
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 56 { 71��� 532.516��������� ������������� ���������������������� � ����� �� ��������� �� ��������������� �����-�������. �. ���������, �. �. �������­¥¯à®¯¥âà®¢áª¨© ­ æ¨®­ «ì­ë© ã­¨¢¥àá¨â¥â�®«ãç¥­® 05.11.2004�«ï ¨áá«¥¤®¢ ­¨ï ­¥áâ æ¨®­ à­ëå â¥ç¥­¨© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¯à¨¬¥­¥­ë ¤¢ã¬¥à­ë¥ ãà ¢­¥­¨ï � ¢ì¥-�â®ªá ,§ ¯¨á ­­ë¥ ®â­®á¨â¥«ì­® ¯à®¨§¢®«ì­®© á¨áâ¥¬ë ª®®à¤¨­ â. �«£®à¨â¬ ç¨á«¥­­®£® à¥è¥­¨ï ¨áå®¤­ëå ãà ¢­¥­¨©®á­®¢ ­ ­  ¬¥â®¤¥ ¨áªãááâ¢¥­­®© á¦¨¬ ¥¬®áâ¨, ¬®¤¨ä¨æ¨à®¢ ­ ¤«ï à áç¥â  ­¥áâ æ¨®­ à­ëå â¥ç¥­¨© ¨ ¨á¯®«ì§ã¥âáå¥¬ë TVDMinMod ¢â®à®£® ¨ ISNAS âà¥âì¥£® ¯®àï¤ª  ¤«ï ª®­¢¥ªâ¨¢­ëå ç«¥­®¢ ¨ æ¥­âà «ì­®-à §­®áâ­ãî ¢â®à®£®¯®àï¤ª  ¤«ï ¢ï§ª¨å ç«¥­®¢. �­â¥£à¨à®¢ ­¨¥ ¯® ¢à¥¬¥­¨ ãà ¢­¥­¨© ª®«¨ç¥áâ¢  ¤¢¨¦¥­¨ï ®áãé¥áâ¢«ï¥âáï á ¯®¬®-éìî ®¤­®áâ®à®­­¥© áå¥¬ë ¢â®à®£® ¯®àï¤ª . � ª ç¥áâ¢¥ â¥áâ®¢®© § ¤ ç¨, à áá¬ âà¨¢ ¥âáï « ¬¨­ à­®¥ â¥ç¥­¨¥ § æ¨«¨­¤à®¬.�«ï ¤®á«÷¤¦¥­­ï ­¥áâ æ÷®­ à­¨å â¥ç÷© ­¥áâ¨á«¨¢®ù à÷¤¨­¨ § áâ®á®¢ ­÷ ¤¢®¢¨¬÷à­÷ à÷¢­ï­­ï � ¢'õ-�â®ªá , § ¯¨á ­÷¢÷¤­®á­® ¤®¢÷«ì­®ù á¨áâ¥¬¨ ª®®à¤¨­ â. �«£®à¨â¬ ç¨á¥«ì­®£® à®§¢'ï§ã¢ ­­ï ¢¨å÷¤­¨å à÷¢­ï­ì § á­®¢ ­¨© ­  ¬¥â®¤÷èâãç­®ù áâ¨á«¨¢®áâ÷ â  ¬®¤¨ä÷ª®¢ ­¨© ¤«ï à®§à åã­ªã ­¥áâ æ÷®­ à­¨å â¥ç÷©, ¢¨ª®à¨áâ®¢ãõ áå¥¬¨ TVD MinMod¤àã£®£® ÷ ISNAS âà¥âì®£® ¯®àï¤ªã ¤«ï ª®­¢¥ªâ¨¢­¨å ç«¥­÷¢ ÷ æ¥­âà «ì­®-à÷§­¨æ¥¢ã ¤àã£®£® ¯®àï¤ªã ¤«ï ¢'ï§ª¨åç«¥­÷¢. ö­â¥£àã¢ ­­ï §  ç á®¬ à÷¢­ï­ì ª÷«ìª®áâ÷ àãåã §¤÷©á­îõâìáï §  ¤®¯®¬®£®î ®¤­®¡÷ç­®ù áå¥¬¨ ¤àã£®£® ¯®àï¤ªã.�ª â¥áâ®¢  § ¤ ç , à®§£«ï¤ õâìáï « ¬÷­ à­  â¥ç÷ï §  æ¨«÷­¤à®¬.The two-dimensional Navier-Stokes equations, which have been written down concerning generalized system of coordinates,are applied for research of unsteady 
ows of an incompressible liquid. The numerical decision algorithm of the initialequations is based on the method of the arti�cial compressibility. This method has been modi�ed for calculation ofunsteady 
ows, it uses schemes TVD MinMod of the second and ISNAS the third order for convective terms and centraldi�erencing the second order for viscous terms. Integration on time of the momentum equations is carried out with thehelp of the unilateral scheme of the second order. As a test problem, laminar 
ow behind a circular cylinder is beingconsidered.���������à¨ â¥®à¥â¨ç¥áª®¬ ¨áá«¥¤®¢ ­¨¨ â¥ç¥­¨© ¢ á«¥-¤¥ §  ª®à ¡«ï¬¨ ¨ «¥â â¥«ì­ë¬¨  ¯¯ à â ¬¨ ­ ¨-«ãçè¨¥ à¥§ã«ìâ âë ¯®«ãç îâáï ¯à¨ ¯à¨¬¥­¥­¨¨¬®¤¥«¨ à¥ «ì­®© ¦¨¤ª®áâ¨ { ãà ¢­¥­¨© � ¢ì¥-�â®ªá .� §à ¡®âª  ¬¥â®¤¨ª à¥è¥­¨ï ãà ¢­¥­¨© � ¢ì¥-�â®ªá  ¤«ï ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ {  ªâã «ì­ ï§ ¤ ç  ¢ëç¨á«¨â¥«ì­®© £¨¤à®¤¨­ ¬¨ª¨. �®«ì-è¨­áâ¢® § ¤ ç, ¯à¥¤áâ ¢«ïîé¨å ¯à ªâ¨ç¥áªãîæ¥­­®áâì, ¨¬¥îâ ïàª® ¢ëà ¦¥­­ë© ­¥áâ æ¨®­ à-­ë© å à ªâ¥à. �á­®¢­ ï ¯à®¡«¥¬  ¯®«ãç¥­¨ï­¥áâ æ¨®­ à­ëå à¥è¥­¨© § ª«îç ¥âáï ¢ âàã¤-­®áâïå ®¤­®¢à¥¬¥­­®£® à¥è¥­¨ï ãà ¢­¥­¨© ª®-«¨ç¥áâ¢  ¤¢¨¦¥­¨ï ¨ ãà ¢­¥­¨ï ­¥à §àë¢­®áâ¨.�  ¯¥à¢®¬ íâ ¯¥ à §¢¨â¨ï ç¨á«¥­­ëå  «£®à¨â-¬®¢ à¥è¥­¨ï ãà ¢­¥­¨© � ¢ì¥-�â®ªá  ¤«ï ­¥á¦¨-¬ ¥¬®© ¦¨¤ª®áâ¨ ç é¥ ¨á¯®«ì§®¢ «¨áì ¯¥à¥¬¥­-­ë¥ § ¢¨åà¥­­®áâì{äã­ªæ¨ï â®ª  [1]. �  ®á­®¢¥¤ ­­®£® ¯®¤å®¤  ¡ë«® à¥è¥­® ¡®«ìè®¥ ª®«¨ç¥áâ¢®¯à¨ª« ¤­ëå § ¤ ç, ­® à áç¥âë ¯à®áâà ­áâ¢¥­­ëå§ ¤ ç á ¨á¯®«ì§®¢ ­¨¥¬ äã­ªæ¨© â®ª  ¢¥áì¬  § -âàã¤­¨â¥«ì­ë.�à¨¬¥­¥­¨¥ ä¨§¨ç¥áª¨å ¯¥à¥¬¥­­ëå ¯®§¢®«ï¥â
à¥è âì ¤¢ã¬¥à­ë¥ ¨ âà¥å¬¥à­ë¥ § ¤ ç¨ ¯® ¥¤¨­®-¬ã  «£®à¨â¬ã. �á­®¢­ë¥ ¬ â¥¬ â¨ç¥áª¨¥ ¯à®¡«¥-¬ë ¯à¨ à¥è¥­¨¨ ãà ¢­¥­¨ï � ¢ì¥-�â®ªá  á¢ï§ -­ë á à §«¨ç­ë¬ â¨¯®¬ ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢-­¥­¨© ¤«ï § ª®­®¢ á®åà ­¥­¨ï ¬ ááë ¨ ª®«¨ç¥áâ¢ ¤¢¨¦¥­¨ï. � §«¨ç¨¥ ¬¥¦¤ã í««¨¯â¨ç¥áª¨¬ ¨ ¯ -à ¡®«¨ç¥áª¨¬ å à ªâ¥à®¬ ¨á¯®«ì§ã¥¬ëå ãà ¢­¥-­¨© ¯à¥®¤®«¥¢ «®áì á ¯®¬®éìî ¢¢¥¤¥­¨ï ¤«ï ®¯à¥-¤¥«¥­¨ï ¤ ¢«¥­¨ï á¯¥æ¨ «ì­®£® ãà ¢­¥­¨ï �ã á-á®­  [2], ãà ¢­¥­¨© ¤«ï ¯®¯à ¢®ª [2, 3], à §«¨ç-­ëå èâà ä­ëå äã­ªæ¨© [4], ¤®¯®«­¥­¨¥¬ ãà ¢­¥-­¨ï ­¥à §àë¢­®áâ¨ ­¥áâ æ¨®­ à­ë¬ ç«¥­®¬ [5],à¥£ã«ïà¨§ æ¨¥© ¬ âà¨æë ª®íää¨æ¨¥­â®¢ ¯à¨ ¯à®-¨§¢®¤­ëå ¯® ¢à¥¬¥­¨ [6].�à¨ à¥è¥­¨¨ ãà ¢­¥­¨© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®-áâ¨ ¢ ä¨§¨ç¥áª¨å ¯¥à¥¬¥­­ëå ¯à¨¬¥­ï«¨áì ¬¥â®¤¬ àª¥à®¢ ¨ ïç¥¥ª (���),  «£®à¨â¬ SIMPLE, ¢¯®á«¥¤­¥¥ ¢à¥¬ï §­ ç¨â¥«ì­ë© ¯à®£à¥áá ¢ ¯®¢ë-è¥­¨¨ íää¥ªâ¨¢­®áâ¨ ç¨á«¥­­ëå  «£®à¨â¬®¢ ¤®-áâ¨£­ãâ ¯à¨ ¯à¨¬¥­¥­¨¨ «®ª «ì­®£® ¯à¥¤®¡ãá« -¢«¨¢ ­¨ï. �¡§®à ãª § ­­ëå ¬¥â®¤®¢ ¬®¦­® ­ ©â¨¢ à ¡®â å [7-11].� ¯®á«¥¤­¨¥ £®¤ë ¤«ï ¬®¤¥«¨à®¢ ­¨ï â¥ç¥­¨ï­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢á¥ ç é¥ ¯à¨¬¥­ïîâáï¯®¤å®¤ë, ¨á¯®«ì§ãîé¨¥ íää¥ªâë á¦¨¬ ¥¬®áâ¨56 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 56 { 71[12-14].�à ªâ¨ª  ¯à¨¬¥­¥­¨ï ãà ¢­¥­¨© á¦¨¬ ¥¬®£®£ §  ¯®ª §ë¢ ¥â ­¨§ªãî à ¡®â®á¯®á®¡­®áâì ¤ ­-­®© ¬®¤¥«¨ ¯à¨ ¬ «ëå ç¨á« å � å  (� < 0:1).�â® á¢ï§ ­® á ¦¥áâª®áâìî ¨áå®¤­ëå ãà ¢­¥­¨©¤«ï ­¨§ª®áª®à®áâ­ëå â¥ç¥­¨© ¢á«¥¤áâ¢¨¥ §­ ç¨-â¥«ì­ëå à §«¨ç¨© ¢ å à ªâ¥à­ëå ¢à¥¬¥­ å ª®­-¢¥ªâ¨¢­®£® ¯¥à¥­®á  ¨ à á¯à®áâà ­¥­¨ï  ªãáâ¨-ç¥áª¨å ¢®§¬ãé¥­¨©. � ­­®¥ ¯à¥¯ïâáâ¢¨¥ ¬®¦¥â¡ëâì ¯à¥®¤®«¥­® ¯à¨¬¥­¥­¨¥¬ ¯à¥¤®¡ãá« ¢«¨¢ -­¨ï (preconditioning) [6]. �¤­ ª® â¥®à¥â¨ç¥áª¨¥®á­®¢ë ¯à¥¤®¡ãá« ¢«¨¢ ­¨ï ¢ ­ áâ®ïé¥¥ ¢à¥¬ï ¤®-áâ â®ç­® à §¢¨âë â®«ìª® ¤«ï áâ æ¨®­ à­ëå â¥ç¥-­¨©.�¥â®¤ ¨áªãááâ¢¥­­®© á¦¨¬ ¥¬®áâ¨ ¯à¥¤áâ ¢«ï-¥â á®¡®© à §ã¬­ë© ª®¬¯à®¬¨áá ¬¥¦¤ã ãª § ­-­ë¬¨ ¢ëè¥ ¯®¤å®¤ ¬¨. � ®¤­®© áâ®à®­ë, § áç¥â ¤®¡ ¢«¥­¨ï ª ãà ¢­¥­¨î ­¥à §àë¢­®áâ¨ ¯à®-¨§¢®¤­®© ¤ ¢«¥­¨ï ¯® ¢à¥¬¥­¨ ¨áå®¤­ ï á¨áâ¥¬ ãà ¢­¥­¨© ¯à¨¢®¤¨âáï ª ¥¤¨­®¬ã ¯ à ¡®«¨ç¥áª®-£¨¯¥à¡®«¨ç¥áª®¬ã â¨¯ã. �â® ¯®§¢®«ï¥â ­ ¯àï¬ãîá®£« á®¢ âì ¯®«ï ¤ ¢«¥­¨ï ¨ áª®à®áâ¨ ­  ®¤­®¬¢à¥¬¥­­®¬ á«®¥. � ¤àã£®© áâ®à®­ë, ¤ ­­ë© ¬¥-â®¤ ­¥ á¢ï§ ­ á ®£à ­¨ç¥­¨ï¬¨ ¯® ç¨á«ã � å  ¢®â«¨ç¨¥ ®â "ç¨áâ® á¦¨¬ ¥¬®£®" ¯®¤å®¤ .� ­ áâ®ïé¥© à ¡®â¥ ­  ®á­®¢¥ ¯à®¢¥¤¥­­®-£®  ­ «¨§  áãé¥áâ¢ãîé¨å â¥­¤¥­æ¨© à §¢¨â¨ïç¨á«¥­­ëå ¬¥â®¤®¢ ¯à¥¤«®¦¥­  ¬¥â®¤¨ª  à áç¥-â  ­¥áâ æ¨®­ à­ëå â¥ç¥­¨© ­¥á¦¨¬ ¥¬®© ¢ï§-ª®© ¦¨¤ª®áâ¨. �¤­®© ¨§ â ª¨å â¥­¤¥­æ¨© ï¢«ï-¥âáï ¯®¢ëè¥­¨¥ ª ç¥áâ¢  ¯®«ãç ¥¬ëå ç¨á«¥­­ëåà¥è¥­¨© ­  ¡ §¥ ¯à¨¬¥­¥­¨ï ¨¤¥© ­¥¢®§à áâ -­¨ï ¯®«­®© ¢ à¨ æ¨¨ (TVD). � ­ áâ®ïé¥© ¬¥â®-¤¨ª¥ ¨á¯®«ì§ãîâáï ®£à ­¨ç¨â¥«¨ TVD MinMod¢â®à®£® ¨ ISNAS âà¥âì¥£® ¯®àï¤ª   ¯¯à®ªá¨¬ -æ¨¨ ª®­¢¥ªâ¨¢­ëå á« £ ¥¬ëå ¢ à ¬ª å ãà ¢­¥-­¨© � ¢ì¥-�â®ªá  ¨áªãááâ¢¥­­®© á¦¨¬ ¥¬®áâ¨ ¤«ï¯à®¨§¢®«ì­®© ­¥®àâ®£®­ «ì­®© á¨áâ¥¬ë ª®®à¤¨-­ â. �«ï à áè¨à¥­¨ï ¯à¨¬¥­¥­¨ï à §à ¡ âë¢ -¥¬®© ¬¥â®¤¨ª¨ ª ­¥áâ æ¨®­ à­ë¬ § ¤ ç ¬ ¯à®¢®-¤ïâáï ¯®¤ëâ¥à æ¨¨ ­  ª ¦¤®¬ ¢à¥¬¥­­®¬ è £¥ ¤«ï¢ë¯®«­¥­¨ï ãà ¢­¥­¨ï ­¥à §àë¢­®áâ¨  ­ «®£¨ç­®à ¡®â ¬ [12-14]. � ª®© ¯®¤å®¤ ¯®§¢®«ï¥â ¯®«ãç âìà¥§ã«ìâ âë, ®âà ¦ îé¨¥ à¥ «ì­ãî ª àâ¨­ã â¥-ç¥­¨©, á ¯à¨¥¬«¥¬ë¬¨ § âà â ¬¨ ¬ è¨­­®£® ¢à¥-¬¥­¨.�ë¡®à § ¤ ç¨ ® ­¥áâ æ¨®­ à­®¬ ®¡â¥ª ­¨¨ æ¨-«¨­¤à  ®¡ãá«®¢«¥­ â¥¬, çâ®, ­¥á¬®âàï ­  ¯à®áâãî£¥®¬¥âà¨î, ®­  ¤ ¥â ¢®§¬®¦­®áâì ®âà §¨âì ¬­®-£¨¥ å à ªâ¥à­ë¥ ¯ à ¬¥âàë § ¤ ç, ®¯¨áë¢ ¥¬ëåãà ¢­¥­¨ï¬¨ � ¢ì¥-�â®ªá : à §«¨ç­ë¥ á®®â­®è¥-­¨ï ¬¥¦¤ã ¢ï§ª¨¬¨ ¨ ª®­¢¥ªâ¨¢­ë¬¨ á¨« ¬¨, ­¥-«¨­¥©­®áâìî ª®­¢¥ªâ¨¢­ëå ç«¥­®¢, áãé¥áâ¢®¢ ­¨-¥¬ ®¡« áâ¥© ¡®«ìè¨å ¨ ¬ «ëå £à ¤¨¥­â®¢ ¤ ¢«¥-

­¨ï, çâ® ¯®§¢®«ï¥â ¨á¯®«ì§®¢ âì ¤ ­­ãî § ¤ çãª ª â¥áâ®¢ãî ¯à¨ ç¨á«¥­­®¬ ¬®¤¥«¨à®¢ ­¨¨.�à¨ ®¡â¥ª ­¨¨ æ¨«¨­¤à  ­¥á¦¨¬ ¥¬®© ¦¨¤ª®-áâìî ¬®¦­® ¢ë¤¥«¨âì âà¨ à¥¦¨¬ : â¥ç¥­¨¥ ¨¬¥¥â« ¬¨­ à­ë© å à ªâ¥à ¢® ¢á¥© ®¡« áâ¨, « ¬¨­ à-­®¥ ®¡â¥ª ­¨¥ æ¨«¨­¤à  ¨ âãà¡ã«¥­â­ë© á«¥¤, ¢á¥¯®«¥ â¥ç¥­¨ï ï¢«ï¥âáï âãà¡ã«¥­â­ë¬.�à¨¬¥­¥­¨¥ ¬®¤¥«¥© âãà¡ã«¥­â­®áâ¨ ¢ à ¬-ª å ®áà¥¤­¥­­ëå ¯® �¥©­®«ì¤áã ãà ¢­¥­¨© � ¢ì¥-�â®ªá  ¢­®á¨â ­¥ä¨§¨ç¥áª¨¥ íää¥ªâë ¢ ­¥áâ æ¨-®­ à­ãî ª àâ¨­ã â¥ç¥­¨©, ¢ ç áâ­®áâ¨ íâ® ¯à®-ï¢«ï¥âáï ¢ ¨áª ¦¥­¨¨ ¢¨åà¥¢®© ¤®à®¦ª¨ � à¬ -­ . �à®¢¥¤¥­¨¥ á¥à¨©­ëå à áç¥â®¢ á ¨á¯®«ì§®¢ -­¨¥¬ ¬¥â®¤®¢ ªàã¯­®¬ áèâ ¡­®© âãà¡ã«¥­â­®áâ¨¢ ¤ ­­ë© ¬®¬¥­â ­¥ ¯à¥¤áâ ¢«ï¥âáï ¢®§¬®¦­ë¬ ¢á¨«ã ¡®«ìè¨å § âà â ¢ëç¨á«¨â¥«ì­ëå à¥áãàá®¢.� â® ¦¥ ¢à¥¬ï, ¬®¤¥«¨à®¢ ­¨¥ « ¬¨­ à­ëå ®â-àë¢­ëå ­¥áâ æ¨®­ à­ëå â¥ç¥­¨© ï¢«ï¥âáï ­¥®¡-å®¤¨¬ë¬ íâ ¯®¬ à áç¥â  âãà¡ã«¥­â­ëå § ¤ ç.1. �������� ����������¥áâ æ¨®­ à­ë¥ ãà ¢­¥­¨ï � ¢ì¥-�â®ªá  ¤«ïâ¥ç¥­¨© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ á ¯®áâ®ï­­®©¯«®â­®áâìî ¬®£ãâ ¡ëâì § ¯¨á ­ë ¢ ª®­á¥à¢ â¨¢-­®© ä®à¬¥. �á¯®«ì§ãï ¯à®¨§¢®«ì­ë¥ ª®®à¤¨­ âë� = �(x; y; t); � = �(x; y; t), § ¯¨è¥¬ á¨áâ¥¬ã ãà ¢-­¥­¨© � ¢ì¥-�â®ªá  ¢ ¢¥ªâ®à­®¬ ¢¨¤¥:@D̂@t = � @@� (Ê � Êv) � @@� (F̂ � F̂v); (1)£¤¥̂D = 1J 24 pu� 35 ; Ê = 1J 24 �U + �t(p� �)uU + �xp�U + �yp 35 ;F̂ = 1J 24 �V + �t(p � �)uV + �xp�V + �yp 35 ;U = �t + �xu+ �y�; V = �t + �xu+ �y�; (2)U; V { ª®­âà ¢ à¨ ­â­ë¥ ª®¬¯®­¥­âë áª®à®áâ¨,�t = ��xx� ��yy� ; �t = ��xx� ��yy� ; �x = Jy� ; �y == �Jx�; �x = Jy� ; �y = Jx� { ¬¥âà¨ç¥áª¨¥ ª®íää¨-æ¨¥­âë, J = @(�; �)@(x; y) = det � �x �y�x �y �{ ïª®¡¨ ­ ¯à¥®¡à §®¢ ­¨ï ª®®à¤¨­ â. �ï§ª¨¥ ç«¥-­ë ¤«ï ­¥®àâ®£®­ «ì­®© á¥âª¨ ¨¬¥îâ ¢¨¤Êv = 1ReJ 24 0(�2x + �2y)u� + (�x�x + �y�y)u�(�2x + �2y)�� + (�x�x + �y�y)�� 35 ;A. A. �à¨å®¤ìª®, �. �. �¥¤ç¨æ 57



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 56 { 71F̂v = 1ReJ 24 0(�x�x + �y�y)u� + (�2x + �2y)u�(�x�x + �y�y)�� + (�2x + �2y)�� 35 : (3)�à ­¨ç­ë¥ ãá«®¢¨ï. �¥áâ æ¨®­ à­®¥ â¥ç¥-­¨¥ ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ®¯¨áë¢ ¥âáï ãà ¢­¥-­¨ï¬¨ ¯ à ¡®«¨ç¥áª®-£¨¯¥à¡®«¨ç¥áª®£® â¨¯ , ¤«ïà¥è¥­¨ï ª®â®àëå £à ­¨ç­ë¥ ãá«®¢¨ï § ¤ ¢ «¨áì­  ¢á¥å £à ­¨æ å à áç¥â­®© ®¡« áâ¨ ¯® ï¢­®© áå¥-¬¥. �  ¢­¥è­¥© £à ­¨æ¥, §  ¨áª«îç¥­¨¥¬ ¢ëå®¤­®-£® ãç áâª , £¤¥ § ¤ ¢ «¨áì ãá«®¢¨ï �¥©¬ ­ , §­ -ç¥­¨ï § ¢¨á¨¬ëå ¯¥à¥¬¥­­ëå à ááç¨âë¢ «¨áì ¯®¬¥â®¤ã å à ªâ¥à¨áâ¨ª. �  ¯®¢¥àå­®áâ¨ æ¨«¨­-¤à  áâ ¢¨«®áì ãá«®¢¨¥ ¯à¨«¨¯ ­¨ï. �à¨ ¢ëç¨á«¥-­¨¨ ¤ ¢«¥­¨ï ­  ¯®¢¥àå­®áâ¨ æ¨«¨­¤à  ­®à¬ «ì-­ë© £à ¤¨¥­â ¤ ¢«¥­¨ï ¯®« £ «áï à ¢­ë¬ ­ã«î.2. ��������� �����2.1. �¯¯à®ªá¨¬ æ¨ï ¯® ¢à¥¬¥­¨�à®¨§¢®¤­ë¥ ¯® ¢à¥¬¥­¨ ¢ ãà ¢­¥­¨ïå ª®«¨-ç¥áâ¢  ¤¢¨¦¥­¨ï ¢ëç¨á«ïîâáï ¯® ª®­¥ç­®-à §-­®áâ­®© ¢â®à®£® ¯®àï¤ª  âà¥åâ®ç¥ç­®© ï¢­®© áå¥-¬¥: 3ûn+1 � 4ûn + ûn�12�t = �r̂nu ;3�̂n+1� 4�̂n + �̂n�12�t = �r̂n� ; (4)£¤¥ ¢¥àå­¨© ¨­¤¥ªá ®¡®§­ ç ¥â ¢¥«¨ç¨­ã ¢à¥¬¥­¨t = n�t; r̂ { ¯à ¢ ï ç áâì ¢ ãà ¢­¥­¨ïå ª®«¨ç¥áâ¢ ¤¢¨¦¥­¨ï (1).�«ï à¥è¥­¨ï ãà ¢­¥­¨ï (4) ¨ ¢ë¯®«­¥­¨ï ãà ¢-­¥­¨ï ­¥à §àë¢­®áâ¨ ­  ¢à¥¬¥­­®¬ á«®¥ n+1, ¢¢¥-¤¥¬ ¯á¥¢¤®¢à¥¬¥­­®© á«®© ¨ ®¡®§­ ç¨¬ ¥£® ¢¥àå-­¨¬ ¨­¤¥ªá®¬ m. �à ¢­¥­¨ï à¥è îâáï ¨â¥à â¨¢-­® â ª, çâ®¡ë ûn+1;m+1; �̂n+1;m+1 ¯à¨¡«¨¦ «¨áì ª§­ ç¥­¨î áª®à®áâ¨ ûn+1; �̂n+1 ­  ­®¢®¬ ¢à¥¬¥­-­®¬ á«®¥,   ¤¨¢¥à£¥­æ¨ï áª®à®áâ¨ áâà¥¬¨« áì ª­ã«î. �á¯®«ì§ãï ¬¥â®¤ ¨áªãááâ¢¥­­®© á¦¨¬ ¥¬®-áâ¨ ¨ ¯à¨¬¥­ïï ï¢­ãî áå¥¬ã �©«¥à  ª ¯à®¨§¢®¤­®©¯® ¢à¥¬¥­¨ ¢ ãà ¢­¥­¨¨ ­¥à §àë¢­®áâ¨, § ¯¨è¥¬¤¨áªà¥â­ë©  ­ «®£ ãà ¢­¥­¨© (1) á ¯á¥¢¤®¢à¥¬¥­-­ë¬¨ ¨­¤¥ªá ¬¨:8>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>: p̂n+1;m+1 � p̂n+1;m�� == �� @@� UJ !+ @@� VJ !!n+1;m+1;3ûn+1;m+1 � 4ûn + ûn�12�t = �r̂nu ;3�̂n+1;m+1 � 4�̂n + �̂n�12�t = �r̂n� (5)

£¤¥ p̂ = p=J .�«ï ãáª®à¥­¨ï áå®¤¨¬®áâ¨ ¯®«ï ¤ ¢«¥­¨ï ª áâ -æ¨®­ à­®¬ã à¥è¥­¨î, ¨á¯®«ì§®¢ «áï ¯¥à¥¬¥­­ë©¢ ¯à®áâà ­áâ¢¥ è £ ¯® ¯á¥¢¤®¢à¥¬¥­¨ �� ¢ ãà ¢-­¥­¨¨ ­¥à §àë¢­®áâ¨, ¯à¥¤«®¦¥­­ë© ¢ à ¡®â¥[15]. �¥áâ­ë© è £ ¯® ¯á¥¢¤®¢à¥¬¥­¨ § ¢¨á¥« ¨á-ª«îç¨â¥«ì­® ®â ¯«®é ¤¨ ïç¥©ª¨ ¨ ®¯à¥¤¥«ï«áï ¯®ä®à¬ã«¥ �� = �� (1 +pJ); (6)£¤¥ J { ïª®¡¨ ­ ¯à¥®¡à §®¢ ­¨ï ª®®à¤¨­ â, �� -ä¨ªá¨à®¢ ­­®¥ §­ ç¥­¨¥ è £  ¯® ¯á¥¢¤®¢à¥¬¥­¨,§ ¤ ¢ ¥¬®¥ ¯¥à¥¤ ­ ç «®¬ à áç¥â .�áâ®©ç¨¢®áâì ¬¥â®¤  ¯à¨ ¨­â¥£à¨à®¢ ­¨¨ ¨á-å®¤­ëå ãà ¢­¥­¨© ¯® ï¢­®© áå¥¬¥ ­ ¯àï¬ãî § ¢¨-á¨â ®â ä¨§¨ç¥áª®£® è £  ¯® ¢à¥¬¥­¨ �t, ¯ à ¬¥-âà  ¨áªãááâ¢¥­­®© á¦¨¬ ¥¬®áâ¨ � ¨ ¯á¥¢¤®¢à¥¬¥-­¨ �� , ¢ë¡®à ª®â®àëå ¤®«¦¥­ ã¤®¢«¥â¢®àïâì ãá«®-¢¨î �ãà ­â -�à¨¤à¨åá -�¥¢¨.2.2. �¯¯à®ªá¨¬ æ¨ï ¯® ¯à®áâà ­áâ¢ã�à¨ à¥è¥­¨¨ § ¤ ç ® ­¥áâ æ¨®­ à­®¬ â¥ç¥­¨¨­¥á¦¨¬ ¥¬®© ¢ï§ª®© ¦¨¤ª®áâ¨ ­¥®¡å®¤¨¬® ¯à¨¬¥-­ïâì íää¥ªâ¨¢­ë¥ ç¨á«¥­­ë¥ ¬¥â®¤ë ¯®¢ëè¥­-­®£® ¯®àï¤ª  â®ç­®áâ¨ ¢ ®¡« áâïå ¯à®¨§¢®«ì­®©ä®à¬ë. � ¦­ë¬ á¢®©áâ¢®¬ ç¨á«¥­­®£® ¬¥â®¤  ¢¯à®¨§¢®«ì­®© á¨áâ¥¬¥ ª®®à¤¨­ â ï¢«ï¥âáï ¥£® ¬®-­®â®­­®áâì ¨ ª®­á¥à¢ â¨¢­®áâì, ª®â®àë¥ á¢®¤ïâª ¬¨­¨¬ã¬ã ¢®§¬ãé¥­¨ï, ®¡ãá«®¢«¥­­ë¥ ¬¥â®¤®¬à¥è¥­¨ï §  áç¥â à §­®áâ­®©  ¯¯à®ªá¨¬ æ¨¨ ¨ ªà¨-¢¨§­ë á¥â®ç­ëå «¨­¨©.�á¯®«ì§®¢ ­¨¥ æ¥­âà «ì­®-à §­®áâ­ëå áå¥¬¤«ï ¯à¥¤áâ ¢«¥­¨ï ª®­¢¥ªâ¨¢­ëå ç«¥­®¢ âà¥¡ã¥â,çâ®¡ë ¢ ãà ¢­¥­¨¥ ï¢­ë¬ ®¡à §®¬ ¡ë«  ¤®¡ ¢«¥­ ¨áªãááâ¢¥­­ ï ¤¨áá¨¯ æ¨ï, ª®â®à ï ï¢«ï¥âáï á«¥¤-áâ¢¨¥¬ ­¥«¨­¥©­®áâ¨ ª®­¢¥ªâ¨¢­ëå ç«¥­®¢. � ª¨¥áå¥¬ë âàã¤­ë ¢ ¯à¨¬¥­¥­¨¨, â ª ª ª ¯ à ¬¥âà¨áªãááâ¢¥­­®© ¤¨áá¨¯ æ¨¨ ¯à¨å®¤¨âáï ¯®¤¡¨à âì¤«ï ª ¦¤®£® ª®­ªà¥â­®£® á«ãç ï. �á¯®«ì§®¢ ­¨¥á«¨èª®¬ ¡®«ìè®© ¨áªãááâ¢¥­­®© ¤¨áá¨¯ æ¨¨ ¬®-¦¥â ¯à¨¢¥áâ¨ ª ¯®â¥à¨ â®ç­®áâ¨ ¢ëç¨á«¥­¨© [14].�ãé¥áâ¢ãîâ ¤¢  ®á­®¢­ëå ª« áá  ¯à®â¨¢®¯®-â®ç­ëå áå¥¬. � ¯¥à¢®¬ã ®â­®áïâáï áå¥¬ë, ®á­®-¢ ­­ë¥ ­  §­ ç¥­¨ïå á®¡áâ¢¥­­ëå ç¨á¥« ª®­¢¥ª-â¨¢­ëå ¯®â®ª®¢. � ®á­®¢­®¬, íâ¨ áå¥¬ë à §à ¡ -âë¢ «¨áì ¯à¨¬¥­¨â¥«ì­® ª ãà ¢­¥­¨ï¬ �©«¥à  ¨� ¢ì¥-�â®ªá  á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ [16, 17].�® ¢â®à®¬ã â¨¯ã ®â­®áïâáï áå¥¬ë TVD, ª®â®-àë¥ ®á­®¢ ­ë ­  ®£à ­¨ç¥­¨¨ ¯®àï¤ª  ¤¨ää¥à¥­-æ¨à®¢ ­¨ï ¢¡«¨§¨ à §àë¢®¢ ¨«¨ ®¡« áâ¥© á ¡®«ì-è¨¬ £à ¤¨¥­â®¬ ¤ ¢«¥­¨ï, £¤¥ ¯®àï¤®ª ¤¨ää¥à¥­-æ¨à®¢ ­¨ï ¯®­¨¦ ¥âáï,   áã¬¬ à­ ï ¤¨áá¨¯ æ¨ï¢®§à áâ ¥â [14].58 A. A. �à¨å®¤ìª®, �. �. �¥¤ç¨æ



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 56 { 71� à ¡®â å Hsu ¨ Hartwich [18], Gorski [19], Zi-jlema [20] áå¥¬ë TVD ¡ë«¨ ¯à¨¬¥­¥­ë ª à¥è¥­¨îãà ¢­¥­¨© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨.� ¤ ­­®© à ¡®â¥ ¨á¯®«ì§ãîâáï áå¥¬ë TVD Min-Mod [21] ¢â®à®£® ¨ ISNAS [20] âà¥âì¥£® ¯®àï¤ª ª ­¥áâ æ¨®­ à­ë¬ ¤¢ã¬¥à­ë¬ ãà ¢­¥­¨ï¬ � ¢ì¥-�â®ªá  ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨.�®­¢¥ªâ¨¢­ë¥ ¯à®¨§¢®¤­ë¥  ¯¯à®ªá¨¬¨à®¢ -«¨áì á ¯®¬®éìî á®®â­®è¥­¨ï@(Uf)@� = URfR � ULfL�� ; (7)£¤¥ f = u; �; UR = 0:5(Ui+1 + Ui); UL = 0:5(Ui++Ui�1); U { ª®­âà¢ à¨ ­â­ ï ª®¬¯®­¥­â  áª®à®-áâ¨, ¢ëç¨á«ï¥¬ ï ­  «¥¢®© L ¨ ­  ¯à ¢®© R £à ­ïåïç¥©ª¨.�¥á«®¦­® ¯®ª § âì [22, 20, 11], çâ® ¯à ªâ¨ç¥áª¨«î¡ ï TVD áå¥¬  ¬®¦¥â ¡ëâì § ¯¨á ­  ¢ ¢¨¤¥fi = (fUDS )i +  i; (8)£¤¥ (fUDS)i { §­ ç¥­¨¥ äã­ªæ¨¨ ­  £à ­¨ ª®­-âà®«ì­®£® ®¡ê¥¬ , à ááç¨â ­­®¥ ¯® ¯à®â¨¢®¯®-â®ç­®© áå¥¬¥;  i { ­¥«¨­¥©­ë© ®£à ­¨ç¨â¥«ì ¯®-â®ª®¢, ª®â®àë© ï¢«ï¥âáï äã­ªæ¨¥© §­ ç¥­¨© ¢®ªà¥áâ­®áâ¨ i-â®© £à ­¨ ª®­âà®«ì­®£® ®¡ê¥¬ .�à®â¨¢®¯®â®ç­ ï áå¥¬  ãá®¢¥àè¥­áâ¢ã¥âáï á¯®¬®éìî á«¥¤ãîé¨å á®®â­®è¥­¨©:fR = � fi +  i(fi+1 � fi; fi � fi�1); UR � 0;fi+1 �  i(fi+2 � fi+1; fi+1 � fi); UR < 0;fL = � fi�1 +  i(fi � fi�1; fi�1 � fi�2); UL � 0;fi �  i(fi+1 � fi; fi � fi�1); UL < 0: (9)�£à ­¨ç¨â¥«ì  i ¤«ï áå¥¬ë �®«£ ­  MinMod¢â®à®£® ¯®àï¤ª  [21] ¨¬¥¥â ¢¨¤ i = � 0:5MinMod(�fL;�fR); (�fL ��fR) > 0;0; (�fL ��fR) � 0: (10)�«ï áå¥¬ë TVD ISNAS [20] âà¥âì¥£® ¯®àï¤ª â®ç­®áâ¨ ®£à ­¨ç¨â¥«ì ¬®¦¥â ¡ëâì § ¯¨á ­ i = 8<: 12�fL�f2R + 3�fL�fR)(�fL +�fR)2 ; (�fL�fR) > 0;0; (�fL ��fR) � 0: (11)�ë¯®«­¥­¨¥ ãá«®¢¨© ¢ ¢ëà ¦¥­¨ïå (10), (11)®¡¥á¯¥ç¨¢ ¥â ­¥¢®§à áâ ­¨¥ «®ª «ì­®£® ¬ ªá¨¬ã-¬ . �á¯®«ì§ã¥¬ ï ª®­¥ç­®-à §­®áâ­ ï áå¥¬  ï¢«ï-¥âáï ¯ïâ¨â®ç¥ç­®©.�à¨  ¯¯à®ªá¨¬ æ¨¨ ¯à®¨§¢®¤­ëå ¢ ¤¨ääã§¨®­-­ëå ç«¥­ å ãà ¢­¥­¨© � ¢ì¥-�â®ªá  ¨á¯®«ì§®¢ -«¨áì æ¥­âà «ì­ë¥ à §­®áâ¨.

2.3. �áªãááâ¢¥­­ ï ¤¨áá¨¯ æ¨ï�à¨ ¯à®¢¥¤¥­¨¨ à áç¥â®¢ ¢ ãà ¢­¥­¨¥ ­¥à §-àë¢­®áâ¨ ¤«ï ¤¥¬¯ä¨à®¢ ­¨ï ¢ëá®ª®ç áâ®â­ëå¢®§¬ãé¥­¨© ¢¢®¤¨«¨áì ¤¨áá¨¯ â¨¢­ë¥ ç«¥­ë. �¢-­®¥ á£« ¦¨¢ ­¨¥ ®ª §ë¢ ¥â ¡®«ìè®¥ ¢«¨ï­¨¥ ­ ãáâ®©ç¨¢®áâì ¨ â®ç­®áâì ¬¥â®¤  ¨áªãááâ¢¥­­®©á¦¨¬ ¥¬®áâ¨, ®á®¡¥­­® ¤«ï ¤ ¢«¥­¨ï, ª®â®à®¥¨£à ¥â ¢ ¦­ãî à®«ì ¢ áå®¤¨¬®áâ¨ à¥è¥­¨ï ­¥á¦¨-¬ ¥¬®£® â¥ç¥­¨ï. � áâ âì¥ Chang ¨ Kwak [23] ¯®-ª § ­®, çâ® ¢®«­ë ¤ ¢«¥­¨ï § âãå îâ íªá¯®­¥­-æ¨ «ì­® á® ¢à¥¬¥­¥¬ ¨ ¨áç¥§ îâ, ª®£¤  à¥è¥­¨¥áå®¤¨âáï. � ª¨¬ ®¡à §®¬, £à ¤¨¥­â ¤ ¢«¥­¨ï ¯®¯á¥¢¤®¢à¥¬¥­¨ áâà¥¬¨âáï ª ­ã«î,   ¤¨¢¥à£¥­æ¨ïáª®à®áâ¨ { ª ¢¥«¨ç¨­¥ ¤¨áá¨¯ â¨¢­ëå ç«¥­®¢.� à ¡®â¥ ¯à¨¬¥­¥­  áª «ïà­ ï ¬®¤¥«ì ¤¨áá¨-¯ æ¨¨, ®á­®¢ ­­ ï ­  áå¥¬¥ Jameson, Schmidt ¨Turkel [24]. �â  ¬®¤¥«ì ®¯à¥¤¥«ï¥â äã­ªæ¨î ¯¥-à¥ª«îç¥­¨ï, ®á­®¢ ­­ãî ­  á®¢¬¥áâ­®¬ ¨á¯®«ì§®-¢ ­¨¨ à §­®áâ¥© ¢â®à®£® ¨ ç¥â¢¥àâ®£® ¯®àï¤ª®¢.�¨áá¨¯ â¨¢­ë¥ ç«¥­ë ¬®£ãâ ¡ëâì ¯à¥¤áâ ¢«¥­ë ¢¢¨¤¥ADwj = �(D2 �D4)wj = dj+1=2 � dj�1=2: (12)�®£¤  D2wj = r  �j+1=2�(2)j+1=2!�!wj; (13)D4wj = r  �j+1=2�(4)j+1=2!�r�!wj; (14)£¤¥ ¨­¤¥ªá j ®â­®á¨âáï ª æ¥­âàã ïç¥©ª¨; ®¯¥à â®-àë � ¨ r { ¯à ¢®áâ®à®­­¨© (¢¯¥à¥¤) ¨ «¥¢®áâ®-à®­­¨© (­ § ¤) à §­®áâ­ë¥ ®¯¥à â®àë; w { äã­ª-æ¨ï, ª ª®â®à®© ¯à¨¬¥­ï¥âáï ¨áªãááâ¢¥­­ ï ¤¨á-á¨¯ æ¨ï. �¥à¥¬¥­­ë© ¬ áèâ ¡­ë© ¬­®¦¨â¥«ì�j+1=2 ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥�j+1=2 = 12 ����j+����j+1!; (15)£¤¥ �� ï¢«ï¥âáï ­ ¨¡®«ìè¨¬ á®¡áâ¢¥­­ë¬ §­ ç¥-­¨¥¬ ¯®  ¡á®«îâ­®© ¢¥«¨ç¨­¥ (â. ¥. á¯¥ªâà «ì-­ë¬ à ¤¨ãá®¬) ¬ âà¨æë �ª®¡¨ ¢¥ªâ®à  ¯®â®ª  ¨§ãà ¢­¥­¨© � ¢ì¥-�â®ªá . � ¤¢ã¬¥à­®¬ á«ãç ¥, ¢¯à®¨§¢®«ì­®© ªà¨¢®«¨­¥©­®© á¨áâ¥¬¥ ª®®à¤¨­ â(�; �), ¬ áèâ ¡­ë© ¬­®¦¨â¥«ì ­ å®¤¨âáï á ¯®¬®-éìî á®®â­®è¥­¨©����j;k = �j;k(r)����j;k; �j;k(r) = 1 + r�j;k; (16)£¤¥ r = ��=�� . �®ª § â¥«ì áâ¥¯¥­¨ � ®¡ëç­® ¡¥-à¥âáï ¬¥¦¤ã 1=2 ¨ 2=3. �®íää¨æ¨¥­âë �(2) ¨ �(4)A. A. �à¨å®¤ìª®, �. �. �¥¤ç¨æ 59



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 56 { 71®¯à¥¤¥«ïîâáï ¯® ¯®«î ¤ ¢«¥­¨ï ª ª8>>>>><>>>>>: �(2)j+1=2 = k(2)max(�j�1; �j; �j+1; �j+2);�j = jpj�1� 2pj + pj+1jjpj�1+ 2pj + pj+1j ;�(4)j+1=2 = max 0;�k(4) � �(2)j+1=2�!; (17)£¤¥ §­ ç¥­¨ï ¤«ï ª®­áâ ­â k(2) ¨ k(4) ­ å®¤ïâáï ¢¤¨ ¯ §®­ å ®â 1=4 ¤® 1=2 ¨ ®â 1=64 ¤® 1=32 á®®â-¢¥âáâ¢¥­­®. �ã­ªæ¨ï ¯¥à¥ª«îç¥­¨ï � ¬®¦¥â ¡ëâì¨­â¥à¯à¥â¨àã¥¬  ª ª ®£à ­¨ç¨â¥«ì ¨ ¬ ªá¨¬¨§¨-àã¥â á« £ ¥¬ë¥ ¢â®à®£® ¯®àï¤ª  ¢ íªáâà¥¬ã¬¥ ¨¢ëª«îç ¥â ç¥â¢¥àâë© ¯®àï¤®ª.�«ï £« ¤ª¨å â¥ç¥­¨© � ï¢«ï¥âáï ¬ «ë¬, ¨ ¤¨á-á¨¯ â¨¢­ë¥ á« £ ¥¬ë¥ á®áâ®ïâ ¨§ «¨­¥©­ëå á« -£ ¥¬ëå ç¥â¢¥àâ®£® ¯®àï¤ª , ¤¥¬¯ä¨àãîé¨å ¢ë-á®ª®ç áâ®â­ë¥ ª®«¥¡ ­¨ï, ª®â®àë¥ ¯à¨ æ¥­âà «ì-­ëå à §­®áâïå ­¥ § âãå îâ. � ®ªà¥áâ­®áâïå ¡®«ì-è¨å £à ¤¨¥­â®¢ ¤ ¢«¥­¨ï � áâ ­®¢¨âáï ¡®«ìè¨¬¨ ¢ª«îç ¥â ¢â®à®£® ¯®àï¤ª  ¤¨áá¨¯ â¨¢­ãî ¢ï§-ª®áâì ¯à¨ ®¤­®¢à¥¬¥­­®¬ ã¬¥­ìè¥­¨¨ á« £ ¥¬ëåç¥â¢¥àâ®£® ¯®àï¤ª .�à¨ ¯à¨¬¥­¥­¨¨ áª «ïà­®© ¤¨áá¨¯ æ¨¨ á TVDá¢®©áâ¢ ¬¨ ¯à®¢®¤¨âáï § ¬¥­  ¯¥à¥ª«îç â¥«ï ¢ãà ¢­¥­¨¨ (19),  ­ «®£¨ç­® à ¡®â¥ [25]. � ®¤­®-¬¥à­®© ¯®áâ ­®¢ª¥ íâ®â ¯¥à¥ª«îç â¥«ì ¨¬¥¥â ¢¨¤�j = jpj�1 � 2pj + pj+1jjpj+1 � pj j+ jpj � pj�1j+ � (18)¨ k(2) = 1=2. �à¨ ¯à®¢¥¤¥­¨¨ à áç¥â®¢ ¢ ­ -áâ®ïé¥© à ¡®â¥ ¨á¯®«ì§®¢ « áì ¬®¤¨ä¨æ¨à®¢ ­-­ ï ä®à¬  ãà ¢­¥­¨ï (18):�j = jpj�1 � 2pj + pj+1j(1� !)PTVD + !P ; (19)£¤¥ � PTVD = jpj+1 � pjj+ jpj � pj�1j;P = pj+1 + 2pj + pj�1; (20)¨ 0 � ! � 1. �¡ëç­® ¢ à áç¥â å ! � 1=2.3. ���������� � �����������âàë¢ ¯®â®ª  ­  ¯®¢¥àå­®áâ¨ â¥«  { ï¢«¥­¨¥,¯à¨¢®¤ïé¥¥ ª ­¥¦¥« â¥«ì­ë¬ ¯®á«¥¤áâ¢¨ï¬ (ã¢¥-«¨ç¥­¨¥ á®¯à®â¨¢«¥­¨ï â¥«, ­¥áâ æ¨®­ à­ë¥ ­ -£àã§ª¨ ¨ â. ¯.). �¡â¥ª ­¨¥ â¥« ª®­¥ç­®£® à §¬¥-à  ¨¬¥¥â, ª ª ¯à ¢¨«®, ¯¥à¨®¤¨ç¥áª¨© å à ªâ¥à.�®«ìè®¥ ç¨á«® à áç¥â­ëå [2, 13, 14, 26-29, 32-34,37-41] ¨ íªá¯¥à¨¬¥­â «ì­ëå [30, 31, 35, 36, 42, 43]à ¡®â ¯®á¢ïé¥­® ¨§ãç¥­¨î â¥ç¥­¨ï §  æ¨«¨­¤à®¬.

�áâ ­®¢«¥­ë § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥­â®¢ «®¡®¢®-£® á®¯à®â¨¢«¥­¨ï, ¯®¤ê¥¬­®© á¨«ë, ç áâ®âë áàë-¢  ¢¨åà¥© ¨ ç¨á«  �âàãå «ï ®â ç¨á«  �¥©­®«ì¤á .� æ¥«ìî ¯à®¢¥àª¨ íää¥ªâ¨¢­®áâ¨ à §à ¡®â ­-­®£® ç¨á«¥­­®£®  «£®à¨â¬  ­ ¬¨ à ááç¨â ­® áâ -æ¨®­ à­®¥ ¨ ­¥áâ æ¨®­ à­®¥ â¥ç¥­¨ï ­¥á¦¨¬ ¥-¬®© ¦¨¤ª®áâ¨ §  ªàã£®¢ë¬ æ¨«¨­¤à®¬. � áç¥âë¯à®¢¥¤¥­ë ¤«ï ç¨á¥« �¥©­®«ì¤á  5, 10, 20, 40, 50,100 ¨ 200 ­  á¥âª¥ â¨¯  O á ª®«¨ç¥áâ¢®¬ ã§«®¢121 � 250. �«ï ¯à ¢¨«ì­®£® ®¯à¥¤¥«¥­¨ï íää¥ª-â®¢ ¢ï§ª®áâ¨ ¢ ä¨§¨ç¥áª®© ®¡« áâ¨ ¢¢¥¤¥­  á¨«ì-­® ­¥à ¢­®¬¥à­ ï á¥âª  á® á£ãé¥­¨¥¬ ¢¡«¨§¨ ¯®-¢¥àå­®áâ¨ æ¨«¨­¤à  ¨ ¢ á«¥¤¥ â ª, çâ® ­ ¨¬¥­ì-è¥¥ à ááâ®ï­¨¥ ª ¯®¢¥àå­®áâ¨ à ¢­® 0.0035 ¤¨ -¬¥âà  ¨ ª®«¨ç¥áâ¢® â®ç¥ª ¢ ¯®£à ­¨ç­®¬ á«®¥ 40.�­¥è­ïï £à ­¨æ  à á¯®«®¦¥­  ­  à ááâ®ï­¨¨ 50¤¨ ¬¥âà®¢ æ¨«¨­¤à , è £ ¯® ¢à¥¬¥­¨ �t = 0:001,¯ à ¬¥âà ¨áªãááâ¢¥­­®© á¦¨¬ ¥¬®áâ¨ � = 1. �¨-«¨­¤à ¬£­®¢¥­­® ¯à¨¢®¤¨«áï ¢ ¤¢¨¦¥­¨¥ ¨§ á®áâ®-ï­¨ï ¯®ª®ï. �¨åà¥¢ ï áâàãªâãà  â¥ç¥­¨ï à §¢¨¢ -« áì ¡¥§ ª ª¨å-«¨¡® ¨áªãááâ¢¥­­ëå ¢®§¬ãé¥­¨©.� ¬¨­ à­®¥ â¥ç¥­¨¥ ¢ á«¥¤¥ §  æ¨«¨­¤à®¬ ¯à¨®¡â¥ª ­¨¨ ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâìî å à ªâ¥à¨§ã-¥âáï á«¥¤ãîé¨¬¨ à¥¦¨¬ ¬¨: ¡¥§®âàë¢­®¥ áâ æ¨-®­ à­®¥, áâ æ¨®­ à­ë© ®âàë¢ ¨ ­¥áâ æ¨®­ à­®¥®âàë¢­®¥ ¯¥à¨®¤¨ç¥áª®¥.�¨­¨¨ â®ª , ¯®áâà®¥­­ë¥ ¯® ¬£­®¢¥­­®¬ã ¯®-«î áª®à®áâ¥©, ¤«ï à §«¨ç­ëå ç¨á¥« �¥©­®«ì¤á ¯à¨¢¥¤¥­ë ­  à¨á. 1. � àâ¨­ã â¥ç¥­¨ï ¢ á«¥-¤¥ §  æ¨«¨­¤à®¬ ¬®¦­® ®å à ªâ¥à¨§®¢ âì á«¥¤ã-îé¨¬ ®¡à §®¬. �à¨ ç¨á« å �¥©­®«ì¤á  Re < 5®¡â¥ª ­¨¥ æ¨«¨­¤à  ¯à®¨áå®¤¨â ¡¥§ ®âàë¢  ¯®-£à ­¨ç­®£® á«®ï (à¨á. 1,  ). �¢¥«¨ç¥­¨¥ ç¨á« �¥©­®«ì¤á  ¯à¨¢®¤¨â ª ®âàë¢ã « ¬¨­ à­®£® ¯®-£à ­¨ç­®£® á«®ï ®â ¯®¢¥àå­®áâ¨ æ¨«¨­¤à . �âàë¢ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ ¢«¨ï­¨ï £à ¤¨¥­â  ¤ ¢«¥­¨ï ¨¢ï§ª¨å á¨«. �®¤ ¤¥©áâ¢¨¥¬ ¯®«®¦¨â¥«ì­®£® £à ¤¨-¥­â  ¤ ¢«¥­¨ï ¢®§­¨ª ¥â ¢®§¢à â­®¥ â¥ç¥­¨¥, ª®-â®à®¥ ¯à¨¢®¤¨â ª ãâ®«é¥­¨î ¯®£à ­¨ç­®£® á«®ï.� â®çª¥ ®âàë¢  ¯®â®ª , £¤¥ ª á â¥«ì­ë¥ ­ ¯àï¦¥-­¨ï ®¡à é îâáï ¢ ­ã«ì, ¯®â®ª ®âå®¤¨â ®â ¯®¢¥àå-­®áâ¨ æ¨«¨­¤à  ¯®¤ ­¥¡®«ìè¨¬ ã£«®¬. �ªá¯¥à¨-¬¥­â «ì­ë¥ ¨ ç¨á«¥­­ë¥ à áç¥âë á¢¨¤¥â¥«ìáâ¢ã-îâ, çâ® ¯à¨ §­ ç¥­¨¨ �¥©­®«ì¤á  Re < Reªà(¤«ï æ¨«¨­¤à  Re = 40) à¥ «¨§ã¥âáï áâ æ¨®­ à-­ë© à¥¦¨¬ â¥ç¥­¨ï, å à ªâ¥à¨§ãîé¨©áï ­ «¨ç¨-¥¬ ¢ ¡«¨¦­¥¬ á«¥¤¥ ¤¢ãå á¨¬¬¥âà¨ç­ëå ¢¨åà¥©.�à¨ ¬ «ëå ç¨á« å �¥©­®«ì¤á  Re = 5 � 10 è¨-à¨­  ¨ ¤«¨­  ¢¨åà¥¢®£® á«¥¤  ã¢¥«¨ç¨¢ ¥âáï á à®-áâ®¬ ç¨á«  �¥©­®«ì¤á  (à¨á. 1, ¡, ¢). �à¨ ã¢¥-«¨ç¥­¨¨ ç¨á«  �¥©­®«ì¤á  à §¬¥àë áâ æ¨®­ à­®©®âàë¢­®© §®­ë à áâãâ ¤® â¥å ¯®à, ¯®ª  ­¥ ¡ã¤¥â¤®áâ¨£­ãâ® ¥£® ªà¨â¨ç¥áª®¥ §­ ç¥­¨¥. � íâ®¬ á«ã-ç ¥ ¤«¨­  §®­ë ®âàë¢  à ¢­  ¯à¨¬¥à­® ¤¢ã¬ ¤¨ -60 A. A. �à¨å®¤ìª®, �. �. �¥¤ç¨æ
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�¨á. 4. �¥áâ æ¨®­ à­®¥ ®¡â¥ª ­¨¥ æ¨«¨­¤à  Re = 200.�¨­¨¨ â®ª  ¯®áâà®¥­­ë¥ ¯® ¬£­®¢¥­­®¬ã ¯®«î áª®à®áâ¥© ¤«ï ¬®¬¥­â®¢ ¢à¥¬¥­¨:  { t = 0, ¡ { t = 1:3, ¢ { t = 2:6, £ { t = 3:9, ¤ { t = 5:2A. A. �à¨å®¤ìª®, �. �. �¥¤ç¨æ 63



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 56 { 71� ¡«. 1. � à ¬¥âàë áâ æ¨®­ à­®£® â¥ç¥­¨ï ¤«ï ªàã£®¢®£® æ¨«¨­¤à �áâ®ç­¨ª �¨á«  �¥©­®«ì¤á 5 10 20 40Lsep� ­­ ï à ¡®â  0 0.250 0.930 2.30[13] 0 0.254 0.932 2.29[26] 0 0.249 0.935 2.32[27] 0 0.252 0.932 2.35[28] 0 0.25 0.94 2.1[30] (íªá¯¥à¨¬¥­â) { 0.34 0.9 2.13[32] 2.33[33] 0.473 �sep� ­­ ï à ¡®â  0 28.9 43.3 53.1[13] 0 28.8 43.1 53.0[26] { 29.3 43.7 53.6[27] 0 29.6 43.7 53.8[28] > 6 29.7 44.1 54.8[29] { { 43.6 54.5[30] (íªá¯¥à¨¬¥­â) { 32.5 44.8 53.5[32] 53.8[33] 29.5 CD (CDP )� ­­ ï à ¡®â  4.10 (2.16) 2.84 (1.601) 2.02 (1.228) 1.523 (1.007)[13] 4.18 (2.19) 2.89 (1.602) 2.08 (1.242) 1.549 (1.011)[26] { 2.80 2.01 1.536[27] 4.12 (2.20) 2.85 (1.600) 2.05 (1.233) 1.522 (0.998)[28] 4.66 (2.48) 3.18 (1.775) 2.25 (1.350) 1.675 (1.095)[29] { { 2.18 1.60[31] (íªá¯¥à¨¬¥­â) 4.16 3.06 2.02 1.65[32] 1.497 (0.981)[33] 3.103 Cpf (�Cpr)� ­­ ï à ¡®â  1.884 (1.019) 1.474 (0.696) 1.261 (0.558) 1.162 (0.489)[13] 1.847 (1.067) 1.476 (0.755) 1.265 (0.615) 1.147 (0.536)[26] { 1.474 (0.670) 1.261 (0.537) 1.141 (0.512)[27] 1.872 (1.044) 1.489 (0.742) 1.269 (0.589) 1.144 (0.509)[28] 2.230 (1.081) 1.744 (0.773) 1.457 (0.614) 1.312 (0.543)[32] 1.130 (0.484)[33] 1.516�à¨¬¥ç ­¨¥. Lsep { ¤«¨­  ®âàë¢­®© §®­ë ¢ ¤¨ ¬¥âà å æ¨«¨­¤à , ¨§¬¥àï¥¬ ï ®â § ¤­¥© ªà¨â¨ç¥áª®©â®çª¨; �sep { ã£®« ®âàë¢  ¯®â®ª , ®âáç¨âë¢ ¥¬ë© ®â § ¤­¥© ªà¨â¨ç¥áª®© â®çª¨; CD { ª®íää¨æ¨¥­âá®¯à®â¨¢«¥­¨ï; CDP { ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï ®â ¤ ¢«¥­¨ï; Cpf { ª®íää¨æ¨¥­â ¤ ¢«¥­¨ï ¢ «®¡®¢®©â®çª¥; Cpr { ª®íää¨æ¨¥­â ¤ ¢«¥­¨ï ¢ § ¤­¥© â®çª¥;64 A. A. �à¨å®¤ìª®, �. �. �¥¤ç¨æ



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 56 { 71¬¥âà ¬ æ¨«¨­¤à . �à ­¨æã ¢¨åà¥¢®© ®¡« áâ¨ ¤«ïáâ æ¨®­ à­®£® à¥¦¨¬  â¥ç¥­¨ï ¬®¦­® ®¯à¥¤¥«¨âì¯® «¨­¨¨ ­ã«¥¢®© áª®à®áâ¨. �¥§ã«ìâ âë à áç¥â®¢¯ à ¬¥âà®¢ áâ æ¨®­ à­®£® â¥ç¥­¨ï ¤«ï ªàã£®¢®£®æ¨«¨­¤à  ¯à¨ ­¨§ª¨å ç¨á« å �¥©­®«ì¤á  5, 10, 20,40 ¯à¥¤áâ ¢«¥­ë ¢ â ¡«. 1, £¤¥ áà ¢­¨¢ îâáï á ç¨-á«¥­­ë¬¨ à áç¥â ¬¨ Takami ¨ Keller [26], Dennis¨ Chang [27], Tuann ¨ Olson [28], Braza ¨ ¤à.[29],�¥«®æ¥àª®¢áª¨© [33], �¥«®¢ [32],   â ª¦¥ á íªá¯¥à¨-¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨ Coutanceau [30] ¨ Tritton[31]. �­â¥£à «ì­ë¥ ¨ ¤¨ää¥à¥­æ¨ «ì­ë¥ å à ª-â¥à¨áâ¨ª¨ å®à®è® á®¢¯ ¤ îâ á ¤ ­­ë¬¨ ¤àã£¨å ¢â®à®¢.�à¨ ¤ «ì­¥©è¥¬ ã¢¥«¨ç¥­¨¨ ç¨á«  �¥©­®«ì¤á â¥ç¥­¨¥ ¢ á«¥¤¥ ¯à¨®¡à¥â ¥â  á¨¬¬¥âà¨ç­ë© å -à ªâ¥à (à¨á. 1, £, ¤ ¨ à¨á. 4,  ). � àâ¨­ë â¥ç¥­¨ï¤«ï ç¨á¥« �¥©­®«ì¤á  50 (à¨á. 1, £), 100 (à¨á. 1, ¤)¨ 200 (à¨á. 4,  ) ¯®¤®¡­ë. �¤­ ª® áãé¥áâ¢ãîâ ­¥-ª®â®àë¥ ®â«¨ç¨ï. � ª, ¯à¨ Re = 50 ¤«¨­  ®âàë¢-­®£® ¯ã§ëàï ¢ ¤¢  à §  ¡®«ìè¥, ç¥¬ ¯à¨ Re = 200.� à®áâ®¬ ç¨á«  �¥©­®«ì¤á  ¢à¥¬ï ¯¥à¨®¤  ª®«¥¡ -­¨ï ã¬¥­ìè ¥âáï,   ¨­â¥­á¨¢­®áâì ¢¨åà¥© ¢ á«¥¤¥ã¢¥«¨ç¨¢ ¥âáï.�¡â¥ª ­¨¥ æ¨«¨­¤à  ¯à¨ ç¨á« å �¥©­®«ì¤á ,¯à¥¢ëè îé¨å ªà¨â¨ç¥áª®¥ §­ ç¥­¨¥, á®¯à®¢®-¦¤ ¥âáï ®âàë¢®¬ ¢¨åà¥©, ª®â®àë¥ á­®áïâáï ¢­¨§¯® ¯®â®ªã ç¥à¥§ à ¢­ë¥ ¨­â¥à¢ «ë ¢à¥¬¥­¨. �¥-à¨®¤¨ç¥áª®¥ ¢¨åà¥¢®¥ â¥ç¥­¨¥ ¬®¦­® à §¤¥«¨âì ­ ¤¢  ¤¨ ¯ §®­  ¢ § ¢¨á¨¬®áâ¨ ®â ç¨á«  �¥©­®«ì¤-á . �«ï 40 < Re < 300 à¥ «¨§ã¥âáï ãáâ®©ç¨¢ë©« ¬¨­ à­ë© à¥¦¨¬ â¥ç¥­¨ï, á à¥£ã«ïà­®© ¢¨åà¥-¢®© ¤®à®¦ª®©, ¯à¨ ª®â®à®¬ ¬®¦­® ¥é¥ ­¥ ãç¨âë-¢ âì ¢«¨ï­¨¥ âãà¡ã«¥­â­ëå ¯ã«ìá æ¨©. �à¨ ¢ë-á®ª¨å ç¨á« å �¥©­®«ì¤á  ¢®§­¨ª ¥â âãà¡ã«¨§ æ¨ïâ¥ç¥­¨ï ¢ á«¥¤¥ §  æ¨«¨­¤à®¬, çâ® ¯à¨¢®¤¨â ª ­¥-®¡å®¤¨¬®áâ¨ ¬®¤¥«¨à®¢ ­¨ï âãà¡ã«¥­â­®áâ¨.� á¯à¥¤¥«¥­¨¥ ª®íää¨æ¨¥­â®¢ ¤ ¢«¥­¨ï Cp ¨âà¥­¨ï Cf ¯® ¯®¢¥àå­®áâ¨ æ¨«¨­¤à  ¯à¨ ¨§¬¥­¥-­¨¨ ç¨á«  �¥©­®«ì¤á  ¯à¨¢¥¤¥­ë ­  à¨á. 2 ¨ 3.�®áâ ç¨á«  �¥©­®«ì¤á  ï¢«ï¥âáï ¯à¨ç¨­®© ¯®­¨-¦¥­¨ï ª®íää¨æ¨¥­â  ¤ ¢«¥­¨ï ¢ ¯¥à¥¤­¥© ¨ ã¢¥-«¨ç¥­¨ï ¢ § ¤­¥© ªà¨â¨ç¥áª¨å â®çª å,  , á«¥¤®-¢ â¥«ì­®, ¨ ã¬¥­ìè¥­¨ï «®¡®¢®£® á®¯à®â¨¢«¥­¨ï.�­ «¨§¨àãï ª®íää¨æ¨¥­â âà¥­¨ï, ¬®¦­® ãáâ ­®-¢¨âì §­ ç¥­¨ï ã£«®¢ ®âàë¢  ¯®â®ª  ®â ¯®¢¥àå­®-áâ¨ æ¨«¨­¤à . �£®« ®âàë¢  ¯®£à ­¨ç­®£® á«®ï,®âáç¨âë¢ ¥¬ë© ®â § ¤­¥© ªà¨â¨ç¥áª®© â®çª¨, à -áâ¥â á ã¢¥«¨ç¥­¨¥¬ ç¨á«  �¥©­®«ì¤á . �¥áâ æ¨-®­ à­ë© à¥¦¨¬ â¥ç¥­¨ï Re > 40 ­¥ ¨¬¥¥â áâà®-£® ®¯à¥¤¥«¥­­®£® ã£«  ®âàë¢ . � ¤®­­®© ç áâ¨æ¨«¨­¤à  ¬®£ãâ ä®à¬¨à®¢ âìáï áà §ã ­¥áª®«ìª®¢¨åà¥©. �å ª®«¨ç¥áâ¢® ¨ ¨­â¥­á¨¢­®áâì § ¢¨áïâ®â ¢à¥¬¥­¨ ¨ ç¨á«  �¥©­®«ì¤á , ¨ ®­¨ ¢«¨ïîâ ­ ¯®«®¦¥­¨¥ â®ç¥ª ®âàë¢  ¨ ¯à¨á®¥¤¨­¥­¨ï ¯®â®-

ª  ­  ¯®¢¥àå­®áâ¨ æ¨«¨­¤à . �®«¥¥ ¯®¤à®¡­® à á-á¬®âà¨¬ ­¥áâ æ¨®­ à­®¥ ®¡â¥ª ­¨¥ æ¨«¨­¤à  ¤«ï�¥©­®«ì¤á  200. �  ª ¦¤®¬ ¢à¥¬¥­­®¬ á«®¥ ¯à®-¢®¤¨«¨áì ¯®¤ëâ¥à æ¨¨ ¤«ï ª®àà¥ªâ¨à®¢ª¨ ¯®«ï ¤ -¢«¥­¨ï ¤® â¥å ¯®à, ¯®ª  ¬ ªá¨¬ «ì­ ï ¤¨¢¥à£¥­-æ¨ï áª®à®áâ¨ ¢ «î¡®© â®çª¥ ­¥ ¡ë«  ¬¥­ìè¥, ç¥¬�div = 10�4. � â¥ç¥­¨¥ ­ ç «ì­®£® ­¥ãáâ ­®¢¨¢è¥-£®áï ¯¥à¨®¤  âà¥¡®¢ «®áì ®â 10 ¤® 20 ¯®¤ëâ¥à -æ¨© ­  ª ¦¤®¬ ¢à¥¬¥­­®¬ è £¥, ­® ¨å ª®«¨ç¥áâ¢®á® ¢à¥¬¥­¥¬ ã¬¥­ìè¨«®áì ¢ áà¥¤­¥¬ ¤® 5 ¯®¤¨â¥-à æ¨©. �®£¤  áä®à¬¨à®¢ « áì ¢¨åà¥¢ ï ¤®à®¦ª � à¬ ­ , ª®«¨ç¥áâ¢® ¯®¤ëâ¥à æ¨© ¢ëà®á«® ¤® 12-15.�á¯®«ì§ãï áå¥¬ã TVD ISNAS âà¥âì¥£® ¯®àï¤ª ¤«ï ª®­¢¥ªâ¨¢­ëå ç«¥­®¢, ä®à¬¨à®¢ ­¨¥  á¨¬¬¥-âà¨¨ ¢ á«¥¤¥ ­ ç¨­ «®áì á ¡¥§à §¬¥à­®£® ¢à¥¬¥­¨50 ¨ § ª ­ç¨¢ «®áì ª 100. �à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥áå¥¬­ãî ¢ï§ª®áâì, ª®â®à®© ®¡« ¤ ¥â áå¥¬  TVDMinMod, ä®à¬¨à®¢ ­¨¥ ¯¥à¨®¤¨ç¥áª®£® â¥ç¥­¨ï§ ¢¥àè¨«®áì ª ¡¥§à §¬¥à­®¬ã ¢à¥¬¥­¨ 180. �¥ç¥-­¨¥ ®ª®«® æ¨«¨­¤à  áâ ­®¢¨âáï ­¥áâ æ¨®­ à­ë¬¨§-§  áàë¢  ¢¨åà¥© á ¯à®â¨¢®¯®«®¦­ë¬¨ ­ ¯à -¢«¥­¨ï¬¨ ¢à é¥­¨ï ¦¨¤ª®áâ¨, ¯®®ç¥à¥¤­® á ¢¥àå-­¥© ¨ ­¨¦­¥© ¯®¢¥àå­®áâ¥©.�  ­ ç «® ®âáç¥â  ¢à¥¬¥­¨ ¯à¨­¨¬ ¥âáï ¬®-¬¥­â, ¢ ª®â®à®¬ ª®íää¨æ¨¥­â «®¡®¢®£® á®¯à®â¨-¢«¥­¨ï ¨¬¥¥â ¬¨­¨¬ «ì­®¥ §­ ç¥­¨¥,   ª®íää¨æ¨-¥­â ¯®¤ê¥¬­®© á¨«ë ®¡à é ¥âáï ¢ ­ã«ì. � áç¥â¯à®¢®¤¨«áï ¤® ãáâ ­®¢«¥­¨ï ¯¥à¨®¤¨ç¥áª¨å ª®«¥-¡ ­¨© à¥è¥­¨ï.�¨­¨¨ â®ª , ¯®áâà®¥­­ë¥ ¯® ¬£­®¢¥­­®¬ã ¯®-«î áª®à®áâ¥©,   â ª¦¥ ¨§®¡ àë ¤«ï à §«¨ç­ëå ¬®-¬¥­â®¢ ¢à¥¬¥­¨ ®¤­®£® ¯¥à¨®¤  ª®«¥¡ ­¨ï æ¨«¨­-¤à , ª®â®àë¥ ¡®«¥¥ ¨­ä®à¬ â¨¢­ë ¤«ï ­¥áâ æ¨®-­ à­ëå â¥ç¥­¨©, ¯à¨¢¥¤¥­ë ­  à¨á. 5 ¨ 6.�á«¥¤áâ¢¨¥ ¤¥©áâ¢¨ï á¨« ¢ï§ª®áâ¨ ¢¡«¨§¨ ¯®-¢¥àå­®áâ¨ æ¨«¨­¤à  ç áâ¨æë ¦¨¤ª®áâ¨ â¥àïîâç áâì ª¨­¥â¨ç¥áª®© í­¥à£¨¨, ª®â®à®© ã¦¥ ­¥¤®-áâ â®ç­®, çâ®¡ë ¯à¥®¤®«¥âì ¯®¢ëè¥­¨¥ ¤ ¢«¥­¨ï¢ ª®à¬®¢®© ç áâ¨ æ¨«¨­¤à . �®§«¥ â®çª¨ ®âàë-¢  ä®à¬¨àã¥âáï ¢®§¢à â­®¥ â¥ç¥­¨¥, ¨§ ª®â®à®-£® à §¢¨¢ ¥âáï ¡®«ìè®© ¢¨åàì. �¥à¥§ ­¥ª®â®à®¥¢à¥¬ï íâ®â ¢¨åàì ®âàë¢ ¥âáï ®â â¥«  ¨ ã¯«ë¢ ¥â¢­¨§ ¯® â¥ç¥­¨î. � § ¢¨åà¥­­®© §®­¥ ¯®§ ¤¨ ª®à-¬®¢®© ç áâ¨ æ¨«¨­¤à  ¤ ¢«¥­¨¥ á¨«ì­® ¯®­¨¦¥­®¯® áà ¢­¥­¨î á ¤ ¢«¥­¨¥¬ ¢ ­¥¢®§¬ãé¥­­®¬ ¯®â®-ª¥. �  ­¥ª®â®à®¬ ã¤ «¥­¨¨ §  æ¨«¨­¤à®¬ ä®à¬¨-àã¥âáï ¯®á«¥¤®¢ â¥«ì­®áâì ¢¨åà¥©, ¢à é îé¨åáï¯®¯¥à¥¬¥­­® ¢ à §­ëå ­ ¯à ¢«¥­¨ïå.�®¬¥­â ¢à¥¬¥­¨, ¯à¨ ª®â®à®¬ ª®íää¨æ¨¥­â «®-¡®¢®£® á®¯à®â¨¢«¥­¨ï ¨¬¥¥â ¬¨­¨¬ «ì­®¥ §­ ç¥-­¨¥,   ª®íää¨æ¨¥­â ¯®¤ê¥¬­®© á¨«ë ®¡à é ¥âáï ¢­ã«ì, á®®â¢¥âáâ¢ã¥â à¨á. 4,   ¨ 5,  . �â® ¢¨¤­® ¨§â®£®, çâ® ­®¢ë© ¢¨åàì â®«ìª® ä®à¬¨àã¥âáï ­ A. A. �à¨å®¤ìª®, �. �. �¥¤ç¨æ 65
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�¨á. 5. �¥áâ æ¨®­ à­®¥ ®¡â¥ª ­¨¥ æ¨«¨­¤à  Re = 200. �§®¡ àë ¤«ï ¬®¬¥­â®¢ ¢à¥¬¥­¨:  { t = 0, ¡ { t = 1:3, ¢ { t = 2:6, £ { t = 3:9, ¤ { t = 5:266 A. A. �à¨å®¤ìª®, �. �. �¥¤ç¨æ
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�¨á. 6. � á¯à¥¤¥«¥­¨¥ ª®íää¨æ¨¥­â  ¤ ¢«¥­¨ï Cp ¯® ¯®¢¥àå­®áâ¨ ªàã£®¢®£® æ¨«¨­¤à  ¯à¨ Re = 200 ¢à §«¨ç­ë¥ ¬®¬¥­âë ¢à¥¬¥­¨
�¨á. 7. � á¯à¥¤¥«¥­¨¥ ª®íää¨æ¨¥­â  âà¥­¨ï Cf ¯® ¯®¢¥àå­®áâ¨ ªàã£®¢®£® æ¨«¨­¤à  ¯à¨ Re = 200 ¢à §«¨ç­ë¥ ¬®¬¥­âë ¢à¥¬¥­¨A. A. �à¨å®¤ìª®, �. �. �¥¤ç¨æ 67
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�¨á. 8. � ¢¨á¨¬®áâì ª®íää¨æ¨¥­â®¢ «®¡®¢®£® á®¯à®â¨¢«¥­¨ï ¨ ¯®¤ê¥¬­®© á¨«ë ªàã£®¢®£® æ¨«¨­¤à  ®â¢à¥¬¥­¨ ¤«ï ç¨á¥« �¥©­®«ì¤á  50, 100, 200­¨¦­¥© ¯®«®¢¨­¥, ¢ â® ¢à¥¬ï ª ª ¢ æ¥­âà «ì­®©ç áâ¨ æ¨«¨­¤à  ­ ¡«î¤ ¥âáï ®¡« áâì á ¯®­¨¦¥­-­ë¬ ¤ ¢«¥­¨¥¬, ª®â®à ï ¨ ï¢«ï¥âáï ¯à¨ç¨­®© ¯®-­¨¦¥­¨ï á®¯à®â¨¢«¥­¨ï.�¥à¥§ ­¥ª®â®àë© ¯à®¬¥¦ãâ®ª ¢à¥¬¥­¨ ¢¨åàìã¢¥«¨ç¨¢ ¥âáï ¢ à §¬¥à å, ­¥áª®«ìª® á¬¥é ¥âáï ª£®à¨§®­â «ì­®© ¯«®áª®áâ¨ ¨ § ­¨¬ ¥â ¯®çâ¨ ¢á¥¯à®áâà ­áâ¢® á§ ¤¨ §  æ¨«¨­¤à®¬ (à¨á. 4, ¡ ¨ 5,¡). � ­­ ï ª àâ¨­  â¥ç¥­¨ï á®®â¢¥âáâ¢ã¥â ¬ ª-á¨¬ «ì­®¬ã §­ ç¥­¨î ª®íää¨æ¨¥­â  «®¡®¢®£® á®-¯à®â¨¢«¥­¨ï ¨ ¬¨­¨¬ «ì­®¬ã §­ ç¥­¨î ¯®¤ê¥¬-­®© á¨«ë. �  íâ¨å à¨áã­ª å ¢¨¤¥­ ¢¨åàì, £®â®-¢ë© ª ®âàë¢ã ®â ¯®¢¥àå­®áâ¨ æ¨«¨­¤à . �â®â ¢¨-åàì ®ª §ë¢ ¥â íªà ­¨àãîé¨© íää¥ªâ ­  ¯®â®ª ¢¢¥àå­¥© ç áâ¨ æ¨«¨­¤à . �¡à §®¢ ¢è¨©áï ¢á«¥¤-áâ¢¨¥ ®âàë¢  ¯®£à ­¨ç­®£® á«®ï ¢¨åàì ¢ ¢¥àå­¥©ç áâ¨ æ¨«¨­¤à  ­¥ á­®á¨âáï ¯®â®ª®¬,   ä®à¬¨àã-¥âáï ¢ ¤®­­®© ®¡« áâ¨ æ¨«¨­¤à . �® ¬¥à¥ à®áâ ¥£® ¨­â¥­á¨¢­®áâ¨ ¨ à §¬¥à  ¢¥àå­¨© ¢¨åàì ®â-â¥á­ï¥â ­¨¦­¨© ®â ¯®¢¥àå­®áâ¨ æ¨«¨­¤à , ª®â®-àë©, ¢ á¢®î ®ç¥à¥¤ì, á® ¢à¥¬¥­¥¬ á­®á¨âáï ¯®â®-ª®¬.�«¥¤ãîé¨¥ ¤¢  à¨áã­ª  á®®â¢¥âáâ¢ãîâ ¬¨­¨-¬ã¬ã á®¯à®â¨¢«¥­¨ï á ­ã«¥¢ë¬ ª®íää¨æ¨¥­â®¬¯®¤ê¥¬­®© á¨«ë ¨ ¬ ªá¨¬ã¬ã á®¯à®â¨¢«¥­¨ï á¬ ªá¨¬ã¬®¬ ª®íää¨æ¨¥­â  ¯®¤ê¥¬­®© á¨«ë (à¨á.4, ¢, £ ¨ 5, ¢, £). �â¨ à¨áã­ª¨ ï¢«ïîâáï §¥àª «ì-­ë¬ ®â®¡à ¦¥­¨¥¬ ¯¥à¢ëå ¤¢ãå. �®á«¥¤­¨© à¨áã-

­®ª ¯®çâ¨ ¨¤¥­â¨ç¥­ ¯¥à¢®¬ã. �¥ª®â®àë¥ ®â«¨-ç¨ï ï¢«ïîâáï á«¥¤áâ¢¨¥¬ â®£®, çâ® ¤¥©áâ¢¨â¥«ì-­ë© ¯¥à¨®¤ íâ®£® â¥ç¥­¨ï à ¢¥­ 5.21 (à¨á. 4, ¤ ¨5, ¤).� á¯à¥¤¥«¥­¨¥ ª®íää¨æ¨¥­â®¢ ¤ ¢«¥­¨ï Cp ¨âà¥­¨ï Cf ¯® ¯®¢¥àå­®áâ¨ ªàã£®¢®£® æ¨«¨­¤à  ¢à §«¨ç­ë¥ ¬®¬¥­âë ¢à¥¬¥­¨ ¯à¨¢¥¤¥­ë ­  à¨á. 6¨ 7 á®®â¢¥âáâ¢¥­­®. �¥à¨®¤¨ç¥áª¨© å à ªâ¥à â¥-ç¥­¨ï ¯à¨¢®¤¨â ª ª®«¥¡ ­¨î ¯®«®¦¥­¨ï â®ç¥ª áàë-¢  ¢¨åà¥© ¨ § ¤­¥© ªà¨â¨ç¥áª®© â®çª¨. �§ ¨¬®-¤¥©áâ¢¨¥ ¢¨åà¥¢ëå áâàãªâãà ¯à ªâ¨ç¥áª¨ ­¥ ®ª -§ë¢ ¥â ¢«¨ï­¨¥ ­  ¯¥à¥¤­îî ªà¨â¨ç¥áªãî â®çªã,¢ á¨«ã ¥¥ ã¤ «¥­­®áâ¨ ®â ¨­â¥­á¨¢­®£® ¢¨åà¥¢®£®â¥ç¥­¨ï.�á­®¢­ë¥ ®á®¡¥­­®áâ¨ â¥ç¥­¨ï, à ááç¨â ­­®£®á ¯®¬®éìî áå¥¬ë TVD MinMod, â ª¨¥ ¦¥, ª ª ¨­  à¨á. 4 ¨ 5.� â ¡«. 2 á¢¥¤¥­ë à¥§ã«ìâ âë ç¨á«¥­­ëå à áç¥-â®¢ [13, 37-41] ¨ íªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥ [35, 36,42, 43] §­ ç¥­¨© ª®íää¨æ¨¥­â®¢ «®¡®¢®£® á®¯à®â¨-¢«¥­¨ï ¨ ¯®¤ê¥¬­®© á¨«ë ¤«ï ¯¥à¨®¤¨ç¥áª®£® â¥-ç¥­¨ï,   â ª¦¥ ç¨á«  �âàãå «ï. � ª ¢¨¤­®, áãé¥-áâ¢ã¥â ¤®¢®«ì­® è¨à®ª¨© ¤¨ ¯ §®­ ¨áá«¥¤ãe¬ëå¯ à ¬¥âà®¢. � ª ç¨á«® �âàãå «ï ª®«¥¡«¥âáï ®ª®-«® 0.19 ¨ §­ ç¥­¨¥, ¯®«ãç¥­­®¥ á ¯®¬®éìî áå¥¬ëTVD MinMod, ­¥áª®«ìª® ­¨¦¥ §­ ç¥­¨ï ®â áå¥¬ëTVD ISNAS. � §«¨ç¨¥ ¬¥¦¤ã ­¨¬¨ § ª«îç ¥âáï ¢à §­®áâ¨ áã¬¬ à­®© ç¨á«¥­­®© ¤¨áá¨¯ æ¨¨, ª®â®-68 A. A. �à¨å®¤ìª®, �. �. �¥¤ç¨æ



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 56 { 71� ¡«. 2. �­ ç¥­¨ï ª®íää¨æ¨¥­â®¢ «®¡®¢®£® á®¯à®â¨¢«¥­¨ï Cx, ¯®¤ê¥¬­®© á¨«ë Cy ¨ ç¨á¥« �âàãå «ï St ¤«ïªàã£®¢®£® æ¨«¨­¤à  ¯à¨ ç¨á«¥ �¥©­®«ì¤á  200�áâ®ç­¨ª Cx Cy St� ­­ ï à ¡®â  TVD MinMod 2-®© ¯®àï¤®ª 1.33�0.05 �0.69 0.189� ­­ ï à ¡®â  TVD ISNAS 3-¨© ¯®àï¤®ª 1.31�0.05 �0.67 0.192Rogers, Kwak [38] 3-¨© ¯®àï¤®ª 1.29�0.05 �0.75 0.16Rogers, Kwak [38] 5-ë© ¯®àï¤®ª 1.23�0.05 �0.65 0.185Rosenfeld [55] 1.46�0.05 �0.69 0.211Lecointe, Piquet [65] 2-®© ¯®àï¤®ª 1.46�0.04 �0.70 0.227Lecointe, Piquet [65] 4-ë© ¯®àï¤®ª 1.58�0.0035 �0.50 0.194Martinez [66] 1.27�0.0035Lin [67] 1.17�ã¤¨­®¢ [68] �0:55 0.1905Thoman, Szewczyk [69] 1.17�0.005Wille [70] (íªá¯¥à¨¬¥­â) 1.3Kovasznay [71] (íªá¯¥à¨¬¥­â) 0.19Gaster [72] (íªá¯¥à¨¬¥­â) 0.1895Roshko [73] (íªá¯¥à¨¬¥­â) 0.19� ¡«. 3. � ¢¨á¨¬®áâì ç¨á«  �âàãå «ï St ®â �¥©­®«ì¤á  Re�áâ®ç­¨ª �¨á«  �¥©­®«ì¤á 50 100 200� ­­ ï à ¡®â  TVD MinMod 2-®© ¯®àï¤®ª 0.120 0.162 0.189� ­­ ï à ¡®â  TVD ISNAS 3-¨© ¯®àï¤®ª 0.123 0.166 0.191�ã¤¨­®¢ [34] 0.129 0.170 0.191Roshko [35] (íªá¯¥à¨¬¥­â) 0.121 0.168 0.190Gaster [36] (íªá¯¥à¨¬¥­â) 0.122 0.167 0.190àãî ª ¦¤ ï ¨§ áå¥¬ ¢­®á¨â ¢ à¥è¥­¨¥.�¥áª®«ìª® ¯¥à¨®¤®¢ ª®«¥¡ ­¨© ª®íää¨æ¨¥­â®¢¯®¤ê¥¬­®© á¨«ë ¨ «®¡®¢®£® á®¯à®â¨¢«¥­¨ï æ¨«¨­-¤à  ®â ¢à¥¬¥­¨, à ááç¨â ­­ë¥ ¯® áå¥¬¥ TVD IS-NAS ¤«ï à §«¨ç­ëå ç¨á¥« �¥©­®«ì¤á , ¯à¥¤áâ -¢«¥­ë ­  à¨á. 8. � ã¢¥«¨ç¥­¨¥¬ �¥©­®«ì¤á  à -áâ¥â  ¬¯«¨âã¤  ª®«¥¡ ­¨© ª®íää¨æ¨¥­â®¢ ¯®¤ê¥¬-­®© á¨«ë ¨ «®¡®¢®£® á®¯à®â¨¢«¥­¨ï, ­® ã¬¥­ìè -¥âáï ¨å ¯¥à¨®¤.� ¢¨á¨¬®áâì ç¨á¥« �âàãå «ï St ®â ç¨á¥« �¥©-­®«ì¤á  Re, ª®â®àë¥ áà ¢­¨¢ îâáï á à áç¥â­ë¬¨�ã¤¨­®¢  [34],   â ª¦¥ íªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­-­ë¬¨ Roshko [35] ¨ Gaster [36], ¯à¨¢¥¤¥­ë ¢ â ¡«.3. �®à®è¥¥ á®¢¯ ¤¥­¨¥ ®¡ãá«®¢«¥­® íää¥ªâ¨¢­ë¬¬¥â®¤®¬ à¥è¥­¨ï ãà ¢­¥­¨© � ¢ì¥-�â®ªá  ­¥á¦¨-¬ ¥¬®© ¦¨¤ª®áâ¨,   â ª¦¥ ¯à¨¬¥­¥­¨¥¬ áå¥¬ ¢ë-á®ª®£® ¯®àï¤ª   ¯¯à®ªá¨¬ æ¨¨ ª®­¢¥ªâ¨¢­ëå ç«¥-
­®¢, ª®â®àë¥ ¨£à îâ ¢ ¦­ãî à®«ì ¯à¨ à áç¥â¥­¥áâ æ¨®­ à­ëå â¥ç¥­¨©.�����������¥ «¨§®¢ ­  ¬¥â®¤¨ª  à áç¥â  ­¥áâ æ¨®­ à­ëå¤¢ã¬¥à­ëå â¥ç¥­¨© ­  ®á­®¢¥ ãà ¢­¥­¨© � ¢ì¥-�â®ªá  ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨, § ¯¨á ­­ëå ¢¥áâ¥áâ¢¥­­ëå ¯¥à¥¬¥­­ëå ¢ ¯à®¨§¢®«ì­®© á¨áâ¥-¬¥ ª®®à¤¨­ â. �«£®à¨â¬ ç¨á«¥­­®£® à¥è¥­¨ï ¨á-å®¤­ëå ãà ¢­¥­¨© ®á­®¢ ­ ­  ¬¥â®¤¥ ¨áªãááâ¢¥­-­®© á¦¨¬ ¥¬®áâ¨ ¨ ¬®¤¨ä¨æ¨à®¢ ­ ¤«ï à áç¥â ­¥áâ æ¨®­ à­ëå â¥ç¥­¨©. �®¢ëè¥­¨¥ â®ç­®áâ¨à áç¥â®¢ ¤®áâ¨£­ãâ® §  áç¥â ¯à¨¬¥­¥­¨ï á¢®©áâ¢TVD ¨ ®£à ­¨ç¨â¥«¥© ¯®â®ª®¢ ¤«ï ª®­¢¥ªâ¨¢­ëåç«¥­®¢. �à®¢¥¤¥­ë ¢¥à¨ä¨ª æ¨ï ¬¥â®¤¨ª¨, áà ¢-­¥­¨¥ áå¥¬ ISNAS âà¥âì¥£® ¨ MinMod ¢â®à®£® ¯®-A. A. �à¨å®¤ìª®, �. �. �¥¤ç¨æ 69
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