
������ö �����ö ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 3 { 18��� 532.5����������� ����I� ������ö� ���������������� �����ö�� �����ö� � ��������. �. �������, I. �. �������ö­áâ¨âãâ £÷¤à®¬¥å ­÷ª¨ ��� �ªà ù­¨, �¨ù¢�¤¥à¦ ­® 19.03.2003� à ¬ª å ¯«®áª®ù § ¤ ç÷ ¤«ï ÷¤¥ «ì­®ù ­¥áâ¨á«¨¢®ù à÷¤¨­¨ ¯à®¢¥¤¥­®  ­ «÷§ § ª®­®¬÷à­®áâ¥© àãåã ¢¨å®à÷¢ ã ª ­ « åà÷§­®ù ª®­ä÷£ãà æ÷ù, §®ªà¥¬ , ¢ ª ­ «÷ § à÷§ª¨¬ à®§è¨à¥­­ï¬ ÷ ¢ ®¡« áâ÷ à®§£ «ã¤¦¥­­ï ª ­ «÷¢. �®ª § ­®, é® ¢ àï¤÷¢¨¯ ¤ª÷¢ ã ª ­ « å ÷á­ãîâì â®çª¨, ¢ ïª¨å ¢¨å®à ¯¥¢­®ù æ¨àªã«ïæ÷ù §­ å®¤¨âìáï ¢ à÷¢­®¢ §÷ ¤® â¥ç÷ù, â®¡â® õ "áâ®ï-ç¨¬". �® å à ªâ¥à­¨å ¢« áâ¨¢®áâ¥© áâ÷©ª¨å áâ®ïç¨å ¢¨å®à÷¢ ­ «¥¦¨âì ­ ï¢­÷áâì ã ­¨å ¢« á­¨å ç áâ®â. �à®¢¥¤¥­÷à®§à åã­ª¨ ¯®ª §ãîâì, é® áâ®ïç÷ ¢¨å®à¨ ¢¨¡÷àª®¢® à¥ £ãîâì ­  ¯¥à÷®¤¨ç­÷ §¡ãà¥­­ï. �¯®áâ¥à÷£ õâìáï à¥§®­ ­á ¯à¨­ ¡«¨¦¥­­÷ ç áâ®â¨ §¡ãà¥­ì ¤® ¢« á­®ù ç áâ®â¨ áâ®ïç®£® ¢¨å®à . �®¡ã¤®¢ ­® ª®¬¡÷­®¢ ­¨© « £à ­¦¥¢®-¥©«¥à®¢¨©ç¨á¥«ì­¨©  «£®à¨â¬ ¤«ï ¬®¤¥«î¢ ­­ï ¢¨åà®¢¨å â¥ç÷© ¢'ï§ª®ù à÷¤¨­¨ ¢ ª ­ « å. �÷­ ¢¨ª®à¨áâ®¢ãõ ¢¨åà®¢¨© ¬¥â®¤,é®¡ ®¯¨á â¨ ª®­¢¥ªâ¨¢­¨© ¯¥à¥­®á § ¢¨åà¥­®áâ÷, â  ª÷­æ¥¢®-à÷§­¨æ¥¢ã áå¥¬ã ­   ¤ ¯â¨¢­¨å á÷âª å ¤«ï à÷¢­ï­­ï¤¨äã§÷ù. �à®¢¥¤¥­® à®§à åã­ª¨ ¥¢®«îæ÷ù ¢'ï§ª®£® ¢¨å®à  ã ª ­ «÷ § ¯«®áª¨¬¨ áâ÷­ª ¬¨,   â ª®¦ ¢¨åà®¢®ù áâàãªâãà¨â¥ç÷ù §  ãáâã¯®¬ ¢ ª ­ «÷ ÷ ¢ ®¡« áâ÷ à®§£ «ã¤¦¥­­ï ª ­ «÷¢ ¯à¨ ¯®¬÷à­¨å ç¨á« å �¥©­®«ì¤á . �®ª § ­® ¯à¨­æ¨¯®¢ã¬®¦«¨¢÷áâì ¢¨ª®à¨áâ ­­ï ÷­â¥àæ¥¯â®à÷¢ ¤«ï ®¯â¨¬÷§ æ÷ù áâàãªâãà¨ â¥ç÷ù ¢ §®­÷ à®§£ «ã¤¦¥­­ï ª ­ «÷¢.� à ¬ª å ¯«®áª®© § ¤ ç¨ ¤«ï ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¯à®¢¥¤¥­  ­ «¨§ § ª®­®¬¥à­®áâ¥© ¤¢¨¦¥­¨ï ¢¨åà¥©¢ ª ­ « å à §«¨ç­®© ª®­ä¨£ãà æ¨¨, ¢ ç áâ­®áâ¨, ¢ ª ­ «¥ á à¥§ª¨¬ à áè¨à¥­¨¥¬ ¨ ¢ ®¡« áâ¨ à §¢¥â¢«¥­¨ï ª ­ «®¢.�®ª § ­®, çâ® ¢ àï¤¥ á«ãç ¥¢ ¢ ª ­ «¥ áãé¥áâ¢ãîâ â®çª¨, ¢ ª®â®àëå ¢¨åàì ®¯à¥¤¥«¥­­®© æ¨àªã«ïæ¨¨ ­ å®¤¨âáï¢ à ¢­®¢¥á¨¨, â® ¥áâì ï¢«ï¥âáï "áâ®ïç¨¬". � å à ªâ¥à­ë¬ ®á®¡¥­­®áâï¬ ãáâ®©ç¨¢ëå áâ®ïç¨å ¢¨åà¥© ®â­®á¨âáï­ «¨ç¨¥ ã ­¨å á®¡áâ¢¥­­ëå ç áâ®â. �à®¢¥¤¥­­ë¥ à áç¥âë ¯®ª §ë¢ îâ, çâ® áâ®ïç¨¥ ¢¨åà¨ ¨§¡¨à â¥«ì­® à¥ £¨àã-îâ ­  ¯¥à¨®¤¨ç¥áª¨¥ ¢®§¬ãé¥­¨ï. � ¡«î¤ ¥âáï à¥§®­ ­á ¯à¨ ¯à¨¡«¨¦¥­¨¨ ç áâ®âë ¢®§¬ãé¥­¨© ª á®¡áâ¢¥­­®©ç áâ®â¥ áâ®ïç¥£® ¢¨åàï. �®áâà®¥­ ª®¬¡¨­¨à®¢ ­­ë© « £à ­¦¥¢®-í©«¥à®¢ë© ç¨á«¥­­ë©  «£®à¨â¬ ¤«ï ¬®¤¥«¨à®¢ -­¨ï ¢¨åà¥¢ëå â¥ç¥­¨© ¢ï§ª®© ¦¨¤ª®áâ¨ ¢ ª ­ « å. �­ ¨á¯®«ì§ã¥â ¢¨åà¥¢®© ¬¥â®¤, çâ®¡ë ®¯¨á âì ª®­¢¥ªâ¨¢­ë©¯¥à¥­®á § ¢¨åà¥­­®áâ¨, ¨ ª®­¥ç­®-à §­®áâ­ãî áå¥¬ã ­   ¤ ¯â¨¢­ëå á¥âª å ¤«ï ãà ¢­¥­¨ï ¤¨ääã§¨¨. �ë¯®«­¥­ëà áç¥âë í¢®«îæ¨¨ ¢ï§ª®£® ¢¨åàï ¢ ª ­ «¥ á ¯«®áª¨¬¨ áâ¥­ª ¬¨,   â ª¦¥ ¢¨åà¥¢®© áâàãªâãàë â¥ç¥­¨ï §  ãáâã¯®¬¢ ª ­ «¥ ¨ ¢ ®¡« áâ¨ à §¢¥â¢«¥­¨ï ª ­ «®¢ ¯à¨ ã¬¥à¥­­ëå ç¨á« å �¥©­®«ì¤á . �®ª § ­  ¯à¨­æ¨¯¨ «ì­ ï ¢®§¬®¦-­®áâì ¨á¯®«ì§®¢ ­¨ï ¨­â¥àæ¥¯â®à®¢ ¤«ï ®¯â¨¬¨§ æ¨¨ áâàãªâãàë â¥ç¥­¨ï ¢ ®¡« áâ¨ à §¢¥â¢«¥­¨ï ª ­ «®¢.A motion of two-dimensional inviscid vortices in channels of various con�gurations is studied. In particular, channels withabrupt broadening and with a junction are considered. The conditions under which one vortex in such a channel is inequilibrium in respect to the 
ow are derived. The vortex in the equilibrium is characterized by the eigenfrequency dueto that it responds selectively on periodic perturbations of the channel 
ow. A coupled Lagrangian-Eulerian numericalscheme for modeling vortical 
ows of viscouse 
uid in the channels is developed. The scheme uses the Lagrangian vortexmethod to simulate the convection of the vorticity and an Eulerian �nite di�erence implementation on an adaptive meshfor the equation of di�usion. The scheme is applied to simulation of interactions of the viscous vortex with channel wallsand to describing the 
ow pattern in the channels of complex con�guration. The special technique for a 
ow control inthe channel with a junction is analysed. It uses the interceptors mounted before the junction. The 
ow patterns andoptimal parameters of the control elements are derived.������¬¥­è¥­­ï £÷¤à®¤¨­ ¬÷ç­®£® ®¯®àã ª ­ «÷¢ (ç¨£÷¤à ¢«÷ç­¨å ¢âà â ­ ¯®àã) õ ®¤­÷õî § áª« ¤­¨å¯à®¡«¥¬ â¥å­÷ª¨. øù ¢¨à÷è¥­­ï ¢ ¦«¨¢¥ ¤«ï §¡÷«ì-è¥­­ï ¯à®¯ãáª­®ù á¯à®¬®¦­®áâ÷ âàã¡®¯à®¢®¤÷¢ ÷ª ­ «÷¢, §¬¥­è¥­­ï ¥­¥à£¥â¨ç­¨å ¢¨âà â, ¯®«÷¯-è¥­­ï ÷­è¨å ¥ªá¯«ã â æ÷©­¨å å à ªâ¥à¨áâ¨ª ¢÷¤-¯®¢÷¤­¨å ¯à¨áâà®ù¢. �÷«ìè÷áâì à®¡÷â, ¯à¨á¢ïç¥-­¨å ¢¨¢ç¥­­î £÷¤à®¤¨­ ¬÷ç­¨å ¯®«÷¢ ã ª ­ « å,õ ¥ªá¯¥à¨¬¥­â «ì­¨¬¨ [1]. �  áì®£®¤­÷ ¤®ª« ¤­®®¯¨á ­÷ ¯à®æ¥á¨ ¢âà â¨ áâ÷©ª®áâ÷ « ¬÷­ à­®ù â¥ç÷ù¢ ª ­ «÷ § ¯«®áª¨¬¨ áâ÷­ª ¬¨, à®§¢¨â®ª âãà¡ã-«¥­â­¨å §¡ãà¥­ì â  çãâ«¨¢÷áâì ¯®â®ªã ¤® §¡ãà¥­ìà÷§­¨å ¬ áèâ ¡÷¢. �  ®á­®¢÷ ®âà¨¬ ­¨å à¥§ã«ì-â â÷¢ à®§¢¨¢ îâìáï ¯÷¤å®¤¨ ¤® ã¯à ¢«÷­­ï ¯®â®-ª ¬¨ ¢ ª ­ « å, §®ªà¥¬ , ¤® à®§¢'ï§ ­­ï § ¤ ç÷§¬¥­è¥­­ï £÷¤à ¢«÷ç­®£® ®¯®àã.
�®á«÷¤¦¥­­ï ¯®ª §ãîâì, é® £÷¤à®¤¨­ ¬iç­¨©®¯÷à ¯®¢'ï§ ­¨© § ­¥§¢®à®â­÷¬¨ ¢âà â ¬¨ ¥­¥à£÷ù¢­ á«÷¤®ª ä®à¬ã¢ ­­ï ¢¨åà®¢¨å áâàãªâãà ã ¯®â®-ª å, ùå­ì®î ­¥áâ÷©ª÷áâî â  å ®â¨ç­¨¬ àãå®¬. �¡ £ âì®å ÷­¦¥­¥à­¨å § ¤ ç å ä®à¬ã¢ ­­ï áª« ¤-­®ù ¢¨åà®¢®ù áâàãªâãà¨ â¥ç÷ù â  ùù âãà¡ã«÷§ æ÷ï,ïª ¯à ¢¨«®, ¯®¢'ï§ ­÷ § ­¥à÷¢­®áâï¬¨ áâ÷­®ª ª -­ «ã (ãáâã¯ ¬¨, ¢¨áâã¯ ¬¨, § £«¨¡«¥­ï¬¨ ÷ â.¯.).�¥à÷¢­®áâ÷ £¥­¥àãîâì æ¨àªã«ïæ÷©­÷ ¢÷¤à¨¢­÷ §®-­¨, ¥¢®«îæ÷ï ïª¨å ¯à¨§¢®¤¨âì ¤® ãâ¢®à¥­­ï ¢¥-«¨ª®¬ áèâ ¡­¨å ¢¨å®à÷¢. �¨¢ç¥­­ï ¤¨­ ¬÷ª¨ â -ª¨å ¢¨å®à÷¢, ¯à®æ¥á÷¢ ùå ¢§ õ¬®¤÷ù ¬÷¦ á®¡®î â áâ÷­ª ¬¨ ª ­ «÷¢, çãâ«¨¢®áâ÷ ¢¨å®à÷¢ ¤® §®¢­÷è­÷å§¡ãà¥­ì õ ¯à¥¤¬¥â®¬ ¤ ­®£® ¤®á«÷¤¦¥­­ï. � ª¨© ­ «÷§ ¤®§¢®«ïõ, § ®¤­®£® ¡®ªã, §'ïáã¢ â¨ ¬®¦«¨-¢®áâ÷ ¯÷¤¢¨é¥­­ï ¥ä¥ªâ¨¢­®áâ÷ ¢¦¥ ¢÷¤®¬¨å áå¥¬§­¨¦¥­­ï ®¯®àã,   § ÷­è®£®, ¯®ª §ãõ è«ïå¨ ¯®¡ã-¤®¢¨ ­®¢¨å áå¥¬ ã¯à ¢«÷­­ï ¯®â®ª ¬¨ ¢ ª ­ « å.� £ «ì­÷ £÷¤à ¢«÷ç­÷ ¢âà â¨ â¥ç÷© ¢ á¨áâ¥¬ å ª -c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 3 { 18­ «÷¢ áª« ¤ îâìáï § ¤¢®å ç áâ¨­, ¯¥àè  § ïª¨å¯®¢'ï§ ­  § ®¯®à®¬ â¥àâï ­  ¯«®áª¨å ¤÷«ï­ª å ª -­ «ã,   ¤àã£  (â ª §¢ ­÷ ¬÷áæ¥¢÷ ç¨ «®ª «ì­÷ ¢âà -â¨) - § ¢¨åà®ãâ¢®à¥­­ï¬ ¢ ®ª®«÷ «®ª «ì­¨å ®á®-¡«¨¢®áâ¥© ª ­ «ã, ­ ¯à¨ª« ¤, ¢ §¢ã¦¥­­ïå, à®§-è¨à¥­­ïå, à®§£ «ã¤¦¥­­ïå ª ­ «÷¢, ­  ¯®¢®à®â å÷ â. ¯. �÷¤¯®¢÷¤­÷ ª®¥ä÷æ÷õ­â¨ «®ª «ì­¨å £÷¤à ¢«÷ç-­¨å ¢âà â, ïª ¯à ¢¨«®, ­ ¡ £ â® ¯¥à¥¢¨éãîâì ª®-¥ä÷æ÷õ­â¨ ¢âà â ­  ÷­è¨å ¤÷«ï­ª å [2]. �¨â®¬  ¢ -£  ¢'ï§ª®ù ÷ «®ª «ì­®ù áª« ¤®¢®ù £÷¤à ¢«÷ç­¨å ¢âà â÷áâ®â­® § «¥¦¨âì ¢÷¤ ª®­ªà¥â­®ù ª®­áâàãªæ÷ù âàã-¡®¯à®¢®¤ã ç¨ ª ­ «ã. � ¢¨¯ ¤ªã, ª®«¨ ¯¥à¥¢ ¦ -îâì ¯àï¬®«÷­÷©­÷ ¤÷«ï­ª¨ ª ­ «ã, ¤®áï£â¨ §¬¥­-è¥­­ï £÷¤à®¤¨­ ¬÷ç­¨å ¢âà â ¬®¦­  §­¨¦¥­­ï¬è®àáâª®áâ÷ ¯®¢¥àå­÷, §¬¥­è¥­­ï¬ ¢'ï§ª®áâ÷ à÷¤¨-­¨ ¢ ¯à¨áâ÷­­¨å ®¡« áâïå (­ ¯à¨ª« ¤, è«ïå®¬ ÷­-¦¥ªæ÷ù ¬÷ªà®¡ã«ì¡ è®ª, ¯®«÷¬¥à­¨å ¤®¬÷è®ª  ¡®à÷¤¨­¨ § ­¨§ìª®î ¢'ï§ª÷áâî), âà ­áä®à¬ æ÷õî ¬ á-èâ ¡÷¢ ª®£¥à¥­â­¨å ¢¨åà®¢¨å áâàãªâãà, é® ä®à-¬ãîâìáï ¢ â¥ç÷ïå ¯à¨ ¢¨á®ª¨å ç¨á« å �¥©­®«ì¤á (­ ¯à¨ª« ¤, è«ïå®¬ ãáâ ­®¢ª¨ á¯àï¬«ïîç¨å £à -â®ª, å®­¥©ª®¬¡÷¢, ¤÷õî ­  ¯®â÷ª ¬ £­÷â­¨å, ¥«¥ª-âà¨ç­¨å â   ªãáâ¨ç­¨å ¯®«÷¢),   â ª®¦ §­¨¦¥­-­ï¬ à÷¢­ï ¢¨¯ ¤ª®¢¨å §¡ãà¥­ì ã ¯®â®æ÷. �®ª «ì­÷£÷¤à ¢«÷ç­÷ ¢âà â¨ ¬®¦­  ÷áâ®â­® §¬¥­è¨â¨ è«ï-å®¬ ®¯â¨¬÷§ æ÷ù £¥®¬¥âà¨ç­¨å á¯÷¢¢÷¤­®è¥­ì â ä®à¬¨ ª ­ «ã [3 { 5]. ö­ª®«¨ ¤«ï ã¯à ¢«÷­­ï â¥ç÷õî¢¨ª®à¨áâ®¢ãîâìáï ÷  ªâ¨¢­÷ (â®¡â® § ¤®¤ âª®¢¨¬¯÷¤¢¥¤¥­­ï¬ ¥­¥à£÷ù)  ¤ ¯â¨¢­÷ á¨áâ¥¬¨ § ¢÷¤¡®à®¬ ¡® ÷­¦¥ªæ÷õî à÷¤¨­¨, ¯÷¤¢¥¤¥­­ï¬ ÷¬¯ã«ìáã  ¡®¢÷¡à æ÷õî ¥«¥¬¥­â÷¢ ¯®¢¥àå­÷.�«ï ¯®¡ã¤®¢¨ ­®¢¨å áå¥¬ ã¯à ¢«÷­­ï ¯®â®ª -¬¨ ¢ ª ­ « å ¢ ¦«¨¢® ¢¨§­ ç¨â¨ § ª®­®¬÷à­®áâ÷ãâ¢®à¥­­ï â  àãåã ªàã¯­®¬ áèâ ¡­¨å ¢¨å®à÷¢. �¯à ªâ¨ç­¨å § áâ®áã¢ ­­ïå ¤®æ÷«ì­¨¬¨ ¬®¦ãâì ¡ã-â¨ ïª áå¥¬¨ § ¬÷­÷¬ «ì­®î ­¥®¤­®à÷¤­÷áâî § ¢¨-åà¥­®áâ÷ ¢ ¯®â®æ÷, â ª ÷ áå¥¬¨ § £¥­¥à æ÷õî ®¤¨­®ç-­¨å  ¡® ¯¥à÷®¤¨ç­¨å ¢¨åà®¢¨å §£ãáâª÷¢. �® ®áâ ­-­÷å ¬®¦­  ¢÷¤­¥áâ¨ ¯®â®ª¨, é® ä®à¬ãîâìáï ¢ â¥-¯«®®¡¬÷­­¨ª å, ­ ¯à¨ª« ¤, ���-ãáâ ­®¢ª å ¤«ï®¡à®¡ª¨ â  «¨ââï  «î¬÷­÷õ¢¨å á¯« ¢÷¢ [6]. �¦¥à¥-«®¬ § ¢¨åà¥­®áâ÷ ¢ æì®¬ã ¢¨¯ ¤ªã õ ¬ á®¢  ¥«¥ª-âà®¬ £­÷â­  á¨« . �àã¯­®¢¨åà®¢  áâàãªâãà  ¯®-â®ªã ¢ ¬¥â «®¯à®¢®¤÷ ¤®§¢®«ïõ ¥ä¥ªâ¨¢­® ®à£ ­÷-§ã¢ â¨ â¥¯«®-¬ á®®¡¬÷­­÷ ¯à®æ¥á¨ ¢ à÷¤ª®¬ã à®§-¯« ¢÷. ö­â¥­á¨ä÷ª æ÷ï ª®­¢¥ªâ¨¢­¨å àãå÷¢ à÷¤¨­¨,§ã¬®¢«¥­  àãå ¬¨ ªàã¯­¨å ¢¨åà®ãâ¢®à¥­ì, ¬®¦¥¡ãâ¨ ­ ¤§¢¨ç ©­® ª®à¨á­®î ã â¥å­®«®£÷ç­¨å á¨-áâ¥¬ å, ïª÷ ¯®¢'ï§ ­÷ § ¯¥à¥¬÷èã¢ ­­ï¬ à÷¤¨­, ãâ¥¯«®®¡¬÷­­¨å ¯à¨áâà®ïå â  ¢ å÷¬÷ç­¨å â¥å­®«®-£÷ïå.�¥®à¥â¨ç­÷ ¬®¤¥«÷, é® ®¯¨áãîâì à®§¢¨â®ª â¥ç÷©¢ ª ­ « å, ¯¥à¥¢ ¦­® õ ¤¢®¢¨¬÷à­¨¬¨. � ª¨© ¯÷¤-å÷¤, ­¥§¢ ¦ îç¨ ­  á¯à®é¥­÷áâì, ¤®§¢®«ïõ ¤®á«÷¤¨-

â¨ ®á­®¢­÷ § ª®­®¬÷à­®áâ÷, ïª÷ å à ªâ¥à¨§ãîâì¯à®æ¥á¨ ãâ¢®à¥­­ï ÷ ¯®¤ «ìè®ù ¥¢®«îæ÷ù æ¨àªã-«ïæ÷©­¨å §®­, ¤¨­ ¬÷ª¨ ¢¨å®à÷¢, ¢¨­¨ª­¥­­ï  ¢â®-ª®«¨¢ ­ì ã ¯®â®ª å â  ÷­. �®§¢¨â®ª ¬®¤¥«¥© ¤ ­®-£® â¨¯ã §ã¬®¢«¥­® è¨à®ª¨¬ á¯¥ªâà®¬ ¯à ªâ¨ç­¨å§ áâ®áã¢ ­ì ®¤¥à¦ ­¨å à¥§ã«ìâ â÷¢.� ©¯à®áâ÷è®î § ¬®¤¥«¥©, ïª÷ ®¯¨áãîâì àãå ¢¨-åà®¢¨å áâàãªâãà, õ ¬®¤¥«ì â®çª®¢¨å ¢¨å®à÷¢ ¢ ÷¤¥- «ì­÷© ­¥áâ¨á«¨¢÷© à÷¤¨­÷ [7 { 9]. �¤­ ª §  ¤®-¯®¬®£®î æ÷õù ¬®¤¥«÷ ¬®¦­  §'ïáã¢ â¨ «¨è¥ ¯¥¢­÷§ £ «ì­÷ ¤¨­ ¬÷ç­÷ ¢« áâ¨¢®áâ÷ ¢¨å®à÷¢ ã ª ­ « å,§®ªà¥¬ , à®§â èã¢ ­­ï â  â¨¯ ªà¨â¨ç­¨å â®ç®ª(áâ æ÷®­ à­¨å ¢¨å®à÷¢),   ¯à¨ ­ ï¢­®áâ÷ ¥«÷¯â¨ç-­¨å â®ç®ª { à®§à åã¢ â¨ â ª®¦ ¢« á­÷ ç áâ®â¨áâ®ïç¨å ¢¨å®à÷¢ [7]. �ª« ¤­÷è¨¬¨ õ ¬®¤¥«÷ ä®à¬ã-¢ ­­ï ¢¨åà®¢¨å ¯¥«¥­ ã £®áâà¨å ªãâ å £à ­¨æ÷, é®£àã­âãîâìáï ­  § áâ®áã¢ ­­÷ ¬¥â®¤ã ¤¨áªà¥â­¨å¢¨å®à÷¢ [10, 11]. �®¤¥«÷ â ª®£® â¨¯ã ¤®¡à¥ ®¯¨áã-îâì ¯à®æ¥á¨ ãâ¢®à¥­­ï ¢÷¤à¨¢­¨å æ¨àªã«ïæ÷©­¨å§®­ â  ùå ¯ã«ìá æ÷ù, ®¤­ ª ¢®­¨ ­¥á¯à®¬®¦­÷ ¯®á«÷-¤®¢­® §¬®¤¥«î¢ â¨ ¢¯«¨¢ ¢'ï§ª¨å ¥ä¥ªâ÷¢. � ©-¡÷«ìè ¯®¢­® « ¬÷­ à­÷ â¥ç÷ù ¢ ª ­ « å ®¯¨áãîâìç¨á¥«ì­÷ ¬®¤¥«÷, é® ¡ã¤ãîâìáï ­  ¡¥§¯®á¥à¥¤­ì®-¬ã ¢¨ª®à¨áâ ­­÷ à÷¢­ï­ì � ¢'õ-�â®ªá  [12, 13]. �®ùå ¯¥à¥¢ £ á«÷¤ ¢÷¤­¥áâ¨ ¬®¦«¨¢®áâ÷  ­ «÷§ã ¢'ï§ª®ù¢§ õ¬®¤÷ù ¢¨å®à÷¢ §÷ áâ÷­ª ¬¨ ª ­ «÷¢, ïª  ¯à¨§¢®-¤¨âì ¤® ä®à¬ã¢ ­­ï ¢â®à¨­­¨å ¢¨å®à÷¢. �«ï ®¯¨-á ­­ï âãà¡ã«¥­â­¨å ¯®â®ª÷¢ â ª÷ ¬®¤¥«÷ ¯®¢¨­­÷¤®¯®¢­î¢ â¨áì ¤®¤ âª®¢¨¬¨  ¯à®ªá¨¬ æ÷ï¬¨ ¤«ïâãà¡ã«¥­â­®ù ¢'ï§ª®áâ÷ [10, 13, 14].� ¤ ­÷© à®¡®â÷ ¤«ï ¢¨¢ç¥­­ï â¥ç÷© ¢ ª ­ « åà÷§­®ù ª®­ä÷£ãà æ÷ù ¡ã¤ãâì ¢¨ª®à¨áâ®¢ã¢ â¨áì ç¨-á¥«ì­÷  «£®à¨â¬¨, ¯®¡ã¤®¢ ­÷ ÷§ § áâ®áã¢ ­­ï¬ ¬®-¤¥«¥© ­ §¢ ­¨å ¢¨é¥ â¨¯÷¢.1. �����ö�� �������� �����ö�� ��������®¢¥¤÷­ª  ¢¨å®à÷¢ ¢ ®¡¬¥¦¥­÷© ®¡« áâ÷ ¢¨§­ -ç õâìáï, £®«®¢­¨¬ ç¨­®¬, ¢­ãâà÷è­÷¬¨ ¢« áâ¨¢®-áâï¬¨ æ¨å ¢¨å®à÷¢ ïª ¤¨­ ¬÷ç­®ù á¨áâ¥¬¨ [9]. �â÷©-ª÷áâì ¢¨å®à , ®á®¡«¨¢®áâ÷ ©®£® ¢§ õ¬®¤÷ù § ÷­è¨-¬¨ ¢¨å®à ¬¨ ÷ £à ­¨æï¬¨ õ å à ªâ¥à¨áâ¨ª ¬¨, ïª÷­¥ § «¥¦ âì ¢÷¤ â¨¯ã â¥ç÷ù (« ¬÷­ à­  ç¨ âãà¡ã-«¥­â­ )  ¡® ç¨á«  �¥©­®«ì¤á . �®­¨ ¢¨§­ ç îâì-áï ÷­â¥­á¨¢­÷áâî ¢¨å®à , ©®£® à®§â èã¢ ­­ï¬ â ä®à¬®î £à ­¨æ÷. �¥ §ã¬®¢¨«® à®§¢¨â®ª ¬¥â®¤÷¢¤®á«÷¤¦¥­­ï ¢¨åà®¢®ù ¤¨­ ¬÷ª¨, ïª÷ £àã­âãîâìáï­  ¬®¤¥«÷ ÷¤¥ «ì­®ù ­¥áâ¨á«¨¢®ù à÷¤¨­¨. �®­¨ § -¡¥§¯¥çãîâì à®§ã¬÷­­ï § £ «ì­¨å § ª®­®¬÷à­®áâ¥©àãåã ¢¨å®à÷¢ ¢ ®¡¬¥¦¥­¨å ®¡« áâïå, é® ¬®¦¥ ¡ãâ¨¢¨ª®à¨áâ ­® ¤«ï à®§à®¡ª¨  «£®à¨â¬÷¢ ã¯à ¢«÷­­ï[15 { 17].� ¤ ­®¬ã à®§¤÷«÷ ¡ã¤ãâì à®§£«ï­ãâ÷ ®á®¡«¨¢®áâ÷4 �. �. �®à¡ ­ì, ö. �. �®à¡ ­ì
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�¨á. 1. �÷¤¯®¢÷¤­÷áâì â®ç®ª £à ­¨æ÷ ¯à¨ ª®­ä®à¬­®¬ã¢÷¤®¡à ¦¥­­÷ ¢­ãâà÷è­ì®ù ®¡« áâ÷ ª ­ «ã ­ ¯÷¢¯«®é¨­ã¤¨­ ¬÷ç­®ù ¯®¢¥¤÷­ª¨ ®¤¨­®ç­¨å ¢¨å®à÷¢ ÷ ¢¨åà®-¢¨å ¯ à ã ª ­ « å à÷§­®ù ª®­ä÷£ãà æ÷ù. �«ï ¤®-á«÷¤¦¥­­ï ¯®¡ã¤®¢ ­® ç¨á¥«ì­¨©  «£®à¨â¬, é®£àã­âãõâìáï ­  á¯÷«ì­®¬ã ¢¨ª®à¨áâ ­­÷ ¬®¤¥«÷â®çª®¢¨å ¢¨å®à÷¢ ÷ ¬¥â®¤÷¢ â¥®à÷ù ª®­ä®à¬­¨å¢÷¤®¡à ¦¥­ì.1.1. � ­ « § ¯«®áª¨¬¨ áâ÷­ª ¬¨�®§£«ï­¥¬® á¯®ç âªã àãå ®¤­®£® â®çª®¢®£® ¢¨å®-à  ¢ ª ­ «÷ § ¯«®áª¨¬¨ áâ÷­ª ¬¨. �®¬¯«¥ªá­¨© ¯®-â¥­æ÷ « â¥ç÷ù �(z) = ' + i ¡ã¤ãõâìáï § ¢¨ª®à¨-áâ ­­ï¬ ª®­ä®à¬­®£® ¢÷¤®¡à ¦¥­­ï ®¡« áâ÷ â¥ç÷ù¢ ä÷§¨ç­÷© ¯«®é¨­÷ z = x+ iy ­  ¢¥àå­î ¯÷¢¯«®é¨-­ã ¢ ¤®¯®¬÷¦­÷© ª®¬¯«¥ªá­÷© ¯«®é¨­÷ � = � + i�,ïª¥ à¥ «÷§ãõâìáï äã­ªæ÷õî� = exp(�z=h); (1)¤¥ h { è¨à¨­  ª ­ «ã. �÷¤¯®¢÷¤­÷áâì â®ç®ª £à ­¨æ÷¯à¨ ª®­ä®à¬­®¬ã ¢÷¤®¡à ¦¥­­÷ ¯®ª § ­® ­  à¨á.1. �¬®¢¨ ­¥¯à®â÷ª ­­ï ­  áâ÷­ª å ª ­ «ã § ¤®¢÷«ì-­ïîâìáï §  ¤®¯®¬®£®î ¯à¨­æ¨¯ã ¤§¥àª «ì­¨å¢÷¤®¡à ¦¥­ì. � ª¨¬ ç¨­®¬, ¬ õ¬® ­ áâã¯­¨© ¢¨-à § ¤«ï ª®¬¯«¥ªá­®£® ¯®â¥­æ÷ «ã â¥ç÷ù:�(�) = �0(�) + �2�i ln � � �v� � �v : (2)�ãâ � { æ¨àªã«ïæ÷ï ¢¨å®à ; �v = � + i� { ¯®-«®¦¥­­ï ¢¨å®à  ¢ ¤®¯®¬÷¦­÷© ¯«®é¨­÷ �; �0(�) {¯®â¥­æ÷ « ¡¥§¢¨åà®¢®ù â¥ç÷ù.ö§ ¢¨à §ã (2) § ãà åã¢ ­­ï¬ ¯®¯à ¢ª¨ � ãá  [11,

18] ®¤¥à¦ãõ¬® à÷¢­ï­­ï ¤¨­ ¬÷ª¨ ¢¨å®à :dxvdt � idyvdt = V vx � iV vy == �d�0d� + �4��v �d�dz ����=�v+ �4�i�d2�dz2.d�dz�����=�v :(3)� ¢¨¯ ¤ªã, ª®«¨ ¯®â¥­æ÷©­  â¥ç÷ï ¢ ª ­ «÷ õ ¯àï-¬®«÷­÷©­®î §÷ è¢¨¤ª÷áâî U1, á¨áâ¥¬  à÷¢­ï­ì (3)¬ õ  ­ «÷â¨ç­¨© à®§¢'ï§®ª, ïª¨© ¡ã¤ãõâìáï § ¢¨ª®-à¨áâ ­­ï¬ äã­ªæ÷ù (1):V vx = U1 + �4 ctg�yvh ; V vy = 0: (4)ö§ à®§¢'ï§ªã (4) ¢¨¯«¨¢ õ, é® ¯à¨ ¢÷¤¯®¢÷¤­¨å á¯÷¢-¢÷¤­®è¥­­ïå è¢¨¤ª®áâ÷ â¥ç÷ù, æ¨àªã«ïæ÷ù ¢¨å®à  ÷©®£® ¯®«®¦¥­­ï ¢ ª ­ «÷ (ª®®à¤¨­ â¨ yv) ÷á­ãîâì®á®¡«¨¢÷ â®çª¨, ¢ ïª¨å ¢¨å®à õ ­¥àãå®¬¨¬ (áâ®ï-ç¨¬), â®¡â® ¢¨ª®­ãõâìáï V vx = 0, V vy = 0. � ¯à¨-ª« ¤, ã à §÷ ¢÷¤áãâ­®áâ÷ ¯àï¬®«÷­÷©­®ù â¥ç÷ù â ª÷¢¨å®à¨ à®§â è®¢ãîâìáï ­  ¯®§¤®¢¦­÷© ®á÷ ª ­ «ã.�®ï¢  ¯®â¥­æ÷©­®ù â¥ç÷ù ¢¨ª«¨ª õ §¬÷é¥­­ï «÷­÷ùà®§â èã¢ ­­ï áâ®ïç¨å ¢¨å®à÷¢ ¤® ®¤­÷õù §÷ áâ÷­®ªª ­ «ã, ¤® ïª®ù á ¬¥ { § «¥¦¨âì ¢÷¤ ­ ¯àï¬ªã â¥ç÷ù.�­ «÷§ ïª®¡÷ ­  ¤¨­ ¬÷ç­®ù á¨áâ¥¬¨ (3) á¢÷¤ç¨âì¯à® ­¥áâ÷©ª÷áâì àãå÷¢ áâ®ïç¨å ¢¨å®à÷¢ ¢ ®ª®«÷ ªà¨-â¨ç­¨å â®ç®ª. �à¨ ­ ï¢­®áâ÷ ã ¯®â®æ÷ ¬ «¨å §¡ã-à¥­ì, ­ ¯à¨ª« ¤, ¯à¨ ­¥§­ ç­¨å ¢÷¤å¨«¥­­ïå ¢¨å®-à  ¢÷¤ áâ æ÷®­ à­®£® ¯®«®¦¥­­ï ¯® ª®®à¤¨­ â÷ y,¢÷­ ¡ã¤¥ àãå â¨áì ¢§¤®¢¦ ®¤­÷õù §÷ áâ÷­®ª ª ­ «ã.� ¯àï¬®ª àãåã § «¥¦¨âì ¢÷¤ â®£®, ¤® ïª®ù áâ÷­ª¨¢¨å®à à®§â è®¢ ­¨© ¡«¨¦ç¥,   â ª®¦ ¢÷¤ á¯÷¢¢÷¤-­®è¥­­ï è¢¨¤ª®áâ÷ ¯®â¥­æ÷©­®ù â¥ç÷ù U1 â  æ¨à-ªã«ïæ÷ù ¢¨å®à  �. �à¨ç®¬ã, § ­ ¡«¨¦¥­­ï¬ ¢¨å®à ¤® áâ÷­®ª ª ­ «ã ©®£® è¢¨¤ª÷áâì §à®áâ õ.�®§£«ï­¥¬® àãå ¢¨åà®¢®ù ¯ à¨, ïª  áª« ¤ õâì-áï § ¤¢®å á¨¬¥âà¨ç­¨å ¢÷¤­®á­® ¯®§¤®¢¦­ì®ù ®á÷ª ­ «ã ¢¨å®à÷¢ § ¯à®â¨«¥¦­¨¬¨ æ¨àªã«ïæ÷ï¬¨. �¢¨¯ ¤ªã ¢÷¤áãâ­®áâ÷ ¢ ª ­ «÷ ¯®â¥­æ÷©­®ù â¥ç÷ù àãåâ ª®ù ¯ à¨ ®¯¨áãõâìáï ­ áâã¯­¨¬¨ á¯÷¢¢÷¤­®è¥­-­ï¬¨: V 1x = ��2 ctg2�yvh ; V 1y = 0;V 2x = �2 ctg2�h� yvh ; V 2y = 0: (5)�å¥¬ â¨ç­® ¯à®ä÷«ì ¯®§¤®¢¦­ì®ù è¢¨¤ª®áâ÷ ¢¨-åà®¢®ù ¯ à¨ ¢ ª ­ «÷ ¯à¥¤áâ ¢«¥­® ­  à¨á. 2. �®¦-­  ¡ ç¨â¨, é® ¯ à  õ ­¥àãå®¬®î, ïªé® ùù ¢¨å®à¨à®§â è®¢ ­÷ ­  ¢÷¤áâ ­÷ h=4 ¢÷¤ áâ÷­®ª. �®¡â® ã ¢¨-¯ ¤ªã à÷¢­®¢ £¨ ¢÷¤áâ ­ì ¬÷¦ ¢¨å®à ¬¨ ¤®à÷¢­îõh=2. �ªé® ¢®­  õ ¡÷«ìè®î, ­÷¦ h=2, ¢¨§­ ç «ì­¨©¢¯«¨¢ ­  àãå ¢¨å®à÷¢ ¬ îâì áâ÷­ª¨ ª ­ «ã. � ª �. �. �®à¡ ­ì, ö. �. �®à¡ ­ì 5
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�¨á. 2. �ãå ¢¨åà®¢®ù ¯ à¨ ¢ ª ­ «÷ § ¯«®áª¨¬¨áâ÷­ª ¬¨á¨áâ¥¬  ¡ã¤¥ àãå â¨áì ã ¢÷¤'õ¬­®¬ã ­ ¯àï¬ªã ®á÷Ox (¬®¤¥«ì àãåã a ­  à¨á. 2). �à¨ ­ ¡«¨¦¥­­÷¢¨å®à÷¢ ®¤¨­ ¤® ®¤­®£® ùå­÷© ¢§ õ¬­¨© ¢¯«¨¢ ¯®-á¨«îõâìáï, é® ¢¨ª«¨ª õ àãå ¢¨åà®¢®ù ¯ à¨ ¢ ¤®-¤ â­ì®¬ã ­ ¯àï¬ªã ®á÷ Ox (¬®¤¥«ì àãåã b ­  à¨á.2). �ª ÷ ¢ ¯®¯¥à¥¤­ì®¬ã ¢¨¯ ¤ªã § ®¤­¨¬ ¢¨å®-à®¬, à÷¢­®¢ £  ¢¨åà®¢®ù ¯ à¨ â ª®¦ õ ­¥áâ÷©ª®î.�­ «®£÷ç­÷ à¥§ã«ìâ â¨ ¡ã«¨ ®âà¨¬ ­÷ à ­÷è¥ ÷­-è¨¬ á¯®á®¡®¬ ã à®¡®â÷ [18].1.2. �®§£ «ã¤¦¥­­ï ª ­ «÷¢�®á«÷¤¦¥­­ï ¯®â®ª÷¢ à÷¤¨­¨ ¢ ®¡« áâ÷ à®§£ «ã-¤¦¥­­ï ª ­ «÷¢ (à¨á. 3) ¬ îâì è¨à®ª¥ ¯à ªâ¨ç-­¥ § áâ®áã¢ ­­ï. � ª÷ áå¥¬¨ ¢¨ª®à¨áâ®¢ãîâìáï ¢£÷¤à®â¥å­÷ç­¨å á¯®àã¤ å, âàã¡®¯à®¢®¤ å â  ¢ ¡ -£ âì®å ÷­è¨å â¥å­÷ç­¨å ¯à¨áâà®ïå. �  ¤¨­ ¬÷ªã¢¨å®à÷¢ ã æ÷© ®¡« áâ÷ áãââõ¢® ¢¯«¨¢ õ ä ªâ®à £à -­¨æ÷. � ¤ ­÷© à®¡®â÷ ¤®á«÷¤¦ãõâìáï ¢¯«¨¢ áâ÷­®ª­  àãå á¨¬¥âà¨ç­®ù ¢¨åà®¢®ù ¯ à¨ ¯à®â¨«¥¦­® ­ -¯à ¢«¥­¨å ¢¨å®à÷¢, é® ä®à¬ãîâìáï ¯® ¡®ª å £®à¨-§®­â «ì­®£® ª ­ «ã. � ª  â¥ç÷ï ä®à¬ãõâìáï, ­ -¯à¨ª« ¤, ¢ ���-ãáâ ­®¢ª å ¤«ï «¨ââï, ¤¥ ¢¨å®-à¨ ãâ¢®àîîâìáï ¢­ á«÷¤®ª ¤÷ù ¬ £­÷â­®£® ¯®«ï [6].�¡« áâ÷ £¥­¥à æ÷ù § ¢¨åà¥­®áâ÷ à®§â è®¢ ­÷ ¢ £®-à¨§®­â «ì­®¬ã ª ­ «÷ ¯à¨¡«¨§­® á¨¬¥âà¨ç­® ¢÷¤-­®á­® ®á÷ ¢¥àâ¨ª «ì­®£® ª ­ «ã. �«ï ¥ä¥ªâ¨¢­®ùà®¡®â¨ ãáâ ­®¢ª¨ ­¥®¡å÷¤­® § ¡¥§¯¥ç¨â¨ àãå æ¨å¢¨åà®¢¨å áâàãªâãà ¯® ¢¥àâ¨ª «ì­®¬ã ª ­ «ã ¢£®-àã.�à¨ à®§£«ï¤÷ ¤¨­ ¬÷ª¨ ¢¨åà®¢®ù ¯ à¨ ¢ ®¡« áâ÷à®§£ «ã¤¦¥­­ï ª ­ «÷¢ ¢¢ ¦ õâìáï, é® ¢ ¯®ç âª®-¢¨© ¬®¬¥­â ç áã ¢¨å®à¨ à®§â è®¢ ­÷ á¨¬¥âà¨ç­®¢÷¤­®á­® ®á÷ Oy (à¨á. 3). �«ï ¤®á«÷¤¦¥­­ï àãåã¢¨å®à÷¢ ­¥®¡å÷¤­® ª®­ä®à¬­® ¢÷¤®¡à §¨â¨ ®¡« áâìâ¥ç÷ù ­  ¯÷¢¯«®é¨­ã. � ¤ ­®¬ã ¢¨¯ ¤ªã §  ¤®¯®¬®-£®î ÷­â¥£à «  �à÷áâ®ä¥«ï-�¢ àæ  ¬®¦­  ®¤¥à¦ -â¨ «¨è¥ ®¡¥à­¥­¥ ¢÷¤®¡à ¦¥­­ï ¢¥àå­ì®ù ¯÷¢¯«®-é¨­¨ ­  ä÷§¨ç­ã ®¡« áâì â¥ç÷ù [19]:

z(�) = 2� �h� arctg �p�2 � �2 ++h� arctgh�h� �p�2 � �2�; (6)¤¥ �2 = 1 + h2�h2� ; h� ÷ 2h� { è¨à¨­¨ £®à¨§®­â «ì-­®£® ÷ ¢¥àâ¨ª «ì­®£® ª ­ «÷¢ ¢÷¤¯®¢÷¤­®.�ªé® ¯®â¥­æ÷©­  â¥ç÷ï ¢ á¨áâ¥¬÷ ª ­ «÷¢ ¢÷¤áãâ-­ï, à÷¢­ï­­ï àãåã ¢¨å®à÷¢ ¬ îâì ­ áâã¯­¨© ¢¨-£«ï¤:dx1dt �idy1dt = � �14��1+ �22�i� 1�1 � �2� 1�1 � ��2��d�dz ����z1++ �14�i�d2�dz2�d�dz�����z1 ; (7)dx2dt �idy2dt = � �24��2+ �12�i� 1�2 � �1� 1�2 � ��1��d�dz ����z2++ �24�i�d2�dz2�d�dz�����z2 : (8)�ãâ d�dz = �2h� 1� �2p�2 � �2 ;d2�dz2 = �24h2� ��1� �2�1 + �2 � 2�2(�2 � � )2 :�¨áâ¥¬  ­¥«÷­÷©­¨å à÷¢­ï­ì (7{8) ÷­â¥£àã¢ « áìç¨á¥«ì­® § ¢¨ª®à¨áâ ­­¨¬ ¬¥â®¤ã �ã­£¥-�ãââ ¤àã£®£® ¯®àï¤ªã. �¢ ¦ îç¨ ­  â¥, é® äã­ªæ÷î� = �(z) ­¥ ¢¤ õâìáï ¯®¡ã¤ã¢ â¨  ­ «÷â¨ç­®, ­¥-®¡å÷¤­÷ §­ ç¥­­ï �; � ¯à¨ ¢÷¤®¬¨å ª®®à¤¨­ â å x; y­  ª®¦­®¬ã ªà®æ÷ ¯® ç áã ¢¨§­ ç «¨áì § á¨áâ¥¬¨âà ­áæ¥­¤¥­â­¨å à÷¢­ï­ì, ïª÷ ¢¨¯«¨¢ îâì § ¢¨à -§ã (6). �«ï ùù à®§¢'ï§ ­­ï ¢¨ª®à¨áâ®¢ã¢ ¢áï ¬¥â®¤�à®©¤¥­ . �  å à ªâ¥à­¨© «÷­÷©­¨© ¯ à ¬¥âà § -¤ ç÷ ¡ã«® ¢¨¡à ­® è¨à¨­ã ¢¥àâ¨ª «ì­®£® ª ­ «ã2h�.�  à¨á. 4 ¯à¥¤áâ ¢«¥­÷ âà õªâ®à÷ù â  ­ ¯àï¬®ªàãåã ¤¢®å ¢¨å®à÷¢ § à÷¢­¨¬¨ §   ¡á®«îâ­®î ¢¥-«¨ç¨­®î æ¨àªã«ïæ÷ï¬¨, ïª÷ ¢ ¯®ç âª®¢¨© ¬®¬¥­âç áã à®§â è®¢ ­÷ á¨¬¥âà¨ç­® ¢÷¤­®á­® ®á÷ ¢¥àâ¨-ª «ì­®£® ª ­ «ã, â®¡â® x1(0) = �x2(0), y1(0) =y2(0), �1 = ��2. �¨à¨­¨ ª ­ «÷¢ ã ¢¨¯ ¤ªã, é®à®§£«ï¤ õâìáï, õ ®¤­ ª®¢¨¬¨, â®¡â®, h� = 0:5,h� = 1. � ¯àï¬®ª ®¡¥àâ ­­ï ¢¨å®à÷¢ ¯®ª § ­¨© ­ à¨á. 3. � §­ ç¨¬®, é® ¤¦¥à¥«®¬ àãåã ¢¨å®à÷¢ âãâõ ¢§ õ¬®¤÷ï ùå ¬÷¦ á®¡®î â  §÷ áâ÷­ª ¬¨ ª ­ «÷¢.6 �. �. �®à¡ ­ì, ö. �. �®à¡ ­ì
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�¨á. 3. �÷¤¯®¢÷¤­÷áâì â®ç®ª £à ­¨æ÷ ¯à¨ ª®­ä®à¬­®¬ã¢÷¤®¡à ¦¥­­÷ ¯÷¢¯«®é¨­¨ ­  ¢­ãâà÷è­î ®¡« áâìà®§£ «ã¤¦¥­­ï ª ­ «÷¢�÷§­÷ ªà¨¢÷ ­  à¨á. 4 ¢÷¤¯®¢÷¤ îâì à÷§­¨¬ §­ ç¥­-­ï¬ ¯®ç âª®¢®ù ¢¥àâ¨ª «ì­®ù ª®®à¤¨­ â¨ ¢¨å®à÷¢.�¥§ã«ìâ â¨ à®§à åã­ª÷¢ á¢÷¤ç âì ¯à® â¥, é® ¯à¨¢¨¡à ­®¬ã ­ ¯àï¬ªã ®¡¥àâ ­­ï ¢£®àã ¬®¦ãâì àã-å â¨áì â÷ ¢¨å®à¨, ïª÷ ¢ ¯®ç âª®¢¨© ¬®¬¥­â à®§â -è®¢ ­÷ ¯®¡«¨§ã ­¨¦­ì®ù áâ÷­ª¨ £®à¨§®­â «ì­®£®ª ­ «ã  ¡® ¯®á¥à¥¤¨­÷ ¢¥àâ¨ª «ì­®£® ª ­ «ã. �¨-å®à¨, é® ¯®¯ ¤ îâì ¢ ®¡« áâì ¡÷«ï áâ÷­®ª ¢¥àâ¨-ª «ì­®£® ª ­ «ã, àãå îâìáï ¢­¨§. � ª¨¬ ç¨­®¬,ïªé® ¢¨å®à¨ £¥­¥àãîâìáï ã £®à¨§®­â «ì­®¬ã ª -­ «÷, ¯®¯ áâ¨ ¤® ¢¥àâ¨ª «ì­®£® ª ­ «ã ¬®¦ãâì «¨-è¥ â÷ § ­¨å, ã ïª¨å ¯®ç âª®¢÷ §­ ç¥­­ï ¡¥§à®§¬÷à-­®ù ¢¥àâ¨ª «ì­®ù ª®®à¤¨­ â¨ ­¥ ¯¥à¥¢¨éãîâì 0:2.�¨å®à¨, §£¥­¥à®¢ ­÷ ¢¨é¥, ¡ã¤ãâì àãå â¨áì «¨è¥ ¢£®à¨§®­â «ì­®¬ã ª ­ «÷. �à®¢¥¤¥­¨©  ­ «÷§ ¯®ª -§ ¢, é® ¢ ®¡« áâ÷ à®§£ «ã¤¦¥­­ï ª ­ «÷¢ ¢¨å®à¨ õ­¥áâ÷©ª¨¬¨. �®¢­÷è­÷ §¡ãà¥­­ï ¯®¬÷â­® §¬÷­îîâìª àâ¨­ã ¬®¦«¨¢¨å âà õªâ®à÷© ¢¨å®à÷¢.�¢ ¦ îç¨ ­  â¥, é® ­  ¯à ªâ¨æ÷ æ¨àªã«ïæ÷ï ¢¨-å®à÷¢ ¬®¦¥ ¢÷¤à÷§­ïâ¨áì, ¤®á«÷¤¦ã¢ ¢áï ¢¯«¨¢ ­¥-§­ ç­¨å ¢÷¤å¨«¥­ì ÷­â¥­á¨¢­®áâ¨ ®¤­®£® ¢¨å®à  ­ àãå ¢¨åà®¢®ù ¯ à¨. �®ç âª®¢÷ ¯®«®¦¥­­ï ¢¨å®à÷¢¢¨¡¨à «¨áì ¢ ®¡« áâ÷, ¤¥ ¢ ¯®¯¥à¥¤­ì®¬ã ¢¨¯ ¤-ªã ¢¨å®à¨ àãå «¨áì ¢£®àã: jx1(0)j = jx2(0)j =1:5, y1(0) = y2(0) = 0:1. �®§à åã­ª¨ ¯®ª § -«¨ áãââõ¢ã § «¥¦­÷áâì à¥§ã«ìâ â÷¢ ¢÷¤ á¯÷¢¢÷¤­®-è¥­­ï æ¨àªã«ïæ÷©. �ªé® j�1j=j�2j < 1:1, ®¡¨¤¢ ¢¨å®à  ¢å®¤ïâì ¤® ¢¥àâ¨ª «ì­®£® ª ­ «ã ÷ "¯à¨-âï£ãîâìáï" ¤® ®¤­÷õù ÷§ áâ÷­®ª. � «÷ âà ¥ªâ®à÷ù

�¨á. 4. �à õªâ®à÷ù ¢¨å®à÷¢ ¢ à®§£ «ã¤¦¥­­÷ ª ­ «÷¢,c¨¬¥âà¨ç­¨© ¢¨¯ ¤®ª: �1 = 1, �2 = �1
�¨á. 5. �ãå "­¥á¨¬¥âà¨ç­¨å" ¢¨å®à÷¢ yà®§£ «ã¤¦¥­­÷ ª ­ «÷¢: �1 = 1, �2 = �1:2¢¨å®à÷¢ à®§å®¤ïâìáï: ®¤¨­ § ­¨å àãå õâìáï ¢£®-àã, ¤àã£¨© { ¢­¨§. �à¨ ¡÷«ìè÷© ­¥á¨¬¥âà÷ù, ª®«¨1:1 < j�1j=j�2j < 1:5, ¢ ¢¥àâ¨ª «ì­¨© ª ­ « ¯®¯ -¤ õ «¨è¥ ®¤¨­ ¢¨å®à,   ¯à¨ j�1j=j�2j > 1:5 ¦®¤¥­§ ¢¨å®à÷¢ ­¥ ¯®¯ ¤ õ ¤® ¢¥àâ¨ª «ì­®£® ª ­ «ã ¯à¨¢¨¡à ­¨å ¯®ç âª®¢¨å §­ ç¥­­ïå ª®®à¤¨­ â. � à¨á. 5 ¯®ª § ­® ¯à¨ª« ¤ âà ¥ªâ®à÷© ¢¨å®à÷¢ ¯à¨j�1j=j�2j = 1:2.�®§£«ï­ãâ÷ ®á®¡«¨¢®áâ÷ àãåã ¢¨åà®¢®ù ¯ à¨ ¢§®­÷ à®§£ «ã¤¦¥­­ï ª ­ «÷¢ á¢÷¤ç âì ¯à® â¥, é®¤¨­ ¬÷ª  ¢¨å®à÷¢ ¢ ®¡¬¥¦¥­÷© ®¡« áâ÷ ÷áâ®â­® § -�. �. �®à¡ ­ì, ö. �. �®à¡ ­ì 7
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�¨á. 6. �÷¤¯®¢÷¤­÷áâì â®ç®ª £à ­¨æ÷ ¯à¨ ª®­ä®à¬­®¬ã¢÷¤®¡à ¦¥­­÷ ¯÷¢¯«®é¨­¨ ­  ¢­ãâà÷è­î ®¡« áâìª ­ «ã § à÷§ª¨¬ à®§è¨à¥­­ï¬«¥¦¨âì ¢÷¤ à®§â èã¢ ­­ï ¢¨å®à÷¢ ¢÷¤­®á­® áâ÷­®ª.�¥§¢ ¦ îç¨ ­  ¯à®áâ®âã, ¤ ­  ¬®¤¥«ì ¤ õ ãï¢«¥­-­ï ¯à® äã­¤ ¬¥­â «ì­÷ § ª®­®¬÷à­®áâ÷ àãåã ¢¨-å®à÷¢ ¢ ®¡« áâ÷ §÷ áª« ¤­¨¬¨ £à ­¨æï¬¨.1.3. � ­ « § à÷§ª®î §¬÷­®î è¨à¨­¨ (à®§è¨à¥­-­ï¬  ¡® §¢ã¦¥­­ï¬)� ¯à ªâ¨ç­¨å § áâ®áã¢ ­­ïå §­ ç­¨© ÷­â¥à¥á ¬ õ ­ «÷§ áâàãªâãà¨ ¯®â®ªã ¢ ®¡« áâ÷ à÷§ª®£® à®§è¨-à¥­­ï ª ­ «ã [2, 4] (à¨á. 6). �¥ç÷ï ¢ â ª÷© ®¡« áâ÷å à ªâ¥à¨§ãõâìáï ÷­â¥­á¨¢­¨¬ ¢¨åà®ãâ¢®à¥­­ï¬,é® ¢¨­¨ª õ ¯®¡«¨§ã áâ÷­®ª ª ­ «ã ¢­ á«÷¤®ª à÷§ª®ù§¬÷­¨ £à ¤÷õ­âã â¨áªã. � ¤ ­®¬ã à®§¤÷«÷ ¡ã¤¥ ¯à®- ­ «÷§®¢ ­  ¤¨­ ¬÷ç­  ¯®¢¥¤÷­ª  ¢¨å®à÷¢, ïª÷ ãâ¢®-àîîâìáï ¢ ®¡« áâ÷ §  ãáâã¯®¬. �¢ ¦ õ¬®, é® ¤ -«¥ª® ¯¥à¥¤ à®§è¨à¥­­ï¬ ¯®â¥­æ÷©­¨© ¯®â÷ª õ ¯àï-¬®«÷­÷©­¨¬ à÷¢­®¬÷à­¨¬. �÷¤à¨¢­ã §®­ã ¢ ¯¥àè®-¬ã ­ ¡«¨¦¥­­÷ ¡ã¤¥¬o ¬®¤¥«î¢ â¨ ®¤­¨¬ â®çª®-¢¨¬ ¢¨å®à®¬. �ã­ªæ÷ï, ïª  à¥ «÷§ãõ ª®­ä®à¬­¥¢÷¤®¡à ¦¥­­ï ¯÷¢¯«®é¨­¨ ­  ¢­ãâà÷è­÷áâì ª ­ «ã§ ãáâã¯®¬ (à¨á. 6), ¬ õ ¢¨£«ï¤:z = H� arch2� � �� 1�� 1 �� H�p� arch(� + 1)� � 2�(� � 1)� ; (9)¤¥ � = �Hh �2.ö§ ä®à¬ã«¨ (9) ¢¨¯«¨¢ õ:dzd� = 2H�(�� 1) 1p�2� � 1 � 2Hp���2(� � 1)p�2�� � 1 ;

�¨á. 7. � «¥¦­÷áâì ª®®à¤¨­ â xv, yv áâ®ïç®£® ¢¨å®à §  ãáâã¯®¬ ¢ ª ­ «÷ ¢÷¤ ¢¨á®â¨ ãáâã¯ �� = 2� � �� 1�� 1 ; ��� = (�+ 1)� � 2�(�� 1)� :�®¬¯«¥ªá­¨© ¯®â¥­æ÷ « ¡¥§¢¨åà®¢®ù â¥ç÷ù �0(�)¡ã¤ãõâìáï § ãà åã¢ ­­ï¬ ¢÷¤¯®¢÷¤­®áâ÷ â®ç®ª ¯à¨ª®­ä®à¬­®¬ã ¢÷¤®¡à ¦¥­­÷. �®¡ ®¤¥à¦ â¨ ¯àï-¬®«÷­÷©­¨© ¯®â÷ª ã ä÷§¨ç­÷© ®¡« áâ÷ ¯à¨ x!�1,¢ â®çæ÷ � = 0 ¤®¯®¬÷¦­®ù ®¡« áâ÷ ­¥®¡å÷¤­® à®§-â èã¢ â¨ ¤¦¥à¥«® ÷­â¥­á¨¢­®áâ÷ U1h=�. � ª¨¬ç¨­®¬, ¬ õ¬® ­ áâã¯­¥ à÷¢­ï­­ï ¤¨­ ¬÷ª¨ ¢¨å®à ¢ ¯®â®æ÷: dxvdt � idyvdt = V vx � iV vy == �U1 � h�� + �4��v�d�dz ����=�v ++ �4�i�d2�dz2.d�dz�����=�v : (10)� à ¬¥âà¨ áâ æ÷®­ à­®£® ¢¨å®à  �0; x0; y0 §­ -å®¤ïâìáï § à÷¢­ï­ì à÷¢­®¢ £¨ ¢¨å®à V vx = 0; V vy = 0 (11)â  § ã¬®¢¨ �ãââ -�ãª®¢áìª®£® ¢ â®çæ÷ B (¤¨¢.à¨á. 6) d�d� d�dz ����B = 0: (12)� £®áâà¨å ªà®¬ª å £à ­¨æ÷ d�=dz = 1, â®¬ã¢¨ª®­ãõâìáï ã¬®¢  d�d� ����B0 = 0:8 �. �. �®à¡ ­ì, ö. �. �®à¡ ­ì
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�¨á. 8. � «¥¦­÷áâì æ¨àªã«ïæ÷ù �0 ÷ ¢« á­®ù ç áâ®â¨ !0áâ®ïç®£® ¢¨å®à  §  ãáâã¯®¬ ã ª ­ «÷ ¢÷¤ ¢¨á®â¨ãáâã¯ �¨á. 9. � àâ¨­  «÷­÷© â¥ç÷ù §  ãáâã¯®¬ ã ª ­ «÷ §®¤­¨¬ áâ®ïç¨¬ ¢¨å®à®¬�¨áâ¥¬  ­¥«÷­÷©­¨å âà ­áæ¥­¤¥­â­¨å à÷¢­ï­ì(11){(12) à®§'ï§ã¢ « áì ç¨á¥«ì­® §  ¤®¯®¬®£®î  «-£®à¨â¬  �à®©¤¥­ . �  å à ªâ¥à­¨© «÷­÷©­¨© ¯ à -¬¥âà § ¤ ç÷ ¢¨¡¨à « áì è¨à¨­  ª ­ «ãH (à¨á. 6).� «¥¦­÷áâì ª®®à¤¨­ â áâ®ïç®£® ¢¨å®à  x0; y0 ¢÷¤¡¥§à®§¬÷à­®ù ¢¨á®â¨ ãáâã¯  ¯à¨¢¥¤¥­® ­  à¨á.7. � àâ¨­  â¥ç÷ù §÷ áâ®ïç¨¬ ¢¨å®à®¬ ã ª ­ «÷, é®à®§è¨àîõâìáï, ¯®ª § ­  ­  à¨á. 9.�®á«÷¤¦¥­­ï áâ÷©ª®áâ÷ áâ®ïç®£® ¢¨å®à  §¢®¤¨âì-áï ¤®  ­ «÷§ã ¢« á­¨å ç¨á¥« ¬ âà¨æ÷8>>><>>>: @V vx@x @V vx@y@V vy@x @V vy@y 9>>>=>>>;¢ áâ æ÷®­ à­÷© â®çæ÷ (x0; y0). �à®¢¥¤¥­¨©  ­ «÷§¯®ª § ¢, é® æ÷ ç¨á«  õ ª®¬¯«¥ªá­®-á¯àï¦¥­¨¬¨ §¤®¤ â­ì®î ¤÷©á­®î ç áâ¨­®î ã è¨à®ª®¬ã ¤÷ ¯ -§®­÷ à®§¬÷à÷¢ ãáâã¯ã, é® à®§£«ï¤ ¢áï. � ª¨¬ ç¨-­®¬, áâ æ÷®­ à­÷ ¯®«®¦¥­­ï ¢¨å®à  ¢ â ª®¬ã ¯®-â®æ÷ õ áâ÷©ª¨¬¨. �ï¢­  ç áâ¨­  ¢« á­®£® ç¨á« å à ªâ¥à¨§ãõ ®¡¥àâ «ì­¨© àãå ¢¨å®à  ¢ ¬ «®¬ã®ª®«÷ áâ æ÷®­ à­®ù â®çª¨. �à¨à®¤­® ¡ã«® ¡ ­ §¢ -â¨ ùù ¢« á­®î ç áâ®â®î ¢¨å®à  [7]. � «¥¦­®áâ÷

æ¨àªã«ïæ÷÷ �0 ÷ ¢« á­®ù ç áâ®â¨ !0 áâ®ïç®£® ¢¨å®-à  ¢÷¤ à®§¬÷àã ãáâã¯ã ¯®ª § ­÷ ­  à¨á. 8.�« á­  ç áâ®â  ¢¨å®à  õ â ª®î ¦ ©®£® ¢ ¦«¨-¢®î å à ªâ¥à¨áâ¨ª®î, ïª ¯®«®¦¥­­ï © ÷­â¥­á¨¢-­÷áâì. �®­  å à ªâ¥à¨§ãõ ¯®¢¥¤÷­ªã ¢¨å®à  ¯à¨­ ï¢­®áâ÷ ¢ ¯®â®æ÷ ¬ «¨å §®¢­÷è­÷å §¡ãà¥­ì. �¥-å ©, ­ ¯à¨ª« ¤, ¯®â¥­æ÷©­  â¥ç÷ï ¢ ª ­ «÷ ¬ õ ¬ -«ã ¯¥à÷®¤¨ç­ã áª« ¤®¢ã:U1 = U�1(1 + "sin
t);¤¥ ", 
 {  ¬¯«÷âã¤  ÷ ç áâ®â  §®¢­÷è­¨å §¡ãà¥­ì¢÷¤¯®¢÷¤­®, "� 1; U�1 = d�0dz .�®§à åã­ª¨ ¯®ª §ãîâì, é® ã §¡ãà¥­®¬ã ¯®â®æ÷áâ®ïç¨© ¢¨å®à ¡ã¤¥ ¢÷¤å¨«ïâ¨áì ¢÷¤ á¢®£® áâ æ÷®-­ à­®£® ¯®«®¦¥­­ï. �¥«¨ç¨­  ¢÷¤å¨«¥­­ï å à ª-â¥à¨§ãõâìáï äã­ªæ÷õîR(t) =rhxv(t) � x0i2 + hyv(t) � y0i2:�¬¯«÷âã¤  ¢÷¤å¨«¥­­ï ¢¨§­ ç õâìáï ­ áâã¯­¨¬ç¨­®¬: Rmax = maxfR(t) ��� t = (0;1)g.�¨á¥«ì­¨©  ­ «÷§ ¯®ª § ¢, é® § «¥¦­÷áâì ¬ ªá¨-¬ «ì­®£® ¢÷¤å¨«¥­­ï ¢¨å®à  ¢÷¤ áâ æ÷®­ à­®ù â®ç-ª¨ Rmax ¢÷¤ ç áâ®â¨ §¡ãà¥­ì 
 ¬ õ à¥§®­ ­á­¨©å à ªâ¥à. �à¨ ­ ¡«¨¦¥­­÷ ç áâ®â¨ ¢¨¬ãè¥­¨åª®«¨¢ ­ì è¢¨¤ª®áâ÷ ¯®â®ªã 
 ¤® ¢« á­®ù ç áâ®â¨¢¨å®à  !0,  ¬¯«÷âã¤  ¯à¥æ¥á÷ù ¢¨å®à , â®¡â® ¬ ª-á¨¬ «ì­¥ ¢÷¤å¨«¥­­ï Rmax, à÷§ª® §à®áâ õ. �®§à -å®¢ ­÷ § «¥¦­®áâ÷ Rmax(
=!0) ¤«ï à÷§­¨å §­ ç¥­ì ¬¯«÷âã¤¨ §¡ãà¥­ì " ¯®ª § ­÷ ­  à¨á. 10. � ï¢-­÷áâì ­¥«÷­÷©­®£® à¥§®­ ­áã ¯®ïá­îõ ¢¨¡÷àª®¢ã à¥- ªæ÷î ¢¨åà®¢¨å ãâ¢®à¥­ì ­  ¢¨¯ ¤ª®¢÷ §¡ãà¥­­ï ¢à¥ «ì­¨å ¯®â®ª å.�ªá¯¥à¨¬¥­â «ì­÷ ¤®á«÷¤¦¥­­ï ¯®â®ª÷¢ §  ãáâã-¯ ¬¨ ¢ ª ­ « å ¢¨ï¢¨«¨ ÷á­ã¢ ­­ï é¥ ®¤­÷õù æ¨àªã-«ïæ÷©­®ù §®­¨ ¯®¡«¨§ã ¢¥àå­ì®ù áâ÷­ª¨ [20]. �®¬ã ­ «÷§ ¢¨åà®¢®ù ¤¨­ ¬÷ª¨, ¯à®¢¥¤¥­¨© ¢¨é¥, ¤®¯®¢-­î¢ ¢áï ¯®èãª ¬¨ ¢ ¤ ­÷© ®¡« áâ÷ ¯ à¨ áâ æ÷®­ à-­¨å ¢¨å®à÷¢. �÷¢­ï­­ï àãåã ¢¨å®à÷¢ ¬ îâì ¢¨£«ï¤:V kx � iV ky = �U1 � h��k + �k4��k ++ �j2�i � 1�k � �j � 1�k � �j ��d�dz ����=�k ++ �k4�i �d2�dz2.d�dz�����=�k ; (13)¤¥ k = 1; 2; j = 1; 2.�ªé® ÷­â¥­á¨¢­÷áâì ¤àã£®£® ¢¨å®à  § ¤ âì ¯à®-¯®àæ÷©­®î ¤® ÷­â¥­á¨¢­®áâ÷ ¯¥àè®£® �2 = K�1,�. �. �®à¡ ­ì, ö. �. �®à¡ ­ì 9
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�¨á. 10. � «¥¦­÷áâì ¬ ªá¨¬ «ì­®£® ¢÷¤å¨«¥­­ï¢¨å®à  ¢÷¤ áâ æ÷®­ à­®ù â®çª¨ Rmax ¢ ®¡« áâ÷à®§è¨à¥­­ï ª ­ «÷¢ ¢÷¤ ¢÷¤­®á­®ù ç áâ®â¨ §¡ãà¥­ì
=!0, h = 0:5, 1� " = 0:01; 2� " = 0:02; 3� " = 0:04:�¨á. 11. � àâ¨­  «÷­÷© â¥ç÷ù §  ãáâã¯®¬ ¢ ª ­ «÷ §¤¢®¬  áâ®ïç¨¬¨ ¢¨å®à ¬¨K = 0:01� 1, â® à÷¢­ï­­ï ¤¨­ ¬÷ª¨ (13) â  ã¬®-¢  �ãââ -�ãª®¢áìª®£® ¢ £®áâà÷© ªà®¬æ÷ (12) § -¡¥§¯¥çãîâì ­¥®¡å÷¤­ã ª÷«ìª÷áâì à÷¢­ï­ì ¤«ï ¯®èã-ªã ª®®à¤¨­ â ÷ æ¨àªã«ïæ÷© ¯ à¨ áâ®ïç¨å ¢¨å®à÷¢.�®§à åã­ª¨ ¯®ª §ãîâì, é® ¢®­  ÷á­ãõ «¨è¥ ¢ ¯¥¢-­®¬ã ¤÷ ¯ §®­÷ ¢÷¤­®è¥­ì ÷­â¥­á¨¢­®áâ¥© ¢¨å®à÷¢,¯à¨ K = 0:01� 0:3. �àã£¨© ¢¨å®à à®§â è®¢ãõâì-áï ¯®¡«¨§ã ¢¥àå­ì®ù áâ÷­ª¨ ª ­ «ã. � àâ¨­ã «÷­÷©â¥ç÷ù ¢ â ª÷© á¨áâ¥¬÷ ¯à¨ h = 0:5 K = 0:1 ¯à¥¤-áâ ¢«¥­® ­  à¨á. 11. �­ «÷§ áâ÷©ª®áâ÷ ®¤¥à¦ ­¨åà®§¢'ï§ª÷¢ ¯®ª § ¢, é® ¢®­¨ õ ­¥áâ÷©ª¨¬¨, â®¡â®¬ «÷ §¡ãà¥­­ï ¢ ¯®â®æ÷ ¯à¨§¢®¤ïâì ¤® à®§¯ ¤ã â -ª®ù ª®­ä÷£ãà æ÷ù.�âà¨¬ ­÷ à¥§ã«ìâ â¨ ¬®¦ãâì ¡ãâ¨ ¢¨ª®à¨áâ ­÷¤«ï ¢¨§­ ç¥­­ï ®¯â¨¬ «ì­®£® à®§â èã¢ ­­ï ¯à¨-áâà®ù¢ ã¯à ¢«÷­­ï ¯®â®ª®¬ (­ ¯à¨ª« ¤, æ¨«÷­¤à÷¢,é® ®¡¥àâ îâìáï [13]),   â ª®¦ ­¥®¡å÷¤­®£® ¤®¤ â-ª®¢®£® ÷¬¯ã«ìáã ¤«ï ®âà¨¬ ­­ï ¢÷¤¯®¢÷¤­®ù æ¨à-ªã«ïæ÷ù �0. � æ÷õù ­ £®¤¨ á«÷¤ §¢¥à­ãâ¨ ã¢ £ã ­ § «¥¦­÷áâì �0(H � h=H) (¤¨¢. à¨á. 8). �à¨(H � h=H)� 0,3 { 0,5 æ¨àªã«ïæ÷ï �0 §à®áâ õ ¯®-¢÷«ì­®,   ¢« á­÷ ç áâ®â¨ ¢¨å®à÷¢ ¬ «÷ (à¨á. 8). � -¬¥ ¢ æì®¬ã ¤÷ ¯ §®­÷ ¯ à ¬¥âà÷¢ h;H § áâ®áã¢ ­-­ï áå¥¬ ã¯à ¢«÷­­ï § ãâ¢®à¥­­ï¬ áâ®ïç¨å ¢¨å®à÷¢¬®¦¥ ¡ãâ¨ ­ ©¡÷«ìè ¥ä¥ªâ¨¢­¨¬ ¤«ï ¤®áï£­¥­­ï

è¢¨¤ª®£® à®§è¨à¥­­ï ¯®â®ªã ÷ §¬¥­è¥­­ï ¤®¢¦¨-­¨ æ¨àªã«ïæ÷©­®ù §®­¨.1.4. � ­ «¨ áª« ¤­®ù ä®à¬¨. �¨áªà¥â­®-¢¨åà®¢÷  ¯à®ªá¨¬ æ÷ù £à ­¨æì�«ï ª ­ «÷¢ áª« ¤­®ù ä®à¬¨ ¯®¡ã¤ã¢ â¨ ¢÷¤¯®¢÷¤-­¥ ª®­ä®à¬­¥ ¢÷¤®¡à ¦¥­­ï ¢¤ õâìáï à÷¤ª®. � â -ª¨å ¢¨¯ ¤ª å ¤«ï  ­ «÷§ã ¤¨­ ¬÷ª¨ ¢¨å®à÷¢ ¬®¦­ § áâ®áã¢ â¨ ª®¬¡÷­®¢ ­¨© ¬¥â®¤, ª®«¨ ¢¨ª®­ ­­ïã¬®¢¨ ­¥¯à®â÷ª ­­ï à÷¤¨­¨ ­  ç áâ¨­÷ £à ­¨æ÷ § -¡¥§¯¥çãõâìáï ª®­ä®à¬­¨¬ ¢÷¤®¡à ¦¥­­ï¬ ä÷§¨ç-­®ù ®¡« áâ÷ â¥ç÷ù ­  ¯÷¢¯«®é¨­ã,   ­  ÷­è÷© ç -áâ¨­÷ £à ­¨æ÷ ¬®¤¥«îõâìáï ¢¨åà®¢¨¬ è à®¬, ¤«ï÷­â¥­á¨¢­®áâ÷ ïª®£® à®§¢'ï§ãõâìáï á¨­£ã«ïà­¥ ÷­-â¥£à «ì­¥ à÷¢­ï­­ï. �®§£«ï­¥¬® â ª¨© ¯÷¤å÷¤ ¤¥-â «ì­÷è¥ ­  ¯à¨ª« ¤÷ á¨áâ¥¬¨ ¤¢®å ¢¨å®à÷¢ ã ª -­ «÷ § ¤¢®¬  ÷­â¥àæ¥¯â®à ¬¨-¯¥à¥£®à®¤ª ¬¨. �¥-à¥£®à®¤ª¨ ¡ã¤¥¬® ¬®¤¥«î¢ â¨ ­¥¯¥à¥à¢­¨¬¨ ¢¨-åà®¢¨¬¨ è à ¬¨. �ª®à¨áâ ¢è¨áì ¯®â¥­æ÷ «®¬ ¢¨-å®à  ¢ ª ­ «÷ (2), ÷§ ã¬®¢ ­¥¯à®â÷ª ­­ï ­  ¯¥à¥-£®à®¤ª å ­¥¢ ¦ª® ®âà¨¬ â¨ ÷­â¥£à «ì­¥ à÷¢­ï­­ï¤«ï ÷­â¥­á¨¢­®áâ÷ ¢¨åà®¢®£® è àã:ZL 
(~r) �K(~r; ~R)dl(~r) + V0n(~R) = 0; (14)K(~r; ~R) = vx(~r; ~R)nx(~R) + vy(~r; ~R)ny(~R):�ãâ ~v(vx; vy) { è¢¨¤ª÷áâì, ¢¨ª«¨ª ­  ¢ â®çæ÷~R(x; y) ®¤¨­®ç­¨¬ ¢¨å®à®¬, à®§â è®¢ ­¨¬ ã â®çæ÷~r(x0 ; y0 ); ~n(nx; ny) { ¢¥ªâ®à ­®à¬ «÷ ¤® ¯®¢¥àå-­÷, ïª  ®¡â÷ª õâìáï (÷­â¥àæ¥¯â®à ), ¢§ïâ¨© ¢ â®çæ÷~R; V0n(~R) { ­®à¬ «ì­  áª« ¤®¢  è¢¨¤ª®áâ÷ â¥ç÷ù ¢â®çæ÷ ~R; L { ç áâ¨­  £à ­¨æ÷ (¢ ¤ ­®¬ã ¢¨¯ ¤ªã,¯¥à¥£®à®¤ª¨), ­  ïª÷© ­¥®¡å÷¤­® ¢¨ª®­ â¨ £à ­¨ç-­ã ã¬®¢ã (§ §­ ç¨¬®, é® æ¥ ¬®¦¥ ¡ãâ¨ ­¥ «¨è¥ã¬®¢  ­¥¯à®â÷ª ­­ï,   ©, ­ ¯à¨ª« ¤, ã¬®¢  ä÷«ì-âà æ÷ù à÷¤¨­¨ ç¥à¥§ áâ÷­ªã, ã¬®¢  ¤¥ä®à¬ æ÷ù áâ÷­-ª¨ ÷ â. ¯.). �®áª÷«ìª¨ äã­ªæ÷ï K (ï¤à® ÷­â¥£à «ì-­®£® à÷¢­ï­­ï) ¡ã¤ãõâìáï § ¢à åã¢ ­­ï¬ äã­ªæ÷©(2), (3), â® ¯®â¥­æ÷ «�L = ZL 
(~r) 12�i ln � � �v(~r)� � ��v(~r)dl(~r) (15)¡ã¤¥ § ¤®¢÷«ì­ïâ¨ £à ­¨ç­¨¬ ã¬®¢ ¬ ïª ­  áâ÷­ª åª ­ «ã, â ª ÷ ­  ¯¥à¥£®à®¤ª å.�«ï à®§¢'ï§ ­­ï ÷­â¥£à «ì­®£® á¨­£ã«ïà­®£®à÷¢­ï­­ï (14) ¢¨ª®à¨áâ õ¬® ¬¥â®¤ ¤¨áªà¥â­¨å ¢¨-å®à÷¢, § ¯à®¯®­®¢ ­¨© ÷ ®¡£àã­â®¢ ­¨© ¢ à®¡®-â å [10, 21]. � ¡«¨¦¥­® à÷¢­ï­­î (14) ¢÷¤¯®¢÷¤ õá¨áâ¥¬  «÷­÷©­¨å  «£¥¡à ùç­¨å à÷¢­ï­ì ¤«ï N ¤¨á-ªà¥â­¨å ¢¨å®à÷¢, à®§â è®¢ ­¨å ¢§¤®¢¦ £à ­¨æ÷ L:NXj=1 �jvnjk + V0nk = 0; k = 1; 2; :::; N:10 �. �. �®à¡ ­ì, ö. �. �®à¡ ­ì
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�¨á. 12. �å¥¬  â¥ç÷ù ã ª ­ «÷ § ¯¥à¥£®à®¤ª ¬¨ ¯à¨ä®à¬ã¢ ­­÷ ¬÷¦ ­¨¬¨ ¤¢®å áâ®ïç¨å ¢¨å®à÷¢
�¨á. 13. � «¥¦­÷áâì æ¨àªã«ïæ÷ù â  ¢« á­®ù ç áâ®â¨áâ®ïç¨å ¢¨å®à÷¢, ïª÷ ä®à¬ãîîâìáï ¬÷¦¯¥à¥£®à®¤ª ¬¨ ã ª ­ «÷�ãâ ÷­¤¥ªá k ¯®§­ ç õ ­®¬¥à ª®­âà®«ì­®ù â®çª¨,¢ ïª÷© ¢¨ª®­ãõâìáï ã¬®¢  ­¥¯à®â÷ª ­­ï. � ¢¨¯ ¤-ªã à÷¢­®¬÷à­®£® à®§â èã¢ ­­ï ¤¨áªà¥â­¨å ¢¨å®à÷¢ª®­âà®«ì­÷ â®çª¨ à®§â è®¢ ­÷ ¯®á¥à¥¤¨­÷ ¢÷¤à÷§-ª÷¢ ¬÷¦ ¢¨å®à ¬¨. �«ï ¢¨ª®­ ­­ï ã¬®¢¨ �ãââ -�ãª®¢áìª®£® ­  ª÷­æïå ¯¥à¥£®à®¤®ª ¤®áâ â­ì®,é®¡ ÷­â¥­á¨¢­÷áâì ®áâ ­­ì®£® à®§â è®¢ ­®£® ­ ¯¥à¥£®à®¤æ÷ ¢¨å®à  ¤®à÷¢­î¢ «  ­ã«î [10,21].� à¥ «ì­¨å â¥ç÷ïå § ¢¨á®ª¨¬¨ ç¨á« ¬¨ �¥©-­®«ì¤á  ã¬®¢  �ãââ -�ãª®¢áìª®£® ¢ £®áâà¨åªà®¬ª å ¢¨ª®­ãõâìáï ¯à¨ ä®à¬ã¢ ­­÷ ¢÷¤à¨¢­¨å§®­. �¥à¥¤ â¥®à¥â¨ç­¨å ¬®¤¥«¥©, é® ®¯¨áãîâì¯à®æ¥á¨ ãâ¢®à¥­­ï ¢÷¤à¨¢­¨å §®­, ¢¨¤÷«¨¬® ­ -áâã¯­÷:1) § ¢¨åà¥­÷áâì, é® ­ ª®¯¨çãõâìáï ã ¢÷¤à¨¢-­÷© §®­÷, ­ ¡«¨¦¥­® ¬®¤¥«îõâìáï ®¤­¨¬ ¢¨å®à®¬(ïªé® ¢÷¤à¨¢­  §®­  áâ æ÷®­ à­  ç¨ ¯ã«ìáãîç ¢÷¤­®á­® ¯¥¢­®ù áâ æ÷®­ à­®ù ª®­ä÷£ãà æ÷ù, â®, ¢÷¤-¯®¢÷¤­®, ÷ ¢¨å®à ¡ã¤¥ "áâ®ïç¨¬" ç¨ "§¡ãà¥­¨¬" ¢®ª®«÷ áâ æ÷®­ à­®£® ¯®«®¦¥­­ï) [4,7];2) § ¯« áâ¨­ ¯¥à¥£®à®¤®ª ã ¯®â÷ª §å®¤ïâì ¢¨å®-à®¢÷ ¯¥«¥­¨, é® ¬®¤¥«îîâìáï á¨áâ¥¬ ¬¨ àãå®¬¨å¤¨áªà¥â­¨å ¢¨å®à÷¢ [10,11,21].� à ¬ª å ¬®¤¥«÷ áâ®ïç¨å ¢¨å®à÷¢ [4, 7] § ¤ ç §¢®¤¨âìáï ¤® à®§¢'ï§ ­­ï á¨áâ¥¬¨ «÷­÷©­¨å à÷¢-

­ï­ì (14) ÷ á¨áâ¥¬¨ ­¥«÷­÷©­¨å âà ­áæ¥­¤¥­â­¨åà÷¢­ï­ì, é® ¢¨¯«¨¢ îâì ÷§ ã¬®¢ ­¥àãå®¬®áâ÷ "áâ®-ïç¨å" ¢¨å®à÷¢ ÷ ã¬®¢ �ãââ -�ãª®¢áìª®£®:dxidt = fi1(x1; y1; x2; y2) ;dyidt = fi+2;2(x1; y1; x2; y2): (16)� à¥§ã«ìâ â÷ ç¨á¥«ì­®£® à®§¢'ï§ ­­ï æ÷õù ­¥«÷­÷©-­®ù § ¤ ç÷ ®âà¨¬ãõ¬® æ¨àªã«ïæ÷ù áâ®ïç¨å ¢¨å®à÷¢�i â  ùå ª®®à¤¨­ â¨ x10; y10; x20; y20. �®¢¥¤÷­ª áâ®ïç¨å ¢¨å®à÷¢ ¢ ®ª®«÷ ùå­ì®£® áâ æ÷®­ à­®£® ¯®-«®¦¥­­ï (x10; y10; x20; y20) ¢¨§­ ç õâìáï ¢« á­¨¬¨ç¨á« ¬¨ ¬ âà¨æ÷A = 8>>>>>>>>><>>>>>>>>>: @f11@x1 @f11@y1 @f11@x2 @f11@y2@f12@x1 @f12@y1 @f12@x2 @f12@y2@f21@x1 @f21@y1 @f21@x2 @f21@y2@f22@x1 @f22@y1 @f22@x2 @f22@y2 9>>>>>>>>>=>>>>>>>>>; :�ªé® à¥ «ì­÷ ç áâ¨­¨ ¢« á­¨å ç¨á¥« ¬ -âà¨æ÷ ¤®à÷¢­îîâì ­ã«î, ¬ õ¬® áâ æ÷®­ à­÷ â®çª¨¥«÷¯â¨ç­®£® â¨¯ã (ã¬®¢­® áâ÷©ª÷). � ®ª®«÷ â ª¨åâ®ç®ª ¢¨å®à¨ àãå îâìáï ¯¥à÷®¤¨ç­®. � § £ «ì­®-¬ã ¢¨¯ ¤ªã ¤«ï ¤¢®å áâ®ïç¨å ¢¨å®à÷¢, à®§â è®¢ -­¨å ¬÷¦ ¯¥à¥£®à®¤ª ¬¨ ¢ ª ­ «÷ (à¨á. 12), ¬ õ¬®¤¢÷ ¢« á­÷ ç áâ®â¨, é® å à ªâ¥à¨§ãîâì á¨¬¥âà¨ç-­÷ â  ­¥á¨¬¥âà¨ç­÷ §¡ãà¥­÷ àãå¨ ¢¨å®à÷¢.�ªé® ¦ ¢¨å®à¨ á¨¬¥âà¨ç­÷ (â®¡â® �1 = ��2,x1 = x2, y2 = H � y1), ¬ õ¬® «¨è¥ ®¤­ã ¢« á­ãç áâ®âã ¢¨åà®¢®ù ¯ à¨. � §­ ç¨¬®, é® ¢¨åà®¢÷©¯ à÷ ¢ ®á¥á¨¬¥âà¨ç­®¬ã ¢¨¯ ¤ªã ¢÷¤¯®¢÷¤ õ ¢¨åà®-¢¥ ª÷«ìæ¥,   ¤¨­ ¬÷ç­÷ ¢« áâ¨¢®áâ÷ æ¨å ®¡'õªâ÷¢ ­ «®£÷ç­÷. � ç áâ®â®î ! ¢¨å®à¨ àãå îâìáï ­ -¢ª®«® áâ æ÷®­ à­¨å ¯®«®¦¥­ì, ïªé® ùå­÷ ¯®ç âª®¢÷§¡ãà¥­­ï ¡ã«¨ á¨¬¥âà¨ç­¨¬¨.x1jt=0 = x10 +�x1;x2jt=0 = x20 +�x2;y1jt=0 = y10 +�y1;y2jt=0 = y10 +�y2;�x1 = �x2;�y1 = ��y2: (17)�  à¨á. 13 ­ ¢¥¤¥­÷ à¥§ã«ìâ â¨ à®§à åã­ª÷¢ ¤«ïæ¨àªã«ïæ÷© áâ®ïç¨å ¢¨å®à÷¢ â  ùå­÷å ¢« á­¨å ç -áâ®â ã ª ­ «÷ § ¤¢®¬  ¯ à ¬¨ á¨¬¥âà¨ç­¨å ¯¥à¥-£®à®¤®ª (¤¨¢. à¨á. 12). �  ¢÷¤¬÷­ã ¢÷¤ ¢¨åà®¢®ù§®­¨ §  ®¤­÷õî ¯¥à¥£®à®¤ª®î ¢ ª ­ «÷ (ª®«¨ ­¥¬ õ¢« á­¨å ç áâ®â, ïª÷ å à ªâ¥à¨§ãîâì ªàã¯­®¬ á-èâ ¡­÷ àãå¨ ¢á÷õù §®­¨ ïª õ¤¨­®£® æ÷«®£®), ã ¢¨¯ ¤-�. �. �®à¡ ­ì, ö. �. �®à¡ ­ì 11



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 3 { 18ªã ¤¢®å ¯¥à¥£®à®¤®ª ¢¨åà®¢÷© §®­÷ ¬÷¦ ­¨¬¨ ¯à¨-â ¬ ­­÷ ¯¥à÷®¤¨ç­÷ àãå¨. � áª÷«ìª¨ ¢®­¨ ¡ã¤ãâì÷­â¥­á¨¢­¨¬¨ ¢ à¥ «ì­¨å á¨âã æ÷ïå, § «¥¦¨âì ¢÷¤¡ £ âì®å ä ªâ®à÷¢. � ¯à¨ª« ¤, ¢®­¨ ¡ã¤ãâì ÷­â¥­-á¨¢­÷è¨¬¨ ¯à¨ ­ ï¢­®áâ÷ ¬ «¨å §¡ãà¥­­ì ­ ¡÷£ î-ç®£® ¯®â®ªã § ç áâ®â ¬¨, ¡«¨§ìª¨¬¨ ¤® !,   â ª®¦¯à¨ ª®à¥«ïæ÷ù ! § ÷­è¨¬¨ å à ªâ¥à­¨¬¨ ç áâ®â -¬¨ ¯®â®ªã, ¯®¢'ï§ ­¨¬¨, §®ªà¥¬ , §÷ áâ¨á«¨¢÷áâîà÷¤¨­¨, ãáâ ­®¢ª®î ª®¬¯¥­á â®à÷¢ ÷ â. ¯.2. ����� �'������ö �ö������ ������ö� �����ö� � ��������ªá¯¥à¨¬¥­â «ì­÷ ¤®á«÷¤¦¥­­ï á¢÷¤ç âì ¯à®÷áâ®â­ã § «¥¦­÷áâì ¢¨åà®¢®ù áâàãªâãà¨ â¥ç÷ù ¢ª ­ «÷ ¢÷¤ ç¨á«  �¥©­®«ì¤á  [2]. �«ï ®¯¨á ­-­ï ¢'ï§ª¨å ¥ä¥ªâ÷¢ ­¥®¡å÷¤­® ÷­â¥£àã¢ â¨ á¨áâ¥¬ãà÷¢­ï­ì � ¢'õ-�â®ªá , ïª  ¤«ï ¤¢®¢¨¬÷à­®ù ®¡« áâ÷¬ õ ¢¨£«ï¤:@u@t + u@u@x + v@u@y = �@p@x + 1Re�@2u@x2 + @2u@y2�;@v@t + u@v@x + v @v@y = �@p@y + 1Re�@2v@x2 + @2v@y2�;(18)@u@x + @v@y = 0: (19)�ãâ u; v { ª®¬¯®­¥­â¨ è¢¨¤ª®áâ÷ à÷¤¨­¨; p { â¨áª.�áâ ­­÷¬ ç á®¬  ªâ¨¢­® à®§¢¨¢ îâìáï ¢¨åà®¢÷¬¥â®¤¨, é® £àã­âãîâìáï ­   ­ «÷§÷ ¯à®æ¥áá÷¢ ¯¥-à¥­®áã § ¢¨åà¥­®áâ÷ ! = @v@x � @u@y ¢ ®¡« áâ÷ â  ùù£¥­¥à æ÷ù ­  £à ­¨æïå [22 { 25]. � ¤ ­÷© à®¡®â÷à®§¢¨¢ õâìáï £÷¡à¨¤­¨© ¢¨åà®¢¨© ¬¥â®¤, é® £àã­-âãõâìáï ­  ª®¬¡÷­ æ÷ù « £à ­¦¥¢®£® â  ¥©«¥à®¢®£®(§ á÷âª®¢®î áå¥¬®î [12, 26]) ¯÷¤å®¤÷¢ â  ¤®§¢®«ïõ¢¨ª®à¨áâ â¨ ¤®á¢÷¤ ¯®¡ã¤®¢¨ ç¨á¥«ì­¨å  «£®à¨â-¬÷¢ ­  ®á­®¢÷ ¤¨áªà¥â­®-¢¨åà®¢¨å  ¯à®ªá¨¬ æ÷©.2.1. �¨á¥«ì­¨©  «£®à¨â¬�ã¤¥¬® ¢¨ª®à¨áâ®¢ã¢ â¨ á«÷¤ãîçã ä®à¬ã à÷¢­ï­ì� ¢'õ-�â®ªá :@!@t + u@!@x + v@!@y = 1Re�@2!@x2 + @2!@y2 �: (20)� ¤ ç  ¤¨áªà¥â¨§ãõâìáï ¯® ç á®¢÷ § ªà®ª®¬ �tâ  ¯® ¯à®áâ®àã ­  ®àâ®£®­ «ì­÷© á÷âæ÷ § ªà®ª ¬¨�x ÷ �y: !njk = !(xj ; yk; tn). �  ª®¦­®¬ã ªà®æ÷ ¯®ç á®¢÷ ¯à®¢®¤¨âìáï à®§é¥¯«¥­­ï à÷¢­ï­­ï (20) ­ ¤¢ , ¯¥àè¥ § ïª¨å ®¯¨áãõ ¯®è¨à¥­­ï § ¢¨åà¥­®áâ÷

è«ïå®¬ ª®­¢¥ªæ÷ù, ¤àã£¥ { è«ïå®¬ ¢'ï§ª®ù ¤¨äã§÷ùà÷¤¨­¨: @!@t + u@!@x + v@!@y = 0; (21)@!@t = 1Re�@2!@x2 + @2!@y2 �: (22)�®áª÷«ìª¨ à÷¢­ï­­ï (21) á¯÷¢¯ ¤ õ § ¢÷¤¯®¢÷¤-­¨¬ à÷¢­ï­­ï¬ ¤«ï àãåã § ¢¨åà¥­®áâ÷ ¢ ÷¤¥ «ì-­÷© ­¥áâ¨á«¨¢÷© à÷¤¨­÷ ­  æì®¬ã à®§à åã­ª®¢®¬ã÷­â¥à¢ «÷, ¢¨åà®¢÷ «÷­÷ù àãå îâìáï à §®¬ § ç -áâ¨­ª ¬¨ à÷¤¨­¨,   ÷­â¥­á¨¢­÷áâì ¢¨åà®¢¨å âàã-¡®ª ­¥ §¬÷­îõâìáï § ç á®¬. �®«¥ è¢¨¤ª®áâ÷ ~V (u; v)¢¨§­ ç õâìáï ç¥à¥§ ¯®«¥ § ¢¨åà¥­®áâ÷ (§ ¯®¯¥à¥¤-­ì®£® ç á®¢®£® ªà®ªã) §  ¤®¯®¬®£®î ä®à¬ã«¨ �÷®-� ¢ à  [18]:~V (~r) = 14� ZQ ~!(~r0 ; t) � (~r � ~r0)j~r � ~r0 j3 d~r0 :�ï ä®à¬ã«  ¢ ç¨á¥«ì­®¬ã  «£®à¨â¬÷ ¤¨áªà¥â¨-§ãõâìáï á«÷¤ãîç¨¬ ç¨­®¬:~Vik(uik; vik) = MXj=1 NXl=1 �jl~V 0ik;jl + �ik � ~dik;i = 1; :::;M; k = 1; :::; N; j; l 6= i; k: (23)�ãâ M; N { ª÷«ìª÷áâì ªà®ª÷¢ á÷âª¨ ¯® ®áïå  ¡-æ¨á ÷ ®à¤¨­ â ¢÷¤¯®¢÷¤­®; �jl = !jl � �x � �y;V 0ik;jl { è¢¨¤ª÷áâì, ¢¨ª«¨ª ­  ¢ â®çæ÷ (xik; yik)¢¨å®à®¬ ®¤¨­¨ç­®ù æ¨àªã«ïæ÷ù, é® à®§â è®¢ ­¨©¢ â®çæ÷ (xjl; yjl); dik { á ¬®­ ¢¥¤¥­  è¢¨¤-ª÷áâì ¢¨å®à , ¯®¢'ï§ ­  § ­ ï¢­÷áâî £à ­¨æì ¯®â®-ªã (¤®¤ â®ª � ãá ). �«ï à®§à åã­ªã è¢¨¤ª®áâ¥© ¢®¡« áâ÷ § áª« ¤­¨¬¨ £à ­¨æï¬¨ ¢¨ª®à¨áâ®¢ãîâì-áï ª®­ä®à¬­¥ ¢÷¤®¡à ¦¥­­ï ä÷§¨ç­®ù ®¡« áâ÷ â¥ç÷ùz = x + iy ­  ¯÷¢¯«®é¨­ã ¤®¯®¬÷¦­®ù ¯«®é¨-­¨ � = � + i� â  §¥àª «ì­¥ ¢÷¤®¡à ¦¥­­ï ¢¨-å®à  ¢÷¤­®á­® ®á÷  ¡æ¨á. �¥ ¤ õ ¬®¦«¨¢÷áâì â®ç-­® § ¤®¢÷«ì­¨â¨ ã¬®¢¨ ­¥¯à®â÷ª ­­ï ­  £à ­¨æïå®¡« áâ÷. �®¬¯«¥ªá­¨© ¯®â¥­æ÷ « â¥ç÷ù ¢ â ª®¬ãà §÷ § ¤ õâìáï ¢ ¯ à ¬¥âà¨ç­®¬ã ¢¨£«ï¤÷:�(�) = �0(�) + 12�i MXj=1 NXl=1 �jl ln � � �jl� � f�jl ;� = f(z); (24)¤¥ �0(�) { ¯®â¥­æ÷ « ¡¥§¢¨åà®¢®ù â¥ç÷ù ¢ ®¡« áâ÷;� = f(z) { äã­ªæ÷ï, é® à¥ «÷§ãõ ­¥®¡å÷¤­¥ ¢÷¤®¡à -¦¥­­ï.12 �. �. �®à¡ ­ì, ö. �. �®à¡ ­ì



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 3 { 18� ª¨¬ ç¨­®¬, è¢¨¤ª÷áâì y ¢ã§« å á÷âª¨ ¢¨§­ -ç õâìáï §  ä®à¬ã«®î:Vik = �ik4�i �d2�dz2.d�dz�����=�ik+�d�0(�)d� + �ik4��ik ++ MXj=1 NXl=1 �jl2�i � 1�ik � �jl � 1�ik � �jl��d�dz ����=�ik;i = 1; :::;M; k = 1; :::; N; j; l 6= i; k: (25)�÷ ¢¥«¨ç¨­¨ ¢¨ª®à¨áâ®¢ãîâìáï ¢ à®§à åã­ª åª®­¢¥ªæ÷ù § ¢¨åà¥­®áâ÷. � §­ ç¨¬®, é® ¢ âà -¤¨æ÷©­¨å ¢¨åà®¢¨å  «£®à¨â¬ å ¯®è¨à¥­­ï § -¢¨åà¥­®áâ÷ ¬®¤¥«îõâìáï ¯¥à¥¬÷é¥­­ï¬¨ á¨áâ¥¬¨¤¨áªà¥â­¨å ¢¨å®à÷¢, é® ­  ¯®ç âªã ÷­â¥à¢ «ã �tà®§â è®¢ã¢ «¨áì y ¢ã§« å á÷âª¨ [14, 23, 27] (áå¥¬ "¢¨å®à-á÷âª "),  ¡® ¦ ¢ â®çª å, ª®®à¤¨­ â¨ ïª¨å®âà¨¬ ­÷ ¢­ á«÷¤®ª ÷­â¥£àã¢ ­­ï á¨áâ¥¬¨ à÷¢­ï­ì¤¨­ ¬¨ª÷ ¢¨å®à÷¢ ­  ÷­â¥à¢ «÷ (0; t) [10] (áå¥¬ "¢÷«ì­¨å ¢¨å®à÷¢"). � ª÷ ¯÷¤å®¤¨ ¢¨¬ £ îâì ¢¨-ª®à¨áâ ­­ï áª« ¤­¨å áå¥¬ ¯¥à¥à®§¯®¤÷«ã § ¢¨åà¥-­®áâ÷ ¢÷¤ ®âà¨¬ ­®£® ¯®«®¦¥­­ï ¢¨å®à  ¤® ¢ã§«÷¢á÷âª¨, â  ­ ¡«¨¦¥­¨¬ ¢¨ª®­ ­­ï¬ § ª®­ã §¡¥à¥-¦¥­­ï § ¢¨åà¥­®áâ÷. � ¤ ­÷© à®¡®â÷ ­®¢÷ §­ ç¥­­ï!(x; y; t) y ¢ã§« å á÷âª¨ à®§à å®¢ãîâìáï, ¢¨å®¤ïç¨§ § ª®­ã §¡¥à¥¦¥­­ï § ¢¨åà¥­®áâ÷ ¤«ï áª÷­ç¥­­®£®®¡'õ¬ã à÷¤¨­¨:Z�Q @~!@t dQ = � Z�S ~!(~V ~n)dS: (26)�ãâ �Q { ¤¨áªà¥â­¨© ®¡'õ¬, ­  ïª¨© ¤÷«¨âì à®§-à åã­ª®¢  á÷âª  § ¤ ­ã ®¡« áâì â¥ç÷ù; �S; ~n { ¯®-¢¥àå­ï æì®£® ®¡'õ¬ã â  §®¢­÷è­ï ­®à¬ «ì ¤® ­¥ù¢÷¤¯®¢÷¤­®. �¢÷¤á¨ ã ¢¨¯ ¤ªã ¯«®áª®ù § ¤ ç÷ ¤«ï¢­ãâà÷è­÷å ¢ã§«÷¢ á÷âª¨ ¬ õ¬®:!nil�x�y � !�il�x�y++!�i�l;luni�l;l�y�t+ !�i;l�1vni;l�1�x�t��!�i+1;luni+1;l�y�t� !�i;l+1vni;l+1�x�t��!�ilunil�y�t� !�ilunil�x�t: (27)�¥­¥à æ÷ï § ¢¨åà¥­®áâ÷ ¡÷«ï £à ­¨æì ®¡« áâ÷¢¨§­ ç õâìáï ÷§ ã¬®¢¨ "¯à¨«¨¯ ­­ï" à÷¤¨­¨:V� jL = 0; (28)¤¥ V� { ¤®â¨ç­  è¢¨¤ª÷áâì; L { £à ­¨æï ®¡« áâ÷.�÷¤®¬®, é® ¯à¨ ¯¥à¥å®¤÷ ç¥à¥§ ¢¨åà®¢¨© è à ¬ õ¬÷áæ¥ à®§à¨¢ ¤®â¨ç­®ù è¢¨¤ª®áâ÷, ïª¨© ¤®à÷¢­îõ


=2, ¤¥ 
 { ÷­â¥­á¨¢­÷áâì ¢¨åà®¢®£® è àã. �ªé®â¥ç÷ï ®¬¨¢ õ ¯®¢¥àå­î §¢¥àåã,   V �� { §­ ç¥­­ïè¢¨¤ª®áâ÷ ­  áâ÷­æ÷ à®§à å®¢ ­¥ ÷§ ä®à¬ã«¨ (25),â®¤÷ ¬ õ¬®: V� = V �� + 
2 = 0 (29) ¡® 
 = �2V �� : (30)�¥«¨ç¨­  
 ¢¨à ¦ õâìáï ç¥à¥§ § ¢¨åà¥­÷áâì ã£à ­¨ç­¨å ¢ã§« å á÷âª¨, ­ ¯à¨ª« ¤, ¤«ï £®à¨§®­-â «ì­®ù ¤÷«ï­ª¨ £à ­¨æ÷ y = const:
ijjL = !ijjL ��y:�®¤÷: !ijjL = �2V ��;ij�y : (31)�«ï à®§à åã­ªã ¯®è¨à¥­­ï § ¢¨åà¥­®áâ÷ ¢÷¤áâ÷­®ª ¢¨ª®à¨áâ®¢ãõâìáï à÷¢­ï­­ï ¤¨äã§÷ù (22).� ª¨¬ ç¨­®¬ ®¯¨áãõâìáï ¯à®æ¥á £¥­¥à æ÷ù § ¢¨åà¥-­®áâ÷ áâ÷­ª ¬¨, é® ­¥ ¬ îâì ®á®¡«¨¢®áâ¥©.�«ï ¬®¤¥«î¢ ­­ï ÷­¥àæ÷©­®£® ¢÷¤à¨¢ã, ïª¨© ¢÷¤-¡ã¢ õâìáï ¢ £®áâà¨å ªà®¬ª å £à ­¨æ÷, ¢¨ª®à¨-áâ®¢ãõâìáï ã¬®¢  �ãââ -�ãª®¢áìª®£® ( ­ «®£÷ç­®(12)). � ­¥ù ¢¨§­ ç õâìáï §­ ç¥­­ï !ij ¢ ­ ©¡«¨¦-ç÷© ¤® £®áâà®ù ªà®¬ª¨ ¢­ãâà÷è­÷© â®çæ÷ á÷âª¨. �®-á¢÷¤ ç¨á¥«ì­®£® ¬®¤¥«î¢ ­­ï á¢÷¤ç¨âì, é® æî â®ç-ªã ¤®æ÷«ì­® à®§â è®¢ã¢ â¨ ¢ ­ ¯àï¬ªã «®ª «ì­®ùè¢¨¤ª®áâ÷ ¯®â®ªã.�  ¢å÷¤­®¬ã ª®­âà®«ì­®¬ã ¯¥à¥à÷§÷ ª ­ «ã ¯®â÷ª¢¢ ¦ õâìáï ­¥§ ¢¨åà¥­¨¬ ! = 0,   ©®£® è¢¨¤ª÷áâì¤®à÷¢­îõ § ¤ ­÷© U1 = const. �à ­¨ç­  ã¬®¢  ¢¢¨å÷¤­®¬ã ¯¥à¥à÷§÷ ª ­ «ã ¬ õ ¢¨£«ï¤@!@n = 0:�ãâ ~n { ­®à¬ «ì ¤® ¯®¢¥àå­÷ ª®­âà®«ì­®£® ¯¥à¥à÷-§ã.�¢ ¦ õâìáï â ª®¦, é® ¢ ¯®ç âª®¢¨© ¬®¬¥­â ç -áã t = 0 â¥ç÷ï õ ¡¥§¢¨åà®¢®î:!jt=0 = 0:�®è¨à¥­­ï § ¢¨åà¥­®áâ÷ ¢ ¯®â®æ÷ (ã ¢­ãâà÷è-­÷å â®çª å ®¡« áâ÷) ¢¨§­ ç õâìáï ÷§ à÷¢­ï­­ï ¤¨-äã§÷ù (22). �®¦«¨¢÷ ¤¢÷ áå¥¬¨ à®§à åã­ª÷¢ ­®¢¨å§­ ç¥­ì !�ij ç¥à¥§ ¢÷¤®¬÷ §­ ç¥­­ï § ¢¨åà¥­®áâ÷ ­ ¯®¯¥à¥¤­ì®¬ã ªà®æ÷ !nij. � ¯¥àè®¬ã ¢¨¯ ¤ªã !�§­ å®¤¨âìáï ç¥à¥§ "«®ª «ì­÷" å à ªâ¥à¨áâ¨ª¨ ¯®-«ï !n, ­ ¯à¨ª« ¤, ¤«ï áå¥¬¨ § æ¥­âà «ì­¨¬¨ à÷§-­¨æï¬¨ ¬ õ¬®:!�ij = �tRe�!ni+1;j � 2!nij + !ni�1;j�x2 ++!ni;j+1 � 2!nij + !ni;j�1�y �: (32)�. �. �®à¡ ­ì, ö. �. �®à¡ ­ì 13



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 3 { 18� ¤àã£®¬ã ¢¨¯ ¤ªã ¢¨ª®à¨áâ®¢ãõâìáï ¢÷¤®¬  äã­ª-æ÷ï �à÷­  ¤«ï à÷¢­ï­­ï (22) [28]:!�(~r) = ZQ !n(~r0)�(~r0 ; ~r)d~r0 ;G(~r; ~r0) = Re4��texp�� Re4�t�~r � ~r0�2�: (33)� â¥¬ â¨ç­÷  á¯¥ªâ¨ § áâ®áã¢ ­­ïæ÷õù áå¥¬¨ â ¯à®¡«¥¬¨, ¯®¢'ï§ ­÷ § ¢à åã¢ ­­ï¬ ¢¯«¨¢ã £à -­¨æì ­  ¯à®æ¥á¨ ¤¨äã§÷ù, à®§£«ï¤ «¨áì ã à®¡®â÷[29]. �¥àè  áå¥¬  ¤®á¨âì ¥ä¥ªâ¨¢­  ¯à¨ ¬ «¨åâ  ¯®¬÷à­¨å ç¨á« å �¥©­®«ì¤á . �¥à¥¢ £¨ ¤àã£®ù§à®áâ îâì §÷ §¡÷«ìè¥­­ï¬ ç¨á«  �¥©­®«ì¤á .� ª¨¬ ç¨­®¬, ã § ¯à®¯®­®¢ ­®¬ã  «£®à¨â¬÷ ¯®-á«÷¤®¢­÷áâì ®¯¥à æ÷© ­  n-®¬ã ªà®æ÷ ¯® ç áã ¡ã« â ª®î:1. �® ¢÷¤®¬¨¬ § ¯®¯¥à¥¤­ì®£® ªà®ªã §­ ç¥­-­ï¬ !nij ã ¢­ãâà÷è­÷å ¢ã§« å á÷âª¨ à®§à å®¢ã¢ -«¨áì è¢¨¤ª®áâ÷ ¢ £à ­¨ç­¨å ¢ã§« å á÷âª¨.2. ö§ ã¬®¢ ¯à¨«¨¯ ­­ï à÷¤¨­¨ ­  áâ÷­ª å ª ­ -«ã ¢¨§­ ç «¨áì ¯à®¬÷¦­÷ §­ ç¥­­ï § ¢¨åà¥­®áâ÷ ¢£à ­¨ç­¨å ¢ã§« å á÷âª¨.3. ö§ ã¬®¢¨ �ãââ -�ãª®¢áìª®£® ¢¨§­ ç « áì £¥-­¥à æ÷ï § ¢¨åà¥­®áâ÷ ¢ ®ª®«÷ ªãâ®¢¨å â®ç®ª £à -­¨æ÷.4. � ¢¨ª®à¨áâ ­­ï¬ £à ­¨ç­¨å ã¬®¢ à®§à å®¢ã-¢ «¨áì §­ ç¥­­ï § ¢¨åà¥­®áâ÷ ­  ¢å®¤÷ ¢ à®§à åã­-ª®¢ã ®¡« áâì ÷ ­  ¢¨å®¤÷ § ­¥ù.5. �¨á¥«ì­¨¬ ÷­â¥£àã¢ ­­ï¬ à÷¢­ï­­ï ¤¨äã§÷ùà®§èãªã¢ «¨áì ¯à®¬÷¦­÷ §­ ç¥­­ï § ¢¨åà¥­®áâ÷!�ij â  æ¨àªã«ïæ÷ù �ij ¢÷¤¯®¢÷¤­¨å ¤¨áªà¥â­¨å ¢¨-å®à÷¢ ã ¢­ãâà÷è­÷å â®çª å ®¡« áâ÷.6. �® ®âà¨¬ ­®¬ã ¯®«î § ¢¨åà¥­®áâ÷ §  ä®à-¬ã«®î �÷®-� ¢ à  ¢¨§­ ç «®áì ¯®«¥ è¢¨¤ª®áâ÷ ¢®¡« áâ÷ u�ij, v�ij .7. �  ®á­®¢÷ à÷¢­ï­­ï (27) à®§à å®¢ã¢ ¢áïª®­¢¥ªâ¨¢­¨© ¯¥à¥­®á § ¢¨åà¥­®áâ÷ ÷ ¢¨§­ ç «¨áì­®¢÷ §­ ç¥­­ï !n+1ij ã ¢ã§« å á÷âª¨.2.2. �¥§ã«ìâ â¨ ç¨á¥«ì­®£® ¬®¤¥«î¢ ­­ï�«ï â¥áâã¢ ­ì à®§à®¡«¥­®ù ¬¥â®¤¨ª¨ ¢¨ª®à¨áâ®-¢ã¢ ¢áï â®ç­¨© à®§¢'ï§®ª à÷¢­ï­ì � ¢'õ-�â®ªá ,é® ®¯¨áãõ ¤¨äã§÷î ¢¨å®à  ¢ ¡¥§£à ­¨ç­÷© ¢'ï§ª÷©à÷¤¨­÷ [18]:!(x; y; t) = Re4�t0 exp�� r2Re4t �; (34)Re = �� ; r2 = x2 + y2;¤¥ � { ¢'ï§ª÷áâì à÷¤¨­¨.

�¨á. 14. �¨äã§÷ï ¢¨å®à  ¢ ¡¥§£à ­¨ç­÷© ®¡« áâ÷.�®à÷¢­ï­­ï à¥§ã«ìâ â÷¢ à®§à åã­ª÷¢ ¤«ï à ¤÷ãá ¢¨å®à  § â®ç­¨¬ à®§¢'ï§ª®¬, Re = 100
�¨á. 15. �®§¯®¤÷« § ¢¨åà¥­®áâ÷ ¯à¨ ¤¨äã§÷ù ¢¨å®à  ãª ­ «÷, � = tH2=� = 50�  à¨á. 14 ­ ¢¥¤¥­® ¯®à÷¢­ï­­ï à ¤÷ãáã ¢¨å®à rv, ®¤¥à¦ ­®£® §  ä®à¬ã«®î (34), â  ç¨á¥«ì­® §¢¨ª®à¨áâ ­­ï¬  «£®à¨â¬ã, é® ¯à®¯®­ãõâìáï. �÷à¥§ã«ìâ â¨ ®¤¥à¦ ­® ¯à¨ Re = 100 ­  à÷¢­®¬÷à­÷©á÷âæ÷ �x = �y = 0; 05, �t = 0; 001. �¥«¨ç¨­  rv¢¨§­ ç « áì ÷§ á¯÷¢¢÷¤­®è¥­­ï!jr>rv < 105:�®à÷¢­ï­­ï ªà¨¢¨å ­  à¨á. 14 á¢÷¤ç¨âì ¯à® â¥, é®ç¨á¥«ì­  ¢'ï§ª÷áâì áå¥¬¨ ­¥ ¯¥à¥¢¨éãõ 7 %. � ¤ «÷à®§à åã­ª¨ ¢¨ª®­ã¢ «¨áì ­  ¡÷«ìè ¤à÷¡­¨å á÷âª å¯® ¯à®áâ®àã ÷ ç á®¢÷.�¯«¨¢ £à ­¨æì ª ­ «ã ­  ¤¨äã§÷î ¢¨å®à  ÷«î-áâàãîâì à¥§ã«ìâ â¨, ­ ¢¥¤¥­÷ ­  à¨á. 15. �¢ ¦ -«®áì, é® ¯à¨ t = 0 ã ª ­ «÷ § ¯«®áª¨¬¨ áâ÷­ª ¬¨÷á­ãõ ¢¨å®à § æ¨àªã«ïæ÷õî � = 1 (§­ ç¥­­ï¬ � > 0¢÷¤¯®¢÷¤ õ ®¡¥àâ ­­ï ¯à®â¨ £®¤¨­­¨ª®¢®ù áâà÷«-ª¨). �à®æ¥á ©®£® § âãå ­­ï áã¯à®¢®¤¦ãõâìáï £¥-­¥à æ÷õî á¨áâ¥¬¨ ¢â®à¨­­¨å ¢¨å®à÷¢, ¤¢  § ïª¨åà®§â è®¢ãîâìáï ¯® ¡®ª å ¢÷¤ ®á­®¢­®£® ("¯¥à¢¨­-14 �. �. �®à¡ ­ì, ö. �. �®à¡ ­ì



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 3. �. 3 { 18
�¨á. 16. �¬÷­  ª àâ¨­¨ «÷­÷© â¥ç÷ù ã ª ­ «÷ § ãáâã¯®¬(à÷§ª¨¬ à®§è¨à¥­­ï¬) ¯à¨ §¡÷«ìè¥­­÷ ç¨á« �¥©­®«ì¤á , � = 30­®£®") ¢¨å®à ,   ÷­è÷ ¯à¨«ï£ îâì ¤® áâ÷­®ª ª ­ «ã.� ã¢ ¦¨¬®, é® £¥­¥à æ÷ï ¢â®à¨­­¨å ¢¨å®à÷¢ õ ®¤-­÷õî § £®«®¢­¨å ®á®¡«¨¢®áâ¥© "¢'ï§ª®ù" ¢§ õ¬®¤÷ù§ "â¢¥à¤¨¬¨" £à ­¨æï¬¨ [30].�à¨ ¬ «¨å ç¨á« å �¥©­®«ì¤á  ¢â®à¨­­  § ¢¨-åà¥­­÷áâì ª®­æ¥­âàãõâìáï ¯®¡«¨§ã áâ÷­®ª ª ­ «ã.�à®áâ ­­ï ç¨á¥« Re ¯à¨¢®¤¨âì ¤® â®£®, é® ¢â®-à¨­­÷ ¢¨å®à¨ ¯÷¤­÷¬ îâìáï ¤® á¥à¥¤¨­¨ ª ­ «ã ÷à®§â è®¢ãîâìáï ¯® ¡®ª å ¢÷¤ ®á­®¢­®£® ¢¨å®à .�¥¢­  ­¥á¨¬¥âà÷ï ª àâ¨­¨ â¥ç÷ù ¯®¢'ï§ ­  § ¢¯«¨-¢®¬ ­ ¯àï¬ªã ®¡¥àâ ­­ï ¢¨å®à .�¨á. 16 ÷«îáâàãõ ª àâ¨­ã â¥ç÷ù ¢ §®­÷ à÷§ª®£®à®§è¨à¥­­ï ª ­ «ã ¯à¨ à÷§­¨å ç¨á« å �¥©­®«ì¤á .�¢ ¦ õâìáï, é® à÷¤¨­  ¢ ª ­ «÷ ¯®ç¨­ õ àãå â¨áì¯à¨ t = 0. � «¥ª® ¢÷¤ ãáâã¯ã ¯®â÷ª õ ¯àï¬®«÷­÷©-­¨¬ à÷¢­®¬÷à­¨¬. �®«®¢­¨¬¨ ¯ à ¬¥âà ¬¨ § ¤ ç÷õ è¢¨¤ª÷áâì ¯®â®ªã U1 â  è¨à¨­  ¢¥«¨ª®£® ª ­ -«ã H. �¥§à®§¬÷à­¨© ç á ¢¢®¤¨âìáï ïª � = tU1=H,Re = U1H=�. �®§à åã­ª®¢  ®¡« áâì ¢¨¡¨à « áì¤®áâ â­ì® ¢¥«¨ª®î x 2 [�3; 10], é®¡ ¢¨ª«îç¨â¨¢¯«¨¢ ùù £à ­¨æ÷ ­  à®§¢¨â®ª æ¨àªã«ïæ÷©­®ù â¥ç÷ù§  ãáâã¯®¬. �®§à åã­ª¨ ¯®ª §ãîâì, é® § ç á®¬ ãª ­ «÷ ¯¥à¥¤ ãáâã¯®¬ â  ¤ «¥ª® §  ãáâã¯®¬ ¢áâ -­®¢«îõâìáï ¯ à ¡®«÷ç­¨© ¯à®ä÷«ì è¢¨¤ª®áâ÷, é®¯÷¤â¢¥à¤¦ãõ ¯à ¢®¬÷à­÷áâì ç¨á¥«ì­®ù ¬¥â®¤¨ª¨.�âà¨¬ ­÷ à¥§ã«ìâ â¨ ª®à¥«îîâì § à®§à åã­ª -¬¨ ÷­è¨å  ¢â®à÷¢ [10]. �¡÷«ìè¥­­ï ç¨á«  ¢¨åà®¢¨åáâàãªâãà ¯à¨ §à®áâ ­­÷ ç¨á«  �¥©­®«ì¤á  ¯®ïá-­îõ ¬¥å ­÷§¬ ­¥áâ÷©ª®áâ÷ â ª®ù â¥ç÷ù: ª®¦¥­ § ¢¨-

�¨á. 17. �å¥¬  â¥ç÷ù ¢ à®§£ «ã¤¦¥­­÷ ª ­ «÷¢å®à÷¢ ¢§ õ¬®¤÷õ § ÷­è¨¬¨ ¢¨å®à ¬¨ ÷ § £à ­¨æï¬¨ª ­ «ã; ç¨¬ ¡÷«ìè¥ ¢¨å®à÷¢, â¨¬ è¨àè¨© á¯¥ªâàç áâ®â, ­  ïª÷ à¥ £ãõ â ª  ¢¨åà®¢  á¨áâ¥¬ .�®§à®¡«¥­  ç¨á¥«ì­  ¬®¤¥«ì ¢¨ª®à¨áâ®¢ã¢ « áìâ ª®¦ ¤«ï à®§à åã­ªã ª àâ¨­¨ â¥ç÷ù ¢ à®§£ «ã-¤¦¥­­÷ ª ­ «÷¢. � ÷­¦¥­¥à­÷© ¯à ªâ¨æ÷, ïª ¯à -¢¨«®, ¤«ï à®§à åã­ªã ¯ à ¬¥âà÷¢ â ª¨å â¥ç÷© ª®-à¨áâãîâìáï ¥¬¯÷à¨ç­¨¬¨ § «¥¦­®áâï¬¨, §®ªà¥¬ ,ä®à¬ã«®î �¥©á¡ å  [2]. �¨á¥«ì­  ¬®¤¥«ì ¤®§¢®-«ïõ ¤¥â «ì­÷è¥ ¯à® ­ «÷§ã¢ â¨ áâàãªâãàã â¥ç÷ù,¢¨§­ ç¨â¨ à®§¬÷à¨ ¢÷¤à¨¢­¨å §®­, à®§à åã¢ â¨¯®«ï è¢¨¤ª®áâ÷ ÷ â¨áªã ¯à¨ à÷§­¨å á¯÷¢¢÷¤­®è¥­-­ïå £¥®¬¥âà¨ç­¨å ¯ à ¬¥âà÷¢ ª ­ «÷¢ â  è¢¨¤ª®-áâ¥© à÷¤¨­¨ ¢ ­¨å. �å¥¬ã â¥ç÷ù, é® à®§à å®¢ã¢ -« áì, ¯®ª § ­® ­  à¨á. 17. �å÷¤­¨¬¨ ¯ à ¬¥âà ¬¨§ ¤ ç÷ õ è¢¨¤ª®áâ÷ ¯®â®ª÷¢ ( ¡® ¢¨âà â  à÷¤¨­¨)ã ª ­ « å ¤ «¥ª® ¢÷¤ ¯®¢®à®âã U1, U2, U3, à®§-¬÷à¨ ª ­ «÷¢ â  ¢'ï§ª÷áâì à÷¤¨­¨ (ç¨á«® �¥©­®«ì¤-á ). � ç¨á¥«ì­÷© ¬®¤¥«÷ §  å à ªâ¥à­¨© «÷­÷©­¨©à®§¬÷à ¢¨¡¨à « áì è¨à¨­  ¢¥àâ¨ª «ì­®£® ª ­ «ã2h�, §  å à ªâ¥à­ã è¢¨¤ª÷áâì ¡à « áì ¢¥«¨ç¨­ jU1j, Re = 2h�jU1j=�, � = tjU1j=2h�.�¨á. 18 ÷«îáâàãõ ª àâ¨­¨ â¥ç÷ù ÷ à®§¯®¤÷« § -¢¨åà¥­®áâ÷ ¢ à®§£ «ã¤¦¥­­÷ ¯à¨ à÷§­¨å á¯÷¢¢÷¤­®-è¥­­ïå è¢¨¤ª®áâ¥© ¢ ª ­ « å. �¤¥à¦ ­÷ à¥§ã«ì-â â¨ ¯®ª §ãîâì ®á®¡«¨¢®áâ÷ ¤ ­®ù â¥ç÷ù,   â ª®¦¤®§¢®«ïîâì ®æ÷­¨â¨ ¯ à ¬¥âà¨ ïª £®«®¢­¨å, â ª÷ ¢â®à¨­­¨å ¢¨åà®¢¨å §®­. �®ç  ÷­â¥­á¨¢­÷áâì¢â®à¨­­¨å ¢¨åà®¢¨å §®­ õ ­¥§­ ç­®î, ¢®­¨ ¯®¬÷â-­® ¢¯«¨¢ îâì ­  å à ªâ¥à¨áâ¨ª¨ £÷¤à®¤¨­ ¬÷ç-­¨å ¯®«÷¢. �¥ ¯®ïá­îõâìáï, ¢ ¯¥àèã ç¥à£ã, â¨¬,é® ãâ¢®à¥­­ï ¢÷¤à¨¢­¨å §®­ ¬®¦­  à®§£«ï¤ â¨ ïªä ªâ®à, áâ¨¬ã«îîç¨© ¯¥à¥å÷¤ ¤® âãà¡ã«¥­â­®áâ÷.� ¥ªá¯¥à¨¬¥­â å ¤¥áâ ¡÷«÷§ãîç¨© ¢¯«¨¢ ¢÷¤à¨¢ãá¯®áâ¥à÷£ õâìáï ­ ¢÷âì ¯à¨ ¢÷¤­®á­® ­¥¢¥«¨ª¨å ç¨-á« å �¥©­®«ì¤á  [1]. �®¬ã §¬¥­è¥­­ï à®§¬÷à÷¢¢÷¤à¨¢­¨å §®­ á¯à¨ïõ áâ ¡÷«÷§ æ÷ù â¥ç÷ù.� ¥ªá¯¥à¨¬¥­â å ¡ã«® ¯®¬÷ç¥­®, é® ­  áâàãª-âãàã â¥ç÷ù ¢ ª ­ « å ¬®¦­  ¢¯«¨¢ â¨, ãâ¢®àîç¨èâãç­® áâ÷©ª÷ «®ª «ì­÷ ¢÷¤à¨¢­÷ §®­¨ [3]. � -ª¨© á¯®á÷¡ ã¯à ¢«÷­­ï ¯®â®ª®¬ ¬®¦¥ ¡ãâ¨ § áâ®-�. �. �®à¡ ­ì, ö. �. �®à¡ ­ì 15
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�¨á. 18. �÷­÷ù â¥ç÷ù ÷ à®§¯®¤÷« § ¢¨åà¥­®áâ÷ ¢ à®§£ «ã¤¦¥­­÷ ª ­ «÷¢ ¯à¨ h� = 1, Re = 500, � = 30:a � U1 = �1; U2 = 1, b� U1 = �1; U2 = 0:5, c� U1 = �1; U2 = 0, d� U1 = �1; U2 = �0:5á®¢ ­¨©, ­ ¯à¨ª« ¤, ¤«ï §¬¥­è¥­­ï £÷¤à ¢«÷ç­¨å¢âà â âàã¡®¯à®¢®¤÷¢. �«ï ä®à¬ã¢ ­­ï èâãç­®£®¢÷¤à¨¢ã ¢¨ª®à¨áâ®¢ãîâìáï ÷­â¥àæ¥¯â®à¨, ãáâã¯¨, § £«¨¡«¥­­ï ÷ â. ¯. [4,13].�  à¨á. 19 ­ ¢¥¤¥­® à¥§ã«ìâ â¨ ç¨á¥«ì­¨å à®§-à åã­ª÷¢, ïª÷ ÷«îáâàãîâì ¤ ­¨© ¯÷¤å÷¤ ­  ¯à¨ª« ¤÷16 �. �. �®à¡ ­ì, ö. �. �®à¡ ­ì
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�¨á. 19. � «¥¦­÷áâì ª àâ¨­¨ â¥ç÷ù ¢ ®¡« áâ÷ à®§£ «ã¤¦¥­­ï ª ­ «÷¢ ¢÷¤ à®§â èã¢ ­­ï â  ¢¨á®â¨÷­â¥àæ¥¯â®à :h� = 2, U1 = �1; U2 = 0, Re = 250; a { ÷­â¥àæ¥¯â®à  ­¥¬ õ; b { hpl=h� = 0:25; c {hpl=h� = 0:15§ ¤ ç÷ ¯à® ã¯à ¢«÷­­ï â¥ç÷õî ¢ à®§£ «ã¤¦¥­­÷ ª -­ «÷¢. �  à¨á. 19, a ¯®ª § ­® áâàãªâãàã áâ -«®ù â¥ç÷ù ¢ ®¡« áâ÷ à®§£ «ã¤¦¥­­ï ¯à¨ h� = 2,U1 = �1, U2 = 0, Re = 250. �®­  å à ª-â¥à¨§ãõâìáï ãâ¢®à¥­­ï¬ è¨à®ª®ù ¢÷¤à¨¢­®ù §®­¨­  ¢å®¤÷ ¢ ¢¥àâ¨ª «ì­¨© ª ­ « ÷ ¯®âã¦­¨¬ ¢¨å®-à®¬, é® ä®à¬ãõâìáï ­  ¯®¢®à®â÷ ¯®â®ªã. � à-â¨­  â¥ç÷ù ÷áâ®â­® §¬÷­¨âìáï, ïªé® ¯¥à¥¤ ¯®¢®à®-â®¬ ¢áâ ­®¢¨â¨ ÷­â¥àæ¥¯â®à. �  ­¨¬ ãâ¢®àîõâìáïáâ®ïç¨© ¢¨å®à, ïª¨© ¯®¢­÷áâî  ¡® ç áâª®¢® àã©­ãõ¢÷¤à¨¢­ã §®­ã,   â ª®¦ á¯à¨ïõ §¬¥­è¥­­î ÷­â¥­-á¨¢­®áâ÷ ¢â®à¨­­®£® ¢¨åà®ãâ¢®à¥­­ï ¢ £®à¨§®­-â «ì­®¬ã ª ­ «÷. �¨¡÷à ®¯â¨¬ «ì­¨å ¯ à ¬¥âà÷¢ã¯à ¢«ïîç®£® ¥«¥¬¥­â  §ã¬®¢«¥­¨© ¤¢®¬  ä ªâ®-à ¬¨. � ®¤­®£® ¡®ªã, ¢¨á®â  ¯« áâ¨­¨ hpl ­¥ ¬®¦¥¡ãâ¨ ¢¥«¨ª®î ¢÷¤­®á­® è¨à¨­¨ ª ­ «ã, ¢ ïª®¬ã ¢®-­  ¢áâ ­®¢«îõâìáï, ¡® æ¥ ¯à¨¢®¤¨âì ¤® ãâ¢®à¥­­ï÷áâ®â­¨å ¢â®à¨­­¨å ¢¨åà®¢¨å §®­ ¯¥à¥¤ ¯« áâ¨-­®î â  ­  ¯à®â¨«¥¦­÷© áâ®à®­÷ ª ­ «ã. � ÷­è®-£® ¡®ªã, ¢¨å®à, ïª¨© áâ¢®àîõâìáï, ¯®¢¨­¥­ ¡ãâ¨¤®áâ â­ì® ¯®âã¦­¨¬, é®¡ ¢¯«¨¢ â¨ ­  áâàãªâã-àã â¥ç÷ù. � ©¡÷«ìè ®¯â¨¬ «ì­®î õ á¨âã æ÷ï, ª®-«¨ ­ã«ì®¢  «÷­÷ï â¥ç÷ù, é® ®¡å®¤¨âì áâ®ïç¨© ¢¨-å®à, ¯à¨õ¤­ãõâìáï ¤® áâ÷­ª¨ ª ­ «ã ¯®¡«¨§ã £®á-âà®ù ªà®¬ª¨ (à¨á. 19, b). �¨á. 19, c ÷«îáâàãõ ¢¨¯ -¤®ª ­¥®¯â¨¬ «ì­®£® ã¯à ¢«÷­­ï, ª®«¨ à®§¬÷à¨ ¯« -áâ¨­¨ õ ­¥¤®áâ â­÷¬¨, é®¡ ¥ä¥ªâ¨¢­® ¢¯«¨¢ â¨ ­ áâàãªâãàã â¥ç÷ù. � ª¨¬ ç¨­®¬, §¬÷­îîç¨ ¢¨á®âã÷­â¥àæ¥¯â®à  â  ©®£® à®§â èã¢ ­­ï, ¬®¦­  ÷áâ®â-­® §¬¥­è¨â¨ à®§¬÷à¨ ¢÷¤à¨¢­¨å §®­ ã ¢¥àâ¨ª «ì-­®¬ã ª ­ «÷,   ¢ ®¯â¨¬ «ì­®¬ã ¢¨¯ ¤ªã ÷ «÷ª¢÷¤ã-¢ â¨ ùå §®¢á÷¬. �÷¤¯®¢÷¤­¨¬ ç¨­®¬ §¬¥­èãõâìáï ÷ª®¥ä÷æ÷õ­â £÷¤à ¢«÷ç­¨å ¢âà â.

���������®¡ã¤ã¢ ­® ã­÷¢¥àá «ì­¨© ª®¬¡÷­®¢ ­¨© ç¨á¥«ì-­¨©  «£®à¨â¬ ¬®¤¥«î¢ ­­ï ¯®â®ª÷¢ ¢'ï§ª®ù ­¥áâ¨-á«¨¢®ù à÷¤¨­¨,  ¯à®¡ æ÷ï ïª®£® ¯®ª § « , é® ¢÷­¬®¦¥ ¡ãâ¨ ¥ä¥ªâ¨¢­® ¢¨ª®à¨áâ ­¨© ¤«ï  ­ «÷§ã¢¨åà®¢®ù áâàãªâãà¨ â¥ç÷ù ¢ ¯«®áª¨å ª ­ « å à÷§-­®ù ª®­ä÷£ãà æ÷ù ¯à¨ ¯®¬÷à­¨å ç¨á« å �¥©­®«ì¤á .�à®¢¥¤¥­÷ ¤®á«÷¤¦¥­­ï ¤®¢¥«¨, é® ¢¨åà®¢ áâàãªâãà  â¥ç÷© ¢ ª ­ « å ¬ õ àï¤ ®á®¡«¨¢®áâ¥©.�®ªà¥¬ , â¥ç÷ù ¢ ª ­ « å § ­¥à÷¢­¨¬¨ áâ÷­ª ¬¨ (§ãáâã¯ ¬¨, ¢¨áâã¯ ¬¨ ÷ â. ¯.) ¬ îâì ¯¥¢­÷ å à ª-â¥à­÷ ç áâ®â¨, ¯®¢'ï§ ­÷ § ä®à¬ã¢ ­­ï¬ áâ æ÷®-­ à­¨å ¢¨åà®¢¨å §®­ (áâ®ïç¨å ¢¨å®à÷¢) â  ùå §¡ã-à¥­¨¬ àãå®¬ ­ ¢ª®«® áâ æ÷®­ à­¨å ¯®«®¦¥­ì. � ª÷ç áâ®â¨ !0 £à îâì à®«ì à¥§®­ ­á­¨å: ¯à¨ ­ ï¢-­®áâ÷ ¢ ¯®â®æ÷ ¬ «¨å ¢¨¯ ¤ª®¢¨å §¡ãà¥­ì § ç áâ®-â ¬¨, ïª÷ õ ¡«¨§ìª¨¬¨ ¤® ¢« á­¨å ç áâ®â áâ®ïç¨å¢¨å®à÷¢ !0, ¢÷¤¡ã¢ õâìáï à÷§ª¥ §à®áâ ­­ï §¡ãà¥-­¨å àãå÷¢ ¢¨å®à÷¢ (â®¡â®, ¢÷¤à¨¢­¨å §®­ ïª ¯¥¢-­¨å æ÷«÷á­¨å ä®à¬ã¢ ­ì). �¥, ¢ á¢®î ç¥à£ã, ÷­-â¥­á¨ä÷ªãõ ¯à®æ¥á¨ ãâ¢®à¥­­ï ¤à÷¡­¨å ¢¨åà®¢¨åáâàãªâãà ­  §®¢­÷è­÷å £à ­¨æïå ¢÷¤à¨¢­¨å §®­.�  ¢÷¤¬÷­ã ¢÷¤ â¥ç÷© ¡÷«ï ­¥à÷¢­®áâ¥© £à ­¨æ÷ ¢­ ¯÷¢®¡¬¥¦¥­®¬ã ¯®â®æ÷, ã ¢¨¯ ¤ªã ª ­ «÷¢ áâ®ïç÷¢¨å®à¨ ¬®¦ãâì ¬ â¨ ­¥ ®¤­ã,   ¤¥ª÷«ìª  ¢« á­¨åç áâ®â.�ãå ¢¨å®à÷¢ ã ª ­ « å, §®ªà¥¬ , ¢¨åà®¢¨å ¯ à,å à ªâ¥à¨§ãõâìáï ­ ï¢­÷áâî â®ç®ª ¡÷äãàª æ÷ù. �¤ ­÷© à®¡®â÷ æ¥ ¯®ª § ­® ­  ¯à¨ª« ¤÷ ¢¨å®à÷¢ ãà®§£ «ã¤¦¥­­÷ ª ­ «÷¢. �¥§­ ç­  §¬÷­  ¯®ç âª®-¢¨å ¯®«®¦¥­ì ¢¨å®à÷¢ â  ùå­÷å æ¨àªã«ïæ÷© ¬®¦¥¯à¨¢¥áâ¨ ¤® à÷§ª¨å §¬÷­ ¯®¤ «ìè®ù ¥¢®«îæ÷ù ¢¨-åà®¢¨å áâàãªâãà.�¯«¨¢ ¢'ï§ª®áâ÷ à÷¤¨­¨ §ã¬®¢«îõ ä®à¬ã¢ ­­ï¢â®à¨­­¨å ¢¨åà®¢¨å §®­. �  ¯à¨ª« ¤÷ ¤¨äã§÷ù ¢¨-�. �. �®à¡ ­ì, ö. �. �®à¡ ­ì 17
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