â  �. �à ­ç¥áªãââ® (Al-berto Francescutto) §  á®¤¥©áâ¢¨¥ ¢ ¢ë¯®«­¥­¨¨ ­ -ãç­ëå ¨áá«¥¤®¢ ­¨©.1. �®«ï¬¨­  �. �. �«ìâà §¢ãª // �«ìâà §¢ãª: � -
«¥­ìª ï í­æ¨ª«®¯¥¤¨ï.{ �.: �®¢. í­æ¨ª«, 1979.{�. 9{23.2. Powell A. On the edge-tone // J. Acoust. Soc. Amer.{1961.{ 33, N 4.{ P. 395{409.3. Richardson E. G. Flow noise. Technical. aspects.Sounds, vol. 3.{ Amsterdam {New York: ElsevierPubl. Co, 1962.{ �. 123{177.4. Nybarg W. L. Self-maintalned oscillations of the jetin a jet-edge. I. // J. Acoust. Soc. Amer.{ 1954.{ 26,N 2.{ P. 174{182.5. �®­áâ ­â¨­®¢ �. �. �̈ ¤à®¤¨­ ¬¨ç¥áª®¥ §¢ãª®-®¡à §®¢ ­¨¥ ¨ à á¯à®áâà ­¥­¨¥ §¢ãª  ¢ ®£à ­¨-ç¥­­®© áà¥¤¥.{ �.: � ãª , 1974.{ �. 142.6. � § à¥­ª® �. �. �̈ ¤à®¤¨­ ¬¨ç¥áª¨© ¨§«ãç -â¥«ì // �¨§¨ç¥áª ï í­æ¨ª«®¯¥¤¨ï, â®¬ 1.{ �.:�®¢. í­æ¨ª«, 1988.{ �. 466{467.7. � § à¥­ª® �. �. �¢â®ª®«¥¡ ­¨ï ª®«ìæ¥¢®© § â®¯-«¥­­®© áâàã¨ ¦¨¤ª®áâ¨, ­ â¥ª îé¥© ­  ¯«®áªãî¯à¥£à ¤ã // �àã¤ë VI á¥áá¨¨ ��� \�ªãáâ¨ª  ­ ¯®à®£¥ XXI ¢¥ª ".{ �.: �ªãáâ. ¨­-â, ���, 1997.{�. 419{422.8. � ­¤ ã �. �., �¨äè¨æ �. �. �̈ ¤à®¤¨­ ¬¨ª ,â®¬. 6.{ �.: �¨§¬ â£¨§, 1986.{ �. 212{213.9. �¬¨à­®¢ �. �. �ãàá ¢ëáè¥© ¬ â¥¬ â¨ª¨, â®¬ 2.{�.: �¨§¬ â£¨§, 1961.{ �. 86{88.10. �ãå àìª®¢ �. �. �®¢ëè¥­¨¥ íää¥ªâ¨¢­®áâ¨®ç¨áâª¨ á«®¦­®¯à®ä¨«ì­ëå ¤¥â «¥© ¬ è¨­ £¨¤à®-¤¨­ ¬¨ç¥áª¨¬¨ ¨áâ®ç­¨ª ¬¨ ª®«¥¡ ­¨© / � ­¤.¤¨á.{ �¤¥áá : �¤¥á. ã­-â, 1990.{ 173 á.
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