
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 32 { 39��� 517.2��������� ������������ ����� ��������� ����� � �������� �������������������������������. �. �����, �. �. ������������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢���áâ¨âãâ ¯à®¡«¥¬ ¬®¤¥«¨à®¢ ¨ï ¢ í¥à£¥â¨ª¥ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 10.04.02�¨á«¥® à¥è¥ë áâ æ¨® àë¥ ãà ¢¥¨ï � ¢ì¥-�â®ªá , ®¯¨áë¢ îé¨¥ ¢å®¤ ¨ ¯®áâ¥¯¥ãî áâ ¡¨«¨§ æ¨î ¥á¦¨-¬ ¥¬®© ¢ï§ª®© ¦¨¤ª®áâ¨ ¢ ¯«®áª®¬ ª  «¥ á á¨¬¬¥âà¨çë¬¨ "¯®à¨áâë¬¨ á«®ï¬¨" ã áâ¥®ª, ¢ ª®â®àëå   ¦¨¤ª®áâì¤¥©áâ¢ã¥â à á¯à¥¤¥«¥ ï «¨¥© ï á¨«  á®¯à®â¨¢«¥¨ï. �«ï ä®à¬ã«¨à®¢ª¨ £à ¨ç®£® ãá«®¢¨ï ¨ â¥áâ¨à®¢ ¨ï ç¨-á«¥®£®  «£®à¨â¬  ¨á¯®«ì§ã¥âáï   «¨â¨ç¥áª®¥ à¥è¥¨¥ ®¤®¬¥àëå ãà ¢¥¨©, ®¯¨áë¢ îé¨å â¥ç¥¨¥   ãç áâ-ª¥ ¥£® áâ ¡¨«¨§ æ¨¨. �à áä®à¬ æ¨ï ¯®â®ª  ¦¨¤ª®áâ¨   ¢å®¤®¬ ãç áâª¥ ª  «  ¨««îáâà¨àã¥âáï ¤¥â «ìë¬¨à áç¥â ¬¨ ¥áª®«ìª¨å « ¬¨ àëå â¥ç¥¨© á ç¨á«®¬ �¥©®«ì¤á  Re � 10. �à¥¤áâ ¢«¥ë £à ä¨ª¨, ®¡®¡é îé¨¥§ ¢¨á¨¬®áâì �«¨åâ¨£  ¤«ï ¤«¨ë  ç «ì®£® ãç áâª  ª  «  á ãç¥â®¬ ¢«¨ï¨ï ¤¢ãå ®¢ëå ¯ à ¬¥âà®¢, å à ªâ¥-à¨§ãîé¨å â¥ç¥¨¥.�¨á¥«ì® à®§¢'ï§ ® áâ æ÷® à÷ à÷¢ïï � ¢'õ-�â®ªá , ïª÷ ®¯¨áãîâì ¢å÷¤ ¥áâ¨á«¨¢®ù ¢'ï§ª®ù à÷¤¨¨ ¢ ¯«®áª¨©ª  « ÷ ¯®áâã¯®¢ã áâ ¡÷«÷§ æ÷î æ÷õù â¥ç÷ù §  ã¬®¢, é® ¡÷«ï áâ÷®ª ª  «ã § å®¤ïâìáï á¨¬¥âà¨ç÷ "¯®à¨áâ÷" è à¨, ¢ïª¨å   à÷¤¨ã ¢¯«¨¢ õ à®§¯®¤÷«¥  «÷÷©  á¨«  ®¯®àã. �«ï ä®à¬ã«î¢ ï £à ¨ç®ù ã¬®¢¨ ÷ â¥áâã¢ ï  «£®à¨â¬ã¢¨ª®à¨áâ ®   «÷â¨ç¨© à®§¢'ï§®ª ®¤®¢¨¬÷à®ù â¥ç÷ù   ¤÷«ïæ÷ ùù áâ ¡÷«÷§ æ÷ù. �à áä®à¬ æ÷î ¯®â®ªã   ¢å÷¤÷©¤÷«ïæ÷ ª  «ã ¯à®÷«îáâà®¢ ® ¤¥â «ì¨¬¨ à®§à åãª ¬¨ ª÷«ìª®å « ¬÷ à¨å â¥ç÷© § ç¨á«®¬ �¥©®«ì¤á  Re � 10.� «¥¦÷áâì �«÷åâ÷£  ¤«ï ¤®¢¦¨¨ ¯®ç âª®¢®ù ¤÷«ïæ÷ ª  «ã ã§ £ «ì¥  § ãà åã¢ ï¬ ¤¢®å ®¢¨å ¯ à ¬¥âà÷¢,ïª÷ å à ªâ¥à÷§ãîâì â¥ç÷î.Stationary Navier-Stokes equations have been solved numerically to describe imcompressible viscouse ow that entersa channel with symmetrical near-wall porous layers where the uid experiences a distributed linear drag force beingproportional and opposite to local velocity vector. Analytical one-dimensional steady-state solution has been used toformulate boundary condition and examine numerical solution. Flow transformation over initial region of the channelis highlighted by detailed computation of several laminar ows with Reynolds number Re � 10. A generalisation ofSchlichting relationship for the channel's initial region length is suggested to account for two new parameters determiningthe ow.��������� áá¬®âà¨¬ áâ æ¨® à®¥ â¥ç¥¨¥ ¢ï§ª®© ¥-á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨   ¢å®¤¥ ¢ ¯«®áª¨© ª  « ¡¥á-ª®¥ç®© ¤«¨ë ¨ ¢ëá®âëH. �®« £ ¥¬, çâ® ã áâ¥-®ª ª  «  á¨¬¬¥âà¨ç® à á¯®«®¦¥ë á«®¨ ¯®à¨-áâ®© áà¥¤ë ¢ëá®â®© h (h � H=2), ¢ ¯à¥¤¥« å ª®â®-àëå   ¦¨¤ª®áâì ¤¥©áâ¢ãîâ «®ª «ìë¥ «¨¥©ë¥¬ áá®¢ë¥ á¨«ë ~f = �kn~U; ¬=á2; (1) ¯à ¢«¥ë¥ ¯à®â¨¢®¯®«®¦® ¢¥ªâ®àã áª®à®áâ¨¦¨¤ª®áâ¨ ~U = fU (x; z); V (x; z)g. � ª ï áà¥-¤ ,  §¢  ï «¥£ª®¯à®¨æ ¥¬®© è¥à®å®¢ â®áâìî(���), å à ªâ¥à¨§ã¥âáï ª®æ¥âà æ¨¥© ¨¤¥ «¨-§¨à®¢ ëå â®ç¥çëå ¯à¥¯ïâáâ¢¨© n, 1=¬3 ¨ ª®-íää¨æ¨¥â®¬ á®¯à®â¨¢«¥¨ï ¯®á«¥¤¨å k, ¬3=á [1].� àâ¨  â¥ç¥¨ï ¨ ¥ª®â®àë¥ ®¡®§ ç¥¨ï ¯®-ïáïîâáï à¨á. 1, £¤¥ ¯à¥¯ïâáâ¢¨ï, á®áâ ¢«ïîé¨¥���, ãá«®¢® ¯®ª § ë ªàã¦®çª ¬¨. � ¤ ç  ®â¥ç¥¨¨ ¢ ª  «¥ á ��� ¢¯¥à¢ë¥ à¥è¥  ¢ [1], ®«¨èì ¤«ï áâ ¡¨«¨§¨à®¢ ®£® ®¤®¬¥à®£® â¥ç¥-¨ï, â. ¥.   § ç¨â¥«ì®¬ ã¤ «¥¨¨ x ®â ¢å®¤ 
¢ ª  «. �  ï à ¡®â  à á¯à®áâà ï¥â ¬®¤¥«ì��� [1]   ¢å®¤®© ( ç «ìë©) ãç áâ®ª ª  « .�®« £ ¥¬, çâ® ¤¢¨¦¥¨¥ ¦¨¤ª®áâ¨ ¯®¤ç¨ï¥âáïãà ¢¥¨ï¬ � ¢ì¥-�â®ªá (~U � ~r)~U = �1�gradp+�r2~U + ~f�; div ~U = 0 (2)á à §àë¢®© ¬ áá®¢®© á¨«®©~f� = 8>><>>: ~f; z 2 [0; h];0; z 2 (h;H � h);~f; z 2 [H � h;H]; (3)£¤¥ �; � ¨ p | á®®â¢¥âáâ¢¥® ¯«®â®áâì, ª¨¥¬ -â¨ç¥áª ï ¢ï§ª®áâì ¨ ¤ ¢«¥¨¥ ¢ ¦¨¤ª®áâ¨. �ª®-à®áâì   ¢å®¤¥ ¢ ª  « (x = 0) ¯®« £ ¥¬ à á¯à¥-¤¥«¥®© à ¢®¬¥à® ¨ à ¢®© U = U0 = const,V = 0;   áâ¥ª å ª  «  (z = 0 ¨ z = H) ¢ë¯®«ï-îâáï ãá«®¢¨ï ¯à¨«¨¯ ¨ï U = V = 0. �à ¨ç®¥ãá«®¢¨¥ ¤«ï ¤ ¢«¥¨ï p ®¡áã¦¤ ¥âáï ¨¦¥.�áâ¥áâ¢¥® ®¦¨¤ âì, çâ® à á¯à¥¤¥«¥¨¥ áª®à®-áâ¨ â¥ç¥¨ï ¯à¨  «¨ç¨¨ ��� ¯® ¬¥à¥ ã¤ «¥¨ï®â ¢å®¤  ¢ ª  « ¯¥à¥áâ ¥â § ¢¨á¥âì ®â x, â ª¦¥32 c �. �. � ¥¢, �. �. �¨å «¨¥¢, 2002



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 32 { 39�¨á. 1. �®áâ ®¢ª  § ¤ ç¨ ¨ ®á®¢ë¥ ®¡®§ ç¥¨ïª ª ¢ ª« áá¨ç¥áª®¬ â¥ç¥¨¨ ç¥à¥§ ª  « á £« ¤-ª¨¬¨ áâ¥ª ¬¨ [2{ 4]. �® ¯à®è¥áâ¢¨¨ ¥ª®â®à®©¤«¨ë x = Lx à á¯à¥¤¥«¥¨¥ áª®à®áâ¥© ¤®áâ¨£ -¥â áâ ¡¨«¨§ æ¨¨ (â¥à¬¨ [2]),   ¯à®¤®«ìë© £à -¤¨¥â ¤ ¢«¥¨ï @p=@x áâ ®¢¨âáï ¯®áâ®ïë¬ ¨¬®¦¥â ¡ëâì  ©¤¥ à¥è¥¨¥¬ ®¤®¬¥à®© § ¤ -ç¨ [2, 4]. �à¨ à áç¥â å ¢å®¤  ¦¨¤ª®áâ¨ ¢ ª  «á £« ¤ª®© áâ¥ª®© ¥£® ¢¥«¨ç¨  ¨á¯®«ì§ã¥âáï ¢ªà ¥¢®¬ ãá«®¢¨¨   ¢ëå®¤¥ ¨§  ç «ì®£® ãç áâ-ª  x = Lx [5 { 7]. � ª ¦¥ ¯à¨¨¬ ¥¬ ¨ ¢ ¤ ®©§ ¤ ç¥:x = Lx : @U@x = 0; V � 0; @p@x = const Df= �� (4)(§ ç¥ª Df  ¤ § ª®¬ à ¢¥áâ¢  §¤¥áì ¨ ¤ «¥¥ ãª -§ë¢ ¥â   ¢¢¥¤¥¨¥ ®¢®© ¢¥«¨ç¨ë). � å®¦¤¥¨î� > 0 ¯®á¢ïé¥ à §¤¥« 2.� ª¨¬ ®¡à §®¬, ®¡« áâì ®¯à¥¤¥«¥¨ï § ¤ ç¨ (2)-(4) ï¢«ï¥âáï ¯àï¬®ã£®«ì¨ª®¬ 0 � x � Lx, 0 �z � H,   ¥¥ à¥è¥¨¥ § ¢¨á¨â ®â ¯ à ¬¥âà®¢ ¦¨¤-ª®áâ¨ �; �, ¯ à ¬¥âà®¢ ª  «  ¨ ��� H; h; kn,  â ª¦¥ £à ¤¨¥â  ¤ ¢«¥¨ï �   áâ ¡¨«¨§¨à®¢ -®¬ ãç áâª¥. �«¨  ãç áâª  áâ ¡¨«¨§ æ¨¨ (¥£® §ë¢ îâ â ª¦¥ ¢å®¤ë¬ ¨«¨  ç «ìë¬) Lx ¥-¨§¢¥áâ  ¨ ¯®¤«¥¦¨â ®¯à¥¤¥«¥¨î ¢ ¯à®æ¥áá¥ à¥-è¥¨ï. �¥¦¨¬ â¥ç¥¨ï ¯®« £ ¥¬ « ¬¨ àë¬,  ��� | á¨¬¬¥âà¨ç®© ®â®á¨â¥«ì® ®á¨ ª  « z = 0:5H.� áá¬ âà¨¢ ¥¬ ï § ¤ ç  ¯à¨ ®âáãâáâ¢¨¨ ¬ áá®-¢®© á¨«ë (3) ¤«ï £« ¤ª¨å áâ¥®ª è¨à®ª® ¨§¢¥áâ .�¥ ¨¦¥¥à®¥ à¥è¥¨¥ ¤«ï ¯à ªâ¨ç¥áª¨å § ¤ ç¯à¥¤«®¦¥® ¥é¥ �¨««¥à®¬ [3]. �¥è¥¨¥ ¤«ï « ¬¨- à®£® â¥ç¥¨ï á ¯®§¨æ¨© â¥®à¨¨ ¯®£à ¨ç®£®á«®ï, à áè¨àïîé¥£®áï ã áâ¥®ª ¨  á¨¬¯â®â¨ç¥áª¨á¬ëª îé¥£®áï á ãáª®àïîé¨¬áï æ¥âà «ìë¬ â¥-ç¥¨¥¬, ¤ ® �«¨åâ¨£®¬ [4]. � 1970-å £®¤ å § -¤ ç  ¡ë«  ¨á¯®«ì§®¢   ¤«ï â¥áâ¨à®¢ ¨ï ¯¥à¢ëå «£®à¨â¬®¢ à¥è¥¨ï   ��� ¯®«ëå ãà ¢¥¨©� ¢ì¥-�â®ªá  [5 { 7].� ¤ ç  ® ¢å®¤¥ ¦¨¤ª®áâ¨ ¢ ª  « á ¯®à¨áâë¬¨á«®ï¬¨ (���) ã áâ¥®ª ¢ ¤ ®© à ¡®â¥ áâ ¢¨â-áï ¨ à áá¬ âà¨¢ ¥âáï ¢¯¥à¢ë¥. �§ãç ¥¬®¥ â¥ç¥-¨¥ ¯à¥¤áâ ¢«ï¥â ¨â¥à¥á ¢® ¬®£¨å ®â®è¥¨-ïå. � ¯à¨¬¥à, ¢ £¨¤à ¢«¨ª¥ âàã¡®¯à®¢®¤ëå á¨-áâ¥¬ ¨á¯®«ì§ãîâ ¤«¨ë¥ ãç áâª¨ âàã¡ á ¯®à¨-

áâ®© ¢áâ ¢ª®© ã áâ¥®ª ¨«¨ ¯® ®á¨ âàã¡ë. �¥à-¢ë© á«ãç © à áá¬®âà¥ §¤¥áì, ¢â®à®¬ã ¡ã¤¥â ¯®-á¢ïé¥  ®â¤¥«ì ï à ¡®â . �«ãç © ª®à®âª®© ¯®-à¨áâ®© ¢áâ ¢ª¨, ª®â®àë© â ª¦¥ ¯« ¨àã¥âáï à á-á¬®âà¥âì ¯®§¤¥¥, ¨â¥à¥á¥ â¥¬, çâ® ¯® ®ª®ç -¨¨ ¯®à¨áâ®© ¢áâ ¢ª¨ ¢ â¥ç¥¨¨ ¬®¦¥â ¢®§¨ª âì¢¨åà¥¢ ï §® , ¨â¥á¨¢®áâìî ª®â®à®© ¬®¦®ã¯à ¢«ïâì á ¯®¬®éìî ¯ à ¬¥âà®¢ h ¨ A.� ¯®á«¥¤¨¥ £®¤ë ¢ ¨¦¥¥àëå ¨ íª®«®£¨ç¥áª¨å¯à¨«®¦¥¨ïå ¯®ï¢«ï¥âáï ¢á¥ ¡®«ìè¥ à ¡®â, ¯®á¢ï-é¥ëå ®¡â¥ª ¨î ¯à®âï¦¥ëå ¯®à¨áâëå â¥« {á«®ï à §¢¨â®© è¥à®å®¢ â®áâ¨ â¥¯«®®¡¬¥¨ª , £®-à®¤áª®© § áâà®©ª¨, «¥á®£® ¬ áá¨¢  [8], ¯à¨¤®-ëå § à®á«¥© à¥çë¬ ¯®â®ª®¬ ¨ â.¯. �¥®à¥â¨ç¥-áª¨¥ à ¡®âë â ª®£® ¢¨¤  ¨á¯®«ì§ãîâ ¢ ¡®«ìè¨-áâ¢¥ á«ãç ¥¢ ¯à¨¡«¨¦¥¨¥ ¯®£à ¨ç®£® á«®ï. � -¡®â  [9] ®â«¨ç ¥âáï â¥¬, çâ® ®¡â¥ª ¨¥ ¥®£à ¨-ç¥ë¬ ¢ï§ª¨¬ ¯®â®ª®¬ ¯à®¨æ ¥¬ëå ¡«®ª®¢ à á-áç¨âë¢ «®áì á ¯®¬®éìî ¯®«ëå ãà ¢¥¨© � ¢ì¥-�â®ªá ; á¤¥«  ¢ë¢®¤ ® ¬ «®áâ¨ ç«¥®¢, ª®â®àë-¬¨ ¢ ¯à¨¡«¨¦¥¨¨ ¯®£à ¨ç®£® á«®ï ¯à¨¥¡à¥£ -îâ. �¨§¨ç¥áª ï á¨âã æ¨ï, ¨§ãç ¥¬ ï ¢ ¤ ®© à -¡®â¥, ¯à¥¤®áâ ¢«ï¥â ¥é¥ ®¤ã ¬¥â®¤®«®£¨ç¥áªãî¢®§¬®¦®áâì áà ¢¨âì â®çë© ¨ ¯à¨¡«¨¦¥ë©¯®¤å®¤ë.�¥«ì ¤ ®£® ¨áá«¥¤®¢ ¨ï ®£à ¨ç¨¢ ¥âáï, ®¤ -ª®, ¨§ãç¥¨¥¬ £¨¤à®¬¥å ¨ç¥áª®© âà áä®à¬ æ¨¨¯®â®ª  ¯®¤ ¤¥©áâ¢¨¥¬ ��� ¯à¨ ¥£® ¢å®¤¥ ¢ ª  «,  â ª¦¥ ®¯à¥¤¥«¥¨¥¬ ¤«¨ë ¢å®¤®£® ãç áâª  ª - « .1. ������������ ������������������� ª ç¥áâ¢¥ å à ªâ¥àëå ¬ áèâ ¡®¢ ¢ë¡¥à¥¬è¨à¨ã ª  «  H ¨ áª®à®áâì   ¢å®¤¥ ¢ ¥£®U0. �¢¥¤¥¬ ¡¥§à §¬¥àë¥ ª®®à¤¨ âë, ª®¬¯®¥-âë áª®à®áâ¨, ¤ ¢«¥¨¥ ¨ âà¥¨¥:x = xH ; z = zH ; U = UU0 ; V = VU0 ; (5)p = p�U20 ; � = ��U20(� Df= �� @U@z  §ë¢ ¥¬ ¤ «¥¥ âà¥¨¥¬). �®£¤  § ¤ -ç  (2)-(3) ¬®¦¥â ¡ëâì ¯à¨¢¥¤¥  ª "ª®á¥à¢ â¨¢-®© ä®à¬¥" ¯®¤®¡® [5]:@U2@x + @U V@z = �@p@x + 1Re(@2U@x2 + @2U@z2 ) ��( AU; z 2 [0; h][ [1� h; 1];0; z 2 (h; 1� h); (6)�. �. � ¥¢, �. �. �¨å «¨¥¢ 33



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 32 { 39@U V@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 = 0á £à ¨çë¬¨ ãá«®¢¨ï¬¨x = 0 : U = 1; V = 0; p = p0 = 0;x = xL : @U@x = @V@x = 0; @p@x = ��; (7)z = 0 : U = V = 0;z = 1 : U = V = 0:�¤¥áì Re = U0H� ; A = knHU0 { ¡¥§à §¬¥à ï ¯«®â-®áâì ���; h = hH ¨ Lx { ¡¥§à §¬¥àë¥ ¢ëá®-â  ��� ¨ ¤«¨   ç «ì®£® ãç áâª  ª  «  á®®â-¢¥âáâ¢¥®. �«£®à¨â¬ ç¨á«¥®£® à¥è¥¨ï § ¤ -ç¨ ¯®áâà®¥ "®â áâ¥ª¨" z = 0 "¤® áâ¥ª¨" z = 1¡¥§ ãç¥â  á¨¬¬¥âà¨¨ â¥ç¥¨ï, çâ®¡ë ¯à¨¬¥¨âì¥£® ¯®§¤¥¥ ¤«ï ¡®«¥¥ ®¡é¥£® á«ãç ï h1 6= h2.� à ¬¥âà § ¤ ç¨ "¤«¨   ç «ì®£® ãç áâª "Lx ¥¨§¢¥áâ¥ ¨ ¯®¤«¥¦¨â ®¯à¥¤¥«¥¨î. �¬¥áâ®¥£® ¢ëå®¤®¥ £à ¨ç®¥ ãá«®¢¨¥ ¢ë¯®«ï¥¬  § ¢¥¤®¬® ¡®«ìè¥© ¤«¨¥ x = xL. �® ®ª®ç ¨¨à áç¥â®¢  å®¤¨¬ Lx ª ª ¤¨áâ æ¨î, §  ª®â®à®©¤ «ì¥©è¥£® ¨§¬¥¥¨ï ¢ à¥è¥¨¨ ¥ ¯à®¨áå®¤¨â,â. ¥. ãá«®¢¨¥ @U@x = V = 0 ¨§ (4) ¢ë¯®«ï¥âáï á§ ¤ ®© â®ç®áâìî. �«ï ª  «  á £« ¤ª¨¬¨ áâ¥-ª ¬¨ �«¨åâ¨£ [4] à¥ª®¬¥¤ã¥â ®æ¥ªãLx = 0; 04Re: (8)� «¥¥ ¯®«ãç¥® ®¡®¡é¥¨¥ â ª®© § ¢¨á¨¬®áâ¨ áãç¥â®¬ ®¢ëå ¯ à ¬¥âà®¢ § ¤ ç¨ A ¨ h.� ¤ «ì¥©è¥¬ ç¥àâã  ¤ ¡¥§à §¬¥àë¬¨ á¨¬¢®-« ¬¨ ®¯ãáª ¥¬.2. ������������� ������� ��������������������� ��������«ï ¯®áâ ®¢ª¨ £à ¨ç®£® ãá«®¢¨ï (7) ¥®¡-å®¤¨¬® § ¤ âì ¯à®¤®«ìë© £à ¤¨¥â ¤ ¢«¥¨ï  ®á®¢®¬ ãç áâª¥ �. �«ï ¥£® ®âëáª ¨ï à áá¬®-âà¨¬ § ¤ çã ® áâ ¡¨«¨§¨à®¢ ®¬ â¥ç¥¨¨ ¢ ¡¥á-ª®¥ç® ¤«¨®¬ ª  «¥ á ���ã áâ¥®ª [1]. �¢¨¤ã«¨¥©®áâ¨ ¯à¨ïâ®© § ¢¨á¨¬®áâ¨ á¨«ë ®â áª®à®-áâ¨ (1) § ¤ ç  ¬®¦¥â ¡ëâì à¥è¥    «¨â¨ç¥áª¨.� ª ª ª   ¤®áâ â®ç®¬ ã¤ «¥¨¨ ®â ¢å®¤  ¢ ª - « ¯à®¤®«ì ï áª®à®áâì U § ¢¨á¨â â®«ìª® ®â ª®-

®à¤¨ âë z,   ¯®¯¥à¥ç ï áª®à®áâì ¢ á¨«ã ãà ¢¥-¨ï ¥à §àë¢®áâ¨ ¨ £à ¨çëå ãá«®¢¨© â®¦¤¥-áâ¢¥® à ¢  ã«î V � 0 [2, 4], â® ªà ¥¢ ï § ¤ -ç  (6){(7)   ãç áâª¥ áâ ¡¨«¨§ æ¨¨ â¥ç¥¨ï ¢ëà®-¦¤ ¥âáï ¢ ®¤®¬¥àãî ªà ¥¢ãî § ¤ çã ¤«ï ®¡ëª-®¢¥®£® ¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï ¢â®à®£®¯®àï¤ª  á à §àë¢®© ¯à ¢®© ç áâìî:1ReU 00zz + � = ( AU; z 2 [0; h];0; z 2 (h; 1=2); (9)z = 0 : U = 0; z = 1=2 : dUdz = 0:�à¨ ®âëáª ¨¨ ¥¯à¥àë¢® ¤¨ää¥à¥æ¨àã¥¬®-£® ¢ ®¡« áâ¨ z 2 [0; 0:5] à¥è¥¨ï § ¤ ç¨ (9) á«¥¤ã-¥¬ [1].�¥ ���, ¯à¨ z 2 [h; 1=2], à¥è¥¨¥ § ¤ ç¨ (9)¨¬¥¥â, ®ç¥¢¨¤®, ¢¨¤U (z) = 12�Re[h(h� 1)� z(z � 1)] + Uh;£¤¥ Uh Df= U (h) { ¯®¤«¥¦ é ï ®¯à¥¤¥«¥¨î "áª®-à®áâì áª®«ì¦¥¨ï". � ª ®¡ëç® ¢ ª  «¥, âà¥¨¥¢¥ ��� à á¯à¥¤¥«¥® «¨¥©®:� = 1Re @U@z = �(1=2� z):�® ®¡à é ¥âáï ¢ ã«ì   ®á¨ ª  « ,     ãà®¢¥��� ¯à¨¨¬ ¥â § ç¥¨¥�h Df= � (h) = �(1=2� h): (10)�ãâà¨ ��� ¯à¨ z 2 [0; h] ®¡é¥¥ à¥è¥¨¥ ãà ¢-¥¨ï (9) ¨¬¥¥â ¢¨¤U (z) = C1e�z +C2e��z + �A; (11)£¤¥ � = pA �Re. �¥®¯à¥¤¥«¥ë¥ ª®áâ âë C1 ¨C2  å®¤¨¬ ¨§ ãá«®¢¨ï ¯à¨«¨¯ ¨ï ¨ ãá«®¢¨ï1ReU 0(0) Df= �0:�®«ãç ¥¬ à¥è¥¨¥ ¢ ¢¨¤¥:U�z� = 8>>>>>>><>>>>>>>: �0Re� sh ��z�� �Ach ��z�+ �A ;¯à¨ z 2 �0; h�;12�Re�h�h � 1�� z�z � 1�� + Uh;¯à¨ z 2 �h; 1=2�: (12)�å®¤ïé¨¥ ¢ à¥è¥¨¥ (12) ¯ à ¬¥âàë �0 ¨ Uh  -å®¤¨¬ ¨§ ãá«®¢¨© ¥¯à¥àë¢®áâ¨ ¨ £« ¤ª®áâ¨ à¥-è¥¨ï ¯à¨ ¯¥à¥å®¤¥ ç¥à¥§ ¢¥àåîî £à ¨æã ���34 �. �. � ¥¢, �. �. �¨å «¨¥¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 32 { 39z = h. �®áª®«ìªã âà¥¨¥   ãà®¢¥ ��� ¤ ¥âáïá®®â®è¥¨¥¬ (10), â® ¯®«ãç ¥¬�0 = ��(1� 2h) + 2sh (�h)2�ch (�h) ; (13)Uh = �0Re� sh (�h)� �Ach�h+ �A:�®á«¥¤¨¥ ¤¢¥ ä®à¬ã«ë ¤ îâ ®ª®ç â¥«ì®¥ à¥è¥-¨¥ § ¤ ç¨ (9). �§ ¨å ¢ëâ¥ª ¥â á«¥¤ãîé¥¥ ¢ëà -¦¥¨¥ ¤«ï à á¯à¥¤¥«¥¨ï ¡¥§à §¬¥à®£® âà¥¨ï:� (z) = 8<: �0ch (�z) � �� sh (�z); z 2 [0; h];12�(1 � 2z); z 2 (h; 1=2]: (14)� ©¤¥¬ â¥¯¥àì ¥®¡å®¤¨¬®¥ ¤«ï ¯®áâ ®¢ª¨ ¯®«-®© § ¤ ç¨ ¢ëà ¦¥¨¥ ¤«ï ¯à®¤®«ì®£® £à ¤¨¥â ¤ ¢«¥¨ï �. �«ï ¡¥§à §¬¥àëå à áå®¤®¢ ¦¨¤ª®-áâ¨ ç¥à¥§ á«®© ��� ¨ ç¥à¥§ á¢®¡®¤ãî ®â ¯à¥-¯ïâáâ¢¨© ç áâì á¥ç¥¨ï ¬®¦¥¬ § ¯¨á âì á®®â¢¥â-áâ¢ãîé¨¥ ¢ëà ¦¥¨ï:q1 Df= hZ0 U (z)dz= �0A ch (�h)� ��A sh (�h)� �0A � �hA ;q2 Df= 1=2Zh U (z)dz= �Re24 ��Reh12 (4h2�6h+3)++Uh(12 � h):�ç¥¢¨¤®¥ ãá«®¢¨¥ à ¢¥áâ¢  à áå®¤ã ¦¨¤ª®áâ¨,¢â¥ª îé¥© ¢ ª  «, 2(q1+ q2) = 1, ¯à¨¢®¤¨â á ãç¥-â®¬ ¢ëà ¦¥¨© (13) ª á«¥¤ãîé¥© § ¢¨á¨¬®áâ¨ ª®-íää¨æ¨¥â  £¨¤à ¢«¨ç¥áª®£® á®¯à®â¨¢«¥¨ï ¨ á¢ï-§ ®£® á ¨¬ �,� = � p0H12�U2áà = 2�;®â ¯ à ¬¥âà®¢ § ¤ ç¨:1� = Re12 f1� 2h(4h2 � 6h+ 3)� 24�3 (sh (�h) ++�ch (�h) � � � �h)� (15)�2 + �(2h� 1)sh (�h) � 2sh (�h)6�2ch (�h) g;£¤¥ � = �(2h� 1)� 2sh (�h)2ch (�h) . (�á¯®«ì§®¢ ® ®ç¥-¢¨¤®¥ á®®¡à ¦¥¨¥, çâ® áà¥¤ïï ¯® á¥ç¥¨î áª®-à®áâì Uáà à ¢  áª®à®áâ¨   ¢å®¤¥ U0). � ©¤¥®¥á®®â®è¥¨¥ ¢¥¤¥â á¥¡ï ª®àà¥ªâ® ¢ ¯à¥¤¥«ìëå

�¨á. 2. �¥§à §¬¥àë© £à ¤¨¥â ¤ ¢«¥¨ï � � Re ¢§ ¢¨á¨¬®áâ¨ ®â ¯«®â®áâ¨ ��� A, ç¨á«  �¥©®«ì¤á Re ¨ ®â®á¨â¥«ì®© ¢ëá®âë ���: 0 { h = 0(¥§ ¢¨á¨¬® ®â Re); 1 { h = 0:05, 2 { h = 0:10, 3 {h = 0:15; á«ãç ¨ a { Re = 1, á«ãç ¨ b { Re = 5á«ãç ïå { ¯à¨ h ! 0 ¨«¨ A! 0 (��� ¨áç¥§ -¥â) ¯®«ãç ¥¬ ¨§¢¥áâãî § ¢¨á¨¬®áâì ¤«ï ª  «  á£« ¤ª¨¬¨ áâ¥ª ¬¨ [2,4]:� = 12� = 12Re ; (16)ª®â®à ï ¢ [5] ¨á¯®«ì§®¢   ¤«ï § ¤ ¨ï ªà ¥¢®£®ãá«®¢¨ï (4)   ¢ëå®¤¥ ¨§ à áç¥â®© ®¡« áâ¨. � -ª¨¬ ®¡à §®¬, ¯à¨  «¨ç¨¨ ��� ¯ à ¬¥âà � ¯®¤-ç¨ï¥âáï ¡®«¥¥ á«®¦®© § ¢¨á¨¬®áâ¨ (15). �®á«¥¤-ïï ¨««îáâà¨àã¥âáï £à ä¨ª ¬¨ à¨á. 2, ¨§ ª®â®àëå¢¨¤®, çâ® ¯à¨ A ! 0, ª ª ¨ ¯à¨ h ! 0, ¨¬¥¥â¬¥áâ® ¯à¥¤¥«ìë© ¯¥à¥å®¤ ª ¨§¢¥áâ®¬ã á«ãç îâ¥ç¥¨ï ¢ ª  «¥ á £« ¤ª¨¬¨ áâ¥ª ¬¨ (16):limh!0 � �Re = limA!0 � �Re = 12:� «®£¨çë¥ ¯à¥¤¥«ìë¥ ¯¥à¥å®¤ë ª á«ãç î ®â-áãâáâ¢¨ï ��� ã áâ¥®ª á¯à ¢¥¤«¨¢ë ¨ ¤«ï ¤àã£¨å¯ à ¬¥âà®¢ â¥ç¥¨ï:limh!0Uh = 0; limh!0 �h = limh!0 �0 = 12�;limA!0Uh = 12� �Re � h(1� h);limA!0 �h = 12�(1 � 2h); limA!0 �0 = 12�:� áá¬®âà¨¬ â¥¯¥àì ¯à¥¤¥«ì®¥ ¯®¢¥¤¥¨¥ â¥ç¥-¨ï ¯à¨ A ! 1. � ¤ ®© § ¤ ç¥, ª ª ¯®ª §ë-¢ ¥â à¨á. 2, ¯à®¨§¢¥¤¥¨¥ � � Re à áâ¥â ¢¬¥áâ¥ áA, ¯à¨ç¥¬ â¥¬ ¨â¥á¨¢¥¥, ç¥¬ ¡®«ìè¥ ¢ëá®â ��� h ¨ ç¨á«® �¥©®«ì¤á  Re. �à¨ ä¨ªá¨à®¢ -®¬ h � 12 ¯à®¨§¢¥¤¥¨¥ � � Re, § ¢¨áïé¥¥ ®â A,¢ëå®¤¨â   ¥ª®â®àãî £®à¨§®â «ìãî  áá¨¬¯â®-âã. � ª¨¬ ®¡à §®¬, � �Re ï¢«ï¥âáï äãªæ¨¥© âà¥å à£ã¬¥â®¢ { Re, A ¨ h. �¬¥áâ¥ á â¥¬ ¬®¦® ¯®-ª § âì, çâ® ¯à¥¤¥«ìë¬ § ç¥¨¥¬ íâ®© äãªæ¨¨�. �. � ¥¢, �. �. �¨å «¨¥¢ 35



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 32 { 39¯à¨ A ! 1 ¥áâì 12(1� 2h)3 . �®áª®«ìªã ¯®á«¥¤ïïäãªæ¨ï ¥ § ¢¨á¨â ®â Re, â® ªà¨¢ë¥ á ®¤¨ ª®-¢ë¬ ®¬¥à®¬ ¢ëå®¤ïâ   ®¡éãî £®à¨§®â «ìãî á¨¬¯â®âã. �â®, ¢¬¥áâ¥ á ¯à¥¤¥«ìë¬¨ á®®â®è¥-¨ï¬¨limA!1Uh = 0; limA!1 �0 = 0; limA!1 �h = 12�Re(1�2h);®§ ç ¥â, çâ® ¯à¨ ¢ëá®ª®© ¯«®â®áâ¨ A ���áâ ®¢¨âáï "¥¯à®¨æ ¥¬®©", â¥ç¥¨¥ ¯¥à¥å®¤¨â¢ â ª®¢®¥ ¢ ª  «¥ á £« ¤ª¨¬¨ áâ¥ª ¬¨ ç¥à¥§ á¥-ç¥¨¥, á¢®¡®¤®¥ ®â ��� (h � z � 1� h).�à¨ ¯à®¨§¢®«ìëå § ç¥¨ïå A, h ¨ Re ¡¥§à §-¬¥àë© £à ¤¨¥â ¤ ¢«¥¨ï � ¢ëç¨á«ï¥âáï ¯® ä®à-¬ã«¥ (15), § ¬ëª ï ä®à¬ã«¨à®¢ªã § ¤ ç¨.3. �������� ���������� ����������������� ��������¨á«¥ë¥ ¨áá«¥¤®¢ ¨ï ¯à®¢¥¤¥ë á ¨á¯®«ì-§®¢ ¨¥¬ ¯à®£à ¬¬®£® ª®¬¯«¥ªá  ¬®¤¥«¨à®¢ ¨ïâ¥ç¥¨© ¢ï§ª®© ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ ¯àï-¬®¬ ¯«®áª®¬ ª  «¥   ®á®¢¥ ¯®«ëå ãà ¢¥-¨© � ¢ì¥-�â®ªá  [10]. �â æ¨® à ï § ¤ ç  (6)-(7) à¥è « áì ¬¥â®¤®¬ ãáâ ®¢«¥¨ï ¢ á®ç¥â ¨¨á ¬¥â®¤®¬ ¨áªãááâ¢¥®© á¦¨¬ ¥¬®áâ¨ ("Arti�cialCompressibility", AC) [6, 7]. �®áª®«ìªã íâ¨ ¬¥â®-¤ë ¨ à §«¨çë¥ ¨å ¬®¤¨ä¨ª æ¨¨, à §«¨ç îé¨¥áïá¯®á®¡ ¬¨ ¤¨áªà¥â¨§ æ¨¨ ¨ à áç¥â  ¤ ¢«¥¨ï, å®-à®è® ¨§¢¥áâë, ®£à ¨ç¨¬áï §¤¥áì ªà âª¨¬ ¨§«®-¦¥¨¥¬ ®¡é¨å å à ªâ¥à¨áâ¨ª  «£®à¨â¬  ¨ ªà¨â¥-à¨¥¢ ª®âà®«ï ¤®áâ®¢¥à®áâ¨ ¯®«ãç ¥¬ëå ç¨á«¥-ëå à¥§ã«ìâ â®¢.�¬¥áâ® áâ æ¨® àëå ãà ¢¥¨© (6) à áá¬ âà¨-¢ îâáï ¨å ¥áâ æ¨® àë¥   «®£¨, ¯à¨ç¥¬ ãà ¢-¥¨¥ ¥à §àë¢®áâ¨ § ¬¥ï¥âáï ãà ¢¥¨¥¬@p@t + 2rU = 0;£¤¥ t { ä¨ªâ¨¢®¥ ¢à¥¬ï;  { "ª®íää¨æ¨¥â èâà -ä ", ¨â¥à¯à¥â¨àã¥¬ë© ®¡ëç® ª ª ª¢ ¤à â áª®-à®áâ¨ §¢ãª . �®£¤  ¯à¨ t ! 1 à¥è¥¨¥ ãáâ  -¢«¨¢ ¥âáï, ¨áªãááâ¢¥® ¢¢¥¤¥®¥ ãà ¢¥¨¥ áâ -®¢¨âáï íª¢¨¢ «¥âë¬ ãà ¢¥¨î ¥à §àë¢®-áâ¨. �¨áªà¥â¨§ æ¨ï ç«¥®¢ ãà ¢¥¨© ¯à®¢®¤¨-« áì ¯® ¬¥â®¤ã "¬ àª¥à®¢ ¨ ïç¥¥ª" ("Markers AndCells", MAC) [6,7]: ¥áâ æ¨® àë¥ ãà ¢¥¨ï ¨¬-¯ã«ìá   ¯¯à®ªá¨¬¨à®¢ ë ®¡ëç®© ¯ïâ¨â®ç¥ç®©ï¢®© à §®áâ®© áå¥¬®© (¢ï§ª¨¥ ç«¥ë § ¬¥ï-«¨áì æ¥âà «ìë¬¨ à §®áâï¬¨,   ª®¢¥ªâ¨¢ë¥{ à §®áâï¬¨ ¯à®â¨¢ ¯®â®ª ). � ¤ ç  à¥è « áìá ¥ª®â®àë¬ è £®¬ ¯® ¢à¥¬¥¨ �t, ª®â®àë© ¥¤®«¦¥ ¯à¥¢®áå®¤¨âì ®¯à¥¤¥«¥®© ¢¥«¨ç¨ë ¤«ï

®¡¥á¯¥ç¥¨ï ãáâ®©ç¨¢®áâ¨ ¨ â®ç®áâ¨  «£®à¨â¬ .�â¥à æ¨®ë© à áç¥â ¤ ¢«¥¨ï ¢ ¬¥â®¤¥ AC à¥ -«¨§ã¥âáï ¯® ï¢®© ä®à¬ã«¥ p(k) = p(k�1) + kDk,£¤¥ k = �t ¨ Dk { á¥â®çë©   «®£ ¤¨« â æ¨¨D = @U@x + @V@y .�® ¯à®áâà áâ¢¥ë¬ ª®®à¤¨ â ¬ § ¤ ¢ «¨áìà ¢®¬¥àë¥ è £¨ �x = xL=nx ¨ �z = 1=nz, £¤¥nx ¨ nz { ç¨á«® ïç¥¥ª, ¯®ªàë¢ îé¨å à áç¥âãî®¡« áâì f0 � x � xL; 0 � z � 1g á®®â¢¥âáâ¢¥®¢¤®«ì ¨ ¯®¯¥à¥ª ª  « .� ¬¥â®¤¥ �� ¡®«ìèãî à®«ì ¨£à ¥â § ¤ ¨¥  -ç «ì®£® ¯®«ï â¥ç¥¨ï, ¨ ®á®¡¥® {  ç «ì®¥¯à¨¡«¨¦¥¨¥ ¤ ¢«¥¨ï p(0)(x; z). �â ¡«¨§®áâ¨ ¯®-á«¥¤¥£® ª ¨áâ¨®¬ã à á¯à¥¤¥«¥¨î ¤ ¢«¥¨ï § -¢¨á¨â áª®à®áâì ¨â¥à æ¨®®£® ¯à®æ¥áá  ¨ ¤ ¦¥á ¬ ä ªâ áå®¤¨¬®áâ¨ ¬¥â®¤  ¢ æ¥«®¬. �  è¨åà áç¥â å äãªæ¨ï p(0) § ¤ ¢ « áì ¯®áâ®ï®© ¯®-¯¥à¥ª ª  «  ¨ ã¡ë¢ îé¥© ¢¤®«ì ¥£®:p(0)(x; z) = p(0)(å) = ��x; x 2 [0; Lx];£¤¥ ¯ à ¬¥âà � = �(Re; A; h) ¢ëç¨á«ï«áï ¯® ¢ëà -¦¥¨î (15). �ë¡®à ¬¥â®¤  AC ¨§ ¬®¦¥áâ¢  ¨ëå¢ à¨ â®¢ áå¥¬ ãáâ ®¢«¥¨ï ®¡ãá«®¢«¥ ¯à¥¤ë¤ã-é¨¬ ®¯ëâ®¬ ¥£® ãá¯¥è®©  ¯¯à®¡ æ¨¨ ¢ ç¨á«¥-®¬ à áç¥â¥ ¥¢®§¬ãé¥®£® â¥ç¥¨ï �ã §¥©«ï(A = 0) ¢ ¤¨ ¯ §®¥ ç¨á¥« �¥©®«ì¤á  0:001 �Re � 1000 [10].�¥§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®¥ à¥è¥¨¥, ®¤ ª®, ¥ ¢á¥-£¤  ®ª §ë¢ «®áì ¤®áâ®¢¥àë¬. �à¨â¥à¨¥¬ ¯®á«¥¤-¥£® ¬®¦¥â á«ã¦¨âì á¡«¨¦¥¨¥ í¯îàë ¯à®¤®«ì®©áª®à®áâ¨ ¯® ¬¥à¥ à®áâ  x á   «¨â¨ç¥áª¨  ©¤¥-ë¬ ¢ëà ¦¥¨¥¬   ãç áâª¥ áâ ¡¨«¨§ æ¨¨ (12).�¬¥ìè¥¨¥ è £®¢ ¯® ¯à®áâà áâ¢¥ë¬ ª®®à¤¨- â ¬ �x ¨ �z â ª®© à¥§ã«ìâ â £ à â¨àã¥â. �«ï¤®áâ¨¦¥¨ï âà¥¡ã¥¬®© â®ç®áâ¨ ¯à¨ ã¬¥à¥ëåA ¨ Re = 10, ª ª ¯à ¢¨«®, ®ª §ë¢ « áì ¤®áâ -â®ç®© á¥âª , á®¤¥à¦ é ï ¢¤®«ì ¨ ¯®¯¥à¥ª ª  -«  á®®â¢¥âáâ¢¥® nx = 80 ¨ ny = 40 ïç¥¥ª. �à¨A > 100 ª®«¨ç¥áâ¢® ïç¥¥ª ¯à®áâà áâ¢¥®© á¥âª¨¤®å®¤¨«® ¤® 320�160. �®®â¢¥âáâ¢¥®, áç¥â ®¤®-£® ¢ à¨ â    ���� Pentium III 667/126 § ¨-¬ « ®â 10 { 20 ¬¨ãâ ¤® ¥áª®«ìª¨å ç á®¢ ¯à®æ¥á-á®à®£® ¢à¥¬¥¨.4. ������ ������������¥§ã«ìâ âë ç¨á«¥ëå à áç¥â®¢ ¢å®¤  ¦¨¤ª®-áâ¨ ¢ ª  « ¯à¨ Re = 10 ¯à¨¢¥¤¥ë   à¨á. 3.�¯«®èë¥ «¨¨¨ ®â®áïâáï ª á«ãç î  «¨ç¨ï«¥£ª®¯à®¨æ ¥¬®© è¥à®å®¢ â®áâ¨ ¡¥§à §¬¥à®©36 �. �. � ¥¢, �. �. �¨å «¨¥¢
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�¨á. 3. � á¯à¥¤¥«¥¨ï ¢¤®«ì ¢å®¤®£® ãç áâª  ª  «  å à ªâ¥à¨áâ¨ª ¢ï§ª®£® ¯®â®ª  ¯à¨ Re = 10: ¯à®¤®«ì®©(a) ¨ ¯®¯¥à¥ç®© (¡) áª®à®áâ¥©, âà¥¨ï (¢). �¯«®èë¥ «¨¨¨ { á«ãç © ¯à¨áãâáâ¢¨ï ã áâ¥®ª ��� ¯«®â®áâ¨A = 100 ¨ ¢ëá®â®© h = 0:3 (£à ¨æë à §¤¥«  ��� ¨ ¯®â®ª  ®â¬¥ç¥ë ¯ãªâ¨à®¬); èâà¨å®¢ë¥ «¨¨¨ { ���ã áâ¥®ª ®âáãâáâ¢ã¥â; èâà¨å¯ãªâ¨à { ®áì ª  « .¯«®â®áâìî A = 100 ¨ ¢ëá®â®© h = 0:3,   èâà¨-å®¢ë¥ { ª á«ãç î ®âáãâáâ¢¨ï ��� (A = 0 «¨-¡® h = 0). � §¢¨â¨¥ ¯®â®ª  ¢ ¯®á«¥¤¥¬ á«ãç ¥(èâà¨å®¢ë¥ «¨¨¨) á®¯à®¢®¦¤ ¥âáï â®à¬®¦¥¨¥¬¯®â®ª  ã áâ¥®ª, à áè¨à¥¨¥¬ ¨¦¥£® ¨ ¢¥àå¥-£® ¯à¨áâ¥ëå ¯®£à ¨çëå á«®¥¢ ¢¤®«ì ª  « ,®ââ¥á¥¨¥¬ ¦¨¤ª®áâ¨ ®â áâ¥®ª ª æ¥âàã ª  -« . �á«¥¤áâ¢¨¥ íâ®£®, ¢ æ¥âà¥ ª  «  ¦¨¤ª®áâìãáª®àï¥âáï. � ªá¨¬ã¬ áª®à®áâ¨ ¨¬¥¥â ¬¥áâ®  ®á¨, ¨ íâ® § ç¥¨¥ ¢®§à áâ ¥â ¢¤®«ì ª  «  ¯à¨«î¡ëå ç¨á« å Re ¤® ¥ª®â®à®© ¯à¥¤¥«ì®© ¢¥«¨ç¨-ë, áâà®£® à ¢®© U�®áì = 1:5 (  ¬ áèâ ¡ ¢¥«¨ç¨ãª §ë¢ îâ áâà¥«ª¨ ¨ æ¨äàë ¯à¨ ¨å). � à ªâ¥à-ë¥ "¯®«®çª¨"   ¯à®ä¨«ïå áª®à®áâ¨ ®â®áïâáï ªãáª®àïîé¥¬ãáï ï¤àã ¯®â®ª , áãé¥áâ¢ãîé¥¬ã ¤®á¬ëª ¨ï ¯®£à ¨çëå á«®¥¢, â. ¥. {    ç «ì-®¬ ãç áâª¥. � â¥¬ ¯à®ä¨«¨ áª®à®áâ¨ ¯à¨¨¬ îâáâà®£® ¯ à ¡®«¨ç¥áª¨© ¢¨¤, ¤ «¥¥ ¥ ¬¥ïîé¨©-áï. �«¨   ç «ì®£® ãç áâª  Lx ¢ ¤ ®¬ á«ãç ¥(Re = 10) ®ª §ë¢ ¥âáï à ¢®© 0:4, çâ® á®¢¯ ¤ ¥â áä®à¬ã«®© �«¨åâ¨£ . �â®â á«ãç © ¢å®¤  ¦¨¤ª®-áâ¨ ¢ ª  « ®¯¨á  ª ª ¢ ª« áá¨ç¥áª¨å [2 { 4], â ª¨ ¢ ¯®á«¥¤ãîé¨å ç¨á«¥ëå à ¡®â å [5,7,10].� «¨ç¨¥ ��� ¯à¨¢®¤¨â ª ¨ë¬ § ª®®¬¥à®-áâï¬ à §¢¨â¨ï ¯®£à ¨çëå á«®¥¢ ã áâ¥®ª ª  -« . ��� á®§¤ ¥â ¨â¥á¨¢®¥ â®à¬®¦¥¨¥ â¥-ç¥¨ï ¢ § ïâëå ¥î ®¡« áâïå. �à¨ íâ®¬ ¨§-§ "¯à¨«¨¯ ¨ï" ¦¨¤ª®áâ¨ ª áâ¥ª ¬ á¨«  â®à¬®¦¥-¨ï (1) ¢¡«¨§¨ ¨å ®ª §ë¢ ¥âáï ¬¥ìè¥©, ç¥¬ ã£à ¨æë ���, ¢ à¥§ã«ìâ â¥ ç¥£®   ãç áâª¥ ª - «  0 < x < 0:35 ¯à®ä¨«¨ ¯à®¤®«ì®© áª®à®áâ¨¯à¨®¡à¥â îâ ¥¬®®â®ë© ¢¨¤ á å à ªâ¥àë¬

¬ ªá¨¬ã¬®¬. �âã ®¡« áâì â¥ç¥¨ï ¬®¦®, ¯®-¢¨¤¨¬®¬ã, à áá¬ âà¨¢ âì ª ª á¢®¥®¡à §ë© ¯®-£à ¨çë© á«®© (¯¥à¢ë© ¢ãâà¥¨© ¯®£à á«®©),à §¢¨¢ îé¨©áï ¯®¤ ¤¥©áâ¢¨¥¬ ª ª áâ¥ª¨, â ª ¨â®à¬®¦¥¨ï á® áâ®à®ë ¯à¥¯ïâáâ¢¨© (1). �¥«¨-ç¨  «®ª «ì®£® ¬ ªá¨¬ã¬  áª®à®áâ¨ á à®áâ®¬ xã¡ë¢ ¥â.� «¥¥ x � 0:35 ¯à®ä¨«¨ ¯à®¤®«ì®© áª®à®áâ¨áâ ®¢ïâáï ¬®®â®ë¬¨. �¢¨¤ã § ç¨â¥«ì® ¡®-«¥¥ á¨«ì®£®, ç¥¬ ¢ á«ãç ¥ ®âáãâáâ¢¨ï ���, â®à-¬®¦¥¨ï ¯®â®ª  ¢ ®¡« áâïå ã áâ¥®ª, ®ââ¥á¥¨¥¦¨¤ª®áâ¨ ®â áâ¥®ª ãá¨«¨¢ ¥âáï, ®âç¥£® § ç¥-¨¥ ¯à¥¤¥«ì®© áª®à®áâ¨   ®á¨ ¤®áâ¨£ ¥â § ç¥-¨ï U�®áì � 2:97. �â  ¢¥«¨ç¨  áâ ®¢¨âáï â¥¯¥àìäãªæ¨¥© ç¨á«  �¥©®«ì¤á , ¢ëá®âë ¨ ¯«®â®áâ¨��� U�®áì = f(Re; A; h). �«ï áâ ¡¨«¨§ æ¨¨ ¯à®-ä¨«¥© @U=@x � 0 âà¥¡ã¥âáï ¤«ï ¤ ®£® à áç¥â®-£® á«ãç ï ¯à¨¬¥à® ¢¤¢®¥ ¡®«ìè ï ¤«¨  Lx. �¥¬®¦® ®æ¥¨âì ª ª Lx � 0:80. �à¥¤¥«ìë© ¯à®-ä¨«ì á®¢¯ ¤ ¥â á ¯à®ä¨«¥¬ (12). �â¬¥â¨¬ â ª¦¥áãé¥áâ¢¥®¥ à §«¨ç¨¥ ¯à®ä¨«¥© áª®à®áâ¨ ¢ãâà¨z 2 [0; h][ [H � h; H] ¨ ¢¥ ��� z 2 [h; H � h].�¨á. 3,¡ ¯à¥¤áâ ¢«ï¥â à á¯à¥¤¥«¥¨ï ¯®¯¥à¥ç-®© áª®à®áâ¨ V (x; z) ¢ ¨¦¥© ¯®«®¢¨¥ ª  « .�à ¢¥¨¥ á¯«®èëå «¨¨© (��� á A = 100 ¨h = 0:3 ¯à¨áãâáâ¢ã¥â) á® èâà¨å®¢ë¬¨ (��� ®â-áãâáâ¢ã¥â) ¨««îáâà¨àã¥â áª § ®¥ ®¡ ®ââ®ª¥ â¥-ªãé¥© ¦¨¤ª®áâ¨ ®â áâ¥®ª ª æ¥âà «ì®© ç áâ¨ª  « . � ã¤ «¥¨¥¬ ®â ¢å®¤  ¢ ª  « ¯à®ä¨«¨¯à¨¡«¨¦ îâáï ª ã«¥¢ë¬ V (z) � 0.�§ à¨á. 3,¢,   ª®â®à®¬ ¯®ª § ® âà¥¨¥ ¯®¯¥-à¥ª â¥ç¥¨ï � (z), ¢¨¤®, çâ® ��� áãé¥áâ¢¥®�. �. � ¥¢, �. �. �¨å «¨¥¢ 37
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�¨á. 4. � á¯à¥¤¥«¥¨¥ ¤ ¢«¥¨ï ¢ ¯®â®ª¥ á Re = 10 ¢ à §«¨çëå ¯®¯¥à¥çëå á¥ç¥¨ïå ª  «  ¯à¨ ®âáãâáâ¢¨¨(a) ¨  «¨ç¨¨ ��� A = 100, h = 0:3 (¡) (ãà®¢¨ ��� ®â¬¥ç¥ë ¯ãªâ¨à®¬).¨§¬¥ï¥â à á¯à¥¤¥«¥¨¥ âà¥¨ï. �£® ¯à¥¤¥«ì ïä®à¬  ¢ª«îç ¥â ¯àï¬®«¨¥©ë© ãç áâ®ª ¢ æ¥âà¥ª  « , á¢®¡®¤ë© ®â ���,   ¢ãâà¨ ��� á®¢¯ -¤ ¥â á à á¯à¥¤¥«¥¨¥¬ (14). �¬¥¥â ¬¥áâ® à¥§ª¨©¬ ªá¨¬ã¬   £à ¨æ¥ à §¤¥«  á¢®¡®¤®£® ¨ § â®à-¬®¦¥®£® â¥ç¥¨© z = h.� «¨§ à¨á. 3 ¯®§¢®«ï¥â ¢ëáª § âì ¯à¥¤¯®«®¦¥-¨¥, çâ®  ¤ ¨ ¯®¤ £à ¨æ¥© ¢§ ¨¬®¤¥©áâ¢¨ï á¢®-¡®¤®£® ¨ § â®à¬®¦¥®£® â¥ç¥¨© z = h à §¢¨¢ -îâáï ¢§ ¨¬®á¢ï§ ë¥ ¯®£à ¨çë¥ á«®¨ (â® ¦¥ {®â®á¨â¥«ì® £à ¨æë à §¤¥«  z = 1 � h). �¥àå-¨© ¯®£à á«®© à §¢¨¢ ¥âáï ¯®¤ ¤¥©áâ¢¨¥¬ âà¥¨ï¯®â®ª  ® ¢¥àè¨ã ��� �h(x) = 1Re @U@z ���z=h; á à®-áâ®¬ x âà¥¨¥ �h(x) áâà¥¬¨âáï ª ¯®áâ®ï®¬ã § -ç¥¨î �h, ¢ëç¨á«ï¥¬®¬ã ¯® ¢ëà ¦¥¨î (13). � ¨¦¨© (¢â®à®© ¢ãâà¥¨©) ¯®£à á«®© ¢«¨ï¥â(¤®¯®«¨â¥«ì® ª �h(x)) á¨«  á®¯à®â¨¢«¥¨ï (1).�å®¤®© ãç áâ®ª ª  «  § ª ç¨¢ ¥âáï (¨  ç¨ -¥âáï ãç áâ®ª áâ ¡¨«¨§¨à®¢ ®£® â¥ç¥¨ï), ª®£¤ ¯¥à¢ë© ¨ ¢â®à®© ¢ãâà¥¨¥ ¯®£à á«®¨ á¬ëª -îâáï,   á¢®¡®¤ë© ¯®£à á«®© ®â z = h ¤®áâ¨£ ¥â®á¨ ª  «  z = 0:5.� á¯à¥¤¥«¥¨¥ ¤ ¢«¥¨ï ¢ à §«¨çëå ¯®¯¥à¥ç-ëå á¥ç¥¨ïå  ç «ì®£® ãç áâª  ª  «  ¯à¥¤áâ -¢«¥®   à¨á. 4,a, ¡ (A = 0 ¨ A = 100 á®®â¢¥â-áâ¢¥®). �à ¢¨¢ ï íâ¨ à¨áãª¨, ¬®¦® § ¬¥-â¨âì, çâ®  «¨ç¨¥ ��� § ¬¥â® ¯¥à¥à á¯à¥¤¥«ï-¥â ¤ ¢«¥¨¥ ª ª ¯® å à ªâ¥àã, â ª ¨ ¯® ¯®àï¤ªã¢¥«¨ç¨: § ç¨â¥«ìë© £à ¤¨¥â ¤ ¢«¥¨ï  ¯à -¢«¥ ®â ®¡« áâ¥© â®à¬®¦¥¨ï ¦¨¤ª®áâ¨ ¢ áâ®à®ã¡ëáâà®£® â¥ç¥¨ï ¢ æ¥âà¥ ª  « ; á ã¤ «¥¨¥¬ ®â¢å®¤  ¤ ¢«¥¨¥ ¯®áâ¥¯¥® ¯à¨¡«¨¦ ¥âáï ª à ¢®-¬¥à® à á¯à¥¤¥«¥®¬ã ¨ ¤ «¥¥,   ãç áâª¥ áâ ¡¨-«¨§ æ¨¨, ã¡ë¢ ¥â ¢¤®«ì ª  «  «¨¥©® á ¯®áâ®-ïë¬ £à ¤¨¥â®¬ �.�à ªâ¨ç¥áªãî § ç¨¬®áâì ¨¬¥¥â ¢®¯à®á ® ¯®¢¥-¤¥¨¨ à¥è¥¨ï ¯à¨ ã¢¥«¨ç¥¨¨ ¯«®â®áâ¨ ���.�§ ä¨§¨ç¥áª¨å á®®¡à ¦¥¨© á«¥¤ã¥â, ¨ ç¨á«¥®¥

¨áá«¥¤®¢ ¨¥ íâ® ¯®¤â¢¥à¦¤ ¥â, çâ® á à®áâ®¬ Aâ¥ç¥¨¥ ¢ á«®ïå ��� áâ ®¢¨âáï ¢á¥ ¡®«¥¥ § -¬¥¤«¥ë¬, ¨ ¯à¨ ¡®«ìè¨å A ã áâ¥®ª ¢®§¨ª -îâ á«®¨ ¥¯®¤¢¨¦®© ¦¨¤ª®áâ¨. � «¨â¨ç¥áª ï®æ¥ª  £«ã¡¨ë ���, ¤® ª®â®à®© ¥é¥ ¯à®¨ª ¥âª¨¥â¨ç¥áª ï í¥à£¨ï ®â ¡ëáâà®£® æ¥âà «ì®£®¯®â®ª , ¡ë«  ¯à¥¤«®¦¥  ¢ [1]. � ã¢¥«¨ç¥¨¥¬ Aè¨à¨  § áâ®©ëå ®¡« áâ¥© ¢®§à áâ ¥â ¨ ¯®áâ¥-¯¥® ®å¢ âë¢ ¥â ¢áî â®«é¨ã ��� 0 � z � h ¨H � h � z � H, â ª çâ® ¤¢¨¦¥¨¥ ¦¨¤ª®áâ¨ æ¥-«¨ª®¬ á®áà¥¤®â ç¨¢ ¥âáï ¢ æ¥âà «ì®© ®¡« áâ¨ª  «  h � z � H � h. �¥¬ ¡®«ìè¥ ç¨á«® �¥©-®«ì¤á , â¥¬ ¡ëáâà¥¥  áâã¯ ¥â "§ áâ®©".�àã£®© ¨â¥à¥áë© á«ãç ©, ¨¬¥îé¨© ¯à ªâ¨ç¥-áª®¥ § ç¥¨¥ ¤«ï ä¨«ìâà æ¨®®© ®ç¨áâª¨ ¦¨¤ª®-áâ¨ ¢ âàã¡®¯à®¢®¤ å | ª®£¤  ��� § ¯®«ï¥â ¢á¥á¥ç¥¨¥ ª  «  ª ª ¥ª®â®à ï ¯®à¨áâ ï ¢áâ ¢ª ,h = 0:5. �®áâ¥¯¥ ï âà áä®à¬ æ¨ï à á¯à¥¤¥«¥-¨© ¯à®¤®«ì®© áª®à®áâ¨ ¢ â ª®¬ â¥ç¥¨¨ ¯®ª § -    à¨á. 5. � à ªâ¥à®, çâ® ¢ â ª®¬ ª  «¥ á¨«ë¢ãâà¥¥£® âà¥¨ï ¢ ¦¨¤ª®áâ¨ ¨£à îâ ¬¥ìèãîà®«ì, ç¥¬ á¨«ë á®¯à®â¨¢«¥¨ï ¯à¥¯ïâáâ¢¨©, ¢á«¥¤-áâ¢¨¥ ç¥£® ¯à¥¤¥«ìë¥ ¯à®ä¨«¨ ¯à®¤®«ì®© áª®à®-áâ¨ ¢ª«îç îâ ãç áâ®ª à ¢®¬¥à®áâ¨ â¥¬ ¡®«ì-è¨©, ç¥¬ ¡®«ìè¥ Re.�à ªâ¨ç¥áª®¥ § ç¥¨¥ ¨¬¥¥â § ¨¥ ¤«¨ë¢å®¤®£® ãç áâª  ª  « ,   ª®â®à®© ¯à®¨áå®¤¨âáâ ¡¨«¨§ æ¨ï â¥ç¥¨ï Lx. �â  ¤«¨  à ááç¨âë¢ -« áì ¢ å®¤¥ ç¨á«¥®£® à¥è¥¨ï. �¥§ã«ìâ âë ¯à¥¤-áâ ¢«¥ë   à¨á. 6 ¨ ¯à¥¤áâ ¢«ïîâ á®¡®© ®¡®¡é¥-¨¥ § ¢¨á¨¬®áâ¨ �«¨åâ¨£  (8). � ¤ ®© § ¤ -ç¥ ¤«¨  ¢å®¤®£® ãç áâª  ª  «  Lx § ¢¨á¨â ¥â®«ìª® ®â ç¨á«  �¥©®«ì¤á , ® ¨ ®â ¯«®â®áâ¨ ¨¢ëá®âë ��� A ¨ h. �  â®¬ ¦¥ à¨áãª¥ ¯®ª § ®¨§¬¥¥¨¥ ¯à¥¤¥«ì®© áª®à®áâ¨ â¥ç¥¨ï   ®á¨ ª - «  U�®áì á ã¢¥«¨ç¥¨¥¬ ¯«®â®áâ¨ ��� ¤«ï âà¥åç¨á¥« �¥©®«ì¤á  ¨ h = 0:3. �â  áª®à®áâì ¬®¦¥â38 �. �. � ¥¢, �. �. �¨å «¨¥¢
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�¨á. 5. �à áä®à¬ æ¨ï à á¯à¥¤¥«¥¨© ¯à®¤®«ì®© áª®à®áâ¨   ¢å®¤¥ ¢ï§ª®© ¦¨¤ª®áâ¨ Re = 10 ¢ ¯«®áª¨©ª  «, ¯®«®áâìî § ¯®«¥ë© ¯®à¨áâ®© áà¥¤®© ¯«®â®áâ¨ A = 15 (¯à¥¤¥«ìë© á«ãç © ��� ¢ëá®â®© h = 0:5)¡ëâì ®¯à¥¤¥«¥  ¯® ä®à¬ã«¥U�®áì = Uh + 12� �Re � f14 � h(1� h)g; (17)¯®«ãç îé¥©áï ¨§ ¢ëà ¦¥¨ï (13) ¯®¤áâ ®¢ª®©z = 0:5. � ª ¢¨¤¨¬,   «¨â¨ç¥áª¨¥ ¨ ç¨á«¥ë¥à¥§ã«ìâ âë å®à®è® á®£« áãîâáï. �®âï íâ¨ âà¨ªà¨¢ë¥ ¨ ¬®£ãâ ¯®ª § âìáï á®¢¥àè¥® à §«¨çë-¬¨ § ¢¨á¨¬®áâï¬¨ ®â Re ¨ h, ¯à¥¤¥«ì®¥ à áá¬®-âà¥¨¥ ¯à¨ A!1 ¯®ª §ë¢ ¥â, çâ® ®¨ ¯à¨å®¤ïâª ¥¤¨®©  á¨¬¯â®â¥limA!1U�®áì(Re;A; h) = 1; 51� 2h:����������� ª¨¬ ®¡à §®¬, ¤«ï à áç¥â  ¢å®¤  ¦¨¤ª®áâ¨ ¢ ¯®àë© ª  « á ��� ¢ £à ¨ç®¬ ãá«®¢¨¨ ãáâ¥®ª á«¥¤ã¥â ãç¨âë¢ âì § ¢¨á¨¬®áâì £à ¤¨¥â ¤ ¢«¥¨ï ®â ¯ à ¬¥âà®¢ § ¤ ç¨ ¢ ¢¨¤¥ (15), ¢ëâ¥-ª îéãî ¨§ à¥è¥¨ï ®¤®¬¥à®© § ¤ ç¨.� â ª®¬ â¥ç¥¨¨ á«®¦ë¥ í¯îàë ¯à®¤®«ì®©áª®à®áâ¨ áª« ¤ë¢ îâáï ¢ ¢ à¥§ã«ìâ â¥ "¨£àë" á¨«¢ï§ª®£® âà¥¨ï ¨ «®ª «ì®£® á®¯à®â¨¢«¥¨ï í«¥-¬¥â®¢ ���.�®«ãç¥® ®¡®¡é¥¨¥ § ¢¨á¨¬®áâ¨ �«¨åâ¨£ ¤«ï ¤«¨ë ¢å®¤®£® ãç áâª  ª  «  ¢ § ¢¨á¨¬®-áâ¨ ®â ¯ à ¬¥âà®¢ § ¤ ç¨ Re, A ¨ h, £à ä¨ç¥áª¨¯à¥¤áâ ¢«¥®¥   à¨á. 6.� áá¬®âà¥ ï § ¤ ç  ¯à¥¤áâ ¢«ï¥â ¯à ªâ¨ç¥-áª¨© ¨â¥à¥á ¤«ï ®ç¨áâª¨ ¦¨¤ª®áâ¨ ä¨«ìâà ¬¨ ¢âàã¡ å. �à¥¤«®¦¥ ï ¬®¤¥«ì ¯®§¢®«ï¥â ç¨á«¥-® ®æ¥¨¢ âì ®¡« áâì § ç¥¨© Re, A ¨ h, ¯à¨ª®â®àëå ¤®¯ãáâ¨¬® ¯à¨¬¥¥¨¥ ¯à¨¡«¨¦¥¨ï ¯®-£à ¨ç®£® á«®ï ¯à¨ à¥è¥¨¨ ¯à ªâ¨ç¥áª¨å § ¤ çá ��� [1,8].1. � ¥¢ �.�. �®¤¥«¨ «¥£ª®¯à®¨æ ¥¬®© è¥à®å®¢ â®-áâ¨ ¤«ï § ¤ ç £¨¤à®¬¥å ¨ª¨ ¨ â¥¯«®ä¨§¨ª¨. �¨áá.

�¨á. 6. � ªá¨¬ «ì® ¤®áâ¨¦¨¬ ï áª®à®áâì â¥ç¥¨ï  ®á¨ ª  «  U�®áì ¢ § ¢¨á¨¬®áâ¨ ®â ¡¥§à §¬¥à®©¯«®â®áâ¨ ��� A á®£« á® ä®à¬ã«¥ (17) ¤«ï h = 0:3¨ ç¨á¥« �¥©®«ì¤á  Re = 10 (ªà¨¢ ï 1), 5 (2), 1 (3) ¨¯® ç¨á«¥ë¬ à áç¥â ¬ (Re = 10 ¨ h = 0:3; § çª¨ 4),  â ª¦¥ ¤«¨   ç «ì®£® ãç áâª  ª  «  Lx ¯®ç¨á«¥ë¬ à áç¥â ¬ ¯à¨ Re = 10 ¨ h = 0:3 (ªà¨¢ ï á®§ çª ¬¨ 5)¤®ªâ. â¥å.  ãª. �.: ��� ��� �ªà ¨ë, 2001. {341 á.2. �®©æïáª¨© �.�. �¥å ¨ª  ¦¨¤ª®áâ¨ ¨ £ § .{ �.:� ãª , 1973.{ 847 á.3. �¨««¥à �. �¢¨¦¥¨¥ ¦¨¤ª®áâ¥© ¢ âàã¡ å.{ �.-�.:�¡ê¥¤.  ãç.-â¥å. ¨§¤-¢®, 1936.{ 230 á.4. �«¨åâ¨£ �. �¥®à¨ï ¯®£à ¨ç®£® á«®ï.{ �.: � -ãª , 1969.{ 742 á.5. �í©«®à �.�., �¤¥ä® �. � áç¥â â¥ç¥¨© ¢ï§-ª®© ¦¨¤ª®áâ¨ ¢ ª  «¥ ¯à¨ ¯®¬®é¨ ¬¥â®¤ à áé¥¯«¥¨ï.{ �¨á«¥ë¥ ¬¥â®¤ë ¢ ¬¥å ¨ª¥¦¨¤ª®áâ¥©.{ �.: �¨à.{ 1973. c. 218 - 229.6. �®ãç �. �ëç¨á«¨â¥«ì ï £¨¤à®¤¨ ¬¨ª .{ �.:�¨à, 1980.{ 616 á.7. �«¥âç¥à �. �ëç¨á«¨â¥«ìë¥ ¬¥â®¤ë ¢ ¤¨ ¬¨ª¥¦¨¤ª®áâ¥©: ¢ 2-å â.{ �.: �¨à.{1991.8. Finnigan J. Turbulence in Plant Canopies // Ann.Review Fluid Mech.{ 2000.{ v. 32.{ P. 519 - 571.9. � ¡¥ââ  �., �¨¢  �., �¦ ç¨â® �.�. �¥ç¥¨ï� ¢ì¥-�â®ªá  á® ¢§¢¥è¥ë¬¨ ç áâ¨æ ¬¨: ¬ â¥-¬ â¨ç¥áª®¥ ¬®¤¥«¨à®¢ ¨¥ ¨ ç¨á«¥ë¥ à áç¥âë.{ �¥®à. ¨ ¯à¨ª« ¤. ¬¥å ¨ª : �àã¤ë XIV ¬¥¦¤ã- à. ª®£à¥áá  IUTAM.{ �.: �¨à, 1979. { �. 656 {683.10. Shikhaliev S.Z. On one generalization of methodof Markets and Cells. // Engineering Simulation.{1998.{ 15.{ P. 395 { 406.�. �. � ¥¢, �. �. �¨å «¨¥¢ 39


