
ISSN 1561-9087 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 2000. 2 (74), N 2. �. 64 { 75��� 536.25 ������������ ������� ������������������� ���������� ������������ ���������� ������������. �. ���������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 15.05.99� áá¬ âà¨¢ îâáï ãáâ®©ç¨¢®áâì â¥ç¥­¨ï ¦¨¤ª®áâ¨ ¢ ¯®£à ­¨ç­®¬ á«®¥ ®â­®á¨â¥«ì­® âà¥å¬¥à­ëå ¯à®¤®«ì­ëå ¢¨-åà¥© (¢¨åà¥© �¥àâ«¥à ), ä®à¬¨àãîé¨åáï ¯®¤ ¤¥©áâ¢¨¥¬ æ¥âà®¡¥¦­ëå á¨«. �®ª § ­®, çâ® ¢¨åà¨ ¢®§­¨ª îâ ­ ¢ë¯ãª«®© ¯®¢¥àå­®áâ¨, ª®â®à ï ¤¢¨¦¥âáï ¢¤®«ì ¨áªà¨¢«¥­­®© âà ¥ªâ®à¨¨, ¢ ®â«¨ç¨¥ ®â á«ãç ï, ª®£¤  ­¥¯®¤¢¨¦­ ïªà¨¢®«¨­¥©­ ï ¯®¢¥àå­®áâì ®¡â¥ª ¥âáï ¯®â®ª®¬ ¦¨¤ª®áâ¨ ¨ ¢¨åà¨ ¢®§­¨ª îâ ­  ¢®£­ãâ®© áâ®à®­¥. �áá«¥¤®¢ ­ «¨­¥©­ ï ãáâ®©ç¨¢®áâì â ª®£® â¥ç¥­¨ï, ¯®áâà®¥­  ¤¨ £à ¬¬  ãáâ®©ç¨¢®áâ¨. � ©¤¥­®, çâ® ªà¨â¨ç¥áª®¥ ç¨á«® �¥à-â«¥à  §­ ç¨â¥«ì­® ¯à¥¢ëè ¥â  ­ «®£¨ç­®¥ ªà¨â¨ç¥áª®¥ ç¨á«® ¤«ï á«ãç ï ®¡â¥ª ­¨ï ¯®â®ª®¬ ­¥¯®¤¢¨¦­®© ¢®£­ãâ®©¯®¢¥àå­®áâ¨. � ©¤¥­®, çâ® ¤¨ ¯ §®­ ¢®«­®¢ëå ç¨á¥«, ª®â®àë¥ å à ªâ¥à¨§ãîâ ­¥ãáâ®©ç¨¢®áâì â¥ç¥­¨ï, ï¢«ï¥âáï¡®«¥¥ ã§ª¨¬, ¯® áà ¢­¥­¨î á® á«ãç ¥¬ ®¡â¥ª ­¨ï ¯®¢¥àå­®áâ¨. �â® ¯®§¢®«ï¥â á¤¥« âì ¢ë¢®¤ ® â®¬, çâ® â¥ç¥­¨¥®ª®«® ¤¢¨¦ãé¥©áï ªà¨¢®«¨­¥©­®© ¯®¢¥àå­®áâ¨, ª®â®à ï ¤¢¨¦¥âáï ¢¤®«ì ªà¨¢®«¨­¥©­®© âà ¥ªâ®à¨¨, ï¢«ï¥âáï ¡®«¥¥ãáâ®©ç¨¢ë¬ ¯® áà ¢­¥­¨î á â¥ç¥­¨¥¬ ®ª®«® ­¥¯®¤¢¨¦­®© ¨áªà¨¢«¥­­®© ¯®¢¥àå­®áâ¨, ª®â®à ï ®¡â¥ª ¥âáï ¯®â®ª®¬¦¨¤ª®áâ¨. �à®¢¥¤¥­ë á¨áâ¥¬ â¨ç¥áª¨¥ à áç¥âë á®¡áâ¢¥­­ëå äã­ªæ¨© § ¤ ç¨ ¤«ï à §­ëå §­ ç¥­¨© ç¨á¥« �¥àâ«¥à Gr ¨ ¡¥§à §¬¥à­®£® ¢®«­®¢®£® ç¨á«  ��, £¤¥ � { â®«é¨­  ¯®â¥à¨ ¨¬¯ã«ìá . �®áâà®¥­ë á®®â¢¥âáâ¢ãîé¨¥ £à ä¨ª¨íâ¨å äã­ªæ¨©, ­ ©¤¥­ë ¯®«®¦¥­¨ï ¨ §­ ç¥­¨ï å à ªâ¥à­ëå â®ç¥ª ª ¦¤®© äã­ªæ¨¨ (¬ ªá¨¬ «ì­ë¥ ¨ ¬¨­¨¬ «ì­ë¥§­ ç¥­¨ï, â®çª¨ ¯¥à¥á¥ç¥­¨ï á ¢¥àâ¨ª «ì­®© ®áìî). �à¨¢¥¤¥­­ë¥ ¤ ­­ë¥ ¯®§¢®«ïîâ ¯à¨¡«¨¦¥­­® ®¯à¥¤¥«ïâì ¢á¥ª®¬¯®­¥­âë ¢®§¬ãé¥­­®© áª®à®áâ¨ ¨ ¤ ¢«¥­¨ï, ¥á«¨ ¨§¢¥áâ­  ¨­ä®à¬ æ¨ï â®«ìª® ®¡ ®¤­®© ª®¬¯®­¥­â¥, ­ ¯à¨¬¥à,® ¬ ªá¨¬ «ì­®¬ §­ ç¥­¨¨ ¯à®¤®«ì­®© ª®¬¯®­¥­âë ¢®§¬ãé¥­­®© áª®à®áâ¨, ª®â®à®¥ ¬®¦¥â ¡ëâì ¨§¬¥à¥­® ¢ íªá¯¥-à¨¬¥­â å. �­ «¨§¨àã¥âáï à á¯®«®¦¥­¨¥ §®­ ­¥ãáâ®©ç¨¢®áâ¨ ª âà¥å¬¥à­ë¬ ¯à®¤®«ì­ë¬ ¢¨åàï¬ ­  â¥«¥ ¯«ë¢ãé¥£®¯àï¬®«¨­¥©­® ¤¥«ìä¨­ , ª®à¬®¢ ï ç áâì ª®â®à®£® ¤¢¨¦¥âáï ¢¢¥àå ¨ ¢­¨§.�®§£«ï¤ õâìáï áâ÷©ª÷áâì â¥ç÷ù ¢ ¯®£à ­÷ç­®¬ã è à÷ ¢÷¤­®á­® âà¨¢¨¬÷à­¨å ¯®§¤®¢¦­¨å ¢¨å®à÷¢ (¢¨å®à÷¢ �ì®àâ«¥à ),ïª÷ ä®à¬ãîâìáï ¯÷¤ ¤÷õî ¢÷¤æ¥­âà®¢¨å á¨«. �®ª § ­®, é® ¢¨å®à¨ ¢¨­¨ª îâì ­  ®¯ãª«÷© ¯®¢¥àå­÷, ïª  àãå õâì-áï ¯® ¢¨ªà¨¢«¥­÷© âà õªâ®à÷ù, ­  ¢÷¤¬÷­ã ¢÷¤ ¢¨¯ ¤ªã, ª®«¨ ­¥àãå®¬  ªà¨¢®«÷­÷©­  ¯®¢¥àå­ï ®¡â÷ª õâìáï ¯®â®ª®¬à÷¤¨­¨ ÷ ¢¨å®à÷ ä®à¬ãîâìáï ­  ã¢÷£­ãâ÷© áâ®à®­÷. �®á«÷¤¦¥­® «÷­÷©­ã áâ÷©ª÷áâì â ª®ù â¥ç÷ù, ¯®¡ã¤®¢ ­® ¤÷ £à ¬ãáâ÷©ª®áâ÷. �­ ©¤¥­®, é® ªà¨â¨ç­¥ ç¨á«® �ì®àâ«¥à  §­ ç­® ¯¥à¥¢¨éãõ  ­ «®£÷ç­¥ ªà¨â¨ç­¥ ç¨á«® ¤«ï â¥ç÷ù, ïª  ®¡-â÷ª õ ­¥àãå®¬ã ã¢÷£­ãâã ¯®¢¥àå­î. �­ ©¤¥­®, é® ¤÷ ¯ §®­ å¢¨«ì®¢¨å ç¨á¥«, ïª÷ å à ªâ¥à¨§ãîâì ­¥áâ÷©ª÷áâì â¥ç÷ù,õ ¢ã¦ç¨¬ ¢ ¯®à÷¢­ï­­÷ § ¢¨¯ ¤ª®¬ ®¡â÷ª ­­ï ¯®¢¥àå­÷. �¥ ¤®§¢®«ïõ §à®¡¨â¨ ¢¨á­®¢®ª, é® â¥ç÷ï ¡÷«ï àãå®¬®ù ¢¨ªà¨-¢«¥­®ù ¯®¢¥àå­÷, ïª  àãå õâìáï ¯® ªà¨¢®«÷­÷©­÷© âà õªâ®à÷ù, õ ¡÷«ìè áâ÷©ª®î ¢ ¯®à÷¢­ï­­÷ § â¥ç÷õî ¡÷«ï ­¥àãå®¬®ù¢¨ªà¨¢«¥­®ù ¯®¢¥àå­÷, ïª  ®¡â÷ª õâìáï ¯®â®ª®¬ à÷¤¨­¨. �à®¢¥¤¥­® á¨áâ¥¬ â¨ç­÷ à®§à åã­ª¨ ¢« á­¨å äã­ªæ÷© § ¤ ç÷¤«ï à÷§­¨å §­ ç¥­ì ç¨á¥« �ì®àâ«¥à  Gr â  ¡¥§à®§¬÷à­®£® å¢¨«ì®¢®£® ç¨á«  ��, £¤¥ � { â®¢é¨­  ¢âà â¨ ÷¬¯ã«ì-áã. �®¡ã¤®¢ ­® ¢÷¤¯®¢¨¤­÷ £à ä÷ª¨ æ¨å äã­ªæ÷©, §­ ©¤¥­® ¯®«®¦¥­­ï ÷ §­ ç¥­­ï å à ªâ¥à­¨å â®ç®ª ª®¦­®ù äã­ªæ÷ù(¬ ªá¨¬ «ì­÷ ÷ ¬÷¬­÷¬ «ì­÷ §­ ç¥­­ï, â®çª¨ ¯¥à¥â¨­ã ¢¥àâ¨ª «ì­®ù ¢÷á÷). �à¨¢¥¤¥­÷ ¤ ­÷ ¤®§¢®«ïîâì ¯à¨¡«¨§­®¢¨§­ ç¨â¨ ãá÷ ª®¬¯®­¥­â¨ §¡ãà¥­®ù è¢¨¤ª®áâ÷ â  â¨áªã, ïªé® ¢÷¤®¬  ÷­ä®à¬ æ÷ï â÷«ìª¨ ¯à® ®¤­ã ª®¬¯®­¥­âã, ­ -¯à¨ª« ¤, ¯à® ¬ ªá¨¬ «ì­¥ §­ ç¥­­ï ¯®§¤®¢¦­ì®ù ª®¬¯®­¥­â¨ è¢¨¤ª®áâ÷, ïª  ¬®¦¥ ¡ãâ÷ ¢¨¬÷àï­  ¥ªá¯¥à¨¬¥­â «ì­¨¬è«ïå®¬. �à®¢¥¤¥­®  ­ «÷§ à®§â èã¢ ­­ï §®­ ­¥áâ÷©ª®áâ÷ ¤® âà¨¢¨¬÷à­¨å ¢¨å®à÷¢ ­  â÷«÷ ¤¥«ìä÷­ , ïª¨© àãå õâìáï¯àï¬®«÷­÷©­® ÷ ª®à¬®¢  ç áâ¨­  ©®£® â÷«  à®¡¨âì àãå¨ ¤®£®à¨ â  ¤®­¨§ã.Stability of 
ow in a boundary layer in respect to three-dimensional longitudinal vortices (Goertler vortices), that areformed under centrifugal e�ect, is considered. It is shown that the vortices arise over convex surface that moves alongcurved trajectory in distinction from the case when stationary curved surface is 
owed and the vortices are formed overconcave surface. The linear stability of the 
ow is studied and the stability diagram is constructed. It is found that thecritical Goertler number is much more than similar critical number for the case when the stationary concave surface is
owed. It is concluded that the 
ow over curved surface moving along curved trajectory is more stable in comparisonwith the 
ow over stationary curved surface. The comprehensive calculations of the eigen functions for di�erent Goertlernumbers Gr and non-dimensional wave number ��, where � the impulse thickness are carried out. The graphs of thefunctions are plotted, the positions and the values of the characteristic points of each function (maximum and minimumvalues, the crossing of the vertical axes) are found. These data permit to determine all components of the disturbedvelocity and the pressure approximately if the information about one component, for example, the maximum value ofthe longitudinal component of the disturbed velocity that can be measured in experiments is known. The location ofthe unstability region in respect to three-dimensional longitudinal vortices on the linearly moving dolphin's body, whoseafterbody moves up and down, is discussed.���������¤­¨¬ ¨§ ¬¥â®¤®¢ á­¨¦¥­¨ï á®¯à®â¨¢«¥­¨ï¤¢¨¦ãé¨åáï â¥« ¢ ¢®¤­®© áà¥¤¥ ï¢«ï¥âáï ¨á-¯®«ì§®¢ ­¨¥ ¢ï§ª®-ã¯àã£¨å ¯®ªàëâ¨©. �§¢¥áâ­®,çâ® ª®¦­ë¥ ¯®ªà®¢ë ¢®¤­ëå ¬«¥ª®¯¨â îé¨åáï, ¢ ç áâ­®áâ¨ ¤¥«ìä¨­®¢, ¯à¥¤áâ ¢«ïîâ á®¡®© ¯®¤®¡-­ë¥ ¢ï§ª®-ã¯àã£¨¥ ¯®ªàëâ¨ï. �­ «¨§ ¯®ª §ë¢ ¥â,çâ® íâ¨ ¯®ªàëâ¨ï ¨¬¥îâ àï¤ áâàãªâãà­ëå ®á®¡¥­-­®áâ¥© [1]: ïç¥¨áâ®¥ áâà®¥­¨¥ í¯¨¤¥à¬¨á , ¢ ª®â®-à®¬ ¨¬¥îâáï ¤¥à¬ «ì­ë¥ á®á®çª¨, £«ã¡®ª® ¯à®­¨-ª îé¨¥ ¢ í¯¨¤¥à¬¨á, ã¯®àï¤®ç¥­­ ï á¨áâ¥¬  ¤¥à-64 c
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ISSN 1561-9087 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 2000. 2 (74), N 2. �. 64 { 75¬ «ì­ëå ¢ «¨ª®¢, ­ ¯à ¢«¥­­ ï, ¢ ®á­®¢­®¬, ¢¤®«ì¯®â®ª , à §¢¥â¢«¥­­ ï á¥âì ¬¥«ª¨å ªà®¢¥­®á­ëåá®áã¤®¢ ¯® ¢á¥© â®«é¥ ¤¥à¬ë ¨ ¤à. �é â¥«ì­®¥à áá¬®âà¥­¨¥ ­ ¯à ¢«¥­¨© ¤¥à¬ «ì­ëå ¢ «¨ª®¢ ¨ã£«®¢ ­ ª«®­®¢ ¤¥à¬ «ì­ëå á®á®çª®¢ ¤ ¥â ®á­®¢ -­¨¥ ¯®« £ âì ®¡ ®¯à¥¤¥«¥­­®¬ ¢«¨ï­¨¨ ¨å ­  ¯®-¢¥¤¥­¨¥ ª ª ¤¢ã¬¥à­ëå, â ª ¨ âà¥å¬¥à­ëå ¢®§¬ã-é¥­¨©, à §¢¨¢ îé¨åáï ¢ ¯®£à ­¨ç­®¬ á«®¥, ¨ ¢ª®­¥ç­®¬ áç¥â¥ ­  âà¥­¨¥ [2].�à¨ ¤¢¨¦¥­¨¨ ¤¥«ìä¨­®¢ ¨å æ¥­âà âï¦¥áâ¨ ¯¥-à¥¬¥é ¥âáï ¯à ªâ¨ç¥áª¨ ¯àï¬®«¨­¥©­® ¨ à ¢­®-¬¥à­®, ¢ â® ¢à¥¬ï ª ª ª®à¬®¢ ï ç áâì ¨§£¨¡ -¥âáï ¢¢¥àå ¨ ¢­¨§. �â® ¯à¨¢®¤¨â ª ¯®ï¢«¥­¨îæ¥­à®¡¥¦­ëå á¨«, ª®â®àë¥ ®¡ãá« ¢«¨¢ îâ ¯®ï¢«¥-­¨¥ âà¥å¬¥à­ëå ¢®§¬ãé¥­¨© ¢ ¢¨¤¥ ¯à®¤®«ì­ëå¢¨åà¥© (¢¨åà¥© �¥àâ«¥à ), ¢§ ¨¬®¤¥©áâ¢¨¥ ª®â®-àëå á ¢ï§ª®-¤¥¬¯ä¨àãîé¥© ª®¦¥© ¤¥«ìä¨­®¢ ®¯à¥-¤¥«ï¥â ¤ «ì­¥©è¥¥ à §¢¨â¨¥ ¯®â®ª , ¥£® ¯¥à¥å®¤ ªâãà¡ã«¥­â­®¬ã à¥¦¨¬ã, ãá«®¢¨ï ®âàë¢  ¨ ¤à.�§¢¥áâ­®, çâ® â¥ç¥­¨¥ ¢ ¯®£à ­¨ç­®¬ á«®¥ ­ ¢®£­ãâ®© ¯®¢¥àå­®áâ¨ ï¢«ï¥âáï ­¥ãáâ®©ç¨¢ë¬ ¨§-§  ¢«¨ï­¨ï æ¥­âà®¡¥¦­ëå á¨«, ª®â®àë¥ ®¡ãá« -¢«¨¢ îâ ä®à¬¨à®¢ ­¨¥ ¯à®â¨¢®¯®«®¦­® ¢à é î-é¨åáï ¢¨åà¥© �¥àâ«¥à . � àâ¨­  â ª¨å ¢¨åà¥©,à §¢¨¢ îé¨åáï ¢ ¯®£à ­¨ç­®¬ á«®¥, áå¥¬ â¨ç¥áª¨¨§®¡à ¦¥­  ­  à¨á. 1.
�¨á. 1. � àâ¨­  ¢¨åà¥© �¥àâ«¥à :U0 { áª®à®áâì â¥ç¥­¨ï ¢­¥ ¯®£à ­¨ç­®£® á«®ï; � {â®«é¨­  ¯®£à ­¨ç­®£® á«®ï; R { à ¤¨ãá ªà¨¢¨§­ë¯®¢¥àå­®áâ¨; � { ¤«¨­  ¢®«­ë; x ¨ y { ¯à®¤®«ì­ ï ¨­®à¬ «ì­ ï ª ¯®¢¥àå­®áâ¨ ª®®à¤¨­ âëá®®â¢¥âáâ¢¥­­®�®§­¨ª îé¨¥ ¢¨åà¨ ¨¬¥îâ ¡®«ìè®¥ ¢«¨ï­¨¥ ­ â¥ç¥­¨¥ á ¨áªà¨¢«¥­­ë¬¨ «¨­¨ï¬¨ â®ª , ª®â®à®¥¬®¦¥â ¯à¨¢®¤¨âì ª §­ ç¨â¥«ì­ë¬ ¨§¬¥­¥­¨ï¬ ª®-íää¨æ¨¥­â  âà¥­¨ï, å à ªâ¥à¨áâ¨ª ¯¥à¥å®¤  â¥ç¥-­¨ï ª âãà¡ã«¥­â­®¬ã à¥¦¨¬ã ¨ ®âàë¢ . �à®æ¥ááë

â¥¯«®- ¨ ¬ áá®¯¥à¥­®á  ¢ ¯®£à ­¨ç­®¬ á«®¥ â ª¦¥á¨«ì­® § ¢¨áïâ ®â ¢¨åà¥¢®© áâàãªâãàë â¥ç¥­¨ï.�áâ®©ç¨¢®áâì â¥ç¥­¨ï ¢ ¯®£à ­¨ç­®¬ á«®¥ ­ ¢®£­ãâ®© ¯®¢¥àå­®áâ¨, ¢ª«îç ï «¨­¥©­®¥ ¨ ­¥«¨-­¥©­®¥ à §¢¨â¨¥ ¢®§¬ãé¥­¨© ¨ ¯¥à¥å®¤, ¯à¨¢«¥ª -¥â ¡®«ìè®¥ ¢­¨¬ ­¨¥ ãç¥­ëå. �¥àâ«¥à [16] ¯¥à-¢ë¬ à áá¬®âà¥« íâã ¯à®¡«¥¬ã. �­ ¢¢¥« ªà¨â¨ç¥-áª¨© ¯ à ¬¥âà, ®¯à¥¤¥«ïîé¨© ¯®â¥àî ãáâ®©ç¨¢®-áâ¨ â¥ç¥­¨ï ¨ áª®­áâàã¨à®¢ « ¤¨ £à ¬¬ã ãáâ®©ç¨-¢®áâ¨. � â¥¬ à §«¨ç­ë¥  á¯¥ªâë ¯à®¡«¥¬ë ¨§ã-ç «¨áì ¬­®£¨¬¨  ¢â®à ¬¨, áà¥¤¨ ª®â®àëå ¬®¦-­® ®â¬¥â¨âì  ¢â®à®¢ à ¡®âë [8, 10, 11, 27]. �ë-«¨ à §à ¡®â ­ë â¥®à¥â¨ç¥áª¨¥ ®á­®¢ë «¨­¥©­®©â¥®à¨¨. �ªá¯¥à¨¬¥­â «ì­ë¥ ¨áá«¥¤®¢ ­¨ï ¢ë¯®«-­¥­ë ¢ [3, 4, 26, 31, 35]. � ©¤¥­®, çâ® ­ ç «ì­ë©à®áâ  ¬¯«¨âã¤ë ¢®§¬ãé¥­¨© ¯à®¨áå®¤¨â ¢ á®®â-¢¥âáâ¢¨¨ á «¨­¥©­®© â¥®à¨¥©. �ë«¨ ¨§¬¥à¥­ë¯à®ä¨«¨ áª®à®áâ¨ ¢ à §­ëå §®­ å ¢¨åà¥¢®© áâàãª-âãàë ¨ ®¡­ àã¦¥­ë à §«¨ç­ë¥ â¨¯ë ¢â®à¨ç­®©­¥ãáâ®©ç¨¢®áâ¨.�à®¤®«ì­ë¥ ¢¨åà¨ ¢®§­¨ª îâ â ª¦¥ ¢® ¢à é î-é¨åáï ¯àï¬®«¨­¥©­ëå ¨«¨ ¨áªà¨¢«¥­­ëå ª ­ « å.�à¨ç¨­  ¨å ¯®ï¢«¥­¨ï á¢ï§ ­  á ¤¥áâ ¡¨«¨§¨àã-îé¨¬ ¤¥©áâ¢¨¥¬ á¨« �®à¨®«¨á  [33]. � à ªâ¥à¨-áâ¨ª¨ ¢¨åà¥¢®© áâàãªâãàë â ª¨å â¥ç¥­¨© ¨§ãç¥-­ë ¢ [21, 23, 24]. �ë«® ¨áá«¥¤®¢ ­® ¢«¨ï­¨¥ ¢à -é¥­¨ï ¨ ¡ë« áä®à¬ã«¨à®¢ ­ ­¥¢ï§ª¨© ªà¨â¥à¨©ãáâ®©ç¨¢®áâ¨.�áâ®©ç¨¢®áâì â¥ç¥­¨ï ¢ ¯®£à ­¨ç­®¬ á«®¥ ­ ¢®£­ãâ®© ¯®¢¥àå­®áâ¨, ª®â®à ï ¯®¤¢¥à£ ¥âáï ®¤-­®à®¤­®¬ã ¢à é¥­¨î, ¨§ãç¥­  ¢ à ¡®â¥ [38]. �¢-â®àë ¯®ª § «¨, çâ® ãáâ®©ç¨¢®áâì § ¢¨á¨â ®â ­ -¯à ¢«¥­¨ï ¢¥ªâ®à  ¢à é¥­¨ï. �¥ç¥­¨¥ ï¢«ï¥âáï­¥ãáâ®©ç¨¢ë¬, ¥á«¨ íâ®â ¢¥ªâ®à ¯ à ««¥«¥­ á¤¢¨-£®¢®© § ¢¨åà¥­­®áâ¨ â¥ç¥­¨ï ¢ ¯®£à ­¨ç­®¬ á«®¥,¨ ï¢«ï¥âáï ãáâ®©ç¨¢ë¬ ¯à¨ ¯à®â¨¢®¯®«®¦­®© ¥£®®à¨¥­â æ¨¨.�å¥¬ â¨ç¥áª¨ ª®­ä¨£ãà æ¨ï â¥ç¥­¨ï ¢ ¯®£à -­¨ç­®¬ á«®¥ ­  ®¡â¥ª ¥¬®© ¢®£­ãâ®© ¯®¢¥àå­®áâ¨¨§®¡à ¦¥­  ­  à¨á. 2,d. �â¬¥â¨¬, çâ® íâ®â á«ã-ç © ¨§ãç «áï �¥àâ«¥à®¬. � « ­á á¨« ¯®ª §ë¢ ¥â,çâ® â ª®¥ â¥ç¥­¨¥ ï¢«ï¥âáï ­¥ãáâ®©ç¨¢ë¬ ¨§-§ ªà¨¢¨§­ë «¨­¨© â®ª . �¥­âà®¡¥¦­ ï á¨« , ®¡ã-á« ¢«¨¢ îé ï ¯®â¥àî ãáâ®©ç¨¢®áâ¨, ­ ¯à ¢«¥­ ¯® ­ ¯à ¢«¥­¨î ª ¯®¢¥àå­®áâ¨, ­® ¥¥ ­®à¬ «ì­ ï¯à®¨§¢®¤­ ï ­ ¯à ¢«¥­  ®â ­¥¥. � â® ¦¥ ¢à¥¬ï â¥-ç¥­¨¥ ®ª®«® ­¥¯®¤¢¨¦­®© ¢ë¯ãª«®© ¯®¢¥àå­®áâ¨,ª®â®à ï ®¡â¥ª ¥âáï ¯®â®ª®¬ ¦¨¤ª®áâ¨, ï¢«ï¥âáïãáâ®©ç¨¢ë¬ ¯® ®â­®è¥­¨î ª ¢¨åàï¬ �¥àâ«¥à  [29].� íâ®¬ á«ãç ¥ ­ ¯à ¢«¥­¨¥ æ¥­âà®¡¥¦­®© á¨«ë á®-¢¯ ¤ ¥â á ­ ¯à ¢«¥­¨¥¬ ¥¥ ­®à¬ «ì­®© ¯à®¨§¢®¤-­®© (à¨á. 2, á).� á«ãç ¥, ª®£¤  ¯®¢¥àå­®áâì ¤¢¨¦¥âáï ¢¤®«ì�.�. �¨ª¨è®¢  65
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�¨á. 2. �å¥¬ë â¥ç¥­¨©¨áªà¨¢«¥­­®© âà ¥ªâ®à¨¨, ­ ¯à¨¬¥à ®ªàã¦­®áâ¨,æ¥­âà®¡¥¦­ë¥ íää¥ªâë ¬®£ãâ â ª¦¥ ¯à¨¢®¤¨âì ª­¥ãáâ®©ç¨¢®áâ¨ â¥ç¥­¨ï ¢ ¯®£à ­¨ç­®¬ á«®¥. � -¯à ¢«¥­¨ï æ¥­âà®¡¥¦­®© á¨«ë ¨ ¥¥ ­®à¬ «ì­®©¯à®¨§¢®¤­®© á®¢¯ ¤ îâ ¢ â¥ç¥­¨¨ ®ª®«® ¤¢¨¦ã-é¥©áï ¢®£­ãâ®© ¯®¢¥àå­®áâ¨ (à¨á. 2, b) ¨ ï¢«ïîâ-áï ¯à®â¨¢®¯®«®¦­® ®à¨¥­â¨à®¢ ­ë ¢ ¯®â®ª¥ ¢¡«¨-§¨ ¤¢¨¦ãé¥©áï ¢ë¯ãª«®© ¯®¢¥àå­®áâ¨ (à¨á. 2, a).�  ®á­®¢ ­¨¨ ¯à¥¤ë¤ãé¥£®  ­ «¨§  ¬®¦­® á¤¥-« âì ¢ë¢®¤ ® â®¬, çâ® â¥ç¥­¨¥ ®ª®«® ¤¢¨¦ãé¥©áï¢®£­ãâ®© ¯®¢¥àå­®áâ¨ ãáâ®©ç¨¢® ¨ ¢¡«¨§¨ ¤¢¨¦ã-é¥©áï ¢ë¯ãª«®© ¯®¢¥àå­®áâ¨ { ­¥ãáâ®©ç¨¢®. �ë-¢®¤ë ®¡ ãáâ®©ç¨¢®áâ¨ â¥ç¥­¨ï ¢¡«¨§¨ ¢®£­ãâ®© ¨¢ë¯ãª«®© ¤¢¨¦ãé¨åáï ¯®¢¥àå­®áâ¥© ¯®¤â¢¥à¦¤ -îâáï  ­ «¨§®¬ ¡ « ­á  á¨« �®à¨®«¨á  ¨ á¨« ¤ ¢«¥-­¨ï [33].� ¤ ­­®© à ¡®â¥ à áá¬ âà¨¢ ¥âáï «¨­¥©­ ïãáâ®©ç¨¢®áâì â¥ç¥­¨ï ¢ ¯®£à ­¨ç­®¬ á«®¥ ­  ¢ë-¯ãª«®© ¯®¢¥àå­®áâ¨, ª®â®à ï ¤¢¨¦¥âáï ¢¤®«ì ¨á-ªà¨¢«¥­­®© âà ¥ªâ®à¨¨. �ëç¨á«¥­ë ¤¨ £à ¬¬ ãáâ®©ç¨¢®áâ¨ ¨ á®¡áâ¢¥­­ë¥ äã­ªæ¨¨. �ë¯®«­¥­ ­ «¨§ ¯ à ¬¥âà®¢ äã­ªæ¨© ¢ § ¢¨á¨¬®áâ¨ ®â ç¨-á«  �¥àâ«¥à .1. �������������� ������������������� áá¬®âà¨¬ ¤¢¨¦¥­¨¥ á¥£¬¥­â  ªàã£«®© æ¨«¨­-¤à¨ç¥áª®© ¯®¢¥àå­®áâ¨ à ¤¨ãá  R, ª®â®à ï ¢à é -¥âáï ¢ ­¥¯®¤¢¨¦­®© ¦¨¤ª®áâ¨ ¢®ªàã£ á¢®¥© ®á¨ áã£«®¢®© áª®à®áâìî ~
 (à¨á. 3, a). �¨­¥©­ ï áª®-à®áâì ¤¢¨¦¥­¨ï á¥£¬¥­â  à ¢­  U0 = j
jR. �â¬¥-

â¨¬, çâ® â ­£¥­æ¨ «ì­ ï ¯à®¨§¢®¤­ ï æ¥­âà®¡¥¦-­®© á¨«ë à ¢­  ­ã«î, â.¥. â¥ç¥­¨¥ ®ª®«® á¥£¬¥­-â  ¬®¦¥â à áá¬ âà¨¢ âìáï ª ª â¥ç¥­¨¥ á ­ã«¥¢ë¬£à ¤¨¥­â®¬ ¤ ¢«¥­¨ï. � á®®â¢¥âáâ¢¨¨ á ¢ë¯®«­¥­-­ë¬ à ­¥¥  ­ «¨§®¬ ¡ã¤¥¬ áç¨â âì, çâ® â¥ç¥­¨¥¢¡«¨§¨ á¥£¬¥­â  ï¢«ï¥âáï ­¥ãáâ®©ç¨¢ë¬ ¯® ®â­®-è¥­¨î ª ¯à®¤®«ì­ë¬ ¢¨åàï¬.�¢¥¤¥¬ ªà¨¢®«¨­¥©­ãî á¨áâ¥¬ã ª®®à¤¨­ â, ª®-â®à ï ¤¢¨¦¥âáï ¢¬¥áâ¥ á á¥£¬¥­â®¬.
�¨á. 3. � á¯®«®¦¥­¨¥ á¨áâ¥¬ë ª®®à¤¨­ â� ç «® á¨áâ¥¬ë ª®®à¤¨­ â ­ å®¤¨âáï ­  ¢¥¤ã-é¥© ªà®¬ª¥ á¥£¬¥­â . �áì x ­ ¯à ¢«¥­  ¢¤®«ìá¥£¬¥­â  (â ­£¥­æ¨ «ì­ ï ª®®à¤¨­ â ), ®á¨ y ¨ zï¢«ïîâáï ­®à¬ «ì­®© ¨ âà ­á¢¥àá «ì­®© ª®®à¤¨-­ â ¬¨ á®®â¢¥âáâ¢¥­­® (à¨á. 3, b). � á«ãç ¥, ª®£¤ à ¤¨ãá ªà¨¢¨§­ë R §­ ç¨â¥«ì­® ¯à¥¢ëè ¥â â®«-é¨­ã ¯®£à ­¨ç­®£® á«®ï �,R� �; (1)á¨áâ¥¬ã ª®®à¤¨­ â ¬®¦­® áç¨â âì ®àâ®£®­ «ì­®©¢ ¯à¨áâ¥­®ç­®© ®¡« áâ¨ [13]. �à¨­¨¬ ï ¢® ¢­¨¬ -­¨¥ ­¥à ¢¥­áâ¢® (1), ¨§¬¥­¥­¨ï¬¨ à ¤¨ãá  ªà¨¢¨§-­ë ¢ íâ®© ®¡« áâ¨ ¯à¥­¥¡à¥£ ¥¬. � ¯à¨­ïâ®© á¨-áâ¥¬¥ ª®®à¤¨­ â á¨áâ¥¬ã ãà ¢­¥­¨© � ¢ì¥-�â®ªá ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ á«¥¤ãîé¥© ä®à¬¥:(~v � r)u+ uvk � 2U0kv = �1� @p@x + ��u; (2)(~v � r)v � u2k + 2U0ku = �1� @p@y + ��v; (3)(~v � r)w = �1� @p@z + ��w; (4)r � ~v = 0; (5)£¤¥ u; v; w { ª®¬¯®­¥­âë ¢¥ªâ®à  áª®à®áâ¨ ¢¤®«ì®á¥© x; y; z á®®â¢¥âáâ¢¥­­®; p { ¤ ¢«¥­¨¥; � { ª¨-­¥¬ â¨ç¥áª¨© ª®íää¨æ¨¥­â ¢ï§ª®áâ¨; k = 1=R, �- ®¯¥à â®à � ¯« á . �â¬¥â¨¬, çâ®, á«¥¤ãï à ¡®â¥66 �.�. �¨ª¨è®¢ 



ISSN 1561-9087 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 2000. 2 (74), N 2. �. 64 { 75[16], â®«ìª® ­ ¨¡®«¥¥ áãé¥áâ¢¥­­ë¥ ç«¥­ë, ãç¨âë-¢ îé¨¥ ¢«¨ï­¨¥ ªà¨¢¨§­ë, á®åà ­¥­ë ¢ ãà ¢­¥­¨-ïå.�«ï à¥è¥­¨ï á¨áâ¥¬ë ãà ¢­¥­¨© (2){(5) ¡ë«¨¨á¯®«ì§®¢ ­ë á«¥¤ãîé¨¥ £à ­¨ç­ë¥ ãá«®¢¨ï:ãá«®¢¨¥ ¯à¨«¨¯ ­¨ï ­  â¢¥à¤®© ¯®¢¥àå­®áâ¨u = v = w = 0 ¯à¨ y = 0 (6)ãá«®¢¨¥ § âãå ­¨ï ¢®§¬ãé¥­¨© ¢¤ «¨ ®â ¯®¢¥àå-­®áâ¨u; v; w ! 0 ¯à¨ y ! 1: (7)�¥è¥­¨¥ á¨áâ¥¬ë ãà ¢­¥­¨© (2){(5) ¡ë«® ¯à¥¤-áâ ¢«¥­® ª ª áã¬¬  ®á­®¢­®£® ¨ ¢®§¬ãé¥­­®£® à¥-è¥­¨©:0BBBBBBBB@ uvwp 1CCCCCCCCA = 0BBBBBBBB@ U (x; y)00P (x; y) 1CCCCCCCCA+0BBBBBBBB@ u0(x; y; z)v0(x; y; z)w0(x; y; z)p0(x; y; z) 1CCCCCCCCA ; (8)£¤¥ u0; v0; w0 { ª®¬¯®­¥­âë ¢®§¬ãé¥­­®© áª®à®áâ¨.�ç¨âë¢ ï ­¥à ¢¥­áâ¢® (1), ¤«ï ¡®«ìè¨å ç¨á¥« �¥©-­®«ì¤á  â¥ç¥­¨¥ ¢ ¯®£à ­¨ç­®¬ á«®¥ ¬®¦¥â à á-á¬ âà¨¢ âìáï ª ª ª¢ §¨¯ à ««¥«ì­®¥, ¨ ¢ ª ç¥áâ¢¥¯à®ä¨«ï áª®à®áâ¨ ®á­®¢­®£® â¥ç¥­¨ï ~U (y) ¬®¦­®¯à¨­ïâì ¯à®ä¨«ì �« §¨ãá . �â® ¯à¥¤¯®«®¦¥­¨¥®á­®¢ ­® ­  à¥§ã«ìâ â å �¥àâ«¥à , ª®â®àë© ¯®ª -§ «, çâ® ¬ «ë¥ ¢ à¨ æ¨¨ ä®à¬ë ¯à®ä¨«ï ­¥ ¢«¨ï-îâ áãé¥áâ¢¥­­® ­  à¥§ã«ìâ âë, ¥á«¨ â®«é¨­  ¯®-â¥à¨ ¨¬¯ã«ìáï � ®¤­  ¨ â  ¦¥. � ª¨¬ ¦¥ ®¡à §®¬P ¨ p0 ¯à¥¤áâ ¢«ïîâ áà¥¤­¥¥ ¨ ¢®§¬ãé¥­­®¥ ¤ ¢«¥-­¨¥.�â¬¥â¨¬, çâ® ¢ íªá¯¥à¨¬¥­â å ¯à¨ ®¡â¥ª ­¨¨¢®£­ãâ®© ¯®¢¥àå­®áâ¨ ¢ áâ æ¨®­ à­®¬ ¯®£à ­¨ç-­®¬ á«®¥, ª ª ¯à ¢¨«®, à¥£¨áâà¨àãîâ ¯à®¤®«ì­ë¥¢¨åà¨,  ¬¯«¨âã¤  ª®â®àëå à áâ¥â ¢­¨§ ¯® ¯®â®-ªã [5,32]. � á¢ï§¨ á íâ¨¬, ¢®§¬ãé¥­¨ï à áá¬ âà¨-¢ «¨áì ¢ ¢¨¤¥ ¢¨åà¥©,  ¬¯«¨âã¤  ª®â®àëå à áâ¥â¢¤®«ì ª®®à¤¨­ âë x:u0 = û(�) cos (�z) exp(R �dx);v0 = v̂(�) cos (�z) exp(R �dx);w0 = ŵ(�) sin (�z) exp(R �dx);p0 = p̂(�) cos (�z) exp(R �dx): (9)�¤¥áì � = y=�; � { â®«é¨­  ¯®â¥à¨ ¨¬¯ã«ì-á ; � = 0:0664p�x=U0, � - ¢®«­®¢®¥ ç¨á«®; �

- ¨­ªà¥¬¥­â ­ à áâ ­¨ï ¢®§¬ãè¥­¨©; û; v̂; ŵ; p̂ { ¬¯«¨âã¤ë ¢®§¬ãé¥­¨©. �â¬¥â¨¬, çâ® ®á¨ ¢¨-åà¥© ï¢«ïîâáï ¢ ¤ ­­®¬ á«ãç ¥ ¯ à ««¥«ì­ë¬¨®á¨ x.�®á«¥ § ¬¥­ë ¯¥à¥¬¥­­ëå (x; y; z) ­  ª®®à¤¨­ -âë ¯®£à ­¨ç­®£® á«®ï (x; �; z) ¢ á¨áâ¥¬¥ ãà ¢­¥­¨©(2) { (5) ¨ ¯®¤áâ ­®¢ª¨ ¢ ­¥¥ á®®â­®è¥­¨© (8){(9) ¯®«ãç¨¬ ãà ¢­¥­¨ï ¤«ï  ¬¯«¨âã¤ ¢®§¬ãé¥­¨©.�à¨ íâ®¬ ­¥®¡å®¤¨¬® ãç¨âë¢ âì, çâ® ®á­®¢­®¥ â¥-ç¥­¨¥ U (x; y); P (x; y) â ª¦¥ ï¢«ï¥âáï à¥è¥­¨¥¬ á¨-áâ¥¬ë (2) { (5).�¢¥¤¥¬ ®¡¥§à §¬¥à¥­­ë¥ ¢¥«¨ç¨­ë: ~U = U=U0,~u = û=U0, ~v = v̂=U0, ~w = ŵ=U0, ~p = p̂=�U20 , B = ��,A = ��, ~K = k�, Re = U0�=�, £¤¥ áª®à®áâì U0 ¨â®«é¨­  ¯®â¥à¨ ¨¬¯ã«ìá  � ¡ë«¨ ¢ë¡à ­ë ¢ ª -ç¥áâ¢¥ å à ªâ¥à­ëå ¯ à ¬¥âà®¢ § ¤ ç¨. �à¨ ¨á-¯®«ì§®¢ ­¨¨ ®¡ëç­®£® ¬¥â®¤  «¨­¥ à¨§ æ¨¨ ç«¥-­ ¬¨ ãà ¢­¥­¨©, á®¤¥à¦ é¨¬¨ ª¢ ¤à â¨ç­ë¥ ç«¥-­ë, ¯à¨­¥¡à¥£ «®áì. �«¥¤ã¥â ®â¬¥â¨âì, çâ® áâà®-£®¥ ®¡®á­®¢ ­¨¥ ¬¥â®¤  «¨­¥ à¨§ æ¨¨ ¯à¨¬¥­¨-â¥«ì­® ª § ¤ ç ¬ ãáâ®©ç¨¢®áâ¨ àï¤  áâ æ¨®­ à-­ëå â¥ç¥­¨© ¡ë«® á¤¥« ­® �¤®¢¨ç¥¬ [37]. �®á«¥àï¤  ¯à¥®¡à §®¢ ­¨© ¡ë«  ¯®«ãç¥­  á¨áâ¥¬  ãà ¢-­¥­¨© ¤«ï  ¬¯«¨âã¤ ¢®§¬ãé¥­¨©, ª®â®à ï ¤«ï á«ã-ç ï � = const ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­  ¢ á«¥¤ãî-é¥¬ ¢¨¤¥ (§¤¥áì ¨ ­¨¦¥ á¨¬¢®« � ®¯ãé¥­):Lu�Re� dUd� �Re�BP + Re�Kv(U � 2) = 0; (10)Lv + 2(U � 1)Re�Ku �Re� dPd� = 0; (11)Lw + Re�AP = 0; (12)Bu+ dvd� + Aw = 0; (13)£¤¥ ®¯¥à â®àL = d2d�2 � (A2 +Re�UB):�®«ãç¥­­ ï á¨áâ¥¬  ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨- «ì­ëå ãà ¢­¥­¨© á ¯¥à¥¬¥­­ë¬¨ ª®íää¨æ¨¥­â -¬¨ ï¢«ï¥âáï ®¤­®à®¤­®©. �à ­¨ç­ë¥ ãá«®¢¨ï ¢ á®-®â¢¥âáâ¢¨¨ á ãá«®¢¨ï¬¨ (6), (7) ¨¬¥îâ ¢¨¤u = v = w = 0 ¯à¨ � = 0; (14)u; v; w ! 0 ¯à¨ y ! 1: (15)�¥è¥­¨¥ ®¤­®à®¤­®© á¨áâ¥¬ë ãà ¢­¥­¨© (10){(13)á ®¤­®à®¤­ë¬¨ £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨ (14),(15)§ ¢¨á¨â ®â âà¥å ¯ à¬¥âà®¢ A;B;K. � ¤ ¢ ï ¤¢ ¨§ ­¨å, âà¥â¨© ¯ à ¬¥âà ¬®¦¥â à áá¬ âà¨¢ âìáï¢ ª ç¥áâ¢¥ á®¡áâ¢¥­­®£® ç¨á«  § ¤ ç¨ [22]. � à ¡®-â å [18, 27] ¯®ª § ­®, çâ®  ¬¯«¨âã¤  ¢®§¬ãé¥­¨©�.�. �¨ª¨è®¢  67



ISSN 1561-9087 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 2000. 2 (74), N 2. �. 64 { 75¡ëáâà® § âãå ¥â á à®áâ®¬ �. � ª¨¬ ®¡à §®¬, £à -­¨ç­®¥ ãá«®¢¨¥ (15) ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­® ¢¢¨¤¥ u = v = w = 0 ¯à¨ � = �0: (16)�®­¥ç­®-à §­®áâ­ë© ¬¥â®¤ ¨á¯®«ì§®¢ ­ ¤«ï à¥è¥-­¨ï § ¤ ç¨ [7]. �¡« áâì ¨­â¥£à¨à®¢ ­¨ï à §¤¥«¥­ ­ M à ¢­ëå ç áâ¥© á è £®¬ h = �0=(M�1). �à®-¨§¢®¤­ë¥  ¯¯à®ªá¨¬¨à®¢ «¨áì æ¥­âà «ì­ë¬¨ à §-­®áâï¬¨ ¢â®à®£® ¯®àï¤ª  â®ç­®áâ¨ ¯® h [19]. �®-«ãç¥­  á¨áâ¥¬  ®¤­®à®¤­ëå  «£¥¡à ¨ç¥áª¨å ãà ¢-­¥­¨©, ª®â®à ï ¤«ï â®çª¨ m ¬®¦¥â ¡ëâì ¯à¥¤áâ -¢«¥­  ¢ ¢¨¤¥Lmum + bm3 vm + bm4 pm = 0;Lmvm + bm6 um + bm7 wm++C1(pm � pm�1) = 0;Lmwm + bm7 vm + bm10pm = 0;bm11um + C2(vm+1 � vm�1)+bm12vm + bm13wm = 0; (17)£¤¥ ¢¢¥¤¥­ á«¥¤ãîé¨© ®¯¥à â®à:Lmfm = Qm1 fm+1 +Qm3 fm +Qm2 fm�1:�¤¥áì ª®íää¨æ¨¥­âë Qmi , bmi § ¢¨áïâ ®â Re�, U0,h, m, K? (á¨á¬¢®« ? ®¡®§­ ç ¥â ¯ à ¬¥âà, á¢ï§ ­-­ë© á ª®­¥ç­®-à §­®áâ­®© § ¤ ç¥©); C1, C2 ï¢«ï-îâáï ¯®áâ®ï­­ë¬¨ ¢¥«¨ç¨­ ¬¨. �à®¬¥ â®£®, ¨¬¥-¥¬ á«¥¤ãîé¨¥ ãá«®¢¨ï:u0 = v0 = w0 = 0; (18)uM = vM = wM = 0;¢ëâ¥ª îé¨¥ ¨§ £à ­¨ç­ëå ãá«®¢¨© (14) ¨ (16).� ª¨¬ ®¡à §®¬, § ¤ ç  á¢¥« áì ª à¥è¥­¨î á¨-áâ¥¬ë ãà ¢­¥­¨© (17) á £à ­¨ç­ë¬¨ ã«®¢¨ï¬¨(18). �¥âà¨¢¨ «ì­®¥ à¥è¥­¨¥ íâ®© á¨áâ¥¬ë áã-é¥áâ¢ã¥â, ¥á«¨ ¤¥â¥à¬¨­ ­â ¬ âà¨æë ¥¥ ª®íää¨-æ¨¥­â®¢ à ¢¥­ ­ã«î [14]. �®¯®«­¨â¥«ì­ë¥ £à ­¨ç-­ë¥ ãá«®¢¨ï, ª®â®àë¥ ­¥®¡å®¤¨¬ë ¤«ï â®£®, çâ®¡ë§ ¤ ç  ¡ë«  § ¬ª­ãâ®©, ¯®«ãç¥­ë ¨§ ãá«®¢¨ï ­¥-á¦¨¬ ¥¬®áâ¨ v1 = 0:25v2; (19)vM�1 = 0: (20)�¥è¥­¨¥ á¨áâ¥¬ë ãà ¢­¥­¨© (17) á ãá«®¢¨ï¬¨(18){(20) § ¢¨á¨â ®â ¯ à ¬¥âà®¢ A?, B?, K?. � -¤ ¢ ï ¤¢  ¨§ ­¨å, âà¥â¨© ¬®¦¥â à áá¬ âà¨¢ âìáï

ª ª á®¡áâ¢¥­­®¥ ç¨á«® § ¤ ç¨. � ¨¡®«ìè¨© ¨­-â¥à¥á ¯à¥¤áâ ¢«ï¥â ¬¨­¨¬ «ì­®¥ á®¡áâ¢¥­­®¥ ç¨-á«®. �á¯®«ì§ãï â¥®à¥¬ã ® ­ ¨¬¥­ìè¥¬ á®¡áâ¢¥­-­®¬ ç¨á«¥, ¢ à ¡®â¥ [7] ¯®ª § ­®, çâ® ¬¨­¨¬ «ì-­®¥ á®¡áâ¢¥­­®¥ ç¨á«® ª®­¥ç­®-à §­®áâ­®© § ¤ -ç¨ �M1 ¯à¨¡«¨¦ ¥âáï ª á®¡áâ¢¥­­®¬ã ç¨á«ã ®à¨-£¨­ «ì­®© § ¤ ç¨, áä®à¬ã«¨à®¢ ­­®© à ­¥¥, ª®£¤ M !1. �è¨¡ª  ¢ ®¯à¥¤¥«¥­¨¨ á®¡áâ¢¥­­®£® ç¨-á«  ¯à¨¡«¨¦ ¥âáï ª ­ã«î, ª ª h2, â.¥.j�1 � �M1 j � const � h2:�¥¯¥àì ®áâ ­®¢¨¬áï ­  ä®à¬¥ ¯à®ä¨«ï ®á­®¢­®-£® ¯®â®ª . �¥àâ«¥à [16] ¯à®¤¥¬®­áâà¨à®¢ «, çâ®å à ªâ¥à¨áâ¨ª¨ ­¥ãáâ®©ç¨¢®áâ¨ § ¢¨áïâ ¯à¥¦¤¥¢á¥£® ®â â®«é¨­ë ¯®â¥à¨ ¨¬¯ã«ìá  � ¨ ­¥¡®«ìè¨¥®âª«®­¥­¨ï ¢ ä®à¬¥ ¯à®ä¨«ï áª®à®áâ¨ ­¥ ¯à®¨§¢®-¤ïâ § ¬¥â­®£® ¢«¨ï­¨ï ­  ª®­ä¨£ãà æ¨î ¤¨ £à ¬-¬ë ãáâ®©ç¨¢®áâ¨. �­ «®£¨ç­ë© ¢ë¢®¤ á¤¥« ­ ¢à ¡®â¥ [9], ¢ ª®â®à®© ¨§ãç « áì ãáâ®©ç¨¢®áâì â¥-ç¥­¨ï ¢¤®«ì ¢®£­ãâ®© ¯®¢¥àå­®áâ¨ ¬¥â®¤®¬ � «¥à-ª¨­ . �¢â®à à áá¬ âà¨¢ « á«¥¤ãîé¨© ¯à®ä¨«ìáª®à®áâ¨:U=U0 = y ¯à¨ 0 � y � 1;U=U0 = 1 ¯à¨ 1 < y;¨ ¯®ª § «, çâ® å à ªâ¥à¨áâ¨ª¨ ­¥ãáâ®©ç¨¢®áâ¨ï¢«ïîâáï ¡«¨§ª¨¬¨ ª à¥§ã«ìâ â ¬ �¥àâ«¥à .�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯®£à ­¨ç­ë© á«®© ­  ¨á-ªà¨¢«¥­­®© ¯®¢¥àå­®áâ¨ ¬ «® ®â«¨ç ¥âáï ®â ¯®-£à ­¨ç­®£® á«®ï ­  ¯«®áª®© ¯®¢¥àå­®áâ¨, ¥á«¨ ªà¨-¢¨§­  ¯®¢¥àå­®áâ¨ ¬ «  [13,17]. �  ®á­®¢¥ ®æ¥­-ª¨ ç«¥­®¢ ãà ¢­¥­¨© � ¢ì¥-�â®ªá , § ¯¨á ­­ëå ¢ªà¨¢®«¨­¥©­®© á¨áâ¥¬¥ ª®®à¤¨­ â, ¬®¦­® ¯®ª -§ âì, çâ® ¢á¥ ¤®¯®«­¨â¥«ì­ë¥ ç«¥­ë ãà ¢­¥­¨©,¢ ª®â®àë¥ ¢å®¤¨â à ¤¨ãá ªà¨¢¨§­ë, ¬¥­ìè¥ ¢ �=Rà § ç«¥­®¢, ª®â®àë¥ ¢å®¤ïâ ¢ ãà ¢­¥­¨ï �à ­¤â«ï¤«ï ¯®£à ­¨ç­®£® á«®ï ­  ¯«®áª®© ¯®¢¥àå­®áâ¨.�á«¨ à ¤¨ãá ªà¨¢¨§­ë R ¡®«ìè¥ ¤«¨­ë à áá¬ -âà¨¢ ¥¬®£® æ¨«¨­¤à¨ç¥áª®£® á¥£¬¥­â  l, â® á¨áâ¥-¬  ãà ¢­¥­¨© à á¯ ¤ ¥âáï ­  ¤¢¥: ®¡ëç­ë¥ ãà ¢-­¥­¨ï �à ­¤â«ï ¤«ï ¯«®áª®© ¯« áâ¨­ë ¨ ãà ¢­¥-­¨ï ¤«ï æ¥­âà®¡¥¦­®© á¨«ë, ª®â®àë¥ ¬®¦­® à¥-è¨âì ¯®á«¥ à¥è¥­¨ï ãà ¢­¥­¨© �à ­¤â«ï. �®-£¤  ¤«ï ¯®ä¨«ï áª®à®áâ¨ ®á­®¢­®£® â¥ç¥­¨ï ¬®¦¥â¡ëâì ¨á¯®«ì§®¢ ­® ¨§¢¥áâ­®¥ à¥è¥­¨¥ �« §¨ãá ,ãç¨âë¢ ï, çâ® ­ ¨¡®«ìè¥¥ ¢«¨ï­¨¥ ­  å à ªâ¥à¨-áâ¨ª¨ ­¥ãáâ®©ç¨¢®áâ¨ ¨¬¥¥â â®«é¨­  ¯®â¥à¨ ¨¬-¯ã«ìá . �®­ªà¥â­ë¥ ¢¥«¨ç¨­ë ¤«ï U (�) ¡ë«¨ ¢§ï-âë ¨§ ¬®­®£à ä¨¨ �«¨åâ¨­£  [28].68 �.�. �¨ª¨è®¢ 



ISSN 1561-9087 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 2000. 2 (74), N 2. �. 64 { 752. ����������������������������� ááç¨â ­­ ï ¤¨ £à ¬¬  ãáâ®©ç¨¢®áâ¨ ¯à¥¤-áâ ¢«¥­  ­  à¨á. 4. �® ®á¨  ¡áæ¨áá ®â«®¦¥­® ¢®«-­®¢®¥ ç¨á«®, ­®à¬¨à®¢ ­­®¥ ­  â®«é¨­ã ¯®â¥à¨¨¬¯ã«ìá  �, ¯® ®á¨ ®à¤¨­ â { ç¨á«® �¥àâ«¥à Gr = U0�� r �R:�¯«®è­ë¥ ªà¨¢ë¥ á®®â¢¥âáâ¢ãîâ à §­ë¬ §­ -ç¥­¨ï¬ ¢¥«¨ç¨­ë ��Re�, ª®â®à ï å à ªâ¥à¨§ã-¥â ¨­ªà¥¬¥­â ­ à áâ ­¨ï ¢®§¬ãé¥­¨© (â¥ç¥­¨¥ï¢«ï¥âáï ­¥ãáâ®©ç¨¢ë¬ ¢ëè¥ ­¥©âà «ì­®© ªà¨¢®©��Re� = 0). �âà¨å®¢ë¥ ªà¨¢ë¥ (ª®à®âª¨© èâà¨å)á ®âà¨æ â¥«ì­ë¬¨ §­ ç¥­¨ï¬¨ ��Re� (¢ ¤ ­­®¬á«ãç ¥ �0:05;�0:1;�0:2) á®®â¢¥âáâ¢ãîâ § âãå î-é¨¬ ¢®§¬ãé¥­¨ï¬.
�¨á. 4. �¨ £à ¬¬  ãáâ®©ç¨¢®áâ¨�¥©âà «ì­ ï ªà¨¢ ï, ­ ©¤¥­­ ï �¬¨â®¬ [27] ¤«ïá«ãç ï ®¡â¥ª ­¨ï ¢®£­ãâ®© ¯®¢¥àå­®áâ¨, ¯à¥¤áâ -¢«¥­  èâà¨å®¢®© ªà¨¢®© (¤«¨­­ë© èâà¨å). �¨¤-­®, çâ® ªà¨â¨ç¥áª®¥ ç¨á«® �¥àâ«¥à  Grcr , ¯®«ã-ç¥­­®¥ ¤«ï á«ãç ï ¤¢¨¦¥­¨ï á¥£¬¥­â  æ¨«¨­¤à¨ç¥-áª®© ¯®¢¥àå­®áâ¨, á®áâ ¢«ï¥â 2.1, ¢ â® ¢à¥¬ï ª ªGrcr = 0:33 ¤«ï ®¡â¥ª ­¨ï ¢®£­ãâ®© ¯®¢¥àå­®áâ¨.� ª¨¬ ®¡à §®¬, â¥ç¥­¨¥ ¢¡«¨§¨ ¢ë¯ãª«®© ¤¢¨¦ã-é¥©áï ¯®¢¥àå­®áâ¨ ï¢ï«ï¥âáï ¡®«¥¥ ãáâ®©ç¨¢ë¬,ç¥¬ â¥ç¥­¨¥ ­ ¤ ¢®£­ãâ®© ¯®¢¥àå­®áâìî.

�à¨¢ë¥ a, b, c ­  à¨á. 4 å à ªâ¥à¨§ãîâ à §-¢¨â¨¥ ¢®§¬ãé¥­¨© á § ¤ ­­®© ¤«¨­®© ¢®«­ë ¯à¨¢®§à áâ ­¨¨ ç¨á«  �¥àâ«¥à . �­ «¨§ ¯à®¢¥¤¥­ ¤«ïâà¥å ¤«¨­ ¢®«­. �®«­®¢ë¥ ç¨á«  ¯à¨ íâ®¬ ¡ë«¨à ¢­ë: �� = 0:1 (ªà¨¢ ï a), �� = 0:1 (ªà¨¢ ïb), �� = 0:1 (ªà¨¢ ï c) ¯à¨ Gr = 1. �®çª¨ ­ ªà¨¢ëå a, b, c, ª®â®àë¥ «¥¦ â ¢ëè¥ ­¥©âà «ì­®©ªà¨¢®© (��Re� = 0), ®â¢¥ç îâ ­ à áâ îé¨¬ ¢®§-¬ãé¥­¨ï¬,   â®çª¨ ­¨¦¥ ¥¥ { § âãå îé¨¬. �¨¤­®,çâ®  ¬¯«¨âã¤  ¢®§¬ãé¥­¨ï, á¢ï§ ­­®£® á ªà¨¢®©c, á¨«ì­® § âãå ¥â ¢­¨§ ¯® ¯®â®ªã. �®£¤  ç¨á«®�¥àâ«¥à  à ¢­® ¯à¨¡«¨§¨â¥«ì­® 3 (íâ® §®­  ¯¥à¥-á¥ç¥­¨ï ªà¨¢®© c á ­¥©âà «ì­®© ªà¨¢®©),  ¬¯«¨-âã¤  ¢®§¬ãé¥­¨ï ã¦¥ § ¬¥â­® ã¬¥­ìè¨« áì, ¨ ®­ ¯ ç¨­ ¥â ­ à áâ âì â®«ìª® á íâ®£® ¬¥áâ . � âãå -­¨¥ ¢®§¬ãé¥­¨ï b ï¢«ï¥âáï § ¬¥â­® ¬¥­ìè¨¬ ¨ ¥£®­ à áâ ­¨¥ ­ ç¨­ ¥âáï, ª®£¤  ç¨á«® �¥àâ«¥à  Gr­¥áª®«ìª® ¯à¥¢ëè ¥â ¥£® ªà¨â¨ç¥áª®¥ §­ ç¥­¨¥,â.¥. Gr > 2:1. �â¬¥â¨¬, çâ® ªà¨¢ ï b à á¯®«®¦¥-­  ¢ ®¡« áâ¨, ¤«ï ª®â®à®© å à ªâ¥à¥­ ­ ¨¡®«ìè¨©à®áâ  ¬¯«¨âã¤ë ¢®§¬ãé¥­¨©. �¨¤­®, çâ® § âã-å ­¨¥ ¢®§¬ãé¥­¨ï a ¥é¥ ¬¥­ìè¥, ç¥¬ § âãå ­¨¥¢®§¬ãé¥­¨ï b, ­® ¨ ¥£® ­ à áâ ­¨¥ áãé¥áâ¢¥­­®¬¥­ìè¥, ç¥¬ ¢®§¬ãé¥­¨ï b.�ëè¥¯à¨¢¥¤¥­­ë¥ à¥§ã«ìâ âë ¯®¬®£ îâ ­ ©â¨®â¢¥â ­  ¢®¯à®á: ª ª¨¥ ¢®§¬ãé¥­¨ï ¬®£ãâ ¢áâà¥-â¨âìáï ¢ à¥ «ì­®© á¨âã æ¨¨? �ç¥¢¨¤­®, ¥á«¨ ¢¯®â®ª¥ ¨¬¥îâáï í­¥à£¨ç­ë¥ ¢®§¬ãé¥­¨ï, â® ¯¥-à¥å®¤ ª âãà¡ã«¥­â­®áâ¨ ¯à®¨áå®¤¨â ¯à ªâ¨ç¥áª¨áà §ã §  â®çª®© ¯®â¥à¨ ãáâ®©ç¨¢®áâ¨, â.¥. ª®£¤ ç¨á«® �¥àâ«¥à  áâ ­®¢¨âáï ¡®«ìè¨¬, ç¥¬ ªà¨â¨-ç¥áª®¥ §­ ç¥­¨¥. �ªá¯¥à¨¬¥­â «ì­ë¥ à ¡®âë ­ ¢®£­ãâ®© ¯®¢¥àå­®áâ¨ ¯®ª §ë¢ îâ, çâ® §®­  ¯¥à¥-å®¤  ï¢«ï¥âáï ¤®áâ â®ç­® ¡®«ìè®©, ª®£¤  áâ¥¯¥­ìâãà¡ã«¥­â­®áâ¨ ¯®â®ª  ¬¥­ìè¥, ç¥¬ 0.1%. � á-á¬®âà¨¬ ¤¢  á«ãç ï. �­ ç «  à áá¬®âà¨¬ ¢®§¬ã-é¥­¨ï, ª®â®àë¥ áãé¥áâ¢ãîâ ¢® ¢á¥¬ ¯®â®ª¥, â.¥.¨ ¢­¥ ¯®£à ­¨ç­®£® á«®ï. �­¨ ¨¬¥îâ è¨à®ª¨©á¯¥ªâà ¤«¨­ ¢®«­ ¨ ¬®£ãâ ­ å®¤¨âáï ¢ «î¡®© ®¡« -áâ¨ ¯®£à ­¨ç­®£® á«®ï. �ç¥¢¨¤­®, çâ® ¢®§¬ãé¥-­¨ï á ¬ ªá¨¬ «ì­ë¬ ¨­ªà¥¬¥­â®¬ ­ à áâ ­¨ï ¡ã-¤ãâ ®¡­ àã¦¨¢ âìáï ¢ íªá¯¥à¨¬¥­â å. �á«¨ ­ -­¥áâ¨ â®çª¨, á®®â¢¥âáâ¢ãîé¨¥ íªá¯¥à¨¬¥­â «ì­®§ à¥£¨áâà¨à®¢ ­­ë¬ ¢®§¬ãé¥­¨ï¬, ­  ¤¨ £à ¬-¬ã ­¥ãáâ®©ç¨¢®áâ¨, â® ¬®¦­® ®¦¨¤ âì, çâ® íâ¨â®çª¨ ¡ã¤ãâ à á¯®« £ âìáï ­¥áª®«ìª® «¥¢¥¥ ªà¨-¢®© b. �¥¯¥àì à áá¬®âà¨¬ á«ãç ©, ª®£¤  ¢®§¬ãé¥-­¨ï ¢®§­¨ª îâ ¢¡«¨§¨ à¥¡à  ¢¥¤ãé¥© ªà®¬ª¨ ¯®-¢¥àå­®áâ¨. �å á¯¥ªâà ¤«¨­ ¢®«­ ï¢ï«ï¥âáï â ª¦¥¤®áâ â®ç­® è¨à®ª¨¬, ­® ¢ ¯à®æ¥áá¥ á¢®¥£® à §-¢¨â¨ï ¢®§¬ãé¥­¨ï á­ ç «  ¯à®å®¤ïâ ãáâ®©ç¨¢ãî§®­ã ¯®£à ­¨ç­®£® á«®ï, £¤¥ ¯à®¨áå®¤¨â ¨å § âã-å ­¨¥. �§ ¤¨ £à ¬¬ë ­¥ãáâ®©ç¨¢®áâ¨ ¢¨¤­®, çâ®�.�. �¨ª¨è®¢  69



ISSN 1561-9087 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 2000. 2 (74), N 2. �. 64 { 75¢®§¬ãé¥­¨ï á ¡®«ìè¨¬¨ ¢®«­®¢ë¬¨ ç¨á« ¬¨ § -âãå îâ §­ ç¨â¥«ì­® ¡ëáâà¥¥, ç¥¬ ¢®§¬ãé¥­¨ï á¬ «ë¬¨ ¢®«­®¢ë¬¨ ç¨á« ¬¨. �®£¤  ¢®§¬ãé¥­¨ï¤®áâ¨£ îâ ®¡« áâ¨ ­¥ãáâ®©ç¨¢®áâ¨, ¨å á¯¥ªâà ã¦¥¨§¬¥­¥­, ¯à¨ç¥¬ ¢®§¬ãé¥­¨ï á ¡®«ìè¨¬¨ ¤«¨­ ¬¨¢®«­ ï¢«ïîâáï ¤®¬¨­¨àãîé¨¬¨. �®íâ®¬ã ¬®¦­®®¦¨¤ âì, çâ® ¤«¨­­®¢®«­®¢ë¥ ¢®§¬ãé¥­¨ï ¡ã¤ãâ¯à¥®¡« ¤ âì ¢® ¢á¥© §®­¥ ­¥ãáâ®©ç¨¢®áâ¨ ¨ ­ -¡«î¤ âìáï ¢ íªá¯¥à¨¬¥­â å. �¡« áâì ­  ¤¨ £à ¬-¬¥ ­¥ãáâ®©ç¨¢®áâ¨, ª®â®à ï á®®â¢¥âáâ¢ã¥â íâ¨¬¢®§¬ãé¥­¨ï¬, ¤®«¦­  ­ å®¤¨âáï ¢¡«¨§¨ (­¥¬­®£®¯à ¢¥¥) ªà¨¢®© a. �¡« áâì á«¥¢  ®â ªà¨¢®© a ®â-¢¥ç ¥â ¢®§¬ãé¥­¨ï¬, ç¥© ¨­ªà¥¬¥­â ­ à áâ ­¨ï¬¥­ìè¥, ¯®íâ®¬ã ®­¨ ¡ã¤ãâ ­ ¡«î¤ âìáï à¥¤ª®.

�¨á. 5. �¬¯«¨âã¤­ë¥ äã­ªæ¨¨:ªà¨¢ ï 1 á®®â¢¥âáâ¢ã¥â �� = 0:1, ªà¨¢ ï b {�� = 0:23, ªà¨¢ ï 3 { �� = 0:5, ªà¨¢ ï 4 { �� = 0:7,ªà¨¢ ï 5 { �� = 0:9, ªà¨¢ ï 6 { �� = 1:1�§¢¥áâ­®, çâ® ®¯à¥¤¥«¥­¨¥ å à ªâ¥à¨áâ¨ª ¯ã«ì-á æ¨© áª®à®áâ¨ ¢ ®¡« áâ¨ ¯¥à¥å®¤  ¢ ¯®£à ­¨ç-­®¬ á«®¥ ¨¬¥¥â ¢ ¦­®¥ ¯à ªâ¨ç¥áª®¥ §­ ç¥­¨¥ ¯à¨à áç¥â¥ ¯à®æ¥áá®¢ â¥¯«®¬ áá®¯¥à¥­®á  ¢ â¥ç¥­¨-ïå ®ª®«® ¢®£­ãâ®© ¯®¢¥àå­®áâ¨ [15,29,34]. �­ ­¨¥ç¨á«  �¥àâ«¥à  Gr ¨ ¤«¨­ë ¢®«­ë � ¢®§¬ãé¥­¨ïï¢«ï¥âáï ­¥¤®áâ â®ç­ë¬, çâ®¡ë ¯®«ãç¨âì ¯®«­ãî¨­ä®à¬ æ¨î ® å à ªâ¥à¨áâ¨ª å ¯ã«ìá æ¨©.�â¬¥â¨¬, çâ® ¯à®ä¨«¨ ª®¬¯®­¥­â áª®à®áâ¨ ¢®§-¬ãé¥­¨© à ááç¨âë¢ «¨áì â®«ìª® ¢ ­¥ª®â®àëå ®â-

¤¥«ì­ëå á«ãç ïå ¯à¨ ¨§ãç¥­¨¨ ®¡â¥ª ­¨ï ¢®£­ã-â®© ¯®¢¥àå­®áâ¨ [12, 27]. � áç¥â ¦¥ ¯à®ä¨«¥© ¤ -¢«¥­¨ï, ª ª ¯à ¢¨«®, ­¥ ¯à®¨§¢®¤¨«áï. � íªá¯¥à¨-¬¥­â å ®¡ëç­® à¥£¨áâà¨àã¥âáï â®«ìª® ¯à®¤®«ì­ ïª®¬¯®­¥­â  ¢®§¬ãé¥­­®© áª®à®áâ¨ [31, 34]. �ªá-¯¥à¨¬¥­â «ì­ ï ¨­ä®à¬ æ¨ï ® ¤àã£¨å ª®¬¯®­¥­-â å ¯à ªâ¨ç¥áª¨ ®âáãâáâ¢ã¥â. � á¢ï§¨ á íâ¨¬ ¢ë-¯®«­¥­ë á¨áâ¥¬ â¨ç¥áª¨¥ à áç¥âë  ¬¯«¨âã¤­ëåäã­ªæ¨© ¢®§¬ãé¥­¨© áª®à®áâ¨ ¨ ¤ ¢«¥­¨ï ¢ § ¢¨-á¨¬®áâ¨ ®â ¯ à ¬¥âà®¢ ®á­®¢­®£® â¥ç¥­¨ï ¢ ¯®-£à ­¨ç­®¬ á«®¥ ­  ¢ë¯ãª«®© ¤¢¨¦ãé¥©áï ¯®¢¥àå-­®áâ¨.
�¨á. 6. � ¢¨á¨¬®áâì wm ®â ¢®«­®¢®£® ç¨á« 
�¨á. 7. � ¢¨á¨¬®áâì wm1 ®â ¢®«­®¢®£® ç¨á« 70 �.�. �¨ª¨è®¢ 



ISSN 1561-9087 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 2000. 2 (74), N 2. �. 64 { 75�̈ ¯¨ç­ë¥ ªà¨¢ë¥  ¬¯«¨âã¤­ëå äã­ªæ¨© ª®¬-¯®­¥­â ¢®§¬ãé¥­­®© áª®à®áâ¨ u; v; w ¨ ¤ ¢«¥­¨ïp, ­®à¬ «¨§®¢ ­­ë¥ ¯® á®®â¢¥âáâ¢ãîé¨¬ ¢¥«¨ç¨-­ ¬ um,vm,wm,pm, £¤¥ um = jujmax, vm = jvjmax,wm = wmax, pm = pmax ¤«ï ç¨á«  �¥àâ«¥à  Gr = 6,¯à¥¤áâ ¢«¥­ë ­  à¨á. 5. �¤¥áì ¨­¤¥ªá "max"®¡®§­ ç ¥â ¬ ªá¨¬ «ì­ë¥ §­ ç¥­¨ï  ¬¯«¨âã¤­ëåäã­ªæ¨©.
�¨á. 8. � ¢¨á¨¬®áâì vm ®â ¢®«­®¢®£® ç¨á« 
�¨á. 9. � ¢¨á¨¬®áâì pm ®â ¢®«­®¢®£® ç¨á« � ª ¨ á«¥¤®¢ «® ®¦¨¤ âì, ¢®§¬ãé¥­¨ï á ¬¥­ìè¨-¬¨ ¤«¨­ ¬¨ ¢®«­ à á¯®« £ îâáï ¡«¨¦¥ ª ¯®¢¥àå-­®áâ¨ ¯® áà ¢­¥­¨î á ¢®§¬ãé¥­¨ï¬¨ á ¡®«ìè¨¬¨¤«¨­ ¬¨ ¢®«­.

� ©¤¥­®, çâ® ª ¦¤ ï ­®à¬ «¨§®¢ ­­ ï  ¬¯«¨-âã¤­ ï äã­ªæ¨ï § ¢¨á¨â â®«ìª® ®â ç¨á«  �¥àâ«¥à ¨ ¤«¨­ë ¢®«­ë ¢®§¬ãé¥­¨©.� ª ¬®¦­® ¢¨¤¥âì ¨§ à¨á. 5, ª ¦¤ë© £à ä¨ª ¬¯«¨âã¤­®© äã­ªæ¨¨ £®à¨§®­â «ì­®© ª®¬¯®­¥­-âë ¢®§¬ãé¥­­®© áª®à®áâ¨ u ¨¬¥¥â ®¤­ã íªáâà¥-¬ «ì­ãî â®çªã. �­ «®£¨ç­ë¥ íªáâà¥¬ «ì­ë¥ â®ç-ª¨ ¨¬¥¥â ª ¦¤ë© £à ä¨ª  ¬¯«¨âã¤­®© äã­ªæ¨¨¢¥àâ¨ª «ì­®© ª®¬¯®­¥­âë v.
�¨á. 10. � ¢¨á¨¬®áâì pm1 ®â ¢®«­®¢®£® ç¨á« 

�¨á. 11. � ¢¨á¨¬®áâì ¯®«®¦¥­¨ï um®â ¢®«­®¢®£® ç¨á« � ®â«¨ç¨¥ ®â ­¨å ª ¦¤ë© £à ä¨ª  ¬¯«¨âã¤-­®© äã­ªæ¨¨ âà ­á¢¥àá «ì­®© ª®¬¯®­¥­âë ¢®§¬ã-�.�. �¨ª¨è®¢  71



ISSN 1561-9087 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 2000. 2 (74), N 2. �. 64 { 75é¥­­®© áª®à®áâ¨ w ¨¬¥¥â ¤¢¥ íªáâà¥¬ «ì­ë¥ â®ç-ª¨: ¯¥à¢ ï (wm) ï¢ï«ï¥âáï ¬ ªá¨¬ã¬®¬ äã­ªæ¨¨,  ¢â®à ï, ª®â®àãî ®¡®§­ ç¨¬ ª ª wm1, { ¬¨­¨-¬ã¬®¬ (¥¥ §­ ç¥­¨¥ ®âà¨æ â¥«ì­®). �­ «®£¨ç­ ïá¨âã æ¨ï ¨¬¥¥â ¬¥áâ® á £à ä¨ª ¬¨  ¬¯«¨âã¤­ëåäã­ªæ¨© ¤ ¢«¥­¨ï p: ¯¥à¢ ï â®çª  (pm) ®â­®á¨âáïª ¬ ªá¨¬ «ì­®¬ã §­ ç¥­¨î ¨ ¢â®à ï â®çª  (pm1){ á®®â¢¥âáâ¢¥­­® ª ¬¨­¨¬ «ì­®¬ã §­ ç¥­¨î.
�¨á. 12. � ¢¨á¨¬®áâì ¯®«®¦¥­¨ï vm®â ¢®«­®¢®£® ç¨á« 
�¨á. 13. � ¢¨á¨¬®áâì ¯®«®¦¥­¨ï wm®â ¢®«­®¢®£® ç¨á« �­ «¨§ ¯®ª § «, çâ® ¢¥«¨ç¨­ë vmRe�, wmRe�,wm1Re�, pmRe2�, pm1Re2� â ª¦¥ ®¯à¥¤¥«ïîâáï ç¨-á«®¬ �¥àâ«¥à  Gr ¨ ¡¥§à §¬¥à­ë¬ ¢®«­®¢ë¬ ç¨-á«®¬ ��.

�¥§ã«ìâ âë ¢ëç¨á«¥­¨© íâ¨å ¢¥«¨ç¨­ ¢ § ¢¨á¨-¬®áâ¨ ®â ¢®«­®¢®£® ç¨á«  �� ¤«ï à §­ëå §­ ç¥­¨©ç¨á¥« �¥àâ«¥à  Gr ¯à¥¤áâ ¢«¥­ë ­  à¨á. 6 { 10.Kà¨¢ ï 1 á®®â¢¥âáâ¢ã¥â ç¨á«ã �¥àâ«¥à  Gr = 3,ªà¨¢ ï 2 { Gr = 4:5, ªà¨¢ ï 3 { Gr = 6, ªà¨¢ ï 4 {Gr = 7:5, ªà¨¢ ï 5 { Gr = 9, ªà¨¢ ï 6 { Gr = 10:5.�à¥¤áâ ¢«¥­­ë¥ à¥§ã«ìâ âë ¯®§¢®«ïîâ ¯à®¢®-¤¨âì ®æ¥­ªã íªáâà¥¬ «ì­ëå §­ ç¥­¨©  ¬¯«¨âã¤-­ëå äã­ªæ¨© u; v; w; p, ¥á«¨ â®«ìª® ®¤­  íªáâà¥-¬ «ì­ ï ¢¥«¨ç¨­  ¨§¢¥áâ­  (­ ¯à¨¬¥à, ¨§¬¥à¥­ íªá¯¥à¨¬¥­â «ì­ë¬ ¯ãâ¥¬) ¯à¨ § ¤ ­­ëå ¯ à ¬¥-âà å ¯®â®ª  ¨ ª®­ªà¥â­®£® §­ ç¥­¨ï ¢®«­®¢®£® ç¨-á« .�ç¥¢¨¤­®, çâ® ¤«ï ¯®áâà®¥­¨ï £à ä¨ª®¢  ¬¯«¨-âã¤­ëå äã­ªæ¨© ¯®¬¨¬® ¨­ä®à¬ æ¨¨ ® §­ ç¥­¨-ïå íªáâà¥¬ «ì­ëå â®ç¥ª ­¥®¡å®¤¨¬® â ª¦¥ §­ âìà á¯®«®¦¥­¨¥ íâ¨å â®ç¥ª. �«¥¤ã¥â ®â¬¥â¨âì, çâ®£à ä¨ª¨ äã­ªæ¨© w ¨ p ªà®¬¥ íªáâà¥¬ «ì­ëå ¨¬¥-îâ â ª¦¥ ¤àã£¨¥ å à ªâ¥à­ë¥ â®çª¨ { â®çª¨ ¯¥-
�¨á. 14. � ¢¨á¨¬®áâì ¯®«®¦¥­¨ï wm1®â ¢®«­®¢®£® ç¨á« à¥á¥ç¥­¨ï ª ¦¤®£® £à ä¨ª  á ¢¥àâ¨ª «ì­®© ®áìî(ws ¨ ps, á®®â¢¥âáâ¢¥­­®). �®«®¦¥­¨ï å à ªâ¥à-­ëå â®ç¥ª £à ä¨ª®¢  ¬¯«¨âã¤­ëå äã­ªæ¨© ¤«ïà §­ëå §­ ç¥­¨© ç¨á«  Gr ¢ § ¢¨á¨¬®áâ¨ ®â ¡¥§-à §¬¥à­®£® ¢®«­®¢®£® ç¨á«  �� ¯à¥¤áâ ¢«¥­ë ­ à¨á. 11 { 15.�̈ ¯ë ªà¨¢ëå «¨­¨© â¥ ¦¥, çâ® ¨ ­  à¨á. 6. �à¨-¢¥¤¥­­ë¥ £à ä¨ª¨ ¢¬¥áâ¥ á à¥§ã«ìâ â ¬¨, ¯à¥¤-áâ ¢«¥­­ë¬¨ ­  à¨á. 6 { 10, ¤ îâ ¢®§¬®¦­®áâì¯®«ãç¨âì ­¥®¡å®¤¨¬ãî ¨­ä®à¬ æ¨î ¤«ï ¯à¨¡«¨-¦¥­­®£® ¯®áâà®¥­¨ï £à ä¨ª®¢  ¬¯«¨âã¤­ëå äã­ª-æ¨© ¤«ï § ¤ ­­®£® ¢®«­®¢®£® ç¨á«  �� ¯à¨ ¨á¯®«ì-§®¢ ­¨¨ ¤ ­­ëå â®«ìª® ®¡ ®¤­®© ª®¬¯®­¥­â¥ ¢®§-72 �.�. �¨ª¨è®¢ 
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�¨á. 15. � ¢¨á¨¬®áâì ¯®«®¦¥­¨ï ws®â ¢®«­®¢®£® ç¨á« ¬ãé¥­­®© áª®à®áâ¨ ¨ ¯ à ¬¥âà®¢ ¯®â®ª .�����������­ä®à¬ æ¨ï ® ¢¨åà¥¢®© áâàãªâãà¥ â¥ç¥­¨ï ¢¯à¨áâ¥­®ç­®© ®¡« áâ¨ ­¥®¡å®¤¨¬  ¯à¨ ¯à®¥ªâ¨-à®¢ ­¨¨ ¨ á®§¤ ­¨¨ â¥å­¨ç¥áª¨å ãáâà®©áâ¢, ¨á-¯®«ì§®¢ ­¨¥ ª®â®àëå ¯®§¢®«ï¥â ¨­â¥­á¨ä¨æ¨à®-¢ âì ¯à®æ¥ááë â¥¯«®¬ áá®¯¥à¥­®á  ¢ ¯®â®ª å £ -§  ¨ ¦¨¤ª®áâ¨, ¤«ï á®¢¥àè¥­áâ¢®¢ ­¨ï ¬¥â®¤®¢à áç¥â  íâ¨å ¯à®æ¥áá®¢, ¤«ï à §à ¡®âª¨ â¥å­¨ç¥-áª¨å ¯à¥¤«®¦¥­¨©, à¥ «¨§ æ¨ï ª®â®àëå ¯®§¢®«ï¥âã¬¥­ìè¨âì á®¯à®â¨¢«¥­¨¥ âà¥­¨ï ¨ ¤à. �â  ¨­-ä®à¬ æ¨ï ï¢ï«ï¥âáï ®á­®¢®© ¤«ï á®§¤ ­¨ï íää¥ª-â¨¢­ëå ¬¥â®¤®¢ ã¯à ¢«¥­¨ï ¯®â®ª ¬¨.�§¢¥áâ­® [6], çâ® âãà¡ã«¥­â­ë¥ ¯®â®ª¨ ¢ ¯à¨-áâ¥­®ç­®© ®¡« áâ¨ å à ªâ¥à¨§ãîâáï áãé¥áâ¢®¢ -­¨¥¬ ¤¢®©­®© áâàãªâãàë ¢¨åà¥©. �¡«¨§¨ áâ¥­ª¨,â.¥. ¢ ¢ï§ª®¬ ¯®¤á«®¥ ¨ ¢ ¡ãä¥à­®© §®­¥, áãé¥-áâ¢ãîâ ¯à®¤®«ì­ë¥ ¢¨åà¨ ¬ «ëå ¬ áèâ ¡®¢ (¢¨-åà¨ �« ©­ ). �ëè¥ ¨å ¨¬¥¥âáï ®¡« áâì, ª®â®-à ï å à ªâ¥à¨§ã¥âáï ­ «¨ç¨¥¬ ¢¨åà¥¢ëå áâàãª-âãà ¡®«ìè¨å ¬ áèâ ¡®¢ (ª®£¥à¥­â­ë¥ áâàãªâã-àë). � §¢¨â¨¥ ¢¨åà¥¢ëå áâàãªâãà ¢ ¯®â®ª¥, ¨å¢§ ¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã á®¡®© ï¢«ï¥âáï £« ¢­ë¬ä ªâ®à®¬, ®¯à¥¤¥«ïîé¨¬ å à ªâ¥à¨áâ¨ª¨ â¥ç¥-­¨ï ¢¡«¨§¨ áâ¥­ª¨.�¤­®© ¨§ ¯à¨ç¨­, ª®â®à ï ®¡ãá« ¢«¨¢ ¥â ¢®§-­¨ª­®¢¥­¨¥ ¨ ä®à¬¨à®¢ ­¨¥ ¯à®¤®«ì­ëå ¢¨åà¥©,ï¢«ï¥âáï æ¥­âà®¡¥¦­ ï á¨« , á¢ï§ ­­ ï á áãé¥-áâ¢®¢ ­¨¥¬ ªà¨¢¨§­ë «¨­¨© â®ª . � à ¡®â¥ [36]¯®ª § ­®, çâ® ¬ áèâ ¡ë ¤«¨­ë ¯à®¤®«ì­ëå ¢¨-

åà¥© (¢¨åà¥© �¥àâ«¥à ) ­  ¯à®âï¦¥­¨¨ á¢®¥£® à §-¢¨â¨ï ¢¯«®âì ¤® ®¡àãè¥­¨ï å®à®è® á®¯®áâ ¢¨¬ëá ¯ à ¬¥âà ¬¨ ¯¥à¥å®¤­®£® ¯®£à ­¨ç­®£® á«®ï ­ ¯«®áª®© ¯« áâ¨­¥ [20, 25], ¥á«¨ ãç¨âë¢ âì â ª¦¥¯®«®¦¥­¨ï §®­ £¥­¥à æ¨¨ ¢â®à¨ç­®© ­¥ãáâ®©ç¨¢®-áâ¨. �  íâ® ¡ë«® â ª¦¥ ãª § ­® ¢ à ¡®â¥ [30].�­ä®à¬ æ¨ï ® å à ªâ¥à¨áâ¨ª å ¯à®¤®«ì­ëå ¢¨-åà¥©, ª®â®àë¥ ­ å®¤ïâáï ­  «¨­¥©­®© áâ ¤¨¨ à §-¢¨â¨ï, á«ã¦¨â ®á­®¢®© ¤«ï ¯®­¨¬ ­¨ï ¯à®æ¥áá®¢¯¥à¥å®¤  ª âãà¡ã«¥­â­®¬ã à¥¦¨¬ã,   â ª¦¥ ¤«ï ¯®-áâà®¥­¨ï ­¥«¨­¥©­ëå ¬®¤¥«¥© à §¢¨¢ îé¨åáï ¢¨-åà¥© �¥àâ«¥à . �«¥¤ã¥â ®â¬¥â¨âì, çâ® «¨­¥©­ ïáâ ¤¨ï à §¢¨â¨ï ¢¨åà¥© ­  ¢®£­ãâ®© ¯®¢¥àå­®áâ¨¨§ãç¥­  ¤®áâ â®ç­® ¯®«­®. � ¤ ­­®© à ¡®â¥ à á-á¬ âà¨¢ îâáï ­®¢ë¥  á¯¥ªâë ¯à®¡«¥¬ë. �®ª § -­®, çâ® ¢¨åà¨ �¥àâ«¥à  ¢®§­¨ª îâ ­  ¢ë¯ãª«®©¯®¢¥àå­®áâ¨, ª®â®à ï ¤¢¨¦¥âáï ¢¤®«ì ¨áªà¨¢«¥­-­®© âà ¥ªâ®à¨¨, ¢ ®â«¨ç¨¥ ®â á«ãç ï, ª®£¤  ­¥-¯®¤¢¨¦­ ï ªà¨¢®«¨­¥©­ ï ¯®¢¥àå­®áâì ®¡â¥ª ¥â-áï ¯®â®ª®¬ ¦¨¤ª®áâ¨ ¨ ¢¨åà¨ ¢®§­¨ª îâ ­  ¢®£­ã-â®© áâ®à®­¥. �áá«¥¤®¢ ­  «¨­¥©­ ï ãáâ®©ç¨¢®áâìâ ª®£® â¥ç¥­¨ï, ¯®áâà®¥­  ¤¨ £à ¬¬  ãáâ®©ç¨¢®-áâ¨. � ©¤¥­®, çâ® ªà¨â¨ç¥áª®¥ ç¨á«® �¥àâ«¥à §­ ç¨â¥«ì­® ¯à¥¢ëè ¥â  ­ «®£¨ç­®¥ ªà¨â¨ç¥áª®¥ç¨á«® ¤«ï á«ãç ï ®¡â¥ª ­¨ï ¯®â®ª®¬ ­¥¯®¤¢¨¦­®©¢®£­ãâ®© ¯®¢¥àå­®áâ¨. �®«¥¥ â®£®, ¤¨ ¯ §®­ ¢®«-­®¢ëå ç¨á¥«, ª®â®àë¥ å à ªâ¥à¨§ãîâ ­¥ãáâ®©ç¨-¢®áâì â¥ç¥­¨ï, ï¢«ï¥âáï ¡®«¥¥ ã§ª¨¬, ¯® áà ¢­¥-­¨î á® á«ãç ¥¬ ®¡â¥ª ­¨ï ¯®¢¥àå­®áâ¨. �â® ¯®-§¢®«ï¥â á¤¥« âì ¢ë¢®¤ ® â®¬, çâ® â¥ç¥­¨¥ ®ª®«®¤¢¨¦ãé¥©áï ªà¨¢®«¨­¥©­®© ¯®¢¥àå­®áâ¨, ª®â®à ï¤¢¨¦¥âáï ¢¤®«ì ªà¨¢®«¨­¥©­®© âà ¥ªâ®à¨¨, ï¢«ï-¥âáï ¡®«¥¥ ãáâ®©ç¨¢ë¬ ¯® áà ¢­¥­¨î á â¥ç¥­¨¥¬®ª®«® ­¥¯®¤¢¨¦­®© ¨áªà¨¢«¥­­®© ¯®¢¥àå­®áâ¨, ª®-â®à ï ®¡â¥ª ¥âáï ¯®â®ª®¬ ¦¨¤ª®áâ¨.� à ¡®â¥ ¯à®¢¥¤¥­ë á¨áâ¥¬ â¨ç¥áª¨¥ à áç¥âëá®¡áâ¢¥­­ëå äã­ªæ¨© § ¤ ç¨ ¤«ï à §­ëå §­ ç¥-­¨© ç¨á¥« �¥àâ«¥à  Gr ¨ ¡¥§à §¬¥à­®£® ¢®«­®¢®-£® ç¨á«  ��. �®áâà®¥­ë á®®â¢¥âáâ¢ãîé¨¥ £à -ä¨ª¨ íâ¨å äã­ªæ¨©, ­ ©¤¥­ë ¯®«®¦¥­¨ï ¨ §­ ç¥-­¨ï å à ªâ¥à­ëå â®ç¥ª ª ¦¤®© äã­ªæ¨¨ (¬ ªá¨-¬ «ì­ë¥ ¨ ¬¨­¨¬ «ì­ë¥ §­ ç¥­¨ï, â®çª¨ ¯¥à¥á¥-ç¥­¨ï á ¢¥àâ¨ª «ì­®© ®áìî). �â¨ ¤ ­­ë¥ ¯®§¢®«ï-îâ ¯à¨¡«¨¦¥­­® ®¯à¥¤¥«ïâì ¢á¥ ª®¬¯®­¥­âë ¢®§-¬ãé¥­­®© áª®à®áâ¨ ¨ ¤ ¢«¥­¨ï, ¥á«¨ ¨§¢¥áâ­  ¨­-ä®à¬ æ¨ï â®«ìª® ®¡ ®¤­®© ª®¬¯®­¥­â¥, ­ ¯à¨¬¥à,® ¬ ªá¨¬ «ì­®¬ §­ ç¥­¨¨ ¯à®¤®«ì­®© ª®¬¯®­¥­âë¢®§¬ãé¥­­®© áª®à®áâ¨, ª®â®à ï ¬®¦¥â ¡ëâì ¨§¬¥-à¥­  ¢ íªá¯¥à¨¬¥­â å.�«¥¤ã¥â â ª¦¥ ®â¬¥â¨âì, çâ® ®¡« áâì ¯à¨¬¥­¥-­¨ï ¯®«ãç¥­­ëå à¥§ã«ìâ â®¢ ­¥ ®£à ­¨ç¨¢ ¥âáïá«ãç ¥¬ ¤¢¨¦¥­¨ï ¯® ªàã£®¢®© âà ¥ªâ®à¨¨. �§-¢¥áâ­®, çâ® ¯à®¤®«ì­ë¥ ¢¨åà¨ ¢®§­¨ª îâ â ª¦¥�.�. �¨ª¨è®¢  73



ISSN 1561-9087 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 2000. 2 (74), N 2. �. 64 { 75¯à¨ ®¡â¥ª ­¨¨ ­¥¯®¤¢¨¦­®© ¢®£­ãâ®© ¯®¢¥àå­®-áâ¨ ¯à¨ ­ «¨ç¨¨ ¯à®¤®«ì­®£® £à ¤¨¥­â  ¤ ¢«¥-­¨ï. �®£¤  á«¥¤ã¥â ®¦¨¤ âì ¢®§­¨ª­®¢¥­¨ï â ª¨å¢¨åà¥© ¯à¨ ¤¢¨¦¥­¨¨ ­¥ â®«ìª® æ¨«¨­¤à¨ç¥áª®£®á¥ªâ®à , ­® ¨ â¥« à §­®© ä®à¬ë ¢¯«®âì ¤® ¯«®á-ª®© ¯®¢¥àå­®áâ¨ (¯à¨ ãá«®¢¨¨ ¡¥§®âàë¢­®£® ®¡â¥-ª ­¨ï á ¢­¥è­¥© áâ®à®­ë). � íâ®¬ á«ãç ¥ «¨­¨¨â®ª  ¡ã¤ãâ ¨áªà¨¢«¥­ë ¨ æ¥­âà®¡¥¦­ ï á¨«  ¡ã-¤¥â â ª¦¥ ®¡ãá« ¢«¨¢ âì ¢®§­¨ª­®¢¥­¨¥ ¯à®¤®«ì-­ëå ¢¨åà¥©.� ª ¡ë«® ãª § ­® à ­¥¥, æ¥­âà®¡¥¦­ë¥ á¨«ë¬®£ãâ ¢®§­¨ª âì ¨ ¯à¨  ªâ¨¢­®¬ ¯« ¢ ­¨¨ ¬®à-áª¨å ¬«¥ª®¯¨â îé¨åáï, ¢ ç áâ­®áâ¨ ¤¥«ìä¨­®¢,§  áç¥â ¨§£¨¡­ëå ¤¢¨¦¥­¨© ª®à¬®¢®© ç áâ¨ â¥-« . �áå®¤ï ¨§ ¯®«ãç¥­­ëå à¥§ã«ìâ â®¢, áâ ­®-¢¨âáï ïá­®, çâ® ¯à®¤®«ì­ë¥ ¢¨åà¨ ¢®§­¨ª îâ ­ ¢ë¯ãª«®© ¯®¢¥àå­®áâ¨ ª®à¬®¢®© ç áâ¨. �à¨ ¨§-£¨¡­ëå ¤¢¨¦¥­¨ïå ª®¦  ¤¥«ìä¨­  á® áâ®à®­ë ¢®-£­ãâ®© ¯®¢¥àå­®áâ¨ á¦¨¬ ¥âáï, ¨ ¥¥ ã¯à ¢«ïî-é¨¥ äã­ªæ¨¨ ¤®«¦­ë ®á« ¡¥¢ âì. � ®¡®à®â, á®áâ®à®­ë ¢ë¯ãª«®© ç áâ¨ ª®¦  à áâï£¨¢ ¥âáï, ¥¥¢­ãâà¥­­ïï áâàãªâãà  ¯à®ï«ï¥âáï à¥§ç¥ ¨, á«¥¤®-¢ â¥«ì­®, ¬®¦­® ®¦¨¤ âì ãá¨«¥­¨ï ¢®§¬®¦­®áâ¨¢®§¤¥©áâ¢¨ï ¥¥ ­  ¯®â®ª, ¢ ç áâ­®áâ¨ ­  ä®à¬¨-àãîé¨¥áï ¯à®¤®«ì­ë¥ ¢¨åà¨, ª®â®àë¥ ¨ ¢®§­¨ª -îâ ¨¬¥­­® ¢¡«¨§¨ ¢ë¯ãª«®© ¤¢¨¦ãé¥©áï ¯®¢¥àå-­®áâ¨.1. �¡«®ª®¢ �.�., �¥«ìª®¢¨ç �.�., �®à¨á®¢ �.�.�¨âë¨ ¤¥«ìä¨­ë.{ �.: � ãª , 1972.{ 472 á.2. �¥àè¨­ �.�. � ¬®­ áâà®©ª  ¤¥¬¯ä¨à®¢ ­¨ï ª®-¦¨ ¨ á­¨¦¥­¨¥ £¨¤à®¤¨­ ¬¨ç¥áª®£® á®¯à®â¨¢«¥-­¨ï ¯à¨  ªâ¨¢­®¬ ¯¤ ¢ ­¨¨ ª¨â®®¡à §­ëå //�¨®­¨ª .{ 1976.{ ¢ë¯. 10.{ �. 33-40.3. Aihara Y., Koyama H. Secondary instability ofGoertler vortices: formation of periodic three-dimensional coherent structure // Trans. Japan Soc.Aeronaut. and Space Sciences.{ 1981.{ 24, No.64.{P. 78-94.4. Aider J.L., Wesfreid J.E. Characterization of longi-tudinal Goertler vortices in a curved channel usingultrasonic Doppler velocimetry and visualizations //J.Pfys.III France.{ 1996.{ 6.{ P. 893-906.5. �®¡®èª® �.�., �¬¥¤à® �.�. �à®¤®«ì­ë¥ ¢¨åà¨¢ ¯®£à ­¨ç­®¬ á«®¥ ­  ¢®£­ãâ®© ¯®¢¥àå­®áâ¨ //�àã¤ë �¨ª®« ¥¢áª®£® ª®à ¡«¥áâà®¨â¥«ì­®£® ¨­-â .{ 1979.{ 152.{ �. 57-64.6. Cantwell B.J. Organized motion in turbulent 
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