
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2005. �®¬ 7 (79), N 1. �. 43 { 49��� 622.242�������� �������� � ���������������������� �� ���������� ��������������� ����������� ����������������� ��������� ��������. �. ������, �. �. ��������®àáª®© £¨¤à®ä¨§¨ç¥áª¨© ¨áâ¨âãâ ��� �ªà ¨ë, �¥¢ áâ®¯®«ì�®«ãç¥® 26.08.2004 � �¥à¥á¬®âà¥® 12.10.2004� áá¬ âà¨¢ ¥âáï § ¤ ç  ¬®¤¥«¨à®¢ ¨ï ¤¨ääã§¨¨ ¢¥é¥áâ¢  á ¥©âà «ì®© ¯« ¢ãç¥áâìî ¯à¨ ¥£® ãâ¥çª å ¨§ ¯®¤-¢®¤ëå âàã¡®¯à®¢®¤®¢ ¢ ãá«®¢¨ïå ¢®§¤¥©áâ¢¨ï ¢®«®¢ëå ¨ ª¢ §¨áâ æ¨® àëå â¥ç¥¨©. �¨á«¥®¥ à¥è¥¨¥ ¤¢ãå-¬¥à®£® ãà ¢¥¨ï ¤¨ääã§¨¨ ¢ë¯®«¥® á ¨á¯®«ì§®¢ ¨¥¬ ¯à®áâà áâ¢¥®£® à á¯à¥¤¥«¥¨ï ª®íää¨æ¨¥â®¢ ¢¥à-â¨ª «ì®© ¤¨ääã§¨¨, ª®â®àë¥ ¢ëç¨á«¥ë   ®á®¢¥ ¯ à ¬¥âà¨§ æ¨¨ âãà¡ã«¥âëå ¯®â®ª®¢ ¢¡«¨§¨ âàã¡®¯à®¢®¤ .�®íää¨æ¨¥âë £®à¨§®â «ì®© ¤¨ääã§¨¨ ¢ à áç¥â®© ®¡« áâ¨ ®¯à¥¤¥«¥ë   ®á®¢¥ § ª®  "4=3" ¨ ¯à¨ïâë ¯®-áâ®ïë¬¨. �áá«¥¤®¢ ® ¢«¨ï¨¥ ¢¥«¨ç¨ ª®íää¨æ¨¥â®¢ ¢¥àâ¨ª «ì®© ¤¨ääã§¨¨   ¤¨ ¬¨ªã ¨ áâàãªâãàã ¯ïâ ¯à¨¬¥á¨.�®§£«ï¤ õâìáï § ¤ ç  ¬®¤¥«î¢ ï ¤¨äã§iù à¥ç®¢¨¨ § ¥©âà «ì®î ¯« ¢ãçiáâî ¯à¨ ùù ¢¨â®ª å § ¯i¤¢®¤¨å âàã-¡®¯à®¢®¤i¢ ¢ ã¬®¢ å ¢¯«¨¢ã å¢¨«ì®¢¨å i ª¢ §iáâ æi® à¨å â¥çi©. �¨á¥«ì¥ àiè¥ï ¤¢®¬ià®£® ài¢ïï ¤¨äã§iù¢¨ª® ® § ¢¨ª®à¨áâ ï¬ ¯à®áâ®à®¢®£® à®§¯®¤i«ã ª®¥äiæiõâi¢ ¢¥àâ¨ª «ì®ù ¤¨äã§iù, é® ®¡ç¨á«î¢ «¨áì   ®á®¢i¯ à ¬¥âà¨§ æiù âãà¡ã«¥â¨å ¯®â®ªi¢ ¯®¡«¨§ã âàã¡®¯à®¢®¤ã. �®¥äiæiõâ¨ £®à¨§®â «ì®ù ¤¨äã§iù ã à®§à åãª®¢i©®¡« áâi ¢¨§ ç¥i   ®á®¢i § ª®ã "4=3" i ¯à¨©ïâi ¯®áâi©¨¬¨. �®á«i¤¦¥® ¢¯«¨¢ ¢¥«¨ç¨ ª®¥äiæiõâi¢ ¢¥àâ¨ª «ì-®ù ¤¨äã§iù   ¤¨ ¬iªã â  áâàãªâãàã ¯«ï¬¨ ¤®¬ièª¨.The di�usion modeling of a substance with neutral buoyancy is considered in the case of its outow from underwaterpipelines in conditions of the inuence of the wave and quasi-stationary currents. The numerical decision of the 2-Ddi�usion equation is carried out with use of a spatial distribution of the vertical di�usion coe�cient, which are calculatedon the basis of the parameterization of the turbulent uxes near the pipeline. The horizontal di�usion coe�cients aredetermined on the basis of the "4=3" law and are accepted constant ones in settlement area. The inuence of the valuesof the vertical di�usion coe�cients on dynamics and structure of the impurity spot is investigated.���������®¤¢®¤ë¥ âàã¡®¯à®¢®¤ë è¨à®ª® ¨á¯®«ì§ãîâ-áï ¢  áâ®ïé¥¥ ¢à¥¬ï ª ª  ¨¡®«¥¥ íää¥ªâ¨¢ë¥áà¥¤áâ¢  âà á¯®àâ¨à®¢ª¨ ¦¨¤ª¨å ¨ £ §®®¡à §-ëå ¢¥é¥áâ¢   § ç¨â¥«ìë¥ à ááâ®ï¨ï, ª ª á®-áâ ¢ ï ç áâì áà¥¤áâ¢ ®á¢®¥¨ï ®ª¥ áª®£® è¥«ì-ä , ª ª í«¥¬¥âë ¬®àáª¨å â¥à¬¨ «®¢ ¨ ¤àã£¨å£¨¤à®â¥å¨ç¥áª¨å á®®àã¦¥¨©. �¡ëç® â ª¨¥ á¨-áâ¥¬ë ¨¬¥îâ ¢ëá®ªãî  ¤¥¦®áâì ¨ à ááç¨â ë  ¯¥à¨®¤ íªá¯«ã â æ¨¨ ¤® 50...100 «¥â. �¥¬ ¥¬¥¥¥, ¨§¢¥áâë  ¢ à¨¨ ¯®¤¢®¤ëå âàã¡®¯à®¢®-¤®¢, á¢ï§ ë¥ á íâ¨¬ ãâ¥çª¨ ¯à®¤ãªâ®¢ âà á-¯®àâ¨à®¢ª¨ ¢ ¬®àáªãî áà¥¤ã ¨ ¨å à á¯à®áâà ¥-¨¥ ¯®¤ ¢®§¤¥©áâ¢¨¥¬ ¤¨ääã§¨®ëå ¯à®æ¥áá®¢.� à ªâ¥à¨áâ¨ª¨ â ª¨å ¤¨ääã§¨®ëå ¯à®æ¥áá®¢®¯à¥¤¥«ïîâáï ¬®£¨¬¨ ä ªâ®à ¬¨, áà¥¤¨ ª®â®àëå£« ¢ë¬¨ ¬®¦®  §¢ âì áâàãªâãàã ¯®«ï áª®à®-áâ¨ ¢¡«¨§¨ âàã¡®¯à®¢®¤ , à áå®¤ ¢¥é¥áâ¢ , ¢ë-â¥ª îé¥£® ¢ ¬®àáªãî áà¥¤ã ¨ ª®íää¨æ¨¥âë £®-à¨§®â «ì®© ¨ ¢¥àâ¨ª «ì®© ¤¨ääã§¨¨. �®¤¥-«¨à®¢ ¨¥ ¤¨ääã§¨®ëå ¯à®æ¥áá®¢ ¯à¨ ãâ¥çª å¨§ ¯®¤¢®¤®£® âàã¡®¯à®¢®¤  ¨¬¥¥â ¡®«ìè®¥ § ç¥-¨¥ ¤«ï ®æ¥ª¨ ¨å ¢®§¬®¦®£® ¥£ â¨¢®£® ¢«¨ï-
¨ï   ®ªàã¦ îéãî áà¥¤ã, ¯à®£®§  à á¯à®áâà -¥¨ï ¯à®¤ãªâ  âà á¯®àâ¨à®¢ª¨ ¨ ¨§¬¥¥¨ï ¥£®ª®æ¥âà æ¨¨ ¢® ¢à¥¬¥¨.�à®¡«¥¬  ¤¨ääã§¨¨ ¯à¨¬¥á¨ ¢ ¬®àáª®© áà¥¤¥à áá¬®âà¥  ¢ ¡®«ìè®¬ ç¨á«¥ íªá¯¥à¨¬¥â «ìëå¨ â¥®à¥â¨ç¥áª¨å à ¡®â. �¨à®ª® ¨§¢¥áâë íªá-¯¥à¨¬¥âë á à®¤ ¬¨®¢ë¬¨ ªà á¨â¥«ï¬¨, ¢ë¯®«-¥ë¥ �. �. �§¬¨¤®¢ë¬ ¨ ¥£® á®âàã¤¨ª ¬¨ [1,2]. �â¨ íªá¯¥à¨¬¥âë ¯à®¢¥¤¥ë ¤«ï ãá«®¢¨© ®â-ªàëâ®£® ¬®àï ¨ ¢ ¨å ¥ ãç¨âë¢ îâáï «®ª «ìë¥®á®¡¥®áâ¨ ¯®«ï áª®à®áâ¨, ª®â®àë¥ ä®à¬¨àãîâ-áï ¯à¨ ®¡â¥ª ¨¨ à §«¨çëå ¯à¥¯ïâáâ¢¨©.�¥®à¥â¨ç¥áª¨¥ ¨áá«¥¤®¢ ¨ï íâ®© ¯à®¡«¥¬ë®á®¢ ë     «¨â¨ç¥áª¨å [3, 4] ¨«¨ ç¨á«¥ëå¬¥â®¤ å à¥è¥¨ï ãà ¢¥¨ï ¤¨ääã§¨¨ (¨®£¤  ¥£® §ë¢ îâ âà á¯®àâë¬ ãà ¢¥¨¥¬) [5-12]. �ãª § ëå à ¡®â å à áá¬®âà¥ë «®ª «ìë¥ ®á®-¡¥®áâ¨ ¯®«ï áª®à®áâ¨ ª¢ §¨áâ æ¨® àëå â¥ç¥-¨©, ®¡ãá«®¢«¥ë¥ ®¡â¥ª ¨¥¬ ¡¥à¥£®¢®© «¨¨¨¨/¨«¨ à¥«ì¥ä  ¤ . � ª ç¥áâ¢¥ ¤®¯ãé¥¨© ¯à¨-¨¬ îâáï «¨¡® ¯®áâ®ïë¥ ¢¥«¨ç¨ë ª®íää¨æ¨-¥â®¢ £®à¨§®â «ì®© ¤¨ääã§¨¨ [5-9], «¨¡® ¢«¨ï-¨¥¬ £®à¨§®â «ì®© ¤¨ääã§¨¨ ¢®®¡é¥ ¯à¥¥¡à¥-£ îâ [13].c �. �. �ãè¨à, �. �. �¥¤®à®¢, 2005 43



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2005. �®¬ 7 (79), N 1. �. 43 { 49� ®â«¨ç¨¥ ®â ¯¥à¥ç¨á«¥ëå à ¡®â § ¤ ç¥©  -áâ®ïé¥£® ¨áá«¥¤®¢ ¨ï ï¢«ï¥âáï ¬®¤¥«¨à®¢ ¨¥¤¨ääã§¨®®£® ¯à®æ¥áá  ¢ ®ªà¥áâ®áâ¨ ¯®¤¢®¤-®£® âàã¡®¯à®¢®¤ , ª®â®àë© ®¡â¥ª ¥âáï ª¢ §¨-áâ æ¨® àë¬ ¨«¨ ¢®«®¢ë¬ â¥ç¥¨¥¬,   â ª¦¥áã¬¬ àë¬ ª¢ §¨áâ æ¨® àë¬ ¨ ¢®«®¢ë¬ ¯®â®-ª ¬¨. �à¨ íâ®¬ ãç¨âë¢ ¥âáï ¢¨åà¥®¡à §®¢ ¨¥¯à¨ ®¡â¥ª ¨¨ âàã¡ë, ¯à®áâà áâ¢¥ ï ¥®¤®-à®¤®áâì ª®íää¨æ¨¥â  ¢¥àâ¨ª «ì®© ¤¨ääã§¨¨¨ áª®à®áâì ¯®áâã¯«¥¨ï ¢¥é¥áâ¢  ¨§ âàã¡®¯à®¢®-¤  ¢ ¬®àáªãî áà¥¤ã. � ¤ ç  à¥è ¥âáï ¯à¨ á«¥-¤ãîé¨å ãá«®¢¨ïå ¨ ¤®¯ãé¥¨ïå: 1. �« ¢ãç¥áâì¢¥é¥áâ¢ , ¢ëâ¥ª îé¥£® ¨§ âàã¡®¯à®¢®¤ , ¯à¨ï-â  ¥©âà «ì®©,   ¥£® ¨áâ®ç¨ª  å®¤¨âáï ¢ ¢¥àå-¥© â®çª¥ âàã¡ë. 2. �®íää¨æ¨¥â £®à¨§®â «ì-®© ¤¨ääã§¨¨ ¯à¨ïâ ¯®áâ®ïë¬ ¢ á®®â¢¥âáâ¢¨¨á ¨§¢¥áâë¬ "§ ª®®¬ 4/3" [14, 15]. 3. �âàãªâãà ¯®«ï áª®à®áâ¨ â¥ç¥¨ï ®¯¨áë¢ ¥âáï ãà ¢¥¨ï¬¨¢ï§ª®£® ®¡â¥ª ¨ï âàã¡®¯à®¢®¤ , à á¯®«®¦¥®£®¢¡«¨§¨ ¯®¢¥àå®áâ¨ ¤  [16].� ¡®â  ¢ë¯®«¥  ¢ à ¬ª å ¯à®¥ªâ  ��� �ªà -¨ë "�¥áãàáë è¥«ìä " æ¥«¥¢®©  ãç®© ¯à®£à ¬-¬ë "� ãçë¥ ®á®¢ë  à é¨¢ ¨ï ¬¨¥à «ì®-áëàì¥¢®© ¡ §ë �ªà ¨ë" (�®¬¥à �®á. à¥£¨áâà -æ¨¨ 0102U001482),   â ª¦¥ ¬¥¦¤ã à®¤®£® ¯à®-¥ªâ  ¯® ¯à®£à ¬¬¥ CRDF.1. �������à®áâà áâ¢¥®-¢à¥¬¥®¥ à á¯à¥¤¥«¥¨¥ ª®-æ¥âà æ¨¨ ¯à¨¬¥á¨ c(x; y; t) ¤«ï ¤¢ãå¬¥à®© § -¤ ç¨  å®¤¨âáï ¢ à¥§ã«ìâ â¥ ç¨á«¥®£® à¥è¥¨ïãà ¢¥¨ï ¤¨ääã§¨¨:@c@t + @(cu)@x + @(cv)@y = Kc @2c@x2 + @@y �kc @c@y� ; (1)£¤¥ u(x; y; t); v(x; y; t) { ª®¬¯®¥âë £®à¨§®â «ì-®© ¨ ¢¥àâ¨ª «ì®© áª®à®áâ¨ â¥ç¥¨ï; Kc; kc { ª®-íää¨æ¨¥âë £®à¨§®â «ì®© ¨ ¢¥àâ¨ª «ì®© ¤¨ä-äã§¨¨ á®®â¢¥âáâ¢¥®.�®íää¨æ¨¥â £®à¨§®â «ì®© ¤¨ääã§¨¨ ¯à¨¨-¬ ¥âáï ¯®áâ®ïë¬¨ ¢® ¢á¥© à áç¥â®© ®¡« áâ¨,  ¥£® ¢¥«¨ç¨  ®æ¥¨¢ ¥âáï ¯® ¨§¢¥áâ®¬ã á®®â®-è¥¨î "4/3", â. ¥. Kc= kL4=3, £¤¥ k=0:005:::0:01{ ª®íää¨æ¨¥â; L { å à ªâ¥àë© à §¬¥à ¢¨åà¥©,ä®à¬¨àãîé¨åáï ¯à¨ ®¡â¥ª ¨¨ âàã¡®¯à®¢®¤  [2].�à¨ ¤¨ ¬¥âà¥ âàã¡®¯à®¢®¤  0.9...1 ¬ å à ªâ¥àë¥à §¬¥àë ¢¨åà¥© à ¢ë 1 ¬ [16] ¨, ¢ á®®â¢¥âáâ¢¨¨á íâ¨¬, Kc=10�2¬2=á. �®íää¨æ¨¥âë ¢¥àâ¨ª «ì-®© ¤¨ääã§¨¨ ¢ëç¨á«ï«¨áì ¯® ¨§¢¥áâ®¬ã ¯®«îáª®à®áâ¥©, à ááç¨â ®¬ã ¯® £¨¤à®¤¨ ¬¨ç¥áª®©¬®¤¥«¨ ¢ï§ª®£® ®¡â¥ª ¨ï âàã¡®¯à®¢®¤  ¯à¨¤®-ë¬¨ ¢®«®¢ë¬¨ â¥ç¥¨ï¬¨ [16]. �á¯®«ì§®¢ ®

¨§¢¥áâ®¥ á®®â®è¥¨¥ ¤«ï ¯ à ¬¥âà¨§ æ¨¨ âãà-¡ã«¥âëå ¯®â®ª®¢   ®á®¢¥ ®¡é¥© £¨¯®â¥§ë �ãá-á¨¥áª :�u0v0 = kc dUdn = kcRe�dudy + i dvdx� ; (2)£¤¥ u0v0 = (u�)2 { ª¢ ¤à â ¤¨ ¬¨ç¥áª®© áª®à®-áâ¨, ®áà¥¤¥®© §  ¨â¥à¢ « ¢à¥¬¥¨, § ç¨-â¥«ì® ¯à¥¢ëè îé¨© ¯¥à¨®¤ ¢®«®¢®£® â¥ç¥¨ï;du=dy; dv=dx { ®áà¥¤¥ë¥ §  íâ®â ¦¥ ¨â¥à¢ «¢à¥¬¥¨ § ç¥¨ï á®áâ ¢«ïîé¨å áª®à®áâ¨ ¤¥ä®à-¬ æ¨¨; n {  ¯à ¢«¥¨¥ ®à¬ «¨ ª ¢¥ªâ®àã áª®à®-áâ¨ U .� ¤¨áªà¥â®¬ ¢¨¤¥ á®®â®è¥¨¥ (2) § ¯¨áë¢ -¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:�u0v0 = kc�U�n = kcRe��u�y + i�v�x� =kcp(�u)2 + (�v)2�y cos(�) = kc�u�y ; (3)£¤¥ � { ã£®« ¬¥¦¤ã  ¯à ¢«¥¨¥¬ ¢¥ªâ®à  áª®à®áâ¨U ¨ £®à¨§®â «ì®© ®áìî ox.� ç¥¨ï ª®íää¨æ¨¥â®¢ ¢¥àâ¨ª «ì®© ¤¨ääã-§¨¨ ¢ëç¨á«¥ë ¯® á®®â®è¥¨î (3) ¯à¨ ®áà¥¤¥-¨¨ §  10 ¯¥à¨®¤®¢ ¢®«. �¥«¨ç¨ë kc(x; y) ¨¬¥-îâ á«®¦ãî ¯à®áâà áâ¢¥ãî áâàãªâãàã ¨ ¤«ï £«ï¤®áâ¨ ¨å ¯à®áâà áâ¢¥®¥ à á¯à¥¤¥«¥¨¥¯®ª § ®   à¨á. 1 ¢ ¢¨¤¥ ®¡« áâ¥© á à §«¨çë¬¤¨ ¯ §®®¬ ®æ¥®ª. �á®¢ ï ®á®¡¥®áâì íâ®£®à á¯à¥¤¥«¥¨ï á®áâ®¨â ¢ â®¬, çâ® ¬ ªá¨¬ «ìë¥¢¥«¨ç¨ë kc(x; y) ª®æ¥âà¨àãîâáï á«¥¢  ¨ á¯à ¢ ®â ¢¥àå¥© ç áâ¨ âàã¡ë, ¢ ®¡« áâ¨ ¬ ªá¨¬ «ì®£®¢¨åà¥®¡à §®¢ ¨ï.�à ¢¥¨¥ (1) à¥è ¥âáï ¢ ª®¥ç®-à §®áâ®©ä®à¬¥ ¯à¨ á«¥¤ãîé¨å  ç «ìëå ¨ £à ¨çëåãá«®¢¨ïå.�áâ®ç¨ª®¬ ¯à¨¬¥á¨ ï¢«ï¥âáï ¯®¢à¥¦¤¥ë©ãç áâ®ª âàã¡ë ¯«®é ¤ìî S, ¨§ ª®â®à®£® ¢ ®ªàã-¦ îéãî áà¥¤ã ¢ ¥¤¨¨æã ¢à¥¬¥¨ ¯®áâã¯ ¥â ¥ª®-â®à®¥ ª®«¨ç¥áâ¢® ¯à¨¬¥á¨, § ¢¨áïé¥¥ ®â áª®à®áâ¨¢ëâ¥ª ¨ï ¯à®¤ãªâ  âà á¯®àâ¨à®¢ª¨ (à ¡®ç¥£®¢ãâà¥¥£® ¤ ¢«¥¨ï âàã¡®¯à®¢®¤ ). � á®®â¢¥â-áâ¢¨¨ á á®åà ¥¨¥¬ ª®«¨ç¥áâ¢  ®¡ê¥¬  ¯®áâã¯ -îé¥© ¨ ¢ëå®¤ïé¥© ¨§ à áç¥â®© ®¡« áâ¨ ¯à¨¬¥á¨¢ «î¡®© ¬®¬¥â ¢à¥¬¥¨ ¤®«¦® ¢ë¯®«ïâìáï á«¥-¤ãîé¥¥ ãá«®¢¨¥:SV c0 ��t=�x�y�z nXi=1 mXj=1 ci;j; (4)£¤¥ S { ¯«®é ¤ì ¯®¢à¥¦¤¥®£® ãç áâª  âàã¡®¯à®-¢®¤ ; V { áª®à®áâì ¢ëâ¥ª ¨ï ¯à®¤ãªâ  âà á¯®à-44 �. �. �ãè¨à, �. �. �¥¤®à®¢
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�¨á. 1. � áç¥âë¥ ª®íää¨æ¨¥âë ¢¥àâ¨ª «ì®©¤¨ääã§¨¨ kc; ¬2=c ¢¡«¨§¨ âàã¡®¯à®¢®¤  ¯à¨®¡â¥ª ¨¨ ¥£® ¯à¨¤®ë¬¨ â¥ç¥¨ï¬¨â¨à®¢ª¨ ¨§ âàã¡®¯à®¢®¤ ; c0 {  ç «ì ï ª®æ¥-âà æ¨ï; �t { ¨â¥à¢ « ¢à¥¬¥¨; �x;�y;�z { à §-¬¥à á¥âª¨ à áç¥â®© ®¡« áâ¨; ci;j { à áç¥â ï ª®-æ¥âà æ¨ï ¢ ã§«¥ á¥âª¨ á ª®®à¤¨ â ¬¨ i; j.� ª¨¬ ®¡à §®¬, ¯®« £ ï, çâ® ¢ë¡à®á ¯à®¨áå®¤¨â¢ â®çªã á ª®®à¤¨ â ¬¨ i0; j0 ¨ áª®à®áâì ¯®áâã¯-«¥¨ï ¯à¨¬¥á¨ ¢ ®ªàã¦ îéãî áà¥¤ã ¯®áâ®ï ,¢à¥¬¥®¥ ¨§¬¥¥¨¥ ª®æ¥âà æ¨¨ ¢ íâ®© â®çª¥®¯à¥¤¥«ï¥âáï ¨§ ãá«®¢¨ï:c(i0; j0)=SV c0 � �t=(�x�y�z); (5)£¤¥ �t { è £ ¯® ¢à¥¬¥¨.�  ¡®ª®¢ëå £à ¨æ å ¤®«¦® ¢ë¯®«ïâìáï ãá«®-¢¨¥ à ¢¥áâ¢  £®à¨§®â «ì®£® ¯®â®ª  ¯à¨¬¥á¨¥£® ¯¥à¥®áã: Kc @c@x + u(c� c0)=0; (6)£¤¥ c0 { ª®æ¥âà æ¨ï ¯à¨¬¥á¨ §  ¯à¥¤¥« ¬¨ à á-ç¥â®© ®¡« áâ¨.�à ¨çë¥ ãá«®¢¨ï ®âáãâáâ¢¨ï ¯®â®ª  ¯à¨¬¥á¨¤®«¦ë ¢ë¯®«ïâìáï   á¢®¡®¤®© ¯®¢¥àå®áâ¨,  áâ¥ª å âàã¡ë (§  ¨áª«îç¥¨¥¬ ®â¢¥àáâ¨ï) ¨  ¤¥: @c@n =0; (7)£¤¥ n {  ¯à ¢«¥¨¥ ®à¬ «¨ ª ¯®¢¥àå®áâ¨.� ª®¥ç®-à §®áâ®¬ ¢¨¤¥ ãà ¢¥¨¥ (1) ¨¬¥¥â

á«¥¤ãîé¨© ¢¨¤:ct+1i;j [1 + 2�th2 (Ki;j + ki;j)]=ct�1i;j [1 + 2�th2 ��(Ki;j+ki;j)]+ 2�th [(cu)i�1=2;j�(cu)i+1=2;j++(cv)i;j�1=2�(cv)i;j+1=2]+ 2�th2 [Ki;j(ci+1=2;j++ci�1=2;j)+ki;j(ci;j+1=2+ci;j�1=2)+(ci;j+1=2��ci;j�1=2)(Ki;j+1=2 � ki;j�1=2)]; (8)£¤¥ h=�x=�y { è £ á¥âª¨; t { ¨¤¥ªá ¢à¥¬¥¨.�¥«¨ç¨ë, ãª § ë¥ ¢ (8) ¡¥§ ¨¤¥ªá  ¢à¥¬¥¨,¡¥àãâáï ¤«ï â¥ªãé¥£® ¬®¬¥â  ¢à¥¬¥¨ t.�à¨ à¥è¥¨¨  ¯¯à®ªá¨¬ æ¨®®£® ãà ¢¥¨ï(8) ¤®«¦® ¢ë¯®«ïâìáï ãá«®¢¨¥ ¯®«®¦¨â¥«ì®©®¯à¥¤¥«¥®áâ¨ ª®æ¥âà æ¨¨ ¯à¨¬¥á¨ ¢® ¢á¥©à áç¥â®© ®¡« áâ¨.2. ����������� áç¥â ¤¨ääã§¨¨ ¯à¨¬¥á¨ á ¥©âà «ì®© ¯« -¢ãç¥áâìî ¨§ ¯®¢à¥¦¤¥®£® ¯®¤¢®¤®£® âàã¡®¯à®-¢®¤  ¢ë¯®«¥ ¯à¨ á«¥¤ãîé¨å ãá«®¢¨ïå. �¨ ¬¥âàâàã¡®¯à®¢®¤  à ¢¥ 1 ¬, £«ã¡¨  ¬®àï { 6 ¬, áª®-à®áâì ¢¥âà  { 20 ¬=á, ¯«®é ¤ì ®â¢¥àáâ¨ï ¢ âàã¡®-¯à®¢®¤¥ { 0.01 ¬2, áª®à®áâì ¯®áâã¯«¥¨ï ¯à¨¬¥á¨{ 1.2 ¬=á, ¬ áá  ¯à¨¬¥á¨, ¯®áâã¯ îé ï ¢ ¬®àáªãîáà¥¤ã §  1 á { 12 ª£. � à ªâ¥à¨áâ¨ª¨ ¯®¢¥àå®áâ-ëå ¢®« ®¯à¥¤¥«¥ë ¯® á®®â®è¥¨ï¬, ª®â®àë¥¨á¯®«ì§ãîâáï ¢ £¨¤à®¬¥â¥®à®«®£¨¨ ¤«ï ¨¦¥¥à-ëå à áç¥â®¢ [18]. �«ï à áá¬ âà¨¢ ¥¬®£® á«ãç ïáà¥¤ïï ¢ëá®â  ¢®«ë à ¢  0.9 ¬, ¯¥à¨®¤ { 3.9 á,¤«¨  ¢®«ë { 22 ¬.�ª®à®áâì ¯®¢¥àå®áâ®£® ¢¥âà®¢®£® â¥ç¥¨ï¢ëç¨á«¥    ®á®¢¥ í¬¯¨à¨ç¥áª®£® á®®â®è¥¨ï¤«ï ¬¥«ª®£® ¬®àï [19] ¨ à ¢  0.14 ¬=á. �à®ä¨«ìª¢ §¨áâ æ¨® à®£® â¥ç¥¨ï ®¯à¥¤¥«¥ á ãç¥â®¬¯à¨¤®®£® ¯®£à ¨ç®£® á«®ï â®«é¨®© 2.1 ¬,¢ëç¨á«¥®£® ¯® ¬®¤¥«¨ �à ¤â«ï [20, 21]. � á-¯à¥¤¥«¥¨¥ áª®à®áâ¨ â¥ç¥¨ï ¢®ªàã£ ¯®¤¢®¤®£®âàã¡®¯à®¢®¤  ¯®«ãç¥® ¢ à¥§ã«ìâ â¥ ç¨á«¥®£®à¥è¥¨ï § ¤ ç ¢®«®¢®£® ¨ ª¢ §¨áâ æ¨® à®£®®¡â¥ª ¨ï âàã¡ë ¢ï§ª®© ¦¨¤ª®áâìî [16].�  à¨á. 2{4 ¯®ª § ë ¯à®áâà áâ¢¥®-¢à¥¬¥ë¥ à á¯à¥¤¥«¥¨ï ª®æ¥âà æ¨¨ ¯à¨¬¥á¨¤«ï âà¥å à §«¨çëå ¯®â®ª®¢, ®¡â¥ª îé¨å ¯®¤¢®¤-ë© âàã¡®¯à®¢®¤. �  íâ¨å à¨áãª å å®à®è® ¢¨¤-ë áâ ¤¨¨ í¢®«îæ¨¨ ¯ïâ  ¯à¨¬¥á¨ ç¥à¥§ ª ¦¤ë¥5 á,  ç¨ ï ®â ¬®¬¥â  ¥¥ ¯®áâã¯«¥¨ï ¢ ¬®à-áªãî áà¥¤ã. �®á«¥¤¨¥ äà £¬¥âë í¢®«îæ¨¨ ¯ï-â¥ ¢ëç¨á«¥ë ç¥à¥§ 40 á ¯®á«¥  ç «  ãâ¥çª¨.�. �. �ãè¨à, �. �. �¥¤®à®¢ 45
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�¨á. 2. � á¯à®áâà ¥¨¥ ¯à¨¬¥á¨ ¯à¨ ®¡â¥ª ¨¨ âàã¡®¯à®¢®¤  áâ æ¨® àë¬ â¥ç¥¨¥¬
�¨á. 3. � á¯à®áâà ¥¨¥ ¯à¨¬¥á¨ ¯à¨ ®¡â¥ª ¨¨ âàã¡®¯à®¢®¤  ¢®«®¢ë¬ â¥ç¥¨¥¬
�¨á. 4. � á¯à®áâà ¥¨¥ ¯à¨¬¥á¨ ¯à¨ ®¡â¥ª ¨¨ âàã¡®¯à®¢®¤  áã¬¬ àë¬ â¥ç¥¨¥¬� ªá¨¬ «ìë¥ § ç¥¨ï ¢¡«¨§¨ ®â¢¥àáâ¨ï   ¯®-¢¥àå®áâ¨ âàã¡ë à ¢ë 0.12...0.13ª£=¬3, ¨§®«¨¨¨  à¨á. 2{4 ¯à®¢¥¤¥ë ç¥à¥§ 0.01 ª£=¬3, íâ  ¦¥ ¢¥-«¨ç¨  á®®â¢¥âáâ¢ã¥â ªà ©¥© ¨§®«¨¨¨, ¯®«®¦¥-¨¥ ª®â®à®© ®¡®§ ç ¥â ãá«®¢ãî £à ¨æã ¯ïâ ¯à¨¬¥á¨.�à¨ ®¡â¥ª ¨¨ ¯®¤¢®¤®£® âàã¡®¯à®¢®¤  ª¢ - §¨áâ æ¨® àë¬ â¥ç¥¨¥¬ ¯ïâ® ¯à¨¬¥á¨ à áâ¥â¢  ¯à ¢«¥¨¨ íâ®£® ¯®â®ª . �à¨ íâ®¬ ¯ïâ®à áè¨àï¥âáï â ª¦¥ ¢ ¢¥àâ¨ª «ì®¬  ¯à ¢«¥¨¨,£« ¢ë¬ ®¡à §®¬ ¢ áâ®à®ã ¤ . �®«®¢®¬ã ®¡-â¥ª ¨î á®®â¢¥âáâ¢ã¥â ¡®«¥¥ á«®¦ ï ª àâ¨ ¢á«¥¤áâ¢¨¥ à¥¢¥àá¨¢®£® å à ªâ¥à  áª®à®áâ¨ â¥ç¥-¨ï ¨ ¡®«¥¥ ¨â¥á¨¢®£® ¢¨åà¥®¡à §®¢ ¨ï. �â-46 �. �. �ãè¨à, �. �. �¥¤®à®¢
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�¨á. 5. � ¢¨á¨¬®áâ¨ ¬ ªá¨¬ «ì®© ¯à®âï¦¥®áâ¨ ¯ïâ  ¯à¨¬¥á¨ ¢ £®à¨§®â «ì®¬ l(t) ¨ ¢¥àâ¨ª «ì®¬ q(t) ¯à ¢«¥¨ïå ®â ¢à¥¬¥¨ ¤¨ääã§¨¨áãâáâ¢¨¥ á¨¬¬¥âà¨¨ ¢ ¯à®áâà áâ¢¥®© áâàãª-âãà¥ ª®æ¥âà æ¨¨ ¯à¨¬¥á¨ § ¬¥â® ¯à®ï¢«ï¥âáïã¦¥   ¯¥à¢ëå ¯à¥¤áâ ¢«¥ëå áâ ¤¨ïå âà áä®à-¬ æ¨¨ ¯à¨¬¥á¨,  ,  ç¨ ï á 20-© á¥ªã¤ë à áç¥â-®£® ¢à¥¬¥¨, ¯ïâ® ¯à¨¬¥á¨ § ¬¥â® ¢ëâï£¨¢ -¥âáï ¢  ¯à ¢«¥¨¨ à á¯à®áâà ¥¨ï ¢®«. �®¬-¡¨¨à®¢ ®¥ â¥ç¥¨¥ { áã¬¬  ª¢ §¨áâ æ¨® à®-£® ¨ ¢®«®¢®£® ¯®â®ª®¢ { ä®à¬¨àã¥â ¯ïâ® ¯à¨¬¥-á¨, ¢ áâàãªâãà¥ ª®â®à®£® ¯à®ï¢«ïîâáï ®á®¡¥®-áâ¨, å à ªâ¥àë¥ ¤«ï à áá¬®âà¥ëå â¨¯®¢ ®¡â¥-ª ¨ï.�  à¨á. 5 ¯à¨¢¥¤¥ë § ¢¨á¨¬®áâ¨, å à ªâ¥à¨-§ãîé¨¥ áª®à®áâì à á¯à®áâà ¥¨ï ¯à¨¬¥á¨ ¢ £®-à¨§®â «ì®¬ ¨ ¢¥àâ¨ª «ì®¬  ¯à ¢«¥¨ïå. �â¨§ ¢¨á¨¬®áâ¨ ¢ëç¨á«¥ë ¤«ï ¢®§¤¥©áâ¢¨ï ª¢ §¨-áâ æ¨® à®£®, ¢®«®¢®£® ¨ áã¬¬ à®£® â¥ç¥¨©.� ¨¡®«ìè ï áª®à®áâì à á¯à®áâà ¥¨ï ¯à¨¬¥á¨¢ £®à¨§®â «ì®¬ ¨ ¢¥àâ¨ª «ì®¬  ¯à ¢«¥¨ïåå à ªâ¥à  ¤«ï áã¬¬ à®£® â¥ç¥¨ï,  ¨¬¥ìè ïáª®à®áâì ¢ £®à¨§®â «ì®¬  ¯à ¢«¥¨¨ { ¤«ï ¢®«-®¢®£® â¥ç¥¨ï, ¢ ¢¥àâ¨ª «ì®¬  ¯à ¢«¥¨¨ { ¤«ïª¢ §¨áâ æ¨® à®£® â¥ç¥¨ï.� à ªâ¥àë¥ ¢¥«¨ç¨ë ¯ïâ  ¯à¨¬¥á¨ ¯à¨ à á-á¬®âà¥ëå ãá«®¢¨ïå á®áâ ¢«ïîâ ¯à¨¬¥à® 4.5 ¬¢ £®à¨§®â «ì®¬  ¯à ¢«¥¨¨ ¨ 2.1 ¬ ¢ ¢¥àâ¨-ª «ì®¬  ¯à ¢«¥¨¨ §  40 á (®ª®«® 10 ¯¥à¨®¤®¢¢®«) ¤«ï áã¬¬ à®£® â¥ç¥¨ï; 3.5 ¬ ¯® £®à¨§®-â «¨ ¨ 1.6 ¬ ¯® ¢¥àâ¨ª «¨ ¤«ï ª¢ §¨áâ æ¨® à®£®â¥ç¥¨ï ¨ 2.5 ¬ ¯® £®à¨§®â «¨ ¨ ¯à¨¬¥à® 2.3 ¬¯® ¢¥àâ¨ª «¨ ¤«ï ¢®«®¢®£® â¥ç¥¨ï.

������1. � §à ¡®â   ç¨á«¥ ï áå¥¬  à¥è¥¨ï ãà ¢-¥¨ï ¤¨ääã§¨¨ ¯à¨¬¥á¨, ª®â®à ï ¯®§¢®«ï¥â ¬®-¤¥«¨à®¢ âì à á¯à®áâà ¥¨¥ ¯à®¤ãªâ  âà á¯®à-â¨à®¢ª¨ ¢ ¬®àáª®© áà¥¤¥ ¯à¨ ¥£® ãâ¥çª å ¨§ ¯®¤-¢®¤®£® âàã¡®¯à®¢®¤ . �à¨ íâ®¬ à áá¬®âà¥ ¨¡®«¥¥ ¯à®áâ®© á«ãç © ¥©âà «ì®© ¯« ¢ãç¥áâ¨¯à®¤ãªâ  âà á¯®àâ¨à®¢ª¨, ª®â®àë© ¬®¦® ¯à¨-¬¥¨âì ¤«ï ãá«®¢¨© âà á¯®àâ  âï¦¥«ëå á®àâ®¢¥äâ¨, ¯«®â®áâì ª®â®àëå ¡«¨§ª  ª ¯«®â®áâ¨ ¢®-¤ë.2. �à¨ à¥è¥¨¨ ãà ¢¥¨ï ¤¨ääã§¨¨ ¨á-¯®«ì§®¢   ¯ à ¬¥âà¨§ æ¨ï ¢¨åà¥¢ëå ¯®â®ª®¢u0v0 ¢ ¢¨¤¥ ¯à®áâà áâ¢¥ëå à á¯à¥¤¥«¥¨© ®æ¥-®ª ª®íää¨æ¨¥â  ¢¥àâ¨ª «ì®© ¤¨ääã§¨¨ kc =�u0v0=(�u=�y), ¢ëç¨á«¥ëå   ®á®¢¥ ¨á¯®«ì-§®¢ ¨ï ¢¨åà¥à §à¥è îé¥© ¬®¤¥«¨ ¢ï§ª®£® ®¡-â¥ª ¨ï ¯®¤¢®¤®£® âàã¡®¯à®¢®¤  [16]. � æ¥-«ìî ®¯à¥¤¥«¥¨ï ¢«¨ï¨ï â ª®© ¯ à ¬¥âà¨§ æ¨¨  à¥§ã«ìâ âë ¬®¤¥«¨à®¢ ¨ï ¡ë«¨ ¢ëç¨á«¥ë¯à®áâà áâ¢¥®-¢à¥¬¥ë¥ à á¯à¥¤¥«¥¨ï ¤¨ä-äã§¨¨ ¯à¨¬¥á¨ ¯à¨ ¯®áâ®ïëå ¢¥«¨ç¨ å ª®íä-ä¨æ¨¥â  ¢¥àâ¨ª «ì®© ¤¨ääã§¨¨, ¨ § â¥¬ íâ¨à á¯à¥¤¥«¥¨ï á®¯®áâ ¢«¥ë á ¯®«ãç¥ë¬¨ ¤ -ë¬¨. �¥§ã«ìâ âë á®¯®áâ ¢«¥¨ï ¯à¨¢¥¤¥ë  à¨á. 6,   - £. �¨¤®, çâ® ¢¢¥¤¥ ï ¯ à ¬¥âà¨§ -æ¨ï «®ª «¨§ã¥â à á¯à®áâà ¥¨¥ ¯à¨¬¥á¨ ¢ §® å ¨¡®«¥¥  ªâ¨¢®£® ¢¨åà¥®¡à §®¢ ¨ï, ¢ ¢¥àå¥©ç áâ¨ âàã¡®¯à®¢®¤ . �à¨ ¯®áâ®ïëå ¢¥«¨ç¨ å¢¥àâ¨ª «ì®© ¤¨ääã§¨¨ â ª ï «®ª «¨§ æ¨ï ®âáãâ-�. �. �ãè¨à, �. �. �¥¤®à®¢ 47
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�¨á. 6. � á¯à®áâà ¥¨¥ ¯à¨¬¥á¨ ¯à¨ ®¡â¥ª ¨¨ âàã¡®¯à®¢®¤  ¢®«®¢ë¬ â¥ç¥¨¥¬ ¨ ¯à¨:   { ¯¥à¥¬¥®¬ª®íää¨æ¨¥â¥ ¢¥àâ¨ª «ì®© ¤¨ääã§¨¨ kc(x; y); ¡ { ¯®áâ®ï®¬ ª®íää¨æ¨¥â¥ ¢¥àâ¨ª «ì®© ¤¨ääã§¨¨kc=10�2¬=á2; ¢ { ¯®áâ®ï®¬ ª®íää¨æ¨¥â¥ kc=10�3¬=á2; £ { ¯®áâ®ï®¬ ª®íää¨æ¨¥â¥ kc=10�4¬=á2áâ¢ã¥â. � ª ª ª à¥ «ì ï ¤¨ääã§¨ï ¯à¨¬¥á¨ ®¡ã-á«®¢«¥  ¢ § ç¨â¥«ì®© áâ¥¯¥¨ ¢¨åà¥¢ë¬¨ ¤¢¨-¦¥¨ï¬¨, ¢¢¥¤¥ ï ¯ à ¬¥âà¨§ æ¨ï ¬®¦¥â ®¡¥á-¯¥ç¨âì ¡®«¥¥ à¥ «¨áâ¨ç®¥ à á¯à¥¤¥«¥¨¥ ¤¨ääã-§¨¨ ¯à¨¬¥á¨, ç¥¬ íâ® ¯à®¨áå®¤¨â ¯à¨ ¨á¯®«ì§®-¢ ¨¨ ¯®áâ®ïëå ª®íää¨æ¨¥â®¢ ¢¥àâ¨ª «ì®©¤¨ääã§¨¨. �áâ¥áâ¢¥®, íâ® ãâ¢¥à¦¤¥¨¥ ã¦¤ -¥âáï ¢ íªá¯¥à¨¬¥â «ì®© ¯à®¢¥àª¥.3. �à¥¤áâ ¢«¥ë© ¢  áâ®ïé¥© à ¡®â¥ ¯®¤å®¤¨ á®§¤ ë¥ ¯à®£à ¬¬ë¥ áà¥¤áâ¢  ®¡¥á¯¥ç¨¢ îâè¨à®ª¨¥ ¢®§¬®¦®áâ¨ ¤«ï à¥è¥¨ï ¬®£¨å § ¤ ç,á¢ï§ ëå á ®æ¥ª®© ¯®á«¥¤áâ¢¨© ãâ¥ç¥ª ¯à®¤ãª-â®¢ âà á¯®àâ¨à®¢ª¨ ¨§ ¯®¤¢®¤ëå âàã¡®¯à®¢®-¤®¢ ¢ ¬®àáªãî áà¥¤ã.1. �§¬¨¤®¢ �. �. �ãà¡ã«¥â®áâì ¨ âãà¡ã«¥â®¥ ¯¥-à¥¬¥è¨¢ ¨¥ ¢ ®ª¥ ¥ // �ª¥ ®«®£¨ï.{ 1967.{ T. 7,N56.{ �. 860-867.2. �®¨ �. �., �§¬¨¤®¢ �. �. �ãà¡ã«¥â®áâì ¢ ®ª¥- ¥. � ª. "�¨§¨ª  ®ª¥  . �̈ ¤à®ä¨§¨ª  ®ª¥  ".{�.: � ãª , 1978.{ �. 148-207.3. �§¬¨¤®¢ �. �. � ¢®¯à®áã ® ¬¨¨¬¨§ æ¨¨ ¥£ â¨¢-ëå ¢®§¤¥©áâ¢¨© á¡à®á®¢ ¢ ¯à¨¡à¥¦ãî §®ã ¬®-àï // �ª¥ ®«®£¨ï.{ 1996.{ T. 36, N1.{ �. 20-25.4. Deyneko Y. V-Model of Di�usion // Proc. of the7-th Int. Symp. on Flow Modeling and Turbulence
Measurements.{ Tainan, Taiwan, October 5-8, 1998.{P. 237-242.5. �ïáª®¢áª¨© �. �., �®«ç ®¢ �. �. �®¤¥«¨à®¢ ¨¥¤¨ ¬¨ç¥áª®£® ¯¥à¥®á  § £àï§ïîé¨å ¢¥é¥áâ¢¢ �¥¢áª®© £ã¡¥ // �¥â¥®à®«®£¨ï ¨ £¨¤à®«®£¨ï.{1976.{ N3.{ �. 68-77.6. �ãå®¢¥æ �. �. � â¥¬ â¨ç¥áª®¥ ¬®¤¥«¨à®¢ ¨¥ ¢®-¤®®¡¬¥  ¨ à á¯à®áâà ¥¨ï ¯à¨¬¥á¨ ¢ �¥¢áª®©£ã¡¥ // �¥â¥®à®«®£¨ï ¨ £¨¤à®«®£¨ï.{ 1982.{ N7.{�. 78-87.7. �áâà å æ¥¢ �. �., �ãå®¢¥æ �. �., �£®à®¢  �.�.� -â¥¬ â¨ç¥áª®¥ ¬®¤¥«¨à®¢ ¨¥ à á¯à®áâà ¥¨ï ¯à¨-¬¥á¨ ¢ ¢®¤®¥¬ å // �¥â¥®à®«®£¨ï ¨ £¨¤à®«®£¨ï.{1988.{ N6.{ �. 71-79.8. �¨å ©«®¢  �. �., � ¯¨à® �. �., �é¥ª® �. �. �®-¤¥«¨à®¢ ¨¥ à á¯à®áâà ¥¨ï ¯ áá¨¢®© ¯à¨¬¥á¨ ¢�¥¢ áâ®¯®«ìáª¨å ¡ãåâ å // �®àáª®© £¨¤à®ä¨§¨ç¥-áª¨© ¦ãà «.{ 1999.{ N3.{ �. 29-42.9. �¢ ®¢ �. �., �ï¡æ¥¢ �.�.�®¤¥«¨à®¢ ¨¥ ¯®¢¥àå-®áâëå â¥ç¥¨© ¨ ¯¥à¥®á  ¥äâ¨ ¢ à ©®¥ ¡ãåâ� ¬ëè®¢ ï ¨ � § çìï // �ª®«®£¨ç¥áª ï ¡¥§®¯ á-®áâì ¯à¨¡à¥¦ëå ¨ è¥«ìä®¢ëå §® ¨ ª®¬¯«¥ªá-®¥ ¨á¯®«ì§®¢ ¨¥ à¥áãàá®¢ è¥«ìä  .{ �¥¢ áâ®¯®«ì,��� ��� �ªà ¨ë, 2001.{ �. 18-30.10. Oh Im Sang, Zhurbas Victor, Park Won Sun Estimat-ing horizontal di�usivity in the East Sea (Sea of Japan)and the northwest Paci�c from satellite-tracked drifterdata // Geophys. Res.{ 2000.{ vol.105, N3.{ P. 6483-6492.11. Han G.D., Hansen D.V., Casatillo A. Diagnosticmodel of water and oxygen transport in the New York48 �. �. �ãè¨à, �. �. �¥¤®à®¢
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