
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 3. �. 115 { 116��� 536.25����������������� ������������������� ��������� ��������������������������� �������� �������� ������. �. �������� , �. �. �������, �. �. ��������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 05.07.2000�à¨¢¥¤¥ë à¥§ã«ìâ âë íªá¯¥à¨¬¥â «ìëå ¨áá«¥¤®¢ ¨© âà áä®à¬ æ¨¨ ¢¨åà¥¢ëå áâàãªâãà (¢¨åà¥¢ëå ª®«¥æ) ¢« ¬¨ à®¬ á¤¢¨£®¢®¬ áâà â¨ä¨æ¨à®¢ ®¬ ¯®â®ª¥ ¦¨¤ª®áâ¨. �®ª § ®, çâ® áâà â¨ä¨ª æ¨ï ¯à¨¢®¤¨â ª ã¬¥ìè¥-¨î ¢ëá®âë ¯®¤ê¥¬  ª®«ìæ  ¯à¨ í¦¥ªæ¨¨ ª®«ìæ  ¢¥àâ¨ª «ì® ¢¢¥àå ¯®¯¥à¥ª ¯®â®ª . �áâ ®¢«¥®, çâ® ¯®¢¥¤¥¨¥ª®«¥æ ¢ á¤¢¨£®¢®¬ ¯®â®ª¥ à¥§ª® ®â«¨ç ¥âáï ®â ¯®¢¥¤¥¨ï â¥å ¦¥ ª®«¥æ ¢ ¥¯®¤¢¨¦®© ¦¨¤ª®áâ¨. �¡ àã¦¥®, çâ®¤¢¥ ã¥¤¨¥ë¥ ¢®«ë, ª®â®àë¥ ¤¢¨£ îâáï ¢¤®«ì ï¤à  ª®«ìæ   ¢áâà¥çã ¤àã£ ¤àã£ã, ¢®§¨ª îâ ¯®¤ ¢«¨ï¨¥¬ á¤¢¨£ .�â® ¯à¨¢®¤¨â ª à §¡à®áã âà ¥ªâ®à¨© ª®«¥æ.�à¨¢¥¤¥® à¥§ã«ìâ â¨ ¥ªá¯¥à¨¬¥â «ì¨å ¤®á«i¤¦¥ì âà áä®à¬ æiù ¢¨åà®¢¨å áâàãªâãà (¢¨åà®¢¨å ªi«¥æì) ã« ¬i à®¬ã §áã¢®¬ã áâà â¨äiª®¢ ®¬ã ¯®â®æi ài¤¨¨. �¨ï¢«¥®, é® áâà â¨äiª æiï ¯à¨¢®¤¨âì ¤® §¬¥è¥ï¢¨á®â¨ ¯i¤'©®¬ã ªi«ìæï, ª®«¨ ªi«ìæ¥ ¥¦¥ªâãõâìáï ¢¥àâ¨ª «ì® ¢£®àã ¢¯®¯¥à¥ª ¤® ¯®â®ªã áâà â¨äiª®¢ ®ù ài¤¨¨.� ª®¦ ¢áâ ®¢«¥®, é® ¯®¢¥¤iª  ªi«¥æì ã §áã¢®¬ã ¯®â®æi ài§ª® ¢i¤¬i  ¢i¤ ¯®¢¥¤iª¨ â¨å ¦¥ ªi«¥æì ã ¥àãå®¬i©ài¤¨i { ã ï¤ài ªi«ìæï áâ¢®àîîâìáï ¤¢i ¢i¤®ªà¥¬«¥i å¢¨«i, ïªi àãå îâìáï  §ãáâàiç ®¤  ®¤i©. �¥ ¯à¨¢®¤¨âì ¤®â®£®, é® âà ¥ªâ®àiù ª÷«¥æì ¬ îâì à®§å®¤¦¥ï.The results of the experimental investigations of the vortical structure (vortical ring) transformation in laminar shearstrati�ed ow are presented. It is shown that the strati�cation action causes the decrease of the height of vortex ring liftwhen the ejection is executed in vertical direction across ow. It is found that the behaviour of vortex rings in shear owsubstantially di�er from the behaviour of the vortex rings in stationary uid. It is demonstrated that two solitary wavestraveling along the ring core are arosen. This leads to the scattering of the ring trajectories.���������¢¨¦¥¨¥ ¢¨åà¥¢ëå ª®«¥æ ï¢«ï¥âáï å à ªâ¥à-ë¬ ¤¢¨¦¥¨¥¬ ¦¨¤ª®áâ¨ á ª®æ¥âà¨à®¢ ®©§ ¢¨åà¥®áâìî. �®¢¥¤¥¨¥ ¢¨åà¥¢ëå ª®«¥æ ®¯¨-á ® ¢ ®¡§®à¥ [1]. � ¯à¨à®¤¥ á¤¢¨£®¢ë¥ â¥ç¥¨ï¨«¨ á¨«ë ¯« ¢ãç¥áâ¨, ¢ë§¢ ë¥ áâà â¨ä¨ª æ¨-¥©, ¢«¨ïîâ   ¯®¢¥¤¥¨¥ ¢¨åà¥¢ëå ª®«¥æ. �à¥¬ï¦¨§¨ ¢¨åà¥¢ëå ª®«¥æ ®£à ¨ç¥® íâ¨¬¨ íää¥ª-â ¬¨. �«¨ï¨¥ ¢ï§ª®áâ¨ ¨ âãà¡ã«¥â®áâ¨ ¤®«¦-® ¡ëâì â ª¦¥ ¯à¨ïâ® ¢® ¢¨¬ ¨¥ ¢ à¥ «ìëå¦¨¤ª®áâïå.�à¥¤¨ íªá¯¥à¨¬¥â «ìëå à ¡®â ¯à¨¢«¥ª îâ¢¨¬ ¨¥ íªá¯¥à¨¬¥âë, ®¯¨á ë¥ ¢ [2], ¢ ª®â®-àëå ¨áá«¥¤®¢ «®áì á®¢¬¥áâ®¥ ¢«¨ï¨¥ á¤¢¨£  ¨áâà â¨ä¨ª æ¨¨   ¢¨åà¥¢®© ¯ à¥. �ë«®  ©¤¥-®, çâ® ¯à¨áãâáâ¢¨¥ á¤¢¨£  ¯à¨¢®¤¨â ª à¥§ª®¬ã¨§¬¥¥¨î ¢ à §¢¨â¨¨ ¢¨åà¥¢®© ¯ àë. �¨åàì á¢à é¥¨¥¬, ¯à®â¨¢®¯®«®¦ë¬ ª áà¥¤¥¬ã á¤¢¨£ã,¢ëà®¦¤ ¥âáï, ¢ â® ¢à¥¬ï ª ª ¢¨åàì á â¥¬ ¦¥ ¢à -é¥¨¥¬, çâ® ¨ áà¥¤¨© á¤¢¨£, ¢ë¦¨¢ ¥â. �â®â®¤¨®çë© ¢¨åàì § â¥¬ ¬¥¤«¥® § âãå ¥â á® ¢à¥-¬¥¥¬.
����������������� ���������-��� ������� ������ ��������� ������������� ������ ���������� �������ªá¯¥à¨¬¥âë ¯® ¨§ãç¥¨î ¯®¢¥¤¥¨ï ¢¨åà¥-¢ëå ª®«¥æ ¢ áâà â¨ä¨æ¨à®¢ ®¬ á¤¢¨£®¢®¬ ¯®â®-ª¥ ¯à®¢®¤¨«¨áì ¢ £¨¤à®¤¨ ¬¨ç¥áª®¬ ª  «¥ �-áâ¨âãâ  £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë. �¨à¨ ª  «  á®áâ ¢«ï¥â 33 á¬. � á¯à¥¤¥«¥¨¥ â¥¬¯¥-à âãàë ¢ ¯®â®ª¥ à¥£¨áâà¨à®¢ «®áì ¨§¬¥à¨â¥«¥¬â¥¬¯¥à âãàë, á®§¤ ë¬ ¢ �áâ¨âãâ¥ £¨¤à®¬¥å -¨ª¨ ��� �ªà ¨ë. �£® çã¢áâ¢¨â¥«ìë¬ í«¥¬¥-â®¬ á«ã¦¨« â¥à¬¨áâ®à â¨¯  �� { 54, ¤¨ ¬¥âà £®-«®¢ª¨ ª®â®à®£® á®áâ ¢«ï« 0.8 ¬¬. �¤¢¨£ á®§¤ ¢ «-áï á¨áâ¥¬®© á¥â®ª á ¬ «ë¬ à §¬¥à®¬ ïç¥¥ª.�¨åà¥¢ë¥ ª®«ìæ  £¥¥à¨à®¢ «¨áì ¯ãâ¥¬ í¦¥ª-æ¨¨ § ¤ ®£® ®¡ê¥¬  ¦¨¤ª®áâ¨ ç¥à¥§ ¢¥àâ¨ª «ì-ãî âàã¡ªã-á®¯«®. �¬¯ã«ìá ï í¦¥ªæ¨ï ¯à®¢®-¤¨« áì ¯ãâ¥¬ ®âªàë¢ ¨ï ¨ § ªàë¢ ¨ï ¯®¤ î-é¥© âàã¡ª¨ á¯¥æ¨ «ìë¬ í«¥ªâà®¬ £¨âë¬ ª« -¯ ®¬. �̄ à ¢«¥¨¥ ª« ¯ ®¬ ®áãé¥áâ¢«ï«®áì á ¯®-¬®éìî ¨äà ¨§ª®ç áâ®â®£® £¥¥à â®à  ¯¥à¨®-¤¨ç¥áª¨å ª®«¥¡ ¨© ¨ £¥¥à â®à  ¨¬¯ã«ìá®¢. �â®¤ ¢ «® ¢®§¬®¦®áâì à¥£ã«¨à®¢ âì ¯à®¤®«¦¨â¥«ì-c �. �. �¨ª¨è®¢  , �. �. �¨ª¨è®¢, �. �. �«¥ªáîª, 2000 115



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 3. �. 115 { 116®áâì ¨¬¯ã«ìá  í¦¥ªæ¨¨ � ¨ ¤«¨â¥«ì®áâì ¨â¥à-¢ «  ¬¥¦¤ã í¦¥ªæ¨ï¬¨.� ®¯ëâ å  ¡«î¤ «®áì, çâ® ¢¨åà¥¢ë¥ ª®«ìæ ¨¬¥îâ ¥ªàã£®¢ãî ä®à¬ã, çâ® á¢ï§ ® á ¥ãáâ®©-ç¨¢®áâìî ª®«¥æ. �¥ªàã£®¢ ï ä®à¬  ª®«¥æ  ¡«î-¤ « áì ª ª ¢ ¥¯®¤¢¨¦®©, â ª ¨ ¢ ¤¢¨¦ãé¥©áï¦¨¤ª®áâ¨. � ç «ì ï ¥ãáâ®©ç¨¢®áâì å à ªâ¥à¨-§®¢ « áì ¯ïâìî ¢®« ¬¨.� íªá¯¥à¨¬¥â å  ¡«î¤ «áï â ª¦¥  ª«® ¢¨-åà¥¢ëå ª®«¥æ. �áì ª®«ìæ  à §¢®à ç¨¢ « áì ¢  -¯à ¢«¥¨¨ ¢¨§ ¯® ¯®â®ªã. � ª«® ¡ë« á¨«ì¥¥¢ëà ¦¥ ¤«ï ª®«¥æ á ¬ «®© ¨â¥á¨¢®áâìî, â®ç-¥¥   ¯®á«¥¤¥© áâ ¤¨¨ à §¢¨â¨ï. �à¨ç¨   -ª«®  á¢ï§   á íää¥ªâ®¬ � £ãá  ¨ ¢«¨ï¨¥¬¢ï§ª®áâ¨ [3, 4].�®¢¥¤¥¨¥ ª®«¥æ áãé¥áâ¢¥ë¬ ®¡à §®¬ ¨§¬¥-ï¥âáï ¯®¤ ¢®§¤¥©áâ¢¨¥¬ á¤¢¨£ . � ç «¥  ç «ì- ï ¥ãáâ®©ç¨¢®áâì, ª®â®à ï å à ªâ¥à¨§ã¥âáï ¯ï-âìî ¢®« ¬¨, ¢®§¨ª ¥â ª ª ¨ ¢ ¡¥áá¤¢¨£®¢®¬ á«ã-ç ¥. �®á«¥ «¨¥©®© áâ ¤¨¨   ï¤à¥  ¡«î¤ îâ-áï «®ª «ìë¥ ãâ®«é¥¨ï, ª®â®àë¥ ¯¥à¥¬¥é îâáï¢¤®«ì ï¤à . �â¨ ª®«¥¡ ¨ï á¢ï§ ë á ¤«¨®¢®«®-¢®© ¥ãáâ®©ç¨¢®áâìî ¢¨åà¥¢®£® ª®«ìæ , ®¤¨¬ ¨§¯à®ï¢«¥¨© ª®â®à®© ï¢«ï¥âáï ¡®çª®®¡à § ï ¬®-¤  ª®«¥¡ ¨© [5]. �ãé¥áâ¢¥®, çâ®   ¯®á«¥¤¨åáâ ¤¨ïå à §¢¨â¨ï ®áâ îâáï â®«ìª® ¤¢¥ ¢®«ë, ª®-â®àë¥ ¨¬¥îâ ¢¨¤ ã¥¤¨¥ëå ¢®«. �®£¤  ª®«ì-æ® ¯®ª¨¤ ¥â ®¡« áâì á¤¢¨£ , ¤¢¨¦¥¨¥ ¢®« § ¬¥¤-«ï¥âáï. �â¬¥â¨¬, çâ® «®ª «ì®¥ ãâ®«é¥¨¥ ï¤à ¯à®¨áå®¤¨â, ª®£¤  ª®«ìæ® ¯à®å®¤¨â áª¢®§ì ®¡« áâìá¤¢¨£ . �â® á¢ï§ ® á ¤¢ã¬ï ®á®¢ë¬¨ ¯à¨ç¨ -¬¨. �®-¯¥à¢ëå, ª®£¤  ª®«ìæ® ¯®¤¨¬ ¥âáï ¢¢¥àå,¢ ª ¦¤ë© ¬®¬¥â ¢à¥¬¥¨ ®® ¢å®¤¨â ¢ ®¡« áâìá ®¢ë¬ § ç¥¨¥¬ áª®à®áâ¨ ¨ ¥ ¨¬¥¥â ¢®§¬®¦-®áâ¨ ¡ëáâà®  ¤ ¯â¨à®¢ âìáï ª ®¢ë¬ ãá«®¢¨ï¬.�«¨ï¨¥ á¤¢¨£  ¯à¨¢®¤¨â ª ¯®ï¢«¥¨î ¤¥ä®à¬ -æ¨© (¤¥áâ ¡¨«¨§¨àãîé¨© ä ªâ®à), ª®â®àë¥ ï¢«ï-îâáï ¯à¨ç¨®© ¢®§¨ª®¢¥¨ï ã¥¤¨¥ëå ¢®« ¨«®ª «ì®£® ãâ®«é¥¨ï ï¤à . �®«ìæ  ¥ áâ ®¢ïâáïâãà¡ã«¥âë¬¨, â ª ª ª ç¨á«® �¥©®«ì¤á  ¬ «® ¨á¨«ì®¥ ¢«¨ï¨¥ ¢ï§ª®áâ¨ ¯à¥¤®â¢à é ¥â ¯¥à¥å®¤.�®-¢â®àëå, á¤¢¨£ ®ª §ë¢ ¥â ¢«¨ï¨¥   ¢ëà®¦¤¥-¨¥ § ¢¨åà¥®áâ¨ ¢ ï¤à¥. �®£¤  ª®«ìæ® ¤¢¨¦¥âáï¢¢¥àå ¢ ¯®â®ª¥ á ¢¥àâ¨ª «ìë¬ £à ¤¨¥â®¬ áª®à®-áâ¨, § ¢¨åà¥®áâì ç áâ¨ ï¤à  (¢ ¤ ®¬ á«ãç ¥à á¯®«®¦¥®© ¢¨§ ¯® ¯®â®ªã)  ¯à ¢«¥  ¢ ¯à®-â¨¢®¯®«®¦ãî áâ®à®ã ª § ¢¨åà¥®áâ¨ ®á®¢®-£® ¯®â®ª  ¨ ¯à®¨áå®¤¨â ¥¥ ¢ëà®¦¤¥¨¥, ª ª ¨ ¢á«ãç ¥ ¢¨åà¥¢®© ¯ àë [2]. � ¢¨åà¥®áâì ç áâ¨ï¤à  (à á¯®«®¦¥®© ¢¢¥àå ¯® ¯®â®ªã) ¨¬¥¥â â®¦¥  ¯à ¢«¥¨¥, çâ® ¨ ¢ ®á®¢®¬ ¯®â®ª¥, ¨ ¥¥ ¢ë-à®¦¤¥¨ï ¥ ¯à®¨áå®¤¨â (¢ á«ãç ¥ ¢¨åà¥¢®© ¯ -àë íâ®â ¢¨åàì ¢ë¦¨¢ ¥â). �§¢¥áâ®, çâ® ¢«¨ï-

¨¥ ¢ï§ª®áâ¨   ï¤à® ¬ «® ¨ ¬®£¨¥ â¥®à¥â¨ç¥áª¨¥à¥§ã«ìâ âë, ª á îé¨¥áï å à ªâ¥à¨áâ¨ª ï¤à , ¡ë-«¨ ¯®«ãç¥ë   ®á®¢¥ ª®æ¥¯æ¨¨ ¨¤¥ «ì®© ¦¨¤-ª®áâ¨. �âáî¤  ¢ëâ¥ª ¥â, çâ® ¢«¨ï¨¥ íää¥ªâ á®åà ¥¨ï ª®«¨ç¥áâ¢  ¢¨åà¥¢ëå «¨¨© ¯à¨¢®¤¨âª ¯¥à¥à á¯à¥¤¥«¥¨î ¨â¥á¨¢®áâ¨ § ¢¨åà¥®-áâ¨. �â® ï¢«ï¥âáï ¢â®à®© ¯à¨ç¨®© ¯®ï¢«¥¨ï ã¥-¤¨¥ëå ¢®« ¨ ¢®§¨ª®¢¥¨ï ¢ë¯ãª«®áâ¥©  ï¤à¥.�¨á. 1. �¨åà¥¢®¥ ª®«ìæ® ¢ á¤¢¨£®¢®¬ ¯®â®ª¥�  à¨á. 1 (¢¨¤ á¢¥àåã) ¯à¥¤áâ ¢«¥  ä®â®£à -ä¨ï ¢¨åà¥¢®£® ª®«ìæ , ª®â®à®¥ ¤¢¨¦¥âáï ¢ á¤¢¨£®-¢®¬ ¯®â®ª¥ áâà â¨ä¨æ¨à®¢ ®© ¦¨¤ª®áâ¨. �¨¤-®, çâ® ä®à¬  ª®«ìæ  ¥ ªàã£®¢ ï ¨ ¨¬¥îâáï ï¢®¢ëà ¦¥ë¥ ¢ë¯ãª«®áâ¨   ï¤à¥.������� ª¨¬ ®¡à §®¬, ¯®¢¥¤¥¨¥ ¢¨åà¥¢ëå ª®«¥æ áãé¥-áâ¢¥® ¬¥ï¥âáï ¯®¤ ¤¥©áâ¢¨¥¬ á¤¢¨£  áª®à®áâ¨.�®«ìæ® ¥ ¬®¦¥â  ¤ ¯â¨à®¢ âìáï ª á¤¢¨£®¢®¬ã â¥-ç¥¨î. � íâ®¬ á«ãç ¥ ¢á¥£¤  ¨¬¥îâ ¬¥áâ® ¢®§¬ã-é¥¨ï, ¯à¨¢®¤ïé¨¥ ª ¢®§¨ª®¢¥¨î ã¥¤¨¥ëå¢®«, ª®â®àë¥ áãé¥áâ¢¥ë¬ ®¡à §®¬ ¢«¨ïîâ  ¯®¢¥¤¥¨¥ ª®«ìæ . �ë«® â ª¦¥ ¯®ª § ®,çâ® ¢«¨-ï¨¥ áâà â¨ä¨ª æ¨¨ ¯à¨¢®¤¨â ª ã¬¥ìè¥¨î ¢ë-á®âë ¯®¤ê¥¬  ª®«ìæ . �â® ®¡êïáï¥âáï ¢«¨ï¨¥¬á¨«ë ¯« ¢ãç¥áâ¨.1. Shari� K. & Leonard A. Vortex rings // Ann. Rev.of Fluid Dyn..{ 1992.{ vol.24.{ P. 235-279.2. Delisi D.P., Robins R.E., Lucas R.D. Initial labora-tory observations of the evolution of a vortex pair ina strati�ed shear ow. // Phys. Fluids.{ 1991.{ vol.3,No.11.{ P. 2489-2491.3. Ting L. & Tung C. Motion and decay of a vortex ina nonuniform stream. // Phys. Fluids.{ 1965.{ vol.8,No. 6,.{ P. 1039-1051.4. Chu Ch.-Ch., Wang Ch.-T., Chang Ch.-Ch., ChangR.-Yu, Chang W.-T. Head-on collision of two coaxialvortex rings: experiment and computation // J. FluidMech.{ 1995.{ vol. 296, No. 4.{ P. 39-71.5. �®¯ì¥¢ �.�, �¥àëè¥¢ �.�. � «ë¥ ¢®§¬ãé¥¨ïáâ æ¨® àëå ¢¨åà¥©. // �¥å ¨ª  ¦¨¤ª®áâ¨ ¨£ § .{ 1991.{ M.:� ãª .{ �. No 5 c.99-109.116 �. �. �¨ª¨è®¢  , �. �. �¨ª¨è®¢, �. �. �«¥ªáîª


