
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 108 { 109������ö ���ö����������� 532.6.68���������� ������ ���������� ��������������. �. �����, �. �. ��������­áâ¨âãâ ¯à®¡«¥¬ ¬ â¥¬ â¨ç¥áª¨å ¬ è¨­ ¨ á¨áâ¥¬ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 06.06.2000� ®â«¨ç¨¥ ®â à ­¥¥ ¯à¥¤áâ ¢«¥­­ëå ¬®¤¥«¥©, ¢ ª®â®àëå à §¤¥«ì­® à áá¬ âà¨¢ « áì ¤¨­ ¬¨ª  ®â¤¥«ì­ëå áâ ¤¨©à áâ¥ª ­¨ï ­¥äâï­ëå ¯«¥­®ª, ¯à¥¤«®¦¥­® ¥¤¨­®¥ ¯®«ãí¬¯¨à¨ç¥áª®¥ ãà ¢­¥­¨¥, ®¯¨áë¢ îé¥¥ ¡ « ­á ¢á¥å oá­®¢­ëåá¨«, ¢ë§ë¢ îé¨å à áâ¥ª ­¨¥ ­¥äâï­®© ¯«¥­ª¨.�  ¢i¤¬i­ã ¢i¤ à ­iè ¯à¥¤áâ ¢«¥­¨å ¬®¤¥«¥©, ã ïª¨å ¤¨­ ¬iª  ®ªà¥¬¨å áâ ¤i© à®§âiª ­­ï ­ äâ®¢¨å ¯«i¢®ª à®§£«ï-¤ « áï à®§¤i«ì­®, ¯à®¯®­ãõâìáï õ¤¨­¥ ­ ¯i¢¥¬¯iàiç­¥ ài¢­ï­­ï, ïª¥ ®¯¨áãõ ¡ « ­á ¢áiå ®á­®¢­¨å á¨«, ïªi ¢¨ª«¨ª îâìà®§âiª ­­ï ¯«i¢ª¨.Unlike previously proposed models, which describe dynamics of isolated stages of the slick spreading, the single semi-empirical model is proposed that describes balance of all main forces that govern the spreading of the oil slick.�®¤¥«¨à®¢ ­¨¥ ­¥äâï­ëå à §«¨¢®¢ ï¢«ï¥âáï ¢§­ ç¨â¥«ì­®© áâ¥¯¥­¨ ª®¬¯«¥ªá­®© § ¤ ç¥©, â ªª ª ­  à á¯à®áâà ­¥­¨¥ ¨ ¤ «ì­¥©èãî í¢®«îæ¨î­¥äâï­®£® ¯ïâ­  ®ª §ë¢ ¥â ¢«¨ï­¨¥ àï¤ £¨¤à®¤¨-­ ¬¨ç¥áª¨å ¨ £¨¤à®å¨¬¨ç¥áª¨å ¯à®æ¥áá®¢. �®íâ®-¬ã, ­¥á¬®âàï ­  â®, çâ® ¯¥à¢ë¥ ¬®¤¥«¨ ­¥äâï­ëå¯ïâ¥­ ¯®ï¢¨«¨áì ¥é¥ ¢ ª®­æ¥ 60-å £®¤®¢, § ¤ ç à §à ¡®âª¨ ¬®¤¥«¥©,  ¤¥ª¢ â­® ®¯¨áë¢ îé¨å í¢®-«îæ¨î ­¥äâï­ëå § £àï§­¥­¨©, ¢á¥ ¥é¥ ¤ «¥ª  ®âà¥è¥­¨ï (á¬. ®¡§®àë [1{2])� ¤ ­­®© áâ âì¥ à áá¬ âà¨¢ ¥âáï ¬®¤¥«ì à áâ¥-ª ­¨ï ­¥äâï­ëå ¯«¥­®ª. �­  ®¯¨à ¥âáï ­  ¯®¤å®¤� £à ­¦  ª ®¯¨á ­¨î á¯«®è­®© áà¥¤ë. �à¥¤¯®« -£ ¥âáï, çâ® ­¥äâï­®¥ ¯ïâ­® ¬®¦­® ¯à¥¤áâ ¢¨âì ¢¢¨¤¥ ¡®«ìè®£®  ­á ¬¡«ï ¤¨áªà¥â­ëå ç áâ¨æ ®¯à¥-¤¥«¥­­®© ¬ ááë, ¯®áâã¯ îé¨å ¢ ¢®¤®¥¬ á® áª®à®-áâìî ãâ¥çª¨ ¨ ¯¥à¥¬¥é îé¨åáï ¯®¤ ¤¥©áâ¢¨¥¬ ¢¥-âà , â¥ç¥­¨©, á¨« ¯« ¢ãç¥áâ¨ ¨ ¯®¢¥àå­®áâ­ëå ­ -¯àï¦¥­¨©. �à¨â®ª ­¥äâ¨ ¬®¤¥«¨àã¥âáï ¯®ï¢«¥­¨-¥¬ ç áâ¨æ. �®«¨ç¥áâ¢® ç áâ¨æ ¬®¦¥â ã¬¥­ìè¨âì-áï §  áç¥â ¨á¯ à¥­¨ï ¨ à áâ¢®à¥­¨ï ¢ ¢®¤¥,   â ª¦¥¢ë­®á  ­¥äâ¨ ­  ¡¥à¥£.�«ãç ©­ë¥ âà ¥ªâ®à¨¨ Np ç áâ¨æ ®¯¨áë¢ îâcïá¨áâ¥¬®© ãà ¢­¥­¨©dxkdt = v(xk; t) == va(xk; t) + vd(xk; t) + vs(xk; t); (1)£¤¥ k = 1; Np; t { ¢à¥¬ï; xk = (xk; yk) { ¢¥ªâ®à ª®-®à¤¨­ â k- â®© ç áâ¨æë; v { ¢¥ªâ®à áª®à®áâ¨ ç -áâ¨æ; va = (ua; va) { á®áâ ¢«ïîé ï áª®à®áâ¨, ®¡ã-á«®¢«¥­­ ï áã¬¬ à­ë¬ íää¥ªâ®¬ ¢¥âà®¢®£® ¤à¥©-ä  ¨ ¯¥à¥­®á  â¥ç¥­¨¥¬; vd = (ud; vd) { á®áâ ¢«ïî-é ï, ®¡ãá«®¢«¥­­ ï £®à¨§®­â «ì­®© âãà¡ã«¥­â­®©

¤¨ääã§¨¥©; vs = (us; vs) { á®áâ ¢«ïîé ï ®¡ãá«®-¢«¥­­ ï à áâ¥ª ­¨¥¬ ¯ïâ­ .�ãà¡ã«¥­â­ ï ¤¨ääã§¨ï ¯ïâ­ , ¢ë§¢ ­­ ï £®-à¨§®­â «ì­®© âãà¡ã«¥­â­®áâìî ¢ ¬®à¥, ¬®¤¥«¨àã-¥âáï ¬¥â®¤®¬ á«ãç ©­ëå ¡«ã¦¤ ­¨© [3]. � á®®â-¢¥âáâ¢¨¨ á « £à ­¦¥¢ë¬ ¯®¤å®¤®¬, ¯à®æ¥ááë à -áâ¥ª ­¨ï, ª®â®àë¥, ¢®®¡é¥ £®¢®àï, ï¢«ïîâáï ¤¥-â¥à¬¨­¨à®¢ ­­ë¬¨, á«¥¤ãï [4], ¡ã¤¥¬ ®¯¨áë¢ âì ¢à ¬ª å ¬®¤¥«¨ á«ãç ©­ëå ¡«ã¦¤ ­¨©. � ª®© ¯®¤-å®¤ ®¡®á­®¢ ­  ­ «®£¨¥© ¯ à ¡®«¨ç¥áª¨å ãà ¢­¥-­¨© âãà¡ã«¥­â­®© ¤¨ääã§¨¨ ¨ ãà ¢­¥­¨©, ®¯¨áë-¢ îé¨å ¤¨­ ¬¨ªã ¯ïâ­ .Cª®à®áâ¨ á¬¥é¥­¨© k-© ç áâ¨æë ¢ëà ¦ îâáïç¥à¥§ ª®íää¨æ¨¥­â íää¥ªâ¨¢­®© £®à¨§®­â «ì­®©¤¨á¯¥àá¨¨ ç áâ¨æ Ks:us = P (u)s p2Ks=�t; vs = P (v)s p2Ks=�t: (2)�¤¥áì P (u)s ; P (v)s { á«ãç ©­ë¥ ¢¥«¨ç¨­ë, ®¤­®à®¤­®à á¯à¥¤¥«¥­­ë¥ ¢ ¨­â¥à¢ «¥ [-1;1]. �®íää¨æ¨¥­âKs á¢ï§ ­ á ¤¨á¯¥àá¨¥© á¬¥é¥­¨© ç áâ¨æ �s ¯® ­ «®£¨¨ á ¬®¤¥«ï¬¨ âãà¡ã«¥­â­®© ¤¨ääã§¨¨:d�2sdt = 4Ks: (3)� á¢®î ®ç¥à¥¤ì, ¡ã¤¥¬ ¯®« £ âì, çâ® «¨­¥©­ë©¬ áèâ ¡ à áâ¥ª îé¥£®áï ¯ïâ­  à áâ¥â ¯à®¯®àæ¨-®­ «ì­® �s á® áª®à®áâìîUs = dRdt :�ç¨â ¥¬, çâ® ä®à¬  ¯ïâ­  ¡«¨§ª  ª ªàã£®¢®© áà ¤¨ãá®¬ R = Rs+Rd ¨ áà¥¤­¥© â®«é¨­®© H. �®-£¤  ¬ áá  ¯ïâ­  M = �oV = �oHR2, £¤¥ �o { ¯«®â-­®áâì ­¥äâ¨, V { ®¡ê¥¬ ¯ïâ­ . �à ¢­¥­¨¥, ®¯¨-áë¢ îé¥¥ ¤¨­ ¬¨ªã ¯ïâ­ , ¯®áâà®¨¬, ¨á¯®«ì§ãï108 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 108 { 109®æ¥­ª¨ [5] ¤«ï ¡ « ­á  á¨« ¢ ¯à®¨­â¥£à¨à®¢ ­­ëå¯® â®«é¨­¥ h(r) ãà ¢­¥­¨ïå ¤¨­ ¬¨ª¨ ®á¥á¨¬¬¥-âà¨ç­®£® ¯ïâ­ , £¤¥ r { à ¤¨ «ì­ ï ª®®à¤¨­ â .�á­®¢­ë¬¨ á¨« ¬¨, ª®â®àë¥ ®¯à¥¤¥«ïîâ à áâ¥ª -­¨¥ ­¥äâï­®£® ¯ïâ­ , ï¢«ïîâáï:1. �¨«ë ¯« ¢ãç¥áâ¨, ¢ë§¢ ­­ë¥ à §­®áâìî ��¯«®â­®áâ¥© ¢®¤ë �w ¨ ­¥äâ¨ (�� = �w��o), ¬®£ãâ¡ëâì ®æ¥­¥­ë á«¥¤ãîé¨¬ ®¡à §®¬:F1 = 1�o Z h0 @p@r dz = g0h@h@r � c1g0H2R : (4)�¤¥áì p { ¤ ¢«¥­¨¥, ª®â®à®¥ ¢ £¨¤à®áâ â¨ç¥áª®¬¯à¨¡«¨¦¥­¨¨ ¢ëà ¦ ¥âáï ç¥à¥§ ��, h ¨ ãáª®à¥­¨¥á¨«ë âï¦¥áâ¨ g; g0 = g��=�w , c1 { í¬¯¨à¨ç¥áª ï¯®áâ®ï­­ ï.2. �¨«ë ¨­¥àæ¨¨, ®æ¥­¨¢ ¥¬ë¥ ª ªF2 = Z h0 u@u@r dz � c2U2sHR ; (5)£¤¥ c2 { í¬¯¨à¨ç¥áª ï ¯®áâ®ï­­ ï.3. �¨«ë ¢ï§ª®£® á®¯à®â¨¢«¥­¨ï ¤¢¨¦¥­¨î ¯ïâ-­  ®¯à¥¤¥«ï¥¬ë¥ ª ªF3 = ��£¤¥ � { ª á â¥«ì­®¥ ­ ¯àï¦¥­¨¥ âà¥­¨ï ­  £à ­¨-æ¥ à §¤¥«  ¢®¤ë ¨ ­¥äâ¨. �®áª®«ìªã ¤¨­ ¬¨ç¥áª¨©ª®íää¨æ¨¥­â ¢ï§ª®áâ¨ ­¥äâ¨ ¢ 20 à § ¡®«ìè¥, ç¥¬¢®¤ë, â® ¯à¨ ¤®áâ â®ç­® ¬ «®© â®«é¨­¥ ¯«¥­ª¨ �®æ¥­¨¢ ¥âáï ¯® ¯®£à ­¨ç­®¬ã á«®î ¢ ¢®¤¥:� � ��w�wUs=�w; (6)£¤¥ �w { ª®íää¨æ¨¥­â ª¨­¥¬ â¨ç¥áª®© ¢ï§ª®áâ¨¢®¤ë; �w { â®«é¨­  ¯®£à ­¨ç­®£® á«®ï, ®æ¥­¨¢ ¥-¬ ï ¯® ä®à¬ã«¥ �¥«¥ï:�w = (�wt0)1=2;¢ ª®â®à®© t0 {å à ªâ¥à­®¥ ¢à¥¬ï. �ëà ¦ ï �w ç¥-à¥§ R ¨ Us t0 � R=Us;­ å®¤¨¬, çâ® F3 � c3��2w�U3s�2oR �1=2 ; (7)£¤¥ c3 { í¬¯¨à¨ç¥áª ï ¯®áâ®ï­­ ï.4. �¨«ë ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï, ¢ë§ë¢ î-é¨¥ à áâï¦¥­¨¥ ¯«¥­ª¨, ¥á«¨ ¯®¢¥àå­®áâ­®¥ ­ -âï¦¥­¨¥ ­  ¯®¢¥àå­®áâ¨ à §¤¥«  ¢®¤ {¢®§¤ãå �aw¯à¥¢®áå®¤¨â áã¬¬ã á¨« ¯®¢¥àå­®áâ­®£® ­ âï¦¥-­¨ï ­  ¯®¢¥àå­®áâïå à §¤¥«  ­¥äâì{¢®§¤ãå �oa ¨­¥äâì{¢®¤  �ow. � ª¨¬ ®¡à §®¬,

F4 = 1�o @�@r � c4 �s�oR; (8)£¤¥ c4 { í¬¯¨à¨ç¥áª ï ¯®áâ®ï­­ ï; � { ¯®¢¥àå­®áâ-­®¥ ­ âï¦¥­¨¥; �s = �aw � �ow � �oa { "ª®íää¨æ¨-¥­â à áâ¥ª ­¨ï" [?]. � ®â«¨ç¨¥ ®â ¯à¥¤ãé¨å à -¡®â, ¢ ª®â®àëå à §¤¥«ì­® à áá¬ âà¨¢ « áì ¤¨­ -¬¨ª  ®â¤¥«ì­ëå áâ ¤¨©, á®áâ ¢¨¬ ¥¤¨­®¥ ¯®«ãí¬-¯¨à¨ç¥áª®¥ ãà ¢­¥­¨¥, ª®â®à®¥ ®¯¨áë¢ ¥â ¡ « ­á¢á¥å oá­®¢­ëå á¨«, ¢ë§ë¢ îé¨å à áâ¥ª ­¨¥ ­¥ä-âï­®© ¯«¥­ª¨:F1 � F2 � F3 + F4 = 0: (9)�­® á¢®¤¨âáï ª ãà ¢­¥­¨î ¤«ï £®à¨§®­â «ì­®£®¬ áèâ ¡  ¯ïâ­ :�dRsdt �2 + c3�w�1=2R5=2c2M �dRsdt �3=2�� g0Mc2�oR2 � c4�sR2c2M = 0: (10)�¥§ ®£à ­¨ç¥­¨ï ®¡é­®áâ¨ §¤¥áì ¨ ¤ «¥¥ ¯à¨­ïâ®c1 = 1. �®áâ®ï­­ë¥ á2 = 2:37; c3 = 1517; á4 = 2522.�­¨ ­ ©¤¥­ë ¨§ áà ¢­¥­¨ï á ¨§¢¥áâ­ë¬¨  ¢â®¬®-¤¥«ì­ë¬¨ à¥è¥­¨ï¬¨ ¤«ï ª ¦¤®© ¨§ áâ ¤¨©, ¯®«ã-ç¥­­ëå ¤«ï á«ãç ï à áâ¥ª ­¨ï ¯«¥­ª¨ ¯®á«¥ ¬£­®-¢¥­­®£® à §«¨¢ . � ¡«î¤¥­¨ï ¯®ª § «¨ [1], çâ®,­ ç¨­ ï á ª ª®£®-â® ¬®¬¥­â  ¢à¥¬¥­¨, áª®à®áâìà áâ¥ª ­¨ï ¯«¥­ª¨ ¢ à¥¦¨¬¥ ¯®¢¥àå­®áâ­®£® ­ -âï¦¥­¨ï à¥§ª® ã¬¥­ìè ¥âáï ¨, ­ ª®­¥æ, ¢®¢á¥ ¯à¥-ªà é ¥âáï. �®íâ®¬ã, ®á­®¢ë¢ ïáì ­  í¬¯¨à¨ç¥-áª®© ®æ¥­ª¥ ¤«ï ¬¨­¨¬ «ì­®© â®«é¨­ë Hmin =2:5 � 10�5¬ [1], ¡ã¤¥¬ áç¨â âì, çâ® us = 0 ¯à¨H < Hmin.� ¡®â  ¢ë¯®«­¥­  ¢ à ¬ª å ¯à®¥ªâ  INTAS 96-2077.1. Hoult D. P. Oil spreading on the sea. // Ann. Rev.Fluid Mech.{ 4, 1972.{ P. 341{348.2. ASCE Task Commitee on Modelling of Oil Spills ofthe Water Resources Engineering Division State ofart review of modeling transport and fate of oil spills// J. Hydraulic Eng. { 1996. { 122, N 11. { P. 594{609.3. Majer-Reimer E. On tracer methods in computa-tional hydrodynamics // Engineering Appplicationsof Computational Hydraulics, 1.{ Pitman, London,1982.{ P. 198{217.4. Johansen O. Particles in 
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