
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 2. �. 32 { 37��� 536.25�������� ��������� � ������������������������� ������ �������� ����������������.�. ��������, �.�. ��������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 15.03.99� áá¬ âà¨¢ ¥âáï à §¢¨â¨¥ ª®¢¥ªæ¨¨ ¢ £®à¨§®â «ì® ¥®¤®à®¤®¬ ¯® â¥¬¯¥à âãà¥ ¯®â®ª¥ ¦¨¤ª®áâ¨ ª®¥ç®©£«ã¡¨ë. �®ª § ®, çâ® ¢ ¯®â®ª¥ ¢®§¨ª îâ ª®¢¥ªâ¨¢ë¥ â¥ç¥¨ï, ª®â®àë¥ ¬®£ãâ ¯à¨¢®¤¨âì ª áãé¥áâ¢¥®¬ã¨áª ¦¥¨î ¯¥à¢® ç «ì®£® ¯à®ä¨«ï â¥¬¯¥à âãàë. � §à ¡®â   ¬¥â®¤¨ª  ç¨á«¥®£® à¥è¥¨ï § ¤ ç¨ à §¢¨â¨ïª®¢¥ªâ¨¢ëå â¥ç¥¨©, ¯®§¢®«ïîé ï ¯à®¨§¢®¤¨âì ®æ¥ªã áâ¥¯¥¨ ¨áª ¦¥¨ï ¯à®ä¨«ï â¥¬¯¥à âãàë ¢ § ¢¨á¨¬®áâ¨®â ¯ à ¬¥âà®¢ ¯®â®ª  ¨ ®¯à¥¤¥«ïâì ¤«¨ã  ç «ì®£® ãç áâª ,   ª®â®à®¬ íâ¨ ¨áª ¦¥¨ï ¥§ ç¨â¥«ìë. �à¨¢¥-¤¥ë à¥§ã«ìâ âë ª®ªà¥âëå à áç¥â®¢.�®§£«ï¤ õâìáïà®§¢¨â®ª ª®¢¥ªæiù ã £®à¨§®â «ì® ¥®¤®ài¤®¬ã ¯® â¥¬¯¥à âãài ¯®â®æi ài¤¨¨ áªiç¥®ù £«¨¡¨¨.�®ª § ®, é® ¢ ¯®â®æi ¢¨¨ª îâì ª®¢¥ªâ¨¢i â¥çiù, ïªi ¬®¦ãâì ¯à¨¢®¤¨â¨ ¤® áãââõ¢®£® ¢¨ªà¨¢«¥ï ¯¥à¢¨®£®¯à®äi«î â¥¬¯¥à âãà¨. �®§à®¡«¥  ¬¥â®¤¨ª  ç¨á¥«ì®£® àiè¥ï § ¤ çi à®§¢¨âªã ª®¢¥ªâ¨¢¨å â¥çi©, ïª  ¤®§¢®«ïõ¯à®¢®¤¨â¨ ®æiî¢ ï áâã¯iî ¢¨ªà¨¢«¥ï ¯à®äi«ï â¥¬¯¥à âãà¨ ã § «¥¦®áâi ¢i¤ ¯ à ¬¥âài¢ ¯®â®ª  â  ¢¨§ ç â¨¤®¢¦¨ã ¯®ç âª®¢®ù ¤i«ì¨æi,   ïªi© æi ¢¨ªà¨¢«¥ï õ ¥§ ç¨¬¨. �à¨¢¥¤¥® à¥§ã«ìâ â¨ ª®ªà¥â¨å à®§à åãªi¢.Development of the thermal convection in a ow with non-homogeneous distribution of the temperature in horizontaldirection is considered. It is found that convective ows arise in uid. They can result in the considerable distortionof the initial distribution of the temperature. The method of numerical modeling of the development of the convectiveows is worked out. Using the method allows to determinate the distortion value and the length of the section, where thedistortions are negligible, depending on the ow parameters. The results of the concrete calculations are presented.���������® ¬®£¨å ¨áá«¥¤®¢ ¨ïå, ª á îé¨åáï ¢®§¨ª-®¢¥¨ï ¨ à §¢¨â¨ï ¥áâ¥áâ¢¥®© ª®¢¥ªæ¨¨ ¢ ¥-®¤®à®¤ëå áà¥¤ å ¯®¤ ¢«¨ï¨¥¬ á¨« âï¦¥áâ¨,¨§ãç îâáï á«ãç ¨, ª®£¤  ¨¬¥îâáï ®£à ¨ç¨¢ î-é¨¥ ¯®¢¥àå®áâ¨. �¥çì ¨¤¥â ® à §¢¨â¨¨ ¢®§-¬ãé¥¨© ¢ â¥ç¥¨¨ ¢¤®«ì  £à¥â®© ¢¥àâ¨ª «ì-®© áâ¥ª¨ [1], ¢ â®¬ ç¨á«¥ ¨ ® ¢®§¨ª®¢¥¨¨£®à¨§®â «ì® ®à¨¥â¨à®¢ ëå á«®¨áâëå áâàãª-âãà ¢ ãáâ®©ç¨¢®-áâà â¨ä¨æ¨à®¢ ®© ¯® á®«ñ®-áâ¨ áà¥¤¥ (¡®ª®¢ ï ª®¢¥ªæ¨ï) [2, 3]. � ¨¬ ¦¥®â®áïâáï ¨áá«¥¤®¢ ¨ï ¥ãáâ®©ç¨¢® áâà â¨ä¨æ¨-à®¢ ëå á«®ñ¢ ¦¨¤ª®áâ¨ ¬¥¦¤ã £®à¨§®â «ìë-¬¨ ¯®¢¥àå®áâï¬¨, ª®£¤  ¢¥àåïï £à ¨æ  ï¢«ï¥â-áï á¢®¡®¤®© ¨«¨ â¢¥à¤®© ¯®¢¥àå®áâìî (¥ãáâ®©-ç¨¢®áâì �¥«¥ï) [4].�¥ãáâ®©ç¨¢ë¥ à á¯à¥¤¥«¥¨ï â¥¬¯¥à âãàë ¬®-£ãâ ¢®§¨ª âì ¢ ¯®â®ª å ¦¨¤ª®áâ¨ ¢ íªá¯¥à¨¬¥-â «ìëå ãáâ ®¢ª å. � §¢¨â¨¥ ¥ãáâ®©ç¨¢®áâ¨¯à¨¢®¤¨â ª ¢®§¨ª®¢¥¨î ª®¢¥ªâ¨¢ëå ¤¢¨¦¥-¨©, ª®â®àë¥ ¬®£ãâ ®ª §ë¢ âì § ¬¥â®¥ ¢«¨ï¨¥  ®¡éãî ª àâ¨ã â¥ç¥¨© ¦¨¤ª®áâ¨. �á®¡¥®¢ ¦¥ ãç¥â â ª¨å ¤¢¨¦¥¨© ¯à¨ ¯à®¢¥¤¥¨¨ ¨§¬¥-à¥¨© â¥¬¯¥à âãàë ¢ ¯®â®ª å ¦¨¤ª®áâ¨.� ¡®«ìè¨áâ¢¥ à ¡®â, ¯®á¢ïé¥ëå ¨§ãç¥¨îà §¢¨â¨ï ª®¢¥ªâ¨¢®© ¥ãáâ®©ç¨¢®áâ¨, à áá¬ -âà¨¢ îâáï ¥ãáâ®©ç¨¢ë¥ à á¯à¥¤¥«¥¨ï ¯«®â®-

áâ¨ (â¥¬¯¥à âãàë) ¯® ¢¥àâ¨ª «¨ [4]. � §¢¨â¨¥ª®¢¥ªâ¨¢ëå ¤¢¨¦¥¨©, ¢ë§¢ ëå £®à¨§®â «ì-ë¬¨ ¥®¤®à®¤®áâï¬¨ â¥¬¯¥à âãàë ¦¨¤ª®áâ¨,¨§ãç¥® ¥¤®áâ â®ç®. �â¬¥â¨¬, çâ® ¢®§¨ª®-¢¥¨¥ ¥®¤®à®¤®áâ¨ à á¯à¥¤¥«¥¨ï â¥¬¯¥à âã-àë ¢¤®«ì £®à¨§®â «ì®£®  ¯à ¢«¥¨ï ¢ íâ¨å § -¤ ç å, ª ª ¯à ¢¨«®, á¢ï§ ® á á®®â¢¥âáâ¢ãîé¨¬¨£à ¨çë¬¨ ãá«®¢¨ï¬¨ [5].�à¨ ¯à®¢¥¤¥¨¨ íªá¯¥à¨¬¥â «ìëå ¨áá«¥¤®¢ -¨© à §¢¨â¨ï £¨¤à®¬¥å ¨ç¥áª¨å ¢®§¬ãé¥¨© ¢¯®â®ª å ¦¨¤ª®áâ¨ ¢®§¨ª ¥â ¥®¡å®¤¨¬®áâì ¯à®-¢¥¤¥¨ï ®æ¥ª¨ ¢«¨ï¨ï   íâ®â ¯à®æ¥áá â¥¯«®-¢ëå ¢®§¬ãé¥¨©, ¢ë§¢ ëå à ¡®â®©  á®á®¢ ¨«¨ £à¥¢®¬ (®å« ¦¤¥¨¥¬) â¥ªãé¥© ¦¨¤ª®áâ¨ ç¥à¥§áâ¥ª¨ ãáâ ®¢ª¨. � ª, ¯¥à¨®¤¨ç¥áª¨©  £à¥¢¦¨¤ª®áâ¨ ¢¤®«ì ®á¨ â¥ç¥¨ï ¢ «®âª¥ ¤®«¦¥ ¢ë§ë-¢ âì ¢®§¨ª®¢¥¨¥ ¢â®à¨çëå â¥ç¥¨© ¨§-§  £à -¢¨â æ¨®®© ¥ãáâ®©ç¨¢®áâ¨ ¯®â®ª . �®¤®¡ë¥¢®¯à®áë ¢®§¨ª îâ ¯à¨ à¥£¨áâà æ¨¨ â¥¬¯¥à âãà-ëå ¢®§¬ãé¥¨©, áãé¥áâ¢ãîé¨å ¢® ¢¥è¥¬ ¯®-â®ª¥ ¦¨¤ª®áâ¨, à¥£¨áâà¨àãîé¨¬¨ ¯à¨¡®à ¬¨,  -å®¤ïé¨¬¨áï ¢ãâà¨ ¯®£à ¨ç®£® á«®ï.�������������� ������������������� æ¥«ìî ®¯à¥¤¥«¥¨ï ¢«¨ï¨ï íâ¨å â¥ç¥¨©  ¯®â®ª ¦¨¤ª®áâ¨ ¢ «®âª¥ ¨ ®¯à¥¤¥«¥¨ï áâ¥¯¥¨32 c �.�. �¨ª¨è®¢ , �. �. �«¥ªáîª, 1999



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 2. �. 32 { 37¨áª ¦¥¨ï á¨£ «®¢, ®¡ãá«®¢«¥®£® ¢«¨ï¨¥¬ ¯®-£à ¨ç®£® á«®ï, à áá¬ âà¨¢ ¥âáï § ¤ ç  ® ¤¢¨-¦¥¨¨ ¢ï§ª®© â¥¯«®¯à®¢®¤®© ¦¨¤ª®áâ¨ ¢ ª  «¥.�à¥¤¯®« £ ¥âáï, çâ® â¥¬¯¥à âãà  ¦¨¤ª®áâ¨ ¬¥ï-¥âáï ¢¤®«ì ª®®à¤¨ âë x,  ¯à ¢«¥®© ¯® ¯®â®ªã,¯® ¯¥à¨®¤¨ç¥áª®¬ã § ª®ã:T = Ts +AT sin 2�x�; (1)£¤¥ Ts { áà¥¤ïï â¥¬¯¥à âãà  ¦¨¤ª®áâ¨, AT {  ¬-¯«¨âã¤  ¨§¬¥¥¨© â¥¬¯¥à âãàë, � { ¤«¨  ¢®«-ë.�ç¥¢¨¤®, çâ® ¯¥à¨®¤¨ç¥áª¨©  £à¥¢ ¦¨¤ª®áâ¨¢¤®«ì ®á¨ â¥ç¥¨ï ¢ «®âª¥ ¤®«¦¥ ¢ë§ë¢ âì ¢®§-¨ª®¢¥¨¥ ¢â®à¨çëå â¥ç¥¨© ¨§-§  £à ¢¨â æ¨-®®© ¥ãáâ®©ç¨¢®áâ¨ â ª¨å ¥®¤®à®¤ëå áâàãª-âãà ¨ ¨å ¯®áâ¥¯¥®¥ à §àãè¥¨¥ ¨§-§  ª®¢¥ªâ¨¢-®£® ¯¥à¥¬¥è¨¢ ¨ï. �â¬¥â¨¬, çâ® ¯à¨ ¯à®¢¥¤¥-¨¨ íªá¯¥à¨¬¥â «ìëå ¨áá«¥¤®¢ ¨© ¯à¥¤¯à¨¨-¬ îâ ®¯à¥¤¥«¥ë¥ ¬¥àë ¤«ï â®£®, çâ®¡ë ã¬¥ì-è¨âì ¢«¨ï¨¥ ª®¢¥ªâ¨¢ëå â¥ç¥¨©   ¯®â®ª¦¨¤ª®áâ¨. � ª, ¯à¨ ãáâ ®¢ª¥  £à¥¢ â¥«ï ¥¯®-áà¥¤áâ¢¥® ¢ «®â®ª ¯à¨¬¥ïîâ ª à¬ ë ¢ ¡®ª®-¢ëå áâ¥ª å, ãáâ  ¢«¨¢ îâ ä «ìè¤® ¨ â.¤. �®-íâ®¬ã â®«é¨ë ¯®£à ¨çëå á«®¥¢, ®¡à §ãîé¨å-áï   ¤¥ ¨   ¡®ª®¢ëå áâ¥ª å «®âª  ¯®á«¥  £à¥-¢ â¥«ï, ¢ íâ®¬ á«ãç ¥ ¬ «ë. �®£¤  ¯à¨ ¨§ãç¥¨¨à §¢¨â¨ï ª®¢¥ªâ¨¢ëå â¥ç¥¨© ¢ ï¤à¥ ¯®â®ª  ¢¯à¥¤¥« å à ¡®ç¥© ç áâ¨ «®âª  ¬®¦® ¯à¥¥¡à¥çì¢«¨ï¨¥¬ ¯®£à ¨çëå á«®¥¢.�à¥¤¯®« £ ¥âáï, çâ® â¥¬¯¥à âãà  ®¤®à®¤  ¯®è¨à¨¥ «®âª , â.¥. ¬®¦® à áá¬ âà¨¢ âì â¥ç¥-¨¥ ª ª ¤¢ã¬¥à®¥. � á¢ï§¨ á â¥¬, çâ®  ¬¯«¨âã-¤   £à¥¢  ¦¨¤ª®áâ¨ áç¨â ¥âáï ®â®á¨â¥«ì® ¬ -«®©, ¥®¤®à®¤®áâì ¯«®â®áâ¨ ¦¨¤ª®áâ¨, ®¡ãá«®-¢«¥ ï ¥®¤®à®¤ë¬  £à¥¢®¬ â®¦¥ ¬ « , â®£¤ ¬®¦® § ¯¨á âì � = �s + �0; (2)¯à¨ç¥¬ �0 << �s. � ¯à¨¡«¨¦¥¨¨ �ãáá¨¥áª  ¤¢ã-¬¥à®¥ ¤¢¨¦¥¨¥ ¥®¤®à®¤®© ¥á¦¨¬ ¥¬®© ¢ï§-ª®© ¦¨¤ª®áâ¨ ®¯¨áë¢ ¥âáï á¨áâ¥¬®© ãà ¢¥¨© [6]@u@t + u@u@x + v@u@y = � 1�0 @p@x ++��@2u@x2 + @2u@y2� ; (3)@v@t + u@v@x + v@u@y = � 1�0 @p@y ++� �@2v@x2 + @2v@y2�� g�0�0 ; (4)@u@x + @v@y = 0; (5)

@T@t + u@T@x + v@T@y = �T �@2T@x2 + @2T@y2 � : (6)�¤¥áì £®à¨§®â «ì ï ®áì x  ¯à ¢«¥  ¢¤®«ì ®á¨«®âª  ¢¨§ ¯® â¥ç¥¨î, y { ¯¥à¯¥¤¨ªã«ïà® ¢¢¥àåá  ç «®¬ ®âáç¥â    ¤¥ «®âª , ãáª®à¥¨¥ á¨«ëâï¦¥áâ¨ g  ¯à ¢«¥® ¢¤®«ì ®á¨ y ¢¨§. � ãà ¢¥-¨ï¬ (3){(6) ¤®¡ ¢¨¬ «¨¥ à¨§®¢ ®¥ ãà ¢¥¨¥á®áâ®ï¨ï � = �0[1� �T 0(x; y)]: (7)�¢¥¤¥¬ § ¢¨åà¥®áâì � ¨ äãªæ¨î â®ª   :� = @u@y � @v@x: (8)u = @ @y ; v = �@ @x : (9)�à®¤¨ää¥à¥æ¨àã¥¬ ãà ¢¥¨¥ (3) ¯® y ¨ ãà ¢-¥¨¥ (4) ¯® x. �ëçâ¥¬ ¨§ ¯¥à¢®£® ¢â®à®¥ ¨, áãç¥â®¬ (5), ¯®«ãç¨¬:@�@t + u@�@x + v @�@y = �4� � g�@T 0@x ; (10)� =4 ; (11)@T 0@t + v@T 0@x + v@T 0@y = �T4T 0; (12)£¤¥ 4{ ®¯¥à â®à � ¯« á .�ã¤¥¬ áç¨â âì, çâ® ¦¨¤ª®áâì ¢ «®âª¥ ¢  ç «ì-ë© ¬®¬¥â ¢à¥¬¥¨ ¥¯®¤¢¨¦ , â.¥. áà¥¤¥¥ â¥-ç¥¨¥ ®âáãâáâ¢ã¥â.�ã¤¥¬ à áá¬ âà¨¢ âì à §¢¨â¨¥ ª®¢¥ªâ¨¢ëåâ¥ç¥¨© ¢ ®¡« áâ¨, à §¬¥à ª®â®à®© ¢ £®à¨§®â «ì-®¬  ¯à ¢«¥¨¨ à ¢¥ ¤«¨¥ ¢®«ë ¯¥à¨®¤¨ç¥-áª¨å â¥¬¯¥à âãàëå ¥®¤®à®¤®áâ¥©. � ª ç¥-áâ¢¥  ç «ìëå ãá«®¢¨© ¯à¨¨¬ ¥¬ à á¯à¥¤¥«¥¨¥â¥¬¯¥à âãàë ¢ ¢¨¤¥T 0 = AT cos�2�x� + �2� ¯à¨ t = 0; (13)â.¥. ¢  ç «ìë© ¬®¬¥â â ª¨¥ â¥¬¯¥à âãàë¥ ¯¥-à¨®¤¨ç¥áª¨¥ ¥®¤®à®¤®áâ¨ ¨¬¥îâáï ¯® ¢á¥© ¤«¨-¥ «®âª ,   ¢â®à®¥ á« £ ¥¬®¥ ãç¨âë¢ ¥â áâà â¨-ä¨ª æ¨î ¦¨¤ª®áâ¨. �à¨¢¥¤¥¬ á¨áâ¥¬ã (10){(12) ª¡¥§à §¬¥à®¬ã ¢¨¤ã, ¨á¯®«ì§®¢ ¢ å à ªâ¥àë¥ ¢¥-«¨ç¨ë ¤«¨ë �, â¥¬¯¥à âãàë T � = AT , áª®à®áâ¨q = p�AT gh, £¤¥ h{ £«ã¡¨  ª  « , § ¢¨åà¥®-áâ¨ �� = q=�, ¢à¥¬¥¨ t� = �=q:@�@t + u@�@x + v @�@y = 1Re4� �Ri@T@x ; (14)@T@t + u@T@x + v@T@y = 1Pe4T; (15)�.�. �¨ª¨è®¢ , �. �. �«¥ªáîª 33
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�¨á. 1. �¥§ã«ìâ âë à áç¥â  ¨§®â¥à¬ à á¯à¥¤¥«¥¨© â¥¬¯¥à âãàë ¢ ¯«®áª®áâ¨ x; y¤«ï à §«¨çëå à ááâ®ï¨© ®â  ç «ì®£® á¥ç¥¨ï� = 4 ; (16)u = @ @y ; v = �@ @x ; (17)£¤¥ Re = q�=�; Pe = PrRe;Pr = �=�T ; Ri = g�AT �=q = �=h.�®áª®«ìªã ¢  ç «ìë© ¬®¬¥â ¢à¥¬¥¨ ª®¢¥ª-â¨¢®¥ ¤¢¨¦¥¨¥ ¦¨¤ª®áâ¨ ¢ ª  «¥ ®âáãâáâ¢ã¥â,â®  = 0; � = 0 ¯à¨ t = 0: (18)�à¥¤¯®« £ ¥¬, çâ®   ¤«¨¥ ¢®«ë ¢ë¯®«ïîâáïãá«®¢¨ï ¯¥à¨®¤¨ç®áâ¨ ¤«ï ¢á¥å äãªæ¨©:Q(x) = Q(x+ �): (19)
�à¥¤¯®«®¦¨¬ â ª¦¥, çâ®   ¤¥ (y = 0) ¨ ¯®¢¥àå-®áâ¨ (y = h) ª  «  ¢ë¯®«ïîâáï  ¤¨ ¡ â¨ç¥-áª¨¥ ãá«®¢¨ï@T=@y = 0 ¯à¨ y = 0 ¨ y = h (20)¨ ãá«®¢¨ï ¥¯à®â¥ª ¨ïv = 0 ¯à¨ y = 0 ¨ y = h: (21)�®áª®«ìªã ®âáãâáâ¢ã¥â ®áà¥¤¥ë© à áå®¤ ¢¤®«ì®á¨ x, â® = 0 ¯à¨ y = 0 ¨ y = h: (22)34 �.�. �¨ª¨è®¢ , �. �. �«¥ªáîª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 2. �. 32 { 37�à ¢¥¨ï (14){(17) á £à ¨çë¬¨ ãá«®¢¨ï¬¨(19){(22) ¨  ç «ìë¬¨ ãá«®¢¨ï¬¨ (13), (18) à¥è -«¨áì ª®¥ç®-à §®áâë¬ ï¢ë¬ ¯® ¢à¥¬¥¨ ¬¥â®-¤®¬.�¯¯à®ªá¨¬ æ¨ï ãà ¢¥¨© ¢ë¯®«ï« áì á® ¢â®-àë¬ ¯®àï¤ª®¬ â®ç®áâ¨ ¯® ¯à®áâà áâ¢ã ¨ ¯¥à-¢ë¬ ¯®àï¤ª®¬ â®ç®áâ¨ ¯® ¢à¥¬¥¨.�®¢¥ªâ¨¢ë¥ ç«¥ë  ¯¯à®ªá¨¬¨à®¢ «¨áì á ãç¥-

�¨á. 2. � àâ¨  à á¯à¥¤¥«¥¨ï äãªæ¨¨ â®ª ¯® ¤«¨¥ ¢®«ë ¢®§¬ãé¥¨© ¤«ï x = 1:5¬â®¬  ¯à ¢«¥¨ï áª®à®áâ¨ { áå¥¬  "¯® ¢¥âàã" [7].�«ï à áç¥â®¢ ¯à¨¬¥ï« áì á¥âª  26� 108. � £ ¯®¢à¥¬¥¨ ¢ë¡¨à «áï â ª, çâ®¡ë ¢ë¯®«ï«®áì ãá«®-¢¨¥ ä®-�¥©¬   [7]:4tRe 24x2 + 24y2 +Reumax4x ++Revmax4y ! � 1; (23)£¤¥4x;4y { ¢¥«¨ç¨ë è £  ¢¤®«ì ®á¨ x ¨ y. �®à-¬ã«  �®¬  [7] ¯à¨¬¥ï« áì ¤«ï £à ¨çëå ãá«®-¢¨© ¤«ï ¢¨åàï. �¯¯à®ªá¨¬ æ¨ï ¤«ï í««¨¯â¨ç¥áª®-£® ãà ¢¥¨ï (16) ¤«ïm{£® ¢à¥¬¥®£® á«®ï ¨¬¥¥â¢¨¤ �mi;j =  n�1;mi+1;j � 2 n;mi;j +  n;mi�1;j4x2 +

+ n�1;mi;j+1 � 2 n;mi;j +  n;mi;j�14y2 ; (24) ni;j =  ni;j(1� �) + � n�1i;j ; (25)£¤¥ n { ¯ à ¬¥âà ¨â¥à æ¨©. �¥è¥¨¥  å®¤¨«®áìá ¯®¬®éìî ¨â¥à æ¨©. � ç¥¨¥ äãªæ¨¨ â®ª   ¯àe¤ë¤ãé¥¬ ¢à¥¬¥®¬ á«®¥ ¨á¯®«ì§®¢ «®áì ¢ ª -ç¥áâ¢¥ ¯¥à¢®£® ¯à¨¡«¨¦¥¨ï. �«ï ã«ãçè¥¨ï áå®-¤¨¬®áâ¨ ¢¢®¤¨«áï ª®íää¨æ¨¥â à¥« ªá æ¨¨ � [8].� ç¥¨¥ �=1,7 ¡ë«®  ©¤¥® ¨§ ãá«®¢¨ï ¬¨¨-¬ «ì®£® ç¨á«  ¨â¥à æ¨© ¤«ï ¤®áâ¨¦¥¨ï § ¤ -®© â®ç®áâ¨:max ����� n;mi;j �  n�1;mi;j n;mi;j ����� � 2 � 10�2:
�¨á. 3. �¥§ã«ìâ âë à áç¥â  à á¯à¥¤¥«¥¨©â¥¬¯¥à âãàë ¯® ¤«¨¥ ¢®«ë ¤«ï à §ëå § ç¥¨© y�ëç¨á«¨â¥«ìë© ¯à®æ¥áá ¯à®¨§¢®¤¨«áï á«¥¤ãî-é¨¬ ®¡à §®¬.� ç¥¨ï �; u; v; T , ¯®«ãç¥ë¥   ¯à¥¤ë¤ãé¥¬¢à¥¬¥®¬ á«®¥, ¨á¯®«ì§®¢ «¨áì ¤«ï  å®¦¤¥¨ï �¨ T   á«¥¤ãîé¥¬ ¢à¥¬¥®¬ á«®¥, § â¥¬ á ¯®¬®-éìî ¨â¥à æ¨©  å®¤¨« áì äãªæ¨ï â®ª  ¨ à ááç¨-âë¢ «¨áì § ç¥¨ï u ¨ v.�����������¥§ã«ìâ âë ¯à®¢¥¤¥®£® ç¨á«¥®£® à áç¥-â  ª®¢¥ªâ¨¢ëå â¥ç¥¨© ¡ë«¨ ¨á¯®«ì§®¢ ë ¤«ï  «¨§  í¢®«îæ¨¨ ¯¥à¨®¤¨ç¥áª¨å â¥¬¯¥à âãàëå¥®¤®à®¤®áâ¥© ¢ ¤¢¨¦ãé¥¬áï ¯®â®ª¥ ¦¨¤ª®áâ¨�.�. �¨ª¨è®¢ , �. �. �«¥ªáîª 35



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 2. �. 32 { 37¢ «®âª¥. �«ï íâ®£® à áá¬ âà¨¢ «¨áì ª®¢¥ªâ¨¢-ë¥ â¥ç¥¨ï ¢ ïç¥©ª¥, à §¬¥à ª®â®à®© ¢¤®«ì ®á¨x à ¢¥ � ¨ ª®â®à ï ¯¥à¥¬¥é « áì á ¯®â®ª®¬ á®áª®à®áâìî U0. �®¯®áâ ¢«ï«¨áì ¬®¬¥âë ¢à¥¬¥-¨ ¢ ¯à®¢¥¤¥®¬ ç¨á«¥®¬ à áç¥â¥ á à ááâ®ï¨-¥¬,   ª®â®à®¥ ¤  ï ïç¥©ª  ¯¥à¥¬¥áâ¨« áì ¢¤®«ì®á¨ x ®â  £à¥¢ â¥«ï, â.¥. ¢ à §¬¥à®¬ ¢¨¤¥ ¨¬¥¥¬x = U0t. �¥§ã«ìâ âë à áç¥â  ¨§®â¥à¬ à á¯à¥¤¥«¥-¨© â¥¬¯¥à âãàë ¢ ¯«®áª®áâ¨ x; y ¤«ï à §«¨çëåà ááâ®ï¨© ®â  ç «ì®£® á¥ç¥¨ï ¯à¥¤áâ ¢«¥ë  à¨á. 1.� áç¥âë ¯à®¢®¤¨«¨áì ¤«ï áª®à®áâ¨ ®á®¢®£®¯®â®ª  U0, à ¢®© 1.56 á¬/á ¨ ¤«ï  ¬¯«¨âã¤ë ¢®§-¬ãé¥¨© â¥¬¯¥à âãàë AT = 0:00167oC. �¨á. 1, aá®®â¢¥âáâ¢ã¥â  ç «ì®¬ã à á¯à¥¤¥«¥¨î â¥¬¯¥-à âãàë ¯® ¤«¨¥ ¢®«ë (á¨ãá®¨¤ «ì®¥ à á¯à¥¤¥-«¥¨¥), à¨á. 1, b á®®â¢¥âáâ¢ã¥â ¬®¬¥âã ¢à¥¬¥¨,ª®£¤  ¢®§¬ãé¥¨¥ á¬¥áâ¨«®áì ¢¨§ ¯® ¯®â®ªã  à ááâ®ï¨¥ 1 ¬, à¨á. 1, á { á¬¥é¥¨î   1.5 ¬, à¨á.1,d { á¬¥é¥¨î   2.0 ¬. �¨¤®, çâ® ª®¢¥ªâ¨¢ë¥¤¢¨¦¥¨ï ¢ë§ë¢ îâ  àãè¥¨ï ¯¥à¢® ç «ì®£®à á¯à¥¤¥«¥¨ï â¥¬¯¥à âãàë á ç «  ¢¡«¨§¨ £®à¨-§®â «ìëå £à ¨æ, § â¥¬ íâ¨  àãè¥¨ï ¢®§¨-ª îâ ¨ ¢ æ¥âà «ì®© ç áâ¨ «®âª . �â¬¥â¨¬, çâ®  à ááâ®ï¨¨ 1 ¨ 1.5 ¬ ®â  ç «ì®£® á¥ç¥¨ï ¢æ¥âà «ì®© ç áâ¨ ª  «  à á¯à¥¤¥«¥¨¥ â¥¬¯¥à -âãàë á®åà ï¥â ¯¥à¢® ç «ìë© ¢¨¤. � ª ç¥áâ¢¥¯à¨¬¥à  ª àâ¨  à á¯à¥¤¥«¥¨ï äãªæ¨¨ â®ª  ¯®¤«¨¥ ¢®«ë ¢®§¬ãé¥¨© ¤«ï x = 1.5 ¬ ¯à¥¤áâ -¢«¥    à¨á. 2. �«¥¤ã¥â ®â¬¥â¨âì, çâ® ä®à¬ à á¯à¥¤¥«¥¨© äãªæ¨¨ â®ª  ¤«ï ¤àã£¨å á¥ç¥¨©¯®¤®¡  ¯à¨¢¥¤¥®©.
�¨á. 4. �§¬¥¥¨¥ ¨â¥£à «ì®£® ¯ à ¬¥âà  ¯® ¤«¨¥ ¤«ï à §ëå § ç¥¨© y

�¨á. 5. � ¢¨á¨¬®áâì ¯ à ¬¥âà   ®â £«ã¡¨ë ¯®â®ª � ª ç¥áâ¢¥ ¨â¥£à «ì®£® ¯ à ¬¥âà  , å -à ªâ¥à¨§ãîé¥£® à §¢¨â¨¥ ª®¢¥ªâ¨¢ëå â¥ç¥¨©,¯à¨¨¬ « áì áã¬¬   ¡á®«îâëå § ç¥¨© à §®-áâ¥© à áç¥â®£® à á¯à¥¤¥«¥¨ï â¥¬¯¥à âãàë ®â ç «ì®£® á¨ãá®¨¤ «ì®£® à á¯à¥¤¥«¥¨ï ¤«ï § -¤ ®© ª®®à¤¨ âë y. �  à¨á. 3 ¯à¥¤áâ ¢«¥ë à¥-§ã«ìâ âë à áç¥â  à á¯à¥¤¥«¥¨© â¥¬¯¥à âãàë ¯®¤«¨¥ ¢®«ë ¤«ï § ç¥¨© y, à ¢ëå 0:95h (à¨á. 3,a); 0:8h (à¨á. 3,b); 0:6h (à¨á. 3, c); 0:5h (á¥à¥¤¨ «®âª ) (à¨á. 3,d). �«ï ª ¦¤®£® § ç¥¨ï y à á¯à¥-¤¥«¥¨ï â¥¬¯¥à âãàë ¯à¥¤áâ ¢«¥ë ¤«ï § ç¥¨©x, à ¢ëå 1; 1,5 ¨ 2 ¬. � ª ¨   à¨á. 1,  àãè¥¨ï¯¥à¢® ç «ì®£® à á¯à¥¤¥«¥¨ï â¥¬¯¥à âãàë á -ç «  ¢®§¨ª îâ ¢¡«¨§¨ ¢¥àå¥© ¨ ¨¦¥© £à ¨æ¯®â®ª , § â¥¬ íâ¨  àãè¥¨ï ¯® ¬¥à¥ à §¢¨â¨ïª®¢¥ªâ¨¢ëå â¥ç¥¨© ¯à®¨ª îâ ¢ æ¥âà «ìãîç áâì ¯®â®ª . �§¬¥¥¨¥ ¨â¥£à «ì®£® ¯ à ¬¥-âà   ¯® ¤«¨¥ ¤«ï § ç¥¨© y, ¯à¨¢¥¤¥ëå ¢ë-è¥, â.¥. 0:95h, 0:8h, 0:6h, 0:5h (á¥à¥¤¨  «®âª ),¯à¥¤áâ ¢«¥®   à¨á. 4 { 5. �¨á. 4,a á®®â¢¥âáâ¢ã-¥â  ¬¯«¨âã¤¥ ¢®§¬ãé¥¨©, à ¢®© AT = 0:017oC,à¨á. 4, b { AT = 0:034oC, £«ã¡¨  h ¢ ®¡®¨å á«ã-ç ïå à ¢  40 c¬. � ¢¨á¨¬®áâì ¯ à ¬¥âà   ®âx=h ¤«ï £«ã¡¨ë ¯®â®ª  h = 20 á¬ ¯à®¤¥¬®áâà¨-à®¢     à¨á. 5. �¤¥áì  ¬¯«¨âã¤  ¢®§¬ãé¥¨©â¥¬¯¥à âãàë AT = 0:017oC, ªà¨¢ë¥ a { d á®®â-¢¥âáâ¢ãîâ ®¡¥§à §¬¥à¥ë¬ § ç¥¨ï¬ ãà®¢¥©y=h, çâ® ¨   à¨á 4.� §à ¡®â  ï áå¥¬  à áç¥â®¢ ¯®§¢®«ï¥â à á-áç¨âë¢ âì ª àâ¨ã ª®¢¥ªâ¨¢ëå â¥ç¥¨©, ª®-â®àë¥ ¢ë§¢ ë ¥®¤®à®¤®áâìî à á¯à¥¤¥«¥¨ïâ¥¬¯¥à âãàë ¢¤®«ì ¯®â®ª . �«ï ¨â¥£à «ì®©®æ¥ª¨ áâ¥¯¥¨  àãè¥¨© à á¯à¥¤¥«¥¨© â¥¬¯¥-à âãàë ¢ ¯®â®ª¥ ¦¨¤ª®áâ¨ ¢ «®âª¥, ª®â®àë¥ ¢ë-§¢ ë ¢«¨ï¨¥¬ á¨« ¯« ¢ãç¥áâ¨, ¯à¥¤« £ ¥âáï ¨á-¯®«ì§®¢ âì ¢¢¥¤¥ë© ªà¨â¥à¨© , ª®â®àë© å à ª-â¥à¨§ã¥â ®âª«®¥¨¥ à á¯à¥¤¥«¥¨ï â¥¬¯¥à âãàë¯® ¤«¨¥ ¢®«ë ®â á¨ãá®¨¤ë. �á®, çâ® § ç¥¨¥íâ®£® ªà¨â¥à¨ï § ¢¨á¨â ®â ¯ à ¬¥âà®¢ â¥ç¥¨ï ¨à á¯à¥¤¥«¥¨ï â¥¬¯¥à âãàë ¢® ¢å®¤®¬ á¥ç¥¨¨.36 �.�. �¨ª¨è®¢ , �. �. �«¥ªáîª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 2. �. 32 { 37� à¥§ã«ìâ â¥ ¢ë¯®«¥ëå à áç¥â®¢ ¬®¦-® á¤¥« âì ¢ë¢®¤, çâ® ¯à¨ ¯à®¢¥¤¥¨¨ íªá-¯¥à¨¬¥â «ìëå ¨áá«¥¤®¢ ¨© ¢ ¯®â®ª¥ ¦¨¤ª®-áâ¨ á £®à¨§®â «ì®-¥®¤®à®¤ë¬ à á¯à¥¤¥«¥¨-¥¬ â¥¬¯¥à âãàë ¯à¨ ãª § ëå ¢ëè¥ ¯ à ¬¥-âà å, ª®â®àë¥ ¢ ç áâ®áâ¨ á®®â¢¥âáâ¢ãîâ íªá¯¥-à¨¬¥â «ì®¬ã ®¡®àã¤®¢ ¨î �áâ¨âãâ  £¨¤à®-¬¥å ¨ª¨ ��� �ªà ¨ë, ¢ æ¥âà «ì®© ç áâ¨ ª - «  ¯¥à¢® ç «ì®¥ à á¯à¥¤¥«¥¨¥ â¥¬¯¥à âãàë¯à ªâ¨ç¥áª¨ á®åà ï¥âáï   à ááâ®ï¨¨ 1.5 ¬ ®â¢å®¤  ¢ ª  «.�â  ¢¥«¨ç¨  ¬®¦¥â ¡ëâì ¯à¨ïâ  §  ¤«¨ãà ¡®ç¥£® ãç áâª . �à¨ ¡®«ìè¨å à ááâ®ï¨ïå ®â¢å®¤  ¢«¨ï¨¥ ª®¢¥ªâ¨¢ëå â¥ç¥¨© ¯à¨¢®¤¨â ª®ç¥ì ¡®«ìè¨¬ ¨áª ¦¥¨ï¬ ¯¥à¢® ç «ì®£® ¯à®-ä¨«ï â¥¬¯¥à âãàë ¨ ¯à®¢¥¤¥¨¥ íªá¯¥à¨¬¥â «ì-ëå ¨áá«¥¤®¢ ¨© ¢ íâ®© ç áâ¨ ¥ à¥ª®¬¥¤ã¥âáï.
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