
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 34 { 44��� 532.465������������� ��������������� ������� ���������� ����� � ������������������ ������. ����������*, �. �������*, �. ��������*, �. ������*** �áâ¨âãâ ¯à®¡«¥¬ ¬ â¥¬ â¨ç¥áª¨å ¬ è¨ ¨ á¨áâ¥¬ ��� �ªà ¨ë, �¨¥¢**NRG, Arnhem, The Netherlands�®«ãç¥® 26.08.2004�à¥¤áâ ¢«¥  ç¨á«¥ ï âà¥å¬¥à ï ¬®¤¥«ì áâà â¨ä¨æ¨à®¢ ëå â¥ç¥¨© á® á¢®¡®¤®© ¯®¢¥àå®áâìî, ¯à¥¤ § -ç¥ ï ¤«ï ®¯¨á ¨ï ¯à®æ¥áá®¢ ¯¥à¥®á  â¥¯«  ¢ à §«¨çëå ¢®¤®¥¬ å. �à ¢¥¨ï ¤¢¨¦¥¨ï ¢ £¨¤à®áâ â¨ç¥áª®¬¯à¨¡«¨¦¥¨¨ ¤®¯®«¥ë ãà ¢¥¨ï¬¨ ¯¥à¥®á  â¥¯«  ¨ á®«¨ ¨ k�" ¬®¤¥«ìî âãà¡ã«¥â®áâ¨. �á®¡®¥ ¢¨¬ ¨¥ã¤¥«¥® ¯ à ¬¥âà¨§ æ¨¨ ¯à®æ¥áá®¢ â¥¯«®®¡¬¥  á  â¬®áä¥à®©. �ëç¨á«¥¨ï ¯à®¢®¤ïâáï á ¨á¯®«ì§®¢ ¨¥¬ ¤¢®©®©á¨£¬  á¨áâ¥¬ ª®®à¤¨ â ¯® ¢¥àâ¨ª «¨ ¨ à áé¥¯«¥¨ï   ¡ à®ª«¨ãî ¨ ¡ à®âà®¯ãî ¬®¤ë. �«ï à¥è¥¨ï § ¤ -ç¨ ¯à¨¬¥ï¥âáï ¥ï¢ë© ª®¥ç®-à §®áâë© ¬¥â®¤ ¯® ¢¥àâ¨ª «¨ ¨ ï¢ë© ¬¥â®¤ { ¯® £®à¨§®â «¨. �à¨¢¥¤¥ë¯à¨¬¥àë à áç¥â  á¡à®á  â¥¯«  á ¤¢ãå ®¡ê¥ªâ®¢ í¥à£¥â¨ª¨ �¨¤¥à« ¤®¢.�à¥¤áâ ¢«¥  ç¨á¥«ì  âàì®å¢¨¬÷à  ¬®¤¥«ì áâà â¨ä÷ª®¢ ¨å â¥ç÷© § ¢÷«ì®î ¯®¢¥àå¥î, é® ¯à¨§ ç¥  ¤«ï ®¯¨áã¯à®æ¥á÷¢ ¯¥à¥®áã â¥¯«  ¢ à÷§¨å ¢®¤®©¬¨é å. �÷¢ïï àãåã ¢ £÷¤à®áâ â¨ç®¬ã  ¡«¨¦¥÷ ¤®¯®¢¥÷ à÷¢ïï¬¨¯¥à¥®áã â¥¯«  ÷ á®«÷ ÷ k�" ¬®¤¥««îâãà¡ã«¥â®áâ÷. �á®¡«¨¢  ã¢ £  ¯à¨¤÷«¥  ¯ à ¬¥âà¨§ æ÷ù ¯à®æ¥á÷¢ â¥¯«®®¡¬÷ã§  â¬®áä¥à®î. �®§à åãª¨ ¯à®¢®¤ïâìáï § ¢¨ª®à¨áâ®¢ã¢ ï¬ ¯®¤¢÷©®ù á÷£¬  á¨áâ¥¬¨ ª®®à¤¨ â ÷ à®§é¥¯«¥ï  ¡ à®ª«÷ã â  ¡ à®âà®¯ã ¬®¤¨. �«ï à®§¢'ï§ªã § ¤ ç÷ ¢¨ª®à¨áâ®¢ãõâìáï ¥ï¢¨© ª÷æ¥¢®-à÷§¨æ¥¢¨© ¬¥â®¤ ¯®¢¥àâ÷ª «÷ â  ï¢¨© ¬¥â®¤ ¯® £®à¨§®â «÷. � ¢¥¤¥÷ ¯à¨ª« ¤¨ à®§à åãª÷¢ ¢¨ª¨¤ã â¥¯«  § ¤¢®å ®¡'õªâ÷¢ ¥¥à£¥â¨ª¨�÷¤¥à« ¤÷¢.Numerical three-dimensional model of strati�ed ows with free surface is described. The model is intended to describe heattransport processes in di�erent water bodies. The hydrodynamic equations in hydrostatic approximation are completedby heat and salt transport equations and k� " model of turbulence. The special attention is devoted to parameterizationof heat uxes between water and atmosphere. The numerical solution was carried out with use double vertical sigmacoordinate system and with splitting of velocity into baroclinic and barotropic modes. The problem was solved by useimplicit �nite-di�erence scheme in vertical direction and explicit scheme in horizontal plane. Examples of calculation ofheat dispersion for two energy objects in the Netherlands are presented.���������¡à®áë ¯®¤®£à¥â®© ¢®¤ë ¢ ¢®¤®¥¬ë, à¥ª¨ ¨¯à¨¡à¥¦ãî §®ã ¨§ á¨áâ¥¬ ®å« ¦¤¥¨ï ®¡ê¥ªâ®¢í¥à£¥â¨ª¨ ¨ ¯à®¬ëè«¥ëå ãáâ ®¢®ª ®ª §ë¢ -îâ áãé¥áâ¢¥®¥ ¢«¨ï¨¥   íª®«®£¨ç¥áª®¥ á®áâ®-ï¨¥ ¢®¤®© áà¥¤ë. �®íâ®¬ã â ª¨¥ á¡à®áë à¥£ã«¨-àãîâáï á®®â¢¥âáâ¢ãîé¨¬¨ ®à¬ â¨¢ ¬¨. � ç áâ-®áâ¨, ¢ �¨¤¥à« ¤ å ¯à¥¤¥«ì® ¤®¯ãáâ¨¬ë© ¯¥à¥-¯ ¤ â¥¬¯¥à âãàë ¢ á¨áâ¥¬¥ ®å« ¦¤¥¨ï ¯à®¬ëè-«¥ëå ãáâ ®¢®ª á®áâ ¢«ï¥â 7oC ¯à¨ ¬ ªá¨¬ «ì-® ¤®¯ãáâ¨¬®© â¥¬¯¥à âãà¥ á¡à®áëå ¢®¤ 30oC.�¥¬¯¥à âãà  ¢®¤®© áà¥¤ë ¥ ¤®«¦  ¯®¢ëè âì-áï §  áç¥â á¡à®á  ¡®«¥¥ ç¥¬   3oC ¨ ¥ ¤®«¦ ¯à¥¢®áå®¤¨âì 25oC ¢¤ «¨ ®â ¨áâ®ç¨ª . �®¤®¡®¥à¥£ã«¨à®¢ ¨¥ áãé¥áâ¢ã¥â ¨ ¢ ¤àã£¨å áâà  å, á®â«¨ç¨ï¬¨, ®¡ãá«®¢«¥ë¬¨ ª«¨¬ â¨ç¥áª¨¬¨ ®á®-¡¥®áâï¬¨. �ª § ë¥ âà¥¡®¢ ¨ï  ª« ¤ë¢ -îâ á¥àì¥§ë¥ ®£à ¨ç¥¨ï   äãªæ¨®¨à®¢ ¨¥áãé¥áâ¢ãîé¨å ¨ áâà®ïé¨åáï ®å« ¤¨â¥«ìëå á¨-áâ¥¬, ®á®¡¥® ¢ ãá«®¢¨ïå ãç áâ¨¢è¨åáï ¢ ¯®á«¥¤-¨¥ £®¤ë íªáâà¥¬ «ì® ¢ëá®ª¨å «¥â¨å â¥¬¯¥à -âãà.
�à®£®§¨à®¢ ¨¥ £¨¤à®â¥à¬®¤¨ ¬¨ç¥áª®£® à¥-¦¨¬  ¢®¤®¥¬  ¢ á®®â¢¥âáâ¢¨¨ á íâ¨¬¨ ¯à ¢¨« ¬¨¤®«¦® ¢ª«îç âì à áç¥âë âà¥å¬¥à®£® ¯®«ï â¥¬-¯¥à âãàë ¢ ¢®¤®© áà¥¤¥. �  áâ®ïé¥¬ã ¢à¥¬¥-¨ à §à ¡®â ë ¬¥â®¤¨ª¨ à áç¥â  ¨â¥£à «ìëåå à ªâ¥à¨áâ¨ª ¢®¤®¥¬®¢-®å« ¤¨â¥«¥©, ( ¯à¨¬¥à,[1-4]). �¨à®ª®¥ ¯à¨¬¥¥¨¥ ¢ § ¤ ç å à á¯à®-áâà ¥¨ï áâ®çëå ¢®¤ à §«¨ç®£® ¯à®¨áå®¦¤¥-¨ï  è¥« ¯ ª¥â ¯à®£à ¬¬ \CORMIX" [5], à §-à ¡®â ë©   ®á®¢¥ ®¡®¡é¥¨ï à¥§ã«ìâ â®¢ « -¡®à â®àëå íªá¯¥à¨¬¥â®¢ ¨ ¨â¥£à «ìëå ¬®¤¥-«¥© áâàã©ëå â¥ç¥¨©. �¤ ª® ¯à¨¬¥¨¬®áâì ¥£®®£à ¨ç¥  á«ãç ¥¬ áâ æ¨® à®£® á¡à®á  ¢ ¯à®-â¥ª îé¨© ª¢ §¨áâ æ¨® àë© ¯®â®ª ¯à®áâ®© £¥®-¬¥âà¨¨ [6]. �ï¤ ¤¢ã¬¥àëå ¬®¤¥«¥© ¢ £®à¨§®â «ì-®¬ ¨ ¢¥àâ¨ª «ì®¬ ¯«  å ¡ë« ¯à¨¬¥¥ ª à áç¥-âã â¥¯«®¢ëå á¡à®á®¢ ( ¯à¨¬¥à, [7,8]). � ¯®á«¥¤-¨¥ £®¤ë ¤«ï ¬®¤¥«¨à®¢ ¨ï á¡à®á®¢ â¥¯«   ç «¨¯à¨¬¥ïâìáï âà¥å¬¥àë¥ ¬®¤¥«¨ [9-12], á¢®¡®¤ë¥®â ¡®«ìè¨áâ¢  ®£à ¨ç¥¨©, á¢®©áâ¢¥ëå ¡®«¥¥¯à®áâë¬ ¬®¤¥«ï¬.�  áâ®ïé¥© à ¡®â¥ ¯à¥¤áâ ¢«¥  âà¥å¬¥à ïâ¥à¬®£¨¤à®¤¨ ¬¨ç¥cª ï ¬®¤¥«ì, ¯à¥¤ § ç¥-34 c �. �®è¥¡ãæª¨©, �. � ¤¥à¨ç, �. �¥áâ¥à®¢, �.�¥«¨£, 2004



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 34 { 44 ï ¤«ï ¬®¤¥«¨à®¢ ¨ï á¡à®á®¢ â¥¯«  ¢ à §«¨ç-ë¥ ¢®¤®¥¬ë {  ç¨ ï ®â ¯àã¤®¢ ®å« ¤¨â¥«¥© ¤®íáâã à¨¥¢ à¥ª ¨ ¯à¨¡à¥¦ëå ®¡« áâ¥© ¬®àï. �®-¤¥«ì ï¢«ï¥âáï à §¢¨â¨¥¬ à §à ¡®â ®© à ¥¥ ¢����� ��� �ªà ¨ë ¬®¤¥«¨ THREETOX [13{14], ¯à¥¤¢ à¨â¥«ìë¥ à¥§ã«ìâ âë ¬®¤¥«¨à®¢ ¨ï¯à¥¤áâ ¢«¥ë ¢ [11]. � ¤ ®© à ¡®â¥ ¯à¨¢¥¤¥®®¯¨á ¨¥ ¬®¤¥«¨ ¨ ç¨á«¥®£® ¬¥â®¤  à¥è¥¨ï § -¤ ç¨. �á®¡®¥ ¢¨¬ ¨¥ ã¤¥«¥® ¯ à ¬¥âà¨§ æ¨¨¯à®æ¥áá®¢ â¥¯«®®¡¬¥  á  â¬®áä¥à®©. � áá¬®âà¥-ë ¤¢  ¯à¨¬¥à  à áç¥â®¢ â¥¯«®¢ëå ¢ë¡à®á®¢ áí«¥ªâà®áâ æ¨© ¢ �¨¤¥à« ¤ å.1. ������1.1. �à ¢¥¨ï £¨¤à®â¥à¬®¤¨ ¬¨ª¨�à ¢¥¨ï ¤¢¨¦¥¨ï ¨ ¥à §àë¢®áâ¨, § ¯¨á -ë¥ ¢ ¯à¨¡«¨¦¥¨¨ �ãáá¨¥áª  ¨ £¨¤à®áâ â¨ª¨,¤®¯®«ïîâáï ãà ¢¥¨ï¬¨ ¯¥à¥®á  â¥¯«  ¨ á®«¨¨ ãà ¢¥¨¥¬ á®áâ®ï¨ï. �¨áâ¥¬  ®áà¥¤¥ëå ¯®�¥©®«ì¤áã ãà ¢¥¨© £¨¤à®â¥à¬®¤¨ ¬¨ª¨ ¢ ¤¥-ª àâ®¢®© á¨áâ¥¬¥ ª®®à¤¨ â ¨¬¥¥â ¢¨¤:~r � ~U = 0; (1)@u@t +U � ru� fv = � 1�0 @P@x ++ @@z �(�t + �f )@u@z�++ @@x �Am @u@x�+ @@y �12Am�@u@y + @v@x�� ; (2)@v@t +U � rv + fu = � 1�0 @P@y ++ @@z �(�t + �f )@v@z�++ @@x �12Am �@u@y + @v@x��+ @@y �Am @v@y� ; (3)@T@t +U � rT = @@z �(� 0t + � 0f )@T@z �++ @@x �Ah @T@x�+ @@y �Ah @T@y �+ 1�0cp @I@z ; (4)@S@t +U � rS = @@z �(� 0t + � 0f )@S@z �++ @@x �Ah @S@x�+ @@y �Ah @S@y � ; (5)

� = � (T; S; P ) ; (6)P (x; y; z; t) = Pa + g�0 (� � z) + (7)+g �Zz � (x; y; z0; t)dz0:�¤¥áì U = (u; v; w) { ¢¥ªâ®à áª®à®áâ¨; ~x =(x; y; z), ª®®à¤¨ â  z ®âáç¨âë¢ ¥âáï ¢¢¥àå ®â ¥-¢®§¬ãé¥®© ¯®¢¥àå®áâ¨ ¢®¤ë; T ¨ S { â¥¬¯¥-à âãà  ¨ á®«¥®áâì á®®â¢¥âáâ¢¥®; � { ®âª«®-¥¨¥ á¢®¡®¤®© ¯®¢¥àå®áâ¨ ®â ¥¢®§¬ãé¥®£®§ ç¥¨ï; f { ¯ à ¬¥âà �®à¨®«¨á ; P { ¤ ¢«¥¨¥;Pa { â¬®áä¥à®¥ ¤ ¢«¥¨¥; � { ¯«®â®áâì ¢®¤ë;�o = 1000 ª£ ¬�3 { ¥¢®§¬ãé¥ ï ¯«®â®áâì ¢®-¤ë; g { ãáª®à¥¨¥ á¨«ë âï¦¥áâ¨; �t ¨ � 0t { ª®íä-ä¨æ¨¥âë ¢¥àâ¨ª «ì®© âãà¡ã«¥â®© ¢ï§ª®áâ¨ ¨¤¨ääã§¨¨ á®®â¢¥âáâ¢¥®; Am, Ah { ª®íää¨æ¨¥-âë £®à¨§®â «ì®© ¢ï§ª®áâ¨ ¨ ¤¨ääã§¨¨ áª «ïà®¢á®®â¢¥âáâ¢¥®; �f ¨ �0f { ä®®¢ë¥ § ç¥¨ï ª®-íää¨æ¨¥â®¢ ¢¥àâ¨ª «ì®© ¢ï§ª®áâ¨ ¨ ¤¨ääã§¨¨;I(z) { ¯®â®ª ¯à®¨ª îé¥© á®«¥ç®© à ¤¨ æ¨¨; cp{ â¥¯«®¥¬ª®áâì ¢®¤ë.�  áâ®ïé¥© à ¡®â¥ ¢ ª ç¥áâ¢¥ ãà ¢¥¨ï á®-áâ®ï¨ï ¨á¯®«ì§ãîâáï á®®â®è¥¨ï [15], å®à®è®§ à¥ª®¬¥¤®¢ ¢è¨¥ á¥¡ï ¢ è¨à®ª®¬ ¤¨ ¯ §®¥ á®-«¥®áâ¨ ¨ â¥¬¯¥à âãàë.1.2. �®¤¥«ì âãà¡ã«¥â®áâ¨�®íää¨æ¨¥âë âãà¡ã«¥â®áâ¨ �t; �T ¯à¥¤áâ -¢«ïîâáï ¢ ¢¨¤¥ ¯à®¨§¢¥¤¥¨ï ¬ áèâ ¡  âãà¡ã«¥â-®© áª®à®áâ¨ ¨ «¨¥©®£® ¬ áèâ ¡  l. � áèâ ¡áª®à®áâ¨ ¯®« £ ¥âáï ¯à®¯®àæ¨® «ìë¬ ª¢ ¤à â-®¬ã ª®àî ®â ª¨¥â¨ç¥áª®© í¥à£¨¨ âãà¡ã«¥â-®áâ¨ k: �t = c�pkl (8)�T = c0�pkl: (9)�¤¥áì c�, c0� { äãªæ¨¨ ãáâ®©ç¨¢®áâ¨; ¬ áèâ ¡¤«¨ë ¢ëà ¦ ¥âáï ç¥à¥§ áª®à®áâì ¤¨áá¨¯ æ¨¨ ª¨-¥â¨ç¥áª®© í¥à£¨¨ âãà¡ã«¥â®áâ¨:" = (c0�)3 k3=2l ; (10)c0� { ¯®áâ®ï ï. �à ¢¥¨ï k�" ¬®¤¥«¨ âãà¡ã-«¥â®áâ¨ ¨¬¥îâ ¢¨¤:@k@t +U � rk� @@z ��k @k@z��� @@x �A@k@x�� @@y �A@k@y� = P +B � "; (11)�. �®è¥¡ãæª¨©, �. � ¤¥à¨ç, �. �¥áâ¥à®¢, �.�¥«¨£ 35



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 34 { 44@"@t +U � r"� @@z ��" @"@z��� @@x �A@"@x�� @@y �A@"@y� == "k (c"1G+ c"3B � c"2") : (12)�¤¥áì G = �tM2 { ¯®à®¦¤¥¨¥ í¥à£¨¨ âãà¡ã«¥â-®áâ¨ §  áç¥â á¤¢¨£  áà¥¤¥© áª®à®áâ¨; B = ��0tN2{ ¯®à®¦¤¥¨¥/¯®¤ ¢«¥¨¥ âãà¡ã«¥â®áâ¨ á¨« ¬¨¯« ¢ãç¥áâ¨;M2 = �@u@z�2 +�@v@z�2 ;N2 = � g�0 @�@z ;�k = �t; �" = �t=�", �" - ¯®áâ®ï ï, A = Am. �á-¯®«ì§ãîâáï äãªæ¨¨ ãáâ®©ç¨¢®áâ¨ [16]:2c� = s0 + s1�N + s2�MAMN ; (13)2c0� = s4 + s5�N + s6�MAMN ; (14)£¤¥ �M = k2"2M2; �N = k2"2N2;AMN = d0 + a1�N + d2�M + d3�2N ++d3�M�N � d5�2M :�¥§à §¬¥àë¥ ¯ à ¬¥âàës0 = 32�1�25;s1 = ��4(�6 + �7) + 2�4�5(�1 � 32�2 � �3) ++32�1�5�8;s2 = �38�1(�26 � �27);s3 = 2�4; s4 = 2�5;s6 = 32�5(3�23 � �22)� 12�5�1(3�3 � �2) ++34�1(�6 � �7);d0 = 3�25;d1 = �5(7�4 + 3�8);d2 = �25(3�23 � �22) � 34(�26 � �27);d3 = �4(4�4 + 3�8);d4 = �4[�2�6 � 3�3�7 � �5(�22 � �23)] ++�5�8(3�23 � �22);d5 = 14(�22 � 3�23)(�26 � �27)

¢ëà ¦ îâáï ç¥à¥§ ¯®áâ®ïë¥ �1; :::; �8. �®ï¢«¥-¨¥ á«®ï â¥¯«®© ¢®¤ë ¢ ¢®¤®¥¬¥ ¯à¨¢®¤¨â ª ãá¨«¥-¨î áâà â¨ä¨ª æ¨¨ ¯®¤ ¨¬ ¨ ª ¯®¤ ¢«¥¨î âãà-¡ã«¥â®áâ¨ ¢¯«®âì ¤® ¥¥ ¢ëà®¦¤¥¨ï. �®«®© « -¬¨ à¨§ æ¨¨ ¯à¨ íâ®¬ ¥ ¯à®¨áå®¤¨â ¨§-§   «¨-ç¨ï á¯¥ªâà  ª®à®âª¨å ¢ãâà¥¨å ¢®« ¨ à áâ¥ª -îé¨åáï ¯¥à¥¬¥è ëå ¯ïâ¥ [17]. �®®â¢¥âáâ¢ã-îé¨¥ \ä®®¢ë¥" § ç¥¨ï ¤«ï í¥à£¨¨ âãà¡ã«¥â-®áâ¨, áª®à®áâ¨ ¤¨áá¨¯ æ¨¨ ª®íää¨æ¨¥â®¢ ¢ï§ª®-áâ¨ ¨ ¤¨ääã§¨¨ ¨¬¥îâ ¢¨¤" � "min = 13�N2;k � kmin = p13�N;�f = � 0f = cmin�:�®íää¨æ¨¥âë £®à¨§®â «ì®© âãà¡ã«¥â®©¢ï§ª®áâ¨ ¨ ¤¨ääã§¨¨  ¯¯à®ªá¨¬¨àãîâáï ä®à¬ã-«®© �¬ £®à¨áª®£® [18]:(Am; Ah) = (Cm; Ch)12�x�y ��s�@u@x�2 + 12 �@v@x + @u@y�2 +�@v@y�2; (15)£¤¥ Cm; Ch { ¯®áâ®ïë¥; 4x;4y { ¬ áèâ ¡ë ¬¥«-ª®¬ áèâ ¡ëå ¤¢¨¦¥¨©.�®áâ®ïë¥ k� " ¬®¤¥«¨ âãà¡ã«¥â®áâ¨ [20]:c"1 = 1:44; c"2 = 1:92; c"3(B < 0) =�0:4; c"3(B > 0) = 1:0; �" = 1:08; c0� =0:5562. �®áâ®ïë¥ äãªæ¨© ãáâ®©ç¨¢®áâ¨ ®¯à¥-¤¥«¥ë ¢ [16]: (�1; �2; �3; �4; �5; �6; �7; �8) =((0:107; 0:0032;0:0864; 0:12;11:9;0:4; 0;0:48). �â -¤ àâë¥ § ç¥¨ï ¯®áâ®ïëå ¢ ä®à¬ã«¥ �¬ £®-à¨áª®£® á®áâ ¢«ïîâ: Cm = 0:1� 0:2;Ch = 0:2Cm[19]. � ç¥¨ï cmin ¢ë¡¨à îâáï ¢ ¤¨ ¯ §®¥ 1�10.1.3. �à ¨çë¥ ãá«®¢¨ï�à ¨çë¥ ãá«®¢¨ï   ¯®¢¥àå®áâ¨ z = � ¨¬¥îâ¢¨¤: @�@t + u@�@x + v@�@y = w; (16)�t@u@z = �x�0 ; �t @v@z = �y�0 ; (17)�0cp�0t@T@z = Q; �0t@S@z = 0; (18)£¤¥ �x; �y { ª á â¥«ìë¥  ¯àï¦¥¨ï ¢¥âà ; Q {¯®â®ª â¥¯« . �  z = �H ¢ë¯®«ïîâáï ãá«®¢¨ï¯à¨«¨¯ ¨ï ¨ ®âáãâáâ¢¨ï ¯®â®ª®¢ â¥¯«  ¨ á®«¨.� ¯à¥¤¯®«®¦¥¨¨  «¨ç¨ï á«®ï ¯®áâ®ïëå  ¯àï-¦¥¨© íâ¨ ãá«®¢¨ï § ¬¥ïîâáï    á¨¬¯â®â¨ç¥-36 �. �®è¥¡ãæª¨©, �. � ¤¥à¨ç, �. �¥áâ¥à®¢, �.�¥«¨£



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 34 { 44áª¨¥ ãá«®¢¨ï ¤«ï z !�H: �u@H@x � v@H@y = w; (19)�t@u@z = CDpu2 + v2u; �t @v@z = CDpu2 + v2v; (20)� 0t@T@z = �0t@S@z = 0; (21)£¤¥ CD = max�0:0025; �ln ~z=zb� ;�¤¥áì � { ¯®áâ®ï ï � à¬  ; zb { ¬ áèâ ¡ è¥à®-å®¢ â®áâ¨ ¤ . � à áç¥â å ~z = z+H á®®â¢¥âáâ¢ã-¥â ¡«¨¦ ©è¥¬ã ª® ¤ã à áç¥â®¬ã ãà®¢î. �à -¨çë¥ ãá«®¢¨ï ¤«ï í¥à£¨¨ âãà¡ã«¥â®áâ¨ ¨ áª®-à®áâ¨ ¤¨áá¨¯ æ¨¨ â ª¦¥ ä®à¬ã«¨àãîâáï ¢ ¯à¥¤-¯®«®¦¥¨¨  «¨ç¨ï á«®ï ¯®áâ®ïëå ¯®â®ª®¢:ã ¯®¢¥àå®áâ¨ ¢®¤ë {k = �us�c0��2 ; �t�" @"@~z = (c0�)3 k3=2�(~z + z0)2 ; (22)¨ ã ¤  {k = �ub�c0��2 ; �t�" @"@~z = (c0�)3 k3=2�(~z + zb)2 : (23)�¤¥áì us�, ub� { ¤¨ ¬¨ç¥áª ï áª®à®áâì ã ¯®¢¥àå®-áâ¨ ¨ ã ¤  á®®â¢¥âáâ¢¥®; ~z { à ááâ®ï¨¥ ®â ¯®-¢¥àå®áâ¨ ¨«¨ ¤ ; z0 { ¯ à ¬¥âà è¥à®å®¢ â®áâ¨¯®¢¥àå®áâ¨ ¢®¤®¥¬ . � ¬¥â¨¬, çâ® ãá«®¢¨¥ ¤«ïáª®à®áâ¨ ¤¨áá¨¯ æ¨¨ ¢ ¯à¨¢¥¤¥®© ä®à¬¥ ¡ë«®¯à¥¤«®¦¥® ¢ à ¡®â¥ [21].�  â¢¥à¤ëå ¡®ª®¢ëå £à ¨æ å § ¤ îâáï ãá«®-¢¨ï ¯à¨«¨¯ ¨ï ¤«ï £®à¨§®â «ìëå á®áâ ¢«ïî-é¨å áª®à®áâ¨ ¨ ®âáãâáâ¢¨ï ¯®â®ª®¢ áª «ïà®¢:u = 0; v = 0; @@n (T; S; k; ") = 0; (24)£¤¥ n { ¢¥èïï ®à¬ «ì.�  ãç áâª å £à ¨æë á® ¢â®ª®¬ ¢®¤ § ¤ îâ-áï à áå®¤ë ¨ § ç¥¨ï â¥¬¯¥à âãàë ¨ á®«¥®áâ¨.�á®¡ãî á«®¦®áâì ¯à¥¤áâ ¢«ï¥â § ¤ ¨¥ £à ¨ç-ëå ãá«®¢¨©   ¦¨¤ª¨å £à ¨æ å, ª®£¤  â¥ç¥¨ï¬¥ïîâ § ª. � ç áâ¨ £à ¨æë, £¤¥ ¦¨¤ª®áâì ¢â¥-ª ¥â, § ¤ îâáï § ç¥¨ï áª®à®áâ¨, ãà®¢ï ¨ áª -«ïàëå ¯¥à¥¬¥ëå. � ¬, £¤¥ ¦¨¤ª®áâì ¢ëâ¥ª ¥â,¨á¯®«ì§ãîâáï ãá«®¢¨ï ¨§«ãç¥¨ï [22] ¤«ï áª®à®áâ¨¨ ¬®¤¨ä¨æ¨à®¢ ë¥ ãá«®¢¨ï ¨§«ãç¥¨ï [23]:¤«ï ãà®¢ï {@�@t +pgH @�@n = � � �boundT� ;

¤«ï áª «ïà  � = (T; S; k; ") {@�@t + vn @�@n = �� �boundT�� :�¤¥áì �bound; �bound { § ¤ ë¥ § ç¥¨ï ãà®¢ï ¨áª «ïà    £à ¨æ¥; T�; T�� { ¯ à ¬¥âàë à¥« ªá -æ¨¨; vn { ®à¬ «ì ï á®áâ ¢«ïîé ï áª®à®áâ¨.1.4. � à ¬¥âà¨§ æ¨ï ¯®â®ª®¢ â¥¯«  ¨ ¨¬¯ã«ìá ç¥à¥§ ¯®¢¥àå®áâì ¢®¤ë�®â®ª â¥¯«  ç¥à¥§ ¯®¢¥àå®áâì ¢®¤®¥¬  ¢ª«î-ç ¥â ¤®«î ¯®â®ª  ¯à¨å®¤ïé¥© á®«¥ç®© à ¤¨ -æ¨¨ Qs, § âà âë â¥¯«    ¨á¯ à¥¨¥ Qe, âãà¡ã-«¥âë© ¯®â®ª â¥¯«  Qh ¨ ¡ « á ¤«¨®¢®«®¢®©à ¤¨ æ¨¨ Qb:Q = (1 � )Qs +Qe + Qh + Qb; (25)�¤¥áì  { ¤®«ï ¯à¨å®¤ïé¥© à ¤¨ æ¨¨, ¯®£«®é¥®©¢ á«®¥ ¢®¤ë (1 �  � 0). � à áç¥â å, ¯à¨¢¥¤¥ëå§¤¥áì, ¯à¨ïâ®  = 1. �¬¥ìè¥¨¥ ¯®â®ª  á®«¥ç-®© à ¤¨ æ¨¨, ¯à®¨ª îé¥© ¢ ¢®¤ã,  ¯¯à®ªá¨¬¨-àã¥âáï á®®â®è¥¨¥¬@I@z = Ih(z) ; (26)£¤¥ h�1(z) { ª®íää¨æ¨¥â ¯®£«®é¥¨ï. �à¨ ¯®áâ®-ï®¬ ª®íää¨æ¨¥â¥ ¯®£«®é¥¨ïI(z) = Qs exp(z=h): (27)�®â®ª ª®à®âª®¢®«®¢®£® ¨§«ãç¥¨ï Qs à ááç¨âë-¢ «áï ¯® ¯®â®ªã   ¢¥àå¥© £à ¨æ¥  â¬®áä¥àë,®âª®àà¥ªâ¨à®¢ ®¬ã § â¥¬ §  áç¥â ã£«  ¯ ¤¥-¨ï á®«¥çëå «ãç¥©, ¢« ¦®áâ¨ ¨ ®¡« ç®áâ¨ ¢â®«é¥  â¬®áä¥àë. �á¯®«ì§®¢ «¨áì á®®â®è¥¨ï,¯à¨¢¥¤¥ë¥ ¢ à ¡®â å [8,25]:Qs = 8>>>>>><>>>>>>: �0(1� �)K� (cos � + 2:7) re (Ta)PaS0 cos2 � ++1:085 cos � + 0:1S0 cos2 � ��1� �dd�2 ; cos � � 0;0; cos � � 0: (28)�¤¥áì S0 = 1370�â ¬�2 { á®«¥ç ï ¯®áâ®ï ï;�0 = 0:9, � = 0:06 {  «ì¡¥¤®; � { ã£®« ¯ ¤¥¨ï á®«-¥çëå «ãç¥©; Ta { â¥¬¯¥à âãà  ¢®§¤ãå  (oK); Pa{ ¤ ¢«¥¨¥ ¢®§¤ãå  (�a); r - ®â®á¨â¥«ì ï ¢« ¦-®áâì; e(Ta) { ¤ ¢«¥¨¥  áëé¥®£® ¢®¤ï®£® ¯ -à  ¢ ¢®§¤ãå¥ (�a); n { ®¡« ç®áâì; d { à ááâ®ï¨¥�. �®è¥¡ãæª¨©, �. � ¤¥à¨ç, �. �¥áâ¥à®¢, �.�¥«¨£ 37
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�¨á. 1. �¨£¬  ãà®¢¨ ¢ ®¤¨ à®© ( ) ¨ ¤¢®©®© (¡) á¨£¬ -á¨áâ¥¬ å ª®®à¤¨ â.¬¥¦¤ã �®«æ¥¬ ¨ �¥¬«¥©. �â®è¥¨¥ áà¥¤¥£®-¤®¢®£® à ácâ®ï¨ï d ª â¥ªãé¥¬ã à ááâ®ï¨î  ¯-¯à®ªá¨¬¨àã¥âáï á®®â®è¥¨¥¬� �dd�2 = 1:00011+ 0:00128 sin� ++0:034221 cos� + 0:000077 sin2� ++0:000719 cos2�; (29)£¤¥ � = 2�Jd=365, Jd { î«¨ áª¨© ¤¥ì. �£®« ¯ ¤¥-¨ï á®«¥çëå «ãç¥© � à ááç¨âë¢ ¥âáï ¢ § ¢¨á¨-¬®áâ¨ ®â ã£«  ¤¥ª«¨ æ¨¨ �, è¨à®âë ' ¨ â¥ªãé¥£®¢à¥¬¥¨ t, ®âáç¨âë¢ ¥¬®£® ®â ¯®«ã¤ï:cos � = sin � sin'+ cos � cos' cos ; = 2�t86400 :�£®« ¤¥ª«¨ æ¨¨� = 0:06918+ 0:070267 sin� � 0:399912 cos� ++0:000907 sin2� � 0:006758 cos 2� ++0:00148 sin3� � 0:002697 cos 3�:� à ¬¥âàK = 1:0� 0:62n+ 0:0019 �noon;£¤¥ �noon { ã£®« ¯ ¤¥¨ï á®«¥çëå «ãç¥© ¢ ¯®«-¤¥ì: sin �noon = sin � sin' + cos � cos�:�«ï à áç¥â  ¡ « á  ¤«¨®¢®«®¢®£® ¨§«ãç¥-¨ï ¢®¤®© ¯®¢¥àå®áâ¨ ¨§¢¥áâ¥ àï¤ ä®à¬ã« (á¬.[26]). �¨¦¥ ¯à¨¢®¤¨âáï ä®à¬ã«  [26], ®ª § ¢è ïáï ¨¡®«¥¥ â®ç®© ¤«ï ãá«®¢¨© �¦®© � «â¨ª¨:Qb = �T [0:98T 4s � 0:732Ta(1� exp(�0:47ea))��(1� 0:067n+ 0:301n2)]; (30)£¤¥ �T = 5:67 � 10�8 �â � ¬�2; ��4 { ¯®áâ®ï ï�â¥ä  -�®«ìæ¬  ; Ts { â¥¬¯¥à âãà  ¢®¤ë  

¯®¢¥àå®áâ¨ ¢®¤®¥¬ ; ea { ¤ ¢«¥¨¥ ¢®¤ï®£® ¯ à (¬¡). �®¢¥ªâ¨¢ë© ¯®â®ª â¥¯« , § âà âë â¥¯«   ¨á¯ à¥¨¥ ¨ ¤¨ ¬¨ç¥áª ï áª®à®áâì u� à ááç¨-âë¢ îâáï ¯® ä®à¬ã« ¬ [27]Qh = Cp�a�u� Ta � Tsln zaz0 �  h ; (31)Qe = �aLv�u� qa � qsln��u�za�a + zaz0��  h ; (32)u� = max0B@ �Vln zaz0 �  m ; 01CA ; (33)£¤¥ �a { ¯«®â®áâì ¢®§¤ãå ; za { ¢ëá®â  ãà®¢ï¨§¬¥à¥¨©  ¤ ¯®¢¥àå®áâìî ¢®¤ë; Cp { â¥¯«®¥¬-ª®áâì ¢®§¤ãå ; Ta, Ts { â¥¬¯¥à âãà    ãà®¢¥ za¨   ãà®¢¥ ¢®¤ë; qa ,qs { ã¤¥«ì ï ¢« ¦®áâì  ¢ëá®â¥ za ¨ ã ¯®¢¥àå®áâ¨ ¬®àï á®®â¢¥âáâ¢¥®:q = 0:622rePa � 0:378re; qs = 0:622ePa � 0:378e ; (34)�a = 2:4 � 10�5¬2s�1 { ª®íää¨æ¨¥â ¬®«¥ªã«ïà-®© ¤¨ääã§¨¨ ¢®§¤ãå ; Lv { â¥¯«®â  ¨á¯ à¥¨ï; m and  h { ¡¥§à §¬¥àë¥ äãªæ¨¨, § ¢¨áïé¨¥®â ç¨á«  �¨ç à¤á® RiB = gzaTa Tva � TvsV 2 (35)¨ ¯ à ¬¥âà  ln(za=z0); Tva ¨ Tvs { ¢¨àâã «ì ïâ¥¬¯¥à âãà    á®®â¢¥âáâ¢ãîé¨å ãà®¢ïå:Tv = T (1 + 0:6078q); (36)¯ à ¬¥âà V =pV 2a + V 2c (37)å à ªâ¥à¨§ã¥â ¢ª« ¤ áª®à®áâ¨ ¢¥âà  Va   ãà®¢¥za ¨ \ª®¢¥ªâ¨¢®©" áª®à®áâ¨ Vc:Vc = 8<: 0; Ts < Ta;p(Ts � Ta)gza=Ta; Ts � Ta: (38)38 �. �®è¥¡ãæª¨©, �. � ¤¥à¨ç, �. �¥áâ¥à®¢, �.�¥«¨£
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�¨á. 2. � â¨¬¥âà¨ï à.�  « ¢¡«¨§¨ ¢ë¯ãáª  ¢®¤ (1) ¨§ á¨áâ¥¬ë ®å« ¦¤¥¨ï ��� "G-13".
�¨á. 3. � ááç¨â ë¥ áª®à®áâ¨   ¯®¢¥àå®áâ¨ à. �  « ¤«ï 11 ç á. 4 ¤¥ª ¡àï 2003 £®¤ �ãªæ¨¨  m,  h ®¯à¥¤¥«¥ë ¢ [27] á«¥¤ãîé¨¬®¡à §®¬:(a) ãáâ®©ç¨¢ ï áâà â¨ä¨ª æ¨ï (RiB > RiC) m =  h = �10 ln zaz0 ;(¡) ãáâ®©ç¨¢ ï áâà â¨ä¨ª æ¨ï, âãà¡ã«¥â®áâì¬¥å ¨ç¥áª®£® ¯à®¨áå®¦¤¥¨ï (0 � RiB � RiC) m =  h = �5 RiB1:1� 5RiB ln zaz0 ;(¢) ¥ãáâ®©ç¨¢ ï áâà â¨ä¨ª æ¨ï, ¢ëã¦¤¥ ï

ª®¢¥ªæ¨ï (RiB < 0, ����haza RiBlnzaz0 ���� � 1:5) m =  h = 0;(£) ¥ãáâ®©ç¨¢ ï áâà â¨ä¨ª æ¨ï, á¢®¡®¤ ï ª®-¢¥ªæ¨ï (RiB < 0, ����haza RiBlnzaz0 ���� � 1:5): m = �1:86�z � 1:07�z2 � 0:249�z3++1:86�z0 + 1:07�z20 + 0:249�z30; h = �3:23�z � 1:99�z2 � 0:474�z3++3:23�z0 + 1:99�z20 + 0:474�z30:�. �®è¥¡ãæª¨©, �. � ¤¥à¨ç, �. �¥áâ¥à®¢, �.�¥«¨£ 39



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 34 { 44
�¨á. 4. �®¯®áâ ¢«¥¨¥ à ááç¨â ®© ¨ ¨§¬¥à¥®© ¢ 11 ç á. 4 ¤¥ª ¡àï 2003 £®¤  ¯®¢¥àå®áâ®© â¥¬¯¥à âãàëà. �  «.�¤¥áì ªà¨â¨ç¥áª®¥ ç¨á«® �¨ç à¤á®  RiC = 0:2;�z = zaL = RiB ln zaz0 ; (39)L { ¬ áèâ ¡ �®¨ -�¡ãå®¢ :L = cp�aTau3��gQh ; (40)�z = z0=ha, ha = 1000 ¬ { â®«é¨  ¯« ¥â à®£®¯®£à ¨ç®£® á«®ï. �«ï ¯ à ¬¥âà  è¥à®å®¢ â®áâ¨¢®¤®© ¯®¢¥àå®áâ¨ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ® á®-®â®è¥¨¥ � à®ª z0 = 0:032u2�g + 10�4: (41)�¨áâ¥¬  ãà ¢¥¨© ¤«ï âãà¡ã«¥âëå ¯®â®ª®¢ ¨¬-¯ã«ìá , â¥¯«  ¨ ¢« £¨ á¢®¤¨âáï ª ®¤®¬ã ¥«¨-¥©®¬ã  «£¥¡à ¨ç¥áª®¬ã ãà ¢¥¨î ¤«ï u�, ª®â®-à®¥ à¥è ¥âáï ¬¥â®¤®¬ ¯®á«¥¤®¢ â¥«ìëå ¯à¨¡«¨-¦¥¨©.1.5. �¥â®¤ à¥è¥¨ï § ¤ ç¨�«ï £« ¤ª®£® ®¯¨á ¨ï à¥«ì¥ä  ¤  ã¤®¡® ¯¥-à¥©â¨ ª á¨£¬ -á¨áâ¥¬¥ ª®®à¤¨ â [24]:� = z �H� �H : (42)�¤ ª® ¢ á«ãç ¥ à¥§ª® ¬¥ïîé¥£®áï à¥«ì¥ä  ¤ , ¯à¨¬¥à, ¯à¨  «¨ç¨¨ ã§ª¨å ¨ £«ã¡®ª¨å áã¤®å®¤-ëå ª  «®¢, ¨á¯®«ì§®¢ ¨¥ á¨£¬ -á¨áâ¥¬ë ¬®¦¥â

¯à¨¢®¤¨âì ª § ç¨â¥«ìë¬ ®è¨¡ª ¬ ¢ à áç¥â¥ £®-à¨§®â «ìëå £à ¤¨¥â®¢ ¤ ¢«¥¨ï [28],  ¤¢¥ªæ¨¨,£®à¨§®â «ì®© ¢ï§ª®áâ¨ ¨ ¤¨ääã§¨¨. �«ï â ª¨å®¡« áâ¥© ¨á¯®«ì§ã¥âáï ¤¢®© ï á¨£¬ -á¨áâ¥¬  ª®-®à¤¨ â [29]. �â®â ¯®¤å®¤ ¯à®¨««îáâà¨à®¢   à¨á. 1. �¡« áâì à áç¥â®¢ à §¡¨¢ ¥âáï ¯® ¢¥àâ¨ª -«¨   ¤¢  á«®ï: ®¤¨ ®å¢ âë¢ ¥â ¢¥àåîî ¬¥«ª®-¢®¤ãî ¯®¤®¡« áâì,   ¢® ¢â®à®¬  å®¤¨âáï £«ã¡®-ª®¢®¤ ï ç áâì ¢®¤®¥¬ . �«ï ª ¦¤®© ¨§ ¯®¤®¡« -áâ¥© ¨á¯®«ì§ã¥âáï á¢®ï á¨£¬ -á¨áâ¥¬  ª®®à¤¨ â.�à¨ ç¨á«¥®¬ à¥è¥¨¨ § ¤ ç¨ ¯à¨¬¥ï«®áìà áé¥¯«¥¨¥ ¯®«¥© áª®à®áâ¨   áà¥¤îî ¯® £«ã-¡¨¥ (¡ à®âà®¯ãî) á®áâ ¢«ïîéãî ¨ ¡ à®ª«¨-ãî á®áâ ¢«ïîéãî [24,19], çâ® ¯®§¢®«¨«® ¯à®¢®-¤¨âì à áç¥âë ¤«ï íâ¨å á®áâ ¢«ïîé¨å á à §«¨çë-¬¨ è £ ¬¨ ¯® ¢à¥¬¥¨. �¨áâ¥¬  ãà ¢¥¨© § ¤ -ç¨ à¥è « áì ª®¥ç®-à §®áâë¬ ¬¥â®¤®¬ ¢â®à®-£® ¯®àï¤ª . �à ¢¥¨ï ¤«ï ¡ à®âà®¯ëå á®áâ ¢«ï-îé¨å áª®à®áâ¨ ãà®¢ï à¥è «¨áì ¯® ï¢®© áå¥¬¥,â®£¤  ª ª ¤«ï ç«¥®¢ á ¢¥àâ¨ª «ì®© ¢ï§ª®áâìî ¨¤¨ääã§¨¥© ¯à¨¬¥ï¥âáï ¥ï¢ ï áå¥¬ . �«ï  ¤-¢¥ªâ¨¢ëå ç«¥®¢ ¢ ãà ¢¥¨ïå ¯¥à¥®á  áª «ïà®¢¨á¯®«ì§®¢ « áì áå¥¬  ¢â®à®£® ¯®àï¤ª  [30].2. ������� ���������à¨¢¥¤¥ ï ¢ëè¥ ¬®¤¥«ì ¯à¨¬¥ï« áì ¤«ï à á-ç¥â®¢ â¥¯«®¢®£® § £àï§¥¨ï àï¤  ®¡ê¥ªâ®¢ í¥à-£¥â¨ª¨ ¢ �¨¤¥à« ¤ å, à á¯®«®¦¥ëå   à¥ª å,®§¥à å, ¯à¨«¨¢®¬ íáâã à¨¨ (¯®àâ �®ââ¥à¤ ¬) ¨40 �. �®è¥¡ãæª¨©, �. � ¤¥à¨ç, �. �¥áâ¥à®¢, �.�¥«¨£
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�¨á. 5. � ááç¨â ë© ¨ ¨§¬¥à¥ë© (â®çª¨)¢¥àâ¨ª «ìë© ¯à®ä¨«ì â¥¬¯¥à âãàë ¢¡«¨§¨ â®çª¨á¡à®á ¯®¡¥à¥¦ì¨ �¥¢¥à®£® ¬®àï. �¨¦¥ ¯à¨¢¥¤¥ë ¤¢ ¯à¨¬¥à  à áç¥â®¢ ¤¨á¯¥àá¨¨ â¥¯«  ¢ à¥ª¥ �  « ¨®§¥à¥ �¥à£ã¬.2.1. �¥«ì¤¥à« ¤-13�¥¯«®¢ ï í«¥ªâà®áâ æ¨ï (���) \�¥«ì¤¥à« ¤-13" à á¯®«®¦¥    ¡¥à¥£ã à. �  « (Waal, àãª ¢�¥© ) ¢ ¯à®¢¨æ¨¨ �¥«ì¤¥à« ¤ (�¨¤¥à« ¤ë).�®¤  ¨§ á¨áâ¥¬ë ®å« ¦¤¥¨ï ��� ¯®áâã¯ ¥â ¢ à¥-ªã ¯® ª  «ã (à¨á. 2). � «¨ç¨¥ ¡¥à¥£®§ é¨âëå¤ ¬¡   à¥ª¥, ¨áª ¦ îé¨å ¯®â®ª ¢¡«¨§¨ ¡¥à¥£ ,¤¥« ¥â § âàã¤¨â¥«ìë¬ ¯à¨¬¥¥¨¥ â ª¨å ¬®¤¥-«¥©, ª ª CORMIX [5], ¤«ï à áç¥â  à §¡ ¢«¥¨ï ¢®¤¢ ®ªà¥áâ®áâ¨ á¡à®á  ¢®¤. �®¤¥«¨à®¢ ¨¥ à á¯à®-áâà ¥¨ï â¥¯«®¢®£® § £àï§¥¨ï ¯à®¢®¤¨«®áì á£®à¨§®â «ìë¬ è £®¬ 10 ¬ ¨ 20 á¨£¬ -ãà®¢ï¬¨¯® ¢¥àâ¨ª «¨ ¤«ï à áç¥â®© ®¡« áâ¨, ¯®ª § ®©  à¨á. 2. �  à¨á. 3{5 ¯à¨¢¥¤¥ë à¥§ã«ìâ âëà áç¥â®¢   11 ç á. 4 ¤¥ª ¡àï 2003 £®¤ , ª®£¤ ¡ë«  ¯à®¢¥¤¥  â¥¬¯¥à âãà ï áê¥¬ª  ¢ ®¡« áâ¨¢®¤®¢ë¯ãáª  (á¬. à¨á. 4). � ª ¢¨¤®   à¨á. 3§  ¤ ¬¡ ¬¨ ®¡à §ãîâáï ªàã£®¢®à®âë,   ¢ ®¡« áâ¨¢®¤®¢ë¯ãáª  áãé¥áâ¢ã¥â §®  á ¯à®â¨¢®â¥ç¥¨¥¬,¢«¨ïîé ï   à §¡ ¢«¥¨¥ ¢®¤. � ª á«¥¤ã¥â ¨§ à¨á.

�¨á. 6. � â¨¬¥âà¨ï ®§. �¥à£ã¬4{5, à á¯à¥¤¥«¥¨¥ â¥¬¯¥à âãàë ¯® £®à¨§®â «¨ ¨¯® ¢¥àâ¨ª «¨ ¥¯«®å® á®£« áã¥âáï á ¨§¬¥à¥¨ï¬¨.2.2. �§¥à® �¥à£ã¬�§¥à® �¥à£ã¬ (Bergumermeer), à á¯®«®¦¥®¥  á¥¢¥à¥ �¨¤¥à« ¤®¢ ¢ ¯à®¢¨æ¨¨ �à¨á« ,¯à¥¤áâ ¢«ï¥â á®¡®© ®â®á¨â¥«ì® ¬¥«ª¨© ¢®¤®¥¬á £«ã¡¨ ¬¨ 1-1.5 ¬, á®¥¤¨¥ë© áã¤®å®¤ë¬¨ ª - « ¬¨ á ®§¥à®¬ �áá¥«ì (IJsselmeer) ¨ �¥¢¥àë¬¬®à¥¬. �  à¨á. 6 ¯à¨¢¥¤¥  ¡ â¨¬¥âà¨ï ®§. �¥à-£ã¬ á áã¤®å®¤ë¬¨ ª  « ¬¨ £«ã¡¨®© 2-3 ¬, ¯¥à¥-á¥ª îé¨¬¨ ®§¥à® ¢  ¯à ¢«¥¨¨ ª  «®¢ "PrincessMargriet" (1-2), "Zwemmer" (3), "De Lits" (4). �®-¤ë ®§¥à  ¨á¯®«ì§ãîâáï ¤«ï ®å« ¦¤¥¨ï ª®¤¥á -â®à®¢ â¥¯«®¢®© í«¥ªâà®áâ æ¨¨, à ¡®â îé¥©  £ §¥ ¢ áãâ®ç®¬ à¥¦¨¬¥. �  à¨á. 6 ¯®ª § ® ¯®-«®¦¥¨¥ ¢®¤®§ ¡®à  (5) ¨ ¢®¤®¢ë¯ãáª  ��� (6).� ª®¥æ, ®§¥à® ï¢«ï¥âáï ¬¥áâ®¬ à¥ªà¥ æ¨¨. �«¥-¤ã¥â ®â¬¥â¨âì, çâ® à áå®¤ë ¢ ª  « å ¯à¨ à ¡®â¥è«î§®¢®© á¨áâ¥¬ë ¨ à áå®¤ë ®å« ¦¤ îé¥© ¢®¤ë¢ ��� á®¨§¬¥à¨¬ë (20-80 ¬3c�1). �®ç¥â ¨¥ ãª -§ ëå ä ªâ®à®¢ ¤¥« ¥â à áç¥â £¨¤à®â¥à¬®¤¨ -¬¨ª¨ ®§¥à  ¤®áâ â®ç® á«®¦ë¬ ¢¢¨¤ã ¬®¦¥áâ¢ ¬¥ïîé¨åáï ¢® ¢à¥¬¥¨ ä ªâ®à®¢: ¢¥â¥à, ¯®â®-ª¨ â¥¯«  ¨§  â¬®áä¥àë, á¡à®á ¨ § ¡®à ¢®¤ë ¤«ï�. �®è¥¡ãæª¨©, �. � ¤¥à¨ç, �. �¥áâ¥à®¢, �.�¥«¨£ 41
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�¨á. 7. � ááç¨â ë¥ áª®à®áâ¨   ¯®¢¥àå®áâ¨ ®§.�¥à£ã¬á¨áâ¥¬ ®å« ¦¤¥¨ï ���, à ¡®â îé¥© ¢ áãâ®ç®¬à¥¦¨¬¥, ¯®â®ª¨ ¢®¤ë ¨§ ª  «®¢, â¥¬¯¥à âãà  ¢®-¤ë ¢ ª®â®àëå ®â«¨ç ¥âáï ®â â¥¬¯¥à âãàë ¢®¤ ®§¥-à .�à®¢¥¤¥ àï¤ ç¨á«¥ëå íªá¯¥à¨¬¥â®¢, æ¥«ìîª®â®àëå ¡ë«® ¨áá«¥¤®¢ ¨¥ ¢®§¬®¦®áâ¨ ¨á¯®«ì-§®¢ ¨ï ¬®¤¥«¨ ¤«ï ®¯¥à â¨¢®£® ¯à®£®§  â¥à-¬¨ç¥áª®£® á®áâ®ï¨ï   ¡«¨¦ ©è¨¥ áãâª¨ ¨ ¢ë¡®-à  à¥¦¨¬  à ¡®âë ���. �¨á«¥ë¥ íªá¯¥à¨¬¥-âë ¯®ª § «¨, çâ® ¤«ï â ª¨å à áç¥â®¢ ¤®¯ãáâ¨¬ë¬ï¢«ï¥âáï à §à¥è¥¨¥ 50 ¬ ¨ 7-10 á¨£¬ -ãà®¢¥©¢ ¢¥àå¥¬ á«®¥,  ¯¯à®ªá¨¬¨àãîé¥¬ à á¯à¥¤¥«¥¨¥£«ã¡¨ ¢ ¬¥«ª®¢®¤®© ç áâ¨ ®§¥à  ¨ â ª®¥ ¦¥ ç¨-á«® ãà®¢¥© ¤«ï ª  «®¢. � â ª¨¬ à §à¥è¥¨¥¬¯à®£®§   áãâª¨   �� �-IV á ç áâ®â®© 3 ��æâà¥¡ã¥â ¬¥¥¥ 10 ¬¨ãâ. �ï¤ à áç¥â®¢ ¯à®¢¥¤¥¤«ï  ¯à®¡ æ¨¨ ¬®¤¥«¨ ¯® ¤ ë¬ ¨§¬¥à¥¨©. �¨¯®ª § «¨ á«®¦ë© å à ªâ¥à â¥ç¥¨© á §® ¬¨ à¥-æ¨àªã«ïæ¨¨, ®¡ãá«®¢«¥ë¬¨ ª ª ¢ë¯ãáª®¬ ¢®¤ë¨§ á¨áâ¥¬ë ®å« ¦¤¥¨ï, â ª ¨ à ¡®â®© è«î§®¢¨ ¯®«¥¬ ¢¥âà  (á¬. à¨á. 7{8). �®¤®¡ ï ª àâ¨-  § ä¨ªá¨à®¢   ¯® ¤ ë¬ ¨äà ªà á®©  íà®-áê¥¬ª¨ (à¨á. 9. �â¥à¥áë¬ ®ª § «áï ¢®¯à®á ®¯à®å®¤ å ¢ ¡ àì¥à¥ ¬¥¦¤ã ¢ë¯ãáª®¬ ¢®¤ ¨ ¢®¤®§ -¡®à®¬. �à¨ ®¯à¥¤¥«¥ëå ã£« å  ¯à ¢«¥¨ï ¢¥-

�¨á. 8. � ááç¨â  ï â¥¬¯¥à âãà  ¯®¢¥àå®áâ¨ ®§.�¥à£ã¬âà  â¥¯« ï ¢®¤  ¯à®¨ª «  ç¥à¥§ íâ¨ ¯à®å®¤ë (á¬.â ª¦¥ à¨á. 9), çâ® ¯à¨¢®¤¨«®, ª ª ¯®ª § «¨ ª®-âà®«ìë¥ à áç¥âë á ¯¥à¥ªàëâë¬¨ ¯à®å®¤ ¬¨, ª¯®¢ëè¥¨î â¥¬¯¥à âãàë   2o�. � á®®â¢¥âáâ¢¨¨á à¥ª®¬¥¤ æ¨¥©  ¢â®à®¢ íâ¨ ¯à®å®¤ë ¡ë«¨ § áë-¯ ë.�ë«® ¯à®¢¥¤¥® ¬®¤¥«¨à®¢ ¨¥ â¥à¬¨ç¥áª®£®à¥¦¨¬  ®§¥à  á 1 ¯® 28  ¢£ãáâ  2001 £®¤ . �â®â ¯¥-à¨®¤ ¢à¥¬¥¨ ¢ë¡à  ¯®â®¬ã, çâ® ¢  ¢£ãáâ¥ ¨¬¥«¨¬¥áâ® ¤¢¥ \â¥¯«®¢ë¥ ¢®«ë" (14-15 ¨ 24-26  ¢£ã-áâ ), ª®£¤  ��� ®âª«îç « áì, çâ®¡ë â¥¬¯¥à âã-à  á¡à®áëå ¢®¤ ¥ ¯à¥¢®áå®¤¨«  30��. �¥§ã«ìâ -âë à áç¥â®¢ â¥¬¯¥à âãàë   ¢®¤®§ ¡®à¥ ¨ ¢®¤®-¢ë¯ãáª¥   à¨á.10-11 á®¯®áâ ¢«¥ë á ¨§¬¥à¥¨ï-¬¨. �«¥¤ã¥â ¯®¤ç¥àªãâì, çâ® â¥¬¯¥à âãà  ¢®¤ë¢ ¢®¤®¢ë¯ãáª®¬ ª  «¥ à ááç¨âë¢ « áì ¯® ¤ -ë¬ ® ¬®é®áâ¨ áâ æ¨¨,  á®á®¢ ¨ â¥¬¯¥à âãà¥¢®¤ë   ¢®¤®§ ¡®à¥. � áç¥âë ¨ ¨§¬¥à¥¨ï ¯®ª -§ «¨, çâ® äãªæ¨®¨à®¢ ¨¥ íâ®£® ¬¥«ª®£® ®§¥à {®å« ¤¨â¥«ï ®¯à¥¤¥«ï¥âáï áãâ®çë¬ à¥¦¨¬®¬ à -¡®âë ���, ¨§¬¥¥¨ï¬¨ ¯®£®¤ë ¨ à¥¦¨¬®¬ è«î-§®¢, çâ® ¤¥« ¥â ¥¢®§¬®¦ë¬ ¨á¯®«ì§®¢ ¨¥ ¡®«¥¥¯à®áâëå ¬®¤¥«¥©, ¥ ãç¨âë¢ îé¨å ¢á¥ íâ¨ ä ªâ®-àë ¢® ¢§ ¨¬®¤¥©áâ¢¨¨. �®£à¥è®áâì à áç¥â  â¥¬-¯¥à âãàë ¢®¤ë   ¢®¤®¢ë¯ãáª¥ á®áâ ¢«ï«  ®ª®«®42 �. �®è¥¡ãæª¨©, �. � ¤¥à¨ç, �. �¥áâ¥à®¢, �.�¥«¨£
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�¨á. 9. �äà ªà á®¥ ¨§®¡à ¦¥¨¥ ®§. �¥à£ã¬0.5�C, §  ¨áª«îç¥¨¥¬ ¯¥à¨®¤®¢, ª®£¤  ��� ¡ë« ¢ëª«îç¥ . �«ï íâ¨å ¯¥à¨®¤®¢ ¢ ¦ë «®ª «ìë¥ãá«®¢¨ï ¢ ¢®¤®¢ë¯ãáª®¬ ª  «¥. � æ¥«®¬, à¥§ã«ì-â âë à áç¥â®¢ ¯®ª § «¨ ¯¥á¯¥ªâ¨¢®áâì ¨á¯®«ì§®-¢ ¨ï ¬®¤¥«¨ ¤«ï ªà âª®áà®ç®£® ¯à®£®§  á®áâ®-

�¨á. 10. � ááç¨â  ï ¨ ¨§¬¥à¥ ï â¥¬¯¥à âãà   ¢®¤®§ ¡®à¥ ���
�¨á. 11. � ááç¨â ë© ¨ ¨§¬¥à¥ ï â¥¬¯¥à âãà   ¢®¤®¢ë¯ãáª¥ ���ï¨ï ¢®¤®¥¬  ®å« ¤¨â¥«ï ¨ ¢®§¬®¦®áâì ¯à¨¬¥¥-¨ï ¬®¤¥«¨ ¢ ¯à®æ¥áá¥ ®¯¥à â¨¢®£® ã¯à ¢«¥¨ï���, à ¡®â îé¥© ¢ ¯¨ª®¢®¬ à¥¦¨¬¥.�����������¨á«¥ ï âà¥å¬¥à ï ¬®¤¥«ì áâà â¨ä¨æ¨à®-¢ ëå â¥ç¥¨© á® á¢®¡®¤®© ¯®¢¥àå®áâìî ¯à¨-¬¥ï¥âáï ¤«ï ®¯¨á ¨ï ¯à®æ¥áá®¢ ¯¥à¥®á  â¥¯« ¢ ¢®¤®¥¬ å. �«ï ¬®¤¥«¨à®¢ ¨ï â ª®£® à®¤  ¯à®-æ¥áá®¢ ®á®¡¥® ¢ ¦ë ¯ à ¬¥âà¨§ æ¨ï ¯¥à¥¬¥-è¨¢ ¨ï ¢ ãáâ®©ç¨¢® áâà â¨ä¨æ¨à®¢ ®© áà¥¤¥¨ ¯à®æ¥áá®¢ â¥¯«®®¡¬¥  á  â¬®áä¥à®©, ª®â®àë¬¢ à ¡®â¥ ã¤¥«¥® ®á®¢®¥ ¢¨¬ ¨¥. �à¨¢¥¤¥-ë ¯à¨¬¥àë à áç¥â  á¡à®á  â¥¯«  á ¤¢ãå ®¡ê¥ª-â®¢ í¥à£¥â¨ª¨ �¨¤¥à« ¤®¢. � áç¥âë ¯®ª § «¨¢®§¬®¦®áâì ¨á¯®«ì§®¢ ¨ï ¬®¤¥«¨ ¤«ï à¥è¥¨ïè¨à®ª®£® ªàã£  íª®«®£¨ç¥áª¨å § ¤ ç, á¢ï§ ëå áâ¥¯«®¢ë¬ § £àï§¥¨¥¬ ¢®¤®¥¬®¢, ¢ â®¬ ç¨á«¥ § -¤ ç ¯à®£®§ . � «ì¥©è¥¥ à §¢¨â¨¥ ¬®¤¥«¨ á®áâ®-¨â ¢ ãâ®ç¥¨¨ ¯ à ¬¥âà¨§ æ¨¨ â¥¯«®¬ áá®¡¬¥ á  â¬®áä¥à®©, ¢ â®¬ ç¨á«¥ ¨ §  áç¥â ãç¥â  ¯à®-æ¥áá®¢ âà áä®à¬ æ¨¨ ¢®§¤ãè®© ¬ ááë  ¤ ¢®-�. �®è¥¡ãæª¨©, �. � ¤¥à¨ç, �. �¥áâ¥à®¢, �.�¥«¨£ 43
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