
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 17 { 27��� 532.465�������������� ������ ������������������������� � ���������� �������������������������. �. ����������áâ¨âãâ ¯à®¡«¥¬ ¬ â¥¬ â¨ç¥áª¨å ¬ è¨ ¨ á¨áâ¥¬ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 21.12.2002�¥£¨¤à®áâ â¨ç¥áª ï ¬®¤¥«ì áâà â¨ä¨æ¨à®¢ ëå â¥ç¥¨© á® á¢®¡®¤®© ¯®¢¥àå®áâìî ç¨á«¥® à¥ «¨§®¢   ¤«ïá«ãç ï ®¡®¡é¥ëå ª®®à¤¨ â, çâ® ¯®§¢®«ï¥â â®ç® ¨ íää¥ªâ¨¢® ¬®¤¥«¨à®¢ âì ¯à®æ¥ááë ¢ ®¡« áâïå á«®¦®© ª®-ä¨£ãà æ¨¨. �áå®¤ë¥ ãà ¢¥¨ï ¨â¥£à¨àãîâáï á ¨á¯®«ì§®¢ ¨¥¬ â¥å¨ª¨ à áé¥¯«¥¨ï   ¢ãâà¥îî ¨ ¢¥èîî¬®¤ë,   â ª¦¥ à §«®¦¥¨ï ¯®«¥© áª®à®áâ¨ ¨ ¤ ¢«¥¨ï   £¨¤à®áâ â¨ç¥áªãî ¨ ¥£¨¤à®áâ â¨ç¥áªãî ª®¬¯®¥âë ¨¨å ¯®á«¥¤®¢ â¥«ì®£® ¢ëç¨á«¥¨ï. �®¤¥«ì ¯à¨¬¥ï¥âáï ¤«ï ¨áá«¥¤®¢ ¨ï ¢®¤®®¡¬¥  ¢ ¯à®«¨¢ å.�¥£÷¤à®áâ â¨ç  ¬®¤¥«ì áâà â¨ä÷ª®¢ ¨å â¥ç÷© § ¢÷«ì®î ¯®¢¥àå¥î ç¨á¥«ì® à¥ «÷§®¢   ã ¢¨¯ ¤ªã ã§ £ «ì¥¨åª®®à¤¨ â, é® ¤®§¢®«ïõ â®ç® â  ¥ä¥ªâ¨¢® ¬®¤¥«î¢ â¨ ¯à®æ¥á¨ ¢ ®¡« áâïå áª« ¤®ù ª®ä÷£ãà æ÷ù. �¨å÷¤÷ à÷¢-ïï ÷â¥£à¨àãîâáï § ¢¨ª®à¨áâ ï¬ â¥å÷ª¨ à®§é¥¯«¥ï   ¢ãâà÷èî â  §®¢÷èî ¬®¤¨,   â ª®¦ à®§ª« ¤ã¯®«÷¢ è¢¨¤ª®áâ÷ â  â¨áªã   £÷¤à®áâ â¨çã â  ¥£÷¤à®áâ â¨çã ª®¬¯®¥â¨ â  ùå ¯®á«÷¤®¢¥ ®¡ç¨á«¥ï. �®¤¥«ì§ áâ®á®¢ãõâìáï ¤«ï ¤®á«÷¤¦¥ï ¢®¤®®¡¬÷ã ¢ ¯à®â®ª å.A non-hydrostatic model of free-surface ows is numerically realized with generalized topography-following co-ordinatesystem, which allows e�ectively and accurately resolve the complex geometry areas. The primitive equations are integratedwith using time-splitting technique on internal and external modes and decomposition of velocity and pressure �eldson hydrostatic and non-hydrostatic components and subsequent calculation of ones. Model is applied to simulation ofexchange ows over sill in sea straits.���������  áâ®ïé¥¥ ¢à¥¬ï ¤«ï ¬®¤¥«¨à®¢ ¨ï £¨¤à®-â¥à¬®¤¨ ¬¨ª¨ ¬®à¥© ¨ ¢ãâà¥¨å ¢®¤®¥¬®¢ è¨-à®ª®¥ à á¯à®áâà ¥¨¥ ¯®«ãç¨«¨ ¬®¤¥«¨, ®á®¢ -ë¥   à¥è¥¨¨ ãà ¢¥¨© � ¢ì¥{�â®ªá  ¢ £¨¤à®-áâ â¨ç¥áª®¬ ¯à¨¡«¨¦¥¨¨ [1,2]. �¤ ª® áãé¥áâ¢ã-¥â è¨à®ª¨© á¯¥ªâà § ¤ ç, ¢ ª®â®àëå ¢ ¦ë ¥£¨-¤à®áâ â¨ç¥áª¨¥ íää¥ªâë. � ¯®á«¥¤¨¥ £®¤ë à §-à ¡®â  àï¤ ç¨á«¥ëå ¥£¨¤à®áâ â¨ç¥áª¨å ¬®¤¥-«¥© [3{5]. � ª, ¢ à ¡®â¥ [5] ¨á¯®«ì§ã¥âáï â¥å¨-ª  à áé¥¯«¥¨ï à¥è¥¨ï   ¡ à®âà®¯ãî ¨ ¡ à®-ª«¨ãî ¬®¤ë,   â ª¦¥ à áé¥¯«¥¨ï ¯®«ï áª®à®-áâ¨ ¨ ¤ ¢«¥¨ï   ¥£¨¤à®áâ â¨ç¥áªãî ¨ £¨¤à®áâ -â¨ç¥áªãî ª®¬¯®¥âë ¨ ¨å ¯®á«¥¤®¢ â¥«ì®£® à á-ç¥â  [3]. � ª®© ¯®¤å®¤ ¨¬¥¥â áãé¥áâ¢¥®¥ ¯à¥-¨¬ãé¥áâ¢® ¯® áà ¢¥¨î á à¥è¥¨¥¬ ãà ¢¥¨ï�ã áá®  ¤«ï ¯®«®£® ¤ ¢«¥¨ï.�à¨ ¬®¤¥«¨à®¢ ¨¨ â¥ç¥¨© ¢ ®¡« áâïå á«®¦-®© £¥®¬¥âà¨¨  ªâã «ì®© ï¢«ï¥âáï ¯à®¡«¥¬   ª-ªãà â®£® ®¯¨á ¨ï ®¡« áâ¨. �à¨ ¨á¯®«ì§®¢ -¨¨ ¯àï¬®ã£®«ì®© á¨áâ¥¬ë ª®®à¤¨ â ¥®¡å®¤¨-¬® ¢ë¤¥«ïâì ¨â¥àeáãîéãî  á ®¡« áâì ¨§ ¬®-¦¥áâ¢  ïç¥¥ª á¥âª¨ ¯àï¬®ã£®«ì®© ª®ä¨£ãà æ¨¨.�â® ¥à æ¨® «ì®, ®á®¡¥® ¥á«¨ £à ¨æë ®¡« -áâ¨ ¨¬¥îâ à¥§ª¨¥ ¨§£¨¡ë,  ¯à¨¬¥à, ¢ á«ãç ¥ ¬®-¤¥«¨à®¢ ¨ï â¥ç¥¨© ¢ ¯à®«¨¢ å ¨ à¥ª å. �§-¡¥¦ âì â ª¨å á«®¦®áâ¥© ¯®§¢®«ï¥â ªà¨¢®«¨¥©-

 ï ®àâ®£® «ì ï á¨áâ¥¬  ª®®à¤¨ â, ¤«ï ª®â®-à®© ª®®à¤¨ âë¥ «¨¨¨ á®£« á®¢ ë á ä®à¬®©®¡« áâ¨, çâ® ¤ ¥â ¢®§¬®¦®áâì ¡®«¥¥ â®ç® ®¯¨-áë¢ âì ¬®¤¥«¨àã¥¬ãî ®¡« áâì. �¥£¨¤à®áâ â¨ç¥-áª ï ¬®¤¥«ì, ¢ ª®â®à®© ¯à¨¬¥ï¥âáï âà¥å¬¥à ï®àâ®£® «ì ï ªà¨¢®«¨¥© ï á¨áâ¥¬  ª®®à¤¨ â,à §à ¡®â   ¢ à ¡®â¥ [4]. �¤ ª® ¢ ¤ ®© ¬®¤¥-«¨ ¨á¯®«ì§ã¥âáï ¯à¨¡«¨¦¥¨¥ "â¢¥à¤®© ªàëèª¨",çâ® ¥ ¯®§¢®«ï¥â ®¯¨áë¢ âì ¯®¢¥àå®áâë¥ ¢®«-ë,   ãà ¢¥¨¥ �ã áá®  à¥è ¥âáï ¤«ï ¯®«®£®¤ ¢«¥¨ï.�§¢¥áâë¥ âàã¤®áâ¨ ¯à¨ à¥è¥¨¨ £¥®ä¨§¨ç¥-áª¨å § ¤ ç § ª«îç îâáï â ª¦¥ ¢  ªªãà â®¬ ®¯¨-á ¨¨ ¯®¢¥àå®áâ¨ ¨ à¥«ì¥ä  ¤  ¨ å®à®è¥¬ à §-à¥è¥¨¨ ¯®¢¥àå®áâëå ¨ ¯à¨¤®ëå ¯®£à ¨ç-ëå á«®¥¢. � à ¡®â¥ [2] ¯®ª § ®, çâ® ¯à¨¬¥¥-¨¥ ®¡®¡é¥®© ¢¥àâ¨ª «ì®© s-á¨áâ¥¬ë ª®®à¤¨- â ï¢«ï¥âáï íää¥ªâ¨¢ë¬ à¥è¥¨¥¬ ¯à®¡«¥¬ë,â ª ª ª ¢ ª ¦¤ë© ¬®¬¥â ¢à¥¬¥¨ ¥¥ ª®®à¤¨ â-ë¥ ¯«®áª®áâ¨ á®¢¯ ¤ îâ á ¯®¢¥àå®áâìî ¤  ¨á¢®¡®¤®© ¯®¢¥àå®áâìî. �â  ª®®à¤¨ â ï á¨-áâ¥¬  ¯®§¢®«ï¥â áâà®¨âì á£ãé¥ãî á¥âªã ¢ ®¡« -áâ¨ ¯®£à ¨çëå á«®¥¢.� ¤ ®© à ¡®â¥ ¯à¥¤áâ ¢«¥  ¬ â¥¬ â¨ç¥áª ï¬®¤¥«ì ¥£¨¤à®áâ â¨ç¥áª¨å â¥ç¥¨© áâà â¨ä¨æ¨-à®¢ ëå â¥ç¥¨© á® á¢®¡®¤®© ¯®¢¥àå®áâìî. �¬®¤¥«¨ ¨á¯®«ì§ã¥âáï ªà¨¢®«¨¥© ï ®àâ®£® «ì- ï £®à¨§®â «ì ï á¨áâ¥¬  ª®®à¤¨ â ¨ ®¡®¡-é¥ ï ¢¥àâ¨ª «ì ï s{ª®®à¤¨ â  ¢ ¢¥àâ¨ª «ì-c�. �. �  àáª ï, 2003 17



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 17 { 27®¬  ¯à ¢«¥¨¨, ¢ ®â«¨ç¨¥ ®â ¯à¥¤ë¤ãé¥© à ¡®-âë [5], ¢ ª®â®à®© ¨á¯®«ì§®¢ «¨áì ¤¥ª àâ®¢ë¥ £®-à¨§®â «ìë¥ ª®®à¤¨ âë ¨ �{ª®®à¤¨ â  ¢ ¢¥à-â¨ª «ì®¬  ¯à ¢«¥¨¨.� §à ¡®â  ï ¥£¨¤à®áâ â¨ç¥áª ï ¬®¤¥«ì ¯à¨-¬¥ï¥âáï ¤«ï ¨áá«¥¤®¢ ¨ï § ¤ ç¨ ® ¤¢ãåá«®©®¬¢®¤®®¡¬¥¥ ¢ ¯à®«¨¢ å. � ª¨¥ â¥ç¥¨ï ¢ ®á®¢-®¬ ¬®¤¥«¨à®¢ «¨áì ¢ à ¬ª å £¨¤à ¢«¨ç¥áª®© â¥-®à¨¨, ¢ ª®â®à®©, ª ª ¯à ¢¨«®, ¯à¥¤¯®« £ ¥âáï £¨-¤à®áâ â¨ç¥áª®¥ à á¯à¥¤¥«¥¨¥ ¤ ¢«¥¨ï. �¤ ª®¢ à ¡®â¥ [6] ¯®ª §   ¢ ¦®áâì ¥£¨¤à®áâ â¨ç¥-áª¨å íää¥ªâ®¢ ¤«ï â ª¨å â¥ç¥¨©. � íªá¯¥à¨¬¥-â¥ [7,8] ãáâ ®¢«¥®, çâ® â ª¨¥ â¥ç¥¨ï å à ªâ¥à¨-§ãîâáï ¯®ï¢«¥¨¥¬ ª®à®âª®¢®«®¢®© ¥ãáâ®©ç¨¢®-áâ¨ �¥«ì¢¨ -�¥«ì¬£®«ìæ  ¨ �®«¬¡® ¢ á«®¥ à §¤¥-« . �¥§ã«ìâ âë à áç¥â®¢ áà ¢¨¢ îâáï á íªá¯¥à¨-¬¥â «ìë¬¨ ¤ ë¬¨ [9] ¯® ¢®¤®®¡¬¥ã ¢ ã§ª®¬¤«¨®¬ ¯à®«¨¢¥. �«ï è¨à®ª®£® ¯à®«¨¢  ¨áá«¥¤ã-îâáï íää¥ªâë ª®à®âª®¢®«®¢®© ¥ãáâ®©ç¨¢®áâ¨ ¨¯¥à¥¬¥è¨¢ ¨ï ¬¥¦¤ã á«®ï¬¨.1. �������áå®¤ë¥ ãà ¢¥¨ï § ¤ ç¨, ¯®«ãç¥ë¥ ¨§ãà ¢¥¨© � ¢ì¥-�â®ªá  ¢ ¯à¨¡«¨¦¥¨¨ �ãáá¨¥-áª  á ãç¥â®¬ ®áà¥¤¥¨ï ¯® �¥©®«ì¤áã, ¨¬¥îâ¢¨¤:@Vh@t = GVh � 1�0rhp+ @@z �km @Vh@z � ; (1)@w@t = Gw � 1�0 @p@z � b+ @@z �km @w@z � : (2)�à ¢¥¨¥ ¥à §àë¢®áâ¨ ¬®¦® ¯à¥¤áâ ¢¨âì ¢¢¨¤¥: (r �V) = 0; (3)£¤¥ ®¯¥à â®à G ¤«ï ¥ª®â®à®© äãªæ¨¨ f § ¤ ¥âáïª ª Gf = �(V � r)f + amr2hf ; (4)§¤¥áì V { ¢¥ªâ®à áª®à®áâ¨; Vh { ¢¥ªâ®à áª®à®áâ¨¢ £®à¨§®â «ì®© x, y ¯«®áª®áâ¨; w { á®áâ ¢«ïî-é ï áª®à®áâ¨ ¢ ¢¥àâ¨ª «ì®¬ z- ¯à ¢«¥¨¨; p {¤ ¢«¥¨¥; b = g�0 (� � �0) { ¯« ¢ãç¥áâì; � { ¯«®â-®áâì; �0 { ¯«®â®áâì ¥¢®§¬ãé¥®© áà¥¤ë; am ¨km { ª®íää¨æ¨¥âë £®à¨§®â «ì®© ¨ ¢¥àâ¨ª «ì-®© ¢ï§ª®áâ¨ á®®â¢¥âáâ¢¥®; g { ãáª®à¥¨¥ á¨«ëâï¦¥áâ¨. �«ï ¯à®áâ®âë § ¯¨á¨ ¢ ãà ¢¥¨ïå (1),(2) ¥ ¯à¨¢®¤ïâáï á« £ ¥¬ë¥ �®à¨®«¨á . �áå®¤-ë¥ ãà ¢¥¨ï á ãç¥â®¬ á¨« �®à¨®«¨á  ¢ "âà ¤¨-æ¨®®¬ ¯à¨¡«¨¦¥¨¨" ¯à¨¢¥¤¥ë ¢ à ¡®â¥ [5] ¤«ï

á«ãç ï ¤¥ª àâ®¢®© á¨áâ¥¬ë ª®®à¤¨ â. �®áª®«ìªã¯à¨ ¯à¥®¡à §®¢ ¨¨ ª®®à¤¨ â íâ¨ á« £ ¥¬ë¥ ¥¬¥ïîâáï, â® ¯®á«¥¤ãîé¥¥ ¨§«®¦¥¨¥  «£®à¨â¬ ¬®¦¥â ¡ëâì «¥£ª® ®¡®¡é¥® ¢ª«îç¥¨¥¬ íâ¨å á« -£ ¥¬ëå â ª¨¬ ¦¥ á¯®á®¡®¬, ª ª ¨ ¢ à ¡®â¥ [5]. � -ª ï ä®à¬  § ¯¨á¨ ãà ¢¥¨©, ¢ ª®â®à®© ¢ë¤¥«¥®¢¥àâ¨ª «ì®¥  ¯à ¢«¥¨¥ ¨ á« £ ¥¬ë¥ ¢¥àâ¨ª «ì-®© ¤¨ääã§¨¨, ¢ë¡à   ¤«ï ã¤®¡áâ¢  ¯®á«¥¤ãîé¥-£® ¨§«®¦¥¨ï ç¨á«¥®£®  «£®à¨â¬ .�«®â®áâì � ®¯à¥¤¥«ï¥âáï ¨§ ãà ¢¥¨ï á®áâ®ï-¨ï � =� (T; S; p) ¢ ä®à¬¥, ¯à¥¤áâ ¢«¥®© ¢ [10].�¤¥áì T ¨ S { â¥¬¯¥à âãà  ¨ á®«¥®áâì á®®â¢¥â-áâ¢¥®. �à ¢¥¨¥ ¯¥à¥®á  ¤«ï ¥ª®â®à®© áª -«ïà®© äãªæ¨¨ �i (�1 = T; �2 = S) ¨¬¥¥â ¢¨¤@�i@t = G(�i) + @@z �kh @�i@z �+ SSi ; (5)£¤¥ G(�i) = �(V � r)f + ahr2h�i; (6)ah ¨ kh { ª®íää¨æ¨¥âë £®à¨§®â «ì®© ¨ ¢¥à-â¨ª «ì®© ¤¨ääã§¨¨ á®®â¢¥âáâ¢¥®; ¤«ï ¯à®áâ®-âë ª®íää¨æ¨¥âë £®à¨§®â «ì®£® ¯¥à¥¬¥è¨¢ -¨ï ah ¨ am ¯®« £ îâáï ¯®áâ®ïë¬¨; SSi { ¢ã-âà¥¨¥ ¨áâ®ç¨ª¨ ¨ áâ®ª¨ áª «ïà  �i. �«ï ®¯à¥-¤¥«¥¨ï ª®íää¨æ¨¥â®¢ ¢¥àâ¨ª «ì®£® ¯¥à¥¬¥è¨-¢ ¨ï kh ¨ km ¯à¨¬¥ï¥âáï k�l ¬®¤¥«ì âãà¡ã«¥â-®áâ¨ [11].�®«®¥ ¤ ¢«¥¨¥ p ï¢«ï¥âáï áã¬¬®© £¨¤à®áâ â¨-ç¥áª®© ph, ¯®¢¥àå®áâ®© ps ¨ ¥£¨¤à®áâ â¨ç¥áª®©q á®áâ ¢«ïîé¨å:p�0 = ps + ph + q: (7)�®¢¥àå®áâ®¥ ¤ ¢«¥¨¥ ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬®¡à §®¬: ps = pa + g�(x; y; t); (8)£¤¥ �(x; y; t) { ®âª«®¥¨¥ á¢®¡®¤®© ¯®¢¥àå®áâ¨®â ¯®«®¦¥¨ï ¯®ª®ï; pa {  â¬®áä¥à®¥ ¤ ¢«¥¨¥.�̈ ¤à®áâ â¨ç¥áª ï á®áâ ¢«ïîé ï ¤ ¢«¥¨ï  å®-¤¨âáï ¨â¥£à¨à®¢ ¨¥¬ ¯® ¢¥àâ¨ª «¨ ãà ¢¥¨ï(2), ¢ ª®â®à®¬ ®¯ãé¥ë ª®¢¥ªâ¨¢ë¥ ¨ ¢ï§ª¨¥á« £ ¥¬ë¥: ph(x; y; z; t) = g �Zz bd�: (9)�à¨ £¨¤à®áâ â¨ç¥áª®© ¯®áâ ®¢ª¥ § ¤ ç¨ q = 0,£®à¨§®â «ìë¥ áª®à®áâ¨  å®¤ïâáï ¨§ ãà ¢¥¨ï(1), ¯à¨ íâ®¬ ¢¥àâ¨ª «ì ï áª®à®áâì  å®¤¨âáï¨§ ãà ¢¥¨ï ¥à §àë¢®áâ¨. �̈ ¤à®áâ â¨ç¥áª®¥¯à¨¡«¨¦¥¨¥ ï¢«ï¥âáï "¯à¨¡«¨¦¥¨¥¬ ¬¥«ª®© ¢®-¤ë". �à¨ ¥£¨¤à®áâ â¨ç¥áª®© ¯®áâ ®¢ª¥ § ¤ ç¨18 �. �. �  àáª ï



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 17 { 27à¥è ¥âáï ¯®« ï á¨áâ¥¬  ãà ¢¥¨© (1){(3), (5) cãç¥â®¬ à §«®¦¥¨ï (7), çâ® ¯®§¢®«ï¥â ®¯¨áë¢ âì¢¥áì á¯¥ªâà ¢®« ¤«ï ¥á¦¨¬ îé¥© ¦¨¤ª®áâ¨.�à¥®¡à §ã¥¬ ¨áå®¤ë¥ ãà ¢¥¨ï ª £®à¨§®-â «ìë¬ ®àâ®£® «ìë¬ ªà¨¢®«¨¥©ë¬ ª®®à¤¨- â ¬ (�1; �2) ¨ ª ®¡®¡é¥®© ¢¥àâ¨ª «ì®© ª®®à-¤¨ â¥. �¡®¡é¥ ï ¢¥àâ¨ª «ì ï ª®®à¤¨ â  [2]s = s(�1; �2; z; � ) ¢ë¡¨à ¥âáï â ª¨¬ ®¡à §®¬, çâ®-¡ë ¢ ª ¦¤ë© ¬®¬¥â ¢à¥¬¥¨ ¥¥ ª®®à¤¨ âë¥¯«®áª®áâ¨ á®¢¯ ¤ «¨ á® á¢®¡®¤®© ¯®¢¥àå®áâìî ¨¯®¢¥àå®áâìî ¤ , â. ¥. s(�) = 0; s(�H) = �1. �®â«¨ç¨¥ ®â �{á¨áâ¥¬ë [1], ª®â®à ï ï¢«ï¥âáï ç áâ-ë¬ á«ãç ¥¬ s{á¨áâ¥¬ë, ¯®á«¥¤ïï ¯®§¢®«ï¥â íä-ä¥ªâ¨¢® à §à¥è âì ¯à¨¤®ë¥ ¨ ¯à¨¯®¢¥àå®áâ-ë¥ á«®¨.�ë¯®«¨¬ ¯¥à¥å®¤ ®â ¤¥ª àâ®¢ëå ª®®à¤¨ â(x; y; z; t) ª ®¢ë¬ ªà¨¢®«¨¥©ë¬ ª®®à¤¨ â ¬(�1; �2; s; � ), £¤¥ z = z(�1; �2; s; � ), x = x(�1; �2),y = y(�1; �2), ¯à¥¤áâ ¢«ïï ¨¢ à¨ âë¥ ®¯¥à â®-àë ¢ ãà ¢¥¨ïå (1) ¨ (2) ¢ £®à¨§®â «ìëå ®à-â®£® «ìëå ª®®à¤¨ â å. �®à¬ã«ë ¯¥à¥å®¤  ®âz-á¨áâ¥¬ë ª s-á¨áâ¥¬¥ ª®®à¤¨ â ¨¬¥îâ ¢¨¤@f@x = 1h1 � @f@�1 + AJ @f@s� ;@f@y = 1h2 � @f@�2 + BJ @f@s� ; (10)@f@z = 1J @f@s ; (11)£¤¥ J = @z=@s;A = � (@z=@�1)s ; B = � (@z=@�2)s ;C = � (@z=@t)s ; hi =s� @x@�i�2 +� @y@�i�2; i = 1; 2:� ®¢®© á¨áâ¥¬¥ ª®®à¤¨ â ãà ¢¥¨ï ¤¢¨¦¥¨ïá ãç¥â®¬ à §«®¦¥¨ï ¤«ï ¤ ¢«¥¨ï (7) § ¯¨áë¢ -îâáï á«¥¤ãîé¨¬ ®¡à §®¬:�@VhJ@� = GVh �� @@s �kmJ @Vh@s ����(gJrh� +Bh + Jrshq) ; (12)�@wJ@� = Gw +� @@s �kmJ @w@s ���@q@s ; (13)�@�iJ@� = G�i +� @@s �kmJ @�i@s �+ JSSi: (14)�à ¢¥¨¥ ¥à §àë¢®áâ¨ (2) ¢ ®¢®© á¨áâ¥¬¥ ª®-®à¤¨ â ¡ã¤¥â ¨¬¥âì ¢¨¤@uh2J@�1 +@vh1J@�2 +�@w@s +h2 @Au@s +h1 @Bu@s = 0; (15)

£¤¥ � = h1h2,Gf = ��@uh2Jf@�1 + @vh1Jf@�2 +�@!f@s �++am� @@�1 Jh2h1 @f@�1 + @@�2 Jh1h2 @f@�2� ;rh = � 1h1 @@�1 ; 1h2 @@�2� ;rsh = � 1h1 ( @@�1 + AJ @@s ); 1h2 ( @@�2 + BJ @@s )� ;Bh = (B�1 ;B�2);B�i = �J 0Zs Jhi � @b@�i + @s@�i @b@s0 �ds0:�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¤  ï ä®à¬  § ¯¨á¨ãà ¢¥¨© { ª®á¥à¢ â¨¢ ï. � ãà ¢¥¨ïå (12),(13) áª®à®áâ¨ u(�1; �2; s; � ), v(�1; �2; s; � ) ï¢«ïîâáï¯à®¥ªæ¨ï¬¨ ¢¥ªâ®à  áª®à®áâ¨ Vh ¢  ¯à ¢«¥¨ïå�1, �2 á®®â¢¥âáâ¢¥®.�¨¥¬ â¨ç¥áª®¥ £à ¨ç®¥ ãá«®¢¨¥  ¯®¢¥àå®áâ¨(s = 0) ¨   ¤¥ (s = �1):W = uh1 @�@�1 + vh2 @�@�2 + @�@t ; s = 0; (16)W = � uh1 @H@x � vh2 @H@y ; s = �1: (17)�¢¥¤¥¬ ¯à¥®¡à §®¢ ãî ¢¥àâ¨ª «ìãî áª®à®áâì! = w � u Ah1 � v Bh2 � C; (18)â ª çâ® ! = 0 ¯à¨ s = 0; s = �1.�à ¨çë¥ ãá«®¢¨ï ¤«ï ãà ¢¥¨© (12) { (14) ¯à¨s! 0 áâ ¢ïâáï á«¥¤ãîé¨¬ ®¡à §®¬:kmJ @Vh@s =�0; (19)khJ �@�i@s � = Hi; (20)£¤¥ �0 { ¢¥ªâ®à ª á â¥«ìëå  ¯àï¦¥¨© ¢¥âà ;Hi { ¯®â®ª áª «ïà  �i ç¥à¥§ ¯®¢¥àå®áâì. �  ¤¥s ! �1 § ¤ îâáï á®®â¢¥âáâ¢ãîé¨¥ £à ¨çë¥ãá«®¢¨ï: kmJ @Vh@s =�b; (21)£¤¥ �b = CDjVhjVh; { ¢¥ªâ®à  ¯àï¦¥¨©   ¤¥,CD = max 2:5e� 3;�1� ln(zb + z0z0 )��2! ;�. �. �  àáª ï 19



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 17 { 27zb { ¯®£à ¨çë© á«®© ¯®áâ®ï®£®  ¯àï¦¥¨ï;z0 { ¬ áèâ ¡ è¥à®å®¢ â®áâ¨; � { ¯®áâ®ï ï � à-¬  . �  ¤¥ ®âáãâáâ¢ãîâ ¯®â®ª¨ á®«¨ ¨ â¥¯« .�®à¬ «ìë¥ ¨ â £¥æ¨ «ìë¥ áª®à®áâ¨,   â ª¦¥áª «ïàë¥ ¯®â®ª¨ à ¢ë ã«î   â¢¥à¤ëå £à ¨-æ å. �  ®âªàëâëå £à ¨æ å ¨á¯®«ì§ãîâáï ãá«®-¢¨ï ¨§«ãç¥¨ï [12].�à ¢¥¨ï ¤¨ ¬¨ª¨ (12){(14) ®¯¨áë¢ îâ ª ª¢ãâà¥¨¥, â ª ¨ ¯®¢¥àå®áâë¥ £à ¢¨â æ¨®ë¥¢®«ë. � §®¢ë¥ áª®à®áâ¨ ¯®¢¥àå®áâëå £à ¢¨-â æ¨®ëå ¢®« ¢  âãàëå ãá«®¢¨ïå ¢® ¬®£® à §¯à¥¢ëè îâ áª®à®áâ¨ ¢ãâà¥¨å ¢®« ¨ ®¯à¥¤¥-«ïîâ ®£à ¨ç¥¨ï   ¢ë¡®à ¢à¥¬¥®£® è £  ¯à¨ç¨á«¥®¬ à¥è¥¨¨ § ¤ ç¨. �«ï íää¥ªâ¨¢®áâ¨à áç¥â®¢ æ¥«¥á®®¡à §® ¨á¯®«ì§®¢ âì ¬¥â®¤ à á-é¥¯«¥¨ï [1] ¤«ï ¯à®¨â¥£à¨à®¢ ëå ¯® £«ã¡¨¥ãà ¢¥¨© ¤¢¨¦¥¨ï (¢¥èïï ¬®¤ ) ¨ ãà ¢¥¨©,ãç¨âë¢ îé¨å âà¥å¬¥àãî áâàãâãàã (¢ãâà¥ïï¬®¤ ).�à®¨â¥£à®¢ ë¥ ¯® £«ã¡¨¥ ®â s = 0 ¤®s = � 1 ãà ¢¥¨¥ ¤¢¨¦¥¨ï (12) á ãç¥â®¬ £à -¨çëå ãá«®¢¨© (21) ¨ ãà ¢¥¨¥ ¥à §àë¢®áâ¨(15) á ãç¥â®¬ ª¨¥¬ â¨ç¥áª¨å £à ¨çëå ãá«®¢¨©¤«ï ¢¥àâ¨ª «ì®© áª®à®áâ¨ (16), (17) ¨¬¥îâ ¢¨¤�@ �Vh@� = �G�Vh �� �gJrh� + �Bh + �b � �0� ; (22)@�uh2J@�1 + @�vh1J@�2 +�@�@� = 0; (23)£¤¥ �Gf = ��@uh2Jf@�1 + @vh1Jf@�2 �++am � @@�1 Jh2h1 @f@�1 + @@�2 Jh1h2 @f@�2� ;�Bh = 0Z�1 Bh ds ; �V = 0Z�1 Vds:�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ ¤¨ääã§¨®ëå á« £ -¥¬ëå ãà ¢¥¨© (12) { (14) ¨ (22) ¥ ãç¨âë¢ îâ-áï £à®¬®§¤ª¨¥ ç«¥ë, ¢®§¨ª îé¨¥ ¯à¨ ¯¥à¥å®¤¥ª ®¡®¡é¥®© á¨áâ¥¬¥ ª®®à¤¨ â. � à ¡®â¥ [13]¯®ª § ®, çâ® íâ¨ á« £ ¥¬ë¥ ¥ ï¢«ïîâáï áãé¥-áâ¢¥ë¬¨.2. ��������� ���������¨áâ¥¬  ãà ¢¥¨©, § ¯¨á  ï ¢ ª®á¥à¢ â¨¢-®¬ ¢¨¤¥ (12){(15) á á®®â¢¥âáâ¢ãîé¨¬¨ £à ¨ç-ë¬¨ ãá«®¢¨ï¬¨, à¥è ¥âáï ¬¥â®¤®¬ ª®¥çëå à §-®áâ¥©. � ª ¨ ¢ à ¡®â¥ [5], ¢ ®á®¢¥  «£®à¨â¬ 

«¥¦¨â à áé¥¯«¥¨¥ ¯®«¥© áª®à®áâ¨ ¨ ¤ ¢«¥¨ï  £¨¤à®áâ â¨ç¥áªãî ¨ ¥£¨¤à®áâ â¨ç¥áªãî ª®¬¯®-¥âë ¨ ¨å ¯®á«¥¤®¢ â¥«ìë© à áç¥â. � ®â«¨ç¨¥®â [5] à¥è¥¨¥ § ¤ ç¨ à §¤¥«¥®   ç¥âëà¥ íâ ¯ :(1) { à áç¥â áª «ïà®¢; (2) { à áç¥â ãà®¢ï ¨ ¯à®-¨â¥£à¨à®¢ ëå ¯® £«ã¡¨¥ ¯®«¥© áª®à®áâ¨; (3){ à áç¥â £¨¤à®áâ â¨ç¥áª¨å á®áâ ¢«ïîé¨å áª®à®-áâ¨ ¨ ¤ ¢«¥¨ï; (4) { à áç¥â ¥£¨¤à®áâ â¨ç¥áª¨åá®áâ ¢«ïîé¨å áª®à®áâ¨ ¨ ¤ ¢«¥¨ï. �¥ «¨§ æ¨ï¢ëç¨á«¨â¥«ì®£®  «£®à¨â¬    ¢à¥¬¥®¬ ¯à®¬¥-¦ãâª¥ [n�1; n+1] á è £ ¬¨ ¯® ¢à¥¬¥¨ ¤«ï ¢¥è-¥© ¨ ¢ãâà¥¥© ¬®¤ë �te ¨ �ti á®®â¢¥âáâ¢¥®¯à¥¤áâ ¢«¥  ¨¦¥.1 íâ ¯. � áç¥â áª «ïà®¢�®«ï áª «ïà®¢ (â¥¬¯¥à âãà , á®«¥®áâì, ¯ à -¬¥âàë âãà¡ã«¥â®áâ¨) ¢ëç¨á«ïîâáï c ¨á¯®«ì§®-¢ ¨¥¬ ¯®«ã¥ï¢®© áå¥¬ë. �¤¢¥ªâ¨¢ë¥ á« £ ¥-¬ë¥  ¯¯à®ªá¨¬¨àãîâáï áå¥¬ ¬¨ ¢ëá®ª®£® ¯®àï¤-ª  [14] á ¨á¯®«ì§®¢ ¨¥¬ ¥£¨¤à®áâ â¨ç¥áª®£® ¯®-«ï áª®à®áâ¥© ¨§ ¯à¥¤ë¤ãé¥£® è £  n. �« £ ¥¬ë¥¢¥àâ¨ª «ì®© ¤¨ääã§¨¨ ¢ëç¨á«ïîâáï ¯® ¥ï¢®©áå¥¬¥. �®«ãç¥ ï «¨¥© ï âà¥å¤¨ £® «ì ï á¨-áâ¥¬  ãà ¢¥¨© à¥è ¥âáï ¬¥â®¤®¬ ¯à®£®ª¨. �®-«ã¤¨áªà¥â ï ä®à¬  ãà ¢¥¨ï (14) ¨¬¥¥â ¢¨¤�(�iJ)n+1 � (�iJ)n�12�tI = G(�in) ++� @@s �kh @�n+1i@s �+�JSSni : (24)�«®â®áâì �n+1 ®¯à¥¤¥«ï¥âáï ¨§ ãà ¢¥¨ï á®-áâ®ï¨ï á ¨á¯®«ì§®¢ ¨¥¬ § ç¥¨© Tn+1 ¨ Sn+1.2 íâ ¯. � áç¥â ãà®¢ï�  ¢â®à®¬ íâ ¯¥ ¯® ï¢®© áå¥¬¥ à¥è îâáï ãà ¢-¥¨ï ¢¥è¥© ¬®¤ë (22), (23)   ¨â¥à¢ «¥ [n; n+1] á ¢à¥¬¥ë¬ è £®¬ �te:��m+1 � �m�12�te + @h2(�uJ)m@�1 + @h1(�vJ)m@�2 = 0; (25)�(�VhJ)m+1 � (�VhJ)m�12�te = ��gJmrh�m ++ �Gm�Vh +� ��Bnh + �nb � �n0 � ; (26)£¤¥ ¨¤¥ªá m á®®â¢¥âáâ¢ã¥â ®¬¥àã ¢à¥¬¥®£®è £  ¢¥è¥© ¬®¤ë. �à¨ íâ®¬ ¢ ¬®¬¥â ¢à¥¬¥-¨ n áª®à®áâì ¢¥è¥© ¬®¤ë à ááç¨âë¢ ¥âáï á¨á¯®«ì§®¢ ¨¥¬ § ç¥¨ï ¯®«®© ¥£¨¤à®áâ â¨ç¥-áª®© áª®à®áâ¨, ¢ëç¨á«¥®©   n è £¥: �Vnh == 0R�1 Vnhds. �®«ãç¥ë¥ ¢ à¥§ã«ìâ â¥ à¥è¥¨ï¤¢ã¬¥à®© § ¤ ç¨ �ti=�te ¯®«¥© ãà®¢ï ®áà¥¤ï-îâáï   ¨â¥à¢ «¥ ¢à¥¬¥¨ (n � 1; n) ¨ (n; n+ 1).20 �. �. �  àáª ï



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 17 { 27�áà¥¤¥®¥ § ç¥¨¥ ãà®¢ï ~� ¨á¯®«ì§ã¥âáï ¯à¨à áç¥â¥ âà¥å¬¥à®£® ¯®«ï   á«¥¤ãîé¥¬ íâ ¯¥.� ª¨¬ ®¡à §®¬ ®áãé¥áâ¢«ï¥âáï á¢ï§ì ¬¥¦¤ã ¢ë-ç¨á«¥¨ï¬¨ ¢® ¢¥è¥¬ ¨ ¢ãâà¥¥¬ æ¨ª«¥ ¤«ï¢ãâà¥¥© ¨ ¤«ï ¢¥è¥© ¬®¤ë á®®â¢¥âáâ¢¥®.3 íâ ¯. � áç¥â £¨¤à®áâ â¨ç¥áª®£® ¯®«ïáª®à®áâ¥© ¨ ¤ ¢«¥¨ï�  íâ®¬ íâ ¯¥ à ááç¨âë¢ îâáï ¯à®¬¥¦ãâ®çë¥§ ç¥¨ï áª®à®áâ¨ ~u; ~v; ~w ¨§ ãà ¢¥¨© (12), (13)¯à¨ q = 0. �á¯®«ì§ã¥âáï ¥ï¢®¥ ¢ëç¨á«¥¨¥ á« -£ ¥¬ëå ¢¥àâ¨ª «ì®© ¤¨ääã§¨¨. �®«ãç¥ ï «¨-¥© ï âà¥å¤¨ £® «ì ï á¨áâ¥¬  ãà ¢¥¨© íä-ä¥ªâ¨¢® à¥è ¥âáï ¬¥â®¤®¬ ¯à®£®ª¨. �à ¢¥¨ï¤¢¨¦¥¨ï ¢ ¯®«ã¤¨áªà¥â®© ä®à¬¥ á è £®¬ ¯® ¢à¥-¬¥¨ �ti ¨¬¥¥â ¢¨¤:�(~VhJ)n+1 � (VhJ)n�12�ti = GnVh ++� @@s  kmJ @ ~Vn+1h@s !��(gJrh~� +Bnh) ; (27)�( ~whJ)n+1 � (whJ)n�12�ti = Gnw ++� @@s �kmJ @ ~wn+1h@s � : (28)�«¥¤ã¥â ®â¬¥â¨âì, çâ®   íâ®¬ íâ ¯¥ ã¤®¢«¥â¢®àï-îâáï ¢á¥ £à ¨çë¥ ãá«®¢¨ï ¤«ï ¯®«ï áª®à®áâ¨. � á«¥¤ãîé¥¬ íâ ¯¥ ¯®«ãç¥®¥ ¯®«¥ áª®à®áâ¨ ª®à-à¥ªâ¨àã¥âáï ¢ãâà¨ ®¡« áâ¨ â ª¨¬ ®¡à §®¬, çâ®-¡ë ã¤®¢«¥â¢®àïâì ãá«®¢¨î ¥à §àë¢®áâ¨.4 íâ ¯. � áç¥â ¥£¨¤à®áâ â¨ç¥áª®£® ¯®«ïáª®à®áâ¥© ¨ ¤ ¢«¥¨ï�¥£¨¤à®áâ â¨ç¥áª®¥ ¯®«¥ áª®à®áâ¨ ¢ëç¨á«ï¥âáï¨§ ãà ¢¥¨© ¤¢¨¦¥¨ï (12), (13) á ãç¥â®¬ £à ¤¨-¥â®¢ ¥£¨¤à®áâ â¨ç¥áª®© ª®¬¯®¥âë ¤ ¢«¥¨ï:(VhJ)n+1 = (~VhJ)n+1 � 2�tiJrshqn+1; (29)(wJ)n+1 = ( ~wJ)n+1 � 2�ti @qn+1@s : (30)�®«®¥ ¯®«¥ áª®à®áâ¨ ã¤®¢«¥â¢®àï¥â ãà ¢¥¨î¥à §àë¢®áâ¨:@h2(uJ)n+1@�1 + @h1(vJ)n+1@�2 +�@wn+1@s ++h2 @(Au)n+1@s + h1 @(Bv)n+1@s = 0: (31)�®¤áâ ¢«ïï ¢ëà ¦¥¨ï (29), (30) ¢ (31), ¯®«ãç -¥¬ ãà ¢¥¨¥ �ã áá®  ¤«ï ®¯à¥¤¥«¥¨ï ¥£¨¤à®-áâ â¨ç¥áª®© ª®¬¯®¥âë ¤ ¢«¥¨ï q:

� @@�1 h2Jh1 @q@�1 + @@�1 h2Ah1 @q@s + h2h1 @@sA @q@�1 ++ @@�2 h1Jh2 @q@�2 + @@�2 h1Bh2 @q@s + h1h2 @@sB @q@�2 ++ � @@s 1J @q@s + h2h1 @@s A2J @q@s + h1h2 @@s B2J @q@s�n+1 == 12��i �@(h1~uJ)@x + @(h2~vJ)@y ++ h2 @(~uA)@s + h1 @(~vB)@s +�@ ~w@s �n+1 : (32)�à ¢¥¨¥ (32), § ¯¨á ®¥ ¢ ª®¥ç®-à §®áâ®¬¢¨¤¥, à¥è ¥âáï á ¨á¯®«ì§®¢ ¨¥¬ ¬®¤¨ä¨æ¨à®¢ -®£® ¬¥â®¤  á®¯àï¦¥ëå £à ¤¨¥â®¢ [15] á á®®â-¢¥âáâ¢ãîé¨¬¨ £à ¨çë¬¨ ãá«®¢¨ï¬¨ ª ª ¨ ¢ à -¡®â¥ [5]. �®á«¥ â®£®, ª ª ¥£¨¤à®áâ â¨ç¥áª ï á®-áâ ¢«ïîé ï ¤ ¢«¥¨ï ®¯à¥¤¥«¥ ,  å®¤¨âáï ¯®«-®¥ à á¯à¥¤¥«¥¨¥ áª®à®áâ¨ un+1,vn+1, wn+1 ¨§¢ëà ¦¥¨© (29), (30).3. ������������ ����������� ��������� §®áâì ¯«®â®áâ¨ ¢ ¤¢ãå à¥§¥à¢ã à å ¨«¨ ¬®-àïå, á®¥¤¨¥ëå ¯à®«¨¢®¬, ¯à¨¢®¤¨â ª ¤¢ã -¯à ¢«¥®¬ã ¯®â®ªã ¢®¤ë. �®â®ª¨, á®áâ®ïé¨¥ ¨§¤¢ãå á«®¥¢ ¦¨¤ª®áâ¨ à §®© ¯«®â®áâ¨, ª ª ¯à ¢¨-«®, ¨áá«¥¤ãîâáï ¢ à ¬ª å £¨¤à ¢«¨ç¥áª¨å ¬®¤¥«¥©,®á®¢ ëå   £¨¤à®áâ â¨ç¥áª®¬ ¯à¨¡«¨¦¥¨¨ [7,16{17]. �¤¨¬ ¨§  ¨¡®«¥¥ ¢ ¦ëå ¯ à ¬¥âà®¢£¨¤à ¢«¨ç¥áª®© â¥®à¨¨ ï¢«ï¥âáï á®áâ ¢®¥ ç¨á«®�àã¤  G2 = F 21 + F 22 � u21g0h1 + u22g0h2 ; (33)£¤¥ u1; h1 ¨ u2; h2 { áª®à®áâì ¨ â®«é¨  ¢¥àå¥£® ¨¨¦¥£® á«®¥¢ á®®â¢¥âáâ¢¥®; g0 = g��=�0; �� {à §®áâì ¯«®â®áâ¨ ¬¥¦¤ã à¥§¥à¢ã à ¬¨. �®â®ªï¢«ï¥âáï ªà¨â¨ç¥áª¨¬, ¥á«¨ G = 1. �à¨ íâ®¬ ¯®-ª § ®, çâ® ¤«¨ë¥ ¢®«ë ¥ ¬®£ãâ à á¯à®áâà -ïâìáï ¢¥ ®¡« áâ¨ G > 1 ¢ ®¡« áâì G < 1. � ª-á¨¬ «ìë© ®¡¬¥ à¥ «¨§ã¥âáï ¯à¨  «¨ç¨¨ ¤¢ãåâ®ç¥ª ª®âà®«ï G = 1, ®£à ¨ç¨¢ îé¨å ®¡« áâìG < 1. � íâ®¬ á«ãç ¥ ¯®â®ª ¬¥¦¤ã ¤¢ã¬ï â®çª ¬¨ª®âà®«ï ï¢«ï¥âáï ¨§®«¨à®¢ ë¬, â. ¥. ¢®§¬ãé¥-¨ï ¢¥ ®¡« áâ¨ ¥ à á¯à®áâà ïîâáï ¢ ®¡« áâìG < 1 [17].�ãé¥áâ¢ã¥â àï¤ ä ªâ®à®¢, ª®â®àë¥ ¥ ãç¨âë-¢ ¥â £¨¤à ¢«¨ç¥áª ï â¥®à¨ï. � ª®¢ë¬¨ ï¢«ïîâáï¥£¨¤à®áâ â¨ç¥áª¨¥ íää¥ªâë, ª®â®àë¥ ¢«¨ïîâ  ®¡¬¥ ¨¬¯ã«ìá®¬ ¨ ¬ áá®© ¬¥¦¤ã á«®ï¬¨ [6, 18].�. �. �  àáª ï 21
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�¨á. 1. � á¯à¥¤¥«¥¨¥ ¯«®â®áâ¨ ¢ ç¨á«¥®¬ íªá¯¥à¨¬¥â¥ 1 ¢ ¡¥§à §¬¥àëå ª®®à¤¨ â å ¢ ¬®¬¥â ¢à¥¬¥¨t=10�ªá¯¥à¨¬¥âë [7, 8] ¯®ª §ë¢ îâ, çâ® à¥¦¨¬ â -ª¨å â¥ç¥¨© å à ªâ¥à¨§ã¥âáï ¯®ï¢«¥¨¥¬ ¥ãáâ®©-ç¨¢®áâ¨   £à ¨æ¥ à §¤¥«  ¦¨¤ª®áâ¥©. �  ¢ë-§¢   ª®à®âª®¢®«®¢ë¬¨ ¯à®æ¥áá ¬¨, â ª¨¬¨ ª ª¥ãáâ®©ç¨¢®áâì �¥«ì¢¨ -�¥«ì¬£®«ìæ  ¨ �®«¬¡®.�áâ®©ç¨¢®áâì á«®¨áâëå â¥ç¥¨© ¢ £¨¤à ¢«¨ç¥áª®©â¥®à¨¨, ª ª ¯à ¢¨«®,   «¨§¨àã¥âáï   ®á®¢¥ªà¨â¥à¨ï �®£  ¤«ï ¤«¨ëå ¢®« [19]. �¤ ª® ¢à ¡®â å [7,8] ¯®ª § ®, çâ® íâ® ãá«®¢¨¥  àãè ¥â-áï ¢ á«ãç ¥ ª®à®âª®¢®«®¢ëå ¯à®æ¥áá®¢, ª®â®àë¥¥ ®¯¨áë¢ îâáï ¢ à ¬ª å £¨¤à®áâ â¨ç¥áª¨å ¬®¤¥-«¥©. � â® ¦¥ ¢à¥¬ï ãç¥â â ª®© ¥ãáâ®©ç¨¢®áâ¨ ¢ -¦¥, â ª ª ª ®  ¢«¨ï¥â   á¤¢¨£®¢ë¥  ¯àï¦¥¨ï¨ ¢®¢«¥ç¥¨¥ ¦¨¤ª®áâ¨   £à ¨æ¥ à §¤¥« , çâ®, ¢á¢®î ®ç¥à¥¤ì, ®¯à¥¤¥«ï¥â ¢¥«¨ç¨ã ¯®â®ª .�¯¨á  ï ¢ëè¥ ¥£¨¤à®áâ â¨ç¥áª ï ¬®¤¥«ì¯à¨¬¥ï¥âáï ¤«ï ¨áá«¥¤®¢ ¨ï ¢®¤®®¡¬¥  ¢ ¯à®-«¨¢ å. � ¯. 3.1 ¯®ª §   á¯®á®¡®áâì ¬®¤¥«¨ ®¯¨-áë¢ âì á¤¢¨£®¢ãî ¥ãáâ®©ç¨¢®áâì   ¯à¨¬¥à¥ ¢®-¤®®¡¬¥  ¢ è«î§¥. � ¯. 3.2 ¬®¤¥«¨àã¥âáï íªá¯¥-à¨¬¥â [9] ¤«ï ã§ª®£® ¨ ¤«¨®£® ¯à®«¨¢ . �à®¢®-¤¨âáï áà ¢¥¨¥ à¥§ã«ìâ â®¢ à áç¥â®¢ ¨ íªá¯¥à¨-¬¥â . � ç¨á«¥®¬ íªá¯¥à¨¬¥â¥ ¤«ï è¨à®ª®£®¯à®«¨¢  ¢ ¯. 3.3 ¨áá«¥¤ãîâáï ¥£¨¤à®áâ â¨ç¥áª¨¥ª®à®âª®¢®«®¢ë¥ íää¥ªâë.3.1. �®¤®®¡¬¥ ¦¨¤ª®áâ¨ ¢ è«î§¥�¥è ¥âáï § ¤ ç  ® ¢®¤®®¡¬¥¥ ¦¨¤ª®áâ¨ à §«¨ç-®© ¯«®â®áâ¨ ¢ è«î§¥. �â  § ¤ ç  ¢ ®á®¢-®¬ ¬®¤¥«¨à®¢ « áì ¢ à ¬ª å £¨¤à®áâ â¨ç¥áª®-£® ¯à¨¡«¨¦¥¨ï ¢ãâà¥¥© £¨¤à ¢«¨ª¨ [20]. �¤- ª® íªá¯¥à¨¬¥âë ¯®ª §ë¢ îâ, çâ® â ª¨¥ â¥-ç¥¨ï ï¢«ïîâáï ¥ãáâ®©ç¨¢ë¬¨, çâ® ¯à®ï¢«ï¥â-áï ¢ ¯¥à¥¬¥è¨¢ ¨¨ ¬¥¦¤ã á«®ï¬¨ [21]. �¨á«¥-ë© íªá¯¥à¨¬¥â 1 ¯à®¢®¤¨«áï ¤«ï ª®ä¨£ãà æ¨¨,®¯¨á ®© ¢ [22]. �àï¬®ã£®«ìë© ¡ áá¥© ¤«¨-®© Lx = 0.8 ¬, è¨à¨®© Ly =0.15 ¬ ¨ ¢ëá®-â®© H = 0.1 ¬  ¯®«¥ ¢®¤®© à §«¨ç®© ¯«®â®-áâ¨, ª®â®à ï à §¤¥«¥  ¢¥àâ¨ª «ì®© ¯¥à¥£®à®¤-ª®© ¢ á¥à¥¤¨¥ ¡ áá¥© . �®á«¥ â®£® ª ª ¯¥à¥£®-à®¤ªã ã¡¨à îâ, ®¡ê¥¬ë ¢®¤ë à §®© ¯«®â®áâ¨ ç¨ îâ ¤¢¨£ âìáï ¢ ¯à®â¨¢®¯®«®¦ëå  ¯à -¢«¥¨ïå. � ç¥¨¥ g0=1 á¬/á2. � áç¥âë ¯à®¢®-

¤¨«¨áì ¯à¨ ¯®áâ®ïëå ¬®«¥ªã«ïàëå ª®íää¨æ¨-¥â å ¢ï§ª®áâ¨ km = am = 10�6 ¬2/c ¨ ¤¨ääã-§¨¨ kh = 1:4 � 10�9 ¬2/c ¤«ï á®«¥®áâ¨   á¥âª¥400� 10� 100 c è £®¬ ¯® ¢à¥¬¥¨ ¤«ï ¢ãâà¥¥©¬®¤ë �ti = 0:06 ¯à¨ ®â®è¥¨¨ �te=�ti = 30. � à¨á. 1, ¯®ª §ë¢ îé¥¬ à á¯à¥¤¥«¥¨¥ ¯«®â®áâ¨¢ ¬®¬¥â ¢à¥¬¥¨ t = 10, ¢¨¤® ä®à¬¨à®¢ ¨¥¥ãáâ®©ç¨¢®áâ¨ �¥«ì¢¨ -�¥«ì¬£®«ìæ , áå®¦¥¥ áíªá¯¥à¨¬¥â®¬ [21] ¨ à áç¥â ¬¨ [22].� ª¨¬ ®¡à §®¬, ¤ ë© ¯à¨¬¥à ¤¥¬®áâà¨àã¥â¯à¨¬¥¨¬®áâì ¬®¤¥«¨ ¤«ï ¬®¤¥«¨à®¢ ¨ï ¢®«®-¢¨åà¥¢®© ¥ãáâ®©ç¨¢®áâ¨ ¢ á¤¢¨£®¢®¬ â¥ç¥¨¨, ª®-â®à ï ¡ã¤¥â ¨áá«¥¤®¢ âìáï ¨¦¥ ¢ ¯. 3.3 ¤«ï § ¤ ç¨® ¢®¤®®¡¬¥¥ ¢ è¨à®ª®¬ ¯à®«¨¢¥.3.2. �®¤®®¡¬¥ ¢ ¤«¨®¬ ã§ª®¬ ¯à®«¨¢¥ á ¯®-à®£®¬� ¤ ®¬ à §¤¥«¥ ¬®¤¥«¨àã¥âáï « ¡®à â®àë© íªá-¯¥à¨¬¥â � ¤¥à¨ç  701 [16] ¢ ¯à®«¨¢¥ ¤«¨®©Lx = 60:5 á¬, è¨à¨®© Ly = 0:9 á¬ ¨ ¢ëá®â®©H = 8 á¬ á à áè¨à¥¨¥¬ ¢ £«ã¡®ª¨¥ ¨ è¨à®ª¨¥¡ áá¥©ë   ®¡®¨å ª®æ å. �®â®ª á ¢¥«¨ç¨®©¯« ¢ãç¥áâ¨ g0 = 1:46 á¬=c2 á®§¤ ¢ «áï á ¯®¬®éìî £à¥¢ ¨ï ¢®¤ë ¢ «¥¢®¬ ¡ áá¥©¥ ¨ ®å« ¦¤¥¨ï¢ ¯à ¢®¬ [9]. � à áç¥â å íâ®â ¯à®æ¥áá ¬®¤¥«¨à®-¢ «áï ¢ª«îç¥¨¥¬ ¨áâ®ç¨ª®¢ëå á« £ ¥¬ëå ¢ ¯à -¢ãî ç áâì ãà ¢¥¨ï (14) ¤«ï â¥¬¯¥à âãàë. � á-ç¥âë ¯à®¢®¤¨«¨áì ¯à¨ ¯®áâ®ïëå ¬®«¥ªã«ïàëåª®íää¨æ¨¥â å ¢ï§ª®áâ¨ km = am = 10�6 ¬2/c¨ ¤¨ääã§¨¨ kh = 1:4 � 10�7 ¬2/c ¤«ï â¥¬¯¥à âã-àë   á¥âª¥ 200 � 11 � 80 c è £®¬ ¯® ¢à¥¬¥¨¤«ï ¢ãâà¥¥© ¬®¤ë �ti = 0:02 á ¯à¨ ®â®è¥-¨¨ �te=�ti = 30. �  à¨á. 2 ¯®ª §   ¬®¤¥«¨àã-¬ ï ®¡« áâì ª  «    ªà¨¢®«¨¥©®© ®àâ®£® «ì-®© á¥âª¥. �¥ç¥¨¥ ï¢«ï¥âáï « ¬¨ àë¬ ¯à¨ ç¨-á«¥ �¥©®«ì¤á  Re = 0:5pg0HH=km ¯®àï¤ª  1400.�¤ ª® ¨§¬¥à¥¨ï ¯à®ä¨«¥© â¥¬¯¥à âãàë [9] ¯®-ª §ë¢ îâ à áè¨à¥¨¥ â¥à¬®ª«¨  á «¥¢®© áâ®à®-ë ¯®à®£  (à¨á. 3). �â® ®â®¡à ¦ ¥â â ª¦¥ à á-áç¨â ®¥ à á¯à¥¤¥«¥¨¥ ¯«®â®áâ¨   à¨á. 4, a.� ª ¢¨¤® ¨§ à¨áãª , §  áç¥â ¢ï§ª®£® ¢®¢«¥ç¥¨ïâ®«é¨  « ¬¨ à®£® ¯®£à ¨ç®£® á«®ï à áâ¥â.� ááç¨â ë© á«®© à §¤¥«  ¯® áª®à®áâï¬ å®à®è®22 �. �. �  àáª ï
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�¨á. 2. �à¨¢®«¨¥© ï ®àâ®£® «ì ï á¥âª : £®à¨§®â «ìë© ¢¨¤ ª  « 

�¨á. 3. �®â®£à ä¨ï íªá¯¥à¨¬¥â  701 [16].á®¢¯ ¤ ¥â á íªá¯¥à¨¬¥â «ìë¬.�à¥¤áâ ¢«¥®¥   à¨á. 4, ¢ ¯®«¥ áª®à®áâ¨ ¯®ª -§ë¢ ¥â á«®¦ãî áâàãªâãàã á«¥¢  ®â ¯®à®£ . �®-â®ª ®¯ãáª ¥âáï ¢¨§ ¯® áª«®ã ¯®à®£ ,   § â¥¬¤¢¨£ ¥âáï ¢ ®¡à â®¬  ¯à ¢«¥¨¨ ¢¤®«ì áª«® ¨ ¢®§¢à é ¥âáï, ä®à¬¨àãï è¨à®ª¨© â¥à¬®ª«¨.�à®¢®¤¨«®áì áà ¢¥¨¥ à áç¥â®¢ ¤«ï ¥£¨¤à®áâ -â¨ç¥áª®£® (ç¨á«¥ë© íªá¯¥à¨¬¥â 2) ¨ £¨¤à®áâ -â¨ç¥áª®£® á«ãç ¥¢ (ç¨á«¥ë© íªá¯¥à¨¬¥â 3) ¯à¨®¤¨ ª®¢®¬ à §à¥è¥¨¨ ¯® ¯à®áâà áâ¢ã ¨ á ®¤¨- ª®¢ë¬¨ è £ ¬¨ ¯® ¢à¥¬¥¨. �  à¨á. 4, c ¯®-ª § ® à á¯à¥¤¥«¥¨¥  ¡á®«îâ®£® § ç¥¨ï à §-®áâ¥© áª®à®áâ¥©, ª®â®à®¥ á®áâ ¢«ï¥â ®ª®«® 28%á«¥¢  ¢ ®¡« áâ¨ ¯®à®£ . �ëç¨á«¥®¥ á®áâ ¢®¥ç¨á«® �àã¤  ¨§ ¢ëà ¦¥¨ï (33) ¯®ª §ë¢ ¥â § -ç¥¨ï ¬¥ìè¥ ªà¨â¨ç¥áª¨å (à¨á. 5), çâ® ãª §ë¢ ¥â  ¢®§¬®¦ãî à®«ì ¢ï§ª®áâ¨ ¢ ª®âà®«¥ ¢®¤®®¡¬¥-  ç¥à¥§ ¤«¨ë¥ ¯à®«¨¢ë [18]. � áç¥âë à áå®¤ ¢ ¨¦¥¬ á«®¥ ¢®¤ë ¢¤®«ì ¯à®«¨¢  (à¨á. 6) ®â«¨-ç îâáï ®â íªá¯¥à¨¬¥â «ìëå. �«ï íªá¯¥à¨¬¥â ¯®áâ®ï®¥ § ç¥¨¥ ¯®â®ª  q = 0:98 c¬3=c, â®-£¤  ª ª ¬ ªá¨¬ «ì®¥ § ç¥¨¥ ¯¥à¥¬¥®£® ¯®â®-ª  ¢¤®«ì ¯à®«¨¢  q = 0:74 c¬3=c. �®{¢¨¤¨¬®¬ã,¯à¨¢¥¤¥ë¥ ®â«¨ç¨ï ¢ë§¢ ë  «¨ç¨¥¬ íää¥ª-â®¢ ¢ï§ª®áâ¨,   â ª¦¥ à §«¨ç¨¥¬ ¢ á¯®á®¡¥ à á-ç¥â  à áå®¤  ¢ íªá¯¥à¨¬¥â¥ [9].
3.3. �®¤®®¡¬¥ ¢ è¨à®ª®¬ ¯à®«¨¢¥� íªá¯¥à¨¬¥â¥ 701 ¤®¬¨¨à®¢ «® ¯à¨áâ¥®ç®¥âà¥¨¥, â ª ª ª ª  « ¡ë« ®ç¥ì ã§ª¨© Ly=H == 0:11. �à¥¨¥ áâ ¡¨«¨§¨àã¥â ¯®â®ª, ¨ â¥ç¥¨¥ï¢«ï¥âáï « ¬¨ àë¬. �¤ ª® à¥ «ìë¥ ¯à®«¨¢ë{ ®¡ëç® è¨à®ª¨¥ á® á«®¦®© â®¯®£à ä¨¥© ¨ ¯à¥-®¡« ¤ ¨¥¬ ¢«¨ï¨ï âà¥¨ï ® ¤® ¨ ¢ á«®¥ à §¤¥« .�«ï â®£®, çâ®¡ë ®æ¥¨âì ¢«¨ï¨¥ áâ¥®ª, à áç¥âë¯à®¢®¤¨«¨áì (ç¨á«¥ë© íªá¯¥à¨¬¥â 4) â ª¦¥ ¤«ïª®ä¨£ãà æ¨¨ ¯à®«¨¢ , ®¯¨á ®¬ ¢ ¯.3.2 á ãá«®-¢¨ï¬¨ áª®«ì¦¥¨ï   áâ¥ª å. �§ à¨á. 7 ¢¨¤®,çâ® ®âáãâáâ¢¨¥ âà¥¨ï   áâ¥ª å ¯à¨¢®¤¨â ª ¨§-¬¥¥¨î æ¨àªã«ïæ¨¨ §  ¯®à®£®¬.�àã¯®¬ áèâ ¡ë¥ â¥ç¥¨ï ¢ à¥ «ìëå ¯à®-«¨¢ å å à ªâ¥à¨§ãîâáï ¡®«ìè¨¬¨ ç¨á« ¬¨ �¥©-®«ì¤á . �®á¯à®¨§¢¥áâ¨ â ª¨¥ â¥ç¥¨ï ¢ « ¡®à -â®àëå íªá¯¥à¨¬¥â å á«®¦®. �¤ ª® ¢ íªá¯¥à¨-¬¥â å [7, 8] ¯à¨ ã¢¥«¨ç¥¨¨ ç¨á«  �¥©®«ì¤á  ¢¥áª®«ìª® à §, ¯® áà ¢¥¨î á ç¨á«®¬ �¥©®«ì¤á ¢ « ¡®à â®à®¬ íªá¯¥à¨¬¥â¥ 701 [9],  ¡«î¤ ¥âáï¯®ï¢«¥¨¥ ¢®«®¢¨åà¥¢®© ¥ãáâ®©ç¨¢®áâ¨   £à -¨æ¥ à §¤¥«  ¦¨¤ª®áâ¨. �«ï â®£®, çâ®¡ë ¨áá«¥¤®-¢ âì ¨§¬¥¥¨¥ å à ªâ¥à  ¤¢¨¦¥¨ï á ã¢¥«¨ç¥¨-¥¬ ç¨á«  �¥©®«ì¤á , ¬®¤¥«¨à®¢ « áì ª®ä¨£ãà -�. �. �  àáª ï 23
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�¨á. 4.   { à á¯à¥¤¥«¥¨¥ ¯«®â®áâ¨ ¢ ç¨á«¥®¬ íªá¯¥à¨¬¥â¥ 2; ¢ { ¯®«®¦¥¨¥ á«®ï à §¤¥«  ¯® áª®à®áâï¬ ¢íªá¯¥à¨¬¥â¥ 701 (1), ¯®«¥ áª®à®áâ¥© ¢ ç¨á«¥®¬ íªá¯¥à¨¬¥â¥ 2 (2); á { ¬®¤ã«ì à §®áâ¨ ¬¥¦¤ã£¨¤à®áâ â¨ç¥áª¨¬ ¨ ¥£¨¤à®áâ â¨ç¥áª¨¬ ¯®«ï¬¨ áª®à®áâ¥©
�¨á. 5. �à ¢¥¨¥ á®áâ ¢®£® ç¨á«  �àã¤  ¢¤®«ì ¯à®«¨¢ : 1 { íªá¯¥à¨¬¥â 701, 2 { ç¨á«¥ë© íªá¯¥à¨¬¥â 2,3 { ç¨á«¥ë© íªá¯¥à¨¬¥â 3
�¨á. 6. � áå®¤ ¢ ¨¦¥¬ á«®¥ ¢¤®«ì ¯à®«¨¢ : 1 { ç¨á«¥ë© íªá¯¥à¨¬¥â 2, 2 { ç¨á«¥ë© íªá¯¥à¨¬¥â 3Q = pg0HHLyæ¨ï ¯à®«¨¢  ¢ ¯. 3.2 c ãá«®¢¨ï¬¨ áª®«ì¦¥¨ï  ¡®ª®¢ëå áâ¥ª å,   â ª¦¥ á ã¢¥«¨ç¥ë¬¨ «¨¥©-ë¬¨ à §¬¥à ¬¨, á®®â¢¥âáâ¢ãîé¨¬¨ ç¨á«ã �¥©-®«ì¤á  140000. �à®¢®¤¨«¨áì ¤¢  ç¨á«¥ëå íªá¯¥à¨¬¥â  ¤«ï¥£¨¤à®áâ â¨ç¥áª®£® (ç¨á«¥ë© íªá¯¥à¨¬¥â 5)¨ £¨¤à®áâ â¨ç¥áª®£® (ç¨á«¥ë© íªá¯¥à¨¬¥â 6)á«ãç ¥¢. �«¥¤ã¥â ®â¬¥â¨âì, çâ® ¤«ï ãáâ®©ç¨¢®áâ¨24 �. �. �  àáª ï
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�¨á. 7. � á¯à¥¤¥«¥¨¥ ¯«®â®áâ¨ ¢ ç¨á«¥®¬ íªá¯¥à¨¬¥â¥ 4

�¨á. 8. � á¯à¥¤¥«¥¨¥ ¯«®â®áâ¨ ¢ ç¨á«¥®¬ íªá¯¥à¨¬¥â¥ 5: a { ¬£®¢¥ë© ¯à®ä¨«ì, ¡ { ãáà¥¤¥ë© ¯®¢à¥¬¥¨ ¯à®ä¨«ì
�¨á. 9. � á¯à¥¤¥«¥¨¥ ¯«®â®áâ¨ ¢ ç¨á«¥®¬ íªá¯¥à¨¬¥â¥ 6: a { ¬£®¢¥ë© ¯à®ä¨«ì, ¡ { ãáà¥¤¥ë© ¯®¢à¥¬¥¨ ¯à®ä¨«ìáç¥â  ¢ á«ãç ¥ £¨¤à®áâ â¨ç¥áª¨å ¢ëç¨á«¥¨© ¥-®¡å®¤¨¬® ¡ë«® ¢ë¡¨à âì è £ ¯® ¢à¥¬¥¨ ¢ âà¨ à -§  ¬¥ìè¥, ç¥¬ ¢ ¥£¨¤à®áâ â¨ç¥áª®¬ á«ãç ¥. � á-áç¨â ®¥ ¬£®¢¥®¥ à á¯à¥¤¥«¥¨¥ ¯«®â®áâ¨ ¢¥£¨¤à®áâ â¨ç¥áª®¬ á«ãç ¥ ¯®ª § ®   à¨á. 8, a,  ª®â®à®¬ ¢¨¤® ä®à¬¨à®¢ ¨¥ ¥ãáâ®©ç¨¢®áâ¨�¥«ì¢¨ -�¥«ì¬£®«ìæ    «¥¢®¬ áª«®¥ ¯®à®£ ,  â ª¦¥  «¨ç¨¥ ¢®§¬ãé¥¨© ¢ ¯à ¢®© ç áâ¨ ¯®à®-£ . �®¤®¡ ï ª àâ¨   ¡«î¤ « áì ¢ íªá¯¥à¨¬¥-â¥ [7]. �«ï £¨¤à®áâ â¨ç¥áª¨å à áç¥â®¢ (à¨á. 9, a)â ª¨å ¢®§¬ãé¥¨© ¥â. � «¨§ ¨§¬¥¥¨ï à ááç¨-â ®£® ¥£¨¤à®áâ â¨ç¥áª®£® ¯®«ï ¯«®â®áâ¨ ¢®

¢à¥¬¥¨ ¯®ª §ë¢ ¥â, çâ® ¢®§¬ãé¥¨ï ¢®§¨ª îâ¢ ®¡« áâ¨ ¢¥àè¨ë ¯®à®£ , £¤¥ § ¬¥âë ª®«¥¡ -¨ï á«®ï à §¤¥« ,   § â¥¬ à á¯à®áâà ïîâáï ¢ ®¡¥áâ®à®ë. �  «¥¢®¬ áª«®¥ ¯®à®£ , £¤¥ á¤¢¨£ ¬ ª-á¨¬ «¥, ä®à¬¨àã¥âáï ¥ãáâ®©ç¨¢®áâì �¥«ì¢¨ -�¥«ì¬£®«ìæ . � §àãè¥¨¥ ¢®« §  ¯®à®£®¬ ¯à¨¢®-¤¨â ª § ¬¥â®© §®¥ ¯¥à¥¬¥è¨¢ ¨ï á«¥¢  ®â ¯®à®-£ . �®§¬ãé¥¨ï à á¯à®áâà ïîâáï â ª¦¥ ¢¯à ¢®¢ á«®¥ á¤¢¨£ . � ª ¢¨¤® ¨§ áà ¢¥¨ï ãáà¥¤¥-ëå ¯à®ä¨«¥© ¯«®â®áâ¨   à¨á. 8 ¨ 9, ¢ á«ãç ¥£¨¤à®áâ â¨ç¥áª¨å à áç¥â®¢ ®¯¨á ¨¥ ª®à®âª®¢®«-®¢ëå ¯à®æ¥áá®¢ ¯à¨¢®¤¨â ª ã¢¥«¨ç¥¨î ¯¥à¥¬¥-�. �. �  àáª ï 25
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�¨á. 10. �®áâ ¢®¥ ç¨á«® �àã¤ : 1 { ç¨á«¥ë© íªá¯¥à¨¬¥â 5, 2 { ç¨á«¥ë© íªá¯¥à¨¬¥â 6

�¨á. 11. � áå®¤ ¢ ¨¦¥¬ á«®¥ ¢¤®«ì ¯à®«¨¢ : 1 { ç¨á«¥ë© íªá¯¥à¨¬¥â 5, 2 { ç¨á«¥ë© íªá¯¥à¨¬¥â 6è¨¢ ¨ï ¢ ®¡« áâ¨ ä®à¬¨à®¢ ¨ï ¥ãáâ®©ç¨¢®áâ¨  áª«®¥ ¯®à®£ ,   â ª¦¥ ¢ ®¡« áâ¨ à §àãè¥¨ï¢®« á«¥¢  ®â ¯®à®£ . �ëç¨á«¥®¥ á®áâ ¢®¥ ç¨-á«® �àã¤  ¢¤®«ì ¯à®«¨¢  ¤«ï ãáà¥¤¥ëå ¯® ¢à¥-¬¥¨ ¯ à ¬¥âà®¢ â¥ç¥¨ï ¢ á«ãç ¥ £¨¤à®áâ â¨ç¥-áª¨å ¨ ¥£¨¤à®áâ â¨ç¥áª¨å ¢ëç¨á«¥¨© ¯®ª § ®  à¨á. 10. � ª ¢¨¤®, ¢ ®¡« áâ¨ ¢¥àè¨ë ¯®à®-£  á®áâ ¢®¥ ç¨á«® �àã¤  ¤«ï £¨¤à®áâ â¨ç¥áª¨åà áç¥â®¢ G = 1, â®£¤  ª ª ¤«ï ¥£¨¤à®áâ â¨ç¥á¨åà áç¥â®¢ ®® ¯à¨¨¬ ¥â ®ª®«®ªà¨â¨ç¥áª¨¥ § ç¥-¨ï G � 1   ¢¥àè¨¥ ¨ ¢¤®«ì «¥¢®£® áª«®  ¯®-à®£ . �â® à §«¨ç¨¥ ®â®¡à ¦ ¥â ¢«¨ï¨¥ ª®à®âª®-¢®«®¢®© ¥ãáâ®©ç¨¢®áâ¨ ¨ ¯¥à¥¬¥è¨¢ ¨ï ¢ íâ®©®¡« áâ¨. �¥ª®â®àë¥ ®â«¨ç¨ï ¢ ç¨á«¥ �àã¤  â ª¦¥ ¡«î¤ îâáï ¢ ¯à ¢®© ç áâ¨ ®â ¯®à®£ . �¨ ¢ë-§¢ ë ¯à®æ¥áá ¬¨ ¢®¢«¥ç¥¨ï ¬¥¦¤ã á«®ï¬¨. � à¨á. 11 ¯®ª § ® áà ¢¥¨¥ ¢¥«¨ç¨ ãáà¥¤¥ëå¯® ¢à¥¬¥¨ ¯®â®ª®¢ ¢ ¨¦¥¬ á«®¥. �§ ¥£¨¤à®-áâ â¨ç¥áª¨å à áç¥â®¢ ¢¨¤®, çâ® ¢ ®¡« áâ¨ á¯à -¢  ®â ¯®à®£   ¡«î¤ ¥âáï ¥¡®«ìè®¥ ¢®¢«¥ç¥¨¥¦¨¤ª®áâ¨ ¨§ ¨¦¥£® á«®ï ¢ ¢¥àå¨©. �¡¥ ¬®¤¥«¨¯®ª §ë¢ îâ, çâ® ¢ «¥¢®© ç áâ¨ ®â ¯®à®£  ¯à®¨á-å®¤¨â § ç¨â¥«ì®¥ ¢®¢«¥ç¥¨¥ ¦¨¤ª®áâ¨ ¨§ ¢¥àå-¥£® á«®ï ¢ ¨¦¨©, ¯à¨ç¥¬ à §«¨ç¨¥ ¢ ¢®¢«¥ç¥-¨¨ ¬¥¦¤ã £¨¤à®áâ â¨ç¥áª¨¬ ¨ ¥£¨¤à®áâ â¨ç¥-áª¨¬ ¯®â®ª®¬ á®áâ ¢«ï¥â ®ª®«® 16%.�à¨¢¥¤¥ë©   «¨§ ¤¥¬®áâà¨àã¥â ¢ ¦®áâìãç¥â  ¥£¨¤à®áâ â¨ç¥áª¨å íää¥ªâ®¢ ¯à¨ ¬®¤¥«¨-

à®¢ ¨¨ ¢®¤®®¡¬¥  ¢ ¯à®«¨¢ å. � ¢ëç¨á«¥¨ïåà áç¥â ï á¥âª  ¡ë«  ¤®áâ â®ç® £àã¡®© ¤«ï ¤¥-â «ì®£® ¨áá«¥¤®¢ ¨ï á¤¢¨£®¢®© ¥ãáâ®©ç¨¢®áâ¨.�¤ ª® ®  ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì ®¡é¨© å à ªâ¥àâ¥ç¥¨ï. �®á«¥¤ãîé¨¥ ¨áá«¥¤®¢ ¨ï ¯à¨ ¡®«¥¥ ¤¥-â «ì®¬ à §à¥è¥¨¨ ¥®¡å®¤¨¬ë ¤«ï ¯®¨¬ ¨ïá«®¦®£® ¯à®æ¥áá  ¯®â¥à¨ ãáâ®©ç¨¢®áâ¨ ¨ ¯¥à¥-¬¥è¨¢ ¨ï ¢ â ª¨å â¥ç¥¨ïå.�������  áâ®ïé¥© à ¡®â¥ ¯à¥¤áâ ¢«¥® ¤ «ì¥©è¥¥ à §-¢¨â¨¥ ç¨á«¥®£® ª®¥ç®-à §®áâ®£®  «£®à¨â-¬  [5] à¥è¥¨ï § ¤ ç¨ ® ¥£¨¤à®áâ â¨ç¥áª¨å â¥-ç¥¨ïå áâà â¨ä¨æ¨à®¢ ®© ¦¨¤ª®áâ¨ á® á¢®¡®¤-®© ¯®¢¥àå®áâìî. �à¨¢¥¤¥® ®¡®¡é¥¨¥ ¬®¤¥-«¨ ¤«ï á«ãç ï ªà¨¢®«¨¥©®© ®àâ®£® «ì®© £®à¨-§®â «ì®© á¨áâ¥¬ë ª®®à¤¨ â ¨ ®¡®¡é¥®© ¢¥à-â¨ª «ì®© ª®®à¤¨ âë, çâ® § ç¨â¥«ì® à áè¨àï-¥â ¢®§¬®¦®áâ¨ ¨á¯®«ì§®¢ ¨ï ¬®¤¥«¨ ¢ £¥®ä¨§¨-ç¥áª¨å ¯à¨«®¦¥¨ïå. �®¤¥«ì ¯à¨¬¥¥  ª § ¤ -ç ¬ ® ¢®¤®®¡¬¥¥ ¦¨¤ª®áâ¨ à §«¨ç®© ¯«®â®áâ¨¢ ¯à®«¨¢¥ ªà¨¢®«¨¥©®© £¥®¬¥âà¨¨. �à ¢¥¨¥à áç¥âëå ¨ íªá¯¥à¨¬¥â «ìëå ¤ ëå ¤«ï á«ã-26 �. �. �  àáª ï
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