
6 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò3��� 517.958:533.7��������� �������� ������� ���������� �������������� ���������� �����.�. �«¨§ à®¢ �), �.�. �®ª®«®¢ (ª ä¥¤à  ¬ â¥¬ â¨ª¨)E-mail: sokolova@afrodita.phys.msu.ru�à¥¤«®¦¥ ¨ ¯à®â¥áâ¨à®¢  ®¢ë© ç¨á«¥ë©  «£®à¨â¬ à áç¥â  ¤®§¢ãª®¢ëå â¥ç¥¨©,®á®¢ ë©   á¨áâ¥¬¥ ª¢ §¨£ §®¤¨ ¬¨ç¥áª¨å ãà ¢¥¨©. �á®¡¥®áâï¬¨  «£®à¨â¬  ï¢«ï-îâáï á¯®á®¡ ¢¢¥¤¥¨ï à¥£ã«ïà¨§ æ¨¨ ¨ ¯à®áâ®â  ¯®áâ ®¢ª¨ £à ¨çëå ãá«®¢¨©. �«£®à¨â¬¯à®â¥áâ¨à®¢    § ¤ ç å â¥ç¥¨ï ¢ ª  « å á ¢¥§ ¯ë¬ à áè¨à¥¨¥¬ ¨ áã¦¥¨¥¬.�¢¥¤¥¨¥ ¨ á¨áâ¥¬  ãà ¢¥¨©� à ¡®â å [1, 2] ¡ë« ¯à¥¤«®¦¥ ¨ ¯à®â¥áâ¨à®¢ ®¢ë© ç¨á«¥ë©  «£®à¨â¬ à áç¥â  £ §®¤¨ ¬¨ç¥-áª¨å â¥ç¥¨© á® á¢¥àå§¢ãª®¢ë¬¨ áª®à®áâï¬¨. �«-£®à¨â¬ ®á®¢    á¨áâ¥¬¥ ª¢ §¨£ §®¤¨ ¬¨ç¥áª¨å(���) ãà ¢¥¨©, ª®â®àë¥ ®â«¨ç îâáï ®â ãà ¢¥¨©� ¢ì¥{�â®ªá  (��) ¤®¯®«¨â¥«ìë¬¨ ¤¨áá¨¯ â¨¢-ë¬¨ á« £ ¥¬ë¬¨. � «¨ç¨¥ íâ¨å á« £ ¥¬ëå ¯®§-¢®«ï¥â áâà®¨âì íää¥ªâ¨¢ë¥ ç¨á«¥ë¥  «£®à¨â¬ëà áç¥â  â¥ç¥¨© ¢ï§ª®£® á¦¨¬ ¥¬®£® £ § .�  áâ®ïé¥© à ¡®â¥  «£®à¨â¬ [1, 2]  ¤ ¯â¨à®¢ ¤«ï à áç¥â®¢ ¤®§¢ãª®¢ëå â¥ç¥¨© £ § . �à¥¤«®¦¥á¯®á®¡ ¯®áâà®¥¨ï ¥®âà ¦ îé¨å ãá«®¢¨©   á¢®-¡®¤ëå £à ¨æ å.� ¯¨è¥¬ á¨áâ¥¬ã ��� ãà ¢¥¨© [1] ¤«ï ¯«®áª®£®á«ãç ï: @�@t + @jmx@x + @jmy@y = 0; (1)@(�ux)@t + @(jmxux)@x + @(jmyux)@y + @p@x == @�xx@x + @�yx@y ; (2)@(�uy)@t + @(jmxuy)@x + @(jmyuy)@y + @p@y == @�xy@x + @�yy@y ; (3)@E@t + @(jmxH)@x + @(jmyH)@y + @qx@x + @qy@y == @@x (�xxux+�xyuy) + @@y (�yxux+�yyuy) : (4)�¤¥áì � | ¯«®â®áâì £ § , ux ¨ uy | ¯à®¥ªæ¨¨¢¥ªâ®à  áª®à®áâ¨ u   ®á¨ Ox ¨ Oy á®®â¢¥âáâ¢¥®,p | ¤ ¢«¥¨¥, T | â¥¬¯¥à âãà ,  | ¯®ª § â¥«ì ¤¨ ¡ âë, R | £ §®¢ ï ¯®áâ®ï ï, E ¨ H |¯®« ï í¥à£¨ï ¥¤¨¨æë ®¡ê¥¬  ¨ ¯®« ï ã¤¥«ì ïíâ «ì¯¨ï, ª®â®àë¥ ®¯à¥¤¥«ïîâáï ¯® ä®à¬ã« ¬E = �u2x + u2y2 + p � 1 ; H = (E + p)� :

�®¬¯®¥âë ¢¥ªâ®à  ¯«®â®áâ¨ ¯®â®ª  ¬ ááë j ¢ë-ç¨á«ïîâáï ¯® ä®à¬ã« ¬jmx = �(ux �wx); jmy = �(uy �wy);wx = �� �@(�u2x)@x + @(�uxuy)@y + @p@x� ;wy = �� "@(�uxuy)@x + @(�u2y)@y + @p@y# :�®¬¯®¥âë â¥§®à  ¢ï§ª¨å  ¯àï¦¥¨© � ®¯à¥-¤¥«ïîâáï ª ª�xx =�NSxx + uxw�x +R�;�NSxx = 2�@ux@x � 23� divu;�xy =�NSxy + uxw�y;�NSxy =�NSyx = ��@uy@x + @ux@y � ;�yx =�NSyx + uyw�x;�yy =�NSyy + uyw�y +R�;�NSyy = 2�@uy@y � 23� divu:
(5)

�¤¥áì �NSxx , �NSxy , �NSyx , �NSyy | ª®¬¯®¥âë â¥§®à ¢ï§ª¨å  ¯àï¦¥¨© ��,   ¢ëà ¦¥¨ï ¤«ï w�x , w�y ,R� ¨ ¤¨¢¥à£¥æ¨ï ¢¥ªâ®à  áª®à®áâ¨ divu § ¤ îâáïä®à¬ã« ¬ẅ�x = � ��ux@ux@x + �uy @ux@y + @p@x� ;w�y = � ��ux@uy@x + �uy @uy@y + @p@y� ;R� = � �ux @p@x + uy @p@y + pdivu� ; divu= @ux@x +@uy@y :�) �áâ¨âãâ ¬ â¥¬ â¨ç¥áª®£® ¬®¤¥«¨à®¢ ¨ï ���.



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò3 7�®¬¯®¥âë ¢¥ªâ®à  â¥¯«®¢®£® ¯®â®ª  q ¢ëç¨á«ï-îâáï ª ªqx = qNSx � uxRq; qy = qNSy � uyRq;Rq = �� � ux � 1 @@x �p��+ uy � 1 @@y �p��++ pux @@x �1��+ puy @@y �1��� ; (6)£¤¥ ��-á« £ ¥¬ë¥ qNSx ¨ qNSy ®¯à¥¤¥«ïîâáï ¯®ä®à¬ã« ¬ qNSx =�{@T@x ; qNSy =�{@T@y :�®íää¨æ¨¥âë ¤¨ ¬¨ç¥áª®© ¢ï§ª®áâ¨ � , â¥¯-«®¯à®¢®¤®áâ¨ { ¨ à¥« ªá æ¨®ë© ¯ à ¬¥âà �á¢ï§ ë á®®â®è¥¨ï¬¨� = �1� TT1�! ; { = R( � 1)Pr�; � = 1pSc�:�¤¥áì �1 | ¨§¢¥áâ®¥ § ç¥¨¥ � ¯à¨ â¥¬¯¥à âãà¥T1 , Pr ¨ Sc | ç¨á«  �à ¤â«ï ¨ �¬¨¤â  á®®â-¢¥âáâ¢¥®, ! | § ¤ ë© ¯®ª § â¥«ì áâ¥¯¥®©§ ¢¨á¨¬®áâ¨ ¨§ ¯à®¬¥¦ãâª  [0:5; 1] . �¨áâ¥¬  ãà ¢-¥¨© (1){(4) ¤®¯®«ï¥âáï  ç «ìë¬¨ ¨ ªà ¥¢ë¬¨ãá«®¢¨ï¬¨.�à ¢¥¨ï ¯à¨¢®¤ïâáï ª ¡¥§à §¬¥à®¬ã ¢¨¤ã á ¯®-¬®éìî § ¬¥ë:x! x=h; y! y=h; t! tu1=h; �! �=�1;T ! T (R)=u21; ux! ux=u1; uy! uy=u1;p! p=(�1u21); E!E=(�1u21); H!H=u21;£¤¥ h | «¨¥©ë© à §¬¥à (¢ëá®â  ãáâã¯  ª  « ),�1 , u1 , ¨ T1 | ¯«®â®áâì, áª®à®áâì ¨ â¥¬¯¥à âãà ¢ ¥¢®§¬ãé¥®¬ ¯®â®ª¥.�«ï ç¨á«¥®£® à¥è¥¨ï  ç «ì®-ªà ¥¢®© § ¤ -ç¨ ¨á¯®«ì§ã¥âáï ï¢ ï ¯® ¢à¥¬¥¨ à §®áâ ï áå¥¬ .� §®áâë©  «£®à¨â¬ ¨ á¯®á®¡ § ¤ ¨ï £à ¨çëåãá«®¢¨© (¢¢¥¤¥¨¥ á¨áâ¥¬ë ä¨ªâ¨¢ëå ïç¥¥ª)   -«®£¨çë ®¯¨á ë¬ ¢ [1, 2].�¢¥¤¥¨¥ à¥£ã«ïà¨§ æ¨¨�«ï áâ ¡¨«¨§ æ¨¨ ç¨á«¥®£®  «£®à¨â¬  ¯à¨ à á-ç¥â¥ ¤®§¢ãª®¢ëå â¥ç¥¨© ¢ à¥« ªá æ¨®ë© ¯ à -¬¥âà � ¢¢®¤¨âáï ¨áªãááâ¢¥ ï ¤¨áá¨¯ æ¨ï (¤®-¡ ¢ª ), ¯à®¯®àæ¨® «ì ï è £ã ¯à®áâà áâ¢¥®©á¥âª¨: � = 1Re 1pSc �Ma2T �! + �hxyMa;£¤¥ Ma = u1=c1 ¨ Re = (u1�1h)=�1 | ç¨á«  � -å  ¨ �¥©®«ì¤á  á®®â¢¥âáâ¢¥®, hxy = qh2x + h2y ,hx , hy | è £¨ à §®áâ®© á¥âª¨ ¯® ¯à®áâà áâ¢ã,� | ç¨á«¥ë© ª®íää¨æ¨¥â ¯®àï¤ª  ¥¤¨¨æë,ª®â®àë© ¬ë ®¯à¥¤¥«ï¥¬ ¯®¤¡®à®¬.

�æ¥®çãî ä®à¬ã«ã ¤«ï à¥« ªá æ¨®®£® ¯ à -¬¥âà  � ¬®¦® ¯®«ãç¨âì, ¯à¥¤¢ à¨â¥«ì® ®æ¥¨¢¡¥§à §¬¥àë¥ § ç¥¨ï ¤ ¢«¥¨ï ¨ â¥¬¯¥à âãàë ª ªp1 = �1T1 = �1 c21 �� �1 �u1Ma�2 � �1Ma2 � 1Ma2 ;T = p1�1 � Ma2 � 1Ma2 ;£¤¥ ¡¥§à §¬¥àë¥ ¯«®â®áâì ¨ áª®à®áâì à ¢ë ¥¤¨-¨æ¥ (�1 = 1 , u1 = 1).� à¥§ã«ìâ â¥ ®æ¥®ç ï ä®à¬ã«  ¤«ï � ¨¬¥¥â ¢¨¤� = 1Re Ma2Sc +�hxyMa :�®à¬ «ì® ¨áªãááâ¢¥ãî ¢ï§ª®áâì ¬®¦® áç¨-â âì ¬ «®©, ¥á«¨ �hxy < MaRe :� ¤ ®¬  «£®à¨â¬¥ ¢ ®â«¨ç¨¥ ®â  «£®à¨â¬ à áç¥â  á¢¥àå§¢ãª®¢ëå â¥ç¥¨© [2] ¨áªãááâ¢¥ ï¤¨áá¨¯ æ¨ï ¢¢®¤¨âáï â®«ìª® ¢ ��� á« £ ¥¬ë¥. �« -£®¤ àï íâ®¬ã ¨áªãááâ¢¥ ï ¤¨áá¨¯ æ¨ï ®â«¨ç  ®âã«ï â®«ìª® ¢ ¯®«¥ â¥ç¥¨ï,     £à ¨æ å à áç¥â®©®¡« áâ¨,¢ª«îç ï â¢¥à¤ë¥ áâ¥ª¨, íâ¨ ¤®¯®«¨â¥«ì-ë¥ á« £ ¥¬ë¥ ¨áç¥§ îâ. �â® ¬®¦® ¯®ª § âì, § ¯¨-á ¢ ¢ëà ¦¥¨¥ ¤«ï ª®¬¯®¥âë â¥§®à  ¢ï§ª¨å  -¯àï¦¥¨© �xy (5) ¨ â¥¯«®¢®© ¯®â®ª qx (6)   ¢¥àâ¨-ª «ì®© áâ¥ª¥. �¥©áâ¢¨â¥«ì®, ãç¨âë¢ ï <ãá«®¢¨¥¥¯à®â¥ª ¨ï> ¤«ï áª®à®áâ¨ ux = 0 , ¢ëà ¦¥¨ï ¤«ïâ¥¯«®¢®£® ¯®â®ª  ¨ ª®íää¨æ¨¥â  âà¥¨ï   áâ¥ª¥(5){(6) ¯à¨¨¬ îâ ¢¨¤qx = qNSx =�{@T@x ; �xy =�NSxy = �@uy@x :�®áâ ®¢ª  ¥®âà ¦ îé¨å £à ¨çëåãá«®¢¨© ¨ à áç¥â â¥ç¥¨ï ¢ ª  «¥� à áç¥â å ¤®§¢ãª®¢ëå â¥ç¥¨© ¢®§¨ª ¥â ¯à®¡-«¥¬  ¯®áâà®¥¨ï ¥®âà ¦ îé¨å £à ¨çëå ãá«®¢¨©  á¢®¡®¤ëå £à ¨æ å. �à ¤¨æ¨®® ¯à¨¬¥ï¥¬ë¥ãá«®¢¨ï, ®á®¢ ë¥   à¨¬ ®¢ëå ¨¢ à¨ â å ¤«ïãà ¢¥¨© �©«¥à , ¯à¥¤áâ ¢«ïîâáï ¥ä¨§¨çë¬¨¤«ï à áç¥â  ¢ï§ª¨å â¥ç¥¨© ¨ âàã¤®¥¬ª¨¬¨ ¢ ç¨á-«¥®© à¥ «¨§ æ¨¨. �¡§®à ãá«®¢¨©   á¢®¡®¤ëå£à ¨æ å ¯à¨¢¥¤¥,  ¯à¨¬¥à, ¢ [3] ¨ [4].� à ¬ª å ���  «£®à¨â¬  ¤«ï ¯®áâ ®¢ª¨ ãá«®¢¨©  á¢®¡®¤ëå £à ¨æ å ã¤ ¥âáï ¨á¯®«ì§®¢ âì ¯à®á-âë¥ ¨ ¥áâ¥áâ¢¥ë¥ £à ¨çë¥ ãá«®¢¨ï,   «®£¨çë¥ãá«®¢¨ï¬ ¤«ï â¥ç¥¨© ¢ï§ª®© ¥á¦¨¬ ¥¬®© ¦¨¤ª®-áâ¨ [5, 6]. �¯¨è¥¬ ¯®áâ ®¢ªã â ª¨å £à ¨çëåãá«®¢¨©   ¯à¨¬¥à¥ § ¤ ç¨ ® â¥ç¥¨¨ ¤®§¢ãª®¢®£® ¯®-â®ª  ¢ï§ª®£® á¦¨¬ ¥¬®£® £ §  ¢ ª  «¥ á ¢¥§ ¯ë¬à áè¨à¥¨¥¬. �ãáâì £ § ¢â¥ª ¥â á® áâ®à®ë ãáâã¯ (à¨á. 1).�à¥¤¯®«®¦¨¬, çâ®   ¢å®¤¥ ¢ ª  « â¥ç¥¨¥ ¯à¥¤-áâ ¢«ï¥â á®¡®© ¯ à ¡®«ã �ã §¥©«ï [7]. �«ï â¥ç¥¨ï4 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò3
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�¨á. 1¢ï§ª®© ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ (� = const) à¥è¥¨¥�ã §¥©«ï ¨¬¥¥â ¢¨¤ux(y) =�Re2 @p@x (H � y)(h� y);p= �1� xL� p1 + xLp2; (7)£¤¥ p1 | ¤ ¢«¥¨¥ ¢ â®çª¥ á ª®®à¤¨ â ¬¨ (h; 0) ,  p2 | ¤ ¢«¥¨¥ ¢ â®çª¥ (h;L) , h ¨ l | ¢ëá®â ¨ ¤«¨  ãáâã¯ , H ¨ L | ¢ëá®â  ¨ ¤«¨  ª  « á®®â¢¥âáâ¢¥®.� á«ãç ¥ H = 2 ¨ h = 1 (à¨á. 1), ¯®« £ ï,çâ® áà¥¤ïï áª®à®áâì ¢® ¢å®¤®¬ á¥ç¥¨¨ u1 = 1 ,¯®«ãç ¥¬:ux(y) =�6(2� y)(1� y); @p@x =� 12Re : (8)

�à ¨çë¥ ãá«®¢¨ï   ¢å®¤¥ (8) ¤®¯®«ï¥¬ ¢ëà ¦¥-¨ï¬¨ ¤«ï ¤¢ãå ¤àã£¨å £ §®¤¨ ¬¨ç¥áª¨å ¯ à ¬¥â-à®¢: �= 1 ¨ uy = 0 .�  ¢ëå®¤®© £à ¨æ¥ â ª¦¥ ¯®   «®£¨¨ á®á«ãç ¥¬ ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ [5, 6] ¨á¯®«ì§ã¥¬â ª  §ë¢ ¥¬ë¥ <¬ï£ª¨¥> £à ¨çë¥ ãá«®¢¨ï (¨«¨ãá«®¢¨ï <á®á >)| à ¢¥áâ¢® ã«î ¯à®¨§¢®¤ëå ¤«ï¢á¥å ¯¥à¥¬¥ëå §  ¨áª«îç¥¨¥¬ ¤ ¢«¥¨ï, ª®â®à®¥¯®¤¤¥à¦¨¢ ¥¬ ¯®áâ®ïë¬ p= 1=(Ma2) .�â¨ ãá«®¢¨ï ¡ã¤¥¬ ¨á¯®«ì§®¢ âì ¢ ª ç¥áâ¢¥ ¥®â-à ¦ îé¨å ãá«®¢¨©   ¢å®¤®© ¨ ¢ëå®¤®© £à ¨æ åà áç¥â®© ®¡« áâ¨. �  â¢¥à¤ëå áâ¥ª å áâ ¢ïâáïãá«®¢¨ï <¯à¨«¨¯ ¨ï> ¨ <¥¯à®â¥ª ¨ï> á®¢¬¥áâ®á ãá«®¢¨¥¬  ¤¨ ¡ â¨ç®áâ¨ ¤«ï â¥¬¯¥à âãàë [2].� ª ç¥áâ¢¥  ç «ìëå ãá«®¢¨© ¨á¯®«ì§ãîâáï ¯ -à ¬¥âàë ¥¢®§¬ãé¥®£® ¯®â®ª . � áá¬ âà¨¢ ¥âáï



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò3 9�   ¡« ¨æ   1� áç¥â â¥ç¥¨ï ¢ ª  «¥ á ¢¥§ ¯ë¬ à áè¨à¥¨¥¬Re Ma � �¥âª  hx = hy dt �¥¢ï§ª  �¨á«® è £®¢ �à¥¬ï Ls100 0:1 0 100� 20 0:1 10�4 2 � 10�2 201 500 20 4.7100 0:1 0:01 100� 20 0:1 10�4 4 � 10�4 1 201 500 111 5.0100 0:1 0:1 100� 20 0:1 10�3 10�4 86 145 86 5.1100 0:1 0:2 100� 20 0:1 10�3 10�4 80 333 80 5.0100 0:1 0:5 100� 20 0:1 10�3 10�4 80 000 80 5.1100 0:1 1:0 100� 20 0:1 10�3 10�4 55 133 55 5.1100 0:1 1:5 100� 20 0:1 10�3 10�4 45 413 45 5.0100 0:1 2:0 100� 20 0:1 5 � 10�4 10�4 75 405 38 5.1100 0:1 5:0 100� 20 0:1 10�4 10�4 219 849 22 4.8100 0:1 0:5 100� 20 0:1 10�3 10�4 80 000 80 5.1100 0:1 0:5 200� 40 0:05 10�3 10�4 80 832 81 5.0200 0:1 0:5 140� 20 0:1 10�3 10�5 170 623 171 8.50200 0:1 0:5 280� 40 0:05 10�3 10�5 203 450 204 8.35300 0:1 0:5 160� 20 0:1 10�3 10�4 238 033 238 10.10300 0:1 0:5 320� 40 0:05 10�3 10�4 140 000 140 9.95400 0:1 0:5 200� 20 0:1 10�3 10�4 535 000 535 11.40400 0:1 0:5 400� 40 0:05 10�3 10�4 626 000 626 12.70100 0:5 0:5 100� 20 0:1 10�3 10�4 95 142 95 4.9100 0:2 0:5 100� 20 0:1 10�3 10�4 103 775 104 5.0100 0:1 0:5 100� 20 0:1 10�3 10�4 80 000 80 5.1100 0:05 0:5 100� 20 0:1 10�3 10�4 39 774 40 5.0100 0:01 0:5 100� 20 0:1 10�4 5 � 10�6 271 066 27 4.9â¥ç¥¨¥ ¢®§¤ãè®£® ¯®â®ª  ¯à¨ ®à¬ «ì®¬ ¤ ¢«¥-¨¨. � ç¥¨ï ¬®«¥ªã«ïàëå ¯ à ¬¥âà®¢ ¤«ï ¢®§¤ã-å :  = 1:4 , Pr = 0:737 , Sc = 0:737 , ! = 0:74 .� áç¥âë ¯à®¢¥¤¥ë   à ¢®¬¥àëå ¯à®áâà áâ-¢¥ëå á¥âª å ¤«ï ç¨á¥« �¥©®«ì¤á  Re = 100; 200;300; 400 ¨ ç¨á¥« � å  Ma = 0:5; 0:2; 0:1; 0:05;0:01 . �â æ¨® à®¥ à¥è¥¨¥  å®¤¨«®áì ¬¥â®¤®¬ãáâ ®¢«¥¨ï. �¥§ã«ìâ âë à áç¥â®¢ â¥ç¥¨ï ¢ ª  «¥á ¢¥§ ¯ë¬ à áè¨à¥¨¥¬ ¯à¨¢¥¤¥ë ¢ â ¡«. 1. � à¨á. 1 ¨§®¡à ¦¥ ¯à®æ¥áá ãáâ ®¢«¥¨ï â¥ç¥¨ï ¤«ï¢ à¨ â  Re = 300; � = 0:5; Ma = 0:1: �®áâà®¥ëà á¯à¥¤¥«¥¨ï ¯«®â®áâ¨ ¨ ¯à¨¢¥¤¥ë «¨¨¨ â®ª ¤«ï ¢à¥¬¥ t = 1; 8; 15; 22; 238 . �¨¤®, çâ® ¢®§-¬ãé¥¨ï á¢®¡®¤® ¯¥à¥á¥ª îâ ¢ëå®¤ãî £à ¨æã®¡« áâ¨.�«ï à áá¬®âà¥ëå â¥ç¥¨© £à ¤¨¥âë ¯«®â®-áâ¨ ¯à®¯®àæ¨® «ìë 1=Ma2 [7], çâ® ¯®§¢®«ï¥â¯à®¢®¤¨âì á®¯®áâ ¢«¥¨¥ à¥è¥¨ï á à áç¥â ¬¨, ¢ë-¯®«¥ë¬¨ ¢ ¯à¨¡«¨¦¥¨¨ ¢ï§ª®© ¥á¦¨¬ ¥¬®©¦¨¤ª®áâ¨ [5, 6]. �®«ãç¥ ï ¢ à áç¥â å ¤«¨  ®â-àë¢®© §®ë Ls ¤«ï ¢á¥å ¢ à¨ â®¢ å®à®è® á®®â-¢¥âáâ¢ã¥â íâ «®ë¬ à¥§ã«ìâ â ¬. �à¨ ¨§¬¥«ìç¥¨¨è £  ¯à®áâà áâ¢¥®© á¥âª¨ ¤«¨  ®âàë¢®© §®ëáâ ®¢¨âáï ¡«¨¦¥ ª íâ «®®¬ã à¥è¥¨î (â ¡«. 2).�«¨  ®âàë¢®© §®ë ¯à ªâ¨ç¥áª¨ ¥ § ¢¨á¨â ®âç¨á« � å , ª®£¤  0:01 <Ma< 0:5: �à¨ ¤ «ì¥©è¥¬ã¬¥ìè¥¨¨ (Ma < 0:01) § ç¨â¥«ì® § ¬¥¤«ï¥âáï

�   ¡ « ¨æ   2�«¨  ®âàë¢®© §®ë Ls ¯à¨ à §ëå Re�¨¤ª®áâì � §Re hx = 0:05 hx = 0:1 hx = 0:05100 5.0 5.1 5.00200 8.2 8.5 8.35300 10.1 10.1 9.95400 14.8 11.3 12.70áª®à®áâì áå®¤¨¬®áâ¨, ¯®áª®«ìªã ¢à¥¬ï áç¥â  ®¡à â®¯à®¯®àæ¨® «ì® ç¨á«ã � å : t� 1=Ma .�¯â¨¬ «ìë© ¤¨ ¯ §® § ç¥¨© ¤«ï à¥£ã«ïà¨-§¨àãîé¥£® ¯ à ¬¥âà  á®áâ ¢«ï¥â 0:5 < � < 2 . �â®â¤¨ ¯ §® á®®â¢¥âáâ¢ã¥â  ¨«ãçè¥© â®ç®áâ¨ à¥è¥-¨ï ¨ ¬¨¨¬ «ì®¬ã ç¨á«ã è £®¢ ¤® áå®¤¨¬®áâ¨(â ¡«. 1).� ª ç¥áâ¢¥ ¢â®à®£® ¯à¨¬¥à  à áá¬ âà¨¢ «®áì â¥-ç¥¨¥ ¢®§¤ãè®£® ¯®â®ª  ¢ ª  «¥ á ¢¥§ ¯ë¬áã¦¥¨¥¬. �® áà ¢¥¨î á ¯à¥¤ë¤ãé¨¬ á«ãç ¥¬ ¨§-¬¥ï¥âáï  ¯à ¢«¥¨¥ â¥ç¥¨ï | £ § ¢â¥ª ¥â á¯à ¢  «¥¢®, à §¬¥à ®¡« áâ¨ ¨ ãáâã¯  ®áâ îâáï ¯à¥¦¨-¬¨. �à®¢¥¤¥ë à áç¥âë Re = 100 ¨ Re = 400 ¯à¨Ma = 0:1   ¤¢ãå ¯à®áâà áâ¢¥ëå á¥âª å.�à¨ Re = 100 , � = 0 ãáâ®©ç¨¢®¥ à¥è¥¨¥ ¯®«ã-ç¨âì ¥ ã¤ ¥âáï. �à¨ � < 0:2 ¨ � > 0:5 áå®¤¨¬®áâì¨ ãáâ®©ç¨¢®áâì  «£®à¨â¬  ãåã¤è ¥âáï. � ¤¨ ¯ §®¥5 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò3



10 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò3
���������������������������	�¨á. 20:1 < � < 1:0 ¯¥à¥¤ ¯¥à¥¤¥© áâ¥ª®© æ¨«¨¤à ®¡à §ã¥âáï ¥¡®«ìè®© ¢¨åàì. �à¨ ç¨á«¥ �¥©®«ì¤á Re = 400 ®¡à §ãîâáï ¤¢  ¢¨åàï:   â®àæ¥ ¨  ¡®ª®¢®© áâ¥ª¥ ãáâã¯ . �  à¨á. 2 ¯à¨¢¥¤¥® à á-¯à¥¤¥«¥¨¥ ¯«®â®áâ¨ ¨ «¨¨© â®ª  ¤«ï ¢ à¨ â Re = 400 , �= 0:5 .�à¨ �= 0:5 ¯®«ãç¥ë¥ à¥§ã«ìâ âë à áç¥â®¢ ¤«ïRe = 100 ¨ Re = 400 å®à®è® á®£« áãîâáï á ¤ ë-¬¨ [8], £¤¥ ¯à¨¢¥¤¥ ¤¢ã¬¥àë© à áç¥â « ¬¨ à®£®â¥ç¥¨ï ¢ï§ª®© ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ ª  « åà §«¨ç®© ä®à¬ë ¢ x; y -£¥®¬¥âà¨¨. � áç¥âë ¢ë-¯®«¥ë ¢ ¯¥à¥¬¥ëå <äãªæ¨ï â®ª > | <¢¨åàìáª®à®áâ¨>. �  ¢å®¤¥ § ¤  ¯à®ä¨«ì �ã §¥©«ï.�«ï Re = 100 ®¯â¨¬ «ìë© ¤¨ ¯ §® á®áâ ¢«ï¥â0:1 < � < 1 ,   ¤«ï Re = 400 ®¡« áâì § ç¥¨©¯ à ¬¥âà  � áã¦ ¥âáï ¤® 0:5 < � < 1 . � ç¥¨ï� > 1 ¥ ¨áá«¥¤®¢ «¨áì.�ë¢®¤ë� à ¡®â¥ ¯®áâà®¥ ¨ ¯à®â¥áâ¨à®¢  íää¥ªâ¨¢ë©ç¨á«¥ë© ¬¥â®¤ à áç¥â  ¤®§¢ãª®¢ëå â¥ç¥¨©, ®á-®¢ ë©   ��� ãà ¢¥¨ïå. �á®¢ë¬¨ ®á®¡¥-®áâï¬¨ ¬¥â®¤  ï¢«ïîâáï á¯®á®¡ ¢¢¥¤¥¨ï ¨áªãá-áâ¢¥®© ¤¨áá¨¯ æ¨¨, ª®â®àë© ¯®§¢®«ï¥â à ááç¨âë-¢ âì â¥¯«®¢ë¥ ¯®â®ª¨ ¨ ª®íää¨æ¨¥â âà¥¨ï ¡¥§¨áª ¦¥¨©,   â ª¦¥ ¥áâ¥áâ¢¥ë© á¯®á®¡ § ¤ ¨ï¥®âà ¦ îé¨å £à ¨çëå ãá«®¢¨©   á¢®¡®¤ëå£à ¨æ å, ª®â®àë© ¯®§¢®«ï¥â ¨§¡¥¦ âì ¯à¨¬¥¥¨ïãá«®¢¨©, ®á®¢ ëå   å à ªâ¥à¨áâ¨ª å ¤«ï ãà ¢-¥¨© �©«¥à .�«ï à áá¬®âà¥ëå § ¤ ç ¯ à ¬¥âà à¥£ã«ï-à¨§ æ¨¨ æ¥«¥á®®¡à §® ¢ë¡¨à âì ¢ ¤¨ ¯ §®¥0:5 <� < 1:5 .
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