
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 3. �. 48 { 53��� 532.526.10������������ ����������� ��������� LES-�����������. �. ����������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 25.02.2004 � �¥à¥á¬®âà¥® 22.04.2004�ãà¡ã«¥âë© ¯®£à ¨çë© á«®©   ¯«®áª®© ¯« áâ¨¥ ç¨á«¥® ¬®¤¥«¨àã¥âáï ¯®áà¥¤áâ¢®¬ íª®®¬¨ç®© LES-â¥å®«®£¨¨ ¤«ï ç¨á«  �¥©®«ì¤á , à ¢®£® 105, ¨á¯®«ì§ãï ¯à¨áâ¥ãî ¬®¤¥«ì. � «®¬ áèâ ¡ë¥ ¤¢¨¦¥¨ï ¯ à ¬¥-âà¨§®¢ ë ¯®áà¥¤áâ¢®¬ ¤¨ ¬¨ç¥áª®© ¯®¤á¥â®ç®© ¬®¤¥«¨ ¢¨åà¥¢®© ¢ï§ª®áâ¨ ¨ ¤¨ ¬¨ç¥áª®© á¬¥è ®© ¯®¤á¥â®ç-®© ¬®¤¥«¨. � ï¢®¬ ¢¨¤¥ § ¯¨á   ®¯¥à æ¨ï ¯¥à¢¨ç®£® ¨ ¢â®à¨ç®£® ä¨«ìâà®¢ ¨ï ¨ ¯®«ãç¥® ¥¥ ¯à¥¤áâ ¢«¥¨¥¢ ª®¥ç®-à §®áâ®© ä®à¬¥. �áá«¥¤®¢ ® ¢«¨ï¨¥ ¢¥«¨ç¨ë ®â®è¥¨ï è¨à¨ë ¢â®à¨ç®£® ä¨«ìâà  ª è¨à¨¥¯¥à¢¨ç®£®   ¤¨ ¬¨ç¥áª¨© ¯®¤á¥â®çë© ª®íää¨æ¨¥â. �¨á«¥®¥ ¬®¤¥«¨à®¢ ¨¥ ¢ë¯®«¥® ¤«ï â®£®, çâ®¡ë¨§ãç¨âì áà¥¤îî áª®à®áâì, ¯®«ë¥ âãà¡ã«¥âë¥  ¯àï¦¥¨ï, ¤¨áá¨¯ æ¨î ¯®¤á¥â®ç®© í¥à£¨¨ âãà¡ã«¥â®áâ¨¨ ¤¨ ¬¨ç¥áª¨© ¯®¤á¥â®çë© ª®íää¨æ¨¥â. �ãé¥áâ¢ã¥â å®à®è¥¥ á®£« á¨¥ ¬¥¦¤ã ¢ëç¨á«¥ë¬ ¯à®ä¨«¥¬ áà¥¤¥©áª®à®áâ¨, âãà¡ã«¥âë¬¨ áâ â¨áâ¨ª ¬¨ ¨ íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨.�ãà¡ã«¥â¨© ¯®£à ¨ç¨© è à   ¯«®áª÷© ¯« áâ¨÷ ç¨á¥«ì® ¬®¤¥«îõâìáï§  ¤®¯®¬®£®î¥ª®®¬÷ç®ù LES-â¥å®«®£÷ù¤«ï ç¨á«  �¥©®«ì¤á , ïª¥ ¤®à÷¢îõ 105, ¢¨ª®à¨áâ®¢ãîç¨ ¯à¨áâ÷ª®¢ã ¬®¤¥«ì. � «®¬ áèâ ¡÷ àãå¨ ¯ à ¬¥âà¨§ã-îâìáï §  ¤®¯®¬®£®î ¤¨ ¬÷ç®ù ¯÷¤á÷âª®¢®ù ¬®¤¥«÷ ¢¨åà®¢®ù ¢'ï§ª®áâ÷ â  ¤¨ ¬÷ç®ù §¬÷è ®ù ¯÷¤á÷âª®¢®ù ¬®¤¥«÷.� ï¢®¬ã ¢¨¤÷ § ¯¨á   ®¯¥à æ÷ï ¯¥à¢¨®£® â  ¢â®à¨®£® ä÷«ìâàã¢ ï ÷ ®âà¨¬ ® ùù ¯à¥¤áâ ¢«¥ï ¢ ª÷æ¥¢®-à÷§¨æ¥¢÷© ä®à¬÷. �®á«÷¤¦¥® ¢¯«¨¢ ¢¥«¨ç¨¨ ¢÷¤®è¥ï è¨à¨¨ ¢â®à¨®£® ä÷«ìâà  ¤® è¨à¨¨ ¯¥à¢¨®£®  ¤¨ ¬÷ç¨© ¯÷¤á÷âª®¢¨© ª®¥ä÷æ÷õâ. �¨á¥«ì¥ ¬®¤¥«î¢ ï ¢¨ª® ® ¤«ï â®£®, é®¡ ¢¨¢ç¨â¨ á¥à¥¤î è¢¨¤ª÷áâì, ¯®-¢÷ âãà¡ã«¥â÷  ¯àã£¨, ¤¨áá¨¯ æ÷î ¯÷¤á÷âª®¢®ù ¥¥à£÷ù âãà¡ã«¥â®áâ÷ ÷ ¤¨ ¬÷ç¨© ¯÷¤á÷âª®¢¨© ª®¥ä÷æ÷õâ. öáãõ¤®¡à  §£®¤  ¬÷¦ à®§à å®¢ ¨¬ ¯à®ä÷«¥¬ á¥à¥¤ì®ù è¢¨¤ª®áâ÷, âãà¡ã«¥â¨¬¨ áâ â¨áâ¨ª ¬¨ â  ¥ªá¯¥à¨¬¥â «ì¨¬¨¤ ¨¬¨.The turbulent boundary layer on a at plate is simulated by economical LES-technique for a Reynolds number of 105,using wall model. The small-scale motions were parametrized by dynamic subgrid-scale eddy viscosity model and dynamicsubgrid-scale mixed model. In an explicit de�nition the operation of primary and secondary �ltering is described and herrepresentation in a �nite-di�erence form is received. The inuence of size of relation of width of the secondary �lter towidth primary �lter on dynamic subgrid-scale factor is investigated. The simulation were performed to study the meanvelocity, the total turbulent stresses, the subgrid-scale turbulence energy dissipation and dynamic subgrid-scale coe�cient.There is good agreement between the computer mean-velocity pro�le, turbulence statistics and experimental data.���������  ¯à®âï¦¥¨¨ ¯®á«¥¤¨å «¥â ¯à®¢¥¤¥® ¤®áâ -â®ç® ¡®«ìè®¥ ª®«¨ç¥áâ¢® ¨áá«¥¤®¢ ¨©, ¯®á¢ï-é¥ëå ç¨á«¥®¬ã ¬®¤¥«¨à®¢ ¨î ªàã¯ëå ¢¨-åà¥© (Large Eddy Simulation � LES) ¤«ï à §«¨ç-ëå âãà¡ã«¥âëå â¥ç¥¨© [1{12, 17{20]. LES â¥å-®«®£¨ï ï¢«ï¥âáï ¡®«¥¥ íª®®¬¨ç®©, ç¥¬ DNS (Di-rect Numerical Simulation), ¢ ª®â®à®© ¢á¥ ¬ áèâ -¡ë ¤¢¨¦¥¨ï à¥è îâáï   á¥âª¥ ¨ ¬®¤¥«¨à®¢ ¨¥¥ ¨á¯®«ì§ã¥âáï [13{14]. LES-¬®¤¥«¨ ¡ §¨àãîâ-áï   ¨¤¥¥, çâ® ®á®¢ ï ç áâì âãà¡ã«¥â®© ª¨-¥â¨ç¥áª®© í¥à£¨¨ á®áà¥¤®â®ç¥  ¢ ¢¨åàïå ¡®«ì-è®£® ¬ áèâ ¡ . LES-¯®¤å®¤ á®¥¤¨ï¥â ç¨á«¥®¥¬®¤¥«¨à®¢ ¨¥ ®á®¢ëå ãà ¢¥¨© ¤«ï ¢¨åà¥© á¬ áèâ ¡ ¬¨, ¡®«ìè¨¬¨ è £  á¥âª¨, á ¬®¤¥«ï¬¨¤«ï ¢¨åà¥© á ¬ áèâ ¡ ¬¨, ¬¥ìè¨¬¨ è £  á¥âª¨.� à ¨å LES-â¥å®«®£¨ïå ¡®«ìè¨áâ¢® ¨á¯®«ì-§ã¥¬ëå ¯®¤á¥â®çëå ¬®¤¥«¥© ¡ë«¨ â¨¯  �¬ £®-à¨áª®£® [1], ª®â®àë¥ ¯ à ¬¥âà¨§®¢ «¨ ¯®¤á¥â®ç-ë¥  ¯àï¦¥¨ï ¯®áà¥¤áâ¢®¬ ¢¨åà¥¢®© ¢ï§ª®áâ¨.�  ãç¨âë¢ ¥â ¬¥å ¨§¬ ¯àï¬®£® í¥à£®¯¥à¥®á [16], ¨¬¥¥â ¯®áâ®ïë© ª®íää¨æ¨¥â CV ¤«ï ¯®¤-
á¥â®çëå ¬ áèâ ¡®¢, ® ¯«®å® ®¯à¥¤¥«ï¥â § ç¥-¨¥ ¯®¤á¥â®ç®£®  ¯àï¦¥¨ï, ¯à¨ç¥¬ ¤¨áá¨¯ æ¨ï¯®¤á¥â®ç®© í¥à£¨¨ ¯®«ãç ¥âáï ®ç¥ì ¡®«ìè®© ¢áà ¢¥¨¨ á íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨. �«ï¥®¤®à®¤ëå âãà¡ã«¥âëå â¥ç¥¨© ¥®¡å®¤¨¬®,çâ®¡ë ¯®¤á¥â®ç ï ¬®¤¥«ì ¯à¨á¯®á ¡«¨¢ « áì ª«®ª «ì®© £¨¤à®¤¨ ¬¨ª¥ â¥ç¥¨ï. C íâ®© æ¥«ìî¢ à ¡®â¥ [3] à §à ¡®â   ¤¨ ¬¨ç¥áª ï ¯à®æ¥¤ãà ,ª®â®à ï ¢ëç¨á«ï¥â § ç¥¨¥ ¬®¤¥«ì®£® ª®íää¨-æ¨¥â  CV ¢ § ¢¨á¨¬®áâ¨ ®â ¯à®áâà áâ¢¥ëåª®®à¤¨ â ¨ ¢à¥¬¥¨. �¤ ª® á¨áâ¥¬  ãà ¢¥-¨© ¤«ï ¢ëç¨á«¥¨ï CV ï¢«ï¥âáï ¯¥à¥®¯à¥¤¥«¥-®© [11]. �«ï ãáâà ¥¨ï íâ®£® ¥¤®áâ âª  ¢ à -¡®â¥ [4] à §à ¡®â   â¥å®«®£¨ï  ¨¬¥ìè¨å ª¢ -¤à â®¢, ¯®§¢®«ïîé ï ¢ëç¨á«¨âì ¬®¤¥«ìë© ª®-íää¨æ¨¥â á ¡®«ìè¥© áâ¥¯¥ìî ®¯à¥¤¥«¥®áâ¨.�®, ¥á¬®âàï   ãª § ë¥ ã«ãçè¥¨ï, ¢ à¥§ã«ì-â â¥ ¤«ï ®â¤¥«ìëå ®¡« áâ¥© â¥ç¥¨ï ¯®«ãç ¥â-áï çà¥§¬¥à®¥ í¥à£®¢®§¢à â®¥ à áá¥ï¨¥ ¢á«¥¤-áâ¢¨¥ ¡®«ìè¨å «®ª «ìëå ä«îªâã æ¨© ¤¨ ¬¨ç¥-áª®£® ¬®¤¥«ì®£® ª®íää¨æ¨¥â  CV (t; x; y; z), ª®-â®à®¥ ¢¥¤¥â ª íªá¯®¥æ¨ «ì® ¢®§à áâ îé¥© ç¨-á«¥®© ¥ãáâ®©ç¨¢®áâ¨ [3, 4, 11]. � ¤àã£®¬ã â¨-48 c �.�.�ã§ì¬¥ª®, 2004



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 3. �. 48 { 53¯ã ¯®¤á¥â®çëå ¬®¤¥«¥© ¯à¨ ¤«¥¦¨â ¬®¤¥«ì ¬ á-èâ ¡®£® ¯®¤®¡¨ï [6, 7, 11], ª®â®à ï ¯à¥¤áª §ë¢ -¥â ¯®¤á¥â®ç®¥  ¯àï¦¥¨¥, ®á®¢ ®¥    ¨-¬¥ìè¨å á¥â®çëå ¬ áèâ ¡ å á ¯à¨¬¥¥¨¥¬ ¯®-¢â®à®£® ä¨«ìâà®¢ ¨ï. �® ¬®¤¥«ì ¬ áèâ ¡®£®¯®¤®¡¨ï ï¢«ï¥âáï ¥¤®áâ â®ç® ¤¨áá¨¯ â¨¢®©. B áâ®ïé¥¥ ¢à¥¬ï  ¨¡®«¥¥ ª®àà¥ªâë¬ áç¨â ¥â-áï ¨á¯®«ì§®¢ ¨¥ á¬¥è ëå ¬®¤¥«¥© (¬®¤¥«ì ¢¨-åà¥¢®© ¢ï§ª®áâ¨ ¯«îá ¬®¤¥«ì ¬ áèâ ¡®£® ¯®¤®-¡¨ï). �à¨¬¥¥¨¥ ¤¨ ¬¨ç¥áª®© ¯à®æ¥¤ãàë ª á¬¥-è ®© ¬®¤¥«¨ ¤¥« ¥â ¥¥ ¡®«¥¥ çã¢áâ¢¨â¥«ì®© ª«®ª «ì®¬ã á®áâ®ï¨î ¯®â®ª  [5, 8{12]. �á¯®«ì-§®¢ ¨¥ áâ ¤ àâ®© LES-â¥å®«®£¨¨ ¤«ï à áç¥-â  å à ªâ¥à¨áâ¨ª âãà¡ã«¥âëå â¥ç¥¨©, ®£à ¨-ç¥ëå â¢¥à¤®© ¯®¢¥àå®áâìî, ¢ á«ãç ¥ Re � 105¯à¨¢®¤¨â ª ®£à®¬ë¬ ç¨á«¥ë¬ § âà â ¬. �«ï¯à¥®¤®«¥¨ï íâ®£® ¯à¨¬¥ï¥âáï íª®®¬¨ç ï LES-â¥å®«®£¨ï á ¯à¨áâ¥®© ¬®¤¥«ìî [12, 20]. � â®¦¥ ¢à¥¬ï, ¨á¯®«ì§®¢ ¨¥ ¤¨ ¬¨ç¥áª®© ¯à®æ¥¤ãàë¢ëç¨á«¥¨ï ¯®¤á¥â®ç®£® ª®íää¨æ¨¥â  ¢ á®ç¥â -¨¨ á ¯à¨áâ¥®© ¬®¤¥«ìî ¬ «® ¨§ãç¥®.�¥«ì ¤ ®© à ¡®âë { ¨áá«¥¤®¢ ¨¥ à áç¥â-ëå å à ªâ¥à¨áâ¨ª ¯à¨ ç¨á«¥®¬ ¬®¤¥«¨à®¢ -¨¨ âãà¡ã«¥â®£® ¯®£à ¨ç®£® á«®ï ¥á¦¨¬ -¥¬®© ¦¨¤ª®áâ¨ ¯à¨ ¢ëá®ª®¬ ç¨á«¥ �¥©®«ì¤á á ¨á¯®«ì§®¢ ¨¥¬ ¯à¨áâ¥®© ¬®¤¥«¨ ¨ ¢ëï¢«¥-¨¥ å à ªâ¥àëå ç¥àâ ¨ ®á®¡¥®áâ¥© ¢§ ¨¬®á¢ï-§¥© ª®¥ç®-à §®áâ®£® ¬¥â®¤  à¥è¥¨ï ä¨«ì-âà®¢ ëå ãà ¢¥¨© � ¢ì¥-�â®ªá  á ¢ë¡®à®¬ ¢¨-¤  ä¨«ìâà®¢ (¯¥à¢¨ç®£® ¨ ¯®¢â®à®£®), ¨å è¨à¨-ë, à §¬¥à ¬¨ á¥â®ç®© ïç¥©ª¨ ¨ á¯®á®¡  ®áà¥¤-¥¨ï, ¨á¯®«ì§ã¥¬®£® ¢ ¤¨ ¬¨ç¥áª®© ¯à®æ¥¤ãà¥,¨å ¢«¨ï¨ï   ª®àà¥ªâ®áâì ¨ â®ç®áâì ¯®«ãç ¥-¬ëå ç¨á«¥ëå à¥§ã«ìâ â®¢ ¢ à ¬ª å ¯à¨¬¥ï¥-¬®© LES-â¥å®«®£¨¨.1. ���������� �������á®¢®¯®« £ îé¨¥ ¤®¯ãé¥¨ï ¬ â¥¬ â¨ç¥áª®©ä®à¬ã«¨à®¢ª¨ § ¤ ç¨: 1)   ¯«®áªãî ¤«¨ãî £¨-¤à®¤¨ ¬¨ç¥áª¨ £« ¤ªãî ¯« áâ¨ã  â¥ª ¥â ®¤®-à®¤®¥ â¥ç¥¨¥ ¢ï§ª®© ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ á¯®áâ®ïë¬¨ á¢®©áâ¢ ¬¨ ¯à¨ ®âáãâáâ¢¨¨ ¢¥è-¨å ¬ áá®¢ëå á¨«; 2) âãà¡ã«¥âë© ¯®£à ¨çë©á«®© ¢ § ¤ ®© ¢ëç¨á«¨â¥«ì®© ®¡« áâ¨  å®¤¨â-áï ¢ à¥¦¨¬¥ Re=105.�á¯®«ì§ã¥¬ á¨áâ¥¬ã ãà ¢¥¨© ¢ ¡¥§à §¬¥à®¬¢¨¤¥ [18{20]:@~ui@t + @@xj (~ui~uj) = � @P@xi + 1Rer2~ui � @�ij@xj ; (1)@~ui@xi = 0:

�«ï áà ¢¨â¥«ìëå à áç¥â®¢ ¯® LES-â¥å®«®£¨¨¯à¨¬¥ïîâáï á«¥¤ãîé¨¥ ¯®¤á¥â®çë¥ ¬®¤¥«¨:1. �¨ ¬¨ç¥áª ï ¯®¤á¥â®ç ï ¬®¤¥«ì "¢¨-åà¥¢®© ¢ï§ª®áâ¨" (M1) [4]:�ij = �2�T ~Sij;~Sij = 12( @~ui@xj + @~uj@xi ); j ~S j= (2 ~Sij ~Sij)1=2;�T = CV ( ~�)2 j ~S j :�¯¥à â®à ¯®¢â®à®£® ä¨«ìâà®¢ ¨ï ®â ¯à®¨§-¢®«ì®© ¢¥«¨ç¨ë ~c ®¯à¥¤¥«ï¥âáï ª ª ĉ = ~c:CV (y) = � < MijLij >2 < MijMij >;Lij = ~ui~uj � ~ui~uj;Mij = � ~�2j ~S j ~Sij + �̂2 j Ŝ j Ŝij ;Ŝij = 12( @ûi@xj + @ûj@xi ); j Ŝ j= (2ŜijŜij)1=2:�¯¥à æ¨ï ®áà¥¤¥¨ï < : > ¯à®¢®¤¨âáï ¯®  ¯à -¢«¥¨ï¬ Ox ¨ Oz.2. �¤®¯ à ¬¥âà¨ç¥áª ï ¤¨ ¬¨ç¥áª ïá¬¥è  ï ¯®¤á¥â®ç ï ¬®¤¥«ì (M2) [9]:�ij = �2CV ~�2 j ~S j ~Sij + (~eij � ~~ui~~uj);£¤¥ eij = ~ui~uj;CV (y) = �< Mij(Lij �Hij) >2 < MijMij > ;Mij = � ~�2j ~S j ~Sij + �̂2 j Ŝ j Ŝij ;Hij = bibj � bibj; bi = ~~ui; bj = ~~uj :2. �������� ������������� à ¡®â¥ [17] â¥§®à ¯®¤á¥â®ç®£®  ¯àï¦¥¨ï¨áá«¥¤ã¥âáï á â¥®à¥â¨ç¥áª®© â®çª¨ §à¥¨ï, ¢ë¢®-¤ïâáï ãá«®¢¨ï à¥ «¨§ã¥¬®áâ¨ ¤«ï ª®¬¯®¥â íâ®-£® â¥§®à , ª®â®àë¥ á¯à ¢¥¤«¨¢ë â®£¤  ¨ â®«ì-ª® â®£¤ , ª®£¤  ä¨«ìâà ï¢«ï¥âáï "¯®«®¦¨â¥«ìë¬"(¯®¤á¥â®ç ï ª¨¥â¨ç¥áª ï í¥à£¨ï ¯®«®¦¨â¥«ì ¢® ¢á¥© à áá¬ âà¨¢ ¥¬®© ®¡« áâ¨).�®«®¦¨â¥«ìë¥ ä¨«ìâàë (� ãáá®¢ ¨ top-hat)¢á¥£¤  ¯à¨¢®¤ïâ ª ¯®«®¦¨â¥«ì®© ®¡®¡é¥®©âãà¡ã«¥â®© ª¨¥â¨ç¥áª®© í¥à£¨¨.�  áâ®ïé¥© à ¡®â¥ ¨á¯®«ì§ã¥âáï ®¯¥à æ¨ïä¨«ìâà®¢ ¨ï (¯® ®¤®à®¤®¬ã  ¯à ¢«¥¨î Oz)á ¯à¨¬¥¥¨¥¬ ª®¥ç®-à §®áâ®© áå¥¬ë ¨ � ãá-á®¢®£® ä¨«ìâà . �à¨ ¯à¨¬¥¥¨¨ ¤¨ ¬¨ç¥áª®©�.�.�ã§ì¬¥ª® 49



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 3. �. 48 { 53¯à®æ¥¤ãàë ¤«ï ®¯à¥¤¥«¥¨ï ª®íää¨æ¨¥â  CV ¨á-¯®«ì§ã¥âáï  àï¤ã á ¯¥à¢¨çë¬ â ª¦¥ ¨ ¯®¢â®à-ë© ä¨«ìâà. � ®¤®¬¥à®¬ á«ãç ¥ ®¯¥à æ¨ï ¯®-¢â®à®£® ä¨«ìâà®¢ ¨ï ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:~u(z) = 1Z�1 G(r)~u(z � r)dr; (2)£¤¥ G(r)� äãªæ¨ï ¯®¢â®à®£® ä¨«ìâà . � ¯à®-æ¥áá¥ ç¨á«¥®£® à áç¥â  ¥ ¯à¥¤áâ ¢«ï¥âáï ¢®§-¬®¦ë¬ â®ç® ¢ëç¨á«¨âì ~u ¢ á®®â¢¥âáâ¢¨¨ á â¥-®à¥â¨ç¥áª¨¬ ®¯à¥¤¥«¥¨¥¬.�®íâ®¬ã ¢ ¤ ®© à ¡®â¥ ¢ë¢¥¤¥¬   «¨â¨ç¥áª¨¯à¥¤áâ ¢«¥¨¥ ®¯¥à æ¨¨ � ãáá®¢®£® ä¨«ìâà®¢ ¨ï¤«ï ¥¯®áà¥¤áâ¢¥®£® ¨á¯®«ì§®¢ ¨ï   ª®¥ç®-à §®áâ®© á¥âª¥ ¢ § ¢¨á¨¬®áâ¨ ®â è £  á¥âª¨,è¨à¨ë ¯¥à¢¨ç®£® ¨ ¯®¢â®à®£® ä¨«ìâà®¢. � -ç «  ¨á¯®«ì§ã¥¬ à §«®¦¥¨¥ �¥©«®à  ¤«ï ®¯à¥¤¥-«¥¨ï ~u á ¥ª®â®à®© áâ¥¯¥ìî â®ç®áâ¨. �  ¯¥à-¢®¬ íâ ¯¥ à §«®¦¥¨¥ �¥©«®à  ¤«ï äãªæ¨¨ ~u ¢®ªà¥áâ®áâ¨ â®çª¨ z ¤ ¥â:~u(z � r) = ~u(z) � r~u0(z) + r22 ~u00(z)��r36 ~u000(z) + r424 ~u0000(z) +O(r5); (3)£¤¥ ~u0(z) ®§ ç ¥â ¤¨ää¥à¥æ¨à®¢ ¨¥ äãªæ¨¨~u(z) ¯® z. �®¤áâ ¢«ïï ¢ëà ¦¥¨¥ (3) ¢ (2), ¯®-«ãç ¥¬ ~u(z) = ~u(z) + ~u00(z)2 1Z�1 r2G(r)dr++ ~u0000 (z)24 1Z�1 r4G(r)dr + O(r6); (4)¯à¨ íâ®¬ ãç¨âë¢ ¥¬, çâ® � ãáá®¢ ä¨«ìâà ï¢«ï-¥âáï á¨¬¬¥âà¨çë¬ ¯®«®¦¨â¥«ìë¬ ä¨«ìâà®¬,ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ à¥ «¨§ã¥¬®áâ¨ [17] ¨ ¬®-¦¥â ¡ëâì ¨á¯®«ì§®¢  ¯à ¢®¬¥à® ¡¥§ ª ª¨å-«¨¡®®£à ¨ç¥¨© ¢ LES-â¥å®«®£¨¨. �®íâ®¬ã ¢ ¤ ®¬¨áá«¥¤®¢ ¨¨ ¢ ª ç¥áâ¢¥ ¯¥à¢¨ç®£® ¨ ¯®¢â®à®-£® ä¨«ìâà  ¨á¯®«ì§ã¥âáï � ãáá®¢ ä¨«ìâà, ª®â®àë©¤«ï ¯®¢â®à®£® ä¨«ìâà®¢ ¨ï ¢ ®¤®¬¥à®¬ á«ã-ç ¥ ¨¬¥¥â ¢¨¤G(r) =s 6��2 exp��6r2�2�;£¤¥ �� è¨à¨  ä¨«ìâà .

�«¥¤®¢ â¥«ì®, ¯®«ãç ¥¬:~u(z) = ~u(z) + �224 ~u00(z) + O(�4): (5)� ª¦¥ ¡ã¤¥â á¯à ¢¥¤«¨¢ë¬ ¤«ï ¯¥à¢¨ç®£® ä¨«ì-âà  á«¥¤ãîé¥¥ ¢ëà ¦¥¨¥:~u(z) = u(z) + ~�224 u00(z) + O( ~�4); (6)¯®¤áâ ®¢ª  ª®â®à®£® ¢ á®®â®è¥¨¥ (5) ¤ ¥â:~u(z) = u(z) + ~�224 u00(z) + �224 u00(z) + O(�̂4) == u(z) + �̂224 u00 (z) + O(�̂4); (7)£¤¥ ®¯¥à â®àë ä¨«ìâà®¢ á¢ï§ ë á«¥¤ãîé¨¬¨ § -¢¨á¨¬®áâï¬¨ Ĝ = ~G = ~GG , �̂ = ~� ¨ á¯à ¢¥¤«¨¢®¢ëà ¦¥¨¥ �̂2 = ~�2 +�2: (8)� «¥¥, ¨á¯®«ì§ã¥¬ ®¯à¥¤¥«¥¨¥ ¯à®¨§¢®¤®© ¢ª®¥ç®-à §®áâ®© ä®à¬¥ ¢ ã§«¥ á ®¬¥à®¬ n:u00 � un+1 � 2un + un�1~�2S :�®®â®è¥¨¥ (5) ¯à¨®¡à¥â ¥â á«¥¤ãîé¨© ¢¨¤:~un = ~un + �224 ~un+1 � 2~un + ~un�1~�2S + O(�4): (9)� ¯à¥¤áâ ¢«¥®© à ¡®â¥ è £ á¥âª¨ ~�S á¢ï§  áè¨à¨®© ¯¥à¢¨ç®£® ä¨«ìâà  ~� á«¥¤ãîé¨¬ ®¡à -§®¬: ~�=2~�S. �¥«¨ç¨  �̂ ¢å®¤¨â ¢ á®áâ ¢ Mij¨ ®¯à¥¤¥«ï¥âáï á®®â®è¥¨¥¬ (8). �®íâ®¬ã ¢ ¦¥¢ë¡®à § ç¥¨ï è¨à¨ë ¯®¢â®à®£® ä¨«ìâà  �.3. ��������� �������� ¦¤®¥ ¨§ ãà ¢¥¨© (1) ¤¨áªà¥â¨§¨àã¥âáï  ¯àï¬®ã£®«ì®© à áç¥â®© á¥âª¥ á è £®¬ ~�S ¢ ¢ë-ç¨á«¨â¥«ì®© ¡¥§à §¬¥à®© ®¡« áâ¨ (á¬. [18{20]):D = fx1 � x � xª; 0 � y � 1; 0 � z � zªg:xª = x1 + 1; zª = 1. �¨á«® à áç¥âëå â®ç¥ª ¯®ª ¦¤®© ª®®à¤¨ â¥ à ¢® 49.�à ¨çë¥ ãá«®¢¨ï ¢ âãà¡ã«¥â®¬ ¯®£à ¨ç-®¬ á«®¥ ¯à¨ Re = 105 ¢ à¥¦¨¬¥ £¨¤à®¤¨ ¬¨-ç¥áª¨ £« ¤ª®© ¯®¢¥àå®áâ¨ ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:1) y = 0; 0 � z � zª;x1 � x � xª : (à ¡®â  [20])@~u@y = ~u(x; y1; z)u2�(x)Rea< ~u(x; y1; z) >z ; ~v = 0;50 �.�.�ã§ì¬¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 3. �. 48 { 53@ ~w@y = ~w(x; y1; z)u2�(x)Rea< ~u(x; y1; z) >z ;2) y = 1; 0 � z � zª;x1 � x � xª:~u = 1; ~v = ~w = 0;3)-4) z = 0; z = zª; 0 � y � 1;x1 � x � xª:@~u@z = @~v@z = @ ~w@z = 0;5) ãá«®¢¨¥   ¢å®¤¥ ¢ à áç¥âãî ®¡« áâìx = x1; 0 � z � zª; y1 � y � 1:~u = Uc + ~up; ~v = ~vp; ~w = ~wp;6)   ¢ëå®¤¥ ¨§ à áç¥â®© ®¡« áâ¨x = xª; 0 � z � zª; 0 � y � 1@~u@t + uc @~u@x = 0; @~v@t + vc @~v@x = 0;@ ~w@t + wc@ ~w@x = 0:� à ¬¥âàë up,vp,wp, uc,vc ¨ wc ®¯à¥¤¥«ïîâáï   -«®£¨ç® [18],   Uc; u� { ¢ á®®â¢¥âáâ¢¨¨ á [20].4. ���������� �����������  ®á®¢¥ à §à ¡®â ®£® ç¨á«¥®£®  «£®à¨â¬ ¢ à ¬ª å íª®®¬¨ç®© LES-â¥å®«®£¨¨ ¯à®¢¥¤¥-ë áà ¢¨â¥«ìë¥ à áç¥âë ¯ à ¬¥âà®¢ â¥ç¥¨ï¢ âãà¡ã«¥â®¬ ¯®£à ¨ç®¬ á«®¥ (Re=105 ¯à¨xª=146) á ¨á¯®«ì§®¢ ¨¥¬ ¤¨ ¬¨ç¥áª®© ¯®¤á¥-â®ç®© ¬®¤¥«¨ "¢¨åà¥¢®© ¢ï§ª®áâ¨" (M1) ¨ ®¤®-¯ à ¬¥âà¨ç¥áª®© ¤¨ ¬¨ç¥áª®© á¬¥è ®© ¯®¤á¥-â®ç®© ¬®¤¥«¨ (M2). �«ï ¢ëç¨á«¥¨© ¯à¨¬¥ï«¨ª®¬¯ìîâ¥à PENTIUM-IV á â ªâ®¢®© ç áâ®â®© 1.6��æ ¨ ®¯¥à â¨¢®© ¯ ¬ïâìî 512 �¡. � áç¥â ¯®¬¥â®¤ã ãáâ ®¢«¥¨ï ¯à¥ªà é ¥âáï ¯à¨ ¢ë¯®«¥-¨¨ ãá«®¢¨ï, ®¯¨á ®£® ¯®¤à®¡® ¢ [18{20]. �®«-®¥ ¢à¥¬ï à áç¥â  ¯®áâ ¢«¥®© § ¤ ç¨   ãª § -®¬ ¢ëè¥ ª®¬ìîâ¥à¥ á®áâ ¢«ï¥â 30 ¬¨ãâ ¤«ï ¬®-¤¥«¨ M1 ¨ 35 ¬¨ãâ { ¤«ï ¬®¤¥«¨ M2.�¥§ã«ìâ âë à áç¥â®¢ ®áà¥¤¥ëå (¯® ®¤®à®¤-®¬ã  ¯à ¢«¥¨î Oz) ¡¥§à §¬¥àëå å à ªâ¥à¨-áâ¨ª âãà¡ã«¥â®£® ¯®£à ¨ç®£® á«®ï (áà¥¤¥©áª®à®áâ¨ ¨ âãà¡ã«¥âëå  ¯àï¦¥¨©) ¢¤®«ì ª®-®à¤¨ âë Y = (y � y1)=�, ¢ëç¨á«¥ëå á ¯à¨¬¥-¥¨¥¬ M2 ¯à¨ � = 1:22~�, å®à®è® á®£« áãîâ-áï á íªá¯¥à¨¬¥â®¬ [21] ¨ ¤ ë¬¨ à áç¥â  [20,p¨á. 1{3] ¯à¨ Re=105 ¨ ã¤ «¥¨¨ ®â  ç «  ¯« -áâ¨ë ¢¤®«ì ¯® ¯®â®ªã x=145.5. �ëç¨á«¥¨ï,¯à®¢¥¤¥ë¥   ®á®¢¥ ¬®¤¥«¨ M2 ¤«ï à §«¨çëå�= ~� = f1:22; 1:6; 2g ¯®ª § «¨, çâ® ®âª«®¥¨ï á®-®â¢¥âáâ¢ãîé¨å ¢¥«¨ç¨ ®â ¯à¥¤áâ ¢«¥ëå ¢ [20]

�¨á. 1. � ¢¨á¨¬®áâì ¤¨áá¨¯ æ¨¨ ¯®¤á¥â®ç®©í¥à£¨¨ e ®â Y ¤«ï ¬®¤¥«¨ M1:1 { ¯à¨ � = 1:22 ~�; 2 { ¯à¨ � = 1:6 ~�;3 { ¯à¨ � = 2 ~�  à¨á. 1{3 ¥ ¯à¥¢ëè îâ 0.5%,     «®£¨çë¥ ®â-ª«®¥¨ï ¤«ï ¬®¤¥«¨ M1 ¥ ¯à¥¢ëè îâ 0.5% ¤«ïáà¥¤¥© áª®à®áâ¨ ¨ 1.5% ¤«ï ¯®«ëå  ¯àï¦¥¨©.�ç¥ì ¢ ¦®© å à ªâ¥à¨áâ¨ª®© ¢«¨ï¨ï ¯®¤á¥-â®ç®© ¬®¤¥«¨, ¯® ¬¥¨î  ¢â®à®¢ à ¡®â [1{7, 11,17], ï¢«ï¥âáï ®áà¥¤¥ ï ¯®¤á¥â®ç ï ¤¨áá¨¯ æ¨ïª¨¥â¨ç¥áª®© í¥à£¨¨ âãà¡ã«¥â®áâ¨:e = �h�ij ~Sijixz:Be«¨ç¨  e ¢å®¤¨â ¢ ãà ¢¥¨¥ ¤«ï ®áà¥¤¥®©à áç¥â®© ª¨¥â¨ç¥áª®© í¥à£¨¨ K ¨ ãç¨âë¢ -¥â  ¨¡®«¥¥ § ç¨¬®¥ ¤¥©áâ¢¨¥ ¯®¤á¥â®çëå ¬ á-èâ ¡®¢   í¢®«îæ¨î K [11]. �  à¨á. 1{4 ¯à¥¤-áâ ¢«¥ë ¨§¬¥¥¨ï ®áà¥¤¥ëå (¯® ¯«®áª®áâ¨Oxz) ¡¥§à §¬¥àëå å à ªâ¥à¨áâ¨ª e ¨ CV ¢¤®«ìY , ¢ëç¨á«¥ëå   ®á®¢¥ ¬®¤¥«¥© M1 ¨ M2 ¯à¨� = 1; 22~� (¢¥àåïï ªà¨¢ ï); � = 1; 6~� (á¥à¥¤¨- ï ªà¨¢ ï) ¨ � = 2 ~� (¨¦ïï ªà¨¢ ï).�  à¨á. 1 ¯à¥¤áâ ¢«¥ë ¨§¬¥¥¨ï ®áà¥¤¥®©¡¥§à §¬¥à®© ¯®¤á¥â®ç®© ¤¨áá¨¯ æ¨¨ ª¨¥â¨ç¥-áª®© í¥à£¨¨ âãà¡ã«¥â®áâ¨ e ¢¤®«ì Y ¢ á«ãç ¥¯à¨¬¥¥¨ï ¬®¤¥«¨ M1. �¢¥«¨ç¥¨¥ è¨à¨ë ¯®-¢â®à®£® ä¨«ìâà  � ¢¥¤¥â ª ã¬¥ìè¥¨î e, ® ¥¥ ¡á®«îâ®¥ § ç¥¨¥ ¤«ï ¢á¥å âà¥å à áç¥âëå á«ã-ç ¥¢ ¯® � çà¥§¢ëç ©® ¡®«ìè®¥ [11], ¢ â® ¢à¥¬ïª ª ®â®á¨â¥«ìë© ¢ª« ¤ ¯®¤á¥â®ç®£®  ¯àï¦¥-¨ï ¢ ¯®«®¥  ¯àï¦¥¨¥ á®áâ ¢«ï¥â ¢á¥£® «¨èì®ª®«® 1%.�  à¨á. 2 ¯à¨¢¥¤¥ë § ¢¨á¨¬®áâ¨ ¢¥«¨ç¨ë e ®âY ¯à¨ ¨á¯®«ì§®¢ ¨¨ ¬®¤¥«¨ M2. �à¨ ã¢¥«¨ç¥¨¨�  ¡«î¤ ¥âáï ã¬¥ìè¥¨¥ e, ® ã¦¥ ¯à¨ ¡®«¥¥¨§ª®¬ ¥¥  ¡á®«îâ®¬ § ç¥¨¨ (¤«ï âà¥å á«ãç ¥¢�.�.�ã§ì¬¥ª® 51
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�¨á. 2. � ¢¨á¨¬®áâì ¤¨áá¨¯ æ¨¨ ¯®¤á¥â®ç®©í¥à£¨¨ e ®â Y ¤«ï ¬®¤¥«¨ M2:1 { ¯à¨ � = 1:22 ~�; 2 { ¯à¨ � = 1:6 ~�;3 { ¯à¨ � = 2 ~�

�¨á. 3. � ¢¨á¨¬®áâì ¤¨ ¬¨ç¥áª®£® ¯®¤á¥â®ç®£®ª®íää¨æ¨¥â  �V ®â Y ¤«ï ¬®¤¥«¨ M1:1 { ¯à¨ � = 1:22 ~�; 2 { � = 1:6 ~�;3 { ¯à¨ � = 2 ~�¯® �). �à¨ç¥¬, ®â®á¨â¥«ìë© ¢ª« ¤ ¯®¤á¥â®ç-®£®  ¯àï¦¥¨ï ¢ ¯®«®¥  ¯àï¦¥¨¥ á®áâ ¢«ï¥â®ª®«® 9% ¯à¨ ®ç¥ì á« ¡®© § ¢¨á¨¬®áâ¨ ®â Y . �â¨å à ªâ¥à¨áâ¨ª¨ ®¤®¯ à ¬¥âà¨ç¥áª®© ¤¨ ¬¨ç¥-áª®© á¬¥è ®© ¯®¤á¥â®ç®© ¬®¤¥«¨ M2 å®à®è®ª®àà¥«¨àãîâáï á à¥§ã«ìâ â ¬¨ ¨áá«¥¤®¢ ¨© [8{11] ¨ á ¢ë£®¤®© áâ®à®ë ¯®ª §ë¢ îâ ¯à¥¨¬ãé¥-áâ¢  ¬®¤¥«¨ M2 ¢ áà ¢¥¨¨ á ¤¨ ¬¨ç¥áª®© ¯®¤-á¥â®ç®© ¬®¤¥«ìî "¢¨åà¥¢®© ¢ï§ª®áâ¨" M1.�  à¨á. 3 ¯à¥¤áâ ¢«¥ë ¨§¬¥¥¨ï ®áà¥¤¥®£®¡¥§à §¬¥à®£® ¤¨ ¬¨ç¥áª®£® ª®íää¨æ¨¥â  CV¢¤®«ì ª®®à¤¨ âë Y ¢ á«ãç ¥ ¯à¨¬¥¥¨ï ¬®¤¥«¨

�¨á. 4. � ¢¨á¨¬®áâì ¤¨ ¬¨ç¥áª®£® ¯®¤á¥â®ç®£®ª®íää¨æ¨¥â  �V ®â Y ¤«ï ¬®¤¥«¨ M2:1 { ¯à¨ � = 1:22 ~�; 2 { ¯à¨ � = 1:6 ~�;3 { ¯à¨ � = 2~�M1. �®áâ è¨à¨ë ¯®¢â®à®£® ä¨«ìâà  � ¢¥¤¥â ªã¬¥ìè¥¨î CV . �  à¨á. 4 ¤ ë § ¢¨á¨¬®áâ¨ CV®â Y ¤«ï ¬®¤¥«¨ M2. �¡á®«îâ®¥ § ç¥¨¥ ¤¨ -¬¨ç¥áª®£® ª®íää¨æ¨¥â  CV ¢ ¬®¤¥«¨ M2 ¬¥ìè¥,ç¥¬ ¢ ¬®¤¥«¨ M1 ¤«ï ª ¦¤®£® á®®â¢¥âáâ¢ãîé¥£®�. �®áâ è¨à¨ë ¯®¢â®à®£® ä¨«ìâà  � ¢¥¤¥â ªã¬¥ìè¥¨î CV ,   ®â®á¨â¥«ì®¥ ¨§¬¥¥¨¥ CV¢ § ¢¨á¨¬®áâ¨ ®â � ¢ëà ¦¥® á¨«ì¥¥ ¤«ï ¬®¤¥-«¨ M2 ¯® áà ¢¥¨î á M1. �®íâ®¬ã ¢ ¬®¤¥«¨ M2¤«ï ¯®¤á¥â®ç®£®  ¯àï¦¥¨ï ¥£® á®áâ ¢«ïîé ï"¢¨åà¥¢®© ¢ï§ª®áâ¨" ¢ ¡®«ìè¥© ¬¥à¥ ¯®¤¢¥à¦¥ ¢«¨ï¨î ¨§¬¥¥¨ï è¨à¨ë ¯®¢â®à®£® ä¨«ìâà .�¢¥«¨ç¥¨¥ � ¢¥¤¥â ª ã¬¥ìè¥¨î çã¢áâ¢¨â¥«ì-®áâ¨ ¤¨ ¬¨ç¥áª®© ¯à®æ¥¤ãàë ¯® ª®íää¨æ¨¥âãCV ¢¤®«ì Y . �® ¬ áèâ ¡®¯®¤®¡ ï ç áâì ¬®¤¥«¨M2 áâ ¡¨«¨§¨àã¥â ¨ á£« ¦¨¢ ¥â ¢«¨ï¨¥ å à ª-â¥à  íâ®© ¨§¬¥ç¨¢®áâ¨ ¯ãâ¥¬ ã¬¥ìè¥¨ï  ¡á®-«îâ®£® § ç¥¨ï CV . �«¥¤®¢ â¥«ì®, ¤«ï ¬®¤¥«¨M2  ¨¡®«¥¥ ®¯â¨¬ «ìë¬ ¥áâì ¢ë¡®à � = 1; 22~�.�â® å®à®è® á®£« áã¥âáï á â¥¬, çâ® ¢ âãà¡ã«¥â-®¬ â¥ç¥¨¨  ¡«î¤ ¥âáï ¡®«ìè¥¥ ¯®¤®¡¨¥ å à ª-â¥à¨áâ¨ª ¤«ï ¡®«¥¥ ¡«¨§ª¨å ¬ áèâ ¡®¢ [11,17], ¢ è¥¬ á«ãç ¥ ¤«ï ~� ¨ 1; 22~� ¯® áà ¢¥¨î á ¯®¤®-¡¨¥¬ ¤«ï ¬ áèâ ¡®¢ ~� ¨ 1; 6~� (¨«¨ 2~�).�������à¥¤áâ ¢«¥ë¥ ¢ ¤ ®© à ¡®â¥ ç¨á«¥ë¥ ¨á-á«¥¤®¢ ¨ï   ®á®¢¥ íª®®¬¨ç®© LES-â¥å®«®£¨¨ï¢«ïîâáï ¤ «ì¥©è¨¬ à §¢¨â¨¥¬ LES-¯®¤å®¤ , ¨§-«®¦¥®£®  ¢â®à®¬ ¢ [20], ® ã¦¥ á ¯à¨¬¥¥¨-¥¬ ¤¨ ¬¨ç¥áª¨å ¯®¤á¥â®çëå ¬®¤¥«¥© (¢¨åà¥¢®©¢ï§ª®áâ¨ M1 ¨ á¬¥è ®© M2), ¢ ª®â®àëå ¯®¤-52 �.�.�ã§ì¬¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 3. �. 48 { 53á¥â®çë© ª®íää¨æ¨¥â § ¢¨á¨â ®â à ááâ®ï¨ï ®âáâ¥ª¨ ¨ ®¯à¥¤¥«ï¥âáï ¢ ¯à®æ¥áá¥ à áç¥â  ¢ ®â«¨-ç¨¥ ®â [20], £¤¥ áãé¥áâ¢ã¥â ¯à®¡«¥¬  § ¡« £®¢à¥-¬¥®£® § ¤ ¨ï íâ®£® ª®íää¨æ¨¥â .�à®¢¥¤¥® ¨§ãç¥¨¥ LES-â¥å®«®£¨¨ ¤«ï ¬®¤¥-«¨à®¢ ¨ï âãà¡ã«¥â®£® ¯®£à ¨ç®£® á«®ï ¯à¨¢ëá®ª®¬ ç¨á«¥ �¥©®«ì¤á  á ¨á¯®«ì§®¢ ¨¥¬ ¯à¨-áâ¥®© ¬®¤¥«¨, ¤¨ ¬¨ç¥áª¨å ¯®¤á¥â®çëå ¬®-¤¥«¥© ¨ ¢ëï¢«¥ë å à ªâ¥àë¥ ç¥àâë ¢§ ¨¬®á¢ï-§¥© ª®¥ç®-à §®áâ®£® ¬¥â®¤  à¥è¥¨ï ä¨«ì-âà®¢ ëå ãà ¢¥¨© � ¢ì¥-�â®ªá  á ¢ë¡®à®¬ ¢¨-¤  ä¨«ìâà®¢, à §¬¥à  á¥â®ç®© ïç¥©ª¨ ¨ ¨å ¢«¨-ï¨ï   ª®àà¥ªâ®áâì ¨ â®ç®áâì ¯®«ãç ¥¬ëå à¥-§ã«ìâ â®¢.�¯¥à¢ë¥   «¨â¨ç¥áª¨ ¯®«ãç¥® ¯à¥¤áâ ¢«¥¨¥®¯¥à æ¨¨ � ãáá®¢®£® ä¨«ìâà®¢ ¨ï ¤«ï ¥¯®áà¥¤-áâ¢¥®£® ¨á¯®«ì§®¢ ¨ï   ª®¥ç®-à §®áâ®©á¥âª¥ ¢ § ¢¨á¨¬®áâ¨ ®â è £  á¥âª¨, è¨à¨ë ¯¥à-¢¨ç®£® ¨ ¢â®à¨ç®£® ä¨«ìâà®¢. �áá«¥¤®¢ ® ¢«¨-ï¨¥ ¢¥«¨ç¨ë ®â®è¥¨ï è¨à¨ë ¢â®à¨ç®£®ä¨«ìâà  ª è¨à¨¥ ¯¥à¢¨ç®£® (á«ãç ¨: 1.22; 1.6;2)   à áç¥â ¤¨ ¬¨ç¥áª®£® ¯®¤á¥â®ç®£® ª®íä-ä¨æ¨¥â , áà¥¤¥© ¤¨áá¨¯ æ¨¨ ¯®¤á¥â®ç®© í¥à-£¨¨, áà¥¤¥© áª®à®áâ¨ ¨ âãà¡ã«¥âëå  ¯àï¦¥-¨©. �áâ ®¢«¥®, çâ® ¤«ï ¯à¥¤áâ ¢«¥®£® LES-¯®¤å®¤  ®¯â¨¬ «ìë¬ ï¢«ï¥âáï ¨á¯®«ì§®¢ ¨¥ ¤¨- ¬¨ç¥áª®© á¬¥è ®© ¬®¤¥«¨ ¯à¨ ®â®è¥¨¨ è¨-à¨ë ¢â®à¨ç®£® ä¨«ìâà  ª è¨à¨¥ ¯¥à¢¨ç®£®,à ¢®£® 1.22.�¯¥à¢ë¥, ¯® áà ¢¥¨î á ¤àã£¨¬¨ ¨áá«¥¤®¢ -â¥«ï¬¨,   ®á®¢¥ íª®®¬¨ç®© LES-â¥å®«®£¨¨¤«ï âãà¡ã«¥â®£® ¯®£à ¨ç®£® á«®ï ¥á¦¨¬ ¥-¬®© ¦¨¤ª®áâ¨ ¢ à¥¦¨¬¥ £¨¤à®¤¨ ¬¨ç¥áª¨ £« ¤-ª®© ¯®¢¥àå®áâ¨ ¤«ï Re=105 c ¯à¨¬¥¥¨¥¬ ¯à¨-áâ¥®© ¬®¤¥«¨ ¨ ¤¨ ¬¨ç¥áª®© á¬¥è ®© ¯®¤-á¥â®ç®© ¬®¤¥«¨ ¯®«ãç¥ë ç¨á«¥ë¥ § ç¥¨ï®áà¥¤¥®© áª®à®áâ¨, ¯®«ëå ¨ ¯®¤á¥â®çëå âãà-¡ã«¥âëå  ¯àï¦¥¨©, ª®â®àë¥ å®à®è® á®£« áã-îâáï á íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨ ¤àã£®£®  ¢-â®à .� §à ¡®â  ï ¬¥â®¤¨ª  ¨áá«¥¤®¢ ¨ï ¢«¨ï¨ï¢§ ¨¬®®â®è¥¨ï à §¬¥à®¢ á¥â®ç®© ïç¥©ª¨ ¨è¨à¨ ä¨«ìâà®¢   ¢¥«¨ç¨ã ¤¨áá¨¯ æ¨¨ ¯®¤á¥-â®ç®© í¥à£¨¨ ¨ ¤¨ ¬¨ç¥áª®£® ¯®¤á¥â®ç®£® ª®-íää¨æ¨¥â  ¡ã¤¥â ®á®¡¥® ¯®«¥§  ¢ ¥¤ «¥ª®©¯¥àá¯¥ªâ¨¢¥, ª®£¤  ª®¬¯ìîâ¥àë¥ à¥áãàáë ¯®§¢®-«ïâ à ááç¨âë¢ âì á ¯®¬®éìî LES-â¥å®«®£¨¨  ¬¥«ª®© á¥âª¥ ¢ï§ª¨© ¨ ¡ãä¥àë© ¯®¤á«®¨, ¢ ª®â®-àëå áãé¥áâ¢ãîâ ¡®«ìè¨¥ £à ¤¨¥âë áª®à®áâ¨ ¨âãà¡ã«¥âëå  ¯àï¦¥¨©. �ç¥â íâ®£® ¯®âà¥¡ã-¥â ¯®¤à®¡®£® ¨§ãç¥¨ï ¯®¢¥¤¥¨ï ¤¨ ¬¨ç¥áª®£®¯®¤á¥â®ç®£® ª®íää¨æ¨¥â  ¨ ¥£® ¢«¨ï¨ï   ¤¨á-á¨¯ æ¨î í¥à£¨¨ ¢¡«¨§¨ áâ¥ª¨.
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