
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 4. �. 53 { 57��� 532.526 535.8����������� ���������� ������� ����������� ������������ ���������� ���������������������.�. �������� , �.�. ��������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 10.02.2003�¥«ì ¤ ®© à ¡®âë { ¨áá«¥¤®¢ ¨¥ ¤¥ä®à¬ æ¨© ¯®«ï ¥®¤®à®¤®áâ¨ ¦¨¤ª®áâ¨ ¢ « ¬¨ à®¬ ¯®£à ¨ç®¬ á«®¥¯®áà¥¤áâ¢®¬ ¢¨§ã «¨§ æ¨¨ ¥®¤®à®¤®áâ¥© â¥¥¢ë¬ ¯à¨¡®à®¬. �à¨¢¥¤¥ë à¥§ã«ìâ âë â¥®à¥â¨ç¥áª¨å ¨ íªá¯¥à¨-¬¥â «ìëå ¨áá«¥¤®¢ ¨© âà áä®à¬ æ¨¨ ¯®«ï â¥¬¯¥à âãàë ¢ « ¬¨ à®¬ ¯®£à ¨ç®¬ á«®¥ ¯«®áª®© ¯« áâ¨ë ¯à¨®¡â¥ª ¨¨ ¥¥ ¯®â®ª®¬ ¥®¤®à®¤®© ¦¨¤ª®áâ¨. �¡ àã¦¥®, çâ® ¨¬¥¥â ¬¥áâ® ãá¨«¥¨¥ £à ¤¨¥â  ¥®¤®à®¤®áâ¨¢ ¯®£à ¨ç®¬ á«®¥. �à¥¤« £ ¥âáï ¨á¯®«ì§®¢ âì íâ®â íää¥ªâ ¤«ï ã¢¥«¨ç¥¨ï çã¢áâ¢¨â¥«ì®áâ¨ â¥¥¢ëå ¯à¨¡®à®¢¯ãâ¥¬ ¨áªãááâ¢¥®£® á®§¤ ¨ï á¤¢¨£®¢®£® â¥ç¥¨ï ¢ ¯à®á¬®âà®¢®¬ ®¡ê¥¬¥. �®ª § ®, çâ® ¢ ¯®£à ¨ç®¬ á«®¥,®¡à §ãîé¥¬áï   áä¥à¨ç¥áª¨å ¯®¢¥àå®áâïå ¯à¨ ¨å ®¡â¥ª ¨¨, ¬®£ãâ ¢®§¨ª âì ¥®¤®à®¤®áâ¨ ¢ ¢¨¤¥ ¢¨åà¥©�¥©«®à -�¥àâ«¥à , çâ® ¥®¡å®¤¨¬® ãç¨âë¢ âì ¯à¨ ¨â¥à¯à¥â æ¨¨ ¯®ª § ¨© â ª¨å ¯à¨¡®à®¢, ª ª,  ¯à¨¬¥à ¤¨-áâ æ¨®ë© â¥«¥¢¨§¨®ë© ¢¨ã «¨§ â®à ¥®¤®à®¤®áâ¥© â¨¯  ����, á® áä¥à¨ç¥áª®© ¥§ é¨é¥®© ®¯â¨ª®© ¢¯à®á¬®âà®¢®¬ ®¡ê¥¬¥.�¥â  æ÷õù à®¡®â¨ { ¤®á«÷¤¦¥ï ¤¥ä®à¬ æ÷© ¯®«ï ¥®¤®à÷¤®áâ÷ à÷¤¨¨ ¢ « ¬÷ à®¬ã ¯®£à ¨ç®¬ã è à÷ §  ¤®¯®-¬®£®î ¢÷§ã «÷§ æ÷ù ¥®¤®à÷¤®áâ¥© â÷ì®¢¨¬ ¯à¨« ¤®¬. �à¨¢¥¤¥® à¥§ã«ìâ â¨ â¥®à¥â¨ç¨å ÷ ¥ªá¯¥à¨¬¥â «ì¨å¤®á«÷¤¦¥ì âà áä®à¬ æ÷ù ¯®«ï â¥¬¯¥à âãà¨ ¢ « ¬÷ à®¬ã ¯®£à ¨ç®¬ã è à÷ ¯«®áª®ù ¯« áâ¨¨ ¯à¨ ®¡â÷ª ÷ ùù¯®â®ª®¬ ¥®¤®à÷¤®ù à÷¤¨¨. �¨ï¢«¥®, é® ¬ õ ¬÷áæ¥ ¯®á¨«¥ï £à ¤÷õâã ¥®¤®à÷¤®áâ÷ ¢ ¯®£à ¨ç®¬ã è à÷.�à®¯®ãõâìáï ¢¨ª®à¨áâ®¢ã¢ â¨ æ¥© ¥ä¥ªâ ¤«ï §¡÷«ìè¥ï çãâ«¨¢®áâ÷ â÷ì®¢¨å ¯à¨« ¤÷¢ è«ïå®¬ èâãç®£® áâ¢®-à¥ï §áã¢®ù â¥ç÷ù ¢ ¯¥à¥£«ï¤®¢®¬ã ®¡'õ¬÷. �®ª § ®, é® ¢ ¯®£à ¨ç®¬ã è à÷, é® ãâ¢®àîõìáï   áä¥à¨ç¨å¯®¢¥àåïå ¯à¨ ùåì®¬ã ®¡â÷ª ÷, ¬®¦ãâì ¢¨¨ª â¨ ¥®¤®à÷¤®áâ÷ ã ¢¨£«ï¤÷ ¢¨å®à÷¢ �¥©«®à -�¥àâ«¥à , é® ¥®¡å÷¤-® ¢à å®¢ã¢ â¨ ¯à¨ ÷â¥¯à¥â æ÷ù ¯®ª § ì â ª¨å ¯à¨« ¤÷¢, ïª,  ¯à¨ª« ¤, ¤¨áâ æ÷©¨© â¥«¥¢÷§÷©¨© ¢÷§ã «÷§ â®à¥®¤®à÷¤®áâ¥© â¨¯ã ����, ÷§ áä¥à¨ç®î ¥§ å¨é¥®î ®¯â¨ª®î ¢ ¯¥à¥£«ï¤®¢®¬ã ®¡'õ¬÷.The purpose of the given work is the research of deformations of a �eld of heterogeneity of a liquid in laminar a boundarylayer by means of visualization of heterogeneities by the shadow device. The outcomes of idealized and experimentalresearches of transformation of a �eld of temperature in a laminar boundary layer of a at plate are adduced at streamliningby its ow of an inhomogeneous liquid. Is rotined, that there is a ampli�cation of a gradient of a of heterogeneities in aboundary layer. It's proposed use this e�ect for increasing of the sensitivy of shadow devices by way making the arti�cialshifting of the stream in a revise volume. Is rotined, that in a boundary layer which is generatrix on spherical surfaceat their streamlining, there can be whirling as vortexes Taylor-G�ortler, that it is necessary to allow at interpretation ofthe indications of such devices, as, for example, remote television visualisotor of heterogeneities such as ����, with thespherical unsheltered optics in a revise volume.���������  áâ®ïé¥¥ ¢à¥¬ï ¯à¨ ¨áá«¥¤®¢ ¨¨ â¥ç¥¨©¦¨¤ª®áâ¨ ¨ £ §  ¢á¥ ¡®«ìèãî  ªâã «ì®áâì ¯à¨-®¡à¥â îâ ®¯â¨ç¥áª¨¥ ¬¥â®¤ë, ¢ ç áâ®áâ¨, â¥¥-¢ë¥. � â¥å á«ãç ïå, ª®£¤  ¨§ãç ¥¬ ï ¦¨¤ª®áâì,®¡â¥ª îé ï í«¥¬¥âë ®¯â¨ç¥áª®© á¨áâ¥¬ë («¨-§ë, §¥àª « , íªà ë, ®£à ¨ç¨¢ îé¨¥ ¯®¢¥àå®-áâ¨), ï¢«ï¥âáï ¥®¤®à®¤®©, ¢ ¯®ª § ¨ïå ¯à¨-¡®à®¢ ¬®£ãâ ¯®ï¢«ïâìáï á¨áâ¥¬ â¨ç¥áª¨¥ ®è¨¡ª¨.�â® á¢ï§ ® á â¥¬, çâ® á¤¢¨£®¢ë¥ â¥ç¥¨ï ¢ £¨¤à®-¤¨ ¬¨ç¥áª®¬ ¯®£à ¨ç®¬ á«®¥   ®¡â¥ª ¥¬ëå¯®¢¥àå®áâïå ¯à¨¢®¤ïâ ª ¨§¬¥¥¨î ¯®«ï ¥®¤®-à®¤®áâ¨ ¦¨¤ª®áâ¨. �à®æ¥áá   «®£¨ç¥ ¨§¢¥áâ-®¬ã ¢ ¬¥â¥®à®«®£¨¨ äà®â®£¥¥§ã, ¢ë§ë¢ ¥¬®¬ã¤¥ä®à¬ æ¨®ë¬ ¯®«¥¬ áª®à®áâ¨ [1].�¡ëç® ¢áâà¥ç ¥âáï á¨âã æ¨ï, ¯à¨ ª®â®à®© ¤¢ á¬¥¦ëå ®¡ê¥¬  ¢®¤ë, § ç¨â¥«ì® à §«¨ç î-é¨åáï ¯® â¥¬¯¥à âãà¥, á¤¢¨£ îâáï ¯®¤ ¤¥©áâ¢¨¥¬¢¥àâ¨ª «ì®£® £à ¤¨¥â  áª®à®áâ¨, ¢ à¥§ã«ìâ â¥
�¨á. 1. �¥§ª¨¥ ¢¥àâ¨ª «ìë¥ £à ¤¨¥âëâ¥¬¯¥à âãàë ¬®£ãâ ®¡à §®¢ âìáï, ª®£¤  á¤¢¨£®¢®¥â¥ç¥¨¥ áª è¨¢ ¥â ¯®¤ ª®áë¬ ã£«®¬ ¤¢  á¬¥¦ëå®¡ê¥¬  ¢®¤ë á à §ë¬¨ â¥¬¯¥à âãà ¬¨ (�,�)ç¥£® ¢®§¨ª ¥â ¡®«ìè®© ª®âà áâ â¥¬¯¥à âãàë ¯®¢¥àâ¨ª «¨ (à¨á.1). �¥à®ïâ®, íâ®â ¬¥å ¨§¬ ®¡ã-á« ¢«¨¢ ¥â ¬®£¨¥ ®á®¡¥®áâ¨ ªàã¯®¬ áèâ ¡-ëå ¢¥àâ¨ª «ìëå â¥¬¯¥à âãàëå ¯à®ä¨«¥© ¨ ¥-ª®â®àëå ¨§ ¯à®ä¨«¥© ¬¥¥¥ § ç¨â¥«ìëå à §¬¥-à®¢ "áâã¯¥ç â®£® ¢¨¤ ",  ¡«î¤ ¥¬ëå ¢¡«¨§¨ ¯®-¢¥àå®áâ¨ ®ª¥   [2].c �.�. �¨ª¨è®¢  , �. �. �«¥ªáîª, 2003 53



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 4. �. 53 { 57� íªá¯¥à¨¬¥â «ì®© à ¡®â¥ [3] ¯®ª § ®, çâ®£à ¤¨¥â ¯®«ï â¥¬¯¥à âãàë à §¢®à ç¨¢ ¥âáï ¨ áã-é¥áâ¢¥® ¨§¬¥ï¥â á¢®î ¢¥«¨ç¨ã ¢ § ¢¨á¨¬®áâ¨®â â¥ªãé¥£® ç¨á«  �¥©®«ì¤á  ¢ ¯à¥¤¥« å ¯®£à -¨ç®£® á«®ï, ¯à¨ç¥¬ ¯® â®«é¨¥ ¯®£à ¨ç®£®á«®ï ¬®£ãâ ®¡à §®¢ë¢ âìáï ¥áª®«ìª® ¢ëá®ª®£à -¤¨¥âëå ¯à®á«®¥ª.�ª § ë¥ ®á®¡¥®áâ¨ âà áä®à¬ æ¨¨ ¢®§¬ã-é¥¨© â¥¬¯¥à âãàë ¢ ¯®£à ¨ç®¬ á«®¥ ¥®¡å®-¤¨¬® ãç¨âë¢ âì ¯à¨ à áá¬®âà¥¨¨ ¥ãáâ®©ç¨¢®-áâ¨ â¥ç¥¨ï ¥®¤®à®¤®© ¦¨¤ª®áâ¨ ®ª®«® â¢¥à-¤ëå ¯®¢¥àå®áâ¥©, ¯à¨ ¨§ãç¥¨¨ à á¯à®áâà ¥¨ïá¢¥â  ¢ ¯®£à ¨ç®¬ á«®¥ ¥®¤®à®¤®© ¦¨¤ª®áâ¨¨ ¯à¨ ¨áá«¥¤®¢ ¨¨ ¯à®æ¥áá®¢ â¥¯«®¬ áá®¯¥à¥®-á .�¥«ì ¤ ®© à ¡®âë { ¨áá«¥¤®¢ ¨¥ ¤¥ä®à¬ -æ¨© ¯®«ï ¥®¤®à®¤®áâ¨ ¦¨¤ª®áâ¨ ¢ ¯®£à ¨ç-®¬ á«®¥ ¨ ¨á¯®«ì§®¢ ¨¥ íâ®£® ï¢«¥¨ï ¤«ï ¯®¢ë-è¥¨ï çã¢áâ¢¨â¥«ì®áâ¨ â¥¥¢ëå ¯à¨¡®à®¢ ¨ ¤«ïà¥£¨áâà æ¨¨ á« ¡ëå £®à¨§®â «ìëå £à ¤¨¥â®¢¥®¤®à®¤®áâ¨ ¢ ¤¢¨¦ãé¥©áï ¦¨¤ª®áâ¨. �« -¡ë¥ £®à¨§®â «ìë¥ £à ¤¨¥âë ¥®¤®à®¤®áâ¨ ¢¤¢¨¦ãé¥©áï ¦¨¤ª®áâ¨ à áá¬ âà¨¢ îâáï ª ª ¯ á-á¨¢ë¥ ¯à¨¬¥á¨, ª®â®àë¥ ¥ ¢«¨ïîâ   ¤¨ ¬¨ªã¦¨¤ª®áâ¨.1. ���������� ���� ���������� ����������� �����§ãç¥¨î áâà â¨ä¨æ¨à®¢ ëå ¯à¨áâ¥ëåâ¥ç¥¨© ¯®á¢ïé¥® ¡®«ìè®¥ ª®«¨ç¥áâ¢® à ¡®â,¯à¨ç¥¬ à áá¬ âà¨¢ îâáï ç é¥ ¢á¥£® ¢®¯à®áë  ª-â¨¢®£® ¢«¨ï¨ï áâà â¨ä¨ª æ¨¨   â¥ç¥¨¥ ¯à¨¯®áâ®ï®¬ § ç¥¨¨ â¥¬¯¥à âãàë ®¡â¥ª ¥¬®©¯®¢¥àå®áâ¨ [4 { 6]. � à ¡®â å [7, 8] ¯à¨ ¯à¥-¥¡à¥¦¥¨¨ ¯à®æ¥áá ¬¨ ¬®«¥ªã«ïà®© ¤¨ääã§¨¨à áá¬®âà¥  § ¤ ç  ® ¤¥ä®à¬ æ¨¨ ¯®«ï ¯«®â®-áâ¨ ¢ « ¬¨ à®¬ ¯®£à ¨ç®¬ á«®¥, ª®£¤  ¥®¤®-à®¤®áâì áà¥¤ë ®¡ãá«®¢«¥  ¯ áá¨¢®© ¯à¨¬¥áìî¨ ¯®â®ª ¯à¨¬¥á¨ ç¥à¥§ ®¡â¥ª ¥¬ãî ¯®¢¥àå®áâì®âáãâáâ¢ã¥â. � ç áâ®áâ¨,  ©¤¥®, çâ® ¥á«¨ ¢¥-«¨ç¨  £à ¤¨¥â  ¯à¨¬¥á¨ ¢  ¡¥£ îé¥¬ ¯®â®ª¥¯®áâ®ï , â.¥.grad� =~i@�@x +~j@�@y = �0(~ik1 +~jk2) = const;â® á®®â¢¥âáâ¢ãîé¨¥ ¢¥«¨ç¨ë ¢ãâà¨ ¯®£à ¨ç-®£® á«®ï ¡ã¤ãâ:1�0 @�@x = k1F1(�) + k2F2(�)pRe ;1�0 @�@y = k1pReF3(�) + k2sin �10�:

�ãªæ¨¨ Fi(i = 1; 2; 3), ¯à¨¢¥¤¥ë¥ ¢ à ¡®â¥[7], ¨¬¥îâ ¤®¢®«ì® £à®¬®§¤ª¨© ¢¨¤. �«ï ®æ¥®ç-ëå à áç¥â®¢ ®¨ ¬®£ãâ ¡ëâì  ¯¯à®ªá¨¬¨à®¢ ëá ¯®¬®éìî ¢ëà ¦¥¨© (� > 0:5):F1(�) �= �0:45� 2:5=(�� 0:5);F2(�) �= 5=�(1� cosz) � 0:5=�sin0:1��;F3(�) �= 0:22� 1=(� � 0:5);£¤¥ �0, � { áà¥¤¥¥ ¨ ¬£®¢¥®¥ § ç¥¨ï ¯«®â-®áâ¨ á®®â¢¥âáâ¢¥®; ®áì ox  ¯à ¢«¥  ¯ à «-«¥«ì® áª®à®áâ¨  ¡¥£ îé¥£® ¯®â®ª ; oy { ¯¥à-¯¥¤¨ªã«ïà® ª ®¡â¥ª ¥¬®© ¯®¢¥àå®áâ¨,  ç «®ª®®à¤¨ â à á¯®«®¦¥®   ¯¥à¥¤¥© ªà®¬ª¥; Re == xU0=�, � { ª¨¥¬ â¨ç¥áª¨© ª®íää¨æ¨¥â ¢ï§-ª®áâ¨; � = ypU0=�x.2. ��������� ��������� ���������-����� � ����������� ����� «¨§ ¯®ª § «, çâ® ¢ãâà¨ ¯®£à ¨ç®£® á«®ï£à ¤¨¥â ¥®¤®à®¤®áâ¨ ¨§¬¥ï¥âáï ª ª ¯® ¢¥«¨-ç¨¥, â ª ¨ ¯®  ¯à ¢«¥¨î, á®áâ ¢«ïîé ï @�=@y¡ëáâà® à áâ¥â ¢¨§ ¯® ¯®â®ªã á à®áâ®¬ ç¨á«  �¥©-®«ì¤á , â.¥. ¢¥ªâ®à £à ¤¨¥â  ¥®¤®à®¤®áâ¨¯®áâ¥¯¥® à §¢®à ç¨¢ ¥âáï ¢  ¯à ¢«¥¨¨, ¯¥à-¯¥¤¨ªã«ïà®¬ ®¡â¥ª ¥¬®© ¯®¢¥àå®áâ¨ ¨ à áâ¥â¯®  ¡á®«îâ®© ¢¥«¨ç¨¥. � ¯à¨¬¥à, ¤«ï â®çª¨á ª®®à¤¨ â ¬¨ Rex = 105, � = 2:5, @�=@y �=�0:94k1 + 0:7k2, @�=@x �= 2:1k1,   ¤«ï â®çª¨Rex = 5 � 105, � = 1:2, @�=@y �= 1400k1 + 0:3k2,@�=@x �= 6:4k1. �«¥¤®¢ â¥«ì®, ¯à¨ ¤¢¨¦¥¨¨ ¦¨¤-ª®áâ¨ ¢ ¯à¥¤¥« å ¯®£à ¨ç®£® á«®ï ¯à®¨áå®¤¨ââà áä®à¬ æ¨ï ¥®¤®à®¤®áâ¨, ¯à¨ç¥¬ å à ªâ¥àâà áä®à¬ æ¨¨ § ¢¨á¨â ª ª ®â ¯ à ¬¥âà®¢ â¥ç¥-¨ï, â ª ¨ ®â ¯ à ¬¥âà®¢ ¥®¤®à®¤®áâ¨ ¦¨¤-ª®áâ¨. �®¯®áâ ¢«ïï ¤ ë¥ ¤«ï â®ç¥ª Rex = 105¨ Rex = 5 � 105 c á®®â¢¥âáâ¢ãîé¨¬¨ � = 2:5 ¨� = 1:2, ¢¨¤®, çâ® £à ¤¨¥â @p=@y ¢®§à®á ®â0.94 ¤® 1400,   £à ¤¨¥â @�=@x ¢®§à®á ®â 2.1 ¤®6.4. �â ®¢¨âáï ®ç¥¢¨¤ë¬, çâ® ¢ ¯®£à ¨ç®¬á«®¥ ¨¬¥¥âáï § ç¨â¥«ì®¥ ãá¨«¥¨¥ £à ¤¨¥â®¢¥®¤®à®¤®áâ¥© ¯® áà ¢¥¨î á® á¢®¡®¤ë¬ ¯®-â®ª®¬. �â® á®£« áã¥âáï á à¥§ã«ìâ â ¬¨ à ¡®âë[3], ¢ ª®â®à®© ¯à¨¢¥¤¥ë íªá¯¥à¨¬¥â «ìë¥ ¨á-á«¥¤®¢ ¨ï âà áä®à¬ æ¨¨ â¥¬¯¥à¥ âãàëå ¥®¤-®à®¤®áâ¥© ¢ ¯®£à ¨ç®¬ á«®¥   ¯«®áª®© ¯« -áâ¨¥. � íâ®© à ¡®â¥ ¨á¯®«ì§®¢ «¨áì ª®â ªâë¥¤ âç¨ª¨ (â¥à¬¨áâ®àë) ¤«ï à¥£¨áâà æ¨¨ à á¯à¥¤¥-«¥¨© â¥¬¯¥à âãàë.�¯¨á ë© íää¥ªâ ãá¨«¥¨ï £à ¤¨¥â  ¯«®â®-áâ¨ ¢ á¤¢¨£®¢®¬ ¯®â®ª¥ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ¤«ï ã¢¥«¨ç¥¨ï çã¢áâ¢¨â¥«ì®áâ¨ â¥¥¢ëå ¯à¨-¡®à®¢, ¢ ª®â®àëå à áá¯à¥¤¥«¥¨¥ ¨â¥á¨¢®áâ¨54 �.�. �¨ª¨è®¢  , �. �. �«¥ªáîª
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�¨á. 2. �å¥¬  à á¯®«®¦¥¨ï ¯«®áª®© ¯« áâ¨ë ¢ §®¥   «¨§  â¥¥¢®£® ¯à¨¡®à :1 { ®á¢¥â¨â¥«ì ï ç áâì, 2 { ¨§¬¥à¨â¥«ì ï ç áâì ¯à¨¡®à , 3 { §®    «¨§ , 4 { ¯«®áª ï ¯« áâ¨ .®á¢¥é¥®áâ¨ ¢ ¯«®áª®áâ¨ ¨§®¡à ¦¥¨ï ¯à®¯®àæ¨-® «ì® £à ¤¨¥âã ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï (¯à¨-¡®à �¥¯«¥à ). �«ï íâ®© æ¥«¨ ¢ à ¡®ç¥¬ ãç áâª¥ ¯¯ à âãàë ãáâ  ¢«¨¢ îâ (à¨á. 2) ¯ à ««¥«ì®®¯â¨ç¥áª®© ®á¨ ¯«®áªãî ¯« áâ¨ã â ª, çâ®¡ë ã£®«¬¥¦¤ã ¢¥ªâ®à®¬ áª®à®áâ¨ U0 ¨ ¯«®áª®áâìî ¯« áâ¨-ë ¡ë« ¥ ¡®«¥¥ 0.15 à ¤.�®ï¢«¥¨¥   â¥¥¢®© ª àâ¨¥ ¨§®¡à ¦¥¨ï®¡« áâ¨ ¯®£à ¨ç®£® á«®ï ¢ ¢¨¤¥ ª®âà áâëå§®, ¢ëâïãâëå ¢¤®«ì ¨§®¡à ¦¥¨ï à¥¡à  ¯« áâ¨-ë, ï¢«ï¥âáï á¢¨¤¥â¥«ìáâ¢®¬ áãé¥áâ¢®¢ ¨ï ¢  -¡¥£ îé¥¬ ¯®â®ª¥ á« ¡®£® £à ¤¨¥â  ¥®¤®à®¤®-áâ¨. �®£¤    â¥¥¢®© ª àâ¨¥ áãé¥áâ¢ãîé¨¥ ¢¯®â®ª¥ ¯«®áâ®áâë¥ (®¯â¨ç¥áª¨¥) ¥®¤®à®¤®-áâ¨ ¡ã¤ãâ ¢ë£«ï¤¥âì ¢ ¢¨¤¥ ª®âà áâëå §®, ¢ë-âïãâëå ¢¤®«ì à¥¡à  ¯« áâ¨ë. �§¬¥à¨¢ ã£«ë ®â-ª«®¥¨ï «ãç¥©, ¯à®è¥¤è¨å ç¥à¥§ íâã ¥®¤®à®¤-®áâì, ¬®¦® ®¯à¥¤¥«¨âì à á¯à¥¤¥«¥¨¥ ¯®ª § â¥-«ï ¯à¥«®¬«¥¨ï ¢ ¯®£à ¨ç®¬ á«®¥ [9], ¯® ª®â®à®-¬ã, ¢ á¢®î ®ç¥à¥¤ì, ¬®¦® à ááç¨âë¢ âì £à ¤¨¥â¯«®â®áâ¨ ¢  ¡¥£ îé¥¬ ¯®â®ª¥. �ç¨âë¢ ï, çâ®11� n @n@� = 1� @�@� = 1�r�xU0 @�@y ;¯®«ãç ¥¬:�(�) = n0 � (n0 � 1)[x(k1cos� + k2sin�) �R�0 F2d�++(k2cos� + k1sin�) �R�0 sin �10�d�],£¤¥ n0 { § ç¥¨¥ ª®íää¨æ¨¥â  ¯®ª § â¥«ï ¯à¥-«®¬«¥¨ï ¢ â®çª¥ �0 > 0:5 ¢å®¤  ¥¢®§¬ãé¥®£®«ãç  á¢¥â ,  ¯à ¢«¥®£® ¯ à ««¥«ì® ®á¨ z.�à¥¤¥¥ § ç¥¨¥ �n   £à ¨æ¥ ¯®£à ¨ç®£®á«®ï  ©¤¥¬ ª ª:

�n = n0 � (n0 � 1)[x(k1cos� + k2sin�)���1:1� 0:2�� ln 4:5�0�0:5�+q �xU0 10� ��(k1sin� + k2cos�)cos �10�0]:�«ï «ãç  á¢¥â , ¢ëè¥¤è¥£® §  ¯à¥¤¥«ë ¯®£à -¨ç®£® á«®ï, ¢ë¯®«ï¥âáï á®®â®è¥¨¥ [9]:tg" �=s� �n(�0)�2 � 1;£¤¥ " { ã£®« ¬¥¦¤ã ¢ëè¥¤è¨¬ «ãç¥¬ ¨ ®áìî z (á¬.à¨á. 2). �«¥¤®¢ â¥«ì®,tg" �= �1� �1� 1�� 6x�@�@xcos� + @�@y sin��� 12 :�¤¥áì � = 0. �§¬¥à¨¢ " ¤«ï ¤¢ãå § ç¥¨© x, ¬®¦-® ¨§ ¯®«ãç¥®© á¨áâ¥¬ë ¨§ ¤¢ãå  «£¥¡à ¨ç¥áª¨åãà ¢¥¨©  ©â¨ ¢¥«¨ç¨ã £à ¤¨¥â  ¥®¤®à®¤-®áâ¨  ¡¥£ îé¥£® ¯®â®ª .�¢«¥¨¥ ãá¨«¥¨ï £à ¤¨¥â  ¥®¤®à®¤®áâ¨ ¢¯®£à ¨ç®¬ á«®¥ ¬®¦® ¨á¯®«ì§®¢ âì ¤«ï á®-ªà é¥¨ï à ááâ®ï¨ï ¬¥¦¤ã ¨áâ®ç¨ª®¬ á¢¥â  ¨¯à¨¥¬¨ª®¬, çâ® ã¤®¡® ¯à¨ à ¡®â¥ á § ¬ãâ¥-®© ¦¨¤ª®áâìî. � ª, ¥á«¨ ¢  ¡¥£ îé¥¬ ¯®â®ª¥@�=@x 6= 0, â® ¤«ï ¯®«ãç¥¨ï ®¤®© ¨ â®© ¦¥ ¢¥-«¨ç¨ë ã£«  ®âª«®¥¨ï «ãç  á¢¥â  à ááâ®ï¨¥ L1¬¥¦¤ã ¨áâ®ç¨ª®¬ á¢¥â  ¨ ¯à¨¥¬¨ª®¬ ¡ã¤¥â ®â-®á¨âáï ª à ááâ®ï¨î L2 ¯à¨ ¨á¯®«ì§®¢ ¨¨ íä-ä¥ªâ  ¯®£à ¨ç®£® á«®ï ª ªL1L2 �= (Re) 14 :�.�. �¨ª¨è®¢  , �. �. �«¥ªáîª 55



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 4. �. 53 { 57�«¥¤ã¥â, ®¤ ª®, ®â¬¥â¨âì, çâ® ¢¢¥¤¥¨¥ ¯« -áâ¨ë ¢ ¯à®á¬®âà®¢ãî §®ã â¥¥¢®£® ¯à¨¡®à  ¤«ïã¢¥«¨ç¥¨ï çã¢áâ¢¨â¥«ì®áâ¨ ¯à¨¢®¤¨â ª á¨«ì®-¬ã ¨áª ¦¥¨î ä®à¬ë à¥£¨áâà¨àã¥¬ëå ¢®§¬ãé¥-¨© §  áç¥â ¨å ¤®ä®à¬ æ¨¨ ¢ ¯®£à ¨ç®¬ á«®¥¯« áâ¨ë.3. �����������������������������ªá¯¥à¨¬¥â «ìë¥ ¨áá«¥¤®¢ ¨ï ¤¢¨¦ãé¥©áï¥®¤®à®¤®© ¦¨¤ª®áâ¨ ¢ « ¬¨ à®¬ ¯®£à ¨ç-®¬ á«®¥ ¯®«ã¡¥áª®¥ç®© ¯« áâ¨ë ¯à®¢¥¤¥ë á¯®¬®éìî ¤¨áâ æ¨®®£® â¥¥¢®£® ¢¨§ã «¨§ â®-à  ®¯â¨ç¥áª¨å ¥®¤®à®¤®áâ¥© ����, ®¯¨á ®-£® ¢ à ¡®â¥ [10]. �«®â®áâë¥ ¥®¤®à®¤®áâ¨á®§¤ ¢ «¨áì á ¯®¬®éìî å®à®è® ®¡â¥ª ¥¬®£® í«¥ª-âà¨ç¥áª®£®  £à¥¢ â¥«ï, ãáâ  ¢«¨¢ ¥¬®£® ¢ëè¥¯® ¯®â®ªã ¯¥à¥¤ ¢å®¤®¬ ¢ ¯à®á¬®âà®¢ë© ®¡ê¥¬¯à¨¡®à . � à ¬¥âàë ¯®«ãç ¥¬®© ¥®¤®à®¤®áâ¨à¥£ã«¨à®¢ «¨áì á ¯®¬®éìî ¨§¬¥¥¨ï ¤«¨â¥«ì®-áâ¨ ¨  ¯àï¦¥¨ï ¨¬¯ã«ìá®¢ â®ª .� ¯à®á¬®âà®¢®¬ ®¡ê¥¬¥ ¯à¨¡®à  ãáâ  ¢«¨¢ -« áì ¯«®áª ï ¯« áâ¨  ¯ à ««¥«ì®  ¡¥£ îé¥¬ã¯®â®ªã ¨ ®¯â¨ç¥áª®© ®á¨ ¯à¨¡®à  (á¬. à¨á. 2). � -à ªâ¥à®¥ ¨§®¡à ¦¥¨¥ ¯®«ãç ¥¬ëå ¥®¤®à®¤®-áâ¥©   íªà ¥ ���� ¯à¥¤áâ ¢«¥®   à¨á. 3. �§à¨á. 4, £¤¥ ¯®ª § ®, ª ª ¤¥ä®à¬¨à®¢ «¨áì ¯«®â-®áâë¥ ¥®¤®à®¤®áâ¨ ¢ ¯®£à ¨ç®¬ á«®¥, ¢¨¤-®, çâ® ¢ ¥¢®§¬ãé¥®¬ ¯®â®ª¥ (¢ëè¥ èâà¨å®¢®©«¨¨¨) £à ¤¨¥â ¯«®â®áâ¨, ¢ ®á®¢®¬, ¯ à ««¥-«¥ ¯«®áª®áâ¨ ¯« áâ¨ë,   ¢ ¯à¥¤¥« å ¯®£à ¨ç®-£® á«®ï ¥£®  ¯à ¢«¥¨¥ áâ ®¢¨âáï ¯®çâ¨ ¯¥à¯¥-¤¨ªã«ïàë¬ ª ¯« áâ¨¥ ¨ ª®âà áâ®áâì ¨§®¡à -¦¥¨ï ¥®¤®à®¤®áâ¥© ã¢¥«¨ç¨¢ ¥âáï.
�¨á. 3. � à ªâ¥à®¥ ¨§®¡à ¦¥¨¥ ®¯â¨ç¥áª®©¥®¤®à®¤®áâ¨ ¯®â®ª    íªà ¥ â¥¥¢®£® ¯à¨¡®à �¥§ã«ìâ âë ¤ ®© à ¡®âë á®£« áãîâáï á ¨§-¢¥áâë¬¨ ¯®«®¦¥¨ï¬¨ [11, 12], çâ® ¯à¨ ®¡â¥ª -

�¨á. 4. �¥ä®à¬ æ¨ï ¯®«ï ¥®¤®à®¤®áâ¨ ¢ « ¬¨ à®¬¯®£à ¨ç®¬ á«®¥: â¥¬ ï ¯®«®á  { ¨§®¡à ¦¥¨¥ à¥¡à ¯« áâ¨ë, èâà¨å®¢ ï «¨¨ï { ¯à¨¬¥à ï £à ¨æ ¯®£à ¨ç®£® á«®ï
�¨á. 5. �¥ä®à¬ æ¨ï ¯®«ï ¥®¤®à®¤®áâ¨ ¢ ¯¥à¥å®¤®¬¯®£à ¨ç®¬ á«®¥   ¢®£ãâ®¬ §¥àª «¥ ¯à¨¡®à ¨¨ ¢®£ãâ®© ¯®¢¥àå®áâ¨ ¯à¨ ¬ «®¬ à ¤¨ãá¥ ªà¨-¢¨§ë â¥ç¥¨¥ áâ ®¢¨âáï ¥ãáâ®©ç¨¢ë¬ ¯à¨ ¬ -«ëå ç¨á« å �¥©®«ì¤á , ¨ ¢ ¥¬ à §¢¨¢ îâáï ¯®-¯ à® ¯à®â¨¢®¯®«®¦® ¢à é îé¨¥áï ¢¨åà¨ á ®áï-¬¨, ¢ëâïãâë¬¨ ¢¤®«ì ¯®â®ª , â ª  §ë¢ ¥¬ë¥"¢¨åà¨ �¥©«®à -�¥àâ«¥à ". �¥ç¥¨¥ â¥àï¥â ãáâ®©-ç¨¢®áâì, ª®£¤  ç¨á«® �¥àâ«¥à  G = U0�=� �p�=r(� = 5p�x=U0 { â®«é¨  ¯®£à ¨ç®£® á«®ï, r{ à ¤¨ãá ªà¨¢¨§ë ¯®¢¥àå®áâ¨), ¯à¨ç¥¬ ¤«¨ ¢®«ë ¢®§¨ª îé¨å ¢¨åà¥© � �= 2�. � ®¯ëâ å £à¥¢ â¥«ì ãáâ  ¢«¨¢ «áï â ª, çâ®¡ë ¯«®â®áâ-ë¥ ¥®¤®à®¤®áâ¨ ¯®¯ ¤ «¨ ¢ ®¡« áâì ã ¯®¢¥àå-®áâ¨ áä¥à¨ç¥áª®£® ®âà ¦ îé¥£® §¥àª « , ¨¬¥î-é¥£® ®¯à¥¤¥«¥ë© à ¤¨ãá ªà¨¢¨§ë. �à¨ ¤ ëåáª®à®áâïå ¯®â®ª  ®¡à §®¢ë¢ «¨áì ãá«®¢¨ï ¤«ï ¢®§-¨ª®¢¥¨ï ¢¨åà¥© �¥©«®à -�¥àâ«¥à    ¯®¢¥àå®-áâ¨ §¥àª « .56 �.�. �¨ª¨è®¢  , �. �. �«¥ªáîª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 4. �. 53 { 57����������� à ¡®â¥ ¯®ª § ®, çâ® ¤¥ä®à¬ æ¨ï ¯®«ï ¥®¤-®à®¤®áâ¥©, áãé¥áâ¢ãîé¨å ¢ ¯®â®ª¥, ¢ ¯®£à ¨ç-®¬ á«®¥ ¯à¨¢®¤¨â ª áãé¥áâ¢¥®¬ã ã¢¥«¨ç¥¨î£à ¤¨¥â  ¥®¤®à®¤®áâ¨. �â®â íää¥ªâ ¬®¦¥â¡ëâì ¨á¯®«ì§®¢  ¤«ï ã¢¥«¨ç¥¨ï çã¢áâ¢¨â¥«ì®-áâ¨ â¥¥¢ëå ¯à¨¡®à®¢ ¯ãâ¥¬ ãáâ ®¢ª¨ ¢ ¯à®á¬®-âà®¢®¬ ®¡ê¥¬¥ â¥¥¢®£® ¯à¨¡®à  ¯«®áª®© ¯« áâ¨-ë. �¤¢¨£®¢ë¥ â¥ç¥¨ï ¢ ¯®£à ¨ç®¬ á«®¥, ¢®§-¨ª îé¥¬   ¯« áâ¨¥, ®¡ãá« ¢«¨¢ îâ ¤¥ä®à¬ -æ¨î áãé¥áâ¢ãîé¥£® ¢ ¥¢®§¬ãé¥®¬ ¯®â®ª¥ à á-¯à¥¤¥«¥¨ï ¥®¤®à®¤®áâ¥© ¯«®â®áâ¨ (®¯â¨ç¥-áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï) ¨ ®¡®áâà¥¨¥ £à -¤¨¥â®¢ íâ¨å ¥®¤®à®¤®áâ¥©. �â® ¯à¨¢®¤¨â ªâ®¬ã, çâ® â¥¥¢ë¥ ¯à¨¡®àë à¥£¨áâà¨àãîâ á« ¡ë¥â¥¯«®¢ë¥ ¥®¤®à®¤®áâ¨, ª®â®àë¥ à ¥¥ ¥ à¥-£¨áâà¨à®¢ «¨áì. �¤ ª® ã¢¥«¨ç¥¨¥ çã¢áâ¢¨â¥«ì-®áâ¨ ¯à¨¡®à  ¯ãâ¥¬ ¨á¯®«ì§®¢ ¨ï íää¥ªâ  ãá¨-«¥¨ï £à ¤¨¥â  ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬-«¥¨ï ¢ ¯®£à ¨ç®¬ á«®¥ á®¯à®¢®¦¤ ¥âáï § ¬¥â-ë¬ ¨áª ¦¥¨¥¬ ä®à¬ë ¥®¤®à®¤®áâ¨. �¥¬ ¥¬¥¥¥, ¨á¯®«ì§®¢ ¨¥ ãª § ®£® íää¥ªâ  ï¢«ï¥â-áï ¤®¢®«ì® ¯¥àá¯¥ªâ¨¢ë¬ á â®çª¨ §à¥¨ï ¯®¢ë-è¥¨ï çã¢áâ¢¨â¥«ì®áâ¨ â¥¥¢ëå ¯à¨¡®à®¢.� ª¨¬ ®¡à §®¬, íää¥ªâ ãá¨«¥¨ï £à ¤¨¥â ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥¨ï ¬®¦¥â ¡ëâì¨á¯®«ì§®¢  ¤«ï ã¢¥«¨ç¥¨ï çã¢áâ¢¨â¥«ì®áâ¨ â¥-¥¢ëå ¯à¨¡®à®¢. �¤ ª® ãª § ë© íää¥ªâ¬®¦¥â ¯à¨¢®¤¨âì ª ¯®ï¢«¥¨î á¨áâ¥¬ â¨ç¥áª¨å®è¨¡®ª ¢ ¯®ª § â¥«ïå ¯à¨¡®à®¢ ¨§-§   «¨ç¨ï ¯®-£à ¨çëå á«®¥¢, ®¡à §ãîé¨åáï   ¯®¢¥àå®áâïå,®£à ¨ç¨¢ îé¨å ¯à®á¬®âà®¢ë© ®¡ê¥¬. �¨âã -æ¨ï áãé¥áâ¢¥® ¨§¬¥¨âáï, ¥á«¨ ä®à¬  ®¡â¥ª -¥¬®© ¯®¢¥àå®áâ¨ ¡ã¤¥â ¨áªà¨¢«¥®©. � ¯à¨¬¥à,¢ ª®áâàãªæ¨ïå ¯à¨¡®à®¢, ¢ ç áâ®áâ¨ ����, ®¤-  ¨§ ¯®¢¥àå®áâ¥© ï¢«ï¥âáï áä¥à¨ç¥áª®© (¢®£ã-â®¥ §¥àª «®). �  à¨á. 5 ¯®ª § ®, ª ª ¨áª §¨« áì¯® áà ¢¥¨î á à¨á. 3 ®¡« áâì  £à¥â®© ¦¨¤ª®áâ¨,çâ® ®¡êïáï¥âáï ¢«¨ï¨¥¬ ¢¨åà¥©, ¢®§¨ªè¨å ¢¯®£à ¨ç®¬ á«®¥ ã ¯®¢¥àå®áâ¨ §¥àª « . � ®¯ë-â å ¯ à ¬¥âàë ¡ë«¨ á«¥¤ãî-

é¨¥: G �= 40, U0 �= 0:05 ¬/c, � = 7 ¬¬, � �= 15¬¬. �«¥¤®¢ â¥«ì®, ¯à¨ ¨§ãç¥¨¨ ¤¢¨¦ãé¥©áï ¥-®¤®à®¤®© ¦¨¤ª®áâ¨ ¯à¨¬¥¥¨¥ â¥¥¢ëå ¯à¨¡®-à®¢ á ¢®£ãâë¬¨ §¥àª « ¬¨ ¬®¦¥â ¢ë§ë¢ âì áã-é¥áâ¢¥ë¥ âàã¤®áâ¨ ¯à¨ ¨â¥à¯à¥â æ¨¨ ¯®ª -§ ¨© ¯à¨¡®à .1. �¥¤®à®¢ �.�. �¨§¨ç¥áª ï ¯à¨à®¤  ¨ áâàãªâã-à  ®ª¥ ¨ç¥áª¨å äà®â®¢.{ �.: �̈ ¤à®¬¥â¥®¨§¤ â,1983.{ 296 á.2. � ©ª« �. �à¥££ � ãª  ®¡ ®ª¥ ¥. �¨ªà®áâàãªâãà ®ª¥  .{ �.: �à®£à¥áá, 1981.{ 222 á.3. �¨ª¨è®¢  �.�., �¨ª¨è®¢ �.�., �«¥ªáîª �.�. �¥-áâ æ¨® àë© ª®¢¥ªâ¨¢ë© â¥¯«®¯¥à¥®á ¢ ¯®-£à ¨ç®¬ á«®¥ ¥®¤®à®¤®© ¦¨¤ª®áâ¨ // �à¨-ª« ¤  £÷¤à®¬¥å ÷ª .{ 1999.{ �®¬ 1 (73), N 3.{�. 24-31.4. �á ç¥ª® �.�., �á¨¯®¢  �.�., �ãå®¬¥« �.�.�¥¯«®¯¥à¥¤ ç .{ �.: �¥à£¨ï, 1969.{ 439 á.5. �à ¤â«ì �. �̈ ¤à® íà®¬¥å ¨ª .{ �.: ��, 2002.{572 á.6. �ãàç ª �.�., �¨¤«®¢áª¨© �.�. �¡ ãà ¢¥¨ïå¤¢¨¦¥¨ï áâà â¨ä¨æ¨à®¢ ®© ¦¨¤ª®áâ¨ // �������.{ 1980.{ 254 No 4.{ �. 317.7. �®§«®¢ �.�., �¨ª¨è®¢  �.�. �âà â¨ä¨æ¨à®¢ -ë©« ¬¨ àë© ¯®£à ¨çë© á«®©//�̈ ¤à®¬¥å ¨ª .{� ãª. ¤ã¬ª .{1984.{52.{ C. 47-52.8. �¨ª¨è®¢  �.�., �âª «¥ª® �.�. �¢®«îæ¨ï ¯®«ï¥®¤®à®¤®áâ¨ ¢ ¯®£à ¨ç®¬ á«®¥.// �̈ ¤à®¬¥-å ¨ª  // �..{ 1989.{ 60.{ �. 37-40.9. �¨¬¨ �.�.�¯â¨ç¥áª¨¥ ¬¥â®¤ë ¨áá«¥¤®¢ ¨ï ¯à®-§à çëå ¥®¤®à®¤®áâ¥©.{ �¥à¬ì.{ 1976.{ 92 c.10. �¢à ¬¥ª® �.�., �ãà®¢¨ç �.�., � ã¬®¢ �.�. �§-¬¥à¥¨¥ çã¢áâ¢¨â¥«ì®áâ¨ â¥¥¢ëå ¯à¨¡®à®¢ á®áä¥à¨ç¥áª¨¬  ¢â®ª®««¨¬ æ¨®ë¬ §¥àª «®¬ //���.{ 1983.{ 9.{ �. 40-43.11. G�ortler H. Uber eine dreidimensionale Instabilitatlaminarer Grenzschichten an konkaven Waden //Nacgr. Ges. Wiss. Gottingen. Math.-Phys. Klasse.{1940.{ 1 No2.{ P. 1-26.12. Nikishova O.D., Oleksyuk V.V. The Taylor-Gortlervortices on moving along curved trajactory surface //Abstracts of 8th Couette-Taylor Meeting. Spatio-Temporal properties of centrifugal instabilities. NA-TO International Scienti�c Exchange Programmes.Institut Non Lin�eaire de Nice.{ 1993.{ March 28-29.{P. 79-80.
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