
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 2. �. 13 { 19��� 517.2 ����� �������� ������� ������� �������� �������������������������������. �. �����, �. �. ������������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢���áâ¨âãâ ¯à®¡«¥¬ ¬®¤¥«¨à®¢ ¨ï ¢ í¥à£¥â¨ª¥ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 17.09.2002 � �¥à¥á¬®âà¥® 04.03.2003�  ®á®¢¥ ç¨á«¥®£® à¥è¥¨ï ¤¢ã¬¥àëå áâ æ¨® àëå ãà ¢¥¨© � ¢ì¥-�â®ªá , ®¯¨áë¢ îé¨å ¢å®¤ ¥á¦¨¬ ¥¬®©¢ï§ª®© ¦¨¤ª®áâ¨ ¢ ¯«®áª¨© ª  « á á¨¬¬¥âà¨çë¬¨ "¯®à¨áâë¬¨ á«®ï¬¨" (¯à®¨æ ¥¬®© è¥à®å®¢ â®áâìî) ã áâ¥®ª,¤    «¨§ « ¬¨ àëå â¥ç¥¨© á ç¨á«®¬ �¥©®«ì¤á  Re ¤® 1000, ¯à¥¤áâ ¢«¥  § ¢¨á¨¬®áâì ¤«¨ë ¢å®¤®£® ãç áâª ª  «  Lx ®â ¯«®â®áâ¨ ¯®à¨áâëå á«®¥¢ ¨ Re. � §«¨ç®¥ ¯à¥¤¥«ì®¥ ¯®¢¥¤¥¨¥ Lx ¯à¨ ¬ «ëå ¨ ¡®«ìè¨å Reá¢¨¤¥â¥«ìáâ¢ã¥â ® ¯à¨¬¥¨¬®áâ¨ ¯à¨¡«¨¦¥¨ï ¯®£à ¨ç®£® á«®ï «¨èì ¤«ï ¡®«ìè¨å Re.�  ®á®¢i ç¨á¥«ì®£® à®§¢'ï§ã¢ ï ¤¢®¢¨¬ià¨å áâ æi® à¨å ài¢ïì � ¢'õ-�â®ªá , ïªi ®¯¨áãîâì ¢åi¤ ¥áâ¨á«¨¢®ù¢'ï§ª®ù ài¤¨¨ ¢ ¯«®áª¨© ª  « § á¨¬¥âà¨ç¨¬¨ "¯®à¨áâ¨¬¨ è à ¬¨" (¯à®¨ª®î è®àáâªiáâî) ¡i«ï áâi®ª, ¤ ®  «i§ « ¬i à¨å â¥çi© § ç¨á«®¬ �¥©®«ì¤á  Re ¤® 1000, ¯à¥¤áâ ¢«¥® § «¥¦iáâì ¤®¢¦¨¨ ¢åi¤®ù ¤i«ïª¨ ª  «ãLx ¢i¤ éi«ìoáâi ¯®à¨áâ¨å è ài¢ i Re. �i§  ¯®¢¥¤iª  Lx ¯à¨ ¬ «¨å â  ¢¥«¨ª¨å Re á¢i¤ç¨âì, é®  ¡«¨¦¥ï¯®£à ¨ç®£® è àã ¬®¦¥ ¡ãâ¨ § áâ®á®¢ ® «¨è¥ ¤«ï ¢¥«¨ª¨å Re.Analysis of viscouse imcompressible ow entering a channel with symmetrical near-wall porous layers (penetrable rough-nesses) has been provided based on numerical solution of two-dimensional stationary Navier-Stokes equations with theReynolds number Re up to 1000. Dependence of the initial region length upon porous layer density and Re has beengiven. Its di�erent behaviour for small and large Re means that boundary layer approximation is valid for only large Re.��������� ¯®á«¥¤¨¥ £®¤ë ¢ ¨¦¥¥àëå ¨ íª®«®£¨ç¥-áª¨å ¯à¨«®¦¥¨ïå ¯®ï¢«ï¥âáï ¢á¥ ¡®«ìè¥ à ¡®â,¯®á¢ïé¥ëå ®¡â¥ª ¨î ¯à®âï¦¥ëå "¯®à¨áâëåáâàãªâãà": £®à®¤áª®© § áâà®©ª¨ [1,2] ¨«¨ «¥á®£®¬ áá¨¢  [3,4], ¡àë§£ «ìëå á¨áâ¥¬ ®å« ¦¤¥¨ï [5]{  â¬®áä¥àë¬ ¯®â®ª®¬; ¯à¨¤®ëå § à®á«¥© {à¥çë¬ ¯®â®ª®¬ [6{ 8] ¨ â.¯. � «®£¨çë¥ § ¤ ç¨¯à¥¤áâ ¢«ïîâ ¨â¥à¥á ¨ ¤«ï â¥å¨ç¥áª®© £¨¤à ¢-«¨ª¨. �¤  ¨§ ¢®§¬®¦ëå §¤¥áì § ¤ ç, ¨§ãç¥¨¥ª®â®à®©  ç â®  ¬¨ ¢ [9] { ¢å®¤ ¦¨¤ª®áâ¨ ¨ ¤ «ì-¥©è¥¥ ¥¥ â¥ç¥¨¥ ¢ âàã¡¥ ¨«¨  ¯®à®¬ ª  «¥ á¯®à¨áâë¬¨ á«®ï¬¨ ã áâ¥®ª (à¨á. 1 ¨§ [9]) { ¨ á«ã-¦¨â ¯à¥¤¬¥â®¬ ¤ «ì¥©è¥£®, ¡®«¥¥ ã£«ã¡«¥®£®à áá¬®âà¥¨ï ¢ ¤ ®© áâ âì¥.� ¤ çã ® ¢å®¤¥ ¢ï§ª®© ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨¢  ¯®àë© ª  « á ¯®à¨áâë¬¨ á«®ï¬¨ ã áâ¥®ª¢  è¥© ¥¤ ¢¥© à ¡®â¥ [9] ã¤ «®áì à ááç¨â âì¤«ï ç¨á¥« �¥©®«ì¤á  Re � 10. � ¤ ®© à ¡®-â¥ ¯®«ãç¥ë ¨   «¨§¨àãîâáï à¥§ã«ìâ âë ç¨á«¥-ëå à áç¥â®¢ ¤«ï § ç¨â¥«ì® ¡�o«ìè¨å ç¨á¥« �¥©-®«ì¤á  Re � 1000. � «¨§ ¯®¤â¢¥à¦¤ ¥â á¤¥« -ë¥ à ¥¥ ¢ë¢®¤ë ® ª àâ¨¥ â¥ç¥¨ï, ®, á ¤àã-£®© áâ®à®ë, ¯®§¢®«ï¥â ãâ®ç¨âì ®á®¢ë¥ § ª®-®¬¥à®áâ¨ â¥ç¥¨ï ¢ è¨à®ª®¬ ¤¨ ¯ §®¥ ç¨á¥«Re. � ç áâ®áâ¨, ã¤ «®áì ¡®«¥¥ ¯®¤à®¡® ¯à®  -«¨§¨à®¢ âì å à ªâ¥à § ¢¨á¨¬®áâ¨ ¤«¨ë ¢å®¤®-

£® ãç áâª  Lx ®â ç¨á«  �¥©®«ì¤á . �¥§ã«ìâ âë¬®£ãâ ¯à¥¤áâ ¢«ïâì ¨â¥à¥á ¤«ï £¨¤à ¢«¨ª¨ âàã-¡®¯à®¢®¤ëå á¨áâ¥¬ á ¯®¯ãâ®© ®ç¨áâª®© ¢®¤ë ¯®-à¨áâë¬¨ ä¨«ìâà ¬¨ ¨ £¨¤à®¤¨ ¬¨ç¥áª®© â¥®à¨¨á¬ §ª¨ [10].�ãáâì ¯«®áª¨© ª  « ¯®«ã¡¥áª®¥ç®© ¤«¨ë¨¬¥¥â ¢ëá®âã H,   ¯®à¨áâë¥ á«®¨ ¢ëá®âë h ã¥£® áâ¥®ª ®¤¨ ª®¢ë ¯® ¯«®â®áâ¨, [9]. �á«¥¤-áâ¢¨¥ ¥ª®â®à®© ¯®áâ®ï®© à §®áâ¨ ¤ ¢«¥¨©¬¥¦¤ã ¢å®¤®¬ ¨ ã¤ «¥ë¬ ¢ëå®¤®¬ ¨§ ª  « ¨¬¥¥â ¬¥áâ® áâ æ¨® à®¥ â¥ç¥¨¥ ¢ï§ª®© ¥á¦¨-¬ ¥¬®© ¦¨¤ª®áâ¨, à á¯à¥¤¥«¥¨¥ áª®à®áâ¨ ª®â®à®-£®   ¢å®¤¥ ¢ ª  « ¯®« £ îâ à ¢®¬¥àë¬ ¨ à ¢-ë¬ ¥ª®â®à®¬ã § ç¥¨î U0. �¨§¨ç¥áª¨ ®ç¥¢¨¤-®, çâ® ¯®«¥ áª®à®áâ¥© â¥ç¥¨ï ¡ã¤¥â áãé¥áâ¢¥-® ¯¥à¥áâà ¨¢ âìáï   ¥ª®â®à®© ¤«¨¥ ª  « , §ë¢ ¥¬®© ¤«¨®© ¢å®¤®£® ãç áâª  Lx, ¯®á«¥ç¥£® ãáâ ®¢¨âáï ª ª®¥-â® ®¤®¬¥à®¥ à á¯à¥¤¥-«¥¨¥ áª®à®áâ¨ U (s)(z) ¨ ¯®áâ®ïë© ¯à®¤®«ìë©£à ¤¨¥â ¤ ¢«¥¨ï @p@x [11,13,14].�ç¥¢¨¤®, çâ® â ª ï § ¤ ç  ®¡®¡é ¥â ¨§¢¥áâ-ãî § ¤ çã ® ¢å®¤¥ ¦¨¤ª®áâ¨ ¢ ¯®«ã¡¥áª®¥çë© ¯®àë© ª  « á £« ¤ª¨¬¨ áâ¥ª ¬¨, ¢¯¥à¢ë¥à áá¬®âà¥ãî �¨««¥à®¬ ¨ �«¨åâ¨£®¬ [12, 13].� ç áâ®áâ¨, �«¨åâ¨£ ®æ¥¨« ¤«¨ã ¢å®¤®£®ãç áâª  ª ª Lx = Lx=H = aRe: (1)c �. �. � ¥¢, �. �. �¨å «¨¥¢, 2003 13



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 2. �. 13 { 19�¨á«®¢®¥ § ç¥¨¥ ª®íää¨æ¨¥â  ¢ á®®â®è¥¨¨(1) a = 0; 04 ¯®«ãç¥® ¨¬ ¢ ¯à¥¤¯®«®¦¥¨¨, çâ®¯à®ä¨«ì áª®à®áâ¨ "¯à¨¡«¨§¨«áï" ª ¯ à ¡®«¨ç¥áª®-¬ã, ®¤ ª® â®ç®áâì íâ®£® ¯à¨¡«¨¦¥¨ï " ¥ ãª -§  . �ã¡ª®¢ ¢ ¥¤ ¢¥© à ¡®â¥ [15] ¯à¨¢®¤¨â § -ç¥¨ï a = 0; 03 ¤«ï " = 2% ¨ a = 0; 045 ¤«ï " = 1%.�«¨  ¢å®¤®£® ãç áâª  Lx ¨¬¥¥â áãé¥áâ¢¥®¥§ ç¥¨¥ ¢ ¯à¨«®¦¥¨ïå,  ¯à¨¬¥à { ¤«ï  íà®£¨-¤à®¤¨ ¬¨ª¨ â¥å®«®£¨ç¥áª¨å  ¯¯ à â®¢ [16]. �®-íâ®¬ã ¥¥ ®¯à¥¤¥«¥¨î ¯®á¢ïé¥ë ¨ ¤àã£¨¥ à ¡®-âë,  ¯à¨¬¥à [10,15]. �â¬¥â¨¬, çâ® ¢ £¨¤à®¤¨ -¬¨ç¥áª®© â¥®à¨¨ á¬ §ª¨ ¨§¢¥áâ  ¨ ¬®¤¨ä¨ª æ¨ï§ ¤ ç¨ ® ¢å®¤¥ ¦¨¤ª®áâ¨ ¢ ª  «, ®¤  ¨§ áâ¥®ªª®â®à®£® ¤¢¨¦¥âáï [10]. � ª®¯«¥ë© ®¯ëâ ¯®§¢®-«ï¥â ª®àà¥ªâ® à áá¬®âà¥âì ¨ ¤ ãî § ¤ çã |¡®«¥¥ á«®¦ãî, § ¢¨áïéãî ã¦¥ ¥ ®â ®¤®£® «¨èìç¨á«  �¥©®«ì¤á  Re, ® ¨ ®â ¢ëá®âë ¨ ¯«®â®áâ¨¯®à¨áâëå á«®¥¢.1. ���������� ������� ����� ��������à¨ ¥¡®«ìè®©, ¯®àï¤ª  10 { 15%, ®¡ê¥¬®©¯«®â®áâ¨ ¯à¥¯ïâáâ¢¨©, á®áâ ¢«ïîé¨å ¯®à¨áâë©á«®©, ¢«¨ï¨¥ ¯®à¨áâ®© ¢áâ ¢ª¨ ¬®¤¥«¨àãîâ ¯®-áà¥¤áâ¢®¬ à á¯à¥¤¥«¥®© ¬ áá®¢®© á¨«ë, § ¢¨áï-é¥© ®â ¢¥ªâ®à  «®ª «ì®© áª®à®áâ¨ [3, 4, 14, 19] ¨ ¯à ¢«¥®© ¯à®â¨¢®¯®«®¦®:~f = 8<: �c0�njV jk~V ; z 2 [0; h][ [H � h;H];0; z 2 (h;H � h); (2)£¤¥ n { áç¥â ï ª®æ¥âà æ¨ï ¯à¥¯ïâáâ¢¨© 1=¬3.�®ª § â¥«ì áâ¥¯¥¨ k ¯à¨¨¬ îâ ®¡ëç® ¢ ¯à¥-¤¥« å 1 � k � 2 ¨ ª®íää¨æ¨¥â c0 ¢¢¥¤¥ ¤«ï "¯®¤-£®ª¨" à §¬¥à®áâ¨ ¢ § ¢¨á¨¬®áâ¨ ®â k. �à¨ ª¢ -¤à â¨ç®© § ¢¨á¨¬®áâ¨ á¨«ë ®â áª®à®áâ¨, k = 1,ª®íää¨æ¨¥â ¯à®¯®àæ¨® «ì®áâ¨ ¥áâì 12cxS, ¬2,£¤¥ S { ¯«®é ¤ì ¬¨¤¥«¥¢®£® á¥ç¥¨ï ¨¤¨¢¨¤ã «ì-®£® ¯à¥¯ïâáâ¢¨ï. �à¨ «¨¥©®© § ¢¨á¨¬®áâ¨,k = 0 ¨ « ¬¨ à®¬ à¥¦¨¬¥ ®¡â¥ª ¨ï ¯àï¯ïâ-áâ¢¨© ¢ ¢¨¤¥ áä¥à ¬®¦® áç¨â âì c0 = 6��r, ¬3=á[11], £¤¥ r { à ¤¨ãá ¥¤¨¨ç®© áä¥àë. �®à¨áâë©á«®© ¯® ®â®è¥¨î ª á¢®¡®¤®¬ã  àã¦®¬ã â¥ç¥-¨î æ¥«¥á®®¡à §® ¨â¥à¯à¥â¨à®¢ âì ª ª ¥ª®â®-àãî «¥£ª®¯à®¨æ ¥¬ãî è¥à®å®¢ â®áâì ��� [14].�¥®à¥â¨ç¥áª¨¥ à áç¥âë â ª®© è¥à®å®¢ â®áâ¨ ¨á-¯®«ì§ãîâ, ª ª ¯à ¢¨«®, ¯à¨¡«¨¦¥¨¥ ¯®£à ¨ç®-£® á«®ï [3, 4]. � à ¡®â¥ ¨â «ìïáª¨å ¨áá«¥¤®¢ -â¥«¥© [19] å®âï ¨ á¤¥«  ¢ë¢®¤ ® ¬ «®áâ¨ ç«¥®¢,ª®â®àë¬¨ ¢ ¯à¨¡«¨¦¥¨¨ ¯®£à ¨ç®£® á«®ï ¯à¥-¥¡à¥£ îâ, ¤®¯ãáâ¨¬®áâì á®®â¢¥âáâ¢ãîé¨å ã¯à®-

é¥¨© ¢á¥ ¦¥ ®áâ ¥âáï ¢®¯à®á®¬ ®âªàëâë¬. �®-íâ®¬ã ¢  áâ®ïé¥© à ¡®â¥ à áá¬ âà¨¢ ¥âáï ¯®-áâ ®¢ª  § ¤ ç¨ ¡¥§ â ª¨å ã¯à®é îé¨å ¤®¯ãé¥-¨©, ¢ ¯®«ëå ãà ¢¥¨ïå � ¢ì¥-�â®ªá  á à §àë¢-®© ¬ áá®¢®© á¨«®© (2).� ¤ ç  ¨áá«¥¤ã¥âáï ¢ ¡¥§à §¬¥àëå ¯¥à¥¬¥ëåx = xH ; z = zH ; U = UU0 ; V = VU0 ; (3)p = p�U20 ; � = ��U20 ;£¤¥ U0 { § ¤ ®¥ § ç¥¨¥ ¯à®¤®«ì®© áª®à®áâ¨  ¢å®¤¥; � à áá¬ âà¨¢ ¥âáï ª ª âà¥¨¥. �®£¤ ãà ¢¥¨ï � ¢ì¥-�â®ªá  ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ § -¯¨èãâáï ¢ á«¥¤ãîé¥¬ ¢¨¤¥ (ç¥àâã ª ª § ª ®¡¥§-à §¬¥à¨¢ ¨ï ®¯ãáª ¥¬):@U2@x + @UV@z = �@p@x + 1Re(@2U@x2 + @2U@z2 )��( AU; z 2 [0; h][ [1� h; 1];0; z 2 (h; 1� h); (4)@UV@x + @V 2@z = �@p@z + 1Re(@2V@x2 + @2V@z2 ) ��( AV ; z 2 [0; h][ [1� h; 1];0; z 2 (h; 1� h);@U@x + @V@z = 0:� «®£¨ç® à ¡®â¥ [9], §¤¥áì �h = h/H, ¯à¨ïâ«¨¥©ë© § ª® á¨«ë k = 0 ¨ ç¨á«® �¥©®«ì¤-á  ®¯à¥¤¥«¥® ª ª Re = U0H/�. �®íää¨æ¨¥âA = c0 nHU0 ¨¬¥¥â á¬ëá« ¡¥§à §¬¥à®© ¯«®â®áâ¨��� (®¡à â®-¯à®¯®àæ¨® «¥ ¯®à¨áâ®áâ¨ á«®-¥¢). �à ¨çë¥ ãá«®¢¨ï, ä®à¬ «¨§ãîé¨¥ áª § -®¥ ®¡ ®¦¨¤ ¥¬®¬ ¯®¢¥¤¥¨¨ â¥ç¥¨ï, § ¯¨è¥¬ ¢¢¨¤¥ x = 0 : U = 1; V = 0; p = p0 = 0;x = xL : @U@x = @V@x = 0; @p@x = ��; (5)z = 0 : U = V = 0;z = 1 : U = V = 0:�®«ãç¨¢è ïáï § ¤ ç  (4) - (5) ®â«¨ç ¥âáï ®â ¨§-¢¥áâ®© [12,13]  «¨ç¨¥¬ á¨«®¢®£® ç«¥  (2) ¢ ¯à -¢ëå ç áâïå. � «®£¨ç ï § ¤ ç  á á¨«®©, ¯à®¯®à-æ¨® «ì®© U -ª®¬¯®¥â¥ áª®à®áâ¨, ¢®§¨ª ¥â ¨¢ â¥®à¨¨ ª  «ìëå ���-â¥ç¥¨© [20]. �®¯®«¨-â¥«ì®¥ á¢®¥®¡à §¨¥ ¤ ®© § ¤ ç¨ § ª«îç ¥âáï ¢14 �. �. � ¥¢, �. �. �¨å «¨¥¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 2. �. 13 { 19à §àë¢®áâ¨ á¨«ë (2), ¥¥ ®âáãâáâ¢¨¨ ¢ æ¥âà «ì-®© ç áâ¨ ª  « .�¤ «¥¨¥ x = xL,   ª®â®à®¬ áâ ¢ïâáï ãá«®¢¨ï  ¢ëå®¤¥ ¨§ à áç¥â®© ®¡« áâ¨, ¤®«¦® ¡ëâì § -¢¥¤®¬® ¡®«ìè¥ ¤«¨ë ¢å®¤®£® ãç áâª , xL >> Lx.� «ì¥©è¥¥ â¥ç¥¨¥ ¯à¨ x > Lx áâ ¡¨«¨§¨à®¢ ®¯® ¯à®¤®«ì®© ª®®à¤¨ â¥ x, ¯®íâ®¬ã ªà ¥¢ ï § -¤ ç  (4)-(5) áâ ®¢¨âáï ®¤®¬¥à®©:1ReU (s)00xx + � = 8<:AU (s); z 2 [0; h][ [1� h; 1];0; z 2 (h; 1� h); (6)z = 0 : U (s) = 0; z = 12 : U (s)0 = 0:�â  ªà ¥¢ ï § ¤ ç  ¤«ï ®¡ëª®¢¥®£® ¤¨ää¥à¥-æ¨ «ì®£® ãà ¢¥¨ï (6) ¬®¦¥â ¡ëâì à¥è¥    -«¨â¨ç¥áª¨ (¤«ï íâ®£®, á®¡áâ¢¥®, ¨ ¢¢¥¤¥® ¯à¥¤-¯®«®¦¥¨¥ ® «¨¥©®áâ¨ ��� k = 0). �¥è¥¨¥¯à¨¢¥¤¥® ¢ [9,14]. �®«ãç¥ë¥ ä®à¬ã«ë ®¡®¡é -îâ ¨§¢¥áâë© ¯à®ä¨«ì áª®à®áâ¨ �ã §¥©«ï [11,13],®¡à é ïáì ¢ ¥£® ¯à¨ A = 0 ¨«¨ h = 0 (â. ¥.¯à¨ ®âáãâáâ¢¨¨ ���, ¯à¨ £« ¤ª®© áâ¥ª¥ ª  « ).� á¯à¥¤¥«¥¨ï áª®à®áâ¨ ®¤®¬¥à®£® áâ ¡¨«¨§¨-à®¢ ®£® â¥ç¥¨ï ¯®¤à®¡® à áá¬ âà¨¢ «¨áì ¢[9], ¥áâ æ¨® àë¥ à á¯à¥¤¥«¥¨ï ¯à¨ ¯¥à¨®¤¨ç¥-áª¨ ¯ã«ìá¨àãîé¥¬ £à ¤¨¥â¥ ¤ ¢«¥¨ï ¨§ãç «¨áì¢ [14, 21]. �®¤áç¨â ¢ ¯® ä®à¬ã« ¬ à áå®¤ ¦¨¤-ª®áâ¨ ç¥à¥§ á¥ç¥¨¥ ª  « , ¯®«ãç¨«¨ á¢ï§ì ¬¥¦-¤ã ¡¥§à §¬¥àë¬ £à ¤¨¥â®¬ ¤ ¢«¥¨ï � (à ¢ë¬¯®«®¢¨¥ ª®íää¨æ¨¥â  £¨¤à ¢«¨ç¥áª®£® á®¯à®â¨-¢«¥¨ï �) ¨ ¯ à ¬¥âà ¬¨ § ¤ ç¨ Re, A ¨ h, [9]. �â á¢ï§ì, ®¡®¡é îé ï ¨§¢¥áâãî ä®à¬ã«ã £¨¤à ¢«¨-ç¥áª®£® á®¯à®â¨¢«¥¨ï ª  «  ¯à¨ « ¬¨ à®¬ à¥-¦¨¬¥ â¥ç¥¨ï [11], ¤®¯®«ï¥â ¨ § ¬ëª ¥â ¬ â¥¬ -â¨ç¥áªãî ¬®¤¥«ì (4) - (5).�¥¯¥àì ®¡à â¨¬áï ª ç¨á«¥®¬ã à¥è¥¨î íâ®©ªà ¥¢®© § ¤ ç¨ ¢ ç áâëå ¯à®¨§¢®¤ëå. � ª ¨ à -¥¥ ¤«ï ¬ «ëå ç¨á¥« �¥©®«ì¤á  [9], à áç¥âë ¯à®-¢¥¤¥ë ¬¥â®¤®¬ ãáâ ®¢«¥¨ï ¢ á®ç¥â ¨¨ á ¬¥â®-¤®¬ ¨áªãááâ¢¥®© á¦¨¬ ¥¬®áâ¨ [17, 18]. �¤ ª®â¥¯¥àì ®¡¥á¯¥ç¨¢ âì áå®¤¨¬®áâì ¨ â®ç®áâì  «£®-à¨â¬  ®ª § «®áì á«®¦¥¥. � ¢®¬¥àë¥ è £¨ ¯®¯à®áâà áâ¢¥ë¬ ª®®à¤¨ â ¬ �x ¨ �y,   â ª¦¥è £ ¯® ä¨ªâ¨¢®¬ã ¢à¥¬¥¨ �t § ¤ ¢ «¨áì â ª¨-¬¨, çâ®¡ë ®¡¥á¯¥ç¨âì ãáâ®©ç¨¢®áâì ¨ âà¥¡ã¥¬ãîâ®ç®áâì  «£®à¨â¬ . �«ï ¤®áâ¨¦¥¨ï ¯®á«¥¤¥©¯à¨ ã¬¥à¥ëå A ¨ Re ®ª §ë¢ « áì ¤®áâ â®ç®©á¥âª , á®¤¥à¦ é ï ¢¤®«ì ¨ ¯®¯¥à¥ª ª  «  á®®â-¢¥âáâ¢¥® 80 ¨ 40 ïç¥¥ª. �à¨ A < 1000=Re ª®-«¨ç¥áâ¢® ïç¥¥ª ¯à®áâà áâ¢¥®© á¥âª¨ ¤®å®¤¨«®¤® 160   80,   ¯à¨ A � Re > 1000 { ¤® 320�160

ïç¥¥ª. �®®â¢¥âáâ¢¥®, áç¥â ®¤®£® ¢ à¨ â   ���� Pentium III 667/128 § ¨¬ « ®â 10 - 20 ¬¨-ãâ ¤® ¥áª®«ìª¨å ç á®¢ ¯à®æ¥áá®à®£® ¢à¥¬¥¨.�à¨ ¡�®«ìè¨å § ç¥¨ïå ¯à®¨§¢¥¤¥¨ï A�Re ¢®§¨-ª «¨ ®¢ë¥ à áç¥âë¥ âàã¤®áâ¨, ¯à¥®¤®«¥¨î ª®-â®àëå ¯à¥¤¯®« £ ¥âáï ¯®á¢ïâ¨âì ¤ «ì¥©è¨¥ ¨á-á«¥¤®¢ ¨ï.�¥§ã«ìâ â à áç¥â  ¯à¨§ ¢ «áï ã¤®¢«¥â¢®à¨-â¥«ìë¬, ¥á«¨ ®â®á¨â¥«ì ï ¯®£à¥è®áâì ¯® à á-å®¤ã ¦¨¤ª®áâ¨, ãáà¥¤¥ ï ¯® ¤«¨¥ ª  « , ¥¯à¥¢ëè «  0,001%. �¤ ª® ¨ â ª®¥ à¥è¥¨¥ ¥¢á¥£¤  ®ª §ë¢ «®áì ¤®áâ®¢¥àë¬. �ª®ç â¥«ìë¬¨  ¤¥¦ë¬ ªà¨â¥à¨¥¬ ¤®áâ®¢¥à®áâ¨ ¬®¦¥â á«ã-¦¨âì á¡«¨¦¥¨¥ í¯îàë ¯à®¤®«ì®© áª®à®áâ¨ â¥-ç¥¨ï   ¢å®¤®¬ ãç áâª¥ ¯® ¬¥à¥ à®áâ  x á   -«¨â¨ç¥áª¨  ©¤¥ë¬ ¢ëà ¦¥¨¥¬ (6)   ãç áâª¥áâ ¡¨«¨§ æ¨¨. �¬¥ìè¥¨¥ è £®¢ ¯® ¯à®áâà -áâ¢¥ë¬ ª®®à¤¨ â ¬ �x ¨ �y â ª®© à¥§ã«ìâ â£ à â¨àã¥â.2. ������ ����������� ���������¥§ã«ìâ âë ç¨á«¥ëå à áç¥â®¢ ¢å®¤  ¦¨¤ª®-áâ¨ ¢ ª  « ¯à¨ Re = 1000 ¯à¥¤áâ ¢«¥ë   à¨á. 1¨ 2. �¥à¢ë© ¨§ ¨å ¯à¥¤áâ ¢«ï¥â âà áä®à¬ æ¨î¢¤®«ì ª  «  ¯à®¤®«ì®© áª®à®áâ¨ ¤¢ãå â¥ç¥¨©| ¤«ï á«ãç ï £« ¤ª¨å áâ¥®ª (A = 0 «¨¡® h = 0,à¨á. 1, ) ¨ á«ãç ï ��� ¯«®â®áâ¨ A = 1 ¨ ¢ëá®-âë h = 0; 3 ã áâ¥®ª (à¨á. 1,¡). �¥§ã«ìâ âë,   -«®£¨çë¥ ¯¥à¢®¬ã à áç¥âã, à ¥¥ ¯ã¡«¨ª®¢ «¨áì¤àã£¨¬¨  ¢â®à ¬¨ [22, 23] ¨ ¯à¨¢¥¤¥ë §¤¥áì ¤«ïá®¯®áâ ¢«¥¨ï. �¨ ¯®ª §ë¢ îâ, çâ® à ¢®¬¥à-ë© ¢  ç «ì®¬ á¥ç¥¨¨ ¯à®ä¨«ì áª®à®áâ¨ á ¯à®-¤¢¨¦¥¨¥¬ ¯®â®ª  ¢¤®«ì ª  «  á £« ¤ª¨¬¨ áâ¥-ª ¬¨ ¯®áâ¥¯¥® âà áä®à¬¨àã¥âáï ¢ ¯ à ¡®«¨ç¥-áª¨©, ®â¢¥ç îé¨© áâ ¡¨«¨§¨à®¢ ®¬ã « ¬¨ à-®¬ã â¥ç¥¨î ¢ ¡¥áª®¥ç® ¤«¨®¬ ª  «¥ [11,13].�à¨ íâ®¬ ã áâ¥®ª ª  «  ®¡à §ãîâáï ¯®áâ¥¯¥®à áè¨àïîé¨¥áï ¯®£à ¨çë¥ á«®¨. �  ¤«¨¥ ª - «  ¯®àï¤ª  40, á®£« á® (1), ¯®£à ¨çë¥ á«®¨á¬ëª îâáï, âà áä®à¬ æ¨ï ¯à®ä¨«ï § ¢¥àè ¥â-áï ¨ ® ¯à¨®¡à¥â ¥â ®ª®ç â¥«ìãî (¯à¥¤¥«ìãî)ä®à¬ã ¢ ¢¨¤¥ ¯ à ¡®«ë (èâà¨å®¢ ï «¨¨ï). � ª-á¨¬ã¬ ¯à®¤®«ì®© áª®à®áâ¨ ¨¬¥¥â ¬¥áâ® ¢ æ¥-âà¥ ª  « ; ® ¯®áâ¥¯¥® ã¢¥«¨ç¨¢ ¥âáï, ¤®áâ¨-£ ï § ç¥¨ï 1.5, ¥á«¨ ¢ëà ¦¥ ¢ ¡¥§à §¬¥àëåª®®à¤¨ â å (3).�  à¨á. 2 ¤ ë à á¯à¥¤¥«¥¨ï âà¥¨ï ¯®¯¥à¥ªâ¥ç¥¨ï � (x; z) = 1Re @U@z ¢ á«ãç ïå ª  «  á £« ¤-ª¨¬¨ áâ¥ª ¬¨ (à¨á. 2, ) ¨ ª  «  á ��� (à¨á. 2,¡)(¢¢¨¤ã á¨¬¬¥âà¨¨ ¯®ª §   «¨èì ¨¦ïï ¯®«®-¢¨  â¥ç¥¨ï). �à¨  «¨ç¨¨ ��� â¥ç¥¨¥ ¨¬¥-¥â £®à §¤® ¡®«¥¥ á«®¦ë© å à ªâ¥à. �  âà á-�. �. � ¥¢, �. �. �¨å «¨¥¢ 15
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�¨á. 1. �¥à¥áâà®©ª  à á¯à¥¤¥«¥¨© ¯à®¤®«ì®© áª®à®áâ¨   ¢å®¤®¬ ãç áâª¥ ¯«®áª®£® ª  «  ¢ á«ãç ïå£« ¤ª¨å áâ¥®ª ( ) ¨ ¯à¨  «¨ç¨¨ ã áâ¥®ª ��� ¯«®â®áâ¨ A = 1 ¨ ¢ëá®âë h = 0; 3 (¡) ¯à¨ à¥¦¨¬¥ â¥ç¥¨ïRe = 1000. �®ª § ë á¥ç¥¨ï x = 0:5, x = 1, x = 2, ... , x = 14. �âà¨å®¢ë¥ ¯à®ä¨«¨ | ¯à¥¤¥«ìë¥à á¯à¥¤¥«¥¨ï áª®à®áâ¨ á®£« á® [9]
�¨á. 2. �¥à¥áâà®©ª  ¢¤®«ì ¨¦¥© ¯®«®¢¨ë ª  «  à á¯à¥¤¥«¥¨© âà¥¨ï ¢ á«ãç ïå £« ¤ª¨å áâ¥®ª ( ) ¨¯à¨  «¨ç¨¨ ã áâ¥®ª ��� ¯«®â®áâ¨ A = 1 ¨ ¢ëá®âë h = 0; 3 (¡). �¥¦¨¬ â¥ç¥¨ï Re = 1000 (ãà®¢¥ì ���¯®ª §  ¯ãªâ¨à®¬)ä®à¬ æ¨î ¯à®ä¨«¥© ®ª §ë¢ ¥â ¢«¨ï¨¥ ¥ â®«ì-ª® âà¥¨¥ ® áâ¥ª¨, ® ¨ á¨«®¢®¥ â®à¬®§ïé¥¥ ¢®§-¤¥©áâ¢¨¥ á® áâ®à®ë ��� (¥¥ ¢¥àåïï £à ¨æ ®â¬¥ç¥  ¯ãªâ¨à®¬) { ®¡ íâ®¬ á¢¨¤¥â¥«ìáâ¢ãîâ"áâã¯¥ìª¨"   ¢ãâà¥¨å (¢ãâà¨ ���) ç áâïå¯à®ä¨«¥©. �à¥¨¥ � à¥§ª® ¢®§à áâ ¥â ¥ â®«ìª® ãáâ¥®ª, ® ¨ ¢¡«¨§¨ ¢¥àå¥£® ãà®¢ï ��� z = h.�®ë â¥ç¥¨ï á � = 0, â. ¥. á à ¢®¬¥àë¬ ¯à®ä¨-«¥¬ áª®à®áâ¨ U , §¤¥áì  ¬®£® ã¦¥, ç¥¬ ¯à¨ ®âáãâ-áâ¢¨¨ ���. �à¥¨¥   áâ¥ª¥ �0 = � (x; 0) ã¡ë¢ ¥âá à®áâ®¬ x ¤® ¥ª®â®à®£® ¯®áâ®ï®£® § ç¥¨ï� (s)0 ,   âà¥¨¥   ãà®¢¥ ��� �h = � (x; h) ¢®§-à áâ ¥â ¤® ¥ª®â®à®£® � (s)h . �á«¥¤áâ¢¨¥ ¤®¯®«¨-â¥«ì®£® â®à¬®¦¥¨ï ¯®â®ª  ¯à¥¯ïâáâ¢¨ï¬¨, ¢®§-¨ª îé¨¥ ¢ ¥¬ ¯®¯¥à¥çë¥ áª®à®áâ¨ ¤®áâ¨£ îâ¡�®«ìè¨å § ç¥¨©, ç¥¬ ¢ ª  «¥ á £« ¤ª¨¬¨ áâ¥-ª ¬¨ [9]. �§ à¨á. 1 ¨ 2, ¢¨¤®, çâ® â¥ç¥¨¥ ¯®-áâ¥¯¥® áâ ¡¨«¨§¨àã¥âáï, ¯à®ä¨«¨ ¯à®¤®«ì®©áª®à®áâ¨ ¯à¨¨¬ îâ ¥ª®â®àãî ¯à¥¤¥«ìãî ä®à-¬ã U (s)(z). � ¯à¨¡«¨¦¥¨¥¬ ª áâ ¡¨«¨§ æ¨¨ ¯à®-ä¨«ì � (z) áâ ®¢¨âáï ¯àï¬®«¨¥©ë¬ ¢ æ¥âà «ì-

®© ç áâ¨ ª  « .�à®¢¥àª®© ç¨á«¥®£® à¥è¥¨ï á«ã¦¨«® á®¯®-áâ ¢«¥¨¥ à áç¥â®£® ¯à®ä¨«ï U (x; z) á ¯à®ä¨«¥¬áâ ¡¨«¨§¨à®¢ ®£® â¥ç¥¨ï U (s)(z), ¯®«ãç ¥¬®-£®   «¨â¨ç¥áª¨ [9]. � áç¥âë© ¨ ª®âà®«ìë©¯à®ä¨«¨ ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ «¨ ¯à¨ ¡®«ìè¨å x.�® ®ª®ç ¨¨ à áç¥â  ®¯à¥¤¥«ï«¨áì ¤¢¥ ¢ ¦ë¥¨â¥£à «ìë¥ ¢¥«¨ç¨ë. � ª ¦¤®¬ á¥ç¥¨¨ ¤«ï¯à®ä¨«ï ¯à®¤®«ì®© áª®à®áâ¨ å à ªâ¥à®  «¨ç¨¥¬ ªá¨¬ã¬ , ª®â®àë© ®¡®§ ç¨¬ Umax = U (x; 12);® ¤®áâ¨£ ¥âáï   ®á¨ ª  «  z = 12. �¥«¨ç¨ Umax(x) ¢¤®«ì ª  «  ¢®§à áâ ¥â, áâà¥¬ïáì ª ¥-ª®â®à®¬ã ¯à¥¤¥«ã. �à¥¤¥«ì®¥ § ç¥¨¥ ¬ ªá¨¬ã-¬  áª®à®áâ¨ ®¡®§ ç¨¬ U (s)max = U (Lx; 12). � ª¨¬®¡à §®¬, ¯à¥¤¥« ¯à®¤®«ì®© áª®à®áâ¨   ®á¨ ¬®¦-® ®¯à¥¤¥«¨âì ª ª ¯® ç¨á«¥®¬ã à¥è¥¨î, â ª ¨¯®   «¨â¨ç¥áª®¬ã [9]. �®¯®áâ ¢«¥¨¥ ¤¢ãå à¥è¥-¨© ¯à¥¤áâ ¢«¥®   à¨á. 3 ¢ § ¢¨á¨¬®áâ¨ ®â ¡¥§-à §¬¥à®© ¯«®â®áâ¨ ��� A ¨ ç¨á«  �¥©®«ì¤á .�®®â¢¥âáâ¢¨¥   «¨â¨ç¥áª¨å à¥è¥¨© (á¯«®èë¥16 �. �. � ¥¢, �. �. �¨å «¨¥¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 2. �. 13 { 19ªà¨¢ë¥) ¨ ç¨á«¥ëå à¥§ã«ìâ â®¢ (§ çª¨   ¨å)®ç¥ì â®ç®¥.�à¨¨¬ «®áì, çâ® ª®¥æ ¢å®¤®£® ãç áâª  x == Lx ¨¬¥¥â ¬¥áâ® â ¬, £¤¥ ¤¢  ¯®á«¥¤®¢ â¥«ìëå¯à®ä¨«ï à §«¨ç îâáï ¬¥¥¥ ç¥¬   ". �«¨  ¢å®¤-®£® ãç áâª  å à ªâ¥à¨§ã¥â § ¢¥àè¥®áâì ¯à®-æ¥áá®¢ á¬¥è¥¨ï ¢ ª  «¥. �áá«¥¤®¢ ® ¤¢  § -ç¥¨ï ªà¨â¥à¨ï { " = 0; 03 ¨ " = 0; 01; ¯® ¢â®à®-¬ã ªà¨â¥à¨î § ç¥¨¥ Lx ¯®«ãç ¥¬   35 - 45%¡®«ìè¥. � ¤ ®© à ¡®â¥ ¤«ï   «¨§  § ¢¨á¨¬®-áâ¨ Lx ®â ¯«®â®áâ¨ ��� ¨ ç¨á«  �¥©®«ì¤á  ¨á-¯®«ì§®¢  ªà¨â¥à¨© "" = 3%". �â¥à¥á®, çâ®§ ¢¨á¨¬®áâì Lx = Lx(A) ¯à¨ Re < 20 ¨¬¥¥â ¬®®-â®® ¢®§à áâ îé¨© å à ªâ¥à,   ¯à¨ Re > 200 {¬®®â®® ã¡ë¢ îé¨©. � ¯à®¬¥¦ãâ®ç®© ®¡« -áâ¨ 20 < Re < 200 ¢®§¬®¦® ª ª ¢®§à áâ ¨¥, â ª¨ ã¡ë¢ ¨¥ á A. �ç¨âë¢ ï ä®à¬ã«ã (1), à §«¨ç-ë¥ ¤«¨ë ¢å®¤®£® ãç áâª  ã¤®¡® á®¯®áâ ¢«ïâì¢ ¢¨¤¥ äãªæ¨© Lx=Re = f(A; Re), ¯à¨¢¥¤¥ëå  à¨á. 4. �à®¢¥¤¥¬   «¨§ ¢ëï¢«¥ëå § ª®®-¬¥à®áâ¥©.3. ��������� ������������� ����-��� ��� ���������� ���������������������� ���� ªá¨¬ «ì® ¤®áâ¨¦¨¬ ï ¯à®¤®«ì ï áª®à®áâì  ®á¨ ª  «  ¨ ¤«¨  ¢å®¤®£® ãç áâª  ª  « ï¢«ïîâáï, ª ª ¡ë«® ¯®ª § ®, äãªæ¨ï¬¨ ¯«®â®-áâ¨ ���,   â ª¦¥ ç¨á«  �¥©®«ì¤á  ¨ ¢ëá®âë���, â. ¥.U (s)max = ' (A; Re; h) ; Lx = f (A; Re; h) :� áá¬®âà¨¬ ¯®¢¥¤¥¨¥ íâ¨å äãªæ¨© ¯à¨ A! 0¨ A ! 1. �à¨ íâ®¬ ¯®âà¥¡ã¥âáï à §«¨ç âì à §-¬¥àë¥ ¨ ¡¥§à §¬¥àë¥ (á ç¥àâ®© ¨«¨ "è«ï¯ª®©" ¤ á¨¬¢®«®¬) ¢¥«¨ç¨ë.�¨á. 3 ¯®ª §ë¢ ¥â, çâ® limA!0U (s)max = 1:5 ¤«ï «î-¡®£® Re ¨ h, ¨ íâ®  å®¤¨âáï ¢ á®£« á¨¨ á ¨§¢¥áâ-ë¬ á¢®©áâ¢®¬ « ¬¨ àëå â¥ç¥¨© ¢ ª  «¥ á£« ¤ª¨¬¨ áâ¥ª ¬¨ [11,13]. �«®¦¥¥ ®¡áâ®¨â ¤¥«®¢ ¯à¥¤¥«¥ A!1.�® ä¨§¨ç¥áª®¬ã á¬ëá«ã íâ®â á«ãç © ®§ ç -¥â, çâ® ��� áâ ®¢¨âáï ¥¯à®¨æ ¥¬®©, â ª çâ®¢¥áì ¢å®¤®© à áå®¤ ¦¨¤ª®áâ¨ Q = U0H áâ -¥â ¯à®å®¤¨âì «¨èì ç¥à¥§ ç áâì á¥ç¥¨ï ª  « h� z� H � h, á¢®¡®¤ãî ®â ���. (� ¡¥§à §¬¥à-ëå ¯¥à¥¬¥ëå, à áå®¤ Q = QU0H = U0H = 1¯à®â¥ª ¥â ç¥à¥§ á¥ç¥¨¥ è¨à¨®© 1 � 2h). �â®¤ ¥â ¡®«¥¥ ¢ëá®ªãî áà¥¤¥à áå®¤ãî áª®à®áâì ¢"áã¦¥®¬" ª  «¥:

�¨á. 3. �§¬¥¥¨¥ ¯à¥¤¥«ìëå ¬ ªá¨¬ «ìëå§ ç¥¨© áª®à®áâ¨   ®á¨ U (s)max ¢ § ¢¨á¨¬®áâ¨ ®â¯«®â®áâ¨ ��� A ¢ëá®â®© h = 0; 3 ¨ ç¨á«  Re ¢á®®â¢¥âáâ¢¨¨ á   «¨â¨ç¥áª®© ä®à¬ã«®© («¨¨¨) ¨ç¨á«¥ë¬ à áç¥â®¬ (§ çª¨): 1 { Re = 1; 2 { 2; 3 {10; 4 { 20; 5 { 50; 6 { 100; 7 { 200; 8 { 400; ¨ 9 { 1000U 00 = U01� 2h: (7)�¥«¥á®®¡à §® ¢¢¥áâ¨ ®¢ë¥ ¡¥§à §¬¥àë¥ ¯¥-à¥¬¥ë¥ ¯® ®¡à §æã (3), ® á ¬ áèâ ¡®¬ áª®à®-áâ¨ (7) ¨ ¬ áèâ ¡®¬ è¨à¨ëH0 = H�2h, ª®â®àë¥¡ã¤¥¬ ¯®¬¥ç âì ¤ã¦ª®© á¢¥àåã. �áâ¥áâ¢¥® ¯®-« £ âì, çâ® ¢ íâ¨å ¯¥à¥¬¥ëå â ª¦¥ _U (s)max = 1:5.�®§¢à é ïáì ª ¨áå®¤ë¬ ¡¥§à §¬¥àë¬ ¯¥à¥¬¥-ë¬ (3), ¯®«ãç ¥¬limA!1 �U (s)max = U (s)maxU0 = U 00U0 _U (s)max = 1:51� 2�h: (8)�à¥¤¥«ì®¥ § ç¥¨¥ Umax, á®£« á® â ª®© â¥®-à¨¨, ¥ § ¢¨á¨â ®â ç¨á«  �¥©®«ì¤á . �â® ª ¦¥âáï¯à®â¨¢®à¥ç é¨¬ à¥§ã«ìâ â ¬ à¨á. 3, £¤¥ ª ¦¤ ï¨§ ªà¨¢ëå, ¯à¥¤áâ ¢«ï¥âáï, ¨¬¥¥â á¢®î £®à¨§®-â «ìãî  á¨¬¯â®âã. �à®¢¥à¨âì ¢ë¢®¤ (8) ç¨á«¥-ë¬¨ à áç¥â ¬¨ (§ çª¨   à¨á. 3) ¥ ¢á¥£¤  ¢®§-¬®¦® ¨§-§  âàã¤®áâ¥© áç¥â  ¯à¨ ¡®«ìè¨å Re�A.�¤ ª® ¢á«¥¤áâ¢¨¥ å®à®è¥£® á®®â¢¥âáâ¢¨ï ç¨á«¥-ëå à¥§ã«ìâ â®¢   «¨â¨ç¥áª¨¬, ¯à¨ ¨áá«¥¤®¢ -¨¨ á«ãç ï A!1 ¬®¦® ¢®á¯®«ì§®¢ âìáï á®®â-¢¥âáâ¢ãîé¥© ä®à¬ã«®© ¨§ [9], ¯®¤áâ ¢«ïï z=0:5.� ª¨¥ à áç¥âë ¤«ï ¡®«ìè¨å A ¯®ª §ë¢ îâ, çâ®¢á¥ ªà¨¢ë¥ à¨á. 3 ¤¥©áâ¢¨â¥«ì® ¨¬¥îâ ®¡éãî £®-à¨§®â «ìãî  á¨¬¯â®âã (8), â. ¥. U = 3:75 ¯à¨h=0:3.� áá¬®âà¨¬ â¥¯¥àì ¯à¥¤¥«ì®¥ ¯®¢¥¤¥¨¥ äãª-æ¨¨ f1(A; Re; h) = LxRe. �®à¬ã«  �«¨åâ¨£  (1)¢ á«ãç ¥ A! 0 ¤ ¥â f1(A; Re; h)! a. �¥§ã«ìâ -âë à¨á. 4, ®¤ ª®, á®£« áãîâáï á â ª¨¬ ¢ë¢®¤®¬«¨èì ¤«ï Re > 20. � «¨æ® ¥á®®â¢¥âáâ¢¨¥ â®ç®-£® ç¨á«¥®£® à áç¥â  ¨ ¯à¨¡«¨¦¥®© ä®à¬ã«ë�«¨åâ¨£  ¤«ï ¬ «ëå ç¨á¥« �¥©®«ì¤á .�. �. � ¥¢, �. �. �¨å «¨¥¢ 17
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�¨á. 4. �«¨  ¢å®¤®£® ãç áâª  ª  «  á ���¢ëá®â®© h = 0; 3 ¢ § ¢¨á¨¬®áâ¨ ®â ¯«®â®áâ¨ ��� A¨ ç¨á«  Re ¢ á®®â¢¥âáâ¢¨¨ á ç¨á«¥ë¬ à áç¥â®¬(§ çª¨): 1 { Re = 1; 2 { 5; 3 { 10; 4 { 20; 5 { 50; 6 {100; 7 { 200; 8 { 400 ¨ 9 { 1000�¥¯¥àì ¤«ï ¤«¨ë ¢å®¤®£® ãç áâª Lx=f(A; Re; h) ¢ á«ãç ¥ A ! 1 ¯à®¢¥¤¥¬ â¥ ¦¥à ááã¦¤¥¨ï, çâ® ¨ à ¥¥ ¤«ï U (s)max = '(A; Re; h).�®«®¦¨¬, çâ® ¤«ï ���, áâ ¢è¥© ¥¯à®¨æ ¥¬®©(A!1), á¯à ¢¥¤«¨¢  ä®à¬ã«  �«¨åâ¨£  (3), § -¯¨á  ï ¢ ¡¥§à §¬¥àëå ª®®à¤¨ â å á ¤ã¦ª®©,â. ¥. _Lx = a_Re. �®§¢à é ïáì ª ¯¥à¥¬¥ë¬ (3),¯®«ãç ¥¬:limA!1 LxH = limA!1 LxH0 H0H = a_Re �1� 2�h� == aU 00 (H � 2h)� �1� 2�h� ;â. ¥. ®ª®ç â¥«ì®, á ãç¥â®¬ ¢ëà ¦¥¨ï (8)limA!1 �Lx = aRe(1� 2�h): (9)�«¥¤®¢ â¥«ì®, äãªæ¨ï f1(1; Re; h) ¤®«¦  ¡ë¨¬¥âì ¢¨¤ a(1� 2h) ¨ ¯à¨ h = 0; 3 ¯à¨¨¬ âì § -ç¥¨¥ 0; 012. �à¨¢ë¥ à¨á. 4 ¤¥©áâ¢¨â¥«ì® ¯à¨-¡«¨¦ îâáï ª ãª § ®¬ã § ç¥¨î, ® «¨èì â¥,ª®â®àë¥ ®â¢¥ç îâ Re > 50. �à®¢¥à¨âì à¥§ã«ìâ â(9) ¡®«¥¥ â®ç® ¥ ¯à¥¤áâ ¢«ï¥âáï ¢®§¬®¦ë¬ ¨§-§  âàã¤®áâ¥© ç¨á«¥®£® à áç¥â  ¯à¨ ¡®«ìè¨å Re¨ A. � â® ¦¥ ¢à¥¬ï, ªà¨¢ë¥ ¤«ï Re = 20, 10, 5 ¨®á®¡¥® ¤«ï Re = 1 ¢¥¤ãâ á¥¡ï á®¢¥àè¥® ¨ ç¥.�®§¨ª ¥â ¢®¯à®á: ¯®ç¥¬ã "¯à¥¤¥«ìë¥ à á-áã¦¤¥¨ï" å®à®è® ¯®¤â¢¥à¦¤ îâ   «¨â¨ç¥áª¨¥ä®à¬ã«ë [9] ¤«ï ®á¥¢®© áª®à®áâ¨, ® ¤«ï ¤«¨-ë ¢å®¤®£® ãç áâª  Lx á®£« áãîâáï á ä®à¬ã-«®© �«¨åâ¨£  «¨èì ¯à¨ ¡®«ìè¨å Re? �â¢¥-ç ï   íâ®â ¯ à ¤®ªá, á«¥¤ã¥â ®¡à â¨âì ¢¨¬ ¨¥,çâ® ä®à¬ã«ë [9] ¯®«ãç¥ë ¨§ ¯®«ëå ãà ¢¥¨©� ¢ì¥-�â®ªá , «¨èì ã¯à®é¥ëå ¤«ï ®¤®¬¥à®£®

á«ãç ï. �®à¬ã«  ¦¥ �«¨åâ¨£  (1) ¢ë¢¥¤¥  ¨§á®®¡à ¦¥¨© ¯®£à ¨ç®£® á«®ï. �«¥¤®¢ â¥«ì®,¢ ®¯à¥¤¥«¥®¬ ¤¨ ¯ §®¥ Re ¯à¨¡«¨¦¥¨¥ ¯®£à -¨ç®£® á«®ï ¥  ¤¥ª¢ â® â®ç®© ¯®áâ ®¢ª¥ § -¤ ç¨. �¤ ª®, ª ª ¬®¦® ¢¨¤¥âì, ã¦¥ ¯à¨ Re > 50¯®¤å®¤ �«¨åâ¨£  á¥¡ï ®¯à ¢¤ë¢ ¥â.����������� ª¨¬ ®¡à §®¬, ç¨á«¥ë©  «£®à¨â¬ ¯® ®¯¨-á ®¬ã ¬¥â®¤ã ¯®§¢®«ï¥â ¯à®¢¥áâ¨ à áç¥â ¡¥§ª ª¨å-«¨¡® ã¯à®é¥¨© § ¤ ç¨ ¤® § ç¨â¥«ìëå,¤®áâ¨£ îé¨å ¯à ªâ¨ç¥áª¨å ¢¥«¨ç¨ ç¨á¥« �¥©-®«ì¤á . �®¢ ï § ¤ ç  ® ¢å®¤¥ ¢ï§ª®© ¦¨¤ª®-áâ¨ ¢ ¯«®áª¨© ª  « á ��� (¯®à¨áâë¬¨ á«®ï¬¨)ã áâ¥®ª ¨áá«¥¤®¢   ¡®«¥¥ ¯®¤à®¡®. �®«ãç¥- ï § ¢¨á¨¬®áâì ¤«¨ë  ç «ì®£® ãç áâª  â ª®-£® ª  «  ®â ¯«®â®áâ¨ ��� ¨ ç¨á«  �¥©®«ì¤-á  ¯à¨ ¯à¥¤¥«ìëå § ç¥¨ïå ¯«®â®áâ¨ á®£« áã-¥âáï á ¨§¢¥áâ®© ä®à¬ã«®© �«¨åâ¨£  (1) «¨èì¯à¨ ¡®«ìè¨å Re. �à¨ ¬ «ëå ¦¥ Re ¯®¢¥¤¥¨¥¤«¨ë  ç «ì®£® ãç áâª  ®ª §ë¢ ¥âáï á®¢¥àè¥-® ¨ë¬, çâ® á«¥¤ã¥â ®¡êïá¨âì ¥¯à¨£®¤®áâìî¢ íâ®¬ á«ãç ¥ ¨á¯®«ì§®¢ ®£® �«¨åâ¨£®¬ ¯à¨-¡«¨¦¥¨ï ¯®£à ¨ç®£® á«®ï. �à¨ ¡®«ìè¨å Re¤«¨ã ¢å®¤®£® ãç áâª  ª  «  Lx à¥ª®¬¥¤ã¥âáï®¯à¥¤¥«ïâì ¯® ªà¨¢ë¬ à¨á. 4.�«¥¤ã¥â â ª¦¥ ¨¬¥âì ¢ ¢¨¤ã, çâ® ¢ à ¡®â¥ à¥çìè«  ® ä®à¬ «ì®-¬ â¥¬ â¨ç¥áª®¬ à¥è¥¨¨ ãà ¢-¥¨© � ¢ì¥-�â®ªá . �¥ «ìë¥ â¥ç¥¨ï ¯à¨ ¡®«ì-è¨å ç¨á« å �¥©®«ì¤á  ¬®£ãâ ¯à®ï¢«ïâì ¨ ®â«¨ç-®¥ ¯®¢¥¤¥¨¥, á¢ï§ ®¥ á ¯¥à¥å®¤®¬ ª âãà¡ã«¥â-®áâ¨. �¥¬ ¨ ¬¥¥¥, áç¨â ¥¬ ¢®§¬®¦ë¬ ¯à¨¬¥-¨âì ¤ ë© ç¨á«¥ë©  «£®à¨â¬ ª ¨áá«¥¤®¢ ¨î¥é¥ ¡®«¥¥ á«®¦ëå § ¤ ç ® â¥ç¥¨¨ ¢ï§ª®© ¦¨¤ª®-áâ¨    ç «ì®¬ ãç áâª¥ ª  «  á ���.1. Sorbjan Z., Uliasz M. Some numerical urban boun-dary-layer studies // Boundary-Layer Meteorology.{1982.{ 22.{ P. 481 { 502.2. Britter R.E., Hanna S.R. Flow and dispersion in ur-ban areas // Ann. Rev. Fluid Mech.{ 2003.{ 35{ pp.469 { 496.3. �ã¡®¢ �.�., �ëª®¢  �.�., � àã¨ç �.�. �ãà¡ã-«¥â®áâì ¢ à áâ¨â¥«ì®¬ ¯®ªà®¢¥. { �.: �̈ ¤à®-¬¥â¥®¨§¤ â, 1978. { 180 á.4. Finnigan J. Turbulence in Plant Canopies // Ann.Review Fluid Mech.{ 2000.{ v. 32.{ pp. 519 - 571.5. Gayev Ye.A. Aerothermal theory of an Easily Pen-etrable Roughness. Particular application to the at-mospheric ow in and over longscale Spray CoolingSystem // Il Nuovo Cimento, C.{ 1997.{ V. 20.{ pp.331 { 342.6. �¨ª¨â¨ �.�. �«®¦ë¥ âãà¡ã«¥âë¥ â¥ç¥¨ï ¨¯à®æ¥ááë â¥¯«®- ¬ áá®¯¥à¥®á . { �.: � ãª. ¤ã¬ª ,1980. { 240 á.18 �. �. � ¥¢, �. �. �¨å «¨¥¢
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