
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 4. �. 17 { 23��� 533.6.011.5�541.123��������� ������������� ������� ���������� ������������ � ������������. �. �������� , �. �. ���������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 11.06.2004�áá«¥¤®¢ ­® â¥ç¥­¨¥ ¢ï§ª®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ ®ªà¥áâ­®áâ¨ ¯®«ãæ¨«¨­¤à¨ç¥áª®© ª ¢¥à­ë ­  ¯«®áª®© ¯®¢¥àå-­®áâ¨ ­  ®á­®¢ ­¨¨ ç¨á«¥­­®£® à¥è¥­¨ï ­¥áâ æ¨®­ à­ëå ãà ¢­¥­¨© � ¢ì¥-�â®ªá . �§ãç¥­  áâàãªâãà  â¥ç¥­¨ï¢­ãâà¨ ª ¢¥à­ë ¨ ¥¥ ¢«¨ï­¨¥ ­  å à ªâ¥à¨áâ¨ª¨ ¯®â®ª  ­ ¤ ¯« áâ¨­®©. �®ª § ­® áãé¥áâ¢®¢ ­¨¥ à §­ëå à¥¦¨¬®¢â¥ç¥­¨ï (áâ æ¨®­ à­®£® ¨ ª¢ §¨¯¥à¨®¤¨ç¥áª®£®) ¢ § ¢¨á¨¬®áâ¨ ®â ç¨á«  �¥©­®«ì¤á . �áá«¥¤®¢ ­ë á¯¥ªâà «ì­ë¥å à ªâ¥à¨áâ¨ª¨ ª®«¥¡ ­¨© ¯à¨ ­¥áâ æ¨®­ à­®¬ ¯®¢¥¤¥­¨¨ â¥ç¥­¨ï. �®ª § ­  á¢ï§ì ¡¥§à §¬¥à­ëå ç áâ®â á ç áâ®-â®© ­¥ãáâ®©ç¨¢®áâ¨ á¤¢¨£®¢®£® á«®ï ¢¤®«ì è¨à¨­ë ª ¢¥à­ë ­  ¯¥à¢®¬ íâ ¯¥ ­¥áâ æ¨®­ à­®£® à¥¦¨¬  ®¡â¥ª ­¨ï,¨ ¯®ï¢«¥­¨¥ ¨ à §¢¨â¨¥ ª®«¥¡ ­¨© c ¡®«¥¥ ­¨§ª¨¬¨ ç áâ®â ¬¨ ¯à¨ ¤ «ì­¥©è¥¬ ã¢¥«¨ç¥­¨¨ ç¨á«  �¥©­®«ì¤á .�®á«÷¤¦¥­® â¥ç÷î ¢`ï§ª®ù ­¥áâ¨á«¨¢®ù à÷¤¨­¨ ¢ ®ª®«÷ ­ ¯÷¢æ¨«÷­¤à¨ç­®ù ª ¢¥à­¨ ­  ¯«®áª÷© ¯®¢¥àå­÷ ­  ®á­®¢÷ ç¨-á¥«ì­®£® à®§¢`ï§ªã ­¥áâ æ÷®­ à­¨å à÷¢­ï­ì � ¢`õ-�â®ªá . �¨¢ç¥­® áâàãªâãàã â¥ç÷ù ¢á¥à¥¤¨­÷ ª ¢¥à­¨ â  ùù ¢¯«¨¢­  å à ªâ¥à¨áâ¨ª¨ ¯®â®ªã ­ ¤ ¯« áâ¨­®î. �®ª § ­® ÷á­ã¢ ­­ï à÷§­¨å à¥¦¨¬÷¢ â¥ç÷ù (áâ æ÷®­ à­®£® â  ª¢ §÷¯¥à÷®-¤¨ç­®£®) ¢ § «¥¦­®áâ÷ ¢÷¤ ç¨á«  �¥©­®«ì¤ . �®á«÷¤¦¥­® á¯¥ªâà «ì­÷ å à ªâ¥à¨áâ¨ª¨ ª®«¨¢ ­ì ¯à¨ ­¥áâ æ÷®­ à­÷©¯®¢¥¤÷­æ÷ â¥ç÷ù. �®ª § ­®§¢`ï§®ª ¡¥§à®§¬÷à­¨å ç áâ®â § ç áâ®â®î ­¥áâ÷©ª®áâ÷ §áã¢­®£® è àã ¢§¤®¢¦è¨à¨­¨ ª ¢¥à-­¨ ­  ¯¥àè®¬ã ¥â ¯÷ ­¥áâ æ÷®­ à­®£® à¥¦¨¬ã ®¡â÷ª ­­ï, ÷ ¯®ï¢ã ÷ à®§¢¨â®ª ª®«¨¢ ­ì § ¡÷«ìè ­¨§ìª¨¬¨ ç áâ®â ¬¨¯à¨ ¯®¤ «ìè®¬ã §¡÷«ìè¥­­÷ ç¨á«  �¥©­®«ì¤ .The 
ow of viscous incompressible liquid past a semicircular cavity in a 
at surface has been investigated, on the basisof numerical solution to unstable Navier-Stokes equations. The structure of 
ow inside the cavity and its in
uenceon the characteristics of 
ow over the surface has been analyzed. There exist di�erent regimes of 
ow (stable andquasiperiodic) in dependence on the Reynolds number. Spectrum characteristics of oscillations at unstable behavior of
ow have been investigated. A correlation of nondimensionalized frequencies with the frequency of instability of the shearlayer along cavity mouth has been revealed, at the initial stage of unstable regime, as well as appearance and developmentof oscillations with lower frequencies, at increased Reynolds number.���������®à¬¨à®¢ ­¨¥ ¯®£à ­¨ç­®£® á«®ï ­  ¯®¢¥àå­®-áâïå á ¬ «ë¬¨ «®ª «ì­ë¬¨ (£¥®¬¥âà¨ç¥áª¨¬¨) ­¥-®¤­®à®¤­®áâï¬¨ áãé¥áâ¢¥­­® ®â«¨ç ¥âáï ®â à §-¢¨â¨ï ¯®£à ­¨ç­®£® á«®ï ­  ¦¥áâª®© £« ¤ª®© ¯®-¢¥àå­®áâ¨. � ¯¥à¢ãî ®ç¥à¥¤ì íâ¨ ­¥®¤­®à®¤­®áâ¨¢«¨ïîâ ­  ä®à¬¨à®¢ ­¨¥ ¢®«­®¢ëå ¨ ¢¨åà¥¢ëå¢®§¬ãé¥­¨© ¯®£à ­¨ç­®£® á«®ï. � áèâ ¡ë ¨ ¨­-â¥­á¨¢­®áâì ¢®§¬ãé¥­¨© ¯®£à ­¨ç­®£® á«®ï § ¢¨-áïâ ®â ä®à¬ë ¨ ®â­®á¨â¥«ì­ëå à §¬¥à®¢ ­¥®¤­®-à®¤­®áâ¥© (®â­¥á¥­­ëå ª «®ª «ì­ë¬ å à ªâ¥à­ë¬¬ áèâ ¡ ¬ ¯®£à ­¨ç­®£® á«®ï) ¨ «®ª «ì­ëå ç¨á¥«�¥©­®«ì¤á . �¥®¬¥âà¨ç¥áª¨¥ ­¥®¤­®à®¤­®áâ¨ ®¡-â¥ª ¥¬®© ¯®¢¥àå­®áâ¨ à §«¨ç îâáï ¯® ¬¥å ­¨§¬ã£¥­¥à æ¨¨ ¢®§¬ãé¥­¨© ¨ áâ¥¯¥­¨ ¢®§¤¥©áâ¢¨ï ­ å à ªâ¥à¨áâ¨ª¨ ¯®£à ­¨ç­®£® á«®ï. �á«®¢­® ¢á¥«®ª «ì­ë¥ £¥®¬¥âà¨ç¥áª¨¥ ­¥®¤­®à®¤­®áâ¨ ¬®¦­®à §¤¥«¨âì ­  ¤¢  ¢¨¤ : ¢ëáâã¯ îé¨¥ ­ ¤ ¯®¢¥àå-­®áâìî ¨ ¢ë¥¬ª¨ ¢ ¯®¢¥àå­®áâ¨.�ëáâã¯ îé¨¥ £¥®¬¥âà¨ç¥áª¨¥ ­¥®¤­®à®¤­®áâ¨(h � �, £¤¥ � { «®ª «ì­ ï â®«é¨­  ¯®£à ­¨ç­®-£® á«®ï) ®¡â¥ª ¥¬®© ¯®¢¥àå­®áâ¨ ¤ ¦¥ ¯à¨ ¬ «ëåç¨á« å �¥©­®«ì¤á  ¯à¨¢®¤ïâ ª ¯®ï¢«¥­¨î ­¥áâ æ¨-®­ à­ëå ®âàë¢­ëå §®­, à¥§ª®¬ã «®ª «ì­®¬ã ¢®§-

à áâ ­¨î á®¯à®â¨¢«¥­¨ï. �ëáâã¯ îé¨¥ ­¥®¤­®-à®¤­®áâ¨ £¥­¥à¨àãîâ ¢­¨§ ¯® ¯®â®ªã ¢¨åà¥¢ë¥¢®§¬ãé¥­¨ï, ¬ áèâ ¡ë ¨ ç áâ®âë ª®â®àëå § ¢¨-áïâ ®â ä®à¬ë ¨ ®â­®á¨â¥«ì­ëå à §¬¥à®¢ ¯à¥¯ïâ-áâ¢¨ï. � ª ¯à ¢¨«®, ®­¨ ¯à¨¢®¤ïâ ª âãà¡ã«¨§ -æ¨¨ ¯®£à ­¨ç­®£® á«®ï, ­® ¢ ®¯à¥¤¥«¥­­®¬ ¤¨ -¯ §®­¥ ç¨á¥« �¥©­®«ì¤á  ¬®¦­® ã¯à ¢«ïâì áâàãª-âãà®© ¯®â®ª  ¢­¨§ ¯® â¥ç¥­¨î §  áç¥â £¥­¥à -æ¨¨ ¯à¥¯ïâáâ¢¨¥¬ ¤¥â¥à¬¨­¨à®¢ ­­ëå ¢¨åà¥¢ëåáâàãªâãà, ¬¥è îé¨å áâ®å áâ¨§ æ¨¨ ¯®£à ­¨ç­®-£® á«®ï.�®ª «ì­ë¥ ã£«ã¡«¥­¨ï ¢ ¯®¢¥àå­®áâ¨ ¤® ®¯à¥-¤¥«¥­­ëå ®â­®á¨â¥«ì­ëå à §¬¥à®¢ (¯®àï¤ª  10�)¯à ªâ¨ç¥áª¨ ­¥ ¨§¬¥­ïîâ ¤¨­ ¬¨ç¥áª¨¥ å à ª-â¥à¨áâ¨ª¨ ®¡â¥ª ¥¬ëå ¯®¢¥àå­®áâ¥©. �®«¥¥ â®-£®, §  áç¥â ãáâ®©ç¨¢®£® æ¨àªã«ïæ¨®­­®£® â¥ç¥-­¨ï ¢ ã£«ã¡«¥­¨¨ «®ª «ì­® á­¨¦ ¥âáï á®¯à®â¨¢«¥-­¨¥ âà¥­¨ï [2, 3]. �¤­ ª® ¯à¨ ¡®«ìè¨å ç¨á« åRe á®åà ­¨âì ãáâ®©ç¨¢®áâì æ¨àªã«ïæ¨®­­®£® â¥-ç¥­¨ï ¢­ãâà¨ ã£«ã¡«¥­¨ï ­¥ ã¤ ¥âáï, â ¬ ¢®§­¨-ª ¥â á«®¦­®¥ ¬­®£®¢¨åà¥¢®¥, ®áæ¨««¨àãîée¥ â¥-ç¥­¨¥, ¢§ ¨¬®¤¥©áâ¢ãîé¥¥ á ¯®£à ­¨ç­ë¬ á«®¥¬¯« áâ¨­ë. �à®¨áå®¤¨â ®¡¬¥­ ¦¨¤ª®áâ¨ ¬¥¦¤ãã£«ã¡«¥­¨¥¬ ¨ ¯®£à ­¨ç­ë¬ á«®¥¬ §  áç¥â ¯¥à¨®-¤¨ç¥áª¨å ¢ë¡à®á®¢ ¨§ ã£«ã¡«¥­¨ï. � áèâ ¡ë, ç -áâ®â  ¨ ¨­â¥­á¨¢­®áâì ¢ë¡à®á®¢ § ¢¨áïâ ®â ç¨á« c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 4. �. 17 { 23Re, ä®à¬ë ¨ à §¬¥à®¢ ã£«ã¡«¥­¨©. � ª¨¬ ®¡à -§®¬, ­ ç¨­ ï á ­¥ª®â®à®£® ¯®à®£®¢®£® ç¨á«  Re,ã£«ã¡«¥­¨¥ ­ ç¨­ ¥â £¥­¥à¨à®¢ âì ¢ ¯®£à ­¨ç­ë©á«®© ¢¨åà¥¢ë¥ ¢®§¬ãé¥­¨ï. �à¨­æ¨¯¨ «ì­®¥ ®â-«¨ç¨¥ ¬¥å ­¨§¬  £¥­¥à æ¨¨ ¢¨åà¥¢ëå ¢®§¬ãé¥­¨©ã£«ã¡«¥­¨ï¬¨ ®â ¢ëáâã¯ îé¨å ¯à¥¯ïâáâ¢¨© á®-áâ®¨â ¢ â®¬, çâ® ã¢¥«¨ç¥­¨¥ ¬ áèâ ¡®¢ ¢¨åà¥¢ëå¢®§¬ãé¥­¨© ¯à ªâ¨ç¥áª¨ ­¥ á¢ï§ ­® á ã¢¥«¨ç¥­¨-¥¬ ¤¨­ ¬¨ç¥áª®£® á®¯à®â¨¢«¥­¨ï ¢ ®¯à¥¤¥«¥­­®¬¤¨ ¯ §®­¥ ç¨á¥« Re.1. ���������� ������� áá¬ âà¨¢ ¥âáï ®¡â¥ª ­¨¥ ¢ï§ª®© ¦¨¤ª®áâìî¯« áâ¨­ë ¤«¨­®© L á ¯®«ãæ¨«¨­¤à¨ç¥áª¨¬ ã£«ã-¡«¥­¨¥¬ (ª ­ ¢ª®©) è¨à¨­®© b á ®áâàë¬¨ ªà®¬ª -¬¨, ­ å®¤ïé¨¬áï ­  à ááâ®ï­¨¨ s ®â ­®á¨ª  ¯« -áâ¨­ë. �§ãç ¥âáï ä®à¬¨à®¢ ­¨¥ ¯®â®ª  ¢® ¢à¥-¬¥­¨. � ­ ç «ì­ë© ¬®¬¥­â ¢à¥¬¥­¨ à áá¬ âà¨-¢ ¥âáï ãáâ ­®¢¨¢è¨©áï ¯®â®ª ­ ¤ ¯« áâ¨­®© ¯à¨§ ¤ ­­®¬ ç¨á«¥ �¥©­®«ì¤á , ¨ ­¥¯®¤¢¨¦­ ï ¦¨¤-ª®áâì ¢­ãâà¨ ã£«ã¡«¥­¨ï â¥å ¦¥ á¢®©áâ¢, çâ® ¨¢­¥ ã£«ã¡«¥­¨ï. �¥ç¥­¨¥ ¢­ãâà¨ ª ­ ¢ª¨ ¢®§­¨ª -¥â §  áç¥â ¢ï§ª¨å á¤¢¨£®¢ëå ­ ¯àï¦¥­¨© ­  £à -­¨æ¥ ã£«ã¡«¥­¨ï.�­ «®£¨ç­ë¥ § ¤ ç¨ ¨¬¥îâ ¤®áâ â®ç­® ¡®«ì-èãî ¡¨¡«¨®£à ä¨î â¥®à¥â¨ç¥áª¨å ¨ íªá¯¥à¨¬¥­-â «ì­ëå à ¡®â [1-10, 12]. � ­¨å ¯à¨¢®¤¨âáï ®¡êïá-­¥­¨¥ ¬¥å ­¨§¬  ­¥ãáâ®©ç¨¢®áâ¨ â¥ç¥­¨ï ¢­ãâà¨¢ë¥¬ª¨ ¨ ¤ ­  ¯ à ¬¥âà¨§ æ¨ï íâ ¯®¢ ¯¥à¥å®¤ ,á¢ï§ ­­ ï á ª®­¢¥ªâ¨¢­®© ãáâ®©ç¨¢®áâìî á¤¢¨£®-¢®£® á«®ï ­  £à ­¨æ¥ à §¤¥«  ¢­¥è­¨© ¯®â®ª � â¥-ç¥­¨¥ ¢­ãâà¨ ª ¢¥à­ë.�¬¥áâ¥ á â¥¬, ¢ § ¤ ç¥ á ­ ç «ì­ë¬¨ ¤ ­­ë-¬¨ ª« áá¨ç¥áª ï áå¥¬  ª®­¢¥ªâ¨¢­®© ­¥ãáâ®©ç¨-¢®áâ¨ áä®à¬¨à®¢ ¢è¥£®áï á¤¢¨£®¢®£® á«®ï ­¥ ¢á¥-£¤  ¯à¨¬¥­¨¬ . �  ª ª®¬-â® íâ ¯¥ ä®à¬¨à®¢ -­¨ï â¥ç¥­¨ï ¢ ã£«ã¡«¥­¨¨ ¥áâì ¯à®¬¥¦ãâ®ª ¢à¥¬¥-­¨, ¢ â¥ç¥­¨¥ ª®â®à®£® ¬®¦­® áä®à¬¨à®¢ âì ¯à®-ä¨«ì á¤¢¨£®¢®£® á«®ï ¨ à áá¬®âà¥âì ¥£® ª®­¢¥ª-â¨¢­ãî ãáâ®©ç¨¢®áâì (à §¢¨â¨¥ ¢®§¬ãé¥­¨© ¢­¨§¯® ¯®â®ªã ®â ¯¥à¥¤­¥© ªà®¬ª¨ ª ­ ¢ª¨). �® ª ªâ®«ìª® ¢­ãâà¨ ã£«ã¡«¥­¨ï ¯à¨ ã¢¥«¨ç¥­¨¨ ç¨á« Re ¢®§­¨ª ¥â ¨­â¥­á¨¢­®¥ ¢¨åà¥¢®¥ â¥ç¥­¨¥, ¢§ -¨¬­®¥ ¢«¨ï­¨¥ áâ ­®¢¨âáï ­ áâ®«ìª® ¢¥«¨ª®, çâ® ­ «®£¨¨ á á®¡áâ¢¥­­ë¬¨ ¢®§¬ãé¥­¨ï¬¨ á¢®¡®¤-­®£® á¤¢¨£®¢®£® á«®ï áâ ­®¢ïâáï ­¥ª®àà¥ªâ­ë¬¨.�®à¬¨à®¢ ­¨¥ á«®¦­®£® ¢¨åà¥¢®£® â¥ç¥­¨ï ¢ ¯®-«ã®£à ­¨ç¥­­®© ®¡« áâ¨ ¯à¨ ã¢¥«¨ç¥­¨¨ ç¨á¥« Re®â¢¥ç ¥â ¬¥å ­¨§¬ã à §«¨ç­ëå áâ ¤¨© £«®¡ «ì-­®© ãáâ®©ç¨¢®áâ¨ â¥ç¥­¨ï ¢® ¢á¥© ®¡« áâ¨, ® ç¥¬£®¢®à¨â ¯®ï¢«¥­¨¥ ¤à®¡­ëå ¬®¤ ¯® áà ¢­¥­¨î á¯¥à¢®© á®¡áâ¢¥­­®© ¬®¤®© á¤¢¨£®¢®£® á«®ï, íªá¯¥-

à¨¬¥­â «ì­® § ä¨ªá¨à®¢ ­­ëå �®ª¢¥««®¬ [6].� á¢ï§¨ á íâ¨¬, ¤«ï  ¤¥ª¢ â­®£® ®¯¨á ­¨ï ¯à®-æ¥áá  ä®à¬¨à®¢ ­¨ï â ª®£® â¥ç¥­¨ï á ãç¥â®¬ ­¥-«¨­¥©­®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¢®§­¨ª îé¨å ¢®§¬ã-é¥­¨© ¯à¨ à §«¨ç­ëå ç¨á« å �¥©­®«ì¤á  ­¥®¡å®-¤¨¬® ¯à¨¢«¥ª âì ¯®«­ë¥ ­¥áâ æ¨®­ à­ë¥ ãà ¢­¥-­¨ï � ¢ì¥-�â®ªá .�¥áâ æ¨®­ à­ë¥ ãà ¢­¥­¨ï � ¢ì¥-�â®ªá  § ¯¨-áë¢ îâáï ¢ ¯¥à¥¬¥­­ëå § ¢¨åà¥­­®áâì � äã­ªæ¨ïâ®ª :@w@t + u@w@x + v@w@y = 1Re �@2w@x2 + @2w@y2 � ; (1)@2'@x2 + @2'@y2 = w; (2)£¤¥ § ¢¨åà¥­­®áâì w ¨ äã­ªæ¨ï â®ª  ' ®¯à¥¤¥«ï-îâáï á«¥¤ãîé¨¬ ®¡à §®¬:w = @u@y � @v@x ; (3)u = @'@y ; v = @'@x :�à ­¨ç­ë¥ ãá«®¢¨ï ­  £à ­¨æ å à áç¥â­®© ®¡« -áâ¨ á«¥¤ãîé¨¥: ­¥¢®§¬ãé¥­­ë© ¯®â®ª ­  ¢å®¤¥ ¢®¡« áâì; ãá«®¢¨ï á¨¬¬¥âà¨¨ ­  ­¨¦­¥© £à ­¨æ¥¯¥à¥¤ ¨ §  ¯« áâ¨­®©; ¬ï£ª¨¥ £à ­¨ç­ë¥ ãá«®¢¨ï ¢¢ëå®¤­®¬ á¥ç¥­¨¨; ãá«®¢¨ï ¯à¨«¨¯ ­¨ï ¨ ­¥¯à®â¥-ª ­¨ï ­  â¢¥à¤®© ¯®¢¥àå­®áâ¨; ãá«®¢¨¥ "¯®¤¢¨¦-­®© ªàëèª¨ ¡¥§ âà¥­¨ï" ­  ¢¥àå­¥© £à ­¨æ¥.� à áç¥â­®© ®¡« áâ¨ ¢¢®¤¨âáï ®àâ®£®­ «ì­ ïá¥âª  á ­¥à ¢­®¬¥à­ë¬¨ ¯® ®¡®¨¬ ­ ¯à ¢«¥­¨ï¬è £ ¬¨ â ª¨¬ ®¡à §®¬, çâ®¡ë  ¤¥ª¢ â­®  ­ «¨§¨-à®¢ âì ®¡« áâ¨ á á¨«ì­ë¬ ¨§¬¥­¥­¨¥¬ ä¨§¨ç¥áª¨å¯ à ¬¥âà®¢, â. ¥. ¢®§«¥ ¯®¢¥àå­®áâ¨ ¯« áâ¨­ë, ¢à ©®­¥ ã£«ã¡«¥­¨ï ¨ ªà®¬®ª ¯« áâ¨­ë. �® ¢¯ ¤¨-­¥ ¯àï¬®ã£®«ì­ ï á®£« á®¢ ­­ ï à áç¥â­ ï á¥âª áâà®¨âáï â ª, çâ®¡ë ã§«ë ¯®¯ ¤ «¨ ­  £à ­¨æã¢¯ ¤¨­ë.�«ï à¥è¥­¨ï ­¥áâ æ¨®­ à­®£® ãà ¢­¥­¨ï ¯¥à¥-­®á  § ¢¨åà¥­­®áâ¨ (1) ¨á¯®«ì§ã¥âáï ­¥ï¢­ ï áå¥-¬  ¬¥â®¤  ¯¥à¥¬¥­­ëå ­ ¯à ¢«¥­¨©. � §­®áâ-­ë¥ ¯à®áâà ­áâ¢¥­­ë¥ ¯à®¨§¢®¤­ë¥ ¯à¥¤áâ ¢«¥-­ë á«¥¤ãîé¨¬ ®¡à §®¬: ¤«ï ¤¨ääã§¨®­­ëå ç«¥-­®¢ § ¯¨áë¢ îâáï æ¥­âà «ì­ë¥ à §­®áâ¨ 2-£® ¯®-àï¤ª  â®ç­®áâ¨,   ª®­¢¥ªâ¨¢­ë¥ ç«¥­ë  ¯¯à®ªá¨-¬¨àãîâáï ­ ¯à ¢«¥­­ë¬¨ à §­®áâï¬¨ 3-£® ¯®àï¤-ª  [11]. �à ¢­¥­¨¥ (1) ¨â¥£à¨àã¥âáï ­  ª ¦¤®¬ è -£¥ ¯® ¢à¥¬¥­¨ ¤«ï ¤®áâ¨¦¥­¨ï áå®¤¨¬®áâ¨. �à ¢-­¥­¨¥ �ã áá®­  ¤«ï äã­ªæ¨¨ â®ª  (2) à¥è ¥âáï ¬¥-â®¤®¬ «¨­¥©­®£® áª ­¨à®¢ ­¨ï.� ª ç¥áâ¢¥ ­ ç «ì­ëå ãá«®¢¨© ¨á¯®«ì§ãîâáï¤ ­­ë¥ áâ æ¨®­ à­®£® ®¡â¥ª ­¨ï £« ¤ª®© ¯« áâ¨-18 �. �. �®à®¯ ¥¢, �. �. �®§ã¬­îª
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�¨á. 1. �®«¥ ¢¥ªâ®à  áª®à®áâ¨ ¢ ¢ë¥¬ª¥ ¯à¨:a { Reb = 62:5; ¡ { Reb = 625; ¢ { Reb = 6700, t = 0:7; £ { Reb = 6700, t = 5­ë, ¯®«ãç¥­­ë¥ á ¨á¯®«ì§®¢ ­¨¥¬ â®£® ¦¥  «£®-à¨â¬  ¬¥â®¤®¬ ãáâ ­®¢«¥­¨ï. � ã£«ã¡«¥­¨¨ ¢ ­ -ç «ì­ë© ¬®¬¥­â ¢á¥ ¢¥«¨ç¨­ë à ¢­ë ­ã«î.� ª¨¬ ®¡à §®¬, ä ªâ¨ç¥áª¨ ç¨á«¥­­® à¥è ¥âáï­ ç «ì­®-ªà ¥¢ ï § ¤ ç  ä®à¬¨à®¢ ­¨ï ¢® ¢à¥¬¥-­¨ ¯®«ï â¥ç¥­¨ï ¢ï§ª®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢¯®«ã®£à ­¨ç¥­­®© ®¡« áâ¨ ¨§ á®áâ®ï­¨ï ¯®ª®ï ¯à¨ä¨ªá¨à®¢ ­­®¬ ç¨á«¥ �¥©­®«ì¤á .2. ���������� ��������à¨ Reb < 100 ¢ ¢ë¥¬ª¥ ä®à¬¨àã¥âáï á«®¨áâ®¥æ¨àªã«ïæ¨®­­®¥ â¥ç¥­¨¥ (p¨á. 1,  ), ­  ¢­¥è­¥©£à ­¨æ¥ ¢ë¥¬ª¨ íâ® â¥ç¥­¨¥ ¢ á®ç¥â ­¨¨ á ¯®£à -­¨ç­ë¬ á«®¥¬ ¬®¦­® ­ §¢ âì á¢®¡®¤­ë¬ á¤¢¨£®-¢ë¬ á«®¥¬ ¯®çâ¨ ­  ¢á¥© è¨à¨­¥ ¢ë¥¬ª¨. � -à áâ ­¨¥ â®«é¨­ë íâ®£® á«®ï ¯® è¨à¨­¥ ¢ë¥¬ª¨­¥§­ ç¨â¥«ì­®¥, ¨ â¥ç¥­¨¥ ¢­ãâà¨ ¢ë¥¬ª¨ ¯à ª-â¨ç¥áª¨ á¨¬¬¥âà¨ç­® ®â­®á¨â¥«ì­® æ¥­âà  ¢ë¥¬-ª¨. �¬¥­  §­ ª  ¯à®¤®«ì­®© áª®à®áâ¨ ¯à®¨áå®¤¨â­  £«ã¡¨­¥, à ¢­®© � 1=3R. �¥§à §¬¥à­®¥ ¢à¥¬ï
ãáâ ­®¢«¥­¨ï â¥ç¥­¨ï ¢ ¢ë¥¬ª¥ á®áâ ¢«ï¥â t � 0:2.�¨àªã«ïæ¨ï ¢­ãâà¨ ¢ë¥¬ª¨ ­ à áâ ¥â ¬®­®â®­­®,®áæ¨««ïæ¨© §­ ç¥­¨© áª®à®áâ¨ ¨ § ¢¨åà¥­­®áâ¨ ¢®¢à¥¬ï ãáâ ­®¢«¥­¨ï ­¥ ­ ¡«î¤ ¥âáï.�à¨ ã¢¥«¨ç¥­¨¨ ç¨á«  �¥©­®«ì¤á  (100 <Reb <1000) á«®¨áâ®¥ æ¨àªã«ïæ¨®­­®¥ â¥ç¥­¨¥ á®åà ­ï-¥âáï (p¨á. 1, ¡), ­® æ¥­âà ¢à é¥­¨ï á¬¥é ¥âáï ª¯à ¢®© ªà®¬ª¥, ®áâ ¢ ïáì ­  â®© ¦¥ £«ã¡¨­¥. �¥-ç¥­¨¥ ãáâ ­ ¢«¨¢ ¥âáï ¯à¨ t � 0:4. �®«¥ â¥ç¥­¨ï¢­ãâà¨ ¢ë¥¬ª¨ ®¤­®à®¤­®. �¤¢¨£®¢ë© á«®© ãáâ®©-ç¨¢.�à¨ 1000 <Reb < 7000 à ¢­®¬¥à­®¥ æ¨àªã«ï-æ¨®­­®¥ â¥ç¥­¨¥ âà ­áä®à¬¨àã¥âáï ¢ ¨­â¥­á¨¢-­ë© ¢¨åàì ã ¯à ¢®© ªà®¬ª¨ ¢ë¥¬ª¨ (p¨á. 1, ¢).� ¯à®æ¥áá¥ ãáâ ­®¢«¥­¨ï ­ ¡«î¤ îâáï áãé¥áâ¢¥­-­ë¥ ®áæ¨««ïæ¨¨ á ç áâ®â ¬¨, ª®â®àë¥ ª®àà¥«¨àã-îâ á ç áâ®â ¬¨ á¤¢¨£®¢®£® á«®ï, ¯®«ãç¥­­ë¬¨ ¢[6] ¯à¨ b=�0 > 40, £¤¥ �0 � â®«é¨­  ¯®â¥à¨ ¨¬-¯ã«ìá  ¢ ¯®£à ­¨ç­®¬ á«®¥ ¯¥à¥¤ ¢ë¥¬ª®©, ®¤­ ª®¯à¨ t > 0:6 ¨­â¥­á¨¢­ë¥ ¢®§¬ãé¥­¨ï ¢ëà®¦¤ îâ-áï, á®åà ­ïï ä®­®¢ë¥ §­ ç¥­¨ï â®© ¦¥ ç áâ®âë.�. �. �®à®¯ ¥¢, �. �. �®§ã¬­îª 19
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�¨á. 2. �®«¥ ¢¥ªâ®à  áª®à®àáâ¨, ¨§®«¨­¨¨ ¯à¨ Reb = 15600�á«¨ ¨§ à ááç¨â ­­ëå §­ ç¥­¨© áª®à®áâ¨ ¢ë-ç¥áâì áª®à®áâì ¯¥à¥­®á  ¢¤®«ì ~Un ¯« áâ¨­ë, à ¢-­ãî (0:3 � 0:4)U1, ¨ ¯®áâà®¨âì ¯®«¥ áª®à®áâ¨~V = ~U � ~Un, â® ­ ¤ £à ­¨æ¥© ¢ë¥¬ª¨ ¢ ª -¦¤ë© ¬®¬¥­â ¢à¥¬¥­¨ ®¤­®¢à¥¬¥­­® ä¨ªá¨àãîâ-áï ¤¢  ¢¨åàï. �­¨ ä®à¬¨àãîâáï §  «¥¢®© ªà®¬-ª®©, ¯¥à¥­®áïâáï ¯®â®ª®¬, ã¢¥«¨ç¨¢ ïáì ¢ à §¬¥-à å, ¨ à §àãè îâáï ­ ¤ ¯à ¢®© ªà®¬ª®© ¢ë¥¬-ª¨. �â¨ ¢¨åà¨ ¨¬¥îâ ®¤¨­ ª®¢ë© §­ ª § ¢¨åà¥­-­®áâ¨ (ª âïé¨¥áï ¢­¨§ ¯® â¥ç¥­¨î). � á¢ï§¨ áíâ¨¬ ¬®¦­® ãâ¢¥à¦¤ âì, çâ® ¡¥§à §¬¥à­ ï ç -áâ®â  ¯®ï¢«¥­¨ï ¢¨åà¥© ¨§¬¥­ï¥âáï ¢ ¤¨ ¯ §®­¥St = fb=U1 = 0:6 � 0:8. �â¨ ç¨á«¥­­ë¥ à¥§ã«ì-â âë ª®àà¥«¨àãîâ á ¯à¥¤áâ ¢«¥­­ë¬¨ ¢ [6] ª à-â¨­ ¬¨ ¢¨§ã «¨§ æ¨¨ â¥ç¥­¨ï ­ ¤ ª ¢¥à­®©. � -ª¨¬ ®¡à §®¬, ¢ íâ®¬ ¤¨ ¯ §®­¥ ç¨á¥« �¥©­®«ì¤á "á«®© á¬¥è¥­¨ï" ã¦¥ ¨¬¥¥â ¤®áâ â®ç­® á«®¦­ãîáâàãªâãàã, ª®â®àãî ¬®¦­® âà ªâ®¢ âì ­  ®á­®¢ -­¨¨ «¨­¥©­®© â¥®à¨¨ ãáâ®©ç¨¢®áâ¨ ¢ ª« áá¥ ¡¥£ã-é¨å ¢®«­.�à¨ ç¨á« å Reb �= 7000 ­  ä®­¥ ¨­â¥­á¨¢­®£®
¢¨åàï ã ¯à ¢®© ªà®¬ª¨ ¢ë¥¬ª¨ ¢ ®¡« áâ¨ ¢ë¥¬ª¨ä®à¬¨àãîâáï ¥é¥ ¤¢  ¯à®â¨¢®¯®«®¦­® ¢à é î-é¨åáï ¢¨åàï. �å ¨­â¥­á¨¢­®áâì áãé¥áâ¢¥­­® ­¨-¦¥ ¯® áà ¢­¥­¨î á ¢¨åà¥¬ ã ¯à ¢®© ªà®¬ª¨, ­® áã¢¥«¨ç¥­¨¥¬ ç¨á«  �¥©­®«ì¤á  ®­  à áâ¥â. �à®-æ¥áá ãáâ ­®¢«¥­¨ï á®¯à®¢®¦¤ ¥âáï §­ ç¨â¥«ì­ë-¬¨ ®áæ¨««ïæ¨ï¬¨ «®ª «ì­®© ¨ ¨­â¥£à «ì­®© § ¢¨-åà¥­­®áâ¨ ¢ ¢ë¥¬ª¥. � á¯¥ªâà¥ ç áâ®â ¯à®á«¥¦¨-¢ îâáï ª ª ¢ëá®ª¨¥ ç áâ®âë, ª®â®àë¥ ¬®¦­® á¢ï-§ âì á ç áâ®â ¬¨ ­¥ãáâ®©ç¨¢®áâ¨ á¤¢¨£®¢®£® á«®ï,â ª ¨ ­¨§ª¨¥ ç áâ®âë, ª®â®àë¥ ª®àà¥«¨àãîâ á ç -áâ®â ¬¨ ª®«¥¡ ­¨© ¨­â¥­á¨¢­®£® ¢¨åàï ã ¯à ¢®©ªà®¬ª¨ (p¨á. 2).� ­ ç «ì­ë© ¬®¬¥­â t = 0 ãá«®¢¨ï ¯à¨«¨¯ -­¨ï ¨ ­¥¯à®â¥ª ­¨ï ­  ¯« áâ¨­¥ ­ ¤ ã£«ã¡«¥­¨-¥¬ ãáâà ­ïîâáï, â ª¨¬ ®¡à §®¬, ­  «¨­¨¨ à §¤¥-«  ­ ç¨­ ¥â ¤¥©áâ¢®¢ âì á¨«  ¢ï§ª®£® ­ ¯àï¦¥­¨ï�@u@y (x; 0), ¯à¨ t = 0 à ¢­ ï ¢ï§ª®¬ã ­ ¯àï¦¥­¨î­  ¯« áâ¨­¥ ¢ á®®â¢¥âáâ¢ãîé¥© â®çª¥. � ¯®á«¥¤ã-îé¨¥ ¬®¬¥­âë ¢à¥¬¥­¨ ¢¥«¨ç¨­  íâ®£® ­ ¯àï¦¥-­¨ï ­  «¨­¨¨ à §¤¥«  ¨§¬¥­ï¥âáï, ­® ¢ï§ª¨© ¬¥å -20 �. �. �®à®¯ ¥¢, �. �. �®§ã¬­îª
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�¨á. 3. �§®«¨­¨¨ § ¢¨åà¥­­®áâ¨ ¯à¨ Reb = 24000­¨§¬ ¯¥à¥¤ ç¨ ¨¬¯ã«ìá  ¢­ãâàì ã£«ã¡«¥­¨ï á®åà -­ï¥âáï. � á¢ï§¨ á ¯®ï¢«¥­¨¥¬ ¢®§¬ãé¥­¨© ¢¥àâ¨-ª «ì­®© á®áâ ¢«ïîé¥© áª®à®áâ¨ ­  «¨­¨¨ à §¤¥-«  ¯®ï¢«ï¥âáï ¨ ­¥¢ï§ª¨© ¬¥å ­¨§¬ ¯¥à¥¤ ç¨ ¯à®-¤®«ì­®£® ¨¬¯ã«ìá  ¢ ã£«ã¡«¥­¨¥ ��u(x; 0)v(x; 0),áã¬¬ à­®¥ §­ ç¥­¨¥ ª®â®à®£® à ¢­® bR0 �u(0)v(0)ds,£¤¥ b � ¤«¨­  «¨­¨¨ à §¤¥«  ­ ¤ ã£«ã¡«¥­¨¥¬. �à¨ç¨á« å �¥©­®«ì¤á  (1000 <Reb < 7000), ª®£¤  â¥-ç¥­¨¥ ¢­ãâà¨ ã£«ã¡«¥­¨ï ­¥ ®áæ¨««¨àã¥â, ¢ï§ª¨©¬¥å ­¨§¬ ¯¥à¥¤ ç¨ í­¥à£¨¨ ¢ ã£«ã¡«¥­¨¥ ¤®¬¨­¨-àã¥â. �®«¥¥ â®£®, ç áâì íâ®© í­¥à£¨¨ ¯¥à¥à á-¯à¥¤¥«ï¥âáï ¨ §  áç¥â ¢ï§ª¨å ­ ¯àï¦¥­¨© ­  ¤­¥ã£«ã¡«¥­¨ï ¤¥©áâ¢ã¥â ¢ ¯à®â¨¢®¯®«®¦­®¬ ­ ¯à -¢«¥­¨¨, çâ® á¯®á®¡áâ¢ã¥â ã¬¥­ìè¥­¨î £¨¤à®¤¨­ -¬¨ç¥áª¨å ¯®â¥àì §  áç¥â ®à£ ­¨§®¢ ­­®£® ¤¥â¥à-¬¨­¨à®¢ ­­®£® â¥ç¥­¨ï ¢ ã£«ã¡«¥­¨¨. �à¨ ã¢¥-«¨ç¥­¨¨ ç¨á«  �¥©­®«ì¤á  ­¥¢ï§ª¨© ¬¥å ­¨§¬ ®¡-¬¥­  í­¥à£¨¨ áâ ­®¢¨âáï ¯à¥®¡« ¤ îé¨¬, ®á®¡¥­-­® ¢ ¯®á«¥¤­¥© ç¥â¢¥àâ¨ ã£«ã¡«¥­¨ï, £¤¥ ®áæ¨««ï-æ¨¨ ¢¥àâ¨ª «ì­®© ª®¬¯®­¥­âë áª®à®áâ¨ áâ ­®¢ïâ-áï á®¯®áâ ¢¨¬ë¬¨ á ¢¥«¨ç¨­®© ¯à®¤®«ì­®© ª®¬-¯®­¥­âë áª®à®áâ¨ (p¨á. 5,  ). �à¨ ç¨á« å �¥©-­®«ì¤á  Re> 20000 ª®­¥ç­ë¥ ¢®§¬ãé¥­¨ï ¤®áâ¨£ -îâ ¯¥à¥¤­¥© ªà®¬ª¨ ã£«ã¡«¥­¨ï (p¨á. 5, ¡), ¨ ®¡¬¥­í­¥à£¨¥© ¬¥¦¤ã ¯®£à ­¨ç­ë¬ á«®¥¬ ¨ ã£«ã¡«¥­¨¥¬¯à®¨áå®¤¨â ¯® ¢á¥© è¨à¨­¥ ã£«ã¡«¥­¨ï.� ªâ¨ç¥áª¨ ¢­ãâà¨ ã£«ã¡«¥­¨ï à áá¬®âà¥­ ¯à®-æ¥áá à §¢¨â¨ï £«®¡ «ì­®© ­¥ãáâ®©ç¨¢®áâ¨ â¥ç¥-­¨ï,   ¢ ¯®£à ­¨ç­®¬ á«®¥ � à §¢¨â¨¥ ª®­¥ç­ëå¢®§¬ãé¥­¨© ¨§ ã£«ã¡«¥­¨ï ¨ ¯¥à¥­®á ¨å ¢­¨§ ¯®¯®â®ªã, çâ® íª¢¨¢ «¥­â­® ª®­¢¥ªâ¨¢­®© ãáâ®©ç¨-¢®áâ¨ ¯®£à ­¨ç­®£® á«®ï ®â­®á¨â¥«ì­® ª®­¥ç­ëå¢®§¬ãé¥­¨©, £¥­¥à¨à®¢ ­­ëå ã£«ã¡«¥­¨¥¬.�¯¥ªâà «ì­ë©  ­ «¨§ ­¥áâ æ¨®­ à­ëå ç¨á«¥­-­ëå à¥è¥­¨© ¯®ª § « ­ «¨ç¨¥  ¤¥ª¢ â­ëå ¤¨á-ªà¥â­ëå á®áâ ¢«ïîé¨å ¢ á¯¥ªâà¥ ¯ã«ìá æ¨© § -¢¨åà¥­­®áâ¨ ª ª ¢­ãâà¨ ã£«ã¡«¥­¨ï, â ª ¨ ¢ á«¥¤¥

�¨á. 4. �®«¥¡ ­¨ï § ¢¨åà¥­­®áâ¨ ­  ªà®¬ª å ¢ë¥¬ª¨§  ã£«ã¡«¥­¨¥¬ ¢ ¯®£à ­¨ç­®¬ á«®¥. �à¨ ç¨á« å�¥©­®«ì¤á  ¢ ¤¨ ¯ §®­¥ 7000 <Reb < 15000, ª®-£¤  ¢ ã£«ã¡«¥­¨¨ á®åà ­ï¥âáï  ¢â®ª®«¥¡ â¥«ì­ë©à¥¦¨¬, ¢ á¯¥ªâà¥ ¯à®á«¥¦¨¢ îâáï âà¨ ¤¨áªà¥â (p¨á. 6). �¤¨­ (­ ¨¡®«¥¥ ¬®é­ë©) á®®â¢¥âáâ¢ã¥â¯¥à¢®© á®¡áâ¢¥­­®© ¬®¤¥ á¤¢¨£®¢®£® á«®ï, ä®à¬¨-àãîé¥£®áï ­  £à ­¨æ¥ à §¤¥«  ¬¥¦¤ã ã£«ã¡«¥­¨-¥¬ ¨ ¯®£à ­¨ç­ë¬ á«®¥¬, ¤¢¥ ¤à®¡­ë¥ £ à¬®­¨ª¨(¬¥­ìè¨¥ ¯® ç áâ®â¥) ª®àà¥«¨àãîâ á ç áâ®â®© ª®-«¥¡ ­¨ï ¢¨åàï ã § ¤­¥© ªà®¬ª¨ ã£«ã¡«¥­¨ï. � ¯®-£à ­¨ç­®¬ á«®¥ ¬ ªá¨¬ã¬ ¢¨åà¥¢ëå ¢®§¬ãé¥­¨©ª®­æ¥­âà¨àã¥âáï ¢­ãâà¨ ¯à¨áâ¥­­®£® á«®ï. �­¨à á¯à®áâà ­ïîâáï ¢­¨§ ¯® ¯®â®ªã á ä §®¢®© áª®-à®áâìî � 0:41U0, à áè¨àïïáì ¨ â¥àïï ¨­â¥­á¨¢-­®áâì, ¨ § âãå îâ ¢­¨§ ¯® â¥ç¥­¨î.�à¨ ã¢¥«¨ç¥­¨¨ ç¨á«  �¥©­®«ì¤á  (20000 �24000) á¯¥ªâà ¢­ãâà¨ ã£«ã¡«¥­¨ï ­¥ ¨¬¥¥â ïàª®¢ëà ¦¥­­ëå ¤¨áªà¥â®¢, å®âï  ­®¬ «¨¨ ­  á®®â-¢¥âáâ¢ãîé¨å ç áâ®â å ¯à®á«¥¦¨¢ îâáï (p¨á. 7).�®«ãç¥­­ë¥ ç¨á«¥­­ë¥ à¥è¥­¨ï ª®àà¥«¨àãîâá à¥§ã«ìâ â ¬¨ íªá¯¥à¨¬¥­â «ì­®© à ¡®âë [6].�­ «®£¨ç­ë© á¯¥ªâà à¥£¨áâà¨àã¥âáï ¨ ¢ ¯®£à -­¨ç­®¬ á«®¥, ¯à¨ç¥¬ ¢®§¬ãé¥­ ¯®£à ­¨ç­ë© á«®©¯® ¢á¥© â®«é¨­¥, ¢®§¬ãé¥­¨ï ¯à ªâ¨ç¥áª¨ ­¥ § -âãå îâ ¢­¨§ ¯® ¯®â®ªã, ®¤­ ª® á¯¥ªâà ¬¥­ï¥â-áï, ¢ëà®¦¤ îâáï ¢ëá®ª®ç áâ®â­ë¥ á®áâ ¢«ïîé¨¥(p¨á. 7, ¡), çâ® ¬®¦¥â ¡ëâì á¢ï§ ­® á ç¨á«¥­­ë-¬¨ íää¥ªâ ¬¨, â ª ª ª á ã¤ «¥­¨¥¬ ®â ã£«ã¡«¥­¨ïè £ á¥âª¨ ã¢¥«¨ç¨¢ ¥âáï.�à¨ Reb > 30000 ¢ë¡à®á ¢®§¬ãé¥­­®© § ¢¨-åà¥­­®áâ¨ ¨§ ã£«ã¡«¥­¨ï áâ ­®¢¨âáï ­ áâ®«ìª®¬®é­ë¬ ¨ å ®â¨ç­ë¬, çâ® ¢­¨§ ¯® â¥ç¥­¨î ä ª-â¨ç¥áª¨ à §¢¨¢ ¥âáï âãà¡ã«¥­â­®¥ â¥ç¥­¨¥. �®-«ãç¨âì à §ã¬­®¥ à¥è¥­¨¥ ¯à¨ â ª¨å ç¨á« å �¥©-­®«ì¤á  áâ ­®¢¨âáï ®ç¥­ì âàã¤­® ¨ âà¥¡ã¥â ¡®«ì-è®£® à áç¥â­®£® ¢à¥¬¥­¨,   ¢¬¥áâ¥ á â¥¬ ç¨á«¥­­®¢ëï¢¨âì ¨ ¯à®á«¥¤¨âì ¢ ¯®â®ª¥ ª®£¥à¥­â­ë¥ ®¡à -§®¢ ­¨ï ¯à¨ â ª¨å ç¨á« å �¥©­®«ì¤á  ­¥ ã¤ ¥âáï,�. �. �®à®¯ ¥¢, �. �. �®§ã¬­îª 21
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  ¡�¨á. 5. �¥àâ¨ª «ì­ ï áª®à®áâì ¢¤®«ì è¨à¨­ë ª ¢¥à­ë:  { Reb = 15600; ¡ { Reb = 24000
  ¡�¨á. 6. �¯¥ªâà ª®«¥¡ ­¨© § ¢¨åà¥­­®áâ¨ ¢ âà¥å â®çª å ¯® ¢ëá®â¥ ­ ¤:  { ¢ëå®¤­®© ªà®¬ª®©; ¡ { ­  à ááâ®ï­¨¨ 0:44b ¢­¨§ ¯® ¯®â®ªã (Reb = 15600)
  ¡�¨á. 7. �¯¥ªâà ª®«¥¡ ­¨© § ¢¨åà¥­­®áâ¨ ¢ âà¥å â®çª å ¯® ¢ëá®â¥ ­ ¤:  { ¢ëå®¤­®© ªà®¬ª®©; ¡ { ­  à ááâ®ï­¨¨ 0:44b ¢­¨§ ¯® ¯®â®ªã (Reb = 24000)22 �. �. �®à®¯ ¥¢, �. �. �®§ã¬­îª



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 4. �. 17 { 23¯®íâ®¬ã ¯à¨ â ª¨å ç¨á« å �¥©­®«ì¤á  ã¦¥ ¬®¦-­® ¯¥à¥å®¤¨âì ®â ãà ¢­¥­¨© � ¢ì¥-�â®ªá  ª ãà ¢-­¥­¨ï¬ �¥©­®«ì¤á . �¤­ ª® á¯¥ªâà «ì­ë¥ ¨ ª®à-à¥«ïæ¨®­­ë¥ ç¨á«¥­­ë¥ å à ªâ¥à¨áâ¨ª¨ ¯¥à¥å®¤-­®£® ¯à®æ¥áá  áâ ­®¢ïâáï ®ç¥­ì ¯®«¥§­ë¬ ¬ â¥-à¨ «®¬ ¤«ï ¬®¤¥«¨à®¢ ­¨ï ¬¥å ­¨§¬®¢ § ¬ëª ­¨ï¬®¤¥«¥© âãà¡ã«¥­â­®áâ¨ ¯à¨ ­ «¨ç¨¨ ¤¨áªà¥â­ëåª®£¥à¥­â­ëå á®áâ ¢«ïîé¨å ¢®§¬ãé¥­¨© á«®¦­ëåâ¥ç¥­¨©.������1. �®¯¥à¥ç­ ï ­¥®¤­®à®¤­®áâì (ã£«ã¡«¥­¨¥) ­ ¯«®áª®© ¯®¢¥àå­®áâ¨ ­¥ ¨§¬¥­ï¥â áâàãªâãàã« ¬¨­ à­®£® ¯®£à ­¨ç­®£® á«®ï ¯à¨ Reb <6700. �­ãâà¨ ã£«ã¡«¥­¨ï ä®à¬¨àã¥âáï ãáâ®©-ç¨¢®¥ ¢¨åà¥¢®¥ â¥ç¥­¨¥, æ¨àªã«ïæ¨ï ª®â®à®£®®¯à¥¤¥«ï¥âáï ¢¥«¨ç¨­®© ¢ï§ª®£® ­ ¯àï¦¥­¨ï­  £à ­¨æ¥ ã£«ã¡«¥­¨ï.2. �à¨ ç¨á« å Reb > 6700 ¢ ¯®£à ­¨ç­®¬ á«®¥ ­¨-¦¥ ã£«ã¡«¥­¨ï £¥­¥à¨àãîâáï ­¨§ª®ç áâ®â­ë¥¢¨åà¥¢ë¥ ¢®§¬ãé¥­¨ï, ç áâ®â  ª®â®àëå ®¯à¥-¤¥«ï¥âáï ¯¥à¢®© á®¡áâ¢¥­­®© ç áâ®â®© á¤¢¨-£®¢®£® á«®ï ­  £à ­¨æ¥ ª ¢¥à­ë.3. �à¨ ¯®á«¥¤ãîé¥¬ ã¢¥«¨ç¥­¨¨ ç¨á«  Reb(Reb > 10000) áâàãªâãà  â¥ç¥­¨ï ¢­ãâà¨ ª -¢¥à­ë áâ ­®¢¨âáï ¬­®£®¢¨åà¥¢®©. � ¯®£à -­¨ç­ë© á«®© £¥­¥à¨àã¥âáï ­ àï¤ã á ç áâ®-â®© á®¡áâ¢¥­­®© ¬®¤ë á¤¢¨£®¢®£® á«®ï ¤à®¡-­ë¥ £ à¬®­¨ª¨, á®®â¢¥âáâ¢ãîé¨¥ ®áæ¨««ïæ¨-ï¬ ¨­â¥­á¨¢­®£® ¢¨åàï ¨ ¢ë¡à®á ¬ ç áâ¨ § -¢¨åà¥­­®© ¦¨¤ª®áâ¨ ¨§ ã£«ã¡«¥­¨ï.4. �à¨ Reb > 30000 ¢ë¡à®á ¢®§¬ãé¥­­®© § ¢¨-åà¥­­®áâ¨ ¨§ ã£«ã¡«¥­¨ï áâ ­®¢¨âáï ­ áâ®«ì-
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