
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 3. �. 34 { 38��� 534.232� ������������� ���������, ������������������������� ��������� ���������������������� ������������� ��������. �. �������, �. �. ����������¤¥ááª¨© ­ æ¨®­ «ì­ë© ã­¨¢¥àá¨â¥â ¨¬¥­¨ �. �. �¥ç­¨ª®¢ �®«ãç¥­® 29.01.2001�à¨¢¥¤¥­ë à¥§ã«ìâ âë ¨áá«¥¤®¢ ­¨©, ¯®§¢®«¨¢è¨å ®¡­ àã¦¨âì ¤¢  ª®­ªãà¨àãîé¨å ¯à®æ¥áá , ®â¢¥âáâ¢¥­­ë¥ § £¥­¥à¨à®¢ ­¨¥  ªãáâ¨ç¥áª¨å ª®«¥¡ ­¨© ¨§«ãç îé¥© á¨áâ¥¬®© á ®á¥á¨¬¬¥âà¨ç­®© «®ª «¨§®¢ ­­®© ª ¢¨â æ¨®­­®©®¡« áâìî. �ªá¯¥à¨¬¥­â «ì­® ãáâ ­®¢«¥­®, çâ® á ã¢¥«¨ç¥­¨¥¬ áª®à®áâ¨ ¨áâ¥ç¥­¨ï áâàã¨ ¨§ é¥«¥¢®£® ª®«ìæ¥¢®£®á®¯«  áà¥¤­¥¥ ¤ ¢«¥­¨¥ ¢­ãâà¨ ®¡à §ãîé¥©áï ª ¢¨â æ¨®­­®© ®¡« áâ¨ ¬®­®â®­­® á­¨¦ ¥âáï. � àï¤ã á íâ¨¬, à®áâáª®à®áâ¨ ¯à¨¢®¤¨â ª ã¢¥«¨ç¥­¨î ¤ ¢«¥­¨ï ¢­ãâà¨ ®¡« áâ¨. �à®â¨¢®¡®àáâ¢® ãª § ­­ëå ¤¢ãå ¯à®æ¥áá®¢ ¯à¨¢®¤¨â ª¢§àë¢®®¡à §­®¬ã ¢ë¡à®áã á®¤¥à¦¨¬®£® ®¡« áâ¨ ¨ £¥­¥à¨à®¢ ­¨î  ªãáâ¨ç¥áª¨å ª®«¥¡ ­¨© à¥« ªá æ¨®­­®£® å à ª-â¥à . �¥§ã«ìâ âë â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢ ­¨© ã¤®¢«¥â¢®à¨â¥«ì­® á®£« áãîâáï á íªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨.� ¢¥¤¥­÷ à¥§ã«ìâ â¨ ¤®á«÷¤¦¥­ì, ïª÷ ¤ «¨ ¬®¦«¨¢÷áâì ¢¨ï¢¨â¨ ¤¢  ª®­ªãàãîç÷ ¯à®æ¥á¨, ¢÷¤¯®¢÷¤ «ì­÷ §  £¥­¥àã¢ ­­ï ªãáâ¨ç­¨å ª®«¨¢ ­ì ¢¨¯à®¬÷­îîç®î á¨áâ¥¬®î § ®á¥á¨¬¥âà¨ç­®î «®ª «÷§®¢ ­®î ª ¢÷â æ÷©­®î ®¡« áâî. �ªá¯¥à¨-¬¥­â «ì­® ¢áâ ­®¢«¥­®, é® §÷ §¡÷«ìè¥­­ï¬ è¢¨¤ª®áâ÷ ¢¨â®ªã áâàã¬¥­ï §÷ é÷«¨­­®£® ª÷«ìæ¥¢®£® á®¯«  á¥à¥¤­÷© â¨áª¢á¥à¥¤¨­÷ ãâ¢®à¥­®ù ª ¢÷â æ÷©­®ù ®¡« áâ÷ ¬®­®â®­­® §­¨¦ãõâìáï. � §®¬ § æ¨¬, §à®áâ ­­ï è¢¨¤ª®áâ÷ ¯à¨§¢®¤¨âì ¤®§¡÷«ìè¥­­ï â¨áªã ¢á¥à¥¤¥­÷ ®¡« áâ÷. �à®â¨¤÷ï ¢ª § ­¨å ¤¢®å ¯à®æ¥á÷¢ ¯à¨§¢®¤¨âì ¤® ¢¨¡ãå®¯®¤÷¡­®£® ¢¨ª¨¤ã à÷¤¨-­¨ § ®¡« áâ÷ © £¥­¥àã¢ ­­î  ªãáâ¨ç­¨å ª®«¨¢ ­ì à¥« ªá æ÷©­®£® å à ªâ¥àã. �¥§ã«ìâ â¨ â¥à¥â¨ç­¨å ¤®á«÷¤¦¥­ì§ ¤®¢÷«ì­® ã§£®¤¦ãîâìáï § ¥ªá¯¥à¨¬¥­â «ì­¨¬¨ ¤ ­¨¬¨.The results of investigations are presented. These results have shown the presence of two competing processes responsiblefor generation of acoustic oscillations by the radiation system with the axis-symmetric localized cavitation zone. It isshown experimentally that with the increase of the out
ow velocity from the ring-form slot nozzle the average pressureinside the cavitation zone decreases monotonously. At the same time the increase of the velocity leads to the increaseof the pressure inside this zone. The competition of these two processes leads to the explosive ejection of the contentfrom this zone and generation of the acoustic oscillation with the relaxative character. The theoretical calculation resultsrelatively well correspond to the results of the experimental researches.���������¥è¥­¨¥ ¯à®¡«¥¬ë £¥­¥à¨à®¢ ­¨ï  ªãáâ¨ç¥-áª¨å ª®«¥¡ ­¨© § â®¯«¥­­ë¬¨ áâàãï¬¨ ¦¨¤ª®áâ¨ï¢«ï¥âáï ¯¥àá¯¥ªâ¨¢­ë¬ ¯® ¬­®£¨¬ á®®¡à ¦¥­¨-ï¬. � ç áâ­®áâ¨, íâ® ¯®§¢®«¨«® ¡ë áãé¥áâ¢¥­­®¨­â¥­á¨ä¨æ¨à®¢ âì ¬­®£¨¥ â¥å­®«®£¨ç¥áª¨¥ ¯à®-æ¥ááë, ¯à®â¥ª îé¨¥ ¢ ¦¨¤ª¨å ä § å ¨ ­  £à ­¨-æ¥ ¦¨¤ª®áâì {â¢¥à¤®¥ â¥«®. �®âï ¯¥à¢ë¥ ¨áá«¥¤®-¢ ­¨ï ¢ íâ®¬ ­ ¯à ¢«¥­¨¨ ¡ë«¨ ¯à®¢¥¤¥­ë ¡®«¥¥áâ  «¥â ­ § ¤, ¤® ¯®«­®£® à §à¥è¥­¨ï ¯à®¡«¥¬ë¯® ¬­¥­¨î ¬­®£¨å  ¢â®à®¢ ¥é¥ ¤ «¥ª®. �  íâ®¢à¥¬ï ¡ë«® ¯à¥¤«®¦¥­® ¨ à §à ¡®â ­® ¬­®£® £¨-¯®â¥§ ¨ â¥®à¨©, ª®â®àë¥ ã¯à®é¥­­® ¬®¦­® ®¡ê-¥¤¨­¨âì ¢ âà¨ £àã¯¯ë: £¨¤à®¤¨­ ¬¨ç¥áªãî (�¨-ç à¤á®­ [1]),  ªãáâ¨ç¥áªãî (� ãí«« [2]) ¨ ¤¨­ ¬¨-ç¥áªãî (�î¡®à£ [3]). �®«ìè¨­áâ¢® ¨§¢¥áâ­ëå à -¡®â ¡ §¨àã¥âáï ­  ¨¤¥¥ ¢¨åà¥®¡à §®¢ ­¨ï: ®¤­¨áç¨â îâ, çâ® ¢¨åà¨ ®¡à §ãîâáï ­  ªà®¬ª¥ é¥«¨,ç¥à¥§ ª®â®àãî ¢ëâ¥ª ¥â áâàãï ¦¨¤ª®áâ¨, ¤àã£¨¥ {çâ® ®­¨ ¢®§­¨ª îâ ­  ¯à¥¯ïâáâ¢¨¨, ­  ª®â®à®¥­ â¥ª ¥â áâàãï. � ª ¨«¨ ¨­ ç¥, ¢á¥ á¢®¤¨âáï ª¢¨åà¥¢ë¬ ¤®à®¦ª ¬ � à¬ ­ . �¤­ ª® ¯à®¢¥¤¥­-­ë© �. �. �®­áâ ­â¨­®¢ë¬ [4] âé â¥«ì­ë©  ­ -«¨§ ¨§¢¥áâ­ëå ¢ â® ¢à¥¬ï íªá¯¥à¨¬¥­â «ì­ëå ¨á-á«¥¤®¢ ­¨© ¬­®£¨å  ¢â®à®¢ ¯® £¥­¥à¨à®¢ ­¨î ªà -
¥¢ëå â®­®¢ ¯®§¢®«¨« ¥¬ã á¤¥« âì ¢ë¢®¤, çâ® ­¥®¡-å®¤¨¬®áâì ¢¨åà¥© \ï¢«ï¥âáï áª®à¥¥ ­¥áãé¥áâ¢¥­-­®© ¤¥â «ìî, ç¥¬ ®á­®¢®© ï¢«¥­¨ï" ¨å £¥­¥à¨à®-¢ ­¨ï. � à¥§ã«ìâ â¥ £«ã¡®ª¨å â¥®à¥â¨ç¥áª¨å ¨íªá¯¥à¨¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨© ¨¬ ¡ë«® ãáâ ­®-¢«¥­®, çâ® ç áâ¨æë áâàã¨ ¦¨¤ª®áâ¨ ¯®á«¥ ¢ëå®-¤  ¨§ ®â¢¥àáâ¨ï (é¥«¨) ¯à¥â¥à¯¥¢ îâ ®âª«®­¥­¨ï®â ¯àï¬®«¨­¥©­®£® ¯ãâ¨, á®§¤ ¢ ï ¢ ®ªàã¦ îé¥¬¯à®áâà ­áâ¢¥ ¢®§¬ãé¥­¨ï ¢ ¢¨¤¥ ¯®«¥© áª®à®áâ¥©¨ ¤ ¢«¥­¨©. �â¨ ¯®«ï ®ª §ë¢ îâ ®¡à â­®¥ ¢®§-¤¥©áâ¢¨¥ ­  ®á­®¢ ­¨¥ áâàã¨ ã á®¯« , á¯®á®¡áâ¢ãïãáâ ­®¢«¥­¨î  ¢â®ª®«¥¡ â¥«ì­®£® à¥¦¨¬ . �¤­ -ª® ­ àï¤ã á à áá¬®âà¥­­ë¬¨ ¬¥å ­¨§¬ ¬¨ §¢ã-ª®®¡à §®¢ ­¨ï ¢®§¬®¦¥­ ¨ ¯à¨­æ¨¯¨ «ì­® ¨­®©¬¥å ­¨§¬, á®áâ®ïé¨© ¢ ã¯à ¢«ï¥¬®¬ ä®à¬¨à®¢ -­¨¨ «®ª «¨§®¢ ­­®© â®à®¨¤ «ì­®© ª ¢¨â æ¨®­­®©®¡« áâ¨ ¬¥¦¤ã á®¯«®¬ ¨ ¯à¥£à ¤®©, ª®â®à ï ¯¥à¨-®¤¨ç¥áª¨ ¢ë¡à áë¢ ¥â á¢®¥ á®¤¥à¦¨¬®¥ ¢ ®ªàã¦ -îé¥¥ ¯à®áâà ­áâ¢® [5], £¥­¥à¨àãï ¢ ­¥¬ ¬®é­ë¥ ªãáâ¨ç¥áª¨¥ ª®«¥¡ ­¨ï.1. ������ ��������� ����������-��� ����������®¤¥«ì ¨§«ãç îé¥© á¨áâ¥¬ë ¯à¥¤áâ ¢«¥­  ­ à¨á. 1. �ã¤¥¬ ¨áå®¤¨âì ¨§ â®£®, çâ® ª®«ìæ¥¢ ï é¥-34 c
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�¨á. 1. �®¤¥«ì £¨¤à®¤¨­ ¬¨ç¥áª®©¨§«ãç îé¥© á¨áâ¥¬ë«¥¢ ï § â®¯«¥­­ ï áâàãï ¦¨¤ª®áâ¨ 1 à ¤¨ãá  r ¨â®«é¨­ë �0 ¢ëâ¥ª ¥â ¨§ á®¯«  2 á® áª®à®áâìî v0¨ ­ â¥ª ¥â ­  ¯«®áªãî ¯à¥£à ¤ã 3, à á¯®«®¦¥­­ãî­  à ááâ®ï­¨¨ ` ®â á®¯« . �ªá¯¥à¨¬¥­â «ì­® ãáâ -­®¢«¥­®, çâ® æ¨«¨­¤à¨ç¥áª ï áâàãï ¨áªà¨¢«ï¥âáï¯à¨ ­ â¥ª ­¨¨ ­  ¯à¥£à ¤ã. �à¨ íâ®¬ ã£®« ­ â¥-ª ­¨ï ¨§¬¥­ï¥âáï ®â 0 ¤®��(`; t). �áâ¥ç¥­¨¥ ª®«ì-æ¥¢®© áâàã¨ á® áª®à®áâìî v0 ®¡¥á¯¥ç¨¢ ¥â à áå®¤Q0=2�rv0�0, ç áâì ª®â®à®£® Q1, ¯à¨¬¥à­® ¯à®-¯®àæ¨®­ «ì­ ï [1�sin�(`; t)], ¨¤¥â ­  ®¡à §®¢ ­¨¥â®à®¨¤ «ì­®© ª ¢¨â æ¨®­­®© ®¡« áâ¨ ¬¥¦¤ã á®¯-«®¬ 2 ¨ ¯à¥£à ¤®© 3,   ¤àã£ ï ãå®¤¨â ¢ ®ªàã¦ î-é¥¥ ¨§«ãç îéãî á¨áâ¥¬ã ¯à®áâà ­áâ¢®.�ªá¯¥à¨¬¥­â «ì­® ãáâ ­®¢«¥­®, çâ® ®¡à §ãî-é ïáï ®¡« áâì ï¢«ï¥âáï \¯®à¨áâ®©". � ª ª ª ¬¥¦-¤ã á®¯«®¬ ¨ ¯à¥£à ¤®© ¢ à¥§ã«ìâ â¥ ¯®áâ®ï­­®©¯®¤ª çª¨ ¦¨¤ª®áâ¨ ®¡à §ã¥âáï ®¯à¥¤¥«¥­­ë© ª -¢¨â æ¨®­­®© ®¡ê¥¬, â® ¤ ¢«¥­¨¥ ¢ ­¥¬ ­  ¯à®-âï¦¥­¨¨ ¡®«ìè¥© ç áâ¨ ¯¥à¨®¤  ª®«¥¡ ­¨© ¡ã¤¥â¢®§à áâ âì, ¯®ª  ­¥ áâ ­¥â ¡®«ìè¥ ¤ ¢«¥­¨ï P0 ¢®¢­¥è­¥© áà¥¤¥. � à¥§ã«ìâ â¥, ¢ ­¥ª®â®àë© ¬®¬¥­â¢à¥¬¥­¨ ¯à®¨§®©¤¥â ¢ë¡à®á á®¤¥à¦¨¬®£® ®¡ê¥¬ ¢ ®ªàã¦ îé¥¥ ¯à®áâà ­áâ¢®. � â® ¦¥ ¢à¥¬ï, áã¢¥«¨ç¥­¨¥¬ áª®à®áâ¨ ¨áâ¥ç¥­¨ï ª®«ìæ¥¢®© áâàã¨áà¥¤­¥¥ ¤ ¢«¥­¨¥ ¢­ãâà¨ ª ¢¨â æ¨®­­®© ®¡« áâ¨¬®­®â®­­® ¯®­¨¦ ¥âáï.�âáî¤  á«¥¤ã¥â, çâ® á à®áâ®¬ áª®à®áâ¨ ¨áâ¥-ç¥­¨ï ®á¥á¨¬¬¥âà¨ç­®© áâàã¨ ¤ ¢«¥­¨¥ ¢­ãâà¨®¡à §ãîé¥©áï ª ¢¨â æ¨®­­®© ®¡« áâ¨, á ®¤­®©áâ®à®­ë, à áâ¥â §  áç¥â ¯®áâ®ï­­®£® ­ £­¥â ­¨ï¢ ­¥¥ ¦¨¤ª®áâ¨ ­ á®á­ë¬  £à¥£ â®¬,   á ¤àã£®©, {ã¬¥­ìè ¥âáï ¨§-§  á­¨¦¥­¨ï áà¥¤­¥£® ¤ ¢«¥­¨ï.�¬¥­­® íâ¨ ¤¢  ª®­ªãà¨àãîé¨å ä ªâ®à  ¨ ¯à¨-¢®¤ïâ ª ¢§àë¢®®¡à §­®¬ã ¢ë¡à®áã á®¤¥à¦¨¬®£®®¡« áâ¨ ¨ £¥­¥à¨à®¢ ­¨î ª®«¥¡ ­¨© à¥« ªá æ¨®­-

�¨á. 2. � à ªâ¥à­ ï ®áæ¨««®£à ¬¬  á¨£­ « ,£¥­¥à¨àã¥¬®£® ¯à¨ áå«®¯ë¢ ­¨¨ «®ª «¨§®¢ ­­®©ª ¢¨â æ¨®­­®© ®¡« áâ¨­®£® â¨¯ . �à¨ íâ®¬ ¢ à¥§ã«ìâ â¥ ¢ë¡à®á  ¢ â®¬¬¥áâ¥, £¤¥ ¢­ ç «¥ ­ å®¤¨« áì «®ª «¨§®¢ ­­ ï ª -¢¨â æ¨®­­ ï §®­ , ®¡à §ã¥âáï ­¥ª®â®à®¥ à §à¥¦¥-­¨¥, ªã¤  ¢­®¢ì ãáâà¥¬¨âáï ª®«ìæ¥¢ ï áâàãï á à á-å®¤®¬ Q1.� à ªâ¥à­ ï ®áæ¨««®£à ¬¬  £¥­¥à¨àã¥¬®£® ¯à¨íâ®¬ á¨£­ «  ¯à¥¤áâ ¢«¥­  ­  à¨á. 2. �¨¤­®, çâ®ª®«¥¡ â¥«ì­ë© ¯à®æ¥áá ­®á¨â à¥« ªá æ¨®­­ë© å -à ªâ¥à: ¢ â¥ç¥­¨¥ ¡®«ìè¥© ç áâ¨ ¯¥à¨®¤  ­ £­¥-â ¥âáï ¤ ¢«¥­¨¥ ¢ «®ª «¨§®¢ ­­®© ª ¢¨â æ¨®­­®©®¡« áâ¨,   ¢ â¥ç¥­¨¥ áãé¥áâ¢¥­­® ¡®«¥¥ ª®à®âª®£®¢à¥¬¥­­®£® ¯à®¬¥¦ãâª  ¯à®¨áå®¤¨â ¢§àë¢®®¡à §-­ë© ¢ë¡à®á ¥¥ á®¤¥à¦¨¬®£® á ç áâ®â®© ®á­®¢­®£®â®­  £¥­¥à¨àã¥¬ëå ¢ ®ªàã¦ îé¥© áà¥¤¥  ªãáâ¨ç¥-áª¨å ª®«¥¡ ­¨©. �¥«¨ç¨­  ¯¥à¨®¤  ®á­®¢­®£® â®­ ª®«¥¡ ­¨© ®¯à¥¤¥«ï« áì íªá¯¥à¨¬¥­â «ì­® á ¯®¬®-éìî £¨¤à®ä®­  ¯® ¨å ç áâ®â¥.2. ����������� �������� ������������������� ��������ç¥¢¨¤­ë¬ ï¢«ï¥âáï â®â ä ªâ, çâ® á ã¤ «¥­¨-¥¬ áâàã¨ ®â â®àæ  á®¯«  ¥¥ áª®à®áâì ã¬¥­ìè ¥â-áï. �áâ ­®¢«¥­®, çâ® ­  à ááâ®ï­¨¨ x ®â á®¯« áª®à®áâì áâàã¨ ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥­¨¥¬v(x) = v0r1 + 2
x�0 ;£¤¥ 
 { ã£®« à áè¨à¥­¨ï âãà¡ã«¥­â­®© áâàã¨ ¦¨¤-ª®áâ¨ [6]. �à¨ ¢â¥ª ­¨¨ áâàã¨ ¢ ®âá¥ª ¥¬ãî®¡« áâì ®¡à §ã¥âáï â®à®¨¤ «ì­ë© ¢¨åàì á® áª®-à®áâìî u ­  ¥£® ¯¥à¨ä¥à¨¨, ¡«¨§ª®© ª v(`) «¨¡®�v. �¤¥áì �v { áà¥¤­ïï áª®à®áâì ¨áâ¥ç¥­¨ï áâàã¨¢ ¯à¥¤¥« å à ááâ®ï­¨ï ` (à §«¨ç¨¥ ¬¥¦¤ã v(`) ¨�. �. �®«®âª®, �. �. � § à¥­ª® 35



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 3. �. 34 { 38� ¡«¨æ . � ¡®ç¨¥ ¯ à ¬¥âàë ¨§«ãç îé¥© á¨áâ¥¬ëv0; ¬=á 20 26 33 41 50V0; ¬3 530:7 � 10�9 |"| |"| |"| |"|Q0; ¬3=á 408:2 � 10�6 530:7 � 10�6 673:0 � 10�6 836:8 � 10�6 1020:5 � 10�6f; �æ 1000 990 800 660 530P0; �  1:1 � 105 |"| |"| |"| |"|P1(0); �  0:970 � 105 0:910 � 105 0:846 � 105 0:780 � 105 0:580 � 105�(`) 0:25 0:30 0:35 0:35 0:35� 0:17 0:32 0:81 0:88 1:00� 0:47 |"| |"| |"| |"|� 0:805 |"| |"| |"| |"|�v ­¥ ¯à¥¢ëè ¥â 12�14 %). �â®â ¢¨åàì, á®£« á-­® ãà ¢­¥­¨î �¥à­ã««¨, á¯®á®¡áâ¢ã¥â ã¬¥­ìè¥-­¨î ¤ ¢«¥­¨ï ¢ ®ªàã¦ îé¥¬ ¥£® ¯à®áâà ­áâ¢¥ § áç¥â à áå®¤  Q2, ®¡ãá«®¢«¥­­®£® ¯®¤á®á®¬ ¦¨¤ª®-áâ¨ ¢ áâàãî ¨§ ª ¢¨â æ¨®­­®£® ®¡ê¥¬  V . �ç¨-âë¢ ï â®â íªá¯¥à¨¬¥­â «ì­® ãáâ ­®¢«¥­­ë© ä ªâ,çâ® ®âá¥ª ¥¬ë© ®¡ê¥¬ V0, ¯à¨¬¥à­® à ¢­ë© �r2`,¯à¨ «î¡ëå áª®à®áâïå ¨áâ¥ç¥­¨ï ­¥ ¯à¥¢ëè ¥â ª -¢¨â æ¨®­­ë© ®¡ê¥¬ V (�=V=V0, 0���1), ¬®¦­®¯®ª § âì, çâ® áª®à®áâì ¨§¬¥­¥­¨ï ¤ ¢«¥­¨ï ¢­ã-âà¨ ¢¨åàï ®¯à¥¤¥«ï¥âáï, ¯à¨ ãá«®¢¨¨ ¬ «®áâ¨ ã£« �(`; t), ¢ëà ¦¥­¨¥¬ [7]dP1dt = �P0Q02�V0 f2�r1 + 2
`�0 [1� �(`; t)]��r1 + 2
`�0+ 1g+ �u dudt : (1)� íâ®¬ ãà ¢­¥­¨¨ � { ª®íää¨æ¨¥­â ¯à®¯®àæ¨-®­ «ì­®áâ¨ ¬¥¦¤ã Q1�Q2 ¨ áª®à®áâìî ¨§¬¥­¥-­¨ï ¤ ¢«¥­¨ï (á ãç¥â®¬ ®¡ê¥¬  ª ¢¨â æ¨®­­®©®¡« áâ¨ ¨ ¤ ¢«¥­¨ï P0 ¢ ®ªàã¦ îé¥© áà¥¤¥); � {ª®íää¨æ¨¥­â ¯à®¯®àæ¨®­ «ì­®áâ¨, ãç¨âë¢ îé¨©ç áâì à áå®¤  Q0, ¨¤ãéãî ­  ®¡à §®¢ ­¨¥ ª ¢¨-â æ¨®­­®© ®¡« áâ¨; � { ¯«®â­®áâì ¦¨¤ª®áâ¨. �« -£ ¥¬®¥ �u du=dt ãç¨âë¢ ¥â ­ «¨ç¨¥ ¡¥à­ã««¨¥¢®£®¤ ¢«¥­¨ï.�à¨ ¨­â¥£à¨à®¢ ­¨¨ ãà ¢­¥­¨ï (1) ¢¢¥¤¥¬ ®¡®-§­ ç¥­¨¥ [7]�(`; t) = �(`; t)� f(`) = �(`)ei!t; (2)£¤¥ f(0)=0; f(`)=1; ! { ªàã£®¢ ï ç áâ®â  [7]. �®-á«¥ ¯®¤áâ ­®¢ª¨ ¢ ãà ¢­¥­¨¥ (1) ¢ëà ¦¥­¨ï (2), áãç¥â®¬ £à ­¨ç­ëå ãá«®¢¨©, ¯®á«¥ à §¤¥«¥­¨ï ¯¥-à¥¬¥­­ëå ¯®«ãç ¥¬P1(�)ZP1(0) dP1 = �A �Z0 ei!tdt�B �Z0 dt+ � u(�)Zu(0) udu: (3)

�¤¥áì A = ��Q0�V0 r1 + 2
`�0 �(`)P0; (4)B = 0:5�Q0�V0 �r1 + 2
`�0 � 1�P0; (5)� { ç áâì ¯¥à¨®¤  ®á­®¢­®£® â®­  £¥­¥à¨àã¥¬ëåª®«¥¡ ­¨©, ¢ â¥ç¥­¨¥ ª®â®à®© ¯à®¨áå®¤¨â ­ £­¥-â ­¨¥ â®à®¨¤ «ì­®© ®¡« áâ¨ { ®â ¬®¬¥­â  § ¢¥à-è¥­¨ï ¯à¥¤ë¤ãé¥£® ¤® ­ áâã¯«¥­¨ï ¯®á«¥¤ãîé¥£®¢ë¡à®á  ¥¥ á®¤¥à¦¨¬®£®; P1(0) ¨ P1(� ) { ¤ ¢«¥­¨ï¢­ãâà¨ ª ¢¨â æ¨®­­®© ®¡« áâ¨ áà §ã ¯®á«¥ § ¢¥à-è¥­¨ï ¯à¥¤ë¤ãé¥£® ¨ ¢ ¬®¬¥­â ­ ç «  ¯®á«¥¤ãî-é¥£® ¢ë¡à®á  á®¤¥à¦¨¬®£® íâ®© ®¡« áâ¨; u(0) ¨u(� ) { áª®à®áâ¨ ¯¥à¨ä¥à¨¨ ¢¨åàï ¢ íâ¨ ¦¥ ¬®¬¥­-âë ¢à¥¬¥­¨.� à¥§ã«ìâ â¥ ¨­â¥£à¨à®¢ ­¨ï ãà ¢­¥­¨ï (3)¨¬¥¥¬ P1(� ) = �P1(0) + �2 [u2(� )� u2(0)]��A! sin!� � B��� iA! (1� cos!� ): (6)�®¤ã«ì íâ®© ª®¬¯«¥ªá­®© ¢¥«¨ç¨­ë ®¯à¥¤¥«ï¥âáï¢ëà ¦¥­¨¥¬jP1(� )j =  �P1(0) � A! sin!� �B�++�2 �u2(� )� u2(0)��2 + A2!2 (1� cos!� )2!1=2: (7)� ª¨¬ ®¡à §®¬, ãáâ ­®¢«¥­   ­ «¨â¨ç¥áª ï § -¢¨á¨¬®áâì ¤ ¢«¥­¨ï P1 ¢­ãâà¨ ª ¢¨â æ¨®­­®©®¡« áâ¨ ®â ®á­®¢­ëå ¯ à ¬¥âà®¢ ¨§«ãç îé¥© á¨-áâ¥¬ë { £¨¤à®¤¨­ ¬¨ç¥áª¨å, £¥®¬¥âà¨ç¥áª¨å ¨¢à¥¬¥­­ëå.36 �. �. �®«®âª®, �. �. � § à¥­ª®



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 3. �. 34 { 383. ���������� ������������ªá¯¥à¨¬¥­â «ì­ë¥ ¨áá«¥¤®¢ ­¨ï § ¢¨á¨¬®áâ¨¤ ¢«¥­¨ï ¢­ãâà¨ ª ¢¨â æ¨®­­®© ®¡« áâ¨ ®â à ¡®-ç¨å ¯ à ¬¥âà®¢ á¨áâ¥¬ë ¯à®¢®¤¨«¨áì ­  á¯¥æ¨- «ì­®© ãáâ ­®¢ª¥, ®á­®¢­ë¬¨ í«¥¬¥­â ¬¨ ª®â®à®©¡ë«¨ ­ á®á­ë©  £à¥£ â, ¥¬ª®áâì á ¨««î¬¨­ â®à -¬¨, ¨§«ãç îé ï á¨áâ¥¬ , £¨¤à®ä®­, ®áæ¨««®£à ä¨ ���. � ­­ë¥, ­  ®á­®¢ ­¨¨ ª®â®àëå ¢ë¯®«-­ï«¨áì à áç¥âë § ¢¨á¨¬®áâ¨ ¤ ¢«¥­¨ï P1 ¢­ãâà¨®¡« áâ¨ ®â à ¡®ç¨å ¯ à ¬¥âà®¢ ¨§«ãç îé¥© á¨-áâ¥¬ë, ¯à¨¢¥¤¥­ë ¢ â ¡«¨æ¥.� ¢¨á¨¬®áâ¨ ¤ ¢«¥­¨ï ¢­ãâà¨ ª ¢¨â æ¨®­­®©®¡« áâ¨ ®â áª®à®áâ¨ ¯à¥¤áâ ¢«¥­ë ­  à¨á. 3. �à¨-¢ ï 1 ¯®ª §ë¢ ¥â, ª ª ¨§¬¥­ï¥âáï ¢¥«¨ç¨­  áà¥¤-­¥£® ¤ ¢«¥­¨ï ¢­ãâà¨ ®¡« áâ¨ ¢ § ¢¨á¨¬®áâ¨ ®âáª®à®áâ¨ v0. �ªá¯¥à¨¬¥­â «ì­ë¥ ¨áá«¥¤®¢ ­¨ï á®-áâ®ï«¨ ¢ ¯àï¬®¬ ¨§¬¥à¥­¨¨ ¤ ¢«¥­¨ï ¢ ª ¢¨â æ¨-®­­®© ®¡« áâ¨. �«ï â®£®, çâ®¡ë ­¥ à §àãè¨âì®¡« áâì, ¢ ­¥¥ ¢¢®¤¨« áì â®­ª ï ¬¥¤¨æ¨­áª ï ¨£« á ¢­ãâà¥­­¨¬ ®â¢¥àáâ¨¥¬, á®¥¤¨­ï¢è ïáï á ¢ -ªãã¬¥âà®¬. � §ã¬¥¥âáï, íâ®â ¬¥â®¤ ¤®áâ â®ç­®¨­¥àæ¨®­¥­, ¨ á ¥£® ¯®¬®éìî ­¥¢®§¬®¦­® § ä¨ª-á¨à®¢ âì ¨§¬¥­¥­¨¥ ¤ ¢«¥­¨ï ¢ ¯à¥¤¥« å ¯¥à¨®-¤  ¢ë¡à®á  á®¤¥à¦¨¬®£® ª ¢¨â æ¨®­­®© ®¡« áâ¨(¢ íªá¯¥à¨¬¥­â¥ ç áâ®â  £¥­¥à¨àã¥¬ëå ª®«¥¡ ­¨©¯® ®á­®¢­®© £ à¬®­¨ª¥ á®®â¢¥âáâ¢®¢ «  ¯à¨¬¥à-­® 1 ª�æ). �¤­ ª® ®¯à¥¤¥«¥­­®¥ áà¥¤­¥¥ §­ ç¥­¨¥¤ ¢«¥­¨ï ¢ ¯à¥¤¥« å ¯¥à¨®¤ , § ¢¨áïé¥¥ ®â ¯ à -¬¥âà®¢ ¨áâ¥ç¥­¨ï, ã¤ «®áì § ä¨ªá¨à®¢ âì ç¥âª®(ªà¨¢ ï 1).�ªãáâ¨ç¥áª¨© á¨£­ «, £¥­¥à¨àã¥¬ë© ¢ ®ªàã¦ -îé¥¬ á¨áâ¥¬ã \á®¯«® { ¯à¥£à ¤ " ¯à®áâà ­áâ¢¥,ä¨ªá¨à®¢ «áï £¨¤à®ä®­®¬,   à ááç¨â ­­ ï á®£« á-­® ä®à¬ã«¥ (7) ¢¥«¨ç¨­  ¤ ¢«¥­¨ï P1 ¤«ï á®®â-¢¥âáâ¢ãîé¨å áª®à®áâ¥© ¯à¥¤áâ ¢«¥­  ªà¨¢®© 2. �á®¦ «¥­¨î, ®¯à¥¤¥«¨âì íªá¯¥à¨¬¥­â «ì­® ¢¥«¨ç¨-­ã áª®à®áâ¨ u ­¥ ¯à¥¤áâ ¢«ï¥âáï ¢®§¬®¦­ë¬. �®-íâ®¬ã à ááç¨âë¢ « áì áª®à®áâì áâàã¨ ­  ¯à¥£à -¤¥ («¨¡® áà¥¤­¥¥ §­ ç¥­¨¥ áª®à®áâ¨ ¯à¨ ¯¥à¥¬¥é¥-­¨¨ áâàã¨ ®â á®¯«  ¤® ¯à¥£à ¤ë) ¨ ãá«®¢­® áç¨â -«®áì, çâ® ®­  á®®â¢¥âáâ¢ã¥â áª®à®áâ¨ ­  ¯¥à¨ä¥-à¨¨ ¢¥àå­¥£® ¢¨âª  ¢¨åàï.�ç¥¢¨¤­®, çâ® ¯®á«¥ ®ç¥à¥¤­®£® ¢§àë¢®®¡à §­®-£® ¢ë¡à®á  á®¤¥à¦¨¬®£® ª ¢¨â æ¨®­­®© ®¡« áâ¨¢ íâ®¬ ¬¥áâ¥ ¯à®áâà ­áâ¢  ®¡à §ã¥âáï ­¥ª®â®à®¥à §à¥¦¥­¨¥. � ª ª ª áâàãï ¯à¨ íâ®¬ ¯à®¤®«¦ -¥â ¨áâ¥ª âì ¯®¤ ­ ¯®à®¬ ¨§ á®¯« , â®, ¡« £®¤ -àï ­ «¨ç¨î ª ¢¨â æ¨¨, ¤ ¢«¥­¨¥ ¢ ®¡« áâ¨ ¯®áâ¥-¯¥­­® ¯®¢ëè ¥âáï, ¤®áâ¨£ ¥â ¤ ¢«¥­¨ï ¢ ®ªàã¦ -îé¥¬ ª ¢¨â æ¨®­­ãî ®¡« áâì ¯à®áâà ­áâ¢¥, ¯®¨­¥àæ¨¨ ¯à¥¢ëè ¥â ¥£® (­ â¥ª îé ï ­  ¯à¥£à ¤ã®á¥á¨¬¬¥âà¨ç­ ï áâàãï å à ªâ¥à¨§ã¥âáï ®¯à¥¤¥-«¥­­®© ¦¥áâª®áâìî). � ª ª®©-â® ¬®¬¥­â ¢¥«¨ç¨-

�¨á. 3. � ¢¨á¨¬®áâì áà¥¤­¥£® ¤ ¢«¥­¨ï (1) ¨ ¤ ¢«¥­¨ï¢ ¬®¬¥­â ¢ë¡à®á  á®¤¥à¦¨¬®£® ®¡« áâ¨ (2) ®âáª®à®áâ¨ ¨áâ¥ç¥­¨ï áâàã¨ ¨§ á®¯« ­  ¤ ¢«¥­¨ï ¢ ª ¢¨â æ¨®­­®© ®¡« áâ¨ áâ ­®¢¨âáï¡®«ìè¥ ¤ ¢«¥­¨ï P0. � à¥§ã«ìâ â¥ íâ®£® ¨ ¯à®¨á-å®¤¨â ¢§àë¢®®¡à §­ë© ¢ë¡à®á á®¤¥à¦¨¬®£® ®¡« -áâ¨ ¢ ®ªàã¦ îé¥¥ ¯à®áâà ­áâ¢®. �®¦­® ¤®¯ã-áâ¨âì, çâ® áª®à®áâì ­ £­¥â ­¨ï ¢ ®¡« áâì ¡ã¤¥â­ ¨¡®«ìè¥© áà §ã ¯®á«¥ ¢ë¡à®á  ¨§ ­¥¥ ®ç¥à¥¤­®-£® ®¡ê¥¬  ¤¢ãåä §­®© áà¥¤ë. �® ¬¥à¥ ­ £­¥â -­¨ï ¦¨¤ª®áâ¨ ¢ ª ¢¨â æ¨®­­ãî ®¡« áâì ¤ ¢«¥­¨¥¢ ­¥© ¡ã¤¥â ¯®áâ¥¯¥­­® ã¢¥«¨ç¨¢ âìáï,   áª®à®áâì­  ¯¥à¨ä¥à¨¨ ¢¨åàï { ã¬¥­ìè âìáï. �®¦­® ¤®¯ã-áâ¨âì, çâ® ­ ª ­ã­¥ ®ç¥à¥¤­®£® ¢ë¡à®á  á®¤¥à¦¨-¬®£® ®¡« áâ¨ áª®à®áâì ­  ¯¥à¨ä¥à¨¨ ¯à ªâ¨ç¥áª¨¯à¨¡«¨§¨âáï ª ­ã«î, ª ¢¨â æ¨®­­ ï ®¡« áâì \à á-ªà®¥âáï" ¨ ¯à®¨§®©¤¥â ¢ë¡à®á ¥¥ á®¤¥à¦¨¬®£® ¢®ªàã¦ îé¥¥ ¯à®áâà ­áâ¢®.� ª ª ª à ááç¨â âì ¨«¨ íªá¯¥à¨¬¥­â «ì­® ®¯à¥-¤¥«¨âì u ­¥ ¯à¥¤áâ ¢«ï¥âáï ¢®§¬®¦­ë¬, ¡ë« ¯à¥¤¯à¨­ïâ  ¯®¯ëâª  à áç¥â­ë¬ ¯ãâ¥¬ (á®£« á-­® ä®à¬ã«¥ (7)) ¯®«ãç¨âì ¤ ¢«¥­¨¥ P1 ¤«ï ­ ¡®à áª®à®áâ¥© ­  ¯¥à¨ä¥à¨¨ ¢¨åàï ¢ ¬®¬¥­â ­ ç « ¢ë¡à®á  á®¤¥à¦¨¬®£® ®¡« áâ¨ � . �á«¨ ¤®¯ãáâ¨âì,çâ® u(� )=0:1u(0), â® ¨§¬¥­¥­¨¥ P1 ¢ § ¢¨á¨¬®áâ¨®â v0 ¡ã¤¥â ¯à¥¤áâ ¢«¥­® ªà¨¢®© 2. �§ £à ä¨ª®¢¢¨¤­®, çâ® ­  ãç áâª¥ AB ¢ë¡à®á  á®¤¥à¦¨¬®£®ª ¢¨â æ¨®­­®© ®¡« áâ¨ ­¥ ¯à®¨áå®¤¨â, â ª ª ª § áç¥â ­ £­¥â ­¨ï ¢ íâ®¬ ¤¨ ¯ §®­¥ áª®à®áâ¥© (ªà¨-¢ ï 2) ¤ ¢«¥­¨¥ ®ª §ë¢ ¥âáï ¬¥­ìè¥ ¤ ¢«¥­¨ï ¢á ¬®© ®¡« áâ¨. �âáî¤  á«¥¤ã¥â, çâ® ¤® §­ ç¥­¨ïáª®à®áâ¨, ¯à¨¬¥à­® à ¢­®£® 25:5 ¬=á, £¥­¥à¨à®-¢ ­¨ï ª®«¥¡ ­¨© ­¥ ¤®«¦­® ¯à®¨áå®¤¨âì. �ªá¯¥-à¨¬¥­â «ì­ë¥ ¦¥ ¤ ­­ë¥ ¯®ª § «¨, çâ® ¯à®æ¥áá¢ë¡à®á  á®¤¥à¦¨¬®£® ª ¢¨â æ¨®­­®© ®¡« áâ¨ ­ -�. �. �®«®âª®, �. �. � § à¥­ª® 37



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 3. �. 34 { 38ç¨­ ¥âáï ¯à¨¬¥à­® ¯à¨ v0=22�23 ¬=á. �âáî¤ ¢¨¤­®, çâ® ªà¨¢ ï 2 ­¥¯«®å® á®®â¢¥âáâ¢ã¥â à¥ «ì-­® ¯à®â¥ª îé¥¬ã ¯à®æ¥ááã. �¥®¡å®¤¨¬® ®á®¡¥­­®®â¬¥â¨âì, çâ® à ááç¨â ­­ ï ¯® ä®à¬ã«¥ (7) ªà¨-¢ ï ¤«ï u(� )=0:1u(0) «¨èì ­  2�3 % ®â«¨ç ¥â-áï ®â ªà¨¢®©, ¤«ï ª®â®à®© ¡ë«® ¯à¨­ïâ® u(� )=0.�âáî¤  ¬®¦­® áç¨â âì, çâ® ¢ ¬®¬¥­â ¢ë¡à®á  á®-¤¥à¦¨¬®£® ª ¢¨â æ¨®­­®© ®¡« áâ¨ ¢ ®ªàã¦ îé¥¥¯à®áâà ­áâ¢® áª®à®áâì ­  ¯¥à¨ä¥à¨¨ ¢¨åàï á ¤®-áâ â®ç­®© áâ¥¯¥­ìî â®ç­®áâ¨ ¡«¨§ª  ª ­ã«î.�����������ë¯®«­¥­­ë¥ ¨áá«¥¤®¢ ­¨ï ¯®ª § «¨, çâ® £¥-­¥à¨à®¢ ­¨¥ ª®«¥¡ ­¨© £¨¤à®¤¨­ ¬¨ç¥áª®© ¨§«ã-ç îé¥© á¨áâ¥¬®© ¯à¨ ®¯à¥¤¥«¥­­®© áª®à®áâ¨ ¨á-â¥ç¥­¨ï ª®«ìæ¥¢®© áâàã¨ à¥ «¨§ã¥âáï ¡« £®¤ àï®¤­®¢à¥¬¥­­®¬ã ¤¥©áâ¢¨î ¤¢ãå ª®­ªãà¨àãîé¨å¯à®æ¥áá®¢. � ®¤­®© áâ®à®­ë, á ã¢¥«¨ç¥­¨¥¬ áª®à®-áâ¨ áâàã¨ ã¬¥­ìè ¥âáï áà¥¤­¥¥ ¤ ¢«¥­¨¥ ¢­ãâà¨ª ¢¨â æ¨®­­®© ®¡« áâ¨,   á ¤àã£®© { ¢ à¥§ã«ìâ â¥ä®à¬¨à®¢ ­¨ï ¯à®ä¨«ï ¢ â®à®¨¤ «ì­ãî ª ¢¨â -æ¨®­­ãî ®¡« áâì, ®¡à §ãîéãîáï ¯à¨ ¢áâà¥ç¥ ¥¥ á¯à¥£à ¤®©, ¤ ¢«¥­¨¥ ¢ ­¥© ¯®áâ¥¯¥­­® { §  áç¥â ­ -£­¥â ­¨ï { ¢®§à áâ ¥â ¤® ­¥ª®â®à®© ªà¨â¨ç¥áª®©¢¥«¨ç¨­ë. �®á«¥ íâ®£® ¯à®¨áå®¤¨â ¢§àë¢®®¡à §-­ë© ¢ë¡à®á á®¤¥à¦¨¬®£® ®¡« áâ¨ ¢ ®ªàã¦ îé¥¥¯à®áâà ­áâ¢®, çâ® ¨ ¯à¨¢®¤¨â ª £¥­¥à¨à®¢ ­¨î ¢­¥¬  ªãáâ¨ç¥áª¨å ¢®«­.
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